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Association Analysis against Bacterial Wilt Resistance in Tomato Cultivars
by Association Mapping Method
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ABSTRACT: Association mapping based on linkage disequilibrium in diverse population could
significantly improve the resolution and accuracy of marker—trait associations compared with
linkage analysis. Therefore, this study aimed to identify quantitative trait loci (QTL) for bacterial
wilt resistance through positional candidate loci and functional candidate genes using association
mapping method. A total of 92 tomato cultivars consisting of 51 international resistance, 2 Thai
commercial resistance cultivars and 39 susceptible lines were used for analysis with general
linear model using TASSEL program. The association between markers and bacterial wilt resistance
was determined by probability at P < 0.05. The results revealed that most of significant associated
markers were correlated to previously QTL reports i.e., TG48 (Chromosome 2), TG118, CP18
(Chromosome 6) and T0989 (Chromosome 12). Furthermore, moderate significant level of new
QTL on chromosome 1 was identified for SSR134, SSR572, SSR117 and SSR65 markers. For the
association analysis by functional candidate gene, four disease resistance genes, LRR, ascorbate
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peroxidase, jasmonate and ethylene, were related to bacterial wilt resistance. Therefore, this

study confirmed that association mapping is a method that could be used to detect QTL as

same as the linkage analysis in bi-parental population.

Keywords: SSR marker, COS marker, TASSEL program, quantitative trait, bacterial wilt
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Table 1 Association mapping for bacterial wilt resistance through 57 positional candidate loci

| f R.
Name of Type of solate o solanacearum

marker Marker* Chromosome ., s1° RS145" EWS1°

SSR266 SSR 1 0.12" 0.62" 0.89™ 0.07™
SSR134 SSR 1 0.01% 0.26™ 0.16" 0.07"
SSR75 SSR 1 0.77" 0.52" 051" 0.19"
SSR222 SSR 1 0.04" 0.14™ 0.25™ 0.04*
SSR572 SSR 1 0.001%* 0.004%* 053" 0.02*%
SSR117 SSR 1 0.0008*** 0.002%* 053" 0.01*
SSR65 SSR 1 0.001%* 0.12" 0.00088*** 0.00018%**
SSRA0 SSR 2 0.78™ 0.92" 0.76™ 0.70™
SSR5 SSR 2 0.81" 0.66™ 0.62" 0.28"™
SSR349 SSR 2 0.02* 0.001%* 0.54" 0.01%
SSR103 SSR 2 0.87" 0.55™ 0.56" 0.83"
SSR331 SSR 2 035" 0.26™ 0.008** 0.17"
TG4S QTL 2 0.85" 0.61™ 0.03* 0.49"
C2 At3g55250  COS 2 0.87" 0.93™ 0.12" 0.50"
T0628-H cos 2 0.21" 0.12" 050" 0.52"
T0723 cos 2 0.93" 0.64" 0.29" 0.53"
C2 At2g04700  COS 2 0.94" 0.89™ 0.92" 0.65"
SSR287 SSR 2 035" 0.74" 033" 0.84"
SSR111 SSR 3 0.03* 0.04* 0.05" 0.07"
SSR330 SSR 3 0.0000248*%%  0.0001620%**  0.0000099****  0.004**
SSR320 SSR 3 0.64" 0.44" 0.82" 0.02*
SSR296 SSR 4 051" 0.03* 0.26" 0.65"
SSR306 SSR 4 0.38"™ 0.15™ 0.65™ 0.97™
SSR94 SSR 4 0.73™ 0.83" 0.13™ 0.44"
SSR146 SSR 4 0.43" 0.05" 0.46" 0.16"
SSR115 SSR 5 027" 0.27" 0.20" 0.11"
TES62 SSR 5 0.81" 0.12" 0.11" 0.04*
Mi gene 6 0.28" 0.82" 0.71" 0.96"
Fer-H gene 6 0.00009%%%  0.00002%***  0.22™ 0.00051%**
TG118 QTL 6 0.01* 0.002%* 0.09" 0.01*
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Table 1 Continued.

Isolate of R. solanacearum

Name of Type of

marker Marker* Chromosome CT12 51° RS145* EWS1®
T1079 QTL 6 0.005** 0.002** 0.03* 0.003**
cLET-4-G23 COS 6 0.03* 0.002** 0.29™ 0.02*
cLET-6-113 COSs 6 0.001** 0.002** 0.67™ 0.009**
U217233-H COSs 6 0.000498***  0.000002*****  0.000033**** 0.00007 1****
C2_At1g44760 COs 6 0.000942***  0.000095%**** 0.002** 0.000122%**
CP18 QTL 6 0.02* 0.000964%** 0.22" 0.01*
C2_Atd4g10030-H (@) 6 0.02* 0.004** 0.000417%** 0.03*
C2_Atl1g73885 COS 6 0.97™ 0.49™ 0.02* 0.33™
C2 _At5g61910 COSs 6 0.49™ 0.91™ 0.005** 0.19™
SSR350 SSR 6 0.008** 0.007** 0.20™ 0.11™
SSR285 SSR 7 0.09™ 0.15"™ 0.51™ 0.56™
SSR276 SSR 7 0.84"™ 0.26" 0.29"™ 0.61™
SSR45 SSR 7 0.09™ 0.49™ 0.54™ 0.41™
TGS2259 SSR 7 0.86™ 0.49™ 0.21™ 0.24™
SSR344 SSR 8 0.09™ 0.17"™ 0.19™ 0.61™
SSR63 SSR 8 0.37™ 0.54" 0.02* 0.75™
SSR69 SSR 9 0.004** 0.01* 0.001** 0.007**
SSR19 SSR 9 0.07™ 0.20™ 0.28™ 0.58™
SSR383 SSR 9 0.53™ 0.87™ 0.68™ 0.43"™
SSR333 SSR 9 0.05™ 0.05"™ 0.01% 0.02*
SSR248 SSR 10 0.39™ 0.02* 0.43™ 0.43™
SSR360 SSR 10 0.25™ 0.48™ 0.84™ 0.67™
SSR46 SSR 11 0.20™ 0.01* 0.14™ 0.07™
T0659-Trull COSs 12 0.38"™ 0.80™ 0.54"™ 0.38™
C2_At2g06005 (@O 12 0.15™ 0.14"™ 0.25™ 0.66™
T0989 COs 12 0.006** 0.001** 0.89™ 0.008**
SSR20 SSR 12 0.30™ 0.64™ 0.24™ 0.10™

' SSR = Simple sequence repeat (or Microsatellite marker), COS = Conserved ortholog set, Gene = gene marker,

and QTL = BW resistance QTL
Relative area under disease progress curve (RAUDPC) of disease index evaluated with CT1 isolate at Kanchanaburi

2

province

[C RN

Mean of disease scoring at 50 days after inoculation from field trial at Khonkaen province with S1 isolate
RAUDPC of disease index at 13 days after inoculation evaluated with RS145 isolate
RAUDPC of percent wilt plant at 28 days after inoculation evaluated with EWS1 isolate

* P <0.05,* P =0.001-0.009, ** P = 0.0001-0.0009, **** P = 0.00001-0.00009, **** P = 0.000001-0.000009, ns

= not significant
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™ Soly06g060260.1.1
— Soly06g068460.1.1
= Soly06¢068930.1.1
= Soly06¢069650.1.1
 Soly06¢051030.1.1

CLN286
CLNZ86 -

1390
H7996

1285

S HT799%
1285

~ CLN286
™
%

v CAX (B)
Figure 1 Polymorphisms of simple sequence repeat (SSR) marker in 4 candidate genes:
Solyc06¢060260.1.1, Solyc06¢068460.1.1, Solyc06¢068930.1.1 and Solyc06¢069650.1.1 (A) and

1 cleaved amplified polymorphisms (CAPS) marker in candidate gene: Solyc06¢051030.1.1
(B)

Table 2 Thirty—four resistant candidate genes on chromosome 6 used for DNA polymorphic survey
between bacterial wilt resistance (Hawaii7996 and L285) and susceptible (CLN286 and 1.390)

tomato cultivars

Contig name Description Technique' DNA
polymorphic’

Solyc06g051030.1.1  LRR receptor-like serine/threonine—protein kinase FEI 1 CAPS p

Solyc06¢051510.1.1 Kinase family protein SSR M

Solyc06g051540.1.1 Receptor kinase-like protein CAPS M

Solyc06g051610.1.1 Ethylene receptor NA NA
Solyc06¢051840.1.1 Ethylene responsive transcription factor NA NA
Solyc06g054320.1.1 Disease resistance response NA NA
Solyc06g054430.1.1 F-box/LRR-repeat protein 4 NA NA
Solyc06¢054440.1.1 F-box/LRR-repeat protein 14 SSR M
Solyc06¢054480.1.1 Serine/threonine protein kinase-like CAPS M
Solyc06¢054500.1.1 Peroxidase NA NA
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Table 2 Continued.

)4
asnn. e
8y

Contig name Description Technique' DNA
polymorphic®
Solyc06g054630.1.1  Ethylene-responsive transcription factor SSR M
Solyc06¢060060.1.1  NAD kinase SSR M
Solyc06¢060260.1.1 Ascorbate peroxidase SSR P
Solyc06g062440.1.1 Disease resistance protein CAPS M
Solyc06¢063360.1.1 LRR receptor-like serine/threonine-protein kinase FEI 1 SSR M
Solyc06¢064680.1.1 Disease resistance protein RPP13 variant SSR M
Solyc06g064690.1.1 NBS—-coding resistance gene protein NA NA
Solyc06g064700.1.1 Coiled—coil-containing protein NA NA
Solyc06g064710.1.1 NBS-LRR resistance protein-like protein NA NA
Solyc06g064720.1.1 Disease resistance protein RPP13 variant SSR M
Solyc06¢064750.1.1 NBS-coding resistance gene analog SSR M
Solyc06g064760.1.1 Disease resistance protein RPP13 variant SSR M
Solyc06g064780.1.1 NBS—coding resistance gene protein SSR M
Solyc06¢064790.1.1 NBS-LRR resistance protein-like protein CAPS M
Solyc06g065120.1.1 TIR-NBS-LRR resistance protein CAPS M
Solyc06g065140.1.1 Disease resistance protein NA NA
Solyc06¢065150.1.1 Disease resistance protein NA NA
Solyc06g066370.1.1 WRKY transcription factor 1 SSR M
Solyc06g068460.1.1 WRKY transcription factor 1 SSR P
Solyc06¢068510.1.1  Serine/threonine—protein kinase 3 SSR M
Solyc06g068930.1.1 Jasmonate ZIM-domain protein 2 SSR P
Solyc06g069290.1.1  Leucine-rich repeat receptor-like protein kinase PEPR1 NA NA
Solyc06¢069650.1.1 LRR receptor-like serine/threonine-protein kinase FEI 1 SSR P
Solyc06¢071410.1.1 Protein kinase SSR M

' CAPS = cleaved amplified polymorphisms, SSR = simple sequence repeat, NA = not amplify

*M = monomorphic, P = polymorphic, NA = not amplify

mMynzianudunusvaaadasming
fduefudnuazduniulsadieanden

NNSANBIANUMAINNA B VDD AAAD Y
Frumulsadieandevulasiuleni 6 Tuusdowma
92 tiug Insuuaduiuginuniu 53 Wug waziiug

gouue 39 Wus smelaTesmnefiduenina simple
sequence repeat (SSR) MeluBUMUNIU 4 s
uazvtn CAPS 1 fumiy Nan1siATIZRvUINn
gadarulusiunIn Photo Capt WU AU
Solyc06g068930 HANNRAINUAIEVDITARANIN
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Solyc06g068930 (Jasmonate) tkag Solyc06¢051840
(Ethylene responsive transcription factor) el

Wiea 1 Bu Ao Solyc06e68460 (WRKY) filainu
ANMUFURUS @9 Table 4 ag19lsAnu n1sAnwlu
afsilldnnsmsanseunuuanimnsslulnddae
wialla SSR finudunUsiinainsuiudisulua
1 uazmadla CAPS dunaannnisiinanusiuuds
Guawmm%uﬁauﬁﬁmauw insertion—-deletion
(IN-DEL) Fevilsinsanumnudusiuslussauian
Youdwlonwiiiu Famnl¥3ansasieaeuilulnd
fifieuazBengsdu i meemgidduiua
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Table 3 The allele size of each candidate gene in fifty—-three resistance and forty-nine tomatoes in

this study
Marker Size (bp) Resistance Susceptible
Solyc06¢068460 152 a5 38
140 7 1
Missing data 0
Solyc06g069650 188 40 37
186 9 2
176 1 0
188:186 3 0
Solyc06g060260 156 21 1
146 29 36
122 1 1
156:146 1 0
146:122 0 1
Missing data 1 0
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Table 3 Continued.

Marker Size (bp) Resistance Susceptible
Solyc06¢068930 161 0 1
155 6 3
152 44 33
122 2 1
155:152 1 0
161:152 0 1
Solyc06¢051840 290 26 39
285 25 0
Missing data 2 0

aghalshimu msAnwadeiiuandiifiud
UszANSA1N99N15ILATIZUANFURUS V04
wSemnefiduerednunzdie3s association
mapping iesnduiinumnuduiusiduduii
unumdRgsonNAunIUlsa Ty LRR Sunum
ddysomnudunilsaluiivnanesia saus

2 = a = P & = o
UELVLNA %QuﬂqiﬁﬂﬂqﬂiuuugLSUE]L‘V]?W]LLaﬂ\ﬂ‘W

Windn Tnseas1awes LRR fimnudrdgaenisuans
AuALNIUlsA (Andolfo et al., 2013) du
ascorbate peroxidase Hendasiunalnnistiosiu
f;f’lL@Q‘U@ﬂﬁ%%’]ﬂmivﬁﬂﬁﬂmEJ‘UENL%EJE@ InedinTg
poUAUBIHENITINTILTENTElIA mwmwmnm
wwsumwaiimsmmmwu Tudhusou 9 veude
asmumsmevesiisloudandols virldnnsuns
nszevondeliaunsniniuld U§Rsetiud
39niiudn hypersensitive response N1sABUANBY

Havdrfanisunsnszareveade Tnsendunisme
Ypagaaiy (Morel and Dangl, 1997) ascorbate
peroxidase Aendasiunisudn reactive oxygen
species L superoxide (0,) Lag hydrogen
peroxide (H 0 ) \lusiu Faluiiudeivelsnlslnegmss
wazdlnavilmwadiunela (Noctor and Foyer,
1998; Smirnoff, 2000) waadlliiuIN ascorbate
perOX|dase Hpnuduiusiuaumunulse v
# jasmonate uag ethylene ulusiuiietos
AUNTdId Y ANEIAYEIMTUTUIUNITATUN Y
Tsaluiies (Almagro et al., 2009) LagaINNISANY
NSUANIDDNTDIBUAILID real-time PCR WU
salicylic acid uaz ethylene Hunumaifegy
AeYUIUNIAUNLABIEe R. solanacearum
(Baichoo and Jaufeerally-Fakim, 2017)
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Table 4 Association mapping of candidate resistance genes for bacterial wilt resistance through 57

positional candidate loci

Isolate of R. solanacearum

Marker

cT1! S1? RS145° Ews1*
Solyc06g68460 0.95™ 0.24™ 0.16 0.10™
Solyc06g69650 0.14™ 0.60™ 0.04% 0.01*
Solyc06g60260 0.01* 0.002** 0.02* 0.004**
Solyc06g68930 0.33" 0.72™ 0.06™ 0.008**
Solyc06¢51840 0.01* 0.003** 0.14™ 0.01%*

' Relative area under disease progress curve (RAUDPC) of disease index evaluated with CT1 isolate at

Kanchanaburi province

 Mean of disease scoring at 50 days after inoculation from field trial at Khonkaen province with S1

isolate

® RAUDPC of disease index at 13 days after inoculation evaluated with RS145 isolate
“ RAUDPC of percent wilt plant at 28 days after inoculation evaluated with EWS1 isolate

* P < 0.05, ** P = 0.001-0.009, ns = not significant
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