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The presence of Paramecium decaurelia from the Paramecium aurelia species complex was
demonstrated in Yaroslavl, Russia, (European part, northwestern Russia) and in the Altai
Mts (Asiatic part of Russia, western Siberia). RAPD-PCR fingerprints of the newly identified
strains of P. decaurelia, rare throughout the world, were compared to those characteristic for
the other known strains ofthe species. P. decaurelia strains show some polymorphism within
species, strains from Russia have 60% similarity of band patterns, and strains from USA and

Japan about 70% similarity of band patterns.
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Among 15 species of the Paramecium aurelia
complex known world-wide (SONNEBORN 1975;
AUFDERHEIDE et al. 1983), P. primaurelia, P. bi-
aurelia, P. tetraurelia, and P. sexaurelia are cos-
mopolitan, while the occurrence of some other spe-
cies seems to be limited to certain temperature
zones, environments or even special habitats (cf
PRZYBOS 2005). P. decaurelia had been known
only from Florida, USA (SONNEBORN 1975), and
was later also recorded in Japan (PRZYBOS &
NAKAOKA 2002; PRZYBOS et al. 2003a).

In the European part of Russia, P. primaurelia,
P. biaurelia and P. novaurelia have been recorded
in Moscow and in St. Petersburg or their vicinity
(KOMALA & DUBIS 1966; PRZYBOS & FOKIN
1996; PRZYBOS et al. 2006a), P. triaurelia, to-
gether with P. novaurelia in the Volga River (As-
trakhan Nature Reserve) (cf KOSCIUSZKO 1985),
and P. triaurelia with P. primaurelia in Kalinin-
grad (PRZYBOS et al. 2006a), P. pentaurelia in the
Belgorod region (FOKIN & OSSIPOV 1986), and P.
novaurelia in Vladimir (PRZYBOS et al. 2006a).

The Lower Volga Basin turned out to be very
rich in species of the P. aurelia complex, as the
presence of P. primaurelia, P. biaurelia, P. triau-
relia, P. pentaurelia, P. sexaurelia, P. septaure-
lia, and P. novaurelia has been revealed there
(PRZYBOS et al. 2004, 2005a). Among these spe-
cies, P. septaurelia was found for the first time in
Europe, known before only from the USA, and
also P. pentaurelia and P. sexaurelia, rare species
in Europe, were found to be frequent there. P. fe-
traurelia and P. pentaurelia were recorded in the
Eastern part of the Black Sea coast (PRZYBOS et al.
2007b).

In the Asiatic part of Russia in Western Siberia,
recently, the presence of P. primaurelia was re-
corded in Omsk, P. biaurelia in Krasnoyarsk and
in the Altai Mountains, P. triaurelia in Kras-
noyarsk, and P. pentaurelia in Novosibirsk, Altai
Foreland, and Altai Mountains (POTEKHIN ef al.
2006). Some sampling was also carried out earlier
in several sites in eastern Siberia and demonstrated
the presence of P. primaurelia in the Kamchatka
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peninsula (DAGGETT 1978), P. biaurelia on Sak-
halin Island (PREER et al. 1974), in Nahodka (KOS-
CIUSZKO 1985), and in Irkutsk (PRZYBOS & FOKIN
1996).

This paper presents new stands of P. decaure-
lia, globally a very rare species, and recorded for
the first time in Russia. One of these stands is situ-
ated in the European part of Russia in Yaroslavl in
the Volga River in northwestern Russia, and the
second in the Asiatic part of Russia, western Sibe-
ria in Altai Mts. The molecular (RAPD-PCR fin-
gerprints —random amplified polymorphic DNA —
polymerase chain reaction) characteristics of known
P. decaurelia strains is also presented.

Material and Methods

Material

The water samples (15-30 ml each) with plank-
ton were collected in several sites in the Yaroslavl
district (European part of Russia) and in a small
lake in the Altai Mountains (Asiatic part of Russia),
these regions are separated by more than 3000 km.

In the Yaroslavl district, one sample was collected
near Uglich, another three in different sites in the
vicinity of Borok (100-120 km apart) from small
rivers and a pond, one of the rivers was polluted by
a milk farm discharging a high amount of organic
substances to the water.The collecting sites are
presented in Table 1.
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Water temperature as well as ambient tempera-
ture were about 20°C.

Methods

1. Culture, identification, and strain crosses.
Culture and identification of paramecia (Table 1)
were performed according to SONNEBORN (1950,
1970). Paramecia were cultivated on a lettuce me-
dium inoculated with Enterobacter aerogenes.
P. decaurelia was identified by mating the investi-
gated strains with the mating types of standard
strain (223) of the species. The following species
ofthe P. aurelia complex were used during testing:

P. primaurelia, strain 90 from Pennsylvania, USA
P. biaurelia, strain Rieff from Scotland

P. triaurelia, strain 324 from Florida, USA

P. tetraurelia, strain from Sydney, Australia
P. pentaurelia, strain 87 from Pennsylvania, USA
P. sexaurelia, strain 159 from Puerto Rico

P. septaurelia, strain 38 from Florida, USA

P. novaurelia, strain 510 from Scotland

P. decaurelia, strain 223 from Florida, USA

P. dodecaurelia, strain 246 from southem state, USA.

In the intra and inter-strain crosses, the F1 gen-
eration was obtained by conjugation and F2 by
autogamy (using the method of daily isolation
lines). The occurrence of the desired stage of
autogamy (specimens at the stage of two macro-
nuclear anlagen) was examined on preparations
stained with aceto-carmine. Survival of clones in

Table 1
Occurrence of Paramecium decaurelia in Russia
i Other
Geographical Sampling site Index of INumber of isolated strain Paramecium|Type of habitat
region sample X
Species
Uglich YEG65 YE65-8*, YE65-9,YE65-13 small river
Borok 1 YM93 YM93-21 small river
north-western Russia,
Yaroslavl district Borok 2 YDI127 YDI127-3, YD127-4 pond
(European part) YBI50 | YB150-1 P. bursaria | small river
Borok 3
~ pond polluted by
YBI151 YB151-1 milk farm
Altai Mts
South part of western | Lake at the foot of small mountain lake,
Siberia Babyrgon mountain GAl GAl-12, GAL-15* none 2000 m a.s.l.
(Asiatic part)

* strains analyzed by RAPD-PCR method.
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Table 2
List of strains of Paramecium decaurelia used in genetic studies
Strain designation Geographical origin References
223 (standard of the species) Florida, USA SONNEBORN 1974
IN Nara, Japan PRZYBOS et al. 2003a
RA (strain GA1-2) Russia, Altay Mts present paper
RY (strain YE65-8) Russia, Yaroslavl present paper
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Filg. 1. RAPD ﬁngerFrints of Paramecium decaurelia strains:

— Russia, Yaroslavl; 2 — Russia, Altay Mts; 3 — USA,
Florida (strain 223); 4 — Japan, Nara. M — pGEM narker.
Molecular weight of the marker DNA bands is given in bp.
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Fig. 2. Diagram presenting band patterns of the particular

strains (explanation as in Fig. 1.).
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Fig. 3. Dendrogram presenting similarity of band patterns of the studied strains.
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both generations was estimated. According to
CHEN (1956), the clones were regarded as surviv-
ing after passing 6-7 fissions during 72 hours after
separation of partners of conjugation or postauto-
gamous caryonids.

2. Molecular methods

RAPD-PCR fingerprint analysis of Paramecium
decaurelia strains (Table 2), carried out in general
as in STOECK and SCHMIDT (1998), is described in
PRZYBOS et al. 2003a. DNA was isolated from
strains using a QIAamp™ DNA Mini Kit (Qia-
gen™_ Germany). RAPD-PCR was performed
with primer Ro 460 04 (5-‘GCAGAGAAGG- 3’,
Roth, Karsruhe, Germany) using Taq polymerase
(Qiagen). The Ro 460-04 primer was selected
(STOECK & SCHMIDT 1998) after testing several
dozen oligonucleotide primers as the one giving
“robust band patterns” in the P. aurelia species
complex. It was also used in other studies carried
out on the P. aurelia species complex (STOECK et
al. 1998; 2000; PRZYBOS et al. 2005b,¢c, 2006a,
2007), on P. jenningsi strains (PRZYBOS et al.
1999, 2003a; SKOTARCZAK et al. 2004 a,b), and
on P. schewiakoffi (FOKIN et al. 2004).

The RAPD-PCR was done in a Biometra ther-
mocycler using the PCR conditions as described in
STOECK and SCHMIDT (1998). The products of
the PCR reactions were separated by electrophore-
sis on 1.8% agarose gels for 2.5 h at 85V together
with a molecular weight marker XIV™ (Roche™,
France), stained with ethidium bromide, and visual-
ized in UV light, using the program Scionimage™
(Scion Corporation™, USA). Three repetitions of
the PCR reaction were performed in order to assess
the reproducibility of the data.

Analysis of similarity was carried out by com-
paring the molecular mass of DNA band patterns
obtained by the RAPD method (the BiolD++™
program, Vilbert Lourmat, France) according to
the NETand L1 (1979) similarity coefficient. Den-
drograms were produced using the UPGMA (un-
weighted pair group match average) algorithm.

Results and Discussion

The presence of P. decaurelia of the P. aurelia
complex was demonstrated at different sites in the
Yaroslavl district and also in the Altai Mts (Table 1)
on the basis of strong conjugation between the
studied and the standard strains of the species. A
high percentage of surviving hybrid clones was
observed in both generations of inter-strain
crosses from the Yaroslavl region (100% in F1
and 94% in F2) and strains from Altai (100% in F1
and 98% in F2) with the standard strain (223) of P.
decaurelia. P. decaurelia was found for the first
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time on the territory of Russia, it had been known
before only from the USA (SONNEBORN 1975) and
later was also recorded in Japan (PRZYBOS &
NAKAOKA 2002; PRZYBOS et al. 2003a). It was
shown that the species has a wider distribution
than previously thought and that strains originat-
ing from remote regions are genetically differenti-
ated.

In the same collecting site (lake at the foot of Ba-
byrgon mountain) in the Altai Mts in which P. de-
caurelia (sample GA1, strains GA1-12, GA1-15)
was recorded at present, P. pentaurelia (sample
GA1) was identified previously (POTEKHIN ef al.
2006), showing that these two species can exist in
the same population. In the Altai Mts P. biaurelia
(POTEKHIN ef al. 2006) was also recorded, but in
two different habitats, i.e. a stream in a farmyard
and a pond near the Katun river.

Fingerprints (band patterns) of P. decaurelia strains
from Russia from the Altai and Yaroslavl regions
as well as the other known strains, i.e. from Japan
and the USA are presented in Figs 1-3. P. decau-
relia strains show some polymorphism within spe-
cies, strains from Russia have 60% similarity of
band patterns, and strains from USA and Japan
about 70% similarity of band patterns. The corre-
lation between the degree of polymorphism re-
vealed by RAPD analysis and degree of inbreeding
characteristic for the species, proposed by STOECK
et al. (1998) when P. triaurelia and P. sexaurelia
were studied, later found (STOECK et al. 2000)
when P. pentaurelia and P. novaurelia were inves-
tigated, and also when the remaining species of the
P. aurelia complex (PRZYBOS et al. 2007) were
analysed, was also confirmed at present. P. de-
caurelia seems to be a moderate inbreeder.

According to CORLISS (2002) “our far from
complete knowledge of protistan taxonomic and
phylogenetic interrelationships, as well as of their
ecology, physiology, biochemistry, and molecular
and evolutionary biology, hinders rapid progress
in better understanding of their multiple roles in
sustaining today’s biosphere”. This also pertains
to the problem of the occurrence and distribution
of ciliates.

The possibility of the existence of geographic
zones with temperature barriers limiting the occur-
rence of protists has been discussed in the scien-
tific literature, some scientists support, others
contradict it (cf. SONNEBORN 1975; FINLAY &
FENCHEL 1999; FOISSNER 1999; FINLAY 2004;
FOISSNER 2006). FOISSNER (2006) writes, “I sug-
gest historic events (split of Pangaea etc.), limited
cyst viability and, especially, time as major factors
for dispersal and provinciality of micro-organisms”
and “local distribution patterns must exist”. For
the Paramecium aurelia species, much is known
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of the well sampled regions (Europe, Northern
America) but knowledge is limited for Central
Asia, Southern America, and Africa (PRZYBOS &
FOKIN 2000; PRZYBOS 2005). However, we sug-
gest that species show a different frequency of oc-
currence in different regions (zones) and they may
also require different micro-niches. It is also worth
noting that cysts are unknown in Paramecium
(LANDIS 1988; FOISSNER 2006), so their dispersal
may be connected with aquatic insects, waterfowl,
migratory mammals, or human activities.

Recently, molecular methods have been used in
studies concerning ciliate biogeography, i.e.
PRZYBOS et al. (2003b) and DOHERTY et al.
(2006), they show a very complex picture of hap-
lotype distribution and gene flow.
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