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Table 1- Grapevine varieties used in the current study.
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Table 2- Name, sequence and properties of SSR primers used in current study.

e DT sl i sl
TSR Ead sl - L) <]
d c . Number < | b a Forward (5° - 3’) S5
PIC" He Genic The max J LG" Ta Reverse (5° - 3°) Primer
diversity lelic Allele
alleles alleln size
frequency
153- ggtctgaatacatccgtaagtatat
0.74 0.89 0.77 8 0.34 171 5 50 acgetgtoctccattgicatigac VIZAG47
076 075 078 1 039 1805 5y gelganalgggeaccgaacacacee vz Gey
206 ccatgtctctectcagettctcage
0.82 097 084 1 026 13 g0 53 (algaaagaaacccaacgeggcacg vz Gey
163 tgcaatgtggtcagcectttgatggg
037 026 045 3 068 18 4 5 secesageceglagaleagaggece 7, Gg3
200 acgcaacggctagtaaatacaacgg
224- ctagagctacgccaatccaa
0.83 0.75 0.85 12 0.23 246 16 56 tataccanaaateatattoctans VVMD5
079 078 081 9 024 236 7 54 agasligcgsagaacaggal VVMD?
264 cgaaccttcacacgcttgat
0.82 088  0.84 14 0.27 3711 56 (aacasacaagaagaggaat VVMDS
230 agcacatccacaacataatg
046 048  0.53 5 062 212 13 5¢ (‘gacicgccaaaatcigacg VVMD17
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0.57 076 063 5 051 23 ¢ 56 Selelclalgeagiigalgiige VVMD21
266 gcttcagtaaaaagggattgcg
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Table 3- Name and sequence of the AFLP primers used in current study.

Primer s S5lel

Sequence S

MO0
E00
E31

E32
E34
E38

M31
M32
M34
M36
M38
M39

5’-GATGAGTCCTGAGTAA-3’

5’-GACTGCGTACCAATTC-3’
5’-GACTGCGTACCAATTCAAA-3’
5’-GACTGCGTACCAATTCAAC-3’
5’-GACTGCGTACCAATTCAAT-3’
5’-GACTGCGTACCAATTCACT-3’
5’-GATGAGTCCTGAGTAAAAA-3’
5’-GATGAGTCCTGAGTAAAAC-3’
5’-GATGAGTCCTGAGTAAAAT-3’
5’-GATGAGTCCTGAGTAAACA-3’
5’-GATGAGTCCTGAGTAAACT-3’
5’-GATGAGTCCTGAGTAAAGA-3’
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Table 4- AFLP primer combinations used in current study and their characteristics.

Slell sl S5 s ISt slal sl bl pme 6 SET LS 5
S Genic Number of polymorphic Total Primer
Ne diversity bands bands combinations
1.53 0.263 27 36 E32-M38
1.121 0.074 9 41 E34-M34
1.297 0.168 34 80 E38-M36
1.191 0.1.6 17 62 E34-M38
1.234 0.133 48 112 E31-M32
1.286 0.161 24 59 E32-M31
1.224 0.13 26 69 E34-M39
1.258 0.148 26.4 65.6 Sl
Los eoisk o 5l 20 Yl clis Sy Sl 5 AFLP gls KL bl |
Lie KL WY L oose o8 055 (2008 SSe3lul Slio 5 AFLP sla Slis & 5 oy
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Table 5- Adjusted R®> and regression coefficient of SSR markers associated with
agronomical traits in grapevine varieties.

< ) T ou.. N Yy
SRt e S oib gt R Trait ciw
Coefficient of regression Associated marker Adjusted R?
0.48 VVMD27 (e*) 0.38 Jslowe ol ol 5
-3.45 VVS2 (f) Total soluble solids
-1.94 VVS2 (h)
0.32 VMC6GT7 (h) 0.09 pH
0.37 VVMDS (g) 0.17 Acid content o s Aol Ol 50
1.08 VMC6GT7 (i) 0.76 > 055
1.05 VVMDS (h) Berry weight
0.84 VVMD21 (d)
-1.6 ISV2 ()
1.75 VVS4 (a)
-0.56 VMC6GT7 (j)
1.04 VMC6GT7 (i) 0.75 S 055
1.03 VVMDS (h) Fruit lobe weight
0.84 VVMD21 (d)
-1.59 ISV2 ()
-0.56 VMC6GT7 (j)
1.7 VVS4 (a)
0.10 VVMDS (I) 0.61 Sk S5 058
-0.02 ISV3 (b) Single seed weight
1.06 VMC6GT7 (i) 0.55 PRUERSS
0.64 ISV2 (f) Seed numbers
-0.45 ISV4 (d)
423 VMC6G10(c) 0.16 Fruit water content « .o of o
11.44 VIZAG62 (c) 0.48 (15T Lzl 03,S)e goo JuSTES A3
+11.4 VIZAG 64 (i) Percentage of fruit production
21.2 VVMDS (f)
-1.57 ISV4 (a)
16.8 VVMDS (g) 0.24 Percentage of pollen germination «> 8 3 4l
4.4 VIZAG 62 (j) 0.61 s b
2.77 VVMD25 (b) Bunch length
-5.47 VMC6G7 (m)
2.99 VMC6DI12 (f)
-2.6 ISV4 (a)
3.62 VMC6G7 (d) 0.38 s
-2.09 VIZAG 64 (i) Bunch width
-3.65 VVMDS (n)
183.52 VVMD25 (b) 0.45 s 055
-137.02 VIZAG 47 (¢) Bunch weight
-127.46 ISV4 ()
19.8 VVMD21 (b) 0.48 (el J 280 0 e 105 A5
12.4 VVMD25 (¢) Percentage of fruit production
8.96 VVMD27 (c¢) (controlled)
30.4 VMC6GI10 (b)
7.05 VVS2 (e)
6.07 VVMDS5 (f)
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Table 6- Adjusted R? and regression coefficient of associated AFLP markers with agronomical
traits in grapevine varieties.

Coefficient of 0 5, oo Associated ks . Sl sl w2l R

- & 5 Trait i
regression marker Adjusted R
-2.19 E34-M39 (48) 0.16 Total soluble solids J g ol 315
-0.24 E34-M38 (44) 0.68 pH
-0.444 E38-M36 (1)
-0.24 E34-M34 (20)
0.25 E31-M32 (34)
-0.245 E34-M38 (35)
-0.292 E34-M34 (34)
0.205 E34-M34 (36) 0.56 0508 Al Ol 30
0.654 E38-M36 (38) Acid content
0.371 E38-M36 (29)
-0.417 E32-M38 (23a)
-1.41 E34-M38 (47) 0.67 4> 055
-0.95 E34-M34 (7) Berry weight
1.99 E31-M32 (56)
-0.695 E32-M38 (10a)
0.6 E38-M36 (12)
-1.14 E34-M38 (47) 0.92 S 05
1.57 E31-M32 (56) Fruit lobe weight
-0.47 E32-M38 (26)
-0.67 E38-M36 (65)
-0.45 E34-M35 (2)
1.32 E31-M32 (39)
-1.72 E38-M36 (38)
-0.65 E34-M38 (21)
-0.44 E38-M36 (34)
-0.56 E31-M32 (15)
0.32 E38-M36 (66)
0.026 E38-M36 (63) 0.61 o S5 05
0.019 E31-M32 (37) Single seed weight
-0.017 E34-M39 (13)
0.058 E32-M38 (22a)
0.041 E31-M32 (56)
-0.871 E38-M36 (16) 0.39 BRUEES
-0.552 E34-M38 (84) Seed number
6.1 E34-M38 (23) 0.32 o500 2 o
-5.2 E32-M38 (22) Fruit water content
1043 E38-M36 (12) 0.19 Percentage of fruit e IS5 as s
production
16 E32-M38 (20) 018 Percentage of po.llen‘ 38 55 &l
germination
3.7 E34-M32 (16) 0.61 s Jsb
35 E38-M36 (58) Bunch length
-8.9 E31-M32 (38)
-3.47 E38-M36 (29)
4.97 E32-M38 (25)
-3.43 E32-M38 (18) 0.23 Bunch width w2+ 2+
273.4 E34-M39 (50) 0.55 S ek )
-185.9 E31-M32 (29) Bunch weight
15.4 E38-M36 (15) 0.45 ogen JSES Aoy
-15 E38-M36 (84) Percentage of fruit production
-9.9 E32-M38 (27) (controlled)

s o Ol 1y 6 ST S 5 5o o b dad e b PT il 515 slasl s

oy



“‘M" cbb&«b K) :Gle dﬁ‘ga

s Ll e gwbﬁc@\ws; 5 LS ol 3l Ol syl Jlel ol ol
S5l 5 2l sl el 35 53 sl ol glaasl o Wl @ by e gla S5l
Lazaly 5 LaSaly ol 55 5 odedisn 340 1y Sl 0! W Gy b sy plebs gly LSS
ML: )j.\iS)J )ji;‘ f}&.ﬂ‘ 6L§be Lg‘j" OJLQM.J J\.iJMA 66)\ "\?Sj:",ﬁ &QM 6[.@@?&4}-
b

Doligez A, Bertrand Y, Dias S, Grolier M, Ballester J, Bouquet A, This P (2010). QTLs for
fertility in table grapevine (Vitis vinifera L.). Tree Genetics & Genomes 6: 413-422.

Doulati Baneh H, Mohammadi SA, Labra M, Nazemieh A, De Mattia F, Mardi M (2007).

Chloroplast microsatellite markers to assess genetic diversity in wild and cultivated

grapevines of Iran. Pakistan Journal of Biological Science 10: 1855-1859.
Fanizza G, Lamaj F, Costantini L, Chaabane R, Grando MS (2005). QTL analysis for fruit yield

components in table grapevines (Vitis vinifera). Theorical Applied Genetics 111: 658-664
Grassi F, Labra M, Scienza A and Imazio S (2002) Chloroplast SSR markers to assess DNA

diversity in wild and cultivated grapevine. Vitis 41: 157-158.

Gupta PK, Rustgi S, Kulwal PL (2005). Linkage disequilibrium and association studies in higher
plants: Present status and future prospects. Plant Molecular Biology 57: 461-485
Janick J, James N (1996). Fruit Breeding. Vol.2: Vine and small fruit crops, John Wiley and sons,

471 pp.
Jun TH, Van K, Kim MY, Lee SH, Walker DR (2008). Association analysis using SSR markers

to find QTL for seed protein content in soybean. Euphytica 62: 179-191.
Karami MJ (1996). Identification of grapevines of Kurdistan state. M.Sc. thesis, Agriculture

Faculty of Tabriz University.
Labra M, Imazio S, Grassi F, Rossoni M, Citterio S, Sgorobati S, Sceinza A, Failla O (2003).

Molecular approach to assess the origin of cv. Marzemino. Vitis 42: 137-140

Lodhi MA, Ye GN, Weeden NF, Reisch BI (1994). A simple and efficient method for DNA
extraction from grapevine vine cultivars, Vitis species and Ampelopsis. Plant Molecular
Biology Reporter 12: 6-13.

Laucou V, Lacombe T, Dechesne F, Siret R, Bruno JP, Dessup M, Dessup T, Ortigosa P, Parra P,
Roux C, Santoni S, Vares D, Péros JP, Boursiquot JM (2011). High throughput analysis
of grape genetic diversity as a tool for germplasm collection management. Theoretical and
Applied Genetics 122: 1233-1245.

McGovern PE (2003). Ancient wine: The search of the origin of viticulture, Princeton University
Press, New Jersey.

oA



(W"W’ }.’.‘.’.L.', Y GJM A OJJJ) LSJ.J"L';'"S 63}5%}34@

Sefc KM, Lopes MS, Lefort F, Botta R, Roubelakis-Angelakis KA, Ibanez J, Pejic I, Wagner
HW, Glossl J, Steinkellner H (2000). Microsatellite variability in grapevine cultivars
from different European regions and evaluation of assignment testing to assess the

geographic origin of cultivars. Theoretical and Applied Genetics 100: 498-505.

Siret R, This P, Danzart M, Michel J (2002). Use of microsatellite markers for the analysis of
genetic diversity in Vitis vinifera L.: correlation between molecular and agronomic data,
Plant, Animal and microbe Genome Conference, January 12-16, Town and country
center, San Diago, CA. 280 pp.

Vos P, Hogers R, Bleeker M, Reijans M, Van de lee T, Hornes M, Frijters A, Pot J, Peleman J,
Kuliper M, Zabeau M (1995). AFLP: a new technique for DNA fingerprinting, Nucleic

Acids Researchs 23: 4407-4414.

Zahedi B (1996). Identification of grapevines of Lorestan state. M.Sc. thesis, Agriculture faculty
of Tehran University.

o4



“‘M" cbb&«b K) :Gle dﬁ‘ga

Association analysis for morphological traits in grapevine using SSR and AFLP markers
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Abstract

Grapevine (Vitis sp.), belongs to Vitaceae family, is one of the most important food sources
in world because of its wide consumptions. In the current investigation, 22 SSR primer pairs and
7 AFLP primer combinations were used to identify molecular makers associated with 14 flower
and fruit related traits in Iranian grapevine germplasm. The traits studied, included fruit water
content, percentage of pollen germination, percentage of fruit production, bunch and berry
weight, fruit lobe and single seed weight, bunch and yielding system length and width, total
soluble solids, acid content and fruit pH. Stepwise regression analysis showed significant
relationship between some SSR alleles and all 14 traits in grapevine varieties. In general, 49
alleles produced by 18 SSR primers, showed significant association with variation of 14 traits.
The highest and lowest number of associated markers achieved for berry weight and fruit lobe
weight each with 7 alleles and pH, fruit acid content, fruit water content and percentage of pollen
germination each with 1 alleles, respectively. Significant association between polymorphism of
AFLP markers and studied traits was also detected. Forty-nine AFLP fragments showed
significant association with the variations of 14 traits. Some of the associated AFLP segments
were common among different traits. The fruit lobe weight, with 11 associated markers and total
soluble solids, percentage of fruit production, pollen germination and bunch width each with 1
associated marker, were the traits with the highest and lowest number of associated AFLP
markers, respectively.
Keywords.: Grapevine, Association Analysis, Morphological traits, Associated markers.
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