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wenty one isolates of Rhizoctonia solani were categorized

according to anastomosis groups into AG-4-HG-I (8 isolates),
AG-2-2 (9 isolates) and AG-5 (4 isolates). Their pathogenic abilities
were tested on cotton cultivar Giza 86. Variable levels of
pre-emergence damping-off resulted in response to the different
isolates, however, no significant differences were found as to the
levels of post-emergence damping-off. Fourteen isolates led to
significant reduction in the survival. Soluble proteins of the fungal
isolates were electrophoresed using PAGE and SDS-PAGE. Cluster
analysis of the protein banding patterns by the UWPGM of arithmetic
means placed the fungal isolates in distant groups in case of PAGE
and SDS-PAGE; however, isolates differed dispending on the method
of protein separation. Similarity coefficients matrix (SCM) was
calculated for both. Results revealed no relationship between
anastomosis grouping, level of virulence or geographic origin.

Keywords: Anastomosis groups, cotton, PAGE, pathogenicity,
SDS-PAGE and Rhizoctonia solani.

Rhizoctonia solani Kiihn the anamorphic of Thanatephorus cucumeris (Frank)
Donk, causes seedling blight, pre- or post-emergence damping-off, sore shin and
root rot of cotton seedlings (Fulton et al., 1956). R. solani colonizes soft tissues and
forms infection cushions, from these cushions, the fungus penetrates the epidermis
and destroys plant cells (Watkins, 1981). R. solani is composed of genetically
isolated groups (Adams, 1988). The identification and classification of these groups
is primarily based on anastomosis behaviour (Ogoshi, 1972). To date, 14
anastomosis groups (AGs) have been recognized (Carling et al., 2002; El-Samawaty,
2008). Some isolates of R. solani AG-2-2, AG-4 and AG-5 reduced emergence of
maize, cotton and sorghum seedlings (Rush et al., 1994). The pathogenicity of 39
isolates of R. solani AG-4 and one isolate of AG-2-2 were evaluated under
greenhouse conditions on cotton cultivar Giza 75; most of the virulent isolates
exhibited pre-emergence damping-off (El-Akkad, 1997).

Gel electrophoresis of proteins has been widely used for studying variation in fungal
populations. For instance, Zuber and Manibushanrao (1982) found that
polyacrylamide gel electrophoresis (PAGE) patterns of protein reflected marked
variation among five differentially virulent isolates of R. solani. El-Akkad (1997)
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found heterogeneity in protein banding patterns among AG-4 isolates of R. solani.
Hussein et al. (2000) used cluster analysis to compare protein banding patterns
obtained by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) from 17 isolates of multinucleate R. solani (AG-4) and one isolate of
binucleate Rhizoctonia. The analysis provided clear-cut differentiating features
between binucleate and multinucleate Rhizoctonia spp. The binucleate isolate of
Rhizoctonia was placed in a separate cluster remote from that which included all the
multinucleate isolates of AG-4. However, the latter cluster was divided into several
sub-clusters. The observed differences in protein profiles of the isolates were not
related to virulence, geographic origin, or source (cultivar used in isolation). These
results suggest that AG-4 of R. solani is a heterogeneous group of isolates.
Mohammadi et al. (2003) studied the genetic variation among 20 isolates of
R. solani AG-1 subgroups (AG-1-IA and AG-1-IB) collected from Mazandaran
province, Iran, and standard isolates of these subgroups, by total soluble protein
profile. The soluble protein patterns were similar among the R. solani isolates
examined; however, minor differences in banding pattern were observed between
the two subgroups. Based on cluster analysis and similarity matrix, the fungal
isolates were divided into two distinct groups of I and II consistent with the
previously reported AG-1-IA and AG-1-IB subgroups in AGIl. The present
investigation was initiated to determine whether R. solani isolates can be
distinguished by their pathogenicity on cotton, in conjunction with their
electrophoretic protein patterns.

Materials and Methods

Isolates collection:

Twenty one isolates of R. solani (Table 1), originated from cotton seedlings,
were obtained from the fungal collection of the Cotton Dis. Res. Sect., Plant Pathol.
Res. Inst., Agric. Res. Centre, Giza, Egypt.

Pathogenicity test:

A substrate for growth of isolates was prepared in 500-ml glass bottles; each
bottle contained 50g of sorghum grains and 40ml of tap water. The bottles were
autoclaved for 30 min. Isolate inoculum, taken from one-week-old culture on PDA
was aseptically introduced into the bottle and allowed to colonize the substrate for
three weeks.

The test was carried out by using autoclaved clay loam soil. Batches of soil were
infested separately with each isolate at the rate of 1g/kg soil. Infested soil was
dispensed in 15-cm-diam. clay pots and these were planted with 10 seeds per pot
cultivar Giza 86 (5 replicates). In the control treatment, autoclaved sorghum was
added to the autoclaved soil. Pots were randomly distributed on a greenhouse bench
under a temperature 244+3°C. Pre-emergence damping-off was recorded 15 days
after planting, while post-emergence damping-off, survival plant, height (cm) and
dry weight (mg/plant) were recorded 45 days after planting.
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Extraction of proteins from R. solani isolates:

Proteins were prepared according to the methods described by Guseva and
Gromova (1982). The grown mycelium for 8 days at 20-30°C on liquid Czapeck’s
medium was harvested by filtration through cheesecloth, washed with distilled water
several times, and freeze-dried. This frozen mycelium was suspended in phosphate
buffer pH 8.3 (1-3 ml/g mycelium), mixed thoroughly with glass beads and ground
in liquid nitrogen to a fine powder. The ground mycelium was centrifuged at
19,000rpm for 30 min. at 0°C. The protein content in supernatant was estimated
according to Bradford (1976) by using bovine serum albumin as a standard protein.

Electrophoresis of native protein (PAGE):

Protein extract supernatant was mixed with an equal volume of a solution
containing 20% glycerol (v/v) and 0.1ml bromophenol blue in 0.15M Tris-HCI,
pH6.8. Twenty microlitres of the resulting suspension (40 to 60ug of protein) were
subjected to electrophoresis in 25mM Tris buffer containing 192mM glycine at
pHS8.3. Electrophoresis was conducted at 10°C for 4hrs. in a 7.5% polyacrylamide
gel with a 3.5% stacking gel, at 15 and 30mA, respectively, until the dye band
reached the bottom of the separating gel (Laemmli, 1970). Electrophoresis was
performed in a vertical slab mould (16x18x0.15cm). Gels were stained with silver
nitrate for the detection of protein bands (Sammons et al., 1981).

Electrophoresis of dissociated protein (SDS-PAGE):

Each supernatant was mixed with an equal volume of a solution consisting of
(by volume) 64% buffer (0.15 M Tris-HCIl, pH6.8), 20% glycerol; 6% SDS;
10% 2-mercaptoethanol and 0.1% bromophenol blue, before boiling in a water bath
for 3min. Twenty-microlitre samples (40pg of protein) were subjected to
electrophoresis in a 7.5% polyacrylamide gel prepared in 0.1% SDS with
a 3.5% stacking gel (Laemmli, 1970). Electrophoresis and staining of gels were
carried out as previously mentioned in PAGE.

Gel analysis:

Protein patterns obtained by PAGE and SDS-PAGE were clustered by gel
documentation system (Uvitec, Cambridge, UK) by the unweighted pair group
method of arithmetic means (UPGMA) according to Sneath and Sokal (1973).
Similarity coefficient matrix among protein banding patterns was calculated based
on the number of shared bands (Nei and Li, 1979).

Statistical analysis of pathogenicity test:

Pathogenicity test was carried out in a completely randomized design of five
replicates. Percentage data were transformed into ./x + 05 or arcsine angles to
produce approximately constant variance before carrying out the analysis of
variance (ANOVA). Duncan's multiple range test was used to compare between
isolate means. ANOVA was carried out by MSTAT-C statistical package.

Results and Discussion

Pathogenicity test:
Table (1) show the R. solani isolates used in this investigation, originated
from 8 governorates of lower Egypt, were categorized into 3 anastomosis groups,
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i.e. AG-2-2, AG-4-HG-I and AG-5. It is obvious that different AGs were found in
the same governorate, except the two isolates from Gharbiya which belonged to
AG-4-HG-I and one from Qualubiya which belonged to AG-2-2.

Pathogenicity of 21 R. solani isolates was evaluated on cotton cultivar Giza 86
under greenhouse conditions (Table 2). Eleven isolates significantly increased
pre-emergence damping-off, 14 isolates decreased survival significantly. Plant
height and dry weight were significantly affected by 6 and 5 isolates respectively.
Isolates nos. 28, 32, 39, 43, and 45 were the most pathogenic because they
significantly affected all parameters except post-emergence damping-off and dry
weight for isolate 45. None of the tested isolates caused significant post-emergence
damping-off infection, while 52.38% of the isolates caused significant
pre-emergence damping-off (Table 3). The most pathogenic isolates were isolated
from Beheira, Sharqiya, Minufiya, Gharbiya, and Damietta governorates
representing 21.43% of the total pathogenic isolates (Table 4). It is obvious that
different isolates behaved differently with respect to disease-causing ability in the
pre-emergence stage, some isolates affected plant height as well as dry weight.
Similar results were reported by Monga and Sheo-Raj (1994), Aqil and Batson
(1999) and Asran (2001). The above mentioned isolates resulted in level of pre-
emergence damping-off amounting to 88% and more. These isolates except no. 43
belonged to AG-2-2. Considering to the rest of the data in Table 2 reveals that there
was no general trend correlating AGs with virulence.

Table 1. Anastomosis Groups, governorates and region of Rhizoctonia solani
used in pathogenicity test

Isolate No. Anastomosis Group (AG)  Governorate Region

26 4-HG-I Daquahlyia East Delta
27 5 Daquahlyia East Delta
28 2-2 Minufiya Mid-Delta
29 4-HG-1 Minufiya Mid-Delta
30 4-HG-1 Minufiya Mid-Delta
31 2-2 Minufiya Mid-Delta
32 2-2 Sharqiya East Delta
33 2-2 Sharqiya East Delta
34 4-HG-1 Sharqiya East Delta
35 5 Sharqiya East Delta
36 5 Kafr El-Sheikh North Delta
37 4-HG-I Kafr El-Sheikh North Delta
39 2-2 Beheira West Delta
40 2-2 Beheira West Delta
41 5 Beheira West Delta
42 4-HG-1 Gharbiya Mid-Delta
43 4-HG-1 Gharbiya Mid-Delta
45 2-2 Damietta East Delta
46 2-2 Damietta East Delta
47 4-HG-I Damietta East Delta
50 2-2 Qualubiya South Delta
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Table 2. Pathogenicity of Rhizoctonia solani isolates on cotton seedlings
(cultivar Giza 86) under greenhouse conditions

Pre-emergence Post-emergence

Isolate damping-off  damping-off

No.

Survival Plant height Dry weight

0 a
(%) * (%) (%) (cm) (mg/pl.ant)
26 58 < 2 ® 40 ™ 1550 ¢ 293 ™
27 22 2° 76 “* 17.67 *° 506 **
28 88 4° 8§ ™  3.00 ¢ 106 7
29 16 7 (I 84 ®  19.13 *¢ 435 >
30 22 & 2° 76 *¢ 18.73 *¢ 431 >
31 44 < 4" 52 < 1507 ™ 337
32 100 * 0° 0™ 000 ¢ 0"
33 68 2° 30 16,57 *¢ 494 **
34 58 4 38 & 1533 ¢ 306 "
35 42 2° 56 ™% 19.40 ** 571 &
36 48 4 48 X 17.90 ** 690 *
37 60 > 6 * 34 % 1363 ¢ 371 °*
39 90 * 0° 0™ 233°¢ 67 7
40 56 4 40 M 1147 353 <"
41 60 6 34 ¥ 850 7 195 ¢
42 20 & 10 ® 70 “* 1547 > 487 **
43 88 4 g™ 373 72 "
45 88 A" 2° 0™ 517 % 168 ™
46 32 ¢ 2° 66 9 17.73 * 498
47 22 0° 78 *° 17.73 *° 573
50 40 6 54 <% 13,67 ¢ 326 ¢
Control 14 1 0° 86 “° o 507 **

* Percentage data were transformed into arcsine angles before carrying out the analysis of
variance to produce approximately constant variance.

b Percentage data were transformed into ./x + (.5 angles before carrying out the analysis of
variance to produce approximately constant variance.

¢ Means in a column followed by the same letter(s) are not significantly different according to
Duncan’s multiple range test (P= 0.05), An asterisk (*) denotes a significant difference from
the control.

Table 3. Distribution of Rhizoctonia solani isolates based on their effects on
cotton seedlings (cultivar Giza 86)

Total Percentage of isolates, which significantly affected *

number Pre-emergence Post-mergence
oftested  damping-off  damping-off
isolates (%) (%)

21 52.38 0.00 66.67 28.57 23.81

Survival Plant height Dry weight
(%) (cm) (mg/plant)

* Tested isolates significantly increased pre-emergence damping-off, while they significantly
decreased survival, plant height and dry weight.
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Table 4. Distribution of Rhizoctonia solani isolates based on geographic origin

Pathogenic isolates as percentage of

Total number Number of

Geographic oftested  pathogenic total pathogenic
ongmn isolates isolates governorate isolates isolates
Beheira 3 3 100.00 14.29 21.43
Minufiya 4 2 50.00 9.52 14.29
Daquahlyia 2 1 50.00 4.76 7.14
Qualubiya 1 1 100.00 4.76 7.14
Gharbiya 2 1 50.00 4.76 7.14
Sharqiya 4 3 75.00 14.29 21.43
Kafr El-Sheikh 2 2 100.00 9.52 14.29
Damietta 3 1 33.33 4.76 7.14

Differentiation among Rhizoctonia solani isolates based on their protein banding
patterns obtained by PAGE:

Native proteins of the tested isolates were electrophoresed by PAGE.
Electrophoretically fractionated proteins (Fig. 1) were used to calculate the
similarity coefficients matrix (SCM) shown in Table (5). A phenogram (Fig. 2) was
constructed based on similarity levels (SLs) generated from cluster analysis of SCM
values. In this phenogram, the isolates appear to segregate into four groups
(clusters). The first included 10 isolates with an overall similarity level 41%;
however, there were pairs of isolates representing subclusters having high similarity
levels, such as isolates 26 and 37; 45 and 46; 32 and 33; T4 and 39. Similarity levels
of these subclusters ranged between 64% as in 45-46 and 52% as in T4-39. These
four pairs showed an overall similarity with the pair 27-41 of 41%. The second
group included four isolates in two 50-43 and 40-42 with SLs 33% and 52%
respectively, with an overall SL of 29%. The second cluster showed SL with the first
of 23% or 77% dissimilarity. The third cluster included seven isolates (36, T2, 28,
29, 30, 31, and 34). Similarity level in pairs ranged between 71% (isolates 30 and
31) and 37% (isolates 36 and T2). Member of this cluster exhibited overall SL 22%
and showed an SL with the above two of 18%. The fourth cluster included only
three isolates (34, T5, and 50) with SL 32% and which was connected with the
above three clusters at a similarity level 12% only.

It is obvious from the above and referring to data in Tables 1 and 2 that each
cluster encompasses isolates showing different geographic origin, levels of virulence
as well as different anastomosis groups. Therefore, grouping isolates of R. solani
based on their protein pattern as clarified by PAGE is not related to their virulence,
AGs or geographic origin, this confirming previous result repeated by Hussein et al.
(2000).
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26 27 28 29 30 31 32 33 34 35 36 T2

37 39 40 41 42 43 45 46 47 50 T4 TS5

Fig. 1. Protein patterns obtained by PAGE from 21 isolates of Rhizoctonia
solani from cotton and three tester isolates. (T2: Tester of AG-2-2, T4:
Tester of AG-4-HG-I, T5: Tester of AG-5).
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Table S. Similarity coefficient matrix (SCM)* among protein banding patterns separated by
PAGE for 21 isolates of Rhizoctonia solani from cotton and three tester isolates

Isolate 26 35 36 T2 27 28 29 30 31 32 33 34 37 50 T4 TS5 39 40 41 42 43 45 46 47

26

35 0.08

36 0.22 0.17

T2-2* 0.14 0.17 0.37

27 0.41 0.32 0.21 0.21

28 0.25 0.20 0.35 0.25 0.16

29 0.14 0.25 0.15 0.21 0.21 0.42

30 0.18 0.11 0.19 0.18 0.00 0.33 0.18

31 0.26 0.21 0.18 0.17 0.17 0.42 0.43 0.71

32 0.42 0.28 0.19 0.18 0.35 0.21 0.30 0.22 0.21

33 0.47 0.23 0.21 0.33 0.39 0.23 0.20 0.25 0.32 0.63

34 0.21 0.25 0.22 0.14 0.07 0.25 0.21 0.45 0.35 0.30 0.47

37 0.62 0.16 0.14 0.07 0.40 0.24 0.34 0.09 0.17 0.41 0.45 0.14

50 0.15 0.17 0.15 0.07 0.36 0.17 0.30 0.19 0.09 0.31 0.21 0.22 0.29

T4* 043 0.11 0.09 0.00 0.33 0.32 0.35 0.24 0.22 0.29 0.32 0.35 0.33 0.45

T5¢ 0.25 0.40 0.17 0.17 0.00 0.20 0.25 0.22 0.21 0.07 0.08 0.08 0.24 0.17 0.11

39 0.42 0.10 0.17 0.08 0.24 0.40 0.08 0.22 0.21 0.28 0.41 0.33 0.48 0.35 0.53 0.20

40 0.32 0.10 0.25 0.16 0.15 0.29 0.08 0.21 0.10 0.33 0.22 0.24 0.38 0.25 0.30 0.19 0.48

41 0.42 0.20 0.09 0.17 0.16 0.10 0.17 0.11 0.11 0.34 0.31 0.33 0.16 0.26 0.11 0.30 0.30 0.29

42 0.23 0.27 0.24 0.15 0.30 0.18 0.00 0.10 0.00 0.19 0.36 0.31 0.37 0.32 0.19 0.00 0.36 0.52 0.18

43 0.25 0.20 0.26 0.33 0.32 0.20 0.25 0.22 0.21 0.34 0.38 0.33 0.32 0.35 0.32 0.20 0.40 0.19 0.20 0.27

45 0.50 0.17 0.15 0.21 0.34 0.25 0.21 0.18 0.17 0.30 0.47 0.29 0.41 0.15 0.35 0.08 0.42 0.40 0.17 0.46 0.25
46 0.45 0.22 0.20 0.19 0.35 0.37 0.32 0.32 0.38 0.33 0.48 0.45 0.38 0.20 0.23 0.15 0.30 0.36 0.22 0.34 0.30 0.65
47 0.09 0.32 0.18 0.17 0.17 0.32 0.09 0.12 0.11 0.21 0.16 0.09 0.25 0.27 0.00 0.11 0.11 0.20 0.11 0.29 0.11 0.17 0.23

* SCM was calculated based on the number of shared bands (Nei and Li 1979).
2 Tester of AG-2-2, ° tester of AG-4-HG-I and © tester of AG-5.
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Fig. 2. Phenogram based on average linkage cluster analysis of electrophoretic protein

patterns obtained by PAGE from 21 isolates of R. solani from cotton and three tester
isolates. (T2: Tester of AG-2-2, T4: tester of AG-4-HG-I, T5: tester of AG-5).
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Differentiation among Rhizoctonia solani isolates based on their protein banding
patterns obtained by SDS-PAGE:

Considering data generated from SDS-PAGE (Fig. 3) and based on SCM shown
in Table (6) and phenogram (Fig. 4); it is apparent that isolates separated into larger
number of clusters. The first cluster included 5 isolates (34, 35, 33, 30 and T2 ) with
an overall similarity level of 34%. Isolates 35 and 33 showed SL of 57%; both from
Sharqgiya and resulted in 68% and 42% pre-emergence damping-off, respectively.
These two isolates belonged to different AGs (2-2 and 5). Isolate 34 (AG-4-HG-I)
showed SL with the isolates 33 and 35 of 48% and generated also from Sharqiya,
resulting in 58% pre-emergence damping-off. The absence a given trend is obvious
with respect to the possible relationship between clustering, virulence, AGs or
geographic origin. In addition to the first cluster data may point to the presence of
6 more clusters, each containing sub-clusters, except (36-T5) and (26-39).
Considering the overall similarity among all clusters, we found a low similarity of
about 10%, in other words they showed a 90% dissimilarity indicating a very high
variability among the tested isolates, where is reflected by their heterogeneity as to
origin, AGs and virulence. In conclusion; protein profiling failed to correlate with
the different parameters tested or estimated. Therefore, grouping isolates of R. solani
based on their protein pattern as clarified by SDS-PAGE is not related to their
virulence, AGs or geographic origin, this confirming previous result repeated by
El-Akkad (1997) for R. solani and Abdel-Sattar et al. (2008) for Macrophomina
phaseolina isolated from cotton.

M 26 27 28 29 30 31 32 33 34 35 36 37

Fig. 3. Protein patterns obtained by SDS-PAGE from 21 isolates of
Rhizoctonia solani from cotton and three tester isolates. (T2: Tester
of AG-2-2, T4: tester of AG-4-HG-I, TS5: tester of AG-5).

Egypt. J. Phytopathol., Vol. 37, No.1 (2009)



30 M.S. MIKHAIL et al.

39 40 43 45 41 42 46 47 50 T2 T4 T5

Fig. 3. Continued.

Table 6. Similarity coefficient matrix (SCM)* among protein banding patterns separated
by SDS-PAGE for 21 isolates of Rhizoctonia solani from cotton and three tester
isolates

Isolate 34 35 36 37 26 27 28 29 30 31 32 33 50 T2 T4 T5 39 40 43 45 41 42 46 47

34

35 0.48

36 0.35 0.37

37 0.32 0.29 0.28

26 0.07 0.15 0.10 0.12

27 0.24 0.30 0.29 0.32 0.00

28 0.17 0.31 0.26 0.17 0.00 0.10

29 0.30 0.32 0.06 0.41 0.20 0.18 0.21

30 038 0.23 0.14 0.31 0.12 0.19 0.22 0.34

31 0.26 0.32 0.37 0.23 0.23 0.30 0.18 0.47 0.17

32 0.23 0.24 0.29 0.13 0.09 0.32 0.19 0.17 0.31 0.44

33 0.50 0.57 0.39 0.42 0.08 0.21 0.19 0.39 0.18 0.38 0.21

50 0.34 0.31 0.36 0.20 0.10 0.29 0.35 0.06 0.20 0.31 0.33 0.22

T2-2 034 0.24 0.00 0.08 0.13 0.28 0.24 0.30 0.17 0.24 0.20 0.32 0.21

T4 0.25 0.16 0.06 0.00 0.20 0.24 0.26 0.25 0.21 0.16 0.06 0.17 0.18 0.37

T5 0.18 0.19 0.46 0.09 0.29 0.14 0.12 0.23 0.00 0.19 0.28 0.13 0.15 0.10 0.38

39 0.14 0.15 0.00 0.24 0.50 0.09 0.07 0.20 0.12 0.08 0.00 0.17 0.00 0.13 0.20 0.29

40 0.32 0.22 0.20 0.15 0.22 0.13 0.27 0.20 0.22 0.22 0.18 0.24 0.19 0.32 0.47 0.08 0.11

43 0.11 0.22 0.20 0.37 0.11 0.06 0.38 0.13 0.37 0.11 0.12 0.06 0.26 0.16 0.13 0.25 0.33 0.29

45 0.22 0.23 0.14 0.15 0.12 0.26 0.22 0.21 0.23 0.29 0.44 0.18 0.27 0.42 0.28 0.09 0.24 0.37 0.30

41 0.24 0.35 0.24 0.00 0.00 0.28 0.39 0.18 0.32 0.40 0.22 0.37 0.23 0.28 0.35 0.00 0.00 0.56 0.25 0.26

42 0.20 0.26 0.25 0.14 0.10 0.24 0.31 0.19 0.34 0.26 0.17 0.33 0.18 0.30 0.25 0.08 0.10 0.60 0.13 0.28 0.65
46 0.29 0.25 0.12 0.19 0.09 0.33 0.29 0.41 0.26 0.15 0.49 0.16 0.17 0.34 0.41 0.21 0.18 0.44 0.31 0.52 0.17 0.18
47 0.29 0.30 0.15 0.08 0.00 0.07 0.35 0.15 0.17 0.18 0.27 0.26 0.43 0.18 0.37 0.19 0.00 0.40 0.16 0.33 0.28 0.37 0.28

* SCM was calculated based on the number of shared bands (Nei and Li 1979).
? Tester of AG-2-2.° tester of AG-4-HG-I, and ¢ Tester of AG-5.

Egypt. J. Phytopathol., Vol. 37, No.1 (2009)



PATHOGENICITY AND PROTEIN ELECTROPHORESIS...... 31

Dendrogram with Homology Coefficient :0.6 [ UPGMA )
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Fig. 4. Phenogram based on average linkage cluster analysis of electrophoretic protein
patterns obtained by SDS-PAGE from 21 isolates of R. solani from cotton and
three tester isolates. (T2: Tester of AG-2-2, T4: tester of AG-4-HG-I, T5: tester
of AG-5).
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