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#: 5% PCR(Differential display reverse transcription PCR,DDRT-PCR) 4 A& , DA/N2E $i b Fh Fi 98-10-35 &M Fh i 1376
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Identification and expression of anti-Sitobion avenae genes in wheat

WANG Chun-ping"**?*,ZHAO Hui-yan*,Zhu Qi-di** ,LUO Kun*
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Abstract: [Objective] The objective of this paper was to screen wheat genes to resist aphid, Sitobion
avenae and to reveal the resistance mechanism. [Method]) Sequences and functions of differential expressed
genes between resistant and susceptible population were analyzed by mRNA differential display reverse
transcription PCR (DDRT-PCR) with resistant parents of 98-10-35, susceptible parents of 1376, and their
F, and BC, F, (98-10-35/1376//1376) population. [Result] 8 pairs specific primers out of 24 were selected
were able to amplify 74 fragments with differential resistances. A mean of 9. 3 amplification products were
detected from above ¢cDNA templates. 20 bands with significant differences were cloned, sequenced and
compared. A ¢cDNA sequence with 2 260 bp,encoding 642 amino acids,was obtained and named as TA642.
TA642 was highly homologous to proteins in caderin complex subunit-STAG domain of other plants are

highly homologous. It was assumed that it would affect physiological and biochemical metabolism by pla-
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ying a role in adhesion of sister chromatid in eukaryotes. [Conclusion) An expressed sequence tags (ESTs)

sequence of wheat resistance gene,namely TA642,was obtained and it would participate in the resistance to

Sitobion avenae.

Key words: wheat; Sitobion avenae F. ;candidate genes resistant on aphid;difference expression;homol-

ogous analysis

=K B (Sitobion avenae F.) & 1H L4 15 35 [
Pz B AT N e R R ks 4200 e
] 22 KA I — AT 073 38 W™ 1506 ~ 3000 , ™ E
A5 602657, R B H AT B KA MY N
AR AR RN R AT VR AT UIRRE

HIRGE /N A Bt 2 A AE I B LA O 8 BT 8T Ak A
AEH Aol s T4 Ok [ PA A2 28 DA/ 22 o B 5 9%
ARG T TEAT TR AR, FEERKE
WECE (14 53 F A W02 7 T Stoger S04 1) K R
SR T T W gna T A/NE I EE NN
AN EZKET AL BENREEES T
0. 04 Y0 B AR B T LA 0 35 B AR 0F Ht BB R, W83
FUURIEET cry Ta Ml pra WIOCH IR EAM 0 2L R T
B SRR AN SR 2 S B RN vk R R AT AL
bS5 W HU A7 R 4 AL 4 R 5400 A
78%6 . HBIRL T /N P i B K R gna Al
pra s 0 K # R g — [] BF Dogimont
G5 Dedryver % Fll Dangl 457 i . AAH Y Hh
ALY 2 PR Var F1 Mio1, 52 FLA BT FR st
A LA 52 AR5 UL IX A (NBS-LRRO) 9 5T 1 2k
P R 14 18 5%, He 4 6% 1) NBS-LRR 2K 11 2 A7 1 51
U AR R AR /N 22 A R AR (8 53 7 HIL
WhoE i AL B A BF ST T /NZE S Fh 98-10-35 FEF
I SRR S R OR IO i ) B ik A 2 S R GA
PAFT R RN, EHEFHFHIREN,
INZE AP 98-10-35 A XTTF 1376 Wy HTaF MR 1 X
A0 P R PR A ) 1) R B R R AP TN
DL e fifk b A4 A Sal, ARBFSE A mRNA 2%
BN ) FE 5%k PCR (Differential display reverse tran-
scription PCR,DDRT-PCR) 5 A& , LA 15 /N 22 Ff i 98-
10-35 FEIF /N Fh T 1376 K L2432 19 Fy AR AN ] 52
JEARBC, FOREA A RE, 734 118 /N 22 bk F BT 5
JERMPE e JBT 22 1) 2% S AR DA 9 )7 9 S DI RE L B E 4R
7R /NZE BT U 43 F B B BRI AR

1R

1.1 ik al
BRIk B R o N 22 5L & 98-10-35, 1376 Jx H:

BC,F, (98-10-35/1376//1376), F, ft (98-10-35/
1376) WL 22 4 45 0 A A 0 g Ja 22 A7 i 4, G o
98-10-35 4T Wef Fl Jii , 1376 g Jak wf b 5, it A5 44
BEI4 B P A% B2 VG b AR ARR 4 KA B AR S PR A
Pt
1.2 HEREiET

I T 2008 — 2010 4F7£ P4 Jb A& MORE 2 K 27 1k
WA AT, R M 98 & BEAL T, A S0 5 R
(FOREF 2 47,3 WEL ATK 1 m. 171 0. 24 m, f{
PRI 1376 Ot IO o SR FH R B % R A5 3,
BT AL L,
1.3 mWHEE

ERH B RS RfaE KT, TANLEG LN E
HEIR IR 10 gUBORERY 7 ¥ B8 10 BRIH A i ok
HRKAE B, BT A 4 k. 3% Painter” [
O3 BARE  LUE A% 4 B0 CRg R — R (RO Bk i
- S4B/ B A i il CFROD B B H P X B0 A Sy BT PE
UIEER e
1.4 RNA W#REE -DNA B&EK

FE/INZZ &) B L F Rk IO/ o i AR Y TR
(—70 CHO R 1E. HFH Tiangen 2\ @) ) RNAiso™
Plus 3807 & 4% B /E UL E 17 &0 RNA #2100, DI45

ih A RNA AR, % PrimerScript™ RT rea-

gent Kit i& 7| & (Takara 2~ Al , K #) 6§ 5% & i
cDNA, RGP % 8 45 H FF 3~5 PRAE F R 55
EIRA T LU R AR R AR LA F,
1 BCF, B R 9 T 07 #F 5 ot FngR O AR o, T
DDRT-PCR %3 #7 .
1.5 DDRT-PCROMBEREFTHETE. . REM

i

TERT AT B FERE 1, L 3 &b R4 251
8 ZWALEI WAL A K 24 X514 (32 1), X 00 35
AR BRI S AR DL R SR AR B BT WE A R RO A B 1Y
cDNA #47 DDRT-PCR 2 72 ¥ 1, PCR &I & &
9 :cDNA BidR 2 pL,10 pmol/L iE K ] 51 4 %% 1
pL, 10X PCR buffer ( Mg"") 2 uL,2.5 pmol/L
ff) ANTPs 2 pL. Tag i 0. 30 pl (1.5 42 4%0),
ddH,O %M 2 % 15 pl, PCR ¥ ##F K. 94 C
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EHT A /DU A R G 2R (R ) 22 57 3R 0K 15 58 40 197

AR 5 min; 94 C A8 30 5,60 CHEE 1 min, & 1 4
TEIRREAR 1 °C,72 CHEAf 1 min, 15 MEH ;94 CAE
P 30 5,50 CE+4E 1 min,72 CHE{H 1 min, 15 PF
572 C 4 10 mins 4 CI#7F. PCR ™ ¥ H 80
g/ L AR AZ VRS TN M ok g B3 e (PAGE) HL Uk R v ik
ARG B EBOE B R R FILRR R R 2
SAWIGIAS  EEY IS 1R 2 kg R
I —BHKEETE 100 bp Lh Y B s 22 5 544, H
TR YT, & T 100 CddH,O P 10~15
min, &0 (10 000 r/min 10 min) , ¥ # 5 B b 7F &
YE R AT 55 2 kP 1S (PCR Jz B A& F Fl

R IR B R 9 M WA 20 g/ 1 BRI M B H
VKO B IE LU 5 28 e A KO — B0y 4508, A
SanPrep £z DNA i[5 W i 71) & [0 U )5 T e 3%
#| pMD 18-T #k CREF AW AT b, PR
Jn FF DA IR A2 A5 A M DH S o £ AT W4 11 B0 07 328 o BH 2 2R
S RE K ORI AR WA Wl HEAT DU eSS R D ) 4
1t GenBank JETCA A% R 50 A 11 50 80408 128 0 47 Lo X
M. BASRAT T 1 RAE T BUEERE P R e 3R
KK EE S 308 bp 19 EST J 41, ¥ H 4w 4 0
EST308,

£ 1 AKEHHATF DDRT-PCR By £ %5 %

Table 1 Main primers used in DDRT-PCR analysis in this experiment
EIR/E RS FIHFS (53" EIR7 RS 51975 —>3")
Name of primers Sequence base of prime Name of primers Sequence base of prime

H-T11A AAGCTTTTTTTTTTTA H-AP-4 AAGCTTCTCAACG
H-T11G AAGCTTTTTTTTTTTG H-AP-5 AAGCTTAGTAGG C
H-T11C AAGCTTTTTTTTTTTC H-AP-6 AAGCTTGCACCAT
H-AP-1 AAGCTTGATTGCC H-AP-7 AAGCTTAACGAGG
H-AP-2 AAGCTTCGACTG T H-AP-8 AAGCTTTTACCGC
H-AP-3 AAGCTTTGGTCAG

1.6 ZRFBEMNBFRESEYZERSN

Ll EST308 J5 41}y F 7 ¥ 51 , 7 GenBank /N3
EST ¥4 5 7617 5] U5 46 %, % K R 45 A CAP3
TEL PE4E CPF AT ZE A, 3R AT D245 R contigl, E
UL AR, EEURBERE R R RE T 8 B AR
737 EST308 Wy 4 {1 J¥ 51 . #] 4] ORF finder K 4
XF EST308 Ay 4 J7 51 it 47 B ie 19 8] T — A8

S0k FL A W2 15 18 AT 40T
2 RS0

2.1 MNEFAREERRERETHEHNEE

i i Painter™ (i 43 bR i, 739 5) — By K H
B PR TR o SR T [E) SR JRRE L 48 /N A2 Y T 5
PELERILER 2.

®2 MNEFFAREFRAZREFHETEN

Table 2 Resistance evaluation of wheat parent or population to S. avenae

" - " bt P Bk ( 0O Lo .
Fh 5 R R i S 15 4 b9
. Plants of resistant H .
Materials Plants tested . . Aphid index Resistance scales
or susceptible-wheat aphid
98-10-35 16 H14t Moderately resistant (16) 0.46540.092 MR
1376 16 E )8 Highly susceptible (16) 3.504740.056 HS
- H1#i Moderately resistant (8) 0.48140.096 MR
BC, Fy 16
/& Highly susceptible (8) 1.519+0. 102 HS
F 7 F14i Moderately resistant (56) 0.42840.074 MR
3
E1 8 Highly susceptible (15) 2.01440. 275 HS

MR, iR KA HS. B E R,

Note: MR. Moderate resistant to S. avenae; HS. Highly susceptible to S. avenae.

MR 2 T LUE L BENLAE E Y 16 #R13763 R
T A S HE RCH 3. 504516 Bk 98-10-35 Y E K
T IS HR RO 0. 46511 BCIFy 2015 1 4785 %
SEM 71 Bk Fs AR R, 56 BRI N 4, 15 Bk
PR, i 3 ¢ 1 kB R, JF B 98-10-35,
1376 . F, AA M BCF, J5 A% 2 (8] i IF 155 48 B 22 =7
R AT HE— 25 FHF 3L 22 5 40 HT

2.2 INERNAERHREMREFRE —# cDNA
J5g=—g: 0k gl

HU1 L &t HR B RNALTE 15 g/ L BB I e
Jie b BEAT HL KORGS5 SR IR 1A I L B ECAY /N
2 RNA FE S 9 28S,18S.5S rRNA £ 45 15 Wi , 13 B
A RNA 4 B4, e 8 P 4 g, DL Hh AR RR 0 A7
B SR ARAS cDNA S5 —4E , 45407 1 b W] 5 (&1 1B) , 7]
i JE )5 22 DDRT-PCR Sz b XA AR A1 ZE R
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Fig. 1

/NFE RNA (ARG 555 — 45 cDNA (B) 1y K I 45
M. DNA 43 T bR 5 1~ 6. 4» BIR B0 3 KA 0 35 A 98-10-35, 832 K A5 W 3 A 1376, BC Fy 4t B3 K AT W R L Fy 0 832 K45 W A bR

Detection of total RNA (A) and the first-strand cDNA (B) in wheat

M. DNA Marker;1—6. Resistant parent 98-10-35 to S. avenae,susceptible parent 1376 to S. avenae,resistant plants and

susceptible plants of BC; F; population and F3 population to S. avenae

2.3 MEREUREEERNERRESHT
I 3 &5 & 51 W 8 ZRBEALS| ¥ 4 TE A 24

XL G Tk 5 5 5 8 X RS A & H Y

AETE A 98-10-35.1376 F H: Fy QP 0oF | 2% F 48 bk
TR I 2 AR L YT 2 R RS
T B IR N

R NEKEUREEREARNERFIREGRIEFFRHTBER

Table 3 Differential fragments of candidate genes in different parents and the progenies plants of wheat

2| SEA TR S R 2% 5 488 No. of differentially expressed bands
. No. of amplified Fy HrHERE St
P 3 -10-35
rimer cDNA F; resistance 98-10-35 1376
H-T11A+H-AP-1 30 12 9 9
H-T11A+H-AP-2 32 11 9 0
H-T11A+H-AP-4 30 13 15 6
H-T11G+H-AP-2 30 13 8 2
H-T11G+H-AP-4 20 3 2 1
H-T11C+ H-AP-2 25 6 9 0
H-T11C+ H-AP-5 10 5 1 0
H-T11C+ H-AP-7 25 11 9 11
it Total 202 74 62 29
SF-#4 Mean 25.3 9.3 7.8 3.6
i 3 LU . 8 X 51 4 fE 2R A 98-10-35, " Lo s .
1576 B F, AUHLHERER T A BT RAHEN  won W M e
PN 8
202, F R XTSI W19 1 A0 BOR 25, 35 78 Fy AU @ @ = %r'get
P 22 R A RO T4 P XTSI i 4 300 bp genes

WECH 9.3, ¥ F, AAMPTPERA 98-10-35 ) 2 =
KiLFBEABX c M3, P=0.915 8, 2 % A %,
VLI Fy RS H0PE A 98-10-35 A28 F—F Fy 48
5 HEA 98-10-35.1376 76 A 6] {51 9 2 6] 9™ 384
M= AE e 22 5 I TALHE Fy ARERB A B ™
.

Yo 7E B B A L (GE AR 98-10-35 .BC, F, BERHT
UG S R s AP AR ) LA R SR A i TR LA
W0 22 50 20 SR 45 HEAT SR 2 IR 1G5 K e g &
2 I 22 5 45 R AT DR [l A o o DU L ke 0 )
FRATHTE DL BN BR 1] 26 B 22 5+ 19 20 4% EST ¢4
AT S B 1 R AE T A Bt R S R
FRM K R 308 bp 9 EST Jp 4l 4 Har 4 R
EST308, fidk §1 2 K 48 IF L P 76 R [\ P M 3 AR
BC Fy e Fy ARAP 45 R ANE 2 Fros

K2 BiEREY H R EARFE PN R A K
JE AR 22 SRR A T
L~4. 43000 Fy B KA B bR R E KRR 1376 HiEKE
F SR A 98-10-35 LU S BCIFy L2 K B WHH R s M. DNA 3 42 A of
Fig. 2 Detection of differential expression of resistance genes
in different parents and the progenies plants of wheat
1—4. F; resistant plants to S. avenae,susceptible parent 1376 to
S. avenae,resistant parent 98-10-35 and BC; F; resistant

plants to S. avenae; M. DNA Marker
2.4 ERRFEWEVMEEESN
Xt EST308 47 ML F PR IR — N IR A K h
2 260 bp MYIEA i B i SE M 7= 1 5 /N E2 AR TR %
B2y 5 FE 2 %ok A [ /N 22 R 2R 81
(AK335746 Fil AK335746. 1) 43 5 EA 99 % 1 98 %
B AR ABL 1 2 BB o B ) I ) 5 LR A B A 22
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EHT A /DU A R G 2R (R ) 22 57 3R 0K 15 58 40 199

X R 22 5 0] BE R R R A SR R 2 AR T B, AL
ORF finder {4t 37 v e F7 51 k47 B0 % ) 4048 T
— A EH M A EEREATR.EHL TGN
TA642,

Wi BLAST T H % GenBank JE 704 & 1
FRBCHE P L 3RS T — 2 5 TAG42 AL % 25 1 [ U5
(R 4D, 3k 2 [ Y5 2 15N I JE T A N R
(%86 1% 2R 1 R A R 3 —— STAG B8 (L #E I
TA642 F= B A H A A W 0 I I e £ B0 3 i o ke
YEM . TA642 5 Paterson'™ 454t 3 ) = B P12 4R
[1 5 SORBIDRAFT 05g025690 (51| % 2 . XP_
002451197, 1) Ay AU R 76 Y0 5 55 7K R A8 B 1 I
Os] _17396 (H: 2 5 41k if JE g 0 AR 7, B 5

EEE62593. 1) FYAHL 1 S 8124 5 15 7 5 18 2 26 14 o
(25T RITA B G B A, 55t XP_
002270509. 2) WAL A 57 % , Velasco %55 fiff 5%
FeU L R TT ATk B 5 1 it 5 96 250 o 0 o B R ZE AR
A 5 T A B4R e i AR R VTR G, 5 B A T
FHECESEE . XP_002301633. 1) AP H 52%,
M Tuskan &5 HEZ M E 1S5 TARRHK A
A B o R A B v SR 2 RO
5 By FE LR OB 5t 5. XP_002520706. 1 Al XP_
002532143, 1) (I AHALTE S 518 66 Y0 Fl 48% . A i,
R4 XoF ] 5 25 1 I Ty B 1 A 2% 4 I B R 1 BT B
it TA642 47 — & W A=W Pi k. vl BB 5 /N 22 B wF HL 3
A K AT S — L RE

£ 4 GenBank FRKEOARBIFEERS TAM2 FIHAMNERENEEEARNKEREER (2013-01-0D
Table 4 Search results of the new protein TA642 in non-redundant protein database in GenBank (2013-01-01)

B [ PR 2 A=Y LUEEER (<N 7 SNARLYE / %6
Accession number Putative protein Organisim E-value Sequence identities
XP_002451197. 1 SORBIDRAFT_05g025690 w3 Sorghum bicolor 0 76

EEE62593. 1 Os]_17396 IKFE Oryza sativa 0 81
XP_002270509. 2 i %€ & 1 Hypothetical protein W& Vitis viniferas 0 57
XP_002301633. 1 Tl 4 (4 Predicted protein LR Populus trichocar pa 9e 180 52
XP_002520706. 1 BRI BB Ricinus communis ge 3t 66

Stromal antigen, putative
XP 002532143.1 @zﬁmgﬁ*ﬁ‘}a . B Ricinus communis Ge 194 48
Stromal antigen. putative
(&% k]

3 e

DDRT-PCR # A 24 RNA )2 %% 5 (RT) fl
cDNA ) R & BisE 09 1 (PCROM 45 A 1Y cDNA 2
SEAREAR, ZEARREE R BHETZ, R
L TR A 0 B M DL R Y S B B
A5 3k 45 Oy |, AR BF 58 R DDRT-
PCR $AR N RNA KPR BN EZ i & fpd & B
M3 1 2R3k 22 5L o BT R TR 51 W #E /N 2 R AR
98-10-35 I 1376 B F, fCBEMR a8 & iy 2%
S BRI CE R REXT I RS R R 25, 3,
2R ECN 202, BN BB ST AR SR AT B 22 5
S 10 i 2 5 PR 423 R AT A3 A0 i AR B 9 3 ok
XN B EA F, Bt R AR BCF, HUik AR
O, DN =3 o 4 o e 32 PR e % H (0 6 I {45
i 3 5 PR B8 s/, 6k R 5 R 3 4 L B R
g AR 0 B AR T — RO k.

AHFFE R 24 5 F By EST308 18 5 51 1 A W (=
BEIEAT T 0T 45 R AT IR 1 TA642 3 (H nl Rk
FEAE B AR B I Ik e BRI R E R E
R BR -, T HEKR R
Wik — AT .
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