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RITE T FIEEENLIRGE CP4 ERAFERTR
Wow, & &, T %, §4E, BEE, T

(WHT RIS Rk 5 B R B WA 4 7= i i Bl R AR SY B SE8e %, Wi bl 311300)
WE: (B8] ZIRME PIR 1617 Oryza sativa subsp. indica ‘Zhonghui 161° RAFH Agrobacterium tumefaciens A~
Wtk R, [ Hak ] kg Pk 1617 R AR AMH, K E T S AEHBRTRA (100, 200, 300, 400 fe
500 mg: L") AT AR P A4 40 2 09 S H A B X B . AR RAF R ATk, B EH ML E CP4-EPSPS $X ‘P ik
1617 & RMEAAG LA P, AL )5 0 IR A4S LR 5 A4 300, 350 F» 400 mg- L' - o s 4532 A L BSR40 T
., EEGHARGE—F o, KRG, (LR ] WA SHREA 300~400 mg- L7 0, B4HARBLELY 50%, LA
W RBERR, 2%, 300, 3504 400 mg- L EH MR M F LG, SHALR AR ESF A 40.16%. 61.72% F=
84.04%, FMAEMAGEBREIED 46.43%, MG FH 32.84%, KT 6T ALY, 2 PCRAMN, 43R IHAN
CP4 AW, BAMHMMEEA 64.18%, [ ] ELT Pk 16l RAFAMFHLKEZ, B5£20
KA A Pk 1617 ; BEMAHME; RIFENF; CP4 AR, EHM
FESES: S336 NHIFRER: A NEHS: 2095-0756(2021)02-0420-06

Agrobacterium-mediated transformation of CP4 gene into indica rice

HU Huan, LI Yuan, DING Yun, CAO Hanzhang, LU Zunfu, LI Feifei

(Key Laboratory for Quality Improvement of Agricultural Products of Zhejiang Province, College of Agriculture and
Food Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective was to establish the Agrobacterium-mediated transformation system of
Oryza sativa subsp. indica ‘Zhonghui 161°. [Method] 5 groups of glyphosate concentrations (100, 200, 300,
400 and 500 mg-L™") were used to test the sensitivity of embryogenic callus to glyphosate. The glyphosate-
resistant gene (CP4-EPSPS) was introduced into the embryogenic callus of ‘Zhonghui 161 by Agrobacterium-
mediated method. The transformed embryogenic callus was screened for glyphosate resistance on the selective
medium containing 300, 350 and 400 mg-L ™" glyphosate. The resistant callus was further differentiated and
seeded. [Result] When the concentration of glyphosate was 300—400 mg- L™, the browning rate of callus was
about 50%, showing a good selection effect. The positive rates of callus on 300, 350 and 400 mg+L™" glyphosate
were 40.16%, 61.72% and 84.04%, respectively. The further differentiation rate was 46.43%, and the seedling
rate was 32.84%. A total of 67 regenerated plantlets were obtained, and 43 of them were successfully
transformed into CP4 gene by PCR detection. The positive rate of regenerated plantlets was 64.18%.
[Conclusion] Agrobacterium-mediated transformation system of ‘Zhonghui 161 was established. [Ch, 5 fig.
20 ref.]

Key words: Oryza sativa subsp. indica ‘ Zhonghui 161’ ; embryogenic callus; Agrobacterium-mediated; CP4
gene; glyphosate
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TEB AL RIS DO RIS, e AR B PTPE 1 5 S 1815 e AL RE 75 U L2 () DGR 9 . 3 FE R
R R SO GG AR BE A e 7], ol A — 2 1Y e R B PTE T (VR o B ARIR e B
T R YRR T ) AT R R T A A Bk, AR A2 R AR S R IR AR K R Y, BRI
H, RIBEEER . W R U R0 AR A 0 R A ABJE B T KA Oryza sativa PR GG 20 200
AR EAEEUE, DYUER s C s T, ANRER 2RI IR EROR , HahiE Rk
S W AR AR AE 53 AL R RS AR I B B A2 M 58 A AR 10 AR IR S 5 2 700 W 8 s s 48 1) R A
B, THBRFE A AR A BRETHE X e 45 s, el T LAFERFIE rh b AR R 0 R FRYE o R A i H B
PrdE R R AR RAR, IR R E RS, BRI i I B EY R E & A7, KA Oryza
sativa subsp. indica FURERG Oryza sativa subsp. japonica FEAATE R 2 AP, BlEE K FRIRE AL AR K &
&, KA RERE AP O T AR AR R, IR AR . U . AR AT RESEZA
FIFERE R ZHORRE SR B R e AN, A A SR8, Ak 1R 5 4 Ak B 20T BE AR AR
FECIFE B AE R ARCRIR, AR AEE 2xEREL . JCHDEX AR Bz R EHRIE R %
s S, Hok RS E AR 2w R H . CHAN Z5U9F 1992 4F 2443 Fl A AT 6 Agrobacterium
tumefaciens - FIEFHACRIRENR AL, XTHEAKRIELT Southern ENiC 438, 450K . HAYMRE A B
CL ST e ARG D . J5 B TEEAR,  H LR T AR PR e SRk . 1994 4, HIEL 551 2R
ST R AR E B RAT BB FEALIR R, SRAT “XGEIT” 3R, IRl 7e W in St T & (As) 16
b Vir e ARG T, Rk T R AL EORTE RS T i pE R B T . HET, BARC AR
B S DR AR R A e AR R AR, RR SR ARRCRAR, IR — SR AR R, STk, BT
TV EA W AR R BRIAE < H% 1617 Oryza sativa subsp. indica “Zhonghui 1617 N#1EE, FIFHR
MRSk, AR OERER (CP4), TRRE G 5 H RS B Thivk sk, JFRF RN
AL R T T A0, &ar ik 1617 RFFE N SIFELIA R

1 #MHE 7 *

1.1 ##

HIFE ik 1617 BCBUIE; AR AR EHAL05; & CP4 JE[H ) 3RiA 4 1A p1300-HC,
1.2 Ak
12,1 RBSEEEEH ARG E TG BT 2oe, HTIHED, #MTIE SRR RIINB(NG+
B5)+3.0 mg- L '2.4-D+0.5 g- L' il & R +0.1 g- L' JJLAE+0.3 g+ L™ 7K fiff & 25 11 +30.0 g- L' B +4.0 g- L™
Gelrite] |-, 4220 20 Ai- L' RAIEFRAMER 28 €, JGIE 16 h/2REE 8 h ARG = ik S5, 5~7d )5,
AP B 2R A IR B A 404, it Iy @R AR . 15df5, R ORERE | 250 8% .
AR RAF B 02, A3 074l T80T i Fe ) 0 Ik @ A 2 U B 3G 95 5L R AT IS B 35 57
AR 2~4 WKJE, BEFEIT A K IR RGNS, o] FASUS G AL SZ AR A1 L
122 AL AU E S AR H BTV (100, 200, 300, 400 F1500 mg-L™),
WA 3IW, WA, R0k, 15d)5, WERMAGHLS WO, BEMEEINIEE,
St IRt e AR, 8 B il A B B T e v Y R S T
123 JEHEAAG ARG EEH U Gt B BRI 57 5 R2INB+0.5 g+ L' filf 2 +0.1 g- L' Il
FE4+0.3 g+ L K fi & 2 (430 g L' BEME+100 pmol- L' ZBE T 7 ) $5 3% 2 100 & CP4 FE R Rk a8k i 1
FFE PR EHA105 7B 22 D(600) 47 0.5~0.8, JHHAZYIPE R H U, K 5 Al i (0 R 1k i A5 2 2]
IR T 2 R0, &Y THRE, KRR T I i 8 0 siob P el A 1 2 R ie 4ty s
FEBE L R3I(NB+H0.5 g+ L' &R +0.1 g- L™ JJLEE+0.3 g- L' /KA % 45 F1+30.0 g+ L' BEAH+100 pmol- L' 2
Pt T A +4.0 g L' Gelrite) [+, 20 - 117", F 25 C HIRE PG EE IR 2~3 do HUH L 33 5 A f 41 41
100 mg- L RIS H R R ML ARG 3~4 R, HEFRREEEW. EETERE, HETFIRIK
AT 157 4 1 Rk S 1 AT b P B 7R O 6 1% 3% L R4(NB+3 mg-L'2.4-D+0.5 g L7 il & R +0.1 g- L7 UL+
0.3 gL' AKfFMEEE F+0.5 g- L7 & IEME+30.0 g- L7 BEME+4.0 g- L' Gelrite+0.5 g+ L™ Sk /%5 K+ AN [F] i
WREERTH ) b o HUkEifiak i i vh B b R B s v B2 43 02 300, 350 1400 mg-L'
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124 5. Ak BERE HIUEAHALSRE 205 RS(NB+0.5 mg- L™ NAA+3.0 mg-L™'6-
BA+0.5 g- L' Jifi 2 2 +0.1 g- L' LEE+0.3 g+ L™ 7K fiff s 2 1 +0.5 g- L™ 4 24 ok ik +30.0 g- L™ i B +4.0
g-L'Gelrite) F#Ef7T/0 k535, 29 15~25d, #aditE@md gk mat s . frgk it — e /e,
IFK 2 2 om Zo Ay IR LGRS 28 A R 0% 37 3k R6(1/2NB+20.0 g+ L' REME+0.1 g- L' JULEE+8.0 g- L' Biifig) I
AMREES . AT AR RE AL R, AR ARSI PG, /O BREHAR R 1R R
B, BEFRFRFAPAEN, BRI IRERIE R, 1 RS R Sl RS A AR

125 #ARHMHARG 5 F A CP4 KR R XK G4 & G &k FIH TPS i 52 U 56 R A R
DNA. FIH CP4 B 5|#H (CP4-F: TTCCTTTAGGATTTCAGCATCAGTG, CP4-R: TCCTTCATGTTCGGC
GGTCTC) i#17 CP4 FEH [ PCR P44, HMFBK/NHR 400 bp. 3734 J5 19 7= W 28 i i 43 800 1% Bifg b
B RS RE , Geit PR . BUH AR B, R CP4 PR ki R AR A A 7 FF 2B A AR BT EAG I

2 GERFSN

21 EHBRMRERERERE
BULFIE 2 fros s SRl 1617 B RIE B 0 A U7 AN 35 e H IR 0 15 97 5 v T IE AR R ELOR B B
REAWIME ; 765 100 mg- L™ HH B 5557 5

o, Y R ZBONPE R 20T IR AR I, w1k 100 )
FAK, AL 5.00%, A B P E A 200 80 | X
mg- L™ B B R FR I B AL RN 16.67%, HEHEAL S ol

BRI FEF 300 mg- L FOHT BRI IRIL D, 45 % .

1K 41.67%, H 5 200 mg- L' AH kb 22 7 B & m 40 -

(P<<0.05), EFHORL, EAIENHLEE; £H 20 | N d

400 mg- L™ B BEAgREFRSE b, R A M A5 41 ole m 1 || |
LUk, DI IEF ALK, WIRA 65.00%, 0 100 200 300 400 500

FEH B IR (mg - L)
ANFNG FREFORZE S # (P<0.05)

FAG Pk 1617 BERASHEEAERE R
TREEFEIERLA TR 20d4dEH4B

PRI s 76 500 mg- L™ B H R A 15 97
e, IR SR LB, BN 91.67%,

BT R T iR (P<0.05), ving A1

VEFE I K. SR FE . BH R R W E N 300~
400 mg- L' B, MEPEA A 2Em IR ) 50%, HA
ARG T R

i
Figure | Browning rate of O.sativa subsp.indica ‘Zhonghui 161’ callus

cultured in different concentrations of glyphosate for 20 days

22 HERGARINEEEERN S TR

FEAR G B WPE BTG L0 37 045 300, 350 Fl1 400 mg- L' B H B Ve £635 72 2L b ATHivERs e, 405
A5 200, 113, F1 84 Pebitkmtna g, $RBGTrE@i4 2 DNA #H47T CP4 B PCR AN, BAPE A
ZHZU) PCR 4734 P= W 2 B Yk nT AR A5 R 400 bp Y2577, SHUHANSY, R CP4 S B A 2054
TR . BEAT 3 AN H I R vk EE DO 07 e 5 A Ui 2 B E R0 1) 40.16% . 61.72% F1 84.04% ., 33k
1% 67 BRFAEAE KR, RBCEAARRT A DNA HE4T CP4 R A PCR A, For BHPERIRE 43 Bk, FRAAR
FHE R A 64.18%(14 3).
23 CP4EFEREERNTORIE

Ui R 255 (5] 4) KB . Ky 43 ¥k PCR BHIEAERE T, 4 25 BRBI R CP4 JER Rk, FKikE
 58.13%.,
24 ‘HR 1617 RBRMEEFLERNEL

BAEALF AR S AR 5 . SPRIRE PR 1617 BURBHTIME R LA S, 474 iES
HRTE A 412Y (] SA). IRTE A 4L AT 2~4 IRARARIE S (1] SB), 24 40 d b frisfE it #1bin
AR A 0 20 U7 TR 035 9 e 1 JEATHEME IR 26 (1 SC~D), —BEmbTalJG  Bb A 4180 R 2 th B g
(1 5E). 2950d )5, itk T RS Wbt B 7o fbshge, 29 15~25d, Kifigeni (& 5F). 111
fedn, KH/NVE (8] 5G). /ND I RS 28 RO FE SR SEEAT A AR B SR (18] SH). 249 15.d, 4l K R i
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A~F HH B B EE 23 5124 04 1004 2004 300+ 400 F1 500 mg+ L™
B2 A Pk 1617 FERAG AR AT R R ERA BRI P IR 20 d B AR AL L

Figure 2 Browning rate of O. sativa subsp. indica ‘Zhonghui 161’ callus cultured in different concentrations of glyphosate for 20 days

M1 23456728910111213141516171819202122

400 bp

M. DL2000; 1. RELACIERR, TERIMEXTIE; 2. & CP4 ZE A

FRRL, (B PERS B 3~22. KB FRAE BB, B 3, 5~12, fr iz
15~17 F1 19~21 #7385 19 7 B R EAT0 BRI L. FVERERE, AR, RS CP4 A
CP4 LRI FHYERR, 4. 13~14, 18 F1 22 K444 H H 1 A B 2. FHYERERR, AT SEosENZE, RIS CP4 A,
B3 kA Pk 1617 B ALk CPA R 6 CP4 BEIRIS

PCR # B4 CPA%GERRAKIAN
Figure 3 PCR result of CP4 gene from glyphosate-resistance plants Figure 4  Protein activity of CP4 by strip test

HARR, BN FRILP R, AND USRI R L . B TR R, 0 1 RJE nT = Rk
o XA EAARIEST CPA ZER A PCR AT, 4 F8 BHPERI VR . M S IR i 7 41 20 AR A5 0 o B 2k
FEAR A T R TR EE 4~6 1 H .
3 w5ttt
3.0 EHBREFEREAE

AR T LLRH BT L CPA B ARIE Y PR 1617 BB AR R . JERE IR
EPSPS Ji il 4%, HH AT 5 S3P J& il EPSPS-S3P-Fi H [ 52 A IR 35 4+ L3 i) EPSPS g%, HH#
RNE ARG RAZ, ERZEIIS, ASREIER A K™, MRt H B CcPa #3571
EPSPS [ 2L AT S AL e RIS H BB AR S S e H S A, SRS T IEw i E Kk, Bk,
o RO R AT KA AL TR H BRI CP4 (AR AR . AT AP E PR O EEARIE, OH T
PEIERURNALREAE N T B bR G REVE y H AN, 32 (R AR AT B s el o, i L b 8 38 S it
ARMEET, ORFEIRY AT H BT AA AR 22 5, VPRI 0 B T R 1 SR 7 2 114 T
FESE S S ALRCR A G R o ARBFOR AL E iR B 0 20 2153 BIHE & 47 300, 350 1 400 mg+ L' #E
H B R IE F 5 L T PU R, #F— 2ok B, JRIRAE 67 MR A AE MR, EAT CP4 B
PCR A5, oA BHMEAR AR 43 Bk, FRAERAR IR 64.18% , ik BRI HERERICR .
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Figure 5 Various stages of transforming CP4 gene into embryogenic callus of O.sativa subsp. indica ‘Zhonghui 161”

3.2 fFESEAEAERNRL
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R Y OV 1 e [ SR € et = Y e 0 3
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