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Codon Usage Bias of Chalcone Synthase Gene CHS in Pinus koraiensis

LI Xiang' FAN Zuo-Yi’ WANG Jing-Yuan® WANG Qi* LI Xi-Peng® WANG De-Qiu’
KONG Ling-Yuan® CAO Sen-Lin> MENG Qing-Gang® ZHAO Xi-Yang'"

1. State Key Laboratory of Tree Genetics and Breeding School of Forestry Northeast Forestry University Harbin 150040 2. Linjiang Forestry Bu-
reau of Jilin Province Linjiang 134600

Abstract Chalcone synthase CHS is widely found in plants and is a key enzyme in anthocyanin synthesis
pathway. It can catalyze the binding of malonyl coenzyme A and coumaryl coenzyme A to generate flavonoids.
CodonW and EMBOSS were used to analyze the codon usage bias of CHS gene in Pinus koraiensis. The CHS
gene of P. koraiensis were compared with those of the other 24 plants and model plant genome which laid a
foundation for the selection of appropriate expression system. The effective codon number ENC and GC
content of CHS gene coding region were 48.92 and 0.351 respectively. The content of C + G was higher than
that of A +T and the codon preferred to end with A/T. The G + C content of most plants CHS genes is higher
than that of A + T and the codon preferred to end with C/G. By cluster analysis the codon usage bias of
P. koraiensis was similar to P. massoniana and P. densiflora pdchsx. In addition it was found that Arabidopsis
thaliana and Escherichia coli might be ideal receptor systems for CHS genetic transformation and heterogeneous
expression.
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nlm. nih. gov/  Genbank % 5% 5 2k KJ796482. 1
L) Chalcone Synthase Ay ¢4 i) A NCBI A #6528 3
T#EHR Malus domestica AL FETTHY  Pinus stro-
bus KX Glycine max FiMERk Actinidia chinen-
sis MEAK Zea mays ZEHAD 24 FhitiYy CHS HH
GRS P TA G BT Wk 1

x1 AE4#EY CHS EETE CDS 4 F 75
Table 1 Complete CDS sequence coding frame of CHS

gene in different plants

A= YFh ErRes BhE

Number Species ID  Accession number
1 LIHS Pinus koraiensis Pk KJ796482. 1
2 3% Brassica oleracea Bo HQ189776. 1
3 JLFEFFHN Pinus strobus Ps AJ004800. 1
4 Wk Prunus persica Pp HM543568. 1
5 %5 Fragaria X ananassa Fa AB201758.1
6 K Glycine max Gm  XM_003553938. 4
7 #LAS4E Rhododendron simsii Rs AJ413277.1
8 W4 Citrus sinensis Cs AB009350. 1
9 1 4 Sorghum bicolor Sh AF152553
10 347E Chrysanthemum x morifolium ~ Cm DQ521272. 1
11 F 3 Hordeum vulgare Hy AY286093
12 BRIERk Actinidia chinensis Ac KF157394. 1
13 UG IT Arabidopsis thaliana At NM_121396.4
14 R Malus domestica Md AB074485.1
15 % Vitis vinifera Vv NM_001281135.1
16 IKAE Oryza sativa Os ABO000801.2
17 TR Malus hybrid Mh FI599763. 1
18 FGPEEL Pyrus communis Pec DQ901397.2
19 JHZL Nicotiana tabacum Nt NM_001326166. 1
20 LK Zea mays Zm NM_001148774.1
21 HeHs Pinus densiflora pdchsx ~ Pd AB015490
22 LR Populus trichocarpa Pt DQ371804
23 LM Pinus massoniana Pm KF303883
24 FRETRA Pinus radiata Pr KF704817
25 163 B2 HS Pinus pinaster Ppl AY168850
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1.2.1 BEFREFESEST
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£ Galaxy version 1.4.4
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Table 2 RSCU of CHS in P. koraiensis
WOOR RN B Wk B MR ®mT  muwm b mE %A | R
odon mino aci raction Frequency Number RSCU Codon  Amino acid Fraction Frequency ~Number RSCU
GCA A Ala 0.212 17.632 7 0.85 CCA P Pro 0.143 7.557 3 0.57
GCC A 0.394 32.746 13 1.58 CCC P 0.619 32.746 13 2.48
GCG A 0.121 10.076 4 0.48 CCG P 0.048 2.519 1 0.19
GCT A 0.273 22.670 9 1.09 CCT P 0.190 10.076 4 0.76
TGC C Cys 0.750 15.113 6 1.50 CAA Q Gln 0.263 12.594 5 0.53
TGT C 0.250 5.038 2 0.50 CAG Q 0.737 35.264 14 1.47
GAC D Asp 0.609 35.264 14 1.22 AGA R Arg 0.412 17.632 7 2.47
GAT D 0.391 22.670 9 0.78 AGG R 0.235 10.076 4 1.41
GAA E Glu 0.250 15.113 6 0.50 CGA R 0.000 0.000 0 0.00
GAG E 0.750 45.340 18 1.50 CGC R 0.118 5.038 2 0.71
TTC F Phe 0.867 32.746 13 1.73 CGG R 0.176 7.557 3 1.06
TTT F 0.133 5.038 2 0.27 CGT R 0.059 2.519 1 0.35
GGA G Gly 0.515 42.821 17 2.06 AGC S Ser 0.238 12.594 5 1.43
GGC G 0.303 25.189 10 1.21 AGT S 0.286 15.113 6 1.71
GGG G 0.061 5.038 2 0.24 TCA S 0.000 0.000 0 0.00
GGT G 0.121 10.076 4 0.48 TCC S 0.190 10.076 4 1.14
CAC H His 0.714 12.594 5 1.43 TCG S 0.238 12.594 5 1.43
CAT H 0.286 5.038 2 0.57 TCT S 0.048 2.519 1 0.29
ATA I Ile 0.111 5.038 2 0.33 ACA T Thr 0.250 15.113 6 1.00
ATC 1 0.667 30.227 12 2.00 ACC T 0.292 17.632 7 1.17
ATT 1 0.222 10.076 4 0.67 ACG 0.125 7.557 3 0.50
AAA K Lys 0.280 17.632 7 0.56 ACT T 0.333 20. 151 8 1.33
AAG K 0.720 45.340 18 1.44 GTA V Val 0.094 7.557 3 0.38
CTA L Leu 0.000 0.000 0 0.00 GTC 0.375 30.227 12 1.50
CTC L 0.308 30.227 12 1.85 GTG 0.281 22.67 9 1.12
CTG L 0.385 37.783 15 2.31 GTT 0.250 20. 151 8 1.00
CTT L 0.154 15.113 6 0.92 TGG W Trp 1.000 10.076 4 1.00
TTA L 0.026 2.519 1 0.15 TAC Y Tyr 0.778 17.632 7 1.56
TTG L 0.128 12.594 5 0.77 TAT Y 0.222 5.038 2 0.44
ATG M Met 1.000 32.746 13 1.00 TAA TER 1.000 2.519 1 3.00
AAC N Asn 0.545 15.113 6 1.09 TAG TER 0.000 0.000 0 0.00
AAT N 0.455 12.594 5 0.91 TGA TER 0.000 0.000 0 0.00

I NRIRFRANS CHS B2 5 (0 F AR 4 ey

Note The underlines mean codon usage with high frequency in CHS of P. koraiensis
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Table 3 Analysis of codon usage bias of CHS among different plants

YyFp Species ENC CAIL GCys GC RSCU > 1 RSCU>1.5
KF Hordeum vulgare 31.72 0.779 0.935 0.659 25 19
3% Sorghum bicolor 36.19 0.770 0.878 0.645 23 18
JKFE Oryza sativa 30.54 0.771 0.984 0.685 25 23
LK Zea mays 29.05 0.807 0.982 0.695 26 22
ZLH Pinus koraiensis 48.92 0.762 0.351 0.548 26 10
H ¥ Brassica oleracea 51.79 0.698 0.641 0.550 26 12
JLSETRHS Pinus strobus 54.38 0.750 0.592 0.535 26 8
4Bk Prunus persica 53.30 0.714 0.565 0.522 29 10
W%F Fragaria X ananassa 51.28 0.716 0.553 0.518 29 11
K& Glycine max 49.40 0.738 0.705 0.564 24 13
FEHEFE Rhododendron simsii 51.88 0.726 0.657 0.552 27 9
4% Citrus sinensis 58.89 0.692 0.542 0.517 26 8
246 Chrysanthemum x morifolium 57.12 0.647 0.432 0.479 31 8
BEWERE Actinidia chinensis 57.21 0.710 0.604 0.533 28 8
LRI Arabidopsis thaliana 47.92 0.719 0.597 0.538 23 14
SES Malus x domestica 52.02 0.703 0. 604 0.535 27 12
% Vitis vinifera 52.30 0.744 0.570 0.519 26 12
FEFHESE Malus hybrid 51.62 0.712 0.584 0.532 27 14
PGTESSL Pyrus communis 50. 06 0.727 0. 604 0.536 26 12
MHBE Nicotiana tabacum 57.52 0.647 0.420 0.473 24 11
HH Pinus densiflora pdehsx 50.79 0.751 0.632 0.541 23 10
ERA Populus trichocarpa 54.43 0.703 0.514 0.490 26 8
LN Pinus massoniana 51.70 0.750 0. 640 0.542 24 10
RS Pinus radiata 52.99 0.748 0.619 0.536 23 10
W FEHS Pinus pinaster 53.72 0.748 0. 604 0.531 25 7

S 44 Mean 49.47 0.729 0.632 0.551 25.80 11.96

R 4l 25 1 7 O 4 M S 80U B 45 SR 1R L3R
3 RILIHNS CHS FEPR 4mf X () ENC {E K 48. 92
S 20 AT 61 W% Y 1 6 1 O
WSS BB RIAE T RERAL CAL {H K
0.762 &I HBM T Imirk—M £04n CHS 3L
i X () GC & 0. 548 WS KT 0.5 1 GG,
s fHJ20.351 /NF 0.5 KBLIHS CHS JEH 7R L
FIHET HEmE T C+G XL A/T 45 B % i+
L SRE i
2.2 ¥F#hiE CHS 28 F 18 AR F LR

25 FHIYI GCys GC ik CAL{H RSCU (i
FENC {Han3% 3 fiion - 25 YRl ENC SF-21H
450.29 H/MASEEK 29.05  FikAKPESRE
KIEAAE 58.89  Fk KA HE—24
Mr ENC{H & B 254t CHS JEH %) ENC {H1Y

KT 35.0 FHHZEAY CHS F R A 205 i b
PERSSS T ARASEHEY) CHS 3B ENC {HY/N T
35 BRimAh  RUIRARMEY) CHS B HA T
SRIERS TR AFHE 25 DN CHS LR CAI
HATF 0.647 ~0.762 F-HI{E K 0. 729 Y 5514
TR — K X GC ST EM GC &
G 0.473 ~0.984 SEH4{E K 0. 632 Horp 22
YR GC E IR T 0.5 1fif GCys (R T 0.5
YR 22 4 LR FEYFY CHS %5 F k£
TS ZHMNG+C EEET A+
T & HEM 7R C/G45% il RSCU
{EXF 25 4% CHS 5t 1 Fm I b 45
FW] 44E RSCU > 1 Y% T2 H &£ hy 31 4~
ESE WIR T ARAY RS R 23 A K FE
RSCU > 1.5 ¥t 21k 23 4~ EMEDA
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Fig.1 Cluster analysis heatmap of codon usage frequency
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# means the RSCU value is more than 1
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Table 4 Comparison of codon usage preference between CHS gene in P. koraiensis and the other representative organisms

%‘;ﬁ%% Q%ME Pk Se Ec Ns At Pk/Sc Pk/Ec Pk/Ns Pk/ At
Condon Amino acid
GCA A 17.6 16.2 23 22.9 17.5 1.09 0.767 0.77 1.01
GCC A 32.7 12.6 21.6 12.9 10.3 2.60 1.516 2.54 3.18
GCG A 10.1 6.2 21.1 4.7 9 1.63 0.478 2.14 1.12
GCT A 22.7 21.2 18.9 34.5 28.3 1.07 1.199 0.66 0.80
TGC C 15.1 4.8 5.5 7.5 7.2 3.15 2.748 2.02 2.10
TGT C 5.0 8.1 5.9 8.7 10.5 0.62 0.854 0.58 0.48
GAC D 35.3 20.2 17.9 16.2 17.2 1.75 1.970 2.18 2.05
GAT D 22.7 37.6 33.7 35.6 36.6 0.60 0.673 0.64 0.62
GAA E 15.1 45.6 35.1 35.8 34.3 0.33 0.431 0.42 0.44
GAG E 45.3 19.2 19.4 27.9 32.2 2.36 2.337 1.63 1.41
TTC F 32.7 18.4 13.9 17.4 20.7 1.78 2.356 1.88 1.58
TTT F 5.0 26.1 24.4 23.6 21.8 0.19 0.206 0.21 0.23
GGA G 42.8 10.9 13.6 26.2 24.2 3.93 3.149 1.63 1.77
GGC G 25.2 9.8 20.6 14.3 9.2 2.57 1.223 1.76 2.74
GGG G 5.0 6.0 12.3 11.2 10.2 0.84 0.410 0.45 0.49
GGT G 10.1 23.9 23.7 31.6 22.2 0.42 0.425 0.32 0.45
CAC H 12.6 7.8 7.3 8.7 8.7 1.61 1.725 1.45 1.45
CAT H 5.0 13.6 12.4 10.8 13.8 0.37 0.406 0.47 0.37
ATA 1 5.0 17.8 13.3 10.6 12.6 0.28 0.379 0.48 0.40
ATC 1 30.2 17.2 19.4 13.9 18.5 1.76 1.558 2.17 1.63
ATT 1 10. 1 30. 1 29.6 26. 1 21.5 0.33 0.340 0.39 0.47
AAA K 17.6 41.9 37.2 28.4 30.8 0.42 0.474 0.62 0.57
AAG K 45.3 30.8 15.3 32.4 32.7 1.47 2.963 1.40 1.39
CTA L 0.0 13.4 5.6 7.1 9.9 0.00 0.000 0.00 0.00
CTC L 30.2 5.4 9.5 11.9 16. 1 5.60 3.182 2.54 1.88
CTG L 37.8 10.5 37.4 7.4 9.8 3.60 1.010 5.11 3.86
CTT L 15.1 12.3 14.5 25.4 24.1 1.23 1.042 0.60 0.63
TTA L 2.5 26.2 17.4 12.0 12.7 0.10 0.145 0.21 0.20
TTG L 12.6 27.2 12.9 23.3 20.9 0.46 0.976 0.54 0.60
ATG M 32.7 20.9 23.7 24.2 24.5 1.57 1.382 1.35 1.34
AAC N 15.1 24.8 20.3 16.9 20.9 0.61 0.744 0.89 0.72
AAT N 12.6 35.7 29.3 22.7 22.3 0.35 0.430 0.55 0.56
CCA P 7.6 18.3 9.1 23.5 16.1 0.41 0.830 0.32 0.47
CccC P 32.7 6.8 6.2 6.9 5.3 4.82 5.282 4.75 6.18
CCG P 2.5 5.3 14.5 4.8 8.6 0.48 0.174 0.52 0.29
CCT P 10.1 13.5 9.5 20.8 18.7 0.75 1.061 0.48 0.54
CAA Q 12.6 27.3 14.4 21.5 19.4 0.46 0.875 0.59 0.65
CAG Q 35.3 12.1 26.7 16.4 15.2 2.91 1.321 2.15 2.32
AGA R 17.6 21.3 7.1 16.7 19.0 0.83 2.483 1.06 0.93
AGG R 10.1 9.2 4.0 13.8 11.0 1.10 2.519 0.73 0.92
CGA R 0.0 3.0 4.8 4.2 6.3 0.00 0.000 0.00 0.00
CGC R 5.0 2.6 14.0 4.9 3.8 1.94 0.360 1.03 1.33
CGG R 7.6 1.7 7.9 4.7 4.9 4.45 0.957 1.61 1.54
CGT R 2.5 6.4 15.9 10.7 9.0 0.39 0.158 0.24 0.28
AGC S 12.6 9.8 14.3 9.8 11.3 1.29 0.881 1.29 1.11
AGT S 15.1 14.2 13.2 12.1 14.0 1.06 1.145 1.25 1.08
TCA S 0.0 18.7 13.1 14.6 18.3 0.00 0.000 0.00 0.00
TCC S 10.1 14.2 9.7 11.0 11.2 0.71 1.039 0.92 0.90
TCG S 12.6 8.6 8.2 3.3 9.3 1.46 1.536 3.82 1.35
TCT S 2.5 23.5 13.1 21.9 25.2 0.11 0.192 0.12 0.10
ACA T 15.1 17.8 15.1 15.5 15.7 0.85 1.001 0.98 0.96
ACC T 17.6 12.7 18.9 10.6 10.3 1.39 0.933 1.66 1.71
ACG T 7.6 8.0 13.6 3.7 7.7 0.94 0.556 2.04 0.98
ACT T 20.2 20.3 13.1 21.0 17.5 0.99 1.538 0.96 1.15
GTA Vv 7.6 11.8 13.1 11.1 9.9 0.64 0.577 0.68 0.76
GTC Vv 30.2 11.8 13.1 11.1 12.8 2.56 2.307 2.72 2.36
GTG A% 22.7 10.8 19.9 17.4 17.4 2.10 1.139 1.30 1.30
GTT A% 20.2 22.1 21.6 28.4 27.2 0.91 0.933 0.71 0.74
TGG W 10. 1 10.4 13.4 12.6 12.5 0.97 0.752 0.80 0.81
TAC Y 17.6 14.8 11.7 14.9 13.7 1.19 1.507 1.18 1.29
TAT Y 5.0 18.8 21.6 16.9 14.6 0.27 0.233 0.30 0.35
TAA * 2.5 1.1 2.0 0.7 0.9 2.29 1.260 3.60 2.80
TAG * 0.0 0.5 0.3 0.5 0.5 0.00 0.000 0.00 0.00
TGA * 0.0 0.7 1.1 1.2 1.2 0.00 0.000 0.00 0.00
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