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Fusarium isolates were collected from diseased chick pea RAPD-PCR of Fusarium.

plants with root rot and damping off symptoms from
different chickpea fields located at Assiut govern@te in
Egypt and they were tested for their pathogenicityAll tested
isolates were infected chickpea plants of Giza 3 itivar and
caused root rot and damping off. The tested fungalsblates
were varied in their virulence. Fusarium oxysporum isolate
Nr 13 caused the highest percentage of post emergen
damping off and root rot (40% and 100%, respectivef)
followed by F. oxysporum Nr 6 (30% and 92.5%,
respectively). The lowest percentage of pre and post
emergence damping off and root rot showed withlrusarium
oxysporum isolate Nr 17 (30%, 2% and 31.3%, respectively)
followed by F. solani Nr 19 (28%, 6% and 32.5%,
respectively). The isolates were paired in all podde
combinations for determined vegetative compatibilig and
non-compatibility between the isolates oFusarium sp. where
some isolates shown compatible and incompatible reions
with all other isolates on CZ medium at 28C. While, some
isolates shown an exciting result, where it shownel

incompatibility reaction. Only nine isolates, belog to
Fusarium oxysporum, Fusarium solani and Fusarium
moniliform were subjected to molecular investigation.

Polymorphism and genetic similarity among the nine
Fusarium fungi isolates revealed by RAPD markers were
obtained using three arbitrary oligonucleotide primers. The
number of the amplified fragments per primer varied
between one and seventeen giving a total of 192 losnin all
samples, with an average 64 bands per primer. These
fragments have a size ranged from 4206 to 94 basairs.
Only two bands from a total number of 192 amplifiedbands
were being monomorphic and the other 190 bands were
polymorphic with a polymorphism ratio of 98.96 %. The
primers used generated unique distinct band whichauld be
used to distinguish the isolates in respect of thegpecies and
virulence. Fragments with molecular weight of 269%&p and
1060 bp could be used as genetic markers (absentdan
present, respectively) to distinguishF. oxysporum Nr 13,
which considered the sever pathogenic isolate. Also
fragments of 1683, 1336 and 389 bp were present pras a
positive marker in F. solani Nr 18, which considered the
sever pathogenic isolate. The genetic relationshigsetween
the nine isolates ofFusarium was divided all samples into
three main clusters as shown in phylogenetic tre@he results
confirming that the evolution direction draws line from F.
moniliform toward Fusarium oxysporum. As well as, the
results assertedthat RAPD-PCR technique is useful tool for
differentiating between species of the genususarium.

I. INTRODUCTION

Several species &fusarium survive in fruiting bodies in
the soil. These fungi causes root rot and dampfhg-o
diseases (Nene and Reddy 1987).

Damping-off and root rot caused byusarium
oxysporum, Fusarium solani and Fusarium moniliforme
are considered sever diseases in chickpea in Egypiell
as all the world (Noheet al., 2009; Sumantgt al., 2009;
Khetarpalet al., 2009; Singlet al., 2010; Igbakt al., 2010
and Mekiet al., 2011). Khan and Abdul Jabbar (2002)
tested 20 isolates df. oxysporum from Pakistan forits
virulent to chickpea and found the isolates wengedain
their virulence (most aggressive, highly virulewitulent
and less virulent). Alsofusarium oxysporum isolates
exhibited variation in morphological and cultural
characteristicqIgbal et al., 2005). Puhalla, (1985) and
Correlet al., (1986) asserted that vegetative compatibility
may be a fast and easy way to distinguish pathetgbEe.
oxysporum. Blok and Bollen (1997) reported that most
isolates ofFusarium oxysporum f. sp. asparagi are not
vegetative compatible. While, Di Primet al., (2002)
indicated that most of th&usarium oxysporum f. sp.
gladioli isolates were vegetative compatibility

Molecular techniques based on the polymerase chain
reaction (PCR) have been used as a tool in genetic
mapping, molecular taxonomy, evolutionary studiesl a
diagnosis of several fungal species (Williaahsl., 1990;
Welsh et al., 1991; McDonald, 1997; Hyun and Clark,
1998 and Migheliet al., 1998). Vakalounakis and
Fragkiadakis (1999oncluded that, pathogenicity,

vegetative compatibility group and RAPD-PCR were
effective in distinguishing isolates &f oxysporum. Also,
Rajendra and Ashok (2011) and Sukureaml., (2012)
reported that RAPD-PCR technique is useful tool for
differentiating between species of the gerfussarium
either alternatively or complementary to methodseba
upon morphological and pathological characteristios
the other handCarmer et al., (2003) concluded that
RAPD markers had only limited usefulness in cotietp
pathogenicity among the isolates and racesusarium

oXysporum.
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This work aimed to study pathogenicity, vegetativéive days at 2&. Disk (5mm in diameter) from tested
compatibility reaction between isolates Fdisarium spp., isolates were inoculated at 1-1.5 cm from the eafgthe
as well as, to study the genetic diversity usingPRAPCR new plate and incubated at°28for 15 days and three

technique. replicates were used. The isolates were pairedllin a
possible combinations on PDA medium according ® th
Il. MATERIALS AND METHODS procedure of Kohret al., (1991). The compatible and
incompatible isolates were determined. Mycelialct®ns
Isolation and | dentification of Pathogenic Isolates were recorded as incompatible when an apparentadiine

Twenty threeFusarium isolates were collected from demarcation was observed between the confrontiirgga

different chickpea fields located at Assiut goveate ISOlates. _

(Table 1). Isolates were isolated from infectedckipea Molecular Analysis of the Tested I solates

plants showing damping-off and root rot accordihg t DNA isolation: 50 ml Czapek's broth media was
methods described by Singh (1994). Isolated fungiew distributed in 250 ml Erlenmeyer flasks and auteethfor
purified using single spore technique and iderdifien 15 min. Flasks were inoculated with 5 mm fungalcslis
basis of morphological and culture characteristifom 7 and 15 days old cultures of tested isolated
according to Booth (1997) and Mubasher (1993) ariicubated at Z& for 15 days. Then, the mycelial growth

confirmed by Assiut University, Mycological Centerwas filtered using filter paper, washed three timeth
(AUMC). deionized distilled water and dried in a freezeedfor 30

Pathogenicity Test min. Two grams of the dried mycelia were homogetize

The Twenty threeFusarium isolates were tested for with a pestle in liquid nitrogen using upper-chilimortar.
their pathogenicity using Giza3 chick-pea cultivarder DNA was isolated from S0 mg of homogenized powder
greenhouse conditions. Pathogen inoculants wegeaped  USINg  DNA -~ extraction Kit (DNA/RNA  extraction
on barley medium as described by Singh et al. (L9BTe purification Kit manpfactured. by Qiagen Klt). The
tested isolates were growing on Barley Medium (150 extracted DNA was dlssolvgd in 100 pl of_ elutiorffeu
barley + 50 g clean sand + 4 g glucose + 0.2 gtyea-ghe concentration anlfj purity of "the obtained DNASWQ
extract + 200 ml water) in 500 mL flasks. Steriiearley ~determined by using "Gen qunta” system-pharmact Bi
grains were inoculated with 5 mycelial blocks (tnf in  t€Ch. Samples concentration was adjusted at 60l ng/p
diameter) 5-days old and incubated under roofSing TE buffer pH 8.0. _ _
temperature (25°C) for three weeks with shaken byRandom Amplified Polymorphism DNA Technique
hand every alternate day. The autoclaved pots 8anc (RAPD)
diameter) filled with autoclaved soil and inocuthteith Thirty ng from the extracted DNA were used for
fungal inoculant at the rate of 50g/kg of soil. &ipots amplification reaction. The polymerase chain reacti
were used as replicates. Ten seeds of chick-pea3GiZPCR) mixture contained PCR beads tablet (manufadtu
cultivar were surface sterilized by dipping in 3%dmm by Amersham Pharmacia Biotech.), which containifig a
hypochlorite solution for 3 min. and washing withof the necessary reagents except the primer an®i7e
sterilized water and seeded in every pot containingmplate which add to the tablet. The kit, of Anhars
infested soil. Pre and post-emergence damping-effew Pharmacia Biotech., was also included the primenge
recorded after 15 and 35 days, respectively. Robtvas microliters of the primer (10 mer) were added. The
determined after 60 days from planting using diseasequences of used primers are as following:
index described by Achenbach and Jennifer (1996hgu  RAPD analysis Primer 4: (5-AAGAGCCCGT-3’)

the following equation: RAPD analysis Primer 5: (5-AACGCGCAAC-3)
Disease index % HA+1B+2C+ 3D+ 4E><100 RAPD analysis Primer 6: (5-CCCGTCAGCA-3")
4T The total volume was completed to 25 pl using leteri

Where A, B, C, D and E are the number of the plantistilled water. The amplification protocol was ad out
corresponding to the numerical grade 0, 1, 2,n8l 4, as follows using PCR unit (biometra):
respectively and (4T) is the total number of planta - Denaturation at 96 for 5 min.
(T=A+B+C+D+E) multiplied by the maximum diseaseb - 45 cycles each consists of the following steps
grade 4. The numerical grade of external root syste 1- Denaturation at §& for 1 min.
suggested by Achenbach and Jennifer (1996) werd use 2- Annealing at 3& for 1 min.

with some modification: 3- Extension at 7Z for 2 min.
0 = No infection c - Final extension at 7€ for 2 min.
1 = 1-25% root tissue exhibiting discoloration. d- Hold at 4C.
2 = 26-50% root tissue exhibiting discoloration. 7 ul of X buffer (as manufactured instructions) &ver
3 = 51-75% root tissue exhibiting discoloration. added to 25 pl of the amplification product.
4 = More than 75% root tissue exhibiting discolmraor ~ Amplification Product Analysis

plant died. The amplified DNA for all samples (15 pl) were
Vegetative  Compatibility  Reaction  Between electrophoresed using electrophoresis unit (WIDBi-mi
Fusarium sp Isolatesin Vitro sub-cell GT Bio-RAD) on 1% agarose gel containing

Nine isolates ofFusarium sp. were grown in 9 cm Petri ethedium bromide (0.5 pg/ml). The run was carriatiai
dishes containing Potato Dextrose agar (PDA) medarm
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75 constant volts, and the result was determingd WV  caused root rot and damping-off diseases. The deste
transilluminator. fungal isolates were varied in their virulence, vehe.
Gel Results Analysis oxysporum isolate Nr. 13 caused the highest percentage of
The gelresults were scanned using gel documentatigeost-emergence damping-off and root rot (40% ar@$d,0
system (AAB, Advanced American Biotechnology). Theespectively) followed b¥. oxysporumisolate Nr. 6 (30%
different molecular weights (MW) of bands wereand 92.5%). The lowest percentage of pre and post-
determined against PCR marker (kb DNA Ladder RTUWgmergence damping-off and root rot caused My
promega), then the banding profiles were analyzgd loxysporum isolate Nr. 17 (30%, 2% and 31.3%,
unweighted pair-group method based on arithmetiarmerespectively) followed byF. solani isolate Nr. 19 (28%,

(UPGMA) to estimate similarity, genetic distancasda 6% and 32.5%, respectively).
reconstruct the dendogram. Also, Vegetative compatibility reactions between

Satistical Analysis Fusarium sp. isolates were carried out (Figure 1 and Table

All data were subjected to statistical analysis amhns 2)- Data presented in Table (2) indicated that teye

were compared using L.S.D. test (Gomez and Gomezompatibility and non-compatibility were existedieen
1984). the isolates ofFusarium sp. The isolate No. 23 shows

incompatible reaction with all other isolates. Alssolate
Nr. 13 shows incompatible reaction with all otheolates
except with isolate Nr. 18. On the other hand,asoNr.

Twenty threeFusarium isolates were collected from 21 shows compatible reaction with all other isciatecept

different chick-pea fields located at Assiut goweate |solat_e Nr._ 13. Also, i_solate Nr. 18 S.hOWS compatib
(Table 1). TheFusarium isolates were tested for their Feaction with all other isolates except isolate R0. and
pathogenicity and shown different disease indexi@a). 23. Fl_gure (1-B) had showp an exciting result,_ rehe

Data in table (1) indicated that all tested isclateere Some |s.olates sﬁown self-incompatibility reactios a
able to infect chick-pea plants of Giza-3 cultivand SNOWN withF. moniliform Nr 22.

[1l. RESULTS

Table 1. Source and pathogenicity of Fusarium isopates on Giza (3) chick-pea cultivar
under greenhouse conditions.

No. of Damping-off% Root rot

. Isolates Source of fungal

isolates pre post %
1 Fusarium oxysporum El-Ghanayim 56 12 65
2 F. oxysporum El-Kussiah 52 12 62.5
3 F. oxysporum El-Kussiah 28 10 35
4 F. oxysporum Sahil-Selim 32 8 40
5 F. oxysporum Sahil-Selim 56 18 72.5
6 F. oxysporum Al-badary 64 30 92.5
7 F. oxysporum Sahil-Selim 24 22 43.8
8 F. oxysporum Abnoub 58 2 60
9 F. oxysporum Assiut 58 8 63.8
10 F. oxysporum Assiut 50 12 61.3
11 F. oxysporum Sahil-Selim 52 8 60
12 F. oxysporum Abnoub 38 4 41.5
13 F. oxysporum Abo-Teg 60 40 100
14 F. oxysporum Assiut 60 20 80
15 F. oxysporum Assiut 50 4 52.5
16 F. oxysporum Al-Fath 32 12 42.5
17 F. oxysporum Al-Fath 30 2 31.3
18 F. solani El-Kussiah 70 20 90
19 F.solani El-Kussiah 28 6 325
20 F. solani Abo-Teg 56 14 70
21 F. moniliforme Sahil-Selim 70 10 80
22 F. moniliforme Abo-Teg 52 6 55
23 F. moniliforme Abo-Teg 66 20 83.8

control 0 0 0
L.S.D. 0.05% 5.58 4.57 8.574
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(B) (8 = FM 22)
(B) Non-compatible reaction (self-incompatibility)
Fig. 1.

(A) Compatible reaction dfusariumisolates

Table 2. Vegetative compatibility reaction betw&erisarium isolates
(FO =F. oxysporum, FS =F. solani and FM =F. moniliform)
(C = Compatible reaction, N = Non-compatible reac}i

Fusarium | FO | FO | FS | FS | FS | FM FM FM
isolates | (6) | (13) | (18) | (19) | @0) | (1) | (22) | (23)
FO (5) N N C C C C N N
FO (6) N C N C C N N
FO (13) C N N N N N
FS (18) C N C C N
FS (19) N C N N
FS (20) C C N
FM (21) C N
FM (22) N

1 2 3 4 5 6 7 8NA DNA 1 2 3 4 5 6 8 9
Ladder Ladder

(A) (B)

DNA 1 2 3 4 5 6 78 9
Ladder

(©)
Figure (2): Agarose-gel electrophoresis of RAPD products geedray primers P4 (A),
P5 (B) and P6 (C) in the isolated sampleEadarium.
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Random Amplified Polymorphic DNA (RAPD) Genetic Smilarity and Cluster Analysis Based on
Technique Rapd Results

Only nine of twenty three isolates were subjected t The genetic relationships between the nine isolafes
molecular investigation. These isolates belong tBusariumwas illustrating in the dendrogram generated by
Fusarium oxysporum (FO, isolates Nr. 5, 6 and 13), cluster analysis (UPGMA) with the RAPD data (FigG)e
Fusarium solani (FS, isolates Nr. 18, 19 and 20) andAll samples divided into three main clusters. Tliestf
Fusarium moniliform (FM, isolates Nr. 21, 22 and 23). cluster contains three clades first of them, whighresent
Polymorphism and genetic similarity among nindghe main root of dendrogram, contains two isolfiés 7
Fusarium fungi isolates revealed by RAPD markers wer¢FM 21) and 8 (FM 22)] with genetic similarity ofGD %,
obtained using three arbitrary oligonucleotide mrisn(P4, both isolates belong ¢fusarium moniliforme. The second
P5, and P6), which used to generate RAPD profilesf clade contains isolate Nr. £sarium solani Nr. 18) with
nine isolates of Fusarium. All primers worked genetic distance 0.323. The third clade contaiokis of
successfully on the genomic DNA from taken isolateBusarium moniliforme Nr. 23 (Nr. 9) which represents the
yielding distinct RAPD patterns (Figure 2) excepimer direct clade for the rest of samples with geneistamce of
P5 doesn’'t work with samples 4 (FS 18), 7 (FM 21 8 0.374. The second cluster composed two isolates (FS
(FM 22). Unfortunately, for techniqual work errasply 19) and 6 (FS 20) which belongs Fasarium solani with
eight samples were subjected to primer P4. The pumb genetic similarity of 0.667. The third cluster carspd
the amplified fragments per primer varied betweem® o three isolates belong téusarium oxysporum, where
and seventeen for total bands of 192, with an aeef isolate Nr. 1 (FO 5) represent the ancestor cladetfe
bands per primer. These fragments have a size danggther two isolates ofFusarium oxysporum [Nr. 2 (FO 6)
from 4206 to 94 base pairs (bp). A total numberl®® and 3 (FO 13)] with genetic distance of 0.608.
bands were amplified with only two bands being
monomorphic (shared by all examined samples) aerd th IV. DISCUSSION
other 190 bands were polymorphic with a polymonphis

ratio of 98.96 %. Primer P5 generated the largastber Damping-off and root rot of chickpea in Egypt calise
of fragments (72), while primer P4 generated theekt by Fusarium spp F. oxysporum, F. solani and F.
number of fragments (52). moniliforme) caused several loses in chickpea (Khalil,
The first Primer P4: The results of RAPD analysis of 2007: Noher et al., 2009 and Montaser, 2011).
the eight isolate samples dfusarium as obtained by  The objectives of this study were to investigate th
primer P4 are illustrated in Figure (2). Primerg?dduced pathogenicity, vegetative compatibility and molecul
52 bands in the eight samples. It reacted witheight gifferences of twenty thre€usarium isolates, collected
samples generating 21 fragments ranged in size #4206 from different chickpea fields located at Assiut
to 121 bp. The number of fragments generated by thyovernorate. The isolates @fusarium shown different
primer varied among samples where the lowest numbgfsease index (Table 1) and all tested isolates wbfe to
was two observed in samples Nr. 5 (FS 19), 6 (FS 20 infect chickpea plants of Giza 3 cultiver. Thessutts are
(FM 21) and 8 (FM 22), while the highest number Wi&s jn agreement with those reported Kian et al., (2002)
in sample Nr. 1 (FO 5). and Igbalet al., (2005). The highest and lowest percentage
The second primer P5:The results of RAPD analySiS of pre and post_emergence damping_oﬁ and root rot
of the nine isolate samples Blsarium, as obtained by shown by F. oxysporum (Nr. 13) and (Nr. 17),
primer P5, are illustrated in Figure (2). Primer d#8 not  respectively. This results agree with Nene and Reddy
work with samples 4 (FS 18), 7 (FM 21) and 8 (FM,22 (1987) and Leisso et al. (2011). The vegetative
produced 72 bands in the six samples. It reactéd e  compatibility reaction showing compatible and non-
six samples generating 22 fragments having siz850fto  compatible reaction betweefrusarium isolates. The
94 bp. The number of fragments generated by thisgsr jsplate Nr. 21 . moniliforme) shown compatible reaction
varied among samples from eight in sample Nr. 5185  with all other isolates except with isolates Nr. (R
to 17 in sample Nr. 2 (FO 6). oxysporum) and 23 F. moniliforme). The isolate Nr. 23
The Third Primer P6: The results of RAPD analysis of shown non-compatible reaction with all other iseatalso
the nine isolate samples dfusarium as obtained by jsolate Nr. 13 shown the same result except withais
primer P6 are illustrated in Figure (2). Primergtéduced Nr. 18 F. solani). Moreover, isolate Nr. 22 F(
68 bands in the nine samples. It reacted with e n moniliforme) shown incompatible reaction with all other
samples generating 18 fragments having sizes fro4b 1 isolates, except isolates Nr. 18, 20 ¢olani) and 21 F.
to 184 bp. The number of fragments generated by thinoniliforme). These results are in harmony with those
primer varied among samples where the lowest numbgiported byBlok and Bollen (1997); Di Primet al.,
was one observed in sample Nr. 7 (FM 21) and 8 2M  (2002) and Ana et al., (2009An exciting result was
while the highest number was eleven in sample2NFO  found with vegetative compatibility reaction usirge

6), 5 (FS 19) and 6 (FS 20). same kind of isolate in Petri dish (self-incompiitif).
The summary of all fragments generated by the threge isolate Nr. 8 shown line of demarcation betwtien
primers are illustrated in (Table 3). confronting fungi (Figure 1, B). These result may

explained by the feedback inhibition, where the @iy
of fungi make secretion production that cause gnowt
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inhibition in the line area between the two growing. The second primer P5 also could be used as etigen
mycelium by the accumulative of the secretion pobidm. marker to distinguish isolates oF. oxysporum by

To determine the genetic diversity Blisarium isolates, generating fragments with special size (M.W). As
nine isolates representing the three specieBusrium example, fragments with size of 181, 162 and 14atep
(F. oxysporum, F. solani and F. moniliform) were present only in isolates df. oxysporum. Moreover, the
subjected to the molecular analysis of RAPD-PCRgusi third primer P6 could be used as a genetic mar&er t
three arbitrary primers. The primers used showesdrcl distinguish isolates ofF. oxysporum by generating
differences among the nine isolates Fdfisarium. The fragment with special size of 256 bp which presamiy
primers used generated unique distinct band whatlidc with F. oxysporum isolates and absent in all other species
be used to distinguish the isolates in respecthefrt samples. In addition, this primer (P6) generategrfrents
species @xysporum, solani andmoniliform) and virulence. with M.W. of 381 and 243 bp, that fragments presany
These results are in agreement with those repdried with isolates ofF. solani and absent in all other species
Migheli et al., (1998); Rajendra and Ashok (2011) andamples, which could be used as a genetic marker to
Sukumaret al., (2012). The first primer P4 generateddistinguish isolates df. solani. The dendogram is shown
many fragments which could be used as genetic maéoke the isolates Nr. 7 and 8 represent the ancesttireobther
distinguish F. oxysporum by generating fragments with isolates, both isolates aFe moniliform. Also, the isolates
molecular weight (M.W) of 715, 361 and 287 bp whictNr. 1, 2 and 3 represent the most recent isolatethe
are present only in the isolatesFofoxysporum and absent dendogram with about 73 % genetic similarity, these
in all other samples. Also, this primer generatedjinents isolates areF. oxysporum. These results confirming that
with M.W. of 1683, 1336 and 389 bp which are présernthe evolution direction draws line froma. moniliforme
only in the isolate ofF. solani. Moreover, primer P4 toward F. oxysporum. As well as, these resultsserted
generated fragment (genetic marker) of 1060 bp Wwith that RAPD-PCR technique is useful tool for diffefating
oxysporum Nr. 13, the highest virulence isolates andetween species of the gerfussarium.

fragments of 203, 167 and 121 bp withoxysporum Nr.

Table 3. Summary of all fragments generated bya#isay of the three primers, and their molecular
weight in all nine isolate samplesefisarium where (1) means presence and (0) means absence.

Primer Samples
code M.W (bp) 1 2 3 4 5 6 7 8 9
(FO5) | (FO6) | (FO13) | (FS18) | (FS19) | (FS20) | (FM21) | (FM22) | (FM23)
P4 4206 1 1 1 1 1 1 1 1 0
P4 2698 1 1 0 1 1 1 1 1 0
P4 1683 0 0 0 0 0 0 0 0
P4 1336 0 0 0 0 0 0 0 0
P4 1060 0 0 0 0 0 0 0 0
P6 1045 1 1 1 1 1 1 1 1 1
P6 967 0 1 0 0 1 1 0 0 0
P4 857 1 0 1 0 0 0 0 0 0
P5 850 1 0 0 0 0 1 0 0 0
P6 845 1 1 0 0 0 1 0 0 0
P6 765 1 0 0 0 1 0 0 0 1
P4 715 1 1 1 0 0 0 0 0 0
P5 685 1 1 1 0 1 0 0 0 0
P6 645 1 1 0 1 0 0 0 0 1
P4 598 1 1 0 1 0 0 0 0 0
P5 597 0 0 0 0 1 1 0 0 1
P5 545 0 1 1 0 1 0 0 0 0
P6 538 0 1 0 1 0 0 0 0 0
P4 507 1 1 0 0 0 0 0 0 0
P6 492 1 0 0 1 1 1 0 0 1
P5 488 1 1 1 0 0 1 0 0 0
P5 448 0 1 1 0 1 0 0 0 0
P4 439 0 0 1 1 0 0 0 0 0
P6 432 0 1 1 0 1 1 0 0 0
P5 393 1 0 0 0 0 1 0 0 1
P4 389 0 0 0 0 0 0 0 0
P6 381 0 0 0 0 0 0
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Table 3. Continue the summary of all fragments ggtee by the assay of the three primers, in
all nine isolate samples of Fusarium where (1) mgaasence and (0) means absence.
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Primer Samples
code | MW (bp) 1 2 3 4 5 6 7 8 9
FO5) | (FO6) | (FO13) | (FS18) | (FS19) | (FS20) | (FM21) | (FM22) | (FM23)
P4 361 0 0 0 0 0 0
P5 359 1 1 1 0 1 0 0 0 0
P6 353 1 1 1 0 1 1 0 0 0
P4 351 1 0 1 1 0 0 0 0 0
P5 332 0 1 1 0 0 1 0 0 1
P6 327 0 1 1 1 1 1 0 0 0
P6 298 0 0 1 1 1 1 0 0 1
P5 293 1 1 1 0 1 1 0 0 1
P4 287 1 1 1 0 0 0 0 0 0
P6 279 1 0 0 0 0 0 0 0 1
P5 269 0 1 1 0 0 1 0 0 0
P4 257 0 0 1 1 0 0 0 0 0
P6 256 0 0 0 0 0 0
P5 248 1 0 0 0 0 1 0 0 0
P6 243 0 0 0 0 0 0
P5 236 0 0 0 0 1 0 0 0 1
P4 225 1 1 0 1 0 0 0 0 0
P5 221 1 1 1 0 0 0 0 0 1
P6 219 0 1 1 0 0 0 0 0 1
P6 204 0 0 0 1 1 1 0 0 1
P4 203 0 0 0 0 0 0 0 0
P5 201 1 1 0 0 1 1 0 0 0
P6 184 1 1 0 0 0 0 0 0 0
P4 183 1 1 0 0 0 0 0 0 0
P5 181 1 1 1 0 0 0 0 0 0
P4 167 g o0 | o0 | o 0 0 0 0 0
P5 162 1 1 1 0 0 0 0 0 0
P5 147 1 1 1 0 0 0 0 0 0
P5 137 0 1 0 0 0 0 0 0 1
P4 135 1 0 0 1 0 0 0 0 0
P5 126 1 1 1 0 0 0 0 0 1
P4 121 0 0 0 0 0 0 0 0
P5 108 0 1 1 0 0 0 0 0 1
P5 94 0 1 1 0 0 0 0 0 1
Total 61 37 37 31 20 21 22 3 3 18
UPGMA ‘ s
7
4
1S
| 6
| 5
3
2
1

Nei & Li's Coefficient

Fig. 3.UPGMA dendrogram of the nine isolatesrafsarium based on values of genetic
distances calculated from data of all three prinreRAPD analysis
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