6 4 Vol. 6 No. 4
2015 12 JOURNAL OF TROPICAL BIOLOGY Dec. 2015

11674 —=7054(2015) 04 — 0449 - 11

hpaXm TMV

( / 570228)
( Xanthomonas citri subsp. malvacearum) hpaXm harpin
o hpaXm ( Nicotiana toba—
cum ‘Xanthi nc. ") hpaXm
o 1 PCR T, 35S Southern blot
hpaXm RT-PCR . hpaXm
. hpaXm
hpaXm (TMV) . hpaXm
. hpaXm; ; (HR); TMV
1 Q945.8 DA DOI: 10. 15886 /j. cnki. rdswxb. 2015. 04. 015
Harpin hrp( hypersensitive response and pathogenicity)
HR( hypersensitive response) » Harpin
( Gly) . N ( Cys) . b
harpin harpin HCD( hy-
persensitive cell death) ( systemic acquired resistance SAR) °
3-4 5 6 /
( JA/ET) °77 JABA S 8 harpin .
N . N N S harpin
harpin
PTB I hpaXm Xanthomonas citri subsp. malvacearum ( a synonym of Xan—
thomonas campestris pv. malvacearum ( Smith 1901) Dye 1978 Xcm) harpin
hpaXm hrp hpaXm harpin ® harpin
Chio ! HrpN HrpZl HrpW1 Hpal Others 5 hpaXm
harpin Others harpin
harpin o HpaXm HR ( hypersensitive response
HR) ™V 7 hpaXm o
hpaXm ( Nicotiana tobacum ‘Xanthi nc. ’)
: 2015 -03 -06
: (31360029 31160359) ; (20124601110004 20104601110004) ;
( CXY20140038) : ( CARS —34 - GW8)
( HDSF201305) ; (2011CB111612)
(1989 ) 2012 . Email: 156189450@ qq. com

(1969 - ) . E-mail: weiguomiaol 105@ 126. com



450 2015
hpaXm harpin
1
1.1 pHM1-hpaXm
hpaXm ; LLBA4404 pBI121  BL21( DE3) /pGEX-hpaXm ;
pMDTM18-T Vector Takara ; TransSa Chemically Competent Cell Trans ;
™V 1.
1
Tab.1 Bacterial strains and plasmids
Strain and plasmid Resistance Source
pHM1 hpaXm ( Spectinomycin Sp) ( Saved in the laboratory)
LBA4404 ( Agrobacterium L.BA4404) ( Rifampicin Rif) ( Saved in the laboratory)
pBII21 ( Kanamycin Km) ( Saved in the laboratory)
. . Takara  ( Purchased by Takara
pMD™18-T Vector ( Ampicillin Ap) ompan)
TransSa Chemically Competent Cell ( None) Trans ((Purchased by Trans com-
pany)
™V ( None) ( Saved in the laboratory)
BL21( DE3) /pGEX-hpaXm ( Ampicillin Ap) ( Saved in the laboratory)
1.2 ( Nicotiana tobacum ‘Xanthi nc.’) (26 +1) °C
14 h/1I0h( /1 ) 50% ~ 70% (40 £3)d o
1.3 TransTag-T DNA Polymerase = 2 X EcoTaq PCR SuperMix( + dye) Trans ; T4
DNA Xmal Xbal BamHI Hind I BioLabs : Gel Extraction Kit Plasmid Mini
Kit I HP Plant DNA Kit  Plant RNA Kit Omega ; DIG High Prime DNA Labeling and Detection
Starter Kit I( for color detection with NBT/BCIP) Roche ; RevertAid First Strand ¢cDNA Synthesis Kit
Thermo : Plant Protein Extraction Kit CWBIO : :
Takara : GoldView DNA o o
1.4 hpaXm pHM1 -hpaXm
Xbal ~ Xmal ( 2) hpaXm o pMD™18 — T Vector
( ) NCBI-BLAST hpaXm ( GenBank Accession No. DQ643828)
o pBI121
pBI21-hpaXm( 1) . 3 LBA4404
( 2
PCR o
( ) NCBI-BLAST o
1.5 0, (40 +3)d
0.5 cm x0.5 cm LBA4404
(MS+6BAImg+L™") (26+0.5) C 54d (MS+6BA1mg+L"+
Km 100 mg * L™" +Cb 500 mg « L") 1 em (1/2 MS +
Km100 mg* L™" +TAA0.2 mg* L") .
(26 +0.5) C 3d (25+0.5) C
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. pBI121
. . Tl Km 150 pg *
mL™"  MS (15+1) d o
RB Xbal Xmal LB
‘NOS -pro NPT Nos-Ter  CaMV 358 pro Target Gene GusA Nos-Ter 4
1

LB RB: NPT 11 ; Pro: ; Ter: ; GusA: B — ; Xbal

Xmal: ; Target Gene:

Fig.1 Construction of plant expression vector with target gene
LB: left border; RB: right border; NPT II: neomycin phosphotransferase [ gene; Pro: promoter; Ter: terminator; GUS A:

B — glucuronidase gene; Xbal and Xmal: the inserted restriction sites

1.6 (1) DNA PCR o CTAB ( Canadian Technology Accredi—
tation Board) DNA CaMV 35S ( Genbank Accession No.
AF485783) 2 PCR
2, pBI121-hpaXm pBI121 DNA
PCR .2 . (2)
Southern-Blot o T, 4 1
DNA PCR PCR 1%
Southern-Blot o hpaXm ( DIG High Prime DNA Labeling)
( Roche Germany) - (3) RNA RT-PCR o
Plant RNA Kit ( Omega E.Z.N.A.©®) T, RNA RNase  DNase |
RevertAid First Strand ¢cDNA Synthesis Kit ( Thermo America)
2 ug RNA 42 C 1h cDNA PCR o
EFla ( GenBank Accession No. AJ223969)
2,
2 PCR
Tab.2  Sequence of PCR prmiers and relative characteristics
/b
Target gene ™ Primer name Primer sequence Segment lengtI})l

Accession No.

HpaXm-¥ 5’-GCTCTAGAATGAATTCTTTGAACACACAGA 3~

hpaXm DQ643828 402
HpaXmR 5" TCCCCCCGGGTTACTGCATCGATCCGGTGT3~

3558F 5"-GCCTTTTCAATTTCAGAAAGAATGC3”

358 AF485783 800
355R 5" TTATATAGAGGAAGGGTCTTGCGAA3~

EFla¥ 5"-AGACCACCAAGTACTACTGCAC3~

EFla AJ223969 95
EFla - R 5’-CCACCAATCTTGTACACATCC3-

hpaXm
Note: hpaXm gene sequence is in bold; restriction sites are underlined
1.7 (1) : hpaXm N
pBI121 (26 1) C 50% ~ 70% 14 h/10h( / )
s (2) : Plant Protein Extraction Kit (

CWBIO Beijing) 2 ~3 min 1:99
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( ) ; 0.5¢
2 mL EP 1 mL1x 20 ~ 30 min
4 °C 12000 r * min"~' 20 min. SDS-PAGE . hpaXm
" 100 ~ 200 pm 24 h
HR o BL21( DE3) /pGEX-hpaXm hpaXm
PBS o (3) Trypan blue .
Miao  * Trypan blue micro-HR 0 (20 +
2) d 1 cm Trypan blue
(20 mL 10 mL 10 mLL 10 mLL 10 mg ) 10 mL EP 5 min
100 C (15 +2) min. DD 3
Olympus o pBI121
GST GST-hpaXm o
1.8 T, T™MV 42 d TMV., TMV
o T, hpaXm
10 3 o 3
(22+1) C 5d o
. - )/
x 100% Ducan’ s 2,
2
2.1 pHM1 ApaXm PCR hpaXm 1%
DL 200 ~ 500 Marker DD
( 2), pMD™18 — T vector pMD™
18 = T: hpaXm TransSa M13( Takara )
PCR (
) NCBI-BLAST pBI121
pBI121: : hpaXm LLBA4404
o ( ) NCBI-BLAST hpaXm ( Gen—
Bank Accession No. DQ643828) o
pBI121 pMD™18-T Vector Xbal ~ Xmal ( 3)
T4 pBI121: : hpaXm.
) NCBI-BLAST hpaXm
( GenBank Accession No. DQ643828) LBA4404pBI121: : hpaXm .
M 0 1 2 4 5 6
500 —
hpaXm
250 —

2 PCR
M: DL2000 Marker; 0: DD

hpaXm

i1 ~ 6: hpaXm

Fig.2 PCR product of hpaXm gene
The PCR product of the Xbal-hpaXm-Xmal (420 bp) fragment ( Top Lanes 2 —7) synthesized by plasmids PHMI — hpaXm
with primers hpaXm-¥ and hpaXm-R. Lane M is the molecular size marker ( bp ladder) . PCR product was amplified using template
of DDW as the blank control ( Lanes 1)
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bp

2 000~

1 000—
750~
500—

250-
100—

M: DL2000 Marker; 1: 2~ 3 Xbal ~ Xmal : A: pBI121; B: pMD™
18-T: : hpaXm
Fig. 3 Fragments of the recombined plasmids and target genes from plasmid double-digestion
Lane M is the molecular size marker ( bp ladder) ; Lane 1 of A and B are plasmids without restriction enzyme; Lanes 2 —3

show plasmids double~digested by restriction enzymes Xbal and Xmal; A means pBI121; B means pMD™ 18-T: : hpaXm

2.2 hpaXm
2.2.1 DNA  PCR PCR
DNA DL 200 ~ 500 Marker
DNA DD ; hpaXm
DL 750 ~ 1 000 Marker 800 bp CaMV35S
( 4. PCR 100%

—

4 5% hpaXm MHFERLRR B A SE R
CaMV35S J& 3§ PCR il 25 1
M:DL2000 Marker;1 ~ 4: LB AL 28 HR A% 4% 3 K 4R
BAE R AL DNA S BEAR ;5. DU 25 400 0 A B B
DNA SRR 14 B P XS 8 5620 DD 7K AR 1425 11 %
W87 LUTORL pBI2 LshpaXm A5 1 BA P4 X0 iR
Fig.4 PCR determination of the gene hpaXm inserted

into tobacco chromosome and the promoter
CaMV35S specific primer
M: DL2000 Marker; Lanes 1-4: Randomly selected
transgenic tobacco genomes as template; Lane 5: A
negative control of transgenic tobacco genomes with
empty vector as template; Lane 6: A blank control with
DDW as template; Lane 7: A positive control with
pBI121::hpaXm plasmids as template

402bp ™

> 4 -
w ‘
¢

i 3k fT 45 R 42387 The arrows indicate hybridization bands

K5 T, AC%% hpaXm R R Southsern—blot A6 I 45
M:DL2 000 Marker; 1 ~ 4 AR HL 3k 2% A % 2 P11 A AR B
DNA MM ;5. LLEE 25 8 AE BR S DNA S B 11 [ 44 )
B8 5604 DD 7K R HEAR A 25 16 R 57 LLBORE pBI121: :hpaXm
SRR 4 R P o iR
Fig.5 Southern Blot results of T1 transgenic plants with
hpaXm gene
Lane M: DL2 000 Marker; Lanes 1-4: Randomly selected
transgenic plants; Lane 5: Negative control: Transgenic plants
transferred with empty vector; Lane 6:Blank control: PCR
amplified with DDW as template; Lane 7: Positive control:
PCR amplified with plasmid pBI121::hpaXm
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2.2.2 T, PCR-Southern
PCR-Southern hpaXm 400 bp
DD ( 95
T, T, o
2.2.3 T, RT-PCR RNA
RT-PCR 2% hpaXm DL 200 ~ 500 Marker
500 bp EFla
N DD
( 6)- T, ~ T,
bp
500 =
A
250 —
500 —
B
250 —
EFla
6 T, hpaXm RT-PCR
A: RT-PCR ;B EFla ; M: DL2000 Marker,
1 ~ 4: T-hpaXm hpaXm ;5 ;7: DD

Fig.6  Semi-quantitative RT-PCR of T1 plants of different lines with transcription of hpaXm

A: RT-PCR products of the expression of exogenous genes; B: The EFla a highly conserved and respectively expressed gene

in eukaryotes; M: DL2000 Marker; Lane 1 —4: hpaXm transgenic tobacco plants with T-hipaXm randomly selected; Lane 5: empty

vector transformed tobacco plants; Lane 6: Transgenic tobacco plants without reverse transcriptase as negative control; Lane 7:

Blank control with DDW as template

2.3
70%) .

2.3.1
PAGE

(14 h/10 h) T, ~ T,
micro-HR,
hpaXm HR
12 kD ~20 kDa
BL21( DE3) /pGEX-hpaXm

hpaXm o
hpaXm

(26 £1) C.
hpaXm

GST-hpaXm
PBS

hpaXm

(50% ~

pBI121
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M1 M 1
80 - 80 - |
60 - 60 - -
40 - 40 - . -
30 - 30 -
20 - 20 - -
12 - 12 - )
A B C
7 ML hpaXm K& PR RE 0 ] v 2
SDS-PAGE 43 ¥i & 8 HEHUEL hpaXm F PR AF (1) R 1 25 11 353 & o 7= A
A hpaXm A B4R B T v VR AR E1B: B2 ALK 1 HR K& GST-hpaXm ¥ & M HE 0 777 4 miro-HR
pBII21 8545 U T 345 75 4K 115 C: 1 BL21(DE3)/pGEX - A: ¥ hpaXm FEPRSE A AT PEE 5B i BL2L(DE3)/
hpaXm KIGHF %589 GST-hpaXm % 4 pGEX-hpaXm KT i 23K 1) GST-hpaXm & [1;C . 5 25 4 fk
5 S JIT 4 by SR DRI A A 5 A 1 R S R 2R AR TR PR AR IRHY AT LR 115D PBS 28 bl
Fig.7 SDS-PAGE analysis of soluble protein extracted Fig.8 Boiled soluble-protein extracts of transgenic tobaccos
from different transgenic tobacco plants stimulated tobacco leaves to produce HR and GST-hpaXm
A: hpaXm transgenic tobacco; B: Empty vector pBI121 stimulated tobacco leaves to produce micro-HR
transgenic tobacco; C: GST-hpaXm fusion proteins expressed A: soluble proteins extracted from ApaXm transgenic tobacco;
in BL21 (DE3) / pGEX-hpaXm B: GST +hpaXm fusion protein expressed by Escherichia coli
Arrows indicated the specific protein bands of foreign harboring BL.21 (DE3)pGEX#ApaXm; C: Soluble protein extracted
genes’ expression in transgenic tobacco from the empty vector pBI121 transgenic tobacco; D: PBS buffer

I IR e 10 hpaXm 1 P U536 35 1 38 00 6 TMV 1)
Vel O It S PRI AR5 I R Y Bl el S s P 1k

A hpaXm H RN F 3B GST-hpaXm 2 13 & JH =0 A4 6 SE B R B B2 Fl 200 pl (=0.1 pmol - 1Y) TMV
Jr 7 A 8 ek SO S 5 C s U S e pBI121 28 B AR ek 1 BAE (22+1) C 5 dJEHIM R o A HEFD TMV Y Fe 3k H

i Sk T Sy R A e P S 0 B T AR i R JHEEM R B % 28 40 pBII21 08 2

Fig.9 Micro-HR produced in transgenic tobacco leaves Fig.10  Endogenous expression of hpaXm enhanced

A: Transgenic hpaXm tobacco leaves; B: Micro -HR resistance of the transgenic tobacco to TMV
reactions produced by tobacco leaves injected with 10 wL Leaves inoculated with 200 pL.  (=0.1 pwmol -L7™)
GST-hpaXm protein (0.1 pmol-L") stained by trypan blue; C: TMV were placed in a greenhouse at (22 = 1) C for 5
Transgenic empty vector pBI121 tobacco leaves days. A: Transgenic hpaXm tobacco leaf inoculated with

The arrows indicate the occurrence of micro -HR dead TMV; B: Transgenic empty vector pBI121 tobacco leaf

cell clusters
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2.4 hpaXm T™MV ™V T, hpaXm 30
hpaXm pBI121 o
(P=<0.01) , hpaXm
60.12% 3 10.
3 T™MV
Tab.3 Resistance levels of transgenic tobacco against TMV
(X£SD) P<0.01 1%
Plants Plant leaf lesion number Significance level Lesion reduction
Empty vector( control) 35.76 £2.71 A
hpaXm ( Transgenic tobacco) 12.97 £2.37 B 60.12
3
HpaXm harpin 15%
hpaXm harpin ; harpin
hpaXm 4 ; harpin hpaXm
PR hpaXm 2 N 1 ~15 ( signal pep—
tide) hpaXm HR
T harpin m (type I secretion system T3SS)
I ( Type II secretion system T2SS) * . hpaXm T3SS
T2SS ; ;
hpaXm N N
hpaXm hpaXm
harpin hpaGXoo
""" harpinXoo 14 o
hpal Xoo a
HpaGXoo micro-HR " hpaXm
hpaXm hpaXm .
hpaXm  TMV hpaXm T™V
hpaXm ., harpin
. . o hpal
( Xanthomonas oryzae pv. Oryzae)
* . Belbahri ( Ralstonia solanacearum)  PopA
2 ( Erwinia amylovora)  hrpN
( Botrytis cinerea) * . Miao Hpal
¥, ( Xanthomonas oryzae pv. Oryzae)  hrfl
( Magnaporthe grisea) * Hrfl
*® . Pavili hrpZ
., hrp( Erwinia pyrifoliae) A harpin( Xoo)
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harpin 12 26 28 33 -39
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Effect of transgenic tobacco expressing hpaXm on TMYV resistance

LI Le MIAO Weiguo ZHENG Fucong LIU Wenbo XIE Linlin

( Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresource/College of Environment and Plant

Protection Hainan University Haikou Hainan 570228 China)

Abstract: HpaXm cloned and identified from Xanthomonas citri subsp. malvacearum is a new class of harpin
proteins. Tobacco ( Nicotiana tobacum ‘Xanthi nc’) was transformed with HpaXm through Agrobacterium-media—
tion and the resultant transgenic tobacco plants were subjected to molecular identification and protein activity
assay to study the effect of the endogenous expression of ApaXm in the transgenic tobacco. The target gene and
the 35S promoter sequences were detected by PCR  and the target genes sequences were detected by Southern
Blot hybridization in the genome from the T1 line positive transgenic plants indicating that the ApaXm gene had
already been integrated into the recipient genomes. Reverse transcriptase PCR indicated that the transferred
genes were expressed normally in the transgenic plants. Soluble proteins extracted from plants which had been
transformed with hpaXm could stimulate hypersensitive response on tobacco leaves indicating that hpaXm ex—
pressed in transgenic tobacco plants are bioactive. Although the endogenous expression of hpaXm failed to make
a large area visible necrotic spots but the phenomenon of micro-allergic reactions was observed after trypan blue
staining. Constitutive expression of hpaXm in transgenic tobaccos conferred defense responses to TMV. The study
would provide a scientific basis to explore the biological characteristics of transgenic plants induced by hpaXm.

Keywords: hpaXm; transgenic tobacco; hypersensitive response ( HR) ; TMV resistance



