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Abstract
Objective
The objective of this study was to assess the genetic diversity of some commercial apple

cultivars in Khorasan Razavi province using 40 RAPD primers.



Materials and methods

DNA was collected from fresh leaves of apple samples studied and extracted based on
dellaporta method. In order to investigate polymorphism, the PCR analysis was
performed for each primer and the marker indices were calculated. The genetic similarity
and distance were evaluated using Jaccard coefficient by UPGMA method and PcoA
analysis by NTSYS-PC ver 2.2, respectively. The genetic structure analysis was
performed using STRUCTURE software ver 2.3.

Results

The percentage of polymorphic bands was different from 37.5% for OPJ13 marker to
100% for OPAT7 markers. The highest and lowest PIC parameter was related to OPA4
(0.48) and OPM6 (0.2), respectively. With respect to cluster analysis, the samples were
grouped into two main clusters and five subgroups. The highest similarity was between

Golab Esfahan-Golomkani, Margenduft-Low Red Roem Beauty and Alimori Khorasan

Dalago, while the lowest similarity was between Golab Esfahan-Fuji Rossa and Golab
Esfahan-Low Red Roem Beauty cultivars. The classification based on PcoA analysis was
different with UPGMA. In addition, the obtained result of Bayesian analysis showed lack

of admixture of the apple cultivars studied.

Conclusions
According to the results of RAPD analysis, this marker can be used for recognition of
polymorphic regions, assessment of genetic distance and management of apple genotypes
and cultivars.
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1 Simple sequence repeat
2 Inter simple sequence repeats
3 Amplified fragment length polymorphisms
4 Random amplification of polymorphic DNA
5 Restriction fragment length polymorphism
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Table 1. Names of 12 apple cultivars from Torogh Collection

ydy 0yledd Wges 3 o)l i 955 Pl slide
Number of ~ Sample code Genotype/cultivar name Origin
row
1 M1 Golab-Isfahan ksl oM Isfahan-Iran . kawl - )l
2 M2 Golmkani a5 Khorasan-lran L5 - -,
3 M3 Torbati Khorasan-lran L5 - o
4 M4 Kompouti oS Khorasan-Iran = :Lul,s - o
5 M5 Rouin-Esfaraen il oy, Khorasan-Iran L.l — !
6 M6 Alimoori-Khorasan Ll syseds  Khorasan-lran luls — o),
7 M7 Dalago USA UL
8 M8 Margenduft USA U
9 M9 Golden Delicious USA K,
10 M10 Super Staymen USA K.l
11 M11 Low Red Roem Beauty USA K,
12 M12 Fuji Rossa Japan 5
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Table 2. Information of RAPD primers used in this study.

s SkTplb ST Uy claul e s e bl wn wbhaoy SN e asls

iy, Name 5-3 o1 15 S5 S5 Sy Sl
Number of  Primer sequence Number  Number of Polymorphic Polymorphic Marker
of row primer of polymorphic ~ band % information  index
amplified band content
band
1 OPM3 GGGGGATGAG 13 11 84.61% 0.45 1.80
2 OPM4 GGCGGTTGTC 12 7 58.33% 0.25 2.35
3 OPM5 GGGAACGTGT 14 9 64.28% 0.32 1.52
4  OPM6 CTGGGCAACT 13 7 53.84% 0.20 2.78
5 OPM14 AGGGTCGTTC 13 9 69.23% 0.37 1.44
6 OPA4 AATCGGGCTG 5 5 100% 0.48 2.53
7 OPA7 GAAACGGGTG 21 14 66.66% 0.40 3.38
8 OPA16 AGCCAGCGAA 11 8 63.63% 0.35 2.82
9 OPJ5 CTCCATGGGG 16 11 62.50% 0.34 3.15
10 OPJ10 AAGCCCGAGG 9 6 66.66% 0.41 1.89
11  OPJ13 CCACACTACC 8 3 37.5% 0.25 2.42
12 OPJ17 ACGCCAGTTC 5 5 100% 0.46 2.04

Gy OPAG S5l 51 oslisisl b anlllas 3,50 comw @Bl 0 ;355 DNA sl 5891 1 UK
S dxd o 3590 o Lsh 4;9.00 Mal-Mal?2 .cow! ‘5:)9 ).i:lma L d)w'

Figure 1. Banding pattern of amplified DNA of the apple cultivars studied using OPA4

marker. L is molecular weight marker. Mal-Mal2 are the samples
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Table 3. Similarity matrix using Jaccard coefficient

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M1l M12

M1 100

M2 85 100

M3 58 49 100

M4 43 49 62 100

M5 72 71 68 68 100

M6 43 59 41 37 74 100

M7 39 59 45 45 68 83 100

M8 28 39 61 54 58 64 77 100

M9 43 45 49 45 65 71 74 72 100

M10 28 43 47 54 54 64 75 81 75 100

M11 26 33 59 37 45 59 71 85 56 70 100
M12 18 43 30 35 54 51 61 53 43 49 54 100
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Figure 2. Dendrogram obtained from cluster analysis of 12 apple cultivars using RAPD

markers
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File name Run K Est. Ln prob. of Mean value of Ln Variance of Ln
# data likelihood likelihood
defta_run_1f 1 1 -584.2 -560.7 46.8
detaun 2 f 2 2 -949.7 -516.5 861.9
deftaun 3 f 3 3 -649.8 -538.1 6235
deftaun_ 4 f 4 4 -586.3 -557.0 b8.5
defaun 5f 5 & -564.3 -556.3 56.0
1.00

.50

.50

0.40

0.20

n.0a

Silar 31 solinal U adlhe 3ype o (5,05 o6, Cumer S Ly wps 3 UK
B35 j9w g 1 Josa wlwl g owym 390 adiges XS SSly (B3 490w STRUCTURE
Al gn e GBS, 2,5 b e L5

Figure 3. Genetic structure analysis of commercial apple cultivars studied using
STRUCTURE software. The horizontal and vertical lines shows the sample codes studied

based on Table 1 and the proportion of each individual from different colors, respectively.

8 Ancestry model
9 Admixture
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Figure 4. Principal coordinate analysis of 12 commercial apple cultivars using RAPD

analysis. The x and y axis are the first and second coordinates, respectively
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