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Abstract:  The black-striped pipefish (Syngnathus abaster) is an Atlanto-Mediterranean marine and estuarine fish spe-
cies which recently expanded its range into freshwaters. iPBS genetic markers analysis revealed the popula-
tion divergence of this fish species from different localities in Ukraine. In the course of molecular genetic
analysis using four inter-primer binding site (iPBS) primers, 82 amplification fragments were detected. The
difference between populations depends on the frequency of a particular allele allows us to separate the
population from the Tylihul Estuary and all freshwater ones. The samples from the Dnipro River basin
(Stuhna River and Dnipro Reservoir) related to different subclusters, which may indicate that the introduc-
tion of the pipefish into the Dnipro basin could have occurred several times and in different ways: 1. Natural
range expansion; 2. Artificial acclimatisation; 3. Introduction with river transport. The differences in allele
frequencies suggest the existence of populations with different origins in the Dnipro River, which can be ex-
plained by the introduction of this species from the delta areas of the Danube and Dniester (population from
the Stuhna River) and self-settlement upstream of the Dnipro River (population from the Dnipro Reservoir).
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ed their ranges in Europe using large rivers and other  ters primarily of Ponto-Caspian aquatic invertebrates

*Corresponding author: yuriy.kvach@gmail.com. ORCID: Y. Kutsokon: https://orcid.org/0000-0001-9721-5638; Y. Popovych: https:/
orcid.org/0000-0001-6576-7606; Sabina Chebotar: https://orcid.org/0000-0002-9130-7272; Alla Bakuma: https://orcid.org/0000-
0001-7190-2210; V. Yuryshynets: https://orcid.org/0000-0001-6310-7874; Y. Kvach: https://orcid.org/0000-0002-6122-4150

301



Kutsokon Y., Popovych Y., Chebotar S., Bakuma A., Yuryshynets V. & Kvach Y.

(Bu DE VAATE et al. 2002). As a result, three main
corridors of invasions were outlined for the Europe-
an continent, serving not only for the spread of Pon-
to-Caspian invertebrates from the north and west but
also for all aquatic organisms in both directions (PAN-
ov et al. 2009), i.e. Northern, Central and Southern
corridors of aquatic invasions. Two of the corridors,
Southern and Central, pass through Ukrainian aquat-
ic ecosystems. The group of “neolimnetics”, which
includes the Ponto-Caspian gobiids, the Ukrainian
stickleback Pungitius platygaster (Kessler, 1859),
the black-striped pipefish Syngnathus abaster Risso,
1826 and the big-scale sand smelt Atherina boyeri
Risso, 1810 is spreading their ranges via these cor-
ridors (KvacH & KuTsokon 2017).

The black-striped pipefish is an Atlanto-Medi-
terranean fish species with a natural range from the
southern Gulf of Biscay in the north to Gibraltar in
the south, the Mediterranean and Black Seas, and
the estuarine zones of their rivers (DawsoN 1986).
The population divergence of this fish was described
based on the cytochrome oxidase and microsatellite
markers, but all data is related to the Mediterranean
and Caspian seas (DIEKMANN et al. 2009, ALAvA et
al. 2011, HUBNER et al. 2013, KOLANGI-MIANDARE
et al. 2013, SANNA et al. 2013). But, no data for the
Black Sea are available at this time. Nevertheless,
the population tagging of the populations of this fish
in the Black Sea region was provided using parasite
load (YURYSHYNETS et al. 2023).

The inter-primer binding site (iPBS) marker
system is based on LTR (long terminal repeats) poly-
morphism of retrotransposons, which make a signif-
icant part of the genomes of eukaryotes and can be
used in molecular genetic studies of various groups
of living organisms, from yeast to plants and ani-
mals (BARANEK et al. 2012, KHAPILINA et al. 2020,
CHEBOTAR et al. 2021). The iPBS primers are de-
signed to a universal complement tRNA site, which
is a part of the so-called primer binding site (PBS) of
reverse transcriptase in LTR retrotransposons. The
method allows for amplifying the genomic regions
localized between PBS (KALENDAR et al. 2010).
This inter-PBS amplification technique permits to
reveal DNA fingerprinting of different genotypes.
It is based on the virtually universal presence of a
tRNA complement as a reverse transcriptase primer
binding site (PBS) in LTR retrotransposons. This
method is commonly used in polymorphism studies
in populations of aquatic organisms, both inverte-
brates (Fokina et al. 2020, CHEBOTAR et al. 2021)
and fish (Fokina et al. 2015, CEruso et al. 2020,
RaGauskas et al. 2023). However, this method was
never used to describe the genetic diversity of black-
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Fig. 1. The map of sampling localities of black-striped
pipefish Syngnathus abaster in Ukraine. 1 — Danube delta,
Vylkove; 2 —Dniester delta, Biliaivka; 3 —Tylihul Estuary;
4 — Dnipro Reservoir, Stari Kodaky; 5 — Stuhna River.

striped pipefish in the Black Sea. Thus, the current
study aimed to describe the genetic diversity using
iPBS markers.

Materials and Methods

Fish sampling

The fish were sampled using various types of dip-
nets in different localities in Ukraine, including both
native and expansion ranges (Table 1, Fig. 1). A
total of 59 fish individuals were sampled from five
different localities (Table 1). In the native range,
the sampling was in the deltaic zones of the Dan-
ube (45.408702; 29.583393) and Dniester rivers
(46.466634; 30.197059), also in the Tylihul Estuary
(46.834750; 31.098389). The expansion range was
in the Dnipro River basin, where the fish was sam-
pled in the Stuhna River (50.150272; 30.732330),
and Dnipro Reservoir near the village of Stari
Kodaky (48.376054, 35.148657). All localities are
freshwater, except for the Tylihul Estuary, which is
only marine, S=28-30%o. The sampled specimens
were identified as the black-striped pipefish (Syn-
gnathus abaster) by morphological features using
keys of KOTTELAT & FREYHOF (2007) and MOVCHAN
(2011).

The sampled fish were preserved in 96% etha-
nol for further analysis. Then, the parts of the cau-
dal peduncles of the sampled fish, with a weight of
about 50 mg, were cut, placed in tubes with alcohol,
and stored in the refrigerator.

iPBS analysis

The DNA was extracted from the fish tissues using
the SureFood PREP Advanced kit (R-Biopharm) ac-
cording to their instruction manuals. The DNA con-



Inter-primer Binding Site Markers (iPBS) are Used to Describe the Genetic Diversity of Populations...

Table 1. Number (N) of the black-striped pipefish (Syngnathus abaster) individuals studied in Ukraine by locality with

coordinates.
Location Danube Delta Dniester Delta | Tylihul Estuary | Dnipro Reservoir Stuhna River
Coordinat 45.408702; 46.466634; 46.834750; 48.376054; 50.150272;
oordinates 29.583393 30.197059 31.098389 35.148657 30.732330
N 17 14 8 13 7

centration was measured using a NanoDrop 2000
(ThermoScientific) spectrophotometer and then di-
luted to a work concentration of 100 ng/ul.

Four iPBS primers were used in PCR, i.e.
iPBS 2076 (GCTCCGATGCCA), iPBS 2080 (CA-
GACGGCGCCA), iPBS 2221 (ACCTAGCTCAC-
GATGCCA), and iPBS 2224 (ATCCTGGCAATG-
GAACCA) (KALENDARET. AL. 2010). For 10-pl total
volume of PCR reaction mix, 1 pl of 10xDreamTaq
Buffer (ThermoScientific), 1 pl of 25 mM dNTPs
(ThermoScientific), 1 ul of primer (10 pmol/ul con-
centration), 0.05 pl of DreamTaq DNA polymerase
(ThermoScientific) with activity of 5 units per 1 pl
and 5.95 ul of water were used.

The amplification protocol was: primary de-
naturation at temperature 95°C for 3 min., then 35
cycles of denaturation at 95°C for 15 sec., primer
annealing at 48°C for 1 min. for primers iPBS2076,
iPBS2221, iPBS2224 and at 58°C for iPBS2080,
elongation at 72°C for 1 min., and final elongation
at 72°C for 10 min. The annealing temperatures for
each primer were chosen experimentally using a
temperature gradient of 42-60°C.

Amplification fragments were fractionated by
electrophoresis in 7-% polyacrylamide gel at a volt-
age of 300 V for 2.5 h and visualized using Ag,NO,
according to the method of PROMEGA CORPORATION
(1999). For each fish sample the presence of an am-
plification fragment with a certain molecular weight
in the electrophoretic spectra of PCR products which
were synthesized with each of four iPBS primers
was designed as 1 and the absence of the fragment -
designed as 0. By using 1/0 matrices the frequencies
of fragment amplifications (conditionally defined as
an allele) for exemption from each locality were cal-
culated using GenAIEx v.6.503 (PEAKALL & SMOUSE
2012).

On the base of allele frequencies, the
dendrogram of genetic distances between samples
from each locality (population) was built using the
UPGMA method using the Euclidean similarity
index in Past 4.14 software (HAMMER 2001). For
statistical validation of the dendrogram, bootstrap
analysis was used. Index genetic diversity was
calculated according to LyNCH & MILLIGAN (1994)

as follows:

1 .
HJ: E %ZIH (l)a

where L — all observed loci, H(i)=2q,(i)[1-
q,(i)], where q,— “frequency” certain amplification
fragment.

Results

As a result of molecular genetic analysis by using
four iPBS primers, 82 different amplification frag-
ments were detected among investigated fishes from
different localities, most of which 85% were poly-
morphic. Among these amplification fragments, 27
were revealed by using primer iPBS 2076, 21 with
primer iPBS 2224, 19 with primer iPBS 2221, and
15 with primer iPBS 2080 (Table 2). Groups of indi-
viduals from all five localities were characterised by
several common amplification fragments (similar by
molecular weight) accounting for 10-27% depend-
ing on the primer used.

Differences in the electrophoregrams spectra
between individuals from different (the Tylihul Es-
tuary, Dnipro Reservoir, the rivers Danube, Dniester,
and Stuhna) localities were observed mainly in mi-
nor fragments of amplification, which amplified
weakly. No unique amplification fragments, spe-
cific only for individuals from a certain location,
were found. In this case, the difference between all
populations studied depends on the frequency of a
particular polymorphic allele. For example, at least
three identical amplification fragments, i.e. 550 bp,
850 bp, and 1000 bp in each individual regardless
of location, were detected on the electrophoregrams
of amplification fragments obtained in PCR with
primer iPBS2076. But in the spectrum of all indi-
viduals caught in the Dnipro Reservoir, there is an-
other polymorphic amplification fragment of 1200
bp length, the frequency of which is 1 for the Dnipro
Reservoir population, in contrast to other localities,
where this amplification fragment occurs with the
frequency from 0.25 (Stuhna population) to 0.85
(Tylihul Estuary population). A similar situation
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Table 2. Number and ratio of polymorphic amplification fragments obtained by PCR using four iPBS primers.

Parameters iPBS 2076 iPBS 2080 iPBS 2221 iPBS 2224
Amplified fragment length range, bp 360-1350 430-1100 340-1500 800-2500
Polymorphic 24 12 17 18
Total number 27 15 19 21
Percentage, % 84.2 80.0 89.5 84.8

Table 3. Index of genetic diversity parameters for differ-
ent populations of the black-striped pipefish (Syngnathus
abaster) in Ukraine.

| ipBS | iPBS | iPBS | iPBS
Locality | 5076 | 2080 | 2221 | 2224 | Total
Tylihul 10041 | 0185 | 0214 | 0225 | 0220
Estuary
Danube
. 0.230 | 0.195 | 0.128 | 0.252 | 0.206
River
Dniester | 755 | 0.190 | 0.073 | 0283 | 0.177
River
Dnipro
Reser- | 0.122 | 0.057 | 0.146 | 0.202 | 0.136
voir
Sthna |07 1 0187 | 0112 | 0225 | 0.189
River
Danube
—pH1
Dniester
91
6 Stuhna
100 Dnipro

Reservoir

Tylihul Estuary

I T T T T T T T T T
50 45 40 35 30 25 20 15 10 05
Distance
Fig. 2. Dendrogram of genetic distances calculated on the

base of allele frequencies of the black-striped pipefish (Syn-
gnathus abaster) in Ukraine, obtained using iPBS analysis.

was observed for the other polymorphic fragments
of amplification.

The index of genetic diversity in the middle
of each population varied from 0.136 to 0.220 (Ta-
ble 3). The minimal diversity was observed in the
Dnipro Reservoir, increasing in the rivers Danube,
Dniester, and Stuhna, and was highest in the Tylihul
Estuary. The electrophoretic spectres of amplifica-
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tion fragments that have been developed with iPBS
2224 primer were more polymorphic in investigated
populations and index genetic diversities for popu-
lations from different locations varied in the meas-
ure 0.202-0.283.

The dendrogram of the allele frequencies
showed that the population of the pipefish from the
Tylihul Estuary forms a separate cluster (Fig. 2).
Another cluster was divided into two subclusters:
one includes the population from the Dnipro Res-
ervoir, the other three populations from the Danube,
Dniester and Stuhna, although the Stuhna River is a
tributary of the Dnipro River.

Discussion

With this study, we represented the first data on
the genetic diversity of different populations of the
black-striped pipefish (S. abaster) in the Black Sea
basin. Also, this is the first use of the iPBS markers
for the population tagging of this fish species. The
current genetic data is in correspondence with the
ones obtained using the parasite markers. Thus, the
brackish water population from the Gulf of Odesa
was most distanced from all others (YURYSHYNETS
et al. 2023). In the current study, the data from
the Gulf of Odesa were not available, but the fish
from the Tylihul Estuary were used. This estuary is
a semi-closed water body with euhaline (marine)
water salinity, about 30-35%o (TUCHKOVENKO et al.
2022). The pipefish population in this water body
is isolated from all others used in the analysis. The
neolimnetic populations in the Dnipro River are
more similar to the native ones in the freshwater
localities in the Danube and Dniester rivers than to
the marine ones. But, populations in the Danube and
the Dniester rivers are more similar to each other,
than to Dnipro neolimnetic ones (YURYSHYNETS et
al. 2023, this data).

The population tagging of the black-striped
pipefish showed different trends than the other
neolimnetic, the big-scale sand smelt (Atherina
boyeri Risso, 1810), from the same regions of
Ukraine (KvacH et al. 2024). The sand smelt
population from the Danube Delta was most distant
from all others, including the Gulf of Odesa and the
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Cape Adzhiyask area of the Black Sea, which were
more similar to the Dnipro River. The differences
between the Danube and Dnipro populations were
also registered in the Ponto-Caspian round goby
(Neogobius melanostomus) using microsatellite
markers. The native populations from the Danube
Delta Black Sea off-shore, as well as the fish from
the Dnipro Estuary and the middle river reach
(BROWN & STEPIEN 2008, TARASIUK et al. 2021).

Activation of retrotransposons (RT) can be
associated with various processes in the organism
from interspecies hybridization, thus stimulating ge-
nome rearrangement (WEIL & MARTIENSSEN 2008),
regeneration processes (MacCFARLAN et al. 2012,
MasHANOV et al. 2012), formation of immunity to
viruses (WANG et al. 2022). The RT activation in
fish experiencing stress conditions could have both
detrimental and beneficial implications, affecting
fish growth but promoting resistance to environ-
mental stressors such as pollutants (PIERRON et al.
2019). The LINEs (Long interspersed nucleotide el-
ements — group of non-LTR retrotransposons) have
an important function in temperature adaptation and
provide insights into the MAPK/p38 (p38 mitogen-
activated protein kinase) stress-responsive pathway
that shapes LINE composition in fishes facing cold
stresses (CHEN et al. 2017). The studies of PIERRON
et al. (2019) and CHEN et al. (2017) showed the ac-
tivation of retrotransposons in fish in response to
stressful environmental conditions, which enhances
adaptation to temperature or pollution. Therefore, it
can be assumed that certain adaptive processes may
occur in fish populations that are more polymorphic
in terms of the spectrum of retrotransposons in re-
sponse to a stressful environment.

The belonging of the samples from the Dnipro
River basin (Stuhna River and Dnipro Reservoir) to
different subclusters may indicate that the introduc-
tion of the pipefish into the Dnipro basin could have
occurred several times and in different ways: 1. Natu-
ral range expansion; 2. Result of the artificial accli-
matization measures organized in the middle of the
20th century; 3. Introduction with river transport. A
large population of the pipefish in the Dnipro Res-
ervoir was noted already in the early 70s of the 20th
Century, it was believed that it entered here from the
Lower Dnipro River through the Kakhovka Reservoir
(ZHURAVEL 1974). In 1950-1951, mollusks and crus-
taceans (Monodacna pontica, Micromelania lincta,
Pontogammarus obesus, P. robustoides, Paramisis
sars) from Lake Yalpuh (Danube delta) were intro-
duced to the experimental ponds of the Institute of
Hydrobiology in the floodplain of the Dnipro River
(Buchak village, 13 km upstream from Kaniv), which

later were flooded by the Kaniv Reservoir, into which
the Stuhna River now inflows (MARKOVSKI) 1954).

In general, our studies indicate the possibility
of using iPBS markers in the comprehensive moni-
toring of the spread of alien invasive species in the
case that sufficiently high values of differences be-
tween divergent populations are obtained. In the case
of high similarity (kinship), the use of microsatellite
analysis gives better results, which more adequately
reflect the relationship between the population and
parasitological parameters of interconnected, but
geographically distant local populations (KvAcH et
al. 2023, 2024). Our analysis proved the existence
of populations with different origins in the Dnipro
River, which can be explained by the introduction of
this species from the delta areas of the Danube and
Dniester (population from the Stuhna River) and
self-settlement upstream of the Dnipro River (popu-
lation from the Dnipro Reservoir).
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