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Fol=-5IX1-ACY¥39281.1-K DIGIHTEWQGTWYPESPRSPGTYDYFAQMAGTLRGYFGYDGVYSDGYKTS 248
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SRGNGHSWSCINCPGGKLTITSTNRATWAIGYTSPFVAY 283

wiw wmms wmess waiwww % % mesiesmes

Fom-SIX1-R1
Fom=SIX1-R1.2

—

100 § FOLS-CAESSE66.1-E
_Lm-mmrm.m
FOC-8041 all

FOM-SI1-R1
10! FOM- S041-R1.2

Fom- (5,108 3l p5y, Jg Ol afaa s et (Al -0 S
(o Clustalw2.l i35l 5 SaS & FoeSIXI 5 FolSIXI L SIXI

Fooolasl o b s 53 SIXL 0855, JIs 5l edd e s ¢S 5,03
by g 1SS Veee il Neighbor-joining 5, 4 OXyspoum
Glaaltr ol aeliesd a3 ks o000 KLl (e Ls Clustalw?2.1
Fom-R1) F. oxysporum f. sp. melonis racel; Fom-:;l &5 ke ) 3,50

F. oxysporum f. sp. :R1.2) F. oxysporum f. sp. melonis racel.2; Fol
lycopersici, Foc) F. oxysporum pathogenic on Arabidopsis

eSS4 Fom-SIX6 ¢l 69 IS 05 axadS Sldllas s
-5 5 ks, Fom o5 53 FOI-SIXG olaxs| sla S5kl
> Fom-SIX6 Jis .(Lievens et al. 2009) —wloas U
23050 S hsen Jg L alis doss 4 sl walid s
s FoM-SIX1 (5,18 3 (155 5 il anllae 3 .ol Fo
Yoz a8 ol Joseta | (5 2ds S ) S15 Fom-SIX6 4

Ol S0 2 2lisolen 52 s pl e SB Zhe 4



llan ns gl B S0 5l 3

i 30 FOI-SIX1 03 &Folgon ol

al B1 a2 a3
FoM /
AA: NVPYGVLLOILEVL e
10 0 kL] 4 50 €0 70 a0
O e— s em—
AXI WAPYMLIGATETL LTy s
10 10 36 W0 o én o a0
ad B3
Fom -32' P —— >
KA v o HDLEVD SGL :
a0 100 110 120 130 140 150 180
FOL a3 B2
AA: SSL LOAL ™
1 100 110 20 130 140 o 6
B4 B ab
FOM — =85 6 -l
==
AA: GEREECTTFEAVNFRRLAARY L KESPOTYDS "U":YU!'NG‘-’Y!HG
170 180 150 200 210 220 230 240
- Ba B4 BS BB B7 a4 B8
" — > -
AR: ACPEGOECTTFRAYNFRNRENGY TFPveaH: 1 W TYDYF TLIGYFGYDGY
170 180 150 200 0 220 230 240
FOM BB B9 B1D
—_— ey e
nA: " GRLTT ! TSPEVAY
250 260 270 280 Legend |
Fou B9 B10 Bn -— -
D —— S ———— Sy —
- .
KA1 TEDGYRTSSH IHCPRGRVTITHTYRATMAFGY TSP
as0 260 270 280 o

Fooobastl o 55 53 SIXL ofisn 4l bl anglie -V IS
F. oxysporum f. sp. lycopersici (Fol) s oxysporum f. sp. melonis (Fom)
s o3 Lledd aseie o by 0555 plete gltle glac s L s
Sl KL S Gla ot (2855, JI5 5l edd Laskie
b S Sl b aselital il o S glater) Laed
Sl g5l e SOLS e 53 L b et 5 (Whodd o sline

O U I L B U] U 35 Sty
oemes e 0lPlo203p2B3P4RSPORTa4PIRIPIOPL]
e 33 m o3 SIXD s 4l Skl s Suli
S e g8 Yl LV IS8) A sdalie Gb olant
sl o g0 4S R89:H88 5 A78:T77 D75:G74 (lims
o 0l Sslite pliand 550 50 Slio g L glaacslin
Fom- 55, JIg 53 B2 b asio 5 03 WI zosle sl
3555 FOI-SIXI s 2 3 5 5Sde o3le 53 .ol o SIXI

TI91:KI95 AI86:P190 slas L igr 4w umasd 3,00

S el sy ol S Gl L e el
U 5 5 B 55 0540) 05 cpl s JI5 o 5 45
SCamdge 5 atee Al dlwl i sa> (Signal peptide
S150LES 15 YOV 5 YO8 YAS VT Ve V8 VY0 Y gla
Cal Aol 35 Cpmed gl 50 FOI-SIXT 55, (R IS2)
AN AT AVE NN Glie L8 sbacaaBse j3 e
(Caslodss osls el Laosls) ol YAV 5 YOA OAA NA
M glacardge 3 it aisldesl & Foe-SIX1 55
Laosls) a,ls YOV 5 Yoo A« VA Nod oY AYY Yo
Foc- 3 Fol-SIX1 155, 95 a5 dm s (ol ools Jaslas
cals Fom-SIX1 4 cond glawalianl JIg ks 5l SIX1
Foc-SIX1 el (slgnl )3 anslinnl o3 Gl Iy Ajls (g méew
wool Gladesl Comdge Ol b 0Nl &S edd o
Ul welsl 3 asd sdalin LOT a5, Jg 5 it
S 0 Ol e an Sl SO bl 5s G5 s
e b s M eon b a2s S 15 aalllas 55 Jsle
oo 03 SAdswss LL Sl s DIANNA 11 )58
S, 5 53 S AU A0 5 £ VY Y gl
03 e F 4 gk swsd LU Ll 50 Foce-SIX1 5 Fol-SIX1
58-0 =Y V=) 5 (V=0T AT ) Gl s Ol
A bl (A

B3 5 AS XS o e ) b b il O i pgeme o
5 et S S s S 03,5 IS s Fom-SIXL
o3 MU s cbils | Jshe ool lae 3 Ik 5 e
S, Sl edd S5 Olosas b og ooy ol plulid
(Rep 2005) Eooel oo SalS 138 i

F. oxysporum s SIX1 ,li8 3 &5 p33 Ol 058U
S5 s e 80 S bl Sl cdan K5 adlas 5
! o3 sl Bl OF Camdse 5 e g e o K
Fol- .55, L Fom-SIX1 53 555, £52 Sltle aadlas
OEsn psn Dl 4ad 238 1E alis 5y SIXIT
s ol 45 sls oLas PSIpred asb 3l eslizul L Fom-SIX1
Coa S ey Whoale 05 b wis Vo sl
Gluss sktle s alBlo2a3BadB3papspeasp7pspIR10

S




w93 93 Fol-SIX1 &3 < glgon o lold

llan ns gl B S0 5l 3

2ot s is S eslanal b jslite oy 55 13
@ bgye slaesls )5 FOISSIXL 0F alie JI5 ol ) siil 5
Ssn 5 A AS S w53 0T cals 5 obs, Fom s
33 05 opl i ol gl S5ET b L s )
Jsb 5 4 At Fom olastl e b4 by e VY 5 ol5 5o
05 s Sy go LT ulal s L 5 05l JulS
Fom- 03 5l Sslite S5 5% s wir JI55 5> FOm-SIX1
S e 055 S Ul el oy soa 5 3ls )3 SIXG
0L andllos (sl Al n 1yl3 1y et 51 b i 5 Sor S
Loy VU lls L;J:.ﬂlj;:ﬂ C]a.d 5> Fom-SIX1 o5 sls
boars oS cal Fol s o Slsan 52, b Sles
olS g5, Fol Sl ol3solen 5o FOISIXL 0 g A5
sl e 05 sl L lie B Ol e (S S
plsl 1) 4l peate Oske olS (555 FOM ol555ken 5o 0l

sl a5 5550 Sl OF ol S50 eSS Dlalllas

S sl

93 b oKl alS p e 0 ISl g5 e Sl alewsy my
G ol el Alesl Ll d 038 g o gl
SR sl 5 sy sl Ol Gres (S S
52 e opl (Jlo e 035 el B g et (g b
2 Gl YAYYO oLt Jlids - b B

&L

Agrawal AF, Lively CM (2002) Infection genetics: gene
for gene versus matchin-allels models and all pionts in
between. Evolutionary Ecology Research 4: 79-90.
Altschul SF, Madden TL, Schaffer AA, Zhang JH, Zhang
Z, Miller W, Lipman DJ ( (1997) Gapped BLAST and
PSI-BLAST: a new generation of protein database search
programs. Nucleic Acids Research 25: 3389-3402.

Broad (2007) Broad Institute of MIT and Harvard,
fusarium comparative database. available at
http://www.broadinstitute.org/annotation/genome/fusarium
_group/MultiHome.html

Banihashemi Z (2010) Reaction of cucumis melo cultivars
to race of Fusarium oxysporum f. sp. mmelonis the cause
of melon vacular wilt. Iranian Journal of Palntpathology
49: 11-22. (In Farsi).

- YWAF (yliweo /¥ o lods [ o200 0,90 [ oy o8 Sl

sl o T1845 VI83 walinl 53 i 5 R198:1200
Fom-SIX1 55 5 55 53 by Slo o311 5 sl 53§53
ot ot 5SS 3l Fol-SIXT 5 5 cole s Fol-SIX1
G S5 andls Ol Ol iiflS 5 Solen lolen 02
Repetal. ) col Ol oslis G035 b puitons bli5 53 S0
o bSO Ky by s el A e JRia 12005
ool Ol maslie gla03 Jaw s OAE olulid 5115 slate
o (ol Sl i fate 3 4

& S 4o

F. oxysporum f. ;3 SIX 148 31 05 sl 05,8 048 Ol 3l
ols oluls Fol-SIX 03 V¢ (oSG (Fol) sp. lycopersici
Sl s8 S ey, ol (Schmidt et al. 2013) .ol
SOTSl P G s s e T el T s
ok Dbl FOl ool et b5 oliolen 5 Lo
(Rep.et al. 2005 ; Houterman et al. 2008 ; Houterman ...l
O3 o sk s ol ) sl SLE1S s et al. 2009)
Ol5 e 5 Al 5 pam FOl slansl o5 s g SIXS b SIXI
SUFOl polasl o3 gl cgr S Ol pon Lol
«(Lievens et al. 2009) > 3 oslaz! ol LSL‘*{}’ Rl
sobastle b s SIXL 0F Sdpen ol gbadle 3 Js
slowl e s alT olS (5, 5 45 el gLulis conglutinans

asdlae )5 bl opl s (Thatcher et al. 2012) A4S o (5 ,los

3,50 FOM olantl o5 3 SIXL SIS 3 05 sl 50>

Brefort T, Tanaka S, Neidig N, Doehlemann G, Vincon V
(2014) Characterization of the largest effector gene cluster
of ustilago maydis. PLoS Pathology 10: e1003866.

Buchan DWA, Minneci F, Nugent TCO, Bryson K, Jones
DT (2013). Scalable web services for the PSIPRED
Protein Analysis Workbench. Nucleic Acids Research 41:
340-348.

Ferre F, Clote P (2005) DiANNA: a web server for
disulfide connectivity prediction. Nucleic Acids Research
33:230-232.

Houterman P, Cornelissen B, Rep M (2008) Suppression
of plant resistance gene-based immunity by a fungal
effector. PloS Pathology 4: €l000061.

Houterman P, Lisong M, Van Ooijen G, De Vroomen M,
Cornelissen B, Takken F (2009) The effector protein Avr2
of the xylem-colonizing fungus Fusarium oxysporum



llan ns gl B S0 5l 3

w93 93 Fol-SIX1 &3 < glgon o lobd

activates the tomato resistance protein I-2 intracellularly.
Plant Journal 58: 970-978.

Jones J, Dangl J (2006) The plant immune system. Nature
444: 323-329.

Larkin MA, Blackshields G, Brown NP, Chenna R,
McGettigan PA, McWilliam H, Valentin F, Wallace IM,
Wilm A, Lopez R, Thompson JD, Gibson TJ, Higgins DG
(2007) Clustal W and Clustal X version 2.0.
Bioinformatics 23: 2947-2948.

Lawrence GJ, Catanzariti AM, Ayliffe MA, Ellis JG
(2004) The Melampsora lini AvrL567 avirulence genes are
expressed in haustoria and their products are recognized
inside plant cells. Plant Cell 16: 755-768.

Letunic I, Copley R, Schmid S, Ciccarelli F, Doerks T,
Schuitz J (2004) SMART 4.0: towards genomic data
integration. Nucleic Acids Research 32: 142-143.

Lievens B, Houterman P, Rep M (2009) Efector gene
screening allows unambiguous identification of Fusarium
oxysporum f. sp. lycopersici races and discrimination from
other forma especiales. FEMS Microbiolgy Letter 300:
201-215.

Luderer R, Takken FLW, de Wit, PIGM, Joosten, MHAJ
(2002) Cladosporium fulvum overcomes Cf-2-mediated
resistance by producing truncated AVR2 elicitor proteins.
Molecular Microbiology 45: 875-884.

Luo M, Wang Y, Frisch D, Joobeur T (2001) Melon
bacterial artificial chromosome (BAC) library construction
using improved methods and identification of clones
linked to the locus conferring resistance to melon
Fusarium wilt (Fom-2). Genome 44: 154-162.

Ma L et al. (2010) Comparative genomics reveals mobile
pathogenicity chromosomes in Fusarium. Nature 464:
367-373.

Marshall R, Kombrink A, Motteram J, Loza-Reyes E
(2011) Analysis of two in planta expressed lysM effector
homologs from the fungus Mycosphaerella graminicola
reveals novel functional properties and varying
contributions to virulence on wheat. Plant Physiology 156:
756-769.

NCBI (2013)The National Center for Biotechnology
Information. Available at http://www.ncbi.nlm.nih.gov/
Petersen TN, Brunak S, Heijne G, Nielsen H (2011)
SignalP  4.0: discriminating signal peptides from
transmembrane regions. Nature Methods 8: 785-786.

Rep M, Dekker H, Vossen J, DeBoer A, Houterman P,
Speijer D (2002) Mass spectrometric identification of
isoforms of PR proteins in xylem sap of fungus-infected
tomat. Plant Physiology 130: 904-917.

Rep M, van der Does H, Meijer M, Van Wijk R,
Houterman P, Dekker H (2004) A small, cysteine-rich
protein secreted by Fusarium oxysporum during
colonization of xylem vessels is required for I-3-mediated
resistance in tomato. Molecular Microbiology 53: 1373-
1383.

Rep M (2005) Small proteins of plant-pathogenic fungi
secreted during host colonization. FEMS Microbiology
Letters 253: 19-27.

Rep M, Meijer M, Houterman P, Van der Does H,
Cornelissen B (2005) Fusarium oxysporum Evades I-3-
mediated resistance without altering the matching

avirulence gene. Molecular Plant Microb Intraction 18: 15-
23.

Sacristan S, Garcia-Arenal F (2008) The evaluation of
virulence and pathogenicity in plant pathogen population.
Molecular Plant Pathology 9: 369-384.

Schmidt S, Houterman P, Schhriver I, Ma LJ, Amyotte S,
Chellappan B (2013) MITEs in the promoters of effector
genes allow prediction of novel virulence genes in
Fusarium oxysporum. BMC Genomics 14: 119-140.
Solovyev V, Kosarev P, Seledsov I, Vorobyev D (2006)
Automatic annotation of eukaryotic genes, pseudogenes
and promoters. Genome Biology 7: 101-112.

Swindell SR, Plasterer TN (1997) SEQMAN. Methods in
Molecular Medicine 70: 75-89.

Takken F, Rep M (2010) The arms race between tomato
and Fusarium oxysporum. Molecular Plant Pthology 11:
309-314.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M,
Kumar S (2011) MEGAS: Molecular Evolutionary
Genetics  Analysis using Maximum  Likelihood,
Evolutionary Distance, and Maximum Parsimony
Methods. Molecular Biology and Evolution 28: 2731-
2739.

Thatcher L, Gardiner D, Kazan K, Manners J (2012) A
highly conserved effector in Fusarium oxysporum is
required for full virulence on arabidopsis. Molecular Plant
Microb Intarction 25: 180-90.

Vander Does H, Duyvesteijn R, Goltstein P, Van Schie C,
Manders E, Cornelissen B (2008) Expression of effector
geneSIXlof Fusarium oxysporum requires living plant
cells. Fungal Genetics and Biology 45: 1257-1264.

Vander Does H, Lievens B, Claes L, Houterman P,
Cornelissen B, Rep M (2008) The presence of avirulence
locus discriminates Fusarium oxysporum isolates causing
tomato wilt from other isolates. Environmental
Microbiology 10: 1475-1485.

Vleeshouwers VGAA, Oliver RP (2014) Effectors as tools
in disease resistance breeding against biotrophic,
Hemibiotrophic, and Necrotrophic Plant Pathogens.
Molecular Plant-Microbe Interactions 27: 196-206.

Wang Y, Thomas CE, Dean RA (2011) Genetic mapping
of a fusarium wilt resistance gene (Fom-2) in melon
(Cucumis melo L.). Molecular Breeding 6: 379-389.

ST




