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Establishment of Molecular ID for Some
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Abstract: [Objective] A total of 131 apple germplasms including landraces, bred cultivars and related species selected from
the National Repository of Pear and Apple Germplasm Resources in Xingcheng, China were studied with tailed primer M13
microsatellite markers (TP-M13-SSR). An analysis was made to establish the molecular ID of 131 apple germplasms. [Method]
Based on genetic fingerprints, germplasms were distinguished with selected SSR markers, alleles that were amplified by each marker
were coded, then was combined as a molecular ID. [Result] Two accessions selected from a total of 131 accessions were used for

optimization of the first PCR detecting conditions and SSR primer screening. 16 pairs of TP-M13-SSR primers with high stability
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and good repeatability were used to establish the fingerprints of 131 accessions of Malus Mill.. By using 16 selected SSR markers,
326 polymorphic sites were detected with a mean value of 20.3. The amplification of CH05d04 for all germplasms obtained 49
alleles with the highest expected heterozygosity 0.878, and the amplification of CHO01{f07a for all germplasms obtained 48 alleles.
The polymorphism information content was calculated by PopGen32 with 0.7558 on average. 16 SSR markers could distinguish 11
accessions at least, 71 accessions at most, and 49 accessions on average. The identified rate was 8.09%-52.21%. The identified rate
of CHO1f07a was the highest, and the identified rate of BGT23b was the lowest. Based on the PIC of amplification and identified rate,
each parir of two SSR primers was combined together to identify all the accessions. The combination of CH04h02 and CHO1{07a
could distinguish 120 accessions at most. More SSR primers were combined together. Finally three SSR primers could distinguish all
the accessions. All the alleles of the three core SSR markers were sequenced from small to large, and the assignment was from
number 01. A character string was constituted by combining all the codes of the three primers for every accession. By using barcode
technology molecular ID can be transferred into a barcode ID that can be quickly scanned by machine. [ Conclusion] Based on the
PIC of amplification and identified rate, core SSR primers can be screened out to distinguish all the landraces, bred cultivars, and

related species. And by constructing fingerprints, every apple germplasm obtains its differentiable molecular ID that can be recognized

by the machine. The purpose was to distinguish the most apple germplasms by using the least and the most specific primers.
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Table 1 Name and molecular ID code of 131 apple germplasms

i MR R g4 ST GBS |55 MR R E=4 5 F G i S b
Code Accession name Scientific name Molecular ID Code Accession name Scientific name Molecular ID
1 2430 Mianpingguo M.domestica 192206063131 34 PEIRFIRESE Xifuhaitang M.micromalus 031313201919
2 ANFLLLTRE T M.domestica 051005062325 35 #5246 Haitanghua M.spectabilis 061214142022
Xiaofanshanbinzig
3 [53] PH- 3 2 M.prunifolia 061309141120 36 #%7F Luxiang M.domestica 102306102026
Yuanyehaitang
4 STERE M.prunifolia 102006103131 37 J&4= Longfeng M.domestica 132225251420
Pingyaoguchenghaitang
5 KH Dagiu M.prunifolia 050912131318 38 MF Xingping M.domestica 132225252127
6 KMkF Dagiuzi M.prunifolia 072206192122 39 2} Liiguang M.domestica 101025251422
7 RN B M.prunifolia 071212141819 |40 7 Ningfeng M.domestica 071025250406
Jilinxiaohuanghaitang
8 ¥ Qiuzi M.prunifolia 071615153131 41 45 Kuier M.domestica 092312131318
9 AU M.prunifolia 112407092022 ||42 R4 Fujin M.domestica 071006091326
Niumamahaitang
10 T HEIMgR M.prunifolia 061308141120 |43 Bl M.domestica 091009102226
Ningxiahaitang Xinyuanshuai
11 FRAbHE S M.prunifolia 010225251823 |44 Kb e M.domestica 082125252226
Dongbeihuanghaitang Dashaheyuanshuai
12 FETE A M.prunifolia 062205110920 |45 ¥ Guoling M.domestica 070906131822
Laiwunanyan
13 MBI AN M.robusta 070906132123 46 ‘A Fuqiu M.domestica 112409141427
Hebeibaleng
14 YRS M.robusta 070906133131 |47 E Qijin M.domestica 091010131322
Sankuaishihaitang1
15 AN\ M.robusta 071106121830 |48 Ay DG M.domestica 092213131318
Xiaofanshanbaleng Chuizhiguoguang
16 PR T Regunzi M.robusta 061406061919 ||49 Bt Xinhua M.domestica 282812141818
17 peRis M.robusta 192706140920  ||50 K456 Zaojinguan M.domestica 152207121822
Lenghaitangshisheng
18 S M.robusta 062206122022 |51 {R4T Fuhong M.domestica 092106091121
Zaobaihaitang
19 PTG S M.robusta 141913131921 52 FH4T K Tianhongyu M.domestica 112306092021
Pingdinghaitang
20 YRR 2 M.robusta 111410133131 53 Jl:F] Shengli M.domestica 102207132122
Sankuaishihaitang2
21 20335 Honghaitang M.robusta 072306170102 ||54 "1k Zhongqiu M.domestica 101106090713
22 Rt M.robusta 062206171919 ||55 Jii4r Cuihong M.domestica 071106102121
Duanzhigunzi
23 M6 14 ¥ 3¢ M.robusta 192209121321 ||56 J€% Hanfu M.domestica 071116231320
Wanbaihaitang
24 Mook )\ B it 5 M.robusta 030912142323 |57 Wt o M.domestica 121814181522
Huailaibalenghaitang Situonuowei
25 %1 Dongbaiguo M.sieversii 061512122024 58 K Cuiqui M.domestica 072207131423
26 41 1F Hongguozi M.sieversii 080814142325 ||59 E )P Guoshuai M.domestica 091010141427
27 AR T M.sieversii 070911142323 {|60 Jd%i Meiduan M.domestica 101007091721
Huochengbaizuozi
28 SO /R 3 Keziaerma M.sieversii 081906241321 61 SN M.domestica 092302151318
Qianhetiguoguang
29 Frigitgse M sieversii 070809210921 ||62 MH4T Yanhong M.domestica 091009101720
Ningmenghaitang
30 [l B 47 Aliusitan M.sieversii 081013141823 63 TR M.domestica 091313131419
Pingzhiguoguang
31 [1#F%¢ Baihaitang M.sieversii 061012212024 |64 AN M.domestica 091009102226
Hongguoguang
32 A4 Donghongguo M.sieversii 112112121823 |65 B4 Yuehong M.domestica 132212122026
33 1£41. Huahong M.asiatica 071111111618 66 JAJR I Daerwen M.domestica 101206142123
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2:2% 1 Continued table 1

Gy PR TR 24 ST SIS || MR TR Eiz4 T B iE G Y

Code Accession name Scientific name Molecular ID Code Accession name Scientific name Molecular ID

67 KA Changzhu M.domestica 070809101421 100 HLAEZE Zaocuilil M.domestica 071616161321

68 K41 Changhong M.domestica 071106142022 101 J1# Danxia M.domestica 092210121322

69 KIH Youyi M.domestica 081209101421 102 15%¢ Dailii M.domestica 132206131920

70 B Jinyu M.domestica 112306091421 103 X Guoqing M.domestica 282813231320

71 AR Fushuai M.domestica 071606131313 104 JGFZEVE Duanzhiyindu ~ M.domestica 222606091320

72 FIE ) Xiangguoguang M.domestica 102209122226 105 H Qingxiang M.domestica 172310121622

73 ‘Tt Ningguang M.domestica 082212131320 106 4. Shuanghong M.domestica 101109131421

74 7tk Ningguan M.domestica 282809121318 107 44 Jinhong M.domestica 282813141325

75 AR Liaofu M.domestica 070909161321 108 7t Dongguang M.domestica 102213231322

76 WFK Yingqiu M.domestica 081105101313 109 Fit#E L Tianhuankui M.domestica 070810121121

77 Tk Ningsu M.domestica 102006091421 110 ¥4 Xinhong M.domestica 082110121821

78 T Ningqiu M.domestica 071106141118 111 4:FH Jingyang M.domestica 081216162222

79 MRN8 Shenglihongguan  M.domestica 111407131821 112 529% Shiai M.domestica 142312133131

80 o E R M.domestica 071808082022 113 (R M.cerasifolia 040607110924
Zhongguocaiping Yingyehaitang

81 Eia M.domestica 092507142122 114 T 225 M.halliana 071712141324
Kuihua Chuisihaitang

82 b & M.domestica 101515151921 115 7 GG i M.hupehensis 061706151018
Qiujinxing Lushihaitang

83 T =R M.domestica 091011112327 116  TEEHA M.hupehensis 091603141317
Shisanlingduanzhi Pingyitiancha

84 Tk M.domestica 051106132022 117 DaquIRGiE] M.hupehensis 070718181013
Qingguan Xingshanhubei

85 R 5L M.domestica 092509102226 118 EBilET M.manshurica 061411223131
Pingyinduanzhi Maoshandingzi

86 DU EARE M.domestica 102309141822 119 VG &g 5 M.prattii 282807070913
Yanhongmi Xishuhaitang

87 B M.domestica 102309131315 120 AP =1 M.sieboldii 131904041019
Changhong Weixisanye

88 BE M.domestica 102309131322 121 SH=m M.sieboldii 282817171616
Aifeng Fuxiansanye

89 BrEDE Xinguoguang M.domestica 092214141318 122 41 =t} Hongsanye M.sieboldii 030614142828

90 Jbxt 0201 M.domestica 091010102226  ||123  MRZiH M.sikkimensis 051006100913
Beijing0201 Linzhihaitang

91 Megr M.domestica 091009131326 124 D)1 Az M.toringoides 030903060913
Yanshanhong Sichuanbianye

92 e M.domestica 081013131322 125 R M.toringoides 070903063131
Fuhong Bianyehaitang

93 75K B M.domestica 091009131826 126 NGB M.toringoides 060910150914
Xiushuiguoguang Xiaojinbianye

94 & M.domestica 112410231421 127 B 1L e ¥ M.baccata 030903060813
Jinguang Zhaojueshandingzi

95 F# 7 Ruixing M.domestica 101106061121 128 1387 Shanjingzi M.baccata 051208141229

96 e M.domestica 081209161621 129 [ERITE S M.sikkimensis  07111407131119
Jinhong Xijinhaitang

97 J\H W M.domestica 282806092021 130 VLIS M.ombrophila  011112010603052123
Bayuesu Cangjianghaitang

98 MR IER M.domestica 282813131321 131 WYL EF M. rockii 091317060912142027
Zhanhanxiang Lijiangshandingzi

99 Z1 Yunging M.domestica 091610121322
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Table 2 16 pairs of TP-M13-SSR primers and optimum conditions

Gl R ER G151 151451 TRk
Primer name Forward primer sequence (5'-3") Reverse primer sequence (5'-3") Annealing temperature ('C)
KA4b F:CACGACGTTGTAAAACGACAAAGGTCTCTCTCACTGTCT R:CCTCAGCCCAACTCAAAGCC 48
BGT23b F:CACGACGTTGTAAAACGACCACATTCAAAGATTAAGAT R:ACTCAGCCTTTTTTTCCCAC 50
CHO1f03b  F:CACGACGTTGTAAAACGACGAGAAGCAAATGCAAAACCC R:CTCCCCGGCTCCTATTCTAC 58
CHO2b12  F:CACGACGTTGTAAAACGACGGCAGGCTTTACGATTATGC R:CCCACTAAAAGTTCACAGGC 59
CHO03d07  F:CACGACGTTGTAAAACGACCAAATCAATGCAAAACTGTCA  R:GGCTTCTGGCCATGATTTTA 51
CHO04e03  F:CACGACGTTGTAAAACGACTTGAAGATGTTTGGCTGTGC R:TGCATGTCTGTCTCCTCCAT 60
CHO04h02  F:CACGACGTTGTAAAACGACGGAAGCTGCATGATGAGACC R:CTCAAGGATTTCATGCCCAC 55.5
CHO05c06  F:CACGACGTTGTAAAACGACATTGGAACTCTCCGTATTGTGC R:ATCAACAGTAGTGGTAGCCGGT 58
CHO05d08  F:CACGACGTTGTAAAACGACTCATGGATGGGAAAAAGAGG R:TGATTGCCACATGTCAGTGTT 555
CHO02a04  F:CACGACGTTGTAAAACGACGAAACAGGCGCCATTATTTG R:AAAGGAGACGTTGCAAGTGG 58
CHO5b06  F:CACGACGTTGTAAAACGACACAAGCAAACCTAATACCACCG R:GAGACTGGAAGAGTTGCAGAGG 55
CHO05d04  F:CACGACGTTGTAAAACGACACTTGTGAGCCGTGAGAGGT R:TCCGAAGGTATGCTTCGATT 60
CHO1f07a F:CACGACGTTGTAAAACGACCCCTACACAGTTTCTCAACCC R:CGTTTTTGGAGCGTAGGAAC 59
CHO04g07  F:CACGACGTTGTAAAACGACCCCTAACCTCAATCCCCAAT R:ATGAGGCAGGTGAAGAAGGA 57
CHO05¢04  F:CACGACGTTGTAAAACGACAAGGAGAAGACCGTGTGAAATC R:CATGGATAAGGCATAGTCAGGA 58
CHO5h12  F:CACGACGTTGTAAAACGACTTGCGGAGTAGGTTTGCTTT R:TCAATCCTCATCTGTGCCAA 60

TRIZEH 54 5% M13 $23k Underlined sequences indicate the 5M13 tail

2.2 TP-M13-SSR 3|#4/ 18 & 7514
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Table 3  Genetic diversity of 131 apple accessions from China at 16 SSR loci

brid S R WA KM ZHMERGE LIES/ i De {6s X gp A
Marker Allele No. Expected Observed PIC Germplasms No. can  Identified rate (%)
heterozygosity heterozygosity be distinguished

KA4b 11 0.635 0.537 0.644 21 15.44
BGT23b 7 0.122 0.088 0.151 11 8.09
CHO01f03b 14 0.740 0.106 0.731 21 15.44
CHO02b12 20 0.728 0.722 0.718 43 31.62
CH03d07 24 0.823 0.760 0.818 58 42.65
CHO04e03 25 0.827 0.746 0.832 67 49.26
CHO04h02 28 0.866 0.867 0.858 67 49.26
CHO05c06 19 0.817 0.819 0.816 51 37.50
CH05d08 20 0.748 0.677 0.749 45 33.09
CH02a04 19 0.857 0.832 0.856 59 43.38
CHO5b06 23 0.700 0.674 0.711 56 41.18
CHO05d04 26 0.878 0.709 0.873 59 43.38
CHO1f07a 31 0.885 0.887 0.886 71 52.21
CHO04g07 25 0.846 0.850 0.831 63 46.32
CHO05e04 16 0.762 0.614 0.775 43 31.62
CHO5h12 18 0.840 0.810 0.844 53 38.97
V¥ Average 20.3 0.7546 0.6686 0.7558 49.3 36.21
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Table 4 Apple germplasms can be distinguished by using a pair of primers
My GlL7 iRy RAEX 53 FF A5 X 534
Number Primer combination Germplasms can not be distinguished Identified rate (%)
1 CHO05d04, CHO1f07a 4, 41, 43, 49, 53, 66, 70, 72, 73, 80, 88, 101, 103, 105 89.31
2 CH03d07, CHO04e03 3,5, 10, 16, 21,22, 38, 41, 43, 44, 45, 47, 48, 49, 50, 63, 64, 65, 66, 68, 72, 74,75, 80, 81, 89, 74.00
90, 92, 95,97, 106, 116, 128, 131
3 CHO03d07, CHO04h02 3,10, 13, 14, 38, 41, 43, 44, 48, 49, 53, 63, 64, 66, 68, 73,92, 93, 94,97, 114, 128, 131 82.44
4 CHO03d07, CHO04g07 42,43, 45, 48, 53, 57, 64, 68, 70, 73, 88, 89, 93, 101, 107, 128, 131 87.03
5 CH03d07, CHO5d04 5,7, 13,14, 21,22,24,41, 43, 47, 48, 49, 52, 53, 64, 65, 66, 70, 73, 76, 80, 88, 89, 90, 94, 95, 74.81
97,109, 113, 116, 128, 129, 131
6 CH03d07, CHO1f07a 3,5, 10, 16, 22, 41, 43, 44, 45, 48, 49, 52, 57, 63, 66, 72, 80, 88, 89, 92, 93, 95, 99, 107 81.67
7 CHO04e03, CH04h02 3,10, 13, 14, 38, 41, 43, 48, 49, 63, 64, 66, 68, 92, 106, 128, 131 87.02
8 CHO04e03, CH04g07  3,5,9,10, 13, 14, 26, 28, 40, 41, 48, 49, 64, 65, 66, 68, 71, 75, 79, 81, 88, 90, 92, 95, 97, 100, 76.34
105, 107, 110, 128, 131
9 CHO04e03, CH05d04 5,13, 14, 21, 22, 41, 43, 49, 64, 65, 66, 72, 74, 88, 90, 95, 97, 102, 103, 106, 109, 110, 116, 80.92
128, 131
10 CHO04e03, CHO1f07a 3,5, 10, 16, 18, 22, 41, 43, 44, 48, 49, 63, 66, 83, 91, 92, 95, 103, 105, 123, 128 83.97
11 CHO04h02, CH04g07 3,10, 13, 14, 41, 48, 49, 53, 54, 61, 64, 66, 73, 75, 86, 92,93, 97, 128, 131 84.73
12 CHO04h02, CHO5d04 13,14, 43,45, 53, 64, 71,73, 81,90, 91, 94, 97, 128, 131 88.55
13 CHO04h02, CHO1f07a 3, 10, 41, 43, 49, 63, 66, 92,93, 128, 131 91.60
14 CHO04g07, CHO5d04 5,32, 36,41, 42,43, 49, 52, 53, 55, 56, 64, 65, 66, 68, 72, 73, 88, 90, 97, 101, 110, 128, 131 81.68
15 CHO04g07, CHO1f07a 3, 5, 10, 41, 49, 66, 78, 88, 92, 93, 104, 127, 128 90.08
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Fig. 1 The TP-M13-SSR fingerprinting of Hanfu at 3 SSR loci CH04h02, CH05d04 and CHO1{07a
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B, 483ERAE 3 A5 CHO04h02. CHO05d04 Al 071116231320 FFI F 454 AR BE 4 81 1 1 AH [+
CHO1107a 3R 15 HE K431 24 187 bp/195 bp. 215 A7 ST HE A PR 2 B - 1 £ e AN i DRI 1) %
bp/235 bp A1 194 bp/210 bp, HXF M IRAEECF M EFRIRER T S E. Blin: S8R &RIL ST 5
07/11. 16/23 1 13/20, %Z/FHEAISRAFHI TR 4riF LI 3,
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Fig. 2 The TP-M13-SSR fingerprinting of Shanjingzi at 3 SSR loci CH04h02, CH05d04 and CHO1f07a

x5 S{IEFEIRERRE
Table 5 Alleles encoded standard

514 4wt Code 514 gwfid Code
Primer CHO04h02 CHO05d04 CHOIf07a | Fimer CHO4h02 CHO5d04 CHO1f07a
1 141 173 104 17 207 219 204
2 163 175 116 18 209 21 206
3 177 187 142 19 211 223 208
4 179 189 144 20 213 225 210
5 183 191 158 21 215 227 212
6 185 193 164 2 217 233 214
7 187 195 170 23 219 235 216
8 189 197 182 24 21 237 218
9 191 199 184 25 225 9 220
10 193 201 186 26 237 222
1 195 203 190 27 247 224
12 197 205 192 28 -9 228
13 199 207 194 29 232
14 201 209 196 30 244
15 203 211 198 31 -9
16 205 213 202
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Fig. 3 The molecular identity card of Mianpingguo
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