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Figure 1- Schematic view of tomatinase gene (A), and electrophoresis pattern of PCR products (B). Presents positions of
coding sequences (CDS), special primers attachment sites (PSh30-F/R) and predicted amplicone size based on FoTom
sequence with accession number (AJ012668)

dunlie g Luso MolS 0 5gilS'es VYD adgamee ol j0 .5l
o=lob ol FoToml o5 Jlg L FomTomR1 was o5 Jlg
WLy glay )KuSH b agedlS e VY jo 5 90
O el cilieS g ABlsl 45 e A 8lb s D S5 )5
1S LB Suls cbosslas W asl e s, 86 FoToml
@l 2855 )8 oy 3y90 o 4Bl 135 g5 53 (ORF) (5
Sy g 000b ol Jlg edgize 3 Sl G yles S ol ol

FOm ags5 3 oad ,aas5 M g3 jalls]
Ojgmo o Gilopals Sl aw jlhedy (slo o) STy Jgase
b a9 b Iy @l Gkl I e b b Iy aira g
g by e yLanl 48 4l oty 25625 5 AFY Jsbo 4 (o]
dyen sl iy )3 JolS jlay |y jlislogi (g oaiSaS
90 y» b lis FoToml 5 Jlov b odd juiSS aslad  Jlg5 2o
Shidgpen S0aSo L gl V¥R Jobo 4 (slodgaces 53 Jlgs



QA Jls o) o loid FF als (g5 ysbisS asbus 9 pole) LS cbili> 4y i ¥

Som Lk Coin s a8 oy (L FOL g8 5l oas i)l8
20 el sl Cmbga > e S By o > 4l
YYE 9 VAN OF0 claaislinl ) ias dw gt JUiSew 4l
{7 JS5) 3,15 )8 69,0 megd 4l 53

Sl Jlgs 39,0 Hllal 485 &j50 slazll bl
2 0f ol 48 bl sl FOTOML 55 Solgen 4 bgsye o
O ygmay 1 il oas Sl Fom —olaid] py 3 pg 5
pyd ps odimd oyl Sl By aw b (61380 FomTomR1
JLsleg ()] pLS dn bope pg> By aw (FOM) )6 (colaid]
olaidl b ) o Selsan o)lads 4 gy Vol 5 (Tom)
lbiwd oyl Ly 5 sl (gaieilS'y Jls3 .ol Fol
A 0yid o SO, (MF178403)

Sl G las )b slbsl FoToml 5 Jlos L a5,
A ob ol FOToml 59,0 L (o)8 cpiigp cpl (20000
Sy did s K00S0 b g 93 yb aisel (clasgl o)
Lo (Y JSes) did cglite ;50050 b aiel dunl V53 (g 90
53l L3 SMART asebiyy )5 (s ps ol s 3T Jls o
O Ly St (g Lincynogd Slisd g Cpabgo (g9 i
2 ey opl il ye ai S Jlg .l alie FoToml
ol s Jlas ol jauds ol a5 L3 VY B Y adgize
S 09t ol o 5 sl G ol 9 (S
Cuabgo (awyy Cawl 48,8 J1EYYY U Ve 00gime 50 (65Yg 0
Lsloys (g Jo= L dwalie )3 0ad iS5 JIgs 5> i

20 40

I |
FOLTOMPro MRLTTI IATF VAFAEATSIP STGTTSLREE ATKKSLLLGS GAINPSYLND 50
FOMTOMPIro .. ..o o0 scoooflle s oo s cees e s oI e o ) W A SRGOR ) R 50

FOLTOMPro SQFRAVLSKQ FNSLSPENEL KWTFVHPAKC QYDWHKLDRL VKFADANNMK 100

EOMIOMPIO: Wl = oiaioi o s mis: & 3wl » s wvisid A Geisile & wionst & & | (Giees & A0 s, e % & et o s w0 100
120 140
| |
FOLTOMPro VKGHGLLSPC CNPDYLLNIT SPEALRAEIT NHFEAIMHRY RGKMDRWDVV 150
FOMTOMPIO s s o osiiss ssssasssmase ssoesosmes @wesnsesesss sosiolls s s 150
|l|30 IIBO 20[0
FOLTOMPro SEALKTNGSG LAPNHFYDTL GPGWVEDAFR |ARAADPDAK LFLNENLVEV 200
FOMTOMPFO o ¢ ¢ c o s s o ss s oo oosoo s o soesssieoses oosossasss ooessesais 200
220 240
| |
FOLTOMPro QPKKRQELYD MVSALVHRGV PIDGIALQMH ITLEPVVPGV IREMVESYRA 250
FOMTOMPIO . : ¢ cco oo os osssasss WMo saiivsniaises wsess . s e aaseinie 250
260 280 300

FOLTOMPro IGLQVTIAEM DVHTYNATQQ AEIYGDTVKE ALDAGITDIS FWGFTDKHLY 300
FOMTOMPIO o v s s vis o5 3s o % eiass oo s

FOLTOMPro TWLPGAKPLM FNETYYPKSA FYSTHSVLTD FNERL * 335
FOMTOMPIO ¢ o ¢ c oo cs a6 sseosseoss ososessmen smesse + 335

(FOLTOMPYI0) jUsilegs cmiigy Jlsf UFOM g, ;1 oui ;iSG (FOMTOMPIO) (gunigidS g5 (Jlgi don i (o3 yod gl - JSUS
MEGA 4ol ys 31 03wl L FOL & bgy w0
Sl 005 0313 yUi5 Ao e b naiol aol w43 Al 59y (sla i g blE < jgunr bt (glaaiolipel
Figure 2- Alignment of translation of amplified sequence (FOMTOMPro) from FOM with the protein sequence of proteinase

(FOLTOMPro) from FOL using MEGAS5 software
Identical residues are doted and non-synonym mutations are shaded with red background.
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Figure 3- Schematic view of the mutation positions in predicted tomatinase homologues in FOM race 1 in comparison with
sequence of the FOL tomatinase FolTom1 (CAA10112)
SP: signal peptide, GH Dom: Glycoside hydrolase



0 zB gl yo sluilegy () Selgen b,

P a8 el oy &y gy (63,558 ped 0 i dw
el a1y 093 (sl i 5l b gl il dl S5 VFO oSSl
olSuly )3 &85 g0 u3Sely Casl 03l g 5 (ilad Aol
oLl o el 0390 luSs b 5 cuudad Jas 51 YYE 5 VA sl
LSl 55 il o e )b (gl ol asal ol g3 ya YIA
A ohad it diel del 93 ya 55 YT
L TomFOL 4 TOMFOM .55 0y a9l jLidle on i
aS sl Las CLC Main Workbench 5.5 ,l5 3le , 5 5 salazu!
oAb (g 4l Lo i 4 e ccslatpel dnl Gl Sl
ey e oo |y dugl sl cglas ¥ sla S duslie .ol
33 St Lall [l slool 4 S VY8 4ol g oo
B s5Y g0 5655 ped anl > cuwl 03,5 TOMFOM
ao )0 g5 00 el gy 9 50 baylidle duslie ulul )b
2 dgl slw FOM _olaisl s, 8 ol 7y cla i g
03y y i 1) St Lall Sl L VY8 o Y0 XY 00 lacasdge

Cwl

SLaaile gl (05 Selgea (JIgi 5o ba (g Ol Bl (Saspdon
FOM g, s

o g cenhd oad piols claa il awl 5l (ooliss )
aal dl 0350 oLy aiel sl )3 39 gline (S xS
5 ot 1)t CSLaoliglS (Lo il ohab i &S DS
JiSe JIg5 4 bgyye adlaie (] sl 4185 5118 (gl capols
Ny 3 rmy 0B9 3es )3 3950 el I g canl sty
9 Aty JiSemo Jooll d 5 e w3 4Bl (5,56 )8
OBy dg)e LAl a8 aslas S )18 65V )0 (g
el sl S lsis @ i gl Ol 5 Bl 4 ksl
Sl S5 4 el 03l skl 0 1y 363 (b oo Jb b o
DY 5 Y0 (slmol Sl 13 2950 slad 415k gy (g (orkad atel
0315 gy g Sl 4o 1y 093 (S o 4 o Azl A
L g it JLy g 5 (b aiel dpsl 4 2 i 2
» I\ ol_§:1> M 39y s )ug..\.:] qu)J uslnuo )Lol.w 4 d.>9;
23l 58 ,5b g olesle

FomTomR1

FolTom1

FOM g FOL _polaid! 058 35 jluilogi ooy 55 Cunnid Uy g (Sl W (g s buw cnn o —€ JSUS
38l 5 dliusg 43 00 o) am3 o ot |y 4Bl gy el (slaspn] Cumbise ) s plsd B Lo ) 305 sla il 5 (Sl W] 18l S5, o slo i
. (CLC Main Workbench 5.5

Figure 4- Comparison of alpha helix and beta sheet stractures in homologes of tomatinase protein in forma specials FOL
(FolTom1) and FOM (FomTomR1)
Blue and red arrows: alpha helix and beta sheet steracture respectively, green sircles: posision of mutated residues.
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Introduction: Phytopathogenic fungi exposes various proteins to overcome plant defense systems.
Production of saponins likes a-Tomatine is one of the tomato preformed defenses barriers which should be
detoxicated by the pathogens. It has been revealed before which most of Fusarium species and forma specials
could produce tomatinase, a glycosyl hydrolases protein, to de-glycosylate a-Tomatine. Fusarium oxysporium f.
sp. melonis (FOM) wildly attached melon cultivars and at the time of this investigation, there was only one
report underlining the existence of the gene sequence of tomatinase in the genome of FOM using southern
blotting experiment. This study was carried out to track the whole tomatinase gene sequence in the FOM
genomic sequence and investigate the probability genetic variation of the gene in the nucleotide and protein
sequences.

Materials and Methods: Fusarium oxysporium f. sp. melonis (Fom) racel have been previously reported in
Khorasan, Iran. It was cultured in liquid medium and the mycelia were used for the genomic DNA isolation.
Primers were designed based on conserved sequence in upstream and downstream of FoToml sequence
(AJ012668). PCR was carried out and amplified segments were bi-directional sequenced. The results were then
analyzed by Vector NTi software. The sequencing result was aligned with FoTom1 sequence as Refseq and the
single nucleotide variations were detected by CLC work bench software. The effects of the mutations on the
protein structure were predicted by CLC work bench software.

Results and Discussion: Electrophoresis pattern of PCR products showed a single band of the expected size
in the strain FomR1 that was at the same size of the band amplified from FoL genome. The designed primers
based on the FoTom1 sequence amplified a specific segment in the Fom genome. Alignment the sequencing
results with the Fo-Tom1 from Fusarium oxysporium f. sp. lycopercisi (Fol) in nucleotide level revealed 14
mutations which seven of them were appeared in the protein sequence. Three mutations occurred in the
functional domain of the protein. At the position 145, an acidic amino acid with a negative charge was
substituted by a polar amino acid. Replacements at positions 218 and 236 were the same in terms of polarity and
at position 218; both amino acids have a positive charge.

There were no introns in the coding sequence of FomTom R1 region as same as FoTom1. Pairwise alignment
results showed some an-synonyms mutations between two sequences that made some changes in the secondary
structure of the translated protein from FomTomR1. The first an-synonym mutation, SNP15 (E—G), inside the
signal peptide, converts the alpha helix to a new beta sheet. SNP34 (K—N) and SNP35 (S—N) mutations
shortened the alpha helix. The other mutations happened out of the alpha helixes and beta sheets. To predict the
effects of the mutations on the FomTomR1function, in-silico analyses were carried out. The results revealed that
three mutations occurred in the functional domains of tomatinase in Fom. The mutations in the hydrolysis
domain may affect the structure of FomTomR1and can be effective in the protein. The presence of different
active saponins components in Melon may be an evolutionary reason for some variation in sequence and
structure of the FomTomR1 protein in Fom. To prove the differences in the tomatinase function, the interaction
of proteins with various types of melon saponins components should be investigated at the future studies.

Conclusion: The results showed the tracked sequence could be homolog of the Tomatinse gene in the Fom
genome. We named it Fom-TomR1 and the sequenced was submitted in the Genbank with accession number
MF178403. For the future study, the gene influences should be investigated in the pathogenesis of FOM on
melon cultivars and it could be considered as a general screening index using heterologous expression of the
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