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The study was initiated to collect potato-borne isolates of Rhizoctonia solani
from different regions of Saudi Arabia and determine their anastomosis groups (AGs).
Group categorization was done on the basis of hyphal fusion; and their pathogenicity
and virulence behavior was also studied. An attempt was made to corroborate the observed
anastomosis grouping with PCR analysis of rDNA-ITS and microsatellite regions. Twenty
three isolates paired with the tester isolates representing six anastomosis groups: AG 2-
1, AG 2-2, AG 3, AG 4, AG 5, and AG 8. Eleven isolates belonged to AG 3. Three belonged to
AG 5; while two each belonged to AG 2-1, AG 2-2, AG 4HGI, and AG 4HGII. Only one
isolate was found to be from AG 8. Many isolates from uni-, bi-, and multi-nucleate
populations did not anastomose with any of the tester isolates and remained unidentified.
These isolates may probably belong to AGs other than tested in this study and need to be
further characterized. Ample variability was recorded in pathogenicity on potato cv.
‘Amb-3’ and in virulence on popular cultivars. Isolates belonging to AG3 were found to be
most pathogenic and virulent. PCR analysis of rDNA-ITS and microsatellite regions
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showed genetic diversity in the isolates belonging to different anastomosis groups.
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Rhizoctonia solani is a fungal pathogen
associated with several diseases in many crops
including potato (Solanum tuberosum). Potato is
one of the most important crops cultivated for
human foods and trade worl dwide!. Known strains
of R. solani can be classified into 13 anastomosis
groups (AGs), but the classification is not strictly
demarcated because some bridging strainsare able
to anastomose with strains of at |east two different
AGs? 3. The phenomenon of anastomosis (hyphal
fusion) can also be applied to identify and
categorize similar isolates of R. solani into different
groups that are more homogeneous than the
speciesasawhole. For instance, R. solani contains
several isolatesthat vary from oneancther interms
of virulence, colony morphology, and other
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characteristics®. Some AGsin potato are found to
have subsets that are identified on the basis of
characteristics such asmorphol ogy, virulence, host
range, molecular characteristics and DNA
seguence® . Subsets of AGsidentified from potato
isolates based on one of these criteria are not
always identical to subsets identified from other
AGs (Raphanus sativus, Zea mays etc) with the
samecriteria. Therefore, recognition of the subsets
of an AG and the membership of each subset
depends on a combination of criteria used for
characterization.

In addition to hyphal interaction,
biological characteristics of anostomosis groups
like, vitamin requirement analysis’, serological
reaction?, fatty acid analyses’, isozyme analyses',
total soluble protein pattern*, and GC content
analysisand DNA-DNA hybridization'? have also
been studied to characterize different isolates of
R. solani.
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In previous studies, isolates of AGs 6, 9,
10 and BI were found to be weak pathogens in
Saudi Arabian potato cultivars, whereas AG 3
isolates were more aggressive than the rest of the
AGs!. Among these isolates, AG 6 was found to
have much lower level of pathogenicity and
virulencethan AG 9.

The present study was initiated to
determine whether isolates of Rhizoctonia spp.
recovered from black scurf-affected potato tubers
collected from fieldsand nurseriesin Saudi Arabia
are of the same AGs as those found elsewhere, or
isolates of additional AGs exist in thisregion. An
attempt was made to corroborate the observed
anastomosis grouping with PCR analysis of rDNA-
I TS and microsatellite sequences.

MATERIALSANDMETHODS

Potato tubers of unknown cultivars with
black scurf symptomswere collected from different
potato-growing regions of Saudi Arabiaand over
eighty isolates of R. solani were recovered from
these tubers.

For isolation of fungus, potato tubers
with black scurf werewashed in running tap water,
surface sterilized with 1% sodium hypochlorite
(NaOCl) solution for 1 min, washed twicein sterile
water, and blotted on paper towels. Scurf
depositionswere sliced from the tuber surface and
were placed on water agar supplemented with 250
pg /ml chloramphenicol. Emerging hyphal tipswere
transferred to potato dextrose agar plates
supplemented with 250pg/ml chloramphenicol as
described by Ichielevich-Auster et al.'*. Having
been derived from potato, the isolates were
numbered serially with prefix ‘ Rsp’ . Water-soaked
and air-dried wheat grains colonized with isol ates
were used for sustenance of inoculum, and were
prepared as described by Sneh and Adams'™ and
Sneh et al.*.

Anastomosis group of isolates was
determined on the basis of frequency of hyphal
fusion reactions with tester isolates* 1" 18, Tester
strains representing 12 AGs of R. solani namely,
AG1AG2-1,AG2-2, AG3,AG4HGI,AG4HGII,
AG5,AG6,AG8,AG9,AG10,andAG 12 were
procured from International Potato Center (CIP),
Kafr El-Zayat, Egypt. To allow mycelial fusion, a
lab isolate and atester isolate were grown, one at
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each end of a PDA-coated slide. The dlide was
incubated ina9cm petri dish, sealed with parafilm,
at 25°C in the dark for a minimum of 48hrs, until
advancing myceliamet. The agar wasthen allowed
to dry in alaminar flow cabinet for 2 or more hrs
and myceliawere stained with lactophenol -trypan
bluefor observation under the microscope (Nikon,

Dxm 1200). Nature of hyphal fusion was assigned

to different categories according to the scheme of

Carlingetal.®®:

C,: No interaction between hyphae observed =
Isolates belonging to different AGs.

C,: Contact between hyphae, fusion of walls but
not membranes, occasionally cells die =
distantly related isolates or different AGs.

C,: Obvious wall fusion, uncertain membrane
fusion, diameter of anastomosis point less
than that of hyphal diameter, anastomosing
and adjacent cells always die = closely
related isolates.

C,: Cell wall and membrane fuse, diameter of
anastomosis point equal to hyphal diameter,
adjacent cellsgenerally do not die=Isolates
from the same AG or may be the same
isolates.

AG 2-1 and AG 2-2 isolates were
differentiated asdescribed by *Carling et a. (1988),
where unknown isolateswere paired independently
with tester isolates for both AG 2 sub-groups.
When the C, reaction was observed in more than
50% interactionswith one sub group (and C, or C;
reactions with the other sub-group), the unknown
isolate was assigned to that sameAG. If C, fusion
occurred with tester isolates of both sub-groups
theisolate remained unclassified.

| solates along with their AGswerefurther
categorized as uninucleate, binucleate, or
multinucleate. For nuclear counts, theisolateswere
grown on PDA at 25°C for 3-4 days, after which
small piece of mycelial mat wasloosened inadrop
of lactophenol on a microscopic slide and was
stained with acetocarmine. The mounts were
observed under the microscope and number of
nuclei per cell was enumerated in each isolate.

Pathogenicity of the isolates, deemed as
ability to cause infection, was assessed on plants
of cv. ‘Amb-3'. Sclerotia suspension of eachisolate
was inoculated onto five plantsin a pot grownin
greenhouse following the method of Balali et al..
Threereplicate were maintained per treatment and
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same number of uninoculated plantswere retained
as controls. The potting mix comprised 2 parts of
sandy |loam soil and one part of leaf compost. The
potting mix was fumigated with methyl bromide.
Potato tubers were surface sterilized with 1% (w/
v) sodium hypochlorite for 2 min, then cut into
several pieceswith at least one eye per piece, and
left at room temperature over night to curethe cut
surface. Five pieceswere evenly placed at adepth
of 3 cmin potting mix in each pot. The pots were
kept in the green house at 25°C in natural light and
were watered to maintain appropriate moisture.
After 80 days, frequency of plants showing
symptoms of stem canker and black scurf was
recorded as functions of pathogenicity. Means of
frequency of infected plants in a sample were
differentiated on the basis of standard deviations.

Virulence of the isolates, a function of
plant-pathogen interaction, was quantified as
severity of disease symptoms on the plant. In all
15isolatesnamely, Rsp-1,- 2,- 3,-4,-5,-7, -8, -9, -
11, -13, -14, -15, -18, -19, and -27b were tested
against 9 cultivars: ‘Atlas’, ‘Atlantic’, ‘Card,
‘Desireg’, ‘Hermes', ‘Lady’, ' Rosette’, * Spunta’ and
‘Valor’ in permuted combinations. Diseasereaction
in three replicates comprising five plants in each
cultivar was recorded as susceptible, highly
susceptible, resistant, and highly resistant.

For extraction of DNA, isolates were
grown in potato dextrose broth supplemented with
250ug /ml chloramphenicol on shaker for 10 days.
Mycelium was collected by filtration and
lyophilized to dryness. DNA was extracted using
DNeasy plant mini kit (Qiagen) following the
instructions of the manufacturer. The DNA was
suspended in TE buffer and stored at 4°C until
use.

The rDNA-ITS segment (ribosomal ITS
1,1TS2 and 5.8 Sgene) wasamplified using primers
ITS4 and ITS5 with sequences: 5'-
TCCTCCGCTTATTGATATGC- 3" and 5"-
GGAAGTAAAAGTCGT AACAAGG-3
respectively?. For SSR (microsatellite) analysis,
primersCAG, (5'-CAGCAGCAGCAGCAG-3') and
AGG,; (5 -AGGAGGAGGAGGAGG-3") wereused.
Polymerase chain reaction was performed in 25ul
volume in BioRad C1000 thermal cycler. The
reaction mix consisted of 2.5 pl of 10x PCR buffer,
2.5ul of 20uM primerseach, 0.5 ul of 20mM dNTPs,
1.0l of 1U pl-* Tag DNA polymerase, 2.0 pl of 1ng
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ul* template DNA, 0.5 pl of 25 mM MgCl,, and
water to make 25 pl. Thermal parameters of the
PCR were asfollows: initial denaturation at 94°C
for 4minfollowed by 30 cyclesof 94°C for 1 min, 52
°Cfor 30 sec, 72°C for 40 sec,; and afinal extension
at 72 °Cfor 8 min. PCR-amplified r-DNA products
wereelectrophoresed on 1.2% agarose gel and were
visualized under UV in UVIBandmap (UVTec,
Cambridge).

RESULTSAND DISCUSSION

Twenty three isolates paired with the
tester i solates representing Six anastomosi s groups:
AG2-1,AG2-2,AG3,AG4,AG5adAG8(Table
1). On the basis of paring reactions it was
concluded that highest number of isolates, i.e. 11
belonged to AG 3. Three isolates belonged to AG
5; whiletwo each belonged toAG 2-1,AG 2-2,AG
4HGI, and AG 4HGI I (Table-3). Only oneisolate
wasfound to befrom AG 8. Isolates Rsp-21, Rsp-
23 and Rsp-26 did not grow properly and
degenerated. Bridging reactions (C,) were
observed in severa isolatesfalling in each category
of nuclear number. Onthe other hand, many isolates
from uni-, bi-, and multi-nucleate populations did
not anastomose with any of the tester isolates and
remained unidentified. Theseisolatesmay probably
belong to AGs other than tested in this study and
need to befurther characterized. It is conspicuous
that magjority of theisolateswere multinucleate and
belongedto AG 3.

At least 14 anastomosis groups (AGSs)
have been reported* 8 22, although the mechanisms
of anastomosis behavior are not fully understood”
2, The predominant i solates found to affect potato
plants belong to anastomosis group AG 3?* 25 2%,
Other studies have also indicated that AG 3 and
AG 5 caused tuber symptom in India?’. Previously,
R. solani AG 7 was recorded on tubers in potato-
growing areasin different countriest® 28 2,

Inall self pairing experiments, the colonies
merged and showed a perfect hyphal fusion in
microscopic studies, indicating somatic
compatibility (Table-2). This reaction was
characterized visually by the presence of a1-2mm
wide demarcation line with sparse aerial hyphae
between the confronting colonies; and verified
microscopically by the killing reaction. Somatic
incompatibility occurrence showed no distinct
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pattern, a clear demarcation line was produced in
pairings between the parental isolate and its
progeny lines.

Somatic incompatibility may vary in
degreeand itsvisual intensity isdependent in part
on the medium used® 3L, For basidiomycetes,
somatic compatibility is defined as ‘rejection of
genetically dissimilar secondary mycelid *. For two
isolatesto be somatically compatible, al vegetative
compatible loci, which are allelic in some
basidiomycetes, must be the same. In afew cases
for which thereis evidence, somatic compatibility
in basidiomycetes may be controlled by nuclear
genes that are not linked to sexual compatibility
loci®> 33, Differences at one locus may lead to
incompatibility, but in most cases somatic
incompatibility ismoreintense with greater genetic
differences® *.

Nuclear condition of isolatesin different
AGs is presented in Table-3. Among the
uninucleateisol ates, two each belonged to AGs 2-
1and 2-2; threeisolateswerefrom AG 5 and only
one belonged to AG 8 (Table-3). All the four
binucleate isolates belonged to AG 4, two each to
AG 4HGI and 4HGII; while eleven multinucleate
isolateswereall from AG3. I solates of Rhizoctonia
solani have been previously divided into
uninucleate, binucleate and multinucleate groups
based on the number of nuclei per cell of young
vegetative hyphae®. For afungusto berecognized
asR. solani it must possessaT. cucumeris perfect
state. The other groups of Rhizoctonia isolates
that are characterized by multinucleate cellsare R.
zeae, R. oryzae and atype culture Waitea circinata
var. circinata®, that all have teleomorphs in the
genus Waitea. The anamorphic name of W.
circinata var. circinata has not yet been assigned,
but the tel eomorphic name may be useful, although
theteleomorphisrarely observed® ¥, Rhizoctonia
isolates that are characterized by binucleate cells
have a Ceratobasidium teleomorph®.

Infection tests showed pathogenicity of
all the 20 tested i sol ates manifesting in devel opment
of typical brown colored veins on the leaves and
stems of the potato plants within 3-4 weeks after
inoculation (Table-4). Thisshowsthat thesclerotia
developed on to potato seed play major part in
etiology of the disease.

AG 3 isolates proved to be more
aggressivethan therest of theisolates. In our study
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AG 4 isolateswere a so found to be pathogenic to
potato. AG 4 is known to be pathogenic to potato
but it causes serious damage only in warm
temperatures®. Both AG 5 and AG 3 attack the
root, stems and stolons of potato; but AG 5isless
aggressive than AG 3*. This test also indicated
that all isolates caused different levels of disease
on potato cultivars tested. The highest disease
severity mean on al potato cultivars was caused

RABBANI et a.: Rhizoctonia solani ASSOCIATED WITH POTATO TUBERS

by AG 3isolatesfollowed by AG4,AG2andAG5
isolates. The highest percentage of infection for
stem canker wasfound to be 31.8% and the highest
percentage for black scurf wasfound to be 16.8%;
whereas the lowest percentage was found to be
11.20% for stem canker and 5.3% for black scurf.
Infection could be induced with much
lower concentrations of theinoculum thanusedin
this study with pre-establishment of the pathogen

Table 3. Nuclear status of
R. solani isolates belonging to different AGs

Nuclear condition AG Isolates
Uninucleate AG2-1 Rsp-30, Rsp-60
AG 2-2 Rsp-17, Rsp-19
AG5 Rsp-13, Rsp-14, Rsp-16
AG8 Rsp-27b
Binucleate AG 4 HGI Rsp-9, Rsp-10
AG 4HGII Rsp-20, Rsp-22
Multinucleate
2-4nuclei AG3 Rsp-11, Rsp-12, Rsp-57,
Rsp-78, Rsp-81, Rsp-85
2-5nuclei Rsp-48, Rsp-64
2-7nuclei Rsp-38, Rsp-71
2-8nuclei Rsp-65

Table 4. Pathogenicity of R. solani isolates on
potato cv. ‘Amb-3' plants under greenhouse conditions

Isolates AGs

Frequency of infected plats (%)

Stem canker Black scurf
Rsp-30 AG2-1 15.50 + 0.87 10.30 £ 0.00
Rsp-60 AG2-1 18.40 + 0.53 11.10 + 1.15
Rsp-17 AG 2-2 17.00 + 0.56 10.50 + 0.69
Rsp-19 AG 2-2 16.90 + 4.25 8.80 + 0.17
Rsp-11 AG3 13.30+5.37 8.90 + 0.69
Rsp-12 AG3 20.80 + 5.89 7.30+0.20
Rsp-38 AG3 16.30+ 1.84 7.00 = 0.00
Rsp-48 AG3 31.80 + 3.56 16.80 + 2.70
Rsp-57 AG3 21.2 + 1.060 13.20+ 0.10
Rsp-64 AG3 18.50+ 1.91 8.80 + 0.26
Rsp-65 AG3 11.60 + 0.87 10.30 + 0.44
Rsp-71 AG3 23.50 +5.37 7.50 + 0.26
Rsp-78 AG3 20.30 + 0.98 8.60 + 0.20
Rsp-81 AG3 16.60 + 1.22 7.30+0.44
Rsp-85 AG3 20.10 + 0.53 13.10+0.10
Rsp-09 AG 4HGI 28.50 + 1.91 13.70 + 1.13
Rsp-10 AG 4HGI 16.90 + 4.51 12.10+0.20
Rsp-13 AG5 13.20 + 4.50 8.30+ 0.26
Rsp-14 AG5 11.20+ 1.73 5.30+1.30
Rsp-16 AG5 23.70 +5.89 13.60 + 0.61

J PURE APPL MICROBIO, 7(3), SEFTEMBER 2013.
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in the planting mix® 44, However, without pre-
conditioning of the soil, higher levels of the
inoculum were required to produce disease
symptoms*2 43 44,

In virulence tests almost all cultivars
proved to be susceptible to isolates of AG 3, with
conspicuous disease damage (Table 5). This
indicates that these isolates were highly virulent
on thetested cultivars. On the other hand, isolates
of AG 4 produced weak disease responsein afew
combinations only, showing ample resistance of
the cultivars or lower virulence of the fungal
genotypes.

Differencesin virulence have been widely
used as phenotypic and genotypic markers®™ 4,
but have not been fully investigated on all
anastomosis groups of R. solani. Perhapsthe most
serious disadvantage of relying on virulence data
toinfer population structureisthat genesinvolved
in host-specificity represent avery small fraction
of genesin the pathogen and may be subjected to
strong selection by the host*.

DNA amplification of selectedisolatesby
using primersITS1and ITS4isshownin Figure-1.
Bright bands of approximately 250 bp represent
the amplicons which show very little degree of
polymorphism between theisolates of non-virulent
AG 4 and moderately virulent AG5. When the same
primers were used for amplifying more virulent
isolateslike, AG 3,AG 2-1, and AG 1, marker bands
weregenerated in the size of around 200 bp (Fig.2).
This indicates that virulent genotypes have
common sequences among themselves; while non-
virulent or lessvirulent strainshave adifferent set
of sequences. It is well known that 5.8s rDNA
segment ishighly conserved acrossA Gs, whereas
the ITS1 and ITS2 rDNA sequences show
significant differences between AGs®.

Using the microsatellite primers (CAG)5
and (AGG)5, polymorphism was generated between
and within different isolates of R. solani (Fig. 3).
AG 5isolatesareknown to be moderately virulent®.
Molecular approaches based on the analysis of
ribosomal DNA (r DNA gene) sequences have
added genetic support to the AG classification
system and allowed the investigation of their
evolutionary relationships®. Sequence data may
support genetic groups within Rhizoctonia species
better than other characters used in the past such
as number of nuclei, plant host or morphol ogy®.
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6 7 8 9 10

(M: marker; lanes 2, 3, 4 non-virulent AG 4; lanes 5, 6, 7, 9 moderately virulent AG 5)
Fig. 1. ITS-PCR of R. solani isolates using primers ITS1 and ITS4

M 1 2 3 4

5

6 7 8 9 10

Fig. 2. ITS-PCR of R. solani isolates using primers ITS1 and ITS4 (lanes 2, 4, 5, 10 virulent isol ates)

8 9 10 11 12 13 14

Fig. 3. Microsatellite-primed PCR of R. solani virulent isolates (AG 3) using primer AGG,

Typically microsatellites display high
mutation rate generating high levels of allelic
diversity® 5L, The mutation rate of SSR markers
varies depending on the locus, the length of the
repeated motif, the species and sometimes the
allele®. Microsatellites gain and lose repeat units
by DNA-replication slippage and by proofreading
errors during DNA replication. Both mechanisms
primarily change the number of repeats and thus
the length of the repeat string™ %%,

The study has brought to notice some
AGs of R. solani other than those which
anastomosed with the tester isolates; indicating
the possihility of presence of some novel AGsin
this region. There seems to be a need to design
and test a wider range of primers for greater
precision inidentification of anisolate.
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