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[ ZE]1 [HM]) L RGAE/RMEER 1(CHRD LR, LM A S %8284/ pCAMBIA3301-CHRI # 1L kK&,
RAFS A CHRY FE A P AR 0 58 i B A D RE 25 5 JEah . K073k ) DR 2R 240 DNA SR AR, i iF PCR §74
TR CHRI 3, f #AEY) T 26 5 84k pCAMBIA3301-CHRI, % H i 47 PCR B XU E) %658 . R R FF A S 805 % 3
Wl ARG “T5 4 287 p X 1 2 AR MR 9E 4T PCR. Southern 2222 50 . X CHR1 F A mRNA I3 3¢ ik &8 PE47 96
PCR Al . [455RY sebf3 29 CHR1 ZEFE R/ 1100 bp, JRDIH T i 438 R 35 8k pCAMBIA3301-CHRI, {5 1
ALK TG 8T PCR RGN A5 T AU S K AR AR 12 8 5 Southern 2% 32 Kl 45 2R 7R , CHR1 5 (K L) 5% DR =08
A AKRGIEF A ;92 8 PCR K45 R 7R, 5% 36 R Ak 19 CHR1 mRNA X 2 35 & w5 T 6 55 56 F K T ik .
(4510 M T i %3k #iik pCAMBIA3301-CHRI, Jf- 3454 T CHR1 Jk K 3% 3k 2 15 (0 6 Bk R R 5
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Cloning and transformation of chalcone reductase 1 gene of soybean

LI Dan, WU Nan,ZHENG Cheng-zhong,ZHANG Lin, MA Jian,
QU Jing,ZHANG Zhuo,FU Yong-ping, WANG Pi-wu

(College of Agriculture,Jilin Agricultural University ,Changchun, Jilin 130118 ,China)

Abstract: [Objective] The chalcone reductasel (CHR1) gene was cloned from soybean,and the over-
expression vector pCAMBIA3301-CHR1 was constructed and transformed into soybean to obtain transgen-
ic plants. [Method] The CHRI1 gene was cloned by PCR using soybean genomic DNA as template. Then
the plant over-expression vector of pCAMBIA3301-CHR1 was constructed and identified by PCR and
double digestion before being transformed into soybean variety “Jinong 28” by Agrobacterium mediation.
The transgenic plants were detected by PCR and Southern blotting,and mRNA expression of CHR1 gene
was detected by real-time fluorescence quantitative PCR. [Result] The cloned CHR1 gene was 1 100 bp.
The plant over-expression vector pPCAMBIA3301-CHR1 was constructed successfully and transformed into
soybean. A total of 12 T1 generation transgenic plants were obtained by PCR detection. Southern blotting
showed that the CHR1 gene was integrated into soybean genome by single copy and real-time fluorescence
quantitative PCR showed that mRNA expression of transgenic plants was higher than in non-transgenic
plants. [Conclusion) The plant over-expression vector pCAMBIA3301-CHR1 was successfully construc-
ted,and transgenic soybeans with high expression level of CHR]1 gene were obtained.
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H A, & F 0 fE P % 38 8k 7 pCAMBIA3301
F1 pBI121, pCAMBIA3301 J& — Ff & W 19 Al By %
R, B YRR TR 2 R . pCAM-
BIA3301 ¥ 3R 3k 24 76 K o F1 0 48 D100y, B
TEARAT T v As e S ] LA b 5 A R 0 50 7 3 A
0 s 7E KR8 % e Ak v Y U 2 1R R AR L B, RE 4R
e O 36 TR RIS . T LAAS I 2 Al ) 3% 38 Ak
pCAMBIA3301 Jy H fili 48 4, 75 52 B K W A R i if
JifE 1(CHRD 3P g 3L hifh . M3 T CHR1 3N
o RIR AR R R E A S ARE L CHR1

FENAE R G A A R OK L RS & CHRL RN
FR) B R DAL AL R & LASH O BF 5 2 A PR B ) R B8 7 kAl

1R Tk

.1 # ™

L1 HazhkHe Kom
P KA W) HE W HR s R
L1.2 @#kFmts  KIGHHE DHS o MR
EHATL05 AH ) F B2k pBI121 Uk i i 4 4 % 3k
Ak pCAMBIA3301, ¥ iy 35 AR A ML K2+ 40 W) A= W)
HAR R4t

1.1.3 &% # Tag DNA AT . ANTP. [E
PRy U] . T4 DNA % #% i UL 2 DNA Marker
DL2000.DL8000, ¥4Iy | MBI; #54 #: F 2 DNA 42
BUR %) & . Total RNA Extraction Kit #&BUR 5] & .
AU-in-One™ First-Strand ¢cDNA & 7 & fil SYBR
Premix Ex Taq, ¥y H TaKaRa 2 &) 5 = 46 5 # /N
HHRBOA R & W B A% BT AR Y R A R 5 South-
ern Z¢ 58I & H B IR A 51 e at = T
AR A A B AW IR X Ry [ 4 B S
.2/ &

1.2.1 CHR1 ABW& £% FIFH CTAB LXK
MR EAT 4 DNA B98I, MR YIS GenBank &
F M CHR #: P (X55730. D) 550, ) 151 9 35 3 5%
4 Primer 5. 0 % it CHR1 % 554, CHR1-PS;
5'-GGG TCTAGAATGGCTGCTGCTATTGAA -
ATCC-3", CHRI-PAS; 5" TTTGAGCTCTATTT-
GATCATCCCAGAGATCAGC-3", fii f 4 H 48]
Y347 PCR ##, PCR ¥4 {k % .10 X buffer 2. 5
pl, MgCl, 2.5 uL, dNTP Mixture (10 mmol/L)
0.6 pl.. CHR1-PS, CHRI-PAS (10 pmol/L) 4% 1
pL. #EH DNA 1.1 pL. Tag DNA B4 8 (5 U/pl)
0.25 pL.ddH, O #hE = 25 L, PCR ¥ 14 51494
CHUZEME 5 min; 94 CARPE 45 5,57 CiRk 45 5,72
CHEAf 1 min, 36 NEH;72 CIFEEf 10 min, #f
PR CHRY JER 4 Xba 1 Sac | WY G 1%
A pMDI18-T Vector” 1(Ily § MBD H, i U1 /& & 20
ul:2 uLL Tango Buffer,8 pL &4 (FE 2 0 B 2% {&
pMD18-T-CHR1 #y & ki) .1 pl Xba I Hl Sac 1 .
ddH, O #h 2 & 20 pL, 7EWFE #4537 CHEgLI 4 h,
RIG AT KB AF B DHSa ML E S AT E R R
By LB A% 37 5 b 0 2k 5 BH Pk v B X % Ak A )

“HAC 287 A AR
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4 BE P 7 B AT PCR RIS V) %85, BN B 06 i [l i
JEMF .
1.2.2 T £ FEH K pBII21-CHR1 9 #2557
i i+ DNAMAN # #F %f CHR1 3 [H fil pCAM-
BIA3301 By B2 il 14 Bl U7 17 85 3 47 50 B 45 2R & 81
CHRI1 EH NEAERAE LA B S H M Eco9l | BY)
AL, JovE S pCAMBIAS3301 45 . K I i e Al
FHME 5 B B AR # 8 pBI121-CHRI 24 S it 3x A
M i85, F CHRI ¢ 5 1% 5] ¥ %43 @ ) pMD18-T-
CHRI #fk# 17 PCR ¥ 3%, H] Xba | .Sac 1 il
Y) CHR1 3K A pBI121, % H B9 3 1 CHR1 i A
pBI121 1, JE i pBI121-CHRI1 kA4, I X b W o B
BT S0
1.2.3 &k &4k pCAMBIA3301-CHRI # # &
5% gk pBI121-CHRI Bok: B4 . Fi I A)
PLIRIE 38 CaM V35S 5 CHR1 3K Y 55 51 5
¥ (CaMV35S+ CHR1) PCR ¥ 1 Hf CaMV35S +
CHR1 # W, Jl BamH 1. EcoR 1 M i ¥)
CaMV35S+CHR1 3 [H 1 & & i+ i pCAM-
BIA3301, figUI#k & 20 uL.2 uLL Tango Buffer,7 pL
Kbz (CaMV35S+CHRI1 5 F1 pCAMBIA3301 [A]
W= #) .1 pl EcoR 1.2 L 89 BamH | .ddH,0O
HEZE 20 pL, EF D 37 CEHY 4 h, ¥
CaMV35S + CHR1 Jr Bt 5¢ % Hb4fi A 2] pCAM-
BIA3301 i, f# 8 & H AR CHRI M HE AR Y%
ik# A& pCAMBIA3301-CHRI, XF i #% 44 # 17 PCR
KB4 5E
1.2.4 RHANFHREHEAEIELE PCR &N
(DRIFEAN R GG, Bk RS |k
= A SN B kT

(2) eI R AE AR A9 PCR K0 . A1) A 9 26 A
41 DNA 2 B 5 &, %o 7% 3 D34S vk k47 3% 4
DNA $2 8, fiff J§ CaMV35S J5 3 ¥ %5 = 51 9
(CaMV35S-PS.5 -TAGAGGACCTAACAGAAC-
3'.CaMV35S-PAS;5-CCGTGTTCTCTCCAAAT-
G-3) 47 PCR #, PCR Jz & %& . 10 X buffer
2.5 pl, MgCl, 2. 5 pL, ANTP Mixture (10
mmol/L) 0. 6 pl, CaMV35S-PS, CaMV35S-PAS
(10 pmol/L) % 1 pL G JEF M bk DNA 1 pL, B
JiAr 0.8 pl, Tag DNA &[S U/pl) 0.2 pl,
ddH, O #hE = 25 ul., PCR §"# 5194 C HiAs
5 min; 94 CAFPE 40 5,60 CiB k 40 s,72 CIEAf 40
$,30 MEM ;72 CJ5%EfH 10 min,

1.2.5 # 3k B MM Southern 2 340 X PCR
A6 Ay BH 1 F Pe BE DRL AR PR R AR A B DR AR AR R
CTAB 3 4 20 K i $1 03k 42 OR[N 40 DNA, fif
BamH T FR 1 UI B B D008 16 3% 4 40, DL
CaMV35S Ja 3l F K il £ ¥ 4t . # B8 Southern 42328
K #F & 7 DIG High Prime DNA Labeling and De-
tection Starter Kit [ 1568 45 i H AR D B HAE
1.2.6 H#ERMMAGZALE PCR AN IR
FEE M BR (CK) #1424 PCR, Southern %32 £ ) 15
Jp PR Ty AR BE PR AR . LT Total RNA Ex-
traction Kit £ ) & $2 R &0t i RNAL R TR
FH AU-in-One™ First-Strand ¢cDNA i 5 & 2 7%
5 cDNA, LI cDNA RN, ffi i SYBR Premix
Ex Tag#I#§ 5 ¥ QPCR 5| # (QPS:5'-TAATAGT-
GACTGCGTTCT-3',QPAS:5"-CTTCAGCACAT-
CATTCTC-3") % Hb A7 9L 5E ik PCR K&l i T
CHRI KB — Bl oA TR 5 D DR 0 FH R X o 3
R JE AR bR b CHRT (A X Rk 210,

2 AR5

2.1 XECHRI EFEMZEERETE

K1 R 320 K A AR (R AR 1.2.3.5.6.7)
M TS5 HWERK CHR1 K/ 100 bp) AHAF 1Y 45
OB A%l B AT SRR B R R D0, Y .
DNAMAN #4557 25 8 5 GenBank & & & 1Y
CHR 3 K (X55730. 1) #F 47 o X, & B A 5 1 0
71.36%,369—450 F1 695 — 768 B H: 4k K N & T,
BN T ARG & RIEMEN 95% .,

M 1 2 3 4 5 6 7

2000 bp
1000 bp

750 bp
500 bp

250 bp
100 bp

1100bp

Bl 1 K& CHR1 JEFE M PCR K
M. DNA Marker DL2000;1~7. CHR1 3K ) PCR 7= 4
Fig.1 PCR detection of CHR1 gene
M. DNA Marker DL.2000;1—7. PCR products of CHR1 gene

XiF i 1 Y Y T B K pMD18-T-CHRI1 3 17
PCR Fifg bt % e , &5 R WL 2 #1E 3, 2 WoR,.TE
1100 bp 4B T 5 B i HPK CHR1 K/ AT )
&, W3R, 4 Xbal .Sacl WEEY),7E1 100
bp AbFEEHEL T 5 H B3 CHRL K/NHFF I 2%
W, UL SE R pMDI18-T-CHR1 ¥ i3y,
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2000 bp
2000b
: 100D 1000 bp 1100bp
1000 bp  S— L S p 750 bp
750 bp 500 bp

500 bp
250 bp
100 bp

B 2 3ERe#k pMDIS-T-CHRI {4 PCR £l
M. DNA Marker DL2000;
1,2. B # & pMDI18-T-CHRI1 fy PCR =¥
Fig. 2 PCR detection of pMD18-T-CHR1
cloning vector
M. DNA Marker DL2000;1,2. PCR products of
pMDI18-T-CHRI1 cloning vector
2.2 WsMEHME pBII21-CHR1 HHERETE
pBI121-CHRI1 #{& PCR F=¥ b 88 T 5 H Y
K CHR1 K/ (1 100 bp) AHAF Y 641 (Bl 4) 5 4

2000 bp

1000 bp
750 bp B2

500 bp

IR | 100 bp

250 bp

100 bp

4 W FERERA pBI121-CHRI 9 PCR il
M. DNA Marker DL2000;
1.2,3. pBI121-CHR1 i) PCR =4
Fig. 4 PCR detection of pBI121-CHR1
sub-cloning vector
M. DNA Marker DL.2000;
1,2,3. PCR products of pBI121-CHR1
2.3 FRIEHME pCAMBIA3301-CHR] g 5
Y%
FIH CHRI ¥ 55 Wy %t i 32 35 8k pCAM-
BIA3301-CHRI1 #47 PCR 4" 34, 45 5 (K 6) W75 .
761100 bp b T 5 CHR1 LK K /NAR S5 1Y 4%

250 bp
100 bp

Rl 3 wERER ik pMDI18-T-CHRI {1y 3G V) % &
M. DNA Marker DL2000;1,2. 7 B3 1A
pMDI18-T-CHR1 £ Xba | Sac 1 YK=Y
Fig.3 Restriction enzyme analysis of
pMD18-T-CHRI1 cloning vector
M. DNA Marker DL2000; 1.2. Products of pMDI18-T-CHR1

cloning vector digested by Xba I and Sac [
Xba 1 \Sac I WG HEE . 25 58 (K 5) 87 . 76 1 100
bp 4b BT 5 H A EEE CHR1 R/NARF 4 507, 13t
W] pBI121-CHR1 #5444 2 1 2 .

1100bp

5 W veRE Ak ik pBI121-CHRL f) XU 1) % &2
M. DNA Marker DL.8000;1,2.3. pBI121-CHR1
% Xba 1 \Sac 1 XLEGY) 174
Fig. 5 Restriction enzyme analysis of
pBI121-CHR1 sub-cloning vector
M. DNA Marker DL8000; 1.2,3. Products of
pBI121-CHRI1 digested by Xba | and Sac |
. & BamH 1 \Xba | XHEYIJE .7E 1 100 bp &b i
BT 5 CHRY N IR/NAT 244 (B 7D Bl
CHRI1 RN E # A 8 pCAMBIA3301 #) BamH |
Xba | UL 5 Z 18] 3 38 # Kk pCAMBIA3301-
CHR1 #g g i
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RPN | 100 bp

6 pCAMBIA3301-CHRI1 (1) PCR #5 il
M. DNA Marker DL2000;
1,2,3. pPCAMBIA3301-CHR1 9y PCR j=4)
Fig. 6 PCR detection of pPCAMBIA3301-CHR1
M. DNA Marker DL2000;
1,2,3. PCR products of pPCAMBIA3301-CHR1

2.4 HERXKENBEREERMLE PCRAEN
2.4.1 HAEHA DURG MR AR 287 21K,
HEAT R I s A e Al . 2 5 B e 7R G O B

)

2000 bp

1000 bp
750 bp

500 bp

1100 bp

250 bp
100 bp

B 7 pCAMBIA3301-CHR1 ) XU 1) % &
M. DNA Marker DL.2000;1,2. pCAMBIA3301-
CHRI %t BamH T . Xba T BUEGE) H974)

Fig. 7 Restriction enzyme analysis of
pCAMBIA3301-CHR1
M. DNA Marker DL2000;1,2. Products of
pCAMBIA3301-CHRI1 digested by BamH | and Xba |

Fr L0 LE J . A 2 Ty AUHTRR R0 B PR AR 18 dk (18]
8,

8 AKHFHE AT R T 1Y 18 Z 5% AL
AR IESR 5 B BIERE IR 5 C. AT B 5 AME IR I B 55 5 D, gk B 9% E. MR B 3R s F~GL ARG I8 s H~ 1 M A A b

Fig. 8 Transformed soybean cotyledonary node via agrobacterium-mediated method

A. Seed on germination medium;B. Cotyledonary node on pre-culture medium;C. Agrobacterium and explants on

co-culture medium;D. Resistant explants on selection medium;E. Badh-resistant shoots on exlongation culture medium;

F—G. Badh-resistant plantlets with healthy roots on rooting medium; H—1. Regenerated plants

2.4.2 PCR #

bp 4L BT 5 CaMV35S Ji5 3 7 K/NAAT B 2578

P18 FR TR w055 B AR BR
(25 A 41 DNAL #E47 CaMV35S )3 8l 7 1) PCR g
255 (AL 9) o, HorP Ay 2 R BG 2 DR B £ 500

AL RE 5 T, A PCR FIPEAE Bk AR IX 5
PR AR R b 1 2547 25 PN Bl AR o 5 B RO 1) Aol 2 i) Ao
FL10 #k.10 ¥R 147,38 5 47 WERAT R REAL Bk 3k 7
PRIEATAE AR BE D 20 DNA g4 B, 547 CaM V35S )]



76 P AL AR AMRA 2224 (A SRR 2 MO
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g1 PCR &I, e & 4% 5) T, f PCR FHMEAE PR 12
BRo [BO10 S AR 2y Ty ARFe N OR SOME BRI
CaMV35S Jzh¥ PCRAME R, B 10 o, M

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

Bl 9 T, fREEHE K E CaMV35S Ji 8 F (1) PCR 4
M. DNA Marker DL2000; 1. 3% 3 5 4 b 5
2. B R Gk 3 3k 3 ik pCAMBIA3301-CHR1 JFkD) 5
3~6. X pCAMBIA3301-CHRI y 14 i) 4 5 [X] FH 2 A2 bk
Fig. 9 PCR detection of T, generation transgenic
plants with CaMV35S promoter
M. DNA Marker DL2000; 1. Non-transgenic plant;
2. Positive control (plasmid of over-expression vector
pCAMBIA3301-CHR1) ;3—6. Transgenic plants with
pCAMBIA3301-CHR1 vector
2.5 #HEEKXEHR Southern Z 3z #: il
M7 CHR1 JE R J& R T/ P 5 36 A Rk
CaMV35S Ja ) ¥ 47 Southern 2% 52 6 Il . 45 R WL
11,

B 11 T, REEREE KT CaMV35S 331 T
Southern Z% 32 46 ]
1. FH X IR Gt 22 35 38 pCAMBIA3301-CHR1 Jfiki) 5
2. B #E FE IR Bk 5 3~5. L pCAMBIA3301-CHRI1 g
AR ) e kPR B P A
Fig. 11 Southern blotting detection of T, transgenic
plants with CaMV35S promoter
1. Positive control (plasmid of over-expression vector
pCAMBIA3301-CHR1) ;2. Non-transgenic plant;
3—5. Transgenic plants with pCAMBIA3301-CHR1 vector
& 11 7 » PCR AN Sy BH 1 A 5 5 DR Ak 23
LTRSS AE S HAS [RDAR B 09 2% 5 450 1 L
fLEAFAE 22 5 IRl B BH P X B A 22 38 55 10 B L i
AF e B DR R bk b JE 24 22 45 5 th B0 U Wi 3R 38 UK
() T-DNA R Bt s DB 85 AT R LB 40
':F' 9{E%é1jﬁz<lﬁj ’ ﬁ*ffﬁﬁfﬁ CHRI1 % 2 Fﬁ

B4 bREEFE A ARLE 500 bp &AL T 5 CaMV35S
J& B F RN AT ) 4507 5 T J5 % 6 DRURE Rk ¥ Ik 4%
i

2000 bp

1000 bp
750 bp
500 bp

250 bp

500 bp

100 bp

B 10 T, REEFFE KT CaMV35S a3 F iy PCR 4
M. DNA Marker DL2000; 1. =l % 3 R 4 #

2. BH A I8 Gat 2235 %k pCAMBIA3301-CHRI kD) ;
3~7. Lk pCAMBIA3301-CHRI 3y &5 A 11y % 3 [H] BV A bk
Fig. 10 PCR detection of T, generation
transgenic plants with CaMV35S promoter
M. DNA Marker DL2000; 1. Non-transgenic plant;

2. Positive control (plasmid of over-expression vector
pCAMBIA3301-CHR1) ;3— 7. Transgenic plants with
pCAMBIA3301-CHR1 vector

MG ARG IEH S,
2.6 HERKXKEHKAEEE PCREDN

Bl 12 B7R, CHR1 He ARG S R T ik Jy vp
ARk, B AR AR CHR1 JE B B mRNA
AET 26 1K g Al i 6 A AR (CKO #B A BT 48 7 - {H 45
T e PR AL ) A5 BT AR [) 1 5 6 R AR Bk 19 CHIRT
AT 3k B d5 i & CK Y 38, 7 i%533.5 S 5L 3L AE
PRIy CHR1 AR A AR, & CK 1Y 6~7 %52,
4.6.7 5 3 R A R 1 A U 38 B e CK R BR 19
15~22 %,
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B 12 T, AU R R = CHR1 EE DR 4 AH X 3% 3k 4t
Fig. 12 Relative expression of CHR1 gene in

T, generation transgenic plants
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PCR #; I 45 5 % 75, CHR1 © % A % 1k K 0 s
Southern %% 3¢ £ W 25 3 & W, % & 5 Ak T-
DNA [X B 8 & 5] K 5 5L K 4 b, 54 0 8 A7 7E 22
S PEDLBUR 1592 B PCR il & PR, 5 3 K A
PR CHR1 [ mRNA #H X 3% 35 & 5 R 1% 3k 4l
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