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46 B ERE R AN BEERIIMEEE
FEBRXRERRIE

BOAEY XERT ZHEED BFEE K OHT EFEEAT
(1. VYIRS K224 B% , By 46 7121005 2.t E ROV RE B AN SEARHFERT , #5H 450009)

WE: AHARRFANARZTEERWIEEZF L ISAF 460 FF A H S 4 2 AR, R
Foet k% w x5 FEomed dutd, JF A R % BF 52 8 € & PCR (real-time quantitative polymerase
chain reaction, RT-qPCR ) 3 K &f3f 4 & 42 I B 47 2 B 047, IR 3T L E R Rl smbk & o9 KA BE K
EF., SREW AN EFAT BRANRE IS A 0~34.72, P 170 A Bk &, RmIFE 8k
25.93~34.72;21 I A FuIatk & , R F8 HE 5.32~24.35; 5 v F] B4k A 9 R ILA R, A FR 3
4 0.00; = H-LHE2 = H-2 F RILE3 S 3tk £, RFEIEES R 1.81.4.40F2 1.62, LAEF
TR R )G , IRk R A Bk & P 89 PAL PRI . TLP#= NPRI A& W 9 F A XX R F 5 5 Bomdk
AR, FmIk & P 89 TLP PRI A= NPRI % B A 5% 26434 F R ik , PAL L B {2 Btk & Yo R Ltk
FPRE TS, ERAKRALREFRZ MRS H-THE2 P ,NPRI 5 €3N AR o) A B X
EFRKGTLPER AL E-HREP S L CIMAR R ABXZFRK; ERARKAN-FE
¥ NPRI 5 TLP &AM X ARIL , PAL #o PRI % A XA, #FA AW, EFESFAR HAH R, =
B- 2 & B2 Fe RAE-3 3T Bom A RAFHI I, STAE A 9% B AR 69 R 4s AR FUrE A B T 4k
BERFRE TP RAEETRNER .

KB NE; BER; Rk X2 RELN

Resistance identification and expression of related genes of downy mildew
in 46 wild grape strains

Zhao Hui” Liu Chonghuai® Jiang Jianfu> Fan Xiucai’ Zhang Ying’ Fang Yulin"

(1. College of Enology, Northwest A&F University, Yangling 712100, Shaanxi Province, China; 2. Zhengzhou Fruit
Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan Province, China)

Abstract: In order to determine the resistance of different wild grape strains to downy mildew, the leaf
discs inoculation test was used to identify the resistance. There were 46 wild grape strains sampling
which from 18 grape varieties and real-time fluorescence quantitative PCR (RT-qPCR) was performed
to evaluate the relative expression levels of key genes, such as PAL, PRI, TLP and NPR1, to explore the
differences in expression patterns among different resistant strains. The result showed that the disease
index of 46 wild strains were 0-34.72, of which 17 were susceptible with the disease index of 25.93-
34.72, and 20 of all were resistant strains, the disease index was 5.32-24.35. The Vitis rotundifolia, in-
cluding Pride, Jumbo, Fry, Summit and Triumph, was immune to downy mildew, the disease index was
0. Interestingly, Chinese wild strains Yunnan-Yuanmou 2, Yunnan-2 and Muzhaling-3 were highly resis-
tant and the disease index was 1.81, 4.40 and 1.62, respectively. The expression patterns of PAL, PRI,
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TLP and NPRI after P. viticola infection in resistant and susceptible strains were different. The expres-

sion levels of TLP, PRI and NPRI were higher in resistant strains after inoculating P. viticola compared

with susceptible strains. In contrast, the expression level of PAL in the susceptible strains was higher

compared with resistant strains. In the immune strain Pride and the high resistant strain Yunnan-Yuan-

mou 2, the expression patterns of NPR/ and the other three genes were the most different. The expres-

sion pattern of 7LP was the most different from the other three genes in the resistant strain Yingyu-Linx-

ian. In the susceptible strain Qiu-Songxian, the expression patterns of NPR/ and TLP were similar, and

the expression patterns of PAL and PRI were similar. The results indicated that a number of wild grape

strains showed highly resistant to downy mildew, such as Yunnan-Yuanmou 2, Yunnan-2 and Muzhaling-3,

which could be used as original materials for the breeding of disease resistance and the resistance genes

may play a significant role in resistance to downy mildew in grapevines.

Key words: grape; downy mildew; disease resistance; identification; quantitative analysis

%5 Vitis vinifera &5 AR Z EY),
HARCEHAFME ABTERIE S B, HG) 320 5
PRI , 20 5 S R 2 , 1200 rh A 4 A i R s
& Plasmopara viticola 5 |2 . Fe# i M tH 545 1,
JCILAE R 2 0 b IX, L IR A e, AT £ 5 A
W BT CHTRS ZF AT R SRS A 2, G
TR A T AR, SRR EA AR,
7 i B AIK (This et al.,2006) o /S [ 5 48 & Fl ek 7655
SRIPTTEAFTE2E 5 o WO R RE— BN DU RE 229 , 1T
52 YN HE X 7 B o A 0 Btk (X & T AR g
2004 ; Boso & Kassemeyer, 2008) , 2 J5 T SE Y () v
WA %5 V. rupestris FVA FE 5% V. riparia X FR B0 A
W SEGUYE , T B R4 V. rotundifolia V) 3k o 3%
(Jiirges et al.,2009; Yin et al.,2017) . f£4¢ i FHE0s
B T3 it A2 it T2 B R A 24 38 3 (G & Sii-
erotzki, 2008) 75— Fil B ek 48 e B s 1) e it A2
i L i Al (Brun et al., 2003 ), rfv [ B A= 4 %5 %t
VEZ R EA mPirt (Wan et al., 2007) , #1574 [A) B
AR R IR FR 0 FE B PP S P R R RS
255 TR B A TR A A B

VAEZ 7R IE YLk BOPTIEURT SL N L (E ERXS08 iR ]
FREEIN I ARG, o WETERBIKIG IR R Fiv%
FRAEAE o3 3 DA h K 4596 B2 ] (Bari & Jones,
2009) . HHEYISZ B IE R AL KGR & B KR
BN, 755 NPRI1FE DT AL, TS PREEIAIY T ik
ik (Dong,2004; Loake & Grant, 2007) ., [N #hKTF
R 2 0 e DR R R R o A DGR T 22, T Liu
et al.(2016) WFFE LR KW, J [N EDST M PAD4 335
SR EICIEA X R (0 EDS] . PAD4 .PAL \NPRI
PRI KL PRTE S 0 4 4 ot i b 2R 3K 485 s Marchive
et al.(2013) & BUHI 4 WRKY1 LR i3t Rk il i T

TRATIRIEAR H A S HE R (W 3k, i 4 % RE B A
B R TR AZ 75 Li et al. (2017 ) M =5 50 76 2595 1Y 1L 76
i iR e VaRGAT X, 45 R W 7E 55 550
FRYAOI , VaRGAT FEIR () 3R ik 1 1 2542 51 s He et
al. (2017) 3 3 #R & A& ¥T 18 Agrobacterium tumefa-
ciens BRI H A A 3L TLP 56 A\ 3173 25 0 R IR 1
A e 2, R S 9¢ 9t %2 1 PCR (real - time
quantitative PCR, RT-qPCR ) £ A 7 i 3 R 1 28 v i
W3 TLP FL R B 38 S 3w, 3R W] TLP AL R
Hsm T RSP A R AR P . O X R AR BT
PRI R 248 e i B4 L, Wi 45 (2017)
PRIE T 65 oy fif £ ) 4 % 6 B2 ML , WKL 4
FofRE X6 RICIE. it A BT 5 2% 52 655 (2016 ) 3 3o 43 A
40 foy B £ 58 26 X7 40 R BRI IO PLPE | & BTG M AU
% KRG 5SS TR R AR P T
FHEAE(2014) DL 24 A5 45 SRR B AP RL, T E R
FLE R oK TSR bR, R I Rk 07 5 R
FREE R AHIC, T4k, B A 4 48 1 A 58 AN R FH 4
2R, ORI 22 T 2 I v AR R A T A
B A E BT R S A 2 28 o ) o e R
R IR (PR 45, 2013) , a VR 0 B R &
Fpbt kL

AR B0 3 5 N B AR B R R X 46 1y B
AR R TR R DU S , I F RT-qPCR 4%
ARAAHFR AL PAL PRI . TLP F NPR1 #E 7 7€
AT, T S PO TR R A AR AR DA R A
P B PP AL F A

1 #R57TE

1.1 #
AR W - 46 13 BF A= 1 2 Ak R A o EAR L



1244 i/ A S 454

PRz BERS N SR B 53 i [ 58 o ot () 29 ) 9 8 [T, G
4y ILFE AV, amurensis R Z 5 Uy BLBE V. bryoni-
aefolia tR 2 Ay R % V. davidii ¥k Z 3 4728 17
% V. piasezkii ¥k 2 313 1EZRH5 % V. pseudoreticulata
¥RZ 3 AKFE 4G V. romanteii ¥k Z& .1 4y TR 4 V.
wuhanensis ¥k 22 VWK 2 V. wilsonae ¥k 52 3 1y
IR V. yunnanensis ¥k 22 3 MENT 4 V. betu-
lifolia ¥ 2 1 Y B A A6 %5 V. adenoclada ¥R 2 5 1y
MR R 3 MU AR R 2 T R AR AR
13 /NH46%5 V. sinocinerea tR 3 (2 403 73 S HIA A
R AR AR AR R VD SR 4T V. bellula FhFNAT 1 4y
Z2 W4 V. hnaocckii ¢ B 5 V0 18] % 0k 22 93 50
Rupestris . 7> i1 % %5 (0904 ) F11 LN33, Ji] j i 25tk 2
FELEAE 50(0917) FIEFE /R A(0915) o SREERTH 1)
AR AR EEER . AAIAR A TR 1.0 m 2.5 m,
RS A 8 4F , AT XUERIE

TS : RN Aprep Pure ZHHZIHHEY) S RNA
PR & RARA AR (st A BR A F] s Rever-
Tra Ace qPCR RT Kit, H 74 ToYoBo /2 ] 5 10 000 x
Ultra GelRed .PCR Related Products, 3¢ [E Biotech 2
] ; Roche LightCycler 480, LightCycler 480 SYBR
Green I Master 04887352001 . LightCycler 480 Multi-
well Plate 96, 5 - 2/ [G 23w s H g il 14 (57 73
Prafi, 1645050 LYK AX L J5FT Sub-Cell® GT Cell Hi,
VKA , 2 [E Bio-Rad /A 1] ; ND-1000 s izt 48 /M A] UL 43
Y& 1, 35 E Thermo Fisher Scientific 23 7 ; Mas-
tercycler PCR 1Y, f# & Eppendorf /A #] .
1.2 Ak
121 HAFFRATEFRGNE

TE PG JCARPRN A IR 27 1 2 7~ B 1 7 2
] A TS, SR A 11 i i 1 R e 2
F, HITCTR K e i R T Y A DX, g
WNTELE R H S, AR 22°C AHXT
TR 90% B REEEFRA N B 95 24 ho REBTRYIE T2
K, T JC T B 28 A1 2 il i TG P 28 1R /K P e il
S BEE W, AT BRI Rk G 728,
HH R R 1x10°/mL A TR BT, &
1.2.2 464 ) H 4k & 69 F N B AR

SRR . 2017457 A 1 HAEASH SRR 5T
JIT FE 2R A B (7 ) ¢ I P, SR SR A [ 7 2 R R 58
4~6 17 584 R IT OANTILGUSRD) 18 st J, B B A
FIATHR R IE 3 bR, BRI 30 M0 s I S
MK MR, FH AR 15 mm A9 FTFLAR , T £ ik
A FATHZ 80 J3 [ /N, BT 4. B4 90 mm

KRR LA 2 J2 TC R ue 4R, RS s ) 55 35 0L o
A4 mL JCTR 28K B i 275 5 B R
RRILFEALEA 1648, R MR RS 3, i 14
KRR . FHAS W i W BORs BR A ()96 TS BT
IEr b e AR 30 pL( 29 300 /44615 )
R 5] R G TR R VR, R R IR LD 4 b
30 L TR ZE MK o R0 e B 100 B B R 5 Lk
TR 22°C AHXT IR E 90% G HA BRI 45 12 h i A
TR NG IR
123 H &5 FREIAE LIRS R

RRiE P FEEN A 24 WS, G IR 4R 2 4
AR R TEAR R SR R AR IR . R R
PRI 168 WIS, Gei R4 T R, Rii%=
S99 I TR A SRR < 100% 5 B ACHS A BT 95
i F 474 BR, FH Photoshop CS5 1158 - A & ¥ THI
L, F I s TR AR T R
AR UE 09 LI BE 5 192 0.1%~5.0%; 3 ¢
5.1%~25.0%; 5 9% : 25.1%~50.0%; 7 2% : 50.1%~
75.0%39 9% : 75.1%~100.0% ., K349k 35 % 591 Ko 4% 4%
P BT S 1 18 28, 9 17 8 B= (4% 20 o< Al
NI L)) AR A B K< 9x100, HR IR R FE PR
o 2 D1 23 bR i (Wang et al., 1998) , Kl 434 M 454
FTE A, B 19 s I TE TR ECR 0529 : =i,
O<J T FEEU<S ; 3 - I , ST TR EL <2554 G - JEk
95, 25 1 48 £0<50.0; 5 9%« {84, SO 17 45 £l <
100.0,,
124 FEHMHE TR BREXE

T AN R A A R R R SR R AR
50T, ARG 46 1 BF A= B Ak 3R = N B IR P 5
e IO 75 B AN R BT B 4 0 A A Rk R, BV
PR POtk R mbikk R AR R o X 4 AN
PUPE A AR 3R 2 N B A 5 2 2 A
B, [RD IS BRE 1 NI KON R 43 1) 2 o 3 R o
0.72.120 F1 160 h | FHECHS ALY A IR 10 5% 432
FPFEREIG 15 AN [FIHTHERR R RSSO o
1.2.5 RNAFRIE K B £k 547

R FE AR T8 0.2.6.12.18.24 .72 120 F1 168 h
BF, X5 4 0 AS [) e 1 7 26 ik R HE AT SR A (L et al.,
2017) , FHF 5409 FH & 38 43 S5 3 PR 14 o 40
Mro 2% RNAprep Pure Z L W14 & RNA $#EHL
A S UL BT 4 0 AR RIPTTE AR R EE RNA
BRI, A SR TSI v P R 4, 56 U
{E ODaso/ M GAE ODuso 75 1.8~2.2 Z [a] () RNA #E47 5
235, IR FH 1% Byt W e 1 F VR DU RNA 19 40
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B R 5E#E M, 4% 1 ReverTra Ace qPCR RT Kit 5 il
B E B PCR 45 —4% cDNA, FI 436G BE 6
I cDNAFE SR RE F HARRER 50 ng/uL, B T-20°C
UKAR A H o

o RE PSS r N EE R ik RS
KK, PAA % actin 22X (Reid et al., 2006)/E N
TS AN A Y cDNA FIVER AT R . H

38 PCRIEATS [ e S AN, 358 B S M4

151 P 4T RT-qPCR Y3, il g vh e 5 1 a0
actin 3£ [N (& 55 EC969944 ) 59 /1 F (5" -CTTG-
CATCCCTCAGCACCTT-3" ) Ml R (5’ -TCCTGTG-
GACAATGGATGGA-3" ) . PAL K:H (& 55 XM_
002268220) 5|#1°H F(5'-CTGCTGACTGGTGAAA-
AGGT-3" ) Fl R (5' -CCAAGCACTGAGACAATC-
CA-3') PRI JEH (XM _002273752) 51491 F (5" -
GCACTCCTTTGTTTCATGGG-3" ) FIR (5" -AATC-
GCCAATCCTCTGGTTAG-3") . TLP %A (XM _002
282952.4) 5149} F(5' -GCTACAACTTACTCCGA -
GTTT-3" ) f1R(5'-TTCATAATTGGTCCCGGAAG-
3") \NPRI J:H (XM _002281439) 5|4 N F(5'-TT-
GCCCCAAGAAATGGTGAA-3" ) fl R (5’ - ATGC-
CACAGCATAGTGAAGG-3' ), i 5|1 &4
TAEY TR (L) B A FRA R A . 20 pL RT-
qPCR P14 )2 Wi {& & : LightCycler 480 SYBR Green I
Master Mix 10 uL.cDNA 2 pL, | 51445 0.5 ul.
ddH,O 7 uL. RT-qPCR 551 : 95°CHiAEYE 5 min;
95°CAE M 15'5,60°CiE K 105, 72°CHEf 15 s, 454
PEIA . B E S 3, TR A C
PrRifE2E o MR 2722 1 43 M 76 B 93 RS [R] 422 st
(] , 4 493 AN [l B P 7 20 ok 2R 0k R R ) A 0T 8 56 i
(Livak & Schmittgen,2001) . #HXJ & &5 HrH,
AL DLBREASFE S 50 1 B AR R e A AR ik
FTIH—AL53 07 o R JH Origin 9 #RAFRHTERL R (1) 5
w4 REATHIE 3, 1] R 75 75 1Y Gplots %2 4%
AL PEAT PO I IR R 4 SR R B R SR 24 M
1.3 #HESHT

FIH SPSS 20.0 ki 47 £ ge it 53 A, R
Duncan (OB &l 251504722 5 W 2 PEAS 50

2 HZRERH
21 4HEFETEHRENBEFEMETER
46 {5 P 1 AT RT bR 25 0 A 1 2 7 7

Z5 I EECN 0~34.72, Ho s 4G -9 R |
AEIR - RUE Fl Rupestris 55 17 17 A B #E R R TE F5

M 25.93~34.72, di B LY 36.96% ; =R -TCIE:
2. -2 FIARFLIE-3 =1 I bidk & s 5 500y
A 1.81.4.40 F11.62, 5 3UKE & 19 6.52%; JL vk
21 AEAR-rE RN - R R AR - E 2 %21 N
PR RE 2, 0 15 8 500 5.32~24.35, 5 L RE S
45.65%; I 3¢ 15 (0599) . < 4} 14 (0880) Fil 3 3¢
(0238) 45 5 {3 5 - 48] 28 ) e BN B 238 R T 48 50
0.00, 5 HEREE Y 10.87% (1) . WaltE+E8 S &k
PR A I M O A R BN 0.840,
22 EMEEREEARMMEKRRENERERL

R FR R S, AN BT A AR R BRI A
) () A AL AR AE (I 1) o (BRI 8 3 S A X 7 s e
BE I A R AEBE S A ] WL R AR 2 (] 1-
A) FEF168 h, FHUE R = F -G 2 M R A Al L)
INBEHE i, A L etk R A D i R IR 5 2 (] 1-
B) s 8 120 h = , P bk Z BB — AR B0 A5 w0
MISRBEBE S, AT L s bk R 2 M Fatk a2 (1 1-
C);HRN 72 h s B bk R A B R i s %
TR AR o, DL = R B 2, 7R3 7D 168 h
J& . A KEFEEZ(E1-D),
2.3 ARARIIES R P IREEENRER D0
231 HHR R R £ F e AR B oA

TE A AR A PR R T, PAL PRI\ TLP F1I
NPRIFEH A X b AN FE B 2 B%E FREE
TR RSB T, RUIFERIA R g T LA Pk
FLDH B3R AN [RIHT A A Ak 2 AR e 2k 1k 39 0
EIRT RIS A BE 25 . AR A 12 h
J& VUM R - E RSPk R s -k 2
PAL BRI AE X 3R 3K e K, 4300 4 10.63 Fi1 7.66,
BERTHE 2 M #i 4tk & (P<0.05) ;42724 h, 2
PR FR A AR FE bk R K- B PAL JE A
XA AR, A 15.08 F135.85, BER T HE
2 IR ZR (P<0.05, 181 2-A) . 45516 h, iRtk &
BB — AR EL o PRI L PR I R X 2% 3k 3k 3 e KA
431, HSHEMA R R 3 25 5 (P<0.05) 5
HeAh 18 hm , ek ZR S AR RS bk R Rk - B
1 PRI JEPR ARG 3k 3k Bl i RAH, 3501 K 7.64
F4.68 (H =K R = -T2 1 PRI SE R A AHXT
FIREBAR(EI2-B), M0 24 h )5, Pk R LB
BRIk 2R Sl TLP LR A AF X A 1A
B KAE, 43900 4 382.73 F126.73, H45 Hoe i A bk
FHBEZER(P<0.05) #1205, Bk R o
-G 2 W TLP IR A X Feak ik i KAE, Fy
27.10; #:R1 18 hm , B bk R k- B TLP LR Y
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Mo R

45%:

HHXF Bk ik B e K (E, 4 70.20( & 2-C) . #%F1 18 h
J5 A AR R D NPR1SEDR AR 2 A5 A7 1k 2
257 (P<0.05) , etk R 38  mHitk R =z W -t
T2 FPTH Ik 2R BB EL v NPR 1 LR A 55

1 46 FEFERERNEZF BRI EE

TR B R, 20 9 M 34.41 .209.88 Fl143.12, H =
R - TCIK 2 M AR X Rk R, 4 209.87; 88 6 h
J& , Bk R Bk - EL A AR ek i A R KM,
51.06(]%12-D).

Table 1 The incidence of 46 wild grape strains and the resistance grade to Plasmopara viticola

% A RIFE (%) VAR R3S PRl
Code Strain Incidence Disease index Resistance category
1 Jtvk4L Beibinghong 20.83 6.71 YUK Resistance

2 ¥y 25 %4 75 Hasanskii 39.58 25.93 JEJR Susceptible
3 ZEME4T Zuoyouhong 79.17 32.28 JEJR Susceptible
4 111#%5-2 Shanputao-2 72.92 32.79 JB Susceptible
5 H-WIRg Ci-Hunan 100.00 32.80 J8J Susceptible
6 Hl-HEYTXZ Ci-Hongjiangshuangxi 100.00 29.38 JEJR Susceptible
7 #1112 Gaoshan 2 100.00 24.35 PUI% Resistance
8 JRILTK Heizhenzhu 100.00 33.33 J&J Susceptible
9 14— 4 Huadong-Hunan 27.08 14.35 P Resistance
10 73~ P4 Huadong-Guangxi 33.33 16.67 P Resistance
11 1E 75 - W% Huadong-Shuangxi 41.67 29.38 JEJR Susceptible
12 BBk E Yingyu-Linxian 54.17 23.61 P Resistance
13 BHBE WT-7 Yingyu WT-7 20.83 9.26 PUM Resistance
14 BB -p4 4 1 Yingyu-Nanzhao 1 45.83 16.20 P Resistance
15 BB -3 A13 Yingyu-Wuhan A13 16.67 11.11 P Resistance
16 BB -F %111 1 Yingyu-Qingyaoshan 1 31.25 8.80 L% Resistance
17 k- 75 < 1 Wangmai-Lushi 1 62.50 28.70 JER Susceptible
18 ApI-R 7 Bianye-Lingbao 58.33 8.79 P Resistance
19 Agit—F #1118 Bianye-Yawushan 8 52.08 5.56 P Resistance
20 AR~ /4 [ Bianye-Lushi 85.42 20.37 P Resistance
21 Fk-R ¥ Qiu-Lingbao 27.08 5.32 L% Resistance
22 Fk—EH Qiu-Songxian 54.17 29.17 JE% Susceptible
23 Fk—H 21l Qiu-Qingyaoshan 70.83 31.91 JB Susceptible
24 = Hi—-J01K 2 Yunnan-Yuanmou 2 6.25 1.81 =Pt High resistance
25 - 1F Yunnan-Hunan 12.50 6.42 P Resistance
26 ZFg-2 Yunnan 2 4.17 4.40 =¥ High resistance
27 MR- P % 8 Xianzhi-Guangxiluocheng 16.67 6.42 P Resistance
28 I -2 Wuhan-2 10.42 6.48 HU Resistance
29 Hent -5 8 2 Huaye-Songxian 2 64.58 34.72 JEJR Susceptible
30 M- A5 2 Huaye-Wangxiangyan 2 77.08 14.35 P95 Resistance
31 HEIT—7 111 5 Huaye-Laojunshan 5 86.67 19.62 HUJ% Resistance
32 /NIH—K 7B Xiaoye-Changsha 89.47 14.29 P Resistance
33 A#LI%-3 Muzhaling-3 14.58 1.62 JEi High resistance
34 ARFLIE-6 Muzhaling-6 33.33 9.26 P Resistance
35 22114545 (0945 ) Lingyeputao (0945) 66.67 22.73 Y% Resistance
36 FEMT A2 (1104) Meiliputao (1104) 83.33 33.33 JE%p Susceptible
37 HHAE(0599) Pride (0599) 0.00 0.00 2J Immune
38 R (0880) Jumbo (0880) 0.00 0.00 4132 Immune
39 3113€(0238) Fry (0238) 0.00 0.00 H% Immune
40 FEHLIJEA TR (0707) Triumph (0707) 0.00 0.00 £ Immune
41 BEAAF(0646) Summit (0646) 0.00 0.00 H% Immune
42 Rupestris 95.83 30.86 JB Susceptible
43 701 (0904) Shadi (0904) 70.83 30.56 J8JP Susceptible
44 LN33 100.00 33.33 JB47 Susceptible
45 3645 50(0917) Barrett 50 (0917) 91.67 31.48 JB%P Susceptible
46 K% /R A(0915) Gloire A (0915) 87.50 28.70 JE Susceptible
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232 HHAR AL E GO RBERESM

RIER R T SREME ik R am-JciE 2
PAL PRI .TLP FI NPRI 3£ () Fe ik ta i —5, 5
A RSN p S o NPRT 5T 3L
()RR 22 T K (8] 3-A~B) s Pk 28 BB Ak
B.v TLP NPRI1 PRI Fl PAL £ [H i Fe A a4 —3K,
B ise BRJE N p s, Hrh TP 5 34~
FER R 25 S5 a5 K (81 3-C) 5 B bk R K-
B.rf PAL PRI .TLP FINPRI J: R LI )G T
PE RS b NPRI 5 TLP F i85 CAHE , PAL 1
PRI ZFRIEAAIE (EI3-D),
3 iTig

AR N 2 it R R B BT A A ()
FI AR i IR A | FH ) S vk 48 4 7 (X
KB, 2001; b7 EAMEE, 2007; Blasi et al., 2011) .
BRI 830 0) 46 10 BY AL W B bR R A TR
BTN A |, 45 SR F A AN [R) B A ) 4 Bk R X R A
MIPTHEAELE 22 5, HL AP AN [ RR R IR R
Z 5 X —H2 5 Wan et al. (2007) 15T 45 ] —
S5, BRI BA 100-6 11 EA 11-7 XoF 7R A RIS , 1T B
H1-8 1R H01-9 %o e a s W R I = e, v e B APt
P N TREHE R M AN [ 5 2 e 25 AN [F 4R F 2
FANARE] /) 22 5 (Pandey & Somssich, 2009) , Al it

0h 72 h

1 EMEERE0.72.120 71168 h [E AR FTIEE A ik R B S 45T

TR FH S A A e A B B DR E BT B A ABHERE , R 15
AFF 5 AR ] 1) 56 DR 78 55 40 R TR (R R XTI G 2R, DA
S HAF 3 FBOR S 7 (b I Ve TR L, S
UERSPH AR5 i DAL &1 | 328 P 82 Pt 2 o)
PIHTHE 5 E N AMF IR 45 A= A — 2, AR B
] DAY (2 P 40 28 25 R R R T S, S R R W
I 2 5 AR R B AR Ry e e, L e A 2 RV b
7] DU 2 B A B, X 5 B R R T T 9 (1986)
Staudt & Kassemeyer (1995) [ b 57 45 R AN 5¢ 4 —
B, J5 W BB 5 2 SR A WY (5] 7 2 ) R R B
T 7 7 25 R b G e 0 R A R A = MRS A
(2013 )38 128 FH i) [ SR 46 0 7 W (82 - 26 ) A
I G, X PP G FT R R TR A i B 1 B0
AT S 2S5 . CAMRRAA R 2 AN
VA BB JIAEAE 2200, Ik JE 45 (2015) X L AR 8 1)
13 BRFERE A TR R AR TSR, B 13 AR A PR A 250
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Fig. 1 Infection characteristics of different resistant grapevines after inoculating Plasmopara viticola for 0, 72, 120 and 168 h
A BIERR R FAE(0599) ; B: miibk R B Ik 2; C: HUWMR R BB - D: BURHKRK-HH . A: Immune

strain Pride (0599); B: high resistant strain Yunnan-Yuanmou 2; C: resistant strain Yingyu-Linxian; D: susceptible strain Qiu-

Songxian.
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Fig. 2 Relative expression of PAL (A), PRI (B), TLP (C) and NPRI (D) genes in different resisitant grape strains
after Plasmopara viticola inoculation
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{2 % . Data are mean+SD. Different letters on the bars indicate significant difference of different grape strains at the same inocula-

tion time at P<0.05 level by Duncan’s new multiple range test.
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Fig. 3 Heatmap cluster analysis of relative expression of PAL, PRI, TLP and NPRI genes in different resistant grape strains
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Pride (0599); B: high resistant strain Yunnan-Yuanmou 2; C: resistant strain Yingyu-Linxian; D: susceptible strain Qiu-Songxian.
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