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Weight and size

Color

Transition Cell division Cell expansion Mature Green, Turning Ripening

Firmness

Genes Proteins Fluxes Enzyme activities Metabolites

Tomato fruit: a model for fleshy fruit

W h y r e s e a r c h o n  t o m a t o f r u i t  d e v e l o p m e n t :  

• A g r o c o n o m i c a l i n t e r e s t ( h u m a n n u t r i t i o n ,  a d a p t a t i o n  c l i m a t e

c h a n g e s … )

• C a r a c t e r i z e p h y s i o l o g i c a l t r a n s i t i o n s

• U n d e r s t a n d t h e  r e g u l a t i o n o f  m e t a b o l i t e c o n t e n t
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Time

Genomics

Transcriptomics

Proteomics

Activomics

Metabolomics

Fluxomics

Phenotype

Reprogramming

Phenotype results from the interaction of Omics

• E a c h s t a g e  =  i n t e g r a t i o n o f  O m i c s o n  t w o d i m e n s i o n s  ( T i m e  x  O m i c s n )
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Our project: 4 Omics throughout tomato fruit development

• T i m e - s e r i e s o f  9  d e v e l o p m e n t a l s t a g e s

• D PA  =  d a y s p o s t  a n t h e s i s ( f e c o n d a t i o n )

8 15 22 28 35 42 49 50 53

• O m i c s a n a l y s i s p e r f o r m e d o n  p e r i c a r p t i s s u e

P e r i c a r p t i s s u e
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Our project: 4 Omics throughout tomato fruit development

T r a n s c r i p t o m e P r o t e o m e A c t i v o m e M e t a b o l o m e

M e t h o d s :

• R N A S e q

• 8  s p i k e s  i n j e c t e d

• f m o l . g F W - 1 :

• L a b e l  f r e e  

L C - M S / M S

• X I C  s i g n a l

• f m o l . g F W - 1 :

• L C - M S ,  R M N

• µ m o l . g F W - 1 :

H i T M e

• M i c r o p l a t e

• A b s o r b a n c e

• n m o l . m i n - 1 . g F W - 1 :

M A H D
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Our project: 4 Omics throughout tomato fruit development
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P e p t i d e s i n t e n s i t y m o d e l i n g : m e t h o d o f p r o t e i n q u a n t i f i c a t i o n

s e l e c t e d a m o n g f i v e X I C b a s e d m e t h o d s .

Peptides intensity modeling used to quantify the abundance of proteins

Submitted Belouah I  et al
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C o n c e n t r a t i o n o f 2 4 9 4 p r o t e i n s ( f m o l . g F W - 1 ) d e t e r m i n e d f r o m t h e i r

a b u n d a n c e

With, n the number of total proteins

k the sample considered

MW the molar mass (g fmol-1)

Total protein content (g gFW-1)

i the protein considered

Determination of the concentration of tomato proteins
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P r o t e o m e v e r s u s A c t i v o m e

• 3 2  e n z y m e  c a p a c i t i e s e x p r e s s e d a s  e n z y m e  c o n c e n t r a t i o n s

With, i the enzyme considered

k the sample considered

Vmax the enzyme activity (mol.min-1.gFW-1)

MW molar mass of the enzyme (g mol-1)

Specific activity (mol.gEnzyme
-1.min-1)

Biais et al., (2014)
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P r o t e o m e v e r s u s A c t i v o m e

• 3 2  e n z y m e  c a p a c i t i e s e x p r e s s e d a s  e n z y m e  c o n c e n t r a t i o n s

T h r e e e x a m p l e s o f  c o r r e l a t e d t r e n d s

R e s u l t s o n  t h e  3 2  e n z y m e s

• S i m i l a r t r e n d  o f  e n z y m e  c o n c e n t r a t i o n s  d e t e r m i n e d b y  b o t h m e t h o d s

( f r o m L C - M S / M S  v s  f r o m V m a x )

[Protein]LC-MS/MS

[Protein]Vmax

Ratio =

1.00
Ratio

R² Spearman

-0.5

0

0.5

1.0
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Our project: 4 Omics throughout tomato fruit development

T r a n s c r i p t o m e P r o t e o m e A c t i v o m e M e t a b o l o m e

2 4 9 4  p r o t e i n s2 2 8 7 7  t r a n s c r i p t s 3 6  e n z y m e  a c t i v i t i e s 7 7  m e t a b o l i t e s
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I n t e g r a t e f o u r  O m i c s t o  d e s c r i b e t r a n s i t i o n

22877 transcripts 2494 proteins 36 enzyme activities 77 metabolites

T r a n s c r i p t o m e P r o t e o m e A c t i v o m e M e t a b o l o m e

• F o u r  O m i c s a n d  a  s i m i l a r P C A  p r o f i l e

R i p e n i n g

t r a n s i t i o n
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n

D e v e l o p m e n t 12



Day post anthesis
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E x e m p l e  w i t h p i g m e n t s  c o n t e n t

GGPP

Phytoene

ζ carotene

PSY

PDS

PDS3

PSY1

Bramley et al, (2007)

PDS1

• S i m i l a r t r e n d  i n  c a r o t e n o i d s c o n t e n t  a n d  c o n c e n t r a t i o n  o f  p r o t e i n s

a n d  t r a n s c r i p t s i n v o l v e d i n  p i g m e n t  m e t a b o l i s m

lycopene

β carotene α carotene
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E x e m p l e  w i t h p e n t o s e  p h o s p h a t e  p a t h w a y

6-phosphogluconolactone

ribulose-5-phosphate

ribose-5-phosphate

xylulose-5-phosphate

Ribulose-5-P isomerase
Ribulose-5-P isomerase

6-Phosphogluconolactonase

6-Phosphogluconolactonase

ribulose-1,5-bisphosphate

ribulose-1,5-bisphosphate

ribose-5-phosphate

xylulose-5-phosphate

and

ribulose-5-phosphate

• R e l a t i o n s h i p  b e t w e e n  m e t a b o l i t e s ,  p r o t e i n s  a n d  t r a n s c r i p t s  i s  l e s s  

s i m p l e

• W h a t r e g u l a t e p r o t e i n c o n t e n t  f r o m t r a n s c r i p t ?
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Relation between proteins and transcripts concentration

• 2 4 9 0  p r o t e i n - t r a n s c r i p t  p a i r s

• « O n e  t r a n s c r i p t f o r  a  t h o u s a n d p r o t e i n s »

• M o r e  t h a n  6 0 %  o f  t h e  p r o t e i n  c o n t e n t  c a n  b e  e x p l a i n e d  b y  t h e  

t r a n s c r i p t  l e v e l

(log10 - log10)

R² Pearson = 0.61*Protein-mRNA ratio
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S i m i l a r  c o r r e l a t i o n  i n  v a r i o u s  o r g a n i s m s

R² = 0.61

N = 2490 pairs

R² = 0.66

N = 2044 pairs
R² = 0.41

N > 5000 pairs

R² = 0.57

N = 1103 pairs

R² < 0.58

N = 2188 pairs

Schwanhäusser et al., (2011)Ponnala et al., (2016)Maier et al., (2009)Maier et al., (2009)

B a c t e r i a

( E . c o l i )

Y e a s t

( S .  C e r e v i s i a e )
T o m a t o  f r u i t

( M o n e y m a k e r )

M a i z e  l e a v e s M a m m a l s

( H u m a n )
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R e l a t i o n  b e t w e e n p r o t e i n s a n d  t r a n s c r i p t s c o n c e n t r a t i o n

0.45

0.50

0.55

0.60

0.65

R²

Transcript

Protein

• D e c r e a s e  o f  R ²  ( P e a r s o n )  t h r o u g h o u t  t o m a t o  f r u i t  d e v e l o p m e n t

• P r o t e i n s  a r e  a c c u m u l a t e d  w h i l e  t r a n s c r i p t  c o n t e n t  d e c r e a s e d

R e g u l a t i o n  o f  e a c h  p r o t e i n  c o n t e n t ?
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A  m a t h e m a t i c a l  m o d e l  t o  p r e d i c t  p r o t e i n  l i f e t i m e  

mRNA

Nascent protein

Translation rate

𝒌𝒔𝒑

𝒌𝒅𝒑

Degradation rate

With, p(t) the protein concentration (fmol gFW-1)

r(t) the transcript concentration (fmol gFW-1)

ksp the constant synthesis rate (day-1)

kdp the constant degradation rate (day-1)

Dressaire et al., (2009)

𝒅𝒑(𝒕)

𝒅𝒕
= 𝒌𝒔𝒑 𝒓(𝒕) − 𝒌𝒅𝒑 + µ 𝒕 𝒑(𝒕)

Dilution rate

µ
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µ(t) = (
1

𝑤(𝑡)
) ∗

𝑑𝑤(𝑡)

𝑑𝑡

𝒅𝒑(𝒕)

𝒅𝒕
= 𝒌𝒔𝒑 𝒓(𝒕) − 𝒌𝒅𝒑 + µ 𝒕 𝒑(𝒕)

F i t  o f  t h e  g r o w t h  r a t e  t o  d e t e r m i n e  c o n c e n t r a t i o n s  a t  t h e  f r u i t  l e v e l  
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• U s e  o f  t h e  l e a s t  s q u a r e s  m e t h o d  t o  d e t e r m i n e  𝑘 𝑠 𝑝 𝑎 𝑛 𝑑 𝑘 𝑑 𝑝

𝒅𝒑(𝒕)

𝒅𝒕
= 𝒌𝒔𝒑 𝒓(𝒕) − 𝒌𝒅𝒑 + µ 𝒕 𝒑(𝒕)

F i t  o f  t h e  t r a n s c r i p t  c o n c e n t r a t i o n  u s i n g  p o l y n o m i a l  f u n c t i o n

• F i n a l l y ,  2 4 9 0  s y n t h e s i s a n d  d e g r a d a t i o n r a t e  ( 𝒌 𝒔 𝒑 a n d  𝒌 𝒅 𝒑 )
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𝒌𝒅𝒑 𝒌𝒅𝒑

2 4 9 0  p r o t e i n - t r a n s c r i p t  p a i r s

I m p o s s i b l e r e s o l u t i o n

1 2 4 7  p a i r s 11 2 8  p a i r s 11 5  p a i r s

𝒌𝒔𝒑 𝒌𝒔𝒑

T h e  s t a t i s t i c a l  e v a l u a t i o n  b y  a  c o n f i d e n c e  r e g i o n
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Tomato protein lifetime 7000 higher than synthesis duration 

Median synthesis duration =2.3 min

kdp= 0.093 day-1 ksp= 639.8 day-1

1

ksp

1

kdp

Median lifetime = 10.8 days
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Median lifetime = 10.8 days Median synthesis duration =2.3 min

kdp= 0.093 day-1 ksp= 639.8 day-1

Comparison with kdp from literature

1

ksp

1

kdp

Tomato protein lifetime 7000 higher than synthesis duration 
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10.8 days

13.2 days

8.8 days

Comparison with other organisms and quantification methods

• B e t w e e n  p l a n t s

L a b e l - f r e e

1 5 N  l a b e l i n g

1 5 N  l a b e l i n g

• B e t w e e n  o r g a n i s m s

1 day

2.9 days

10.8 days L a b e l - f r e e

S I L A C

S I L A C

M e t h o d sP r o t e i n  l i f e t i m e M e t h o d sP r o t e i n  l i f e t i m e

• S i m i l a r k d m e d i a n s o b t a i n e d

w i t h a n d w i t h o u t l a b e l i n g

• P l a n t p r o t e i n s s e e m t o h a v e

h i g h e r l i f e t i m e t h a n m a m m a l

a n d y e a s t p r o t e i n s
Lei et al (2017); Nelson et al (2014) Schwanhäusser et al (2010); Lahtvee et al (2017)

24



P r o t e i n l i f e t i m e a n d  f u n c t i o n a l c a t e g o r i e s

Functional categories

0 . 1 4

0 . 0 4

kdp median (day-1)

DNA, RNA binding and metabolism

Co-factor and vitamine metabolism

Stability

kdp

M o s t  s t a b l e

L e s s s t a b l e

(transcription factors?)

2 5  d a y s

7 . 1 4  d a y s
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• k d p r a n g e  :  1 . 3  t o  1 0 6  d a y s

P r o t e i n l i f e t i m e a n d  p r i m a r y m e t a b o l i s m
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• k d p r a n g e  :  1 . 3  t o  1 0 6  d a y s

• I s o f o r m d i f f e r e n c e s

P r o t e i n l i f e t i m e a n d  p r i m a r y m e t a b o l i s m
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P r o t e i n l i f e t i m e a n d  p r i m a r y m e t a b o l i s m

• k d p r a n g e  :  1 . 3  t o  1 0 6  d a y s

• I s o f o r m d i f f e r e n c e s

• A G P a s e :  s t a r c h m e t a b o l i s m

Isoforms k d p (day-1) 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  c o n c l u d e

• A  u n i q u e  d a t a s e t o f  q u a n t i t a t i v e  o m i c s t h r o u g h o u t a  t i m e - s e r i e

• D e t e r m i n a t i o n o f  t h e  m o s t a d a p t e d m e t h o d o f  p r o t e i n q u a n t i f i c a t i o n  

• Q u a n t i f i c a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  t o m a t o p r o t e i n s

• To m a t o p r o t e i n t i m e l i f e i s 1 0 . 8  d a y s ( m e d i a n )

• To m a t o p r o t e i n s y n t h e s i s d u r a t i o n  i s 2 . 3  m i n  ( m e d i a n )

• I d e n t i f i c a t i o n  o f  p o t e n t i a l p o i n t  o f  r e g u l a t i o n ( A G P a s e ? )
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P e r s p e c t i v e s

• R e l a t i o n s h i p  b e t w e e n  d e g r a d a t i o n  c o n s t a n t s  a n d  b i o c h e m i c a l  

p r o p e r t i e s  ( h y d r o p a t h y … )

• D i f f e r e n c e b e t w e e n o r g a n i s m s :  t e m p e r a t u r e ,  g r o w t h r a t e

• C o n t i n u e  t h e  i n t e g r a t i v e  a n a l y s i s  o f  t h e  f o u r  o m i c s  
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T h a n k s f o r  y o u r a t t e n t i o n

A n d  t o  t h e  c o n t r i b u t o r s

Ségolène Augé
Master internship
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