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The objective of this study was to evaluate the suitability of microsatellite markers for variety identi-
fication in 42 apple varieties. For microsatellite analysis, 305 primer pairs were screened in 8 varieties
and twenty six primer pairs showed polymorphism with clear band pattern and repetitive
reproducibility. A total of 165 polymorphic amplified fragments were obtained in 42 varieties using
26 markers. Two to twelve alleles were detected for each locus with an average of 6.4 alleles per
locus. A value of polymorphism information content (PIC) ranged from 0.461 to 0.849 with an average
of 0.665. A total of 165 marker loci were used to calculate Jaccard’s distance coefficients using un-
weighted pair-group method with arithmetical average (UPGMA) cluster analysis. Genetic distance of
cluster ranged from 0.27 to 1.00. Analysis of genetic relationship revealed that these 26 microsatellite
marker sets discriminated a total of 41 varieties except for 1 variety among 42 varieties. These markers
will be utilized as molecular data in variety identification of apple.
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Table 1. Apple varieties used for genetic relationship using microsatellite markers

No. Variety name Parentage Origin
1 Mikwang 77349 x JulyRed USA
2 Johong NJ53 line USA
3  Hac9 Fuji x Tsugaru Japan
4 Summer King Fuji x Golden Delicious Korea
5  Raritan Unknown Unknown
6 Redprince Unknown Unknown
7 Rinka Tsugaru x Sansa Japan
8  Chuk Unknown Unknown
9  Hye Unknown Unknown
10 Wonkyo Ga Dangwagi lho  Starkrimson x McIntosh Wijcik Korea
11  Hongro Spur Earliblaze x Spur Golden Delicious Korea
12 Tsugaru Golden Delicious x Jonathan Japan
13 Jonathan Esopus Spitzenberg x unknown USA
14 Hongwol Golden Delicious x Jonathan Japan
15 Arisoo Yanggwang x Cheonchu Korea
16 Chukwang Fuji x Mollie’s Delicious Korea
17 Myrared Fuji Unknown Unknown
18  Shinanosweet Fuji x Tsugaru Japan
19  Fuji Ralls Janet x Delicious Japan
20  Hwarang Variation of Fuji Korea
21 Bukdu Fuji x Yuko Japan
22 Himekkami Fuji x Jonathan Japan
23 Korin Fuji x unknown Japan
24 Aidazone Unknown Unknown
25  Redgold Unknown Unknown
26 Segyeil Delicious x Golden Delicious Japan
27 Starkrimson Unknown Unknown
28 Cheonchu Donggwang x Fuji Japan
29  Hwahong Fuji x Segyeil Korea
30 Gala Unknown Unknown
31 Jazz Unknown Unknown
32 Scilate Royal Gala x Braburn New Zealand
33 Golden Unknown Unknown
34  Spurgolden Unknown Unknown
35  Yuko Golden Delicious x Indo Japan
36  Jonagold Golden Delicious x Jonathan USA
37  Wangrim Unknown Unknown
38  Wangryeong Golden Delicious x Delicious Japan
39  Alpsotome Chance seedling discovered in mixed planting of Fuji and Jonathan  Japan
40 Indo Unknown Unknown
41  Gagayagye Unknown Unknown
42 Jinhong Red Field x Jonathan Korea
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Table 2. Microsatellite markers screened for discriminating apple varieties and polymorphism of amplified microsatellite markers

No. of used markers for screening

No. of polymorphic markers

Ratio of polymorphism (%) Maker source

55 21 382 2]

51 17 333 [5]
132 17 129 9]

16 0 0.0 [6]

51 2 39 [12]
305 57 18.7
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Fig. 1. Amplified microsatellite fragments of 2 apple varieties at the Hi02f06 locus. The PCR products were separated using a Genetic
Analyzer 3130XL (Applied Biosystem, USA) and detected using GeneMapper software (Applied Biosystem, USA). A: Summer

King, B: Jazz.
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Table 3. Characteristics of 26 microsatellite markers selected for genetic relationship of apple varieties

No. Primer name Repeat motif Annealing temp. (C) Product size (bp) No. of alleles PIC value
1 NZms CNB879773 (AG)11 55 139~187 7 0.634
2 NZms EB 149808 (TC)7(TATG)8 55 170~216 8 0.802
3 NZms EB137749 (GA)8 55 207~213 4 0.563
4 NZms CN943067 (TTO)14 55 191~223 6 0.545
5 NZms AB052994" (CN)17 55 161~195 10 0.820
6 NZms EB111793 (TC)16 55 271~283 4 0.658
7 NZms C0905522 (AG)6 55 163~171 4 0.598
8 NZms EB147967 (TC)7 55 169~185 5 0.461
9 NZms EE663955" (TA)7(TGTA)3 55 124~208 10 0.791
10 NZms EB137525' (TC)6 55 169~193 8 0.828
11 CN884552 (TCT)6 55 202~216 3 0.464
12 CN890747 (TO)11 55 246~262 5 0.642
13 CN996647f (GTG)6 55 229~232 2 0.495
14 CO416273 (CTM)9 55 254~286 9 0.688
15 CO753161f (TC)10 55 282~308 7 0.745
16 CV082898 (GA)11 55 182~194 6 0.606
17 CHO01b09b - 55 170~179 3 0.612
18 CHO1f03a - 55 214~229 3 0.593
19 CHO02c09" - 55 233~259 7 0.813
20 CHO02c11 - 55 195~239 11 0.794
21 CHO02d10b - 55 151~177 4 0.543
22 COL - 55 224~246 8 0.706
23 Hi01c09 GA 55 203~219 4 0.566
24 Hi02d04" GA 55 217~271 12 0.849
25 Hi02f06 GA 55 206~234 8 0.788
26 Hi04a08 GA 55 211~251 7 0.697

Total 165
Mean 6.4 0.665
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Fig. 3. Dendrogram of 42 apple varieties using microsatellite markers. The scale at the bottom is Jaccard’s coefficient of similarity.
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