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Abstract

The dog (Canis familiaris) was the first animal to be domesticated and today
hundreds of different breeds are recognized. The researches on ancient canid fossils
had revealed that the dog domestication had started around 33000 years ago when
humans were hunter-gatherers. About 15000 years ago, as humans established the
permanent settlements and began farming, they started to artificially select dogs on
their docility and physical smallness. Around 200 years ago, as the Kennel Clubs had
been established, the large commercial breeding had dramatically accelerated the
creation of new pure breeds. During this series of the dog domestication process, we
believe that dogs had been under strong selection for their temperament, behavior, and
cognitive abilities. It had been reported that wolves do not look back at humans but
dogs do when encountered unsolvable tasks. It had also reported that dogs are skilled
at reading human communicative gestures compared to wolves. These findings
suggest that dogs had acquired their unique cognitive abilities during domestication,
but how they acquired these abilities and genetic basis of these abilities have well not
been studied.

With the remarkable improvement of technologies available for genetic analysis,
genetic relationships in dog breeds have recently been studied and genetic
classifications of dog breeds have been constructed. Cladogram analysis of dog genes
showed the separation of several breeds with supposedly ancient origins including
Japanese dogs such as Shiba and Akita from a large group of breeds with presumed
modern European origins. Modern European breeds are the products of controlled
breeding practices since the Victorian era, and because they have originated recently

and lack deep histories, the genetic groups have short internodes and low bootstrap



support. On the other hand, ancient breeds are highly divergent and are distinct from
modern European breeds. Since the dogs from these ancient breeds are genetically
related most closely to wolves, which share the most common recent ancestor, they may
be the closest living representatives of the ancestral dog type.

Several studies comparing wolves, dogs, and other canids, suggest that behavioral
changes were critical during the early stages of the domestication process. In this
study, we looked into the behavioral characteristics of breeds, especially those belonging

to the ancient group, to find clues for understanding the domestication of the dog.

Chapter I: The behavioral characteristics of the ancient breeds on daily life.

We used questionnaire evaluations of dog behavior to investigate whether
behavioral characteristics of dogs were different among genetically clustered breed
groups. A standardized questionnaire, the Canine Behavioral Assessment and
Research Questionnaire (C-BARQ), was used, and behavioral evaluations of
privately-owned dogs from Japan (n = 5,377) and the United States (n = 14,481) were
obtained. Breed group differences were analyzed and the results indicated that dogs in
the ancient and spitz breed group showed low attachment and attention-seeking
behavior. This characteristic distinguished the ancient group from any other breed
groups with presumed modern European origins, and may therefore, be an ancestral

trait.

Chapter II: The characteristics on social cognitive abilities of the ancient breeds.
We investigated the breed differences on social cognitive abilities using the

unsolvable task and the two-way object choice task. The privately-owned dogs in



Japan were voluntary recruited and the behavior tests were performed at the owners’
houses, dog training schools, dog cafes, or at the test room in the Azabu University. All
trials were videotaped and the breed group differences were analyzed. The results
indicated that for the unsolvable task, the dogs in the ancient group had low tendency of
looking back at humans. For the two-way object choice task, the ancient group showed
high correct responses and there were no breed group differences on the ability to read

human communicative gestures.

Chapter III: The investigation of the dog genes associated with the social
cognition.

We selected oxytocin and cortisol as communication related hormones, and
investigated the gene polymorphisms on oxytocin (OT), oxytocin receptor (OTR) and
melanocorin 2 recepter (MC2R) genes. We also selected Williams-Beuren syndrome
related gene (WBSCR17) for candidate genes of dog domestication since it was reported
as a domestication related gene. We investigated the breed group differences of the
polymorphisms and the associations between gene polymorphisms and the cognitive
abilities for the unsolvable task and the two-way object choice task performed in
Chapter II. As a result, we found polymorphisms on WBSCR17, MC2R, OT and OTR
whose allele frequency were different among the ancient group and the other breeds.
Since we are currently in the process of preparing a paper submission, the detailed

results will be released later.

Chapter IIII: Copy number variations in the amylase gene (AMY2B) in Japanese

native dog breeds.



A recent study suggested that increased copy numbers of the AMY2B gene might
be a crucial genetic change that occurred during the domestication of dogs. To
investigate AMY2B expansion in ancient breeds, we analysed copy numbers in native
Japanese dog breeds. Copy numbers in the Akita and Shiba, two ancient breeds in
Japan, were higher than those in wolves. However, compared to a group of various
modern breeds, Akitas had fewer copy numbers, while Shibas exhibited the same level
of expansion as modern breeds. Interestingly, average AMY2B copy numbers in the
Jomon-Shiba, a unique line of the Shiba that has been bred to maintain their
appearance resembling ancestors of native Japanese dogs and that originated in the
same region as the Akita, were lower than those in the Shiba. These differences may
have arisen from the earlier introduction of agriculture to the region in which the Shiba
originated compared to the region in which the Akita and the Jomon-Shiba originated.
The level of AMY2B expansion in Japanese native breeds was equal to or lower than
that of modern breeds and this analysis revealed that AMY2B expansion occurred in

ancient dogs in Japan.

In conclusion, we discovered that the ancient group have low attachment and
attention-seeking and low tendency of looking back at humans at the unsolvable task.
These findings coincide with the cladogram analysis of dog genes, and we conclude that
dogs were under strong selection for their temperament, behavior, and cognitive
abilities during their domestication processes. On the other hand, for the two-way
object choice task, the abilities to read human communicative gestures were not
different between the ancient group and the other breeds. Since there were no

association between the scores of the unsolvable task and the two-way object choice task,



we believe that these abilities were acquired separately during the dog domestication.
We will present the details of our research concerning the domestication and the related

gene later.
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vonHoldt (2010)IC & BB EEABERIZEFEN TV =8, Parker (2004)° 12 & BRI
HMEEICRBHERDTIL—TIZHEL, TOMRDBEGESEREICEEFNLVDKRTEICOL
Tk, BFHSBRA LIz, —BREREETILEZRAVTERNZT HER. 11 ORFE2TH
RETIL—TRUVZOM 8 DOEHKICL > THEIZGHRHAS A (p<0.05, & 14, K125

i)

o
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RHESHANIIRTIHENE : hM T IL—ThmEEI 21z P TIL—TIE. N—T<«

OGN —=TF LEYNR=G =T RRAFIITNL—TLYIHFEIZREBHMTH -1
(p<0.05), Ffze ANZIUITIL—TIE. LEINR=TIL—TRUIRFITIL—T, &
BRI IL—TEL FUN=TIL—T N—FT4 2T T L—TEL FUN=TIL—T &
YELARICHEMTH ST (p<0.05),

RHSHAIIRTIEN: T—FF T IL—THREEL. ZOMDETORIES IL—
TEYBLFEITEMN = (p<0.05),

g N—TFT 1 VT TN—TRREEN 21z N—T 4 2T T L—TOiEHEIX. 7
— X TN —TUNDETORETIL—TLYELFEICEN o1z (p<0.05),

PEAR  RIETIL—TI2EBEWVIR NG, DT,

BEMN . J—FJ T IL—ThRLEI oz, T—F I TIL—TORERE, TXF
TIN—TUNDETORETIL—T LY IFEITEDN = (p<0.05), N—T 4 VT T
—TIh&RELEL. ANZINTIN—T 9%V 55 V—T IXRFIIL—T&YLE
ElZEh o= (p<0.05),

FHBHLGRIBIIHT BN T—F T TIL—THRLEL. N—T1 2T )L—T
RREEN STz T—F T T IL—TOFHLMBRIBIRT E2BNIE. IXRFITTIL—
TUNDETORETIL—T LY LFEBITELS . N—T 1 VT T IL—T DI FIH
[TRTBBNIE, RINZIWITV—T 9—F2TT5V—T. RRFITL—T&YLE
ElZED o1 (p<0.05),

FVEICHT IHENE: T—F VT IL—THRLEL, hATL—THBREEN 1=,
T—FX T L—TOFREVEICHT 2RERE. ZOMOETOXREITIL—T LY LEL
21z (p<0.05), b TI—TDERAWVEIIHT HHEME, T—F I TIL—T. N—F«
DOTN—=T, LRINR=TL—TEYIFEICTEN o1z (p<0.05), Ffz. R/IX=ZIT)LY

W—TOREWEICRT I2HEHRIE. T—F 09I —TEN—TFTa55L—T&VY1E
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BlIZ&EMN o= (p<0.05),

RHASHRIZHNTIEN: 7—X 2T L—ThRBEI Oz, 7T—F 25T L—TD
RAMoHBRICHT HBNIE. TOMDETOREIIL—T LY LFEITEMN 5= (p<0.05),
RHOHRITHT I2HEME : L M)A=FIL—THRLEL. RENERITIL—TF. b
ATN—T. TIVTFITV—TRUN—T 4T TIL—TLYIZHFEITEMN STz (p<0.05),
BiE  RIBNBRTIL—THRELEN oz, RIBHWBRITIL—TOBEFEXITIE. ZTD
tOLETOREBEIIL—TLYELFEITEN ST (p<0.05),

BAZICHT 2HENE . A TL—THRIEL. P ITL—TOBAEIIHT HRE

HElE, SRFITIL—T XY ELHFEIZELI T (p<0.05),

4) C-barq AF MBHE] DKRIEI 5 R 52—
FIRHGBRIIN—TEZTOMDRESIL—TETEVAR LN EZEBEFIZTONT., RiEY
SRR ET oz, TOHR. REIEIKXEC 2 DOV FRE2—ICHESII. RIBMA
RIN—TD 5 XKELETHI SRE—1I1cH5fEsnt- (R 1-388), RBHEXRTIL—T
DORELUSNZIE, RIS LFIVT. D4Ry b HTToTFIVT RLIA, JL—bT—

VD5 RENISREA—1IZHEEEIN, TDMD 36 RIEIZVSRE—2IZHhEINT-,

5) C-barq BFERIZHT 5K, Fin, AEPHBREOTE

EONMDEFIZIE, MR, BEEZOERREIKE. FHOAREICIIEVARLONE (R

R RANSHBAIZHT BN, RANSHBRIZHTE2ENICDONTIE, MOANHEY
FEEIZELC p<0.05), RASHKICTHT HIHEHEIZDODNTIX., HOALMKIY LFEIC
EMot= (p<0.05),

BHERBORMRNT : BEM EFHSMBRBIHT H2EBNICONTIE, BEEBEFH
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DROANEEERZ L TOVEVREY LFEICEL (p<0.05). DEEFRZRIZDONTIL, &
BEBEZ L TOVLEVROADPBEERFADKREY LHEICEN o= (p<0.05),

o AEE. REOSARICHTIHERICOVNTIE. FBHIEVIFEERRIZEL
(p<0.05), DEAFREBFIZDOVTIE, FWMMEVEFEREICEMN 212 (p<0.05),

RE: RAMoHBAIIHT 52BN, HETRR, BEMR, FESMGREICHT BN, B
MoHRITHT 22BN, BEITOVTIE, AEABRWNIEFEICEMN > (p<0.05),

Eolz, EOMDREFICIEFH. B, AFE. AFHH, AVETOSETORERERFOH
BREOEZEMNRONT- (R 1-458),

E: REoHAIIHT 58N, lEE. 2EFLR. RASHRIZHT 580, BEFIZD
WTIE. REDOROANBEADR LY LEEICEL (p<0.05). EEM. FEtMILRIRIC
T HBENIZDONTIE, BRORODANKREDOXRELY L BEICEMN >z (p<0.05),

AFS : JEEICOVNTIE. RY MR FTZHBLAFLERIE, TU—F—HmH5AFLT:
REUVZDMDIBFAINOAFLEEREY L FEITEMN oF= (p<0.05), F1=. RAHAIC
W AREHRICOWTIE, TV—F—DoAFLERE. REEENOAFLEZXDOHA -
BREMNOAFLEREYLFEITEMN o= (p<0.05),

AFHY  BEM, FERMTRBISHT 52BN DONTIE, AFBHENRVNIERE
[ZIE < (p<0.05) . REN o AITK T HNEM, IS, RAZBICTHT 2HEHEICDONTIE,
AFHPENEVFERRIZTEN o= (p<0.05),

FAVEDNSETOAETRER  HERRICOVTIE. O TRERAEAVEDRDAH
FERBOHIAVEDRLY LAEICEC (p<0.05). HIEHEIZOVTIE., ABRBROH

SEVEDRODAVIDTRZEH>FHAVEDREY LFEICED o= (p<0.05),

EA4E B

A1 XOTEBHFHEE, RERVREZROAADHEZEEZRZIT TV, RIEMLEXRITIL—T
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DEFHELTIE, BENMEWI ENZEITFoNT, RIBHBRITIL—TDEEFLX. £0OMHOD
EDQREBINL—TEYBEL, BENMEVC ENRBHILBGRITNL—TORELHETHD
CEMBHALMEL ST, EHITIE, BEICOVWTORIEY SR 2 —BI T, RIBHEX
TIW—TIZEENS 5 REBERFE2TINEVWADY SR -1 IZ5EEIN -, ChITEERESIER
E—HITORRTHY. BENMXDEL - REEICEHDLO>TVWSILEEZTRT HRBET
Hb. 1 XDREILDE 2 DERETIEX, REBISHRAGITEOREN. BEICKHBREN
PMO2TVEEZZA LMD, BEICLKDIBREBKRRAGREICEBLTWVWSEEZD
hd, —AT. RIEHBRIL—TORELSNMIE, RIS bTVT, D4 R9 b 77
DTITRLIA, TL—bT—20 5 REARBHILGRD b REBEEHIZVFRXE—1
[CHfEENz, CNODREVNRIBHBERTHDEVSIHOIFTEGLL, 4 kDU E®
TUT7EERNER DT RICEAVWEN BN TITH T SLEUNH o -OICEFNEN
EHFOHIFIZHSEAREMENEZ N, BEDESTABMGERESALMN > TLEDA
LLhGWEBRELTLS,

I XDRBEDE1DRBETERELGO>THVEZZAONDE FADERDOKE
MIZDOVWTIE, RBMBRITIL—TDRAT7EZDOHORET IL—TEBVER SN GH
o2fze TOIELY . RBHLBRITIL—TOAXZENTIN S DHEEBOFHIELICFE
SNTUVRWARENEZ NS, 5B 1 ORBEORERREZMS-OICIE. HEELRIIRN
BRIN—TDAXEDHBELBET 2LELAHDEBDND,

FIRHI B RUNDRET V-T2 T ENFEAR Oz, RLBFBHLE oD,
D—F%2TTL—TTHY., RMLBAIIHT 58N, BEMY, FHIMARBINT S
B, AVEITHTEAIRERRUVRMOBRICHT 2BAARLEN =, ChEFEESL
L T=F VT TN—TDAXNERROCERREL LTERENTE Y., BIRAREST
LELBEVTNYES—DETRICHSI CENTEDLSICINODEETORIEREZE

RIFTWAMNLEEER L, o N—TA4 277 L—TDiIEEABN &L, FIE
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EABNENSIERICKDBLEBIREZRIT TV SALEEEZA NS, TRAMLHBA
[ HWEME, FANEICHT 2HENE. BABICHTI2RERRE M JIL—THELE
Motze FMTIL—TOREHAZTVERELTE, P ITIL—TOXDEHEDKEESH
NS, ADBVEDHITHERLHFYKRELHEICERLBVWI EANEZONS, D
BEDNE NS XCEVTHEENEVE NS CEF, RIEBEEHEELOEEEZHREL

ERTHR N E—HTIHERTHD.
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x1-1 BARVKREICE T D RKIEDEHKR UEH

a. Japan
Breed Male Male Female Female Total Cumulative
(intact) (castrated) (intact) (spayed) %

Poodle (Toy) 74 (2) 135  (9) 57 (3) 121 (8) 387 13.11
Dachshund (Miniature) 80 (11) 85 (10) 49  (8) 93 (13) 307 23.52
Shiba Inu 58 (16) 49 (16) 35 (6) 98 (26) 240 31.65
Chihuahua 32 (15) 69 (40) 34 (25) 55 (30) 190 38.09
Labrador Retriever 13 (12) 30 (28) 15 (14) 30 (27) 88 41.07
Border Collie 20 (19) 23 (19) 14 (13) 27 (24) 84 43.92
Papillon 12 (4) 23 (8) 13 (3) 36 (9) 84 46.76
Miniature Schnauzer 15 (10) 29 (20) 17 (13) 20 (17) 81 49.51
Pembroke Welsh Corgi 18 (10) 21 (14) 11 (7) 27 (17) 77 52.12
French Bulldog 18  (4) 21 (5) 7 () 25 (7) 71 54.52
Jack Russell Terrier 15 (11) 25 (18) 6 (6) 23 (23) 69 56.86
Pomeranian 4 (3) 33 (22) 11 (11) 16 (14) 64 59.03
Yorkshire Terrier 16 (10) 20 (13) 10 (10) 15 (13) 61 61.10
Shetland Sheepdog 12 (12) 14 (13) 16 (11) 16 (14) 58 63.06
Golden Retriever 13 (5) 18 (17) 6 (6) 16 (16) 53 64.86
Pug 13 (13) 10 (10) 7 () 18 (16) 48 66.49
Cavalier King Charles Spaniel 6 (6) 13 (12) 4 (2) 23 (16) 46 68.04
Beagle 7 14 (14) 6 (5 16 (16) 43 69.50
Maltese 7 4 20 (12) 8 (8) 8 (8) 43 70.96
Shih Tzu 8 (8) 13 (12) 8 (7 14 (13) 43 72.42
Italian Greyhound 8 (1) 16 (8) 3 (2 11 (7) 38 73.70
Boston Terrier 9 (8) 9 (8) 2 (2 15 (14) 35 74.89
Miniature Pinscher 8 (7) 9 (6) 4 (3 10 (10) 31 75.94
Cocker Spaniel (American) 4 (3) 8 (4) 1 1) 6 (6) 19 76.58
Bernese Mountain Dog 8 (7) 2 (1) 4 (4) 4 (4) 18 77.19
Flat-Coated Retriever 2 (2 2 (2 3 () 9 3 16 77.74
Poodle (Miniature) 4 (2) 4 (4) 3 (2 5 (4) 16 78.28
German Shepherd 5 (4) 1 (1) 4 (3) 4 (2) 14 78.75
Bichon Frise 1 1) 5 (4) 1 1) 5 (4) 12 79.16
Poodle (Standard) 2 (1) 4 (4) 3 (2 3 12 79.57
Cocker Spaniel (English) 2 (2 3 (3 2 (2 4 (3) 11 79.94
West Highland White Terrier 2 (1) 4 (4) 2 (2 3 (3 11 80.31
Japanese Spitz 2 1 2 5 10 80.65
Kai 4 2 1 3 10 80.99
Pekingese 2 (1 4  (3) 3 (3 1 1) 10 81.33
Akita 3 (2 2 1 (1) 2 ) 8 81.60
Australian Shepherd 2 ) 3 (2 0 3 (3 8 81.87
Doberman Pinscher 2 3 3 0 3 3 8 82.14
Siberian Husky 5 (1) 2 1 1) 0 8 82.41
Dalmatian 1 (1) 2 (2 1 (1) 3 (2 7 82.65
Whippet 2 (2 2 (1) 0 3 (3 7 82.89
Miniature Bull Terrier 1 2 0 3 6 83.09
Pointer 1 (1) 3 () 1 (1) 1 (1) 6 83.29
Basenji 2 (2 0 0 3 (2 5 83.46
Belgian Groenendal 1 3 (1) 0 1 1) 5 83.63
Boxer 1 (1) 1 (1) 0 3 (2 5 83.80
Cairn Terrier 1 (1) 1 (1) 1 1) 2 (1 5 83.97
Cardigan Welsh Corgi 0 1 2 2 5 84.14
English Setter 1 (1) 3 0 1 (1) 5 84.31
Fox Terrier (Wire/Wire-haired) 2 (1) 0 0 3 (1) 5 84.48
Airedale Terrier 2 (1 1 0 1 1) 4 84.62
Border Terrier 1 2 (1) 0 1 (1) 4 84.75
English Springer Spaniel 1 (1) 1 @) 0 2 (2 4 84.89
Hokkaido Inu 1 1 0 2 4 85.02
Irish Setter 1 0 1 2 4 85.16
Kishu Inu 0 2 2 0 4 85.29
Kooikwehondje 1 3 0 0 4 85.43
Leonberger 2 0 0 2 4 85.56

FRTICAWEREZAFTTRL., BFICAVERIEENRAITTR L=,
Ff=, FETLAA S SOVFETHERELHHIREEZHEHITTRLI=.
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Breed _Male Male F_emale Female Total Cumulative
(intact) (castrated) (intact) (spayed) %

Norfolk Terrier 0 1 0 3 4 85.70
Samoyed 0 1 Q) 1 2 (1) 4 85.84
White Swiss Shepherd Dog 3 0 1 0 4 85.97
Belgian Tervuren 0 1 () 1 (1) 1 3 86.07
Bolognese 0 1 1 1 3 86.17
Borzoi 1 (1 0 1 1 () 3 86.28
Brussels Griffon 2 0 0 1 (1) 3 86.38
Bulldog 1 1 @@ 0 1 ) 3 86.48
Collie (Rough) 0 0 2 1 3 86.58
Japanese Chin 0 3 0 0 3 86.68
Manchester Terrier (toy) 1 Q) 0 1 (1) 1 3 86.78
Old English Sheepdog 2 1 0 0 3 86.89
Australian Kelpie 0 1 Q) 0 1 1) 2 86.95
Brittany 0 1 @1 0 1 ) 2 87.02
Dachshund 1 1 0 0 2 87.09
Great Dane 0 1 Q) 0 1 () 2 87.16
Great Pyrenees 0 0 0 2 2 87.22
Lakeland Terrier 1 Q) 0 1 (1) 0 2 87.29
Norwich Terrier 0 2 0 0 2 87.36
Petit Basset Griffon Vendeen 0 0 0 2 2 87.43
Scottish Terrier 0 0 1 1 2 87.50
Tibetan Spaniel 2 0 0 0 2 87.56
Weimaraner 1 1 0 0 2 87.63
Afghan Hound 0 0 1 0 1 87.67
American Terrier 0 1 0 0 1 87.70
Basset Hound 0 0 0 1 1 87.73
Bearded Collie 0 0 0 1 1 87.77
Belgian Griffon 0 1 0 0 1 87.80
Belgian Malinois 1 0 0 0 1 87.83
Bouvier des Flandres 0 0 0 1 1 87.87
Bull Terrier 1 0 0 0 1 87.90
Chinese Crested 1 0 0 0 1 87.94
Collie (Smooth) 0 0 1 0 1 87.97
Dogo Argentino 0 0 1 0 1 88.00
Fox Terrier 0 0 0 1 1 88.04
German Shorthaired Pointer 0 0 1 0 1 88.07
Havanese 0 0 1 0 1 88.11
Iceland Sheepdog 0 1 0 0 1 88.14
Japanese Terrier 0 0 1 0 1 88.17
Kawakami Inu 0 0 1 0 1 88.21
Labradoodle 0 1 0 0 1 88.24
Lhasa Apso 0 0 1 0 1 88.28
Maremma Sheepdog 0 0 0 1 1 88.31
New Zealand Heading Dog 0 0 0 1 1 88.34
Petit Brabancon 0 0 1 0 1 88.38
Plott Hound 1 0 0 0 1 88.41
Polish Lowland Sheepdog 1 0 0 0 1 88.44
Poodlepointer 0 1 0 0 1 88.48
Rottweiler 0 1 0 0 1 88.51
Saluki 0 1 0 0 1 88.55
Schipperke 0 0 0 1 1 88.58
Shikoku Inu 1 0 0 0 1 88.61
Spanish Water Dog 0 1 0 0 1 88.65
Tibetan Mastiff 1 0 0 0 1 88.68
Toy Fox Terrier 0 1 0 0 1 88.72
Vizsla 0 1 0 0 1 88.75
White Shepherd Dog 0 0 0 1 1 88.78
Mixed Breed/Unknown 48 97 50 136 331 100.00
Total 608 (242) 900 (384) 451 (203) 992 (423) 2951
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b. The United States

Breed Male Male Female Female Total Cumulative
(intact) (castrated) (intact) (spayed) %
Labrador Retriever 52 (5) 267 (36) 40 (6) 259 (35) 618 5.95
German Shepherd 69 149  (5) 65 181 (5) 464 10.41
Golden Retriever 42  (5) 132 (17) 39 (8) 120 (14) 333 13.62
Border Collie 34 (6) 105 (31) 31 (8) 99 (29) 269 16.21
Rottweiler i, 85 50 79 265 18.76
Australian Shepherd 27 (1) 109 (2) 26 (1) 96 (2) 258 21.24
Doberman Pinscher 49 (1) 57  (2) 38 (1) 69 (2) 213 23.29
Soft Coated Wheaten Terrier 28 63 30 67 188 25.10
American Pit Bull Terrier 11 87 10 73 181 26.85
Poodle (Standard) 21 (2) 70 (4) 15 (1) 57 (3) 163 28.41
Australian Cattle Dog 13 69 10 69 161 29.96
Collie 35 38 30 32 135 31.26
Mastiff (English) 32 52 24 26 134 32.55
Boxer 11 0 53  (2) 12 (1) 55 (1) 131 33.81
Bernese Mountain Dog 17 (7) 49 (1) 25 (2) 34 (6) 125 35.02
Cocker Spaniel (American) 11 (4) 58 (3) 13 (2) 43 (5) 125 36.22
Jack Russell Terrier 16  (6) 58 (23) 11 (5) 35 (24) 120 37.38
Chihuahua 5 (5 50 (50) 11 (11) 45 (44) 111 38.44
Akita 27 (1) 34 (1) 15 (1) 31 (1) 107 39.47
Great Dane 9 40 (1) 12 40 (1) 101 40.45
Beagle 6 (4 45 (17) 6 (5 41 (16) 98 41.39
Siberian Husky 15 (1) 37 12 28 (1) 92 42.28
Shetland Sheepdog 7 (4 44 (21) 9 (5 31 (20) 91 43.15
Havanese 11 35 21 20 87 43.99
Portuguese Water Dog 13 23 24 26 86 44.82
Rhodesian Ridgeback 24 22 22 15 83 45.62
Bichon Frise 3 35 () 2 42 (5) 82 46.40
Shiba Inu 12 (7) 38 (25) 10 (10) 22 (22) 82 47.19
Dachshund 7 40 9 19 75 47.92
English Springer Spaniel 13 (1) 29 (1) 10 (1) 22 (1) 74 48.63
Pomeranian 16 (8) 28 (17) 8 (8) 19 (17) 71 49.31
Airedale Terrier 10 (1) 22 8 29 (1) 69 49.98
Belgian Malinois 15 17 14 23 69 50.64
Greyhound 0 31 0 37 68 51.29
Shih Tzu 5 (2) 24 (18) 6 (5 28 (15) 63 51.90
Maltese 4 4 26 (12) 5 (3 27 (13) 62 52.50
Miniature Schnauzer 4 (3) 28 (27) 5 (5 25 (25) 62 53.09
Belgian Tervuren 22 (1) 11 17 8 (1) 58 53.65
Cocker Spaniel (English) 18 (3) 10 (2) 18  (2) 12 (3) 58 54.21
Pug 2 (2 28 (21) 2 (1) 25 (22) 57 54.76
Weimaraner 8 22 9 18 57 55.31
Whippet 11 (1) 20 (2) 9 (1) 15  (2) 55 55.84
Brittany 2 28 (1) 4 (1) 19 53 56.35
Rat Terrier 3 21 10 19 53 56.86
Pembroke Welsh Corgi 4 (3) 24 (21) 2 (2 22 (22) 52 57.36
Yorkshire Terrier 4 (4) 22 (19) 6 (4) 20 (19) 52 57.86
Pit Bull 5 19 2 25 51 58.35
American Staffordshire Terrier 5 22 2 21 50 58.83
Dalmatian 13 (1) 16  (2) 6 (1) 15  (2) 50 59.31
Chinook 9 7 20 13 49 59.78
Boston Terrier 3 27 (16) 1 1) 16 (15) 47 60.24
Dachshund (Miniature) 4 (3) 20 (18) 2 (2 19 (19) 45 60.67
Cavalier King Charles Spaniel 5 (2) 19 (16) 5 (4) 15 (14) 44 61.09
English Setter 13 (1) 11 10 (1) 6 40 61.48
West Highland White Terrier 5 0 20 (5) 1 14 (5) 40 61.86
German Shorthaired Pointer 9 12 2 16 39 62.24
Eurasier 11 5 10 12 38 62.60
Vizsla 9 14 7 8 38 62.97
Papillon 7 (3 18  (9) 6 (6) 6 (6) 37 63.33
Poodle (Miniature) 2 17 (6) 3 (2 15 (4) 37 63.68
Basset Hound 3 19 1 12 35 64.02
Bullmastiff 6 9 7 12 34 64.35
Cairn Terrier 0 22 (2) 0 11 (2) 33 64.66
Great Pyrenees 3 19 0 11 33 64.98
American Eskimo Dog 0 19 1 12 32 65.29
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Breed Male Male Female Female Total Cumulative
(intact) (castrated) (intact) (spayed) %
Belgian Sheepdog 7 10 8 6 31 65.59
Irish Setter 18 3 9 1 31 65.89
Miniature Pinscher 4 (3) 14 (10) 4 (4) 9 (9 31 66.19
Saint Bernard 5 13 4 9 31 66.48
Alaskan Malamute 6 11 0 12 29 66.76
Lhasa Apso 1 12 0 16 29 67.04
Irish Wolfhound 13 9 3 3 28 67.31
Flat-Coated Retriever 3 (2 7 (2 8 (3 9 (1) 27 67.57
Alaskan Husky 6 8 3 9 26 67.82
Chesapeake Bay Retriever 7 6 2 11 26 68.07
Poodle (Toy) 3 (2 12 (9) 1 (1) 10 (10) 26 68.32
Redbone Coonhound 1 11 1 13 26 68.57
Staffordshire Bull Terrier 2 5 2 17 26 68.82
American Bulldog 3 14 1 7 25 69.06
Border Terrier 5 9 (1) 4 7 Q) 25 69.30
Bouvier des Flandres 7 8 3 7 25 69.54
Nova Scotia Duck Tolling Retriever 6 7 5 6 24 69.78
Chinese Shar-Pei 3 10 1 9 23 70.00
Australian Kelpie 6 (1) 5 1 10 (1) 22 70.21
Borzoi 10 (1) 3 6 (1) 2 21 70.41
Bulldog 3 1) 4 4 (1) 10 21 70.61
Newfoundland 2 7 4 8 21 70.82
Afghan Hound 6 1 9 3 19 71.00
Fox Terrier (Wire/Wire-haired) 1 10 (1) 2 5 (1) 18 71.17
French Bulldog 0 9 (9 2 (2 7 18 71.34
Italian Greyhound 3 (3 6 (6) 3 (3 6 (6) 18 71.52
Treeing Walker Coonhound 1 10 0 7 18 71.69
Black and Tan Coonhound 2 5 3 7 17 71.85
Chinese Crested 3 7 2 5 17 72.02
English Bulldog 2 6 0 9 17 72.18
Norwegian Elkhound 2 5 1 9 17 72.35
Basenji 2 ) 8 (1) 1 (1) 5 (1) 16 72.50
German Wirehaired Pointer 2 5 3 5 15 72.64
Kuvasz 4 5 5 1 15 72.79
Pekingese 1 1) 8 (3 0 6 (4 15 72.93
Chow Chow 6 2 2 4 14 73.07
Scottish Terrier 4 6 2 2 14 73.20
Anatolian Shepherd 0 8 1 4 13 73.33
Cane Corso 1 2 3 7 13 73.45
Cardigan Welsh Corgi 2 5 2 4 13 73.58
Gordon Setter 5 2 6 0 13 73.70
Husky Mix 1 7 0 5 13 73.83
Parson Russell Terrier 1 7 2 3 13 73.95
Pointer 2 6 (2 1 4 (2 13 74.08
Schipperke 2 5 2 4 13 74.20
Bearded Collie 2 6 1 3 12 74.32
Collie (Rough) 2 5 1 4 12 74.43
Giant Schnauzer 2 3 2 5 12 74.55
Samoyed 1 3 1) 3 Q) 5 12 74.67
Tibetan Terrier 2 3 4 3 12 74.78
Lagotto Romagnolo 5 0 4 2 11 74.89
Old English Sheepdog 0 9 0 2 11 74.99
Plott 0 7 0 4 11 75.10
American Foxhound 0 1 0 9 10 75.19
Fox Terrier (Toy) 0 4 1 5 10 75.29
Ibizan Hound 4 1 2 3 10 75.39
Irish Water Spaniel 5 1 4 0 10 75.48
Keeshond 2 5 0 3 10 75.58
Silky Terrier 0 4 2 4 10 75.68
Welsh Terrier 0 6 2 2 10 75.77
Collie (Smooth) 0 5 1 3 9 75.86
Blue Heeler 1 2 1 4 8 75.94
Bull Terrier 0 5 1 2 8 76.01
Fox Terrier (Smooth) 2 3 0 3 8 76.09
Standard Schnauzer 1 4 0 3 8 76.17
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Breed Male Male Female Female Total Cumulative
(intact) (castrated) (intact) (spayed) %
Blue Tick Coonhound 0 5 1 1 7 76.23
Brussels Griffon 0 4 () 1 (1) 2 7 76.30
Lurcher 1 4 0 2 7 76.37
Black Russian Terrier 2 2 0 2 6 76.43
Irish Terrier 3 1 0 2 6 76.48
Jindo 1 3 0 2 6 76.54
Kerry Blue Terrier 2 2 1 1 6 76.60
Norwich Terrier 0 3 2 1 6 76.66
Spanish Water Dog 2 1 1 2 6 76.72
Sussex Spaniel 1 3 2 0 6 76.77
Welsh Springer Spaniel 2 3 1 0 6 76.83
American Boxer 1 1 0 3 5 76.88
Australian Silky Terrier 0 4 0 1 5 76.93
Australian Terrier 1 3 0 1 5 76.98
Briard 0 1 3 1 5 77.02
Greater Swiss Mountain Dog 0 2 1 2 5 77.07
Irish Red and White Setter 3 0 1 1 5 77.12
Neapolitan Mastiff 0 2 0 3 5 77.17
Polish Lowland Sheepdog 1 4 0 0 5 77.22
Saluki 2 2 1 0 5 77.26
Affenpinscher 0 3 0 1 4 77.30
Clumber Spaniel 1 3 0 0 4 77.34
Eurohound Husky 1 1 2 0 4 77.38
Japanese Chin 0 1 0 3 4 77.42
Manchester Terrier (Toy) 0 1 Q) 0 3 ) 4 77.46
Pharaoh Hound 1 2 0 1 4 77.50
Belgian Groenendal 1 1 Q) 0 1 Q) 3 77.52
Dogo Argentino 1 1 0 1 3 77.55
Lowchen 1 2 0 0 3 77.58
Manchester Terrier 0 1 0 2 3 77.61
Miniature Bull Terrier 1 0 0 2 3 77.64
Shiloh Shepherd 0 0 0 3 3 77.67
WGSD 0 2 1 0 3 77.70
American Water Spaniel 0 0 1 1 2 77.72
Bedlington Terrier 1 0 1 0 2 77.74
Bracco Italiano 0 0 0 2 2 77.76
Curly-Coated Retriever 2 0 0 0 2 77.77
English Foxhound 0 1 0 1 2 77.79
Field Spaniel 1 0 0 1 2 77.81
King Shepherd 0 2 0 0 2 77.83
Lakeland Terrier 0 1 Q) 1 (1) 0 2 77.85
Mudi 0 0 2 0 2 77.87
Petit Basset Griffon Vendeen 1 1 0 0 2 77.89
Scottish Deerhound 0 0 1 1 2 77.91
Silken Windhound 1 0 1 0 2 77.93
Spinone Italiano 1 1 0 0 2 77.95
Stabyhoun 0 0 2 0 2 77.97
Tibetan Spaniel 0 0 1 1 2 77.99
Wirehaired Pointing Griffon 0 0 0 2 2 78.01
Beauceron 0 0 1 0 1 78.02
Bloodhound 0 0 0 1 1 78.02
English Coonhound 0 0 0 1 1 78.03
German Pinscher 0 0 1 0 1 78.04
Icelandic Sheepdog 0 1 0 0 1 78.05
Komondor 1 0 0 0 1 78.06
Lancashire Heeler 1 0 0 0 1 78.07
Otterhound 1 0 0 0 1 78.08
Peruvian Inca Orchid 0 0 0 1 1 78.09
Portuguese Podengo 1 0 0 0 1 78.10
Puli 0 0 1 0 1 78.11
Sloughi 1 0 0 0 1 78.12
Swiss Mountain Dog 0 0 1 0 1 78.13
Teddy Roosevelt Terriers 0 0 1 0 1 78.14
Tosa 0 1 0 0 1 78.15
Mixed Breed/Unknown 71 1077 55 1067 2270 100.00
1226 (117) 4203 (510) 1084 (136) 3876 (489) 10389
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Table 1 Factor loading of questionnaire items constituting each factor.

. Lo Factor SS Proportion Cumulative Cronbach's
Factors & questionnaire items . -
loadings  loadings Var Var o
Aggression to unfamiliar persons 513 0.10 0.10 0.92
When approached directly by an unfamiliar adult while being walked or exercised on a leash 0.836
When approached directly by an unfamiliar child while being walked or exercised on a leash 0.744
‘When an unfamiliar person approaches the owner or a member of the owner’s family at home 0.670
‘When an unfamiliar person approaches the owner or a member of the owner’s family away fromhome 0.792
When mailmen or other delivery workers approach the home 0.604
When an unfamiliar person tries to touch or pet the dog 0.806
Toward unfamiliar persons visiting the home 0.717
Fear of unfamiliar persons 279 0.05 0.15 0.90
When approached directly by an unfamiliar adult while away fromthe home 0.823
When approached directly by an unfamiliar child while away fromthe home 0.747
When unfamiliar persons visit the home 0.689
When an unfamiliar person tries to touch or pet the dog 0.761
Trainability 277 0.05 0.20 0.81
Returns immediately when called while off leash 0.667
Obeys a sit command immediately 0.676
Obeys a stay command immediately 0.717
Seems to attend to or listen closely to everything the owner says or does 0.693
Not slow to respond to correction or punishment 0.619
Not easitly distracted by interesting sights, sounds, or smell 0.447
Separation-related anxiety 273 0.05 0.25 0.76
Excessive salivation when left or about to be left on its owner 0.497
Whining when left or about to be left on its owner 0.714
Barking when left or about to be left on its owner 0.735
Howling when left or about to be left on its owner 0.608
Chewing/scratching at doors, floor, windows, curtains, etc. 0.462
Loss of appetite when left or about to be left on its owner 0.403
Energy and restless 2.65 0.05 0.30 0.72
Not shaking, shivering, or trembling when left or about to be left on its owner 0.441
Restlessness, agitation, or pacing when left or about to be left on its owner 0477
When a member of the household returns home after a brief absence 0.690
When visitors arrive at its home 0.480
Playful, puppyish, boisterous 0.694
Active, energetic, always on the go 0.493
Fear of non-social stimuli 221 0.04 0.34 0.75
In response to sudden or loud noises 0.665
In response to strange or unfamiliar objects on or near the sidewalk 0.671
During thunderstorms 0.422
When first exposed to unfamiliar situations 0.468
In response to wind or wind-blown objects 0.699
Aggression to household members 225 0.04 0.38 0.84
When toys, bones, or other objects are taken away by a member of the household 0.577
When approached directly by a member of the household while it is eating 0.773
When food is taken away by a member of the household 0.849
When a member of the household retrieves food or objects stolen by the dog 0.626
Fear of unfamiliar dogs 221 0.04 0.42 0.88
When approached directly by an unfamiliar dog of the same or larger size 0.769
When approached directly by an unfamiliar dog of a smaller size 0.792
When barked, growled, or lunged at by unfamiliar dog 0.756
Aggression to unfamiliar dogs 2.10 0.04 0.46 0.89
When approached directly by an unfamiliar male dog while being walked or exercised on a leash 0.849
When approached directly by an unfamiliar female dog while being walked or exercised on a leash 0.840
When barked, growled, or lunged at by unfamiliar dog 0.642
Attachment and attention-seeking 178 0.03 0.53 0.70
Tends to follow a member of household from roomto roomabout the house 0541
Tends to sit close to or in contact with a member of the household when that individual is sitting down 0.672
Tends to nudge, nuzzle, or paw a member of the household for attention when that individual is sitting down 0.701
Becomes agitated when a member of the household shows affection for another person 0.466
Aggression to persons passing near the house 115 0.02 0.55 0.89
When strangers walk past the home while the dog is in the yard 0.652
When joggers, cyclists, roller skaters, or skateboarders pass the home while the dog is in the yard 0.607
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Breed groups

Breeds

Ancient and spitz breeds

(152)

Toy dogs
(612)

Spaniels, scent hounds,

and poodles
(388)

Working dogs
(32)

Small Terriers
(236)

Sight hounds
and herding dogs
(408)

Retriewvers
(304)

Mastiff-like dogs
(112)

Basenji(JPN4, US4), Shiba Inu(64, 64), Akita(4, 4), Siberian Husky (2, 2), Samoyed(2, 2)

Shih Tzu(40, 40), Chihuahua(110, 110), Pug(46, 46), Papillon(24, 24), Pomeranian(50, 50),
Miniature Pinscher(26, 26), Brussels Griffon(2, 2), Pekingese(8, 8)

American Cocker Spaniel(14, 14), English Cocker Spaniel(10, 10),
English Springer Spaniel(4, 4), Cavalier King Charles Spaniel(36, 36), Brittany(2, 2),

Beagle(42, 42), Bichon Frise(10, 10), Maltese(32, 32) , Toy Poodle(22, 22),
Miniature Poodle(12, 12), Standard Poodle (10, 10)

Doberman Pinscher(6, 6), German Shepherd(10, 10)

Cairn Terrier(4, 4), Jack Russell Terrier(58, 58), West Highland White Terrier(10, 10),
Yorkshire Terrier(46, 46)

Italian Greyhound(18, 18), Whippet(6, 6), Borzoi(2, 2), Pembroke Welsh Corgi(48, 48),
Australian Shepherd(6, 6), Border Collie(74, 74), Shetland Sheepdog(50, 50)

Labrador Retriever(82, 82), Flat-Coated Retriever(8, 8), Golden Retriever(44, 44),
Great Dane(2, 2), Bernese Mountain Dog(16, 16)

Boston Terrier(32, 32), Boxer(4, 4), Bulldog(2, 2), French Bulldog(18, 18)

EATICAW-BERITFENRNIR LT,
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FI.Aggression to unfamiliar persons F2. Fear of unfamiliar persons

x% df p Pairwise comparison BY x2 df p Pairwise comparison B

Breed groups® 50.570 7 0.000 1>7, 2>6,2>7, 2>8, 126.652 7 0.000  1>4,2>4,3>4,
3>7,3>8, 5>7, 6>7 5>4, 6>4, 7>4, 8>4
Country 1015 1 0314 70.010 1 0.000 US>JPN
Sex 1683 1 0195 69.123 1 0.000 F>M
Neutered status® 0658 1 0417 0468 1 0.494
Source where aquireds) 24100 6 0.001 2>3,5>3 1940 6 0.925
Dog-ownership exoerience“) 1361 1 0.243 0.006 1 0.939
Body weight 0571 1 0450 14518 1 0.000 -0.029
Dog's age at evaluation 0.000 1 0.996 0.627 1 0429
Dog's age when acquired 14696 1 0.000 -0.003 3223 1 0073
Breed groups*Country 61.631 15 0.000 139.576 15 0.000
Breed groups*Sex 63.198 15 0.000 127.814 15 0.000
Country*Sex 12030 3 0.007 85.804 3 0.000
Breed groups*Country*Sex 79.827 31 0.000 141411 31 0.000
Omnibus 189.444 42 0.000 145.060 42 0.000
F3: Trainability F4: Separation-related anxiety

%2 df p Pairwise comparison B %2 df p Pairwise comparison B

Breed groups® 51531 7 0.000 6>1,6>2 6>3, 13498 7 0.061
6>5, 6>7, 6>8

Country 14488 1 0.000 US>JPN 31.078 1 0.000 US>JPN
Sex 0749 1 0387 0000 1 0.99
Neutered status? 3771 1 0.052 4368 1 0.037 I>N
Source where aquired® 31588 6 0.000 354, 7>4 12795 6 0.046
Dog-ownership experience‘” 15.057 1 0.000 2>1 10.161 1 0.001 1>2
Body weight 3725 1 0054 4925 1 0.026 -0.012
Dog's age at evaluation 22534 1 0.000 0.024 5444 1 0.020 -0.039
Dog's age when acquired 5055 1 0.025 0.000 1083 1 0.298
Breed groups*Country 89.920 15 0.000 96.176 15 0.000
Breed groups*Sex 59.386 15 0.000 20.717 15 0.146
Country*Sex 15.663 3 0.001 31.078 3 0.000
Breed groups*Country*Sex  104.545 31 0.000 106.105 31 0.000
Omnibus 248.373 42 0.000 237.075 42 0.000

1, Ancient and spitz breeds: 1, Toy dogs: 2, Spaniels, scent hounds, and poodles: 3, Working dogs: 4, Small

terriers: 5, Sight hounds and herding dogs: 6, Retrievers: 7, Mastiff-like dogs: 8

2, neutered: N, intact: I

3, bred by owner: 1, friend of relative: 2, breeder: 3, pet store: 4, shelter: 5, stray: 6, other: 7

4, first ownership: 1, second and more ownership: 2

5, partial regression coefficient
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2

F5: Energy and restless

2

F6: Fear of non-social stimuli

X df p Pairwise comparison B X df  p Pairwise comparison B

Breed groups? 44844 7 0.000 1>4,2>4,3>4,5>4, 44844 7 0.000 1>4,2>4,3>4,6>3,
6>4, 7>4, 6>3, 6>8 5>4, 6>4, 7>4, 6>8

Country 5077 1 0.024 JPN>US 5.077 1 0.024 JPN>US
Sex 0161 1 0.688 0.161 1 0.688
Neutered status?® 5631 1 0.018 N>| 5631 1 0.018 N>|
Source where aquired3) 10.706 6 0.098 10.706 6 0.098
Dog-ownership e)goerience‘” 2130 1 0144 2130 1 0144
Body weight 7906 1 0.005 -0.012 7906 1 0.005 -0.012
Dog's age at evaluation 2154 1 0142 2154 1 0142
Dog's age when acquired 4155 1 0.042 0.001 4155 1 0.042 0.001
Breed groups*Country 52.434 15 0.000 52.434 15 0.000
Breed groups*Sex 47.984 15 0.000 47.984 15 0.000
Country*Sex 5752 3 0.124 5752 3 0124
Breed groups*Country*Sex  65.671 31 0.000 65.671 31 0.000
Omnibus 148.076 42 0.000 148.076 42 0.000

F7: Aggression to household members F8: Fear of unfamiliar dogs

2 df p Pairwise comparison B %2 df  p Pairwise comparison B
Breed groups? 84.719 7 0.000 1>4,2>4,2>6,2>7, 141880 7 0.000  1>4,2>4,3>4,

3>4, 3>6, 5>4, 6>4, 5>4, 6>4, 7>4, 8>4
7>4,8>4

Country 0.000 1 1.000 80.139 1 0.000 US>JPN
Sex 0.000 1 1.000 78662 1 0.000 F>M
Neutered status® 0000 1 1.000 2798 1 0.09
Source where aquired3) 0.000 6 1.000 11911 6 0.064
Dog-ownership experience® 0.000 1 1.000 1017 1 0.313
Body weight 0023 1 0881 5361 1 0.021 -0.017
Dog's age at evaluation 0.000 1 0.986 1257 1 0.262
Dog's age when acquired 2.897 1 0.089 0.008 1 0.929
Breed groups*Country 89.609 14 0.000 153.605 15 0.000
Breed groups*Sex 85.619 14 0.000 142,858 15 0.000
Country*Sex 20.113 3 0.000 98.852 3 0.000
Breed groups*Country*Sex  91.284 29 0.000 155422 31 0.000
Omnibus 266.838 42 0.000 111.849 42 0.000
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F9: Aggression to unfamiliar dogs

2

F1I: Attachment and attention-seeking

2

X df  p Pairwise comparison B X df  p Pairwise comparison B

Breed groups® 26211 7 0.000 1>7,2>7,5>7,6>7 82116 7 0.000 2>1,3>1,4>1,5>1,
6>1, 7>1, 8>1

Country 2747 1 0.097 136.912 1 0.000 US>JPN
Sex 5105 1 0.024 M>F 3030 1 0.082
Neutered status? 0509 1 0476 1019 1 0313
Source where aquired®) 11427 6 0076 11958 6 0.063
Dog-ownership experience“) 0780 1 0377 0042 1 0.837
Body weight 1718 1 0.190 7023 1 0.008 -0.005
Dog's age at evaluation 16.415 1 0.000 0.069 11145 1 0.001 -0.018
Dog's age when acquired 275 1 0.097 1318 1 0.251
Breed groups*Country 36.747 15 0.001 328227 15 0.000
Breed groups*Sex 38.165 15 0.001 86.349 15 0.000
Country*Sex 9449 3 0.024 145751 3 0.000
Breed groups*Country*Sex 52.726 31 0.009 344926 31 0.000
Omnibus 104.112 42 0.000 385.296 42 0.000

F12: Aggression to persons passing near the

2

X df  p Pairwise comparison B
Breed groups®) 19.286 7 0.007 2>8
Country 3724 1 0.054
Sex 0984 1 0321
Neutered status? 0543 1 0461
Source where aquired3) 8539 6 0.201
Dog-ownership experience® 0335 1 0563
Body weight 0.007 1 0934
Dog's age at evaluation 0.000 1 0.999
Dog's age when acquired 8.065 1 0.005 -0.002
Breed groups*Country 29.034 15 0.016
Breed groups*Sex 26.774 15 0.031
Country*Sex 7556 3 0.056
Breed groups*Country*Sex 47.057 31 0.032
Omnibus 72.384 42 0.002
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avs b, p<0.05; cvsd, p<0.05; evsf, p<0.05 gvsh,p<0.05

Ancient and spitz breeds: Anci., Toy dogs: Toy, Spaniels, scent hounds, and poodles: Spa., Working
dogs: Work., Small terriers: Terr., Sight hounds and herding dogs: Herd., Retrievers: Retr.,
Mastiff-like dogs: Mast.
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1-3

CL1

CL2

West Highland White Terrier
Shiba Inu

‘ihippet

Bazeniji

+ Siberian Husky
Cairn Terrier

Biorzol

Great Dane

Akita

Samoyed

Poodle (Toy)

Boxer

Englizh Springer Spaniel
Poodle (Miniature)
Doberrnan Plinscher
Bulldog

Border Collie
Porneranian

Labrador Retrigver
Cocker Spaniel (American)
Pekingese

Boston Terrier

German Shepherd
Papillon

Golden Retrisver
Shetland Shespdog
Perbroke Welsh Corgi
Brittary

French Bulldog

Italian Gireyhound
Beazle

Bichon Frise

Chihuahua

Pug

Shih Tzu

Jack Russell Terrier
Auztralian Shepherd
Cavalier King Charles Spanis|
Gocker Spaniel (English)
Foodle (Standard)
Brussels Griffon
haltese

Minizture Pinscher
Bernese Mountain Dog
Flat-Coated Retriever
Yorkshire Terrier
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SICELER, 1 XARTWSHITEZ 2 DOBRB[DELLM—FIZANTz, 4 XIZEK
DEEZHEL. BREZEE, 1 XLNEOA > TV EADBHRICRMICMN-IHEIZIE,
BREFLLTTARICHZERS Bz, 1 XNEOA>TLWEVWADERICRAICAN
IEEICIE. BREBFLLITT. BROFICABADTVWEVWI EHERSEz, &5IC,
EEDASTWVWAADBEREFLLEIFT, EEAASD TSI L Z A XITHERES =, V4 —
TUTTYTRTE. AXNERLT 3 B BENASTWEADA Y TEESFETHITS
Nz, 10 PEBE-STHIVA—I VI 7V TRITERBBTELGN S HZEICE. TR MEK
TEL., TDA XIS EnT=,
TAREIT: A XERODBEAFT, L5 Im OFERFICERELHNET DL S ICELSET,
A XDARERY, BEZRELRIC. BIDETA XN RALVKLSIZEEZ 2 DOREF
DELLN—AITANTz, BBERETERL. HOMLHEMEAICTROONT-, BRERD
MRS S A4 FEERIC, BLZ LT, 1 XORMZFWTIESETHL, EEELF
DeEVbZEHLIZ, EV I, BERELALALTIZIZK (BVvEVY), BRZHEET (8
EZL). BHR~RBRZERATS (R, O=ZBEZHEAEDLETAHN -, £V FOHEAED
HE 4R —21T0, BEHEEL+H2 Y EV Y (GPDFEE. RBR+HIEEL(GP)FRE. 5=
LP)EE. 2> rO—L(C. EYFHEUDIBETIT o1z, /88— % 18 BT DITLY.

2 B0RTET o (K2-188),

5) H#EETAEMT

FTIE. REZBRICHESA TV -ERDBERZRTIC 8 2OJIL—TIZHEL, 1 XD
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HEMBHENOREBEIIL—TEERICAW =, &, 7—F2J. TUT. IRAFID
TI—TIZDONTIE, FIEADEAN =120, FWASIEFBRNL, 5 D2DTIL—TTHEL
fzo RIZ, RIBHGRTIL—TUND 7T DDTI—TDA X &—BHGEREITIL—TEL
TEEDT, RBHLBRITIN—TE—RUGREITIL—TED 2 BEREITo=, #HEL
H[F SPSS statistic 17.0 (SPSS Japan Inc.) Z AL BEKEL 5% & L 1= Kruskal-Wallis
test U Mann Whitney U test (Bonferroni fiE) %1727, 16E L —HRIRFEE L FR
FAIREERE D B E M DIRET DR ET LR (L SPSS statistic 17.0 (SPSS Japan Inc.) Z LY.

BAKEL 5% E L. HERTZEIT> =,

5 3 HR

1) RIESIIL—THEEEER

@ FRRTFRERE

BHSE, FlE%BANH

@ HEELEHBRRRE
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2) BIBMILGRITIN—TE—BHLERIETIL—TED 2 LR

@ MRRTTRERE

BHSE, FlEERANH
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BRRITHOLEBITE., BV, HEEEE. TRERZEOEOAD M X DTERFMEITE, X
BRITEMNR OGN, BEERTHIENHMONTNNDS 19, F 2 BETHELA XDOEHMELD
BEWLEBEGHERICEKSEZA T, ChoRBMEENICEET S EEFORREITo1-,

2005 FITA XDET / LBRIINAREINT 10, BEREINF-DIEAZRDRIY— T4—2
Y1 DT/ LTHD, TDE. CO 23— v ] OF 7 LGSR GHEE 7.518). 2003
FITH/ESINTWREIVF—RT—FILDT /) LEBFHER BEE 1518 2RV, 9K
B OREE0.0218). AAHIPII—THhHhomd 5 EEDOA XHEY HBEE 0.04 %)
DRI ZRE L-REEZHE TSI EIT& Y., 250 FALLED 11EEZE (SNPs) A
RIEEINTZ 10,4 XORBILD TOELRICEASNDRBFAEICK HEVEREL NI -TEH
Y. BIREDLTFTIDYT ) LEIZEINTWSERDNS, TDLTFILERED-HIZ.
2010 FIZH/ LA FIE SNP Oz / RAEVT 7 LA #RVWEEiTARE ST 4, £
DHER. EFMTBVTARKY - BENICREDENETIEZERETCHD V1 YT LXE
EHICEELTVSESNTVSERFTHS WBSCR17 30 MiEL [TERED ST F LA
Rohd MBI ER 2Tz, D4 UTLRXEERHEDOALIEL, RYR-EEENSHEE
EEORBENLSHEDEE 1L, RAERMICHLBHNIZLREIDENETT ., WEEAN
L. HMEEETHARONS, AEZHBHMOBETICELVVEFTZEFEDOD—AT. SEEENIC
FEEAGELC. BHT. AZBNTHIMLEREFD 3L, HNEBENPNEINI LD EHT
HEZELE ANEBRNTHRUEERFI. AXICLEELTRESN S5 THY .WBSCR17
BIEFIEM XOREIL GEE) EAELTLANE LNWGWEEZ, REGFEHIMER
HMEENICEET DBETFDE LIGMEE LT,

EHIZELLKT/ LTARESNP O/ RAEVST 7 LA #HUL= Chase 5 DR RL
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RTIEH. RELEEEERFELTMC2R (AT / aLTFU 228K BEFLATINS 32,
Chase b DHARIZEWNT. N—T 1 VJEEERFELTEITFONTILVS MC2R &, EIF
2% % ACTH 2BARTILFIY—ILOELEICEET SN TS, FYRDKRE
EERICEVWTANDBEMICE > THERMICEEL T Z &IT& Y. HPA BOEMED
BFIEIELEPMBRILFY—ILEMETTHIEMNMESNTINS 3, Ff=. in vitro
DEERICEWVNT, JUL33)LFaA FITHBOSRIBIEORMZHAS L. HiaDMEEHE
BILHIEMNREINTEY 34, JLFY—ILERERE - BIEOREICEHE T HAIREHEDN
Hd. 1 XDRFIL GEIL) ITBEVWT. ANOBEHORHEDLICLLBRENEBE. TD
RBR.REERECLISICEEIBENBREOKRLALGRENME SNz EEEZ 5N 5D, MC2R
BIEFIEA XOREILL GEL) EEAELTLESNE LNWGWEER, KEGFERMEEN
B EEETFOE 2 DR E L=,

Ff-. EFTEFEOROERICESELTLDEEDNRTVARILEVELTEHERD Y
UhBIToNnd, XL RO UEKRLALBEYICENT, RMTEICEFEKR. DALV
BEDTHEAHLO TSI ENRESINT LD, £z, ITVRITEWVT, BEAFHIOH
SMERZRET OEN (HMBHERN) ITAFD R UNEETHIIENREINT
W5 3537, E hTRIAF VD UERET DI LEICK>THAANDEEIEMNT 52 &HA
HNTLVS 38, Thlk, KOFEHEMELBFEICELY XD RO ONTADLEICEZ S &
ADTRLOBRHEEMESELEVNELNHINLZEEALONTNS 39, fICH . X Y
UNEANDFEREERT LI EHLTREBINTID 9, BLDET. BEADFHROEM., E
RADEBMEX, 1 XORBIELICEVWTEELGHELEEZ oA, 7FY O UOREEER
FTHD. AFV D UBBGEFODRUAFL PO UZBRRELRFOTRIZE 3 LE 4D
EHEEEF & LT,

N DIEFEEGFICONT, BROBRRZITL. F 2 ETHELNRMEH EDEE

R ETo 1=,
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5524 MHERE

D XNRBY
A X443 BERUVAAH T 12EOMK. ARMER (FFFEOBH A, S DNA ZH#E LT
BEFETET >z, MAORERFE. TF LU DT 20T FSEEE (EDTA) £V =,
ORFEOFIIZIE, Endo Cervex 75 (FXT V) A=, HEOHBEAE. 819

RIRICTREASNE=LDOEERE UM -, YU TILIEET-20CICTAEREL =,

2) DNA (i
1% & OO SRR A S 0D DNA DI (& QIAamp® DNA Mini Kit (QIAGEN) %ALY
fzo MEARFEA—H—DOTO baLIZHE STz, FEOBEBAH 5D DNA OHEIE.
DNAzol(Invitrogen) & FALNTIT o =, MBOBHRICE. E—XAXOSEMBBER R T
LT3 % Precellys24 (Bertin Technologies) &L fz (5000rpm, 20secx2) , DNA D

FHixlE, A—A—n7FO raLIZHE-T=,

3) ZEOBRRERVTZM4I—DHKE
Ensembl & U National Center for Biotechnology Information NCBD)®D A >4 —=% v k
T—AR—XZRAVWTRZHUEREL. 2—7 v FEBETLLSCTS4v—%#H/E LT

TS5AR—DERFOLERCDODNVTOHMIRBLNRATRIIELET S,

4) PCR RU PCR EYDIEH

®BAR

44



®BAR

6) P—UIR
7 # B 2B OT-repeat DK = DHIE
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8) HREHARAT

FIRHGE R E—MRUBRIBL TESRBEZLER L=, SREEOLERIET. T7E/LHE
(Square Test) ZRAWLNTITotz, Fh=. BRFEREE 2EOHRFMAEN L OBEERETZE
To1=. BEAEREMTIC(E. SPSS statistic 17.0 (SPSS Japan Inc.) ZF (T, Mann Whitney

Utest #4727z BEKEX 5% E LT,

k-] R

) SEEEO L

WBSCR17, MC2R, OTR, OT [2EWVWTRIBMLGR E—RULBRIELE THEELELH D
SRR DNz,

HMERANMT S LET B,
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2005 EDA XDET /) LEESIOREZHLURE, 1 XOREBLIZET EH5/ LT FEHEN
EEICITON=. TRODHARMRICEY HIFohi-4 XORBILDBETRERRELHH,
2 EBONDELEFOERMICITGHE - RBEEEICEH D LDONE K R onr 124 5
TASRAVELERTHD B-7I57—EEEBEFOIE—HN, AFHIITHKRTAXTES
KE2TWBIENHALHERY, A XORBLIZETASAEILLRERIDELELIKRELFE
Z2LTVSDOTEGELMNEHR ST,

—AT. AFThIhoAXINERBESNT TElR] (B 1DERE OBRELLTTA
SAEILBEADEESNEBN-DON, XiE. E FPEMZRDLIEELITIIORBIERLE
EL I o DEEFICSEREADLN >FONMIBALNCLEoTLVEND, ARRTEE 1 &
Mo 3 EEFTORRICEY. 41 XOREFL (L) [CEREMNEEL TV =L#RILT
BY., XETIH., TASAHILEONS XDOREIL GEL) (B 1DKRE) OFREELT
BWONESHERET S L ELT

EXOMBARZEOBARKXE. ¥/ LT74 FRARIZCE >TEGHICKRBAAAIITEND
ERRMONTVBRIBBERTIL—TICEFNSH I EARALNELOTIVS 211, TASA
HIEREAA, 41 XDREL GEL) (551 DK OFREE L TBLEHERICIE, R
MBRXO7E5—EaE—HE—BHLEREBELLEBETILERABETHHIZENFEEIND,
—A T, ErDEHMZERODELLITA XDBERLEI L TASAHEILLIZEEY &1
FITERENIN S FHEICIE, FEXOPMBARO7 2 5—EaE—RIFT—BHGEXELY
LN ERFEEIND,

BRIZEFTA2REDA XDEI, BXBKRHDERTHIEERENM RO ->TW

%4647, 4 XDEFIF. EERFUNCE LREEIZED 2 9, RAEH 0 F0OREFKD
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EBFMNGZCROM-2TEY . BATEEMNRET SRTOBIFRN oA XINFELT

W= ENREINTLS, BARTIE, HERKUBICEIEHNBRAICTONTEER

I

ZRHL. RHEDEDYDENCE T, ERXROMBRXO7IS—FaE—RICEEZE
ATWAHAREMLEZ b, RRIC, BHEEDLY ORVHMBREDKIED, BEHRXST
BEEMAEFEEZ > TV EARERI MDD HOTERLRELY L, 73 5—FaE—#H%
WEWSTHREDLHD 3. 1 XORFBILE TARAHEILEEADEIL L DEEEZHELNIZT S

CEEBMELT, AETHR, FRRUBEHRO7 2 S5—tFaE—HZHREL .

2 MHEAE

D XREBY
AAH I 1288, FEAXK 14 56, 56X 34 EEOMAX (EAFAED#HE T & Y DNA Z#H L 1=,
MROHEERHFIE, TFLUO7I 0T 5B (EDTA) ZRVV=-, FROBRAE. B
MFERICTRESNIZLDEEE N0 =, U TILEET20CICTHERFL Iz, ¥
RiF, —BHIZRy FELTHEADNATVSER 1TEHERALTYERREZDORLVVEE
DRETRENMTON TN HBNEE 1TEZAVV -, RARSYERARFREIHADA X DR
BEDSLTRRORBEZIT2>THEY., TOHRRE, BXEE—MRIUGERELERT, XL
B, ZAROHWNE., RELHFEVEFO/IXBADETMoREB I N/ X LIEVBE
RO, FEREMLGXITL—TUNADAXORKRELT, TFF—IL, REZVF—F

T—RFILEDHRLGRIEDA X 25 BBEALV-,

2) DNA (O

1% X FF A D #B# FrAY > D DNA i 33 3 ELRBZRDFIETIT o 1=,
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3) AE—HOBIE
aE—#DBIFE(Z(X. TagMan Genotyping Master Mix (Applied Biosystems) % L f=
TagMan Copy Number Assay X (& SYBR® Premix Ex Tag™ II (TaKaRa) #fl\f= qPCR
T2tz 754 X—0TO—TDKETE Axelsson 5DFHI 0 ZHELY, FiEIEA—H—D
70 bVt o =, REMREICK, A XS/ LET 2 AE—THET DI EAMBAT
W3 C7orf28B &AW, Y FILIE 1@k 3 E3TDBIE LTz, TagMan ;& qPCREZEED

Hifitdz, ALYV TILERDZEITKYRER LT,

4) HREHERAT
HETALIR (X SPSS statistic 17.0 (SPSS Japan Inc.) ZRL. BEK%EIX 5% & LT=,
Kruskal-Wallis test & U Mann Whitney U test (Bonferroni f§ilE) %#1T>of=. A4 H I ®

35 120U TILE, SinfEs LTRSS LT,

5 3 LEES
FAHIDTIS—EAE—HERITHAETHRESATNSGELY . 2IE—EETH
tzo Efzs AFHIADEGHESALFRLEZEEY ., MERXROIE—HKEIF A DI &
UHEZEWN—RBREL Y DLA o=, —A, MRBRERLCKRBHBRIL—TIZE
FNHERDIE—HIT, —MUGRELREBETHY ., RROAFTHIADEEGHES
ERLERBREG o1z, MXEDIE—RIT, RRO—MHLGRELY DG, MERE

Ushot- (R4-1, B4-188),

FEAH BE
MEROIE—HA—RUGRELY LGN & ETHARICEIYMBRERLC

CFRIBMGRIILV—TIZEFNEITEIFOIE—HIMBREREBETHSH1 2L Y.
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[RGB RTIN—TDORTET I S—EIE—HOBEROEEN—BHLGRIELY L D74

I

WeEZOND, LHAL, MRARXRERLCKRBHARTILVL—TIZEFAEIEROIE—H
[F—MRGRELRBETH 7=, FRXTT7IF—HIAE—HOEXRNEZEI > TWLS
FRELTE, EXOFRENSRBORFREFTHY . EBMICRELGVEDLYNH -
M THISI ENEZAOND, EREIHBEENODARDERELEBICARIZALT
SrEEOLN, TOERBERLEICHRRICLEFE>TWN 21252, T, SiBEEMRFRE LD
[CADTERERANE, RFAXLENTELLLEONTEY, BROBAREL LD
EHLADSARINEIZV A XEABLENOH L ADTERLAIXREDNATY Y KT
HHEEODNTND B, ThoDZELY  KRDFEEMTHLIERBEORFRIIAHLE
[SEWN=6H, ERIFAHFENLRFELBICARINGICA>TELAXOMERS RIS
BOTHT, ZOEHIZTIS—HEaAE—EHINEL Lo TVWEHEERLZ, —AMAXD
FEMTHIMBREHEHFLENGEN=DIZ, HILLASTELAXONDOFEEZHF
WEIFTELT., 7E53—EaE—#ADPRNEFRLEZBR Lz, T, BIRRWNI &I
X EDREBIIMBAREFBCMARTHS, BXEDTIS—FaE—HIERLYD
DI WNVERE LTI, REMABEFENGEIE LD ZOMBHLREENEZ 5N HH.
FRFKIC, XD XOBEZHOELTRESNATELLHICTIS—FaE—HK
DERNHFYERC LGN >FEBEZ LMD, RFAEICKY ., BXEFRNSEH < BARS
BICWV=AXDOT7I73—EIE—HIDLEA =2 ENFEEIND, 1 XIFARHFFREF
MAEFZE>TW AN 0MXRELTHERELTW ., 2FY ., A HILYELMXDS
NTASRADBEIZRITTEY ., TR ENRBILICEVWTERLZ 2=DTREGL, EF
DAEMEBRODIELLITAIXDBEBRLEILL. ChoDEEGFIEREAMMSF2E L

IFAXF ST,
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41 RBELEAREATHIOTIZ5—EaE—HD—&

Wolves/Dogs Diploid Copy Number Wolves/Dogs Diploid Copy Number Wolves/Dogs Diploid Copy Number
wolf1 3 Jomon—Shiba4 11 Shibal6 14
wolf2 3 Jomon-Shibab 9  Shibal?7 16
wolf3 5 Jomon-Shiba6 14 Labradorl 16
wolf4 3 Jomon—Shiba7 12 Labrador2 34
wolfd 3 Jomon-Shiba8 20 Labrador3 29
wolf6 2 Jomon-Shiba9 11 Labrador4 10
wolf7 2 Jomon—Shibal0 10  Labrador5 12
wolf8 3 Jomon-Shiball 15  Labrador6 7
wolf9 2 Jomon-Shibal2 9  Labrador7 12
wolf10 2 Jomon—Shibal3 6 Labrador8 15
wolf11 2 Jomon-Shibal4 13 Labrador9 15
wolf12 10 Jomon-Shibal5 8 Labrador10 10
Akital 13 Jomon—Shibal6 10  Labradorl1 17
Akita2 8 Jomon-Shibal7 11 Labrador12 8
Akita3 10  Shibal 21 Labrador13 15
Akitad 9  Shiba2 21 Labradorl4 15
Akitad 9  Shiba3 15  Labrador15 9
Akitab 6  Shiba4 22  Standard Poodle1 14
Akita7 4  Shibab 12 Standard Poodle2 12
Akita8 10  Shiba6 13 Miniature Dachshund1 20
Akita9 12 Shiba7 15  Shih Tzul 15
Akital0 11 Shiba8 19 Bolognesel 24
Akital1 9  Shiba9 17 Beaglel 3
Akital2 6  Shibal0 25  Miniature Dachshund x Toy Poodle1 14
Akital3 5  Shiball 19  Miniature Dachshund x Toy Poodle2 20
Akital4 2 Shibal2 15 Mongrell 14
Jomon-Shiba1 18 Shibal3 23  Mongrel2 16
Jomon—Shiba2 15  Shibal4 11

Jomon—Shiba3 11 Shibalb 13
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FFAH (=11), MEX (=14), BXE =17), €KX 0=17) , —BRHLEKE (n=25).

Mann Whitney U-tests wih Bonferroni correction **, p<0.01 *, p<0.05

x2=48.3, df=4, p<0.01
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THEBISELVLOLHNE., Z53TRAEVDLDLHSZEAHLIELG o=, FFERIC
I 5EREERAMHATSIELET S,
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LTI, AF2a457 08— @BHV—1"—)L—1—) ’NELXTHHH. @EHEDMHIC
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