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Genetic Diversity Survey of Iranian Native Apples (Malusx domestica) Genotypes
Using SSR Markers
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Table 1: The number, name and origin of 44 studied apple cultivars with SSR markers

Number Cultivar Origin Number Cultivar Origin
1 Kochkineh Sanandaj 23 Kokleh Kermanshah
2 Golab Nemati Yazd Yazd 24 Torsh Sefid Zanjan

3 Golab Damavand-2 Damavand 25 Sheikh Ahmad Baneh

4 Tabestaneh Rostami Mabhallat 26 Soureh Paeizeh Kamyaran
5 Shahriar-2 Tehran 27 llam-4 llam

6 Boshghabi Taleghan Taleghan 28 Ferdous Shahriar Tehran

7 Chaharmahal-5 Shahr Kord 29 Damavand-1 Damavand
8 Zanjan-5 Zanjan 30 Golden Asiaei Khareji

9 Salmas-4 Salmas 31 Hamadan-3 Hamadan
10 Zanjan-14 Zanjan 32 Meshki Ghermez Tabriz

11 Panbehei Domazeh Yasouj 33 Torshalma Oroumieh
12 Phelestini Malayer Malayer 34 Manouchehri Arak

13 Ghermez Gilan Rasht 35 Morouti Shemiran Tehran

14 Tokhm Morghi Sarien  Ardabil 36 Shahroud-15 Shahroud
15 Dirras Mashhad Mashhad 37 Boshghabi Torsh Karaj

16 Golab Damavand-3 Damavand 38 Sifeh Shirin Saghez

17 Paeizeh Boumi Ahar Ahar 39 Sib Golab Ghermez Esfahan
18 Chaharmahal-3 Shahr Kord 40 Beigi Ghazvin
19 Sattari Jonoub Shiraz 41 Shahroud-19 Shahroud
20 Zanjan-7 Zanjan 42 llam-2 llam

21 Golden Canadaei Khareji 43 Talkh Arak Arak

22 Meshki Damavand-2 Damavand 44 Soureh Drijeh Sanandaj
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Table 2: The Name, sequence of used primers, Size and Annealing temperature in this study

_Lur_,_ h.u _u_..___.l.f“_ n.ul”|nlu. L.G..uL ,L.H_L.hftelmaum._lﬁ.n _|..I._|..“|ﬂ n_h._lﬂ ”a_.. .,l._

- -

i

Primer Beverse Seq Forward Seq mu_ﬂ.ﬁ..._wﬁm ﬁ_uw.._l.u.n”__““ah

Temperature (C7)
CHOZhlla COGTGGCATGCTTATCATITG CTGTTTGAACCGCTTICCTTIC 104-132 e
CHO3d12 GCCCAGAAGCAATAAGTAAACC ATTGCTCCATGCATAAA GGG 108-154 e
CHOZe03 GCACATTCTGCCTTATCTTGG AAAACCCACAAATAGCGCC 106-216 e
CHO3gl2z GCGCTGAAAAAGGTCAGTTT CAAGGATGCGCATGTATTITG 154-200 o
CHO4al2 CAGCCTGCAACTGCACTTAT ATCCATGGTCCCATAAACCA 158-196 e
CHOSd04 ACTTGTGAGCCGTGAGAGGT TCCGAAGGTATGCTTCGATT 174-214 &
CHOSd11 CACAACCTGATATCCGGGAC GAGAAGGTCGTACATTCCTCAA 171-211 o
CHO5e03 COAATATTTTCACTCTGACTGGG CAAGTTGTTGTACTGCTCC GAC 158-190 &
Hio1dogy GGAGAGTTCCTGGGTTCCAC AAGTGCACCCACACCCTTAC 113-166 o
Hi02do4 TGCTGAGTTGGC TAGAAGAGC GTTTAAGTTCGCCAACATCGTCTC 224-230 ar
Hi03a03 ACACTTCCGGATTTCTGCTC GTITTGTTGCTGTTGGATTATGCC 160-228 o
Hil3=03 ACGGGETGAGACTCCTTGTITG GTTTAACAGCGGGAGATCAAGAAC 186-200 e
CHO3c02 TCACTATTTACGGGATCAAGCA GTGCAGAGTCTTTGACAAGGC 116-136 e
2 AAGACTCACAAACTAGCTGTCAAAT TGCTCCTCTCTAGCTATTGCATAAT 203 &
3 CACCTGACCTTICTCTCTACCTCTAC CAACTCCCCTTATTCTTCTTCTCTC 170 e
Md-Exp? CATAGAAGGTGGCATGAGCA TTTCTCCTCACACCCAAACC -
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Table 3: The names of primers, number of alleles and other information about studied genotypes

Gen location n, Ne PIC Hops H, Fis equ|i-lli_t\)l:/ium Probability
CHO03g12z 3 2.59 0.63 0.77 0.62 0.38 11.15 0.10
CHO2h11a 2 1.40 0.28 0.34 0.29 0.71 1.77 0.18
CHO03e03 2 1.94 0.48 0.33 0.49 0.51 3.88 0.04
CHO05d11 3 2.22 0.55 0.54 0.55 0.44 7.55 0.05
CHO05d04 3 2.28 0.62 0.84 0.57 0.43 17.20 0.00
CHO05e03 3 2.17 0.57 0.41 0.54 0.46 6.32 0.09

3 3 2.75 0.63 0.13 0.64 0.36 37.50 0.00
Md-Exp7 2 1.56 0.36 0.22 0.36 0.63 6.25 0.01
2 2 1.52 0.35 0.26 0.34 0.65 2.10 0.14
Hi03e03 2 1.74 0.41 0.30 0.43 0.57 2.33 0.12
Hi01do6y 3 2.78 0.65 0.82 0.65 0.35 14.30 0.00
CHO04a12 3 1.94 0.50 0.53 0.49 0.51 3.19 0.36
CHO03d12 3 1.46 0.31 0.14 0.32 0.68 26.08 0.00
Hi03a03 3 2.72 0.18 0.59 0.64 0.68 7.78 0.05
CHO03c02 5 3.68 0.76 0.57 0.74 0.27 32.78 0.00
Hi02d04 3 2.56 0.60 0.36 0.61 0.39 16.81 0.00
CHO03g12z 2.81 2.20 0.49 0.45 0.52 0.46
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Figure 1: The dendrogram of 44 apple cultivars on the base of UPGMA (Un weighted Pair Groups Mathematical
Avrithmethic) and Jaccard's similarity coefiicient
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Figure 2: SSR fingerprinting of 44 apple cultivars by CH03e03 primer
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Diversity Survey of Some Iranian Native and Exotic Apples (Malusx Domestica)
Cultivars Using Ssr Markers

Farrokhi®, J. and Naseri®’, L.

Abstract

The genetic diversity of 44 apple genotypes from all over part of Iran was evaluated using 16 pairs of SSR
primers. In Total, 45 alleles were detected. The number of alleles per locus varied from 2 to 5 with an average of 2.8.
The average number of effective alleles was 2.2, the average of expected and observed heterozygosity were 0.52 and
0.45, respectively. According to Chi-square test, population was out of Hardy—Weinberg equilibrium. The
Polymorphism Information Content (PIC) ranged from 0.18 to 0.76 implying the high detecting potential of some
studied primers. Based on Jaccard’s coefficients similarity matrix for all studied apple genotypes, the highest similarity
was observed between "Salmas4" and "Dirras-e Mashhad" and the The lowest one was found between "Meshki-e
Damavand 2" and "Sifeshirin". Cluster analysis by using UPGMA algorithm revealed two main groups. Considering to
long juvenile period in fruit trees such as apple, it seems that the application of markers with high degree of
polymorphism and linked to appropriate trait would be useful in apple genetic diversity studies and breeding activities.

Keywords: Apple, Cluster analysis, Genetic diversity, Microsatellite markers

References

Alizadeh, A. 2007. Collection and morphological evaluation of Iranian native apple germplasms. Final Report of a
Research Project. Department of Horticulture, West Azerbaijan Agricultural & Natural Resources Research
Center. Urmia, Iran. pp.7-16.

Anderson, J. A., Churchill, G. A., Autrique, J. E., Tanksley, S. D. and Sorreilss, M. E. 1992. Optimizing parental
selection for genetic linkage maps. Genome journal 36: 181-186.

Coart, E., Vekemans, X., Smulders, M. J. M., Wagner, I., Huylenbroeck, J., Bockstaele, E. and Rolda’n-Ruiz, 1. 2003.
Genetic variation in the endangered wild apple (Malus sylvestris (L.) Mill.) in Belgium as revealed by amplified
fragment length polymorphism and microsatellite markers. Mol Eco journal 12:845— 857.

Dellaporta, S. L. 1983. A plant minipreparation. Plant Molecular Biology Report 1: 19- 21.

Ellergen, H., Primmer, C. R. and Seldon, B. C. 1995. Microsatellite evolution Directionality or BiasNature, Theor Appl

Genet journal. 11:150-159.

Ershadi, A. 2002. Genetic evaluation of 32 Iranian apple cultivars (Mx domestica) with using SSR markers. MSc thesis,
Tehran University. pp:45-47.

FAOSTAT. 2004. Food and Agriculture Organization of the United Nations. http:// faostat. Fao. Org/ 336. default. Asp.

Francis C, Yeh. and Rong cai Yang. 1999. Popgene version 1.31. A joint Project Development by University of Alberta
And Tim Boyle, Centre for International http://ftp microsoft .com/Softlib/Mslfiles .

Gabor, H., Kiss, E. and Heszky L. 2005. Molecular identification of commercial apple cultivars with microsatellite
markers, Hort Science journal 7: 40-45.

Gharghani, A., Zamani, Z., Talaie, A., Oraguzie, N. C., Fatahi, R., Hajnajari, H., Wiedow, C. and Gardiner S. E. 2009.
Genetic identity and relationships of Iranian apple (Malusx domestica) cultivars and landraces, wild Malus
species and representative old apple cultivars based on simple sequence repeats (SSR) marker analysis. Genet
Resource Crop Evol journal 13:1-14.

Gianfranceschi, L., Seglias, N., Tarchini, R., Komjanc, M. and Gessler, C. 1998. SSRs for the genetic analysis of apple.
Theor Appl Genet journal 96: 1069-1076.

Hokanson, S. C., Lamboy, W. F., McFadden, A. K. and McFerson J. R. 2001. Microsatellite (SSR) variation in a
collection of Malus (apple) species and hybrids. Euphytica journal 118:281-294.

Hokanson, S. C., McFadden, A. K., Lamboy, W. F. and McFerson, J. R. 1998. Microsatellite (SSR) markers reveal
genetic identities, genetic diversity and relationships in a Malus domestica borkh Core subset collection. Theor
Appl Genet journal 97: 671-683.

Jaccard, P. 1908. Nouvelles recherches sur la distribution florale. Bull Soc Vaud Sci Nat 44:223-27.

1. Former MSc student and Assistant Professor Respectively, Department of Horticulture, Urmia University, Iran
*: Corresponding author



AGRICULTURAL BIOTECHNOLOGY, Vol. 10, No. 2, 2012

Jahromi e shirazi, R., Keshavarzi, M., Naghavi, M., Damyar, S. and Zahravi, M. 2009. Genetic identification of some
apple cultivars and rootstocks by SSR markers. Agriculture biotechnology journal. 1 (2): 17-26.

Juniper, B. E., Watkins, R. and Harris, S. A. 1999. The origin of apple. JOURNAL of Acta Hort journal 484; 27-33.

Koller, B., Lehmann, A., McDermott, J. M. and Gessler, C. 1993. Identification of apple cultivars using RAPD markers.
Theor Appl Genet journal 85: 901-904.

Larsen, A. S., Asmussen, C. B., Coart, E., Olrik, D. C. and Kjaer, E. D. 2006. Hybridization and genetic variation in
Danish populations of European crab apple (Malus sylvestris). Tree Genet Genome journal 2:86-97.

Liebhard, R., Gianfranceschi, L., Koller, B., Ryder, C .D., Tarchini, R., Van DeWeg, E. and Gessler, C. 2002.
Development and characterization of 140 new microsatellites in apple (Malus x domestica). Mol Breed journal
10:217-241

Lowe, A., Harris, S. and Ashton, P. 2004. Ecological genetics design, Analysis and applications. Blackwell publishing ,
Oxford.

Nagshin, F., Bahari, M., Seyyed tabatabaie, B. A. and Hajnajari, H. 2008. Genetic evaluation of some Iranian apple
genotypes (sibe golab) using SSR markers. Horticulture Science and Technology journal. Iran 9: 69-82.

Naseri, L., Darvishzadeh, R., Mohseniazar, M. and Alizadeh, A. 2011 Molecular characterization and similarity
relationships among some Iranian native and commercial apple (Malus x domestica) cultivars using simple
sequence repeat markers. Juornal of Horticulture science and Biotechnology. 86(5) : 527-533.

Nybom, H. and Schaal, B. A. 1990. DNA ‘fingerprints’ applied to paternity analysis in apples (Malus < domestica).
Theor Appl Genet journal 79:763-768.

Pereira-Lorenzo, S., Ramos-Cabrer, A. M. and Diaz-Hernandez, M. B. 2007. Evaluation of genetic identity and
variation of local apple cultivars (Malus < domestica.) from Spain using microsatellite markers. Genet Resour
Crop Evol 54:405-420.

Pewell, W., Machray, G. C. and Provan, J. 1996 Polymorphism revealed by simple sequence repeats. Trend Plant
Science journal 1:215-222.

Rohlf, F. J. 1998. NTSYS-pc: Numerical taxonomy and multivariate analysis system, version2.02. Exter Software,
Setauket, New York. 223-270.

Silfverberg-Dilworth, E., Matasci, C. L., Van de Weg, W. E., Van Kaauwen, M. P. W., Walser, M., Kodde, L. P.,
Soglio, V., Gianfranceschi, L., Durel, C. E., Costa, F., Yamamoto, T., Koller, B., Gessler, C. and Patocchi, A.
2006. Microsatellite markers spanning the apple (Malus x domestica) Genome Tree Genet journal 2:202—-224

Watillon, B. D., Du Jardin, P., Kettmann, R. and Boxus Pand Burny, A. 1991. Use of random cDNA probes to detect
restriction fragment length polymorphisms among apple clones. Hortscience journal 46:235-240.

Yamamoto, T., Kimura, T., Sawamura, Y., Hayashi, T. and Mutsuta, N. 2001. SSRs isolated from apple can identify
polymorphism and genetic diversity in pear. Theor Appl Genet journal 102: 865-872.

To look at the figures and tables, please refer to the Persian text (pages: 27-34= YY-Y'¥).



