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Breeding Insight (BI) is a joint USDA Agricultural Research Service (ARS), 
Cornell University, Ithaca, New York, initiative

• Launched in 2018 to develop tools, technologies, and methods to enable the routine 
use of genomic selection in USDA specialty breeding programs. 

• ‘We integrate phenomics (trait analysis), genomics (genotypic data), data 
management, and software tools to help breeders increase the rate of genetic gain 
and create more healthy, nutritious, and sustainable specialty crops and animals.’

https://breedinginsight.org/



• Blueberry Crop Ontology

• DArTag 3K genotyping panel



Blueberry Crop Ontology

• Standardized list of phenotypic variables used by the crop community as a 
combination of:
- Trait
- Method
- Scale

• Supports digital capture allowing:
- Standardization of Breeding databases [e.g., BreedBase, Breeding Information 

Management System (BIMS)] 
- Aggregation of trait data across locations and projects
- Mobile data collection on tablets with Field Book or other phenotyping apps

• CO (created in 2008 by the CGIAR)



Blueberry Crop Ontology

Hislop et al 2024



178 Unique Ontology Entries

Hislop et al. 2024

Now 183 entries



Blueberry CO on GDV

Information page: https://www.vaccinium.org/crop_ontology
‘The Blueberry Crop Ontology was a collaborative effort between the USDA, Breeding Insight, and 
GDV.  Information about the phenotypic traits measured by U.S. blueberry breeders was collated to form the crop 
ontology. The ontology is being used on Breeding Insight and is available as Trait Descriptors in GDV and public 
traits to be imported into private breeding programs in BIMS.
The most current version of the Blueberry Crop Ontology can be viewed and downloaded from the Crop Ontology 
website.  To request changes or additional trait descriptors, please fill out this form on Planteome.  The Blueberry 
Crop Ontology can also be found on Github and requests can also be submitted there.’

Data menu

0

https://www.vaccinium.org/crop_ontology
https://breedinginsight.org/
https://www.vaccinium.org/search/trait_descriptor
https://www.vaccinium.org/bims
https://cropontology.org/term/CO_371:ROOT
https://cropontology.org/term/CO_371:ROOT
https://trait-requests.planteome.org/
https://github.com/Planteome/CO_371-blueberry-traits


Blueberry CO on GDV
• Uploaded as a trait descriptor dataset and can be searched 

https://www.vaccinium.org/search/trait_descriptor

•  As phenotype data is being collected, measurements are linked to the Blueberry CO

https://www.vaccinium.org/search/trait_descriptor


https://cropontology.org/ CO_371

Blueberry ontology can be downloaded from the Ontology.org: https://cropontology.org/term/CO_371:ROOT

Download Trait File

Ontology explorer

https://cropontology.org/
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcropontology.org%2Fterm%2FCO_371%3AROOT&data=05%7C01%7Cnahla.bassil%40usda.gov%7C766b5ce30d814ab605d308dbf4f0d42d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638373087482439747%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=SoWJ3ojw5JlsKR0TBPHiT6lSfCdOa4zgkMvai1ge%2BWk%3D&reserved=0


3K DArTag Genotyping Panel

Zhao et al. 2024
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3K DArTag: 375 accessions

Zhao et al. 2024



3K DArTag: Genetic Mapping in 
Draper x Jewel (175)
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Expectation

Nahla Bassil

Ebrahiem 
Babiker

Michael 
Hardigan

Jim Polashock
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Blueberry microhaplotypes in DB
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Alfalfa microhaplotypes in DB

                                                   
        

         
         

       
                    

         

            

Multiallelic Diversity is Sampled and Databased

Moira Sheehan, personal communication



Team: >50 scientists, 25 institutions (US, Canada, New Zealand, Italy)

2019-2023
$12.8 M 
$6.4 M sponsor
$6.4 M match

M. Iorizzo

Iorizzo et al. 2023



2. Discover
- Link DNA to FC

- Link FC to FQ 

(consumers, shelf life, 

mech. harvest)

3. Deliver
- DNA markers 

- F1 progenies to 

pyramid FQ traits

4. Assess
- Link FQ and FC to 

economic value

1. Establish
- DNA tools 5. Engage

- Transfer deliverables

- Foster collaborations

- Evaluate project

Breeders Allied scientists Mentees/Trainees Industry stakeholders

Fruit quality

breeding

Stakeholders/collaborators
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Iorizzo et al. 2023



Objective 1: Establish genomic and genotyping resources

B
lu

e
b
e
rr

y

V. darrowii
V. myrtillus 
(bilberry)

V. macrocarpon 
(cranberry)

▪ Released 6 new genomes 

▪ Vaccinium genomes are highly collinear

MYB TF
anthocyanin genes

VacCAP Obj. 1



Blueberry Pangenome

P. Edger

Yocca et al. 2023



22K FlexSeq EX-L Genotyping Panel
N. Bassil

Clare et al. 2023



22K FlexSeq EX-L Genotyping Panel

Clare et al. 2023



22K FlexSeq EX-L Genotyping Panel

Clare et al. 2023



22K FlexSeq EX-L Genotyping Panel

DArTag: $15/sample
Flex-Seq 22K: $41.85/sample

Clare et al. 2023



M. Iorizzo M.A. Lila P. Munoz C. Sims C. Li L. Giongo C. Luby

Discover DNA markers and fruit characteristics that maximize fruit quality

VacCAP Obj. 2

P. Perkins-

Veazie

• Evaluated >2600 
genotypes/plants over 3 
years, 3 locations (OR, 
NC,FL) (>10,000 samples)

• Measured > 90 
parameters, >80 chemicals 

• Data is being analyzed

• Detected >300 new QTLs

N. Bassil



VacCAP Obj. 5
Engage U.S. Vaccinium breeders and stakeholder groups

D. MainL. DeVetterA. Atucha M. Coe



Objective 5: Deliver molecular and genetic resources 
to improve blueberry and cranberry fruit quality

Genomic and genetic resources

Y1-Y2 New data and tools

Gene sequences - 231,231

Genomes - 7

Genetic Maps – 9, >110,000 DNA markers

QTL – 62, 7 traits

New tools: synteny, PathwayCyc

> 2,200 Visits

Extension resources



Vaccinium Genetic Resources: 
Phenotypic Data on GG

https://npgsweb.ars-grin.gov/gringlobal/descriptors
Data from 38 SSRs

Boches et al., 2006

Bassil et al., 2020

https://npgsweb.ars-grin.gov/gringlobal/descriptors


Vaccinium Genetic Resources: Phenotypic Data on GG

Descriptor coded_name

Vac
Madiso

n 88

Vac
Raleigh 

90

Vac
Corvall

90
Vac m 

core 1998

Vac
coldhardy

NJ 2006
Cytology

2012
Cytology
2012.6.30

10-SSR 
blueberr

y 2019 
Stringer 

2017

Tanaina
Plantlore
Dena'ina
k'et'una

Sampson 
2020 swd

Finn 
2017 

shock 
virus

Scheerens 
mineral soil Gan pollen

Moyer 2002 
antioxidant

Chemical 
Composition

Percent Soluble Solids 38
Total Anthocyanins 29

Disease
BlShV 35

PERCENTROT 21

Morphological

BERRUPRGT 22
BLOOMCOLOR 21

CUPCOUNT 27
FLWRSUPRGT 22
FRTWEIGHT 27 38
LEAFCOLOR 120

Phenological
FIRSTBLOOM 119
FULLBLOOM 44

FIRSTRIPE 143

Cytological or 
Cellular

DNARATIO 30 86
PLOIDY 30 86

PLOIDYEQUA 30 86

Physiology
Mineral soil adaptation index 32

Pollen germination rate 3

Insect

LEAFHOPPER 16
Spotted-wing drosophila OSI 6

SWD adult mortality (%) 38
SWD larvae per fruit 38

SWD reproductive rate 38
SWD Resistance Index 38

SWD viable eggs per fruit 38

Genetic Stock
CORE 369

TRUETOTYPE 45

Production
FRUITSET 22

REPEATBLM 21
YIELDACRE 27

General Info Ethnic-Group 22
Growth GROWTHUP 22

Environmental 
Stress COLDHARDY 25



Vaccinium Genetic Resources: 
Genotypic Data on GG (SSR)



Vaccinium Genetic Resources: 
Phenotypic and Genotypic Data To Add

Phenotypic
• Texture/Firmness (VacCAP)
• Chemical composition (VacCAP) 

Mengist et al., 2020a, b)
• Volatiles (VacCAP)
• Anthocyanin (Ashrafi)
• Monotropein (Leisner et al., 2017)
• Metabolites (Mengist et al., 2020a, b)
• ………

Genotypic
• CaptureSeq (Iorizzo et al.)
• Allegro (Ashrafi et al.)
• FlexSeq (VacCAP)
• 10-SSR (Bassil et al.)
…….

Enabling Genomics-Assisted Specialty Crop Breeding and Research through
Advanced Database Resources (Accession No: 1029319); PD, Dorrie Main; Jill Bushakra



▪ Increase in phenotypic data and cost-effective genotypic resources for blueberry 
(low, mid, and high density)

▪ Expanding knowledge on FC genetics and accurate phenotyping capacity for 
blueberry FCs

▪ Expanding collaborations across the Vaccinium community

▪ Expanding community-wide use of genetic and genomic resources to identify 
DNA markers and genes controlling important traits

▪ VacCAP: Establishing a solid interdisciplinary framework to link FCs, quality as 
well as socio-economics

▪ Expected: Advancing selection of new cultivars with improved FCs, FQ

Take Home Message
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Thank You Supporting Organizations
  

Oregon Cranberry 
Grower Association



Thank you
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