Insights into the genetic control of tomato fruit ripening..........
and how they might be leveraged for grape improvement???

Jim Giovannoni, USDA-ARS Robert W. Holley Center, Ithaca, NY james.giovannoni@ars.usda.gov
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Ripening is the coordination of numerous biochemical
processes and their underlying pathways
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Ripening is the coordination of numerous biochemical
processes and their underlying pathways
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Tomato as a Model System

genetically well characterized
self-pollinating and easily out-crossed
easily propagated and maintained

large selection of compatible germplasm
easily transformed

numerous ripening mutants P
qualitatively and quantitatively dramatic ripening phenot |
high marker density genetic map
proliferation of genomics tools
genome sequence
Methylome dynamics

A=

\V,

~ 8

-
s
5 N
v
)y

“e



Tomato and its relatives......
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Seed development is not required for maturation/ripening




Parthenocarpic fruit ripen but......

e tomato pat mutants ripen more slowly
» seeds deploy abscisic acid (ABA) as a regulator of dormancy
« ABA increases in tomato and other fruit prior to ethylene
- exogenous ABA promotes ripening
- tomato ABA mutants ripen more slowly
e there may be an evolutionary advantage for individual fruit
to ripen even if pollination was not successful



First ripening transcription factor cloned was RIN-MADS
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Hybrid Rin/rin tomatoes are the basis of much extended shelf-life fresh market
tomato production, are seeing some use in processing varieties and are the basis
of many concerns regarding fresh tomato quality and flavor.

- they simply are not fully ripe.

rin/rin Rin/rin
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The rin locus encodes a SEPELATA clade MADS-box protein
rin/rin Rin_/_Rin (transcription factor)
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Tomato MADS-BOX genes provide insight into inflorescence, flower and fleshy fruit development
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RIN-like MADS-box genes
are widely conserved.

Monocots

Dicots
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Constructs for MaMADS1 and MaMADS2 repression
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Repression of MaMADS1 or MaMADS2 inhibits banana ripening

Control AS-MaMADS2 RNAI- Control RNAI-
MaMADS?2 MaMADS1

Plant Physiology, 2016



the plant journal

The Plant Journal (2008) 55, 212-223

doi: 10.1111/j.1365-313X.2008.03491.x

DNA-binding specificity, transcriptional activation potential,

and the rin mutation effect for the tomato fruit-ripening
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CNR is necessary for RIN
promoter binding
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CNR is an epi-allele

A naturally occurring epigenetic mutation in a gene
encoding an SBP-box transcription factor inhibits tomato
fruit ripening
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The tomato TAGL1 (SHP) MADS-box gene is necessary
for fleshy fruit expansion and ripening

28DPA BB+7d BB+20d cut fruit at BB+7d

TAGL1-1

TAGL1-11

TAGL1-12

Ac +/+

_Vrebalov et al., 2009, Plant Cell



At least 3 NACs are expressed in kiwi fruit ripening
NOL3 complementation line in NOR background

NOL3-1

WT (AC) B

NOR (AC)

NOL3-3




Multiple ripening regulators upstream of ethylene
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U is a Golden-like 2 (GLK) transcription factor
35S::U/GLK2 in u/u

35S::UNIFORM in Control u/u
u/u

35S::UNIFORM in  Control u/u
u/u

. Powell and Nyugen et al., 2012, Science
Cuong Nguyen Nguyen et al., 2014, Plant Cell
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Much ripening molecular biology focuses on the pericarp, excluding seeds and locule.




NOR::GUS Reporter expression reveals early locule expression
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RNA-seq transcriptome profiling of
locule and pericarp tissue

e Most prior studies on fruit
development focus on the
pericarp tissue.

 The locular tissue differentiates
from the placenta and gradually
changes to jelly tissue during
fruit development and ripening.

e Locular gelling is an early sign of
ripening preceding climacteric
respiration and ethylene
induction.




Ripening control gene expression
in pericarp versus locule
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Ripening can be achieved through genome demethylation

5-azacytidine treatment of immature (17 dpa) tomato fruit

A Normal ripening B
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RIN-MADS bind near DMRs

nor locus
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Ripening of transgenic DNA demethylase (DML) RNAI fruits is delayed

35 Br(40) Br+15 Br+30 Br+45 dpa

WT

Line 8
T2 plants

Philippe Gallusci, INRA Liu et al., PNAS, 2015



Home About Links Contact

Tomato Expression Atlas

A high resolution map and search tool for
tomato genes and their products

tea.solgenomics.net

Overview Expression Viewer Anatomy Viewer



© Anatomy Viewer

Project information and figures

M outer Epidermis
Collenchyma
Parenchyma
Vascular Tissue

B inner Epidermis

Learn more about the samples from each project on the Tomato Expression Atlas and browse detailed drawings
from photographies and light microscopy images of tomato fruit development.

Computed Tomography images & videos

MB2 fruit ripaning stages

Explore our high resolution CT images and videos of tomato fruit development.
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Coffee staging for seed and fruit transcriptome analysis
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Dynamic TAGL1 expression in maturing pericarp tissues

TAGL1 repression
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Tissue expression of early ripening regulator NOR
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Ethylene production
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GRAS mRNA reduced ripening delay is maintained in
T1 generation

T1 fruits (B+15)

’ GRAS #20 :
2 - T GRAS#13  GRAS#19 GRAS#20
L | .“.
OJ I |
1
Days 32.3

from + 29.2 30.2 30.8 31.5 30.3 30.2 26.5

1cm to 0.8 +1.0 +0.7 +0.6 +£0.8 +1.0 +0.6 +=0.4
breaker

fruits



Longer self life

T2 B+35D 33d after post harvest
3/16 photo

AC GRAS 13

T2 B+60D 58d after post harvest
3/16 phto

AC GRAS 20






Introgression Heterochromatin

[

Euchromatin Centromere

Line 2

Cultivated tomato
(S. lycopersicum) I
><+->->”Hl “””

Eshed and Zamir, 1995
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MNumber of acoassions
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Genotyping of USDA-ARS grape collection (Davis, CA and Geneva, NY)
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The range of carotenoid levels within the S. habrochaites IL population and loci influencing
them provides opportunities for discovery of numerous carotenoid
synthesis and regulatory loci.
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eQTL mapping using a tomato introgression population
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SUMMARY

The ripening transition is regulated by a cascade of genetic events
initiating with transcription factors and epigenome changes.

The MADS-box family is a rich source of fruit development and maturation
regulators and evolution has tailored them for specific fruit development
and morphology contexts.

Ripening events do not occur uniformly throughout fruit tissues and more
careful examination of tissue-specific responses is needed to fully
understand ripening phenomena.

Genetic diversity provides opportunities to explore the molecular basisof
ripening control and fruit quality and presents natural allelic variants that
can be tested and deployed in practical breeding.

Primary genetic regulation influencing maturation, quality and self-life
characteristics in tomato is likely conserved across diverse
species....including grape.

Not only tomato genes, but tomato infrastructure (e.g. TEA) can be
leveraged for additional fruit species.....including grape.
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