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UC Strawberry Breeding Program Goal

Produce varieties with a complete disease-resistance package that are high-yielding, 

producible by nurseries, shelf-stable, great tasting, and profitable for growers.

Intense phenotyping and modern genetic tools have greatly 
increased our ability to concentrate favorable traits and 
deliver value to stakeholders.

We select for Fusarium wilt, Macrophomina charcoal rot, 

Verticillium wilt, and Phytophthora crown rot–“the fearsome 

four”—resistant varieties under extreme disease pressure.

Photo: Fresa Fortaleza



 Verticillium wilt 

resistance

 improved by 0.6 units 

(14.8%)

 Fusarium wilt resistance 

improved by 1.5 units 

(37.5%)

 Phytophthora crown rot 

resistance

 improved by 1.4 units. 

(35.8%)

 Macrophomina charcoal 

rot resistance improved 

by 1.6 units (40.6%)

Improving disease resistance without compromising yield



Fusarium Wilt

Started studying FW (race 1) in 2015

Discovered FW1 resistance QTL
Published in 2018 – G3

Discovered more resistance QTL 
creating durable resistance to FW 
Race 1

Published in 2022 -TAG

Genetic marker designs and 
sources of resistance are 
available.



FW1 then
Favorable allele 

frequency 18%

>50% of UC 

Plants sold were 

Susceptible

FW1 Now present in 99% of resistant individuals 

in the UC breeding program

Albion

New UC Varieties



Macrophomina Charcoal Rot
Started studying Macrophomina 
resistance in 2015.

Discovered 10 resistance QTL
Published 2024- Horticulture Research

Genetic marker designs and 
sources of resistance are available.
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Concentrating favorable alleles creates plants 
Resistant to Macrophomina (MAC stack)

12 (+) alleles across 10 
loci (60%) yields a 90% 
probability of survival



Verticillium Wilt

•Genetic gains in breeding for resistance to Verticillium wilt 
have been negative over the last 165 years.

•Less than 3% of the germplasm accessions phenotyped 
were classified as highly resistant.

•The strongest sources of resistance were heirloom cultivars 
and ecotypes predicted to carry favorable alleles that are 
not found in modern cultivars.

•No large effect loci. Genomic selection has significant 
potential to increase genetic gains and accelerate resistance 

Publications 2020 and 2023 

– The Plant Genome



Phytophthora Crown Rot
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Harnessing underutilized gene bank diversity and genomic

prediction of crossusefulnessto enhance resistance to

Phytophthora cactorum in strawberry
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Abstract

The development of strawberry (Fragaria × ananassa Duchesne ex Rozier) culti-

varsresistant to Phytophthoracrown rot (PhCR), adevastating diseasecaused by the

soil-borne pathogen Phytophthora cactorum (Lebert & Cohn) J. Schröt., has been

challenging partly because theresistancephenotypesarequantitativeand only mod-

erately heritable. To develop deeper insights into thegenetics of resistance and build

the foundation for applying genomic selection, agenetically diversetraining popula-

tion wasscreened for resistance to California isolates of thepathogen. Hereweshow

that genetic gains in breeding for resistance to PhCR have been negligible (3% of

the cultivars tested were highly resistant and none surpassed early 20th century cul-

tivars). Narrow-sense genomic heritability for PhCR resistance ranged from 0.41 to

0.75 among training population individuals. Using multivariate genome-wide asso-

ciation studies(GWAS), weidentified alarge-effect locus(predicted to beRPc2) that

explained 43.6–51.6% of the genetic variance, was necessary but not sufficient for

resistance, and was associated with calcium channel and other candidate genes with

known plant defense functions. The addition of underutilized gene bank resources

to our training population doubled additive genetic variance, increased the accuracy

of genomic selection, and enabled the discovery of individuals carrying favorable

alleles that areeither rareor not present in modern cultivars. The incorporation of an

RPc2-associated single-nucleotide polymorphism (SNP) as a fixed effect increased

genomicpredictionaccuracy from 0.40 to0.55. Finally, weshow that parent selection

using genomic-estimated breeding values, genetic variances, and cross usefulness

holds promise for enhancing resistance to PhCR in strawberry.

Abbreviations: AUDPS, area under the disease progression stairs; CNGC, cyclic-nucleotide-gated calcium channel; EMM, estimated marginal mean;

G-BLUP, genomic best linear unbiased prediction; GEBV, genomic-estimated breeding value; GVE, genetic variance explained; GWAS, genome-wide

association studies; LMM, linear mixed model; MV-GWAS, multivariategenome-wide association studies; PhCR, Phytophthoracrown rot; QTL, quantitative

trait loci; REML, restricted maximum likelihood; RKHS, reproducing kernel Hilbert space; SNP, single-nucleotide polymorphism; UCD, University of

California–Davis.
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•Resistance is genetically complex. A large effect 

locus, (FaRPc2) is necessary but not sufficient for 

resistance. 

•Genetic gains can be accelerated by MAS + 

genomic prediction.

•The strongest sources of resistance were heirloom 

cultivars developed before the advent of soil 

fumigation.

2022



Short Day
Early fruiting & yield
Fusarium Resistant

Extended Short Day
Exposed fruit
Small plant canopy
Fusarium Resistant

Day Neutral
Early to midseason
Excellent shelf-life
Fusarium Resistant

Day Neutral
Mid-to-late season
High marketable yields
Fusarium Resistant

Extreme Day Neutral
Summer plant
Large Fruit
Fusarium Resistant

‘UC Surfline’ ‘UC Monarch’ ‘UC Golden Gate’ ‘UC Keystone’ ‘UC Eclipse’

Actions speaking louder than words
100% of new UC Davis varieties are Resistant to Fusarium
Consumer ratings were better than current commercial varieties.



Disease 
Resistance 
Ratings of 
UC 
Varieties
 
(2016-2024)

1 = Resistant
5= Susceptible

Variety FUS MAC VER PHY

Albion 4.2 4.7 3.0 3.4

Cabrillo 4.1 4.3 2.8 2.8

Camarosa 4.3 5.0 3.2 3.0

Chandler 3.9 4.7 2.3 3.4

Fronteras 1.3 4.1 2.5 2.5

Monterey 4.0 4.6 2.8 3.3

Portola 1.6 4.0 3.1 2.5

San  Andreas 1.1 4.8 N/A 2.4

UC Eclipse 1.1 4.0 2.0 2.6

UC Golden Gate 1.2 4.1 2.8 2.4

UC Keystone 1.4 3.9 2.5 2.2

UC Monarch 1.1 3.1 2.4 2.1

UC Surfline 1.0 3.4 1.5 1.5

UCD Finn 4.5 5.0 3.0 3.7

UCD Mojo 3.1 2.4 2.1 2.6

UCD Moxie 1.4 4.6 2.4 2.9

UCD Royal Royce 3.9 3.5 2.5 2.7

UCD Valiant 3.6 3.7 2.3 2.7

UCD Victor 1.1 4.5 2.8 2.2

UCD Warrior 1.1 3.1 2.4 2.3



Breeding for Organic Growers

~12% of total CA Organic 
Acreage for 2023 (CSC)

~60% of fall planted acres 
are in Watsonville/Salinas 
Area

~70% Summer planted 
acres in Santa Maria

Smaller local market growers*
Margaret Lloyd, UCCE Organic Agriculture and Small Farms 
Advisor. Capitol Corridor, Yolo, Solano Counties

Lindsey Kelly- UCCE Small & Organic Farms, Community 
Education Specialist. 



Breeding for Organic Growers



Thanks to the Organizers!



Thanks to our supporters, collaborators, and 

funding agencies!

All photos credited to Fred Greaves Photography for UC Davis.
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