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Abstract

The study of the genetic structure and diversity of the common pochard (Aythya ferina)
in Iran was carried out using microsatellites. 30 pochards were sampled from the
Caspian Sea and the Hor-al-Azim Wetland during 2019-2021. DNA extraction and
amplification of microsatellite target genes were performed with the relevant primers
and statistical analyses were performed with Gene Alex, GelAnalayzer, Arlequin, and
MEGA software. The highest number of true alleles, 7 alleles, were observed at the
Alp36 locus in the southern population, and the lowest number of true alleles, 2 alleles,
were observed at the Alp36 locus in the northern population. The highest number of
effective alleles with a frequency of 5.000 in the northern population was Smoll and
the lowest number of effective alleles in the northern and southern populations was
2.000 at the Alp2 and Alp36 loci. The range of heterozygosity observed in all loci of the
populations was between 0.133 and 1.000, and the highest heterozygosity observed in
Alp36 in the northern region and Sfig4 in the southern region with a frequency of 1.000,
and the lowest value in the northern region was observed in Mmo3 with a frequency of
0.133. The range of expected heterozygosity (He) between the sampling regions at the
loci was between 0.491 and 0.800. The highest amount of expected heterozygosity in all
regions was observed in the Smol1 locus in the north and the least amount of expected
heterozygosity was observed in the Mmo3 locus in the south. Fst was calculated to be
0.25. According to the allele results, since Fst is less than 0.33 and all the studied loci
showed significant deviation from the Hardy-Weinberg equilibrium (except for two loci
sfig4 and smo11 in the southern population which were not significant), it indicates low
genetic differences between populations and high gene flow within Iranian populations.
Also, the drawn phylogenetic tree shows high gene flow within populations.

Keywords: Aythya ferina, Genetic diversity, Microsatellite.


mailto:Jalil.imani@ut.ac.ir

VO-VYY Oleas NEYW J.’l’lli udj‘ a)w crﬁm Jl ud)"ﬂ?; wuwj

‘;."'.bjja’ Jle

6‘)‘}5\#};) J.<$L.'t.3 ui'w::ﬂ }‘ bbu.:.w‘ le (Aythya ferina) ‘;L"Jw 63)‘ ‘;:353 tjd. WaB P

b‘ﬁ‘ BL

v ST e s n . T
oilanae o8 8 5 ¢ SLo, Lo o e p Slaal el o (sl o

UlJ‘l‘ ‘U\Jgj ‘L;f))\...:\ bb‘l a@\) LC)&:E:J}()J\.G J;-\} 4@1& CLA}C,....'.L) .]a;ar.aajjf—\
‘)\J:'\ AUK; ;g;'.:«b cLA}éJ)jLJLS rjl& alf.:..'vb e ) .E.”ouejjg—\'
Jalilimani@ut.ac.ir :oLe J s’

V4 Y/ 0/Y0 J“J:"L-’ 'C_)L,” VENY/oY/YY icsl s @)U

DOI: 10.60833/ascij.2024.1122536
oS>

S5 a5 el oyl gmla s 5 3l eslizad U 01l 0,08 0kusy (Aythya ferina) sl o Ss)l S35 55 5 okl anlllas
=05 2S5 5 DNA zl sl s plnil wdanll o0 VB 5 535 bys 51V BGIYAA ladle (b o o Sl axkad Yo
GelAnalayzer Gene Alex slaisle 5 L Goll Gl o 5 o 5 ab e sl el b ol Sle Gus sla
S 5 g Camex 53 AIP36 5 oKl js TV (sl PT sl oz 23 S &) 50 MEGA 5 Arlequin
S0 Sl L s I slaw oprie s S edalin Jld Cumex 53 AIP36 55 oKl s T Y (il U
sdalis AIP36 5 AIP2 5 oKlr 55 Y/ere Csr 5 Jlad Camar 3 Jige P sldas o 2eS 5 SMOLL el Comass
R s s Vern BOAYY o blarer 55 el slad o el sdalin g iSiy e awls s S
dilae 55 Jldde oy zaS g Vv Slel 3 L Coso aikee 3 SFIQ4 5 Jles gaileie 53 AIP36 5 o edalive nw 555 20
55 Sls piged bl o (HE) lanl s)pe 2w iKis ma gawls s 8 sdalin oYY Jll5 L MMO3 s Jle
3l 53 SMOLL 55 ol s bl S5 JUatl 550 o 505558 o i 550 /A B o/EQ) o 55 glaellr
EE 4 s bt Sale /YO Fst s S sdalie Sy 55 MMO3 55 ool 3 il 5550 e 5055 2 0 S
Sl — gl sl Sl (guls sne Ol il andllas 3,50 Sl wsS ) olad 5 035 Y 5l S FSt 4SSl 51 ola T
Oon oS SE5 sl 5l (Sl Wy e BB S g Camex 3 SMOLL Sfigd S5 55 o) ials OLES
e 035 SYL G55 0L el s 5 S35k St ps friamen el ULl slacamez 05,5 YU G500 2 5 iume

s ol

e OB SO ol pale s (S Sp 3 ( Slim Sl 1S Sl

4adle
= ods Ol gl YUy Ol =gl Uy g g (Aythya ferina Linnaeus, 1758) jl> . S5
Olsle by dla a oS glag i v b ossd o Anatidae (g3l 5= 3| Anatineae (gosl gl 5535 3
B 2 s bl e pll Gy e Bli~ Lolgl 5l dle a0 2l a8 cpl ool LlE



QIJL(@}J@\;_-W‘HO—\YY Slas N EY ﬁlﬁ Ld‘j‘ aJLq.J L‘,JAJJ.A JLw Ld)jjb.- J.«JL«.«:C,«W..[)

) ol anils (ool glacs iy wlidcas;
S ek sl S5 a ek sladly Laolpabey
Sk Y LSS b LS il DNA
Lsde o8 B Bn 55 55 58 55k
Sl b el daeslalons @b ad)se b ()
S5 bl (Comer S35 Jre Sl
055 5 o ek YV X) Cles S Clis
CASE sy s a5 eheiae SO b5k
S5 5okl oS ol K a8 ol ol 5 K je8
5 Fasle £ LAY o Jib Lo ess ol O
Sl b 511 0T G 2l Olis ey Gliy
" Slosgd S 5 e o3l o il o plene
Lol 5 SRS adalg s aly (K jS
~5ols A B g en g ol OF sl &S e 5SS

(V) ool SIS ol S5l o3le 4

L sy 9ol
Syl bl g DNA clji;:.wl 9 Sl paigad
b Ok bl 5 Il gladkal 1 Sl
S Sasl Gy Yol Azell Ve B ITAA L
Sl ses 10 5 Jleds g0kl 31 &g V0 Sl
“eor G el bs Ol )G Sl &) Ol
MU S @ e ol wgad i (g5l
3 a3 A1 Gl JSU1 s s T o L e
OO SR - v PR (- P RPN 4
Osla 53 5l C3s L aisel o amals s il
SolMe Z33 L gl o Sy e AS e3ls I3 s
S B s e 5 cds b el 5 sl sl 0555
oS Sl eslinal b Law sas il axils |y Jle o358
- Olns Gl 8,8 Sl 3L DNA £ 2
) els!

Isolation of Nucleic Acids from

okl S5, wlel s (Mammalian Tissue

Jlo 3 G5iS 55 2rlee OB, sl IS
R OI8Ok b e Sajl 4 wsdS
Sl S 5 sl 2l O8W 5 Ol 53 1y Coner
SUYN spds s Sl e Sl .00 ) 5505 Ol
Skl s &S sd 518 Cilie slaobd
S OS5 LAk Okuys OkldS
CoS 0L lnny Sl o S35l Copmor o 2l
35 SSLUL 48 S ol Soyl oot S
Al syl Uy ol 03,208 Ll 5 Lyl s &S
O 3l s Camer S Clew syl OB, sl
5 Cupde Ll OF ek slaelus o,
5 05| a Sl e Sapl (1) il e bl
- cwl 4 S G 3TUCN plocand 0B, cod
R N I IR IS IR QY
OF Comer 2l 51 (5,8 s sl Ol il
Olyme end Sl sy o peime ol ol il
Sl vy 885 K st ‘_5-<-~,w
[ R PP S UNCI S PR COUN B P [ WS e
Sy s w53 RIS was
b oy Bms Ol Sl (ol S )50
s S5l en Wl ST L B oS b
O D) dules s |y e Glacamar o s
Bl 5 (S35 5 ols Ol glasel s iy
sl blomas> 3 u‘<'3") Ol s ckw‘qu.(:.w.
5 s e s 2 s adllles Gl
5 K35 Olawasis ol gasby Lol 5l cbli-
- s bl sskecpla (0) a0 SNl
53 Slaal o tege 5 Camar G 3 35 50 S5
ol 53 5 0o blumer S35 sanllas
@ JERT S8 S aS |z syl 5,8 Cblas
5 e Sk b Bl 4 B B8 S
OA) s el sy 5 LIS L oosls

Oladllas 53 S5 la Sl a5 bag 35 555



QIJL(@}J@\;_-W‘HO—\YY Slas N EY ﬁlﬁ Ld‘j‘ aJLq.J L‘,JAJJ.A JLw Ld)jjb.- J.«JL«.«:C,«W..[)

Sheslanad bl . osls &S = (63 508 585 S
TBESX  (doys Yol b ST el
55 om bl s eddeslel J3 ki ol SAPS
Locole ooy Ao Lol ogas 550 01wl
A Sl e S el 3 S s Gl bl
Salr o s 4 1l See £ a5 PCR @ sel
O 300 5L 5 Ky 5 (Dye) ls 5 i Ll
SV Gl gl 1 sl K 05l eSKes s
W G » G25es So5s ) oKas s esliz
A2 b el Yo i 5 Al e el VA
wind 35 Rl s A IS bl 4 J e U
Joloua b 5 ddosls 513 b s 5 okl i W
C Usbus 2T 55 5 ol L B A
m e Y=V/0 ol on b Ao 5 V/0 (.i,\.ﬂ,\:msﬁ),\?a)
- Al Ll b ddesls pined J5 (Asal s o)
ST L 5 ool bl oas Al 5l dey Ls3
6)35; 5 bS5 ansS J=ls s A esls glans
mgde e Gl b s e Se ol s Al
clad; OV A) 1zl esbl bl Jb g Sesll
Sl s sk 4 Laoslpalen, Aol L ST
3l r\.,\S o gbll 5 AS ey 3w 5
Sra SESS 5l ekl Loy 23 a4 b Sl
- J5 o 5l L8 s 05 VU gl il
AE Al g @l 4SS eslid ST
(sl gl P sl (S £33 Ol e Sl
oS sdalie iS55 D el s
il s ey 5 Sl 3 ge e sG55
Ale s 51 S5l o 6l 4 Conex 53 8 3
A eslail Arlequin s Gene Alex

ChS 5 CaeS s Ol ety gales ) p3SS
ISilge 5 olKaussl eslizal Ll sl DNA
I el <l Biosystems Applied YVY+ Jus
Sheslinal b5 IS Y05 5lin Jy (glo ey (2S1
MmO03 ) Sl i s 5 cals gls S5LT
o= 31 (MmO5 ,Apl12 ,Apl36 ,Smoll ,Sfigs
ol 5K 5 Yang Sldlas gle S5Le]
) L i KuS b andlles 55 anglie Ol G
Ghisyse I iSS s b e o3l sl (V8
ks gl aw) Lo eyl il K
A eslinal (51, sl a3 VY 1507 31 (gles sulomn
Jols OF slyimn 5 205 Sa YO ol (2iS15 o
Tag ) O3l ns &S0 oSom e 51 A5 S0 VY
4 (DNA Polymerase 2x Master Mix RED
V5 DNA 2y S ) ki ol 2l S
web (V) Al SSET a5l 2y S
ST PIETCTSINPTIN U WV SN UCVNI B e
Sde 4 ol S Slagam s 0 sl s gl sl
e A gl e olecd il agds V0
01 les 3 3Ll Jlasl il ¥o e w0 51 S sl
b ds e 54l A Gl w5 ol S Sl e s
PP i CRGIR VIS :ljf&:jb a5 VY gles
ma s Vsl 5o olg bavs a0 (UL YO IS0)
ssbie 4.2 Seluil 4i35 10 e 4 31 S Sle
JAEs PCR STy b s 5,50 (saeml 35 A0k
SV d s S VLT el iSO (g ges 5l iy Se 0
5 <3 S5 ds,s ¥ 38T U5 s, DNAGreen
CadS 5 PCR Y peams o8 5 0LE Jol> ol
AL S Lren Sl el

BL J‘?‘TL}iJST Jj LS})}"PCR JW Lﬁe‘)‘ﬁl«dj‘)



QIJL(@}J@\;_-W‘HO—\YY Slas N EY ﬁlﬁ Ld‘j‘ aJLq.J L‘,JAJJ.A JLw Ld)jjb.- JJL«.«:W...[)

Sloolsale s, STV Slspas -\ s
Table 1. Characterization of six microsatellite loci from Aythya ferina

Locus Primer sequence (5’-3") Gene Bank Ref

Alp2 F: GATTCAACCTTAGCTATCAGTCTCC AY 498540 (13)
R: CGCTCTTGGCAAATGTCC

Apl36 F: ATGCCTTTGCTGTTGGAGAGC AY 498546 (13)
R: CCACTGGGTGCAAACAAG

Sfiu4 F: CTGAGGGGGAAGAGAATAAGAGA U63685 14)
R: AGGGCAGTATTTTCAGGACATT

Smoll F: AAATCAACCAAAGAGGCATAGCC AJ 427852 (15)
R: CAGTTGTTTTGGAGGACAGACA

MMO3 F: AAGTACATGTAAAAGCTGAAGTTGC AY 679120 (16)
R: TTGCCTGATAAAAGGAATGC

MMO5 F: CCAAATCTGACCACCAGGAG AY679122 (16)

R: GCCGTCAGGCAAATAGGAAC
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Table 2. Appropriate nucleotide repeats for 5 microsatellite loci

Locus Repeat motif based on sequence clone Ta(C) No.of Sizerange Cycle
allele (bp)
Alp2 (CA)1sGA(CA)z, AAA(CAA), 56 8 96-206 35
ALP36  (CA)1;3GA(CA)3(GA),(CA),GA(CA)1,GA(CA),GA(CA),TA(CA)s 56 9 134-208 35
SFIQ4  (GA)s3 56 7 153-240 35
SMO11  (TG),GA(G)15(AG)s 56 8 121-250 35
Mm03  (CA)s 56 3 194-230 35
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Table 3. Gene Alex software Results

Population Locus n Na Ne He Ho Shannon's Index
Alp2 15 6 4.327 0.769 0.467 1.617
Alp36 15 2 2.000 0.500 1.000 0.693
North Sfigd 15 5 2.557 0.609 0.933 1.122
Smoll 15 6 5.000 0.800 0.667 1.679
MmO03 15 3 2.261 0.558 0.133 0.889
Alp2 15 3 2.000 0.500 0.333 0.868
Alp36 15 7 2.571 0.611 0.400 1.372
South Sfigd 15 5 2.903 0.656 1.000 1.246
Smoll 15 3 2.663 0.624 0.533 1.039
MmO03 15 3 2.965 0.491 0.267 0.840
Average 15 4.300 2.825 0.612 0.573 1.137

33 A 2 He )UGIJ\ S0 &A}fﬂ)}ﬂ gHO ol odalin A.;ﬁd}i':-)jiu gqu.:u.a;-L:« gNe J.r).a UUT ANa jjb 6[.&&1 Sl
Ol G 4 Glate G500 NZ 10 5 Jled 4 Glate 503 NZV0 (S5 o gl 4 Cunaxr
Number of actual alleles (Na), effective allele (Ne), Shannon index, observed heterozygosity (Ho),

expected heterozygosity (He) in both populations for each locus, samples (n=15), south samples (n=15 from
the south of Iran

AMOVA {5051 el s Fit Fis FSt awloes =8 J s
Table 4. Calculation of Fst [Fis .Fit based on AMOVA test

F-Statistics Value P (rand >= data)
Fst 0.250 0.01
Fis 0.097 0.06
Fit 0.327 0.01
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Fig 1. Drawing a phylogeny tree for Aythya ferina. Phylogeny tree (n=30) based on genetic distance by
Neighbor-Joining (NJ) method using MEGA software (North ., SouthA)
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