
ABSTRACT 

OH, HEEDUK. Fruit Characteristics and Quantitative Trait Loci (QTLs) Associated with 

Quality Traits in Blueberry (Vaccinium spp.). (Under the direction of Dr. Massimo Iorizzo and 

Dr. Penelope Perkins-Veazie). 

 

In blueberry (Vaccinium spp.), improving fruit quality, especially texture, shelf-life, and 

taste/flavor, has become an important breeding priority for the industry. However, the lack of 

empirical data and DNA tools limits the selection for better fruit quality in breeding programs. 

To address this gap, four studies were conducted to associate fruit characteristics (sugars, organic 

acids, size, texture) with quality in terms of shelf-life (texture change, water loss, wrinkle) and 

sensorial texture and to dissect the genetic mechanisms controlling these fruit characteristics.  

In the first two studies, fruit characteristics such as size, texture, and non-volatile 

chemical composition were used to predict shelf-life indicators and sensorial texture. Shelf-life 

indicators such as texture change, weight loss, and fruit wrinkling could be predicted using fruit 

characteristics measured at harvest (T0) or two weeks (T2) post-storage. Prediction models for the 

overall texture change reached a moderate level of accuracy. Weight loss could be predicted with 

high accuracy with berry size at T0; the larger the initial berry size, the less weight loss. 

Wrinkling could be predicted by either the initial fruit size or the mechanical parameter óforce 

linear distanceô (FLD) with low accuracy; the larger the berry or FLD at T0, the less wrinkle after 

storage. The sensorial texture attributes, springiness, hardness, snap/crisp, force to grind, 

juiciness, and dissolvability, could be predicted with medium to high accuracy using texture 

parameters measured at the harvest. Although the predictions were not perfect, for most of the 

sensory attributes, the models could effectively differentiate the cultivars with the highest or 

lowest intensity scores.   



As the physiochemical properties of total soluble solids (TSS) and titratable acidity (TA) 

play a critical role in consumer acceptance, TSS, TA, pH, sugars, and organic acids variation 

among 61 cultivars were followed over 0 to 6 weeks of storage. At harvest, TSS and soluble 

sugar (glucose, fructose, sucrose) contents ranged from 10.17 to 15.97% and 639.13 to 785.11 

mg gï1 DW, respectively, across cultivars. Larger variability was observed for parameters related 

to acidity, such as pH, TA, and total organic acid content, which ranged between 3.0-4.5, 0.15-

0.79%, and 11-95 mg gï1 DW, respectively. Citric acid was the dominant organic acid in 

highbush cultivars (V. corymbosum) while quinic acid was the most abundant organic acid in 

rabbiteye cultivars (V. virgatum). Changes over storage were minimal and cultivar-specific.  

Elucidating the genetic basis underlying fruit quality traits could enable marker- or 

genomic-assisted selection strategies in breeding programs. The genetic mechanisms controlling 

pH, TA, organic acids, TSS, sugars, fruit size, and texture at harvest and/or six weeks post-

storage and weight loss were explored. Six major-effect QTLs associated with pH, TA, and citric 

acid, two for quinic acid, and two for shikimic acid were consistently detected across two years 

on the same genomic regions on chromosomes 3, 4, and 5, respectively. Candidate genes for 

these QTLs were identified using comparative transcriptomic analysis. No QTL was detected for 

malic acid content, TSS, and sugar content, while a number of minor-effect QTLs were 

identified for texture- and size-related parameters.  

These studies provide insights into the associations between fruit characteristics and 

quality traits in blueberry. Additionally, a framework is offered for breeding programs to utilize 

predictive models to enhance selection for improved shelf-life and desired sensory texture 

attributes. Moreover, our findings provide valuable information on the genetic basis that 



underlies fruit quality traits in blueberry, facilitating DNA-informed selection strategies in 

breeding programs. 
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INTRODUCTION  

Blueberry (Vaccinium spp.) production has increased substantially over the past few decades 

due to successful breeding efforts in developing cultivars adapted to different growing areas 

(Edger et al., 2022). Increased blueberry availability has led to increased selectiveness for fruit 

quality by the industry and consumers (Brazelton et al., 2017; Gallardo et al., 2018). 

Consequently, improving fruit quality traits, including texture, taste, flavor, and shelf-life, are 

now crucial goals for breeding programs and the production/distribution industry (Gallardo et al., 

2018). However, blueberry breeders currently have little empirical data they could utilize for 

their selections. 

Blueberries are prone to rapid softening, weight loss, wrinkling, and mold during storage, 

limiting their shelf-life to two to four weeks (Huynh et al., 2019), and these changes can 

negatively influence consumer experience and marketability (Farneti et al., 2022; Gallardo et al., 

2018; Gilbert et al., 2014). Multiple studies have reported the association between fruit 

characteristics at harvest and shelf-life quality traits (Moggia et al., 2017b, 2017a; NeSmith et 

al., 2005; Yan and Castellarin, 2022). However, the studies either involved a small number of 

genotypes, leading to weak statistical power, or measured fruit texture using only one parameter, 

while several studies indicated blueberry texture to be a multi-component trait (Giongo et al., 

2022, 2013; Rivera et al., 2022). This suggests that more in-depth and robust studies are needed 

to further understand how shelf-life could be predicted using measurements collected at harvest. 

To address this issue, a wide variety of cultivars (61 cultivars including Northern and Southern 

highbush and rabbiteye) were evaluated for fruit texture using a diverse set of mechanical 

parameters (17 parameters) and appearance traits (fruit size, stem scar diameter, wrinkle, and 

mold) during six weeks of storage across to determine the predictability of shelf-life traits. The 
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findings from Chapter 1 offer valuable information on fruit characteristics related to shelf-life, 

with the goal of enhancing the postharvest storability of blueberries.  

Although instrumental methods have been widely used to evaluate fruit texture in blueberry 

due to their cost-efficiency and high throughput (Rivera et al., 2022), the relationship between 

sensorial texture attributes and mechanical parameters is not well established. Some studies have 

reported the connection between mechanical properties and sensorial texture in blueberry 

(Ballinger et al., 1973; Blaker et al., 2014; Lobos et al., 2014; Rivera et al., 2023; Saftner et al., 

2008; Vilela et al., 2016), but here too, only one or two mechanical parameters were evaluated 

and only small numbers of genotypes were examined in most of these studies ranging from 3 to 

12, likely limiting the statistical power. In Chapter 2, this work was advanced by characterizing 

sensory texture profiles of a diverse set of cultivars and determining the predictability of sensory 

attributes using a variety of mechanical parameters. 

Acidity and sweetness are crucial fruit quality traits as well that affect the organoleptic 

experience and consumer acceptance of blueberries (Gilbert et al., 2015). Nevertheless, limited 

work has been done to understand the chemical changes in blueberry fruit during storage 

(Gonçalves et al., 2017; Kalt and McDonald, 1996; Perkins-Veazie et al., 1995). In Chapter 3, 

we followed the changes in chemistry profiles during six weeks of cold storage, including total 

soluble solid (TSS), pH, titratable acidity (TA), organic acids (citric, quinic, shikimic, malic), 

and soluble sugars (fructose, glucose, sucrose). 

In the final chapter, fruit quality traits covered in Chapters 1-3 are unraveled at the genetic 

level. Traditional breeding approaches in blueberry require up to 20 years for the release of a 

new cultivar from the original cross. However, thanks to the rapid advances in genotyping 

technologies and computational tools, DNA-based breeding strategies can be developed to 
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accelerate the breeding process and to allow the integration of multiple traits into new cultivars 

(Varshney et al., 2021; Zeng et al., 2022). Understanding the heritability and genetic mechanism 

controlling a trait is the first step to developing DNA-based breeding capacity. Several genetic 

studies have also been conducted on blueberry (Edger et al., 2022) to facilitate DNA-informed 

selection, but the genetic mechanisms underlying fruit chemical composition (organic acids and 

sugars), texture, appearance, and shelf-life characteristics are still poorly understood. In Chapter 

4, quantitative trait loci (QTL) mapping was performed in an F1 mapping population to identify 

genomic regions associated with these fruit characteristics. Additionally, efforts to determine 

candidate genes controlling organic acids were initiated through comparative transcriptome 

analysis.  
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