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Comparative analysis of codon usage in the genomes of SARS-CoV-2 and SARS virus
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Abstract: Objective To analyze the genetic evolution and variation of coronavirus. Methods The codon usage bias and the
codon context in the genes of SARS-CoV-2 and SARS virus were compared and analyzed using bioinformatics methods and
biometric methods. Results The codon usage bias was observed in the two kinds of virus, with RSCU value varying from
0.10 to 2.67, and the codons preferred (preferred codons) and avoided (rare codons) were basically the same. The correlation
analysis showed that the codon adaption index (CAI) was negatively correlated with the GC content at the third site of the
codon (GC3) in the two viruses, and that the negative correlation in SARS-CoV-2 was higher than that in SARS (SARS-CoV-
2: R>=0.76, P<0.001; SARS: R>=0.48, P<0.001). GC3 decreased with the increase of CAI which reflected the level of gene
expression, suggesting highly expressed genes preferred the synonymous codons with low GC3. Though the analysis on the
codon context between preferred codons and rare codons, it was found that there were significant differences in the
nucleotide composition between preferred codons and rare codons, which were manifested as differences in GC and AT in
different codon sites, reflecting the constraints of GC content on the synonymous codon usage bias. Conclusion GC content,
codon context, nucleotide composition and gene expression level of SARS-CoV-2 and SARS virus are important factors
affecting codon usage bias. The study has reference significance for the study on the genetic evolution and variation of SARS-
CoV-2 and SARS virus.
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i3 7% 4h ] : GGU(2.34) ,GCU (2.18) , UCU (1.96) ,
GUU(1.95),CCU(1.93) ,ACU(1.78) ,CUU(1.74) ;

SARS-CoV-2 Fll SARS 5 i & 5 i5h ¥ 55 = of sSUAB 2 A%
TR UL A; (3) 16 RSCU<I 1Y 32 M A %465 1,
A28 = R R G B C. RSCU fH /MY
(Wi A7 B+ 56 = SRR G, 41 : UCG(0.10)
GGG (0.11),CCG(0.17) ,CGG(0.18) , ACG(0.20) .
2 RSCU {E 8 K 1a F 1 F, 45 =47 5 CJF £,
UAC(0.77) ,CUC (0.60) , UCC (0.46) , AUC(0.55) .
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AT IRA — AR BN U/A, B G/ICHY
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#1 SARS-CoV-2 71 SARS EE HHEBFHIRSCUE
Table 1 RSCU values of codons in the genes of SARS-CoV-2 and SARS virus

WhF AR SARS-CoV-2 SARS WAL MR SARS-CoV-2  SARS
AGA Arg 2.67 2.09 GUA Val 0.90 0.86
UAA Stop 2.40 2.14 GGA Gly 0.82 0.91
GGU Gly 234 1.91 AGG Arg 0.80 0.99
GCU Ala 2.18 2.05 UAC Tyr 0.77 0.88
ucu Ser 1.96 1.92 GAC Asp 0.71 0.75
GUU Val 1.95 1.67 GGC Gly 0.71 1.00
ccu Pro 1.93 1.67 AAG Lys 0.69 0.94
ACU Thr 1.78 1.72 CUA Leu 0.66 0.70
Ccuu Leu 1.74 1.70 AAC Asn 0.65 0.75
UCA Ser 1.65 1.76 GCG Ala 0.64 0.53
ACA Thr 1.64 1.77 CAG Gln 0.61 0.78
UUA Leu 1.63 1.55 cuc Leu 0.60 0.85
CCA Pro 1.59 1.04 uuc Phe 0.59 0.76
UGU Cys 1.55 1.69 CGC Arg 0.58 0.77
AUU Ile 1.51 123 GUC Val 0.56 0.69
AGU Ser 1.45 1.70 GAG Glu 0.56 0.94
CGU Arg 1.45 1.12 GCC Ala 0.56 0.57
GAA Glu 1.44 1.57 AUC Tle 0.55 0.63
uuu Phe 1.41 1.06 ucc Ser 0.46 0.40
161010) Phe 1.41 1.24 UGC Cys 0.44 0.77
CAU His 1.39 1.24 ACC Thr 0.37 0.54
CAA Gln 1.39 1.29 AGC Ser 0.35 0.54
AAU Asn 1.38 121 UAG  Stop 0.30 0.43
AAA Lys 1.30 1.25 UGA  Stop 0.30 0.43
GAU Asp 1.28 1.06 CUG Leu 0.29 0.59
UAU Tyr 1.22 125 cce Pro 0.29 0.42
GCA Ala 1.09 1.12 CGA Arg 0.29 0.47
UuG Leu 1.07 1.11 ACG Thr 0.20 0.20
AUG Met 1.00 1.05 CGG Arg 0.18 0.11
UGG Trp 1.00 1.00 CCG Pro 0.17 0.18
AUA Ile 0.92 1.00 GGG Gly 0.11 0.17
CAC His 0.61 0.71 UCG Ser 0.10 0.25
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&1 SARS-CoV-2#1SARS £ 64 M BT (1, 2)1 &5 : E_=0.360,+390, R*=0.35, P<0.001; (2, 3)
RSCUEMS y )

185 : E,=0.750,,+153,R*=0.70, P<0.001; (3, 1) i/ s :

Figure 1 Distribution of RSCU of 64 codons in the
E =0.350,,+393,R*=0.33,P<0.001,

genes of SARS—CoV-2 and SARS virus

R2 BRTFHREANELFRBMLSH ZZERNH

Table 2 Dinucleotide distribution in codons and adjacent sites of two codons

(1, 2) 37 5 (2, 3) 5 (3, D5,
TR
Xy Exy Iy Oxy Exy Iy Oxy Exy Ty
AA 1093 918 0.19 944 861 0.09 739 824 -0.10
AC 717 588 0.22 587 557 0.05 661 453 0.46
AG 401 690 -0.42 430 411 0.05 867 611 0.43
AU 713 790 -0.10 1087 1063 0.02 459 941 -0.51
CA 551 588 -0.06 813 557 0.46 671 453 0.48
cC 394 377 0.05 241 360 -0.33 229 249 -0.08
CG 147 442 -0.67 90 266 -0.66 174 335 -0.48
CU 506 506 0.00 1084 687 0.57 437 517 -0.15
GA 948 690 0.37 293 410 -0.29 325 610 -0.47
GC 656 442 0.48 242 266 -0.09 236 335 -0.29
GG 576 519 0.11 185 196 -0.06 309 452 -0.31
GU 780 593 0.31 809 507 0.60 360 697 -0.48
UA 456 790 -0.42 685 1063 -0.36 1179 942 0.25
ucC 461 506 -0.09 441 687 -0.36 472 517 -0.08
UG 405 593 -0.32 526 507 0.03 1610 697 1.31
1610) 907 678 0.34 1254 1312 -0.04 973 1075 -0.09
15 IR 25 AT A L (1) 765500 i1 34 — A%
ileedomsites R A O (2, 3) RGP i (et R B K, R=

0.70) , BVEE i1 AT IR B, S WS 0, 2
() A ZRAEAR DGO, 7R 4 B B0 (2, 3) 6 sl A% T
UA UCUG UU T P i G- A OS85 5 AT - (1, 2) R (3, 17 B
WISBA E, 5 WS MH O, 22 8] 1) 2 1 AH S P A X 45 /N
-1.0 — (R°=0.35F1 R*=0.33) , &% H BRZH 43 (1) D - 11 1 ik v
B2 S b (3, 1) R 2 80 5 (2, 37 5o (2) TER 57 (3, 1),%%(%@@:&‘%

iR /& UG \AC \AG .CA, IXEEH S H AT U 2,

Figure 2 Distribution of the relative abundance of

dinucleotide in (3, 1) codon sites V{Elﬂai/]\ E/‘J ,GU.GC.GA %ﬂ GG, EE%B/E'\H G, EIJHL»E
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ARG T B R S0 2R 11 5 A 1 A
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LR, H DR 2 6 198 R R DR STk AT B SR D) — 2 %
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TAREPHA GC & AR, BT 005 GC &bl
SRR TR — N EEE R,
23 BEEAZEBFE=MANGCEE(GC3)5 CAI
HIHE K S 1T

SARS-CoV-2 Jj5 2 Il SARS ik 27 2 15 51) ) CAL
5 GC3 g R MR 3 MR 4. v LI, AR
FEH Y GC T GC3 F PRI , 1 3 PR 38 A P AH X
BN T A3 AT I RRRR S X i 2 R T Y
GC3FICAME T LM A A LR AT :SARS-CoV-2:
y=-0.65x+0.83,R*=0.76,P<0.001;SARS:)=-0.31x+0.72,
R*=0.48,P<0.001 (¥ 3) . 455 57 9 Ffoof 25 L 1AL 1)
CAIFI GC3 #B 52 I 35 1y i AH SC M, RV BE 5 GC3 ry 1
K, FE R R IR BRAIG, BI85 PR B Al - G
GC3 Ay ] SRS T . GC3 & 5 56 R ik /K- 22 [
(4 3 O K, iz Bt 4 35 PR 3 38 K- 5 i [) S % A
FITE B, T2 5% 1 GC3 A 1 J2 5% 1 [R) S A 1
M —NIEFE R . PR R I T 2L [F] AR AE
{84573 B 19 & SARS-CoV-2 1) CAL H1 GC3 7 #H 56 1
TR, X R e RO A R A AR 2
3, MR 4% SARS-CoV-2 Hl SARS HE[H i) GC3 Hl CAI
() P18 L S, 4 000 3 PR) 2 3K ) 8] 928 2 B ) 4 -
ML —A

34 it

Wit % 1 RSCUE M e KIS I3 /)y, 21
BEMEETRMANURA HE8 G CcrEfk
(U~A~G~C), AT LLF Y, 7R3 P s B2 2L 1A b, 25 4
T B BT PR A1 38 3 A e BB R A6 s B — e I 4
F XA G R WOR TR E W S A B

&3 COVID-19 £ FBFRAKE EEFFIHGC &8 .GC3F CALE
Table 3 Gene name and length, GC content of gene sequence, GC3
and codon adaptive index in SARS-CoV-2

FEPH 24 55 GC/% A GC3/% CAI
QHN73809.1 0.37 21291 0.27 0.67
QHN73810.1 0.37 3822 0.26 0.67
QHN73811.1 0.39 828 0.35 0.62
QHN73812.1 0.38 228 0.33 0.60
QHN73813.1 0.42 669 0.39 0.57
QHN73814.1 0.27 186 0.29 0.60
QHN73815.1 0.38 366 0.39 0.61
QHN73816.1 0.36 366 0.26 0.70
QHN73817.1 0.47 1260 0.53 0.50

F4 SARS EFBMAKE EEFFH GCEE.GC3IF CAIE
Table 4 Gene name and length, GC content of gene sequence, GC3
and codon adaptive index in SARS

HER LR GC/%  JPHIKE  GC3/% CAI
AAP41036.1 0.41 21222 0.60 0.65
AAP41037.1 0.38 3768 0.56 0.66
AAP41038.1 0.40 825 0.33 0.63
AAP41039.1 0.40 465 0.46 0.59
AAP41040.1 0.40 231 0.39 0.61
AAP41041.1 0.45 666 0.31 0.57
AAP41042.1 0.32 192 0.48 0.54
AAP41043.1 0.40 369 0.28 0.59
AAP41044.1 0.32 135 0.39 0.63
AAP41045.1 0.38 120 0.38 0.64
AAP41046.1 0.40 255 0.37 0.60
AAP41047.1 0.48 1269 0.30 0.58
AAP41048.1 0.52 297 0.34 0.50
AAP41049.1 0.54 213 0.30 0.54

TR 1A FH A S 2 X1 A o2 8 55 =5 sk U B
A, TFRA BASF55 —A5R Gl Co S5 AR, %Y
T = S AL R A 535 B 5 o8 s 2 M A A
Ketho Mt —4 A R B, A A = A A R
B RR 22 S E R IAE GC & AU L0, HE I 4 551
5 A AT AT TR S D S T B R ) E R
5T R AR AT o, GC3 Y 4S M1 B A 4y v
B —ASLRN A RRAE , 3 R A B 2 f e e ek o
R —E S AR B 8 2 T SARS-CoV-21A]
SCET AR , 251 GC3 Fl CALZ [H] 1) 0%,
PFENLUT 4598 « B T I I P R 23 05 AN [ s 1Y)
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Figure 3 Relationship between the GC3 of codons and CAI
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