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Table 1

genes in seven medicinal plants

Sequence information of c4h

Genbank Z %5 CDS X {if &
Sfﬁis Accession No. Position
on Genbank of CDS
F+2 Salvia miltiorrhiza DQ355979. 1 71-1585
KF AL Catharanthus roseus 732563.1 53-1570
B H # Scoparia dulcis KF306081. 1 91-1608
W % Scutellaria baicalensis HMO062778. 1 1-1524
Z M Morus alba KJ616396. 1 1-1518
W Astragalus mongholicus  HQ339960 59-1576
24 Lonicera japonica JX068604. 1 1-1518

1.2 Ak
M Genbank & ¥ Fh cah JLH B F 5] T LR
5'UTR 1 3’ UTR, #%# CDS X . fij i CDS X J¥
G5 B #5200 fasta, 3 AF] CodonW {441,
Xp 7 5% cdh FEH CDS ¥ %0 #4743 B » 3K A5 AH XF
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BCENe) V75 3 i G+C &8 (GC3s) U K&
CDS X GC & &, Hexd 7 Fh 2 HI 4 9 1) i 5 5 3
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Ge RIS R IE N AL RV L o b 4
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Table 2 Analysis of codon and GC content

in seven medicinal plants

ﬁ*ﬁglﬂ E':J CDS X, ﬁfﬂﬂﬁ A g il E]ZH Y Fh Species GC ENc GC3s
TR RS TR UGA B 1R85 [ 41 3% 10 J}% Salvia miltiorrhiza ~ 0.558 46,1 0,752
%7\% UAA, ;é 1§(\T %ﬂ ‘[;/Q E% ZE E]/\] ég JJ: %_: Eg) ?‘ ;Eé K #HA Catharanthus roseus 0.426 51.2 0.422
UAG, %%ﬁ 27 4%6%%[3@ RSCU {Ej(ﬂ: 1, BHE Scoparia dulcis 0.514 55.03 0.638
&%%ﬁ 25 /l\ s ﬁﬁgﬁ 26 /I\ s E\:gﬁ 28 /l\ s ;7% WA Scutellaria baicalensis 0.541 49.21 0.707
WA 26 2, 3R 30 N, HEAH 274, 1 cdh Z M Morus alba 0.541  49.93 0.728
%E‘ E—Q%@ﬁﬁ@ﬁlﬁf%%* ,‘@,ﬁﬁ?ﬂﬁiﬁ?— W Astragalus mongholicus 0.425 51.61 0. 368
ﬂ“@i }}L& iFEF 1—/‘_%—; ﬁ% % E/‘J ,rjﬁ; ﬁ , 'JE'T:’ /E(: ﬁfi (Leu) 1')% }/Z}" 24 Lonicera japonica 0. 494 55.92 0.604
x3 EMEUEBFHERENE X EZBFERRESH
Table 3 Effective number of codons and relative synonymous codon usage frequency
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Amino acid  Codons Salvia Catharanthus Scoparia Scutellaria Morus Astragalus Lonicera

miltiorrhiza roseus dulcis baicalensis alba mongholicus japonica

Phe Uuuu 5/0. 37 18/1.24 8/0.59 4/0. 31 9/0.72 14/1. 04 13/1.00

uuc 22/1. 63 11/0. 76 19/1. 41 22/1.69 16/1.28 13/0. 96 13/1.00

Leu UUA 1/0.10 6/0. 62 2/0. 20 1/0.11 0/0.00 3/0. 30 5/0.51

UuG 11/1. 14 18/1. 86 11/1.10 8/0. 84 18/1.74 15/1. 50 17/1.73

CUU 8/0.83 17/1.76 12/1.20 8/0. 84 9/0. 87 18/1. 80 10/1.02

cucC 23/2.38 4/0.41 24/2.40 25/2.63 21/2.03 14/1. 40 17/1.73

CUA 6/0.62 9/0.93 2/0. 20 6/0.63 3/0. 39 8/0. 80 6/0.61

CUG 9/0.93 4/0.41 9/0.90 9/0. 95 11/1. 06 2/0. 20 4/0.41

Ile AUU 11/1. 06 19/1. 68 17/1.55 12/1.13 11/1.03 20/1.71 14/1.31

AUC 17/1. 65 12/1. 06 14/1.27 15/1. 41 19/1.78 11/0. 94 16/1.50

AUA 3/0. 29 3/0. 26 2/0.18 5/0.47 2/0.19 4/0. 34 2/0.19

Met AUG 13/1.00 12/1.00 11/1.00 14/1. 00 12/1.00 11/1.00 15/1.00

Val GUU 7/0.72 20/2.22 9/0.95 4/0.42 6/0.63 24/2.67 11/1.19

GUC 11/1.13 3/0.33 15/1.58 13/1.37 13/1.37 6/0.67 9/0.97

GUA 1/0.10 4/0. 44 4/0.42 2/0.21 3/0.32 0/0.00 7/0.76

GUG 20/2.05 9/1.00 10/1. 05 19/2.00 16/1. 68 6/0. 67 10/1. 08

Ser UuCcu 0/0. 00 5/1.50 1/0. 29 0/0.00 1/0. 30 5/1.43 1/0. 38

ucC 1/0. 33 2/0. 60 6/1.71 2/0.63 3/0. 90 1/0.29 4/1.50

UCA 2/0.67 2/0. 60 2/0.57 4/1.26 2/0. 60 4/1.14 1/0. 38

UCG 8/2.67 2/0.60 3/0. 86 2/0.63 5/1.50 0/0.00 1/0.38

AGU 1/0.33 6/1.80 2/0.57 5/1.58 1/0. 30 6/1.71 5/1.88

AGC 6/2.00 3/0.90 7/2.00 6/1.09 8/2.40 5/1.43 4/1.50

Pro CCU 6/0. 86 12/1.71 9/1.24 4/0.57 9/1.29 11/1.57 3/0. 44

CCC 6/0. 86 2/0.29 11/1.52 8/1.14 8/1.14 2/0.29 7/1.04

CCA 3/0.43 8/1.14 4/0.55 7/1.00 6/0. 86 15/2. 14 6/0. 89

CCG 13/1. 86 6/0. 86 5/0. 69 9/1.29 5/0.71 0/0. 00 11/1. 63

Thr ACU 3/0.63 11/2.32 4/0. 80 2/0. 38 5/1.11 6/1.26 5/0. 87

ACC 6/1.26 3/0.63 6/1.20 10/1. 90 9/2.00 7/1. 47 10/1.74

ACA 4/0. 84 5/1.05 6/1.20 5/0.95 2/0. 44 5/1.05 4/0.70

ACG 6/1.26 0/0.00 4/0. 80 4/0.76 2/0. 44 1/0. 21 4/0.70

Ala GCU 5/0.71 5/0. 87 4/0.62 4/0.52 4/0. 62 12/1.71 6/0. 86

GCC 11/1.57 11/0.91 10/1. 54 16/2. 06 13/2.00 4/0.57 10/1. 43

GCA 2/0.29 5/0. 87 5/0.77 4/0.52 4/0. 62 8/1.14 8/1.14

GCG 10/1. 43 2/0. 35 7/1.08 7/0.90 5/0.77 4/0.57 4/0.57
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£E3R 3 Continuing Table 3
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Amino acid  Codons Salvia Catharanthus Scoparia Scutellaria Morus Astragalus Lonicera
miltiorrhiza roseus dulcis baicalensis alba mongholicus japonica
Tyr UAU 2/0.33 7/0.93 5/0.77 4/0.67 2/0.31 7/1.27 7/1.08
UAC 10/1. 67 8/1.07 8/1.23 8/1.33 11/1.69 4/0.73 6/0.92
His CAU 1/0.17 3/0. 60 4/0.73 1/0.18 3/0.67 5/0.83 3/0. 60
CAC 11/1.83 7/1. 40 7/1.27 10/1. 82 6/1.33 7/1.17 7/1. 40
Gln CAA 1/0.11 6/0.75 7/0.74 3/0.33 3/0.33 9/1.06 8/0. 94
CAG 18/1.89 10/1. 25 12/1.26 15/1. 67 15/1. 67 8/0. 94 9/1. 06
Asn AAU 6/0. 46 16/1.23 9/0.72 7/0.52 6/0.43 14/1.12 11/0.79
AAC 20/1.54 10/0. 77 16/1.28 20/1. 48 22/1.57 11/0. 88 17/1.21
Lys AAA 6/0. 35 14/0.76 11/0. 63 5/0. 27 3/0.17 21/1.20 8/0. 44
AAG 28/1. 65 23/1.24 24/1.37 32/1.73 33/1.83 14/0. 80 28/1.56
Asp GAU 11/0.88 16/1. 45 13/1.00 12/1. 04 7/0. 64 19/1. 41 16/1.23
GAC 14/1.12 6/0.55 13/1.00 11/0. 96 15/1. 36 8/0.59 10/0. 77
Glu GAA 4/0.23 19/0.93 9/0.51 8/0. 44 8/0.42 21/1.20 8/0. 44
GAG 31/1.77 22/1.07 26/1.49 28/1.56 30/1.58 14/0. 80 28/1.56
Cys UuGuU 0/0.00 2/1.33 2/1.33 1/0. 50 1/0.67 2/1.33 1/0.67
UGC 3/2.00 1/0.67 1/0.67 3/1.50 2/1.33 1/0.67 2/1.33
Trp UGG 8/1.00 7/1.00 8/1.00 8/1.00 8/1.00 8/1.00 8/1.00
Arg CGU 3/0.53 4/0. 69 4/0.73 1/0.18 3/0.51 6/1.06 2/0.35
CGC 8/1. 41 0/0. 00 3/0.55 7/1.27 5/0. 86 4/0.71 3/0.53
CGA 4/0.71 4/0. 69 3/0.55 2/0. 36 3/0.51 3/0.53 2/0. 35
CGG 5/0. 88 0/0. 00 5/0.91 7/1.27 7/1.20 1/0.18 8/1. 41
AGA 7/1.24 15/2.57 4/0.73 10/1. 82 5/0. 86 10/1.76 5/0. 88
AGG 7/1.24 12/2.06 14/2.55 6/1.09 12/2.06 10/1.76 14/2. 47
Gly GGU 4/0.46 9/1. 06 3/0. 38 1/0.13 3/0. 35 15/1. 82 4/0.52
GGC 18/2. 06 10/1. 18 13/1. 63 12/1.50 15/1.76 6/0.73 6/0.77
GGA 3/0. 34 11/1.29 9/1.13 10/1.25 8/0. 94 12/1.45 9/1.16
GGG 10/1. 14 4/0.47 7/0. 88 9/1.13 8/0.94 0/0.00 12/1.55

“/THT BT RN RN cdh FERA HOBES T ECR /7R I BUT 2R RSCU A kLA 7 #%7% RSCU K F 1,
The number before®”/”means the offective codon number of c4h gene,the number after”/”means RSCU, the coarse number means

RSCU greater than 1.
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Cluster analysis of RSCU for c4h genes
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Abstract; In order to further study genetic features of medicinal plants, coding usage of c4h genes in medicial

plants including Salvia miltiorrhiza , Catharanthus roseus , Scoparia dulcis , Scutellaria baicalensis , Morus al-

ba , Astragalus mongholicus , Lonicera japonica were analyzed by CodonW. Cluster analysis of c4h genes codon

bias were carried out by SPSS18. 0. The result showed that c4h genes ENc were between 46. 1 and 55. 92 in

seven medical plants.they had a weak codon bias.,5 medicinal plants tended to use codon ending with GC,2 me-

dicinal plants tends to use codon ending with AT. Seven medicinal plants were divided into two parts,one part

included Catharanthus roseus and Astragalus mongholicus. In the other part, Salvia miltiorrhiza and Scutel-

laria baicalensis were in a group,Scoparia dulcis  Morus alba and Lonicera japonica were in another group.

Keywords: c4h genes; codon bias; cluster analysis



