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Abstract: Anastomosis group 3 (AG-3) of Rhizocto-
nia solani (teleomorph = Thanatephorus cucumeris)
is frequently associated with diseases of potato (AG-3
PT) and tobacco (AG-3 TB). Although isolates of R.
solani AG-3 from these two Solanaceous hosts are so-
matically related based on anastomosis reaction and
taxonomically related based on fatty acid, isozyme
and DNA characters, considerable differences are ev-
ident in their biology, ecology, and epidemiology.
However, genetic diversity among field populations
of R. solani AG-3 PT and TB has not been docu-
mented. In this study, the genetic diversity of field
populations of R. solani AG-3 PT and AG-3 TB in
North Carolina was examined using somatic compat-
ibility and amplified fragment length polymorphism
(AFLP) criteria. A sample of 32 isolates from potato
and 36 isolates from tobacco were paired in all pos-
sible combinations on PDA plus activated charcoal
and examined for their resulting somatic interac-
tions. Twenty-eight and eight distinct somatic com-
patibility groups (SCG) were identified in the AG-3
PT and AG-3 TB samples, respectively. AFLP analyses
indicated that each of the 32 AG-3 PT isolates had a
distinct AFLP phenotype, whereas 28 AFLP pheno-
types were found among the 36 isolates of AG-3 TB.
None of the AG-3 PT isolates were somatically com-
patible or shared a common AFLP phenotype with
any AG-3 TB isolate. Clones (i.e., cases where two or
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more isolates were somatically compatible and shared
the same AFLP phenotype) were identified only in
the AG-3 TB population. Four clones from tobacco
represented 22% of the total population. All eight
SCG from tobacco were associated with more than
one AFLP phenotype. Compatible somatic interac-
tions between AG-3 PT isolates occurred only be-
tween certain isolates from the same field (two iso-
lates in each of four different fields), and when this
occurred AFLP phenotypes were similar but not iden-
tical.

Key Words: clonality, genetic structure, mating,
population structure, recombination

INTRODUCTION

Recent analysis of sequence variation in ribosomal
DNA (rDNA) genes has identified at least two well
defined phylogenetic groups of Rhizoctonia solani
Kiahn anastomosis group 3 (AG-3) that correspond
to diseases associated with potato (AG-3 PT) and to-
bacco (AG-3 TB) (Kuninaga et al 1997, 2000, Gon-
zalez et al 2001). Although taxonomically related, the
host range of isolates of R. solani AG-3 PT and AG-3
TB do not overlap, suggesting that AG-3 PT and AG-
3 TB may represent genetically subdivided popula-
tions among closely related species that have evolved
a high level of specificity on different Solanaceous
hosts (Ogoshi 1987, Stevens Johnk et al 1993, Shew
and Melton 1995, Kuninaga et al 2000).

Rhizoctonia disease of potato (Solanum tuberosum
L.) can occur on all plant parts. The fungus primarily
infects underground portions of the plant and causes
cankers on roots, sprouts, stems and stolons via my-
celium and sclerotia that survive in soil and on seed
potato tubers (Ogoshi 1987, Carling et al 1989). Un-
like many Rhizoctonia diseases, this disease has an
important seedborne (e.g., tuberborne) phase that
provides a mechanism for long distance dispersal of
the pathogen. Once established in soil, the mycelium
and sclerotia of the pathogen may provide an addi-
tional source of primary inoculum.

In contrast to Rhizoctonia disease of potato, target
spot disease of tobacco (Nicotiana tabacum L.) is not
seedborne and occurs primarily on tobacco leaves.
Target spot is initiated and spread via aerially dis-
persed meiospores (e.g., basidiospores) of Thanate-
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Sampling locations for isolates of Rhizoctonia solani AG-3 PT and AG-3 TB in North Carolina counties. For AG-3

PT samples; 1 = Camden, 2 = Currituck, 3 = Hyde, 4 = Tyrrell and 5 = Washington. For AG-3 TB samples; 6 = Caswell,

7 = Craven, 8 = Duplin, 9 = Lenoir and 10 = Edgecombe.

phorus cucumeris (Frank) Donk, the teleomorph of
R. solani AG-3. Leaf infection occurs through direct
penetration by hyphae from germinating basidio-
spores produced on hymenia on the soil or leaf sur-
face. Basidiospores are an important source of pri-
mary and secondary inoculum in the tobacco patho-
system (Shew and Main 1985, Shew and Melton
1995), but there is no evidence that basidiospores
play any role in the epidemiology of Rhizoctonia dis-
ease of potato.

Several previous studies have examined the genetic
variation of R. solani AG-3 PT and AG-3 TB and re-
vealed differences in their fatty acid and isozyme
composition, rDNA genes and pathogenicity (Carling
and Leiner 1990, Laroche et al 1992, Liu and Sinclair
1992, Liu et al 1993, Stevens Johnk et al 1993, Shew
and Melton 1995, Kuninaga et al 1997, Ceresini et al
1999, Kuninaga et al 2000, Gonzalez et al 2001). Ex-
cept for these studies, which employed a small sam-
ple of laboratory isolates, a comparison of the genetic
diversity of individuals from field populations of R.
solani AG-3 PT and AG-3 TB has not been conducted
(Cubeta and Vilgalys 1997).

In this study, the hypothesis that populations of R.
solani AG-3 TB are more genetically diverse than
those from potato was tested based on a priori knowl-
edge about the biology, ecology and epidemiology of
each pathogen. To address this hypothesis, we used
somatic compatibility and AFLP analyses to examine
the genetic diversity and provide a foundation for
examining the genetic structure of populations of R.
solani AG-3 PT and TB in future experiments (Cer-
esini et al 2001).

MATERIALS AND METHODS

Isolates—Thirty-two AG-3 PT and 36 AG-3 TB isolates of R.
solani obtained from naturally infected plants from several

commercial potato and tobacco production fields in North
Carolina (NC) were examined in this study (FIG. 1, TABLES
1 AND 2). Six additional isolates of R. solani AG-3 PT (QSU-
02-8, PSB-03-8, dp216, L13, L71, and NK-04-7) represent-
ing a range of genetic diversity based on isozyme differenc-
es previously described by Laroche et al (1992) were also
included. Isolates of R. solani AG-3 PT were collected from
nine commercial potato production fields in five eastern
NC counties in March 1997 (Fic. 1). Fourteen plots (two
per field) with 6-8 rows of 9.14 m length each were planted
with 320 seed pieces of potato (cv. ‘Atlantic’) previously dis-
infested with 2% formaldehyde to eliminate seedborne R.
solani AG-3 PT (Carling et al 1989). All potato plants from
each field plot were harvested and examined for stem can-
ker symptoms. Samples were assayed on alkaline water agar
(AWA, pH 8.5) to isolate R. solani AG-3 PT (Gutierrez et al
1997).

Isolates of AG-3 TB were obtained from 10 tobacco fields
from five NC counties in June 1998 (FiG. 1). In each field,
plants exhibiting target spot symptoms were collected from
nine equally spaced locations within a 43 X 55 m area. At
each location within each field, five plants were sampled by
taking one core (2.5-cm diameter) from each of five infect-
ed leaves. Leaf tissue samples were transferred to plates of
AWA. After 24 h of incubation at room temperature, hyphal
tips of colonies with growth characteristics of R. solani were
transferred to new AWA and then to potato dextrose agar
(PDA) to establish axenic cultures. Isolates were identified
and maintained on sterilized rice grains at —20 C. Nuclear
condition of isolates was determined in cultures grown on
AWA on glass slides by the DAPI staining protocol (Martin
1987). The anastomosis group of all isolates was determined
on glass slides containing a thin layer of AWA pH 8.5 (Herr
and Roberts 1980) against the AG-3 tester isolate SCL24.
The reaction was considered positive when at least five pairs
of hyphae exhibited the C2 anastomosis reaction on each
of four slides (Carling 1996).

Determination of somatic compatibility grouping—To deter-
mine somatic compatibility, AG-3 PT and AG-3 TB isolates
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were paired in all possible combinations on potato dextrose
agar (3% Difco PDA) amended with 1% charcoal (Butler
and Bolkan 1973) according to the procedure of MacNish
etal (1997). The isolates were grown for 4 days at 25 C and
somatic interactions between isolates were determined mac-
roscopically. Pairings were scored as somatically compatible
when no reaction line was observed between paired isolates.
Pairings were scored as somatically incompatible when a re-
action line of raised hyphae was observed between paired
isolates (MacNish et al 1997). Somatic compatibility exper-
iments were conducted at least twice. Anastomosis reactions
between pairs of representative isolates from each host were
determined microscopically on glass slides containing a thin
layer of AWA pH 8.5 (Herr and Roberts 1980). The cate-
gories of hyphal anastomosis reactions were examined ac-
cording to Carling (1996) as follows: C2, indicates same
anastomosis group but different somatic compatibility
group (SCG); and C3, indicates closely related isolates,
same anastomosis group, same SCG, or same individual. A
phenogram was constructed using neighbor-joining phe-
notypic clustering (Saitou and Nei 1987) performed on the
matrix of Manhattan phenotypic distances (Nei 1987) to
examine the relationships among AG-3 TB isolates. The
analysis was applied to binomially coded data for each re-
action phenotype, compatible (1) or incompatible (0).

DNA extraction.—Total genomic DNA was extracted from
lyophilized mycelium of R. solani AG-3 grown for 5 d at 25
C in potato-dextrose broth (Difco). DNA for AFLP analysis
was prepared by extraction with SDS buffer and phenol-
chloroform as previously described by Vilgalys and Gonzalez
(1990).

AFLP analysis—The AFLP analysis procedure was a modi-
fication of Vos et al (1995). Approximately 150 ng of ge-
nomic DNA was digested for at least 2.5 h at 37 C with 5 U
of Eco RI (Promega) and 5 U of Mse I (Gibco BRL). The
40 pL reaction volumes included the following compo-
nents: 10.4 mM Tris HCI (pH 7.4), 10 mM Mg acetate, 50
mM K acetate, 5.4 mM NaCl, 0.004 mM EDTA, 5.035 mM
dithiothreitol, 0.06 mg/mL bovine serum albumin, 1.77%
(v/v) glycerol, 0.004% Triton X-100. The templates for PCR
amplification were generated by ligating the Mse I-double
stranded (ds) adapter (MA1 and MA2) and Eco RI-ds adapt-
er sequences (EAl and EA2) to the Mse I (MA1, 5'-GAC-
GATGAGTCCTGAG-3" + MA2, 3"-TACTCAGGACTCAT-5")
and Eco RI sites (EAl, 5-CTCGTAGACTGCGTACC-3" +
EA2, 3'-CATCTGACGCATGGTTAA-5') of the double di-
gested fragments of DNA using 1 Weiss unit of T4 ligase
(Promega) per 50 pL reaction. After ligation, the reaction
mixture was diluted ten-fold with sterile deionized water
and stored at —20 C. The first amplification employed Mse
I and Eco RI primers with one selective nucleotide. Two
pairs of primers were used: Fco RI primer + C (5'-
GACTGCGTACCAATTCCG3') and Mse I primer + A (5'-
GATGAGTCCTGAGTAAA-3"); Eco RI primer + G (5'-
GACTGCGTACCAATTCG3') and Mse I primer + G (5'-
GATGAGTCCTGAGTAAG3'). The sample included 5 pL
of DNA template, 1 pM of Mse I primer, 1 uM of Eco RI
primer, 0.2 mM dNTPs, 1 mM MgCl,, enzyme-specific PCR
buffer and 2.5 U of AmpliTaq DNA polymerase, Stoffel frag-

ment (Perkin-Elmer). The PCR was performed in a thermal
cycler (Perkin-Elmer) for 20 cycles of 30 s at 94 C, 1 min
at 56 C and 1 min at 72 C.

For selective amplification of the secondary template, Fco
RI and Mse I primers with two selective nucleotides were
used. Two pairs of selective primers with the following se-
quences were used: Eco RI primer + CA (5'-GACTGCGT-
ACCAATTCCA-3") and Mse I primer + AC (5'-GAT-
GAGTCCTGAGTAAACGS3'); Eco RI primer + GT (5'-
GACTGCGTACCAATTCGT-3") and Msel primer + GT (5'-
GATGAGTCCTGAGTAAGT3"). The Eco RI primer + CA
was end-labeled with fluorescent dye 9-TET and the Eco RI
primer + GT with fluorescent dye 6-FAM, at the 5" end. All
primers were synthesized by Genosys Biotechnologies, Inc.

The selective PCR mixture included, for each 25 pL of
reaction, 5 L of secondary DNA template obtained from
non-selective amplification, 1 puM of the Mse I selective
primer, 1 wM of the Eco RI selective primer, 0.2 mM dNTPs,
1 mM MgCl,, enzyme-specific PCR buffer and 2.5 U of
AmpliTaqg DNA polymerase, Stoffel fragment (Perkin-El-

mer).

Analysis of AFLP data—Following PCR amplification, prod-
ucts were diluted 10-fold with sterile distilled H,O. A vol-
ume of 1-2 uL of the resulting diluted samples was vacuum-
dried, mixed with the fluorescent sequencing dye TAMRA-
500 containing internal molecular marker standard (Genset
Oligos) at 2X concentration, denatured at 90 C for 5 min
and placed in ice. A 1 pL sample of each reaction was load-
ed on a 4.5% denaturing polyacrylamide gel, in a ABI mod-
el 377 sequencing electrophoresis system (Applied Biosys-
tems). The running buffer was 1X TBE and electrophoresis
was performed at 80 W for 2.5 h. The electrophoresis gel
files generated by this system were handled with the objec-
tive of extracting raw information contained in each gel
column with the software GeneScan (ABIPRISM, Applied
Biosystems). This software automatically analyzes the infor-
mation collected by the sequencer; it identifies, quantifies,
and determines the sizes of DNA fragments. The AFLP pro-
files were scored with the software Genographer (Montana
State University). Because of the difficulty in inferring com-
mon descent from common state when comparing co-mi-
grating fragments, each AFLP pattern was treated as a phe-
notype. The AFLP phenotypes for potato and tobacco iso-
lates were obtained based on the scoring of 63 polymorphic
bands (27 generated from CA-AC and from GT-GT primer
combination), binomially coded as present (1) or absent
(0). The reproducibility of the AFLP analysis was controlled
by scoring fragments against the AFLP profile from two iso-
lates of R. solani AG-3 (9/P217 and 11/T032) from two
different DNA extractions, included in all gels.

Data analyses—Fach isolate of R. solani AG-3 was charac-
terized based on its somatic compatibility grouping and
AFLP phenotype. Clones were defined as a group of isolates
that share a unique AFLP phenotype and belong to the
same SCG. AFLP phenotypes were scored by presence and/
or absence of shared bands. A phenogram was generated
to group isolates based on their similarity according to their
AFLP profile. Neighbor-joining phenotypic clustering (Sai-
tou and Nei 1987) was performed on the matrix of Man-
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FIG. 2. Macroscopic somatic interactions among potato stem canker isolates of Rhizoctonia solani AG-3 PT on potato
dextrose agar amended with 1% charcoal. Isolates for each pairing were grown for 4 days at 25 C and examined for their
somatic interactions. The categories of macroscopic somatic interactions were: ll = somatically compatible, where paired
isolates grew together without a distinct demarcation; [] = somatically incompatible, represented by distinct demarcation

between cultures and raised hyphae in the interaction zone; and [

= weak incompatible reaction (MacNish et al 1997).

T118 is an isolate from AG-3 TB that was somatically incompatible with all AG-3 PT isolates.

hattan phenotypic distances (Nei 1987) with the software
PHYLIP 3.5 (Felsenstein 1995).

RESULTS

Determination of somatic compatibility grouping.—Four
pairs of AG-3 PT isolates (from a sample of 32) were
somatically compatible: 5/P139 and 5/P144, 6/P161
and 6/P165, 8/P191 and 8/P199, and 9/P207 and
9/P209 (F1G. 2). Isolates from each of these compat-
ible pairs were collected from infected potato stems
in same field. The six additional isolates of AG-3 from
potato (QSU-02-8, PSB-03-8, dp216, L13, L71, and
NK-04-7), representing different groups of isozyme
variation previously reported within AG-3 PT (Laro-
che et al 1992) were somatically incompatible with
one another and all NC potato isolates (data not
shown). Eight SCG were identified in the AG-3 TB
sample (F1Gs. 3 AND 4). The phenotypic clustering of
AG-3 TB isolates of R. solani AG-3 according to SCG
is presented in the FIG. 4. In the AG-3 TB sample,
there were two cases of non-transitivity (i.e., where
one isolate of a distinct SCG was compatible with an-

other isolate belonging to a different SCG). Non-
transitivity was observed between 10 pairs of isolates:
10/T007 (SCG B) and 12/T051 (SCG D), 12/T039
(SCG B) and 19/T149 (SCG A), 10/T001 (SCG D)
and 14/T068 (SCG C), 11/T029 (SCG F) and 17/
T118 (SCGE), 11/T029 (SCG F) and 18/T147 (SCG
E), 19/T160 (SCG H) and 12/T043 (SCG G), 19/
T160 (SCG H) and 15/T095 (SCG G), 13/T052
(SCG H) and 15/T095 (SCG G), 13/T052 (SCG H)
and 19/T152 (SCG G), 16/T100 (SCG E) and 19/
T160 (SCG H) (Fi1c. 3). However, there was no in-
transitivity between any of the isolates from SCG A,
B, C and D with any members of SCG E, F, G and H.
One incompatible reaction (12/T035 and 11/T032)
within a compatible group (SCG D) was observed.
Weakly incompatible reactions between isolates of R.
solani AG-3 were observed in AG-3 PT (3.1% of total
pairings) and AG-3 TB samples (9.8% of total pair-
ings, gray-colored boxes in the FIGs. 2 AND 3). No
examples of somatic compatibility were observed be-
tween AG-3 PT and AG-3 TB isolates.

AFLP analysis—From 105 AFLP fragments scored
with two different sets of primers (£co RI-CA / Mse
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FiG. 3. Macroscopic somatic interactions among Rhizoctonia solani AG-3 TB isolates on potato dextrose agar amended
with 1% charcoal. Isolates for each pairing were grown for 4 d at 25 C and examined for their somatic interactions. The
categories of macroscopic somatic interactions were: ll = somatically compatible, where paired isolates grew together without
a distinct demarcation; [] = somatically incompatible, represented by distinct demarcation between cultures and raised

hyphae in the interaction zone; and [

I-AC and Eco RI-GT / MseI-GT), 45% were polymor-
phic and 1% were monomorphic among AG-3 PT
isolates, and 54% were detected only in AG-3 TB iso-
lates. In contrast, 15% of the bands were polymor-
phic and 43% were monomorphic among AG-3 TB
isolates, and 42% were detected only on AG-3 PT iso-
lates. The AFLP phenotypes for AG-3 PT and AG-3
TB isolates were obtained based on the scoring of 63
polymorphic bands.

Thirty-two AFLP phenotypes were identified
among isolates of R. solani AG-3 PT (FiG. 5, TABLE I)
and 28 among isolates of AG-3 TB (FiG. 4, TABLE II).
There were no common AFLP patterns shared
among isolates of R. solani AG-3 PT and AG-3 TB
(TaBLES I AND II). The additional isolates of AG-3 PT
(QSU-02-8, PSB-03-8, dp216, L13, L71, and NK-04—
7) included in this study also had distinct AFLP phe-
notypes (TABLES I AND II).

There were no clones identified among isolates of
AG-3 PT (i.e., cases in which two or more isolates
belonged to the same SCG and shared the same

= weak incompatible reaction (MacNish et al 1997). P211 is an isolate from AG-3
PT that was somatically incompatible with all AG-3 TB isolates.

AFLP phenotype). Among AG-3 TB isolates, four
clones were identified: 18/T147 and 16/T108 (SCG
E); 17/T118 and 17/T125 (SCG E); 14/T068 and
14/T072 (SCG C); 12/T047 and 13/T066 (SCG A).
These clones, represented 22% of the AG-3 TB iso-
lates. There were two cases among the tobacco sam-
ple in which one AFLP phenotype was associated with
more than one SCG, as observed with isolates 18/
T136/B, 18/T147/E or 16/T108/E (with fingerprint
designation #1), and19/T-152/G, 13/T052/H or 18/
T132/B, with fingerprint designation #4 (FIG. 4, TaA-
BLES II AND III). All eight SCG of AG-3 TB isolates
were associated with more than one AFLP phenotype
(F1G. 5, TABLES II AND III).

Isolates of R. solani AG-3 TB with different SCG
and AFLP patterns were recovered from each indi-
vidual tobacco field from most of the counties sam-
pled (TABLE III). For example, from a field in Caswell
County, one isolate of SCG A, one of SCG E, two of
SCG G and one from SCG H were recovered. Fields
in Craven and Edgecombe Counties, had a single
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F1G. 4. Phenogram of somatic compatibility grouping (SCG) of Rhizoctonia solani AG-3 TB isolates generated by neighbor-
joining method (Saito and Nei 1987) performed on the matrix of Manhattan phenotypic distances (Nei 1987) with the

software PHYLIP 3.5 (Felsenstein 1995).

SCG present. In terms of geographical distribution
of clones (TaBLE III), two clones were recovered
from more than one field in the same (12/T047/A
and 13/T066/A from Craven) or different counties
in NC (16/T108/E and 18/T147/E from Edgecom-
be and Caswell, respectively) (TABLE III). Edgecombe
and Caswell Counties are located approximately 220
km apart.

DISCUSSION
The primary objective of this study was to examine
the genetic diversity of field populations of R. solani
AG-3 PT and AG-3 TB in NC and to provide a foun-
dation for understanding the distribution of this ge-
netic diversity on a spatial scale for future experi-
ments (Ceresini et al 2001). Based on a priori knowl-
edge about the biology, ecology and epidemiology of
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F1G. 5. Phenogram of DNA fingerprinting based on AFLP phenotypes of Rhizoctonia solani AG-3 PT and AG-3 TB isolates
generated by neighbor-joining method (Saito and Nei 1987) performed on the matrix of Manhattan phenotypic distances
(Nei 1987) with the software PHYLIP 3.5 (Felsenstein 1995). The designation of each isolate represents its field of origin,
the isolate code and its somatic compatibility group (SCG). For example, the isolate 07/P-173/R is from the potato field 7,
code P-173 and belongs to SCG R. Additional information is presented in the TABLES I AND II.

R. solani AG-3, we hypothesized that field isolates of
tobacco would harbor greater genetic diversity than
potato isolates.

Based on two independent criteria, our results in-
dicated that isolates of AG-3 TB are represented by
fewer SCG and AFLP phenotypes than isolates of AG-

3 PT. In addition, four clones representing 22% of
the AG-3 TB isolates sample were detected, whereas
no clones were detected among isolates of AG-3 PT
from NC. Two clones of AG-3 TB also were recovered
from more than one field in the same or in widely
separated counties across the area of tobacco pro-



444

AFLP pattern associated with somatic compatibility groups (SCG) of Rhizoctonia solani AG-3 PT from infected potato plants sampled from each of nine

TABLE 1.

fields in North Carolina

c

AFLP profile with two pairs of selective primers

Field Isolate

AFLP County
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000000000000010000000000101100000

010001010000000011001000010
101000100100000011101000101
001011000000000111100000100
011000000000000011101000100

/ P096
/ P100
! P102
2 | P107

2
2

1
1

Washington
Washington
Washington
Washington

2
2
9
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<momoOn

001000000000011000000001011000010

010011110000000011101000110

/ P11
/ P115

Washington

17

w

001000000000110000000100001101000
011000010101000000000001000000000
001000010001110000000011000100000
011000010100010000000100001110100

1701000010000000010101001010
010000010000000011110001000
010010110000000000011001010
101000010000001011100001010

3 / P118
4 / P133
/ P139
| P144
| P146

5
5
5

Tyrrell
Currituck

Washington
Tyrrell
Currituck
Currituck

36
26
29
4

LOxT-—

001000010001011000000101000101000

001000000000001011100001010

25

000000000000011100000101101101100

001000000000010011001001010

34

101000000001000000000100001101000
011000000001001000000000101100000
011000000101000010000110000101000
101000000001000000000100001000000
1710000010001011000000100000000000
1710000010001011000000100000000000
011000000100010000000000001101100
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010000000000001101000001010
010010000000001011010001010
001010000000010010101001010
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001000110010000011011011010
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001000000001010000000100001000000
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001000110010000011011011010
001010100000010011101011010
001000010000000001101011010
011001000000001011111000101

6 / P165
/ P170
! P173
| P184
8 / P186

7
7
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Hyde
Camden

35

33
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2 SCG determined by pairing R. solani AG-3 PT isolates from commercial potato fields in eastern North Carolina on potato dextrose agar amended with 1% charcoal.

Isolates within the same letter were somatically compatible.

b Isolates with the same AFLP phenotype designation have the same AFLP profile.

¢ Binomial code of AFLP fragments scored against two standard R. solani AG-3 isolates, P217 and T032, present in all the gels. The AFLP profiles are composed by
the following order of polymorphic fragments with the approximate size in base pairs: CA-AC 409.08, 285.14, 274.79, 266.88, 264.71, 263.74, 259.27, 246.74, 240.27,

231.86, 222.2, 206.84, 205.28, 204.27, 200.19, 198.14, 191.11, 189.54, 166.74, 157.97, 152.16, 126.17, 124.74, 121.05, 119.2, 117.17, 115.11; and GT-GT 429.83, 422.06,

375.47, 370.77, 366.61, 345, 335.27, 327.04, 320.99, 314.11, 310.17, 296.51, 293.3, 287.67, 283.09, 268.66, 263.54, 253.59, 252.45, 251.51, 250.21, 244.45, 242.19, 238.33,

231.38, 217.85, 213.92, 189.35, 162.68, 161.72, 159.69, 157, 152.98, 150.07, 144.44, 135.51.
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TaBLE II.

c

AFLP profile with two pairs of selective primers

Field Isolate

County

AFLP
phenotype

scG ?

GT-GT

CA-AC

b

designation

CERESINI

00010000100000000011000000000000 1
000100001000000000110000000000000
000100001000000000110000000000000
000100001000000000110000000000000
000100000000000001100000000000000
000100100000000001100000000000000
000100000000000001100000000000001
000101100000000001100000000000001

10010000100010100010000000 1
10010000100010100010000000 1
10010000000010100010000000 1
170010000000010100010000000 1
10010000100010100010000000 1
1700100001000101000100000001
100000001000101000100000001
170000000100010100010000000 1
170000000000000100010000000 1

18 /T144
19 /T149
12 /T047
13 /T066
18 /T136

Craven
Caswell
18

Caswell
Caswell
Craven

16
17
19
19
1

<<C <

/T132

Caswell
Edgecombe

16 /T103
13 /T056
12 /T039
13 /T062

8
10
20

Craven
Craven

000100100000000001100000000000000
000100000000000001100000000000000
000100100000000001100000000000001
00000000000000000011000000000000°1
00010010000000000011000000000000 1
00010010000000000011000000000000 1
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10000000000000100010000000 1
1700100000000001000100000001
100100000000101000100000001
10010000000010100010000000 1
170010000000010100010000000 1
1700100000000101000100000001
10000000100010100010000000 1
10000000100010100010000000 1
100000000000101000100000001
170010000000000100010000000 1
100000000000101000100000001
10010000100010100010000000 1
10010000100010100010000000 1
170010000100010100010000000 1
10010000100010100010000000 1
10010000100100100010000000 1
1700000001000101000100000001
10010000000010100010000000 1
10010000100010100010000000 1
10010000100010100010000000 1
10010000100010100010000000 1
10010000100100100010000000 1
10010000000100100010000000 1
10010000000100100010000000 1
10010000000100100010000000 1
10010000100010100010000000 1
100100001000101000100000001

Craven

/T007
/T089
/T068
14 /7072

10
15
14

Lenoir
Edgecombe
Craven

23
14
15

oOo

Craven
Craven

15

000100000000000001000000000000000
000101000000000001100000000000000
000101000000000000110000000000001
00010000100000000011000000000000 1
00010000001000000110100000000000 1
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14 /7078
12 /T035

1 /7032
12 /T051
10

Craven
Duplin
Craven

29
9
12
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/1 T165
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1
16
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17
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16
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1

ouw

000100000000000001100000000000000O0

Caswell
Edgecombe

000110000000000001100000000000000
000110000000000001100000000000000
0001000000000000O0O0O0110000000000000O0

2
2

Edgecombe

Caswell
Edgecombe

000100000000000001100000000000000O
00010000000000000110000000000000 1
000101000010000001110000000000001
00010000000000000001000000000000 1

7
22

1

10 /T025

11

Lenoir
Duplin

/T029

000100000000000001100000000000000
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2 SCG determined by pairing R. solani AG-3 TB isolates from commercial tobacco fields in eastern North Carolina on potato dextrose agar amended with 1%

charcoal. Isolates within the same letter were somatically compatible.
> Isolates with the same AFLP phenotype designation have the same AFLP profile.

< Binomial code of AFLP fragments scored against two standard R. solani AG-3 isolates, P217 and T032, present in all the gels. The AFLP profiles are composed by
the following order of polymorphic fragments with the approximate size in base pairs: CA-AC 409.08, 285.14, 274.79, 266.88, 264.71, 263.74, 259.27, 246.74, 240.27,

231.86, 222.2, 206.84, 205.28, 204.27, 200.19, 198.14, 191.11, 189.54, 166.74, 157.97, 152.16, 126.17, 124.74, 121.05, 119.2, 117.17, 115.11

and GT-GT 429.83, 422.06,
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375.47, 370.77, 366.61, 345, 335.27, 327.04, 320.99, 314.11, 310.17, 296.51, 293.3, 287.67, 283.09, 268.66, 263.54, 253.59, 252.45, 251.51, 250.21, 244.45, 242.19, 238.33,

231.38, 217.85, 213.92, 189.35, 162.68, 161.72, 159.69, 157, 152.98, 150.07, 144.44, 135.51.

5



446 MyYCOLOGIA

2] - ©n )
g = L5 B duction in NC. Therefore, the hypothesis that pop-
= Slvr~vwr~ocmwoaw| B S z . . .
o < Sl 28 - ulations of R. solani AG-3 TB are more genetically
) 3} . .
S - diverse than those of AG-3 PT was rejected. The lack
2 ¢ s E )
2 ~ £ = 3 of common AFLP phenotypes and compatible so-
«n < . . .
‘é Z| = ~ S~ 3 8 O matic interactions observed among potato and tobac-
° % ~ o =2 i 2 $ co isolates supports that populations of R. solani AG-
& 2 > S . e .
2 =T ) e cé 3 are subdivided by host specialization (Kuninaga et.
= = A .
= g =] s al 1997, Ogoshi 1987, Stevens Johnk et al 1993, Gon-
= z S5 2 )
Bz < i zalez et al 2001)
‘ “ = 25 5 T
= Zl = > — = —3 = Transportation of infested potato seed tubers from
% = I < «|5< = northern production areas in the US and Canada to
< [ B S - 8 NC plays an important role in the geographic distri-
S - 2o 3 bution of AG-3 PT and possibly contributed to the
< S 3 p y
2 ~ 9 E 2 high level of genetic diversity observed among iso-
'§ - N e 2 lates in this study. In contrast to the potato-AG-3 PT
2 = o~ et § X pathosystem, the distribution and occurrence of the
S 14 — . . .
2 = S L = AG-3 TB in commercial production fields may result
& Z| o ~ g £ 3 from airborne movement of basidiospores of 1. cuc-
5] 2 "é = —_ = =& < umeris. While long distance transport (approximately
[ — < .
S o g = = I ™ % 5 Z 220 km between Edgecombe and Caswell Counties)
5 8 ) - - ) o
2 o | 2P| = - % E § may be possible, the hyaline, thin-walled basidio-
o . . .
& g = - “g = spores of 1. cucumeris suggest that long distance dis-
3 z 2T E ersal is unlikely. An alternative explanation could be
° = ™ 25 8 persal is unlikely. ive exp
[ - - R . . . .
? & ; Z T L] & z g the movement of sclerotia and mycelium in soil as-
= = < . - N
3 g = = 28 g5 o O sociated with local tobacco transplant production in
=] C ~ st & NC
s = s =S .
Sy © e . -
£ g 9T S o The utilization of independent criteria, such as so-
E = : w o= 0 = p
S £ . = S g- - = matic incompatibility and AFLP analysis, can provide
B =] = .. . . .
-§ z - X wl= 5% preliminary information about mating systems and
2 - 2 »9 :
g —i g ~ ER R Fg population structure. For example, progeny gener-
= — s = . . >
e % 0 <Z‘1 S .8 % ated via asexual or homothallic sexual (self-fertile, in-
— — 2} . . . . . .
= g A & breeding) reproduction will be genetically identical
E g L% 5 R g) rep 8 Y
2 = = R 0 (or nearly identical) to the parental isolate and all
= g . -
= =l e Fg i g parts of the genome will have the same evolutionary
Q — —~ o . . .
2 = 2| SN =« % E = 5 history because of the lack of recombination (Worrall
22} — - —_ — .
3 SlE| 2= - ERPR 1997, Taylor et al 1999). Depending on the age and
3 g = . . . A
- = ) size of the population, no or limited recombination
g 2 2% 2 would contribute to the association between indepen-
'z ° . . .
g = % Sz 2‘ dent characters (genetic markers), a population with
= Sl o« = S &< © limited genetic diversity, and the repeated recover
< Sz =X S) S g 8 p Y
o . .
g < Tles = © By £ of similar genotypes (e.g., clonal pOpl.J.lathIl struc-
== = C 2 5L= ture). In contrast, progeny generated via heterothal-
¢ 3 S gim progeny g
= < === lic sexual (outcrossing) reproduction will be geneti-
=Ne) E O = o0 . .
&2 —~ = O£ cally different than parental isolates as a result of re-
7] - . o= . . . . .
<5 o= = < E8E combination of genetically different nuclei. There-
0 - . .
v Z = N BEAD fore, different regions of the genome of the progen
o T N 19} S s =2 g g progeny
2.2 A e = = v ~E will have different evolutionary histories (Taylor et al
g % o %E ZP.E _%) 1999). In this case, recombination reduces (or elim-
< c . . . .
A= 5 % 5 é s inates) the one-to-one (strict) association between in-
= — O U .
5= = o 25 ¢35 g‘ ; dependent characters and results in a non-clonal
= o= o} .
? § S = - T T L Ay = 'CE » 35 population structure (Anderson and Kohn 1995,
o) [ < .
== S & I& & 5= L 222 Migroom 1996, Cubeta et al 1997).
— < . . :
o8 R 2‘8 g E Although our sample size was insufficient to make
© = = . . . .
5’.; = 8 “mUAamEOT & o 2y £ 29  any inferences concerning the contribution of the
= 8 2 <5 8 observed genetic diversity to population structure in



CERESINI ET AL: GENETIC DIVERSITY OF RHIZOCTONIA SOLANI 447

this study, several relationships between somatic com-
patibility and AFLP data were evident. For example,
the AG-3 TB population appeared to have a clonal
component based on repeated recovery of clones
from different counties; however, there was also evi-
dence for recombination. Among the AG-3 TB pop-
ulation, there were deviations from the strict associ-
ation between SCG and AFLP. In general, the eight
SCG from tobacco were associated with at least two
AFLP phenotypes. However, SCG B was associated
with seven, SCG E with six, and SCG D and G with
five different AFLP phenotypes. There were also two
cases among the tobacco isolates in which one AFLP
phenotype was associated with more than one SCG.
There were also examples of non-transitivity in so-
matic compatibility among isolates of AG-3 TB. For
example, isolate 12/T051 was compatible with isolate
10/T001; isolate 12/T051 was compatible with 10/
T007, but isolate 10/T001 was incompatible with 10/
T007. Repeated examination of these pairings in sep-
arate experiments indicated consistent observation of
non-transitivity. Results similar to those observed in
this study with non-transitivity have also been ob-
served for Sclerotinia sclerotiorum, and for the Basid-
iomycetes Suillus granulatus and Pleurotus ostreatus
(Jacobson et al 1993, Cubeta et al 1997, Malik and
Vilgalys 1999).

Isolates from the same SCG and with the same
AFLP phenotype were compatible (FIG. 6). There
were several cases of weak incompatible reactions ob-
served among the pairings within the AG-3 PT or AG-
3 TB isolates. These reactions were characterized by
a small raised area in the hyphal interaction zone
(F1G. 7). However, among some groups of isolates
with the same AFLP phenotype in AG-3 TB, a range
of incompatibility reactions was observed that varied
in intensity (F1Gs. 7 AND 8). Factors such as the ge-
netic relatedness of the interacting isolates, the age
of the mycelium and the pairing distance may ac-
count for the intensity of the observed macroscopic
hyphal interactions. However, the biological signifi-
cance of these weak macroscopic incompatible reac-
tions is not known.

The range of somatic interactions among pairings
of AG-3 TB and deviations from a strict association
of SCG and AFLP are consistent with recombination.
In S. granulatus, somatic mutation or recombination
was considered to be involved in some of the varia-
tion observed with RAPD markers (Jacobson et al
1993). The observed non-transitivity could be related
to allelic differences at the somatic incompatibility
loci that are necessary for detecting somatic incom-
patibility (Malik and Vilgalys 1999).

The genetic regulation of somatic incompatibility
in 1. cucumeris is not known. However, our observa-

FiGs. 6-8. Macroscopic somatic interactions among po-
tato stem canker isolates of Rhizoctonia solani AG-3 PT on
potato dextrose agar amended with 1% charcoal. 6. Somat-
ically compatible interaction (no distinct demarcation in
the hyphal interaction zone between paired isolates); 7.
Weak incompatible interaction (demarcation between
paired isolates in the hyphal interaction zone and mani-
fested as small areas of raised hyphae); 8. Somatically in-
compatible interaction (demarcation between paired iso-
lates in the hyphal interaction zone and manifested as large
areas of raised hyphae).

tions are consistent with somatic incompatibility me-
diated by the sharing of some, but not all, compati-
bility loci or alleles. In the few cases for which there
is evidence, somatic compatibility in basidiomycetes
appears to be controlled primarily by nuclear genes
that are not linked with mating compatibility loci
(Kay and Vilgalys 1992, Hansen et al 1993, Rizzo et
al 1995). Because of the frequency of somatic incom-
patibility among field isolates and closely related het-
erokaryons, multiple loci and/or multiple alleles are
thought to control somatic compatibility. Differences
at one locus would lead to somatic incompatibility,
but in most cases somatic incompatibility is more in-
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tense with greater genetic differences (Hansen et al
1993, Malik and Vilgalys 1999).

This study provides some preliminary information
about the population structure of R. solani AG-3 PT
and TB. Although the sampling strategies employed
in this study were probably sufficient for maximum
detection of genetic diversity, additional sampling
within larger fields is needed to elucidate the mag-
nitude of clonality and/or recombination in local
populations of this pathogen. The ability to survey a
large number of loci with AFLP analysis provides a
useful method for identification of genetically dis-
tinct individuals in populations with a high level of
resolution. However, AFLP are dominant genetic
markers, a characteristic that limits their potential
utility in classical population genetics analyses. There-
fore, our laboratory has focused on the development
of co-dominant markers (e.g., restriction fragment
length polymorphism = RFLP) for multilocus geno-
typing of R. solani AG-3 isolates (Ceresini et al 2001).
Co-dominant markers enable unambiguous scoring
of genotypes of R. solani AG-3 and provide a means
of distinguishing between homozygous and hetero-
zygous individuals from a population. These markers
are more appropriate for elucidating the evolution-
ary processes that shape populations of R. solani AG-
3. Successful use of co-dominant RFLP markers for
population genetic studies of R. solani has been pre-
viously demonstrated for the AG-1-IA pathosystem on
rice (Rosewich et al 1999).
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