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Identification of resistance to anthracnose in leaves of grape resources

and QTL localization of disease resistance genes

YU Fangfang, ZHANG Ying, JIANG Jianfu, SUN Lei, LIU Chonghuai, FAN Xiucai’
(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] Grape anthracnose is one of the main diseases of grape, which mainly infects
the fruits, young leaves and new branches of grape, causing fruit rot, shedding, or water loss and shrink-
age into stiff fruits. Breeding disease-resistant grape varieties is the most economical, effective, and en-
vironmentally friendly long-term control strategy for the prevention of the anthracnose disease. There
have been a few studies on the identification of the resistance to anthracnose and the QTL localization
of relative disease resistant genes so far. The study aimed to identify the resistance to the anthracnose
disease of different grape germplasms and seek for new QTL locus for the resistance and provide germ-
plasm materials and basis for the breeding and research on the disease resistance mechanism. [Meth-
ods] The indoor ex vivo leaf inoculation method was used to identify and evaluate the resistance to an-
thracnose in 60 strains of Chinese wild grapes, 122 accessions of V. vinifera and 76 accessions of V. vi-
nifera-V. labrusca, and the hybrid offsprings of Manicure Finger (susceptible)x Ciputao0940 (resistant),
and the QTL localization of grape anthracnose resistance was carried out using the genetic map con-
structed by SNP markers. [Results] A total of 1 germplasm with high resistance, 43 germplasms with
resistance and 75 germplasms with medium resistance were screened out, accounting for 0.39%,
16.67% and 29.07% of the total identified accessions, respectively. There were great differences in the
resistance to anthracnose in different germplasm populations. 63.34% of the East Asian population

56.57% of the V. vinifera-V. labrusca population, and 31.15% of the Eurasian population had the resis-
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tance to anthracnose. In the identification of anthracnose resistance in Chinese wild grape germplasms,
it was found that the resistance of different strains in the same population varied greatly, and the species
with strong resistance on the whole included V. davidii, V. pseudoreticulata, V. amurensis, and V. piasez-
kii. The strong resistance of the strains include Shanputao ¢, Longyuwanfuyel ¢, Duolieye-yingyu o',
Shanputao- shanyang1807, Mianmaoputao-chayul955, and Ciputao0940. The resistance of the hybrid
offsprings of Manicure Finger (susceptible)xCiputao0940 (resistant) were distributed in five grades. Ac-
cording to the normality test and single-sample Kolmogorov-Smirnov test based on the resistance level
distribution of the F1 population, it was found that the hybrid offsprings of Finger (susceptible) x
Ciputao0940 (resistant) showed continuous variation in anthracnose resistance, which was a typical
quantitative trait controlled by polygens, and the phenotypic distribution of disease resistance identifica-
tion results showed a trend of partial normal distribution, which could be analyzed by QTL localization.
In the positioning of QTL related to grape resistance to anthracnose, the interval or site of LOD=3.0
was used as the threshold value for QTL, and when the above conditions were met, the site correspond-
ing to the highest LOD value in the interval was considered to be one QTL of grape anti-anthracnose. In
this experiment, a QTL interval associated with grape anthracnose resistance was detected on the 8th
linkage group, and the locus with the highest LOD value in this interval was located at 140.682 c¢M, and
the tightly linked label was Maker1675910, which could explain the 14.7% of the phenotypic variation.
Based on the gene annotation results of the QTL locus interval, 15 resistance- related genes were
screened out, and they were hypothesized to play a role in grape anthracnose resistance. [Conclusion]
The resistance level of different grape germplasms to anthracnose was clarified, one QTL site against
anthracnose was located and 15 resistant-related genes were screened.

Key words: Grape anthracnose; Identification of ex vivo leaf inoculation; QTL localization; Candidate

genes
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Table 1 Identification result of leaf anthracnose resistance of different grape germplasms
iR Tt JJT K s btk | M 5T 4 IR (e QAR a3l
Specific Germplasm Disease Resistance || Specific Germplasm Disease  Resistance
name name index level name name index level
FHE VTR 20.00 R AAE ISR e 1000 R
V. ficifolia  Luoningsangyeputao V. piasezkii ~ Longyuwanfuye 1 ¢
GEIE Rk 20.00 R REL M 1500 R
Qingyaoshansangyeputao Lingbaofuyeputao
FEEN 1S 21.67 MR i AR 1500 R
Dengfengsangye No.1 Songshansenlingongyuan
F A (R HHRCE 21.67 MR FIREMQ 20.00 R
Sangyeputao (Nanzhao "aoping) Lushifuye ?
S U 1402 26.67 MR AR A SL 1706 2667 MR
Sangyeputaojiuligou 1402 Bianyeputaoshennongjia 1706
fE BA 31.67 S AR A 0958 2667 MR
Xinyangsangyeputao Bianyeputao 0958
SR 1404 36.67 S ZHULEM 1S 3333 S
Sangyeputao 1404 Laojunshanfuye 1"
ZRUL S5 % (2007) 40.00 S AR %] 0957 3833 S
Qinlingsangyeputao (2007) Bianyeputao 0957
R PR 20.00 R WHHE  ZRM-MHg 1167 R
V. pseudo-  Guangxiziyuan V. bryoniae-  Duolieye-yingyud'
reticulata T CHAA) 20.00 R Jolia PRELBIEBE © 2000 R
Hongjiang (Tongmu) Linxianyingyu @
FiEE 15 20.00 R BB AL 2000 R
Shanghaizhiwuyuan No. 1 Wuhanyingyu A12
M 03 @ 20.00 R B A2 @ 3333 8
Shuangxi 03 ? Wuhanyingyu A2 @
(ELEEFN 21.67 MR GEJIE T 3833 S
Xinyanghuadong Qingyaoshanyingyu 15
WIE 0L 26.67 MR BHBE-ZR1011437 3833 S
Shuangxi 01 &' Yingyu-Taishan 1437
WK AR 40.00 S ANRAEE S DNREPRIE T 1606 4333 S
Xishuihuadongputao V. balanseana Xiaoguoputaonanning 1606
HH & a2 15.00 R ko] i @ 500  HR
V. davidii Fuanciputao V. amurensis  Shanputao ¢
RE B 15.00 R 1L -1 FH 1807 1333 R
Heizhenzhu Shanputao-Shanyang 1807
MR 11 15.00 R i & 20.00 R
Hongjiangci 11 Shanputao
AR R 15.00 R L1 % F) [H 1803 3833 S
Huiliangciputao Shanputao-Xunyang 1803
T4 0940 20.00 R SR EEEE-EK 1614 4333 S
Ciputao 0940 V. chungii Minganputao-Xiushui 1614
M E A2 @ 18.33 R BHIE Wz B E Q 2667 MR
V. betulifolia Songshanhuaye 2 ? V. heyneana  Du’ anmaoputao @
HEH A G B A=l 33.33 S BHIE -2 2013 26,67 MR
Huayeputao (Songxianbaiyunshan) Maoputao-Du’an 2013
EAA 1o 35.00 S BHIE (FREZD 3833 S
Wangxiangyanhuaye 1 &' Maoputao (Baotianman)
e 4 -2 S 1440 45.00 S {5 FH B A & Gt 40.00 S
Huayeputao-Xingdoushan 1440 Xinyangmaoputao (Hanyanting)
WRECEE DRRREETE 04 26.67 MR BEEE O BREe 1500 R
V.adenoclada Shuangxixianzhiyesheng 04 V. flexuosa Gelei @

R P MR, L HR. #5590 S, 2 HS. wK.
Note:R. Resistance ; MR. Medium resistance ; HR. High resistance; S. Susceptible ; HS. High susceptible.
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%1 (4) Tablel (Continued)
GiiEA T 44 B wtsiase  bitkgn | M4 5T 44 K Tt TaE Pk
Specific Germplasm Disease Resistance || Specific Germplasm Disease  Resistance
name name index level name name index level
M HRE 03 36.67 S Hiio 2750 MR
Shuangxixianzhi 03 Geleid'
B A 01 40.00 S B -R1 1428 56.67  HS
Shuangxixianzhi 01 Gelei-Guankou 1428
MR 2SR 0945 26.67 MR HotEsE UK 1707 1833 R
V. hancockii  Lingyeputao 0945 V. wuhanensis Wuhanputao-Dawu 1707
ZEMH & -3 %2 1610 60.00 HS U & -7 1710 40.00 S
Lingyeputao-Ruian 1610 Wuhanputao-Xianning 1710
mETWE  MTHE-EE 1955 13.33 R K REKHE 1500 R
V. retordii ~ Mianmaoputao-Chayu 1955 V. romanetii  Lingbaoqiuputao &'
R ATE S 21.67 MR R ATE P25 36.67 S
V. vinifera ~ High Bailey V. Vinifera Aishenmeigui
DR AL 21.67 MR AR BN 36.67 S
Shandongzaohong Fenhongyayisuna
RE = 23.33 MR R 51 36.67 S
Blue French Fenghuang 51
dear 23.33 MR HAL Sy 36.67 S
Cardinal Rizamat
AT ey 23.33 MR EIN 36.67 S
Pink Arimandon Manicure Finger
2 23.33 MR Kiig 7K 36.67 S
Pensal Blanco Mihaer
1 HhER 23.33 MR R i 36.67 S
Red Globe Aromatic of Pecs
4 M 23.33 MR P55 B 36.67 S
Jintianwuhe Qiaqgiwahe
AR 23.33 MR (eS| 36.67 S
Khoussainek Weihongbai
AT 23.33 MR VaE 36.67 S
Tchavouch Userum Xiying
FEUEHI 23.33 MR A 36.67 S
Christmas Rose Xiabai
SR ILVN i 23.33 MR N 36.67 S
Jushen Xiaobaiputao
#E 23.33 MR ALy 1L 36.67 S
Zeyu Ispissar
InEE R 24.00 MR O 36.67 S
Canada Muscat Italia
Gold Star 25.00 MR 37.14 S
Ribier
AR 25.00 MR JERMAEZ) 2 5 3818 S
Gousale Kara Shenglihuayao No. 2
IR 25.00 MR Mutant of Thompson Seedless  38.33 S
Pinot Gris
TR K 25.00 MR SRS 3833 S
Paikaer Trebbiano
Black Diamond 26.67 MR A 38.33 S
Jingkejing
Ly EAR R 26.67 MR FTE 3833 S
Pink Rozaki Lizixiang
R 26.67 MR 2RI 38.33 S
Black Hamburg Victoria
LR YIN 26.67 MR FH A 3833 S
Precoce De Malingre Wujiakeayi
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%1 (4) Tablel (Continued)
iEA A 44 5 TETR L BuEg || A s 44 B s TR Bitkgo
Specific Germplasm Disease Resistance | Specific Germplasm Disease  Resistance
name name index level name name index level
A 26.67 MR AL A A 3833 S
Niuxin Yilixiangputao
T SR 26.67 MR T 38.33 S
Mascat Plevenski Zaomanao
WREER 26.67 MR BUBRIL 40.00 S
Shennongjinhuanghou Olympia
P CUWY 28.33 MR Star Light 40.00 S
Heijixin
AR 28.33 MR N 40.00 S
Carignan Italian Riesling
e 28.33 MR EAWIIEIRIA 40.00 S
Pannoniavinesa Hungaria
T 28.33 MR ARIATIIDN 40.00 S
Joanna Charnice Flame Muscat
HH 28.33 MR ANsw 40.00 S
Xiabai Ruby Okuyama
IR BOR 30.00 MR WE 40.00 S
Fusimeigui Jingyu
(EDAS 30.00 MR TR 40.00 S
Greaca Longyan
A 2T 30.00 MR L 40.00 S
Hetianhong Ping’er
AR ) 30.00 MR H &4k 40.00 S
Rosario Rosso Rilujiewei
M 30.00 MR TLBHECIR 40.00 S
Huangmisi Shenyangmeigui
LR EN A 30.00 MR Sire 4000 8
Gros Colman Sultanick Rose
NS 30.00 MR [Eprahs 40.00 S
Muscat Blanc Selecta
—T4F 30.00 MR FiL 40.00 S
Millennium Xiangfei
Gold 31.67 S LipiZAN 40.00 S
Muscat Mathiasz Janosne
TR R 31.67 S R 4000 S
Cabernet Sauvignon Zaomeigui
ey 31.67 S HP HLAL 40.00 S
Khoussaine Blanc Zhengzhouzaohong
IifR2 5 31.67 S Bt 41.67 S
Qiaobao No. 2 Otilia
ARHJE 31.67 S A i I3 HL 41.67 S
Centenial Bujisuli
71465 31.67 S =N IE 6 41.67 S
Su No. 46 Rose D Italia
FE 31.67 S B A i 4 4333 S
Zexiang Emberad
BERIR 33.33 S RYT] 4333 S
Madh Pa Fare Madeleine Solomon
R LR 33.33 S PER 4333 S
Hatebaer Yangputao
Heh R 33.33 S T H 45.00 S
Jilaer Thompsons Seedless
9y 33.33 S Hod 45.00 S
Liinai
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%1 (4) Tablel (Continued)
T4 Tl 44 Bk WtEIREL  BitEgo || Fh4 Tl 44 s RS Btk go
Specific Germplasm Disease Resistance | Specific Germplasm Disease  Resistance
name name index level name name index level
3 33.33 S WORIEHE 45.00 S
Manao Perlette
He AL 33.33 S L 45.00 S
Merlot Pinot Noir
FHERFES] 33.33 S i bl 5L S 45.00 S
Qichakapulie Queen Of Vineyard
Re# 33.33 S EEAT 45.00 S
Zaojinxiang Chardonnay
Sk 33.33 S BiREY 46.67  HS
Zitao Traminer
KPR 33.33 S £ 46.67  HS
Zizhenzhu Zifeng
TCHEARE eI 35.00 S JEEF 48.33 HS
Kelimukaonisong Shengli
AL 35.00 S BE)E 51.67  HS
Lilit Heixiani
& 35.00 S LR 58.33 HS
Muscat Hamburg Jintianfeicui
TR B 35.00 S FIH i 60.00  HS
Rose Cioutat Pinot Blanc
RIS 35.00 S BRI 60.00  HS
Elisabeth Grape Kocsias Irma
Kamea 36.67 S R 60.00 HS
Qiuheibao
WRSEAAD R 8.33 R BRFEZRFN TR 28.33 MR
V. vinifera-  Takasumi V. vinifera-  Hoiyu
Viabrusea 4y o 1333 R Vlabrusca 4 yypg 2833 MR
Red Olympia Hongshuangwei
il 13.33 R ARG 28.33 MR
Suiho Beni Izu
Reliance 15.00 R Gl 28.33 MR
Jifeng
SRR 15.00 R S 30.00 MR
Heijianiang Kyoho
FHHT R 15.00 R FEEVR 31.67 S
Tano Black Muscat Bailey
W 5 16.67 R KB 48202 31.67 S
Fenghou Daban 48202
4 20.00 R Ee e 31.67 S
Bath Golden Muscat
FIA A 20.00 R A 31.67 S
Baixiangjiao Jingya
A B To % 20.00 R FREFER 31,67 S
Bronx Seedless Campbell
ML 20.00 R Jehnd 31.67 S
Herbert Niagara
B 20.00 R A AN 31.67 S
Honey Black Xiyanghong
LRI 20.00 R i 31.67 S
Venus Seedless Xiangyue
JEIR % T 20.00 R E 33.33 S
Moldova Jumeigui
AR = 20.00 R EERER 33.33 S
Shennongshuofeng Zhuosexiang
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%1 (£) Tablel (Continued)
4 T o 4 B WiERE biegon || A T ot 4 s R Bk go
Specific Germplasm Disease Resistance | Specific Germplasm Disease  Resistance
name name index level name name index level
20 20.00 R LR 35.00 S
Tano Red Lady Washington
Y4 20.00 R AN 3500 S
Vergennes Beni Fuji
fEfesr 20.00 R AN YN 3500 S
Xinnonghong Suffolk Red
NRBIA 21.67 MR AN 3500 S
Roudingxiang Red Star
THC B 21.67 MR Vak=PA=) 3500 S
Guifeimeigui Hupei No. 2
WARAE 21.67 MR Hra A 3500 S
Shennongxiangfeng Steuben
SEXS 22.50 MR HIRE 36.67 S
White Olimpia Mills
fAR S 22.50 MR M TRAR 36.67 S
Hongxiangjiao Zhuangyuanhong
AR 23.33 MR ®E 36.67 S
Jingyou Shigyoku
P 23.33 MR S 36.67 S
Ryuho Zizao
WAL 23.33 MR e 38.33 S
Honey red Hartford
Rosebell 25.00 MR Bt 38.33 S
Governor Rose
[ 25.00 MR FEMA 3833 S
Takasago Meizhoubai
[ARITES 25.00 MR RATHIRAT 38.33 S
BENI ZUIHO Muscat Angel
e 25.00 MR KPE 38.33 S
Zuijinxiang Zizhenxiang
ey 26.67 MR oA 40.00 S
Queenora Urbana
icEAN 26.67 MR B 40.00 S
Cuihong Hupo
Bk Black Olympia 26.67 MR FFGE Catawba 40.00 S
J1X 85 Hutai No. 8 26.67 MR P5INE Sagami 40.00 S
% & /K Rommel 26.67 MR 175 Shenxiu 40.00 S
LB IEA Muscat Newyork 26.67 MR SE# Pioneer 40.00 S
J# %2 Fujiminori 26.67 MR % H Otoda 40.00 S
7t 545 Tzu Nishiki 26.67 MR Yt Mizhi 46.67 HS

122 G BB b, H0 A5 5 EEAN R 31.15%
23 HFEFLEEEMRRERNMMEEESR

FEC YR T H [ A 2 4 4 ] 5% 1) AR R
B AR B R JE A AR RRS A, A58 o AR ) 2R
A ) S YR T A B A A A . EX R E
7 AR %) 16 /N 60 NPk R AT LRI %8 K
I, [R]— o A A (R TA) i 22 S R (3R 3D, 1R
SR A AR I A R AR A S R Y YA SR A
TR IR 22 o (H IR B3, J0 1 M Xt 42 i ) e

A A AR A L A AR T . BT,
7 35 HH U BRI A BT LA ) @ R IRTE S
@ ZANM-BB o 1L AT - 1L BH 1807 4% 1 4 - 52
BEY 1955 A8 22 0 ] 4 25
24 QTLENS#Hr

SR FH 2 A AR Iy 4 B i o AL A il i %5 0940
HEREARE N S FoARr SRR AT BUm 1 55 e, 25
TR 7R I ] 0940 X AT AE 2 9%, Kk NFB A (E 4
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Fig. 1 Leaf phenotypes of different resistant grape germplasms
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Table 2 Identification result of anthracnose resistance in different populations of grape

BTG T s L

g Mok The number and proportion of germplasms infected by anthracnose
Population Number — N - —

Pl HR HLR MR &S = HS
DT o 122 0 0 38 76 8
Eurasian (31.15%) (62.30%) (6.56%)
K 25 Al 76 0 18 25 33 1
V. vinifera-V. labrusca (23.68%) (32.89%) (42.11%) (1.32%)
RALAHE 60 1 25 12 20 2
East Asian (1.67%) (41.67%) (20.00%) (33.33%) (3.33%)
ait 258 1 43 75 128 11
Total (0.39%) (16.67%) (29.07%) (49.61%) (4.26%)

PO GON o A AT IES RIS (B 2 FIERAE AR Kol- 45 R AR Y 0 A 52 B 0w 1575 40 A7 1 7 35, vl gk A7
mogorov-Smirnov £ 35 (8 4) , & Il 4 % 0940 Al QTL & i 53 #7 -

e NF8 2% 58 Ja ARAE IR o vk 77 T R I th 1 e 2 FIFH B A 8 AL B, 256 F A B R &
S, R WA 2 EE NI BE R, PR € PURER S E SR S 8 SIS FalF 115
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Table 3 Anthracnose resistance identification result of different populations of Chinese wild grape
\ e R R BRI 5 LR
(ES St The number and proportion of affected strains
Category Number — - - —
Fifil HR HiR Hii MR s ki HS
e kel 8 0 2 3 3 0
V. ficifolia (25.00%) (37.50%) (37.50%)
AR 8 0 4 2 2 0
V. piasezkii (50.00%) (25.00%) (25.00%)
k) 5 0 5 0 0 0
V. davidii (100.00%)
LNkl 7 0 4 2 1 0
V. pseudoreticulata (57.14%) (28.57%) (14.29%)
BB % 6 0 3 0 3 0
V. bryoniaefolia (50.00%) (50.00%)
EHE 4 0 0 2 2 0
V. heyneana (50.00%) (50.00%)
HEI 4 0 1 0 3 0
V. betulifolia (25.00%) (75.00%)
1L %] 4 1 2 0 1 0
V. amurensis (25.00%) (50.00%) (25.00%)
JiR A 3 0 0 1 2 0
V. adenoclada (33.33%) (66.67%)
B i I 3 0 1 1 0 1
V. flexuosa (33.33%) (33.33%) (33.33%)
W& k] 2 0 1 0 1 0
V. wuhanensis (50.00%) (50.00%)
EL k] 2 0 0 1 0 1
V. hancockii (50.00%) (50.00%)
Hofths 4 0 2 0 2 0
Others (50.00%) (50.00%)
Hit 60 1 25 12 20 2
Total (1.67%) (41.67%) (20.00%) (33.33%) (3.33%)
T Fofh A S R A R L R R N R A R R S — 1
Note: Others include one each of V. retordii, V. romanetii, V. chungii and V. balanseana.
& PRI A 9SI QTL (SR 5) , LOD {H AT it B2 ) "4 BAURMEBRER
W37 9 140.682 cM Ab , AT R 14.7% 1) F AR 5 Table 4 F, population resistance data result
¥ il 22 - N R
40 Para- Standard . Standard . Skew-
Mean . Median Range Kurtosis
meter deviation error ness
L 3.20 0.92 3 4 0.10 -093  -0.15
30 L Value
o\\°
5 ; i
g &5 FBHE QTL EfILHR
=
g U Table 5 QTL positioning result in F; population
S
¥ ZH EYHE BEXN W o7 RS
R Para- Linkage Confidence Peak LOD Explained
10+ meter  group interval/cM position/cM variation/%
%Zﬁe LG8 140.138-140.682  140.682 3.07 147
O 1 1 1 e

0 ‘1 2 3 4 5 6
U Resistance level
2 FREBFBERERMERA DS
Fig. 2 Distribution of anthracnose resistance levels in F,

generation population of grape
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Table 6 Screened candidate genes resistanance to disease

Gene ID J@%ﬁu‘# #@iﬁﬁﬁ 4 TR _

Linkage group Physical location Gene annotation
100243697 LG8 7570 474-7 572917 Myb family transcription factor PHL7
100259062 LG8 7 652 323-7 653 874 Trihelix transcription factor GT-3b
100259037 LG8 8224 138-8 229 607 Transcription factor bHLH140
100852650 LG8 8408 536-8 411 583 Leucine-rich repeat receptor-like protein kinase
100248811 LG8 8591 154-8 594 667 Leucine-rich repeat receptor protein kinase MSP1-like
100247292 LG8 8 633 579-8 635 543 LRR receptor-like serine/threonine-protein kinase
104880030 LG8 8 753 617-8 754 545 Transcription factor LAX PANICLE
100253914 LG8 8891 291-8 895 232 Trihelix transcription factor ASIL1
100243128 LG8 9631 835-9 635072 Inactive leucine-rich repeat receptor-like protein kinase IMK2
109123048 LG8 9796 068-9 798 915 WRKY transcription factor 26
100258428 LG8 9808 532-9 813 741 F-box/LRR-repeat protein 3
100248331 LG8 10 799 399-10 803 839 LRR receptor-like serine/threonine-protein kinase IRK
100255013 LG8 10 843 889-10 845 939 WRKY transcription factor 70
100256914 LG8 11 018 056-11 024 251 Myb family transcription factor PHL7
100260239 LG8 11202 716-11 205 705 Transcription factor IIIA

(V-myb avian myeloblastosis viral) & [X 5% ji #% 5%
1,100259062.100259037. 104880030+ 100253914 £/l
100260239 Jy #% 5% Al F , 100852650, 100248811
100247292 100243128. 100258428 100248331 ¥ J&
T Leucine- rich repeat receptor- like kinases (LRR-
RLKSs) # K 5 % , 109123048 A1 100255013 ¥ J& T
WRKY Fit K 5K, 12 552 i 5 R S i —

3o i

] 1 7] ) Jos A A0 )RR 22—, B A A
RFHILERF DI I 1 2 b % Fh o x
DI I VEAN TAE o BT 2 AP SR 0 A 47 e JE
PRI 56 5 16, T 78T ] JR A [ bR ) ol P9 1
PURPEAFAERORZE 5, Jrh , v [ B 2 80 ) o L
PUMEF B0 o B S5 X e ] B A A R
TRBTIERIE TE A A I 5 1L A < R e AT 2 L A A
IEORIELI , R 4 T AT B R AR A A
T 4 R DL A R B S He o RSN EOR TR
HRAEBWE - 12 & Z&-11.7-6 55 94
PRA . ARARUHIE] B AR % R DU A L A B
1% 5 8 NP AR IE 32 AR AR BIEIR IR B AR
SRR E o 55 B AL TS AR BE , W A5 70 18 38 3 4
550 B8N AR o ) 4 e AT R o 2 3 ER )
T BEAT BRAELP I 45 €, 5 SR S s ) I B

568 T £ MK 5 A T 0T B A A I 2 B -8 AR RROTE
Pl TC A% AT R PR S, B I-8 R A &
P, otz A A, AR A v R T RO, B
TE ARG T B T B A vy 3R R T 60 47 o BT AR
] 25 BT 122 43 BROIE M BT AN 76 43 BR 36 2R Bl gk AT 1
TRIEIPEPUPE %5 78, R I ] BT A A 2 R R AR B
55, RN RRSE 25 B, T BRIV ot 70 (1) 8 Ak ik A
55, S5 AT ABE S AT -

AR, A O A B AR K QTL 5& fr i 7T i
R R, OA ZNPUR I QTL A Mg kB . Merdi-
noglu 55" I X (A BRI T — AL T s A
28-8-78 [ 12 5 YL ta ik I (P 5E B 11 QTL A7 3 JF
V¥ HoAir %8 Rpv 1207 5T fRFE FAR 73% 1) 3R AR
Fo LEJR IR, T 4.5.6.7.8.9.10. 11
12,1415 18 S 4t fk Y T 27 N 5 & Pisk
B R QTL AL A3, i 24N Rpv2-28°"" LA},
Rpv 1 S5 IE B 5 BT 08 995 1 5 PR JE TR Run 1 ' %
o Run BY Ren ¥3 5% %) H1L E K 73 B QTL A7 £, B
K12 54tk i Rpvl Ab, 38 K30 11 A E ¥
PutE QTL 7 55, 43 5l % i 4 N Renl- 10~ Run2.2 il
Run2.3, 7y Ai T 2. 13.14.15. 16+ 18. 19 5 4% {1 {&
B b s 22 1 I S R KT B IR R N K E P LU E 5
BRI R ORI R 1Y 95 N8 5 I 4 0940
He AT HE AR T8 A L, 3E AT ) R JELW P PE QTL 58
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B, AXAE 8 5 I BIRE b5 1 B — A5 5 & PR JH R
AHSC I QTL A s, AT AR 14.7% RS 7. HAT,
AN % A 265 0 IR P QTL 28 A7 B A L4
D AAE 12 710 14 PRANIERRE b 7 B4 51 & PR
JELH3 1 QTL A7 ki, 1T A JFE Ath ZE B B - 1 oK B M 4
T8 . A5 A [ PR B A AR A 2 e AL B AS TR 1 QTL £z
5 U AE R 4 50 B9 QTL € 42, 28 4%y Syrah
H128-8-78 I 2 AL E T 12 5 YL tifi 10.3 Mb Ak, 2455%
75 N Cabernet Sauvignon 1 Gloire De Montpellie i}
MEALENT 95 Jetifk 4.0 Mb 4™,

245 Rk i E MY A s 2 2 B A
I Th e () 3L K, 10 WRKY . MYB. LRR-RLKs %5 .
WRKY % 53 PR 775 4 & $1AE Y e A= P oy
Sl R kA L S AR E A W BT
PR4b 5% 3K T WRKY40 A1 WRKY75 HAF Al 42 &
] 7] 0T 76 5 B 1) B 1E E 0, WRKY22 A1 WRKY4S
S AU A KW B AW 7L P AL ik
B 2 A i & WRKY 2 K, 73 7l A WRKY26 Fl
WRKY70. PyWRKY26 747 %] WRKY26 1] [7] i %
, BB WFFCIUE R , PyWRKY26 W] i@ 3L 5 PybHLH3
FHEAEHZ 5 R RAETE 1SR, T2 = 340
i 55 955 5 B 1A P 8 A R P IWRK Y26 FE TR
(1 J8 3 DX 3R A 7K A B i A% B W = A FH oo i, 72
SRR SA bR R ZE R MR IAE R ER S, W
VWWRKY26 5K ¥R 15 5@ B A %, T SA &t 5
TR BUIR o P2 B8 % AH O, BRI HE I v WRK Y26
Al e 5 A PUR A R, A, WRKY70 TERE Y
PO e B R 4 AR i B R A T SA A
JA FHE 5 HUAE F 12230 s, BT IE [ 38 5 SA I 4%
Bl T JA A5 P 2 RS R 1 R 2. MYB
RN T KGR ERE K, Z M MYB K1 # %
58 A A I PTw M A0 VaMYB306 7578 A H A
ik Ak W HE v ) N K B B B, VgMYB154
AL I I 45 Vg STS9 S B K [R] 1 568 46 287 X6F 118 995 1)
PO BE /1. PHL7 A MYB % [R5 % 56 8 1, 52
SR 4 A5 () EE L2 R 4 T S B I A A A A
W AR AR TR B R B TR B2 — R A U
PHL7 5HEYH00 & N A K™, LRR-RLKs #& RLKs
BEREZFER &AW EKE,) S 5EMNKE
I FRFNBUR RN PR IT FLS2 & i R DL B
A YUR T BE R LRR-RLKs % K], 1% 3% [ 38 o8 2 o 4+
LRR 45 #4358 15 5 v 1 08 6 B 1 5 T % 5 5 iR

B PR ARE % 9 B0 B 8 IO Xa21 oK A i
Rl 95 P P A, 2 7R ) LRR-RLKs & A, & n]
I8 IR ) R R A W ok i R A ) R R
N BT, AR E A X TE] N U Ak T 100852650
100248811 45 6 ™ JE K35 J& T LRR-RLKs % [F K ik
AR AR S A0 R DL R I A6 1k 288 25 AT PR A 7 At
I I 6 JE PR] 15 4] 28] U R TEL I A 9K o

4 #Z B

LM = N S AR R R i o AN [R] 4 B2
PSR Fr PURIE R AT 558 , LA 1w BT 43 4
TUPIAN 75 473 v 470 881 46 A5 5 AN [R) R A i B R JEL T
PUMEAFAERUR ZE 5, AR WA RE S B JEL 0 (A B AR pi bk
B9 » TR IR S 2 ol RS R (10 B AR B 1 55 553
ST R QMR ) 5K ) T B I, A
5 N AR A3 21 0940 2 5 Ja AR A4 Xt ] 2] 2 JEL I
IPTE %55 45 A, A2 50 8 SR A2 17> 5
B PURILIA A IS I QTL AL A5, T AR FE 14.7% 1) 2 2
AR5t o MRAE QTL 5E (o7 X 4k A 1 5 R E R A5 AL, 2 9T
PEXTA] P 8 15 S HT Al SR 2L A
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