ABSTRACT
PARKER, GRACE ANN. Genomic Regulation of Limited Lifespan and Postponed
Reproductive Senescence in Drosophila melanogaster. (Under the direction of Dr. Trudy F. C.
Mackay and Dr. R. Brian Langerhans).

Limited lifespan and senescence are near-universal phenomena. These quantitative traits
exhibit variation in natural populations due to the segregation of many interacting loci and from
environmental effects. Due to the complexity of the genetic control of lifespan and senescence,
our understanding of the genetic basis of variation in these traits is incomplete. Our goal is to
identify causal genes associated with lifespan and reproductive senescence in Drosophila
melanogaster by functional analyses of genetically divergent genes between five long-lived (O)
lines selected for postponed reproductive senescence and five unselected (B) lines. Data
assessing productivity of the reciprocal crosses between the O and B lines suggest that genes
influencing reproductive senescence are maternally controlled. Therefore, all candidate genes
tested are expressed in the ovaries of females. To determine which candidate genes exhibit a
quantitative change in lifespan or productivity, we assessed lifetime reproduction from the
Vienna collection of RNAI lines in which gene expression is knocked down in the ovaries and
accessory glands and identified genes that both increase and decrease longevity and productivity.
We then identified alternative SNPs between the O and B lines that alter promoter function using
an in vitro luciferase reporter assay. Additionally, we assessed phenotypic differences in O and B
lines with a small CRISPR/Cas9-mediated deletion containing one of these candidate SNPs
within Dredd, a gene involved in the immune deficiency (Imd) and programmed cell death
(PCD) pathways. Identifying evolutionarily conserved genes affecting lifespan and reproductive

senescence is the first step towards understanding the evolutionary forces that maintain



segregating variation at these loci in nature and may provide potential targets for therapeutic

intervention to delay senescence in populations with increasing lifespans.
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Growing up in the Appalachian Mountains, | was surrounded by a variety of animals,
including dogs, cats, horses, chickens, frogs, and a guinea pig. As can be expected, | dreamed of
being a veterinarian, like many young animal lovers. While at Virginia Tech studying in the
Animal and Poultry Sciences department, | was exposed to a multitude of other opportunities,
including research. After spending the summer in an animal nutrition laboratory, | determined
that research was my true calling.

In the spring of 2013, as part of a study abroad program in Riva San Vitale, Switzerland,
I was encouraged to “think big.” If I could do anything in the world, what would it be? My
answer came effortlessly; | want to save an endangered species from extinction. Knowing
immediately | could not accomplish this on my own, I set the question aside. The following
summer, | stumbled upon an article in National Geographic called “Building the Ark” by
Elizabeth Kolbert, which explained the various efforts in zoos to save endangered species. | was
enthralled by how perfectly the article illustrated my ambitions. | am fascinated with using
genetics as a tool to conserve endangered species. Despite the years that have passed, | am still
motivated by the same excitement that captured me during my time abroad. | want to be
someone who makes a difference.

My interests in saving wildlife through innovative tools continuously being developed led
me to the Program in Genetics at North Carolina State University. Here, | am extremely
fortunate to work with Dr. Trudy Mackay, discovering genetic factors underlying the extensive

variation observed in lifespan and reproduction in the natural world.
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CHAPTER 1

MECHANISMS UNDERLYING VARIATION IN

LIFESPAN AND AGE-SPECIFIC REPRODUCTION



Introduction

Limited lifespan and senescence, the post-reproductive decline in survival and fertility
with advancing age, are near-universal phenomena. They are quantitative traits that exhibit
variation in natural populations due to the segregation of many different interacting loci and
environmental effects (Finch and Tanzi 1997, Finch and Ruvkun 2001, Pasyukova et al. 2004,

Pitt and Kaeberlein 2015).

Theories of Aging

Due to the complexity of the genetic control of lifespan and senescence, our
understanding of the genetic basis of variation in these traits is not complete, although
evolutionary theory explains why genetic variation may persist. Mutations introduce new alleles,
while selection forces beneficial mutations towards fixation and drives deleterious mutations out
of the population, except in rare cases of overdominance (Barton 1990, Keightley and Hill 1990,
Zhang et al. 2004, Zhang and Hill 2005, Desai and Fisher 2007). When the heterozygote is most
fit, both alleles will be maintained in the population at an equilibrium frequency that depends on
their relative homozygous fitness. However, deleterious mutations affecting lifespan are likely to
segregate at low frequencies in natural populations due mutation-selection balance (Barton 1990,
Keightley and Hill 1990). However, polymorphisms affecting life history traits can be
maintained at intermediate frequencies in natural populations if their effects are context
dependent. For example, under the mutation accumulation model of aging, the force of natural
selection declines with age, making mutations with deleterious effects at a late age nearly neutral
to natural selection because these alleles have already been passed along to the next generation

(Medawar 1952). Under this model, the expression of late-age onset of deleterious mutations



increases with age. Similarly, the antagonistic pleiotropy theory of aging postulates that
mutations with beneficial effects early in life but detrimental effects later in life will be
maintained and may even be positively selected (Williams 1957). This model could give rise to a
negative correlation between fitness traits, such as reproductive fitness and longevity. Tradeoffs
between lifespan and reproduction have been observed in both human (Westendorp and
Kirkwood 1998) and non-human species (Kirkwood and Rose 1991). The disposable soma
theory of aging is based on the observation that organisms exposed to high extrinsic mortality in
nature have relatively shorter lifespans in controlled settings than organisms exposed to low
extrinsic mortality, which might be an evolutionary response to the need for metabolic resources
for survival as opposed to maintenance of somatic cells (Kirkwood 2002). Organisms with
longer lifespans have adapted physical features to reduce extrinsic mortality, such as wings on
bats, shells on turtles, and large brains in humans (Kirkwood 2002). However, the evolution of
menopause appears to be altruistic; natural selection favors females who stop reproducing
relatively early in life compared to other mammals in order to focus on their existing offspring.
Leips and Mackay (2002) mapped quantitative trait loci (QTL) in recombinant inbred lines and
discovered sex-specific differences in lifespan, which could be another type of trade-off. While
these studies have shown correlations between life history traits, very few have determined
causal genes underlying these relationships. Identifying specific genes with allelic variants that
causally contribute to limited lifespan and senescence will enhance our understanding of the
evolutionary forces acting on these genes and empirically test the validity and relative
contributions of these theories of senescence and maintenance of genetic variation. These causal
genes may also offer potential targets for therapeutic intervention to delay senescence while

increasing lifespan.



Model Organisms

There are several drawbacks to using humans to study longevity and reproduction, such
as ethical and logistical problems, like long lifespans and generation intervals. Therefore, most
studies use model organisms, including Saccharomyces cerevisiae, Caenorhabditis elegans,
mice, rats, primates, and Drosophila melanogaster. Although many studies performed using
model organisms are not directly applicable to humans, they share many conserved genes and
pathways, which makes model organisms very useful in identifying possible targets for human
interventions.

While S. cerevisiae may be a simple model, studies utilizing it identified many of the first
genes involved in dietary restriction and the I1S pathway, such as Sir2 and NPT1 (Lin et al.
2000). Another study by Wu et al. 2013 found that lifespan extension was dependent on nutrient
composition in sch9, torl, and sir2 mutants and wild-type yeast. Immobilized, freely fed yeast
cells maintained high viability and became heat shock resistant, where their starved, freely
suspended counterparts decreased viability to less than 10 percent (Nagarajan et al. 2014).
However, using a single celled organism misses the complexities the interactions between
multiple cells in a single organism.

C. elegans provide a more complex, yet still relatively simple tool. Specifically, work on
C. elegans elucidated many important aspects of the 11S pathway, such as identifying age-1, daf-
2, and daf-16 (Larsen et al. 1995, Lithgow et al. 1995). It has also been utilized to discover genes
that control both their sensory cilia and longevity (Apfeld and Kenyon 1999). Another interesting
characteristic of C. elegans is their ability to enter a dauer stage, which is a dormant phase that

can be externally imposed using low nutrient availability or larval crowding. Genes implicated in



dauer formation are also responsible for lengthened lifespan (Kenyon et al. 1993) and decreased
fertility (Friedman and Johnson 1988, Tissenbaum and Ruvkun 1998).

Mammals, such as mice and rats, more closely resemble humans in their complexity and
are often thought of as human models. Although logistically harder to work with than yeast,
nematodes, or fruits flies, they still have relatively short lifespans and generation intervals as
compared to humans. Mice have been used to further interrogate genes involved in the IIS
pathway (Bluher et al. 2003, Holzenberger et al. 2003), DNA repair and replication (de Boer et
al. 2002), and dietary restriction (Harrison and Archer 1987). Rats were shown very early on to
be useful in dietary restriction experiments (McCay et al. 1935) and in determining DNA
replication and repair mechanisms (Woodhead et al. 1985).

Closely related to humans, primates provide a very similar system to study lifespan and
reproduction, although they have some of the same drawbacks as studying humans. These
include technical concerns, such as long lifespans and generation intervals, and ethical concerns
as primates are highly intelligent mammals. Ingram et al. (2006) used rhesus monkeys to
determine if dietary restriction could possibly increase lifespan and has found improved
biomarkers that suggest dietary restriction could decrease disease risk and incidence. However,
due to the long lifespan of rhesus monkeys, their study is not complete. Recent work using
primates appears to be less invasive and more focused on evolutionary patterns, which alleviates
many ethical concerns. A phylogenetic study utilized genomic variation and maximum lifespan
in several primate species to identify 25 amino acid variants, many already reported to affect
lifespan in other model organisms. They also identified several genes, including DSC2, FGA,
and KLKB1, involved in cardiovascular processes that may influence aging (Muntane et al.

2018). Another comparative genomics study found a positive correlation between



immunoproteasome function and maximum lifespan across several primate species (Pickering et
al. 2015).

As genetic tools advance, non-model organisms are becoming more available to study
complex traits. African turquoise Killifish have extremely short lifespans and the ability to enter a
diapause stage (Hu and Brunet 2018). Several genes previously implicated in aging, such as
BAX1, IRS1, IGFR1A, and XRCC5, were found to be under positive selection in the turquoise
killifish genome (Reichwald et al. 2015, Sahm et al. 2016, Valenzano et al. 2015). Honeybees
have also provided a very interesting model, as lifespan differs greatly between early- and late-
foraging workers and the queen. Gene expression analyses found that Ilp1 and Ilp2, the most
upstream components of the 11S pathway, exhibited differences correlating early-foraging
behavior and shortened lifespan, and MnSOD, which controls antioxidant functions, showed
differences relating shortened lifespan to decreased immune response, as well as early-foraging
behavior (Ihle et al. 2015). Galvan et al. (2015) showed that in 107 bird species, there was a
strong correlation between degree of unsaturation and length of fatty acids and maximum
lifespan. Lahdenpera et al. (2014) compared the post-reproductive lifespan of Asian elephants to
humans and primates and found that extended longevity does not correlate with the evolution of
a long post-reproductive lifespan. Although a widely used model, few studies have utilized
zebrafish to study lifespan. However, one study found that zebrafish without telomerase have
reduced cell proliferation, increased DNA damage, gastrointestinal deterioration, and early
infertility (Henriques et al. 2013). Dogs are also a useful model to study lifespan since they share
the same environment, have many of the same common chronic conditions, and have similar
disease risks as a function of age as humans (Hoffman et al. 2018). A study in 24 healthy

middle-aged dogs found that rapamycin, which regulates cell growth and nutrient response,



increased age-related measures of heart function after 10 weeks (Urfer et al. 2017). Reproductive
investment was analyzed in 78 long-lived female Rottweilers and 97 female Rottweilers with an
average lifespan and found no decrease in lifespan due to reproduction. Interestingly, they found
an inverted U shape trend in their data, which may suggest moderate reproduction increases
lifespan (Kengeri et al. 2013). Another study found that a healthy body weight at 10 years of age
in 39 Labrador retrievers was associated with increased longevity (Penell et al. 2019).
Drosophila melanogaster is an excellent model system because flies are easily amenable
to genetic analyses, and due to their short generation intervals and ease of maintenance in the
laboratory, studies can be conducted with large sample sizes, while controlling for genetic
background, environmental effects, and accounting for sex differences (Mackay 2001). Although
Drosophila are invertebrates, about 70% of Drosophila genes have vertebrate orthologs;
therefore, studies using fruit flies are likely to be applicable to both invertebrate and vertebrate
species. A multitude of novel genes, including chico (Clancy et al. 2001) and methuselah (Lin et
al. 1998) that influence lifespan, have been discovered using fruit flies. With an incredible
number of commercially available mutants and fully sequenced, well-annotated genomes, D.
melanogaster has proven an invaluable tool to study complex traits, like lifespan and

reproduction.

Mechanisms

Many mechanisms influencing lifespan have been implicated by studies of effects of
mutations, such as IIS, caloric restriction, environmental stress, DNA repair and replication,
telomere integrity, immune response, sensory perception, gene silencing, learning, and reactive

oxygen species (ROS) detoxification. These mutations may increase or decrease lifespan, act



epistatically with other regions of the genome, and have pleiotropic effects on other traits. Of

interest to me is how lifespan interacts with reproduction and what controls those interactions.

Mutations increasing lifespan

The insulin/insulin-like signaling (11S) pathway is a well-conserved mechanism among
species. It is responsible for regulation of growth and has been associated with lifespan in many
different species (Clancy et al. 2001). It is also necessary for reproduction, specifically for the
regulation of oocyte growth and maturation (Das and Arur 2017). Studies examining this
pathway have found specific genes, such as a fat-specific insulin receptor knockout in mice
(Bluher et al. 2003), loss of Chico in D. melanogaster (Clancy et al. 2001), heterozygous
knockout of Igflr in mice (Holzenberger et al. 2003), and mutations in daf-2 and daf-16 in C.
elegans (Kenyon et al. 1993, Kimura et al. 1997, Paradis and Ruvkun 1998) increase lifespan.
Mutations in daf-2 and age-1, which are implicated in the 1IS pathway, cause developmental
arrest in the dauer diapause stage, extend lifespan, and reduce fertility in C. elegans (Friedman
and Johnson 1988, Tissenbaum and Ruvkun 1998). Mutants for age-1, spe-26, and daf-2 exhibit
increased ability for thermotolerance at early ages and increased lifespan in C. elegans (Lithgow
et al. 1995). Post et al. (2018) found that D. melanogaster insulin-like peptide 2 increases
glycogen phosphorylation activity, which in turn increases longevity.

There is also significant work implicating caloric restriction in extending lifespan. In C.
elegans, mutations in eat genes, which function in the pharynx, increased lifespan by 50%
(Lakowski and Hekimi 1998). Lin et al. (2002) observed an extension in lifespan using S.
cerevisiae with a mutation in glucose-sensing cyclic AMP-dependent kinase and subsequent

increase in respiration activity. Another study mimicked larval crowding by decreased yeast



availability and found increased developmental times, decreased body size, increased starvation
resistance and lengthened lifespan in D. melanogaster (Klepsatel et al. 2018). Also, in fruit flies,
Catterson et al. (2018) found that short-term, intermittent fasting in early life can increase
lifespan, improve gut barrier function, and increase starvation and oxidative stress resistance
without decreasing reproduction. Dietary addition of Torinl, a Target of Rapamycin (Tor)
inhibitor, increased autophagy, which led to an increase in lifespan in both sexes but no net
change in productivity due to increased egg production and infertility in D. melanogaster (Mason
et al. 2018). Analysis of transcriptome expression between wild-type flies or flies fed a restricted
diet determined differential expression of GATA-family transcription factor srp, which when
knocked down in a tissue specific manner, recapitulated the increased longevity associated with
caloric restriction without other fitness costs (Dobson et al. 2018).

While examining correlations between sensory perception and lifespan, Apfeld and
Kenyon (1999) determined mutations causing defects in sensory cilia and their support cells are
associated with increased longevity in C. elegans. Libert et al. (2007) found mutations in the
odorant receptor Or83b led to an increase in lifespan in D. melanogaster. Increases in lifespan in
response to gene silencing were found when histone deacetylase genes were knocked out in S.
cerevisiae (Kim et al. 1999).

In S. cerevisiae, it has been shown the knockout of mrg19, a transcription factor
regulating carbon and nitrogen metabolism, causes higher intracellular ROS and longer lifespan
(Kharade et al. 2005). D. melanogaster fed low doses of morphine exhibited prolonged longevity
by mediating effects of endoplasmic reticulum and oxidative stresses and increasing autophagy
(Wang et al. 2018). Additionally, overexpression of Nmnat, which protects against oxidative

stress, was shown to increase lifespan and age-related locomotor activity, as well as decrease



expression of oxidative stress markers and increase expression of longevity and mitochondrial-
related genes and ATP levels in D. melanogaster (Liu et al. 2018).

Many studies have also shown the importance of neuronal factors and glial immunity in
lifespan extension. Magwire et al. (2010) and Symonenko et al. (2018) both showed that genes
affecting neuronal development and encoding RNA polymerase Il transcription factors,
specifically mutations decreasing transcription of escargot, can increase lifespan in D.
melanogaster. In mice, lifespan was increased by deactivating hypothalamic IKB kinase-f (IKK-
f) and nuclear factor kappa B (NF-KB), both of which are shown to inhibit gonadotropin-
releasing hormone (GnRH), which decreases the effects of aging (Zhang et al. 2013). The
suppression of immune response by mutations in the glial cells of fruit flies of three factors in the
immune deficiency (IMD) pathway, Imd, Dredd, and Relish, causes increased longevity by
increased transcription of adipokinetic hormone (Akh), which is the Drosophila ortholog of
GnRH, mentioned above to mediate aging (Koundatidis et al. 2017). Lifespan elongation has
been associated with decreased hypothalamic gliosis activation and decreased expression of pro-
inflammatory cytokine TNF-a in microglia in the hypothalamus and hippocampus in the NF-KB
pathway in mice through the feeding of the anti-aging drugs acarbose (ACA),
nordihydroguaiaretic acid (NDGA), and 17-a-estradiol (17aE2) (Sadagurski et al. 2017).

Magwire et al. (2010) found that 436 of 1332 P-element insertions affected lifespan in D.
melanogaster, 135 of which increased lifespan. This study also found evidence of epistatic
interactions when mutations within the same gene had different effects on lifespan. Male lifespan
increased in germ-line ablated flies caused by a mutation in maternal tudor but female lifespan

was unchanged (Shen et al. 2009).
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Mutations decreasing lifespan

While many mutations have been identified in lifespan extension, many more have been
implicated in decreased longevity, suggesting they have a vital function for survival. For
example, Magwire et al. (2010) used P-element insertions to disrupt expression of 1,332 genes in
D. melanogaster and found 296 genes associated with a decrease in lifespan. Additionally, there
were five genes that responded antagonistically between males and females. Rollmann et al.
(2006) also found two P-element insertions located 739 base pairs upstream of Gr5a, a major
sugar receptor in flies, but in oriented in opposite directions that conferred decreased longevity,
starvation response, and heat-stress in both sexes in one insertion line and the opposite effects in
the other line of D. melanogaster.

Overexpression of dFOXO, a gene in the I1S pathway, in D. melanogaster has been
shown to increase longevity (Hwangbo et al. 2004) and decrease fecundity, but these two traits
appear to work by independent mechanisms (Giannakou et al. 2004). Sgro and Partridge (1999)
showed increases in longevity by eliminating reproductive capabilities early in life using X-ray-
irradiation and gene mutagenesis to stop oogenesis. Mutations in daf-16 act pleiotropically to
suppress the mutant phenotypes of daf-2 and age-1 and reverse the long lifespan and low fertility
normally seen in the C. elegans mutants (Tissenbaum and Ruvkun 1998). Also within the 1S
pathway, mutations in PTEN, a tumor suppressor gene, has been shown to block entry into the
dauer dispause stage in C. elegans, resulting in the inability to extend lifespan in daf-2 and age-1
mutants (Gil et al. 1999). Rogina and Helfand (2004) found that overexpression of Sir2, which
has been previously implicated in caloric restriction in C. elegans and yeast (Defossez et al.

2001, Tissenbaum and Guarente 2001), extends longevity in D. melanogaster. Lin et al. (2000)
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tested caloric restriction using Sir2 and NPT1, which is involved in NAD synthesis, mutants in S.
cerevisiae and did not observe the same increase in lifespan as the wild type.

Mechanisms of DNA repair and replication have been examined in mice with mutations
in the XPD gene which showed signs of premature aging (de Boer et al. 2002), in rats exhibiting
reduced DNA repair acceptor protein ability at late ages (Woodhead et al. 1985), and in fruit
flies with mutations in the WRN gene related to premature aging exhibited in Werner’s
Syndrome, which is an autosomal recessive disorder characterized by the rapid appearance of
features associated with increased aging (Yu et al. 1996).

Several studies have shown decreased immune response ability at late ages (Zerofsky et
al. 2005, Horn et al. 2014), as well as chronic activation of a pathogen recognition molecule,
PGRP-LE, leading to reduced lifespan and increased inflammation in D. melanogaster. Ping et
al. (2015) showed hyperexcitability of amyloid- oligomers led to locomotion and learning
defects and a shortened lifespan in D. melanogaster. Studies of mutations in Zn72D have shown
it is vital for proper eclosion in flies (Worringer and Panning 2007), as well as spermatogenesis
in males (Biwot et al. 2019).

The correlation between the ability to detoxify ROS and lifespan is also well established.
Parkes et al. (1998) showed overexpression of SOD1, an ROS metabolizing enzyme in the
motorneuron, increased lifespan by 40% by enhancing ROS metabolism, and Sun et al. (2002)
showed overexpression of MnSOD and Cu/ZnSOD, also ROS metabolizing enzymes, increased
lifespan in fruit flies. Mutations in Cat(n4), previously implicated in ROS resistance, resulted in
a reduced lifespan in D. melanogaster and is thought produce catalase, which protects against
ROS damage, based on further experiments which rescued the phenotype by adding a wild-type

catalase gene (Griswold et al. 1993). In C. elegans, mutations in mev-1(knl), which encodes an
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enzyme in the electron transport chain, increased susceptibility to ROS and decreased lifespan
(Ishii et al. 1998).

Mutations in glial cells have also been shown to decrease lifespan. Glia glycolysis in the
blood brain barrier of fruit flies provides nutrients to neurons from the breakdown of the sugar
trehalose. Mutations in genes encoding the glycolytic enzymes Trehalase and Pyruvate kinase
shorten lifespan and lead to neurodegeneration (VVolkenhoff et al. 2015). A study by Miller et al.
(2012) showed a mutation causing decreased expression of Aldolase, a glycolytic enzyme,
induces temperature-dependent paralysis, decreased lifespan, and neurodegeneration. Also, in D.
melanogaster, a mutation in defense repressor 1 (Dnrl), a negative regulator of Dredd in the
IMD pathway, results in shortened longevity and neurodegeneration due to sustained innate
immune response (Cao et al. 2013). Kounatidis et al. (2017) showed that mutations in Pirk,
Trabid (trbd), and Transglutaminase (tg), which are also intracellular regulators in the IMD
pathway, lead to decreased lifespan and neurodegeneration due to increased levels of
antimicrobial peptides from prolonged immune response. A pan-neuron-specific knockdown of
HADHB, mutations in which lead to cardiomyopathy and encephalopathy in humans, led to
shorter lifespans, reduced locomotor ability, and lower learning ability in D. melanogaster (Li et
al. 2019). Tissue-specific overexpression of sgg, a glycogen synthase kinase 3 that regulates the
Wnt cascade, was recently shown to decrease lifespan and negatively impact neuron bodies,

mitochondria, and synaptic activity (Trostnikov et al. 2019).

Naturally occurring polymorphisms and environmental affects influencing lifespan
There are polymorphisms maintained in natural environments that affect lifespan, as well

as genes that alter lifespan based on environmental effects. Janssens and VVeenhoff (2016) found
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that lifespan was negatively correlated with cell size, ribosomal protein, and division time in
genetically identical yeast, supporting their hypothesis that protein biogenesis increases the
effects of aging.

A duplication of Sir2, which is a well-characterized part of the 11S pathway, was found in
C. elegans and exhibited an extension of lifespan (Tissenbaum and Guarente 2001).
Additionally, Harrison and Archer (1987) found a genotype by environment interaction where
caloric restriction extends lifespan in a long-lived genotype and an obese genotype of mice but
decreased lifespan in a third genotype. A study comparing the transcriptome and metabolome a
naturally long-lived and a naturally short-lived population of D. melanogaster found increased
lipoxidative stress, decreased mitochondrial gene expression, increase TOR signaling, and
increased octopamine expression. Further work determined increased foraging by upregulated
octopamine expression with excess nutrients leads to increased DNA damage and premature
aging (Gubina et al. 2018).

Thioredoxin-interacting protein (TXNIP), a negative regulator of thioredoxin-1 that
regulates responses to oxidative stress, was found to have a negative correlation in both humans
and flies’ resistance to oxidative stress with age. Further experimental work found that
overexpression of TXNIP shortened lifespan in D. melanogaster due to decreased oxidative
stress resistance, while knockdowns lengthened lifespan and decreased oxidative damage
(Oberacker et al. 2018).

Lifespan is also susceptible to environmental stressors. Differential gene expression of
antimicrobial peptides (AMPs) was observed in flies developed at 18°C versus 25°C. Further
experiments showed decreased expression of AMPs in flies developed at 25°C presented similar

increases in stress resistance, lifespan, and fat body size seen in wild-type flies developed at

14



18°C (Lin et al. 2018). Ma et al. (2015) studied the effects of space flight on circadian rhythm
and lifespan in D. melanogaster and found flies that had flown in space differed in expression of
genes in the circadian rhythm pathway and exhibited increased longevity compared to non-space
flight control flies. Gaitanidis et al. (2019) found that high sugar diets can increase longevity in
wild type D. melanogaster and improve late-life quality, but prolonged antioxidant
supplementation can decrease late-life quality depending on diet and sex. Recently, Syed et al.
(2020) found that mated male flies exhibited longer lifespans when infected with Pseudomonas
entomophila and had higher clearance of Providencia rettgeri than virgin males.

Zwaan et al. (1995) observed more than a two-fold increase in longevity at 15°C than at
29°C in D. melanogaster. Mild heat stress has also been found to extend lifespan in D.
melanogaster by about two days on average (Khazaeli et al. 1997). A study in Drosophila
suzukii showed that heat shock during development leads to low viability from egg to adult,
decreased lifespan, and decreased fertility in adults due to underdeveloped ovaries in females and
low sperm counts in males (Green et al. 2019). Another experiment found selection for increased
resistance to starvation and desiccation led to increased longevity in D. melanogaster (Rose et al.
1992). Another study found 247 genes involved with the genetic variation of bacterial clearance
in relation to age and many of these have been previously implicated in the 1IS pathway (Felix et
al. 2012). dFOXO, which is part of the 1IS pathway, has been shown to decrease its number of
gene targets as age increases (Birnbaum et al. 2019). Fabian et al. (2018) identified shared
candidate genes between three independent selection experiments for delayed reproduction,
which were enriched for immune function, namely in the Toll pathway. Four of these Toll

pathway candidates, spatzle, Toll, cactus, and Dorsal-related immunity factor, were tested using
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RNAI; knockdown of Toll increased lifespan in both sexes, while knockdown of cactus

drastically decreased lifespan in both males and females.

Naturally occurring tradeoffs in lifespan and reproduction

There are also natural polymorphisms that exhibit tradeoffs between reproduction and
lifespan. It has been very well documented that female D. melanogaster exhibit a decrease in
lifespan associated with egg production and mating (Partridge et al. 1986, Partridge et al. 1987,
Luckinbill et al. 1988, Fowler and Partridge 1989, Chapman 1992), and male fruit flies have a
decreased lifespan in association with courtship and mating (Partridge and Farquhar 1981).
Chapman et al. (1995) showed male accessory gland products affect female lifespan by exposing
females to intact males, males with cauterized genitals, or no males. They observed that females
exposed to males with cauterized genitals lived longer than females with intact males and the
same as females without males.

In a selection experiment using sister lines, one selected for delayed reproductive
senescence and the other selected for early reproductive senescence, biochemical analysis
implied non-functional lipid and starvation resistance pathways, weak glycogen content and
desiccation resistance mechanisms, and strong paraquat, an herbicide, resistance mechanisms in
the delayed reproductive senescence lines (Force et al. 1995). In another experiment selecting for
delayed reproduction, Remolina et al. (2012) used sister lines with a negative correlation
between lifespan and early-age fertility to discover more than 1,000 candidate genes with
enriched biological functions relating to oogenesis, immunity, and protein degradation. The most
significant candidate gene exhibiting the tradeoff between lifespan and early-life fecundity, Cct1,

is known to play a role in ovarian development. Fabian et al. (2018) determined 8,205 SNPs in
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868 candidate genes that were divergent between control lines and lines selected for delayed-age
reproduction and, like Remolina et al. (2012) and Rose et al. (1984), observed increased lifespan
and decreased early-age reproduction in lines selected for reproduction at a late age.

Under dietary restriction during development, which is known to increase longevity, the
size and number of secondary cells in male fruit flies” accessory glands decreased, as did the
expression of the two transcription factors Defective proventriculus and Abdominal-B, which are
essential to male reproduction. Coupled with a decrease in fecundity, Kubo et al. (2018)
concluded that secondary cells are likely involved in nutrient sensing to determine reproduction
output.

One study tested lifespan and fertility at three temperatures, 18°C, 25°C, and 29°C, using
D. melanogaster with a mutation in methuselah, which has been previously implicated in
lifespan in cold-blooded mammals (Mockett and Sohal 2006) and was first identified in D.
melanogaster (Lin et al. 1998). At 18°C productivity increased but lifespan remained the same
as the control, at 25°C productivity decreased and male lifespan increased, and at 29°C
productivity decreased and both males and females lived longer than the control (Mockett and
Sohal 2006). Another study found temperature-dependent activation of male-specific P1 neurons

control sleep, courtship, and feeding, which are all known to affect lifespan (Zhang et al. 2018).

Human Studies of Lifespan and Reproduction

Even though studying humans is technically and ethically difficult, a surprising amount
of work has been done to elucidate the mechanisms of aging and the long post-reproductive
lifespan. Much of the work done on human aging has utilized human cell lines and genome wide

association studies, while historical data is typically used to discover trends leading to the long
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post-reproductive lifespan. Orthologous genes in other organisms are also very commonly used
as models of human disease to determine pathways available for therapeutic intervention. In
addition to avoiding ethical concerns, animal models of human disease provide many logistic
advantages over humans, including ease of maintenance in a laboratory setting and shorter
lifespans.

With advances in sequencing ability and lower cost, using blood samples to gather
genetic information directly from humans has become more accessible. Schnachter et al. (1994)
identified alleles of two genes, Apolipoprotein E and Angiotension-converting enzyme, known to
impact cardiovascular risk, that are more common in centenarians than a sample of adults aged
20-70 using an association study. Similarly, Andersen et al. (2012) observed that
supercentenarians, people who are at least 110 years old, are less likely to suffer from
cardiovascular diseases than other populations. A study of 17 supercentenarians was
unsurprisingly unable to identify a single amino acid-altering variant enriched in both
supercentenarians and 99 other long-lived individuals (Gierman et al. 2014). By regressing
272,081 parental lifespans on progeny genotype, Joshi et al. (2016) identified two common
variants near Apolipoprotein E and nicotinic acetylcholine receptor subunit alpha 5 that
negatively influence lifespan in carriers. Another study used a Bayesian association scan
informed by 58 disease related GWA studies found RBM6, SULT1A1, and CHRNA5 may
causally influence longevity in humans (McDaid et al. 2017). Sebastiani et al. (2017) identified
longevity associated variants associated with long lifespan and reduced risk of cardiovascular
and Alzheimer’s disease in a GWA study of 2,070 long-lived individuals. Four genes, apoe,
cdkn2b, abo, and sh2b3, were found to be associated with extreme human longevity in a

replicated informed GWA study (Fortney et al. 2015).
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Bodnar et al. (1998) examined telomerase activity by transfecting a human telomerase
catalytic subunit into two telomerase-negative human cell types and observed elongated
telomeres, increased number of cell divisions, and reduced staining for a senescence-related
biomarker. An in vitro study using human nucleus pulposus chondrocytes found a correlation
between decreased cell population doubling ability and increased senescence-associated -
galactosidase expression, shortened telomerases, decreased telomerase, and increased stress
response pathways (Jeong et al. 2014). Human fibroblasts exhibited an increase in replicative
lifespan when administered serum from calorie-restricted animals as compared to serum from ad
libitum fed animals. Further investigation found a correlation between an increase in SIRT1,
which is thought to mediate extended longevity from calorie-restriction in mammals, levels and a
decrease in p53, a tumor suppressor, levels in the serum of the caloric restricted animals and
postponed senescence in the fibroblasts (de Cabo et al. 2015).

In a historical review of human data, Westendorp and Kirkwood (1998) found that among
British aristocratic women over the age of 60 who reached menopause, there was a strong
negative correlation between lifespan and number of children and a strong positive relationship
between longevity and age at first child. Using records from the Utah Population Database,
another study showed as the number of parities per female decreased due to decreased mortality
and fertility rates, female lifespan increased, while male lifespan remained unchanged. This
supports the hypothesis that differential reproductive costs between males and females led to sex
differences in lifespans in humans (Bolund et al. 2016). Muehlenbein and Bribiescas (2005)
found that men have an inverse correlation between testosterone, as a measure of reproduction,
and immune function; therefore, they can decrease mating and associated behaviors when

resources need to be utilized to fight infection. However, women only have the flexibility pre-
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conception or early in pregnancy. After significant resource investment, resources are used to
support the developing offspring at the expense of the mother’s immune response (Vitzthum
2009).

Mutations modeling human diseases in model organisms have been very successful.
Mohite et al. (2018) mutated a-Synuclein, which is associated with loss of dopaminergic neurons
associated with Parkinson’s disease, and observed decreased lifespan in D. melanogaster due to
increased dopaminergic cell death. A D. melanogaster ALS model that exhibits locomotor
dysfunction and reduced lifespan via TDP-43 overexpression can be partially rescued with gene
knockdowns of CPT1 and CPT2, which are core components of the carnitine shuttle that is
hypothesized to be the mechanism disrupted by excess TDP-43 (Manzo et al. 2018). Younan et
al. (2018) found that membrane-bound cellular prion proteins can trap amyloid-f peptides and
lead to shortened lifespan, disrupted circadian rhythms, increase amyloid-f deposition in the D.
melanogaster brain, suggesting a mechanism for Alzheimer’s disease in humans. Also, in fruit
flies, a model for Laing distal myopathy was created by mutating the Mhc locus, which is
responsible for proper skeletal and cardiac muscle development. Homozygous mutants exhibited
decreased skeletal and cardiac muscle function and were lethal by the pupal stage, while
heterozygous mutants showed decreased skeletal muscle function and had a shortened lifespan.
In addition, these phenotypes were rescued by overexpression of Abba/Thin, an E3-liagse in the
TRIM-protein family responsible for correct sarcomere formation (Dahl-Halvarsson et al. 2018).
Using a D. melanogaster model for ataxia-telangiectasia, Petersen et al. (2012) found a mutation
causing a knockdown in ataxia-telangiectasia mutated, which controls cycle cell, DNA repair,
and apoptosis in the central nervous system, leads to decreased mobility and longevity, increased

innate immune response in glial cells, and increased neuron and glial cell death.
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Conclusions

There are many pathways involved in lifespan that include epistatic relationships and
pleiotropic effects, making the process of disentangling the mechanisms challenging. While there
is much evidence that a tradeoff exists between lifespan and reproduction, it appears to be
mechanistically dependent. In some pathways, both lifespan and reproduction are affected; in
others, they are not. Additionally, there is evidence that factors affecting lifespan also affect each
other. For example, dietary restriction appears to extend lifespan by alleviating stress resistance
and the 1IS pathway. Although the relationships are complicated, research is continuing to
elucidate the mechanisms involved.

Several studies have used GWAS to identify genes correlated with changes in lifespan
and reproduction, and many others have identified individual genes with causal relationships
with lifespan and reproduction. However, few have utilized these genome-wide analyses for
large-scale validation of individual genes at the allelic level. I will use the Rose (1984) lines, for
which 6,394 SNPs in or near 1,925 genes have been identified (Carnes et al. 2015). Originating
from the same founder population, the long-lived (O) lines were selected for delayed
reproduction at 70-days old, while the unselected (B) lines were maintained at a two-week
generation interval for more than 130 generations. The O lines live twice as long and maintain
high levels of reproduction at later ages as compared to the B lines. | expect to identify many
causal variants contributing to this increase in lifespan and reproduction seen in the O lines, and
these variants will support several different evolutionary theories on a gene-by-gene basis. This
is the first study that seeks to functionally evaluate the underlying genetic changes contributing

to these phenotypic differences in longevity and reproductive senescence of candidate genes
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associated with genetic divergence between O and B lines by testing individual genes with
significant allelic differences between the two sets of lines for causality.

While we initially chose the best candidate genes to test for causal effects on lifespan and
reproductive senescence, there are likely many more genes which influence these quantitative
traits. Future studies should focus on testing additional genes to functionally validate their
contribution to limited lifespan and delayed reproductive senescence. Additionally, many
candidate genes are part of well-characterized protein families with commercially available
drugs, which can be used in future studies to observe the effects of pharmaceutical intervention
to delay senescence and extend lifespan.

The results from this study will identify causal variants for lifespan and reproductive
senescence and will help determine how genetic variation is maintained in both human and non-
human species, as this study will focus on D. melanogaster candidate genes which have human
and non-human orthologs. While not all orthologs will share the same function across species,
the resulting genes from our study can be used as a starting point to identify genes affecting
lifespan and reproductive senescence in vertebrate species. Our experiments are innovative in
that they are designed to provide empirical tests to support or oppose evolutionary theories of
aging at the allelic level by identifying genes with causal mutations and determining how they
affect lifespan, reproductive senescence, and fitness. The resulting implicated genes may also
provide therapeutic targets to delay senescence and extend health in populations with increasing

lifespans.
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CHAPTER 2

VALIDATION OF CANDIDATE GENES USING RNAI
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Introduction

Limited lifespan and senescence, the post-reproductive decline in survival and fertility
with advancing age, are near-universal phenomena. They are quantitative traits that exhibit
variation in natural populations due to the segregation of many different interacting loci and
environmental effects (Finch and Tanzi 1997; Finch and Ruvkun 2001; Pasyukova, Roshina, and
Mackay 2004; Pitt and Kaeberlein 2015).

Due to the complexity of the genetic control of lifespan and senescence, our
understanding of the genetic basis of variation in these traits is incomplete. Evolutionary theory
predicts that variants affecting lifespan will have antagonistic effects on other aspects of fitness
(Williams 1957; Medawar 1957; Kirkwood 1977), explaining why genetic variation for lifespan
may persist. Studies in Drosophila melanogaster provide experimental support for this prediction
as there is increased genetic variance in mortality (Hughes and Charlesworth 1994; Charlesworth
and Hughes 1996) and fecundity (Durham et al. 2014) with increasing age; negative genetic
correlations between early fecundity and lifespan (Rose and Charlesworth 1981) and reduced
early fecundity and increased lifespan of lines selected for late-age fecundity (Rose and
Charlesworth 1981; Rose 1984; Luckinbill et al. 1984; Sgro and Partridge 1999; Remolina et al.
2012; Fabian et al. 2018), and single mutations affecting increased lifespan have deleterious
effects on other fitness-related quantitative traits (Magwire et al. 2010). However, to date causal
genes underlying these relationships in a natural population have not yet been identified.
Identifying specific genes with allelic variants that causally affect lifespan and senescence will
enhance our understanding of the evolutionary forces acting on these genes and empirically test

the validity and relative contributions of the evolutionary theories of senescence and
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maintenance of genetic variation. These causal genes may also offer potential targets for
therapeutic intervention to delay senescence while increasing lifespan.

Many mechanisms influencing lifespan have been implicated by studies of effects of
mutations and segregating natural variation in short-lived model organisms and humans, such as
insulin signaling (Friedman and Johnson 1988; Kenyon et al. 1993; Kimura et al. 1997; Paradis
and Ruvkun 1998; Tissenbaum and Ruvkun 1998; Gil et al. 1999; Clancy et al. 2001,
Holzenberger et al. 2003; Bliher, Kahn, and Kahn 2003; Giannakou 2004; Hwangbo et al.
2004), caloric restriction (Lakowski and Hekimi 1998; Defossez, Lin, and McNabb 2001; Lin et
al. 2002; Rogina and Helfand 2004; Grandison, Piper, and Partridge 2009), environmental stress
(Rose et al. 1992; Lithgow et al. 1995; Zwaan, Bijlsma, and Hoekstra 1995; Y. J. Lin, Seroude,
and Benzer 1998; Mockett and Sohal 2006; Rollmann et al. 2006; Ma, Ma, and Kanyan 2015),
DNA repair and replication (Woodhead et al. 1985; Yu et al. 1996; de Boer et al. 2002),
telomere integrity (Bodnar et al. 1998), immune response (Zerofsky et al. 2005; Felix et al.
2012; Horn, Leips, and Starz-Gaiano 2014), sensory perception (Apfeld and Kenyon 1999;
Libert et al. 2007), gene silencing (Kim et al. 1999), learning (Ping et al. 2015), and reactive
oxygen species (ROS) detoxification (Griswold et al. 1993; Ishii et al. 1998; Parkes et al. 1998;
Sun et al. 2002); Kharade et al. 2005). While many mutations have been identified that extend
lifespan, many more decrease longevity, suggesting the mutated genes are essential for survival.
For example, a screen for P-element insertions affecting lifespan in D. melanogaster identified
135 genes associated with an increase in lifespan and 296 genes associated with a decrease in
lifespan (Magwire et al. 2010).

Quantitative trait loci (QTLs) affecting lifespan have been mapped in D. melanogaster

(Nuzhdin et al. 1997; Leips and Mackay 2000; Pasyukova, Vieira, and Mackay 2000; Vieira et
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al. 2000; Leips and Mackay 2002; Forbes et al. 2004; Wilson, Morgan, and Mackay 2006;
Durham et al. 2014; Ivanov et al. 2015; Fabian et al. 2018; Huang et al. 2019), C. elegans
(Shook 1996; Ayyadevara et al. 2001; Shmookler Reis, Kang, and Ayyadevara 2006), mice
(Jackson et al. 2002; Doria et al. 2004; Lang et al. 2010), and humans (Beekman et al. 2013;
Deelen et al. 2013; Deelen et al. 2013). However, only a few genes implicated by QTL mapping
have been shown to be capable of affecting both lifespan and reproductive senescence using an
independent assay (Durham et al. 2014).

Here, we used genetic divergence between five long-lived (O) D. melanogaster lines
selected for postponed reproductive senescence and five unselected control (B) lines (Rose 1984;
Carnes et al. 2015) to identify candidate genes underlying the response to selection. The O lines
live twice as long as the B lines and maintain high levels of reproduction at later ages compared
to the B lines (Carnes et al. 2015). We re-analyzed the genetic divergence data for these lines
(Carnes et al. 2015) to identify intervals containing multiple variants with allele frequency
differences between the O and B lines. These regions contained a large number of genes that
could not be further resolved with existing genetic data. We then evaluated the effect of RNAI
for 57 of these candidate genes on lifespan of males and females as well as lifetime reproductive
success. We identified candidate genes for which RNAI increased lifespan and decreased early
reproduction and vice versa, candidate genes for which RNAI had opposite effects on lifespan in
males and females, candidate genes for which RNAI that increased lifespan with no deleterious
effects on reproduction, and one candidate gene for which RNAI increased both lifespan and
reproduction. These results provide support for the antagonistic pleiotropy theory of aging
(Medawar 1957) and the basis for further analysis of causal polymorphic variants contributing to

the response to selection.
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Methods and Materials

Drosophila stocks. The five long-lived O lines have been maintained with 70-day generation
intervals to preserve selection for delayed reproduction, and the five unselected B lines have
been maintained with 14-day generation intervals (Rose 1984; Carnes et al. 2015). All RNA.
lines were obtained from the Vienna Drosophila Resource Center. The 39 (P{KK}) RNAI lines
are from the same genetic background, contain upstream activating sequence UAS-RNA.
constructs for each candidate gene at the same locus on the second chromosome, and have no
known off-target effects on other loci (Dietzl et al. 2007). The 18 (P{GD}) RNAI lines are from
the same genetic background, contain P-element based transgenes in a random insertion site, and
have no known off-target effects on other loci (Dietzl et al. 2007). GAL4-c825 is specific to
ovaries and accessory glands. Apart from the O populations, which were maintained in cages at
room temperature when not being used for assays, all stocks and experimental flies were

maintained at 25°C, 60-75% relative humidity, and on a 12-hour light-dark cycle.

Productivity assays: O and B lines. We assessed the productivity of females from the five O
(O1 - 05) and five B (B1 — B5) lines crossed to males from their own lines, and productivity of
O and B females crossed to males from the other selection lines (019xB1J, 029xB243,
039xB3d, 049xB4J, 059xB54, B19x01J, B29x02J, B39x037, B49x0443,
B59x054) as described in Carnes et al. (2015) with a few exceptions. Experimental flies were
produced by allowing six males and six females to mate and lay eggs for three days in vials
containing 5 mL culture medium. Offspring from these vials were collected on the day of
eclosion, anesthetized using CO-, sorted into vials with three males or three females, and given

24 hours to recover before setting up the experimental vials. Three male and three female flies of
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each genotype were placed in each of 15 replicate vials and aged to three to five days old. They
were then allowed to lay eggs for 24 hours on 5 mL culture media once a week for four weeks.
The total number of adults from each vial was counted until day 16 post-eclosion and divided by
the number of living females in that vial to give an average per female per vial. Experimental
flies were transferred without anesthesia to new vials containing 2 mL culture media every 1-3
days to minimize bacterial and fungal infections. Data were analyzed by an analysis of variance
(ANOVA) with the model Y = p + Gm + Gf + W + GmxW + GfxW + GmxGf + GmxGfxW +
&, where Gm is the fixed effect of the mother’s genotype, Gf is the fixed effect of the father’s
genotype, W is the fixed effect of week, and ¢ is the error, using JMP Pro 14 (SAS Institute,
Cary, NC). Reduced model ANOVAs of form Y = u + Gm + Gf + Gm*<Gf + ¢ were also run for
each week, and Tukey’s tests were performed to determine significant differences between each

cross at each week.

Selection of candidate genes for weak ubiquitous GAL4-UAS RNAI screening. Some of the
polymorphisms contributing to the molecular divergence between the O and B lines must
causally affect lifespan and/or reproductive senescence. Therefore, Carnes et al. (2015)
sequenced the genomes and transcriptomes of the O and B lines and assessed the genetic
divergence between them, identifying 6,394 single nucleotide polymorphisms (SNPSs) in or near
1,925 genes with nominally significant (P < 10°%) allele frequency differences, nearly 300 of
which showed gene expression changes consistent with delayed senescence between young and
old flies of the O and B lines. There were large regions of genetic divergence between the O and
B lines, especially on the X chromosome. Dr. Wen Huang in the Mackay lab performed an

analysis to identify intervals containing multiple genetically divergent SNPs as candidate regions
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for selective sweeps due to selection for postponed reproductive senescence between the O and B
lines (Figure 2.1) and found many regions that may be indicative of strong selective sweeps
where many causal variants were driven to fixation under selection for delayed reproductive
senescence. These selective sweeps will have also driven non-causal loci towards fixation due to
linkage disequilibrium; therefore, it is necessary to functionally validate each candidate gene to
determine causality. | tested several candidate genes in the highly divergent intervals for effects
on lifespan and reproductive senescence as a first step to identify putative causal loci. In order to
obtain a reasonable number of candidate genes to functionally validate of the 1,928 genes from
Carnes et al. (2015), | used a more stringent significance threshold of P < 107, required that the
candidate genes be expressed in the ovaries due to the results of the productivity assay on the O
and B lines, have polymorphisms in the promoter region or be a non-synonymous coding change,
and have viable RNA. stocks with no off-target effects. These filters resulted in 28 initial
candidate genes (Table A.1). A summary of known biological functions for each gene can be
found in Table A.2. The (P{KK3}) lines contain an upstream activating sequence (UAS) that were
paired with a weak ubiquitously expressed GAL4-Ubil56 driver to determine if the effects of
RNAI knockdowns of specific genes result in a measurable lifespan and reproduction

phenotypes.

Identification of intervals with high genomic divergence. To identify genomic intervals that
contained fixed or nearly fixed variants between the O and B lines, we first identified variants

with allele frequency differences greater than 0.8 between the O and B lines. Next, we merged
any adjacent variants whose allele frequency differences were greater than 0.8. These intervals

were often interrupted by small numbers of variants that did not meet this stringent allele
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frequency difference threshold. These interruptions were merged with their flanking intervals if
they contained fewer than three variants and if the minimum allele frequency differences were
greater than 0.5. We calculated both the length in bp of these merged intervals (Figure 2.1) and
the number of variants they contained. The interval length was computed as the distance between

neighboring variants and tends to be an underestimate when the number of variants was small.

Selection of candidate genes for ovaries and accessory glands specific GAL4-UAS RNAI
screening. After validating 26 candidate genes using the weak ubiquitous GAL4-Ubi156 UAS-
RNAI construct, | chose to use an ovaries and accessory glands specific GAL4 driver to
determine if decreased expression of the candidate genes in only the reproductive tissues led to a
measurable lifespan and reproduction phenotype. I also included more candidate genes with a
significance threshold of P < 107, required that the candidate genes be expressed in the ovaries,
have polymorphisms in the promoter region or be a non-synonymous coding change, and have
viable RNAI stocks with no off-target effects. 14 (P{KK}) lines from the initial RNAI screen
with the highest magnitude of difference from the control were chosen to also be tested with the
ovaries and accessory gland specific GAL4 driver. These and the newly added genes resulted in a
final list of 57 candidate genes for functional validation using an ovaries and accessory glands
specific GAL4-c825 UAS-RNAI construct (Table A.4). A summary of known biological

functions for each gene can be found in Table A.5.

Productivity and lifespan assays: RNA. lines. The first generation of experimental flies were
produced by allowing six GAL4 males and six (P{KK}) or (P{GD}) UAS-RNAI females to mate

and lay eggs in vials containing 10 mL culture medium for two days. The GAL4-Ubil56 driver is
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expressed weakly throughout the body, and the GAL4-c825 driver is expressed in amniosera,
adult female ovary, and adult male accessory glands and seminal vesicles. Two control
genotypes were also used: F1 progeny of v60100, which is the isogenic strain in which the
(P{KK}) UAS-RNAI lines were constructed with the empty PhiC31 vector, crossed to GAL4; and
F1 progeny of v60000, which is the isogenic strain in which the (P{GD}) UAS-RNAI lines were
constructed with a modified pUAST vector pMF3, crossed to GAL4-Ubil56 or GAL4-c825. Of
the F1 progeny from each mating, 3 males and 3 females were sorted into vials containing 5 mL
culture medium with 48 replicates for each genotype. Three females per vial were allowed to lay
eggs for 24 hours on 10 mL culture media once a week for their entire lifespan, and the average
number of F, offspring per female in each vial was recorded until 16 days after the initial egg
laying for 13 of the 48 replicates. Flies were transferred without anesthesia to new vials
containing 5 mL culture media every 1-3 days to provide fresh food and minimize bacterial and
fungal infections. Dead flies were removed, and their deaths recorded. The sum of the average
number of offspring across all weeks determined the lifetime productivity for each vial. The
mixed factorial ANOVA model Y =u + S + G + SXG + Rep(G) + SxRep(G) + & was used to
partition variation in lifespan between the fixed main effects of Sex (S), Genotype (G, RNAI vs.
control) and their interaction, and the random effect of replicate vial (Rep), nested within
genotype. Reduced model ANOVAs of form Y = u + G + Rep(G) + ¢ were also run for males
and females separately. The full fixed effect factorial ANOVA model for lifetime productivity,
which is the summation of all individual weeks, was Y = u + G + ¢; where G is Genotype. The
full fixed effect factorial ANOVA model for weekly productivity was Y = p+ W + G + WxG +
&; where W is Week and G is Genotype. Reduced models of form Y = 4 + G + ¢ were run for

each week. These analyses were performed in six blocks with different genes in each block.
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Gene expression analyses. The magnitude of RNAi-mediated suppression of gene expression
was assessed using quantitative PCR (gPCR) of female ovaries and male accessory glands for a
subset of the RNAI and control genotypes. Ovary tissue was dissected from females and
accessory glands were dissected from males at 3-5 days old, with 10 ovaries and 10 accessory
glands in each of two biological replicates per genotype, and RNA was extracted. cDNA was
synthesized from 120 ng of total RNA using the iScript cDNA synthesis kit (Bio-Rad). We
performed qPCR for each of three technical replicates per biological replicate using Maxima
SYBR Green (Thermo Scientific). GAPDH was the internal control. The levels of expression for
each gene were normalized against the internal control and compared to the RNAI line control to
determine differences in gene expression of the RNAI mutants. We first assessed overall
differences in gene expression using the ANOVA model Y=u + L + G + LxG + Rep(L*G) +
¢, where L indicates the RNAI or control line, G is the gene tested, R is biological replicate,
nested within line and gene, and ¢ is the residual (technical replicate) variance. Reduced models
of form Y =u + L + Rep(L) + ¢ were run for each gene. Effect and p-Value summaries were
performed to determine significant differences of the RNAI line from the control line. All

analyses were performed using JMP Pro 14 (SAS Institute, Cary, NC).

Results

Maternal effects on productivity in the O and B lines. In order to assess whether the net
effects of selection on reproductive senescence were maternally or paternally controlled, we
quantified productivity for females of each of the O and B lines at one, two, three and four weeks
of age. We assessed productivity for O females crossed to males of the same O line, O females

crossed to B males; B females crossed to males from the same B line, and B females crossed to
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O males. We found little difference in the total number of viable offspring between any of these
crosses for young flies, but divergence between the O and B genotypes at later ages (Figure 2.2,
Table A.5). The B line females exhibited lower reproduction by week four than O line females,
but no differences depending on the male genotype. In the cross with an O female and B male,
there was higher productivity at week four than the cross of the O female and O male. These data
indicate that productivity is largely maternally controlled, although the overall analysis does
indicate significant effects of the week by male genotype (P = 0.012) and female genotype by

male genotype (P = 0.013) interaction.

Effects of GAL4-Ubil56 UAS-RNAI on lifespan and productivity. Lifespan, lifetime
productivity, and weekly productivity were measured using either weak ubiquitous GAL4
(P{KK}) UAS constructs. Figure 2.3 shows the differences from the control of the RNAI
knockdowns for female and male lifespan (Table A.6). Six (P{KK}) UAS RNAI (capu,
CG14438, CG3704, CycE, dnc, and MED22) resulted in a decrease in female lifespan, while six
(P{KK}) UAS lines (csw, DAAM, Nmd3, Ph-p, sgg, and sra) conferred in increase. Three
(P{KK}) UAS lines (CG3704, CycE, and Mam) decreased male lifespan, and three (DAAM, dnc,
and Pka-C1) increased male lifespan. There is some evidence of sexual dimorphism from these
experiments. Three (P{KK}) lines (CG3704, CycE, and DAAM) exhibited significant effects in
the same direction for both male and female lifespan. On the other hand, CG14438 exhibited
significant effects in opposing directions between males and female. Additionally, five (P{KK})
RNAI (capu, CG14438, Mam, MED22, and Pka-C1) showed deviations from the control for

lifespan in only one sex.
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Figure 2.4 shows lifetime productivity for the 28 (P{KK}) lines (Table A.7). Two
(P{KK}) knockdowns (Eip75B and sgg) led to a decrease in lifetime productivity, while one
(P{KK}) line (CycE) led to an increase in lifetime productivity.

Figure 2.5 displays the increases (red) or decreases (blue) of the productivity of candidate
genes by week compared to their respective controls (Table A.8). Ten (P{KK}) lines (capu,
CG3071, CG3704, CycE, dnc, Eip75B, fz2, msn, piwi, sgg, sra, and wb) showed at least one
significant difference from the control for weekly productivity. Of interest, CG3704, capu, and
CG3071 only displayed significant differences at late ages (weeks seven, seven, and five,
respectively). This implies that these genes are responsible with regulating resource allocation to
reproduction in association with aging.

There is also evidence of pleiotropy within these results. While five (P{KK}) lines
(CG14438, DAAM, Eip75B, MED22, and Ph-p) only exhibit significance in lifespan or
productivity, eight (P{KK}) knockdowns (capu, CG3704, csw, CycE, dnc, Nmd3, sgg, and sra)
show an effect in both lifespan and productivity. Specifically, Nmd3 and csw increased both
female lifespan and lifetime productivity, sgg and sra increased female lifespan and decreased
productivity, and CycE decreased male and female lifespan and increased productivity.
Additionally, capu decreased both female lifespan and productivity only, dnc decreased female
lifespan and productivity while increasing male lifespan, and CG3704 decreased male and
female lifespan and productivity. Summaries for the effects of lifespan and productivity of each

gene can be found in Table A.10.

Genomic intervals containing candidate genes. Carnes et al. (2015) sequenced the genomes

and transcriptomes of the O and B lines and assessed the genetic divergence between them,
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identifying 6,394 single nucleotide polymorphisms (SNPs) in or near 1,925 genes with nominally
significant (P < 107%) allele frequency differences, nearly 300 of which showed gene expression
changes consistent with delayed senescence between young and old flies of the O and B lines.
There were some large regions of genetic divergence between the O and B lines in this study,
especially on the X chromosome. Dr. Wen Huang re-analyzed these data, imposing the more
stringent criterion that genetically divergent variants were those for which the average difference
in allele frequency between the O and B lines was greater than 0.8. This analysis identified
individual variants as well as intervals, some of which were quite large, containing multiple
genetically divergent SNPs (Figure 2.1, Table A.3). The large genetically divergent intervals
may have arisen as a consequence of selective sweeps, and Figure 2.1 presumably contain causal
variants as well as linked non-causal loci that were driven to fixation or near fixation under
selection for delayed reproductive senescence in the O lines relative to the B lines. Existing
genetic data cannot resolve these regions any further. Therefore, it is necessary to assess the
effects of each candidate gene on lifespan and reproduction in order to infer which ones are

likely to harbor one or more functional polymorphisms responding to selection.

Effects of GAL4-c825 UAS-RNAI on lifespan and productivity. We chose 57 candidate genes
(Table A.4) that were either located in the intervals with high SNP divergence between the O and
B lines (Table A.3), or that had low P-values from the previous genetic divergence analysis
(Carnes et al. 2015) but for which the average allele frequency difference between the O and B
lines was less than 0.8. The following criteria were used to choose among the many genes in the
high divergence intervals: (1) the P-value for individual SNP divergence (Carnes et al. 2015) is <

107%; (2) the candidate gene is expressed in ovaries and accessory glands since the productivity
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assay of the O and B lines implicated a strong maternal and weaker paternal effect, and selection
was on reproductive senescence; and (3) viable RNAI stocks with no off-target effects were
available. We assessed lifespan (Table A.10), average lifetime reproduction (Table A.11), and
average weekly reproduction (Table A.12) for the F1 progeny of UAS-RNA. lines crossed to
GAL4-c825, and F1 progeny of the crosses of an appropriate control line without the UAS
transgene and the GAL4 driver. GAL4-c825 is expressed in amniosera, adult female ovary, and
adult male accessory glands and seminal vesicles and is therefore expected to reduce gene
expression specifically in these tissues.

A total of 47 of the 57 genes tested affected lifespan (Figure 2.6, Table A.10). A total of
26 genes increased lifespan and 31 genes decreased lifespan in at least one sex; 10 of these genes
had sexually antagonistic effects on lifespan (capu, Cdc7, CG13369, CG3326, Dredd, egh, lama,
MED22, Nmd3, Pgantl). The effects on lifespan were highly sex-specific: seven genes increased
lifespan in both sexes and six decreased lifespan in both sexes; eight genes increased lifespan in
only one sex and 15 decreased lifespan in only one sex.

A total of 15 genes affected total lifetime productivity: zf30c RNAI increased total
productivity, while blw, CG13933, CG14969, CG17777, CG5254, CG7971, crn, CycE, Cyp4gl,
Dredd, Fdx1, 1(1)G0004, ND-ACP and RpL22 RNA. decreased total productivity (Figure 2.7,
Table A.11). However, 50 of the candidate genes affected productivity in at least one week
(Figure 2.8, Table A.12) and RNAI of 18 genes increased productivity in at least one week.
Several genes appeared to have a tradeoff in reproduction. RNAI of babos, capu, Eip75B,
MED?22, and sov increased productivity at an early age and decreased productivity at later ages.
RNAI of CG13369, CG32809, CG4281, CG4554, DAAM, and wds lowered productivity at an

early age and increased productivity at later ages.
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Given these data on lifespan and productivity, we can now assess the extent to which
RNAI of these candidate genes gives the antagonistic pleiotropic effects between different fitness
traits predicted by evolutionary theory (Medawar 1957). RNAI of six genes affects lifespan and
not productivity (Figure 2.6, Figure 2.8): Lztrl, Nmd3, pcx and Pgantl increase female lifespan
with no deleterious effect on productivity; while CG18273 and TRAM decrease male lifespan but
do not have significant effects on productivity. RNAI of nine genes affects productivity without
significant effects on lifespan: CG7970, CG13933, Hsp22, Hsl, 1(1)G0004, and Fdx1 all decrease
productivity; babos and sov have increased productivity early in life and decreased productivity
later in life; and piwi has increased productivity at an early age. RNAI of blw, boi, CG12018,
CG14969, CG16868, CG17777, CG4452, CG5254, crn, CycE, Cyp4gl, dx, ND-ACP, pn and
RpL22 had deleterious effects on lifespan in at least one sex and productivity in at least one
week; and RNAI of CG3071, sgg and zf30c increased both lifespan and productivity in at least
one sex and at least one week. RNAI of dnc had no effects on either trait.

RNAI of the remaining 23 genes had antagonistic pleiotropic effects on lifespan and/or
productivity (Figures 2.6 and 2.8, Tables A.10 and A.12). RNA. of abo, CG13760, CG7971,
fs(1)N, G9a, and Klp67A had increased lifespan in at least one sex and decreased early
productivity. RNAI of CG3704, msn and sra decreased lifespan in at least one sex and increased
early productivity. RNAI of Cdc7, CG3326, Dredd, egh, and lama decreased productivity but
had sexually antagonistic effects on lifespan; whereas RNAi of CG32809, CG4281, CG4554,
DAAM, and wds increased lifespan in at least one sex and decreased early and increased late
productivity. RNAI of Eip75B decreased female lifespan and had increased early and decreased
late productivity. Finally, RNAI of capu and MED22 had increased early and decreased late

productivity and decreased female and increased male lifespan; while RNAIi of CG13369
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reduced early and increased late productivity and increased female and decreased male lifespan.

Summaries for the effects of lifespan and productivity on each gene can be found in Table A.13.

Discussion

Natural D. melanogaster populations harbor considerable segregating genetic variation
for lifespan, as evidenced by the large number of QTLs affecting lifespan (Nuzhdin et al. 1997;
Leips and Mackay 2000; Pasyukova, Vieira, and Mackay 2000; Vieira et al. 2000; Leips and
Mackay 2002; Forbes et al. 2004; Wilson, Morgan, and Mackay 2006; Durham et al. 2014;
Ivanov et al. 2015; Huang et al. 2019) and rapid evolution of long-lived strains by selecting for
increased age of reproduction from several different geographical populations (Rose 1984;
Luckinbill et al. 1984; Sgro and Partridge 1999). Previously, we assessed the genetic divergence
between five long-lived O lines selected for postponed senescence and five B control lines with
normal lifespan (Rose 1984; Carnes et al. 2015) and identified 1,925 nominally significant (P <
10-3) genes based on analyses of individual variants. Here, we re-analyzed these data for
signatures of local selective sweeps involving multiple variants and identified 1,071 genes in
these intervals. Clearly, the genetic architecture of natural variation in lifespan is highly
polygenic.

These data can be used to begin to address two fundamental questions regarding naturally
occurring genetic variation for lifespan and reproductive senescence: what are the causal genes,
and what is the distribution of direct and pleiotropic effects of causal variants on each trait?
However, not all the candidate genes implicated by the divergence analyses are likely to be
causal, since selection will cause local linkage disequilibrium between the focal variants and

closely linked variants. We chose a subset of candidate genes to evaluate with low divergence P-
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values and for which RNAI reagents with no off-target effects were publicly available. In
addition, we assessed whether the difference in reproductive senescence between the O and B
lines was due to maternal genotype, paternal genotype, or both. We found that late life
reproductive capacity is primarily determined by the female genotype since O line females are on
average more productive in weeks three and four than are B line females. However, the male
genotype is also significant at weeks one, three and four, such that the productivity of O females
crossed to B males is greater than that of O females crossed to O males. One plausible
explanation for the paternal effect may be differences in the accessary gland products between
the O and B males. Male accessory gland products evolve rapidly and have profound effects on
female life history traits, increasing egg production, decreasing lifespan and reducing the
probability of re-mating (Sirot et al. 2015). It is possible that accessory gland products of O
males are not as effective in reducing female lifespan and increasing early egg production as
those of B males. Thus, we chose to evaluate candidate genes that are expressed in both ovaries
and accessory glands and used a GAL4 driver that is specific to these tissues (as well as for

amniosera and seminal vesicles).

Candidate genes affecting lifespan and productivity using weak ubiquitous GAL4-UAS
RNAI lines. Candidate gene knockdowns exhibiting a decrease in lifespan relative to the control
likely play a role in a vital pathway, while those exhibiting an increase in lifespan inhibit a
longer lifespan in their normally expressed state. Historically, genes important to survival appear
to be more prevalent than genes that prevent extended lifespans; however, genes inhibiting or
extending lifespan in this RNAI study are nearly equal in numbers. This may be due to the

selective pressures extending lifespan in the O Rose lines. Sexual dimorphism is also clearly
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shown from this data. Few genes show the same affect in both sexes, while many exhibit
opposing effects or effects in only one sex.

There are also many genes that affect productivity. Those that increase productivity in the
RNA. lines limit reproduction in their normal function, and those that decrease productivity must
be vital to normal reproduction. Genes that only exhibit differences in productivity at certain
weeks may have age-specific influences with magnitudes not large enough to detect with the
lifetime productivity measure. Specifically, dnc, which has been previously implicated in
memory, courtship, and oogenesis (Kubli 2003), appears to play a role in reproduction only at a
late age.

Many UAS-GAL4 lines with weak ubiquitously decreased expression led to changes in
both lifespan and reproduction. Two genes, sgg, which has been shown to affect oogenesis (Song
and Xie 2003) and ovarian follicle cell development (Jordan et al. 2006) among many other
processes, and sra, that other studies have implicated in regulation of female receptivity (Ejima
et al. 2004) and meiotic nuclear division (Takeo et al. 2012), increased female lifespan but
decreased productivity. This tradeoff in life history traits suggests these pathways may influence
resource allocation. CG3704 decreases male and female lifespan and productivity, although little
is known about its molecular function, implying that this gene is necessary for both lifespan and
reproduction. Interestingly, CycE, which has been previously implicated as an important
regulator of the mitotic cell cycle (Richardson et al. 1993), decreased both male and female
lifespan and had age-specific effects on reproduction. At one week old, CycE exhibited an
increase in productivity, and by week five, it was significantly decreased in productivity from the
control. This suggests that CycE may support increased early life reproduction at the expense of

longevity and late life reproductive capacity.
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Only one gene, dnc, exhibits significant effects in opposing directions between male and
female lifespan; although, there are several genes which only exhibit effects in one sex. This
suggests there is sexual dimorphism, which is not surprising considering dnc has been previously
shown to affect courtship behaviors, and it is well-documented that mating behaviors differ

between males and females (Sokolowski 2001).

Candidate genes affecting lifespan and productivity using ovaries and accessory glands
specific GAL4-UAS RNAI lines. Of the 57 candidate genes tested, all but dnc affected lifespan
and/or productivity (Table A.13). Surprisingly, in the previous experiment using the weak
ubiquitous RNAI driver, dnc affected both sexes in opposite directions, but neither sex with the
reproductive tissue specific driver. This could be due to differences in the tissues effected or
differences in the genetic backgrounds of the driver lines. This observation complicates the
conclusions that can be drawn from the RNA. studies and warrants further investigation into the
effects of this gene. RNAI of six genes increased lifespan and/or reproduction, suggesting that
normal levels of expression of these genes in ovaries and accessory glands inhibit extended
lifespan and/or reproduction. RNAI of CG3071, sgg, and zf30c results in increased lifespan and
productivity; RNAI of Lztrl and pcx increases lifespan with no deleterious effects on
productivity; while piwi RNAI increases productivity with no deleterious effects on lifespan.
Thus, increasing lifespan does not necessarily occur at the cost of reduced reproductive capacity
(although other, unmeasured, fitness components may be affected). piwi and sgg are highly
pleiotropic genes known to affect oogenesis; in addition, both genes have been independently
associated with naturally occurring genetic variation in lifespan (Huang et al. 2019) and response

to selection for delayed reproductive senescence (Luckinbill et al. 1984; Fabian et al. 2018).
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Not surprisingly, RNAI of 23 genes decreased lifespan and/or productivity (Table A.13),
as would be expected if normal levels of expression of these genes in ovaries and accessory
glands are required for average lifespan and productivity. This suggests there may be naturally
occurring variation in levels of expression of these genes in these tissues, and selection resulted
in their increased expression in ovaries and accessory glands in the O lines. Regardless of
whether this testable hypothesis is true, variation in nine of these genes (blw, CG14969, CG4452,
CG7970, CycE, Fdx1, Hsp22, 1(1)G0004, ND-ACP) has been independently associated with
variation in lifespan (Garcia et al. 2017; Huang et al. 2019) and response to selection for delayed
reproductive senescence (Remolina et al. 2012) in other populations.

RNAI of the remaining 27 genes in ovaries and accessory glands resulted in antagonistic
pleiotropic effects that varied in their complexity (Table A.13): antagonistic pleiotropy between
lifespan and reproduction; sexual antagonistic pleiotropy for lifespan with no effects on
productivity; antagonistic pleiotropic effects on early and late reproduction with no effects on
lifespan; sexual antagonistic pleiotropy for lifespan and antagonistic pleiotropy between lifespan
and reproduction for one sex; antagonistic pleiotropy between early and late reproduction and
antagonistic pleiotropy between lifespan and early reproduction; and sexual antagonistic
pleiotropy for lifespan, antagonistic pleiotropy between early and late reproduction, and
antagonistic pleiotropy between lifespan and reproduction. Variation in genes exhibiting
antagonistic effects between female lifespan and productivity affects alternative resource
allocation strategies in terms of reproduction and somatic cell maintenance. Variation in genes
with sexually antagonistic effects on lifespan affects variation in alternative life history strategies
in the two sexes. All sources of antagonistic pleiotropy can lead to the maintenance of genetic

variation for lifespan and reproductive senescence at intermediate frequencies in natural
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populations (Levene 1953; Williams 1957; Zajitschek and Connallon 2018). Seven genes (babos,
capu, CG4554, CG7971, DAAM, Eip75B, KIp67A) with antagonistic pleiotropic effects between
the sexes and/or between lifespan and productivity were associated with variation in lifespan or
response to selection for delayed reproductive senescence in independent populations (Luckinbill
et al. 1984; Remolina et al. 2012; Fabian et al. 2018; Huang et al. 2019).

In addition to piwi and sgg, 10 of the candidate genes also affect oogenesis,
spermatogenesis or another aspect of reproduction (abo, capu, Cdc7, CycE, Dredd, egh, Eip75B,
fs(1)N, MED22, sra) (Table A.13) (Riibsam et al. 1998; Kozlova and Thummel 2000; Takeo et
al. 2012; Quinlan 2013; Lu and Fuller 2015; Stephenson et al. 2015; Ellis and Carney 2011).
Many of the candidate genes have pleiotropic effects on a large number of different molecular
functions and biological processes; for these genes, it is not obvious via which of these
annotations the effect on lifespan and reproduction is exerted. For example, Dredd affects sperm
individualization, but also regulates defense against Gram-negative bacteria (Leulier et al. 2000;
Jang et al. 2006); Eip75B affects oogenesis and antimicrobial humoral response (Kleino et al.
2005), and Cdc?7 affects histone phosphorylation and eggshell chorion gene amplification
(Stephenson et al. 2015). Genes known to affect a host of different biological processes affect
lifespan and/or productivity, including (but not limited to) mRNA splicing (Herold et al. 2009),
ATP synthesis (Cara et al. 2013), detoxification of xenobiotics (Qiu et al. 2012), translation
(Alonso and Santarén 2006), carbohydrate phosphorylation (Gaudet et al. 2011), oligosaccharide
biosynthetic processing (Ten Hagen et al. 2003), microtubule segregation (Zhang et al. 2007)
and imaginal disc cell formation (Klebes et al. 2005). Finally, this study has annotated effects on

lifespan and productivity for 10 computationally predicted genes (CG13760, CG14969,
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CG17777,CG18273, CG32809, CG4281, CG4452, CG4554, CG5254, CG7970) for which prior
information on their function was lacking.

This study is the first step to ‘reverse engineer’ the genomic response to selection for
delayed reproductive senescence and the accompanying correlated response of increased lifespan
from variation segregating in a natural population. We have shown that an RNAI screen targeting
knockdown of gene expression in reproductive tissues in both sexes for genes that exhibit genetic
divergence in replicate selection lines successfully identified genes affecting lifespan and/or
reproduction. Further, the effects of RNAi knockdown are consistent with predictions of
evolutionary theory, in that RNAI knockdown can result in complex sexually antagonistic
pleiotropic effects on lifespan and antagonistic pleiotropic effects between lifespan and
productivity — such alleles would remain segregating at intermediate frequencies in nature. RNA.I
resulting in increased or decreased lifespan (and/or productivity) may mimic alleles remaining at
intermediate frequency due to antagonistic pleiotropic effects on other fitness traits not assessed
in his study. However, it is important to note that many genes for which RNAI caused decreased
lifespan and/or productivity may not be direct targets of selection, but in linkage disequilibrium
with the true causal loci. Several of our candidate genes are very closely linked, and only one of
the genes in a high divergence interval may cause increased lifespan and/or productivity. For
example, KIp67A has increased female lifespan, but not the tightly linked genes CG4452, Fdx1
and Hsp22, which all have decreased lifespan and/or productivity; and Nmd3 has increased
female lifespan but the adjacent gene pn has decreased female lifespan (Supplementary Table
13). On the other hand, fs(1)N and DAAM are adjacent; as are CG13760, wds and egh: RNAI of

all of these genes causes increased lifespan (Table A.13). Therefore, some large divergence
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intervals may be due to selection of several closely linked genes with effects in the same
direction.

The genes for which RNAI causes increased lifespan in at least one sex are excellent
candidates for the next step of the reverse engineering paradigm, which is to identify the actual
variants that cause increased lifespan. Are there single variants in these genes that have sexually
antagonistic effects on lifespan or antagonistic pleiotropic effects on productivity, or are
different, closely linked variants in these genes independently causing these effects? What are
the mechanisms by which these variants affect lifespan, and how do variants in different genes
interact? Are their effects the same in short-lived and long-lived genetic backgrounds? Recent

advances in gene editing technology will facilitate these future studies.
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Tables and Figures
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Figure 2.1 Analysis of intervals with high genomic divergence between the O and B lines.

Each vertical bar indicates the locations of intervals with high genomic divergence on the major

chromosome arms (x-axis) and the approximate length of each interval (bp) (y-axis).
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differences at p < 0.05.
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Figure 2.3 Differences in lifespan between Ubil56-GAL4 x UAS RNAI and Ubil56-GAL4 x
control F1 flies. Error bars are + 1SE. Significance of the difference from control (p < 0.05) is

denoted by darker colors. Red bars: Females. Blue bars: Males.
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cells: Decreased productivity relative to the control. Red cells: Increased productivity relative to
the control. Grey cells: Not significantly different from the control. White cells: No data due to

decreased lifespan of Ubi156-GAL4 x UAS-RNA. F1 flies.
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control F1 flies. Error bars are + 1SE. Significance of the difference from control (p < 0.05) is
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Figure 2.7 Differences in lifetime productivity (humber of adult offspring) between GAL4-
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Figure 2.8 Significant differences (p < 0.05) in weekly productivity (number of adult
offspring) between GAL4-c825 x UAS RNAI and GAL4-c825 x control F1 flies. Blue cells:
Decreased productivity relative to the control. Red cells: Increased productivity relative to the

control. Grey cells: Not significantly different from the control. White cells: No data due to

decreased lifespan of GAL4-c825 x UAS-RNAI F1 flies.
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CHAPTER 3

FUNCTIONAL VALIDATION OF CANDIDATE SNPS
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Introduction

Lifespan and senescence, which is the decline in survival and reproductive capabilities
associated with increasing age, occur in most organisms. Both traits are polygenic and segregate
in natural populations due to interactions between many different loci and the environment,
leading to quantitative variation within and between species (Finch and Tanzi 1997, Finch and
Ruvkun 2001, Pasyukova et al. 2004, Pitt and Kaeberlein 2015). The underlying genetic
mechanisms of lifespan and senescence are complex and not completely understood; however,
evolutionary theory describes why variation is maintained in natural populations.

Many studies have shown associations between life history traits, but few have shown
specific genes influencing them. In addition, many mechanisms have been determined by
utilizing the effects of mutations, such as reactive oxygen species (ROS) detoxification
(Griswold et al. 1993, Ishii et al. 1998, Kharade et al. 2005, Parkes et al. 1998, Sun et al. 2002),
insulin signaling (Bluher et al. 2003, Clancy et al. 2001, Friedman and Johnson 1988, Giannakou
et al. 2004, Gil et al. 1999, Hwangbo et al. 2004, Holzenberger et al. 2003, Kenyon et al. 1993,
Kimura et al. 1997, Paradis and Ruvkun 1998, Tissenbaum and Ruvkun 1998), immune response
(Felix et al. 2012, Horn et al. 2014, Zerofsky et al. 2005), caloric restriction (Defossez et al.
2001, Grandison et al. 2009, Lakowski and Hekimi 1998, Lin et al. 2002, Rogina and Helfand
2004), DNA repair and replication (de Boer et al. 2002, Woodhead et al. 1985, Yu et al. 1996),
environmental stress (Khazaeli et al. 1997, Lin et al. 1998, Lithgow et al. 1995, Ma et al. 2015,
Mockett and Sohal 2006, Rollmann et al. 2006, Rose et al. 1992, Zwaan et al. 1995), gene
silencing (Kim et al. 1999), telomere integrity (Bodnar et al. 1998), sensory perception (Apfeld

and Kenyon 1999, Libert et al. 2007), and learning (Ping et al. 2015).
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Many quantitative trait loci (QTLs) affecting lifespan have been mapped in a variety of
organisms, including humans (Beekman et al. 2013, Deelen et al. 2013, Deelen et al. 2014), C.
elegans (Ayyadevara et al. 2001, Reis et al. 2006, Shook et al. 2006), mice (Jackson et al. 2002,
Doria et al. 2004, Lang et al. 2010), and Drosophila melanogaster (Pasyukova et al. 2000,
Vieira et al. 2000, Leips and Mackay 2000, Wilson et al. 2006, Durham et al. 2014). Few
specific genes have been identified in these studies to causally affect lifespan and reproductive
senescence.

Previously, we determined causal relationships between lifespan and reproductive
senescence in 57 candidate genes, which were first identified in a genome-wide association study
(GWAS) determining divergent single nucleotide polymorphisms (SNPs) between the long-lived
(O) and unselected (B) Rose lines (Carnes et al. 2015), using RNA interference (RNAI). These
lines originated from the same founder population; the O lines, which were selected for delayed
reproductive senescence at 70-days of age for more than 130 generations, live twice as long as
the B lines, which were maintained on a two-week generational interval (Rose 1984). In addition
to lifespan, the Rose lines also show differences in reproduction with age. Here, we implicate
specific SNPs within the regulatory regions of our validated candidate genes to causally
influence differential promoter function within the O and B Rose lines using an in vitro promoter
luciferase reporter assay. We also show that deleting 223 base pairs (bps) from 348 bps to 571
bps upstream of the start site of Death-related ced-3/Nedd2-like caspase (Dredd), which includes
our causal SNP, in the O and B Rose lines has a causal effect on lifespan and senescence.

Death related ced-3/Nedd2-like caspase (Dredd) functions in the Immune deficiency
(Imd) pathway of Drosophila melanogaster, which primarily responds to infection from Gram-

negative bacteria (Hultmark 2003), and the programmed cell death pathway, where it interacts
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with dark to induce expression of the cell death genes dcp-1 and Drice (Richardson and Kumar
2002). In the Imd pathway, it forms a complex with Drosophila Fas-associated death domain
protein (dFADD) via sequence homology between the dredd prodomain and dFADD N-terminal
region termed the death-inducing domain (Hu and Yang 2000). Mediated by Imd, this dredd-
dFADD complex leads to the cleavage of Relish. The Rel domain then travels to the nucleus to
bind with Nuclear Factor kappa B (NF-xB) and induces transcription of antimicrobial peptides
(AMPs) (Eleftherianos and Castillo 2012). Dredd is also involved in the cleavage of Imd, which
is necessary for downstream signaling events (Paquette et al 2010). Loss-of-function mutants fail
to produce AMPs and are more susceptible to bacterial infection (Richardson and Kumar 2002).
Although Dark has been reported to have a strong affinity for Dredd to promote cell death
(Rodriguez et al. 1999), another study found that Dredd has a stronger affinity for dFADD,
which promotes apoptosis and stability (Hu and Yang 2000). Therefore, Dredd may serve as the
main apical caspase for dFADD in both the Imd and cell death pathways. Dredd has several
human orthologs, human caspase-8, human caspase-9, and human caspase-10 (Hu and Yang
2000, Richardson and Kumar 2002, Stoven et al 2003).

The inverse correlation between reproduction and immunity is well-documented in both
sexes. For example, a study using male barn swallows showed increased ornamentation
decreases immune function (Saino and Moller 1996). Additionally, Festa-Blanchet (1989) found
that lactating bighorn ewes had higher infection by lungworms than non-lactating ewes.
However, males seem much more flexible to altering reproduction in response to the need for
increase immune function. In male humans, there is an inverse correlation between testosterone,
which is used to estimate investment in reproduction, and immune function; testosterone levels

can quickly decrease when immune function needs to increase (Muehlenbein and Bribiescas
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2005). Early in reproduction, females are still able to divert resources from reproduction to the
immune system; however, once a significant amount of resources have been invested in
reproduction, available resources will continue to support the developing offspring at the
expense of the female following infection (Abrams and Miller 2011). From a previous study, we
showed that knockdown of Dredd gene expression in D. melanogaster using an ovary- and
accessory gland-specific GAL4-UAS RNAI system decreased female lifespan, increased male
lifespan, and decreased productivity at weeks two and three. The sexual dimorphism seen in
lifespan may be due to the differences in flexibility of reproduction and immunity between males
and females. Available resources needed to compensate for decreased immune function from the
knockdown of Dredd were used to support reproduction in females, while males were more able
to reallocate available resources to their immune system. Therefore, it is unsurprising that
productivity also decreased; although we cannot be sure whether the males, females, or both
were responsible for the decrease.

D. melanogaster is a particularly useful model system due to the vast amount of genetic
resources that have been developed, partially because of their relatively low cost and ease of
maintenance and their high tolerance to inbreeding. They are especially useful to study lifespan
because they have short generation intervals and lifespans, studies can be conducted using large
sample sizes, and sex differences can be easily measured (Mackay 2001). Approximately 70% of
Drosophila genes have vertebrate orthologs, so these studies may be applicable to both

vertebrate and invertebrate species.
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Methods and Materials

Selection of candidate SNPs. | examined the regulatory regions one kilobase pair (kb) from the
transcriptional start site of each of the significant candidate genes from the RNAI lifespan or
productivity assays and determined one or two SNPs with the lowest P-values from Carnes et al.
(2015) in these regions that are genetically divergent between the O and B Rose lines to test with

the in vitro luciferase reporter assay.

Production of constructs. | extracted DNA from 20 females at 3-5 days old from an O line (O1)
that is homozygous for the variants differentiating the promoter region from the B line for each
candidate gene. | PCR-amplified one kb fragments upstream of the ATG start site of each gene
using forward (Kpnl-promoter-Fwd) and reverse (HindllI-promoter-Rev) directional primers and
confirmed the fragment size by gel electrophoresis following PCR amplification. The amplicons
were cloned into the Kpn1/Hindlll multiple cloning site of a pGL3-basic luciferase reporter
vector (Promega) using the In-Fusion® HD Cloning Kit (Takara Bio USA, Inc.) and transformed
to JM109 E. coli competent cells. The pGL3-basic vector contains a modified firefly luciferase
gene (luc+) and a gene conferring ampicillin resistance in E. coli. The colonies were grown on
LB/ampicillin/agar plates overnight (37 °C) and were screened using Kpn1/HindlIl double-
digestion and gel electrophoresis after purification by mini-prep (Qiagen). Sanger sequencing
was performed using vector-specific primers (RV-primer3-Fwd and GL-primer2-Rev) to validate
the promoter sequences of the O line allele. | performed site-directed mutagenesis, using the O-
allele as the parental template, to mutate the genetically divergent SNPs to the B allele to obtain
fragments with alternative alleles. This ensured the sequence of the one kb fragment is the same,

except the SNP, while reducing the number of site-directed mutagenesis reactions needed.
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Parental templates were digested with Dpnl and the resulting mutated clones were transformed
into JM109 competent cells (Promega). The clones were purified using the Qiagen MiniPrep Kit
(Qiagen), and Sanger sequencing was performed for verification using the vector-specific
primers RV-primer3-Fwd and GL-primer2-Rev. | therefore generated two pGL3-promoter-luc+
constructs for each promoter harboring the genetically divergent SNP, one with the O allele and
one with the B allele.

Drosophila S2 cells were cultured in Schneider’s Drosophila medium (Invitrogen) at
room temperature with 10% heat-inactivated fetal bovine serum (Invitrogen) and 100 pg/mL of
gentamicin (Gibco). Cells were counted using a Countess Automated Cell Counter (Invitrogen)
24 hours prior to transfection, and one million cells were transferred to the wells of a 6-well
plate. Each pGL3-promoter-luc+ construct was co-transfected with a Renilla luciferase vector as
an internal transfection control (pGL4.74[hRIuc/TK] vector; Promega, E6921) using Cellfectin Il
reagent (Invitrogen). After incubation for 72 h at 28 °C protein lysates were extracted and
subjected to the Dual-Glo luciferase assay (Promega). Firefly and Renilla luciferase activities
were measured with a GloMax luminometer (Promega). The empty pGL3-basic vector served as
the negative control. Luciferase converts luciferin to oxyluciferin, which gives rise to
luminescence and can be quantified using a GloMax luminometer. For each SNP, four technical
replicates were performed. The firefly luciferase activity was normalized against the Renilla
luciferase activity. Promoter fragments with significantly different luciferase activity between
the O and B alleles indicated the presence of functional polymorphisms in regulatory regions of
the candidate genes. Relative light units were assessed by the ANOVA model Y = p + G + R(G)
+ ¢, where G refers to the O and B promoter alleles, R is the replicate, and ¢ is the residual (error)

variance using JMP Pro 12 (SAS Institute, Cary, NC).
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Production of CRISPR/Cas9 lines. In order to determine the effects of a single allele that is
divergent between the long-lived O and unselected B lines, CRISPR/Cas9 was utilized to replace
the alternative functional alleles and test their function in vivo (Jinek et al. 2012, Bassett and Liu
2014). A SNP within the candidate gene Dredd, which was found to affect lifespan and
reproduction with RNAi and have a SNP in the promoter region which affected promoter
function using the promoter reporter luciferase assay, was first replaced with a DsRed
fluorescent marker by creating a small 223 bp deletion in the regulatory region, which included
the candidate SNP. The size of the deletion was dictated by the position of available PAM sites.
Plasmids were constructed containing a pHD-DsRed construct with a 3xp3 promoter, which
drives expression of DsRed in the eyes, and homology arms using Infusion cloning (Clontech).
The gRNAs were constructed as 5’-phosphorylated oligonucleotides using the optimal target
finder tool, which locates PAM sites and evaluates specificity of the target sequence, and cloned
into Bbs1 sites of pBFv-U6.2 and pBFv-U6.2B. These plasmids were transformed into JM109 E.
coli competent cells, purified using the Qiagen Plasmid Mini Prep Kit (Qiagen), and validated
with Sanger sequencing. Plasmids were then digested with EcoRI and Not1, and the resulting
small fragment containing one gRNA was ligated into the large fragment of pBFv-U6.2B
containing the second gRNA. Plasmids were purified using the Qiagen Plasmid Midi Kit
(Qiagen), and stage 1 embryos of each line were injected by Model Systems Injections
(modelsysteminjections@nc.rr.com) with the gRNA, Cas9 endonuclease, and donor template
plasmid containing the DsRed marker. Figure 3.1 illustrates the process creating the O and B
lines with the 223 bp deletion containing the SNP of interest and insertion of the 1315 bp DsRed
marker. First, the two gRNAs identified the target sequence, and the Cas9 endonuclease made

double-stranded breaks upstream of the PAM sites, creating a deletion. When fixed with
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homology directed repair, the donor template containing the DsRed marker was incorporated
into the region containing the deletion. The viable adults were crossed back to their original line,
and the progeny were screened for DsRed fluorescence in the eyes. Positives transformants were
again backcrossed to their original lines to decrease the likelihood of multiple insertion events in
a single line. After the second generation, at least five replicates of one positive male and one
positive female were crossed in a single vial per generation until the lines appeared homozygous
by the absence of any negative transformants for at least two generations. Negative transformants
from the same first-generation parent as the positive transformants were backcrossed to the
original line a second time and were then maintained in small populations to serve as the control.
To verify that the pHD-DsRed insertion was incorporated into the correct location in the genome
and that the lines were homozygous, inverse PCR was performed, where the genome is cut by a
restriction enzyme, self-ligated, and inverse PCR performed with opposite-facing DsRed
primers. The reactions were run on a gel to ensure the DsRed was only incorporated once and
had the correct fragment size, and Sanger sequencing was performed to ensure no indels were
present. A second set of injection mixes were then made containing the gRNAs, Cas9
endonuclease, and linearized plasmids containing the alternative allele and mutated PAM sites,
which keeps the Cas9 from cutting the newly inserted DNA with the alternative allele out of the
genome. Stage 1 embryos from the positive DsRed lines were injected by Model System
Injections with both the alternative allele and their original allele, both with mutated PAM sites,
and viable adults were backcrossed to the original DsRed flies for two generations. Flies without
DsRed expression became parents of the next generation, as they had the DsRed successfully
replaced with the new oligonucleotide strand. Lines obtained from injections with the alternative

allele were the experimental lines, while lines obtained from injections with their original allele
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served as the control lines. Genome-wide sequencing was performed to validate the presence of

the alternative and original alleles and to ensure there were no off-target effects.

Gene expression analysis. Three replicates of whole flies of each sex (n=10) were collected and
flash frozen at 3-5 days old, 26-28 days old, and 47-49 days old (O lines only at oldest age).
Additionally, five replicates of ovaries (n=10) in females and testes (n=10) in males were
collected at 3-5 days old and 19-21 days old for the B lines and 3-5 days old and 33-35 days old
for the O lines. RNA was extracted and cDNA was synthesized using the iScript cDNA synthesis
kit (Bio-Rad). qPCR was performed using PerfeCTa SYBR Green FastMix (Quantabio).
Expression levels for the gene Dredd were normalized against the internal control, GAPDH, and
lines containing the DsRed insertion were compared to their respective controls. An ANOVA
with the model Y = + L + C + R[L,C] + &, where L is line, C is the construct, R[L,C] is the
biological replicate nested within line and construct and ¢ is the technical error variance was

performed using JMP Pro 12 (SAS Institute, Cary, NC).

Phenotypic Assays. Several phenotypic assays were conducted to assess the effects of the
replacement allele compared to the control at both young and old ages.

Temperature shock. Chill coma and heat shock assays were conducted as described in
Morgan and Mackay (2006). 25 same sex flies were sorted into vials with 5 mL standard media
24 hours before the assay and were tipped into empty vials immediately before the assay began.
B line flies were assayed at 3-5 days old and 26-28 days old, and O line flies were assayed at 3-5
days old and 47-49 days old. For chill coma, flies were submersed in melting ice for three hours,

and then tipped out onto a solid white surface. The amount of time it took for each fly to stand on
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its feet was recorded. Two replicates per sex per line completed. | performed an ANOVA with
themodel Y=u+L+C+S+A+L*C+L*S+L*A+ C*S+ C*A+S*A+L*C*S + L*C*A +
L*S*A+ C*S*A + L*C*S*A + R[C] + ¢, where C is construct, S is sex, A is age, R[L,C,S,A] is
replicate nested within construct, and ¢ is the residual (error) variance using JMP Pro 12 (SAS
Institute, Cary, NC).

Starvation. A starvation assay was conducted as described in Morozova et al. (2007).
Mated flies were sorted into 10 same sex groups and placed in vials with 5 mL standard media
24 hours before the assay. Flies were then tipped into vials with starvation media of 1.5%
agarose and 5 mL water, and deaths were recorded every 12 hours. B line flies were assayed at 3-
5 days old and 26-28 days old, and O line flies were assayed at 3-5 days old and 47-49 days old.
5 replicates per sex per line were assayed, and results were analyzed using the ANOVA model Y
=u+L+C+S+A+L*C+L*S+L*A+ C*S+ C*A+ S*A+ L*C*S + L*C*A + L*S*A+
C*S*A + L*C*S*A + R[C] + ¢, where C is construct, S is sex, A is age, R[L,C,S,A] is replicate
nested within construct, and ¢ is the residual (error) variance using JMP Pro 12 (SAS Institute,
Cary, NC).

Viability and development time. Reproductive viability and developmental time were
measured as described in Morozova et al. (2018). 3 male and 3 female 3-5 day old parental flies
were allowed to lay eggs for 24 hours on 5 mL standard medium. 50 eggs per replicate per line
were then collected and placed on 5 mL standard media. To determine viability, the number of
adults were counted that eclosed within 16 days post-egg laying, and the fraction of surviving
adults per replicate was calculated. Development time was determined by collecting and
counting eclosing adults between 9 am and 10 am every morning within 16 days post-egg laying.

For both viability and development time, 5 replicates per line were measured, and the results
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were analyzed using the ANOVA model Y =u + L + C + L*C + ¢, where L is line, C is
construct, and ¢ is the residual (error) variance using JMP Pro 12 (SAS Institute, Cary, NC).

Mating behavior. Mating latency and duration was measured as described in Moehring
and Mackay (2004). Flies were sorted into single sex groups as virgins to age to 3-4 days old,
and single virgin flies were sorted into vials with 5 mL standard media 24 hours before the assay
began. One male and one female were tipped together and recorded by video for 1 hour. The
video was then analyzed to determine time until first mating (latency) and duration of mating. 20
replicates per line were measured, and the results were analyzed using the ANOVA model Y = x
+ L+ C+L*C + ¢ where L is line, C is construct, and ¢ is the residual (error) variance using
JMP Pro 12 (SAS Institute, Cary, NC).

Locomotion. Locomotor behavior was assessed using reactivity and climbing assays as
described in Morozova et al. (2007). For both assays, single mated flies were transferred to vials
with 5 mL standard media 24 hours before the beginning of each assay. To measure climbing
ability, flies were transferred to an empty vial marked with 5 mm increments and tapped down
twice. The height the fly traveled within eight seconds was measured. B line flies were assayed
at 3-5, 12-14, 19-21, 26-28, and 33-35 days old, and O line flies were assayed at 3-5, 12-14, 19-
21, 26-28, 33-35, 40-42, and 47-49 days old. To determine locomotor reactivity, vials were
tapped down twice and placed horizontally, and the amount of time the fly is active within 45
seconds is recorded. B line flies were assayed at 3-5, 19-21, and 33-35 days old, and O line flies
were assayed at 3-5, 19-21, 33-35, and 47-49 days old. 20 replicates per sex per line were
recorded for each assay. Data was analyzed using the ANOVA model Y =u+L+C+S+A+

L*C + L*S + L*A + C*S + C*A + S*A + L*C*S + L*C*A + L*S*A+ C*S*A + L*C*S*A + ¢,
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where C is construct, S is sex, A is age, and ¢ is the residual (error) variance using JMP Pro 12
(SAS Institute, Cary, NC).

Lifespan and reproduction. Lifespan and productivity assays were performed as
described above. Of the F1 progeny from each mating, 3 males and 3 females were sorted into
vials containing 5 mL culture medium with 48 replicates for each genotype at 1-3 days old. 30
replicates provide sufficient power to test for significance for lifespan; the extra vials accounted
for any lost due to human handling error. | performed an ANOVA for lifespan with the model Y
=u+L+C+S+L*C+L*S+ C*S+ L*C*S + R[L,C,S] + ¢, where L is line, C is construct, S
is sex, R[L,C,S] is replicate nested within line, construct, and seX, and ¢ is the residual (error)
variance using JMP Pro 12 (SAS Institute, Cary, NC). Three females per vial were allowed to lay
eggs for 24 hours on 10 mL culture media once a week for their entire lifespan, and the average
number of F, offspring per female in each vial were recorded until 16 days after the initial egg
laying for 13 of the 48 replicates. 10 replicates are enough to test for significant weekly and
lifetime productivity, but I did 13 replicates to account for human handling error. Flies were
transferred without anesthesia to new vials containing 5 mL culture media every 1-3 days to
provide fresh food and minimize bacterial and fungal infections. Dead flies were removed, and
their deaths recorded. The sum of the average number of offspring across all weeks determined
the lifetime productivity for each vial. Lifetime productivity, weekly productivity, and male and
female lifespan were analyzed as described in the preliminary data. | performed an ANOVA for
lifetime productivity with the model Y = + L + C + L*C + ¢, where L is line, C is construct,
and ¢ is the residual (error) variance and an ANOVA for weekly productivity with the model Y =
u+L+C+A+L*C + L*A+ C*A + L*C*A + ¢, where L is line, C is construct, A is age, and ¢

is the residual (error) variance using JMP Pro 12 (SAS Institute, Cary, NC).
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Results

Luciferase expression differences of regulatory SNPs between the O and B lines. Using the
promoter luciferase reporter assay, we tested the effects of a single nucleotide change in the
promoter of alleles differing between the O and B Rose lines, measured as relative light
abundance. 12 (CG3704, Dredd, dx, L(1)G0004, CG3071, KIp67A, Fdxh, CG13369, zf30C,
TRAM, pn, and Cyp4g1) of the 24 SNPs tested exhibited a significant difference in luciferase
expression between the O and B lines (Figure 3.2, Table A.16). Of these, the B line SNP
conferred greater promoter ability than the O line SNP in seven genes (CG3071, KIp67A,
CG13369, Cyp4gl, Fdx1, pn, and TRAM). In five genes, the O line allele exhibited greater
promoter function than the B line allele (CG3704, Dredd, dx, 1(1)G0004, and zf30c). Promoter
ability differed more than two-fold for 10 of the 12 significant alleles (KIp67A, CG13369,
Cyp4gl, Fdx1, pn, CG3704, Dredd, dx, 1(1)G0004, and zf30c). Notably, expression differed by

more than four times in Fdxh and CG3704.

Gene expression analysis of the O and B Dredd DsRed deletion lines using RT-PCR. In
whole flies, the B line with the DsRed insertion had less than 20 percent expression of Dredd
compared to the control in both males and females at young and old ages (Figures 3.3 and 3.5,
Table A.17). In the O lines, DsRed males had significantly reduced expression between 60 and
80 percent compared to the control at weeks one and four, but not seven (Figures 3.4 and 3.6,
Table A.17). DsRed females only had significantly reduced expression at about 78 percent at
week four.

In reproductive tissues, Dredd expression was reduced by approximately 93 percent in B

line male with the deletion and DsRed insertion at one and three weeks old compared to the
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control. Expression in B line females was reduced to just under 13 percent at one week old and 5
percent at three weeks old (Figures 3.7 and 3.9, Table A.18). In the O line, males with the
deletion and DsRed insertion had decreased Dredd expression by about 35 percent at week one
and no change from the control at five weeks old (Figures 3.8 and 3.10, Table A.18). Similarly,
females with the deletion had decreased expression by approximately 42 percent at one week old

and a slight, but insignificant, decrease at five weeks.

Phenotypic analysis of the O and B Dredd DsRed deletion lines. The SNP 387-bps upstream
of the start site of Death-related ced-3/Nedd2-like caspase was chosen to investigate further due
to the interesting phenotypes observed in the RNAI assay where female lifespan was decreased,
male lifespan was increased, and productivity was decreased. The large difference in promoter
ability between the O and B line SNPs in the luciferase assay also increased the likelihood of
finding interesting phenotypes in lines with small deletions. Fly lines with a 223-bp deletion in
the regulatory region of Dredd that included the SNP of interest, but no part of the coding region,
and insertion of DsRed fluorescent marker were created using CRISPR/Cas9 in both B and O
line backgrounds. Many phenotypic differences were observed between the Dredd DsRed
deletion lines and their respective controls for lifespan, reproduction, temperature shock,
starvation, locomotion, mating behavior, viability, and development time.

Temperature shock. Chill coma was measured at one young age (3-5 days old) and one
old age (26-28 days old for B DsRed; 47-49 days old for O DsRed) for each line by placing flies
in empty vials on ice for three hours and measuring the amount of time until standing for each
fly. At a young age, both the O and B DsRed lines experienced a longer recovery from chill

coma than their respective controls (Figures 3.11 and 3.12, Table A.19). B DsRed males took
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about three minutes longer to recover than the control on average, and females took about five
minutes longer. Similarly, O DsRed males took about three minutes longer to recover than the
control, and O DsRed females took about six minutes longer. At an old age, only O DsRed
females were significantly different from the control and took around 15 minutes longer to
recover from chill coma than the control. In all other comparisons, the DsRed line took longer to
recover on average but was not significant due to high variation in response time of individuals.

Starvation. Starvation resistance was measured at one young age (3-5 days old) and one
old age (26-28 days old for B DsRed; 47-49 days old for O DsRed) for each line by placing flies
in vials with starvation media to give them access to water but not food and counting the number
of dead flies at the 8-, 14-, and 20-hour marks each day. At a young age, the only significant
comparison is the O DsRed females and their control. O DsRed females only live 55.2 hours on
starvation media, compared to O Control females who live 64.2 hours (Figures 3.13 and 3.14,
Table A.20). There were no differences between the males in either background. DsRed females
tended to die sooner than their control, except in the old B lines, where the DsRed females lived
longer on average than their control; although, none of these comparisons were significant.

Viability and development time. Viability was measured by placing 50 eggs collected on
grape agar plates in vials with standard media and counting the total number of eclosed adults.
There was decreased viability in both the O and B DsRed lines compared to their controls
(Figure 3.15, Table A.21). The B DsRed line exhibited about an 18 percent decrease, while the O
DsRed line exhibited about a 20 percent decrease in viable adult flies.

Development time was measured by counting the number of adults eclosed by 9 a.m.

each morning. The B DsRed line showed a significant difference in development time, taking
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about 9.8 days to eclose compared to the 9.2 days of their control. There was no difference in
development time between the O DsRed line and the control (Figure 3.16, Table A.22).

Mating behavior. Mating latency and duration was measured by combining one 3-5 day
old virgin female and one 3-5 day old virgin male into vials with standard media and monitoring
them for two hours. B deletion line exhibited almost no courtship behaviors, such as confronting,
chasing, or tapping, and no flies were observed mating in the two-hour assay. Using a Fisher’s
Exact Test for mating versus no mating, both B and O control lines exhibited significantly more
matings than their respective deletion lines (Figure 3.17, Table A.23). For analysis using a
student’s t-test, flies who did not mate during that window were given a mating latency time of
three hours. Mating latency was increased in the DsRed line compared to the control in both the
B and O lines (Figure 3.18, Table A.24). B line control flies mated 2.5 hours after introduction,
while the B deletion line mated after 3 hours. O line controls mated about 1.75 hours after
introduction, and the O deletion lines mated at around 2.6 hours. Duration could only be
calculated using flies who mated, so no conclusion can be made about the B lines. However, in
the O lines, duration of mating is significantly increased in the deletion versus the control line
(Figure 3.19, Table A.25).

Locomotion. Locomotor activity was measured in two ways. First, we used a climbing
assay where single flies are placed in empty, tall glass vials, tapped down to the bottom, and the
height climbed in eight seconds is recorded. Second, a locomotor reactivity test was done by
tapping single flies to the bottom of an empty vial and measuring the number of seconds they are
in motion in 45 seconds. Results from the climbing assay show significant differences for both
Rose lines across weeks one through five for the B DsRed line and weeks one through seven for

the O DsRed line. The B DsRed line shows a decrease from the control across weeks one
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through four (Figure 3.20, Table A.26). Interestingly, the O DsRed line exhibits a decreased at
week one, then an increase at weeks two and four, before decreasing again at weeks five, six, and
seven relative to its control (Figure 3.21, Table A.26). There were no significant sex differences
for either line.

The locomotion assay also shows significant differences, although it seems to be less
sensitive than the climbing assay, so timepoints were only measured at weeks one, three, and five
for B DsRed and one, three, five, and seven for O DsRed. The B DsRed lines still exhibit a
decreased relative to the control at weeks one and three (Figure 3.22, Table A.27). However, the
O DsRed lines only show an increase from the control at week two (Figure 3.23, Table A.27).

Lifespan and reproduction. Both the B and O DsRed lines had a significantly shorter
lifespan compared to their controls. The B DsRed line males lived 29.7 days and females lined
18.8 days, while the control males lived 33.7 days and females lived 26.3 days (Figures 3.24 and
3.26, Table A.28). The O DsRed line males lived 31.5 days and females lived 35.5 days; the O
control males lived 61.0 days and females lived 65.0 days (Figures 3.25 and 3.26, Table A.28).
There were no significant construct by sex differences in either of the lines.

Lifetime productivity exhibited a three-fold decrease in both deletion lines (Figure 3.27,
Table A.29). The B DsRed line had a lifetime productivity of 14.1 progeny per female, while
their control had 47.6 progeny. The O DsRed line’s lifetime productivity was 17.9 individuals,
while their control produced 60.1 individuals.

Specifically, the B DsRed line showed a significant decrease in productivity from their
control at weeks one, two, and three out of the five weeks they were able to reproduce (Figure
3.28, Table A.30). The O DsRed line exhibited a significant decrease at weeks one through eight

of the nine weeks they reproduced (Figure 3.29, Table A.30).

72



Phenotypic analysis of the O and B Dredd DsRed alternative allelic replacement lines.
Transgenic fly lines with alternative alleles in the O and B Rose line backgrounds were
attempted by inserting a repair template with a change in the candidate SNP in place of the
DsRed marker and screening against fluorescence. Due to the decrease in productivity, mating,
and viability of the deletion lines and the fitness costs of the microinjections, no transgenic flies
with allelic replacements were identified in almost 500 injected eggs per line. Very few injected
flies from the O lines (about 25%) and no injected flies from the B lines eclosed after injection,
and only about half of those that did were fertile. With only around a 2% efficiency in obtaining
transgenic lines from the previous injections, the probability of finding flies with the allelic
replacement in the O lines was very low and nearly impossible in the B lines. Therefore, we
concluded that Dredd is too vital to reproduction to withstand the decreased fitness effects of the
injections, coupled with the decrease in reproduction observed in the lines harboring the deletion

in the promoter region.

Discussion

O and B line SNPs cause differential promoter expression. Several genes exhibited
differential promoter expression between the long-lived O and wild-type B lines and may help
explain differences seen in longevity and productivity between them. In constructs where the O
line allele conferred greater promoter ability than the B line allele, it appears more of that
transcript is necessary for the increase lifespan and lifetime productivity seen in the O lines. In
those where the B line allele shows greater expression than the O line allele, the transcript may

be decreased to prevent it from limiting lifespan and reproduction in the long-lived lines.
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Six genes showed significant results with both the previous RNAI assays and the reporter
promoter luciferase assay. Although little is known about its biological function, CG3704 had no
effect on female lifespan, decreased male lifespan, and increased productivity at weeks one and
three in our previously conducted ovaries and accessory gland-specific GAL4-c825 UAS-RNAI
screen. In the luciferase reporter promoter assay, promoter expression was greater in the
construct with the O allele than the B allele in the SNP 103 base pairs (bps) upstream of
CG3704. Together, this gene appears to help increase male lifespan while limiting reproduction
early in life, which recapitulates the long-lived and delayed reproduction phenotypes seen in the
O lines. This early-life limit of reproduction was described by Michael Rose (1984) during his
first experiments with these lines but was not detected in a more recent productivity analysis of
the O lines (Carnes et al. 2015). It is possible that other genes may be responsible for the higher
level of reproduction at early age seen in the O lines today, and CG3704 was driven to near
fixation early as a tradeoff mechanism to limit early-life productivity in order to increase
lifespan. There were also significant differences for another gene, Dredd, which regulates
defense against Gram-negative bacteria (Jang et al. 2006, Leulier et al. 2000). For the SNP 387
bps upstream of Dredd’s starts site, the O allele also conferred higher expression than the B
allele in the promoter reporter luciferase assay. When gene expression was decreased in our
previous RNAI screen, Dredd exhibited a decrease in both female lifespan and productivity,
specifically at week two and three, while increasing male lifespan. This data supports Dredd
playing an important role in increasing female lifespan and early-age productivity in the O Rose
lines through the immune system deficiency (IMD) pathway; although, it is unclear why it limits
male lifespan. CG3071 led to a decrease in both female and male lifespan with no effect on

productivity in our RNAI assay and had greater expression in the B line than the O line.
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CG13369, which influences carbohydrate phosphorylation (Gaudet et al. 2011), had opposing
effects between the sexes; female lifespan increased while male lifespan decreased, with no
effect on productivity in the ovaries and accessory glands-specific GAL4-UAS RNAI assay. The
SNP 293 bps upstream of the CG13369 start site exhibited greater expression in the O allele than
the B allele. This implies that CG13369 may be important in extending male lifespan at the
expense of female lifespan due to sexually dimorphic effects. Cyp4g, that is involved in
oxidative reduction (Qiu et al. 2012), decreased female and male lifespan and productivity in our
RNAI screen. Its SNP 78 bps upstream of the start site conferred greater expression in the B
allele than the O allele. Together, these data suggest that Cyp4g1 plays a vital role in maintaining
lifespan, especially in the B lines. Other mechanisms may have evolved in the O lines to
maintain oxidative reduction, while it remains important in the B lines. Lastly, zf30C, which has
been shown to influence olfactory sensory neuron specification and odorant receptor regulation
(Jafari et al. 2012), showed an increase in female lifespan and productivity in the RNAI screen.
The SNP 118 bps upstream of zf30C led to greater expression in the O allele than the B allele.
Mutations in sensory perception genes have already been shown to increase longevity (Apfeld
and Kenyon 1999, Kim et al. 1999, Libert et al. 2007) and may work by decreasing caloric
intake, which is well documented to increase lifespan in D. melanogaster (Rogina and Helfand

2004, Catterson et al. 2018, Dobson et al. 2018, Klepsatel et al. 2018, Mason et al. 2018).

Deletion of a candidate Dredd SNP affects gene expression. The gPCR experiment concluded
that the deletion of this region of Dredd and the replacement of DsRed leads to reduced gene
expression in both the O and B lines, but to differing degrees. Using whole flies, expression in

the B DsRed line was reduced to below 20 percent, while the O DsRed line was only decreased
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to about 80 percent. A more dramatic decrease in Dredd was exhibited when only looking at the
reproductive tissues. In the B lines, expression was only around 10 percent for both sexes at both
ages. In the O lines, however, only the young age showed a decrease in expression of around 40
percent in both sexes. In all cases, the B and O control lines had similar expression levels. Taken
together, it seems that this region has a bigger role in regulation of Dredd in the B lines. One
explanation may be redundant or trans-acting regulation in the O lines that is not present in the B
lines. The insertion of DsRed into the deletion site causes a large increase in distance from the
rest of the regulatory region from the beginning of the coding region, so if regulation of Dredd in
the B lines is predominately controlled by cis-acting factors, they may not have been able to span

the large DsRed insert.

Deletion of a candidate Dredd SNP affects phenotype. The chill coma assay showed that both
males and females in the O and B deletion lines are less stress resistant than their controls at a
young age, taking about five minutes longer to recover in the B lines and about 10 minutes to
recover in the O lines. At an old age, males and females in the B deletion lines took longer to
recover, but only females took longer to recover in the O lines. As the male O lines have shorter
lifespans than the females, this may imply that at a very old age, a minimum threshold is
reached, and there are no differences in fitness. In this particular case, that threshold was reached
with the old O males, but not with the females.

At a young age, the starvation assay exhibited no differences in stress response between
the B deletion lines and their controls, but O line female controls lived almost 10 hours longer on

starvation media than the deletion line. Overall, the B lines may be more susceptible than the O
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lines to starvation-induced stress, but not due to differences in our small deletion, whereas the O
deletion lines are not fit enough to resist the starvation stress as their controls can.

Viability was much lower in both the B and O deletion lines. The B deletion line had
about 15% less viability than the control, and the O deletion line had about 20% less viability.
This low viability may account for most of the differences we see between the lines in the
number of offspring produced and is compounded with low mating in the B deletion lines. The B
deletion lines took about half a day longer to develop than their control, and there was no
difference between the O deletion and control lines.

In the mating assay, the B deletion lines mated very few times in the first two hours after
being combined with a female and showed very little mating behavior. Although the latency and
duration of mating was much longer than the O lines, the B line controls still eventually mated.
This could at least partially account for the low productivity in the B lines. The O deletion lines
took almost three times as long to mate, and the duration of mating was also longer than that of
the control. There must be other reproductive differences between the O deletion and control
lines that account for the vast differences in number of progeny produced between them.

The climbing assay is typically a good measure of senescence; as flies age, they tend to
slow down and become less reactive. In the B lines, the deletion phenotypes are consistently less
active than their control counterparts. However, in the O lines, the deletion flies begin with less
active phenotypes in week one, but then increase to outperformed their control in weeks two,
three, and four, before falling below them as they senescence in week five. Similarly, the
locomotor reactivity assay also measures senescence, but tends to have more noise than the

climbing assay. Notably, the increased activity phenotype we saw in the O deletion lines at early-
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middle ages is recapitulated in the locomotor reactivity assay. Further work should be done to
identify the reason for the spike in activity at those ages.

The lifespan assay showed that this small deletion in the regulatory region of Dredd
decreases longevity in both lines. Interestingly, males lived longer in both B lines, while females
lived longer in both O lines. In our previous ovaries and accessory glands-specific GAL4-UAS
RNAI screen, a knockdown of Dredd led to decreased lifespan in females and increased lifespan
in males. This difference may be due to the magnitude to which the gene is decreased in one
study compared to the other or the age at which expressed was decreased. Expression of Dredd is
decreased in both deletion lines to a greater extent than in the RNAI study; therefore, slight
decreases in expression may lead to decreased inflammation that can increase lifespan, but
higher decreases may lead to the inability to clear infections and decreased lifespan.

Productivity was also decreased in both deletion lines compared to their controls. This
agrees with our previous RNAIi experiments, where productivity was decreased at weeks two and
three when Dredd was knocked down with an ovaries and accessory glands specific GAL4
driver. However, productivity was decreased at all weeks except very late ages in the deletion
lines.

In conclusion, deletion of a 223-bp sequence in the regulatory region of Dredd and
insertion of a DsRed fluorescent marker into that region leads to large phenotypic differences.
Interestingly, there were more significant changes in the O lines than the B lines, but relative
gene expression was decreased to a greater magnitude in the B lines. Epistatic interactions in the
O line background may confer greater phenotypic differences in Dredd with less change in
overall expression, although this has not been tested. There are two main explanations for the

decreases in output of the gene product. First, the deletion may have caused the loss of a binding
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site for a cis- or trans-acting enhancer to act. Second, the large DsRed insertion, which is about
1.4 kb long, may have rendered local cis-acting factors ineffective. We cannot be certain that our
candidate SNP is responsible for these differences, but it is the only polymorphic locus between
the Rose lines within the small deletion. Overall, this region is important for key life history

traits, such as lifespan, reproduction, and stress response.
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Figures and Tables
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Figure 3.1 Cartoon depicting Cas9-mediated deletion of 223 bp regulatory region and
insertion of DsRed fluorescent marker via homology-directed repair. Two gRNAS recognize
their respective target sequences, leading the Cas9 endonuclease to create two double-stranded
breaks just upstream of the PAM sites. When fixed via homology directed repair, the donor
template homology arms will recognize the area around the deletion, and the DsRed marker will

be incorporated into the sequence.
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Figure 3.2a Relative expression between major alternative alleles between the B (green)
and O (blue) lines in the promoter region of candidate genes using an in vitro luciferase
reporter assay. Significant differences between the alternative alleles is denoted by darker

colors.
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Figure 3.2b Relative expression between major alternative alleles between the B (green)
and O (blue) Rose lines in the promoter region of candidate genes using an in vitro
luciferase reporter assay. Significant differences between the alternative alleles is denoted by

darker colors.
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Figure 3.3 The relative number of cycles to amplification of B Dredd deletion (solid) and
control (patterned) lines in males (blue) and females (red) using whole-body flies at one and
four weeks of age. Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and

*% 1) < 0.0001.
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Figure 3.4 The relative number of cycles to amplification of O Dredd deletion (solid) and
control (patterned) lines in males (blue) and females (red) using whole-body flies at one,
four, and seven weeks of age. Significance is denoted where * 0.05 > p > 0.01, **0.01 > p >

0.0001, and *** p < 0.0001.
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Figure 3.5 Percent decrease in expression of whole-body flies in the B Dredd deletion lines

relative to the control at weeks one and four in males (blue) and females (red). Significance

is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and *** p < 0.0001.
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Figure 3.6 Percent decrease in expression of whole-body flies in the O Dredd deletion lines
relative to the control lines at weeks one, four, and seven in males (blue) and females (red).

Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and *** p < 0.0001.
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Figure 3.7 The relative number of cycles to amplification of B Dredd deletion (solid) and
control (patterned) lines in males (blue) and females (red) using reproductive tissues at one
and four weeks of age. Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001,

and *** p < 0.0001.
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Figure 3.8 The relative number of cycles to amplification of O Dredd deletion (solid) and
control (patterned) lines in males (blue) and females (red) using reproductive tissues at one
and five weeks of age. Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001,

and *** p < 0.0001.
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Figure 3.9 Percent decrease in expression of reproductive tissues in the B Dredd deletion
lines relative to the control at weeks one and three in males (blue) and females (red).

Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and *** p < 0.0001.
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Figure 3.10 Percent decrease in expression of reproductive tissues in the O Dredd deletion
lines relative to the control at weeks one and five in males (blue) and females (red).

Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and *** p < 0.0001.
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Figure 3.11 B Dredd deletion (solid) and control (patterned) lines chill coma response at one
and four weeks old in females (red) and males (blue). Significance is denoted where * 0.05 >

p>0.01, **0.01 > p > 0.0001, and *** p < 0.0001.
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Figure 3.12 O Dredd deletion (solid) and control (patterned) lines chill coma response at
one and seven weeks old in females (red) and males (blue). Significance is denoted where *

0.05>p>0.01, ** 0.01 > p >0.0001, and *** p < 0.0001.
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Figure 3.13 B Dredd deletion (solid) and control (patterned) lines starvation resistance at
one and four weeks old in females (red) and males (blue). Significance is denoted where *

0.05>p>0.01, ** 0.01 > p >0.0001, and *** p < 0.0001.

93



70 *ok

60
ig/ 50
= A
g 40 m Male DsRed
E 30 Male Control
é m Female DsRed
= 20 Female Control

10

0
1 7
Age (wks)

Figure 3.14 O Dredd deletion (solid) and control (patterned) lines starvation resistance at
one and seven weeks old in females (red) and males (blue). Significance is denoted where *

0.05>p>0.01, ** 0.01 > p >0.0001, and *** p < 0.0001.
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Figure 3.16 B and O Dredd deletion (solid) and control (patterned) lines offspring
development time. Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and

*% 1) < 0.0001.
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Figure 3.17 Proportion of B and O Dredd deletion flies mated (green) versus not mated

100% i i
90%
80%
70%
60%
50% m Not mated
40% = Mated
30%
20%
10%
0%

(blue) during the two-hour assay. Significance is denoted where * 0.05 > p >0.01, ** 0.01 > p

>0.0001, and *** p < 0.0001.
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Figure 3.18 B and O Dredd deletion (solid) and control (patterned) lines mating latency.

Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and *** p < 0.0001.
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Figure 3.19 B and O Dredd deletion (solid) and control (patterned) lines mating duration.

Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and *** p < 0.0001.

99



*k*k

**

m Male DsRed
Male Control
m Female DsRed

%*** Female Control
4 5

Figure 3.20 Height climbed (millimeters) in eight seconds for B Dredd deletion (solid) and

40

Height climbed (mm)
3

N
o
Taa————————

-20
Age (wks)

control (patterned) lines for males (blue) and females (red) at one to five weeks of age.

Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and *** p < 0.0001.
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Figure 3.21 Height climbed (millimeters) in eight seconds for O Dredd deletion (solid) and

control (patterned) lines for males (blue) and females (red) at one to seven weeks of age.

Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001, and *** p < 0.0001.
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Figure 3.22 Time active (seconds) during 45 second locomotion reactivity assay for B Dredd
deletion (solid) and control (patterned) lines in males (blue) and females (red) at one, three,
and five weeks of age. Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001,

and *** p < 0.0001.
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Figure 3.23 Time active (seconds) during 45 second locomotion reactivity assay for O Dredd

deletion (solid) and control (patterned) lines in males (blue) and females (red) at one, three,

five, and seven weeks of age. Significance is denoted where * 0.05 >p > 0.01, ** 0.01 > p >

0.0001, and *** p < 0.0001.
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Figure 3.24 B Dredd deletion (solid line) and control (dotted line) lines survival curve in

females (red) and males (blue).
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Figure 3.25 O Dredd deletion (solid line) and control (dotted line) lines survival curve in

females (red) and males (blue).
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Figure 3.26 Average lifespan in B and O Dredd deletion (solid) and control (patterned) lines

in females (red) and males (blue). Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p

>0.0001, and *** p < 0.0001.
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Figure 3.28 B Dredd deletion (solid) and control (patterned) lines for weekly productivity at
one to five weeks of age. Significance is denoted where * 0.05 > p > 0.01, ** 0.01 > p > 0.0001,

and *** p < 0.0001.
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Figure 3.29 O Dredd deletion (solid) and control (patterned) lines for weekly productivity at

one to nine weeks of age. Significance is denoted where * 0.05 >p > 0.01, **0.01 > p >

0.0001, and *** p < 0.0001.
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CHAPTER 4

CHARACTERIZATION OF RECIPROCAL CROSSES IN O AND B LINES
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Introduction

Among the most widely studied quantitative traits are limited lifespan and reproductive
senescence. Both are nearly universal and vary greatly within and between natural populations
due to the maintenance of different alleles at many epistatic loci and environmental influences
(Finch and Tanzi 1997, Finch and Ruvkun 2001, Pasyukova et al. 2004, Pitt and Kaeberlein
2015). Many causal genes underlying lifespan and reproduction are also known to have
pleiotropic effects (Parker et al. 2020).

Many studies have increased lifespan using artificial selection for late-age reproduction
in D. melanogaster (Rose 1984, Luckinbill et al. 1984, Remolina et al. 2012). These studies have
been used to determine candidate genes underlying causal effects in lifespan and reproduction
(Remolina et al. 2012, Carnes et al. 2015, Fabian et al. 2018, Parker et al. 2020), including one
recent paper looking at the intersection of three studies, which determined 20 shared candidate
genes, which were enriched for genes in immune system pathways (Fabian et al. 2018).
However, none of these studies have explored the possibility of one sex partially controlling the
inheritance of lifespan and reproduction.

Here, | use the Rose (1984) lines, which originated from the same founder population of
wild flies. For over 130 generations, the long-lived (O) lines were selected for delayed
reproduction at 70 days of age, and the unselected (B) lines were maintained at a two-week
generation interval. The lifespan of the O lines is twice that of the B lines in both sexes.
Additionally, the O lines sustain high levels of reproduction later in life than the B lines. A
previous study showed 6,394 single nucleotide polymorphisms in or around 1,925 genes with
significantly different allele frequencies between the Rose lines (Carnes et al. 2015). Previously,

we showed that productivity is likely a maternally controlled trait, but we also wanted to know if
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it was maternally-inherited. Since sufficient genetic variation exists between these two sets of
lines for selection to act on, we created outbred populations by mating reciprocal crosses of the
O and B lines to determine the effect on lifespan and reproduction due to maternally and

paternally inherited alleles.

Methods and Materials

Production of OBX lines. | created the OBX lines by crossing 40 virgin females of each Rose O
line with 40 males of the corresponding numerical Rose B line, and vice versa. 40 females and
40 males of the offspring of each reciprocal cross were mated for at least 30 generations to
produce relatively outbred populations. Specifically, OBX1 was created by crossing O1 females
with B1 males, and OBX2 was produced by crossing B1 females with O1 males. OBX3 used 02
females crossed with B2 males, and OBX4 was made B2 females with O2 males. Finally, OBX9
was created using O5 females and B5 males, and OBX10 was made with B5 females and O5
males. The first, second, and fifth O and B lines of the long-lived and unselected populations are
the healthiest lines and were chosen to maximize the possibility of successful hybridized

populations.

Lifespan and reproduction assays. Lifespan and productivity assays were completed as
described in Chapter 2. Of the F1 progeny from each mating, 3 males and 3 females were sorted
into vials containing 5 mL culture medium with 48 replicates for each genotype. 30 replicates
provide sufficient power to test for significance for lifespan; the extra vials accounted for any
lost due to human handling error. Three females per vial were allowed to lay eggs for 24 hours

on 10 mL culture media once a week for their entire lifespan, and the average number of F2
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offspring per female in each vial were recorded until 16 days after the initial egg laying for 13 of
the 48 replicates. 10 replicates are enough to test for significant weekly and lifetime productivity,
but I did 13 replicates to account for human handling error. Flies were transferred without
anesthesia to new vials containing 5 mL culture media every 1-3 days to provide fresh food and
minimize bacterial and fungal infections. Dead flies were removed, and their deaths recorded.
The sum of the average number of offspring across all weeks determined the lifetime
productivity for each vial. Lifetime productivity, weekly productivity, and male and female
lifespan were analyzed as described in Chapter 2. | performed an ANOVA with the model Y = u
+ L + ¢, where L is line and ¢ is the residual (error) variance using JMP Pro 12 (SAS Institute,

Cary, NC).

Results

Lifespan analysis of the OBX lines. Figure 4.1 shows the average lifespans for each sex of each
OBX line (Table A.31). While most differences can be attributed to the variation in lifespan
between the founding O and B lines for each hybrid population, the interesting comparison lies
within the reciprocal crosses of the hybrid lines. OBX2 females have a significantly shorter
lifespan than OBX2 males and the OBX1 lines. OBX3 females have a decreased lifespan relative
to both OBX3 and OBX4 males, and the lifespan of OBX4 females is less than OBX4 males.

OBX9 and OBX10 males have a longer lifespan than both OBX9 and OBX10 females.

Reproductive analysis of the OBX lines. Figure 4.2 shows the average lifetime productivity of

each OBX line (Table A.32). Across all lines, OBX3 exhibits significantly lower lifetime
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productivity than OBX1, OBX9, and OBX10. However, there are no statistically significant
differences between the reciprocal crosses.

Figure 4.3 shows the weekly average productivity for the OBX lines (Table A.33). Only
the first week exhibited a significant difference between any of the lines where OBX1 has
greater productivity than OBX3. Again, there are no statistically significant differences between

any of the reciprocal crosses at specific timepoints.

Discussion

Interestingly, female lifespan is only decreased in OBX2, which were derived from
unselected B line females, but not OBX1, which were derived from long-lived O line females.
These data show that the O line females conferred some of their increased longevity alleles to the
OBX1 females, but the O line males were unable to conferred increased longevity alleles to
OBX2 females. This suggests that many of the alleles important to longevity in the O lines reside
on the X chromosome, which agrees with results from Carnes et al. (2015), leading to dosage
effects important to longevity (Hense et al. 2007). Also of note, the OBX3 females, which were
derived from long-lived O line females, had a downward trend relative to the OBX4 females,
which were derived from unselected B line females, although this trend is not significant. While
this is the opposite effect from what was observed in the first reciprocal cross, it suggests the
importance of epistatic interactions to longevity. While alleles may increase lifespan in certain
genetic backgrounds, they may decrease lifespan in others due to epistasis.

Overall, the average lifespan of males and females was 34.3 days and 27.4 days,
respectively, for a total average of 30.9 days. This is notably decreased from the lifespan

averages reported in Carnes et al. 2015, which found the O lines to have an average lifespan of
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62.1 days and B lines 35.7 days. This supports that epistatic effects result in decreased overall
lifespan when O line major alleles are present with B line major alleles, which would support a
hypothesis of antagonistic pleiotropy where alleles that confer extreme longevity have
detrimental effects in other aspects of organismal health. However, no statistical significance can
be determined between the OBX populations and the standard O and B populations, as they were
not done in conjunction and a block effect cannot be excluded.

While significant differences in lifetime and weekly productivity exist between OBX
populations, this is likely due to the variation across the original O and B Rose lines. There are
no interesting differences in lifetime or weekly productivity between reciprocal crosses. This
implies that alleles important to reproduction on the X chromosome may not have a magnitude
large enough to be detected in our study or may have been lost due to drift in the small
populations.

Unfortunately, the population sizes for each reciprocal cross (n=80) was unlikely to be
high enough to break down the linkage disequilibrium (LD) present in the original lines.
Therefore, we can assume there was not a truly random mixture of alleles. Future work could be
done using a higher number of individuals in the populations to effectively break down the LD
and achieve a better mixture of alleles. Additionally, those individuals could be split into groups
where one is selected for postponed reproductive senescence, while the other remains unselected.
Evaluation of differing SNPs between these new populations and the original O and B lines may
elucidate additional loci that influence lifespan and reproduction, as well as support previous loci

by separating out those in the original study that appeared significant due to LD.
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Tables and Figures
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Figure 4.1 Average lifespan in days of age for males (blue) and females (red) of each O and

B line reciprocal cross.
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Figure 4.2 Average lifetime productivity in number of offspring per female for each O and

B line reciprocal cross.

117



e
o N

Average number of progeny

o N OB~ OO 0

R

1 2 3 4 5
Age (wks)

—OBX1 ----- OBX2 ——OBX3 ----- OBX4 ——O0OBX9 ----- OBX10
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Conclusions

Limited lifespan and senescence, which are near-universal, quantitative traits, display
variation in natural populations due to many segregating, interacting loci and environmental
effects (Finch and Tanzi 1997, Finch and Ruvkun 2001, Pasyukova et al. 2004, Pitt and
Kaeberlein 2015). However, the genetic basis of why this variation exists is not fully understood
since some evolutionary theory postulates that loci affecting fitness traits should be fixed for the
most beneficial alleles. | determined the effects of 57 candidate genes on lifespan and
reproduction to help explain why genetic variation is maintained in natural populations for these
traits, as well as identify a small region with large effects on lifespan, reproduction, and other
fitness traits.

This thesis focused on top candidate genes from a previous study (Carnes et al. 2015) to
test for effects on lifespan and reproduction, validation of those candidates using RNAI,
demonstration of SNP differences in promoter ability between the O and B selection lines (Rose
1984) lines with a luciferase reporter assay, and creation of lines with a small deletion and
DsRed insertion using CRISPR/Cas9 that exhibit profound effects on stress tolerance, embryo
viability, mating behavior, lifespan, and reproduction. There are likely hundreds, if not
thousands, of loci that causally influence lifespan and reproductive senescence. Identification of
those loci, presumably all with small effects, is the quintessential question of quantitative
genetics. Although Carnes et al. (2015) identified 6,394 single nucleotide polymorphisms (SNPs)
in or near 1,925 genes, there are two reasons further work is necessary. First, it is unlikely that all
those loci are causal due to large regions of LD within the lines. Of eight tightly clustered gene
regions, | found two clusters containing candidate genes that were not significant, but were close

to significant genes, likely indicating that these genes are in high linkage disequilibrium.
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CG2924, which was not significant, overlaps CG3071, which was significant for both lifespan
and reproduction, by 168 bp in a gene cluster that also contains crn and pcx. The nonsignificant
candidate gene Pgd is approximately 6.7 kb from ph-p on one side and 13.6 kb from CG3630 on
the other in the middle of a large gene cluster also containing csw, pn, Nmd3, and CG17777. This
illustrates the importance of validating candidate genes that appear to be significant on genome-
wide scans. Second, there may be additional loci not identified in the study that do causally
influence lifespan and reproductive senescence but were not selected for because there was no
standing variation within that locus or simply by chance due to the high selective pressures on
other loci. Fabian et al. (2018) shows this in their culmination of candidate genes between
Carnes et al. (2015), Remolina et al. (2012), and Fabian and Garschall et al. (2018) as they
attempt to identify the best candidate genes by looking at all significant loci across the three
studies. However, none of the 20 genes shared between these three studies were also in my
candidate gene list.

Many studies have mapped naturally occurring QTLs affecting lifespan, but few have
empirically tested the causality of the resulting candidate genes in Drosophila melanogaster
(Pasyukova et al. 2000, Vieira et al. 2000, Leips and Mackay 2000, Wilson et al. 2006, Durham
et al. 2014), humans (Beekman et al. 2013, Deelen et al. 2013, Deelen et al. 2014), C. elegans
(Ayyadevara et al. 2001, Reis et al. 2006, Shook et al. 2006), and mice (Jackson et al. 2002,
Doria et al. 2004, Lang et al. 2010). Both De Luca et al. (2003) and Carbone et al. (2006)
successfully identified single genes, Ddc and catsup respectively, that functionally affect lifespan
in fruit flies. Durham et al. (2014) used RNAI to validate some of the candidate from a GWAS
identifying differences in age-related reproduction and found that while all 14 candidate genes,

A2bpl, beat-lla, cac, CG11293, CG11340, CG34370, cora, Dally, DmsR-1, Mrtf, rdgA, scrib,
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shot, and Ten-a, affected productivity at least at one age, only five affected lifetime fecundity
and seven affected lifespan. However, none of these are also on our list of candidate genes. Of
the 57 candidate genes (Figure A.7) | tested with the ovaries and accessory glands specific GAL4
driver, 30 exhibited differences in female lifespan, 29 showed differences in male lifespan, and
23 genes led to differences in productivity, with a total of 56 candidate genes affecting at least
one trait (Figure A.11). Specifically, six exhibited only increased lifespan and/or reproduction,
and 23 only showed decreased lifespan and/or reproduction. Additionally, ten exhibited
antagonistic pleiotropy between lifespan and reproduction, two showed sexual antagonistic
pleiotropy for lifespan, and two had antagonistic pleiotropy between early (one to three weeks of
age) and late (four to nine weeks of age) reproduction. Interestingly, five exhibited both
antagonistic pleiotropy between lifespan and reproduction and sexual antagonistic pleiotropy for
lifespan, five had antagonistic pleiotropy between lifespan and reproduction and antagonist
pleiotropy between early and late reproduction, and three showed antagonist pleiotropy between
lifespan and reproduction, between the sexes for lifespan, and between early and late
reproduction. These results illustrate the complexity of pathways that influence lifespan and
reproduction and accentuate the need for their further study. Surprisingly, only a few genes, blw
(Garcia et al. 2017), Eip75B (Magwire et al. 2010), Hsp22 (Morrow et al. 2004) and wds
(Hollmann et al. 2002), have been previously implicated in affecting lifespan. However, 15
genes were known to affect reproduction, abo (Malva et al. 1994), capu (Quinlan 2013), Cdc7
(Stephenson et al. 2015), CycE (Calvi et al. 1998), dnc (Sokolowski 2001), Dredd (Huh et al.
2004), egh (Rubsam et al. 1998), Eip75B (Kozlova and Thummel 2000), fs(1)N (Jimenez et al.
2002), Klp67A (Gandhi et al. 2004), MED22 (Lu and Fuller 2015), msn (Treisman et al. 1997),

piwi (Ku et al. 2016), sgg (Song and Xie 2003), and sra (Takeo et al. 2010). Unexpectedly,
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seven of the 14 genes tested with both the weak ubiquitous and ovaries and accessory glands
specific GAL4 driver exhibited a change in direction between the two RNAI experiments. Two
genes, Eip75B and sra displayed differences in lifespan, and all seven genes, CG3704, DAAM,
Eip75B, msn, piwi, sgg, and sra showed a difference in productivity. Further, dnc exhibited a
decrease in female lifespan, increase in male lifespan, and decreased in productivity with the
weak ubiquitous driver but was not significant for any trait with the reproductive tissue specific
driver. While the reason behind these differences is not clear, it is likely due to the control of
additional tissues with the weak ubiquitous driver or due to the different backgrounds of the
driver lines. Further experiments are needed to determine the underlying cause of this directional
change. Utilizing RT-PCR in these RNA.I lines with both drivers may determine if the magnitude
of the decrease in expression is responsible. Additionally, the RNAI lines should be paired with
different tissue-specific drivers to understand what other tissues may be influencing lifespan and
reproduction.

Antagonistic pleiotropy can be clearly seen in our data and is supported by many
evolutionary hypotheses. Medawar (1952) and Williams (1957) similarly postulated that these
tradeoffs were controlled by alleles with beneficial effects at an early age and deleterious effects
at a later age when natural selection can no longer act. This as can be seen in abo, CG7971,
DAAM, G9a, KIp67A, CG13760, and fs(1)N reproductive tissue knockdowns where female
and/or male lifespan increased and early productivity decreased. These provide examples of
genes where resource allocation for early reproduction is favored over an increased lifespan.
Kirkwood (2002) gave a broader definition where, depending on the environment, the limitations
on energy required resources to be diverted towards reproduction over somatic cell maintenance,

or vice versa. This can be applied to any gene exhibiting a tradeoff between lifespan and
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reproduction, such as the RNAI knockdowns mentioned above, as well as Eip75B, msn, and sra,
where early life reproduction increased but female lifespan decreased and in CG3704, where
early productivity increased and male lifespan decreased where female and/or male lifespan
increased and early productivity decreased.

We also observed pleiotropy between early and late reproduction, as has been observed
by many others (Rose and Charlesworth 1980, 1981, Luckinbill et al. 1984, Rose 1984, Partridge
and Fowler 1992, Zwaan et al. 1995). RNAi knockdowns in the reproductive tissues of two
genes, babos and sov, both had high productivity at young ages and low productivity at old ages,
without any effects on lifespan. These loci likely influence age-specific reproductive ability,
without affecting overall longevity. Others, including CG4281, CG4554, and wds, increased both
male and female lifespan and had low early life productivity and high late life productivity, while
Eip75B had decreased female lifespan, increased early life productivity, and decreased late life
productivity. Interestingly, Magwire et al. (2010) found that Eip75B increased male lifespan,
providing further evidence that genetic background is important in understanding these effects.
These exhibit antagonistic pleiotropy in between lifespan and reproduction, as well as early and
late life reproduction. High resource allocation towards productivity at young ages likely leads to
a decrease in energy provided to somatic cell maintenance, leading to decreased late age
reproduction and, sometimes, decreased lifespan. Eip75B, sov, and wds are all implicated in
regulating gene expression (Gaudet et al. 2011), supporting the hypothesis for these loci being
able to affect resource allocation.

Sexual antagonism was commonly observed throughout this study and has also been
observed in many others (Clancy et al. 2001, Mackay 2001, Tatar et al. 2001, Simon et al. 2003,

Rollman et al. 2006, Magwire et al. 2010, Gaitanidis et al. 2019). RNAIi knockdowns of Nmd3
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and Pgantl exhibited increased female lifespan and decreased male lifespan, which is likely due
to differences in life history traits between the sexes. Nmd3 is involved in ribosomal large
subunit binding (Gaudet et al. 2011), and Pgantl affects oligosaccharide biosynthetic processing
(Ten Hagen et al. 2003), neither of which has been directly related to lifespan. Cdc7, egh,
CG3326, Dredd, and lama all experienced opposite effects of lifespan between males and
females and decreased reproduction. This could be caused by resource allocation towards
somatic cell maintenance at the expense of reproduction in one sex that limits the total
reproductive output. Alternatively, they could be loci that coincidentally influence both sexual
antagonism and reproduction, but independently. While the biological processes may not seem
directly related for several of these genes, Cdc7 and egh influence oogenesis (Rubsam et al.
1998, Gaudet et al. 2011) and Dredd is involved in spermatogenesis and immune response
(Richardson and Kumar 2002, Huh et al. 2004), supporting a proposed mechanism involving
energy allocation between reproduction and somatic cell maintenance. Further experiments to
determine which sex causes the reduction in productivity will need to be performed to validate
this hypothesis.

The most complicated interactions | observed were of gene knockdowns where there was
antagonism between the sexes, between lifespan and reproduction, and between early and late
reproduction. Reduced gene expression in the reproductive tissues of CG13369 led to increased
female lifespan, decreased male lifespan, decreased early reproduction, and increased late
reproduction. RNAI knockdowns of MED22 and capu had decreased female lifespan, increased
male lifespan, increased early productivity, and decreased late productivity. While little is known
about CG13369 other than its ribokinase activity and high expression in the accessory glands,

MED22 and capu are involved in spermatogenesis and oogenesis, respectively (Quinlan 2013,
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Lu and Fuller 2015). There are several possibilities for underlying mechanisms to explain these
interactions. First, increased energy towards somatic cell maintenance may decrease total
reproductive output, as described earlier, but in an age-specific manner. There is also an
interesting pattern between these three knockdowns, where increased late life reproduction
coincides with increased female lifespan and increased early life reproduction coincides with
increased male lifespan. One explanation is that female resource allocation towards somatic cell
maintenance drives the tradeoffs in early life reproduction, while male resource allocation
towards somatic cell maintenance drives late age reproduction. Again, further experiments
controlling for the age of one sex while testing the effects of age on reproduction of the other sex
are needed to understand the mechanism behind these complex interactions. With the relatively
high number of genes we have shown to exhibit tradeoffs between lifespan and reproduction
empirically support the occurrence of balancing selection and help us understand why variation
in maintained in natural populations.

Epistasis, the interaction of two or more different loci that leads to phenotypic differences
in a single trait, frequently by one locus’ gene products regulating the expression of another
locus, is commonly described in the Drosophila literature. Notably, it has been observed in
QTLs involved directly in lifespan (Buck et al. 1993, Leips and Mackay 2000, 2002, Mackay et
al. 2006), although the causal loci underlying these effects are unknown. A mutation in Indy
increased lifespan in three short-lived lines and decreased lifespan in a long-lived line (Rogina et
al. 2000). Overexpression of human SOD in motorneurons leads to an increase in lifespan at
different magnitudes depending on the genetic background and sex (Parkes et al. 1998, Spencer
et al. 2003). Similarly, overexpression of Drosophila SOD increased lifespan in a short-lived line

and decreased lifespan in a long-lived line (Sun and Tower 1999). Rollman et al. (2006) found
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that mutations in a region including Trel and Gr5a affect insulin signaling through epistatic
interactions. Huang et al. (2012) also showed that epistatic interactions affect complex fitness
traits, such as chill coma recovery, startle response, and starvation resistance. Figure A.3 shows a
network of several candidate genes with one missing connection between candidates. Although
the total network of 57 candidate genes is non-significant (p = 1), this figure illustrates the
connectedness of several candidates. To assess the overrepresented gene ontology (GO) terms
related to the candidate genes, the PANTHER Overrepresentation Test, annotation version GO
Ontology database released on October 8, 2019 using the D. melanogaster reference list, GO
biological process complete annotation data set was utilized (Mi et al. 2013, Mi et al. 2017). A
Fisher’s Exact with FDR multiple test correction identified 94 overrepresented GO terms. The
top three terms, nonassociative learning, somatic stem cell population maintenance, and positive
regulation of mitotic cell cycle phase transition, were all enriched more than 100-fold. While we
did not directly test for epistasis, it is likely that some of our candidate genes share epistatic
interactions. In a study by Huang et al. (2012), a GWAS was conducted between a random
sample and the top 15% performing flies for three different stress responses in outbred lines to
test for pairwise interactions between significant SNPs. 147 epistatic interactions were identified
across 30 of my candidate genes for either chill coma response or starvation resistance (Table
A.35). While neither of these measures of fitness are directly related to lifespan or reproduction,
this study provides further evidence of the likelihood that some of these candidate genes interact
with other loci, and those interactions may influence lifespan and reproduction. Further studies
should be done to determine if the RNAi knockdowns of our candidate genes in this network
causally influence expression of other candidates using RT-PCR, which may help us elucidate

the mechanism by which they affect lifespan and reproduction.
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Using an in vitro luciferase reporter assay, we found that 11 of 24 tested SNPs that are
genetically divergent between the O and B lines showed significant differences in promoter
expression. For six of these polymorphisms the O alleles had greater expression, while the B
allele had greater expression for five polymorphisms. There does not appear to be a trend
between the line with greater promoter expression and increased or decreased lifespan or
productivity from the RNAI screens. However, this experiment led us to determine strong
candidates to test the effects of the SNP in whole flies. Dredd and CG3704 both had large
magnitudes of differences in expression, so we theorized these would be the best candidates to
overcome the statistical problem of being able to detect changes with small effects while testing
for differences in lifespan and reproduction. O and B lines with a small deletion and insertion of
a DsRed fluorescent marker in the regulatory region were successfully created using
CRISPR/Cas9 for Dredd but were unsuccessful for CG3704 due to the DsRed inserting into the
incorrect genomic location.

Past studies have shown lifespan to be correlated with temperature stress (Zwaan et al.
1995, Khazaeli et al. 1997), starvation stress (Rose et al. 1992, Rollman et al. 2006, Klepsatel et
al. 2018), locomotion (Ping et al. 2015, Liu et al. 2018), immunity (Zerofsky et al. 2005, Felix et
al. 2012, Horn et al. 2014), and reproduction (Partridge and Farquhar 1981, Partridge et al. 1986,
Partridge et al. 1987, Luckinbill et al. 1988, Fowler and Partridge 1989, Chapman 1992,
Chapman et al. 1995, Sgro and Partridge 1999, Green et al. 2019) in D. melanogaster. Notably,
Fabian et al. (2018) looked at three different experiments that selected directly for delayed
reproduction and indirectly for increased lifespan and found they were enriched for immune
function, specifically the Toll pathway. Unsurprisingly, genes in immune system pathways likely

play a large role in lifespan and reproduction, such as Dredd, which is involved in both the Imd
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pathway and cell death pathway. A 223 bp deletion in the regulatory region of Dredd that |
generated using CRISPR/Cas9, which did not include other potentially causal SNPs identified in
Carnes et al. (2015), led to major phenotypic changes in both the O and B lines. Stress response
to chill coma was decreased in both lines, while starvation response was only decreased in the O
lines. Both lines showed significantly reduced locomotor ability, except the O lines at mid-ages,
which significantly increased. Offspring viability and productivity was decreased in both lines,
and development time was significantly longer in the O lines. Both mating duration and latency
were decreased in both lines. Lifespan was also reduced in both lines. Analyses of gene
expression in whole body flies and reproductive tissues only showed decreases in Dredd due to
the deletion. While we cannot say definitively that our SNP of interest is solely responsible for
these phenotypic changes, this small region has major implications for lifespan, reproduction,
stress response, and locomotor ability, and maintained variation in the natural population from
which the Rose lines were derived.

Interestingly, Dredd expression was reduced to a much greater magnitude in the B lines
than the O lines, when looking at both whole body and reproductive tissue analyses, but
phenotypic assays exhibited similarly decreased levels in both lines, with the O lines being
significant in two instances, starvation response and development time, where the B lines were
not. This suggests there may be epistatic interactions in the O background that result in greater
phenotypic differences even with a smaller magnitude of expression reduction. Another
explanation is other immune factors may be upregulated in the B lines but not the O lines, as
expression levels for the two control lines were only significantly different in the reproductive
tissues of old female flies, where B females expressed twice as much Dredd as O females

(Figure A.5, Table A.34). There was also a slight decrease in the opposite direction, where young
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B females had almost 11 percent less expression than young O females, but this difference was
not significant. As Dredd is involved in immune response to Gram-negative bacteria and
programmed cell death, reduced inflammation response in the O lines may have undergone
selection to increase late-age reproduction and, consequently, lifespan.

Overall, Dredd has been well characterized in this study using several different
techniques. RNAI in the reproductive tissues of Dredd led to a decrease in female lifespan,
increase in male lifespan, and decrease in productivity, where expression was decreased by 18.5
percent in males and almost 35 percent in females. The O allele led to greater promoter ability
than the B allele in the promoter luciferase reporter assay. Finally, a 223 bp deletion in the Dredd
regulatory region and insertion of a DsRed marker led to decreases in male and female lifespan,
productivity, chill coma recovery, starvation resistance, locomotor ability, mating behavior, and
offspring viability in both O and B lines. Additionally, expression in whole body flies was
decreased by also 90 percent in the B lines and around 15 percent in the O lines, and
reproductive tissue expression was diminished by over 90 percent in the B lines and around 20
percent in the O lines. Together, this implies that small decreases in expression may be beneficial
in males but only in certain backgrounds. Huang et al. (2012) clearly showed that fitness traits
are context-dependent due to epistatic interactions in a given background. This can be applied
here where similar decreases in expression in the (P{KK}) and Rose O backgrounds lead to very
different phenotypes, even differing in direction in one sex.

The original goal of this experiment was to create single nucleotide replacements
between the O and B lines, where the O allele was inserted to the B line, and vice versa.
However, due to drastically reduced stress response and reproduction in each of the lines with

the small deletions and DsRed insertions, very few CRISPR-injected flies eclosed and only a
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small proportion of those flies were fertile. In the B lines, 27 of 450 injected flies eclosed, 10
were fertile; in the O lines, 94 of 450 injected flies eclosed, and 39 were fertile. In the previous
injections to create the DsRed lines, less than one percent (0.00667%) of total injected flies
(n=150) had the DsRed insertion in the correct location without indels surrounding the inserted
region. The estimated efficiency of the allelic replacement lines with the stress response and
reproductive issues would be around 0.00044% in the B lines and 0.00134% in the O lines.
Therefore, alternative approaches should be utilized to successfully create allelic replacements
between the O and B lines that do not use the small deletion and DsRed insertion as an
intermediate.

If this experiment were to be repeated, | would use single-stranded oligo DNA
nucleotides (ssODNs) to make the allelic replacements in a single step as described in Okamoto
et al. (2019), which has reported efficiencies from single nucleotide changes between eight and
ten percent, to bypass the reproductive issues | encountered with the deletion and DsRed
insertion. They found the optimal approach uses ssSODNs, using site-directed mutagenesis to
create the single nucleotide change on the antisense strand, about 80 nucleotides long, with the
right arm being slightly shorter than the left arm, with altered PAM sites to prevent re-cutting
and at a concentration of 50 pmol to minimize cytotoxicity. They also determined that a Cas9
protein/sgRNA ribonucleoprotein complex (Cas9-RNP) led to higher efficiencies of correct edits
compared to using a plasmid. | would also create control lines that included the DsRed insertion
without the deletion in order to control for losing any trans-acting elements in the promoter
region due to the large DsRed insertion, so it would be evident that any difference between the

experimental and control lines were due solely to the 223 bp deletion.
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We also tested the effects of long-lived (O) and short-lived (B) line reciprocal crosses on
lifespan and reproduction. After 20 generations of outbreeding, we found no differences in
reproduction but an interesting difference in lifespan. In one reciprocal cross population, females
with maternal O alleles and paternal B alleles lived significantly longer than females with
maternal B alleles and paternal O alleles. This provides potential evidence of epistasis. Dosage
compensation in Drosophila is thought to equilibrate gene expression between the sexes by
upregulating expression of the male X chromosome approximately two-fold involving both DNA
sequence and epigenetic elements (Charlesworth 1996, Gilbert and Kuroda 2009, Georgiev et al.
2011). However, this limits allele combinations to effectively homozygous genotypes in males,
while females may have heterozygous genotypes, which in some cases, can be the most fit
(Barton 1990, Keightley and Hill 1990, Zhang et al. 2004, Zhang and Hill 2005, Desai and
Fisher 2007). We have already shown in the RNAI studies that many loci exhibit tradeoffs
between longevity and reproduction, which may favor heterozygotes and the maintenance of
more than one allele in a population. Therefore, it is possible that this lack of heterozygosity on
the male’s X chromosome leads to phenotypic differences in lifespan and productivity. Different
combinations of alleles of epistatically-interacting genes lead to different phenotypes from
reciprocal crosses of the same parental lines. Although a better test for epistasis would have been
to create multiple lines from each reciprocal cross, differences between the same sex across each
reciprocal cross still provide evidence for the potential of epistatically-interacting loci.
Reciprocal crosses originating from different O and B lines, as well as differences across the O
and B lines themselves, also provide evidence of complex genetic architecture, although epistasis

cannot be disentangled from allelic effects with this study.
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As mentioned in Chapter 4, the initial purpose of this experiment was to create outbred
populations of O and B line reciprocal crosses and re-select those populations for an aging-
related phenotype. However, analysis by Wen Huang (data not shown) indicated that the
population sizes would likely need to include thousands of individuals to sufficiently break down
the existing linkage disequilibrium; therefore, my 80 individual populations would have likely
led to re-selecting the same regions that previously existed. In order to do this experiment again,
I would use a wild-derived outbred population, such as the South Amherst population (Ives 1970,
Rose and Charlesworth 1981) from which the Rose lines were derived (Rose 1981) and re-select
for delayed reproductive senescence, as well as another trait, such as decreased early age
productivity or a delayed senescence phenotype, like increased locomotor ability or chill coma
response. It is likely that some new loci would rise to fixation or near fixation compared to loci
identified by Carnes et al. (2015) when an outbred population is again selected for delayed
reproductive senescence, which would provide ideal candidates to test for causality on lifespan
and reproduction. Selecting for a different trait and testing the effects of lifespan may identify
novel loci that may not have been selected for initially. Between these two scenarios, many
causal loci identified in Carnes et al. (2015) will likely not be selected for; therefore, candidate
genes that only appear at or near fixation from the first selection in Rose (1981) cannot be
discounted but should not necessarily be prioritized.

In conclusion, the implications for these studies are two-fold. They provide methods for
testing and identifying SNPs related to human diseases and illustrate how genetic variation can
be maintained in natural populations for fitness-related traits. The online database eDGAR was
utilized to identify diseases related to the human orthologs of my candidate genes (Babbi et al.

2017). 24 of the 57 candidate genes have 64 disease-related human orthologs (Table A.34).
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Notably, Dredd has two orthologs related to human diseases, CASP8 and CASP10. CASP8 is
related to caspase 8 deficiency, breast cancer, lung cancer, and hepatocellular carcinoma, and
CASP10 is related to non-Hodgkin familial lymphoma, gastric cancer, and autoimmune
lymphoproliferative syndrome. As the average lifespan of the human population increases, there
is a growing need to increase the amount of time humans are in good health. This can be
accomplished by identifying genetic factors affecting age-related diseases and using therapeutic
interventions to alleviate their negative effects. We have shown that decreased expression of
Dredd leads to negative phenotypes, such as decreased lifespan, reproduction, and stress
response. However, the effects of an increase or a decrease of less magnitude in order to
determine if Dredd is a good candidate for human therapeutic intervention still need to be
explored. While a candidate gene that increased lifespan in both sexes in the RNAI experiment
would provide a better candidate to mediate aging, we have provided a framework through
which variants can be successfully identified. Although evolutionary theory predicts life history
traits, other than lifespan, to be under intense selection and carry little natural variation due to
fixation of the ideal phenotype (Roff 1992, Stearns 1992), we have shown that natural variation

is maintained due to tradeoffs in life history traits, between sexes, and at different ages.

Future Directions

As mentioned in Chapters 2 and 3, more studies are needed to validate additional
candidate genes with RNAI, as well as perform allelic replacement on more of my current
candidate genes. Additional assays could also be completed with the RNAI lines described in
Chapter 2, including mating, chill coma, and climbing as detailed in Chapter 3, to determine if

there are other fitness tradeoffs between life history traits, in addition to lifespan and
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reproduction. For lines where productivity was significant, it would be interesting to conduct an
assay to test whether the male or female is controlling the changes in reproduction related to age.
This would be set up the same way as the productivity assay described in Chapter 2, with three
males and three females housed in the same vial on standard media at 25°C with 60-70%
humidity on a 12 hour light/dark cycle with food changed every 2-3 days, except experimental
males and females would be aged in separate vials and given access to fresh mates from a control
line every two weeks in order to determine what effects age has on each sex’s ability to
reproduce. Productivity would be measured once a week for 24 hours, and progeny would be
counted after eclosion. This would indicate whether increases or decreases in total productivity
were due to the male or female parent and what age those effects influence.

While I’ve shown that expression of the target gene in a subset of RNAI lines decreased
compared to the control (Figures A.1, A.2), I did not test the expression of other genes in the
same network (Figure A.3). Up or down regulation of other genes in an RNA. line for a single
gene could show evidence of epistasis between the two, since a common epistatic interaction is
the regulation of one gene product by another gene product. For example, sgg and CycE were the
only genes in the network directly related. Using the sgg RNA. line, the expression of CycE
could be measured to determine if its expression changed relative to the control solely from
decreasing the expression of sgg via RNAI, and vice versa. Flies would be collected at 3-5 days
old, reproductive organs dissected or as whole flies, flash frozen, and RNA extracted. RT-PCR
would be used to measure expression levels relative to a housekeeping gene, GAPDH.
Alternatively, RNA-sequencing could be performed to assess differences in the whole genome,
with tissues and sexes measured separately. From this analysis, co-expression networks could be

constructed to identify epistatic interactions. Additionally, CRISPR/Cas9 could be used to create
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deletions of each to test the expression of the other unaltered gene by creating gRNAs specific to
the sequence around the PAM site and inserting a DsRed marker for easy detection of
transformants. Transgenic lines would be validated using iPCR as described in Chapter 3.
Finally, allelic replacements of the candidate SNPs could create multiple combinations of alleles
between the two genes in the same genetic background in order to provide further evidence of
epistasis between the two, using a method described above by Okamoto et al. (2019). This would
require making both homozygous genotypes for both genes, resulting in four different lines,
where one gene has two alleles ‘A’ and ‘B’ and the other gene has two alleles ‘C’ and ‘D,’
resulting in lines with the genotypes AC||/AC, AD||AD, BC||BC, and BD||BD. Lifespan,
productivity, and gene expression would be measured to determine if different combinations of
these alleles act in parallel, implying additivity, or are non-additive, indicating epistasis.

In the Dredd deletion lines described in Chapter 3, a test for immune function would be
beneficial to further characterize the lines. Dredd is an important component of the IMD
pathway that provides defense against Gram-negative bacteria, so it is likely that immune
response is decreased in these lines. This could be achieved as in Zerofsky et al. (2005), where
fruit flies were poked in the abdomen with either live or heat-killed Escherichia coli and
Micrococcus luteus suspended in LB media for the experimental treatment or poked with sterile
growth solution (no bacteria) for the control treatment. However, for this experiment, we would
only need to use E. coli, which is Gram-negative, since M. luteus is a Gram-positive bacterium.
Alternatively, we could also use M. luteus, although separately from the E. coli, to determine if
differences in lifespan due to this mutation occur solely through the IMD pathway as we would
expect or if there are also effects on the Toll pathway, which provides defense against Gram-

positive bacteria and fungi. Both experimental flies with the small deletion in the regulatory
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region of Dredd and the control line flies would be exposed to the bacteria at a young age (3-5
days old), and lifespan and productivity would be measured as described in Chapters 2 and 3 to
determine if the regulatory region deletion in Dredd inhibits immune response via the IMD
pathway. We would expect a heightened immune response in the control lines flies that had been
exposed to the bacteria, while the experimental lines would be unable to invoke an immune
response, thus having little or no change in lifespan and reproduction. This may lead to a
decrease in lifespan in the experimental treatment, control line flies relative to their control
treatment, since many studies have shown that increased immune response is negatively
correlated with lifespan (Zerofsky et al. 2005, Cao et al. 2013, Horn et al. 2014, Ihle et al. 2015,
Ping et al. 2015, Koundatidis et al. 2017).

Artificial selection of the B Rose lines for a different trait than was first selected for to
obtain the O Rose lines (delayed reproduction at 70 days old) may also yield interesting results,
such as selecting for lifespan itself. This could possibly be achieved by mating one male and one
female at a relatively young age (two weeks) and maintaining them until the top ten percent of
mated pairs were left alive. Offspring could be reared at a colder temperature to delay progress to
adulthood while the parents are aging, although this would also cause selection for cold
tolerance. Offspring would be mated at two weeks of age, and grand-offspring of the parents
with the oldest average age would then be kept for the next generation. These flies would be
inter-mixed to try to prevent sib-sib mating as much as possible. Unfortunately, this method
would be unable to maintain a large outbred population, as the O lines have been, without huge
labor costs. It may also be a problem that as the parents average age increases with each
generation, the age at which the offspring reproduce will also increase, which may also indirectly

confound the selection pressure. As detailed earlier, it may be best to select for lifespan or re-
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select for delayed reproductive senescence in outbred lines, such as the Flyland population, that
do not have large regions in LD as the Rose lines do; therefore, populations would not need to be

as large to break down the LD, and there would be ample amounts of standing genetic variation.
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Table A.1 List of 28 candidate genes tested, including their FlyBase 1D, gene name, gene, symbol, and

the Vienna stock number used in the Ubi1l56-GAL4 x UAS RNAI assay.

FlyBase ID Gene Name S;srirt])eol V'eNnL?;s;?Ck
FBgn0000256 cappuccino capu v110404
FBgn0023528 CG2924 v104482
FBgn0023527 Hyperprolific CG3071 v107206
FBgn0023540 CG3630 v110512
FBgn0040346 CG3704 v101389
FBgn0000382 corkscrew Csw v108352
FBgn0010382 Cyclin E CycE v110204
FBgn0025641 Disheveled associated activator of morphogenesis DAAM v103921
FBgn0000479 dunce dnc v107967
FBgn0000568 Ecdysone-induced protein 75B Eip75B v108399
FBgn0016797 frizzled 2 fz2 v108998
FBgn0000464 Leukocyte-antigen-related-like Lar v107996
FBgn0011648 Mothers against dpp Mad v110517
FBgn0002643 Mastermind Mam v102091
FBgn0040339 Mediator complex subunit 22 MED22 v104581
FBgn0010909 misshapen msn v101517
FBgn0023542 Nonsense-mediated mRNA 3 Nmd3 v105619
FBgn0004654 Phosphogluconate dehydrogenase PGD v100269
FBgn0004861 Polyhomeotic proximal Ph-p v100811
FBgn0004872 P-element induced wimpy testis piwi v101658
FBgn0000273 Protein kinase, CAMP-dependent catalytic subunit 1 Pka-C1 v101524
FBgn0003371 shaggy sqgg v101538
FBgn0286831 small ovary sov v100109
FBgn0086370 sarah sra v108876
FBgn0086408 stall stl v104737
FBgn0284408 terribly reduced optic lobes trol v110494
FBgn0261563 wing blister wb v102919
FBgn0029906 xiantuan Xit v104870
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Table A.2 Summary of genes for expression levels and known molecular and biological processes. Gene expression levels in ovaries and
accessory glands are from FlyAtlas RNA sequencing, and molecular and biological processes are as reported in FlyBase (Thurmond et al., 2019).

FlyBase ID

Gene Symbol

Ovary
Expression

Accessory Gland
Expression

Molecular Function

Biological Process

ubiquitin conjugating enzyme

FBgn0023528 CG2924 high moderate activity; ubiquitin-protein protein K48-linked ubiquitination
transferase activity
positive regulation of transcription by RNA polymerase I;
FBgn0023527 CG3071 moderate low snoRNA binding maturation of SSU-rRNA from tricistronic rRNA transcript; rRNA
processing
positive regulation of transcription, DNA-templated; positive
. regulation of Rho protein signal transduction; positive regulation of
FBgn0023540 CG3630 moderate none actin binding transcription by RNA polymerase I1; positive regulation of DNA-
binding transcription factor activity
mesoderm development; epidermal growth factor receptor signaling
pathway; protein dephosphorylation; regulation of compound eye
hosphotvrosine residue binding: photoreceptor development; dorsal/ventral axis specification, ovarian
phosphoty - 9| follicular epithelium; torso signaling pathway; negative regulation of
non-membrane spanning protein . . | ianali hway: If
tyrosine phosphatase activity: apoptotic process; sevenless signaling pathway; R7 cell fate
FBgn0000382 csw low moderate ! commitmen; phagocytosis, engulfment; fibroblast growth factor
transmembrane receptor protein T T . h -
L o receptor signaling pathway; mitotic cell cycle; terminal region
tyrosine kinase adaptor activity; TR . . .
SO determination; epidermal growth factor receptor signaling pathway;
drk protein binding - o = - .
epithelial cell migration, open tracheal system; imaginal disc
development; open tracheal system development; ventral midline
development
positive regulation of sarcomere organization; positive regulation of
actin filament polymerization; regulation of tube architecture, open
FBgn0025641 DAAM moderate low Rho GTPas_e b_mdmg; actin tracheal system; axon exten5|.0n; mushroom body develqpment; open
binding tracheal system development; regulation of axonogenesis; regulation
of filopodium assembly; muscle thin filament assembly; axon
guidance
FBgn0023542 Nmd3 moderate moderate ribosomal large subunit binding ribosomal large subunit export from nucleus
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Table A.2 (continued).

FBgn0000273

Pka-C1

moderate

moderate

ATP binding; protein binding;
protein serine/threonine kinase
activity; CAMP-dependent protein
kinase activity; protein kinase A
regulatory subunit binding

sprouting of injured axon; positive regulation of smoothened
signaling pathway; regulation of pole plasm oskar mMRNA
localization; regulation of circadian sleep/wake cycle, sleep;
protein phosphorylation; regulation of apoptotic process;
oogenesis; oocyte anterior/posterior axis specification; anesthesia-
resistant memory; regulation of bicoid mMRNA localization;
positive regulation of proteasomal ubiquitin-dependent protein
catabolic process; cCAMP-mediated signaling; modulation of
chemical synaptic transmission; rhythmic behavior; negative
regulation of smoothened signaling pathway; regulation of actin
cytoskeleton reorganization; compound eye development; protein
kinase A signaling; imaginal disc-derived wing morphogenesis;
positive regulation of gene expression; thermosensory behavior;
negative regulation of nucleocytoplasmic transpor; behavioral
response to ethanol; anterior/posterior pattern specification,
imaginal disc; oocyte microtubule cytoskeleton polarization;
cellular response to ethanol; G protein-coupled receptor signaling
pathway

FBgn0000256

capu

low

moderate

microtubule binding

actin filament-based process; pole plasm RNA localization; pole

plasm assembly; oogenesis; actin filament organization; chorion-

containing eggshell formation; actin nucleation; pole plasm oskar
mRNA localization

FBgn0040346

CG3704

moderate

low

GTPase activity

not known

FBgn0010382

CycE

high

low

protein kinase activity; cyclin-
dependent protein serine/threonine
kinase regulator activity

G1/S transition of mitotic cell cycle; eggshell chorion gene
amplification; regulation of establishment of blood-brain barrier;
regulation of DNA replication; cell proliferation involved in
compound eye morphogenesis; regulation of imaginal disc-
derived wing size; positive regulation of G1/S transition of mitotic
cell cycle; positive regulation of receptor signaling pathway via
JAK-STAT; negative regulation of ubiquitin protein ligase
activity; neuroblast fate determination; sensory organ precursor
cell division; somatic stem cell population maintenance; mitotic
cell cycle phase transition; pole cell developmen; regulation of
exit from mitosis; ventral cord development; regulation of cyclin-
dependent protein serine/threonine kinase activity; regulation of
protein phosphorylation; neuron fate specification; positive
regulation of apoptotic process; regulation of cell population
proliferation; peripheral nervous system development
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Table A.2 (continued).

FBgn0016797

fz2

low

low

Whnt-activated receptor activity; Wnt-
protein binding; PDZ domain
binding; transmembrane signaling
receptor activity

female gonad developmen; synapse organization; cell migration;
canonical Wnt signaling pathway; imaginal disc-derived wing
margin morphogenesis; segment polarity determination; synaptic
target inhibition; axon extension; salivary gland morphogenesi;
axon guidance; regulation of hemocyte proliferation; chitin-based
larval cuticle pattern formation

FBgn0002643

Mam

low

low

transcription coactivator activity ;
G0:0003713 | IPR019082

lateral inhibition; asymmetric cell division; chromosome
segregation; Notch signaling pathway; heart morphogenesis;
neuron fate determination; ovarian follicle cell development;
ventral midline developmen; apposition of dorsal and ventral
imaginal disc-derived wing surfaces; imaginal disc-derived wing
morphogenesis; ectoderm development; mesodermal cell fate
determination; somatic stem cell population maintenance; germ-
line stem cell population maintenance; positive regulation of
transcription by RNA polymerase Il; CENP-A containing
nucleosome assembly

FBgn0040339

MED22

moderate

moderate

transcription coregulator activity;
protein binding

regulation of transcription from RNA polymerase Il promoter
involved in spermatogenesis; regulation of transcription by RNA
polymerase II; mitotic cell cycle

FBgn0010909

msn

moderate

moderate

ATP binding; MAP Kinase kinase
kinase kinase activity; protein
serine/threonine kinase activity; JUN
kinase kinase kinase kinase activity;
MAP kinase kinase kinase kinase
activity

regulation of embryonic cell shape; neuron projection
morphogenesis; axon guidance; activation of MAPKKK activity;
response to wounding; protein phosphorylation; signal
transduction by protein phosphorylation; dorsal closure; optic lobe
placode development; JNK cascade; oogenesis; establishment of
planar polarity; regulation of cell shape; photoreceptor cell
morphogenesis; nuclear migration; imaginal disc fusion, thorax
closure; activation of protein kinase activity

FBgn0004872

piwi

high

none

RNA binding; protein binding;
chromatin DNA binding; piRNA
binding

positive regulation of methylation-dependent chromatin silencing;
negative regulation of transposition, DNA-mediated; germ-line
stem cell population maintenance; heterochromatin organization
involved in chromatin silencing; RNA interference; chromatin
silencing; positive regulation of nuclear-transcribed mMRNA
poly(A) tail shortening; gene silencing by RNA; spermatogenesis;
PiRNA biosynthetic process; germarium-derived oocyte fate
determination; positive regulation of heterochromatin assembly;
pole cell formation; female germ-line stem cell asymmetric
division; male germ-line stem cell asymmetric division;
oogenesis; posttranscriptional gene silencing

FBgn0286831

sov

low

low

nucleic acid binding

regulation of gene expression
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Table A.2 (continued).

FBgn0086408

stl

low

low

metalloendopeptidase activity; zinc
ion binding

proteolysis; negative regulation of neuron migration; ovarian
follicle development; ovarian follicle cell stalk formation;
00genesis

FBgn0029906

xit

low

low

dolichyl pyrophosphate
Glc1Man9GIcNAc? alpha-1,3-
glucosyltransferase activity

germ-band extension; oligosaccharide-lipid intermediate
biosynthetic process; protein N-linked glycosylation; apical
constriction involved in gastrulation

FBgn0000568

Eip75B

moderate

low

steroid hormone receptor activity;
zinc ion binding; nuclear receptor
activity; nuclear receptor
transcription coactivator activity;
DNA-binding transcription factor
activity, RNA polymerase I1-
specific; RNA polymerase |1
regulatory region sequence-specific
DNA binding; heme binding;
transcription regulatory region
sequence-specific DNA binding

regulation of ecdysteroid metabolic process; hormone-mediated
signaling pathway; negative regulation of transcription by RNA
polymerase 1l; ecdysis, chitin-based cuticle; molting cycle, chitin-
based cuticle; regulation of gene expression; response to lipid;
oogenesis; positive regulation of transcription by RNA
polymerase 11; multicellular organism development; response to
ecdysone; cell differentiation

FBgn0000464

Lar

moderate

low

transmembrane receptor protein
tyrosine phosphatase activity; SAM
domain binding

axon guidance; positive regulation of plasma membrane bounded
cell projection assembly; oogenesis; R7 cell development;
spermatogenesis; nervous system development; retinal ganglion
cell axon guidance; synaptic growth at neuromuscular junction;
photoreceptor cell morphogenesis; motor neuron axon guidance;
regulation of axon extension involved in axon guidance; negative
regulation of homophilic cell adhesion; peptidyl-tyrosine
dephosphorylation; positive regulation of filopodium assembly;
protein dephosphorylation; motor neuron axon guidance;
centripetally migrating follicle cell migration; axon extension;
axon target recognition
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Table A.2 (continued).

FBgn0011648

Mad

high

low

DNA-binding transcription activator
activity, RNA polymerase I1-
specific; transcription coactivator
activity; RNA polymerase 1l distal
enhancer sequence-specific DNA
binding

negative regulation of salivary gland boundary specification;
negative regulation of transcription by RNA polymerase II;
positive regulation of synaptic growth at neuromuscular junction;
BMP signaling pathway; imaginal disc morphogenesis; germ-line
stem cell population maintenance; positive regulation of
transcription by RNA polymerase 1l; compound eye
morphogenesis; ovarian follicle cell development; somatic stem
cell population maintenance; SMAD protein signal transduction;
histoblast morphogenesis; imaginal disc-derived wing
morphogenesis; wing disc anterior/posterior pattern formation;
heart development; imaginal disc-derived wing vein
morphogenesis; regulation of cell differentiation; dorsal closure;
R8 cell fate specification; trunk segmentation; transforming
growth factor beta receptor signaling pathway involved in
endodermal cell fate specification; compound eye morphogenesis;
imaginal disc-derived leg morphogenesis; negative regulation of
G1/S transition of mitotic cell cycle; positive regulation of
neuromuscular junction developmen; germ-line stem cell division;

FBgn0004861

Ph-p

low

moderate

zinc ion binding; sequence-specific
DNA binding; protein binding;
chromatin binding; chaperone
binding; DNA topoisomerase
binding

ovarian follicle cell development; ventral cord development
response to ecdysone; ovarian follicle cell stalk formation; mitotic
sister chromatid segregation; negative regulation of transcription,
DNA-templated; gene silencing; central nervous system neuron
development; germarium-derived female germ-line cyst

encapsulation; syncytial blastoderm mitotic cell cycle
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Table A.2 (continued).

positive regulation of proteolysis involved in cellular protein
catabolic process; chitin-based larval cuticle pattern formation;
circadian rhythm; oogenesis; negative regulation of smoothened
signaling pathway; wing and notum subfield formation;
entrainment of circadian clock; positive regulation of proteasomal
ubiquitin-dependent protein catabolic process; positive regulation
of protein catabolic process; establishment of epithelial cell planar
polarity; segment polarity determination; pseudocleavage involved
in syncytial blastoderm formation; response to anesthetic; negative
regulation of canonical Wnt signaling pathway; establishment of
cell polarity; negative regulation of JUN kinase activity; rhythmic
behavior; negative regulation of dendrite development; regulation
of proteolysis; negative regulation of insulin receptor signaling
pathway; protein phosphorylation; olfactory learning; female
meiotic nuclear division; ovarian follicle cell development;

ATP binding; protein negative regulation of canonical Wnt signaling pathway; somatic
FBgn0003371 sgg low low serine/threonine kinase activity; stem cell population maintenance; peptidyl-serine
protein binding phosphorylation; habituation; chaeta development; regulation of

calcineurin-NFAT signaling cascade; epithelial cell
morphogenesis; regulation of microtubule cytoskeleton
organization; regulation of microtubule cytoskeleton organization;
signal transduction; positive regulation of proteasomal ubiquitin-
dependent protein catabolic process; negative regulation of
synaptic growth at neuromuscular junction; heart development;
positive regulation of ubiquitin-dependent protein catabolic
process; peptidyl-threonine phosphorylation; chaeta
morphogenesis; regulation of protein import into nucleus; negative
regulation of smoothened signaling pathway; positive regulation
of mitotic metaphase/anaphase transition; regulation of circadian
rhythm; negative regulation of canonical Wnt signaling pathway;
spindle organization; imaginal disc-derived wing margin
morphogenesis; locomotor rhythm; synaptic growth at
neuromuscular junction

long-term memory; regulation of female receptivity; regulation of

nucleic acid binding; protein binding; calcineurin-NFAT signaling cascade; female meiotic nuclear

FBgn0086370 sra moderate moderate ca_luum-dep_endent protein division; regulation pf fe_mz_ile recept|V|.ty, pos.t-matlng_; mgle.
serine/threonine phosphatase pronucleus assembly; meiotic cell cycle; sleep; egg activation;

regulator activity olfactory learning; mitochondrion organization; regulation of

calcineurin-NFAT signaling cascade

epithelial structure maintenance; axon guidance; digestive tract
FBgn0261563 wb low low not known mesoderm development; gonad development; tissue development;
animal organ morphogenesis

178




Table A.2 (continued).

3',5'-cyclic-AMP phosphodiesterase

olfactory learning; reproduction; associative learning; medium-
term memory; learning or memory; thermosensory behavior;

behavioral response to ethanol; locomotor rhythm; regulation of
protein kinase A signaling; chemical synaptic transmission;

FBgn0000479 dnc low low S cAMP-mediated signaling; courtship behavior; circadian rhythm;
activity - - - A .
nonassociative learning; cAMP-mediated signaling; anesthesia-
resistant memory; memory; learning; short-term memory;
conditioned taste aversion; negative regulation of cCAMP-mediated
signaling; mating behavior; axon extension
NADP binding; phosphogluconate N ) .
FBgn0004654 PGD moderate low dehydrogenase (decarboxylating) pentose-phosphate shunt, oxidative br_anch, glucose homeostasis;
activity D-gluconate catabolic process
tissue development; maintenance of epithelial cell apical/basal
polarity; response to anesthetic; animal organ morphogenesis;
FBgn0284408 trol low low not known motor neuron axon guidance; defasciculation of motor neuron

axon; dendrite development; negative regulation of fibroblast
growth factor receptor signaling pathway; positive regulation of
semaphorin-plexin signaling pathway
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the Vienna stock number used in the GAL4-c825 x UAS RNAI assay.

Table A.3 List of 57 candidate genes tested, including their FlyBase 1D, gene name, gene, symbol, and

FlyBase ID Gene Name Gene Symbol Vienna Stock Number
FBgn0000018 abnormal oocyte abo v105384
FBgn0000256 cappuccino capu v110404
FBgn0000377 crooked neck crn v39335
FBgn0000479 dunce dnc v107967
FBgn0000524 deltex dx v106086
FBgn0000568 ECdgfootgfr']'gggced Eip758 v108399
FBgn0001223 Heat shock protein 22 Hsp22 v43632
FBgn0001404 egghead egh v45160
FBgn0003048 pecanex pcx v14934
FBgn0003116 prune pn v6975
FBgn0003371 shaggy sgg v101538
FBgn0004379 K'”es'”"'Gk;’Apmte'” at KIp67A v108852
FBgn0004650 female sterile (1) Nasrat fs(L)N v105859
FBgn0004872 P-element induced piwi v101658

wimpy testis
FBgn0010019 Cytochrome P450-4g1 Cyp4gl v102864
FBgn0010382 CyclinE CycE v110204
FBgn0010909 misshapen msn v101517
FBgn0011211 bellwether blw v34664
NADH dehydrogenase
FBgn0011361 (ubiquinone) acyl ND-ACP v107907
carrier protein

FBgn0011769 Ferredoxin 1 Fdx1 v6987

FBgn0015288 Ribosomal protein L22 RpL22 v104506
FBgn0016031 lamina ancestor lama v107629
FBgn0020381 3/[,)\]‘2%t32rﬂséefagggse Dredd v104726
FBgn0023527 CG3071 CG3071 v107206
FBgn0023531 CG32809 CG32809 v104480
FBgn0023542 NO”S?;?\'&?'E‘M' Nmd3 v105619
FBgn0025626 CG4281 CG4281 v100390
FBgn0025640 CG13369 CG13369 v100747
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Table A.3 (continued).

Dishevelled Associated

FBgn0025641 Activator of DAAM v103921
Morphogenesis
FBgn0027334 lethal (1) GO004 1(1)G0004 v16289
FBgn0027903 CG12018 CG12018 v108565
FBgn0028360 Cdc7 kinase Cdc7 v40715
FBgn0029525 CG18273 CG18273 v107818
FBgn0031519 Fidgetin CG3326 v110211
Polypeptide N-
FBgn0034025 Acetylgalactosaminyltra Pgantl v37174
nsferase 1
FBgn0034491 Hormol'."e'sens'“"e Hsl v109336
ipase
FBgn0034498 CG16868 CG16868 v8209
FBgn0034724 babos babos v956
FBgn0034734 CG4554 CG4554 v103706
FBgn0035252 CG7970 CG7970 v106325
FBgn0035253 CG7971 CG7971 v101384
FBgn0035270 CG13933 CG13933 v100947
FBgn0035440 CG14969 CG14969 v8913
FBgn0035981 CG4452 CG4452 v107773
FBgn0040066 will die slowly wds v105371
FBgn0040339 Mediator complex MED22 V104581
subunit 22
FBgn0040340 TRAM TRAM v39187
Leucine zipper like
FBgn0040344 transcription regulator Lztrl v11164
1

FBgn0040346 CG3704 CG3704 v101389
FBgn0040372 G9%a G9%a v110662
FBgn0040375 CG13760 CG13760 v106483
FBgn0040383 CG5254 CG5254 v45163
FBgn0040388 brother of ihog boi v3060
FBgn0040900 CG17777 CG17777 v105327
FBgn0086370 sarah sra v108876
FBgn0270924 zinc finger protein 30C zf30c v15753
FBgn0286831 small ovary sov v100109
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Table A.4 Summary of genes for expression levels and known molecular and biological processes. Gene expression levels in ovaries and
accessory glands are from FlyAtlas RNA sequencing, and molecular and biological processes are as reported in FlyBase (Thurmond et al. 2019).

Ovar Accessory
FlyBase ID Gene Symbol y Gland Molecular Function Biological Process
Expression .
Expression
FBgn0000018 abo Moderate Low chromatin binding negative regulation of transcrlptlt_)n by RNA polymerase II;
00genesis
actin filament organization; actin filament-based process;
. - actin nucleation; chorion-containing eggshell formation;
FBgn0000256 capu Low Low microtubule binding oogenesis; pole plasm assembly: pole plasm RNA
localization
axon ensheathment; glial cell migration; Malpighian tubule
o morphogenesis; oenocyte development; regulation of
FBgn0000377 crn Moderate Moderate RNA binding alternative mRNA splicing, via spliceosome; mRNA
splicing, via spliceosome; spliceosomal complex assembly
endocytosis; negative regulation of Notch signaling
. Notch binding; ubiquitin protein ligase activity; zinc ion pathway; Notch receptor processing; positive regulation of
FBgn0000524 dx High Moderate binding Notch signaling pathway; protein ubiquitination; wing disc
development
DNA binding; heme binding; DNA-binding transcription ecdysis, chitin-based cuticle; molting cycle, chitin-based
factor activity, RNA polymerase lI-specific; nuclear cuticle; regulation of ecdysteroid metabolic process;
receptor activity; nuclear receptor transcription coactivator regulation of gene expression; response to ecdysone; cell
- activity; RNA polymerase Il regulatory region sequence- differentiation; hormone-mediated signaling pathway;
FBgn0000568 Eip75B Very Low Very Low specific DNA binding; signaling receptor activity; steroid multicellular organism development; negative regulation of
hormone receptor activity; transcription factor binding; transcription by RNA polymerase I1; oogenesis; positive
transcription regulatory region sequence-specific DNA regulation of transcription by RNA polymerase I1; response
binding; zinc ion binding to lipid
FBgn0001223 Hsp22 Low Low identical protein binding; unfolded protein binding cha_perone—.medlated proteln_foldlng; determ_lnat_lon of adult
lifespan; response to heat; response to oxidative stress
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Table A.4 (continued).

FBgn0001404

egh

Low

Moderate

Low

Low

beta-1,4-mannosyltransferase activity

not known

axon guidance; border follicle cell migration; cell fate
commitment; dSRNA transport; germ cell development;

glycosphingolipid biosynthetic process; maintenance of
polarity of follicular epithelium; male courtship behavior;
morphogenesis of follicular epithelium; negative regulation

involved in germarium-derived egg chamber formation;
oocyte microtubule cytoskeleton organization; optic lobe

germarium-derived egg chamber formation;

of female receptivity, post-mating; oocyte localization

placode formation; ovarian follicle cell development;
ovarian follicle cell-cell adhesion; peripheral nervous

system neuron development; regulation of oviposition

endoplasmic reticulum organization

compound eye morphogenesis; compound eye
pigmentation; negative regulation of cAMP-mediated

FBgn0003048

pex

signaling; positive regulation of mitochondrial DNA

FBgn0003116

pn

Moderate

Low

cyclic-nucleotide phosphodiesterase activity;
exopolyphosphatase activity

replication; pteridine metabolic process; polyphosphate
catabolic process

chaeta development; chitin-based larval cuticle pattern
formation; circadian rhythm; entrainment of circadian
clock; epithelial cell morphogenesis; establishment of

FBgn0003371

S99

Low

Very Low

protein binding; protein binding; ATP binding

epithelial cell planar polarity; female meiotic nuclear
division; habituation; habituation; negative regulation of
canonical Wnt signaling pathway; negative regulation of
insulin receptor signaling pathway; negative regulation of
JUN kinase activity; negative regulation of smoothened
signaling pathway; negative regulation of synaptic growth
at neuromuscular junction; olfactory learning; oogenesis;
ovarian follicle cell development; positive regulation of
mitotic metaphase/anaphase transition; positive regulation
of proteasomal ubiquitin-dependent protein catabolic
process; positive regulation of protein catabolic process;
positive regulation of proteolysis involved in cellular
protein catabolic process; positive regulation of ubiquitin-
dependent protein catabolic process; protein
phosphorylation; regulation of calcineurin-NFAT signaling
cascade; regulation of circadian rhythm; regulation of
microtubule cytoskeleton organization; regulation of
proteolysis; response to anesthetic; segment polarity
determination; somatic stem cell population maintenance;
spindle organization; synaptic growth at neuromuscular
junction; wing and notum subfield formation
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Table A.4 (continued).

FBgn0004379

KIp67A

Moderate

None

motor activity; ATP binding; ATP-dependent microtubule
motor activity, plus-end-directed; ATPase activity;
microtubule binding; microtubule motor activity

chromosome segregation; generative cell mitosis; male

meiosis chromosome segregation; male meiosis I; male
meiotic chromosome movement towards spindle pole;
meiosis | cytokinesis; microtubule depolymerization;

mitotic centrosome separation; mitotic spindle

organization; sister chromatid biorientation; spindle

assembly; spindle assembly involved in male meiosis I;

spindle elongation

FBgn0004650

fs(1)N

High

Very Low

heparin binding

chorion-containing eggshell formation; terminal region
determination; torso signaling pathway; vitelline
membrane formation involved in chorion-containing
eggshell formation

FBgn0004872

piwi

High

Very Low

chromatin DNA binding; piRNA binding; protein binding;
protein binding

chromatin silencing; female germ-line stem cell
asymmetric division; gene silencing by RNA; germ-line
stem cell population maintenance; germarium-derived
oocyte fate determination; heterochromatin organization
involved in chromatin silencing; male germ-line stem cell
asymmetric division; negative regulation of transposition;
negative regulation of transposition, DNA-mediated;
oogenesis; piRNA biosynthetic process; pole cell
formation; positive regulation of methylation-dependent
chromatin silencing; positive regulation of nuclear-
transcribed mRNA poly(A) tail shortening;
posttranscriptional gene silencing; spermatogenesis; RNA
interference

FBgn0010019

Cyp4gl

Low

Low

aldehyde decarbonylase activity; heme binding; iron ion
binding; oxidoreductase activity, acting on paired donors,
with incorporation or reduction of molecular oxygen

cuticle hydrocarbon biosynthetic process; oxidation-
reduction process

FBgn0010382

CycE

High

Low

cyclin-dependent protein serine/threonine kinase regulator
activity; protein binding; protein kinase binding

cell proliferation involved in compound eye
morphogenesis; eggshell chorion gene amplification; G1/S
transition of mitotic cell cycle; negative regulation of
ubiquitin protein ligase activity; neuroblast fate
determination; neuron fate specification; peripheral
nervous system development; pole cell development;
positive regulation of apoptotic process; positive regulation
of G1/S transition of mitotic cell cycle; positive regulation
of receptor signaling pathway via JAK-STAT; regulation
of cell population proliferation; regulation of DNA
replication; regulation of establishment of blood-brain
barrier; regulation of exit from mitosis; regulation of
imaginal disc-derived wing size; regulation of protein
phosphorylation; sensory organ precursor cell division;
somatic stem cell population maintenance; ventral cord
development; mitotic cell cycle phase transition; regulation
of cyclin-dependent protein serine/threonine kinase activity
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Table A.4 (continued).

ATP binding; JUN kinase kinase kinase kinase activity;

axon guidance; dorsal closure; imaginal disc fusion, thorax
closure; JNK cascade; nuclear migration; optic lobe
placode development; photoreceptor cell morphogenesis;
regulation of cell shape; regulation of embryonic cell

FBgn0010909 msn Moderate Moderate MAP kinase kinase kinase kinase activity; protein shape; response to wounding; activation of MAPKKK
serine/threonine kinase activity activity; activation of protein kinase activity; establishment
of planar polarity; neuron projection morphogenesis;
oogenesis; protein phosphorylation; signal transduction by
protein phosphorylation
N S ) . electron transport chain; lipid storage; regulation of choline
FBgn0011211 blw Very High Very High ADP binding; ATP'b!ndmg, proton-transporting ATP O-acetyltransferase activity; ATP synthesis coupled proton
synthase activity, rotational mechanism transport
) acyl binding; acyl carrier activity; phosphopantetheine fatty acid biosynthetic process; mitochondrial electron
FBgn0011361 ND-ACP Low Low binding transport, NADH to ubiquinone
FBgn0011769 Fdx1 Moderate Low 2 iron, 2 sulfur cluster binding; electron transfer activity positive regulation of ecdysteroid biosynthetic process
. . structural constituent of ribosome; RNA binding; structural . .
FBgn0015288 RpL22 Very High Very High constituent of ribosome cytoplasmic translation
FBgn0016031 lama Moderate Moderate not known dorsal appendage formation; imaginal disc development
apoptotic process; defense response; defense response to
Gram-negative bacterium; immune response; negative
regulation of programmed cell death; peptidoglycan
recognition protein signaling pathway; peripheral nervous
cysteine-type endopeptidase activator activity involved in system neuron development; positive regulation of
apoptotic process; endopeptidase activity; protein binding; | biosynthetic process of antibacterial peptides active against
FBgn0020381 Dredd Low Moderate cysteine-type endopeptidase activity; cysteine-type Gram-negative bacteria; positive regulation of defense
endopeptidase activity involved in apoptotic signaling response to virus by host; positive regulation of innate
pathway immune response; protein processing; sperm
individualization; activation of cysteine-type
endopeptidase activity involved in apoptotic process;
innate immune response; positive regulation of
antibacterial peptide biosynthetic process
maturation of SSU-rRNA from tricistronic rRNA transcript
FBgn0023527 CG3071 Moderate Moderate snoRNA binding (SSU-rRNA, 5.8S rRNA, LSU-rRNA); positive regulation
of transcription by RNA polymerase I; rRNA processing
FBgn0023531 CG32809 Low Very Low not known not known
FBgn0023542 Nmd3 Moderate Moderate ribosomal large subunit binding ribosomal large subunit export from nucleus
FBgn0025626 CG4281 Moderate Moderate not known not known
FBgn0025640 CG13369 Moderate High ribokinase activity D-ribose metabolic process
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Table A.4 (continued).

actin filament bundle assembly; axon extension; axon
guidance; muscle thin filament assembly; mushroom body
development; open tracheal system development; positive

regulation of actin filament polymerization; positive

FBgn0025641 DAAM Moderate Low actin binding; Rho GTPase binding - - - R -
regulation of filopodium assembly; positive regulation of
sarcomere organization; regulation of axonogenesis;
regulation of filopodium assembly; regulation of tube
architecture, open tracheal system
FBgn0027334 1(1)G0004 Moderate Moderate RNA binding not known
FBgn0027903 CG12018/Pol31 Moderate Low DNA binding DNA strand elongation involved in DNA replication
eggshell chorion gene amplification; embryonic
. . N - R development via the syncytial blastoderm; endomitotic cell
FBgn0028360 Cdc7 Very High Low hIZti%r:j?nkl'naigtz(i:;l\sl:etr%rlSIrt%tggnli(r:r;ali?nigz\ggi’\/ﬁJp cycle; histone phosphorylation; positive regulation of DNA
gp replication; double-strand break repair via break-induced
replication; peptidyl-serine phosphorylation
FBgn0029525 CG18273 Moderate Moderate not known not known
microtubule severing; mitotic sister chromatid segregation;
microtubule-severing ATPase activity; ATP binding; regulation of microtubule depolumerization; response to
FBgn0031519 CG3326/Fign Low Very Low ATPase activity; hydrolase activity; magnesium ion wounding; ATP metabolic process; cytoplasmic
binding; microtubule-severing; magnesium ion binding microtubule organization; regulation of double-strand
break repaid via homologous recomnination
FBgn0034025 Pgantl Moderate Moderate polypeptide N-acetylgalactosaminyltransferase activity oligosaccharide biosynthetic process
FBgn0034491 Hsl Moderate Low lipase activity triglyceride mobll_lzgtlon; cho_lesterol metabolic process;
lipid catabolic process
FBgn0034498 CG16868 Moderate Low not known voltage-gated calcium channel activity
FBgn0034724 babos Moderate Low not known regulation of dendrite morphogenesis
FBgn0034734 CG4554 Low Low not known not known
FBgn0035252 CG7970 Moderate Moderate not known not known
FBgn0035253 CG7971 Low Low not known mRNA splicing, via spliceosome; RNA splicing
FBgn0035270 CG13933 Moderate Low not known intracellular signal transduction
FBgn0035440 CG14969 Moderate Moderate not known not known
FBgn0035981 CG4452 Moderate Moderate not known not known
chromatin remodeling; eye development; haltere
FBgn0040066 wds Moderate Low protein binding; histone binding development; heart development, histone acetylation;

histone H3-K4 methylation; positive regulation of
proteasomal ubiquitin-dependent protein catabolic process
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Table A.4 (continued).

mitotic cell cycle; negative regulation of neuroblast
proliferation; regulation of transcription from RNA

FBgn0040339 MED22 Moderate Moderate protein binding; transcription coregulator activity . . ..
polymerase 11 promoter involved in spermatogenesis;
regulation of transcription by RNA polymerase 11
FBgn0040340 TRAM Moderate Very High not known SRP-dependent cotranslational protein targeting to
membrane, translocation
FBgn0040344 Lztrl Moderate Moderate not known negative regulation of Ras protein signal transduction
FBgn0040346 CG3704 Moderate Moderate GTPase activity not known
ecdysone receptor-mediated signaling pathway;
habituation; histone H3-K9 methylation; instar larval or
histone-lysine N-methyltransferase activity; zinc ion pupal development, larval locomotory behavior, long-term
FBgn0040372 G9a Moderate Low Y )kgindin Y memory; positive regulation of dendrite morphogenesis;
9 positive regulation of histone H3-K9 dimethylation;
regulation of defense response to virus; regulation of gene
expression; short-term memory; wing disc development
FBgn0040375 CG13760 Low Low not known not known
FBgn0040383 CG5254 Low Moderate not known not known
compound eye development; compound eye photoreceptor
. I . R cell differentiation; cuticle pattern formation; maintenance
FBgn0040388 boi Moderate Very Low coreceptor activity; hedgehog family protein binding of protein location in extracellular region; smoothened
signaling pathway; wing disc pattern formation
FBgn0040900 CG17777 Low Very Low not known not known
egg activation; female meiotic nuclear division; long-term
protin binding; clcium-dependent protin itochoneron argaizaton:afactony leaming: eguiatio
FBgn0086370 sra Moderate Moderate serine/threonine phosphatase regulator activity; nucleic £ calcineuri g C I ry . g’I ) £
acid binding of cal cmeur_m_—NFAT signaling cascade; regulation o
female receptivity; regulation of female receptivity, post-
mating; sleep
FBgn0270924 zf30c High Moderate nucleic acid binding not known
FBgn0286831 sov Not Known Not Known nucleic acid binding regulation of gene expression
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Table A.5 Productivity was assessed over four weeks for O females crossed to O males, O females

crossed to B males, B females crossed to O males, and B females crossed to B males. Thus, there are two

maternal genotypes and four zygotic genotypes. (A) Full ANOVA model. (B) Reduced ANOVA models

by week. (C) Tukey tests.

A. Full ANOVA Model

Source DF SS MS F Ratio | Prob>F
Female Genotype 1 13.5336 13.5336 0.2063 0.6498
Male Genotype 1 102.7871 102.7871 | 1.5671 0.2109
Week 3 2892.3056 964.1019 | 14.6984 <.0001
Week*Female 3 2622.4866 874.1622 | 13.3272 <.0001
Week*Male 3 721.7916 240.5972 | 3.6681 0.0120
Female*Male 1 407.8214 407.8214 | 6.2175 0.0128
Week*Female*Male 3 121.0060 40.3353 0.6149 0.6054

Error 1073 | 70380.3610 65.5920
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Table A.5a

B. ANOVA Models by Week

Week Source DF SS MS F Ratio | Prob > F

Female Genotype 1 13.5336 13.5336 0.5564 0.4564
1 Male Genotype 1 102.7871 102.7871 | 4.2255 0.0408
Female*Male 1 407.8214 407.8214 | 16.7651 | <.0001

Error 264 | 6421.9463 24.3260
Female Genotype 1 366.7049 366.7049 | 7.6429 0.0061
9 Male Genotype 1 109.6132 109.6131 | 2.2846 0.1318
Female*Male 1 69.2217 69.2217 1.4427 0.2307

Error 274 | 13146.5050 47.9800
Female Genotype 1 1860.4824 | 1860.4820 | 17.5883 | <.0001
3 Male Genotype 1 301.6021 301.6020 | 2.8512 0.0925
Female*Male 1 399.9884 399.9880 | 3.7813 0.0529

Error 270 | 28560.4770 | 105.7800
Female Genotype 1 5081.5298 | 5081.5300 | 60.5177 | <.0001
4 Male Genotype 1 656.2723 656.2720 | 7.8158 0.0056
Female*Male 1 104.3286 104.3290 | 1.2425 0.2660

Error 265 | 22251.4320 83.9700
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Table A.5b

C. Tukey Tests

Week | Genotype Least Squares Mean Std Error Tukey Test
B19*B1J 14.9636 0.6165 B
1 B19*014 16.1930 0.5938 AB
019*B1J 17.8823 0.6118 A
019*014 14.1739 0.5895 B
B19*B1J 13.6472 0.8339 B
9 B19*01J 15.9021 0.8400 AB
019*B1d 16.9437 0.8400 A
0192*01J4 17.2016 0.8107 A
B19*B1J 16.7937 1.2565 B
3 B192*01J 17.1119 1.2565 B
019*B1J 24.4236 1.2293 A
0192*014 19.9077 1.2293 B
B19*B1J 12.2786 1.1195 C
4 B19*014 10.3978 1.1638 C
019*B1J 22.2295 1.1031 A
019*014 17.8545 1.0875 B
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Table A.6 Analyses of variance (ANOVAs) of lifespan for Ubil56-GAL4 x UAS RNAI and Ubil56-

GAL4 x control F1 flies. (A) Full ANOVA models. (B) Reduced ANOVA models by sex. (C) Effect and

p-Value summaries.

A. Full Model ANOVAs

Gene Source DF SS MS F Ratio | Prob>F

capu Genotype 17256.8810 17256.8800 | 71.1726 <.0001
Sex 17904.2680 17904.2700 | 73.8426 <.0001
Genotype*Sex 13008.9490 13008.9500 | 53.6528 <.0001
Rep[Genotype] 93 31484.1770 338.5400 1.3962 0.0170
Rep*Sex[Genotype] 93 37045.6670 398.3400 1.6429 0.0007

Error 356 | 86317.6700 242.4650
CG2924 Genotype 124.8180 124.8180 0.6858 0.4081
Sex 2279.1360 2279.1360 12.5234 0.0005
Genotype*Sex 792.0920 792.0920 4.3524 0.0377
Rep[Genotype] 91 22404.1330 246.1990 1.3528 0.0288
Rep*Sex[Genotype] 91 33885.4630 372.3680 2.0461 <.0001

Error 351 | 63878.6700 181.9910
CG3071 Genotype 660.0040 660.0040 3.8723 0.0499
Sex 284.3050 284.3050 1.6680 0.1974
Genotype*Sex 1333.9050 1333.9050 7.8261 0.0054
Rep[Genotype] 92 19182.0000 208.5000 1.2233 0.1017
Rep*Sex[Genotype] 92 36327.7760 394.8670 2.3167 <.0001

Error 353 | 60166.1700 170.4420
CG3630 Genotype 96.1030 96.1032 0.5499 0.4588
Sex 331.6890 331.6890 1.8980 0.1692
Genotype*Sex 2.0590 2.0591 0.0118 0.9136
Rep[Genotype] 91 23490.2960 258.1351 1.4771 0.0069
Rep*Sex[Genotype] 91 29126.1750 320.0679 1.8315 <.0001

Error 353 | 61689.1700 174.7570
CG3704 Genotype 26220.0820 | 26220.0800 | 137.7239 <.0001
Sex 3546.5130 3546.5100 18.6285 <.0001
Genotype*Sex 1.7100 1.7100 0.0090 0.9246
Rep[Genotype] 93 24559.0910 264.0800 1.3871 0.0192
Rep*Sex[Genotype] 93 31337.2590 336.9600 1.7699 0.0001

Error 346 | 65872.0000 190.3820
csSwW Genotype 1 604.2690 604.2700 2.7656 0.0972
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Table A.6 (continued).

Sex 10769.9610 10769.9600 | 49.2913 <.0001
Genotype*Sex 2124.9620 2124.9600 9.7254 0.0020
Rep[Genotype] 93 24351.9830 261.8500 1.1984 0.1269
Rep*Sex[Genotype] 93 32437.4460 348.7900 1.5963 0.0015

Error 338 | 73851.6700 218.4960
CycE Genotype 9471.3790 9471.3790 47.6310 <.0001
Sex 1230.5230 1230.5230 6.1882 0.0134
Genotype*Sex 689.5770 689.5770 3.4678 0.0635
Rep[Genotype] 90 21339.7540 237.1080 1.1924 0.1380
Rep*Sex[Genotype] 90 27469.8420 305.2200 1.5349 0.0039

Error 319 | 63432.8300 198.8490
DAAM Genotype 9046.1740 9046.1740 55.9935 <.0001
Sex 662.8350 662.8350 4.1028 0.0435
Genotype*Sex 33.6530 33.6530 0.2083 0.6484
Rep[Genotype] 93 24444.0650 262.8390 1.6269 0.0009
Rep*Sex[Genotype] 93 31139.8860 334.8370 2.0726 <.0001

Error 364 | 58807.0000 161.5580
dnc Genotype 1925.4050 1925.4100 9.8962 0.0018
Sex 13548.5130 13548.5100 | 69.6367 <.0001
Genotype*Sex 9340.8420 9340.8400 48.0101 <.0001
Rep[Genotype] 93 26393.2230 283.8000 1.4587 0.0081
Rep*Sex[Genotype] 93 44841.8670 482.1700 2.4783 <.0001

Error 356 | 69263.3300 194.5600
Eip75B Genotype 131.5740 131.5700 0.6597 0.4172
Sex 12978.3050 12978.3100 | 65.0746 <.0001
Genotype*Sex 2452.0680 2452.0700 12.2949 0.0005
Rep[Genotype] 92 27223.8140 295.9100 1.4837 0.0064
Rep*Sex[Genotype] 92 28632.9330 311.2300 1.5605 0.0024

Error 341 | 68008.1700 199.4370
fz2 Genotype 100.6750 100.6750 0.4167 0.5190
Sex 2910.2050 2910.2050 12.0466 0.0006
Genotype*Sex 1183.8430 1183.8430 4.9005 0.0275
Rep[Genotype] 92 22833.8170 248.1940 1.0274 0.4225
Rep*Sex[Genotype] 92 43444.7390 472.2250 1.9548 <.0001

Error 350 | 84552.3300 241.5780
Lar Genotype 580.0660 580.0660 2.8288 0.0935
Sex 7423.6290 7423.6290 36.2030 <.0001
Genotype*Sex 821.4560 821.4560 4.0060 0.0461
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Table A.6 (continued).

Rep[Genotype] 91 24313.3670 267.1800 1.3030 0.0491
Rep*Sex[Genotype] 91 33038.2190 363.0570 1.7705 0.0001

Error 337 | 69103.6700 205.0550
Mad Genotype 130.0920 130.0920 0.5104 0.4755
Sex 8593.6630 8593.6630 33.7158 <.0001
Genotype*Sex 1275.0830 1275.0830 5.0026 0.0260
Rep[Genotype] 90 30573.3960 339.7040 1.3328 0.0372
Rep*Sex[Genotype] 90 32016.0850 355.7340 1.3957 0.0191

Error 331 | 84367.0000 254.8850
Mam Genotype 830.6670 830.6670 5.9106 0.0156
Sex 1739.2760 1739.2760 12.3758 0.0005
Genotype*Sex 1075.6430 1075.6430 7.6537 0.0060
Rep[Genotype] 91 17501.3920 192.3230 1.3685 0.0254
Rep*Sex[Genotype] 91 20200.9530 221.9880 1.5796 0.0021

Error 326 | 45815.6670 140.5390
MED22 Genotype 8323.2130 8323.2130 26.4446 <.0001
Sex 58.3210 58.3210 0.1853 0.6671
Genotype*Sex 2546.7860 2546.7860 8.0917 0.0047
Rep[Genotype] 93 28505.3350 306.5090 0.9738 0.5509
Rep*Sex[Genotype] 93 64770.3360 696.4550 2.2128 <.0001

Error 344 | 108271.1700 314.7420
msn Genotype 36.4310 36.4305 0.1434 0.7052
Sex 470.5810 470.5814 1.8518 0.1744
Genotype*Sex 4.4450 4.4451 0.0175 0.8949
Rep[Genotype] 93 28027.9070 301.3753 1.1860 0.1396
Rep*Sex[Genotype] 93 38031.1260 408.9368 1.6092 0.0012

Error 353 | 89704.3300 254.1200
Nmd3 Genotype 953.2280 953.2300 4.8784 0.0278
Sex 10391.0550 | 10391.0600 | 53.1794 <.0001
Genotype*Sex 1915.1880 1915.1900 9.8016 0.0019
Rep[Genotype] 93 24693.8820 265.5300 1.3589 0.0262
Rep*Sex[Genotype] 93 34230.3300 368.0700 1.8837 <.0001

Error 347 | 67802.5000 195.3960
PGD Genotype 13.3520 13.3523 0.0734 0.7867
Sex 90.8270 90.8267 0.4990 0.4804
Genotype*Sex 103.4700 103.4702 0.5684 0.4514
Rep[Genotype] 93 20305.8960 218.3430 1.1995 0.1241
Rep*Sex[Genotype] 93 37608.1330 404.3885 2.2216 <.0001
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Table A.6 (continued).

Error 356 | 64801.8300 182.0280
Ph-p Genotype 3166.6000 3166.6000 13.8932 0.0002
Sex 7272.2890 7272.2890 31.9067 <.0001
Genotype*Sex 784.7080 784.7080 3.4428 0.0644
Rep[Genotype] 92 23590.6770 256.4200 1.1250 0.2278
Rep*Sex[Genotype] 92 36402.8540 395.6830 1.7360 0.0002

Error 335 | 76354.5000 227.9240
piwi Genotype 1395.3590 1395.3590 5.6857 0.0177
Sex 4597.2790 4597.2790 18.7325 <.0001
Genotype*Sex 113.8490 113.8490 0.4639 0.4963
Rep[Genotype] 93 31532.2240 339.0560 1.3815 0.0211
Rep*Sex[Genotype] 93 50482.6930 542.8250 2.2118 <.0001

Error 330 | 80987.8300 245.4180
Pka-C1 Genotype 2440.6040 2440.6040 9.7653 0.0019
Sex 846.9940 846.9940 3.3890 0.0665
Genotype*Sex 773.4160 773.4160 3.0946 0.0795
Rep[Genotype] 92 30216.2330 328.4370 1.3141 0.0439
Rep*Sex[Genotype] 92 35953.2350 390.7960 1.5636 0.0024

Error 328 | 81975.6700 249.9260
sgg Genotype 5100.0890 5100.0890 33.1055 <.0001
Sex 8792.0040 8792.0040 57.0703 <.0001
Genotype*Sex 1239.0040 1239.0040 8.0426 0.0048
Rep[Genotype] 94 20650.7380 219.6890 1.4260 0.0119
Rep*Sex[Genotype] 94 26043.1910 277.0550 1.7984 <.0001

Error 350 | 53919.5000 154.0560
sov Genotype 3869.8300 3869.8300 15.9592 <.0001
Sex 9632.1400 9632.1400 39.7230 <.0001
Genotype*Sex 6141.7680 6141.7680 25.3287 <.0001
Rep[Genotype] 93 29428.0310 316.4300 1.3050 0.0457
Rep*Sex[Genotype] 93 40060.6310 430.7590 1.7765 0.0001

Error 357 | 86566.3300 242.4830
sra Genotype 2329.8560 2329.8560 14.5143 0.0002
Sex 283.6360 283.6360 1.7670 0.1846
Genotype*Sex 1340.6980 1340.6980 8.3521 0.0041
Rep[Genotype] 93 25440.9090 273.5580 1.7042 0.0003
Rep*Sex[Genotype] 93 30349.9860 326.3440 2.0330 <.0001

Error 357 | 57306.1700 160.5210
stl Genotype 1 47.1070 47.1070 0.1632 0.6864
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Table A.6 (continued).

Sex 59.4640 59.4640 0.2061 0.6502
Genotype*Sex 2462.0070 2462.0070 8.5320 0.0037
Rep[Genotype] 90 28398.5700 315.5400 1.0935 0.2854
Rep*Sex[Genotype] 90 33880.4910 376.4500 1.3046 0.0495

Error 329 | 94937.0000 288.5620
trol Genotype 0.3030 0.3030 0.0012 0.9724
Sex 4769.5840 4769.5840 18.8748 <.0001
Genotype*Sex 126.5210 126.5210 0.5007 0.4797
Rep[Genotype] 94 25845.0650 274.9470 1.0881 0.2924
Rep*Sex[Genotype] 94 38050.6210 404.7940 1.6019 0.0013

Error 339 | 85664.0000 252.6960
whb Genotype 148.8030 148.8030 0.8305 0.3628
Sex 93.9900 93.9899 0.5246 0.4694
Genotype*Sex 858.6520 858.6524 4.7921 0.0292
Rep[Genotype] 93 26230.3450 282.0467 1.5741 0.0019
Rep*Sex[Genotype] 93 29455.6150 316.7270 1.7676 0.0001

Error 352 | 63072.0000 179.1820
Xit Genotype 1020.7720 1020.7720 4.8429 0.0284
Sex 1209.4290 1209.4290 5.7380 0.0171
Genotype*Sex 220.7320 220.7320 1.0472 0.3068
Rep[Genotype] 93 22360.0770 240.4310 1.1407 0.1997
Rep*Sex[Genotype] 93 39260.3820 422.1550 2.0029 <.0001

Error 363 | 76511.8300 210.7760
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Table A.6a

B1. Reduced ANOVAs by Sex - Female

Gene Source DF SS MS F Ratio Prob > F

capu Genotype 1 29970.6980 29970.7000 110.3828 <.0001
Rep[Genotype] 93 33349.5770 358.6000 1.3207 0.0580

Error 177 48058.3300 271.5160
CG2924 Genotype 1 145.9200 145.9198 0.6483 0.4218
Rep[Genotype] 91 35884.0930 394.3307 1.7519 0.0008

Error 178 40066.6670 225.0940
CG3071 Genotype 1 1959.8000 1959.8000 11.2805 0.0010
Rep[Genotype] 92 26577.7470 288.8890 1.6628 0.0020

Error 179 31098.3330 173.7340
CG3630 Genotype 1 64.3250 64.3249 0.2899 0.5909
Rep[Genotype] 91 28877.2770 317.3327 1.4303 0.0218

Error 180 39936.8330 221.8710
CG3704 Genotype 1 13015.1790 13015.1800 108.2050 <.0001
Rep[Genotype] 93 17509.6310 188.2800 1.5653 0.0058

Error 174 20929.1670 120.2830
CsSwW Genotype 1 2595.4890 2595.4890 11.0962 0.0011
Rep[Genotype] 93 26199.9030 281.7190 1.2044 0.1465

Error 176 41167.6670 233.9070
CycE Genotype 1 2581.6700 2581.6700 11.0017 0.0011
Rep[Genotype] 90 28523.8540 316.9320 1.3506 0.0487

Error 165 38719.1670 234.6620
DAAM Genotype 1 3988.1590 3988.1590 17.7727 <.0001
Rep[Genotype] 93 39273.4030 422.2950 1.8819 0.0002

Error 182 40840.3330 224.3970
dnc Genotype 1 9826.3350 9826.3350 37.5930 <.0001
Rep[Genotype] 93 46419.2100 499.1310 1.9095 0.0001

Error 177 46265.5000 261.3870
Eip75B Genotype 1 1929.9200 1929.9200 9.9088 0.0019
Rep[Genotype] 92 22369.0140 243.1410 1.2484 0.1056

Error 177 34474.0000 194.7680
fz2 Genotype 1 1017.7180 1017.7180 3.2877 0.0715
Rep[Genotype] 92 34525.9950 375.2830 1.2123 0.1378

Error 180 55719.3330 309.5520
Lar Genotype 1 1443.4810 1443.4810 6.1159 0.0144
Rep[Genotype] 91 22639.4700 248.7850 1.0541 0.3792

Error 175 41303.8330 236.0220
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Table A.6a (continued).

Mad Genotype 1 1145.4070 1145.4070 3.9945 0.0472
Rep[Genotype] 90 34490.2690 383.2250 1.3365 0.0535

Error 171 49033.5000 286.7460
Mam Genotype 1 8.0580 8.0583 0.0529 0.8184
Rep[Genotype] 91 18740.8560 205.9435 1.3515 0.0471

Error 168 25599.3330 152.3770
MED22 Genotype 1 10437.7900 10437.7900 27.9959 <.0001
Rep[Genotype] 93 51171.8030 550.2300 1.4758 0.0137

Error 179 66737.0000 372.8320
msn Genotype 1 34.2240 34.2240 0.1192 0.7303
Rep[Genotype] 93 31707.1610 340.9372 1.1874 0.1641

Error 181 51970.6670 287.1310
Nmd3 Genotype 1 2903.6660 2903.6660 13.7540 0.0003
Rep[Genotype] 93 29079.1340 312.6790 1.4811 0.0129

Error 180 38000.5000 211.1140
PGD Genotype 1 96.5120 96.5122 0.5124 0.4750
Rep[Genotype] 93 29537.2490 317.6048 1.6862 0.0015

Error 181 34091.5000 188.3510
Ph-p Genotype 1 3701.2140 3701.2140 15.0197 0.0002
Rep[Genotype] 92 24944.0330 271.1310 1.1003 0.2931

Error 174 42877.6670 246.4230
piwi Genotype 1 364.3220 364.3220 1.3894 0.2402
Rep[Genotype] 93 39906.5390 429.1026 1.6365 0.0029

Error 169 44314.0000 262.2130
Pka-C1 Genotype 1 240.9350 240.9347 0.8964 0.3451
Rep[Genotype] 92 32949.1440 358.1429 1.3324 0.0545

Error 170 45694.1670 268.7890
sgg Genotype 1 5793.6700 5793.6700 39.8580 <.0001
Rep[Genotype] 94 19797.4570 210.6110 1.4489 0.0176

Error 178 25873.6670 145.3580
sov Genotype 1 9809.4740 9809.4740 28.4080 <.0001
Rep[Genotype] 93 44817.4660 481.9080 1.3956 0.0298

Error 177 61119.3300 345.3070
sra Genotype 1 3629.1190 3629.1190 17.8646 <.0001
Rep[Genotype] 93 29711.2030 319.4750 1.5726 0.0050

Error 180 36566.1670 203.1450
stl Genotype 1 1639.1970 1639.1970 5.0539 0.0259
Rep[Genotype] 90 29679.2460 329.7690 1.0167 0.4568
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Table A.6a (continued).

Error 169 54813.8330 324.3420
trol Genotype 1 72.4640 72.4638 0.2440 0.6219
Rep[Genotype] 94 30056.2510 319.7473 1.0768 0.3339

Error 177 52559.3330 296.9450
whb Genotype 1 882.2620 882.2622 3.9646 0.0480
Rep[Genotype] 93 30070.9350 323.3434 1.4530 0.0170

Error 180 40056.0000 222.5330
Xit Genotype 1 1114.6730 1114.6730 3.9619 0.0480
Rep[Genotype] 93 41487.0300 446.0970 1.5856 0.0042

Error 185 52049.0000 281.3460
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Table A.6b

B2. Reduced ANOVAs by Sex - Male

Gene Source DF SS MS F Ratio | Prob>F

capu Genotype 1 150.5250 150.5249 0.7042 0.4025
Rep[Genotype] 93 34724.3310 373.3799 1.7469 0.0008

Error 179 38259.3330 213.7390
CG2924 Genotype 1 762.9710 762.9713 5.5432 0.0197
Rep[Genotype] 91 20819.4710 228.7854 1.6622 0.0022

Error 173 23812.0000 137.6420
CG3071 Genotype 1 57.9410 57.9414 0.3468 0.5567
Rep[Genotype] 92 28509.3060 309.8838 1.8550 0.0002

Error 174 29067.8330 167.0570
CG3630 Genotype 1 34.3850 34.3850 0.2735 0.6017
Rep[Genotype] 91 23986.4710 263.5876 2.0964 <.0001

Error 173 21752.3330 125.7360
CG3704 Genotype 1 13204.9220 13204.9200 50.5363 <.0001
Rep[Genotype] 93 39498.5820 424.7200 1.6254 0.0031

Error 172 44942.8330 261.2960
csw Genotype 1 223.0590 223.0589 1.1056 0.2946
Rep[Genotype] 93 31554.1180 339.2916 1.6817 0.0019

Error 162 32684.0000 201.7530
CycE Genotype 1 7471.6580 7471.6580 46.5587 <.0001
Rep[Genotype] 90 21381.9060 237.5770 1.4804 0.0165

Error 154 24713.6670 160.4780
DAAM Genotype 1 5091.6680 5091.6680 51.5779 <.0001
Rep[Genotype] 93 16421.2570 176.5730 1.7887 0.0004

Error 182 17966.6670 98.7180
dnc Genotype 1 1399.0460 1399.0460 10.8893 0.0012
Rep[Genotype] 93 24693.4810 265.5210 2.0666 <.0001

Error 179 22997.8330 128.4800
Eip75B Genotype 1 698.4490 698.4494 3.4158 0.0664
Rep[Genotype] 92 33566.2150 364.8502 1.7843 0.0006

Error 164 33534.1670 204.4770
fz2 Genotype 1 288.4620 288.4615 1.7008 0.1939
Rep[Genotype] 92 31446.8600 341.8137 2.0153 <.0001

Error 170 28833.0000 169.6060
Lar Genotype 1 10.1050 10.1051 0.0589 0.8086
Rep[Genotype] 91 35257.0590 387.4402 2.2578 <.0001

Error 162 27799.8330 171.6040
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Table A.6b (continued).

Mad Genotype 1 286.4190 286.4193 1.2970 0.2565
Rep[Genotype] 90 27826.2990 309.1811 1.4001 0.0326

Error 160 35333.5000 220.8340
Mam Genotype 1 1862.5410 1862.5410 14.5566 0.0002
Rep[Genotype] 91 19863.2790 218.2780 1.7059 0.0017

Error 158 20216.3330 127.9510
MED22 Genotype 1 800.3580 800.3581 3.1795 0.0764
Rep[Genotype] 93 42931.2490 461.6263 1.8339 0.0004

Error 165 41534.1670 251.7220
msn Genotype 1 7.4800 7.4805 0.0341 0.8537
Rep[Genotype] 93 34050.1840 366.1310 1.6689 0.0020

Error 172 37733.6670 219.3820
Nmd3 Genotype 1 79.8050 79.8048 0.4472 0.5046
Rep[Genotype] 93 29879.9570 321.2899 1.8004 0.0005

Error 167 29802.0000 178.4550
PGD Genotype 1 21.0390 21.0388 0.1199 0.7296
Rep[Genotype] 93 28688.5450 308.4790 1.7578 0.0007

Error 175 30710.3330 175.4880
Ph-p Genotype 1 383.8370 383.8369 1.8460 0.1762
Rep[Genotype] 92 35358.7310 384.3340 1.8484 0.0003

Error 161 33476.8330 207.9310
piwi Genotype 1 1127.5190 1127.5190 4.9499 0.0275
Rep[Genotype] 93 43176.5650 464.2640 2.0381 <.0001

Error 161 36673.8330 227.7880
Pka-C1 Genotype 1 2887.1430 2887.1430 12.5730 0.0005
Rep[Genotype] 92 33818.0690 367.5880 1.6008 0.0048

Error 158 36281.5000 229.6300
sgg Genotype 1 643.5210 643.5210 3.9466 0.0486
Rep[Genotype] 94 27619.8590 293.8283 1.8020 0.0004

Error 172 28045.8330 163.0570
sov Genotype 1 131.5560 131.5558 0.9306 0.3360
Rep[Genotype] 93 25066.3820 269.5310 1.9065 0.0001

Error 180 25447.0000 141.3720
sra Genotype 1 67.4050 67.4052 0.5753 0.4492
Rep[Genotype] 93 25973.0400 279.2800 2.3834 <.0001

Error 177 20740.0000 117.1750
stl Genotype 1 890.0640 890.0643 3.5493 0.0614
Rep[Genotype] 90 32650.4960 362.7833 1.4467 0.0215
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Table A.6b (continued).

Error 160 40123.1670 250.7700
trol Genotype 1 55.0480 55.0476 0.2694 0.6045
Rep[Genotype] 94 33986.9010 361.5628 1.7693 0.0007

Error 162 33104.6670 204.3500
wb Genotype 1 142.8640 142.8640 1.0676 0.3029
Rep[Genotype] 93 26057.8120 280.1915 2.0939 <.0001

Error 172 23016.0000 133.8140
Xit Genotype 1 143.5970 143.5974 1.0449 0.3081
Rep[Genotype] 93 21328.7050 229.3409 1.6688 0.0018

Error 178 24462.8330 137.4320
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Table A.6¢

C1. Effect and p-Value Summaries - Female

Gene Difference Std Err Dif Lower CL Upper CL p-Value
capu -21.1954 2.0174 -25.1766 -17.2142 <.0001
CG2924 -1.4773 1.8348 -5.0980 2.1434 0.4218
CG3071 5.3972 1.6069 2.2262 8.5682 0.0010
CG3630 0.9756 1.8120 -2.5998 4.5511 0.5909
CG3704 -14.0754 1.3531 -16.7461 -11.4048 <.0001
CSW 6.2544 1.8776 2.5489 9.9598 0.0011
CycE -6.4576 1.9469 -10.3016 -2.6136 0.0011
DAAM 7.6379 1.8118 4.0632 11.2127 <.0001
dnc -12.1364 1.9794 -16.0427 -8.2301 <.0001
Eip75B 5.3830 1.7101 2.0082 8.7577 0.0019
fz2 -3.8794 2.1395 -8.1013 0.3424 0.0715
Lar 4.6822 1.8933 0.9455 8.4188 0.0144
Mad 4.2194 2.1111 0.0521 8.3866 0.0472
Mam 0.3577 1.5554 -2.7130 3.4284 0.8184
MED22 -12.4478 2.3526 -17.0901 -7.8054 <.0001
msn -0.7093 2.0545 -4.7631 3.3445 0.7303
Nmd3 6.5487 1.7658 3.0644 10.0330 0.0003
PGD 1.1970 1.6721 -2.1024 4.4963 0.4750
Ph-p 7.5125 1.9385 3.6866 11.3384 0.0002
piwi -2.3839 2.0225 -6.3765 1.6086 0.2402
Pka-C1 1.9364 2.0453 -2.1011 5.9739 0.3451
sgg 9.2917 1.4718 6.3873 12.1960 <.0001
sov -12.1260 2.2751 -16.6157 -7.6362 <.0001
sra 7.3220 1.7323 3.9037 10.7402 <.0001
stl -5.0688 2.2547 -9.5199 -0.6178 0.0259
trol 1.0417 2.1087 -3.1197 5.2030 0.6219
whb 3.6102 1.8131 0.0325 7.1878 0.0480
Xit -4.0079 2.0136 -7.9804 -0.0354 0.0480
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Table A6.d

C2. Effect and p-Value Summaries - Male

Gene Difference Std Err Dif Lower CL Upper CL p-Value
capu -1.4948 1.7813 -5.0098 2.0202 0.4025
CG2924 3.4221 1.4535 0.5532 6.2910 0.0197
CG3071 -0.9397 1.5956 -4.0890 2.2096 0.5567
CG3630 0.7265 1.3892 -2.0155 3.4685 0.6017
CG3704 -14.3046 2.0122 -18.2764 -10.3328 <.0001
csW -1.9039 1.8107 -5.4795 1.6717 0.2946
CycE -11.2303 1.6458 -14.4816 -7.9789 <.0001
DAAM 8.6302 1.2017 6.2592 11.0012 <.0001
dnc 4.5573 1.3810 1.8321 7.2825 0.0012
Eip75B -3.3582 1.8170 -6.9459 0.2296 0.0664
fz2 2.1277 1.6315 -1.0929 5.3482 0.1939
Lar -0.4063 1.6741 -3.7122 2.8997 0.8086
Mad -2.1765 1.9111 -5.9507 1.5978 0.2565
Mam -5.5438 1.4530 -8.4137 -2.6739 0.0002
MED22 -3.5812 2.0084 -7.5466 0.3842 0.0764
msn -0.3421 1.8524 -3.9983 3.3142 0.8537
Nmd3 -1.1308 1.6910 -4.4694 2.2077 0.5046
PGD -0.5643 1.6297 -3.7806 2.6521 0.7296
Ph-p 2.5189 1.8539 -1.1423 6.1800 0.1762
piwi -4.2904 1.9284 -8.0987 -0.4821 0.0275
Pka-C1 6.9247 1.9529 3.0675 10.7818 0.0005
sgg 3.1563 1.5888 0.0203 6.2922 0.0486
Sov 1.3941 1.4451 -1.4575 4.2456 0.3360
sra 1.0052 1.3253 -1.6102 3.6206 0.4492
stl 3.8370 2.0366 -0.1852 7.8591 0.0614
trol -0.9444 1.8197 -4.5378 2.6489 0.6045
whb -1.4879 1.4400 -4.3302 1.3544 0.3029
Xit -1.4636 1.4318 -4.2891 1.3619 0.3081
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Table A.7 Analyses of variance (ANOVAS) of lifetime productivity for Ubil56-GAL4 x UAS RNAI and

Ubil56-GAL4 x control F1 flies. (A) Full ANOVA models. (B) Effect and p-Value summaries.

A. Full Model ANOVA

Gene Source DF SS MS F Ratio Prob > F

capu Genotype 1 4972.8807 4972.8810 5.8260 0.0228
Error 27 23046.4560 853.5700

CG2924 Genotype 1 8206.0454 8206.0450 8.2676 0.0076
Error 28 27791.3700 992.5500

CG3071 Genotype 1 7063.5593 7063.5590 9.2381 0.0051
Error 28 21409.0740 764.6100

CG3630 Genotype 1 5819.4898 5819.4900 5.3302 0.0286
Error 28 30570.1850 1091.7900

CG3704 Genotype 1 8675.6676 8675.6680 5.7953 0.0229
Error 28 41916.1740 1497.0100

CcswW Genotype 1 929.6333 929.6333 1.0537 0.3134
Error 28 24702.7520 882.2410

CycE Genotype 1 9.2593 9.2593 0.0083 0.9283
Error 28 31407.8370 1121.7100

DAAM Genotype 1 2305.6333 2305.6330 3.5412 0.0703
Error 28 18230.3300 651.0800

dnc Genotype 1 19806.1340 19806.1300 17.2084 0.0003
Error 28 32226.7930 1151.0000

Eip75B Genotype 1 20689.3790 20689.3800 14.1846 0.0008
Error 28 40840.2150 1458.6000

fz2 Genotype 1 20158.8480 20158.8500 16.4875 0.0004
Error 28 34234.8960 1222.7000

Lar Genotype 1 172.8000 172.8000 0.0570 0.8130
Error 28 84813.7520 3029.0600

Mad Genotype 1 585.2083 585.2083 0.5586 0.4611
Error 28 29333.1850 1047.6100

Mam Genotype 1 746.6704 746.6704 1.7249 0.1997
Error 28 12120.7590 432.8840

MED22 Genotype 1 5109.0750 5109.0750 3.1295 0.0878
Error 28 45711.1740 1632.5400

msn Genotype 1 39746.5600 39746.5600 44.3577 <.0001
Error 27 24193.2580 896.0000

Nmd3 Genotype 1 3789.3787 3789.3790 4,1902 0.0501
Error 28 25321.6040 904.3400
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Table A.7 (continued).

Pgd Genotype 1 50.7000 50.7000 0.0517 0.8218
Error 28 27471.5070 981.1250
Ph-p Genotype 1 6680.1815 6680.1810 5.4038 0.0276
Error 28 34613.7850 1236.2100
piwi Genotype 1 22222.4080 22222.4100 12.6613 0.0014
Error 28 49144.0630 1755.1000
Pka-C1 Genotype 1 3199.8898 3199.8900 1.6586 0.2083
Error 28 54019.7300 1929.2800
sgg Genotype 1 9392.8009 9392.8010 10.1463 0.0035
Error 28 25920.5370 925.7300
sov Genotype 1 4758.6009 4758.6010 4.1285 0.0518
Error 28 32273.0700 1152.6100
sra Genotype 1 1667.5593 1667.5590 1.3915 0.2481
Error 28 33553.7190 1198.3500
stl Genotype 1 26.4454 26.4454 0.0188 0.8920
Error 28 39444.1930 1408.7200
trol Genotype 1 965.2232 965.2231 1.0333 0.3181
Error 28 26156.0070 934.1430
wh Genotype 1 1076.0015 1076.0010 1.1392 0.2956
Error 26 24557.4620 944.5200
Xit Genotype 1 0.5787 0.5787 0.0008 0.9783
Error 28 21447.6810 765.9890
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Table A.7a

B. Effects and p-Value Summaries

Gene Difference Std Err Dif Lower CL Upper CL p-Value
capu -26.2056 10.8570 -48.4823 -3.9289 0.0228
CG2924 33.0778 11.5039 9.5131 56.6425 0.0076
CG3071 30.6889 10.0969 10.0063 51.3715 0.0051
CG3630 27.8556 12.0653 3.1408 52.5703 0.0286
CG3704 -34.0111 14.1280 -62.9510 -5.0712 0.0229
CSW 11.1333 10.8458 -11.0834 33.3500 0.3134
CycE 11111 12.2295 -23.9399 26.1621 0.9283
DAAM 17.5333 9.3172 -1.5522 36.6189 0.0703
dnc -51.3889 12.3879 -76.7644 -26.0134 0.0003
Eip75B -52.5222 13.9455 -81.0883 -23.9561 0.0008
fz2 -51.8444 12.7681 -77.9986 -25.6903 0.0004
Lar -4.8000 20.0966 -45.9661 36.3661 0.8130
Mad -8.8333 11.8187 -33.0429 15.3762 0.4611
Mam -9.9778 7.5972 -25.5400 5.5844 0.1997
MED22 -26.1000 14,7537 -56.3216 4.1216 0.0878
msn -74.0865 11.1238 -96.9107 -51.2623 <.0001
Nmd3 22.4778 10.9809 -0.0155 44.9710 0.0501
PGD 2.6000 11.4375 -20.8287 26.0287 0.8218
Ph-p -29.8444 12.8385 -56.1430 -3.5459 0.0276
piwi -54.4333 15.2977 -85.7692 -23.0974 0.0014
Pka-C1 20.6556 16.0386 -12.1980 53.5092 0.2083
sgg -35.3889 11.1100 -58.1466 -12.6312 0.0035
sov -25.1889 12.3968 -50.5826 0.2049 0.0518
sra -14.9111 12.6404 -40.8038 10.9816 0.2481
stl 1.8778 13.7051 -26.1958 29.9514 0.8920
trol -11.3444 11.1603 -34.2053 11.5164 0.3181
whb -12.4299 11.6457 -36.3681 11.5082 0.2956
xit 0.2778 10.1060 -20.4235 20.9790 0.9783
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Table A.8 Analyses of variance (ANOVAs) of weekly productivity for Ubi1l56-GAL4 x UAS RNAI and

Ubil56-GAL4 x control F1 flies. (A) Full ANOVA models. (B) Reduced ANOVA models by week. (C)

Effect and p-Value summaries.

A. Full Model ANOVA

Gene Source DF SS MS F Ratio Prob > F

capu Genotype 1 0.0930 0.0930 0.0020 0.9642
Week 9 53785.2960 5976.1440 130.0237 <.0001
Genotype*Week 9 962.1820 106.9090 2.3260 0.0154

Error 280 12869.3440 45.9600
CG2924 Genotype 1 11.6150 11.6150 0.2657 0.6066
Week 9 55245.8390 6138.4270 140.4410 <.0001
Genotype*Week 9 258.9350 28.7710 0.6582 0.7464

Error 280 12238.3040 43.7100
CG3071 Genotype 1 11.6150 11.6150 0.3098 0.5783
Week 9 59638.7290 6626.5250 176.7289 <.0001
Genotype*Week 9 775.5510 86.1720 2.2982 0.0167

Error 280 10498.7220 37.5000
CG3630 Genotype 1 15.1700 15.1700 0.3499 0.5547
Week 9 53642.4480 5960.2720 137.4580 <.0001
Genotype*Week 9 334.8800 37.2090 0.8581 0.5633

Error 280 12140.9930 43.3600
CG3704 Genotype 1 298.7260 298.7260 6.2859 0.0127
Week 9 40544.0030 4504.8890 94.7931 <.0001
Genotype*Week 9 1155.6700 128.4080 2.7020 0.0050

Error 280 13306.5480 47.5200
csw Genotype 1 40.8330 40.8330 0.8319 0.3625
Week 9 40696.0840 4521.7870 92.1256 <.0001
Genotype*Week 9 285.2830 31.6980 0.6458 0.7574

Error 280 13743.2040 49.0800
CycE Genotype 1 264.6000 264.6000 2.9348 0.0877
Week 6 61020.8260 10170.1400 112.8024 <.0001
Genotype*Week 6 687.0600 114.5100 1.2701 0.2707

Error 316 28490.2160 90.1600
DAAM Genotype 1 5.3480 5.3480 0.1494 0.6994
Week 9 48468.0130 5385.3350 150.4760 <.0001
Genotype*Week 9 557.4340 61.9370 1.7306 0.0819

Error 280 10020.8260 35.7900
dnc Genotype 1 0.0930 0.0930 0.0022 0.9623
Week 9 35563.6950 3951.5220 95.5306 <.0001
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Table A.8 (continued).

Genotype*Week 9 1237.1850 137.4650 3.3233 0.0007

Error 280 11581.8960 41.3600
Eip75B Genotype 1 797.3930 797.3930 12.6990 0.0004
Week 9 28147.7680 3127.5300 49.8080 <.0001
Genotype*Week 9 1075.1630 119.4630 1.9025 0.0515

Error 280 17581.6890 62.7900
fz2 Genotype 1 0.7260 0.7260 0.0155 0.9011
Week 9 41261.2060 4584.5780 97.6556 <.0001
Genotype*Week 9 1105.9540 122.8840 2.6175 0.0064

Error 280 13144.9960 46.9500
Lar Genotype 1 23.1150 23.1150 0.3447 0.5576
Week 9 34759.8360 3862.2040 57.5910 <.0001
Genotype*Week 9 462.5630 51.3960 0.7664 0.6477

Error 280 18777.5370 67.0600
Mad Genotype 1 17.1260 17.1260 0.3514 0.5538
Week 9 36070.6950 4007.8550 82.2294 <.0001
Genotype*Week 9 715.3600 79.4840 1.6308 0.1062

Error 280 13647.1740 48.7400
Mam Genotype 1 5.2290 5.2290 0.1489 0.6998
Week 6 55569.4350 9261.5720 263.8212 <.0001
Genotype*Week 6 325.7380 54.2900 1.5465 0.1625

Error 316 11093.3360 35.1100
MED22 Genotype 1 15.1700 15.1700 0.2359 0.6276
Week 9 41324.5650 4591.6180 71.3978 <.0001
Genotype*Week 9 863.3610 95.9290 1.4917 0.1505

Error 280 18006.9070 64.3100
msn Genotype 1 69.5150 69.5150 1.8246 0.1779
Week 9 43730.7220 4858.9690 127.5349 <.0001
Genotype*Week 9 1906.1500 211.7940 5.5590 <.0001

Error 280 10667.7560 38.1000
Nmd3 Genotype 1 66.5040 66.5040 1.4592 0.2281
Week 9 37762.6930 4195.8550 92.0625 <.0001
Genotype*Week 9 723.8040 80.4230 1.7646 0.0748

Error 280 12761.3190 45.5800
PGD Genotype 1 13.5560 13.5560 0.3562 0.5511
Week 9 52744.1700 5860.4630 153.9686 <.0001
Genotype*Week 9 247.0970 27.4550 0.7213 0.6893

Error 280 10657.5590 38.0600
Ph-p Genotype 1 1.0700 1.0700 0.0221 0.8818
Week 9 30763.7460 3418.1940 70.6843 <.0001
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Table A.8 (continued).

Genotype*Week 9 723.9230 80.4360 1.6633 0.0976

Error 280 13540.4000 48.3600
piwi Genotype 1 16.1330 16.1330 0.2402 0.6244
Week 9 32378.1800 3597.5760 53.5684 <.0001
Genotype*Week 9 1167.6610 129.7400 1.9318 0.0475

Error 280 18804.3810 67.1600
Pka-C1 Genotype 1 130.9040 130.9040 1.8589 0.1738
Week 9 39233.9980 4359.3330 61.9043 <.0001
Genotype*Week 9 315.9800 35.1090 0.4986 0.8750

Error 280 19717.7330 70.4200
sgg Genotype 1 548.9810 548.9810 15.8905 <.0001
Week 9 27667.9490 3074.2170 88.9845 <.0001
Genotype*Week 9 1403.5280 155.9480 4.5140 <.0001

Error 280 9673.3810 34.5500
SOV Genotype 1 0.4480 0.4480 0.0091 0.9241
Week 9 47719.6190 5302.1800 107.4408 <.0001
Genotype*Week 9 377.0180 41.8910 0.8489 0.5717

Error 280 13817.9440 49.3500
sra Genotype 1 140.8330 140.8330 3.5484 0.0606
Week 9 46384.9580 5153.8840 129.8551 <.0001
Genotype*Week 9 548.0170 60.8910 1.5342 0.1355

Error 280 11113.0590 39.6900
stl Genotype 1 0.4480 0.4480 0.0094 0.9228
Week 9 41004.7720 4556.0860 95.6241 <.0001
Genotype*Week 9 282.8800 31.4310 0.6597 0.7451

Error 280 13340.8220 47.6500
trol Genotype 1 82.2260 82.2260 2.0758 0.1508
Week 9 37408.4400 4156.4930 104.9307 <.0001
Genotype*Week 9 440.5630 48.9510 1.2358 0.2728

Error 280 11091.3070 39.6100
wh Genotype 1 135.1150 135.1150 3.8124 0.0519
Week 9 45690.8170 5076.7570 143.2454 <.0001
Genotype*Week 9 438.5450 48.7270 1.3749 0.1991

Error 280 9923.4780 35.4400
Xit Genotype 1 66.5040 66.5040 1.8681 0.1728
Week 9 51173.9730 5685.9970 159.7195 <.0001
Genotype*Week 9 400.4530 44.4950 1.2499 0.2645

Error 280 9967.9670 35.6000
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Table A.8a

B. Reduced ANOVA by Week

Gene Week Source DF SS MS F Ratio Prob > F
capu 1 Genotype 1 0.0926 0.0926 0.0064 0.9370
Error 28 407.5370 14.5549
2 Genotype 1 32.3787 32.3787 0.8367 0.3681

Error 28 1083.4926 38.6962
3 Genotype 1 13.7815 13.7815 0.4414 0.5119
Error 28 874.2519 31.2233
4 Genotype 1 35.9343 35.9343 0.5250 0.4747
Error 28 1916.6296 68.4511
5 Genotype 1 60.2083 60.2083 0.7810 0.3844
Error 28 2158.5778 77.0921
6 Genotype 1 181.7120 181.7120 1.6617 0.2079
Error 28 3061.8259 109.3510
7 Genotype 1 733.4259 733.4259 14.0060 0.0008
Error 28 1466.2185 52.3650
8 Genotype 1 350.2083 350.2083 5.3505 0.0283
Error 28 1832.6889 65.4530
9 Genotype 1 16.1333 16.1333 6.6312 0.0156
Error 28 68.1222 2.4329
CG2924 1 Genotype 1 11.6148 11.6148 1.3507 0.2550
Error 28 240.7704 8.5989
2 Genotype 1 207.1565 207.1565 7.6268 0.0100
Error 28 760.5296 27.1620
3 Genotype 1 250.3704 250.3704 5.7707 0.0232
Error 28 1214.8148 43.3860
4 Genotype 1 139.3926 139.3926 2.4596 0.1280
Error 28 1586.8519 56.6730
5 Genotype 1 67.0009 67.0009 1.0148 0.3224
Error 28 1848.5926 66.0212
6 Genotype 1 155.6482 155.6481 1.8885 0.1803
Error 28 2307.6852 82.4170
7 Genotype 1 170.4083 170.4083 2.4820 0.1264
Error 28 1922.4074 68.6570
8 Genotype 1 38.1565 38.1565 0.5013 0.4848
Error 28 2131.0481 76.1089
9 Genotype 1 15.1704 15.1704 1.8828 0.1809
Error 28 225.6037 8.0573
CG3071 1 Genotype 1 11.6148 11.6148 1.1685 0.2889
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Table A.8a (continued).

Error 28 278.3259 9.9402
2 Genotype 1 90.7120 90.7120 2.6040 0.1178
Error 28 975.3815 34.8351
3 Genotype 1 328.9037 328.9037 12.6250 0.0014
Error 28 729.4519 26.0520
4 Genotype 1 213.3333 213.3333 5.9247 0.0216
Error 28 1008.2074 36.0070
5 Genotype 1 683.2232 683.2231 9.9227 0.0039
Error 28 1927.9259 68.8540
6 Genotype 1 112.7787 112.7787 1.9758 0.1708
Error 28 1598.2481 57.0800
7 Genotype 1 29.3370 29.3370 0.3765 0.5444
Error 28 2181.6852 77.9173
8 Genotype 1 11.8231 11.8232 0.2018 0.6567
Error 28 1640.1593 58.5771
9 Genotype 1 0.1815 0.1815 0.0319 0.8596
Error 28 159.3370 5.6906
CG3630 1 Genotype 1 15.1704 15.1704 1.1781 0.2870
Error 28 360.5482 12.8767
2 Genotype 1 86.7000 86.7000 3.5764 0.0690
Error 28 678.7852 24.2423
3 Genotype 1 183.3565 183.3565 5.4969 0.0264
Error 28 933.9815 33.3560
4 Genotype 1 17.8898 17.8898 0.3934 0.5356
Error 28 1273.2630 45.4737
5 Genotype 1 299.7787 299.7787 3.4391 0.0742
Error 28 2440.7037 87.1680
6 Genotype 1 116.0333 116.0333 1.3206 0.2602
Error 28 2460.1741 87.8630
7 Genotype 1 1.7926 1.7926 0.0294 0.8651
Error 28 1708.1185 61.0042
8 Genotype 1 146.6704 146.6704 2.0428 0.1640
Error 28 2010.3259 71.7970
9 Genotype 1 20.5565 20.5565 2.0923 0.1591
Error 28 275.0926 9.8247
CG3704 1 Genotype 1 298.7259 298.7259 5.9862 0.0210
Error 28 1397.2593 49.9020
2 Genotype 1 40.8333 40.8333 0.2952 0.5912
Error 28 3872.5778 138.3060
3 Genotype 1 32.3787 32.3787 0.5905 0.4487
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Table A.8a (continued).

Error 28 1535.4037 54.8358
4 Genotype 1 0.3343 0.3343 0.0056 0.9407
Error 28 1660.0185 59.2864
5 Genotype 1 50.2676 50.2676 0.6970 0.4109
Error 28 2019.4370 72.1228
6 Genotype 1 185.0083 185.0083 4.6270 0.0402
Error 28 1119.5741 39.9850
7 Genotype 1 1106.1565 1106.1560 26.4987 <.0001
Error 28 1168.8259 41.7400
8 Genotype 1 287.2676 287.2676 17.7034 0.0002
Error 28 454.3482 16.2270
9 Genotype 1 21.6750 21.6750 7.7029 0.0097
Error 28 78.7889 2.8139
10 Genotype 1 0.0231 0.0231 2.0588 0.1624
Error 28 0.3148 0.0112
CSW 1 Genotype 1 40.8333 40.8333 1.1401 0.2947
Error 28 1002.8000 35.8143
2 Genotype 1 28.6815 28.6815 0.2067 0.6529
Error 28 3885.3926 138.7640
3 Genotype 1 124.0333 124.0333 7.1486 0.0124
Error 28 485.8222 17.3510
4 Genotype 1 0.0454 0.0454 0.0009 0.9763
Error 28 1417.7741 50.6348
5 Genotype 1 5.7787 5.7787 0.0962 0.7588
Error 28 1682.3037 60.0823
6 Genotype 1 148.1482 148.1481 2.8171 0.1044
Error 28 1472.5037 52.5890
7 Genotype 1 30.6704 30.6704 0.3415 0.5637
Error 28 2514.8259 89.8152
8 Genotype 1 0.1333 0.1333 0.0036 0.9526
Error 28 1039.1630 37.1130
9 Genotype 1 0.0333 0.0333 0.0039 0.9504
Error 28 237.2222 8.4722
10 Genotype 1 0.0750 0.0750 0.3892 0.5378
Error 28 5.3963 0.1927
CycE 1 Genotype 1 264.6000 264.6000 1.4768 0.2292
Error 58 10391.9110 179.1710
2 Genotype 1 216.0083 216.0083 1.7567 0.1957
Error 28 3442.8630 122.9590
3 Genotype 1 38.9352 38.9352 0.2688 0.6061
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Table A.8a (continued).

Error 58 8402.5926 144.8720

4 Genotype 1 137.5116 137.5116 1.5218 0.2223
Error 58 5240.9380 90.3610

5 Genotype 1 24.9689 24.9689 1.6924 0.1995
Error 48 708.1667 14.7535

6 Genotype 1 5.8778 5.8778 0.7353 0.3965

Error 38 303.7444 7.9933
DAAM 1 Genotype 1 5.3481 5.3481 0.7065 0.4077
Error 28 211.9704 7.5704

2 Genotype 1 16.8750 16.8750 0.8568 0.3625
Error 28 551.4630 19.6951

3 Genotype 1 8.3565 8.3565 0.3072 0.5838
Error 28 761.7593 27.2057

4 Genotype 1 5.7787 5.7787 0.1446 0.7067
Error 28 1119.3185 39.9757

5 Genotype 1 364.0083 364.0083 5.8367 0.0225
Error 28 1746.2222 62.3650

6 Genotype 1 254.2370 254.2370 4.5892 0.0410
Error 28 1551.1741 55.3990

7 Genotype 1 23.1148 23.1148 0.4948 0.4876
Error 28 1308.0926 46.7176

8 Genotype 1 34.4898 34.4898 0.4389 0.5131
Error 28 2200.2148 78.5791

9 Genotype 1 64.5333 64.5333 3.1667 0.0860
Error 28 570.6111 20.3790

dnc 1 Genotype 1 0.0926 0.0926 0.0061 0.9381
Error 28 422.1482 15.0767

2 Genotype 1 504.3000 504.3000 10.6683 0.0029
Error 28 1323.5852 47.2710

3 Genotype 1 1066.0454 1066.0450 19.8101 0.0001
Error 28 1506.7704 53.8100

4 Genotype 1 522.2232 522.2231 11.0075 0.0025
Error 28 1328.3926 47.4430

5 Genotype 1 680.0454 680.0454 9.2007 0.0052
Error 28 2069.5481 73.9120

6 Genotype 1 174.4037 174.4037 3.3730 0.0769
Error 28 1447.7481 51.7050

7 Genotype 1 259.1120 259.1120 5.2794 0.0293
Error 28 1374.2481 49.0800

8 Genotype 1 32.0333 32.0333 0.4405 0.5123

213




Table A.8a (continued).

Error 28 2036.0000 72.7143
9 Genotype 1 9.6333 9.6333 3.6721 0.0656
Error 28 73.4556 2.6234
Eip75B 1 Genotype 1 797.3926 797.3926 10.5397 0.0030
Error 28 2118.3704 75.6560
2 Genotype 1 832.1333 832.1333 6.3456 0.0178
Error 28 3671.7778 131.1350
3 Genotype 1 355.9259 355.9259 10.6019 0.0030
Error 28 940.0148 33.5720
4 Genotype 1 449.8232 449.8231 7.0941 0.0127
Error 28 1775.4259 63.4080
5 Genotype 1 563.3333 563.3333 10.3146 0.0033
Error 28 1529.2222 54.6150
6 Genotype 1 72.5926 72.5926 0.7836 0.3836
Error 28 2593.8741 92.6384
7 Genotype 1 41.6148 41.6148 0.3429 0.5629
Error 28 3398.4370 121.3730
8 Genotype 1 16.3787 16.3787 0.3124 0.5807
Error 28 1468.1296 52.4332
9 Genotype 1 14.0083 14.0083 4.5544 0.0417
Error 28 86.1222 3.0758
10 Genotype 1 0.0231 0.0231 2.0588 0.1624
Error 28 0.3148 0.0112
fz2 1 Genotype 1 0.7259 0.7259 0.0607 0.8072
Error 28 334.7704 11.9561
2 Genotype 1 466.7593 466.7593 8.6416 0.0065
Error 28 1512.3704 54.0130
3 Genotype 1 469.3926 469.3926 7.5434 0.0104
Error 28 1742.3074 62.2250
4 Genotype 1 569.1259 569.1259 8.7420 0.0063
Error 28 1822.8704 65.1030
5 Genotype 1 115.3787 115.3787 1.1168 0.2996
Error 28 2892.7593 103.3130
6 Genotype 1 72.5926 72.5926 0.8032 0.3778
Error 28 2530.7407 90.3836
7 Genotype 1 999.5565 999.5565 24.4736 <.0001
Error 28 1143.5815 40.8420
8 Genotype 1 394.8232 394.8231 10.4640 0.0031
Error 28 1056.4815 37.7310
9 Genotype 1 5.0704 5.0704 1.3011 0.2637
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Table A.8a (continued).

Error 28 109.1148 3.8970
Lar 1 Genotype 1 23.1148 23.1148 0.3944 0.5351
Error 28 1640.8148 58.6005
2 Genotype 1 24.9037 24.9037 0.1701 0.6832
Error 28 4100.5037 146.4470
3 Genotype 1 51.5704 51.5704 0.7464 0.3950
Error 28 1934.5926 69.0926
4 Genotype 1 272.0037 272.0037 4.4554 0.0439
Error 28 1709.4074 61.0500
5 Genotype 1 16.6259 16.6259 0.2023 0.6563
Error 28 2301.0259 82.1795
6 Genotype 1 67.5000 67.5000 0.8865 0.3545
Error 28 2131.9852 76.1423
7 Genotype 1 0.1333 0.1333 0.0014 0.9709
Error 28 2759.9000 98.5679
8 Genotype 1 11.2037 11.2037 0.1723 0.6812
Error 28 1820.2185 65.0078
9 Genotype 1 5.7787 5.7787 0.6288 0.4345
Error 28 257.3370 9.1906
10 Genotype 1 7.0083 7.0083 1.6117 0.2147
Error 28 121.7519 4.3483
Mad 1 Genotype 1 17.1259 17.1259 0.3881 0.5384
Error 28 1235.7037 44.1323
2 Genotype 1 171.2037 171.2037 1.8731 0.1820
Error 28 2559.1704 91.3990
3 Genotype 1 15.6481 15.6482 0.4532 0.5063
Error 28 966.6815 34.5243
4 Genotype 1 184.1815 184.1815 4.4671 0.0436
Error 28 1154.4630 41.2310
5 Genotype 1 34.8481 34.8482 0.4829 0.4929
Error 28 2020.7481 72.1696
6 Genotype 1 109.5704 109.5704 1.0420 0.3161
Error 28 2944.3741 105.1560
7 Genotype 1 225.9593 225.9593 3.8024 0.0613
Error 28 1663.9148 59.4260
8 Genotype 1 7.0083 7.0083 0.2452 0.6244
Error 28 800.4407 28.5872
9 Genotype 1 9.2593 9.2593 0.8863 0.3545
Error 28 292.5037 10.4466
10 Genotype 1 0.4083 0.4083 1.2463 0.2738
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Table A.8a (continued).

Error 28 9.1741 0.3276
Mam 1 Genotype 1 5.2288 5.2288 0.0597 0.8085
Error 32 2802.5490 87.5797
2 Genotype 1 38.8889 38.8889 1.1976 0.2787
Error 54 1753.5556 32.4733
3 Genotype 1 291.8685 291.8685 7.8277 0.0070
Error 58 2162.6148 37.2860
4 Genotype 1 28.7042 28.7042 0.4771 0.4925
Error 58 3489.3750 60.1616
5 Genotype 1 5.0704 5.0704 0.5065 0.4826
Error 28 280.3148 10.0112
6 Genotype 1 23.8560 23.8560 2.2873 0.1359
Error 58 604.9269 10.4298
MED22 1 Genotype 1 15.1704 15.1704 0.3011 0.5876
Error 28 1410.8148 50.3862
2 Genotype 1 140.8333 140.8333 1.6276 0.2125
Error 28 2422.8000 86.5290
3 Genotype 1 67.0009 67.0009 1.0931 0.3047
Error 28 1716.2481 61.2946
4 Genotype 1 146.6704 146.6704 1.8224 0.1878
Error 28 2253.4963 80.4820
5 Genotype 1 39.2926 39.2926 0.2964 0.5904
Error 28 3711.5259 132.5540
6 Genotype 1 507.0370 507.0370 5.9854 0.0210
Error 28 2371.9481 84.7120
7 Genotype 1 391.2037 391.2037 4.0992 0.0525
Error 28 2672.1481 95.4340
8 Genotype 1 59.2676 59.2676 1.3006 0.2638
Error 28 1275.9630 45.5701
9 Genotype 1 7.3343 7.3343 1.1964 0.2834
Error 28 171.6482 6.1303
10 Genotype 1 0.0231 0.0231 2.0588 0.1624
Error 28 0.3148 0.0112
msn 1 Genotype 1 69.5148 69.5148 6.2347 0.0187
Error 28 312.1926 11.1497
2 Genotype 1 135.1148 135.1148 5.9378 0.0214
Error 28 637.1407 22.7550
3 Genotype 1 216.0083 216.0083 5.6232 0.0248
Error 28 1075.5852 38.4140
4 Genotype 1 594.0750 594.0750 9.0922 0.0054
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Table A.8a (continued).

Error 28 1829.4852 65.3390
5 Genotype 1 1645.2676 1645.2680 15.4472 0.0005
Error 28 2982.2593 106.5100
6 Genotype 1 1346.7000 1346.7000 18.7201 0.0002
Error 28 2014.2852 71.9400
7 Genotype 1 1355.6481 1355.6480 449112 <.0001
Error 28 845.1815 30.1900
8 Genotype 1 556.1343 556.1343 17.2349 0.0003
Error 28 903.5037 32.2680
9 Genotype 1 16.1333 16.1333 6.6312 0.0156
Error 28 68.1222 2.4329
Nmd3 1 Genotype 1 66.5037 66.5037 1.6020 0.2160
Error 28 1162.3259 41.5116
2 Genotype 1 157.1704 157.1704 0.8849 0.3549
Error 28 4973.4370 177.6230
3 Genotype 1 20.8333 20.8333 0.8566 0.3626
Error 28 680.9778 24.3206
4 Genotype 1 174.4037 174.4037 3.9312 0.0573
Error 28 1242.2037 44.3640
5 Genotype 1 435.7370 435.7370 9.4422 0.0047
Error 28 1292.1370 46.1480
6 Genotype 1 161.0083 161.0083 5.7986 0.0229
Error 28 777.4741 27.7670
7 Genotype 1 12.2454 12.2454 0.2500 0.6210
Error 28 1371.4259 48.9795
8 Genotype 1 70.0231 70.0232 1.9655 0.1719
Error 28 997.5519 35.6269
9 Genotype 1 0.4083 0.4083 0.0623 0.8047
Error 28 183.5000 6.5536
10 Genotype 1 4.4083 4.4083 1.5374 0.2253
Error 28 80.2852 2.8673
PGD 1 Genotype 1 13.5565 13.5565 1.4775 0.2343
Error 28 256.9148 9.1755
2 Genotype 1 5.0704 5.0704 0.2662 0.6099
Error 28 533.2852 19.0459
3 Genotype 1 79.4898 79.4898 3.1421 0.0872
Error 28 708.3630 25.2987
4 Genotype 1 10.2083 10.2083 0.2266 0.6378
Error 28 1261.4852 45.0530
5 Genotype 1 109.5704 109.5704 1.3148 0.2612
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Table A.8a (continued).

Error 28 2333.3704 83.3350
6 Genotype 1 23.4083 23.4083 0.3523 0.5576
Error 28 1860.3407 66.4407
7 Genotype 1 4.4083 4.4083 0.0685 0.7955
Error 28 1802.8963 64.3892
8 Genotype 1 3.5593 3.5593 0.0565 0.8139
Error 28 1765.2704 63.0454
9 Genotype 1 0.5333 0.5333 0.1101 0.7425
Error 28 135.6333 4.8441
Ph-p 1 Genotype 1 1.0704 1.0704 0.0256 0.8741
Error 28 1172.9481 41.8910
2 Genotype 1 529.2000 529.2000 4.3144 0.0471
Error 28 3434.4444 122.6590
3 Genotype 1 211.5593 211.5593 7.0425 0.0130
Error 28 841.1259 30.0400
4 Genotype 1 102.0593 102.0593 2.0551 0.1628
Error 28 1390.5185 49.6610
5 Genotype 1 262.0593 262.0593 4.2126 0.0496
Error 28 1741.8259 62.2080
6 Genotype 1 107.6676 107.6676 1.6550 0.2088
Error 28 1821.6148 65.0580
7 Genotype 1 155.6482 155.6481 2.5443 0.1219
Error 28 1712.9259 61.1760
8 Genotype 1 1.8750 1.8750 0.0526 0.8202
Error 28 997.6074 35.6288
9 Genotype 1 20.2815 20.2815 1.3336 0.2579
Error 28 425.8148 15.2077
10 Genotype 1 0.0231 0.0231 0.4118 0.5263
Error 28 1.5741 0.0562
piwi 1 Genotype 1 16.1333 16.1333 0.3127 0.5805
Error 28 1444.8444 51.6016
2 Genotype 1 1024.7259 1024.7260 7.1360 0.0124
Error 28 4020.7704 143.6000
3 Genotype 1 127.4454 127.4454 2.0958 0.1588
Error 28 1702.6481 60.8090
4 Genotype 1 275.0232 275.0231 3.2339 0.0829
Error 28 2381.2185 85.0440
5 Genotype 1 114.0750 114.0750 0.8698 0.3590
Error 28 3672.3778 131.1560
6 Genotype 1 828.6259 828.6259 9.0663 0.0055
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Table A.8a (continued).

Error 28 2559.0963 91.3960
7 Genotype 1 832.1333 832.1333 12.1303 0.0016
Error 28 1920.7889 68.6000
8 Genotype 1 151.8750 151.8750 4.1653 0.0508
Error 28 1020.9407 36.4620
9 Genotype 1 18.9343 18.9343 6.5145 0.0164
Error 28 81.3815 2.9065
10 Genotype 1 0.0231 0.0231 2.0588 0.1624
Error 28 0.3148 0.0112
Pka-C1 1 Genotype 1 130.9037 130.9037 2.7822 0.1065
Error 28 1317.3926 47.0500
2 Genotype 1 38.5333 38.5333 0.2109 0.6496
Error 28 5116.8000 182.7430
3 Genotype 1 61.1565 61.1565 2.0422 0.1641
Error 28 838.5148 29.9470
4 Genotype 1 47.7120 47.7120 1.3851 0.2491
Error 28 964.5148 34.4470
5 Genotype 1 190.0083 190.0083 1.8456 0.1851
Error 28 2882.7333 102.9550
6 Genotype 1 96.6009 96.6009 0.7452 0.3953
Error 28 3629.5185 129.6260
7 Genotype 1 30.6704 30.6704 0.2706 0.6070
Error 28 3173.2148 113.3290
8 Genotype 1 40.0593 40.0593 0.7207 0.4031
Error 28 1556.4037 55.5858
9 Genotype 1 0.3343 0.3343 0.0419 0.8393
Error 28 223.3926 7.9783
10 Genotype 1 0.3343 0.3343 0.6138 0.4399
Error 28 15.2481 0.5446
sgg 1 Genotype 1 548.9815 548.9815 11.3689 0.0022
Error 28 1352.0593 48.2880
2 Genotype 1 1157.3370 1157.3370 14.6136 0.0007
Error 28 2217.4815 79.2000
3 Genotype 1 324.5037 324.5037 9.7942 0.0041
Error 28 927.7037 33.1320
4 Genotype 1 206.2815 206.2815 5.9022 0.0218
Error 28 978.5926 34.9500
5 Genotype 1 58.3343 58.3343 1.4372 0.2406
Error 28 1136.5259 40.5902
6 Genotype 1 5.2083 5.2083 0.1676 0.6853
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Table A.8a (continued).

Error 28 869.9852 31.0709

7 Genotype 1 11.4083 11.4083 0.2566 0.6164
Error 28 1244.9889 44.4639

8 Genotype 1 21.9593 21.9593 0.7290 0.4005
Error 28 843.4704 30.1239

9 Genotype 1 8.1815 8.1815 2.2402 0.1457
Error 28 102.2593 3.6521

10 Genotype 1 0.0231 0.0231 2.0588 0.1624
Error 28 0.3148 0.0112

SOV 1 Genotype 1 0.4481 0.4481 0.0491 0.8262
Error 28 255.4370 9.1228

2 Genotype 1 1.4083 1.4083 0.0409 0.8411
Error 28 963.3963 34.4070

3 Genotype 1 144.4676 144.4676 2.4313 0.1302
Error 28 1663.7593 59.4200

4 Genotype 1 27.3926 27.3926 0.2784 0.6019
Error 28 2754.7593 98.3843

5 Genotype 1 49.4083 49.4083 0.5476 0.4654
Error 28 2526.2222 90.2222

6 Genotype 1 239.8898 239.8898 2.7411 0.1090
Error 28 2450.4148 87.5150

7 Genotype 1 202.8000 202.8000 3.0834 0.0900
Error 28 1841.6074 65.7720

8 Genotype 1 242.7259 242.7259 5.4458 0.0270
Error 28 1247.9926 44,5710

9 Genotype 1 2.7000 2.7000 0.6611 0.4230
Error 28 114.3556 4.0841

sra 1 Genotype 1 140.8333 140.8333 20.8030 <.0001
Error 28 189.5556 6.7700

2 Genotype 1 241.7787 241.7787 9.5490 0.0045
Error 28 708.9519 25.3200

3 Genotype 1 49.4083 49.4083 0.9583 0.3360
Error 28 1443.6185 51.5578

4 Genotype 1 39.2926 39.2926 0.7871 0.3825
Error 28 1397.7630 49.9201

5 Genotype 1 2.6009 2.6009 0.0291 0.8658
Error 28 2505.3815 89.4779

6 Genotype 1 108.9343 108.9343 1.9318 0.1755
Error 28 1578.9370 56.3910

7 Genotype 1 50.2676 50.2676 0.8600 0.3617

220




Table A.8a (continued).

Error 28 1636.6630 58.4522

8 Genotype 1 69.0083 69.0083 1.4042 0.2460
Error 28 1376.0556 49.1448

9 Genotype 1 11.4083 11.4083 1.1568 0.2913
Error 28 276.1333 9.8619

stl 1 Genotype 1 0.4481 0.4481 0.0112 0.9163
Error 28 1117.0370 39.8942

2 Genotype 1 15.6481 15.6482 0.2007 0.6576
Error 28 2183.1704 77.9704

3 Genotype 1 97.8009 97.8009 1.6794 0.2056
Error 28 1630.6259 58.2366

4 Genotype 1 57.8704 57.8704 0.9535 0.3372
Error 28 1699.4037 60.6930

5 Genotype 1 8.7120 8.7120 0.1207 0.7309
Error 28 2021.7704 72.2061

6 Genotype 1 34.4898 34.4898 0.5948 0.4470
Error 28 1623.4815 57.9815

7 Genotype 1 61.6333 61.6333 0.9029 0.3501
Error 28 1911.2889 68.2603

8 Genotype 1 8.8926 8.8926 0.2575 0.6159
Error 28 967.1482 34.5410

9 Genotype 1 0.0593 0.0593 0.0089 0.9254
Error 28 185.6482 6.6303

10 Genotype 1 0.0009 0.0009 0.0208 0.8864
Error 28 1.2481 0.0446

trol 1 Genotype 1 82.2259 82.2259 2.0245 0.1658
Error 28 1137.2593 40.6164

2 Genotype 1 15.1704 15.1704 0.1795 0.6751
Error 28 2366.8148 84.5291

3 Genotype 1 100.8333 100.8333 3.9115 0.0579
Error 28 721.8111 25.7790

4 Genotype 1 9.0750 9.0750 0.1526 0.6990
Error 28 1665.1185 59.4685

5 Genotype 1 96.6009 96.6009 1.8024 0.1902
Error 28 1500.7148 53.5970

6 Genotype 1 15.6481 15.6482 0.4300 0.5173
Error 28 1018.8370 36.3870

7 Genotype 1 189.1704 189.1704 3.3060 0.0797
Error 28 1602.1593 57.2200

8 Genotype 1 24.9037 24.9037 0.8187 0.3733
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Table A.8a (continued).

Error 28 851.7593 30.4200

9 Genotype 1 1.7120 1.7120 0.2649 0.6108
Error 28 180.9926 6.4640

10 Genotype 1 1.5565 1.5565 0.9507 0.3379
Error 28 45.8407 1.6372

wb 1 Genotype 1 135.1148 135.1148 12.0105 0.0017
Error 28 314.9926 11.2500

2 Genotype 1 199.3482 199.3481 6.5058 0.0165
Error 28 857.9704 30.6420

3 Genotype 1 41.2231 41.2232 1.1175 0.2995
Error 28 1032.8407 36.8872

4 Genotype 1 55.1259 55.1259 1.1209 0.2988
Error 28 1377.0370 49.1799

5 Genotype 1 4.0333 4.0333 0.0629 0.8038
Error 28 1795.9667 64.1417

6 Genotype 1 60.2083 60.2083 1.2471 0.2736
Error 28 1351.7963 48.2784

7 Genotype 1 22.8231 22.8232 0.5750 0.4546
Error 28 1111.3704 39.6918

8 Genotype 1 12.8926 12.8926 0.2183 0.6440
Error 28 1653.8704 59.0668

9 Genotype 1 20.8333 20.8333 1.3641 0.2527
Error 28 427.6333 15.2726

Xit 1 Genotype 1 66.5037 66.5037 3.8483 0.0598
Error 28 483.8815 17.2815

2 Genotype 1 3.7926 3.7926 0.1339 0.7171
Error 28 792.7852 28.3138

3 Genotype 1 72.5926 72.5926 3.2064 0.0842
Error 28 633.9259 22.6402

4 Genotype 1 59.7370 59.7370 1.1506 0.2926
Error 28 1453.6852 51.9173

5 Genotype 1 64.0454 64.0454 1.0967 0.3039
Error 28 1635.1037 58.3966

6 Genotype 1 15.1704 15.1704 0.2772 0.6027
Error 28 1532.1963 54.7213

7 Genotype 1 45.6333 45.6333 0.7406 0.3968
Error 28 1725.2963 61.6177

8 Genotype 1 69.0083 69.0083 1.2125 0.2802
Error 28 1593.6111 56.9147

9 Genotype 1 4.2815 4.2815 1.0204 0.3211
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Table A.8a (continued).

| | Emor | 28 | 1174815 4.1958
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Table A.8b

C. Effects and p-Value Summaries

Gene Week Difference Std Err Dif Lower CL Upper CL p-Value
capu 1 -0.1111 1.3931 -2.9647 2.7425 0.9370
2 2.0778 2.2715 -2.5751 6.7306 0.3681

3 1.3556 2.0404 -2.8240 5.5351 0.5119

4 -2.1889 3.0211 -8.3773 3.9995 0.4747

5 -2.8333 3.2061 -9.4007 3.7340 0.3844

6 -4.9222 3.8184 -12.7438 2.8994 0.2079

7 -9.8889 2.6423 -15.3015 -4.4763 0.0008

8 -6.8333 2.9542 -12.8847 -0.7820 0.0283

9 -1.4667 0.5696 -2.6333 -0.3000 0.0156

CG2924 1 1.2444 1.0708 -0.9489 3.4378 0.2550
2 5.2556 1.9030 1.3574 9.1538 0.0100

3 5.7778 2.4052 0.8510 10.7045 0.0232

4 4.3111 2.7489 -1.3198 9.9420 0.1280

5 2.9889 2.9670 -3.0886 9.0664 0.3224

6 4.5556 3.3150 -2.2348 11.3460 0.1803

7 4.7667 3.0256 -1.4310 10.9644 0.1264

8 2.2556 3.1856 -4.2698 8.7809 0.4848

9 1.4222 1.0365 -0.7009 3.5454 0.1809

CG3071 1 -1.2444 1.1512 -3.6027 1.1138 0.2889
2 3.4778 2.1552 -0.9368 7.8924 0.1178

3 6.6222 1.8638 2.8045 10.4400 0.0014

4 5.3333 2.1911 0.8450 9.8216 0.0216

5 9.5444 3.0300 3.3379 15.7510 0.0039

6 3.8778 2.7588 -1.7733 9.5288 0.1708

7 1.9778 3.2232 -4.6246 8.5802 0.5444

8 1.2556 2.7947 -4.4691 6.9802 0.6567

9 -0.1556 0.8711 -1.9398 1.6287 0.8596

CG3630 1 1.4222 1.3103 -1.2618 4.1063 0.2870
2 3.4000 1.7979 -0.2828 7.0828 0.0690

3 4.9444 2.1089 0.6245 9.2644 0.0264

4 1.5444 2.4623 -3.4995 6.5883 0.5356

5 6.3222 3.4092 -0.6611 13.3056 0.0742

6 3.9333 3.4227 -3.0778 10.9445 0.2602

7 -0.4889 2.8520 -6.3309 5.3532 0.8651

8 4.4222 3.0940 -1.9156 10.7600 0.1640

9 1.6556 1.1445 -0.6889 4.0000 0.1591

CG3704 1 -6.3111 2.5795 -11.5949 -1.0273 0.0210
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Table A.8b (continued).

2 -2.3333 4.2943 -11.1298 6.4631 0.5912

3 2.0778 2.7040 -3.4611 7.6166 0.4487

4 0.2111 2.8116 -5.5481 5.9703 0.9407

5 -2.5889 3.1010 -8.9411 3.7633 0.4109

6 -4.9667 2.3090 -9.6964 -0.2370 0.0402

7 -12.1444 2.3592 -16.9771 -7.3118 <.0001

8 -6.1889 1.4709 -9.2019 -3.1759 0.0002

9 -1.7000 0.6125 -2.9547 -0.4453 0.0097

10 -0.0556 0.0387 -0.1349 0.0238 0.1624

CsSwW 1 -2.3333 2.1852 -6.8096 2.1429 0.2947
2 1.9556 4.3014 -6.8554 10.7665 0.6529

3 4.0667 1.5210 0.9510 7.1823 0.0124

4 0.0778 2.5983 -5.2447 5.4002 0.9763

5 0.8778 2.8304 -4.9200 6.6755 0.7588

6 4.4444 2.6480 -0.9797 9.8686 0.1044

7 2.0222 3.4605 -5.0664 9.1108 0.5637

8 -0.1333 2.2245 -4.6900 4.4233 0.9526

9 0.0667 1.0628 -2.1105 2.2438 0.9504

10 0.1000 0.1603 -0.2284 0.4284 0.5378

CycE 1 4.2000 3.4561 -2.7182 11.1182 0.2292
2 5.3667 4.0490 -2.9274 13.6607 0.1957

3 -1.6111 3.1078 -7.8320 4.6097 0.6061

4 -3.0278 2.4544 -7.9408 1.8852 0.2223

5 -1.4133 1.0864 -3.5977 0.7710 0.1995

6 -0.7667 0.8941 -2.5766 1.0432 0.3965

DAAM 1 -0.8444 1.0047 -2.9024 1.2136 0.4077
2 -1.5000 1.6205 -4.8194 1.8194 0.3625

3 -1.0556 1.9046 -4.9569 2.8458 0.5838

4 0.8778 2.3087 -3.8514 5.6069 0.7067

5 6.9667 2.8836 1.0598 12.8735 0.0225

6 5.8222 2.7178 0.2550 11.3894 0.0410

7 1.7556 2.4958 -3.3569 6.8680 0.4876

8 2.1444 3.2369 -4.4860 8.7748 0.5131

9 2.9333 1.6484 -0.4432 6.3099 0.0860

dnc 1 0.1111 1.4178 -2.7932 3.0154 0.9381
2 -8.2000 2.5105 -13.3426 -3.0574 0.0029

3 -11.9222 2.6786 -17.4092 -6.4353 0.0001

4 -8.3444 2.5151 -13.4964 -3.1925 0.0025

5 -9.5222 3.1393 -15.9527 -3.0917 0.0052

6 -4.8222 2.6257 -10.2006 0.5562 0.0769
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Table A.8b (continued).

7 -5.8778 2.5581 -11.1179 -0.6377 0.0293

8 -2.0667 3.1137 -8.4448 4.3115 0.5123

9 -1.1333 0.5914 -2.3448 0.0782 0.0656

Eip75B 1 -10.3111 3.1761 -16.8170 -3.8052 0.0030
2 -10.5333 4.1815 -19.0987 -1.9680 0.0178

3 -6.8889 2.1157 -11.2227 -2.5550 0.0030

4 -7.7444 2.9076 -13.7005 -1.7884 0.0127

5 -8.6667 2.6985 -14.1943 -3.1390 0.0033

6 -3.1111 3.5145 -10.3103 4.0880 0.3836

7 -2.3556 4.0228 -10.5959 5.8848 0.5629

8 -1.4778 2.6441 -6.8939 3.9383 0.5807

9 -1.3667 0.6404 -2.6785 -0.0549 0.0417

10 -0.0556 0.0387 -0.1349 0.0238 0.1624

fz2 1 -0.3111 1.2626 -2.8974 2.2752 0.8072
2 -7.8889 2.6836 -13.3860 -2.3918 0.0065

3 -7.9111 2.8804 -13.8113 -2.0109 0.0104

4 -8.7111 2.9462 -14.7462 -2.6760 0.0063

5 -3.9222 3.7115 -11.5248 3.6804 0.2996

6 -3.1111 3.4715 -10.2221 3.9999 0.3778

7 -11.5444 2.3336 -16.3246 -6.7643 <.0001

8 -7.2556 2.2430 -11.8500 -2.6611 0.0031

9 -0.8222 0.7208 -2.2988 0.6543 0.2637

Lar 1 -1.7556 2.7952 -7.4814 3.9702 0.5351
2 -1.8222 4.4188 -10.8738 7.2294 0.6832

3 -2.6222 3.0352 -8.8395 3.5951 0.3950

4 -6.0222 2.8531 -11.8665 -0.1780 0.0439

5 1.4889 3.3102 -5.2917 8.2695 0.6563

6 3.0000 3.1863 -3.5268 9.5268 0.3545

7 -0.1333 3.6252 -7.5593 7.2926 0.9709

8 1.2222 2.9441 -4.8085 7.2529 0.6812

9 0.8778 1.1070 -1.3898 3.1453 0.4345

10 0.9667 0.7614 -0.5930 2.5264 0.2147

Mad 1 -1.5111 2.4258 -6.4801 3.4578 0.5384
2 -4.7778 3.4909 -11.9286 2.3730 0.1820

3 1.4444 2.1455 -2.9505 5.8393 0.5063

4 -4.9556 2.3447 -9.7584 -0.1527 0.0436

5 2.1556 3.1020 -4.1987 8.5098 0.4929

6 3.8222 3.7444 -3.8479 11.4924 0.3161

7 -5.4889 2.8149 -11.2549 0.2771 0.0613
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Table A.8b (continued).

8 -0.9667 1.9523 -4.9659 3.0325 0.6244

9 1.1111 1.1802 -1.3064 3.5286 0.3545

10 0.2333 0.2090 -0.1948 0.6615 0.2738

Mam 1 0.7843 3.2099 -5.7541 7.3227 0.8085
2 -1.6667 1.5230 -4.7201 1.3868 0.2787

3 -4.4111 1.5766 -7.5671 -1.2551 0.0070

4 1.3833 2.0027 -2.6255 5.3922 0.4925

5 0.8222 1.1553 -1.5444 3.1888 0.4826

6 -1.2611 0.8339 -2.9303 0.4080 0.1359

MED22 1 -1.4222 2.5919 -6.7316 3.8871 0.5876
2 4.3333 3.3966 -2.6244 11.2910 0.2125

3 -2.9889 2.8588 -8.8448 2.8671 0.3047

4 -4.4222 3.2758 -11.1324 2.2880 0.1878

5 -2.2889 4.2040 -10.9005 6.3227 0.5904

6 -8.2222 3.3608 -15.1065 -1.3379 0.0210

7 -1.2222 3.5671 -14.5292 0.0847 0.0525

8 -2.8111 2.4650 -7.8604 2.2381 0.2638

9 -0.9889 0.9041 -2.8408 0.8630 0.2834

10 -0.0556 0.0387 -0.1349 0.0238 0.1624

msn 1 -3.0444 1.2193 -5.5420 -0.5469 0.0187
2 -4.2444 1.7418 -7.8124 -0.6764 0.0214

3 -5.3667 2.2631 -10.0025 -0.7308 0.0248

4 -8.9000 2.9516 -14.9460 -2.8540 0.0054

5 -14.8111 3.7685 -22.5304 -7.0918 0.0005

6 -13.4000 3.0971 -19.7441 -7.0559 0.0002

7 -13.4444 2.0062 -17.5539 -9.3350 <.0001

8 -8.6111 2.0742 -12.8600 -4.3623 0.0003

9 -1.4667 0.5696 -2.6333 -0.3000 0.0156

Nmd3 1 2.9778 2.3526 -1.8414 7.7969 0.2160
2 -4.5778 4.8665 -14.5464 5.3908 0.3549

3 1.6667 1.8008 -2.0220 5.3554 0.3626

4 4.8222 24321 -0.1598 9.8042 0.0573

5 7.6222 2.4805 2.5411 12.7034 0.0047

6 4.6333 1.9241 0.6919 8.5747 0.0229

7 1.2778 2.5555 -3.9569 6.5125 0.6210

8 3.0556 2.1795 -1.4090 7.5201 0.1719

9 0.2333 0.9348 -1.6815 2.1481 0.8047

10 0.7667 0.6183 -0.4999 2.0332 0.2253

PGD 1 -1.3444 1.1061 -3.6101 0.9212 0.2343
2 0.8222 1.5936 -2.4421 4.0865 0.6099
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Table A.8b (continued).

3 3.2556 1.8366 -0.5066 7.0177 0.0872

4 -1.1667 2.4509 -6.1872 3.8538 0.6378

5 3.8222 3.3334 -3.0059 10.6503 0.2612

6 -1.7667 2.9764 -7.8635 4.3301 0.5576

7 -0.7667 2.9301 -6.7686 5.2353 0.7955

8 -0.6889 2.8993 -6.6279 5.2501 0.8139

9 -0.2667 0.8037 -1.9129 1.3796 0.7425

Ph-p 1 -0.3778 2.3634 -5.2189 4.4633 0.8741
2 -8.4000 4.0441 -16.6839 -0.1161 0.0471

3 -5.3111 2.0013 -9.4107 -1.2116 0.0130

4 -3.6889 2.5732 -8.9599 1.5821 0.1628

5 -5.9111 2.8800 -11.8105 -0.0117 0.0496

6 -3.7889 2.9452 -9.8219 2.2441 0.2088

7 -4.5556 2.8560 -10.4058 1.2947 0.1219

8 0.5000 2.1796 -3.9646 4.9646 0.8202

9 1.6444 1.4240 -1.2724 4.5613 0.2579

10 0.0556 0.0866 -0.1218 0.2329 0.5263

piwi 1 -1.4667 2.6230 -6.8397 3.9063 0.5805
2 -11.6889 4.3757 -20.6521 -2.7257 0.0124

3 -4.1222 2.8474 -9.9549 1.7105 0.1588

4 -6.0556 3.3674 -12.9533 0.8422 0.0829

5 -3.9000 4.1818 -12.4660 4.6660 0.3590

6 -10.5111 3.4909 -17.6618 -3.3604 0.0055

7 -10.5333 3.0243 -16.7284 -4.3383 0.0016

8 -4.5000 2.2049 -9.0166 0.0166 0.0508

9 -1.5889 0.6225 -2.8641 -0.3137 0.0164

10 -0.0556 0.0387 -0.1349 0.0238 0.1624

Pka-C1 1 41778 2.5047 -0.9528 9.3083 0.1065
2 -2.2667 4.9362 -12.3779 7.8446 0.6496

3 2.8556 1.9982 -1.2376 6.9487 0.1641

4 2.5222 2.1431 -1.8677 6.9122 0.2491

5 5.0333 3.7050 -2.5561 12.6228 0.1851

6 3.5889 4.1573 -4.9270 12.1048 0.3953

7 2.0222 3.8872 -5.9404 9.9848 0.6070

8 2.3111 2.7224 -3.2655 7.8877 0.4031

9 0.2111 1.0314 -1.9016 2.3238 0.8393

10 0.2111 0.2695 -0.3409 0.7631 0.4399

sgg 1 -8.5556 2.5374 -13.7532 -3.3579 0.0022
2 -12.4222 3.2495 -19.0786 -5.7659 0.0007

3 -6.5778 2.1018 -10.8832 -2.2724 0.0041
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Table A.8b (continued).

4 -5.2444 2.1587 -9.6663 -0.8226 0.0218
5 -2.7889 2.3264 -7.5543 1.9765 0.2406
6 0.8333 2.0354 -3.3360 5.0026 0.6853
7 -1.2333 2.4349 -6.2209 3.7542 0.6164
8 1.7111 2.0041 -2.3942 5.8164 0.4005
9 -1.0444 0.6978 -2.4739 0.3850 0.1457
10 -0.0556 0.0387 -0.1349 0.0238 0.1624
sov 1 -0.2444 1.1029 -2.5036 2.0147 0.8262
2 -0.4333 2.1419 -4.8208 3.9541 0.8411
3 -4.3889 2.8147 -10.1546 1.3768 0.1302
4 -1.9111 3.6219 -9.3302 5.5079 0.6019
5 -2.5667 3.4684 -9.6713 4.5380 0.4654
6 -5.6556 3.4159 -12.6528 1.3417 0.1090
7 -5.2000 2.9613 -11.2660 0.8660 0.0900
8 -5.6889 2.4378 -10.6825 -0.6953 0.0270
9 -0.6000 0.7379 -2.1116 0.9116 0.4230
sra 1 -4.3333 0.9501 -6.2795 -2.3872 <.0001
2 -5.6778 1.8374 -9.4415 -1.9141 0.0045
3 -2.5667 2.6219 -7.9374 2.8041 0.3360
4 -2.2889 2.5799 -7.5736 2.9958 0.3825
5 0.5889 3.4540 -6.4864 7.6642 0.8658
6 3.8111 2.7420 -1.8057 9.4279 0.1755
7 -2.5889 2.7917 -8.3074 3.1297 0.3617
8 -3.0333 2.5598 -8.2769 2.2102 0.2460
9 1.2333 1.1467 -1.1156 3.5822 0.2913
stl 1 0.2444 2.3063 -4.4799 4.9688 0.9163
2 1.4444 3.2243 -5.1602 8.0491 0.6576
3 3.6111 2.7866 -2.0969 9.3191 0.2056
4 -2.7778 2.8447 -8.6049 3.0494 0.3372
5 1.0778 3.1028 -5.2781 7.4336 0.7309
6 2.1444 2.7804 -3.5510 7.8399 0.4470
7 -2.8667 3.0168 -9.0464 3.3131 0.3501
8 -1.0889 2.1460 -5.4848 3.3071 0.6159
9 0.0889 0.9402 -1.8371 2.0149 0.9254
10 0.0111 0.0771 -0.1468 0.1690 0.8864
trol 1 -3.3111 2.3271 -8.0780 1.4558 0.1658
2 -1.4222 3.3572 -8.2991 5.4546 0.6751
3 -3.6667 1.8540 -7.4644 0.1310 0.0579
4 -1.1000 2.8159 -6.8681 4.6681 0.6990
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Table A.8b (continued).

5 3.5889 2.6732 -1.8870 9.0648 0.1902
6 1.4444 2.2026 -3.0675 5.9563 0.5173
7 -5.0222 2.7621 -10.6802 0.6357 0.0797
8 -1.8222 2.0140 -5.9476 2.3032 0.3733
9 -0.4778 0.9284 -2.3795 1.4239 0.6108
10 0.4556 0.4672 -0.5015 1.4126 0.3379
wh 1 -4.2444 1.2247 -6.7532 -1.7357 0.0017
2 -5.1556 2.0213 -9.2960 -1.0152 0.0165
3 -2.3444 2.2177 -6.8872 2.1984 0.2995
4 -2.7111 2.5607 -7.9565 2.5343 0.2988
5 0.7333 2.9244 -5.2571 6.7237 0.8038
6 2.8333 2.5371 -2.3638 8.0304 0.2736
7 -1.7444 2.3005 -6.4568 2.9679 0.4546
8 -1.3111 2.8063 -7.0597 4.4374 0.6440
9 1.6667 1.4270 -1.2564 4.5898 0.2527
Xit 1 2.9778 1.5180 -0.1316 6.0872 0.0598
2 -0.7111 1.9430 -4.6911 3.2689 0.7171
3 3.1111 1.7374 -0.4479 6.6701 0.0842
4 -2.8222 2.6310 -8.2116 2.5672 0.2926
5 2.9222 2.7904 -2.7936 8.6381 0.3039
6 1.4222 2.7011 -4.1108 6.9553 0.6027
7 -2.4667 2.8663 -8.3380 3.4047 0.3968
8 -3.0333 2.7547 -8.6762 2.6095 0.2802
9 -0.7556 0.7480 -2.2877 0.7766 0.3211
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Table A.9 Summary of genes for which GAL4-Ubi156 UAS-RNA.I affects lifespan and/or productivity. The effects of these genes divided into

eight categories depending on their effects on lifespan on males and females, and effects on early and late productivity. The categories are: (1)

Increased lifespan and/or reproduction. (2) Decreased lifespan and/or reproduction. (3) Antagonistic pleiotropy between lifespan and reproduction.

(4) Sexual antagonistic pleiotropy for lifespan. (5) Antagonistic pleiotropy between early and late reproduction. (6) Sexual antagonistic pleiotropy

for lifespan and antagonistic pleiotropy between lifespan and reproduction for one sex. (7) Antagonistic pleiotropy between early and late

reproduction and antagonistic pleiotropy between lifespan and early reproduction. (8) Sexual antagonistic pleiotropy for lifespan, antagonistic

pleiotropy between early and late reproduction, and antagonistic pleiotropy between lifespan and reproduction.

Category for
Effect on Life
History Traits

FlyBase ID

Gene Name

Gene Location

Female
Lifespan

Male
Lifespan

Early (1-3 week)
Productivity

Late (4-9 week)

Productivity

1 FBgn0023528 CG2924 X:2,270,761...2,264,657 [-] n.s. increased increased n.s.
1 FBgn0023527 CG3071 X:2,264,825...2,262,837 [+] increased n.s. increased increased
1 FBgn0023540 CG3630 X:2,172,281...2,162,196 [+] n.s. n.s. increased n.s.
1 FBgn0000382 Corkscrew CSwW X:2,115,701...2,094,234 [+] increased n.s. increased n.s.
Disheveled associated
1 FBgn0025641 activator of DAAM X:1,322,362...1,289,713 [-] increased increased n.s. increased
morphogenesis
1 FBgn0023542 Nonsense-mediated Nmd3 X:2,184,668...2,182,818 [-] increased n.s. n.s. increased

mRNA 3
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Table A.9 (continued).

Protein kinase, CAMP-

FBgn0000273 dependent catalytic Pka-C1 21.:9,699,297...9,682,315 [-] n.s. increased n.s. n.s.
subunit 1

FBgn0000256 Cappuccino capu 21.:3,902,860...3,872,646 [-] | decreased n.s. n.s. decreased

FBgn0040346 CG3704 X:940,805...939,170 [-] decreased | decreased decreased decreased

FBgn0010382 Cyclin E CycE 2L:15’748’15[(_) ]'"15’727’581 decreased | decreased n.s. n.s.

FBgn0016797 Frizzled 2 fz2 3L:19’235’37[3_]'"19’140’975 n.s. n.s. decreased decreased

FBgn0002643 Mastermind Mam 2R: 14’060’35[%' 13,991,203 n.s. decreased decreased n.s.

FBgn0040339 | Mediator complex MED22 X:928,860...928,139 [+] | decreased n.s. ns. decreased
subunit 22

FBgn0010909 Misshapen msn 3L:2,586,540...2,554,847 [-] n.s. n.s. decreased decreased

FBgn0004872 P-ele_ment |nd_u ced piwi 21.:10,987,420...10,982,205 n.s. decreased decreased decreased
wimpy testis [-]

FBgn0286831 Small ovary Sov X:6,770,712...6,756,322 [+] decreased n.s. n.s. decreased

FBgn0086408 Stall stl 2R:22’815’99[ij"22’807’860 decreased n.s. n.s. n.s.

FBgn0029906 Xiantuan xit X:6,822,840...6,821,016 [+] decreased n.s. n.s. n.s.
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Table A.9 (continued).

3 FBgn0000568 Ecdgrs(;)tr;?r-]igggced Eip75B 3L 8’064’69[?]' 17,950,953 increased n.s. decreased decreased
3 FBgn0000464 Leul;g;;ytt:&i?liiegen- Lar 2L 19’732’06[3']' 19,586,623 | reased n.s. n.s. decreased
3 FBgn0011648 Mothers against dpp Mad 21.:3,159,643...3,146,056 [-] | increased n.s. n.s. decreased
3 FBgn0004861 | Polyhomeotic proximal Ph-p X:2,138,371...2,126,210 [-] increased n.s. decreased decreased
3 FBgn0003371 Shaggy sgg X:2,679,553...2,633,952 [+] | increased increased decreased decreased
3 FBgn0086370 Sarah sra 3R: 16’197’58[11 16,186,999 increased n.s. decreased n.s.

3 FBgn0261563 Wing blister wb 2L:14’328’26[i']"14’263’027 increased n.s. decreased n.s.

6 FBgn0000479 Dunce dnc X:3,343,767...3,176,440 [+] decreased increased decreased decreased

233




Table A.10 Analyses of variance (ANOVAs) of lifespan for GAL4-c825 x UAS RNAIi and GAL4-c825 x

control F1 flies. (A) Full ANOVA models. (B) Reduced ANOVA models by sex. (C) Effect and p-Value

summaries.

A. Full Model ANOVAs

Gene Source DF SS MS F Ratio | Prob>F

Genotype 1 5601.4040 5601.4000 26.0021 <.0001
Sex 1 31396.1520 31396.1500 145.7431 <.0001
abo Genotype*Sex 1 509.6750 509.6700 2.3659 0.1250
Rep[Genotype] 92 23398.7840 254.3300 1.1806 0.1489
Rep*Sex[Genotype] 92 69441.8370 754.8000 3.5038 <.0001

Error 330 | 71089.0000 215.4210
Genotype 1 33.4900 33.5000 0.1066 0.7442
Sex 1 111432.1500 111432.1000 | 354.8951 <.0001
babos Genotype*Sex 1 160.5300 160.5000 0.5113 0.4751
Rep[Genotype] 86 28301.1700 329.1000 1.0481 0.3797
Rep*Sex[Genotype] 86 74075.6000 861.3000 2.7433 <.0001

Error 313 | 98277.6700 313.9900
Genotype 1 222593.3800 | 222593.4000 | 950.7302 <.0001
Sex 1 9828.8400 9828.8000 41.9805 <.0001
blw Genotype*Sex 1 21786.0700 21786.1000 93.0516 <.0001
Rep[Genotype] 94 11348.1600 120.7000 0.5156 0.9999
Rep*Sex[Genotype] 94 49032.8200 521.6000 2.2279 <.0001

Error 366 | 85691.1700 234.1300
Genotype 1 7942.7380 7942.7400 21.9666 <.0001
Sex 1 61929.7430 61929.7400 171.2741 <.0001
boi Genotype*Sex 1 12649.5840 12649.5800 34.9839 <.0001
Rep[Genotype] 90 28982.5140 322.0300 0.8906 0.7420
Rep*Sex[Genotype] 90 94688.0070 1052.0900 2.9097 <.0001

Error 339 | 122576.5000 361.5800
Genotype 1 492.4590 492.4600 1.3510 0.2459
Sex 1 56364.5730 56364.5700 154.6255 <.0001
capu Genotype*Sex 1 6873.9060 6873.9100 18.8573 <.0001
Rep[Genotype] 92 19550.0100 212.5000 0.5830 0.9988
Rep*Sex[Genotype] 92 63259.7490 687.6100 1.8863 <.0001

Error 332 | 121021.6700 364.5230
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Table A.10 (continued).

Genotype 1 4018.7130 4018.7100 10.0969 | 0.0016
Sex 1 1294.0450 1294.0500 3.2513 0.0722
Genotype*Sex 1 42961.2710 42961.2700 | 107.9392 | <.0001
Cde7 Rep[Genotype] 93 | 20444.1060 219.8300 0.5523 0.9996
Rep*Sex[Genotype] 93 | 68328.8310 734.7200 1.8460 <.0001

Error 355 | 141294.8300 398.0140
Genotype 1 3469.6150 3469.6200 11.0591 | 0.0010
Sex 1 21513.5320 21513.5300 | 68.5722 | <.0001
CG3071 Genotype*Sex 1 88.9320 88.9300 0.2835 0.5948
Rep[Genotype] 93 | 27247.1380 292.9800 0.9338 0.6476
Rep*Sex[Genotype] 93 | 66780.4010 718.0700 2.2888 <.0001

Error 340 | 106670.0000 313.7350
Genotype 1 0.1020 0.1000 0.0004 0.9843
Sex 1 53882.0640 53882.0600 | 205.9664 | <.0001
Genotype*Sex 1 6379.1490 6379.1500 24.3846 | <.0001

CG3326

Rep[Genotype] 90 | 22858.2670 253.9800 0.9709 0.5568
Rep*Sex[Genotype] 90 | 75507.4290 838.9700 3.2070 <.0001

Error 319 | 83452.3300 261.6060
Genotype 1 25299.4840 25299.4800 | 81.9751 | <.0001
Sex 1 0.3890 0.3900 0.0013 0.9717
3704 Genotype*Sex 1 24794.1110 24794.1100 | 80.3376 | <.0001
Rep[Genotype] 93 | 28530.5460 306.7800 0.9940 0.5018
Rep*Sex[Genotype] 93 | 52284.7810 562.2000 1.8216 <.0001

Error 344 | 106166.6700 308.6240
Genotype 1 10736.1700 10736.2000 | 28.4632 | <.0001
Sex 1 | 110636.0700 | 110636.1000 | 293.3132 | <.0001
cGa281 Genotype*Sex 1 230.8900 230.9000 0.6121 0.4345
Rep[Genotype] 92 | 30334.9500 329.7000 0.8742 0.7787
Rep*Sex[Genotype] 92 | 95550.1900 1038.6000 2.7535 <.0001

Error 350 | 132018.0000 377.1900
Genotype 1 6349.1950 6349.1900 39.6826 | <.0001
Sex 1 16299.4840 16299.4800 | 101.8721 | <.0001
G452 Genotype*Sex 1 834.0350 834.0400 5.2127 0.0230
Rep[Genotype] 93 | 17163.4820 184.5500 1.1535 0.1828
Rep*Sex[Genotype] 93 | 49050.7450 527.4300 3.2964 <.0001

Error 340 | 54399.8300 160.0000
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Table A.10 (continued).

Genotype 1 6511.6000 6511.6000 27.5298 | <.0001
Sex 1 | 110333.2200 | 110333.2000 | 466.4687 | <.0001
G554 Genotype*Sex 1 228.5400 228.5000 0.9662 0.3263
Rep[Genotype] 92 | 25010.3900 271.9000 1.1493 0.1889
Rep*Sex[Genotype] 92 | 96092.0300 1044.5000 4.4159 <.0001

Error 349 | 82548.5000 236.5300
Genotype 1 2122.8370 2122.8400 4.9481 0.0268
Sex 1 89081.6780 89081.6800 | 207.6383 | <.0001
CG5254 Genotype*Sex 1 3219.5060 3219.5100 7.5043 0.0065
Rep[Genotype] 93 | 19213.8350 206.6000 0.4816 1.0000
Rep*Sex[Genotype] 93 | 93226.4760 1002.4400 2.3366 <.0001

Error 350 | 150158.1700 429.0200
Genotype 1 60.6700 60.6700 0.2273 0.6338
Sex 1 81748.0300 81748.0300 | 306.3053 | <.0001
CG7970 Genotype*Sex 1 774.3200 774.3200 2.9013 0.0894
Rep[Genotype] 91 | 21945.6700 241.1600 0.9036 0.7151
Rep*Sex[Genotype] 91 | 102357.3900 1124.8100 4.2146 <.0001

Error 341 | 91007.5000 266.8800
Genotype 1 5200.0100 5200.0100 22.8947 | <.0001
Sex 1 84781.6700 84781.6700 | 373.2788 | <.0001
CG7971 Genotype*Sex 1 479.1600 479.1600 2.1097 0.1473
Rep[Genotype] 90 | 26618.4000 295.7600 1.3022 0.0500
Rep*Sex[Genotype] 90 | 107026.1800 1189.1800 5.2357 <.0001

Error 340 | 77223.1700 227.1300
Genotype 1 3714.7620 3714.7600 12.9657 | 0.0004
Sex 1 68204.9020 68204.9000 | 238.0570 | <.0001
CG12018 Genotype*Sex 1 3251.6990 3251.7000 11.3495 | 0.0008
Rep[Genotype] 92 | 25912.0870 281.6500 0.9831 0.5281
Rep*Sex[Genotype] 92 | 95397.1670 1036.9300 3.6192 <.0001

Error 352 | 100850.3300 286.5100
Genotype 1 1033.3550 1033.3500 3.3484 0.0681
Sex 1 39103.2110 39103.2100 | 126.7083 | <.0001
CG13369 Genotype*Sex 1 9601.1980 9601.2000 31.1113 | <.0001
Rep[Genotype] 92 | 26783.1330 291.1200 0.9433 0.6243
Rep*Sex[Genotype] 92 67553.1580 734.2700 2.3793 <.0001

Error 342 | 105544.0000 308.6080
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Table A.10 (continued).

Genotype 1 669.4200 669.4000 2.4214 0.1206
Sex 1 128978.1200 | 128978.1000 | 466.5416 | <.0001
CG13760 Genotype*Sex 1 2130.0000 2130.0000 7.7047 0.0058
Rep[Genotype] 91 26256.7500 288.5000 1.0437 0.3863
Rep*Sex[Genotype] 91 98455.8200 1081.9000 3.9136 <.0001

Error 339 | 93718.5000 276.4600
Genotype 1 706.8200 706.8000 2.9692 0.0858
Sex 1 106607.7300 | 106607.7000 | 447.8393 | <.0001
CG13933 Genotype*Sex 1 150.1400 150.1000 0.6307 0.4276
Rep[Genotype] 90 25274.0600 280.8000 1.1797 0.1507
Rep*Sex[Genotype] 90 | 113305.0900 1258.9000 5.2886 <.0001

Error 343 | 81650.8300 238.0500
Genotype 1 4781.0190 4781.0200 12.5022 0.0005
Sex 1 39392.4130 39392.4100 103.0096 | <.0001
Genotype*Sex 1 2021.2450 2021.2400 5.2855 0.0221

CG14969

Rep[Genotype] 94 22248.4190 236.6900 0.6189 0.9970
Rep*Sex[Genotype] 94 62980.0850 670.0000 1.7520 0.0001

Error 355 | 135757.3300 382.4150
Genotype 1 5666.5900 5666.6000 15.0196 0.0001
Sex 1 109977.7600 | 109977.8000 | 291.5013 | <.0001
CG16868 Genotype*Sex 1 1259.5600 1259.6000 3.3385 0.0685
Rep[Genotype] 92 30993.4600 336.9000 0.8929 0.7398
Rep*Sex[Genotype] 92 | 84273.9400 916.0000 2.4280 <.0001

Error 350 | 132048.1700 377.2800
Genotype 1 1266.0560 1266.0600 4.5678 0.0333
Sex 1 94753.2000 94753.2000 | 341.8618 | <.0001
Genotype*Sex 1 274.0150 274.0100 0.9886 0.3208

CG17777

Rep[Genotype] 90 23269.4430 258.5500 0.9328 0.6473
Rep*Sex[Genotype] 90 65757.5030 730.6400 2.6361 <.0001

Error 331 | 91742.6700 277.1700
Genotype 1 2757.5630 2757.5600 10.5139 0.0013
Sex 1 54382.7570 54382.7600 207.3486 | <.0001
CG18273 Genotype*Sex 1 3498.7670 3498.7700 13.3400 0.0003
Rep[Genotype] 90 27151.8400 301.6900 1.1503 0.1906
Rep*Sex[Genotype] 90 62974.2400 699.7100 2.6678 <.0001

Error 334 | 87600.5000 262.2770
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Table A.10 (continued).

Genotype 1 1857.4280 1857.4300 6.9421 0.0088
Sex 1 80248.0420 80248.0400 299.9274 <.0001
CG32809 Genotype*Sex 1 1218.2540 1218.2500 4.5532 0.0335
Rep[Genotype] 92 24724.5070 268.7400 1.0044 0.4765
Rep*Sex[Genotype] 92 88393.2390 960.8000 3.5910 <.0001

Error 352 | 94180.5000 267.5600
Genotype 1 98773.4030 98773.4000 332.4227 <.0001
Sex 1 2915.6210 2915.6200 9.8125 0.0019
orn Genotype*Sex 1 60875.3320 60875.3300 204.8764 <.0001
Rep[Genotype] 73 23092.0110 316.3300 1.0646 0.3555
Rep*Sex[Genotype] 73 49839.4670 682.7300 2.2977 <.0001

Error 259 | 76957.1700 297.1300
Genotype 1 3048.5520 3048.5500 9.6370 0.0021
Sex 1 60709.9960 60710.0000 191.9157 <.0001
CycE Genotype*Sex 1 8217.6450 8217.6500 25.9775 <.0001
Rep[Genotype] 93 20732.1330 222.9300 0.7047 0.9777
Rep*Sex[Genotype] 93 84229.3400 905.6900 2.8631 <.0001

Error 338 | 106921.8300 316.3370
Genotype 1 109801.4800 109801.5000 | 530.5966 <.0001
Sex 1 14614.0300 14614.0000 70.6198 <.0001
Cypagl Genotype*Sex 1 29867.8500 29867.8000 144.3312 <.0001
Rep[Genotype] 91 38753.7300 425.9000 2.0579 <.0001
Rep*Sex[Genotype] 91 45783.6400 503.1000 2.4312 <.0001

Error 337 | 69738.6700 206.9400
Genotype 1 15100.8600 15100.9000 69.0892 <.0001
Sex 1 108173.5700 108173.6000 | 494.9141 <.0001
DAAM Genotype*Sex 1 229.6700 229.7000 1.0508 0.3061
Rep[Genotype] 91 22407.1200 246.2000 1.1266 0.2256
Rep*Sex[Genotype] 91 76225.2100 837.6000 3.8324 <.0001

Error 341 | 74532.5000 218.5700
Genotype 1 35.6290 35.6300 0.1080 0.7426
Sex 1 18880.7740 18880.7700 57.2426 <.0001
dne Genotype*Sex 1 286.0250 286.0300 0.8672 0.3524
Rep[Genotype] 92 28149.4040 305.9700 0.9276 0.6611
Rep*Sex[Genotype] 92 74622.7590 811.1200 2.4591 <.0001

Error 331 | 109176.3300 329.8380
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Table A.10 (continued).

Genotype 1 587.7330 587.7300 2.0260 0.1556
Sex 1 84875.1030 84875.1000 292.5831 <.0001
Dredd Genotype*Sex 1 18859.7150 18859.7200 65.0136 <.0001
Rep[Genotype] 90 23964.1020 266.2700 0.9179 0.6816
Rep*Sex[Genotype] 90 87176.6070 968.6300 3.3391 <.0001

Error 328 | 95149.1700 290.0900
Genotype 1 518.9900 518.9900 1.9124 0.1676
Sex 1 80339.9600 80339.9600 296.0380 <.0001
dx Genotype*Sex 1 1129.2300 1129.2300 4.1610 0.0421
Rep[Genotype] 92 32303.4000 351.1200 1.2938 0.0523
Rep*Sex[Genotype] 92 | 100415.6600 1091.4700 4.0219 <.0001

Error 349 | 94713.0000 271.3800
Genotype 1 2861.4700 2861.4700 7.4385 0.0067
Sex 1 54386.3780 54386.3800 141.3792 <.0001
egh Genotype*Sex 1 15280.1330 15280.1300 39.7212 <.0001
Rep[Genotype] 91 39418.9840 433.1800 1.1261 0.2275
Rep*Sex[Genotype] 91 80787.2430 887.7700 2.3078 <.0001

Error 328 | 126176.5000 384.6800
Genotype 1 1545.3950 1545.4000 4.6245 0.0322
Sex 1 39887.3160 39887.3200 119.3616 <.0001
Eip758 Genotype*Sex 1 2040.1640 2040.1600 6.1051 0.0140
Rep[Genotype] 91 24143.7820 265.3200 0.7940 0.9057
Rep*Sex[Genotype] 91 69494.1210 763.6700 2.2853 <.0001

Error 333 | 111279.3300 334.1720
Genotype 1 1145.7730 1145.7700 2.7588 0.0976
Sex 1 73296.8240 73296.8200 176.4869 <.0001
Fdxl Genotype*Sex 1 745.3110 745.3100 1.7946 0.1812
Rep[Genotype] 94 22436.2650 238.6800 0.5747 0.9992
Rep*Sex[Genotype] 94 90066.7920 958.1600 2.3071 <.0001

Error 355 | 147435.1700 415.3100
Genotype 1 1564.0100 1564.0000 6.0397 0.0145
Sex 1 114459.3000 114459.3000 | 442.0078 <.0001
SN Genotype*Sex 1 411.9900 412.0000 1.5910 0.2080
Rep[Genotype] 91 22614.4200 248.5000 0.9597 0.5845
Rep*Sex[Genotype] 91 99877.2500 1097.6000 4.2384 <.0001

Error 352 | 91151.5000 258.9500
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Table A.10 (continued).

Genotype 1 7.9000 7.9000 0.0289 0.8651
Sex 1 76527.1140 76527.1100 279.8854 <.0001
Goa Genotype*Sex 1 1694.8500 1694.8500 6.1986 0.0132
Rep[Genotype] 92 24731.3790 268.8200 0.9832 0.5279
Rep*Sex[Genotype] 92 92705.7700 1007.6700 3.6854 <.0001

Error 351 | 95971.5000 273.4200
Genotype 1 317.0700 317.1000 1.0730 0.3010
Sex 1 112288.7900 112288.8000 | 379.9946 <.0001
Hel Genotype*Sex 1 455,9300 455,9000 1.5429 0.2150
Rep[Genotype] 91 26791.1700 294.4000 0.9963 0.4960
Rep*Sex[Genotype] 91 82569.6500 907.4000 3.0706 <.0001

Error 341 | 100765.8300 295.5000
Genotype 1 203.1500 203.1000 0.6292 0.4282
Sex 1 121035.4300 121035.4000 | 374.8782 <.0001
Hsp22 Genotype*Sex 1 416.9300 416.9000 1.2913 0.2566
Rep[Genotype] 93 33371.7200 358.8000 1.1114 0.2488
Rep*Sex[Genotype] 93 87483.0700 940.7000 2.9135 <.0001

Error 352 | 113648.8300 322.8700
Genotype 1 112.5080 112.5100 0.3889 0.5333
Sex 1 70404.0610 70404.0600 243.3450 <.0001
KIp67A Genotype*Sex 1 2532.9270 2532.9300 8.7548 0.0033
Rep[Genotype] 91 28265.3900 310.6100 1.0736 0.3224
Rep*Sex[Genotype] 91 99199.2130 1090.1000 3.7678 <.0001

Error 346 | 100104.0000 289.3200
Genotype 1 1005.2000 1005.2000 2.1872 0.1401
Sex 1 60207.8400 60207.8400 131.0052 <.0001
1(1)G0004 Genotype*Sex 1 71.6600 71.6600 0.1559 0.6932
Rep[Genotype] 90 20691.2800 229.9000 0.5002 0.9999
Rep*Sex[Genotype] 90 | 104268.2500 1158.5400 2.5208 <.0001

Error 337 | 154879.6700 459.5800
Genotype 1 351.7900 351.8000 1.1137 0.2920
Sex 1 159328.4500 159328.4000 | 504.4202 <.0001
lama Genotype*Sex 1 7177.4000 7177.4000 22.7230 <.0001
Rep[Genotype] 92 29424.8600 319.8000 1.0126 0.4573
Rep*Sex[Genotype] 92 96788.9100 1052.1000 3.3307 <.0001

Error 342 | 108025.6700 315.8600
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Table A.10 (continued).

Genotype 1 2131.2200 2131.2000 6.2151 0.0131
Sex 1 | 109685.8600 | 109685.9000 | 319.8685 | <.0001
Latrl Genotype*Sex 1 851.8800 851.9000 2.4843 0.1159
Rep[Genotype] 91 38197.1000 419.7000 1.2241 0.1033
Rep*Sex[Genotype] 91 | 83355.2500 916.0000 2.6712 <.0001

Error 336 | 115217.5000 342.9100
Genotype 1 1751.0200 1751.0200 5.4245 0.0205
Sex 1 66360.9930 66360.9900 | 205.5795 | <.0001
MED22 Genotype*Sex 1 10660.1890 10660.1900 | 33.0242 | <.0001
Rep[Genotype] 91 | 18750.4600 206.0500 0.6383 0.9943
Rep*Sex[Genotype] 91 | 84686.8370 930.6200 2.8830 <.0001

Error 332 | 107169.5000 322.8000
Genotype 1 5608.6360 5608.6400 13.3672 | 0.0003
Sex 1 | 44015.3840 44015.3800 | 104.9026 | <.0001
e Genotype*Sex 1 3086.9680 3086.9700 7.3572 0.0070
Rep[Genotype] 90 | 26612.3180 295.6900 0.7047 0.9760
Rep*Sex[Genotype] 90 | 67271.0780 747.4600 1.7814 0.0001

Error 332 | 139301.6700 419.5830
Genotype 1 | 58573.0620 58573.0600 | 316.7568 | <.0001
Sex 1 3881.5830 3881.5800 20.9912 | <.0001
ND-ACP Genotype*Sex 1 62550.5540 62550.5500 | 338.2666 | <.0001
Rep[Genotype] 89 | 19730.9530 221.7000 1.1989 0.1298
Rep*Sex[Genotype] 89 | 57981.8550 651.4800 3.5231 <.0001

Error 339 | 62686.1700 184.9100
Genotype 1 472.0540 472.0540 1.4974 0.2219
Sex 1 6238.6570 6238.6570 19.7897 | <.0001
Nmda Genotype*Sex 1 5710.0310 5710.0310 18.1129 | <.0001
Rep[Genotype] 91 | 35243.5830 387.2920 1.2285 0.0995
Rep*Sex[Genotype] 91 | 59137.6690 649.8640 2.0614 <.0001

Error 333 | 104977.3300 315.2470
Genotype 1 7434.9310 7434.9300 18.1184 | <.0001
Sex 1 67515.0420 67515.0400 | 164.5290 | <.0001
oex Genotype*Sex 1 633.0210 633.0200 1.5426 0.2151
Rep[Genotype] 90 | 26295.6980 292.1700 0.7120 0.9725
Rep*Sex[Genotype] 90 79091.3520 878.7900 2.1416 <.0001

Error 330 | 135416.6700 410.3500
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Table A.10 (continued).

Genotype 1 4275.6360 4275.6400 10.2086 | 0.0015
Sex 1 41141.8120 41141.8100 | 98.2307 | <.0001
Pgantl Genotype*Sex 1 25396.4850 25396.4800 | 60.6370 | <.0001
Rep[Genotype] 92 27800.2190 302.1800 0.7215 0.9691
Rep*Sex[Genotype] 92 | 75019.2990 815.4300 1.9469 <.0001

Error 339 | 141982.8300 418.8280
Genotype 1 1283.9220 1283.9200 3.6665 0.0564
Sex 1 27098.2980 27098.3000 | 77.3848 | <.0001
i Genotype*Sex 1 121.3910 121.3900 0.3467 0.5564
Rep[Genotype] 91 | 22559.5990 247.9100 0.7080 0.9749
Rep*Sex[Genotype] 91 | 65270.0920 717.2500 2.0483 <.0001

Error 328 | 114857.6700 350.1760
Genotype 1 176.8520 176.8500 0.3853 0.5352
Sex 1 92924.0690 92924.0700 | 202.4248 | <.0001
on Genotype*Sex 1 4211.4170 4211.4200 9.1741 0.0026
Rep[Genotype] 93 | 24445.0590 262.8500 0.5726 0.9992
Rep*Sex[Genotype] 93 | 92686.7710 996.6300 2.1711 <.0001

Error 344 | 157914.8300 459.0500
Genotype 1 | 139901.3900 | 139901.4000 | 936.2008 | <.0001
Sex 1 16028.3000 16028.3000 | 107.2592 | <.0001
RpL22 Genotype*Sex 1 33476.7300 33476.7000 | 224.0216 | <.0001
Rep[Genotype] 89 | 15955.5700 179.3000 1.1997 0.1296
Rep*Sex[Genotype] 89 | 53420.5700 600.2000 4.0167 <.0001

Error 332 | 49612.5000 149.4400
Genotype 1 4010.0930 4010.0900 13.1952 | 0.0003
Sex 1 12601.7610 12601.7600 | 41.4661 | <.0001
- Genotype*Sex 1 1963.3350 1963.3400 6.4604 0.0115
Rep[Genotype] 92 | 21667.1970 235.5100 0.7750 0.9283
Rep*Sex[Genotype] 92 | 67517.2510 733.8800 2.4148 <.0001

Error 343 | 104239.5000 303.9050
Genotype 1 253.5340 253.5300 0.7592 0.3842
Sex 1 22355.6970 22355.7000 | 66.9441 | <.0001
sov Genotype*Sex 1 13.7170 13.7200 0.0411 0.8395
Rep[Genotype] 91 | 23510.3700 258.3600 0.7736 0.9278
Rep*Sex[Genotype] 91 73260.9070 805.0600 2.4108 <.0001

Error 326 | 108866.3300 333.9460
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Table A.10 (continued).

Genotype 1 4835.2900 4835.2900 13.4020 0.0003
Sex 1 24634.8210 24634.8200 68.2805 <.0001
ora Genotype*Sex 1 36.4650 36.4600 0.1011 0.7508
Rep[Genotype] 89 23792.8010 267.3300 0.7410 0.9537
Rep*Sex[Genotype] 89 80817.0000 908.0600 2.5169 <.0001

Error 316 | 114009.1700 360.7890
Genotype 1 672.2350 672.2400 1.4408 0.2308
Sex 1 33200.6750 33200.6700 71.1580 <.0001
TRAM Genotype*Sex 1 3537.1220 3537.1200 7.5810 0.0062
Rep[Genotype] 94 | 24856.6770 264.4300 0.5668 0.9994
Rep*Sex[Genotype] 94 97738.9270 1039.7800 2.2285 <.0001

Error 349 | 162835.3300 466.5770
Genotype 1 5195.3290 5195.3300 23.0520 <.0001
Sex 1 18163.3680 18163.3700 80.5922 <.0001
wds Genotype*Sex 1 300.2080 300.2100 1.3320 0.2493
Rep[Genotype] 89 19009.2700 213.5900 0.9477 0.6114
Rep*Sex[Genotype] 89 57296.6090 643.7800 2.8565 <.0001

Error 321 72345.0000 225.3740
Genotype 1 1894.7240 1894.7200 4.2801 0.0393
Sex 1 38010.3440 38010.3400 85.8643 <.0001
£130¢ Genotype*Sex 1 1864.2020 1864.2000 42112 0.0409
Rep[Genotype] 92 20918.6530 227.3800 0.5136 0.9999
Rep*Sex[Genotype] 92 90450.3130 983.1600 2.2209 <.0001

Error 339 | 150068.3300 442.6790
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Table A.10a

B1. ANOVA Models by Sex - Female

Gene Source DF SS MS F Ratio Prob > F

Genotype 1 1372.4010 1372.4010 8.7884 0.0035

abo Rep[Genotype] 92 43182.5150 469.3750 3.0057 <.0001
Error 166 25922.5000 156.1600

Genotype 1 173.1410 173.1406 0.5786 0.4479

babos Rep[Genotype] 92 61840.2600 672.1767 2.2464 <.0001
Error 175 52364.0000 299.2230

Genotype 1 53618.8840 53618.8800 192.4400 <.0001

blw Rep[Genotype] 94 23628.7330 251.3700 0.9022 0.7094
Error 187 52103.1700 278.6270

Genotype 1 246.4250 246.4246 0.5250 0.4697

boi Rep[Genotype] 92 71206.2780 773.9813 1.6491 0.0024
Error 176 82603.1700 469.3360

Genotype 1 5132.8080 5132.8080 12.7430 0.0005

capu Rep[Genotype] 93 46917.5840 504.4900 1.2525 0.1013
Error 178 71697.1700 402.7930

Genotype 1 36660.1670 36660.1700 67.1154 <.0001

Cdc7 Rep[Genotype] 92 43725.4220 475.2800 0.8701 0.7705
Error 180 98320.6700 546.2260

Genotype 1 2903.0810 2903.0810 9.1913 0.0028

CG3071 Rep[Genotype] 94 51604.1560 548.9800 1.7381 0.0009
Error 175 55274.0000 315.8510

Genotype 1 3252.1740 3252.1740 16.7832 <.0001

CG3326 Rep[Genotype] 91 46827.8920 514.5920 2.6556 <.0001
Error 165 31973.0000 193.7760

Genotype 1 14.4570 14.4573 0.0472 0.8282

CG3704 Rep[Genotype] 94 45021.4830 478.9519 1.5644 0.0055
Error 177 54189.3330 306.1540

Genotype 1 4334.4040 4334.4040 12.7798 0.0004

CG4281 Rep[Genotype] 93 58274.0830 626.6030 1.8475 0.0002
Error 182 61727.3300 339.1610

Genotype 1 1315.3350 1315.3350 10.3031 0.0016

CG4452 Rep[Genotype] 93 30363.2910 326.4870 2.5574 <.0001
Error 174 22213.5000 127.6640

Genotype 1 2385.8370 2385.8370 10.2046 0.0017

CG4554 Rep[Genotype] 93 51788.4120 556.8650 2.3818 <.0001
Error 177 41382.5000 233.7990
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Table A.10a (continued).

Genotype 1 5614.3060 5614.3060 12.1294 0.0006

CG5254 Rep[Genotype] 94 46975.6690 499.7410 1.0797 0.3277
Error 181 83778.8300 462.8660

Genotype 1 437.0860 437.0856 1.9838 0.1607

CG7970 Rep[Genotype] 93 62693.1300 674.1197 3.0597 <.0001
Error 178 39217.3300 220.3220

Genotype 1 5111.0000 5111.0000 23.2625 <.0001

CG7971 Rep[Genotype] 93 53590.5470 576.2420 2.6227 <.0001
Error 182 39987.1670 219.7100

Genotype 1 0.4160 0.4163 0.0014 0.9700

CG12018 Rep[Genotype] 93 46298.3680 497.8319 1.6957 0.0013
Error 181 53138.3330 293.5820

Genotype 1 8513.9880 8513.9880 25.0042 <.0001

CG13369 Rep[Genotype] 92 50776.0290 551.9130 1.6209 0.0034
Error 172 58566.5000 340.5030

Genotype 1 156.3640 156.3645 0.6164 0.4334

CG13760 Rep[Genotype] 92 46007.8140 500.0849 1.9713 <.0001
Error 178 45155.8330 253.6840

Genotype 1 152.8510 152.8507 0.7424 0.3901

Rep[Genotype] 91 64807.5820 712.1712 3.4591 <.0001
CG13933 Error 175 36029.6700 205.8840

Genotype 1 305.0540 305.0539 0.6151 0.4339

CG14969 Rep[Genotype] 94 39904.3190 424.5140 0.8559 0.7996
Error 186 92250.3300 495.9700

Genotype 1 801.8000 801.7999 1.7756 0.1844

Rep[Genotype] 93 58246.9350 626.3111 1.3870 0.0319
CG16868 Error 179 80828.1700 451.5540

Genotype 1 1552.5090 1552.5090 5.7669 0.0174

CG17777 Rep[Genotype] 92 47255.1050 513.6420 1.9080 0.0001
Error 175 47111.5000 269.2090

Genotype 1 18.4460 18.4463 0.0713 0.7897

CG18273 Rep[Genotype] 92 48412.6010 526.2239 2.0346 <.0001
Error 175 45260.5000 258.6310

Genotype 1 3404.1180 3404.1180 12.9708 0.0004

CG32809 Rep[Genotype] 93 52747.6330 567.1790 2.1611 <.0001
Error 183 48027.3300 262.4440

Genotype 1 3723.1570 3723.1570 10.3302 0.0016

crn Rep[Genotype] 92 52845.1880 574.4040 1.5937 0.0047
Error 166 59828.8300 360.4150
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Table A.10a (continued).

Genotype 1 10209.3340 10209.3300 34.3986 <.0001

CycE Rep[Genotype] 94 58342.7010 620.6700 2.0912 <.0001
Error 180 53423.1700 296.7950

Genotype 1 12459.5260 12459.5300 51.7190 <.0001

Cyp4gl Rep[Genotype] 92 47653.7360 517.9800 2.1501 <.0001
Error 172 41436.1700 240.9080

Genotype 1 6275.2910 6275.2910 29.3744 <.0001

DAAM Rep[Genotype] 92 42768.1350 464.8710 2.1760 <.0001
Error 175 37385.5000 213.6310

Genotype 1 164.9780 164.9780 0.4417 0.5072

dnc Rep[Genotype] 93 65700.8740 706.4610 1.8916 0.0002
Error 175 65359.3300 373.4820

Genotype 1 14087.5390 14087.5400 80.9430 <.0001

Dredd Rep[Genotype] 92 51467.8030 559.4300 3.2143 <.0001
Error 168 29239.1670 174.0430

Genotype 1 98.0350 08.0346 0.3790 0.5389

dx Rep[Genotype] 93 50133.8050 539.0732 2.0838 <.0001
Error 179 46306.3330 258.6950

Genotype 1 2355.8680 2355.8680 5.4360 0.0209

egh Rep[Genotype] 94 72002.7600 765.9870 1.7675 0.0006
Error 173 74975.5000 433.3840

Genotype 1 3510.5210 3510.5210 10.0121 0.0018

Eip75B Rep[Genotype] 93 51648.1850 555.3570 1.5839 0.0045
Error 179 62762.1700 350.6270

Genotype 1 1920.7990 1920.7990 3.7236 0.0552

Fdx1 Rep[Genotype] 94 46610.5060 495.8560 0.9613 0.5793
Error 183 94398.6700 515.8400

Genotype 1 232.7550 232.7546 0.9041 0.3429

fs(1)N Rep[Genotype] 93 53536.7780 575.6643 2.2361 <.0001
Error 182 46854.0000 257.4400

Genotype 1 1142.4630 1142.4630 3.9417 0.0486

G9a Rep[Genotype] 93 54837.5150 589.6510 2.0344 <.0001
Error 182 52751.3300 289.8420

Genotype 1 0.1640 0.1642 0.0006 0.9804

Hsl Rep[Genotype] 92 44215.9660 480.6083 1.7738 0.0006
Error 177 47957.6670 270.9470

Genotype 1 20.3950 20.3954 0.0560 0.8133

Hsp22 Rep[Genotype] 94 65402.2340 695.7684 1.9093 0.0001
Error 180 65593.3300 364.4070

246




Table A.10a (continued).

Genotype 1 2120.1030 2120.1030 6.7487 0.0102

KIp67A Rep[Genotype] 92 50745.0150 551.5760 1.7558 0.0007
Error 180 | 56546.8300 314.1490

Genotype 1 1243.9160 1243.9160 2.2631 0.1342

1(1)G0004 Rep[Genotype] 93 55987.3660 602.0150 1.0953 0.2997
Error 181 | 99485.6700 549.6450

Genotype 1 2015.4100 2015.4100 7.9692 0.0053

lama Rep[Genotype] 93 48995.1960 526.8300 2.0832 <.0001
Error 174 |  44004.3330 252.8980

Genotype 1 2934.2040 2934.2040 7.9236 0.0054

Lztrl Rep[Genotype] 94 83364.9720 886.8610 2.3949 <.0001
Error 177 | 65545.1700 370.3120

Genotype 1 10121.0520 10121.0500 28.7785 <.0001

MED22 Rep[Genotype] 92 53800.0480 584.7800 1.6628 0.0020
Error 177 |  62248.6700 351.6870

Genotype 1 8218.8970 8218.8970 21.3712 <.0001

msn Rep[Genotype] 93 44569.7510 479.2450 1.2462 0.1059
Error 180 |  69224.0000 384.5780

Genotype 1 58.8150 58.8149 0.2816 0.5963

ND-ACP Rep[Genotype] 92 31972.4000 347.5261 1.6642 0.0020
Error 177 | 36962.8330 208.8300

Genotype 1 5780.3610 5780.3610 15.8203 0.0001

Nmd3 Rep[Genotype] 93 59238.6700 636.9750 1.7433 0.0008
Error 174 | 635755000 365.3760

Genotype 1 2480.3650 2480.3650 5.0537 0.0258

pex Rep[Genotype] 93 48679.9020 523.4400 1.0665 0.3539
Error 177 | 86872.5000 490.8050

Genotype 1 4622.9730 4622.9730 8.6100 0.0038

Pgantl Rep[Genotype] 93 59871.6010 643.7810 1.1990 0.1518
Error 178 | 95573.5000 536.9300

Genotype 1 832.6350 832.6346 2.1727 0.1423

piwi Rep[Genotype] 92 47080.7840 511.7477 1.3354 0.0529
Error 171 | 65532.0000 383.2280

Genotype 1 3509.0200 3509.0200 6.6186 0.0109

Rep[Genotype] 93 48990.8190 526.7830 0.9936 0.5065
pn Error 180 | 95431.1700 530.1730

Genotype 1 18325.7980 18325.8000 | 116.9207 <.0001

RpL22 Rep[Genotype] 91 29883.1370 328.3900 2.0951 <.0001
Error 173 | 271155000 156.7370
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Table A.10a (continued).

Genotype 1 6784.6850 6784.6850 20.0777 <.0001

sgg Rep[Genotype] 93 51191.0190 550.4410 1.6289 0.0028
Error 178 60150.1700 337.9220

Genotype 1 15.7670 15.7674 0.0469 0.8288

sov Rep[Genotype] 92 56076.1310 609.5232 1.8132 0.0004
Error 173 58155.1700 336.1570

Genotype 1 2822.7980 2822.7980 7.5409 0.0067

sra Rep[Genotype] 92 59321.4470 644.7980 1.7225 0.0012
Error 170 63636.6700 374.3330

Genotype 1 580.6900 580.6905 1.0189 0.3141

TRAM Rep[Genotype] 94 57731.2110 614.1618 1.0776 0.3316
Error 181 103156.1700 569.9240

Genotype 1 4263.0170 4263.0170 21.0441 <.0001

wds Rep[Genotype] 91 41856.3520 459.9600 2.2706 <.0001
Error 168 34032.6670 202.5750

Genotype 1 4631.0550 4631.0550 8.9971 0.0031

2f30¢ Rep[Genotype] | 94 54388.3890 578.6000 1.1241 0.2502
Error 183 94195.1700 514.7280
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Table A.10b

B2. ANOVA Models by Sex - Male

Gene Source DF SS MS F Ratio Prob > F

Genotype 1 4722.8000 4722.8000 17.1485 <.0001

abo Rep[Genotype] | 92 50117.6220 544.7570 1.9780 <.0001
Error 164 | 45166.5000 275.4050

Genotype 1 135.5630 135.5630 0.4050 0.5255

babos Rep[Genotype] | 87 49647.0310 570.6555 1.7048 0.0021
Error 150 | 50209.5000 334.7300

Genotype 1 188084.6300 188084.6000 | 1002.3560 <.0001

blw Rep[Genotype] | 94 36159.8800 384.7000 2.0501 <.0001
Error 179 | 33588.0000 187.6400

Genotype 1 20521.5780 20521.5800 79.8853 <.0001

boi Rep[Genotype] | 91 53970.7850 593.0900 2.3087 <.0001
Error 168 | 43157.1700 256.8880

Genotype 1 1751.5660 1751.5660 5.4975 0.0203

capu Rep[Genotype] | 92 37645.6190 409.1920 1.2843 0.0853
Error 155 |  49385.0000 318.6130

Genotype 1 10126.8960 10126.9000 41.3000 <.0001

Cdc7 Rep[Genotype] | 93 44760.4000 481.2900 1.9628 <.0001
Error 173 | 42420.1670 245.2030

Genotype 1 1200.4510 1200.4510 3.8727 0.0507

CG3071 Rep[Genotype] | 93 44849.7430 482.2550 1.5558 0.0068
Error 166 | 51456.5000 309.9790

Genotype 1 3111.4810 3111.4810 8.9043 0.0033

CG3326 Rep[Genotype] | 90 54443.0240 604.9220 1.7311 0.0014
Error 156 | 54512.0000 349.4360

Genotype 1 49128.0530 49128.0500 158.6060 <.0001

CG3704 Rep[Genotype] | 93 38268.0620 411.4800 1.3284 0.0562
Error 168 | 52037.8300 309.7490

Genotype 1 6890.7750 6890.7750 16.6162 <.0001

CG4281 Rep[Genotype] | 92 69443.0260 754.8160 1.8201 0.0004
Error 170 |  70499.3300 414.7020

Genotype 1 5783.2990 5783.2990 29.8272 <.0001

CG4452 Rep[Genotype] | 93 36740.9630 395.0640 2.0375 <.0001
Error 166 | 32186.3330 193.8940

Genotype 1 4577.1340 4577.1340 19.2490 <.0001

CG4554 Rep[Genotype] | 92 70514.0890 766.4570 3.2233 <.0001
Error 174 |  41374.6700 237.7850
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Table A.10b (continued).

Genotype 1 55.8090 55.8091 0.1436 0.7052
CG5254 Rep[Genotype] | 93 64355.8370 691.9982 1.7810 0.0006

Error 171 | 66440.0000 388.5380

Genotype 1 623.5030 623.5031 1.8889 0.1712
CG7970 Rep[Genotype] | 91 64928.3150 713.4980 2.1616 <.0001

Error 167 | 55123.5000 330.0810

Genotype 1 1224.0000 1224.0000 5.0868 0.0254
CG7971 Rep[Genotype] | 90 83131.3480 923.6820 3.8387 <.0001

Error 164 | 39462.0000 240.6220

Genotype 1 6857.2700 6857.2700 24.7557 <.0001
CG12018 Rep[Genotype] | 92 76112.3670 827.3080 2.9867 <.0001

Error 173 |  47920.6700 276.9980

Genotype 1 1980.4220 1980.4220 7.1160 0.0084
CG13369 Rep[Genotype] | 93 43248.9090 465.0420 1.6710 0.0019

Error 171 |  47590.0000 278.3040

Genotype 1 2514.2540 2514.2540 8.4030 0.0043
CG13760 Rep[Genotype] | 91 78858.7830 866.5800 2.8962 <.0001

Error 163 | 48771.3300 299.2110

Genotype 1 748.5260 748.5261 2.7766 0.0975
CG13933 Rep[Genotype] | 90 74405.6020 826.7289 3.0666 <.0001

Error 170 | 45829.8300 269.5870

Genotype 1 6252.4030 6252.4030 24.2870 <.0001
CG14969 Rep[Genotype] | 94 45392.8640 482.9030 1.8758 0.0002

Error 169 | 43507.0000 257.4380

Genotype 1 6074.2200 6074.2200 19.7926 <.0001
CG16868 Rep[Genotype] | 92 58322.3130 633.9380 2.0657 <.0001

Error 173 | 53092.6700 306.8940

Genotype 1 127.2670 127.2668 0.4428 0.5067
CG17777 Rep[Genotype] | 91 42156.3550 463.2567 1.6117 0.0043

Error 161 | 46276.3330 287.4310

Genotype 1 5808.5090 5808.5090 21.8480 <.0001
CG18273 Rep[Genotype] | 91 42599.5710 468.1270 1.7608 0.0009

Error 163 | 43335.1670 265.8600

Genotype 1 32.7750 32.7749 0.1209 0.7285
CG32809 Rep[Genotype] 92 61259.6200 665.8654 2.4560 <.0001

Error 171 | 46361.8300 271.1220

Genotype 1 154761.4300 154761.4000 613.9085 <.0001
crn Rep[Genotype] 74 28009.4000 378.5000 1.5015 0.0228

Error 125 | 31511.5000 252.0900
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Table A.10b (continued).

Genotype 1 599.6140 599.6142 1.7801 0.1840

CycE Rep[Genotype] | 93 50837.1210 546.6357 1.6228 0.0037
Error 159 | 53559.1700 336.8500

Genotype 1 124960.3900 124960.4000 721.2658 <.0001

Cyp4gl Rep[Genotype] | 92 37703.7800 409.8000 2.3655 <.0001
Error 167 | 28933.0000 173.2500

Genotype 1 9375.4750 9375.4750 41.2464 <.0001

DAAM Rep[Genotype] | 92 56214.0760 611.0230 2.6881 <.0001
Error 170 | 38641.6700 227.3040

Genotype 1 254.2630 254.2626 0.8932 0.3460

dnc Rep[Genotype] | 93 41674.1670 448.1093 1.5741 0.0061
Error 159 | 45262.1670 284.6680

Genotype 1 6759.6860 6759.6860 16.6217 <.0001

Dredd Rep[Genotype] | 91 61617.9260 677.1200 1.6650 0.0024
Error 164 | 66695.1700 406.6780

Genotype 1 1570.3100 1570.3100 5.5557 0.0195

dx Rep[Genotype] | 92 83431.0200 906.8590 3.2084 <.0001
Error 172 | 48615.3300 282.6470

Genotype 1 15385.9890 15385.9900 46.1636 <.0001

egh Rep[Genotype] | 91 51316.7470 563.9200 1.6920 0.0019
Error 160 | 53326.8300 333.2930

Genotype 1 16.3890 16.3895 0.0528 0.8186

Eip75B Rep[Genotype] | 91 446445470 490.5994 1.5796 0.0061
Error 157 | 48762.3330 310.5880

Genotype 1 20.8880 20.8876 0.0677 0.7950

Fdx1 Rep[Genotype] | 94 64927.8560 690.7219 2.2400 <.0001
Error 172 | 53036.5000 308.3520

Genotype 1 1763.9050 1763.9050 6.7966 0.0099

fs()N Rep[Genotype] | 91 | 69758.4830 766.5770 2.9537 <.0001
Error 173 | 44898.1700 259.5270

Genotype 1 719.8750 719.8748 2.8345 0.0941

G9a Rep[Genotype] 92 64562.6800 701.7683 2.7632 <.0001
Error 171 | 43428.8300 253.9700

Genotype 1 872.0320 872.0321 2.7317 0.1002

Hsl Rep[Genotype] 92 66909.9960 727.2826 2.2783 <.0001
Error 168 | 53629.5000 319.2230

Genotype 1 595.1660 595.1657 2.0742 0.1516

Hsp22 Rep[Genotype] 93 56777.2680 610.5083 2.1276 <.0001
Error 174 |  49928.1700 286.9430
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Table A.10b (continued).

Genotype 1 769.7890 769.7889 2.9549 0.0875

KIp67A Rep[Genotype] | 91 78763.8600 865.5369 3.3225 <.0001
Error 168 |  43765.8300 260.5110

Genotype 1 265.6610 265.6614 0.7724 0.3807

1(1)G0004 | Rep[Genotype] | 90 | 70165.3200 779.6147 2.2668 <.0001
Error 165 | 56747.3300 343.9230

Genotype 1 5326.4750 5326.4750 14.0978 0.0002

lama Rep[Genotype] | 92 | 78405.2770 852.2310 2.2556 <.0001
Error 170 |  64230.0000 377.8240

Genotype 1 141.3430 141.3435 0.4496 0.5035

Lztrl Rep[Genotype] | 91 | 44163.1050 485.3088 1.5437 0.0081
Error 164 | 51557.6670 314.3760

Genotype 1 1797.4780 1797.4780 6.2338 0.0136

MED22 Rep[Genotype] | 91 | 51575.6730 566.7660 1.9656 0.0001
Error 156 | 44981.3330 288.3420

Genotype 1 112.2920 112.2917 0.2435 0.6224

msn Rep[Genotype] | 92 | 51899.7010 564.1272 1.2230 0.1338
Error 158 |  72877.5000 461.2500

Genotype 1 119547.3400 119547.3000 | 767.9799 <.0001

ND-ACP Rep[Genotype] | 89 | 46321.2300 520.5000 3.3435 <.0001
Error 167 | 25996.0000 155.6600

Genotype 1 1418.6940 1418.6940 5.5026 0.0202

Nmd3 Rep[Genotype] | 91 | 37341.7410 410.3490 1.5916 0.0052
Error 162 | 41767.0000 257.8210

Genotype 1 6025.2520 6025.2520 17.5965 <.0001

pex Rep[Genotype] | 90 | 56250.0400 625.0000 1.8253 0.0005
Error 159 | 54443.5000 342.4120

Genotype 1 25575.9320 25575.9300 86.7343 <.0001

Pgantl Rep[Genotype] | 93 | 459459220 494.0400 1.6754 0.0020
Error 165 | 48654.6700 294.8770

Genotype 1 299.2940 299.2944 0.9575 0.3293

piwi Rep[Genotype] | 91 | 42885.3200 471.2672 1.5077 0.0122
Error 158 |  49386.1670 312.5710

Genotype 1 1281.5860 1281.5860 3.3806 0.0678

pn Rep[Genotype] 93 68235.3470 733.7130 1.9354 0.0001
Error 164 | 62172.3300 379.1000

Genotype 1 154727.4100 154727.4000 | 1119.1320 | <.0001

RpL22 Rep[Genotype] | 90 | 40473.2900 449.7000 3.2527 <.0001
Error 165 | 22812.3300 138.2600
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Table A.10b (continued).

Genotype 1 176.0640 176.0643 0.6620 0.4170

Sg9 Rep[Genotype] 92 40141.3720 436.3193 1.6405 0.0029
Error 166 44149.8330 265.9630

Genotype 1 184.6270 184.6266 0.5600 0.4554

sov Rep[Genotype] 91 43518.1460 478.2214 1.4505 0.0213
Error 154 50771.6670 329.6860

Genotype 1 2023.5420 2023.5420 5.5545 0.0197

sra Rep[Genotype] 90 49082.5970 545.3620 1.4970 0.0146

Error 150 54646.0000 364.3070 0.0019

Genotype 1 3536.9450 3536.9450 9.9567 0.0001

TRAM Rep[Genotype] 94 63906.9260 679.8610 1.9138 0.0117
Error 168 59679.1700 355.2330

Genotype 1 1662.7040 1662.7040 6.5014 0.0075

wds Rep[Genotype] 90 35888.9760 398.7660 1.5592 0.9896
Error 159 40663.6670 255.7460

Genotype 1 0.0600 0.0598 0.0002 0.0003

zf30c Rep[Genotype] 92 59864.9210 650.7057 1.8542

Error 162 56851.8300 350.9370
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Table A.10c

C1. Effect and p-Value Summaries - Female

Gene Difference SE Difference Lower CL Upper CL p-Value
abo 4.6631 1.5730 1.5575 7.7687 0.0035
babos 1.6217 2.1319 -2.5858 5.8292 0.4479
blw -27.6424 1.9926 -31.5733 -23.7114 <.0001
boi 1.9297 2.6630 -3.3260 7.1853 0.4697
capu -8.7493 2.4510 -13.5860 -3.9126 0.0005
Cdc7 23.2837 2.8421 17.6756 28.8918 <.0001
CG12018 -0.0782 2.0776 -4.1778 4.0213 0.9700
CG13369 11.4457 2.2889 6.9276 15.9637 <.0001
CG13760 -1.5284 1.9467 -5.3700 2.3133 0.4334
CG13933 1.5237 1.7683 -1.9664 5.0137 0.3901
CG14969 -2.0903 2.6653 -7.3484 3.1678 0.4339
CG16868 -3.4511 2.5899 -8.5617 1.6595 0.1844
CG17777 -4.8530 2.0209 -8.8413 -0.8646 0.0174
CG18273 0.5290 1.9808 -3.3803 4.4382 0.7897
CG3071 6.6250 2.1852 2.3122 10.9378 0.0028
CG32809 7.0398 1.9547 3.1832 10.8965 0.0004
CG3326 -7.2021 1.7580 -10.6732 -3.7310 <.0001
CG3704 0.4653 2.1411 -3.7601 4.6907 0.8282
CG4281 7.9634 2.2276 3.5682 12.3587 0.0004
CG4452 -4.4764 1.3946 -7.2289 -1.7239 0.0016
CG4554 5.9808 1.8722 2.2860 9.6756 0.0017
CG5254 -9.0799 2.6071 -14.2241 -3.9356 0.0006
CG7970 2.5537 1.8131 -1.0242 6.1316 0.1607
CG7971 8.6475 1.7929 5.1099 12.1850 <.0001
crn -7.6935 2.3937 -12.4196 -2.9675 0.0016
CycE -12.2743 2.0928 -16.4039 -8.1447 <.0001
Cyp4g1l -13.8460 1.9253 -17.6463 -10.0457 <.0001
DAAM 9.7553 1.7999 6.2029 13.3077 <.0001
dnc 1.5805 2.3780 -3.1127 6.2736 0.5072
Dredd -14.8688 1.6527 -18.1315 -11.6061 <.0001
dx 1.2065 1.9599 -2.6609 5.0739 0.5389
egh 5.9965 2.5719 0.9201 11.0730 0.0209
Eip75B -71.2174 2.2810 -11.7185 -2.7164 0.0018
Fdx1 -5.2847 2.7387 -10.6881 0.1187 0.0552
fs(L)N 1.8454 1.9408 -1.9839 5.6747 0.3429
GY9%a 4.0884 2.0593 0.0253 8.1516 0.0486
Hsl -0.0496 2.0170 -4.0300 3.9307 0.9804
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Table A.10c (continued).

Hsp22 0.5486 2.3190 -4.0272 5.1244 0.8133
KIp67A 5.5993 2.1554 1.3462 9.8523 0.0102
1(1)G0004 -4.2994 2.8580 -9.9386 1.3398 0.1342
lama -5.5366 1.9612 -9.4075 -1.6657 0.0053
Lztrl 6.6285 2.3548 1.9814 11.2756 0.0054
MED22 -12.3211 2.2968 -16.8537 -7.7886 <.0001
msn -11.0153 2.3828 -15.7170 -6.3136 <.0001
ND-ACP 0.9397 1.7707 -2.5547 4.4342 0.5963
Nmd3 9.3783 2.3579 4.7246 14.0320 0.0001
pcx 6.1013 2.7141 0.7452 11.4574 0.0258
Pgantl 8.3078 2.8313 2.7206 13.8950 0.0038
piwi -3.5892 2.4350 -8.3958 1.2173 0.1423
pn -7.1990 2.7983 -12.7207 -1.6774 0.0109
RpL22 -16.7698 1.5509 -19.8309 -13.7087 <.0001
sgg 10.0592 2.2449 5.6290 14.4893 <.0001
Sov -0.4914 2.2689 -4.9698 3.9870 0.8288
sra -6.6255 24127 -11.3882 -1.8627 0.0067
TRAM 2.9201 2.8929 -2.7881 8.6284 0.3141
wds 8.2254 1.7931 4.6856 11.7652 <.0001
z2f30c 8.2465 2.7493 2.8222 13.6709 0.0031
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Table A.10d

C2. Effect and p-Value Summaries - Male

Gene Difference SE Difference Lower CL Upper CL p-Value
abo 8.6915 2.0988 4.5472 12.8357 <.0001
babos -1.5421 2.4231 -6.3299 3.2458 0.5255
blw -52.8125 1.6681 -56.1042 -49.5208 <.0001
boi -17.9685 2.0104 -21.9374 -13.9997 <.0001
capu 5.4043 2.3049 0.8512 9.9573 0.0203
Cdc7 -12.4440 1.9364 -16.2659 -8.6221 <.0001
CG12018 -10.2498 2.0601 -14.3159 -6.1838 <.0001
CG13369 -5.5307 2.0733 -9.6232 -1.4381 0.0084
CG13760 6.3618 2.1946 2.0282 10.6954 0.0043
CG13933 3.4167 2.0504 -0.6310 7.4643 0.0975
CG14969 -9.8611 2.0010 -13.8112 -5.9110 <.0001
CG16868 -9.6454 2.1680 -13.9246 -5.3662 <.0001
CG17777 -1.4390 2.1626 -5.7098 2.8317 0.5067
CG18273 -9.6745 2.0698 -13.7616 -5.5875 <.0001
CG3071 4.3582 2.2146 -0.0143 8.7307 0.0507
CG32809 0.7120 2.0477 -3.3301 4.7540 0.7285
CG3326 7.2073 2.4153 2.4364 11.9782 0.0033
CG3704 -27.7529 2.2037 -32.1034 -23.4024 <.0001
CG4281 10.3474 2.5384 5.3365 15.3583 <.0001
CG4452 -9.5659 1.7515 -13.0241 -6.1077 <.0001
CG4554 8.3543 1.9042 4.5961 12.1126 <.0001
CG5254 0.9283 2.4495 -3.9067 5.7634 0.7052
CG7970 -3.1382 2.2834 -7.6462 1.3698 0.1712
CG7971 4.4348 1.9663 0.5523 8.3173 0.0254
crn -59.7629 2.4120 -64.5366 -54.9892 <.0001
CycE 3.1291 2.3453 -1.5029 7.7610 0.1840
Cyp4g1l -44.3901 1.6529 -47.6533 -41.1269 <.0001
DAAM 12.0696 1.8793 8.3598 15.7794 <.0001
dnc -2.0376 2.1560 -6.2957 2.2205 0.3460
Dredd 10.4057 2.5523 5.3661 15.4454 <.0001
dx -4.9165 2.0859 -9.0337 -0.7993 0.0195
egh -15.8671 2.3353 -20.4791 -11.2551 <.0001
Eip75B 0.5211 2.2686 -3.9597 5.0020 0.8186
Fdx1 -0.5660 2.1746 -4.8583 3.7263 0.7950
fs(L)N 5.2022 1.9955 1.2636 9.1408 0.0099
GY9%a -3.3367 1.9819 -7.2487 0.5754 0.0941
Hsl 3.6981 2.2375 -0.7191 8.1152 0.1002
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Table A.10d (continued).

Hsp22 -3.0093 2.0895 -7.1334 1.1148 0.1516
KIp67A -3.4787 2.0237 -7.4737 0.5164 0.0875
1(1)G0004 -2.0638 2.3482 -6.7001 2.5725 0.3807
lama 9.0974 2.4229 4.3145 13.8803 0.0002
Lztrl 1.5061 2.2461 -2.9290 5.9412 0.5035
MED22 5.4704 2.1910 1.1426 9.7982 0.0136
msn -1.3653 2.7670 -6.8303 4.0998 0.6224
ND-ACP -43.5482 1.5714 -46.6507 -40.4458 <.0001
Nmd3 -4.7905 2.0422 -8.8232 -0.7578 0.0202
pcx 9.9855 2.3804 5.2841 14.6868 <.0001
Pgantl -20.1447 2.1630 -24.4155 -15.8739 <.0001
piwi -2.2216 2.2704 -6.7058 2.2626 0.3293
pn 4.5241 2.4606 -0.3344 9.3825 0.0678
RpL22 -49.7391 1.4868 -52.6748 -46.8035 <.0001
sgg 1.6702 2.0528 -2.3828 5.7232 0.4170
Sov -1.7615 2.3539 -6.4115 2.8886 0.4554
sra -5.8976 2.5024 -10.8420 -0.9531 0.0197
TRAM -7.4340 2.3560 -12.0851 -2.7829 0.0019
wds 5.2295 2.0510 1.1789 9.2801 0.0117
z2f30c 0.0311 2.3830 -4.6746 4.7368 0.9896
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Table A.11 Analyses of variance (ANOVAs) of lifetime productivity for GAL4-c825 x UAS RNAI and

GAL4-c825 x control F1 flies. (A) Full ANOVA models. (B) Effect and p-Value summaries.

A. Full ANOVA Models

Gene Source | DF SS MS F Ratio Prob>F

abo Line 1 529.5042 529.5042 0.8725 0.3596
Error 24 14564.5130 606.8550

babos Line 1 2349.6678 2349.6680 1.4647 0.2380
Error 24 38501.2520 1604.2200

blw Line 1 81088.6150 81088.6200 767.7870 <.0001
Error 24 2534.7220 105.6000

boi Line 1 5100.6677 5100.6680 3.4482 0.0756
Error 24 35501.1620 1479.2200

capu Line 1 37.7607 37.7607 0.0169 0.8977
Error 24 53660.5000 2235.8500

Cdc7 Line 1 147.0523 147.0523 0.3977 0.5342
Error 24 8873.2266 369.7180

CG3071 Line 1 1772.3761 1772.3760 1.1774 0.2887
Error 24 36127.2950 1505.3000

CG3326 Line 1 146.2607 146.2607 0.1275 0.7241
Error 24 27523.1790 1146.8000

CG3704 Line 1 2915.7094 2915.7090 1.7890 0.1936
Error 24 39116.2390 1629.8400

CGA4281 Line 1 86.7788 86.7788 0.1010 0.7534
Error 24 20626.4440 859.4350

CGA452 Line 1 2184.7222 2184.7220 2.7833 0.1082
Error 24 18838.5980 784.9400

CGA554 Line 1 223.1293 223.1293 0.2743 0.6052
Error 24 19519.5900 813.3160

CG5254 Line 1 6903.5939 6903.5940 25.0500 <.0001
Error 24 6614.2270 275.5900

CG7970 Line 1 36.5652 36.5652 0.0352 0.8528
Error 24 24937.2310 1039.0500

CG7971 Line 1 30981.0100 30981.0100 51.2228 <.0001
Error 24 14515.8980 604.8000

CG12018 Line 1 420.0097 420.0097 0.5370 0.4708
Error 24 18772.1200 782.1720

CG13369 Line 1 0.0096 0.0096 0.0000 0.9971
Error 24 16768.5730 698.6910
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Table A.11 (continued).

CG13760 Line 1 1271.6677 1271.6680 1.3208 0.2618
Error 24 23106.5300 962.7700

CG13933 Line 1 4398.3345 4398.3340 5.0830 0.0336
Error 24 20767.1110 865.3000

CG14969 Line 1 3098.5138 3098.5140 19.0666 0.0002
Error 24 3900.2351 162.5100

CG16868 Line 1 42.7350 42.7350 0.0243 0.8774
Error 24 42203.5430 1758.4800

CG1T777 Line 1 6822.3601 6822.3600 7.1710 0.0132
Error 24 22833.1920 951.3800

Line 1 1189.1293 1189.1290 0.7368 0.3992
CG18273 Error 24 38736.2900 1614.0100

CG32809 Line 1 6.6677 6.6677 0.0047 0.9456
Error 24 33705.3340 1404.3900

orm Line 1 108145.0000 108145.0000 122.3746 <.0001
Error 24 21209.3100 884.0000

CycE Line 1 7034.5685 7034.5690 5.4087 0.0288
Error 24 31214.6580 1300.6100

Cypgl Line 1 77281.0100 77281.0100 139.0135 <.0001
Error 24 13342.1880 555.9000

DAAM Line 1 101.3504 101.3504 0.0863 0.7715
Error 24 28198.2570 1174.9300

dne Line 1 631.7959 631.7959 0.3186 0.5777
Error 24 47592.0340 1983.0000

Dredd Line 1 10121.8850 10121.8800 17.6592 0.0003
Error 24 13756.3250 573.2000

dx Line 1 2031.6678 2031.6680 2.2331 0.1481
Error 24 21834.8890 909.7900

egh Line 1 694.0555 694.0555 0.6052 0.4442
Error 24 27525.2650 1146.8900

Eip758 Line 1 1180.1293 1180.1290 0.7984 0.3805
Error 24 35476.8680 1478.2000

Fdx1 Line 1 3116.7350 3116.7350 11.9824 0.0020
Error 24 6242.6153 260.1100

()N Line 1 1100.6678 1100.6680 0.9235 0.3461
Error 24 28604.2220 1191.8400

Goa Line 1 41.4626 41.4626 0.0366 0.8500
Error 24 27213.5900 1133.9000
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Table A.11 (continued).

Hsl Line 1 1166.6934 1166.6930 1.5268 0.2286
Error 24 18339.7780 764.1600

Hsp22 Line 1 177.8461 177.8461 0.1673 0.6862
Error 24 25513.7650 1063.0700

KIp67A Line 1 145.4712 145.4712 0.1726 0.6815
Error 24 20225.7780 842.7410

1(1)G0004 Line 1 2951.1153 2951.1150 10.4399 0.0036
Error 24 6784.2308 282.6800

lama Line 1 1485.0867 1485.0870 1.5459 0.2257
Error 24 23055.7090 960.6500

Lztrl Line 1 178.7190 178.7190 0.1222 0.7297
Error 24 35110.0130 1462.9200

MED22 Line 1 1758.6422 1758.6420 1.1351 0.2973
Error 24 37182.9450 1549.2900

msn Line 1 6.5000 6.5000 0.0040 0.9498
Error 24 38555.9400 1606.5000

ND-ACP Line 1 59186.1640 59186.1600 103.2894 <.0001
Error 24 13752.3080 573.0000

Nmd3 Line 1 827.3505 827.3505 0.4171 0.5245
Error 24 47600.5000 1983.3500

nex Line 1 25.6677 25.6677 0.0997 0.7550
Error 24 6181.2351 257.5510

Pgant1 Line 1 194.7960 194.7960 0.1643 0.6888
Error 24 28454.5130 1185.6000

piwi Line 1 1202.6934 1202.6930 0.7389 0.3985
Error 24 39064.9360 1627.7100

on Line 1 1211.7788 1211.7790 2.5696 0.1220
Error 24 11317.7910 471.5700

RpL22 Line 1 64617.2320 64617.2300 113.3294 <.0001
Error 24 13684.1200 570.2000

500 Line 1 151.0427 151.0427 0.0955 0.7600
Error 24 37968.2480 1582.0100

sov Line 1 2148.2093 2148.2090 1.6078 0.2170
Error 24 32065.9060 1336.0800

sra Line 1 801.2350 801.2350 0.6653 0.4227
Error 24 28902.1030 1204.2500

TRAM Line 1 473.8846 473.8846 0.6948 0.4128
Error 24 16368.7090 682.0300

wds Line 1 20.3461 20.3462 0.0333 0.8567
Error 24 14659.2650 610.8030
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Table A.11 (continued).

zf30c

Line

12306.8760

12306.8800

20.5382

0.0001

Error

24

14381.2350

599.2000
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Table A.11a

B. Effect and p-Value Summaries

Gene Difference SE Difference Lower CL Upper CL p-Value
abo 9.0256 9.6624 -10.9166 28.9679 0.3596
babos 19.0128 15.7100 -13.4109 51.4366 0.2380
blw -111.6920 4.0309 -120.0120 -103.3730 <.0001
boi -28.0128 15.0855 -59.1477 3.1221 0.0756
capu -2.4103 18.5466 -40.6886 35.8681 0.8977
Cdc7 -4.7564 7.5419 -20.3220 10.8092 0.5342
CG12018 -8.0385 10.9697 -30.6788 14.6019 0.4708
CG13369 0.0385 10.3678 -21.3596 21.4365 0.9971
CG13760 -13.9872 12.1704 -39.1057 11.1313 0.2618
CG13933 -26.0128 11.5379 -49.8258 -2.1998 0.0336
CG14969 -21.8333 5.0002 -32.1531 -11.5135 0.0002
CG16868 -2.5641 16.4480 -36.5110 31.3828 0.8774
CG17777 -32.3974 12.0982 -57.3669 -7.4280 0.0132
CG18273 -13.5256 15.7578 -46.0482 18.9969 0.3992
CG3071 16.5128 15.2179 -14.8954 479211 0.2887
CG32809 -1.0128 14.6990 -31.3500 29.3244 0.9456
CG3326 4.7436 13.2827 -22.6706 32.1578 0.7241
CG3704 21.1795 15.8349 -11.5022 53.8612 0.1936
CG4281 3.6538 11.4987 -20.0784 27.3861 0.7534
CG4452 -18.3333 10.9891 -41.0137 4.3470 0.1082
CG4554 -5.8590 11.1860 -28.9456 17.2277 0.6052
CG5254 -32.5897 6.5114 -46.0287 -19.1508 <.0001
CG7970 -2.3718 12.6433 -28.4664 23.7228 0.8528
CG7971 -69.0385 9.6463 -88.9474 -49.1295 <.0001
crn -128.9870 11.6601 -153.0520 -104.9220 <.0001
CycE -32.8974 14.1455 -62.0922 -3.7027 0.0288
Cyp4g1l -109.0380 9.2481 -128.1260 -89.9514 <.0001
DAAM 3.9487 13.4446 -23.7996 31.6971 0.7715
dnc 9.8590 17.4665 -26.1900 45.9080 0.5777
Dredd -39.4615 9.3905 -58.8426 -20.0805 0.0003
dx -17.6795 11.8308 -42.0970 6.7380 0.1481
egh -10.3333 13.2832 -37.7486 17.0819 0.4442
Eip75B -13.4744 15.0803 -44.5986 17.6499 0.3805
Fdx1 -21.8974 6.3259 -34.9534 -8.8415 0.0020
fs(L)N -13.0128 13.5411 -40.9602 14.9346 0.3461
GY9%a -2.5256 13.2078 -29.7852 24.7339 0.8500
Hsl -13.3974 10.8426 -35.7755 8.9807 0.2286
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Table A.11a (continued).

Hsp22 -5.2308 12.7887 -31.6253 21.1637 0.6862
Klp67A -4.7308 11.3865 -28.2314 18.7698 0.6815
1(1)G0004 -21.3077 6.5946 -34.9183 -7.6971 0.0036
lama -15.1154 12.1570 -40.2062 9.9755 0.2257
Lztrl 5.2436 15.0021 -25.7193 36.2065 0.7297
MED22 -16.4487 15.4387 -48.3125 154151 0.2973
msn -1.0000 15.7211 -33.4468 31.4468 0.9498
ND-ACP -95.4231 9.3891 -114.8010 -76.0449 <.0001
Nmd3 -11.2821 17.4680 -47.3343 24.7702 0.5245
pcx -1.9872 6.2947 -14.9788 11.0045 0.7550
Pgantl -5.4744 13.5056 -33.3485 22.3998 0.6888
piwi 13.6026 15.8246 -19.0577 46.2628 0.3985
pn -13.6538 8.5176 -31.2334 3.9257 0.1220
RpL22 -99.7051 9.3658 -119.0350 -80.3750 <.0001
sgg 4.8205 15.6008 -27.3780 37.0191 0.7600
sov 18.1795 14.3370 -11.4107 47.7697 0.2170
sra 11.1026 13.6114 -16.9900 39.1951 0.4227
TRAM -8.5385 10.2434 -29.6798 12.6029 0.4128
wds 1.7692 9.6938 -18.2378 21.7762 0.8567
zf30c 43.5128 9.6014 23.6965 63.3292 0.0001
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Table A.12 Analyses of variance (ANOVAs) of weekly productivity for GAL4-c825 x UAS RNAi and

GAL4-c825 x control F1 flies. (A) Full ANOVA models. (B) Reduced ANOVA models by week. (C)

Effect and p-Value summaries.

A. Full ANOVA Models

Gene Source DF SS MS F Ratio Prob > F

Line 1 273.5430 273.5430 5.7701 0.0174
abo Week 6 34360.7670 5726.7940 120.8003 <.0001
Line*Week 6 956.5960 159.4330 3.3631 0.0037

Error 168 7964.3930 47.4100
Line 1 119.1840 119.1840 1.4513 0.2296
babos Week 8 33681.8040 4210.2260 51.2674 <.0001
Line*Week 8 704.3540 88.0440 1.0721 0.3838

Error 216 17738.5300 82.1200
Line 1 3546.6710 3546.6710 343.7309 <.0001
blw Week 9 10303.0940 1144.7880 110.9489 <.0001
Line*Week 9 10063.4910 1118.1660 108.3687 <.0001

Error 240 2476.3590 10.3200
Line 1 538.5680 538.5680 6.4348 0.0119
boi Week 8 27202.0000 3400.2500 40.6258 <.0001
Line*Week 8 1181.7260 147.7160 1.7649 0.0854

Error 216 18078.4960 83.7000
Line 1 4.9400 4.9400 0.0627 0.8025
capu Week 9 62878.7950 6986.5330 88.6557 <.0001
Line*Week 9 2272.6710 252.5190 3.2043 0.0011

Error 240 18913.2560 78.8100
Line 1 607.3890 607.3890 20.4316 <.0001
Cde? Week 9 40820.4900 4535.6100 152.5708 <.0001
Line*Week 9 739.5780 82.1750 2.7642 0.0043

Error 240 7134.6970 29.7300
Line 1 4,1070 4.1070 0.0692 0.7928
CG3071 Week 9 57590.7050 6398.9670 107.7988 <.0001
Line*Week 9 519.9870 57.7760 0.9733 0.4627

Error 240 14246.4660 59.3600
Line 1 267.0940 267.0940 4.2525 0.0407
CG3326 Week 6 34049.5170 5674.9190 90.3524 <.0001
Line*Week 6 1197.6140 199.6020 3.1779 0.0056

Error 168 10551.8630 62.8100
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Table A.12 (continued).

Line 1 1047.1150 1047.1150 15.7017 <.0001
CG3704 Week 9 61216.2780 6801.8090 101.9944 <.0001
Line*Week 9 1894.9400 210.5490 3.1572 0.0013

Error 240 16005.1280 66.6900
Line 1 338.6420 338.6420 7.8073 0.0057
CGa281 Week 8 28690.1440 3586.2680 82.6807 <.0001
Line*Week 8 822.7930 102.8490 2.3712 0.0182

Error 216 9368.9830 43.3700
Line 1 0.0680 0.0680 0.0011 0.9733
CGA452 Week 6 28078.8610 4679.8100 77.1547 <.0001
Line*Week 6 1801.7470 300.2910 4.9508 0.0001

Error 168 10190.0170 60.6500
Line 1 631.7960 631.7960 15.4500 0.0001
CGA4554 Week 8 25461.1630 3182.6450 77.8288 <.0001
Line*Week 8 1517.3050 189.6630 4.6380 <.0001

Error 216 8832.8630 40.8900
Line 1 10.2610 10.2610 0.4835 0.4875
CG5254 Week 9 35373.1440 3930.3490 185.2097 <.0001
Line*Week 9 541.2030 60.1340 2.8337 0.0035

Error 240 5093.0600 21.2200
Line 1 294.4710 294.4710 5.6046 0.0188
CG7970 Week 8 28798.0880 3599.7610 68.5134 <.0001
Line*Week 8 874.7520 109.3440 2.0811 0.0388

Error 216 11348.8460 52.5400
Line 1 2049.3860 2049.3860 70.7265 <.0001
CG7971 Week 8 15605.8060 1950.7260 67.3216 <.0001
Line*Week 8 3482.7200 435.3400 15.0240 <.0001

Error 216 6258.8630 28.9800
Line 1 278.9750 278.9750 6.6931 0.0103
CG12018 Week 8 30345.0690 3793.1340 91.0033 <.0001
Line*Week 8 396.1300 49.5160 1.1880 0.3074

Error 216 9003.1540 41.6800
Line 1 122.7790 122.7790 2.7520 0.0986
CG13369 Week 8 31008.5380 3876.0670 86.8788 <.0001
Line*Week 8 831.0770 103.8850 2.3285 0.0204

Error 216 9636.7690 44.6100
Line 1 668.4630 668.4630 13.7528 0.0003
CG13760 Week 8 30049.4120 3756.1770 77.2787 <.0001
Line*Week 8 608.1000 76.0120 1.5639 0.1371

Error 216 10498.8120 48.6100
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Table A.12 (continued).

Line 1 631.7960 631.7960 14.8662 0.0002
CG13933 Week 8 25928.5320 3241.0660 76.2623 <.0001
Line*Week 8 673.3720 84.1720 1.9806 0.0501

Error 216 9179.7690 42.5000
Line 1 46.2220 46.2220 2.8399 0.0932
CG14969 Week 9 37123.1350 4124.7930 253.4318 <.0001
Line*Week 9 202.8400 22.5380 1.3847 0.1956

Error 240 3906.1790 16.2800
Line 1 176.1070 176.1070 1.9210 0.1672
CG16868 Week 8 29278.0500 3659.7560 39.9222 <.0001
Line*Week 8 241.8090 30.2260 0.3297 0.9540

Error 216 19801.2010 91.6700
Line 1 25.6680 25.6680 0.4344 0.5105
CG1T777 Week 8 31413.9510 3926.7440 66.4535 <.0001
Line*Week 8 615.0640 76.8830 1.3011 0.2442

Error 216 12763.4570 59.0900
Line 1 60.5170 60.5170 0.8315 0.3629
CG18273 Week 8 37585.2340 4698.1540 64.5531 <.0001
Line*Week 8 267.9330 33.4920 0.4602 0.8831

Error 216 15720.4150 72.7800
Line 1 396.2400 396.2400 7.2897 0.0075
CG32809 Week 8 22189.1880 2773.6490 51.0275 <.0001
Line*Week 8 3043.1600 380.3950 6.9982 <.0001

Error 216 11740.8800 54.3600
Line 1 3065.8504 3065.8500 77.3728 <.0001
o Week 8 7288.1555 911.0190 22.9914 <.0001
Line*Week 8 6881.9988 860.2500 21.7101 <.0001

Error 216 8558.8680 39.6200
Line 1 28.7350 28.7350 0.5217 0.4708
CycE Week 9 48517.9800 5390.8870 97.8729 <.0001
Line*Week 9 1167.3320 129.7040 2.3548 0.0145

Error 240 13219.3210 55.0800
Line 1 8708.3601 8708.3600 241.7419 <.0001
Cypdgl : Week 8 9860.2885 1232.5360 34.2149 <.0001
Line*Week 8 9561.5021 1195.1880 33.1781 <.0001

Error 216 7781.0510 36.0200
Line 1 404.0870 404.0870 8.3093 0.0043
DAAM Week 8 25965.4210 3245.6780 66.7416 <.0001
Line*Week 8 1586.8240 198.3530 4.0788 0.0002

Error 216 10504.1970 48.6300
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Table A.12 (continued).

Line 1 1.2350 1.2350 0.0168 0.8968
dne Week 9 56215.2650 6246.1410 85.2033 <.0001
Line*Week 9 802.7530 89.1950 1.2167 0.2852

Error 240 17594.0770 73.3100
Line 1 264.9620 264.9620 5.7546 0.0175
Dredd Week 6 30835.9990 5139.3330 111.6185 <.0001
Line*Week 6 643.7130 107.2860 2.3301 0.0346

Error 168 7735.3500 46.0400
Line 1 231.0100 231.0100 5.3469 0.0217
dx Week 8 26910.6730 3363.8340 77.8589 <.0001
Line*Week 8 397.0620 49.6330 1.1488 0.3319

Error 216 9332.1110 43.2000
Line 1 74.4620 74.4620 1.2481 0.2652
egh Week 8 28798.7590 3599.8450 60.3394 <.0001
Line*Week 8 686.5280 85.8160 1.4384 0.1818

Error 216 12886.5510 59.6600
Line 1 956.1070 956.1070 13.8370 0.0002
Eip758 Week 9 55562.0280 6173.5590 89.3455 <.0001
Line*Week 9 3045.9220 338.4360 4.8979 <.0001

Error 240 16583.4230 69.1000
Line 1 46.2220 46.2220 2.2099 0.1384
Edx1 Week 9 38499.6830 4277.7430 204.5216 <.0001
Line*Week 9 278.8410 30.9820 1.4813 0.1554

Error 240 5019.8030 20.9200
Line 1 483.8990 483.8990 9.5942 0.0022
fs(DN : Week 8 24496.5990 3062.0750 60.7112 <.0001
Line*Week 8 1165.1850 145.6480 2.8877 0.0045

Error 216 10894.3330 50.4400
Line 1 331.4630 331.4630 7.1088 0.0083
Goa Week 8 29920.2460 3740.0310 80.2112 <.0001
Line*Week 8 396.2810 49.5350 1.0624 0.3907

Error 216 10071.4960 46.6300
Line 1 422.6930 422.6930 10.8895 0.0011
Hsl Week 8 26556.8880 3319.6110 85.5208 <.0001
Line*Week 8 683.7680 85.4710 2.2019 0.0284

Error 216 8384.3500 38.8200
Line 1 218.2730 218.2730 2.8238 0.0943
Hsp22 Week 8 32975.4400 4121.9300 53.3257 <.0001
Line*Week 8 823.6670 102.9580 1.3320 0.2289

Error 216 16696.2010 77.3000
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Table A.12 (continued).

Line 1 409.3600 409.3600 10.0549 0.0017
KIp67A Week 8 29480.5620 3685.0700 90.5148 <.0001
Line*Week 8 639.1900 79.8990 1.9625 0.0524

Error 216 8793.8720 40.7100
Line 1 151.0430 151.0430 7.4284 0.0069
1(1)G0004 : Week 9 36388.5320 4043.1700 198.8472 <.0001
Line*Week 9 198.0700 22.0080 1.0824 0.3764

Error 240 4879.9320 20.3300
Line 1 125.6930 125.6930 2.9161 0.0891
lama Week 8 26417.6000 3302.2000 76.6104 <.0001
Line*Week 8 443.6220 55.4530 1.2865 0.2518

Error 216 9310.4190 43.1000
Line 1 12.9270 12.9270 0.1721 0.6786
Lztrl Week 8 32779.5960 4097.4500 54.5563 <.0001
Line*Week 8 844.7550 105.5940 1.4060 0.1952

Error 216 16222.6750 75.1000
Line 1 384.6150 384.6150 6.2322 0.0132
MED22 Week 9 51478.8430 5719.8710 92.6829 <.0001
Line*Week 9 1704.3290 189.3700 3.0685 0.0017

Error 240 14811.4530 61.7100
Line 1 143.1150 143.1150 2.2905 0.1315
msn Week 9 56143.8940 6238.2100 99.8389 <.0001
Line*Week 9 1158.0640 128.6740 2.0593 0.0339

Error 240 14995.8590 62.4800
Line 1 2556.8473 2556.8470 93.9445 <.0001
ND-ACP Week 8 9136.1684 1142.0210 41.9605 <.0001
Line*Week 8 7684.7115 960.5890 35.2943 <.0001

Error 216 5878.7780 27.2200
Line 1 0.1540 0.1540 0.0020 0.9641
Nmd3 Week 9 52185.9280 5798.4360 76.5089 <.0001
Line*Week 9 963.0830 107.0090 1.4120 0.1835

Error 240 18189.0560 75.7900
Line 1 1.8850 1.8850 0.1062 0.7448
oex Week 9 39969.1740 4441.0190 250.2068 <.0001
Line*Week 9 71.2140 7.9130 0.4458 0.9090

Error 240 4259.8550 17.7500
Line 1 0.1540 0.1540 0.0026 0.9596
Pgant1 Week 8 28889.3670 3611.1710 60.4976 <.0001
Line*Week 8 222.1650 27.7710 0.4652 0.8797

Error 216 12893.2780 59.6900
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Table A.12 (continued).

Line 1 94.8760 94.8760 1.4235 0.2340
piwi Week 9 62678.3430 6964.2600 104.4910 <.0001
Line*Week 9 1331.1360 147.9040 2.2191 0.0215

Error 240 15995.8460 66.6500
Line 1 27.3500 27.3500 0.8950 0.3451
on Week 9 38075.2720 4230.5860 138.4345 <.0001
Line*Week 9 325.2440 36.1380 1.1825 0.3068

Error 240 7334.4490 30.5600
Line 1 3780.0866 3780.0870 140.5191 <.0001
RpL22 Week 8 8304.4988 1038.0620 38.5884 <.0001
Line*Week 8 8304.4988 1038.0620 38.5884 <.0001

Error 216 5810.5900 26.9000
Line 1 15.9020 15.9020 0.2811 0.5965
500 : Week 9 58122.6090 6458.0680 114.1664 <.0001
Line*Week 9 1335.0520 148.3390 2.6224 0.0066

Error 240 13576.1200 56.5700
Line 1 405.4020 405.4020 6.7925 0.0097
SOV Week 9 65767.0620 7307.4510 122.4357 <.0001
Line*Week 9 2329.6090 258.8450 4.3369 <.0001

Error 240 14324.1540 59.6800
Line 1 10.6840 10.6840 0.1944 0.6597
sra Week 9 65066.4530 7229.6060 131.5282 <.0001
Line*Week 9 1973.9680 219.3300 3.9903 <.0001

Error 240 13191.8890 54.9700
Line 1 53.6070 53.6070 1.9088 0.1684
TRAM Week 9 39897.2110 4433.0230 157.8486 <.0001
Line*Week 9 222.2480 24.6940 0.8793 0.5444

Error 240 6740.1670 28.0800
Line 1 228.0380 228.0380 5.5213 0.0199
wds Week 6 27286.5100 4547.7520 110.1111 <.0001
Line*Week 6 1861.6870 310.2810 7.5126 <.0001

Error 168 6938.6500 41.3000
Line 1 160.8380 160.8380 5.4687 0.0202
2£30C Week 9 53305.6370 5922.8490 201.3863 <.0001
Line*Week 9 1604.2120 178.2460 6.0606 <.0001

Error 240 7058.4910 29.4100

269




Table A.12a

B. ANOVA Models by Week

Gene Week | Source | DF SS MS F Ratio Prob > F
abo 1 Line 1 273.5427 273.5427 2.9365 0.0995
Error 24 2235.6752 93.1530
2 Line 1 541.6069 541.6069 6.9085 0.0147
Error 24 1881.5214 78.3970
3 Line 1 116.3462 116.3461 1.6518 0.2110
Error 24 1690.4274 70.4340
4 Line 1 10.6838 10.6838 0.3979 0.5341
Error 24 644.4273 26.8511
5 Line 1 53.6068 53.6068 1.6011 0.2179
Error 24 803.5727 33.4822
6 Line 1 25.3376 25.3376 0.9931 0.3289
Error 24 612.3419 25.5142
7 Line 1 11.1154 11.1154 2.7665 0.1093
Error 24 96.4274 4.0178
babos 1 Line 1 119.1838 119.1838 5.6725 0.0255
Error 24 504.2564 21.0110
2 Line 1 50.3088 50.3088 2.2361 0.1479
Error 24 539.9701 22.4988
3 Line 1 50.3088 50.3088 0.3160 0.5792
Error 24 3820.7992 159.2000
4 Line 1 432.1539 432.1538 1.3518 0.2564
Error 24 7672.3291 319.6800
5 Line 1 43.1635 43.1635 0.3293 0.5714
Error 24 3145.5171 131.0630
6 Line 1 217.3088 217.3088 8.9537 0.0063
Error 24 582.4872 24.2700
7 Line 1 33.4712 33.4712 0.6773 0.4186
Error 24 1186.0427 49.4184
8 Line 1 19.1838 19.1838 1.6513 0.2110
Error 24 278.8205 11.6175
9 Line 1 0.3462 0.3462 1.0000 0.3273
Error 24 8.3077 0.3462
blw 1 Line 1 3546.6709 3546.6710 528.3317 <.0001
Error 24 161.1111 6.7100
2 Line 1 8520.2735 8520.2740 262.4959 <.0001
Error 24 779.0086 32.4600
3 Line 1 4542.5684 4542.5680 131.4522 <.0001
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Table A.12a (continued).

Error 24 829.3632 34.5600
4 Line 1 1122.4626 1122.4630 130.0413 <.0001
Error 24 207.1581 8.6300
5 Line 1 283.3600 283.3600 43.9770 <.0001
Error 24 154.6410 6.4430
6 Line 1 149.4402 149.4402 12.1278 0.0019
Error 24 295.7308 12.3220
7 Line 1 7.5385 7.5385 3.7363 0.0651
Error 24 48.4231 2.0176
8 Line 1 0.0385 0.0385 1.0000 0.3273
Error 24 0.9231 0.0385
boi 1 Line 1 538.5683 538.5683 28.9535 <.0001
Error 24 446.4274 18.6010
2 Line 1 142.3344 142.3344 2.5739 0.1217
Error 24 1327.1667 55.2990
3 Line 1 295.5940 295.5940 1.0481 0.3161
Error 24 6768.4786 282.0200
4 Line 1 267.0940 267.0940 1.0866 0.3076
Error 24 5899.4743 245.8110
5 Line 1 312.6934 312.6934 2.7133 0.1125
Error 24 2765.8889 115.2450
6 Line 1 133.1293 133.1293 4.8794 0.0370
Error 24 654.8120 27.2840
7 Line 1 59.0011 59.0011 6.6395 0.0166
Error 24 213.2735 8.8864
8 Line 1 0.0524 0.0524 0.4224 0.5219
Error 24 2.9744 0.1239
capu 1 Line 1 4.9402 4.9402 0.1466 0.7052
Error 24 808.8889 33.7037
2 Line 1 588.2094 588.2094 6.8255 0.0153
Error 24 2068.2778 86.1780
3 Line 1 145.4711 145.4711 1.1155 0.3014
Error 24 3129.9274 130.4140
4 Line 1 250.2735 250.2735 1.1973 0.2847
Error 24 5016.5556 209.0230
5 Line 1 488.2222 488.2222 2.4439 0.1311
Error 24 4794.4401 199.7680
6 Line 1 617.0940 617.0940 6.5379 0.0173
Error 24 2265.2991 94.3870
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Table A.12a (continued).

7 Line 1 182.2318 182.2318 5.2708 0.0307
Error 24 829.7650 34.5740
8 Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043
Cdc7 1 Line 1 607.3889 607.3889 28.9961 <.0001
Error 24 502.7350 20.9470
2 Line 1 88.6154 88.6154 1.0293 0.3204
Error 24 2066.2052 86.0919
3 Line 1 1.5427 1.5427 0.0117 0.9148
Error 24 3166.0641 131.9190
4 Line 1 0.0267 0.0267 0.0012 0.9726
Error 24 533.0000 22.2083
5 Line 1 36.1709 36.1709 2.1855 0.1523
Error 24 397.2051 16.5502
6 Line 1 20.3462 20.3462 1.2555 0.2736
Error 24 388.9445 16.2060
7 Line 1 0.1538 0.1538 0.0464 0.8313
Error 24 79.6197 3.3175
8 Line 1 0.0385 0.0385 1.0000 0.3273
Error 24 0.9231 0.0385
CG3071 1 Line 1 4.1068 4.1068 0.1408 0.7108
Error 24 700.1538 29.1731
2 Line 1 37.7607 37.7607 0.3726 0.5473
Error 24 2432.5171 101.3550
3 Line 1 179.5940 179.5940 3.3524 0.0796
Error 24 1285.7393 53.5720
4 Line 1 422.6934 422.6934 5.3476 0.0296
Error 24 1897.0427 79.0430
5 Line 1 13.8846 13.8846 0.0931 0.7629
Error 24 3578.9615 149.1230
6 Line 1 1.2350 1.2350 0.0102 0.9204
Error 24 2908.8590 121.2020
7 Line 1 36.5652 36.5652 0.6241 0.4373
Error 24 1406.0641 58.5860
8 Line 1 1.3846 1.3846 0.8950 0.3535
Error 24 37.1282 1.5470
CG3326 1 Line 1 267.0940 267.0940 2.0825 0.1619
Error 24 3078.1709 128.2570
2 Line 1 704.4274 704.4274 6.6760 0.0163
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Table A.12a (continued).

Error 24 2532.4102 105.5170
Line 1 41.8846 41.8846 0.5314 0.4731
Error 24 1891.4872 78.8120
Line 1 167.5385 167.5385 3.0345 0.0943
Error 24 1325.0769 55.2120
Line 1 12.0043 12.0043 0.2718 0.6069
Error 24 1059.8291 44,1595
Line 1 14.8761 14.8761 0.6674 0.4220
Error 24 534.9573 22.2899
Line 1 10.6838 10.6838 1.9734 0.1729
Error 24 129.9316 5.4138

CG3704 Line 1 1047.1154 1047.1150 37.3040 <.0001
Error 24 673.6752 28.0700
Line 1 240.0385 240.0385 3.9863 0.0573
Error 24 1445,1838 60.2160
Line 1 235.0011 235.0011 3.4997 0.0736
Error 24 1611.5855 67.1490
Line 1 374.4274 374.4274 3.2472 0.0841
Error 24 2767.3461 115.3060
Line 1 167.5385 167.5385 1.0095 0.3250
Error 24 3982.8889 165.9540
Line 1 46.2222 46.2222 0.2701 0.6080
Error 24 4106.7607 171.1150
Line 1 76.1635 76.1635 1.2895 0.2674
Error 24 1417.5855 59.0661
Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043

CG4281 Line 1 338.6421 338.6421 15.2343 0.0007
Error 24 533.4957 22.2290
Line 1 36.5652 36.5652 0.5838 0.4523
Error 24 1503.1538 62.6314
Line 1 0.0043 0.0043 0.0000 0.9945
Error 24 2083.1453 86.7977
Line 1 78.4626 78.4626 0.5457 0.4673
Error 24 3451.1026 143.7960
Line 1 344.6838 344.6838 6.8321 0.0152
Error 24 1210.8205 50.4510
Line 1 33.8504 33.8504 1.3963 0.2489
Error 24 581.8291 24.2429
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Table A.12a (continued).

7 Line 1 0.2094 0.2094 1.0000 0.3273
Error 24 5.0256 0.2094
8 Line 1 0.0171 0.0171 1.0000 0.3273
Error 24 0.4103 0.0171
CG4452 1 Line 1 0.0684 0.0684 0.0007 0.9786
Error 24 2243.7265 93.4886
2 Line 1 2076.1069 2076.1070 14.3530 0.0009
Error 24 3471.5043 144.6500
3 Line 1 11.1154 11.1154 0.1689 0.6847
Error 24 1579.3162 65.8048
4 Line 1 14.3761 14.3761 0.2507 0.6211
Error 24 1376.2393 57.3433
5 Line 1 0.3462 0.3462 0.0090 0.9254
Error 24 926.9915 38.6246
6 Line 1 11.1154 11.1154 0.4762 0.4968
Error 24 560.2222 23.3426
7 Line 1 0.7222 0.7222 0.5414 0.4690
Error 24 32.0171 1.3341
CG4554 1 Line 1 631.7960 631.7960 31.7441 <.0001
Error 24 477.6667 19.9030
2 Line 1 380.7788 380.7788 6.9740 0.0143
Error 24 1310.4017 54.6000
3 Line 1 31.6068 31.6068 0.3958 0.5352
Error 24 1916.3248 79.8469
4 Line 1 204.0267 204.0267 1.6255 0.2145
Error 24 3012.4188 125.5170
5 Line 1 273.5427 273.5427 4.9458 0.0358
Error 24 1327.4017 55.3080
6 Line 1 20.3462 20.3462 0.6192 0.4391
Error 24 788.6496 32.8604
CG5254 1 Line 1 10.2607 10.2607 0.5143 0.4802
Error 24 478.8376 19.9516
2 Line 1 318.5000 318.5000 6.4103 0.0183
Error 24 1192.4616 49.6860
3 Line 1 223.1293 223.1293 2.5162 0.1258
Error 24 2128.2307 88.6760
4 Line 1 339.8462 339.8462 11.7428 0.0022
Error 24 694.5812 28.9410
5 Line 1 187.5652 187.5652 17.7964 0.0003
Error 24 252.9487 10.5400
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Table A.12a (continued).

6 Line 1 144.6838 144.6838 11.7053 0.0022
Error 24 296.6539 12.3610
7 Line 1 7.5385 7.5385 3.7363 0.0651
Error 24 48.4231 2.0176
8 Line 1 0.0385 0.0385 1.0000 0.3273
Error 24 0.9231 0.0385
CG7970 1 Line 1 294.4712 294.4712 9.2796 0.0056
Error 24 761.5983 31.7330
2 Line 1 171.7959 171.7959 2.7850 0.1081
Error 24 1480.4530 61.6860
3 Line 1 0.2735 0.2735 0.0026 0.9599
Error 24 2543.6581 105.9860
4 Line 1 192.9754 192.9754 1.0799 0.3091
Error 24 4288.7436 178.6980
5 Line 1 206.8376 206.8376 25118 0.1261
Error 24 1976.3419 82.3480
6 Line 1 12.4615 12.4615 1.0034 0.3265
Error 24 298.0513 12.4188
CG7971 1 Line 1 2049.3857 2049.3860 102.9551 <.0001
Error 24 477.7350 19.9100
2 Line 1 2103.0011 2103.0010 40.5303 <.0001
Error 24 1245.2906 51.8900
3 Line 1 1690.7735 1690.7740 24.7428 <.0001
Error 24 1640.0171 68.3300
4 Line 1 986.6677 986.6677 11.2285 0.0027
Error 24 2108.9145 87.8710
5 Line 1 84.9615 84.9615 4,1925 0.0517
Error 24 486.3590 20.2650
6 Line 1 10.2607 10.2607 0.8196 0.3743
Error 24 300.4445 12.5185
7 Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043
CG12018 1 Line 1 278.9755 278.9754 13.7909 0.0011
Error 24 485.4957 20.2290
2 Line 1 52.1806 52.1806 0.8389 0.3688
Error 24 1492.8462 62.2019
3 Line 1 54.5684 54.5684 0.6410 0.4312
Error 24 2042.9915 85.1246
4 Line 1 40.6250 40.6250 0.2958 0.5916
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Table A.12a (continued).

Error 24 3296.5556 137.3560
5 Line 1 14.3761 14.3761 0.2689 0.6088
Error 24 1283.1795 53.4658
6 Line 1 2.0684 2.0684 0.1235 0.7283
Error 24 401.9829 16.7493
7 Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043
CG13369 1 Line 1 122.7789 122.7789 1.7634 0.1967
Error 24 1671.0641 69.6280
2 Line 1 140.0043 140.0043 4.2726 0.0497
Error 24 786.4231 32.7680
3 Line 1 100.6934 100.6934 1.4312 0.2433
Error 24 1688.5427 70.3560
4 Line 1 14.3761 14.3761 0.1806 0.6747
Error 24 1910.8462 79.6186
5 Line 1 165.0096 165.0096 2.5747 0.1217
Error 24 1538.1325 64.0890
6 Line 1 287.7788 287.7788 4.5008 0.0444
Error 24 1534.5513 63.9400
7 Line 1 0.4274 0.4274 0.0208 0.8865
Error 24 493.1325 20.5472
8 Line 1 0.0096 0.0096 0.0164 0.8992
Error 24 14.0769 0.5865
CG13760 1 Line 1 668.4626 668.4626 17.6565 0.0003
Error 24 908.6239 37.8590
2 Line 1 0.8985 0.8985 0.0097 0.9222
Error 24 2214.5555 92.2731
3 Line 1 3.1154 3.1154 0.0295 0.8652
Error 24 2538.4787 105.7700
4 Line 1 72.7788 72.7788 0.5382 0.4703
Error 24 3245.3590 135.2230
5 Line 1 2.8889 2.8889 0.0771 0.7836
Error 24 898.9573 37.4566
6 Line 1 1.2350 1.2350 0.0428 0.8379
Error 24 692.6496 28.8604
7 Line 1 0.0171 0.0171 2.1818 0.1527
Error 24 0.1880 0.0078
CG13933 1 Line 1 631.7960 631.7960 13.8307 0.0011
Error 24 1096.3333 45.6810
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Table A.12a (continued).

2 Line 1 148.6421 148.6421 2.2677 0.1451
Error 24 1573.1538 65.5480
3 Line 1 192.0684 192.0684 2.0606 0.1641
Error 24 2236.9915 93.2080
4 Line 1 182.2318 182.2318 1.4119 0.2464
Error 24 3097.5641 129.0650
5 Line 1 0.8376 0.8376 0.0233 0.8800
Error 24 864.0000 36.0000
6 Line 1 6.5000 6.5000 0.5004 0.4861
Error 24 311.7265 12.9886
CG14969 1 Line 1 46.2222 46.2222 2.4491 0.1307
Error 24 452.9573 18.8732
2 Line 1 111.4626 111.4626 2.4765 0.1287
Error 24 1080.2052 45.0090
3 Line 1 112.8472 112.8472 2.2920 0.1431
Error 24 1181.6709 49.2360
4 Line 1 16.6934 16.6934 0.8039 0.3788
Error 24 498.3889 20.7662
5 Line 1 77.8846 77.8846 5.3995 0.0289
Error 24 346.1880 14.4245
6 Line 1 140.0043 140.0043 11.2974 0.0026
Error 24 297.4231 12.3930
7 Line 1 7.5385 7.5385 3.7363 0.0651
Error 24 48.4231 2.0176
8 Line 1 0.0385 0.0385 1.0000 0.3273
Error 24 0.9231 0.0385
CG16868 1 Line 1 176.1068 176.1068 8.1786 0.0086
Error 24 516.7863 21.5330
2 Line 1 14.8761 14.8761 0.6453 0.4297
Error 24 553.2393 23.0516
3 Line 1 30.8761 30.8761 0.1829 0.6727
Error 24 4052.1368 168.8390
4 Line 1 12.0043 12.0043 0.0335 0.8564
Error 24 8612.0684 358.8360
5 Line 1 7.1838 7.1838 0.0383 0.8464
Error 24 4498.3205 187.4300
6 Line 1 4.2404 4.2404 0.0894 0.7675
Error 24 1138.0940 47.4206
7 Line 1 1.1635 1.1635 0.0653 0.8005
Error 24 427.7351 17.8223

277




Table A.12a (continued).

8 Line 1 0.1068 0.1068 0.9091 0.3499
Error 24 2.8205 0.1175
CG17777 1 Line 1 25.6677 25.6677 0.3540 0.5574
Error 24 1740.1069 72.5045
2 Line 1 546.1806 546.1806 9.8141 0.0045
Error 24 1335.6624 55.6530
3 Line 1 67.8462 67.8462 0.8242 0.3730
Error 24 1975.5470 82.3145
4 Line 1 459.7607 459.7607 3.0833 0.0919
Error 24 3578.6710 149.1110
5 Line 1 21.2404 21.2404 0.1612 0.6916
Error 24 3163.0385 131.7930
6 Line 1 236.0043 236.0043 10.1998 0.0039
Error 24 555.3162 23.1380
7 Line 1 16.1635 16.1635 0.9477 0.3400
Error 24 409.3462 17.0561
8 Line 1 0.2404 0.2404 1.0000 0.3273
Error 24 5.7692 0.2404
CG18273 1 Line 1 60.5171 60.5171 0.7314 0.4009
Error 24 1985.8889 82.7454
2 Line 1 13.8846 13.8846 0.1071 0.7463
Error 24 3110.4915 129.6040
3 Line 1 68.9273 68.9274 0.9683 0.3349
Error 24 1708.3633 71.1818
4 Line 1 112.1538 112.1538 0.5948 0.4481
Error 24 4525.2863 188.5540
5 Line 1 38.9754 38.9754 0.3436 0.5632
Error 24 2722.2222 113.4260
6 Line 1 95.5139 95.5139 1.8738 0.1837
Error 24 1223.3932 50.9747
7 Line 1 9.8462 0.8462 0.5383 0.4703
Error 24 439.0000 18.2917
8 Line 1 0.2404 0.2404 1.0000 0.3273
Error 24 5.7692 0.2404
CG32809 1 Line 1 396.2404 396.2404 14.8548 0.0008
Error 24 640.1795 26.6740
2 Line 1 914.1293 914.1293 15.7420 0.0006
Error 24 1393.6666 58.0690
3 Line 1 323.1838 323.1838 3.7632 0.0642
Error 24 2061.1111 85.8800
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Table A.12a (continued).

4 Line 1 463.9754 463.9754 2.5690 0.1221
Error 24 4334.5214 180.6050
5 Line 1 823.5940 823.5940 9.2792 0.0056
Error 24 2130.1710 88.7570
6 Line 1 109.4017 109.4017 2.4975 0.1271
Error 24 1051.3162 43.8050
7 Line 1 11.1154 11.1154 3.1388 0.0891
Error 24 84.9915 3.5413
8 Line 1 2.2607 2.2607 1.2078 0.2827
Error 24 44,9231 1.8718
crn 1 Line 1 3065.8504 3065.8500 250.4337 <.0001
Error 24 293.8120 12.2400
2 Line 1 5524.6539 5524.6540 852.2815 <.0001
Error 24 155.5727 6.4800
3 Line 1 4066.6677 4066.6680 53.5717 <.0001
Error 24 1821.8590 75.9100
4 Line 1 3938.4615 3938.4620 27.1067 <.0001
Error 24 3487.0769 145.2900
5 Line 1 1797.2318 1797.2320 19.8873 0.0002
Error 24 2168.8974 90.3700
6 Line 1 420.0096 420.0096 22.4112 <.0001
Error 24 449.7863 18.7410
7 Line 1 84.9615 84.9615 11.3304 0.0026
Error 24 179.9658 7.4986
8 Line 1 0.2735 0.2735 3.4595 0.0752
Error 24 1.8974 0.0791
CycE 1 Line 1 28.7350 28.7350 0.9278 0.3450
Error 24 743.2820 30.9701
2 Line 1 7.1838 7.1838 0.1316 0.7200
Error 24 1310.2094 54.5921
3 Line 1 18.6154 18.6154 0.2582 0.6160
Error 24 1730.4231 72.1010
4 Line 1 287.7789 287.7788 2.5880 0.1208
Error 24 2668.7735 111.1990
5 Line 1 660.0385 660.0385 4.1090 0.0539
Error 24 3855.1667 160.6320
6 Line 1 695.7789 695.7788 8.0175 0.0092
Error 24 2082.7778 86.7820
7 Line 1 172.6539 172.6539 5.0009 0.0349
Error 24 828.5855 34.5240
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Table A.12a (continued).

8 Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043
Cyp4gl 1 Line 1 8708.3601 8708.3600 190.3993 <.0001
Error 24 1097.6966 45.7400
2 Line 1 5133.4017 5133.4020 230.7608 <.0001
Error 24 533.8932 22.2500
3 Line 1 17.5043 17.5043 0.1484 0.7034
Error 24 2830.3333 117.9310
4 Line 1 3058.6154 3058.6150 45,9668 <.0001
Error 24 1596.9530 66.5400
5 Line 1 944.0171 944.0171 26.2820 <.0001
Error 24 862.0513 35.9190
6 Line 1 239.0267 239.0267 10.3347 0.0037
Error 24 555.0855 23.1290
7 Line 1 47.1154 47.1154 3.7784 0.0637
Error 24 299.2692 12.4696
8 Line 1 0.2404 0.2404 1.0000 0.3273
Error 24 5.7692 0.2404
DAAM 1 Line 1 404.0866 404.0866 17.5638 0.0003
Error 24 552.1624 23.0070
2 Line 1 210.6154 210.6154 2.7785 0.1085
Error 24 1819.2222 75.8010
3 Line 1 56.0267 56.0267 0.6823 0.4169
Error 24 1970.8804 82.1200
4 Line 1 300.1068 300.1068 2.1755 0.1532
Error 24 3310.7864 137.9490
5 Line 1 501.3088 501.3088 6.1478 0.0206
Error 24 1957.0427 81.5430
6 Line 1 124.2318 124.2318 3.4246 0.0766
Error 24 870.6325 36.2760
7 Line 1 1.7094 1.7094 1.7480 0.1986
Error 24 23.4701 0.9779
dnc 1 Line 1 1.2350 1.2350 0.0656 0.8001
Error 24 451.9487 18.8312
2 Line 1 206.8376 206.8376 2.3388 0.1393
Error 24 2122.5385 88.4390
3 Line 1 163.3344 163.3344 1.4136 0.2461
Error 24 2773.1410 115.5480
4 Line 1 147.8462 147.8461 1.3930 0.2495
Error 24 2547.3248 106.1390
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Table A.12a (continued).

5 Line 1 209.6677 209.6677 1.2446 0.2756
Error 24 4043.0812 168.4620

6 Line 1 94.2404 94.2404 0.7996 0.3801
Error 24 2828.7137 117.8630

7 Line 1 10.0523 10.0524 0.1094 0.7437
Error 24 2205.9188 91.9133

8 Line 1 32.7190 32.7190 1.2637 0.2721
Error 24 621.4103 25.8921

Dredd 1 Line 1 264.9615 264.9615 3.4516 0.0755
Error 24 1842.3590 76.7650

2 Line 1 876.9616 876.9616 10.4458 0.0036
Error 24 2014.8889 83.9540

3 Line 1 578.7350 578.7350 6.7601 0.0157
Error 24 2054.6495 85.6100

4 Line 1 92.3461 92.3462 2.6856 0.1143
Error 24 825.2479 34.3853

5 Line 1 208.7222 208.7222 9.8255 0.0045
Error 24 509.8291 21.2430

6 Line 1 65.7094 65.7094 3.5144 0.0731
Error 24 448.7351 18.6973

7 Line 1 2.2607 2.2607 1.3687 0.2535

Error 24 39.6410 1.6517

dx 1 Line 1 231.0096 231.0096 10.7448 0.0032
Error 24 515.9914 21.5000

2 Line 1 227.0524 227.0523 2.7656 0.1093
Error 24 1970.3675 82.0990

3 Line 1 160.8376 160.8376 1.7649 0.1965
Error 24 2187.1624 91.1320

4 Line 1 0.2404 0.2404 0.0016 0.9681
Error 24 3521.9915 146.7500

5 Line 1 3.5940 3.5940 0.1137 0.7389
Error 24 758.8376 31.6182

6 Line 1 0.0684 0.0684 0.0043 0.9480
Error 24 377.7607 15.7400

egh 1 Line 1 74.4615 74.4615 2.5488 0.1235
Error 24 701.1453 29.2144

2 Line 1 325.5385 325.5385 10.8176 0.0031
Error 24 722.2436 30.0930

3 Line 1 242.0684 242.0684 1.9042 0.1803
Error 24 3051.0299 127.1260

281




Table A.12a (continued).

4 Line 1 3.4712 3.4712 0.0197 0.8896
Error 24 4229.0470 176.2100
5 Line 1 1.7959 1.7959 0.0139 0.9070
Error 24 3091.8162 128.8260
6 Line 1 56.0267 56.0267 1.5178 0.2299
Error 24 885.9274 36.9136
7 Line 1 60.0096 60.0096 7.0792 0.0137
Error 24 203.4445 8.4769
8 Line 1 0.2735 0.2735 3.4595 0.0752
Error 24 1.8974 0.0791
Eip75B 1 Line 1 956.1068 956.1068 22.3520 <.0001
Error 24 1026.5983 42.7750
2 Line 1 170.9402 170.9402 1.5921 0.2192
Error 24 2576.8761 107.3700
3 Line 1 35.0011 35.0011 0.3444 0.5628
Error 24 2438.9444 101.6230
4 Line 1 339.8462 339.8462 2.0772 0.1624
Error 24 3926.6025 163.6080
5 Line 1 942.0096 942.0096 6.0934 0.0211
Error 24 3710.2949 154.5960
6 Line 1 610.6154 610.6154 7.4197 0.0118
Error 24 1975.1239 82.2970
7 Line 1 109.4017 109.4017 2.8274 0.1056
Error 24 928.6496 38.6940
8 Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043
9 Line 1 0.0096 0.0096 1.0000 0.3273
Error 24 0.2308 0.0096
Fdx1 1 Line 1 46.2222 46.2222 2.7621 0.1095
Error 24 401.6239 16.7343
2 Line 1 3.5940 3.5940 0.0626 0.8046
Error 24 1378.0171 57.4174
3 Line 1 259.6677 259.6677 5.6495 0.0258
Error 24 1103.1068 45,9630
4 Line 1 52.6538 52.6539 0.8280 0.3719
Error 24 1526.2222 63.5926
5 Line 1 80.7959 80.7959 7.3433 0.0122
Error 24 264.0641 11.0027
6 Line 1 140.0043 140.0043 11.2974 0.0026
Error 24 297.4231 12.3930
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Table A.12a (continued).

7 Line 1 7.5385 7.5385 3.7363 0.0651
Error 24 48.4231 2.0176
8 Line 1 0.0385 0.0385 1.0000 0.3273
Error 24 0.9231 0.0385
fs(1)N 1 Line 1 483.8985 483.8985 24.7570 <.0001
Error 24 469.1026 19.5460
2 Line 1 458.3600 458.3600 6.6731 0.0163
Error 24 1648.5043 68.6880
3 Line 1 105.3376 105.3376 0.8868 0.3557
Error 24 2850.9231 118.7880
4 Line 1 14.6250 14.6250 0.0855 0.7725
Error 24 4106.1111 171.0880
5 Line 1 218.2735 218.2735 3.6880 0.0668
Error 24 1420.4445 59.1850
6 Line 1 1.2350 1.2350 0.0885 0.7686
Error 24 334.7521 13.9480
7 Line 1 5.2350 5.2350 2.1882 0.1521
Error 24 57.4188 2.3925
8 Line 1 0.5171 0.5171 1.7536 0.1979
Error 24 7.0769 0.2949
G9a 1 Line 1 331.4626 331.4626 18.4925 0.0002
Error 24 430.1795 17.9240
2 Line 1 3.0011 3.0011 0.0466 0.8310
Error 24 1546.4530 64.4355
3 Line 1 9.8462 9.8462 0.0962 0.7591
Error 24 2455.8804 102.3280
4 Line 1 5.6934 5.6934 0.0374 0.8482
Error 24 3649.7522 152.0730
5 Line 1 18.0556 18.0556 0.3877 0.5394
Error 24 1117.6239 46.5677
6 Line 1 24.0385 24.0385 0.7448 0.3967
Error 24 774.6325 32.2764
7 Line 1 8.2735 8.2735 2.1765 0.1531
Error 24 91.2308 3.8013
8 Line 1 0.5171 0.5171 2.1607 0.1546
Error 24 5.7436 0.2393
Hsl 1 Line 1 422.6934 422.6934 16.0902 0.0005
Error 24 630.4872 26.2700
2 Line 1 296.7190 296.7190 5.1535 0.0325
Error 24 1381.8376 57.5770
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Table A.12a (continued).

3 Line 1 2.6709 2.6709 0.0324 0.8587
Error 24 1978.2564 82.4274
4 Line 1 55.0523 55.0524 0.4771 0.4964
Error 24 2769.2564 115.3860
5 Line 1 28.7350 28.7350 0.6703 0.4210
Error 24 1028.8034 42.8668
6 Line 1 3.1154 3.1154 0.1377 0.7139
Error 24 543.0940 22.6289
7 Line 1 4.3761 4.3761 2.0317 0.1669
Error 24 51.6923 2.1539
Hsp22 1 Line 1 218.2735 218.2735 9.4343 0.0052
Error 24 555.2650 23.1360
2 Line 1 170.9402 170.9402 1.1184 0.3008
Error 24 3668.1881 152.8410
3 Line 1 42.3088 42.3088 0.4504 0.5085
Error 24 2254.4103 93.9338
4 Line 1 121.3344 121.3344 0.5242 0.4761
Error 24 5555.3846 231.4740
5 Line 1 163.3344 163.3344 1.0547 0.3147
Error 24 3716.6966 154.8620
6 Line 1 70.0171 70.0171 2.2544 0.1463
Error 24 745.3761 31.0573
7 Line 1 57.0096 57.0096 6.8797 0.0149
Error 24 198.8803 8.2867
8 Line 1 0.2094 0.2094 2.5128 0.1260
Error 24 2.0000 0.0833
Klp67A 1 Line 1 409.3601 409.3600 19.2643 0.0002
Error 24 509.9914 21.2500
2 Line 1 45,7788 45,7788 0.7530 0.3941
Error 24 1459.0684 60.7945
3 Line 1 5.8504 5.8504 0.0581 0.8115
Error 24 2415.1453 100.6310
4 Line 1 127.1635 127.1635 1.1513 0.2939
Error 24 2650.8120 110.4500
5 Line 1 63.6068 63.6068 1.0704 0.3112
Error 24 1426.2222 59.4259
6 Line 1 3.5940 3.5940 0.2593 0.6152
Error 24 332.6325 13.8597
1(1)G0004 1 Line 1 151.0427 151.0427 7.6110 0.0109
Error 24 476.2906 19.8450
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Table A.12a (continued).

2 Line 1 111.4626 111.4626 2.2789 0.1442
Error 24 1173.8718 48.9110
3 Line 1 47.1154 47.1154 0.7357 0.3995
Error 24 1537.0085 64.0420
4 Line 1 79.0427 79.0427 2.4706 0.1291
Error 24 767.8504 31.9938
5 Line 1 29.7959 29.7959 1.5433 0.2261
Error 24 463.3718 19.3072
6 Line 1 72.2222 72.2222 4.4563 0.0454
Error 24 388.9615 16.2067
7 Line 1 2.4615 2.4615 0.8245 0.3729
Error 24 71.6538 2.9856
8 Line 1 0.0385 0.0385 1.0000 0.3273
Error 24 0.9231 0.0385
lama 1 Line 1 125.6934 125.6934 6.2667 0.0195
Error 24 481.3761 20.0570
2 Line 1 215.3857 215.3857 3.8245 0.0622
Error 24 1351.6154 56.3170
3 Line 1 123.5043 123.5043 1.1290 0.2986
Error 24 2625.3675 109.3900
4 Line 1 115.6421 115.6421 0.8863 0.3559
Error 24 3131.4103 130.4750
5 Line 1 12.4615 12.4615 0.2877 0.5967
Error 24 1039.6923 43.3205
6 Line 1 9.4402 9.4402 0.3670 0.5503
Error 24 617.2991 25.7208
7 Line 1 6.5000 6.5000 2.4545 0.1303
Error 24 63.5556 2.6482
8 Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043
Lztrl 1 Line 1 12.9273 12.9274 0.7514 0.3946
Error 24 412.9060 17.2044
2 Line 1 275.7094 275.7094 3.6056 0.0697
Error 24 1835.1838 76.4660
3 Line 1 374.4274 374.4274 1.9870 0.1715
Error 24 4522.4786 188.4370
4 Line 1 36.1709 36.1709 0.1652 0.6880
Error 24 5254.9445 218.9560
5 Line 1 65.7094 65.7094 0.5126 0.4809
Error 24 3076.8077 128.2000
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Table A.12a (continued).

6 Line 1 89.8504 89.8504 3.6062 0.0697
Error 24 597.9786 24.9158
7 Line 1 5.5385 5.5385 0.2780 0.6029
Error 24 478.1966 19.9249
8 Line 1 4.2404 4.2404 2.3527 0.1381
Error 24 43.2564 1.8024
9 Line 1 0.0385 0.0385 1.0000 0.3273
Error 24 0.9231 0.0385
MED22 1 Line 1 384.6154 384.6154 8.6909 0.0070
Error 24 1062.1196 44.2550
2 Line 1 0.4274 0.4274 0.0065 0.9362
Error 24 1566.0726 65.2530
3 Line 1 6.0096 6.0096 0.0741 0.7878
Error 24 1946.5427 81.1059
4 Line 1 8.2735 8.2735 0.0664 0.7989
Error 24 2991.9359 124.6640
5 Line 1 665.0865 665.0865 3.9801 0.0575
Error 24 4010.5000 167.1040
6 Line 1 748.4712 748.4712 9.6504 0.0048
Error 24 1861.4145 77.5590
7 Line 1 67.3088 67.3088 1.1770 0.2888
Error 24 1372.5342 57.1889
8 Line 1 0.0011 0.0011 0.0769 0.7839
Error 24 0.3333 0.0139
msn 1 Line 1 143.1154 143.1154 6.9607 0.0144
Error 24 493.4530 20.5610
2 Line 1 5.6934 5.6934 0.0955 0.7599
Error 24 1430.2607 59.5942
3 Line 1 207.7788 207.7788 3.3996 0.0776
Error 24 1466.8333 61.1180
4 Line 1 138.4615 138.4615 1.1269 0.2990
Error 24 2948.9658 122.8740
5 Line 1 245.1293 245.1293 1.1371 0.2969
Error 24 5173.9231 215.5800
6 Line 1 302.3761 302.3761 3.0037 0.0959
Error 24 2416.0171 100.6670
7 Line 1 115.6421 115.6421 2.6244 0.1183
Error 24 1057.5342 44.0640
8 Line 1 0.5171 0.5171 1.3988 0.2485
Error 24 8.8718 0.3697
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Table A.12a (continued).

ND-ACP 1 Line 1 2556.8473 2556.8470 155.2050 <.0001
Error 24 395.3761 16.4700

2 Line 1 6757.7190 6757.7190 141.5050 <.0001
Error 24 1146.1453 47.7600

3 Line 1 3385.0428 3385.0430 53.2641 <.0001
Error 24 1525.2479 63.5500

4 Line 1 1430.1806 1430.1810 16.8247 0.0004
Error 24 2040.1111 85.0000

5 Line 1 117.7607 117.7607 5.9593 0.0224
Error 24 474.2564 19.7610

6 Line 1 13.4017 13.4017 1.0806 0.3089
Error 24 297.6410 12.4017

Nmd3 1 Line 1 0.1538 0.1538 0.0063 0.9372
Error 24 582.3419 24.2642

2 Line 1 199.3846 199.3846 1.4247 0.2443
Error 24 3358.8761 139.9530

3 Line 1 207.7788 207.7788 1.7604 0.1971
Error 24 2832.7222 118.0300

4 Line 1 63.6068 63.6068 0.3898 0.5383
Error 24 3915.9359 163.1640

5 Line 1 35.3889 35.3889 0.2062 0.6539
Error 24 4119.8846 171.6620

6 Line 1 416.0000 416.0000 4.1000 0.0541
Error 24 2435.1496 101.4650

7 Line 1 123.5043 123.5043 3.1406 0.0891
Error 24 943.8120 39.3250

8 Line 1 0.0011 0.0011 0.0769 0.7839

Error 24 0.3333 0.0139

pcx 1 Line 1 1.8846 1.8846 0.1513 0.7007
Error 24 298.8889 12.4537

2 Line 1 41.0427 41.0427 0.8793 0.3577
Error 24 1120.2223 46.6759

3 Line 1 5.6934 5.6934 0.1003 0.7542
Error 24 1362.0940 56.7539

4 Line 1 0.9615 0.9615 0.0403 0.8425
Error 24 571.9829 23.8326

5 Line 1 1.3088 1.3088 0.0905 0.7661
Error 24 346.9402 14.4558

6 Line 1 18.3344 18.3344 0.9631 0.3362
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Table A.12a (continued).

Error 24 456.8633 19.0360
7 Line 1 2.6709 2.6709 1.1400 0.2963
Error 24 56.2308 2.3430
8 Line 1 0.0000 0.0000 0.0000 1.0000
Error 24 1.4017 0.0584
9 Line 1 1.8846 1.8846 1.0000 0.3273
Error 24 45.2308 1.8846
Pgantl 1 Line 1 0.1538 0.1538 0.0072 0.9333
Error 24 515.4188 21.4758
2 Line 1 67.8462 67.8462 2.9536 0.0986
Error 24 551.3034 22.9710
3 Line 1 112.1538 112.1538 0.8561 0.3640
Error 24 3144.0257 131.0010
4 Line 1 4.6538 4.6538 0.0240 0.8782
Error 24 4654.9402 193.9560
5 Line 1 21.5427 21.5427 0.2013 0.6577
Error 24 2568.7222 107.0300
6 Line 1 21.5427 21.5427 0.4394 0.5137
Error 24 1176.6966 49.0290
7 Line 1 15.6421 15.6421 1.3394 0.2585
Error 24 280.2735 11.6781
8 Line 1 0.2735 0.2735 3.4595 0.0752
Error 24 1.8974 0.0791
piwi 1 Line 1 94.8761 94.8761 4.2525 0.0502
Error 24 535.4530 22.3105
2 Line 1 405.4017 405.4017 6.5620 0.0171
Error 24 1482.7222 61.7800
3 Line 1 385.8985 385.8985 3.7662 0.0641
Error 24 2459.1538 102.4650
4 Line 1 238.0171 238.0171 1.7970 0.1926
Error 24 3178.8846 132.4540
5 Line 1 49.8462 49.8462 0.2993 0.5894
Error 24 3996.8376 166.5350
6 Line 1 189.3600 189.3600 1.4464 0.2408
Error 24 3142.0812 130.9200
7 Line 1 88.0011 88.0011 1.7591 0.1972
Error 24 1200.6111 50.0255
8 Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043
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Table A.12a (continued).

pn 1 Line 1 27.3504 27.3504 2.3155 0.1412
Error 24 283.4872 11.8120

2 Line 1 259.6677 259.6677 3.4918 0.0739
Error 24 1784.7521 74.3650

3 Line 1 7.5385 7.5385 0.0722 0.7904
Error 24 2504.4102 104.3500

4 Line 1 46.6677 46.6677 0.7950 0.3815
Error 24 1408.8889 58.7037

5 Line 1 4.1068 4.1068 0.1104 0.7426
Error 24 892.9103 37.2046

6 Line 1 95.5139 95.5139 5.6328 0.0260
Error 24 406.9615 16.9567

7 Line 1 5.5385 5.5385 2.5506 0.1233

Error 24 52.1154 2.1715
8 Line 1 0.0385 0.0385 1.0000 0.3273
Error 24 0.9231 0.0385

RpL22 1 Line 1 3780.0866 3780.0870 277.2781 <.0001
Error 24 327.1880 13.6300

2 Line 1 6757.7190 6757.7190 141.5050 <.0001
Error 24 1146.1453 47.7600

3 Line 1 3385.0428 3385.0430 53.2641 <.0001
Error 24 1525.2479 63.5500

4 Line 1 1430.1806 1430.1810 16.8247 0.0004
Error 24 2040.1111 85.0000

5 Line 1 117.7607 117.7607 5.9593 0.0224
Error 24 474.2564 19.7610

6 Line 1 13.4017 13.4017 1.0806 0.3089
Error 24 297.6410 12.4017

sgg 1 Line 1 15.9017 15.9017 0.6843 0.4163
Error 24 557.6923 23.2372

2 Line 1 2.1635 2.1635 0.0551 0.8163
Error 24 941.6282 39.2345

3 Line 1 522.0096 522.0096 6.9500 0.0145
Error 24 1802.6197 75.1090

4 Line 1 312.6934 312.6934 2.8064 0.1069
Error 24 2674.1026 111.4210

5 Line 1 79.6250 79.6250 0.4807 0.4947
Error 24 3975.1624 165.6320

6 Line 1 375.6934 375.6934 3.6214 0.0691
Error 24 2489.8334 103.7430
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Table A.12a (continued).

7 Line 1 41.0427 41.0427 0.8763 0.3585
Error 24 1124.0556 46.8356
8 Line 1 1.0267 1.0267 2.2349 0.1480
Error 24 11.0256 0.4594
sov 1 Line 1 405.4017 405.4017 15.0893 0.0007
Error 24 644.8034 26.8670
2 Line 1 250.2735 250.2735 4.4590 0.0453
Error 24 1347.0641 56.1280
3 Line 1 630.1538 630.1538 7.9458 0.0095
Error 24 1903.3633 79.3070
4 Line 1 410.6838 410.6838 4.5746 0.0428
Error 24 2154.5769 89.7740
5 Line 1 21.2404 21.2404 0.0967 0.7585
Error 24 5269.4957 219.5620
6 Line 1 602.5652 602.5652 6.5321 0.0173
Error 24 2213.9060 92.2460
7 Line 1 224.1068 224.1068 6.8011 0.0154
Error 24 790.8419 32.9520
8 Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043
sra 1 Line 1 10.6838 10.6838 0.5077 0.4830
Error 24 505.0256 21.0427
2 Line 1 389.7607 389.7607 6.2239 0.0199
Error 24 1502.9616 62.6230
3 Line 1 1066.2404 1066.2400 19.3239 0.0002
Error 24 1324.2564 55.1800
4 Line 1 98.7350 98.7350 0.8156 0.3754
Error 24 2905.2650 121.0530
5 Line 1 79.0427 79.0427 0.4954 0.4883
Error 24 3829.4615 159.5610
6 Line 1 261.7789 261.7789 2.7790 0.1085
Error 24 2260.7778 94.1990
7 Line 1 147.8462 147.8462 4.1067 0.0540
Error 24 864.0385 36.0020
8 Line 1 0.0043 0.0043 1.0000 0.3273
Error 24 0.1026 0.0043
TRAM 1 Line 1 53.6068 53.6068 2.7692 0.1091
Error 24 464.5983 19.3583
2 Line 1 64.1293 64.1293 0.8501 0.3657
Error 24 1810.4274 75.4345
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Table A.12a (continued).

3 Line 1 47.1154 47.1154 0.5330 0.4724
Error 24 2121.6495 88.4021

4 Line 1 2.2607 2.2607 0.0415 0.8402
Error 24 1306.2436 54.4268

5 Line 1 52.1806 52.1806 2.6932 0.1138
Error 24 465.0043 19.3752

6 Line 1 47.5652 47.5652 2.3377 0.1393
Error 24 488.3205 20.3467

7 Line 1 2.1635 2.1635 0.8060 0.3782
Error 24 64.4231 2.6843

8 Line 1 0.6154 0.6154 0.7574 0.3928
Error 24 19.5000 0.8125

wds 1 Line 1 228.0385 228.0385 3.0429 0.0939
Error 24 1798.6153 74.9420

2 Line 1 968.2735 968.2735 17.9810 0.0003
Error 24 1292.3931 53.8500

3 Line 1 114.9402 114.9402 1.9840 0.1718
Error 24 1390.3760 57.9320

4 Line 1 335.0428 335.0427 9.3597 0.0054
Error 24 859.1111 35.7960

5 Line 1 183.1154 183.1154 5.8318 0.0237
Error 24 753.5898 31.4000

6 Line 1 25.3376 25.3376 0.8631 0.3621
Error 24 704.5641 29.3568

7 Line 1 9.8462 9.8462 1.6879 0.2062
Error 24 140.0000 5.8333

zf30c 1 Line 1 160.8376 160.8376 11.5572 0.0024
Error 24 334.0000 13.9170

2 Line 1 2125171 2125171 4.,2232 0.0509
Error 24 1207.7094 50.3210

3 Line 1 2109.0011 2109.0010 31.6406 <.0001
Error 24 1599.7179 66.6500

4 Line 1 158.3600 158.3600 2.4803 0.1284
Error 24 1532.3590 63.8480

5 Line 1 108.0385 108.0385 2.7203 0.1121
Error 24 953.1667 39.7150

6 Line 1 67.8462 67.8462 1.4059 0.2473
Error 24 1158.1667 48.2569

7 Line 1 6.8376 6.8376 1.0756 0.3100
Error 24 152.5641 6.3568
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Table A.12a (continued).

8 Line 1 11.1154 11.1154 2.3713 0.1367
Error 24 112.5000 4.6875

9 Line 1 0.3462 0.3462 1.0000 0.3273
Error 24 8.3077 0.3462
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Table A.12b

C. Effect and p-Value Summaries

Gene Week | Difference SE Difference Lower CL Upper CL p-Value
1 6.4872 3.7857 -1.3261 14.3004 0.0995

2 -9.1282 3.4729 -16.2959 -1.9605 0.0147

3 4.2308 3.2918 -2.5632 11.0248 0.2110

abo 4 1.2821 2.0325 -2.9128 5.4769 0.5341
5 2.8718 2.2696 -1.8124 7.5560 0.2179

6 1.9744 1.9812 -2.1147 6.0634 0.3289

7 1.3077 0.7862 -0.3150 2.9303 0.1093

1 4.2821 1.7979 0.5714 7.9927 0.0255

2 2.7821 1.8605 -1.0578 6.6219 0.1479

3 2.7821 4.9490 -7.4321 12.9962 0.5792

4 8.1538 7.0130 -6.3202 22.6279 0.2564

babos 5 2.5769 4.4904 -6.6908 11.8446 0.5714
6 -5.7821 1.9323 -9.7702 -1.7939 0.0063

7 2.2692 2.7573 -3.4216 7.9601 0.4186

8 1.7179 1.3369 -1.0413 4.4772 0.2110

9 0.2308 0.2308 -0.2455 0.7071 0.3273

1 -23.3590 1.0163 -25.4564 -21.2615 <.0001

2 -36.2051 2.2346 -40.8172 -31.5930 <.0001

3 -26.4359 2.3057 -31.1947 -21.6771 <.0001

blw 4 -13.1410 1.1524 -15.5194 -10.7627 <.0001
5 -6.6026 0.9956 -8.6575 -4.5477 <.0001

6 -4.7949 1.3768 -7.6366 -1.9532 0.0019

7 -1.0769 0.5571 -2.2268 0.0730 0.0651

8 -0.0769 0.0769 -0.2357 0.0818 0.3273

1 -9.1026 1.6917 -12.5940 -5.6112 <.0001

2 -4.6795 2.9168 -10.6994 1.3404 0.1217

3 6.7436 6.5869 -6.8512 20.3384 0.3161

boi 4 -6.4103 6.1496 -19.1023 6.2818 0.3076
5 -6.9359 4.2107 -15.6264 1.7546 0.1125

6 -4.5256 2.0488 -8.7541 -0.2972 0.0370

7 -3.0128 1.1692 -5.4260 -0.5996 0.0166

8 -0.0897 0.1381 -0.3747 0.1952 0.5219
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Table A.12b (continued).

1 0.8718 2.2771 -3.8279 5.5715 0.7052

2 9.5128 3.6412 1.9978 17.0279 0.0153

3 4.7308 4.4792 -4.5139 13.9755 0.3014

capu 4 6.2051 5.6708 -5.4987 17.9090 0.2847
5 -8.6667 5.5438 -20.1085 2.7752 0.1311

6 -9.7436 3.8107 -17.6084 -1.8788 0.0173

7 -5.2949 2.3063 -10.0548 -0.5349 0.0307

8 -0.0256 0.0256 -0.0786 0.0273 0.3273

1 -9.6667 1.7952 -13.3717 -5.9616 <.0001

2 3.6923 3.6394 -3.8190 11.2036 0.3204

3 0.4872 4.5050 -8.8107 9.7851 0.9148

Cdc7 4 0.0641 1.8484 -3.7509 3.8791 0.9726
5 2.3590 1.5957 -0.9343 5.6523 0.1523

6 -1.7692 1.5790 -5.0281 1.4897 0.2736

7 0.1538 0.7144 -1.3206 1.6283 0.8313

8 -0.0769 0.0769 -0.2357 0.0818 0.3273

1 0.7949 2.1185 -3.5776 5.1673 0.7108

2 2.4103 3.9488 -5.7397 10.5602 0.5473

3 5.2564 2.8709 -0.6688 11.1816 0.0796

CG3071 4 8.0641 3.4872 0.8669 15.2613 0.0296
5 1.4615 4.7898 -8.4241 11.3472 0.7629

6 0.4359 4.3182 -8.4764 9.3481 0.9204

7 -2.3718 3.0022 -8.5680 3.8245 0.4373

8 0.4615 0.4879 -0.5453 1.4684 0.3535

1 6.4103 4.4421 -2.7577 15.5782 0.1619

2 -10.4103 4.0291 -18.7258 -2.0947 0.0163

3 2.5385 3.4821 -4.6482 9.7251 0.4731

CG3326 4 5.0769 2.9145 -0.9382 11.0921 0.0943
5 1.3590 2.6065 -4.0206 6.7385 0.6069

6 -1.5128 1.8518 -5.3348 2.3091 0.4220

7 1.2821 0.9126 -0.6015 3.1656 0.1729

1 12.6923 2.0781 8.4034 16.9813 <.0001

2 6.0769 3.0437 -0.2049 12.3588 0.0573

3 6.0128 3.2141 -0.6208 12.6465 0.0736

CG3704 4 7.5897 4.2118 -1.1030 16.2825 0.0841
5 -5.0769 5.0529 -15.5055 5.3517 0.3250

6 -2.6667 5.1308 -13.2562 7.9228 0.6080

7 -3.4231 3.0145 -9.6447 2.7985 0.2674

8 -0.0256 0.0256 -0.0786 0.0273 0.3273
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Table A.12b (continued).

1 -7.2180 1.8493 -11.0347 -3.4012 0.0007
2 -2.3718 3.1041 -8.7784 4.0348 0.4523
3 -0.0256 3.6542 -7.5676 7.5163 0.9945
CG4281 4 3.4744 4.7035 -6.2331 13.1818 0.4673
5 7.2821 2.7860 1.5321 13.0320 0.0152
6 2.2821 1.9312 -1.7038 6.2679 0.2489
7 0.1795 0.1795 -0.1910 0.5499 0.3273
8 0.0513 0.0513 -0.0546 0.1571 0.3273
1 0.1026 3.7925 -1.7247 7.9298 0.9786
2 -17.8718 4.7173 -27.6079 -8.1357 0.0009
3 -1.3077 3.1818 -7.8746 5.2592 0.6847
CG4452 4 1.4872 2.9702 -4.6430 7.6174 0.6211
5 0.2308 24377 -4.8003 5.2619 0.9254
6 -1.3077 1.8950 -5.2189 2.6035 0.4968
7 0.3333 0.4530 -0.6017 1.2683 0.4690
1 -9.8590 1.7498 -13.4705 -6.2475 <.0001
2 -7.6539 2.8983 -13.6356 -1.6721 0.0143
CGA4554 3 -2.2051 3.5049 -9.4388 5.0286 0.5352
4 5.6026 4.3944 -3.4669 14.6721 0.2145
5 6.4872 2.9170 0.4668 12.5076 0.0358
6 1.7692 2.2484 -2.8713 6.4098 0.4391
1 -1.2564 1.7520 -4.8723 2.3595 0.4802
2 -7.0000 2.7648 -12.7062 -1.2938 0.0183
3 -5.8590 3.6936 -13.4821 1.7642 0.1258
CG5254 4 -7.2308 2.1101 -11.5858 -2.8758 0.0022
5 -5.3718 1.2734 -7.9999 -2.7437 0.0003
6 -4.7180 1.3790 -7.5641 -1.8718 0.0022
7 -1.0769 0.5571 -2.2268 0.0730 0.0651
8 -0.0769 0.0769 -0.2357 0.0818 0.3273
1 -6.7308 2.2095 -11.2910 -2.1705 0.0056
2 -5.1410 3.0806 -11.4991 1.2170 0.1081
CG7970 3 -0.2051 4.0380 -8.5392 8.1289 0.9599
4 5.4487 5.2433 -5.3729 16.2703 0.3091
5 5.6410 3.5593 -1.7051 12.9871 0.1261
6 -1.3846 1.3822 -4.2374 1.4682 0.3265
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Table A.12b (continued).

1 -17.7564 1.7500 -21.3682 -14.1446 <.0001
2 -17.9872 2.8254 -23.8184 -12.1559 <.0001
3 -16.1282 3.2424 -22.8201 -9.4363 <.0001
CG7971 4 -12.3205 3.6768 -19.9090 -4.7320 0.0027
5 -3.6154 1.7657 -7.2596 0.0288 0.0517
6 -1.2564 1.3878 -4.1206 1.6078 0.3743
7 0.0256 0.0256 -0.0273 0.0786 0.3273
1 -6.5513 1.7641 -10.1923 -2.9103 0.0011
2 -2.8333 3.0935 -9.2179 3.5513 0.3688
3 2.8974 3.6189 -4.5715 10.3664 0.4312
CG12018 4 -2.5000 4.5969 -11.9876 6.9876 0.5916
5 1.4872 2.8680 -4.4321 7.4065 0.6088
6 -0.5641 1.6052 -3.8772 2.7490 0.7283
7 0.0256 0.0256 -0.0273 0.0786 0.3273
1 -4.3462 3.2729 -11.1011 2.4088 0.1967
2 -4.6410 2.2453 -9.2750 -0.0070 0.0497
3 -3.9359 3.2900 -10.7261 2.8543 0.2433
CG13369 4 1.4872 3.4999 -5.7362 8.7105 0.6747
5 5.0385 3.1400 -1.4423 11.5192 0.1217
6 6.6538 3.1364 0.1807 13.1270 0.0444
7 -0.2564 1.7780 -3.9259 3.4131 0.8865
8 0.0385 0.3004 -0.5815 0.6584 0.8992
1 -10.1410 2.4134 -15.1220 -5.1600 0.0003
2 0.3718 3.7677 -7.4044 8.1480 0.9222
3 -0.6923 4.0339 -9.0179 7.6332 0.8652
CG13760 4 -3.3462 4.5611 -12.7598 6.0675 0.4703
5 -0.6667 2.4005 -5.6211 4.2878 0.7836
6 0.4359 2.1071 -3.9130 4.7848 0.8379
7 0.0513 0.0347 -0.0204 0.1229 0.1527
1 -9.8590 2.6510 -15.3304 -4.3876 0.0011
2 -4.7821 3.1756 -11.3361 1.7720 0.1451
CG13933 3 -5.4359 3.7868 -13.2514 2.3796 0.1641
4 -5.2949 4.4560 -14.4917 3.9019 0.2464
5 0.3590 2.3534 -4.4982 5.2161 0.8800
6 -1.0000 1.4136 -3.9175 1.9175 0.4861
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Table A.12b (continued).

1 -2.6667 1.7040 -6.1835 0.8502 0.1307
2 -4.1410 2.6314 -9.5720 1.2900 0.1287
3 -4.1667 2.7522 -9.8470 1.5137 0.1431
CG14969 4 -1.6026 1.7874 -5.2916 2.0864 0.3788
5 -3.4615 1.4897 -6.5361 -0.3870 0.0289
6 -4.6410 1.3808 -7.4908 -1.7912 0.0026
7 -1.0769 0.5571 -2.2268 0.0730 0.0651
8 -0.0769 0.0769 -0.2357 0.0818 0.3273
1 -5.2051 1.8201 -8.9616 -1.4486 0.0086
2 1.5128 1.8832 -2.3739 5.3995 0.4297
3 2.1795 5.0966 -8.3394 12.6983 0.6727
CG16868 4 1.3590 7.4300 -13.9759 16.6938 0.8564
5 -1.0513 5.3699 -12.1341 10.0316 0.8464
6 -0.8077 2.7010 -6.3823 4.7669 0.7675
7 -0.4231 1.6559 -3.8406 2.9945 0.8005
8 -0.1282 0.1345 -0.4057 0.1493 0.3499
1 -1.9872 3.3398 -8.8803 4.9059 0.5574
2 -9.1667 2.9261 -15.2058 -3.1275 0.0045
3 -3.2308 3.5586 -10.5754 4.1139 0.3730
CG17777 4 -8.4103 4.7896 -18.2955 1.4750 0.0919
5 -1.8077 4.5029 -11.1012 7.4858 0.6916
6 -6.0256 1.8867 -9.9196 -2.1316 0.0039
7 -1.5769 1.6199 -4.9202 1.7663 0.3400
8 -0.1923 0.1923 -0.5892 0.2046 0.3273
1 3.0513 3.5679 -4.3125 10.4151 0.4009
2 -1.4615 4.4653 -10.6775 7.7544 0.7463
3 -3.2564 3.3092 -10.0863 3.5735 0.3349
CG18273 4 -4.1539 5.3859 -15.2699 6.9622 0.4481
5 -2.4487 4.1773 -11.0703 6.1729 0.5632
6 -3.8333 2.8004 -9.6131 1.9464 0.1837
7 -1.2308 1.6775 -4.6930 2.2315 0.4703
8 -0.1923 0.1923 -0.5892 0.2046 0.3273
1 -7.8077 2.0258 -11.9887 -3.6267 0.0008
2 -11.8590 2.9889 -18.0278 -5.6901 0.0006
3 -7.0513 3.6349 -14.5533 0.4507 0.0642
CG32809 4 8.4487 5.2712 -2.4305 19.3279 0.1221
5 11.2564 3.6953 3.6298 18.8831 0.0056
6 4.1026 2.5960 -1.2553 9.4604 0.1271
7 1.3077 0.7381 -0.2157 2.8311 0.0891
8 0.5897 0.5366 -0.5178 1.6973 0.2827
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Table A.12b (continued).

1 -21.7179 1.3724 -24.5504 -18.8855 <.0001

2 -29.1538 0.9986 -31.2149 -27.0928 <.0001

3 -25.0128 3.4174 -32.0660 -17.9597 <.0001

o 4 -24.6154 4.7279 -34.3733 -14.8575 <.0001
5 -16.6282 3.7287 -24.3239 -8.9326 0.0002

6 -8.0385 1.6980 -11.5430 -4.5339 <.0001

7 -3.6154 1.0741 -5.8322 -1.3986 0.0026

8 -0.2051 0.1103 -0.4327 0.0225 0.0752

1 2.1026 2.1828 -2.4025 6.6076 0.3450

2 -1.0513 2.8981 -7.0326 4.9300 0.7200

3 -1.6923 3.3305 -8.5662 5.1816 0.6160

CycE 4 -6.6539 4.1361 -15.1904 1.8827 0.1208
5 -10.0769 4.9712 -20.3369 0.1831 0.0539

6 -10.3462 3.6539 -17.8875 -2.8048 0.0092

7 -5.1539 2.3047 -9.9104 -0.3973 0.0349

8 -0.0256 0.0256 -0.0786 0.0273 0.3273

1 -36.6026 2.6526 -42.0774 -31.1278 <.0001

2 -28.1026 1.8500 -31.9207 -24.2844 <.0001

3 -1.6410 4.2595 -10.4322 7.1501 0.7034

Cypdgl 4 -21.6923 3.1995 -28.2958 -15.0888 <.0001
5 -12.0513 2.3507 -16.9030 -7.1996 <.0001

6 -6.0641 1.8863 -9.9573 -2.1709 0.0037

7 -2.6923 1.3851 -5.5509 0.1663 0.0637

8 -0.1923 0.1923 -0.5892 0.2046 0.3273

1 -7.8846 1.8814 -11.7675 -4.0017 0.0003

2 -5.6923 3.4149 -12.7404 1.3557 0.1085

3 -2.9359 3.5544 -10.2718 4.4000 0.4169

DAAM 4 6.7949 4.6068 -2.7132 16.3029 0.1532
5 8.7821 3.5419 1.4719 16.0922 0.0206

6 4.3718 2.3624 -0.5040 9.2476 0.0766

7 0.5128 0.3879 -0.2877 1.3134 0.1986

1 0.4359 1.7021 -3.0770 3.9488 0.8001

2 5.6410 3.6886 -1.9719 13.2540 0.1393

3 5.0128 4.2162 -3.6890 13.7147 0.2461

dne 4 4.7692 4.0409 -3.5708 13.1093 0.2495
5 -5.6795 5.0909 -16.1866 4.8276 0.2756

6 -3.8077 4.2583 -12.5963 4.9809 0.3801

7 1.2436 3.7604 -6.5175 9.0046 0.7437

8 2.2436 1.9958 -1.8756 6.3628 0.2721
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Table A.12b (continued).

1 -6.3846 3.4366 -13.4773 0.7081 0.0755

2 -11.6154 3.5939 -19.0328 -4.1980 0.0036

3 -9.4359 3.6292 -16.9261 -1.9457 0.0157

Dredd 4 -3.7692 2.3000 -8.5162 0.9778 0.1143
5 -5.6667 1.8078 -9.3978 -1.9356 0.0045

6 -3.1795 1.6960 -6.6799 0.3209 0.0731

7 0.5897 0.5041 -0.4507 1.6301 0.2535

1 -5.9615 1.8187 -9.7151 -2.2079 0.0032

2 -5.9103 3.5540 -13.2452 1.4247 0.1093

dx 3 -4.9744 3.7444 -12.7023 2.7536 0.1965
4 -0.1923 4.7515 -9.9990 9.6143 0.9681

5 -0.7436 2.2055 -5.2956 3.8084 0.7389

6 0.1026 1.5561 -3.1091 3.3143 0.9480

1 -3.3846 2.1200 -7.7601 0.9909 0.1235

2 -7.0769 2.1517 -11.5178 -2.6361 0.0031

3 6.1026 4.4224 -3.0249 15.2300 0.1803

egh 4 0.7308 5.2067 -10.0152 11.4768 0.8896
5 -0.5256 4.4519 -9.7139 8.6626 0.9070

6 -2.9359 2.3831 -7.8543 1.9825 0.2299

7 -3.0385 1.1420 -5.3954 -0.6815 0.0137

8 -0.2051 0.1103 -0.4327 0.0225 0.0752

1 12.1282 2.5653 6.8337 17.4227 <.0001

2 5.1282 4.0643 -3.2601 13.5165 0.2192

3 2.3205 3.9540 -5.8402 10.4812 0.5628

4 -7.2308 5.0170 -17.5854 3.1239 0.1624

Eip75B 5 -12.0385 4.8769 -22.1038 -1.9731 0.0211
6 -9.6923 3.5582 -17.0361 -2.3485 0.0118

7 -4.1026 2.4399 -9.1382 0.9330 0.1056

8 -0.0256 0.0256 -0.0786 0.0273 0.3273

9 0.0385 0.0385 -0.0409 0.1178 0.3273

1 -2.6667 1.6045 -5.9783 0.6449 0.1095

2 -0.7436 2.9721 -6.8777 5.3905 0.8046

3 -6.3205 2.6592 -11.8088 -0.8323 0.0258

Fdx1 4 -2.8462 3.1279 -9.3017 3.6094 0.3719
5 -3.5256 1.3010 -6.2109 -0.8404 0.0122

6 -4.6410 1.3808 -7.4908 -1.7912 0.0026

7 -1.0769 0.5571 -2.2268 0.0730 0.0651

8 -0.0769 0.0769 -0.2357 0.0818 0.3273
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Table A.12b (continued).

1 -8.6282 1.7341 -12.2072 -5.0492 <.0001

2 -8.3974 3.2507 -15.1066 -1.6882 0.0163

3 -4.0256 4.2749 -12.8487 4.7974 0.3557

fs(N 4 1.5000 5.1304 -9.0887 12.0887 0.7725
5 5.7949 3.0175 -0.4330 12.0227 0.0668

6 -0.4359 1.4649 -3.4592 2.5874 0.7686

7 0.8974 0.6067 -0.3547 2.1496 0.1521

8 0.2821 0.2130 -0.1575 0.7216 0.1979

1 -7.1410 1.6606 -10.5683 -3.7137 0.0002

2 -0.6795 3.1485 -7.1777 5.8187 0.8310

3 1.2308 3.9677 -6.9582 9.4197 0.7591

GYa 4 -0.9359 4.8369 -10.9188 9.0470 0.8482
5 1.6667 2.6766 -3.8576 7.1909 0.539%4

6 1.9231 2.2284 -2.6760 6.5222 0.3967

7 1.1282 0.7647 -0.4501 2.7065 0.1531

8 0.2821 0.1919 -0.1140 0.6781 0.1546

1 -8.0641 2.0104 -12.2133 -3.9149 0.0005

2 -6.7564 2.9762 -12.8990 -0.6138 0.0325

3 0.6410 3.5611 -6.7086 7.9907 0.8587

Hsl 4 -2.9103 4.2133 -11.6060 5.7855 0.4964
5 2.1026 2.5681 -3.1976 7.4028 0.4210

6 0.6923 1.8658 -3.1586 4.5432 0.7139

7 0.8205 0.5756 -0.3675 2.0086 0.1669

1 -5.7949 1.8866 -9.6887 -1.9011 0.0052

2 5.1282 4.8491 -4.8799 15.1363 0.3008

3 2.5513 3.8015 -5.2946 10.3972 0.5085

Hsp22 4 4.3205 5.9675 -7.9959 16.6369 0.4761
5 -5.0128 4.8811 -15.0869 5.0612 0.3147

6 -3.2821 2.1859 -7.7935 1.2294 0.1463

7 -2.9615 1.1291 -5.2919 -0.6312 0.0149

8 -0.1795 0.1132 -0.4132 0.0542 0.1260

1 -7.9359 1.8081 -11.6676 -4.2042 0.0002

2 -2.6539 3.0583 -8.9658 3.6581 0.3941

KIp67A 3 -0.9487 3.9347 -9.0695 7.1721 0.8115
4 4.4231 4.1222 -4.0847 12.9308 0.2939

5 3.1282 3.0236 -3.1123 9.3687 0.3112

6 -0.7436 1.4602 -3.7574 2.2702 0.6152
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Table A.12b (continued).

1 -4.8205 1.7473 -8.4268 -1.2142 0.0109

2 -4.1410 2.7431 -9.8026 1.5205 0.1442

3 -2.6923 3.1389 -9.1707 3.7860 0.3995

1(1)G0004 4 -3.4872 2.2186 -8.0661 1.0918 0.1291
5 -2.1410 1.7235 -5.6981 1.4160 0.2261

6 -3.3333 1.5790 -6.5923 -0.0744 0.0454

7 -0.6154 0.6777 -2.0142 0.7834 0.3729

8 -0.0769 0.0769 -0.2357 0.0818 0.3273

1 -4.3974 1.7566 -8.0229 -0.7719 0.0195

2 -5.7564 2.9435 -11.8315 0.3187 0.0622

3 -4.3590 4.1024 -12.8258 4.1079 0.2986

lama 4 -4.2180 4.4803 -13.4648 5.0289 0.3559
5 1.3846 2.5816 -3.9436 6.7128 0.5967

6 1.2051 1.9892 -2.9005 5.3107 0.5503

7 1.0000 0.6383 -0.3174 2.3174 0.1303

8 0.0256 0.0256 -0.0273 0.0786 0.3273

1 -1.4103 1.6269 -4.7680 1.9475 0.3946

2 6.5128 3.4299 -0.5661 13.5917 0.0697

3 7.5897 5.3843 -3.5228 18.7023 0.1715

4 -2.3590 5.8039 -14.3377 9.6197 0.6880

Lztrl 5 -3.1795 44411 -12.3454 5.9864 0.4809
6 -3.7180 1.9579 -7.7588 0.3229 0.0697

7 0.9231 1.7508 -2.6904 4.5366 0.6029

8 0.8077 0.5266 -0.2791 1.8945 0.1381

9 0.0769 0.0769 -0.0818 0.2357 0.3273

1 7.6923 2.6093 2.3070 13.0776 0.0070

2 -0.2564 3.1684 -6.7957 6.2829 0.9362

3 -0.9615 3.5324 -8.2521 6.3290 0.7878

MED22 4 1.1282 4.3794 -7.9104 10.1668 0.7989
5 -10.1154 5.0703 -20.5800 0.3493 0.0575

6 -10.7308 3.4543 -17.8601 -3.6015 0.0048

7 -3.2180 2.9662 -9.3399 2.9040 0.2888

8 0.0128 0.0462 -0.0826 0.1082 0.7839
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Table A.12b (continued).

1 4.6923 1.7785 1.0216 8.3630 0.0144

2 0.9359 3.0279 -5.3134 7.1852 0.7599

3 5.6538 3.0664 -0.6749 11.9826 0.0776

msn 4 4.6154 4.3478 -4.3581 13.5889 0.2990
5 -6.1410 5.7590 -18.0270 5.7450 0.2969

6 -6.8205 3.9354 -14.9428 1.3017 0.0959

7 -4.2180 2.6037 -9.5917 1.1557 0.1183

8 0.2821 0.2385 -0.2101 0.7742 0.2485

1 -19.8333 1.5920 -23.1191 -16.5476 <.0001

2 -32.2436 2.7106 -37.8379 -26.6493 <.0001

ND-ACP 3 -22.8205 3.1269 -29.2740 -16.3670 <.0001
4 -14.8333 3.6163 -22.2970 -7.3697 0.0004

5 -4.2564 1.7436 -7.8550 -0.6578 0.0224

6 -1.4359 1.3813 -4.2867 1.4149 0.3089

1 0.1538 1.9321 -3.8338 4.1415 0.9372

2 -5.5385 4.6402 -15.1153 4.0384 0.2443

3 5.6538 4.2613 -3.1410 14.4487 0.1971

Nmd3 4 3.1282 5.0102 -1.2124 13.4688 0.5383
5 -2.3333 5.1390 -12.9397 8.2731 0.6539

6 -8.0000 3.9509 -16.1543 0.1543 0.0541

7 -4.3590 2.4597 -9.4355 0.7176 0.0891

8 0.0128 0.0462 -0.0826 0.1082 0.7839

1 0.5385 1.3842 -2.3184 3.3953 0.7007

2 -2.5128 2.6797 -8.0435 3.0179 0.3577

3 0.9359 2.9549 -5.1627 7.0345 0.7542

4 0.3846 1.9148 -3.5674 4.3366 0.8425

pex 5 0.4487 1.4913 -2.6292 3.5266 0.7661
6 -1.6795 1.7113 -5.2115 1.8525 0.3362

7 -0.6410 0.6004 -1.8801 0.5981 0.2963

8 0.0000 0.0948 -0.1956 0.1956 1.0000

9 0.5385 0.5385 -0.5729 1.6498 0.3273

1 -0.1538 1.8177 -3.9054 3.5977 0.9333

2 -3.2308 1.8799 -7.1107 0.6491 0.0986

3 4.1538 4.4893 -5.1117 13.4194 0.3640

Pgantl 4 -0.8462 5.4625 -12.1203 10.4280 0.8782
5 -1.8205 4.0579 -10.1955 6.5545 0.6577

6 -1.8205 2.7464 -7.4889 3.8479 0.5137

7 -1.5513 1.3404 -4.3177 1.2151 0.2585

8 -0.2051 0.1103 -0.4327 0.0225 0.0752
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Table A.12b (continued).

1 3.8205 1.8527 -0.0032 7.6442 0.0502

2 7.8974 3.0830 1.5345 14.2604 0.0171

3 7.7051 3.9704 -0.4893 15.8996 0.0641

Diwi 4 6.0513 45141 -3.2655 15.3680 0.1926
5 -2.7692 5.0617 -13.2161 7.6776 0.5894

6 -5.3974 4.4879 -14.6601 3.8652 0.2408

7 -3.6795 2.7742 -9.4052 2.0462 0.1972

8 -0.0256 0.0256 -0.0786 0.0273 0.3273

1 2.0513 1.3480 -0.7309 4.8335 0.1412

2 -6.3205 3.3824 -13.3015 0.6604 0.0739

3 -1.0769 4.0067 -9.3464 7.1926 0.7904

on 4 -2.6795 3.0052 -8.8820 3.5230 0.3815
5 -0.7949 2.3924 -5.7326 4.1429 0.7426

6 -3.8333 1.6152 -7.1669 -0.4998 0.0260

7 -0.9231 0.5780 -2.1160 0.2698 0.1233

8 -0.0769 0.0769 -0.2357 0.0818 0.3273

1 -24.1154 1.4482 -27.1044 -21.1264 <.0001

2 -32.2436 2.7106 -37.8379 -26.6493 <.0001

RpL22 3 -22.8205 3.1269 -29.2740 -16.3670 <.0001
4 -14.8333 3.6163 -22.2970 -7.3697 0.0004

5 -4.2564 1.7436 -7.8550 -0.6578 0.0224

6 -1.4359 1.3813 -4.2867 1.4149 0.3089

1 1.5641 1.8908 -2.3382 5.4664 0.4163

2 0.5769 2.4568 -4.4938 5.6476 0.8163

3 8.9615 3.3993 1.9457 15.9774 0.0145

50 4 6.9359 4.1403 -1.6092 15.4810 0.1069
5 -3.5000 5.0480 -13.9185 6.9185 0.4947

6 -7.6026 3.9951 -15.8480 0.6428 0.0691

7 -2.5128 2.6843 -8.0530 3.0273 0.3585

8 0.3974 0.2659 -0.1513 0.9461 0.1480

1 7.8974 2.0331 3.7014 12.0935 0.0007

2 6.2051 2.9385 0.1403 12.2700 0.0453

3 9.8462 3.4930 2.6370 17.0554 0.0095

sov 4 7.9487 3.7164 0.2785 15.6189 0.0428
5 1.8077 5.8120 -10.1876 13.8030 0.7585

6 -9.6282 3.7672 -17.4033 -1.8531 0.0173

7 -5.8718 2.2516 -10.5188 -1.2248 0.0154

8 -0.0256 0.0256 -0.0786 0.0273 0.3273
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Table A.12b (continued).

1 1.2821 1.7993 -2.4314 4.9955 0.4830

2 7.7436 3.1039 1.3374 14.1498 0.0199

3 12.8077 2.9136 6.7944 18.8210 0.0002

sra 4 3.8974 4.3155 -5.0093 12.8042 0.3754
5 -3.4872 4.9546 -13.7129 6.7386 0.4883

6 -6.3462 3.8069 -14.2031 1.5108 0.1085

7 -4.7692 2.3534 -9.6265 0.0880 0.0540

8 -0.0256 0.0256 -0.0786 0.0273 0.3273

1 -2.8718 1.7257 -6.4336 0.6900 0.1091

2 -3.1410 3.4067 -10.1720 3.8900 0.3657

3 2.6923 3.6879 -4.9191 10.3037 0.4724

TRAM 4 0.5897 2.8937 -5.3825 6.5620 0.8402
5 -2.8333 1.7265 -6.3967 0.7300 0.1138

6 -2.7051 1.7693 -6.3567 0.9464 0.1393

7 -0.5769 0.6426 -1.9032 0.7494 0.3782

8 0.3077 0.3536 -0.4220 1.0374 0.3928

1 -5.9231 3.3955 -12.9311 1.0849 0.0939

2 -12.2051 2.8783 -18.1456 -6.2646 0.0003

3 4.2051 2.9854 -1.9565 10.3667 0.1718

wds 4 7.1795 2.3467 2.3361 12.0229 0.0054
5 5.3077 2.1979 0.7715 9.8439 0.0237

6 1.9744 2.1252 -2.4118 6.3605 0.3621

7 1.2308 0.9473 -0.7244 3.1860 0.2062

1 4.9744 1.4632 1.9544 7.9943 0.0024

2 5.7179 2.7824 -0.0246 11.4605 0.0509

3 18.0128 3.2023 11.4036 24.6220 <.0001

4 4.9359 3.1341 -1.5326 11.4044 0.1284

2f30c 5 4.0769 24719 -1.0247 9.1786 0.1121
6 3.2308 2.7247 -2.3928 8.8543 0.2473

7 1.0256 0.9889 -1.0154 3.0667 0.3100

8 1.3077 0.8492 -0.4450 3.0604 0.1367

9 0.2308 0.2308 -0.2455 0.7071 0.3273
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Table A.13 Summary of genes for which GAL4-c825 UAS-RNAI affects lifespan and/or productivity. The effects of these genes divided into eight
categories depending on their effects on lifespan on males and females, and effects on early and late productivity. The categories are: (1) Increased
lifespan and/or reproduction. (2) Decreased lifespan and/or reproduction. (3) Antagonistic pleiotropy between lifespan and reproduction. (4)
Sexual antagonistic pleiotropy for lifespan. (5) Antagonistic pleiotropy between early and late reproduction. (6) Sexual antagonistic pleiotropy for
lifespan and antagonistic pleiotropy between lifespan and reproduction for one sex. (7) Antagonistic pleiotropy between early and late

reproduction and antagonistic pleiotropy between lifespan and early reproduction. (8) Sexual antagonistic pleiotropy for lifespan, antagonistic

pleiotropy between early and late reproduction, and antagonistic pleiotropy between lifespan and reproduction.

Category for Early (1-3 Late (4-9
Effect on Life . Female Male
. FlyBase ID Gene Name Gene Symbol Gene Location - . week) week)
History Lifespan Lifespan - o
- Productivity Productivity
Traits
1 FBgn0023527 CG3071 CG3071 X:2,262,837..2,264,825 [+] Increased Increased n.s. Increased
Leucine zipper like
1 FBgn0040344 | transcription regulator Lztrl X:922,889..927,582 [-] Increased n.s. n.s. n.s.
1
1 FBgn0003048 pecanex pcx X:2,225,296..2,238,045 [+] Increased Increased n.s. n.s.
1 FBgnooo4g72 | D -element induced piwi 21.:10,982,205..10,987,420 [-] n.s. ns. Increased n.s.
wimpy testis
n.s.
1 FBgn0003371 shaggy sgg X:2,633,952..2,679,553 [+] Increased n.s. Increased
1 FBgn0270924 | zinc finger protein 30C zf30c 2L.:9,758,342..9,762,375 [+] Increased n.s. Increased n.s.
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Table A.13 (continued).

FBgn0011211 bellwether blw 2R:22,799,099..22,802,180 [+] Decreased Decreased Decreased Decreased
FBgn0040388 brother of ihog boi X:2,444,167..2,470,043 [-] n.s. Decreased Decreased Decreased
FBgn0027903 |  CG12018/Pol31 CG12§118’ Pol | 51 .1,775,633.1,777,019 [+] ns. Decreased | Decreased ns.
FBgn0035270 CG13933 CG13933 3L:1,771,809..1,775,147 [-] n.s. n.s. Decreased n.s.
FBgn0035440 CG14969 CG14969 3L:3,333,119..3,334,978 [-] n.s. Decreased n.s. Decreased
FBgn0034498 CG16868 CG16868 2R:20,281,629..20,287,094 [-] n.s. Decreased Decreased n.s.
FBgn0040900 CG17777 CG17777 X:2,186,855..2,187,741 [+] Decreased n.s. Decreased Decreased
FBgn0029525 CG18273 CG18273 X:482,777..487,581 [-] n.s. Decreased n.s. n.s.
FBgn0035981 CG4452 CG4452 3L:9,367,377..9,370,300 [+] Decreased Decreased Decreased n.s.
FBgn0040383 CG5254 CGh254 X:750,347..758,719 [+] Decreased n.s. Decreased Decreased
FBgn0035252 CG7970 CG7970 3L:1,652,750..1,654,238 [+] n.s. n.s. Decreased n.s.
FBgn0000377 crooked neck crn X:2,247,594..2,249,983 [-] Decreased Decreased Decreased Decreased
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Table A.13 (continued).

2 FBgn0010382 Cyclin E CycE 2L.:15,727,581..15,748,150 [-] Decreased n.s. n.s. Decreased
2 FBgn0010019 | Cytochrome P450-4g1 Cyp4gl X:467,057..469,335 [-] Decreased Decreased Decreased Decreased
2 FBgn0000524 deltex dx X:6,533,999..6,538,575 [+] n.s. Decreased Decreased n.s.
2 FBgn0011769 Ferredoxin 1 Fdx1 3L:9,370,195..9,371,238 [-] n.s. n.s. Decreased Decreased
2 FBgn0034491 Horm‘:?rfézeens'“"e Hsl 2R:20,257,650..20,261,726 [+] n.s. n.s. Decreased n.s.
2 FBgn0001223 | Heat shock protein 22 Hsp22 3L:9,372,931..9,374,964 [+] n.s. n.s. Decreased Decreased
2 FBgn0027334 lethal (1) GO004 1(1)G0004 X:20,391,447..20,392,401 [+] n.s. n.s. Decreased Decreased
NADH dehydrogenase
2 FBgn0011361 (ubiquinone) acyl ND-ACP 3L:1,329,949..1,331,631 [+] n.s. Decreased Decreased Decreased
carrier protein
2 FBgn0003116 prune pn X:2,181,211..2,182,916 [+] Decreased n.s. n.s. Decreased
2 FBgn0015288 | Ribosomal protein L22 RpL22 X:762,560..765,130 [-] Decreased Decreased Decreased Decreased
2 FBgn0040340 TRAM TRAM X:935,232..937,822 [+] n.s. Decreased n.s. n.s.
3 FBgn0000018 abnormal oocyte abo 2L:10,973,443..10,975,293 [-] Increased Increased Decreased n.s.
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Table A.13 (continued).

FBgn0035253 CG7971 CG7971 3L:1,654,247..1,665,064 [-] Increased Increased Decreased Decreased
Dishevelled Associated

FBgn0025641 Activator of DAAM X:1,289,713..1,322,362 [-] Increased Increased Decreased Decreased
Morphogenesis

FBgn0040372 G9a G9a X:245,978..254,650 [+] Increased n.s. Decreased n.s.

FBgn0004379 K'”es'”"g";’Apmte'” at KIp67A 31.9,362,636..9,367,046 [-] Increased ns. Decreased ns.

FBgn0040375 CG13760 CG13760 X:2,583,745..2,585,699 [-] n.s. Increased Decreased n.s.

FBgnoo0deso | emae sterile (1) fs(DN X:1,322,513..1,329,438 [+] ns. Increased |  Decreased ns.

FBgn0040346 CG3704 CG3704 X:939,170..940,805 [-] n.s. Decreased Increased n.s.

FBgn0010909 misshapen msn 3L:2,554,847..2,586,540 [-] Decreased n.s. Increased n.s.

FBgn0086370 sarah sra 3R:16,186,999..16,197,584 [+] Decreased Decreased Increased n.s.

FBgn0023542 Nonsﬂ;eﬁmeg'ated Nmd3 X:2,182,818..2,184,668 [-] Increased | Decreased n.s. n.s.
Polypeptide N-

FBgn0034025 | Acetylgalactosaminyltr Pgantl 2R:15,511,710..15,515,597 [+] Increased Decreased n.s. n.s.

ansferase 1
FBgn0034724 babos babos 2R:22,393,876..22,402,059 [-] n.s. n.s. Increased Decreased
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Table A.13 (continued).

5 FBgn0286831 small ovary sov X:6,756,322..6,770,712 [+] n.s. n.s. Increased Decreased
6 FBgn0028360 Cdc7 kinase Cdc7 X:6,654,541..6,659,709 [+] Increased Decreased Decreased n.s.

6 FBgn0001404 egghead egh X:2,588,503..2,599,111 [+] Increased Decreased Decreased Decreased
6 FBgn0031519 Fidgetin CG3326/Fign 2L.:3,316,794..3,319,872 [-] Decreased Increased Decreased n.s.

6 FBgn0020381 3/?\|fg22r-elzillxega§gg;;e Dredd X:633,622..635,545 [-] Decreased Increased Decreased Decreased
6 FBgn0016031 lamina ancestor lama 3L:5,343,619..5,355,923 [-] Decreased Increased Decreased n.s.

7 FBgn0025626 CG4281 CG4281 X:2,062,313..2,065,142 [-] Increased Increased Decreased Increased
7 FBgn0034734 CG4554 CG4554 2R:22,483,303..22,492,033 [+] Increased Increased Decreased Increased
7 FBgn0040066 will die slowly wds X:2,585,980..2,588,217 [+] Increased Increased Decreased Increased
7 FBgn0023531 CG32809 CG32809 X:1,673,110..1,692,768 [-] Increased n.s. Decreased Increased
7 FBgn0000568 Ewgf;gﬁjgggced Eip75B 3L:17,950,953..18,064,606 [] | Decreased n.s. Increased Decreased
8 FBgn0025640 CG13369 CG13369 X:623,468..624,765 [+] Increased Decreased Decreased Increased
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Table A.13 (continued).

8 FBgn0040339 Medsluatt)(;rnictozn;plex MED22 X:928,139..928,860 [+] Decreased Increased Increased Decreased
8 FBgn0000256 cappuccino capu 2L.:3,872,646..3,902,860 [-] Decreased Increased Increased Decreased
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Table A.14 Analyses of variance (ANOVAs) of ovary qPCR for GAL4-c825 x UAS RNAI and GAL4-

€825 x control F1 flies. (A) Full ANOVA models. (B) Reduced ANOVA models by gene. (C) Dunnett

tests.

A. Full ANOVA Model

Construct Source DF SS MS F Ratio | Prob>F
Gene 4 243.6581 60.9145 | 857.8819 | <.0001
Line 1 0.2495 0.2495 3.5136 0.0690
GD Lines Gene*Line 4 2.3725 0.5931 8.3532 <.0001
Bio Rep[Gene,Line] 10 7.0170 0.7017 9.8823 <.0001
Error 36 2.5562 0.0710
Gene 13 723.9156 55.6858 | 611.8026 | <.0001
Line 1 15.8530 15.8530 | 174.1722 | <.0001
KK Lines Gene*Line 13 16.7400 1.2877 14.1475 <.0001
Bio Rep[Gene,Line] 28 27.6955 0.9891 10.8672 <.0001
Error 104 9.4660 0.0910
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Table A.14a

B. ANOVA Models by Gene

Gene Source DF SS MS F Ratio | Prob>F

Line 1 2.8001 2.8001 16.9239 0.0034

babos Bio Rep[Line] 2 0.3951 0.1975 1.1939 0.3518
Error 8 1.3236 0.1655

Line 1 0.0900 0.0900 1.4094 0.2692

blw Bio Rep[Line] 2 1.8643 0.9321 14.5891 0.0021
Error 8 0.5112 0.0639

Line 1 0.1038 0.1038 4.2669 0.0727

Cdc7 Bio Rep[Line] 2 0.0842 0.0421 1.7310 0.2373
Error 8 0.1945 0.0243

Line 1 3.4430 3.4430 15.4977 0.0043

CG3704 Bio Rep[Line] 2 0.1022 0.0511 0.2300 0.7996
Error 8 1.7773 0.2222

Line 1 0.2997 0.2997 5.3771 0.0535

CG5254 Bio Rep[Line] 2 3.9708 1.9854 35.6205 0.0002
Error 7 0.3902 0.0557

Line 1 1.1534 1.1534 12.1510 0.0082

CG13369 Bio Rep[Line] 2 0.4472 0.2236 2.3557 0.1569
Error 8 0.7594 0.0949

Line 1 0.9666 0.9666 9.4455 0.0218

CG14969 Bio Rep[Line] 2 0.9812 0.4906 4.7937 0.0570
Error 6 0.6140 0.1023

Line 1 5.3469 5.3469 118.4311 | <.0001

CGlrrr7 Bio Rep[Line] 2 0.1021 0.0510 1.1303 0.3695
Error 8 0.3612 0.0452

Line 1 0.3466 0.3466 2.3717 0.1674

CG18273 Bio Rep[Line] 2 1.9776 0.9888 6.7653 0.0231
Error 7 1.0231 0.1462

Line 1 16.2168 16.2168 | 210.1125 | <.0001

Cyp4gl Bio Rep[Line] 2 21.0973 10.5486 | 136.6734 | <.0001
Error 7 0.5403 0.0772

Line 1 1.1506 1.1506 25.2451 0.0010

Dredd Bio Rep[Line] 2 0.1334 0.0667 1.4636 0.2873
Error 8 0.3646 0.0456

Line 1 0.3223 0.3223 10.1289 0.0129

MED22 Bio Rep[Line] 2 1.1304 0.5652 17.7612 0.0011
Error 8 0.2546 0.0318
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Table A.14a (continued).

Line 1 0.5768 0.5768 2.7792 0.1564

msn Bio Rep[Line] 2 0.3928 0.1964 0.9463 0.4482
Error 5 1.0378 0.2076

Line 1 0.0919 0.0919 1.3083 0.2903

Nmd3 Bio Rep[Line] 2 0.0363 0.0182 0.2588 0.7790
Error 7 0.4915 0.0702

Line 1 0.1859 0.1859 3.6933 0.0909

piwi Bio Rep[Line] 2 0.3412 0.1706 3.3904 0.0858
Error 8 0.4026 0.0503

Line 1 0.9850 0.9850 14.2879 0.0069

S99 Bio Rep[Line] 2 0.2649 0.1325 1.9214 0.2162
Error 7 0.4826 0.0689
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Table A.14b

C. Effect and p-Value Summaries

Gene Difference | SE Difference | Lower CL | Upper CL | p-Value
babos 0.9661 0.2348 0.4246 1.5077 0.0034
blw 0.1733 0.1459 -0.1633 0.5098 0.2692
Cdc7 0.1860 0.0900 -0.0216 0.3936 0.0727
CG13369 0.6201 0.1779 0.2099 1.0302 0.0082
CG14969 0.6346 0.2065 0.1294 1.1399 0.0218
CG17777 1.3350 0.1227 1.0521 1.6179 <.0001
CG18273 0.3605 0.2341 -0.1930 0.9141 0.1674
CG3704 1.0713 0.2721 0.4438 1.6988 0.0043
CG5254 0.3352 0.1446 -0.0066 0.6771 0.0535
Cyp4gl 2.4660 0.1701 2.0637 2.8683 <.0001
Dredd 0.6193 0.1233 0.3351 0.9035 0.0010
MED22 0.3278 0.1030 0.0903 0.5653 0.0129
msn 0.5590 0.3353 -0.3029 1.4209 0.1564
Nmd3 0.1856 0.1623 -0.1981 0.5693 0.2903
piwi 0.2489 0.1295 -0.0498 0.5476 0.0909
sgg 0.6078 0.1608 0.2276 0.9879 0.0069
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Figure A.1 Ovary gPCR for the difference in expression between GAL4-c825 x UAS RNAI and GAL4-
€825 x control F1 flies. Error bars are + 1SE. Significance of the difference from control (p < 0.05) is

denoted by darker colors.
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Table A.15 Analyses of variance (ANOVAs) of accessory gland gPCR for GAL4-c825 x UAS RNAI and

GAL4-c825 x control F1 flies. (A) Full ANOVA models. (B) Reduced ANOVA models by gene. (C)

Dunnett tests.

A. Full ANOVA Model

Construct Source DF SS MS F Ratio | Prob>F
Gene 4 460.4283 115.1071 | 251.9933 <.0001
Line 1 32.8226 32.8226 71.8555 <.0001
GD Lines Gene*Line 4 20.8068 5.2017 11.3876 <.0001
Bio Rep[Gene,Line] 10 14.7998 1.4800 3.2400 0.0040
Error 39 17.8147 0.4568
Gene 10 1151.7902 115.1790 | 1044.1950 | <.0001
Line 1 0.8520 0.8520 7.7243 0.0067
KK Lines Gene*Line 10 21.8973 2.1897 19.8518 <.0001
Bio Rep[Gene,Line] 22 47.8756 2.1762 19.7288 <.0001
Error 88 9.7068 0.1103

316




Table A.15a

B. ANOVA Models by Gene

Gene Source DF SS MS F Ratio | Prob>F

Line 1 0.0000 0.0000 0.0001 0.9914

abo Bio Rep[Line] 2 2.8732 1.4366 7.3622 0.0154
Error 8 1.5611 0.1951

Line 1 4.5887 4.5887 119.7025 <.0001

blw Bio Rep[Line] 2 0.9012 0.4506 11.7546 0.0058
Error 7 0.2683 0.0383

Line 1 0.0088 0.0088 0.0100 0.9231

Cdc7 Bio Rep[Line] 2 12.2480 6.1240 6.9856 0.0215
Error 7 6.1366 0.8767

Line 1 0.0788 0.0788 1.6775 0.2314

CG4281 Bio Rep[Line] 2 2.3956 1.1978 25.5100 0.0003
Error 8 0.3756 0.0470

Line 1 47.5731 475731 | 1269.8010 | <.0001

CG14969 Bio Rep[Line] 2 0.8954 0.4477 11.9504 0.0040
Error 8 0.2997 0.0375

Line 1 0.9375 0.9375 15.5221 0.0043

Cyp4gl Bio Rep[Line] 2 13.0613 6.5307 108.1224 <.0001
Error 8 0.4832 0.0604

Line 1 1.5303 1.5303 23.0823 0.0013

DAAM Bio Rep[Line] 2 2.0537 1.0268 15.4886 0.0018
Error 8 0.5304 0.0663

Line 1 0.2572 0.2572 4.0609 0.0786

Dredd Bio Rep[Line] 2 1.5829 0.7914 12.4979 0.0035
Error 8 0.5066 0.0633

Line 1 0.0272 0.0272 0.4620 0.5159

ND-ACP Bio Rep[Line] 2 2.3732 1.1866 20.1304 0.0008
Error 8 0.4716 0.0589

Line 1 1.8776 1.8776 18.2450 0.0027

pcx Bio Rep[Line] 2 0.9810 0.4905 4.7665 0.0433
Error 8 0.8233 0.1029

Line 1 0.1204 0.1204 1.3568 0.2777

RpL22 Bio Rep[Line] 2 1.5189 0.7595 8.5594 0.0103
Error 8 0.7098 0.0887

Line 1 10.0041 10.0041 66.2384 <.0001

TRAM Bio Rep[Line] 2 0.5071 0.2535 1.6787 0.2462
Error 8 1.2083 0.1510
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Table A.15b

C. Effect and p-Value Summaries

Gene Difference | SE Difference | Lower CL | Upper CL | p-Value
abo 0.0028 0.2550 -0.5853 0.5910 0.9914
blw 1.3118 0.1199 1.0283 1.5953 <.0001

Cdc7 0.0574 0.5734 -1.2984 1.4132 0.9231

CG14969 3.9822 0.1118 3.7245 4.2399 <.0001
CG4281 0.1620 0.1251 -0.1265 0.4505 0.2314
Cyp4gl 0.5590 0.1419 0.2318 0.8862 0.0043

DAAM 0.7142 0.1487 0.3714 1.0570 0.0013

Dredd 0.2928 0.1453 -0.0423 0.6278 0.0786

ND-ACP 0.0953 0.1402 -0.2280 0.4185 0.5159

pcx 0.7911 0.1852 0.3640 1.2182 0.0027
RpL22 0.2003 0.1720 -0.1963 0.5969 0.2777
TRAM 1.8261 0.2244 1.3087 2.3435 <.0001
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Figure A.2 Accessory gland gPCR for the difference in expression between GAL4-c825 x UAS RNAI
and GAL4-c825 x control F1 flies. Error bars are = 1SE. Significance of the difference from control (p <

0.05) is denoted by darker colors.
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Table A.16 Analyses of variance (ANOVAs) of in vitro promoter luciferase reporter assay. (A) Full

ANOVA model. (B) Student’s t-test.

A. Full Model ANOVA

Gene Source | DF SS MS F Ratio | Prob>F
babos Line 1 83943.3610 83943.3600 0.8987 0.3797
Error | 6 560446.7900 93407.8000
boi Line 1 12,7737 12.7737 1.3849 0.2838
Error 6 55.3434 9.2239
CG3071 Line 1 80273.9770 80273.9800 14.3911 0.0090
Error | 6 33468.1400 5578.0000
CG3704 Line 1 | 20158417.0000 | 20158417.0000 | 44.3908 0.0006
Error | 6 2724677.0000 454112.8000
CG7970 Line 1 35601.0470 35601.0500 4.3917 0.0810
Error | 6 48638.1650 8106.4000
CG13369 Line 1 7763.6411 7763.6410 19.4384 0.0045
Error | 6 2396.3880 399.4000
CG18273 Line 1 712604.5000 712604.5000 4.4133 0.0804
Error | 6 968806.9000 161468.0000
CG32809 Line 1 0.3546 0.3546 0.5899 0.4716
Error 6 3.6060 0.6010
crn Line 1 36005.2740 36005.2700 4.3637 0.0817
Error | 6 49506.4820 8251.1000
Cyp4gl Line 1 160.4001 160.4001 6.8651 0.0396
Error | 6 140.1875 23.3650
Dredd Line 1 1544314.8000 1544315.0000 16.8635 0.0063
Error | 6 549465.6000 91578.0000
dx Line 1 567057.4100 567057.4000 19.3380 0.0046
Error | 6 175940.6800 29323.0000
Fdxh Line 1 1059338.6000 1059339.0000 | 199.8443 | <.0001
Error | 6 31804.9000 5301.0000
Hsp22 Line 1 2345481.8000 2345482.0000 1.1693 0.3211
Error | 6 | 12035065.0000 2005844.0000
KI967A Line 1 232305.9400 232305.9000 7.0595 0.0377
Error | 6 197439.8000 32907.0000
L(1)G0004 | Line 1 128187.0400 128187.0000 11.4685 0.0147
Error | 6 67063.7600 11177.0000
L(1)G0148 | Allele | 1 59.2068 59.2068 0.1976 0.6723
Error | 6 1797.9316 299.6550
MED22 Line 1 4175491.5000 4175492.0000 4.4340 0.0798
Error | 6 5650224.6000 941704.0000
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Table A.16 (continued).

mtacpl Line 1 429062.3200 429062.3000 1.1074 0.3332
Error 6 2324664.5000 387444.0000

Nmd3 Line 1 153921.5400 153921.5000 0.3173 0.5937
Error 6 2910813.0000 485136.0000

pn Line 1 2838.6156 2838.6160 45.0780 0.0005
Error 6 377.8274 62.9700

RpL22 Line 1 | 22646443.0000 | 22646443.0000 4.0248 0.0916
Error 6 | 33760347.0000 5626724.4000

TRAM Line 1 183.8772 183.8772 9.9630 0.0197
Error 6 110.7362 18.4560

zf30C Line 1 4913.5236 4913.5240 31.4624 0.0014
Error 6 937.0272 156.1700
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Table A.16a

B. Student's t-Test

Gene |Linel LSM SE  [Student'st
babos B | 756.7373 |152.8135 A
O | 551.8674 |152.8135 A
boi B 5.7982 1.5185 A
O | 8.3254 1.5185 A
CG3071 | B | 403.1279 | 37.3431 A
O | 202.7857 | 37.3431 B
CG3704 | B | 799.6295 | 336.9395 A
O |3974.4065 | 336.9395 B
CG7970 | B | 179.0375 | 45.0177 A
O | 312.4561 | 45.0177 A
CG13369| B | 21.1669 | 9.9925 A
O | 83.4711 | 9.9925 B
CG18273| B |1023.3774|200.9153 A
O | 426.4669 |200.9153 A
CG32809 | B 2.1739 0.3876 A
o] 1.7529 0.3876 A
crn B | 432.1702 | 45.4177 A
O | 297.9963 | 45.4177 A
Cyp4gl | B | 12.2179 | 2.4168 A
O | 3.2624 2.4168 B
Dredd B | 591.1860 |151.3090 A
O |1469.9109 | 151.3090 B
dx B | 455.9356 | 85.6205 A
O | 988.4098 | 85.6205 B
Fdxh B | 887.6122 | 36.4034 A
O | 159.8284 | 36.4034 B
Hsp22 | B [2460.4185|708.1392 A
O |3543.3501|708.1392 A
KIP67A | B | 515.2850 | 90.7009 A
O | 174.4728 | 90.7009 B
L(1)G0004| B | 150.9697 | 52.8614 A
O | 404.1367 | 52.8614 B
L(1)G0148 B | 58.9310 | 8.6553 A
O | 53.4901 | 8.6553 A
MED22 | B |3449.8130 |485.2072 A
O |2004.9096 | 485.2072 A
mtacpl | B |2777.3229 | 311.2250 A
O |2314.1478|311.2250 A
Nmd3 B [1998.8443 | 348.2584 A
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Table A.16a (continued).

O |2276.2623 | 348.2584 A

pn B | 56.5074 | 3.9677 A
O | 18.8337 | 3.9677 B

RpL22 | B |13480.4710j1186.0359 A
O [10115.4720/1186.0359 A

TRAM | B | 13.2996 | 2.1480 A
O | 22.8880 | 2.1480 B

zf30C B | 30.3063 | 6.2484 A
O | 79.8720 | 6.2484 B
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Figure A.3 Inverse PCR validation of DsRed insertion into O and B lines. Lane one: 1 kilobase DNA

ladder. Samples B1 and O1 have the correct fragment size for the B and O lines, respectively.
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Table A.17 Analyses of variance (ANOVAs) of gRT-PCR of whole-body flies for the B and O Rose
lines. (A) Chronological Full ANOVA models. (B) Chronological Reduced ANOVA models by sex. (C)
Chronological Reduced ANOVA models by age. (D) Chronological Reduced ANOVA models by sex and
age. (E) Physiological Full ANOVA madels. (F) Physiological Reduced ANOVA models by sex. (G)
Physiological Reduced ANOVA models by age. (H) Physiological Reduced ANOVA models by sex and
age. (1) Reduced ANOVA models by line. (J) Reduced ANOVA models by line and sex. (K) Reduced
ANOVA models by line and age. (L) Reduced ANOVA models by line, sex, and age. (M) Effects
(deletion line — control line) and p-values Summaries. Chronological analyses only compare ages where
measurements could be taken for both the O and B lines, while physiological analyses compare young

and old ages, where old ages are relative to the lifespan of each line.

A. Chronological Full Model ANOVA

Source DF SS MS F Ratio | Prob>F

Line 1 | 48.7863 | 48.7863 | 1065.3770 | <.0001

Construct 1 | 97.7257 | 97.7257 | 2134.0970 | <.0001

Line*Construct 1 ]62.7299 | 62.7299 | 1369.8720 | <.0001

Age 1 | 34043 | 3.4043 | 74.3428 <.0001

Line*Age 1 | 0.0920 | 0.0920 2.0083 0.1598

Construct*Age 1 | 0.2916 | 0.2916 6.3678 0.0133

Line*Construct*Age 1 | 0.0143 | 0.0143 0.3127 0.5774

Sex 1 | 14.5988 | 14.5988 | 318.8023 | <.0001

Line*Sex 1 | 0.0598 | 0.0598 1.3054 0.2562

Construct*Sex 1 | 1.6706 | 1.6706 | 36.4825 <.0001

Line*Construct*Sex 1 | 0.0231 | 0.0231 0.5054 0.4789

Age*Sex 1 | 2.8464 | 2.8464 | 62.1582 <.0001

Line*Age*Sex 1 | 01732 | 0.1732 3.7816 0.0548

Construct*Age*Sex 1 | 0.8073 | 0.8073 | 17.6287 <.0001

Line*Construct*Age*Sex 1 | 0.0553 | 0.0553 1.2080 0.2746

Bio rep[Line,Construct,Age,Sex] | 30 | 3.5412 | 0.1180 2.5777 0.0003
Error 93 | 4.2587 | 0.0458
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Table A.17a

B. Chronological Reduced Model ANOVA by Sex

Sex Source DF SS MS F Ratio | Prob>F
Female Line 1 | 27.2413 | 27.2414 | 649.1389 | <.0001
Construct 1 |38.4898 | 38.4898 | 917.1812 | <.0001
Line*Construct 1 | 31.4539 | 31.4539 | 749.5207 | <.0001
Age 1 | 0.0130 | 0.0130 0.3099 0.5803
Line*Age 1 | 0.2698 | 0.2698 6.4282 0.0145
Construct*Age 1 | 1.0786 | 1.0786 | 25.7016 <.0001
Line*Construct*Age 1 | 0.0070 | 0.0070 0.1658 0.6857
Bio rep[Line,Construct,Age] | 15 | 1.7635 | 0.1176 2.8015 0.0033
Error 49 | 2.0563 | 0.0420
Male Line 1 |21.8255 | 21.8255 | 436.0342 | <.0001
Construct 1 ]60.0284 | 60.0284 | 1199.2590 | <.0001
Line*Construct 1 | 31.3052 | 31.3052 | 625.4211 | <.0001
Age 1 | 59939 | 59939 | 119.7471 | <.0001
Line*Age 1 | 0.0061 | 0.0061 0.1223 0.7282
Construct*Age 1 | 0.0617 | 0.0617 1.2334 0.2728
Line*Construct*Age 1 | 0.0605 | 0.0605 1.2086 0.2776
Bio rep[Line,Construct,Age] | 15 | 1.7778 | 0.1185 2.3678 0.0135
Error 44 | 2.2024 | 0.0501
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Table A.17b

C. Chronological Reduced Model ANOVA by Age

Age (wks) Source DF SS MS F Ratio | Prob>F
1 Line 1 |20.6841 | 20.6841 | 416.1676 | <.0001
Construct 1 |40.4679 | 40.4679 | 814.2218 | <.0001
Line*Construct 1 ]28.1932 | 28.1932 | 567.2523 | <.0001
Sex 1 | 14.0564 | 14.0564 | 282.8172 | <.0001
Line*Sex 1 | 0.0137 | 0.0137 0.2746 0.6029
Construct*Sex 1 | 22242 | 2.2242 | 44.7520 <.0001
Line*Construct*Sex 1 | 0.0032 | 0.0032 0.0643 0.8010
Bio rep[Line,Construct,Sex] | 14 | 2.7250 | 0.1946 3.9163 0.0003
Error 43 | 2.1372 | 0.0497
4 Line 1 |28.8395 | 28.8395 | 679.6825 | <.0001
Construct 1 |59.0173 | 59.0173 | 1390.9030 | <.0001
Line*Construct 1 | 35.0974 | 35.0974 | 827.1652 | <.0001
Sex 1 | 24720 | 2.4720 | 58.2591 <.0001
Line*Sex 1 | 0.2370 | 0.2370 5.5849 0.0220
Construct*Sex 1 | 0.0843 | 0.0843 1.9870 0.1648
Line*Construct*Sex 1 | 0.0815 | 0.0815 1.9198 0.1720
Bio rep[Line,Construct,Sex] | 16 | 0.8162 | 0.0510 1.2023 0.2992
Error 50 | 2.1216 | 0.0424
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Table A.17c

D. Chronological Reduced Model ANOVA by Sex, Age

Sex | Age (wks) Source DF SS MS F Ratio | Prob > F
Female 1 Line 1 ]10.2266 | 10.2266 | 221.6980 | <.0001
Construct 1 |12.3528 | 12.3528 | 267.7918 | <.0001
Line*Construct 1 ]14.9984 | 14.9984 | 325.1433 | <.0001
Bio rep[Line,Construct] | 7 | 1.0397 | 0.1485 | 3.2200 0.0166
Error 22 | 1.0148 | 0.0461
4 Line 1 |17.8983 | 17.8983 | 464.0075 | <.0001
Construct 1 |28.5080 | 28.5080 | 739.0625 | <.0001
Line*Construct 1 |16.5898 | 16.5898 | 430.0867 | <.0001
Bio rep[Line,Construct] | 8 | 0.7237 | 0.0905 | 2.3453 0.0466
Error 27 | 1.0415 | 0.0386
Male 1 Line 1 |10.4618 | 10.4618 | 195.7502 | <.0001
Construct 1 | 29.6476 | 29.6476 | 554.7364 | <.0001
Line*Construct 1 | 13.2673 | 13.2673 | 248.2447 | <.0001
Bio rep[Line,Construct] | 7 | 1.6853 | 0.2408 | 4.5047 0.0033
Error 21 | 1.1223 | 0.0534
4 Line 1 |11.4471|11.4471 | 243.7645 | <.0001
Construct 1 |30.5102 | 30.5102 | 649.7121 | <.0001
Line*Construct 1 |18.5090 | 18.5090 | 394.1489 | <.0001
Bio rep[Line,Construct] | 8 | 0.0925 | 0.0116 | 0.2462 0.9769
Error 23 | 1.0801 | 0.0470
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Table A.17d

E. Physiological Full Model ANOVA

Source DF SS MS F Ratio | Prob >F

Line 1 | 73.5398 | 73.5398 | 1563.6590 | <.0001

Construct 1 ]191.6973 | 91.6973 | 1949.7370 | <.0001

Line*Construct 1 ]66.3441 | 66.3441 | 1410.6590 | <.0001

Age 1 1119742 | 11.9742 | 254.6049 | <.0001

Line*Age 1 | 37091 | 3.7091 | 78.8647 <.0001

Construct*Age 1 | 0.0755 | 0.0755 1.6050 0.2085

Line*Construct*Age 1 | 0.1458 | 0.1458 3.0992 0.0817

Sex 1 | 78646 | 7.8646 | 167.2238 | <.0001

Line*Sex 1 | 05699 | 0.5699 | 12.1173 0.0008

Construct*Sex 1 | 1.8915 | 1.8915 | 40.2178 <.0001

Line*Construct*Sex 1 | 0.0039 | 0.0039 0.0830 0.7740

Age*Sex 1 | 71681 | 7.1681 | 1524134 | <.0001

Line*Age*Sex 1 | 0.3412 | 0.3412 7.2539 0.0084

Construct*Age*Sex 1 | 0.6485 | 0.6485 | 13.7879 0.0004

Line*Construct*Age*Sex 1 | 0.0211 | 0.0211 0.4479 0.5050

Bio rep[Line,Construct,Age,Sex] | 30 | 4.0473 | 0.1349 2.8686 <.0001
Error 90 | 4.2328 | 0.0470
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Table A.17¢e

F. Physiological Reduced Model ANOVA by Sex

Sex Source DF SS MS F Ratio | Prob>F
Female Line 1 | 31.56555 | 31.5555 | 695.3214 | <.0001
Construct 1 | 34.6960 | 34.6960 | 764.5216 <.0001
Line*Construct 1 | 33.7060 | 33.7060 | 742.7062 <.0001
Age 1 | 0.3164 | 0.3164 6.9708 0.0113
Line*Age 1 | 0.9289 | 0.9289 | 20.4682 <.0001
Construct*Age 1 | 0.6018 | 0.6018 | 13.2603 0.0007
Line*Construct*Age 1 | 0.0289 | 0.0289 0.6366 0.4290
Bio rep[Line,Construct,Age] | 15 | 1.7981 | 0.1199 2.6414 0.0059
Error 46 | 2.0876 | 0.0454
Male Line 1 | 42,2247 | 42.2247 | 866.0865 | <.0001
Construct 1 |58.1680 | 58.1680 | 1193.1040 | <.0001
Line*Construct 1 |32.6739 | 32.6739 | 670.1866 | <.0001
Age 1 |18.2715 | 18.2715 | 374.7738 | <.0001
Line*Age 1 | 3.0556 | 3.0556 | 62.6752 <.0001
Construct*Age 1 | 0.1365 | 0.1365 2.8001 0.1014
Line*Construct*Age 1 | 0.1347 | 0.1347 2.7622 0.1036
Bio rep[Line,Construct,Age] | 15 | 2.2492 | 0.1500 3.0757 0.0019
Error 44 | 2.1452 | 0.0488
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Table A.17f

Age Source DF SS MS F Ratio | Prob>F
Young Line 1 |20.6841 | 20.6841 | 416.1676 | <.0001
Construct 1 |40.4679 | 40.4679 | 814.2218 | <.0001
Line*Construct 1 |28.1932 | 28,1932 | 567.2523 | <.0001
Sex 1 | 14.0564 | 14.0564 | 282.8172 | <.0001
Line*Sex 1 | 0.0137 | 0.0137 0.2746 0.6029
Construct*Sex 1 | 22242 | 2.2242 | 44.7520 <.0001
Line*Construct*Sex 1 | 0.0032 | 0.0032 0.0643 0.8010
Bio rep[Line,Construct,Sex] | 14 | 2.7250 | 0.1946 3.9163 0.0003
Error 47 | 2.0956 | 0.0446
Old Line 1 ]159.2192 | 59.2192 | 1328.1680 | <.0001
Construct 1 ]52.1065 | 52.1066 | 1168.6450 | <.0001
Line*Construct 1 |39.0441 | 39.0441 | 875.6811 | <.0001
Sex 1 | 0.0087 | 0.0087 0.1945 0.6613
Line*Sex 1 | 0.9628 | 0.9628 | 21.5930 <.0001
Construct*Sex 1 | 0.1745 | 0.1745 3.9135 0.0538
Line*Construct*Sex 1 | 0.0231 | 0.0232 0.5191 0.4748
Bio rep[Line,Construct,Sex] | 16 | 1.3223 | 0.0827 1.8536 0.0515
Error 47 | 2.0956 | 0.0446
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Table A.17g

H. Physiological Reduced Model ANOVA by Sex, Age

Sex | Age (wks) Source DF SS MS F Ratio | Prob > F
Female | Young Line 1 ]10.2266 | 10.2266 | 221.6980 | <.0001
Construct 1 |12.3528 | 12.3528 | 267.7918 | <.0001
Line*Construct 1 ]14.9984 | 14.9984 | 325.1433 | <.0001
Bio rep[Line,Construct] | 7 | 1.0397 | 0.1485 | 3.2200 0.0166
Error 22 | 1.0148 | 0.0461
Old Line 1 |23.0098 | 23.0098 | 514.7724 | <.0001
Construct 1 |23.6070 | 23.6070 | 528.1326 | <.0001
Line*Construct 1 |18.9701 | 18.9701 | 424.3976 | <.0001
Bio rep[Line,Construct] | 8 | 0.7584 | 0.0948 | 2.1207 0.0739
Error 24 | 1.0728 | 0.0447
Male Young Line 1 |10.4618 | 10.4618 | 195.7502 | <.0001
Construct 1 |29.6476 | 29.6476 | 554.7364 | <.0001
Line*Construct 1 | 13.2673 | 13.2673 | 248.2447 | <.0001
Bio rep[Line,Construct] | 7 | 1.6853 | 0.2408 | 4.5047 0.0033
Error 21 | 1.1223 | 0.0534
Old Line 1 |36.8890 | 36.8890 | 829.5156 | <.0001
Construct 1 | 28.5727 | 28.5727 | 642.5100 | <.0001
Line*Construct 1 |20.0746 | 20.0746 | 451.4141 | <.0001
Bio rep[Line,Construct] | 8 | 0.5640 | 0.0705 | 1.5853 0.1838
Error 23 | 1.0228 | 0.0445
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Table A.17h

I. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio | Prob>F

B Construct 1 | 152.3147 | 152.3147 | 3194.0610 | <.0001

Age 1 1.1421 1.1421 23.9492 <.0001

Construct*Age 1 0.2091 0.2091 4.3839 0.0421

Sex 1 6.1446 6.1446 | 128.8528 | <.0001

Construct*Sex 1 1.0026 1.0026 21.0256 <.0001

Age*Sex 1 2.1252 2.1252 44.5660 <.0001

Construct*Age*Sex 1 0.2114 0.2114 4.4321 0.0410

Bio rep[Construct,Age,Sex] | 15 | 1.8449 0.1230 2.5792 0.0075
Error 44 | 2.0982 0.0477

@) Construct 1 2.4368 2.4368 52.7076 <.0001

Age 2 | 153432 | 7.6716 | 165.9333 | <.0001

Construct*Age 2 0.1722 0.0861 1.8621 0.1627

Sex 1 4.2077 4.2077 91.0114 <.0001

Construct*Sex 1 0.6160 0.6160 13.3231 0.0005

Age*Sex 2 5.6450 2.8225 61.0488 <.0001

Construct*Age*Sex 2 0.7540 0.3770 8.1543 0.0006

Bio rep[Construct,Age,Sex] | 23 | 2.5688 0.1117 2.4157 0.0024
Error 73 | 3.3750 0.0462
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Table A.17i

J. Reduced Model ANOVA by Line, Sex

Line | Sex Source DF SS MS F Ratio | Prob>F
B | Female Construct 1 |72.6733 | 72.6733 | 1463.6970 | <.0001
Age 1 | 0.0856 | 0.0856 1.7235 0.2017
Construct*Age 1 | 04751 | 0.4752 9.5698 0.0050
Bio rep[Construct,Age] | 8 | 1.0863 | 0.1358 2.7349 0.0268
Error 24 | 1.1916 | 0.0497
Male Construct 1 ]79.8206 | 79.8206 | 1760.8610 | <.0001
Age 1 | 28619 | 2.8619 | 63.1331 <.0001
Construct*Age 1 | 0.0000 | 0.0000 0.0001 0.9938
Bio rep[Construct,Age] | 7 | 0.7586 | 0.1084 2.3908 0.0597
Error 20 | 0.9066 | 0.0453
O | Female Construct 1 | 0.2933 | 0.2933 7.3889 0.0099
Age 2 | 1.1352 | 0.5676 | 14.2980 <.0001
Construct*Age 2 | 0.6060 | 0.3030 7.6334 0.0017
Bio rep[Construct,Age] | 11 | 1.0416 | 0.0947 2.3853 0.0238
Error 37 | 1.4688 | 0.0397
Male Construct 1 | 2.8280 | 2.8280 | 53.4077 <.0001
Age 2 |20.8069 | 10.4034 | 196.4724 | <.0001
Construct*Age 2 | 0.3185 | 0.1592 3.0074 0.0620
Bio rep[Construct,Age] | 12 | 1.5272 | 0.1273 2.4035 0.0210
Error 36 | 1.9062 | 0.0530
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Table A.17j

K. Reduced Model ANOVA by Line, Age

Line | Age Source DF SS MS F Ratio | Prob>F
B 1 Construct 1 |65.4886 | 65.4886 | 1129.8880 | <.0001
Sex 1 | 7.1856 | 7.1856 | 123.9751 | <.0001
Construct*Sex 1 | 0.9898 | 0.9898 | 17.0772 0.0005
Bio rep[Construct,Sex] | 7 | 1.3951 | 0.1993 3.4385 0.0131
Error 21 | 1.2172 | 0.0580
4 Construct 1 | 88.8666 | 88.8667 | 2319.8650 | <.0001
Sex 1 | 0.5655 | 0.5655 | 14.7635 0.0008
Construct*Sex 1 | 0.1591 | 0.1591 4.1539 0.0532
Bio rep[Construct,Sex] | 8 | 0.4499 | 0.0562 1.4680 0.2228
Error 23 | 0.8811 | 0.0383
@) 1 Construct 1 | 05761 | 0.5761 | 13.7763 0.0012
Sex 1 | 6.8719 | 6.8719 | 164.3285 | <.0001
Construct*Sex 1 | 1.2480 | 1.2480 | 29.8427 <.0001
Bio rep[Construct,Sex] | 7 | 1.3299 | 0.1900 4.5433 0.0029
Error 22 | 0.9200 | 0.0418
4 Construct 1 | 16124 | 1.6124 | 35.0951 <.0001
Sex 1 | 22120 | 2.2120 | 48.1460 <.0001
Construct*Sex 1 | 0.0000 | 0.0000 0.0003 0.9868
Bio rep[Construct,Sex] | 8 | 0.3664 | 0.0458 0.9968 0.4608
Error 27 | 1.2405 | 0.0459
7 Construct 1 | 0.4802 | 0.4802 9.4892 0.0051
Sex 1 | 0.4026 | 0.4026 7.9551 0.0095
Construct*Sex 1 | 0.0360 | 0.0360 0.7114 0.4073
Bio rep[Construct,Sex] | 8 | 0.8725 | 0.1091 2.1551 0.0698
Error 24 | 1.2145 | 0.0506
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Table A.17k

L. Reduced Model ANOVA by Line, Sex, Age

Line | Sex | Age (wks) Source DF SS MS F Ratio | Prob>F
B | Female 1 Construct 1 | 30.6980 | 30.6980 | 509.5605 | <.0001
Bio rep[Construct] | 4 | 0.6924 | 0.1731 2.8732 0.0699
Error 12 | 0.7229 | 0.0602
4 Construct 1 |42.4505 | 42.4505 | 1086.8840 | <.0001
Bio rep[Construct] | 4 | 0.3939 | 0.0985 2.5216 0.0962
Error 12 | 0.4687 | 0.0391
Male 1 Construct 1 |35.0070 | 35.0070 | 637.4734 | <.0001
Bio rep[Construct] | 3 | 0.7027 | 0.2342 4.2653 0.0393
Error 9 | 0.4942 | 0.0549
4 Construct 1 | 46.4166 | 46.4167 | 1238.1610 | <.0001
Bio rep[Construct] | 4 | 0.0559 | 0.0140 0.3730 0.8232
Error 11 | 0.4124 | 0.0375
O | Female 1 Construct 1 | 0.0577 | 0.0577 1.9771 0.1900
Bio rep[Construct] | 3 | 0.3474 | 0.1158 3.9667 0.0422
Error 10 | 0.2919 | 0.0292
4 Construct 1 | 0.8381 | 0.8381 | 21.9479 0.0003
Bio rep[Construct] | 4 | 0.3298 | 0.0824 2.1591 0.1235
Error 15 | 0.5728 | 0.0382
7 Construct 1 | 0.1266 | 0.1266 2.5153 0.1387
Bio rep[Construct] | 4 | 0.3644 | 0.0911 1.8097 0.1918
Error 12 | 0.6041 | 0.0503
Male 1 Construct 1 | 19799 | 1.9799 | 37.8272 <.0001
Bio rep[Construct] | 4 | 0.9826 | 0.2456 4.6931 0.0164
Error 12 | 0.6281 | 0.0523
4 Construct 1 | 0.7770 | 0.7770 | 13.9639 0.0028
Bio rep[Construct] | 4 | 0.0366 | 0.0091 0.1644 0.9524
Error 12 | 0.6677 | 0.0556
7 Construct 1 | 0.3896 | 0.3896 7.6584 0.0170
Bio rep[Construct] | 4 | 0.5081 | 0.1270 2.4968 0.0985
Error 12 | 0.6104 | 0.0509
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Table A.17I

M. Effects and p-values Summaries

Line | Sex | Age (wks) | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B | Female 1 2.6119 0.1157 2.3598 2.8640 <.0001
4 3.0714 0.0932 2.8684 3.2744 <.0001

Male 1 3.3441 0.1324 3.0445 3.6437 <.0001

4 3.3428 0.0950 3.1337 3.5519 <.0001

O | Female 1 -0.1266 0.0900 -0.3272 0.0740 0.19
4 0.4132 0.0882 0.2252 0.6012 0.0003

7 0.1677 0.1058 -0.0627 0.3982 0.1387

Male 1 0.6633 0.1078 0.4283 0.8983 <.0001

4 0.4155 0.1112 0.1732 0.6578 0.0028

7 0.2942 0.1063 0.0626 0.5259 0.017
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Table A.18 Analyses of variance (ANOVAs) of gRT-PCR of reproductive tissues for the B and O lines.
(A) Full ANOVA models. (B) Physiological reduced ANOVA models by sex. (C) Physiological reduced
ANOVA models by age. (D) Physiological reduced ANOVA models by sex and age. (E) Reduced
ANOVA models by line. (F) Reduced ANOVA models by line and sex. (G) Reduced ANOVA models by
line and age. (H) Reduced ANOVA models by line, sex, and age. (1) Effects (deletion line — control line)
and p-values Summaries. Physiological analyses only compare ages where measurements could be taken

for both the O and B lines.

A. Full Model ANOVA

Source DF MS SS F Ratio | Prob >F

Construct 1 | 173.8207 | 173.8207 | 1943.6540 | <.0001

Line 1 ]172.9329 | 172.9329 | 1933.7260 | <.0001

Line*Construct 1 | 105.7611 | 105.7611 | 1182.6140 | <.0001

Sex 1 1.6519 1.6519 18.4715 <.0001

Line*Sex 1 4.6776 4.6776 52.3050 <.0001

Construct*Sex 1 0.0807 0.0807 0.9023 0.3451

Line*Construct*Sex 1 0.5354 0.5354 5.9865 0.0167

Age 1 4.1633 4.1633 46.5534 <.0001

Line*Age 1 | 12.4633 | 12.4633 | 139.3636 | <.0001

Construct*Age 1 0.0053 0.0053 0.0595 0.8079

Line*Construct*Age 1 4.2360 4.2360 47.3667 <.0001

Age*Sex 1 3.6268 3.6268 40.5542 <.0001

Line*Age*Sex 1 6.6433 6.6433 74.2847 <.0001

Construct*Age*Sex 1 1.5219 1.5219 17.0177 <.0001

Line*Construct*Age*Sex 1 1.2176 1.2176 13.6146 0.0004

Bio rep[Line,Construct,Age,Sex] | 64 | 12.0676 | 0.1886 2.1084 0.0009
Error 78 | 6.9755 0.0894
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Table A.18a

B. Reduced Model ANOVA by Sex

Sex Source DF SS MS F Ratio | Prob>F
Female Line 1 | 117.2467 | 117.2467 | 1411.2710 | <.0001
Construct 1 | 83.2056 | 83.2056 | 1001.5260 | <.0001
Line*Construct 1 | 45.6235 | 45.6235 | 549.1592 | <.0001
Age 1 0.0093 0.0092 0.1113 0.7404
Line*Age 1 | 18.6526 | 18.6526 | 224.5163 | <.0001
Construct*Age 1 0.6736 0.6736 8.1079 0.0070
Line*Construct*Age 1 4.9978 4.9978 60.1574 <.0001
Bio rep[Line,Construct,Age] | 32 | 5.4915 0.1716 2.0656 0.0158
Error 39 | 3.2401 0.0831
Male Line 1 | 60.3638 | 60.3638 | 630.2279 | <.0001
Construct 1 | 90.6958 | 90.6958 | 946.9087 | <.0001
Line*Construct 1 | 60.6729 | 60.6729 | 633.4551 | <.0001
Age 1 7.7808 7.7808 81.2352 <.0001
Line*Age 1 0.4540 0.4540 4.7399 0.0356
Construct*Age 1 0.8536 0.8536 8.9122 0.0049
Line*Construct*Age 1 0.4558 0.4558 4.7583 0.0353
Bio rep[Line,Construct,Age] | 32 | 6.5761 0.2055 2.1456 0.0119
Error 39 | 3.7355 0.0958
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Table A.18b

C. Reduced Model ANOVA by Age

Age Source DF SS MS F Ratio | Prob>F
Young Line 1 | 46.2728 | 46.2728 | 590.7248 | <.0001
Construct 1 | 87.8750 | 87.8750 | 1121.8240 | <.0001
Line*Construct 1 | 33.8324 | 33.8324 | 431.9096 | <.0001
Sex 1 0.1917 0.1917 2.4469 0.1258
Line*Sex 1 0.0860 0.0860 1.0976 0.3012
Construct*Sex 1 1.1517 1.1517 14.7031 0.0004
Line*Construct*Sex 1 1.6838 1.6838 21.4960 <.0001
Bio rep[Line,Construct,Sex] | 32 | 7.9158 0.2474 3.1580 0.0004
Error 39 | 3.0550 0.0783
Old Line 1 ]139.1234 | 139.1234 | 1383.9330 | <.0001
Construct 1 | 85.9511 | 85.9511 | 854.9999 | <.0001
Line*Construct 1 | 76.1646 | 76.1646 | 757.6493 | <.0001
Sex 1 5.0870 5.0870 50.6030 <.0001
Line*Sex 1 | 11.2349 | 11.2349 | 111.7597 | <.0001
Construct*Sex 1 0.4509 0.4509 4.4849 0.0406
Line*Construct*Sex 1 0.0691 0.0691 0.6873 0.4121
Bio rep[Line,Construct,Sex] | 32 | 4.1517 0.1297 1.2906 0.2224
Error 39 | 3.9206 0.1005
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Table A.18¢c

D. Reduced Model ANOVA by Sex, Age

Sex Age Source DF SS MS F Ratio | Prob>F
Female | Young Line 1 | 20.6804 | 20.6804 | 306.8838 | <.0001
Construct 1 | 33.6328 | 33.6328 | 499.0897 | <.0001
Line*Construct 1 9.9673 9.9673 | 147.9084 | <.0001
Bio rep[Line,Construct] | 16 | 3.4100 0.2131 3.1626 0.0093
Error 19 | 1.2804 0.0674
Old Line 1 | 117.5824 | 117.5824 | 1200.0060 | <.0001
Construct 1 | 50.6617 | 50.6617 | 517.0364 | <.0001
Line*Construct 1 | 41.4212 | 41.4212 | 422.7307 | <.0001
Bio rep[Line,Construct] | 16 | 2.0815 0.1301 1.3277 0.2712
Error 20 | 1.9597 0.0980
Male | Young Line 1 | 25.8033 | 25.8033 | 290.8108 | <.0001
Construct 1 | 55.9379 | 55.9379 | 630.4363 | <.0001
Line*Construct 1 | 25.9385 | 25.9385 | 292.3343 | <.0001
Bio rep[Line,Construct] | 16 | 4.5058 0.2816 3.1739 0.0081
Error 20 | 1.7746 0.0887
Old Line 1 | 34.7952 | 34.7952 | 337.1490 | <.0001
Construct 1 | 36.0955 | 36.0955 | 349.7484 | <.0001
Line*Construct 1 | 349699 | 34.9699 | 338.8420 | <.0001
Bio rep[Line,Construct] | 16 | 2.0703 0.1294 1.2538 0.3158
Error 19 | 1.9609 0.1032
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Table A.18d

E. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio | Prob>F

B Construct 1 | 282.2609 | 282.2609 | 2728.9870 | <.0001

Sex 1 6.0931 6.0931 58.9102 <.0001

Construct*Sex 1 0.5288 0.5288 5.1123 0.0293

Age 1 1.1377 1.1377 10.9995 0.0019

Construct*Age 1 2.0198 2.0198 19.5276 <.0001

Age*Sex 1 | 10.2946 | 10.2946 | 99.5317 <.0001

Construct*Age*Sex 1 2.7992 2.7992 27.0639 <.0001

Bio rep[Construct,Age,Sex] | 32 | 5.5351 0.1730 1.6723 0.0616
Error 40 | 4.1372 0.1034

@) Construct 1 4.1051 4.1051 54.9606 <.0001

Sex 1 0.3759 0.3759 5.0320 0.0308

Construct*Sex 1 0.0978 0.0978 1.3094 0.2597

Age 1 | 15.1472 | 15.1472 | 202.7943 | <.0001

Construct*Age 1 2.2168 2.2168 29.6786 <.0001

Age*Sex 1 0.2211 0.2211 2.9602 0.0935

Construct*Age*Sex 1 0.0083 0.0083 0.1108 0.7411

Bio rep[Construct,Age,Sex] | 32 | 6.5325 0.2041 2.7331 0.0017
Error 38 | 2.8383 0.0747
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Table A.18e

F. Reduced Model ANOVA by Line, Sex

Line | Sex Source DF SS MS F Ratio | Prob>F
B | Female Construct 1 |129.1780 | 129.1780 | 1726.2080 | <.0001
Age 1 9.1385 9.1384 | 122.1173 | <.0001
Construct*Age 1 4.7873 4.7873 63.9723 <.0001
Bio rep[Construct,Age] | 16 | 2.4318 0.1520 2.0310 0.0675
Error 20 | 1.4967 0.0748
Male Construct 1 | 153.6117 | 153.6117 | 1163.4790 | <.0001
Age 1 2.2939 2.2939 17.3741 0.0005
Construct*Age 1 0.0317 0.0317 0.2403 0.6293
Bio rep[Construct,Age] | 16 | 3.1033 0.1940 1.4690 0.2060
Error 20 | 2.6406 0.1320
O | Female Construct 1 2.7351 2.7351 29.8076 <.0001
Age 1 9.5142 9.5142 | 103.6876 | <.0001
Construct*Age 1 0.9771 0.9771 10.6483 0.0041
Bio rep[Construct,Age] | 16 | 3.0596 0.1912 2.0840 0.0641
Error 19 | 1.7434 0.0918
Male Construct 1 1.4678 1.4678 25.4717 <.0001
Age 1 5.8541 5.8541 | 101.5870 | <.0001
Construct*Age 1 1.2480 1.2480 21.6564 0.0002
Bio rep[Construct,Age] | 16 | 3.4729 0.2171 3.7666 0.0035
Error 19 | 1.0949 0.0576
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Table A.18f

G. Reduced Model ANOVA by Line, Age

Line | Age (wks) Source DF SS MS F Ratio | Prob>F
B 1 Construct 1 |118.2636 | 118.2636 | 1191.5130 | <.0001
Sex 1 0.2739 0.2739 2.7593 0.1123
Construct*Sex 1 2.8806 2.8806 29.0225 <.0001
Bio rep[Construct,Sex] | 16 | 2.9057 0.1816 1.8297 0.1006
Error 20 | 1.9851 0.0993
3 Construct 1 |166.0171 | 166.0171 | 1542.8200 | <.0001
Sex 1 | 16.1139 | 16.1139 | 149.7485 | <.0001
Construct*Sex 1 0.4474 0.4474 4.1576 0.0549
Bio rep[Construct,Sex] | 16 | 2.6294 0.1643 1.5272 0.1836
Error 20 | 2.1521 0.1076
@) 1 Construct 1 6.1776 6.1776 | 109.7103 | <.0001
Sex 1 0.0102 0.0102 0.1812 0.6751
Construct*Sex 1 0.0246 0.0246 0.4367 0.5167
Bio rep[Construct,Sex] | 16 | 5.0102 0.3131 5.5611 0.0003
Error 19 | 1.0699 0.0563
5 Construct 1 0.1443 0.1443 1.5504 0.2282
Sex 1 0.5868 0.5868 6.3040 0.0213
Construct*Sex 1 0.0815 0.0815 0.8755 0.3612
Bio rep[Construct,Sex] | 16 | 1.5223 0.0951 1.0222 0.4765
Error 19 | 1.7684 0.0931
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Table A.18g

H. Reduced Model ANOVA by Line, Sex, Age

Line | Sex | Age (wks) Source DF SS MS F Ratio | Prob > F
B | Female 1 Construct 1 |42.1148 | 42.1148 | 791.5660 | <.0001
Bio rep[Construct] | 8 | 1.1210 | 0.1401 | 2.6336 0.0767
Error 10 | 0.5320 | 0.0532
3 Construct 1 ]91.8505 | 91.8505 | 952.1897 | <.0001
Bio rep[Construct] | 8 | 1.3109 | 0.1639 | 1.6987 0.2129
Error 10 | 0.9646 | 0.0965
Male 1 Construct 1 ]79.0295 | 79.0295 | 543.8843 | <.0001
Bio rep[Construct] | 8 | 1.7847 | 0.2231 | 1.5353 0.2581
Error 10 | 1.4531 | 0.1453
3 Construct 1 | 74.6140 | 74.6140 | 628.3273 | <.0001
Bio rep[Construct] | 8 | 1.3186 | 0.1648 | 1.3880 0.3077
Error 10 | 1.1875 | 0.1188
O | Female 1 Construct 1 | 3.3321 | 3.3321 | 40.0747 | 0.0001
Bio rep[Construct] | 8 | 2.2890 | 0.2861 | 3.4412 0.0419
Error 9 | 0.7483 | 0.0831
5 Construct 1 | 0.2324 | 0.2324 | 2.3356 0.1574
Bio rep[Construct] | 8 | 0.7706 | 0.0963 | 0.9680 0.5087
Error 10 | 0.9951 | 0.0995
Male 1 Construct 1 | 2.8469 | 2.8469 | 88.5456 | <.0001
Bio rep[Construct] | 8 | 2.7211 | 0.3401 | 10.5792 | 0.0006
Error 10 | 0.3215 | 0.0322
5 Construct 1 | 0.0043 | 0.0043 | 0.0495 0.8289
Bio rep[Construct] | 8 | 0.7517 | 0.0940 | 1.0935 0.4443
Error 9 | 0.7734 | 0.0859
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Table A.18h

I. Effects and p-values Summaries

Line | Sex | Age (wks) | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B | Female 1 2.9022 0.1032 2.6724 3.1321 <.0001
3 4.2860 0.1389 3.9766 4.5955 <.0001

Male 1 3.9757 0.1705 3.5958 4.3555 <.0001

3 3.8630 0.1541 3.5196 4.2064 <.0001

O | Female 1 0.8562 0.1353 0.5502 1.1622 0.0001
5 0.2156 0.1411 -0.0987 0.5299 0.1574

Male 1 0.7546 0.0802 0.5759 0.9333 <.0001

5 0.0306 0.1375 -0.2804 0.3416 0.8289
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Table A.19 Analyses of variance (ANOVAs) of chill coma response for the B and O lines. (A) Full
ANOVA models. (B) Physiological reduced ANOVA models by sex. (C) Physiological reduced ANOVA
models by age. (D) Physiological reduced ANOVA models by sex and age. (E) Reduced ANOVA models
by line. (F) Reduced ANOVA models by line and sex. (G) Reduced ANOVA models by line and age. (H)
Reduced ANOVA models by line, sex, and age. (1) Effects (deletion line — control line) and p-values
Summaries. Physiological analyses compare the O and B lines at young and old ages, where old ages are

relative to the lifespan of each line.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F
Construct 1 16705.1900 16705.2000 41.7534 <.0001
Line 1 16.2100 16.2000 0.0405 0.8405
Construct*Line 1 142.8200 142.8000 0.3570 0.5504
Sex 1 2087.7400 2087.7000 5.2182 0.0226
Construct*Sex 1 1912.2400 1912.2000 4.7795 0.0291
Line*Sex 1 1046.0000 1046.0000 2.6144 0.1063
Construct*Line*Sex 1 109.5700 109.6000 0.2739 0.6009
Age 1 153005.3100 | 153005.3000 | 382.4256 | <.0001
Construct*Age 1 4777.5200 4777.5000 11.9411 0.0006
Line*Age 1 5067.3300 5067.3000 12.6654 0.0004
Construct*Line*Age 1 240.8700 240.9000 0.6020 0.4380
Sex*Age 1 3569.1100 3569.1000 8.9207 0.0029
Construct*Sex*Age 1 542.3300 542.3000 1.3555 0.2447
Line*Sex*Age 1 2126.6400 2126.6000 5.3154 0.0214
Construct*Line*Sex*Age 1 148.8600 148.9000 0.3721 0.5421
Bio Rep[Construct,Line,Sex,Age] 16 2535.0100 158.4000 0.3960 0.9836
Error 766 | 306470.2200 400.0900
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Table A.19a

B. Physiological Reduced Model ANOVA by Sex

Sex Source DF SS MS F Ratio | Prob>F
Female Line 1 399.8360 399.8400 1.1069 0.2934
Construct 1 | 14921.8970 | 14921.9000 | 41.3112 | <.0001
Line*Construct 1 250.6440 250.6400 0.6939 0.4054
Age 1 | 54776.3070 | 54776.3100 | 151.6478 | <.0001
Line*Age 1 6861.9090 6861.9100 | 18.9971 | <.0001
Construct*Age 1 4258.5230 4258.5200 | 11.7897 | 0.0007
Line*Construct*Age 1 383.2260 383.2300 1.0610 0.3036
Bio Rep[Line,Construct,Age] | 8 770.9080 96.3600 0.2668 0.9762
Error 382 | 137981.2600 | 361.2100
Male Line 1 663.0600 663.1000 15112 0.2197
Construct 1 3666.3000 3666.3000 8.3558 0.0041
Line*Construct 1 1.1000 1.1000 0.0025 0.9600
Age 1 | 101920.5600 | 101920.6000 | 232.2852 | <.0001
Line*Age 1 315.0600 315.1000 0.7181 0.3973
Construct*Age 1 1053.0000 1053.0000 2.3999 0.1222
Line*Construct*Age 1 5.5200 5.5000 0.0126 0.9107
Bio Rep[Line,Construct,Age] | 8 1764.1000 220.5000 0.5026 0.8543
Error 384 | 168488.9600 | 438.7700
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Table A.19b

C. Physiological Reduced Model ANOVA by Age

Age Source DF SS MS F Ratio | Prob > F
Young Line 1 2821.0912 | 2821.0910 | 187.5524 | <.0001
Construct 1 1803.0623 | 1803.0620 | 119.8716 | <.0001
Line*Construct 1 6.3531 6.3530 0.4224 0.5161
Sex 1 98.4483 98.4480 6.5451 0.0109
Line*Sex 1 94.6104 94.6100 6.2899 0.0126
Construct*Sex 1 208.3800 208.3800 | 13.8536 | 0.0002
Line*Construct*Sex 1 1.4979 1.4980 0.0996 0.7525
Bio Rep[Line,Construct,Sex] | 8 300.2678 37.5330 2.4953 0.0119
Error 382 | 5745.8980 15.0420
Old Line 1 2261.0030 | 2261.0000 | 2.8871 0.0901
Construct 1 | 19726.2030 | 19726.2000 | 25.1887 | <.0001
Line*Construct 1 378.3020 378.3000 0.4831 0.4875
Sex 1 5572.6230 | 5572.6200 | 7.1158 0.0080
Line*Sex 1 3085.8030 | 3085.8000 | 3.9403 0.0479
Construct*Sex 1 2251.5030 | 2251.5000 | 2.8750 0.0908
Line*Construct*Sex 1 257.6020 257.6000 0.3289 0.5666
Bio Rep[Line,Construct,Sex] | 8 2234.7400 279.3400 0.3567 0.9425
Error 384 | 300724.3200 | 783.1400
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Table A.19c

D. Physiological Reduced Model ANOVA by Sex, Age

Sex Age Source DF SS MS F Ratio | Prob > F
Female | Young Line 1 1964.3010 | 1964.3010 | 111.8388 | <.0001
Construct 1 1610.3392 | 1610.3390 | 91.6858 | <.0001
Line*Construct 1 6.9742 6.9740 0.3971 0.5294
Bio Rep[Line,Construct] | 4 84.0478 21.0120 1.1963 0.3138
Error 190 | 3337.0983 17.5640
Old Line 1 5314.8050 | 5314.8100 | 7.5788 0.0065
Construct 1 | 17653.2050 | 17653.2100 | 25.1731 | <.0001
Line*Construct 1 630.1250 630.1300 0.8985 0.3444
Bio Rep[Line,Construct] | 4 686.8600 171.7200 0.2449 0.9125
Error 192 | 134644.1600 | 701.2700
Male | Young Line 1 946.1250 946.1250 | 75.4135 | <.0001
Construct 1 394.8050 394.8050 | 31.4690 | <.0001
Line*Construct 1 0.8450 0.8450 0.0674 0.7955
Bio Rep[Line,Construct] | 4 216.2200 54.0550 4.3086 0.0023
Error 192 | 2408.8000 12.5460
Old Line 1 32.0000 32.0000 0.0370 0.8477
Construct 1 43245000 | 4324.5000 | 4.9994 0.0265
Line*Construct 1 5.7800 5.7800 0.0067 0.9349
Bio Rep[Line,Construct] | 4 1547.8800 386.9700 0.4474 0.7742
Error 192 | 166080.1600 | 865.0010
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Table A.19d

E. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio | Prob>F

B Construct 1 9942.8000 9942.8000 | 17.3218 | <.0001

Sex 1 88.8800 88.9000 0.1548 0.6942

Construct*Sex 1 1464.8500 1464.9000 2.5520 0.1110

Age 1 | 106604.1600 | 106604.2000 | 185.7196 | <.0001

Construct*Age 1 3572.6500 3572.6000 6.2241 0.0130

Sex*Age 1 92.6000 92.6000 0.1613 0.6882

Construct*Sex*Age 1 628.1000 628.1000 1.0942 0.2962

Bio Rep[Construct,Sex,Age] | 8 1037.6300 129.7000 0.2260 0.9861
Error 382 | 219270.2200 | 574.0100

o] Construct 1 6897.3030 6897.3000 | 30.3734 | <.0001

Sex 1 3052.5630 3052.5600 | 13.4425 | 0.0003

Construct*Sex 1 554.6020 554.6000 2.4423 0.1189

Age 1 | 51324.9020 | 51324.9000 | 226.0179 | <.0001

Construct*Age 1 1440.2020 1440.2000 6.3422 0.0122

Sex*Age 1 5617.5020 5617.5000 | 24.7376 | <.0001

Construct*Sex*Age 1 61.6230 61.6200 0.2714 0.6027

Bio Rep[Construct,Sex,Age] | 8 1497.3800 187.1700 0.8242 0.5816
Error 384 | 87200.0000 227.0800
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Table A.19e

F. Reduced Model ANOVA by Line, Sex

Line | Sex Source DF SS MS F Ratio | Prob > F
B | Female Construct 1 9471.1270 | 9471.1300 | 14.9206 0.0002
Age 1 | 49947.6800 | 49947.6800 | 78.6862 | <.0001
Construct*Age 1 3579.8160 | 3579.8200 | 5.6395 0.0186
Bio Rep[Construct,Age] | 4 564.9480 141.2400 0.2225 0.9256
Error 190 | 120606.3800 | 634.7700
Male Construct 1 1897.2800 | 1897.2800 | 3.6921 0.0562
Age 1 | 56784.5000 | 56784.5000 | 110.5027 | <.0001
Construct*Age 1 605.5200 605.5200 1.1783 0.2791
Bio Rep[Construct,Age] | 4 472.6800 118.1700 0.2300 0.9213
Error 192 | 98663.8400 | 513.8700
O | Female Construct 1 5681.7800 | 5681.7800 | 62.7861 | <.0001
Age 1 | 11491.2800 | 11491.2800 | 126.9837 | <.0001
Construct*Age 1 1048.8200 | 1048.8200 | 11.5899 | 0.0008
Bio Rep[Construct,Age] | 4 205.9600 51.4900 0.5690 0.6855
Error 192 | 17374.8800 90.4900
Male Construct 1 1770.1250 | 1770.1300 | 4.8674 0.0286
Age 1 | 45451.1250 | 45451.1200 | 124.9782 | <.0001
Construct*Age 1 453.0050 453.0100 1.2456 0.2658
Bio Rep[Construct,Age] | 4 1291.4200 322.8600 0.8878 0.4723
Error 192 | 69825.1200 | 363.6700
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Table A.19f

G. Reduced Model ANOVA by Line, Age

Line | Age (wks) Source DF SS MS F Ratio | Prob > F
B 1 Construct 1 793.5681 793.5680 | 70.5025 | <.0001
Sex 1 0.0190 0.0190 0.0017 | 0.9673
Construct*Sex 1 86.8217 86.8217 7.7134 | 0.0060
Bio Rep[Construct,Sex] | 4 64.8878 16.2219 1.4412 | 0.2220
Error 190 | 2138.6183 11.2560

4 Construct 1 | 12784.0050 | 12784.0000 | 11.3043 | 0.0009
Sex 1 182.4050 182.4100 | 0.1613 | 0.6884
Construct*Sex 1 2016.1250 | 2016.1200 | 1.7828 | 0.1834
Bio Rep[Construct,Sex] | 4 972.7400 243.1900 | 0.2150 | 0.9299

Error 192 | 217131.6000 | 1130.8900
@) 1 Construct 1 1017.0050 | 1017.0050 | 54.1308 | <.0001
Sex 1 194.0450 194.0450 | 10.3282 | 0.0015
Construct*Sex 1 123.2450 123.2450 | 6.5598 | 0.0112
Bio Rep[Construct,Sex] | 4 235.3800 58.8450 3.1321 | 0.0159

Error 192 | 3607.2800 18.7880

7 Construct 1 7320.5000 | 7320.5000 | 16.8141 | <.0001
Sex 1 8476.0200 | 8476.0200 | 19.4682 | <.0001
Construct*Sex 1 492.9800 492.9800 | 1.1323 | 0.2886
Bio Rep[Construct,Sex] | 4 1262.0000 315.5000 | 0.7247 | 0.5761

Error 192 | 83592.7200 | 435.3800
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Table A.19g

H. Reduced Model ANOVA by Line, Sex, Age

Line | Sex | Age Source DF SS MS F Ratio | Prob > F
B |Female| 1 Construct 1 695.5106 695.5106 | 64.4665 | <.0001
Bio Rep[Construct] | 2 5.1678 2.5839 0.2395 | 0.7875
Error 94 | 1014.1383 10.7890
4 Construct 1 | 12476.8900 | 12476.8900 | 10.0155 | 0.0021
Bio Rep[Construct] | 2 559.7800 279.8900 | 0.2247 | 0.7992
Error 96 | 119592.2400 | 1245.7500
Male 1 Construct 1 179.5600 179.5600 | 15.3295 | 0.0002
Bio Rep[Construct] | 2 59.7200 29.8600 2.5492 | 0.0834
Error 96 | 1124.4800 11.7133
4 Construct 1 2323.2400 | 2323.2400 | 2.2866 | 0.1338
Bio Rep[Construct] | 2 412.9600 206.4800 | 0.2032 | 0.8164
Error 96 | 97539.3600 | 1016.0400
O |Female| 1 Construct 1 924.1600 924.1600 | 38.1924 | <.0001
Bio Rep[Construct] | 2 78.8800 39.4400 1.6299 | 0.2013
Error 96 | 2322.9600 24.1980
7 Construct 1 5806.4400 | 5806.4400 | 37.0330 | <.0001
Bio Rep[Construct] | 2 127.0800 63.5400 0.4053 | 0.6679
Error 96 | 15051.9200 | 156.7900
Male 1 Construct 1 216.0900 216.0900 | 16.1522 | 0.0001
Bio Rep[Construct] | 2 156.5000 78.2500 5.8490 | 0.0040
Error 96 | 1284.3200 13.3780
7 Construct 1 2007.0400 | 2007.0400 | 2.8111 | 0.0969
Bio Rep[Construct] | 2 1134.9200 567.4600 | 0.7948 | 0.4546
Error 96 | 68540.8000 | 713.9700
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Table A.19h

I. Effects and p-values Summaries

Line | Sex | Age (wks) | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B | Female 1 5.3292 0.6637 4.0113 6.6470 <.0001
4 22.3400 7.0590 8.3279 36.3521 | 0.0021

Male 1 2.6800 0.6845 1.3213 4.0387 0.0002

4 9.6400 6.3751 -3.0144 22.2944 | 0.1338

O | Female 1 6.0800 0.9838 41271 8.0329 <.0001
7 15.2400 2.5043 10.2690 20.2110 | <.0001

Male 1 2.9400 0.7315 1.4879 4.3921 0.0001

7 8.9600 5.3440 -1.6478 19.5678 | 0.0969
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Table A.20 Analyses of variance (ANOVAS) of the starvation resistance for the B and O lines. (A) Full

ANOVA models. (B) Physiological reduced ANOVA models by sex. (C) Physiological reduced ANOVA

models by age. (D) Physiological reduced ANOVA models by sex and age. (E) Reduced ANOVA models

by line. (F) Reduced ANOVA models by line and sex. (G) Reduced ANOVA models by line and age. (H)

Reduced ANOVA models by line, sex, and age. (1) Effects (deletion line — control line) and p-values

Summaries. Physiological analyses compare the O and B lines at young and old ages, where old ages are

relative to the lifespan of each line.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F
Construct 1 784.0800 784.0800 7.9288 0.0050
Line 1 14929.9200 | 14929.9200 | 150.9750 <.0001
Construct*Line 1 1556.8200 1556.8200 15.7429 <.0001
Sex 1 29963.5200 | 29963.5200 | 302.9985 <.0001
Construct*Sex 1 172.9800 172.9800 1.7492 0.1864
Line*Sex 1 626.5800 626.5800 6.3361 0.0120
Construct*Line*Sex 1 882.0000 882.0000 8.9190 0.0029
Age 1 20685.7800 | 20685.7800 | 209.1797 <.0001
Construct*Age 1 882.0000 882.0000 8.9190 0.0029
Line*Age 1 29378.8800 | 29378.8800 | 297.0865 <.0001
Construct*Line*Age 1 172.9800 172.9800 1.7492 0.1864
Sex*Age 1 18.0000 18.0000 0.1820 0.6698
Construct*Sex*Age 1 505.6200 505.6200 5.1130 0.0240
Line*Sex*Age 1 6028.0200 6028.0200 60.9568 <.0001
Construct*Line*Sex*Age 1 486.7200 486.7200 4.9218 0.0268
Bio Rep[Construct,Line,Sex,Age] 64 | 23539.6800 367.8100 3.7194 <.0001
Error 720 | 71200.8000 98.8900
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Table A.20a

B. Physiological Reduced Model ANOVA by Sex

Sex Source DF SS MS F Ratio | Prob > F
Female Line 1 | 10836.8100 | 10836.8100 | 74.7830 | <.0001
Construct 1 846.8100 846.8100 5.8437 0.0161
Line*Construct 1 | 2391.2100 | 2391.2100 | 16.5013 | <.0001
Age 1 | 9741.6900 | 9741.6900 | 67.2258 | <.0001
Line*Age 1 | 31011.2100 | 31011.2100 | 214.0032 | <.0001
Construct*Age 1 | 1361.6100 | 1361.6100 | 9.3962 0.0023
Line*Construct*Age 1 620.0100 620.0100 4.2786 0.0393
Bio Rep[Line,Construct,Age] | 32 | 21404.1600 | 668.8800 4.6158 <.0001
Error 360 | 52167.6000 | 144.9100
Male Line 1 | 4719.6900 | 4719.6900 | 89.2697 | <.0001
Construct 1 110.2500 110.2500 2.0853 0.1496
Line*Construct 1 47.6100 47.6100 0.9005 0.3433
Age 1 | 10962.0900 | 10962.0900 | 207.3405 | <.0001
Line*Age 1 | 4395.6900 | 4395.6900 | 83.1415 | <.0001
Construct*Age 1 26.0100 26.0100 0.4920 0.4835
Line*Construct*Age 1 39.6900 39.6900 0.7507 0.3868
Bio Rep[Line,Construct,Age] | 32 | 2135.5200 66.7400 1.2622 0.1604
Error 360 | 19033.2000 | 52.8700
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Table A.20b

C. Physiological Reduced Model ANOVA by Age

Age Source DF SS MS F Ratio | Prob>F
Young Line 1 | 1211.0400 | 1211.0400 | 13.6194 | 0.0003
Construct 1 1664.6400 | 1664.6400 | 18.7206 <.0001
Construct*Line 1 345.9600 345.9600 3.8907 0.0493
Sex 1 | 14256.3600 | 14256.3600 | 160.3279 | <.0001
Line*Sex 1 | 1383.8400 | 1383.8400 | 15.5628 | <.0001
Construct*Sex 1 635.0400 635.0400 7.1417 0.0079
Line*Construct*Sex 1 29.1600 29.1600 0.3279 0.5672
Bio Rep[Line,Construct,Sex] | 32 | 9504.0000 | 297.0000 3.3401 <.0001
Error 360 | 32011.2000 | 88.9200
Oold Line 1 | 43097.7600 | 43097.7600 | 395.9008 | <.0001
Construct 1 1.4400 1.4400 0.0132 0.9085
Construct*Line 1 1383.8400 | 1383.8400 | 12.7121 0.0004
Sex 1 | 15725.1600 | 15725.1600 | 144.4531 | <.0001
Line*Sex 1 | 5270.7600 | 5270.7600 | 48.4178 | <.0001
Construct*Sex 1 43.5600 43.5600 0.4001 0.5274
Line*Construct*Sex 1 | 1339.5600 | 1339.5600 | 12.3053 | 0.0005
Bio Rep[Line,Construct,Sex] | 32 | 14035.6800 | 438.6100 4.0292 <.0001
Error 360 | 39189.6000 | 108.8600
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Table A.20c

D. Physiological Reduced Model ANOVA by Sex, Age

Sex Age Source DF SS MS F Ratio | Prob > F
Female | Young Line 1 | 2592.0000 | 2592.0000 | 20.9505 | <.0001
Construct 1 | 2178.0000 | 2178.0000 | 17.6043 | <.0001
Line*Construct 1 288.0000 288.0000 2.3278 0.1288
Bio Rep[Line,Construct] | 16 | 8510.4000 | 531.9000 4.2992 <.0001
Error 180 | 22269.6000 | 123.7200
Old Line 1 | 39256.0200 | 39256.0200 | 236.3397 | <.0001
Construct 1 30.4200 30.4200 0.1831 0.6692
Line*Construct 1 | 2723.2200 | 2723.2200 | 16.3951 | <.0001
Bio Rep[Line,Construct] | 16 | 12893.7600 | 805.8600 4.8517 <.0001
Error 180 | 29898.0000 | 166.1000
Male | Young Line 1 2.8800 2.8800 0.0532 0.8178
Construct 1 121.6800 121.6800 2.2483 0.1355
Line*Construct 1 87.1200 87.1200 1.6098 0.2062
Bio Rep[Line,Construct] | 16 | 993.6000 62.1000 1.1475 0.3151
Error 180 | 9741.6000 54.1200
Old Line 1 | 9112.5000 | 9112.5000 | 176.5304 | <.0001
Construct 1 14.5800 14.5800 0.2824 0.5958
Line*Construct 1 0.1800 0.1800 0.0035 0.9530
Bio Rep[Line,Construct] | 16 | 1141.9200 71.3700 1.3826 0.1545
Error 180 | 9291.6000 51.6200
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Table A.20d

E. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio | Prob>F

B Construct 1 65.6100 65.6100 0.5117 0.4749

Sex 1 |19628.0100 | 19628.0100 | 153.0927 | <.0001

Construct*Sex 1 136.8900 136.8900 1.0677 0.3022

Age 1 380.2500 380.2500 2.9658 0.0859

Construct*Age 1 918.0900 918.0900 7.1608 0.0078

Sex*Age 1 | 3352.4100 | 3352.4100 | 26.1478 | <.0001

Construct*Sex*Age 1 992.2500 992.2500 7.7393 0.0057

Bio Rep[Construct,Sex,Age] | 32 | 14421.6000 | 450.6800 3.5151 <.0001
Error 360 | 46155.6000 | 128.2100

o] Construct 1 | 2275.2900 | 2275.2900 | 32.7050 | <.0001

Sex 1 |10962.0900 | 10962.0900 | 157.5692 | <.0001

Construct*Sex 1 918.0900 918.0900 | 13.1966 | 0.0003

Age 1 | 49684.4100 | 49684.4100 | 714.1643 | <.0001

Construct*Age 1 136.8900 136.8900 1.9677 0.1616

Sex*Age 1 | 2693.6100 | 2693.6100 | 38.7180 | <.0001

Construct*Sex*Age 1 0.0900 0.0900 0.0013 0.9713

Bio Rep[Construct,Sex,Age] | 32 | 9118.0800 | 284.9400 4.0957 <.0001
Error 360 | 25045.2000 | 69.5700
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Table A.20e

F. Reduced Model ANOVA by Line, Sex

Line | Sex Source DF SS MS F Ratio | Prob > F
B | Female Construct 1 196.0200 196.0200 1.0650 0.3035
Age 1 | 2995.3800 | 2995.3800 | 16.2739 | <.0001
Construct*Age 1 | 1909.6200 | 1909.6200 | 10.3750 | 0.0015
Bio Rep[Construct,Age] | 16 | 12592.8000 | 787.0500 4.2761 <.0001
Error 180 | 33130.8000 | 184.0600
Male Construct 1 6.4800 6.4800 0.0896 0.7651
Age 1 737.2800 737.2800 | 10.1891 | 0.0017
Construct*Age 1 0.7200 0.7200 0.0100 0.9207
Bio Rep[Construct,Age] | 16 | 1828.8000 | 114.3000 1.5796 0.0781
Error 180 | 13024.8000 | 72.3600
O | Female Construct 1 | 3042.0000 | 3042.0000 | 28.7632 | <.0001
Age 1 | 37757.5200 | 37757.5200 | 357.0113 | <.0001
Construct*Age 1 72.0000 72.0000 0.6808 0.4104
Bio Rep[Construct,Age] | 16 | 8811.3600 | 550.7100 5.2072 <.0001
Error 180 | 19036.8000 | 105.7600
Male Construct 1 151.3800 151.3800 45351 0.0346
Age 1 | 14620.5000 | 14620.5000 | 438.0018 | <.0001
Construct*Age 1 64.9800 64.9800 1.9467 0.1647
Bio Rep[Construct,Age] | 16 | 306.7200 19.1700 0.5743 0.9003
Error 180 | 6008.4000 33.3800
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Table A.20f

G. Reduced Model ANOVA by Line, Age
Line | Age (wks) Source DF SS MS F Ratio | Prob>F

B 1 Construct 1 246.4200 246.4200 3.3327 0.0696
Sex 1 | 3378.4200 | 3378.4200 | 45.6914 | <.0001
Construct*Sex 1 196.0200 196.0200 2.6511 0.1052
Bio Rep[Construct,Sex] | 16 | 1667.5200 | 104.2200 1.4095 0.1413

Error 180 | 13309.2000 | 73.9400
4 Construct 1 737.2800 737.2800 4.0403 0.0459
Sex 1 |19602.0000 | 19602.0000 | 107.4200 | <.0001
Construct*Sex 1 933.1200 933.1200 5.1135 0.0249
Bio Rep[Construct,Sex] | 16 | 12754.0800 | 797.1300 4.3683 <.0001

Error 180 | 32846.4000 | 182.4800
O] 1 Construct 1 | 1764.1800 | 1764.1800 | 16.9796 | <.0001
Sex 1 |12261.7800 | 12261.7800 | 118.0152 | <.0001
Construct*Sex 1 468.1800 468.1800 4.5061 0.0351
Bio Rep[Construct,Sex] | 16 | 7836.4800 | 489.7800 4.7140 <.0001

Error 180 | 18702.0000 | 103.9000
7 Construct 1 648.0000 648.0000 | 18.3882 | <.0001
Sex 1 | 1393.9200 | 1393.9200 | 39.5551 | <.0001
Construct*Sex 1 450.0000 450.0000 | 12.7696 | 0.0005
Bio Rep[Construct,Sex] | 16 | 1281.6000 80.1000 2.2730 0.0048

Error 180 | 6343.2000 35.2400
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Table A.20g

H. Reduced ANOVA by Line, Sex, Age

Line | Sex | Age (wks) Source DF SS MS F Ratio | Prob > F
B | Female 1 Construct 1 441.0000 | 441.0000 | 4.6188 | 0.0343
Bio Rep[Construct] | 8 928.8000 | 116.1000 | 1.2160 | 0.2988
Error 90 | 8593.2000 | 95.4800
4 Construct 1 | 1664.6400 | 1664.6400 | 6.1056 | 0.0154
Bio Rep[Construct] | 8 | 11664.0000 | 1458.0000 | 5.3477 | <.0001
Error 90 | 24537.6000 | 272.6400
Male 1 Construct 1 1.4400 1.4400 0.0275 | 0.8687
Bio Rep[Construct] | 8 738.7200 92.3400 | 1.7622 | 0.0950
Error 90 | 4716.0000 | 52.4000
4 Construct 1 5.7600 5.7600 0.0624 | 0.8033
Bio Rep[Construct] | 8 | 1090.0800 | 136.2600 | 1.4760 | 0.1771
Error 90 | 8308.8000 | 92.3200
O | Female 1 Construct 1 | 2025.0000 | 2025.0000 | 13.3259 | 0.0004
Bio Rep[Construct] | 8 | 7581.6000 | 947.7000 | 6.2365 | <.0001
Error 90 | 13676.4000 | 151.9600
7 Construct 1 | 1089.0000 | 1089.0000 | 18.2841 | <.0001
Bio Rep[Construct] | 8 | 1229.7600 | 153.7200 | 2.5809 | 0.0139
Error 90 | 5360.4000 | 59.5600
Male 1 Construct 1 207.3600 | 207.3600 | 3.7135 | 0.0571
Bio Rep[Construct] | 8 254.8800 31.8600 | 0.5706 | 0.7995
Error 90 | 5025.6000 | 55.8400
7 Construct 1 9.0000 9.0000 0.8242 | 0.3664
Bio Rep[Construct] | 8 51.8400 6.4800 0.5934 | 0.7810
Error 90 | 982.8000 10.9200
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Table A.20h

I. Effects and p-values Summaries

Line | Sex | Age (wks) | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B | Female 1 -4.2000 1.9543 -8.0825 -0.3175 0.0343
4 8.1600 3.3024 1.5993 14.7207 | 0.0154

Male 1 -0.2400 1.4478 -3.1162 2.6362 0.8687

4 -0.4800 1.9217 -4.2977 3.3377 0.8033

O | Female 1 -9.0000 2.4654 -13.8980 -4.1020 0.0004
7 -6.6000 1.5435 -9.6664 -3.5336 <.0001

Male 1 -2.8800 1.4945 -5.8491 0.0891 0.0571

7 -0.6000 0.6609 -1.9130 0.7130 0.3664
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Table A.21 Analyses of variance (ANOVAs) of offspring viability for the B and O lines. (A) Full
ANOVA models. (B) Reduced ANOVA models by line. Full analyses of variance (ANOVAS) of

offspring viability for the B and O lines. (C) Effects (deletion line — control line) and p-values

Summaries.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F
Construct 1 | 0.2000 | 0.2000 | 37.1058 <.0001
Line 1 | 0.2691 | 0.2691 | 49.9295 <.0001
Construct*Line 1 | 0.0007 | 0.0007 | 0.1336 0.7195
Error 16 | 0.0862 | 0.0054
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Table A.21a

B. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio Prob > F
B Construct 1 | 0.0884 | 0.0884 12.3064 0.0080
Error 8 0.0574 | 0.0072
0 Construct 1 0.1124 | 0.1124 31.2111 0.0005
Error 8 | 0.0288 | 0.0036
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Table A.21b

C. Effects and p-values Summaries

Line | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B -0.1880 0.0536 -0.3116 -0.0644 0.0080
o) -0.2120 0.0379 -0.2995 -0.1245 0.0005
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Table A.22 Analyses of variance (ANOVAS) of offspring development time for the B and O lines. (A)

Full ANOVA models. (B) Reduced ANOVA models by line. Full analyses of variance (ANOVAS) of

offspring viability for the B and O lines. (C) Effects (deletion line — control line) and p-values

Summaries.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F
Construct 1 | 0.4286 | 0.4286 | 11.2819 0.0040
Line 1 | 05811 | 0.5811 | 15.2957 0.0012
Construct*Line 1 | 0.4325 | 0.4325 | 11.3852 0.0039
Error 16 | 0.6079 | 0.0380
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Table A.22a

B. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio Prob > F
B Construct 1 | 0.8612 | 0.8612 13.4422 0.0063
Error 8 0.5125 | 0.0641
0] Construct 1 | 0.0000 | 0.0000 0.0004 0.9850
Error 8 0.0954 | 0.0119
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Table A.22b

C. Effects and p-values Summaries

Line | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B 0.5869 0.1601 0.2178 0.9561 0.0063
o) -0.0013 0.0690 -0.1606 0.1579 0.9850
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Table A.23 Full analyses of variance (ANOVAs) of mating versus no mating Fisher’s Exact test for the B

and O lines.
Line Fisher's Exact Test | Prob Alternative Hypothesis
B Left 1 Prob(Binary Mating=1) is greater for Construct=D60+ than D60C
Right 0.0101 | Prob(Binary Mating=1) is greater for Construct=D60C than D60+
2-Tail 0.0202 Prob(Binary Mating=1) is different across Construct
O] Left 0.9996 | Prob(Binary Mating=1) is greater for Construct=E31+ than E31C
Right 0.004 | Prob(Binary Mating=1) is greater for Construct=E31C than E31+
2-Tail 0.0079 Prob(Binary Mating=1) is different across Construct
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Table A.24 Analyses of variance (ANOVASs) for mating latency for the B and O lines. (A) Full ANOVA

models. (B) Reduced ANOVA models by line. Full analyses of variance (ANOVAs) of offspring viability

for the B and O lines. (C) Effects (deletion line — control line) and p-values Summaries.

A. Full Model ANOVA

Source DF SS MS | FRatio | Prob>F
Construct 1 | 9.8000 | 9.8000 | 17.5660 | <.0001
Line 1 | 5.0000 | 5.0000 | 8.9623 0.0037
Construct*Line | 1 | 0.8000 | 0.8000 | 1.4340 | 0.2348
Error 76 | 42.4000 | 0.5579
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Table A.24a

B. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio Prob > F
B Construct 1 2.5000 2.5000 7.3077 0.0102
Error 38 13.0000 0.3421
@) Construct 1 8.1000 8.1000 10.4694 0.0025
Error 38 | 29.4000 0.7737
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Table A.24b

Effects and p-values Summaries

Line | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B 0.5 0.1849609 | 0.1255663 | 0.874434 | 0.0102
o) 0.9 0.2781518 | 0.3369111 | 1.463089 | 0.0025
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Table A.25 Analyses of variance (ANOVAs) for mating duration for the B and O lines. (A) Full ANOVA

models. (B) Reduced ANOVA models by line. Full analyses of variance (ANOVAS) of offspring viability

for the B and O lines. (C) Effects (deletion line — control line) and p-values Summaries.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F
Construct 1 | 28112.5010 | 28112.5000 | 19.2298 | <.0001
Line 1 | 11329.5930 | 11329.5900 | 7.7498 | 0.0068
Construct*Line | 1 1743.1560 | 1743.1600 | 1.1924 | 0.2783
Error 76 | 111106.2400 | 1461.9000
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Table A.25a

B. Reduced Model ANOVA by Line

Line | Source DF SS MS F Ratio | Prob > F
B Construct | 1 7927.5095 7927.5100 8.0968 0.0071
Error 38 | 37205.3610 979.0900
0 Construct | 1 21928.1480 21928.1500 | 11.2755 0.0018
Error 38 | 73900.8790 1944.8000

377



Table A.25b

Effects and p-values Summaries

Line | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B 28.1558 9.8949 8.1247 48.1870 | 0.0071
o) 46.8275 13.9455 18.5964 75.0586 | 0.0018
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Table A.26 Analyses of variance (ANOVAs) of climbing assay for the B and O lines. (A) Full ANOVA
models. (B) Chronological reduced ANOVA models by sex. (C) Chronological reduced ANOVA models
by age. (D) Chronological reduced ANOVA models by sex and age. (E) Reduced ANOVA models by
line. (F) Reduced ANOVA models by line and sex. (G) Reduced ANOVA models by line and age. (H)
Reduced ANOVA models by line, sex, and age. (1) Effects (deletion line — control line) and p-values

Summaries. Chronological analyses only compare ages where measurements can be taken for both the O

and B lines.
Source DF SS MS F Ratio | Prob > F

Construct 1 | 30294.9100 | 30294.9000 | 53.4108 | <.0001
Line 1 | 333213.6600 | 333213.7000 | 587.4647 | <.0001
Construct*Line 1 | 17606.2600 | 17606.3000 | 31.0403 | <.0001
Sex 1 | 20391.9000 | 20391.9000 | 35.9515 | <.0001
Construct*Sex 1 240.9000 240.9000 0.4247 0.5148
Sex*Line 1 6549.4000 6549.4000 | 11.5468 | 0.0007
Construct*Sex*Line 1 628.3500 628.4000 1.1078 0.2929
Age 4 | 626129.1400 | 156532.3000 | 275.9707 | <.0001
Age*Construct 4 8854.4800 2213.6000 3.9027 0.0038
Age*Line 4 5227.2300 1306.8000 2.3039 0.0569
Age*Construct*Line 4 | 26629.7800 | 6657.4000 | 11.7373 | <.0001
Age*Sex 4 | 10538.4200 | 2634.6000 4.6449 0.0010
Age*Construct*Sex 4 315.1200 78.8000 0.1389 0.9678
Age*Sex*Line 4 161.6200 40.4000 0.0712 0.9907
Age*Construct*Sex*Line | 4 435.4700 108.9000 0.1919 0.9426

Error 760 | 431076.8000 | 567.2000
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Table A.26a

B. Chronological Reduced Model ANOVA by Sex

Sex Source DF SS MS F Ratio | Prob>F

Female Line 1 | 216597.1600 | 216597.2000 | 406.3042 | <.0001
Construct 1 12566.4100 | 12566.4000 | 23.5727 | <.0001
Line*Construct 1 5791.2100 5791.2000 10.8635 | 0.0011
Age 4 | 265030.9700 | 66257.7000 | 124.2897 | <.0001
Line*Age 4 3200.2700 800.1000 1.5008 0.2013
Construct*Age 4 5559.4700 1389.9000 2.6072 0.0354
Line*Construct*Age | 4 | 13012.9200 | 3253.2000 6.1026 <.0001

Error 380 | 202574.6000 | 533.1000
Male Line 1 | 123165.9000 | 123165.9000 | 204.8254 | <.0001
Construct 1 17969.4000 | 17969.4000 | 29.8832 <.0001
Line*Construct 1 12443.4000 | 12443.4000 | 20.6934 <.0001
Age 4 | 371636.5900 | 92909.1000 | 154.5083 | <.0001
Line*Age 4 2188.5800 547.1000 0.9099 0.4581
Construct*Age 4 3610.1400 902.5000 1.5009 0.2012
Line*Construct*Age | 4 | 14052.3300 | 3513.1000 5.8423 0.0001

Error 380 | 228502.1500 | 601.3000
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Table A.26b

C. Chronological Reduced Model ANOVA by Age

Age (wks) Source DF SS MS F Ratio | Prob > F

1 Line 1 | 47955.6250 | 47955.6300 | 112.5580 | <.0001
Construct 1 | 20250.0000 | 20250.0000 | 47.5293 | <.0001
Line*Construct 1 3422.5000 | 3422.5000 | 8.0330 0.0052
Sex 1 3900.6250 | 3900.6300 | 9.1553 0.0029
Line*Sex 1 1500.6250 | 1500.6300 | 3.5222 0.0625
Construct*Sex 1 2.5000 2.5000 0.0059 0.9390
Line*Construct*Sex | 1 302.5000 302.5000 0.7100 0.4008

Error 152 | 64760.0000 | 426.1000
2 Line 1 | 66585.6000 | 66585.6000 | 104.9532 | <.0001
Construct 1 1476.2250 | 1476.2300 | 2.3268 0.1292
Line*Construct 1 16933.2250 | 16933.2200 | 26.6904 | <.0001
Sex 1 16605.6250 | 16605.6200 | 26.1740 | <.0001
Line*Sex 1 855.6250 855.6200 1.3486 0.2473
Construct*Sex 1 10.0000 10.0000 0.0158 0.9003
Line*Construct*Sex | 1 302.5000 302.5000 0.4768 0.4909

Error 152 | 96433.6000 | 634.4000
3 Line 1 | 98456.0060 | 98456.0100 | 101.6017 | <.0001
Construct 1 6262.5060 | 6262.5100 | 6.4626 0.0120
Line*Construct 1 12093.0060 | 12093.0100 | 12.4794 | 0.0005
Sex 1 6877.5060 | 6877.5100 | 7.0972 0.0086
Line*Sex 1 1953.0060 | 1953.0100 | 2.0154 0.1578
Construct*Sex 1 0.5060 0.5100 0.0005 0.9818
Line*Construct*Sex | 1 299.7560 299.7600 0.3093 0.5789

Error 152 | 147293.9500 | 969.0000
4 Line 1 | 70350.1560 | 70350.1600 | 388.0986 | <.0001
Construct 1 743.9060 743.9100 4.1039 0.0445
Line*Construct 1 5748.0060 5748.0100 | 31.7099 <.0001
Sex 1 3376.4060 | 3376.4100 | 18.6265 | <.0001
Line*Sex 1 1494.5060 | 14945100 | 8.2447 0.0047
Construct*Sex 1 493.5060 493.5100 2.7225 0.1010
Line*Construct*Sex | 1 45,1560 45.1600 0.2491 0.6184

Error 152 | 27552.8500 181.3000
5 Line 1 | 55093.5060 |55093.5100 | 88.1159 | <.0001
Construct 1 10416.7560 | 10416.7600 | 16.6604 <.0001
Line*Construct 1 6039.3060 | 6039.3100 | 9.6592 0.0022
Sex 1 170.1560 170.1600 0.2721 0.6027
Line*Sex 1 907.2560 907.2600 1.4511 0.2302
Construct*Sex 1 49.5060 49,5100 0.0792 0.7788
Line*Construct*Sex | 1 113.9060 113.9100 0.1822 0.6701
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Table A.26b (continued).

| | Error | 152 | 95036.3500 | 625.2000
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Table A.26¢

D. Chronological Reduced Model ANOVA by Sex, Age

Sex | Age (wks) Source DF SS MS F Ratio | Prob > F

Female 1 Line 1 ]33211.2500 | 33211.2500 | 82.9258 | <.0001
Construct 1 | 9901.2500 | 9901.2500 | 24.7226 <.0001
Line*Construct | 1 845.0000 845.0000 2.1099 0.1505

Error 76 | 30437.5000 | 400.5000
2 Line 1 | 41268.6130 | 41268.6100 | 62.0285 | <.0001
Construct 1 621.6130 621.6100 0.9343 0.3368
Line*Construct | 1 | 6354.6120 | 6354.6100 | 9.5513 0.0028

Error 76 | 50564.0500 | 665.3000
3 Line 1 | 64071.2000 | 64071.2000 | 77.0809 | <.0001
Construct 1 | 3075.2000 | 3075.2000 | 3.6996 0.0582
Line*Construct | 1 | 4292.4500 | 4292.4500 | 5.1640 0.0259

Error 76 | 63172.7000 | 831.2000
4 Line 1 | 46176.0500 | 46176.0500 | 406.9648 | <.0001
Construct 1 12.8000 12.8000 0.1128 0.7379
Line*Construct | 1 | 3406.0500 | 3406.0500 | 30.0186 | <.0001

Error 76 | 8623.3000 | 113.5000
5 Line 1 | 35070.3130 | 35070.3100 | 53.5456 | <.0001
Construct 1 | 4515.0120 | 4515.0100 | 6.8936 0.0105
Line*Construct | 1 | 3906.0120 | 3906.0100 | 5.9637 0.0169

Error 76 | 49777.0500 | 655.0000
Male 1 Line 1 | 16245.0000 | 16245.0000 | 35.9712 | <.0001
Construct 1 | 10351.2500 | 10351.2500 | 22.9207 | <.0001
Line*Construct | 1 | 2880.0000 | 2880.0000 | 6.3772 0.0136

Error 76 | 34322.5000 | 451.6100
2 Line 1 | 26172.6130 | 26172.6100 | 43.3647 | <.0001
Construct 1 864.6130 864.6100 1.4326 0.2351
Line*Construct | 1 | 10881.1120 | 10881.1100 | 18.0286 | <.0001

Error 76 | 45869.5500 | 603.5000
3 Line 1 | 36337.8130 | 36337.8100 | 32.8297 | <.0001
Construct 1 | 3187.8130 | 3187.8100 | 2.8801 0.0938
Line*Construct | 1 | 8100.3130 | 8100.3100 7.3183 0.0084

Error 76 | 84121.2500 | 1106.9000
4 Line 1 | 25668.6130 | 25668.6100 | 103.0566 | <.0001
Construct 1 | 1224.6120 | 1224.6100 49167 0.0296
Line*Construct | 1 | 2387.1120 | 2387.1100 | 9.5840 0.0027

Error 76 | 18929.5500 | 249.0700
5 Line 1 | 20930.4500 | 20930.4500 | 35.1467 | <.0001
Construct 1 | 5951.2500 | 5951.2500 | 9.9934 0.0023
Line*Construct | 1 | 2247.2000 | 2247.2000 | 3.7735 0.0558
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Table A.26¢ (continued).

| | | Error | 76 | 45259.3000 | 595.5200
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Table A.26d

E. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio | Prob>F
B Construct 1 | 47045.6100 | 47045.6100 | 92.3926 | <.0001
Sex 1 | 25027.2400 | 25027.2400 | 49.1509 | <.0001
Construct*Sex 1 823.6900 823.6900 1.6176 0.2042
Age 4 | 323242.7600 | 80810.6900 | 158.7037 | <.0001
Age*Construct 4 | 10810.5400 | 2702.6400 | 5.3077 0.0004
Age*Sex 4 5500.5600 | 1375.1400 | 2.7006 0.0304
Age*Construct*Sex | 4 6.8600 1.7100 0.0034 1.0000
Error 380 | 193493.1000 | 509.2000
@) Construct 1 | 16339.7300 | 16339.7300 | 26.2413 | <.0001
Sex 1 3064.5200 | 3064.5200 | 4.9216 0.0269
Construct*Sex 1 5.1300 5.1300 0.0082 0.9277
Age 6 | 577198.0200 | 96199.6700 | 154.4951 | <.0001
Age*Construct 6 | 48762.0100 | 8127.0000 | 13.0518 | <.0001
Age*Sex 6 5240.5400 873.4200 1.4027 0.2115
Age*Construct*Sex | 6 1517.1500 252.8600 0.4061 0.8751
Error 526 | 327525.1000 | 622.7000
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Table A.26e

F. Reduced Model ANOVA by Line, Sex

Line | Sex Source DF SS MS F Ratio | Prob>F
B | Female Construct 1 17709.6200 17709.6200 | 43.5545 | <.0001
Age 4 138088.1200 | 34522.0300 | 84.9025 | <.0001
Age*Construct 4 5277.8800 1319.4700 3.2451 0.0133
Error 190 | 77255.5000 406.6000
Male Construct 1 30159.6800 30159.6800 | 49.2985 | <.0001
Age 4 190655.2000 | 47663.8000 | 77.9104 | <.0001
Age*Construct 4 5539.5200 1384.8800 2.2637 0.0639
Error 190 | 116237.6000 611.8000
O | Female Construct 1 8591.4300 8591.4300 | 14.1359 | 0.0002
Age 6 276231.8900 | 46038.6500 | 75.7498 | <.0001
Age*Construct 6 23290.0900 3881.6800 6.3867 <.0001
Error 266 | 161667.5500 607.8000
Male Construct 1 7765.8700 7765.8700 | 12.1739 | 0.0006
Age 6 307819.6000 | 51303.2700 | 80.4235 | <.0001
Age*Construct 6 27149.8100 4524.9700 7.0934 <.0001
Error 260 | 165857.5500 637.9000
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Table A.26f

G. Reduced Model ANOVA by Line, Age

Line | Age (wks) Source DF SS MS F Ratio | Prob > F

B 1 Construct 1 | 20161.2500 | 20161.2500 | 49.7042 | <.0001
Sex 1 | 5120.0000 | 5120.0000 | 12.6225 | 0.0007
Construct*Sex | 1 180.0000 180.0000 0.4438 0.5073

Error 76 | 30827.5000 | 405.6300
2 Construct 1 | 14204.4500 | 14204.4500 | 16.8084 | 0.0001
Sex 1 | 12500.0000 | 12500.0000 | 14.7915 | 0.0002
Construct*Sex | 1 211.2500 211.2500 | 0.2500 | 0.6185

Error 76 | 64226.1000 | 845.0800
3 Construct 1 | 17880.2000 | 17880.2000 | 17.4211 | <.0001
Sex 1 | 8080.2000 | 8080.2000 | 7.8727 | 0.0064
Construct*Sex | 1 162.4500 162.4500 | 0.1583 | 0.6919

Error 76 | 78002.7000 | 1026.3500
4 Construct 1 | 5313.8000 | 5313.8000 | 28.9657 | <.0001
Sex 1 | 4681.8000 | 4681.8000 | 25.5207 | <.0001
Construct*Sex | 1 120.0500 120.0500 | 0.6544 | 0.4211

Error 76 | 13942.3000 | 183.4500
5 Construct 1 296.4500 296.4500 | 3.4691 | 0.0664
Sex 1 145.8000 145.8000 | 1.7062 | 0.1954
Construct*Sex | 1 156.8000 156.8000 | 1.8349 | 0.1796

Error 76 | 6494.5000 85.4540

o] 1 Construct 1 | 3511.2500 | 3511.2500 | 7.8643 | 0.0064
Sex 1 281.2500 281.2500 | 0.6299 | 0.4299
Construct*Sex | 1 125.0000 125.0000 | 0.2800 | 0.5983

Error 76 | 33932.5000 | 446.4800
2 Construct 1 | 4205.0000 | 4205.0000 | 9.9225 | 0.0023
Sex 1 | 4961.2500 | 4961.2500 | 11.7071 | 0.0010
Construct*Sex | 1 101.2500 101.2500 | 0.2389 | 0.6264

Error 76 | 32207.5000 | 423.7800
3 Construct 1 475.3125 475.3125 | 0.5213 | 0.4725
Sex 1 750.3125 750.3125 | 0.8230 | 0.3672
Construct*Sex | 1 137.8125 137.8125 0.1512 0.6985

Error 76 | 69291.2500 | 911.7270
4 Construct 1 | 1178.1125 | 1178.1130 | 6.5785 0.0123
Sex 1 189.1125 189.1120 | 1.0560 | 0.3074
Construct*Sex | 1 418.6125 418.6120 | 2.3375 | 0.1304

Error 76 | 13610.5500 | 179.0860
5 Construct 1 | 16159.6130 | 16159.6100 | 13.8706 | 0.0004
Sex 1 931.6130 931.6100 | 0.7997 | 0.3740
Construct*Sex | 1 6.6130 6.6100 0.0057 | 0.9401
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Table A.26f (continued).

Error 76 | 88541.8500 | 1165.0200
6 Construct 1 | 29223.0120 | 29223.0100 | 47.8586 | <.0001
Sex 1 556.5120 556.5100 | 0.9114 | 0.3428
Construct*Sex | 1 546.0120 546.0100 | 0.8942 0.3473

Error 76 | 46406.4500 | 610.6000
7 Construct 1 | 9849.1806 | 9849.1810 | 15.8365 | 0.0002
Sex 1 618.2129 618.2130 | 0.9940 | 0.3222
Construct*Sex | 1 184.9806 184.9810 0.2974 0.5872

Error 70 | 43535.0000 | 621.9300
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Table A.26g

H. Reduced ANOVA by Line, Sex, Age

Line | Sex | Age(wks) | Source | DF SS MS F Ratio | Prob > F
B | Female 1 Construct | 1 | 8265.625 | 8265.625 | 24.0985 | <.0001
Error 38 | 13033.75 | 342.99
2 Construct | 1 5475.6 5475.6 | 5.9928 | 0.0191
Error 38 | 34720.3 | 913.69
3 Construct | 1 | 7317.025 | 7317.025 | 11.0209 | 0.002
Error 38 | 25228.95 | 663.92
4 Construct | 1 | 1918.225 | 1918.225 | 23.4793 | <.0001
Error 38 | 3104.55 81.7
5 Construct | 1 11.025 11.025 | 0.3587 | 0.5528
Error 38 | 1167.95 | 30.7355
Male 1 Construct | 1 | 12075.63 | 12075.63 | 25.7885 | <.0001
Error 38 | 17793.75 | 468.3
2 Construct | 1 8940.1 8940.1 |11.5138 | 0.0016
Error 38 | 29505.8 | 776.47
3 Construct | 1 | 10725.63 | 10725.63 | 7.723 0.0084
Error 38 | 52773.75 | 1388.8
4 Construct | 1 | 3515.625 | 3515.625 | 12.3267 | 0.0012
Error 38 | 10837.75 | 285.2
5 Construct | 1 | 442.225 | 442,225 | 3.1549 | 0.0837
Error 38 | 5326.55 | 140.172
O | Female 1 Construct | 1 | 2480.625 | 2480.625 | 5.4163 | 0.0254
Error 38 | 17403.75 | 457.99
2 Construct | 1 | 1500.625 | 1500.625 | 3.5991 | 0.0654
Error 38 | 15843.75 | 416.94
3 Construct | 1 50.625 50.625 | 0.0507 | 0.8231
Error 38 | 37943.75 | 998.52
4 Construct | 1 | 1500.625 | 1500.625 | 10.3327 | 0.0027
Error 38 | 5518.75 | 145.23
5 Construct | 1 8410 8410 6.5745 | 0.0144
Error 38 | 48609.1 | 1279.19
6 Construct | 1 10890 10890 20.945 | <.0001
Error 38 | 19757.5 519.9
7 Construct | 1 | 7049.025 | 7049.025 | 16.1451 | 0.0003
Error 38 | 16590.95 | 436.6
Male 1 Construct | 1 | 1155.625 | 1155.625 | 2.6568 | 0.1114
Error 38 | 16528.75 | 434.97
2 Construct | 1 | 2805.625 | 2805.625 | 6.5152 | 0.0148
Error 38 | 16363.75 | 430.63
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Table A.26g (continued).

Construct | 1 562.5 562.5 0.6819 0.4141
Error 38 | 313475 | 824.934
Construct | 1 96.1 96.1 0.4513 0.5058
Error 38 | 8091.8 | 212.942
Construct | 1 | 7756.225 | 7756.225 | 7.3808 | 0.0099
Error 38 | 39932.75 | 1050.86
Construct | 1 | 18879.03 | 18879.03 | 26.9205 | <.0001
Error 38 | 26648.95| 701.3
Construct | 1 | 3343.715 | 3343.715 | 3.9712 | 0.0549
Error 32 | 26944.05 842
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Table A.26h

I. Effects and p-values Summaries

Line | Sex | Age (wks) | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B | Female 1 -28.7500 5.8566 -40.6060 -16.8940 <.0001
2 -23.4000 9.5587 -42.7506 -4.0494 0.0191

3 -27.0500 8.1481 -43.5450 -10.5550 0.0020

4 -13.8500 2.8583 -19.6363 -8.0637 <.0001

5 -1.0500 1.7532 -4.5991 2.4991 0.5528

Male 1 -34.7500 6.8429 -48.6028 -20.8972 <.0001

2 -29.9000 8.8117 -47.7384 -12.0616 0.0016

3 -32.7500 11.7847 -56.6068 -8.8932 0.0084

4 -18.7500 5.3404 -29.5612 -7.9388 0.0012

5 -6.6500 3.7440 -14.2293 0.9293 0.0837

O | Female 1 -15.7500 6.7675 -29.4501 -2.0499 0.0254
2 12.2500 6.4571 -0.8217 25.3217 0.0654

3 2.2500 9.9926 -17.9790 22.4790 0.8231

4 12.2500 3.8109 4.5352 19.9648 0.0027

5 -29.0000 11.3101 -51.8961 -6.1039 0.0144

6 -33.0000 7.2106 -47.5972 -18.4028 <.0001

7 -26.5500 6.6076 -39.9264 -13.1736 0.0003

Male 1 -10.7500 6.5952 -24.1013 2.6013 0.1114

2 16.7500 6.5622 3.4655 30.0345 0.0148

3 7.5000 9.0826 -10.8867 25.8867 0.4141

4 3.1000 4.6146 -6.2417 12.4417 0.5058

5 -27.8500 10.2512 -48.6024 -7.0976 0.0099

6 -43.4500 8.3743 -60.4029 -26.4971 <.0001

7 -20.1500 10.1115 -40.7465 0.4465 0.0549
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Table A.27 Analyses of variance (ANOVAS) of locomotion reactivity for the B and O Rose lines. (A)
Full ANOVA models. (B) Chronological reduced ANOVA models by sex. (C) Chronological reduced
ANOVA models by age. (D) Chronological reduced ANOVA models by sex and age. (E) Reduced
ANOVA models by line. (F) Reduced ANOVA models by line and sex. (G) Reduced ANOVA models by
line and age. (H) Reduced ANOVA models by line, sex, and age. (1) Effects (deletion line — control line)
and p-values Summaries. Chronological analyses are only measured at ages where measurements could

be taken for both the O and B lines.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F
Line 1 | 20594.1170 | 20594.1200 | 339.8986 | <.0001
Construct 1 994.6080 994.6100 | 16.4157 | <.0001
Line*Construct 1 | 1516.8120 | 1516.8100 | 25.0344 | <.0001
Sex 1 380.4390 380.4400 6.2790 0.0126
Line*Sex 1 | 1916.1220 | 1916.1200 | 31.6249 | <.0001
Construct*Sex 1 3.5720 3.5700 0.0590 0.8083
Line*Construct*Sex 1 176.7220 176.7200 2.9167 0.0883
Age 2 | 17881.0440 | 8940.5200 | 147.5601 | <.0001
Line*Age 2 529.3650 264.6800 4.3685 0.0132
Construct*Age 2 39.8240 19.9100 0.3286 0.7201
Sex*Age 2 27.4470 13.7200 0.2265 0.7974
Line*Construct*Age 2 | 1235.3060 | 617.6500 | 10.1941 | <.0001
Line*Sex*Age 2 472.2770 236.1400 3.8974 0.0210
Construct*Sex*Age 2 18.5620 9.2800 0.1532 0.8580
Line*Construct*Sex*Age | 2 269.3730 134.6900 2.2230 0.1095
Error 456 | 27628.5850 | 60.5900
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Table A.27a

B. Chronological Reduced Model ANOVA by Sex

Sex Source DF SS MS F Ratio | Prob>F

Female Line 1 | 17536.9060 | 17536.9100 | 325.7921 | <.0001
Construct 1 439.4810 439.4800 8.1645 0.0047
Line*Construct 1 329.0280 329.0300 6.1125 0.0142
Age 2 | 8426.4500 | 4213.2300 | 78.2713 | <.0001
Age*Line 2 9.1260 4.5600 0.0848 0.9188
Age*Construct 2 4.9990 2.5000 0.0464 0.9546
Age*Line*Construct | 2 180.9760 90.4900 1.6810 0.1885

Error 228 | 12272.9000 | 53.8300
Male Line 1 | 4973.3331 | 4973.3330 | 73.8437 | <.0001
Construct 1 558.6991 558.6990 8.2955 0.0044
Line*Construct 1 | 1364.5063 | 1364.5060 | 20.2601 | <.0001
Age 2 | 9482.0401 | 4741.0200 | 70.3943 | <.0001
Age*Line 2 992.5159 496.2580 7.3684 0.0008
Age*Construct 2 53.3870 26.6930 0.3963 0.6732
Age*Line*Construct | 2 | 1323.7027 | 661.8510 9.8271 <.0001

Error 228 | 15355.6850 | 67.3500

393



Table A.27b

C. Chronological Reduced Model ANOVA by Age

Age (wks) Source DF SS MS F Ratio | Prob > F

1 Line 1 | 9931.9523 | 9931.9520 | 206.5431 | <.0001
Construct 1 476.0310 | 476.0310 | 9.8995 0.0020
Line*Construct 1 690.2286 | 690.2290 | 14.3539 | 0.0002
Sex 1 56.3350 56.3350 1.1715 0.2808
Sex*Line 1 123.2712 | 123.2710 | 2.5635 0.1114
Sex*Construct 1 4.5765 45770 0.0952 0.7581
Sex*Line*Construct | 1 126.6648 126.6650 2.6341 0.1067

Error 152 | 7309.1610 | 48.0900
3 Line 1 | 4513.1816 | 4513.1820 | 66.1505 | <.0001
Construct 1 1747449 | 174.7450 | 2.5613 0.1116
Line*Construct 1 | 2045.5436 | 2045.5440 | 29.9819 | <.0001
Sex 1 222.3830 | 222.3830 | 3.2595 0.0730
Sex*Line 1 | 1731.1323 | 1731.1320 | 25.3735 | <.0001
Sex*Construct 1 5.4797 5.4800 0.0803 0.7773
Sex*Line*Construct | 1 291.3571 | 291.3570 | 4.2705 0.0405

Error 152 | 10370.3410 | 68.2300
5 Line 1 | 6678.3481 | 6678.3480 | 102.0304 | <.0001
Construct 1 383.6564 | 383.6560 | 5.8614 0.0167
Line*Construct 1 16.3456 16.3460 0.2497 0.6180
Sex 1 129.1684 | 129.1680 | 1.9734 0.1621
Sex*Line 1 533.9956 | 533.9960 | 8.1583 0.0049
Sex*Construct 1 12.0780 12.0780 0.1845 0.6681
Sex*Line*Construct | 1 28.0730 28.0730 0.4289 0.5135

Error 152 | 9949.0840 | 65.4500
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Table A.27c

D. Chronological Reduced Model ANOVA by Sex, Age

Sex | Age (wks) Source DF SS MS F Ratio | Prob > F
Female 1 Line 1 |6134.1034 | 6134.1030 | 155.4007 | <.0001
Construct 1 | 193.6286 | 193.6290 | 4.9054 0.0298
Line*Construct | 1 | 112.7650 | 112.7650 | 2.8568 0.0951
Error 76 | 2999.9348 | 39.4700
3 Line 1 |5917.3160 | 5917.3160 | 102.6846 | <.0001
Construct 1 | 121.0566 | 121.0570 | 2.1007 0.1513
Line*Construct | 1 | 396.4506 | 396.4510 | 6.8797 0.0105
Error 76 | 4379.5860 | 57.6300
5 Line 1 | 5494.6125 | 5494.6130 | 85.3379 | <.0001
Construct 1 | 129.7951 | 129.7950 | 2.0159 0.1598
Line*Construct | 1 0.7880 0.7880 0.0122 0.9122
Error 76 | 4893.3790 | 64.3900
Male 1 Line 1 |3921.1201 | 3921.1200 | 69.1551 | <.0001
Construct 1 | 286.9789 | 286.9790 | 5.0613 0.0274
Line*Construct | 1 | 704.1284 | 704.1280 | 12.4184 | 0.0007
Error 76 | 4309.2261 | 56.7000
3 Line 1 | 326.9978 | 326.9980 | 4.1484 0.0452
Construct 1 59.1680 59.1680 0.7506 0.3890
Line*Construct | 1 | 1940.4500 | 1940.4500 | 24.6170 | <.0001
Error 76 | 5990.7545 | 78.8260
5 Line 1 |1717.7311 | 1717.7310 | 25.8218 <.0001
Construct 1 | 265.9392 | 265.9390 | 3.9977 0.0491
Line*Construct | 1 43.6306 43.6310 0.6559 0.4205
Error 76 | 5055.7043 | 66.5220
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Table A.27d

E. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio | Prob>F
B Construct 1 2483.9744 | 2483.9740 | 38.1360 | <.0001
Sex 1 294.4843 | 294.4840 | 4.5212 | 0.0346
Construct*Sex 1 115.2736 115.2740 | 1.7698 0.1847
Age 2 | 6816.0284 | 3408.0140 | 52.3226 | <.0001
Age*Construct 2 501.1906 | 250.5950 | 3.8473 | 0.0227
Age*Sex 2 137.2303 68.6150 | 1.0534 | 0.3504
Age*Construct*Sex | 2 84.5470 42.2730 | 0.6490 0.5235
Error 228 | 14850.7080 | 65.1350
o] Construct 1 0.6460 0.6460 0.0100 0.9204
Sex 1 1540.4720 | 1540.4720 | 23.8618 | <.0001
Construct*Sex 1 605.1100 | 605.1100 | 9.3731 | 0.0024
Age 3 | 13222.1950 | 4407.3980 | 68.2703 | <.0001
Age*Construct 3 850.0280 | 283.3430 | 4.3890 | 0.0048
Age*Sex 3 755.4320 | 251.8110 | 3.9005 | 0.0093
Age*Construct*Sex | 3 880.4870 | 293.4960 | 4.5462 | 0.0039
Error 298 | 19238.3170 | 64.5600
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Table A.27e

F. Reduced Model ANOVA by Line, Sex

Line | Sex Source DF SS MS F Ratio | Prob>F
B | Female Construct 1 764.5196 | 764.5200 | 12.9971 | 0.0005
Age 2 | 3970.4672 | 1985.2340 | 33.7497 | <.0001
Age*Construct | 2 89.6741 44,8370 | 0.7622 | 0.4690
Error 114 | 6705.7330 | 58.8220
Male Construct 1 | 1834.7284 | 1834.7280 | 25.6795 | <.0001
Age 2 |2982.7916 | 1491.3960 | 20.8741 | <.0001
Age*Construct | 2 | 496.0635 | 248.0320 | 3.4715 | 0.0344
Error 114 | 8144.9740 | 71.4500
O | Female Construct 1 | 290.6827 | 290.6830 | 4.7632 0.0306
Age 3 | 6420.7128 | 2140.2380 | 35.0703 | <.0001
Age*Construct | 3 | 748.3748 | 249.4580 | 4.0877 0.0080
Error 152 | 9276.1180 | 61.0300
Male Construct 1 | 314.4532 | 314.4530 | 4.6084 | 0.0335
Age 3 | 7687.7917 | 2562.5970 | 37.5559 | <.0001
Age*Construct | 3 | 1020.2834 | 340.0940 | 4.9842 0.0025
Error 146 | 9962.1990 | 68.2300
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Table A.27f

G. Reduced Model ANOVA by Line, Age

Line | Age (wks) Source DF SS MS F Ratio | Prob > F
B 1 Construct 1 | 1156.3403 | 1156.3400 | 15.6911 | 0.0002
Sex 1 6.4695 6.4700 0.0878 | 0.7678
Construct*Sex | 1 89.6973 89.6970 1.2172 0.2734
Error 76 | 5600.7616 | 73.6940
3 Construct 1 | 1708.0140 | 1708.0140 | 20.2048 | <.0001
Sex 1 | 356.2946 | 356.2950 | 4.2148 | 0.0435
Construct*Sex | 1 | 108.4615 | 108.4620 | 1.2830 | 0.2609
Error 76 | 6424.6694 | 84.5350
5 Construct 1 | 120.8107 | 120.8107 | 3.2498 | 0.0754
Sex 1 68.9504 68.9504 | 1.8548 | 0.1773
Construct*Sex | 1 1.6618 1.6618 0.0447 | 0.8331
Error 76 | 2825.2769 | 37.1747
0] 1 Construct 1 9.9194 9.9194 0.4413 | 0.5085
Sex 1 | 173.1367 | 173.1367 | 7.7022 | 0.0069
Construct*Sex | 1 41.5440 415440 | 1.8481 | 0.1780
Error 76 | 1708.3993 | 22.4789
3 Construct 1 | 512.2744 | 512.2740 | 9.8672 | 0.0024
Sex 1 | 1597.2206 | 1597.2210 | 30.7650 | <.0001
Construct*Sex | 1 | 188.3752 | 188.3750 | 3.6284 | 0.0606
Error 76 | 3945.6715 | 51.9170
5 Construct 1 | 279.1913 | 279.1913 | 2.9785 | 0.0884
Sex 1 | 594.2135 | 594.2135 | 6.3393 | 0.0139
Construct*Sex | 1 38.4893 38.4893 | 0.4106 | 0.5236
Error 76 | 7123.8067 | 93.7340
7 Construct 1 50.0574 50.0570 | 0.5424 | 0.4639
Sex 1 3.7669 3.7670 0.0408 | 0.8405
Construct*Sex | 1 | 1163.1797 | 1163.1800 | 12.6033 | 0.0007
Error 70 | 6460.4394 | 92.2920
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Table A.27g

H. Reduced ANOVA by Age

Line | Sex | Age (wks) | Source | DF SS MS F Ratio | Prob > F

B | Female 1 Construct | 1 | 300.9620 | 300.9620 | 4.1592 0.0484
Error 38 | 2749.6730 | 72.3600

B | Female 3 Construct | 1 | 477.8266 | 477.8266 | 6.5771 0.0144
Error 38 | 2760.7113 | 72.6500

B | Female 5 Construct | 1 75.4052 75.4052 | 2.3971 0.1298
Error 38 | 1195.3492 | 31.4566

B Male 1 Construct | 1 | 945.0756 | 945.0756 | 12.5962 | 0.0010
Error 38 | 2851.0887 | 75.0290

B Male 3 Construct | 1 | 1338.6490 | 1338.6490 | 13.8835 | 0.0006
Error 38 | 3663.9580 | 96.4200

B Male 5 Construct | 1 47.0673 47.0673 1.0973 0.3015
Error 38 | 1629.9278 | 42.8928

O | Female 1 Construct | 1 5.4317 5.4317 0.8248 0.3695
Error 38 | 250.2619 6.5858

O | Female 3 Construct | 1 39.6806 39.6806 | 0.9314 | 0.3406
Error 38 | 1618.8750 | 42.6020

O | Female 5 Construct | 1 55.1780 55.1780 | 0.5670 0.4561
Error 38 | 3698.0301 | 97.3166

O | Female 7 Construct | 1 | 938.7672 | 938.7672 | 9.6181 | 0.0036
Error 38 | 3708.9505 | 97.6040

o] Male 1 Construct | 1 46.0317 46.0317 1.1996 0.2803
Error 38 | 1458.1374 | 38.3720

o] Male 3 Construct | 1 | 660.9690 | 660.9690 | 10.7946 | 0.0022
Error 38 | 2326.7965 | 61.2310

o] Male 5 Construct | 1 | 262.5025 | 262.5025 | 2.9118 0.0961
Error 38 | 3425.7766 | 90.1520

0] Male 7 Construct | 1 | 333.0844 | 333.0844 | 3.8738 0.0578
Error 32 | 2751.4888 | 85.9840
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Table A.27h

I. Effects and p-values Summaries

Line | Sex | Age (wks) | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B | Female 1 -5.4860 2.6900 -10.9316 -0.0404 0.0484
3 -6.9125 2.6954 -12.3690 -1.4560 0.0144

5 -2.7460 1.7736 -6.3365 0.8445 0.1298

Male 1 -9.7215 2.7391 -15.2666 -4.1764 0.0010

3 -11.5700 3.1052 -17.8561 -5.2839 0.0006

5 -2.1695 2.0711 -6.3621 2.0231 0.3015

O | Female 1 -0.7370 0.8115 -2.3799 0.9059 0.3695
3 1.9920 2.0640 -2.1864 6.1704 0.3406

5 -2.3490 3.1196 -8.6642 3.9662 0.4561

7 -9.6890 3.1242 -16.0135 -3.3645 0.0036

Male 1 2.1455 1.9589 -1.8200 6.1110 0.2803

3 8.1300 2.4745 3.1206 13.1394 | 0.0022

5 -5.1235 3.0025 -11.2018 0.9548 0.0961

7 6.3597 3.2312 -0.2221 12.9415 | 0.0578
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Table A.28 Analyses of variance (ANOVAs) of lifespan for the B and O lines. (A) Full ANOVA model.
(B) Reduced ANOVA models by sex. (C) Reduced ANOVA models by line. (D) Reduced ANOVA

models by line and sex. (E) Effects (deletion line — control line) and p-values summaries.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F

Construct 1 74156.4000 | 74156.4000 | 412.1157 | <.0001

Line 1 | 110714.2300 | 110714.2000 | 615.2816 | <.0001
Construct*Line 1 | 35939.9700 | 35940.0000 | 199.7323 | <.0001
Sex 1 2257.0100 2257.0000 | 12.5431 | 0.0004
Construct*Sex 1 187.6600 187.7000 1.0429 0.3075
Line*Sex 1 12163.3400 | 12163.3000 | 67.5963 | <.0001
Construct*Line*Sex 1 192.6700 192.7000 1.0707 0.3012

Rep[Construct,Line,Sex] | 336 | 66101.4200 196.7000 1.0933 0.1706
Error 647 | 116421.6700 | 179.9410
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Table A.28a

B. Reduced Model ANOVA by Sex

Sex Source DF SS MS F Ratio | Prob>F

Female Construct 1 | 41184.9740 | 41184.9700 | 215.9009 | <.0001
Line 1 |98813.3060 | 98813.3100 | 518.0016 | <.0001
Construct*Line 1 | 15541.4830 | 15541.4800 | 81.4719 | <.0001
Rep[Construct,Line] | 168 | 38896.3860 | 231.5300 1.2137 0.0709

Error 326 | 62187.3300 | 190.7600
Male Construct 1 | 33213.7620 | 33213.7600 | 196.5843 | <.0001
Line 1 | 24573.4500 | 24573.4500 | 145.4443 | <.0001
Construct*Line 1 | 20556.7590 | 20556.7600 | 121.6705 | <.0001
Rep[Construct,Line] | 168 | 27205.0380 | 161.9300 0.9585 0.6179

Error 321 | 54234.3300 | 168.9540
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Table A.28b

C. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio | Prob>F
B Construct 1 3475.2530 3475.2500 19.5311 <.0001
Sex 1 | 12640.4480 | 12640.4500 | 71.0400 | <.0001
Construct*Sex 1 386.1390 386.1400 2.1701 0.1417
Rep[Construct,Sex] | 168 | 23878.9850 142.1400 0.7988 0.9492
Error 329 | 58540.3330 177.9340
) Construct 1 | 105087.8700 | 105087.9000 | 577.3527 | <.0001
Sex 1 1941.3400 1941.3000 | 10.6657 | 0.0012
Construct*Sex 1 0.0162 0.0162 0.0001 0.9925
Rep[Construct,Sex] | 168 | 42222.4400 251.3000 1.3808 0.0074
Error 318 | 57881.3300 182.0170
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Table A.28c

D. Reduced ANOVA by Line, Sex

Line Sex Source DF SS MS F Ratio | Prob>F
Construct 1 3588.4780 3588.4780 18.6941 <.0001
Female | Rep[Construct] 93 | 16436.0410 176.7320 0.9207 0.6687
B Error 183 | 35128.3330 191.9580
Construct 1 1111.8060 1111.8060 6.6163 0.0109
Male Rep[Construct] 92 | 12047.3960 130.9500 0.7793 0.9086
Error 178 | 29911.1670 168.0400
Construct 1 57210.3370 | 57210.3400 | 285.5689 <.0001
Female | Rep[Construct] 92 | 28284.0720 307.4400 1.5346 0.0080
0 Error 174 | 34858.8300 200.3380
Construct 1 57599.2110 | 57599.2100 | 334.0060 <.0001
Male Rep[Construct] 93 | 18371.4820 197.5400 1.1455 0.2213
Error 174 | 34858.8300 200.3380
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Table A.28d

E. Effects and p-value Summaries

Line | Sex Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B | Female | -7.22562 1.67118 -10.5229 -3.92836 <.0001
Male -4.0782 1.58548 -7.20696 -0.949445 | 0.0109

O | Female | -29.5284 1.747366 -32.9771 -26.0796 <.0001
Male -29.7388 1.627218 -32.9507 -26.5269 <.0001
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Table A.29 Analyses of variance (ANOVAs) of lifetime productivity for the B and O lines. (A) Full

ANOVA model. (B) Reduced ANOVA maodels by line. (C) Effects (deletion line — control line) and p-

values summaries.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F
Line 1 981.4520 081.4500 | 2.8442 | 0.0973
Construct 1 | 21394.8170 | 21394.8200 | 62.0002 | <.0001
Line*Construct | 1 284.5630 284.5600 | 0.8246 | 0.3677
Error 56 | 19324.3000 | 345.0800
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Table A.29a

B. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio | Prob>F
B Construct 1 8372.2676 8372.2680 22.8394 <.0001
Error 28 | 10263.9960 366.5700
0 Construct 1 13307.1120 13307.1100 | 41.1244 <.0001
Error 28 9060.3040 323.6000
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Table A.29b

C. Effects and p-value Summaries

Line | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B -33.4111 6.9912 -47.7318 | -19.0904 | <.0001
o) -42.1222 6.5684 -55.5770 | -28.6674 | <.0001
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Table A.30 Analyses of variance (ANOVAs) of weekly productivity for the B and O lines. (A) Full
ANOVA model. (B) Reduced ANOVA models by age. (C) Reduced ANOVA models by line. (D)

Reduced ANOVA models by age. (E) Effects (deletion line — control line) and p-values summaries.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F
Line 1 7.9449 7.9449 | 0.5230 | 0.4699
Construct 1 | 643.5375 | 643.5375 | 42.3605 | <.0001
Line*Construct 1 16.8894 | 16.8894 | 1.1117 | 0.2922
Age 8 | 5419.3362 | 677.4170 | 44.5906 | <.0001
Line*Age 8 | 1245.4720 | 155.6840 | 10.2478 | <.0001
Construct*Age 8 | 1061.8870 | 132.7359 | 8.7373 | <.0001
Line*Construct*Age | 8 | 760.5652 | 95.0707 | 6.2580 | <.0001
Error 504 | 7656.7300 | 15.1920
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Table A.30a

B. Reduced Model ANOVA by Age

Age (wks) Source DF SS MS F Ratio | Prob > F

1 Line 1 7.9449 7.9449 | 0.5105 | 0.4779
Construct 1 | 643.5375 | 643.5375 | 41.3508 | <.0001
Line*Construct | 1 16.8894 | 16.8894 | 1.0852 | 0.3020

Error 56 | 871.5222 | 15.5630
2 Line 1 | 229.4519 | 229.4519 | 5.7793 | 0.0195
Construct 1 | 925.6463 | 925.6463 | 23.3147 | <.0001
Line*Construct | 1 | 109.3500 | 109.3500 | 2.7542 0.1026

Error 56 | 2223.3296 | 39.7020
3 Line 1 | 162.2519 | 162.2519 | 5.4816 | 0.0228
Construct 1 | 886.7852 | 886.7852 | 29.9597 | <.0001
Line*Construct | 1 | 168.8963 | 168.8963 | 5.7061 | 0.0203

Error 56 | 1657.5593 | 29.5990
4 Line 1 | 294.8167 | 294.8167 | 9.8146 | 0.0028
Construct 1 | 512.3630 | 512.3630 | 17.0568 | 0.0001
Line*Construct | 1 52.8907 | 52.8907 | 1.7608 | 0.1899

Error 56 | 1682.1630 | 30.0390
5 Line 1 | 319.7042 | 319.7042 | 40.1672 | <.0001
Construct 1 | 230.1042 | 230.1042 | 28.9100 | <.0001
Line*Construct | 1 | 203.5042 | 203.5042 | 25.5680 | <.0001

Error 56 | 445.7222 7.9590
6 Line 1 | 268.1116 | 268.1116 | 32.9997 | <.0001
Construct 1 | 191.4116 | 191.4116 | 23.5593 | <.0001
Line*Construct | 1 | 191.4116 | 191.4116 | 23.5593 | <.0001

Error 56 | 454.9815 | 8.1250
7 Line 1 67.2042 | 67.2042 | 13.4414 | 0.0005
Construct 1 44,2042 | 44.2042 | 8.8412 | 0.0043
Line*Construct | 1 44,2042 | 44.2042 | 8.8412 | 0.0043

Error 56 | 279.9889 | 4.9998
8 Line 1 5.0074 5.0074 | 6.9289 | 0.0109
Construct 1 5.0074 5.0074 | 6.9289 | 0.0109
Line*Construct | 1 5.0074 5.0074 | 6.9289 | 0.0109

Error 56 40.4704 0.7227
9 Line 1 0.0296 0.0296 | 1.6716 | 0.2013
Construct 1 0.0296 0.0296 1.6716 0.2013
Line*Construct | 1 0.0296 0.0296 | 1.6716 | 0.2013

Error 56 0.9926 0.0177
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Table A.30b

C. Reduced Model ANOVA by Line

Line Source DF SS MS F Ratio | Prob > F

B Construct 1 | 434.4676 | 434.4676 | 24.6844 | <.0001
Age 8 | 4521.1981 | 565.1498 | 32.1091 | <.0001
Construct*Age | 8 | 1373.1286 | 171.6411 | 9.7518 | <.0001

Error 252 | 4435.4260 | 17.6010
o] Construct 1 225.9593 | 225.9593 | 17.6766 | <.0001
Age 8 | 2143.6101 | 267.9513 | 20.9616 | <.0001
Construct*Age | 8 | 449.3237 | 56.1655 | 4.3938 | <.0001

Error 252 | 3221.3037 | 12.7830
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Table A.30c

D. Reduced ANOVA by Line, Age

Line | Source | Age (wks) | DF SS MS F Ratio | Prob > F
Construct 1 1 |434.46759 | 434.4676 | 30.1694 | <.0001
Error 28 | 403.22593 | 14.401
Construct 5 1 | 835.64815 | 835.6481 | 14.4571 | 0.0007
Error 28 | 1618.4593 | 57.802

B Construct 3 1 |914.84815 | 914.8481 | 18.4786 | 0.0002
Error 28 | 1386.2407 | 49.509
Construct 4 1 ]118.00833 | 118.0083 | 3.5825 | 0.0688
Error 28 | 922.3333 32.94
Construct 5 1 | 0.4083333 | 0.4083333 | 0.1087 | 0.7441
Error 28 | 105.16667 | 3.75595
Construct 1 1 ]225.95926 | 225.9593 | 13.5104 | 0.001
Error 28 | 468.2963 16.725
Construct 5 1 1199.34815 | 199.3481 | 9.228 0.0051
Error 28 | 604.87037 | 21.603
Construct 3 1 |140.83333 | 140.8333 | 14.534 | 0.0007
Error 28 | 271.31852 9.69
Construct 4 1 | 447.24537 | 447.2454 | 16.4812 | 0.0004
Error 28 | 759.8296 27.137

0 Construct 5 1 433.2 433.2 35.6171 | <.0001
Error 28 | 340.55556 12.163
Construct 6 1 |382.82315| 382.8231 | 23.5593 | <.0001
Error 28 | 454.98148 16.249
Construct 7 1 |88.408333 | 88.40833 | 8.8412 0.006
Error 28 | 279.98889 | 9.9996
Construct 8 1 110.014815| 10.01481 | 6.9289 | 0.0136
Error 28 | 40.47037 1.4454
Construct 9 1 ]0.0592593 | 0.0592593 | 1.6716 | 0.2066
Error 28 | 0.9925926 | 0.03545
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Table A.30d

E. Effects and p-value Summaries

Line | Source | Age (wks) | Difference | Std Err Dif | Lower CL | Upper CL | p-Value
B | Construct 1 -7.6111 1.3857 -10.4496 -4.7727 <.0001
Construct 2 -10.5556 2.7761 -16.2422 -4.8689 0.0007
Construct 3 -11.0444 2.5693 -16.3074 -5.7815 0.0002
Construct 4 -3.9667 2.0957 -8.2596 0.3262 0.0688
Construct 5 -0.2333 0.7077 -1.6829 1.2163 0.7441

O | Construct 1 -5.4889 1.4933 -8.5478 -2.4300 0.0010
Construct 2 -5.1556 1.6972 -8.6320 -1.6791 0.0051
Construct 3 -4.3333 1.1367 -6.6617 -2.0050 0.0007
Construct 4 -7.7222 1.9022 -11.6186 -3.8258 0.0004
Construct 5 -7.6000 1.2735 -10.2086 -4.9914 <.0001
Construct 6 -7.1444 1.4719 -10.1596 -4.1293 <.0001
Construct 7 -3.4333 1.1547 -5.7986 -1.0681 0.0060
Construct 8 -1.1556 0.4390 -2.0548 -0.2563 0.0136
Construct 9 -0.0889 0.0688 -0.2297 0.0519 0.2066
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A.3 Chapter 4
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Table A.31 Analyses of variance (ANOVAs) of lifespan for the B and O line reciprocal crosses. (A) Full

ANOVA models. (B) Reduced ANOVA by reciprocal cross. (C) Reduced ANOVA by sex. (D) Student’s

t-tests.

A. Full Model ANOVA |

Source DF SS MS F Ratio Prob > F
Line 5 6456.6440 1291.3290 9.9284 <.0001
Sex 1 8283.1530 8283.1530 63.6853 <.0001
Rep[Line] 131 17357.1940 132.4980 1.0187 0.4366
Sex*Line 5 2275.2760 455.0550 3.4987 0.0041
Rep*Sex[Line] 131 23547.9890 179.7560 1.3821 0.0079
Error 480 62430.6700 130.0640
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Table A.31a

B. Reduced ANOVA by Reciprocal Cross

Cross Source DF SS MS F Ratio | Prob>F
OBX1/2 Line 1 553.5208 553.5210 3.1824 0.0762
Sex 1 1607.7675 1607.7680 | 9.2436 0.0027
Rep[Line] 44 | 3687.6711 83.8110 0.4819 0.9973
Sex*Line 1 1308.3408 1308.3410 | 7.5221 0.0067
Rep*Sex[Line] | 44 | 7499.0247 170.4320 | 0.9799 0.5150
Error 170 | 29568.5000 | 173.9320
OBX3/4 Line 1 752.6400 752.6400 6.4668 0.0119
Sex 1 2055.9674 | 2055.9670 | 17.6653 | <.0001
Rep[Line] 46 | 6956.4906 151.2280 1.2994 0.1197
Sex*Line 1 24,5363 24.5360 0.2108 0.6467
Rep*Sex[Line] | 46 | 7070.6381 153.7100 1.3207 0.1059
Error 163 | 18970.6670 | 116.3840
OBX9/10 Line 1 15.7257 15.7260 0.1664 0.6839
Sex 1 5070.6260 | 5070.6260 | 53.6574 | <.0001
Rep[Line] 41 | 6713.0318 163.7320 1.7326 0.0094
Sex*Line 1 214.7412 214.7410 2.2724 0.1338
Rep*Sex[Line] | 41 | 8978.3259 218.9840 2.3173 0.0001
Error 147 | 13891.5000 94.5000
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Table A.31b

C. Reduced ANOVA by Cross, Sex

Cross Sex Source DF SS MS F Ratio Prob > F
OBX1/2 Female Line 1 1799.9259 1799.9260 | 13.5045 0.0004
Rep[Line] | 44 4448.9385 101.1120 0.7586 0.8428
Error 87 11595.6670 133.2840
Male Line 1 79.1436 79.1436 0.3655 0.5471
Rep[Line] | 44 6810.5577 154.7854 0.7148 0.8882
Error 83 | 17972.8330 216.5400
OBX3/4 Female Line 1 251.5767 251.5767 3.2309 0.0760
Rep[Line] | 46 5229.3247 113.6810 1.4600 0.0683
Error 81 6307.1670 77.8660
Male Line 1 526.8229 526.8229 3.4113 0.0684
Rep[Line] | 46 8920.8385 193.9313 1.2558 0.1831
Error 82 | 12663.5000 154.4330
OBX9/10 | Female Line 1 175.9854 175.9854 2.5004 0.1180
Rep[Line] | 41 6430.5827 156.8435 2.2285 0.0013
Error 75 5278.6670 70.3820
Male Line 1 56.2775 56.2775 0.4705 0.4950
Rep[Line] | 41 9375.3691 228.6675 1.9116 0.0080
Error 72 8612.8330 119.6230

417



Table A.31c

D. Student's t-test

Cross Sex Line LSM Student’s t-test
OBX1/2 | Female | OBX1 | 30.7101 A
OBX2 | 23.2174 B
Male | OBX1 | 31.2029 A
OBX2 | 32.7899 A
OBX3/4 | Female | OBX3 | 24.3125 A
OBX4 | 27.1806 A
Male | OBX3 | 29.4653 A
OBX4 | 33.5972 A
OBX9/10 | Female | OBX9 | 31.2778 A
OBX10 | 28.7955 A
Male | OBX9 | 38.8175 A
OBX10 | 40.2424 A

418



Table A.32 Analyses of variance (ANOVAs) of lifetime productivity for the B and O line reciprocal

crosses. (A) Full ANOVA models. (B) Reduced ANOVA by reciprocal cross.

A. Full Model ANOVA

Source | DF SS MS F Ratio | Prob>F
Line 5 1663.7380 332.7476 | 1.9621 0.0961
Error 65 | 11023.3260 | 169.5900

419



Table A.32a

B. Reduced ANOVA by Reciprocal Cross

Cross | Source | DF SS MS F Ratio | Prob>F
OBX1/2 Line 1 17.7286 17.7286 | 0.1019 0.7526
Error | 22 | 3827.3085 | 173.9690
OBX3/4 Line 1 32.1811 32.1811 | 0.3327 0.5699
Error | 22 | 2128.1476 | 96.7340
0OBX9/10 Line 1 20.6806 20.6806 | 0.0857 0.7726
Error | 21 | 5067.8701 | 241.3270
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Table A.33 Analyses of variance (ANOVAs) of weekly productivity for the B and O line reciprocal

crosses. (A) Full ANOVA models. (B) Reduced ANOVA by reciprocal cross. (C) Reduced ANOVA by

age.

A. Full Model ANOVA

Source DF SS MS F Ratio | Prob>F
Line 5 5.0000 467.2295 4.0531 0.0014
Week 4 4.0000 3264.5285 35.3989 <.0001
Line*Week 20 20.0000 419.4889 0.9097 0.5750
Error 290 | 6686.0360 23.0550
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Table A.33a

B. Reduced Model by Reciprocal Cross

Cross Source | DF SS MS F Ratio | Prob > F

0OBX1/2 Line 1 1.0000 32.2463 | 1.1332 | 0.2895
Age 4 4.0000 | 1716.4959 | 15.0800 | <.0001
Line*Age | 4 4.0000 101.1083 | 0.8883 | 0.4737

Error 105 | 2987.9285 | 28.4560
OBX3/4 Line 1 1.0000 30.5001 | 2.6025 | 0.1100
Age 4 4.0000 471.0781 | 10.0490 | <.0001
Line*Age | 4 4.0000 37.7934 | 0.8062 | 0.5242

Error 95 | 1113.3582 | 11.7196
OBX9/10 Line 1 1.0000 0.0359 0.0012 | 0.9719
Age 4 4.0000 | 1362.8649 | 11.8636 | <.0001
Line*Age | 4 4.0000 15.1721 | 0.1321 | 0.9703

Error 90 | 2584.7497 | 28.7190
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Table A.33b

C. Reduced ANOVA by Cross, Age

Cross | Age (wks) | Source | DF SS MS F Ratio | Prob > F
OBX1/2 1 Line 1 32.2463 | 32.2463 | 0.8692 | 0.3618
Error | 21 | 779.1012 | 37.1001
2 Line 1 61.0425 | 61.0425 | 4.2191 | 0.0526
Error | 21 | 303.8321 | 14.4682

3 Line 1 21.2388 | 21.2388 | 0.2800 | 0.6022
Error | 21 | 1592.8286 | 75.8490

4 Line 1 7.2599 7.2599 | 0.5120 | 0.4822
Error | 21 | 297.7667 | 14.1794

5 Line 1 0.9043 0.9043 | 1.3188 | 0.2637
Error | 21 | 14.4000 | 0.6857

OBX3/4 1 Line 1 30.5001 | 30.5001 | 1.2705 | 0.2737
Error | 19 | 456.1152 | 24.0061

2 Line 1 2.5763 2.5763 | 0.4563 | 0.5075
Error | 19 | 107.2824 | 5.6464

3 Line 1 0.2347 0.2347 | 0.0094 | 0.9239
Error | 19 | 475.7755 | 25.0408

4 Line 1 15.2540 | 15.2540 | 3.9068 | 0.0628
Error | 19 | 74.1852 | 3.9045
5 Line 1 0.0000 0.0000
Error | 19 0.0000 0.0000

0BX9/10 1 Line 1 0.0359 0.0359 | 0.0009 | 0.9763
Error | 18 | 714.1538 | 39.6752

2 Line 1 15.7674 | 15.7674 | 0.8951 | 0.3566
Error | 18 | 317.0649 | 17.6147

3 Line 1 21.7917 | 21.7917 | 0.6417 | 0.4336
Error | 18 | 611.2908 | 33.9606

4 Line 1 1.5093 1.5093 | 0.0299 | 0.8647
Error | 18 | 909.5129 | 50.5285

5 Line 1 1.4727 1.4727 | 0.8100 | 0.3800
Error | 18 | 32.7273 | 1.8182
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Figure A.4 Cytospace gene interaction network including one gene separation. (Non-significant; p = 1.)
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Table A.34 ANOVA:s for B and O control line RT-PCR comparisons. (A) Full Model ANOVA. (B)

Reduced ANOVA by age. (C) Tukey’s test.

A. Full Model ANOVA

Source DF SS MS F Ratio Prob > F

Line 1 | 48234 | 48234 | 7.2703 0.0087

Age 1 | 43560 | 4.3560 | 6.5658 0.0125
Line*Age 1 | 3.0017 | 3.0017 | 4.5245 0.0368
Sex 1 | 1.2859 | 1.2859 | 1.9382 0.1682
Line*Sex 1 | 48902 | 4.8902 | 7.3710 0.0083
Age*Sex 1 | 0.0394 | 0.0394 | 0.0594 0.8082
Line*Age*Sex 1 | 3.0063 | 3.0063 | 4.5314 0.0367
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Table A.34a

B. Reduced ANOVA by Age

Line | Age Least Sq Mean Std Error
B | young 3.6629 0.1821
B old 3.5837 0.1821
O | young 3.7433 0.1821
) old 2.8892 0.1821
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Table A.34b

C. Tukey's Test

Line | Age Tukey test
B young A
B old A
0 young A
@) old B
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Figure A.5 Comparison of Dredd gene expression between the reproductive tissues of the B control line

and O control line.
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Table A.35 24 Drosophila candidate genes have a total of 64 human orthologs with related diseases.

Candidate Gene Related Human Diseases

D. melanogaster Gene Human Ortholog Related Diseases
babos KIRREL2 Mental retardation
babos LRIT3 Congenital stationary night blindness
babos USH2A Retinitis pigmentosa, usher syndrome
boi CDON Holoprosencephaly
boi CNTN1 Compton-North congential myopathy
boi CNTN5 Hirschsprung disease
capu DIAPH3 Auditory neuropathy
capu FMN2 Mental retardation
Charcot-marie-tooth disease, focal segmental
capu INF2 glomerulosclerosis
CG13933 RIPK4 Popliteal pterygium syndrome
CG14969 0OSTM1 Osteopetrosis
CG16868 CACNA2D4 Retinal cone dystrophy 4
CG7970 MPV17 Mitochondrial DNA depletion syndrome
Cyp4gl CYP19A1 Aromatase deficiency, aromatase excess syndrome
Radiohumeral fusions with other skeletal
Cyp4gl CYP26B1 anomalies
Cyp4gl CYP26C1 Focal facial dermal dysplasia
Cyp4gl CYP4F22 Congenital ichthyosis
Cyp4gl CYP4V2 Bietti crystalline corneoretical dystrophy
Deafness, seizures, cortical blindness, and
DAAM DIAPH1 microencephaly syndrome
DAAM DIAPH2 Premature ovarian failure 2A
DAAM DIAPH3 Auditory neuropathy
DAAM FMN2 Mental retardation
Charcot-marie-tooth disease, focal segmental
DAAM INF2 glomerulosclerosis

Non-Hodgkin familial lymphoma, gastric cancer,

autoimmune lymphoproliferative syndrome type
Dredd CASP10 A

Caspase 8 deficiency, breast cancer, lung cancer,
Dredd CASP8 hepatocellular carcinoma

Obesity, glioma, carotid intimal medial thickness
1, familial partial lipodystrophy, noninsulin

Eip75B PPARG dependent diabetes mellitus
Eip75B RARA Acute promyelocytic leukemia
Eip75B RARB Syndromic microphthalmia
Eip75B THRA Congenital hypothyroidism
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Table A.35 (continued).

Thyroid homone resistance autosomal dominant,
thyroid homone resistance autosomal recessive,

Eip75B THRB Thyroid homone resistance selective pituitary
Leigh syndrome, congenital myasthenic
Fdx1 COX15 syndrome, cardioencephalomyopathy
Fign SPAST Spastic paraplegia
G9a EHMT1 Mental retardation
Acute myeloid leukemia, juvenile
myelomonocytic leukemia, chronic myloid
leukemia, mental retardation, myelodysplastic
syndrome, schinzel-giedion midface retraction
GY9a SETBP1 syndrome
Hsl LIPE Familial partial lipodystrophy
Hsp22 CRYAA Cataract
Dilated cardiomyopathy, cataract, myofibrillar
Hsp22 CRYAB myopathy
Distal hereditary motor neuronopathy type I1B,
Hsp22 HSPB1 charcot-marie-tooth disease
Hsp22 HSPB3 Distal hereditary motor neuronopathy
Distal hereditary motor neuronopathy type I1A,
Hsp22 HSPB8 charcot-marie-tooth disease
Klp67A CENPE Microcephaly
KIp67A KIF11 Microcephaly
Mental retardation, hereditary sensory and
KIp67A KIF1A autonomic neuropathy, spastic paraplegia
Charcot-marie-tooth disease, susceptibility to
KIp67A KIF1B neuroblastoma, pheochromocytoma
KIp67A KIF1C Spastic ataxia
Spondyloepimetaphyseal dysplasia with joint
KIp67A KIF22 laxity type 2
Klp67A KIF4A Nonsyndromic mental retardation
Lztrl HCFC1 Nonsyndromic mental retardation
Lztrl LZTR1 Schwannomatosis, noonan syndrome
msn MYO3A Deafness
msn STK4 T-cell immunodeficiency
Pgantl GALNT12 Susceptibility to colorectal cancer
Pgantl GALNT14 Nonimmune hydrops fetalis
Pgantl GALNT3 Familial hyperphosphatemic tumoral calcinosis
Pgantl POC1B-GALNT4 Cone-rod dystrophy 20
pn ATCAY Cayman type cerebellar ataxia
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Table A.35 (continued).

sgg MYLK Aortic aneurysm, familial thoracic and abdominal
sov POGZ Mental retardation
sov REST Wilms tumor
sov ZNF335 Microcephaly
sov ZNF513 Retinitis pigmentosa
Short stature, onchodysplasia, facial
wds POC1A dysmorphism, and hypotrichosis
wds POC1B Cone-rod dystrophy 20
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Table A.36 30 candidate genes exhibiting 147 epistatic interactions identified in stress response assays
from Huang et al. (2012).

SNP A Position

SNP A Gene Traits affected

3L:15041101 - 2R:18688140 blw 9.29671E-06 | Chill coma recovery
3R:943228 - 2L.:3872842 capu 2.1283E-06 | Chill coma recovery
3R:943228 - 2L.:3872973 capu 3.32906E-06 | Chill coma recovery
3L:15041101 - 2L.:3875308 capu 4.49589E-06 | Chill coma recovery
3L:15041101 - 2L.:3875312 capu 4.49589E-06 | Chill coma recovery
3L:15041101 - 2L.:3875351 capu 1.0409E-06 | Chill coma recovery
2R:9767517 shot 2L.:3879182 capu 4.59049E-06 | Chill coma recovery
3R:999767 cno 2L.:3880627 capu 3.4912E-06 | Chill coma recovery
3R:11181082 CG6194 2L.:3880941 capu 5.2727E-06 | Chill coma recovery
3R:25265571 - 2L.:3886963 capu 3.18773E-06 | Chill coma recovery
3L:19696295 - 2L.:3888750 capu 4.33341E-06 | Chill coma recovery
3L:18361593 - 2L.:3888930 capu 2.27563E-06 | Chill coma recovery
3L:18361593 - 2L.:3890575 capu 5.16702E-06 | Chill coma recovery
3L:18361593 - 2L.:3890607 capu 6.53964E-08 | Chill coma recovery
3L:18361593 - 2L.:3890944 capu 7.50828E-06 | Chill coma recovery
3L:18361593 - 2L.:3890974 capu 8.95894E-06 | Chill coma recovery
3L:1112721 - 2L.:3893299 capu 1.7922E-07 | Chill coma recovery
2R:18867611 - 2L.:3902694 capu 2.81344E-06 | Starvation resistance
2L.:1835048 - 3L:1775666 CG12018 6.7034E-06 | Chill coma recovery
2L.:5076905 - 3L:1776169 CG12018 9.64388E-08 | Chill coma recovery
2L.:5076905 - 3L:1776343 CG12018 1.15276E-07 | Chill coma recovery
2L.:5076905 - 3L:1776949 CG12018 2.13252E-07 | Chill coma recovery
2L.:9620572 - X:517338 CG13369 3.90723E-06 | Starvation resistance
2L.:1829873 - X:2478052 CG13760 1.55202E-07 | Chill coma recovery
2L.:1829873 - X:2478315 CG13760 6.05731E-07 | Chill coma recovery
2L.:1829873 - X:2478373 CG13760 7.92722E-07 | Chill coma recovery
2L.:1829873 - X:2478753 CG13760 4.00205E-07 | Chill coma recovery
2L.:1829873 - X:2479082 CG13760 3.81608E-07 | Chill coma recovery
2L.:1829873 - X:2479121 CG13760 5.08296E-07 | Chill coma recovery
2L.:1829873 - X:2479154 CG13760 4.08988E-07 | Chill coma recovery
2L.:1829873 - X:2479447 CG13760 3.69813E-07 | Chill coma recovery
2L.:1829873 - X:2480082 CG13760 1.41745E-07 | Chill coma recovery
2L.:1829873 - X:2480681 CG13760 1.58735E-07 | Chill coma recovery
2L.:1829873 - X:2480682 CG13760 8.64532E-08 | Chill coma recovery
2L.:1835048 - 3L:1775666 CG13933 6.7034E-06 | Chill coma recovery
X:18462706 - 2R:16173317 CG16868 8.76143E-06 | Chill coma recovery
2L.:9199905 - X:377682 CG18273 4.96506E-06 | Chill coma recovery
2L.:9199905 - X:381539 CG18273 8.69819E-06 | Chill coma recovery
2L.:9199905 - X:381704 CG18273 7.75576E-06 | Chill coma recovery
3L:1112721 - X:2157719 CG3071 7.94455E-07 | Chill coma recovery
3L:1112721 - X:2157806 CG3071 3.38452E-06 | Chill coma recovery
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Table A.36 (continued).

2L.:13124732 - X:1957298 CG4281 6.18372E-06 | Starvation resistance
2L.:13124732 - X:1959257 CG4281 5.96384E-06 | Starvation resistance
2L.:13124732 - X:1959857 CG4281 5.96384E-06 | Starvation resistance
2L.:1829800 - 3L:9361964 CG4452 4.17375E-07 | Chill coma recovery
21.:1829873 - 3L:9361964 CG4452 2.79135E-07 | Chill coma recovery
2L.:17980099 btv 2R:18377254 CG4554 2.53886E-06 | Chill coma recovery
21.:11865004 - 2R:18372932 CG4554 8.3177E-07 | Starvation resistance
2L.:14223134 - 2R:18372932 CG4554 5.55441E-07 | Starvation resistance
3R:7729469 - 2R:18372932 CG4554 3.3514E-07 | Starvation resistance
3R:19182181 ATPsyn-Cf6,sec13 2R:18372932 CG4554 1.5547E-06 | Starvation resistance
X:18241689 - 2R:18374360 CG4554 8.20536E-06 | Starvation resistance
2R:9062501 CG33137 3L:1652309 CG7970 9.44788E-06 | Chill coma recovery
2R:16277191 - 3L:1652309 CG7970 5.55086E-06 | Starvation resistance
2L.:1835048 - 3L:1661763 CG7971 7.08167E-06 | Chill coma recovery
2R:18867611 - 3L:1657044 CG7971 8.21629E-06 | Starvation resistance
2R:11471413 - 2L.:15729130 CycE 2.59064E-06 | Chill coma recovery
2R:13054938 CG10953 2L.:15727988 CycE 2.17683E-07 | Starvation resistance
3R:13914919 - 2L:15740763 CycE 6.65649E-06 | Starvation resistance
2R:15834807 CG30447,CG42691 X:363607 Cyp4gl 8.55981E-06 | Chill coma recovery
2L.:1829873 - X:3149395 dnc 7.3403E-06 | Chill coma recovery
2L.:11371106 - X:3138722 dnc 2.5109E-06 | Chill coma recovery
2L:11371106 - X:3138724 dnc 2.5109E-06 | Chill coma recovery
2L:11371106 - X:3138733 dnc 5.98499E-06 | Chill coma recovery
2L.:16610426 - X:3138722 dnc 7.74731E-06 | Chill coma recovery
2L:16610431 - X:3138722 dnc 6.56706E-06 | Chill coma recovery
2L:16610431 - X:3138724 dnc 8.46064E-06 | Chill coma recovery
2L.:16610431 - X:3138733 dnc 8.64335E-06 | Chill coma recovery
2L.:4459460 CG15435,mRpL27 X:6429035 dx 3.9931E-07 | Chill coma recovery
2L.:4459460 CG15435,mRpL27 X:6429529 dx 1.65703E-07 | Chill coma recovery
3R:7823061 - X:6429529 dx 8.76508E-06 | Chill coma recovery
2L.:1829873 - X:2482427 egh 1.93385E-07 | Chill coma recovery
2L:16361554 - X:2482964 egh 8.46148E-06 | Chill coma recovery
3L:19977280 CG17732 X:2485682 egh 8.24079E-07 | Chill coma recovery
3L.:19977280 CG17732 X:2486045 egh 7.35663E-07 | Chill coma recovery
2L.:5076900 - 3L:17948153 Eip75B 4.5504E-06 | Chill coma recovery
2L.:6457468 frj 3L:17962643 Eip75B 9.01383E-06 | Chill coma recovery
2L.:6457468 frj 3L:17962648 Eip75B 9.01383E-06 | Chill coma recovery
2L.:6457468 frj 3L:17962649 Eip75B 9.01383E-06 | Chill coma recovery
2L.:3753356 CG10019 3L:17962891 Eip75B 3.2223E-06 | Chill coma recovery
2L.:3753356 CG10019 3L:17962912 Eip75B 6.82809E-06 | Chill coma recovery
2L.:3753356 CG10019 3L:17963833 Eip75B 7.12876E-06 | Chill coma recovery
2L.:6457468 frj 3L:17963980 Eip75B 1.39377E-06 | Chill coma recovery
2L.:3753356 CG10019 3L:17964967 Eip75B 9.47122E-06 | Chill coma recovery
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Table A.36 (continued).

2L.:3753356 CG10019 3L:17965375 Eip75B 7.64628E-06 | Chill coma recovery
2L.:3753356 CG10019 3L:17965388 Eip75B 7.96534E-06 | Chill coma recovery
2L.:6457468 frj 3L:17965465 Eip75B 1.82089E-06 | Chill coma recovery
X:18462706 - 3L:18051545 Eip75B 7.46887E-06 | Chill coma recovery
2L.:9199905 - 3L:18051698 Eip75B 9.54979E-06 | Chill coma recovery
2L.:9199905 - 3L:18051869 Eip75B 4.70956E-06 | Chill coma recovery
3R:19182181 ATPsyn-Cf6,sec13 3L:17992791 Eip75B 4.14437E-06 | Starvation resistance
21.:11398472 - 3L:9363915 Fdxh 7.13362E-06 | Chill coma recovery
2L.:13744466 - X:1221997 fs(1)N 9.98049E-06 | Starvation resistance
2L.:13744497 - X:1221997 fs(L)N 7.68266E-06 | Starvation resistance
2L.:11398472 - 3L:9365685 Hsp22 5.39079E-06 | Chill coma recovery
2L.:11398472 - 3L:9365687 Hsp22 6.78203E-06 | Chill coma recovery
2L.:11398472 - 3L:9365695 Hsp22 5.08965E-06 | Chill coma recovery
2L.:7213506 - 3L:5338128 lama 2.36964E-06 | Chill coma recovery
2L.:7225909 - 3L:5338128 lama 1.88371E-06 | Chill coma recovery
2L.:7213506 - 3L:5338146 lama 8.08069E-07 | Chill coma recovery
2L.:7225909 - 3L:5338146 lama 1.00987E-06 | Chill coma recovery
2L.:11305549 - 3L:5338926 lama 4.12163E-06 | Chill coma recovery
2L.:11305557 - 3L:5338926 lama 4.57365E-06 | Chill coma recovery
2R:11471413 - 3L:5338990 lama 9.48159E-06 | Chill coma recovery
2L.:8170159 - 3L.:5339086 lama 6.71073E-06 | Chill coma recovery
2R:8852392 - 3L:5339086 lama 7.21622E-06 | Chill coma recovery
2R:15390842 CG11007 3L:5339086 lama 5.81551E-06 | Chill coma recovery
2R:15390848 CG11007 3L:5339086 lama 6.01395E-06 | Chill coma recovery
2R:15391322 CG11007 3L:5339086 lama 1.01695E-06 | Chill coma recovery
2R:15391340 CG11007 3L:5339086 lama 9.29941E-07 | Chill coma recovery
2R:15743978 - 3L:5339086 lama 9.58913E-06 | Chill coma recovery
2L:16361554 - 3L:5349748 lama 7.60827E-06 | Chill coma recovery
2R:10030444 - 3L:5349846 lama 6.40711E-06 | Chill coma recovery
2R:10030444 - 3L:5349848 lama 6.60912E-06 | Chill coma recovery
2R:5016912 - 3L:5348394 lama 4.67326E-06 | Starvation resistance
2R:5028967 CG8788 3L:5348394 lama 9.67372E-06 | Starvation resistance
X:18243978 - 3L:5348814 lama 3.23226E-06 | Starvation resistance
X:18243978 - 3L:5349414 lama 9.42804E-06 | Starvation resistance
2L.:1829873 - X:819052 Lztrl 1.43748E-07 | Chill coma recovery
2R:15383714 hpo X:821732 Lztrl 7.99328E-06 | Chill coma recovery
2R:15383714 hpo X:821732 MED22 7.99328E-06 | Chill coma recovery
2L.:3753356 CG10019 3L:2556403 msn 6.55301E-06 | Chill coma recovery
2L.:1829873 - 3L:2557318 msn 7.17407E-06 | Chill coma recovery
21.:9620572 - 3L.:2563807 msn 4.8196E-06 | Starvation resistance
2R:5453091 - 3L:2567033 msn 7.62528E-06 | Starvation resistance
2R:13054938 CG10953 3L:2564669 msn 3.43352E-07 | Starvation resistance
2L.:1829873 - X:2125039 pcx 4.45736E-06 | Chill coma recovery
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Table A.36 (continued).

2R:18867611 X:2132118 pcx 7.31463E-06 | Starvation resistance
2R:18867611 X:2120825 pcx 2.72468E-06 | Starvation resistance
2R:18867611 X:2122007 pcx 2.52112E-06 | Starvation resistance
2R:18867611 X:2125324 pcx 2.81516E-06 | Starvation resistance
2R:18867611 X:2125747 pcx 1.36905E-06 | Starvation resistance
2L.:5076905 X:2555134 sgg 2.65637E-06 | Chill coma recovery
2L.:1829873 X:2564411 sgg 6.09076E-07 | Chill coma recovery
2L.:1829873 X:2564425 sgg 1.50778E-06 | Chill coma recovery
2L.:1829873 X:2564441 sgg 1.50778E-06 | Chill coma recovery
2L.:1829873 X:2565313 sgg 2.41363E-06 | Chill coma recovery
2L.:1829873 X:2565322 sgg 1.93108E-06 | Chill coma recovery
2L.:16361554 X:2565324 sgg 3.55227E-06 | Chill coma recovery
2L.:1829873 X:2565451 sgg 1.16214E-06 | Chill coma recovery
2L.:1829873 X:2479082 wds 3.81608E-07 | Chill coma recovery
2L.:1829873 X:2479121 wds 5.08296E-07 | Chill coma recovery
2L.:1829873 X:2479154 wds 4.08988E-07 | Chill coma recovery
2L.:1829873 X:2479447 wds 3.69813E-07 | Chill coma recovery
2L.:1829873 X:2480082 wds 1.41745E-07 | Chill coma recovery
2L.:1829873 X:2480681 wds 1.58735E-07 | Chill coma recovery
2L.:1829873 X:2480682 wds 8.64532E-08 | Chill coma recovery

436




