Acta Veterinaria-Beograd 2020, 70 (3), 329-345
UDK: 6376.74.043.7(497-15):575
Research article DOI: 10.2478/acve-2020-0025

GENETIC CHARACTERIZATION OF THE YUGOSLAVIAN
SHEPHERD DOG — SHARPLANINA, A LIVESTOCK GUARD
DOG FROM THE WESTERN BALKANS

',0,75,-(9,0 90DGEBILW OLTBB,u (OPAT$1,4,0 /MXERGUD
67$1,0,529,0 2RUR$.29,0 SOUNVDBGEDU SHOHQD

Department of Animal Breeding and Genetics, Faculty of Veterinary Medicine, University of Belgrade,

%XO RVORER HQMD 32 %R[ “DepartmentoHReprdddéidh, FertlityE L D

DQG $UWLAFLDO ,QVHPLQDWLRQ )DFXOW\ Rl 9HWHULQDU\ OHGL
32 %R % H O3Degdard@rtent 6fHBWIEdYDFaculty of Veterinary Medicine,

8QLYHUVLW\ RI %H O JUNMinGtry oRAgrioultur® Eorestiy land BMater Management

RI WKH 5SHSXEOLF RI 6HUELD 30DQW 3URWHFWLRQ 'LUHFWRUDW

2PODGLQVNLK EULJDGD 6 , 9%Institute of ¥dteCulald GeGdtics andl GEnelic

Engineering, University of Belgrade, Vojvode Stepe 444a, 11010 Belgrade

(Received 05 February, Accepted 18 May 2020)

<XJRVODYLDQ 6KHSKHUG 'RJ 6KDUSODQLQD <6' LV
‘HVWHUQ %DONDQV SUHVHQW LQ WKLV UHJLRQ RYHU D
Cynologique Internationale as a distinct breed as late as 1957. However, the information

UHJDUGLQJ WKH RULJLQ DQG WKH VL]H RI WKH EUHHG
WR FRQWULEXWH WRZDUGY EHWWHU XQGHUVWDQGLAQ.
IRXQGDWLRQ VWRFN ZH UH DQDO\JHG SUHYLRXVO\ JH
YSD dogs assessed with nine nuclear microsatellites. Studied individuals comprised

90 unrelated dogs and two pairs of full-sibs, sampled at four sampling sites: three dog

VKRZY DQG DW D PLOLWDU\ WUDLQLQJ FHQWUH IRU GI
on high levels of genetic diversity in YBD ( “ DQG ODFN RI LQEU
and revealed substructure of the breed because we found two distinct gene pools in the

%D\HVLDQ FOXVWHULQJ DQDO\WVLY LQGLFDWHG DOVR
HITHFW DQG RXWFRPHV RI RWKHU DQDO\WHY OLQNDJ
tree, principal coordinates and two-dimensional scaling analyses. The two gene pools

were almost equally represented at each sampling site. One gene pool was composed
Rl LQGLYLGXDOV ZLWK KLJK JHQHWLF LQWHJULW\ ZzZK
ZLWK DGPL[HG DQFHVWU\ GHYHORSHG SRVVLEO\ YLD
outside the registry system, other breeds, such as the Caucasian Shepherd, and/or

LQGLYLGXDOV DGPL[HG ZLWK ZROYHV 7KXV ZH GHPI
DQFHVWU\ LPSO\LQJ D JHQHWLFDOO\ KHWHURJHQHRX"
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INTRODUCTION

Domestic dogCanis lupus familiatis LV WKH AUVW GRPHVWLFDW
FKDUDFWHUL]HG WRGD\ E\ XQSUHFHGHQWHG FRQIRU
It comprises more than 400 distinct breeds, most of which have been developed in
the mid-19 FHQW XU\ ZKHQ UHSURGXFWLYH LVRODWLRQ E
DQG EUHHG VWDQGDUGY GHAQHG > @ 7KH EUHHGI
VSHFLAF EHFDXVH Rl EUHHGLQJ LQ FORVHG SRSXOD
WUDLWYVY DQG H[WHQVLYH XVH RI SRSXODU VLUHV
LQ SRSXODWLRQ VL]HV KDYH UHVXOWHG LQ WKH FF
YDULDELOLW\ LQ FHUWDLQ SXUHEUHG GRJ SRSXOD
LQFLGHQFH RI LQKHULWHG GLVHDVHV > @ $OWKF
EUHHGY KDV EHHQ VWXGLHG WR GDWH > @ WKF
RI QRQ FRVPRSROLWDQ GRJ EUHHGY DQG ORFDO FD
> @
<XJRVODYLDQ 6KHSKHUG 'RJ 2 6KDUSODQLQD <6" L
‘HVWHUQ %DONDQV 7KLV ODUJH SDVWRUDO GRJ EU
6KDUSODQLQD ORXQWDLQ UHJLRQ ,W KDG EHHQ UH.
, QWHUQDWLRQDOH )&, VLQFH XQGHU WKH GH
Shepherd Dog). In 1957, the FCI accepted a motion proposed by the Yugoslavian
Federation of Cynology to change the name of the breed to “Yugoslavian Shepherd
'RJ 6KDUSODQLQDpy 7KH EUHHG LV FXUUHQWO\ FC
DORQJ ZLWK RWKHU WZR OLYHVWRFN JXDUG GR
%RVQLDQ DQG +HU]JHJRYLQLDQ2&URDWLDQ B6KHSKH
While these three breeds share many morphological and behavioral similarities, they
DUH FXUUHQWO\ JHQHWLFDOO\ ZHOO GLIIHUHQWLD\
WKH RIAFLDO VHSDUDWLRQ RI WKHVH FORVHO\ UHO
genetic differentiation which, however, is affected also by the stochastic events in small
populations.

7KH LQIRUPDWLRQ UHJDUGLQJ WKH RULJLQ DQG WK
VWLOO ODFNLQJ ,Q WKH VWXG\ RI <6' EORRG SURWI
WKDW WKH SRVVLEOH DQFHVWRUV RI WKLV EUHHG D
DQG 5RPDQ GRJV DQG 7XUNH\ OLYHVWRFN JXDUG (
'RYF > @ IRXQG WKDW <6' DQG &DXFDVLDQ 6KHSKH
WKH QXFOHDU '1$ OHYHO ZLWK WKH XVHG VHW RI |
authors observed that mitochondrial (mtDNA) haplotypes found in 12 individuals

of the Caucasian Shepherd represented a subset of those recorded in 129 YSD dogs.
7TKHUHIRUH WKH DXWKRUV K\SRWKHVL]J]HG SHULRGLF
DQG &DXFDVLDQ OLYHVWRFN JXDUG GRJV RU DOWHL
RI WKH <6' VXFK DGPL[WXUH ZDV OLNHO\ HVSHFLDOC
breed became rare. Furthermore, the study reported that YSD, in comparison to the

.DUVW 6KHSKHUG DQG 7TRUQMDN LV FKDUDFWHUL]JHC
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allelic richness and the number of private alleles at the nuclear DNA level, and also by
the highest number of mtDNA haplotypes. The observed haplotypic diversity, along
ZLWK D AQGLQJ RI D XQLTXH PW'1$ KDSORW\SH ZKLF
LQ RWKHU GRJ EUHHGY > @ SRLQWHG WRZDUGV D
YSD breed.

7KH AQGLQJV RI &HK DQG 'RYF > @ RQ UDWKHU KL.
assessed with nuclear microsatellitgs-0(770, 109 studied individuals) are
FROQFRUGDQW ZLWK WKRVH UHSRUWHG SUHYLRXVO)
DQDO\]JHG XQUHODWHG <6' LQGLYLGXDOV ZLWK D
LQ FRPSDULVRQ WR WKDW XVHG H\, &HRIDQGIs'RYF >
EUHHG ,Q DGGLWLRQ WKH DXWKRU DQDO\]JHG SD
ZKHWKHU WKHVH PROHFXODU PDUNHUV PD\ EH XVHG
LGHQWLAFDWLRQ LQ WKLV EUHHG > @ +RZHYHU ZK
<6' VDPSOH ZDV QRW DGGUHVVHG LQ WKH VWXG\ RI
QRWLFHG WKDW QXFOHDU JHQHWLF SURAOHV RI D |
for the majority of dogs of this breed, implying possible breed subdivision. To the
DXWKRU:V EHVW NQRZOHGJH D VXEVWUXFWXUH RI '
other available studies.

7KH DLP Rl RXU ZRUN LV WR FRQWULEXWH WRZDUG
PDNH XS RI WKH <6' EUHHG E\ DVVHVVLQJ ZKHWKH!
DQG SRVVLEOH VXEGLYLVLRQ RI LWV IRXQGDWLRQ V
DGYDQWDJH RI WKH GDWDVHW RI 'LPLWULMHYLF > ¢
SURAOHV RI <6' EUHHG LQGLYLGXDOV VDPSOHG L
training centre for dogs in Serbia in 2006 and 2007, to study genetic diversity and

genetic differentiation in this population.

MATERIAL AND METHODS

5VWF[ UCORNG CPF PWENGCT OKETQUCVGNNKVG IGPGVKE

‘H WRRN DGYDQWDJH RI WKH GDWDVHW RI '"LPLWUL
XQUHODWHG <6' LQGLYLGXDOV DVVHVVHG ZLWK Q
3(= 3(= 3(= 3(= 3(= 3(= )+ & )+ & D
LQFOXGHG LQ WKH B6WRFNODUNVS IRU 'RJV &D
%LRV\VWHPVY )RVWHU &LW\ &3$ 86% 7TKH ORFXV 3(
DQDO\WHV LQ RXU VWXG\ EHFDXVH 'LPLWULMHYLF >
DW WKLV ORFXV ZKLFK PD\ EH GXH WR WKH DPSOL;/
9|]ONHO > @ UHSRUWHG LQFRQVLVWHQW DQG XQUHO
LQGLYLGXDOV EHORQJLQJ WR EUHHGYV H LQFOXGFH
ZKLFK KDG EHHQ JHQRW\SHG DW WKH VDPH WLPH ZL
IURP WKH VWXG\ RI "'LPLWULMHYLF > @ GXH WR WK
loci. Therefore, the overall sample used in our study comprised 94 registered YSD
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individuals, 63 males and 31 females, with age ranging from one to 12 years (4.7 years
in average) (Table 1). It is worth mentioning that animals were considered unrelated if
they did not share a common ancestor for at least two generations. Two pairs of full-
sibs were sampled as well, because they represented an offspring of popular parents.
Native locally adapted YSD dogs outside the registry system, present in individual
KRXVHKROGY LQ WKH UXUDO SDUWV RI WKH PRXQWL

$V H[SODLQHG E\ 'LPLWULMHYLF > @ VDPSOHV EX
IURP GRJV WKDW AW EUHHG VWDQGDUGYV DW GR.
6PHGHUHYVND 3D@BOQNO® 6HUEQ®G®G 9HOLND 30DQD GR
April 2007), at an international dog show (41. C.A.C.1.B. show, Belgrade, Serbia, 11
March, 2007) and from a military centre for dog training (sampled in May 2007) (Figure
7TDEOH BURFHGXUHV IRU WKH HIWUDFWLRQ RI \
RI PLFURVDWHOOLWH ORFL VHSDUDWLRQ RI 3&5 S
'LPLWULMHYLF > @ DQG 'LPLWULMHYLF HW DO > @

T,
§
R
1)

Figure 1.Yugoslavian Shepherd Dog — Sharplanina
Table 1.Description of the studied sample of 94 registered Yugoslavian Shepherd Dog -
Sharplanina (YSD) dogs (90 unrelated individuals and four individuals comprising two pairs

of full-sibs)

Sampling site, sampling year N Av(e;:gﬁsfge Males Females C(;I\(IS)P I?,S)P
L SESERRTTS T RN w e w
2 S3ETNBNIBGT BTV HRT s 4 s
® CACIB, 2007 ™ s 7 71
4 g/l(i)l(i)t?ry Centre for dog training, ;, 5.8 11 6 8 9

Total/Mean 94 4.7 63 31 40 54

12 QXPEHU RI LQGLYLGXDOV **3 2 JUHHQ JHQH SRRO LQIHUUHG
pool inferred in STRUCTURE analysis.
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All owners gave consent to use samples for our population genetics study. The samples
were collected in accordance with institutional and European directives for research
animal use. The Ethics Commission of the Faculty of Veterinary Medicine, University
of Belgrade, waived the need for ethics approval and the need to obtain consent for
the collection, analysis and publication of the data for this non interventional study
which used a noninvasive sampling technique.

Data analyses

The number of individuals used for calculating standard genetic diversity parameters
ZDV EHFDXVH ZH H[FOXGHG IURP WKHVH FDOFXOD
two full-sib pairs, while all individuals were used for all other analyses. Standard genetic
diversity parameters, namely, the number of algléisq effective number of alleles

(Ae REVHUYHG KHW HH[BSNFRWMH.EV K HW HDIWRG\ARI/WWR Q L C
(F ZHUH DVVHVVHG XVLQJ *HQS$O([ > @ 3RO\PRU
IRU LQGLYLGXDO PLFURVDWHOOLWH ORFL ZDV FDOF
ORO.LQ Y > @ 'HYLDWLRQV IURP +DUG\ :HLQEHUJ
GLVHTXLOLEULXP DPRQJ ORFL ZHUH DVVHVVHG ZLWEk

‘H XVHG %D\HVLDQ FOXVWHULQJ DOJRULWKP LPSOl
WR VWXG\ SRVVLEOH JHQHWLF GLIITHUHQWLDWLRQ F
model and allele frequency correlated model were employed, and burn-in and the
analysis set to 500,000 and 100,000 iterations, respectively. Ten independent runs for
the number of genetic groups (VHW IURP WR ZHUH SHUIRUPH
K value was determined usingthe PHWKRG RI (YDQQR HW DO > ¢
WKH PDWUL[ RIDS DHOHWHF 16 LVWDQFH > @ EDVHG R
FRQVWUXFWLQJ D 1HLJKERXU -RLQLQJ 1- WUHH XV
/IDQJHOOD 3RSXODWLRQV KWWSV ELRLQIRUP
'"HFHPEHU 7KH 1- WUHH ZDV YLVXDOLVHG ZLWK )
support for branches was assessed based on 100 bootstrap (BS) replicates, with BS
values >75% considered as good support, and those >50% and <74% as moderate
support. To further study the relationship among individuals, we computed pairwise
genotypic distances among individuals and used them for principal coordinates analysis
3&R$ ZLWK *HQ$O([ 7KH REWDLQHG JHQRW\SLF GL
WZR GLPHQVLRQDO VFDOLQJ 0'6 XVLQJ 3%$67 YHU
which is the shortest possible set of lines connecting all points, was constructed.
OLQLPDO VSDQQLQJ WUHH DQDO\VLV > @ LQYHVW
pattern with focus on small scales, and it is comparable to nearest neighbour analysis
EXW ZLWK VRPHZKDW GLIITHUHQW SURSHUWLHYV > @

We also calculated mean relatedmessDFFRUGLQJ WR :DQJ > @ |IF
population and two groups obtained in STRUCTURE anal¥si& as a measure

of co-ancestry among individuals that may also serve as a surrogate to pedigree data
> @ &DOFXODWLRQV ZHUH SHUIRUPHG ZLWK &2%1
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RESULTS

Genetic diversity

The percentage of missing data in overall dataset was 1.06%. It is worth mentioning
WKDW DOOHOHV RXWVLGH RI WKH UDQJH RI OHQJWEK
6WRFNODUNVS IRU 'RJV &DQLQH *HQRW\SLQJ .LW ZH
WZR DOOHOHYVY OHQJWKYV RI DQG EDVH SDLUV

7KH QXPEHU RI DOOHOHYV SHU ORFXV UDQJHG IURP
3(= ZLWK D PHDQ YDOXH RI * DOOHOHY SHU O
of AeH,H. DQG 3,& ZHUH REWDLQHG DW WKH ORFXV )
DQG UHVSHFWLYHO\ WKH KLJKHVW YDOXHV ZH
0.826, 0.837 and 812, respectively), and a mean values of these parameters were 3.09:

DQG UHVSHFWLYHO\ 7DEOH )L[DWL
ORFXV )+& EXW GHYLDWLRQV IURP +DUG\ :HLQE
ORFL ZHUH QRW VWDWLVWLFDOO\ VLIQLAFDQW DW
HIFHVV RI KRPRJ\JRWHYV ZDV RENHUYHG LQ /W®&NDRM'H |
GLVHTXLOLEULXP ZDV VLJQLAFDQW DW WKH OHYF
ORFL ZKLFK LV ZHOO DERYH WKH HISHFWHG W

Table 2. Summary of genetic diversity based on microsatellite data

A Ae Hy H, F P value PIC
(= 6 3.581 0.674 0.725 0.065 0.42071 0.679
3(= 6 2.933 0.624 0.663 0.054 0.42668 0.597
(= 9 5.140 0.755 0.810 0.062 0.10908 0.777
3(= 8 4.426 0.753 0.778 0.028 0.32884 0.741
3(= 11 5.961 0.826 0.837 0.007 0.61039 0.812
3(= 8 3.766 0.707 0.738 0.038 0.59895 0.696
FHC2010 5 2.287 0.521 0.566 0.074 0.30518 0.483
FHC2054 8 3.568 0.731 0.724 -0.016 0.70091 0.691
FHC2079 5 3.458 0.670 0.715 0.057 0.12337 0.662
Mean 7 3.902 0.696 0.728 0.041 0.682
SD 0.667 0.373 0.029 0.027 0.010

$ 2 QXPEHU Rl DOOHOHV $H 2 HIPHRBALNH YGIGP K HWARM RE) W & V
KHWHURJ\JRVLW\ ) 2 A[DWLRQ LQGH[ 3 YDOXH 2 3 YDOXH RI H[D
H[SHFWDWLRQV 3,& 2 3RO\PRUSKLF ,QIRUPDWLRQ &RQWHQW 6"

Genetic differentiation

Bayesian clustering analysis revealed the presence of two gene pools, named greer
JHQH SRRO **3 DQG UHG JHQH SRRQAO0 ibdiddualsL I XUH
ZHUH DVVLJQHG WR WKH **g§ >050) antiGPintRitials WerReE D E L (

334



'LPLWWLMMHHIQQHWLF FKDUDFWHUL]DWLRQ RI WKH <XJRVODYLDQ 6KHSKHUG GRJ 2 6KDUS(

DVVLJQHG WRqgWKH Int&@sihgivw iE3, 28 individuals were assigned

WR WKH *¢!3 ZLWRG WKH UHPDLQLQJ LQGLYLGXDOV Z
DGPL[HG JHQHWLF SURAOHV FRPSULVLQJ WKH JUHF
Although individuals assigned to the second and the third gene pool both comprised
red and a novel (blue) gene pool, the red gene pool was slightly more represented in
WKH VHFRQG JHQH SRRO DQG WKH EOXH JHQH SRR
indicates not only substructure of the studied population, but also different integrity

of two observed gene pools. Both gene pools were almost equally represented at all
four sampling sites (Table 1). In order to assess whether genetic differentiation of
the YSD gene pool obtained with the Bayesian clustering may be detected with the
U L J Kk \&tatistics, we assembled two groups, each comprising individuals assigned
to one of the two gene pools witk0.70 as inferred from the analysiK=t (18
LQGLYLGXDOV EHORQJLQJ WR WKH *3amongthemWKH 5°
(F=0.134,P DV ZHOO DV SDUDPHWHUV RI JHQHWLF
H, “ H. “ 53, “ H_=0.749+0.019.
,QWHUHVWLQJO\ DOOHOHV RXWVLGH WKH GHAQHG U
LQGLYLGXDO VWURQJO\ DVVLIQHG WR WKH **3 ZKLF
RQH SDLU RI IXOO VLEV LQGLYLGXDO 63B DQG L
5*3 LQGLYLGXDO 63B

1.00
a) 0.0

060

b) DeltaK =
mean(/L"(K)!)/SD(L(K))

0.40

K 2 0:20

0.00

1.00
0.80

060

K3

020

0.00

Figure 2.Bayesian clustering (STRUCTURE) analysis and optimal number of genetic groups
a) Outcomes of the STRUCTURE analy¥{satandK E WKH RSWLPDO QXPEHU
groups inferred using the. method of Evanno et al. (2005)

I1HD& JHQHWLF GLVWDQFH DPRQJ SDLUV RI LQGLYLC
DQG 63B RQH RI WKH WZR IXOO VLEV SDLUV WR
VKRZQ ,Q WKH 1- WUHH FRQVWUXFWBbGnK\igigJ WKH
moderately supported tip clades, each comprising two individuals, were observed,
while deeper nodes were not supported (Figure 3). Two of these clades comprised
two pairs of full-sibs. Nonetheless, it is noteworthy that all individuals were grouped
into two not supported clades, one predominantly comprising individuals strongly
DVVLIQHG WR WKH **3 REWDLQHG LQ 6758&785( DQL
PDLQO\ LQGLYLGXDOV VWURQJO\ DVVLIQHG WR WKH

335



Acta Veterinaria-Beograd 2020, 70 (3), 329-345

Figure 3. 1HLJKERXU -RLQLQJ WUHH FRQVWU XD teGetkX VLQJ D

distances
1XPEHUV DW WLS FODGHY GHQRWH ERRWVWUDS VXSSRUW

7KH VFRUHV RI LQGLYLGXDOV LQ WKH 3&R$ JUDSK ZH
VSDFH GHAQHG E\ SULQFLSDO FRRUGLQDWHV DQG
WRWDO YDULDELOLW\ UHVSHFWLYHO\ )LJXUH , QC
PDLQO\ JURXSHG ZLWKLQ WKH XSSHU OHIW TXDGUDC
mainly found in the lower right and left quadrant (Figure 4). The scores of individuals

in the MDS graph were also dispersed, but, in this analysis, individuals belonging to
the two gene pools were mainly separated along the Coordinate 2 (Figure 5). Several
lineages comprising groups of more closely related individuals were observed in the
MDS graph in which minimal spanning tree was presented.

,QGLYLGXDOV IURP HDFK RI WKH WZR IXOO VLE SDL
analysis a€ +RZHYHU WKH SURSRUWLRQ RI WKH **3 LQ
was different, i.e., it was high in one pair ( 633B DQG 63B DQG O
the second paiq( 63B DQG 63B ,QFUHDVHG SURSRL
5*3 LQ LQGLYLGXDOV IURP WKH VHFRQG SDLU PD\ DF
WKHVH LQGLYLGXDOV LQ WKH 3&R$ DQG 0'6 JUDSK
RI LQGLYLGXDOV IURP WKH AUVW SDLU
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Figure 4.Outcomes of principal component analysis based on pairwise genetic distances
*denotes individuals that are full-sibs

Figure 5.0utcomes of the two-dimensional scalling (MDS) analysis based on genetic distances
with the minimal spanning tree representing the shortest possible set of lines connecting all

SRLQWYV VWUHVV YDOXH

Relatedness

The distribution of pairwise relatedness variables was centred near 0 (Figure 6), and

the mean relatedness in the studied YSD population was -0.066 (variance 0.044). The
PHDQ UHODWHGQHVYVY LQ WZR <6' VXESRSXODWLRQV
were 0.052 (variance 0.055) and -0.0001 (variance 0.049), respectively. The relatednes
of individuals from the two pairs of full-sibs was slightly higher (0.65) in comparison
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WR WKH H[SHFWHG YDOXH Rodf c. 0.5>wa@recrd@@®Giniscuek&@ K HU F
other pairwise comparisons suggesting that some other closely related individuals were
present in our sample despite our attempt to sample unrelated individuals.

Figure 6. Distribution of frequencies of pairwise relatedness according to Wang (2011)

DISCUSSION

$OWKRXJIJK UHFRJQL]JHG DV D GLVWLQFW JURXS GR
<6' LV D ZHOO NQRZQ GRJ EUHHG LQ WKH :HVWHUQ

long time, and highly valued by both local people and professional dog breeders. It

LV JHQHWLFDOO\ ZHOO GLVWLQJXLVKHG IURP RWKH
%DONDQV .DUVW 6KHSKHUG DQG 7RUQMDN > @ :H
<6' ZKLFK DUH LQ WKH UDQJH RI WKRVH UHSRUWHG
'RYF > @ DQG DUH FRPSDUDEOH DQG LQ VRPH FDV
QXPHURXV GRJ EUHHGY VWXGLHG WR GDWH E\ PHDC
Thus, despite the decline of the YSD population after botte@tury World Wars,

this breed remains genetically highly diverse.

7KH AQGLQJ RI WKUHH DOOHOHYV DW WZR QXFOHDU P
WKH H[SHFWHG OHQJWK UDQJH ZDV QRW IXOO\ XQH
KDV DOVR EHHQ REVHUYHG E\ 9]ONHO > @ $VVXPLQ
genotyping errors and have not emerged dde tovwoutations, their occurrence

LQ WKH <6' PD\ EH H[SODLQHG E\ SDVW K\EULGL]D\
K\SRWKHVL]J]HG SUHYLRXVO\ > @ $GPL[WXUH EHWZH
> @ LW LV PRUH IUHTXHQWO\ REVHUYHG LQ DOQF
UHFRUGHG EHWZHHQ VKHSKHUG GRJV DQG ZROYHV
mentioning that although transferable to closely related species, microsatellite loci are
OLNHO\ WR GLVSOD\ GLIITHUHQFHV LQ SRO\PRUSKLVI
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RI DOOHOHYV LQ GLIITHUHQW VSHFLHV > @ 6XFK DOO
LQ GRJ EUHHGY > @ DQG WKRVH ZKRVH UHFHQW H
VRPDWLF PXWDWLRQ DW ORFXV 3(= LQ RQH 5RWWZ
SDUWLFXODUO\ YDOXDEOH LQ IRUHQVLFV > @ *LYF
LQGLYLGXDOV VWURQJO\ DVVLIJQHG WR HDFK RI WKl
WKDW WKH\ ZHUH LQWURGXFHG LQWR WKH IRXQGDYV
WKH RWKHU KDQG SDVW K\EULGL]DWLRQ ZLWK ZRO
of a unique mtDNA haplotype in YSD which has not been reported previously in
RWKHU GRJ EUHHGY > @ 7KH RFFXUUHQFH RI ZRO
K\EULGLVDWLRQ KRZHYHU PD\ EH FRQAUPHG E\ IXl
YSD and wolfs.

It has been demonstrated previously that inbreeding and loss of genetic diversity are

FRPPRQ LQ FHUWDLQ SXUHEUHG GRJ SRSXODWLRQV
LQ GRJV > @ DQG WKDW WKH\ DUH DVVRFLDWHG Z
RI LQKHULWHG GLVHDVHYV > @ ,Q WKH VWXGLHG -
SRVLWLYH DQG VLJQLAFDQW EXW D VLJQLAFDQW H
DW LQGLYLGXDO PLFURVDWHOOLWH ORFL 2Q WKH

PLFURVDWHOOLWH ORFL ZDV REVHUYHG LQ PRUH SC
E\ FKDQFH YV 7KLV RXWFRPH ZDV XQH[SHFWH
ZKLFK FRPSULVH D VWDQGDUG NLW IRU FDQLQH JHC
LQ XQUHODWHG LQGLYLGXDOV DV REVHUYHG LQ V\
$OWRIJHWKHU DQ H[FHVV RI KRPRJ\JRWHY DQG GHW!
QRQ OLQNHG ORFL DUH LQGLFDWLYH RI SRSXODWLR
KDV EHHQ UHFRUGHG LQ 6758&785( DQDO\VLY DQG L
and MDS analyses. A possible YSD population subdivision has also been observed in
WKH VWXG\ RI &HK DQG 'RYF > @

An almost equal number of individuals sampled in 2006 and 2007 at four different
sites was assigned to each of the two gene pools, and furthermore, both gene pools
ZHUH DOPRVW HTXDOO\ UHSUHVHQWHG DW HDFK VDF
preferences of dog owners towards individuals belonging to a particular gene pool.
7KLV LV SRVVLEO\ GXH WR WKH ODFN RI PDUNHG PF
DPRQJ WKHP +RZHYHU LQ WKH VWXG\ RI &HK DQG 'l
studied YSD individuals were distinct at the nuclear DNA level. Unfortunately, since
different sets of nuclear microsatellites were used in our and the study of Ceh and
'RYF > @ ZH ZHUH XQDEOH WR LQIHU ZKLFK RXW RI
ZRUN ZDV SUHYDOHQW LQ WKH VDPSOH VWXGLHG E\ «
two pairs of full-sibs used in our study are the offspring of popular parents assigned
WR WKH **3 ZLWK UHODWLYHO\ KLJK DVVLIJQPHQW S
WKDW WKH **3 LV H[SDQGLQJ LQ WKH <6' SRSXODWLR
and usage of popular individuals for mating. In this case, genetically distinct YSD
LQGLYLGXDOV REVHUYHG E\ &HK DQG 'RYF > @ PD\ |
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We found that two groups assembled from individuals assigned to each of the two gene
pools withe>0.70 were genetically differentiateg=0.134,P<0.05). In addition,

**3 FRPSULVHG LQGLYLGXDOV ZLW KHY-R.BIZOBANY ORZH
PRUH KRPRIJHQHRXV JHQHWLF SURAOHV DV LQIHUUH
RI LQGLYLGXDOV VWURQJO\ DVVLIJQHG WR WKLV JHQ
DQG EXW ZLWK SURQRXQFHG JHQHWLF LQWHJULW)
K YLIXUH 2Q WKH RWKHU KDQG 5*3 ZDV FKDUDF\
of genetic diversitfH_ “ DQG PRUH KHWHURJHQHRXYV
as inferred from the wider dispersal of scores of individuals strongly assigned to this
JHQH SRRO LQ 3&4R$ DQG 0'6 JUDSKV )LJXUHV DQG
E\ D ODUJH DQG SRVVLEO\ QRQ XQLIRUP IRXQGDWLF
RQO\ LQGLYLGXDOV WKDW AW PRUSKRORJLFDOO\ DC
but also those whose conformational and functional characteristics were improved
through mating with dogs from native locally adapted populations or with other breeds
VXFK DV IRU LQVWDQFH &DXFDVLDQ 6KHSKHUG 7KL
EUHHGLQJ VWRFN RI WKH <6' RXWVLGH WKH UHJLVYV
mating with the Caucasian Shepherd was indeed inferred in the study of Ceh and
'RYF > @ $V DOUHDG\ PHQWLRQHG SDVW K\EULGL]
EHHQ REVHUYHG DV ZHOO > @ 7KXV DORQJ ZLWK W
DQFHVWU\ RI WKLY EUHHG > @ RXU GDWD VXSSRU\
WKH <6' LQ JHQHUDO DQG YHU\ OLNHO\ JHQHWLFDO((
breed.

,Q FRQFOXVLRQ JLYHQ WKH ODFN RI NQRZOHGJH R
IRXQGDWLRQ VWRFN RXU ZRUN UHSUHVHQWYV DQ LP
found that the studied YSD population of 94 individuals sampled in 2006 and 2007
LQ 6HUELD LV JHQHWLFDOO\ GLIITHUHQWLDWHG GHYV
to the conformational and functional characteristics of the breed. Thus, genetically
KHWHURJHQHRXY IRXQGDWLRQ VWRFN RI WKLV EUHE
LQFLGHQFH RI K\EULGL]DWLRQ RI LQGLYLGXDOV EHC
SRROV SRVVLEO\ ZLWK QDWLYH ODQGUDFH EUHHGL
RI WKH :HVWHUQ %DONDQV RU ZLWK RWKHU EUHHG
DGGLWLRQ SDVW DGPL[WXUH RI WKH <6' ZLWK ZRO
SRLQW WR WKH UDWKHU FRPSOH[ DQG GLYHUVH DQF
DFFRUGDQFH ZLWK SUHYLRXVO\ K\SRWKHVL]HG GLYH
'H DOVR VXSSRUW SUHYLRXV AQGLQJV RQ UDWKHU
LQ <6' > @ DQG GHPRQVWUDWH WKDW FRQWUDU
WKDW DOVR H[SHULHQFHG SRSXODWLRQ GHFOLQH L
inbreeding.
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