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Abstract: The present study is an attempt to determine the differences and the inter-relationships
between six species of Fusarium pathogens at the molecular level based on the analysis of protein
patterns, pathogencity and hosts. Root rot and damping off caused by Fusarium lateritium, (Nees) 
Fusarium xylarioides (Steyaert) and Fusarium camptocearas )Wollenw & Reinking( were isolated from
naturally infected roots of different sugar beat varieties. Pathogencity tests indicated that Fusarium
xylarioides and Fusarium camptoceras were more pathogenic to sugar beet Dempoloy variety as
compared with Fusarium lateritium. The highest similarity in protein analysis was found between
Fusarium xylarioides and Fusarium camptocearas.Fusarium nivale (Fries) Samules & Hallett,
Fusarium graminearum (Schwabe) and Fusarium tricinctum (Corda) Sacc. Were isolated from natural
diseased wheat plants showing damping off and root rot symptoms. Pathogencity tests indicated that
Fusarium nivale and Fusarium tricinctum more pathogenic to wheat sads1 variety as compared with,
Fusarium graminearum. The analysis of protein patterns also showed that the highest similarity was
found between Fusarium nivale and Fusarium tricinctum. The tested species of Fusarium displayed
different patterns of protein bands and varied from each other in one or more protein bands. Several
protein bands were found to be common in all tested species and considered as genus specific
proteins. However, Fusarium species isolated from sugar beat displayed number of common proteins
not detect Fusarium in those isolated from wheat and Vice versa. In addition, unique protein bands
with different sizes were detected in particular fungal species but not in the others. In this respect,
one, two and four protein bands were unique markers for Fusarium lateritium, Fusarium xylarioides
and Fusarium camptoceras, respectively. The inter-relationships as studied from the estimates of
similarity indices revealed low to high similarities between the tested species of Fusarium. The
UPGMA clustering analysis separated the Fusarium pathogens according to their host )sugar beat or
wheat( which reflects a high correlation between protein dendrogram and the host of the tested
pathogens. The present study suggested that electrophoresis of proteins appeared to be a useful tool
for identification and characterization the genetic differences among Fusarium species. In addition,
the analysis of protein profiles made it possible to cluster the species of Fusarium into groups that
correlated with their host and pathogen city.

Key words: Fusarium lateritium; Fusarium xylarioides; Fusarium camptoceras; Fusarium  nivale;
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INTRODUCTION

Sugar beet (Beta vulgaris L.) is one of the important sugar crops all over the world. In Egypt, sugar beet
is considered the second most important source of sugar. Sugar beet is subjected to be attacked by some
Fusarium species causing damping – off and root rot disease which is considered to be one of most destructive
and serious disease in many parts of the world as well as in Egypt. (El-Kazzaz et al., 2008; Majumdar et al.,
2007). Wheat is considered an essential crop in human nutrition. Wheat is attacked by many diseases such as
a complex of Fusarium crown and root-rot, damping off and head blight in many part of the world as well
as in Egypt (Burmeister and Plattner 1987; Bushnell et al., 2003; Bai and Shaner 2004; Schaafsmaand et al,
2005; Elmeleigi et al., 2007; Kohl et al., 2007; Nedelink et al., 2007; Chibundu et al, 2008; Gargouri et al.,
2009). 
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In addition, molecular differences in protein Patterns of pathogenic and non pathogenic strains were used
to determine The virulence related proteins

(Martyn, 1989; Nicholson et al 1998; Jinhu et al., 2005;  Herber et al 2005; Nedelink et al., 2007; Hassan,
2008; GargouriandGargouri 2009; Elke et al 2009). Biochemical and molecular markers such as protein pattern,
isozyme analysis, PCR, AFLP, and ITS, are being increasingly used for fungal pathogen identification and
diagnosis (Majer et al., 1996) and for population genetics studies (McDonald and McDermott 1993; McDonald
et al., 1999). They also can be used to evaluate levels of genetic diversity and phenotypic relationships within
and between species (Brown, 1996). Gel electrophoresis provided a simple method for assaying variations in
soluble proteins. The protein banding-pattern of each organism represents a biochemical genetic fingerprint to
that organism and each band in the pattern reflects a separate transcriptional events. Thus, it provides a direct
measure of gene homology and function, and considered as a good indicator for genetic variation within and
between fungal species and isolates. Protein analysis by SDS-Polyacrylamide gel electrophoresis (SDS-PAGE)
is not only quicker, cheaper and less labor intensive than other molecular methods but is also reliable since
proteins comprise the majority of stable functional genetic products (Arus, 1983). In most cases, fungal species
are easily differentiated by electrophoresis and many samples can be analyzed at the same time. In some cases,
the results obtained by SDS-PAGE of whole-cell proteins can discriminate at much the same level as DNA
fingerprinting (Priest and Austin, 1993). Electrophoresis protein analysis is commonly used to make
recommendations on the separation or combination of species (Brown 1996; Baayen et al., 1997).
Electrophoresis protein analysis has been used to study the genetic variations in different isolates and species
of Fusarium (Toth and Lacy 1991;Saeed, 1993; Vagujfalvi and Szecsi, 1994; Mandeel et al, 1994). The present
study is an attempt to determine the differences and the inter-relationships between six species of Fusarium
pathogens, isolated from sugar beat and wheat plants, at the molecular level based on the analysis of protein
patterns.

MATERIAL AND METHODS

Isolation:
Natural diseased sugar beet and wheat showing damping off and root rot symptoms were collected from

different locations of Assiut Governorate for pathogens isolations. Isolation technique was carried out according
to (Galal and Hefnwy 2002) isolated fungi were purified using single spore and hyphen tip protein patterns
technique and identified according to descriptions in the manual of (Nelson et al., 1983; Booth 1971;
Moubasher 1993; leslie and Summerell 2006). Then confirmed by Assiut University Mycological center
(AUMC).

Soil Infestation:
Inoculums of the isolated fungi Fusarium lateritium, Fusarium xylarioides, Fusarium camptoceras,

Fusarium nivale, Fusarium graminearum and Fusarium tricinctum were prepared individually on barley grain
medium (Fahim et al., 1981) for artificial infestation. Fourteen days old culture of each pathogen was used
for the infestation of sterilized soil 7 days before sowing. Inoculums of each pathogen were applied to the
autoclaved soil at the rate 5% by weight. Ten sugar beet seeds of variety Dempoloy were sown in each pot
(25cm in diameter) and watered. Four replicates represented each treatment and four pots filled with uninfected
soil were used as control.

Five wheat seeds of variety Sids-1 were sown in each pot )25cm in diameter( and watered. Four replicate
represented each treatment and four pots filled with uninfected soil were used as control. Pots were kept under
greenhouse conditions. The percentage of pre and post emergence damping off survival and disease index for
seedlings were recorded after 21 and 45 days respectively, from planting disease index .Was recorded at the
end of the experiment by using the scale of0 to 4 used by )Achenbach and Jennifer 1996( Re-isolation of the
pathogenic fungal isolates, from the infected plants were carried out to meet koch postulates.

Statistical Analysis:
Data were subjected to statistical analysis and means were compared using L.S.D. test (Gomez and Gomez

1984).
Fungal cultures: The electrophoresis protein profiles were determined to study the variability a Fusarium

camptoceras, Fusarium nivale, Fusarium tricinctum, and Fusarium graminearum. Equal disks of mycelia
growth (7-mm in diam) from the edges of an active growing culture of each species were transferred into 250
ml conical flasks containing 100 ml Czapek's liquid medium, then incubated at 25°C for two weeks. 
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Grown mycelia were collected, filtered through Whitman No.1 filter paper, washed twice with chilled (4°C)
sterilized distilled water and used directly for protein analysis by gel electrophoresis. 

Preparation of protein extracts: Soluble proteins were extracted by grinding 500 mg freeze-dried mycelium
with pestle and mortar in liquid nitrogen and 0.5 ml buffer solution (0.1 M Tris-HCl + 2.0 mM EDTA, pH
6.8). The mixture was centrifuged for 20 min at 10.000 rpm under 4°C and the supernatant collected.SDS
polyacrylamide gel electrophoresis: The samples were prepared for SDS-PAGE using buffer B (50 mM Tris
pH 7.3, 4% SDS, 10% 2-mercaptoethanol and 0.02% bromophenol blue). Gel preparation and electrophoresis
were performed according to (Laemmli 1970) and (Hames ,1995) with 12% polyacrylamide and 1% SDS. After
electrophoresis, gels were stained for 4 hours with Commassie Brillant Blue R, then distained by repeated
washing in a mixture of methanol/acetic acid/water (1:1:8 by volume). Data analysis: Data were obtained by
IMAGE ANALYSIS program (Image j ver. 1.72z) and protein bands were scored as present (1) and absent
(0). The pair-wise comparisons between the tested species were used to calculate the Jaccard`s coefficient of
genetic similarity matrix using the software package MVSP (Multi-Variant Statistical Package). Cluster analysis
as presented as the dendrogram was carried out on similarity estimates using the outweighed pair-group method
with arithmetic average (UPGMA). These methods were carried out through MVSP software program.

RESULTS AND DISCUSSION

Isolation and Identification of the Causal Pathogens: 
Three Fusarium species were isolated from naturally diseased sugar beet plants showing damping off and

root rot symptoms. They identified as Fusarium lateritium, Fusarium xylarioides, Fusarium camptoceras 
(Table 1 and Figures 1&2). 

Data as shown in Table (1) and Figures (1&2) indicate that the tested fungal Fusarium lateritium,
Fusarium xylarioides and Fusarium camptoceras pathogenic to sugar beet plants of Dempoloy variety causing
root rot and damping off  (Hanson and Hall 2004; Elke et al., 2009).

The data also reveled that there were differences between the fungal species, either in pre-emergence or
in survival, disease index. Fusarium xylarioides and Fusarium camptoceras caused the highest percentage of
pre and post emergence, disease index and lowest survival compares than of Fusarium lateritium.

On the other hand, the three species Fusarium nivale, Fusarium graminearum and Fusarium tricinctum
were isolated from naturally diseased wheat plants showing damping off and root rot symptoms (Table 2 and
Figure 3). 

Fig. 1: A,B and C showed the infected sugar beet roots with grayish brown to black discoloration of vascular
bundles caused by Fusarium lateritium, Fusarium xylarioides and Fusarium camptoceras, respectively.
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Data in Table (2) indicate that the tested fungi Fusarium nivale, Fusarium graminearum and  Fusarium
tricinctum were pathogenic to plants of the wheat variety sids-1 and caused damping off and root rot
(Nederlink et al., 2007; Chibundu et al., 2008 and Gargouri et al., 2009).

The data also indicate that there were significant difference between the fungal species in pre and post
emergence survival and disease index. The fungal Fusarium nivale and Fusarium tricinctum caused the highest
percentage of pre and post emergence, disease index and lowest survival compared with of Fusarium
graminearum

Root rot and damping off caused by Fusarium lateritium, Fusarium xylarioides and Fusarium camptoceras
is a serious disease of sugar beet (El-Kazzaz et al., 2008; Majumdar et al., 2007). Wheat is considered an
essential crop in human which attack by Fusarium nivale, Fusarium graminearum and Fusarium  tricinctum
causing damping of and root rot (Burmeister and Plattner 1987;Bushnell et al., 2003; Bai and Shaner 2004;
Schaafsmaand et a,l2005; Elmeleigi et al., 2007; Kohl et al., 2007; Nedelink et al., 2007; Chibundu et al,
2008; Gargouri et al., 2009). In addition, molecular differences in protein patterns of pathogenic and non
pathogenic strains were used to determine the virulence related proteins (Martyn, 1989; Nicholson et al., 1998;
Jinhu et al., 2005;  Herber et al., 2005; Nedelink et al., 2007; Hassan, 2008; Gargouriand Gargouri 2009; Elke
et al., 2009). Biochemical and molecular markers such as protein pattern, isozyme analysis, PCR, AFLP, and
ITS, are being increasingly used for fungal pathogen identification and diagnosis (Majer et al., 1996).

Fig. 2: (A and C): scorched brittle leaves due to Fusarium yellow and  root rot caused by Fusarium
lateritium and Fusarium camptoceras. (B): Fusarium root rot of sugar beet one sided wilt and
scorching caused by Fusarium xylarioides.

Table 1: Pathogencity test of Fusarium lateritium, Fusarium xylarioides and Fusarium camptoceras   on Dempoloy variety of sugar beet.
Fungi Damping off Survival % Disease index %

------------------------------------------
Pre % Post %

Fusarium  lateritium 32 12 56 69
Fusarium oxylaroidex 52 8 40 49
Fusarium  camptoceras 52 8 40 48
Control* 0 0 0 0
L.S.D.  5% 17.611 13.313 24 21.496
         1% 24.6889 18.663 33.645 30.135
*General control
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Table 2: Pathogen city tests of Fusarium nivale, Fusarium graminearum and Fusarium triticium on sids-1 wheat variety.
Fungi Damping off Survival % Disease index %

------------------------------------------
Pre % Post %

Fusarium nivale 8 12 20 24
Fusarium graminearum 0 12 12 18
Fusarium tricinctum 16 8 24 24
Control* 0 0 0 0
L.S.D.  5% 13.578 14.09 14.45 13.694
         1% 19.759 20.5 20.261 19.197
*General control

.

Fig. 3: (A): showed crown and root rot caused by Fusarium tricinctum. (B and C): showed root rot caused
by Fusarium nivale and Fusarium graminearum, respectively.

SDS-PAGE Analysis:
Electrophoresis patterns of protein profiles were used to determine the differences between Fusarium

lateritium, Fusarium xylarioides Fusarium camptoceras, Fusarium nivale, Fusarium tricinctum, and Fusarium
graminearum at the molecular level (Tables (3&4), Figs. (4,5 and 6). A total of 31 protein bands ranged from
79.6 to 10.2 KD were detected from all tested species. Ten out of these bands (62.4, 49.1, 32.5, 28.4, 26.1,
21.7, 20.6, 18.3, 16.5, and 11.6 KD) were found to be common proteins in the six species of Fusarium (Table
3). These common protein bands were considered as genus specific proteins. These genus specific proteins
could be used as helpful markers in the classification of Fusarium. Similar conclusion was also reported by
(Jeffries et al. 1984) and (Saeed 1993). In a study on 11 Pythium species (Clare et al. 1968) concluded that
major proteins were characteristic of species, and protein banding patterns could be used in the identification
of fungal species. The three species of Fusarium (F. lateritium, F. xylarioides and F. camptoceras) which
isolated from sugar beet displayed 5 common proteins (77.2, 56.5, 39.8, 24.5 and 23.4 KD) not detected in
those isolated from wheat. In contrast, two protein bands at MW 72.4 and 22.3 KD were unique to those
isolated from wheat (F. nivale, F. tricinctum and F. graminearum). These results indicated that these proteins
may be involved in host specification in these pathogens and play an important role in the pathogen city. The
analysis of electrophoresis' data also revealed that the tested species of Fusarium displayed different patterns
of protein bands and varied from each other in one or more protein bands. Table (3) revealed that F.
lateritium, F. xylarioides, F. camptoceras, F. nivale, F. tricinctum and F. graminearum displayed 18, 19, 20,
16, 18 and 20 protein bands, respectively. In addition, unique protein bands with different sizes were detected
in particular fungal species but not in the others. Such bands could be used as protein markers in the
identification and discrimination of fungal species. 
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In this respect, the 45.2 KD band was a unique marker for F. xylarioides while the two proteins 31.2 and
17.2 KD were specific markers for F. tricinctum. Four proteins at molecular weights 79.6, 76.1, 46.7 and 37.3
KD was found to be specific markers for F. graminearum.  In contrast, no specific bands were detected for
the other tested species. These results suggested that protein profiles separated with electrophoresis could be
used to detect and characterize the variation in different Fusarium species. Similar conclusion was reported
by (Toth and Lacy 1991; Gatti et al. 1992; Saeed 1993; Mandeel et al 1994; Vagujfalvi and Szecsi 1994;
Abdelzaher et al. 1995; Avio and Giovannetti 1998) reported that the stability and diversity of protein profiles
suggested that Polyacrylamide gel electrophoresis could be used to discriminate and identify carbuncular
mycorrhizal  fungal species and isolates. 

The presence/absence data of protein bands was analyzed using the software package MVSP program to
calculate the percentage of similarities between the six species of Fusarium (Table 4). The highest similarities
were found between F. nivale and F. tricinctum (88.9%) followed by F. xylarioides and F. camptoceras
(85.7%) as well as between F. lateritium and F. camptoceras (81.0%). Meanwhile, the lowest similarity was
found between F. xylarioides and F. graminearum (39.3%). Moderate to high similarities were found between
the other comparisons of the tested fungi. (Toth and Lacy 1991) found that the differences in protein patterns
of Fusarium were higher between species than among isolates of the same species. 

Fig. 4: Polyacrylamide gel electrophoresis of soluble protein separated from (A) Fusarium lateritium, (B) F.
xylarioides, (C) F. camptoceras, (D) F. nivale, (E) F. tricinctum and (F) F. graminearum

Fig. 5: Computer scans of protein profiles of Fusarium lateritium Fusarium xylarioides Fusarium  camptoceras
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Fig. 6: Computer scan of protein profiles of Fusarium nivale, Fusarium tricinctum and Fusarium
graminearum isolated from wheat plants.

The above results showed highest similarity between Fusarium xylarioides and Fusarium camptoceras.
Such result was substantiated before that these two fungi revealed nearly similar highest pathogenicity.
Similarly, the pathogenicity tests revealed that Fusarium nivale and Fusarium tricinctum were more pathogenic
to wheat sids-1 variety as compared with, Fusarium graminearum (Table 2). These two fungi also displayed
highest similarities in protein patterns. 

The inter-relationships between the six species of Fusarium as revealed by the UPGMA (unweighted pair-
group method with arithmetic mean) clustering analysis are illustrated in Fig (7). The dendrogram tree was
divided into two main groups of clusters with a branched–off at genetic similarity of 48.3%. The first cluster
consisted of Fusarium species isolated from wheat (F. nivale, F. graminearum F. tricinctum) while those
isolated from sugar beat (F. lateritium, F. xylarioides and F. camptoceras) were separated in the second cluster.
These results reflect a high correlation between protein dendrogram and the host of the tested pathogens. This
was also substantiated before by the fact that the presence of host specific proteins in the tested pathogens.
In the first cluster, F. nivale and F. tricinctum were clustered together firstly at 88.9% similarity and then with
F. graminearum. At 61.0% branched–off genetic similarity, The second cluster revealed that F. xylarioides and
F. camptoceras were clustered together firstly at 85.7% similarity and then with F. lateritium, at 78.6%  
branched–of f genetic similarity. Biochemical and molecular markers are being increasingly used to characterize
fungal plant pathogens. They are versatile and highly informative tools for fungal pathogen identification and
diagnosis (Majer et al., 1996). The electrophoretic separation of protein profiles, SDS-PAGE, is a useful tool
for differentiating fungal taxes. This method is relatively easy and many samples can be analyzed at the same
time. It is also cheaper than other fingerprinting methods. 

Moreover, the results obtained by SDS-PAGE of whole-cell proteins can discriminate at much the same
level as DNA fingerprinting (Priest and Austin 1993) in some cases. The present study suggested that
electrophoresis of proteins appeared to be a useful tool for identification and characterization the genetic
differences among Fusarium species. In addition, the analysis of protein profiles made it possible to cluster
the species of Fusarium into groups that correlated with their host. Electrophoretic analysis of protein profiles
have been used to study the differences between species, strains and isolates of Fusarium such as F. pedrosoi
(Ibrahim-Granet et al., 1985), F. oxysporum f. sp. apii and F. solani (Toth and Lacy 1991), Fusarium
oxysporum schlecht ex Fr. (Saeed, 1993), F. moniliforme, F. proliferatum and F. subglutinans (Vagujfalvi and
Szecsi, 1994) and F. oxysporum (Mandeel et al, 1994).
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Table 3: Molecular weight for soluble protein fractions separated by polyacrylamide gel electrophoresis from 6 isolates of )A( Fusarium
lateritium,(B) F. xylarioides, (C) F. camptoceras, (D) F. nivale, (E) F. tricinctum and (F) F. graminearum.     

No. MW KD A B C D E F
1 79.6 0 0 0 0 0 1
2 76.1 0 0 0 0 0 1
3 77.2 1 1 1 0 0 0
4 72.4 0 0 0 1 1 1
5 64.9 0 0 0 1 1 0
6 62.4 1 1 1 1 1 1
7 56.5 1 1 1 0 0 0
8 52.3 1 0 0 0 0 1
9 49.1 1 1 1 1 1 1
10 46.7 0 0 0 0 0 1
11 45.2 0 1 0 0 0 0
12 41.8 0 1 1 0 0 0
13 39.8 1 1 1 0 0 0
14 37.3 0 0 0 0 0 1
15 32.5 1 1 1 1 1 1
16 31.2 0 0 0 0 1 0
17 28.4 1 1 1 1 1 1
18 27.2 0 1 1 0 0 1
19 26.1 1 1 1 1 1 1
20 24.5 1 1 1 0 0 0
21 23.4 1 1 1 0 0 0
22 22.3 0 0 0 1 1 1
23 21.7 1 1 1 1 1 1
24 20.6 1 1 1 1 1 1
25 18.3 1 1 1 1 1 1
26 17.2 0 0 0 0 1 0
27 16.5 1 1 1 1 1 1
28 14.1 0 0 1 1 1 1
29 12.4 1 0 1 1 1 1
30 11.6 1 1 1 1 1 1
31 10.2 1 1 1 1 1 0
No. of bands 18 19 20 16 18 20

Table 4: Jaccard’s similarity matrix for protein profiles of 6 Fusarium species isolated from sugar beet and wheat.
A B C D E F

(A) F. lateritium --
(B) F. xylarioides 76.2 --
(C) F. camptocearas 81.0 85.7 --
(D) F. nivale 54.5 45.8 56.5 --
(E) F. tricinctum 50.0 42.3 52.0 88.9 --
(F) F. graminearum 46.2 39.3 48.1 63.6 58.3 --

Fig. 7: Dendrogram demonstrating the relationships among 3 Fusarium species (F. nivale, F. tricinctum and
F. graminearum) isolated from wheat and the 3 species (Fusarium lateritium, F. xylarioides, F.
camptoceras) isolated from sugar beet.
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