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Abstract; This study investigated the transformation of pleiotropic gene AitCPR5 into Zhonghua 11 ( Ory-
za sativa L. subsp. japonica) mediated by Agrobacterium tumefaciens, and optimized the regeneration
system and genetic transformation system. It was showed the induction rate of callus could be increased to
100 % and the period of induction could be shortened under the condition of continuous light and 32 °C
compared with the condition of dark and 27 “C. After predifferentiation, the differentiation rate and re-
generation rate could be raised to 100 % and 90. 50 % , respectively, by adding 5 mg/1 6-BA and 1 mg/
1 NAA in the differential medium. Additionally, the higher transformation efficiency was obtained with the
infected concentration of A. iumefaciens to an Agy of 0.05 ~0.1, 5 minutes of infection and 3 days of
cocultivation by placing a filter moistened with AAI medium. Furthermore, the results of PCR, Southern
blot and semi-quantitative RT-PCR indicated AtCPR5 gene has been integrated into rice genome with sin-
gle copy, however, the expression level 5 are different in transgenic plantlets.
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. AMAET. BRI . RATIRIBR . BIKIR
WA TR R G HRE T R A U T A
(AR o A ALCPRS B8 30 5% 1 440 R I 40 I
RER) T 0 S 3 B2 B 1 A o il W BT 5 2%
AtCPR5 50U Fa 57 I T v 2 ) A OC, o Rk
ArCPR5 Re i 00 Fg T (W s $ivp, T EL ) 25 g B
P AT RERE IR 1 hspl7. 6 ERIKI
I BEARE T R AT

IKAE Oryza sativa SE B0 A fe ) B B2
MR EEYZ —, Hst AT MR, 5t
W PUBREH ., PUF. WEh. doeEamiE. #BEE
SR AR, AR K R T 5 3R A5 7 T 5
b o KRR BRI N 25 ~31 Y, Ak
1 -a= OB S B D W= S 0 S &
LTI & 2 R = 0 O s 3 ) 1 B R = WA
Jl, 21 AL LFRIBEHITSTE 1.5 ~4.5C, &
F20 b4 3 ~9 £, T HEHSRE\ETAF 1 C,
KA REEA T 10 % ™7, i ik th Bk
W B4R R 2 IR R SR AR A B B0 A 7l AR R Y
Bt o e JLAR R [ i 7 0 TG T R R4 X
R T R BUK R B R, Bk, JF KA
PEWFFE LSS B 7K R o VL ot o 2 A 2 K st 1%
B EERE, XNREKEREEAERER
So AR SCH P IR /K Feist 15 55 A0 P i P R vh A
11 (Oryza sativa L. subsp. japonica) NAEl, FIH
I RATE A pHQSN1- AiCPRS #4L/K A5 A
PR, RIS EE I R, IRt e Tk ot e ) 6
BAE—FERPERTST
LA
L1 4
1.1.1 H### e 11 (Oryza sativa L. subsp.
Japonica) FRVIE, Hi H EBRAE B A pE AE Y e S A
Py (Columbia A=75%Y) HIEGIT Arabidopsis thali-
ana W T E IR EY R L (Arabidopsis Bio-
logical Resource Center, USA), &%Z%H 5T 325,
1.1.2 FE#HEAHFF  pMD20-T vector;: TaKaRa,
Guangzhou, China. pHQSNI1 J§iki. E. coli DH5o. K
FFE . EHALOS AURARITE : BAErg I fit,
L 13 85k REGFEARITEIE SRS IR
JH LB Fl YEP [ fAsgrat™ P, AT H TR
ISR AAT WA SESRIEEN BN 200 wmol/L AS,

RGHAFE MM IEFRE (NBB): N, K&
JLER +Bs WEITEK +Bs APUEM +2 mg/L 2, 4-D
+0.3 g/L /KfFMEEH +0.5 /L HEMR +30 g/L

WEWE +3.5 g/LAHYEER:, PHS5.8,

gz, NBB +0.3 g/L /KfANEER +0.5 g/
L 5% + 2 mg/L 2, 4-D +200 pmol/L AS +10 g/L
HI%THE +30 /L EME +3.5 o/ L HEYBERE, pH 5.5,

WEPEREFR AL NBB +1 o/LKfFEEEEH +1 g/L
JHE N +2 mg/L 2, 4-D +30 g/L JEHE +50 mg/L
Hyg (W& R) + 500 mg/L Cef (KEEHR) +
3.5 g/L MYEERE, pH 5.8,

Wi 3EFRL . MS Bt +1 o/ L KRR H +
2mg/L2, 4D +50 mg/L Hyg +20 g/L Ji8% +3.5 g/L
TGRS, pH 5. 8,

ARG Ny KEITTE + MS &It K +B;
HHLES +5 mg/L 6-BA +1 mg/L NAA +50 mg/L
Hyg +15 g/L JEME +3.5 ¢/L fY%ET, pH 5. 8,

HEAREE SRR, 1/2 MS 55563 +30 g/L BEME +1
mg/LIBA +3.5 g/L AHY¥EERE, pH 5.8,

1.2 Fi&

1.2.1  AtCPRS 3 B # 3 3% Fo Al 4 7T % 3K B4k
aM A RGBT RNA, BOHiA
BamH T B 4060 S 0 P59 (CPRS-F: 5'-GG
ATCCCATGGAAGCCCTCCTCCT-3'; CPR5-R: 5'-
GGATCCTCAAGCATAGTCAGACCCACC AT-3'), 3#
1T AtCPR5 R (1695 bp) (¥ 14, ¥ AiCPR5 H
i H Br 5 pHOSNI Fikaiik (K1) %4, BRE
28 [k pHQSN1-A¢CPRS

CaMV 358 promoter
pHQSN
10 840 bp

IDNA left border

. pBR322 Bom
kanamycin pBR322 Ori

CaMVPol}?/
xhol
1 AEYXOTREEA pHQSNT /R A

Fig. 1 The plant expression binary vector of pHQSN1

1.2.2 ABHEAKRGRES EHOFRIEN ., K
N—BREHRAE 11 BB T, 37 CHE12 h, X7,
REHEG M THREREL, S FRERNY
30 AL

AR A E L T A B IR BE AR
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550 &

&M, Wit 27 C. K, 27 T, S5 (OBER N 80
wmol + M~ «s7'), 32 C| B, 32 °C., Ju4 4
WRSLH, W AeHg 15 A ERE, 57 d)E, b
LA EC 10 MPRGETT A A LA SR, F 3T
HI G F b s ) ORI P R 44, 0
BT 4 AT aREESR 7 d 4R —k, gkRH
Wo o ik 4 FhaE T 4R AP U A5 4123 50 42
AT g3, 27 C, xS ~6d )5, 27
C. 16 h /8 h W35 7 ~8 do RIFHEA LB
FEH, 27 °C, 16 h /8 h IE#E3 7 ~10 d j5Rpnf
Biio MHKZES em ZHNBEAEREFRE, 4
K M Z BB EHT, B HAME,

BEAMALL 6 — BA F1 NAA FY /R[] 9k BE 20 4 0 16
T BRI ) A R
1.2.3 RBRAFEN S BEHEEL IR
Fressss . HibS e 4 ok, JERSMEL
o RGNS IR AR AT B Age =0.05 ~0.1; Ieihgz
e BTSN 15K AAT B3R R TC T JR 4K, 26
C. W53 do TR FRI JEHE T 30 mg/L )3
BRUEPESR, Y10 d 5B amHAEEE
50 mg/L {7835 3R b BEIE SR B B EAT AR IR PO
Voo FREMIIGIRME R 32 T, R8BSR, $i
PR GAR B4, kR 1.2.2,
1.2.4 33K B KAG 6 4T Hm)

(1) ¥EEEFKFEH PCR &,

FAR RIS SDS W43 3R EL WT FHHE (AT A%
DNA, #47 AtCPRS &K MM E R LR B
(500 bp ) Ky PCR #aill, WIEEZREER F B5 | W)F 5
e

HPT - F.: 5" — ATGAAAAAGCCTGAACTCAC-
CGC -3’

HPT -R: 5’ — TCCATCACAGTTTGCCAGTGA-
TA -3’

P B RIEE B PCR e pi45fF: 94 C 5
min; 95 °C 30 s; 58 °C 30s; 72 °C 1 min, 30 YKIF
s 72 °C 10 min, 4 °C 10 h,

(2) FERKAEH Southern blot 4 .

REARI PCR J ] 2 FH A4 1) /K A5 1 &L DNA,
FH BamH T H§Y0, ok, IS 5505 Hh i Epric
) AtCPRS Fe[H (¥RET & 549 bp) . HPT FER
B (HREFKEE 600 bp) 2438, EAKH 3K UL Roche
3w e S PR S

(3) FEHEFEKAE R & & RT-PCR A&,

{§i ] TaKaRa 25 & B RNAiso Plus i3], 4%l
PRI WT FO4 e o0 BHPEAE AR 4 5 RNA, JH DNA fiff

PEATHEAR L J5 R LR 2 DNA, RIZKFE actin JE BB ik
W%, CPR5-F 1 CPR5-R ¥ 15|, %t AtCPR5
S R 7 2 Rk DRI AR v P 3R 35 1 DA A
2SR50
2.1 REFSE RN R E R E SR

FE 4 FhALBLZAF NS R R, HiE RN
ZEFIRK o HH 32 C M T FHBARTESS 3 d
MK AHHR, FERRZEEK, 27 C
TSR A RS FER 1 ~2 d, S
TdEFHRITEFRILER 1, NELALUFH, 32 C
SR 27 CHFR B FRIRE A 40 %, Hep 32
C. GRS SR E R, G KB
P, B KHE (B2), APERFFRIRT 3R
BREZHF R AT, X5FTESE HiEm
RS IR A A T RS R A R R A K
PIZERANSF . [FIBS AR 1 3B mT DAE Y, AH R 1R
T, JEHARE X AR R, iR
FEXT R AR SR AR, 32 C L, JEREEs
FAM T AGHRT I, HAERE, HeR
[ = AN A e T S L

1 MBI BT
Table 1 The effect of temperature and light on callus induction

ML B A HER & AfAgl TE B,

By, Y4 _}Eﬁ /% B KN TR {4
27 °C K5 280 191 68.21 254 K + + + + + + +
27 C .6 289 139 48.10 #5K  + + + 4+ + 4+ o+
32 C. 301 271 90.03 %3 K ++++ ++++  ++
32 °C % 285 285 100

D) PS5 = (g B mh iR g x 100 % ; AABHLIRA: + +
o TIROR, IR TR 4+ T TIC + T IRN; MG
fEHE o+ + +TIREE, +THRAE|

IR ++++ e+ o+

B2 AR . SEAIFTESF R R AEL
Fig. 2. Calli induced under different temperature and light

(75356 28 KIAMR)
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Table 2 The effect of temperature and light on callus differentiation and shoot regeneration
pagtdiuy ogi I H 2R R TR AR )

NSRS 1EER % 2/ Y
. 450K WS gy OOMR EER
27 C. W% 220 220 125 100 56. 82
27 C. 155 140 61 90. 32 39.35
32 °C. W 180 177 153 98.33 85. 00
32C, 200 200 181 100 90. 50

1) R = (MRS S EHESR B EN U IRENBHHLIE) =100 % ; FER= (FEHEEHHAS R/ E

MEMEFEFFENBHHLLL) %100 %

2.2 REERI A AR AR R
BARHRDHITE 4 Bha T AR 14 d )5,
JEREAME T MU RIS B ERE, B
FERIBUATR; 27 CIIR IO HABIRNE | it
WAL, 032 CHIFH M H SRR KW,
TI BRE, BRECRIAZ W, X
ALYy, EAMTRIEMOEHEE (B3),

B3 RFEIRE. JeIRE&M T aRAm a4 e
Fig.3  Calli subcultured under different temperature and light
(4055 14 KHAMR, a: 27 C, W4 b: 27 C,
c: 32°C, Kg; d: 32°C, )

2.3 RE TN B X {5 4H 4 AR B R N

4 PR SRR B A1 T A R &
A SR A kB SRS, Gt
AR (F2), 27 THI32 CHETHFNEG
HLEALRIEF) 90 % LA b, BiHE T & IX 5,
{H32 CHRATRGHAFAERA I %, 27 C
AT A RIEE L 40 %, THH 32 °C. JeiE%k
HTFRAGARS LR F AR 32 C, B
I o Ut B 2 B 5 VR T AR R A L AR
R, X—GREGFHEU WIEMS. WE 4 7T
DI, 32 C. JGIIEFN G HRE LB 5
B EJLPERRR A LR, HH ELAB SRR 26 ~ 28 °C |

WEIEFRI 25 F, 32 °CL JEIREEFR AT LU E 5
TR, QR WHAE R

B4 32 C. SEIAMA TS MARNRGALE
CAMEREFRE MR

Fig. 4 Differentiation and regeneration of calli induced

and subcultured under the condition of 32 °C and light

2.4 A MR B bL 33k FE A G E R S L Fn e

SR

W AR 32 °C . JEIREE IR ML
LG5 P MAECEE IR I RAESAF, it — BT 5ESMIR
W 6 — BA Al NAA X @ {5 4 R o 16 T - A2 i 7
W, TG Ik, REHAER, RAE
32 C. JEHRE IR T QRAR BT U B B 15 4 4T 45
WG, SRR T ARBMRL R IR dE, 5
77 20 d Gt L RAEAER (£3),

SRR, BEE 6 - BA T NAA JREIWREHER
w, KA R R B R, H
FRE LSRRI E DN 5 mg/L A1 mg/L iy
GHA AR ERIKT B HHP 6 -BA R
AR LT ANEMER, R R RN
6 - BA A LI P SHARFEA, (AR 6 - BA Ji
BWRER®, &FBEEREIHARL™, Wi




B8 FliREEER (A AR

5 50 %

NAA REIIEE ARG AL AU K, B RCR, R
RUSREN  WELEYR, Fit, RAPEN
LS mg/L il 1 me/L Sty i 414 T 5410
KB T ROR

(IR X7 E A0 T G B
Fig. 5 Resistant selection of calli

(ZE AR TR 30 d; A EUNfidEsE IR 18 d)

3 NFAEYIER T LT A O 4R A B A R
Table 3  The effect of different phytohormone concentration

on callus differentiation and shoot regeneration

ﬁ%p(%)/(mg ° L~1> H:'WIJ

6-BA NAA (6-BA/NAA) ket
1 2 0.2 10: 1 65.89  25.57
2 2 0.5 4:1 83.59  35.20
3 2 1 2:1 75.33  30.25
4 3 0.2 1801 76.89  58.23
5 3 0.5 6:1 77.90  60.84
6. 3 1 3] 80.00  75.32
7 4 0.2 20: 1 84.76  78.77
8 4 0.5 8:1 84.56  79.80
9 4 1 4:1 85.32  83.20
10 5 0.2 25:1 88.76  77.80
15 0.5 10: 1 90.50  80.65
12 5 i 5e 100 90.50

2.5 BEEKRHIRE
FIFAREAF R A AN s, STk
BWEWER (30 mg/L) WPIdERiE, XFBTF
(IR G A AL A IR E A . BRI 32
C. BRI, A B TBREILEIRE AR
B, FEROER, R asek, Mitkas
HLRIGHRIKR) 90.58 % (W& 5), Fiidk/a btk
AR ZS ARG, L3R5 80 & T, Rtk
KRR (K6),
2.4 HEEEKBERSFEN

2.4.1 HEEKAGE PCR #n  FEHLGEE 20 £

T, I HEAERIRIX DNA, #17 PCR 1, 45R%
B, REAGHN RTCR A 4670, T 20 #k T, AAdT

Bl6 Bitkminigimd: (2K FthkiiEmstss (A1)

Fig. 6 Regeneration of resistant calli ( the left) and rootage

of resistant plantlets ( the right)

PEARARIIY S 1 695 bp (7 a) #1500 bp (K
7b) WERRIEA, MIRIEHE ACCPRS A
UPERAR A S AL A o

M CK+ CK- 28

1
200 bp- & .

7Ty AREER R ) PCR K0
Fig.7 PCR detection of T,transgenic plantlets.
M: Maker DL2000; CK +: FHPEXTHR (FTkL); CK-:
R (ARREEDIREAR) 5 == ZEXH; 1-10:
T, MBI ; a2 DL AtCPRS ZERI 5 W1k
PCR Y44 b: DL HPT £ v B 5| ¥#k4T PCR 4714

2.4.2 % H B KA 6 Southern blot AW L
SEARIC I AtCPRS 3 NEREH TN HPT FERRET 2238
W, R B B AEEZLACH, R Rk
M 243845, T H PCR A6 W 52 BH 44 1 28 54 76
Southern 2432 FR¥5 A FHE, T ELR: BALPE DUAR A
2.4.3 HARKMEGFEE RT-PCR ol NG
W AtCPRS FEPRIFEHE SR K R P 36 s e ik, 40301
PRI 8 MRIE R K FE Y B RNA BEf72 & RT-PCR
Wil 8 #RAEELFE KRG REY 1 1 695 bp HHER:
PG, AR BA Y B AR & (K
8), UtHA AiCPR5 TEI, 8 #RELHFKAE A A
FRPE %S 3Rak, HP7ESs 5 FsE 8 Stk p Rk
L
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EWESE: PIRITESRIMEEER CPRS FeA/KREFIE 11 BT 89

CK+ CK-12 3 4 567 89 1011

549 bp- g w iy “ i

i

CK+ CK-1 2 3 4 S5 6 7 8

b

K8 T, LR RAEARAY Southern blot 48l

Fig. 8 Southern blot detection of T,transgenic plantlets.
A: AtCPRS HREFIRET; b: HPT HREFARAS;
CK+: PHPEXSHR (BkL) ; CK - BAPEXS IR
(IR REREAR) 5 1 - 11 FeZEH T, fkk

B9 T, {UREERE kA E & RT-PCR 734
Fig. 9  Semi-quantitative RT-PCR detection

of Tytransgenic plantlets

wte BPART (AREREEINAEAR) ; 1 -8 e T, AHR

3 % 8

HAET, TERBKEEEERRTR Y, Wit
P A R R L AR
WA R B B 2™ ™, [BRKFEE N —Fh
HIREY, WX HARE A RRE R EE
IR AEZE . ATIER KRR BRI T AR 3 57
IR B IR S RE R 26 ~ 28 C, BERE SRS,
2006 4F, Seiichi Toki 2271 &8, 32 °C, YelakEs:
1 d (AW R AF Tl B TRITEEY, &
ST AT H A AT T B R Gk
PR IEAR R, — > H DU W] 3R A5 7 S BRIk,
AR E N 28. 6% o ASTF T I8 3 AR I A T oA 12 Yo
32 C. MBEMTHERMBERIEFHAGAHR,
AR AT IR B 90% , MR S5 T B3R R i
HEEVIES2 MH, MIESEEAHT 3 ~4 1A

HIKFEREILRI, AL 1 ~2 AN A A Seii-
chi Toki %5 A F) 1 301 15 L 7K i it 2 e e ok 2 1
BRI Z — A, ARAESORE R TR KW
B TR54 ST Seiichi Toki 44 A B bR i Y5t
FRAT RIS F T A 11 Bk, e
ST FE AT [R] V5 Y B[R] 05 [ 500 55 07 AT
#E, 40 d R u] SRAS K RE L SL AR R, R
FAE SR R 71.3% F1 57% o i AR 4R 75 1)
RGBT A Fn oAl B 97 3k B 1 97 44
25 dJ&, P44 RE 90% LA I, AL
DI R NI e S £ b | IETRE el I By =B
20% F130% , FH L, APFFRE LT —EHKE
AT 11 FAEMEANIERR, MHLER, £
F B PEFTT OsCPRS FL[H | OsphyA F: N 54k 1k
11 pRFSE, FATFRGE w61 o i 3858 F0 RNAG
THE, GRWERY, ZHEAEITE, B
P, EEE, EATARREPAE 11 BB e eraT o

FERRIARAT TN AL T, HRTSC
TRBIF S 5 P ) AR TR AR AT B BRIV Agoo M 0.1 ~ 1.5,
ALY R 50% ~80% (FERE) o (HASSZIG H i
FI BRI Agoo 4 0. 05 ~0. 1, bR 90% , It
e R IS L R T PR IR A v I B sk R, STl PR
PP Bt i, SRS RIET [ 3RA
FISLREFRHT N 1 5 A AATL 55 3% 0= 08 1) 6
UEAR, AT IA AT R A K, AR
Y 5 B R AL SURAS BOR BB AR PR AS 1, ik
A AR A ] 5 2 90.58% , 3% 5 HE{E Rk
PV IRE A ,

A3 6 AT 31 A B T E B 400 R O 22 Ak 3k Y
CPR5 ELATHINAE' , N T BFFE KRS (T ik L
BT =R A, FRATHE I R K R AR e
feAtAR, UGS AtCPRS 2R RES 7E K B8 o & 4T
PIh R E HA BT TIRE, DA A BEFE bR 7 T
Tt 5 R) A Ak 1) T A B D0 DA TG 36 B T o I o
(BAE e ), FAFERMMAKBEREET
AtCPR5 BYIRIJRFLH , w44~ OsCPR5, #9%: T H g
S FFRIBEAR LI OsCPR5 F [ iy i 32 15 Al RNAI
W, RS T ML B A A Rk, BF R KA TR
CPR5 H:R7EKRE P kB0, @it RNAL #
PAEAR TN IR B AR ARTE A b e A BEAS AR 1)
WE, SRIIE OsCPR5 [N JE 75 B4 WIF I+ CPRS
FEREYUR . Brai . WP AR ThRE, AT
Hr OsCPR5 A 1 68 KA FIHLEE

Sk
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