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ERi) CaSn B F B RIA G FE R R M E X B A 1R
Lo BT

oA gERMN Y, R Y, ORI, BkER, R, HER]
o EARNE R BRI, AR B E A A )22 5 R0 T G S 9006 5, Jbat 1000815 23iEg Ak K2
PR 2= B, Kb 410007)

B ZE. CaSn FEKZAEHM (Capsicum annuum)  ‘Santaka’ & BLKHT BLHTHE K Snakin FRIEA
JEiL RT-PCR, K CaSn F:[K B 40 2 3 E M B pBI-121 MR &4, WL ALATH EHAL05 /S5
A (Nicotiana tabacum “White burley” ), FHEEE] 10 MR R, JAT T1 AT
MR 2k L (Meloidogyne incognita) %572 K HIFR LRI ZRIA /. 453K Casn TV N AINE, fefs it
TR R, JF A CaSn FEIR FUMIH_F 1A MR 45 $0R: PG 23 8 pAond ORI AR 36 56 DRI kD> 70%, [RIIEAS[R]
o R DR A e 2R (0] B T AR A R e B AP A — i 2200 o A IS W T B b I P B IR R Casn
HAPIR ARG L AR, TR DLk g i (4238 SR B4t T B2 A4 .

KEEIR: B Snaking FEILDNEIRIE; mMUTMRGEZR; PutE%we
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Overexpression of Pepper CaSn Gene Enhances Resistance to Meloidogyne
incognita in Transgenic Plants

ZHANG Wen-yue', MAO Zhen-chuan"’, SHEN Bao-ming'?, WANG Gang', YAO Yu-rong', FENG
Dong—xin1 , and XIE Bing—yan1

('Key Laboratory of Horticultural Crops Biology and Genetic Improvement, Ministry of Agriculture, Institute of Vegetables
and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China; “Hunan Agricultural University, Changsha
410007, China)

Abstract: The CaSn gene is a small cysteine-rich antimicrobial peptide encoding gene and belongs to
the snakin family. The gene was cloned from pepper (Capsicum annuum ‘Santaka’) by RT-PCR and
constructed to the plant expression vector pBI-121, and transformed into burley tobacco via agrobacterium
mediated method. The CaSn transgenic plants were selected by PCR and GUS staining analyses, and ten
independent transgenic tobacco plants had been obtained. The CaSn gene was stably inherited and
overexpressed in transgenic T1 generation plants by RT-qPCR detection. Compared to the empty vector
control and non-transgenetic control plants, the number of the root-knots in the transgenic plants was

reduced by 70%. Meanwhile, difference was also shown in 10 independent transgenic lines in terms of
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their resistance to root-knot nematodes. This study indicated that the CaSn participated in defense against
root-knot nematodes, and had an important role in excavating and utilization of nematodes-resistant
germplasms of plants.

Key words: pepper; Snakin; transgenic overexpression; Meloidogyne incognita; resistance identification

KHPIR 54 L (Meloidogyne spp.) JiE R B v AEA) 5 AE 11 46 R 45 4 (1) v 2 i, (HOZ 1D
I A 2 HU R ERIRE 01k S BTN 5 3 2% ) J . BAEHT M f2 Me FE IR 73 1k 2k s e e 1 s
WA HRIE (Eddaoudietal., 1997; X|4EHERMBL K4, 2000; Ornatetal., 2001; Abadetal., 2008).

MYIA T HERRY, BRI 2 0 DRSS, i & AP w1
KB (Selitrennikoff, 2001). HLCARIL T L 500 ik (Antimicrobial protein AMP), ‘&
WHEART O 52 Yt 8] 7 845 (Lopez-Solanilla et al., 2003). 78 AiRHK 2 Bk i & B0
AT A AEIF (Kim et al., 2009), X L6485 (061G 2254 0 (thionons) . I #5 £k
1 (lipid transfer proteins). Snakins (Silverstein et al., 2007). H:H' Snakin X% 2E—ANHT 1 AMP X
W, AR IEMR 458, Snakin K4 A [+ 1. KK (Berrocal-Lobo et al., 2002). JH:H M
ey B ) Snakin-1 (SN1) Al Snakin-2 (SN2) #fJ& T Snakin 5% (Almasia et al., 2008),
It HATPUGH BRI B R 155 (Segura etal., 1999; Almasia et al., 2008). CaSnakin 5 [ /& £F Pt 3
HL (Capsicum annuum) “Santaka’ H I —BCE & O RIVAIK, & A 6 A —iitdice H iy,
P54 Snakin FR M4y TS5 KIHFE (Berrocal-Lobo et al., 2002). VIGS 1456 1iF S i mi PR b 45 4k
BMUHIF) CaSn JE K, AR5 I %E W& (Mao et al., 2011). JETBH CaSn JEH, 1E# 4
B T 1 R R IA A pBI-CaSn, il i AT A S H AN U, SRAFERIL CaSn #R &,
X B FE IR R AT HU R AR S ke i e, DAIGIE CaSn JEINThAE, I 0 B B 4 2 IR P gk Lo i b
BB PR ) S PR R YR N R S 4

QY i SRS DARF

1.1 #l

BB (Capsicum annuum) Prk i fh ‘Santaka’, A PLL IR N FER, b E R RFE B
PRI IS T B2 2 . m AR 44k i (Meloidogyne incognita), K (Nicotiana tabacum
“White burley’ ), A7 T B RN RF B G 2 A6 -0 TR 4 . m MRS 2k o A H N R 1, A
FH RN A B =1 HhT]7 I (Capsicum annuum L. By, PeH sk d onEfr G
Bk 28 CA&ME FIEAL, Wtk 2 AR GiR T 25, 2007), P34k HUBTFIIRIE A 1000 4 - mL,
X itk e .

1.2 CaSn £RE I RiBFREHIKEE

KH Trizol (Invitrogen) V:$2HX ‘Santaka” BT F 202111 5t RNA, K H Trans Script Il One-Step
gDNA Removal Fl cDNA Synthesis SuperMix 1T 5 ¥ 3% & % cDNA (Transgen) . 45 BRHL CaSn K&
KPS S 5514 GSP1. GSP2 (Mao et al., 2011) (& 1), MHIIRSSLE Al ‘Santaka’ 3¢
BEF] Casn ALKl cDNA 7K~ L) ORF, JFEHEATI PRI Se k. vk P45 Xba 1, Sma I BgYIAL
MR 5|4 CasneF. CasneR (3% 1), i35 4w £ 2] pBI-121 KIAHEMA b, 4 PBI-CaSn X
TLRIREAM, TR R EHAL05 Bk
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F1 FRBHERANSIIFS

Table 1 Some primer sequences in experiments

5|4 FK Primer

5|7 %] Primer sequence (5'-3")

GSP1 TGCGTCTGTTGCCGTGAGTA

GSP2 TCAGCGAGGTGCCGATTA

CasneF GACTCTAGAATGGCCATCTCTAAAGC
CasneR CCACCCGGGATTTTAAGGGCATTTGC
NPTIIF ATTGAACAAGATGGATTGCACGCAGG
NPTIIR TCAGAAGAACTCGTCAAGAAGGCGAT
Casn-F CATGTTGCCAGCAATGCTA

GUS-R AGTCTGCCAGTTCAGTTCGT

SG-F ATGACTACTCACGGCAACAG

SG-R CCGCATAATTACGAATATCTG

actin-F CTTAACCCAAAGGCT AATCGTG
actin-R GCCTGCCAAGTCAAGACGG

W R R 2 A CasneF Fl CasneR 514 1) Xba 1, Sma I I 55 .

Note: The restriction sites Xba | and Sma [ in CasneF and CasneR, respectively, are shown with underlines.

13 HEFREEERORE

FIARNT B A F9206 PBI-CaSn MEATH S BME R4, 156 AR 37 R MM &, 76 1/2MS
B LR E MR ER T, UM A AERKBIERL S ecm BREEH FBIY) R 0.5 ~ 1.0 em (IS, HITH
T8 B 1 BH P AR A VAT R B R o R R TR, IRIERE SR, 20 d ZE RSN, HRE R 1/2MS
BR AT AR, RAF TO ARAFLFEFIHRE CWRIESE 45, 2005). UIRRKE R KIAR, Z#HHTIT
B, S ~ 6 d G WAR S AN EIATIEH FAREEHE,  DAIRAG 3 R M B

(T1)o W pBI-121 AR I A 140 B

1.4 FEERIEEELREIAEN
1.4.1 PCR £

I TO ACHH S RIAR A RP R}, KT SDS 43 B DNA, EATHEHE DA PR PCR A - LA pBI-121
FERART I NPT ILEER 80131514 NPTIT Fo NPTII R, JELLH AL CaSn F B il R 5+
519y Casn-F, #k EEAH GUS JEFBE MR =514 GUS-R (58 1), KR . PCR &Y
ZAtH 94 CHIANE 4min; 94 CAME 40s, 62 CIBK 30s, 72 CH AN 505, 30s, 35 M
Ry 72 CHEMH 10 min. PCR F=H07E 1%5E W FE kAT A0, A 5 BH PEAELAR o
142 GUS #¢&

WU NP B8RRI N PBI-CaSn JBURL K] TO ACHH SRR ER, #EAT GUS Beth, DLIEH I HERE 3L
JHEAE 2 IR, S GUS Qi pi Wl (bt k), 37 ClRAEER, H 75%M SR i,
HERIHEXTEC) e, MRS taig il .

1.43 RT-qPCR

TEHY Casn T1 AL RAE PR 7 B0 AARE AN A 2 i DRVRAL R () B o BEAT HORE, B AN SR DR Bk
ZOorMBENLEL 10 %, HFEREERAEA, HES 3 . M Trizol ¥ (Invitrogen) 43 Ail#&HK
FEA B RNA, K H] TransScriptIl One-Step gDNA Removal fIl cDNA Synthesis SuperMix JE4T %
KA S —8E ¢cDNA (Transgen). DL actin-F. actin-R AW Z514), FIH CaSn JE M) F41, GUS
FER BN AR R S 5190 SG-F. SG-R (3K 1), LUk ¥ cDNA Attk, ®MEAEL 4
W, WRYEDE E BRI £ SYBR Premix Ex Tag™ 4 W45/ 7484F (TaKaRa). FJH CFX Manager
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LU K Excel #AFHEAT CaSn FEN (KA B0 M7 . I NFEF K 95 “CHiAEYE 30 s; 95 “CAxP: 55,58 C
Bk 30s, 40 MEFF.

15 HERMEEKTIRELBLTE

BRI T AR PR T IE WA E N, EREPAEK 3 ~4 BNBY, H2KE 6 A B s
MR EE 2t 2 WA, REAREERR 1 000 4%, RENMERIAA 10 K, 3 IXER, 10 MER. LU
[A] R 5 450 e N2 AR ) T ARRINE & AR FE L I EAE 5 . B2 P 6 G iR 4% . R
SASO.1 G il /M kR 4 Bl 22 5 0 35 Ik st o

2 R

2.1 CaSn ERH g Kk FRiEFH K PBI-CasSn 32

Wit GSP1, GSP2 514, DAHUVEBIML cDNA A #itiiAT PCR, 39%?%7 CaSn &A1) ORF, ik
MF1350% ORF K24 315 bp, Zwfh HA 104 NEIERI/N TR E, LR IT S gt 5 A R
J5134 55 CaSnakin & (52441, UiHH 7 B 2/ ORF b CaSn &[4, %I‘lﬁﬁ%ﬂﬁo

PL Casn ORF Jivhi AAsidR, HIH AT M) 83k 1514 CasneF. CasneR #E4T PCR, H] Xba I Al
Sma I w3 pBI-121 Kix#& A (K1) L, @44 PBI-CaSn. # F 41 itk PBI-CaSn %P@Uﬂﬁ%ﬁ
DHSa 1. #E B o teHUTRIBED) %, BT R BN B EE 315 bp, i BERNSOG 26 00 5 A
R, R4S CaSn JER5E4xAHIA], Ui CaSn JE[A CLEH: R pBI-121 Kk gk . H
PBI-CaSn ki L AL 2R FT 1% EHA105 PR, J LA pBI-121 5 A IR AT B A A [P 06T L

Xba 1 Sma |
RB NOS-pro NPT NOS-ter CaMV358 CaSn p-glucruonidase NOS-ter LI

1 PBI-CaSn ELARHL T-DNA XigiZ519E
RB: fi4%: LB: A#i4t: NOS-pro: NOS H3IT: NPTI: RIBERPiITEIRLN;
CaMV35S: {efRSEAEMpiaE 35S JR 2l 15 B-glucruonidase: GUS F:[Al;
NOS-ter: NOS £ 11:1; CaSn: BB i B A .
Fig. 1 Schematic diagram of the T-DNA region of the binary vector PBI-CaSn
RB: Right border; LB: Left border; NOS-pro: NOS promoter; NPTII: Neomycin phosphotransferase gene;

CaMV35S: Cauliflower mosaic virus 35S promoter; B-glucruonidase: GUS gene;

NOS-ter: NOS terminal; CaSn: The CaSn gene.

22 HEFAMERIKESIIPCRERE

FIFHAAF AN SR NER G, EFER R R am AR LRyt (B2, A, fiht
PEZE 2 ~ 3 em BFERS B AR BG 7R 38 L AERRES IR (K2, B), 33 TOMRELIEFMR (K2, C~ED.

BEALZEHL TO ARHHE 10 Bk Snl ~ Sn10, Rk HMEAAL. @ik NPTITF/NPTIIR, Casn-F/GUS-R 5|
YIEAT PCR AN (B 3), WL B4 Casn FHE DA IR E 53 J1l9 38 i 682 bp 792 bp 17 B, UiAHAMNE
FEDR O BRI R A, T N BRI BT B 792 bp B (B3, B P 11 IKE) BB
pBI-121 AR OGS BN B BE R A, T AR BRI e 4 14 H v Be (] 3, A FI B Hp 12 JkiE)
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EH2 #EFEHk PBI-Casn #{LiRE
A: JEEREFE B: EMRKIFE; C: MEB; D~E: BRI

Fig. 2 The regeneration processing of independent transgenic tabacco plants with PBI-CaSn

A: Screening culture; B: Rooting culture; C: Hardening plantlets; D - E: Regenerated plants.

MI131 2 3 45 6 7 8 9 101112

M 13 1 2 3 4 5 6 7 8 9101112

2000 bp
1000 bp

2000 bp
1000 bp

750 b 82 by

500 bp P g‘(ﬁ)g Ep 792 bp
250 bp S bg

100%p 100 bp

Casn-F/GUS-R NPTIOF/ NPTIIR

B3 #HEFEEE PCREIEER
M: DL2000; 1~10: #JERAEHE Snl ~Snl0; 11: Fes@iip B, 12. dREEAEDIEE; 13: PBI-CaSn Sk,
Fig. 3 PCR analysis of transgenic tobacco plants
M: DL2000; 1 -10: Transgenic line Snl - Sn10; 11: pBI-121 transgenic tobacco;
12: Wild-type tobacco; 13: PBI-CaSn transformation vector.

23 HEHERFIMEE GUS EELHT

i GUS AL LIE R (B 4), Fasdihh ke H RN PR R AR BT 23 G t0 )5 34 S DL
@, U] pBI-121 2 {4 LL K PBI-CaSn RIX AR Ol D5 B S A1 23 b JFRIE, AR SE DA (14
AR B BB AL .

4 FHEFEERE GUS FEMEN
1~10: HFERIRIM Snl ~Snl0; 11: B3 pANETE, 12: JEREFEHEL,
Fig. 4 The GUS test with transgenic tobacco plant roots

1-10: Transgenic line Snl ~Snl10; 11: pBI-121 transgenic tobacco; 12: Wild-type tobacco.
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24 T1REEFMER RT-PCR RiEDHT

18 RT-qPCR & F 73 kil 10 ANBUSZIK) T1ACKR R S H T1 $ ALK AR RNA, [ 5% i cDNA
JE BEATATIN - AR A0 FE R4 R S KT IR IA TS ik Bdis 0 Hr (&1 5O KB CaSn EFITE
DN SR AT 220, M TN B IEN, fE Sn7 iAo 16.11, TMIAE Snl H R IA B HAR
Jy 1.34, HodSn7 BFIARE Snl i 12 ff%. Sn2, Sn5, Sn6 HIFIAFEE T, +& Snl H)8 ~ 10 .
I Sn3, Sn4, Sn8, Sn9, Snl10 FIFKIEEHAK, A& Snl [ 1 ~5 fiF. AR I PR R A R0 B R % 25 3 A4
MR R IR BT T 0. W] CaSn JEN CU7E#E KT LA 3Kk

20
18
16

12

10

F ik it
Normalized fold expression

[ AN ]

L A LA Hﬂll

Wild Empty Snl  Sn2  Sn3  Snd  Sn5 Sn6  Sn7  Sn8  Sn9 Snl0
type vector
control

E5 T14iEEEME Snl~Snl0 # % RT-qPCR 447
Fig. 5 CaSn gene RT-qPCR analysis of Snl - Sn10 transgenic tobacco lines

25 TIREERBEMRFEEEE

FEFRFIRR 254 AL 6 ol ok MR AR B AR S5 15 00 e B Casn ik DAIAE IR EE XS IR RRAR 45 0 (18 6) .
FEIEDVRE IR AR S ORI 00 22.68 AN, S8 3R MOR B SE DN (Ro6s I PR &5 B -1 200 69.85 A, #%
PRI RLAR (AR S5 B8O R IR 172 ~ 173

MG 2 T LA R A e DR 2 TR B e s A e TR AR 5 B 22 5 AN 22, 1T Sl ~ Sn10 AR

%2 FRAREFREEHRROREZEEZES T

Table 2 Significant analysis of root knots of different transgenic tobacco lines

EFEPIRK R Transformant HR 4541 Root-knot number Jik/>#/ % Decrease ratio
R I /4= 2 Wild type 692+12a -
1A B ARIHEE Empty vector control 70.5+13a -
Snl 294+1.1c¢c 57.91
Sn2 162+ 1.3 gh 76.81
Sn3 342+1.1b 51.04
Sn4 255+13d 63.49
Sn5 247+20d 64.64
Sn6 18.1+0.7 fg 74.09
Sn7 219+12e 68.65
Sn8 21.7+20¢ 68.93
Sn9 152+1.7h 78.24
Snl0 199+1.0ef 71.51

Ve AT S AN T BERZRTE 0.05 7K EFER R IR A AR bk AR T AR A 8 I 24 0 5 e 2 A - R B AR ol
Note: Within the same column followed by different letters are significantly different at P < 0.05 level. Decrease ratio: Disease ratio represents

the reduce percentage of treatment plants compared to the average of wild type and empty vector control.
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BRI R F AT, 10 MRREBA L& TEZRESR, Snl JIE SR & (T Sn2, A1k
F T Sn3. YW CaSn FE T LU 25 1 5 25 TR S5 2k g HT It AN R RR 2R W) A7 A2 A vk 2 e ]
AE-55 FE AL DR 9% DB AN R A K

6 FEEFMELER Snl ~ Sn10 M EIH IR L HEYIE

Fig. 6 Resistance identification of Sn1 ~ Sn10 transgenic tobacco plants to Meloidogyne incognita

CaSn [ & T~ Snakin HEMZ %, 4l ¥) CaSnakin £ & 7E BB KL — B & LR
FIRELAR, J& B BT Rk Mao 25 (2011) 25X VIGS, ESKERHUIR S L dUBHEF () CaSn J&
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ILLG, FREEZE 4 W1 n, YIPAESE T CaSn JE K H AT B AR 45 2k U ffEF ,  Re e miAtdy
XTI A e U pivE . I RO RIA R R, K CaSn K Zw A ) 11 CaSnakin BEAT 73 B 2l4L,
R R AR 45 2 LU R0t 8 ) AR e L D Be o AR AR 90 rh a7 s B G Casn
FEPH, JREE] 10 ANMMSLI LR R, R IUEE CaSn JER (N F AR &5 50 B kb, e
B UM FE DRMH B 1) 30%, [ IS AN i) 8 J5 DRLH e PR 28000 B 7 AR e L PP AP A — s 22
il o Tt W BB o )T IR R PR CaSn b g T AR 5 AR 4 4 L FLAT BB /E ] - el T Snakin JERRIUE T4
Bl AE DR ERHM 4 IRIE (Seguraetal., 1999; Almasiaetal., 2008; Maoetal., 2011), [A
I, 7RI Casn JERBEATHUME 45 2k UL JL DR B AT ey Atk o A a7 AR MRS il o BT RRSE 1)
TN SO 77, MRES 2R durT LA 43 kD (ARl (Urwin etal., 1997; Weietal., 2003),
1T CaSnakin 5 70 RN, BEAISE AR 7.03 kD, FULIER A 452k doh A58 )
e Wy, d1 - Hor v ] DA SRR Bt s IR & ), i 2 & stk r/ER], g
FRIE ) 4% % Snakin FE K (SN1) L5 5 A1 22 560K (PTHLD (1 41 45 18 23 5 (9T 1 1] (Kovalskaya
& Hammond, 2009).

Snakin FKIESERIFE IR RIARE S h PN, SN1 N HEY)A B 241 R B I — AP B 1, T SN2
WY AR ER R T FRIEME R . IR & BIRIE RS T SNT A SN2 #HAT TR S 1%,
B 4n4740 B ( Clavibacter michiganensis ) &z ¥ # ( Fusarium solani, Fusarium culmorum, Bipolaris maydis
1 Botrytis cinerea) fE] (Almasia et al., 2008). BB+ ¥ CaSn JEK J& T Snakin Zji% H ¥ 11 4 E
K, I HA5 G ¥ Snakin2 (SN2) & ERIVE, AL, BBP ¥ CaSn 2 HAHianmE. i
(R D Re it ATt —
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