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Binucleate Rhizoctonia sp. AG G causing root rot in yacon
(Smallanthus sonchifolius) in Brazil
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A new rot caused by a binucleate Rhizoctonia sp. affecting the tuberous root cortex of the domesticated yacon (Small-
anthus sonchifolius) has been observed in Brazil. Isolates of a binucleate Rhizoctonia sp. were collected from roots with
rot symptoms and characterized by the number of nuclei per cell, hyphal anastomosis, RAPD molecular markers, ITS-
5-8S rDNA sequence and pathogenicity tests. All isolates had a mean of 1-9-2-2 nuclei per cell and anastomosed with the
binucleate Rhizoctonia sp. AG G-tester strain. RAPD analysis was carried out between 11 isolates recovered from yacon
and 11 AG (A, Ba, Bb, Bo, C, D, E, G, O, P, Q) standard testers of binucleate Rhizoctonia sp. Genetic similarities of 94-8—
100% were observed among isolates of the binucleate Rhizoctonia sp. from yacon and all isolates were genetically more
closely related to the AG G tester than other strains according to UPGMA analysis using RAPD markers. Homologies of
complete ITS nucleotide sequences were 100% between binucleate isolates of Rbizoctonia sp. from yacon and the AG
G tester. According to pathogenicity tests, the isolates caused typical rot symptoms of yacon tubers 90 days after inoculation
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Introduction

Yacon (Smallanthus spp.; syn. Polymnia spp.) is a member
of the Asteraceae (Grau & Rea, 1997). Originating in the
Andes, where it occurs from Columbia and northern
Argentina to Peru and Ecuador, yacon has only recently
been introduced to other parts of the world as a novelty
root crop and as an experimental source of natural sugars.
It is rapidly becoming popular in eastern New Zealand,
Asia (Floridata, 2000), Europe, the United States and Japan
(National Research Council, 1989). Yacon is grown for
edible roots, which are sweet, low in calories and eaten
raw. The plant contains sweet-tasting oligofructans, car-
bohydrates the human body does not metabolize. Fructans
thus pass through the digestive tract unmetabolized.
Several bacteria and fungi have been reported affecting
the tubers and stems of yacon. A Fusarium sp. in Peru
(Lizérraga et al., 1997) and Erwinia chrysanthemi in
Japan (Mizuno et al., 1993) have been identified as causal
agents of wilting, while Sclerotinia species cause soft rot
of the tubers in Peru (Lizdrraga et al., 1997). An Alter-
naria species has been found to produce marginal necrosis
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of the leaves in Ayacucho, Peru (Barrantes del Aguila,
1988).

Yacon is becoming an important crop in Brazil, mainly
in the state of Sio Paulo. Crown rot and a new rot of the
cortex of tubers have been observed in Brazilian yacon
fields since 1998, with up to 50% of diseased roots
becoming unmarketable and inedible. Binucleate isolates
of Rhizoctonia sp. have been obtained from diseased
yacon roots (E. E. Kuramae, unpublished data). Binucle-
ate Rhizoctonia sp. represent a diverse group of organisms
that have been isolated from soil and plants throughout
the world (Cubeta et al., 1991). In Brazil, there are reports
of R. solani causing disease in bean (Phaseolus vulgaris)
(Ceresini & Souza, 1997), peanut (Ceresini et al., 1996),
soybean (Fenille ef al., 2002) and several different veget-
able crops (Bolkan & Ribeiro, 1985; Kuramae et al.,
2003). According to the number of nuclei per cell, isolates
of Rhizoctonia can be divided into two groups: the binu-
cleate Rhizoctonia and the multinucleate R. solani. These
species are genetically diverse and the ability to form anas-
tomosis groups (AGs) has been used for identification and
classification purposes (Parmeter et al., 1969; Ogoshi,
1987; Sneh et al., 1991). Currently, 13 AGs of R. solani,
AG-1to AG-13, have been identified (Carling et al., 2002)
and binucleate Rhizoctonia spp. are grouped in seven AGs
(CAG1 to CAG7), as described by Burpee et al. (1980)
in the USA, and 19 AGs (AG A to AG S), as described
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by Ogoshi (1987) in Japan. The pathogenicity of the
binucleate Rhizoctonia group is correlated with anasto-
mosis grouping.

The objective of this study was to identify the Rhizoc-
tonia isolates collected from diseased roots of yacon by
nuclear number, hyphal AGs, random amplified polymor-
phic DNA (RAPD) markers and complete ITS-5-8S rDNA
(CITS-rDNA) sequence, and to confirm their association
with rot of tubers by pathogenicity tests.

Materials and methods

Collection, isolation and identification of Rbhizoctonia

One hundred diseased tubers were collected from a 3-ha
commercial yacon-growing area in Pardinho, Sao Paulo,
Brazil (899-50 m altitude, 23°04’35”S and 48°22"13”W).

Eighty-seven Rhizoctonia isolates were obtained from
diseased roots in February 1998, 1 month before harvest.
Small sections (0-5-0-7 cm long) were cut from the edge
of an advancing lesion on each diseased root sample.
These samples were surface-sterilized by immersion in
70% ethanol for 30 s and 2% sodium hypochlorite for
30 s, then washed in sterile distilled water and placed
directly on Ko and Hora medium (Ko & Hora, 1971),
supplemented with § mg prochloraz mL™" (Castro et al.,
1988) and 0-240 mg metalaxyl mL™" (Ceresini et al., 1996).
After 24—48 h at 26°C, single hyphal tips from the margin
of each developing colony were placed on potato dextrose
agar (PDA) medium. The purified isolates were stored
on PDA medium at room temperature (~20°C) and on rice
grains at —20°C. The sources of all isolates, including the
tester strains, are shown in Table 1.

The number of nuclei per hyphal cell was determined in
35 isolates by staining vegetative cells with 1 yg mL™
DAPI (4",6"-diamidino-2-phenyl-indole) (Kulik & Dery,
1995). Twenty randomly selected cells of each of the 35
isolates were examined by fluorescent microscopy at x300
magnification to count the number of nuclei.

RAPD analysis

Eleven isolates from yacon (YA18, YA2S, YA29, YA4S,
YAS2, YAS3, YA61, YA6S, YA76, YA77, YA82) were

analysed by RAPD analysis. The binucleate Rhizoctonia
isolates from yacon and the standard testers of the binu-
cleate Rhizoctonia group (AG A, AG Ba, AG Bb, AG Bo,
AGC,AGD, AGE AG G, AG O, AG P and AG Q) were
each grown in 200 mL potato-dextrose broth for 7 days
at 26°C in the dark. DNA was isolated as described by
Kuramae-Izioka (1997). The RAPD reactions were car-
ried out using four primers, OPA-01, OPA-20, OPP-14
and OPP-18 (Operon Technologies Inc.), and amplifica-
tion conditions were according to the method of Williams
et al. (1990). Negative controls, in which DNA template
solution was replaced with sterile water, were included in
all experiments to test for contamination. After amplifica-
tion, samples were separated by electrophoresis on 1:5%
(w/v) agarose gel, stained with ethidium bromide (Sam-
brook et al., 1987) and photographed under UV light.
Only strongly stained bands were considered for analysis.
Comparison of the profiles for each primer was carried
out based on the presence (1) or absence (0) of amplified
products of the same size. Bands of the same size were
scored as identical. Analyses were based on the simple
matching coefficient. A dendrogram was derived from the
distance matrix by the unweighted pair-group method
arithmetic average (UrGMA) using the NTSYS-pc 1-8
(Numerical Taxonomy and Multivariate Analysis System)
computer program (Rohlf, 1992).

Polymerase chain reaction, DNA sequencing and data
analysis

PCR amplifications of three selected isolates, YA18, Y29
and YA65, with diverse RAPD profiles, and the 15 AG
testers (AG A, AG Ba, AG Bb, AG Bo, AG C, AG D, AG
E,AGE AG G, AGH, AG I, AGK, AG O, AG P, AG Q)
were performed using the primer set ITS4/1TSS5 for
nuclear ITS and 5-8S rDNA (White et al., 1990). Ampli-
fications (50 uL) were performed using 100 ng of genomic
DNA, 1-5 mm MgClL, 2 U Taq polymerase (Gibco Life
Technologies), 0-2 mm each of ANTP, 50 mm KCl, 10 mm
Tris-HCI and 0-2 um of each primer. MilliQ water was
used instead of target DNA as a negative control. A ther-
mocycler was used with the following programme: 2 min
at 94°C (initial denaturation cycle); 1 min at 94°C, 1 min
at 55°C and 2 min at 72°C (35 cycles); and 5 min at 72°C

Table 1 Origin of Rhizoctonia isolates from diseased yacon roots and other substrates used for RAPD, ITS, anastomosis and pathogenicity tests

Isolate used for:

Isolate Identity Source RAPD ITS Anastomosis Pathogenicity
YA18, YA29 and YAGS Rot tuber in yacon Sé&o Paulo, Brazil v v v v

YA25, YA45, YA52, YASS, Rot tuber in yacon Sao Paulo, Brazil v

YAB1, YA76, YA77 and YA82

AGA, AGBa, AGBb, AGBo, Unknown M. Hyakumachi, Japan v v v

AGC, AGD, AGF, AGG,

AGO, AGP and AGQ

AGE, AGH, AGI and AGK Unknown NCBI* v

“NCBI, National Center for Biotechnology Information.
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(one cycle). Aliquots of each PCR product from these
amplifications were separated by electrophoresis on 1-0%
(w/v) agarose gel in TBE buffer (Sambrook et al., 1987),
stained with ethidium bromide and visualized under UV
light.

Each PCR product was purified using MicroSpin S-400
HR columns (Amersham Pharmacia) according to the
manufacturer’s instructions. Isolates were sequenced
using a double-stranded DNA template of each PCR
product (75 ng) and 1 um of each ITS2, ITS3, ITS4 or
ITSS primer following the protocol supplied with Amer-
sham Premix Dye Terminator (Amersham Pharmacia).
Sequencing was conducted using a PE Applied Biosystems
Model 377 DNA sequencer as recommended by the
manufacturer. The four sequence fragments generated by
the four primers of each isolate were assembled using
PHRED/PHRAP (Ewing et al., 1998) and coNsED (Gordon
et al., 1998) and all consensus bases of each isolate were
of high quality with a PHRED value greater than 20. The
consensus sequence of each isolate was trimmed in so
that only the CITS sequences were analysed. The CITS
sequence data of all isolates were aligned by CLusTAL
W (Thompson et al., 1997). The tree showing the phylo-
genetic relatedness between isolates and AG testers was
constructed from distance matrix values by the neighbour-
joining method and 1000 bootstrap values. The compu-
tational analysis to generate the phylogenetic relationship
tree between representative AGs and the isolates was
performed using rAuP* (Phylogenetic Analysis Using
Parsimony, version 4-:0b5a) (Swofford, 2001) with heuris-
tic search, 50 replicates and tree-bisection-reconnection
(TBR) as the branch-swapping algorithm.

Anastomosis grouping

For AG tests, three isolates of yacon, YA18, YA29 and
YA6S, were selected. For each pairing, a 0-3-cm-diameter
disc from 2- to 4-day-old colonies of the yacon isolate and
the tester strain were positioned 3 cm apart on a sterilized
microscope slide (7-5 x 2:5 cm) covered with a thin water-
agar layer, pH 8-5. Slides with discs were kept in a satu-
rated atmosphere in a Petri plate in the dark at 26°C, and
observed for anastomosis after 24—48 h (Ceresini et al.,
1996). The three binucleate isolates were paired against
the AG testers (AG A, AG Ba, AG Bb, AG Bo, AG C, AG
D, AGE, AG G, AG O, AG P and AG Q). Anastomosis
was regarded as positive when hyphae between the yacon
binucleate Rhizoctonia sp. and AG tester made contact
with each other and their walls fused, with subsequent
plasmolysis of adjacent cells. Hyphal anastomosis was
examined at X400 magnification using light microscopy
after staining the vegetative cells with a 0-03% safranin-
O aqueous solution and a 3% KOH aqueous solution
(Yamamoto & Uchida, 1982).

Pathogenicity test
Three isolates, YA18, YA29 and YA635, used for the anas-
tomosis test, RAPD and CITS-rDNA nucleotide sequence
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Figure 1 Dendrogram showing the levels of genetic relatedness
among 11 isolates collected from tubers of yacon (YA) and AG (A, Ba,
Bb, Bo, C, D, F, G, O, P, Q) testers of binucleate Rhizoctonia based on
RAPD analysis. The tree was constructed from the similarity coefficient
using UPGMA.
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Figure 2 Single-most parsimonious tree generated from a branch-
swapping algorithm in paup obtained with 25 aligned CITS-rDNA
sequences illustrating the phylogenetic relationship of three isolates
from yacon (YA18, YA29, YA 65) and 21 binucleate Rhizoctoniatesters.
The sequences of CAG1, CAG3, CAG4, CAG5, CAG6, CAG7 and AGL
are from GenBank. Rhizoctonia solani AG4 HGI is an outgroup. The
numbers at branches indicate the percentage of 1000 bootstrap
replications. Boostrap values below 50% are not shown.
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analysis were also used for pathogenicity tests. In order to
have healthy plants for pathogenicity tests, shoots of 15—
20 cm long were planted into 1500 mL pots containing
sterilized soil. After rooting and production of leaves,
the new plants were transferred into new 5000 mL pots
containing sterilized soil and kept in the glasshouse at
25 +2°C. Treatments were replicated three times using a
randomized complete block design. Pots filled with the
same sterile substrate without the inoculum served as con-
trol. The inoculum was prepared by the method of Fenille
& Souza (1999) and a 2% aliquot (w/v) from a mixture
of the three isolates, YA18, YA65 and YA29, was used.
Evaluation was carried out 90 days after inoculation.
Plants were carefully removed from pots, the tubers were
washed and the incidence of tuber rot recorded.

Results and discussion

Eighty-seven isolates were obtained from diseased tubers.
All isolates had dark brown mycelium on PDA medium.
Thirty-five of the 87 isolates had 1-9-2-2 mean nuclei per
cell, with a few cells of some isolates having three nuclei.
Seventy-four per cent of isolates had two nuclei per cell in
all cells evaluated; of the remaining 26%, 80% of their
cells had two nuclei and 20% had three nuclei per cell.
RAPD analysis showed genetic variability among 11
binucleate Rhizoctonia isolates and 11 testers of the binu-
cleate Rhizoctonia group. A total of 63 high-quality poly-
morphic amplified DNA fragments were generated by
four 10-mer primers. A total of eight (12-7%) polymor-
phic RAPD amplified products were generated when the
isolates of yacon were compared with one another; this
represented 5-2% diversity among binucleate Rhizoctonia
isolates from yacon collected from the same field. The

relationship between isolates and standard AG testers of
binucleate Rhbizoctonia is shown (Fig. 1), and revealed
two main clusters: cluster 1 included all isolates from
yacon, together with the AG G tester, and cluster 2 the AG
Ba, AG Bb, AG E, AG P, AG D, AG Q, AG A, AG Bo, AG
O and AG Ctesters (Fig. 1). The similarity between clusters
1 and 2 was 68-11% by simple matching coefficient analysis.

The phylogenetic relationship among the yacon isolates
YA18, YA29, YA65 and AG testers, based on CITS-
rDNA sequences, is shown in Fig. 2. Isolates YA18, YA29
and YA65 were more similar (> 98:2%) to the AG G
tester than to the other testers. The similarity among the
three isolates ranged from 97-8 to 99:2%.

Three divergent (according to RAPD analyses) isolates,
YA18, YA29 and YA6S, showed a C2-type anastomosis
reaction (Carling et al., 1988) with the AG G standard
tester strain. Hyphae involved in anastomosis were
smaller in diameter at the anastomosis point than normal
hyphae and dead anastomosing and adjacent cells.

Ninety days after inoculation, yacon tubers showed
typical rot symptoms (Fig. 3), including discoloration of
the cortex (Fig. 3C). Once the tubers show initial disease
symptoms, they became completely rotted after 3—4 days
in the field. As not only the tubers, but other parts of the
plant, can be infected by the pathogen, especially offsets
(‘seed’) and the rootstock (‘crown’), the use of healthy
yacon offsets and rootstocks for planting is important to
reduce incidence of the disease.

The binucleate Rhizoctonia isolates recovered from dis-
eased yacon tubers were identified as belonging to anasto-
mosis group AG G by nuclei number and CITS-rDNA
sequence analysis (data not shown). This is the first report
of a binucleate Rhizoctonia sp. AG G causing root rot in
yacon in Brazil. Binucleate Rbizoctonia sp. AG G has been

Figure 3 (A) Lesion caused by binucleate isolate of Rhizoctonia in yacon (indicated by arrow); (B) healthy tuber; and (C) healthy (below right) and

rotting (upper right) tubers of yacon.
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reported to cause disease of strawberry roots (Martin,
1988): strawberry crops preceded yacon in the field where
the binucleate Rbizoctonia sp. AG G isolates were
obtained. Thus, the possibility that isolates pathogenic to
strawberry contaminated the field cannot be ignored. Also
in Brazil, binucleate Rhizoctonia spp. have been isolated
together with R. solani in crops such as bean and peanuts
with symptoms of pod rot and hypocotyl and root rots,
respectively (Ceresini & Souza, 1997), or associated with
Pythium aphanidermatum, Sclerotium rolfsii and R.
solani in soybean, causing damping-off, in Indonesia
(Naito et al., 1993). Future crop management strategies
for yacon production, such as crop rotation, should be
carried out with a view to decreasing the population of
binucleate Rhizoctonia spp. in the soil.
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