A # 8 crop in US, annual farm -gate value of > $2.0 billion
A ~80% of US lettuce grown in California & Arizona
A Lettuce breeding: morphology, horticultural performance, disease resistance

A Domesticated lettuce sexually compatible with 3 Lactuca spp.

o) R
L. serriola L. saligna L. virosa



MOLECULAR IDENTIFICATION AND USE OF
HORTICULTURAL & DISEASE RESISTANCE GENES
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LETTUCE DISEASES TARGETED

Lettuce mosaic virus Anthracnose Verticillium wilt Fusarium Wilt Response to

A

To  To To o

bacterial effectors
Genetic resistance for many of these diseases

42 disease resistance loci
>10 mapping populations

Shared markers to develop resistance consensus map based on
cv. Salinas x L. serriola UC96US23 genetic map

Phenotyping rate limiting step

Leah McHale, Oswaldo Ochoa, Maria-Jose Truco, Jim Cervantes



MOLECULAR IDENTIFICATION & USE OF DISEASE
RESISTANCE GENES

PHENOTYPIC LEVEL MOLECULAR LEVEL
Resistant accessions Candidate genes from ESTs
Genetic analysis PCR with degenerate oligos

~

( GENETIC MAPPING
Coincident position on chromosome?

FUNCTIONAL ANALYSIS
VIGS / RNAI: Gene family
LTransgenic complementation, mutants: Specific gene

BREEDING / \ BASIC STUDIES
Marker assisted selection Molecular basis of specificity
Introgression & pyramiding Genetic basis of evolution of specificity

L In vitro evolution of new specificities




. N ) —~ M '."' ’ [
The Compositae |
N E
!nnt :"-';.‘- e v
b . ' “m ‘.n'

Genome Project

http://compgenomics.ucdavis.edu

EST sequencing from 21 Compositae species
Genetic analysis of agricultural & weediness traits
Chromosomal positions for agricultural traits
Markers for indirect selection

|dentification of genes for agricultural traits

Ultra - high density genotyping

w/ Loren Rieseberg, Steve Knapp, Kent Braford, Rick Kesseli, David Still



|dentification and mapping of candidate genes

Traits Number Number
identified mapped
Disease resistance 351 204
Developmental 160 68
Seed (oil, germination) 60 5
COS 54 54
Other 408 166
Total 1033 497

A Mined from lettuce EST database or amplified with degenerate oligos
based on similarity to known proteins and conserved protein motifs.
AMapped using F 4 RIL mapping population L. sativa cv. Salinas x L. serriola .

A Lettuce Genetic Map Viewer: http://cgpdb.ucdavis.edu.

Alex Kozik, Dean Lavelle, Leah McHale et al.



IDENTIFICATION OF 755 RESISTANCE
CANDIDATE GENES

Pathogen recognition (266)

Recognition of pathogen or action of
pathogen effectors
e.g. TIRRNBS LRRs, CGNBS LRRs, RLKs, RLPs

Signaling pathways (238)
Salacylic acid ( SA) 0 effector recognition

Jasmonic acid ( JA) & Ethylene ( ET o
necrotroph/wounding

Defense responses (223)
E.g. Programmed cell death, fungal cell
wall degrading enzymes

Susceptibility factors (28)

Host proteins required for the success
of the pathogen. e.g. Eif4e.

Leah McHale




ALLELESPECIFIC SNP ASSAY:
lllumina GoldenGate Assay
GC DNA Technologies Core

Genomic DNA

l Allele -specific extension

& ligation _ _
~ AMultiplex reactions (96, 384, 768, or 1536)

Al to 384 DNA samples per run

572 & AUp to 589,824 genotypes (1536 loci X 384

PCR with universal DNAS)
primers

&
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ARequires a priori knowledge of SNP
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o A~$0.1/datapoint
ddress
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Array hybridization &
imaging
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http://www.illumina.com
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Mapping Resistance Candidate Gene Using lllumina
(BeadArray) GoldenGate SNP Assays

Candidate resistance genes mined from EST database (cgpdb.ucdavis.edu)

600 resistance candidate genes re-sequenced from both parents of Fg RILS

OPA Genotyped
Sequences 230 202 (89%)
SNPs 384 287 (75%)

SNP markers mapped on RILg population relative to ~1500 additional,
mainly anonymous markers

Leah McHale



Genetic Analysis of Agricultural Traits

Replicated field plots.of £ 3 progeny (RILS)
fromcv. Salinasx « L. serriola

TRAITS

A Bolting

A Time to flowering
A Shattering flower
A Heading

A Leaf shape

A Spines

ATip burn

A Root architecture
A Seed germination
A Fasciation

Analyze inheritance of each trait relative to
molecular markers on each chromosome (QTL analysis)
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CHROMOSOMAL POSITIONS OF TRAITS
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