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Some Factors Affecting Agrobacterium-Mediated Transformation Frequency in Rice

L1 Shuang-cheng, WANG Shi-quan, YIN Fu-qiang, Zou Liang-ping, Qi Deng-feng, JiANG Hong, L1 Ping*
(Rice Research Institute, Sichuan Agricultural University , Wenjiang 611130, China; * Corresponding author , E-mail ;liping@cngk. com)

Abstract: Several important factors affecting rice transformation mediated by Agrobacterium were investigated with three
indica and two japonica rice varieties, Co-transformation with Agrobacterium strains AGL1 and EHA 105, and by re-suspen-
ding the strains with NB culture media before transformation could improve the resistant calli rate significantly. Because of
distinct influence on both the resistant calli rate and the differentiation rate, doubling the agar powder and being blew on the
worktable for 4 h were considered as suitable approaches for desiccation culture. Adding DMSO or proline into the differentia-
tion media, and NAA to the rooting media could, to some extent, improve the regeneration rate and the surviving rate, re-
spectively. Many useful transgenic plants identified by PCR and Dot-blotting were obtained by using this protocol.

Key words: rice; Agrobacterium-mediated transformation; co-transformation; desiccation culture; differentiation; rooting

B E: USMABAHAZAEREH IR IRTFEEAKEIREFT RSN BENERBITTHR. 8% -
B, Bk AGLL fl EHALOS #— @ AR A MBI ERERMN MR GR AR IV FER NGBS THES
TRFANNTEERARRERESGEMSEEMB AN ERE SN TREFRF R SEEREPMAZRETR
(DMSO) AR (Pro) AT LI BER MR E N MASEN NAABFH THERFREBRAER., NAKRIFERMLR
%, BT A PCRAMARTLETHELEEK.

KW KR RITHFED: L%k THsER; o &8

hES%EES. QI43.2; S336; S511.035.3 XHkFRIEED: A XEHRS: 1001-7216(2005)03-0231-07

B 1983 4 Zambryski % F| F 4 AT B % fb ik 2K
BEAXERMAELR, RIFEZAEER TR
B &R B, ¥ 9 2 Chan %[ Hiei %[2], Rashid
01 B eSS R O 7 34 B EE R AR
RBRI, B HRIEE T RAFEE KB T4
MLEYE . R, B FOKBHRIEMREERK, B
s BABERAE. MR- ARRBEH
HURG—EHEREFRKBERTEFRPRER
R, X35 R &0 R EES 5 A & K
FEARMAGHRBES REARF - NUERGH
B L AR BR A AT T BRI SE MBS, UG
T—WERBHER. AMREEFRTEREAELE
RE T HREFE LB R EE RN RITERE LK

BEEE, ARSI AR BIRSRE AT, B

—AEAER RS T CEAEE N KRERITERE
LR 3R ML iR R R H M E R P 2 R AR .
1 MHETE

1.1 kEHH
HFE R EIK 527.CDR22.501R; E/RE 1L 9
SOHAR,

1.2 RRME%

pCUBAC-HPT i EB ¥R BIESEELY
PR TBRERIELREWE, & sk M sck XL
BER BTEEFRKEASABEFLNEES.
AR ICHEE R hpe, 9055 8 5 R B BR 7% B B8 (hygro-
mycine phosphotransferase) , AR & LA 1,

FAT BBk N AGL1 A1 EHAL05, g U )il 42k
KREFEKEHR LR ERF .
1.3 EFxE

BRI EEFHFHE . YEP+50 mg/L Kanamycinsul-
fat(km)+50 mg/L Rifampicin(Rif); %5 861
FE 3 NB2 : NBLYJ 42 mg/L 2,4-D; 3:353% % NBco.
NB+4-2 mg/L 2,4-D 4100 pmol/L Acetosyringone
(AS); Fis 3 & NBpre: NB+2 mg/L 2,4-D +
300 mg/L Cefotaxime (Cef) ; ffi 1t 35 37 & NBs: NB
+2 mg/L 2,4-D + 30 ~ 70 mg/L Hygromycin
(Hyg)+300 mg/L Cefotaxime(Cef) ; 434k 3% 3£ 2 .

KR B . 2004-07-23; AW H B 2004-10-07,
BETH . EHFK 863 i WHE B H (2003AA212030) ,
E—EEEN: PRI, B EEHLHEL.
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pCUBAC-HPT

B 1 fi# pCUBAC-HPT &4 E
Fig. 1. Construction of plasmid pPCUBAC-HPT.

MS+1.0 mg/L KT+1.0 mg/L 6-BA+0. 25 mg/L
NAA - E 5 E . (1/2)MSH+0. 4 mg/L NAA; L
EARBEEFRESMATERZ 6 g/L,
1.4 XABRGEAREF

WALSG 14~18 d KRR BBAF T, £5%,
FA 75 %R T 2 min, B 0. 1M FHRIEF 18
min, ATGHEKBER 4~5 K. EBEMBFISHERE L.
27T C+H1IC TR 8~10 d R RAGHR , FIKHF
KH 1 em, RIERBT W LTEEEE R QA
HPEABK.
1.5 RFENFEEUKT
15,1 RATEHZHK

AR+ A T AR (4 CT%‘?‘:#)J:%EEX%ET
% T YEP W k#5352 (Km # Rif & 50 mg/L) &,
28°C TR HEFE 12~18 h, RIEM 1~5 mL Bk
3| 100 mL YEP ¥ {& 5 3% % (& AS 100 pmol/L)
HL.RGEF 4D EERERNEEEE LS A YEP,
NB.YEP/NB({R RN 1+ 1) B B A5 57 vk B
(ODzso =0. 5 , B 1 B JAL % V2 i BV AT , LA 46 % s 2
.
1.5.2 R34

BREKHEBENHEHEAGHAETRKEREFL
B, A R VR B R AT R I 25 min &, KT
REEB BHAGHARETHERE L, 28CTH
R 2~3 d,
1.5.3 #WE#

BEZEFAOALRBALE =MARP. 58
BEE4FLE . DERRETIERE L ;DB
THESER4hERGRELAO0. 4 m/s), BHEETM
BRELDEBETHE S ERENBEEFREL;D
BETHEHMEHBEFREL., 28°C TR 3
~7d,
1.5.4 RHERFERER

KPR RABAREET S Hyg M Cef 1
TR IR EARSEIESE 3~4 B, AT A EHS

1B
hpt 35SpolyA

nos p35S

HET(US Hyg M HRIERE L, ik 1~2 K
1.5.5 HMOHALIIL . FERABE

BP0 4 R 3 T 4 ANV N R &R (Pro)
ZFRE T (DMSO) , AgNOs ., JJL B 1 A f in 4E fe]
YR B AL SR b L 28 C TR SR, IR LS.
LA KB/ BN ETARRKERN NAA
AR SRR L, 28 C T IR 3~4 A, Pl F
BHETdER . BEBRIIAH. _

WELI L AR =g bk 4
AE X 100% 5 4 LR = A AR S/ B R 3
X 100% s e fb 3 = PR B 50/ IR A 45 % < 100 %,
B HE2~34MER, AHAEMEIRIT, K H DPS
REHITR AT
1.6 HMEEHKNTFRD

PCR £l : B 10~ 30 mg 7J<$a%b!lﬁﬂﬂ#ﬁT
1.5 mL B.L& P, 00 200 ¢l 0.5 mol/L NaOH, F§
W HEHF S ,10 000 r/min F B0 10 min, B 40
vL W, A 160 pL. 100 mmol/L Tris-HCI
(pH 7.6),1849,10 000 r/min F &.{> 5 min, b §
W BIAT fE PCR R DAY . hpt IEFIBI4: 5° TAC
ACA GCC ATC GGT CCA GA 3/, R FHEI#. 5
TAG GAG GGC GTG GAT ATG TC 3',¥"# i H
B A Btk 832 bp, PCR K 20 pL R KR : 2 ul.
LOXZhl F A5 4% 1 oL (KR¥EN 1 pmol/
L),2 pL 84k, 2 pL ANTP(&R ¥ EF 200 pmol/L),
0.2 pL Taq 81 U, ALHEME K2 HR, &
FERMER T BHE—EREAEMH. PCR R
AT :94°C F B4 5 min,94°C FAE# 1 min,
55CTFiRA 1 min,72°C F M 1 min, 35 MEFEL
HF,72°CTFHkEEFEM 10 min, PCR =#H 22037
Fe ¥ 120 V B kR,

B Ze32 . DNA 4 & f1242 30 2 I8 Sambrook %
7?(35‘[103 s URL Hpt 5|9 38 44 16 M 34T, e
iC K B # Amersham Bioscience /7 8] i ECL i
I B UL A AT,
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Table 1. Co-transformation and its influence on the resistant calli rate,

B A PLE R B R E
HHRE No. of tested calli No. of resistant calli Resistant calli rate/ %
Strain ratio 2': Hé CDR22 ZFE CDR22 CDR22
Nipponbare Nipponbare Nipponbare

EHA105(E) 187 167 83 60 44,5 C 35.9C
AGL1(A) 201 194 81 55 40,3 C 28.4D
E/A(1: 1) 194 190 100 78 51.6 B 41,2 AB
E/A(1:2) 252 243 128 95 50.8 B 39.1 BC
E/AC2: 1) 312 297 182 131 58.2 A 44,0 A
F {8 F value — — — — 50. 44 56, 86

PiEAGRER 2 RESWFHE;RES, R DEFELHRFLE0.01,0.05 KF Ex 7 EF (Duncan %), T HF.

Resistant calli rate is the mean value of two repeats; Within a column, uppercase and lowercase letters indicate significant difference at 0. 01

and 0. 05 levels by the Duncan’s method, respectively. The same as in the tables below.

2 HRE5

2.1 FFEHRRILFEL

RESNPEBRELFR LB AGLL A1
EHAIL05 #38 #%, & M [F Bt 18] 9 B AP ki %
fa. A RlER 1 EATHAL., 4R 8xR,EHAL05
MR M T AGLL, MAFEBE S L HBLH
G ES LR M E AN ES; EHALOS #
AGL] BB ARL 2 1 RAFATHEAMNRER
Hindb# iy (E 2-AD, KA G R X F 58. 2%
(HAHE) 1 44. 0% (CDR22), 5 H i ab K £ R 1%
HBEKF, FB EHALCS 1 AGL1 B# HE %K
WA B B 1 A L B 7E 2L 5% 1k B B2 3R A5 B ok i B RT3
NERE —EREBE L,
2.2 AABFEERFENEAKR

FfA EHALOS Bibk T T BB LR, 4
EHALOS BE#ELE MY KEFRE, RAR2ZH
AFPALTRA T X B 527 ML, MR 2ATUE
HOOMARNESLHENHESHREHEHE
FHEHK FEVREETESRE M THEY X5
513 72 o AR i A b A R 0 O 0 X B AR T M
s EN L, NBEFERESHWBR LA YEP &7
(B 2-A3); W YEP 5 NB#1: 1 AR ILIESE
BMHRSEMANBEENERAHE ., XULH
EHASTBRTEEA NBEERREAEERAGA
gL HFEHEATERE NB A TFARFAGHHARAYRE
T et A B IR S B A B B AR M R 5 A R, YEP
BENTHEEBERFREFHRES, HERLIRY &
HAGHR A RFIE .,
2.3 FREFNAEEMSLENRMN

R E X AR B T3 5R 7 REAT T

X2 FRAEFEER EHAL0S B &% 527 MG EY
¥m )

Table 2 . Influence of re-suspending the EHA105 strain on the resist-
ant calli rate of Shuhui 527, '

SRR AR At

Wik
No. of No. of Resistant
Method -
tested calli resistant calli calli rate /% .
HE®{ CK 143 42 29.2 B
YEP 162 53 32.7 AB
NB 152 57 37.3 A
YEP/NB(1: 1) 155 57 36.8 A
F {8 F value — - 12. 65

FoREANNTREFFANIEEETHEE .
FATSRTABFR M ILF THREEF T RNER—FHET
AT TR, UHE R B A EWRIES . R 3L
RER(H SR AERFEED, KFETSRIT 2
MO, SREAT T HREFML, &8 THREF F A
B Z AR ARG RN MR EHEARE
BFHES(BEHRREEEKE ., B3 THRIR
ME . BENMER TR AIXEFHKI S EHRET
BESR, RGN ERE S L E ;T
ABBTEELERT 4 h W AFRXNERHF
CDR22 ¥ AL B4 (B 2-D), itk R f 4L 8
BRETHMAE, R THREFESEIERH
HWREMMMER, BEARRZEM R HEE TR TR
I RARHF X 7 #8532 i i 2 B BR T b 38
A RAHRR SR K.
2.4 FEmPxs AR

fRE B (Pro) BE— M AR AME ERA YR,
TR B A AT LR B B A RN R R T RE R 7E T
Pro R R8T ; AgNOs iz s Fi FHE 2 15 3%, A
Sk I A8 Ak A4 3 41 46011 s DMSO J&: — i i RU f
AMH AR PR, AT 4R R T 40 A 7E I R0 s T
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Table 3. Influence of different methods on resistant calli rate and differentiation rate for desiccation culture,

A GH pitE R HEEKREK EoRcd igiES i
i No. of No. of No. of Resistant Differentiation
Method uncontaminated calli resistant calli regenerated plantlets calli rate/ % rate/ %
it 9 8 HiE9 5 £95 PIE9 B PSS
CDR22 CDR22 CDR22 CDR22 CDR22
Zhonghua 9 Zhonghua 9 Zhonghua 9 Zhonghua 9 Zhonghua 9
AT CK 144 97 65 33 19 5 45.2 B 34.2B 29.2 15.2
BET I FP 161 103 74 37 22 7 46.0 AB 35.8 AB 29.7 18.9
LUE K in % DAP 152 86 79 32 27 6 52,1 A 37.3 AB 34.2 18.8
MF 4 h FHF 147 92 69 38 22 8 47.1 AB 41,5 A 31.9 21.1
F {f F value — — — — — — 10. 51 9.16 - —

CK, Without desiccation treatment; FP, Desiccation with filter paper; DAP, Desiccation by doubling the agar powder; FHF, Desiccation

with 4-hour air flowing,

£ FNUBRAREMNSUEHEE

Table 4, Influence of additive and its concentration on the differentiation rate, 7 %
4 Bix 527 CDR22 501R A 4 8
Treatment Shuhui 527 Nipponbare

CK 13.5 b 15.1 be 12.3d 35.1 abe
& Pro

100 mg/L 15.2 ab 17.9 ab 16,4 ab 37.6 a

300 mg/L 14.7 ab 14, 6 be 16.9 a 32.3 ¢

500 mg/L 14.0b 15.0 be 15. 9 abc 34, 2 abc
AgNOQO; .

4 mg/L 12,7 b 15,0 be 13,2 cd 35. 2 abc

6 mg/L 13.4 b 14.2 ¢ 14, 0 abed 37.1a -

8 mg/L 13.9b 13.9 ¢ 11.9 cd 34,8 abe
R ETHN DMSO .

0.02% 15.2 ab 17.8 ab 13.0d 34.6 abc

0.04% 17.3 a 19.6 a 16.7 ab 36.3 ab

0.06% 15.4 ab 15.9 be 16.7 ab 33.1 be
BABME Gln

300 mg/L 14.2 b 16, 2 be 11.9d 34. 4 abc

500 mg/L : 14, 6 ab 15.7 be 13. 6 bed 36.9a

700 mg/L 13.0b 15.0 be 12.4d 36.2 ab
F{  Fvalue 1.970 2.770 4,443 2.080

AU EN 2 REE N FIE,

Note; Differentiation rate is the mean value of two repeats.

FEABRE (Gl B —FEE R 8 N FR, E— 2K
WeBE AT AT AR 8 A5 L SURE AR AR K, R RS SUR
Bk ptkz), EEH G AR E P M Pro.

AgNO; .DMSO.Gln, K T A HLEILE, G

THERBOR BER R KRR, KK 2 7 21k 3
FEEBEM ERY R, DR SR,

MR 4 WERATLUE S, 550 Pro.DMSO #R 68
BREBHMBREHEKEEME(E 2-B,0),Gln #
AgNOs ERINIAB B . st & 4k M F ¥
BME, U DMSO 8.4 M S REAM B BB EWEE
#IE 0.04% ;T Pro B HIKEBR 2K 501R 4b,
HAMAE 100 mg/L MWE TERETHREHBR.

XEMMEFEFCMEERELEORREREEL—
B, FHPEIELE B R X R AL 3 AR RS AR B
B85 21 501R WAE 3%, EX H
REHBE BRI, U8B X 2 4b 3 5 R & 2 DA
HALKKBH BB ESE —c Wi .
2.5 NAA XHRAR M

B E R D R R A E N AN — KR
BHERAWEFNETREENREALRE., &
REZREEBEFERFN NAA DREREREH
kK, GREWH,AEBREFEPRMO. 4 mg/L K
NAA BBEE A EFBRHOER, REFBVHKER
SR TR AREENE, AFEH RERE,
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Fig. 2. Effect of some treatments during the transformation,
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A—PiHERGHI Y. A1—EHALOS/AGLY # KR 2 ¢« 1 Jb48 4k A2— xR TR EHAL05); A3—EHAL05(# NB i &), B—
W s s L AR . Bl— AgNO;; B2 — % M B3 — DMSO; Bi— B e Miltk. C— R¥E MMM 527R 40 b b 5 a5 1=, D—
CDR22 T 4 h iBIEA M6, E— SR EERE R U NAA M. F—WTN . G— KW LAiBk 94K 14, H— NAA 34 #
B, H1— X RORE D : H2— %0 0. 4 mg/L #9 NAA, T— ] B 54 36 B ROBR 49 3K 1

A, Generation of resistant calli, Al, Co-transformation of EHA105 and AGIL.1 with the ratio of 2 : 1 in volume; A2, Control(EHA105

without re-suspending); A3, EHA105 re-suspended with NB. B, Influence of additive on differentiation. Bl, AgNOQj;; B2, Proline; B3,

DMSQ; B4, Gln, C, Calli from 527R browned and died without any additive during differentiation; D, Calli from CDR22 succeeded in differen-

tiation after desiccation with 4-hour blowing. E, Strong seedling gained by adding NAA to the rooting culture media. ¥, Opcning culture of the

seedling in room. G, A lot of transformed plants gained by the developmental protocol. H, Influence of NAA on rooting, H1, Control(no addi-

tives); H2, 0.4 mg/L NAA, I, Fertile transgenic plants obtained.

R MR A, il € R4k, R V) BRI 6 5 2 A 1 RHI B 1
BB 1002 E% MHRA T, Bk, B
M B SR R F 4R 8 55, B AR B 5 T I, (X RE
715 80U AH (K 2-E,H).
2.6 HEFEMUEKNES

o7 FH 2 FF 50 1) e B TR A R, B FEL4R i P A4S
RN 44k 1 JLA 4 38 B i (EHAL05 #1 AGL1
2: IRA®KHEMA NBER . XT 4 h T SUIEF

FRTRIN 0. 04% i DMSO DL Fe A #3 55 3% 3 p o8
0.4 mg/L # NAA 3 40 5175 3] 1 4t 44 ki K 1t
PRPESS B K (B 2-F, G, D, H RS i By 5%
R 21. 4%, TR O F % REF) 9.3%,
FoH L ARG X B, B 3 47 b R AT T b 3D b
ROFRH B A% B3 AE THENRE,. &5
B R FEKF (R 5, HIK 527 #1 501R Bt B B8
BAORBTEEESD A MEIR H X bbb 78 7
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Table 5. Number and frequency of transgenic plants.

o H K RGBL 2 (Chinese ] Rice Sci) 85 19 345 3 W1 (2005 4£ 5 A)

Pl f s 4 B e

2k No, of tested calli Positive seedling Transformation rate/ % F1i4

Receptor pugid g Xt B by pagii] P F Value
Control Treatment Control Treatment Control Treatment

H A<k Nipponbare 214 72‘3 31 175 14. 6 24.2 43. 20" "
F17F 9 & Zhonghua 9 253 T 775 29 144 1.5 18.5 29.02" "
CDR22 252 794 12 91 4,6 11.4 32.79" "

#¥% 527 Shuhui 527 212 580 6 42 2.8 7.2 —

501R 190 755 3 71 1.6 9.4 —

PE R AR 3P - 0 /5 0. 01 K LR B,

Note; Transformation rate is the mean value of three repeats;

BRI R, F BT IE B T SR R A Ak
BTEN ERA — R EALE, X8 &
M5 A MR PCR MR B, K B8 btk sk &
A T-DNA #HA (B 3-A) ;% PCR &3 FH M 49 #4
# i — 2B # 4T Dot-blotting 8 58, it PCR [HM:4H
BREAEA BB A B (B 3-B),iE 32 T 4 05 i i Al 5
,r/iu

3 e

AR T TR B A 1R R — A A 8 A 4 2 AR 3R R A T
WK 2t FLEW RPN E TGS BG4 L0RE
R A ER AT BEE A A LR . XKW &, — |
REUGHRFET HANPRA R, 5 — T e R
BT AR AL BRI R T I YU Bk
7 0 K 8 B % A TR TR X LA R4S BAB RO BCR . ATA
MBI 9E B P e W SSZ AR R - oL A b
A A S 8, AR 5 i M 1L R AR AT

* * Significant at 0.01 level,

T B AL BUR S | b U R T 5 5 At PR A B
R ¢ LA B 288 k380 0 R 00 R A2 39 35 T R 4R
FHEC XL B, B T R N BRI AR . R
%0, EHALOS fl AGLI iR & LH6 1L  NB B 5%
T T T LU A R A 5 55 TR I
BE TS ERT 4 h T80 RS L35 555
VIR O B S R B T DA — R b 4R
R B, %A AR PR 9E R B TR A0 0. 04% 1
NAA A T AR BRER X, 0K E
B, AKAR T A dak B T PR K B L 1 S B A Ak
WA T BB, LU LA B A SR R AR
B BT . A0 1k 3 B 52 8 i B T B
L 7 4% BB RS B TR R 10 B2 T 3 6 S i
IV AT BEAFTEAR K HLAE . PRI, A3 S 5 s 4 5
A4, 2 ) 7 TR K 590 2 L 60 A R 4 30— 2 TR AR
55, TR, 3 H0 55 SRt 3 D A KT T 0 1 7K R 10 4 W
B34 e B S — AN IR R B

T A4S AEEHIBE T, ransformed plants

832 bp

2

T 4% Hpt #itk T, Hpt' plants

1

A3 ToR&4i ks T
Fig. 3. Hpt PCR analysis of Ty transformed plants.

Qéqﬁwifj.m‘h‘.i )

A—Hpt PCR 4+47; B—Dot-blotting 43#7; M—DNA marker; 1— 44Xt ; 2—BPEXT I,

A, Hpt PCR analysis; B, Dot-blotting analysis; M, DNA marker; Lane 1, Positive control; Lane 2, Negative control,
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FBEN KRR B LR RBEEA RS OB
52 AT DA KB R AT B LR R R A TR K
KSR T2 ],

AR R R AR TR AR R, A
B P R ARG (3D, R B R F AR B X e
YA T 30~70 mg/L WE B EMAES L
AR R T B R REN S, KRR g
B, 5L BV 9 2 B 2 4R AL L L B 527 A
501R £ 37 BB , B 76 3465 F 095 2L 66F 10 00 0 200k B
FE - T QB RE B B 440 /NEE . 2 Mo B 18 21 % 3£ 1
PR , 5 0 2 3 7 8 2 A R 66 P , T 7401
A AR R P 4 0 2, A0 SRAB B T MR K RO 3R
B, KERNENA FRUES, SHEKSH E
HEE. M2 T, A7 85 508 A T IR 74k
B Bexd I AR WU B SRR AL X5 5
ARSI RMKTEE GV RRFEEEAY S, R
RLAAET, RATIA S 724 1R O B e 6 A A O
BERRA=. —TEH. AR T EALEESE R
EERME B BRI R, T4 K288 0 B
PEI LA B U T IS 30 — 5 1O 006 36, 3 0 F A R

BRBNE B Z AR REAAR S —JE A

A5 9 17 55 DNA $2BUJ7 Bk 7T LA J7 {68 BR 5 o X %%
NEERS FEE, B—ERE LN T RHK
WH TR B SR MBS RN LB, Rl A
AR DL 05 At KB/ I AR AR B 5 R AR IR
BT RER, AERE PR MBI BERA LA
BRMAPEREB . BERERBKHEREREH
MEERPIRNERME, ERNEIN T RENEE
FPFRTEAERR, MXRBIARBUREENER KR
FEFPRHERTEE . A % T 00, AR A8 J7 33 K8
HERNFEERNERRENZEARBRBEL.
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