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Identification and evaluation of resistance to white rot in grape resources

ZHANG Ying,FAN Xiucai,SUN Haisheng, JIANG Jianfu, LIU Chonghuai”
(Zhengzhou Fruit Research Institute, CAAS, Zhengzhou 450009, Henan, China)

Abstract: [ Objective ] Grape is one of the most important fruit crops. Vitis vinifera is widely grown be-
cause of its high fruit quality and its capacity to grow in a wide range of climatic conditions. However, V.
vinifera is susceptible to many pathogens such as phytoplasmas, viruses, bacteria, and fungi. White—rot
(Coniothyrium diplodiella ) is a severe disease to V. vinifera cultivars in warm and humid climates in Chi-
na, causing great loss of fruit production. It is extremely important to select new varieties of grape resistant
to white rot. Digging germplasm with resistance is prerequisite for breeding new cultivar. The aim of this
study was to identify and evaluate the resistance of grape germplasms and reveal the mechanism of resis-
tance of grape plants. [ Methods ] The identification and evaluation of the resistance of Vitis species and hy-
brids were made using inoculation of pathogen in vitro. The transcription factor WRKY was used as indi-
cating gene to detect the different resistance models of the resistant and susceptible resources. [Results]
78 strains of 20 Vitis species were evaluated in vitro. V. davidii Ciputao & was the most resistant resources
to white rot. Resistance of different permplasms to C. diplodiella varied widely. Among the Chinese grape-
vines tested, no species was immune to the disease. Ciputao *and Ciputao @ exhibited strong resistance
to the disease, while Guangximao, Jiuligousangye, Sangye 943, Sangye 946, Sangye 1099, Shuangxixian-
zhi 01, Shuangxixianzhi 03, Duolieyeyingyu, Qingyaoshanyingyu, Huadong 1058, Huajia 8, and Lingbaoq-
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iu were highly susceptible. European grapes were less resistant than the Chinese wildgrapes. There were
no highly resistant species (resistance rating II) in European grapes. ‘Red Globe’ ‘Manicure Finger’
‘Olympia’ ‘Fenghuang 51’ ‘Khoussaine Blanc’ ‘Munage’ ‘Amilia’ ‘Pinot Noir’ and ‘Ribier’ were very
susceptible to the disease. American and Seibel grapevines varied in resistance from Il to IV, belonging to
moderately resistant to moderately susceptible species, Ciputao G was the most resistant species and thus
was singled out for further investigation. After inoculation with C. diplodiella, the expressions of WRKY,
PR, NPR1 were significantly different between the susceptible and the resistant grapevines. WRKY1, 2, 3,
11, and 70 were up—regulated and WRKY32 were down—regulated in ‘Manicure Finger’. In Ciputaod,
WRKY1 and WRKY32 was down—regulated, WRKY2, 3, 11, and 70 were up—regulated, and the expression
of WRKYI was unchanged. WRKYI and WRKY32 were differentially expressed in Ciputaod' and ‘Mani-
cure Finger’. The expressions of PRI, PR2, NPRI were scaled 9, 12, 24, 30 and 48 h following inocula-
tion. PRI and NPRI were up—regulated and PR2 were down—regulated in ‘Manicure Finger’. PRI, PR2,
NPRI were up-regulated in Ciputaod' . [Conclusion] Disease resistance in Chinese wild Vitis varied
among species and genotypes. Variation in resistance, even within the same species, was not related to geo-
graphic distribution. Therefore, Chinese wild Vitis present an essential germplasm resource for breeding
new varieties resistant to white rot. Disease resistance mechanisms were very different in Chinese wild

grapes. Further investigation is needed for clarifying the mechanism of resistance to white rot in grapes.
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Table 1 Primer sequence of real time-PCR

[F) PEHE AL )R] (A7 %)

P G 5191751
Gene Homologoys gene  Homologous gene Accession number Primer sequence
(Vitis vinifera) (Vitis pseudoreticulata)

NPRI NPRI GSVIVT00016536001" Forward: GGAATTCGATGTTGGGTACG
Reverse: GCAACCTTGTCAAGAATGTCC

PRI PRI XM_002273752" Forward: GGAGTCCATTAGCACTCCTTTG
Reverse: CATAATTCTGGGCGTAGGCAG

PR2 PR2 AJ277900° Forward: TGCTGTTTACTCGGCACTTG
Reverse: CTGGGGATTTCCTGTTCTCA

EFly EFly AF176496* Forward: GAACTGGGTGCTTGATAGGC
Reverse: AACCAAAATATCCGGAGTAAAAGA

WRKY1 WRKY1 AY585679° Forward: CCAGAGATGATTTTGTGGAGACGAG
Reverse: CACTTGAGTTTGATCTCCCACCG

WRKY2 WRKY2 AY596466° Forward: GTAAGCATGTTGAGAGGG
Reverse: GATAACTTGCATTTCCACCAG

WRKY3 WRKY3 VpWRKY3 JF500755* Forward: TGGACCTCAAGCCTAATCCTCCTG
Reverse: CTCTTCTACCAAACCACCAGTGTCTTCT

WRKY11 VoWRKY11 AM886167 Forward: CGCATGCTGTCTCATCAGACCAATC
Reverse: GAGCTGGAGTACTTTCCGGAGATATC

WRKY32 WRKY32 VpWRKY2 GU565706" Forward: CTTTGAAGCTCCCGAAGCAGAGA
Reverse: TCTCCCAACTCAGCAGCTCCAACT

WRKY70 WRKY70 VpWRKY1 G0Q884198* Forward: AATGGAGTGCACCTGGTCGGAA

Reverse: TTTCGCTAGAAGATCCTGGGCC

71 :a. Genbank 5415 ;b. Genoscope Grape Genome Browser RS

Note:a. Genbank accession number; b. Genoscope Grape Genome Browser number.
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Fig. 1 Lesions on grape leaves following pathogen infection

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Table 2 Susceptibility indices and levels of resistance to white rot of grape genotypes
RBER /N " L
i ity AT . st et
. verage diameter of e .
Specific name Code  Germplasm name . Susceptibility index Resistance level
necrosis/mm
B4 V. quinguangularis Rhed. 1 "4 45 %] Guangximao 21.6x0.5 51.20 HS
2 H#i2¢ FE467%5 Du” anmao 10.5+0.7 26.78 S
15545 V. amurensi 3 111%%j 01 Shanputao 01 18.1+0.3 30.67 S
A V. davidii 4 Y Tangwei Shisheng 8.9+0.4 6.12 R
5 H## o Ciputao & 0.5+0.3 0.31 HR
6 HIF7% @ Ciputao Q 4.9+0.6 2.01 HR
7 IR H] Hunanci 16.4=0.3 42.50 S
ZIFH% V. ficifolia Bunge 8 JUHL YA 0 Jiuligousangye 37.8+0.5 75.23 HS
9 2110943 Sangye 0943 28.3+0.2 60.23 HS
10 350946 Sangye 0946 32.1+0.6 73.21 HS
11 &1 1099 Sangye 1099 29.9+0.5 61.23 HS
12 PR St Wugangsangye 16.7+0.8 10.08 R
NARFE %] V. adenoclada Hand. Mazz. 13 A4 01 Xianzhi 01 25.9+0.2 53.2 HS
14 JI##Z 03 Xianzhi 03 26.0£0.4 55.90 HS
BB % V. tunbergiisieb EtZucc 15 EA NI Duolieyeyingyu 28.7+0.6 60.12 HS
16 BB A1 YingyuwuhanA 1 8.8+0.2 6.21 R
17 T2 BB Qingyaoshanyingyu  38.0+0.4 77.86 HS
BRI 18 #£75 1058 Huadong 1058 35.2+0.5 70.32 HS
V. pseudoreticulata W. T. Wang 19 1£7: 1057 Huadong 1057 12.6+0.1 28.70 S
20 167501 Huadong 01 12.7+0.7 28.76 S
FACHN (AR AR TP 45 ) 21 1544 8 Huajia 8 28.6+0.4 61.20 HS
Hybrids (V. pseudoreticulataXV. vinifera)
AR V. piasezkii Maxim. 22 RFAEN: Lingbaobianye 10.9+0.5 26.72 S
23 VY3 14 A8 1 Sidaolingbianye 21.9+0.4 51.20 HS
ik #i44 V. wilsonae Veitch. 24 FRZ Mk Baotianman 14.7+0.7 37.98 S
KA V. romanteii Foex. 25 R FFK Lingbaogiu 22.3+0.6 54.34 HS
26 FHZIFK Qingyaoshanqiu 12.8+0.5 27.89 S
A V. flexuosa Thunb. 27 FHQ Gelei @ 15.8+0.4 30.23 S
28 i & Geleic 16.3+0.8 32.56 S
ZHIHI% V. yunnanensis C. L. Li 29 7 M%) Yunnan 19.120.5 37.90 S
30 W= Hunanyunnan 14.0£0.4 30.54 S
11754 V. yeshanensis J. X. Chen 31 111 0947 Yanshan 0947 11.1£0.6 26.5 S
SEMR% V. bellula (Rehd.)W. T. Wang 32 SEMR7 1104 Meiliputao 1104 13.020.3 29.56 S
MEN 457G V. betulifolia Diels 33 5 1ILAENT Songshanhuaye 16.7+0.5 32.34 S
34 HEM Huaye 19.7+0.4 37.89 S
ZZIM 4% V. hnaocckii Hnaec 35 ZZ Lingye 0945 12.2+0.6 27.67 S
FEIMFEH V. labrusca 36 FEAT Concor 13.2+0.7 29.67 S
R Fh#5 %5 V. vinifera L. 37 211 FK Red Globe 27.7+0.6 59.45 HS
38 € A\38 Manicure Finger 27.8+0.5 60.45 HS
39 HHRPTIF. Olympia 27.8+0.4 61.23 HS
40 LA Zaotianmeiguixiang 7.0+0.6 9.07 R
41 X005 Zijixin 7.6+0.7 10.23 R
42 TR BHER Shenyang Rose 7.7+0.3 12.14 R
43 B M Xiabai 8.1:0.4 15.34 R
44 %4 Yangputao 8.2+0.6 16.41 R
45 Macka Cuex 8.3+0.7 16.42 R
46 Muscat Mathiasz Janosne 8.3+0.8 17.37 R
47 Muscat of Alexandria 8.6+0.4 18.45 R
48 FH] Ialia 8.7£0.3 18.48 R
49 #i%bd 25 Queen of Vineyard  9.7+0.5 18.57 R
50 FAFLFSG Zaomanao 9.320.6 19.65 R
51 Muscat Plevenski 9.5+0.4 19.93 R
52 AT Zexiang 10.2+0.3 26.56 S
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*R2(4) Table 2(Continued)

i G R BN it L]

Average diameter of

Specific name Code  Germplasm name . Susceptibility index Resistance level
necrosis/mm

53 PHIZER Pearl of Csaba 10.8+0.2 26.70 S
54 L5 Guibao 10.8=0.4 26.78 S
55 FREK TGN Zhengguodawuhe 11.0+0.8 27.82 S
56 FRMHF I Zhengzhouzaoyu 14.2+0.4 29.35 S
57 KUCHIH, Taifi Rose 14.2+0.2 30.01 S
58 25 Zifeng 15.0+0.4 34.54 S
59 Jik% F Thompsons Seedless 15.3+0.6 35.67 S
60 Muscat Super 9.8+0.5 8.09 R
61 F5 7% Fangxiang 15.2+£0.2 37.02 S
62 FBIHE 65 Zhengguo 6 16.2+0.2 38.02 S
63 75 Jingxiu 16.5+0.3 39.21 S
64 87-1 17.2+0.5 30.12 S
65 T Jingzaojing 17.9+0.4 30.23 S
66 SR Pinot Noir 28.020.2 65.21 HS
67 FIH.0> Baijixin 18.5+0.5 40.32 S
68 PRIKIN/R Baoerjiaer 18.8+0.6 42.23
69 Irsay Oliver 19.0+0.7 43.02 S
70 JAEL 51 Fenghuang51 20.7+0.4 44.32 HS
71 Khoussaine Blanc 20.8+0.5 44.21 HS
72 Munage 21.4+0.7 45.34 HS
73 Amilia 21.8+0.4 46.01 HS
74 Alphonse Lavallee 25.6+0.6 53.01 HS

AR AR (V0 MR AR IR %) 75 Seibel8745 9.1£0.7 9.23 R

Hybrids (V. rupestris XV. lincecumii Buckl) 76 Seibel5279 9.7+0.6 9.56 R
77 Seibel5813 15.7+0.8 40.27 S
78 Seibel Noir 12.1£0.5 37.74 S

1l Il I \

RGBT P IRE R L . L i s 1L bt L SUg IV, PEsus, v B UK. Si's 5% 2 —3
Dendrogram using average linkage. I. Immunity; II. Strong resistance; I11. Susceptible; IV. Moderately susceptible; V. Severely susceptible. The num-
ber is the same as Table 2.

B2 EFEESH

Fig. 2 Hierarchical cluster analysis
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Mean values and standard deviations were obtained from samples taken from 6 independent repeats. The same below.
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