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Abstract

Marker-assisted backcrossing (MABC) is useful for selecting offspring with a highly recovered
genetic background for a recurrent parent at early generation unlike rice and other field crops.
Molecular marker sets applicable to practical MABC are scarce in vegetable crops including
tomatoes. In this study, we used the National Center for Biotechnology Information- short
read archive (NCBI-SRA) database that provided the whole genome sequences of 234 tomato
accessions and selected 27,680 tag-single nucleotide polymorphisms (tag-SNPs) that can
identify haplotypes in the tomato genome. From this SNP dataset, a total of 143 tag-SNPs
that have a high polymorphism information content (PIC) value (> 0.3) and are physically
evenly distributed on each chromosome were selected as a MABC marker set. This marker
set was tested for its polymorphism in each pairwise cross combination constructed with
124 of the 234 tomato accessions, and a relatively high number of SNP markers polymorphic
for the cross combination was observed. The reliability of the MABC SNP set was assessed
by converting 18 SNPs into Luna probe-based high-resolution melting (HRM) markers and
genotyping nine tomato accessions. The results show that the SNP information and HRM
marker genotype matched in 98.6% of the experiment data points, indicating that our
sequence analysis pipeline for SNP mining worked successfully. The tag-SNP set for the MABC
developed in this study can be useful for not only a practical backcrossing program but also
for cultivar identification and F1 seed purity test in tomatoes.

Keywords: Luna probe, marker-assisted backcrossing (MABC), next generation
sequencing (NGS), single nucleotide polymorphism (SNP), tomato

Introduction

EnkE(Solanum Iycopersicum L= 7FA|#HSolanaceae)ol| £5t= EHﬂiZﬂ QI A4 AHEEA,
ot ofU e} A AR 0 2 AALEF 3l An|Efo] tlof ZHE AJRfoj|A] =2 AR A 7= 7
o}, 55| EvlE= Agrobacteriums &% @220l 7551l Bl w4 ?ﬁ% 2 AYZAF B A2 |

A 2715 71A1AL Qlof 7RI 220 85 il & ARgE o] gitH(Foolad, 2007). £ ERHES

Korean Journal of Agricultural Science 45(3) September 2018 385

PISSN : 2466-2402
eISSN © 2466-2410



Development of SNP marker set for marker-assisted backcrossing (MABC) in cultivating tomato varieties

§F A7IM G Aito] 7hESHE A S5 AR U §3A) 718Ee] 22t 880] 7HAl = S8 %= TS T ZA|AL )tk

A £5-2 Yohs FEY 575 FE0IA felieh 23] ¥ glo] DNA ¥71AF2] Xpo| & Hol= 24 nh7
(Molecular marker) - ©]-8-5}0] THEsH= 7|3 2 2(Edwards and Batley, 2010), 52} A4t 855 dhof w3 85 <
S HEA7IAL S5 7 A B8 ST 4= s S AU AL Qe B0l BAF A E o wit 550l A
Lok Bt o] g0 gk (Maker-assisted backcrossing, MABC)2 £} 1A S o|-85t0] F-57]0f ofwzd #j<=0]
A 245 SITho =4 Al&sla AdelolA| 315310] A o] A7HAIE AT 4= Qlo] &5 gkt HI g, =8 &
< G840 & 7HAAZ 4 K Servin and Hospital, 2002; Collard and Mackill, 2008). EvtES] 79 i 78 2
RS 0] opgFolA EE| AL Q7] whzoll(Foolad, 2007), ©]215t MABC AlAELS 2851 7|29] &5 7|&HTh
T4 AEe 8742 7IHe 4 ok A el M = EnpEe] i W 28 A Ayt niro] oigh et HE
o] MABC €% 7142 285 ARt BuE] 3 QJA|9HPark et al., 2010a; Park et al., 2010b; Hwang et al., 2012),
MABCel &8 4= Ql= 5ol npre] it} X F4 o2 A &5 Aol 284 4~ 3= MABC 7|2 1&gt A
golt.

2| MAS 9 MABCel| 202 o] &&= 24t urs 44 Wl 7H =2 Hle =z EXjoh= 27|03
(Single nucleotide polymorphism, SNP)°]t}. SNP= = ol = EntES] F5 F-2 gt obuel 3-8 2 347k A
HRS Q)5 Ato]] ZulA| 225 11 Qlth(Bae et al., 2010; Hwang et al., 2012). NGSe]l 7|1kt 247570 4] 21 241
genome resequencing, WGRS)2 B|-8-0] 2 ¥ chigke] SNP} 4+9l/Z A (Insertion/Deletion, Indel)¥} 2+ 7] 4]
IRo] HRE R 4 Qs F o] ArhLee et al,, 2015). 22 FAIZ 02 thefgt EntE FFof| tist WGRS7}
43531 9l =t|(Causse et al., 2013; Sahu and Chattopadhyay, 2017), Lin et al. (2014)= & 3607 E0tE 4] 54
A} (core collection)l] thal] WGRSE- k&35 0.0, 4741 Q = NCBI2] SRA (Sequence Read Archive; https://
www.ncbi.nlm.nih.gov/sra) databasell 3-A1%=]o] Tt

+ %17-= NCBI-SRA databasecl] S-A1H EALE §394] 7|4 E HEE A2Alsto] tid SNPE BAIskL o] o]
B5to] gt &5 ARolA] & 7153 Al 22 MABC SNP setE 7 stalz} 3= ik

Materials and Methods

EOIE RN YHo| 2tH

ke f-417] 7= NCBI9| SRA database=FE] £33l 00, & 975 913l 433k ErpEo] AlE E SRA 4

= 2F 800047K, & B7IMY Rl 2 oF 7.8 Tho|tHTable 1). EALE EF 374 (reference genome)= SGN
(https://solgenomics.net/)ollA] =33t Solanum lycopersicum Heinz 1706 (ITAG version 2.4)& AH8-5I3iTH EE f
A9 F- ol 781,666,411 bpelat, 1270 GAIAIR 1270 FAIA| & ko] A= A2] FHA] 52t scaffold H714]
S 72 12 7|t groupL = T 137119] GAIA = o] FoiA] Qltt.

EOLE A E2 MH

EntE ks ks Al5-S A5 913l Lin et al. (2014)2] =52 Farsto] A 2 B o] AR 7155 Ef
O] A7IX L Hlo[El2A 13F4 02 EntE 23470 A58 A17dsIItHTable 2). o152 thals 48 = 7138 Al
SO = fo| o] 8&| 11 Q)= Solanum lycopersicums $-41 2 = 51, th3E4 Q1 -2 E0LE AuliE2! S. Iycopersicum
var. cerasiforme®}t S ENE 85 oA 827} =2 S, pimpinellifoliums ZE35IH 00, 1 9] YH opyE
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ENtE Also 2 =ik 3 A HE A2 152 wl et 2Mdste] AR SNP uk o] Aald A5l Ake-
E = 53
E0E genomic DNA =&

| BHS Fsl Akt SNP ok 2] e s 75357 918l ‘13708’ (Solanum pimpinellifolium)=}t ‘AV107-4
(Solanum Iycopersicum) 7+ AEIHES 2HJ3IRAtt Genomic DNAS F&317] 98l EftE 2 1 mgs 1.5 ml
microcentrifuge tubecll €11 HHEAR WFAZ] T pestles o]-&ato] 222 &715] npafistSlt}. DNeasy Plant
mini kit (Qiagen, USA)S] ool whet zlsgatelon, &3 DNAE Simplinand™ spectrophotometer (GE
Healthcare Life Sciences, UK)Z 0]-83}0] 529t 4e 2 Z43F TR 2% 557125 ng-ul! 7} =22 5]45}9ich.

E0HE MABCE SNP OfA Mgt
NCBI-SRA database©l|lA] 473t EntE 234 AlE2] G214 97|14 E A H 2 EE] haplotype F744H 2418 915t tag-
SNP 27,6802 MdrslQic). 12142 2 27,680210] tag-SNPERE group ZA#9] missing data?} 30% oJujo] i

Table 1. Tomato genome data from NCBI-SRA.

Scientific name of tomato SRA No. of SRA Total bases (bp)
Solanum Iycopersicum 557 5,367,216,027,209
Solanum Iycopersicum var. cerasiforme 133 818,234,753,829
Solanum pimpinellifolium 65 470,510,067,600
Solanum habrochaites 17 324,511,688,762
Solanum pennellii 14 137,734,433,883
Solanum arcanum 12 165,974,167,372
Solanum huaylasense 3 101,084,736,600
Solanum cheesmaniae 2 68,609,466,300
Solanum chilense 2 64,731,490,900
Solanum chmielewskii 2 67,986,640,700
Solanum neorickii 2 70,608,085,300
Solanum peruvianum 2 69,515,482,100
Solanum corneliomuelleri 1 32,520,818,500
Solanum galapagense 1 30,910,824,200
Total 813 7,790,148,683,755
SRA, Short Read Archive database.

Table 2. SRA information used for analysis.

Scientific name of tomato SRA No. of used SRA

Solanum Iycopersicum 126

Solanum Iycopersicum var. cerasiforme 68

Solanum pimpinellifolium 33

Solanum habrochaites 1

Solanum cheesmaniae 2

Solanum chilense 1

Solanum neorickii 1

Solanum peruvianum 2

Total 234

SRA, Short Read Archive database.
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group WollA4 PIC (polymorphism information content) value”} 0.2 0]/42] tag-SNPZ- filteringstitt. 2} tag-SNP
9] PIC valuei= SNP2| tH/d -3 U= 2|3 24 Botstein et al. (1980)5 Farsto] AHEa1ic.

PIG=1- 3", Pif

SF A 2|4 10712] SNPE Alhetarat 2 A 2] Zo]E 5 MbellA 10 Mb 7 0 &2 JoS Ueglom, ALt
A& &5l Ai7 tag-SNP] HAA] G R 2 RIS 2| E4 0 2 st FHellA] PIC value”} =1L, ulHi
29 Uiolld o de 718 ol Uehdl= SNPE A2l

wHHZEeHS 0|2%E SNP O AE

7} SNPei| tét Luna probe(unlabeled probe)& tAHQ15te] GBS Zzte] AlglAd& 425313ict. sid SNp2] So]
2 225 9]5f 2F 300 bp Z°]9] flanking A4/ 2% €] PCR primer2} Luna probe AlEZS #2511t Primer3 T2
348 o]gsto] ATrich -2 GCrich regiong 13kl GC H]E-2 °F 50%% primers A5 2H, 2% PCR
product®] 37]+= 8l SNP7F 231 150 bp W2l 2 5t Luna probet= SNPE 23}510] & 31 mer2 51, SNP
x| ] A7)= reference?] F7](71F B71)= Aot tHTable 5). PCR ¥-8-4-2 genomic DNA (25 ng/uL) 1 Lt
WA forward primer (1 pmol) 1 pL, reverse primer (10 pmole) 0.5 L, 5x HOT FIREPol® EvaGreen® gPCR
Supermix (Solis Biodyne, Estonia) 4 uL, luna probe (10 pmole) 1 pL, D.W 12.5 uLE 4o} & 20 uL2 2/Jst3ich
Real time PCR2 CFX96 (Bio-rad, USA) 717|5 ol-§-5tof 48|10 1, PCR 2712 95°CollA 5 &<t 12} #/ds}
11, 95°Coll A 20, 60°ColA] 202, 72°CollA 2027 40 - 453] ¥H=3}tt. o]o] A melting curve £44-2 9]31] 95°Cof|
A 15%, 40°CollA] 30z BHg3H RS, 50°CollA 90°C7HA] 129 0.5°CH] 22 /<5 A1 ZTh Melting curve £4] A] 7]
Z0] Ei= SNP A @3} perfect match?! template DNA A1Z-2 one miss matchS! A1Z R T} Tm Fro] 7] wf&o]
melting peak’} =7 E¥5H| Elo] Aoz & HES RS 4 QA =W, ZF Aol tigh GBS &A1 Aot

Luna probe A5 H]wato] Y3 &2 WiEE = AlLtelit)

Results and Discussion

EO0LE QFK| MES 0|23 S Mt I TH|Z 30| X

1pA 0 2 A 234719] EHEE accession®] -7 AHlE-C. 2 0]- 831 Q1= Solanum Iycopersicum ©] ]ol| &=
27 wi7o] ThgRt oPYFEo] Ete|o] Q17| wio], AhEl MABCE np7E AlA| Evke 8% sbgol A 24 7Hs5
2] o725 golst d @ 7} Q. whehba] 234709] A5 FollA 32 85 A 02 o] &5 1 Tt AlSS thiHE 4~ Ql=
wH)E9}0) 2HAdo] i F- 25t

NCBI-SRAZEE] 98 EnlE 2347} E& ZoA] AuEC R o| &&= S, [ycopersicum®} S. Iycopersicum var.
cerasiforme $%& Zs}e] £ HlolEl] quality’} ST 1787 E5& 2212 APtk o] F Al 1787)
E% % Lin etal. (2014)2] 20| w2 th}E 15 (group = BIG lines)2 A3} 15 (group = CER lines)oll £5H= &
T 4TI 68F, F 162 B2 A Adetglor, 2F4 22 ‘Cocktail tomato’, ‘Vintage cultivar’, ‘Latin American
cultivar’ & 177Fx|2] theft 7he| are]ofl £5h= 1243 (group = CER lines 39, group = BIG lines 853)& 415}
MABCE SNP 0} Aldhol] AL851%{tHTable 3). §5-& Sato] M E52 749 E5%92 27513t

MABCE SNP 07 Mgt
EntE 234 A5l 477 4714 < tlo|ElS o]-&35}o] haplotype F-AAME £41517] 93] tag-SNP 27,6807H2- A1k
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Table 3. Information of 124 samples used for selection of MABC markers.(Continued)

No. SRA Variety Group Categories Name (cultivar)
1 SRR1572327  S.lycopersicum var cerasiforme  CER cultivar cerise rose

2 SRR1572335  S.Iycopersicum var cerasiforme ~ CER Cocktail tomato

3 SRR1572339  S.lycopersicum var cerasiforme ~ CER Cocktail tomato

4 SRR1572343  S.Iycopersicum var cerasiforme  CER cultivar Ohmiya SunCerise
5 SRR1572344  S.lycopersicum var cerasiforme ~ CER Vintage cultivar Principe Borghese
6 SRR1572345  S.lycopersicum var cerasiforme  CER cultivar Poire jaune
7 SRR1572346  S.Iycopersicum var cerasiforme  CER cultivar

8 SRR1572348  S.lycopersicum var cerasiforme ~ CER Latin American cultivar; Wild species Trujillo

9 SRR1572362  S.lycopersicum var cerasiforme ~ CER cultivar

10  SRR1572364  S.ycopersicum var cerasiforme  CER Cocktail tomato

11 SRR1572365  S.ycopersicum var cerasiforme  CER cultivar N1565

12 SRR1572372  S.ycopersicum var cerasiforme  CER Latin American cultivar; Wild species Moyobamba
13 SRR1572373  S.ycopersicum var cerasiforme  CER cultivar Cuba Plum
14 SRR1572375  S.ycopersicum var cerasiforme  CER cultivar Malintka 101
15  SRR1572377  S.ycopersicum var cerasiforme  CER Latin American cultivar Villa Hermosa
16  SRR1572380  S.ycopersicum var cerasiforme  CER Latin American cultivar Veracruz
17 SRR1572383  S.ycopersicum var cerasiforme  CER cultivar Monplaisir
18  SRR1572384  S.ycopersicum var cerasiforme  CER cultivar Nagcarlang
19  SRR1572385  S.ycopersicum var cerasiforme  CER Latin American cultivar

20  SRR1572386  S.ycopersicum var cerasiforme  CER cultivar 8 bis

21 SRR1572390  S.Iycopersicum var cerasiforme  CER cultivar Phyra

22 SRR1572391  S.ycopersicum var cerasiforme  CER landrace Mobalcon
23 SRR1572396  S.lycopersicum var cerasiforme  CER cultivar Atom

24 SRR1572400  S.ycopersicum var cerasiforme  CER cultivar L 285

25  SRR1572401  S.ycopersicum var cerasiforme  CER Latin American cultivar

26 SRR1572406  S.lycopersicum var cerasiforme  CER cultivar N 795 Pescio
27 SRR1572409  S.Iycopersicum var cerasiforme  CER cocktail tomato

28  SRR1572413  S.Iycopersicum var cerasiforme  CER cultivar Minibel

29  SRR1572417  S.ycopersicum var cerasiforme  CER landrace Linosa

30  SRR1572424  S.lycopersicum var cerasiforme  CER landrace Cerazjnho
31 SRR1572425  S.ycopersicum var cerasiforme  CER landrace Allungato piccolo
32 SRR1572426  S.ycopersicum var cerasiforme  CER Cocktail tomato

33 SRR1572427  S.lycopersicum var cerasiforme  CER Latin American cultivar

34 SRR1572430  S.Iycopersicum var cerasiforme  CER cultivar N 933

35 SRR1572442  S.ycopersicum var cerasiforme  CER Latin American cultivar Tarapoto

36 SRR1572446  S.Iycopersicum var cerasiforme  CER cultivar

37  SRR1572449  S.ycopersicum var cerasiforme  CER cultivar BL 587-S

38  SRR1572450  S.lycopersicum var cerasiforme  CER cultivar BL 587

39  SRR1572451  S.lycopersicum var cerasiforme  CER cultivar BL 359

40  SRR1572452 S.lycopersicum BIG Vintage Processing VF-36

41 SRR1572453 S.lycopersicum BIG Vintage Fresh Market Moneymaker
42 SRR1572455 S.lycopersicum BIG Inbreed line Hawaii 7998
43 SRR1572456 S.lycopersicum BIG Vintage Fresh Market Edkawi

44 SRR1572457 S.Iycopersicum BIG Vintage Processing San Marzano
45 SRR1572458 S.lycopersicum BIG Modern Fresh Market Micro-Tom
46 SRR1572460 S.lycopersicum BIG Vintage Fresh Market AilsaCraig
47  SRR1572461 S.lycopersicum BIG Vintage Fresh Market Marglobe
48  SRR1572462 S.lycopersicum BIG Modern Fresh Market KR2
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Table 3. Information of 124 samples used for selection of MABC markers.(Continued)

No. SRA Variety Group Categories Name (cultivar)

49 SRR1572463 S.lycopersicum BIG Modern Fresh Market yoku improvement

50  SRR1572464 S.lycopersicum BIG Cocktail tomato

51  SRR1572465 S.lycopersicum BIG Processing tomato

52 SRR1572466 S.Iycopersicum BIG Fresh Market Moneymaker

53 SRR1572467 S.lycopersicum BIG Landrace A pera abruzzese

54 SRR1572479 S.lycopersicum BIG Vintage Fresh Market New Yorker

55  SRR1572482 S.lycopersicum BIG Latin American cultivar Huachinango

56 SRR1572484 S.lycopersicum BIG Fresh Market N739

57 SRR1572485 S.lycopersicum BIG Processing tomato

58  SRR1572487 S.lycopersicum BIG Processing tomato

59 SRR1572488 S.Iycopersicum BIG Processing tomato

60  SRR1572489 S.lycopersicum BIG Processing tomato

61  SRR1572495 S.Iycopersicum BIG Processing tomato

62  SRR1572496 S.lycopersicum BIG Cocktail tomato

63  SRR1572497 S.lycopersicum BIG Processing tomato

64 SRR1572498 S.lycopersicum BIG Fresh Market Moneymaker

65 SRR1572499 S.Iycopersicum BIG Processing

66  SRR1572514 S.lycopersicum BIG Landrace Scatolone di bolsena

67 SRR1572515 S.Iycopersicum BIG Landrace/ Latin American cultivar Hacienda Calera

68  SRR1572516 S.lycopersicum BIG Vintage Processing Pearson

69  SRR1572517 S.lycopersicum BIG Modern Fresh Market Severianin

70  SRR1572518 S.lycopersicum BIG Vintage Fresh Market Primabel

71 SRR1572530 S.lycopersicum BIG Landrace/ Latin American cultivar Hacienda Rosario

72 SRR1572532 S.Iycopersicum BIG Landrace Spagnoletta

73 SRR1572533 S.Iycopersicum BIG Vintage cultivar Red Setter

74 SRR1572534 S.lycopersicum BIG cultivar 149-77

75  SRR1572535 S.lycopersicum BIG cultivar Saladette

76  SRR1572536 S.lycopersicum BIG Vintage cultivar Roma

77  SRR1572537 S.lycopersicum BIG Modern Fresh Market Florida7547

78  SRR1572545 S.lycopersicum BIG Landrace/ Latin American cultivar Santa Cruz B

79  SRR1572548 S.Iycopersicum BIG Vintage Fresh, Market,Monogenic Condine Red

80 SRR1572549 S.lycopersicum BIG Processing tomato

81  SRR1572550 S.Iycopersicum BIG Processing tomato

82  SRR1572551 S.lycopersicum BIG Processing tomato

83  SRR1572552 S.lycopersicum BIG Processing tomato

84  SRR1572558 S.lycopersicum BIG Landrace/ Latin American cultivar Tegucigalpa

85 SRR1572561 S.Iycopersicum BIG Landrace Cuor di bue

86  SRR1572564 S.lycopersicum BIG Processing tomato

87  SRR1572566 S.Iycopersicum BIG Processing tomato

88  SRR1572567 S.lycopersicum BIG Processing tomato

89  SRR1572568 S.lycopersicum BIG Processing tomato

90  SRR1572569 S.lycopersicum BIG Processing tomato

91 SRR1572570 S.lycopersicum BIG Processing tomato

92 SRR1572573 S.Iycopersicum BIG Processing tomato

93  SRR1572574 S.lycopersicum BIG Processing tomato

94 SRR1572583 S.lycopersicum BIG Landrace Francescano

95  SRR1572584 S.lycopersicum BIG Vintage cultivar Severianin

96  SRR1572585 S.lycopersicum BIG Landrace Pantano dArdea
Korean Journal of Agricultural Science 45(3) September 2018 390
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Table 3. Information of 124 samples used for selection of MABC markers.

No. SRA Variety Group Categories Name (cultivar)
97 SRR1572587 S.lycopersicum BIG Vintage Fresh Market Ace
98 SRR1572588 S.lycopersicum BIG Processing tomato N020212
9 SRR1572589 S.lycopersicum BIG Landrace Libanese
100 SRR1572593 S.Iycopersicum BIG Landrace/ Latin American cultivar San Salvador
101 SRR15725%4 S.lycopersicum BIG Landrace Bell pepper-like
102 SRR1572595 S.Iycopersicum BIG Modern Fresh Market Florida7060
103 SRR1572596 S.Iycopersicum BIG Vintage Fresh Market PrinceBorghese
104  SRR1572597 S.Iycopersicum BIG Modern Fresh Market NC265-1(93)-3-3
105 SRR1572607 S.lycopersicum BIG cultivar Barnaulski Konservnyi
106 SRR1572610 S.lycopersicum BIG Processing tomato
107 SRR1572611 S.lycopersicum BIG cultivar Microtom
108 SRR1572615 S.Iycopersicum BIG Processing
109 SRR1572616 S.Iycopersicum BIG Processing tomato
110 SRR1572617 S.Iycopersicum BIG Processing tomato
111 SRR1572618 S.Iycopersicum BIG Processing tomato
112 SRR1572619 S.lycopersicum BIG Vintage Fresh Market Platense
113 SRR1572620 S.lycopersicum BIG Modern Fresh Market NC EBR-5
114 SRR1572623 S.lycopersicum BIG Latin American cultivar Ayacucho
115 SRR1572625 S.Iycopersicum BIG Processing tomato
116 SRR1572626 S.Iycopersicum BIG Landrace/ Latin American cultivar Merida
117 SRR1572629 S.Iycopersicum BIG Processing tomato
118 SRR1572630 S.lycopersicum BIG Latin American cultivar
119 SRR1572631 S.lycopersicum BIG Processing tomato
120 SRR1572654 S.lycopersicum BIG Landrace Ucra2
121 SRR1572655 S.lycopersicum BIG Processing tomato
122 SRR1572656 S.Iycopersicum BIG Processing tomato
123 SRR1572658 S.Iycopersicum BIG Cocktail/ Processing tomato
124 SRR1572666 S.lycopersicum BIG Landrace
MABC, Marker-assisted Backcrossing; CER, S. Iycopersicum var. cerasiforme accessions; BIG, big-fruited S. Iycopersicum
accessions.
s T E s e e I |:”M Em
Lol RN e = gyl B N G o i SN i e
St R YO el SUE e = uufirnn K
R s e O B [l Foi e O i e | PO S
s =S I N - N | I oo e o N (S
el = el R b
ﬁ;; e e % B af SEEE s

98,3
THB1

Fig. 1. Mapping the 143 MABC markers on tomato chromosome. Bars represent twelve tomato chromosomes, and the
length of the chromosome (Mb) is indicated below each bar. On the left side, chromosomal regions were shown. On the
right side, the names and positions of selected MABC markers were shown. MABC, Marker-assisted Backcrossing.
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&3 filtering ZPS A2 £ 4274702 134 0 2 Mlsigic). 1 the.0 2 7F JAIE 5 Mb T2 oS U3
o, 3l J ol A &2 PIC valueZ ZH= 14371 tag-SNPS- 254 0 2 495191 tHTable 4, Supplemental Table 1.
2|F A 14371 i e] GAIA 8 B P AR sl £F F4A41E ol-8-sto] mapping 2412 434 2
o}, 12709] EnkE M| Aol MRk o 2 112 Barshs 21 Solg = I3leH(Fig. 1).
E7HQ1 MABCE 9Jalixt= WA 5204 2414 (genome-wide) & #3E5FAL Y= 22
i zetol et 28 7hs et rAE A Rld 4= Qoo g =it genotypmg°1 Rokely
Aol 225 HI-8-2 | A8tstojof SHeHKim et al., 2013). Wi 2 Aol A= 5] SNP
She 7|22 iRt 2|, QITE 3R] Eopoll ATk ARSEH tag-SNPE A}ﬁoh&zﬁ 7} HEJEO S S —ﬁ—
o 8820 2 tfstaizt s3iet. Tag-SNP 71&-2 04} 2ol EA5k= SNP 5 GAA] 55 (block) T-2jellA &
92 Lap AL, T FollA] ohn|ieite] xjeko 2 Tl Sl HSHS. ofr|slo] -f-At 750l 9= rId 7hs A
o] &2 H]'5-2] SNP (non-synonymous SNP)Z 0]-&5h= 713 23t}

MABCE SNP Ot EOHE JHA| LH CHdd 24

o3/ Z14PIC)7t =& WAL SE 7liAl 9] Al iEnt ofuet 344 T/ 7tz ]ol mig- f-&stth 23 A
*H 1437)] MABC§- tag-SNP 1171] PIC valuet= 8+ 0.369% H| w4 =11 IE GAi]o] EHo}O% Aok gt LERA
CHTable 4). &3 Al SNPS] MABGE- P 2A19] 28 7HsdS W7Iot7] ol 12470 B8 7+ wel25he 7o
2 ZPJ(pairwise cross-combination matrix)stal 2+ wHiES} o thgdS Hol= SNPJ = 2RQI5IRItHFig. 2).
SNPO] 4= palrvmse boxe] Mtz Yepf =t Mo] &4E o 2 SNP -5 2Ju[glit). SNPe| 471 & 4
£ mejzge] o 7F 844 Azt Atke A JAE 4 e, S. Iycopersicum®t S. lycopersicum var.
cerasiforme &% 1+ 252 732 pairwise box2] Ao] H] 1w A Wrh= ARAol|A] FrEch ARHA o & AdhE 1437 9]
MABC PHA o] 12471 5 Ttoll =& thd g2 et Z21& 1% 4= A UTkFig. 2A).

E3] 124 % % S. Iycopersicum (Group = BIG) 147W, S. Iycopersicum var. cerasiforme (Group = CER) 5715 A1
Woto] ZHRA] SFAS 73 9(Fig. 2B) Y 1 UQ] B 1 e = FollA = 2 SNP 47} EAf63l o, o] = & 7t

0.

Table 4. Summary of MABC.

Chr.# 'No. of . No. of selected Iferpenic Genic (Promoter + Average
candidate primer SNP marker Intron + CDS) PIC value
1 3488 19 - 19 0.374
2 2780 10 - 10 0.372
3 2612 13 - 13 0.365
4 2394 13 - 13 0.370
5 2066 12 - 12 0.370
6 2214 10 - 10 0.371
7 1963 11 - 11 0.355
8 2027 8 - 8 0.368
9 1911 11 - 11 0.373
10 1963 11 - 11 0.370
11 1944 11 - 11 0.365
12 1948 14 - 14 0.373
Total 27310 143 - 143 0.369

MABC, Marker-assisted Backcrossing; SNP, Single Nucleotide Polymorphism; CDS, Coding sequence; PIC,
Polymorphism Information Content.
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wHfRgke] 7e-eF IA th22] Yttt l% Hhe] SNP7F T2kE(S. Iycopersicum)®t A3E(S. Iycopersicum var.

cerasiforme) ZF MABC 27} ofug} 53t o} U] 5 7F MABCO = 344 0 &2 -8 4 91.8-2 o|u|sh= ATto]

™, A ohefet w2 edol] Ao 7—‘1%% 7F57/g0] ull¢- &2 SNP set2 A& HolEth & Ul & F1 25 &

/ol 8=l = ErtE f32be] 544 tieFdo] & 17-2] NCBI-SRA DBER-H Adket EFoliErt 32 AUdS
o| =5t uj thofRt U] F1 E&S 0]-85H SNP sete] 284 7Z0] k5 T Q5}a]z} £,

Luna probeE 0|8%t SNP 0f7 Hetd S
SNP A &4 228 93l Solanum Iycopersicum 3} S. pimpinellifolium ol 43H= % 7+9] wujzslollM thaA
2 UEl= SNPE JAA| G 1 - 27 AEsiich MABC BF 9] 742 PIC valueZ} 0.3 o4l 3k 7|&0 2 Slof
filtering 2H4-2 438511 2|k, Luna probe A2l AF§3t SNP2] 749 T}t PIC value (0.02 - 0.38)5 7= A o2
ASHATHTable 5). o] %A A 18709] nbAE o]-§to] awulizeke] 3 2 FE1}F1 5 -0l tisto] genotyping
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|
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Fig. 2. Analysis of polymorphism in diverse tomato cultivars using 143 MABC markers. (A) Analysis of
polymorphism in 124 lines using 143 MABC markers. On the X-axis and Y-axis, 124 individual lines were listed
in order. When crossbreeding combinations were made for each individual, the number of markers in the
143 selected markers was shown to indicate the polymorphism. The more the number of markers showing
the polymorphism is, the more the color of the box is set to appear dark. (B) Analysis of polymorphism in
representative tomato 19 cultivars using markers. A total of 19 representative cultivars were selected from
124 tomato lines to verify the polymorphism of each crossbreeding combination. There are composed of 14
cultivars of Solanum lycopersicum (Group = BIG) and 5 cultivars of S. lycopersicum var. cerasiforme (Group =
CER). MABC, Marker-assisted Backcrossing.
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"é% LePHtHdata not shown). Za}& oz 771 =
genotype data point=

A1} 5= np7o] thsto] melting peak?F = 2 2l
A2 SNPef| tisf 5383k homozygosity) ]
o]g % FHheterozygosity) o1 U H FEE2] melting peak= £t ":'7‘ il

TS Hel
D

30l thsl 18712

A1, 71 % 12579] SNP data pointeilA] &7 W

Table 5. Information of Luna probe used for SNP genotyping.

|0

[¢]

foict. £3],

259 4%

una probe TFAE %

mlo

EREEEE

NCBI-SRAS] &7]14E 4
g&s1A @ peak?t LpE
FFzkol| et o]
d5stol & 126719
7419} Luna probe A% A7t Y2[5k=

Luna probe (unlabeled probe)

No. Chr Position Allele PIC Primer sequence (5-3) Probe sequence Erosiet

Forward Reverse (3-phosphate) size (bp)
o e o ATOOETOCTO I N T SSAT LT
s 2 g4 oG oo €€ CII;T cﬁGiAC TTC AAGGiicG(éCéAAGCT AGC Tg{gchACACA T%iA TlTTCTG CIT
¢z s g om TS L A rerare asraaacamcear 1
s e aC 0% “Colameas  mcaaamc | corteacreres
o 3 e oroow Siocnn  aacTowcea  awacreise 8
o4 e NG 0w Sgiiiecies | ccomers Gmemamenr
s 4 ams e 02 Nlcomer e ccoammacier 1
o5 e e 0 CoGieers  accetes  momermer
o6 amso o 02 Coare " aatiag | Amamrcrtac
oo wenm a0 SO S O e acaracacera Bl
o7 smmnode 03 Cagage aarmas | termerrrce
Bos s oaoe TN Seammoas | mraammooner 2
W e w6 o SO e rrraareararar 12
59 smes A 03 YoGhcag weteerarm Axaaarromar
o9 ewse2 T 02 Tolirane o camee o corcremmaca
70 mse A6 0 oitrirgotaaacee o cacTeAAAGGoA 1%
o oo or o TG UGeamers cmarrmoacrr

SNP, Single Nucleotide Polymorphism; PIC, Polymorphism Information Content.
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718 2ol 4= 919tHTable 6). wehA] 2 el o] B mho|xz}ol S E3F NCBI-SRA database?] G714 I H &
SREl e o
-

=
5! SNP &4 27} o9 Al =]4do] g2 & 4= AT

-2 CAPS 4= dCAPS®} 7+2- gel-based -5t £4]
Hol v]sl AF5317} 7hsskal AlRb H-8-2 e 4 Qi) 2 Aol = §9A| 245 S9l A SNP rk 9] A4
S A3, o5 AA| 850l 183t = 9S4 st7| 9150 Luna probe (unlabeled probe)} Eva green: ©]
-8-5h=melting curve 2440l 7|55t Luna probe genotyping Al 28-S 7-%351S1th. Luna probet= FRET (fluorescence
resonance energy transfer) probe ¥4 0|85}, 3o phosphateE *12|5t] polymerasel] 2J$F nucleotide
3-S5k, sl SNPL] 23} of Hof| whe} melting peakoll A LFERL= Tm %42 Xto] 2 SNP EFI-S 28 4=
7| FtHZhou et al., 2004). 53] NGSell 7|5t Genotyping-by-sequencing (GBS) £4] 71&0] WHEA| EAte|rA E
OlES H] 235} of2] 25| tislo] 242 7} o] Foix] 1 ) o W (Elshire et al., 2011; Labate et al., 2014; Jang and
Oh, 2017), o]ol| wiz} chefst AT Avke SNP7F o] 7ike] 2 Qlek. Aol E-7okal tigke] SNPE 7J&hstal
a4 08 A5 4 e AAFS n|ZIgHJE]olth AA7HA] Luna probeE SNP genotypingol] A-83F AF|7}HEA]
£ oA 9HLiew et al., 2007; Costa et al., 2012; Birrer et al., 2014; Zhong et al., 2016), ©]-&-2] T} AJu} Axfo] A=A
= 1 o AlEoA = TRt £712] SNPe} indel 5-2] 9714 E/o] #ho) 3-25] -8 7Fssle]et wkeh
o|e}t o] & Aol = FAIE Ui EntE §34 4714 LD HEE AAlste] EnkE MABC %50l 28 7Fsgt
tag-SNP set= 7H'IsIQit}. 3t oA u gt 85 AollA 82 4= U= 71| FXle Vo= 71 tag-SNP set2] 4]
832 AS5Ielth & 945 55l 7 MABC P Al E= EntE of wHljf ol A HHRX1o] AA| 3580 w2
& 2710 e84 o dde 4 9l2 Rt ol £5 AN F1 F52 ¢k A48 2= &8 7hsstejet 2

Lo o

Table 6. Comparison of SNP genotyping results using 18 Luna probe.

.. Comparison of result (Sequencing / Luna probe) Equal
No. Chr Position Allele 1 2p 3 4q g5 P 6 7 rat% %)
1 1 4686399 T/G G/G T/T T/T T/T T/T T/T T/T 100
2 1 80404624 T/C T/T C/C T/T T/T T/T T/T T/T 100
3 2 31384147 C/G C/C G/G C/C c/C c/C c/C c/C 100
4 2 41129419 G/C c/C G/G c/C S/S S/S S/S S/S 100
5 3 1578846 A/C A/A c/C M/M A/A A/A c/C A/A 100
6 3 60970656 C/T T/T c/C Y/Y Y/Y T/T Y/Y c/C 100
7 4 59090349 A/G A/A G/G G/G G/G G/G G/G GG 100
8 4 62077725 T/C C/C T/T Y/Y T/T c/C c/C Y/Y 100
9 5 60310090 T/C T/T c/C c/C C/C c/C C/C C/C 100
10 6 40031690 G/T T/T G/G T/T T/T T/T T/T T/T 100
11 6 44630172 G/A G/G A/A A/A A/A A/A A/A A/A 100
12 7 57277111 G/C c/C G/G G/G S/S G/G - C/C 100
13 8 53144148 G/A A/A G/G G/G G/G G/G G/G G/G 100
4 9 154993 A/G A/A G/G G/G G/G R/R R/R A/A 100
15 9 55798375 A/G AJA G/G G/G A/A G/G R/R A/A 100
16 9 67448422 T/C C/C T/T Y/Y C/C Y/Y Y/Y C/C 100

17 10 7318167 A/G G/G A/A G/G G/G G/G G/G G/G 100
18 12 3136269 C/T C/C T/T C/C C/C c/C c/C C/C 100
“ means no read.

SNP, Single Nucleotide Polymorphism.
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Conclusion

AR 0] 0] AH(MABC)2 24} HiAE o]-8sto] f857]0l] of mat A0] M) A 2/dS SRIgtoZH] &
T At eI, = 52 B84 02 A 4= Jlof B FE ARk A 8§50 vl Ag ekt 22U HE 1
R 2ES dhd ez vl AtE Al e 2 2, AAll &5 Aol 2182 4> = MABC 7|2 o nl&st
CHL & 4= Utk & AtollA = Erke 402 &9l A haplotypes TH25h= tag-SNP 276807115 Alrsto] nf Ad:
of o]-gs}l o, AAl| EntES] MABC $50] 82 4 e v AIEES 7l 9fsl 4+ =|3{th 234712 SRA &
OFE S o]-85to] A Wf LA ZFAG - 10 Mb)_i JS Ll F, filteringS 7] PIC value 7} 52 SNPEX &
143712] MABCE &1 SNPE A19519ic}. o] 24| A¥ke 1437 MABC vl 442 0 2 thofst A0 2 o] 207
Wi 124 A1F UlellA] &2 T d S Uetils 212 Elsklh. =3t sig MABC UWJ & 7Fs/de A5
QJsf Akl 187§2] MABCE SNP v 2} Luna probeS ©]-85}9] realtime PCR £41& °§6P915'_, Ao 2 7]
D A Aot R4 7:‘1—]'7} 100% Yx|she 22 geleh 4 AU webA & A5 Falf A MABC P Al

= gk oful ﬁﬂ‘ﬂﬂ ]%}%%]—’u\—%’l ]‘%"é U SAlol BEvtE EF 870l loiA AAE S 27|
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Supplemental Table 1. Information of MABC 143 markers.(Continued)

No. SNPID Chr Position Gene Allele PIC value
1 1-1 SL2.40ch01 818648 Solyc01g006180.2 T/C 0.38
2 12 SL.2.40ch01 7603608 Solyc01g011090.2 A/G 0.38
3 1-3 SL2.40ch01 10369682 Solyc01g013910.1 A/C 0.37
4 14 SL.2.40ch01 15820305 Solyc01g014910.1 A/G 0.37
5 1-5 SL.2.40ch01 23787004 Solyc01g017040.1 T/C 0.38
6 1-6 SL2.40ch01 25772669 Solyc01g017850.1 T/C 0.38
7 1-7 SL2.40ch01 30941371 Solyc01g020460.1 T/C 0.37
8 1-8 SL2.40ch01 38118538 Solyc01g044270.2 T/C 0.38
9 19 SL2.40ch01 40895601 Solyc01g049680.2 AlG 0.37
10 1-10 SL2.40ch01 46781031 Solyc01g056370.2 A/C 0.37
11 1-11 SL.2.40ch01 54848293 Solyc01g057580.1 G/C 0.38
12 1-12 SL.2.40ch01 59236771 Solyc01g058360.1 T/C 0.38
13 1-13 SL.2.40ch01 64181765 Solyc01g065520.1 c/T 0.38
14 1-14 SL2.40ch01 65623707 Solyc01g066170.1 A/C 0.37
15 1-15 SL2.40ch01 73007858 Solyc01g081210.2 A/G 0.38
16 1-16 SL2.40ch01 75367587 Solyc01g089900.2 T/G 0.37
17 1-17 SL2.40ch01 81793141 Solyc01g099910.2 G/A 0.38
18 1-18 SL2.40ch01 85727076 Solyc01g105940.2,Solyc01g105950.2 T/C 0.37
19 1-19 SL.2.40ch01 90034479 Solyc01g112220.2 C/T 0.35
20 2-1 SL.2.40ch02 2309824 Solyc02g005350.2 A/G 0.37
21 2-2 SL2.40ch02 6352099 Solyc02g014130.1 G/A 0.37
22 2-3 SL2.40ch02 13016181 Solyc02g021240.2 T/G 0.37
23 2-4 SL2.40ch02 16247366 Solyc02g030360.1 A/G 0.37
24 2-5 SL2.40ch02 21197215 Solyc02g036290.2, Solyc02g036300.2 G/A 0.37
25 2-6 SL2.40ch02 27338193 Solyc02g055540.1 A/G 0.37
26 2-7 SL.2.40ch02 34191508 Solyc02g069780.2 A/T 0.38
27 2-8 SL.2.40ch02 35258635 Solyc02g071190.2 A/G 0.38
28 29 SL1.2.40ch02 40093278 Solyc02g081640.2 C/T 0.37
29 2-10 SL2.40ch02 46129269 Solyc02g089840.2 C/T 0.37
30 31 SL2.40ch03 38505 Solyc03g005030.2 C/T 0.37
31 32 SL2.40ch03 6702041 Solyc03g019770.2 A/G 0.37
32 33 SL2.40ch03 10216978 Solyc03g034250.2 A/G 0.37
33 34 SL2.40ch03 17025485 Solyc03g046540.1 T/C 0.36
34 35 SL.2.40ch03 23371652 Solyc03g058810.1 A/G 0.37
35 36 SL.2.40ch03 27047365 Solyc03g059410.1 A/G 0.35
36 37 SL2.40ch03 33357866 Solyc03g063760.2 T/C 0.37
37 3-8 SL2.40ch03 36893476 Solyc03g065080.1 T/G 0.36
38 39 SL2.40ch03 42084323 Solyc03g077920.1 AT 0.34
39 3-10 SL2.40ch03 49870313 Solyc03g095360.2 A/C 0.38
40 3-11 SL2.40ch03 50117306 Solyc03g095530.1 A/G 0.37
41 312 SL.2.40ch03 56203572 Solyc03g111550.2 C/A 0.37
42 313 SL.2.40ch03 60042376 Solyc03g116680.2 C/G 0.37
43 41 SL.2.40ch04 794066 Solyc04g007070.2 G/C 0.38
44 4-2 SL2.40ch04 5040990 Solyc04g014800.2 C/G 0.37
45 4-3 SL2.40ch04 13845182 Solyc04g024670.1 AT 0.37
46 4-4 SL2.40ch04 16721203 Solyc04g024990.1 C/A 0.37
47 4-5 SL2.40ch04 22716678 Solyc04g025870.2 A/C 0.37
48 4-6 SL2.40ch04 26603172 Solyc04g026350.2 G/C 0.37
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Supplemental Table 1. Information of MABC 143 markers.(Continued)

No. SNPID Chr Position Gene Allele PIC value
49 4-7 SL.2.40ch04 31000363 Solyc04g040110.2 C/A 0.37
50 4-8 SL.2.40ch04 36140519 Solyc04g047750.2 C/T 0.36
51 49 SL.2.40ch04 40973013 Solyc04g049400.2 C/T 0.37
52 4-10 SL2.40ch04 46600361 Solyc04g050520.2 C/T 0.37
53 411 SL2.40ch04 54245561 Solyc04g057970.2 T/C 0.37
54 4-12 SL2.40ch04 56138629 Solyc04g071570.2 T/C 0.37
55 4-13 SL2.40ch04 60042054 Solyc04g077500.2 T/C 0.37
56 51 SL2.40ch05 2142284 Solyc05g007610.2 C/T 0.38
57 52 SL.2.40ch05 9039075 Solyc05g014830.1 A/G 0.38
58 53 SL.2.40ch05 10091032 Solyc05g015220.2 A/C 0.37
59 54 SL.2.40ch05 15933251 Solyc05g016350.1 T/G 0.36
60 55 SL.2.40ch05 20443535 Solyc05g018320.2 A/G 0.37
61 56 SL.2.40ch05 32946515 Solyc05g025510.2 A/G 0.36
62 5-7 SL.2.40ch05 39397925 Solyc05g026020.1 AT 0.37
63 5-8 SL.2.40ch05 40920627 Solyc05g026350.1 AT 0.37
64 59 SL2.40ch05 49143515 Solyc05g041170.1 T/C 0.36
65 5-10 SL2.40ch05 50461117 Solyc05g041360.1 A/C 0.37
66 511 SL.2.40ch05 55044910 Solyc05g043300.1 A/G 0.37
67 5-12 SL.2.40ch05 62993359 Solyc05g053800.2 A/C 0.38
68 6-1 SL.2.40ch06 1661847 Solyc06g007650.1 T/C 0.38
69 6-2 SL.2.40ch06 6487651 Solyc06g011330.1 T/A 0.37
70 6-3 SL.2.40ch06 13917465 Solyc06g019130.1 A/G 0.36
71 64 SL.2.40ch06 16073739 Solyc06g030550.1 G/C 0.36
72 6-5 SL.2.40ch06 22128544 Solyc06g036060.2 A/G 0.38
73 66 SL.2.40ch06 28410513 Solyc06g048890.2 G/C 0.37
74 6-7 SL.2.40ch06 30775982 Solyc06g051140.2 AIG 0.37
75 6-8 SL.2.40ch06 35268103 Solyc06g060860.1 C/G 0.37
76 69 SL.2.40ch06 41603822 Solyc06g073380.2 A/C 0.38
77 6-10 SL.2.40ch06 45229159 Solyc06g083570.2 C/T 0.37
78 7-1 SL.2.40ch07 396822 Solyc07g005500.2 G/A 0.37
79 7-2 SL.2.40ch07 8272212 Solyc07g017890.1 T/C 0.37
80 7-3 SL.2.40ch07 12477037 Solyc07g019630.1 C/T 0.32
81 7-4 SL.2.40ch07 17962275 Solyc07g021400.1 A/C 0.34
82 7-5 SL.2.40ch07 38873153 Solyc07g032470.1 C/G 0.34
83 7-6 SL.2.40ch07 42769040 Solyc07g038150.1 A/T 0.34
84 7-7 SL.2.40ch07 47065263 Solyc07g040790.2 C/T 0.33
85 7-8 SL.2.40ch07 54696990 Solyc07g043510.2 C/T 0.37
86 79 SL.2.40ch07 55504839 Solyc07g045070.2 C/T 0.37
87 7-10 SL.2.40ch07 62466270 Solyc07g062550.2 T/A 0.38
88 7-11 SL.2.40ch07 65006928 Solyc07g066300.2 T/G 0.37
89 81 SL.2.40ch08 4475 Solyc08g005000.2 G/C 0.37
90 8-2 SL.2.40ch08 17244322 Solyc08g023560.2 G/T 0.36
91 8-3 SL.2.40ch08 23020495 Solyc08g029200.2 C/T 0.35
92 8-4 SL2.40ch08 35423942 Solyc08g045660.1 G/A 0.35
93 8-5 SL2.40ch08 49982665 Solyc08g063130.2 C/G 0.37
94 8-6 SL2.40ch08 54824782 Solyc08g068440.2 A/G 0.38
95 8-7 SL2.40ch08 55144784 Solyc08g068860.2 A/G 0.38
96 8-8 SL.2.40ch08 61240553 Solyc08g080910.2 A/T 0.38
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Supplemental Table 1. Information of MABC 143 markers.

No. SNP ID Chr Position Gene Allele PIC value
97 9-1 SL.2.40ch09 39870 Solyc09g005060.1 T/A 0.37
98 9-2 SL.2.40ch09 7049998 Solyc09g014840.1 T/A 0.37
9 9-3 SL.2.40ch09 17892974 Solyc09g019990.1 T/G 0.37
100 9-4 SL.2.40ch09 20328015 Solyc09g030450.2 G/A 0.37
101 9-5 S1.2.40ch09 25053529 Solyc09g031970.2 AIG 0.37
102 9-6 SL.2.40ch09 41674855 Solyc09g055910.2 C/T 0.37
103 9-7 SL.2.40ch09 45192194 Solyc09g057540.2 T/G 0.37
104 9-8 SL.2.40ch09 50156566 Solyc09g059490.1 AT 0.37
105 9-9 SL.2.40ch09 59515303 Solyc09g065690.2 C/T 0.38
106 9-10 S1.2.40ch09 62774934 Solyc09g075590.1 G/C 0.38
107 9-11 S1.2.40ch09 67166911 Solyc09g097900.2 G/A 0.38
108 10-1 S1.2.40ch10 842479 Solyc10g006100.2 A/C 0.38
109 10-2 SL2.40ch10 8411374 Solyc10g018510.1 AT 0.38
110 10-3 SL.2.40ch10 21902314 Solyc10g044450.1 A/G 0.37
111 10-4 SL.2.40ch10 26225296 Solyc10g045100.1 T/C 0.36
112 10-5 SL.2.40ch10 31551881 Solyc10g045770.1 A/G 0.34
113 10-6 SL.2.40ch10 38482645 Solyc10g047910.1 AIG 0.37
114 10-7 S1.2.40ch10 42975810 Solyc10g050020.1 C/T 0.38
115 10-8 S1.2.40ch10 45229538 Solyc10g050440.1 G/T 0.38
116 109 S1.2.40ch10 50005218 Solyc10g054040.1 G/A 0.37
117 10-10 SL.2.40ch10 57057607 Solyc10g074390.1 GIT 0.37
118 10-11 SL.2.40ch10 60273786 Solyc10g079410.1 c/T 0.37
119 11-1 SL.2.40ch11 97752 Solyc11g005110.1 T/C 0.37
120 11-2 SL2.40ch11 5702292 Solyc11g012910.1 A/G 0.37
121 11-3 S.2.40ch11 10006256 Solyc11g020020.1 A/G 0.37
122 11-4 SL2.40ch11 18356842 Solyc11g030490.1 C/T 0.36
123 11-5 S1.2.40ch11 20046062 Solyc11g030870.1 C/A 0.36
124 11-6 SL2.40ch11 28367572 Solyc11g040040.1 T/C 0.36
125 11-7 SL.2.40ch11 32179330 Solyc11g042500.1 G/A 0.35
126 11-8 SL.2.40ch11 35999963 Solyc11g044650.1 C/A 0.36
127 119 SL.2.40ch11 43153452 Solyc11g056470.1 T/G 0.37
128 11-10 SL2.40ch11 46329248 Solyc11g062310.1 G/A 0.37
129 11-11 SL2.40ch11 52219700 Solyc11g071730.1 AIG 0.38
130 12-1 S1.2.40ch12 620880 Solyc12g006010.1 G/T 0.38
131 12-2 SL2.40ch12 5998763 SOlyC12g015960.1 T/C 0.38
132 12-3 SL.2.40ch12 10263688 Solyc12g019430.1 T/C 0.38
133 12-4 SL.2.40ch12 15129922 Solyc12g021280.1 T/C 0.37
134 12-5 SL.2.40ch12 21053801 Solyc12g027820.1 AT 0.37
135 12-6 SL.2.40ch12 25725692 Solyc12g035500.1 A/G 0.37
136 12-7 S1.2.40ch12 30202652 Solyc12g036260.1 G/A 0.37
137 12-8 S1.2.40ch12 35206364 Solyc12g038400.1 T/A 0.37
138 129 S1.2.40ch12 40010179 Solyc12g040610.1 c/T 0.37
139 12-10 SL.2.40ch12 45641599 Solyc12g044840.1 AT 0.37
140 12-11 SL.2.40ch12 54012179 Solyc12g062990.1 G/C 0.38
141 12-12 SL.2.40ch12 55161472 Solyc12g070200.1 C/G 0.37
142 12-13 SL.2.40ch12 61036454 Solyc12g082740.1 T/C 0.37
143 12-14 SL.2.40ch12 65136464 Solyc12g099800.1 c/T 0.37

MABC, Marker-assisted Backcrossing; SNP, Single Nucleotide Polymorphism; PIC, Polymorphism Information
Content.
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