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Abstract
Objective
Apple (Malus domestica Borkh) from Rosaceae family is one of the most important fruit
trees in the world. Evaluation of genetic diversity is one of the basic steps for plant

breeding and preserving of germ plasm through gene banks.

Materials and methods
The aim of this study was evaluation of the genetic diversity of 22 varieties of apples
collected from Khorasan Aagricultural Research Center and some region of Jiroft using

ISSR markers based on the polymerase chain reaction (PCR).

Materials and methods

DNA extraction was done and then PCR conducted by five ISSR-primers.

Results

Apple cultivars had 81.48% polymorphism. Cluster analysis classified them into six
groups. The first group had five apple cultivars from Khorasan Razavi including Mohali
Gonabad, Tabasi number3, Ghasemabai, Mohamadi and Golshahi Oghaz as well as
Golab Esfehan, Sibe Ghermez and Gerani Esmith from Jiroft. Genotypes of Zard Lobnan,
Sib Ghermez Khoni, Mohali Sardo, Golab Sardo from lJiroft and Mashali, Morabei
Mashhad, Ali Mori Dovom Ras, Arbabi, SIB number3 from Khorasan Razavi categorized
into the second group. Genotypes of Shaikh Ahmad Tabriz and Shafiabadi were placed in



the third and forth group respectively. The fifth and sixth groups include Gol Mashhad
and Abasi Azghade, Atlasi Tabas from Khorasan Razavi. Also, ISSR primer 842 showed
the highest polymorphism among apple cultivars. There is no correlation between the
geographical origin and genetic grouping of apple cultivars. Probably, setting of different
regions genotypes in the same genetic group is due to transport of genotypes among

regions in past.

Conclusions
Results indicated that ISSR is an effective technique for identification of polymorphism,
genetic distance and germplasm management among apple cultivars.
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Table 1. Name of apple cultivars and their origin of samples used in this study
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Table 2. ISSR primers used in this study

yoily S Skl Js (°C) Jlail slo> ol
Primer code Sequence (5'- 3) Annealing Temprature References
811 CAC(CA)cAT 35 Smolik — 2004
810 (GA){T 30 Smolik — 2004
827 (AC)sGG 42 Smolik — 2004
842 (GA)«CCCGGG 45 Smolik — 2004
FM931 (AGCO)s 50 Smolik — 2004

ISSR-PCR STy Caa oY dlgo ¥ Jouo

Table 3. The components of ISSR-PCR reaction conditions

o cble (1) S5STy S gl oolisl 550 ylado o3le pb
Final concentration Material used for one reaction (ul) Name of material
Ix 2.5 10 x PCR buffer
1.5 mM 1.5 MgCl12
0.2 mM 1.5 DNTP
2.5 unit 0.5 Taq DNA polymerase
0.5uM 4 Primer
200 ng 1 Template DNA
20 mg/ml 3 BSA
To achieve final volume 6 Distilled Water
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Table 4. Thermocycling program choosed for doing of ISSR-PCR reaction conditions
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Figure 1. Extracted DNA from various apple cultivars and genotyps on Agarose gel
1%:M1: Atlasi Tabas, M2: Golab Esfeha, M3: Abasi Azghadeh, M4: Golshahi Oghaz,
MS5: Mohamadi, M6: Tabasi Number 3, M7: Shaikh Ahmad Tabriz, M8: Morabaei
Mashhad, M9: Sib Number3, M10: Mashali, M11: Zard Lobnan, M12, Gerani Esmith,
M13: Sib Ghermez Damavand, M14: Sib Ghermez Khoni Lobnan, M15: Arbabi, M16:
Gol Mashhad, M17: Ali Mori Dovom Ras, M18: Ghasemabadi, M19: Shafiabadi, M20:
Mohali Gonabad, M21: Mohali Sardo, M22: Golab Sardo, M: Size Marker
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Figure 2. ISSR band-patterns of 22 apple cultivars on agarose gel 1% using FM931
primer: M1: Ali Mori Dovom Ras, M2: Mashali, M3: Gol Mashhad, M4: Arbabi, M5: Sib
Ghermez Khoni Lobnan, M6: Sib Ghermez Damavand, M7: Gerani Esmith, M8: Zard
Lobnan, M9: Mohali Sardo, M10: Sib Number3, M11: Atlasi Tabas, M12: Mohali
Gonabad, M13: Shafiabadi, M14: Golab Sardo, M15: Mohamadi, M16: Abasi Azghadeh,
M17: Golab Esfeha, M18: Ghasemabadi, M19: Morabaei Mashhad, M20: Shaikh Ahmad
Tabriz, M21: Tabasi Number 3, M22: Golshahi Oghaz. M: Size Marker
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Figure 3. ISSR band-patterns of 22 apple cultivars on agarose gel 1% using 827 primer:
M1: Mohali Gonabad, M2: Shafiabadi, M3: Ali Mori Dovom Ras, M4: Arbabi, M5: Sib
Ghermez Khoni Lobnan, M6: Sib Ghermez Damavand, M7: Gerani Esmith, M8: Zard
Lobnan, M9: Mohali Sardo, M10: Golab Sardo, M11: Mashali, M12: Sib Number3, M13:
Morabaei Mashhad, M14: Shaikh Ahmad Tabriz, M15: Tabasi Number 3, M16:
Ghasemabadi, M17: Gol Mashhad, M18: Mohamadi, M19: Golshahi Oghaz, M20: Abasi
Azghadeh, M21: Golab Esfehan, M22: Atlasi Tabas. M: Size Marker
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Figure 4. ISSR band-patterns of 22 apple cultivars on agarose gel 1% using 842 primer:
M1: Abasi Azghadeh, M2: Golshahi Oghaz, M3: Mohali Gonabad, M4: Shafiabadi, MS5:
Ali Mori Dovom Ras, M6: Ghasemabadi, M7: Gol Mashhad, MS8: Arbabi, M9: Sib
Ghermez Khoni Lobnan, M10: Sib Ghermez Damavand, M11: Zard Lobnan, M12:
Gerani Esmith, M13: Mohali Sardo, M14: Golab Sardo, M15: Mashali, M16: Sib
Number3, M17: Morabaei Mashhad, M18: Shaikh Ahmad Tabriz, M19: Tabasi Number
3, M20: Mohamadi, M21: Golab Esfehan, M22: Atlasi Tabas. M: Size Marker
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Figure 5. The dedrogram of resulted from three ISSR primers using UPGMA method by
NTSYS version 2/11. 1- Mohali Gonabad, 2- Shafiabadi, 3- Ali Mori Dovom Ras, 4-
Arbabi, 5- Sib Ghermez Khoni Lobnani, 6- Sib Ghermez Damavand, 7- Gerani Esmith, 8-
Zard Lobnan, 9- Mohali Sardo, 10- Golab Sardo, 11- Mashali, 12- Sib Number 3. 13-
Moraba Mashhad, 14- Shaikh Ahmad Tabriz, 15- Tabasi Number 3, 16- Ghasemabadi,

17- Gol Mashhad, 18- Mohamadi, 19- Golshahi Oghaz, 20- Abasi Azghade, 21- Golab
Esfehan, 22- Atlasi Tabas
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