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Abstract

Analysis of the genetic structure of the Clupeonella engrauliformis, one of the
bony fish species, with high commercial value, was undertaken to gain information
regarding the differentiation of this species from two distinct geographical areas (Anzali
and Amirabad) located at the western and eastern parts of the Southern Caspian Sea, Iran.
Restriction fragment length polymorphism (RFLP) analysis was performed on PCR
amplified DNA fragments containing the D-loop region of the C. engrauliformis mito-
chondrial DNA. A total of 100 individuals collected from two areas were surveyed with
18 endonucleases. Six out of 18 enzymes were polymorphic yielding a total of 12 com-
posite haplotypes. Chi-square tests showed significant results in haplotype frequencies
among populations and analysis of molecular variance (AMOVA) tests indicated that
most of the variation was due to within populations (98.8 %) with Fsy= 0.01172. Despite
the existence of significant differentiation between haplotypes for mtDNA variation, no
consistent pattern of genetic structuring was revealed and nucleotide divergence among C.
engrauliformis populations was low. The results indicated that different genotypes exist in
these areas, resulting in identification of genetic stocks of C. engrauliformis. Therefore,
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careful attention must be given to these matters for the effective cultivation, management
and protection of C. engrauliformis stock on the Southern coast of the Caspian Sea.

Introduction

The Caspian Sea (Xazar), with a total area of 435,000 km?, located
in northern Iran, is the largest lake in the world. The Caspian Sea has
diverse ecological settings due to large and small rivers that drain into the
southern coast of the sea, and its connections with littoral countries and
provinces in this area (CEP 2002). The most popular parts belonging to
Iran are the southern and western coasts. There are over 120 fish species in
the southern part of the Caspian Sea, commercially divided into two groups
of sturgeons and bony fishes. The bony fishes are also divided into Kilka
and other species (Naderi jolodar 2004). These valuable species, with their
exclusive biological characteristics, provide a fundamental basis for aqua-
culture management.

Kilkas, one of the economically valuable species in the Caspian
Sea, plays an important role in the feeding regimes of other fish species
such as sturgeons (Sedov and Rychagova 1983). There are three species of
Kilka in the Caspian Sea; namely, anchovy (Clupeonella engrauliformis),
big eye (C. grimmi) and common Kilka (C. cultriventris) (Nikonorov
1964). These species are considered to be endangered in this region due to
its biological over-fishing since 1998 (Fazli 2007).

Fazli (2007) reported that the three Kilka species declined to their
lowest level in 1998. These changes occurred as an invasive species,
Ctenophora mnemiopsis, entered the Caspian Sea (lvanov et al. 2001).
This ctenophore was transported with ballast water from the Black Sea,
and appeared in 1999 in the Caspian Sea (lvanov et al. 2000). Kideys et al.
(20014a; 2001b) reported that because C. mnemiopsis is a voracious preda-
tor on zooplankton, the availability of food for Kilka (Clupeonella spp., a
zooplanktivorous fish) declined significantly in 2001. It has also been
shown that C. mnemiopsis caused the collapse of the Kilka stocks in the
Caspian Sea (Kideys et al. 2001a; 2001b; Kideys and Moghim 2003; Kar-
pyuk et al. 2004; Kideys et al. 2005). These facts, and the ecological prob-
lems involved, caused a decrease in the biomass and annual catch of cur-
rent Kilka stocks, especially anchovy (C. engrauliformis) (Fazli 2007).

Defining genetic diversity in aquaculture populations or stocks is
essential for interpretation, understanding and effective management of
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populations or stocks (Okumus and Ciftci 2003). With the development of
polymerase chain reaction (PCR), restriction fragment length polymor-
phisms (RFLP) analysis of PCR-amplified segments of mtDNA has be-
come a common method for population genetic studies (Hall and Nawrocki
1995; Hansen and Loeschcke 1996). Examination of genetic variation at
the DNA level has enhanced analytical power considerably. Mitochondrial
DNA does not recombine, is maternally inherited, and has a relatively fast
evolutionary rate compared to a single copy nuclear DNA (Brown et al.
1979; Wilson et al. 1985). Thus, a great deal of attention should be given
to the analysis of mtDNA in order to determine genetic differentiation
among C. engrauliformis populations.

The RFLP technique has been used as a molecular tool for evaluat-
ing genetic variation and relationships in several aquatic species, including
Artemia species (Bossier et al. 2004; Baxevanis et al. 2005; Eimanifar et
al. 2006), Cyprinus carpio (Gross et al. 2002; Kohlmann et al. 2003; Le-
hoczky et al. 2005), Rutilus rutilus caspicus (Rezvani et al. 2007), Xiphias
gladius (Chow et al. 1997), Silurus glanis (Triantafyllidis et al. 1999;
Krieg et al. 2000), Engraulis encrasicolus (Bembo et al. 1995), Salmo
trutta L. (Apostolidis et al. 1996; Hansen et al. 1997), sturgeon (Wolf et al.
1999; Rezvani 2000), Aphanopus carbo (Quinta et al. 2004), Trachurus
trachurus, T. mediterraneus and T. picturatus (Karaiskou et al. 2004), and
Nephrops norvegicus (Stamatis et al. 2004).

In the present study, genetic study of anchovy Kilka (C. engrauli-
formis) populations was undertaken because of its importance to fisheries
organizations near the Caspian Sea, enabling them to make reliable deci-
sions on conservation management of this stock. Therefore, the current
study was aimed at providing more detailed information on the genetic
variability among C. engrauliformis populations. To do that, we examined
restriction fragment length polymorphisms (RFLPs) of the mtDNA D-loop
region samples collected from two major parts of the natural distribution
area, the western (Anzali) and eastern (Amirabad) regions of the Southern
coast of the Caspian Sea.
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Materials and Methods

Sample collections

Sampling was carried out in two distinct areas located in the west-
ern and eastern parts of the Southern coast of the Caspian Sea. The samples
were preserved in alcohol (100 %, Merck) then transferred to the genetic
laboratory. The detailed information about the location of samples and the
numbers studies are shown in table 1.

Table 1. List of Clupeonella engrauliformis samples and locations on Southern coast of
Caspian Sea, and number of individuals analyzed for mtDNA markers

Region code Geographic region/GIS coordinates Number of individuals
analysed for mtDNA
ANZ Anzali (western part) 50
490 32" 28" - 37° 36" 54"
AMA AmirAbad (Eastern part) 50

53° 14" 24" - 36° 59" 67"

mtDNA preparation and PCR amplification

Approximately 50 mg of alcohol-preserved fin tissue from each
fish was placed in 500 pl STE (Sodium Tris EDTA) buffer, 30 ul SDS (10
% sodium dodecyl sulphate), and digested with 20 pl of proteinase K (10
mg/ml, Roche®) at 56°C overnight. The DNA was extracted according to
the phenol-chloroform protocol and 100 % ethanol precipitation (Fevolden
and Pogson 1997; Rezvani 2000). Extracted DNA was examined using 1 %
agarose gels, stained with ethidium bromide (10 mgeml™; Sigma®), to
check its quality and quantity, then diluted to the appropriate concentration
for PCR amplification. Mitochondrial DNA was analysed by restriction
fragment length polymorphisms (RFLPs) performed on PCR amplified
products. The primer used for D-loop amplification was: D-loop; (5'—3’,
20 mer, CCT AAT CTC TGG CGA CAC GC), D-loop; (5'—3", 20 mer,
GCT ACA CTA GCC ACA CAC TA) (Lee et al. 1996). Double-stranded
DNA was amplified in 50 pl reaction volumes containing 1 unit of DNA
polymerase from Thermus aquaticus (Tag polymerase), 5 pl of 10X reac-
tion buffer (50 mM KCI, 10 mM Tris-HCI), 2 mM MgCl,, 200 uM of each
dNTP, 0.2 uM of each primer and approximately 50-100 ng of DNA. The
PCR amplification conditions were as follows: one preliminary denatura-
tion at 94°C (5 min), followed by strand denaturation at 94°C (1 min),
annealing at 54°C (30 s) and primer extension at 72°C (1 min) repeated for
30 cycles and a final extension at 72°C (7 min). All products from the PCR
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amplification were confirmed by electrophoresis and were subjected di-
rectly to digestion with restriction endonucleases. The mtDNA solutions
were stored at -20°C until use.

Restriction endonuclease digestion

The PCR products were digested following the recommendations of
the manufacturers. Eighteen enzymes (Acyl, Alul, Alw26l, Bcnl, Ddel,
Dpnl, Eco471, Hae Ill, Hapll, Hhal, Hinfl, Hpall, Maell, Maelll, Mbol,
Mboll, Mspl, Ndell, and Taqgl) recognizing 1 to 5 nucleotides (bases) were
used. Incubations at 37°C for 4-6 h with appropriate amounts of the en-
zymes digested the mtDNA. Digested fragments of the D-loop segment
were electrophoretically separated on 6% polyacrylamide gels (PAGE) and
stained with silver nitrate. The 50 bp DNA ladder (MBI Fermentas™™, Iran)
was used as molecular weight markers in order to measure the size of
mtDNA fragments. A, B, C, etc. in the order of detection designated the
cleavage patterns by each enzyme.

Data analysis

For each enzyme, variable restriction patterns were alphabetically
designated as they were encountered. The presence or absence of restric-
tion sites were inferred for each of the six enzymes from a series of restric-
tion fragment patterns that differed by a single site. The site codes across
the D-loop for a restriction enzyme were concatenated, and each fish was
assigned a six-letter code that described its composite, multi-enzyme hap-
lotype. A binary character state matrix consisting of the presence or ab-
sence of all the restriction sites in composite haplotypes was produced
using the GENERATE program in REAP software package (McElroy et al.
1992). Haplotype (h) and nucleotide (7) diversities within populations were
estimated according to Nei (1987). The average nucleotide diversity (my)
and nucleotide divergence (6) among populations were estimated according
to Nei and Tajima (1981) using REAP. The homogeneity of the haplotype
frequencies within and between geographic regions was evaluated using
the contingency X? test (Roff and Bentzen 1989). The significance level
was obtained by 10000 Monte Carlo randomizations using the MONTE
programme from the REAP package. In order to assess the extent of ge-
netic differentiation at the different levels of the geographic hierarchy, the
overall molecular variance was partitioned into components corresponding
to the population divergence within and among regions, using the analysis
of molecular variance model (AMOVA) (Excoffier et al. 1992) with Arle-
quin version 2.0 program package (Schneider et al. 2000). Significance of
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the variance components and the fixation index Fst value were estimated
using a permutation method.

Results and Discussion

The amplified segment of the D-loop had an approximate size of
1015 bp, respectively. Restriction enzymes revealed the 24.9 base pairs
that were analyzed, which included 2.4 percent of the target gene (D-loop)
surveyed. Six (Haelll, Hhal, Hinfl, Maelll, Mbol, and Ndell) out of eight-
een restriction enzymes were polymorphic for the D-loop. Between 2 and 5
fragment variants were detected for each restriction enzyme. The RFLPs
six enzymes in the mtDNA D-loop region of 100 individuals examined are
summarized in table 2. The number of cleavage patterns produced by site
variation was two (A, B) in Mbol, Haelll, Maelll, and Ndell which were
observed at two sampled regions, the exception being genotype B in Ndell
seen only in the AMA region. Three produced patterns (A, B, and C) in
Hhal and Hinfl were observed in both regions (Table 2).

Use of twelve surveyed enzymes yielded monomorphic patterns in
all individuals examined. Digestion patterns from the restriction enzymes
revealed 12 composite mtDNA genotypes (haplotypes) (Table 3). Haplo-
type frequencies of the sampled regions, haplotype and nucleotide diversity
(%) are given in the same table.

The number of observed haplotypes within regions varied in which
nine and seven haplotypes were seen at the AMA and ANZ regions, re-
spectively (Table 3).

There were four shared haplotypes among samples, whose frequen-
cies ranged from 0.02 to 0.38. Composite haplotype I (No.l) was abundant,
representing 37% of the individuals analysed. Haplotype numbers V, VII,
and X1 were observed only in the Anzali region, while Haplotype numbers
VI, VI, IX, X, and XII were limited to the Amirabad region (Table 3).

A few rare haplotypes with low frequency occurred only once
among all samples. These rare haplotypes were also detected in Rutilus
rutilus caspicus populations on the southern coast of the Caspian Sea
(Rezvani et al. 2007). It is understandable that the occurrence of multiple
composite haplotypes within a population may reflect formation of new
populations with diverse genetic characteristics. C. engrauliformis is con-
sidered to be a migratory fish species which moves at rotatory incidents to
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Table 2. Approximate fragment sizes of restriction morphs for C. engraulformis samples observed by digesting the mitochondrial DNA
segment D-loop with six different restriction endonucleases. The number of cleavage patterns by site variation were three (A, B, and C) for

enzymes surveyed.

Restriction

Hae 111 Hha | Hinf I Mae 111 Mbo | Nde 11
Endonucleases
Restriction
morph A B A B C A B c A B A B A B
(Fg;?me”t SIZ€ 525 525 860 500 460 300 500 355 380 585 450 550 460 555
490 330 155 360 400 260 260 300 355 380 335 335 330 460
160 155 155 200 160 200 230 50 230 130 225
160 95 160 50
95
&;’" length 1015 1015 1015 1015 1015 1015 1015 1015 1015 1015 1015 1015 1015 1015
Number of 3 2 3 3 5 4 4 3 3 3 3 3 2
fragments

bp = base pair
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the southern part of the Caspian Sea. This fish migrates in spring to the
middle part of the Caspian Sea, and in winter season goes to the southern
part (Fazli et al. 2003). The ratio of males to females of anchovy Kilka in
the population was closed to 1: 1, with a slight majority of males in spring
(50.3 %) and that of females in autumn (53.3 %) (Fazli 2007). Therefore,
formation of a larger number of haplotypes in the AMA region might result
from the migratory behavior of this species.

Table 3. Composite genotypes (haplotypes), haplotype frequencies, haplotype diversity

including standard error, nucleotide diversity, and sample sizes of the two regions of
Clupeonella engrauliformis population studied.

Haplotype no Composite Regions* Total

) genotype AMA ANZ
I AAAAAA 18 (0.36) 19 (0.38) 37
I ABAAAA 7(0.14) 1(0.02) 8
" AABAAA 10 (0.2) 4 (0.08) 14
v AAABAA 8(0.16) 7(0.14) 15
Y AAAABA 0 3(0.06) 3
VI AABABA 2(0.04) 0 2
VIl BAAAAA 0 4 (0.08) 4
VIl BBAAAA 3(0.06) 0 3
IX BAABAA 2(0.04) 0 2
X AAAAAB 1(0.02) 0 1
XI AACAAA 0 2(0.04) 2
XIl AAAAAC 1(0.02) 0 1
Number of haplotypes® 9 7
Rate of haplotypes® 0.18 0.14
Nucleotide diversity (%) 1 0.8
Haplotype diversity (%) 81 76.1
Standard error (%) 3.42 3.83
Total sample size 50 50 100

*AMA and ANZ refer to sampling regions included in the Amirabad and Anzali regions.
"Number of haplotype occurrence

“Rate of haplotype occurrence; Number of haplotype occurrence / sample size analysed.
Haplotypes are numbered by ranging in alphabetical order the digestion types of each
restriction endonuclease. Note: Composite haplotypes reflect digestions with the follow-
ing restriction endonucleases (left to right): Haelll, Hhal, Hinfl, Maelll, Mbol and Ndell.

The geographical distribution of C. engrauliformis is restricted
mainly to both regions of the southern part of the Caspian Sea. Each of the
three Kilka species has unique morphological characteristics and they can
easily be differentiated from each other on this basis. However, sometimes
populations with similar phenotypes may differ in terms of genetics
(Barker et al. 1997). Morphological parameters are not reliable factors to



Asian Fisheries Science 22(2009): 929-941 937

identify valuable stocks (Lin et al. 2002). Therefore, DNA data using
molecular based markers provides a useful tool to get more information on
the genetic structure and diversity of threatened fish populations or stocks
(Cheng and Lu 2005).

The AMOVA analysis suggested that most of the genetic polymor-
phism (98.8 %) was due to differences within populations. The variation
among populations contributes only 1.2 % of the total differences, and the
Fst value (0.01172) was not significant (P= 0.15), suggesting these sam-
ples from the two regions examined have not diverged in terms of genetics.

Genetic variability among two populations of C. engrauliformis is
shown in table 3. Haplotype rate occurred at a rate of 0.14 and 0.18 in the
two regions. Haplotype diversity (h) within each population was 81 (AMA
region) and 76.1 (ANZ region), respectively, with an average of 78.5.
Nucleotide diversity (1) was 1 % (AMA region) and 0.8 % (ANZ region),
respectively, with an overall average of 0.9. The obtained values were at
lower levels than those observed by Imsiridou et al. (1998) who observed
21 different composite haplotypes and relatively high nucleotide diversity
within Leuciscus cephalus populations using the D-loop as a target gene
region. Possible reasons for the observed low genetic variability are as
follows: firstly, industrial pollution caused by Caspian Sea littoral coun-
tries; secondly, development of coastal communities with resulting sewage
discharge into coastal water; thirdly, man-made activities with adverse
effects on aquatic populations and coastal ecosystems of the Caspian Sea.

The contingency X>-test revealed significant outcomes in haplotype
frequencies for the entire population sets (X?=10.9, P<0.005). Nucleotide
divergence (8) between the two regions (AMA and ANZ) was estimated to
be 0.01 %. The low level of genetic divergence among tested samples
agrees with statements made by Waters et al. (2000). We recognize that in
each ecosystem in which fish movements from one region to another take
place, total nucleotide divergence will be low. Physiological behaviour of
this species shows, due to lack of physical barrieries, the possibility of
moving C. engrauliformis at both western and eastern areas of southern
Caspian Sea can be occurred. In studies carried out by Waters et al. (2000)
the level of genetic diversity of Alosa sapidissima populations at the Co-
lombia river was lower than at other locations due to lack of gene flow of
this species in this river in comparison with other rivers.

We concluded that the PCR-RFLP analysis adopted in the present
study may be suited for the identification of C. engrauliformis genetic
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stocks. The collected samples can be preserved in ethanol at the sampling
site and stored for several years until identification is required. We suggest
that comprehensive study of physiological features such as reproduction
and nutrition of Kilka stocks will be useful for the effective cultivation,
management and protection of C. engrauliformis populations.
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