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Abstract: In nature, most amino acids are encoded by more than one codon which is termed as
synonymous codon. Along with the deep investigations, synonymous codon usage bias is considered as
one important factor in gene replication, transcription, translation and modification. According to the
biological functions of synonymous codon usage bias, the biased usage patterns have been verified in
codon pair and codon co-occurrence as well. In gene expression, codon optimization can assist the gene
of interest in enhancing its translational efficiency, which benefits the field of biological engineering in
terms of protein expression. Moreover, synonymous codon usage pattern indirectly mediates biological
processes related to transcription, chemical modification and translation in cells. The performances
involved in the important life cycles mentioned above can be carried out by fine-tuning translation
selection derived from synonymous codon usage bias. In this review, we tried to clarify how fine-tuning
translation selection participated in gene expression and protein function via transcription, chemical
modification and translation, and provide some new insights into optimal gene expression and the

mechanism underlying the regulation of gene expression.

Keywords: synonymous codon; fine-tuning translation selection; mediation; gene expression; biological
engineering
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Figure 2 tRNA with a wobbling codon-anticodon
base pair recognizes synonymous codon for the
specific amino acid. A: the G-U pairing is performed
by tRNA in which the third base site recognizes the
specific base via non-standard Watson-Crick
base-pairing rule; B: due to modification of adenosine
to inosine at the tRNA anticodon wobble position
(I34), the specific tRNA expands the binding spectrum
of different codons.
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Figure 3 The translational model driven by codon co-occurrence bias and codon pair bias. A: codon
co-occurrence bias increases gene expression, presumably due to tRNA recharging in the vicinity of the
scanning ribosome; B: codon pair bias is probably selected because of more optimal interactions of tRNAs in

the A site and the P site.
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WA AR IETE, JF BT LR, — 5 0l R R A
FETF AR A P (R DY

TEF 5 TG 1 - 35 DR 4 v 28— o)t
WEPE S it 5L N AR R, R IR R
FERETFERIC LT RAA (RNA H51912 5)
PEB(1-A 505 U-A) I Bl R 12 2 0 1o ol
i g R X 22 B A i A TR 1), s
B0 X PSS 20 A% T R 4 A R AT VT R R
W A2 SRR ML A X () SC 2% 0 (P A ¢
4K AT 42 TR 2Rk 5 1 ) 1) — st A% 2 S At

F 1 FREEYERE S E RIS 5% 551 5

Low frequency and high frequency codon pair used in genomes of different species

Table 1

B 2 52 B BTG B TR Y v PR RORS T
Mo TTREIY R 22— th 55 A T AR A M A
HEES S4EE EL P A3 AMLE TR 2 M,
OB KR SR T tRNA 765 i B 5 4 5 AR
FEFR IR 1, DL SR B AR A G R
PR o 1) FH 28 R X 3R T R R 3R AR SR IR
X — A AR, X B Sk IR 4 v e
% AT B R ki )5, P BE B T AR AL o
it~ %ot (e D 0 2 1 A AR o fk 8 s Y
Jordan-Paiz S5 X HIV-1 ) env JE R 865+ X% iF
A s 2 AR & 30, env i [R]85 1% 2=
DA I A o s s B P B 55 40, T A X
ALE AT B BRI B AE MT-4 40 i rh 19 52 3
T 77100, WEW3H £ ML BF (respiratory syncytial
virus, RSV)FEF BN ARS8 7% F 15 Bl a2k 1 7
AL, FLAE MG 2 Bl 1A N i) 52 T e T a5
- L3 o3 5 B A BRSNS 5 R TR 1Y
APARARI, M X 26 R EE 1) E LR NS1
SR B RS, 1% B T L )
YA 2 (AN Vero 40 A 2 )38 1 4 BH .55 F
POy R VA N = R R S O e W
8 2 R 97 B X /0N BRUA B0 B I AT, At
37 7 IR EE ) UL54/ICP27 1 UL49/VP22
B A GRS S AT 5 X Lk, REE S
SO R BRI 4 A A AU R I RE
BFE AR Besh, TER R AR AL
TR TAESS BRI, £FXT HA A1 NA JEH
X LA R ol B AR AE MDBK 4 g
15 HA FI NA SR BRI T, (BRI EAA W

Codon pair usage in low frequencies

Codon pair usage in high frequencies

nnGGnn, nnGnnC, nnCGCn, GUCCnn, CUCCnn, nnCnnA, UUCGnn

nnGCnn, nnCAnn, nnUnCn

N: any nucleotide; A, C, U, G: stand for adenine, cytosine, uracil and guanine, respectively.
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SER AT T A8 b T WU 1 7 Ao T
XU ICIE SMIRSE I AR S N IR SE N, A X
5 T 8 P 7 A PR R A2 e 48 T e IR R
B2 1 e A v B A e S vk g R, i
HAT 38 1 BB S 75 55 R [ A IF S 08 P4
I

5 AR WD TR g &R
THEEHER

B 1 A e DR 2 TR ) %85 B 1 i g 1 5 i)
PRIk, TR SO 5 fo Al v P78 5L X Ry RO
BRI B 0 B ™ A K A 2 B PR e R )
MRHEAYE mRNA B b B
TiEET AR AR (A R 2 2 0k BRI B S K
W, 7E 55 #955 (Neurospora) FIR Mg 21 it o, BH
BRI T eRF1 A] DURE SR iy T30 A
T S B R AR, T2 125
PRSIt 7B AR R it
P bl FAZBHALE mRNA i T3 mis |k
IR . XL 2 mRNA 76 H A 3 el A
R DX IR B U T (A A A TE mRNA
FATFHES, P S B T ek
G e R RS R T S e R 42 S e 8
DRI DX Sl A0 {6l P, b O D8 % i B A% W A 4
mRNA FJEPBT A, 85 A< 7E mRNA
A A ST B DL R A RS TR AR AE
T R 4G DX, MRSk 7 L i A A% A
7E mRNA _ERHIHE . BRILZHh, B IR 2 7E
N TR A7 B T, LARA PO o %) 2 11 25 TR
o BN, #5153 WA R B R AR TR
W0 M iR, R ER AT, {5
LKL - (binding site for the signal recognition
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particle, SRP)Z5G 37 5 T Ui 35-40 %565+
B = A0 PR AT RS T, T 35-40 MR
TR B RS TAZMER P A s b B AR 2 K
FLIEMK B, X —4F1EA FF SRP £F%F 43I
5 A Bk s R R a5 AR RN TP, SRP
B Z RS A i R — AR 22, Wi A
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JE, IXUETE GFP FE[HARF 45 R 5 L N
TDH3 M5 45 R H AR @ AR U . 55—
1t 9% 2 A f PR AR i 2o 52 0 mRINA G 254
e SE R Rk AR S48 L gL R Y
20 -l AR =X B A% 38 23 412 8 mRNA JE U
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