PERES: EHRlE 2019 4 % 49% 55 7 HP: 839 ~ 847

SCIENTIA SINICA Vitae

WOk hEHBRARFERARBAERE

ChERE ) Atk
SCIENCE CHINAPRESS

lifecn.scichina.com

SEAKRFEIE

CrossMark

& click for updates

ST TR BT T TR S5 B R A
WA

1,2 1,2 s — 1,2%
EEEEE S

1. B RFA IR = B AV R RS 50 F I K E s e =, BLEH 650091;
2. mERFA MRS, A dr R G, BT 650500
* LR, E-mail: ykdang@ynu.edu.cn

Wk F ;. 2019-05-04; 43252 H #H1: 2019-06-05; M8 JiR & % H#: 2019-07-08
H K HARBHAIE SIS 31871254). TRIRZEA H L = E Y R IR 50 F B R 5 Se 06 5= BOR BURT A6 43 FE TR 2 2R W s v g T
T2 I 5% L o S 2 A % B

HE FXREHTIARERDEAROEERTFF, FHIAA RGO RE. LR L, FXED TR SAHS
WRELRZZRA, NTRERXELTHERMEFEER, RATDTRFE. TLTRFELET.
HBEXEML. mRNARE . B, L, ZaffedraneasfaRTerEm. ik, AXREERS
BATASREEFEXRRNAE. AGRAEL TR ETERT LFRXTED T o B Ffo e Tt
VR R B3R, AR T R B 70 R % 7 E B R X

XA FRTREL, IRFAXRE, K, B

FEAH B 5T )20 B AR B IR v, A 187 Hhi2~6
ANE SCEMS T B gmis.  RYE 4 B AR & B
IR, HEARK &AL R ER R RS REA R
sy eE" . TR SR T A A A 2
B — 75, BRIt 25 5 E) R AN & Ui ER
RAF SR AYARLESE AL RE N AR T, TR R
TRk FE IR R R (RIBENLIE ). T FAN
FRVERIAIN S, —2F BN T2 BRI, A
AEN - — BB AR I A B, R
NAEAE S T B A T, X —IMEI RN E LT
fi P (codon usage bias)”. H BT HTA T AN Rl ) FE R
L HAFAE BT T, R X P i 2 AR

B i S A Sy 3 DRDRD 35 DR 2 1) — A R A
fiE, A TE K A I R o 3 N AN I R 45 R
FLHARTF 90 R TR, BRD T HH AR 0 7 FROtRN A [
R RIS R IEA S B FRNA
FikZ 5 5 ARV [0 i R AL A 5| e a5
TR FERE 2 T JEd R T AT
& . R A A R TR A R v, SRR
A% B 1R T Rl % K B T 0 AR b i A T ARG
tRNATR IR, AT B A b3l S i 12 2 1 g 7= 2,
FVERCR IR UL A, SERE AL B0 T e 75 AR
L) 1500 B 4, AT T A £ e £ 2ok ™, i 4ok
(ORF 00 R TR, 3. mRINARESE M B 20 Mk % 4 54

doi: 10.1360/SSV-2019-0103

SIS (TN, ERE, TR BT IS B A R R A RS A . R R AR, 2019, 49: 839-847
Ren G P, Dong Y Y, Dang Y K. Codon codes: Codon usage bias influences many levels of gene expression (in Chinese). Sci Sin Vitae, 2019, 49: 839-847,

©2019 (HEMZFE) FiEHt

www.scichina.com


https://doi.org/10.1360/SSV-2019-0103
http://www.scichina.com
http://lifecn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSV-2019-0103&amp;domain=pdf&amp;date_stamp=2019-06-21

FEREPESE: SRS T P K A 5 1 i e P 5 2 TR R A 4 A 42

T A R ()95 2 A R S (e L 1 A A T
R kA B 5% 21O

S e M TR o [F) SORAR /D AE R L R
AR PR M. FL B, [ URELE2FEEAM
FEE IR MO, PR AR S50 2 R0 Tl AR = v, i i
A6 A e VA R R 110 2 R s 2 A Ok B TG 228 38 Ak (A K
Jo AT ) 2k B v S U R RO MR SR
wgl 1 AN, FEIR AT, R SCSEAE T B th
CARIE, ) LA -0- I S AL i (COMT) A A HH 13
AN DL [R] SCEREE 22 A5 47 £ (synonymous  SNP, sSNP)
AT LR X R R i 22 7Y TR 24 3 R MDR 1
(multidrug resistance 1)11¥]1/>sSNPREMS A A A1
A R 25 A s, BAE20114E, SaunaMIKimchi-
Sarfaty"7 it 2 45 P BB 1 K 2950 i [R5 AR G5
&P, AR, BEE BRI, JUH R 2R
HICHNE 7 BT (genome-wide association study, GWAS)
M Z N, 52 ) sSNPA R I B0 B 5000 5% A
5. #IE20194, 3% EINCBIM B I dbSNPEE i i
LU R LA K Z14 17004 (https://www.ncbi.
nlm.nih.gov/snp). JEE X LEH R R4 18 77 2 —
WHSEIRIGIE, AR RN, [ X RZNBRME S
G YN i E I 11: ) B U 7 iy R | 1
TCRAERE G . A s oM By TLAE U5 T A
B S ERB0Z T, MTEa N e, 514y
M RGEAEN) R B AR T TN R T
P A A0 R SCRASTERE T T2 5%, e AT PR, A5
XoF I G 5 2 PR Al — A T AR AR VL.

1 B (R G R 30 72 Y S i

VAR R B R E DT HAR Y J, MRS
HAH M R AAmRNA S & A2 AT, 2R, B
mRNAZKF A B2 8 1 FE AR IR E. 1B
WHFLE I, DA/ RET4Edn i B, 41%~54%011 5
M 22 A2 B IR R BRI, N 2140% 11 2 5 B
mRNARJE, T8 AR e L P i s mia R st
EL2 R AR RS 1, REmRNAK- S5 & AR
BAEEEIR BRI L TE(=0.74), XA BARE W E
B £130% 1) 5 [ Rk AR R 7E B 1R KT 52 2] %
BRI, IR AE B AT AR AR SRBT A
L SR BT S RNA T AR AE 58 21 (R A 5

840

PE, PRaE HAE B I R 1 %A T T S AT ke B
INEE (N

L1 Bk

XF T YR BE R, A AR I 2 RS TR PR R
AR R Y, 7R E R, AR L R )
mRNA I f¥JShine-Dalgarno /5 51 3K i BI AZ b 44 52 A 2
GERD T, Kudlae N\PUREL, AR E A % T
(1) gfp ik IRl fie 6 7 AR 1) R 1 B (B AF AE 425015 22 ¢,
T 22 S 3 R TR 4G %5 65 T AUGHH IE I mRNA
TREERIFIRAE . GoodmanZs NPV — BB R I,
mRNA 5% B R 45 & X 3k (RBS) Pt I 19 4% 65 1 fh 4
PRI PR IUERNA R B — R A5 IFEE M, AT RE N
FHEARIR A mRNA R LG 07 RU(E1A).

FAZ A AR A6 T 2 OB R R B B A AR
AmRNARS S 14544, S35 73 SRk IR ml 46
DT R LR IR 25 BRI — S K TR
1HEE AR B AE T AN, BRI
BN B F RIS AR K. 7258 (Drosophila mela-
nogaster). kM (Caenorhabditis elegans). Tt}
(Saccharomyces cerevisiae)F PRI F U H =K
IEFEK) R, AT iEEHE(open reading frame, ORF)[FINfi F
B oM, BR TR AE AR AR R 1 PR T R
TREEKAL, PIREIL N T G G R T H I 2 M
PEAATEMRNA FRHZE, AT 514 & A 5 9 2 Rl ik
PRATLIERY M, et A 4 e B AT LA
BRI Rt R, B MR luciferase R (R
B 1 B I X 3N P A AT S e A R
] i 3 PR S R ERE DY,

12 BT R

G-t RNAGE N AW 1A A B7 p5 5 25 6 Y DL TR
fi it o R S e AR PR A B0 ol T35 0 T MR
1P SIRNAE BEAEE 5 BB IOAR S, TRt — & B
PRI 4 A 1 AT A A R T I A 7 T K
I ). S, 76 KT I iR i = AN IR A 00 T
tRNAZZ 15 7K T AR B 13 A Ao, /My ), SR T, %
FEARTEMRNA L AHD 1Fd FEE 1] B8 52 B IMTmRNA 2K
25K (RNAF R SR . Bk B S A% B4k
1 B§ 38 22 [ AH AR R 55 ma o> & Bk &, 1
G5 1 A 2 T B 5 BN BTN J2 R 30 S e i


https://www.ncbi.nlm.nih.gov/snp
https://www.ncbi.nlm.nih.gov/snp

EBE: ARl 2019 4F 49 % 7

A BhiFRs
\ AUG
AUG

5 N 3 5 3
B MR

5' 3 5 3

— 2 — [

C HEEE

5 3y & 3

Bl 1 ST A B R/ AT PLED. A: mRNA 204
PRI R PE AL IR A%, PP A FA BRI mRNA — S5 1 A
TN AUGHIRG, B IEH AT (), F8E I mRNA
SRBHLIE AR GRS, TR BUIAUG, B REEEAT
(); Br 5 1 i S P 0 F9 8 S e o B2 PO SR A W AR
B T DR R SRR (), A A ALY
T XIS B AR CR); C: B 1 (i 4 Pk 5032 5 F B
SRR R, i ES T AT E ARSI S, U
TAFIT 8 EUR B . (EBRICH, L1044 Rorf s %
A DX, SRt 2 SRR AL T 1 X I

Figure 1 Mechanism of codon usage bias in fine-tuning translation.
A: Translation initiation is regulated by mRNA secondary structure. A
loose secondary structure surrounding the start codon (AUG) facilitates
ribosome anchorage to AUG and allows translation to commence (left
panel). However, a strong secondary structure hinders ribosomal
scanning and disrupts translation initiation (right panel). B: Translation
elongation is regulated by codon usage bias. Ribosomes generally move
slowly on mRNA regions rich in rare codons (left panel) and fast on
regions rich in optimal codons (right panel). C: Local peptide folding
and structure is regulated by codon usage bias. Regions rich in rare
codons can facilitate local folding of the proteins, whereas regions rich
in optimal codons may result in aberrant protein structures. In B and C,
red and green lines indicate mRNA regions rich in rare and optimal
codons, respectively
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Figure 2 Mechanism of codon usage bias in fine-tuning transcription.
A: Synonymous mutations cause exon skipping by disrupting sequences
of the exonic splicing enhancer (ESE). B: Codon usage bias influences
mRNA stability. Synonymous mutations (red triangle) may create
recognition sites of microRNAs, resulting in mRNA degradation (left
panel). On the other hand, upon stalling of mRNA due to rare codons
(red lines), ribosomes can be recognized by Dhhl, resulting in mRNA
decapping and degradation (right panel). C: Codon usage bias could
influence histone modifications. In particular, a gene rich in rare codons
(red line) could induce tri-methylation of histone H3 lysine 9
(H3K9me3) (left panel), whereas a gene rich in optimal codons (green
line) could induce methylation of H3K4 and acetylation of H3K9 (right
panel)
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Codon codes: Codon usage bias influences many levels of gene
expression

REN GuiPing"’, DONG YingYing” & DANG YunKun'?
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2 Center for Life Sciences, School of Life Sciences, Yunnan University, Kunming 650500, China

Synonymous mutations, which do not change the primary sequences of encoded proteins, are often recognized as silent mutations. In
particular, the selection of synonymous codons at an evolutionary scale is constrained and has resulted in uneven occurrences, a
phenomenon called codon usage bias. In recent decades, the roles of codon usage bias in fine-tuning transcription, post-transcriptional
processing, mRNA stability, translation initiation, elongation, and peptide folding have been revealed. Upon disrupting these
biological processes, synonymous mutations have been reported to cause various diseases such as cancer. Herein, we briefly review
the current understanding concerning the molecular mechanisms of transcription and translation processes regulated by codon usage
bias as well as the implications for basic and translational research inmedicine.
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