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Abstract. Conventional methods for identification of apple cultivars are based on the evaluation of sets of
morphological characteristics, however, closely related cultivars often cannot be distinguished by morphological
traits. This study was conducted to develop DNA markers for discrimination of the apple cultivars bred in
Korea. Thirty random primers generated eighty-three random amplified polymorphic DNA (RAPD) markers
from thirty-one Korean bred and introduced apple cultivars. Fifty-two RAPD fragments were cloned and
sequenced for conversion into sequence characterized amplified region (SCAR) markers. Among them only
seventeen SCAR markers resulted in the amplification of single major bands the same size as the RAPD
fragment cloned. Several combinations of six (AN11_433, ANO8 566, A408 592, AK17 653, AO04 711,
AO04 779 or AW15 368, AN11 433, A408 592, AK17 653, AO04 711, AO04 779, or AL1 427, AN11 433,
ANO08 566, A408 592, AK17 653, AO04 779) to seven (ALl 427, ANI11 433, ANO8 566, A408 592,
AK17 653, AM16 708, AO04 779 or A330 424, AN11 433, AG14 502, AN08 566, A408 592, AK17 653,
AO04 779 or A330 424, ANI11 433, AK14 564, A408 592, AK17 653, AMI16 708, AT14 789) SCAR
markers provided enough polymorphism to identify sixteen Korean apple cultivars among thirty-one tested
cultivars. Therefore, application of the seventeen SCAR markers was sufficient to identify the thirty-one tested
apple cultivars. These markers could be utilized as a reliable tool for cultivar discrimination of Korean apples.
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Table 1. The list of cultivars used in this study including their parentage and origins.

H] A8 A|(NanoDrop 2000, Thermo Fisher Scientific, MA,

No. Cultivar name Parentage Origin
1 Hongro Spur Earlyblaze x Spur Golden Delicious Korea
2 Seokwang Mollie's Delicious x Gala Korea
3 Chukwang Fuij x Mollie's Delicious Korea
4 Saenara Spur Earlyblaze x Spur Golden Delicious Korea
5 Gamhong Spur Earlyblaze x Spur Golden Delicious Korea
6 Hwahong Fuij x Sekaiichi Korea
7 Sunhong Hongro x Chukwang Korea
8 Seohong Tsugaru x Chukwang Korea
9 Summer Dream Tsugaru x Natsumidori Korea
10 Honggeum Senshu x Hongro Korea
11 Manbok Earlyblaze x Fuji Korea
12 Hongso Yoko x Hongro Korea
13 Hongan Fuji x Jonathan Korea
14 Yeohong Jonathan x Fuiji Korea
15 Green Ball Golden Delicious x Fuiji Korea
16 Picnic Fuji x Sansa Korea
17 Tsugaru Golden Delicious x Unknown Japan
18 Sansa Gala x Akane Japan
19 Jonagold Golden Delicious x Jonathan USA
20 Golden Delicious Grimes Golden x Unknown USA
21 Red Delicious Sport of Delicious USA
22 Fuji Ralls Janet x Delicious Japan
23 Pink Lady Golden Delicious x Lady Williams Australia
24 Gala Kidd's Orange Red x Golden Delicious New Zealand
25 Mollie's Delicious (Golden Delicious x Edgewood) x (Red Gravenstein x Close) USA
26 Senshu Unknown Japan
27 Jonathan Esopus Spitzenburg x Unknown USA
28 Kougetsu Golden Delicious x Jonathan Japan
29 Ralls Janet Unknown USA
30 Yoko Golden Delicious x Unknown USA
31 Spur Earlyblaze Unknown USA
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Table 2. The list of RAPD primers and their sequences for identification of 31 apple cultivars.

No. of selected

No. of selected

No. Primer Sequence RAPD marker No. Primer Sequence RAPD marker
1 OPG-14 GGATGAGACC 5 16 OPT-14 AATGCCGCAG 3
2 OPG-17 ACGACCGACA 2 17 OPT-16 GGTGAACGCT 2
3 OPG-19 GTCAGGGCAA 1 18 OPU-17 ACCTGGGGAG 7
4 OPK-14 CCCGCTACAC 3 19 OPV-04 CCCCTCACGA 1
5 OPK-17 CCCAGCTGTG 4 20 OPV-12 ACCCCCCACT 4
6 OPL-01 GGCATGACCT 2 21 OPV-14 AGATCCCGCC 6
7 OPL-12 GGGCGGTACT 2 22 OPW-10 TCGCATCCCT 2
8 OPL-17 AGCCTGAGCC 2 23 OPW-15 ACACCGGAAC 1
9 OPM-15 GACCTACCAC 2 24 OPW-20 TGTGGCAGCA 1

10 OPM-16 GTAACCAGCC 3 25 UBC-330 GGTGGTTTCC 3

11 OPN-08 ACCTCAGCTC 4 26 UBC-408 CCGTCTCTTT 1

12 OPN-10 ACAACTGGGG 3 27 UBC-530 AATAACCGCC 2

13 OPN-11 TCGCCGCAAA 2 28 UBC-550 GTCGCCTGAG 2

14 OPO-04 AAGTCCGCTC 2 29 UBC-554 TCATCCAGGG 4

15 OPT-06 CAAGGGCAGA 5 30 UBC-667 CGCAGAAATC 2
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Fig. 1. Amplified fragment patterns of OPL-01 random primer from 31 apple cultivars (A) and converted into SCAR markers (B,
C). Arrows indicated RAPD and SCAR markers. A, RAPD markers; B, ALO1_851 SCAR marker; C, AL01_343 SCAR marker.
Lanes 1-31 corresponded to the apple cultivars listed in Table 1. M, 100 bp plus DNA ladder.
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Table 3. Developed 17 SCAR markers and primer sequences delivered from selected RAPD markers.

RAPD marker SCAR marker

Primer sequence (5'—3')

Amplicon size (bp)

OPLO01_343 ALO1_343 F: GGCATGACCTCAAACATGACAATATT 343
R: GGCATGACCTAGCCGTCCTAGGTT

OPW15_368 AW15_368 F: GGATATGTACGTGGAAACTTTGGTTTC 368
R: ACACCGGAACTATATGTAAACAATCTGA

UBC330_424 A330_424 F: GATATTTCCGTGTTTTCGGACTAC 424
R: GGTGGTTTCCTAAGTAGAGCCACA

OPLO1_427 ALO1_427 F: ACAACTGGGGAGGCACAAGG 427
R: ACAACTGGGGGTCCTCATCC

OPN11_433 AN11_433 F: CGCCGCAAAGGAAGAACAACAAGAAA 433
R: CGCCGCAAAGCCACCTTGCTGATG

OPTO06_453 AT06_453 F: CAAGGGCAGACAGACATATATTCATAG 453
R: CAAGGGCAGAGGTCAGAGGACAGC

OPG14_502 AG14_502 F: AGTACTTGGATTTAACGGAGGACATGA 502
R: CAGATCTTGACTAAGACCCTGGATAAG

OPNO08_566 ANO08_566 F: ACCTCAGCTCTACATGATGCCGAA 566
R: ACCTCAGCTCGGTCATTGCATATAA

OPK17_574 AK17_574 F: CCCAGCTGTGTATTTACCTTTTCT 574
R: CCCAGCTGTGACCTATTACGAAGC

OPK14_575 AK14_575 F: CCCGCTACACCCATTTTGTGTACGTGT 575
R: TAGCCAAAGGACTCCACTATAAGGAGG

UBC408_592 A408_592 F: CCGTCTCTTTACTATAACTAACCCTTC 592
R: CCGTCTCTTTCGTTTCAGGAATTTTCC

OPK17_653 AK17_653 F: CCCAGCTGTGACATAACAAAAAATATC 653
R: CCCAGCTGTGAGGGAGTGGCTCGA

OPM16_708 AM16_708 F: ATTAAAACACTGGAGCTCAAAACCTCAA 708
R: GTAACCAGCCCAATAACCAACCCAACT

OPO04_711 AO04_711 F: AAGTCCGCTCACCAGTAACATAAAA 711
R: AAGTCCGCTCCAGATAAAAGGAGT

OPO04_779 AO04_779 F: AAGTCCGCTCAAATCCACCTCAAG 779
R: AAGTCCGCTCTACAGACTGTTCAAT

OPT14_789 AT14_789 F: AATGCCGCAGCAGATAAGTAATCTCTA 789
R: AATGCCGCAGTAAGAAACCTTGAAGGA

OPL01_851 ALO1_851 F: CATCAAAGCTTAAAGACTCAAGCAGCTT 851
R: GGCATGACCTGGCTGTTAACTTTG
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Table 4. Genotypes detected by 17 SCAR markers among 31 apple cultivars.

SCAR marker

gg!tl\/ar ALO1_ AW15_ A330_ ALO1_ AN11_ ATO06_ AG14_ ANO08_ AK17_ AK14_ A408_ AK17_ AM16_ AO04_ AO04_ AT14_ ALO1_
343 368 424 427 433 453 502 566 574 575 592 653 708 711 779 789 851

1 + - + + - + + + + - + - - +

2 + + + + + + + + - N - +

3 + + + + - + - - +

4 + + + + + + + - +

5 + + + + + + - +

6 + + + +

7 + + + + + + + + +

8 +

9 + - +

10 - + + + +

11 + + + + + + +

12 + + + + + + +

13 + + + + +

14 + + + + + + +

15 + + + + +

16 + + + + +

17 + + + + + + +

18 + + + + +

19 + + + + + +

20 - + + + + +

21 + + + + + + +

22 + + + + + +

23 + + + + + +

24 + - + + + +

25 + + + + + + + - +

26 + + + + + +

27 + + + + + +

28 + +

29 + + + + +

30 + + + + + + + + +

31 - + - - + - - + + + - + +

+ : Presence of marker, - : absence of marker
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A408_592, AK17 653, AO04 711, AO04 7792} AWI5 368,
ANI1 433, A408 592, AK17 653, AO04 711, AO04 779, &
L ALI 427, AN11 433, ANO8_566, A408 592, AK17 653,
AO04 779) = 7E9|(AL1 427, AN11 433, ANOS_566,
A408_ 592, AK17 653, AMI16_708, AO04 779} A330 424,
ANI11 433, AG14 502, ANO8_ 566, A408 592, AK17 653,
AO04 779 = A330 424, AN11 433, AK14 564, A408 592,
AK17 653, AM16_708, AT14_789) %32 o]&3}o] 2
$4 168%2] o] i5algich. maks 1752] SCAR
s Hestel & 3B MY 84 Bk 2YEF)
Fao] /SS90 olE SCAR vhAL B At )

F% BEL 9% BUHOR o848 & UL o

e
olg 23

Bernet, G.P., S. Bramardi, D. Calvache, E.A. Carbonell, and M.J.
Asins. 2003. Applicability of molecular markers in the context
of protection of new varieties of cucumber. Plant Breeding
122:146-152.

Ellsworth, D.L., K.D. Rittenhouse, and R.L. Honeycutt. 1993.
Artifactual variation in randomly amplified polymorphic DNA
banding patterns. BioTechniques 14:214-217.

Galli, Z., G. Halaz, E. Kiss, L. Heszky, and J. Dobranszki. 2005.
Molecular identification of commercial apple cultivars with
microsatellite markers. HortScience 40:1974-1977.

Gianfranceschi, L., N. Seglias, R. Tarchini, M. Komjanc, and
C. Gessler. 1998. Simple sequence repeats for genetic analysis
of apple. Theor. Appl. Genet. 96:1069-1076.

Gouldo, L. and C.M. Oliveira. 2001. Molecular characterisation
of cultivars of apple (Malus x domestica Borkh.) using micro-
satellite (SSR and ISSR) markers. Euphytica 122:81-89.

Gouldo, L., L. Cabrita, C.M. Oliveira, and J.M. Leitdo. 2001.
Comparing RAPD and AFLP™ analysis in discrimination and
estimation of genetic similarities among apple (Malus domestica
Borkh.) cultivars. Euphytica 119:259-270.

Guilford, P., S. Prakash, J.JM. Zhu, E. Rikkerink, S. Gardiner,
H. Bassett, and R. Forster. 1997. Microsatellites in Malus x
domestica (apple): abundance, polymorphism and cultivar
identification. Theor. Appl. Genet. 94:249-254.

Harada, T., K. Matsukawa, T. Sato, R. Ishikawa, M. Niizeki, and
K. Saito. 1993. DNA-RAPD detect genetic variation and
paternity in Malus. Euphytica 65:87-91.

Janick, J., J.N. Cummins, S.K. Brown, and M. Hemmat. 1996.
Apples. p. 1-77. In: J. Janick, J.N. Moore, eds, Fruit Breeding,
Vol I: Tree and Tropical Fruits. John Wiley and Sons, N.Y.

Jun, J.H., K.H. Chung, S.B. Jeong, and H.J. Lee. 2005. Identi-
fication of RAPD and AFLP markers linked to the fiuit acidity
gene D in Peach (Prunus persica). J. Kor. Soc. Hort. Sci.



46:43-48.

Koller, B., A. Lehmann, J.M. McDermott, and C. Gessler. 1993.
Identification of apple cultivars using RAPD markers. Theor.
Appl. Genet. 85:901-904.

Korban, S.S. and H. Chen. 1992. Apples. P. 203-227. In: F.
Hammerschlag, R. Litz, eds, Biotechnology of perennial fruit
tree crops. CAB International, Oxnard, C.A. from randomly amplified polymorphic DNA markers for finger-

Muralidharan, K. and E.K. Wakeland. 1993. Concentration of printing grape (Vitis) rootstocks. J. Amer. Soc. Hort. Sci.
primer and template qualitatively affects products in random- 120:714-720.

amplified polymorphic DNA PCR. BioTechniques 14:362-364.
Paran, I. and R.W. Michelmore. 1993. Development of reliable
PCR-based markers linked to downy mildew resistance genes
in lettuce. Theor. Appl. Genet. 85:985-993.
Xu, H., D.J. Wilson, S. Arulsekar, and A.T. Bakalinsky. 1995.
Sequence-specific polymerase chain-reaction markers derived

Kor. J, Hort, Sci. Technol, 28(5), October 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


