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Abstract—Chromosomal polymorphism is investigated in samples of Chironomus plumosus L., (1758) (Dip-
tera, Chironomidae) from a pond on the Chemoshur creek in Udmurtia for the first time. The pool of poly-
tene chromosome banding sequences of this species includes 12 banding sequences forming 17 zygotic com-
binations. The pluF2 sequence is found with a high frequency of 0.17. The cytogenetic distance between the

known populations is determined.
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Larvae of Chironomus plumosus (L., 1758) are the
subject of many cytogenetic studies. Having a high
level of variability at the morphological, biochemical,
and cytogenetic levels (Butler et al., 1999; Belyanina,
2015; Kiknadze et al., 2016), Ch. plumosus larvae are
able to populate a wide variety of water bodies en
masse. It has been shown that the frequency distribu-
tion of the inversion variants of chromosomal
sequences over the distribution range is uneven and
depends primarily on the habitat conditions in a par-
ticular water body (Gunderina et al., 1999). This effect
is observed even in the conditions of the same water
body, with individual sequences confined to its differ-
ent regions.

For a complete understanding of the adaptation
mechanism of chironomids to various environmental
conditions, data on the cytogenetic structure of popu-
lations living in poorly studied regions are of obvious
interest. These regions include water bodies of the
Udmurt Republic, which is located in the inland cli-
mate zone with hot summers and cold snowy winters.
The region has a dense complex river network with
alarge number of underground water sources; as
a result, unique conditions are formed, including hab-
itat conditions for invertebrate animals.

Material for the study comprised 78 Ch. plumosus

larvae collected in mid-April of 2013 from a pond on
the Chemoshur creek (58°06’12” N, 52°30’16” E)

T Deceased.

using a hydrobiological scraper from a depth of 1.5 m; the
soil type was gray silt with plant residues. In May of 2012,
total dissolved solids of the water was 266 mg/L, pH 8,
total hardness 4.8 mEq/L, silicon content 17 mg/L, cal-
cium content 25 mg/L, and magnesium content 41 mg/L.

The Chemoshur creek (a fourth-order tributary of
the Kama River) is in the Glazovsky district in the
northwest of the republic. Its total length is ~3 km; an
artificial pond was created on the stream 1 km from
the mouth with a water-surface area of 10.000 m? and
an average depth of 3 m. The pond is fed by both creek
and ground waters, which is why the temperature in it
is £15°C even during summer months.

The collected larvae were fixed in a mixture of
alcohol (3 parts) and glacial acetic acid (1 part).
Squash karyological preparations of polytene chromo-
somes were made according to the standard ethyl-
orcein method (Gunderina et al., 1999). The prepara-
tions were analyzed using a Jenaval microscope at a
magnification of 400X and photographed using a
Canon Power Shot A470 camera. Chromosome map-
ping was performed according to the modernized
Maximova system (Maksimova, 1976; Shobanov,
1994a, 1994b); inversion variants of chromosome
arms were designated according to Shobanov (Sho-
banov, 1994a, 1994b). Mapping of the F arm was per-
formed according to the updated cytophotomaps
(Kiknadze et al., 2016). We used Nei’s index (Nei,
1972) to calculate the cytogenetic distances; corre-
spondence to the Hardy—Weinberg distribution was
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Table 1. Frequency of occurrence of banding sequences of
chromosomes in Chironomus plumosus from the Chemo-
shur creek

Al | A2 | Bl | B2|Cl1|C2|DI|\D2|EIl| FI|F2|GI
0.93]0.07{0.99|0.01{0.74]0.26{0.19(0.81|1.00|0.83{0.17{1.00

Table 2. Frequency of occurrence of genomic combina-
tions in the studied larvae of Chironomus plumosus

Genomic combination
Frequency, %

A B C D E F

1.1 1.1 1.1 1.2 1.1 1.1 6.40
1.1 1.1 1.1 2.2 1.1 1.1 17.90
1.1 1.1 1.1 2.2 1.1 1.2 2.60
1.1 1.1 1.1 2.2 1.1 1.2 12.80
1.1 1.1 1.2 1.1 1.1 1.1 2.60
1.1 1.1 1.2 1.2 1.1 1.2 3.80
1.1 1.1 1.2 1.2 1.1 1.1 12.80
1.1 1.1 1.2 | 2.2 1.1 1.1 14.10
1.1 1.1 1.2 | 2.2 1.1 1.2 10.30
1.1 1.1 22 | 2.2 1.1 1.1 1.30
1.1 2.2 1.1 1.1 1.1 1.1 1.30
1.2 1.1 1.2 | 2.2 1.1 1.1 2.60
1.2 1.1 1.1 1.2 1.1 1.2 3.80
1.2 1.1 1.1 2.2 1.1 1.1 3.80
1.2 1.1 1.1 1.1 1.1 1.1 1.30
1.2 1.1 22 | 2.2 1.1 1.1 1.30
1.2 1.1 1.2 1.2 1.1 1.1 1.30

determined using GenAIEx 6.5 software package
(Peakall and Smouse, 2006, 2012).

In the course of analysis, we found 12 banding
sequences of polytene chromosomes in Ch. plumosus
(Table 1) forming 17 genomic combinations (Table 2).
The level of heterozygosity is relatively high, 1.7 het-
erozygotes per individual.

Chromosome I (4B). Two banding sequences were
found in the A arm. The dominant sequence is (/a—
12u. Standard) (Kiknadze and Kerkis, 1986; Maksi-
mova, 1976; Shobanov, 1994a), corresponding to
pluA2 in the studies that use the Keyl system (/a—
2c.10a—12a. 13ba.4a—c.2g—d. 9e—4d.2h—3i. 1 2cb. 1 3c—
14f 15a—14g. 15b—19f) (Keyl, 1962; Kiknadze et al.,
2016). The pluA2 sequence (la—4j. 10i—4k. 10j—12u)
(Kiknadze and Kerkis, 1986; Maksimova, 1976; Sho-
banov, 1994a), which in the Kyle system corresponds
to pluAl  (la—2c. 10a— 12c.3i—2h.4d—Ye.2d—g.4c—
a.13a—14f 15a—14g. 15b—19f) (Keyl, 1962; Kiknadze
et al., 2016), occurs only as heterozygote with pluAl.

Two sequences were detected in the B arm.
Sequence pluB1 (/2u—25s. Standard) in the homozy-

INLAND WATER BIOLOGY  Vol. 12

LOZHKINA et al.

gous state is predominant in the population; pluB2
(12u—15f. 23— 15g. 23f—25s) was identified only as a
homozygote in one individual.

Chromosome I1 (CD). Two sequences were found
in the C arm: pluC1 (/40—25¢q. Standard) and pluC2
(140—16h. 22— 16i. 22g—25q); the latter is found both
in the heterozygote with pluC1 and in the homozygous
state.

Two sequences were found in the D arm: pluDI
(la—140. Standard) is found only in a heterozygous
state and pluD?2 (la—2i. 7i—2j. 7j— 140) is found both in
the homozygous state and in heterozygote with pluD1.

Chromosome III (EF). We found pluEl sequence
(la—11b. Standard) in the Earm. Two sequences were
found in the F arm: pluF1 (/1b—22m. Standard) and
pluF2 (11b—13d.16k— 13e.16—22m); the latter was
found only in heterozygote with pluF1.

Chromosome IV. The G arm is monomorphic and
is represented by the standard pluG1 sequence (la—
87). Homologues are not always paired.

It should be noted that no individuals with a stan-
dard genomic combination were found in the studied
population; three combinations were the most typical
for the population: Al.1B1.1CI1.1D2.2E1.1F1.1,
Al.1B1.1C1.2D2.2E1.1F1.1, and
Al.1B1.1C1.1D2.2E1.1F1.2, which were detected in
48% of the specimens (Table 2). In addition to the
“standard” sequences, the following sequences were
found in the population with a high frequency: pluC2
(50% of individuals); pluD2 (95%); and, for the first
time for the studied populations of Ch. plumosus,
pluF2 (33%) (likely due to the habitat conditions).
This is indicated by a deviation from the Hardy—
Weinberg distribution in the B and C arms (with p <
0.05). Predicted frequency of the pluB1.2 combination
is 2.5%, but it was not found in any individual. The
observed value of pluCl.1 is 50% (expected +4.5%),
pluCl.2 is 47.5% (—8.5%), and pluC2.2 is 2.5%
(+4.5%).

Using the data on the cytogenetic structure of pop-
ulation (Golygina, 1999; Shobanov and Bolshakov,
2011), we calculated the distance to the already-stud-
ied populations. The greatest cytogenetic distances
were found to the populations in Lake Golodnaya
Guba in Arkhangelsk oblast (Nei’s index value is
0.131); Rybinsk Reservoir in Yaroslavl oblast (0.105);
Lake Yalpug in Odessa oblast, Ukraine (0.094); and
Lake Beloe, Yakutia (0.092). The closest were popula-
tions from the Karpysak River (0.013), channel 3 of
the Ob River (0.021), and Rechport (0.026) in the
vicinity of the city of Novosibirsk, as well as the water
body in the town of Veliky Ustyug, Vologda oblast
(0.014) (Golygina, 1999). They all have high fre-
quency of occurrence of the pluAl (0.66—0.94), pluB1
(0.80—1.0), pluD2 (0.26—0.80), and pluE1l sequences
(0.99—1.00), as well as pluF2 in the two closest popu-
lations (0.036, the Kaprysak River; 0.031, water body
in the town of Veliky Ustyug); the highest frequency of
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this sequence (0.17) was recorded in the population we
studied.

Deviations from the Hardy—Weinberg equilibrium
found in the population indicate the presence of pres-
sure that facilitates the selection of pluC1.2 heterozy-
gotes. The presence of one individual with a pluB2.2
combination and the complete absence of pluB1.2
heterozygotes is possibly associated with the migration
process from receiving streams and their floodplain
systems (Shobanov and Bolshakov, 2011). The high
frequency of occurrence of pluCl.2, pluD1.2,
pluD2.2, and pluF1.2 combinations, as well as the
level of heterozygosity, which is known to create a
genetic reserve of the species, provide an advantage for
the carrier specimens (Dubinin, 1966). This is likely
due to a slightly increased content of silicon in the
water, as well as calcium and magnesium, since these
elements are thought to play an important role in the
metabolism of chironomid larvae (Berezina, 2017;
Martemyanov and Markiyanova, 2018). Unfortu-
nately, it is not possible to assess the correlation of the
cytogenetic structure with the chemical composition
of water due to the lack of literature data on the chem-
ical analysis in other water bodies. It is also worth not-
ing that the Chemoshur creek is characterized by a
smaller range of water-temperature fluctuations
throughout the year.

The cytogenetic distances to the three nearest pop-
ulations, despite them being geographically distant,
correspond to intrapopulation variability of the spe-
cies: 0.016 £ 0.006 (Shobanov and Bolshakov, 2011),
in our case 0.013, 0.014, and 0.021. It should be noted
that the nearest sites with a minimal cytogenetic dis-
tance can be 500—1900 km away, but the difference in
latitude is only ~4° (~440 km); vice-versa, popula-
tions with the greatest cytogenetic distances are
located at a greater distance in latitude. An exception
is the population from the Rybinsk Reservoir, in which
the pluB2 and pluC2 sequences are predominant.
With a distance of ~800 km, the difference in latitude
is <20 km, which again confirms the significance of
environmental factors for the formation of the popula-
tion cytogenetic structure.

CONCLUSIONS

The karyopool of Ch. plumosus population from the
Chemoshur creek is represented by 12 banding
sequences of polytene chromosomes forming 17 zygotic
combinations. We found a high frequency of occur-
rence for the F2 sequence in the studied population:
0.17. The results of the analysis of the cytogenetic
structure of Ch. plumosus population from the Che-
moshur creek confirm the assumption that certain
sequences of chromosome bands and their combina-
tions are confined to specific environmental condi-
tions.
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