
Phenotyping Team Fruit Quality Team

Developed accurate phenotyping methods to evaluate fruit characteristics 
Elucidated the genetic mechanisms controlling several fruit characteristics 
Developed a DNA marker for marker-assisted selection
Identified fruit characteristics parameters that contribute to improve fruit quality
Advance selection of blueberry breeding lines with improved quality

Develop new and more accurate
phenotyping methods to evaluate fruit
characteristics, including texture, non-
volatile chemical composition, volatile
chemical composition and appearance.
Use phenotyping data to perform genetic
studies, and select breeding lines with
improved characteristics. 

Phenotyping Fruit Characteristics 
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BLUEBERRY PHENOTYPING, GENETICS, DNA MARKERS, AND
FRUIT QUALITY

VacCAP Objectives 2 and 3 aimed to establish phenomics and DNA based
strategies to select for improved fruit quality.  

Perform marker traits association
analysis to understand the genetic

mechanisms controlling fruit
characteristics. Based on results of
genetic studies, initiate efforts to
develop DNA assay and genomic

prediction models .  

Statistical Genetics Team

Identify fruit characteristics (e.g.
texture parameters) that contribute to

quality attributes such as shelf-life,
bruising and consumer purchasing

behavior. Use these fruit
characteristics to select breeding lines

with improved quality attributes. 

Genetics and DNA Markers
for Fruit Characteristics 

Associate Fruit Characteristics
to Fruit Quality

ACCOMPLISHMENTS IN GENETIC DISCOVERY AND PHENOTYPING
OUTCOMES ARE
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For sugar evaluation, we used Near-Infrared Spectroscopy (NIRS), which has proven to be a
reliable and rapid method for predicting sucrose, glucose, fructose, and total soluble sugar
levels in blueberry fruits (Perkins-Veazie et al., 2023). Our analysis across various blueberry
germplasm samples revealed that fructose and glucose are predominant sugars, while sucrose
is present in a very limited amount. We also developed rapid tests using handheld meters to
evaluate acidity and Brix as proxies of organic acids and sugars, respectively. A comparison
of the rapid tests with more accurate methods (HPLC) showed that soluble solids content
(SSC or Brix) does not always correlate with sugar content, while titratable acidity (TA) is the
best proxy for organic acids. Fruit pH, on the other hand, has a low correlation with organic
acids.

Mass spectrometry imaging was used to quantify anthocyanin, flavonoids, and primary
metabolites (e.g. sugars and amino acids) in blueberry fruits (Dare et al., 2022). Our spatial
segmentation analysis suggests that ripening progresses from the skin into the flesh of the
fruit. Overall, these new methods provide a deeper understanding of blueberry chemical
composition and ripening, while offering more accurate and efficient strategies to phenotype
germplasm in breeding programs with the overall aim of improving fruit quality for
consumers.

LINK TO IMAGE PAPER

ADVANCING PHENOTYPING FOR FRUIT
CHARACTERISTICS

Developed accurate and/or high-throughput phenotyping methods to
evaluate blueberry fruit, assessing:

chemical composition (Brix, titratable acidity, pH, sugars, amino acids, flavonoids
and anthocyanin)
fruit appearance (size and internal bruising)
texture and associated shelf-life indicators including wrinkling and weight loss 

Created a QR barcode system to manage samples across core labs. 

Developed trait ontologies for blueberry to standardize phenotypic
analyses across studies. 

Made methods available to the Vaccinium community, with some already
implemented or in the early stages of implementation by stakeholders. 

CHEMICAL COMPOSITION

We have established cost effective and
accurate methods for evaluating Brix, acidity,
anthocyanins, flavonoids, and other primary
metabolites like sugars and amino acids. These
traits are important quality characteristics in
blueberries because they influence their taste,
flavor perception, and potential health
benefits. 

https://www.google.com/url?q=https://www.actahort.org/members/showpdf?booknrarnr%3D1357_28%26session%3D404406%26justloggedin%3D2&sa=D&source=docs&ust=1752090928990728&usg=AOvVaw3fUD1t3UrjcSQ-CYaw2I6p
https://www.google.com/url?q=https://youtu.be/w1uXscw3jXo&sa=D&source=docs&ust=1752090928978039&usg=AOvVaw1dbTTfoirW0zL7awLnrmKd
https://www.google.com/url?q=https://youtu.be/VP2maYLt0C0&sa=D&source=docs&ust=1752090928978102&usg=AOvVaw0vFj0vyXhqch4XzJjTOe9n
https://www.google.com/url?q=https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0308814621027096%23f0015&sa=D&source=docs&ust=1752090928980245&usg=AOvVaw132bugby1y8DGKijHLc1W5
https://doi.org/10.1016/j.foodchem.2021.131703
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Texture analysis was performed using the TA.XTPlus Texture Analyzer (Stable Micro
Systems, Hamilton, MA, USA) and was integrated with a high-precision scale, digital caliper,
and programmed to input visual phenotypic data to assess shelf-life indicators. This
integrated system measures 17 texture parameters, fruit weight and diameter (a proxy for
size), scar diameter, and two shelf-life indicators (presence of mold and rate of
wrinkle/shrivel) (Oh et al., 2024). This methodology has been used in four studies to
understand the link with fruit quality and identify parameters that can be used in breeding
programs (see page 10). 

A macro developed for this system is available for use by breeding programs and it has
already been transferred to several programs for implementation. Handheld tools were also
tested, and some parameters were highly correlated with those measured by the texture
analyzer (Giongo et al., 2022). For more information about the texture analysis system, see
this VacCAP How to video, and webinars 1, 2. 

LINK TO IMAGE PAPER

TEXTURE, SIZE, AND SHELF LIFE
INDICATORS 

We established an integrated system to
evaluate mechanical texture, fruit size, and
correlate them with quality attributes like
shelf life and sensorial texture.

The method achieved moderate-to-high
accuracy, and with over three years of
data, it was able to clearly differentiate
cultivars with low bruising ratios from
those with moderate-to-high bruising
ratios. Cultivars within the lowest bruising
ratios included those with crisp texture,
like ‘Indigocrisp’ and ‘Keecrisp’. 

Blueberry bruising detection web app.

INTERNAL BRUISING 

We established a rapid method to quantify
internal bruising in blueberries. Dr. Tan
leveraged image analysis and deep learning
models to assess internal bruising (Ni et al.,
2022; Tan et al., 2025). 

The method is integrated into a user-
friendly computer interface that is
accessible to potential users here. For more
information about this work see this
VacCAP webinar. 

https://www.google.com/url?q=https://www.sciencedirect.com/science/article/abs/pii/S0925521423004040?via%253Dihub&sa=D&source=docs&ust=1752090928980465&usg=AOvVaw2SBam9P1Ndgm57Q5eas_5H
https://www.google.com/url?q=https://doi.org/10.1016/j.postharvbio.2021.111696&sa=D&source=docs&ust=1752090928980736&usg=AOvVaw0eUOwb0YbjE-5aebf431m6
https://checkpoint.url-protection.com/v1/url?o=https%3A//youtu.be/12IKGS27EKQ%3Fsi%3DpBPfErhreItfiUSB&g=OGZiZTc3MzUwYWViYTExMA==&h=M2MyZjhkM2Q2NDBjZWM0NTRjNGU4MmFmOGVjYTBiN2MzYzhmNTJjOGVlZDhiNjI1ODdkY2YxMDUxMjNkMTc2Yw==&p=YzJ1OnBsYW50YW5kZm9vZHJlc2VhcmNoOmM6bzplY2Y3NjkzMTE3NTZhMGZkYzQ1MWE1ODAxNTdlZDFhNjp2MTpwOlQ=
https://checkpoint.url-protection.com/v1/url?o=https%3A//youtu.be/OGTB3uuCB1Q%3Fsi%3DnMXNBIJbhS7KVR5X&g=MjUxMGMxYWI1ODdmMDVjZg==&h=MTQ0ZmIyNzYyMDlkOGE3YTJlZTI3Y2JkNWRkZTQwNjYzOGE5MmNlNTA1ZDJiOWQ2NTNkYjVmMjFjMTllYTdkYQ==&p=YzJ1OnBsYW50YW5kZm9vZHJlc2VhcmNoOmM6bzplY2Y3NjkzMTE3NTZhMGZkYzQ1MWE1ODAxNTdlZDFhNjp2MTpwOlQ=
https://checkpoint.url-protection.com/v1/url?o=https%3A//youtu.be/Xnmvefb_X9c%3Fsi%3Daq9xJwBR_AXucLsG&g=OTlmYTU1NjJhMWI2MWMyYQ==&h=YzcwNDYxYzg1NzZmMTkzYmY5MWJiNDBlN2VmMDA5MjQ5Mjg3NDBjNTAxMWI5MTk3MmZhN2JiZWEzYTU1MWU4MA==&p=YzJ1OnBsYW50YW5kZm9vZHJlc2VhcmNoOmM6bzplY2Y3NjkzMTE3NTZhMGZkYzQ1MWE1ODAxNTdlZDFhNjp2MTpwOlQ=
https://doi.org/10.1016/j.postharvbio.2023.112643
https://www.google.com/url?q=https://doi.org/10.1016/j.compag.2022.107200&sa=D&source=docs&ust=1752090928981128&usg=AOvVaw35d7edkoQg0lQHDAc_IIHM
https://huggingface.co/spaces/c-tan/blueberrybruisingdet
https://checkpoint.url-protection.com/v1/url?o=https%3A//youtu.be/uNfd2g_Q9tM%3Fsi%3DUju-_qfGl6GyuKcG&g=NTYyMTNmZmQ5YjhlNjk0YQ==&h=OWU3ZTVmZTg1NmM3NjdhM2QzYTE2MGQxNzEyOTIxYzRlMTJjOWQ3MGViZThlY2FkMjI2NjQ3MjY4Mjk0MjFhZA==&p=YzJ1OnBsYW50YW5kZm9vZHJlc2VhcmNoOmM6bzplY2Y3NjkzMTE3NTZhMGZkYzQ1MWE1ODAxNTdlZDFhNjp2MTpwOlQ=
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A total of 83 traits were classified into nine categorical groups. This ontology has been
integrated into the Genome Database for Vaccinium species platform and Breeding
Management System. To facilitate comparison of data across locations, programs, and years,
we encourage adopting the trait ontology and contributing to its development. 

The blueberry crop ontology can be searched using the Trait Descriptor Search. 

If researchers would like to request that traits be added or adjusted in the ontology, they
can submit their requests through here.

LINK TO IMAGE PAPER

CROP ONTOLOGY

In collaboration with Breeding Insight, the
project contributed to developing a
blueberry Crop Ontology to standardize
phenotyping for breeding and research
programs (Hislop et al., 2024). 

This system enables tracking of fruit and
leaf samples from harvest through
processing, including downstream assays
such as DNA extraction, genotyping, and
fruit quality evaluation. For more
information about the QR code system
see this VacCAP How to video. 

SAMPLE MANAGEMENT

A QR barcode system was developed to
manage samples across core labs. 

https://www.vaccinium.org/search/trait_descriptor
https://trait-requests.planteome.org/
https://doi.org/10.21273/HORTSCI17676-23
https://checkpoint.url-protection.com/v1/url?o=https%3A//youtu.be/UBiMevG3sXY&g=ZDkzODk1ZjFjYmExOGM1Mg==&h=OGU1NTg5ZTg2MDcxZDE5YjM0ZGZiZmE3OTExNDIzMjAzZmJlZjk5ZDZjNzFiZDcxMjBmNjJkMWRmNzIzZWY1ZA==&p=YzJ1OnBsYW50YW5kZm9vZHJlc2VhcmNoOmM6bzplY2Y3NjkzMTE3NTZhMGZkYzQ1MWE1ODAxNTdlZDFhNjp2MTpwOlQ=


ADVANCING GENETIC DISCOVERY AND MOLECULAR
BREEDING FOR FRUIT CHARACTERISTICS

Completed seven genetic studies for fruit characteristics, identified over
1,500 QTLs and SNPs associated with target traits. Key findings include:

Major and stable (highly heritable) QTLs control pH, titratable acidity,
organic acid, anthocyanin, chlorogenic acid, and volatile content. 
At least 24 of these QTLs were validated across different genetic
stocks, making them suitable targets for designing DNA assays for
marker-assisted selection strategies. 
Fruit size, sugar content, and texture showed moderate-to-high
heritability with complex genetic control, suggesting genomic and
phenomic selection are the best strategies for selecting these traits.

 
Found that organic acid content data, rather than pH and titratable
acidity data, were more effective at detecting QTL associated with acidity. 

Integrated QTL data with new high-quality genomes to identify candidate
genes for anthocyanin and volatiles traits. Verified the function of genes
involved in anthocyanin acylation.

Developed the first DNA assay for eucalyptol, a volatile compound
associated with consumer dislike of blueberries.
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LINK TO IMAGE PAPER
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Two genetic studies on organic acids and sugars revealed that the variation in organic
acids is much higher than that for sugars in blueberry fruits, with total organic acid content
being the primary driver of the sugar-to-acid ratio (Mengist et al., 2021, Oh et al., 2025).
Organic acids are controlled by major and stable QTLs, which can be targeted for
identifying candidate genes and developing DNA assays for marker-assisted selection. In
contrast, sugar content exhibits more quantitative genetic control, suggesting phenomic or
genomic selection would be better strategies for selecting for these traits. 

ORGANIC ACIDS AND SUGARS

Organic acids and sugars determine the perception of sourness and sweetness in blueberry
fruits, which are the most important attributes for consumer preference. 

Two studies evaluated the inheritance and genetic mechanisms controlling fruit size
(Mengist et al., 2021, Oh et al., 2025). The trait exhibits a relatively high level of heritability
(0.6-0.74), however it appears to be under complex genetic control. One study identified a
minor, stable QTL on chromosome 4, while a second study found no QTL. Similarly, texture
exhibited moderate-to-high heritability and complex genetic control across two studies (Oh
et al., 2025, Ferrao et al., 2024). These findings suggest that genomic or phenomic selection
would be more effective strategies to select for these traits. Preliminary work on genomic
selection for texture showed a moderate level of predictability but indicated that
predictability across different populations (e.g., southern highbush vs northern highbush) is
very low. 

LINK TO IMAGE PAPER

SIZE AND TEXTURE

Size and texture are important attributes that
contribute to consumer preferences in
blueberries. Early work on fruit size showed
that blueberry fruit volume, surface area, and
weight are highly correlated and can serve as
proxies of fruit size (Mengist et al., 2020).

https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-025-06061-4
https://www.google.com/url?q=https://www.nature.com/articles/s41438-021-00605-z&sa=D&source=docs&ust=1752090928986874&usg=AOvVaw14Tz7pAULoybf9XsZN0QgU
https://www.google.com/url?q=https://doi.org/10.1186/s12870-025-06061-4&sa=D&source=docs&ust=1752090928986889&usg=AOvVaw3Qkvcw76DWh2KeTReN5CT6
https://www.nature.com/articles/s41438-021-00605-z
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-025-06061-4#Sec18
https://www.google.com/url?q=https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-025-06061-4%23Sec18&sa=D&source=docs&ust=1752090928984643&usg=AOvVaw2T59qKdMHSBH1JrjOUYJHD
https://www.google.com/url?q=https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-025-06061-4%23Sec18&sa=D&source=docs&ust=1752090928984643&usg=AOvVaw2T59qKdMHSBH1JrjOUYJHD
https://www.google.com/url?q=https://academic.oup.com/hr/article/11/10/uhae233/7738310&sa=D&source=docs&ust=1752090928984658&usg=AOvVaw2zlz-06uL-m2VSrJZ6rrQk
https://doi.org/10.1093/hr/uhae233
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A locus located on blueberry chromosome 8, conserved across Vaccinium species, harbors
multiple transcription factors (TFs) that control anthocyanin accumulation (Karppinen et al.,
2021, Wu et al., 2021, Lafferty et al., 2021, Lafferty et al., 2022, Albert et al., 2023).
Comparative analysis revealed that a complex pattern of duplications differentiates these TFs,
explaining tissue-specific expression differences of anthocyanin in Vaccinium species. Other
genes, such as ANS and UFGT2, are highly conserved and modulate anthocyanin production
in Vaccinium species (Nguyen et al., 2023). Four genetic studies identified five regions of the
blueberry genome controlling the accumulation of anthocyanin and chlorogenic acid in
blueberry fruit. QTLs for chlorogenic acids and anthocyanin acylation on chromosome 2, and
anthocyanin glycosylation on chromosome 4, were validated across populations (Montanari et
al., 2022, Herniter et al., 2023, Mengist et al., 2022). Two acyltransferase genes responsible
for anthocyanin acylation were identified (Mengist et al., 2025, Dare et al, 2024). This work
identifies target regions and genes that can be used to develop DNA assays for marker-
assisted selection. Acylation of anthocyanin pigments could increase the absorption of these
health-related bioactive compounds, hence potentially enhancing the nutritional value of
blueberry as a superfood. 

HEALTH-RELATED BIOACTIVE COMPOUNDS 

We uncovered the genetic mechanisms and genes controlling accumulation of health-related
metabolites, such as anthocyanin and chlorogenic acids, in blueberry fruit.

Blueberry cultivars exhibit highly variable resistance against AFR. The first genetic study for
AFR identified three QTLs and candidate genes controlling resistance traits (Jacobs et al.,
2023). The study also highlighted a possible interaction between secondary metabolites (e.g.,
anthocyanins) and pathogen resistance. Overall, the findings from these studies present an
opportunity to develop DNA assay for selecting blueberries with resistance or low
susceptibility to AFR. 

LINK TO IMAGE PAPER

ANTHRACNOSE RESISTANCE

Anthracnose fruit rot (AFR), caused by the
fungal pathogen Colletotrichum fioriniae,
is one of the most destructive and
widespread fruit diseases in blueberries,
affecting both yield and overall fruit
quality. 

https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.17669
https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.17669
https://onlinelibrary.wiley.com/doi/epdf/10.1111/1755-0998.13467
https://academic.oup.com/jxb/article/73/5/1344/6401654
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2022.910155/full
https://academic.oup.com/plphys/article/192/3/1696/7147756
https://www.google.com/url?q=https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1082246/full&sa=D&source=docs&ust=1752090928985948&usg=AOvVaw23A7S_-YBGe7M7Wsy3PYWw
https://pubmed.ncbi.nlm.nih.gov/36247546/
https://pubmed.ncbi.nlm.nih.gov/36247546/
https://www.mdpi.com/2223-7747/12/6/1346
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2022.964656/full
https://academic.oup.com/hr/article/12/5/uhaf041/8006539
https://academic.oup.com/jxb/article/76/6/1607/7918668
https://www.google.com/url?q=https://doi.org/10.1093/hr/uhad169&sa=D&source=docs&ust=1752090928984763&usg=AOvVaw1pen-aRgMBAEpEjlKj5CjY
https://www.google.com/url?q=https://doi.org/10.1093/hr/uhad169&sa=D&source=docs&ust=1752090928984763&usg=AOvVaw1pen-aRgMBAEpEjlKj5CjY
https://doi.org/10.1093/hr/uhad169


The rapid DNA extraction method was developed by modifying the protocol from Keb-Llanes
et al. (2002) and adapted it for a 96-well plate extraction system (Keb-Llanes et al., 2002).
The target trait for developing the first DNA assay was eucalyptol, a volatile compound
associated with consumers’ disliking of blueberries (Ferrao et al., 2022). The DNA assay
targets a single SNP located on chromosome 2, which is associated with eucalyptol content.
We tested 63 KASP markers across 374 genotypes and found that selecting homozygous
dominant alleles for the target SNP resulted in a 45% cutoff for high eucalyptol individuals
and selection gain of 58.3 units. 

After testing both high-resolution melting curve (HRM) and KASP genotyping approaches, the
KASP assay resulted in the most cost-effective and reliable method for DNA assay design (Fig
2). The KASP assay is capable of distinguishing allele dosages for the target SNP, enabling the
distinction of homozygous dominant, recessive, and intermediate alleles (Fig 3). 

In the University of Florida Blueberry breeding and Genomics Program, over 12,000
germinated seedlings were screened using the single marker. Based on the marker results,
about 50% of the seedlings were selected and  transplanted in the field for future validation
and breeding. With the implementation of MAS in the breeding program, breeders expect to
make selection more efficiently and effectively at an earlier stage, while developing more
significant markers for important traits.
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DNA MARKERS

Efforts were initiated to develop a workflow for marker-assisted selection (MAS). This involved
the development of a rapid DNA extraction protocol, testing different in-lab genotyping assays
and addressing other logistics (Fig 1).

Figure1. Logistics of marker-assisted selection in the University of Florida Blueberry
Breeding and Genomics program.



9 | NEWSLETTER ISSUE 12, JULY 2025

Figure 2. Testing results of two DNA assay methods for MAS implementation. 

Figure 3. Images of parent and seedling screening results using a single SNP marker for
eucalyptol traits.
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Highlight of these studies were: 
1.Multiple components contribute to mechanical texture in blueberry
2.Fruit size and chemical composition (pH, TA, sugars, organic acids) have no significant

contribution to texture
3.Texture at harvest is the driver of texture after storage 
4.Larger berries are correlated with lower weight loss and appearance of wrinkle/shrivel 
5.Mechanical texture parameters can predict texture after storage, texture changes,

weight loss, and wrinkle/shrivel with low-to-moderate accuracy, sensorial
hardiness/springiness/crispness and juiciness with moderate-to-high accuracy and
internal bruising with moderate accuracy. 

Overall, the following parameters can be used in breeding programs to select for improved
fruit quality: high value for “Young’s modulus” (YM_ 20% Burst Strain), “distance to
maximum force” (DFM), “Maximum Force” (FM), and large diameter. These parameters
contribute towards selection for improved sensorial texture, extended shelf life, and
reduced bruising, which are also likely important in machine harvesting for fresh market
scenarios.

LINK TO IMAGE PAPER

PREDICTING SENSORIAL
TEXTURE, SHELFLIFE, AND
INTERNAL BRUISING 

ADVANCING UNDERSTANDING OF FRUIT
QUALITY IN BLUEBERRY

Identified fruit characteristics associated with fruit quality in terms of
shelf-life, sensorial texture, and internal bruising. Identified a set of
parameters that breeders can use to select for improved quality.

 
Advanced understanding of the cell wall composition in pulp and peel
of crisp, firm, and soft blueberry cultivars at harvest. 

Completed four studies to associate fruit
characteristics with sensorial texture, shelf life,
and bruising (Oh et al., 2024a, Oh et al., 2024b,
Mengist et al., 2024, Tan 2024). 

https://doi.org/10.1016/j.postharvbio.2024.113160
https://www.sciencedirect.com/science/article/abs/pii/S0925521423004040?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0925521424004058?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0925521424002096?via%3Dihub
https://www.youtube.com/watch?v=uNfd2g_Q9tM
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Fruit pH values between 3 - 3.5 and a total
sugar-to-organic acids ratio between 25 - 30
increased consumer willingness to pay. A total
organic acid content higher than 80 mg/g dw
reduced consumer willingness to pay while
organic acid content <80 mg/g dw and higher
total sugar content increased consumer
willingness to pay. Fruit larger than 17 mm
diameter had a positive effect of willingness
to pay. 

Fruits with higher “Maximum Force” (FM) and
“Young’s modulus” (YM_ 20% Burst Strain)
had a higher willingness to pay

LINK TO IMAGES PAPER

INSTRUMENTAL BENCHMARKS TO SELECT FOR IMPROVED
QUALITY

Used data from a consumer study and
instrumental measurements for sugars and
acids to identify benchmarks to select for
higher quality (Canalese et al., 2024). 

Differences in cell wall composition in the pulp and peel could explain differences in mechanical
texture profiling. Greater abundances of arabinan and type II arabinogalactan in the pulp of the firm
and crisp cultivars might contribute to the texture characteristics of these phenotypes. The storage
study indicated that epidermal firmness is related to the degradation of pectin in the pulp and
cellulose content in the pulp decreases with storage and is related to softening. For more
information about cell wall composition analysis in blueberry, see this VacCAP webinar. 

LINK TO IMAGE PAPER

UNDERSTANDING BLUEBERRY CELL WALL COMPOSITION AND
TEXTURE

Completed two studies to assess cell wall composition in crisp, firm, and soft cultivars
and its changes during storage (Trandel-Hayse et al., 2023). 

https://doi.org/10.21273/HORTSCI17947-24
https://www.google.com/url?q=https://journals.ashs.org/hortsci/view/journals/hortsci/59/8/article-p1207.xml&sa=D&source=docs&ust=1752090928988094&usg=AOvVaw3Z4vf3dl1Kel-SLZ6r-g_c
https://checkpoint.url-protection.com/v1/url?o=https%3A//youtu.be/wEeDc0BLgU0%3Fsi%3DczkQk7j_0aNjVP9K&g=NWZhMWMwNmE2OTFjODE2OQ==&h=Y2NkMjZkNjEwNGYyNWEwZWMwNTM5MzM2ZTg5NmRhOTY5MDFkZDE4ZTI3OGUzNWQ0NTgxYjU5ZTcwYjYxZTc1ZA==&p=YzJ1OnBsYW50YW5kZm9vZHJlc2VhcmNoOmM6bzplY2Y3NjkzMTE3NTZhMGZkYzQ1MWE1ODAxNTdlZDFhNjp2MTpwOlQ=
https://doi-org.prox.lib.ncsu.edu/10.1021/acsfoodscitech.3c00284
https://www.google.com/url?q=https://doi.org/10.1021/acsfoodscitech.3c00284&sa=D&source=docs&ust=1752090928981278&usg=AOvVaw32nm3Iqq4QEbFer6AOA3GX
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ADVANCING BREEDING FOR FRUIT QUALITY TRAITS
Phenotypic data collected during the project enabled blueberry breeders
to advance selections into replicated trials and to make new crosses
aimed at combining multiple FQ traits. A few examples of selections from
two breeding programs are illustrated below. 

USDA-OR Loarca
Pictures by Dr. Nahla Bassil, Chad Finn and Marti Pottorff 
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FEM – Italy Giongo
Pictures by Dr. Lara Giongo
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IMPACT
Outcomes from Objectives 2–3 resulted in new phenotyping tools and target benchmarks to
support selection for improved fruit quality in blueberry breeding programs. This information
is also valuable for growers and packers aiming to enhance fruit quality in their operations.
Several stakeholders have already engaged with and begun adopting these methods. The
genetic studies clarified the mechanisms underlying key fruit quality traits, laying the
groundwork for molecular breeding strategies. For traits such as volatiles and texture, the
use of DNA markers for marker-assisted selection (MAS) and genomic selection was tested,
providing direct proof of concept. As a result, research in Vaccinium crops is increasingly
focused on identifying and characterizing genes that control fruit quality and on
implementing molecular breeding approaches. 

Molecular and phenotypic data have also been used to advance the selection of breeding
lines with improved quality traits, representing potential new cultivar releases. In addition,
the VacCAP project fostered strong collaboration among Vaccinium research groups,
reducing redundancy and promoting complementary efforts. Collectively, these outcomes
represent a critical step forward in advancing research and breeding across the growing
Vaccinium community.

ONGOING RESEARCH
Completing testing of an acoustic method to evaluate texture in blueberry
Completing additional studies to understand the genetic mechanical controlling volatile,
sugars and organic acid accumulation in blueberry
Continuing development of DNA assays and genomic selection models for fruit quality
traits 
Developing the next phase of the VacCAP project (VacCAP 2.0)
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The VacCAP project identified key traits and their optimal ranges to enhance blueberry quality,
including fruit pH, organic acid content, sugar-to-organic acids ratio, and texture.
Understanding consumer preferences related to these quality traits is essential for guiding
future breeding efforts to improve marker acceptance for blueberries. The findings from
VacCAP will help blueberry breeding programs like ours to refine and optimize breeding
targets, ensuring better fruit quality and increased consumer satisfaction. 

How do you see the parameters associated with improved blueberry quality
from VacCAP benefiting your breeding program? Do you think these
parameters will help in selecting for better fruit quality?

Testimonials From the Lab
Dr. Sushan Ru 
Assistant Professor of Small Fruit Breeding and Genetics
Auburn University

VacCAP identified stable QTL associated with traits such as pH, titratable acidity, organic acid,
anthocyanin and volatile content. Based on these findings, future development of DNA tests
can facilitate marker-assisted selection, significantly reducing selection costs and potentially
shortening breeding cycles. For traits with complex genetic architectures, such as fruit size,
sugar content and texture, genomic and phenomic selection are recommended approaches.
Together, these insights and tools developed by VacCAP provide valuable resources for
blueberry breeding, enabling the application of appropriate molecular techniques to improve
fruit quality traits more efficiently.

Based on what we’ve learned about the genetics of multiple fruit
characteristics, do you think the insights gained from VacCAP will advance
molecular breeding efforts for blueberry? In what ways?

VacCAP has integrated more accurate phenotyping, new genotyping tools,
and enhanced genomic resources. As a result, research is shifting towards
identifying and characterizing candidate genes. Do you think this can benefit
your breeding program? Why is this shift important for the future of
breeding in blueberry?

The phenotyping tools developed by VacCAP, covering traits related to fruit chemical
composition (e.g., Brix, acidity), fruit appearance (size and internal bruising), and texture and
shelf life, are critical to improve the efficiency of blueberry evaluation. 

continued on next page
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Many of these recommended phenotyping protocols have been adopted by the small fruit
breeding program at Auburn University and other institutions. Standardized and optimized
phenotyping protocols lay the foundation for accurate assessment of key traits, leading to a
deeper understanding of the genetic architecture of these traits and allow the discovery of
candidate genes or associated DNA markers. 

Additionally, the genotyping platforms provided by VacCAP offer the community reliable,
affordable, and standardized genetic information, accelerating gene discovery and speeding up
cultivar development through marker-assisted breeding.

We have incorporated several phenotyping and genotyping platforms from VacCAP into the
small fruit breeding program at Auburn University. Looking ahead, we plan to adopt additional
high-throughput phenotyping tools, such as those for measuring total sugar content and
bruising. The data and resources generated by VacCAP offer valuable insights into the genetic
architecture of fruit quality traits, which will guide our breeding strategies, including crossing
design and the optimization of selection methods, to accelerate the development of superior
blueberry cultivars.

Has VacCAP provided new tools or opportunities that you plan to
incorporate into your breeding program? How do you foresee using the data
or resources generated from this project in your future breeding efforts?

VacCAP has effectively brought together blueberry and cranberry breeders through project
meetings, presentations at scientific conferences, grower meetings, and various outreach
initiatives. This community building has enabled breeders to share knowledge, foster
collaboration, and explore new opportunities for future projects. Notably, breeders across both
crops have benefitted from exchanging insights on high-throughput phenotyping and other
research advances, helping to accelerate technological progress. As a new member of this
community, I have greatly benefited from these interactions by learning from fellow breeders
and exchanging research ideas and breeding materials, strengthening our collective efforts
toward cultivar improvement.

Do you think VacCAP opened opportunities for you to collaborate with the
community? Do you see any potential collaborations or partnerships that
could emerge from the research and resources developed through VacCAP?
How might these collaborations benefit your breeding program?
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The methodology for fruit quality measurement developed by the VacCAP project is very
useful for selecting blueberries with better fruit quality.  I would like to implement some of the
parameters and methods in my breeding program.

How do you see the parameters associated with improved blueberry quality
from VacCAP benefiting your breeding program? Do you think these
parameters will help in selecting for better fruit quality?

Testimonials From the Lab
Dr. Ye (Juliet) Chu
Assistant Professor, Blueberry Breeding
University of Georgia 

It is possible to use genetic markers to accelerate blueberry breeding. However, before that
happen, marker validation across genetic materials will need to be performed and the
genotyping platform that are breeder-friendly and cost-effective needs be established.

Based on what we’ve learned about the genetics of multiple fruit
characteristics, do you think the insights gained from VacCAP will advance
molecular breeding efforts for blueberry? In what ways?

VacCAP has integrated more accurate phenotyping, new genotyping tools,
and enhanced genomic resources. As a result, research is shifting towards
identifying and characterizing candidate genes. Do you think this can benefit
your breeding program? Why is this shift important for the future of
breeding in blueberry?

Discovering genes controlling fruit quality traits is very important. If markers within the genes
can be discovered and utilized for molecular breeding, it will greatly improve the accuracy of
genotype selection in my program.

We are already using the whole genome sequence data developed by the VacCAP project to
assemble genomes and develop markers from our breeding materials.

continued on next page

Has VacCAP provided new tools or opportunities that you plan to
incorporate into your breeding program? How do you foresee using the data
or resources generated from this project in your future breeding efforts?
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Yes, the VacCAP research community is highly collaborative, and I am glad to be a new
member and work with everyone.  New collaborations will allow blueberry genetic material
and technology transfer among breeding programs and minimizing redundant research efforts.

Do you think VacCAP opened opportunities for you to collaborate with the
community? Do you see any potential collaborations or partnerships that
could emerge from the research and resources developed through VacCAP?
How might these collaborations benefit your breeding program?
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CONTRIBUTORS 

MORE RESOURCES 
Recordings of all Objective 2 and 3 webinars are available on the VacCAP
Project YouTube Channel.  Visit www.vacciniumcap.org or follow us
@VacciniumCAP on X (Twitter) to stay updated on the latest VacCAP news.

https://www.vacciniumcap.org/
https://www.youtube.com/@vaccapproject2641
https://x.com/VacciniumCAP
https://www.youtube.com/@vaccapproject2641/videos
https://www.youtube.com/@vaccapproject2641/videos
https://www.vacciniumcap.org/
https://x.com/VacciniumCAP

