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Article Info ABSTRACT

Article type: In this study, the genetic structure of the Monkey goby population
Full Length Research Paper  (Neogobius fluviatilis) of the Caspian Sea was investigated using
microsatellite method. For this purpose, 90 samples were collected from
Gomishan wetland, Gorgan River and Gorgan Bay in Golestan province.
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Received: 06.18.2022 Genomic DNA was extracted using phenol-chloroform method.
Revised: 06.18.2022 Polymerase chain reaction (PCR) was performed using seven pairs of
Accepted: 06.19.2022 microsatellite primers and the product was electrophoresed on 8%

polyacrylamide gel and then stained with silver nitrate. All applied loci
showed polymorphism. The results showed that Monkey goby has proper

gzmi?:rg?\'/ersity, allelic diversity (megn number of aIIeIe_s: 2.466) a_nd heterozygosity
Golestan province, (average heterozygosity observed: 0.44) in the studied areas. Of the
Microsatellite, 21 loci-population locus tests, only 1 were in the Hardy-Weinberg
Molecular marker, equilibrium. Fst value as an indicator of genetic differentiation was 2.5. In
Neogobius fluviatilis this regard, the relatively high gene flow (Nm:4.491) could be considered

as an important factor in the low genetic differentiation between the
samples of the studied area. The observed gene flow is probably related to
factors such as contamination, floods, and the species life history. The
results of molecular analysis of variance also showed that most of the
observed diversity is within populations. The highest similarity was
observed between the samples of Gorgan River and Gorgan Bay.
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Table 1. Sequences and characteristics of microsatellite primers used for the Monkey goby.
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Nme 01 F: CGA GCG CTA AAA TAG AAG AAA A

(25) DQ999I76 R: TCC AGT GGC TTG AGT GAT GT 212-340 48
Nme 03 F: GCG GGA GTC AAG AAT TGA AC

(25) DQ999I78 R: TTG TTA GAA TGT ATT ATG CCATAG cC 24176 48
Nme 08 F: ATG GAG TTT CTG GGC AGT TG

(25) DQ9I983 R: CTC CGT CGA TTG TGT TCT GA 271-285 5
Nme 10 F: GCG ATT ATG AGG TTC GGA GA

(25) DQ99II85 R: ATC AGC AAC CCC TGA ACA GA 261-287 48
Ame 23 F: AAA GCA TCA GCA GCA GTT GT

(26) EU732740 R: TAT GTG AGT GTG CGG ATG GT 159-318 58
Ame 24 F: CTC GAA AAC TTA GCA GTG CAG

(26) EU732741 R: TCA ATG CGC CTC TAC TCT ACT C 191-287 58
NG 92 F: AAG CAA CTC ACG CCA AAG TC

27) EF029939 R: AGT GCT GCC ATG TCA ATC TG 185-197 60
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Table 2. Genetic diversity parameters for seven microsatellite loci in the species N. fluviatilis.

Kb/ als 5
NG92 Ame24 Ame23 Nmel0 Nme8 Nme3 Nmel
River/Location
5.000 10.000 5.000 7.000 9.000 7.000 13.000 Na
3.828 7.143 4.103 5.161 7.692 4.444 10.811 Ne
1.000 1.000 1.000 1.000 0.000 0.000 1.000 Ho Olias
0.739 0.860 0.756 0.806 0.870 0.775 0.908 He Gomishan
stk ok *k *k *kk ok ok pHw Wetland
-0.354 -0.163 -0.322 -0.240 1.000 1.000 -0.102 FIS
12.000 13.000 12.000 12.000 7.000 6.000 18.000 Na
7.843 8.247 7.767 6.667 5.405 2.899 10.811 Ne abisy,
1.000 1.000 1.000 1.000 0.000 0.000 1.000 Ho 53008
0.873 0.879 0.871 0.850 0.815 0.655 0.908 He Gorganrud
sk k% ns sk sk skkok sk pHw River
-0.146 -0.138 -0.148 -0.176 1.000 1.000 -0.102 FIS
11.000 14.000 16.000 10.000 8.000 8.000 17.000 Na
9.524 10.127 13.333 6.723 7.143 5.714 12.698 Ne
1.000 1.000 1.000 1.000 0.000 0.000 1.000 Ho U8 S b
0.895 0.901 0.925 0.851 0.860 0.825 0.921 He Gorgan Gulf
skksk skkosk *kk skkosk kkk skksk skksk pHW
-0.117 -0.110 -0.081 -0.175 1.000 1.000 -0.085 FIS
9.333 12.333 11.000 9.667 8.000 7.000 16.000 Na
7.065 8.506 8.401 6.184 6.747 4.352 11.440 Ne e
1.000 1.000 1.000 1.000 0.000 0.000 1.000 Ho o
0.835 0.880 0.851 0.836 0.848 0.752 0.922 He Average
-0.206 -0.137 -0.184 -0.197 1.000 1.000 -0.096 FIS
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Na: number of alleles; Ne: effective number of alleles; Ho: observed heterozygosity; He: expected heterozygosity;
pHw: probability value for Hardy—Weinberg equilibrium after Bonferroni correction (ns: not significant;
*P<0.05; **P<0.01; ***P<0.001); FIS: inbreeding coefficient. Statistically significant values are indicated in bold
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Table 3. Information on specific alleles in the studied rivers.

Slsl i Kl ailaie
. n Z U
0.050 9 Nme8 Olond Y
Gomishan Wetland
ol s Z U
0.025 18 Nmel s Y
Gomishan Wetland
HlieS NG
0.050 11 Nme10 Ghee
Gomishan Wetland
HlieS NG
0.050 12 Nme10 o s
Gomishan Wetland
oo Zz U
0.025 12 NG92 Olod Y
Gomishan Wetland
ol s Z U
0.050 8 Nme3 s Y
Gomishan Wetland
0.025 13 Ame23 20 08 5 b2,
Gorganrud River
O 3 sl
0.100 14 Ame23 390 85 b
Gorganrud River
0.050 15 Ame23 290 085 Wk
Gorganrud River
K é .
0.050 16 Ame23 g
Gorgan Gulf
g é .
0.025 14 Ame24 it
Gorgan Gulf

o 2oz Ghle G 55 0L s 2

VL oS el s £/64) NM 25 Ls Lo e
OB S bt Gble o a0 e fomb s
Oliged VB Loy, OS5 (VM) 25,068 S L
oo Sun ples (8 Jsds) A edalis (Y/YOY)
FSt yasls o) b5 Sk syse Gble slad sl
S 3 /XY FSt Larls hoge s S bl
325085 4 Glate gk gai o polas o SV
Jol s (0 ) dol sty lieS OV
55 8 ol Ol 5 JsSse (lls LTS
A8) 3,0 sy bowmes 050 oYL S35

Wlﬁ 9 QA\.\..Z Lgl.ada;-\..; 0N B (M‘))

YU

e o3 S sl dols I Gl sl

(Y Jsor) S35 13 ez 3550 Comerr—olKl
gl 53 @V sl Sl Sl el L2 s
Cond YV e S sl oy 3550 aidee 4w
bole s ) LS L Y adkie V) S
sl s sl s (b, 08 8) Ame23 oKL
NFIS Lo gie gimel 0555 yatli ) p o
e 2oz Sl Sty 55 bl sy
(Y dsds) as ealin aw Sl e il
(Linkage disequilibrium) Se., Jsbs pue
sdalie oslinal 5550 GLolKlr 5l S o 30

.Js-wJL ;



V€40 Ll oF o5lowd 10 259 U T ()95 9 (51590 30 A gl

A oS ol ol JpSTse elols BT s S e kol Ol nSoal 5 YL (S
Corazr U990 4 Lj-’f ol odalice t}J )‘ Loy ('/Ol\i) QLL.:.S u'}fl: l; 39, Qlfj; 6[.&4;}‘;.' O
.bﬁW&ﬁ@Lﬁf&pJJV} sdalin ('/Y"Y’) 39 QK; L ugjf c:l> 9

2 2ose Ghbe s (NM) (55 0k 2 —8 Jyor
Table 4. Gene flow (Nm) among the studied areas.

Q@Jf@.b'- 55,508 5 alssy, OliweS NG S5 i gas bl
Gorgan Gulf Gorganrud River Gomishan Wetland Sampling areas
HliseS NG
- - 0.000 S

Gomishan Wetland

AJJQK;GGAJ)

- 0.000 2.351
Gorganrud River
. g é .
0.000 7.689 3433 LS et
Gorgan Gulf
o 2058 Ghle o (S35 nles -0 Jgdr
Table 5. Genetic differentiation among the studied regions.
088 s 55,08 8wl SliseS VG 13 4 505 bls
Gorgan Gulf Gorganrud River Gomishan Wetland Sampling areas
HlieS OV
- - 0.000 N
Gomishan Wetland
B8 5wl
- 0.000 0.046 20 065 wbeas,
Gorganrud River
. g Z .
0.000 0.022 0.033 S s

Gorgan Gulf

Among Pops
7%

b Al e J e bl HUT Y IS
Figure 1. Analysis of molecular variance of the Monkey goby population.

Yy



Ol)Ro g s lgaad [ oon (wtd (Blogls (Sil§ £ (om0

5 >;¢> Hlsl s cil Ol OS5 e e
350 Gble 3 ol @w;—ﬁ‘ﬂf—“ DR
Ll 13,55 5 s
Wm0 G i Oop SHp Ll i s
I ey e s bl Lo ol
s Sl IS e 55 s M SR e
ol Olge Cow oS Ll ool K s @
ol ey bossd e Ol Sl —easle
5> Sy —saole Jslas 1 Bl sl gy 5
ool 3 (YY) 30l sy Sl sblones
x ol V) el cod YV Gl e ) s ol
s 3 S sl bl s (Curex Y
St Kls e Sl doles 5l Gl
szl el S S ol e adxte Julse
Iy sl sprs S bl ks 5 0Ll
Al (M) e s S R ol (FA)
s e e S5 5 (5 S Sl s o
A odalie NMe8 5 NMe3d ollr mlane s
w4 e S e (6 S e kY3
Sl 5 s3ellsss Oomen ol Jolse 5ot
ol o> Al s $eS e San 00 JS
Sidles Sl el mli 4 A s Lo
O 1y J¥ sl 555 Microchecker
e ki edalie (S 53 ge kil Olges
swl 3 Jseme (SSbsm BYs Sl lax s
P osba 5 beslsabe sy ¢ i 5055 58 (5 S
oo Kdl ppw (8) ail e syl dates
oLl 1y Jsls 5l Gl ol e Wil el oles @
Sl cpl a3 WS o Aase Jalge 5 350
FIS Jarls bawsie oy ol 53 il g
S Ll e oS dol sy (VW) s 31 VL
Wil bgmer LAl 5 gaisliy s il

Slalorer 53 e Sllls Olye & ol el )

Yy

bl Js @ oolpmben, gl KL o5l

b SO ol 4 o (g 03 58 5208 ke
Lol (S5 s s S S5 Slelae o
S e 2l Ol e (SES s 09)
w25 ke ol St S (SST S
Rl L 5 o e g O 51 8T a5 (FY)
Caenl 1 Olale

Aib e Ll L

S0l Glp e sl e LE 5 e sSSl5s e
Comar bl Ollllas 53 5 035 (S5 g9
Sl s ool ol i3l ek S
Sl g5 0 kaasOlld oS eng Joline gla U1 5L
K55 55 b e sl 1 il ) s (8)
aerlse 5l e Sls e 5 M sbe e
3 O e s Dby e Ol oii L e
s ksl GUlS Oprpr ege LSy
SalS aSysba (M) Wil e LIS 56 0w o3l
VNG Cla.ﬂ 03 el edalie gla P sl
Vo 5 (F0) (S5 g5 o Lials Sy Ll
AL Samer e o3l 03 SV Sb OF O3
£55 (Yoro)
G520 et 2l il 1§58 VA lolpale

DL MJT 3

b $349°
sbe b 5l lals Wy, &8 dsls Ol shos
Lo 2bos Olale 5l i e Solis e 5 U
05 (YN 3l ssm g o uT e 9 C)S 34,
Sessilise 5 M oSk ol
ol sty HIVVE 5 V48V L Sy el sdaline
g_)T dl.;.ALa LS\f ol J:’J‘_}f ﬁ.ﬂﬁ.a )‘ JSYb L;QS 45
o sdalie e iSSlis e 5 M o Klke) o 0
aeisl 5 63055 hawg (Ve 5 0N LS Sy
5 W Ol & a5 b ol sl (7)) Al e (Yo ov)
5 ol Gde o el Cewddo u::...uji.ib}‘}:.ﬁ
ST okale sy edd 5518 nslie b 0T anlis



V€40 Ll oF o5lowd V0 2593 ¢y U T (395 9 (51290 3% &1 gl

Ao sy 53 e (8Y) 3y s n 250
Fst jaxls (WY44) Oea sy Ly
odS o plsE Gladised e /Y
oS 5 OLwsk J=1sw (Neogobius gorlap)
boge 50 ol Gass s (8Y) as 58
FSt 015w ax S1 el Cowsay o/0YY FSt axls
S50 18 ol pled e gdees 53 el o sdalis
(80) W3k epe (S35l Sl Ll U
e las0lls blomer o pled Ol Q25 0k
ol o3 (80) WL e ax S LB S5 0L s
88 (NM) 35 0k pals 5 S0ke o 2
e 0L Ol o VL Oles ol 3 Sl sy
sdalie (V/AQ) 55,08 S L 0B 8wl (gl 5o
L Lo e ol sdalie 55 0L > 3550 Jlez>| S
S gy 3 WSl (S5 an b
a8l il 5 blmas (o daed g sla I
Calld ol See 3L 500 e Ol 8
A 5 G b ol sdalie S5
L b Al Sl S Ll Jene Sl
Yo G5 Ol s Cel il aslal o 55l
ole (6 S o Bl Go b 31 OT el 51 il e
0 o IS rK}A S Ol el Ses b
S5 Bzl Bl 4 O, b0
sy S dls 4 S I il el (g e
Ol Jud bt B laes Jslss a0 O, b Syl
5 Ol Ol Jb a s (B 5 £71) ol 5L
A 31 VG cl Ses FSE bl s acasas oy
sdalie calis syls Jlaxs| oS 1> 355 540,
Olier oS _olKom Ste il ol sl 51 506 il
23l Vb G5 Ol Yzl el ol Pt
sl ol S C;U 0 S s S dals
A4 (A ek sle alamas 3131 51 S

5 Obaboamy das,Y U5 Soul a4 ar g5 b J

A3

Saeils s of Sl &S s Ce Olale
P e S el e Ll
GBS LA e S s s b s sl
sl S5 lalse olad () 548 ey SLmex
(£/801 1, 50e) ol sdaline 55 OL > LS o
a5 1y el edaline Jala 31 Gl il e Ll g5 o
CLllr 5 te 03 op ool 03 s e
S A edaline Sl e il sl eslinal 54
NmMell ol 5,50 5 L il oyl
S5 Bl sy sl oee AMe24 , Ame23
Szl Jalse 51 0155 o 1, PCR glax 5 sslas
Sepl a arg L) 5500 2rke 130
g0 dg o3lizul 3550 K> (¢l PCR Ll 2
Jole Olse @ Ol5 e 1) dolal (S5f Ol
Ol 235 s sl e SRl A
ol o b S rlen S 26 W15 Y S
03 2l a8 plaalisg; 5o ok s fsb el AL
el 5 55 Sl 4 e LIS e Aes bl
o5 ol 3l dals b edly 3 508 sl 31 o (S35
O3 oS 4 e 5t 3L 5 et 0 W03
5 bl s 338 s ner 1 (S35 55
Vo (S5 s 5l (Sl 5 JsS0se sty U
g5 Lo 2 AT &S (osba wap ey S 2 s
g5 LoV L 5 balaman 5 5o el odalis
Ao S edalie w)p 5,50 bl law sl o 3
Cltarer oSl 0T Sl g0
(8) 200 sy (s50b (S5 ol b o
0-0/05 Fst slie ((VAVA) Caly (sbispemns b
gl e das0lld S 0/15-0/25 , 0/05-0/15
(8Y) W3l (S35 nles GV 5 B (ol
S Al oy B S Do S5 aallas s
FSt jartls Ol S 5ok 5 S5l Jlpm 52

Gl o5 51 OlE &S Wl s w0 V8V



Ol)Ro g s lgaad [ oon (wtd (Blogls (Sil§ £ (om0

s 088 c:b- slawlisy, gladgad pn ol

.Mc.k.hu;ﬁbj)b@;

IS (8 A
Loy e Gl G b 4 e s
g5 3 ot ol 68 St i Al
son s sl s pallke (S35
(HeSi 1ile Llaw 3525 opl b Al Jloy 5
5ol Sl e gy R e Sl
S Sl ensn il G Soll s

e
s (s 4 ge QTL.)EJ:)}‘: slbaltsy,y S

BE b Pl s 4"j§ U'i‘ Lsu.fjo.l.i odalin C}J Sl

Sl 5 (g5 5Les lac by, I Sb

FREE AR PRSP J RN IR JICINVS B
S O A P PVPPRCHIWY
olomil s 0 S0 G 3 (B DMl s
ol S3AS 5 i el s A Sk
Sl Ol oS 1r ilee 0Ll [ sk

Chliz ol s Jiles (St 5 S0 Ol ele
A3l g ke Ol 5 ss T Olale S

1.Ciftci, Y., & Okumus, I. (2002). Fish
population genetics and applications of
molecular markers to fisheries and
aquaculture: 1-Basic principles of fish
population genetics. Turkish Journal of
Fisheries and Aquatic Sciences, 2(2).

2.Radkhah, A., & Sadeghi Nejad Masouleh,
E. (2019). Application of single
nucleotide polymorphism (SNP) as a
molecular marker in the study of genetic
diversity of aquatic populations. Journal
of Ornamental Aquatics, 6(2), 11-19.
[In Persian]

3.Ferguson, M. (1995). 4 The role of
molecular genetic markers in the
management  of  cultured  fishes.
Molecular Genetics in Fisheries, 4(3), 81.

&l

o

s Ol ol Crles £ 5 Wl Olals
ool 3 S Sl 4 S el el
WOl ST 5 5 LSl (3 gm w3 3 ese
Bl sy ot cpl 5s Al e
A ool e Les e ol Olsea Ll
(00 588) 5,8 5 eslinad 550 55 0L
P B s Opesl 4 b 2l
ol g5 5 by S s e VL (S s Sl
by @lgin sla bl Gb A3l LOT o
Sl (S35 calls lie (VAY) o)
o Gl a8 alise £8 @ Glas
YO0=2 /A0 5 A=A s gl j3 A bl
Sslite i b obaa S calis e 5 anils 13
serle Sle (0)) wib e Y0 1 Sl
Aol Csas 80 sl i s S cali
o 13 13 i en S S e s 3 &S
slaalbiag, baaised o S35 Cald Ol
Ol Ol niomly 5 250 088 5 08 S il
O A elalie adlis g3 nl e 55
AV e s 5 (S5 ol Sl

4.Diz, A. P., & Presa, P. (2009). The
genetic diversity pattern of Mytilus
galloprovincialis in  Galician  Rias
(NW Iberian estuaries). Aquaculture,
287(3-4), 278-285.

5.Dudu, A., & Georgescu, S. E. (2015).
Evaluation of Genetic Diversity in Fish
Using Molecular. Molecular approaches
to genetic diversity, 163.

6.Ludwig, A. (2006). A sturgeon view on
conservation genetics. European Journal
of Wildlife Research, 52(1), 3-8.

7.Brunak, S., Danchin, A., Hattori, M.,
Nakamura, H., Shinozaki, K., Matise, T.,
& Preuss, D. (2002). Nucleotide
sequence database policies. Science,
298(5597), 1333-1333.



V€40 Ll oF o5lowd V0 2593 ¢y U T (395 9 (51290 3% &1 gl

8.Vandewoestijne, S., Schtickzelle, N., &
Baguette, M. (2008). Positive correlation
between genetic diversity and fitness in a
large, well-connected metapopulation.
Bmc Biology, 6(1), 46.
9.Markert, J. A., Champlin, D. M,
Gutjahr-Gobell, R., Grear, J. S., Kuhn,
A., McGreevy Jr, T. J., ... & Nacci, D. E.
(2010). Population genetic diversity and
fitness in multiple environments. BMC
evolutionary biology, 10(1), 205.
10.Reed, D. H., & Frankham, R. (2003).
Correlation  between  fitness  and
genetic diversity. Conservation biology,
17(1), 230-237.

11.Smirnov  A. 1. (1986). Perch-likes
(gobiids),  scorpionfishes, flatfishes,
clingfishes, anglerfishes. Fauna of

Ukraine, 8(5), 320. [In Russian]

12.Lin, Y. S, Poh, Y. P, Lin, S. M., &
Tzeng, C. S. (2002). Molecular
techniques to identify freshwater eels:
RFLP analyses of PCR-amplified DNA
fragments and allele-specific PCR from
mitochondrial DNA. Zoological Studies-
Taipei, 41(4), 421-430.

13.Verspoor, E., & Jordan, W. C. (1989).
Genetic variation at the Me-2 locus in
the Atlantic salmon within and between
rivers: evidence for its selective
maintenance. Journal of Fish Biology,
35, 205-213.

14.Rashed, M. A., Saad, Y. M., Atta, A. H.,
& Ahmed, N. E. (2011). Reconstruction
of phylogenetic relations among Four
Tilapia species. World Applied Science
Journal. 14(3), 456-462.

15.Angers, B., & Bernatchez, L. (1998).
Combined use of SMM and non-SMM

methods to infer fine structure and
evolutionary history of closely related
brook charr (Salvelinus fontinalis,
Salmonidea) populations from

microsatellites. Molecular Biology and
Evolution, 15(2), 143.

16.Liu, Z. (2007). Microsatellite markers and
assessment of marker utility. Aquaculture
Genome Technologies, 43-58.

17.Dunham, R. (2023). Agquaculture
and fisheries biotechnology: genetic
approaches, Cabi.

Y1

18.0O'reilly, P., & Wright, J. M. (1995).
The evolving technology of DNA
fingerprinting and its application to
fisheries and aquaculture. Journal of fish
biology, 47, 29-55.

19.Liu, Z. J., & Cordes, J. F. (2004).
DNA marker technologies and their
applications in aquaculture genetics.
Aquaculture, 238(1-4), 1-37.

20.Beaumont, A. R., & Hoare, K. (2003).
Biotechnology and genetics in fisheries
and aquaculture. Blackwell publishing
company.

21.Carvalho, G. R., & Pitcher, T. J.
(1996). DNA analysis. Fishery Bulletin,
94, 31-40.

22 Hillis, D. M. (1996). Nucleic acids IV:
sequencing and cloning. Molecular
Systematic, 321-81.

23.Rezaei, M., Shabani, A., Shabanpour,
B., & Kashiri, H. (2011). Microsatellites
reveal weak genetic differentiation
between Rutilus frisii kutum
(Kamenskii, 1901) populations south
of the Caspian Sea. Animal Biology,
61(4), 469-483.

24.Benbouza, H., Jacquemin, J. M,
Baudoin, J. P., & Mergeai, G. (2006).
Optimization of a reliable, fast, cheap
and sensitive silver staining method to
detect SSR markers in polyacrylamide
gels. Biotechnologie, agronomie, société
et environnement, 10(2).

25.Dufour, B. A., Hogan, T. M., &
Heath, D. D. (2007). Ten polymorphic
microsatellite markers in the invasive
round goby (Neogobius melanostomus)
and cross-species amplification. Molecular
Ecology Notes, 7(6), 1205-1207.

26.Feldheim, K. A., Willink, P., Brown, J.
E., Murphy, D. J., Neilson, M. E., &
Stepien, C. A. (2009). Microsatellite loci
for Ponto-Caspian gobies: markers for
assessing exotic invasions. Molecular
Ecology Resources, 9(2), 639-644.

27.Vyskocilova, M., Ondrackova, M.,
Simkova, A., & Martin, J. F. (2007).
Isolation and characterization  of
microsatellites in Neogobius kessleri
(Perciformes, Gobiidae) and cross-



Ol)Ro g s lgaad [ oon (wtd (Blogls (Sil§ £ (om0

species amplification within the family
Gobiidae. Molecular Ecology Notes,
7(4), 701-704.

28.Peakall, R. O. D., & Smouse, P. E.
(2006). GENALEX 6: genetic analysis
in Excel. Population genetic software for
teaching and research. Molecular
ecology notes, 6(1), 288-295.

29.Raymond, M., & Rousset, F. (1995).
GENEPOP (version 1.2): population
genetics software for exact tests and
ecumenicism.

30.Goudet, J. (2002). FSTAT, a program to
estimate and test gene diversities and
fixation indices (version 2.9. 3.2).
http:// www.unil.ch/izea/ softwares/
fstat.html.

31.yeh, F. C. (1999). POPGENE
(version 1.3. 1). Microsoft window-
bases freeware for population genetic
analysis. http://www.ualberta.ca/~fyeh/.

32.Zhou, J., Wu, Q., Wang, Z., & Ye, Y.
(2004). Genetic variation analysis within
and among six varieties of common carp
(Cyprinus carpio L.) in China using
microsatellite markers. Russian Journal
of Genetics, 40(10), 1144-1148.

33.Frankham, R.  (2008).  Genetic
adaptation to captivity in species
conservation  programs.  Molecular

ecology, 17(1), 325-333.

34.Hakansson, J., & Jensen, P. (2005).
Behavioural and morphological
variation between captive populations of
red junglefowl (Gallus gallus)—possible
implications for conservation. Biological
conservation, 122(3), 431-439.

35.Lind, C. E., Evans, B. S., Knauer, J.,
Taylor, J. J., & Jerry, D. R. (2009).
Decreased genetic diversity and a
reduced effective population size in
cultured silver-lipped pearl oysters
(Pinctada  maxima). Aquaculture,
286(1-2), 12-19.

36.DeWoody, J. A., & Avise, J. C. (2000).
Microsatellite  variation in  marine,
freshwater and anadromous fishes
compared with other animals. Journal of
fish biology, 56(3), 461-473.

Yy

37.Dixon, T. J., Coman, G. J., Arnold, S. J.,
Sellars, M. J., Lyons, R. E., Dierens, L.,
... & Li, Y. (2008). Shifts in genetic
diversity during domestication of Black

Tiger shrimp, Penaeus monodon,
monitored using two multiplexed
microsatellite  systems.  Aquaculture,
283(1-4), 1-6.

38.Borrell, Y. J., Bernardo, D., Blanco, G.,
Vézquez, E., & Sanchez, J. A. (2008).
Spatial and temporal variation of genetic
diversity and estimation of effective
population sizes in Atlantic salmon
(Salmo salar, L.) populations from
Asturias  (Northern  Spain)  using
microsatellites. Conservation Genetics,
9(4), 807-819.

39.Bhassu, S., Yusoff, K., Panandam, J. M.,
Embong, W. K., Oyyan, S., & Tan, S. G.
(2004). The genetic structure of
Oreochromis spp.(Tilapia) populations
in Malaysia as revealed by microsatellite
DNA analysis. Biochemical Genetics,
42(7), 217-229.

40.Li, J., Wang, G., & Bai, Z. (2009).
Genetic variability in four wild and two
farmed stocks of the Chinese freshwater
pearl mussel (Hyriopsis cumingii)
estimated by microsatellite  DNA
markers. Aquaculture, 287(3-4), 286-291.

41.Wright, S. (1984). Variability within and
among natural populations. Evol Genet

Popul. 4.
42.Rezvani Gilkolaei, S., Ghotb Razmjoo,
E., Lalouei, F., Taghavi, M. J., &

Norouzi, M. (2011). Genetic comparison
of Caspian goby in the west and east of
the southern coasts of the Caspian
Sea using microsatellite  method.
Taxonomy and Biosystematics,
3(6), 12-24. [In Persian]

43.Pourgholam, H., Zamini, A. A., Lalouei,
F., Khara, H., & Taghavi, M. J. (2011).
Investigation of the genetic population
structure of the bighead goby
(Neogobius gorlap) in the Caspian Sea
along the coasts of Golestan and
Mazandaran provinces using microsatellite
markers. Iranian Scientific Fisheries
Journal, 18(4), 25-36. [In Persian]



V€40 Ll oF o5lowd V0 2593 ¢y U T (395 9 (51290 3% &1 gl

44 Hartl, D. L., Clark, A. G., & Clark,
A. G. (1997). Principles of population
genetics (Vol. 116, p. 542). Sunderland,
MA: Sinauer associates.

45.Pifiera, J. A., Blanco, G., Vazquez, E., &
Sénchez, J. A. (2007). Genetic diversity
of  blackspot seabream  (Pagellus
bogaraveo) populations off Spanish
Coasts: a preliminary study. Marine
Biology, 151(6), 2153-2158.

46.Kinnison, M. T., Bentzen, P.,
Unwin, M. J., & Quinn, T. P. (2002).
Reconstructing  recent  divergence:
evaluating nonequilibrium population
structure in New Zealand
chinook salmon. Molecular ecology,
11(4), 739-754.

47 Waples, R. S. (1988). Estimation of
allele frequencies at isoloci. Gene.

48.Ramstad, K. M., Woody, C. A., Sage,
G. K., & Allendorf, F. W. (2004).
Founding events influence genetic
population  structure  of  sockeye
salmon (Oncorhynchus nerka) in Lake
Clark, Alaska. Molecular ecology,
13(2), 277-290.

YA

49.Baer, C. F. (1998). Species-wide
population structure in a southeastern
US freshwater fish, Heterandria
formosa: gene flow and biogeography.
Evolution, 52(1), 183-193.

50.Slatkin, M. (1993). Isolation by distance
in equilibrium and non-equilibrium
populations. Evolution, 47(1), 264-279.

51.Thorpe, J. P. (1982). The molecular
clock hypothesis: biochemical evolution,
genetic differentiation and systematics.
Annual Review of Ecology and
Systematics, 13, 139-168.



