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Abstract: Antimicrobial peptides (AMP) is a polypeptide with antimicrobial activity., The antimicrobial peptide genes np3 and
np5 from Chinese shrimp were integrated into Oryza sativa L. subsp. japonica. cv. Aichi ashahi by Agrobacterium mediated
transformation system. PCR analysis showed that the positive ratios of np3 and np5 were 36% and 45% in Ty generation, re-
spectively. RT-PCR analysis showed that the antimicrobial peptide genes were expressed in T generation and there was no ob-
vious difference in agronomic traits between transgenic plants and non-transgenic plants. Four np3 and np5 transgenic lines in
T generation were inoculated with the strain CR4 of Xanthomonas oryzae pv. oryzae(Xoo) ., and the results indicated that all
the transgenic lines had a significantly enhanced resistance to bacterial blight caused by the Xoo strain CR4. The np5 transgenic
lines also conferred higher resistance to bacterial blight caused by the Xoo strains JS97-2, ZHE173 and OS-225. Tt is suggested
that transgenic lines with np5 gene might possess a broad spectrum resistance to rice bacterial blight.
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Fig. 1. Schematic diagram of plant expression vector nph3.
35S— R B+ np3 — HHEXTERPU A BRI 5 Nos— £ EF .

35S, 35S promoter; np3, Antimicrobial peptide gene; Nos,

Nos terminator.

SEAIEG R H AL np3 B fe i nps . B BORE
Y8 Ja AR AT R EHAL05,
1.3 RFEBEENLKE

SR AL S IR Hiel %08 07 390 0 D& 0
BFAEG 12~15 d AR BRI R . 3% T8 2K T4 )5 22 Fh 7
WSS TR AR .26 C TR FRIE S a4l
2, 29 5~7 d J5 B 4 U AE AR IR S5 1 T dR AR s
Fe 09 5 d IR TR IR . RFF R T & 50
mg/L FAFE R (Kan) 1) YM Al ERIZ,28CF
WG % 3 d, T4 Jm RSB AT B R A L 27 T A
B33k AR AR & ODgoo 9 0. 3~0.5, A Z
Pk T A B CAS, 289 B2 g 100 mmol /L), Bk Ht By 5
FEAL KRS B ARAT BRI W . KR IR 4 d S5 1Y
A AR T W HE R P .20 min 5 BUH I JCH IE
YR X 22 A TR IR - B RP e A BT G T DR AR Y [ A B
FE LT 26 CFmEFE 2~3 d. LEFHEHEG
HAAE R 50 mg/L WidE R AL 5k 1,26 CF
WG % 14 d, 75 2 T ) %) S e O 0k 15 R AR Ak ek
ik 14 d. SR JE W FEAE KRS @ 48U R
FEEA 50 mg/L W E 1RGSR R AR 3
d 552 12 hOER/12 h JBwE 26 C R T 9%, i
AERNETE 1/2MS 8537 58 FAERVIEET 14 d 24
PEEE L 10 em MR R K IX /N i S B Rk A
+.
1.4 #HEREREKRPS FRU
1.4.1 #AE M4 PCR 547

Ik R MR L R ZH DNA Y 45 B 4% 5 45 00
GO it AT, TR E LR np3 Flnpd
(514943504 P3 Fil PS5, P3 [ 1E [0 51 917 51 A 5'-
AGCCTCACCTGCAGAGACCG-3", & [ 5| ¥ %
¥k 5'-ATCAGGCAATCATGGAAAAATCTT-
33 P5 WIE MBI F 5 H 5'-GGTCATGCGCCTCG
TGGTC-3", R aI¥FEsH 5'-AGGTCGCCGTC
TCTTCATCTAT-3',

PCR fz W& & 3 15 pL, @ 10 X buffer 1.5
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pL (% 20 mmol/L Mg?" ), 2.5 mmol/L dNTP 1
pL.5 pmol/L M54 1 ul,2.5 U/uL Taq
0.2 pL,ddH>0 8.3 uL.,50 ng/uL #itk DNA 2 L,

ABI 9600 PCR ¥ [ #£ 47 PCR ¥ #4 , )z i 5% 14
J9:94 C R A8 4 min; 94 C K284 30 5,56 C FiB
& 30 5,72 CFHEA 1 min, 29 1 5 96 B 45 K )G
72 CFZEAH 10 min, PR =L 1. 0260 B G b B e
HLIKJG 7€ Alphalmage EP [ gl 5E i R AL L3RR .
1.4.2 TiR#KAREAMKE RT-PCR 441

i 1] Invitrogen /A &) {9 Trizol 37 £ 1) 77 75 #2
Btk B 8 RNA, 3 FH TaKaRa 1) RNase-Free 1Y
DNase [ # & & RNA 1y DNA, | TaKaRa
cDNAG B & K 5% 5k A B cDNA 19 55 — 4%, LU
cDNA 55 —# AR N 2 3L Acein 1 H (13 K
ST N O N (Y N 5 O i B S 1 7 e 3
np3 Moapd W51 50510 P31 PS5,

WZ A Actin 5191751 : ActinP1,5'-GGC
TGTTCTTTCCCTCTATGC-3"; ActinP2, 5'-TT
GCTGTTTCAAGTTCTTGTT-3',

1.5 TIREKREERNEE

K AAE Y T AR KA O B4 bk 2 BE B3
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2SR50

2.1 ToREFEEREKRK KGR
ML) 3K Bk nph3 F1 nphs 43 i %% 4 2 K0 E .
A 150 BREE np3 FLDNEFN 145 BREE nps JEIA
F51%5 P3 R P5 43 5% 50 Mk np3 HEF #0120
PRAE npd JEPRHHEAT PCR ORI L 25 5 R . 18 WR%%
np3 FRA BRI E] 420 bp 19 H (9 4647 % S 1
PHPERE N 360059 Bk¥% npd HE R AT E] 310 bp 1y
i 255 5 SRR PR3 45 %0
2.2 HEEAEHK TR TRUZER
2.2.1 TiRKA#tk PCR #
X T AR B IR bk 2 1 S bk 4T PCR A, 7E

Rl 18 A~ TR B R bk R A 5% np3 FEPIBE R
TLAS e nph BERBR R 74 B AR R & KD 30
LGt AT B LR TE TRy s s ol b 11
ML R R BHPERR A BA PR o B LU ARG 3 ¢ 1,
Horp 74K np3 BERRR R 4 A R npd HE R bR
Fo T I AR & 8034 F1 8049 ¥ 73 #H ¥k 1Y
PCR § 14k Fanf& 2 fpE 3 fioR.
2.2.2 TiARAE# RNA K& 5 H7

LK i 3 PR 4 oM R AR . Actin 4 51 ) T3 AT 4
B 412 bp MRE S 45 T LAZKAS cDNA g itk
Actin Ry 5| P Ht Al 414 1y 280 bp MFF =554 . 3K
75 2 5 DR R B R0 ] 1 % BR A L RNAJS, F DNase
I £Bk RNA i) DNA, SR JG I FE 5% cDNA, F|
F Actin 59 #47 PCR K, 25 R 2R, TG cDNA
FES BB 3 1 280 bp M H M 45 (B 4D, 16 B
cDNA Bl 52 %, sk 8 DNA. LIH WA FE 519
P3 Fl P5 #£17 PCR ¥4 . 5% np3 K& KAG bR FIEE npd
HE DA AE PR I AE & 43 31 3R 45 1 420 bp 1 310 bp BYFE
SEAHT S ARG FE R X B P34 1 B 9 2% (B 5
Vi BB B I 5L B 7E RNA JKF B3I Ek,

172 3 4567 8 91011218314 a b M

— 500 bp

B 2 np3 #IKLH B £ 8034 49 PCR ¥ 3%
Fig. 2. PCR amplification of np3 transgenic line 8034.
I~14—np3 FeHPFA IR a— MEXN G b— B, M—
Marker,
Lanes 1 to 14, np3 transgenic plants; Lane a, Positive control;

Lane b, Negative control; M, Marker.

1 23 4567 8 91MM1121314 a b M

— 500 bp

B3 npd #AEk A 8049 8 PCR 473§

Fig. 3. PCR amplification of np5 transgenic line 8049.
1~14—nps ¥ FEFAEM; a— X B b— B X, M—

Marker,

Lanes 1 to 14, np5 transgenic plants; Lane a, Positive control;

Lane b, Negative control; M, Marker.
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Table 1. Agronomic traits of transgenic lines in T, generation.
o ﬁ?{fﬂ:% H%TEE' No. O'f ﬁ}%%’*ﬁ?ﬁ( 1’@%;&*\2?& ' ?*ﬁﬁ Q‘iﬁﬁiﬁr"‘ﬁ
Line Gene Plant height productive No. of grains No. of filled grains 1000-grain Theoretical yield
transformed /cm panicles per panicle per panicle weight/g per plant/g
per plant
8033 np3 103.0 fg 17.7 93.4 be 88.1 28.2 45.4
8034 np3 102.6 g 17.3 107.2 ab 99.0 28.4 49.3
8035 np3 107. 3 def 18.6 105. 9 abce 90.5 27.0 45. 6
8036 np3 112. 8 be 22.0 104. 6 abc 90.7 27.5 55.1
8037 np3 105. 7 efg 19. 8 92.2 be 86. 6 28.1 47.1
8038 np3 108. 2 cdef 21.4 90.9 ¢ 83.9 27.7 49.0
8039 np3 101. 8 gh 16. 6 89.7 ¢ 74.0 30.0 39.3
8040 np3 97.0 h 16.3 88.7 ¢ 73.6 26.3 31.5
8041 np3 110.0 cd 17.2 100. 0 be 90. 1 28.5 44.1
8042 np3 109. 1 cdef 17.6 90.4 ¢ 84.0 29.5 43.6
8043 np3 118.2 a 17.0 120.3 a 95.6 25.9 42,1
8044 J& None 115.9 ab 21.3 94. 4 be 76.0 25.7 41.5
8046 nps 106. 1 efg 16. 4 86.2 ¢ 81.6 29.2 39.0
8049 npsd 109. 6 cde 18.0 95.5 be 77.3 27.8 38.7
8052 nph 116.8 a 18.2 121.1 a 93.8 26.5 45.3
F(14,60) 13.62" 1. 086 1.97* 1. 24 1.40 1. 09

Fo.05(14,60)=1. 86,
(7] — Z B Je AR ) /N 5 B 2 R 7E 0. 05 K F 22 AR .

Data followed by the common lowercase letters are not significantly different at 0. 05 level.

— 500 bp

A 4

W BRI Actin 8 R & 54

Fig. 4. Expression analysis of internal control gene Actin.
1~3—np3 FRIRE AR ; 4—FeILH FIMEXT IR s 5~8—nps HiJk

PR s c— 25 X IR b—JEBE 240 DNA 445 ; M— Marker,

5

Lanes 1 to 3, np3 transgenic plants; Lanes 5 to 8, np5 trans-
genic plants; Lane 4, Negative plant; Lane ¢, Blank control; Lane

b, DNA template; M, Marker.

1 2

3

— 500 bp

B 5 np3 Fenps 89 FR K5 H

Fig. 5. Expression analysis of np3 and np5.

2.3 TiREHRPREERK

TE R £ T 25 e 5 DI bk 2 R XT BEBR R 9 Bk
19 3 BERR AT OB BN 45 S AR AR R AR I T bR
HE R (R D XA R VR 8 Bl 217
T7 2250 Mt » R GETH o0 A vl R B SRR i R A R ERE K
76 5 3 AEL T TR I 1) AR R T BR R SRR, TR
B AR T T 22 S AN AR Ul B AS BT S 9 BT B IR AE
JK TR REL R DAY 014 38 2 A 3 TS RS
2.4 HEREKRHKBEMEBRESN

e TR B AT G 3 ¢ 1A 4 DR BR R
(np3 Monps #5 2 A RN E A A2 BNV 4G
RWHRCRA LT dJig % BUAR 5% 3 DX 0 00 IR AR bR 2

4

5

6 7 b M

— 500 bp

1~3—np3 FREF MM ; A~T7—npd FILFMIM; a— PIHEXT IR b— X c— 2 A X ] M—Marker,

Lanes 1 to 3, np3 transgenic plants; Lanes 4 to 7, np5 transgenic plants; Lane a. Negative plant; Lane b, DNA template; Lane c, Blank

control; M, Marker.
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BEABAE 11 %0~ 20 Y0, o Ax e Jik R e ok 1 995 B6E L
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PO AR =>1100 B A 1 R AE MRORG B LU (B 7E 6126 ~
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e ToARHe npd FEEMRR . 20 d 5 I o 08 B4 B
2k BN R IE R R 2R 8049 Xf JS97-2 F1 ZHEL73 1
FovE B3R e E X OS-225 Ay HTME 5 A5 5 35 A Ak
FEARL . TG H bk & 8052 XF 3 AN Mk 1 2 90 i
P o 4 T ARG 00 AR A 19 99 BRE LU (B S8 7E 120 ~ 1020 (&
3.

A FE M R G R A8 T R IR EE R np3 BT nps
FEAL KRR i 2 B W58 mp3 Hl mp5 15 HEHE 35
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B 6

Gt A CR4 847 20 d G2 A WMLk =T A AR

Fig. 6. Phenotype of leaves from transgenic plants at 20 days af-

ter inoculation with the Xoo strain CR4.
8044 — AR L JE M Bk s 8034 FI 8038 — % np3 L P Hk s 8049 Al
8052—#% nps FERAHEK .
8044, Leaves from the nontransgenic plant; 8034 and 8038,
Leaves from the np3 transgenic plant; 8049 and 8052, Leaves from

the np5 transgenic plant.

R Bl H R i 2 kL i g RT-PCR i A6 0 %€ 51
T DR Bk cDNA B4 1 2% . U0 BT A 2k
FE mRNAZRK P15 ) 3 3K o R JH 58 BUW 7 3k CR4XT

np3 2 np5 ¥ E EKFEE K KTE B M #% E % CR4 B R &

Table 2. Resistance reaction of transgenic plants with np3 or np5 to the Xoo strain CR4.

% np3 FE I HE R ¥ npd Kk R M BR

GRS KR Transgenic plants with np3 Transgenic plants with np5
Ratio of lesion Control
8034 8038 8049 8052

1%~10% 12 18 26 34 18

11%~20% 5 2 0 0 0

21%~30% 7 0 0 0 0

31%~40% 2 0 0 1 0

41%~50% 3 0 0 0 0

51%~60% 1 0 0 0 0

61%~70% 1 0 0 0 0

HEFR%C Number of plants 31 20 26 35 18

R3 Honp5 BERKTEEKI BMERE 3 A E K JS97-2,08-225 1 ZHEL73 51 & &
Table 3. Resistance reaction of transgenic plants with np5 to the Xoo strains JS97-2,08-225 and ZHE173.
- 1897-2 08-225 ZHE173
. . X B X BR X B
Ratio of lesion 8049 8052 8049 8052 8049 8052
Control Control Control

1%~10% 18 28 18 20 28 18 13 19 18
11%~20% 7 0 0 2 3 0 12 4 0
21%~30% 0 0 0 0 0 0 2 1 0
31%~40% 0 0 0 0 0 0 1 0 0
41%~50% 0 0 0 0 0 0 2 0 0
51%~60% 0 0 0 0 0 0 0 0 0
61%~70% 0 0 0 0 0 0 0 0 0
BEFREC Number of plants 25 28 18 22 31 18 30 24 18
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e ]G SR T A R PR X 2 R DR Ak 1 T 28 N 4 5 32
WA R . RIS 5500 BEAH b 5% R K R X (1 i Al
5 R ) B B S 3 0, B B BRIE IR mp3 Fll mps A5 R
R T B0 e R R

PUA IR A PRI o 15/ AR E PR A
RV B S R A A A e o AR A R a0 2R A AR ik
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Pobb A s L bR &R 8052, X AT fES nps 1EK
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T S BH AR AR R

I b 5 npd He PR K R AN RE $2 i K R 4
I k7 995 P B0 & 3 BB 2 1R 7K A X H At s 5 B IR T .
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A T 2 A R DR R R %o H At 7K e 2 R i) SR i
AR I DU B % pb ik R KR X AN ) 9
T G

S &k

[1] Mew T M. Current status and future prospects of research on
bacterial blight of rice. Ann Rev Phytopathol, 1987, 25 359~
382.

[2] Nino-Liu D O, Darnielle L., Bogdanove A J. A simple method
of mass inoculation of rice effective for both pathovars of Xan-
thomonas oryzae, and the construction of comparable sets of
host ¢cDNA libraries spanning early stages of bacterial leaf
blight and bacterial leaf streak. J Phytopathol, 2005, 153
500-504.

[3] XuS]J,Cao YL, Li X H, etal. Expressional and biochemical
characterization of rice disease resistance gene Xa3/Xa26 fami-

ly. J Integr Plant Biol, 2007, 49 852-862.

1 [ K FEBL 2 (Chin | Rice Sci)

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

(18]

(191

[20]

24 A5 4 W9 (2010 4E 7 D

Babu R M, Sajeena A, Samundeeswari A V, et al. Induction
of bacterial blight ( Xanthomonas oryzae pv. oryzae) resist-
ance in rice by treatment with acibenzolar-S-methyl. Ann Appl
Biol, 2003, 143 333-340.

KN (N = o R R o s O S /W S
%L, 2007 130-177.

BRI S SCOKRE E RGBT Y 38 1% B )L P DK RE R
2%, 2009, 23(2): 111-119.

Shah J] M, Raghupathy V, Veluthambi K. Enhanced sheath
blight resistance in transgenic rice expressing an endochitinase
gene from Trichoderma wvirens. Biotechnol Lett, 2009, 31:
239-244.

Takakura Y, Che F S, Ishida Y, et al. Expression of a bacte-
rial flagellin gene triggers plant immune responses and confers
disease resistance in transgenic rice plants. Mol Plant Pathol ,
2008, 9: 525-529.

Coca M, Penas G, Gomez J, et al. Enhanced resistance to the
rice blast fungus Magnaporthe grisea conferred by expression
of a cecropin A gene in transgenic rice. Planta, 2006, 223
392-406.

Jenssen H, Hamill P, Hancock R E. Peptide antimicrobial
agents. Clin Microbiol Rev, 2006, 19, 491-511.

Gennaro R, Zanetti M, Benincasa M, et al. Pro-rich antimi-
crobial peptides from animals: structure, biological functions
and mechanism of action. Curr Pharm Des, 2002, 8: 763-
778.

R, R OUK b M L PURIK B IR S A KRS B
PR b e s, P ERLS: . C 48, 1997, 27(1) . 55-62.

Patkar R N, Chattoo B B. Transgenic indica rice expressing
ns-LTP-like protein shows enhanced resistance to both fungal
159-171.
Cuthbertson B J, Bullesbach E E, Gross P S. Discovery of

and bacterial pathogens. Mol Breeding , 2006, 17

synthetic penaeidin activity against antibiotic-resistant fungi.
Chem Biol Drug Des, 2006, 68, 120-127.

Destoumieux D, Munoz M, Bulet P, et al. Penaeidins, a fami-
ly of antimicrobial peptides from penaeid shrimp (Crustacea,
Decapoda). Cell Mol Life Sci, 2000, 57. 1260-1271.

Kang C J, Wang J X. Molecular cloning and expression analy-
sis of Ch-penaeidin, an antimicrobial peptide from Chinese
shrimp, Fenneropenaeus chinensis. Fish Shell fish Immunol ,
2004, 16 513-525.

Kang C J, Xue J F. Characterization and expression of a new
subfamily member of penaeidin antimicrobial peptides (penaei-
din 5) from Fenneropenaeus chinensis. Mol Immunol , 2007,
44, 1535-1543.

Hiei Y. Ohta S, Komari T. et al. Efficient transformation of
rice (Oryza sativa 1..) mediated by Agrobacterium and se-
quence analysis of the boundaries of the T-DNA. Plant J,
1994, 6. 271-282.

FEAHIL . SRR, R BUKAS DNA (i —Fp & 5 05 2. o E KA
B, 1992, 6(1) . 47-48.

ek, TR . BE 8L, 4. Cecropin B %3 K HE M H 5
AT A B R DK R AR AEL 1999, 13(2): 114-
116.



