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Blanco Lab
Fruit Bology & Quality
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Fruit-Pathogen
Interactions

Fruit Cell Wall
Dynamics

California crops

Tomato Table grape
Strawberry Berries
Pistachio Olive

Stone fruit Apple...
Citrus

Melon

Approaches

Field trials Physiology Biochemistry Systems biology




Big Challenges in Postharvest
Opportunities for Research and Innovation

Improve and
maintain crop quality

Fresh, nutritious, safe,
and affordable food
are not always
available
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Reduce crop
losses and waste

40-50% of fruits and
vegetables are lost
after harvest




Green
Hard
Sour
Mealy

Fruit Gain Quality During Ripening

Chlorophyll

Compacted cell wall

Low sugars

Starch \ Colorful Pigments

Soft Cell wall disassembly, turgor loss
sl Sweet High sugar to acid ratio

Aromatic  Volatiles

Nutritious Macro and micronutrients



Fruit Quality Traits

Plant Breeding & Biotechnology Tools
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Adaskaveg & Blanco-Ulate.
2022. Curr Opin Biotechnol



Fruit Ripening Regulators and Pathways

Environment >> Epigenetics >>

Temperature, light, water, 5mC DNA methylation, chromatin remodelation...

soil and nutrients, stress...

: Transcription Factors >>>

Non-coding RNAs >>>
sRNAs, miRNAs, IncRNAs...
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MYB, bHLH, NAC, MADS-box, ERFs...

Plant Hormones & Signals >>>

Ethylene, ABA, sucrose, NO,...

Climacteric ripening

Ripening Genes >>

|

PSY, LYC-b, GalLDH, SUC, AMY,
AAT, LOX, PL, PG, PME, ...

Biochemical Pathways>>

Pigment biosynthesis, vitamin biosynthesis,
starch degradation, sugar transport,
VOC metabolism, CW dissasembly...
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Fruit Softening is A Ripening Event Associated with Quality

Growth Ripeni :
| > e > Cell expansion and

cell wall disassembly

Seymour et al. 2013.
Annu Rev Plant Biol

Key pectin degrading enzymes
Pectate lyase (PL) - SIPL

s X X Polygalacturonase (PG) — SIPG2A
dpigeet™ Pectin methyl esterase (PME)
. D-Galacturonic acid . O-Methyl a-arabinofuranosidase (a-AFase)
« L-Rhamnose *Ca2* B-galactanase (3-Gase)

¢ L-Arabinose
« D-Galactose

Wang et al. 2018. Trends Plant Sci




Pectate Lyase (PL) Significantly Impacts Fruit Softening
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Single CRISPR-Cas9 KO of Tomato SIPL and SIPG2a
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Wang et al. 2019. Plant Phys



Single CRISPR-Cas9 KO of Tomato SIPL and SIPG2a
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Cell Wall Integrity in Fruit-Pathogen Interactions

MG tissue
¢ close-up /CUT
MG fruit
longitudinal
cross-section
PC
MG TRt Mostly resistant host Ei:_rl.:lérlljgtillespore
CW: Cell wall
PC: Plant cell
CWI: CW integrity
RR tissue
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RR fruit
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cross-section
RR fruit Highly susceptible host

Wang et al. 2022. Ann. Plant Reviews



SIPL is a Major Susceptibility Factor for Fruit Rotting
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Silva et al. 2021. J Ex Bot



Double CRISPR-Cas9 KO of Tomato SIPL and SIPG2a
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Ortega-Salazar et al. 2023. PPP
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Double CRISPR-Cas9 KO of Tomato SIPL and SIPG2a

ClwT I CRISPR PL
"] CRISPR PG [l CRISPR PGPL
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Taste related attributes

Double CRISPR PGPL
shows no differences in
sugar:acid ratio to the WT

e gsdwe T oo
WT 6.23 a 449 a 0.50 a 12.55 a
CRISPR PG 6.27 a 458 a 047 a 13.58 a
CRISPR PL 6.48 a 450 a 0.50a 12.96 a
CRISPR PGPL 6.39 a 446 a 0.51a 12.57 a

Double CRISPR PGPL

shows an additive

phenotype Iin firmness
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Double CRISPR-Cas9 KO of Tomato SIPL and SIPG2a
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Double CRISPR PGPL
shows an additive
phenotype Iin firmness

Total volatiles (ppb)

Double CRISPR PGPL

has more volatiles than

the single CRISPR lines
and the WT

Volatiles more abundant in the
CRISPR PGPL fruit

heptanal
3-methyl-2-butenal

2- hexenal, benzaldehyde
trans-beta-ionone
2-pentenal
trans-2-heptenal
2,4-heptadienal
benzeneacetaldehyde
methyl salicylate



Double CRISPR-Cas9 KO of Tomato SIPL and SIPG2a
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Double CRISPR-Cas9 KO of Tomato SIPL and SIPG2a
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Double CRISPR-Cas9 KO of Tomato SIPL and SIPG2a

28 dph 36 dph 28 dph 36 dph
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WT PL
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PG PGPL

dph = days posthavest

 Double CRISPR PGPL shows longer shelf-life than WT and single CRISPR PL or PG
* No impacts on flavor attributes in the double CRISPR on flavor

Ortega-Salazar et al. 2023. PPP



Double CRISPR-Cas9 KO of Tomato SIPL and SIPG2a
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Ortega-Salazar et al. 2023. PPP



Double CRISPR-Cas9 KO of Tomato SIPL and SIPG2a
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Potential Benefits to Processing Tomato Quality

Tomato processing quality traits

v Consistency (Viscosity)
v Extended Field Harvest
v Color

v Total soluble solids

v Titratable acidity and pH

X Mold presence
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