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Comparative karyological analysis of four species of Aedes
mosquitoes inhabiting the territory of the Republic of Kazakhstan

In the present study, karyotypic analysis of four species of Aedes mosquitoes (Aedes vexans, Age. caspius, Ae.
cataphylla, Ae. subdiversus) collected in the territory of the Republic of Kazakhstan was carried,out."Chro-
mosome length measurements were performed in each of the studied species, and C-staining;, DAPI*
fluorescence and fluorescence in situ hybridisation (FISH) methods were applied using 18S#DNA prabe. C-
staining and DAPI-fluorescence showed that regions of heterochromatin localized predominantly in the
centromeric regions of chromosomes. FISH-hybridization results showed that in Ae. cataphylla the 18S
rDNA loci are located on the first chromosome, whereas in Aedes vexans, Ae. caspius and Ae. subdiversus
they were detected on the second chromosome.

Keywords: Aedes, bloodsucking mosquitoes, mitotic chromosomes, C-stain, \DAPI, FISH, rDNA, hetero-
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Introduction

Mosquitoes of the Culicidae family represent the most humerous group of insects on the planet. These
insects are widely distributed and can be found in both southermiand northern regions. Mosquitoes are known
carriers of a variety of infectious diseases caused by viral and parasitic pathogens, which significantly impact
the health of both humans and animals. Many countries report imported cases of such diseases, while ongo-
ing climate change contributes to the spread of disease vectors into previously unaffected areas. Among the-
se expanding species, Aedes mosquitoes are commonly encountered [1-5].

The genus Aedes is characterized by*high'species diversity and includes numerous blood-feeding mos-
quito species [1]. One of the most invasive species of this genus, Aedes koreicus, was first identified in Ka-
zakhstan in 2021 [6]. To effectively assess and mitigate potential epidemiological risks, it is essential to de-
termine the precise species composition of/local mosquito populations. However, species-level identification
within the genus Aedes is often.complicated due to morphological similarities among closely related taxa. As
a result, the application of multiple diagnostic approaches is required to ensure accurate identification. Cyto-
genetic characteristics, such:as the quantity and spatial organization of heterochromatin in chromosomes, are
known to be species-specific in'many animals and plants [7]. Among ribosomal genes, 18S rDNA is consid-
ered the most conserved, making it a valuable tool in taxonomic and phylogenetic research. In light of these
considerations, a cytogenetic study was performed on selected Aedes species collected across Kazakhstan.
The findings contribute to the development of additional taxonomic markers and offer insights into the evo-
lutionary biology of‘Aedes mosquitoes.

Experimental

Fourth-instar larvae of Aedes mosquitoes were utilized in the present study. Field collections were car-
ried out during spring 2024 in multiple regions of the Republic of Kazakhstan, including Karaganda,
Kostanay, North Kazakhstan, and Akmola regions. The specimens represented various taxonomic groups:
Ae. vexans (subgenus Aedimorphus), Ae. caspius (subgenus Ochlerotatus, caspius group), Ae. cataphylla
(subgenus Ochlerotatus, communis group), and Ae. subdiversus (subgenus Ochlerotatus, rusticus group).

Sampling took place from March to May, with larvae collected from natural aquatic habitats and pre-
served in Carnoy’s fixative (1 part glacial acetic acid to 3 parts 96 % ethanol). A taxonomic expert on blood-
feeding mosquitoes performed morphological determinations using standardized identification protocols
[8-10]. Analysis of larval characteristics was carried out with a Stemi 2000-C stereomicroscope (Carl Zeiss).
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Cells obtained from the imaginal discs of Aedes larvae at the fourth instar stage were used to conduct
cytogenetic analysis of four mosquito species: Ae. vexans, Ae. caspius, Ae. cataphylla, and Ae. subdiversus.
This anatomical structure was selected due to the high density of cells undergoing metaphase, making it suit-
able for chromosome visualization. As in the majority of mosquito taxa, these species displayed a diploid
chromosome number of 2n = 6. The Chromosomes classified according their length.

For chromosomal analysis, the lactoacetoorcein technique was employed to stain preparations, allowing
for measurement of chromosome length, estimation of centromeric index, and calculation of relative lengths.
To examine constitutive heterochromatin, C-banding was applied, while DAPI staining was used to detect A-
T rich heterochromatin regions. Fluorescence in situ hybridization (FISH) enabled localization and quantifi-
cation of 18S rDNA loci across Aedes chromosomes from different subgenera [11-14].

Chromosomal imaging and analysis were conducted using Zeiss Axio Imager Al and Z1 flugrescence

techniques have proven valuable for revealing patterns of chromosomal differentiation. T i
light the variation in heterochromatin quantity and distribution as key elements in moﬁ i nom
tion, which show contrasting features among others mosquitoes lineages [15, 16]. \

Results and Discussion
Studies focused on Aedes reveal variability in overall chromosome lengths [17] omosomes were

stained using the lactoacetoorcein technique (Fig. 1), allowing for precise ent of their size using
the ImageJ software (Table 1). Based on this, the relative chromosome Ie ra%) and centromeric index
(Jc, %) were calculated (Table 2). Notably, chromosome 1 in all speC|e ificantly shorter than chromo-

somes 2 and 3, which are nearly identical in length within each;oe S,

Figure 1. Lactoacetoorcein staining of chromosomes of Ae.vexans (a), Ae.caspius (b),
Ae.cataphylla (c), Ae.subdiversus (d). 1,2,3 — chromosome numbers.
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Chromosome lengths of mosquitoes of the genus Aedes

Species Chromosome 1, Chromosome 2, Chromosome 3,
+0,3 um +0,3 um +0,3 um
Ae.vexans 5.4 9.01 8.22
Ae.caspius 6.26 9.99 9.03
Ae.cataphylla 6.5 10.34 9.7
Ae.subdiversus 6.46 10.35 9.78

Centromeric index values were determined using the formula proposed in [18]. The observed relative
lengths ranged from 24 % to 39 %, while centromeric indices fell between 45 % and 51 %, indicating that
the chromosomes are metacentric, although chromosome 2 in some specimens approached submetacentric
morphology.

Table 2
Centomeric index and relative length of chromosomes

Species Chromosomes 1 Chromosomes 2 Chromosomes 3

L, % Jo, % L, % Jo, % L, % Jo, %
Ae.vexans 24 48 39 50 36 49
Ae.caspius 25 48 39 46 35 48
Ae.cataphylla 24 48 38 47 36 47
Ae.subdiversus 24 48 39 45 36 47

C-banding analysis revealed the presence of constitutive heterechromatin in the centromeric areas of all
examined species. As an illustration, Figure 2 shows heterochrematin patterns in Ae. cataphylla. Using DAPI
staining, small A-T rich heterochromatin blocks were “wisualized, particularly in Ae. vexans and Ae.
subdiversus. In contrast, these blocks were nearly undetectable in Ae. caspius and Ae. cataphylla. Figure 3
demonstrates the centromeric localization of DAPI-pesitive regions. These observations are consistent with
previous works by Wasserlauf et al. (2018) and Alekseeva et al. (2020) [13, 14].

»

10 um

Figure 2. C-stained chromosomes in Ae.cataphylla.
Arrows indicate C-blocks of constitutive heterochromatin. The numbers indicate chromosome numbers.

Fluorescence in situ hybridization (FISH) was applied to all four studied species to map the 18S rDNA
loci. All studied species have 1 loci 18S rDNA (Fig. 3).
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Figure 3. Localization of 18S rDNA on chramosomes of Ae.vexans (a), Ae.caspius (b)
Ae.subdiversus (c) Ae.cataphylla (d). The arrows indicate,the localization sites of 18S rDNA.
The numbers indicate chromosomeé humbers. The chromosomes stained by DAPI.

The colors of the chramosomes are artificial.

In Ae. cataphylla, the 18S rDNA cluster was located on chromosome 1, confirming earlier findings
from specimens collected in the Tomsk segion, [19]. While Ae. cataphylla is part of the communis group
within the Ochlerotatus subgenus — where 18S rDNA signals are typically observed on chromosome 2 [19]
— our results show locus variability withinthis clade. Ae. vexans and Ae. subdiversus, which belong to dif-
ferent subgenera, exhibited 18S ¥fDNA sites on chromosome 2 (Fig. 3).

Conclusions

The findings concerningschromosome size variation, as well as the distribution of heterochromatin and
18S rRNA gene lagi, providesthe additional cytogenetic markers for species differentiation within the Aedes
genus and offer insights inte.their evolutionary history. The localization patterns of 18S rDNA in the species
analyzed in this study (Ae. vexans, Ae. caspius, Ae. subdiversus, and Ae. cataphylla), and compared with ear-
lier studies [19], reflect a common evolutionary pattern within groups of the Ochlerotatus subgenus. Ob-
served differences.in/the chromosomal positioning of 18S rRNA genes — both between and within subgene-
ra <= suggest that evolutionary chromosomal rearrangements, such as translocations, have contributed to
their relocation.
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C.C. Anexkceesa, I0.B. AnapeeBa, A.M. CubaraeBa, A.K. CubartaeB

Ka3akcran Pecny6iukacel aymarbinaa Tapairan Aedes TybIChIHA )KATATHIH
MacaJapblH TOPT TYPIHiH CATBICTBIPMAJIbI KAPHUOJIOTUSIJIBIK TAJ/AaybI

3eprreyne Kasakcran PecrmyOnuKachlHbIH ayMarblHIa KHHAIFaH MacanapiasiH Aedes TybIChIHBIH 4 TypiHe
(Aedes vexans, Ae.caspius, Ae.cataphylla, Ae.subdiversus) kapronorusisik Tanaay xyprizingi. Hotmxkecinae
opOip TYypAiH XpoMOCOMaNlapbIHBIH Y3bIHABIFE! eieHl, C- xone DAPI Gosysl sxone 18S rDNA 30HIBIMECH
xpoMocomanapabsie  ¢uryopectenTti ruopuamsanmsickl (FISH) oxyprizimmi. C- sxeme DAPI Gostymapst
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LEHTpOMepa aliMarblHIa TeTepOXPOMATHHHIH JoKanu3auusichiH kepcerri. FISH —Ae.cataphylla 1-
Xpomocomachina sxoHe Aedes vexans, Ae.caspius skone Ae.subdiversus 2-xpomocomana pJIHK mnokycrapsia
AHBIKTAJIBL.

Kinm ce3dep: Aedes, KaHCOpFBIII Macaiap, MUTO3BIK xpomocomanap, C-Gosreimn, DAPI, FISH, p/IHK,
reTepoXpOMaTHH.

C.C. Anekceena, F0.B. Anapeesa, A.M. CubaraeBa, A.K. CubartaeB

CpaBHHUTEJIbHBIH KapHOJOTHYeCKH AaHAJIN3 YeThIPEX BHI0OB KoMapoB poaa Aedes,
oouTaomux Ha Teppuropuu Pecnmydsiuku Kazaxcran

B HacTosilieM HCCJIEIOBaHHU MPOBEAEH KAPUOTHIIMYCCKHH aHaInW3 4YeThIPEX BUIOB KoMapoB poxa Aedes
(Aedes vexans, Ae. caspius, Ae. cataphylla, Ae. subdiversus), cobpannsix Ha Tepputopun Pecrnydmknu Ka=
3axcTaH. B xoxe paGoThl OBUTH BBINOJHEHBI H3MEPEHUSI IJIMHBI XPOMOCOM y KaXKIOTO M3 HCCHETyEMBIX BH-
JIOB, a TaKkXke IpuMeHeHb! Metobl C-okpammBanusi, DAPI-Guyopecuennuu u ¢iayopecueHTHOH THOpHAN3a~
mud in situ (FISH) ¢ nucnonezoBannem 30u12a 18S p/IHK. C-oxpacka u DAPI-¢pnyopecueHIHssmoKa3ajiy, 4To
YYaCTKH TeTePOXPOMATHHA JIOKATU3YIOTCS NMPEUMYIIECTBEHHO B IIEHTPOMEPHBIX 30HaX Xpomocom. 110" pe-
syneratam FISH-rubpuansannu ycranosineHo, uro y Ae. cataphylla mokycer 18S p/IHK pacmonaratorcst Ha
nepBoil Xxpomocome, Torja kak 'y Aedes vexans, Ae. caspius u Ae. subdiversus oHu BbIsBICHBIHA BTOPOWA
XpOMOCOME.

Knroueevie cnosa: Aedes, kpoBococyiine KOMapbl, MUTOTHYECKHE XpomocoMbl, £C-okpacka, DAPI, FISH,
rDNA, reTrepoxpoMaTuH.
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