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Codon bias and evolution analysis of AtGAI
Amaranthus tricolor L.

ZHAO Chunli, PENG Liyun, WANG Xiao, CHEN Jialan, WANG Le, CHEN He,
LAI Zhongxiong, LIU Shengcai”

(Institute of Horticultural Plant Biological Engineering, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract To understand the codon bias of AtGAI in Amaranthus tricolor L., AtGAIl gene codon bias was analyzed by
CodonW, SPSS and EMBOSS online program. Neutral drawing,ENc plots and parity rule 2 plot were subsequently used
for the exploration of possible factors that affect the formation of the bias. The optimal receptor system was explored by
comparing the frequency of the AtGAI gene and the pattern biocodon usage. The results showed that: 1) The ENc,CAl,
and GC content of AtGAI were respectively 50.75,0.195,and 41.91% . indicating that the codon bias level of AtGAI in
A tricolor L. was low and biased toward the synonymous codons with A or T.2) The CDS sequence and RSCU cluster
analysis showed that the preference of AtGAI gene was the closest to that of caryophyllales containing betalain in
dicotyledonous plants.3) The codon base composition and correlation analysis showed that the codon bias of GAIl gene
was mainly affected by the base mutation. 4) The codon usage frequency comparison and analysis showed that the
yeast eukaryotic expression system was more suitable for heterologous expression of AtGAI gene. The model plants
Arabidopsis thaliana ,tobacco,tomato and beet can be used as genetic transformation receptors for AtGAI gene, but
beet is the most ideal genetic transformation receptor. This study indicated that mutational stress was the main factor in
the formation of GA/ gene codon bias. It is necessary to optimize and modify AtGA/ codon according to the codon bias
of the host genome for heterologous expression and genetic transformation analysis.
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(Met) I8 2 2 (Trp) Z4b, HA 2 Fe iz ¥ty 2 Ak
2 T LA b %5 B 5 i B 3K o S A () — b BRI 1Y
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The numbers in the figure indicate the relative synonymous codon usage (RSCU) ; Underlined value indicate that amaranth

AtGAT gene uses this codon higher.
1 Tk AGAI ERR X ZFWFHEXERESHR

Fig. 1 Analysis of relative usage of synomymous codons of AtGAI in Amaranth

W52 Spinacia oleracea SoGAlI-like
3 Chenopodium quinoa CqGAl-like
=% Beta vulgaris BvGAI

KR Amaranthus hypochondriacus AhGAIl
Wi Amaranthus tricolor AtGAI

5L Papaver somniferum PsGAIl-like
i Solanum lycopersicum SIGAI
JHEE Nicotiana tabacum NtGAl-like
EEW Populus tomentosa PtGAI
R TT Arabidopsis thaliana AtGAI
Bk Prunus avium PaGAI

WAL Prunus mume PmGAI

IKERk Prunus persica PpGAI

W% Vitis vinifera VvGAIl

WA Malus hupehensis MhGAI

SESR Malus x domestica MdGAI

B A8 Dendrobium catenatum DeGAI-like
/INK Setaria italica SiGAT

100 4% Sorghum bicolor ShGAI
97 EK Zea mays ZmGAI

W3 Ananas comosus AcGAI

Pl rh B e R AT AR L

The numbers in the figure indicate the credibility.
2 AEHH GAI HHXERE R 4 it L

Fig. 2 Construction of an evolutionary tree of GAI related gene system
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T3 Amaranthus tricolor AtGAI
#H3E Beta vulgaris BvGAI

% 3£ Spinacia oleracea SoGAI-like

YHE Nicotiana tabacum NtGAI-like
PRI Amaranthus hypochondriacus AhGAII
|— #3 Chenopodium quinoa CqGAI-like

[ #) Populus tomentosa PIGAI

223Z Papaver somniferum PsGAIl-like
L & Solanum lycopersicum SIGAI
— &R Sorghum bicolor SbGAI

[ E XK Zeamays ZmGAI
/WK Setaria italica SiGAI
1B 7T Arabidopsis thaliana AtGAI

—— % Ananas comosus AcGAI

— k¢ Ffi} Dendrobium catenatum DcGAI-like
J: WL Malus hupehensis MhGAT
3£ Malus x domestica MAGAI
J: W& Vitis vinifera VvGAIl

L 1 1 1

188k Prunus avium PaGAI
*E HE4E Prunus mume PmGAI

K& Bk Prunus persica PpGAI

25 20 15 10
AL FE 5 /eM Genetic distance

0

3 GAIE<EEH RSCU ERE S
Fig.3 RSCU cluster analysis of GAI related genes

SRR, WU [FE YA E] GAT 51K 7] e 2 A 4
ABL ) 285 RS (8 FH 6 00 L35 43 1 o o K 1 A 3 7R
OB T — Sl R i GAT 5 K %5 5 - (O -k
R O 4k 4> S 2 R RT RE AE AR R R E L I B
GAT B RUR IR 10 A6 B L fH 2R ] CDS K H 4225
LGy Fh oy A

2.2.3 REMHAF GAI L A P b5 #

K SPSS 22. 0 #47 GC1,GC2,GC3,GC FI
ENc Wi Pearson R ESHE ER.GC 5 GC1,
GC3 B #F IEM K (P<<0.01), 5 GC2 & g & IF
FHIE(P<<0. 05) . UL I AR ) Bl GAT FEH 25 1,56 2
S 3 7 b B A A AL (R 2) 0 XS R4
Flt GAT FE R 47 i M2 B (B 4k B GC3 (1995 [
g 21, 53% ~90. 54 %, GC12 B3l Ky 39. 08% ~
57.45% . GC12 1y i 1B W /1N, {8 K38 4 35 5] 4 A 75
BUHLL ZE A B, GC3 5 GC12 WL MEH R Eh
0. 166, 1 . & M AHC RE 0. 726 (P<<0.01), 5§
Pearson 43T — 25, A& 36 21 i 22 8/, A2 R
ARFRE SRS, SR AtGAT JE PR F [ 22 1Y
ZEtl 58T A GAT B R B i, 5
B AEY) GAT HE (0 43 A PR B0 . iX 5 2K 40
Bras AW 4

2.2.4 REMHA GAI ] H ENc o #

XA PPl GAT FEH () ENc #4753 87 (B 5)
R D B A IR /N T K R TR A
S3 A AR B L T A BE DR AL A G A A )R
M2 T, DR i FE R AL A B I it L i . e A
14 7 A 5 o il 4 R A K B & GC3 B 40 1 7E
0.20~0. 95, B GAT 1% 1% 1 I L1 52 B 2 28 A8

VAR 5L B T g R — 2, HE
AR A R 7 A R 0 B i e A L T P AL Y
s G- 1 2 1 3R 2 A A S T b L 32 FLAB I 3R (H ARk
PE O K B RN L IR 3k ) By s T
2.2.5 REMHA GAI 1B PR2 547

i [ 6 7T %1, PR2 43§ (PR2-bias plot analysis)
A F GAT FER ) A3/ (A3+T3)ak G3/(G3+
C3)MEABM B T 0.5, 1M 249% LB I 25 0. 5 B & B 3L
PR 2 i 2 e T2 ) 225 % O G R B 17 i 58748 22 A i
Z R H AL R R mE . AR AR ARk R . KRB
B 53 A T 0.5 XSy 22 47 PN & I 2% 5 178 G i C
Z A BE N R, WNRFRRE ., EEED
FE<0. 5 WX IR H M F7E A M T Z R A —
E B i 4Pk o El O A BT AR R 4 A A TR T AE R )
Pidh GAT GE kAot B8 v L R 35 — 2 1EH
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REM G 3 ArGAT 3 K% B 1 fi 4F 1 5 2546 20

17

RLGCE HERYIIE

N

BT

Average content of GC on the Ist and

BT

7

AR

Effective number of codon (ENc)

2.3

2nd site (GC12)

K2 GAI BEEREHRZBFHSHEXESH

Table 2 Correlative analysis of codon components of GAI gene family members

Parameter GC1 GC2 GC3 GC ENc
GC1 —
GC2 0.072
GC3 0.585™ 0.492" —
GC 0.732" 0.490" 0.975™
ENc —0.467" —0.563" —0.433" —0.522" —
o Hllx A3 R P<<0. 01 Fl P<<0. 05 K B4 B35 25 R Mg 3% 02 5,

Note: %% and * indicate significant correlations at 0. 01 and 0. 05 levels, respectively.

LOT 120.166x+0.408

P=0.726 =x
0.8F R=0.527
0.6+ . -

L ] * o

0.4} .
02f
0 0.1 02 03 04 05 0.6 07 08 09 1.0

WL T LGCE

GC content on the 3rd site (GC3)

E4 GAIEXERFEBFEARTFEPELE
Fig. 4 Neutrality plot on the codon usage

65
60
55
50
45
40
35

30

T 02

Fig. 5

bias of GAI related genes

y=2+x+29/(2x>-2x+1)

L L L L )
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Table 3 Comparison of codon usage bias of GAI related gene and common pattern organisms

e A RMR AGAT AtGAI/ AtGAI/ AtGAI/ AtGAI/ AtGAI/ AtGAI/
Codon Amimo acid Buv At Nt St Ec Se
GCA Ala 18. 18 0. 46 1.04 0.79 0. 82 0. 88 1.13
GCC Ala 8.26 0.55 0. 80 0. 66 0. 82 0.32 0. 66
GCG Ala 8. 26 1. 84 0.92 1.42 1.59 0. 26 1. 35
GCT Ala 41. 32 1.94 1. 46 1.32 1. 35 2.65 1. 96
TGC Cys 3.31 0.64 0.46 0.46 0.49 0.48 0.70
TGT Cys 9.92 1. 00 0. 94 1.01 0.92 1. 80 1. 24
GAC Asp 14. 88 1. 04 0. 86 0. 88 0.99 0. 80 0.74
GAT Asp 42.98 1.02 1.17 1. 16 1. 09 1. 34 1.14
GAA Glu 38.02 1.08 1.11 1. 06 1. 09 1. 00 0.78
GAG Glu 16. 53 0.51 0.51 0.56 0.62 0.93 0. 87
TTC Phe 18.18 1. 08 0. 88 1.01 1. 04 1. 08 1. 00
TTT Phe 23.14 1. 10 1. 06 0.92 0. 89 1. 00 0. 89
GGA Gly 24,79 1.16 1.02 1.07 0.97 2.75 2.27
GGC Gly 8.26 0.81 0.90 0.74 0. 85 0. 30 0. 85
GGG Gly 14. 88 1. 20 1. 46 1.42 1. 38 1. 32 2.48
GGT Gly 21.49 0.77 0.97 0. 96 0.90 0. 88 0.90
CAC His 3.31 0. 70 0.38 0.38 0.42 0.34 0.43
CAT His 16. 53 1. 54 1. 20 1.23 1. 07 1.22 1.21
ATA Ile 11.57 0.98 0.92 0. 83 0. 83 2.14 0.65
ATC Ile 9.92 0. 57 0. 54 0.71 0.71 0.41 0.58
ATT Ile 16. 53 0. 64 0.77 0.59 0.59 0.55 0. 54
AAA Lys 33.06 1.22 1.07 1.01 1. 06 1. 00 0.78
AAG Lys 8. 26 0.22 0.25 0.25 0.27 0.77 0.27
CTA Leu 3.31 0.34 0.33 0.35 0.33 0.83 0.25
CTC Leu 1.96 0.46 0.31 0.40 0.44 0.45 0.92
CTG Leu 11.57 1.41 1. 18 1.13 1. 10 0.23 1.11
CTT Leu 21.49 0.79 0. 89 0. 90 0. 86 1. 84 1.78
TTA Leu 34.71 3.10 2.73 2. 59 2.41 2.50 1. 30
TTG Leu 16. 53 0. 89 0.79 0.74 0.68 1. 18 0.61

ATG Met 29.75 1.30 1.21 1.19 1. 20 1.10 1.42
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GITEE HER ACAT AtGAI/  AtGAI/  AGAI/  AiGAI/  AiGAI/  AiGAI/
Codon Amimo acid Bv At Nt Sl Ec Sc
AAC Asn 26. 45 1.66 1.27 1.48 1.53 1.24 1.06
AAT Asn 36. 36 1.39 1.63 1.30 1.19 1.96 1. 00
CCA Pro 18.18 0. 80 1.12 0.92 0.95 2.14 1. 00
cce Pro 6.61 0. 86 1.25 1.00 1.16 1.14 0.97
CCG Pro 8.26 1.80 0.96 1.65 1.80 0.38 1.56
CCT Pro 18.18 0.78 0.97 0.97 0.95 2.49 1.34
CAA Gln 36. 36 2.20 1.86 1.76 1.73 2.42 1.32
CAG Gln 11.57 0.79 0.76 0.77 0. 83 0.39 0.96
AGA Arg 9.92 0.67 0.52 0.62 0. 60 3.42 0.47
AGG Arg 8.26 0. 65 0.75 0.68 0. 69 4.35 0. 90
CGA Arg 13.22 1.11 2.10 2.49 2.45 3.39 4.41
CGG Arg 9.92 2.25 2.02 2.68 3.20 1.57 5.83
CGT Arg 3.31 0.51 0.37 0. 44 0.48 0.16 0.51
AGC Ser 9.92 1.21 0.88 0. 99 1.07 0. 62 1.02
AGT Ser 23.14 1.35 1.65 1.74 1.52 2.44 1.63
TCA Ser 34.71 2.23 1.90 1.97 1.68 4.45 1.85
TCC Ser 11.57 1.27 1.03 1.13 1.17 1.30 0.81
TCG Ser 8.26 1.62 0. 89 1.56 1.48 0.95 0.97
TCT Ser 26. 45 1.12 1.05 1.32 1.25 3.04 1.13
ACA Thr 11.57 0.70 0.74 0. 66 0. 65 1.41 0. 65
ACC Thr 9.92 0.96 0.96 1.02 1.15 0.43 0.79
ACT Thr 16.53 0. 86 0.94 0.81 0. 83 1.82 0.81
GTA Val 16.53 1.62 1.67 1.45 1.48 1.49 1. 40
5TC Val 8.26 0. 66 0. 65 0.74 0. 82 0.55 0.71
GTG Val 9.92 0.67 0.57 0.59 0.62 0.39 0.94
GTT Val 38.02 1.33 1. 40 1.42 1.36 2.05 1.73
TGG Trp 11.57 0.88 0.93 0.95 0. 86 0.76 1.12
TAC Tyr 4. 96 0.31 0.36 0.37 0. 40 0.41 0.34
TAT Tyr 18.18 1.17 1.25 1.02 0.98 1.10 0.96

T : AtGAI Bu At [Nt SI.Ec.Sc 5 3R R B3 AtGAT FEH Rt 3 SR IF 08 50 38 Al L R AT 7 1 o 7 2k PR 441 %% )
A AR 5 T R 4R 2R B R 28 RO
Note: AtGAI,Bv,At,Nt,Sl,Ec,and Sc represent the {requency of codon usage of Amaranthus tricolor AtGAI gene and
Beta wulgaris, Arabidopsis thaliana, Nicotiana tabacum, Solanum lycopersicum, Escherichia coli, and
Saccharomyces cerevisiae genome, respectively. The underline indicates that the codon usage frequency is quite

different.
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