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Table 1. Name of studied genotypes, cultivars and rootstocks, their place of collection and determined haplotype
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s, 30l pl bbb sl per e s Syed gl bkl sl mex s
No Sample Name Haplotype  Place of collection ~ No Sample Name  Haplotype Place of collection
. . Seed and plant . . Seed and plant
1 Boonglhgershkln H4 improvement 33 Srg;;@zzd' H5 improvement
Institute Institute
2 Azarbayjan 1 H3 ¢ 34 Shahrood 10 H6 ¢
3 Azarbayjan 5 H4 ¢ 35 Shahrood 21 H6 ¢
4 Azarbayjan 6 H2 ¢ 36 Golab Nemati H3 ¢
. . Golab ¢
5 Azarbayjan 7 H2 37 Damavand H1
6 Azarbayjan 8 H1 ¢ 38 Golab Paize H2 ¢
7 Azarbayjan 14 H4 ¢ 39 Torbati H4 ¢
8 ME 2 H2 ‘ 40 Ferdos H4 ¢
9 ME3 H1 ‘ 41 Aroos Mashhad H2 ¢
10 ME 4 H3 ‘ 42 Aroos Ghermez H3 ¢
. Ghermez .
11 ME 5 H2 43 Jangali H1
12 ME 6 H2 ‘ 44 Ghermez 1 H2 ¢
13 Ghermez Ahar H3 ‘ 45  Shemirani Khati H6 ¢
Mabhali Beyghi . Shemirani .
14 Urmia H1 46 Dirras H3
. Shemirani .
15 Ghara Yarbagh H2 47 Tabestane H6
. . Tabestane ¢
16 Khan Almasi H2 48 Zodras Oghlid H3
17 Shahe Kord8 H4 : 49 ~ Tarme Golabi H6 :
18 T3 H2 ¢ 50 SBA H3 ¢
19 T4 H2 ¢ 51 HGH H6 ¢
Boshghabi . - .
20 Taleghan H2 52 Golden Asiali H6
21 Malayer 1 H2 ‘ 53  Golden Asiai 1 H4 ¢
‘ Golden .
22 Malayer 3 H1 54 Delicious H1
23 Malayer 5 H2 ¢ 55 Red Delicious H4 ¢
24 Malayer 8 H2 ¢ 56 Gala H5 ¢
25 Malayer H1 ¢ 57 Fuji H5 ¢
26 Palestini H3 ‘ 58 Granny Smith H5 ¢
27 Torsh Mesri H4 ¢ 59 Gami Almasi H6 ¢
28 Torsh Damavand H5 ¢ 60 M7 H3 ¢
Torsh . .
29 Kermanshah H5 61 M9 H6
30 Torsh Chalous H5 ¢ 62 M26 H5 ¢
31 Torshak Chalous H5 ¢ 63 M4 H3 ¢
32 Torsh Meigon H5 ‘ 64 MM109 H4 ¢

SIS kS 5 el S Sladas o310 b ST I Gl ey (gh ey STy Ll 5 =Y Jsd
Table 2. PCR conditions, primers sequence, size of amplified fragment and quality of amplification
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At AL LS5 Size of amplified A a2
i Sequence Anneali fragment Degree of
Primer name o nnealing =i
5-3 temperature (bp) amplification
()

F TGCCTTGGTATCGTGTTCATAC
B1B2 R: CYTGTCTTYTTGTAGTTGGAT 55 1740 +

F- GGGTTGCCCGGGACTCGAAC
K1K2 R:CAACGGTAGAGTACTCGGCTTTTA 54.5 2580 +

F: CATTACAAATGCGATGCTCT B
TF R: ATTTGAACTGGTGACACGAG 575 NA
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* No Amplification; ++ Perfect Amplification S =SS 2SS eae NA
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Table 3. Major patterns and variants (bp) of fragments revealed in each polymorphic site detected with different
primer pair—restriction enzyme combinations

o Jsb
S de K Length of mutation
Polymorphic Site kol X il s S
Major Pattern Variant
B1B2- EcoRlI BE, (410bp) BE: (390bp) s BEg (400bp)
K1K2- EcoRlI KE, (650bp) KEg (610bp)

bt oluld glacalhla Sl 3-8 Jsor
Table 4. Frequency of determined haplotype

lacobslla Slds sl B
Haplotypes Number Frequency
(BE.KE,) H1 8 0.125
(BE.KEp) H2 16 0.250
(BE,KE,) H3 11 0.172
(BE,KEy,) H4 10 0.156
(BEKE,) H5 10 0.156
(BEKE) H6 9 0.141
Total 64 1.000

a)

M123 45 678 91011121314 15161718 19202122 23242526 2728 2930313233 m

500bp 500bp

400bp

300bp
250bp

56 78 9101112131415 161718 19 202122 23242526 2728 29303132 33 m

700bp
600bp

500bp

K]_Kz' ECORI (b) 3 B]_Bz' ECORI (a) uL..:SJJ DL U’”J" LSLAJQ‘ =) Jg...l
Figure 1. Restriction patterns in combinations of B;B,- EcoRI (a) and K;K- EcoRlI (b)
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Figure 2. Restriction patterns in combinations of B1B,- Msel (a) and K,K,- Msel (b)
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Abstract

The chloroplastic DNA of 64 accessions of apple (Malus spp.) (54 Iranian genotypes, five commercial
cultivars and five rootstocks) were analyzed to reveal their haplotypes by using Polymerase Chain
Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) method. Approximately 4320 bp
of the chloroplast genome was analyzed, by using two chloroplast universal primer pairs and two
restriction enzymes (EcoRI and Msel). All the mutations detected were insertion-deletions been in the
range between 10-40 bp. The combination of all the mutations resulted to six haplotypes (H1, H2, H3,
H4, H5 and H6) in the studied apple accessions. It was defined that the Iranian apple rootstock 'Gami-
Almasi' had a specific haplotype form all the other studied accessions. It was approved that cpDNA
diversity data can be considered for phylogenetic studies in this plant and the polymorphism
determined in cytoplasmic genome by PCR-RFLP method can help to understand the maternal
inheritance in apple.
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