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Cloning and Defensive Functional Analysis of a Wheat
Defensin Gene TaPDF35
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Abstract; In this study,a wheat defensin gene TaPDF35 was cloned from sharp eyespot-resistant wheat culti-
var CI12633,and its expression and function were analyzed. TaPDF35 contained an open reading frame ( ORF) with
249 bp length ,and encoded a peptide TaPDF35 consisting of 82 amino acid. The peptide TaPDF35 included a signal
peptide with 27 amino acid length at its N-terminus. The mature protein forms a typical af ( CSaB) motif, which
contained an o helix and a triple-stranded anti-parallel 3-sheet and was stabilized through four disulfide bridges
formed by eight cysteines. Real-time RT-PCR analysis showed that the expression levels of TaPDF35 gene in sharp
eyespot-resistant wheat cultivars CI12633 and Shanhongmai were significantly higher than those in sharp eyespot-
susceptible wheat cultivars Yangmail58 and Wenmai 6. TaPDF35 was expressed in both leaf sheath and stem, and
the expression was up-regulated after infection of Rhizoctonia cerealis van der Hoeven ( the pathogen of sharp eyes-
pot) . Through barley stripe mosaic virus( BSMV) based virus-induced gene-silencing ( VIGS) method, the expres-
sion of TaPDF35 was silenced in CI12633 plants induced by BSMV ; TaPDF35 compared with control plants induced
by BSMV : GFP. Both TaPDF35 -silencing and control CI12633 plants were then inoculated with Rhizoctonia cerealis
van der Hoeven,and the results showed that TaPDF35 -silencing CI12633 plants showed more susceptible to Rhi-
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zoctonia cerealis van der Hoeven infection compared with CI12633 control plants. The results suggest that the ex-

pression of TaPDF35 is required for wheat defense response to Rhizoctonia cerealis van der Hoeven infection.

Key words : wheat defensin TaPDF35 ;wheat sharp eyespot ;resistance response ; virus-induced gene silencing
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LRI IR SN 2 D\ B 28 B H 2Xvh 3 B9 1) — B
e e R A B A AR BE 0 0 1) 3 i 5t 0 e
( Clavibacter michiganensis ( Smith) Davis) | 3. i 4
JIW ( Fusarium solani ( Mark. ) Sacc) . T K /NBEJR
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(BSMV ) 5314 36 R T ER ( VIGS) 244, 43 T TaP-
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T o> AR AR A

1 #MRE5EFE

1.1 #EYHHESREER

8okt /N2 G Rh CT12633 FLLIZT 22 43 5] i 7T
INVE AR BEZE - = F 5T 5L AT B 4k 3 I 5T
RIS RPTECR /N SRR 0431 H L AR AR K
A HTIRBAZ G | SR /N2 R R AZ 6 5
AR P B YRS TS 5L A5G v BBk /N L R 22
158 A2 W8FYT. 95 HL R Ja] 3t X 4 B} Jr A AN g - 5 1
R X UG T SO T (R cerealis ) HE B /N Ff
WK207 Hi AR A Mb R T4 R i
1.2 RNA HJREUAK 5 1 $% cDNA HIE L

5 Trizol 557 & $E HU/INAZ B RNA | 28 RNase-
free Y] DNase I 2fifb, F P fz 5% 5% 38055 & (Fast
Quant Kit) #1756 1 5% <DNA &AL,
1.3 TaPDF35 EEMTER F 345

M4 TaPDF35 3L X () EST ¥ 41 CA630387 1E
NCBI W % ( https://www. ncbi. nlm. nih. gov/) #£17
Blast [, 15 2] 5 Z AU Ry 99% /9 )7 51 (% 5%
5 A BT009100) , AR #& BT009100 # #% 1 iz /5 4
WITE14, BT0091-23U1: 5'-GCTAACACAGTCCCC
CGT-3", BT0091-47911-2: 5’ -CAGAGTCAACTCA-
CACGAACAA-3'F1 BT0091-31U 2:5'- AGTCCCCCG-
TATGTAGCA-3' >R 30 PCR ¥ B iz SEH,
PCR ¥ 355 1 #8F2/F 498 °C 1 min; (98 C 10 s,
56 °C 55,72 C 40 s) x30;72 °C 10 min;16 °C 4
fE,K 55 1 %8 PCR 938 ™= I B 100 £5, 1E R 256 2
Ry W BitR, 52 Y BT R 98 C 1 min;
(98 °C 10 5,57 C 5 5,72 °C 40 s) x35;72 C
10 min;16 CHELE, F=¥12ead 1. 5% M3 A5 Bl it
Lk, YIS i, I 3% 42 ) pUC-T AR 3EF T 7
H Protparam ( http://web. expasy. org/protparam ) 43
Mt TaPDF35 R Gty 2 BL 12 1 B AL BT, ] SignalP
4.1 FER T H A B L ZUE R 3 5 b i 15 5 IR 2,
H SWISS-MODEL ( https ://swissmodel. expasy. org/ )
TOUIN L R B — 454, 78 NCBI H138 R TaPDF35 %
M By R I8 5 81, JF T Clustal X 3 47 L %t
ST,
1.4 TaPDF35 EEMRIESHT
1.4.1 TaPDF35 &£ By R /NEFHIRIE S
M BRSO /N R C112633 (ILZ0%2 , Pt
SURR/NAZ SRR LA 0431 LA B JBEURE G 71N 22 i Tl

W 158 i 6 5 R K BT, P & vk
INFELOAT WK207 , TE4EFN S 21 d, BUZRR AR
ain, PEICRE S 5L RNA L RSB IS 1 8% cDNA,
FHAZH 565 i RT-PCR 43#Mr TaPDF35 TE/N P EX
At A RE FUE SO S 14 OB Y SRR B O, TR
Primer Premier 5. 0 &1 TaPDF35 RN 2 1E5 1Y,
TaPDF35-(Q-244F: 5'-CACCGAGAACTTCCCCGA-3'
M TaPDF35-Q-495R: 5'-AACCAAACTACCGAGTC-
CCC-3", VA TaActin 3 H & W £, TaActin-F.
5'-CACTGGAATGGTCAAGGCTG-3"; TaActin-R: 5'-
CTCCATGTCATCCCAGTTG-3', ] ABI PRISMR
7500 SERTZEEE T PCR AN (ABI, 35 [ ) 47 5L 9%
JtE i RT-PCR i35, Z i TIANGEN A F] SuperRe-
al premix plus(SYBR green ) 171 & 15 B 45 4% 11 5 bz
N2 x SuperReal PreMix Plus 12.5 }LL\J:%EF}I
¥ (10 pmol/L)0.75 L. Fi#51 4 (10 wmol/L)
0.75 pL.cDNA #& 4z 8.0 pL.50 x ROX Reference
Dye 0. 50 pL, %k RNase-free ddH,0 % 25 wL;$ #7%
JFF:95 °C HZEPE 15 min;95 C A8 10 5,57 CiB Kk
20 5,72 CHEAH 32 5,40 PMEH, XA DMEER LT 3
YOMLST B H A SR, LUBREUHTIR /NZ IR 2E 6 5 Mt
R 2 74k P S RS R B /N 22 R TaPDF35
FEPRI P AXS 15/, H Microsoft Excel #X/FHEAT ¢-
K6 (K ) B P <0.05 MLy B W E k2
5, P <0.01 M EAN R E 2R,
1.4.2 TaPDF35 EEMALRRIEMZLHEFS
RIEDW  PLooibin /N2 C112633 A K |l FE
KA Sk e/ N BORG TR WK207 , BT 25 °C/
14 h G —12 C/10 h BEE &R AR, 4007
HEA SRR ET O h BEFP 5 36 h LR MG 72 h,3
AR TR] IR ZE I I 8 A AL B A L B BORE
RNA, 28 UG 5 10565 1 85 cDNA J& |, S22 6
i+ PCR 43T TaPDF35 1E/N A B SUR R C112633 fY
SRR o Ak DL RS2 /N SORG TR 5 1 3R
ik, BT 518 a0 A 2% B i o B O ik
[
1.5 BSMV-VIGS k&4 # TaPDF35 & E B 4L
R I sE

M 4E TaPDF35 £ 4 1) EST 741 CA630387 , JH%k
{4 Primer Premier 5.0 % it — XT3 4 CA630387-
VIGS-92F; 5'-TACGCTAGCGATGTCCGTGCCTTTT-
GCT-3" Fl CA630387-VIGS-290R : 5'-GACGCTAGC
ACGTCCGTCCATGCTGAAAT-3", 5| A Nhe 1 B3z
MO RILH ), AR B3 ) PremeSTAR HS
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DNA Polymerase ( TAKARA ) M\ $t S 95 /N 22 i Ff
CI12633 W4 3 i TaPDF35 3£ K 373K B 199 bp
() B, H Nhe 1 FR il 14 P9 10 B Bt 11 9 3% 7 Be Fn
v-GFP AR BRE, [MIJ5 2ok %% 42, y- GFP 24K
iy 5 y-p: 5'-CAACTGCCAATCGTGAG-
TAGG-3' 1E I % 51 #); CA630387-VIGS-92F; 5'-
TACGCTAGCGATGTCCGTGCCTTTTGCT-3" /£ T iif
519,48 PCR ¥ 14 AR AR WHEE I Fa Uk 22 1 H B R
BRIy A A B 5 B IE R 1005, 00 5 2R 1E
i 72 [ fiy 44 4 y-TaPDF35, «. y-GFP ., y-TaP-
DF35 #AFR ] Q. Cut Mlu 1 BEATEEY], B Fki
Q. Cut Spe I #FATHEFY), B TR s Ze Ak, DLk i
AR TR AR , 2 B SCHiR [ 33-34 ] A58 Jr ik, iF
FFRANGG S SN, y-GFP | y-TaPDF35 % 5% 7= ) 43
SIS SR o BB SR WIRG (ARG
30 L), i 2 f51ARFR ) RNase- Free ddH,0(60 pl),
SRBUER 90 L, PR 1 A5 2 x GKP Buffer
(50 mmol/L Glycine ;30 mmol/L K,HPO, ,pH =9.2;
1% Bentonite; 1% Celite ), Hx 2 15 3| 2 /& LK
180 L B EEFEFME A .

R/ANEGWRKE 2 0 10, B E Y
BSMV Ji IR G (o B I y-TaPDF35 (55 5k iR &
W), [FIHERP o (B Al y-GFP [ E 4 BSMV Ji #:4E
JXFHE AN R R 10 wL, SERUE, /N4
5 IR RNase- Free ddH,0,22 ~23 C &4 F
PRI 48 h ARG BIIEH A KIS, fi/NEH A
M R RSO S  BUREER RNA, R SRR 1
B cDNA, | BSMV-CP-F/BSMV-CP-R ] BSMV
SN 1 CP JE R 1 5% 5k 325K, TaPDF35 KL [H R
554 TaPDF35-Q-244F F1 TaPDF35-Q-495R 1N
KB4 , 52 2 Y6 5E # RT-PCR 4347 TaPDF35 %
Rl 3 38 &, ) 8 W 2h #2 Fh BSMV 5 2 9 B 1Y
CI12633 Ak TaPDF35 3L RUTER KT |
1.6 /IELHFENEMSETE

K U I LR E RN INAZ SOR T 2 2 1 5
SUMEE, R 2 K T R AR, 7E/ANE A
KBTI BT TR 22 1 A 2 i A\ B SR ZE AT 5
W8 22 ), A ZE AT A — AR A TR 22 1Y) 21 45 HE ol
SERUG , TN AT F B0 B L R L, B/ INAZ A
FRFEH] 25 C/14 h JGHR 12 C/10 h B EE
AR BERWK 2 I, CRRFERAIRIE  Rrak 1 JH,
25 d gt R iEoL .

YEE S GbnifE ) Rl 43N 3 BURG R A9 Gk

(IT,infection type) , H:H',0 K A2tk Tohe; 1 HHh
A AR (RIA B R Y2552 FOMIR IR A
ZEFF, ZZRPRBE I BVINT 17433 SR ZEFTG BE m AL
T /4 ~ 172 Z ;4 PO ZEFWREEm RN T 172 ~
3/4 Z )5 PONZERPRBE I ALK T 374, AR H B
MR

2 HRES

TaPDF35 ER M= E S5 F 554

WL P A X, v RS B (1) TaPDF35 51
55652 BT009100 15751 AT 99% AR AL .
FE343HT k7 |, TaPDF35 FE A — A K B 249 bp
() 8] 2 AE | S hh 82 ™ 2 ik R 4 L 1) 22 Ik TaP-
DF35, TaPDF35 By HUM 73+ 5~ 8. 96 kD, 45 Hi i1
J&8.50, TaPDF35 {9 N v B — Bt Kl 27 AN 3
MRfE 5 K, I HHA 8 MR sk L (E 1A)
H=R 258 h 3 e AT B-Hr & 7 Fl—1 a-
WUELLRL (1 1B) . K TaPDF35 £ JikJF %1 i NCBI
Y Blast T/E\—(http;//blast. ncbi. nlm. nih. gov) AT
FeXt, % B TaPDF35 5 NCBI ¥ J2 i () 15 R /R [
/N (EMS64594. 1) KLILSF B (XP_020198481. 1) |
OB W (XP _ 003575412.1 ), H OB
( ACB20518.1 ), £ >k ( CEJ09690.1 ), K #
(BAJ89304. 1) . & T ( XP_004953175. 1) . A€ HH %%
(AOD75394. 1) | B #l ( AAL35366.1) . Bf £ K &
(KHN06998. 1) U9+ (NP_178319. 1) FIBEZRE & 75
(XP_003629332. 1) [A] U5, A LI 53 51~ 65. 43% |
82.72% . 79.75% . 74.68% . 72.15% . 72.15% .
65.00% . 70.00% . 59.74% . 46.84% . 43.42% F
41.25% , FHXSEILN G C i )7 5 BEAT HE XA &
B, C om PR s b, B ELAE 8 Ak kiR iy
TRSFEER (B 2)
2.2 TaPDF35 BEEMFREHFES T

FHSZIE 5265 B RT-PCR J5 8220 M7 TaPDF35 %&
AR F SO TR 21 d BT SRRSO /N 22 Hp Y 2k
1L, G5, TaPDF35 37850 SO 6 B
77 CI12633 FLELLZE P iy 0k i 2 & T FE IR et
AR A2 158 iR 6 SR FREE (K 3),
TaPDF35 &R AEHTSU R /NEZE CT12633 AN [R5 LA
R Z SO 5 R IR 45 3 W AR S0 9 TR 1
TEBLT, 4 v A 20 e B 3 TR R Rk
TERERD UM B 5 36 h Fl 72 h, TaPDF35 3 [H 78 I
B 2R RA R R E S (K 4)

2.1
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61
21

121
11

181
61

10 20 30 10 50 60
ATGGCGCTCTCTCGTCGCATGGCCGCGTCCACCCTCCTCCTGCTCGTCCTCCTCGTCGCC
M ALSRRMAASTTLTILTLLVLLUVA

70 80 90 100 110 120
ACTGAGATGGGGGCGACGACGACCAAGACGGCGGAGGCGCGGGACTGCCTGTCGCAGAGC
T EMGATTTI KTAEARD I L SQS

130 140 150 160 170 180
CACAAGTTCAATGGCGOGTGOCTCAGCAGCAGCAACTGCGCCGGCGTGTGCCGCACCGAG
HKFNGARLsssNBacvirrTE

190 200 210 220 230 240
AACTTCCCCGACGGCGAGTGCCACACGCAGCACTTCGAGCGCAAGTGCTTCTGCAAGAGG
NFPDGERuHTQHFERKEFR KR

Aegilops tauschii subsp. tauschii
TaPDF35

Hordeum vulgare subsp. vulgare
Brachypodium distachyon
Saccharum offictnarum
Zea mays
Setaria italica
Nicotiana alata
Capsicum annuum
Glycine soja
Arabidopsis thaliana

Medicago truncatula

iEROE v
Relative expression level

Triticum urartu

GTCTGCTAG
81 v =

BELRAR I R AR 5 I BB 8 A-F IR

The sequence underlined indicates signal peptide, eight cycteine residues marked in shade

E1

INETaPDF35 ERHZEHR . SEBF I (A) MR =REHMEE(B)

Fig.1 Nucleotide,deduced amino acid sequences( A ) and structure model ( B) of TaPDF35 gene
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TKVAEARDCVSQSHNFKGACLSSSRCAAVCRTDNFPDGECHTPHFERKCFCKRLC———
VKVAEARNCLSQSHNFKGACLSSSRCAAVCRTENFPDGECHAPHYERKCFCKRPC——
TKTAEARDCLSQSHKFRGACLSSSRCAGVYCRTENFPDGECHTQHFERKCFCKRVC——
MKAAEARTCLSQSHKFKGTCLSH SRCAGVCRTENFPDGECH SHRLERKCYCKRTC——
TKVAEARHCLSQSHEFEGTCVR SGRCANVCK TENFPDGECKTQGLERKCFCKRVC———
TTVAEARYCLSQSHRFEGLCHSSSRCANVCQTENFPGGECKADGATRECFCKKIC——
TKVAEARHCLSQSHRFEGLCHSSHRCANVCQTENFPGGECKAEGATREKCFCKKIC——
ATVAEARHCLSQSHHFKGLCLSSSRCANVCRVERFPDGEOQTTAGTRECFCKRIC———
NTTAEARTCESQSHRFEGPCARDSHCATVCLTEGF SGGDCR—GFRRRCFCTRPC——
—RIVEARTCESQSHRFEGVCASETRCASVCQTEGF SGGDCR—GFRRRCFCTRPC——
THVAEARTCESQSHRFEGPCLSDTRCG SYCRTEGF SGGHCR—GF SRRCFCTKECHKHH]
—VTVEARTCESQSHRFEGTCVSASRCANVCHREGF VGGHCR—GFRRRCFCTRHC——
—MYVEARKCLSQSHSFEGLCLSDQRCATVCLTEGF TDGRCR—GFRQRCFCSKPCLEV—

deick ke delcick ek e dok. dek ok Kk ok, Dok, ook
B2 /NEERETaPDF35 S EBFIISEHEMYMERIERF I ZELLNER
Fig.2 Alignment of the wheat TaPDF35 amino acid sequence and its homologous
amino acid sequences from other species
200 -
_ Coh E36h B72h
4
2 150
i & %
@1 2 100 T T
83
<2 s0f
= T
&
0 |
Cl2633 i ko3l BEISS ke == Stem MH Leaf sheath
. 4 Ih i = TaPDF35 B EZ 4 HE K
B3 TaPDEIS BEAEAS R TBAH 4 hETHE ‘%‘:i%‘fﬁﬁﬁ EEEAEA
INE R R FE A mEEes

Fig.3 Expression analysis of TaPDF35 in sharp

eyespot-resistant and sharp eyespot-susceptible

wheat cultivars

Fig.4 Expression analysis of TaPDF35 induced by
R. cerealis van der Hoeven in the leaf

sheath and stems of wheat
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2.3 BSMV-VIGS ##i TaPDF35 E R E/NEH L
T 95 I Rz o Y Th B

¥ TaPDF35 FE1R 33— BEAC Bl 199 bp B4R
SEFA R A% A BSMV J5 8 1Y y 55, #4 A BSMV
LUK y-TaPDF35 (8] 5) , SV e, BEE
FER N SRR C112633 , HE Rl 58 J5 25 6 RAEHT A=
M FE RIS 2 B B, B2 A 8 )5 56 10 K, RIAT
WEE S R IR B BE (K 6) . BUR 10 KRG F-, 42
HUE RNA, Z8 S s 2155 1 85 cDNA, BSMV #h5%
A Gnts L CP DN 25 5L s A AR v op JE R i
PeEFRR (K 6) , X ULHH BSMV Jig 8 il Ehi% YL 2/
Fr JRUEAT TR, B BSMV i d i A Aol

BSMV -a - T -
Be
sws M m T L
l\lfhel Nhe 1
BSMV -y-GFP — T H
Nhe Nhe
BSMV-y-TaPDF35 —  ya |ml b TaPDF35

B 5 BSMV.TaPDF35 EA#HKE
Fig.5 Map of BSMV:TaPDF35 recombination vector

BSMV:GFP

BSMV:TaPDF35

E 6

i BSMV f5H /N ERMHREK BSMV

ShEEBRBERL RT-PCR #7

Fig.6 Chlorotic mosaic symptoms and RT-PCR analysis
of the CP gene of BSMYV infected wheat cv CI12633

AT RGN TaPDF35 3 PR 3635 1 DUER 1 B, $2 5
B 5B BEH F Y RNA, U 8 i ¢DNA, LI
HzFh BSMV . GFP (o, B Fl y-GFP 5 IR G W) # bk
%t HR S5 2 B RT-PCR 0 A1 4% F BSMV .
TaPDF35 (o B Fl y-TaPDF35 M55 IR -5 W) 9% 7

() CI12633 #EARH TaPDF35 JEIR () ek B, 45 3
/N, TR BSMV ; TaPDF35 i 8 19 C112633 ## #
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