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SUMMARY

I . Establishment of Sapsaree breed as an world competitive dog using classical and

molecular breeding tools

II. Objectives and needs of research developments
O Establishment of Korean aboriginal breed for commercialization
- Increasing trend of pet consumers and pet industry
- Current status of limited establishment of aboriginal dogs as breed

- Great potential of Sapsarees as cure/companion dogs due to affinity

III. Contents and scop of research development
O Research goal
- Establishment of body shape, morphology and mental characters through classical
and molecular breeding tools to meet world competitive dog for commercialization
of Sapsarees
O Construction of Sapsaree lines
- Establishment of body shape, morphology as cure/companion dogs and selection of
founders for each line
- Design of mating scheme and study on inbreeding and genetic defects
— Evaluation of body shape, morphology, and mental characters, and selection of
individuals as parents and mating
O Development and evaluation of breeding programs for each line
- Setup of breeding goals for each line
— Setup of classical breeding scheme though pedigreed and phenotypes
- Development and evaluation of marker—assisted breeding value models by
combining DNA markers that were detected for each trait
— Evaluation of genetic improvement using MAS
O Generation of Sapsarees lines for curing and companion purposes and construction
of commercial system
- Establishment of line—specific traits, implementation of breeding programs
— Conservation of sperms of suprior seeding dos for commercialization
— Database construction to manage data of DNA markers, breeding values,

inbreeding information

IV. Results of research development
O Establishment of breeding goals for curing and companion purpose and line
construction

— Setup of breeding goals for morphology and mental characters



- Selected 40 founders and generation of 176 dogs in 2nd and 3rd generation
— Indication of successive selection through selection to meet the breeding goals
O Conservation of sperms for artificial insemination
— Indication of high density of sperms for succesful Al in case of the insertion of
sperms into uterus
O Genetic characterization of Sapsaree population
- Indication of avoiding inbreeding and enlarging effective population size
— For morphology traits with moderate heritability, great expectation of genetic
improvement through selection based on breeding values
- For mental character traits with low heritability, indication of better environment
& management practices, rather than selection based on breeding values
O Detection of DNA markers for morphology, mental characters and defects
- Detected 180 QTLs by GWAS analysis using high—-throughput SNP chips, which
explained significant proportion of phenotypic variation
— This results suggest great effect of genetic improvement through marker—assisted
selection program when the detected QTL are utilized for cure and companion dog
line construction
O Evaluation of marker-assisted selection (MAS) response
- The rate of genetic improvement was not greater when MAS was implemented,
compared with the pedigree—-phenotype selection, because the QTL detected in
this study explained only small portions of genetic variance
— Thus, it needs to detect additional QTL for efficient MAS implementation
O Database construction for efficient management of Sapsaree individuals, pedigree
and DNA markers

— The DB online sites are open for data management and advertisements

V. Product of research and plans of the production application
O Establishment of generating individuals through lines for curing and companion
purpose
— Boost up the research in Sapsaree breeding institute
- Boost up the activity of Sapsaree—mediated cure programs
O Establishment of world-market competitive resources for Sapsaree
— Construction of online DB and management of Sapsaree advertizement

- Commercialization of Sapsarees for education, culture, and tourism
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2. AYE ¥ ZEAHE §F
- The Seeing Eye Inc.(NJ, USA)dlA Y Ay¥=9 #ftuglx g Egv S oha Z4o Hgst A
Yy 2 Az gy Yt ST A dEste] ohdid S5 Aje Ay 2 Ay Hx FH

F 5y 2L 4G

_1

3N FAA zrAdE

- NHGRI (NIHD): 7HE A8 2 oF d+ #d 2da o]&slo 719 #4 A% A fFAAES A=
stete] cloning & + U&= ALES L=tz &

- M BE FEA A S 9 AR E Ag9e v dE 2 g AR 9 99 RH map 2 AEAE 42

RH map SHAE #1=t

4. A FY(LD) & a2y E27](Ne)
- A, ok 22 EAFeke AdnEY AelE Wl stal AA 544 ddde vEde fFadd

< [¢]

A7I(N)E H ol 7 &5 Wwaks A7

- Dunning(2000), Reich(2001), Franir(2000), McRae(2002), Hayes(2003)9] Q42 MNE Atg, &2¢ Al
e A s =2 LD 237 vERYY, Sutter(2004) 0] wh2A AMRE wlm A Ai7F EAE 10081 7F
A =& LDgke] #5dva &S

- Calboli(2008), Lindblad-Toh(2005)¢] <HA-rZy=z wHw ZZFo 7] (Akita Inu (45), Boxer (45),
English bulldog (48), Chow chow (50), Rough Collie (33), Golden retriever (67), Greyhound (17),
German Shepherd (76), Labrador retriever (114), and English springer spaniel (72))2 243 43}
AA A v A AAT e @e 8 fAY 27 No)E 25

- A vdde] AR "Wold Al LA Thsek WEAA S ol A 9 SE 9 wEks Al

& Aol 7.

5. QTL(Quantitative trait loci) mapping
- Karlsson(2007) 9 9]38ll4] SNP assay7} A9 2 7o A&HAA T2 AWy} Psd AHd 547
gy FAE zAI AL, A, AE, AT ) FFS AT QTLuAE =37 a8 o8 #+

FTE9 genome°| A HI )&
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(AFdd FAare =]

—Parker(2009); Boyko(2010) ¢ <42 CFA189] FGF4 #EZ A7 ‘dachshund’, ‘corgi, ‘basset
hound' FE &4 &2 vhe]Zdole fdolgha 8. Sutter(2007); Jones(2008); Lark(2006)5-2 711 <]
nyoe]x F9l ‘toy’ ZFEC] T2 IGFIFAA 93] =ddvta grdl.

[QTL 2]

—-Chase(2002)8] ¥ 25%Z+ Portuguese Water DogolA 79 Zvig]dolel Aol Zojol wdo dgh

QTL% B o™ Carrier(2005) 53k Abx] ] w Zo] 140]7} CFAI29] 9= QTL association®ll
+a]

93] =ddi ¥ . Jones(2008)¢] Aol Wel o] Hl&, AF, Aol CFA34d Sl QTLA 9
a S Heva R

[(2AaE e 4 5 2]

-Shearin, Ostrander(2010), Karlsson(2007), Kerns(2004), Schmutz(2003): ASIP, MC1R, Zz]i. MITF 3
ZHA AR NEEe] A 8 dAlolgta s e 54N fEs vEdlE vE f312
(TYRIP, MLPH, and SILV)E%= 3]yl

—-Cadieu(2009): 80 <1717} ¥ £E5 whole genome #243ste] ®Heo EAI(HE, Zo], FE£AE, T94)
Eo] RSPO2, FGF5 and KRT71AA59] & Holo]| &M tepdtia 9+,

6. AWIA AJEH E FHAA 24

- A7 A= g O]‘/‘r A= Ak é‘kgo] 2o Y FRAA EAS FeA AWl #e ARE

- Alo] E: http://www.broadinstitute.org/

7. Working dog< 93t &%
- International Working Dog Conference(IWDC, USA)elA F27A, 7fo]l=A, BFEA, FZovp 4
A AL B HAAAN &sete= M 55 s A3 7 2dntt A

Pge A% AVIZEIW L AP A BE ATE BEFT AL

[eRNe =1

|
e
of\
rO*‘

- Al E: http://iwdba.org/

- 92FESY FE vel 5 Y Shar-peid] FEFX AFAA v S99 SASS FAAE o] &5k
A o] FHEE 55 A9A AR QSA e Aolgl %

- Dr. Joshua Akey, University of Washington(UW, USA)¢] w=2w ®]E 14000 A4 dEoA-&
AR FFY vdEAE B H AV|AY Ak =2 e A ol g o 3l
sto] B3, A7 B B, FAGFxY Wolrl solubA @ AYe grel.

S 107FA FFAA 275vke] o] A2 #-E gle A9

2 54 He FERFHAAE /HAe 16670 A A

AA N FF FAIEY " 29 dve S
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9. AlWEet &~y E L7t FHFE §F

- the National Institutes of Health Bethesda(USA) of A Al W2t 01 71¢} dHav BERES Y
T wgs Fote] A A5 FHA whE AT fAe] §F A 2l

- AR TE 4IFdA Aaid 199, % 681 MAE 529 A, 2 A F4s S = v
At AgE Agste] NEFRI ok

- Aol E ! httpy//www.genome.gov/27540617

10. 173 o= Ao RdE o)g

]
Aol B A A AR SAA DU Ao Ao, EFA B Fol A wolol @
@ ARE Pobd & AS AP s] olg B AT/ 1Y FU.
- AAHoR Vst SeHed AW
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- Abol E : http://www.roslin.ed.ac.uk/kim—summers/canine-models—of~human-and-animal-disease/

11, therat 7 AR Bek FAAE A

- the National Human Genome Research Institute’s Cancer Genetics Branch(USA)olA 71¢] B2 3
Ao gk vhFst weke] A1l AR ok A EE 2 E

- 80F 91570A, ok E 83/AE tidom We] die FA3% ALE A4, ol Tt /9] DNA
A Apoleo] EAstE A4 FAI AHE WI ARE A

- Aol E ! httpy//www.genome.gov/27540744

12, 3ol A FAA A

- University of California(USA)A il 7l FA7AE AFste] ¢FdAM vHeves #3744 d8S
+4Ast7] g A5 AL

- £Fo R FEI 2IMAYG FAFoR FAFRAV =2 F59 DNA sampled &% 30099 7] 9] marker
& F3d Wd"—? Azto] 1y} gkt =AY

- Aol E ¢ http//www.vetmed.ucdavis.edu/whatsnew/article2.cfm?id=1124
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2L M JifdHs 2E8H - dE M= H(em(EF7H HEH(m (&F7h S(cm(8F7h A5k (8&7h
A A 1A704 018 2 2005-09-05 57.0 55.0 65.0 62.5 26.0 239 210 205
A= P R~ 14707 018 & 2005-09-05 58.0 55.3 68.0 635 27.0 239 20,0 204
A= P R 14836 012 2 2006-04-24 58.0 55.1 60.0 59.2 24.0 234 18.0 195
A= P R~ B119 003 2 2001-09-13 52.8 54.6 61.0 62.5 19.2 241 18.0 19.3
Bg{Ad A B628 008 2 2003-01-09 53.0 552 55:2 59.6 21.0 23.5 21.0 201
A= P R~ B353 007 2 2003-08-25 50.3 53.6 54.0 58.6 21.7 23.5 21.0 202
A= P R B885 006 2 2003-11-08 53.0 55.3 61.0 62.0 21.0 234 21.0 202
Hhg{AH . A C149 008 2 2005-11-01 52.0 53.6 59.0 60.3 23.0 235 18.0 199
A= P R~ C467 012 2 2007-08-08 53.0 53.1 61.0 60.5 24.0 23.3 17.0 188
A= P R €503 006 2 2007-10-04 520 529 59.0 599 26.0 23.7 18.0 196
HhgiAd = 34119 012 &2 2003-07-25 56.0 55.8 65.0 63.2 28.0 245 20,0 200
A = 34417 012 & 2005-08-02 56.0 534 66.0 61.3 27.0 23.8 21.0 201
A = C361 013 & 2006-12-07 58.0 55.3 70.0 64.2 26.0 24.2 20.0 199
gtedAd = B201 017 2 2003-08-01 53.1 54.4 58.0 59.7 200 23.3 195 20.2
I P 12 C158 008 =2 2005-11-12 55.2 549 59.9 60.1 25.0 238 16.0 194
Hhgid = C216 007 2 2005-12-21 54.0 54.5 57.9 59.3 201 231 16.0 195
HhgdHd = C265 006 2 2006-07-31 55.0 54.1 65.0 61.7 25.0 23.7 20,0 201
A = G317 013 2 2006-09-17 55.0 55.1 63.0 61.9 26.0 24.0 220 210
HNEHA H 6A241 011 2 | 2003-10-25 68.0 60.4 76.0 67.8 29.0 24.2 28.0 213
XNEAd H B505 020 2 2002-11-06 60.4 56.5 65.0 63.0 26.0 239 25.5 213
XNEHd #H C143 018 & 2005-10-23 63.0 56.9 64.0 60.7 23.0 23.3 220 20.2
XNEg#Hd H 14183 010 2 2002-11-26 58.3 57.5 68.0 64.5 223 235 250 210
XNEH H 1A723 009 2 2005-09-27 58.0 56.8 64.0 629 26.0 23.8 20,0 20.2
XNEHA H AS00 015 2 2001-06-29 54.0 56.2 59.7 63.3 21.1 24.0 20,0 196
HNEA H B529 011 | 2 | 2002-12-03 53.0 54.4 61.0 62.2 25.0 23.9 185 195
NEA H C4a0 010 2 2007-08-16 54.0 53.0 60.0 59.7 26.0 237 20,0 200
XNEAd H C559 011 2 2007-12-10 57.0 55.8 63.0 624 28.0 24,2 220 20.7
XNEA = 2826 010 &2 2001-12-27 58.6 55.6 66.0 625 23.0 24.2 26.5 210
NEg#d = 24535 010 2 2006-02-12 65.0 57.5 720 64.5 27.0 23.8 230 205
NEHA = A208 017 2 | 1999-07-19 554 54.3 59.0 60.2 220 24.2 24.0 204
XNEAd = C336 009 =2 2006-10-26 60.0 54,1 64.0 60.7 29.0 241 20,0 198
XNE2Ad = 523 009 =2 2007-10-09 63.0 56.2 70.0 62.7 27.0 235 20,0 195
XNEA = 1A25 012 2 2001-10-30 57.0 56.7 67.0 654.9 28.0 245 200 199
XNEA = 14935 001 2 2006-11-03 58.0 56.0 66.0 63.2 27.0 241 220 208
HNE#d = 14937 001 2 2006-11-03 55.0 55:1 63.0 62.3 26.0 241 21.0 207
NEHA = 2A630 017 2 | 2006-10-17 55.0 54.5 65.0 63.2 27.0 24.2 210 201
KXNE2Ad = C176 00e =2 2005-12-11 57.0 54.3 70,0 639 26.0 237 19.0 200
XN=zAd = C276 008 2 2006-07-30 57.0 55.8 68.0 64.0 25.0 241 17.0 201
Ngad =2 C405 010 2 2007-05-16 57.0 54.6 66.0 63.2 26.0 23.8 19.0 201
XNgHd =2 C451 008 2 2007-07-22 56.0 54,1 63.0 63.3 27.0 24,2 19.0 20,0
O % 4079 <X A HoL 0112 YERA A=Az W] SXEE 2 deA W F8sk
3odeE, o] 23 A Hu& AxAdE Erkolygl o] Fwe] o AAMdidA 8nteE A AH Y
7] W& e SALRE A% F g
O F8 FF FAQ A3y A WA ARA FE BF HiACd 2y Hoghs el
wEbA g AU §EY F AL MAEDY "Hel(AzhE Fole Ho SF 24E& T3 T
SH o

_24_



Ho

0

B

i EEEE EEGIEEEE B EEEEEEE EBEE EBIEEEEEEE EEEEE EEEEEEEEEEEE

T

Lo

il

5 R B e B R RS RES Y] ERRaRES =T =R aVEaVE FarR R KR S R YRR YR SR YH Ko R S R S R VR Y F N R R S R S R R R

P

_ll_|

rfo

| © oo oo+ oo alocoo|co oo oo oo o oo ooooooordooas oo

B

i |

=

+=

ole = o eooo oo oleoo|loo o ooloooleooodo|oo Ao oleHoooo oo

o

I

i

{oil

S BB R R R e R R R Rl R e Rl E= R =R R Rl B R IR R R e e R ] L AR R R ] R R e R e e R A

m

il

ol

r

._Im.MnUnUGOGOUOGOOnUnUGOOOG0000000000000000000000

|

ol

Kk

T|loooloco oo oo o|looo|oo oo ofloo oo o coo|ldo oo oo oo oo oo

123

%0

N EEEE EBREEEEEE EERE EEELE EEE BEEEEEE EBEEEE EEEEEEE ]

el

M

o # ol H o0 A H|H A N|lo o H O|H H Ol A H O ] A S N N o ey

=0

a0

L

MLGGOOUODUUOGSUUOOOUOOO5000000005050500500

I

.A

HGIGOOGGOOGOIUOGGOU0000000000000000000000

o

_-/._._l_

_.AA_nUnUG00000000000000000000000000000GGOOGGOO

o

w_m=000000000000000000OOOOUOOCUGGOUOGOOUOOOO

El

il

wo|Oh Tk DH| o of Of Of Of Of o3 ok TH{Of Of of of ook oF DHOf of of of Of Of|ob oF IF oF IHOf Of Of Of Of of O O

_0_47:6900_5597:397:110065?,1533309096586355706651

M 2Rd AN wea s v alddelgnoedd o gl8dQdelaee n|lafooaladRE s S m

ﬂ.n_m.A.A1688145&._;.“_“381223A51AA9545AA235AH.A.A.I_zd.d.

Hlg g Al oo U0 G Ye o uuEmolE 5o llledoUld3 350000

=

m._mcmoromo#omcrcmc#omc%%%@d@d%%%romo#omc#omc#cmo#o%%%%%%%%%%%%%

Eﬁ_ﬁ._ﬁ._ﬁ._.?ﬂ._ﬁ;ﬁ_ﬁ._ﬁ._.ﬁ._ L e e o i g . o D R e

N N R O R O O B N B R N
T a o T T T K KK E KKK KK HEKKKE KK EKEKEKEK

A

=
-

% (C: cutting)

17 255ke] 17he] A& 24

4.

bl ) 34w

3|

o] &4

=2) 7.

[¢]]
=]

X

KeN
=

 AAM =)

ok
=

]

R

i3

- AA: 39mkelvE el

=
= .

7} oA &

2 3EALHO),

L. 0.
=

[e]
€]

A
A

ﬁo
=

_25_



:)é
il
>
A
of\
ol
X
x
-
4,
o
1o
o
o
12
)
1o
o
Iz
o
s
o
s
juke
=

- A4 F ke d F2ol wrsHA A T4 B (2)

- &Y giFEe] FLSAY0), S AFE1) B

- BE AExdor Add AlES F8 A VAL A @, EeA B2 FA3 13| H
ojupA R, AgdemA fulH= AEQ TAAFL FToR AW AR 52 SFFYe] ey
Es

O Adtel AxdEe wH dg (2011d 12€ A

=P 24 o7 w Hj ! EMo)dy ey EMES Z|Et =54
E=! 1A707 C149  09.3/27 09.5/27~ 2
H  1AT0HEE) B119 09.5/27~6/1 09.7/27~8/1 s
& 1A836(22) B853  09.6/11 6/15 09.8/11~8/15  09.3/12 BM3 6/9 stat BM3
H O 1AT04(BE) €503 09.6/15 6/17 09.08/15~8/17 09.8/16 BM4,BF1 BM4,BF1
& 1AT07(8t=) B8S8S(Z4) 09.6/29 7/1 09.8/29~9/1 09.8/26 BMLBF6 BM1,BF5
& 1A836(2 L B628  09.7/13 7/15 09.9/13~9/15
A 1AT0HBE) C467  09.9/159/16 09.11/15~11/16
& BS09(CER]) C149  09.10/22~ 09.12/22~ shat
H O 1AT04(BE) B853  09.12/26~ 10.2/26 Bt
& 1AT07(5ts) B814  09.12/04~ 10.2/4 s
& 1A707(3ts) B765  10.1/4~ 10.3/4~ : Bt :
& IAT04(ZE) B88sS(E24) 106/11~ 10.8/11~ 10.8/24 BM1 BF7 Bt BF5
& 1A836(22) 3A660(3ts) 10.6/13 10.8/13 10.8/15 BM5,BF3 BMS5,BF3
& B80O(OLX]) €503  10.11/5~ 11.1/5~ Bhat
=] C799 828  10.12/27~ 11.2/27~ SHEH/FL
& B994 803 1012/7~ 11.2/7~ BhekFL
& C799 c797  11.1/27~ 11.1/27 BheHFL
& C794 C797  11.6/22~ 11.8/22~ 11.8/26 BMS5,BF1 Bt BMS5,BF1
H o IAT0AEE) C467 117721 7/22 11.9/21~9/22 Shat
& 1A836(2E Cl149  11.7/26~ 11.9/26~ Shat
& C799 €503 11.9/28~ 11.11/28~ Shat
T 3A119(E L) B8Ol  09.4/13 4/15 09.6/13~6/15  09.5/15 YMLYF2 YMLYF2
g 3pd17(EZ) €317  09.9/227/257/27  09.9/22~9/27
2 CBUES) €216 09.7/257/27 09.9/25
EIET VA Cd)] €329  09.10/22 10/26 09.12/22~12/26 09.12/24 YM2YF2 YM2,YF2
2 CBUES) €265  09.10/4,10/6 09.12/4~12/6  09.12/3 YM2YF2 YM2,YF2
= B98&(O| =) €500  09.11/10~ 10.1/10~ Shat
g 3Ad17(=Z) C329  10.6/246/26,6/29  10.8/24~8/29  10.8/28 YMLYF2WM1,WF2 YM1 YE2 WM1 WFL
I 3AIT(EL) BSO1  10.7/12 10.9/12
= C6UES C265  10.10/18~ 10.12/18~ 1012/28 YM1WF2 Bt YM1WF2
1 B98G(O| &) C500  10.10/29~ 10.12/29~ 111/4  YM1BF2 Bt BF1
z C6UES €317 10.10/29~ 10.12/29~ Bt
 CBUES) €917  10.12/21~ 11.2/21~ s
= B925 C158  11.6/5~ 11.8/5~ 118/5  YM3YF3 Shat YIM3YF3
= B925(= ) C158  11.6/5~ 11.8/5~ Shat
I 3AIT(EZY €329  116/56/7 11.8/5~8/7 118/8  YM2YF2 YM2
= B986(O| =) C777  116/8~ 11.8/8~ 11.8/10 YM2YF4 BheFL YMLYF3
= C36lUES €317 11.6/22 11.8/1~ 118/22  YM1YF3 Bt YM1YF2
= B925(= =) €216 11.7/19~ 11.9/19~ 11.9/29  YMGYF3 Bt Y5, YF3
= B98G(O| 2) C500 11.7/19~ 11.9/19~ 11.10/2  YM2YF1BFL Bt YM2¥F1
& C6UFES B8Ol  11.7/19~ 11.9/19~ 11.9/19  YMLYF4 Shat YML,YF2
g €908 888  11.7/28~ 11.9/28~ 11.9/29  YMS5YF1 Shat YM4,YF1
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| A=A 2H 2H Y EM0EY EMd EMEE 7| Ef HEEE
=) Cl43(E2) C460  09.4/6 4/8 09.6/6~6/8 09.6/9  BM2BF4 BM2,BF4 i
& Cl43(E2) 1A183(2%) 09.5/4 5/6 09.7/4 09.7/18 BM1 ]
* Cl43(=Z2) 559 09.06/18 6/20 09.8/18 09.8/16 BM2,BF3 BM2,BF3 b
=} Cl43(=2) 1A723(24) 09.6/28,6/30 09.8/28 09.3/26 BM3,BF1 BM3,BF1 iy
=) BSOS(EHQ)  A900(2H]) 09.7/25,7/27 09.9/25 09.9/27 BM3,BF3 BM3,BF2 A
H O GAMLEHD B529 09.7/31 09.10/1 09.9/30 BM2BF1 BM1,BF1 T
& B9%4 C460  10.01/19~ 10.3/19~ shat
& 6A4LEHD 559 10.5/31,6/4 10.7/31~8/4
A GALUEH) 1AT23(24D 106/11~ 10.8/11~ shat
k=) B9%4 B529 10.6/15~ 10.8/15~ 10.8/15 BM3,BF2 Stk BM2,BF2 A
=) B99%4 A900(2H]) 10.7/9~ 10.9/9~ gt
=) B9%4 1A183(22) 10.8/16~ 10.10/16~ shet
* B994 1A232(40]) 10.9/10~ 10.11/10~ s
= Cl43(E2) 1AT23(24) 10.10/23,10/25 1012/23~12/25 1012/24 BM2BF5 BM1,BF5 7
k=) Cl43(E2) 559 1011/10 11.1/10 11.1/8  BMLBFS BM1,BFS h
=) B9%4 195 1011/15~ 11.1/15~ shet
E=] Cl43(E2) 1A183(2%) 10.11/19~ g
<} c812 863 10.11/25~ 11.1/25~ 11.1/30 BM3,BF3 Bhek/Fl BM2,BF3 h
=) BSOS(EQH)  C773(HS) 10.12/13,12/15 11.2/13~2/15  11.2/12 BMSBF2 Fl BM3,BFL 7
=) Cl43(E2) C460  10.12/17,12/19 112/17~2/19  11.2/15 BMSBF3 stk BM4,BF3 h
=) BS0S(Ef2H) 559 11.6/18~ 11.8/18~ shet
* Cl43(=2) 3A660(3ts) 11.7/26 7/28 11.9/26~9/28  1110/1 BMLEBF5 BM1,BFS
=) 860 C460 11.7/28~ 11.9/28~ shet
= A208(I) 1A25(CHE) 09.3/25 09.05/25
= C523(%2D) 451 09.6/18~ 09.8/18~
= A208(+O) 1A937  09.6/2 6/4 09.8/2 DlZ ==/ Al
= A208(xI) 405 09.6/28 6/30 09.8/28
3 A208(xIH) 2A630  09.9/24,9/28 09.11/24~11/28 09.11/30 YF1
= 2A535 1A935  09.9/29~ 09.11/29~ Shat
T 2A26(2E) C176  09.10/4 10/6 10/10  09.12/4~12/10
= C336 C276  09.10/9~ 09.12/9~ Shat
= C336 1A25(C ) 10.5/20~ 10.7/20~ s
I C523(%2D C405 10.5/24~ 10.7/24~ ghat
= 2A26(2=)  1A25(CHE) 10.6/13,6/15 10.8/13~8/15
T 2A26(2E) C176  10.8/28,8/30 10.10/28~10/30 Shat
= C523(%ED C405 10.9/10 10.11/10~ 1011716 YM2YF3 shat YM2,YF2 7
7 C523(%2D) c451 10.9/19~ 10.11/19~ 10.11/29 YM3YF3 shet YM3,YF3 b
= C33 C276 10.10/16~ 10.12/16~ 10.12/16 YM2YF1 B
= 33 1A935  10.10/29~ 10.12/29~ Shat
= C33% 1A935  1011/10~ 11.1/10~ 11.1/11  YM6,YF3 stk YMLYF2
=t C523(%2|) 1A25(CHE) 10.11/23~ 11.1/23~ k-
5 C523(%2D) c451 11.5/23 11.7/23 11.7/29  YMA4YF2 shat YM3,YF2 &
= C33 349 11.6/18~ 11.8/18~ Shat
= C33% 2A630  11.7/19~ 11.9/19~ 11.9/15  YFS stk YES i
= C523(%2D C176  11.7/19~ 11.9/19~ 11.9/19  YM2,YF4,CM1,CF1 shar YMLYF4,CM1
£ €336 C405 11.10/7~ 11.12/9~ shet

- 2009 3¥HH 20119 10¥71A o] Folxl & 88wle] wuj(vhald 423], N8 463)) 7k WA A
3 508, WA E 333,

- 383]9] wHpdy AAkE A= F 1767 - A v A A 337, & vk 2 AT, A As5A
607, & Asd 297

- W BT A 463F AL
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2 38 BFC797 BF F c7a7 47 61 24 20 2 i, 1 1 2 3
3 43 BFCB28 BF F ca28 50 58 22 19 2 1 1 1 1 ]
4 44 BFCB29 BF F CB29 52 59 25 20 3 2 2 2 2 2
5 45 BFC830 BF F cCa30 53 s8 23 o1 2 1 1 1 2 3
6 48 BFCB31 BF F Ca831 20 a3 21 19 2 i, 1 1 2 3
7 A7 BFCB832 BF F ca32 48 535 22 19 2 1 1 1 2 ]
8 50 Y¥FCB88 ¥F F C8288 53 54 i8 19 1 1, 2 1 2 3
=} 54 ¥FC910 ¥F F C910 60 70 24 20 1 1 2 1 2 2
10 62 BFA1012 BF F |A1012 48 s8 22 15 1 1 2 1 2 2
11 65 BFA1013 BF F AT01S =0 60 21 12 1 | 2 2 2 2
12 76 WEAL1D92 WE F A1092 33 63 20 20 1 1 2 1 2 2
g 50.8 587 218 190 | 17 12 15 13 19 26
HEBL 38 456 | 20 oo 0.4 0.5 0.4 0.3 0.5
max 600 | 700 | 250 210| 30 20 2.0 20 20 3.0
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1 ‘ 34 BMCTA3 BM %] C793 54 58 23 21. 2 1 1 1 1 3
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15 69 ¥MALO1S b At %] A1019 31 a7 25 20 2 i | 2 1 2 3
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=2 537 586 231 19.9 16 12 15 11 1.9 26
EEEKL 37 6.0 16 26 05 0.4 0.5 03 0.3 06
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= 545 62,0 232 198 | 15 14 17 s 37 2.0
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max 60.0 700| 240| 250| 20 20 2.0 20 2.0 3.0
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2 38 BMCE02 BM M C802 60 65 25 25 3 1 1 1 1 3
3 43 BMCE11 M M C811 54 65 24 24, 1 1 2 1 2 2
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ab 59 YMAL062 ¥M M AL062 63 70 28 28 2 1 2 1 2 3
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13 68 BMAL082 M M A1082 64 68 25 24 1 1 1 1 1 1
14 60 BFA1023 EM M A1083 51 60 21 18 1 1 2 b § 2 2
=22 57.6 63.0 237 226 17 13 15 11 18 24
= HA 3.8 37 ToF 37 D7 05 05 0.3 04 06
max 640 700 280 280 30 2.0 2.0 20 2.0 3.0
min 51.0 580 210 150 10 1.0 1.0 10 1.0 1.0



M

3

53k o o

Ead
T

A

R

o)
AT

7FA 1

ol
Ny

ﬁo

i

Etd

=4
Kk

A

H= Hs

HE

H

EE

L

Uk
b

26
0.5

19

12
0.4
11

15
0.5

12
0.4
12

17
0.7
16
0.5
155
0.5
17

19.0
1:5
199

218
20

4.6

50.8

L5 19 2.6
0.5

1=7
0.5

58.6

537

<+

0.6
2.0

17

15
0.5

0.4
14
0.5

2.6
19.8

6.0 16
3

62.9

54.5

- _._u_ i
4 o

0.6

0.5

3.2
226

51

4.5
57.6

g

FH
K
[H

24
0.6

11 18

0.3

15
0.5

rk

TH0

4

0.4

0.5

3.2

17

3.8

hind

FH
KK
IH

Rr
Ho

i

oo
r

=
KF

H

52.8

il
Rl

Bl
X0

I+

-
0.8

3
0.5
2.0
0.0

2

23.0 198

59.6

(Bt

0.0
2.0
0.0

0.5

0.4

2.3
26.3

3.3

65.7

B
57.5

%

KH
14

3
855

.0
0.0

.0

0.0

20.0

y:]
i1

<+

0.0
2.0
0.0

3.4
1.

.4
55.4

%

KH
14

2
0.4

.0
0.0
2.0
0.0

.0 2.0
0.0

20.1

5.4

or

HNEA

0.4

0.o

2.8
27.3

:9

65.8

2:h

%

KH
14

Bl
0.8

.0
0.0

.0

0.0

24.4

£3.4

3:]
i1

<+

0.0

B:5

2.9

3.5

55

3.3

%

KH
14

A >

N
w

7K
X
o]
Hr

ol

<A A o

7R A

=

=

49,

= QA Wk

p=s
=

2059 FLA5E BHAG ok 1

sk A

ke

Jl5-oll o

7

™)
S

O D= | MO
N NN AN DN A
N
\WomUool_b_bl_b_b_b
Y — N |4 4N NN |~ A
N—
Nfo
3
Ju259%59%%
ﬁ022112212
O N0 —~ AN (o <
| ©|© ©|©O ©|© ©
— N
mmU80680371
3] < 0| <0 0 W0
N—
B
3
Il g z|s e
"o ToRTe)
X
A
—
-
=
3

]

A

o~
T

|2 Ho A

dRs B2

ANA =

X
==

tod Aak= o] A

A

=0
=2 =

Al 2% A

<+ WA (N=53)

o]
Hr

Mo

==

tel 24

o]

5ol o

Aol A e o] 2

S|

1

A
=

o)
o Arkom BA A

Tl
ES
=

==

q

S

A RE 172410 &4

T

R

u
- O]

o
00

ﬁo
o}
M

B
o}J
00

ﬂAlO

Ho

Hin

&l oF

3

d

o 7Y

_29_

o



sto] W 3l57F 20099 99 5-H 2011

d 1249 7b#] 883] T o ® wig SHAl ARSI

2 2AE R

o

=
Ny
ol

43%°] Gt

2 =

1

9
yal

of o

=
=

M489 @

1

AL B FEjEo] SopA o]

3} 4]

)

o] 9]

=
3T

ER ANES

g

bt
ATE A

S

19

=

3z

]

S

A8l o] A

o] o AN

E

R

WSk

1
R

g

ki3

8

w

) 5-
Y grom 4HA)

tel, 3 Al dl&<t

o]

o o Q)

she] Aol AT AbR el

S

=

o

=

=

A7} ol

1

9
yal

o]7] 4]

AT
3T
7}

[e]

1)

S
=

b el E

1

R

1] 3]

A 2 (accuracy) ¢t A ¥ I (precision) &

203F)

= .
T

FH =

el §EATFLAA A}

T

(

331F

_#O

o}

O 1A i 7HAA

il

A, FA2A, 128

SE7F kel 27

= ATE BxAC B 25 S @E Uk AAEE A

ako] A 5L-A

S

A Animal Modelel] 2]

ok
=

@)

Ao 74 skl 2

st

I
=

o]

& 13%
& 25%
& 50%

2 HH
2 HH
2 HH

Al el

[e]

s

O 1@2)AItelA o

ol

—
o

[e]

F A7 2 e

i

A8

e}

T

330)

_30_

Aege 1AMe AESet (N

<

o] mujz efoit

Fh o, whebd

o]

% 59



7
il
oo
<
o

3 =

HE (kg)

M (cm)

graj

22
18.5

25

54
526

56
55.6

I
-

0.079
0.090

1.0
11
1.0
1.0
1.2
1.0
1.0

10

215

0.054
0.098
0.138

10

10
10
1.0
1.0
1.0
1.0
10
L
10

20.9

Ll

239

10

56.5

0.135

1.0 22.0

25.0

1.0

56.5

0.099
0.114
0.126
0101
0.105
0111

0,100 215 1.0 185

0.107

10

52.6

55.6

11 204

234

10
1.0

56.5

2

H7H10% : 27425%

0,120 24.8 1.0 21.8
0.096

0.100
0.108

56.5

18.5

10

215

10

52.6

556

19.8

229

14

56.4

2

27420% : 27450%

L3

21.0

24.0

11

56.4

g
L

1= (kg)

%

(cm)

1
4

%

NgA

MIEH

25

29

56
52.6

59
55.6

I
or

0.079
0.100

1.0
11
11
1.0
1.2
1.2
1.0

10 18.5

215

0.100
0.116
0.138

10

1.0
1.0
1.0
10
L
10
1.0
1.3
11

11 20.9

239

10
1.0

959

: BH13% 2 58.9

=759

0.129
0.099

14 22.8

258

56.0

59.0

0.092 215 10 18.5

0.095
0.117

10

52.6

556

12 204 0.108
0.110
010

234

14

55.6

58.6

2

27410% : 27425%

221

12

251

1.0

56.0

59.0

1.0 18.5

215

0.102
0.107
0.106

10

1.2

52.6

55.6

0.107
0116

3

14

19.9

223

54.9

: B7450% 2 57.9

27420%

211

241

11

55.8

58.8

m

g2

Bl

—
o

g2

1 7FR| =2

P
qud

$5} v

vk el A

R
1

A5 124 gl el A

N

A= E

ZF

o 459 vt

HeEo Z4 9 WHolzk A yEbstE.

H

7
T
oo

—

]

oF

4) =

b A e 7R A

S

B

e

=
=

< - mRg Aot

=
o

15

Ao uwad 24 oA =

[e]
5

o] mj

==
=

ToR

S

BN

o
e

o
=0

H

—

0

o
ofy
iod

- 31



0.1 7W7k2 & 7FAARE 2410, 3AtHE

[}

Lo

Einy

[e]

1)

1=

Rhis

o]

=

=

A

7

Al A

3]

=

AiE FAAM EH

]_

o o L.
! " oy =~ % o W O ® om) Mo ]1r
o~ = = T T e A ' o o U
hE R i~ T = °
i o X! :i ~ W - ﬂo —_ Ovv e.:‘ AT E.e <
Mo w B I R~ BT = T
R g iwrﬂ%L{% < o R
wMM _:L i %A sl Wo o o %L Eﬂ < I ~ thﬂ 5
o X w9 o _
— <V =< —_ =) EN _—
~ Z g mo%%%oﬂmr o mmhm
T o o WOl o = Np ~ H_A-L %o ¥
i) =0 F o A 1 = oy b il o) RO &
® %4 ST B LY o T g S
= ﬂ R T ﬁ:._ X Z‘.# ) Ot 1_,_Al s ,Md.” —
N ok il o ioF " T E ol iy i o T
mw T o T do do i do A SN
o 0 B T [N ® —
A T Ex T X3 =5 CHRY
E Jﬂv i o o T T T - ) N~ on o
A Gl w5 X b o - ~ W T
T R E S R B A . ol <
M & Koo o o T m OB 4 M o
WO e = — o 2 Mo B T TR
ot o ,WE o o} ‘MX < & o — Wi N
2o M o= m q o~ oy — o o B o
o B X X X X B ald
CAER IR % R g op
T X T FT TR ~ T
" WX N M g o o Md_u = J
o o= % e P < MA_I oW T oy 7o N T =5
Ho.% o s O v Zup s 5 E W
, F R : T AT~ i o < = woR
on ol 7 < T o B : = e
e W o) %o eI RN S F T dw b
_ w S T g rad o ¥ g
oo | " X Mol = T T " ol
Lo (- To o g B o] E oy BE ol o T
) P = L = B T EE
o A TR 5 R PISCIGCR ~ AR
- XN Ho N0 IR A= ~ oo A o o
W.J%E B e mﬂiﬂrwﬂ%i Fo — o <o
o7 o iy N - oy N 5 B ,ﬂﬁ % T o T 1\ ;Uoﬂ ) A
= o) = o = w.W %o B o, 5 X > T o M NS B
Do o= M b T W WL G o X -T2
— : ° = No 1 = T = <
® o E o o T T E B i S Mzwma
I ol o % ooy I o o N do oy B o
M 7 A om%ﬂ%@wﬁﬂoﬂ w2 7w Lo
Fome %o >~ R ol = . - ) KM
MT(%@.% _ o ﬁo%ﬁhﬂ ﬂ%% mmﬂﬁww g7
il ~— = o = = el
- (e T oowm i of Xom T od A S
NN B X o 5 o Mo o LR o oMo TE X ® R B oo
<0 = AN KoM Tl ORF B 3 .= o odo g
.~ LR R R e
o N = o 5 oo O Mol
o o nos

Al A

=

=

A2e fEs 25 A

q

S
5

J
_32_

A
[e]

=

s

2 A

o~
T



O FA AN HA
FUHoR ANHA MY AHL A At AnAA AAE AA St AAYGE A
Aok M7z BEWT AR 58 fordow 2AF9 51, Macler sperm counting chambert (ZDL, USA)

g olgatel g9 B, A4 £B4, 449 I 5 AN AL Bl WY

O CASA &47]d 98t AH=}e] &4 HAA
#atEn| Ao CCD 7 #tE 423 Sperm Image Analysis System (SIAS, Medical supply, Seoul,
Korea)E& o]&3lo] AAte 547 s A2 AY Ax 248 93 Macler counting

chamber®] @S 10ulE #F3lo] 20001 ¢ w&=2 A5

O A FHHEY Ax
FARESL Tris bufferE AFE3SFH Y. Tris bufferi= Tris, citric acid, glucose, Na-Benzylpenicillin %

streptomycin sulphate- 100mle] SF5o 3Adste] A=A} (Table 1), 13 TZAF N Ao =
T3-S 20% Hrlste] AZRIFH e (pH 6.4, 843 mOsm), 22 FZA AN = 12} g A 12%9]
glycerol& #7}sted (pH 6.4, 1685 mOsm) HE 44N AR glycerol ¥E+ 6%7F HEE Az
sk .

Table 1. Composition of Tris buffer

Ingredient g

Tris 14

Citric acid 0.8
Na-benzyl penicillin 0.06
Streptomycin sulphate 0.1

In 100ml distilled water, pH; 6.5, 249 mOsm
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BN BN
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AFEH AAL 750 x goll A 57 YAl R
< pelletst ¥ AAE A2 YA /A7 A
A FEE 4x10e] HES sk 13 A 2wtz 4 Ce
AN A Hg 4087 4 ColA glycerol AP ol F F 13 AN TUAFE ERF3t] HF glycerol
Tt 6%7F HEE :c'wfz o] Mo A HF ¥E A

Wgse] 087 AAAZ F 05ml strawell 371EEE EFste] TP & A AL el A 1087 1
L EAE AAEY (strawd] EolE AAALREH dem o Fol 4.

M strawS -196 Co AA Dhe et A3 %5 WA AF ALY A BEso)

o el shepek

_‘5'_5;
2HAGA G o] Ho HF A
9

it
jul
=)
X

ul

g

[e]
t
—
4
off
it
)
ol

(@]
EA9 A9 straws TEE 2xo} A 7HES 259 A Z2F d%ste] (37 C for 15 sec, 56 C for 12
sec, or 70°C for 8 sec) 1ml9) tubed| &7 37 C9 4Fo AHz] 3o 14359

o AT
B A wigd #AFLe Kim 5 (20079 Ei’oﬂ wz} g3 progesterone F%7F 40 - 75
ng/mlel] T39S W& vjadd s AASE T, e & 3dA9 g3 AHS Iml Ox108 HAAESH S

AY F94 AdFrFAPeR F£AHS AAFAY. AR TGS 5MHz Linear probe’} #2¥ SonoVet 600

3 Ad+27
O CASA H“7]°ﬂ ojst H2-dlF T AR movement

A AQF T 244 9E CASA #4712 #4935 27 (3% 2)9 54 d5st 275 vuste] AA}
o A ¢ TS parametersS HlWSH Y. 2 FELS sperm motility®t  movement
parameters (VSL, VCL, VAP, ALH, MAD, DNM, DNC, and Rapid)& &ASI¥ o, o Ais= 2 &
EolA gallgk AxFY motilitys BE EEAA 9 50 %A 70 % AE skt VCL, VAP, VSL,
DNC % Rapid & A& &8 & Ru} Al7te] A +F J5s9l e, E3] Rapid motile sperm, DNC
2 WOBE 70 CollA §aldt Aol frelshA S7hste] #2=ATh (%2, 19 2-9).

Table 2. Analysis of ejaculated fresh semen by CASA and Spermac ™ staining

Parameters Mean + SD

CON ( x 10® sperm/ ml) 43 =
Motility (%) %6 £ 24
VCL (um/sec) 1678 + 231
VSL (um/sec) 635 + 83
VAP (um/sec) 86.2 £ 83
RAPID (%) 86.79 + 55

BCF (Hz) 12.3
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MAD (degree) 192 £ 1.8

WOB (%) 51.7 £ 38
DNC (m”/sec) 12707 + 23.1
ALH (mm) 75 £ 08
Acrosome intact (%) 91.3 = 4.0
% Motility sec

VCL

120

100

80

60

40

20

Fig. 2. Change of Motility and VCL of sperm frozen with 6 % glycerol and thawed at 37 °C for 15
sec, 56 °C for 12 sec, or 70 °C for 8 sec during incubation at 38°C.

% P hars (thawing temperature within duration of time) with different letters differ, P < 0.05.
A B G D pars (duration of time within thawing temperature) with different letters differ, P < 0.05.

VAP

2 hr 2 hr
N37@56 870 37 @568 70

Fig. 3. Change of VSL and VAP of sperm frozen with 6 % glycerol and thawed at 37 °C for 15
sec, 56 °C for 12 sec, or 70 °C for 8 sec during incubation at 38°C.

> 2 hars (thawing temperature within duration of time) with different letters differ, P < 0.05.

A B G D hars (duration of time within thawing temperature) with different letters differ, P < 0.05.

LIN

(m
6
5
4
3

2 hr 2
FEEREE) 837356870

Fig. 4. Change of LIN and ALH of sperm frozen with 6 % glycerol and thawed 37 °C for 15 sec,
56 °C for 12 sec, or 70 °C for 8 sec during incubation at 38°C.

> 2 hars (thawing temperature within duration of time) with different letters differ, P < 0.05.

A B G D hars (duration of time within thawing temperature) with different letters differ, P < 0.05.
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2
N37O56870 N37056 BE70

Fig. 5. Change of HYP and STR of sperm frozen with 6 % glycerol and thawed at 37 2C for 15
sec, 56 °C for 12 sec, or 70 °C for 8 sec during incubation at 38°C.

> 2 hars (thawing temperature within duration of time) with different letters differ, P < 0.05.
A B C hars (duration of time within thawing temperature) with different letters differ, P < 0.05

degree MAD

2 ar 2

Fig. 6. Change of BCF and MAD of sperm frozen with 6 % glycerol and thawed at 37 °C for 15
sec, b6 °C for 12 sec, or 70 2C for 8 sec during incubation at 38°C.

% P hars (thawing temperature within duration of time) with different letters differ, P < 0.05.

A B G D pars (duration of time within thawing temperature) with different letters differ, P < 0.05.

pmsee DNC
600

500
400
300
200

100

2 hr 2
N37 @56 870 N37056 870

Fig. 7. Change of WOB and DNC of sperm frozen with 6 % glycerol and thawed at 37 °C for 15
sec, 56 °C for 12 sec, or 70 °C for 8 sec during incubation at 38°C.

> 2 hars (thawing temperature within duration of time) with different letters differ, P < 0.05.

A B G D pars (duration of time within thawing temperature) with different letters differ, P < 0.05.

DNM % Rapid

2 r 2
N37056E70 N 376356270

Fig. 8. Change of DNM and Rapid of sperm frozen with 6 2 glycerol and thawed at 37 °C for 15
sec, 56 °C for 12 sec, or 70 °C for 8 sec during incubation at 38°C.
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% P hars (thawing temperature within duration of time) with different letters differ, P < 0.05.

A B G D pars (duration of time within thawing temperature) with different letters differ, P < 0.05.

Slow

2
N37856870 N370356 270

Fig. 9. Change of Moderate and Slow of sperm frozen with 6 % glycerol and thawed at 37 °C for
15 sec, 56 °C for 12 sec, or 70 °C for 8 sec during incubation at 38°C.

% P hars (thawing temperature within duration of time) with different letters differ, P < 0.05.

A B G D pars (duration of time within thawing temperature) with different letters differ, P < 0.05.

<

]
A = olet Ay #EI HF progesterone 55 FESI wjEA

A=717F 39 Foll A E sk g8 AR 35S AT A rAd 3 B8 25

A HA (SonoVet 600)9l 5 MHz Linear ®%5AE &bt 2&9t5 AAIgh 3 7-870¢] ®iots

B & o A9y (2E 10).

£ HEDISON
| iﬁ.. 18.4 B34

O ojYs A= 7 2rolM &

7541
Eilka ng}/] mot1hty_ PE 2
t}. VCL, VAP, VSL, DNC % Rapid & A& &3 & =2y
Rapid motile sperm, DNC 2 WOBE 70 C 8%7F galat A3 7A 9354

P
o il
O ¥% progesterone ¥% SAH & wMEA]E BAT T @ 3¢ F 70 C 8x7 FafE
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t}. TrehaloseE o] &3t #4s AN 558 FHAT

(1) 977

0 A4 BE J)%e) @ FROE FAAAL 2
sirh. e, A%l BA% ARl Wel, AEY S 2
AL A, S Fad 4T st 4
WG} 2 Fashs 5 AFolol & Fitol

o] FFl trehalosed A7ste] EAFHE & Azl A" 9
3 A

o] &, HIA, & 59 JIEolA wEH A}
O Trehaloser B3 o|FFHEA, old AFZAIdA AHxlel oFd 25 9 4AHFSto] gk &4
, iR

aglal FA 9t E4E EoF7] wEd AAle] AEHY 2EAE T, B TGl
of B dleA FEE JtFFdel wa g el

O wWlA E AFgNHE FZ A trehaloseE B715te] HA 9 TRE E&F Uz, oF ded
AR B e Es Fsto Ao F EHES Yo v 2dGE gYetazt sk9

3% %
B AT 344 AZd W2 £ 675 Asadnh 4 A9EEe REFAS A%l
Al ASEAT ARE 19 28] AF mAste] Felstgo, g5t AREA HAFES Hd
o
o A9 A

Aol AR 17Q6l 1284 52 rebd (digital manipulation) 2 AASAT, Ale] HeH o4
2 1% 5 9k 28 AAAARAA AASAE 49 AAAAN SFE) DS AAs ] A

AA A OB EANA FEF Agom, X AEHo] g o] BAL AA A 0.9%
NaCl A 4952 ARk 275 52 st 29 FH79 (bubus glandis) & F3 4
& lauA pgon g A Hde duA FA9 AAAFE FEG 2astl AR
ERET:

O CASA &4 7)ol o)t A= 54 A
#atEn| Ao CCD 7 #tE 423 Sperm Image Analysis System (SIAS, Medical supply, Seoul,
Korea)E& o]&3lo] AAte 547 s A2 AY Ax 248 93 Macler counting
] 0

chamberel] A& bulE FF38ko] 200812 vle= A A&k3]

FAERENL Trs buffer®: AFE38F99 Y. Tris buffers Tris, citric acid, glucose, Na-Benzyl
penicillin ¥ streptomycin sulphate-g 100mle] ZF<ol &4 35l basic extender® A|Fstdvt. 283
2o 28 ddiFel glucoses A7ear, Ao+ trehaloseE 5, 15, 25, 3omM= #7135+9
(Table 1). 1z} SH A qol= obg 20% H7beto] Axspglon 23 24 o= 13 34
o 12%9] glycerols #7tste] & T2 3N glycerol $E+T 6%7F HEH A5
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Table 1. Composition of semen extender

Ingredient Basic Control Experimental  Extender
() Extender Extender 5 mM 15 mM 25 mM 35 mM
Tris 30 30 30 30 30 30
Citric acid 1.75 1.75 1.75 1.75 1.75 1.75
Na-benzyl
0.125 0.125 0.125 0.125 0.125 0.125
penicillin
Streptomycin
0.075 0.075 0.075 0.075 0.075 0.075
sulphate
Glucose - 1.0 - - - -
Trehalose - - 0.19 0.58 0.94 1.33

* In 100 ml distilled water

A" AAL 750 x gollM 527 ddEE T & AT AEe AATH ddEe] T 2 F2d o)
ek pelletdt | AAE A2olAM wA] FHAZ F 13k Mo 2AAHA P olde HF
A2 FEE 4x1080] HF gth 12k A A AL Z utm 4 °Co WAad 4087 AAAY 22 F
g M elg 4087t 4 ColAM glycerol HEE olF F 1A Mg FdHEFs £F6te] HF
glycerol F%7k 6%7F S22 sMer) o] wle Ax HF Fit 2x10°0] HEE Fuh HME Foe
4 °Co] Yo 4087 AAAIZ F 05 ml strawoll F7|W&E £FSF] TP T AAAL §lo A
1027 12k 28 A8 (strawe] xol= AALZEYH dem ol Fob §2). viATe® 12 &
2¥ A straws -196 °Co AA Lo FA st F2sH e w7kA AAAL HelH Badn

o 24N e
2% A straws ©hde ol A7EEe & Tzt siEske] (36 T for 60 sec, 54 C for

[e)
15 sec, or 72 C for 8 sec) 1ml®] tubeo] %74 37 CT9 T2 AAF] A3 AFEFA

O FAAN] Az HA AA
T sH AA= Glemsa G2 T3k, Ao HAF &5 geEAdrt. w485 AXE &
ol= ZFutao Al Eudle] AxA)Zl FH, Giemsa staining solution (GS500, Sigma-Aldrich Chemical

Company, USA)S 7Axd £etol= FetAYd Iml A% A EXHEE Bgn 3074080 At H,

FREZ G992 AASD Ao FARH £42 FARY

(3) A2}

o AAANY eEBY W AALY I

MEANA AR AAgA) G 5 @ LB FFEA W
=)

1 = [¢]
L EEHA FE FA L a2 86%E 7IFEte & AY
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Table 2. Assessment of canine fresh semen by CASA and Giemsa staining

Parameters Mean £ SD
CON ( x 10*sperm/ml) 2.8 + 0.8

Motility (%) 84.13 + 4.28
VCL (1m/sec) 83.36 = 9.8
VSL (um/sec) 31.01 £ 2.65
VAP (1m/sec) 52.65 + 5.37
LIN (%) 0227 + 4.34
ALH (¢m) 2.14 £ 0.02
STR (%) 64.29 + 3.26

BCF (%) 6.25 = 0.60
MAD (degree) 19.47 + 3.40
WOB (%) 62.80 + 2.44
Intact acrosome (%o) 86.00 = 3.34

O Trehalose®] #H7lsxd W& Ax}e] &5d Frt
FEAANY T T At FTHES oyt ZoH(Table 3, 4). sl

S AAFG R, o9 FoA trehalose 26mMe A7FsE 2Eo A =& 5

A3L(47.84%), = (Glocuse) ¥ Pls3A& wl, MOT, VAP, MAD7} ¢4 <

skl

Table 3. Effect of trehalose concentration on sperm motility and movement value by CASA on MOT,

VCL, VSL, VAP and LIN

Parameters MOT (%) VCL (1w'sec) VSL (1a'sec) VAP ((/sec) LIN (%)
Glucose 38.10 + 3.12° 64.36 + 133" 21.20 + 2.53° 35.70 + 2.46° 41.96 + 4.57°
5 mM 37.82 + 2.73° 60.20 + 3.24° 19.46 + 3.22° 31.98 + 423 41.48 + 3.78°
15 mM 42.88 + 3.67° 64.06 + 426" 21.72 + 3.12° 36.48 + 2.75" 0234 + 1.98"
Trehalose
25 mM 47.84 + 327 68.26 + 333 22.88 + 1.68 4024 + 1.73° 43.10 + 432
35 mM 43.14 + 451° 62.62 + 2.64% 22.94 + 2.19° 36.82 + 1.53™ 42.30 + 1.97°

Parameter value : Mean + SD.
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% b columns with different letters differ (P<0.05).

Table 4. Effect of trehalose concentration on sperm motility and movement value by CASA on ALH,
STR, BCF, MAD and WOB

Parameters ALH (/m) STR (% BCF (% MAD (degree) WOB (%)

Glucose 1.50 + 0.10 58.52 + 3.88" 4.08 = 0.16" 1342 + 1.03°  56.06 + 4.57"

SmM 1.56 £ 0.11° 58.24 + 5.58" 3.66 + 0.22° 1196 + 0.64" 54.92 + 5.67

15 mM 1.70 + 0.10™ 59.16 + 4.45° 422 + 054 13.98 + 0.77° 57.64 + 3.24™
Trehalose

25 mM 1.76 + 0.11° 59.92 + 1.54° 452 + 036 15.66 = 1.56° 6134 + 293

33 mM 170 + 0.12" 59.84 + 3.62° 434 £ 047 14.16 + 1.67 5892 + 2.11*

Parameter value : Mean £+ SD.
&b columns with different letters differ (P<0.05).

$] A& A= FH A2 Trehalose 7R+ 26mMel Z8 Qe o]F A= 234
A (25mM) S 7HA 3 dlsx2Ad nla A% 2 FAAEHgoEE v assih

0 ¥ (Trehalose 2omM) ¥} oz (Glucose) ] sllexd wWE ALY 54 W3

37FA S5 %736 T for 60 sec, 54 C for 15 sec, or 72 C for 8 sec)dloll A H A9 dHxAe 3
olRmzl st} ol A FdFo| A HAKol, GlucoselF Bt Trehalose 26mMe #H7Fgk 170
T 2345 vede AE BopA Fd6da, et SudreE 2 194 Aole AN, A
zbe] AR FA s Fsete Aowm EAstAt(Figure 1, 2, 3, 4, 5).

)
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Figure 1. Variation of MOT and VCL of frozen-thawed semen with glucose
and trehalose 25 mM by thawing at 36 °C for 60 sec, 54 "C for 15 sec or

72 °C for 8 sec. 72 °C for 8 sec.
% b bars (thawing temperature within each groups) with different letters differ " bars (thawing temperature within each groups) with different letters differ
(P<0.05). (P<0.05).
LIN (%) STR (%)
50.00 7000
4000 60.00
5000
3000 4000
2000 3000
2000
1000
10,00
0.00 000
54 °C 54°C
B Glucose o Trehalose 25 mM B Glucose  ® Trehalose 25 mM
ALH () BCF (Hz)
2.00 5.00
160 400
1.20 1.00
0.80 200
0.40 1.00
0.00 0.00
36C M4°C BT 54°C
| mGlucose = Trehalose 25 mM | | W Glucose = Trehalose 25 mM

MOT (%) VSL (n/s)
6000 3000
c
5000 2500 a abc ab
4000 2000
3000 1500
2000 10,00
1000 5.00
000 000
54°C 54°C
| WGlucose  ® Trehalose 25 mM | | mGlucose = Trehalose 25 mM |
VCL (unls) VAP (im/s)
:U.UU 5000 b b b
000 - ) . ,
6000 T
5000 3000
4000 oo
3000 :
2000 S
1000
0.00 0.00
54°C
I WGlucose  ® Trehalose 25 mM | | WGlucose o Trehalose 25 mM

Figure 2. Variation of VSL and VAP of frozen-thawed semen with glucose
and trehalose 25 mM by thawing at 36 °C for 60 sec, 54 °C for 15 sec or

Figure 3. Variation of LIN and ALH of frozen-thawed semen with glucose Figure 4. Variation of STR and BCF of frozen-thawed semen with glucose
and trehalose 25 mM by thawing at 36°C for 60 sec, 54 °C for 15 sec or and trehalose 25 mM by thawing at 36 °C for 60 sec, 54 °C for 15 sec or
72 °C for 8 sec. 72 °C for 8 sec.

5.5 bars (thawing temperature within each groups) with different letters differ b < bars (thawing temperature within each groups) with different letters differ

(P=0.05). (P<0.05).
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MAD (Degree)
2000 b
1500 a
1000
500
000
54°C
| BGlucose = Trehalose 25 mM
WOB (%)
7000
6000
5000
4000
3000
2000
1000
000
54°C
[ mGlucose = Trehalose 25 mM

Figure 5. Variation of MAD and WOB of frozen-thawed semen with
glucose and trehalose 25 mM by thawing at 36°C for 60 sec, 54 °C for 15
sec or 72 °C for 8 sec.

ab.cd hars (thawing temperature within each groups) with different letters differ
(P<0.05).

0 A+ (Trehalose 26mM)# o 7 (Glucose)?] dlEx=Ao| w2 AR} AAE2 HE)
Figure 6& A=}e] HAAEGARE ULl o, &4& w1 e AHare] Afode AR F5
o HAAA HEsa s b JRwE A4S wre Al A= AA G AL

=
wEdAn AZES A4 At o Fe 4%

jutad)

H
o

87e

(a) Intact sperm (b) Damaged sperm

Figure 6. Acrosome integrity of canine frozen-thawed semen by Giemsa
staining.

(a) Intact sperm; acrosome color is pink and detected a border between
head and acrosome (b) Damaged sperm; acrosome color is pale or dark
and no detected a border between head and acrosome.
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glucose and trehalose 25 mM by thawing at 36 °C for 60 sec, 54 °C for 15
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sto] ATl WAEE B3 2 S5 AAFAL A AR B uES A% /248 E

skt o3l

o A A

Ao AAE 17e] 1814 #A gurioR 873 AASA, A AUA 4R T 5 A=
xgd AAAAQUANA AN Qo AAR] SAEH e DL AAd QAANAAN o] B0
EQRA gEE dgom, $PEI o FEH] it o]BAL AAS] 8l 0.9% NaCl Ael P52

AAstdch B9t =58 FEstY 49 FAFY (bulbus glandis)E Wil ¢ebs 7HebdA FHL

—_

2 sk d#e gdS HstaA FA AARATE FES a5t AYAHE DA AT
O A FHHEY Ax
FARESL Tris bufferE AFE3SIH Y. Tris buffer= Tris, citric acid, glucose

Na-Benzylpenicillin 2 streptomycin sulphates 100mle] &5 3 Aste] A xzsk% vt
(Table 1). 12} A& N A A= F5-2 20% H71ste] AZsE e (pH 6.4, 843 mOsm),
27 =AAN FAo= 12} A A 12%9) glycerole 7St (pH 64, 1685 mOsm) H= 4

Al gl M9 glycerol FEE 6%7F HEE A ZIH

Table 1. Composition of freezinf buffer

1st freezin 2nd freezin
Ingredient Tris  buffer zng zng
extender extender
Tris 24 g 24 g -
Glucose 0.8 ¢ 08 g -
Citric  acid 14 g 14 g -
Streptomycin  sulphate 0.1 ¢ 01 ¢ —
Na—benzyl penicillin 0.06 ¢ 0.06 ¢ -
Egg volk - 200 % (v/v) -
Glycerol - - 12%  (v/v)
1st  freezing extender
DW 100 ml 100 ml
100ml
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O CASA #4719 9 s4d-3& & A2 movement A}

AN ANF T AAFNE CASA £47|2 E4¢ 47 (% 2)9 §2 desd 47 (E3)E ¥ w3
AR 5 g #$E parameterss Pl WA T 7 FES sperm motility 2t movement
parameters (VSL, VCL, VAP, ALH, MAD, DNM, DNC, and Rapid)& ZAbstadch. dlE 59 AA &

B AAAN 2B 0819 el Pastel 649%9) £EHS AW A4/t BAHAY (F I

Table 3. Analysis of frozen—thawed semen (6%glycerolandthawedat70°C for 8 sec)

Parameters Mean + SD
Motility (%) 649 + 3.7
VCL (um/sec) 940 £ 54
VSL (um/sec) 484 £ 47
VAP (1m/sec) 53.7 £ 3.2
RAPID (%) 54.8 £ 4.5
BCF (Hz) 14.7 £ 0.7
MAD (degree) 133 £ 14
WOB (%) 57.1 £ 4.1
DNC (um'/sec) 416.5 £ 26.2
ALH (ym) 44 £ 0.5
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Table 4. Pregnancy rate after intrauterine insemination of canine semen frozen with 6% glycerol
and thawed at 70°C for 8 sec (n=15)

No. of No. of corpora lutea
inseminated Dog
motile sperm

Oocyte fertilization rate (%)
R L (Newborn / Corpora lutea)

A 3 5 100 (8/8)°
B 3 4 100 (7/7)°
5x107 C 7 4 27.3  (3/11)°
D 5 6 100 (11/11)°
E 9 2 54.5  (6/11)"
F 4 3 42.9  (3/7)"
G 4 5 0 (0/9)°
5x10° H 5 5 20.0  (2/10)°
I 6 6 33.3  (4/12)°
J 6 5 27.3  (3/11)°
K 4 9 0 (0/13)°
L 1 6 0 (0/7)°
5%10° M 6 8 0 (0/14)*
N 5 3 0 (0/8)°
0 5 7 0 (0/12)*

o BA-dE A W FYWel @ AFFR At

2 4x10° sperm/ml A 409%

]

Table 54 Hi= upel o] Wy A4S S 4 A%
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0
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(Newborn / Corpora lutea)
18.2

Oocyte fertilization rate (%)
&5k A}

3

ER I (Table 5).
L

Table 5. Pregnancy rate after intratubal insemination of canine semen frozen with 6% glycerol and

thawed at 70°C for 8 sec
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Fa ol FEG AAZE o) AShe AdSgon, 5 A4 i A45E A8
B =2 A A Ed e Aow oidE.

3. A7) Awe] §44 B4 A7

o FEAT 27] 34

(1) A7

o @ APt ATe 1959 sekele) Az AAR A4H @ dvel b B SueE A
o] A W), AEAAel Ao Axso] FEY A Fxo B IS A ¢ dE wekAd
o) Auel fA4 54& TF9a] A% shtel A% HEAT) 27 (effective population size,
NO $Asd, 42 £34 Ao A%, AR £ R HU90H 29D AR T A

- A% (Frr, Fsr, Fs)

- Frr : ZF Al = AAAE Y 234 (Wright, 1922)¢] Hat gk

- Fsr: alld Ad9 dFxoA doulE Fote] dojxl 2t A=z AT Fgk
“F 7t AR A gael A Aol gt demus eelql gtel Aol

- AR Aol AMEE AR Aol ARG 8 T BAEe ofdeh Lk

Table. 1 Table. 2
Generation Sire Dam . Standard

0 7 G Generation Frr Fsr Fis deviation Cv

1 4 15 2 0.078 0.043  0.037 0.019 44.1
2 1? 26 3 0.052 0.079 -0.030 0.015 19.2
Z i; ;2 4 0.089 0.067 0.023 0.006 8.4
5 174 914 5 0.086 0.053 0.036 0.005 8.7
6 301 309 6 0.095 0.046 0.051 0.005 11.5
7 499 537 7 0.098 0.044 0.057 0.005 11.2
8 721 735 8 0.098 0.042  0.058 0.005 11.4
9 836 835 9 0.091 0.043  0.051 0.005 11.1
10 618 656 10 0.093 0.043 0.052 0.005 11.4
11 297 263 11 0.102 0.043 0.062 0.005 10.8
12 70 78 12 0.095 0.043 0.055 0.005 11.3

- 0MlT] & 1AM = Al 7F U &o] F AT gk S0 A9 HAdth
- NeE F4317] fal-d= Aldivie} Ferel S7HES(AFst) Falokst=d v3F 22 Hoz 31
(Write, 1977), WelA] Ne 43242 tha3 2l (Hill, 1972, Nomura, 1996)

ES‘Tt ES‘Tt 1 — 1
ST — e
1- ES‘Tt 1 2AFS‘TL
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- g71A L& MUt A (year)s YERIZ Fsry Fsri©

pAYAS

At et sid AAt-1De & v

L R |
(L) 7HA Z27] Wel& o] Ne 4
= ZF AldE wujsE o] sjold ZhAI Q] Abzberol] gk WolE o] &&te] Ne'd F43 (Hill, 1979)
4N L
=Nl N =N /E
V,+2
- A7A EE JAY Huews el sd 1003)8 2Eskils, N siE AT e wafd o8¢ F
A FE 9ustH, Vie kAldldl wrEolzl ZHAE AbRprol] digk E4ES WERE. 332 AloiE Al
W7 % b R gk BelFu, F4E F-EAGR AR RS o83 FA Ne@td et
e,
Table. 3 Table. 4 Effective population size (Ne)
Generation ﬁ%gf\l;gltion Variance(Vk) Generation Inbreeding Ne Variance Ne
0 256 0.67 0 B B
1 3.64 4.81 1 B 0.5
_ 2 6.20 2.41
2 1.89 1.52 3 973 6.88
3 2.31 2.94 4 2.72 10.7
4 2.74 2.83 5 4.32 18.7
5 2.21 3.46 6 6.14 23.1
6 1.77 4.23 7 6.11 32.8
7 1.87 4.53 8 5-81 39.9
9 6.03 27.3
8 2.03 3.97
10 6.76 10.2
9 1.95 3.81 11 7.03 2.13
10 1.73 5.35 12 338 -
11 1.67 4.87 :
Harmonic 5.66 6.19
12 1.40 - mean
O AE:F FAHFY 7HAA7] Ak SAste 49 Neol HoghS 242 566 2 6192 YElG=
d o) g 10mth 2 tebor B Ababel fdwe REPW 270 e 4ee Assl F
(o}l oE AFTE9 Ne =)
(th) AAETEH JHE o]&43 Ne 73
O U-&% canine SNP chip panelse &-&3l9 AFETEH (D) #9 At F4s9 =4 Illumina
canine 22K SNP chip#} 170K SNP chip& 7247 1345 % 60F (& FF 183F)d FAxd 48
TR
O AF|EFTY ZAHA,
t* = I’ / P(A)P(A2)P(B1)P(B>),

D= PaiPsi x Pa2Pps - PaiPss x PasPri
E(F) = 1/(1+4Ne(), C 943 Zo] Morgan (1C =
t=12C,t 3A g7
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Population
1400
Sap60  Sapl83 e ek e
64 75 1200
151 125 o0
278 286 g .
641 646 :
2 600
769 814 3
1,265 L : "
2,952 2240 | £ 9w
3,627 4,195 <
4 665 3 344 1] 10 b | o 40 S (1] 0 ] 1] 100 110
5’699 5’381 Generations ago

© G0 Ad Ao Al 24 SAATAN ASH0R askel G A 0 FRAA 21
HAFI 9

o oleld Adt vhe EEi waA u$ AL guel 7% welRi dud, By §EEeod
& TN NeE &2 A, &2 3 E(inbreeding) T2E Htd & 5 = A2
s AE ZRa Fyel 87

H=s 2 55 Ne A|lE2327] =X H= 7 &5 Ne AlE37] =X
1 Akita Inu 45 2,864 3 32 Epagneul Breton 78 27,703 2
2 American Staffordshire Terrier 60 24,803 2 33 German Boxer 231 12,737 2
3 Basset fauve de Bretagne 28 582 2 34 German shepherd dog 76 43,488 3
4 Bavarian mountain hound 73 3,231 T 35 German Short-haired Pointing Dog 81 8,392 2
5 Beagle 76 11,690 2 36 German Spitz 52 2,853 2
[+ Bearded Collie 60 2,649 2 a7 Golden Retriever 219 36,258 x
7 Beauceron 56 19,072 2 38 Golden retriever 67 31,259 3
8 Belgian Shepherd Dog Malinois 161 18,276 2 39 Great Dane 375 8,799 2
=] Berger des Pyre'ne’es 30 3,742 2 40 Greyhound 17 16 3
10 Bernese Mountain Dog 167 12,325 2 41 Griffon d'arret a’poil dur Korthals 49 6,711 2
11 Borzoi 147 1,324 2 42 Hanoverian hound 51 1,371 [
12 Boxer 45 44,521 3 43 Irish Red Setter 46 3,143 .
13 Braque Saint-Germain 29 348 2 44  King Charles Spaniel 218 1,320 2
14 Bull Terrier 295 3,378 2 45 Labrador Retriever 122 41,670 2
15 Bulldog 1,216 4,347 2 A6 Labrador retriever 114 97,884 3
16 Cairn Terrier 145 7,869 2 a7 Leonberger F22 7,546 2
17 Cavalier King Charles Spaniel 150 27,392 2 48 | MNewfoundland 158 5,800 2
18 Chien de Montagne des Pyre ne’es 112 1,941 2 49 Poodle 54 8,808 2
19 Chow chow 50 1,747 3 50 Rottweiler 274 28,544 2
20 Collie Rough 95 6,529 2 51 Rough collie 33 4,650 3
21 Coton de Tule’ar 56 8,755 2 52 Shar Pei 89 5,801 2
22 Dalmatian 120 4,473 2 53 Shih Tzu 176 10,907 2
23 Dobermann 187 10,402 2 54 Short-haired Weimaraner 50 6,736 2
24 Dogo Argentino 310 7,541 2 55 Siberian Husky S0 4,221 2
25 Dogue de Bordeaux 993 4,055 ¥ 56 Smooth-haired Dachshund 82 3,098 i
26 English bulldog 48 12,396 3 57 | Tyrolean hound 27 1,167 2 &
27 English Cocker Spaniel 199 23,464 > 58 West Highland White Terrier 2,136 14,100 2
28 English Pointer 161 7,881 2 592 | Whippet 87 4,506 2
29 English Setter 195 26,575 2 60 Wire-haired Dachshund 109 14,360 2
30 English Springer Spaniel 128 8,457 2 61 Yorkshire Terrier 117 24,907 2
31 English springer spaniel 72 23,721 3 = 190
s =N =8 = AXEH=

1 “Woges & Distl 1. Anim. Breed. Genet 2009
2 Leroy at al. Anim Genet. 2009
3 Calboli et al. Genetics 2008
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Figure 3. The body length trend in Sapsareeaccording to years Figure4. The depth of chest in Sapsareeaccording toyears
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Figure 5. The hair color availability in Sapsaree over the years Figure 6. The trend of hair quality in Sapsaree over the years
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Figure 7. The overall jaw pattern in Sapsaree over the years Figme8. The oveall dewclaw patternin Sapsaree over the years
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Figure9. Trend for nervestability in Sapsaree over the years i . L. i
Figure 10. The affability behavior in Sapsareeaccording to years
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Figure 11. The wariness trend in Sapsaree over the years Figure 12. The Sapsaree’sadaptability ove the years
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Figure 13. The trend for reactions while drawing blood from the body Figure 14. The sharpnessin Sapsaree over the years
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Figare 16. Average inbreeding coefficient of Sapsari over the years
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activity 5%
attack <0.0001 TH%
blood_drawn <0.0001 <0.0021 AEHEE
adaptability <0.0001 <0.0001 <0001 37 A &4
wariness <0.0001 <0.0001 <0.001 <0.001 BRI A A4
friendship <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 Folx s
emotion <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 Lkl
5] & 5 o SN 5 ° o 2 5 &)
A Fagy  BdAAd @B AHEAH Hh=Rele TA% 45 %
S ns 0.01 ns ns 0.0163 ns ns
= ns 0.004 ns ns ns 0.03 0.0006
A4 0.0104 0.0009 ns 0.01 <0.001 <0.001 <0.001
| ns ns ns ns ns ns 0.0047
g9 4 0.02 0.0075 0.0011 ns ns ns 0.0017
we g ns <0.0001 ns ns ns 0.0007 0.0048
Table of Activity by Emotion Table of Activity by Wariness
Activity Emotion Activity Wariness
Frequency expected | Stable | Medium | Unstable Very unstable Total Frequency Expected None Exist Serious Very_serious Total
Active 398 2 5 0 431 Active & 3 22 4 431
34386 £2.057 22103 28733 50156 33068 4123 2826
Medium 345 101 23 3 472 Medium 24 384 54 10 472
37658 67961 24205 32584 54827 362.15 45152 87751
Static 1 15 il 3 50 Static 2 20 3 50
39.892 71982 25641 03452 58185 33363 4783 10355
Over_active 55 z 3 1 61 Over_active 26 30 1 4 81
48,668 8783 31282 04211 7.0886 46803 58353 12633
Total 809 146 52 g 1014 Total 118 778 o7 21 1014
7978 1440 513 089 1164 7673 957 207 10000
Table of Activity by Friendliness Table:ofiActivity:ly, Attaclk
Activity Friendliness ey et
F E ted y
Frequency Expected | Friendly | Normal Less_friendly Avoiding | Total i EHteniue Bt #¥teEcan Hxial
i 2 Active 175 231 25 431
htive i e i 3 54 11051 29711 23378
32346 85.01 19127 340
Medium 80 391 21 472
Medium 305 143 e 3 472 12108 32537 25802
35423 93,097 20947 37239
Over_active 25 33 3 &1
Static g 21 13 2 50 15.64: 4205 3.3087
37525 98619 22183 03945
" G 5 Static o a4 & 50
Oueriaciive 5_5 o o 5 s o 12821 34.467 2712
4578 12032 27071 04813
Total el 200 43 g 1014 Total 260 899 55 1014
7505 1972 444 079 10000 2564 6893 542 100.00
Table of Activity by Blooding Table of Activity by Adaptability
Activity Blooding Activity Adaptability
Frequency Expected Agitated Normal Shrunken Total|| Frequency Expected | Good Medium Weak [ Very weak Total
Active 46 7 14 431 Active 353 68 5 o 431
40.305 35322 36979 265.07 14338| 2084 17019
Medium 9 411 52 472 Medium 206 241 2 2 471
44686 386.82 40497 28867 15669| 22783 18588
Static 5 22 12 o Static 8 20 22 50
47337 40976 42899 3075 16634 24186 01574
Over_active 37 21 3 81 Over active 51 8 0 2 81
57751 48991 52337 37515 20293 28506 02408
Total 95 831 87 1014 Total 623 337 43 4 1013
9.47 8135 858 10000 6150 3327| 484 038 100,00
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Table of Adaptability by Wariness

Table of Adaptability by Friendliness

Adaptability Wariness Adaptability Friendliness
Frequency Expected | None Exist Serious Very_serious Total|| Frequency Expected | Friendly Normal Less_friendly Avoiding Total
Good 9% 8 2 823 Good 580 43 0 0 623
72571 59655 12915 4674 123 27475 482
Medium 15 254 54 10 337 Medium 177 147 9 4 337
39256| 25849 32.269 69862 25283 85535 149 25614
Weak 0 ] 35 5 25 Weak 3 10 35 1 49
57078| 37584 4692 10158 35762 95742 21767 0387
Very_weak 0 o 0 4 4 Very_weak 0 o 1 3 4
04659 30681 03283 00829 3.001 0.7897 01777 00316
Total 118 ™ 97 7 13 Total 750 200 5 8 1013
1165 7670 2:58) 207 10000 7502 1874 424 079| 10000
Table of Adaptability by Emotion Table of Attack by Friendliness
Adaptability Emotion Attack Friendliness
Frequency Expected | Stable Unstable Very_unstable Total | Frequency Expected | Friendly | Normal Less_friendly Avoiding Total
Good 5 0 623 Offensive 236 17 3 4 260
" 19513 51282 11538 20513
Medium 210 111 15 1 337
2688 48571 17299 23287 Normal 495 LicE 3 2 699
52459 13787 31021 55148
Weak 3 12 4 g
39.084 7.0622 03386 Absent 30 16 g 1 55
Very weak 0 2 2 4 41277 10.848 2.4408 04339
i 31805 05765 02053 00276
Total 761 200 45 8 1014
808 146 52 7 1013
Total 5 5 75.05 1972 424 o79| 10000
7876 1441 513 06| 10000
Table of Attack by Adaptability Table of Attack by Wariness
Attack Adaptability Attack Wariness
Frequency Expected | Good | Medium | Weak Very_weak Total | Frequency Expected| None | Exist | Serious Very serious Total
Offensive 17 L] 2 2 260 Offensive 22 08 13 11 260
1589 26456 12577 1.0267| 30256 19949 24872 53846
Normal 376 262 39 1 698 Normal 58 551 72 8 699
42837 23221 33763 27562 81343 53631 66.867 14475
Absent 30 1% g 1 55 Absent b 19 6 2 55
33825 18.297 26604 02172 54004 42188 5.2613 11391
Total 623 337 4 4 1013 Total 118 778 97 21 1014
6150 3327 434 039 100.00 1164 7673 957 207 100:00
Table of Attack by Emotion Table of Blood_reaction by Emotion
Attack Emotion Blood_reaction Emotion
Frequency Expected | Stable | Medium | Unstable Very_unstable Total | Frequency Expected | Stable | Medium | Unstable | Very unstable Total
Offensive 234 17 8 1 260 Agitated &0 13 3 0 %
0744 37436 13333 17549 76.552 13822 45231 06627
Normal 548 109 3 5 598 Obedient 704 110 15 3 831
557.68 10064 35.246| 48254 663 11965 42615 5.7367
Absent % 20 H 1 55 Shrink 5 23 34 5 87
43881 75191 28205 68411 12527 44615 06006
Total 208 145 52 1014 Total 208 146 52 7 1014
7978 1440 513 10000 7978 1440 513 069 10000
Table of Blood_reaction by Adaptability Table of Blood_reaction by Friendliness
Blood_reaction Adaptability Blood_reaction Friendliness
Frequency Expected | Good | Medium | Weak Very_weak Total | Frequency Expected | Friendly | Normal Less_friendly Avoiding Total
Agitated 72 2z 2 0 96 Agitatad 86 7 3 0 %
59.04 31937 45436 03791 72047 18835 42504 07574
Obedient 536 278 16 0 230 Obedient 843 175 1 2 831
51045 27612 40148 32774 623.66 16351 36879 6.5562
Shrink 15 37 3 4 &7 Shrink 32 18 31 3 &
53.505 28543 42083 03435 65.293 1716 38609 06864
Total 623 a9 4 1013 Total 761 00 5 8 1014
6150 484 10000 75.05 1872 444 079 100.00
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Table of Blood_reaction by Attack Table of Blood reaction by Wariness
B Blood_reaction Wariness
Blood_reaction Attack
Frequency Expected None Exist Serious Very_serious Total
Frequency Expected | Offensive Mormal Absent Total >
Agitated 34 52 6 4 96
Agitated a1 50 L= 96 11172| 73.657 9.1834 19882
AT - oo
2461 a1 S Obedient 84 889 50 8 831
Obedient 203 584 44 831 96.704| 63759 79.494 7
21308 57285 5.07-
s P g shrink 0 37 a1 9 87
Shrink 16 6 87 10124 66751 8.3225 1.8018
22308 47189
Total 260 699 55 1014 Total 118 778 57 2% 1014
2564 6853 542 100.00 11.64 76.73 957 207| 100.00
Table of Friendliness by Emotion Table of Wariness by Emotion
Friendliness Emotion Wariness Emotion
Frequency Expected | Stable | Medium | Unstable | Very_unstable Total | Frequency Expected | Stable | Medium | Unstable Very_unstable Total
Friendly 713 43 o 76l None 103 14 1 o 118
60715 109.57 39026 52535 64144 1659 60513 08145
Normal 6 2 1 1 200 Exist 677 8 2 77E
15857 28757 10256 13807 62071 11202 53708
Less_friendly o 10 Eal 4 45 Serious 4 42 =g 2 &7
35.802 64793 23077 03107 7739 13966 06896
Avoiding o 1 E 2 g Very _serious B 2 11 3 a1
63826 11519 04103 00552 16754 30237 10768 0145
Total 08 146 52 7 1014 Total 809 148 52 7 1014
7978 1440 513 068 10000 797! 1440 513 069| 10000
Table of Wariness by Friendliness Table of Reaction while blood drawn by Eye color
Wariness Friendliness .
Blood drawn reaction Eye color
Frequency Expected| Friendly | Normal Less_friendly Avoiding Total
Frequency Expected | Black | Vellow | White | Chocolate Total
None 101 17 0 0 118
88558 23274 52367 0831 Agitated 18 37 38 3 %
Exist 825 144 7 2 78 19692 35692 13254
58388 15345 34527 1381
Obedient 175 353 292 1 831
i 28 37 31 . 97
onons 17046 3401| 3089 11473
72758 18132 43047 07653
Very_serious 7 2 7 5 pay Shrunken 15 25 47 0 &7
1576 4147 0932 01657 17846 32346 12012
Total 761 45 8 1014 Total 208 415 377 14 1014
7303 fis g 10000 051 1093 3718 138| 10000
Table of Friendliness by Sex Table of Emotion by Sex
Friendliness Sex Emotion cox
Frequen Expected Male Female Total
q o P Frequency Expected Male Female Total
Friendly 373 388 761 =
389 418 807
348.92 41208 Stable "
37001 43699
76 198
Normal Medium 55 o1 146
66.841 79059
Less friendl 1z 45 = 5
L e Unstable 17 35 52
20632
23842 28.158
Avoiding e B g = -
2668 2332 Very unstable 3 L
3.2095
Total 454 548 1012 e
4535 5415 10000 Total il A 81
4585 54.15 0
Table of Attack by Sex Takle of Wariness by Sex
Attack Sex Wariness Sex
Frequency Expected Female Total
Frequency Expected Male Female Total
None &7 118
Offensive 142 111 280 £3.897
11921 14079 Excist 418 —
Normal 359 697 42021
Serious 42 55 a7
a4.47a 52526
Absent 17 3B 55
25217 G783 Very serious 11 iz 21
9.6285 11372
Total 464 548 1012
464 548 1012
4585 5415 100,00 irokal =
45.85 54.15 100.00
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Table of Adaptability by Sex

Table of Activity by Sex

Adaptabili Sex
il ty: Activity Sex
F; Ex| ted
i i Male kemale hotal Freguency Expected Female Total
-3 623
S ~q: 3 - Active 211 431
285.93
233.39
i 152 183 335 e S
Mediti i 1‘“*: - MMedium 277 470
“““ R 25451
Weak s A Static 1z 38 50
22489 265 R =
Very weak 1 E 4 Wvery active 35 22 51
18358 21642 27968 33.032
Total 454 547 1011 Total a64 548 1012
4580 5410 100.00 45.85 5415 10000
Table of Affability by Eye color Table of Dewclaw by Hair color
Affability Eye color .
Dewclaw Hair color
Frequency Expected | Black Yellow | White Chocolate Total
B Frequency Expected | Black Yellow White Chocolate Total
Friendly 186 314 267 14 761
156.1 31145 28284 10507 None 280 428 5 1 765
MNormal 32 85 a3 o 200 31345 4034 34525 13628
41026 81854 74359 27613
z = One present 1 4 0 z 0
Less friendly 8 1 26 o 45 P 21048 10546 ey 03563
92308 18417 16731 06213 s i e S
Avoiding 2 5 1 0 8 Two present a 1 2 1 57
1641 25744 01105 23355 25724 10154
Total 208 415 377 14 1014 Total s a % 5 w12
2051 4093 3718 138 100.00
Table of Eye color by Hair color Table of Activity by Hair color
Eye color Hair color Activity Hair color
Frequency Expected Black Yellow White Chocolate Total || Frequency Expected Black Yellow White Chocolate Total
Light brown 48 130 18 9 203 Activel 159 230 25 7 a7
86.096 10568 77528 34683 17855 21817 16078 7.183
Brown 148 238 1% 3 408 Medium 202 239 12 10 463
17304 21241 15582 69709 18637 24104 17682 79106
Deep brown 227 142 3 0 372 Static 34 16 0 0 50
157.77 19356 1420 £3358 21206 2603 19095 08543
Blue cray 1 10 1 0 12 Very active 277 33 1 0 61
50884 6.2472 04383 0205 25871 31757 23296 10422
Total 422 518 38 17 985 Total 422 518 38 17 985
Table of Friendliness by Hair_color Table of Attack by Hair color
Friendliness Hair color :
Attack Hair color
Frequency Expected Yellow White Chocolate Total y
Frequency Expected |  Black Yellow White Chocolate Total
Friendly 398 47
38889 Offensive 105 129 17 5 6
P - - 5 i o0 127 o7788 43738
83128 10204 74854 33487 Wi 52 1 1 a8
Less friendly e 12 0 1 4 b 35817 26375 11755
18661 22807 16804 07518
Absent 1@ 7 5 1 51
Avoiding 3 4 1 o 8 : ’ o e
3303 41648 53055 04367 2163 26551 19477 08714
Total 422 518 38 17 905 Total 42 518 38 7 895
Table of hair pattern by Hair color Tablecof Retivity by Hair pattern
B B Activity Hair pattern
Hair pattern Hair color
Frequency Expected Straight Wavy Curly Total
Frequency Expected Black Yellow White Chocolate Total
Active 308 70 431
Straight 21 T4 il 9 699 30136 65.283
29646 3639 26695 11843 Medium 332 a2 58 472
33003 75.874 66.099
Wavy £ T 10 5 156
66.163 81214 59578 26653 Static 32 5 13 50
34961 80375 7002
Curl ] 8 3 3 140 - =
Y 0377 2884 2347 Very active 37 8 1 sl
e g i 42652 98057 85424
Total 4 518 i n Total 708 163 142 1014
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Table of Emotion by Hair quality Table of Activity by Hair quality
Emotion Hair quality Activity Hair quality
Frequency Expected Untangled Medium tangled | Tangled | Total| Frequency Expected Untangled Medium tangled | Tangled Total
Stable 304 287 718|  z08 Active 161 175 95 431
31275 28483 21143 16652 15174 11254
Medium 56 52 38| 146 Medium 175 150 147 472
56442 51402 38156 18247 166.18 12335
Unstable 30 13 ] 52 Static 12 g 50
20103 18308 1358 17604
Very unstable 2 5 o 7 Very active 7 20 4 61
24845 18254 23582 21476 15842
Total 357 265| 1014 Total 382 357 265 1014
Table of Hair pattern by Hair quality Table of Friendliness by Hair quality
i . : Friendliness Hair quali
Hair pattern Hair quality quality
Frequency Expected Untangled Medium tangled | Tangled Total
Frequency Expected Untangled Medium tangled Tangled Total
Friendly 273 207 761
Straight bi 178 709 29219 19888
27408 18529 Normal 82 57 51 200
70 5236
Wavy Bl & a 16 Ml 23268
63014 57388 42599 Less friendly 24 14 7 45
173% 15843 1176
curly 74 bL] 3 142
Avoiding 3 5 g
£480! 3 00 7
g e i 30027 18166 209
Total 392 37 25 1014 Total 382 357 265 1014
Table of Wariness by Hair qu5|i1y Table of Friendliness by Tail set
& = - Friendli Tail
Wariness Hair quality Slisbe 22
Frequency Expected Curl Upright Sickle Total
Frequency Expected Untangled Medium tangled | Tangled Total
Friendly 290 225 245 760
None a3 & 2 g 318.1 218.32 22357
45617 41544 30838
Normal 50 a3 200
Exist 78 278 778 57.453 58.835
30077 27381
Less friendly 23 16 6 45
Serious 45 A8 13 o 18835 12.927 13.238
37498 34151 2535
Avoiding 4 o 4 =3
Very serious . 2 2 2t 3.3485 2.2981 2.3534
81183 73835 54882
Total 424 291 298 1013
Total 02 1 265 e a1.s6 2273 29.42 100.00
Table of Attack by Tail set Table of Activity by Tail set
Attack Tail set Activity Tail set
g 2 Frequency Expected Curl Upright Sickle Total
Frequency Expected Curl Upright Sickle Total i Y ik
Active 178 103 150 431
Offensive 0 % = 260 1804 12381 12679
108.83 74689 76486
Medium 156 471
Normal 308 188 202 698 1353
29215 20051 20533 Static 14 s 50
Absant 26 7 22 55 14.363 14709
23021 158 1618 Very active 18 17 61
17523 7845
Total 424 291 298 1013 e :
4186 2873 2542 10000| | Total 424 281 288 1013

B2 nARAREE, ANGL) AEs s AAFE S
o o

o wdl AA: o FA dsto] ofefel 22 Uk AP 29 (Animal ModeD)& #8383

Y = Xb + Zu + e
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e N =Ty BFHAL 2 2 g 2 gt
A1 (cm) 1048 52.5 3.9 42,2 E&.0
A& (cm) 1045 578 4.7 236 T6.0
HZF (cm) 1048 2l.4 11 BB E2.0
Az (kg) 1048 206 2.5 14.0 33.0
g HE EREUL
= oF 1990-1999 20a0 2001 200z 2003 2004-2008
A (cm) 55.0 (0.37) 52,2 (0.36) 52,9 (0.51) 52,4 (0.56) 53,8 (0.46) 53,7 (0.46) 53,2 (0.48) 55,3 (0.46)
A E (cm) BO.E (0.43) £E.100.42) 58,5 (0.59) 581 (0.65) 58,9 (0.54) 59,4 (0.54) 59,9 {0.55) G1.2 (0.54)
HE (cm) 22.400.32) 21.4(0.31) 21.900.44) 20.6 (0.48) 20.8 (0.40) 21,7 (0.40) 22,6 (0.40) 23,9 (0.40)
Az (kg 21.5 (0.28) 20.160.27) 21.8(0.39) 21.1(0.43) 21.0 {0.35) 21.4 (0.35) 20.8 (0.36) 19.1 {0.35)
A71A Y+ FA3 #Ed g8 2= Wy o, be A7 - E AR AE 2L e
WE ol X+ o] g3E AFHE A matrixo]™, us Y x84 sidH= AAEN A
A = BE FE 2B THE ST 2@k A"y, ZE o] §F7F a4l dAlE
HiE AA matrixol™ ew IAES X HEH
Zb &)y FAEL MAIEY o] ol=AHE HHX 7|0 AF 1de] At = SAHHAL, 2AH
714 a9e AAL6Fo)T dHCFD o B2 48 Animal Model& 435+ ASREML
I 2 39S single-trait @ multi-trait anlayses W o2 T%3
o A}
- single-trait &A1 oJst Fd A4 2 fFAdE 54X
=g ATPMES  maE £3=  mEex  mHuEsD,
A 5.89 .20 0.53 0.07 3.33
A = .18 .40 0.49 0,07 4.07
HA=EF 2.40 4,65 0.34 0.o7 2.65
H= 1.48 372 0.29 0.06 2.28
- multiple-trait &2l ¢ 71 &4 2 FAE(FZEoA) S4A
HE . [ A = E4 H =
Hx 0.51 {0.06) 0.67 (0.02) 0.40 {0.03) 0.43 (0.03)
k| By 0.86 (0.05) 0.45 (0.06) 0.52 (0.03) 0.40 (0.03)
A=F 0.71 (0.09) 0.86 (0.07) 0.34 (0.08) 0.34 (0.03)
A= 0.79 {0.09) 0.81 (0.09) 0.6z (0.13) 0,27 (0,06}
- A #He FHEHETS S YERUE tizbd obe #e FAZTe A RGETLAhE, U7t
A9l ge 3Ee 318y FMETAD) SHAE YERY
o A3 FA: FHHEL 027AAMFH 051744 Folite Fdds HEd e AFe fdde] h
vhorar Ajare] fAge] b =A vl A A4S Ax, A 2 A wg =2 F
Agds Evd ol o] A¥AF o= s FAE S AlE AS v A 7 FAde] fHAQ
29 WelZ oA Frh7F 7dizE |k 298 AR AS 8% gEd Adder e 54
e 2k Ao Ag =L fd9s 1ded ol AP A A AEE stHEE 70%
oo AEdrE 7|d ¢ Utk whde] AT AF 3HE FAYES Eded ol AYs styu=
FHAA 7oA m7t vhol FF7tE AR e ARy BHaste #4490 2R ES TS A
FT& AT Fart vk AME S AlASE ] E
(2) A% % 7 98 JAd g fARs 4
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SNP (MAF>0.05, genotyping rate >90%)

i3

[o)
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2,198
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Item

21T

2,181
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Total SNP

14,055

17,441
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O SNPZF 7FA o] 100kbel A 5Mb e]dlol 2= SNPE7ZFe] LD#k

5Mb 10,250 0.12 (0.09~0.15) 0.59 (0.54~0.64)

Sapl34
Al 93,742 0.07 (0.05~0.07) 0.49 (0.45~0.53)
5Mb 265,271 0.16 (0.13~0.21) 0.69 (0.66~0.73)

Sap60
Al 2,451,513 0.10 (0.08~0.12) 0.60 (0.53~0.65)

O gz didss F w7zt Agrt 1000kbp (B 1eM) olstyE F mARe Adsgda F vp7ztke]
AYE 0710kbp, 10720kbp, 20730kbp, 30740kbp, 40™50kbp, 50760kbp, 607 70kbp, 70780kbp, 80~90kbp,
90™100kbp, 1007200kbp, ----—-- , 90071000kbp = atgith zb dMAl wet 7 AR AW g
r’-square F& obd ol LFER )

bin_kb bin_kb = 1000
o 10 0.58
10 20 0.45
20 30 0.34 800
30 40 0.30
40 50 0.27
S0 60 0.24
60 70O 0.23 600
70 80 0.22
80 a0 0.19
an 100 0.18 400
100 200 0.15
200 300 0.12
300 400 011
400 500 0.10 200
500 600 0.09
600 700 0.08
700 s00 0.08 0
200 Q00 0.07
=Talu) 1000 0.07 0 200 400 600 800 1000

7} 10 kbp oISl A% AEAAAAAE F gho] 058 Wl A e whow T vzt
A42 AA LD7F welxom SNPZF A 7F 90kbpel 7A-9- 028 YERY T
O aARt F wAzke] AZ7F 500kbp o1 Bold A9 01 etz WA el Wk foHed 1 ke 022 A
9, A #HEH SNP "HAE dEZsly] YA E Hag vbAZE k4e] 80kbp o UlE $1A]3]
8

Zo] 80kbp o]el A$- QTL FHe o mA e LD ARE HA|o] o]&35l= haplotype LD
mapping WS FYPshe Ao FHY AEH QTLS Bt =d o 783 ARE AFs & A0z 7Y

9t ofdfe] AEE aWe A A, 9 2" GAA 1A SNPEZE LD g% vl Tk

uh AR A A el
(1 =4
O AN A AL &=

ARE AFshar A+ g
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Sequence information (Reference genome Boxer : 2500,000,000 bp)

R— RefGenome
pe Coverage
Genomic DNA Number of
insertsize (bp) Read Length #Read #Mapped reads (%) nucleotides (Gb)
Sapsaree Dog 310 100 1,075,574,618 1,0602,414,861 (98.7) 106.20 424

Index

SHE INDEL

Homozygous 1,740,638 25,103
Heterozygous 2,687,857 42,114
Total 4,428,495 67,217

Figure. Comparisons of SNPs among Boxer and Sapsari Dog

Boxer Dog Total : 3,117,242 Sapsaree Total : 4,428,495

3.099.080

1,787.863

O NCBIYl T34 A= "M Boxer) #52 FHE A A
welow of RFolM 4uintolz) SNPeF 6¥7 78 2] Indels
Boxert FHHA HF=d v 1W3HARANI O™ A
SNPE =74 494
O ol A= AEN FFol AY FFTH 2

A3 ) x=3 43 424% coverageE
=& HF X SNPE ol A
3MoletA SNP&= Al #%5 59

o =

ol

ot

A3 v HAH B4 AU AL

o,
Pt

4. 913, A%, 4% @9 DNA v &2 g Adekg g7t

lid

b

7Fo9E, AE 9 d3y Add QTL (SNP) &=
(1) =4

O &% canine SNP chipg 4-&3te] 983} AFAE A SNP vpAE da sto] TAY Mo Hgstax ¢

(2) ¥

O W& % canine SNP chip panels-2 & &3} Illumina canine 22K SNP chip#} 170K SNP chip2- Z}

7y 134F 2 60F (27 1837 F3xd £48 S5 S
O Z; SNPel| th&le] minor allele frequency(MAF)7} >0.05, genotyping rate >90%, F 7Hol4d<] %
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A (AA, AB, BB)-2 717 SNPE A EH35 S

O 1870 body shape, morphology, defects & 2o sl AB A& 43

o Z+ A sl ﬁ%o‘i?ﬂr%ﬁ((}enome—wide association, WGA)-& & F 9AZ 7519 &

- 1) SAS GLM procedureE o|-&3te] w3 ol a3l AT HAAEY, AD)ES Iyt AFgrds H4s)

of TAYS BASAL ol FAES o] &ato,
- 2) Z} SNP| oiste] the3t 22 SNP A7H4 23ts B4 dedAey 29e 488 %ds.
Y =1+ BueXaa + BoomXaom * €,

Xaa =1 for AA, Xaa=0 for AB, X.a=-1 for BB SNP genotype©]™ Baae a3 T8 F] thste] SNP2
A7FA (additive) E35 YEhH, Xeom =0 for AA, Xem=1 for AB, Xam=0 for BB SNP genotype©] ™
Booms T T thste] SNP -4 (dominance) &35 EF,

mlo

i)

AN wEHolA dF FAol F949 SNPE tlete] SNPEZF A$y = LD £4% 5 gonz
g Fdol 4 AP NP sttt A¥ehis dgol Bagh webd 7 AR 001 Fo5EANA FAlH o

71 SNPE°| ulste] stepwise-regression procedure® 4 -&3le] Zdo| inclusion ¥} exclusion thresholdsE
0001 fFoldwox AAste] Ao AAst= HF SNP setE 2A 49 S

Body height (cm) 525 | 39 422 | es0 | 173
| Body length (cm) | 579 | 48 | 450 I 76.0 | 179
| Body depth (cm) | 215 | 26 | 156 | 31.0 | 121
| Body weight (kg) | 206 | 25 | 140 ) 33.0 | 122

| Coat Color ) Multinomial J 1234 | 0.56
| Coatcurliness ) ) 1.2.3 | 0.47
| Coatlength ) ) 123 | 0.08
| Furnishings ) ) 1,2.3 | 0.28
| Coat quality I I 123 l 0.66
lEye color ) ) 12,34 | 0.65
| Nose color ) Binomial ) 1.2 | (T 2
| Earerectness ) . ) 1.2 ) 0.03
| Tail set ) Multinomial J 195 | 0.65
| Teeth missing ) ) 1.2.3 | 0.66
| Tongue spots ) . ) 1.2.3 | 0.15
| Dewclaw ) Binomial ) 1.2 ) 017
|Jaw defect ) Multinomial ) 12.3 ) 0.37
lTesticles ) Binomial ) 1.2 | 0.06

O HAAAAEA oAt SNP A5

Summary on available markers for different SNP data set after screening

Sapl83 15.825 137.8 147.4 2,181

Sap60 113,917 19.2 20.8 2,199
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Sapl83: canine 170k$} 22kol ¥ &4 0= 91+ SNP A&
Sap60:  canine 170ke] A= SNP A&

o wzd QT A4 2 viAEste] 27

Summary on identified QTL after model selection from different SNP density

Sapl83 116 3-11 10,29,31,37 35-47% | 31-79%

Sap60 64 2-6 11,19,31,35,36.37 60-80%| 48-96%

Sapl83: canine 170k%F 22kol| T EAH o= = SNP A=

Sap60: canine 170kel| 9= SNP A&

CFA: canine 94A ¥ &

%Phenotype: AA FAFEAAT Tzl mF 2 AP oA = npA 24 &

O 7zt YARE U=y v (QTL)<, d4A M 3 vpr]Fate] 27]

Summary of QTL (SNP) positions for morphology traits using Sap183 panel

Body height 7 5, 18,21,23,26,33 | :| 3% 23% 26 27*, 36* 44
Bodylength 7 2.2 1306 172335 ). 15 3%20F 47
Chestdepth 6 2ol B 2032 8425 T 13 88F 40
Body weight 5 3,46, T 14 18.20:28|2) 3% 4% 20* 35
Coat Color i hy T, 8, L1; 18,2428 |7]| 2% 0% 18 24% 25¥ 69
Coatlength 8 3,4,8,15,21,22,26,38 | ] 14*,17,28* 53
Coatcurliness 8 7 [l 0 e 2 o2 OB D= Bl el TR S i 56
Furnishings 4 1,04 16:20 ]3] 4,16 34
Coat quality 5 2.8 18T 2.,4%30.23 38
Eye color 6 14, 5 16, 19,30 F2 ) 15, 42.5% 20 40
Nose color 5 2:8 6 1834a61E0 255 30F 51
Earerectness 6 2,3,7,17,22,23 |:] NOQTL 45
Tail set 7 2556 T 12 1A agsla | S 85028430 48
Teeth missing 7 8,18,27,28,35 | 1] 6% 14%,27%, 29*%, 33* 46
Tongue spots 3 8,25,38|:] 4,8* 25% 29,33%, 34 31
Deweclaw 8 1,5,7,8,16,21,36 |1 6% 16, 18*% 38*% 56
Jaw defect 8 2469007 20034 36 k) 68, S8 b4
Testicles 7| 2,7,11,20,23,27,35 | :| NOQTL 79
FAAHE AAU) 9% Sapl83d A L=d FAAHE

FAAHE FAN) L% Sapb0dA d=d AR

- AdA o g gAME A AAA(CFA) A3 QTL (SNP)Eo] @z ojzon g8 A3 n&o] wzso]
A QTLES st Adw=old (31%779%), 313k2] =7 (testicles)t 2 (coat color)e] 4-9- #ad n
) 495 2 BRGNS AT L.

O oWl QTLe 7d-5- vl =&(pleiotrophy), = shvfol’de] el A (ofeh

uilc)
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Body height

Pleotropic /

Closer QTL CFA23 (26 Mb) CFaB3[20 Mb)

Locations:

-logyglp)

CFA23 (26 Mb)
CFA33 (20 Mb)
=>>Redundant SNPs

Pleotropic QTL/

Locations:

CFAS (67 Mb)

~logu(p)

Coat color

MNose color

Coat color o]
Eve color =4
Nose color -
CFAS -
67,608,137 bp (CC) |

lograls )
.

67,608,137 ,, (NC) =
68,543,610 ,, (EC)
58,549,508 ,, (NC)
62,568,325 ,, (NC) o
71,051,791*,, (NC)

egutp)
4
4

MCI1R gene= black

QTL cluster o
CFA 24
17,054,757 bp
22,172,944 _, e .
31,089,226 ,, w4 "
36,027,202 ., 3 -4 i

26,359,293% ,, ol |
28,742.476% _, 7
ASIP gene= yellow

coloration
o 7} AR ol QTL(SNP) #A], &3, 2 o4 =27] ( Sapl83: canine 170k} 22k
o2 9% SNP AHEE o|&)
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#_*

Trait/SNP markers SNP  (CFAe Kbpew Addée SEw  log Pl Domszo SEe  logyPe Yogiee
Body height+ a & & a a Ll a Pl & 44.340¢
BICF2G630183062¢ [A|G]e 50 39.837.194+ ¢ o 0 -1.503¢ 0.397¢ 3151 4.900¢
BICF2P1301673¢ [A|C]e 18« 27939042+ a @ 1.044+ 0.402¢ 3.075 6.72¢e
BICF2P317934¢ [A|G]e 21 45,944,469 + 0.985¢ 0273 30470 -1.139¢ 0.402¢ 3.0470 5.53¢00
BICF2(G630378928¢ [A|G]e 230 26943447+ 0739 0.293¢ 3.225¢ 1.660+ 0.398~ 3225 6.290¢
BICF2G630378033+ [T|ICle 230 20079377 « » a a -1.730¢ 0.426¢ 3.0300 43400
BICF2P253025¢ [T|ICle 26¢ 31,703,725 ¢ -0.664¢ 0.279¢ 3177 1.313¢ 0.398¢ 3177 5.31e#
BICF2P328516+ [T|ICle 330 20570635« -1.3000 0.295¢ 45330 # 8 a 10.850¢
Body lengthe a o @ a a @ @ @ @ 47.19¢¢
BICF2G630676660< [TICle 20 11389181 « ¢ a @ -2.179¢ 0.476¢ 3643 6.63¢¢
BICF2P1160025¢ [TICle 126 46,569,532 ¢ o a o -1983¢ 0.474¢ 4.136¢ 7.99¢0¢
BICF2P1145308¢ [C|G]e 130 18,020,832 « ¢ a a 2127 0.473¢ 3.0130 11.98¢¢
BICF2P421877» [AT]e 16¢ 55,622,606 « ¢ 0 0 1.847¢ 0.3053¢ 3.0270 25500
BICF2G630221784« [AG]e 17« 11963614«  -1449¢ 0.339¢ 3402¢ ¢ @ a 429e¢
BICF2G630379427¢ [A|G]e 230 26441914 « » ° P -2318¢ 0.516¢ 3242 721ee
BICF2522945398+ [T|ICle 330 20953833«  -1483¢ 03400 39730 & a s 6.3600
Body depthe @ @ @ e a @ @ @ @ 40.010¢
BICF2P995809+ [C|G]- 20 42043955 ¢ 03020 02170 3.0400 1.042¢ 0.289¢ 3.0400 5.120¢
BICF2P1031315¢ [A|G]e 4o 38.887.089 « 0439+ 0.274¢ 3.886+ 1.524¢ 0.366¢ 3.886¢ 8.7200
BICF2G630188518¢ [AG]e 50 49375178 ¢ -0677¢ 0.235¢ 3.130¢ 1464+ 0.345¢ 31300 6.02¢¢
BICF2P1231263¢ [T|G]e 21 18692852 ¢ 0539« 0.202¢ 36l7e 0775 0.283¢ 36lle 8840
BICF2P46076+ [T|ICle 320 4468510+« » a 0 1.924¢ 0.541¢ 3.0210 4 3600
BICF2P268132+ [TICle 340 28,771.576 « 0.636+ 0.179« 3.273¢  -1.008¢ 0.294- 3273 6.770¢
Body weights ° 0 0 a ° P a a 0 35.720¢
BICF2P971245+ [T|ICle 6o 27520540« -0.387¢ 0.163¢ 30430 1113« 0.291¢ 3.0450 6.2800
BICF2G630330043¢ [A|G]e 7o 10,393,490 « 0.797¢ 0.193¢ 38430 0.726¢ 0.273¢ 38430 73300
BICF2523759204+ [T|ICle 14¢ 63,170,347 « 0.836¢ 0.204¢ 40970 ¢ . e 936+
BICF252435042¢ [A|G]e 18« 17,136,801 « » a P 0.983¢ 0.268¢ 3183 5.00e¢
BICF2G630267630¢ [TIC]e 280 27282489« » a a -1.255¢ 0.275¢ 3.639 1.7500

[=}

3 b

Trait/SNP markers SNPts  CFAe Kbpeo Addda SE=  -log P Domées SE+  -logi P+ Yool i
Coat color? e e @ @ a e @ a e 69.420¢
BICF2P414351¢ [A|Gle 3o 67608137«  -0.396¢ 0.059¢ 3.6030 0.16¢ 0.075¢ 3.603¢ 54000
BICF2P1366930¢ [CGle Te 63272835+« ¢ a 8 04570 0.111¢ 3.673¢ 3.11ee
BICF2P650840+ [AC]e 8o 68474215+« 0237 0.045¢ 33270 ¢ 8 s 28600
BICF2PR25425¢ [AC]e 11« 27178549 ¢ ¢ a s -0.099¢ 0.056¢ 57157 34500
BICE2P470908~ [A|Gle 18¢ 47115362 « # o -0.148¢ 0.033¢ 3.033¢ 3.12¢¢
BICF2G630498439¢ [AT]e 24¢ 36027202 « ¢ a 0.202¢ 0.062¢ 12321 27.04e¢
BICF2523214420¢ [A|G)e 240 31,089.226 « 02110 0.043¢ 3.752e ¢ 8 a 6.110¢
BICF2G6305039510 [AG)e 240 22172944 ¢ a a 0.17» 0.0610 4.818» 712200
BICF2P298904+ [AGJe 240 8.203,984 « 0.172¢ 0.045¢ 3187 « s o 4 9400
BICF2G630507444¢ [AT]e 240 17,054,757 « # e @ 02170 0.067¢ 3.089¢ 36400
TIGRP2P359384 1s8901377¢  [T|Cle 28¢ 30,107,080 « 0.127¢ 0.036¢ 30460 ¢ e e 2540
Coat length+ @ @ @ @ a a @ @ @ 52.9900
BICF2G6303443220 [AGle 3o 63.168.062 «  -0.0930 0.019¢ 5768 00840 0.027¢ 3.768¢ 137200
BICF2P739936+ [AGJe 4a 22871215 « 0.062¢ 0.018¢ 30140 0.109¢ 0.049¢ 3.014¢ 4 1000
BICF252314001+ [AlG]e 8o 56,683,436 « 0.08¢ 0.02¢ 34370 0.07 0.026¢ 3437 6.32¢¢
BICF2P342407¢ [A|Gle 15¢ 50947538« -0.064¢ 0.023¢ 3.163¢  -0.086¢ 0.029¢ 3.163¢ 5.39¢¢
BICF2P256038« [AT]e 21 41,196,725 ¢ # a a 0.092¢ 0.027¢ 3.534¢ 7.49¢¢
BICF2G63093335+ [AGle 220 64,010,165 « 0.1 0.025¢ 32992 01520 0.033¢ 3299 5.210¢
BICF2P1007600+ [AGJe 26+ 5463768 « 0.048 0.018¢ 31140 0078 0.023¢ 3.114¢ 6.170¢
BICF2P1322030+ [AGJe 38 18.649.472 « 0.063¢ 0.017¢ 31460 00360 0.023¢ 3.146¢ 46000
Coat curliness« @ @ @ e a @ @ @ @ 56.3203
BICF2P1141766+ [AT]e 1o 56,194 812+« o a 0.41s 0.090 38220 79400
BICEF2P150900+ [C|G]e 20 22015714« » ° o 03040 0.07 3268« 58400
BICF2523555042¢ [AGJe 2 85458684«  -0.197¢ 0.062¢ 3319 0334 0.094 3319« 4 M0
BICF2G630169370+ [A|Gle 40 76921475 « 0.087¢ 0.039¢ 3242 0.176¢ 0.034¢ 3.242¢ 4 86¢¢
BICF2P318632¢ [AT]e 13¢ 28879708 « a 8 -0.166¢ 0.0535¢ 3.663¢ 7.390¢
BICF2G630521799+ [C|G]e 140 14,928,781 « 0.160 0.039¢ 38930 01430 0.034¢ 3.893¢ 59500
BICF2G6304238260 [AGJe 15¢ 57954222 « 0.074¢ 0.036¢ 33960 0212¢ 0.054¢ 3.396¢ 47000
BICE2P364212+ [TIC)e 23¢ 38,246.829 « 0.219¢ 0.038« 6.704c ¢ s a 15.200¢

a
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Trait/SNP marker® SNP%  (CFAe Kbpe Addde SExw  dog P Domsze SE¢  ogyPe EC
Fumishingse a @ e a a a a @ a 34.3400
TIGRP2P4318_rs8641841« [T|Cle le 58,705,127« 0.118¢ 00270  3.102¢ ¢ 0 E 6.92¢0¢
BICF2P1239323¢ [AG]e 4a 19138389« 0.036¢ 0.03¢ 3070 01420 0.04¢ 3.07¢ 59900
BICF2523115493¢ [T|Cl 16¢ 25202281 ¢ ¢ @ e 0.173¢ 0.042¢ 3.607¢ 64200
BICF2523328728¢ [AlC]e 300 34200085« 02330 00330 6394  -0.193¢ 0.043¢ 6.394+ 15.0200

o E R a a a E a P a9
Coat Qualitye @ e @ @ a a a 9 @ 38.140¢
BICF2523351762¢ [AIC]e 2e 77.059469 ¢ 02430 00620 3238 02420 0.083¢ 3.258¢ 66300
BICF2P1329788~ [AT]e 8o 17401,156 « 0117« 0.051¢ 34340 -0.168 0.07¢ 34340 75400
BICF2823437260+ [TG]e 130 54287246« 02430 005 46820 0.28¢ 00732 46820 11.29¢¢
BICF2523320625¢ [T|Cle e 63,017,133 ¢ ¢ g s 0314« 0.074¢ 3.503¢ 6.16¢0¢
BICF2G630140810+0 [T|Cle 27e 9120528+«  -0.146¢ 0.0432  3.76le 01730 0.074» 3.761+ 6.510¢

& & a8 a & a E 8 P a9
Eve colors a a @ a a a a a a 40.18¢¢
BICF2G6307127090 [T|Cle 1e 18.882.550 « # @ a 03140 00762 48150 12160
BICF2G630177714¢ [AG] 40 86,730,730 ¢ ¢ 0 a 02240 0.071¢ 3.013¢ 5.90¢¢
BICF2P394706¢ [A[C]e 30 68543610+ 0183 00532 35430 » s @ 21900
BICF2P1150581¢ [AG] 160 42,361,889 « ¢ a a 0.256¢ 0.067¢ 3.022¢ 52009
BICEF2P951737 [AlC) 192 53627450+« # 0 e 0.269» 0.071¢ 3.19¢ 527ee
BICF2P1470243+ [T|Cle 300 21,775,876 « 0.2¢ 00420 42330 ¢ 0 a 9 46ee

& ] a8 a Fl L 4 a da
Nose colore e e e a e a @ e a 51.08¢¢
BICF2P683461¢ [C|Gl» 20 55,096,952 ¢ ¢ @ a 03780 0.092¢ 3.064¢ 45000
BICF2P4143510 [A|G]» 30 67608137+«  (.698 0.098¢  10.039 0.50 0.125¢  10.059¢ 22,6900
BICF2P1304979- [AlCle 6o 21625520«  -046l1e 00930 5496 03420 0.115¢ 5496+ 11.89¢¢
BICF2822921708 [AG]e 130 12231229« # 0 E 0.388¢ 0.091¢ 3.995¢ 5.300¢
BICF2G630813440+ [A|C]e 162 47997028 « 0396 0.0890 4044 02710 01092 40440 6.71¢0¢

5 [x]

R

Trait/SNP markerse SNP2: CFA« Kbps Addde SEx  -log; P% Domse SE¢  -logpPe Yoot et
Ear erectnessy a ¢ ¢ 8 e 0 0 8 9 44.77e¢
BICF2G630787335¢ [T|Cle 20 4330351« ¢ @ ¢ 0476+ 01232 3158 4 88ee
BICF2P1153515¢ [AIG] 3¢ 36,806,699 « 03130 0.07 5.851 0.267¢ 0.0962 5851 13.900¢
BICE2P893787+ [T|Cle 7e 15,319,772 « 0201 0053 3.526¢ 0.143¢ 00760 33260 73306
BICF2822962078+ [AlG] 17¢ 1,942,297 « 0.182¢  0.082¢ 3018 04dge 0.1470  3.018 5.00e¢
BICF2P728700~ [AIC) 22¢ 48,960.803 « 0.1860  0.056¢ 3217 0.242¢ 0078 3217« 58300
BICF2P335079« [AlC) 230 51,911,646 « 0309 0075 38340 02740 01040 38340 7.340¢
Tail sete 8 8 e 8 e g g 8 0 48.080¢
BICF2523445287+ [AIG] 3¢ 30,059,175 « 0113« 0.054¢ 3207 0151 00742 3207 4.680¢
BICE2523451135 ¢ [T[Cle 5¢ 58,790,110 « 02230 0.042¢ 5262¢ ¢ @ @ 11.65¢¢
BICF2G630576908 « [T|G]e 6o 52333535« ¢ e a 0281 00940  3011s 531es
BICF2P399640 » [AT]e i 78,663,882 « 02122 0.061¢ 31160 0.298¢ 00952  3.116¢ 5.80e¢
BICF2523531391 ¢ [A[C) 12¢ 11,884,208 « 0338 0.069¢ 3.602¢ 0.403¢ 00872  3.602¢ 1.82e¢
BICF2G630324196 ¢ [A[C)e 140 24743709 ¢ # a a 02940 007s 3385 6.360¢
BICF2G630691839 ¢ [T|C]e 180 471575493 ¢ ¢ ¢ g 02810 00650 40420 6.370¢
Teeth missings ¢ ¢ ¢ @ 8 g g ¢ ¢ 45.93¢¢
BICE2P675334 ¢ [T|Gle b 4477476 « 03170 0.072¢ 3.565¢ 0.07¢ 0111 3365 5.75¢¢
BICE2P742980 » [T|Cle 182 48733675« ¢ 8 8 0.608» 01332 39860 6.57e¢
BICF2G630146096 « [AT]e 27¢ 19,149,417 « 0735 0.115¢ 6.407¢ 0.82¢ 0.1650 6407 15.20e¢
BICE2P171634 ¢ [AG] 28¢ 17,618,125 ¢ 040 0097¢ 4675 04260 0133 4675 971e¢
BICF2G630775467 « [T|G] 350 20851141 ¢ » e a 04830 011l 31770 871es
Tongue spotse ¢ e e @ e ¢ ¢ ¢ ¢ 30,57
BICE2822946305 ¢ [T|C]e 8o 51,393,848 ¢ 02350 0.039¢ 4360 0.232¢ 0088« 4560 96104
BICE2P1341041 # [T|C)e 25¢ 41,848,979 « 0223 0.059 38330 0216 00892 38330 13200
BICE2P945632 ¢ [A|C]e 33¢ 19,443,527 « 04220  0.091¢ 53.759¢ 0.501¢ 01160 5759 13.63¢¢

K a}
o 7 FAME wFEo]xl QTL(SNP) 9141, &3, 2 Foh4 =7] ( Sapb0: canine 170k 1= SNP A&

£ o)
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Trait/SNP marker®

SNPvo  CFAs Kbpse Addde SEx  log P  Domee SEe  dogyPe Yoo’ghee

No. of dewclawse a a 8 8 = @ ¢ a = 55.62¢¢
BICF2P227551 ¢ [T|Cle 1 25,353,668 ¢ -0.229¢ 0.051¢ 3771e 02140 0.073¢ 371 13400
BICF2P331176 ¢ [A|G)e 5¢ 60,980,808 ¢ -0.187¢ 0.049¢ 3470 0 e 8 5.23¢¢
BICF2P321194 ¢ [A[C) Te 71744350 ¢ -0.131¢ 0.052¢ 31040 02190 0.068¢ 3.104¢ 3.94¢¢
BICF252443608 # [AlG]e 80 38,092,601 ¢ 02120 0.058¢ 6.699¢ 02270 00770 6.699¢ 15.750¢
BICF2P1210411 ¢ [A|G)e 80 52252934 ¢ 0.157¢ 0.03¢ 359 0307 0.074¢ 3.59¢ 5.88¢¢
BICF2P538285¢ [AG]e 160 27,539,862 ¢ -0.179¢ 0.051¢ 3237 @ a a 5.71es
BICF2GA30653558 « [A|G]e 210 14,025,850 0 01730 0.056¢ 3735« 0157 00740 3.735¢ 6.660¢
BICF2P1378328 ¢ [A[T]e 360 15,782,599 0 03220 0.07¢ 37030 0286 0.087¢ 3.703¢ 51000
Jaw defecte a a 8 & a a a a a 53.690¢
BICF2P1223995 ¢ [A|G]e 2¢ 73,051,818 ¢ 0.113¢ 0.03¢ 330 01210 0.047¢ 33 5100
BICF2P6T1511 ¢ [A|G]e 5¢ 5525349 ¢ a e a -0.163¢ 0.043¢ 3.36¢ 4 55¢¢
BICF2GA30839742 [AGle 90 43,054,820 ¢ 0.184¢ 0.037¢ 47226 013 0.049¢ 47226 10.18¢¢
BICF2PT735742 ¢ [A|G)e 17¢ 51,662,862 ¢ 0.104¢ 0.034¢ 49440 01190 0.046¢ 49440 11.94¢¢
BICF2823660675 ¢ [T|C]e 200 27.858.645 ¢ 0.109¢ 0.03¢ 3425« 0152 0.047¢ 3425 6.18¢¢
BICF2P398463 ¢ [TICle 230 53,563,548 ¢ a = 0.224¢ 0.046¢ 3375 6.580¢
BICF2P681843 ¢ [T|Cle 230 20,086,221 ¢ a 8 0.196¢ 0.046¢ 343 5.17e¢
BICF2G630776390 ¢ [A|G]e 35¢ 21,818,634 0.13¢ 0.033¢ 3011e  -0111e 0.05¢ 3.011¢ 3.99¢¢
No. of testicles a a 8 a a a 8 a a 78.5220¢
BICF2P903031 ¢ [AG]e 20 56092483 ¢ 03250 0.067¢ 1140 0348 0.092¢ 3.114¢ 12.22¢00
BICF2P1023961 # [T|Gle Te 40,236,791 ¢ a 0487« 0.093- 3.218¢ 10.08¢¢
BICF2GA30298548 » [AG)e 110 28261043 ¢ g a 03620 0.092¢ 3.175¢ 79908
TIGRP2P276529 18891639  [T|C]e 200 8251.132¢ 0.191¢ 0.073¢ 3077« 03080 0.090 3.077¢ 6.6700
BICF2G630379864 « [T|Cle 230 25918473 ¢ -0.248¢ 0.066¢ 3.008¢ ¢ a a 49700
BICF2P1462948 » [AGe 270 39,086,643 ¢ 0.554¢ 0.075¢ 3.789¢ 05090 0.098¢ 3.789¢ 21.78¢¢
BICF2GA30768124 0 [AG]e 350 6,898,081 ¢ -1.191¢ 0.078 301470 0413 0.097¢ 3.147¢ 14.82¢0¢

¢ SNP marker annotations and their positions ® Nucleotides of substitution. ¢ Estimate is for allele substitution effect replacing the latter with the former allele
(nucleotide) in the SNP column. 2 Standard error. f Negative logarithm of the comparison-wise p-value of the test statistic against the null hypothesis of no
SNP effect at the SNP position. £ Estimate is for allele dominance effect.  Estimates of genetic variance. Proportion of phenotypic variance explained by the

SNPwas mentioned in braces. The values on therows of trait names are the sum of the %o, values across all SNPs for the traite
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Trait/SNP marker SNPt»  CFA+ Kbps Addee SEx  dogPR Domsv SE+ logiPe Yogihes
Body heighte & a a a el @ a a & 81.200¢
BICF2P1092111+ [TICle 3a 33.063.475« - - - 22070 0425~ 4.632¢ 17.21e¢
BICF2G630378378 ¢ [A|C]e 230 27.835.845+ -0.949¢ 0.300¢ 3.967¢ -1.562¢ 0423~ 3967« 8.1000
BICF2523544425 ¢ [A|G)e 260 36132126+ 0 810a 0284a 3 567« -14214 04140 3 567« 9 77ae
BICF252346595 ¢ [TIC]e 27 12431 586+ -1 9835¢ 0317« 3615 - - - 17 7900
BICF2G630766060 < [T|IC]« 360 5,743 117 + -1.1364 0308« 4 125¢ 26504 04310 41250 28 3400
a ¥ a a a a a a a a ag
Bodylengthe & a a a @ @ a a & 59.88¢¢
BICF2P743611 ¢ [A|G]e 1a 117,940,829 « 1.268¢ 0.313¢ 3.264¢ 2111¢ 0.741~ 3.264¢ 12.61e¢
BICF2P1092111 ¢ [TIC]e 3a 33063475+ - - - 45090 0.739a 4039 27 5400
BICF2P390223 ¢ [TIC]e 200 41,799 616 « - - - 32830 07430 3 9850 19 7200
a P a a a a a a @ el o
Body depthe e a o o a a a a @ 71.850¢
BICF2P1021017 ¢ [TICle 1a 94,529,544 « - - - 1.794+ 0370~ 43200 28.69¢¢
BICF2P1020968 [A|T} Ta 64051475« - - - -1.624- 0363~ 3.079¢ 15.95¢¢
TIGRP2P182046_1s9239838» [A|G]» 130 57216366 + - - - 15424 03600 3 5200 9 7508
BICF2G63067075 ¢ [A|G)e 38e 25.617.739 « -1.038¢ 0.258¢ 4.525¢ -1.720¢ 0350~ 4.525¢ 17 46e¢
a P a a a a a a = e oo
Body weight+ & a a a @ @ a a @ 70.920¢
BICF2G630107255 ¢ [TIC]e 3a 37.380.260 « - - - 0947~ 0256+ 3.043¢ 10.96¢#
BICF2G630169045 [A|G)e 4a 73.983.024 « - - - -1.685¢ 0254« 5.262¢ 33.500¢
BICFZP206990 [TCle 44 21211935 04130 0176« 3 B85¢ -1.0494 02660 3 BB5e 17 91ea¢
BICF2P1001812 ¢ [T|IC]« 200 29513 667 + - - - -09954 02520 31250 8 5500
@) 23 2o
o el YAB dstel w2Hol rhAE] A4 e FAYRAL AHHR v GIE%), o= A%
F4ol date] §5¢ B ESE & A2 AT, 59 BN A T4 FAU 2
A% AR A e TRode] 448 3 R E £F 29F 494 S Aoz ) 4,
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Trait/SNP markers SNPze CFA« Khbp* Addée SEx  dogiP% Domse SEe logPe Yoo2hed
Coat colore & & a ¥ a El El a & 95.79.¢
BICF2P970060 « TGl 2e 66.808.830 « 0.163¢ 0.03¢ 3.619¢ -0.16+ 0.034¢ 3.619¢ 8.640¢
BICF2823647325 ¢ [A|G]e 10¢ 67,858,787 « -0.067¢ 0.026¢ 3.0230 -0.113¢ 0.037¢ 3.023¢ 1.860¢
BICF2G630747830 ¢ [T|Cle 13¢ 63.182.583 « 0.176¢ 0.026¢ 4619 -0.115¢ 0.033¢ 4619« 4.95¢¢
BICF282309669 « [T|Cle 24« 26,359,293 « -0.431¢ 0.036¢ 18.179¢ 0.206« 0.043¢ 18.179¢ 76.390¢
BICF2P1243790« [AG]- 24+ 28,742,476 « -0.118+ 0.035¢ 3.151¢ 0.115¢ 0.039¢ 3.151¢ 2.48e¢
BICF2PT778837 ¢ [A|G]e 23« 40,024,016 « @ Ll ¢ -0144¢ 0.036¢ 339350 147a¢
a a a a El a @ Pl a a aa
Coat lengthe el P a Pl Pl el El a el 58.02¢¢
BICF2P572437 ¢ [CIGle 140 49246272 « 0114« 0.025¢ 38460  -0.139¢ 0.037« 3.846¢ 26.32¢e¢
BICF2G630221986 ¢ [AG]e 17¢ 11.748.842 « 0.107¢ 0.026+ 3.529¢  -0.097¢ 0.036+ 3.529¢ 18.80e+¢
BICF2G630268885 ¢ [A|G]e 28¢ 25052425+ -0.105¢ 0.026¢ 3.15¢ ¥ @ @ 12.900¢
a Pl a a El a @ Pl a a aa
Coat curliness« v @ a Pl el @ @ ° @ 48.11+
BICF2G630815399 ¢ [A|G]e 164 50,767,605 « -0.169¢ 0.045¢ 36360 -0177« 0.067« 3.636¢ 272208
GO56f165298 < [T|C]- 17¢ 22.447.281 « -0.2¢ 0.033¢ 3.746¢  -0228¢ 0.068+ 3.746¢ 20.8%¢¢
el @ @ o el @ @ @ ] r e
Furnishings« a a a a a o o a a 54.360+
BICF2G630177987 ¢ [AG]- 4o 86.922.406 « 0.11¢ 0.042¢ 3.083¢ -0.22¢ 0.061~ 3.083¢ 13.44¢e¢
BICF2P347719 ¢ [A|C]e 164 40,546,427 « -0.231¢ 0.041+ 65154  -0.193¢ 0.039+ 6.515¢ 409200
a @ @ a Pl a @ @ a @ o
Coat quality~ el P a El el @ El a @ 70.02¢¢
BICF2P1172264 ¢ TGl 20 78,772,283 « -0.144¢ 0.074¢ 30085 02340 0.09+ 3.008« 10.77e¢
BICF2822957729 ¢ [T|Cle 4o 21,166,510 « @ @ ¢ -0364¢ 0.099+ 3.095¢ 6.840¢
BICF2823626371 « [CIGle 10a 33,360,149 « -0.442¢ 0.073¢ 3.841¢ Pl a a 15.540¢
BICF2G630373163 ¢ [A|G]» 23¢ 36,366,242 « -0.123« 0.064¢ 3.793¢ 0.36« 0.094+ 3.793¢ 36.87¢¢
o o
el
Trait/SNP markers SNPEo CFA« Ebpe Addée SE=o Hog Pte Domsze SE« JlogPe Yooghed
Eve colore a a a 8 & & a 8 a 69.137¢
BICF2P327379 ¢ [T|Cl= 1e 26,111,144 < 0.626+ 0.088« 5.095¢ a E a 33.4%0¢
BICF2P265016« [T|Cle 4a 76.804.430 « 0.132¢ 0.067< 3381 0.207¢ 0.089« 3.381¢ 16.14¢¢
BICF2P1238336+ [T|C]« 54 8,330,532 « 8 @ a -0.369+ 0.092¢ 3.255¢ 9.39¢¢
BICF2P355591 ¢ [TIC}e 20+ 48,659,824 + 2 el 2 -0.341+ 0.087+¢ 3.006+ 10.11e#
< + - & £ « < = £ + o
Nose color+ a a a a o a a a @ 90.93.+
BICF2P752318 [A|G]e 20 68,912,722 « -0.531« 0.06¢ 10213 0.439« 0.086+ 10213~ 35.560¢
BICF252335536 [TICle 50 58,549,508 « 0.214¢ 0.058¢ 3.362¢ 0331~ 0.083¢ 3.362¢ 10.74e¢
BICF2G630241268 « [TICle 5¢ 71,051,791 « -0.199« 0.056+« 3328 0.236+¢ 0.082¢ 3.328¢ 3620
BICF2523742056 ¢ [T|Cle 5a 62,568,325 « 0.124¢ 0.051¢ 3.818¢ 0.291¢ 0.07%¢ 3.818¢ 4.02e¢
BICF2523025003 < [A|G]e 300 27,143,624 « a a a 0.528¢ 0.077¢ 3.133¢ 7.90e¢
BICF2G630407532 ¢ [T|G]e 300 21,330,018 « 0.286+¢ 0.059« 4.7020 0.248< 0.078« 47020 7.0928
< + - + + + + + < + a3
Tail sete @ a a a a 8 a a @ 65.380~
BICF2G630791014 ¢ [A|G]e le 87.058.588 « a El @ -0.394- 0.097« 3.048¢ 19.14e¥
BICF2P1312074 « [A|G]e 3a 28,196,051 « 0287+ 0.076+ 3.02¢ 0.131~ 0.095¢ 3.02¢ 7.07e¢
BICF2G63091975 ¢ [A|G]e 22¢ 62,998,392 « e a a 0.353# 0.1¢ 3.011~ 12.13¢0¢
BICF2P1400149 » [C|G]e 30+ 41,953,761 « 2 a e 04256 0.093+¢ 39720 270504
+a + ) + £ = L + £ + a4
Teeth missing+ a a a a a rl a @ @ 79.62¢4
TIGRP2PE5656_rs8866227¢ [TIG]~ 6o 8.714.281 « @ o @ -0.566¢ 0.114¢ 44450 99309
BICF2G630529347 « [T|Cl+ 14+ 42 908,018 « @ @ @ 0445« 0.12¢ 3.142¢ 12 03¢
BICF2G630149154 « [A|C] 27¢ 25763313 « @ e @ -0.616+ 0.114« 3031~ 10.06+¢
BICF2G630635386 ¢ [A|G]e 29¢ 41450411« 0.374¢ 0.088« 4.165¢ -0.459¢ 0.115¢ 4.165¢ 28160+
BICF2P227763 < [AlG]= 33« 14,784 885 « -0.48¢ 0.082« 3.839¢ -0.599« 0.115¢ 3.839¢ 19.450¢
1 [=]
+
Trait/SNP markers SNPe CFA«¢ Kbp* Addde SE2a  log; Pt Domee SEe dog P Yoodples
Tongue spotse & @ a a El a a a a 86.720¢
BICF2823228764 ¢ TGl 4e 77.165.234 « 0.37« 0.038+ 4501~ 0281« 0.078« 4.501¢ 20,13+
BICF2P1132380« [A[T]e 84 62,433,442 « 0.2694 0.036¢ 3.377¢ 0.332¢ 0.078« 3.377a 11.23e¢
BICF2P1468330« [T|Gle 25¢ 22529775 « -0.172¢ 0.057¢ 3.042¢ 0218~ 0.075¢ 3.042¢ 4.500¢
BICF2G630630896 ¢ [A|G]e 29¢ 34,513,608 « 0.275¢ 0.03535¢ 3.3235¢ @ @ a 851ee
BICF2P551368 « [TIC]- 33¢ 17.429.090 « 0.256¢ 0.061¢ 5.565¢ 0214+ 0.081« 3.565¢ 35.71e¢
BICF2G630459938 ¢ [T|IC}e 34e 28418957 « 0.227¢ 0.06« 3.441e 0301« 0.077« 3.4410 6.630¢
el Rl o a a Pl el o o a oo
No. of dewclawse @ o @ a a a @ - @ 717005
BICF2P1236966 « [TIC}» 6a 53,880,125« 0.29» 0.08« 3.052¢ a a a 14.790¢
BICF2P891978 « [TICle 16¢ 38.965.897 « -0.19- 0.081¢ 3.367¢ 0.339¢ 0.118¢ 3.367¢ 9 83¢¢
BICF2P684829 « [TIC}» 18¢ 29145675« 0.3724 0.0864 3.452¢ 0.32¢ 0.118« 3.4520 12.67e¢
BICF2523030206 [AG]- 38« 21677959« 0.303¢ 0.079¢ 5.219¢ 0.625¢ 0.112¢ 5.219¢ 34 40e¢
) + + « el < Ea) - + Pl a
Jaw defecte Pl P @ a a a a a el 45.49¢¢
BICF2G630166303 ¢ [T|IC}» 6a 18,323,456 « a a a 0.3484 0.086« 3.117« 154300
BICF2P1197413 « [A|C)e 32¢ 16,756,429 « 0.251¢ 0.061¢ 4968~ -0.195¢ 0.079« 4.968¢ 33.06e¢
:j £ £ £ £ ] ] £ £ ] £

2¢ SNP marker annotations and their positions.® Nucleotides of substitution +

¢Estimate is for allele substitution effect replacing the latter with the former allele (nucleotide) in the SNP column. * Standard error+

fNegative logarithm of the comparison-wise p-value of the test statistic against the null hypothesis of no SNP effect at the SNP position.+

£Estimate is for allele dominance effect.~

= Estimates of genetic variance. Proportion of phenotypic variance explained by the SNP was mentioned in braces. The values on the rows of trait names are
the sum of the %c?, values across all SNPs for the trait+

O 170K chip& ol&3te] A4EHE +93 £4o] 22K chipd #83tE A9urh viARste) 27,
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Hod OAzny Wl By O =Y MER 2oy OPA=nH  Jdan BZEy 023
=5 | gFz  goFH#| HUHA A AG| BEtEH AG AG| BXIEH  AG AG
il 0.48 0.44 132 064 0.58 152 074 066] 370 179 161
M 0.42 0.46 134 057 0.62 289 122 1.34 329 139 153
M= 0.33 0.70 095 031 0.67 131 043 0.92 165 054 116
ES 0.26 025| 032 008 -008| 009 -002  -002 038 010 0.09
e 0.12 026 -007 -001 -002| -004 000 -001| -007 -001  -002
HA 0.06 01s| -002 000 000 -001 000 000| -002 000 0.00
Kl 0.08 0.10 002 000 0.00 001 000 0.00 002 000 0.00
=2y 0.07 0.00 002 000 0.00 003 000 000] 000 000 0.00

o1 HEE Fddge] AEEn o 27 e
O 97 FA9 A ANz FuHdolnt Fureldrnyt e §H4 MRS 20S. AT A
A P49 A g T fA4 AEE Aol Bold ¥y
ol

o dutdoz FE-FAYel A H14 AT vp e Q@ FH4H AFFe] FAEAY o %A
VA

Ak gel g Skl hAd sstel APEolAE AL v,

Bt ol gt At AA wA ] Yt BE fARAe] AW EHAE Ao] ofn JRER AR A=
A

O ol Aat= vt 46 o] FHJUW MAF, S AEAIZIF U A oJ(N=60), EzH ozl v

A AT B Z4e] Wy W,

pn
A= F7FAQl mhA genotyping S F7tste] Al Rt S

Y=nu+BX+Zu+e

o714 Y 34e dehlls W, us AARE, X Jwgmﬂ 448) W 2 B Y ASE

b, Z& 99 A Z3E UEE matixel™, ue 4 A §E7HE TS HEH M, e
e vl = HE

3) vH7 £F7F F4.
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O canine chip®l A-&HZ 60F 7NAEA st
- 1) SAS GLM procedureE o|-&3te] w3 ol a3l AT HAAEY, AD)ES Iyt AFgrds H4s)

of £8YE HAGUL oW FAEE o] &3dto],
- 2) Z} SNP| oiste] the3t 22 SNP A7H4 23ts B4 dedAey 29e 488 %ds.
Y = BX + ¢,
o714 X =1 for AA, X=0 for AB, X=-1 for BB SNP genotypeo|™ B 3ld xd ol tlste] SNPY
&7 4 (additive) E¥E vHERL
- 3) stepwise-regression procedure® A-838Fe] E@ol| inclusion ¥} exclusion thresholdsE 001 FoFso=2 4
A3to] best set of SNP markerg 243t %,
-4) 4 AR v S50t B 2E A4 gsto (o] SNPEo] Al Ed Ag) 2A4E
BV = BiXy + BoXy ——- + BuX,

toke

O 98 §F7 = 48 §F71 + v §F71

O canine chip genotyping®l A-&HolA 6052 MAE thsle] 93 A g &
g4 53y ST/ JedlE #2 § wol mAHo] glon, o dst 9 AgEo] fid &

o s o 5 =z 5 o = o = m=
g obel ol mAEO g (A R AFl tY 24 S0 @ dEde 2= A

| M3 N% N NF 3T BT @y ME g8 EA BM T soiEAd M4 334 BSY

A2 0.52 0.59 0.55 044 047 063 0.34 0.57 0.38 0.26 0.06 0.14 MA 0.06 MA 0.03

AbA2 0.70 0.76 0.69 0.66 0.66 081 0.53 0.68 0.64 041 014 0.24 1.00 011 1.00 012

O A¥le XY FF7et vhy] SFIRe] @A)y, AH2E £dY FI3Ukek xHI-A =

g §E2717be AAAFE e (NA: 793¢ SNP set 128 EA])

<

-

o FBAFE I3t Lol g AW 1o ANEFF T KFAA Fe] Gl FFS nsey
[e]
q‘

dubrlow oy JAgol et wAGrel vy SE7F 2ol A AEaAzE 2o (0470.6).

rir

Fxe TG} A KF7F 2 FWASI 06302 WS B ek oed 4w
g gAolAd 2/ A F A3 HARNE SAR GrdE 3FE AFES A
[e]

A g 5 9les vehe, MAS Aite) 5848 Hol= £ Ay

Rl

ok
o
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Hx HE H= HE
id EHEEBY OF{BY | 8BV |E#EEBY OBV | =BV |EEEBY OBV | E3BV |EEEBY OBV =3BV
C229 -0.53 -1.86 -2.39 -0.74 -2.08 -2.82 0.04 -3.83 -3.79 0.50 -213 -l63
B94 -0.97 -1.05 -2.02 -0.48 3.66 318 -0.34 -118 -1.52 -0.35 107 0.72
B617 -0.81 248 167 -0.74 3.45 271 -0.30 -4.67 -4.97 0.16 0.01 017
C48 0.72 0.43 115 139 3.45 4.64 0.79 -3.56 -277 -0.02 -2.48 -2.50
2A368 1.34 415 549 201 5.74 7.75 0.80 -0.82 -0.02 -0.26 -1.56 -1.82
C482 0.23 0.42 0.65 0.47 574 6.21 0.68 0.66 1.34 -0.15 -2.48 -2.63
Cc7e 0.60 0.42 1.02 0.23 -0.92 -0.69 -0.13 -3.96 -4.09 -0.33 -248 -281
B253 1.28 0.62 1.90 0.19 3.45 3.64 -0.36 -3.56 -3.92 0.56 =3.55 -2.99
Be4l 0.06 3.95 4.01 -0.05 137 132 -0.29 -1.47 -1.76 -0.71 -2.48 -319
2A277 019 -0.19 0.00 0.05 2.29 2.34 -0.78 -1.67 -245 0.33 -2.48 -215
B56 -0.47 -1.85 1232 0.07 116 123 -0.18 -3.40 -3.56 0.28 -2.48 -2.20
€523 0.87 5.61 6.48 0.75 oo 6.28 -0.33 -0.09 -0.42 -0.30 -2.48 -2.78
2A86 -149 0.43 -1.06 -0.63 5.74 511 -0.01 -1.27 -1.28 -0.27 -2.63 -2.90
C134 0.33 -1.66 -1.33 1.34 574 7.08 0.40 -3.76 -3.36 0.30 -1.56 -1.26
Ba01 -0.03 3.94 ERLIE -0.33 3.66 333 -0.66 -3.47 -4.13 0.02 -1.98 -1.96
B751 -0.94 -291 -3.85 -1.02 -2.08 -3.10 -0.51 -2.19 -2.70 -0.05 =3.55 -3.60
B71 -0.45 -2.91 -3.36 -1.54 -1.54 -0.54 -2.74 -3.26 -0.30 -1.56 -1.86
€539 1.27 00 5.22 0.22 5.74 5.96 0.88 1.27 Zih 071 0.93 1.64
B885 0.69 4.14 4.83 011 5.74 5.85 -0.15 -3.47 -3.62 0.50 -0.64 -0.14
C40 149 2.28 377 0.93 0.93 0.95 -0.45 0.50 0.70 -142 -0.72
B&33 -2.21 =352 =543 -191 3.24 133 -0.30 -4.12 -4.42 -0.10 -248 -2.58
B8&7 0.69 0.62 131 -0.36 -0.36 -0.18 -4.12 -4.30 0.30 -0.50 -0.20
C160 -0.18 -0.18 -1.06 1.37 0.21 -0.05 -3.01 -3.06 041 355 -3.14
B624 -1.00 2.29 149 0.26 3 163 -0.34 £ “5.57 0.33 -1.56 -1.89
Cl2 0.27 =352 =325 0.30 -0.92 -0.62 -0.19 -4.12 -4.31 -0.13 -2.48 -2.61
983 011 -1.85 -1.74 0.57 3.66 4.23 0.24 -2.02 -1.78 -0.26 -248 -2.74
C132 -0.20 -1.66 -1.86 1.24 7.82 9.06 -0.17 -4.58 -4.75 -0.08 -2.63 -271
B263 -2.65 -1.24 -3.89 -2.45 -2.08 -4.53 -0.80 -2.58 -3.38 -1.18 =3.55 -4.73
C195 0.03 0.43 0.46 -0.12 -345 -3.57 0.30 -0.16 0.14 0.04 -1.57 =1.53
B707 -1.76 -2.06 -3.84 -1.50 0.21 -1.29 -0.41 -2.09 -2.50 0.77 107 1.84
1A935 0.65 3.95 4.60 0.82 3.45 4.27 0.51 1138 1.69 0.51 -0.36 015
C460 -0.69 2.29 1.60 -0.94 3.45 251 0.31 0.21 -0.13 -1.57 -1.70
Cl76 0.39 0.62 1.01 23 553 6.76 0.22 117 133 -0.27 -248 =275
B818 -0.56 -1.66 -2.22 -115 3.45 2.30 0.05 249 2.54 -0.19 -0.19
C361 1.04 3.53 4.57 2.28 7.82 1010 0.84 -0.56 0.28 0.08 -2.63 -2.55
B753 -0.58 245 1.90 -1.81 2.29 0.48 -0.81 -2.65 -3.46 -0.07 =3.55 -3.62
€350 -1.37 -1.24 -2.61 -0.90 1337 047 -1.40 -4.94 -6.34 -1.20 S0 -4.75
AB2 1l.64 1.64 2.02 5.53 7.35 0.76 -3.56 -2.80 144 -2.48 -1.04
Cc244 0.58 -1.66 -1.08 0.82 2.29 311 0.04 -1.47 -143 -0.28 -2.48 -2.76
Ba04 0.14 2.28 242 0.78 5.74 6.52 031 -0.16 0.15 -0.23 0.15 -0.08
C461 -0.38 2.29 191 -0.05 -2.08 -213 -0.20 -4.58 -4.78 -1.28 -4.62 -5.90
2A27 0.75 1.87 2.62 111 3.45 4.56 0.27 -3.03 -2.76 041 -0.50 -0.09
B553 -0.46 2.29 183 0.00 3.45 345 0.23 -2.29 -2.06 0.05 -142 -1.37
B43 0.49 5.61 6.10 011 5.74 5.85 -0.28 -1.27 155 0.29 -2.48 -219
C442 -0.21 0.43 0.22 -0.18 345 3.27 -0.13 -1.76 -1.89 -0.16 -0.91 -1.07
C390 -0.35 -291 -3.26 0.24 -0.92 -0.68 0.20 -2.58 -2.36 -0.04 -143 -147
C481 0.50 2.29 2.79 0.74 5.74 6.48 0.68 -0.45 0.23 -0.24 -1.57 -181
B80O -0.51 0.42 -0.09 -0.76 -0.76 -0.77 -6.05 -6.82 015 -1.98 -1.83
B822 0.07 95 4.02 -0.44 3.45 3.01 -0.29 -4.56 -4.87 -0.27 shad -1.84
Clel 0.75 0.01 0.76 0.15 3.45 3.60 0.05 -2.65 -2.60 0.07 L3155 -348
€133 0.20 -3.52 -3.32 118 3.45 4.63 -0.17 -4.94 -511 0.01 =3.55 -3.54
Ba47 0.95 2.29 3.24 -0.44 3.45 3.01 0.07 -2.85 -2.78 0.36 -2.63 237
c23 -0.35 =352 -3.87 -0.28 -4.37 -4.65 -0.48 -4.67 -515 -141 -4.62 -6.03
1A232 131 5.81 712 2.85 7.82 10.67 1.02 340 4.42 -0.35 -0.50 -0.85
2A515 0.76 4.15 4.91 168 7.82 9.50 0.29 -0.16 013 0.69 0.93 1.62
1A723 1.86 3195 5.81 118 7.82 9.00 0.61 -3.30 -2.69 0.05 -142 37
C413 0.50 2.09 2.59 047 5.53 6.00 -0.75 -4.94 -5.69 -0.70 -2.48 -3.16
2A371 0.52 415 4.67 1.69 5.74 743 042 -2.38 -1.96 -0.71 =335 -4.26
B620 126 2.09 3.35 196 5.74 7.70 0.90 -1.27 -0.37 -0.20 =3.55 -375
C149 0.28 -1.05 -0.77 -0.02 3.45 343 0.27 -1.38 -111 0.27 =355 -3.28
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- http://sapsaree.biplus.co.kr

- http://eng.sapsaree.org

- http://www.sarbipark.com

- http://www.habntodac.com
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Supsuree : A Rare Bred, Mystical Dog from Korea
Uniqueness in Appearance : Cute, Shaggy, and Magnificent

The Sapsaree is & native Korean dog.

Slightly smaller and lighter than the average Golden Retriever,

a typical Sapsaree stands 46-56cm tall (17-22 in.) and weighs 16 to 28kgs (35-61 Ibs).
The breed is distinguishable by its luxurious coat of long, soft, shaggy hair.

News Release

News

Beloved dog breed saved by South Korean scientist

- S ke
LAAF World Cha 2005 on Capita--

i -

Professor Ha Ji-Hong discusses about Sapsaree dogs of Korea. --- [F]

® Dog's Best Friend Saves Adorable Breed From Extinction E 2

2010 Sapsaree English Pamphlet [

2008 in the Ro- Sapsares Blue -

ee Foundation

*The Korean Sapsaree Foundation
Schoal of biologicsl engineering 203, Kyungpook National University 702-707, Sanayeok 3-dong, Buk-gu, Dasggu, Korea,
TELN5A-855-NATN FAX NS85 NA13 F-mAallsansare A SAnTares Ara
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‘The Korean Sapsaree Foundation

Supsaree ¢ A Rare Bred, Mystical Dog from Korea
Uniqueness in Appearance : Cute, Shaggy, and Magnificent .

The Sapsarce is 8 native Korean dog.

Slightly smaller and lighter than the average Golden Retriever,

a typical Sapsaree stands 46-56¢m tall (17-22 in.) and weighs 16 to 28kgs (35-61 Ibs).
The breed is distinguishable by its luxurious coat of long, soft, shaggy hair.

ws Rele

News

» Beloved dog breed saved by South Korean scientist

¥ Ha Ji-Hong di: about dogs of Korea.-- ]

s Dog's Best Friend Saves adorable Breed From Extinction [ 3

* 2010 3apsaree English Pamphlet B lznng in the Ao Saps:

‘The Korean Sapsaree Found:

=The Korean Sapsaree Foundation
School of biaingical engineering 203, Kyungpaok National University 702-701, Sangyeck 3-dong, Buk-gu, Daegu, Korea,
TFL AN F A ara
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Al 2 A, http://iwdba.org

IWDC: international working dog conference
© 2011 IWDBA, 8722 London Heights, San Antonio, TX 78254-2307 USA
The International Working Dog Breeding Association (IWDBA) was

organised in 2005 to support professional education and interaction
j. ‘ regarding Applied Science, Veterinary Care and Husbandry, and
_"" Program Management issues related to the Selective Breeding,
Rearing, and Assessment of dogs involved in working occupations.
The IWDBA 1is organised as an association of individuals and organisations involved or
interested in one or more aspects of selecting, assessing , breeding, whelping, caring for,
training, and managing activities related to the production of working dogs for employment in
one or more of the working dog occupations. These individuals include scientists, veterinarians,
managers, training and assessment personnel, handlers, end-users of trained dogs or their
services, and others. The canine occupations include those related to substance detection using
the scense of smell, police and military work, service as guides for people with hearing, sight,
or other impairments, and service as assistance dogs for people with physical or other
impairments. The category of working dogs include:
Search and rescue dogs, guide and assistance dogs, military and police dogs, detection dogs
20059 F-E 837 AEw 2dwuith JRol tiE tdet AgtFAlR ShE v dH (st 223,
Selective Breeding, Rearing, and Assessment of dogs¥ ##3d FA = t}E F=E, working dog(<!
o o2 A FE FENE E V2w T3 3] adE, 24, Jhel=d, BEA,
Zoluyt o4, #AAAE 719 §F9, ook ¥HE fAA dE dA4E JAPsta %E’Jﬂ, 20119 %
o 3 PLS B U4 95|, genetic improvement,Creating a BLUP-index to select, -7 3t

dFAzE 55 78 T8k A=

o

e

TUESDAY 4 OCTOBER 2011

VYETERINARY ASPECTS
08:00 — 08:50 | The veterinary care and management of working dogs in Dr J R Birrell
the South African Police Services: a halistic approach
{Plenary)
08:50 —09:10 | Trifrichomonas fosfus infection in puppies: prevalence Dr A Grellet
and impact on weaning diarthoea
09:10 — 09:30 Whole hody CT mation capture and 30 computer Dr B Pierce
animation findings in three working dogs with early onset
MONDAY 3 OCTOBER 2011 of lawer ack pain
NUTRITION AND GENETICS 09:30 — 09:55 Canine Flu - what should we do? Dr C M Otto
08:30 — 08:55 [Opening of Conference and Welcome IWDBA Chair 09:55 — 10:20 | Efficacy of early vaccination at 4 weeks in the control of Or K de Cramer
5 - e = S T Canine Parvovirus
08:55 - 09:05 | Royal Canin: Panne:::;ul)ml');gieen Reyal Canin and Dr Sarah Riviere 1020 = 1045 el e e T
09:05 - 09:55 Physical training and nutrition: why are they closely Prof D Grandjean
invaolved in the welfare of waorking dogs? {Plenary)
09:55 - 10:30 Nutrition and reproduction in hitches Dr A Grellet 11:30 - 12:10 | The use of prosthetic hip implants inworking dogs Prof L Coetzee
12:10 - 12:30 Palice Dog occupational hazards Dr C M Otto
12:30 = 12:50 | Lumbo-sacral disease in South African Police Services Or G C Barry

11:30 - 12:20 | A selection approach for breeding healthy wiorking dogs Dr E Leighton working dogs

{Plenary} 12:50 — 13:00 Sponser: Virbac: Product Showcase
Project 2 . .
= = - = 14:00 - 14:50 Dag breeding within commercial establishments Dr K de Cramer
12:50 - 13:00 Sponsor: DENEL: Preduct Showcase understanding the issues and increasing reproductive
efficiency in working dogs (Plenary)

14:00 - 14:40 |Interest of a dedicated supplementation befare and during Dr D Clero 14:50 - 15:10 Frofessional ethics in the use of working dogs Dr @ Sonntag

exercise on warking dogs performance during a 15:10 - 15:30 | Age determination in dogs: radiographic evaluation of the Or & de Smet

standardized mid-intensity exercise maxillary canine teeth
14:40 - 15:05 | Creating a ELUP-index to select against fearfulness in hir P Arvelius 15:30 - 15:50 |ldentification and management of Antimicrobial Resistant Dr B Pierce
the Rough Collie Pathogens in Working Dog Populations

16:05 — 15:35 Parentage verification of the domestic dog (Canis Dr D Steckler 15:50 - 16:10 | Alterations in Heart Rate in a Tracking Dog During Vark DrHE Zulch

farniliaris) in a multi-zire insemination trial using an
international microsatellite test panel

15:35-16:00 | Can expert codings of dog behavior be replicated by s J Fratkin HE Sl flanaapila aaniza iy aapa i W°rk5|:'°p 2: Counter
navices? Terrorism and Cress
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Al 3 A. http://www.broadinstitute.org

Broad Institute of MIT/Harvard : The May 2005 dog (Canis familiaris) whole genome shotgun

(WGS) assembly v2.0 was sequenced and assembled by Broad.
WGSHu oluleh, broad 71#el A 978 A AWnY FAE BH vhgt 2k

Cancers

Hemangiosarcoma
Osteosarcoma (bone cancer)
Lymphoma

Mast Cell Tumors (MCT)
Mammary Tumors
Melanoma (skin cancer)
Glioma

Cardiovascular Diseases

Dilated Cardiomyopathy (DCM)
Degenerative valve disease

Behavior

Neurological Disease &

Degenerative Myelopathy (DM)
Idiopatic epilepsy
Obsessive-compulsive disorder (OCD)

Diseases

Immunological & Metabolic

Familial Shar-Pei Fever (FSF)

Addison's disease

Symmetrical Lupoid Onychodystrophy (SLO)
Atopic dermatitis

Diabetes

Lymphocytic thyroiditis

Exocrine Pancreatic Insufficiency (EPI)
Toller Diseases (SLE & SRMA)

Other

Dermoid sinus (DS)

Juvenile Demodicosis

Juvenile Renal Dysplasia (JRD)
Hairlessness/Canine Ectodermal Dysplaysia (CED)
Progressive Cone-Rod Dystrophy (PCRD)
Progressive Retinal Atrophy (PRA)

Pseudopelade

White coat color

Pyometra

A

7

http://www.broadinstitute.org/scientific-community/science/projects/mammals—models/dog/disea

se-research/dog-diseases

Aol A

A=}

l.genome seq, FAAFH] L EA: Genome sequence, comparative analysis and haplotype structure
of the domestic dog(2005, Nature 438, 803-819.)

2. 2449 Toller diseases:

Genome-wide association mapping identifies multiple loci for a canine SLE-related disease
complex (2010) Nat Genet. 42:250-4.
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Akeya, J.M., AL. Ruheb, D.T. Akeya, A.K. Wongb, C.F. Connellya, J. Madeoya, T. J. Nicholasa,
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