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Table 1 The bias of synonymous codons in four groups with
various GC contents

Amino RSCU
i Codon
acid Groupl Group2 Group3 Group4
Val GTT 1. 30 1.03 0.59 0.26
GTG 1.18 1.45 200 2. 47
GTC 0. 65 0. 85 1. 10 1.09
GTA 0. 87 0.67 0. 31 0. 18
Ile ATT 1.52 1.36 0.94 0. 56
ATC 0.72 1.09 1.74 229
ATA 0.76 0.55 0.33 0. 16
Leu CTT 1.25 1. 05 0.67 0. 38
CTG 1.25 1.72 2.62 343
CTC 0. 65 0.98 1. 36 1. 47
CTA 0. 64 0.55 0.37 0.21
TTG 1.12 1.05 0.73 0. 44
TTA 1. 08 0.65 0.25 0.07
Phe TTT 1.33 1.11 0. 64 0.52
TTC 0. 67 0. 89 1.26 1.48
Ala GCT 1.57 1.37 1.13 0.71
GCG 0.15 0.23 0. 36 0. 64
GCC 0. 87 1.18 1.71 2.10
GCA 1. 40 1.22 0. 80 0.55
Thr ACT 1. 46 1.24 0.91 0.51
ACG 0.22 0.29 0. 46 0.71
ACC 0. 85 1.11 1.71 2.05
ACA 1. 48 1.35 0.93 0.73
Pro CCT 1. 51 1.44 1.17 0.76
CCG 0.17 0.25 0.42 0. 64
cce 0. 67 0.85 1.32 1.77
CCA 1. 65 1. 46 1. 10 0. 86
Ser TCT 1.59 1.37 1.03 0. 66
TCG 0.13 0.20 0. 34 0.57
TCC 0.75 1.09 1. 51 1. 65
TCA 1.37 1.08 0.71 0.52
AGT 1. 30 1.12 0. 88 0.53
AGC 0. 86 1.15 1. 54 2.07
Gly GGT 1. 04 0. 80 0.67 0.47
GGG 0. 61 0.78 0. 98 1.12
GGC 0.72 1. 00 1. 40 1. 87
GGA 1. 63 1.42 0.95 0. 54
Arg CGT 0. 64 0.63 0. 58 0.42
CGG 0. 48 0.77 1.26 1.78
cGe 0.37 0.63 1.17 1. 95
CGA 0. 85 0. 80 0. 69 0. 49
AGG 1.25 1.34 1.29 0. 98
AGA 2.4 1.84 1. 00 0. 38
Cys TGT 1.29 1.08 0. 84 0.55
TGC 0. 71 0.92 1. 16 1.45
Asp GAT 1.39 1.13 0. 87 0. 54
GAC 0. 61 0.87 1.13 1. 46
Asn AAT 1. 30 1.11 0. 81 0. 47
AAC 0.70 0. 89 1.19 1.53
His CAT 1.33 1. 05 0.74 0.43
CAC 0.57 0.95 1. 26 1. 57
Tyr TAT 1.28 1.10 0. 83 0.47
TAC 0.72 0.90 1.17 1.53
Glu GAG 0. 66 0. 88 1. 28 1. 60
GAA 1. 34 1.12 0.72 0. 40
Gln CAG 1. 10 1.27 1. 57 1.77
CAA 0. 90 0.73 0.43 0.23
Lys AAG 0. 80 0.99 1.30 1.59
AAA 1.20 1. 01 0.70 0. 41
stop TGA 1.22 1.24 1. 50 1. 85
TAG 0.53 0.59 0. 83 0.76
TAA 1.25 1.17 0. 67 0.39

The values of synonymous codon usage ( RSCU) greater, or equal or less
than 1 means the trend of bias, or normal or avoid in codon usage. Bold
faces indicate the values arealer than 1.

EMFESE MR ER

Prog. Biochem. Biophys. 2002: 29 (3)

HPBESE K g X R GC & REAI RN, LA GC 4521
(7] SO R 7 RO LR K. (R S G — ki Ah i
NTG 1 NCG %5 F (N AR VU Fp g 3k of (94T —
. BR4mid 2R (Leu) 6 N®EMTHM
TTG 7 3, 4 4h/NF 14, NTG EPUZLFEA
1) RSCU H#R KT 1, HAE 2, 3, 4 21 4 ad de fh
UFHERS 7. T NCG RMELE GC e F w05 4 41,
RSCU flif it KA 0.7 4. &AAENM L
(http: // www. kazusa. or. jp/ codon/ ) T & T K #F
¥ ( Escherichia coli ), W BE ( Saccharomyces
cerevisiae), FWii ( Drosophila melanogaster) H13E
WTES ( Xenopus laevis) %W 7AEHI A4, B
SRIXLEYIRI I GRS P GC IS A ZZ B8R, 40
W 51.11%, 39.72%, 53.99% Fl 47.51%, {H
XENUG #57s K B &f . 6F NCG ) i fh 7
P RERTAE S TCMES bl 123 B . 3 sl 7 3[R 4T 0]
TG A% RE 1% 38 i 2f A e S Py A JE LU0 CG
TAREATIR A S, AN R AP RE DR L0 % Al AT IR
(i R 8 DL 4RI, 3K ol i e 1 4% ) 30
[i) SC# 51 R Pk, f”ﬁ\—’t% T SOBANTTAE.
2.2 U CHRMEBFHHHRILE
(A A i e % 0 7 55 L AR ) GC 35 B DI AR
K, AR IE R G5 X 5 ARG A X 1) GC 5 B AE
MO e LEAE (3R 2), ABLBIMEAE GC By 1
41, C3°F 4t w1 3 4 15 X o C I B 1

Table 2 The results of paired ¢ test for comparing C3/G3
with CN/GN (the C/G content of nomr coding region) in
group 1 and 2 where GC< 50%

CN c3 GN G3

Crowol(spy 0181801924 01911 0. 1974

sroupl(SD) 43 (0. 04) (0.02) (0.03)

p 0. 1736 0. 3442

, ) 0.1878  0.2427  0.1987  0.2394
Group2( SD)

(0. 04) (0. 04) (0.03) (0.04)

P 10 ° 107 °

Standard deviation is in the parentheses.
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Fig. 1  Correlation curves between C3/G3 ( the content of
C/G in the 3rd sites of codons ) and the content of C+ G
in the coding sequences
Both €3 and G3 show positive linear correlation with GC content, but
C3 shows higher correlation coefficient and obviously higher slope. (a)
C3= - 0.2426+ 1.0538 = GC. correlation: r= 0. 83761. (b) G3=
= 0.0922+ 0. 73140 x GC. correlation: r= 0. 77256.
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Table 3 Frequencies of 20 amino acids appearing in the four
groups with various GC contents

Amino acid Group 1 Group 2 Group 3 Group 4
Gly 0. 0520 0.0613 0.0740 0. 0789
Ala 0. 0548 0.0618 0.0708 0. 0832
Pro 0. 0455 0. 0524 0.0594 0.0791
Ie 0. 0572 0. 0524 0. 0469 0. 0351
Phe 0. 0427 0. 0408 0.0388 0.0334
Len 0. 0955 0. 0928 0. 0961 0. 0996
Val 0. 0585 0. 0603 0.0620 0. 0641
Trp 0. 0108 0. 0200 0.0211 0. 0226
Cys 0. 0205 0. 0200 0.0211 0. 0226
Met 0. 0236 0. 0242 0.0243 0. 0201
Ser 0. 0781 0. 0764 0.0764 0.0743
Thr 0. 0546 0. 0555 0.0526 0. 0658
Asn 0. 0523 0. 0430 0. 0360 0. 0288
Gln 0. 0441 0. 0461 0.0436 0. 0439
Tyr 0.0313 0.0310 0.0287 0. 0260
Lys 0. 0753 0. 0676 0.0573 0. 0431
His 0. 0227 0. 0242 0. 0241 0. 0237
Glu 0. 0775 0.0719 0.0704 0. 0607
Asp 0. 0547 0.0518 0.0503 0. 0430
Arg 0. 0464 0. 0513 0.0528 0. 0597

Bold faces indicate the amino acids that show obviously different

frequencies in the four groups.
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The Features of Synonymous Codon Bias and
GC content Relationship in Human Genes
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Abstract 728 human genes were divided to four groups according to the GC contents of their coding sequences
(from GC< 0.43 to GC> 0.58). Examination of synonymous codon bias in the 4 groups show that NTG (N
represents any base of T, A, C, G) is most favored and NCG is most avoided in all four groups. Statistical
correlation analysis of GC content in genetic environment with C3/G3 content (the C or G in the 3rd position of
codons) and the codon bias in the four groups suggest that C-ending codons are special preferred. This is in favor

of accurate translation. Frequency of each amino acid in the four groups was also examined.
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