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Evaluation of Germplasm and Development of SSR Markers
for Marker-assisted Backcross in Tomato
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Abstract. This study was conducted to achieve basal information for the development of tomato cultivars
with disease resistances through marker-assisted backcross (MAB). Ten inbred lines with TYLCV, late blight,
bacterial wilt, or powdery mildew resistance and four adapted inbred lines with superior horticultural traits
were collected, which can be useful as the donor parents and recurrent parents in MAB, respectively. Inbred
lines collected were evaluated by molecular markers and bioassay for confirming their disease resistances.
To develop DNA markers for selecting recurrent parent genome (background selection) in MAB, a total of
108 simple sequence repeat (SSR) primer sets (nine per chromosome at average) were selected from the tomato
reference genetic maps posted on SOL Genomics Network. Genetic similarity and relationships among the
inbred lines were assessed using a total of 303 polymorphic SSR markers. Similarity coefficient ranged from
0.33 to 0.80; the highest similarity coefficient (0.80) was found between bacterial wilt-resistant donor lines
‘10BA333’ and ‘10BA424’, and the lowest (0.33) between a late blight resistant-wild species L3708 (S.
pimpinelliforium L.) and ‘10BA424°. UPGMA analysis grouped the inbred lines into three clusters based on
the similarity coefficient 0.58. Most of the donor lines of the same resistance were closely related, indicating
the possibility that these lines were developed using a common resistance source. Parent combinations (donor
parent X recurrent parent) showing appropriate levels of genetic distance and SSR marker polymorphism for
MAB were selected based on the dendrogram. These combinations included ‘TYRI1’ x ‘RPL1’ for TYLCV,
‘10BA333’ or ‘10BA424° x ‘RPL2’ for bacterial wilt, and ‘KNUI12’ x ‘AV107-4’ or ‘RPL2’ for powdery
mildew. For late blight, the wild species resistant line ‘L3708’ was distantly related to all recurrent parental
lines, and a suitable parent combination for MAB was ‘L3708 x ‘AV107-4’, which showed a similarity
coefficient of 0.41 and 45 polymorphic SSR markers.

Additional key words: Erysiphe cichoracearum, foreground selection, microsatellite marker, Phytophthora
infestans, Ralstonia solanacearum
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Table 1. List of 14 tomato inbred lines collected in this study and their resistances to different diseases.

Disease phenotyping”

TYLCV marker genotyping"

Inbred line* Source’ Trait

TYLCV BW PM LB TY1 TY2 TY3
GC2711 uw M, IM R - - - R S S
TYR1 TLSRC S, | R - - - R S S
TYR2 TLSRC ML, | R - - - R S S
Hawaii-7996 NIHHS S, D - R - - S S S
BWR1 TLSRC M, D - R - - S S S
10BA333 NIHHS M, IM - R - - S R S
10BA424 NIHHS M, IM - R - - S R S
KNU9 KWNU M, 1 - - R - S S S
KNU12 KWNU M, | - - R - S S S
L3708 NIHHS S, | - - - R S S S
RPL1* TLSRC L, 1 S S S S S S S
RPL2* TLSRC S, D S S S S S S S
RPL3* TLSRC M, | S S S S S S S
AV107-4* NIHHS L, | S S S S S S S

“Adapted inbred lines that are useful as recurrent parents in backcross breeding are indicated by *.

YUW, University of Wisconsin-Madison; TLSRC, Tomato Life Science & Research Center; NIHHS, National Institute of Horticulture
& Herbal Science; KWNU, Gangneung-Wonju National University.

*M, Medium; S, Small; L, Large; ML, Medium-large sized fruit; |, Indeterminate, D, Determinate; IM, Intermediate growth.
“TYLCV, Tomato yellow leaf curl virus; BW, Bacterial wilt; PM, Powdery mildew; LB, Late blight; R, Resistance; S, Susceptibility;

-, Disease assay was not conducted in this study

YTY1, TY2, and TY3, marker for the TYLCV-resistant gene Ty-1, Ty-2, and Ty-3, respectively.
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A5 A Aoz vey 2@yt A 2elskql
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SSR O17{2] PCR &tQln} HMx|H CrEM

EUE Axo] 53] §IAI% F 1087 SSR #pA(SSR
primer set)S o]&-3lo] 147) EnlE AEo] PCR AA 7} nf
7 FEAAEL B3 tHFig. 1). 92(85.2%)7]<] primer set
oAl PCR F-Zo0] 52| o8 o|FolFom, 11 5 73(67.6%)
NEEE A 7F ohd o] WA=} 2 SSR 42T
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Fig. 1. Agarose gel image showing PCR products amplified by tomato SSR markers (SSR237, SSR115, and SSR450) that were
polymorphic among 14 tomato lines used in this study. From the right to left, each lane corresponds to the DNA samples listed

in Table 1. M, size standard marker.

Table 2. Evaluation of SSR makers for background selection
in marker-assisted backcross and the number of markers per
each chromosome that are polymorphic among 14 tomato
lines tested.

No. of SSR markers

Chromosome
Tested Amplified Polymorphic
1 21 16 11
2 10 10 7
3 9 9 9
4 10 10 7
5 7 5
6 5 5
7 4 4
8 6 4
9 10 6 5
10 14 11 8
11 5 5 5
12 3 3 3
Total 108 92 (85.2%) 73 (67.6%)

Wit A4 = 3297024 F EE Q442

303703 eH, o] F 21(6.9%) 7= 2= 7Hd RSkt dAY
Al mtAEY] B dFAES & o, 681 FMA Y 57
SSR t}#AEo0] 0.53% 7}4 =9k 59 A1 9] 57 SSR
ul7 S0 0252 74 YQttk(Table 2).

SR E WA fA 7 A o vl =2
Holglon, o] ALE SSR ulAEL PIC ghel HEE &
2 4 ATE 2 Aol A AREE 14709 Al 9271 9]
SSR u}A & A A3} Bt 3.29709] tfH-FH R K allele)
429} 0.399] B4t PIC gho] #EE gl o, 7MY #2 PIC
T 0.84, AF9) 30%9] PIC 3ol B2 0.742 =2 o}y
AES UEHIT He et al.(2003)o] w2 H 197]¢] En}
FAREE 657]9] SSR nhAR AR A}, 2t FAR
S Ht 2.771 HEFAAL, Bt 0.379] PIC gro] #hate

o fm

111, u}bA LEta0199] 579 tig-a-AA 2 0.672] 714 &=
2 PIC 32 YeR2lch E5E Benor et al.(2008)2] K 1oj
olabel 2979 AT 10709 Rebga EukE ¢
HAE 357) SSR vAAR AAT Az, 7 SAA9
# 437) g AA9} 0319 PIC gto] BAELL, 11
AW0373479] 4] 0.602 7F8 =2 PIC Zro| THare|9c).

e}

A
= =4 5
7V =8 FAR=RH0.80)y2 YERH A Farol A%
A9l ‘10BA333°Q} <10BA424° 0]} a1, 7HAF W SALE FF
(0.33)y2 UEhd A2 AleZ9rel WA el opE L3708
(Solanum pimpinelliforium L)} A11Hof &2l ‘10BA424
oItk FAKE Fh= ©]&3to] UPGMA £43%H A,
T 0585 7|02 YRS 1 3709 w(cluster) .2 2=
& A HFig. 2).

WA H(Cluster 1) TYLCV H3A AE(‘GC2711°,
‘TYRD, ‘TYR2)E% 44 As RPLI'2 & A=
o, o5& 3FH AJAL ARE o83 4 NA I}
A AT 7FsAdS otk ‘G271 ‘TYR2' = &
F TYLCVO Agdolal 3y E3t ko] FEj= 0.799
F& TAEE UERE 9, TYRI'S BEE0LE A§2
23 ‘GC2711°, “TYR2’ 2} Z+ Z+ 0.65, 0.639] FAER o]
S0 A A EntE A fFAddAs A
3719} AE| o] Q) o w(Park et al., 2010b), & AL2] AL
fE2l RPLIE ‘TYR2'E Ty-1 A9 Fof3lor,
275l ‘RPL2’= ‘“TYRI'S Fo{zlo g sfof ojuyed
o Bl S W A i E BEvtEe HEEE
/o] 7ksste|et Boji). x|t npA S o]-&3t 353
A s S8 Al §F& stlole ol AlE 3t
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Fig. 2. A dendrogram showing the genetic relationship among 14 tomato cultivars and related species as revealed by 108 tomato

SSR markers.

Table 3. List of SSR markers that are useful for background selection in marker-assisted backcross (MAB) with a cross combination

of ‘TYR1" and ‘RPL1'.

Marker SGN ID Genetic Map Chromosome Position (cM)
TMS45 SGN-M11431 Tomato-LXCHM 2007 1 12.6
SSR266 SGN-M939 Tomato-EXPIMP 2008 1 41
SSR65 SGN-M738 Tomato-LXCHM 2007 1 61.2
SSR32 SGN-M705 Tomato-EXPIMP 2008 2 58
SSR50 SGN-M723 Tomato-EXPEN 2000 2 70.5
SSR331 SGN-M1004 Tomato-EXPEN 2000 2 78
SSR22 SGN-M695 Tomato-LXCHM 2007 3 26.8
SSR111 SGN-M784 Tomato-EXPIMP 2008 3 70
SSR22 SGN-M695 Tomato-EXPEN 2000 3 99
SSR43 SGN-M716 Tomato-EXPIMP 2008 4 15
SSR306 SGN-M979 Tomato-EXPIMP 2008 4 48
SSR450 SGN-M1123 Tomato-EXPEN 2000 4 54.5
SSR115 SGN-M788 Tomato-EXPIMP 2008 5 12
SSR128 SGN-M801 Tomato-EXPIMP 2008 6 37
SSR318 SGN-M991 Tomato-EXPIMP 2008 10 31
SSR360 SGN-M1033 Tomato-EXPEN 2000 10 39
SSR46 SGN-M719 Tomato-EXPEN 2000 11 40
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Table 4. List of SSR markers that are useful for background selection in marker-assisted backcross (MAB) with a cross combination
of ‘AV107-4’ and ‘L3708’

Marker SGN ID Genetic map Chromosome Position (cM)
SSR92 SGN-M765 Tomato-EXPEN 2000 1 0
TMS45 SGN-M11431 Tomato-LXCHM 2007 1 12.6
SSR192 SGN-M865 Tomato-EXPIMP 2008 1 41
SSR105 SGN-M778 Tomato-EXPIMP 2008 1 51
SSR75 SGN-M748 Tomato-EXPEN 2000 1 53.5
SSR65 SGN-M738 Tomato-LXCHM 2007 1 61.2
SSR316 SGN-M989 Tomato-EXPIMP 2008 1 66
SSR134 SGN-M807 Tomato-EXPIMP 2008 1 75
SSR295 SGN-M968 Tomato-EXPIMP 2008 2 28
SSR96 SGN-M769 Tomato-EXPIMP 2008 2 39
SSR356 SGN-M1029 Tomato-EXPEN 2000 2 44
SSR605 SGN-M1278 Tomato-EXPEN 2000 2 48.5
SSR32 SGN-M705 Tomato-EXPIMP 2008 2 58
SSR331 SGN-M1004 Tomato-EXPEN 2000 2 78
SSR22 GN-M695 Tomato-LXCHM 2007 3 0
SSR231 SGN-M904 Tomato-EXPEN 2000 3 75.4
SSR22 SGN-M695 Tomato-EXPEN 2000 3 99
SSR14 SGN-M687 Tomato-EXPEN 2000 3 162.5
SSR300 SGN-M973 Tomato-EXPEN 2000 3 166
SSR593 SGN-M1266 Tomato-LXCHM 2007 4 13.9
SSR43 SGN-M716 Tomato-EXPIMP 2008 4 15
SSR325 SGN-M998 Tomato-EXPEN 2000 5 18.5
SSR602 SGN-M1275 Tomato-EXPEN 2000 5 27
SSR162 SGN-M835 Tomato-EXPIMP 2008 5 99
SSRB18031 SGN-M9615 Tomato-EXPEN 2000 5 119
SSR128 SGN-M801 Tomato-EXPIMP 2008 6 37
SSR326 SGN-M999 Tomato-EXPEN 2000 6 39
SSR350 SGN-M1023 Tomato-LXCHM 2007 6 55.8
SSR276 SGN-M949 Tomato-EXPEN 2000 7 18
SSR45 SGN-M718 Tomato-EXPEN 2000 7 60
SSR344 SGN-M1017 Tomato-EXPIMP 2008 8 0
SSR327 SGN-M1000 Tomato-EXPIMP 2008 8 20
SSR335 SGN-M1008 Tomato-EXPEN 2000 8 49.7
SSR38 SGN-M711 Tomato-EXPEN 2000 8 55
SSRB105694 SGN-M9638 Tomato-EXPEN 2000 8 87
SSR73 SGN-M746 Tomato-EXPEN 2000 9 32
SSRB102358 SGN-M9654 Tomato-EXPEN 2000 10 0
SSR34 SGN-M707 Tomato-EXPIMP 2008 10 13
SSR318 SGN-M991 Tomato-EXPIMP 2008 10 31
SSR218 SGN-M891 Tomato-EXPEN 2000 10 33.7
SSR360 SGN-M1033 Tomato-EXPEN 2000 10 39
SSR74 SGN-M747 Tomato-EXPEN 2000 10 74
SSR223 SGN-M896 Tomato-EXPEN 2000 10 75
SSR136 SGN-M809 Tomato-EXPEN 2000 11 11
SSR80 SGN-M753 Tomato-EXPIMP 2008 11 14
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