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Use of SSR and AFLP techniques for race characterization
of Fusarium oxysporum f.sp. lycopersici
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ABSTRACT: For race and genetic differentiation, fifteen isolates of Fusarium oxysporum f. sp. lycopersici (Fol):
four reference races [Foll (race 1), Fol2 (race 2), Fol3A (race 3), Fol3N (race 3)] and eleven isolates collected from
tomato cultivated field in Thailand, were investigated by using the Simple Sequence Repeat (SSR) and Amplified
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Fragment Length Polymorphism (AFLP). The results demonstrated that the differentiation of Fol was obtained
using SSR technique with 6 pairs of fluorescent labeling primers was carried out with automated DNA sequencer
(ABI PRISM™ 377 DNA Sequencer). A dendrogram constructed by using a similarity matrix derived from 18
polymorphic SSR fragments could be classified 15 isolates into two main groups as the pathogenic and non -
pathogenic groups, except 2 isolates of CM3 (non - pathogen) and Fol3N (pathogen), which were in opposite group.
The isolates of KK1, KK2, KK3 and KK4 could be identified when the addition primers were used. DNA fingerprints
of these fungi using AFLP technique and 11 combination primers (E-AAG/M-CAA, E-AAG/M-CTC, E-AAG/
M-CAG, E-AAG/M-CAC, E-AAC/M-CAA, E-ACT/M-CTA, E-ACT/M-CTT, E-ACT/M-CAA, E-ACT/M-CAT,
E-ACG/M-CAA and E-ACG/M-CAC) showed an obvious difference of each isolate. The Foll (racel) was
discriminated from Fol2 (race2), Fol3A (race3) and Fol3N (race3) Nevertheless, the result from cluster analysis
could not discriminate pathogenic from non - pathogenic isolates. (Key words: Fusarium oxysporumf.sp. lycopersici,

SSR, AFLP, race)
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Table 1  The microsattellite primer sequences and repeat motif of Fusarium sp.
Primers SSR motif Primer sequences (5'—=3") Origin
MB2F (GT),,(GA), TGCTGTGTATGGATGGATGG NCBI accession no. AY831024
MB2R CATGGTCGATAGCTTGTCTCAG (Bogale et al., 2005)
MB10F (AAC), TATCGAGTCCGGCTTCCAGAAC NCBI accession no. AY931028
MB10R TTGCAATTACCTCCGATACCAC (Bogale et al., 2005)
MB11F (GGC), GTGGACGAACACCTGCATC NCBI accession no. AY931025
MB11R AGATCCTCCACCTCCACCTC (Bogale et al., 2005)
MB14F (CCA), CGTCTCTGAACCACCTTCATC NCBI accession no. AY931027
MB14R TTCCTCCGTCCATCCTGAC (Bogale et al., 2005)
FS7F (CAA), CAGTGCCAGGCCATCCAAAAT Hathairat Urairong
FS7TR TGCAGATATGGTTGTTGTGATGGA (non public)
FS19F (CAC); CTGAGAAACCACGAGCCACAA Hathairat Urairong
FS19R CTCGACCGGAACGCACAAAG (non public)

wazldsunsu Genotyper (PE Applied Biosystems)
lunsinszvideyawuudnngs ﬁﬁfasﬂ@ﬁm 519
1 binary matrix 1A lEanAselimunn
similarity matrix e 1438 Unweighted Pair - Group
Method Using the Arithmetic Average (UPGMA) T/
dendrogram Tmer 1 Neighbor-oinring tree NTALATIZI
e lglisunsu SPSS version 9.0

4. msaaTzulaematlan Amplified Fragment
Length Polymorphism (AFLP)

4.1 NN9ARALAAN AFLP primer combination
FavnanefunAISeveade Fol 1 Aaeimatia AFLP
TneAnulaImNNREn1TT8e Vos WAZADLE (1995) Faid

1) Anpaulanelaulaifnaninie
Lmzt%‘auﬁi@ﬁvgumﬁgnﬁmﬁw adaptor

YRS wetedeniFunns 250 waluniy
wsnsaeiaultsl EcoR | WAy Mse | 88198 2.5 unit
lulfsensianan 10 lulnsans (10mM Tris-acetate,
10mM Mg acetate, 50mM potassium acetate LWag 5mM
DTD, pH 7.5) ﬂuﬂﬁﬁ?m‘ﬁ'fqmmﬁ 37 a3A"EALTE
w1 Falug mnﬁuﬁauﬁiaﬁlﬁumﬁgﬂﬁmﬁw
EcoR | ua Mse | Adaptor (A1ALLL U Al Table 2)
IneIsiTes ligation mastermix a11au 10 lulAsans

[EcoR | adaptor (5-pmol/ul) @ uaw 1 lulasanms,
Mse | adaptor (50 pmol/ul) 13unms 1 Tulasams, T4
DNA ligase 1 unit, 10x T4 DNA ligase buffer a11421
2 lulmsdns, 0.5M NaCl a1uau 2 Tulasans, 1 mg/ml
BSAJ 1 ligation mastermix tixasluniSuafignsin
gosewlasl nysaludn Undfidengungd 37
agATalEe  Wwu 2 dalue Weasy 2 dalug
wgaliseneenlnilnanisnlingomgi 60
aaAade  1unan 15 wi
2) Preselective amplification
2 P A A | o Y
\ReANALauIe N TaNAR L adaptor WAA
a9 10 Wi WnBunaudd e anizdunlany sia 2
y A | o o A
PNNLTANFADNL EcoR | adaptor LATANUNLUAD
\Iansiaiy Mse | adaptor WnAEWeHNYINUGTEN
o . i Ao o a o -
PCR mq¢l preselective primer Adarduiandlelng
- P a a = v ~
Wil adaptor wAN NIRRT NN 1UN
ane 3’ 4198y 1 Taadlelng (+1) lunmaaesil
4 preselective primer i EcoR | + A uaz Mse | + C
pal. malu Table 2
Tun9vinuizen PCR luduma preselective
e a o X gya o PR '
amplification N autlszneavsell AR weNTaNse
iU adaptor 1ABAN9AILAR 10 Win 4 lulAs@Ams, 10x
PCR buffer (100mM Tris-HCI pH 8.3, 15mM l\/lgCI2 haY
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Table 2 The sequences of AFLP adaptor and preselective primer.
Adaptor/primer Primer sequences (5'—>»3") Size (bp)
Adaptor
EcoR | adaptor 1 CTCGTAGACTGCGTACC 17
EcoR | adaptor 2 AATTGGTACGCAGTCTAC 18
Mse | adaptor 1 GACGATGAGTCCTGAG 16
Mse | adaptor 2 TACTCAGGACTCAT 14
Preselective primer
EcoR 1+ A GACTGCGTACCAATTCA 17
Mse |+ C GATGAGTCCTGAGTAAC 17

500mM KCI) 2 Tulmsams, weulmal DNA polymerase
(Bioline USA Inc.) 1.2 unit, 5pmole dNTPs 2 1N1ﬂ?§m€,
UM EcoR | + A primer 1 lulasams, 8.3 uM Mse | + C
primer 2 TulATART WAIAN deionized H,0 WiBums
afainiy 20 lulasAng dduades thermal
cycler AMUIUIBL 1987 WAz NLRLAAT Ty
F4id 72 asATaEE 2107 19911 94 a9ALTARE
20 3119, 56 a9ANIATE 30 AU, 72 BaANTALTHE
2 w20 99U WAY 60 @9ANTALTE 30 WA 1 TRU

3) Selective amplification

el primer combination 22137 EcoR | + 3
nucleotide  AiAnaaINdan ~Hgaais LTIUARNY
fidane 5 4awaw 8 L*u U Mse | + 3 nucleotide
8 1*u (Table 3) Uffsenilicil 4aHweandu
preselective amplification fAaan19a9 20 1

3 lulmsdms, 1uM EcoR | primer-Axx 1 lulmsdms,
3UM Mse | primer-Cxx 1 TuTA38m3 Lz AFLP core mix
(PE Applied BioSystems) Ll deionized H,0 WHLBumg
afawiiy 20 Tulesdng ifuiFunniidule
el touch down PCR AiTulsunsudail
94 asAEalde 2 WA 1 78Y; 94 evATALTY
20 317, 66 aeALTAEY 30 AWIT, 72 aeATALTE
2117 10 981 uazaNYuARgRIMYRaT 1 esrniTaidy
N7 781 Sanruudaingn 20 seu Tneldanmnd
94 aeAIalde 20 WA 56 aeATAEY 30 Auh
uaz 72 a9Aalde 2 W7 WAz 60 avANTALTe
30 3T annthaisanan PCR Auau 3 lalasans
uusnaunsesiifualaeldirdas ABI PRISMTM
377 DNA Sequencer

Table 3 The selective EcoR | and Mse | primer sequences have three selective bases extend into the restriction

fragments with fluorescent labelling.

EcoR | selective primer

Mse | selective primer

NED-GACTGCGTACCAATTC-AAC (E- AAC)
JOE-GACTGCGTACCAATTC-AAG (E- AAG)
FAM-GACTGCGTACCAATTC-ACA (E- ACA)
FAM-GACTGCGTACCAATTC-ACT (E- ACT)

NED-GACTGCGTACCAATTC-ACC (E- ACC)
JOE-GACTGCGTACCAATTC-ACG (E- ACG)
NED-GACTGCGTACCAATTC-AGC (E- AGC)
JOE-GACTGCGTACCAATTC-AGG (E- AGG)

GATGAGTCCTGAGTAA-CAA (M- CAA)
GATGAGTCCTGAGTAA-CAC (M- CAC)
GATGAGTCCTGAGTAA-CAG (M- CAG)
GATGAGTCCTGAGTAA-CAT (M- CAT)
GATGAGTCCTGAGTAA-CTA (M- CTA)
GATGAGTCCTGAGTAA-CTC (M- CTC)
GATGAGTCCTGAGTAA-CTG (M- CTG)
GATGAGTCCTGAGTAA-CTT (M- CTT)




WAKINEAT 36 © 131-143 (2551).
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ANT NI sEweITa Fol RN
mATiA AFLP &aeiA3es ABI PRISM™ 377 DNA
Sequencer Tne/ 14 1L/un 98 GeneScan wa Genotyper
(PE Applied Biosytems) Tunnsataszsidiaya irdays
fun Fraf binary matrix 1A 1da1NANT T
ANUARL similarity matrix 1ael433 Unweighted
Pair - Group Method Using the Arithmetic Average
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tree N5ALATIZYIN Imarld L sunsa SPSS version 9.0
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1. N15AASIERlAELMANA Simple Sequence
Repeat (SSR)

aannsAnEsaamatia SSR Tunisanuun
e Fol snua 15 lelaian Taeld nsweianuan 6 ¢
wudn Inswies MB2 (Figure 1A) TunuaiSuediil
AYNLANFNNTY (polymorphic band) A19W 5 LOY
Toun woumdwaawn 222 g wululalaes kke
uaz CM2 unumiduienunm 248 g wululelaian
FoN unuABweawa 250 Aiu - wululalaan PP
unuABIeTWIA 268-259 At wulwlalaiam Fon,
Fol2, Fol3A, KK1, KK2, KK3, KK4, KK5, CM1 uag CM3
uazunuAdweIwn 265 fuw wululaloan kS
‘aulwaied MB10 (Figure 1B) unudifiueiia
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Figure 1 Microsatellite DNA fingerprint profiles of 15 isolates of Fusarium oxysporum f. sp. lycopersici amplified
with MB2 primer (A) and MB10 primer (B); when X stand for size of DNA fragment (bp) ; row 1-15 =
Foll, Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, KK5, KK6, CM1, CM2, CM3, PP and KS respectively.
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Figure 2

Microsatellite DNA fingerprint profiles of 15 isolates of Fusarium oxysporum f. sp. lycopersici amplified

with MB11 primer (A) and MB14 primer (B); when X stand for size of DNA fragment (bp) ; row 1-15 =
Foll, Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, KK5, KK6, CM1, CM2, CM3, PP and KS respectively.

AMUANGAUAIUAY 2 wau Aun uauABWe
wunm 204 gt wululalaam Foll, Fol2, FoBA,
Fol3N, KK1, KK2, KK3, KK4, KK5, CM1, CM3, PP
waz KS wnumdueawa 222 g wululelaas
KK6 uaz CM2  ‘aulnsiues MB11 (Figure 2A) 14
LA RT PsuANAeius WL 2 way T
wnuAdweaua 204 g wululalaam Fort,
Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, KK5, CMT1,
CM3, PP uaz KS unumduiaaun 222 gu wu'ly
lalaian KK6 waz CM2 Twsines MB11 (Figure 2A)
IunuiSueiifipaauansnafusiua 2 wou
wnuAewerwIn 172 g wuluwlelman FoBN
waz KS wnumdweawa 175 g wululelaas
Foll, Fol2, Fol3A, KK1, KK2, KK3, KK4, KK5, KK6, CM1,
CM2, CM3 uaz PP lwswas MB14 (Figure 2B) 13

wouAEweTiTlAauansna WL 3 unu
wnuABueIA 183-184 i wululalaiam PP uas
KS wnuABweawn 185-186 A wululalaiam
Foll, Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, CM2
uar CM3 unumidueawn 196-198 g wulu
lalzam KK5, KK6 uaz CM1 Twalues FS7 (Figure 3A)
Tunuhduwaunuhanlaadauia 228 g lu
lalaiam Fol, Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4,
KK6, CM2 uaz CM3 'auan 4 lalman Tdwuuny
Aduassnann tun lalman Kks, CM1, PP uay
KS uazlwawes FS19 (Figure 3B) lrfuaudifuied
HAUUANFaTUAIWIN 4 uou liun unuABwe
wum 374 gt wululalaam Fol, Fol2, FoBA,
Fol3N, KK1, KK2, KK3, KK4, KK6, CM2, CM3 Lag PP
unuABWeIWIA 378379 Al wululalman KKs,
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Figure 3  Microsatellite DNA fingerprint profiles of 15 isolates of Fusarium oxysporum f. sp. lycopersici amplified
with FS7 primer (A) and FS19 primer (B); when X stand for size of DNA fragment (bp) ; row 1-15 = Fol1,
Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, KK5, KK6, CM1, CM2, CM3, PP and KS respectively.
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Table 4  Associations among 15 isolates of Fusarium oxysporum f. sp. lycopersici revealed by 6 pairs of microsatellite

primer.
Proximity matrix
Isolates
Foll Fol2  Fol3A Fol3N  KKi1 KK2 KK3 KK4 KK5 KK6 CM1 CM2 CM3 PP KS
Folt 0.000
Fol2 0.000 0.000
FoI3A 0.154  0.154 0.000
Fol3N 0.385 0.385 0.385 0.000
KK1 0.077 0.077 0.077 0.462 0.000
KK2 0.077 0.077 0.077 0462 0.000 0.000
KK3 0.077 0077 0.077 0462 0.000 0.000 0.000
KK4 0.077 0.077 0.077 0462 0.000 0.000 0.000 0.000
KK5 0.538 0.538 0.385 0.769 0.462 0462 0462 0462 0.000
KK6 0462 0426 0615 0692 0.538 0538 0538 0538 0692 0.000
CM1 0.615 0.615 0462 0.846 0.538 0.538 0.538 0.538 0.077 0.769 0.000
CM2 0426 0426 0308 0538 0385 0.385 0385 0385 0692 0.308 0.769 0.000
CM3 0.154 0.154 0.000 0.385 0.077 0.077 0.077 0077 0.385 0.615 0462 0.308 0.000
PP 0.538 0.538 0.385 0.615 0462 0462 0462 0462 0462 0692 0538 0.538 0.385 0.000
KS 0.846 0.846 0.692 0.615 0.769 0.769 0769 0.762 0462 1.000 0538 0.846 0.692 0.462 0.000
1 0.8 0.6 0.4 0.2 0
+ +. +. +. +. + genetic distance
Isolates {race)
-—m—-—a—l: Fol3A (race3)
al CM3  (np)
[ KK3 (racel)
KK4 (race2)
" KK1 (race2)
ot KK2 (race2)
—EFoll (racet)
a2 Fol2 irace2)
KK6 (race2)
b1 L——-————EI;:{: Era;el)
B P
L---CMl (np)
b2 ; FP (np}
K& (op)
Fol3M (race3)
Figure 4  Dendrogram for 15 isolates of Fusarium oxysporum f. sp. lycopersici derived from Neighbor-joining tree

analysis based on 6 microsatellite primers

lycopersici.

E-AAG/M-CAA, E-AAG/M-CTC, E-AAG/M-CAG, E-AAG/
M-CAC, E-AAC/M-CAA, E-ACT/M-CTA, E-ACT/M-CTT,
E-ACT/M-CAA, E-ACT/M-CAT, E-ACG/M-CAA wag
E-ACGIM-CAC Insiefaufiaaliuauana i
Haevizalddniau

; np = non-pathogenic strain of Fusarium oxysporum f. sp.
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Table 5  Associations among 15 isolates of Fusarium oxysporum f. sp. lycopersici revealed by 11 pairs of AFLP primer.

Proximity matrix

Isolates
Folt Fol2 Fol3A  Fol 3N KK1 KK2 KK3 KK4 KK5 KK6 CM1 CM2 CM3 PP KS
Foll 0.000
Fol2 0.484
Fol3A  0.796 0.363
Fol3N 0.522 0.242 0.452
KK1 0.459 0.140 0427 0.051
KK2 0.561 0.306 0631 0408 0.268
KK3 0.408 0.140 0.478 0.115 0.064 0.306
KK4 0.446 0.140 0401 0.153 0.025 0.255 0.000
KK5 0.631 0.325 0586 0299 0.146 0452 0.274 0.146
KK6 0.866 0.688 0.834 0561 0535 0854 0573 0.586 0.580
CM1 0.790 0611 0643 0408 0.408 0.739 0471 0.395 0.389 0675
CM2 0.796 0592 0.841 0503 0529 0.822 0.389 0480 0662 0.720 0.656
CM3 0745 0274 0535 0287 0.236 0478 0197 0287 0408 0771 0618 0.484
PP 0611 0268 0580 0204 0.191 0535 0255 0.280 0338 0.637 0522 0567 0.312
KS 0.968 0.701 1.000 0573 0561 0.892 0.739 0.701 0.694 0866 0.841 0949 0.822 0510 0.000
1 0.8 0.8 0.4 0.2 1]
+ + + + + + genetic distance
Isolates (race)
~——-~|: Fol3a (race3)
al CM3  (np)
KK3 (race2)
KK4 (race2)
" KK1 (race2)
L] KK2 (race2)
—EFDII (racet)
a? Fol2  (race2)
KK6 (raced)
b1 {—————EI;:{;E Erat;el)
B P
L-——CMl (np)
b2 { FF (np}
Ki  (np)
Fol3M (race3)
Figure 4  Dendrogram for 15 isolates of Fusarium oxysporum f. sp. lycopersici derived from Neighbor-joining tree

analysis based on 6 microsatellite primers ; np = non-pathogenic strain of Fusarium oxysporum f. sp.

lycopersici.
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