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Table 1. Names and origin of apple cultivars and genotypes used in this study.
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Code Imported cultivar Collected area Code Native cultivars Collected area Code Genotypes Collected area

12 Granny Smithl Austrdia 50 Sharbati Alborz 37 IRI1 Alborz
14 Granny Smith 2 Australia 29 GolBahar Alborz 38 IRI2 Alborz
3 Golden Smootheel USA 51 Mashhad Khorasan 39 IRI3 Alborz
10 Golden Smoothee? USA 52 Mashhad Nouri Khorasan 40 IRI5 Alborz
8 Yellow Transparentl Russia 53 Dirras Mashhad Khorasan 41 IRI6 Alborz
19 Y ellow Transparent2 Russia 47 Paeyzeh Mashad Khorasan 42 IRI7 Alborz
11 Starkingl USA 48 Boshghabi Balkhy Azerbaijan 43 IRI8 Alborz
23 Starking 2 USA 49 Golshahi Khorasan 44 Golden Kargj Alborz
5 Jonathanl USA 46 Morabagi Mashad Khorasan 4 Spart Holand Alborz
21 Jonathan2 USA 54 Pagyzeh Zard Mashad Khorasan 36 Shirin wealthy Alborz
15 Yellow Spurl USA 55 Narsib Mashhad Khorasan 2 Golden Holand Alborz
20 Yellow Spur2 USA 56 Akhlamed Mashhad Khorasan 68 Kompooti Alborz
22 Yellow Spur3 USA 57 Soltani Shabestar Azerbaijan 27 Englisi Shiraz Fars
18 |dared Russia 58 Golab Sahne Kermanshah
1 Top Red Déelicious2 USA 59 Shishehei Tabriz 1 Azerbaijan
17 Top Red Déelicious2 USA 67 Shishehei Tabriz 2 Azerbaijan
7 Empire All Red1 USA 60 Ahar 1 Azerbaijan
13 Empire All Red2 USA 66 Ahar 2 Azerbaijan
6 Jonagold USA 64 Ardabil 1 Ardabil
16 Prime Gold2 USA 65 Ardabil 2 Ardabil
9 Golden Pearmain USA 45 Golab Esfahan Isfahan
28 khorsijan Isfahan 62 Heidarzade Azerbaijan
30 Shafiyi Tehran 61 Zonooz Marand Azerbaijan
31 Azayesh Isfahan 63 Sheikh Ahmad Azerbaijan
32 Golab Kohanz Tehran 24 Deraz Alborz
33 Nayan Arange Alborz 25 Assdli Alborz
34 Haji Kargj Alborz 26 Ghandak Kashan Isfahan

35 GharaGhach Azerbaijan
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Table 2. Characteristics of apple SSR markers and their optimized annealing temperatures
used in this study.

sl Al Jlast sles S8 830 Sokel s e
No. Soled Annealing Sl Primer sequence Reference
Primer ~ teMPeralure  gypected size
name (°C) (bp)

1 CHO1E12 56.3 246-278  F: AAA CTG AAG CCA TGA GGG C 8
R: TTC CAA TTC ACA TGA GGC TG

2 CHO1F03b 58 139-183  F: GAG AAG CAA ATG CAA AAC CC 14
R: CTC CCC GGC TCC TAT TCT AC

3 CHO04G04 60 170-186  F: AGT GGC TGA TGA GGA TGA GG 14
R: GCT AGT TGC ACC AAG TTC ACA

4 CHO1D09 60.5 134172 F: GCC ATC TGA ACA GAA TGT GC 14
R: CCC TTG ATT CAC ATT TCC AG

5 CHO5E03 57.4 158-190  F: CGA ATA TTT TCA CTC TGA CTG GG 14
R: CAA GTT GTT GTA CTGCTC CGA C

6 CHO1F02 60 168-222  F: ACCACA TTG GAG CAG TTG AGG 8
R: CTG GTT TGT TTT CCT CCA GC

7 CH01B12 59.3 125178  F: CGCATG CTG ACA TGT TGA AT 8
R: CGG TGA GCC CTC TTA TGT GA

8 CHO1D03 57 136-160  F: CCA CTT GGC AAT GAC TCCTC 14
R: ACC TTA CCG CCA ATG TGA AG

9 CHO2F06 56 138-158  F: CCC TCT TCA GAC CTG CAT ATG 14
R: ACT GTT TCC AAG CGA TCA GG

10 CHO5A02 57 111-135  F: GTT GCA AGA GTT GCA TGT TAGC 14
R: TTT TGA CCC CAT AAA ACC CAC

11 CHO1HO01 57.3 107-141  F: GAA AGA CTT GCA GTG GGA GC 8
R: GGA GTG GGT TTG AGA AGG TT

12 02b1 60.5 212-238  F: CCG TGA TGA CAA AGT GCA TGA 8
R: ATGAGT TTGATG CCC TTG GA

13 05g8 57.3 115147  F: CGG CCA TCGATT ATC TTACTCTT 8
R: GGA TCA ATG CAC TGA AAT AAA CG

14 GD12 56 141-191  F: TTGAGG TGT TTC CCA TTG GA 14

R: CTAACGAAGCCGCCATITCITT

Polymerase Chain Reaction -\
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Table 3. Summary of SSR alele datarevealed in apple genotypes.
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Locus No. of Major Allele saud saaliie SWaBl o) g0 ol

name aleles Fregquency Ho He IS

PIC

CHO01D09 9 0.1935 0.8416 0.8548 0.8213 0.4370
CHO1E12 5 0.4262 0.7244 0.9016 0.6844 0.0233
CHO5EO03 8 0.2358 0.8252 0.6226 0.8018 0.3657
CHO1F03b 4 0.3692 0.6695 0.5846 0.5977 0.1100
CHO01D03 7 0.2344 0.8192 0.9219 0.7938 0.5143
CHO5A02 4 0.3939 0.6755 0.8788 0.6105 0.0292
CHO1F02 6 0.4615 0.6748 0.8615 0.6227 0.1271
0508 6 0.4426 0.7095 0.8525 0.6677 0.4867
02bl 7 0.2846 0.7762 0.8000 0.7407 0.6228
Mean 6.22 0.3380 0.7462 0.8087 0.7045 0.3017
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Fig. 1. UPGMA dendrogram of apple genotypes using SSR markers based on the Nei’s coefficient.
The codes refer to the abbreviations of genotypes as shown in Table 1.
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Table 4. Polymorphism number and rate for SRAP primer combinations used to amplify
genomic DNA templates of apple.
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Fig. 2. UPGMA dendrogram of apple genotypes using SRAP markers based on the Jaccard’s
coefficient. The codes refer to the abbreviations as shown in Table 1.
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Assessment of Genetic Diversity Among Some Iranian Native Apple
Genotypes and Commercial Cultivars Using SSR and SRAP Molecular
Markers

A. Bootekhak, M. Talebi*, B.S.E. Tabatabaei, H. Hajnajari!

Most of the Iranian apple cultivars have been named based on their local names,
therefore, their genetic relationships are not clearly specified. In order to determine genetic
diversity of various Iranian apple genotypes and comparison between their genetic relations
with commercia cultivars, we used microsatellite or simple sequence repeats (SSR) and
sequence-related amplified polymorphism (SRAP) markers. Among 14 used microsatellite
primer pairs, nine of them were polymorphic. The average number of aleles and observed
heterozygosity (Ho) for all loci were 6.22 and 0.81, respectively, which confirmed the high
genetic variability among genotypes due to self-incompatibility and cross pollination of apple.
Among 56 SRAP primer combinations, 13 of them were polymorphic and produced 194
polymorphic bands (85.9%). The average of observed heterozygosity was computed as 0.34
that does not seem logicl, because apple is an self-incompatible plant. The results revealed
that the microsatellite marker system is more reliable than SRAP marker system to indicate
information of polymorphic and amount of heterozygosity in apple genotypes and despite
nomenclature of apple cultivars based on local cultivation, the main origins of them do not
match their geographical names. The genetic similarity of commercial apple trees indicates
their common ancestory.

Keywor ds. Genetic polymorphism, Heterozygosity, Iranian apple. Molecular markers.
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