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Abstract: 	 The family Clupeidae is believed to be represented by nine species in the Black Sea. However, this view 
is not generally accepted and the genus Alosa is one of the most challenging groups from taxonomic point 
of view. The phylogenetic relationships among three shad species (Alosa caspia, Alosa immaculata and 
Alosa tanaica) from Bulgarian marine waters were studied base on cytochrome b sequences. Totally, one 
hundred samples of the genus Alosa were examined. Five individuals with the most possible identification 
as Alosa tanaica formed a clade positioned basally to the other two species. A. caspia and A. immaculata 
formed a clade but being clearly distinct from one another. The results confirm that Cyt b sequences can 
be used for distinguishing species of the genus Alosa occurring in the Black Sea.
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Introduction
The Clupeidae is one of the commercially important 
fish families. It consists of mostly marine species 
but some of them are freshwater and anadromous 
(Svetovidov 1964, Whitehead 1985, Gaudant 
1991). All Black Sea shads are listed in IUCN Red 
List as vulnerable (Dobrovolov et al. 2012). Nu-
merous studies of genetic structure and species iden-
tification have been carried out (Whitehead 1985, 
Economidis 1986, Faria et al. 2006, Dobrovolov 
et al. 2012, Turan et al. 2010, 2015, 2018, Chiesa et 
al. 2016, Vernygora et al. 2018, Bani et al. 2019). 
Despite their importance, little is known about the 
phylogenetic relationships within the genus Alosa 
H. F. Linck, 1790 (Chiesa et al. 2016, Bani et al. 
2019, Turan et. al. 2015, 2018). 

Rapidly evolving mitochondrial DNA genes 
have been shown to be a powerful tool for the as-
sessment of validity and phylogenetic relationships 
of anadromous and marine fishes (Meyer 1993, 
Bernatchez & Wilson 1998, Turan et al. 2009). 
The pattern of maternal inheritance and the rapid 
rate of evolutionary changes of mtDNA compared 
to nuclear DNA make it a suitable tool to accom-
plish genetic studies (Faria et al. 2006, Turan et al. 
2009, 2010, 2018). 

In Bulgarian part of the Black Sea, the genus 
Alosa is represented by four species: Alosa immacu-
lata (Bennett, 1835), A. caspia (Eichwald, 1838), A. 
maeotica (Grimm, 1901) and A. fallax (Lacepede, 
1803) (Yankova et al. 2014). Drensky (1934) de-
scribed Alosa bulgarica as an endemic species for 
the Bulgarian Black Sea tributaries south from Bur-
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gas. This taxon, also listed as A. caspia bulgarica 
by various authors, was recognised as a synonym 
of A. tanaica (Grimm, 1901) (see Kottelat 1997) 
but Stefanov (2007) believed that its specific mor-
phology and distinct distribution might indicate that 
it could be an endemic species and more data were 
needed to clarify its status. As reported by the World 
Register of Marine Species, Alosa bulgarica is not 
valid name and the accepted name for this taxon 
Alosa tanaica (Grimm, 1901). The applications of 
molecular and genetic methods are necessary for 
precise taxonomical identification Alosa spp. Low 
values of genetic distance (0.038) were found be-
tween A. immaculata and A. caspia. The genetic dis-
tance between these two species and the other Alosa 
spp. was found to be higher (0.066) (Dobrovolov 
et al. 2012). Molecular data demonstrated that the 
differences between A. caspia and A. immaculata 
are less than 0.8% (Faria et al. 2006). A. caspia, 
A. f. nilotica, A. immaculata and A. tanaica exhib-
ited close genetic similarity and A. maeotica showed 
the highest genetic differentiation within the genus 
Alosa. The nucleotide divergence of A. maeotica 
from the other congeners is about 0.01 (Turan et 
al. 2015). A. immaculata showed closer genetic re-
lationships to A. f. nilotica and A. caspia than to A. 
tanaica (Turan et al. 2015). Bowen et al. (2008) 
used mtDNA sequence analysis and also found the 
lowest genetic distance between A. immaculata and 
A. f. nilotica. 

Animal mitochondria contain 13 protein cod-
ing genes (Zhang & Jiang 2006). Cytochrome b 
(cyt b) is commonly used as a region of mitochon-
drial DNA for determining phylogenetic relation-
ships among animals due to their variability (Bani 
et al. 2019, Chiesa et. al. 2016, Turan et al. 2010, 
2015, 2018, Vernygora et al. 2018). Cytochrome b 

is very conservative and considered useful in deter-
mining relationships at the lower taxonomic levels 
such as subfamilies, genera, subgenera and species 
(Freeland 2005, Faria et al. 2006). 

The aim of the present study was to assess cyt 
b as a marker for identification of the species of the 
genus Alosa in the Black Sea. 

Materials and Methods
Taxa studied
Shad specimens were collected during the period 
2017-2019 from Bulgarian coastal areas (Fig. 1). 
The species were initially distinguished morpho-
logically using the identification keys by Drensky 
(1951), Peshev & Boev (1962) and Karapetkova & 
Zhivkov (2010). One hundred samples of individu-
als of the genus Alosa were analysed; these included 
A. caspia – 34, A. immaculata – 61 and A. tanaica 
– 5 (Fig. 1, Table 1). The samples were placed indi-
vidually into plastic bags and kept frozen at –20ºC. 
Muscle tissue was taken from each individual in the 
field or in the laboratory and stored in 96% ethanol. 

Fig. 1. Samples sites along the Bulgarian Black Sea coast

Table 1. Localities and numbers of the samples analysed. 

Species Localities Number

Alosa immaculata Primorsko, Ahtopol, Durankulak, Emine, Sozopol, Burgas Bay, Byala, Nesebar, 
Varna, Shabla 61

Alosa caspia Ahtopol, Primorsko, Durankulak, Sozopol, Emine, Byala, Cape Kaliakra, Nesebar 34
Alosa tanaica Ahtopol, Emine, Durankulak 5

Table 2. List of the primers used to obtain Cyt b sequences.

Name Sequence 5’-3’ Tm
Cyt b Fw 1 5’- CMCTVCTTAAAATYGCAAACCA-3’ 57.6°C
Cyt b Fw 2 5’-GCCCCCTCTAACATTTCTGC-3’ 56°C
Cyt b Rev1 5’ –AGGGCRAGBACTCCKCCWAGTTT-3’ 59.7°C
Cyt b Rev2 5’- GCAAAHAGHAAGTAYCACTCTGG - 3’ 56.5°C

 

Fig. 1 Samples sites along the Bulgarian Black Sea coast 
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Molecular analyses
DNA was extracted from fi sh muscle tissue using 
DNeasy Blood & Tissue kit following the enclosed 
standard protocol. The isolated DNA was quantifi ed 
spectrophotometrically by its absorption at 260 nm 
and the quality was controlled by electrophoresis on 
1% agarose gel.  For the list of primers used to obtain 
Cyt b sequences, see Table 2.

Approximately, 150 mg DNA template was 
taken from each sample and mixed in 200 μl PCR 
tube with 1 μl of each primer (10 mmol.L-1 concen-
tration), 25 μl PCR master mix (Fermentas) and 21 
μl DNase-free water (supplied with the master mix 
kit). The PCR tubes were places TC-512 THER-
MAL CYCLER (Techne) PCR apparatus and the 
PCR amplifi cation was carried-out by using the fol-
lowing program: initial DNA melting at 94° C – 5 
min; next 35 cycles of 94°C – 45 s; 58°C – 45 s; 
72° C – 2 min 30 s and fi nal extension at 72° C for 
10 min. 

The PCR products were mixed with 7.5 µL of 
loading dye loaded onto 1.5% agarose gel contain-
ing 0.5 mg/ml ethidium bromide (fi nal concentra-
tion) covered with 1X TBE buff er and separated 
by applying 7 volts per cm electrical currency. The 
size of the products was determined by comparison 
with a DNA ladder (Fermentas GeneRuler). The 
PCR products were visualised by UV light and the 
bands were isolated from the agarose by QIAquick 
Gel Extraction Kit following the original protocol. 

The PCR products were isolated from the agarose 
by QIAquick Gel extraction kit according to the 
original protocol, and then sent for sequencing to 
Eurofi ns-GATC, Germany (Fig. 3). 

Data analysis
The gel images were captured by BIO-VI-
SION+3026.WL system (Vilber Lourmat) using four 
diff erent exposition times and processed by accom-
panying software. The online nblast analyses were 
used to confi rm that the isolated sequences belong to 
Cyt b using the algorithm of Altschul et al. 1997. 
The multiple alignments of obtained sequences and 
phylogenic analyses were performed using MEGA 
7.2 (Kumar et al. 2016). The phylogenic tree was 
built by MEGA 7.2 software using maximum likeli-
hood algorithm with 500 times bootstrapping.

Results
First an online blastn algorithm was used to com-
pare the obtained sequences with those annotated 
in NCBI database. The results demonstrated high 
similarity between the annotated Cyt b sequences (E 
value 3e-110) for Alosa spp. The variability in the 
Cyt b sequences of our 100 samples were analysed 
and only part of the sequences was demonstrated in 
order to improve the visualisation (Fig. 2).

The nblast comparison between isolated by us 
sequences with those annotated in NCBI Genbank 

Fig 2. An alignment of Cyt b gene sequences of Alosa spp. based on Clustal W algorithm



24

Boyadzhieva-Doychinova D., F. Tserkova & I. Denev†

database resulted in 98 % identity with e-value 0.
The evolutionary history was inferred us-

ing the Neighbour-Joining method (Saitou et al. 
1987). Bootstrap consensus tree from 500 replicates 
(Felsenstein et al. 1985) was used to visualise the 
relationships among the studied taxa. The percent-
age of replicate tree, in which the associated taxa 
clustered together, was shown next to the branches. 
Evolutionary distances were computed using the 
Maximum Composite Likelihood (Tamura et al. 
2004) and presented in numbers of base substitu-
tions per site. The rate variation among sites was 
modelled with a gamma distribution (shape param-
eter = 1). 

Discussion
Analysing the phylogenetic tree, we come to the 
conclusion that A. immaculata has closer genetic 
relationships with A. caspia than with A. tanaica 
(Fig. 4). This is in agreement with the studies by 
Faria et al. (2006), Bowen et al. (2008) and Turan 
et al. (2015). The problem about the phylogeny of 
the genus Alosa needs further studies. Additional 
molecular markers should be used to evaluate the 
phylogenetic relationship among Alosa spp. They 
are extremely vulnerable to anthropogenic changes, 
especially related of their spawning grounds (Faria 
et al. 2006). More conservation measures should be 
taken to increase the stocks of these species, espe-
cially the rare species such as Alosa maeotica and 
Alosa tanaica.

The obtained results confi rm that Cyt b se-
quences can be used for distinguishing species of 
the genus Alosa.

References

Altschul S. F., Madden T. L., Schaffer A. A., Zhang J., 
Zhang Z., Miller W. & Lipman D. J. 1997. A new genera-
tion of protein database search programs. Nucleic Acids 
Research 25: 3389–3402. 

Arif I. A. & Khan H. A. 2009. Molecular markers for biodiver-
sity analysis of wildlife animals: a brief review. Animal 
Biodiversity and Conservation 32 (1): 9–17.

Bani A., KhatamineJad S., Vaziri H. R. & Haseli M. 2019. 
The taxonomy of Alosa caspia (Clupeidae: Alosinae), 
using molecular and morphometric specifi cations, in the 
South Caspian Sea. The European Zoological Journal 86 
(1): 156–172.

Bernatchez L. & Wilson C. C. 1998. Comparative phylogeog-
raphy of Nearctic and Palearctic fi shes. Molecular Ecology 
7: 431–452.

Boore J. 1999. Animal mitochondrial genoms, Nucleic Acid 
Research 27: 1767–1780.

Bowen B. R., Kreiser B. R., Mickle P. F., Schaefer J. F. & 
Adams S. B. 2008. Phylogenetic relationships among 
North American Alosa species (Clupeidae). Journal of Fish 
Biology 72: 1188–1201.

Caine L., Lima G., Pontes L., Abrantes D., Pereira M. & Pin-
heiro M. F. 2006. Species identifi cation by cytochrome 
b gene: casework samples. International Congress Series 
1288: 145–147.

Chiesa S., Filonzi L., Ferrari C. & Marzano F. N. 2016. Mo-
lecular genetics confi rms the existence of diff erent man-
agement units belonging to a single phylogenetic lineage 
within Italian populations of Alosa fallax (Lacepede, 1803). 
Journal of Fisheries Sciences Communications 10 (4): 14. 

Dobrovolov I., Ivanova P., Georgiev Z, Panayotova M. 
& Nikolov V. 2012. Allozyme variation and genetic 
identifi cation of shad species (Pisces: Clupeidae, genus 
Alosa) along Bulgarian Black Sea Coast. Acta Zoologica 
Bulgarica 64 (2): 175–183.

Drensky P. 1934. Alosa bulgarica nov. sp., ein bis jetzt 
unbekannter Fisch aus den Flüssen der bulgarischen Küste 
des Schwarzen Meeres, südlich von Burgas. Izvestiya na 
Tsarskite Prirodonauchni Instituti v Sofi a 7: 79–87 (in 
Bulgarian, with German summary). 

Drensky P. 1951. Fishes in Bulgaria. In: Fauna of Bulgaria, 
vol. 2, Sofi a: Institute of Zoology, Bulgarian Academy of 
Sciences (in Bulgarian). 

Economidis P. & Sinis A. 1988. A natural hybrid of Leuciscus 
cephalus macedonicus X Chalcalburnus chalcoides mace-
donicus (Pisces, Cyprinidae) from Lake Volvi (Macedonia, 
Greece). Journal of Fish Biology 32 (4): 593–605.

Faria R., Weiss S. & AleXandrino P. 2006. A molecular phylo-
genetic perspective on the evolutionary history of Alosa 

Fig. 4. Phylogenetic tree based on evolutionary relation-
ships of taxa using the Neighbor-Joining method in cyt b 
sequences

Fig. 3. PCR products visualised by UV light 



Molecular Taxonomy Study of the Genus Alosa H. F. Linck, 1790 along Bulgarian Black Sea Coast...

25

spp. (Clupeidae). Molecular Phylogenetics and Evolution 
40: 298–304. 

Felsenstein J. 1981. Evolutionary Trees from DNA Sequences: 
A Maximum Likelihood Approach. Journal of Molecular 
Evolution 17: 368-376.

Felsenstein J. 1985. Confidence limits on phylogenies: An ap-
proach using the bootstrap. Evolution 39: 783-791.

Freeland J. (Ed.) 2005. Molecular ecology. West Sussex, Jonh 
Wiley & Sons, 388 p.

Froese R. & Pauly D. (Eds.) 2019. FishBase. World Wide Web 
electronic publication. http://www.fishbase.org. Accessed 
February 2019.

Gaudant J. 1991. Palaeontology and history of clupeoid fishes. 
In: Hoestlandt H. (Ed.): The freshwater fishes of Europe. 
Wiesbaden: Aula Verlag, pp. 32-44.

Karapetkova M. & Zhivkov M. 2010. Fishes in Bulgaria, Sofia: 
GeaLibris, 216 p. (In Bulgarian).

Kottelat M. 1997. European freshwater fishes. An heuristic 
checklist of the freshwater fishes of Europe (exclusive of 
former USSR), with an introduction for non-systematists 
and comments on nomenclature and conservation. Biologia 
52 (Suppl. 5): 1–271.

Kumar S., Stecher G. & Tamura K. 2016. MEGA7: Molecular 
Evolutionary Genetics Analysis, Version 7.0 for bigger 
datasets. Molecular Biology and Evolution 33: 1870–1874.

Meyer A. 1993. Evolution of mitochondrial DNA in fishes. In: 
Hachachka P.W. & Mommsen P. (Eds.): Biochemistry and 
Molecular Biology of Fish, Vol. 2. Amsterdam: Elsevier, 
pp. 1–38.

Mezhzherin S. V. & Fedorenko L. V. 2005. Genetic variation 
of Azov and Black Sea herring Alosa pontica (Eihwald, 
1838) (Clupeiformes, Alosinae) in Danube River: analysis 
of biochemical gene markers. Tsitologiya i Genetetika 39 
(2): 42–48.

Parson W., Pegoraro K., Niederstätter H., Föger M. & 
Steinlechner M. 2000. Species identification by means 
of the cytochrome b gene. International Journal of 
Legal Medicine 114(1-2): 23–28. 

Peshev T. & Boev N. 1962. Fauna of Bulgaria (short identification 
key). Sofia: Naridna Prosveta (in Bulgarian).

Saitou N. & Nei M. 1987. The neighbor-joining method: A new 
method for reconstructing phylogenetic trees. Molecular 
Biology and Evolution 4: 406–425.

Stefanov T. 2007. Fauna and Distribution of Fishes in Bul-
garia. In: Fet V. & Popov A. (Eds.): Biogeography and 
ecology of Bulgaria. (Monographiae Biologicae, Vol. 
82.). Dordrecht: Springer, pp. 109-140.

Svetovidov A.N. 1964. Ribyi Chernogo moria (Fishes of the 
Black Sea). Moscow – Leningrad, Nauka Publishers, 525 
p. (in Russian).

Tamura K., Nei M. & Kumar S. 2004. Prospects for inferring 
very large phylogenies by using the neighbor-joining 
method. Proceedings of the National Academy of Sciences 
101: 11030-11035.

Turan C., Erguden D. & Turan F. 2010. Phylogenetic relation-
ship among the Black Sea Alosa species from mtDNA ND 
5/6 sequences. Rapp. Comm. Int. Mer Médit. 39: 687.

Turan C., Ergüden D., Gürlek M., Çevik C. & Turan F. 2015. 
Molecular systematic analysis of shad species (Alosa spp.) 
from Turkish marine waters using mtDNA genes. Turkish 
Journal of Fisheries and Aquatic Sciences 15: 149-155.

Turan C. & Turan F. 2018. Genetic differentiation of twaite 
shad (Alosa fallax nilotica) populations. In: I. Uluslararasi 
Akdeniz Sempozyumu – First International Mediterranean 
Symposium.

Vernygora O., Davis C. S., Murray A. M. & Sperling F. H. 
2018. Delimitation of Alosa species (Teleostei: Clupe-
iformes) from the Sea of Azov: integrating morphological 
and molecular approaches. Journal of Fish Biology 93(6): 
1216–1228.

Whitehead P.J.P. 1984. Clupeidae. In: Whitehead P.J.P., 
Bauchot M.L., Hureau J.C., Nielsen J. & Tortonese 
E. (Eds.): Fishes of the North-Eastern Atlantic and the 
Mediterranean Paris: UNESCO, Paris, pp.1-510.

Whitehead P.J.P. 1985. FAO Species Catalogue. Vol. 7. Clupeoid 
fishes of the world (suborder Clupeioidei). An annotated 
and illustrated catalogue of the herrings, sardines, pilchards, 
sprats, shads, anchovies and wolf-herrings. FAO Fish. 

Yankova M., Pavlov D., Ivanova P., Karpova E., Boltachev 
A., Öztürk B., Bat L., Oral M. & Mgeladze M. 2014. 
Marine fishes in the Black Sea: recent conservation status. 
Mediterranean Marine Science 15(2): 366–379. DOI: 
http://dx.doi.org/10.12681/mms.700

Zhang F. & Jiang Z. 2006. Mitochondrial phylogeography and 
genetic diversity of Tibetan gazelle (Procapra picticauda-
ta): implications for conservation. Molecular Phylogenetics 
and Evolution 41: 313–321. 




