[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

(Astacus leptodactylus) ¢y sw T 595w ol Carod S § JUS b (w9
20 S o DNA J g dilaio (b 31 oolain! b ilizeo gblo

Y .o AN N N
G sl TS 55 Lo

mkhoshkholgh2012@gmail.com

VY ey Foain (olal ¢ OUS o231y pauds wolio susials -
pole SlEEas dui g (s oebao wgad (T GLals W13 sl 5 S5 SBEaS S e Y
Oloal ol « 5355laS (i) sels SlRESS Lol paS b

\Ya0 Gf“)ﬁ)‘a uL)._:._\.g c_i‘)u \Y‘\\‘).@-a:&ﬁ‘.j)d @)B

I8 el 5l eslizad b « (Astacus leptodactylus) o o3 o 58 ol Comar K55 Jlile Lol adllas s
S 5n ol 6505 VWY SIS gt en 4 23S 15 ey sse DNA L I s, 5 (D-l00P) b us s
oo 4 Wesed DNA con8 e a3 8 (05T e\ dl Do Gl e ezl s o5 sl il bl
g 3 faame 43 AD ol Lleg e s ST 31K 5 58T 5 55580 Gub 51 0T CiaS 5 (s s S
B L¥A 5 TN E LR L Cl S e TS s sk s s pleld Gl YA (il bl sla
T sy 5 o = VAYD 67 n O53T e s YVYe Ll b o 05T 53 D Sl ot 8 olul o /Yy
30T i s K> O b Sl asly sl L5 055 dalee s DL ol (Kan i pa (ot 3 e ety Dl
5 b g bl 28 aaS b Ko ls (asls pmes 5 (FUSFS ) bioner b 25T, 5 528
5 Ol gps ol il 5 sbus oo LT bl (JsS (wibls 5JUT 5 385 OesT Fst s slaosesT mls
Sse gble s & 458 Jasie cpmmen (P < o/o) ) Wl Ol bl Lo b ols gee OBkl 3y am
a5 35k 5 Ol ol 0lasy (sUaeises o st 3l 5ms T (555 ol Sl s lemn slaos Seisls
Sl GAs B Bl e Geies opl el S8 gk s e Ol [ 68 ol 5l S5 b gbaeg § 1T

gl slil et T 6 olt (S5 g 5 aled ol

oo b 43l 35 by (b8 sie DNA ( Astacus leptodactylus «y s ol (55 ol S GulS < lolS

JEBVpNOr


http://www.isfj.ir/admin_emailer.php?mod=send_form&slc_lang=fa&sid=1&em=mkhoshkholgh2012@gmail.com&a_ordnum=1421
http://www.isfj.ir/admin_emailer.php?mod=send_form&slc_lang=fa&sid=1&em=mkhoshkholgh2012@gmail.com&a_ordnum=1421
http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

(Astacus leptodactylus) cp i OF (5580 sl curan (SB35 HGALw couy

6ol 5 Bl Lusa

OS5 5999 Sl bl adgl lalllas (Jlie Glsie 4
TCexex w0 ) (b gebe LS &5 285 g0
“Jle pesls plas 2l et S 65K ol o
sy, axwg 5 Gyl 08 Cépta b i sl
S ge DNA - L ks slaghs, o JsSdse
Schulz , 1999, ) RAPD .Grandjean et al., 2000)
(Fetzner and AFLP .2004;Gouin et al., 2001
(Gouin et al., 2002; s ,lsal 5, ¢ Crandall, 1999)
oly slaceae> s ,o Gross et al., 2013)
o ol yo oo a8 S IS w4 p ot Ol g8
S iy s slaaisS Sl (S (K e
5 @ S5 Slad) VWAV oLb) sl ad s & )50
¢ AYAY ¢ e g gaigles ¢ WYAL LK
OY8 e S 5 aiengSt

sty 5l Sl Conex LSl Gl cinogs
5 g 48,8 0,4 calie oy g o Silis 5 sosie
sles 5 glolis gdios onl pll 5l Bas ulul (on
boadlls sye gblio Jloiol slocamer (S35
et 9 by ge DNA hicys, (o) 51 eolis
Rl Sz (IS0 LA (Bpme 5 (S 55 Ol
RCIRNTS

gy g 3ge

aigni 5)3l 2o

el 5% ol (nalse o b dsed g jslaie @
£y il oV ol bl e LlES 3 (i
SF e G s 2 s 5 Gl A ke alBog,
Jbo 50 o)l s azlys Guizmen 5 )55 bys e
O IS Y Jgaz) <é )8 alodl als 5l oolazal L VYA
I Sdl oS e dntigei & ol S 2S5l sl
g 08l Sl by 95 ol Jol o Jol sl 42U
diges 30,8 (5,laeS ao o A7 Jelbil JSUI jo s
Sy oialejl ay JsUse Slaglesl plnl (sl
o Jie LS o&ails

Aodio

Ol 5550 ol 08lgils aw 0 ploul lallas (wlsl 5
oolgls Ll o jo a5 oyl ogmg Lo o p e
5 Olpl 50 5 el oye slwl ddlaie oq Astacidae
Astacus leptodactylus iy ,o ol (555w ol 4345
(Stucki, 1999; Chiesa ol (oo oolgls cpl 4 3late
wlae @YU bl a4 axg5 b oojg,l et al, 2011)
a5 el 03g0i Iy Gtal3l 5 il a3l Gysil
9010 (gl odng ool (e Ol (5550 oLl o
ol Ol @le w3, dez ) Gleogas ol b
Caol 1 LS jo sl gasn il g YU golaidl
Karimpour et ) el s )55 55 cols 5,5 5 golasl
.@l., 2011; Harlioglu, 2008

Soxdy slaasly I (S plen (Se5 E95 094l
slealy 5 S 09550 S (2l SlrpissST Si5slsST
baconar Sy Slallln ol (Soiy bl ) 2
Coraz LSl 5 glaisS 05,0 WYeo olulil 5 00y
5 & wnd DNA  JsSlge sl Sles 51 eslial L
geree Sapde Jlesl jo pulal lajls 5l 5 S e
(Pourkazemi et al., 2012) il o (5,050 0
s, ls MIDNA) b 0:Sse DNA gla o, s
ot abex Gl bnl el Cany o 1) goaee
(SHReZ (2 9 095° Dkl (g Ol o i
Eoba 5505 5 ST (9,0 Dyl (SasignST ()
(Billington and  axils la > ol gan aib
Hebert, 1995; Liua and Cordes, 2004; Brown,
Cdrw Care Sty Oldlas jo a5 5,9k 2008)
S 4=l 5 165 IRNA s lagys «olowsy
3l a5 18 oolitul 590 Sl b ,0555e DNA
(Tong et al., 2000; Schubart et al., 2000; Haye )
etal., 2002

5 oolitwl b b il eoges (3YAAe Jlo 3l pedioe
S iz gladiss (Sds Ll iz sla s,
anled gy |y et ol (55 ol alaz I lisgy

VY.


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

Ol 2l ale s

b Gl P9y 30 b diged dluad g (5,10 diged @bl 1) Jeua

Sl @l 2ye 9 Job oS! b 29 o] 05 los
Y. Aga_=>0VA g 3,0 Job 4ids 00y ax,0F1 bl:...»]—)}:}u,‘li)Q \
Fled (e 4ids
Y. YY ga 2> 0¥V 5 3,5 Job agds FYg ax of el S— 55 by Y
Fled (e 4ids
Y. Y8 ga 2,0V g B, Job aido Ve gax of Ry Y
Fled (e 4ids
Y. YR ga >0V g 5,8 Job 4 30)Y g a>,0f S9,0 dil>og, ¥
Fled (e 4ids
V¥ Vo ga2> 0 YV 5 3,0 Job addo VA 5 ax,0fq ooy, dauwls ailso,, N
A a0 YV g 3.5 b aids VY g ax of1 Oliug,e olew ailsog, 4
St o e aida)V
Y. YA ga >0 VA g S,5 Jsb aido ¥ g ax of0 ooyl s azl o \4
Yy Egoemo

S OYG (S pakigai GlaolSim! 5 YU Lk olis

Oeeden) AE l
S 35 60 30 o e T (5550 oL (510 paigas Bblio 1) IS
(Sl oo 0091V Jgazr yo ldsz) (ol o 4zl yo 9 I3l


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

(Astacus leptodactylus) cp i OF (5580 sl curan (SB35 HGALw couy o 5 3A Gisa
peias job & DNA il o aS Cos 5 opl & s 5 S KA PY|

(Kretz and  o,lasbew] (g, Gubo oo wgd (sloass jo
L ol s e 05 alil S L 0Brein, 1993)
Vsl ol em 4y Cyclist Tag DNA <S5l solau!
ABl oo Lol )5 ol az 0 0V Gl gles jo
Prism Model 377 (Applied Biosystems, USA)
J5 o DNA sla Jlss LS aalsl jo .cé i, sl
J Ve Vool g oo ,o & ol bo,ST L ool s sl
Sz g b5 St 5l ladiged 1 Culed 50 aiad
a K andl b8 (5yme o cglaind (Som 55, 22 (5

A8 )S 18 G, dix S

bl Juloxd g 49 35
b ool U1 (gl (sounio slayl38l 33 51 oy ol o
o bspe slocadshle a5 i onl 40005 eolinl
sl esliial b ol oS sie DNA D ail> asks
5 shle g5 00500 5 et e 5,lal sla,ll
oLt sl esliiul L Lacuner (pgate sadgtlS s
J—olgs o ¢ ,—Feslasl (YAAY) Tajima 4 Nei
Sraylags Py ool o Lacdshle (s (50553
(PHYLIP 3.695; Felsenstein, 2013) Kimura
(Fu, Fu’s Fs slagge;l plos! sl 00,5 acule
58 e 5 4 51 (Tajima, 1989) L=t D 41997)
eyt Gt 5, S5 Ve oo Ly DNaSP V5 g Ll
o soliwl Lacames 5u,l5 (Sl 5 by
Soson,le axLs (Librado and Rozas, 2009)
Rled cg 585 90l 3 (Harpending, 1994)
;— (Raymond and Rousset 1995) Lacaex>

ol cwas Arlequin 3.0 Ll 130 o 5 ats alowss
(Excoffier et al., 2005)

P9y 3 0935 DNA S gzl ly (o cnl 5
Hillis and ) ays 5 eolal JSII Jolgybp 84 15— i
DNA CoasS sy iz aslsl o (Moritz,1990
(Pourkazemi et _asl ;5,589 2SIl 59, 5l oo ! Sl
Oliee 3 (aoyo <IA) 5,81 5 s, » al, 2012)
alvg oad Cdz aeegn pgast] S el ld
tg0i DNA CoaS fyond (yaizman s oolizl DNA
Oeer Slhogil) (6 y5egm8g il oKy SaS @ Lo
W08l g (655 ol

FeSen Voo o ey lojmiy ATy
oS o aalyy Y50 (oo Voo NTPS - Lol
Y/0 3L PCR 6,55l Ve DNA «(JgosSe V)
5 Y50 (e 00 mieie I8 Ve Xzale b iy See
Slasie 5 olos a5 > Luld 08,5 abol e
(Eppendorf,  JSlugey olfiws a0 ool ools
5w ek slog; (1515 sl Germany)
@iy B Soe ol Kile a0 Y gilulis a> e
@ ol il az 0 O 5l Bus 4y b yeslyy Jlasl al> e
Kl a0 VY ely o al> o w@dl Ve oo
(¥ Jgo2) 23,5 55le dige 452 YO (sl adds )
DNA  JiS sl olasl  slayels
Ol so5ee ol "D ail> askd JIg 5l ob,0iS s
SaS @ s 3 000l Cewds NCBI (5 SSU yo o s
Slg oS 2Lk Gunrunner 5.0.47 1580 o
N el ol D dils aski oud b sle el
5-AAGAACCAG CTAGAATAAAATCTT-3
5-GATCCA N el
Lsg AGAACATCCTTTACGACA-3

J5 50 e0el Cwds SV guame PCR > 10 plosil 5l o
O g ilwadls uls Ghex ahii b ooy < /A BT
Jl)l s e sl QLI y0 ABL 8,5 oyl

! Ethidium bromide
2 Displacement-loop


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

\Ya0 UMG/VGJM/H 9 s JL.u

Ol 2l ale s

sunlie "5l L i 4555 e 5 wogy Jil g4 )
bl Ol 6w ol sladiges o, s
wsl.'l.b u..S).' YA Egome 4O 6)“-\‘)-.’ dgal calises
alize glacaisble o (F Jsaz) wo 8 coslice
Pl g WS aie saSelly ol pais
ToC) ¥ Jasl slo g Jols sus sunlice &l s
Jsb 0 a5l pizmen Aoy
olas 5040 (A+T) D (GHC) = 7 OA FY Lo, o JIgs
(M) e 9 (A) ol slajb Cans o9 LI saims
Jdob 0 LS slaselSe Ojge 4 a5 Wil e
Gl oS 5 Jleixl sSlas aias axin sl Jlg
2 o ol 6% ol S8 dilte gagstlSy
9 Sl 00l o$)9>| Y Js.\> o ‘5)‘0).3 4\.:5.@4 d.bl.uc
2 GEelS e cedily Jlial Gl Jou b Gillas
awle (V2VY) oLSan o TaMuUra iy, (wlsl » ;b
SR oKl Geizmen (owyp opl 0 W3S
V0 e 4Gy C T A Gl guselsy
ol Cewas /YA PRIARSATIARY

JysS adbhie JIg ol Tajima b o yee;l
Tajima iy, b pmd ol g55e oy MIDNA
(P < +/e0)sls oles |, YXE0 1, D olsee (1989)
(V' Jgaz)

ol G olh sladigei sl Cuisble awslas U
cighle opl Slaw (i 0g S e Oiea Ll
) l)l;;,ﬂ—)}p'- by ddlhie gladiges ;o (sae V)
Ghls iy a4y a5 W0 )8 saalin ling o olew dilsog,
ey aolan cplslas Cudsbla A gV gl s
5 Syie cuishla ¥ oslaws wiog job cuisbla ¥ g
7 by e Bble sle aised (o yo g I

® Insertion/Deletion
" Transitions
YYY

il 9%l e 5 Jlosal 3 Tas 3591 ¥ Jgu
Ot O (5950 ol MIDNA J S diilaio gui gilS' 90

G C T A ai iS¢
AT Y/aA FINY - A
YIFo \F/b% - fIvY T
YIAS - 1Y/ FINY C
Y/aA #IY VA/-Q G

5 ol oud ekt S, le als b Janl sl sl ol
35 Transition) Transversion _.isl> Jlusl  fols slasl by
Gl @ ey 5L SO L5 R0 Goye b S Gl @y LSS
sl & s b S gt TTANSVRISION 5 %5 a5 S

(3l oo " sy b

L (R) transition/transversion J-S #,5 . izen
ool wl b (YY) o) Sen  TAamMura s, 51 ool
ol sty MEGA 6 13381 ¢ 5 SiaS 4y 5 505 S 3 5
R = [A*G*k;, + T*C*k,)/[(A+G)*(T+C)]
ko 5 Gum b el Jlisl Gliee s Ka Jge 8 50
by sl (oo oo b (Getily Jlizl Gl
olezsl alold L yle sl sl ¢« MEGA 6 (Ll
Lo o8l ad 43,5 5 4 bowshls o g
(AMOVA) JsSJgo wils)lg 5l ool b oLSl 2>
vy 0 Comex Sl (Lol b3 e S 5yl
B 5T 080 LS5 L Ve L "l & 0303

Oty

Pl
JrS adlaie askd sloJlgs «sylol oo, oz
531 o5 51 eoliciasd b (ypped o] (g55ee ol MIDNA
ol> FA fgomme ,5 5 wad *jl,zen Clustal W 2
o3l sl 4o .50 )5 cslin b Jlgi aen jo st

! Transitional substitutions
2 Purine

® Pyrimidine

* Chi-square analyses

® Align


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

(Astacus leptodactylus) cp i OF (5580 sl curan (SB35 HGALw couy o 5 3A Gisa

MIDNA J o8 aibue JIg5 gl Tajima S,k o g3l ¥ Jgior
D n [2) Ps S M

YNAY- ARTIA <IYAS <1V Y Y A

35S 6 #4550 Pyfar 1@ SIM Pes | 5 te slaolKle slass : S dlaclSily slass :M

iliko Gl 53 (5 yeb T (§9%00 oL MIDNA 55 ailaio slbesisyle g2 595 oF Jgor

By 3 A A o A EN
’ K 3'.) % A') ;; '1'5 ; =
3 3
) A ) Y 2 Y \ ¥
1 Al ) f ¥ \
Y A2 Y \
¥ A3 \ Y
0O Ad \
5 A5 ) ) )
Y B ) q ) Y )
A B1 \ \ \
q B2 \
\ B3 \
" c ) f 3
VY c1 \
Y Cc2 \ \
Ve D \ N 3
10 D1 Y \
\# D2 \
X% D3 )
A D4 )
14 E \
1 F )
Y\ G
YY G1
Yy G2
YY G3
Yo H
A4 H1 \
Yy H2 )
YA I v
vq J \ a
Y. J1 \ )
) K )
Y K1 \
v K2 )
vF L \
Yo L1 \
vs M \
vv P Y
*A P1 \

! Segregating sites


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

\Ya0 UMG/VGJL&‘J;/H 9 s JL.u

Ol 2l ale s

Slolp DS i Wil plete laceres
SLye o5z 4l o Ll didlaie sbhaiges oishle
s (L= VOFIFY (p<feeeV) Lojlazbio b 3
~digei b oliag o ol wlbog, sladiges jo ol 5l an
Sl sire SN gkl L 5 aS 54y )l 4zl o slo
M oy a8 () = VOFOY P < e[ v )) sl
5 FH VU Bble slodiges (o 55 (Sshle S5l 2
e ol 3l dmr s (3 = VYN P <+NABY) Lol azl o
P < NYEF ) eilS o JHl oY bl sladiges
(& Jgoz) 00,5 saslie (4 = VA/AF

aS a2 o plis ¥ Jgax ;0 AMOVA (505l mlis
ols sladigas ;o (P < +/+0N)) oo DS
97y Syl paised bl iy )0 el ©f 555
S a8 ob plas (owyp o @l izmen )b
Ol g 0ls Sezg glalaaMe LB (SSh g9 sble
Corez Wiz 092y 3l nyed ol 655 ol i
bl YYD Yoo aS (s sk canl I 55 5 calisee
O ol FALY P < o)) bl sladiged (o
30 L VYUPN g (P = <1+ YAD) blamaz (5,0 9 ladiges
053 a5 (P < o/o)) sl canss aCames oo o
—old (S o5 yidon A el aliis ol odims lis
O J5i2) ool 3olis o 3 e o 555

Fa bl p Fsn ples (@3l ey @l
as ols oyLes (Felsenstein, 2013) Kimura syl go
alizee adlate V51 op e O (55500 ol sladiged o
mdiged (o 4zl o)l 392y (Jou B (S g9
@bl S5 51 syl gime DS (bl 5l (S5 sl
g (Fst = < /YEVF L P < /o0 )) w8 sanlie
D05 edalin g )l gae ST 10 0)lse 5l can
A Jga=)

aw 4zl o g I3l QOYB sl digad o Cudshle A slass
Cdgas o ;0 B sl wul csslie )
Glodised (o ;0 D caishle (liyg,s ol ailss,
aihie slaaigel G ;o ) qudshle 5 95,82 albss,
A3 Csble psan ails 1) slaws oy yrios o Lewd
S yide il S- 35 adhaie ¢ J3l YU sladiges
Sy Bblie slatiges slocuishle 0 sz o o
(1) sosslSe g9 5 (N) oiohle g9 mli (oS
Ot 2l Gsieeols (5,95 5e DNA 28 ailass
L .l 00 03,51 FS 3 D (slagyge;] ls ol o a
E55 Xk &5 005 aRie O Jou> 4 4z
Loplr o b aised 5 )0 o59i555 9 (oeshile
Oeizmed S5 [ VYV E [ YA 5o /AV) £ /4
ke g Lol adlaie & bgypo ishle £535 (nyiten
Ga5slS e £o oy el Cewdy +/ARE £ 4/ YF
[ YVY Jlade a5 g 4l s 4 bge
ot blis JS )0 oishle g5 amels ol /- VAA
55 HIARF E L YE L I VG s VYA E efe)
20 FS s3] @l (B Jgoz) 09 perite Iyl dilate
Josire D sloggasl (Jg wisgy o sime dlgusls il
STy b ol slacaishle m mizen aisgs

ot oamlive L3 )| baanesr 5o,
Syl g haw Jade b sols LT Lol w0
Jr5S 4l slaceshla Slol Sy B wpe
Ol il 5l iz slaog S 0e>9 MIDNA
2 ogdle WS (oo wl (5)lop Wged Bl o 1) (n et
Sl aiged ouisble Jlglyd as wols lid bl oyl
ol 0y, Jliw] ailie et Ol (goSee ol
Gble 5l 5K ol sladigas plu b wgyax lang)s
OBy dgmle ailbog; 5 Jpl VB o)l LS
g (P < cleve)) oyl gl goe B g)lel las
ol oSl e Mont-Carlo ig, b S aoye 5JLI
Slsls sl bl oyl Comez a5 ol olis alies
Se2g ko a5 o)l bdiges Ko b ool omioble


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

(Astacus leptodactylus) cp i OF (5580 sl curan (SB35 HGALw couy

6ol 5 Bl Lusa

Soyug e 23l g FUS FS 9 Lua i D lagygejl (7% S.D) guuighlSyi £95 9 (N£S.D) (oighle £455 :0 Jgu

ol Doges]  FusEs
& “ olaxi PYRT
Saay e Lol h T SRR @bla
r
-/ FYA AN -flova* <IN £ .o YF NEALVIE-RYER o ) sl - )35 sbye
SNESE e 0FeA % SV E o[-0V f++qY £ /- TF A A5 sbyo
SNCYY e JASYE -+ IY¥Y SIVYAE o) WAL E RN q S oY
Ry Y N aA ~0/PYVE <IAYF £ /. aY SEAYA = RYERY v 39,0 il
RALYY SVEEA SIAR' SIAYY £ -/ SJAYY E )oY A oBog, dgule ailssg,
SRR 4 AR LVA 4 -Y/aAR® IS ERIIN S[NYY £ /e YA q Oliugys olw ails-og,
SEAL\ A/ R ¢ —e e SIVVY £ oA SfNeY E e q ool des azljo
ISIERIR &) s[AYY £ ofee YA YA =

sl 00 00l (L o)l Ceadle b 0 I sire Soyay,le a3ls g FU'S FS 5 Lozl D slagygesl jo

GO paiges il Gla o (31 yds O (59500l (s 58 ST @0 (§5Lo] A lio :# Jgur

X f3 Py L% 5
SR I I T S s
VEa/Y LS5 e
B (feve)
Va/AP VY'Y SP eYb
- INYES)  (oeee+)
i fris APV 39, ailsg,
h 1 0FY)  (+]-OVE)  (+feeee)
WY YVAA YAIYY ASITE olog, dguls ailssg,
B (loees) (KDY (] AE)  (efeeee)
/Y RFIVY AAJSY AV/FA VWAIY oLty ol sy,
B (fovew)  (ofoeee)  (sfeves) (ffeees)  (ofeee)
VOY/OY Ya/oy AVIY Y/ VOIXY \OFIFY ool ezl
(loees) (oYY (lovee)  ((IVADR)Y  (+/-0FA)  (ofeeee)
el 0a sls lis (g lo pixe a3l e,
oy 1 (595mols (sloaiges (s AMOVA (9031 gulii 1V Jour
P Fsr A JOUEL SRV sol3T az 4o O paaki gaio
<efed “NYA¥ VA/PA 5 loCaraz O
A1+ YAD [ YOSY SR 5 laanaz (950 dddizel a
<.\ <IYENS YVIYO ' diges o



http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

\Ya0 UMG/VGJL&‘J;/H 9 s JL.u

Ol 2l ale s

2 X 3 a
= . 32 2 3 2 9. -
¥ S ] E] I : 3 .
5 3, 3 2 3
2 a
- + - * - : AR RS- by
- ‘e ‘- N : R NYY RERNE
. . . . YA VAT A IYYD 3gyir w0y,
.- - . na AT S AY <IYYA g, dguls wlsog,
- NI -/haa nay "z AR oLty ol alisg,
A A AY JIYFF I ¥A e SYEY ool Azl

0335 O9a3l O o sme 5 Fst 09 o cime =+ = 535 (903l 5 Fst (9051 59 53 (098 o (e = - slacadle %

Aes o ol |y 5B (ygesl 5 Far 903l 90 50 (09 jlogime =+ 5 585 903l g o sme g Pt (09 jlo gime = —+

093] @S elel 2 el ©f (55Kl (5,05 g
380 903l 9 Fst plad jasls cpimen s AMOVA
88 Ll o |y el Cusez dw Q‘j.;‘sa aS olo las
5 dgyir oy, dlin] dilaie glacoaes Jeld aS

ML:‘SA Ol gy olew dilog,

S5 A g Sy

b oad corge oloz blis 25T 5 obyl plss mals
SEole el g axdllas @) pl3d Co o Sy i
o Sl og5u g Wyl 59, )l L slaaiss (S
Sl abaly OWS Copoe g bp! Comes S5 &S
oredes Gl (S Bkl s RKase b (S
o Lol colll umes S e Ples
Le‘j oSy o8l cogaone jo bl slpimes
NS S e s pSpeeal )d Wlgiee a5 ol
S50 S g9 5l bl s luly ()l ey e
ol 90sn canat] & azg b 13 05peE 5 ool
655 ol vpe 4igS (S5 935 (gmay 4 anlllas
Sl 5 il bl 5 o

DNA J,n8 aibie a5 ol olis Gedos ol b
Ao 397y g 03 95 Vb g5 Sl 5 0 e

yYYV

olis 3o (el 5 Fer piled (asli mli (eizeen
G by ee Jolew Ll dslate ;o a5 wisls
“old sladiges oo b ogyiz 5 liug)s olew aloy)
5 I VB )l redlS Bblis Sl onyed ST 555
Gl gre S| (g Lol Jlas 5l ooy, dgule ailsog,
sls plas 55 AMOVA (ygosl bl (< +/++)) o)l
9 Oliagys ol aileog) dfyliul aidlate laaiges oy a5
A (P < efe 0 ) 0l 0ezg (sl sie IS 5g 0>
s (P = +/-+Y) Bonferroni mowas oo pll )l
Sy 5555 s gine $blis i 550 NS 51 L
ol wl3og, Jliwl 3blis gloaiges Gy IS
Om PS8y sl (BL ol g 3982 9 liag)s
Sz Bonferroni ;yge;l 5l oe 5 L3 Gble ple

(A Jgo2) 050,55 canlice S
loaiges Pt asals 958 (oo el Jyoor 4 a5 L
DI e R L I T S S
adlaie gladiges o VPV U l30g, dgule ailsog,
WS (i ol i ol 4zl 5 bl 55
Lol ailaie sladigas o calizee blis plos o Fer
50 (A Jgoz) sl ey VAV oo byl 4zl o g
DNA 25 4>l ob JIs5 (omyn slo a8l ggomme


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

(Astacus leptodactylus) cp i OF (5580 sl curan (SB35 HGALw couy

6ol 5 Bl Lusa

9 Valles-Jimenez aalas 4 Cows g 009 yideo
G55 Sllurezr owyp b &S (Vo0F) ol Sen
5551 Cewy oushle FA 5T F 5l aslinul b T aghes
3 eshle g4 Sl ol ddlllas o g S
¥ = N 1 = .
G G55 & Cud 5 035 Vb (0 2l O (6550 ol
sae iy w3l 0 5l eoliiwl g PCR-RFLP g, L as
«(Klinbunga et al., 1998) 54 sowl Cewss +/OYY
G5 S9y 2 S Slaomyn 50 ies g e
COI-COIl slss g mpl VY 5l ooliiwl b (s o (59500
5 MY i eble g5 MIDNA oS
el ey (Klinbunga et al., 1999) - /A0
28 glaaiges a5 ols LS (izmen (s p il S
b0 s b anglio ;o sy ool dpo railsog,
)l0y93 p labaxde BB (S ge5 5l 45
Sls lis g 55599, 5l solitl b adsl clalllas
oo b awlie jo ppd Ol Gl S ,3 aigS aS
I8 GFml FesRie e 5l 55 ol slaaiss
sleosls g4 wdlas oyl 945 L (Crandall, 1997) <.l
.0 B 1 e .1
i Ja.....ay R s_:‘ 69&“’[‘“’ o GN‘)?J‘
Fevolden and Hessen <ol ool io)l58 il
,1989; Agerberg ,1990; Fevolden et al., 1994)
Sz 50 (V234) Jle ,o Agerberg «Jlie e 4 (
5 g 53 it T 5550l Sl gy )90 Copraz
ol 0,55 osalie | pasuine JB (S5 o95 (lint
(VaA) JLs o Hessen 5 Fevolden a5 ol Jl> o
S 6l sime IS (12F) ) Sea 4 Fevolden
5 O A onl 5o 59y Gladarexr o (Sasy
By 3 6355 socumer Yl a5 amils ledl
S Gon 0,90 (St Ol cde g wloads 00!
o VU
W3ges Glore (Sey ) 9 laLs

¢ Litopenaeus vannamei
4 P. monodon

5 A. astacus

® Founder

5 olingye oluw ailzog, ‘\)l:.J adlhie Jold Cosox
G Gl oo e cpl ool o ulad o Sl 5g 0
L o) oSt alize Gldllas o D dil> g i
3 o Slgie 4 D il iz slaatdly 4 a2y
aslen 5l ailate 5l a5 0gdge (Bpme Sy 4l
wsgy Jy g g5,5 (OH) oo axt; sl
ceond ol dinlsy , ogdle o1y aslsl (TAS') lesl
sl il 5 (s slogier dwy Cudl; 5 oo (Sl
4 Ll (Clayton, 1991) ol co s Coyu 4 (550
A it e g Yo 3ol 5 i Julo
Slalllas ojgpel b i LA o o Wl e
rizie bl 3 S8 adlaie Qb I I sles s
(Baric et al., 2005; Nazari et al., 2013; ool oo
.( Khoshkholgh et al., 2011; Wang et al., 2014
bl ol &5 Sl (opdize Dbl Rl
sleaiss (Saijshd le wpdy e Dyge S adhis
Slotuser (S Sl Grizmes 5 e S00p
5 5 (Avise, 1994) s5lu oo psles 1) Lnl alise
B g55 (5,08 5o DNA 3l azb ol 55 aslllas oyl
Py B olados o ol las 1) glakasde
(S5 Jile 392 9Ke0 ol Jliwgy S slaaiss
Slayeisl abox Sl goanie LY 5 (315 Cunex
LSl ol ey Glp )8, slpusile (Jase
(Aubert and Lightner 2000; <ol o0ss,5 lgie

.Garcia Machado et al., 2001)
Wl odslive ow)p ol e as sbowishle Slows
JSlye 5| o nl 5 (IS Baiz VL ol 5l ol
SI¥ ey b s ol 5o eizes o)l MIDNA
sl YA slaws (5 0u5 e DNA 8 dilaie b
Chu ,uls pliixe [0 b dslie o 45 035 asuine
VN O AR D BRI COV
Qs el Gty Cadsble VO i el Bl colanll

! Termination association sequence
2 Fenneropenaeus merguiensis


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

\Ya0 UMG/VGJL&‘J;/H 9 s JL.u

Ol 2l ale s

oo 3575 5, ye DNA 5 ailaze b s
Wlog, Coren 4w 45 Bg0d astiene | (S5 09,5 A
5l soly B sl a4l 5 0g5a g oliag)s ol
ooy obdl e alold o) Jowisls olas oy s
\bjjﬁ_‘? 9 uLﬁAHs)\J ol.:...u 4.;[.505) ).qu alises GLQW
S 5o ol ol plas vgs 5 g yls pre BB
3550 saigad 5l ol aloll b )l sladiges a5 conl
S g bl Ll 5l g cwls Sy cals (gblo
wattin diejls dius (pl g 00K astine (glo ciae
R P o] Slallas yo ddlate 'yl Sy sliie y0gei
50 Ailg5 oo gl b isls s Ty (g o e S (5 L]
Spe 2B slesl Sl Conae s yaeln
B34, Curez g0 3laxd (pl pogdle 05 I8 solazul
LS55 by jo wilS 4l g By, dguls
ol 09> 5l bdamar Ko b anglas o o5 (S0
o0 b sl sladiges oy ST LYo ales 5l aiols
Lyl a5 sged ojlil aliess opl 4 ol oo bl
S Bble (ols gz mized 9 555 by Sl
Wges Sloz g Y 090 59 eas 5 Lyd Gee
L Soeard 5o 1) oppmd ol 55w ol Sty sl
Cot Camaz o3l Glilugs LS 4o (35 Slgl )3y s

(Cristescu et al., 2005) sas |3 .56
MIDNA sl Silis a5 ols las gads ol sla abl
Lﬁm L‘>’>)" 4.‘>)§‘ ..\...wl;u;nu;).».u u] dj-i*-" ol
LMl 5l las 5 wols 59, 095 5l Sy el
by yo Ll ddlhte slacares cils lalures
Sy baaex 50 5l 0g )5 (pl g b 5l Sl 5>
39S Jleds jo i ok lacoses Al Loy
US| 0505 g lgi cad aad s 4 5l S92y
a5 (nl golazl (JSasiz 4 bape serse (S
09 oyl azlyo 4 4iS (pl (Brre ;5B oS L ooy
Elie 30 (S £ dunlie san| Olllae o .ol

Y4

Sleslatal b gwyp ol 50 ool Canay Sy alolé
S50 Slumez G |) )l gme DS b Jlg
slasl L e Ol glrools pizman ol i g
i 5 bl Jlges (Ye++) Jlo o Schulz
SRS 4 @bl Sl sl e pladaeexr oS
SLI TR VI KPS K\ PR WU JELIV A DUVIPR SO PR
ol oz b slaibaie (55l ol Sao oS 05
wbal) e jo all alily g5 i alal, ol jo
e55 mlisll g, 5l eslatwl L (V44+) Agerberg
53k 55 ol onyed ST (555 ol 4igS ans (S
VY 5lg ol )18 gy 950 YL‘**‘°‘) S5 9 \“i?.)l%
g9 adlllas sl 1) w3l VO olows cosliiul 5,50 35!
Al cwlie 4e8 A o (SiStekds (SIS
oen 5 Alaranta o gladlas o ien
o 3 1y et Ol (555 ol (S g9 (Y- - F)
b b Jgs 5l ooliial b gl 5 aidlid (g 58
dibhie glacosasx wisly las g owyp 9,50 ITSI
b b bl sjlanesd s Jols e ks
Corez Ol Comex g0 (Jg aiiiles ST 5505

Olgre 4 ITSL axb colys jo 5 ails OS] g
wlie gl § a5 ol Sldlas gl Sl S
o> o)’LS.S‘ 4.Lo.> )l (S pdam uLﬂ..;.Q.?u A.;o)f ‘Sej_u
slog; ghw )0 (SeU5 E55 5 Ca) lame oaS
ey e lacusgase Sbj)l 4 Wil oo alises
Lgl.tb;’;\,,.a.o.? o_aLd‘)» )lZ5L» 30909 uazmuﬁ ‘_g‘).g waliSes

Boled oS o <! e Sz >
03] ommen 9 G0 g3l Fer ple asls
30 Sk J5 Slold B! a5 sl las Shg e
o ol e )l dezg gy p 0y5e ladurex
5 baised ded o 0 b gre urex LSl
sosls s W05 asie 35 by g bailsog,

L A. leptodactylus
2 pacifastacus leniusculus


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

(Astacus leptodactylus) cp i OF (5580 sl curan (SB35 HGALw couy

6ol 5 Bl Lusa

Shoeslial b (Gliwysr ol o)l el
el OMes ale ale slolenlon, (sla Silis
OF-F0 ¥ (V)

9 & « BP9 e« @W IS Slgd) oy gl

2 18S TRNA (5 £55 (o) p IYAF .0 obLS

sb,o (Sepia pharaonis) s, ol Cores

PCR-RFLP 5, 3l eolatul b (o,lb mds 5 ylas

AOY AFA OF (V) .ol oMed ole alore

Agerberg A., 1990. Genetic variation in three
species of freshwater crayfish, Astacus
astacus L., Astacus leptodactylus Aesch.
and Pacifastacus leniusculus (Dana),
revealed by isozyme electrophoresis.
Hereditas, 113, 101-108.

Alaranta, A., Henttonen, P., Jussila, J.,
Kokko, H., Prestegaard, T., Edsman, L.,
and Malmekyto, M., 2006. Genetic
differences among noble crayfish (Astacus
astacus) stocks in Finland, Sweden and
Estonia based on the ITS1 region. Bulletin
Francais de la Peche et de la Pisciculture,
965-975.

Aubert, H, and Lightner, DV., 2000.
Identification of genetic populations of the
Pacific blue shrimp Penaeus stylirostris of
the Gulf of California, Mexico. Marine
Biology 137:875-885.

Avise, J.C., 1994. Molecular Markers, Natural
History, and Evolution. Chapman and Hall,
New York, NY. 511 pp.

Baric, S., Hollrigl A., Fureder L. and Dalla
Via J., 2005. Mitochondrial and
microsatellite analyses of
Austropotamobius pallipes populations in

Loy 455 ol 5l oo g3lw 0,33 slaazl,o o Liyg
Al leas slojgaS b U5 L alis
s melr adllhe 4 Wlg o aS 5 Ql-".'-.'.l*.)5—|
ooliinl (rizmen e S 95 ol 455 Slalnex
Sy, SN0 65 Hrizred 5 oS sladigel
5 "SNP 5 'leojlsaless, el Sty g lalllas
S 5 (S35 95 (slagsy p yol anlllan b 4yl

Dilieo e 1) (S5 DS

S50 g SSid

Loy A e e FFAw Cgmo o b s ol o ylo
5 Sepdy Ojge 9SS ol Siagh 5l Coles Ggare
slocole> Cux 4 atboe pY 09> p Barws
iles (Gloyad g Sas G nl Jbeog 22
Geios onl el Job )0 oS LS S Sl (rizmen
Sy isgal SaS ladised (y5laer )0 Logar
D9 s

&b

Sl 9%en 455 ¥ JsSge ooy ITAY o (2l
oyl olKizsls o Sijuals (51,38 aub oLL RFLPs

(o390 9 £ 2L o (2N IS Slgd,
e S S5 Samez (J5Slse oy WAL
a3 5 oles b, 40 (Penaeus semisulcatus)
3laaST pg S gt V azly 5 o5 sleslinl b ()8
Olpl O ode axe RFLP 5, & (COI)
AV N ()

no\.;.D.éBJ.é ‘.Q_é 6‘519.ly ‘.c ‘0.3.3)2\”35 (] s..\.J.Mgm
S5 55 e VA Wl ylgw g g
J>lgw ;o (Metapenaeus affinis) owaw 5w

! Microsatellite

2 Single Nucleotide Polymorphism
¥


http://eprints.gla.ac.uk/view/journal_volume/Bulletin_Francais_de_la_Peche_et_de_la_Pisciculture.html
http://eprints.gla.ac.uk/view/journal_volume/Bulletin_Francais_de_la_Peche_et_de_la_Pisciculture.html
http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

\Ya0 UMG/VGJLAJL/H 9 s JL.u

Ol 2l ale s

South Tyrol (ltaly) and Tyrol (Austria).
Bulletin Francais dela Pe“che et de la
Pisciculture, 376-377, 599-612.

Billington, N and Strange, R. M., 1995.
Mitochondrial DNA Analysis Confirms the
Existence of a Genetically Divergent
Walleye Population in  Northeastern
Mississippi. Transactions of the American
Fisheries Society 5, 770-776.

Brown, K.H., 2008. Fish mitochondrial
genomics:  sequence, inheritance and
functional variation. Journal of Fish
Biology 72, 355-374.

Chu, K. H., Li, C. P., Tam, Y. K., and
Lavery, S., 2003. Application of
mitochondrial control region in population
genetic studies of the shrimp Penaeus.
Molecular Ecology 3, 120-122.

Chiesa, S., Scalici, M., Negrini, R,
Gibertini, G. and Marzano, F.N., 2011.
Fine-scale genetic structure, phylogeny and
systematic of threatened crayfish species
complex.Molecular  phylogenetics  and
evolution, 61 (1): 1-11

Clayton, D.A., 1991. Replication and
transcription of vertebrate mitochondrial
DNA. Annual Review of Cell Biology. 7:
453-478.

Crandall, K.A., 1997. Genetic variation
within and among crayfish species.
Freshwater crayfish, 11, 135-145.

Cristescu, MEA and Hebert, PDN., 2005.
The ‘Crustacean Seas’ an evolutionary

perspective  on  the  Ponto-Caspian

AR

peracarids. Canadian Journal of Fisheries
and Aquatic Sciences, 62, 505-517.

Excoffier, L., Laval, G., and Schneider, S,
2005. Arlequin Ver. 3.0: an integrated
software package for population genetics
data analysis. Evolution Bioinformatics, 1:
47-50.

Fetzner, J.W., Crandall, K.A., 1999. Genetic
variability within and among populations of
the golden crayfish (Orconectes luteus): a
comparison using amplified fragment
length  polymorphism  (AFLPs) and
mitochondrial  16s gene  sequences.
Freshwater Crayfish, 12, 396-412.

Fevolden, S.E., and Hessen, D.O., 1989.
Morphological and genetic differences
among recently founded populations of
noble crayfish (Astacus astacus). Hereditas,
110, 149-158.

Fevolden, S.E., Taugbel, T., and Skurdal, J.,
1994.  Allozymic  variation  among
populations of noble crayfish, Astacus
astacus L., in southern Norway:
implications for management. Aguaculture
and Fisheries Management, 25, 927-935.

Felsenstein, J., 2013. PHYLIP (Phylogeny
Inference  Package)  version  3.695.
Distributed by the author. Department of
Genome Sciences,
Washington, Seattle.

Fu, Y. X., 1997. Statistical tests of neutrality
of mutations against population growth,
hitchhiking, and background selection.
Gene 147:915-925.

University  of


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

(Astacus leptodactylus) cp i OF (5580 sl curan (SB35 HGALw couy

6ol 5 Bl Lusa

Gouin, N., Grandjean, F., Bouchon, D.,
Reynolds, J.D., and Souty-Grosset, C.,
2001. Population genetic structure of the
endangered freshwater crayfish
Austropotamobius pallipes, assessed using
RAPD markers. Heredity, 87, 80-87.

Gouin, N., Souty-Grosset, C., Ropiquet, A.,
and Grandjean, F., 2002. High dispersal
ability of Austropotamobius pallipes
revealed by microsatellite markers in a
French brook. Bulletin France Péche
Piscic., 367, 681-689.

Garcia-Machado, E, Robainas, A, Espinosa,
G, Oliva, M, Pa’ez, J, Verdecia, N, and
Monnerot, M., 2001. Allozyme and
mitochondrial DNA variation in Cuban
populations of the shrimp Farfantepenaeus
notialis  (Crustacea: = Decapoda).Marine
Biology 138:701-707.

Grandjean, F., Harris, D.J., Souty-Grosset,
C., and Crandall, K.A., 2000. Systematics
of the European endangered crayfish
species Austropotamobius pallipes
(Decapoda:Astacidae). Journal of
Crustacean Biology, 20 (3), 522-529.

Gross, R., Ko “iv, S., P. K. Prestegaard, T.,
Jussila, J., Paaver, T., Geist, J., Kokko,
H., Karjalainen, A., and Edsman, L.,
2013. Microsatellite markers reveal clear
geographic structuring among threatened
noble crayfish (Astacus astacus)
populations in  Northern and Central
Europe.  Conservation  genetic. DOI
10.1007/s10592-013-0476-9

Haye, P. A., Tam, Y. K., and Kornfield, 1.,
2002. Molecular phylogenetics of mole
crabs (Hippidae: Emerita). Journal of
Crustacean Biology 22, 903-915.

Harlioglu, M.M., 2008. The harvest of the
freshwater crayfish Astacus leptodactylus
Eschscholtz in Turkey: harvest history,
impact of crayfish plague, and present
distribution  of  harvested populations.
Aguaculture  International  16:  351-
360.9145-7.

Harpending, H.C., 1994. Signature of ancient
population growth in a low-resolution
mitochondrial DNA mismatch distribution.
Human Biology, 66, 591-600.

Hillis, D and Moritz, M. C., 1990. Molecular
taxonomic.  Sinauer  associate, Inc.
Publishers. Massachusetts.

Karimpour., M., Harlioglu, M.M., and
Aksu, O. 2011. Status of freshwater
crayfish (Astacus leptodactylus) in Iran.
Knowledge and Management of Agquatic
Ecosystems (2011) 401, 18.

Khoshkholgh, MR., Pourkazmi, M., Nazari,
S., Azizzadeh, L., 2011. Genetic diversity
in the Persian sturgeon (Acipenser persicus)
in the south Caspian Sea based on
mitochondrial DNA sequence analysis.
Caspian Journal of Environmental Sciences
9(2), 27-36.

Klinbunga, S, Penman, DJ, McAndrew, BJ,
and Tassanakajon A.,1999. Mitochondrial
DNA diversity in three populations of the

VY'Y


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

\Ya0 UMG/VGJLAJL/H 9 s JL.u

Ol 2l ale s

Giant Tiger Shrimp Penaeus monodon.
Marine Biotechnology 1:113-121

Klinbunga, S, Penman, DJ, McAndrew, BJ,
Tassanakajon, A, and Jarayabhand, P.,
1998. Genetic variation, populations
differentiation, gene flow of the giant tiger
shrimp (Penaeus monodon) inferred from
MtDNA-RFLP data. In: Flegel TW (ed)
Advances in  shrimp  biotechnology.
National Center for Genetic Engineering
and Biotechnology, Bangkok.

Kretz, K.A., and O’Brien, J. S., 1993. Direct
sequencing of polymerase chain reaction
products from low melting temperature
agarose. Methods in Enzymology 218:72—
79.

Librado, P. and Rozas, J., 2009. DnaSP v5:
A software for comprehensive analysis of
DNA polymorphism data. Bioinformatics
25: 1451-1452.

Liua, Z.J. and Cordes. J.F., 2004. DNA
marker technologies and their applications
in aquaculture genetics. Aquaculture 238, 1
-37.

Nazari, S., Pourkazemi, M., Khoshkholgh,
MR. and Azizzadeh, L., 2013. Population
structure and variation in Persian sturgeon
(Acipenser percicus) from the Caspian Sea
as determind from mitochondrial DNA
sequences of the control region. Progress in
Biological Sciences, 3(2), 67-80.

Nei, M and Tajima, M., 1981. Molecular
evolutionary genetics. New York, NY:
Columbia University Press.

\YY

Pourkazemi, M., Nazari, S., Khoshkholgh,
MR. and Azizzadeh, L., 2012. Genetic
Relationships among Populations of the
Persian sturgeon, Acipenser percicus, in the
south  Caspian  Sea  Detected by
Mitochondrial DNA-Restriction Fragment
Length Polymorphisms.. Caspian Journal of
Environmental Sciences 10(2), 215-226.

Raymond, M. and Rousset, F., 1995. An
exact test for population differentiation.
Evolution 49, 1280-1283.

Schubart, C.D., Neigel, J.E. and Felder,
D.L., 2000. Use of mitochondrialb16S
rRNA gene for phylogenetic and population
studies of Crustacea. Crustacea 12, 817—
830.

Schulz, R., and Sypke, J. 1999. Freshwater
crayfish populations Astacus astacus (L.) in
Northeast Brandenburg (Germany):
Analysis of Genetic Structure using RAPD-
PCR. Freshwater Crayfish, 12, 387-395.

Schulz, R., 2000. Status of the noble crayfish
Astacus astacus (L) in  Germany:
monitoring protocol and the use of RAPD
markers to assess the genetic structure of
populations. Bulletin France Péche Piscic.,
356, 123-138.

Schulz, H.K., Smietana, P and Schulz, R.,
2004. Assessment of DNA variation of
Noble crayfish (Astacus astacus) in
Germany and Poland using Inter-Simple
Sequence Repeats (ISSRs). Bulletin France
Péche.piscis, 372-373: 387-399.


http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

(Astacus leptodactylus) cp i OF (5580 sl curan (SB35 HGALw couy

6ol 5 Bl Lusa

Stucki, T.P., 1999. Life cycle and life history
of Astacus leptodactylus in Chatzensec
Lake (Zurich) and Lake Ageri in
Switzerland. Freshwater Crayfish, 12, 430-
448.

Tajima, F., 1989. Statistical methods to test
for nucleotide mutation hypothesis by DNA
polymorphism. Genetics 123:585-595.

Tamura, K., Stecher, G., Peterson, D.,
Filipski, A., and Kumar, S., 2013.
MEGAG6: Molecular Evolutionary Genetics
Analysis Version 6.0. Molecular Biology
and Evolution 30: 2725-2729.

Tong, J. G., Chan, T. Y., and Chu, K. H.,
2000. A preliminary phylogenetic analysis
of Metapenaeopsis (Decapoda: Penaeidae)
based on mitochondrial DNA sequences of
selected species from the Indo-West
Pacific. Journal of Crustacean Biology 20,
543-551.

Valles-Jimenez, R., Gaffney, P. M. and
Perez-Enriquez, R., 2006. RFLP analysis
of the mtDNA control region in white
shrimp (Litopenaeus vannamei) populations
from the eastern Pacific. Marine Biology,
148 ,( 4), 867.

Wang, J., Yang, M, Sun, C Yang, Z Cui, In
K Jang, and L Song., 2014. The genetic
diversity and differentiation of shrimp
Fenneropenaeus chinensis in the Yellow
Sea revealed by polymorphism in control
region of mitochondrial DNA. International
Scientific Journal 11: 309-318.

AR


http://mbe.oxfordjournals.org/content/30/12/2725.abstract.html?etoc
http://mbe.oxfordjournals.org/content/30/12/2725.abstract.html?etoc
http://dx.doi.org/10.22092/ISFJ.2017.110244
https://dor.isc.ac/dor/20.1001.1.10261354.1395.25.2.7.9
https://isfj.ir/article-1-1421-en.html

[ Downloaded from isfj.ir on 2025-07-07 ]

[ DOR: 20.1001.1.10261354.1395.25.2.7.9 ]

[ DOI: 10.22092/1SFJ.2017.110244 ]

Iranian Scientific Fisheries Journal Vol. 25, No.2, Spring 2016

Population genetic structure analysis of the freshwater crayfish
(Astacus leptodactylus) in different region inferred from mtDNA
control region sequencing

Majidreza Khoshkholgh®", Sajad Nazari
*mkhoshkholgh2012@gmail.com

1- Faculty of Natural Resources, University of Guilan, P.O. Box 1144 Sowmehsara, Iran

2- Cold-water Fishes Genetic and Breeding Research Center, Iranian Fisheries Research
Institute, Agricultural Research, Education and Extension Organization (AREEO),
Yasouj, Iran

Received: September 2015 Accepted:March 2016

Keywords: freshwater crayfish, Astacus leptodactylus, mtDNA, Caspian Sea, Aras River

Abstract
In this study population genetic structure of freshwater crayfish (Astacus leptodactylus) in Iran was

investigated using direct sequencing of mtDNA control region. A total of 132 samples were collected
from the different locations. The quality and quantity of total DNA were determined by agarose gel
electrophoresis ethidium bromide staining and spectrophotometery, respectively. The results showed
that 38 haplotypes were observed between samples in sequencing analyses. The haplotype diversity
(h) and nucleotide diversity (w) were 0.811+0.049 and 0.0127+0.0038 sequencing techniques,
respectively. Tajima’s D and chi-square (x? values were 3.120 and 78.25, respectively. The significant
positive D value for the samples might suggest balancing selection. Significantly negative
Fu's Fs values and significantly positive Harpending test values were taken as evidence of a
population expansion.The results of Fsr ,Exact test and analysis of molecular variance (AMOVA)
demonstrated that samples between Siahdarvishan River , Jafrood River and Astara region in the
southwest Caspian sea statistically are significant in sequencing techniques (P<0.0001).Therefore
three distinct groups were identified. These results showed that haplotype distributions in different
locations were significant and populations of Siahdarvishan River and Astara region statistically were
significant (P < 0.0001). These results suggests that the unique genetic structure of Siahdarvishan
River, Jafrood River and Astara region represent a highly valuable genetic resource and provide useful
information for identifying populations and genetic improvemnet.
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