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Bioinformatics Analysis of Soybean CHR2-]/ Gene and Its Genetic Transformation
to Soybean

CUI Hui-min, QU Shuo, WAN Jin-lu, FAN Su-jie, LI Su-fang, WANG Pi-wu, ZHANG Zhuo
(College of Agriculture, Jilin Agricultural University, Changchun 130118, China)

Abstract: Soybean isoflavones is a class of secondary metabolites that contribute to human health. Soybean chalcone reductase
(CHR) gene is one of the key enzymes controlling the biosynthesis of daidzein, the main component of soybean isoflavones.
In order to broaden the research types of soybean CHR, promote the research of isoflavone metabolism mechanism, and then
promote the improvement of soybean varieties, this study used genetic engineering technology to perform gene cloning and
bioinformatics analysis of GmCHR2-1. And then we constructed a recombinant plant expression vector pPCAMBIA3301-CHR2-1 ,
transformed the vector into the Dongnong 50 soybean receptor through agrobacterium- mediated method, and identified
regenerated soybean transformed plants with PCR screening. The results showed that the protein encoded by the GmCHR2-1
gene is a non-secretory protein and may play a major role in the cytoplasm. The protein is a non-transmembrane protein and
does not migrate in the cell. The protein has 22 potential phosphorylation sites, including four threonine( Thr) , and eighteen
serine( Ser) composed of 40.63% «-helix, 14.29% extended chain, 4.13% B-turn and 40.95% random curl. PCR
identified that the genome of the transformed plant contained the glufosinate resistance gene Bar, the terminator NOS and the
promoter 35S site, and it was preliminarily determined that GmCHR2-1 was transferred into the genome of Dongnong 50
soybean variety, and we finally obtained 12 T, positive plants.

Keywords: soybean; chalcone reductase; GmCHR2-1 ; bioinformatics; genetic transformation; Dongnong 50
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ETC811) ;R ykAY (LIUYI,DYY-12C) ; % 5 %5 (BT M
KW, DTC-100 ) ; 5 M BAR AL ( 7R JH: J2 , Bio-Imaging
Systems910 ) ; 43 ¥ Z% 32 4 ( Hybaid Limited,
HBMOVCSY220) ; #, 7 K (TOMS) ; pH il %€ %
(PHS-3C) ; —80 °C ¥K4 (Hair) ; 1H & 7K 78 5 (b3
K X)) 5 o6 BRE IR 35 32 46 (LGZ) ; 45 1 #% IR (Stab

A 50, H RO
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CWO0553) ; DNA % i 2 4k 12 71 & ( Axygen ) 5 Jiz 4
DNA $2 B 7] & (B L 07) 510 x Loadingbuffer F1
DL-2000 DNA Marker ( TaKara) ; Bgl I #1 BstE 11
(Seymour Flight Company ) ; J&%4% 72 i 7 & (H %2
A 5 HAB R (AL i =l At o

1.2 ik

1.2.1  AH1Z 8554 FIH NCBI B3 (www.
ncbi. nlm. nih. gov ) #£47 Blast 43047, #5158 GmCHR2-1
P, ffi F ProtScale 4387 GmCHR2-1 3 [X 9
58 H R AY 2R B 7K P ; L Hphob/ Kyte & Doolittle Ay
TR , {5 H] TMHMM 34 B0 A 1 5 45 44 5
A A Signalp ™ %5 ( http://www. cbs. dtu. dk/
services/SignalP/) 73 #r ¥ I &8 11 57 7% o ik A1
PSORT 1T R ( https ;. //psort. hge. jp/form2. html) 43
Br B0 2 1 5 O 40 7€ £ F) FH NetPhos ¥ 2
(http ://www. cbs. dtu. dk/services/NetPhos/ ) 72k 73
B8 15T i R Ak 2 55 A1 ] SOPMA [ 2 (hittp ./
npsa-pbil. ibcp. fr/cgi-bin/npsa_automat. pl? page =
npsa_sopma. html ) Tl & 1 2 5L/ 17 810 54 Br i A1
JBT 45K 5 fdi H] SWISS-MODEL %% 473 #7 1 Il 2
FI = 2% 25 #9; ) | STRING ¥ 34 ( https://en.
string-db. org/ ) HEATHE BT HAE 4T .
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1 wL #&if 1 wL . ddH,0 9.5 wL, ¥4 5 S5 44 W
K2, PHI WA 0.8% It BE BE KT 220 V|
110 mAHLJK, F1|F DNA ¢ fise 20 Ak it 5] & 2l Ak JF 3%
ZREWERAEY A FWT . ¥oifbhy DNA R B
55 pMDI8T 4 i #, 4845 pMDI8T-CHR2-1 Jiki,
KUK pMDI8T-CHR2-1 5 ki e Ak 28 K A
& DHS o B4R J5 9 R I AT T R A 1 & A &N 5
2 (Amp) 1y LB Btk rp |37 C il %35 5% J5 Pk
7% THA LB + Amp 15955 145 r-min ™' 37 CH;
I 15 b, TR S S IBUBORE , 4 BORL R T E KA T 8
FAW N AT
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Table 1 The primer sequence information
Elk/EA S JF31(5°-3") R0 H i B i
Primer name Sequence(5°-3") Restriction sites Target fragment size/bp
GmCHR2-1F AGCTAGTTGGAGTGCAAGGGAC actettgaccatggtagatct GAGCTAGTTGGAGTGCAAGGGAC 711
GmCHR2-1R ACAATGATAGCATCCACCAAAG gggoaaattcgagetggtcacc ACAATGATAGCATCCACCAAAG
358 TAGAGGACCTAACAGAAC 500
35As CCGTGTTCTCTCCAAATG
BarS TCAAATCTCGGTGACGGGC 552
BarAs ATGAGCCCAGAACGACGC
NosS GAATCCTGTTGCCGGTCTTG 192
NosAs TTATCCTAGTTTGCGCGCTA
T R A Ry DI A3
Note; The underlined point is the restriction site.
R2 PCREFMUIHEEH
Table 2 The PCR specific amplification conditions
S 4Pk BiAE At Bk SE A FEAE i TEPRIREL
Gene name Pre-denaturation Denaturation Annealing Extend Re-extension Cycle number
CHR2-1 94 °C, 10 min 94 °C, 45 s 52°C, 45 s 72 °C, 45 s 72 °C, 10 min 35
Bar 94 C, 5 min 94 °C,35s 58 C, 30 s 72 C,35s 72 °C, 8 min 30
358 94 °C, 5 min 94 °C, 40 s 53°C, 35 s 72 °C, 30 s 72 °C, 8 min 30
NOS 94 °C, 5 min 94 °C, 40 s 52°C,30s 72 C, 40 s 72 °C, 8 min 30

1.2.3 X & pCAMBIA3301-CHR2-1 #i 4 % ik #H A4k
M 0. 8% HEHEEER KT PCR [ B s S D™
R4 CHR2-1 3LIH R Bt A7 vk, 2k [l - B, )
H Bgl 11 F1 BstE T FRA&IPE S VI BEXT CHR2-1 2K R
B 5 R Rl A ) 2Rk A& pCAMBIA3301 47 XL )
KB, B 12 wL CHR2-1 3:H F B 4 pl W
B AR 1 pL T, 7420 .2 pL T, 2 sy Fl 1 pL
ddH,0 R 4,25 CH M 4% &N %, 3R 15
pCAMBIA3301-CHR2-1 #% (& 1) . AL KT E
DH5a H-F -80 C44F.

Bgl 1 BstE T

whpl Il 4~
NOS Bar 35S 35S CHR2-1 NOS
B 1 pCAMBIA3301-CHR2-1 ¥R EZHEEHWTER
Fig.1 The schematic diagram of the pCAMBIA3301-
CHR?2-1 vector

1.2.4 A REBHRER  H &4 pCAMBIA3301-
CHR2-1 BYRIGFF#IRATAE LB + Kan (R %2)
PR FRIE I FEIE IR G FRAR T 37 ClAk 15 h, PRI
RS R A S mL LB + Kan A 57 2 1348
BB TF 170 r-min~' 37 CHIRHE KT EEFRIS h, $2
WA R ok DNA IR 47 H 925 [ PCR 4734,
i Bel T F1 BsiE 11 47 RUHE V) 55 UE . [ B K
pCAMBIA-3301-CHR2-1 [Fikiik ZERKEFETEEZLEY

BORAG B A AT

1.2.5 xaid#tt#i RHARENFHRGT
45 R Rl e vk pCAMBIA3301-CHR2-1 i
KL AR TR 50 h, 8 /E i B ds RE W & A=
YT 28 I MR 5 AR e R SR
WA 3% i % KSR AR ARG RGP IR
1.2.6 #AERBRmPTan  FHAHY DNA 215
R A PR T, AR 4 i - DNA BEPRI2H (e 5+
PESIY) (32 1) PCR P 1 i e bR ic Bar (R JRE ) e
g gh 7 358 3 RN Z ik 7 NOS 3k L
pCAMBIA3301-CHR2-1 JEkiAE S BHAE X IR, & %4k
AR 50 AEARVE M BAMEXT IR, 453K A PCR K20 4%
N 2 firzs . PCR P=¥)fdi 1 0. 8% Z g W BE i
VKA, [ WSOk St 38 R BOF DN P 250 o

2 HFRESH

2.1 £YERESH

2.1.1 BOEERFMNFEmpTls L2551
XT3RS GmCHR2-1 3 K )% %)), GenBank % 3% 5 N
X55730. 1, S #r&s R R, GmCHR2-1 $£[H CDS %
MEFIREX L 711 bp, 4l &4 237 A LM
FRILDVE A=Y, 57 T8k 35 489. 8 Da, HLIpSEH
& 6.32, GmCHR2-1 1 TofF 5 BRE5 1, Ui i iR
HE TR ARVE 1 (8] 2) o IE4BME A2 45 R El 3
i, Ut B AT R e 4l i3 I
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El2 GmCHR2-1 &BH{ES KT
Fig.2 The signal peptide prediction of GmCHR2-1 protein
k=9/23 TMHMM posterior probabilities for WEBSEQUENCE
k2
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Fig.3 The subcellular localization prediction
of the GmCHR2-1 protein
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G5 TR R 2 A0 BRI (E , Horp 263 ~ 277 aa
Ab BT B A AR UG, B IR T4 270 aa i E,
XA b A S R SR K PR Ao 7R S 214 1
ST g U, X7 ) AR R K T o, K
2 IKEE LSRR R IR 5 59. 93% , B /K P 2 3
Fi% 7 40.07% , AR IR SRk P, H AT 0 26 1
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S5k (B 5) , AR R E A, JFATEA M & A4
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Fig.4 The hydrophilicity and hydrophobicity

of GmCHR2-1 protein

B 5 GmCHR2-1 EHEERXIS
Fig.5 The transmembrane region of GmCHR2-1 protein

2.1.3 FEashmic s s a O gs R Es,
GmCHR2-1 £ FHAA7E 22 DI FERE R AL o i, o
4 IR (Thr) £/ 25,18 A~ 22 2 % ( Ser) i &, TG
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Fig.6 The prediction of the phosphorylation site
on GmCHR2-1 protein

2.1.4 ERa#smad KT ME 8 TR,
GmCHR2-1 & F i o - BRiE (40.63% ) | 4E fif 5%
(14.29%) . B - % fit (4.13%) F1JC HL 0 % i
(40.95% )4 FhEE LR, o - BE5E A JC KLU 25 it 5
FAGHR . GmCHR2-1 = A5 5 A5
U235 5 e B — 0, B L ) — R 5 4 5 P e O [ U 2R
PR [ P = A 87.52%
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Fig.7 The prediction of the secondary structure of GmCHR2-1 protein

2.2 GmCHR2-] EE##EL AT

2.2.1 #H4AeME i EikL Bel IF1 BsE 1l
FRE M 14 P9 DD g ARG 1) 3R 4524 711 bp 19 B An &N
B, 5 ri BEEAR U] 7 B B AR R (& 10) 156 B
pCAMBIA-3301-CHR2-1 53 F5 35 20 A M # 1 2h

M P 1

bp bp
E 8 GmCHR2-1 EH=REHFN
Fig.8 The prediction of tertiary structure 2000
of GmCHR?2-1 protein 1(7)(5)8 711
2.1.5 GmCHR2-1 &g zAEml  Filsgs R Bw, 2(5)8
MR 4 - BN4E F (C4H) | 4-coumarate-COA 100
ligase2 (4CLA4, J& T ATP 1) AMP 45 &%) |
i A A1 (CATL) (i A AL A -3 (CAT3) (i 4
LS4 (CATA) A IR -3 7 5 F 1 1A (CHI) 45
HEAEXRZ(E9) , 457U GmCHR2-1 & H 7] HE 7E: M. DI2000 marker; P. pCAMBIA-3301 i i; 1. GmCHR2-1
TEFIR b L ) RO 4 T B A A AN R o SR WL

Note: M. DL2000 marker; P. pCAMBIA-3301 plasmid; 1. Double
digestion product of GmCHR2-1 gene.

10 pCAMBIA-3301-CHR2-1 %5 W B 16 iE
Fig. 10 The double restriction digestion verification of
pCAMBIA-3301-CHR2-1 vector

2.2.2 Rt RIFENSFRETHITT
ARG AL 5 A R d - R T8 R JERE IR KA
BRI O B R MK BE IR AR ER IR ER Y (181 11) .
AL G R i AL B S , B Ak BB A, AR
s NAEAT R SR BB 7. &ad PCR W10k
A3 3 bk T AR PEAE R , SRR 27 Rifh ¥,
2.2.3 TRAEABAMARKF AR KIS RN
K12 frzs, T, i R B R 4] DNA RS R4 3 14 2%l
K5 H BRI BE— 2, w] DLl B af i i 5L B

9 GmCHR2-1 E5E/ERN ZREA R K G IEH A, H3RAT 12 Bk T, BH AR,
Fig.9 The protein interaction analysis of KAV IR BRI 2IK 6%

GmCHR2-1 protein
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A ~ B BIRMTUSSR; C ~ B AL IR 5 F ~ GORE IR H ~ LR IR 5T ~ K. RIS L AR R IR

Note: A-B. Germination and pre-culture; C-E. Co-culture; F-G. Recovery culture; H-I. Screening culture;

J-K. Elongation culture; L. Rooting culture.

1l RIFEN S pCAMBIA-3301-CHR2-1 EEZE AT HK 50

Fig. 11
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The transformation of pCAMBIA-3301-CHR2-1 to soybean Dongnong 50 mediated by agrobacterium
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Note:a.35S; b. NOS; c. Bar; M. DL2000 marker; P. Positive control plasmid; N. Negative control; CK. Untransformed plants;

1-5. The test samples.

12 T, KEE RE PR E AR
Fig. 12 The detection of T, transgenic plants
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o A LA A 50 k2R AR, A (7] K HRFE, R, % K AURIEFEGILR (Gmehrd)

TaDREB3a FEF I HAFH] 5 4 T8 R H KT M AR,
It H A4 50 # A\ TaDREB3a LR G 16251 11
FEAEIN IS — 2 A R BB DI AR AR 50 ASH i
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4 £t

GmCHR2-1 SR 4ifith & A3 315 A ILMR R SL 11
EBAPY, o T8l 35 489. 8 Da, FHiS 4 b
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ML b e ¥ 2T RE; AR S RS M, N TE 4 A
R AEIERS S — P R B 1 AR AE 22 IR
PR B, R EEA T o= SR R T R ) ol o1 L R
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