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Analysis on bias of functional gene codon of Eleutherococcus senticosus
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Abstract: Objective To analyze the codon usage of functional genes in Eleutherococcus senticosus and their influencing factors.
Methods The multivariate statistical analysis and correspondence analysis were carried out using CodonW and SPSS software with
codon of 17 genes selected from the functional genes of E. senticosus. Results GC contents at the three positions of functional gene
codons in E. senticosus was 51.03%, 41.23%, and 40.04%, all of which had a significant correlation coefficient (P < 0.05). The
correlation coefficients with GC12 and GC3 were 0.262, and both were insignificant. The relative synonymous codon usage of 27
codons was greater than 1, among which 22 codons ended with A or T base. In the corresponding analysis, the first axis showed the
variation of 22.78%, and there were significant correlation coefficients in codon adaptation, codon bias index, and GC3 (P <0.01). The
correlation coefficients were 0.686, 0.617, and 0.786, respectively, but they were insignificantly related with the effective number of
codons (ENC). The second axis showed the variation of 19.28% and it was only significantly related with ENC (= 0.635). Seventeen
optimized codons in functional genes of E. senticosus were defined. Conclusion All codons of functional genes in E. senticosus prefer
to ending with A or T base. The codon usage bias is formed under the effects of mutation and selection.
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(calmodulin, CaM) Z:[A (GenBank ¥ x5 :
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Table 1 GC contents in different positions of functional gene codon of E. senticosus

A GC i /% ENC FHEA GC I /% ENC
GCl1 GC2 GC3 GC GC1 GC2 GC3 GC
AP21  49.45 4327  41.09  44.61 54.29 FPS 52.19 2828  41.98 40.82 55.99
XET1 4399 4330 5120  46.16 55.10 CAS 5152 41.11 37.94  43.52 53.13
PTI1 5047  41.02 4556  45.68 57.51 HMGR 5359 4483 4956 4933 57.57
Ss1 48.08 34.62 4159 4143 55.48 MDD 5226  40.86 39.900  44.34 54.76
SS2 48.19 3470  44.58 42.49 57.17 GAPDH 5024  42.18 4645 4629  40.64
SEI 51.35 43.06 36.04 4348 53.87 SOD 64.71 51.63 36.60 50.98 47.05
SE2 51.01 4254 3573 43.09 53.11 SPDS 55.39 38.32 37.13 43.61 54.05
bASI 4890 3790  36.43 41.08 53.85 CaM 59.33 28.67 57.33 48.44 55.62
bAS2 4854 3829 35.85 40.89 52.88 &t 51.03 40.04  41.23 44.10 55.08

1) GC & ZHNHBAK, GC2 HHAUT. BIZER T
FERAIH, DL A BT Bl 45 10 25 4 FH A e vy
T G 3 C BlFE 45 1305 1 o i o in LA 20 T e 3
K2t X 1) ENC HUEIX [R5 40.64~57.57, Hrp
94.12%FE A1 ENC {H KT 45, ENC [HUE N 20~
61, ENC {EBEET 20 KR [m] SRSk BoR,
FEAT 61 7 [ SCRAD T frh s N, S )
RESE DR G i DX P e P2 2 55

) 10 U e DR 4 B X% B - 5 A B GC
. ENC MG 140 H AR IR 2 s, #
AN IX [ GC 5 GC1 2 [ IRAHSPEIS 2 T # 2
FIKF (P<0.01), 5 GC2. GC3 Z[ajth¥4)iks| T
BEKF (P<0.05), %1 3 MIEM GC #2
) PRI AF SR F A IR 2 8 25 7K, Ua MH R . n oh fig 2k
DR %86 0 5~ 3 AN AL E A 2 20 1) A7 7 3 2200 o
ENC {5 %651 3 ML E GC & 5 GC =[x
PERIARIE WK, Ul W B0 PR B I 20 x5 i
T iFPE S AN . ENC RIS FEURIA 2 R ECh
0.414, KRiLF|EFIKF, RYIEM 7 HH X ENC
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Table 2 Correlation analysis of related

parameters of each gene

MRSH GCl1 GC2 GC3 GC ENC

GC2 0.164

GC3 -0.007  —0.309

GC 0.624” 0511 0.496

ENC -0.241  —0.402  0.183 —0.256
EMTH 0394 0.171 —0.357 -0.346 0.414

TR SRR % BRI SCHELE 0.05 AT 0.01 AT 7 5 3
" and " indicate significance of correlation at 0.05 and 0.01 levels,

respectively
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3.3 ENC #1 GC3 HitBX 4947
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Table 3 RSCU of protein coding sequence of functional genes in E. senticosus

i . RSCU e N RSCU
A EWNT Emm mak Rk | A ENT amm mEd RRE
Phe TTT 1.11 1.15 1.05 Tyr TAT 1.15 1.51 1.55
TTC 0.89 0.85 0.95 TAC 0.85 0.74 0.89
Leu TTA 0.69 0.80 0.47 TER TAA 0.88 1.38 1.25
TTG 1.43 1.49 1.39 TAG 0.18 0.53 0.59
CTT 1.70 1.60 1.72 His CAT 1.32 1.42 1.37
CTC 0.74 0.68 0.82 CAC 0.68 0.58 0.62
CTA 0.68 0.75 0.66 Gln CAA” 1.14 1.53 1.34
CTG 0.76 0.68 0.95 CAG 0.86 0.47 0.67
Ile ATT 1.68 1.67 1.64 Asn AAT” 1.26 1.65 1.56
ATC 0.62 0.57 0.62 AAC 0.74 0.61 0.79
ATA 0.71 0.77 0.74 Lys AAA” 0.95 1.38 1.29
Met ATG 1.00 1.00 1.00 AAG 1.05 0.36 0.36
Val GTT 1.61 1.77 1.42 Asp GAT” 1.39 1.71 1.52
GTC 0.75 0.67 0.82 GAC 0.61 0.62 0.84
GTA 0.70 0.75 0.67 Glu GAA” 0.98 1.39 1.15
GTG 0.95 0.81 1.09 GAG 1.02 0.28 0.48
Ser TCT" 1.51 1.23 1.06 Cys TGT" 1.06 1.12 0.90
TCC 0.82 0.77 0.94 TGC 0.94 0.88 1.10
TCA 1.36 0.75 133 TER TGA 1.94 2.25 133
TCG 0.61 0.00 0.33 Trp TGG 1.00 1.00 1.00
Pro CCT 1.40 1.36 1.25 Arg CGT 0.81 0.91 0.68
cce 0.61 0.64 0.75 CGC 1.01 1.05 1.08
CcCcA” 1.45 1.19 0.86 CGA 0.93 1.00 0.99
CCG 0.54 0.81 1.14 CGG 0.50 0.40 0.59
Thr ACT 1.70 131 1.13 Ser AGT 0.90 1.14 0.68
ACC 0.70 0.69 0.87 AGC 0.81 0.69 1.03
ACA” 1.27 1.07 0.82 Arg AGA” 1.45 1.48 1.17
ACG 0.34 0.93 1.18 AGG 1.29 1.16 1.49
Ala GCT 1.61 1.40 1.37 Gly GGT 1.24 1.21 1.28
GCC 0.74 0.60 0.63 GGC 0.70 0.67 0.67
GCA" 1.27 1.05 0.78 GGA" 1.26 1.36 1.19
GCG 0.38 0.95 1.22 GGG 0.80 0.76 0.86
AR T

" refers to optimized codon
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Fig. 1 Neutrality plot analysis Fig. 2 Correlation analysis of ENC and GC3
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Fig. 3 Corresponding analysis based on RSCU

35 EMBEBFLHH
FRAE 2 JE R K ENC fBR/D, e IRERIR AL
RT3, S mr . ARRIAJE R 5 % 1
(1) RSCU i (£ 3). M2 ST IFARSCU 1,
& HfiE TTT. TTA M GTT 45 17 D261 A Al
FF
4 g
IR R T, SRR AR ER TG T

CURF A S 7 FVE, RIS 7 i A P ks
SN R S A K SR T IR R AR S AR AT
Ky B ASRIEREE )5y, RIF] B 15848 JF
A AAFIE S, 7R F 5 3 47 _RiseAs &b
PEIERRII LG A 1T “ BP9 AR AR 7 IR NUA N,
SRS R A T W, ) SCR RS A A ek
S5 BT 0] B D 2 s (1 3 R ANOGS A () SRS T 1
“ g AR AR TR Y. St o S5 gh g
LRI oA g R0, LB RS 3 AN E AL 21
JEANTE], 5 3 A7 AR LA RS A B T SR AH
K GC3. GC fabrdy 555 1 M B AL, Ut
B 32 2 S T 1) 00 ) B 32 R 50 1 1)l - 1 A7 A
B (r=0.786), [F] i S N B AE I Hm I
Fr ENC 555 1 #iAHetE (.=-0.131) HARIL
WK, {5 CAT A1 CBI 555 1 %l 52 0% b 5 AH 5%
KF, HMKAREIE 0.686 A1 0.617. Ak, 7F
XN A AT I AR R O I AT R I A 2
i i 0 W = P o L A O s
R TAREE 1 HIRIES 2 Bz N, P ) 22 AN
B, HWNE RS T HAM. Bk, 7
SINTRERE, TR 1 RIS 2 B gt Rk T 4
GOy, A BRI S e H ) 0 Dy fie 5 R 4 1 - 1)
R AL 558 1B A g AR, d e 2
B GC3. GC. CAI. CBI HAHEMEA R, 1
L ENC [H] IR W A OCOR R, B R EL
(r=0.6358/NT-55 1 415 GC3 (A K 5%k 0.786,
[ 26 2 BT ARER I 22 e LU S I T2 1 b X
WA, 3 T I0 h BESE PR 1) 26 8 1 R VA S L 4 e ( 58
) FERRAEZ RN 5% . 534h, ENC M GC3
AHRME DT Z R R, BRI FE R AE T hr it
ek T 7R ab ok, 2 5 T hsifk i 2~ 5 B At
L [FIRE S e 7 o) 00 ) R BRL ) 2 R A 52 0%
PR AR 55 22 T DR 255 M) PR

HAT, O%T F0nRH24 ka4 o) fie Jik R 35 A 1
(R 22 00 B R DL ARG . ASHIE9E 1 IR0 M T %R
22 AR 0 i S A R T . BT
WL SRR, SREXRME MR, —kR
B ARBL 3 5 A B T, DRk, W A R
X TR At 24 FH R 4 D f S DL 1) A Ab v Ak
KRR ) v I R T e A S b AT T A
YR S ARA I R R, LR R I AE Y K
o 25 IR Th RESE N EF R 3% b, 14k,
A v B TR SRS W KRB 17 4T



¢ %% Chinese Traditional and Herbal Drugs 35 44 % 25 S#i 201343 H

° 603 -

RE LR, PRI, S T 1 ) R £ A
S 3 0 A T 2 T Bl £ 9 e A
LI ¥ 52 W A AT «

S 3k

(1]

(2]

(5]

WA, #hei. B mrt LILNA 0] ARYE
), 2012, 47(4): 9-11.

Ashburner M. Drosophila genomes by the baker’s dozen
[1]. Genetics, 2007, 177(3): 1263-1268.

R, BT, BRAR, S R B A
P fr B 20 90 [J). PEAL AL A 2R, 2012, 32(2):
409-415.

WL, AN, w8t % R Fom ek ).
Y IIFST, 2011, 34(3): 213-216.

TR, L, R WS, 2. R T ERR o e
DR IP) o B S FLR Ak 0 B [9] P2y, 2012, 43(7):
1387-1392.

(6]

(7]

[10]

[11]

TSI, % M, Bk Jk, A RIT0I GAPDH DA 1
TR K AIASHT (7], P2y, 2012, 43(1): 155-158.

T er, T, BERERS, A5 R EIE G 2
cDNA M5 E AL T [J]. B E, 2012(2):
117-120.

Je JJEL, TREARK, F W, S5 ) T S e A
cDNA [ sefE 5 p 5o bT [ AR, 2012(2):
112-116.

JASREG. IR T 0V A 40 T T o 2 S 3 e A ) i e
KailE [D]. MR AEMRLRE, 2011,

MR, R 5, MR, AR Rl R AR R 20
AR PE R8T (3], P EARMERE, 2011, 44(2):
245-253.

Yi D K, Lee H L, Sun B Y, et al. The complete
chloroplast DNA sequence of Eleutherococcus senticosus
(Araliaceae); comparative evolutionary analyses with
other three asterids [J]. Mol Cells, 2012, 33(5): 497-508.



