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ABSTRACT

Chironomidae are known to be one of the dominant families of Diptera present in near-water systems. Chironomids
have salivary gland polytene chromosomes. These are advantageous to a cytogeneticist and can be utilized to identify
species, map chromosomes, study their evolutionary relationships, and use them as a biomonitoring tool for
environmental studies. The present study was done on Dicrotendipes sp. sampled from various locations in the
Chambal River, India. Fourth-instar larvae were collected during the monsoon, and chromosomes were prepared using
the aceto-orcein squash method. Cytogenetic studies showed that this species has a diploid chromosome number of 2n
= 8 with chromosome arms AB, CD, EF, and G. Chromosomes AB and CD were metacentric, chromosome EF was
sub-metacentric and chromosome G, which was telocentric, was the shortest chromosome in the set. Different
cytological landmarks, like Nucleolar Organiser Regions (NOR), Balbiani Rings (BR), constriction, and
heterochromatic bands, were seen in different chromosome arms. These landmarks are mainly used for species and
cytotaxonomic identification. The current study provides preliminary insights into the cytogenetic structures for
Dicrotendipes sp. in the studied River system and provides insights into the organization of chromosomes and the
different forms of Indian chironomids.

Keywords: Dicrotendipes, Chironomidae, Chambal River, Cytogenetics, Balbiani Ring, polytene chromo
somes, NOR etc

INTRODUCTION

Many kinds of chironomids can be found cytogenetics, and studying chromosomal

anywhere in a freshwater habitat, and they are the rearrangements  [3]. Balbiani  Rings  (BRs) and

most abundant and significant of the insects found in Nucleolar Organizing Regions (NORs) are examples

these ecosystems [1]. Members of the Chironomidae of chromosomal puffs that show an overall active

. .. . transcriptional state in the genome [6]. These changes
family can be found in rivers, lakes, ponds, reservoirs, P & [6] &

. in chromosome structures can be induced by most
and even polluted waters, making them useful as Y

S . . i 1 inly h 1
bioindicators of environmental health [2]. Their environmental  stressors,  mainly  heavy — meta

adaptability in ecology and their widespread pollutants and instabilities in the genome of aquatic

e organism [7]. Present research in molecular and
distribution are two reasons why they can be & 7]

. . cytogenetics has explained new avenues in the stud
fundamental in freshwater ecology and cytogenetic Ytog P Y

research [3]. of chironomid phylogenetics and genome organization

[12-15]. In particular, studies of the mitochondrial

Polytene chromosomes are chromosomes that ar . .
olytene chromosomes are chromosomes that are genome have provided new insight into species'

gigantic in appearance as a result of multiple rounds evolution and have documented examples of

of DNA replication that occur in the absence of cell oo 050mal diversity within the Chironomidae [12-

division. These chromosomes were first found in the 13]. The most recent studies of mitochondrial

salivary gland of chironomid larvae and later became genomes in this context demonstrate the value of

valuable in the study of geme expression and combining a molecular phylogenetic approach with

chromosome mapping [4]. Polytene chromosomes, classical cytogenetics in achieving a robust taxonomy

distinguished by dark and light banding patterns, can and assessment of chironomid diversity [12-14].

be useful in chromosome identification, comparative
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The Chambal River is among the major freshwater
river systems in northern India and has a wide variety
of aquatic fauna. Different stretches of the river
support chironomid larvae because of the presence of
nutrient-rich sediments and the organic matter of the
river. However, studies on the cytogenetics of
chironomids of the Chambal River are scant. Hence,
this study aims to analyze the structure of the polytene
chromosomes of Dicrotendipes sp. of the Chambal
River. Dicrotendipes species were selected because
they are ecologically important chironomids found in
aquatic ecosystems, mainly in freshwater ecosystems.
They are considered wuseful bioindicators of
environmental changes. Cytogenetic information on
Indian populations of the studied genera from the
Chambal River is still very limited. Therefore, the
study of their salivary gland chromosomes can
contribute to cytotaxonomy, biomonitoring research

and evolutionary studies.
MATERIALS AND METHODS

Collection of Specimens

Fourth-instar larvae of Dicrotendipes sp. were
collected from Kota Barrage as well as other locations
of immediately adjacent freshwater habitats along the
Chambal River. Larvae were hand-netted and forceps-
collected from shallow sediment-rich habitats.
Salivary glands were dissected in potassium chloride
solution under a stereoscopic microscope and fixed in
freshly prepared aceto-alcohol (1: 3) [11]. Aceto-
orcein squash technique was employed to prepare the
polytene chromosome preparations (according to
Chubareva and Petrova) [8]. Cytogenetic observations

of over thirty larvae were analysed.
Chromosome Preparation

Fourth-instar larvae were dissected in a saline

solution of potassium chloride under a stereoscopic

microscope. The salivary glands were -carefully
removed and fixed in a freshly prepared aceto-alcohol
solution consisting of glacial acetic acid and ethanol
in the ratio of 1:3. Polytene chromosomes were
prepared using the aceto-orcein squash technique
following the method of Chubareva and Petrova [8].
For

cytogenetic observations, more than thirty

specimens were analyzed.
RESULTS

The analysis of the cytogenetic characteristics of
Dicrotendipes sp. collected from the Chambal River
showed a diploid number of chromosomes as 2n = §
with four pairs of chromosome arms classified as AB,
CD, EF and G (Fig.s 1A - D). Chromosome pairing of
chironomids has been reported earlier [S]. The
centromeric  region was located as large
heterochromatic bands. Chromosome arms AB and
CD are metacentric, EF is submetacentric, and G is

the shortest telocentric chromosome in the set.

Chromosome G had several active regions, such as
the Nucleolar Organizer Region (NOR), Balbiani
Ring (BR) and a chromosomal puff (P), which are

sites of active transcription [6].
Chromosome I (AB)

Chromosome AB was divided into fourteen
sections (Fig. 1A). Constrictions were visible in both
arms A and B. These constricted regions were
surrounded by dark heterochromatic bands and are
cytological markers of importance. The centromeric
region was formed by sections 11 and 12 as strongly
and consistently marked bands. The constricted region
likely represents the centromeric region associated

with dense heterochromatin and chromosome pairing.

In Fig. 1A, the constricted regions surrounded by
dense heterochromatic bands represent centromeric

regions and serve as important cytological markers.

(34
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Fig. 1A: Arm AB of the Polytene chromosome of Dicrotendipes

Chromosome II (CD)

Chromosome CD consisted of ten sections (Fig.
1B). A constriction located in the telomere region was
observed on Arm C. Dark heterochromatic bands in
sections 3, 4 and 8 were of importance in identifying

and comparing chromosomes, and thus were used as
diagnostic markers. In Fig.s 1B and 1C, arrows
indicate the heterochromatin region with less active
transcription, while asterisks (*) nuclear organizer
region (NOR)

Fig. 1B: Polytene chromosome arms of Dicrotendipes. Arrow (—) indicates a heterochromatic band

(35)
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Chromosome III (EF)

Fig. 1C shows that Chromosome EF was separated
into 10 regions. Sections 2, 4, 5, 7, and 10 contained
several evenly stained dark bands. The bands of

. .g-ﬁ:"% ‘.

Sections 8 and 9 showed that showed puffing, which
is characteristic of transcriptional activity. These
bands are found in the regions near the centromeres.

8 10

Fig. 1C: Arm EF of the Polytene chromosome of Dicrotendipes

Chromosome IV(G)
As seen in Fig. 1D, Chromosome G was broken
into 4 sections. A prominent Balbiani Ring (BR) was
found at the telomeric end, and the Nucleolar
(NOR) was found at the

Organizer Region

centromeric end. A puff (P) was found at the center of
the chromosome. These active regions of the
chromosome are associated with a high rate of
transcription along with a high level of cellular

metabolism [6].

Fig. 1D: Arm G of Chromosome showing BR, NOR and Puff

(36)
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The presence of Balbiani Rings, Nucleolar
Organizer Regions, puffs, and regions of
heterochromatin band sequences on different

chromosome arms defines significant cytological
markers for identifying chromosomes and species.
The above markers are species-specific and explain
the cytotaxonomy as well as the phylogenetic studies
of chironomids [5, 9].

DISCUSSION

Markers on polytene chromosomes are important

in monitoring chromosome structure, resolving
species differentiation, and genome activities among
the family Chironomidae. In this study, we found that
Dicrotendipes sp. from the Chambal River had a
chromosome complement of 2n=8 that consisted of
four chromosome pairs possessing arm combinations
of AB, CD, EF and G. The arrangements of the
chromosomes studied have similarly been revealed in
other chironomid taxa.

The presence of Balbiani Rings and chromosomal
puffs denotes active transcription, which is necessary
for the synthesis of RNA and synthesis of proteins.
Nucleolar Organizer Regions are connected with the
synthesis of ribosomal RNA and therefore represent
the sites of highly active genomics. Heterochromatic
banding patterns observed in the chromosomes of AB,
CD, EF and G, which were studied,

successfully for the identification of the cited

served

chromosomes. Such landmarks on chromosomes are
useful in comparative cytogenetics as well as in
evolutionary studies among the chironomid taxa.
Similarly, such cytogenetic studies have been done
among the populations of dicrotendipus sp. in India.
Freshwater ecosystems are a sink of various pollutants,
including heavy metals and organic contaminants that
can alter the structural arrangements of chromosomes
and potentially affect the stability of the genome of
the organisms in the infested ecosystem. Chironomid
larvae are therefore valuable bioindicators for the
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