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Summary. Amplified Fragment Length Polymorphism (AFLP) fingerprinting patterns and sequence
analysis of the ITS region were used for a comparative study of Heterodera schachtii populations from
Western Europe, Australia and Africa, a H. betae population from Germany and a H. glycines
population from the USA. AFLP results revealed a high level of genetic diversity within H. schachtii. In
Western Europe no grouping that accorded with the geographical origin of the samples was recorded,
suggesting that cysts are actively dispersed throughout this region. However, on a larger scale AFLP
patterns of H. schachtii populations from Europe, Australia and Africa revealed some level of genetic
differentiation. Although AFLP data provided enough resolution to distinguish H. schachtii populations
on a large geographical scale, sequencing of ITS rDNA gene variants did not provide any grouping
according to geographical origin or taxonomy. A close relationship between H. schachtii and H. betae

was observed with both techniques used in this study.
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The sugar beet cyst nematode, Heterodera
schachtii, is considered a major pest in sugar beet
production. This nematode parasitizes over 200
plant species and it is widespread in most sugar
beet growing areas in European countries, North
and South America, Australia and Africa (Baldwin
& Mundo-Ocampo, 1991). Nematode
management involves combinations of rotation,
host plant resistance, cropping practices, chemical
and biological control, all of which may have
specific genotype-level interactions with the
nematodes  (Castagnone-Sereno, 2002; Blok,
2005). Application of pesticides has been reduced
in the European Union because of environmental
concern, whilst rotation and trap crops have

adverse economic consequences for farmers. In a
search for ecologically and economically suitable
management strategies, identification of genetic
relationships at the species level and intra- and
interspecies variability is an essential factor
(Kaplan et al., 1999; Castagnone-Sereno, 2002).
Molecular information, mainly based on PCR of
specific parts of the genome, has been shown to
provide significant insights into the degree of
diversity  existing among individuals and
populations of plant-parasitic nematodes (Grenier
et al., 2001; Rivoal et al., 2003; Plantard & Porte,
2004; Powers et al., 1997; Madani et al., 2004).
Several molecular techniques have been applied
to study genetic diversity. The AFLP-technique
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has found a wide application in analyses of genetic
variation at subspecies level, particularly in
investigations of population structure and
differentiation, because of the high number of
molecular markers provided and because there is
no need for prior sequence knowledge. Its use has
been demonstrated for cyst nematode populations
of Globodera spp. (Folkertsma et al., 1996; Grenier
et al., 2001; Marche et al., 2001), H. trifolii (Wang
et al, 2001), H. schachtii (Kaplan er al., 1999),
root-knot nematode Meloidogyne spp. (Semblat et
al., 1998; Van der Beek er al, 1998) and stem
nematode Ditylenchus spp. (Esquibet et al., 2003).

The internal transcribed spacer region (ITS) of
the ribosomal DNA is a well-conserved region
controlled by concerted evolution (Baldwin et al.,
1995). It has been demonstrated to be highly
informative as a taxonomic marker at species level
within nematodes (Powers er al, 1997; Hugall et
al., 1999; Subbotin et al., 2001). Phylogenetic
relationships of cyst-forming nematodes were
recently analysed using the ITS rDNA gene
sequences (Subbotin et al, 2000b, 2001; Tanha
Maafi et al., 2003). Sequencing and RFLP of the
ITS-rDNA revealed heterogeneity, or presence of
many copies with different sequences for rDNA
gene clusters, in many species of cyst forming
nematodes of the genera Heterodera and Globodera
(Szalanski et al., 1996, 1997; Thiery & Mugniéry,
1996; Blok et al., 1998; Subbotin et al., 2000b;
Wouts et al., 2001; Amiri et al., 2002).

The present study is an attempt to evaluate the
genetic variability at different levels within H.
schachtii, using the AFLP technique and ITS
sequence analysis. On a large geographic scale,
populations from three different continents, i.e.
Europe, Australia and Africa, were analysed. On a
smaller scale the genetic diversity was studied by
comparing several populations from different
locations in Western Europe.

MATERIAL AND METHODS

Nematode populations. The sample set used in
the present study (Table 1) includes Heterodera
populations from nine different locations
throughout Western Europe: Belgium (four
populations), Germany (two populations), The
Netherlands (two populations), and France (one
population). For one of the Belgian locations
(Momalle) five samples were collected in the same
field. One African population was collected in
Morocco. Three samples from one population
collected from a farm growing brassicas in Western
Australia were kindly provided by Dr. 1. Riley. A
population of H. betae from Germany (Ge6) and
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one soybean cyst nematode, H. glycines,
population were also included. The taxonomical
identity of the collected populations was verified
by PCR-RFLP analyses using eight restriction
enzymes as described by Subbotin et al. (2000a)
and PCR with species-specific primers (Amiri et
al., 2002).

DNA isolation. Genomic DNA of each sample
was extracted. Five to seven cysts were soaked in
water for 1 h and then crushed under the
dissecting microscope; parts of cyst wall and debris
were removed. To have a clean suspension, 10 ml
suspension of eggs and juveniles were mixed with
40 ml of a 20% sucrose solution in a Falcon tube.
To the top of this, 5 ml water was gently added
and the tubes were centrifuged for 5 min at 7000 g.
Eggs and juveniles formed a white layer between
the sucrose solution and the water. They were
collected and pelleted by a second centrifugation.
Total genomic DNA was extracted using the
DNeasy animal mini kit (Qiagen, GmbH, Hilden,
Germany) following the manufacturer’s
instructions with some modifications: nematodes
were crushed in worm lysis buffer (Subbotin et al.,
2000a) using a microhomogenator, followed by
incubation for 2 h instead of incubation overnight
with no crushing step. DNA was stored at -20°C
until use.

AFLP procedure. The protocol for AFLP
fingerprinting was essentially performed as
described by Zabeau & Vos (1993) and Vos et al.
(1995) with some minor modifications. Initially a
series of 20 different primer combinations with
three additional selective nucleotides were tested
on a limited number of samples to screen for
scorable patterns. Among them three combinations
of FcoRI+3 and Msel+3 were chosen: (1)
ACA/ACC, (2) ACA/ATC, (3) AGG/AAG. The
gels were exposed onto X-ray films (Kodak) for 48
h, which were then used for scoring.

AFLP data analysis. DNA fingerprints were
scored by visual inspection for presence (1) or
absence (0) of specific AFLP-fragments. Only
distinct, major bands were scored. The resulting
dataset was analysed using the software package
NTSYS-pc version 2.1 (Applied Biostatistic, New
York NY, USA, L; Rohlf, 2000) and with
TreeCon 1.3b (Version 1.3b; Van de Peer & De
Wachter, 1994). Genetic similarities were
calculated using Jaccard’s coefficient (Jaccard,
1908) with the SIMQUAL module of NTSYS-pc
or the DISTANCE ESTIMATION option of
Treecon. Similarity matrices were analyzed using
the UPGMA (Sokal & Michener, 1958) clustering
method in  NTSYS-pc (SAHN  module).
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Calculation of the cophenetic correlation
coefficient was done using the COPH option in
NTSYS-pc. Reliability of the clusters was tested by
bootstrap analysis (Felsenstein, 1985) with 1000
replications using Treecon. Additionally, a PCO-
analysis was performed based on the genetic
similarity matrix using NTSYS-pc.

ITS-rDNA-PCR and sequencing. The internal
transcribed spacer region ITS1 and ITS2 with the
5.8S gene was amplified by PCR with the forward
TW81 primer (5'-GTT TCC GTA GGT GAA
CCT GC-3’) and the reverse AB28 primer (5°-
ATA TGC TTA AGT TCA GCG GGT-3’) as
described by Joyce er al. (1994). The PCR
reactions were carried out in a PTC-100 thermal
cycler (MJ, Research, Inc). The PCR reaction
consisted of 2.5 ul 10 x Qiagen PCR buffer, 0.2 ul
of each primer (1 pg/ul) (synthesised by
Eurogentec, Merelbeke, Belgium), 1.6 pl 25 mM
MgCl,, 0.8 pl 10 mM deoxynucleotides, 0.2 pl
Taq DNA polymerase (5U/ul) (Taqg PCR Core
Kit, Qiagen, Hilden, Germany) and distilled water
to a total volume of 25 pl. The following thermal
profile was used: 10 min preheating at 95°C
followed by 9 cycles of 1 min at 94°C, 1 min at
56°C and 2 min at 72°C, and 24 cycles of 15 s at
94°C, 45 s at 57°C and 1 min at 72°C and 5 min
of final extension at 72°C.

Gel purified ITS PCR products were ligated
into a pGEM-T vector and transferred to
Escherichia coli strain JM 109 according to the
manufacturer’s instructions (Promega, Leiden, The
Netherlands). Both DNA-strands were sequenced
from all samples by using M13-primers (5'-CAG
GAA ACA GCT ATG AC-3’ and 5'-GTT TTC
CCA GTC ACG AC-3"), using ABI Prism BigDye
Terminator Cycle Sequencing Ready Reaction
Kits, version 2.0 (AB Applied Biosystems).
Sequences were run on a 377 DNASequencer (PE
Applied Biosystems, Warrington, UK). The
sequences reported here have been deposited in
GenBank: EF611100-EF611124.

Phylogenetic analysis of ITS data. A total of 25
newly obtained ITS-rDNA sequences (Table 1)
and one sequence from H. glycines from GenBank
(AF498387) were used for the final analysis.
Sequences were aligned with ClustalW using the
default settings multiple alignment option
(Thompson et al., 1994). Sequence alignment was
analysed using Bayesian inference and Maximum
Parsimony analysis. Bayesian inference analysis
(BI) of the dataset was conducted using MrBayes
3.0 (Huelsenbeck & Ronquist, 2001) with two
approaches. A general time-reversible (GTR)
model of nucleotide substitution was used; this

included a proportion of invariable sites (I) and a
gamma distribution (G) of among-site-rate
heterogeneity with six rate categories. Analysis was
initiated with random starting trees and was run
with four chains for 1.0 x 10® generations. The
Markov chains were sampled at intervals of 100
generations. The log-likelihood values of the
sample points stabilized after approximately 103
generations. After discarding burn-in samples and
evaluating convergence, the remaining samples
were retained for further analysis. The topologies
were used to generate a 50% majority rule
consensus tree. Posterior probabilities (PP) are
given on appropriate clades.

An equally weighted maximum parsimony
(MP) analysis was conducted with PAUP 4.0b10
(Swofford, 2002) by a heuristic search strategy,
with the following options: MULTrees option in
effect, tree bisection-reconnection (TBR) branch
swapping, 100 replications of random sequence
entries, and gaps treated as missing. To assess node
support, bootstrap values were estimated from 100
replicates of full heuristic search using 100 random
taxon additions. Trees were examined with
TreeView (Page, 1996). Heterodera glycines was
chosen as the outgroup.

RESULTS

AFLP analysis. In an initial test of the AFLP
technique 20 primer combinations were evaluated
on a subset of samples. Three primer combinations
were selected based on the number of amplified
markers and the scorability of the pattern. For
many combinations, a very dense and ambiguous
pattern was obtained, most probably due to the
fact that the samples represent a population
containing different genotypes. The three primer
combinations with the highest resolution and
pattern clarity were chosen. An example of a clear
and scorable AFLP pattern is shown in Figure 1. A
total number of 128 unambiguous fragments were
scored, among which 121 were polymorphic
(94.5% polymorphism). For the three selected
primer combinations, the number of scored bands
was 33, 39 and 56, and the polymorphism was
94%, 95% and 94%, respectively. No H. schachtii-
specific bands were found.

The AFLP data were used to make pairwise
comparisons of the genotypes on both shared and
unique amplification products to generate a
similarity matrix using Jaccard’s coefficient. The
Jaccard coefficient of band matching is
recommended for the analysis of DNA fingerprint
data as it only takes into account positive band
matching (Weising et al.,, 1995). The genetic
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diversity was calculated as [1 — genetic similarity].

The average genetic diversity of H. schachtii was
47.1%. At the small scale, the populations from
Western Europe showed a diversity of 40.2%.
While the mean diversity between all populations
collected in Belgium was only 43.5%, the mean
value of genetic diversity between the five samples
from the Momalle field in Belgium was 39.7%.
The genetic diversity between the two populations
collected in The Netherlands was 56.1%, while the
three Australian samples showed an average
genetic diversity of 35.7%.

Figure 2 shows the UPGMA dendrogram with
a cophenetic value of 096 (very good fit).
Bootstrap values (BT) are indicated on the
branches.

On 45% Jaccard’s diversity level eight groups
could be distinguished. Cluster I (BT = 86%)
contained four samples from the Belgian
Momalle-field as well as two populations from
other locations in Belgium, one Dutch, one
German and the French population. Cluster II
(BT = 91%) grouped the second Dutch population

with the H. betae population collected in
Germany. Cluster 1II only contained one
population from Belgium (Be2), while cluster IV
held one of the Momalle-samples from Belgium.
Cluster V (BT = 90%) grouped all samples from
Australia. Clusters VI and VII, contained the
Moroccan H. schachtii population and the H.
glycines population, respectively.

Genetic relationships among samples were also
visualized with Principal Co-ordinate analysis
(PCO) (Gower, 1966). The first eigenvector
explained 53.2% of the variation, while eigenvector
2 and 3 contained 9.9 and 6.6%, respectively.
Figure 3 shows the first two dimensions. This
representation of the AFLP data showed all
Belgian, the French, and the Dutch populations in
the right upper corner. The German H. betae
population shows a relationship with this group.
Australian H. schachtii samples were separately
grouped at the bottom of the plot, while H.
glycines and the Moroccan H. schachtii were found
at the left side.

Table 1. Analysed populations of Heterodera spp., their origin and the number of ITS-rDNA sequences obtained.

Species Population code Location, country Numbers of ITS-rDNA sequences
H. schachtii Bel Molembaix, Belgium 2
H. schachtii Be2 Hermé, Belgium 2
H. schachtii Be3 Bossuit, Belgium 1
H. schachtii BeM4-1 Momalle, Belgium -
H. schachtii BeM4-2 Momalle, Belgium -
H. schachtii BeM4-3 Momalle, Belgium 2
H. schachtii BeM4-4 Momalle, Belgium 2
H. schachtii BeM4-5 Momalle, Belgium 1
H. schachtii Ge2 Shladen, Germany 1
H. betae Geb Miinster, Germany 2
H. schachtii NIl Rutten, The Netherlands 2
H. schachtii NI6 Borsel, The Netherlands 2
H. schachtii Frl Aisne, France 1
H. schachtii Ausl0 Munster, Western Australia 2
H. schachtii Ausll Munster, Western Australia -
H. schachtii Ausl2 Munster, Western Australia 2
H. schachtii Mar27 Morocco 2
H. glycines Hg Arkansas, USA 1
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Fig. 1. One of the selected AFLP patterns ( EcoRI+ACA/ Msel =ATC) used in this study. X: sample not used
further due to irreproducibility of the pattern



M. Madani et al.

Genetic dissimilarity

49
1=

1

0.4 0.?
1
T

99

Nl6
Frl
BeM4-5

Ge2
BeM4-2

86

Bel

Be3

BeM4-1

NIl

Ge6

Be2

Ausl0

Ausll

Ausl2

Hg

BeM4-4_/

\

J

_

II
11

BeM4-3:] v

Jv

Mar27 j

J

VI
vl

Fig. 2. UPGMA dendrogram based on genetic diversity values calculated using the formula of Jaccard. Bootstrap
values are indicated on the branches.
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Fig. 3. Principal co-ordinate plot of Heterodera populations for the first and second principal co-ordinates
estimated with AFLP markers, using the Jaccard similarity matrix.
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Fig. 4. Phylogenetic relationships with the ITS rDNA clones of H. schachtii and H. betae. The 50% majority rule
consensus tree from Bayesian analysis generated with the GTR+I+G model. Posterior probabilities greater than 50%

are given for appropriate clades.
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ITS analysis. As previous PCR-RFLP analysis
revealed intensive ITS-rDNA heterogeneity in H.
schachtii (Amiri et al., 2003; Tahna Maafi er al.,
2003) and H. betae (Wouts et al., 2001), the PCR-
ITS products were cloned before sequencing. For
ten samples, two different clone variants of ITS
were examined. The ITS-rDNA sequence lengths
ranged from 1024 to 1030 bp. The ITS alignment
included 1030 positions, of which 44 characters
were parsimony-informative. The % G+C content of
the ITS1 and ITS2 was 55.0% and 50.3%,
respectively. The range of nucleotide differences in the
ITS region of H. schachtii within populations varied
from 0 to 26 nucleotides or from 0% to 2.54%.

Unweighted Maximum  Parsimony (MP)
analysis of the ITS-rDNA gene alignment, with
gaps coded as missing data, generated 24 equally
most parsimonious trees. Two distinct clades were
evident in all trees (data not shown). The Majority
Rule consensus BI tree given in Figure 4 is
congruent with the MP tree and also contains two
main clades, confirmed by very high posterior
probabilities. The first clade (PP = 99%) as well as
the second clade (PP = 99%) contained H.
schachtii ITS clone variants from Western Europe,
Australia and Africa. Within these clades no
grouping according to geographical origin was
observed. For most populations where different
ITS clone variants were investigated, these variants
did not cluster together in the tree. The second
clade also contained the two ITS clone variants
detected in H. betae.

DISCUSSION

AFLP results. On the small geographic scale,
AFLP data of the H. schachtii populations from
Western Europe reveal high levels of genetic
diversity and a lack of differentiation according to
geographical origin. These observations are
indicative of a high level of gene flow among the
H. schachtii populations in this region. The data of
five samples from the same field in Belgium
(Momalle) revealed a very high level of genetic
variability within populations at field scale. Some
of these H. schachtii samples were more closely
related to populations from other fields than to
samples collected in the same field. Also,
populations from the same country (Belgium) did
not form a distinctive cluster, but are intermingled
with populations from The Netherlands and
France. In conclusion, H. schachtii being native to
Western Europe, AFLP analysis reveals that within
this region, there is no correlation between the
genetic similarity of (sub)populations of this
species and their geographical proximity. These
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data agree with previous conclusions based on
RAPD analysis (Amiri et al., 2003) and the study
of Plantard & Porte (2004), who used micro-
satellite loci to study population diversity of H.
schachtii in the north of France and found high
levels of gene flow on the small scale. All data
confirm a significant level of dispersal of H.
schachtii within its native region, which is most
probably caused by passive transport of cysts
within and among fields by human activities, water
or wind (White, 1953; Norton & Niblack, 1991;
Gavassoni et al., 2001).

On the large scale, the two representations
(UPGMA dendrogram and PCO) of the AFLP
results reveal a clear divergence between the H.
Schachtii populations from Western Europe, the
African H. schachtii population, and the H.
schachtii populations collected in Australia. This
kind of large-scale genetic differentiation, in
contrast to an extensive gene flow at the small-
scale, was previously also observed for Globodera
populations from Peru (Picard ez al., 2004).

Compared to previous RAPD-data (Amiri et
al.,, 2003) that presented both species-specific
markers and distinctive clustering for H. schachtii
and H. betae our AFLP data did not provide a
clear separation of both species. The German H.
betae population shows a genetic relationship to
the H. schachtii populations from Western Europe.

ITS results. Our sequence analysis of ITS
rDNA clone variants revealed very high levels of
intraspecific variation of the ITS-rDNA sequence
(up to 2.54%), while in previous studies this value
did not exceed 1.6-1.8% (Subbotin et al.; 2000b;
Tanha Maafi et al., 2003; Madani et al., 2004).
These observations confirm again the complexity
and heterogeneity of ITS for H. schachtii (Amiri et
al., 2002). Although ITS repeat units are usually
considered to be rapidly homogenized by
concerted evolution, the occurrence of intra-
specific and intra-individual ITS polymorphisms
has also been reported for Caenorhabditis (Butlter
et al., 1981), Meloidogyne (Zijlstra et al., 1995; van
der Beek et al., 1998), Globodera and Heterodera
spp. (Szalanski et al, 1997; Blok et al., 1998;
Subbotin et al., 2000b).

Moreover, when two ITS clone variants were
sequenced from the same population these
sequences did not cluster together in BI and MP
trees in most cases, demonstrating a very high level
of ITS wvariation at intraspecific  and
intrapopulation level.  Apparently, concerted
evolution has not homogenized all rDNA variants
within these populations. It is possible that the
analysed populations of H. schachtii are constituted
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of a mixture of individuals with very divergent ITS
regions. However, if this kind of divergent
individuals would be present in a population, the
outcrossing nature of H. schachtii would lead to
hybridizations between them, and subsequently
result in homogenization of the variants by
concerted evolution. Therefore, the fact that high
intrapopulation variation was observed in most of
the analysed populations makes the hypothesis of
mixed populations very unlikely.

A more likely explanation for the observed ITS
clone variants might be the presence of several
major TDNA gene loci in the genome of H.
schachtii. Since it has been demonstrated that
intrachromosomal homogenization is faster than
interchromosomal recombination (Liao, 1999;
Parkin & Butlin, 2004), the process of concerted
evolution might not have had enough time to
homogenize rDNA sequences across different loci.
Additional studies are needed to find out the
arrangement of ITS diversity and the evolutionary
forces acting on it in the Heterodera genome.

ITS clone variants from populations from
Western Europe, Africa and Australia are scattered
throughout the cladogram. Apparently, our ITS-
rDNA dataset does not group isolates according to
their geographical origin or taxonomic grouping.

Comparison between AFLP and ITS data and
general conclusions. A high level of variability in
ITS sequence at the intraspecific and intra-
population level has been observed in this and
previous studies. From the results of this study it is
clear that the AFLP fingerprinting method, which
covers multiple loci across the genome, provides a
higher resolution of clustering between the
analysed populations of H. schachtii at large scale,
in comparison with the ITS data.

Based on the AFLP data we can conclude that
H. schachtii shows some degree of differentiation
at large scale (Europe vs Australia and Africa).
However, at local scale a very high level of
variability and gene flow within and between
populations was observed.

Based on the close relationship between H.
schachtii and H. betae demonstrated by both
genetic analyses used in this study, two hypotheses
can be postulated regarding the origin of H. betae.
The first one is the possibility that H. betae
represents a polyploid parthenogenetic form that
has evolved from autopolyploidization of the
diploid, amphimictic H. schachtii or another very
closely related species. This hypothesis was
proposed before by Triantaphyllou & Hirschmann
(1964) to explain the origin of the clover cyst
nematode H. trifolii and other polyploid species

from the Schachtii group. The second hypothesis is
that the polyploid H. betae originated from
interspecific  hybridization of two diploid,
amphimictic  species, i.e. allopolyploidization
(Subbotin et al, unpublished). In this case H.
schachtii is suggested as one of the parent species.
These two hypotheses suggesting that H. betae
were formed by a polyploidization and/or an
ancient hybridization event should be investigated
by more detailed analyses of the ITS-rDNA,
including more ITS variant copies from other
species and populations of cyst forming nematodes
of the Schachtii group. In addition, the analysis of
genetic markers with a codominant nature is highly
recommended to elucidate the origin of H. betae.
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Madani M., Kyndt T., Colpaert N., Subbotin S.A., Gheysen G., Moens M. IMomumopduzm
NoMyNALUMA CBEKIOBUYHOM LucTOOOpasytowelt Hematonsl Heterodera schachtii no pesynbsratam
AFLP u renetnueckoro aHanu3sa nocieposareibHocteit ITS-rDNA.

Pestome.  Meton AFLP (BbisBnenve nonumopdusMa B [auHaX aMMIM(HIHMPOBAHHBIX
¢parmenToB) M aHanu3 mnociemoBatenbHocTel ITS-yyacTka GbIIH  MCHONB30OBaHBI I
CPaBHUTENLHOTIO U3YyUeHHs nonynsauuil Heterodera schachtii u3 3ananHoit EBponsi, ABCTpanuu 1
Adpuxn, a Taxxe nonynsuuit H. betae w3 Tepmanuu u H. glycines w3 CIA. Pesynbratst AFLP
TOKa3ajii BBICOKHH YpPOBEHb I€HETHYECKOTO pa3sHo0Opa3us B npenenax Buaa H. schachtii. B
3anagHoit EBporie He ObLIO OTMEYEHO TpYNNHUPOBOK MOMYJALMH, COOTBETCTBYIOIIMX HX
reorpaMueckoMy MPOUCXOXKAEHHIO, HYTO MOXHO pacCMaTpUBaeTCs KaK CBHUAETENLCTBO
aKTHBHOTO PacNpOCTPaHeHUs 3TOM HEMaTOABl B JAHHOM perxoHe. B To e Bpems, pe3yabTaThl
AFLP nokaselBalOT, 4TO OMNpeJeNeHHble Pa3IUuhsi CyLIECTBYIOT MEXIy MOMyaauusMu H.
schachtii w3 Esponsl, Asctpanuu u Adpuku. Xots naHusle AFLP aHanu3a nokasand HEKOTOpoe
paspelieHHe B pasrpaHW4eHUd MOMyJIAUMHA H. schachtii U3 pasnuuHBIX reorpadM4ecKux
PEroHOB, pe3ynbTaThl F€HETUYECKOTO aHanu3a nocienoBatenbHocTel ITS rDNA He BbIABASIOT
Kakux-nnb6o  reorpaduueckMX  MIAM  TAKCOHOMHUYECKMX  TIpYNNUpoBok.  OueBHAHAas
¢unorenetnueckas 6auzocts H. schachtii u H. betae oGHapyxeHa Npu UCTIONBL30BAHMHM KaXIOr0
13 UCTIOJIb30BaHHBIX METOIOB.
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