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Abstract:

Introduction: In order to investigate the possibility of genetic differentiation and to compare the genetic
structure of Kutum population using DNA sequencing methods, ten Kutums from the eastern, middle and
western regions of the Caspian Sea (coasts of Gilan province) were sampled from the mentioned areas.

Materials and Methods: DNA of three samples of each area and species was extracted using ammonium
acetate method, their quantity and quality were determined using 1% agarose gel and Nanodrop device
(ND1000), respectively. One pair of primers (Forward and Reverse) of 16STRNA gene were designed and
synthesized using GeneRuner software. In order to determine the sequence of the 16STRNA gene, Kutum
DNA were amplified by PCR. Then, PCR product was runned on 1% agarose gel and bands have been
produced in the range of 500-600 bp.

Results and Discussion: Evolutionary difference (Maximum Likelihood), neighbor-joining and
phylogeny relationships were obtained using MEGAT11 software. The results show that the samples of
Kutum in three areas have 97% similarity and 3- 5% evolutionary differences with each other. The
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phylogeny tree of Kutum samples was drawn using Neighbor-Joining methods. In order to compare of
phylogeny relationships of Kutum from three areas using Neighbor-Joining method, each western and
eastern samples were placed in a separated cluster, which it could be a sign of population differences
according to 16STRNA gene. Due to the destruction of the rivers where they migrate, the pollution of the
Caspian Sea and the lack of physical barriers in it, the kutum in these two regions still has genetic
diversity.

Conclusion: So preserving the genetic structure of the kutum populations in the central, eastern and
western regions on the coasts of Gilan province is important and essential.

Key words: Genetic structure, Kutum, Golden grey mullet, Caspian Sea, mtDNA.
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Table 1: Geographic coordinates of sampling stations for White fish fry on the coast of the Guilan
province (1399-1400)

Factor/Coast Talesh coast  Anzali coast  Kiashahr coast Rudsar coast
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Figure 1: Neighbor-Joining dendrogram based on the method (Saitou and Nei, 1987) in White fish
from three sampled areas with 1000 replications
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Table 3: Haplotype distribution of the 16STRNA gene of White fish in the central, western, and eastern
coastal regions of the Guilan Province

Haplotype/Location Center East West Total
Ha; 1 1
Ha, 1 1
Ha; 1 1
Hay 1 1
Has 3 2 5
Hag 1 1
Total 3 5 2 10

NS Ol ol g 3,5 5 08«65 o bl 55 L sl I6STRNA ojv_g:;j@;: C s F s
Table 4: Levels of genetic diversity of the 16STRNA gene of White fish in the central, western, and
eastern coastal regions of the Guilan Province

Haplotype Haplotypic Nucleotide

Area Number number Diversity ~ Diversity
Center 3 3 1.0 -
East 5 3 83 -
West 2 1 0 -
Total samples 10 6 7778 318

O Dl ol 3 ok 2o (6515 65505 Glolin 46 LSS il ols 05057 0 sl
Table 5: One-way variance test between whitefish sampling areas on the coasts of the Guilan Province

Population S. D. %
Between the populations of each region 1 -0.06
Total populations 8 66



http://dx.doi.org/10.71901/jad-2025-2-853
https://aqudev.lahijan.iau.ir/article-1-853-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.71901/jad-2025-2-853 |

£y e GUo3 os 4o 45 (Rutilus frissi, Nordmann, 1840) wiw sl Szj b=l

A sor 5 GhS o A 4w aikele a
s 8

S adsl pe 6 4 L NS5 S gy g
Cil 5| DNA ol Cgr a3l o DNA
Jo o aejl sl sy e Gla by
Pourkazami, 1996; Hillis and Moritz, ) ¢ ETRY
C.S 5 (Shaw et al., 1999) J5bl i, (1990
0, 5 Rajabi (McQuown et al., 2000)
Fo paipel Shal gy aw amlie L (1¥40)
O3> 31 DNA glAel s CTAB c}ﬁﬂf
4~ cpl & Conus coronatus _l,s b
m e c,_s,aT Slwl gy S Ll
5 0 opl a3 edd en )4 sl LB )l
sba Lwla gy ple Sl Sag (RS Ol O e
Gﬁ_ﬁwﬂaugtw&éuuzwg
S Al o el e @B WwladT
53 4o 53 g axbls gglle iS Jlamcul DNA
S GolalT 55 (585 Mo 5w
bl Say Lls Sl s Jl @b’ Cosgdous
C}:;yT Sl gy S e ol )y 03 el
TR Jf oslatw! (Chakmehdouz Ghasemi, 2004)
e CehS 5 LpaS ) eds 2l sl gla DNA
3 g 5l 2

05 B dls om S5 Cald gy ol )3
5SS e dilate 4w 53 Liw ale I6STRNA
Ol 5 dasys AV-40 (S il o lsm o8
asles ulal T Gy Aoy 0-F LIS
J"‘)-"Srﬁfuéf’;‘ «(144+) o, Kea 5 Meyer
S50 5 2lS 5 g 53 Soalis 7Y/ Il & skes
o Iy om S ol sl Gl S s

S

o Olgr blE ST 55 0T b el
5 alas @ 53 Sy e S e b oy 8
Gk 3l Sl ske S (S5 sl o
2 oAl S KT sy S sla i
(2l OLpT 3 51yl pe,e el ,
Ll o (3L Soeal gl S5l 5 605 n 2T
sWesls 51 SOlss=ge ST 55 (Lin et al., 2002)
S Lty pem @l DNA i« by e
SS elresls o ‘Sgit’”-" Ol 5 24d oo edlazal
S 4,5 L5 (Selection) bl 56 Cow
5l UL 1y bl 5 5skd Lauls, A1 55 e

DS Gy Sl s 4 bl S
Slosss o&lr Sols Vb 5l S35 5 ol o AU 5S
3L 390 (S gad ST ( gy ol Olgl 2 S35 Ll
wslw 5B 1y Oliase 5 s oo falS |y ardllas (6l
o 053 3 o3l b ¢ S5 skt ddaly anlllas (gl &S
calizee Gble )3 (Sl (clads gas Sl sde &S 2> b
sz 23 (Yoo A) O, 5 Ketmaier .S gl
Rutilus ) aalS” ale S5s3I sSKhe ¢S5 bt
aible 2 5l & el dw & &l e ol bl bl (rutilus
O Ses 5 Larmuseau L5 ,S ol (w2 3,0
5 SIS SIS Wlil sp 53 )
):L;J:fd.}}«}dla;.ab\’)Jw@b s Cores
(Gble &5 sl Bisls i ged 3 oyl 0 S
by oo 5 diasls BT 1) & gas 3e aw b S
Ol aile 5 LS S Sl 4 ey
Syse bl 31K 0 Gy e dw Sl e
S ol asdllas 53 a5 Oloman (il o3 S )y


http://dx.doi.org/10.71901/jad-2025-2-853
https://aqudev.lahijan.iau.ir/article-1-853-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.71901/jad-2025-2-853 |

\Fe¥ Q\:«.{U c(ajb a)l.‘..fn ‘v-“").}’. Ju cd)}};‘_;}ﬁw}: 44”].&4

O, 5 Abdhamedani adlbs 55 5,05 il
9 S9ydiw puad Sladlisg, Liw Al Y+ VYY)
P Cyth 05 L L5 sbos ova Jolsw 25,8
35 4 yamis obbla ) oS dal S Cobshla
Ol 059 Lowse WOT adllas 43 .5 (unique)
ﬁbjwbsjfdﬁﬁdﬂmwugbﬁut}ﬁ
Er 0 SUl G S g8 O O3
§55 Osn 5l 250 i Sl a5 0l 5o
boon s il a3 oS uSsS S
Bl slalamer 53 £ 55 Sy pde GodiasOls
L&y slul 9 3y Jdsa alsngy aw cpl A
Sde oS Ol e K s (SKS5
S W yls odde (Y+Y) O Kea 5 Grunwald .wsls
@boe Olale 5 D-loop axb Usble ¢35
2 sV E Lz Hliie 51 Olabe w6 o paa
i or Lot U 057 51 o S50 55 sl i
& N44A Jle > Bowen ; Grant 4 b b
S o> O ol 5 SIS 5 5 W (o skl
e o3l Al 653 G Sl ey e Cone B
A gl g (Comexr e D) 5 o0y Corex
AS o b 5 51,
o (Yoov) OLKes 5 Li w ks olal
sl 53 Jele o S el (55 0L il Nm>1
55 oy ey NSl 1y ol K55
adlas 55 pd o (S35 bl sbul ol Jule
L e 53 oo Cewsa (Nm) (G5 0L 2 ¢ 555
S s CW‘ Y/ o shla slaesls ulal ) dilate aw
IS Ol ol g 3 ol gl pits Sy
Ghlie o 53 odel sty (35 0L Oljee il e
4o g LAl sl o rle el Sl

¥F

ol syl sy DMl Aoy O-F o ddbete
Ogdeo Y=V/Y 390> bl aw diw b gladisal
Alodd b @ 3l iy Lo

Ao ale (S350 Laulg;y ps o 55 anlllas o
C\J?))..UJ quwl By ol Lg)‘}j‘h'}am.; aabs dw B
S 9 o sble sladss Neighbor-Joining
)48 B 13 e SIS S 055 gl
2GS Ol (08 Comex Ll 4Ll Ll
Kolangi asllles L a5 4l 16STRNA () bl
Csys el (Y410) o, s Miandareh
T asdlls s yls sl Cytb 05 s g5k
DF s 6 5 bl 3y i Olale ol
LSLAC..-*""“'?')J old odaline Lg\.bgr;}lil.&l.@,i'jw;
S wlaes £ 5 Kos laasli ) s asllbs 3,4
Qfl@.ﬂ e 4 6’5 g_)liJ} S>3 ‘50“."_’\4:0
mb ol e Gble opl 4 Lde ale e
BE) .«\.:.u ij QLLJ:» S>3 LgoMJQL&a "\"‘}:LSA
Ok 5 0k Glaobul 43 ddw Olale Conax
oS sl 65 ol g a5 S 1S sl
SNl o bl (o2 b andllae ] D5l L e
LS\AQ}LL)‘*:.‘UG.A Sy &L;ﬁ\]v-ﬁbdaf S gdowe
.Ml{b.\.&é\iw)ﬂ))}»

adlae 540 bl Ldw ale j3 5l aallas s
g:,.;jlil.h & C)w S J6SrRNA U)" )\ oslaul L
SIS it B s 65 e Gble A saalis
¢ gl 5o G4 bl Sl e S
23 S LA Sl ol 15 o s 2S5
by Liw b 5 (bl 75 SOlores
dol =l L (Kotlik et al., 2008) ol 3 puelS


http://dx.doi.org/10.71901/jad-2025-2-853
https://aqudev.lahijan.iau.ir/article-1-853-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.71901/jad-2025-2-853 |

A" e GUo3 os 4o 45 (Rutilus frissi, Nordmann, 1840) wiw sl Szj b=l

Foo YO 0)55 ¢S s ailsdl a8l clay N il 53l
(Pourkazemi, 2000) 5 8 L.
S5 (o gis 4S A e OLES odaT s 4 @Lﬁ
= Gl S Ll e b)Y bl g 5lula
Do (S55 U5 S5 Jole Grimpn s 035
ol ABL it Al ) 390 SaCne
25 s S ol s Jome slaslisg,
oot p i cplse ok 3K OLSGl 05,67
g Ll T ol alst 5l 6,8 e el
@ Sl Y (e S Dyl
23 e laailiag, 5 s el
5,8 S e Slula 5 2 saan 2SS 8

S 3505 Oy Ol F o0 Goiod ol b & 4 5 L
e Gy, A 4 s L A
Eloe 2y pde 5 L gl ST &l
aibie 95 opl ys dde b o OT aig opl 5o (K5
Lis ol dil e sy (S5 g8 Sl e
Ghle Liv ol bl S35 bl
DS Ol ol S5 53 (8 5 B0 S
Jhas| a..\.‘..:T 03 b e bl Sl (g4l
LMWt b ale GlaCaman 15 2 O 2l
u,u\.w‘ e g9 asls e I Iy aoT é;j
A e gl Rl S Al aer b on)

2,8 1

Sl
Q\)&wﬁ 4.;15 QL«>) )'\ Qb&w 9 oJ..'..wi}J
JLS wis g ol sl J::'-.: ol 5 Glaass

.Jﬁ)lb\)Jgflﬁ

5 ess ) s S gl Lys s Sl
Ghle o o b Lla (e ol Ga s
4 O rlge (il STl 5 gbys Calies
sh o p oSl s dakaie 4 aibate | oo

e b6l Jad Jilé Lgba)}:flé el
s o il LT (Sa5 ps
S5 g5 A Jele 1) wasg deo i
Hauser et al., 2002; Gomez-Uchida ) 4sls .
el il gleds 5 (and Banks, 2006
Llos S Mol (S5 g5 ShlBl oo [ Sl
55 s &S sWles ;5 .(Cheng et al., 2008)
Gty (SN 5o DM 5 35 5kd Ll sy il
5 caliies Glad 3 Ghisla o Lalsy 4 by e
T M PRy N RO
DNA sla Jlg 5m Cabs nipl L S, ba
e b o Rl 0T e (gsli = ddal
Mo Wig o OLHT lacums Lus als
(Glenn ef al., sl LOT 45 S5 & Sl
1999)

L Al S ool SO Sl sbys
5ol =l glaans s alivke & ol
s Jolaw 53 0T & lge Joue sladilsny,
SR aS ol e 5 s o 55 )5 gl
Ll o b Pl Hlg sl 53 D xlee
5 S ksl )l e 05 T =S Jlas
o Ly o S 5,8 o Syge LOT  mex
558 BT Gaianr  Gister e S
oy oS Ll o0 Sdajlys 53 Ly oy

5 GosTen Loy Sl sk oSobe S s


http://dx.doi.org/10.71901/jad-2025-2-853
https://aqudev.lahijan.iau.ir/article-1-853-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.71901/jad-2025-2-853 |

\Fe¥ Q\:«.{U c(ajb a)l.‘..fn ‘v-“").}’. Ju cd)}};‘_;}ﬁw}: 44”].&4

8. Cheng, Q., Ma, C., Cheng, H. and Zhang,
Q., 2008. Mitochondrial DNA diversity of
Coilia mysyus (Clupeiformes: Engraulidae)
in three Chinese estuaries. Environmental
Biology of Fishes, 83(3), pp.277-282. DOI:
10.1007/s10641-008-9332-z

9. Coad, B.W., 1980. Environmental change
and its impact on the freshwater fishes of
Iran. Biological Conservation, 19(1),
pp-51-80. DOI:10.1016/0006-
3207(80)90015-4

10.Ghaninejad, D., Mogeem, M. and
Abdolmaleki, S., 2000. Assessment of the
Caspian Sea bony fish stocks in 2010-
2011. Guilan Fisheries Research Center,
Bandar Anzali. 149 P. [In Persian]

11.Glenn, T.C., Stephan, W. and Braun, M.J.,
1999. Effects of a population bottleneck on
whooping crane mitochondrial DNA
variation. Conservation Biology, 13(5),
pp-1097-1107. DOI:  10.1046/j.1523-
1739.1999.97527 x

12.Gomez-Uchida, D. and Banks, M.A.,
2006. Estimation of effective population
size for the long-lived darkblotched
rockfish Sebastes crameri. Journal of
Heredity, 97(6), pp.603-606. DOL:
10.1093/jhered/es1042

13.Grant, W.A.S. and Bowen, B.W., 1998.
Shallow population histories in deep
evolutionary lineages of marine fishes:
insights from sardines and anchovies and
lessons for conservation. Journal of
Heredity, 89(5), pp-415-426. DOI:
10.1093/jhered/89.5.415

14.Grunwald, C., Stabile, J., Waldman, J.R.,
Gross R. and Wirgin, 1., 2002. Population
genetics of shortnose sturgeon Acipenser
brevirostrum based on mitochondrial DNA
control region sequences. Molecular
Ecology, 11(3), pp.1885-1898. DOI:
10.1046/j.1365-294x.2002.01575.x

15.Hauser, L., Adcock, G., Smith, P., Bernal
Ramirez J. and Carvalho, G., 2002. Loss of
microsatellite diversity and low effective
population size in an overexploited
population of New Zealand snapper.
Proceedings of the National Academy of
Sciences (PNAS), 99(18), pp.11742-11747.
DOI: 10.1073/pnas.172242899.

16.Hillis, D.M. and Moritz, C., 1990.

¥5

é.ylz.o

. Abbasi Ranjbar, K., 2013. Study of the

abundance and length and weight structure
of juvenile fish and determination of
ecological populations of mahisefid and
golden mullet on the coasts of Guilan
province. Final Report of the Fisheries
Science Research Institute, 347 P. [In
Persian]

. Abdhamedani, H., Norouzi, M.,

Bahmanesh, S. and Chakmehdouz
Ghasemi, F., 2013. Study of the genetic
and population structure of mahisefid
(Rutilus frisii kutum) on the southern coast
of the Caspian Sea using DNA sequencing.
National Conference on Aquatic Animal
Sciences, University of Guilan, Rasht. 126
P. [In Persian]

. Abdolmaleki, S., Ghaninejad, D., Borani,

M., Pourgholami, A., Fazli, H. and
Bandani, G., 2004. Assessment of the
Caspian Sea bony fish stocks in 2004-
2005. Caspian Sea Bony Fish Research
Center. Bandar Anzali, 145 P. [In Persian]

. Abdolmaleki, S. and Ghaningjad, D., 2007.

Stock Assessment of the Caspian kutum
Rutilus frisii kutum in the Iranian Coastal
Watersof Caspian Sea. [ranian Scientific
Fisheries Journal, 16(1), pp.113-16. DOI:
10.22092/isj.2007.114976. [In Persian]

. Bruford, M., Bradley, D. and Luikart, G.,

2003. DNA markers reveal the complexity
of livestock domestication. Journal of
Nature Reviews Genetics, 3, pp.900-910.
DOI: 10.1038/nrg1203

. Chakmehdouz  Ghasemi, F., 2004.

Comparison of DNA extraction methods in
aquatic animals and its application
guidelines. Bachelor's thesis, Mirzakochak
Khan Higher FEducation Center for
Fisheries Sciences and Industries (Rasht).
53 P.[In Persian]

. Chakmehdouz Ghasemi, F., Behmanesh,

S., Yarmohammadi, M. and Hassanzadeh
Saber, M., 2014. The study of molecular
and population diversity of Rutilus frisii
kutum in Anzali lagoon and Shirud river by
using of molecular genetic method.
Journal of Animal Biology, 7(1), pp.21-30.
[In Persian]


https://doi.org/10.22092/isfj.2007.114976
http://dx.doi.org/10.1007/s10641-008-9332-z
https://doi.org/10.1016/0006-3207\(80\)90015-4
https://doi.org/10.1016/0006-3207\(80\)90015-4
https://doi.org/10.1046/j.1523-1739.1999.97527.x
https://doi.org/10.1046/j.1523-1739.1999.97527.x
https://doi.org/10.1093/jhered/esl042
http://dx.doi.org/10.1093/jhered/89.5.415
http://dx.doi.org/10.71901/jad-2025-2-853
https://aqudev.lahijan.iau.ir/article-1-853-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.71901/jad-2025-2-853 |

\a% e GUo3 os 4o 45 (Rutilus frissi, Nordmann, 1840) wiw sl Szj b=l

R.J., Rodzen, J., Tranah, G. and May, B.,
2000. Microsatellite analysis of genetic
variation in sturgeon: new sturgeon primer
sequences for  Scaphirhynchus and
Acipenser. Transactions of the American
Fisheries Society, 129(6), pp.1380-1388.
DOLI: 10.1577/1548-
8659(2000)129<1380:MAOGVI>2.0.CO;2

25.Palumbi, S.R., Martin, A., Romano, S.,
McMillan, W.O., Stice, L. and Grabowski,
G., 1991. The Simple Fool’s Guide to
PCR, Version 2.0, privately published
document compiled by S.Palumbi. Dept.
Zoology, Univ. Hawaii, Honolulu, HI,
96822. 28 P.

26.Pourkazemi, M., 1996. Molcular and
Biochemical Genetc Analysis of sturgeon
stocks from the south Caspian Sea. Ph.D
Thesis. School of Biological Sciences,
University of Wales, SwanSea. 260 P.

27.Pourkazemi, M., 2000. Management and
Restoration of  Sustainable  Stocks.
Collection of Articles on Restoration of
Stocks. Deputy of Aquaculture and
Breeding, = General  Directorate  of
Education and Extension, Tehran. pp.30-
17. [In Persian]

28.Pujolar, J.M., Ciccotti, E., De Leo, G.A.
and Zane, L., 2009. Genetic composition
of Atlantic and Mediterranean recruits of
the European eel (Anguilla anguilla) based
on EST-linked microsatellite. Journal of
Fish Biology, 74(9), pp.2034-2046. DOI:
10.1111/5.1095-8649.2009.02267 .x

29.Rajabi, H., Zolgharnein, H., Ronagh, M.T.,
Savari, A. and Ranjbar, M.S., 2016.
Molecular Phylogeny of the cone snail
Conus frigidus Reeve, 1848 from Persian
Gulf coastal region (Larak and Qeshm)
using DNA barcode. Aquatic Physiology
and Biotechnology, 4(2), pp.75-97. [In
Persian]

30.Razavi Sayyad, B.A., 1995. Mahisefid.
Iranian  Fisheries Research Institute,
Tehran. 165 p. [In Persian]

31.Razavi Sayyad, B.A., 1999. Introduction to
the Ecology of the Caspian Sea. Iranian
Fisheries Research Institute. Tehran. 90 p.
[In Persian]

32.Rezaei, M., Shabani, A., Shabanpour, B.
and Kashiri, H., 2010. Genetic comparison

Molcular taxonomi sinauer associate, Inc.
Publishers. Massachusetts. U. S. A. 120 P.

17 Ketmaier, V., Bianco, P.G. and Durand,
J.D.,, 2008. Molecular systematic,
phylogeny and biogeography of roaches
(Rutilus, Teleostei, Cyprinidae). Journal of
Molecular Phylogenetics and Evolution,
49(1), pp-362-367. DOLI:
10.1016/j.ympev.2008.07.012

18.Kolangi Miandareh, H., Shabany, A. and
Hojati, M., 2015. Investigating genetic
diversity of Rutilus kutum (Kamenskii,
1901) in some rivers in southern of the
Caspian Sea using Cytochrome b gene
(mtDNA-Cytb) sequences. Journal of
Applied Ichthyology Research, 3(2), pp.1-
12. [In Persian]

19.Kotlik, P., Markova, S., Choleva, L.,
Bogutskaya, N.G., Guler Ekmekcis, F. and
Ivanova, P.P., 2008. Divergence with gene
flow between Ponto-Caspian refugia in an
anadromous cyprinid Rutilus frisii revealed
by multiple gene phylogeography.
Molecular Ecology, 17(4), pp.1076-1088.
DOI: 10.1111/5.1365-294X.2007.03638.x

20.Larmuseau, M.H., Raeymaekers, J.A.,
Ruddick, K.G., Van Houdt, JK. and
Volckaert, F.A., 2009. To see in different
seas: spatial variation in the rhodopsin
gene of the sand goby (Pomatoschistus
minutus). Molecular ecology, 18(20),
pp.4227-4239.  DOL:  10.1111/j.1365-
294X.2009.04331.x

21.Li, Q., Xu, K. and Yu, R., 2007. Genetic
variation in Chinensis hatchery
populations of the Japanese scallop
(Patinopecten yessoensis) inferred from
microsatellite data. Aquaculture, 269,(1-4)
pp.211-219. DOI:
10.1016/j.aquaculture.2007.04.017

22.Lin, Y.S., Poh, Y.P., Lin, S.M. and Tzeng,
C.S., 2002. Molecular techniques to
identify  freshwater Eels. Zoological
Studies, 41(4), pp.421-430.

23.Meyer, A., Kocher, T.D., Basasibwaki, P.
and Wilson, A.C., 1990. Monophyletic
origin of Lake Victoria cichlid fishes
suggested by  mitochondrial DNA
sequences. Nature 347, pp.550-553. DOI:
10.1038/347550a0

24 McQuown, E.C., Sloss, B.L., Sheehan,


http://dx.doi.org/10.1016/j.ympev.2008.07.012
http://dx.doi.org/10.1016/j.aquaculture.2007.04.017
http://dx.doi.org/10.1038/347550a0
https://doi.org/10.1577/1548-8659%282000%29129%3C1380%3AMAOGVI%3E2.0.CO%3B2
https://doi.org/10.1577/1548-8659%282000%29129%3C1380%3AMAOGVI%3E2.0.CO%3B2
http://dx.doi.org/10.71901/jad-2025-2-853
https://aqudev.lahijan.iau.ir/article-1-853-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.71901/jad-2025-2-853 |

\Fe¥ Q\:«.{U c(ajb a)l.‘..fn ‘v-“").}’. Ju cd)}};‘_;}ﬁw}: 44”].&4

testing molecular clock hypothesis.
Genetics, 135(2), pp.599-607. DOI:
10.1093/genetics/135.2.599

40.Tamura, K., Stecher, G. and Kumar, S.,
2021. MEGAI11: Molecular Evolutionary
Genetics Analysis Version 11. Molecular
Biology and Evolution, 38(7), pp.3022-
3027. DOI: 10.1093/molbev/msab120

41.Valipour, A. and Khanipour, A.A., 2009.
Whitefish, the Jewel of the Caspian Sea.
Fisheries Research Center Publications,
Tehran. 193 p. [In Persian]

42.Wilson, A.C., Cann, S.M., Goerge, M.,
Gyhensten, V.B., Helm, B.Y. and
Chcowsh, K.M., 1997. Mitochondrial
DNA and two perspectives on evolutionary
genetics. Biological Journal of the Linnean
Society,  26(4), pp.375-400. DOI:
10.1111/5.1095-8312.1985.tb02048.x

A

of Caspian Sea Rutilus frisii kutum
(Kamenskii, 1901) in Gorganroud and
Cheshmekile (Tonekabon) rivers using
microsatellite markers. Taxonomy and
Biosystematics, 2(2), pp.1-14. DOIL
20.1001.1.20088906.1389.2.2.2.1. [In
Persian]

33.Rezaei, M., Shabani, A., Shabanpour, B.
and Kashiri, H., 2012. Microsatellite
diversity and population genetic structure
of Rutilus frisii kutum in Mazandaran
coasts. [Iranian Biology Journal, 25(4),
pp-548-558. [In Persian]

34.Rezvani, S., Babaei, A. and Pourkazemi,
M. 2001. Molecular population study on
Penaeus semisulcatus from the Persian
Gulf and Oman Sea using Cytochrom
Oxidase Subunit I (COI) gene by RFLP
method. [ranian Journal of Fisheries
Science, 10(2), pp.15-30. [In Persian]

35.Saeidi, Z., Rezvani Gilkolaei, S., Soltani,
M., Laloei, F. and Taghavi, M.J., 2016.
Population genetic structure studies of Liza
aurata based on mtDNA control region
sequence in the Guilan and Mazandaran

coasts. Journal of  Aquaculture
Development, 10(1), pp.91-102. [In
Persian]

36.Saitou, N. and Nei, M., 1987. The
neighbor-joining method: A new method
for reconstructing phylogenetic trees.
Molecular Biology and Evolution, 4(4),
pp.406-425. DOL:
10.1093/oxfordjournals.molbev.a040454

37.Sharifi, M., Negatkhah Manavi, P.,
Chakmehdouz Ghasemi, F. and
Behmanesh, S., 2017. Population genetic
structure of Caspian roach (Rutilus rutilus
caspicus) using DNA sequencing in South
Caspian Sea and Aras Lake. Journal of
Aquaculture Development, 10(4), pp.63-
73. [In Persian]

38.Shaw, P.W., Turan, C., Wright, J.M.,
O’connell, M. and Carvalho, G.R., 1999.
Microsatellite DNA analysis of population
structure in Atlantic herring (Clupea
harengus) with direct comparsion to
allozyme and mtDNA RFLP analysis.
Heredity, 83(4), pp.490-499. DOI:
10.1038/5j.hdy.6885860.

39.Tajima, F., 1993. Simple methods for


https://dor.isc.ac/dor/20.1001.1.20088906.1389.2.2.2.1
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1111/j.1095-8312.1985.tb02048.x
http://dx.doi.org/10.71901/jad-2025-2-853
https://aqudev.lahijan.iau.ir/article-1-853-en.html
http://www.tcpdf.org

