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WE . hE T A T AR F AR08 RAFE Agrobacterium tumefaciens A~-F %1 7K 45 Oryza sativa &P 4 40 855 ALK
Z, B3 RAFANFER bar B FAT ‘B AW Oryza sativa ‘Nipponbare’ ‘75K 134> ‘Xiushui 134° #=
‘i 117 ‘Zhonghua 117 % 3 ARG RAPGIEBETH AL, £ R AkFE 150, 10.0 F2 10.0 mg- L™ 69 E T Bk
RERFEHATT 3 R%EHFE, KA X R F (polymerase chain reaction, PCR)Z I ‘B Ay’ ‘FHK 134" Fo ‘o
o117 @ L R EALRCE 5 R T7.9%, 67.5%F 92.2%, HFIFMREEHARTA# —F S RG ., EA6 5
A FAR KT T6.1%, 44.4% %= 86.7% ; s G F o | A 65.6%, 66.7%%= 30.7% ., F£ v 3E T BN ifktrient, 4k
CH AN ARA AR AT AR AL AR R AR TR R AR B AR Y R R ATIT 09 KGR A AL R R P AR I e AR
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Transformation of the bar gene into embryogenic calli of rice via

A grobacterium tumefaciens

HE Shaohai, YAO Shengcun, FENG Yukai, WANG Ke, LI Feifei
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Abstract: To establish the embryogenic calli (EC) transformation system of rice with Basta as a selectable a-
gent, the glufosinate-resistant gene (bar gene) was transformed into EC of rice cultivars, *Nipponbare’
‘Xiushui 134° and ‘Zhonghua 11’ by Agrobacterium-mediated transformation. After 3 cycles of glufosi-
nate-resistant screening with 15, 10 and 10 mg- L™ glufosinate, transgenic EC was detected by PCR. The trans-
formation efficiency of ‘ Nipponbare’ , ‘Xiushui 134” and *Zhonghua 11° was 77.9% , 67.5% and
92.2% respectively. The results showed that the selectable concentrations were effective for resistant EC
screening and the resistant EC subsequently differentiated into seedlings. The frequency of EC differentiation of
‘Zhonghua 11’  was 86.7% and the seedling rate was 30.7%; the frequency of EC differentiation of Xiushui
134’ was 44.4%, and the seedling rate was 66.7%; the frequency of EC differentiation of ‘Nipponbare’ was
76.1%; and the seedling rate was 65.6%. Therefore, of the 3 cultivars, the EC of ‘Nipponbare’ for genetic
transformation with glufosinate as a selectable agent was most efficient. The glufosinate selection transformation
system not only provides a technical basis for rice genetic transformation and functional validation, but also
provides transgenic materials with herbicide resistance for rice breeding. [Ch, 5 fig. 3 tab. 32 ref.]
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5T ¥ (glufosinate, PPT) M BB B, & —FPIREE H) 38k 09 A HLBE S BR 550 o & Wi ) el
REAT A5 ) 75 IOk e & JC Tl 0 M, (AR A TG RR R, s R BUE M RS T Kbt bar Sk
[Al (bialaphos resistance gene) > F + 3EW /K 55 55 7 Streptomyces hygroscopicus, & 4mit 22 T & L W55
fiif (phosphinthricin acetyltransferase, PAT), PAT g PPT f) % 3 & 4= 2 Wkt , o1 B PPT XA 91 /)
TS B, A bar BEDR A YDA BT RERR ORI — o P K bar BRI ACRAEY), AAUA
AR B, i HXTE Y R E o e bar BERARAEY M G RN Z B FRE W) 2 &80,
BT )3 32 Brassica campestris Fl 52K Zea mays 4B\ ALE =", KRG Oryza sativa 21t 5 vE 0 L&
EWy, I EGE L m R MK R A 7 FOE 2R I B S 28 B DR -l B e R A BOR Y 1 AR
KT AN, A BT B AR R SR, H RTS A — LE R R 2K A A . AN R R
FH 1] 4% 55 55 A ) 300 58 D K — 26 B9 S A W b 455 4 2 3 IS/ Rt 7™ B PRI U™ o R ol e 2% B AN AL K e 2 2
KAy e FERE, i AR E N TRA, C@BCA KA B — KMER, bar RS AT LIRS £ bRl
FEH, T HRE KR BT PO SR AL RAFAE . B bar SEDUK ARG REAT RABR 228 55, KR 55 8 711,
1996 4 3 [E X HLBR H 57 Liberty (RL T BE 0 Bk 45 ) F FE UK RFHEATHUME 25 8 05, Wil Liberty 5, 24 %t
PR, M IEPRUKRIAZ 0, S e, B NN TR T B R O R A G S . T
AR POR R A VA ARAR T 90 bar JEDR RREAE AR, X L D 527 () R 1 A% R (] 8, CAO S5 1P0%
bar FEFVE R T EARIC , FFHWORL 22 of 1 R ALK R i B PR A ML, RS B A A PR . PARK 451358 T /K A 25
RO HEHLENERFAZR, WA RIFEAN T, RS URRE RN, 720l IR i . 3 R4
S I A 2 B K RS I S IR E AT 44k, R 20.0~40.0 mg- L™ (5 T B F AT 26 8%, K13 6 tRiE S
KR, B ARRCRARMG o A R i 55 O Ao 5 R A B D IR PR e b R 2RI | R BRI R 75 42 3 el
M, M 4.0 mg-L7 1) Basta #EATHOMER 2, HA L ZFFIRRAG 5 ARUvER AR, 20 R0 3 Ak A B
PR o VIR SR R DA X /KRS ) A A R AT e Ak, 3 2.0~4.0 mg- L' 1) Basta #EA78EHE, JF 37
FEEEDRI MR, HEALRCR N 89.6%, CHEN S5 HIRFF A ikt WK 63 py @il S\ i 4, e
25.0 mg-L™" ) Basta fifi & 8~9 Ji )5, FH] 20.0 mg L™ 1y Basta & 1 ¥k, 2R 45 5% 5& DA Ak 19 B 32 0
0% &5 b ik, Frik i) sz R ALE 0 A . 2R RS I . AR R A 5, BT IR
i 36 Jo de e B D 0.5~40.0 mg- L7, B —NHiE UL U o FLAT, DA a 3R AT e 5 T At K R e 2 I
KR T AR R (HR T AR R 0 2 70 e Ak K R IR P A A B B/ . BT otk A DRI e
BAMIHAERRY CHAR FHAK134° s 11 Rt 2UE 2k, Gk b i 5T
AL BT R B, PRI R A A 2, B bar BEPRFE AL X SER R R IR B 2, RATITBR 7 e ik
PR, Sr DR T B SR I B U AR R, 5 SR 5 A 77 o A MR R A I BT 1 ot o 2 {1
KB L

1 ARAT7 %

1.1 ##

¥R ‘HARWN Oryza sativa ‘Nipponbare’  *HifE 117 Oryza sativa ‘Zhonghua 11° Fl 55K 134°
Oryza sativa ‘Xiushui 134° Fph7; HAG I T BB pKF11T SOCE A 46 R 99%%5 T i ; EHA105
AT T8 AR
1.2 Ak
121 pEREEG@ARGFES  CHAEE ‘FHK 134 M dfe 110 U B B 30% K & IR
BTN AR, JEHOK R 2-3 0, SEFIAEICHE R 0541908 5 191 00 R1TNB(NG HiJe 4E+BS 475 %)+
2.5 mg-L" 2.4-D+0.5 g- L i #2+0.3 g- L™ /KR HLE (430 g- L' JEMH+4.0 g- L JE 45 (phytalgel) |, 15
A E R T AT T B B 50150, BTSRRI B S (24D WK 2 e L) b, e 520
SRS IR, T
122 3 AR A4 A 200 3 T B AR X B Ao R AG R AE 240 0B S ARAT Y 3 ik PR AL i A 0 41 21
S RIBERIZE 57 0, 5, 10, 15, 20 F1 50 me- L™ 25T I fr 541805 S 1 708 1, BERh 25 B - i
I N BB AL, 3 TR, 26 CHIFE 25 d IR, WACIEHE B4 B FE T IS
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o3, B A M5 T IR Wk o W & A bar S5 AR B AT 1R P TR S SR R, R R R B o
R2(NB+500 mg- L™ i & B2 +300 mg- L 7K fif % 5 (1 +30 - L7 BERE+20 mg- L7 Z 0k T & B # BOC & [ 2
0.6~0.8, RYKFEHI ML 1S min, HARIAESRS), ZJ5 HUEGUR T 2R 0E K, ERA R4
RYFLRE FE 85 55 3 R3(NB+ 500 mg- L™ il 2 2 +300 mg- L™ 7K fif % 25 (1430 g- L7 FEME+4.0 g- L' phytalgel+20
mg- L™ ST A FRERESE 2 d, $EFRE MR E @ AL & A 500 mg- L Sk FR 19 TR KL 2 3K,
FHUEAUR oK I3, S HePirE b #E s 57 4k R4(NB+2 mg-L72.4-D + 500 mg- L™ i Z iR +300 mg- L™ 7K fift fi% 2
F+500 mg- L™ A& k% +30 g- L7 BEWI+4.0 ¢- L™ phytalgel +500 mg- L™ Sk 761 85 25+ 36 H 09558 50 T W o
SR BUBE 3, B 15 d 488 1R, 3 RIS KIRBIE AN R, T HRS, IR s
3 RS(NB + 0.5 mg-L'NAA +3 mg-L"'6-BA +500 mg-L™" fifi 2 2 +300 mg- L™ 7K fif i & 1+500 mg-L™' 4
Z MR +30 g- L7 JEME+4.0 g- L' phytalgel) F#FA7 403G 5%, A2 BP0 M @ LU R 19 DNA, 17 2R
G e AR N (PCR) I, Geit it b, It m a8t Mgt it — P b B A2, AEFK
) 2~3 em, FEIEAEAEMLE R RO(1/2 NB +20 g- L7 FEME+8.0 g- L7 Bifig) I, Frfi K #] 10 em, JFA K
I, BAREFREBUEE, R R H S, 1R

123 RHEEGHR Z At 69 DNA 3234 PCR 4 F 4w I 75 be 3k = H 3L 98 1k 8 (CTAB) 2 42
BB A 05 41 40 2 R0 AR AL MR i) DNA, ] bar F2 B9 514 (F: ACCATCGTCAACCACTACATCG, R:
GCTGCCAGAAACCCACGTCAT) #E4T PCR #1434 1% H iy H B2 430 bp.

124 To KR ALK 69 & 1) 32T Bk ik 0 BTG 356 DR A Rl k19 8 O o R PR A R IR R VAR B 3 B
50, 100 A1 300 mg-L™" BT B, 5 d J5 gt A8 4k .

2 HERMpA

21 3ANABRAMHNBGHANET BRERFIE

¥ CHAREE  FHK 1347 A AR 11 BRI T 0 K B HA R 0 I 0 A 4 Rl R 43 i)
A6 AN R T BB R IR R4 b, BET- RN 50%~60% 1) 1 455 412U Ry 1 5T IR I vk
JERD AT VR R R BT B . AR 1AL 1O FTAR 3 AN UKORE R A R I A A 2 A R IR A
fEG, HOKEWGE; 76 5.0 mg- L7 BT MRS E T, SET RN 19%~23%, KA 4678 11 A 455 2 U8
B, HRE @A S AW RIg5, BoaESmE/ER,; Mg TR Eg MM, 76 10.0 mg-L™
I, FHAK 134 R PAE 11 2 AN EFIE TS F R 51%~56%, H 5 5.0 mg- L7 A AR BB R 25 5
RBIEPEHOR;  CHAKS 76 15.0 mg-L7 T, FET-% 54.53%, H 5 10.0 mg-L™ H o A7 76 4% 3 1 22
S, REIERACE; H CHAR 7E20 mg LR, TR 60%L I, EFEBORMMA;  CFK 1347 A
RAE 117 AR 15.0 mg- L' R, BETSHRA 55%~60%, BEEEACR A R R E 50.0 mg- L7 B, 3 4K
FE A SE TR IR B 0% I, RUNZ R O Sl G S etk B, R IR K. Zi Brik, “H
AW BB REE PR TR R B Y Oy 15.0 mg- L7, CFOK 1347 A CHAE 110 [ RE T 4R T R Uk A
10.0 mg- L,
22 HETHE o BEEFHNL 3N KBERMMEKEE

FHRERE 55 A K 60 FLA DGR 0 Ik A0 A0 2 (181 2A) 1 Ry 2 8, R KT R A 1 % AL bar S
W R E CHARR S FHAK 134" A il 11 PR @05 4043 e i Wk B o 15, 10 71 10

Fz1 3NKERMEERGEALAEANREREETHNERELIER25d BERTESIT
Table 1 Mortality statistics of three kinds of rice EC (embryogenic callus) cultured on mediums containing 0, 5, 10, 15, 20, 50 mg-L""!
glufosinate after 25 d

AT S e B T @ 0 4GB T R %

IR R i B

0(ck) 5 10 15 20 50 mg- L™
CH ARG 0.00 = 0.00 eD 19.29 + 0.71 dC  22.14 + 1.07 dC  55.79 =+ 1.11 ¢B  60.52 + 0.51 bB  90.67 + 1.33 aA
Tk 1347 0.00 = 0.00 fE 19.74 + 026 eD  55.79 + 1.90 dC  59.23 + 0.77 ¢cC  81.00 + 0.24 bB  92.20 + 0.10 aA
‘g 11 0.00 = 0.00 fE 2267 +133eD 5128 +1.28 dC  56.00 + 0.00 cC  81.33 + 1.33 bB  90.97 + 1.23 aA

UL B B AR R 22 s NS FRERF R 0.05 KF E 2 R B3 (P<0.05), KEFRARER 0.01 KF b2 R
23 (P<0.01),
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0 5.0 10.0 15.0 20.0 50.0 mg-L '

1~30 BIRRKRE SR CHAR  FHAKI34 Plell 3 FRA~FARERRET
B 5 & 94 F0, 5.0, 10.0, 15.0, 20.0, 50.0 mg+L ',

B 1 3 NoRAG S0 Ak o B b 4 4 3T 35 T Wk a9 R M X 38

Figure 1 Sensitivity test of three cultivars of rice EC to glufosinate

mg - L7 WS TR HEAT 3 UREE R R o A0 1 R Ja IRk @ 0 2 SUR 020 th BEAS 42 (181 2B) 5 5 2 ki
G, Wy m O HA AR SAR LRI R, T R R i e A 2 (1 2C) 5 B IORT A 19 A
HARPATH 3 e, MBI (18 2D), k@i HR R 25 (8 2E), B — 2 i 4t (1]
2F), FErE T A S 2~3 em W, A PRE AR, AT SE R B A AR (18] 2G), BRI (] 2H) o WA
AR B 0 AT ARAT B A T I S AL B AR IR P A 2H A 29 2~3 D A, Stk @ U0 i 2
24 H B 46 T~ H .
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Figure 2 Figures of rice embryogenic callus from transformation to regeneration

23 HUER, SURMBERNILER

PUVEGERR)E,  CHARHS CFHK 1347 M SRR 117 2p5l5RAS 86, 40 A1 90 SRyTPEMMAL R, &
ok se itk i HEUR 19 DNA, 347 PCR AN, 0504 67, 27 F 83 Beinfi 2H 4N R4 1 th H i &4,
Ao 77.9%, 67.5%M 92.2% (£ 2) . 18 3A J& *HARNE BEYLLESE R 10 Pt i i 41 8L 46
DN, BR T UKIE 8 A 13, 4 A B IR (UGE 3)—FERY AR, B ALRIIRE] 67%LL b UL ik
f19 5T R R S R I S AL PR R, R AR AR AR, A R S AR AR

P X LeBIVE AR R AT 0 A IR A BE . 3 K dh P 7 AL BE TR AR . “F5 Kk 1347 e
Lhmie/, ACRET S (B 4A), SL 12 @A Lt sk i, bR Ny 44.4%;  “H4E 117 (8 4B)
A 2R BHARR SRR, RN 86.7%;  “HAN s fesrbikZ, s ERET feok (15 4C),
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SUBR@ AN R ML S s, 0 AERN 76.1% (K 2)
R2 3P KBRMHELER, SUEMHERER

Table 2 Transformation rate, differentiation rate and emergence rate in three rice genotypes

vivk@ o WtkEt oemdts ofesanid mm BPkRR

i HARM HAR/ HEFR/ A Btk Btk L
CHAHE 86 67 51 183 120 99 719 76.1 65.6 82.5
‘oK 1347 40 27 12 30 20 15 67.5 44.4 66.7 75.0
Vi 90 83 72 195 60 52 92.2 86.7 30.8 86.7

YL B AL R =[P O A R/ @ AR R M AER= @ AR R/ H AR 5 W R =10 8 gk i A
B B 3 = FH P BR R

1 2 3 45 6 7 8 9 10 11 12 13 1 2 3 45 6 7 8 9 10 11 12 13

A B
1.7y & kR0 DL2000; 2. %4k < H AR 2k 1. T & k5 DL2000; 2. oK %% fb A8 Bk (9 7 %F
fﬁ%%,ﬁﬁmﬁﬁ% 3. & B bardk 1Y T8); 3. & A barkk N FORL(BH P X JR); 4~13. 480
JEORL, A A BEPE T B 4~13. K Bl i Bk s 4R B L D KA BR, o4~ sy o 1 R
41, 4~7, 9~11, 139 i 1A B, B EA B, RWIE AKX N KA BE S bardE TR BH P
ﬁf%fﬁ@ﬁ AR G NbardE F, 8112 e, 13 AET A B.
AP H W B

B3 A i (A)fE LRkt H (B)eg PCR &0 H

Figure 3 Detection of bar gene in glyphosate-resistant EC lines by PCR analysis

24 BEEEKS FHRINLER

XA 5 HE DR BRI 4 DNA JE4T PCR 934, DA bar SIS 9951 9347 PCR 470, * HUARHY
Tk 1347 AL LD SRBIBAE 120 Bk, 20 BRA 60 bRAE LUK, FEr bar SEDR BIVERRA 99 Bk |
wHﬁHZH,mﬁﬁﬁ&w%,ﬁ%W%mM%Z%EHB%%%%%Hﬁ%%@W%
25 HEEEKNETRAMLEES

R R T 1 2 3 DR AR 0 aTwmiﬁm 4B A S ) R G T PO R 2 5 5 PR
RO b, S d UG, DR Rl R OK R B T I OR IR B o PSR A I A A
VR 9 50.0 mg- L7 BT AL BRI, RHE AL AR bR M A bt BUARG B RO BE A, 7E 100.0 mg- L7 BT AL B
8 B A T RURS SABE, RV 3000 mige L7 BT b BS A T B AR K LR A . {E A
KFEI A 2E 50.0, 100.0 F1300.0 mg- L 50T R Ab S U308 1k, W HE3E UK RAHEMEAR 85 T 240 6 15

HAWE"  “FoK 1347 f g 11 oy #3 bar HEEERTE L E ST
FIARTF Y 99 £k . 15 #R A1 52 #k PCR FH Mk, Table 3 Glufosinate-resistant analysis of transgenic plants
Horh r 5 10 Bk 5 BRA 12 BRI A8 B KRRALRR  PCR FIRERGR/ME 55 T BEBCHERTRE 50T I B 1 32/%
Wi, Hp¥RMEEO, HTREHM RS HARE 99 89 89.9
89.9%, 66.7%H 76.9% (% 3), #ILEKAFE HAIBL 15 10 66.7
I T R o e 1L 52 40 76.9
3 3t

31 KFEEMEFKAPET BFIERERENHEMRULZE

1t R DR 7R 1) AR S T 07 B AR R I R OR . bar FEDH W VE R BEFRARIC R R, HA R T Ik
B 7T IEREECR m AL, b ] AR S A AR o K bar FE DN 85 H Al A2 X ER I £ — B e K
R, ARAFPORE T BRKAE o 8058 — 308 B0 T RO 18 R R R, R e A PSR ML P e A TR AR ) S B
AR A SIS A B [ D RS B IR O 200 BT B R AT B AN B . O T E DU
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‘T K134 AN CHAHRE’ 50.0 100.0 300.0 mg-L™'

R e A0 K AR

e I TR L PR

A4 3ARBRARECHARSE BS AR MART A FET BRI GR

Figure 4  Differentiation of the three genotypes of rice  Figure 5  Glufosinate-resistant analysis of the leaves for transgenic plants

WAL Z R B AR BT W B T AV B, ARRFREEL T 5 4> 5.0, 10.0, 15.0, 20.0 F1 50.0 mg-L™
TT SRR R, X CHARKE CFHK 1347 R e 11 IR AL AT R T USR5,
F 0 5 A AR B 0 TR R R B 4 R 15,0, 10.0 A1 10.0 mg- L& 1), #EARECES B 77.9%,
67.5%F 92.2%, KB T —AARIFHIEBERSOR o AT N LUK R B KRS I @ U e fe sz Ak, At
AIEE Y BT R R VR T o SRS S R A BT BT IR, BT g —
32 3NKBERMOURMBBERLRNILE

CHAR  FHAK 1347 F R 117 [ 3 KRS SR RE AR TS B I PR A R AR IR R, R H K
Tt JE B RS2 AR R . RS R B LA T B i Bbric iy, B EReR & AT, Hrp
CRAE 1L WA RE S R, bR, Fis 86.7%;  CFHK 1347 W ibRE s, R R
44.4%; HARRE ANTMWEZE, SMEEREN 76.1%, R EATH AT T4, IR,
CHAW A S51A@mAS R0k, il 183 465, Ml BUe 120 #k, M2 65.6%; K 134’
A R2AEHAR RS, 4l 30 i, BUE R 20 Bk, BUHRE 66.7%; e 117 A T2 @
LRE, Al 195 gk, RHTEC 60 #F, B FIE 30.7%. AR 117 bSO R
CHAR MafegiEd,  CFHK 1347 B eREAR;  CHAR R CFEK 1347 BRI R EEA A
o R, MUARE T REME M EAR IO, Bk HAH VEAE R T e Ak .
33 MBEMHERGHLMEAHRUZENEUERNETRE D TBER

IR LR B T8 R SR AR 1 RAF B A vk 2 H AT — B I AT A 800 s o R T e Ak
KRR ALY, v DI ik A A, 42 m AR 0 (R A 4R H 30— S P AR 1 8 5 ) A
Bl 4y 8, JCAERYSECYS R T 5 . QO PvE v £t fa], stk £ 78 . 25 1 ki ik
B, oAb, MRS B AR R TR R R, E R g o ik . QB RETA S
. AR IRE ORI PE AL, WA IR A G 44, R Pk, B — kK
, HTHEAAD; Qg WL RGN 4~5 A, B4kt 5~6 W Goit i mitk
(78 S KT 20% , A S8 38 1 0K RS R T R RS 5G , mo dday T DA TR R O AR IS B AR KT IR A
ALK AL IR R . AR 4~6 A H o 2RS40 300 mg- L™ BT B T, % 3L P #E
AR ZR A DA R BRI S 2 R e i K R s A A AR I T BORSCRe , RIS P T KR8 A K R & R Rt T
IR

4 BF Xk
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