


Resistance to downy mildew (Bremia lactucae)
in 2021 tested over 650 accessions and breeding lines
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Resistance to lettuce drop (Sclerotinia minor)
in 2021 tested over 600 accessions and breeding lines

Percent symptomatic plants

Fr
eq

ue
nc

y 
di

st
rib

ut
io

n 
[%

]

0

10

20

30

40

50

60

0 - 10 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 61 - 70 71 - 80 81 - 90 91 - 100

Mean = 85%
0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6

Weeks of evaluation

Pe
rc

en
t s

ym
pt

om
at

ic
 p

la
nt

s



Resistance to tipburn
in 2021 tested over 300 accessions and breeding lines
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Resistance to INSV
in 2021 tested over 600 accessions and breeding lines
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Promising breeding lines with improved
disease resistance

ID Gen. Type Color Potential resistance
(explanation is below table)

SM19-067 F7 Romaine Green Vert 1, LD*

SM19-058 F6 Leaf Red DM, BLS

SM19-059 F6 Iceberg Red tinge DM, BLS

SM19-065 F6 Leaf Dark red DM, BLS

SM19-047 F5 Iceberg Green Vert 1, CR, BLS, DM

SM19-053 F5 Iceberg Green Vert 1, CR, BLS, DM

SM19-036 F4 Leaf Dark red INSV*

BLS: bacterial leaf spot
CR: corky root
DM: downy mildew (filed resistance)

INSV: Impatiens necrotic spot virus
LD: lettuce drop
Vert 1: Verticillium wilt race 1

* inconclusive or limited results, more tests are needed



Identification of loci affecting earliness of bolting 
and flowering

• 161 F7 RILs

• 4 growth chamber conditions
• LD-HT: 16h light, 35 °C
• LD-LT: 16h light, 20 °C
• SD-HT: 8h light, 35 °C
• SD-LT: 8h light, 20 °C

• 6 field experiments
• Salinas, CA – 2x
• Pomona, CA – 2x
• Yuma, CA – 2x

• Evaluated
• Time to bolting
• Time to flowering
• Time from bolting to 

flowering

Rosental et al. (2021) Theor. Appl. Genet.

PI 251246

Flowers about 
6-12 weeks 

after planting

Salinas

Flowers about 
16-24 weeks 
after planting



Identification of loci affecting earliness of bolting 
and flowering

Rosental et al. (2021) Theor. Appl. Genet.
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Identification of loci affecting earliness of bolting 
and flowering

Rosental et al. (2021) Theor. Appl. Genet.

Fine mapping of the QTL on chromosome 7

• Complex regulatory network; affected by environmental conditions; interactions
• QTL on chr. 7 (qBLT7.2/qFLT7.2); major effect in all but SD-HT; candidate LsCOL9, LsPhyC
• QTL on chr. 2 (qBFr2.1); allele for late flowering originates from PI 251246; effect validated
• Molecular markers for qBFr2.1; possible MAS; candidate LsFT



Inheritance of enzymatic browning on 
cut surfaces

• CIELab color space values

• 12 genotypes

• Most intensive browning 
around vascular bundles

• Broad sense heritability
• H2 stems = 0.88
• H2 ribs = 0.92

• Browning on the cut surface 
of the stem correlated with 
browning the on cut leaf rib 
(r = 0.87 – 0.89, browning 
index, L*, h°)

Peng et al. (2021) Postharvest Biol. Technol.



Marker compounds for predicting browning
of fresh-cut lettuce lettuce

• Untargeted metabolomic 
approach

• Ultra-high performance 
liquid chromatography 
coupled with high-resolution 
mass spectrometry (UHPLC-
HRMS)

• Two field experiments (46 
and 36 cultivars)

• Browning evaluated on cut 
surfaces (day 0 and day 3)

• 3,791 unique ion features 
were detected

Liu et al. (2021) Postharvest Biol. Technol.



Marker compounds for predicting browning
of fresh-cut lettuce lettuce

Class: Hydroxycinnamic acid, sesquiterpene acid, sesquiterpene lactone,          
fatty acid, hydrolysable tannin

Liu et al. (2021) Postharvest Biol. Technol.
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Marker compounds for predicting browning
of fresh-cut lettuce lettuce

Liu et al. (2021) Postharvest Biol. Technol.

Mass spectrometry 
identification:

Compound #4
• dicaffeoyltartaric acid

Compound #12
• caffeoyltartaric acid

These marker compounds 
could potentially be used 
to develop a rapid test for
selecting breeding lines 
resistant to browning.
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Yellow spot
Physiological basis & genetics

• Commercial field in May 2019
• 100% incidence
• No pest or disease related
• No pesticide or herbicide related
• Fertilizer?
• Detected also on plants in a greenhouse

• Observed on all types, but seems to 
be more frequent on romaine than on 
iceberg

• Observed on both green and red 
colored cultivars

• Symptoms are similar to manganese 
toxicity



Yellow spot
Physiological basis & genetics

RG
B

Valmaine PI 257288 Triple Threat

Fp

A

B
Significant 
decrease in 

photosynthetic 
activity

Significant changes in composition

Yellow area vs. green area of affected plant:
• boron, calcium, cadmium, manganese, 

phosphorus, silicon

Green area of affected plant vs. healthy plant:
• copper, lithium, magnesium, nickel, sulfur, tin

No significant difference:
• aluminum, arsenic, barium, chlorine, chromium, 

iron, potassium, molybdenum, nitrogen, sodium, 
strontium, titanium, zinc

Substantial cultivar differences

Genetic analyses in progress
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