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ABSTRACT

Grape (Vitis vinifera L.) is an important fruit crop and widely cultivated because of its nutritional and economical
values. For getting new cultivars with higher yield and better quality, it is essential to characterize the cultivars. Some
wild species faced to genetic erosion, so determination of genetic diversity of grape cultivars and genotypes is an
important task for improving breeding programs in the future. In this research genetic diversity among 75 cultivars
and wild genotypes (Vitis vinifera L.) of grape with 17 ISSR primers was investigated. 132 bands were produced by
17 primer pairs, out of which 75 bands (57/58%) were polymorphic. The polymorphic bands ranged from 2 in locus
UBC873 to 7 in locus UBC836. Effective number of allele (Ne), varied from 1.72 in locus UBC880 to 1.18 in
UBC873. To identify the high informative retrotransposon primer combination, the amount of PIC were estimated for
each primer which ranged from 0.14 for locus UBC873 to 0.42 for locus UBC880 with an average value of 0.32.
Cluster analysis using Dice similarity coefficients and complete algorithm put the 75 studied genotypes in four
different groups. The most genetic similarity (0.73) was observed between Jig Jiga and Black Seedless and also
between Alphonse Lavallee and Black Seedless and the least genetic similarity (0.11) observed between Dastarchin
and Lal Se%/ah. The maximum Nei genetic distance was belong to Foreign and Wild populations. The AMOVA result
indicated that the within and among population diversity were 61% and 39% respectively.

Keywords: Cluster analysis, genomic diversity, molecular markers.

* Corresponding author E-mail: m-amiri@znu.ac.ir



w35l Gl (agr Slaoasis 5 pB)l (S g9 bl i0l, e 5 55, VaA

«(Sicard et al., 2005; Williams et al., 1990) .l
Jsb cledy g axils 53 oS 6SIIDNA @ (3
S5 Sole g g o Jlasl oYU slas da,55KT ol
e QLS e a0 ()l bl oy
(Ammiraju et al., 2001) <ol
€95 (2008) Tamhankar et al. lalas ,o
S 3l eslizal b 1y 4555 by 5 0, VFY S5
A, cladgs i sl (L8 ow) 0590 ISSR
plaie o2 5l 1, V. Labrusca 4 V. vinifera glaaiss
2 50 aalllae cpl )3 0ud gy p oSSl Al V7 5 950
e 09,5 ¥ 4 Wogs aid 3 Lice a5 slaaseS bl
GS Al dslllas pl 0 Al gueg,S
V. Labrusca 455 o8| ;| (5 i g5 V. vinifera
S dlgy oLyl 6,8 asdlas (o aisls lis
ISSR (sla,Silas 5l onliial b ain ,o o5l o3, FY
L ol WY sanel vty gl (ulul 5 g o el
olass ol 5l aS o adei ISSR e VY 5l oole!
ool sladg ad Weg JSbair Wb A7
V. vinifera «s5 68,1 caslys 5.5 ISSR sle Sl
Dhanorkar et ) .alei pleie o2 311, V. labrusca 4
(Vitis vinifera) ails o ,651 a1y Y .@al., 2005
Sl s wad byl ISSRLS5RTVE 51 oolinul b g
ol 5l doys YA woadads Wb A sgeme
UPGMA Ll j glades 4o aiog Shais
ol aslllae 590 Bl (e 1) (YL (S5 alis
Seledy90 Sleogas ulul (S5 (saieg S 0l
oSl (saedgw caS ol a5 v delio el o
8590 Bl plee yo (S Ll (b3l sl ISSR
Choudhary et al. .(Argade et al., 2009) o4
£s5 by lp ISSR Sles V- 5l 55 (2014)
QL AZ S 0 wis S solaul 6l o8, F e (S0
bl mls oy JSoas wb 0F a5 asade
Syl Jab 5 Jor 0,08 a5 ol ol rimas
5 *IAA G /YA SIPIC 35,0 0 o ¥ ole ISSR
ool b AAS B YA I MD Siles asLls
ks S s Cssa FIAN 5 FNF laugie
Olasted oSl 08, VY (S ges slasdllas
F 3l oolaiwl b corw o e Hol o8, ¥ g 05,0l

o
Vitis > 3l 5 Vitaceae oolgls 51 LS 6Kl
PSRRI RS PIIVER SISO
sl oo Vovinifera 458 iz ol ppe sloaisS
a5 ol )9Sl g8 9 S (nl 2 ogdle lpl po
3 sty eyl g yeiS Jlels 4o V. Labrusca
sl JS> o V. vinifera subsp.sylvestris 4555 5
3 oSy sleesS aals sbye bl 5 Jlad
O reten 5l S sl (Sabeti, 1976) wijls 9>y
Syge w8 by slagle; 5l a5 Cwl alboge
o DY game 93> g Cowl 485 13 nn ool
Slalllae oll 39500 Hledar plez 5o Sk
S ol a5 ol eud Laseie swlidoliol
(McGovern, 2003) ceul o35 55 (ot Lol 510
3l Jlzsl s (s s Jlpl 6l Lo
b el @bl lditas sog o)) 51 golass o
V.vinifera ) G ywshew 4355 15 iy slo, oSl
pl,l &g b axil ool Jol> (subsp.sylvestris
Pl (W 5L 5 0ad o)y (6,500 bl 5 (cogné
Doulati Baneh ) ails ool Jol> 09050 5 (092
Ao 09250 sl 155 bl 5 (et al., 2007a
Golass a5 5 1o 0gzg ol pl jo 6Kl CoSgig Ve e b
Silas sl o5t oYU golaidl cowal 5l Ll )
Zahedi, ) swiws 0,95 5 JieldS dyd 9 (5, 95050
o) golatsl Coonl 5 455l o5l g9 LJoay (1996
o> sboaiss g ali)l SLulid o ey Slalas
5 DBl 4 coglie ((Su5elshine Sheogar S
el 4235 ol ol 31,k 31 Lo 5 Lo Lo
ki jobdy  JoSge (sl Silis (Karami, 1996)
sl atie | (SG) g9 9 (SaSTn w0l
S5 g9 2bj)l sl (Ferguson et al., 1995)
slaySiles wile ik JsSge slo Sl 1
RAPD (Bowers & Meredith, 1996) RFLP
Cervera et ) AFLP «(Grando & Frisinghelli, 1998)
ISSR 5 (Martinez et al., 2006) SSR .@l., 1998
O 5o el oals oolaiwl Jing & Wang, 2013)
Jeboa iz slp ISSR Sl wezrge sl Silas
w3 )S 3 osliiul 990 (gremy jsbdr (Se) g9



144 VWAA g ) 5yles B0 80 ol SLEL psle

by 9y 9 3lgo

LS diged i
O Jolts ;550 (com2 il 5 03, YO 5l Biiod cnl 3o
>y s V) g (2B o8 VT g el o,
Bl 5 65,skaS Sligded 3550 eeeSIS )0 29750
9 m8) )5 eslitul (22 0lamly3l bl (b
s ol Wy Ky LS
Sy 9n Gegle Y-0) plo S 0-)
Jae oRioleyl a4 mle ol J5ls 5o 5 wials asils
a0 -Ae gls 0 DNA zlpseil ey G g
5 addllas 5550 16Kl Al Ll (gl oS il
SleS e S 90 51 L g Vo vinifera aisS 5l oy o
V. berlandieri x V. L V. berlandieri x V. rupestris
V. vinifera g8 5l 55 siog slacuissy ¢ riparia
Al g bewisy Oluogas .aiws subsp.sylvestris

slass 4 S8

ol 0a 03,91V Jgo ;0 adlllas 590

2L ggame 10235 13 b 5,50 ISSR 551
Wog JSahais Wb £O olass cpl 5l aS ol adgs
3,50 2oy AP/ o S5kl IS ao e Kl
(Keshavarz Khoob et al., 2016) s,

5 adsl 5 (aLS Slge )5 (S5 g9 e
SlF 253 IS g ba> (allid ¢l (ol
5 S slagiegn 0 ok Coeal 5wl
5 a5 Al 4 axg b ol soliiay sloasy,
b » Ubs) o ISSR (sla Sl 51 esliciul oSl
9 P55 ey 5o axdsl SleMbl 4y 5 cenl baolsale sy
s sl &y e 5 35l 5l )55l (S0
Askari et al., ) ogi o0 JS4 iz 5 2K w
2011; Ghasemi et al., 2010; Zamani et al., 2015;
sy B b ol s (Zamani et al., 2011
e S5 E95 i) sl ISSR SSilas s
28,5 plowil g8l )dl adlaie ;50 s VO

ISSR (sla Kl by (S £955 oy 5o o0l 8,50 165l sladiges Glasein N Jgax

Table 1. Characteristic of grape genotypes employed in investigating genetic diversity using ISSR markers

Genotype Species  Origin Use Seed Genotype Species Origin Use Seed
Rezghi V. Vinifera  Iran Table  Yes Klkarevi V. Vinifera Iran Juice  Yes
Hosseini V. Vinifera  Iran Table  Yes Sachakh V. Vinifera Iran Juice  Yes
Tabarze Sefid V. Vinifera  Iran Table  Yes Shirazi V. Vinifera Iran Table  Yes
Saghal Solian V. Vinifera  Iran Table  Yes Angotka V. Vinifera Iran Juice  Yes
AtOuzum V. Vinifera  Iran Juice Yes Khoshnav V. Vinifera Iran Table  Yes
Lal Seyah V. Vinifera Iran Table  Yes Rasha V. Vinifera Iran Table  Yes
Seyah Sardasht V. Vinifera Iran Table,Raisin Yes Khalili Shiraz V. Vinifera Iran Table  Yes
Garmian V. Vinifera Iran Table Yes Paykani V. Vinifera Iran Table, Raisin Yes
Maiemo V. Vinifera Iran Juice Yes Ekozgozi V. Vinifera Iran Table  Yes
Rishbaba Qermez V. Vinifera  Iran Table  Yes Paulsen V. berlandierixV. rupestris Australia Rootstock -
Taifi V. Vinifera  Iran Table  Yes Ruby Seedless V. Vinifera America Table No
Keshmeshi Qermez V. Vinifera  Iran Table No Superior V. Vinifera America Table No
Fakhri V.Vinifera Iran Table, Raisin Yes ~ Thompson Seedless V. Vinifera Iran Table, Raisin No
Shahroudi V. Vinifera Iran Table Yes  Muscat of Alexandria V. Vinifera Africa Table  Yes
Qara Shani V. Vinifera Iran Juice Yes Labrusca V. Labrusca America Table  Yes
Sahebi Qermez V. Vinifera Iran Table  Yes 5 BB Kober V. berlandierixV. riparia America Rootstock -
Inah Amjai V. Vinifera  Iran Table  Yes Perllete V. Vinifera America Table No
Tabarze Qermez V. Vinifera  Iran Table Yes Flame Seedless V. Vinifera America Table No
Dastarchin V. Vinifera  Iran Juice Yes Alphonse Lavallee V. Vinifera France Table  Yes
Rishbaba Sefid V. Vinifera Iran Table Yes Black Seedless V. Vinifera America  Table, Raisin No
Agh Melhi V. Vinifera Iran Juice Yes Fiesta V. Vinifera America Raisin ~ No
Goi Melki V. Vinifera  Iran Table  Yes “H6 V. Vinifera x Kober 5BB Hybrid Rootstock -
Sayani V. Vinifera Iran Table  Yes "H4 V. Vinifera x V. riparia Hybrid Rootstck -
Kalati V. Vinifera  Iran Table  Yes Piranshahr-1 V. vinifera subsp.sylvestris Piranshahr-Iran Wild -
Mam Braima V. Vinifera Iran Table, Raisin Yes Piranshahr-2 V. vinifera subsp.sylvestris Piranshahr-Iran Wild -
Bol Mazu V. Vinifera  Iran Juice Yes Piranshahr-3 V. vinifera subsp.sylvestris Piranshahr-Iran Wild -
Lal Qermez V. Vinifera  Iran Table  Yes Piranshahr-4 V. vinifera subsp.sylvestris Piranshahr-Iran Wild -
Sefid Shakh Shakh V. Vinifera Iran Juice No Sardasht-1 V. vinifera subsp.sylvestris Sardasht-Iran Wild -
Alhaghi V. Vinifera  Iran Table  Yes Sardasht-2 V. vinifera subsp.sylvestris Sardasht-Iran Wild -
Askari V. Vinifera Iran Table No Sardasht-3 V. vinifera subsp.sylvestris Sardasht-Iran Wild -
Bidane Sefid V. Vinifera Iran Table, Raisin No Sardasht-7 V. vinifera subsp.sylvestris Sardasht-Iran Wild -
Rejin V. Vinifera  Iran Juice No Sardasht-15 V. vinifera subsp.sylvestris Sardasht-Iran Wild -
Sarghola V. Vinifera  Iran Raisin  Yes Sardasht-16 V. vinifera subsp.sylvestris Sardasht-Iran Wild -
Ghavaga V. Vinifera  Iran Juice Yes Sardasht-17 V. vinifera subsp.sylvestris Sardasht-Iran Wild -
Yaghoti V. Vinifera Iran Table  Yes
Qara Gandoma V. Vinifera  Iran Juice Yes
Gazandaii V. Vinifera Iran Table Yes
Qzl Ouzum V. Vinifera  Iran Table  Yes
Agh Shani V. Vinifera  Iran Juice Yes
Jig Jiga V. Vinifera  Iran Juice Yes
Lal Sefid V. Vinifera _Iran Table  Yes

*: H4: (V. vinifera cv. “Jig jiga” x “Riparia Gloire™), H6: (V. vinifera cv. “Qara Ouzum” x “Kober 5BB”)
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Table 2. Primer used for the ISSR analysis in investigating genetic diversity of grape cultivars and genotypes

Primer Sequence formula (5'—3' Primer sequence) Annealing temperature (C°)
UBC 807 (AG)8T AGAGAGAGAGAGAGAGT 50
UBC 809 (AG)8G AGAGAGAGAGAGAGAGG 52
UBC 812 (GA)8BA GAGAGAGAGAGAGAGAA 45
UBC 816 (CA)BT CACACACACACACACAT 47
UBC 817 (CA)BA CACACACACACACACAA 47
UBC 825 (AC)8T ACACACACACACACACT 50
UBC 826 (AC)8C ACACACACACACACACAC 50
UBC 827 (AC)8G ACACACACACACACACG 50
UBC 834 (AG)8YT AGAGAGAGAGAGAGAGYT 52
UBC 836 (AG)YA AGAGAGAGAGAGAGAGYA 50
UBC 855 (AC)BYT ACACACACACACACACYT 54
UBC 857 (AC)BYG ACACACACACACACACYG 52
UBC 864 (ATG)6 ATGATGATGATGATGATG 52
UBC 873 (GACA)4 GACAGACAGACAGACA 52
UBC 880 (GGAGA)3 GGAGAGGAGAGGAGA 48
UBC 890 VHV(GT)7 VHVGTGTGTGTGTGTGT 52

Al2 (GA)6CC GAGAGAGAGAGACC 45

1. Nei
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Figure 1. The pattern of DNA amplified bands in grape cultivars using UBC855 primer.
M: 1 kb DNA ladder (Cinagene Co., Tehran, Iran) in base pairs
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Table 3. Number of bands, number of polymorph bands and number of effective alleles, polymorphism information
content and Shannon's information index in cultivars and genotypes of grape based on ISSR primers

- Total number Number of Polymorphism
Primer of Bands polymorphic bands (%) Na Ne PIC !
UBC 807 6 4 66.67 1.83 1.61 0.35 0.52
UBC 809 7 4 57.14 2 1.64 0.37 0.55
UBC 812 9 6 66.67 2 1.68 0.39 0.57
UBC 816 10 6 60.00 1.89 1.59 0.35 0.53
UBC 817 6 4 66.67 2 1.66 0.38 0.55
UBC 825 6 5 83.33 2 1.43 0.29 0.46
UBC 826 9 5 55.56 1.87 144 0.28 0.44
UBC 827 11 6 54.55 1.89 151 0.32 0.49
UBC 834 9 4 44.44 2 1.34 0.24 0.40
UBC 836 10 7 70.00 2 1.57 0.35 0.53
UBC 855 10 4 40.00 2 1.65 0.38 0.57
UBC 857 5 3 60.00 2 1.49 0.31 0.48
UBC 864 6 4 66.67 2 143 0.30 0.47
UBC 873 5 2 40.00 1.67 1.18 0.14 0.26
UBC 880 6 3 50.00 2 1.72 0.42 0.61
UBC 890 10 4 40.00 2 147 0.30 0.47
Al2 7 4 57.58 2 147 0.30 0.41
Total 132 75
Mean 7.76 441 1.95 1.52 0.32 0.49
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Table 4. Analysis of molecular variance (AMOVA) for partitioning total variations to its components in grape
cultivars and genotypes by using ISSR markers

Degrees of freedom Sumof Meansum  Estimated  Percentage of P
Source (df) squares  of squares variance variation (%) Stat  Value (rand>= data)
Among Pops 2 24.806 12.403 0.612 39 PhiPT  0.390 0.040
Within Pops 72 68.754 0.955 0.955 61

Total 74 93.560 1.566 100
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Table 5. Nei’s unbiased pair-wise measures of genetic distance among populations of grape

Population X Population Y *Nei GD Nei ID *PhiPT LinphiPT P (rand>=data)
Local foreign 0.018 0.339 0.513 0.010
Local Wild 0.018 0.442 0.794 0.010

foreign Wild 0.039 0.000 0.000 0.100

* Nei GD: Nei’s genetic distance; * PhiPT: Pairwise population genetic distance
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Figure 2. Dendrogram of 75 cultivars and genotypes of grape using ISSR data
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Figure 3. Two-dimensional graph from the principal coordinate analysis of culivars and genotypes of grape based on

ISSR markers
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