Breeding Baby Leaf Spinach for California Growers
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OBJECTIVES

Open-pollinated market quality baby leaf spinach cultivars
with broad spectrum resistance to downy mildew, enhanced




MAIN ACCOMPLISHMENTS 2023-24

Developed new populations and advanced best based
on field trials and/or growth chamber DM screening

Seed increase for 5 advanced populations

Developed genomic selection models for qualitative
and quantitative DM resistance

Developed models to assess NUE-associated traits
Genetic mapping Cd uptake in hydroponics

Optimizing speed-breeding systems




BREEDING PIPELINE —2023-24
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Germplasm
Evaluation Populations
_ Generation/Cycle 2020 2021 2022 2023
Population Single crosses 20 12 30 22
Development
F, and F, populations 71 25 11 14
Field / Chamber increased for evaluation
Evaluation F, and F3 populations
evaluated for 10 25 20 18
Selection and intercross advancement
Cycle 1 6 6 11
I Improved Population Cycle 2 4 3 4 6
Cycle 3 1 1 6
Field seed increase Total 62 69 79 77

Field Test for Possible
Release

Seed increases in 2023 =5

Seed increases planned for 2024 =5




Seed Increase 2023

Seed increase at Ferryboat Company, Friday Harbor, WA, 2023

Increase Source Generation Seed amount Company
UCSP2010-41 MR-R(-) C3 Syn2 3.7 kg Ferry Boat
UCSP2010-42 MR-MR C4 Syn2 1.3 kg Salt Water Seeds
UCSP2010-44 (R+) C3 Syn2 2.4 kg Ferry Boat
UCSP2159 C1 Syn2 4.7 kg IREC

UCSP2006 C2 Syn2 5.4 kg Ferry Boat




2023-24 TRIAL TIMELINE

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB

April 2023 Summer 2023 Oct 2023 Oct 2023 — March 2023
Salinas WA, OR, CA Salinas Davis (SCOPE*)

Yield, Quality Seed Yield, Quality Bunching types;
Weak disease pressure Increases Weak disease pressure Overwintering; Savoy

39 breeding 6 advanced 41 breeding Diverse populations
populations breeding populations populations *NIFA-OREI funded project

“Speed Breeding” for Seed-to-Seed in <4 months to evaluate two seasons/year in Salinas
“Chamber/Detached leaf DM Assay” for constant evaluation of breeding lines

“Genomic selection” for accelerated breeding cycles with improved accuracy



TESTING NEW EXPERIMENTAL CULTIVARS

Small-plot trials of new experimentals

Salinas with breeding program selection nursery in
April and July

Jim Correll’s trial in September

Selected check cultivars with variable DM
resistances included for comparison

Field days to show varieties and breeding
nursery (or contact us to see the trials)

Release of new experimentals pending field
performance this year




SPEED BREEDING

Decrease time from seed-to-seed; multiple cycles/year
22 hour photoperiod with white and two red:blue LED ratios

Compared with current 16 hr greenhouse
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SPEED BREEDING

All LED options were ~two weeks faster to bolt than current greenhouse

Most plants had not yet bolted in greenhouse

60
50
40

30 _: :
L 1

20

Days to Bolt

White LED 80R:20B 60R:40B Greenhouse
10

Average of four F, hybrid cultivars




Resistance Genes Segregating in Breeding Pops

P-Values by Chromosome for DM_SP
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P-Values by Chromosome for DM

UCSP2010 (top)

One major gene on the end of Chromosome 3

Developed marker

Select against this gene so we can select for
broad spectrum resistance

UCSP2009 (bottom)

Neither parent has resistance

Population has moderate resistance

One weak QTL close to major gene above
Possible broad spectrum resistance gene?
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GENOMIC PREDICTION FOR DM RESISTANCE

o
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Using all
resistance data
1=R to 5=S

Only using Rvs. Only using scores

everything else
(+/-)

2-5 (moderate to
severe)

Predict the DM resistance of
individual plants using only genetic
markers

6,472 SNP markers
399 UCSP2010 individual plants

Genomic Best Linear Unbiased
Prediction (GBLUP) model trained
and validated (80% of data to train
model to predict remaining 20% (5-
fold cross validation repeated 1000
times)

Can predict major gene but harder
to predict quantitative score



Broad spectrum resistance to Peronospora effusa

* Three populations from UCSP2010 + Viroflay

* Susceptible, Quantitative Resistance, Major Gene
Resistance

* Developed from growth chamber selection
* Inoculated 3.5 week old spinach seedlings
» Spence2020 isolate (~ 4.0 x 1075 sp/ml)
* 4 plants pooled per rep for each population

e 0 DAI (before inoculation)
» 3 DAI (after spore germination)

* 9 DAI (emergence of visible sporangiophores)




Broad spectrum resistance to Peronospora effusa

Relative expression of P. effusa in host plant
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Estimation of Disease Severity by qPCR

Susceptible || Quantitative || Major Gene Viroflay
Resistance Resistance (Control)
Dalyr 0 Daly.r 3 Dalyf 0 Dalyf 3 Daly.r 0 Dalyr 3 Dalyr 0 Daly.r 3
DAI

Days after inoculation
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PREDICTING NITROGEN CONCENTRATION

Measured N concentration Model validation N concentration
Collected image data with multispectral sensor | o5
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BREEDING FOR LOW CADMIUM UPTAKE

Hydroponic System Reflects Field Uptake
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Salinas Field, May 2023
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Mapping Cd Uptake

Segregating population grown in hydroponic solution of high
Cd

Harvested leaves from each plant twice; waiting for Cd results

Tested hyperspectral reflectance to correlate with Cd
concentration

Sib mating in greenhouse to generate ~300 families with
sufficient seed for field evaluation and additional mapping
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