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SUMMARY

I. Title of Research

Development of miniature Sapsaree by molecular breeding

O. Objective and Necessity of Research and Development

According to the rapid changes of the environment of world trade, we have to make
every effort to strengthen the competitiveness of agricultural industry and livestock
farming. It will be a pertinent strategy if we develop the advanced and leading
technology which may raise the value of commerce of our own biological resources.
With this point of view, important factors of objective and necessity of this research
are uniqueness and feasibility of technology of biological resources, progress and ripple

effect of the technique that introduce or develop.

The dog(Canis familiaris) was the first domestic animal and used for various
purposes including hunting, guarding, guides for the blind, etc.. Even though Sapsaree,
Jindo dog and Poongsan dog are registered as Korean native breeds, these breeds do
not have proper value of commerce because of absence of systematic and scientific
breeding. In particular, all of these dogs are medium size and this is a drawback for

the value of commerce since most people who live in apartments nowadays.

In this research, we select specific DNA markers of Sapsaree which are the basis of
molecular breeding and apply the selected DNA markers to the study of Korean Native
Dogs. Unlike other livestock such as cow, pig, etc, economic traits of dogs are not
studied and discussed. We identify and perform linkage analysis of genetic markers

which are related with several observable phenotypic traits using pedigree and



QTL(Quantitative Trait Loci) analysis. We also apply these markers to animal genetic

improvement and molecular breeding.

. Contents and Scopes of Research and Development

The Korean native dogs(Sapsaree, Jindo dogs and Poongsan dogs) are medium size
dog. These are not appropriate with most people who live in apartments nowadays. In
this research, we make an attempt to find out the feasibility of developing miniature

Sapsaree using medium size Sapsaree population.

1. Standardization and measurement of observable phenotypic traits related with body
types
We standardize and measure the various phenotypic traits of Sapsaree breed
- Standardization and measurement of morphological characteristics of Sapsaree
breed such as body height, body length, undershot, hair type, hair length, dewclaw, coat
color, etc..
- We check and record body height, body length, chest depth, body weight and
develop database program to manage these data.
- Database promotion and program development for observable phenotypic traits :
Database for management of bloodline and breeding(MySQL website database on

Windows 2000 advanced Sever platform).

2. Program development of individual selection and breeding.

Selection of individuals for miniature Sapsaree in Sapsaree population is done by
individual selection according to standardization and measurement. We determine
breeding dogs by the breeding values that are predicted according to phenotypic traits.
Kinship individuals related with a specific individual is excluded,

On the assumption that environmental effects are identical to all of Sapsaree

population, the differences of phenotypic features may be determined by genetic

-8 -



variation of individuals. To determine the morphological characteristics of Sapsaree, we
examine 393 adult Sapsarees which were one year or older. We measure phenotypic
traits(body height, body length, chest depth, body weight) of Sapsaree population. We
predict BV(Breeding Value) by phenotypic traits. We also presume selection effects.

Finally, we carry out individual selection.

3. Construction and execution of line breeding system for miniature Sapsaree

It is important that the frequency of gene recombination participated in miniaturization
must be increased by mating. Methods of mating is various. We produce F1 and F2 by
positive assortive mating. In small population, identical alleles can be appeared more
frequently by positive assortive mating than random mating. Consequently,
homozygosity of population may be increased like inbreeding. We organize the family

line with offsprings that was produced by positive assortive mating as the central.

4. Examination of the molecular breeding technique for breeding of miniature Sapsaree

A method in traditional breeding of animals is to record phenotypes. Heritability of
livestock i1s evaluated by statistical methods based on these records. But many DNA
markers are needed to apply molecular breeding that is focused on genotype rather than
phenotype. DNA markers may be a gene participated in a observable phenotype, but
phenotype is mainly determined by QTL(Quantitative Trait Loci) that is linked to DNA
markers. One of the most important use of DNA markers is genotyping. It is possible
that transfer of specific gene locus 1is determined by the analysis of DNA

polymorphism.

A. Development and utilization of DNA markers

The most important thing in molecular breeding and linkage analysis of phenotype
and genotype i1s the identification of highly informative DNA markers. By newly
introduced methods and DNA polymorphisms, the various DNA markers are developed
such as SSLP, SNP, RFLP, RAPD, AFLP, SSCP, DGGE, etc. We apply microsatellite

markers that are used in linkage mapping and linkage analysis of inter— or intrabred.

-9 -



B. Identification of DNA markers for molecular breeding

After 1990, various DNA markers and methods for genotyping are developed. It is
possible to predict the relationship between phenotype and DNA marker. But all of
polymorphic markers have not polymorphism to every individual of a population.
Especially, in the case of genotype analysis in the same breed, many DNA markers are
lost polymorphism because of fixing traits by inbreeding. Therefore, the number of
polymorphic DNA markers that is applicable to genetic mapping and identification of
QTL is not equal to that of used markers.

Consequently, microsatellite markers are selected after that the polymorphism of DNA

markers must be inspected,

C. Detection of associations between markers and QTL
To estimate the number and the locus of genes that are related with miniaturization,
116 microsatellite markers are applied to analyze QTL. In particular, a detailed genetic

linkage analysis of canine chromosome 16 is performed.

IV. Results and Suggestions

1. Results of this Research
A. Development and application of DNA markers for Sapsaree molecular breeding
a) 116 microsatellite markers are applied to analyze pedigree of miniature Sapsaree
and phylogenetic analysis of dog breeds
b) We constructed three lines of miniature Sapsaree that include 16 selected
individuals. We also performed genotyping using microsatellite markers.
c) The availability of 50 DNA markers that may be useful to dog molecular

breeding is verified.

B. Linkage analysis using microsatellite marker

a) To determine the morphological characteristics of Sapsaree, we examine 393

_10_



adult Sapsarees which were older than one year. We measure phenotypic traits such as
body height, body length, chest depth, body weight of Sapsaree population.
b) We performed genetic linkage mapping and haplotyping of canine chromosome 16

using 13 polymorphic microsatellite markers.

C. Construction of database program to manage phenotypic traits

a) To manage phenotypic traits(quantitative traits and qualitative traits) of Sapsaree
population, we construct a set of database programs(Windows 2000 Server platform,
Web server using IIS).

b) Environmental effects on Sapsaree body types and weight are analyzed.

c) We estimate genetic parameters for Sapsaree body types and weight.

d) We estimate genetic gain for Sapsaree body types and weight.

2. Suggestions

Evaluation of heritability in traditional breeding of animals is performed without the
information of the gene function that effects on phenotypes. Many DNA markers of
molecular breeding may be the genes that are directly involved phenotype. But
phenotype is mainly determined by QTL(Quantitative Trait Loci) that is linked to DNA
markers.

In consequence, genetic mapping of QTL effecting to economic trait must be
performed first so that it may apply to molecular breeding. Genetic linkage mapping of
canine chromosome 16 in this research may serve QTL mapping in breeding miniature
Sapsaree. To make accurate estimation of heritability and efficient improvement of
miniature Sapsaree, we will continue to add the information of DNA markers with the

records of traditional phenotypic traits.
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mapping< $% marker ¥ (Ostrander et al., 1993; Langston et al, 1997, Neff et al,
1999, Breen et al., 2001)°] <A
FogAEE FAE v dAE H o Aduyol tishd 9 (Blazej et al., 1998;
73 ¥ o]

3ty Zerste] fAHY AAE N AxsZ2AEZ(Acland et al, 1998; Mellersh et al,
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™ RH(radiation hybridization) panel®] #|#<S E3] RH A =2 % o] 3= 9}
(Mellersh, et al, 2000, Breen et al, 2001, Guyon et al., 2003)
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() BTD(Black & Tan : Dark) | () MY(Medium Yellow)| ( ) DY(Dark Yellow) () W(White)

() SBB(Solid Black : Blue) () LY(Light Yellow) () P(Piebald)
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Mo om| ( ) cm g 4 ( ) cm
b IS ) cm H B ( ) kg
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A B )1=%e 2=9d%
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ot AH | () DB(Dark Brown) () B(Brown) () LB(Light Brown) () BG(Blue-Gray)
o)1 =27 2= 1 3= 0
ot @ | ( ) L(Long) () M(Medium) () S(Short) () VS(Very Short)
o 2| () N(Normal) () P(Partial) () S(Serious)
4 x| ) e ) A&
B A () B(Black) () C(Chestnut)

shato] FARgITH

2) EAAERE, FABA, Addd)et Assta 257k 239 A St=E FHEA
kg ot Fgtste] 7] 5%kt

3) Az P ASFA T FHPHe AIFS HA= EWHIH A A(permanent

environmental factors)®] &3 4 % ®BA "Wy 79



7hH LA wet oAV, AASdE, wHTs BReE S
) d@e) o] 2 BFEA9 Aol &2 7|Ztel wheh wAT

) A ATSAAE 2AStL dEs 2AFSE]

Zh) HAE ERbd =, ofushe] bR, BAIAE, Ak T AR

uh) EHsE e dial a2, FEEE HAASHA o aE FAgth

2. 7HAl 243} £25F A& 2 DNA marker &1

7} 29 A marker Ex

D 9 Ax RS 98] FAZer JfeEo] AlgEa ¢lE STR markers &
A 1,80070 AEeluh, F=2 olF wulE JfEA HE&H AEo|7] wiol AAet ol
SYFToH A2 ol FHA EAed 2d S de=A o5t ERYedith ok AHA
marker 7/|#HU= ThE AFolA AEE = marker FOlA] tetramer marker $FE
primers AdAgste] A HEW 7HA Aol ARgeta, F7FE (CAn & (GT)n 59

dinucleotide markerx= 7}A] #£41 9@ A3 Ayo] d@A EAo ALg 3t

L =93 A marker® S 913 PCR %

) A=E AREshe A HdelA AH Ao 2 HE dojxl DNAE template®
3t &3 ¥ STR primerE AF&3te] PCR WHg& =33t}

2) 30ng® genomic DNAZE AccuPower Premix(Bioneer, Korea)ol IRDye700 &
IRDye8009] dye’} #2t¥l primeret 7 Ho] FZ 3t}

3) HkExAE FRYE 0uE o] 95T, 58, 1 cycle; 94T, 1%, annealing ==l A
40%, 72°C 1%, 25 cycle; 283 72T 10, 1 cycle® &H, T3 H]Eo0]Z <] WSS HA
ka7l Y&l 4-5C ¥ 258 AAS] 98-S AIF3E T 5 - 6 cycle B¢ ZF cycle
2 annealing&-%=2 1TH %30 % annealing &%0] =93 & YA cycled 53

3} touchdown®H & AF&3tH(GeneAmp PCR system 9600, Applied Biosystems, USA).
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3. 283 ¥4 #d FAASY d##A 4

7F Aol = A A markerE ©]-83 DNA genotyping

1) PCR AH=S LI-CORAF® automatic sequencer?] 420004 22l3gtt}t, Dyeol FHol
ek 2788] PCR At=S& Aol 719 E3ste] 13] loading % 27§¢] PCR 4t&ES 4g
ok oA alleleE 9] o]uA &= LI-CORAMY Base ImagIR software package(Version 4.1)
3} Scanalytics AF2] Gene Profiler (Version 4.03)& ©]-&3}o] &3t}

2) Size standard®} W]ulslte] Aozl Zpzte] allele 7| R AAE AFE3te] A7]eF wl
= 9 gsHE &gl wet groupingshal, A ZHAIW S JHAe] 54 xEPF L] 2

FEE BAE A% Aold bandel FF¥ ANE AWALoEA TPAYS Hol:

27
ol
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N
J
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o
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X,
e
°
)
B
ki
il
o
2
i
=
N
)
B
k1
o
=

markerg A

L
EXRJIA e EA $HFAL K= 2F EolA o2 e} E marker®2 &3}

b DNA E48 ol 4H47) el o FAE 2 2AE 54

-

Zzte] STR EAAES weh ofmA o] ey ojg DNA W= 272 44

S, HH F1Ae WEet o] H 3% (heterozygosity) S Al4balal, dojzl FhkS o] &3}

kv

Zy ZAAE 3 A A B AT & (PIC : Polymorphism Information Content)Z A Ala}
Atk Alxtel WE2s EdE s g A oA, T2 HiTH AZEY o
CERVUS Ver 2.0 &=+ Genepop Ver 3.3% ©] &3ttt 24 AF Huo F44 WHolx= ¢

A3 dHF A Hit, Hardy-WeinbergH ol W& o] HE % (H : heterozygosity), L2

ro

2 @A kA (allelic diversity)ES =74 gk}

=1 (3P

1=1

AD =[1 - ZIPI ][722—1]

_ 2 % 215:2
PIC value = 1 —( lzlPl) - 22‘ z+12P1 Pj
H : Heterozygosity
AD : Allele diversity
Pi : Frequency of the ith allele(Nei, 1974)
Pj : Frequency of the jth allele
n : Allele number

PIC : Polymorphism Information Content
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2 segregations &<l EA 7153 HHS S Z Linkage package program=
o] g3t TWOPOINT linkage analysisE 433} lth,

A GAA 16l 10cM FAo 2 EAsHE 13719] A AE o] &3] genotyping® 4t
N ZFAZE 018 H 1o MLINK programs ©]83 A#EAe F3d & frefvshia &
@x= LOD scores 7HA= #HE] oia]  ILINK program<s ©]-&3% Ao= o
LOD score®?t Az vl &S Axtstar 2k AAETRY] Al wE A3 AdAHS ot
st A Atk BAA AL89 Affected gene frequencys o] &A= 2+ 329 H
&o we} Hardy-Weinberg'Holl el A4ty o] o] & o JfA A A3E nlgo=
Aty Zbzbe] gEdre] BAS Fsiinh. w3 oyt sbed FHY Agole
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2) LOD score 2t& %

LOD score= Morton(1955)el ¢l A3 Ae® ZO=E o= Linkageol| thdt A&
FEEIZ A Aojrh. ¢4 5EA A3l Likelihood (L)} ZF Z7hAIN A £A] F7 219
AA7E A AHHA FATE 7HA Stoll A ALES AlA g o] 2§k o] B4 Lt AA
Affective Phenotypes 7}Ai= Z7FAlolA] #2e & £ Alo]2] Linkage”’} €old A=
H &S Absoh Azxgol de dojur @2 A9 Liks 24 ez yie H, oE
&2 a2 HEgk gto]l LOD score® Ao HT} z(x)ahS A e &= F 9 X (locus)
A9 A (linkage) S EE ZAolo]A Two-point LOD scored}i 3t} 9wt Linkage”Z} A
AbE Az ge] Ho Zhsgtol A4 H = A3 @A (Confidence limit)w= 14 # o
LOD scoreE wjAl AAFetH, LOD-score curveolA &l@d¥EE H3ES g 4+ ot
(1-lod—unit down method). LINKAGE package program® MLINKE %3] Two-point
LOD scoreE T332 < LOD scores YElH = @A) dis) ILINKE &3 40
2 Ho 7heiks AR At (IE 2).
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L(B) = L(B)/L(1/2)

Z(@) = loglOL(A) = loglO[ L(B) / L(1/2) ]

Z(®) = nlog(2) + klog(#) + (n-k)log(1-) ifB >0
nlog(2) if @ =0

B : Recombination fraction

1-0 : Nonrecombination fraction
1/2 : Free recombination

k : Recombinants

n-k : Nonrecombinants

L(B) : Likelihood ratio

Z(#) : LOD score

[Text Editor| — [PREPLINK | —
| | | 1
lsarnple.pre ‘ —>’ sample.dat Hcopy or LSPH dataﬁle.dat‘ ’ unknown Hipedﬁle.dat ‘ ’M/I LINK ‘
| 1 1 1 |
’Makeped \ —>’sample.ped \ ’speedﬁle.dat \—) ’outﬁle.dat \

|

2! 2. Schematic view of the way how files and programs interact.

gaol e 29 YA serste] 1 wWGHE Wrhsee 2
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»

9o Hd R (linear model)oll &3+ A WAAS ZE7] 9sto] zF 2209 mA=L FF

i

o] &35 02® d= AFS st th(Harvey, 1979; SAS Institute, 1996).

ool oA AAE A 2 (linear model)S SAS@6.12 Package/PCE o] &3lo] £A 5]
ATHSAS Institute, 1996). SAS/GLM 4 A3} A F == 47HA AFTsol S

i+
Azl A TYPE I AFFS ol&stel 24 24L& dgon, AxA¥ FTA0e

4 AAS Astel G 2 ATAEL 5% Fo FEAN AR

m

X

H,: LSM(i) = LSM()

o] 714, LSM@(G)): i A &3ke] HaAw B (@ # j)

A ARt A NS obe Ae §Fskel 24 W Ayl A4 e
SREES

H| 4714 574 & FH(non-additive genetic effects)S ®iAlslaL 1 /A o] FHo 7o 714

noAwEte 4 ol Bastth § wel ALUAE walHE Al

=

& YElle §371E 457 e A7 ¥ ol (additive genetic variation)E 5

gakelok sta, FHY $F7e] AW W FAE Baol 1 PP AY FAE F42

o =
T A7) Wzl AAF e fd XS (genetic parameters)E A &3] FASE A T8

B AT 2AE Ao, A, A AT R fd 2 §FbE #4657 e

Viki = M; T Vi T Sik T @jjiq T €51
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A7, v - iHA FZA A FRAAE] kHA Aol k= A A gg =3

)

gt A WA AA A
vy iR Aol paA 2AYEe] B3 - 1,2 3),

s, 1WAl WAL kA Ao Tk = 1, 2),

agal WA B delEI ~ (0, AG) ©17IA, Ax Fd AFBE,

e’ B & ~ (0, Igd)elth

e vd@dd &3 2YS dEA R FAEHH v 3 2 h(Henderson, 1976).

==

oA71 A, y Z -l gk #FAo] g Nx1 vector

b: A A e 14 &9 NFx19 vector (F&4ke] a3 £
X: 317 & 3e] g NxNFe| A4 2

w gEAA e do a7 NRx19] vector

Z: 17 &dtoll Wi NxNRe| Al 34

o] A4S Henderson(1976)2] ti¥ = =3 2y WgA oz yeidd v 2ok
XRIX XR'Z H:b ] _ X’R*ly]
ZR X ZR 'Z+G !l ZR ly
B oo A= MTDFREML Package (Boldman %, 1995)E o] &3¢ #7 249 &2
712 FAst9 o, MTDFREML Packageol Al G¢F Re &S kS F7] 98] Argd
Simplex ®¥ (Nelder$} Mead, 1965)9] e} Simplexe] #24Fo] 107 o]at& & 2 w714

Groeneveld®} Kovac(1990)°] A4 A3} o] F=AHX]7} A9 F o Fk(local maximum)2
2 FHE3e AE A e Y5t HFH o2 P FAHAE AIZF gt E sfo] 1 Aol vt

1082 ¥ 498 Fd goz A4
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H 2. Summary of the dog microsatellites used in the study.

Locus Repeat Linkage group” Forward Reverse PIC™ Size(bp) Ta™
FH2226  (GAAA)~22 CFA7 GGACTACCCCATTGCATTTG GAATCGAGTCCCATATCGGG 0.82 205 ND
FH2227  (GAAA)~35 CFA23 ATCCCAGAACAGAAGAGAGTCC CCTTTGCCTTTGGAATCAAA 0.82 565 58
FH2233  (GAAA)~40 CFA21 CCAATGCCAAATTCCTGACT ACCATTTCCTTTCCCAAAGT 0.77 292 58
FH2237  (GAAA)~45 CFA2 AGGCTGACCTTATCTTTCAACTG  CAACACAGATGAAACTGGAAGG 0.91 590 ND
FH2238  tetra_repeat TCTCAGCGTCCTGGGATC AGAAAACATTCAGTGGTTGCC - 322-332 -
FH2244  tetra_repeat AGTGGTTCTGGTTCAGGGTG GTGCTCTACCCCCAGTCAAG - 465 -
FHo247  tetra_repeat TTCCCACTTACTTTATCATAGCAT ~ CAAATGCAGATTAGGGACACA - 200 -
FH2248  (GAAA)~21 CFA9 CAAGAAAAAGATCAAAGCAAACA  CCCAGTGTTGAACCACCTCT 0.78 390 ND
FH2258  tetra_repeat AAAAAGGCACATATGCTGGG ATGGTCATCAACTGCTTAGCC - 374-381 -
FH2261  (GAAA)~24 CFA24 TTAAAACAATGCCTAGACAATGC ~ GCCTCTCCCATTCATGCTAA 083 192 58
FH2263  (GAAA)16perfect ~ CFA9 CATGTAGAGTGATTAGTTGGTCTTT CTGAATATCCTCTGCCCTTC 0.92 217 ND
FH2274  (GAAA)~33 CFA2 TCACCCTCATCCATCTCAGA ACGCCAGACACAAAAAGACA 0.71 320 58
FH2278  (GAAA)~39 CFA15 TCCACTCTGAGCATGGAGC GCCCAGTTTTCCCAGTAACA 087 322 58
FHo279  tetra_repeat CGCCAGCTAAACTATGGGTC CATTGGGCTCCATTCTGG - 240 -
FH2281  (GAAA)~21 CFA24 TGCTGGCACGTATACCAAGA AGTGTGATGCAGAGGTTCCC 0.83 420 58
FH2283  tetra_repeat TCACCCAGCTTGTGCTATCTC GCTGTAAGACAGGACACAGGC - 185 -
FH2289  (GAAA)~39 CFA27 CATGGTCTCAGGATCCTAGGA CTAAGCATTCTCTCTGATGGTCTT 0.85 320 ND
FH2290  (GAAA)~21 CFA30 GGCTTGAATGATCTAGCCCA TGGCTACTGTCGCTATCACCT 0.80 590 ND
FH2293  (GAAA)~43 CFA10 GAATGCCCTTCACCTTGAAA AGGAAAAGGAGAGATGATGCC 0.87 227 ND
FH2294  (GAAA)~15 CFA1 GGGTCCTGGGATCAAGCC TTAGTAAAGAGACAGCTGATTGCC 0.87 227 ND
FH2295  (GAAA)~20 CFA15 TCTCGGGGATAGTGTTATAACTCC ~ GTCAGGAAAAGGACATTTGACC 0.75 390 ND
FH2301  tetra_repeat GCTTTGGAATGTCTCCTGGA GCTTACTATAGCCTGGCTGTGG - 225 -
FH2302  (GAAA)~54 CFA3 AGTATTTTCACAATTGCTCAGTGC ~ TTTTGGCCTATCTTAAGAGGTCC 0.90 308 58
FH2305  tetra_repeat TCATTGTCTCCCTTTCCCAG AAGCAGGACATTCATAGCAGTG - 196-209 -
FH2309  (GAAA)~27 CFA1 GACTGAGTTCTTTCAGCACAGTG ~ GGCAGCCTTATTATTCATGGA 0.88 380 ND
FH2312  (GAAA)~51 CFA21 AAAATAATACTCATCTATATGCTGCC ACAACATAAGAATGTGTGTCATCA 0.84 318 ND
FH2313  (GAAA)~15+~12  CFA1 AGTAGAAGAGGCCACGCAAA CACGAAGAAAGCCATGGTTT 080 267 ND
FH2316  (GAAA)~60 CFA3 AAATGGCCTGACGAATATGC GTGCCATGGCATATGGTAAA 0.845 420 58
FH2318  (GAAA)~18 CFA25 CAAGTCTGAGATGAGGCTTGG TGAGTTCAAATGCCAGCAATC 0.81 300 ND
FH2319  (GAAA)~50 CFA11 GGAACACTGTATCCTCAGTGTCC ~ TGGGAAGGAAGGAAGTGTTG 089 255 58
FH2320  (GAAA)~28 CFA3 TTAGTTAGGGTTTTGGTTTGGG AGCCACTGCAATAAGGCAAG 0.82 237 ND
FH2321  (GAAA)~35 CFA17 CCACTCTGAGTACAGTTGAATTGG ~ ACAGTTTTAGTTTTGGAGACAGGG 084 315 58
FH2324  (GAAA)~25 CFA25 AGCTCTATGAAAGGTGATTGCC AGACAGCCATACAAATGAGAATTG 080 252 ND
FH2325  tetra_repeat TAAGTCTCAGAGACCACTCATTCG ~ GCAGAGTCAGCTTGGGATTC - 450 -
FH2326  (GAAA)~42 CFA1 GAATCCCCAATGTACATGGC CAGCCATCCAGGAAATCG 0.83 251 ND
FH2328  (GAAA)~25 CFA29 ACCAGGTAGTTTTCAGAAATGC AGTTATGGGACTTGAGGCTG 0.66 189 58
FH2335  (GAAA)~27 CFAB GAGTGGATGCCCGATGAC CTGCTCTGAAACTCTCCTGTCA 0.88 420 ND
FH2339  tetra_repeat TCCTTATGATAGTTTCCCTGTCTC ~ CAACTAACACACCCATCACTTC - 600 -
FH2346  (GAAA)~40 CFA27 AACACGGAGGGAAGAGGTG CAATCAGTGACAGTAAAGGAGGG 085 450 ND
FH2347  (GAAA)~82 CFA12 TTAGCTCTTCTGATCTGTCCCC TCTCTTTCCCACCCCTCC 0.89 405 ND
FH2348  (GAAA)~19 CFA13 GCATGCAAAGGTGTTAATTGG ACACAAGGAAGCTTTGGGG 0.79 430 58
FHe3s56  tetra_repeat CTTGCATTCCCGCTCTCACT TCCTGAAATAGCTCCAGCGC - 235 -
FH2360  (GAAA)~30 CFA15 CATTGATGCTGAATTTGACTTC TTACACACACTATTTTGCTGGTCA 086 315 58
FH2361  (GAAA)~16 CFA33 GCTTGGAAGGTGAGACTGAATG  AGCACTTAGAATGTACCAGGCAC 0.75 370 ND
FH2364  (GAAA)~90 CFA29 TTTCTGTCGAAATCAATGTTTAGG ~ CCCTTCAGGCTGAAACACTC 085 510 ND
FH2365  (GAAA)~60 CFA20 TTTAATGTGCATATGACTCCCC TTGGTGAAGTGTCTGCCTTC 0.75 500 58
FH2370  (GAAA)~35 CFA6 CCTGAAAAATAGCTAGATGATGG ~ GTCTTTACCTGCCTATATAGCTGC 086 380 58
FH2087A  tetra_repeat CTGCCACATTCACTGATGC CAACTCCCTCCCTCATTTCA - 230~246 -
FH20878  (GAAA)~50 CFA2 CTGCCACATTCACTGATGC CAACTCCCTCCCTCATTTCA 0.84 300 58
AHT131  di_repeat S12 GAAACTGAATCAGCAAATGACC TTCTCCCTCTGCCTGTGTCT 104-117
CXX.876  di_repeat S12 CATGGATTCTGCATTTAC GGTGGAGAACATACAAGAATATAC 98-120
REN124F19 (CA)13 CFA16 ACCTTTGTAGCCCAGTTC GGACGTGTCTTATCTCTTG ND 152 483
REN130B10 (CA)15 CFA16 GTGTCTCTGCCTCTGTGTA TATTCATTTCGTAACTGGA 0.72 135 46
REN138D05 (CA)15 CFA16 ACAACCCCTTCTAAAAACT TGGAATGAAAGCCCTATCT N 172 48.6
REN176005 (CT)imp(CA)15 CFA16 CTGTGAACAATGCTGCTGGT CCAACCCAGAAAACTCCAGA 298 60
RENZ10K18 (GA)17 CFA16 TCCATGTGGTGCATCTAGGA AATGCACTAGGGAAGCCATTT 0.48 217 60
REN275L19 (CA)15 CFA16 CCTGCATAATCCTGCAATGA CTATCCTGCTGCACCTAGCC 0.48 230 60
REN292N24 (CA)16 CFA16 GCCCTCAAGCTCAATCTACG TGCAACAGTCAAGACATGGA 0.66 140 60
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I 2. (Continued)

Locus  Repeat Linkage group” Forward Reverse PIC™ Size(bp) Ta™
REN54119  (CA)9 CFA16 CTTCCAGGGATTTCTTTCA GGGCCTACTTTATGTGTCTG 0.85 159 495
REN85MO08 (CA)21 CFA16 TTCAGAGGTCCCTTAGAGA AGCACGAGCTTACCCACAT 189 512

SRY CFY GAACGCATTCTTGGTGTGGTCTC ~ GGCCATTTTTCGGCTTCTGTAAG 132 60
FH2226  (GAAA)~22 CFA7 GGACTACCCCATTGCATTTG GAATCGAGTCCCATATCGGG 0.82 205 ND
FH2227  (GAAA)~35 CFA23 ATCCCAGAACAGAAGAGAGTCC CCTTTGCCTTTGGAATCAAA 0.82 565 58
FH2233  (GAAA)~40 CFA21 CCAATGCCAAATTCCTGACT ACCATTTCCTTTCCCAAAGT 0.77 292 58
FH2237  (GAAA)~45 CFA2 AGGCTGACCTTATCTTTCAACTG ~ CAACACAGATGAAACTGGAAGG 0.91 590 ND
FH2238  tetra_repeat TCTCAGCGTCCTGGGATC AGAAAACATTCAGTGGTTGCC - 322-332 -
FH2244  tetra_repeat AGTGGTTCTGGTTCAGGGTG GTGCTCTACCCCCAGTCAAG - 465 -
FH2247  tetra_repeat TTCCCACTTACTTTATCATAGCAT ~ CAAATGCAGATTAGGGACACA - 200 -
FH2248  (GAAA)~21 CFA9 CAAGAAAAAGATCAAAGCAAACA  CCCAGTGTTGAACCACCTCT 0.78 390 ND
FH2258  tetra_repeat AAAAAGGCACATATGCTGGG ATGGTCATCAACTGCTTAGCC - 374-381 -
FH2261  (GAAA)~24 CFA24 TTAAAACAATGCCTAGACAATGC ~ GCCTCTCCCATTCATGCTAA 083 192 58
FH2263  (GAAA)16perfect CFA9 CATGTAGAGTGATTAGTTGGTCTTT CTGAATATCCTCTGCCCTTC 0.92 217 ND
FH2274  (GAAA)~33 CFA2 TCACCCTCATCCATCTCAGA ACGCCAGACACAAAAAGACA 0.71 320 58
FH2278  (GAAA)~39 CFA15 TCCACTCTGAGCATGGAGC GCCCAGTTTTCCCAGTAACA 087 322 58
FH2279  tetra_repeat CGCCAGCTAAACTATGGGTC CATTGGGCTCCATTCTGG - 240 -
FH2281  (GAAA)~21 CFA24 TGCTGGCACGTATACCAAGA AGTGTGATGCAGAGGTTCCC 0.83 420 58
FH2283  tetra_repeat TCACCCAGCTTGTGCTATCTC GCTGTAAGACAGGACACAGGC - 185 -
FH2289  (GAAA)~39 CFA27 CATGGTCTCAGGATCCTAGGA CTAAGCATTCTCTCTGATGGTCTT 0.85 320 ND
FH2290  (GAAA)~21 CFA30 GGCTTGAATGATCTAGCCCA TGGCTACTGTCGCTATCACCT 0.80 590 ND
FH2293  (GAAA)~43 CFA10 GAATGCCCTTCACCTTGAAA AGGAAAAGGAGAGATGATGCC 0.87 227 ND
FH2294  (GAAA)~15 CFA1 GGGTCCTGGGATCAAGCC TTAGTAAAGAGACAGCTGATTGCC 0.87 227 ND
FH2295  (GAAA)~20 CFA15 TCTCGGGGATAGTGTTATAACTCC ~ GTCAGGAAAAGGACATTTGACC 0.75 390 ND
FH2301  tetra_repeat GCTTTGGAATGTCTCCTGGA GCTTACTATAGCCTGGCTGTGG - 225 -
FH2302  (GAAA)~54 CFA3 AGTATTTTCACAATTGCTCAGTGC ~ TTTTGGCCTATCTTAAGAGGTCC 0.90 308 58
FH2305 tetra_repeat TCATTGTCTCCCTTTCCCAG AAGCAGGACATTCATAGCAGTG - 196209 -
FH2309  (GAAA)~27 CFA1 GACTGAGTTCTTTCAGCACAGTG ~ GGCAGCCTTATTATTCATGGA 0.88 380 ND
FH2312  (GAAA)~51 CFA21 AAAATAATACTCATCTATATGCTGCC ACAACATAAGAATGTGTGTCATCA 0.84 318 ND
FH2313  (GAAA)~15+~12 CFA1 AGTAGAAGAGGCCACGCAAA CACGAAGAAAGCCATGGTTT 080 267 ND
FH2316  (GAAA)~60 CFA3 AAATGGCCTGACGAATATGC GTGCCATGGCATATGGTAAA 0.845 420 58
FH2318  (GAAA)~18 CFA25 CAAGTCTGAGATGAGGCTTGG TGAGTTCAAATGCCAGCAATC 0.81 300 ND
FH2319  (GAAA)~50 CFAT1 GGAACACTGTATCCTCAGTGTCC  TGGGAAGGAAGGAAGTGTTG 0.89 255 58
FH2320  (GAAA)~28 CFA3 TTAGTTAGGGTTTTGGTTTGGG AGCCACTGCAATAAGGCAAG 0.82 237 ND
FH2321  (GAAA)~35 CFA17 CCACTCTGAGTACAGTTGAATTGG  ACAGTTTTAGTTTTGGAGACAGGG 084 315 58
FH2324  (GAAA)~25 CFA25 AGCTCTATGAAAGGTGATTGCC AGACAGCCATACAAATGAGAATTG 080 252 ND
FH2325  tetra_repeat TAAGTCTCAGAGACCACTCATTCG ~ GCAGAGTCAGCTTGGGATTC - 450 -
FH2326  (GAAA)~42 CFA1 GAATCCCCAATGTACATGGC CAGCCATCCAGGAAATCG 0.83 251 ND
FH2328  (GAAA)~25 CFA29 ACCAGGTAGTTTTCAGAAATGC AGTTATGGGACTTGAGGCTG 0.66 189 58
FH2335  (GAAA)~27 CFAB GAGTGGATGCCCGATGAC CTGCTCTGAAACTCTCCTGTCA 0.88 420 ND
FH2339  tetra_repeat TCCTTATGATAGTTTCCCTGTCTC ~ CAACTAACACACCCATCACTTC - 600 -
FH2346  (GAAA)~40 CFA27 AACACGGAGGGAAGAGGTG CAATCAGTGACAGTAAAGGAGGG 0.85 450 ND
FH2347  (GAAA)~82 CFA12 TTAGCTCTTCTGATCTGTCCCC TCTCTTTCCCACCCCTCC 0.89 405 ND
FH2348  (GAAA)~19 CFA13 GCATGCAAAGGTGTTAATTGG ACACAAGGAAGCTTTGGGG 0.79 430 58
FH2356  tetra_repeat CTTGCATTCCCGCTCTCACT TCCTGAAATAGCTCCAGCGC - 235 -
FH2360  (GAAA)~30 CFA15 CATTGATGCTGAATTTGACTTC TTACACACACTATTTTGCTGGTCA 0.86 315 58
FH2361  (GAAA)~16 CFA33 GCTTGGAAGGTGAGACTGAATG AGCACTTAGAATGTACCAGGCAC 0.75 370 ND
FH2364  (GAAA)~90 CFA29 TTTCTGTCGAAATCAATGTTTAGG ~ CCCTTCAGGCTGAAACACTC 085 510 ND
FH2365  (GAAA)~B0 CFA20 TTTAATGTGCATATGACTCCCC TTGGTGAAGTGTCTGCCTTC 0.75 500 58
FH2370  (GAAA)~35 CFA6 CCTGAAAAATAGCTAGATGATGG ~ GTCTTTACCTGCCTATATAGCTGC 0.86 380 58
FH2087A tetra_repeat CTGCCACATTCACTGATGC CAACTCCCTCCCTCATTTCA - 230~246 -
FH2087B  (GAAA)~50 CFA2 CTGCCACATTCACTGATGC CAACTCCCTCCCTCATTTCA 0.84 300 58
AHT131  di_repeat s12 GAAACTGAATCAGCAAATGACC TTCTCCCTCTGCCTGTGTCT 104-117
CXX.876 di_repeat S12 CATGGATTCTGCATTTAC GGTGGAGAACATACAAGAATATAC 98-120
REN124F19 (CA)13 CFA16 ACCTTTGTAGCCCAGTTC GGACGTGTCTTATCTCTTG ND 152 483
REN130B10 (CA)15 CFA16 GTGTCTCTGCCTCTGTGTA TATTCATTTCGTAACTGGA 0.72 135 46
REN138D05 (CA)15 CFA16 ACAACCCCTTCTAAAAACT TGGAATGAAAGCCCTATCT ND 172 486
REN176005 (CT)imp(CA)15 CFA16 CTGTGAACAATGCTGCTGGT CCAACCCAGAAAACTCCAGA 298 60
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I 2. (Continued)

Locus  Repeat Linkage group” Forward Reverse PIC™ Size(bp) Ta™
REN210K18 (GA)17 CFA16 TCCATGTGGTGCATCTAGGA AATGCACTAGGGAAGCCATTT 0.48 217 60
REN275L19 (CA)15 CFA16 CCTGCATAATCCTGCAATGA CTATCCTGCTGCACCTAGCC 0.48 230 60
REN292N24 (CA)16 CFA16 GCCCTCAAGCTCAATCTACG TGCAACAGTCAAGACATGGA 0.66 140 60
REN54119  (CA)9 CFA16 CTTCCAGGGATTTCTTTCA GGGCCTACTTTATGTGTCTG 0.85 159 495
RENB5MO8 (CA)21 CFA16 TTCAGAGGTCCCTTAGAGA AGCACGAGCTTACCCACAT 189 51.2

SRY CFY GAACGCATTCTTGGTGTGGTCTC _ GGCCATTTTTCGGCTTCTGTAAG 132 60

Linkage group : Hitte et al(2001)
PIC™ : Mellersch et al.(2000)

Ta™ : Annealing temperature
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51%F, AXEA 43%, dEYH 49%, FE ode] 50F, 59 A¥= 3259 #3137 +x¢ o

YA HE= microsatellite marker$he] A#¥A 78S 918 DNA genotypings A &Fitt.

7} Microsatellite markere] %8
Mol 288 4 9= STR marker oA A7 7HA Ao 4&3F markerE 213}
7] e Al 5075 WS = typings skl
25~50ng¢] A7) genomic DNAZ template®Z 3t PCRS 433 & agarose gel %

719 %S AAste] H3E bandE ©]FE primerE 9xFF o2 MY & microsatellite
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FAALe] 429} o]H A A (heterozygosity ; H)S

v
=)
Z
>
o
o5}

jo)

(o
Lo
W
N
i
AN
o2l
ot
v
o
=
i)

Arsta, Zb EAAEY 3 o)dAA AR (PICO)E ALrstgen, AA7A 11674
markerE & &3] Hgk=d], o]= 50700 Wik 23S 1 39 YeEITH

E 3. 509 microsatellite locioll @3+ alleles, ©] 3 & Al (Heterozygosity, H) % o]&d & A

A = (Polymorphism Information Content, PIC)

Markers Alleles

1 2 3 4 5 6 7 8 9 10 H PIC
FH2001 Frequency 0.1375 0.3875 0.25 0.0375 0.1875 - - - - - 0.732 0.688
FH2004 Frequency 0.0385 0.3205 0.2949 0.3462 - - - - - - 0.689 0.625
FH2016 Frequency 0.1538 0.0769 0.2051 0.2692 0.1538 0.141 - - - - 0.812 0.786
FH2050 Frequency 0.4894 0.2872 0.2234 - - - - - - - 0.628 0.556
FH2054 Frequency 0.0532 0.234 0.4255 0.2234 0.0319 0.0319 - - - - 0.709 0.663
FH2060 Frequency 05319 0.1489 0.3191 - - - - - - - 0.593 0.518
FH2088 Frequency 0.234 0.0106 0.1383 0.0106 0.1064 0.0213 0.2021 0.0106 0.266 - 0.802 0.774
FH2096 Frequency 0.0426 0.6702 0.0532 0.2234 0.0106 - - - - - 0.496 0.447
FH2100 Frequency 0.0213 0.4468 0.2766 0.2553 - - - - - - 0.658 0.591
FH2119 Frequency 0.0319 0.234 0.1489 0.4149 0.1383 0.0319 - - - - 0.730 0.690
FH2130 Frequency 0.1064 0.383 0.0213 0.0745 0.3936 0.0213 - - - - 0.681 0.624
FH2131 Frequency 0.3298 0.0745 0.2447 0.1064 0.2128 0.0319 - - - - 0.768 0.732
FH2132 Frequency 0.0319 0234 03511 0.117 0266 - - - - - 0.737 0.690
FH2137 Frequency 0266 0.117 0.3723 0.1383 0.1064 - - - - - 0.746 0.707
FH2138 Frequency 0.266 0.2234 0.0106 0.0106 0.2766 0.0532 0.1596 - - - 0.774 0.737
FH2140 Frequency 0.3298 0.1064 0.0851 0.234 0.0319 0.0638 0.1489 - - - 0.791 0.762
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£ 3. (Continued)

Markers Alleles

1 2 3 4 5 6 7 8 9 10 H PIC
FH2141 Frequency 0.2553 0.2447 0.2128 0.0532 0.234 - - - - - 0.772 0.733
FH2142 Frequency 0.0638 0.2234 0.117 0.2021 0.1489 0.2447 - - - - 0.809 0.782
FH2145 Frequency 0.0638 0.5 0266 01702 - - - - - - 0.646 0.589
FH2146 Frequency 0.266 0.1596 0.0638 0.0319 0.0532 0.1383 0.2234 0.0638 - - 0.823 0.800
FH2148 Frequency 0.0326 0.0217 0.0217 0.2609 0.3043 0.3587 - - - - 0.709 0.654
FH2152 Frequency 0.3404 0.2447 0.1277 0.1702 0.117 - - - - - 0.765 0.728
FH2155 Frequency 0.0745 0.3191 0.3617 0.0745 0.1702 - - - - - 0.727 0.681
FH2158 Frequency 0.0106 0.0426 0.3723 0.2128 0.0638 0.1809 0.0426 0.0745 - - 0.770 0.740
FH2161 Frequency 0.2447 0.1489 0.2766 0.1915 0.0532 0.0851 - - - - 0.795 0.764
FH2162 Frequency 0.6957 0.2935 0.0109 - - - - - - - 0.430 0.346
FH2164 Frequency 0.0532 0.0638 0.1596 0.2234 0.117 0.1915 0.1915 - - - 0.831 0.808
FH2165 Frequency 0.0217 0.0217 0.1522 0.0978 0.0652 0.1848 0.2609 0.1957 - - 0.822 0.798
FH2174 Frequency 0.2609 0.3043 0.2609 0.0978 0.0761 - - - - - 0.756 0.714
FH2175 Frequency 0.0319 0.1489 0.1809 0.6064 0.0319 - - - - - 0.575 0.532
FH2177 Frequency 0.0957 0.3511 0.1489 0.0106 0.3085 0.0106 0.0745 - - - 0.744 0.704
FH2201 Frequency 0.0957 0.1489 0.3936 0.3617 - - - - - - 0.683 0.624
FH2237 Frequency 0.0213 0.1596 0.1489 0.117 0.1702 0.383 - - - - 0.763 0.730
FH2238 Frequency 0.0851 0.1489 0.3404 0.1809 0.1596 0.0851 - - - - 0.789 0.761
FH2247 Frequency 0.0109 0.3478 0.1413 0.087 0.0761 0.3043 0.0326 - - - 0.752 0.714
FH2261 Frequency 04574 0.117 0.2766 0.1489 - - - - - - 0.678 0.625
FH2263 Frequency 0.7222 0.1444 0.0667 0.0333 0.0333 - - - - - 0.451 0.422
FH2274 Frequency 0.0761 0.2826 0.1739 0.0109 0.4022 0.0543 - - - - 0.719 0.674
FH2279 Frequency 0.1957 0.0109 0.1087 0.0109 0.3043 0.0217 0.1087 0.0109 0.0652 0.163  0.814 0.790
FH2281 Frequency 02717 05 0.0326 01957 - - - - - - 0.637 0.574
FH2283 Frequency 0.0851 0.3085 0.1915 0.0106 0.1702 0.0638 0.1702 - - - 0.799 0.770
FH2293 Frequency 0.0326 0.652 0.0326 0.1739 0.0109 0.2391 0.2283 0.2174 - - 0.807 0.779
FH2302 Frequency 0.0568 0.125 0.2159 0.4205 0.1591 0.0227 - - - - 0.732 0.694
FH2309 Frequency 0.1889 0.0111 0.3111 0.2222 0.2444 0.0222 - - - - 0.758 0.716
FH2313 Frequency 0.1522 0.1087 0.087 0.3261 0.1739 0.1522 - - - - 0.798 0.770
FH2316 Frequency 0.2553 0.1596 0.3085 0.1809 0.0957 - - - - - 0.772 0.736
FH2318 Frequency 0.0319 0.117 0.1064 0.0532 0.1915 0.3085 0.1277 0.0638 - - 0.819 0.797
FH2319 Frequency 0.1739 0.25 0.1522 04239 - - - - - - 0.704 0.655
FH2320 Frequency 0.1413 0.0761 0.1848 0.3913 0.0109 0.1957 - - - - 0.749 0.712
FH2321 Frequency 0.1196 0.0326 0.2065 0.1522 0.2174 0.163 0.1087 - - - 0.833 0.811

-, means not showed alleles.

- 41 -



7)ol Yehd uviel o]l HF alleled FE 582 UEWe®, 3709 allele
(microsatellite locus #2050, 2060, 2162)%-¥] 107§ 9] allele (microsatellite loci #2279)7}#] th

&3t 9] alleleo] X3}

dloF st MATE FA2AI7]3L, genotypesite] T = Q& 8o o, FHAAAE
9 g E F7HA 714, microsatellite loci®] ©] ¥ & A (heterozygosity)Z} o]d2AA A=
(PIC) 32 5%9 marker(#2060, 2096, 2162, 2175, 2263)= A3t 27z 0.628~0.833%}
0574~8112A ¥lu 3 £ g& JeEhldY.

wekal AA 116709 2914 A DNA marker oAl A7) kel A8 7h53k 8271 <]

markerE R3] §8&4 AT L AdAA £ ol &

AdtE AANES 7HAE] ek A8 EE DNA typingl 2 A53shaL, 827012 marker©l

g FEAS Elstr] 98 148F7F 23E AR A AS5S AAskdn 7

th) Primer A&

2 2 3l microsatellite marker?] AWE 935lo] 25~50ng? genomic DNAZ template®

3Fod oF 200 #9¢] tetranucleotide STR primer®d< 7412 SdFLAHNSS S35 &
agarose gel A7|9% & AAEe B3 bandE ©]FE primers: YxFF o R A3 &
microsatellite loci 415 913 AM&3taith HEA o2 A¥E 9F 9 microsatellite loci &
Z5 9% primer A9 471G AY 27 5SS o ® 49 AHYsAh 2878 7HA

§ EA&Fo @837 el L A microsatellite locioll 28-S Faat 9

A E primers ©]&3Fe] PCR 523 % agarose gel Aol A7|9% S ). o] A3
3 @U3E band FHS HPow, viH & PCR #Hgoly thE geld AME3F 77
3 YEld bandES AHAHE Bow, Ao ALE3 bande] 1A BT
F At ZHzte] primerol] tE HA 271S Asta o]E vlE O 2 microsatellite loci &
A AAslel 9% (FH2004, FH2060, FH2097, FH2109, FH2130, FH2226, FH2320,
FH2326, FH2328)¢] markerE # A7 240 AL-g3%ith.
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I 4. Details of the nine dog microsatellites used in the study.

Name®  Linkage” Repeat Primer Size Ta’
F : CTAAGTGGGGAGCCTCCTCT

FH2004 CFA11 (GAAA)13 191 58
R 1 ACTGTGACCTACTGAGGTTGCA
F : GTTTTGAGGAAGCCTTGCTG

FH2060 CFA14 (GAAT)7 222 59
R : GAAGGAAGGGGCCAGTATTC
F : CAATGTCGAATTCCATGGTG

FH2097 CFA4 (GAAA)~16 288 58
R : ATGGAGCAAGATGTGTTTGTG
F : CAATCCAGCAACCCTCATCT

FH2109 CFA22 (GAAT)S 176 58
R : CAGGGATTGAGTCCCACATC
F : GCTGTCCTGCACTTTTCCTC

FH2130 CFA26 (GAAA)11 300 58
R ¢ GTTAAGGAATAGTTGGGGGTCC
F : GGACTACCCCATTGCATTTG

FH2226 CFA7 (GAAA)~21 205 58
R : GAATCGAGTCCCATATCGGG
F : TTAGTTAGGGTTTTGGTTTGGG

FH2320 CFA3 (GAAA)28 237 58
R : AGCCACTGCAATAAGGCAAG
F : GAATCCCCAATGTACATGGC

FH2326 CFA1l (GAAA)42 251 58
R : CAGCCATCCAGGAAATCG
F : ACCAGGTAGTTTTCAGAAATGC

FH2328 CFA29 (GAAA)~25 189 58
R : AGTTATGGGACTTGAGGCTG

a . All markers are described in Francisco et al.(1996).
b : The chromosome-specific marker information found in the Canine 2001 map (Hitte et al).
¢ : Annealing Temperature

2}) Microsatellite loci TFFA &4

29 292 9F 9 microsatellite locioll 3l GeneAmp 9600(Applied Biosystems)$
o]-&3lo] PCR Rt&2 33 F agarose gel ol H719&d 2345 oA st e
W Zlolvk (1| 4).

ol& A Zel¥l PCR A& LI-CORAFY automatic sequencer(LI-COR 4200 Series)Z
o] 83t 5% acrylamide gel 2eoll4 IR(Infrared)Dye7002. 2 3¥X|¥ Sizing Standard
(50-700bp) et FAloll #7hste]l 4-6A1F Ak H7|dss A o]FHA Aol ofnA|
= Gene Profiler(Scanalytics, Inc) 23ZE o] Version 4.03& AFg3ste] tgigadde a7

AR A (L™ 5).



M1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 M

12l 4. PCR production for microsatellite loci analysis. M : 25/100 Mixed DNA
ladder(Bioneer) 1, 2 : FH2004; 3, 4 : FH2060; 5, 6 : FH2097; 7, 8 FH2109; 9, 10 :
FH2130; 11, 12 : FH2226; 13, 14 : FH2320; 15, 16 : FH2326; 17, 18 : FH2328
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I_.I'!:ul_-. 1::|-._,_$E:|! A LFTEEEY I!E..l--!-\'.-:is-'t ] FEER
-
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T2l 5. Microsatellite analysis with Gene Profiler Ver. 4.03(A : Sapsaree, B : Jindo
dog & Rottweiler)
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uh) Abab7l Fehe] microsatellite marker -4
9% 9] microsatellitee] ™3l ZAFH allele frequency”’} Hardy—Weinberg rules W=ZH2 =2
Z}7} o] microsatellite marker A AHE0] 2t HEd = Aviy -FF allelec] EAst=AE
7] #8l, 42l DNA band® =Z71E& 43 ta, dd A9 9 oFJT=
(heterozygosity @ H)E Alitstar, 7 XA digt g ARATE (PIC)S AAtsH
o, o] A¥E ¥ 50 e
o] 7]l A el whel 7o) 47]9] allele (microsatellite locus FH2109)%-8 237]2] allele
(microsatellite loci FH2226)7+A] thefst 49| alleleo] A th HEg ZF microsatellite
loci®] H3t ©] 8 H = (heterozygosity) 2t %A A B A &8 (PIC) gk

0
Bow, HlaA & ge Bo Hod FAdA B4 §8&F¢S AT Ut

E 5. Number of alleles(N), Heterozygosity(Ho : Observed, Hg : Expected) and

Polymorphism information Content(PIC) over 9 microsatellite loci in the study.

Locus N* Ho Hg PIC
FH2004 18 0.631 0.744 0.708
FH2060 12 0.640 0.782 0.749
FH2097 12 0.791 0.857 0.839
FH2109 4 0.542 0.635 0.564
FH2130 13 0.640 0.827 0.801
FH2226 23 0.781 0.876 0.863
FH2320 18 0.693 0.894 0.883
FH2326 15 0.787 0.883 0.870
FH2328 16 0.796 0.894 0.882

All 131 0.700 0.821 0.795

* Mean number of alleles per locus : 14.56

Al EF 205mbe (A% 43, dEH 49, £E 50, AWM= 32, A 51l fAE gzt
o}k = microsatellite marker$}e] A#T/IAA FHES HE olF F9 tetranucleotide
microsatelliteS ©]-&3}l%] acrylamide gel Aol A719%S AN Automatic sequencer

(LI-COR DNA analyzer 4200 series)®} o|nX] 4] X273 (Gene Profiler) S ©]-83}4] size



standard®h HlaLsiA Z4zhe] ti g Aol et allele(size;genotype) w41 8H3it.

2

Population®] 2 34} =2 o]7] wj & (grow, expand, diminish, contract) ©]Z <¢1a]
2 R 27 dynamicstAl WA @k Bk ol & Folgtx: Q#Wl 77k A A
FTol nAst E ASs AS FF 5T 14 F2E JHAA Ho AR g2 UgYg

oA Ht} o]E EA 3] 9% W O E microsatelliteE ©] &34, microsatellitex: 1%
215}

o

o
=

oX,

529 HA genome Aol randomdtA BEEHo gE BHEHESE AU AVAES

r1r

g, ©]# & microsatellite lociES ]9 =& HEol EAWMo (10" /gen)S UENE o}
FAE AYa domz Jagh FdA 2o vl FA4o g {835k o] &
FTE A4 72 9 g B8 938 73R genotypeg©l 279 populationdl] A
ouldt HIEg dupwbE tekstAl UeivesAE &) 98] Ald WA allele frequency S
2 Egdoer FuF BIsi JdeAE #HSE] 9
3] Chi-square testZ %3} Probability test (Hardy-Weinberg equilibrium test)ZS 2 A3+
tH3E 6).

I 6. Hardy-Weinberg equilibrium test.

Locus No, of Alleles Chi-sguare value Df’ P-value™
FH2004 18 305.20 68 0.000000
FH2060 12 299.51 44 <0.00001
FH2097 12 311.45 52 0.00000
FH2109 4 81.62 12 0.00000
FH2130 13 221.92 48 <0.00001
FH2226 23 346.61 88 0.00095
FH2320 18 638.89 68 <0.00001
FH2326 15 311.75 52 0.00008
FH2328 16 534.16 60 <0.00001

* Df : Degree of Freedom
=t P-value : Probability

XA HXo] P-value’b 0.001°]3te] 93t FHES RHeoelm=z 7+ Hukeol allele
frequency7} Aol & g Hukol] A A= td2oe= s FAE 7 A
29 dg 3439 9 o]dH T = (heterozygosity, H)E A locusE & oA

A 1 A F & (Polymorphic Information Content, PIC)ES A3t & 73 o] et
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FETHE 2ol A 16719 ok alleleo] sk, it allele % 4.56(German
Shepherd)ell A 1044 =71 7kA] FE2sEA T g 129 microsatellite’t o] E& #
Zo A =& HI heterozygosity(0.596~0.922)2F H i+ PIC 7£(0.525~0.814)S FEFA AT
Rottweilere] 7% FH2004, FH2109 ¥ locusolAd A H& =L o2 AZFo o3
Heterozygosity¢} PIC #kel &2 w2 zh(ZHzF 0.116, 0.111; 0.368, 0.298)S X.of wlj$-
homogeneousdlttal & 4 At} German Shepherd <A FH2004, FH2109, FH2130,
FH2328¢] U] locusel w3k Hzk#k PIC gkol @AAsHA wa(#2 0538, 0.479; 0.437, 0.337;
396, 0.361; 0.496, 0.369), Ht allele & QA 7} 2 45670022 Rottweiler 2 t%=
homogeneousdt Ftolefal & 4= Q) ofo] whall X=7he] ¢ 7 B2 A4t allele
(104405 yeldl o, =& heterozygosity(0.814)¢} PIC 7H(0.779)S AU 9oz uj$
heterogeneous$t Hwtolzta & ¢ Qlt}, AA/] Hoe] A4 allele % 656712 v A
A Y42y heterozygosity$t PIC #<e =2 gi(ZZF 0.755, 0.706)S Hol=H], o3& A
3 agE A At JfAE 9 R une] oA FFH A welA

o ARAL wAlE BN Aue) Rah ERYOR T UolRes wel Frk

12
a2
o
fr
e
[

7. Number of alleles(N), Heterozygosity(H) and Polymorphic Information Content

EH

(PIC) over 9 microsatellite loci in 5 dog populations.

All populations(225) Jindo Dog(43) Retriever(49)
Locus N* HE** PIC*** N* HE** PIC*** N* HE** PIC***
FH2004 18 0.744 0.708 14 0.818 0.786 13 0.744 0.696
FH2060 12 0.782 0.749 9 0.727 0.670 3 0.707 0.652
FH2097 12 0.857 0.839 9 0.871 0.845 8 0.786 0.747
FH2109 4 0.635 0.564 4 0.692 0.631 4 0.600 0.512
FH2130 13 0.827 0.801 11 0.834 0.803 3 0.806 0.767
FH2226 23 0.876 0.863 16 0.821 0.792 16 0.898 0.880
FH2320 18 0.894 0.883 10 0.873 0.847 9 0.639 0.598
FH2326 15 0.883 0.870 13 0.867 0.844 11 0.834 0.804
FH2328 16 0.894 0.882 3 0.827 0.793 8 0.841 0.810

Mean 1456 0.821 0.795 10.44 0.814 0.779 9.44 0.762 0.718
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E 7. (Continued)

Rottweiler(50) German Shepherd(32) Sapsaree(51)
Locus

N* Hg™ PIC™ N* Hg™ PIC™ N* Hg™ PIC™"

FH2004 3 0.116 0.111 4 0.538 0.479 4 0.718 0.658
FH2060 5 0.774 0.727 5 0.697 0.628 3 0.643 0.564
FH2097 7 0.762 0.716 4 0.632 0.557 9 0.816 0.782
FH2109 2 0.368 0.298 2 0.437 0.337 4 0.736 0.678
FH2130 7 0.733 0.687 4 0.396 0.361 10 0.706 0.651
FH2226 10 0.768 0.734 9 0.798 0.759 9 0.779 0.739
FH2320 11 0.806 0.772 6 0.667 0.597 6 0.761 0.716
FH2326 8 0.821 0.787 5 0.702 0.638 9 0.810 0.774
FH2328 14 0.842 0.815 2 0.496 0.369 6 0.823 0.788
Mean 7.44 0.665 0.628 456  0.596 0.525 6.56 0.755 0.706

N : Number of alleles
Hr™ : Expected Heterozygosity
PIC™ : Polymorphic Information Content

AHSHA A#E T vuE f&A 3 FUdAAT THFE allele?] £A AF7F F3F
T4 e HErt 9 = ok o] & fElA 2 JE Y allele frequencyE 3 89l A
3, o] = nigtow FWE microsatellite loci®] Th¥A S A £43817] 98 2 locus

of 3k allele frequency® ¥ ¥ = histogramo 2 YEFHATHZH 6.)

3 8. Allelic frequencies for each microsatellite locus.

Locus Allele Number (Number of tetranucleotide repeat)

FH2004:(GAAA)13 23 24 25 26 27 28 29 30 31 37 38 40 41 43 44 45 47 51
Jindo Dog 0.047 0221 0326 0163 0058 0023 0012 0000 0035 0023 0035 0023 0000 0000 0012 0012 0012  0.000
Retriever 0.000 0367 0316 0153 0.010  0.061 0.010  0.010  0.000 0000 0010 0010 0010 0010 0000 0020 0000 0.010
German Shepherd 0641 0016 0156 0000 0.8 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000  0.000
Rottweiler 0030 0940 0030 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000  0.000
Sapsaree 0.147 0333 0363 0157 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0.000
FH2060:(GAAT)7 2 3 4 5 6 7 8 9 10 11 12 13

Jindo Dog 0.000 0000 0000 0012 0326 0372 0035 018 0023 0012 0023 0.012

Retriever 0.000 0010 0082 0020 0327 0418 0.102 0.031 0.010  0.000  0.000  0.000

German Shepherd 0000 0031 0031 0422 0281 0234 0000 0000 0000 0000 0000  0.000

Rottweiler 0150 0000 0210 0290 0070 0280 0000 0000 0000 0000 0000  0.000

Sapsaree 0000 0000 0000 0000 0471 0235 0000 0294 0000 0000 0000  0.000

FH2097:(GAAA)™16 11 12 13 14 15 16 17 18 19 20 21 22

Jindo Dog 0047 0116 0198 0151 0070 0105 0070 0198 0047 0000 0000  0.000

Retriever 0.020 0184 0347 0224 0102  0.061 0.000  0.051 0.010  0.000  0.000  0.000

German Shepherd 0000 0000 0266 0000 0203 0516 0016 0000 0000 0000 0000  0.000

Rottweiler 0000 0000 0060 0150 0270 0360 0130 0000 0000 0000 0010 0020

Sapsaree 0294 0000 0010 0118 0206 0176 0029 0020 0127 0020 0000  0.000
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I 8. (Continued)

Locus Allele Number (Number of tetranucleotide repeat)
FH2109:(GAAT)8 6 7 8 9
Jindo Dog 0140 0128  0.291 0.442
Retriever 0.031 0082 0490  0.398
German Shepherd 0.000 0.000 0688 0312
Rottweiler 0.000  0.000 0240  0.760
Sapsaree 0127 0265 0294 0314
FH2130:(GAAA)11 9 10 11 12 13 14 15 16 17 22 24 25 35
Jindo Dog 0.000 0198 0.047 0070 0279 0198 0093 0035 0012 0012 0047 0012  0.000
Retriever 0.000 0214  0.031 0235 0214 0224  0.061 0.010  0.000  0.000 0.000 0000  0.010
German Shepherd 0.000 0000 0109 0016 0109 0000 0766 0.000 0000 0000 0000 0.000  0.000
Rottweiler 0.000 0180 0140 0190 0430 0.000 0040 0.010 0010 0000 0000 0.000  0.000
Sapsaree 0010 0412 0020 0098 0010 0029 0343 0000 0000 0039 0029 0010  0.000
FH2226:(GAAA)™21 17 18 19 20 21 22 23 24 25 26 28 29 30 31 32 33 34 35
Jindo Dog 0.023 0000 0221 0349  0.058 0.000 0.000 0000 0000 0000 0012 0047 0012 0047 0.035 0012 0.047
Retriever 0.031 0000 0245 0112  0.071 0.031 0.082  0.061 0.031 0.000  0.000  0.010  0.000  0.031 0.051 0.061 0.041
German Shepherd 0.000 0000 0062 0078 0109 0000 0047  0.000 0.000 0000 0000 0000 0000 0.000 0234 0.078  0.016
Rottweiler 0.000 0102  0.071 0418  0.000  0.000  0.031 0.000 0010 0.010 0000 0194  0.041 0.000  0.031 0.000  0.000
Sapsaree 0000 0010 0.8 0235 0000 0000 0010 0000 0000 0000 0000 0000 0000 0000 0.098 0049  0.353
36 37 38 39 40
0.070 0000 0012 0012 0012
0.031 0000  0.000 0.010  0.000
0.000  0.016  0.000  0.000  0.000
0.000  0.000  0.000 0.000  0.000
0020 0000 0000 0.000  0.000
FH2320:(GAAA)28 13 15 16 17 18 19 20 22 23 24 25 26 27 28 29 30 31 32
Jindo Dog 0.000 0000  0.000 0.000 0000 0000 0000 0000 0035 0012 0058 0140 0186 0128 0163 0140 0128  0.012
Retriever 0.000  0.000  0.000 0.000 0.000 0000 0000 0.000 0041 0.204  0.561 0.082  0.020 0.020 0.031 0.010  0.000  0.031
German Shepherd 0469 0312 0000 0000 0.000 0000 0000 0.016 0000 0000 0016 0000 0156 0.031 0.000  0.000  0.000  0.000
Rottweiler 0.000 0320 0020 0230 0020 0020 0020 0000 0000 0000 0070 0030 018 0080 0010 0000 0.000  0.000
Sapsaree 0000 0000 0000 0000 0000 0000 0000 0000 0000 0157 0078  0.36: 0000 0000 0010 0137  0.000
FH2326:(GAAA)42 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
Jindo Dog 0.012 0000 0058  0.081 0116 0.291 0.081 0.035 0093 0116 0000 0035 0012 0058 0012
Retriever 0.010 0010 0010 0214 0143  0.071 0276 0143  0.071 0.020  0.000 0.000 0.000 0000 0.031
German Shepherd 0.000  0.000 0000  0.031 0125 0406 0344  0.094 0000 0000 0000 0000 0.000 0.000  0.000
Rottweiler 0.000 0000 0000 0080 0030 0000 0030 0210 0180 0150 0280 0.040  0.000  0.000  0.000
Sapsaree 0000 0000 0000 0216 0284 0235 0029 0078 0000 0000 0020 0000 0059 0069 0010
FH2328:(GAAA)™25 22 23 24 25 26 27 28 29 30 33 34 35 36 37 38 41
Jindo Dog 0.012 0000 0058 0093 0093 0256 0163  0.070  0.000  0.000 0000 0000 0.000 0.000  0.000
Retriever 0.061  0.000 0112  0.051 0173 0153 0.173 0020 0.000 0.000 0.000 0000 0000 0000 0.000
German Shepherd 0578 0.000 0422  0.000  0.000  0.000 0.000  0.000  0.000 0.000 0000 0000 0.000 0.000 0.000
Rottweiler 0030 0030 0060 0000 0120 0040 0020 0020 0000 0010 0040 0240 0280 0080 0020  0.010
Sapsaree 0.206 0176 0147  0.000 0255 0137 0000 0078 0.000 0000 0000 0000 0000 0000 0.000 0.000
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JEl 6.

Histograms showing the distribution of allele frequency among 5 dog

populations for each microsatellite loci. A : FH2004, B : FH2060, C : FH2097, D
FH?2109, E : FH2130, F : FH2226, G : FH2320, H : FH2326, I : FH2328.
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FH2328 : (GAAA)~25
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FH20042] 7§ H]

J
AL
flo

Ji9

N0l 7] st 5ol met F43 alleles Bolal glom,
German Shepherd®] -t t& #FFI4= 2o Soldor =2 WES UYWAY FF
EolA 9l alleles 7MA+= 4$7F 2ed, FH2004(allele no. = 24), FH2130(allele no. = 15),
FH2320(allele no. = 13, 15, 17)2} FH2328(allele no. = 34, 35, 36, 37)o A 183t alleles
HAE A& B AATh AFENel 4§ FH222600 4 359 alleleo] SolH o R e N
2 YEYE o, Retriever® 74-%- FH2320014 25W allelec] Sold oz A e A

oJ Ao wWE sampling®]t} sample sizeo] Wi} alleled] EAE W& J3FS w7
el ojzvte ® FF FES gds 2 £ glov AuAE vlus vhsed, 5%
A 54 Uetdle ek Ao ie 43 B 5 gtk

Z} population®| subdivisione ZAst7] 918 F-statistics(Frs, Fsr, Frr)e #8389 H

=

) Fe Jure §4% E3Hgenetic differentiation, gene diversity)e] A =S dolH gk
=4, Fis© inbreeding coefficient®4] non random mating®] €3} heterozygosity 2] 74
HAEE Yehll= HZ7F @tk Positive -2 inbreeding(heterozygosity deficiency)®],

negative #t< outbreeding (heterozygosity excess)= UEFHTE Fsre fixation index @Al
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genetic driftel ¢ 8k subpopulation®] heterozygosity ZA7F dojv} 1 ¢+ subdivision
of JFE VAT HAEE Lol AJH, o] g2 3 positive #& 7HA 3L, A BE
21 %59 nuclear genes< <029 #HS el Frpe AA fAdod digk AAEe &
E inbreeding coefficient® WEFWTE GenePop Ver. 3.3& o] &3l 4 29 Fis gEF
Z} locusell Wdt F-statistics®] #HES Toto] E 99 Attt ol 2 Retriever,
Jindo, Sapsaree, Rottweiler, German Shepherd®] <2 = inbreeding coefficient ko] Yo}

7]

A= A

rie

S & F Qded, =2 #FY F£F ogdFHTEI H2 FJHES %39t German
Shepherd®] 7% ol& {3 w7t F7138k=, outbreedinge] ®ol d kel Ao R ELEA
allele R1%=9} allele o W& vluels= thE A3E Hol=t|, oA F& 14sto] &
FA g a3l Aow

AL8E markerol] ™3 allele frequencyd] x}olo] w& E=7F B3HH|7} 14.7% LS A AFsH

= Aol

I 9. Coefficient of genetic differentiation.

Fis All population
No. of
Locus . . German .
Alleles Jindo Retriever Rottweiler Sapsaree Fis Fsr Fir
Shepherd

FH2004 18  -0.0237 -0.0426 -0.3427 -0.0370 -0.0656 -0.0828 0.2574 0.1960
FH2060 12 0.1050 -0.0105  0.1501  -0.0082 0.3007 0.0991 0.1121 0.2001
FH2097 12 0.0928 -0.0124 01615 -0.1307 -0.0820 -0.0120 0.1080 0.0972
FH2109 4 0.0603  0.2198 -0.0023 0.0233  -0.0394 0.0558 0.1175 0.1668
FH2130 13 0.1090  0.2168 -0.1071 0.0724 0.0844 0.1051 0.1638 0.2517
FH2226 23 0.0940  0.1145 -0.0588 0.0700  -0.0579 0.0396 0.0884 0.1245
FH2320 18 0.1217  0.1386  0.0642 0.0331 0.0474 0.0795 0.1904 0.2548
FH2326 15  -0.0738  0.0708 -0.1143 0.0996 0.1048 0.0330 0.0975 0.1273
FH2328 16 0.1007  0.0046 -0.4611 -0.0701 0.0955  -0.0133 0.1479 0.1366

All 131 0.0646  0.0748 -0.0617 0.0092 0.0390 0.0350 0.1466 0.1765

Allele= 9] dlA <l gkl 9] gt F-statistics®t &2l Z172te] locusoll Wt allele sizesE ©]
43} genetic differentiation =& &olE % =4, ©]E Rho-statisticsZ}a +c}.
Automatic sequencerZ ©]83% A9 AH33 allele sizesE & F Yoz e HHog
ofef o} Zo] Hete] FdA 3t AEE dolEATh E 10914 RhoST kel 0.3713%1 ],

A2 dFAdS FF 7198 Aol 682%« HAIZEe] AFoldl 7]l
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I 10. Rho-statistics for all populations for each locus.

Rhoys All population
L No. of
ocus
Alleles  Jindo Retriever erman Rottweiler Sapsaree  Rho;s KRhosr Rhor
Shepherd

FH2004 18  -0.0745 0.3521 -0.4565 0.0101  -0.4104 0.1144 0.1415 0.2397
FH2060 12 0.6271 -0.0089  0.2209 -0.2016 0.1573 0.1350 0.3477 0.4358
FH2097 12 -0.0342 -0.0234  0.1677 0.1561  -0.1142  -0.0310 0.0996 0.0717
FH2109 4 -0.0100  0.0031 -0.0023 0.0233 0.0256 0.0084 0.1735 0.1804
FH2130 13 0.6702  0.0779 -0.0493 0.3132 0.6077 0.4692 0.0588 0.5004
FH2226 23  -0.0015 0188  0.0837 -0.1795 0.1111 0.0572 0.1031 0.1544
FH2320 18 0.0223 -0.0607  0.9479 0.8969 0.0162 0.7458 0.6035 0.8992
FH2326 15  -0.0918 0.2481 -0.0128 0.1312  -0.0661 0.0209 0.1660 0.1835
FH2328 16 0.1700 04426 -0.4611 0.9157 0.1483 0.6970 0.6025 0.8796

All 131 0.0585  0.2208  0.4180 0.4797 0.1383 0.2439 0.3713 0.5247

A7kl EEER A4 Az

r
4
¢
¢
i
L
il
e
o
-
fz
N

& Genetix AZE S o]g3}o]
Nei's DA distance® T38t1, H Fsr S WA A7 22 matrix® 245kl E 1190
e A Y. §A1A 235 e WE HEQ Hid Fags AHEWE  Jindo-Retriever 7+H9]
46%°l 4 German Shepherd-Rottweiler?te]l 26% Alolo] t©thFsk H5S el
Genetic distance <1 Nm<el 4% Jindo dog-Retriever 7+2] 5185 UEl=d oA F
FE1Y =2 gene flows WERE Aolth dh=ro] EF QI Jindo dog®t Sapsaree 9 A

388=A & FF bell mlsfA wig =2 He yEhddeE s 4 5 Sl

HF 11, Matrix of mean Fsr estimates, Nei’'s DA distance and migrants per

generation(Nm ; Wright, 1969) values between each pair of 5 populations.

Farl Nmﬁel’s DA distance Jindo Dog Retriever S?Sgﬁg?d Rottweiler Sapsaree
Jindo Dog 1.0000 0.1376 0.4368 0.3747 0.2067
Retriever 0.0460(5.18) 1.0000 0.4093 0.3527 0.2448

German Shepherd 0.1878(1.08)  0.2030(0.98) 1.0000 0.4202 0.3940
Rottweiler 0.1297(1.68)  0.1466(1.46) 0.2603(0.71) 1.0000 0.4168
Sapsaree 0.0605(3.88)  0.0938(2.42) 0.1853(1.10) 0.1720(1.20)  1.0000

* . Genetic distance values(Nm) are given as follows, Nm=(1-Fs71)/4*Fsr
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Nei's DA distance® HI& o2 THEoi3 %89 #HES o] §3lo] AR treeE 18 E
A3 ths 29I ZeH(d 7). =79k RetrieverZb stue]l 1S ol FUaL 1 Uy
A7 A s 23y A E 9 microsatellite lociet 5 EAJo] 98| 17
2 AAAA A G treetoZE FEFO A9 Fxe FE4 54E TR AE A
olgdgol Atk Wk 9FF9 microsatellite lociEo] e 7t Had B¥XE £ o A
3] olr 7] ¢ Genetix Ver. 4032 ©] &3+ factor correspondence #2418 AA|5ATH L

# 8).

£l Jinde dag
018
L Sapaares
o
—Lx Fatwuiln
1z
L G s Shiip beeid
LU Haeranan ':'ﬂ‘l
Lam .-L’
— L Geriman Sbubeed
L opgs
e
Lol ]
L Hubakam
| D]
Sk Srlnden  B)

12! 7. Dendrogram showing the genetic relationships among 5 dog populations based

on DA distance. (A) Neighbor-Joining dendrogram, (B) UPGMA dendrogram.
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8. Analysis of factor correspondence with 9 microsatellite loci among 5 dog

ag.

: Sapsaree,

populations(Genetix Ver. 4.03). Color boxes are represented as follows,

D : Jindo dog, B0 : German Shepherd, @ : Retriever, 0 : Rottweiler.
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A7 FAstol A AFo] #AWFE QTL mapping®] FaEHo] ow e FHAA7}
93

additivedt EAS 74 = Aoz A Aduh 14 dZd AAjg 3

Al ol A5 Aol wla WA} e A B Sdom wy g% Hg,

2
e
—
o)
o

3

=
°

3) A@AA EA ] AF-EE marker AW
Mol Ag3 4 JE microsatellite marker FolA A#AA EAE 9slA Canine
chromosome 16" 9] genome-wide screeningS $3F microsatellite markerS A@3te] A

€39t} Microsatellite markerel] 3t R E I 120 8.9kttt

4) 27 Aol A 2] Canine chromosome 16W microsatellite loci®] %4+

AN AAA 16We] 137 EAAE ©] &3 genotypings E3 2 EAANA EFdHsh=
alleles size@ 2 Numberingdle] A3 FA =g o] o]&3}7] Y3 pre file Fef= A
gatack A" Alleled Altholl W& segregation 4S5 Eaf A7 Jodo] EA8=
AL A 8aFLeE Yw T UJATH
Haplotype® & conservedt haplotypeblockS ¥ 13°] A% +=d ©]= &3] Canine

chromosome 16W A e] A&k A7 He 3149 haplotype blocke] 3}etx] A Th(3E

1), ol Fa %o AM] gue o83 A% B4 ATE 98l Y /o] H A
A7t AARDL A FET AR BEAHL B ohe FF G2 FF

ME Fo 34 Fol Bolatt: HAA mapping® AF AT Al QoA wel ol@

£l
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I 12. Summary of PCR primers used to construct canine genetic linkage analysis.

Linkage o Size
Locus Repeat % Forward Reverse PIC Ta

group (bp)
FH2155 (GAAA)~47 CFA16 TGTAGATGATGGAGACATTGGG AGGCAAATATGCCAAGGATG 0.70 457 58

FH2175 (GAAA)~18 CFA16 TTCATTGATTTCTCCATTGGC  AGGACTCTAAAAACTTGCCTCC 0.78 251 58

AHT131  di_repeat S12 GAAACTGAATCAGCAAATGACC TTCTCCCTCTGCCTGTGTCT 104-117
CXX.876 di_repeat S12 CATGGATTCTGCATTTAC GGTGGAGAACATACAAGAATATAC 98-120
REN124F19 (CA)13 CFA16 ACCTTTGTAGCCCAGTTC GGACGTGTCTTATCTCTTG ND 152 48.3
REN130B10 (CA)15 CFA16 GTGTCTCTGCCTCTGTGTA TATTCATTTCGTAACTGGA 0.72 135 46
REN138D05 (CA)15 CFA16 ACAACCCCTTCTAAAAACT TGGAATGAAAGCCCTATCT ND 172 48.6
REN176D05 (CT)imp(CA)15 CFA16 CTGTGAACAATGCTGCTGGT CCAACCCAGAAAACTCCAGA 298 60
REN210K18 (GA)17 CFA16 TCCATGTGGTGCATCTAGGA  AATGCACTAGGGAAGCCATTT 0.48 217 60
REN275L19 (CA)15 CFA16 CCTGCATAATCCTGCAATGA CTATCCTGCTGCACCTAGCC 0.48 230 60
REN292N24 (CA)16 CFA16 GCCCTCAAGCTCAATCTACG  TGCAACAGTCAAGACATGGA 0.66 140 60
REN54119  (CA)9 CFA16 CTTCCAGGGATTTCTTTCA GGGCCTACTTTATGTGTCTG 0.85 159  49.5
RENB5M08  (CA)21 CFA16 TTCAGAGGTCCCTTAGAGA AGCACGAGCTTACCCACAT 189  51.2

Linkage group” : Hitte et al(2001)
PIC™ : Mellersch et al.(2000)
Ta™ : Annealing temperature

H 13. Summary of canine chromosome 16 haplogroup and haplotype block in Sapsaree

breed. Shadow region is conserved haplotype block each haplogroup.

TYPE TYPE2 TYPE3 TYPEA
2l zlz]lala]lz]2 4 4 af 4 | |11 {11 &a]ls

zlzle]lalz]ez p : | 3 | 3| 3| 3 [ 2 (NSNS
] | ] | 1 ] ] o 2 2| 2| 4 4 4 4 4 4 3 3
q 4 4 & .| 4 q 3 ] 2 3| 2 2 | 2 2 ' 2 3 3
. E g 2 3 3 3 2] g 2 1] 2 4 4 10 jlu] = - 2
a ol alalalala gl 8l 3 8 3| 3alals|e]ali] s
6 | 4| 4| alalala slsleel o | 2| 2 | 2 | a4l 3
z | z|22e]l2]z2]z2 2l a4l 2 a]la]aln 3 | 4] 2
4 | x|l afla]alala gl al af 4 2| alalr|[a]l]a] 4
1 [zl zflz2lz211]n1 11 1 ] BRSO
q 2 2 2 =} =} G 4 4 =} q 5 i =] 5 ]
1 3 3 2 2 2 1 | 2 2 1 2 | 1 3

lzlalalaln A 3 alzlaslslszl®
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H 13. (Continued)

TYPES TYPEG _|TYPET TYPES

2 lelz]2apa] a|a]as]| s Daababay | s
zlelz]lzPabeal 23]z fafalbalbal:|:
s | s |5 | s Dbl a|3]3|:falbalalbals]|s
2 2 2 2 1 1 2 2 4 2 | 2 £ ) 2 4
i 2 2 2 fi T a4 5 1 4 2 2 2 4 2 I
1 & i L] i A 2 i =] ] A i 4 3 i =]
s lal2lsebe] s 211 | 2 Palbabal] o 2|
a4 | 2|5z ele] s 31|24 [Raepe] ala]:
4 | alalalpalbd] 5] 2] a] al s | | a ] 4 1
1 1 ] ] 1 1 1 3 i ] 1 1 1 I ] i
o] 5 5 2 2 o] 2 o] [ 2 o) 2 2 5] 5] [
v 22 ]slalrv]ale]lslelr]alala]ales
slelalrfelaslileleli]alelz]als

5) MLINK program< ©| &3 linkage analysis
N A 16Wo] EAsE BEAS 7FAE 137012 microsatellite markerZS o] 83}
genotyping® dataZ ©]&3% HFHA Ad BHES ST FA Fgo] wFHAA Fe

Pl gwrel 919, WHd Sl telsh: faRe] PAolum $4 A A el A
5

el

EAdHor TR 20F5] Je4, F54 71AES LINKAGE package program% 2| &}
1<l MLINK programs ©]-&39] dominant®} recessive modeE 71z} % &3}o
Two-point linkage analysisE G338ttt 2t o gk affected gene frequency™ =
RS A A

recessive) o w2} Hardy-Weinberg

23]
r U
L
e
r {
R=)
o
tlo
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2
=2
i

7} genetic mode (dominant,
tol Aldketo] A&stl e, 2F A A o
3l allele frequency: genotyping &2 WENY ZF alleled] &3 W7t Aol 285
ot Zt gEdE AR 17 dE) $- ste] LOD#E
< YEhll= MLINK programs ©]83t 48 F33te] 0.05914 057k 9] Ax=Fv]&
(Bl A 2] LOD scores Tt own, Aol 7Hsde] v 54 ddS AdEstr] 98 A
Z3% H]& 0300 olstalA Ho S e E LOD score9t #AZ3HH]E-(H), ¥ marker
R A F(genetic mode)s FE 140 Al o] 19 9= vhAl YEhl AT A}
A &0 HFHEHE /A= MLINK 242371 inconsistentdt 235 eI o U
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analysis, Theta < 0.300).

E 14. All markers examined and corresponding highest LOD score obtained (MLINK

Phenotype Marker LOD score Recombination(H) Genetic Model
Undershot 176d05 1.064480 0.250 Recessive
Ear shape th2175 0.321753 0.050 Dominant
Tail shape 130b10 0.065208 0.200 Recessive
Coat color 85m08 -0.153674 0.300 Recessive
Coat type 176d05 0.262865 0.050 Dominant
Nose color 275119 0.131664 0.300 Recessive
Tongue point th2155 0.033079 0.050 Dominant
Face hair th2175 0.499311 0.050 Dominant
Hair tangling th2175 0.225847 0.100 Recessive

Eye color
Weight

Inconsistent data

Lod score

2! 9. Histograms showing distribution of LOD score. All Markers Examined and

Corresponding Highest LOD score Obtained. (MLINK analysis, Theta < 0.300)
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2) dloletuo] = A4

O A7) WA A K Table
O AN 25418 Table
O AFEAE A B Table

SQL Server 2000 |

Data Base

@“ 1I"‘IT:.' s ’*@

7h) A7) RA A B Table (Regiltem)

24949 ey 2 o] Type NN Key
cRegilD NAH S 10 char N P
cBreSex A4 2 varchar N

cNumBorn kA 2 int

cBirth Adadd 10 char
cHairCol A 2 varchar
cHeight A 31 4 int
cLenght A7 4 int
cBreDep T4 4 int
cWeight A= 4 int
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) A

AH gy Z o] Type NN Key
cRegilD A H S 10 char N P
cSire F s 10 varchar
cDam 2% 10 varchar
cSireBirth FAd 10 char
cDamBirth A 10 char
t}) A8 H X Table (Userltem)
EERShes &5 Aol Type NN KEY
iNo dHHS 4 int N P
cLoginID 212l o}o]r] 12 char N P
cPassword E s Rt 10 char N
cUserType A8 A EF) 2 char N
cName 37 20 char N
cSex 44 2 char N
cBirthday Addd 10 char
cBirthGuBun AU 2 char
cZipCode il i-a 6 char N
cEmailAddr W dF A 50 varchar
cTelephone A3l E 13 char N
cFax S Eal o 13 char
cHandphone P=ZEHT 13 char
cAddr Ta 255 varchar N
iHabitNum | ¥R 5H < 13 char N
cFarmName S48 50 varchar
iCowNum AbSF 4 int
cFarmZip | 34 $9HS 6 char
cFarmAddr FETA 255 varchar
cFarmPhone | 54 sHE 13 char
dRegiDate TEYA 8 datetime N getdate()
admin_check | ¥ A} of F- 50 varchar
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A, A FA L AFo F3AF7Hphenotypic value) & ZA X o] thedk AA HT&
¥ 159 yERd miep 2o AbA) 2037 AAe] tigh Har A= A3 50.90em, A7 50.50cm,
T4 2020cm 18l AlF 1897kgo| At E Aol A FALE SAXE 1993\ HaE 4

[¢]

Aol AE FAA S AL 52.6em, A 56.5em, A 22.0em L2]il AF 19.2kg(E 3 st

1993)¢k Blasto] wd A o] zpopAan Al Fo] P A= AEFE Hola 3l

15. A D Azl @Y7l digk A dEe] gy}

EMUEE BN ST M A & = A M =
A 203 50.90+0.23 55.50+0.24 20.20+0.11 18.97+0.24

1990~ 1998 34 51.70+0.54 56.09+0.54 20.927+0.25 21.13%+0.52
1999 95 50.83+0.32 55.66+0.32 20.56%+0.15 19.08"+0.31
2000 74 50.60+0.36 54.84+0.37 19.50°+0.17 17.76°+0.35
2) AF 2 Az dg SAdE] &

A, A T4 2L AFo EH I 7Hphenotypic value) & A X 3 FAAE9

=AW =S 1990~19984, 1999 1] 3 2000

=
el Ae Y7L HaAlH Hir X (least square mean)

HN
o
it
i
4
>2
é’a

51.70cm, 50.83cm % 51.70cmE FAEQ oY} FoxtE= A X kgka, AAe A
= ¥/ HaAH HEAE Z2H7; 56.09cm, 55.66cm 2 54.84cm®E FAFH Ao 9

aEd FAe) B A e AR FAEATE A2 20.92em, 20.56em R 19.50cm 2
A el A7 QAR A=, 20009 =0 A AFAEA
AR Faeol & Aoz Yepdth(p<0.05). %9
747} 21.13kg, 19.08kg B 17.76kg o 24 ol A7E I H A=, 2000 ol FAF AFA)

o FAle] 19994 ol dlel E4F A
%

H

% 7 57 ALAF HiA
o]

o] AlFo] 1999 = 1998 ol Mol ZAgE A el wlste] 7 1o, 1999 el =AY g
AP &= 1998 o Mol AR ATl Blske] ZFH SlHH(p<0.05).

oj¢9h 2 T4 Aiw AR Aarer AR AS 1270 B Aol ¢
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= Zog dddn 2y F4& 20009 =l AT AR 1999 ol dell A e A
ANEY &2 Ao Kol 24 F 2d A=A = S ASse Aoz yEa, Al
T2 20000 EARE AN eE 1999 el EAE AR el 1998 o] dell AR Ab

AL Aol 7h = Ao Hol A F 3d A=A RS ASsks Aem Bl

3 AP R AT e FAALe] &3

A, A, 4 2 AT FEA Y 7Hphenotypic value)ol thdt =AAAe] &3E F74
St AoE ¥ 167 2ok AN SAAES 2~49, 5~79, 8~10¥ 1¥l1 11~1€9 4
TEoE UEAs W A
7} 51.13cm, 50.99cm, 50.75cm % 50.93cm= FAHE Qo fFoAb= A A ki, Ao

4
=

o AL xZAF7LY HAAH H X (least square mean)E= Z+

T ZAYY HaAe HixE 247 55.75em, 55.14cm, 55.34em® 56.41em®E FA H QA

gy FAY Aee 4 Y HaAw FHEAE 47 2042em, 20.04em, 20.14em 2
20.83cmZ Al o2 b7 AAHA T, 11~19 A3 A F4o] 5~79 2 8~10€
of 43 AR FAol 7e Aow YeEbuth(p<0.05). AFe A= 7 F£2¢
A BHEA7Y 22F 1997ke, 1859ke, 1855kg 2 20.50kg & =4 folxb7t Q14 ¥ e
11~1€e] 2% e AFo] 5~79 2 8~10¥l 43 Ao AFHTY FAE&
Ao 2 YEFTH(p<0.05).

16. A9 % Az xdG7tel e SAAL] a3

EM4AE BN T A o A & g A A &

2~49 6 51.13+1.36 55.75+1.37 2042064  19.67°£1.38
5~74 99 50.99+0.33 55.14+0.34 20.04°+0.16 18.59"+0.34
8~104. 60 50.75+0.43 55.34+0.43 20.14°+0.20 18.55"+0.44
12~14 38 50.93+0.54 56.41+0.55 20.88'+0.26 20.50*+0.55

D AG D Az d@ Aol 7
A, AR, 4 2 AT ZAD) A o BaE R ARe E 179 2k A
B 4 g FAoR Hrds W @Yt HaAF BAAE And 3% 4%

49.86cm 2 52.23cm, AFe] A9 54.27eme 56.79cm, FA1Y A 19.8lem L 20.84cem, 12 I
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AFe A9 1784kg 2 208lkg o 2A Foxt7t A=, hA ol FA ol ulate] Aol

23 wak AFE e Aoz JERTHP<0.05).

217 A9 2 AT Q7] dig Ho 23

o 2o T A 0 = & = H =S
oF A 100 49.86°+0.32 54.27°+0.32 19.81°+0.15 17.84°+0.31
7 103 52.23%+0.33 56.79%+0.34 20.84%+0.15 20.81%+0.32

5 A 2 ATl g 24 73

Aol e wE Aar, A%, F4 B AT 2 AolE FAHT A= E 18
I gk AR mAle FAd go e vEls ol AP HAAw FHEAE A
1ol A9 Z+7F 51.20em 2 50.65cm, AFe] 9 55.04cmE 55.81cm, 419 A 20.42cm 2

20.08cm, 11 AFo] -9 19.22kg B 18.74kg o2 A Fo A7 G H A g%

oM B ES A A E o A =
% A 95 51.20+0.34 55.04+0.34 20.42+0.16 19.22+0.35
3 A 108 50.65+0.32 55.81+0.32 20.08+0.15 18.74+0.33

th A AY 9 A F e ¢l mE FA
A, A, FA D AF oig AU AR 2 Ydoex Eakpd) ¥
H(H)S A3 Axs ¥ 199 2k AA 2, +o%)ol

<u%>ﬂ 2 2AEE §428e A 049, AF 060, T4
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1.27
5.32

4.72
6.35
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Al goln

Hk-S-(correlated response)©] YEFES 2|1

37k 9

B
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S
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of gk

)

3% 7} (breeding value)

Aa, A%, F4 R AT

o
34

Al 3Ll

A S
0.15+0.23
-0.10+0.13
0.05£0.15

o

A&

A
F

o] §F7H7F 242 0.15kg,

=

ZF -0.11cm, -0.2lecm 2 0.1lcmellaz, Ao A= Z+7

AHE A 2ea

==
o

-0.13+0.11
-0.08+0.06
0.06£0.07

2~ =z

_’__,_o
P

- 7k I

A
-0.30+0.32
-0.36%0.19
-0.230.22

T

b
=
=

Z
-0.11+0.28

el i &4
-0.21+0.17
0.11+0.19

g A
=
[e)

=
-

34
95
74

A 2 Azel

1999

ZAWEEE 1990~19989, 1999 183l 20001 9] 3
2000

21,

-0.30cm, -0.36cm 2 -0.23cm%=
-0.13cm, -0.08cm 2 0.06cm =

-0.10kg 3! 0.05kg >

1990~1998

S
i

o

)

i
)

Y

it

~
HO

—_—

1o}
|

—_
file)

ol
dr
Mo

il

ol

oF
e

0.1067X - 0.2856

Y:

0.0849X - 0.2188

Y:

1:

<
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=)

5% 7ke] 517

9]

]

<R
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el
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(9] : cm, kg)
A, A A A R e (393F)
T % NA Al at(cm) Al 7&(em) & Al(em) A = (kg)
g () 50.0 54.6 19.9 18.1
220
Ho() 42.2~58.8 46.8~62.4 15.2~28.7 10.0~25.5
g3 T (F) 52.4 56.9 20.9 21.1
HoE) " 44.2~61.6 48.9~68.2 16.7~26.4 11.5~325
B. 712 287A16%F
T A Al ar(cm) Al 7&(em) & Al(em) Al % (kg)
3 () 10 45.9 50.8 18.3 15.0
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E. 2A026 and A623

D. 4A108

MARE |2 AE | 24 | Aa(cm) | A (em) | F4(em) | A5 (kg)
A091 1999 M Y 471 49.3 20.0 145
A623 2000 F B 449 50.7 18.0 115
4A108 2001 M Y 474 53.8 19.6 17.0
Aduk AR AT51 2000 M B b3.2 58.2 22.2 20.0
2A026 2001 M Y 58.6 66.0 23.0 26.5
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