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Tomato fruit: a model for fleshy fruit

Why research on tomato fruit development:

« Agroconomical interest (human nutrition, adaptation climate
changes...)

« Caracterize physiological transitions

* Understand the regulation of metabolite content
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integration of Omics on two dimensions (Time x Omics")

Phenotype results from the interaction of Omics
Each stage

Time

1 Phenotype

1

Fluxomics
Metabolomics

1

Activomics

3

Transcriptomics

?
. 2
Genomics

Proteomics

Reprogramming



Our project: 4 Omics throughout tomato fruit development

Time-series of 9 developmental stages

DPA = days post anthesis (fecondation)

Omics analysis performed on pericarp tissue

Pericarp tissue




Our project: 4 Omics throughout tomato fruit development
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Our project: 4 Omics throughout tomato fruit development

¥ ¥ ¥

Transcriptome

B B

Methods:

* RNASeq

+ 8 spikes injected

« fmol.gFwW-1;

Proteome J/

~

LC-MS/MS

« XIC signal

|
|
|
|
|
* Label free |
|
|
|
- fmol. gFW1I

-—d

Activome !

N oo

* Microplate

e Absorbance

s nmol.min"l.gFw-1:

Metabolome

~
ﬁ—,

*+ LC-MS, RMN

« umol.gFw-1:




Peptides intensity modeling used to quantify the abundance of proteins

Peptides intensity modeling: method of protein quantification
selected among five XIC based methods.
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Determination of the concentration of tomato proteins

Concentration of 2494 proteins (fmol.gFW-1) determined from their
abundance

, @dance pro@ _ 1
Protein;, = =5 —— x (Total protein content); X
’ (2.7 abundance protein) . MWyrotein;

With, n the number of total proteins
k the sample considered
MW the molar mass (g fmol?)
Total protein content (g gFW1)
i the protein considered



Proteome versus Activome

« 32 enzyme capacities expressed as enzyme concentrations
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Biais et al., (2014)
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Proteome versus Activome

« 32 enzyme capacities expressed as enzyme concentrations

Three examples of correlated trends

Results on the 32 enzymes
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 Similar trend of enzyme concentrations determined by both methods
(from LC-MS/MS vs from Vmax)
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Our project: 4 Omics throughout tomato fruit development
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PC2 (22.96%)

Integrate four Omics to describe transition

* Four Omics and a similar PCA profile
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Exemple with pigments content

Similar trend in carotenoids content and concentration of proteins
and transcripts involved in pigment metabolism
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Concentration (nmol gFW-1)

Exemple with pentose phosphate pathway

« Relationship between metabolites, proteins and
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Relation between proteins and transcripts concentration

« 2490 protein-transcript pairs
« One transcript for a thousand proteins »

More than 60% of the protein content can be explained by the
transcript level

10000

5000

Protein (fmol.gFW'1 )

1e+01 1e+03 1e+05 1e+07

Protein-mRNA ratio

Trans.cripb(fmoi.gFW‘1 )
(log10 - log10)
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Similar correlation in various organisms

Bacteria Yeast Tomato fruit Maize leaves Mammals
(E.coli) (S. Cerevisiae) (Moneymaker) (Human)
[ ]
R2=0.57 R2=0.66 Rz=0.61 R2<0.58 R2=0.41
N = 1103 pairs N = 2044 pairs N = 2490 pairs N = 2188 pairs N > 5000 pairs
Maier et al., (2009) Maier et al., (2009) Ponnala et al., (2016)  Schwanhd&usser et al., (2011)
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Relation between proteins and transcripts concentration

 Decrease of R2 (Pearson) throughout tomato fruit development
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* Proteins are accumulated while transcript content decreased

|—> Regulation of each protein content?
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A mathematical model to predict protein lifetime

mMRNA Translation rate Dilution rate \
k sp I—l/,
Nascent protein e f’ ‘::.'5

Degradation rate 0.0

kap oo

d
# = kg 7(t) — (kagp +1(®) P(D)

Dressaire et al., (2009)

With,  p(t) the protein concentration (fmol gFW-1)
r(t) the transcript concentration (fmol gFW-1)
Ksp the constant synthesis rate (day)
Kqp the constant degradation rate (day)
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Fit of the growth rate to determine concentrations at the fruit level

Relative growth rate (day™)
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Fit of the transcript concentration using polynomial function
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dt
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The statistical evaluation by a confidence region
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Tomato protein lifetime 7000 higher than synthesis duration

T T 1

1 1
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1 1
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0 1 |
] ]
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Day™”
Median lifetime = 10.8 days Median synthesis duration =2.3 min
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Tomato protein lifetime 7000 higher than synthesis duration
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Comparison with &, from literature
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Comparison with other organisms and quantification methods

 Between plants

150
B Tomato
Arabidopis
B Barley
2100
C
g
g
Y- 50
0 — — -
0.01 1.00
kdp (day™)
Protein lifetime Methods
é 10.8 days Label-free

% 8.8 days 15N labeling

13.2 days 15N labeling

« Similar ky
with and without labeling

medians obtained

Lei et al (2017); Nelson et al (2014)

Between organisms
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] 200
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Protein lifetime

Methods

é 10.8 days L
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Plant proteins seem
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and yeast proteins
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Schwanhausser et al (2010); Lahtvee et al (2017)

24



Protein lifetime and functional categories

Functional categories

Transport

Stress

Signalling

Secondary metabolism
Respiratory oxidative phosphorylation
Redox

Protein
Photosynthesis
Nucleotide metabolism
Not assigned.unknown
Miscellaneous

Lipid metabolism

Harmnno maotahnliem

DNA, RNA binding and metabolism

DEVETUDITIETIL AdITU CENMUTAT OTUdATN TS dUOT

Co-factor and vitamine metabolism

éarboﬁ metabolism
Amino acid metabolism

No.

27 -
45 -
61 -
19 -

42 -
311 -
49 -
25 -
149-
60 -
33 -
23
78
85

117 -
64 -

k4, median (day™)

@ 0.05
e ().13

S—— 0.11
@—— 005
e (.10
e (.07
e (.10
o 0.07
e ().08
e ().11
a— 0.07
e ()08
—— n12
S ——— 0.14
S —— U TZ
:——— 0.04

RN 25 days

Stability

Less stable

(transcription factors?)

— 7.14 days

Most stable
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Protein lifetime and primary metabolism

Sucrose ————— Sucrose-6P

SuSy Neutral Inv |
SPS

UDPG Fructose Glucose UDPG
FKl PGl GKl TUGF’asa

F6P 4————» G6P <«—» G1pP ——» ADPG —¥ Starch
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pFBPase

F1,6P
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G6PDH

6P-glucono-&-lactone
DHAP 1—? GAP

A
lNAD GAPDH kdp(day )
0.60-0.75
1,3BPG 0.45-0.60
0.30-0.45
l PGK 0.15-0.30
0.10-0.15
3?}\ 0.05-0.10
2PGA 0-0.05
Enolase | Stability
PEP PEPC
| PK
Alanine 1—@1-—b Pyruvate
m NADP-ME Cs
Oxalnaoem
NAD-ME Ve itrate
"#\D'MDH AspAT Aconitase
1/
Malate .
Isocitrate
Fumarase Aspartate
NADP IDH m
Fumarate NAD IDH
Succinate

2-Oxoqglutarate

Succ-CoA ligase
Succinyl-
CoA

range

1.3 to 106 days



Protein lifetime and primary metabolism

Sucrose ————— Sucrose-6P

SuSy Neutral Inv |
SPS

UDPG Fructose Glucose UDPG
FKl PGl GKl TUGF’asa
FEP 4——» G6P < GIP ——» ADPG —¥ Starch
PGM AGPase
FBP
Cl ase T l PEP u e
pFBPase G6PDH
F1,6P
Aldolase
6P-glucono-&-lactone
DHAP 4————p GAP
TPI
k (day™)
NAD GAPDH dp ey
0.60-0.75
1,3BPG 0.45-0.60
0.30-0.45
l PGK 0.15-0.30
0.10-0.15
3?}\ 0.05-0.10
2PGA 0-0.05
Enolase | Stability
PEP PEPC
| PK
Alanine 4—@# Pyruvate
= NADP-ME cs
Oxalnaoem
NAD-ME Ve itrate
"#\D'MDH AspAT \Aconitase
1y
Malate .
Isocitrate
Fumarase Aspartate
NADP IDH =
Fumarate NAD IDH
Succinate

2-Oxoqglutarate

Succ-CoA ligase
Succinyl-
CoA

ks, range : 1.3 to 106 days

Isoform differences
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Protein lifetime and primary metabolism

Sucrose ————— Sucrose-6P
SuSy Neutral Inv B
SPS

UDPG Fructose

cFBPase PEP
pFBPase
F1,6P
Aldolase

DHAP 1—? GAP

Glucose UDPG

AGPase
R 1

G1P —» ADPG |gtaren

6P-glucono-&-lactone

A
lNAD GAPDH kdp(day )

0.60-0.75

1,3BPG 0.45-0.60

0.30-0.45

l PGK 0.15-0.30

0.10-0.15

3?}\ 0.05-0.10

2PGA 0-0.05

Enolase | Stability
PEP PEPC
| PK
Alanine 1—@1-—b Pyruvate
m NADP-ME CS
Oxalnaoem
NAD-ME Ve itrate
"#\D'MDH AspAT Aconitase
1/
Malate .
Isocitrate
Fumarase Aspartate
NADP IDH m
Fumarate NAD IDH

\

Succinate

2-Oxoqglutarate

Succ-CoA ligase
Succinyl-

CoA

ky, range

Isoform differences

1.3 to 106 days

AGPase: starch metabolism
Isoforms kg, (day?) Lifetime (day)
AGPase-1 0.37 2.69
AGPase-2 0.06 15.6
AGPase-3 0.79 1.27
AGPase-4 0.35 2.84
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To conclude

A unique dataset of quantitative omics throughout a time-serie
Determination of the most adapted method of protein quantification
Quantification of the concentration of tomato proteins

Tomato protein timelife is 10.8 days (median)

Tomato protein synthesis duration is 2.3 min (median)

Identification of potential point of regulation (AGPase?)
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Perspectives

Relationship between degradation constants and biochemical
properties (hydropathy...)

Difference between organisms: temperature, growth rate

Continue the integrative analysis of the four omics
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