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Which	steps	are	most	important	in	
determining	protein	levels	in	animals?
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Schwanhausser	et	al.	suggest	that	
translation	rates	are	the	most	important

Schwanhausser et al. (2011) Nature 473, p 337
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The	variance	in	measured	translation	rates	
is	11	fold	less	than	Schwanhausser	inferred
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Transcription	is	the	dominant	step	
determining	protein	levels

Li et al. (2014) PeerJ: e270;  Li and Biggin (2015) Science 347, 1066-1067.
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Translation	rates	impact	protein	levels	
in	two	ways

Csardi et al, 2015
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Two	separate	approaches	both	imply	a	
shallower	slope	for	protein	vs	mRNA

Li et al. (2017) NAR gkx898.

Csardi et al. Li et al.
Approach 1

Li et al.
Approach 2
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Decomposing	TR	into	two	components:
TRDpnd and	TRIndpnd

log10(TRi) = log10(TRDpndi ) + log10(TRIndpndi)

bTR-RNA = sd( log10(TRDpnd) ) /  sd( log10(RNA) )

1. Decompose TR

2. Determine slope bTR–mRNA

log10(proti) = log10(a) + bprot–RNAlog10(RNAi) 

                     + log10(TRIndpndi) + log10(PnDi) 

4. Define protein via bprot–mRNA and TRIndpnd 

bprot–RNA = 1 + bTR–RNA  

3. Determine bprot–mRNA from bTR–mRNA 
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How	can	we	estimate	the	contribution	of	
translation	rates	to	protein	levels?	

Estimates for Yeast

100

P
re

di
ct

iv
e 

po
w

er
 % 80

0

20

40

60
mRNA

mRNA abundance (log10)
pr

ot
ei

n 
ab

un
da

nc
e 

(lo
g 10

)

bprot–RNA  = 1.20

TRDpnd 
+ 0.20       

TRIndpnd 
4.9%

TR

Protein degradation
Translation

Li et al. (2017) NAR gkx898.



RECOMB 2018 Jingyi Jessica Li (UCLA)

The Contributions of General Translational 
Control Sequences
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Seven	mRNA	sequence	features	specify	80%	
of	the	variance	in	translation	rates

Li et al. (2017) NAR gkx898.
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Seven	mRNA	sequence	features	specify	80%	
of	the	variance	in	translation	rates

R2 = 0.8

Li et al. (2017) NAR gkx898.
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A	Translation	Initiation	Control	Element	(TICE)
spans	-35	to	+28

Translation Initiation
Control Element (TICE)
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Translation Initiation
Control Element (TICE)
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A	Translation	Initiation	Control	Element	(TICE)
spans	-35	to	+28

Li et al. (2017) NAR gkx898.
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mRNA	sequence	features	differentially	specify	
TRDpnd and	TRIndpnd

Li et al. (2017) NAR gkx898.
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Codon	frequency	preferentially	specifies	
TRDpnd

TRDpnd

TRIndpnd top/bottom codon freq. ratios
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Codon usage increases mRNA stability

Presnyak et al, 2015

Therefore…...

TRDpnd

TRIndpnd top/bottom codon freq. ratios

tR
N

A
 a

bu
nd

an
ce

0.0 1.0 2.0 3.0

r = 0.67

TRDpnd top/bottom codon freq. ratios

tR
N

A
 a

bu
nd

an
ce

p < 0.001

0.0 1.0 2.0 3.0

r = 0.63

p < 0.001

5

10

15

5

10

15

0.7

0.5

0.3

0.1R
2  tR

N
A

 a
bn

d.
 v

s 
fre

q.
 

TRIndpnd
Bottom Top 

p<0.001

p=0.003

0.7

0.5

0.3

0.1R
2  tR

N
A

 a
bn

d.
 v

s 
fre

q.
 

Bottom Top 

TR

Codon	frequency	preferentially	specifies	
TRDpnd



RECOMB 2018 Jingyi Jessica Li (UCLA)

CDS	length	preferentially	specifies
TRIndpnd

Li et al. (2017) NAR gkx898.
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CDS	length	affects	initiation	rate

Christensen et al. 1987; Arava et al, 2003; Thompson and Gilbert, 2016

Short CDS Long CDS
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CDS	length	preferentially	specifies
TRIndpnd

Li et al. (2017) NAR gkx898.
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The Contributions of General Translational 
Control Sequences Across the Eukarya

SPECIES

S.	cerevisae (yeast)

S.	pombe (yeast)

A.	thaliana (plant)

D.	melanogaster (fruit	fly)

M.	musculus (mouse)

H.	sapiens (human)
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