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ABSTRACT. The chromosome variability of C. piger (Diptera, Chironomidae) is
studied after treatment with lead nitrate. The cytogenetic analysis revealed some
structural and functional changes in polytene chromosomes. The structural
aberrations – heterozygous inversions, deletions and deficiency, are somatic and
occurred very rarely. Their values are not significantly different compared to the
control. The genome of the phylogenetically older C. piger reacts to stress factor
mainly by alterations in the functional activity of chromosomes. In contrast, many
structural aberrations with high frequency are found in the phyligenetically younger
species C. riparius after lead treatment. It was confirmed that the chromosome
changes are species – specific and depend on the structural organization of the
genome. These changes could be used as a tool for assessment of genotoxicity in
aquatic ecosystems. It was hypothesized that C. piger genome is more stable to stress
compared to some other chironomid species.
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INTRODUCTION
Many studies have shown that lead ions have harmful and toxic effects on different
organisms. Pb ions damage chromosome structure and induce an increase in
chromosome aberrations in mammalian species (Paton, 1973; Tachi & Nashime,
1975; Dhir et al. 1990; Hartwig et al. 1990). Some chromosome changes -
aberrations, destroyed conjugation, are found in Diptera species from genus
Anopheles and Drosophila (Sharma et al. 1988; Winder & Bonin, 1993). Experiments
show that Pb causes different alterations in polytene chromosome structure and
function in model chironomid species (Michailova & Belcheva, 1990; Michailova et
al. 2002; Belonogova & Belyanina, 2001). It was found a dose-dependent association
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between the incidence of active puffs and lead concentrations (Michailova et al.
2002), along with a lot of somatic structural aberrations (Michailova et al. 2001b).
These authors discuss the idea that genotoxicity of lead and the morphofunctional
characteristics of chromosomes could serve as a criterion for toxicity of various stress
factors in biotopes.
The aim of this study is to establish the sensitivity of C. piger genome to lead ions
influence.

MATERIAL AND METHODS
The experiment was carried out in laboratory conditions (Michailova, 1985):
photoperiod 16h light and 8h dark, 18-20oC temperature and constant aeration. The
fertilized egg mass was exposed to 151 mg/l Pb(NO3)2 stock solution (Merck,
Germany). The control was reared in dechlorinated water.
Four instar larvae were fixed in alcohol:acetic acid (3:1). Permanent polytene
chromosome preparations were made according to the aceto-orcein method
(Michailova, 1989).
Standard chromosome maps of C. piger (Hagele, 1970; Kiknadze et al. 1991) were
used for species differentiation and cytotagenetical analysis. The number of studied
cells and specimens are shown in table 1. The frequency of the chromosome
aberrations is calculated as a percentage of the total number of cells. The functional
activity of Nucleolar organizer (NOR) and Balbiani rings (BRs) was measured by the
degree of puffing: high activity (++), intermediate or low (+) and no activity (-)
(Beermann, 1971). The results concerning the levels of NOR and BRs activity were
analyzed by Student’s t-test (P<0,05). The results of decondenzation and asynapsis
were analyzed by G-test.
Chemical analysis of larvae tissue was made for detecting accumulation of lead ions
in the body after treatment.

RESULTS
1.1. Cytotaxonomical characteristics of control polytene chromosomes:
C. piger Srtenzke belongs to „thummi“ complex with a chromosome arm
combination AB (I), CD (II), EF (III), G (IV). It has a chromosome set 2n=8 and
good band chromosomes structure. In chromosome G are localized three Balbiani
rings (BRa, BRb, BRc) and a Nucleolar organizer (NOR).
The individuals from the control did not differ cytogenetically from the standard
karyotype (Keyl & Strenzke, 1956; Keyl, 1962, Kiknadze et al. 1991). After analysis
some structural alterations were found but with a very low frequency – pericentric
heterozygous inversions in AB centromere regions (2 %) and a heterozygous
inversion in arm C (B3-B5), which affected one cell only. Deletions of BRc in
chromosome G were detected (1,07%). Besides the structural aberrations, changes in
chromosome function were established more frequently. Arms A, D, F and G
participated in ectopic contacts very rare (0,33 - 0,67 %). Most often we found
asynapsis in arm G (47,33 %) and in AB centromere region (14,33 %). Their
frequencies are significant compared to the treated material (P<0,05). Asynapsis in
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arms A, B, C, F and EF centromere region also occurred with a very low frequency.
It was found also decondenzation of telomere regions in all chromosomes. Highest
frequency of telomere decondenzation was detected in arm D (22,67 %), arm C
(18,33 %) and arm A (11,33 %).
In respect to BRs and NOR activity, different states and changes in their normal
activity were observed. Most often BRc/BRb occurred in +/- state (46,24 %),
followed by ++/- (21,9 %) and -/- (19, 42%) (Fig.1a). The state of low activity of
NOR (+/+) prevailed (60,08 %) but NOR also appeared in high activity. Cases of not
active NOR were also registered (Fig. 1b).

1.2. Cytotaxonomical characteristics of polytene chromosomes of treated material:
The cytogenetic analysis of polytene chromosomes after treatment showed some
changes in chromosome structure and function. The structural aberrations found are
somatic heterozygous inversion in arm E, deficiency in G chromosome, deletions of
bands in section A of G chromosome and deletions of either BRc or both BRc and
BRb.  The deletions of BRc occurred in heterozygous state (1,24 %) as well as in
homozygous state (2,48 %). As a result of BRc/b deletions we found an active
chromosome G, so called “pompon” -like chromosome but in one cell only.
Statistical analysis of structural aberrations did not show any significant differences
between treated material and control.
The changes in chromosome function are more frequently. They included
decondenzation of telomere regions, asynapsis, ectopic contacts and changes of BRs
and NOR activity. All chromosomes participated in ectopic contacts (0,5 % - 1,73
%). Most often asynapsis affected chromosome G (20,05 %) and arm E (11,14 %).
The values of decondenzation of arm D (32,18 %), arm A (27,72 %) and arm C
(12,62 %) were the highest. The frequency of arm A decondenzation differs
significantly compared to the control (G=8,65, P<0,01).
Different levels of BRs and NOR activity were observed. Most frequently (49,93 %)
occurred +/- state of BRc/BRb when BRc is low active and BRb has no activity. It
was significantly different compared to the other states in treated material (P<0.05)
(Fig. 1a). BRc/BRb were observed also in completely suppressed state -/- (22 %).
The high activity of NOR was suppressed and more frequently it appeared in low
active state +/+ (67,41 %) but it was observed also in heterozygous state and without
any activity (Fig. 1b). The level of high activity occurred only in 15,7 %. The state of
low activity is significantly higher compared to the other six states (Fig. 1b). The
heterozygous state +/- showed significant difference between the control and the
treated material (P<0.05).
It was not found any accumulation of Pb ions in larvae tissue (0,05 mg/g).

DISCUSSION
The results of our experiments show that Pb influences mostly the functional activity
of C. piger genome. Decondezation and asynapsis in all chromosomes were found.
However, the differences in the frequencies of these changes between the control and
the treated material were almost minimal. Significantly higher compared to control
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are the frequencies of low activity of BRc/BRb and the heterozygous state of NOR as
well as the value of the decondenzation of arm A telomere.  Despite of the observed
changes in control, the total value of the normal high activity of BRc is higher (26,93
%) compared to the treated material (12,71 %). Similar is the case of high activity of
NOR in the control.
The structures like BRs and NOR are very sensitive to stress factors (Diez et al. 1990;
Michailova et al. 1998). In treated material the high activity of BRs and NOR was
suppressed and the frequencies of states +/- of BRc/BRb and +/+ of NOR are
significantly higher compared to the other levels. Suppression of high activity of
Balbiani rings and Nucleolar organizer is found in some chironomid species after
stress in laboratory experiments and as well as in natural populations living in
anthropogenically polluted regions (Aziz et al. 1991; Todorova et al. 2000;
Michailova et al. 2001; Michailova et al. 2003). The reduction of their high activity is
a result of the production of heat shock proteins, which suppress RNA synthesis
(Aziz et al. 1991). These proteins support survival and adaptation of the individuals
in extreme conditions (Michailova, 2002). Increasing of metalothionein proteins
synthesis is possible too. These proteins are able to bind with the metals in the tissue
and could detoxicate their effects (Roesijadi, 1992). This may explain the lack of Pb
ions accumulation in C. piger tissue (0,05 mg/g). The Chironomids are very tolerant
to heavy metals (Wetsel et al. 1978) and a mechanism for regulation and excretion of
the metal from the body may exist.
The frequency of the observed deletions of BRs after treatment is higher (7,44 %)
than in the control (1,07 %). The lead ions cause appearance of a “pompon”-like
chromosome G, as described as Michailova et al. (1996). “Pompon” is found in C.
riparius as a result of Pb and Cr exposures (Michailova et al. 2001a,b) and in natural
population in anthropogenic polluted regions (Michailova et al. 1996: Todorova,
2000) and could serve as a cytogenetic biomarker for heavy metal pollution
(Michailova et al. 1998).
The chromosome G is the most unstable in regard to various impacts but in C. piger it
is not so well expressed as is in the phylogenetically younger species C. riparius. In
C. riparius after lead exposure many somatic structural aberrations in the
chromosomes along with functional changes are found (Michailova et al. 2001b).
Similar results are observed in other sibling species – Gl. salinus and Gl. barbipes
(Michailova et al. 2002; Michailova, Belcheva, 1990). Gl. barbipes is
phylogenetically younger and reacts to lead influence through different structural
aberrations (Michailova, Belcheva, 1990). In contrast, in Gl. salinus, which is older,
various functional changes in the chromosomes are detected mostly (Michailova et al.
2002). The phylogenetically old species Gl. pallens mobilizes its genome to stress
mostly by functional alterations (Todorova et al. 2000). The chromosome changes
concerning the function or both chromosome structure and function are species-
specific reactions depending on the structural organization of the genome
(Michailova et al. 2002).
The significant differences in the observed changes between the control and treated
material are almost absent, so we could conclude that C. piger genome is more stable
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to such an influence. On the other hand, functional changes are found and we could
say that the chromosomes of the phylogenetically older species are more sensitive to
stress influence concerning their functional activity. However, more precise data
necessitate more experiments to be performed with this species.
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Fig.1a. Levels of activity of BRc/BRb in the C.piger polytene chromosomes.

* - Significant difference between control and treated material
V - Significant difference between +/- state of BRc/b and the others in treated material
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Fig.2. Frequency of decondenzation in telomere regions.
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Table 1. The number of studied individuals and cells
Number of individuals Number of cells

control 27 300
151 mg/l
Pb(NO3)2

33 404




