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Establishment of an Efficient Genetic Transformation System
for Rice with Glyphosate as a Selection Marker

YUAN Bing, DING Yun, CAO Hanzhang, LYU Zunfu, LI Feifei

(School of Agriculture and Food Science, Zhejiang Agriculture and Forestry University, Lin'an 311300, China)

Abstract: [ Purpose] To establish an efficient rice genetic transformation system with Nipponbare
as the receptor and glyphosate resistance gene (CP4) as the selection marker for transformation re-
search. [ Method ] Using mature embryos of japonica rice Nipponbare as experimental materials, the
P1300 vector containing the glyphosate resistance gene CP4 was transformed into the callus of Nip-
ponbare by Agrobacterium-mediated method, with a concentration of 10, 20 and 40 mg/L glyphosate
were subjected to three rounds of resistance screening, differentiation induction and seedling forma-
tion. 1 000 mg/L glyphosate was used to identify the resistance of the positive seedlings transplanted
alive. [ Result] 145 transgenic seedlings were obtained. After PCR detection, 128 positive strains
were obtained, the positive rate was 88.27%. Experiments proved that after three concentration gradi-
ents screening, the positive rate of genetically modified seedlings increases. Among the 99 positive

seedlings transplanted alive, 65 strains showed resistance, and the resistance rate was 65.66%.
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[ Conclusion | We successfully established a rice transgenic system using glyphosate as a screening

marker. The system provided materials for rice breeding and provided technical support for rice trans-

genes using glyphosate as a screening marker and functional verification of some genes.

Keywords: callus of Nipponbare; glyphosate resistance gene CP4; Agrobacterium-mediated trans-

formation; efficient genetic transformation system

PAAAT TR A 02 PO K R a8 A 2 AR AR R 3
P, TERERG . ARSI RE AR 2 2T T 56 3R
& &M, RACHMAWATI % 2% JTCHE Fe i A Ro-
jolele #EATHAL, H 50 mg/L WiF R ik, %
K 23%; MRIHZESE N S A PR 8 ST
TAATREA AR R, R 50 mg/L 52
AT e, #EALRIK 38.7%; LIN Z5U%F 4 Fokl
T dh AP UEAT RS AL, FIF 60 A1 50 mg/L i 55 K i
Ve, 15 BFE AR = B 63 F1 Wo864S L) K
HALREARAYENN 97 FIrh 4195 ZEFHFHI%RIAS
SRR 17 SR R299 HEATHEAL, FIFH 50 mg/L
R B RN IR A S T e, R ik
8T 10%, BT FALE AR A, LLHERE N
VERPRC LA B AR RS 70% LA me 1k
RO R AR R 2 DL R R AR R TR AR IS,
A AE A N TR AR LA DUIE B 0 4H 4U
ANUEAT R SHRI e AR AN 12 A5 [P

PRz R ILR RGN, KRB L AL H A i
VeI AR R B . HHiE F i R A s =R
BRe ], A& R MR R RSP ERm
B, BRI RO R R A,
H B2 — PR . TOER B MK AE BRI
FEREYIUS , BT LASE S AT AR 4 1R P 5
M 75 5 TR S S IR A= ) G ) K S S~ T2 P T P
ZF MR -3-TE R & AL (5-enolpyruvylshikimate-3-
phosphate synthase, EPSPS) HY3iG M, fifi 5 (&
BAZRL, SEGEPAET- U, Uk, R R
(glyphosate) 55 T BAE Ay 7K A5 152 1 e 1 ) 7 12t
Fric, G i R R R 855 5 P B /K R i
BN — PV E LT B H W B A
# CP4. GR79-EPSPS. GAT4621 Fl GAT %",
5V S VN B AR B A T K 45 R AT R,
2 mmol/L FH ik, PCR FHMHRGIHN 75.10%
1 72.00%; 2 MG A% 35 4 Kk 878 kAT 4k,
FH & 0.5% 1 B 3% 97 SE 0 ok, B H BT R
Hh 42.56%; HHFIAEECT K 86 HEATEEfL,

600 mg/L % H B fifi % , PCR BH MK 45.83%.
(L3 2 D I IR R R i R BR T AR S i R K
FE G AR s8R i I, HLAES RAS B — A R s
ik R4,

R, AIFST LAKERG H AR i IR A 4l 24U
Rz, EEL 10, 20 AT 40 mg/L A H X
WATHUMEG e, ARAS P E @ 2R AT e
REEFR, EARFPUR T LKA . Ao
X B i DA MR SR RO S B AR 1 B K R s AL
AR A R E L

1 MREEZ%

1.1 R

FOH BT IL R cP4 F B R BT
P1300 2k A (& 1) 4l #ivE R 24 ok R B sl g 41
it HAHE SRk A T EDK RO RT s AT
PR PR LBA 4404 H HI VAR PROR 27 e 2 50 0 %5 42
it KRR SR IERE R IR 5 NB, i N6 5%
FRAEMYEE R BS Fofilmil ., e rE g &~
rits i Jo S R BRI T S 3 58
1.2 7k
1.2.1 JKFEEAR H 7 T A e

H A Mg M 1 L5e, T 70% 5K I 5
1 min, 30% YKEAREN (NaClO) ¥ 12 ¥ 30 min,
FH TG KW R 715 Bk 4~5 K, TE LK hig i
30 min, fJEEILTTHEK, HEH 500 mg/L k1
FRTCHKUE 1~2 K, B AN TE BRI
REFedk (NB+2.0 mg/L 2.4-D+0.5 g/L JifiZ[#%+0.3 g/L
JK TSR 1430 g/L TERE+4.0 o/L AEHRIR) b kAT
MUHLUES . 1627 C AR ST, &
20~25 d 4k4% 1 ¥k, BRAR B IR E 0 4H 2 AE B
F#HER1 (NB+2.5 mg/L 2.4-D+0.5 g/L fli&[#2+0.3 g/L
KAt 1% 36 1 +30 /L BEKE+4.0 g/L AEFRRR) LakAT
WraRE AR, BRI R R AHS TR AL A
1.2.2 KAGEL AL

HEA CP4 R BRI AT TR TRAE 28 °C .
200 r/min $E IR FE% R 20~36 h, HEHHK
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CP4

4=

kan (R) LB

e

35S poly A

-

\ 35S promoter
CaMV 35S

GUS

. kan R). RAPE R LB £ % ; CaMV. EMBSEAEM G 35S poly A. CaMV35S poly A X 11T 5 CP4. HH BEHUIEILA ; 35S promoter.
CaMV35S B3I F; GUS. BRI M RRIEA ; NOS. AHT T H ARG T A L IR 1EF; RB. AR

Note: kan (R). kanamycin resistant; LB. left border; CaMV. Cauliflower mosaic virus; 35S poly A. CaMV35S poly A terminator; CP4. glyphosate resist-
ance gene; 35S promoter. CaMV35S promoter; GUS. B-D-glucuronidase gene; NOS. nopaline synthase terminator of Agrobacterium; RB. right border.

1 &% cr4 EEMFRIEEMAK

Fig. 1 Expression vector map containing CP4 gene

ODygo iEEIZ 1.0, FIEIFHFRAEL R2 (NB+500 mg/L
[if2R+300 mg/L /KRS 430 /L FEME+20 mg/L
CBE T AR M BAAT R B, RYPAEHE. &
WO BN . ANHUBURLIR B AL 412110 min,
(AR Bl 2 )5 BOPE & A AR 25 K R I
TERMER, /EOECETERA 1 )J2IE4U0 I
i g7 R3 (NB+500 mg/L fiffi & 2 +300 mg/L /K it
Mi% 25 F1+30 g/L HEWE-+20 mg/L 21 T 7 lid+4.0 g/L
FEREIE) b, O, B 28 °C fEIRKT IR HR b
7 2d, HFRENELALHEA 500 mg/L Skl
FHRMTCHKYE 3~5 I, HIELKFT W T,
XA 2RI 2 20 d AR RIEFIAE B 10, 20
140 mg/L HOH BRI PE B 412805 3R 7 3 R4
(NB+2 mg/L 2.4-D+500 mg/L fifi % % +300 mg/L
K fifE 1% B 114500 mg/L 25 &L i +30 g/L 1 A+
4.0 g/L EH: I +500 mg/L k17 K) EEfT 348
five, kLR E 3ANEE, &1 NEEVG
AR RN 50 He, 3 AEEHGF 150 He, W
FRAEAN ) o 1 v B g ) oA 1 o B v e A
g 2L B A D A KRS, BN i
e B B R K R A A 2 Ay 5

23t 3 Rt )E, PREUE PR R Aotk
WAL AR FREE RS (NB+0.5 mg/L NAA+
3 mg/L 6-BA+500 mg/L ifi Z 2 +300 mg/L 7K i it
H1+500 mg/L A2 W% +30 g/L FEME+4.0 g/L E
) o, 7827 C =574 254, HEbiE
WAL NG AT ST 30d, HKE
7~8 em J7, JHAEMEEFRILE R6 (1/2 NB+20 g/L
FERE+8.0 g/L BiUiR) HeHo 1~2 Al
1.2.3 BFEPRUKFE R PCR AN AN EH B3 1 A6 0

FIH] CTAB B4 HUE LK Fg it ) DNA,

1 CP4 3ENBY5I4) (F: 5'-ATTACATATGCTTC-
ACGGTGCAAGC-3'; R: 5-ATTACTCGAGTCA-
GGCAGCCTTCGTATCG-3") #t4F PCR A&, ¥~
By B R BER/N R 580 bpo X B AR TG BT A
H AR A THU A I, KR AR AR A I 7 i T
Gi's, STHOH A ERIEAE S A 1 mg/L 6-BA Al
100 mg/L R R /KIEW D, 5~7d 5, Wt
A E e AR IR T e SR . I R B R AE
A 7 Ry o R s e Rt S SN L |
HABTRH I
1.2.4 FEIERKREGHS ML Rl R
PCR BH P2 (1)) 5

20t 3 RehibEI kS, St AR bt m i
EAE L5 O A A OB I EEAE Y A Gl (B e I
AN B, BRPERRECR S A, IR ROK R
TN S AEE . T 2R A PCR FETER

I3 R =0 A gk s A BT A 4 2 R B
wx100%:;

B Z =R B oA s B4 100% 5

PCR PBHPEZ=HPEMR S S < 100%

2 HBRESH
2.1 FEPDKAERERTS
B H A IS BRI 5 3 B 97 5 R1 (%] 2a)

e 2 8 JE AE AT 00 B BB Y A4 41 4
(& 2b); B B A 4L S BRGSOk, T
R1 345, 2 4 H G 8K EA YRR E AR
2 (F 2¢), CP4 3L KRR A4,
R TR 2 dJeE, BEHEETET 10 mg/L HH B A9 8%
FRIEERA b, JHATHS L RBHEG e, KE A
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MU BB L (K 2d); 20 dJe @ARFRAET AONGIRIE R4 b, HEATER 3 ke, <@t
20 mg/L HH BRAYIE IR AL R4 b, BEATER 200 IR A (151 20), LA 3] 122 Bufiite gt
o, SAEWmEREHHSRBK PN ES  HER G,

P2 (18] 2¢); 20 d JEHEHAE R 40 me/L FH Bk Ptk UG R 20y, Fet B ey

TE: a) MHERTEZE SEEFRIE R LA H ARSI AR b) HAIS AR5 S 57 AL i A i PB4 o) PR 285 3 Ak UR 7R 1Y
REFPEAOGAL; d) 2 10 mg/L wEH B LS AIRTE@R O o) £t 20 mg/L B H B VE/S R @UiZHEY; ) 20T 40 mg/L o H B % 5 1Y
WAL o) &l 3 RILE, MOGHEVELIETRIE RS LM IERE; h) SHBIE S I /N 5 1) SRAS R I SE DK A

Note: a) Nipponbare mature embryo that has just been inoculated on induction medium R1; b) a small amount of embryogenic callus produced by the induc-
tion of mature embryos of Nipponbare; c) a large number of embryogenic callus were produced after 3 generations of embryogenic callus; d) the embryo
callus was screened by 10 mg/L glyphosate concentration; e) the embryo callus was screened by 20 mg/L glyphosate concentration; f) the embryo callus was
screened by 40 mg/L glyphosate concentration; g) after 3 rounds of screening, the callus differentiated into green spots on the differentiation medium RS5; h)
differentiated green spots grow seedlings; i) a large number of transgenic rice seedlings were obtained.

B2 kFEEMEGEARNZ AL BEER

Fig.2 Rice embryogenic callus from transformation to regeneration

®1 HARBAMGARNSLER. BEEM PCR EME

Tab. 1 Differentiation rate, seedling rate and PCR positive rate of callus from Nipponbare

it a:np el
bl P&t i % " "
mgig OO0 IR gz TER g meme sieem . PCRETHE%/%
Zﬂé/v%%li éﬁé/v%%li . o )J—Iiﬁ . " . . ﬁiﬁ$/% .
repeated o . differentiation . . seedling positive strain  regeneration . transformation
. initial callus resistant callus differentiated seedling rate
experiment . . of callus number number rate rate
lines number lines number . green spots
lines number
1 50 41 35 61 48 42 85.37 78.79 87.50
2 50 38 30 58 44 39 78.95 75.86 88.64
3 50 43 32 67 53 47 74.42 79.10 88.68

KT total 150 122 97 186 145 128 79.51 77.96 88.27
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FiHE RS AT LIS, A 97 @A S R B
T 186 Mk (K 2g), LN 79.51% (£ 1);
20d 5, 186 Maksi K 145 #R4)iE (& 2h),
W E R 77.96% (£ 1); 10d)5, HHKFZ
2 cm B, FEAZFIAEMRRTFRIE R 15 40 d 5 FE
iR AR R BRSSP AR R AR (8] 20)0 MAIRPE
WA TRAT AN FRAL RN AT A 4
LA 2MH, PGSR 2 A H
AL 44 H
2.2 PCR K45 S ANRS 3 s

XFARATI) 145 PRGFEI 2 7 CTAB

$LHUDNA J5, DL CP4 3L 5 )47 PCR ¥4,
23 PCR KGN, #R15 128 ¥RFHYEMIFE, PCR BH
PEZEN 88.27% (3 1), W15 3IAY 128 BRI EL K FH
PR R FRIE TR IGE . FITCRIK PE R4 AR R
R EBARRIA R TME A, RS R R R
WK, IAAFE] 99 tREFIE MR . 1K 3 Bl
M) 15 BREE LR BRI ] . VKB S A 33
HAy B, BEHIAR I A% L AR bR oA S P
Tk cP4 3L, MBI, VKIE 4 F1 6~18 ¥
s B R B, RO BT AR T R A
PLHCH B CP4 L, S FHEERE

{E: 1T HARIE DL2000; 2. REGILAEME (SRR 3. AT CP4 ZEPIN TR (BIPEXTIR) s 4~18. KA FE SRR bR .

Note: 1. molecular weight marker DL2000; 2. untransformed plants (negative control); 3. the plasmid containing CP4 gene (positive control); 4-18. the

transgenic plant tested.

B3 #EFEEK cP4 EEH PCR #&NIE
Fig. 3 The PCR detection for CP4 in transgenic plants

2.3 BEEEPRUKFEAEAR IR H B U S e

1 99 MRi% FE KRG R IR IAE A 1 mg/L
6-BA il 100 mg/L B H BRI KEW Sd J5, i
RS MBI T I RAARE; Horh, 34 BRI I
ARG . WO RBE S, R IEYUE

REY AINILET

65 BRI LN 1M i i e 2 ek, RN
P, FHBEIMER R 65.66%. RE I HES T L)
BB O e AR I K R R SR IR R . T 408
BEBLAY 21 A i R K R AR B 1) e H IRl P A

45

T a) GF H PR E R B AR SR RRERT s b) 5 H UM e R B P A S SE KRR AT 11 o

Note: a) the withered and yellow transgenic rice leaves after glyphosate resistance screening; b) the transgenic rice leaves showing resistance after

glyphosate resistance screening.

B4 FERERTIERN

Fig. 4 Resistance testing of transgenic plants
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3 Wit
3.0 EH B AL R R

e B DR K A ) AR T8 R Ak ik &
T 2 3 P Ml o et Ik B2 T R A e Ak
TR R S AR R SN 2R . R 2SR
PAF A F oA 70 5PF 338 KA EPSP fiff 28 A%
L epsp102 FIARZAE M I IKFFT epspF R AK
TR S R W 86 H, 43 ARG BE /K # 84 Fil
109 Moafs, HEHUTTRIKERSR 0. 8.45, 16.90.
25.35. 33.80 Fl 42.25 mg/L FiH B 57 vk 5 #1815 58
BETARRE, FAbR 08 7% F 5%, /it
P ARFT A T HAKE . K 131 frd e
11 55 3 NIKFE SRR T A, o e BUTT vk
15, 10 F1 5 mg/L AT WA T 6 /5 345 58
MR, BB 76.1% . 44.4%
1 86.7%. T HIH LIRS &R Ik 309 A4
BUERNZIR, FARFFEN L TRAE, i
ViU 24, 20 A1 12 mg/L B H B 4T 3 R
VEIR RIS SRR, T lbRLh 26.28%, BAHEAE
FRIRS Ty FH PR A 3 1 i B A T P AL S
(75 43 S R RS UL 28 ARG A 95 1% A 05 20
ZUIAT AL, FH 034 o/L B H BER RS, RIRS L
28 315 37 BRyTMEAIAR, 4 PCR &G 31 Kk N
PH M 5% JE DA AR, BEAS H A I 1 52 A 80R hy
17.20%. iRBFFE R 35 B H AR i e b
CHT, XA E KR RN, B H B A% o ik
AR, BSRA DL H ASIE Ry 52 A i 5% R PR R i
i, FUEBAYERAR, A e —A i ik
Fo AWEGERARKFT A T DR B A @54
LUk T AL )E . Ayl BEEE 10, 20 Fl 40 mg/L 1Y
T BT A SR R e, A5 122 Hebt
PERAAL, RIS 145 BRI, Hrh g 128 £k
PHPERE, PCR BHTEZR K 88.27%., WA AL T LU
T A e R IC ) H AR SR SR &R o
3.2 HASHE @5 4L 4L A6 e Ak R S i

H 2 I A A 21 2L R A S /K R 2 B R 2 75 o
TR A B ] /D SO0 H A I BB AR
BRI FIESE 15d, 42 Wk, JIRFFEA
SIHAE IS 86 Byt S, 120 BRF:
FHT, PCR FHMEZRN 82.5%, BT EMHMER N
89.9%; T A1 &b 309 LR TS S
KigRdk BHESR 3~4 ], M EAR RIS L, A

AR 2~3 WA B 10 AL U R R AT B 5 AL ) %
1, KRR OiZHE 156 4>, A 41 At
LA R AR 5 XS T A P IR R A FOUR 28 4y
IRAE RIS AT RL,  BERIRE L A5 5 1 77 s
BigR 15 d, PRELEreaR s gt LAk 2 Ik, &
WA 15 d J5, BRI SE SR Tk, 78
WAL 37 BRERET, Horb 31 B BHPER
SEPMERE, 6 BROMBAMESL LA MR . G424k
RRBKR L, SAMRT0O6E, BitikA, BTE
fb, FXFER @GR4, TS 1K
RIFE GG, B, FALRCRIL, REm
EILN T S I R AR S R A Uk
1~2 K, BURKD, AR T, RIS E
b, AUFETET S H AN 1G4 480,
WAWAE T2 1 BSR4, 20d @i
M2 B 20~25 A VIR, B 23 A,
RGN RS, A EAE, B
R FORDR SR RS . BEBUXRE )
ST, RFFRETS G, WA, ek
R AE SR AR, s .

4 ZEig

AT R H BEFEIN CP4 54k H A () A
Bith 41, T4 HIEHC 10, 20 F1 40 mg/L 1Y #H
BEIEAT 3 Febutkdiiat, S 122 Yt man
4, BRI, BE] 145 BREGSLF T, 4l
PCR kil J5 A 128 #RBHPEAE KK, PCR FHYEZN
88.27%, N FHPEAE MRS & B i J5 IRAT 99 R ¢ 3%
BEIENMRR . 1000 mg/L BB H B THiE %
SEJR, A7 65 MREE LR R I bTtE, BOH R
PERH 65.66%, MIIEES. T LABTE H BEEE A ik
PERRIC I L AL RCR K R L S AR &R o %k
FAKFEE LML TR, IR AGTR LA
VA A 10 R 7K RS e 3 (R A — BB 3[R T BB 50 IE
PR THOR SRR,
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