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Mabhi sefid (Cyprinidae) is an economically important fish in the south Caspian Sea.
Specimens was collected from the Lamir River, Sefid Rud, Shir Rud and Tajan Rivers and
analyzed at 38 microsatellite DNA loci. Eight primers out of the thirty analyzed loci were
polymorphic in all sampling regions. The highest observed heterozygosity (1) was in locus
Cal in Sefid Rud and lowest was 0.07 in locus SYP5 in Lamir River. The highest
expected heterozygosity was 0.92 in locus SYP4 in Shir Rud and lowest was 0.24 in locus
SYPG in Tajan River. The average allele per locus was 7.22, maximum allele per locus was
15 and minimum allele per locus was two. The highest genetic distance was between Shir
Rud and Tajan River (0.07) and lowest genetic distance was between Sefid Rud and Tajan
River (0.05). All loci and all rivers deviated from Hardy-Weinberg Equilibrium
expectations (P<0.01) except at the SPY6 locus. Populations clustered in three groups
corresponding to Shir Rud, Lamir Rivers and Tajan-Sefid Rud.
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INTRODUCTION

Mahi Sefid (family Cyprinidae) plays an important role in the fisheries and economy of the southern
part of Caspian Sea. Due to continuing population decline of the fish since 1975, the Iranian
government started the enhancement programs of this species in early 1983. The Iranian Fisheries
Organization stock enhancement program has produced and released more than 200 million of
fingerlings every year (Abdolhay, 1997; Abdolhay et al., 2011). The annual fisheries production had
stabilized at around 17,196 t/yr until 2007 and 14,834 in 2008, 12,495 in 2009 and 11,573 in 2010.
Although stock enhancement programs have been successful in many countries such as Japan, the
United States of America, Norway and Iran, there is a growing concern over the genetic effects of
these activities on natural populations (Gonzalez et al., 2011; Kitada et al., 2011; Russell et al., 2011)
such as reduced fitness or increased susceptibility to diseases. This is especially true when the genetic
material of hatchery populations is very different from those of the wild populations because of
inbreeding, selective breeding and domestication (Taniguchi and Sugama, 1990). Therefore, genetic
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characters of the stocking materials used in the enhancement programs should be assessed for the
purpose of monitoring their effects on wild stocks (Bartley and Leber, 2004).

Microsatellites have been isolated and characterized in a large number of fish species and have been
used in a wide range of applications in evolutionary biology, population genetics and ecology (Skaala
et al., 2004; Chistiakov et al., 2006; Thai et al., 2007; Liu et al., 2011; Messmer et al., 2011). They
have been successfully used in uncovering cryptic population structure in many organisms and for
monitoring changes in genetic materials of farmed stocks, parentage assignment and fine-scale
studies of population structure of many fish species (Tong et al., 2002; Lal et al., 2004; Remmy et al.,
2005; Thai et al., 2007; Kasapidis and Magoulas, 2008; Somridhivej et al., 2008; Golda et al., 2010;
Hsu et al., 2010; Nan et al., 2010; Tripp et al., 2010; Gonzalez et al., 2011).

Recently microsatellite loci have been widely used in fisheries management and aquaculture (Castro
et al., 20006; Castro et al., 2007; Launey et al., 2007; Chang et al., 2008; Dixon et al., 2008; Ha et al.,
2009; Gonzalez et al., 2011). The application of these markers has become common in investigating
population subdivision via significant differences in allele frequencies, tracking gene flow between
populations, and identifying origin of fish stocks (Ferguson and Danzmann, 1998; Vandeputte et al.,
2008; Ha et al., 2009). The hyper-variability of microsatellite loci make them an excellent choice for
forensic applications, such as the identification of parents, estimation of sibling groups, and
individual identification (Gheyas et al., 2009). The accurate rebuilding of pedigrees for which such
information has been lost make this marker useful in managing small populations, such as hatchery
populations where pedigree information can be used to avoid inbreeding. The use of genetic
markers for parentage testing and pedigree reconstruction in aquaculture situations has been
suggested by many authors (Ferguson and Danzmann, 1998; Cunningham, 1999; Davis and Hetzel,
2000; Shikano et al., 2008; Haynes et al., 2009; Hsu et al., 2010; Tripp et al., 2010).

MATERIAL AND METHODS

Sample collection

Samples were collected from four rivers: the Lamir River, Sefid Rud (in Farsi River is called Rud),
Shir Rud and Tajan River, during the adult migration for spawning in the spring of 2005. The rivers
are located within 140 to 310 km from one another in the southern coast of Caspian Sea (Fig. 1).
Thirty samples from each river were collected; 2-3 grams of caudal fin were taken and placed in
sampling tubes with 96% ethanol at 4°C and transferred to the laboratory for genetic analysis.
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FIGURE 1. Sampling localities of Mahi Sefid in the south Caspian Sea.
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TABLE 1. Polymorphic Primers used in this study

. Annealing Gene bank
. Size . Number .
Primer sequence Locus temperature Repeat motif Accession

(bp) (°C) of Allele number

F: 5-CAC GGG ACA ATT

TGG ATG TTT TAT- 3 GATAJ:GGC 60 1.5
R: 5' -AGG GGG CAG CAT SYP4 196-296 60 : TA][GATA]2
ACA AGA GAC AAC-3'

F: 5'-GCA GGA GCG AAA
CCA TAA AT-3'

R: 5"AAA CAG GCA GGA
CAC AAA GG- 3

F: 5' “TTA CAC AGC CAA
GAC TAT GT- 3

R: 5' -CAA GTG ATT TTG
CTT ACT GC- 3'

F: 5 ATT TTT AGG AGT
GAT GTT CAG CAT- 3' [TGTCJ6[TATC]5
R: 5' -CAA GTG TGT CAT SYPS 156192 >3 TATA TG(A)TC]16
TGA GGA AGT GAG- 3'

F: 5 -GTG AAG CAT GGC

ATA GCA CA-3' (TAGA)10 (CAGA)4
R: 5' -CAG GAA AGT GCC CAI2 124152 01 (TAGA),
AGC ATA CAC-3'

F: 5' TTG AGT GGA TGG

TGC TTG TA- 3' 136-

R 5 -GCATTG CCA AAA CA5 168 55 (TAGA)5 8 AY318778
GTT ACC TAA- 3

F: 5'-GGA CAG TGA GGG
ACG CAG AC-3'

R: 5' -TCT AGC CCC CAA ATT
TTA CGG- 3'

F: 5' -AAG ACG ATG CTG
GAT GTT TAC- 3

R: 5' -CTA TAG CTT ATC CCG
GCA GTA- 3

19 AF277573

SYP2  196-284 58 [TG]9 18 AF277574

SYP6  122-132 57 [CAGA]L[CA]14 3 AF277575

4 AF277576

7 AY318777

CA3 232-276 61 (TAGA)14 12 AY318779

CA1l 104-124 51 (CA)24 6 AY318780

DNA extraction and PCR

DNA was extracted from the caudal fin of individuals following standard methods of Hillis et al.
(1996) and modified by Pourkazemi (1996). Approximately 2-3g of tissue was digested in 500 pl of
extraction buffer (0.1 M Tris HCI, 10 mM EDTA, 0.1 M NaCl, 2% SDS and 0.1 mg Proteinase K
ml-1) for 3 h. The cellular debris was removed using phenol/chloroform extraction, and the DNA
was precipitated with cold absolute ethanol and then washed twice in 70% ethanol. After air drying,
DNA was resuspended in 100 pl of double distilled water and stored at —20°C.

Microsatellite Primer pairs

Thirty microsatellites primers developed by Dimsoski (2000) and Turner et al. (2004) were used in
this study, but only eight of these were polymorphic even after optimization (Table 1).

PCR conditions were further optimized for the eight microsatellite loci. Annealing temperatures
ranged from 51°C to 61°C at 2 mm MgCI2 and 0.2 pM primer concentrations. The concentrations
of Taq polymerase (1 U/25 ul) and nucleotides (0.4 mM) were the same for all loci. Thermal profile
for PCR was 94 °C 5 min, (94°C 1 min, 52-54°C 30 sec) 72°C 1 min and 30 cycle, extension 72°C 5
min and 1 cycle. PCR was followed by electrophoresis of products in 6% polyacrylamide.
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Statistical analysis

Genetic diversity was quantified in terms of expected heterozygosity (H,), observed heterozygosity
(H,), number of alleles per locus and allele frequencies observed in the samples for each population.
The data were analyzed using GenAlex (Peakall and Smouse, 2006). Exact tests were also used to
perform pairwise comparison of allele frequencies at individual locus between samples of given

populations.

TABLE 2. Allelic variation at eight microsatellite loci in four Regions for R. frisii kutum

Sampling
Regions Locus N Ne I H, H. Fi
SYP4 12 7.06 215 0.47 0.86 0.46
SYP2 10 4.42 184 047 0.77 0.4
Lam“_?(;vef SYP6 3 135 048 03 026 -0.16
(N=30) SYP5 2 172 061 0.07 0.42 0.84
Cal2 6 405 1.55 0.47 0.75 0.38
Ca5 6 412 1.56 0.47 0.76 0.38
Ca3 11 6.59 212 0.3 0.85 0.65
Cal 6 3.4 1.44 0.9 071  -0.28
X 7.00 4.09 1.47 0.43 0.67 0.33
SYP4 13 8.78 234 053 0.89 0.4
Sefid Rud SYP2 14 471 204 067 0.79 0.15
(N=30) SYP6 3 1.41 0.57 0.33 029  -0.14
SYP5 3 1.84 0.7 0.13 0.46 0.71
Cal2 6 3.09 1.37 0.4 0.68 0.41
Ca5 8 5.13 1.77 0.53 0.81 0.34
Ca3 10 7.86 217 0.3 0.87 0.66
Cal 5 2.82 1.22 1 065  -0.55
X 775 4.46 152 049 068 025
SYP4 15 1268 261 0.83 0.92 0.1
SYP2 12 435 192 057 0.77 0.26
Shir Rud SYP6 3 1.46 0.6 0.37 032  -0.16
(N=30)
SYP5 4 2.03 0.85 0.17 0.51 0.67
Cal2 5 277 1.28 0.3 064 053
Ca5 6 4.68 1.66 0.53 0.79 0.32
Ca3 8 4.89 1.77 0.37 0.8 0.54
Cal 6 3.68 1.45 0.77 073  -0.05
X 738  4.57 152 049 069 028
SYP4 14 1071 247 0.53 0.91 0.41
SYP2 10 3.45 1.68 0.33 0.71 0.53
SYP6 3 131 0.47 0.27 024  -0.12
SYP5 2 184 065 0.17 0.46 0.63
Cal2 4 2.61 1.07 0.43 0.62 0.3
Ca5 7 4.65 1.69 0.3 0.79 0.62
Tajan River Ca3 9 7.6 2.1 0.4 0.87 0.54
(N=30) Cal 5 2.92 1.26 0.97 0.66  -0.47
X 675  4.39 142 043 066 031
average X 722 437 1.48 0.46 0.67 0.29

N=Sample sizes, N.=No. alleles, Ne= No. effective alleles, I= Information index, Ho =Observed Heterozygosity, He= Expected
Heterozygosity, and Fis= Inbreeding Coefficient
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TABLE 3. Summary of Chi-Square Tests for Hardy-Weinberg Equilibrium in different sampling

Regions
TLamir River Sefid Rud Shir Rud Tajan River
Locus
Df X2 Pvalue Df X2 P value Df X2 Pvalue Df X2 P value

SYP4 66 127.00  0.000" 78 14790  0.000" 105  160.50  0.000"* 91  199.84 0.000™"
SYP2 45 136.16  0.000* 91  150.62  0.000"** 66 170.57  0.000" 45 153.27  0.000"*
SYP6 3 0.93 0.820»s 3 1.20 0.751s 3 1.51 0.681s 3 0.71 0.87ns
SYP5 1 21.23 0.000"* 3 17.79 0.000"* 6 46.76  0.000" 1 12.05  0.000"*
CA12 15 70.88 0.000"* 15 52.63 0.000"* 10 49.58  0.000" 6 30.37  0.000"
CA5 15 43.18 0.000™ 28 41.78 0.050"* 15 67.36  0.000" 21 111.66  0.000™*
CA3 55 18797  0.000™ 45 180.05  0.000" 28 79.32  0.000" 36 12798  0.000"*
CA1 15 29.45 0.010 10 30.00 0.000"* 15 31.71 0.010™ 10 69.26  0.000"

TABLE 4. Analysis of genetic differentiation between pairs of populations across all loci based on

estimates of I values above and R, values (above the diagonal) and R, values below diagonal).

Tajan Shir Rud Sefid Rud Lamir
Tajan rootok 0.01* 0.05%* 0.04*
Shir Rud 0.12% Hokokok 0.03%* 0.04*
Sefid Rud 0.34%* 0.40%+* Hopkok 0.08ns
Lamir 0.09* 0.01%* 0.04* Fopopok

*P<0.05 **P<0.01 ns= not significant

TABLE 5. The I for R. fiisii kutum in four rivers of the south Caspian Sea

Population Locus Tajan River Shir Rud Sefid Rud Lamir River
SYP4 0.41 0.10 0.40 0.46
SYP2 0.53 0.26 0.15 0.40
SYP6 -0.12 -0.16 -0.14 -0.16
SYP5 0.63 0.67 0.71 0.84
CA12 0.30 0.53 0.41 0.38
CA5 0.62 0.32 0.34 0.38
CA3 0.54 0.54 0.66 0.65
CAl -0.47 -0.05 -0.55 -0.28
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TABLE 6. AMOVA analysis of microsatellite loci, considering variation among and within all 4
populations (Rst)

Sum Variance percentage Fixation

Comparison df of squares components of variation indices
Among Regions 1 19.675 0.123 4% F. 0.0416
Among Populations within
regions 2 9.783 0.035 1% F, 0.0123
Within Populations 236 661.367 2.802 95% F, 0.0534
Total 239 690.825 2.96
RESULTS

Locus SYP4 had the highest numbers of alleles (19), while the locus SYP6 had the lowest (3) (Table
2). The average (and range) for the number of alleles in the four rivers was 7.22 (6.75-7.75), the
effective number of alleles 4.37 (4.09-4.57), the observed heterozygosity was 0.46 (0.43-0.49) less
than the expected heterozygosity of 0.67 (0.66-0.69).

A large variation in H was observed among loci, and ranged from 0.07 at SYP5 at Lamir River to
1.00 at Ca 1 at Tajan (Table 2). For a given locus, Ho varied greatly among the samples. For
example, at locus SPY4, Tajan River and Sefid Rud are the same and (0.53) and Shir Rud is 0.83 and
Lamir River is 0.47.

The maximum average H, was 0.91 in locus Cal and minimum was 0.13 in locus SYP5 and
maximum average of H, was 0.89 in locus SYP41 and minimum was 0.28 in locus SYP6 (Table 2).
The highest H, was 0.92 in locus SYP4 in Shir Rud and lowest was 0.24 in locus SYP6 in Tajan
River (Table 2). The average allele per locus was 7.22, maximum allele per locus was 15 and
minimum allele per locus was 2.

All rivers deviated from Hardy-Weinberg Equilibrium expectations (P<0.01) except at the SPY6
locus (Table 3).

The highest inbreeding coefficient (Fis), was in Lamir River (0.84) at locus SPY5 and in Sefid Rud at
locus SPY5 (0.71), at locus Cal2 (0.67) at Shir Rud and SPY5 (0.63) in Tajan River. The lowest Fis is
at locus Cal (-0.55) in Sefid Rud, in locus Cal (-0.47) in Tajan River, in locus Cal (-0.28) in Lamir
River and in locus SPY6 (0.16) in Shir Rud (Table 5).

AMOVA analysis showed that most genetic variation was concentrated among individuals within
the same population (95%), that among regions was 4%, and that among populations within regions
was 1% and significant (Table 6).

The UPGMA dendogram based on the genetic distance computed by Nei (1972) (Fig. 2) showed
differences between all four sampling regions but not as defined clusters:
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FIGURE 2. UPGMA dendrogram based on the Nei (1978) genetic distance between Rutilus frisii
kutum populations, based on microsatellite DNA analysis.

DiscussioN

This is the first report of using microsatellite marker to study genetic variation of Mahi sefid
populations in the south Caspian Sea, which provides valuable information on genetic variation and
population structure of species. Despite using a majority of Mahi sefid stocks from artificial
propagation (Abdolhay et al., 2011), the knowledge on molecular genetics structure of this unique
species has not been available to date.

Significant deviations from Hardy-Weinberg equilibrium were found at all except the SYPG6 locus,
and at more loci than described in Azerbaijan populations of R. fiisii kutum (Kavan et al., 2009). It
suggested that this may be the result of the fact that many fish in the Iranian populations have been
derived from artificial reproduction.

The significant deviations from Hardy-Weinberg equilibrium could be explained by either sample
size or the presence of null alleles in populations. The null alleles have been reported in Rutilus rutilus
(Keyvanshokooh et al., 2007). Heterozygotes possessing a null allele could be erroneously recorded
as homozygotes for the variant allele leading to a deficiency of heterozygotes in the respective
population (Keyvanshokooh et al., 2007). Qasemi et al. (2000) stated that inbreeding of Aczpenser
nudiventris occurred in hatcheries and could lead to deviations from Hardy-Weinberg equilibrium as
was observed also in Acpenser siensis (Zhao et al., 2005).

Genetic variability estimates for Rutilus frisii kutum revealed that the observed heterozygosity of 0.46
and the average alleles per locus of 7.22 were lower than those reported by De Woody and Avise
(2000) for most anadromous fish (heterozygosity 0.68; alleles per locus 11.3). The study by Kavan et
al. (2009) on Rutilus frisii kutum between Iran and Azerbaijan reported the observed heterozygosity in
the Tonkabon River (0.62) was higher than those of the populations in Azerbaijan (0.47) and alleles
per locus was 5.22 in Iran and 5.77 in Azerbaijan.

Percentage of AMOVA variation in this study between regions was 4%, between populations within
region was 1 % and within population was 95%. This pattern of limited regional variation and large
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levels of local population diversity is similar to reports in other studies. Chakmehduoz et al. (2009)
studied two migrations form of Mahi sefid, autumn and spring races and found 86% of genetic
diversity within autumn race and spring races and 14% between groups. The AMOVA analyses on
Rutilus frisii kutum, from two sampling regions in Iran and Azerbaijan Republic, and four sampling
locations (Iran: Khoskrud River, Tonkabon River, Gorganrud River and Azerbaijan: Kura River)
revealed that the average variance was 86% within locations, 12% among locations and 2% among
regions (Kavan et al., 2009). Indeed, the AMOVA for autumn and spring race revealed more sub-
division than our study. Chenghui et al. (2010) studied three subspecies of common carp in China.
AMOVA showed low population differentiation, with 11.60% of the molecular variance found
among river drainages. Pairwise Fg; values between river drainages were moderate (0.033-0.261). A
study by Nan et al. (2010) revealed 14 microsatellite loci in Chinese sucker and number of alleles per
locus ranged from 6 to 14 with the observed (H) and expected (H,) heterozygosities ranging from
0.120 to 1.000 and from 0.767 to 0.952, respectively. Five loci displayed significant departures from
Hardy-Weinberg expectations. A study by Swatdipong et al. (2010) revealed 13 microsatellite in
brown trout, Salmo trutta, populations were clustered into three separate groups, largely
corresponding to geographic regions, with between-region Fg; values ranging from 0.11 to 016.
Natural spawning grounds of Mahi sefid have been destroyed due to damming on rivers, harvest of
adults for brood stock during their migration to rivers, and pollution, all of which has resulted in
decreasing in number of adults in coastal waters of Iran. The most of restocking of Mahi Sefid,
under Iranian Fisheries Organization programs, are carried out by releasing fingerlings. To restock
this valuable species in the Caspian Sea, annually, more than 200 millions fingerlings (average weight
1 g) were produced and released into the Caspian Sea. The hatchery populations used for restocking
are mixed populations from various rivers, which may cause loss of alleles. Reduction in genetic
heterozygosity may also be explained by inbreeding and genetic drift. Genetic variability loss
recovers very slowly by mutation or migration (Avise, 1994). Therefore, suitable genetic
management of hatchery fish is an important step to increase the success of stocked fish into the
aquatic habitat. Significant deviations from Hardy-Weinberg equilibrium were found at several loci
in these four rivers. This may be explained by the presence of null alleles and/or by, heterozygote
deficiency due to inbreeding between related individuals in the Iranian populations. Generally such
deviations indicate that factors such as non-random mating, reduction in effective breeding
population or specific locus could be under selection pressure and were the cause for observed
deviations (Garcia et al., 1998; Rezvani-Gilkolaei, 2000). Pairwise genetic differentiation (F,) was
used to assess population subdivision. Ward et al. 1994 and Yue et al. 2009 reviewed seven
anadromous fish species and observed the F, estimates with a mean of 10 %. In this survey, the I,
value between the four rivers was significantly different (P<0.05), suggesting that all of these four
populations were significantly differentiated that can be explained by geographical distance as found
by Kavan et al. (2009). Genetic differentiation can be influenced by a number of evolutionary forces
and their interaction that act on natural populations. Examples of such forces include migration,
random genetic drift and mutation (Hartl and Clark, 1997).

Reduction in genetic variation through inbreeding and genetic drift is very common in a hatchery
population. Loss of genetic variation is considered the loss of genetic potential for stock
improvement and adaptation to environmental changes. Therefore, according to Alam and Islam
(2005), It is essential to monitor any change in the genetic structure of the hatchery population with
respect to a base population or wild populations.

The study suggested that there was a low genetic variability in four populations of Mahi Sefid in the
south Caspian Sea but inbreeding happened. It showed the high inbreeding happened in Mahi Sefid
population (because the positive of Fis). The is possibly related to artificial production of fingerling
in last 20 years ago.
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