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Evaluation of genetic diversity and estimation of probability of
identity indices in brown bear in Parvar protected area
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1994

G10B ATTTTCTTGAGGACTTTTGCATATA GTTTCTTAACCTCCATCCATACAATACAAC 94-122 bp Paetkau and Strobeck
1994

Gl1A ACCCTGCATACTCTCCTCTGATG GCACTGTCCTTGCGTAGAAGTGAC 177-195 bp Paetkau and Strobeck
1994

Gi10L CAGGACAGGATATTGACATTGA GATACAGAAACCTACCCATGCG 166-194 bp Paetkau and Strobeck
1994

MU10 TTCAGATTTCATCAGTTTGAC TTTGTATCTTGGTTGTCAGC 133-153 bp Taberlet et al. 1997

MuU23 GCCTGTGTGCTATTTTATCC GTTTCTTTTGCTTGCCTAGACCACC 164-180 bp Taberlet et al. 1997

MUO05 ATGTGGATACAGTGGAATAGACC GTTTCTTGTGACATGAACTGAAACTTGTTAT 109-133 bp Taberlet et al. 1997

MUO09 GCCAGCATGTGGGTATATGTGT GTTTCTTAGCAGCATATTTTTGGCTTTGAAT 98-128 bp Taberlet et al. 1997

MU15 CATCTGAATTATGCAATTAAACAGC GTTTCTTGTTTTTGTTTAGCAGGTTTGTCTC 104-120 bp Taberlet et al. 1997

MU26 GCTGAGAATTCCATTGTATGTAT ATCTTCTTTACACATAACATACCAT 82-100 bp Taberlet et al. 1997

Cowo end skl enas (2004; Broquet and Petit 2004
MICRO- 1 53le 3 5l sslizal b s sl sy 5 o555
.(Van Oosterhout et al. 2004) L& ., » CHECKER 2.2.3
NS P a0 ds Gl Sl e e e
L oslinad FreeNA Sisile 5 o3 Jleica,s ain o,y S

S e . e . A . .
Sl bodss Sl ol el gl 5 ds g I s
b CxeS 5 iS e cl (S &S ol bl

Van Oosterhout et al. ) wsb .8 o 31 o gl slolss

L Null allele

VAR 50 1Y o )lols o200 35l 0,90 /(9 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.5.0
https://mg.genetics.ir/article-1-1602-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.5.0 ]

WS P GliS Sl e 09T 9 9 (S5 Eoi b3

Q\)&.@A}GLK-LW

PID 5 PID (5ibs) (sla astls «liloes 33 il53l  shiataa,
pl8 035 Lol b s Sles & gl s (unbiased)
Lol Sl 8 obal 5l i alo b SLS oS
S Sais a5 sk Db Gl e Sl i
V\J.)‘.D LSJ’:':"f Jf)ts J\Jﬁ‘ ML;J 6“% L )Uﬂfd‘ S)9e
Slyme elel b KL Il s (Huang et al. 2015)
oerle shlecp LS gauaib s yus Ol
Kalinowski et ) 1% 4cul>s CERVUS.3 Sl33ls 5 3 w8l
Lo Sl a0 gdwssw Ol Laxls ool .(al. 2007
oz Sl o ki Sledbl glgme (6108 55
Sl alis g jestle culg s (Barilla 2013) aas -
DMLl gl ke L MU2B Sl 5 e
tsloes DM Olsee 1 2eS L MU26 L b sy i
Losll s, darl S S glacanes 5 sSbail 1o
spmy e 4 Ooly 5 ale) S guislis = Ll
CJ)..L; JL:'.))‘ L;.’.J‘b )\ PID (SIbS) upl.w JJJ.’\ )\ ‘.})‘.}
Lilsy shls ol 3l K& 5 plobs sl oslsaboss sl Sl
Sl il Sl b o sl sl
oslizul sla SSLis oy l8 cpuns 55 PID (8ibS) el s e
PID jexli b awglis )5 (g 2l 5,058 ol 31 slulis 5 ois
(PID (sib) < 0.01) +/+\V 3l ;S ,slae .5,ls (unbiased)
Li:ti))\ BE ol ealaul 6L§J<JL:.; JALS Lﬁb\jj eMJOL.'::
> esdle (Waits et al. 2001) coul 5l 31 o S5 Olglis
)Uai.:‘ S48 9 ol odalie PID u.a:-u J.‘pl;- axlln BL ‘ui‘
Cobislily bl omes Sl - il 5l 00l
API-CALC )‘Jﬁ\rf )‘ oslaiul L7— LS'L’)L':“'.’.‘_}" .la.vb) «_ﬁJ:"""S"

.(Ayres and Overall 2004) . aul>s 1.0

caxlas S)9e aaleie L ol 6))I@> w§Jw M}N AN )\

58 e Calise b s WYl G0l £l el

8 Polymorphism Information Content (PIC)

IWAQ 50 /Y o )lods [ @m0 5l 0590 /9 98 S

S sl ol Jsbs 31 3l >l .(Chapuis and Estoup 2007)
A bl GENEPOP ijile 5 5l oslizad L Jlail Jslas
g5 sboerld ol 2 .(Raymond and Rousset 1995)
T ke (Na) ' S ol sl el S
(HO) "o salie 5 (HE) " Uasl 5550 o 55555 28 «(AT)
la S5 51 S ,a (sl FSTAT 293 i3l 5 5l esliza L
.(Goudet 2001) L acusles

23 ol Gl b S eslizal s et Jlaz 55050 51 (S
Jeoa el S O1SS ek pas 3y o S55 Dlllas
S Gk ses s Jeil 5 el b (ol pase
S3le s 55 Sl alas e Sl eslizad U Uyl o8 s sl
oslazal b e R CERVUS 3.0 (Kalinowski et al. 2007)
Wilberg ) GENECAP i 3le i 53 i 535 lowas oot
Oemmad 3 bdised 055 )1, Jla! (and Dreher 2004
Pl 5l patls Olgeds 50 i 5] Gad
o8 5 Al s anlllas 3)5e aikie 53 65 urex o5l
PID 5 PID Gibs) "sl 31 alis Jlal slajatls o5
Valiere ) 44 aoul=s GIMLET 1.3.3 ,i3le 5 > (unbiased)
s alox 5 S5 s Lo Sl (6ol 45 LT 51 .(2002
Sl kS (eSS LU o sl wlias el axls
oslizl 5 (Broquet et al. 2007) dizear ol oslizal gla Sl
55 sl Jleaat (531 sl o310 51 i gle SOLES
(Creel etal. 2003) Corax o3l bl Sldis 51 o 3,50 5 5
doloes pde el 35 JBL sla S Sl eslial fpoman
I «(Knapp et al. 2009) L aale S5 sla e ls 585
sskiea Sladllas 51 gl 5o a3 Al Jlsl el
5 o eleld s el eslizal gla KL 4o game oUlg 3,50 5
Waits et al. ) Lsd o auls Comar S 531 Laseis
(2001

! Number of allele per locus
2 Allelic richness

3 Expected heterozygosity

4 Observed heterozygosity
5 |dentity analysis

¢ Matching genotypes

" Probability of identity


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.5.0
https://mg.genetics.ir/article-1-1602-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.5.0]

Q‘)&A}é\f.\w

SN LS Sl el 38T 9 9 (K5 £ (203

L Ul S5 5 2,0 sy Joled pde a e S5 51 G e 2
e Sis e 58k ol i Do eSS o
A 5550 0 /OV ATl 5y 5 iS55 2 5 0/0) sl sdalin
Slar 7 Camar Gl K55 55 Slagar B Y s s
el 0 035 51 andllae 3 50 adlare 3 (Slo 4¢3

YOV 51 aS sls olis CERVUS Si5dle 3 Sl sdal Consas =l
355 sy i85 St gy Jlansl s 55 b alis
g 85 len Jos alul 5 i es ((PID> 0.01) 5505
V& s 050 53 Y7 o 5| GENECAP il 5 s
Ol gt 1y 0T Ol 5 o 45 A 3ls yasill 5 3y jaamie i)
aie )3 Gloggd P Comex ol Blas I el
Sl @l PIC (ol Ol b S L 53 4, sl bili>
A Jsd) 5 pame /EYY Br/OAL el eslizal [SOLES
6l Sl g0 e 5S35 28 Oliee 5 PIC L2l 03g YU
S s e 0Lz (/88 =0/ addlas sy Sl
Bl el B adlae ol s et 2SS lag S
Jhas| axls Wl a5l sl asis 5 plubs
3 S 2 gl PID (unbiased) 5 PID (sib) sl 3l alis
¥OUSE s oS pskiles Lol sl S Y Jsdr 3 e e S
O Vo PN ] - K oS S I PRPTCOUUH BT W N P | ot
Aol @ S U S My oS i el PID Gsib)
&\ PID (ib) astle a5 bl 5l ity /0 VA ms Olse
osls OLEI 1y /o) 31 35S 5 gade sl eslinad SISl
ol 4Bl RS /) 5l S mla w5 (4/0) < 4/0VA)
4 8 addlls 5p 50 SO Sler a5 same 058wt Ol
doss AA/AT 4 sy glislin s daly b oSl jasis
3,50 S Ll ¢l PID (unbiased) axli: .Lles s
03 ez e OlES &S A 03y e /0YY L ol eslizd
AN ledd Gols paiped Bolal Djsen S sl ae
Lol 55 e pacietd Jloil o)z 3550 i e
21 DL

Ol (8 JSa) APICALC il 5 51 sdel st s
slpl e oS Sley Unrelated) Jsl (g5 len 53 45 das o

Oy (ool 3555 (U5l 5 BLST e o (51 el 5

Sl S e edldeslinal olalen, KL Vvl e
MU26 MU15 (Paetkau and Strobeck 1994) G1D il
JK8) was oSS s 4o L (Taberlet et al. 1997) MU23
53 G10B 5 MUL0 LS 53 ol LS SOl i 51 (Y
G1A, MUO5, ) Ss Sl Jlex 5 basal 5l pliSpes
ool 3hLad S b el I 2 s kas (MUO9, G10L

Lz e sl o 505 b Lz
MICRO-(53le 5 3 g5 sl s 3l Job il
oo iS50 51 S a3 oS sls 0L FreeNA 5 CHECKER
Lo s sl I S el e 5 il (sl
545 (Taberlet et al. 1999) <lolss by Jlew Chle s
sdalie (MUL5) 1S G s Laid I gla il 5 ol
P Se 28 adipe Gl #5551 (AU sk el 4 45 2

~<Y J_}J?) Sl 0 g u.;l}'

ol G b S 5l S by e el Lo ST UG sems Y S
Slosgd o S5l s lalss 5 (S5 g5 e 0 sk

FreeNA ;3 o ekl b s sla U Slgl s =Y Juer

GID MU15 MU26  MU23 <.l

Ve /Y AR ofeen J}Jﬂ‘;;bb_;,

S als sole Jsls 5IMULS S sra b SILE el
ol o Somly sl Dol 5l Gl Lssal s S
o Orames Al 5 e s e L5 e oS
Sl O (o pals 3,5 ki s ) Jlal sl

1 Allelic dropout

VAR 50 1Y o )lols o200 35l 0,90 /(9 98 S -


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.5.0
https://mg.genetics.ir/article-1-1602-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.5.0 ]

WS P GliS Sl e 09T 9 9 (S5 Eoi b3

Q\)&.@A}&KM

glacdlss e g5l s S 5l (ol Corex Gl
e S a3 g oy L3 Ol e 8 5 oitens
S Sl 0dd s oKy CatS A 5 Sas 4SS
b3 ey g b cilie glaolas s o 3131 Ol
S5 Sl b e gbatarex ol Sl osd axlse
e e @l Ames Al Gpel0g Omer $3b)

L, Sl Lol o a4 Ky Ll syse PlDeyg
Sepoa Ll RIP el gl el Gn sl
Lisy e bl sl S Gy ST gaobe lp
Sl ok 3,51 5 /4 YV L ol Pl (Litees (g5 5Liy 55
2l parls ol Ol el sdalise PIDgps Sls 503 S5 (6 5
Sl etle b e e OLES el esland L;LAJKQLL' ool
rl 3 edel sy s ol 035 0/ Y sde ol Ve s
Lils, Glls Cuma 3l 31 a8 550 5 das o OLE Jlasal o
elld Gl gt b Sl @ il Sosp sl

By dal 5L KK 5l kol asis

P(ID)

Number of loci

S e lay 2alS PID (sib) 5 PID (unbiased) asls Ol e da SOLES 21580 b ol sslizad sla SLES slias ulil Ly (PID) wlis Jlezs| el Y S

Avrage Probability of Identity

Population Senarios

8

PIDgbs ol il go il 331 (Ul 35 50) PlDeypy ol Ol Comacr G 3130y s isbinlss Jauls, (0530 L L(PID) 3131 alis Jlesl Lastli —¢ ISs

sl /Y ek 4 S B s gl g sl IS (sl (e edalive)

ezl sla el (HE) JUasl 5550 o 55 5 (HO) ol odalie 2 K55 28 (AN U1 slé (NB) S o (sla Dl 5lie apslons @B - T dsr

D35 sl bla- &ELAJJ 6‘5},@5 U'“'J"' [N (PIC) L;‘b;u.\.&; Sledb| 6\)29;& u.a)-u} (PlD) 4_:\...13

Loci Na Ar HO HE PID (unbiased) PID (sib) PIC
MuU23 Y Yo VIV AN VANAR /8T +JOAL
MU26 s Y/44 Al v /84 V/VEAY CYVY C/ETY
MU15 Y Yo Y +/09 VRS2 AFA /oY

G10 3 g/ % v /00 o/aaYY +/AVA CJEEA

IWAQ 50 /Y o )lods [ @m0 5l 0590 /9 98 S


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.5.0
https://mg.genetics.ir/article-1-1602-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.5.0 ]

Q‘)&A)é’\fw

SN LS Sl el 38T 9 9 (K5 £ (203

Carer 2 dgas sl (AN Ul gle axls o5 Ll )
el nl psenl 3asS e i 5s (S5 g5 sl 53
Lo bl sl O s s gbarle Loawlis s
55 g5 S S o3l ol sdalie e S5
oo Camer (8 odel sy M1 gle o SKls S e 401
L oaslin 53 aS a3 350, ¥/Y0 andllae 540 ailaie 5 (5lo 5ed
Coxa= b WL&A)JJJ:&SC);S (78Y) u";fl) O 8 Caresr
Ashrafzadeh et al. ) sls Ol (¢ i g (VAY) el
g5 sl awlie 5 il SR wboaddl (2018
5 Cikisee Slalllae 3 45 ol Ol LB il 3 s S
O awslie gycpl 31 osd eslital wlie gla e S Y s sazme
Gl iass ple b ol adlas 53 odel cosay K3 g%
S S Bl bl Glosed o 2 (555 el pll
By ol bl adkws L;wa‘)} BE WL\A JUT 6L~9 J‘)cf
S5 0k 5 A o slaos S s e Ll
5 S5 Sl el padse ol S LBl (OLLL
Sl 5 Sl syl s e Sl DL
on Sls S sems s S e 53 et oS
V.&)A;Lﬁ ﬂbj§ w‘ 45 CM‘ o C,&L 4.’_; w\ 6|f g;'al;:"'“'.’.)
2355 3 s Slressde 3 (Sope 5 S S sblarex
g2 (n) (Ashrafzadeh et al. 2016) sl «ils sl
Ghle slacanex (o 05 Ol S IS Gl Jule 5
S5 g5 alie josa 53 &S Sl ol il
O Qlj.:‘ BL 6‘0}@5 o 6@@:&&} LY A e
AV S5 s 5l s gble e st Ol

(Ashrafzadeh et al. 2018) Lcwa Hls, = 5
ol e ladisad s sl al il Jla| gls et ls acul
orle 8 g Sl el b gy Oladlle 08 U
J‘).é\ Lf’L‘"’L"“L 3 Carer b)_ﬂj..: 6\]3 (eﬁ.é 9 u:‘;f“’ (.j«ﬂ)
Barilla 2013; Huang et ) &l a5 S &)y p0 im s slads S

al. 2015; Aziz et al. 2017; Draper et al. 2017; Skrbinsek et
al. 2017; Von Thaden et al. 2017; Ambarli et al. 2018;

4> .(Arandjelovic and Vigilant 2018; Modi et al. 2019

Ll 5 oo amazr Gl sl ot Ll g et 0l ol
1y cblis Olpde 5 w8k Comer 0T Slapl 3 el
S o Dldg el Gl ose DLl Gl
LS Alen Goe Gl

Sladls gl ) s e ol 65l saa S 5l (gyls pd gel
3ol g sed ( J3 o pdimr Ul e a3 (S5
2 e wxlg sty bl bhes ey Sl
Joil it 65 L it oles Mow ol s
Sy 5 oy 53 eis S 5 658 ol 5 e xal sl
Sheslanal ot gladle 5 s meaay 3l 3 5l
ol 2l bl Jdoa el Gols paised ST
Comar S5 Oldllae 3 il SUSSSG w4 Jids o)
Ferreira et al. 2018; Mengiilliioglu et al. 2019; ) ol o
oL L;)jcv.- Gbad s 33> olulis (Zemanova 2019
3L Gladised el pde 5 bl g oo Sl Oliabl
e Baige bl s sslinal 555 b Sl oyl
Sl paised SSSS 51 el s L &S cl Y15
Monterroso et al. 2013; ) 553 esls ol OF & orles
.(Wang 2016; Ferreira et al. 2018

(S e e 3l sy bl Sl esliad OIS I S
el &S el s @jicv_ slaals 3l Olaebl 5 plulis
b Sl eslial OLSG slawles b ppes bba S sl
Chaves et al. 2012; ) 4SS . axlspe [SKo0 U1y W 2,
S bl pllis oo )5 eor 5> (Ferreira et al. 2018
e S0l 3l glankas KL b (oS o3Il 5 1 b
axJlas ;5 .(Zamani et al. 2014; Ferreira et al. 2018) > ,5
3 Sl o S b Al S w s Lol
S 4 bgled pluld o pa sl S ol b oT ool
3 oslid sy pimes 285 e GV Oluebl L
Loliy o sl pde (w2 odl gl olant] gl KL
Syl cJ&_}M&SU@a Syee adkrse j3 L 2 el gl szi:_h
wdin 53 ol GLL S K b eslinal 55 G5 s
oGt sld 20 S5 oldad S al ol Oleebl

ol Glosgd o P

VAR 50 1Y o )lols o200 35l 0,90 /(9 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.5.0
https://mg.genetics.ir/article-1-1602-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.5.0 ]

WS P GliS Sl e 09T 9 9 (S5 Eoi b3

Q\)&.@A}GLK-LW

Krojerova-) 4 eslacsl yesls ol 5l baa g alis Jla|
Sl Sl goorme oS 315 LI S .(Prokesova et al. 2019
St ) doss 88 Lad sl oY Ul eslizad 35
© 34 pl 4 S .(PIDgp = 0.078) KL ls |, ol 6),1@?
Gl Sl assamme oS das o 0L Ll s 3 v/0) 51 S
Comer S 3 oS o3l il 5 plald Ol e eslanal
2 el el QAT L s LU 53 s b Lot
Lobliol s a8 Ose oLl &5 das o OLE iman
BB bl Bl 5l el b slad sas 31 5131 wlis Jlazs|
Sl Lalsy sy Doso o s 0l bl sleel
2O S Gl e S35 s b
sl 31 s e sl ol 3l Cawpnl pluls 5 e 48
s 5 ealinal Y ooy st SAeS (l gt b (5 SO
Waits et al. 2001; Huang et al. 2015; Krojerova-)
.(Prokesova et al. 2019

3 PIDexp 5 PIDgbs sla swe 53 oslss ol aallle s
sl by, po csld Lea o il gla gl
spam s Solea Sl eodls aegaze 3 eld i 1
zer UK 4 Koy sl auls, s 5 (gl 3l
Slb g, ok Eol gmer glacale 55 5 a8 sa
Donnelly 1995; Krojerova-) s34 .« PID (s ki alsles
e 3 Bl sl el e 51 (ProkeSova et al. 2019
sbae Sllaw S 5 (F ol pde @ U5 PID (2 la
Loy awslS 5o licares oy 5l S0 Souls o)l
Waits et ) 5 S oLl oSy G s 5l 31 slez] gl Lo
£ bl bl e b bl s oJle gl (@l 2001
Stgenetal. ) 'O7 jslos saolKins 5 b (ol olfius ) 55 0bile
bl pde s (2006; Shirane et al., 2028; Kojola et al. 2020
3o i S LIS 5 plrals 5 by eds 4 S5
S35 Sl Tl L 33151 (513 0 500 e el s
3 g

o ld oslitul glaeslsalers WG 53 ol Cudbse 5 xS

ailae 3315 (Slosgd o e Camar o3Il 335 3,50 5 O

1 Philopatry

IWAQ 50 /Y o )lods [ @m0 5l 0590 /9 98 S

Sl o eslinal gbe S5 iS5 oS Slalllas ir
Slsee L Sl oob slaws 31 eslinad .l Coeal 5>
5 Camer sl e Sl (b (PIC) s ydir el
Lol o sl Loy 5 Sl oo glilid pue
(Waits and Leberg 2000; Politov et al. 2015) s, .
SO o gl e &5 Ol e oS das e 0L x2S olalllas
sl sl Sl eslizad s 53 nl b ol Ao SO Ll
35 | (Coamaz o311 s 5 513l plalis s KL
S K P PR v -V P SR S SRS |
(Taberlet et al. 1997; Huang et al. 2015) 5,15 5 4= 5 Coxax
Sl b J5S0 50 Sl SWlslans 6,554 Ko 650
2>l San e LS e 2 (b s SO
Ly, glaasle 8l Jlaie 5l i s ol gl glulis
358 Comarr 235 Olpn 51 28 5550 0 5 ol 3l lLiy 5
Bl 5,00 51 .(Creel et al. 2009; Huang et al. 2015)
bl s SIS 5 Y U5 51l eslizad 550 sla LS
Knapp et al. 2009; ) Ll Jls, s 50 Camezr 3l 31 5l 5 518
S3o p okd el alles Jls 4bas (Kolodzigj et al. 2012
S estizal &g 5 aS 303 OLES 4S5 Jled 3 Slosgd o2
533 O/ X VT L Ll PIDgh Olsee ol galeg, SOLES Ve
VIV VT Ll pastls ) S gy Sl el & s
adles pores (Ambari et al. 2018) Lol sl Cowse
e o> (Ailuropoda melanoleuca) 16l (g5, 5 ol el
Sl i 5l eslixad sy olis (Huang et al. 2015)
LS o oS 48 pl sl g8 slels gl eslsales
sl S35 g ok plowil Jiags A4S e CulS (PIDG<0.01)
sls olis 55 Llewl s (Tetrao urogallus cantabricus) . >
oY oUly Ll e oolgaleg, LSV Bl 5l eslizal &S
(Moran-Luis et al. 2014) ail axils 1, ol 31 plubs s
sl oslizal gla SLaS sl o doles G sl cpl by
sl glab s las sbwl Jlazs! (LS Ve b Slas)

Aad e fals
53 ,ls gl Sabslus Lo 3 PIDGID) el aSbul

5 2o Gl 5k s b Sl en skiea ol anllls


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.5.0
https://mg.genetics.ir/article-1-1602-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.5.0 ]

Q‘)&A)é’\fw

SN LS Sl el 38T 9 9 (K5 £ (203

35800 5l Olaedsl 1 sl adles gl e sl 4 by
Lo Oldlas gl xt tasls ol aalllee 5o a3 8 &) 50

Gﬂu S 5 DEEeR S e L;LAJKSLL' sl 3l eslazal

BE NG Comas oj‘.ljl 5).5]}3 6@@ J'.’.L‘*’ Ls GJ‘AI Sl

LSLQJ:’:’J) )‘ ealaa! BE S J)A..s QL;.» d\_}SL;c C}w
shwd Wl bl K) Oldlas )5 el 8 ()15 pa sl

O SNl Ll ) sk sl bzl sla LS

s oadlas 550 4,8 8 S b s Lol alis LUyl sl

S S gy bl s wds S sl ol sl adlls
o ok oalanul L;\Aﬁm slds DR o)l gales
Olllas )5 el o (Sols paised LSS LIS )5l
5 g Sl i A sl ey ol S
23 gLe S opata 5555 gl bl S ple b da,

5,8 8 eslinal 3y 90 (S8l 5 LA e

&l

Ambarli H, Mengiillioglu D, Fickel J, Forster DW (2018)
Population genetics of the main population of brown bears
in southwest Asia. Peer-reviewed journal 6: €5660.
Arandjelovic M, Vigilant L (2018) Non-invasive genetic
censusing and monitoring of primate populations.
American journal of primatology 80: e22743.

Ashrafzadeh M, Kaboli M, Naghavi M, Haghi H, Shakiba
M, Rabie K, Ghanipour D, Ansari M (2015) Geographic
structure and demographic history of Iranian brown bear
(Ursus arctos) based on mtDNA control region sequences.
Taxonomy and Biosystematics 25: 25- 38. (In Farsi).
Ashrafzadeh MR, Kaboli M, Naghavi MR (2016)
Mitochondrial DNA analysis of Iranian brown bears
(Ursus arctos) reveals new phylogeographic lineage.
Mammalian Biology 81: 1-9.

Ashrafzadeh MR, Khosravi R, Ahmadi M, Kaboli M
(2018) Landscape heterogeneity and ecological niche
isolation shape the distribution of spatial genetic variation
in Iranian brown bears, Ursus arctos (Carnivora: Ursidae).
Mammalian Biology 93: 64-75.

Ayres KL, Overall ADJ (2004) API- CALC 1.0: a
computer program for calculating the average probability
of identity allowing for substructure, inbreeding and the
presence of close relatives. Molecular Ecology Notes 4:
315-318.

Aziz MA, Tollington S, Barlow A, Greenwood C,
Goodrich JM, Smith O, Groombridge JJ (2017) Using
non-invasively collected genetic data to estimate density
and population size of tigers in the Bangladesh
Sundarbans. Global ecology and conservation 12: 272-
282.

Sl g fdow 5 AL bl oS o2l allas 540
sl sl Blas Olg o 53l wlis dlaxl 5 S 85
woar g boo) e ddle ol g 48 ol Gl p 1 Cares
YVl edel sy Sl B Slees sla s ol S
GS55 0 sy 3 OLES e (Goslaer el b 4
VA Blas ) gam 51015 o0 dry oo i 1A 3515 5 by juameia
CJJ ))}Tﬂ .}JS J.&l;— Qw‘ )}J" a&:dbkﬂa;ﬂ‘)b Jj.é
adlas 540 ailate 53 &S cpl S5 &2 el ol @
TIBE 4.'.; ol el ;}Waj\x\ﬁd&\}f 355 50
5 om el 95 0L 6ol B Jlaxsl ooman 5 adkes
S8 faeme 50 Sl e Gble L Comex
g I erlg b glawges 3 olizad U odelowsa
))Nbb}fM)JM_K&‘WG)(JJ‘&\J}-Q‘)&M
s 2 W plralr Ol 6 ars Ladl e 8k

J.,pb- wlﬁ» L o L;LNL\.; L;Lﬁg:,..:;‘yj )\ fj" ))‘) JL@-:?‘\

Barilla J (2013) Genetic Tracking of Brown Bear (Ursus
arctos) in the Belianske Tatry Mountains. Oecologia
Montana 22: 13-24.

Broquet T, Ménard N, Petit E (2007) Noninvasive
population genetics: a review of sample source, diet,
fragment length and microsatellite motif effects on
amplification success and genotyping error rates.
Conservation Genetics 8: 249-260.

Broquet T, Petit E (2004) Quantifying genotyping errors in
noninvasive population genetics. Molecular Ecology 13:
3601-3608.

Calvignac S, Hughes S, Hanni C (2009) Genetic diversity
of endangered brown bear (Ursus arctos) populations at
the crossroads of Europe, Asia and Africa. Diversity and
Distributions 15: 742-750.

Caro T (2010) Conservation by proxy: indicator, umbrella,
keystone, flagship, and other surrogate species. Island
Press, Washington Dc.

Chapuis MP, Estoup A (2007) Microsatellite null alleles
and estimation of population differentiation. Molecular
Biology and Evolution 24: 621-631.

Chaves PB, Graeff VG, Lion MB, Oliveira LR, Eizirik E
(2012) DNA barcoding meets molecular scatology: short
mtDNA sequences for standardized species assignment of
carnivore noninvasive samples. Molecular ecology 12: 18-
35.

Creel S, Spong G, Sands JL, Rotella J, Zeigle J, Joe L,
Murphy K, Smith D (2003) Population size estimation in
Yellowstone wolves with error-prone  noninvasive
microsatellite genotypes. Molecular ecology 12: 2003-
2009.

VAR 50 1Y o )lols o200 35l 0,90 /(9 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.5.0
https://mg.genetics.ir/article-1-1602-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.5.0 ]

WS P GliS Sl e 09T 9 9 (S5 Eoi b3

Q\)&&Ajsbl{-kw

Creel S, Spong G, Sands JL, Rotella J, Zeigle J, Joe L
(2009). Population size estimation in Yellowstone wolves
with error-prone noninvasive microsatellite genotypes.
Molecular Ecology 12: 2003-2009.

Donnelly P (1995) No independence of matches at
different loci in DNA profiles: quantifying the effect of
close relatives on the match probability. Heredity 75: 26-
34.

Draper JP, Waits LP, Adams JR, Seals CL, Steury TD
(2017) Genetic health and population monitoring of two
small black bear (Ursus americanus) populations in
Alabama, with a regional perspective of genetic diversity
and exchange. PloS one 12: e0186701.

Ernest H, Penedo M, May B, Syvanen M, Boyce W (2000)
Molecular tracking of mountain lions in the Yosemite
Valley region in California: genetic analysis using
microsatellites and faecal DNA. Molecular Ecology 9:
433-442.

Farrell LE, Roman J, Sunquist ME (2000) Dietary
separation of sympatric carnivores identified by molecular
analysis of scats. Molecular Ecology 9: 1583-1590.
Fernandes CA, Ginja C, Pereira I, Tenreiro R, Bruford
MW, Santos Reis M (2008) Species specific mitochondrial
DNA markers for identification of non invasive samples
from sympatric carnivores in the Iberian Peninsula.
Conservation Genetic 9: 681-690.

Ferreira CM, Sabino-Marques H, Barbosa S, Costa P,
Encarnagdo C, Alpizar-Jara R, Pita R, Beja P, Mira A
(2018) Genetic non-invasive sampling (gNIS) as a cost-
effective tool for monitoring elusive small mammals.
European Journal of Wildlife Research 64: 46-64.
Frankham R (2002) Population viability analysis. Nature
419: 18-19.

Goudet J (1995) FSTAT (Version 1.2): a computer
program to calculate F-statistics. Heredity 86:485-486.
Graban J (2014) Comparison the Brown bear (Ursus
arctos L.) population genetic characteristics based on the
microsatellite  markers-‘DNA fingerprints’ around the
world and their application for biotracking. Oecologia
Montana 23: 26-36.

Granroth-Wilding H, Primmer C, Lindqvist M, Poutanen J,
Thalmann O, Aspi J, Harmoinen J, Kojola I, Laaksonen T
(2017) Non-invasive genetic monitoring involving citizen
science enables reconstruction of current pack dynamics in
a re-establishing wolf population. BMC ecology 17: 44-59
Gutleb AC, Morrison E, Murk AJ (2002) Cytotoxicity
assays for mycotoxins produced by Fusarium strains: a
review. Environmental Toxicology and Pharmacology 11:
309-320.

Gutleb B, Ziaie H (1999) On the distribution and status of
the Brown Bear, Ursus arctos, and the Asiatic Black Bear,
U. thibetanus, in Iran. Zoology in the Middle East 18: 5-8.
Haskell DE, Webster CR, Flaspohler DJ, Meyer MW
(2013) Relationship between carnivore distribution and
landscape features in the northern highlands ecological
landscape of Wisconsin. The American Midland Naturalist
169: 1-17.

Hemami MR, Groves CP (2001) Iran. Antelopes. Part
4:114-118.

IWAQ 50 /Y o )lods [ @m0 5l 0590 /9 98 S

Huang J, Li YZ, Du LM, Yang B, Shen FJ, Zhang HM,
Zhang ZH, Zhang XY, Yue BS (2015) Genome-wide
survey and analysis of microsatellites in giant panda
(Ailuropoda melanoleuca), with a focus on the
applications of a novel microsatellite marker system. BMC
genomics 16: 61.

Jowkar H, Ostrowski S, Tahbaz M, Zahler P (2016) The
conservation of biodiversity in Iran: threats, challenges
and hopes. Iranian Studies 49: 1065-1077.

Kalinowski ST, Taper ML, Marshall TC (2007) Revising
how the computer program CERVUS accommodates
genotyping error increases success in paternity assignment.
Molecular ecology 16: 1099-1106.

Karami M, Ghadirian T, Faizolahi K (2016) The Atlas of
Mammals of Iran. Jahad Daneshgahi, kharazmi Branch,
Iran.

Kendall KC, Metzgar LG, Patterson DA, Steele BM
(1992) Power of sign surveys to monitor population trends.
Ecological Applications 2: 422-430.

Khosravi R, Hemami MR, Cushman SA (2019) Multi-
scale niche modeling of three sympatric felids of
conservation importance in central Iran. Landscape
Ecology 34: 2451-2467.

Knapp SM, Craig BA, Waits LP (2009) Incorporating
Genotyping Error into Non-Invasive DNA-Based Mark—
Recapture Population Estimates. The Journal of Wildlife
Management 73: 598-604.

Kohn MH, York EC, Kamradt DA, Haught G, Sauvajot
RM, Wayne RK (1999) Estimating population size by
genotyping faeces. Proceedings of the Royal Society of
London. Series B: Biological Sciences 266: 657-663.
Kojola I, Hallikainen V, Heikkinen S, Nivala V (2020)
Has the sex-specific structure of Finland's brown bear
population changed during 21 years?. Wildlife Biology 2:
1-8.

Kolipakam V, Singh S, Pant B, Qureshi Q, Jhala YV
(2019) Genetic structure of tigers (Panthera tigris tigris)
in India and its implications for conservation. Global
Ecology and Conservation 20: e00710.

Kolodziej K, Theissinger K, Briin J, Schulz HK, Schulz R
(2012) Determination of the minimum number of
microsatellite markers for individual genotyping in wild
boar (Sus scrofa) using a test with close relatives.
European journal of wildlife research 58: 621-628.
Krojerova-Prokesova J, Turbakova B, Jelen¢i¢ M, Bojda
M, Kutal M, Skrbinsek T, Koubek P, Bryja J (2019)
Genetic constraints of population expansion of the
Carpathian lynx at the western edge of its native
distribution range in Central Europe. Heredity 122: 785-
799.

Mengiilliioglu D, Fickel J, Hofer H, Forster DW (2019)
Non-invasive faecal sampling reveals spatial organization
and improves measures of genetic diversity for the
conservation assessment of territorial species: Caucasian
Iynx as a case species. PloS one 14(5).

Modi S, Habib B, Ghaskadbi P, Nigam P, Mondol S
(2019) Standardization and validation of a panel of cross-
species microsatellites to individually identify the Asiatic
wild dog (Cuon alpinus). Peer-reviewed journal 7: e7453.


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.5.0
https://mg.genetics.ir/article-1-1602-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.5.0 ]

Q‘)&A)‘}'KM

SN LS Sl el 38T 9 9 (K5 £ (203

Monterroso P, Castro D, Silva TL, Ferreras P, Godinho R,
Alves PC (2013) Factors affecting the (in) accuracy of
mammalian  mesocarnivore scat identification in
South-western Europe. Journal of zoology 289: 243-250.
Moganaki EM, Breitenmoser U, Kiabi BH, Masoud M,
Bensch S (2013) Persian leopards in the Iranian Caucasus:
a sinking ‘source’population. Cat News 59: 22-25.
Morén-Luis, M, Fameli A, Blanco-Fontao B, Fernandez-
Gil A, Rodriguez-Munoz A, Quevedo M, Mirol P,
Banuelos MJ (2014) Demographic status and genetic
tagging of endangered capercaillie in NW Spain. PloS one

Paetkau D, Strobeck C (1994) Microsatellite analysis of
genetic variation in black bear populations. Molecular
ecology 3: 489-495.

Politov DV, Belokon MM, Belokon YS, Polyakova TA,
Shatokhina AV, Mudrik EA, Azarova AB, Filippov MV,
Shestibratov KA (2015) Application of microsatellite loci
for molecular identification of elite genotypes, analysis of
clonality, and genetic diversity in aspen Populus tremula
L.(Salicaceae). International journal of plant genomics 1-
12.

Raymond M, Rousset F (1995) An exact test for
population differentiation. Evolution 49: 1283-1286.

Saito M, Yamauchi K, Aoi T (2008) Individual
identification of Asiatic black bears using extracted DNA
from damaged crops. Ursus, 19: 162-168.

Sathyakumar S, Can OE (2007) News and status of South
Asian brown bears. International Bear News 16: 6-9.
Schwartz M, Tallmon D, Luikart G (1998) Review of
DNA-based census and effective population size
estimators. Animal Conservation 1: 293-299.

Servheen C (1990) The status and conservation of the
bears of the world. In: International Conference on Bear
Research and Management. Monogram 2: 32.

Servheen C, Herrero S, Peyton B (1999) Bears. Status
survey and conservation action plan. IUCN/SSC Bear and
Polar Bear Specialist Groups. IUCN, Gland, Switzerland
and Cambridge, UK.

Shirane Y, Shimozuru M, Yamanaka M, Tsuruga H,
Hirano S, Nagano N, Moriwaki J, Nakanishi M,
Ishinazaka T, Nose T, Kasai S (2018) Sex-biased natal
dispersal in Hokkaido brown bears revealed through
mitochondrial DNA analysis. European Journal of Wildlife
Research 64: 65-75.

Skrbinsek T, Jelen¢i¢ M, Lustrik R, Konec M, Boljte B,
Jerina K, Cerne R, Jonozovi¢ M, Bartol M, Huber D,
Huber J, Relji¢ S, Kos I (2017) Genetic estimates of
census and effective population sizes of brown bears in
Northern Dinaric mountains and Southeastern Alps:
Report.

Stgen OG, Zedrosser A, Wegge P, Swenson JE (2006)
Socially induced delayed primiparity in brown bears Ursus
arctos. Behavioral Ecology and Sociobiology 61(1): 1-8.
Swenson JE, Taberlet P, Bellemain E (2011) Genetics and
conservation of European brown bears Ursus arctos.
Mammal Review 41: 87-98.

Taberlet P, Camarra JJ, Griffin S, Uhres E, Hanotte O,
Waits LP, Dubois-Paganon C, Burke T, Bouvet J (1997)
Noninvasive genetic tracking of the endangered Pyrenean
brown bear population. Molecular ecology 6: 869-876.
Taberlet P, Waits LP, Luikart G (1999) Noninvasive
genetic sampling: look before you leap. Trends in ecology
& evolution 14: 323-327.

Valiere N (2002) GIMLET: a computer program for
analysing genetic individual identification data. Molecular
Ecology Notes 2: 377-379.

Van Oosterhout C, Hutchinson WF, Wills DP, Shipley P
(2004) MICRO-CHECKER: software for identifying and
correcting genotyping errors in microsatellite data.
Molecular Ecology Notes 4: 535-538.

von Thaden A, Cocchiararo B, Jarausch A, Jungling H,
Karamanlidis AA, Tiesmeyer A, Nowak C, Mufioz-
Fuentes V (2017) Assessing SNP genotyping of
noninvasively  collected  wildlife  samples  using
microfluidic arrays. Scientific reports 7: 10768.

Waits JL, Leberg PL (2000) Biases associated with
population estimation using molecular tagging. In Animal
Conservation forum 3: 191- 199. Cambridge University
Press.

Waits LP, Luikart G, Taberlet P (2001) Estimating the
probability of identity among genotypes in natural
populations: cautions and guidelines. Molecular ecology
10: 249-256.

Waits LP, Paetkau D, Strobeck C (1998) The genetics of
the bears of the world. In: Bear Conservation Act. In:
Servheen C (Ed.) IUCN, Gland 25- 32.

Wang J (2016) Individual identification from genetic
marker data: Developments and accuracy comparisons of
methods. Molecular Ecology Resources 16: 163-175.
Wehausen JD, Ramey R, Epps CW (2004) Experiments in
DNA extraction and PCR amplification from bighorn
sheep feces: the importance of DNA extraction method.
Journal of Heredity 95: 503-509.

Wilberg MJ, Dreher BP (2004) Genecap: a program for
analysis of multilocus genotype data for non-invasive
sampling and capture-recapture population estimation.
Molecular Ecology Notes 4: 783-785.

Woods JG, Paetkau D, Lewis D, McLellan BN, Proctor M,
Strobeck C (1999) Genetic tagging of free-ranging black
and brown bears. Wildlife Society Bulletin 27: 616-627.
Zamani Z, Rezaee HR, Aghile SM, Asade M, Shabane A,
Zamane N (2014) Species Identification in Large
Carnivores Based on Mitochondrial DNA Length
Polymorphism. Environmental Researches 10: 211- 217.
(In Farsi).

Zedrosser A, Dahle B, Swenson JE, Gerstl, N (2001)
Status and management of the brown bear in Europe.
Ursus 12: 9-20.

Zemanova MA (2019) Poor implementation of non-
invasive sampling in wildlife genetics studies. Rethinking
Ecology 4: 119-132.

VAR 50 1Y o )lols o200 35l 0,90 /(9 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.5.0
https://mg.genetics.ir/article-1-1602-fa.html
http://www.tcpdf.org

