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Abstract. During the infection- while the xylem is colonized by the F. oxysporum f. sp. Lycopersici (Fol)- several
effector proteins have been secreted into the xylem that suppress the plant’s defense response and enable parasitic
colonization. So far, 14 effector proteins have been reported in Fol. However, there are no identified domains in their
sequences. LysM effector proteins were identified in some plant pathogenic fungi and involved in sequestering chitin
oligosaccharides. Here, considering the role of LysM effector proteins in plant-pathogen interactions, we searched for
candidate effector proteins possessed Lysin (LysM) domains in the genome of FOL. Hence, the LysM domain was
searched in the WGS data bank of Fol using Pfam tool and 17 proteins were identified. Two proteins, Fol-LysM1 and
Fol-LysM3, were selected based on low molecular weight and present of signal peptide in their sequences. Prediction of
the gene structures preformed using FGENESH tools and domain structures and effector characters including signal
peptide, number and position of cysteine residues, disulfide bond connectivity and molecular weight of proteins were
predicted. The entire nucleotide sequences of the coding region of their genes were determined by PCR and phylogeny
of lysM effector proteins was studied. Furthermore, the domain organization of these proteins was compared with that
of other lysM effector proteins. This is a first report of detection of lysM effector genes in Fol.

Keywords. plant-microbe interaction, secreted protein, vascular wilt disease
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Table 1. The characteristics of primers used for detection of the LysM genes.

Code Sequence (5'-3") Target Amplicon length (bp)
PSh11F TCCTAAGCAATCATGCGTTTCGA  Fol-LysM 1 444
PSh11R TTAGTTCCAGCTGCAGGGAACCT
PSh12F ATGAAGTTCTCTACCATCACAA  Fol-LysM 3 711
PSh12R TTAGCATTTGCCCTTCTCGAGA

S s Ssser w1 (Larkin et al, 2007)
Neighbor- s, & (o155 (K5 oo o)
Ole Cul 3 o)y ssbieas Cpioen .S eslizul jOINING
o3 gl bl candllas Cow Glass s 55 LYSM s
535 5 253 SMART oKL oSS 4 LySM e
Ols i (gho2y0 5 (S (u2sph e 3 o RSl

Wb 8 g i i gy 4 edd olulid (6la e ss

oW

w098 ol 105 §1 (S wiig g N Silico  olobl

FOL &8 095 Je s8 LysM
0p 55 JF Oippierss 4 gl ol s o
o5 Slosls alilb_ &bl (FOL) u;;;b; el
35 e 3l Sz OOVY B OYF o gT cliSTUS” g5 S 5

Y Jsa)
Sz b Obe 53 S8 1 Gl s 1 dlie S iy Slalllan

S B ol Gl pbaasie (alE Glieske

5 AYCC 55 diss ¥ sz Od alg S e Sl sl
&S5 PYCO glos s 4l FO AYCO s 4l FO L as > YO
LWYC® js aiss b L ol =5 al> e 5 VYC° 55 aids
s el (Eppendorf) oL Jb s o 1 oslizal
5585 S a4 aiged 1 eds 2S5 il 8 g
Y s deys S 5T U5 s S5 e

A& g5 DNA Green Viewer %, 4s s

Gel extraction Kit .S ;| eslizsl L PCR J guames
i LAl Ao ys oG 38T U5 0,5 51 (BioNeer Co.)
sobastl G ST L e 53 55 odiijadis J pams
o IS e 08055 S S S8 a5 05 pa bg e
SS9k ol 9 4 oui

03ital b 555 1 el 53 aalllas S S0 331 3
SegMan (Swindell & Plasterer, 1997) bl ple i )
ssblea i ) Mega. 6 (Tamura et al., 2011)
“En g o tiglid Sl Ol Zalid Oljee (o)
b i ssen NCBI laosls Sl s oli 5,5 sl
ssbte & caslsl 3 .25 5 &y 0 EMBOSS Needle :s,
Sl Obe a8 dr isyen (S5skd Slallas ol
L el Clustalw2. 1 i 5l 5 SaS” 4 anlllas s


http://link.springer.com/search?facet-author=%22Simon+R.+Swindell%22
http://link.springer.com/search?facet-author=%22Thomas+N.+Plasterer%22
http://dx.doi.org/10.21859/acadpub.nbr.2.4.235
https://dor.isc.ac/dor/20.1001.1.24236330.1394.2.4.1.4
https://c4i2016.khu.ac.ir/nbr/article-1-2528-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1394.2.4.1.4 ]

[ DOI: 10.21859/acadpub.nbr.2.4.235 ]

239/vr4

Nova Biologica Reperta 2 (4): 235-249 (2016)

YYO-YFA A 5t ¥ il ) pole 58 ngs (sloasily

Jsw s Ol Fol-LysM3 5 Fol-LysM1 s
J5 il SMART oL s 5550 (55, s JIs
sFol-LysM1 555, 55 e slgs! 5 Signal peptide

&S sl |, Fol-LysM3

3575 3 e ATl 5 035 b (shig IS I8
o)Ll Il (Gman Hltlu slow] Cgar bl puss sladil
laesls dllas 4 alsl 5 o1,k (Rep, 2005) 58
s sy edd glulis gl s 53 IS 1 gl s
— oS 9 Jsb (el ol sl OLS Y Ul 55 &S boka
S ol aaT Al VOPA B VFY o oi Lkt 55 sl
3 M8 SISl s 5 oy J5Ssn 055 4 o 5 L e 23
Slalllas g <(Rep, 2005) Jsho oo slzb s T o]
Rl 6 bap 0 oSsn 5 eSS
-ebe i S FOXG_13204.3 ; FOXG_17276.3¢\»

F. oxysporum f. sp. lycopersici 05555 LYSM (a5l 508 Slalid slaenss » - Jsi

Table 2. Predicted proteins containing LysM domain in the genome of F. oxysporum f. sp. lycopersici.

Gene Locus Location Gen. Length Pro.
length
Fol-LysM 1 FOXG_17276.3 F. oxysporum 4287 (FO2): Supercontig 43: 167183-168217 - 1035 143
Fol-LysM 2 FOXG_03822.3 F. oxysporum 4287 (FO2): Supercontig 4: 362741-363274 + 534 177
Fol-LysM 3 FOXG_13204.3 F. oxysporum 4287 (FO2): Supercontig 19: 376482-377540 - 1059 218
Fol-LysM4 FOXG_05750.3 F. oxysporum 4287 (FO2): Supercontig 6: 533465-534262 + 798 265
Fol-LysM5 FOXG_05730.3 F. oxysporum 4287 (FO2): Supercontig 6: 482854-483720 + 867 288
Fol-LysM6 FOXG_18950.3 F. oxysporum 4287 (FO2): Supercontig 5: 813206-815730 - 2525 363
Fol-LysM7 FOXG_19864.3 F. oxysporum 4287 (FO2): Supercontig 10: 1619248-1620401 + 1154 371
Fol-LysM8 FOXG_11839.3 F. oxysporum 4287 (FO2): Supercontig 15: 1398877-1400452 + 1576 406
Fol-LysM9 FOXG_17723.3 F. oxysporum 4287 (FO2): Supercontig 101: 868-2263 - 1396 407
Fol-LysM10 FOXG_16949.3 F. oxysporum 4287 (FOZ2): Supercontig 40: 45335-47130 - 1796 422
Fol-LysM11 FOXG_17687.3 F. oxysporum 4287 (FO2): Supercontig 72: 10149-12182 + 2034 510
Fol-LysM12 FOXG_15152.3 F. oxysporum 4287 (FO2): Supercontig 27: 766316-768471 + 2156 525
Fol-LysM13 FOXG_14328.3 F. oxysporum 4287 (FO2): Supercontig 24: 155334-156963 - 1630 527
Fol-LysM14 FOXG_16948.3 F. oxysporum 4287 (FO2): Supercontig 40: 42190-44278 - 2089 602
Fol-LysM15 FOXG_15373.3 F. oxysporum 4287 (FO2): Supercontig 26: 562339-566636 + 4298 883
Fol-LysM16 FOXG_08721.3 F. oxysporum 4287 (FO2): Supercontig 10: 1609212-1616251 - 7040 1540
Fol-LysM17 FOXG_17685.3 F. oxysporum 4287 (FO2): Supercontig 72: 1438-7008 - 5571 1568
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Fig. 1. The translation products of the Fol-LysM1 (A) and Fol-LysM3 (B).The predicted signal sequence for
translocation into the ER is in lower case; the arrow points to the predicted cleavage site and cysteine residues (C) are
marked by shading boxes and the position of LysM domain is shown by line below the sequence. * shows the stop

codon.
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Fig. 2. Schematic representation of Fol-LysM1 and Fol-LysM3 loci and position of primers. (A) results of genomic
DNA extraction and (B) agarose gel analysis of Fol-LysM1 and (C) Fol-LysM3 amplified from genomic DNA of F.
oxysporum f. sp. lycopersici (FOL), M: 1 Kb DNA marker, 1:control, 2: PCR product of Fol-LysM1 and 3: PCR
product of Fol-LysM3. TSS: Translation start site, Start C.: Start codon, Stop C.: Stop codon.

V¥ dlole BE) d)\bﬁw C}j& aliil? 9 J)\b )\J.; J“'“'NLS:"T -@T 4:..1) S FOI'LySMl Qj a.LAT C..»:A.f @L’b u,aL.ﬂ‘J;
YV o Lpoly A g 5 3T 058 ConsWl s b g ool gl 5 8By s Sl e

03487 Cwdmly 53 A5 1S 5 VAV Aol L poly A Jig
G5 K s mb (YA K L pliks sl
Fol-LysM3 o5 Jis ;3 1) Ll s 0F Jobay s !

aiy g9y FOl-LysM3 o @l ol el p s S pluls


http://dx.doi.org/10.21859/acadpub.nbr.2.4.235
https://dor.isc.ac/dor/20.1001.1.24236330.1394.2.4.1.4
https://c4i2016.khu.ac.ir/nbr/article-1-2528-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1394.2.4.1.4 ]

[ DOI: 10.21859/acadpub.nbr.2.4.235 ]

243/ vy

Nova Biologica Reperta 2 (4): 235-249 (2016)

YYO-YFA A 5t ¥ il ) pole 58 ngs (sloasily

Sl SIS Sl (Swiiehd w9 4 e
LySM wg.:

Fol- 5 FOI-LYSM1 Ole (5 sen Oljen (oo p oskiten
LYSM s ol 108 51 slaipss p S L LySM3
EE A ey KK L ot o) Cald do)
S (sla s Ml oS sa0ls g hisyen Jol
sl Ole slabaly 5 dzzes | 815 jlaw LYSM g5 g1l
Jle sl 2l 5y iy Ol a5 LYSM e
5l S L a Mg3LYsM 5 Fol-LysM3 55,5 5
VF/A T Ole wlis deo s clis g alin LYSM g3 sluas
3o 1 s sk s e 4 Yol o 5 Ao
FOl- 55, 95 Ole Calds do )y uomed Cawl (ae o

.39 Loy Yo/4 Fol-LysM3, LysM1

25 OIS 1 e g (Sold andllas ) ghiens caslsl )
Gl SIS 1 g, BY el Ol gt s Il
o3 S8, 50 Clustalw2. il 5 <SS & LySM e
Sk oo o e i€ e bl
5 4 s eslizul Neighbor-joining i, « (p 8 5ks)
93 Gl SIS Sl gl s Ol Lis o1 S Jeols
c ol ol (e s 0315 0Lt Wosls) 5,57 b 1, LysM
23 sl LYSM s 95 lyls FOI-LysM1 wa »
p33 blSS Lot 4 Glata glaahe b Splize elS” a5 S
> « (Bolton et al., 2008) 3,8 » I 5 Sllas s
@ ar s LSl e Sl ol Gble 55l 55 S
LysM w53 g5l 18 31 sla s Ol Ls o) STy
bl o i &S ool gl g oS 5o skt
s aoen Ml 3 s ddh bl dzils Fol-LysM1
38 Do e S s, 5 FOI-LYSML 0l 68 55

(F Ju)

VE lyls a Tl cla.» s Fol-LysM1 &5 sis ol @\:J
s S s s S GBSy, b el Loy
.—! Cochliobolus sativus , Bipolaris zeicola

095 99 90 LYSM laguegd (puiboils 9 gl
Fol-LysM1 ; Fol-LysM3 x4 50

sl L5 31 108 51 gla s 457 sl Ol iy Soladllas
Jonge & ) &yls sl KuSS L LYSM s 5 5 s
LYSM 53 b go aslsl 53 o1l .(Thomma, 2009
5> Fol-LysM3 5 Fol-LysM1 55, 55 Jis 5o
4 @l bl 3 S 15 s Cod SMARTOKL
Losn o) 5 0o eddpaia s 65 cedaTiuws
ol I8 03 R pasia mss a5 35 LYSM e
FOl- 05 47513 Ot il cputoman i o lolis Loy
¥ dnT el (slacund g0 53 LYSM e 53 sl ls LysM1
a9 &G FOl-LySM3 55, 5 cnl VA LAY 5 V8 L

() JSK8) sl V¥ B OV a Tl Cndse 55 LYSM

SIS s, 0 0sSTE A oLal ol 5l i 4S5 sboles
Sl o glulis 2,6 48 YF 55 LYSM s (o5l

(Bolton et al., 2008; Marshall et al., 2011; Rouxel
et al., 2011; Mentlak et al., 2012; Ohm et al.,
.2012; Condon et al., 2013; Baroncelli et al 2014)

0Ps 9, 95 55 LYSM gy adibejle aalsl s
K3 1 s 90 L Fol-LysM3 , Fol-LysM1
« Fol-LysM3 S s oS sl Ol @Lb').,\j A lin 3 40
S (al LYSM (93 65 glyls K05 s 2 14 ol jan
Ol ol gen (255 JI5 00 osie s> Sundpe B3
i edalie s LA 51 s, V4L Fol-LysM3
GFan WY elen o FOILYSML (55500 (s oiopes
el 35 Iy 55 LYSM s 55 slols Kos 138 3
S5 03 LYSM (g an Glyls 5 559 5 Hler opl pesdle
(f somen ) Ll i osls Ol Waosls) g 595 oS5,
LysM 9> ARl 45 das o QLIS gy gl @Lﬁ
g5 sk gt 2l 53 andlan S HIIE B gla s
o33 33 hyls Clel &S il ess aw B e s
SLos ool Obe 55 a0 aslal 53 ol ol Az LYSM
sy oos BT 55 s bbb L oT daly 5 18 5

P


http://dx.doi.org/10.21859/acadpub.nbr.2.4.235
https://dor.isc.ac/dor/20.1001.1.24236330.1394.2.4.1.4
https://c4i2016.khu.ac.ir/nbr/article-1-2528-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1394.2.4.1.4 ]

[ DOI: 10.21859/acadpub.nbr.2.4.235 ]

244/x¥¢

Shokouhifar et al. LysM effector genes in F. oxysporum

F. oxysporum esis5 0 LYSM (rieg Jol> slagys o)) 5o 5 15 2550

LB e S Kos 55 o8 Jamn oy 5 LFOILYSM (55 5 caTail J15 0o Calis oy —F Jsur
Table 4. Similarities between Fol-LysM1 protein and its homologues.

Percentage of amino acid sequence similarity

Colletotrichum gloeosporioides

FOL-LysM1 70.1

Leptosphaeria maculans

Cochliobolus sativus  Bipolaris zeicola

66.2 74 74

M5 FOI-LySM3 L8 51 055 5 b o Jgun (slans
A L NCBI s sloosls oL 53 Hje s,
b 02 fsn 35 Sl ml s o thlastN
XM_009253390 ; XP_011318155.1 (sla b 5L o leis
F. , F. graminearum «& s e85 > i

omesd &G ghyls 8 ST llis pseodugraminarum

E Jgon sl 5 FOI-LYSML Ole 68 i ooy
ol ol sl s Tl ol SL SY oS sls olas oT
53 Tl oLl ¥ 5 iy S it Jol3) a5 5
sl (el ods Sl Hlaw (LYSMA s 5 e T (slg]
LySMD e ss Jold) 53050 s 2 JI5 53 JouS 525

(P JSK8) Sl 1y 5 (oS Sl L |

Fol- ;5 LYSM wess b alie zmbse 45 5 55 LySM

FOl-lysM3 &8 s sy sl ulul, 05 (S ow
Sy 4 by e Olasis ijc,.&|;)\}LysM3 TSR &

555 Bes N F s p #Y Sl 5, 25 8 o
wleld Hshiea aalsl )5 ((Cnl ol a3l OL&S Waesls)

il 1y I

Leptosphaeriaz-maculans (34 003840564.1)

Cochlicbolus-s v 4 0 & bq?
Bipolaris-zeicola(®M 007714€71.1) S
- A~
FOL(Fol-LysMl) L
Colletotrichum-gloeosporioides (XM_007286 < {éa
- 3 o
consensus ‘;‘Q/ 3
% o
)
DCLF\JP NG 0® F
N OJ-|
CQB DCRR = Lysir

CEEEPEDCRR
HDCRq\IT BT
Xe ODCLJ*‘JU AT

Colletotrichum-gloeosporioides (XM_007286
consensus

suenoew-

vus ([ X_0

Cc,h__coc us-s &
T1¢671.1)

Bipclaris-zeicola(xd 007
FOL({Fol-LysMl)

Colletotrichum-gloeosporioides (xM_007286 11
consensus

Sl oeT 5l 55 s b5k esled (B Caline 65 33 55 555 & Jpen sla s n LFOL-LYSML U8 50 o555 5 JIs husper A=Y S
9 é«}: 03 gd>en ..\A:Lsa olas b LySM O 03 gdoen J.:]a."..wl;a-uaua;uh 03 gd>en .MJLSA olas \J 4;\..1.& ‘_;LAA..:ATJ.:«»‘ ‘_;j’;«fb- 5LQJSL3 QL& J\LLA e;:: L;L&
B s § &) 50 BOXSHADE 3.21 wliy bus ale 5 CIUSIAIWZ2.L wabiy Lo s 68 ko ins pon ool od jainiia o8 Lot o5 b Iy o s

D55 v+ bl . Neighbor-joining d:,,@é};)\f;tw‘;u@gb:ﬁ okbp 3 (-lf,).\sa
Fig. 3. A: Multiple sequence alignment of FOL-LysM1 and its homologues proteins. Accession numbers of proteins are
represented in parentheses. Identical amino acid residues are shaded in black, similar residues in grey, and non- identical residues

are not shaded. Sequences are aligned using Clustal W 2.1 and shaded using Boxshading 3.21. B: Phylogeny of the above-
mentioned proteins based on Neighbor-joining with bootstrap 1000.
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Fig. 4. A: Multiple sequence alignment of FOL- and its homologues proteins. Accession numbers of proteins are
represented in parentheses. Identical amino acid residues are shaded in black, similar residues in grey, and non- identical
residues are not shaded. Sequences are aligned using Clustal W 2.1 and shaded using Boxshading 3.21. B: Phylogeny of
The above-mentioned proteins based on Neighbor-joining with bootstrap 1000.
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