Quantitation of cis-translational control by
general mMRNA features in five eukaryotes

Jingyi Jessica Ll

University of California, Los Angeles
Joint work with Drs. Guo-Liang Chew (Fred-Hutch) and Mark D. Biggin (LBNL)

SoCal SysBio Conference, Feb 9, 2019



Translation is one of four steps that
determine protein abundances
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Two classes of translational control

Gene and condition specific

MiRNA

e.g. miRNA Tew [AUG protein coding sequence MAAAA

, RBP

RBPs > c::L._| AUG protein coding sequence |7 AAAA
Present in a minority of mMRNAs, cell types and conditions
General features
efficient codon usage

"cap = )

e.g. RNA structure ° AUG protein coding sequence ——— AAAA

ORF d - inefficient codon usage
5'cap z =
u S, codon Usage - AUG protein coding sequence |7 AAAA

Present in most or all mMRNAs, cell types and conditions




There are five general features

5'UTR PROTEIN CODING REGION (CDS) 3'UTR
| I I
RNA
stem loop
5'cap  AUG AUG poly A tail
] [APE] protein coding sequence AAAAAAAA

1. 5"UTR RNA secondary structure 4. protein coding sequence (CDS) length
2. upstream open reading frames (UORFs) 5. CDS codon frequency

3. AUG proximal element (APE)



A multivariate linear model combining all
five features
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A multivariate linear model combining all
five features

uORFs + RNA fold engy plus APE

o o

— =

°© °©

0 0

-] -]

n n

® ©

0] 0]

S S

R2 = (.27 R2=042
predicted TR predicted TR
plus CDS length plus CDS codon freq.

nc o 2
~ —

© O

o o

> >

n n

© ®

o) o)

S S

R*=0.58 - R*=080| S, cerevisiae

predicted TR predicted TR



General features predict TR in five eukaryotes

general
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General features predict TR in five eukaryotes
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General features predict TR in five eukaryotes
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Unexplained variance sets a limit on
gene and condition specific control

: general
unexplained features
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Control of translation by 5 UTR RNA structure

Location of 5’ end of 35 nucleotide sliding window
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Control of translation by 5 UTR RNA structure

5CAAGCACC3
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The most folded regions within 5" UTRs
determine translation rates
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The most folded regions within 5" UTRs
determine translation rates

5CAAGCACC3
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Pearson coefficient (r)

Contiguous stems are most effective, but
other nucleotide pairs contribute

S. cerevisae S. pombe Arabidopsis . M. musculus H. sapiens

0.00-

-0.05-

-0.10-

-0.15-

-0.20-

35 25 40
-0.25

contig stem B max stem




low TR value - high TR value

Most folded regions are similar across
eukaryotes
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Structure at the 5’ cap contributes little
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Long distance loops make little contribution
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AUG CDS

Translation sequence motifs
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Similar control sequences across Eukarya
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General features act similarly in different
tissues, but differently between species

5UTR CDS codon
uAUG RNAfold 5’'motifs length freq.
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Gene and condition specific

MiRNA

e-g . m|RNA > I AUG protein coding sequence M AAAA

, RBP

RBPs > CEL.—' AUG protein coding sequence |7 AAAA
Present in a minority of mMRNAs, cell types and conditions
General features
efficient codon usage
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e.g. RNA structure ’ AUG protein coding sequence ——— AAAA

ORF d - inefficient codon usage
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The percent contributions sum to >100%

5'UTR CDS codon
uAUG RNAfold 5’'motifs length freq.
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Highly correlated (collinear) control between
the general features

S. CEREVISAE S.POMBE ARABIDOPSIS
CDS CDS 62% CDS
length length length
RNA RNA 45% | 40% RNA
fold fold fold
uAUG 40% uAUG 28% | 47% |uAUG
RNA CDS codon RNA CDS codon RNA CDS codon
fold length fold length fold length
M. MUSCULUS H. SAPIENS
45% |CDS 5295 |CDS
length length
35% | 26% |NA 45% | 39% |RNA
fold fold
7% 22% | 30% |uAUG 59% | 37% | 55% |uAUG
RNA CDS codon RNA CDS codon

fold length fold length



Control by separate stem loops is
highly correlated
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Control by separate stem loops is
highly correlated

most folded 2hd most
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Control by separate stem loops is
highly correlated
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Collinear control by N- and C- terminal
codon usage
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Collinear control by amino acid frequency and
synonymous codon preferences
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Correlated control gives even packing

TR
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Uncorrelated control gives uneven packing
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Ribosomes are limiting for cell growth

>90% ribosomes bound to mMRNA

50% reductions in ribosome copy slows cell growth
(in Drosophila)



Correlated control by general features aids
efficient use of the translation machinery

TR

teee 100

 o— — — ..ge ® ® —AAA 30

o e B ®.o—n 10



Uncorrelated control increases
particle collisions, leading to RNA degradation
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The general features have several roles

5'UTR PROTEIN CODING REGION (CDS) 3'UTR
| I I
RNA
stem loop
5'cap  AUG AUG poly A tail
] [APE] protein coding sequence AAAAAAAA

1. 5"UTR RNA secondary structure 4. protein coding sequence (CDS) length
2. upstream open reading frames (UORFs) 5. CDS codon frequency

3. AUG proximal element (APE)
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