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Abstract:
The non-biting midges of genus Chironomus are well known biological indicator and
widely used test organism for water quality studies. The larvae of this most abundant
and widely distributed species of aquatic ecosystem are characterized by the presence
of giant polytene chromosomes with very good banding pattern. The karyological
characteristics of polytene chromosome have been used to show chromosomal
aberration under action of heavy metal pollutants like copper, cadmium, lead,
chromium, etc. Both structural and functional changes in response to heavy-metals have
been shown in polytene chromosomes of chironomid larvae of different species from
anthropogenically polluted water bodies and in laboratory cultures. Structural changes
in response to heavy metal involve numerous inversions, deletions, duplications,
deficiencies, centromeric breakages, telomere condensations/ de-condensations,
amplification of some polytene areas, desynapses, alteration in puffing pattern etc. In
some chironomid species it has been shown that the fourth chromosome has
transformed into so called pompon due to heavy metal toxicity. Functional changes due
to effect of heavy metal include higher or lower activity of puffs and Balbiani ring (BR)
system and changes in activity of Nuclear Organizer Region (NOR). All these responses
have shown to be species specific and dose dependent. It has been also shown that the
sites of chromosomal rearrangements are associated with certain chromosomal
breakpoints which are rich in repetitive DNA sequences. All these structural and
functional changes of polytene chromosome system could be used as a tool for
assessment of genotoxicity in aquatic ecosystems which can provide an early warning of
adverse long term effects of heavy metals on aquatic organisms.
Keywords: Chironomids, Polytene chromosome, Heavy metal, biomarker.
Introduction
Environment is defined as the totality of
circumstances surrounding an organism or
group
of
organisms’
specially,
the
combination of external physical conditions
that affect and influence the growth,
development and survival of organisms
(Farlex, 2005). It consists of the flora, fauna
and the abiotic factors, and includes the

aquatic, terrestrial and atmospheric habitats.
A pollutant is any substance in the
environment, which causes objectionable
effects, impairing the welfare of the
environment, reducing the quality of life and
may eventually cause death. Such a substance
has to be present in the environment beyond
a set or tolerance limit, which could be either
a desirable or acceptable limit. Hence,
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environmental pollution is the presence of a
pollutant in the environment which may be
poisonous or toxic and will cause harm to
living things in the polluted environment. The
term “heavy metals” refers to any metallic
element that has a relatively high density and
is toxic or poisonous even at low
concentration (Lenntech, 2004). “Heavy
metals” is a general collective term, which
applies to the group of metals and metalloids
with atomic density greater than 4 g/cm3, or 5
times or more, greater than water (Huton and
Symon, 1986). However, being a heavy metal
has little to do with density but concerns
chemical properties. Heavy metals include
lead (Pb), cadmium (Cd), zinc (Zn), mercury
(Hg), arsenic (As), silver (Ag) chromium (Cr),
copper (Cu) iron (Fe), and the platinum group
elements.
Some elements like iron, zinc, copper,
cobalt, chromium, nickel are needed in small
quantities for metabolism, but may be toxic at
higher levels. Others like lead, mercury,
cadmium, and arsenic etc. have no beneficial
role and are positively toxic. Effects of heavy
metals can be deleterious when they are
released in water either in high
concentrations for short periods, causing
acute toxicity, or in low concentrations but for
long periods, causing chronic toxicity and
leading to disorders in development, growth,
maturation, reproduction, hatching, which
not necessarily result in early death.
Environmental pollution from such
hazardous metals and minerals can arise from
natural as well as anthropogenic sources.
Natural sources are: seepage from rocks into
water, volcanic activity, forest fires etc.
Pollution also arises from partitioning of
polluting elements (which are concentrated in
clay minerals with high absorption capacities),
between sedimentary rocks and their
precursor sediments and water. With rapid
industrialization and consumerist life style,
anthropogenic sources of environmental

pollution have increased. The pollution occurs
both at the level of industrial production as
well as end use of the products and run-off.
These toxic elements enter the human body
mostly through food and water and to a lesser
extent through inhalation of polluted air, use
of cosmetics, drugs, poor quality herbal
formulations
particularly
herbo-mineral
preparations, and even items like toys which
have paints containing lead.
Heavy metal pollution: from global to local
The problem of heavy metal pollution is a
matter of serious concern on a local, regional
and global scale. There was a certain rate of
emission of heavy metals in to environment
by natural means like volcanic activity and
erosion. But the rate has been dramatically
accentuated since the beginning of industrial
revolution in the developed countries and the
scenario is becoming worse day by day with
the rapid pace of industrialization,
urbanization, mining activity and use of
synthetic pesticides and fertilizers in
developing and underdeveloped countries. US
Environmental Protection Agency (EPA) and
US Agency for Toxic Substances and Disease
Registry (ATSDR) has been listed many metals
as priority pollutants: where Lead, Mercury,
Arsenic and Cadmium are categorized as first,
second, third and sixth hazardous metals. In
Japan more than thousand people have died
due to Minamata disease caused by mercury
pollution. Italy and Bangladesh is facing
severe problem from Arsenic contamination
of Ground water (Alam et al., 2003). The
countries like Bolivia, Hong Kong and
Germany are experiencing problem of
drinking water pollution by heavy metals like
Cadmium, Lead, Copper and Zinc (Ho et al.,
2002; Miller et al., 2004, Zietz et al., 2003).
Lead, Copper, Chromium and Cadmium
toxicity has also been reported from Turkey
(Onder et al., 2007). In Senegal acute Lead
poisoning due to lead dust and soil exposure
15

Int. J. Exp. Res. Rev., Vol. 3: 14-29 (2016)
from battery recycling leads to child death in
an unexpected catastrophe (Haefliger et al.,
2009). China is also facing soil contamination
problem from heavy metal pollution (Brus et
al., 2009).
As far as India is concerned, the
picture of heavy metal contamination is
equally gloomy. The major hazardous metals
of concern for India in terms of their
environmental load and health effects are
lead, mercury, chromium, arsenic and copper.
Press Information Bureau, Govt. of India has a
page in their website displaying the Major
Heavy Metal Contaminated Sites in India
which shows that Gujarat, Maharashtra and
Andhra Pradesh contribute to 80% of
hazardous waste (including heavy metals) in
India. The Chromium contaminated places of
India includes Ranipet, Tamil Nadu; Kanpur,
Uttar Pradesh; Vadodara, Gujarat; and Talcher
Orissa.
Ratlam,
Madhya
Pradesh;
Bandalamottu Mines, Andhra Pradesh;
Vadodara, Gujarat, Korba, Chattisgarh are
contaminated with Lead. Mercury and copper
contamination have been found in Madhya
Pradesh, Tamil Nadu, Jharkhand and Orissa.
Pockets in West Bengal, Bihar, UP, Assam
and Chhattisgarh are the major states
affected by arsenic contamination of water,
West Bengal being by far the worst affected.
Ground water of 9 out of 16 districts of West
Bengal is heavily contaminated with arsenic,
affecting 26 million people (Chakroborty et
al., 2009). Presently a vast alluvial track of
Bengal delta plain is seriously affected by the
arsenic contamination in ground water.
Annual Report of West Bengal Pollution
Control Board, 2008 also shows that Iron,
Mercury, Zinc and Lead concentration of
some stations of West Bengal is beyond
permissible limit. A study on brackish water
from the Bidyadhari River of north
Sundarbans shows cadmium concentration is
alarmingly higher (Saha et al., 2001). Another
important concern is the pollution of River

Ganga, which is considered lifeline of India.
Recent reports shows that lead, cadmium and
nickel concentration at various places of
Ganga, are higher than their respective
maximum admissible concentration (Pandey
et al., 2009).
Monitoring of heavy metal pollution: use of
bioindicators
Regarding the growing problem of heavy
metal pollution it is becoming necessary to
monitor the concentration of heavy metal in
environment in regular basis. Monitoring and
systemic gathering of information are
essential component of any pollution control
system. The level of the pollution can be
determined by different approaches like
physical,
chemical
and
bio-indication
methods. In recent years there has been
growing interest in using bio-indicators for
monitoring environmental pollution with
heavy and toxic metals. Bioindicators are
organisms (animals, plants or bacteria) used
to monitor pollutants of an environment or
ecosystem. They are any biological species or
group of species whose function, population,
or status can be used to determine ecosystem
or environmental integrity. The principle
behind the bioindicator approach is the
analysis of an organism heavy metal contents
and compared the metal concentration with
the background metal levels.
Burger (2006) has shown in a review
concerned with the used of bioindicators that,
over 40% of the bioindicator papers were
about metal pollution and in those paper the
most used bioindicators are plants,
invertebrates, ﬁsh and mammals.
For aquatic metal pollution, the common
used
bioindicators
mainly
contained
organisms including crustaceans, insects,
mollusks, ﬁsh, plant, bird etc. Among the
crustacean Daphniidae toxicity test is an
essential assay for worldwide water quality
assessment based on the strong phototactic
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behavior in Daphnia magna (Meester, 1993).
Shrimps are also used to assess the bio
accumulation pattern of heavy metals. Mitra
et al., (2010) have shown in gangetic shrimp
near Haldia petrochemicals, West Bengal that
they have become unsuitable for human
consumption
due
to
heavy
metal
accumulation. Temara et al., (1998) in Norway
used common starfishes as bioindicator of
cadmium, lead and zinc pollution. Bivalve
mollusks, as ﬁlter-feeding organisms, are
known to accumulate metals that can
produce deleterious effects on organisms. So
the oysters, mussels and clams are used as
the bio-monitors for the evaluation of heavy
metals pollution in marine waters (Beldi et al.,
2006). Fishes have also attracted much
attention in biomonitoring of heavy metals; as
for example Chinese loach has been used for
genotoxicity test of cadmium, lead and zinc
(Yingmei et al., 2008).
Among the insects the chironomid flies are
EPA approved test organism for sediment
toxicity test and regularly used as bioindicator
of heavy metal pollution. These review
concerned with change in polytene
chromosome of chiromid flies in response to
several heavy metals.
Chironomids: a good model organism to test
genotoxicity of heavy metals
Chironomids (Diptera: Chironomidae) are
an especially important component of benthic
aquatic communities. They are one of the
most dominant, widespread, and diverse
aquatic invertebrate taxa in freshwater
systems (Armittage, 1995). Chironomids are
an important food source to larger predatory
invertebrates, fishes, and birds and are
important contributors of carbon and energy
flow to higher trophic levels (Benke and
Wallace,
1997).
Chironomids
are
holometabolous insects. Their life cycle
includes three aquatic developmental stages
(egg, larva, and pupa) and a terrestrial

reproductive stage (winged adult). Although
the duration and attributes of each life stage
are species-specific, chironomids spend most
of their lives as benthic larvae living and
feeding in or on the sediment [or
macrophytes] (Oliver, 1971). Because of their
close association with the benthic zone, easily
identifiable life stages, ease of culture, and
sensitivity to chemical and environmental
stressors, chironomid larvae are commonly
used as indicator species in laboratory and
field-based toxicity tests (Environment
Canada,
1997).
They
exhibit
both
developmental (Timmermans et al., 1992;
Dube and Culp 1996) and teratogenic
(Martinez et al., 2001) responses to a wide
range of chemical contaminants. Chironomid
larvae also reflect chemical stress by
exhibiting structural (Michailova et al., 1998)
and functional changes in the polytene
chromosomes of their salivary glands (Aziz et
al., 1991; Michailova et al., 1998; Planello et
al., 2007).
Most of the studies for genotoxicity of
the chironomids have been done in Europe
and Australia and recently there are a few
studies from India. The species involved in
such studies includes the genus Chironomus
and Glyptotendipes. It is important that the
species can be reproduced in the laboratory
(Michailova, 1985) and used in dose-response
experiments in order to validate and calibrate
responses observed in the field. Such species
are
Chironomus
riparius,
C.
piger,
Glyptotendipes barbipes, G. salinus, G.
glaucus and G. pallens (Ilkova, 2004). The
response of the genome to various stress
agents was also detected in C. bernensis
(Petrova, Michailova, 2002; Michailova et al.,
2009b) and C. plumosu (Michailova, Mettinen,
2000; Ilkova, 2004; Michailova et al., 2009b).
Also, the reaction of C. acidophilus genome
from an acidic lake was analyzed (Michailova
et al., 2009a).
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In India several studies on the effect of
heavy metals on polytene chromosomes have
been done using Chironomus striatipennis
Kieffer as model organism (Bhaduri et al.,
2011, Sarkar et al., 2011). In Australia such
studies has been done on Chironomus duplex
and Chironomus dilutes (Martin et al., 2010).
Knowledge of the biology of the species,
their phylogeny, and DNA organization of
their genome is very important in
consideration of genomic responses. The
polytene chromosomes of the above species
have clear band structures, and good
standard chromosome maps are available for
them (Hägele, 1970; Kiknadze et al., 1991).
This allows tracing the cytogenetic effects of
some metals on the structure and function of
polytene chromosomes. Cytogenetic effects
can also be studied under laboratory
conditions,
and
typical
chromosome
rearrangements are known to be signals for
certain pollutants.
Structure of Polytene chromosome of
Chironomus
Polytene chromosomes are giant
interphase chromosomes found in larval
salivary glands of dipterans insects. In
properly stained preparation they show
characteristic bands and inter-bands along the
lengths of the chromosomes. In Chironomidae
the arrangement of these bands with some
other chromosomal characteristics shows
species specific variation and could be used
for identification of species. A typical haploid
karyotype of the species belonging to the
genus
Chironomus
comprises
four
chromosomes formed by seven chromosomal
arms A, B, C, D, E, F and G. Reciprocal
translocation of these whole arms have
important role in evolution of different
species of genus Chironomus. Some other
process of chromosomal rearrangement like
paracentric inversion, fusion of chromosomal
arms, local amplification of centromeric DNA,

and change in number and location of
nucleolar organizer have played important
role in the evolution of new chromosomal
combination in different species.
Currently there are two types of system for
banding of Chironomus chromosome: some
authors works with Keyl-Devai system (Keyl
1962, Devai et al., 1989) whereas others
prefer Maximova or Maximova-shobanov
system (Maximova, 1976). H.G Keyl was the
first who prepared standard cytogenetical
map of arm A, E and F of polytene
chromosome of Chironomus piger, Strenzke,
a959 and mapped banding sequences of some
other species of genus Chironomuus (Keyl
1962). Later Devai with coauthors (Devai et
al., 1989) developed standard maps of for arm
B, C and D. Keyl – Devai mapping system is
used for the mapping of all species from the
genus Chironomus with banding sequences of
C. piger as a standard. In this mapping system
chromosomal arm is divided into regions,
which are designated by numbers. Inside
every region bands are designated by letters.
Thus every band of chromosomal arm has
exact designation. However, there is
significant inter-specific divergence of
banding sequences in arm B and G in other
Chironomus species studied. So it is
impossible to make complete maps of these
two arms of all Chironomus species in KeylDevai system.
In Maximova system (Maximova 1976)
banding pattern of Ch. plumosus is standard
for mapping of other species from C.
plumosus group. Although standard maps
were created for all 7 chromosomal arms, the
Maximova system has grave disadvantage, as
there is no exact designation for single bands
as it is in Keyl-Devai mapping system. As a
result in all cases when inversion breakpoints
fall inside a region instead of its border, the
resulted of this region are designated
arbitrarily. In 1994 N.A Shobanov made a
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revision of Maximova mapping system and
gave exact designation to all the bands.
Nevertheless, converting one mapping
system to other is difficult because of the
number of designated bands in the two
systems. This number difference is due to the
different label of chromosome compactization
and resultant number of visible bands. So it is
impossible to compare banding sequences of
C. plumosus sibling species without
comparison of chromosome photos.
Keyl (1962) has divided the genus
Chironomus into five groups recognizable by
five different whole arm combinations.
AB

CD

EF

Thummi

AB

CF

DE

Campto- Chironomus

AC

BF

DE

Para-thummi

AD

BC

EF Commutatus / Lacunarius

AE

BF

CD

Pseudo-thummi

AF

BE

CD

Matures

Among all possible combination of six
arms only five was found by Keyl as is evident
from the table. Later on another arm
combination was noted by Wuelker et al.,
(1968). In these entire cases G arm remain
separate as fourth chromosome. Kiknadze
(2008) has mentioned another arm
combination Columbiensis: AG CD BF E.
Changes
in
Chironomus
polytene
chromosome due to heavy metal pollutants
For studying the changes of polytene
chromosome due to heavy metal pollutants
generally two approaches are taken. In one
approach chironomid larvae are collected
from heavy metal polluted water body and
polytene chromosome from such larvae are
studied. The revealed aberrant changes in
respect to normal karyotype are correlated
with the heavy metal concentrations of water

or sediment of the same water body. In
another approach normal larvae are cultured
in the laboratory environment and such
stocks are exposed to the varying levels of
specific heavy metal under controlled
condition of laboratory culture. Comparison
of control larvae with the experimental one
reveals the changes of chromosome in
response to specific heavy metal.
The studies of aberration of chironomid
chromosomes revealed that there are two
types of chromosomal changes can take
place. Inherited aberrations: Here the
chromosomes are equally affected in all cells
of both salivary glands and they are inherited
to
the
next
generation.
Somatic
rearrangements: Here only few cell of salivary
gland of one individual is affected and the
aberrations do not inherited to the next
generation. Again from another aspect the
changes may be of two types. Structural
changes: Here the overall structure or
banding pattern of chromosomes is changed
due to action of heavy metals. It generally
involves chromosome breakage and reunion
or chromatid separation. Another type is
Functional changes where gross chromosomal
structure remains intact but changes take
place in functional level e.g. appearance of
new puff due to change in gene expression.
Structural Changes
Inversion:
An
inversion
is
a
chromosome
rearrangement in which a segment of a
chromosome is reversed end to end. An
inversion occurs when a single chromosome
undergoes breakage and rearrangement
within itself. Inversions are of two types:
paracentric and pericentric.
Inherited inversions
Most of the inherited inversions found in the
European populations of chironomids
collected from heavy metal polluted regions
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are of heterozygous paracentric type. Except
C. riparius the frequency of this type of
inversion is more than 1% (Petrova and
Michailova, 2002, Michailova et al., 2009a, b).
In C. riparius the inversion frequency is less
than 1% (Kiknadze et al., 1988; Sella et al.,
2004). Most of the cases the inversion took
large segment of one arm of the
chromosome. The observed heterozygous
frequency in these European populations
does not differ significantly from that
expected from Hardy-Weinberg Equilibrium.
Again no correlation was established between
concentrations of heavy metals and observed
inversion frequency (Sella et al., 2004).
All the inherited inversions were in
heterozygous state and paracentric apart
from a few pericentric inversions in
chromosome EF. Inversion variants were
found in all chromosome arms. Arm F was the
most strongly polymorphic with 16 different
types of inversions. It was followed by arms B
and C with 15, arm E with 10, arm A with four
and arm G with one inversion only. Most of
the inversions were present in only one out of
the 13 populations. Only six inherited
heterozygous inversions were shared by two
populations (Sella et al., 2004).
All the observed inherited inversions
occurred in very low frequency. The median
percent frequency of inherited inversions was
1.4. Similar low frequencies have been
reported also in two Russian populations
(Kiknadze et al., 1988) and other European
populations (Bovero et al., 2002).
Therefore, on account of their < 1%
frequency, the majority of inversions were
considered endemic and rare (Caceres et al.,
1997). The degree of hereditary variability of
each population was estimated by dividing
the number of different hereditary inversions
in a population by the number of sampled
larvae (H index). No relationship could be
established between the H index values and
the overall level of heavy metal pollution of

the sediments from which larvae were
collected (Sella et al., 2004). Indeed, in three
populations there were almost no inherited
inversions, though concentrations of some
heavy metals in their sediments were among
the highest. Conversely, the highest H index
value was observed in a Russian population
with a relatively low level of pollution (Sella et
al., 2004).
Somatic Inversions
As for somatic aberrations, 184 different
paracentric and five different pericentric
inversions were established till date in
European chironomid populations (Sella et al.,
2004). Generally one somatic inversion per
larva was observed. Values of the S index (i.e.
the ratio of the number of different somatic
inversions in a population to the number of
sampled larvae) strongly differed from those
of the H index of the same populations (Sella
et al., 2004). The lowest values of the S index
were found in populations from far less
polluted sediments. Populations from the
most polluted sediments had S values from six
to eight times higher than those of larvae
from the unpolluted basins (Sella et al., 2004).
Somatic deletion (Pompon)
Somatic aberrations were found also in the
G chromosome of C. riparius, mainly somatic
deletions affect either BRb or BRc or both.
Their frequencies were highly variable. For
example, the population frequency of
deletion of Brb and Brc varied from .63 to
0.34 of the examined cells (Sella et al., 2004).
This aberration modifies the shape of the
chromosome G in a so called “pompon”
chromosome. The appearance of “pompon”
chromosomes has been proposed as a
biomarker of heavy metal contamination in
aquatic ecosystems (Michailova et al., 1998).
In some cases due to trace metal pollutants
G chromosome assume a very compact stage
in some of the cells of an individual
(Michailova et al., 2003). On the whole, in the
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examined populations the frequencies of
different somatic inversions and chromosome
G deletions show an increasing trend
paralleling that of the overall heavy metal
pollution. Therefore, these findings give
support to the hypothesis that the increased
frequency of somatic rearrangements in C.
riparius from long term heavy metal
contaminated areas may be a consequence of
genomic stress induced by heavy metal
pollution.
Somatic deficiency
Somatic deficiencies are generally rare in
chironomids.
In
deficiency
terminal
chromosomal portions are absent from one or
both chromosomal homolog. Michailova et
al., (1998, 2000) shown some cases of
deficiency in arm A, B, D and G from
Moncalieary and Santana of Italy.
Somatic Amplification
In amplification The DNA content of
chromosome or chromosomal part become
higher than normal. In chironomid polytene
chromosome this is manifested by heavily
stained darker bands. Michailova et al., (1996)
studied some specimen from Italy where two
sections in arm E (A5d-g and A4f-g) and two
sections in arm F (B3h and B3o) were often
larger than the same sections in the standard
chromosome map. They could appear in the
homozygous, heterozygous and amplified
homozygous states in one and the same
individual. Densitometrical analysis was
performed in sections A5d-g and A4f of arm E
and section B3h of arm F (Sella et al., 2001).
The mean value of DNA content in section
EA4f was 18,8 pg., in section EA5d-g, 18.2 pg,
and in section FB3h of arm F, 9.6 pg. Sections
A4f and A5d-g of arm E and section FB3h of
arm F had 7.13 and 15 times higher DNA
contents than the lowest class in the control
(Sella et al., 2001). The authors suggested that
this somatic size variation was due to somatic

recombination events provoked by pollutants
in the sediments of water basins.
Somatic Translocation
Petrova et al., (2004) described a case of
somatic heterozygous translocation of C.
riparius from St. Petersberg population.
Conversion
of
euchromatin
to
heterochromatin
Heavy metal may also induce change of
euchromatic region to heterochromatin.
Chromosome AB, CD, and EF of C. riparius
from heavy metal polluted region have shown
such transformation. They have fine C
heterochromatin bands that are euchromatic
in samples from unpolluted region. In
laboratory trial also such phenomenon has
been observed. Treating samples with heavy
metals induces heterochromatinization of
euchromatic region where as in control no
such event occurred. It has been proposed
that heterochromatin had a protective role by
absorbing damage and hence had a protective
value (Michailova et al., 1997). In C.riparius,
C.nuditarsis and in C.barnensis, another
interesting event of “dark knob” formation
has been observed. On chromosome G of
these species the centromeric region become
highly condensed to from characteristic “dark
knob” in response to heavy metal toxicity
(Michailova et al., 2009b).
Position effect variegation (PEV)
Another very interesting event observed in
the field populations under study is position
effect variegation (PEV). In PEV the activity of
one gene depends on its position in the
chromosome. Normally euchromatic region if
placed near heterochromatic region then it
also become hetero-chromatinised and in
activated. Induction of PEV by ionizing
radiation has been reported in Drosophila sp.
In C. riparius high concentration of heavy
metal causes inversion or translocation and as
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a result euchromatic region may come near
heterochromatic region. As a result the
euchromatic region becomes inactivated and
hetero-chromatinized. Some of the somatic
pericentric inversions were associated with
PEV: in the homologue where the inversion is
located, a pseudo puff was found, and in the
other homologue the same region was in the
standard condensed state (Michailova et al.,
1997).
Functional Changes.
In C. riparius genomic stress is indicated
not
only
by
somatic
structural
rearrangements but also by some functional
alterations in the Nucleolar Organizer (NOR)
and Bambini Rings (BRs) regions.
Balbiani Rings (BR)
The Balbiani Rings are key sites of
intensive transcription of genes encoding for
silk proteins (Wieslander et al., 1994). These
proteins are very important for Chironomids
due to their participation in the construction
of the tubes where larvae develop. The
function of Nucleolar Organizer is essential for
cellular
maintenance
and
ribosomal
production machinery, which is highly
conserved through evolution (Planello et al.,
2007). The response of Chironomid genomes
to different stress agents is characterized by
changes in puff activity of Balbiani rings (BRs)
and Nucleolar Organizer (NOR). The level of
puffing activity of these two very important
genomic structures significantly decreased
compared to the normal activity (Michailova
et al., 1996, Michailova et al., 1998, Ilkova,
2007). Normally in C. riparius the puffing
activity of BRc is relatively stable in fourth
instars larvae and shows a fully expanded
state in the prepupal stage (Santa, Cruz et
al.,1978, Kiknadze et al., 1985, Diez et al.,
1990 ) and BRb is very active in young larvae
and prepupa stage, while in the middle larval

stages BRb is collapsed. For instance, in some
larvae from polluted stations there was a
clear reversal of BRb and BRc activity in the
polytene chromosomes compared to their
activity in larvae from unpolluted basins.
Indeed, a drastic regression of BRc was
observed and a parallel expansion of BRb
(Petrova et al., 2004). In other larvae both BRs
could appear in slight activity or in a
heterozygous state or completely repressed.
Trace metals seem to induce changes in the
puffing activity of C. riparius Balbiani rings
which are similar to those induced by heat
shock or sugar feeding (Beermann 1973, Yagi,
1984). The same tendency has been observed
also in other Chironomid species (Michailova
et al., 2009a, Michailova et al., 2009b). These
findings suggest that the BR transcription
mechanism can react in a similar way to
different stress situations.
The effect of copper on the activity of
Balbiani rings (BR1 and BR2) and nucleolar
organizing region (NOR) in chromosome IV of
the salivary gland of the 4th instar larvae of
Chironomus ninevah has been investigated by
Aziz et al., (1991).
They showed that
sublethal concentrations, i.e. 0.02, 0.1, 0.15
and 0.2 mg per liter suppress the activity of
BR1. The same concentrations reduced the
activity of BR2 and NOR.
Puffing
Michailova et al., (2009a) described an
interesting phenomenon in C. acidophilus
from Afon Goch river of UK. Here in
chromosome G one of the BRs was not
expressed. But at the same time the telomere
region had swelled into a puff. The authors
described it as compensatory puffing. In C.
riparius an induction of a puff in chromosome
G (Dc, E2de) was detected, in either a
homozygous
or
heterozygous
state
(Michailova et al., 1998).
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Nuclear Organising Region (NOR)
Nucleolar Organizer also showed various
changes in its activity, from a very high
activity of both homologues to a
heterozygous state, or a slight activity or a
complete collapse (Petrova et al., 2004).
Intermediate activity was recorded very often
to show that ribosomal genes and the
Nucleolar function are direct targets for
cadmium toxicity (Planello et al., 2007). Inter
specific difference in respect to functional
changes in response to heavy metal have
been noted. C. riparius show response mainly
by structural changes where as C. piger show
functional changes. The functional changes in
C. piger include already mentioned altered
activity of BR and NOR and also appearance of
unknown puffing in the telomeric region
(Michailova et al., 2004).
Ectopic pairing and asynapsis
In few cells of the polytene chromosomes
of G. glaucus (Ilkova, 2004), and of C.
acidophilus (Michailova et al., 2009a), and of
C. riparius (Michailova et al., 1996, 2000), an
ectopic
pairing
between
different
chromosomes was detected. For instance, in
C. riprius, an ectopic conjugation was
observed between chromosome G, section Ee
and telomeres A, C, D, E and F (Michailova et
al., 1996). The lowest degree of contacts was
noticed between centromeres AB, EF and G
chromosomes. Normally in C. riparius the
homologues of chromosome G are paired.
However, material cases of disturbed pairing
were observed in some populations studied or
exposed: either both homologues were
completely asynapted or they were asynapted
in a specific site of the chromosome. The
frequency of asynapsis increased from section
A to E (Michailova et al., 1996, 1998, 2003).

Relation between heavy metal concentration
and frequency of polymorphism
Sarkar et al., (2011a) studied the effect of
arsenic on chromosomes of Chironomus
striatipennis collected from West Bengal,
India. Both collected larvae from Arsenic
polluted water body and laboratory treated
larvae show several types of aberration like
bleb formation, asynapsis and heterozygous
inversion. Asynapsis again appeared to be of
different forms, such as short terminal,
intercalary and long major type. Induction
tests in the laboratory showed that not only
did morphological deformities appear in the
larvae, but also aberrant forms of polytene
chromosomes appeared in the treated larvae.
In fact the treated larvae in the laboratory
were more affected than the naturally
occurring larvae. In the laboratory test it has
been
shown
that
with
increasing
concentration of As 2 O 3 from 2 mg/ kg to 8
mg/kg of soil-sediment the frequency of
aberration in every chromosome increase 22.5 times. It is also noteworthy that in most of
the studies, out of the four chromosomes the
IVth chromosome that is the G arm is the
most frequently affected one. Michailova et
al., (1998, 2009) have shown deletion and
hetero-chromatinization can cause “pompon”
and “dark knob” on arm G. Sarkar et al.,
(2011b) noted another nine aberrant
structural changes in it. They grouped it into
three main types viz. apparently normal with
minor inversion, the aberrant looped form
with heterozygous inversion, and asynaptic
form. Apart from this there are aberrant
Balbiani Rings and puffing as noted above. All
these events show that the fourth small
chromosome is the most responsive to the
stress of heavy metal pollution.
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Possible mechanism of chromosomal
aberration due to heavy metal pollutants
Oxidative stress
Recent studies indicate that heavy metal act
as catalysts in the oxidative reaction of
biological macro molecules and therefore
much of their toxicities are due to the
oxidative tissue damage. Redox active metals
such as iron, copper, chromium undergo
redox cycling whereas redox inactive metals
such as lead, cadmium and mercury deplete
cells major antioxidants particularly thiol
containing antioxidants and enzymes. So both
these two type of metals contribute into the
increase of production of reactive oxygen
species (ROS) such as hydroxyl radical (OH*),
superoxide radical (O 2 *-) or hydrogen
peroxide (H 2 O 2 ). Enhanced generation of ROS
can overwhelm the cells anti oxidative
defenses and can result in a condition called
oxidative stress. Oxidative stress can affect
variety of macro molecules one of which are
DNA and could lead to the mutation or strand
breakage
(Ercal et al., 2001).
Repetitive
DNA
and
chromosomal
aberration.
There are two types of DNA sequences
found in the genome: Obligatory sequences
and facultative sequences. Obligatory
sequences are made up of unique sequences
and constitutive structural genes; whereas the
facultative part consists of mainly repetitive
DNAs and transposable genetic elements.
Three such repetitive DNA elements have
been
localized
on
the
chironomid
chromosomes and their sites have been
compared with common breakpoints of those
chromosomes. Here breakpoints means are
the sites where these chromosomes often
break during chromosomal rearrangement
due to different stress factor such as heavy
metals. The repeated DNA elements are Alu

and Hinf and one retrotransposon NLRCth1. In
C. riparius and in C. piger they show
characteristic localization on different sites of
the chromosome by which the species could
be distinguished by using them as molecular
marker. The genome of the phylogenetically
younger species, C. riparius, is rich in these
elements in comparison with the older C.
piger species. This higher distribution of
repetitive sites could be correlated with the
distribution of breakpoints of chromosomal
rearrangements. Zampicinini et al., (2004)
performed PCR-based Transposon Insertion
Display (TID) and found a high level of
insertion variability in C. riaprus. The greater
number of copies of dispersed repetitive
sequences in the C. riparius genome than in C.
piger determines the higher sensitivity of the
C. riparius genome, where somatic
aberrations affected the whole chromosome,
whereas in C. piger they are concentrated
mainly in pericentromeric regions and in few
sites of arms D and F (Michailova et al.,
2009c). Thus, both species, which differ in
DNA organization (Chironomus riparius has a
greater content of DNA elements rich in
repetitive DNA elements, dispersed among all
chromosomes.) respond to stress agents in
different ways. None or significantly less
chromosome rearrangements (inversions)
were found in C. piger (Michailova et al.,
2009c).
However, it was proven that the
significant association formed between
breakpoints and sites of distributions of
NLRCth1, Alu, and Hinf clusters in the
genomes of both species (Ilkova et al., 2007).
For instance, twenty of the total number of
weak points (58.8 %) occurred in the vicinity
of bands hybridizing to probes of Alu and Hinf
satellite DNA (Bovero et al., 2002). Such
correlations were found also for the
distribution of CRTR clusters and breakpoints
of rearrangements in C. piger (Michailova et
al., 2009c). Location of the pCthC12HR
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transposable element (TE) in the genome of C.
riparius was studied by Kiknadze et al., (1987)
in larvae of the Novosibirsk population, and
coincidences between the location of this
element and sites of chromosomal breaks
were detected. The data about the sensitivity
of the genome to stress agents confirm the
idea put forward by Bovero et al., (2002) that
repetitive DNA and TE-rich regions are more
sensitive to genotoxic agents and that they
are potentially prone to rearrangements.
Conclusion:
Organism and environment interact with
each other in much level: from community to
the genetic and molecular. In Chironomid
larvae the manifestation of this interaction is
evident in the cytogenetic level. The large
polytene chromosome act as a mirror of the
events at the DNA level and every molecular
change is reflected in the morphology of the
large chromosome. So this polytene system
can be used as indicators of genotoxic
concentration of pollutants in aquatic
ecosystem. The changes in the system are
species specific and also concentration
specific – either in the structural or in the
functional level. In some cases specific
alteration may be created by specific heavy
metal. Also the breakage of the chromosome
is non random; the chromosomes have
specific break point and these breakpoints are
closely associated with repetitive DNA and
transposable elements.
So each change in chromosome can be
analysed in respect to several factors and can
be used as a powerful tool in providing early
warning signals of adverse long term effects
of toxic agents at the individual, population
and community level.
The mystery lies in the fact how the
minute organism manages to combat the
unwanted environment with so many heavy
metals in so much higher concentration. From
all the findings several questions emanated ;

such as why the 4th polytene chromosome
appear more prone to polymorphic
organization, what makes the polytene
bivalents to remain in paired condition and
why sometimes the polytene figures show
partial asyanapsis and whether asynapsis may
lead to heterologous gene activity along the
separated chromosome homologues. More
research attempt in future will be required to
answer all these questions.
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