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Analysis on genetic diversity of wine grape ‘Cabernet Gernischt’ (Vitis

vinifera) new strains by SSR, ISSR and VvmybA 1

CHEN Xiaoyu', LIU Linde", GE Yihe', ZHANG Li', LI Jiming”, JIANG Wenguang®, PEI Guangren

("School of Life Sciences, Ludong University, Yantai 264025, Shandong, China; *Yantai Changyu Group Corporation Ltd. - Shandong Province
Key Laboratory of Wine Microbial Fermentation Technology, Yantai 264001, Shandong, China)

Abstract: [ Objective] ‘Cabernet Gernischt’ (Vitis vinifera L.) is one of the most widely grown red grape
for making wine in Jiaodong Peninsula of Shandong province The aim of this study is to investigate genetic
diversity of eight new strains of ‘Cabernet Gernischt’ (E01-E08) for screening new excellent clone(s).
[ Methods] Young leaves of ‘Cabernet Gernischt’ (E01-EO0S8), ‘Cabernet Sauvignon’ ‘Cabernet Franc’
and ‘Pinot Noir’ were collected from Changyu garden. The total genomic DNA was extracted by using
Ezup Column Plant Genomic DNA Purification Kit. 14 SSR (simple sequence repeats) primers and 11
ISSR (inter—simple sequence repeat) primers were employed according to previous study. SSR and ISSR
data were scored with presence (1), absence (0) and each band were regarded as a locus. Jaccard similari-
ty matrix was constructed by NTSYS—pc 2.1 software. Based on the similarity matrix, a dendrogram show-

ing the genetic relationships between the strains and cultivars was constructed by using the unweighted
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pair group method with arithmetic average (UPGMA). The number of loci (N), effective number of alleles
(N.), Nei’ s gene diversity (H), Shannon’ s information index (/) and percentage of polymorphic loci (P)
were calculated by using POPENE1.32. VomybAl product was amplified by using primers of K and S.
PCR amplification products that yielded single, well-defined band were harvested for sequencing. The pu-
rification was performed with SanPrep Column DNA Gel Extraction Kit. The VomybAl sequences were
aligned with sequence data obtained by using BioEdit version 7.0.5 and ClustalX 2.0. Phylogenetic trees
based on Neighbor—Joining methods were created by using MEGA 5.0. Three neutrality tests were con-
structed with DnaSP 5.0. [Results] A total of 139 bands were amplified from 14 SSR primers, of which 69
were polymorphic loci. The effective number of alleles (N.) of the SSR primers ranged from 1.021 6
(VMC4F3) to 1.590 1 (VIZAG25). The Nei’s gene diversity (H) ranged from 0.019 5 (VMC4F3) to 0.322 0
(VrZAG25). Shannon’ s information index (/) ranged from 0.040 5 (VMC4F3) to 0.467 3 (ViZAG25). The
genetic similarity coefficients between stains and cultivars ranged from 0.567 7 to 0.974 4. Eight strains of
‘Cabernet Gernischt’ were divided into 2 groups based on UPGMA. The first cluster had only ‘Cabernet
Gernischt” E06, and the second cluster contained seven strains. A total of 96 clear DNA fragments were
amplified from 11 ISSR primers. The mean similarity index of all strains and cultivars was 0.825 6, and
ranged from 0.734 7 (‘ Cabernet Gernischt’ E04 and ‘Point Noir’) to 0.938 8 (‘Cabernet Gernischt’ E02
and ‘Cabernet Gernischt’ E03). The effective number of alleles (/V.) of the ISSR primers ranged from
1.072 1 (UBC817) to 1.584 8 (UBC807). The Nei’s gene diversity (H) ranged from 0.062 8 (UBC826) to
0.335 1 (UBC835), and Shannon’ s information index (I) ranged from 0.090 2 (UBC826) to 0.505 7
(UBC835). The cluster dendrogram was constructed by UPGMA. ‘Cabernet Gernischt’ E02 (north of Qix-
ia) and EO3 (south of Qixia) classified into one group. The genetic distance between them accorded with
the geographic distance. EO5 (Laishan) and EO8 (Development zone) were classified into one group, There
were significant differences among EO1, E04, E06 and EQ7. The lengths of the VomybAl gene sequence of
11 strains and cultivars were 905-914 bp, the GC contents varied from 42.1% to 43.5%. The VomybAl
gene sequence of 11 strains and cultivars showed a low level of diversity (H,=0.673, P;=0.002 21). The
analysis of VomybAl gene fragment sequence alignment showed that there was only a deletion in coding re-
gions, but there were five base substitutions in non—coding regions. The results of three neutralities indi-
cated that there was a non depature from neutrality expectation for gene VomybAl of 11 strains and culti-
vars According to the phylogenetic tree of the gene sequence, analysis of all polymorphisms did not pro-
vide a consensus tree depicting the geographical partitioning of the species. By analyzing the differences
among VomybAl gene fragments for investigating the genetic diversity of ‘Cabernet Gernischt’, it was con-
cluded that VomybA 1 genes of ‘Cabernet Gernischt’ EO01, E02, E04, E05, EO6 and EO7 had close relation-
ship, which could be clustered into one group. VomybAl genes of ‘Cabernet Gernischt’ E03 and EO8 were
different from those of the other six strains. [ Conclusion] The results revealed that ISSR could be a good
tool for evaluation of genetic diversity among the grape strains and cultivars. It was suggested that the ge-
netic distance between the different strains should be firstly considered rather than the geographic dis-
tance for identifying the different strains of ‘Cabernet Gernischt’. The VomybAl gene sequences of 11
strains and cultivars showed a low level of diversity, and should not be used as genetic markers for strain
identification of ‘Cabernet Gernischt’.
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(VIZAG25) , FH¥{E 0.171 1; F i fs BASE IR A% N
0.040 5(VMCAF3) , 1554 0.467 3(ViZAG25) , F-1
180263 4.

1 SSREI¥IHIFIIER

Table 1 Sequence information of the SSR primers

BIE7E2 s 2l

SERL RN AT DI Nei s JENZREME TR FRIEEL  ZBMALAT L

Pri ) S (5'-3") Number Effective number Nei’s gene diversi-Shannon’s infor— Percentage of polymor-
imer name sequence of loci, N of alleles, N. ty, H mation index, I phic loci, P/%

VMC4F3 F:AAAGCACTATGGTGGGTGTAAA 1 1.021 6 0.019 5 0.040 5 20.00
R:TAACCAATACATGCATCAAGGA

VVSs2 F:CAGCCCGTAAATGTATCCATC 4 1.3479 0.2119 0.330 5 80.00
R:AAATTCAAAATTCTAATTCAACTGG

VVIv37 F:TTTTCTCCCTACTCTTAACTTC 2 1.2172 0.1184 0.178 0 40.00
R:GGTAGACCTTGAAATGAAGTAA

VVIv67 F:TATAACTTCTCATAGGGTTTCC 2 1.348 0 0.1854 0.262 3 40.00
R:TTGGAGTCCATCAAATTCATCT

VVMD7 F:AGAGTTGCGGAGAACAGGAT 8 1.4349 0.264 9 0.4132 100.00
R:CGAACCTTCACACGCTTGAT

VVMD8 F:TAACAAACAAGAAGAGGAAT 5 1.2293 0.1354 0.2132 55.56
R:AGCACATCCACAACATAATG

VVMD31 F:CAGTGGTTTTTCTTAAAGTTTCAAGG 2 1.036 0 0.0325 0.067 5 33.33
R:CTCTGTGAAAGAGGAAGAGACGC

VVMD32 F:TATGATTTTTTAGGGGGGTGAGG 12 1.3512 0.218 8 0.3490 92.31
R:GGAAAGATGGGATGACTCGC

ViZAG21 F:TCATTCACTCACTGCATTCATCGGC 4 1.222 6 0.1513 0.250 1 66.67
R:GGGGCTACTCCAAAGTCAGTTCTTG

ViZAG25  F:CTCCACTTCACATCACATGGCATGC 4 1.590 1 0.3220 0.467 3 80.00
R:CGGCCAACATTTACTCATCTCTCCC

ViZAG62  F:GGTGAAATGGGCACCGAACACACGC 11 1.4542 0.2513 0.365 4 64.71
R:CCATGTCTCTCCTCAGCTTCTCAGC

ViZAG64  F:GAAAGAAACCCAACGCGGCACG 3 1.204 0 0.120 3 0.1813 37.50
R:TGCAATGTGGTCAGCCTTTGATGGG

ViZAG79  F:AGATTGTGGAGGAGGGAACAAACCG 4 1.3420 0.199 2 0.296 3 57.14
R:TGCCCCCATTTTCAAACTCCCTTCC

sculSvv F:GCCTATGTGCCAGACCAAAAAC 7 1.2430 0.164 8 0.272 6 70.00
R:TTGGAAGTAGCCAGCCCAACCTTC

SE-X4{H Mean 4.9 1.2889 0.171 1 0.263 4 59.80

2,12 #BmEXZoMH SHAWTA WK &R
I, EO6 ZE5 ¥ scul 5 P #1812 T 1 445 500 bp

465 (H E06 7E5 9 VVIVGT Ry ¥ 41 310 T 2
2524500 bp (5417 (1 1) o FIHI NTSYS-PC 2.1 14
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1 2 3 45

6 78 910 M 1

B 2 3 4 5 617

8 9 10 M

M. Marker; 1. EO1;2. E02;3. E03;4. E04;5. E05;6. E06;7. E07;8. E08;9. i HHEK; 10. JREZER.
M. Marker; 1. EO1;2. E02;3. E03;4. E04;5. E05;6. E06;7. E07;8. E08;9. Cabernet Franc; 10. Cabernet Sauvignon.

Bl EHAEERS scul5(A)F1 VVIV 67(B) I SSR Bk 5 #
Fig. 1 SSR patterns of scul5 (A) and VVIv67 (B) in tested samples

R AR GR2) WA, B06 TR e 15
Fb 74 WETEER Bibk RATAEZE 5, BN TZ BRI
FHC0.974 45T HAD 74> Mg Tk Brbk AR Z [E] AR
LA 1.000 0, BEWHUMAR LR B A TR, 3%

TASHE R 562 i e R 8 ik &R (E01~E08)
5 OREER AL RECH 0.567 7; g R R E06 5
CARINER BRI R B 0.784 3, MR ER EO1~EO5 .
E07 .E08 5 i iER " AL R 5k 0.812 9,

%2 ET SSR 4FHrCH 10 EE TR Z B IEEHEMN RS
Table 2 The similarity coefficient between pairs of 10 materials based on SSR
EO01 F02  E03 K04  E05 K06  E07 KO8 iﬂzit _ éi i%it Saigon

EO1 1.000 O
E02 1.0000  1.000 0
EO03 1.0000 1.0000  1.0000
E04 1.0000 1.0000 1.0000  1.000 0
EO05 1.0000 1.0000 1.0000 1.0000  1.0000
E06 09744 09744 09744 09744 09744  1.0000
E07 1.0000 1.0000 1.0000 1.0000 1.0000 09744 1.0000
EO08 1.0000 1.0000 1.0000 1.0000 1.0000 09744 1.0000 1.0000
LRSS 0.8129 08129 0.8129 08129 0.8129 0.7843 0.8129 0.8129  1.000 0
Cabernet Franc
IR 0.5677 05677 05677 05677 05677 05677 05677 05677 0.6184 1.000 0
Cabernet Sauvignon

B2 3T SSRZ: ThRic SR MM A UPG- 2.2.1 ISSR % &AM 4r i v ok 1 45745 37 M 1)

MA RFERE, 450 oK, 7Rt t% 2 800.57 &b, 10 7 4
RGN A R 2 RS Hoh e e 2R 8 N B bk &R
(EO1~E08) J h— /e, U5 “ fhimi k. ]y — Rk,
IREEER MR Ry —2, TR RER 8 MR R,
E06 B B ARl T HoAth 74~ i e R Hrbk &

2.2 ISSR%#7
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EO1
E02
E03
E04
E05
E08
E07
L—FE06
SHHNER Cabernet Franc
JREEER Cabernet Sauvignon
f T T T 1
0.57 0.68 0.79 0.89 1.00
FALZREL Coefficient
&2 RIESSRERMEN 10 B BB EREL X RNRR ST
Fig. 2 UPGMA dendrogram of 10 Vitis varieties determined by SSR analysis
&3 111 ISSR FRiEMiEE T RS
Table 3 Summary of genic variation statistics for 11 ISSR markers
SENIIENB AR Nei s IR ZREME B (E B FREL AN E AT
Sl&FR P . " ,
Pri ) S e (5°-3") Number Effective number  Net s gene Shannon’s Percentage of
rimername - sequence of loci, N of alleles, N. diversity, H information index, /  polymorphic loci, P/%

UBC807 AGAGAGAGAGAGAGAGT 7
UBC811 GAGAGAGAGAGAGAGAC 1
UBC815 CTCTCTCTCTCTCTCTG 5
UBC817 CACACACACACACACAA 2
UBC818 CACACACACACACACAG 4
UBC825 ACACACACACACACACT 7
UBC826 ACACACACACACACACC 1
UBC834 AGAGAGAGAGAGAGAGYT 2
UBC835 AGAGAGAGAGAGAGAGYC 10
UBC848 CACACACACACACACARG 5
UBC856 ACACACACACACACACYA 10
SEY{H Mean 49

1.584 8
1.1455
1.478 5
1.0721
1.3473
1.534 4
1.1119
1.1258
1.5673
1.2656
1.3457
1.3254

0.3306
0.084 2
02751
0.056 6
0.187 3
0.2877
0.062 8
0.075 4
0.3351
0.1519
0.196 9
0.1858

04785
0.122 4
0.404 8
0.1010
0.2718
04131
0.090 2
0.1171
0.5057
0.2258
0.298 7
02754

71.78
20.00
89.75
33.33
50.00
70.00
14.29
28.57
71.43
41.67
66.67
51.23

3000 bp

1000 bp
500 bp

M. Marker; 1. EO1;2. E02;3. E03;4. E04;5. E05;6. E06;7. E07;8. E08;9. SNk ; 10. 7R
M. Marker; 1. EO1;2. E02;3. E03;4. E04;5. E05;6. E06;7. E07;8. E08;9. Cabernet Franc; 10. Cabernet Sauvignon; 11. Pinot Noir.

B3 #FEZE DNA 254 UBCS15 & /EHI Rk 347
Fig. 3 Gel electrophoresis of ISSR-PCR products of the tested grapes with UBC815 primer
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DA N 51.23% ., AREEIERELN.H 1.072 1
(UBC817)~1.584 8 (UBC807) 5 Nei’ s H: [ 2 FEME Ny
0.062 8(UBC826)~0.335 1(UBC835) , F-HI{H0.185 8;
T A5 B8 B0 e ik 0.090 2 (UBC826) , i i >
0.505 7(UBC835) , 111 0.275 4.

222 atEX FoAr (AR 1108 A AR
‘I JEER EO1~E08 Sk [ M 5 A [l b X, HoAlh 34Nk
S AME IR LR S AR LR R 0.734 7~
0.938 8, FH4AHL 220 H 0.825 6; ‘i J R " E0S \EO8

Z I AL RS < e Bk E02 \E03 22 [A] AR 5
oK, 0.938 8, Ui £05 5 E08, E02 5 E03 3%
KRR ; HAth 45 bR R 2Z YA —E 22 57, E06 5
EO01.E02.E03 \E04 JE 4% X R ; Mg K E04 5
SR Z R AL AL R BRI, N 0.734 75 g
Tk’ 8 itk & b, E01 5 K06 1844 R 8w/, N
0.8163(%4),

J T B R ARFIRE R SRR ) 2RO
R, UPGMA #EAT RIS 4017, 45 R WoR , et A%

&4 ETISSR #FHricH 11 REAEMRZ BREERURE

Table 4 The similarity coefficient between pair of 11 materials experimented based on ISSR

O ek e T
b e me o wes wes wr o wos BT P
E01 1.000 0
£02 09286 1.0000
03 0.8878 0.9388 1.0000
E04 0.8469 0.8776 0.8571 1.0000
E05 0.8776 09082 0.8673 0.9286 1.0000
E06 0.8163 0.8469 0.8265 0.8469 09184 1.0000
£07 0.8265 0.8571 0.8367 0.8776 0.8878 0.8469 1.000 0
08 0.8571 0.8673 0.8673 0.8878 0.9388 0.8980 0.8878 1.0000
HITIEE S 0.7653 0.7755 0.7551 0.7551 0.8265 0.8061 0.7755 0.8469 1.0000
Cabernet Franc
IREZER 0.7755 0.7653 0.7449 0.7857 0.7755 0.7551 0.7857 0.7755 0.7653 1.000 0
Cabernet Sauvignon
SR 0.7857 0.7755 0.7755 0.7347 0.7653 0.7449 0.7755 0.7653 0.7551 0.7857 1.000 0
Pinot Noir

BRI BRI TR IR R B00.778 4k, 9 1) R 4G IR
Ny R 2 RVEE, 56— W AE BRI, A0 45 i

FALRE0.77 Ak, 11 B3 B4 A 1] 30 226 (]
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