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Abstract

The most frequently used antimitotic agent in cytogenetic studies is colchicine. We investigated whether the initial
treatment of trematodes for karyological analysis with colchicine would have mutagenic or degradational effect on
rDNA sequences.Dreissena polymorpha is the intermediate host ofPhyllodistomum folium and Bucephalus
polymorphus, and the sporocyst stage of these trematode species develop, respectively, in the gills and gonads of this
mussel. Sporocysts ofP. folium andB. polymorphus were obtained fromD. polymorpha collected from waterbodies
in Belarus and in Lithuania. 5.8S and 28S rDNA genes, ITS1 and ITS2 ofP. folium and B. polymorphus were
sequenced and compared, and no nucleotide sequence differences between colchicine treated and untreated trematodes
were found. Based on these results, we conclude that colchicine treatment for 3–5 h has no mutagenic or degradational
effect on rDNA sequences. During the course of this investigation, two genetically differentP. folium samples were
noted in Belarus.
� 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Colchicine; ITS1; ITS2; Ribosomal RNA gene; 5.8S; 28S;Phyllodistomum folium; Bucephalus polymorphus; Dreissena
polymorpha

Abbreviations: PCR, polymerase chain reaction; ITS, internal transcribed spacer; CTAB-DMSO, 1.5% cetyltrimethylammonium
bromide and 20% dimethyl sulfoxide in deionized water.

� Note: Nucleotide sequence data reported in this paper are available in the GenBank databases under the accession numbers
AF533015, AY281127, AY278565, AY281128, AY282496, AY282497, AY288822–AY288832, AY289238–AY289248.
*Corresponding author. Tel.:q370-5-2729595; fax:q370-5-2729257.
E-mail addresses: stunzen@ekoi.lt(V. Stunzenas), jcryan@mail.nysed.gov(J.R. Cryan),˙ˇ

dmolloy@mail.nysed.gov(D.P. Molloy).



224 V. Stunzenas et al. / Parasitology International 53 (2004) 223–228˙ˇ

In recent years, molecular systematic studies
combining DNA nucleotide sequences with kar-
yological data have been published in increasing
numbersw1–4x. This paper examines whether both
types of data can be obtained from the same
specimen. In particular, we investigated whether
the initial treatment of trematodes for karyological
analysis with an anti-mitotic agent would have
mutagenic or degradational effect on rDNA
sequences.
Ribosomal DNA genes and ITS sequences,

which are localized between ribosomal genes are
widely used on all trematode taxonomic levels
because they consist of regions displaying different
degrees of variability. Karyotype, in general, is the
complete set of chromosomes of a cell in meta-
phase. During metaphase, the chromosomes are
well condensed and aligned on the metaphase
plate, making it an ideal time to examine the
chromosomes in a cytological preparation that
flattens the nuclei. The arresting of cell division
in metaphase by an antimitotic agent is a unique
feature of chromosome plate preparations. The
most frequently used antimitotic agent in cytoge-
netic studies is colchicine, an alkaloid isolated
from Autumn crocus(Colchicum autumnale). This
compound suppresses microtubule assembly by
binding to the tubulin heterodimer(but not to
tubulin), resulting in the cessation of mitosis at
metaphase. Colchicine is also widely used as a
medication for treatment of various diseases,
including several kinds of cancerw5,6x. Despite
the prevalence of colchicine usage, no information
is available regarding the possible mutagenic or
degradational impact of colchicine on DNA nucle-
otide sequence.
A project to characterize trematode parasites of

zebra mussels,Dreissena polymorpha, by cytoge-
netic and molecular methods provided an oppor-
tunity to compare ribosomal DNA sequences of
trematodes such asPhyllodistomum folium and
Bucephalus polymorphus from colchicine-treated
and untreated mussel tissue. Digenetic trematodes
are among the most common and abundant of the
helminth parasites. The adults are parasitic in all
classes of vertebrates, especially fish. Their devel-
opment requires at least two hosts.D. polymorpha
is the intermediate host ofP. folium andB. poly-

morphus, and the sporocyst stage of these trema-
tode species develop, respectively, in the gills and
gonads of this mussel. Trematode sporocysts are
essentially germinal sacs containing germinal cells,
which have descended from original ovum. Spo-
rocysts of P. folium and B. polymorphus were
obtained from D. polymorpha collected from
waterbodies in Belarus(autumn 2000) and in
Lithuania(summer 2001) (Table 1).
In each of the Belarussian samples, half of the

mussels collected were immediately dissected to
identify individuals infected with eitherP. folium
or B. polymorphus. Pieces of sporocyst-infected
tissue were removed from these infected individ-
uals, fixed in CTAB-DMSO(1.5% cetyltrimethy-
lammonium bromide and 20% dimethyl sulfoxide
in deionized water), and stored at room tempera-
ture. Following standard karyological procedures,
the other mussels in each sample were held in
0.005% colchicine in well water for 3–5 h at room
temperature, dissected, and sporocyst-infected tis-
sue then fixed in CTAB-DMSO and stored at room
temperature. The mussel samples collected in Lith-
uania (Table 1) were dissected and, in contrast,
sporocyst-infected tissues were fixed in 70% eth-
anol and stored in a freezer(y20 8C).
In July 2002, genomic nucleic acids of the

sporocysts were extracted using either DNAyRNA
Isolation Kits (Amersham Life Sciences, Inc.,
Cleveland, OH) or FastDNA extraction kits(Qbio-
gene Inc., Carlsbad, CA) and were stored at
y80 8C in purified water. In this study we used
oligonucleotide primers for ITS1, ITS2 and 28S
DNA sequences, which are popular for phyloge-
netic analysis. Main parts of DNA sequences were
amplified with published primers. To amplify the
59 end of the 28S gene: Digl2(AAGCATATCAC-
TAAGCGG), forward direction w7x; L0 (GCT-
ATCCTGAG(AG)GAAACTTCG), reversew7x. To
amplify the ITS1, 5.8S and ITS2 regions: L5
(TTCACTCGCCATTACT), reverse directionw8x;
GA1 (AGAACATCGACATCTTGAAC), forward
w9x; its5Trem (GGAAGTAAAAGTCGTAACAA-
GG), forward w10x; its4Trem (TCCTCCGCTTA-
TTGATATGC), reversew10x. Additionally, newly
designed primers were used to check and cover
flaws in DNA sequences, which were got with
published primers(Fig. 1). To amplify ribosomal
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Table 1
Samples ofP. folium andB. polymorphus from which DNA was analyzed

Trema-todea �b Waterbody Sampling date GenBank accession number
sampledc (dd-mm-yy) Pairs of primers used to get sequences

Colchicine treatedd
ITS1-ITS2 28S

P 1 Lukomskoe 13-10-00 AY281127 AY278565
Lake y its5Trem-its4Trem, Digl2-L0,

L5-GA1 Digl2-PhyllintR,
PhyllintF-L0,

P 2 Lukomskoe 13-10-00 AY281128
Lake y Digl2-L0,

Digl2-PhyllintR,
Digl2-HELintR,

P 3 Lepelskoe 9-11-00 AY288822 AY282497
Lake y its5Trem-its4Trem Digl2-L0,

PhyllintF-L0
P 4 Lepelskoe 9-11-00 AY282496

Lake y Digl2-L0,
Digl2-PhyllintR,
PhyllintF-L0,

P 5 Lepelskoe 13-11-00 AY288831 AY288823
Lake y its5Trem-its4Trem, Digl2-L0,

L5-GA1 Digl2-PhyllintR,
PhyllintF-L0

P 6 Lepelskoe 13-11-00 AY288832 AY288824
Lake y its5Trem-its4Trem, Digl2-L0

L5-GA1
P 7 Lukomskoe 12-10-00 AY288825

Lake q Digl2-L0,
Digl2-PhyllintR,
PhyllintF-L0

P 8 Lukomskoe 12-10-00 AY288826
Lake q Digl2-L0,

Digl2-PhyllintR,
PhyllintF-L0,
Digl2-HELintR

P 9 Lukomskoe 12-10-00 872yAF533015 AF533015
Lake q its5Trem-its4Trem, Digl2-L0,

L5-GA1 Digl2-PhyllintR,
PhyllintF-L0,
HELintF-L0

P 10 Lepelskoe 14-11-00 AY288827
Lake q Digl2-L0,

Digl2-PhyllintR,
P 11 Lepelskoe 14-11-00 AY288828

Lake q Digl2-L0,
Digl2-PhyllintR,
PhyllintF-L0,
Digl2-HELintR,
HELintF-L0

P 12d Elektrenai 15-06-01 AY288829
Reservoir y Digl2-L0,

Digl2-PhyllintR,
PhyllintF-L0

P 13d Elektrenai 26-08-01 AY288830
Reservoir Digl2-L0
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Table 1(Continued)

Trema-todea �b Waterbody Sampling date GenBank accession number
sampledc (dd-mm-yy) Pairs of primers used to get sequences

Colchicine treatedd
ITS1-ITS2 28S

B 1B Lukomskoe 13-10-00 AY289246
Lake y Digl2-L0

B 2B Lukomskoe 13-10-00 AY289240 AY289248
Lake y its5Trem-its4Trem, Digl2-L0, BucintF-L0

L5-GA1 Digl2-HELintR
HELintF-L0

B 3B Lepelskoe 13-11-00 AY289238 AY289238
Lake y its5Trem-its4Trem, Digl2-L0,

L5-GA1 Digl2-BucintR,
HELintF-L0

B 4B Lepelskoe 13-11-00 AY289239 AY289242
Lake – its5Trem-its4Trem, Digl2-L0, Digl2-

L5-GA1 BucintR, BucintF-L0
B 5B Lepelskoe 13-11-00 AY289245

Lake y Digl2-L0,
Digl2-BucintR,
BucintF-L0

B 6B Lepelskoe 10-11-00 AY289244
Lake q Digl2-L0, BucintF-

L0, Digl2-
HELintR,
HELintF-L0

B 7B Lepelskoe 14-11-00 AY289241 AY289243
Lake q its5Trem-its4Trem, Digl2-L0, Digl2-

L5-GA1 BucintR, BucintF-L0
B 8B Lepelskoe 14-11-00 AY289247

Lake q Digl2-L0, Digl2-
BucintR, BucintF-
L0, Digl2-
HELintR,
HELintF-L0

PsPhyllodistomum folium; BsBucephalus polymorphus.a

�sthe number of a sample.b

Lukomskoe Lake and Lepelskoe Lake are located ca. 120 km northeast of Minsk, Belarus; Elektrenai Reservoir is located 50c

km west of Vilnius, Lithuania.
Samples from Elektrenai Reservoir were fixed in 70% ethanol; all other samples were fixed in CTAB-DMSO(1.5% cetyltri-d

methylammonium bromide and 20% dimethyl sulfoxide in deionized water).

DNA fragments localized at the 59 end of 28S
gene: PhyllintF (TGCGCCTCGGTTGTTTAT),
forward direction; PhyllintR(ATAAACAACCGA-
GGCGCA), reverse; BucintF(TTGCCAGTGC-
ACTTTCTC), forward; BucintR(GAGAAAGTG-
CACTGGCAA), reverse; HELintF(AGTAACA-
TGTGCGCGAGT), forward; HELintR (ACTCG-
CGCACATGTTACT), reverse.
DNA fragments were amplified via standard

polymerase chain reaction(PCR) using Taq DNA

polymerase(PE Applied Biosystems, Foster City,
CA) under the following conditions: 36 cycles of
94 8C, 30 s; 538C, 1 min; 728C, 2 min. All PCR
reactions included negative controls to detect pos-
sible contamination. Double-stranded PCR prod-
ucts were visualized on 1–2% agarose gels,
purified using Geneclean III DNA Purification Kits
(Bio101, Vista, CA), directly sequenced with Big
Dye Version 3 Cycle Sequencing Ready Reaction
with AmpliTaqFS DNA Polymerase(PE Applied
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Fig. 1. rDNA primers localization and direction.

Biosystems, Foster City, CA), and fractionated by
polymer capillary electrophoresis on either a Prism
3700 DNA Analyzer or a Prism 3100 Genetic
Analyzer (PD Applied Biosystems, Foster City,
CA).
Sequence confirmation was accomplished by

comparing complimentary DNA strands. Editing
of nucleotide sequences, contig assembly, and
manual alignment of consensus sequences were
performed using the software program Sequencher
4.0.5(Gene Codes Corp., Ann Arbor, MI) for PC.
Complete nucleotide sequences are available in
GenBank under accession numbers listed in Table
1.
Ribosomal DNA of thirteen samples ofP. folium

and eight samples ofB. polymorphus were
sequenced(Table 1). Of these, five samples ofP.
folium and three samples ofB. polymorphus were
previously treated with colchicine. Despite differ-
ences in storage conditions, sampling dates, and
localities (Table 1), we found no nucleotide
sequence differences between colchicine-treated
and untreated samples: the treated and untreated
samples from Elektrenai Reservoir, Lukomskoe,
and Lepelskoe lakes had identical 28S and ITS1-
ITS2 sequences.
We found two genetically differentP. folium

samples in Lepelskoe Lake. rDNA nucleotide
sequences from the�11 (colchicine treated, only
28S), �5, and�6 (no colchicine treatment) sam-
ples were identical, but these sequences differed

from the otherP. folium samples(i.e.�1–4,�7–
10, �12–13), which were invariant among them-
selves. For ease of reference, we call this latter
collection of samples ‘Group 1.’ Longest, full
overlapping sequences from each group were used
for detailed comparison. The ITS1 fragment(458
nucleotides) of sample�5 was longer by five
nucleotides than the�9 sequence shared among
Group 1 samples, and had 10 variable nucleotide
sites when compared to�9 (longest Group 1)
sequence. The 5.8S gene was invariant throughout
all P. folium samples. The ITS2 fragment(240
nucleotides) of sample�5 had 3 nucleotide site
differences as compared to�9 (Group 1)
sequence. The 28S fragment(1288 nucleotides)
of sample�11 had seven nucleotide site differ-
ences as compared to�9,�12 (Group 1) sequenc-
es, and apparently had one insertion and one
deletion as compared to�9, �12 (Group 1)
sequences.
Based on these results, we conclude that colchi-

cine treatment for 3–5 h has no mutagenic or
degradational effect on rDNA sequences. Thus, it
appears that a tissue sample prepared for karyo-
logical analysis using colchicine treatment can be
used for rDNA sequencing via PCR. This conclu-
sion is of considerable importance since it means
that both karyological and molecular data can be
derived from the same specimen. In addition, our
data suggest that the effectiveness of CTAB-
DMSO as an rDNA fixative does not depend on
cold-temperature storage since samples stored
without refrigeration for over one year had the
same nucleotide sequences as samples fixed in
ethanol and held aty70 8C.
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