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Abstract: In order to obtain marker-free transgenic rice with improved disease resistance, the AP1 gene of Capsicum annuum
and hygromycin-resistance gene (HPT) were cloned into the two separate T-DNA regions of the binary vector pSB130, respectively,
and introduced into the calli derived from immature seeds of two elite Japonica rice varieties, Guanglingxiangjing and Wuxiangjing
9, mediated by Agrobacterium-mediated transformation. Many co-transgenic rice lines, containing both the AP1 gene and the marker
gene, were regenerated, and the integration of both transgenes in the transgenic rice plants was confirmed by either PCR or Southern
blotting technique. Several selectable-marker free transgenic rice plants were subsequently obtained from the progeny of the
co-transformants, and confirmed by both PCR and Southern blotting analysis. These transgenic rice lines were tested in the field and
their resistance to disease was carefully investigated, the results showed that after inoculation the resistance to either bacterial
blight or sheath blight of the selected transgenic lines was improved when compared with those of wild type.
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Pibl'L Pi-tal™ 3 AT (A 4G9 ) Xa21PUR1 Xa1l* 1%
PSP E P I 56~ NI N7 d = PN PN R TS e = ST ORER (3
FI R SRR NP B AT, DRSS DR B4/
PRSI 5 e kit Bril, JETHUrEEER b
I SR T REE S N A IR TR A /NP 577 (non-race
specific) IPUTE, LUk S APt D s I i e 44 2
HN B AR A0 B e . T B E ETE ( Capsicum
annuum) ¥ i P 255 11 25 1 55 A Camphipathic protein,
APL) , JEAHABTNERT AR, Hguts it AP1 &
BAIE R (ferredoxin) R4, mILAZEIR T 711 A
i (Pseudomonas syringae pv. Syringae) 7 E%
R bk R N PR e A T AR A AT T R o ok
S AR 00 A0 T R B R 093 S A — A TR B VA R

bt T M AL Bl A SR E AN T 3G n e R A
VEDIAE IR 5 B e A5 Wi, bR Ay
O BREFIPUE bR 0 I AR S R E AP 2
ST ZoES, Rk, AT Bkl
FEPRUE H i & R ED M E ATt —. AW
FIFARFF BRI XL T-DNA Sk N 3L AL ER, i APL
FEIR 5530 B 2 PR b 0 I D I A N AR R TR R R
a AR AR AR 9 S, I A, ARk
ALK REREAR IR H A E AR IR B AT T o s = btk
IEPEARICIE N 1) APL LK FE BT i R - o A
SERRM, i APL JERUK ARG AR i Ptk
ARFGANRT AR LG AT B BB, 30 20 B B DRK B R A
WPt — e R R
1 #RIERZE
1.1 KEZHREMSER

AR BT T 7K % (OryzasativaL.) 5244 &l 4y
TLINVEHE) HPRAG A B R AR 9 5.
1.2 RAFE BB

WA APL JEIN R pBISAPL &4
i K B, LA APL cDNA el BRI, 42K

RBI .
HindIII BamHI Sacl  EcoRI LBI

435 bp, 4%l CaMV 35S Ji 7 F1 NOS 2% 111 41 1
A RED, S MA T-DNA X AT E T
pSB130 HA = M 4, HoF—/> T-DNA X % i CaMV
35S AT HEHIf & Z PR (HPD , H—
T-DNA [X&H —ANFkL pUCIS SKIE 1) 2 5 BE AT 55

(Liu %5, ff R o R A AT 1 ( Agrobacterium tumefa-
ciens) BFk EHA105 HH# KA Jefferson %Mt
1.3 & AP7 EFERYX T-DNA ST H iR R

¥ ki pBISAP1 " BamHI I EcoRI 2 [ (]

AP1-NOS J Bt U1 Y) R IS, A pSB130
H—/> T-DNA [FAH N BEVIAL s, FEAE APL g X
3 HindIIT A1 BamHT B 05 8] 52 B K2 %

(Ubiquitin) &K 2.0 kb KM 57 B X T8 (R
F5 5887 X A 1 & IX R, f8F8 Ubi 8 81,
BRI % 24 Ubi-AP1-NOS itk & JE Rl R XL T-DNA [X.
MICHEAE pSBAPL, AP T-DNA X451 WL 1.
WG pSBAP1 28 U5 ik 5 N i A& FF B 8
EHA105 /B2 2540 i
1.4 RFENTSHIKEEL

WOIFAR G 12 dZ6 A5 (R K R R BRI 5 5 @ 4 41

g, IFH TR M. KREEGAL0T T8 &
HERFR ARG Ptk @t A2 i i ik &L i A
A i) 1) 1 S A SR e 5 S P v AT
1.5 PCR 9#f
1.5.1 WEREPIMEIE DNA H B PCR Y1 PCR
51443 %4 HP1 (5'-GCT GTT ATG CGG CCA TTG
TC -3') 5 HP2 (5-GAC GTC TGT CGA GAA GTT
TC-3) , " HIE RPN X f 3 614 bp
) DNA FBt. &N4AF: 94°C, 3min; 94°C, 50s;
55°C, 50s; 72°C, 50s; 30 MiEH; 72°C, 10 min.
1.5.2 AP1 Jt[K DNA H B PCR #™# PCR 514
4354 AP1-1(5'-ATGGCTAGTTGTCTCAGCTAC-3"
5 AP1-2 (5-TTAGCCCACGAGTTCTGCCT-3") , 1]
HGH 435 bp 1) DNA FrBte RNV4cAF: 94°C, 3 min;

Maize Ubi pro AP1 NOS W 355 CaMV 35S pro | HPT 355
0lVA polyA

RB2 LB2

Ubi. oKz SRR R 3 RIS BIEE — N % 77 NOSIA R & A R 25 117 HPT.IE R i e ;. RB A LB.T-DNA [X 7210 S R4 i 5t
Ubi. maize Ubiquitin promoter and its first intron; NOS. terminater of NOS synthase gene; HPT. hybromycin resistant gene. RB and LB. the right and left

border of T-DNA region

1 & APT HREEE YT T-DNA ST K pSBAPT B T-DNA (X 2544
Fig.l The structure of T-DNAs’ region in twin T-DNAs binary vector pPSBAP1
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94°C, 1 min; 58°C, 55s; 72°C, 50's; 30 MEH;
72°C, 10 min.
1.6 EEEIKIEERRE DNA BY Southern 2232 14

IKFERIARIT A S DNA 32U Z % Murray 217
7792 Southern 22443 M, HL 10 pg /KFEM:F &
DNA £ fRiITE VIR 1k, 0.8%EEK ik 0 5 HE
Ao DNA Bl 2 JR R I, 3 HILL a 2P bRid )
AP JE K 4 i (X 1] 5% HPT 5 PRI 2 15 X 414 b 444
BHATHAL, AT AE 65°CHAT N, 23 IAE A 1% SDS
] 2 X SSC FIINA 0.1% SDS [£] 0.1 X SSC H ¥k 10 min,
ENCIRERTS N
1.7 BMEFEREEE

KRBT 1 Ak 90 PRI P A R FH s S0 B e
PRk o w0k RS R B Ks-1-20 C N K22k
PRI BRAEA KRR (D% 300 g,
NaH,PO, 2 g, Ca(NO;),0.5g, A S g, 1ER 15 g,
LifE 20 @) b, T 28°C RE5FE 48 h JE G K PE T 1
W, TCE G 3X 10%cfu/ml (40 BEF I, BRIk
FEGIN, 21 d J5 4% ORI 9 175 23 b o A R 17
B, HAgacd. RIS S EARER, 0 %
BT RGRHE Gl 5 1 % 3T FAR/ANERE,
IR RIEM, KA 2~3 em (B 5 3 9
JEBER R RE 3 om LLE, BT SRS 1/4 UR
CHPD 5 5 G JBE T RIRTAN) 172 a5 (B 5
7 % FRPE RSN 3/4 i OF9) 3 9% 4
R, AR AR (RO o BN R
R 20 Bk, HOTYIE.
1.8 QGRS E

F BRSO B AR CER N K 2R R R34
BREA TN PSA MUARTFRHE I, 25~28°C FH:F7
96 h, FFRLZKIHEENTTTRILE, KA B 2211 k2
A N Z R K R L (5] 2 el fe) 3 e Py, 25 d
JE A R Ol Sl B B RS RR (R B e A AN
R G B, RS TH R A I HE CRBERYT
JEA AR RERR R D, ARYE LU AED0) B bR IRl
B o BURGR 7 RARUE) 73 bR e, B HU(E<<0.10;
HE: 0.10<LU(E<0.30; my/dk: H{E=0.30. &AM R
HBEHLEI S Ak, BCPIME.

2 HRESH

2.1 ZAPTERES HPTERE B L KFEIERRIIRTS
IR b b 2 B BRI 9 5 (AR IR A
EIEFEM B F SR AZUF AT E EHA

105/pSBAP1 12 4%, 42 YL I I A A UE IL R 7R 15 57
ik ERFR 3 d 5 R B R IRk R SR A T AT R
R, 2end 3 R% 6 BNk R gR, Wi RA AR K
R Pt @ gy, KL 2ok Bk
Hio HJGIEMAS AT BRI T 56 A1 14 ANBRATIT)
FEEERR, WL K FERIR 2 I L A F1 B #rid.

R T-DNA XUTCEAAA T APL JE 5
HPT &R L AR, 03RS I S LA AR 2 ) 1E
A7 PCR Z3 0T o ANPRAN K it Pl el () B 7 % A 3 45
VEPE 1 BREZHCH F i DNA, JH T PCR 0 #H1. 45 9AF
FITAE ARSI () 3 B KK RE R PR 52 DNA Hr 34 gy 5 b
PG HPT BEDM 7 B, B BH X (LA pSBAP1 ki
DNA AR A1, MfEARFE RS DNA sy
PR AN A B (B 2-B) o HE— b AN R
FEPE S DNA HE4T APL JEFIf¥) PCR 23 #T. 453 2R,
SRR A 7 R I 3] APL RE PR I AAAE (] 2-A
1) 1-6 >k APL LKl PCR S5 PR 1 FRRE) o TEZKAG il
TR RERIR ) 56 ML T, A 15 AR APL
FER A, B3 A7 APL JE IR R SL AL AT R 26.8%;
MAEERAHE 9 51 14 NMEAL T, 7 4 DRI APL
LM PCR BT, JLHeAr 2k 28.6%.

L B2 PCR %58 A &A1 APL DRI % L A
Fi#k, JT EcoRI LI H: 5 DNA, LLa 2P krid i APL
TR Gt X P HIVEIRET HEAT Southern 24384041, 45
DL 2-Co AT, AE PCRASIN A APL HEDKIBH I (1)
LKA, YA R R AR L, 1fiTE
REGUR PR R IA 22155, Ui APL EERR A
LR T IR R R EE R 41 . PRIFE APL JE [
KK T-DNA e 555 2 1815 EcoRI B4
R FTRAZRAE At (A H T T Ak v AR BRL g e N
5 DU R 57 55 B 2-C 4307, ANTRIEESEIRIK
FERAR T IR AL 4t (RN, Sl s A S TR g
BALRUEARFI: A, ARV KRR A i
RS B H AR A BTANR], AHES R 1~3 4%, i iknT 4
I FE KRR bR ol Be S 1~3 DMIMIEEERAL.
2.2 FInMIEEIRICEE AP BEKFERIEE

ik PL BRI RS APL JEDKURT HPT K1)
SRR 2T, X LA AR L DNA 4T PCR 73
BT, AR R PR B ARG L N 5 APL JEIR 1) 43 25
L. Wl 3 for, fEEE 9 5 — M aR
JaARr, AN RN R AR A Ay B, SE AR 3 S RAk
AT APL FENTTJE HPT JE 6L AR, RIA H
MIRERE . [RIET, X EIR AL 7 5 AR AN F] Ak i DNA
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A. APL LRI PCR 41945 9 B HPT JE[HAY PCR 78945 : C. JH EcoRT AL AERI41 DNA Jfil[0-"PIkRic APL 43551 Southern blot /M. ¥k
18 M. DNA 43 FihRid: P. pSBAP1 JJiki DNA; W1, W2. EFERIW) BRI AL 9 5 1~3. FLEALIT BB 4~6. FHEALIIRTTRE 9 5
A. PCR amplification of the AP1 gene; B. PCR amplification of the HPT gene; C. Southern blot analysis, genomic DNA were digested with ECORI and
hybridized with [a-*?P] labeled AP1 coding sequence. M. DNA molecular marker; P. pSBAP1 plasmid DNA; W1 and W2. Wild type of Guanglingxiangjing

and Wuxiangjing 9; 1-3. Co-transformants of Guanglingxiangjing; 4-6. Co-transformants of Wuxiangjing 9

2 AP15 HPTER TR 5L KFTEEREE DNA A9 PCR (A, B) Fl Southern 23X 43 4f7 (C)
Fig. 2 PCR (A, B) and Southern blot (C) analysis of the total DNA extracted from some primary co-transformants containing both

AP1 gene and HPT gene

AT T Southern 4484041, Wil 3-C A D P L
W 3 SN APL SEPR A BHE . HPT JE R B, B
N JCIERBERR G SE R 1) H bR SE IR AR, LA RS K
3-A F1 B H1ff) PCR 43 M4 s —5L.

o PRS2 T7E, 0T B A BRI 15 AN JLEEAE
T, AR s AN AR AR L R T o Pt £
PG TS APL JE DR RGNk PR . 2kt
B, APL LN 5 HPT BEDAIE e s DR AR IS AR R AR st
oy B LU N 33% 2545 755 — /K RE i A A& 9
HUR ) 4 ANSLEAL T rp, A — AN A AL
JEARH IR B T PR RS IR B APL
FED R IE AR, B) APL SR 55 HPT SEDi e ik
DAL A QAR 1T 2 B 1 LBl 25%. 534k, fEARTIEEAL
TRIER ARG, TR B AR L S AR A 1)

HIUERAA—E, IR 1 g R LA, i
AT L E] 15%, 1RIRE 5%.
2.3 FTMEERICE AP ERAERNIES

X IR M JE UM bR i e B RUK ARG 1 — 2
HHATBAL T S HIRIE S, BAAE T R IfiER AR T 6
MNMEFRKFRSE A &, o 5 ARATEER (A10,
A16.A19.A22 FIl A24), 5 1 AR AREHRE 9 5 (B15),
75 T4 AR, XEF 1 6 MLHUHEE bR IR 2l R
SR IL R AR ZHRR, SRR 2. R4
RATLUE, T RN B M IER, R,
PR B, SRR OB AR ARSI
SESERMN TR SR AL IR L, ¥R BT
ZESt.

F1 HEUEKRBRZER (T) H AP ERE APTEEEESE

Table 1 Segregation of AP1 gene and HPT gene in the T, progeny of the primary co-transformants

To JL AR bR T, fRFEFRE  Number of T; plants ok EEbRICE APL JEPR R th B A

Ty co-transformant J=b s AP1 FH AP1 BHI%+HPT B Frequency of marker-free transgenic plant
Total AP1 positive AP1 positive, HPT negative (%)

Al0 40 13 6 15.0

Al6 40 12 6 15.0

Al9 40 15 2 7.5

A22 40 11 3 7.5

A24 40 18 2 5.0

BI15 40 19 2 5.0




124 TIEFHLE. LHMREbRICHE APL B PR KR H i R E 2377

B=

M W 1 2 3 4 5 6 7 8
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D ! .
A HPT LR PCR 4845 8, B. APL S [ PCR ¥ 4455 C. D. J1]
EcoRI #{LIE K41 DNA Il [o-?PIFRIE HPT (C) #1 APL (D) 4afd/¥
51ff Southern blot 434T. M. 100 bp DNA 4> FH#5iC: P. pSBAP1 itk
DNA; W. BFARHIRR: 1~8. KA APL AL HPT XU BRILHAL IR (K 8
ATy AR
A. PCR amplification of the HPT gene; B, PCR amplification of the AP1
gene. C, D. Southern blot analysis, genomic DNA were digested with ECORI
and hybridized with [o-**P] labeled HPT (C) and AP1 (D) coding sequence,
respectively. M. 100 bp DNA ladder plus; P. pSBAP1 plasmid DNA; W.

wild type plant, 1-8. 8 individual plants in T, generation of one T,
co-transformant containing both AP1 gene and HPT gene

3

<—AP1

3 AP1 5 HPT EREHEWKEEKAR TREEKE
DNA B PCR (A, B) #A Southern 223X 24f (C, D) 947

Fig.3 PCR(A, B) and Southern blot (C, D) analysis of the
total DNA extracted from some individual plants in T
generation of one co-transformant containing both
AP1 gene and HPT gene

2.4 BEILDUKFE B b R IG5
2.4.1 FAMRPRPIIERISE R R S BT - A
2, FEAKRERHIARE , 5 R 1 BT R R K RS S
21 dJ5EH% R 15 20 bR R B AR DL(R 3D
MR LI, APL FEIREAREY R AR/
TRBE, AR R, RN T 3 om, 2L
A AR B IR 1 R 7 7 bn i, 29Ik ®) T
ORI, F DNt WA i DRURRLRR [ B 15 55 R
FEAL R IR Z AT W 22 5, RN IR PR A i
WA 9 5 (P IR IE 730 3.78 em A1 2.62
cm, Fr b T URIBUR K. R, APL BRI (1 3
AN B TS ARG R P BT E
2.4.2 ZUNIRPIVERE  AEKRERI 2B, B TR
22 1) K SRRE A AN KRB FE 8] 2 Pt s {5 3 w5 I, 25 d
JE YA AR DL o S I L B VR R AR (K0 B e 1 LA
SRR S L, R EICHE ORI R
JEAEMRERR DD o R 3 HRATLUEH, X TkE T
JTBEAREN 5 AN T IR AR, PSR B LL AT BT
LORFALK IRA L, 3 AL TR AR F JISIA 2] T 1Y
BENZER, 2 DXEFILEFKF, KA THER 9
T AL T IR AR BELL B IR AT P, B AR B4
AR LE IR 2 1A S 225, (EARIETT R A0l
FHEBE R KRGO 73 B, IR RS R AL
XTI AL T A IR

H LB U P T4 R A, APL JE DA 3 AR
AR BEE DR Rl I T 3 e B R ek
X A LE A 2 1 A Sk 2 (K 22 5, TR ORI (R L
HAREEFE DI M 5 R B A0 R 5 40 T /] — bk ok
-, BB RRH PS5 BELL A By, 5 AR B
PGS FEAR L ik 3] 58 2 mpi 8 2 22 5K F

R2 TIBERFARICHE AP EERKERRR A 2R ZHIKNAE

Table 2 Agronomic characters of marker-free AP1 transgenic rice lines in T4 generation in field test

it DR R 7N ik FRBRAT R FRRUR AL TSR 2 ELE S TR
Variety Transgenic  Plant height Panicle length  Productive titters ~ Grains No. Fertile grains Fertility 1000-grain
lines (cm) (cm) No. per plant per panicle  No. per panicle (%) weight (g)
| WT 74.19 16.52 727 117.41 109.12 93.67 28.19
Guanglingxiangjing Al0 76.76 16.46 7.80 121.93 114.43 93.96 27.23
Al6 75.95 15.94 7.54 116.23 102.21 88.48 26.33
Al9 76.84 17.12 7.45 116.45 108.92 93.50 26.67
A22 75.81 16.24 725 122.11 113.63 93.21 26.42
A24 73.25 16.08 7.95 116.50 107.13 91.66 31.17
HKEE 95 WT 77.70 15.62 7.47 92.07 84.73 92.16 29.77
Wuxiangjing 9 B15 74.33 15.58 8.57 92.07 84.42 86.14 30.03
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Table 3 Resistance to bacterial leaf blight and sheath blight of the homozygous marker-free AP1 transgenic rice lines in Ty

generation
A AR R 5% Bacterial leaf blight UK Sheath blight
Variety Transgenic lines PR HLK (cm) HAriEZ P FSPREEAE (%) ARz PUREE
Mean lesion length (cm) & Resistance grade Relative lesion length (cm) £ Resistance grade
standard error standard error

IR WT 3.78 + 0.29 T1Hl MR 20.36 + 0.04 T MS

Guangling xiangjing Al0 1.67 + 0.052 ** PR 15.99 + 0.0 ** g MS
Al6 1.22 + 0.10 ** B R 18.92 + 0.06 * & MS
Al19 1.83 £ 0.12 ** PR 16.38 + 0.05 ** th& MS
A22 0.95 + 0.087 ** PR 17.85 £+ 0.07 * th& MS
A24 1.72 £ 0.28 ** PR 16.91 + 0.04 ** th& MS

AR 95 WT 2,62 + 0.26 iR 21.87 + 0.02 T MS

Wuxiangjing 9 B15 1.06 + 0.074** iR 17.15 £ 0.05 ** & MS

FREE PR AR TRAR L, 225715 1825 il 2 35 K1

* and ** mean the least significant differences at 0.05 and 0.01 probability levels, respectively, when compared with the wild type

3 5T

MR F AR T-DNA SUCE ALK
1, A LAAIERALAE AR B A Ja AP iAs G H Ik
DRI G e B b 1035 DR () e BE DRI RARL ), AR 90K 7
B 1IR3 1 B ) APL R DN 5 i 2 i ME e e
WCHER (HPT) 43 e A7 T i) — R AT R XUc g E
IS T-DNA X, FEERIFE AT, K
FAPIAKERG AT AR AR 9 5, AILAE
AR RE ) B A FAR L ) TG HPT RN 1% APL
SEDKREfERR, RS G HIARZVERE S, BF T2
AU PSR S C P REbR IO K ) 25 1R APL
FEDIKRE BT 2R o AHITTT H BE MG A0 IR LA A 1) e ik
DRIAEAR S5 AR R 43 B8 BTGB e B 10 JE DA (1) e DA A
PR (25%~33%) . X5 Komari 5", Breitler %5
F Afolabi 54 R —8, LIRS EHTH
(1) DAL 5 PRI B bR A i DR TR A7 A L A8 e
TR =AM A, TR AESRAT JC U R FEAR I R DR 1 4
FERREARL 0 AR50 SRAG IL A IR J A4
FRACFE IR [ 3 DR AR (AR 5 CA I g 46 R0
WATER S, WREE T AW A2 AR A
(] o 2 ok DRI 52 A v P 2 (R A7 A [] A5 Dt R e o

IKFEH D28 A A LRI IR AL R 24, X4t
ORI R T P A, R B ST, (HE,
XSG e RN HL 9 Jir G 25 5 DR 1) ELAE R I AY it Rt
ANFITEAGTES TP, BT CASLHU: 25 DR It R A 4 A B
ANFR ARG TR R, WIRE R SOK Xa2l RN
NEZAR G LA s 6 Xoo ANRIHTIEEN S, 1 Lee

SR INAT — L8/ NRE R AT Xa21 BthE. BTk,
FETPUPEIE R G e JE DR T REWF 7T N A6 IR T
M55 (non-race specific) HIPLtE, LB SMPt
90 1 DTG ot BT A A A BN i R AR AT A v il e B
IR APLEE R 4 i ) AP AR A vl BE AR FP L2 il
BETHLAN IR T harpingg FIRE A AR 52 A4 1) ELAF 1T 4E
IR RN R A TR AT IS duntE, A&
WEFUKE APL JEDR 3 ATKFE ST, B T ASE iy S2 A4 i Blont
APt (AR e, SO DU s B
BIPER S (ORI TOPTIE, AR SORS IRPTrE K e
RBIHTIEGN, L, ks APL DA 5 H e i he ki
KRG, D w2 R M PO PR, BRI i
VIR 58 npE B ), B UR SR IAE A s R
PO R TR B MR A
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