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18 RIDEBRERE

REEREDEKRIT, BADRENZERITHTE L., BioHEEAICEDLEK
7L, BIEIN-EAARROREMNSREREZEET DI ENS, —EDEEXZE
RETBHZLIZKY., EFLVVEGFRZERRNICEET S LITHD. TD
8. I#fERERBRICE DV TR EGRFNFEICLYEBOEGHNEED
EHTE LEBRNTONTEz, —A. ¥/ LHAROERIZELD., REICEWLT
LECHROERNZREIZEHS, DNA Y—H—ERBFREICES T & EMHEE
HDWIEEEFE (QTL) & OEHMBFTMNAIEEICAE o1z, EHEENISEDIE.
DNA ¥Y—h—%EZL LT, BEBEICES LEGTFREERT IHLLE
BEDBEFENEETE S, £/-. DNA Y—H—%EE L LE-BEtERERE
BEFOXFYVTDORY)—=V T L0812 5,

ENEOZFEL. HMEOFAICHLTELEROHN. SKEDAGELRE
EHOHTEHLOLVEHTTEIR M - BRELEZEN SR TNIEL SR VKER
2H5. TOEOICITBERHNDOERATHLIEERRE~DEEEZHEMICITS
CENRBEATHY . EROFLVEERMORKICRRICEF I ILENH -
fzo SOEIBKRENL, BHRKEEDTHRENDL LIZ, BARFRBFEESRY
(81) 2EHRE - EERESOCERZH T, BADPRBEESOBEREESR
DEEIZE Y. () BERNBRMESMECHARMARILEINSGZLEL-
T=o

TR 4 FEMNSEIRINEHAEOTOS Y M. D EKRBRIS AT LD
FARMNSIREY . BIEHERD DNA ZENEDOHILCABSEREREDYT / Lf#E
MANEIERIERENTE =, BEFREN R TLORAKETIEIZEHO DNAT—hH—
DFF - B E~ADHERMITZEITL., Ch6DIY—H—ZBEERT S
LIZkY ., EERBINCRFEENERALIELGSTES I LEZBHLMIT LT,
BEREANDF LT, FRADORL—YE) T4 2RIETHEAMERMEDE-
TW5, ERMHEFETIEH. RBENE. BENE. RV, RILR2 A4 VEICRES
NI-Ft S BDEGHERDELGFERELTEX v ) 7D DNAZEEERRE L=,
FERR6EENCBREREDENISHBE A, COBETCHERROEERE
BELIRFEERMAEE. BEICELEFTHESIA, EAERFMOATELEEIC
EOTRARGHFKRELE>TWVD, BERMEDOHENTTIE. BHRHECHRAER
[CEA59 % 60 ELUED QTL Z6E DT (P<0.01). & QTL DHREDHEZH



#H. QTL DEGBFZDELDEREIT AL EHEHKITTLNS,
ERABEENSEHIZ,. 9205 7 LR EDQEBRRMOBEREOEEMEE
BOXv ) TEWBEMOMRBLLELZED. BEBEQTILOBELNEFAL
LFEREFZIOMARZEZL L THEZESHTE, FAORERE T, EN
EORRAFELTRESINTNWESEENE - RILRZ A ViE - BEEMELRIL
RAEA FERDRMIED 3 &M Z DNAERCTHRA T S HEMEMILT 5 &I
DLt

FRK 18 FEMNLIEFT-IC7 DNA BRICET S 10245/ LBEXERRE
E£X (WA4 DNABREEILEE) LU T4£8EBY / LEFEE - MIMMEL
BEIMNBFRY., VT LRROELGLERE T 4 —)L FTORREEZ
Z. BEEREGCFRROBHFLEEDDICETHEARDTEEZAEM S>XIE
THEWLWSEENREONT=, V17 LBENIEEYT / LOBFEIZES Y—IL
DEBICE>THENMFEZDLDIRRBHMNGT / LT A FEEBEITAFE
BLTWD, FaL 20 EEICEVT, COFFRICEDE S ITHE LE=AIZDN
TIEUTEHRLTLS,

BEETR4 FEEENM2 4. IRE2BDFT4E200HKEL. HROE
B-RKELEBICIEREE L, FR 20 FERICIIFREZESTCEETM I 4. B
REFI 1348 (ARE 74, IRBHME7R) &G oT,
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F28 FR20FEEOHE

1. BIREEDINE

1) 935/ L@BITAY—ILOR

(1) Vo247 / LEESDES & SNP FF
(M -1. BHAOKE CKE -H T3, 200951 8)

REAKEDNA O—7 o —DFEIGT., CNETULEICKRALGRE, HLHLEMA
BOS / LEINFENDDOH D, I UIZE L TIE, KETFH XI(ZH S Baylor
ERRKOE N/ L= 0203 —I12&Y ., TTICHEE DNA o—4
VY —%FBT WGS (Whole Genome Shotgun : £4°/ LZRRIZS U F LI
BLSlERELIzB D) & BAC skim (74 H—T1) > FTEF|{E L1z BAC ¥
A—>%, B— 3 LI, T=ILLTHRALESD) TY/ LD 71 EROE
FIMNFZENTEH Y., 2007 £ 10 AIZ Btau_ 4.0 4 EBEDEH) D5/ LEFIA
NI TLNS, Btau 4.0 [£. EST (expressed sequence tag M, FHIH L T
WHELRFDEIND—E, ) DAN—FENS, 95%DT / LEH/INN—L TS
CHEINDD., BIPICIE/NESLEF vy TOZLDODOEERMEN (FEVT
LWIZ—) BNEEINTWS, 7/ LEFIFIZ7EYTILEnGEh > F-EFIF.
ZE{ATE (Chr_unknown) & LTRALEINTULNVS,

KEAY—F U FKXTIE, B2ODT7E2TS5—Y 7T +ox7 & Composite
map GE1) ZRAWTHEIZESIZ D% E. UMD _Freeze 2.0 % 2008 £ 11 H
[T LTz, ShiL, Btau 4.0 [THEART, 1 7%Z2 < DEIEZZSA TS, 5
(2. XZBEKTBtau 4.0 K YZLDEFIEZSATHEY., £, 26 &L 27 BE
BIRTIL, Btau_4.0 EBRHIAFELLIZHE > TS EFRMNTEE L TLYS, Composite
map ICIEXEENTULAL UMC EEHMRICE TS AT —Hh—EIE
UMD _Freeze 2.0 &E—EBLTWWAZ &Md, UMD Freeze 2.0 [E, RIS TR
LEDORWT / LEBSIENZ S,

7 LB ZELIYERENDEWNEHDIZT 512012, Baylor ERIKDE 4/
L= 03 —7TlE, RIEKE DNA >—4S o5 —2HITH 13Gb
DEHZEZHFOFETH D, BHE. KEKE DNA O—F o3 —ZFRAT, XEE
EEBREMER (USDA-ARS) NRILRAA VIEDY / LEHIZE. XEI X—



JRAT v HRAFED cDNA DESIZHRATEY ., Chd3I MR T/ LESD
BHZETIFELEND,

(;£ 1) Composite map £, ZAEZFAMNFEFEK L = Shirakawa-USDA EEHHE (4,881
< —7/—).SUN-RH #1[¥ (5,513 &) | $ & U, Alberta-Missouri (UAMU)EEH 1K (2,564
<Y —7H—). BovGen RH #1[&] (9,190 ). lllinois-Texas (ILTX-2005) RH #t[X] (3,484
) #XEEHFENEMNEM (USDA-MARC) A& LIzt DTHS, Btau_3.0 Tl
Composite map A{FEHN TL =AY, Btau 4.0 TIE. ILTX RH #X & BAC FPC #1[X],
EROARXT ) LEDY T Z—RBRIGENFEDNATIND,

—hA. 945/ LESIBtau 4.0 D7/ T— 3y GERMT) IHAREEDER
ESmMTIhn, AVVY—STALICKD 07 7 LABRAIBHROBINRERTE
FTHD (HABEFEDOERMARE), ThIZCEDE. DPDEREBARTIE, E P
IR EDMDIEICEER T segmental duplication hE < Z>THY., FZ
[CEFNTWEEBEFNEEIND LI TEEBEFI7ZI—EGEoTL
%5, TOEZELIZERAREICEETSELDT, #HRELT., VUEERPTIR
FYBRREICEBET S EGRFESEEF>TLD, Thnld. VINRER
BMELTEILLTHBET. REBFOMEMREIES L TRELREZEIL
SEDSDICKLETH EEZAONDS,

SNP F v FIZDWTIE, RERE DNA O—F o —I2kBRILR A A U8,
TUHRE., TOMRMERFRED) O—7 201285 SNP BHEERT.
2007 &£ 12 BIZA L2 ofilREnd & 5I1CHE o7z, ShERWLT, 74
AT, RILRE A VEDREEFEIRE. EEOBRMEICL DBIRENLS
J LEIEIZBITLESELTWS, 7/ LBIREWVWS DIE, FEHFHTFEIC
DNTHDESNP DELRFELEEREMEDEBAM BB EHFOEENZFEL.
BIRTEHEVS3DTHD, HABREOERENR-AnIE, BREMERICL
RT, BROBEZBH ETOBEMPCIR FZEHFETEDZDTAY v FMEIKE
L BERFEBREBEICHANDERZELT-OIZ. MROKREVANDS 384 BEAD
SNP ZHWVWTCHEMEFDRENZHTE T H LD,

R4 TIE, BLFFEZCDBEHMPFEAESNA TGO, 7/ LERIETH
NTUWEWA, Taylor 5 (S X—1)XK) &, TUoHRAEDE#S$ 2,000 EED A
A E T ETL. BBIARHIZDOULTIL 129 D SNP T 59%DiEES5 EIH R



TEHELTL S,

(1)-2. 5EDEDHA

RILARA UIE, TUOHRBOHENIE, 50K SNP Fv T THREM, RIERM
Iy EUJIZIL300KSNP R ELDHEEL $H S (de Roos 5. Genetics, 179:
1503-1512, 2008) , 2EFFEICDLVTIX. 50K SNP D ZE M [Lith RFE & (ZIXF]
ZET.HAZEEQTLOKSICHRFBICEHFEEL TV S QTL OFEFICIEEMTH
5. BIHXHEDOLSICRENMBICHEOBREDIYELTIZTDOLTIE, 20
FAZREBICRIIT A2 ELNH D, T, RBENMETEEVOEKICILERES
FOEHL-HICEFADEBEENE Y PT <. BFEROBRIZIRALET
HEIZENOMN>TETWDS, BADENAEERA. BINEZHITINE
BH b,

(2) VVEEFORBE IO TI7M4IL
(2)-1. SAGE I2 & %V L EIHIRAMEBEF IO I 7ML

EEMEICETOIEBRHEOERETEHLO TEET. MEMABICE TS
HESMENREOTOEREHTESINTLDS, BIHMRSMED S FEMZERID
RIET VR 3T3-L1 MR TEHMEICTHON, TORBOREHBEBLEASHIZSH
TWb, LA LA, 3T3-L1 HIlEMERIEINBEREHETILTHY ., v
DEMXHEETILEIEEZIZCL, BRE S (Biochem. Biophys. Res. Comm.,
213: 369-375, 1995) [XEEFEH FHfEFER Bk DIEIAAIER AR (BIP #Hi2)
ZHESI L. ¥R 3T3-L1 LDEVEHE L TE, bhrvbhld BIP OREAH
DEZEBEBHAREDETILEMEM T, HMEICTHE > TREREOEILLT HETRTFDH
BHETOID74) V%75 2 ECIRBREO Y FHIERAZREL-,

JO774 1) %1% SAGE (Serial Analysis of Gene Expression) iZ#FHU\T
fTofzo SAGE &El&. >—V TV U JICK Y EGFEBEEEYICAI=—V 54
J (3-UTR @ 14 1EX) OHEHIU T HILTEGFRREEZHATSA
EZTHD, FEDZIMNBET HELRFERFET HIZIEE mRNA BFIABEEEI T
HEVENHINGEFEDI T/ LEFOERE£IZRefSeq 54T ) —N
FEEL. FTDHE. SLICIEFTOEBERADTVE VTN AREL G H>TE
f=o

BIP #ifas1LRT (C2) &4kik (S4) A L{ERLIZSAGE 54735 —hm5




A5 157,161 24 (C2:75,283 {&. S4:81,878 f#) %1F. 30,989 D1 =—%
AT ERBRHE LTz, HMEICHEST 401 44 (1.4%) OFBAEML., 477 25
(1.2%) ([FiEd L1z (P<0.05),

YISO a EkIckYFILS (Differentiation, 65: 281-285, 2000) . LU
b (Animal Science Journal, 76: 479-489, 2005; Doctoral Thesis, Gifu University,
Japan, 2006) & BIP #ifa bR IZRIBAEM L =B EF 2 LV < DHERE L =45,
NBDEBEEFDS>E, CEBPD, COL18A1. SCD 1 EDHBREMABFHER
1=, Burton 5 (Gene, 329: 167-185, 2004) YA cDNATA o7 LA
Z R 3T3-L1 MBS E T DEEFHRIEOBIN. B ZRENICFAS =5
BIP #@MEIZE WL TIE 3T3-L1 DFERE—H LB VERFAEZ Rons-, C
NoDBRIEVVHEMEBICE T AEHTEARICEZELZRFTREEZZA OND,

=8B 5 (Mammalian Genome, 18: 125-136, 2007) (£ 4 B3 @k (BTA
4). BTA6. BTA10 LIZE W TEEMRM QTL OFENER OB EMERREN
[CEUZEFEINDZEFHE LIz, SAGE ATk YRREM BIONE SN
BEFDO55. 15 BANLEDEHRM QTL BEAIZT Yy TEahiz, ThboDiE
EFIEAEMRM QTL DIERWERFICEY 5 %,

(2)-2. SRDEDA

SERIE. RUERBEOASNILIFTHEL T U EZAVTRKEDR T ZHL &
TEYELKDEEENMET / LEICHEDIT, BIASLEEERFY Y T&k
HIDFETHD,

2) M EIEMERED DNA DU EDS
(1) BFRER - TR 9 F—FFK 20 &

(2) ARBMERFINDIRE

VUDEEEERDE C FERBAMEMSLSMERFETHDS, CNFETIZ S
BORRDERECFREICHRILTEY ., D/ IN0EENLTSIEHKE
BREEBEOF Y )7 (ARELFEANTRIZRAET HEK) Z DNAZEY S
FEEREL. BEZMILET S,

AEXTH, Chod&EE. HHWVIE, KRICHT HFEZME (EHRME) (2D



LT, DNA Z$ERE LRV ) —Z VI FEZHRRT S LRI, So(2EA
TEEMHEARFRRREGFORER - HEZITI. cOXIGAMNERS NI,
BREFOERZRHETHIDNAZHICEK>THEFY Y TDRI)—=ZUTHTES
6., BEREUERFEOREZGHL OOF v ) THDEGCHENZEREICENT
CENTES,

(3) ARFAREDERBZFE LR

(3)-1 DB ERRAETD TR 19 FEFE TORE
AREFTRIFEENSERELTEY ., HMEFTNERKBDODEREEFERE

L. DNA ZHFEZREL. RERREFXAIREEHFZITO>LICG-H>TY

%5, FRI9FEFTORRER1ITRLT,

K1 BEREERROEGCFRTOELD

gHEERE | 88 RREET ZROES ;&;’;1 "
5 0—5F 4 »-16|2EME Claudin-16 |37 kb DKRIE| HY 218
v &i-tn3 (F7ER)
EYITTUOMBREENME MCSU | 3EEXIE HY i
RASSE (FFl)
Chediak-Higashi |REff& CHS-1 |1 EEE#] HlY g
fEIR B
5 0—F 4 »-16|2EMFE Claudin-16 |56 kb DKRIE| HY S8
RIBIEFA T 2
HEEMBME/NBEME LIMBIN |1EEER HY 21
{ASRIE (F3R) 1EED215

HEH
RIS AR AE RILRA| HSP70 [11kb DXRIE| HY 218
2

RBEMETIEKERE, SEEFOEGHERKICRYBATE =, SHICLE
RDRREWNET 20, EREDEARPAEZED D EHIC, REORERM
PHEFEELGELDEREBILZEDTE .




(B2 DI EEHEEDHEMICEADLLIFER 20 FEOKE
(3)-2-1. RLEEREE (BREDERHAR)

ZLEERIESE (ATPP: Abnormal Teat Patterning Phenotype) (&, 2 %} & % ZLEED
1% 2KFLF1ARXZREITITIRBETHD. HEDREMNEBEEF ADE
FTHREL, TOHEEICHENLGTNWI LA L, BEEBAMOECHTFRBE L
FEZ bt BEFOREMY 78R 5FF0 DNA Sz rl6E(C T 516127
J LR Y= G5 %TWN, CRETIZTBTA17 £ O X7 (ATPP-1). BTA1
o rOA7 (ATPP-3) LT 0O*7 (ATPP-2) IZEAEfEEZ~ Yy T L= (HE
5. Animal Genetics, 38: 15-19,2006) , £1=. T b DMEFIIFEESF THREIC
BoTWEh o= enn, BE—gEERETELEW ENbMoTf, B
[CAW=2TO 2 AXREREE 47 BIR) [ERFANS ATPP-1 YR NTOA
A TEZIHBVTHE Y. 3EMOFTEERBIZIRLRECFS LTV, 22
T, BRIF. ATPP-1 DT 74 IV EVT EERMT=,

2ARRBERIZE T HEABABEREZFAL T, ATPP- 18I DT 74Ty
ET#T5HIC. 2 ARIBEKRITED/NTOZ A TZBHERL. Eifd A
HENTOR A TELE L. T DR ATPP-11815% 3.15 Mb [ZF THSH =,
COMEIETE 4 BRERKICHEL, 7TEOEGFIFET SEEZONT-, F
f=. BHEFDOR (ATPP-1 YR NTOSRA TEHD) 2HRET DHRIDFEHES
BODEFMND 2ARBEARNREEL-CELL., CO2AREBEARSLUZD
BHFEBONTORA TEFARD I LICK DT, S5122.04 Mb $BIBIZETH
Oz, ATPP-1 SBEICIET D BLFIE6EELE oz, TNLERFDSIB, &
HMEATT S/ BEBRZMRED SNP AR SN-EEFIX Gene_1 & Gene 2
D2ETH o= BHFAEFEZRAVTINGELGEFD SNP 7 LILEEEHAN
= Gene 1 M7 I/ BEE#ZMHS SNP (X, 2.04 Mb D) R N\TOsr 4
TEREKDHEEZEZRL., KRR LHEET S EBonfh. Gene 2 D SNP °/F
WOMD SNP [, ERLGRBEEZRIERICLSVMEETHEEL TLV,
Gene_1 W B HGREERFEEZEZA DN,

(3)-2-2. HIFHERE (BILUXEEDHREHZR)
EEMEICROoNDAIRTFHEEL (Forelimb-girdle Muscular Anomaly) @



fRfTEIT oz, R—HIEOERICEWNTINETIZ 2 BRELER LI, X
BRI THUL L TEFz, LALGHS, . 3 EEOERENMEY RS NI,
RAFZSEIEVRR CGEOEBEFZEL) ICET L 26 BEOREFZTED.
DNA #5f8 L1z, £FBALICERELZ 28 BAOIA /0T34 I —H—
ZRAVWTRELDEEZRARN-ECAH, BTA26 DTAATRIICHEY—H—F
NRIELAEICEHLTWS I LA ofz, £ T, COBEEIZEHIZTT—
A—%EBMLNTORA TR LEBR.FER19EEE TIEHBEEZ 3Mb
FTROD. KA E LTEHORMBEGFIFET 5 (FEFH : Masoudi
5. Animal Genetics, 39: 46-50, 2008), = Z T. ¥Rk 20 FEICRERK S —4
U —ZRAT, COTEIEO DNA B 65T 5 &EZRNHT-,

(3)-3. SERDEDHA

SEEFLETICEEMEDOIBERBRED YRV LB LB NGIEHERLGTF
Gene 1#RHEL1-, §#&lIE. URIESNPIZ&57 =/ BEEMED Gene_1 4
DN EDOHEEICRIFTEEEZRARLIFETHD. VOHERIDEBE S
BAFITLILELVHAROERICEEL RN D, AIRHHEEEICDOLNT, X
HE L —7 oY —TlERMEEROLES Z#Fx L. REEGFOREZHET .

ERNTHEELTLSFFDERARIPIABEORBTHD, TOEHIZHA
BRGSO T T ET50ERH D, REENSRENMESLURILREA
VEDE®R 20 A b VWTRE LEFH4RTY U TILOIREEITL. HHEERRK
DHFE - REREDETLEEDAREMZRNS,

(4) BR& L VBN nIKiRn

2006 FLUERD I VBEMERFORRETYT 7/ LBITADY—ILHAFTREL.
Flz. EMGETHEBRROBHNEBRL WD D, HROERNHTF
ENd, —AEKRELTERDZHIZHL <. BUDHRBZRITERDERA.
RREGFDERLGHIEFEHEMOMRICLAMARLENE S HELNES,

1. B¥5fE (Syndactyly) : RILR B A VEERT U HRBIZE N HEDREE T,
EEEAMLEEERERELTHLONTVS, TFHRAVIRZIVERKXD
Johnson & (Genomics, 88: 600-609, 2006) (X7 > HAET L4 DA TS5 4
VURBMEERERE L. —A. 732X INRA D Duchesne 5 (Genomics, 88:




610-621, 2006) [7RILR A A VFBIZHEWTE LEEF Lrp4 O N1621K &
G1622C MEHLT- 2 DDT7 I/ BEEZ TN ETNEEENRE L LTHEREL
fzo Lrp4 IFIRFBERERZ VNV BLETEI—DAUN—T, YIRIZEWTSE
{8iE (Polydactyly) OREREERFE L THOEN TS, HELEMO DR
[CEEGERANZHFEDLLLY,

2. WERRZIE (Zinc Deficiency : B{x1E H L T £ 4E . Hereditary Parakeratosis) :
71— F U, Black Pied 8, a— b R—VBHEICRON, ELOFESR
RZHED 1 DTH S Adema Disease LFEKRMEUT NS Z &M, EEREEA L
LTE< ZDREEGTF SLC39A4 ZZREE LTHRITLIZECA . RTS3142 Y
SJEZERZRE L= (Yuzbasivan-Gurkan & Bartlett, Genomics, 88: 521-526,
2006) ,

3. MEBEEMBE/IMAIRE (Chondrodysplasia Dwarfism) : #8EFE TIEAED
[RRERFE LT LIMBIN A EE Stz (FTHB 5 . Proc. Natl. Acad. Sci. USA, 99:
49-54, 2002) . KEDTHFR A —RBICRONIRAKGERFTHLITILEFY T
FHEDREEGCFITHBEDEELRS THS Aggrecan 2 /N BEZEI1—FKL
TULVfz (Raadsma . Mammalian Genome, 18: 808-814, 2007) , Aggrecan 0
FENIVVUICETR4BEBAD-OMENG Y VNV ENEEEING L
Y, MBEELNTELGLLE>TWSEFERINT: (FR 19 FEFRICEE).

4., BEEMEZEHEE (Spinal Muscle Atrophy) : 759 VXA RFEICR bh 355
MHEREIELBAELSMETRTHS. RRHENICTEY 3 DOEMELRT
FTHRY . FVT1 (3-Ketodihydrosphingosine Reductase) M7 X / BZLT R
Ala175Thr #RH L1=, Z® reductase [FR 7 4 >3 VHEREESRICAR AR
BRT.COT7I/BEEICKYFEEIER LT (Krebs 5. Proc. Natl. Acad. Sci.
USA, 104: 6746-6751, 2007) .,

5. YIHRERAT2EIZEEE (Caprine-like Hypoplasia) : 1999 FEEMNS TS5 VA D

Montbeliarde FETY XD LS LEEHFHEE T OIHRERLENSH LT, 150 58

LEOREFZECRREHZITL. BTA 13 O 6 cM fEiBIZT vy T L1
(Duchesne 5. Animal Genetics, 39: 112-120, 2008) ,

10 —



6. XM REEEA (Congenital Muscular Dystony) : Georges 5 [& SNP F
T (AILZF60KSNP FYTRUT I ALY IR25KF v ) ZHNT
EXEAMLIUHEGROTYE TV ETV. REEGFOREICTHIILT:
(Nature Genetics, 40: 449-454, 2008) , Belgian Blue f&[Z R 51 5 £ XM/
REREE1E (CMD1) TIXRERK 12 F%FAL. 2B D CMD2 TIIFAiEERK
7 l%ERAL =, CMD1 TlE Ca* Ry T TH D ATP2A1 DEREE|TT7 I/ B
R Argh59Cys #RH L=, Ff=. CMD2 Tl&, YV LY FSUARKR—E—T
9% SLCOAS DT ) L UEEEME BT 7 I/ BMERE Leu270Pro Rt L 1=,

7. BBIRMEA A (Ichthyosis Fetalis) ; FE2 &R Li/X T Georges b, 44 1)
TOXF7_—FREBTRONSBEMEABBOREBRARIFHEZHAVNTSNP F VT
TIYVEVI L. 75 F UMBETREBZEE1TD ABCA12 D7 X/ BER
His1935Arg Rt L=, COFEEIE ATP &2+ Y., 1935-His (XEMFET
RESNTLWLADOTRERANDEELEZ bNT-,

—7. Drogemuller 5 (Genomics, 92: 474-477,2008) [X. R4 ADF7 =—
JTRETRONIBEMABBOREE LT, RALEERFTHS ABCA12 IZHID
7 32/ BMERE Arg164His ZRE LTz, T 164-Arg LIRS REFESNA TS,

8. U EREJE (Arachnomelia) : 75O VAL REICRoNSEFLBAMLMHE
&RV ERGEDFIEMRK 1551 Z ALK REHRTBTASD 7.19 Mb f8iEIZ < v
7 L1= (Drogemuller &, Mammalian Genome, 20: 53-59, 2009) ,

9. [LERfE (Cardiomyopathy and Woolly Haircoat Syndrome, CWH) : &AL
T4 — FRETRONDDHEIIARENEEICRZ 25580 H L, 13 RE/NKZE
AL, E FOLBHEDCRREGFEMONTIND 7 DOEGFEEIDREY
AT 4—<IvEVYTBTA 18 M PPP1IR13L ##H L1=. CHOEEZFNT
9V 6D7 bp DEEMNRREEZ SNz, PPP1R13L & NFkB interacting
protein 1 THY . REPREILELZEICEHET S5 LA BN TLVS (Simpson
. Animal Genetics, 40: 42-46, 2009)

10. #LEELDAREE (Dilated Cardiomyopathy) : FRILA B A UiEDEL LB L
T& % ABC Reflection Sovereign ZiatE & T 5 EFBAM LS M ERROILER




IDEREMNT Y EV T Sz, REBIK 304 BlD/NT T 4« VEITDEHEB, SO
DNA A AW NT=, BTA18 M 1.0 Mb TS 5N f= (Owczarek-Lipska 5.
Mammalian Genome, 20: 187-192, 2009) ,

3) ARG EFIED DNABEFEDRSE

(1) BFRER - TR 6 F—FFK 20 &

(2) ARBMERFINDIRE

HEEDYT /) LRTHAROELERT, EEMHEZAVTRERLEICESET %6
AREDBEEMRE. HAIWIEGFERET S LZARICLTE, BRERE
[CEAEY SMECELFEZRET 2 & TDONARHREZEAL-BEZEAL
ERR

(3) BEREBIFTDT-HD DNA > FILDIRE

TR 6 EFEENSER (19EER. FH 20 £E) - REXEEXHMH - RFXE T
VEA—EHBIMREERL TS, FHEBEFZRETIRRELGRAF T &
STEVWRRZERT A EIF. ERICEVWTIIZRLTEHS DEENEE DD HFE
TIBEL R BEESDOERICEETHY .. D, SEEFRLGHENARROER
IRFREICEET HERLRT (QTL) ZRET H-HICERATHS, £ T.
FAXMEORAXESZICS O TOHEEFEROBPELNEIEEELEDODNAY > TIL
FRELTWDS, FR20FEEFTHONREDKRIEIKR2DBEY THD, Chiod
IWEL-E2EEMEODNAY U TILBDREIEII A8 FLiEo1=,

*x 2. Fpk 20 FEF TOREME DNA 42 TILIREKR

FE IR
13-19 £&t 31,657
20 6,559
a&t 38,216

(4) B EREBH
RERE (QTL) DEWIZE LT, LB84E EBIKAT 1 X, chromosome-wise)



Oy ) LE (57 L4 X, experiment-wise F 1=[% genome-wise) [ZHE K
EREL. SERTEEWETHM4 03— NIy ELTETHD QTL Express
(Haley 5. Genetics, 136: 1195-1207, 1994) AEN TS, REORFRE
D QTL @ ZT5BIE. LIXLITEBEZRBGICERTT O, COL5745
& false discovery rate (FDR) [C&k YABHERZRIET IHELH D, EAIE
QTL Express M #FDHEEICIZ. FDR BEH##AE, LOD R a7 EHHeE. IBLL
FOMRTEHEBE. pleiotropic QTL HRHMEEFZEXE L. SHIZHRDOPDF 274U
HALGE FIRAEOFIEEZR LS ELLETOISLTHS Glissado ERHIF
L7,

41, RAFELSEVRRZAVSGEEREQILYY JOEFH

EREQOHRMREME LT o TELRAEETLSEVRRZAVEREERE
QTLOIY Y EV T DR E 2006 FEICFLEH BEREQTILY Y TEMER LT,
COMf. ERRRZRTHRE ST (Replicate Sht=) QTL (X, BRNTORA4 T
DLEE EHEEEFIC K > TEEREEZHEO NS LA, BAEFEE QTL CW-1
& CW-2, BBRA3CH# QTL Marbling-3 TiREtz, QTL ¥ v TERLUBEL. &5
[T DEHEFICTONTHEET £ SEVRRBIHITHON., R QTL DEHE L
CIZERICHERE Lz QTL OBERLA LG I TS, Chb6DT—2 FEMLTQTL
Ry TEEHTHLET, FRAY / LEEICET 2 EHREz ARAREHERNTH
BL.FE  RPOEREGFRERDZ—7Ty FEHRI ELEZHBHELTS,

SEEICENT., EENEIRRDY / LRAXT Y UDHELEENEI RS
BLUVBENE 2 RROEBARR V)=V JOEREEMLTz, TOHKRE.
EHQTILY Y T(E. 24 RRDYT / LAX Y L6 RRDEBHER Y —=2 T
DIEREMNORY . AWEFHRITHERE 12,960 8L G- (B1),

" = QTL #%. Lander & Kruglyak (Nature Genetics, 11: 241-247, 1995)
DEEIZR>TFEFEDDE, THEELEHE] X, 7/ LLARL 5% EEZEAT-
LEDOTHY.79BEG Tz FBEL.2RRV ==V T TEBELANIL 0.01%
FEZBAEIDLEDR) ., TSI, BEETEHEEEEZ LA, 2E/K
LRI S%EEZBA-LOMN 129 AH -1~ (LVFht False Discovery Rate

(FDR) <0.1),
- ICEHRRTRESNI-E£ DX, BTA8 £ BTA12 DFERAE= QTL, BTA
19 & BTA 20 DEIAR# QTL THY . oD QTL fElg T D LTHEESHD




NTO024 T EiTo1z, TOHER. BTA8 & BTA12 DA EE QTL TIE.
TNThEEOERENTO24 THRRE S (BTA 12 (X 2 481 . &£iEf4
D14 HREICEEBBHEHENGFET S0, ChoDHBEBERENTOS
1 JIERETH S LB,

BREBIGTFHEIE VY Y 7 30x%. 2008F108%)
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K TR
- R!H‘J;'l*il!: P<0.01 + O5%{EMEEM : BMS No.—=— KSE—
(REETIX) P<0.001 —o— Em::: ﬁgﬂ:ﬁi _:_
O—ABEN —=—

1 BEMEQTILY YT

(4)-2. SROEDA

BRFOTO>OTVWARAFELIEVRRZAVEREREQILOTYE Y
JIE, BHEHFOEIRISERATEDILVSFRNH D, SEL S OITHTR
REEOLTW, Ty EVTEINE QTLAERRRTHRESAGE. £8
D QTL b, FHEZRYIAAT, BEEELFORELERDI=HD SNP D
EEITADAREELNH D, SEERLE L= BTA 8 DRAEE QTL IZDWVTIE,
EEDRYRAH EEFRAY—H—DREEZTS.



(5) VIREFEREEGFEORS 3 FILoA—=0Y
(5)-1.CW-1 (BKRAEE-1) DOfET (BRESE L DHEHZRE)

E2EFFEBTA14 D CW-1(%. BRETFT I (Q) 1 DT236kg (WIKED
9 5%). 2 DTEKIZ 152 kg DMEMMLBHRAZTSEMHEEZELD GBETH.
Mammalian Genome, 16: 532-537, 2005), TN E TIZ, fHEBHTENTO2 A
THE TR YA CW-15E5E1 Mb IZ(X 3 &{=F (Gene_1, Gene_2, Gene_3))
DHEET D, CILIZTI/BRERIIGL. £, Q EKE non-Q BADER
FREEN L ERERFICERE T 2FNGIRETFIoNG, =, BMMHLGE
EEMHEELD CW-1 DEFEGRFOIVRAADEAIL, RERICEELZR
FIHREFOEFEINE-O, EEEGFERET H=HIC. FEELFZE
BALEEGFREYVREZERL. REEMNEOEFRERT-.

BEIEZFEH/N\—F %5 BAC VOA—2F%EALT- BAC-+S VR =Y

(Tg) YV REZHEHL, TOEFORRMEEZE -, TEMPCR DR, Tg
RORCETH2EABRFEIVANEMEGCFORKEEIL Gene 1 T
1.1-1.9 &, Gene_3 T 1.8-3.1 SN L TLV=A, Tg ¥V R & Wt BIREFRED R
RHRICEE LGN o1z (P>0.05,n=18), —A. Gene 2[EH >, TgIXIRAD
N TR REL., tDOBEHETORBNNI—2HLEER LTz, Gene 2DHETg <™
ADAKEFEBE&EGDO Wt FEF LY L BRI/ ESH -1 (20 BEs, HOFEHAKE
MDE :2.92 g (95% {E%E X Confidential Interval (Cl) , 1.32-4.53 g) , P<0.001,
n=18), >T. CW-1 DEFEEFIL Gene 2 THHAREELE . TDE
RIFAEEMICIFIIZEB EEZAONTz, DI TOREEEYIRESINT
V5 Gene 2139 1.6kb DU T LTI Y UDEEFT.RAORFIZCO—F &
h37 =/ EERERAMN 69 B & . non-coding RNA # DN H 5, 7 Gene 2
teEb-TORDT / LEBEIIDHEREMHEIE, ¥DRXT 54.2%, E T 64.2%TH
Y. £ Tl Gene_2 ITHHT HEEEIINFELz, MERMTTFRA IR
X ORF OB RFHNER X 67.5% THo1=M. TNLIZTOI—FEINET =/ B
BRETII@EEMICHERBIEE AL, Gene 2D EFR3 kb RIZIETCW-1E2< vy TL
FREHETHED 10 EDZE (SNP, del) BNFEE L=, ChDDEEME T,
Sp1 B EDEERFOHEEEF—IMNFREIN (VT 27D TFSEARCH T
HED. Q. g TULDENTEF—IJDEELCHEMENEDLLIZEAH o=,
CDEEDOLR—F—T7 vt4 TIE MEEIZCE>T1.21.3EF Q7 U IILHE<
RIWITHEMNERSN (P < 0.05-0.005), Q-9 7VIETEELARILNEL




HEFRSNT=,

m

S

(5)-2. CW-2 (BZREE-2) DfFENT (BEREE - AR - SRE - ZIFR L DH
E#fZE)

RENMEIRREBENE2RROFZT LHZVRRQTLEMICE L T.BTA
6 LOEETHHEEBICHRRAEEFIIRE QTLMMIREIN TS (FEHEF AIC
BT3F5E5FE69%. 7UYILEBRHE 26kg). b 5EHFEDERE (Q) /\
JO24 TOBEEERES (LD) v v EVSIZLEY., 2D QTL (CW-2)
NDEFEFEEFZ 49 600 kb I2¥&HT-, 600 kb RIZHFEHET S 4 DDELFNDIH.
NCAPG (Chromosome Condensation Protein G) M7 X/ EsE#1 %5 SNP

(SNP-9) [IHREE L DHEEEAELC (P=12x10"), BRENTOL4 T
FRMTHAERVNWT—H—THY. EFEHLBEBZOoNT=,

SHEEIL CW-2 12K 5MDBRABE~DREZFT-, FEiE4 A D QTL f##HT
TlE. CW-2 LRIEFICA—RABEEE R TEBREIZCOVWTHEEBELANIL 5%
LUTOAEMHTQILARHEEIN TS, £ T, M 4 RRIZTDLVTH SNP-9
DEEFHEO—ALHEE. RTEWELDOEEZADE. WTAORRIZEH
WTH, SNP-9 MERE T ILZE D>EO-ATEBIKREL., =, E84
[ZDOWTIEETERIEENEN. &N o1z, LI=N>T, CW-2 [ZZEMERN
RzHEDOQTL T, BRET7ZVIEHRAFOREL LTHFE LR ZHER -
TWdEEZbNz, ChoDERZEICENGFHFEZHEL -,

RIC.CW-2 AT OEHFEDEREFOBICOVWTHAROEBOKREIET
BLIZECA, CW2EEREET7 ) IILRAEBFIERBROXEMERNAR 5N T, g
BB HEFTHS p27"""' D/ v o 79 bR TIE, HMETEAREA
[CHELD-OREEMELELICEBOCHBBENERT LI LARESNTEY

(Fero 5. Cell, 31: 783-744,1996) . CW-2 BERE(ZH UL\ T H {BEFEA R A
HoTWBAEEMENH D, NCAPG @ SNP-9 2L 57 I/ BB Iah MR E5E(C
HEEFEZO5NENERARDLENT., v R FMAAE Flp-In3T3 4 ZF ALY
TNCAPG O QB L qBEDRERBHK T TN TNEG L., MAEERE £ L
LA BELGBERIIGONEN ST, NCAPG (ZFERBTLE K REINTVSH,
SNP-9 IZxti6d 57 S / BREREIE. Q &L Met. g BIX lle THAHDIZH L T,
YDR (EER) [T Val THY. BEAVL NCAPG EBERFDHRBEEMNT VAR
NCAPG B FHRIRELRIEETLI G 22O QB L g HDOMIBEIED




EXRHETEEM =00 E LN,

(5)-3. Marbling-2 (REREZ3#-2) DfEth (BFE - KRB B L OHEAT)
EEETIZ, B4+ ARRZRZAVTBTA7 £ O A 74ElH 18.6 cM IZHE
R348 (Marbling-2) #4EL. A DFRBEDEHLE B A D QTL 48R
THAMMZZEILTWSIEEFZFIALT, 29 cM ITETHED - (EF 6.
Animal Genetics, 39: 79-83,2008), LM L. EEME—MEATOEREEF
B Q DEEMENSD., HEBHT CHEBEEDHLI L TELEN o1z, EHET
H5SNP7UILERET 0., BifFABLUB D 29cM f8i5 (4.2 Mb) DiE
EES#fE5d 5 L #MB LIz, RERE DNA -4 o9 ZRANT., Eifd
A®D55%5 /) LHDOERS] (SNPRRICHERT—2EDH 1/5) ZHALZ, T
— S ENELT, BNAEOREERATHE LB ICEPRBEZINEL -,
T, MIBELILORETHS. BHFAD QEFLqEFREIBED/NAF
To—HoTILDORE (8—30 » As) Z#FR 20 % 10 AITRT L1,

(5)-4. Marbling-3 (RERAZ#-3) DfEtT (EEE L DOHEHR)

CNFETIZ, BTA4 IZIEIARH# QTL AR Sf- 2 BEDFEHS (A, B) D/
0% A T EEBRETICE > T QTL DR4MFEFEEZE 46 cM 52D #5 0.7 Mb
FTRYRAALE, S5I2, EHEEAD 4 DOBRMEEFICOVWTERZER L
R EITL. QTL OEEERFLELGY 250 LTz, SEELSIEHRE
QTL DEEETEF L EE SNP DEIEF A=,

E—RBAMBICHTINEZEEF LY., HEEROZVVEESF 6 BHOEFZ
ETICAHW -, BTAA EICREL-7A4 783 T34 FORHEZTL. XKAH
KEBABETVILEHELZ, BiETEHIET—H—RT7IZEVT. BRE (Q)
TYILGREH (0. 1. 2) & BMS L DO#EHEIREZIT>1=, BIFAHICE->TS
NETOHEBEBITOBEZBRFLIZECA, BFALEBOLVTIADO QT
LIZEWTH 46 cM HEDIRGEEE THEEL P ENFE L. COEEA BMS
EECHEBE LTS S EMNERSINT,

REMIKRYAENT-F 0.7 Mb OMEEICIE 4 DDOBEEEEF (Gene_ 1,
Gene_2. Gene_3. Gene 4) MHEEL T V=, TV VUKD SNP &EET )
ILEIDHRBRELLE N 5. Gene 2 & Gene 4 NEEBEIEF THAAHEMEITIEL
M. Gene 3B NIFIFEHELFTHS EER T, Gene 1 DEARIEHE &£




Uit cORBITHERE SN, QQ EF (288) & qq BK (35E) DOED
B REEIBERINGN oz, Flz. TSI/ BEBRSNPARESIIT, F
RERAHRE L E DBEEEZRET 2HEL LN Ao, EEELFTHSHH
BEMEIXIEWLNEEZ ST,

ZZT.Gene 3zmbLANGEFERFLER. Bl & HABIZH LT,
BRE (Q EHALIERRE (¢ EAMORRENDEVEZEEMN PCR IZXY
LEE L=, Gene_31% QQ B DfAMEREMHHBIZHE NT qq BT THI 4.5 55
HEN BV RREDRR L LGLIEEDKEEZHME LTS LRI 2kb ZEAN.
6 D SNP & Lf-, REME—REFAORHERRE L &IC BMS £,
TREATHDT« 704247 (Diplotype) BH#ERZITLN. NTO2 A THEEHK
E#xITOEL. 2 DM SNP (SNP-6 &£ SNP-9) @ Q 7 ILIEBMS L{ufEMIZ%
WO TOATREONI=, LIE=A>T . REE L BHZEREE SNP-6 A SNP-9
ThHhdEFEEINT,

Gene 3 M 5 Ei#HE % PCR ZIC& YI#EIE L. pGL3-basic 3 % L\IE
pGL3-promoter vector IZ&E#EL. LIR—2—7 vt4A %1T7o1=, ¥ REERAHH
RamTER (AR 3T3L1 Z#HERAfAlEEiEHICFE L. 8 HREEET 52 L THE
frfRalc e S €. BEEFEAL, EEFEA 24 HER. L>T7z5—EF
HEAE Lz, TNEND SNP #E5T 5S' LREE LR—2 —E=FITEREL.
T7)ILEBREFEHDBERICOWVWTERE L& Z A SNP-6 &% construct Tl&
QEMNgELYLEFEENSIMERLR SN,

(5)-5. SEDEDHA

CW-1IZ2DWTIX. IRTE Gene 2-TQYIRADE 5 —RMDEEZFARTIVS,
%D Tg R EERKRIZ, AEEMICIHFICHERLZBE. Q. 9 7UIILEOHR
BULANIICEET ZHMENLETEEZR DTS, —AT, £ELHARTHERLT
L\% Gene 2-KO L DIEANEBN TGS EEEEFE L TOEEMIIN
LEZBND, XRIZ, non-coding RNA #RDEHEH T 5 Gene 2 DEEEEZBAS
Mg b, YDRXDNAIA - OF7 LA T, BAEANEILLI- Gene 2-TgY DR
DEGEFREITOT7AINERARD LD LEBNELRTFORITEIRD D, Fi-.
CW-2D QEIE Met, g EIT lle THAMN., COTI/BREEODEZEFXMBLA
LTINS,

Marbling-1 (RERAZ #-1) DE N 7GEFHEIRF Gene_1 & 600 bp M non-coding




RNA THY. YV UEHERMERTREN EML, LF/ A VBRMTESIC
RESIND, SEEDERIIEL 1=, Marbling-2 (FBRARKHE-2) [TDULNTIE,
HELEBTA7 > O A 7HEE 29cM (4.1 Mb) DRFEREEIZITIRZ.E
£ SNP OREIE #4175 . Marbling-3 (2L TlX.. SNP-6 8L USNP-9 DT OE
— 3 —EHICRIFTHEEILITHELIARS EELIC, XKFBREEMEEMA
ERVWERBRIEZITL =0\, &5IZ, Gene 3DIEHX ML DEBELARSH
MIT., MRRZAV-ETZETHTH D,

4) 0 UHRIEERFEE QBT

(1) FARER : FRT7 E—FR 20 F

(2) AREMEBAFINDIEE

MNEIED, BBIARSEE. ERFORRICHT HEZMHE (R (. B
SHEETEEVLEON, BEEHEREDOHSZLIEHLATHY. ThibDk
BT 2RZM (EHM) (CDOVTDNAZMITRY ) —= o5 TENIERFK
HICEELGERZHE DO L LG D, SO, FRL 20 FEICIEEERICDOL
TERNH 1=,

RB) VIR ECFEOENICEADLLISEEORR
(B)-1. AERENMEOENT (REXAR LI —LDHRHAR)

GHEBRTEICSMLUEELF OV ERAKBIRMZIERIBRMEOEEZEL LT,
BHEMETHAEIN, HEOHEXRFHXOEAI . FHEHEMNMEVER (<
25,000; 297 58) & &ULEM (>100,000; 181 58) ZUNEE L. ESHMART L -4 R,
BTA 21 £ BTA22 ICHEMEHEZR VL1, BTA22 ® QTLIZDWL\ T, F'Y
DUBRE 1 BEOBAZEDRES blz FEZL (Forebrain embryonic zinc
finger-like) # BEEEIEF &L LIz . BAZEDH S FEZL EfnFIEREZE (S) T.
Z3TRHRULWAIKERE (R) THof. Ff=. BTA21 ® QTL [ZDL\T. &EfE
ZF IGFIR D 7OE—2—EF4%#XEd 5 SNP RV L1z, IEEMERZE
FRAW-EEBM S, IGFIR @ FEZL Ik 2 FBAFH AL MLz, TAE—4
—&MZD SNP (FIEMM L EHLTH Y., BEMRRZAV-ERTHEOHE
HICEET LMo, BEMBEREAVERT, IGFIR ORBRO L




EN. MEOHBEMHFHEETT S L &R GFHHEH).

SEEE FEZL DIABRBERIIHNT 2MREARL-H. +HEXHLFME
BERILRIA UERHEILBEZROH N ZEH{ T, 2003 FEI, S 2006 F£E
FTOTEMAICHETHIRIERLEMEDRER 170 38D FEZL OEGFE & DB
BREARE. ZO A ERBICHHBMAICENTEEINTHY . DO RED FEZL
DEEFEINHIALI-IBEFIX, EXN 107,280 BETH-T-c D S5B 12G/13G
FEZL #DEH4EN D EFNT-R41L 17,280 8TH Y. 13G/13G FEZL ##
DIEMENSEENTZIRF(L 90,350 BEETH o1z I MBS LIBRICH (T HREEL
12G/13G FEZL ##5 DREME N D E FNTIRF O AN RERIIHEEICEL, o 1=,

(4) SERDEDT

BERRILRAEZA VERGREGELHERTRILAZ A VIEEBFDELEFRE L
EIAFDOIABRBERICOVTOMEBEMEZME L TAND F. 72i4F D SCS
HiglsDERLAND,

(5) BN & i DR
CNFET, RERHE. KBSV /A KF. /LI —RBERFGENDL,
KK EERE LA BREREOT Y EL TN RESATIVS,

5) VL 2YS / LEXNRET HHEEREN

(1) BFRER - TR 18 F—FK 20

2) HEEMEHFINIBR
NFETOURBEREDT / LB TIE, RAFELIFEVRREMERLL.
RA0Y T334 bS5 LELEMEDSE L DNA T—H—DRH|EHERICED
Lz QTL B ET>TERLN, EMEMEERI VY-S T LIZKE VT
J LEBHEOERIZEIY . FILLWENFENEILDDOH D, THhE. 2HOD
SNP ZRAW:=4/ LA FHEBEBITTH S, Y ITHLTE 10K D SNP 217
DRATLMNERIEIN., RRICESHBV—BREAZNRELIZY / LT A 1
BEfETAAIBEICIE Y DDH 5. £FRHY / LFHER - MM EILETEDORIBIC
FUO. FFEEFRALDD, CWFETHTOEETH > -HELHEITORRIC



mz. HEAGDNABRZERERRZEL T,

(3) ¥ 50K SNP Fv F#RW =45/ L7 4 FHapafET
(3)-1. BERAIRIEIRILIE

MY > TILIE, BIRENERDIEEESF H S WNEEELEKRDEAKZE Case
E L. BIARFEDERVER S NG LMEESF Z Control & L=, MFEDRY &4
<3 51=5HIC Case & Control TREHDWNIBAEARNEBEELGTDHKLSIZL
f=. tHEAETIZERT 5 Y > JILEIE Case A 142 BB, Control ¥ 167 BETAEt
30988 o=, THBDYH U TILIZDWT S50KSNP FvTDE A EV T %1T
SHER. REMETESHMEZEFLHETICEZ S SNP #L 54,001 BN S B4
40,000 ETH 1=, PLINK 7RIS LZRVCEGFREORMAME (MmHfK) <X
DI SRA) VT ETN BEILLOZEZFRET 51-8). 7VILHEEDRY
[ZDWTREL-FR,. BTASD 2 DD SNP AAEhFN P=51%105, P=75
x10° TIREFRALNSDFREMNR SN, 2 DD SNP [FFELEE R FEEIREEIC
HY.N76kb D LD TRV I EHEEL Tz, COTAYIKHNDEEFIZDOUL
TlX. £ FORBEEIRIZHE (+ 5 FE=H BMI (Body Mass Index) & B DFEBEA
HHEHRESA TS,

(3)-2. BERAZ

BENSIEL-EEEBLF(ZDOUVT, BMS No.D EHLE TR 10%T DHh 5
YU TINERKR LIz, TIBRIZ, BMS No. Efiisé FRTHELSEWET Y F
SHBESITEKREED, £ TR T3038ET D, &5 606 EBERETICAN
fzo 9 PLINK TLEDEHRFEEREOER & BFRICHIABITZT o208
ELZREBTELA >T=, FZ TEIGENSTRAT 704 S LEZAVTERS DM
[CEBHEZFITVECFREEEDRY ICOVWTHRE LI#ER.BTA4.BTA 19,
BTA 23 CRAEMD 5 SNP R L1, $ICBTA4DSNP X P =6.1 x 107
TRYZ7zAO—=—DHEZEELTHa =0.05 TEETH 1=, BTA4 D SNP
[FEEED SNP £#1500 kb DEHE LD JOv o ##ELTHEY .. COEEIER
RN THRESINTZEHZM QTL OEC ITHFEEL TLV:,

@4) R4 0T34 FERWES/ LT4 BRI
(4)-1. RIE (RERRE VY —, FBKRE - 2R ET £ 42— L OHERR)



DINBEREZEDDICIE. BELEAROFRELZERTLENEETHD.
ZO=HITAHINNETEZHORZRET SFENEONDIN 1 BHIZYIZH
SN 5 EURINEIE 0 A S 50 L BAREIEKEL, BAROINFEERENILER
MGREADECLGEVLOT, EEEN AV ARG ERFOREZH
1=

1999 M5 2005 FEICAITT. EEBET U2 —TIX.639EENDI L H#AHIT,
6,128 @ FSH &R 5i& I & U BB Z /T oz . N5 DT—2 ZRALT,
S E RO E A DA UMEK 67 B8 (7.8 HLLT) RULULMEK 67 88 (16.6 ELL
b)) ##IRLfz, FEIRL-EXOMKEELY DNAZHE L, 2245/ LEAN
—9 5 1,157 EOIA 709 T34 FMIDOWTEREEZITL, EHEMBHF L&
ZA,. BTA7TIZEEEENR OGN, BTA7 LIZE 51289 @M DNA ¥—7
—EMA CTEBEMBTE1T o1& T A, 80-82 cM FEEAMEMIEE TH D = LAV
BALT=0 COIEMEBICHEET A4 UF Y RIILETILE S UBEZEKR GRIAT
BEFICOVWTERENZM@BFTLI-EZ A, SHEE LIEEME L DORICT =
JBERFRITSNP ZRUVELE- (172918 vs. 117 fA. P = 3.3E-05),
COT7 I/ BREOHEEBNTILE S VESZEARBREICRIZIIZEEZRTT L0
2. TNEFINDEFIZEEHEDYL GRIATCRNAZT7 7AW A AT )LINEHEREC
RESH, EREEFMICAE Lz, TOER. SHINEES 2D GRIA1T X
BRI ZHD2EDLY BT ILE S UBBICHT AHMENT L EABHS
Mg >1=(4.45 £Mvs. 10.68 uM) . BEHHBZEOTLZERT 5 AMPA
BTILE S UBZRE GRIAT (X, HIRRIBAILE U RERILECOREICHE
ET352EMBESNTEY. C0 2 DOZHRIZ L ZZBEDOEAENLEEN
NEEENDENEL =0T ENRE ST,

(4)-2. £BAE OBRHEFE) O (REFEXRE2—LDOHREHE)

%9 1,800 BEDRILR A VEEFHEAZXNRE L-BEBEITZIT> TS,
+TF 15%I2%1-5 86 BB DD 4 JL—F (high, 51-65 kg vs. low, 22-35 kg) (=D
WT 1,151 EORA VO TS54 FERAW-—RRV)—=2 5 %70, &
THEMOR N 12EOEBARIZODVNWTIYI—IH—ZFEBHPLEEZRR Y ) —=
VI ETo, BAELGHEBAARLONT: 9 BORBAKIZOVWTEZRR Y Y—=V
JHhTH5,




(5) SHRDEDHH

50K SNP Fv FJZRW=4/ LT 4 FHEEMBTICK Y. BIAERES &K VB
R EEEDH S SNP B DRI STz, MEZEBELI= YT VY
PTOTSLERAVHEICEY ., EAOEEILDEEEZRBETHIENTE,
RENE—REAEZHNRE LE-BEBTNENGFETHIEEAOND,
NET.SNP &AM U0 TS5A OB FEIT>TERA. SNP DOAHIZF
BB, I—H—EIZLLBNIELBIFE SNP DRHEFEZDELDODES
SHMBRIL->TL B, WEATOH SNP Fv FIZIEZEEDF LY SNP BN E
WS REAH DN, 4/ LLEIZFEET D SNP IO T 54 L ELERHT
BWZIZL\DT, §%0O SNPRHARTHRREINGZSS5, EENETCEALES
HBIZIE. REENMEHEDSEHMENDE L SNP 22 HIEHT I ENEFLL.,
CHORERFEEDREL LIEITNILGE S,
HEBTOIODY U TILIREESIEHNTIT S, REMETIEL. BARE.
FIETE. BUK. BRI, SARMELEDT—2FEDDNAZIEL TLVES:
Lo RILRBA VBT, IS OHERE (SIILYEEN - BIEMH - 2HES
- AR - [E - IERIERMELE) Z2HTOXRE Lz,

6) ERE L ViEBNDIKR

EEATHTYELTIF. ChET, RLF—OS RXAFTILTREIBED T
7AUIVEVTDFEE L TEDHN T E =, Kirkpatrick 5 (Wisconsin X) (&,
WAMRESN TS 10KSNP 7 LA (7744 M) vOR5) AT, 24
DRFEERZ IRRDORAEE LS EVRRCTEE-EHFATEHIVEL T ET
L, BENCHEZ LS5 EFVRRTYYE VY L5 BLAEFDOR CHEEIC QTL &
RH LT,

RKE-HFH. EUL F—R I SUT, Za—P—F U FREFRILREAY
fEFEIfEA DEIRIZ, 50K SNP F v JORHTEIZE DW=/ LEIRiE (B3FE
#EE8PE (2009) 45/ LEREERIEADEIE |, BEEHTIT. 648 5. 16-21
R=2) EWSEHFEZERATLIHAZFToTLD, 7/ LERETIEQTLIC
DVWTHOELRDECFELXZMEICES. EHOY—H—FHZHE L CTHEMM
ZRHDBH, PHT. BFTHLRATRELRY / S v U mEIARK SN EL
iz,
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7. ARAA. SAERT. EAEE 50K SNP Fv TE A= Vgl
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W= REMEBERIBERMELFOERERF AEYELFERFR. 2008
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9. =8 F. PAEE. BEERT EGFREYIVRZAVEEREEN
ERRAEE QTL (CW-1) OEREELFREE. £ 31 IBERD FEVFEFR-
ARIX%. 2008 F 12 A, #F,

% 81 AAXRELLFERE

10. HAEMX. HAKHE. LEEY., EFRES. FIHA. 2XEE

EEBTICK D7 VRIMEFIEEEFORE. ¥ 31 IR FEVFEFR:
F81EBEAELFERE GRKXE. 2008 £12 A. #F,
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20001 A, o743, XE,

3) FRERER
[(FEERDRDBFIE. FRERDESICHIT D]

PEER.
B : NCAPG BILF D lle-442-Met B, 3 6 BLAKLEDHAEESE QTL
(CW-2) DEFBEHTH .
RRE SAERTF. BEFOEZ EEFS. FH &' E2Esx . ¥
AEE'
R BRI - BEGH. CERBEAKRH. CEARENt
E5 [BM) BENMERHEFADRFELELSEVRRTRHE SN BTA6 £
DHAREE QTL (CW-2: BFO L, BASYEEEESSE 7 AL, 2006)
(. BEMEREHE B & CHBLUBENEREELED L ENRRICBVTLRH
Ehtz, SN 5RRTRESAEQTL AR—THBEREL. NTOLALT
L & B R T Y EV IS & > CEIEBOREEHA 1=,
[k EAERICW-2 4818 (38-55cM) B BT 4 o OHF 54 + 39 {8 (< 860



kb fEf@) T/HNTRA2 A THERETL. BHFHONTOSA TELE LT,
F-. BENFEEHSF C LBEMEEHSF D DEFITOVWTHEAHRKX/NTOAR
A TEAVCEHEIRAFEEHIYE T & 1To1-, TOHR. SEHF THENER
B(Q) NTB24TH810kb fBEARE-HHRNEELFEICEHEL TS &
ZRELIz, COMEEHIZ42/ED SNP ZEMT ST, £BQ/NTAZAT
7% 660 kb ITHEH D EMNTEz, COEEICHEET S 4 EERFICTDOLT,
RN BEI— FEED SNP ##8FE LT-& 2 A, NCAPG E=FD lle-442-Met
EMEZE T SNP OHH. 5 FEIHFIEIATOT, "D, RENEEZZ4EH

(7,990 BEDHAEE LAL-THL 4.7%H 5FIR L -5+ 187 B8) THHRE=E L34
CHBELTWLE (P=12x10"), LEA>T. 20 SNP (& CW-2 D EFEEE
SNP &EZ bhTfz,

(5 31 EEESMEGEFRKE. 20087 A, A5 U4%)

FRER 2.
f2H : SNP ZHWV=BRIZE TS50 VUHRFHED < —H—F
xEE BEEz'. BXx—C MEEH'. BER— . Fk—E " BRE
K2 BAEEF’ HEALX'
iR "REREEEM - RERBE M. 2B - DYEEH

5 [BW] REXBREXMATIE, RMEISAGHEIT—H—ZETEH 17 E
DIA2Y T4 FE2AVT PE1 (AREFEFAELVT LI-BEOHFHE
ROBEZR) > 0.99998 LIEDIFETHFHEZITo>TLVS, IHE, SNP 2 A4

ECTDOEMMAHEIL, BEaXMEIRIOATWAI EN L, FEAlE. HFH
EAICSNP Z2EEL. TOBEEEZRFEELLLELT-,

(] 774+ k') wH X3tdD Bovine Mapping 10K SNP Kit AL\ TEEFN
FE87TEE.RILRAA A VIBB4BEX A A EV Y LE=EERMNS . (1) AT0OE = 04 .
(2) ¥/ LEDEERFEESINATWNSZ E, 3) ELEBAEHI-Y 2~4 AT, B
W5 7Mb ULEBENTHRET HZ & ZE&HE LT 91D SNP %287 L 1=,
NBIZTDUNT, 4L F%D BeadExpress GoldenGate Assay i&ZFHLNT,
BRIZCEIT2FELGEHS (REMFE 10488, RILRAA UFET18E) O2A(E
D EToz, BTICIEZREI DRI T S BeadStudio3 VI Uz 7T EFRALMV=,

(#5532 191 8D SNP IZ & 2 FREARDEEZER(L.PE1 > 0.99999997 & 7xo1=,
1TEDRA 0T34 FERFODEEEE, 60~65{ED SNP THRTES



EFREN, SNPZAVTELYBEDBWHRFHENTELZEZRLE,
(% 31 MERSMERFEKRE. 2008F7 A, #5%)

FRER 3.
HE  EEMEABEREBEO I 74 oIy EVY LIEHELTFIRE
RERE TH B, EEE-C ESBX'. #AEF'
iR - SR - BEEH. CEFREMEH

5 : [B#] ZLEEXRIEE (ATPP: Abnormal Teat Patterning Phenotype) &, %L
BED 2 ARE\EFIE 1 ARBZRIARBETHS, HERBOEEZH T
ODBIFFEEZRRET S0, HLITiEME A DKEETF 1525, EFEF
454 EEZ= AV T.BTA17 > O A7 (ATPP-1) .BTA1 > kB A7 (ATPP-3)
ETOAF (ATPP-2) fBiEIZ< v T L= (#E 5. Animal Genetics, 38: 15-19,
2006), @, JZRLUVRIDKEWATPP-1BEO 774 oy EL Y LiEMmE
EFOFEREHAAT-,

[(Bi& - 2] 2 ARBEKIL, Bt ABREATPP-1 Y RO NTAR A T%KF
LTWW=1=6. B&lL ATPP-1 {BiH% 136 BED 2 AXRBEFENEZBELTYRY
B%ERY 3.15 Mb ICETHD =, FBEHEEICEHLIEGFEIFRT 51=HIC,
FEEA R TE A% 3 HBEDY I RANIELHWEKZEZERALVT cDNA T (Y
A7 LA fEfET o=, ATPP-1 SBIEIC ST 2 RE THREEDELSRE I
FEEFIE 2 BTHoTz. ChoDBEEFIFEBEBREDEHETFNE LK
LY,

(5 31 BIEREMETESR. 20087 A, #534)

PRER 4.

EH 7 DDHEEFLSIFEVRREMELERRICLDZEEMED QTL Ty EY

5

ERE EREK ' BEREA . EBE—C DIBRRA Y AESES. &

B-° BEERTF'. #AEE'

R ' EED - BYEET. CREREEtER. CATFREEME . UK

BE2OAHEY., SREENASHEt., S RERBELH - REHBHEMH
S [B#)] —RICBEARE QTL EHENNEVELEDOAZ VDT, QTL T
ELTET50IBRENPTOLBARZEZERT IORETH D, ELHHE



SEIEVTHIBERDEMFRRLEEINODORX (UT. HRXHF) ibGEd 3
HARZRZAL., HRICHET S QTL 2@ L. TOFRAMZRIL -,

(M3 &AE] HRE A, B4 7 B8, RUSERFOERBEFFELSED
AFF 521 BN LS I HARRZEH L. 1 RENICAL:, XRBEILBMS
No.. RAEE. O—RAEE. NFEEL, EEBRBHRZRREL. BlESF
T &2 185436 DY A/ OYTS54 FEREL-, HERONTOS2 A4 TH 3
HABEFAGESN-ERERBERE~MRBEKL, F EZEHILET
QTL OFJ|ERE LT, REBAKTA XFEKELR/N—Z2T—Y3 VTR
FUEH Lz, QTLAERDE 1 /N\TORATIZHIETIL, FE2/N\TOsA
TIZHBETIVL. @NTOZLTITHEIETIVEREL . | RBHTHEELRE
B/ MEICOWT 3HKBEFZERF 629 BRICAPL, 2 RENZEIT o1
BIC2 REBEMTHELZ QTLARB SN =R EBEK  HEICOWT, HR A DX
EFFEEIEVRR402EZAV QTL DFEEHEE L=,

[#R] 1 RBHCTRERTA X5%FRITEL-QTLIF4BETAE17ET
Hot=o 1 RBIITHELESI-RBEDSI L 13EKERMREL 2REBINZET o1
R, 2ERTAX5%BEKEIZEL-QTLIF4HESHTIETH 1=, 2
REMIEVT QILARE SN IKDREBIRIZDOVWTHRAEFFE LS
WRRZAWVWTEMETo-HER. 2 WETHET 4 EFO QTLAF E £ 521
EFICBEWTHET S L 2R LIz, 2 RENEER A EFRRBFIOHER
Mo, BTA1OBR—RSEE QTL AR AIZEWTHREY A AR THAAREN
ARSIz, UEDHERNDL, MBEDHEFELIEVRREMRE LRKRR
EERT A EFFROQTL T Y EVTIZERT %,

(EREMERFERE 31 EKRE, 2008 FE7 A, FLRTIVE L, A5 U4%)

FRFERKRS.

BEH  R—RBEFZIRE LT IERF S £ 2ZVRRD QTL M

RERE EEBX . EEFEREEC EERE-°. FIBEH . AEEBHE . FE
BIO BEESRTF. BAER

iR | ERIG - BEGEH. HEERRtER. EFREEHR L. Tk
BRELEWR L. " RERARA4HBR . *RERRBEN - REWBEHTH
Z2E : [BM] DAbONEINETIZRAFE LS EVRREAVTHEORA
MEQTLY Y EVT &{To TELA. —RICKATRE QTL ZHMEANE LD



NEL. BREINTDLRRREBRTIOERETHD, ELVDFEEZT LS5
WTHIEHDEHEFERREINLOR (LT, ARSF) ho%d 3 HRARR
AV, ARICHRT S QTL #@HT L. TOFRAMEERIIL =,

(M &AE] ARG A, B4 7 38, RUBEBHEFOEREFFEET L5510
BEt 521 EA LS IHRARREBEAE L. 1 REWICAW, IRBEILBMS
No. RREE. O—RALEE. NFE. KTEHEEL L, 2EFEFEZXR
EL. BHEF T ELIZ185-436 HADT A/ AYTS5A FEBE Lz, ARD/NT
A2 THAIEREBEFAGESN-BEEZRRUVUE~REEFEL.FEZESD
TEHIETQTILDFEEZRE Lz, R2BARITA XFEKEGFN—Z 27— 3
DTAMZEYEHLE, QTL AMERDE 1 NTO2A TITHBHETIL, B2
NTOBZALTIZHDZETIVL. BNTORA TIZHHIETIVERE LIz, 1 REEH
THELRREEBAR BEIZDOWT 3 HRBEFZEE 629 BRICSOL, 2 REH
ZiTotz. BIC2 RBHTHER QTL ARE Sz EBAR - BEIZDOWNT,
RADEBEFFEELSFVRRI02EZAVQTL DEAEHERE L=,
[(#ER) 1 RN CEBEITA XS5%EFEIZELE- QTLIXSETA 25T
Hotzo 1 RBHTHELE >2BEDS B 13 KENEREL 2 RENETH1-
R, 2BRIA X 5%EEKEICELI-QTLIESHETEH 14 BH o=, 5
LI BAIECNETICHMFICEVTHRESNATLEVLHR QTL TH -1z, 2R
BICEVWT QTILABRHENZ 9RO EBERICTODVWTHEHRAEFFEE £ 520
RREZAVTENEZTIER. SWETEE S5 EMO QTLAFE £ SFZVE
FICBWTHBT DI LR L, 2 RENEER A EFRLBIOFKERN
5. BTA1 O O—REEHE QTL (FHER A ITEWTHKRES A HRATH SRR
TEINT, UEOHERIL, MBOHIFZTLIEVRREMELRKRRE
BRI DIEEFFROQTLYYEVSICEMT 5,
(FIEBAXREMECEREFRAE. 2008 F 11 A, [EWL)

FRHEKG.

H : SAGE EIZ& BV UHMEHMEDEGFRRE IO TI74 1Y
xEE MEAEE'.EOD B IHF B BEECC BE AR 2AE
&F . Essx’

R | BRI - BEGH. CBAKE. ‘RENBREEMA - RENB M.
‘EEKE



BE [BM) AFEXICBVWTCEELGRERED 1 DTHLIEHRMTIE.
FHARIC S T 2 IEMEMENRED O R EHTESIN TS, IEIFHES
LD FEMFHIMEIE T IR 3T3- L1 MIETHMICTHh., TORKOHAL
BELGEHOMNIINTWLS, LHMLAEAL, 3TI-L1 MESERIINEB RS
BETILTHY. DIOBEBBREETILEIFEZEZIZC L, RELITREMESF
FrfEI AR B SR DRERAATBE(AHMAE (BIP #If3) REMILIL. TR 3TI-L1 RéD
BWERE L TE, fAfz=b (&, BIP OB MEE B XEDOETILEAE
fHiF. MEICHE S TRBEOELT D ECTFORBNLZTO T 74 VT TS
CETIERREOS FRIBFAZEIEL,

[(AiZ] 7B 7741 2% 1& SAGE ZFR U TiT>1=, SAGE &lE. EEFir
EMIZHEES tag HEAR. REOELEZBHALHNICTE2HETHY . RANDEE
MIZONWTHLFARSZ I ENTEE  EFED tag ITHRYUT I EGFEHTET HI2IE
27/ LEINDBHENPDLETHLIN., BFEDI LT/ LEBEFEOEREEHIC tag
DEEMNAREE > TE =,

[#5R] BIP #ifasLal (C2) & k#k (S4) MotERL7= SAGE 54735
— M5 &5 157,161 tags (C2: 75,283 f&. S4: 81,878 &) %#%. 30,989 F&M tag
RHE LT, 2MEIZfE > T 401tags (1.4%) DHEIRAEML ., 477 tags (1.2%)
(XEA Lz (P<0.05), BIP#IlEY T F3 9 > a vk (RWLUs., 2004) THE
EIMOMESINTWNSEEFDORN. CEBPD, COL18A1, SCD 71 £ M HIREMAS
BHEZRINT-, BIP AR THLONERIX. 3T3-L1 HRRDEBELFHREADE
8 (Burton 5, 2004) LEG->TUWV=, INLDFERIEV UHEMEBICH TS
B ERRICEEZELGEREEAON S,

(FIEBAEBMECEREFERAER. 2008 &£ 11 A, [EW)

FRERT.
#EH : 50K SNP Fv TH#RW =D VIRIHRRED Y / L7 A REREMET
RKRE  ORAK. SEERT. BAEE
g . J/ES - SEGH
25 [BH] 7 OIEHERREREEMET Y EV ST S8, llumina 50K
Bovine SNP chip ZR W=/ L7 4 FHEEEHETo 1=,

[i%] Case & L CERIAIREEN ERDIERELE H 5 LI ASER U EDIRIAIEI LS
EEOERE EHMEE T O5 58, BB T 85BEMAET 180 BA. Control & L TE



BOTVVEIEMY 139 BEEHATS CREMEERNR VN ZShGEI - BEE
SR ES4 86 BETAET 22558, £1AT 405N AR M E Y H#{To1=, Callrate (>
95%) YA F—TUILHEE (>0.01). N—T4 - T4 N—JFEHERE (P>
0.001) DEH%ET=9%1 40,000 ED SNP ZEHIZHL -, HEILDOFEZETT
51f=8IZ. Plink 704 5 L% ALVT Cochran-Mantel-Haenszel 8 %172 1=,
[HRIECREEDAHDEFTTIEBTA3I M 2 DM SNP AR LIEL PIE(4.9%x107°)
L. SholEe MZEWTRHERER TORIEEZ L BMI (Body Mass Index)
EDAEDHBENRESNTVIEGEFOEII XY VEECHT76kb D LD J0O
VO EBE LTV, BE#TIEBTA 4 ® SNP AFELHIEL PIE (5.1x107)
ZR LI, 2D SNP OEEICIXBRMBEGFIITEELLEN o=, BREFLEE
BENFNENOERFT TIHRERFENSDOTHARSAT, BFEKLADLZN
FOICHRLBRENRBONTNVEWVWEEZON- 2HZHE L THITT 5 &,
IBE#H THREINT-BTA4 D SNP TOHFERZENODITNAAR NIz (P =
3.9%x10°), ERERETRE Ehi- BTA 3 D SNP (X, ZORIZ PEMEL (5.3
x10°), LEBOMENSIBEHSNP IZHZEEZ DN, Y3 aL—Ya D
B. 0D SNP Z#EMICEEICHRE T 512X, fiEHTEES % Case & Control T
100200 BB DL L THRFTT I2RENH D LEZ DT,

(BAEYECEREFSE IBKE. 2008 F 11 A, ML)

FRFEKS.
#H : YRRV -RENEILBEREEEMHETTFORER
REE:FH B EEE-C EgEX' AxEFE' 2E2E&TF
g - B - BWEGH. CAFRMEEN
E5 : [BM] 2LEEXIEE (ATPP: Abnormal Teat Patterning Phenotype) (. %L
BED 2 AREFEIF 1 ARIEZRIARBETHD, EAIX. CHETICHLEE
RIGEEFEIE ZF BTA17 > A A 7 (ATPP-1) BTA1 > B AT (ATPP-3)
ETOAT (ATPP-2) fBiEIZ<w T LT (#E 5. Animal Genetics, 38: 15-19,
2006), LA L. ELBEERKICEADL SEGRFORERIEDLEL . EHETFORERIE
H#THotzo T T, HAlE YO TILDODAFHNEZTY / LIFRAFTEL
TWAYVRZRAWT, & ATPP BEMEE THEMAICEHL S EEZ ONSE
EFDORERRZHAAT-,

[(HiE] EIERTEERIBEDOYVANDEEELE, avbka—LEL



THHOREZEZREM LIz, Chioh it L7z RNA & Mouse Genome 430 2.0
Array (774 XA M) wHR) ZRANT., mBEOEGFRESEZLHE LT,
Ft=. RBEICENEONE-BEFIZONT, EEMPCRERNET o=,
(#5681 ATPP-1, -2, -3 fEIIE. ThEHh MMU 3 & 8, MMU10 & 16, MMU16
[CAEZB L. 101, 1M1, M2 EDEEHEENFET HEEAONT, ChOEE
BEOAN. 19, 21, 21X cDNATA4 907 L4 BLUEEN PCR THRIR=
DEVWHERSIN, YTORDEERKICEALLAREENREINT, D UEER
BREFREBRARCEERARICEITS. ChOEFEMIOFEEEN SNP 4 EDIER
ZFALT, EXFEGFORKRYRAAZITO TV FETHD,

(F 9 EBXREMELEREFSR. 2008 F£ 11 A. ML)

FRERO.
BH  BIEFREYVRAZAVE-RENERRNEE QTL (CW-1) OEREETF
%€

=& B . EAEER. 8EEET
g : &R - SWEEhR
EZ5 . [BM) EEME TRV EZENIDUBTA14 0O CW-1 1%, BEET UL

(Q1DT23.6kg.2 D TEBIZ15.2kg DAEMMEHAEEIEMHEEZSL E.
Q1 DTOIEREDH 5%ICTHETLHIRELUMREET LD (BT 5. Mammalian
Genome, 16: 532-537, 2005), —chFETIZ, HEBRTS I V/N\TO2 A THE
THRYRAAT CW-1 581859 1 Mb [Z1E 3&EEF (Gene_1, Gene_2, Gene_3)
BHET D, cNLICTI/BEEEGL, £, Q 2H2EREES THULME
KOEBEGTFREENLBEFTEGCTFORTEICHU DL BEALGIRIEEoNGEA, S
= (FEL., # 28 AR FEYMER), HMHWLGEEEMHREZLD CW-1 DE
FELEFOIVAANDEAR., +RICRBARICEEZZREIINREEHOLFE
Shizf=8., EEEGFZRETH=HIZ, FEGCFEFEALEGFREY
DAEZHERL, REEMEDOERERAR

(A% - #R)] £ EEFE2H/\—FTBHBACH/O—FKLEALIBAC-Tg~
DRAEEHL, BABGFOEBRLANLLATNE 1 REFED Tg YO RIZTDUNT,
TOEFOREZBEICAE LEARBRZEV -, TEM PCR DOfER. Tg
IDRICEFTIBEABEGEFEIVANEMEECFOREIR=(X Gene 1 T
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Linkage disequilibrium structures in cattle and their application to
breed identification testing

T. Watanabe, T. Hirano, A. Takano, Y. Mizoguchi, Y. Sugimoto and A. Takasuga
Shirakawa Institute of Animal Genetics, Odakura, Nishigo, Nishi-shirakawa, Fukushima 961-8061, Japan

Summary

We examined the extent of linkage disequilibrium (LD) block lengths in four breed popu-
lations: Japanese Black, Angus, Hereford and Holstein. Three chromosomal regions in
which QTL were previously mapped in Japanese Black populations were scanned with 84
microsatellite markers. The estimated LD lengths in these four purebred populations varied
from 535 to 683 kb, which is much shorter than the values reported previously. Our
findings suggest that QTL can be mapped in sub-centimorgan regions in these populations
using an LD-mapping method. We also developed breed identification methods to distin-
guish Japanese Black from Angus, Hereford, Holstein and F; animals (Japanese
Black x Holstein) respectively using the haplotypic frequencies of a pair of markers in the
breed populations. After assessing the distributions of posterior probabilities to be Japanese
Black, we obtained several pairs of markers that completely distinguished Japanese Black
from the other breeds. We also obtained several combinations of six markers that completely
distinguished Japanese Black animals from F; animals.

Keywords breed identification, cattle, haplotypic frequency, linkage disequilibrium.

Introduction

The degree of linkage disequilibrium (LD) in livestock
populations has attracted much attention because it
provides useful information regarding the plausibility of
fine-mapping QTL and the potential for employing marker-
assisted selection. In cattle, previous reports using a low
density of microsatellite markers (~10-cM interval on
average) showed that LD extends over several tens of cen-
timorgans (Farnir et al. 2000; Odani et al. 2006). On the
other hand, we previously fine-mapped a carcass weight
QTL on BTA14 to a 1.1-Mb region using a high density of
microsatellite markers (0.17-cM interval on average) (Miz-
oshita et al. 2005). Recently, Khatkar et al. (2007) reported
that the average LD length was 69.7 kb using 15036 SNP
markers (251.8 kb mean interval), although the median
length was 2.9 kb and the largest was 2.3 Mb. These results
indicate that LD length varies by chromosomal region and
by population, and that a dense marker set is required to
examine LD structures.
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Here, we examined LD structures of three QTL regions
using a high density of microsatellite markers (intervals of
0.32-0.63 cM on average). Although SNPs might be more
suitable for examining LD structures because they are more
abundant in the genome, the numbers of SNPs available
from the Bovine Genome Sequencing Project (http://
www.hgsc.bcm.tmc.edu/projects/bovine/) in these regions
were relatively low; thus we used microsatellite markers
developed for fine-mapping. These QTL were for beef mar-
bling (BTA14, Mizoshita et al. 2004; BTA21, Mizoguchi
et al. 2006; and BTA7, Hirano et al. 2008) and carcass
weight (BTA14, Mizoshita et al. 2004, 2005) and had been
mapped in a Japanese Black population. In addition, a
carcass weight QTL in the BTA14 region has been mapped
in another breed population (Kim et al. 2003). Therefore,
we compared LD structures in four breed populations:
Japanese Black, Angus, Hereford and Holstein. Because
selection within a livestock population increases the extent
of LD around a QTL region (Schnabel et al. 2005; de Koning
et al. 2006), a higher or a longer LD might be observed in
the Japanese Black population.

The distribution of allelic/haplotypic frequencies of poly-
morphic markers in livestock varies depending on the pop-
ulation selection history. Haplotypic frequencies of the
DGAT1 locus (Winter et al. 2002) and the myostatin locus
(Dunner et al. 2003), for example, are different among
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cattle breeds. Differences in LD structures or haplotypic
frequencies might be utilized to distinguish breed popula-
tions. We proposed a method to identify the breed of a DNA
sample using the posterior probability calculated from
observed genotypes, which will be useful to suppress beef
breed falsification.

Materials and methods

Populations and DNA samples

Adipose tissues or white blood cells were collected from 103,
96, 51, 45 and 96 cattle from domestic Japanese Black,
Holstein, Angus, Hereford and F; (Japanese Black x Hol-
stein) populations respectively. The Japanese Black and F,
samples were collected at Tokyo Metropolitan Central
Wholesale Market. Angus and Hereford samples were col-
lected in the Hokkaido prefecture. Holstein samples were
collected from dairy farms from a variety of regions in
Japan. Japanese Black and Hereford samples included up to
two paternal half-sibs. Holstein, Angus and F; samples in-
cluded no half-sibs. The DNA was prepared from adipose
tissue or white blood cells using standard protocols.

Markers and genotyping

We used 35, 23 and 26 microsatellites as polymorphic DNA
markers on chromosomes 7, 14 and 21 respectively; these
covered 10, 8 and 7 cM (8.0, 6.8 and 8.1 Mb) respectively. Of
the 84 microsatellite markers, 18 were newly developed from
BAC DNA as described previously (Mizoshita et al. 2005).

These included DIK3100 (AB297942), DIK3101
(AB297943),  DIK3102  (AB297944),  DIK3103
(AB297945),  DIK3104  (AB297946),  DIK3105
(AB297947),  DIK3106  (AB297948),  DIK3107
(AB297949),  DIK3108  (AB297950),  DIK3109
(AB297951),  DIK3110  (AB297952),  DIK3111
(AB297953),  DIK3112  (AB297954),  DIK3113
(AB297955),  DIK3114  (AB297956),  DIK8060
(AB297957), DIK8061 (AB297958) and DIK8065
(

AB297959). Briefly, DNA fragments (0.5-1.0 kb) were
subcloned into pUC118. Microsatellite-containing bacterial
clones were identified using poly(dA-dC)poly(dG-dT) (Amer-
sham Pharmacia Biotech) as a probe. PCR primers were de-
signed for microsatellites with more than nine repeats using
prIMER3 (http://primer3.sourceforge.net/). The map positions
of these markers are shown in Table S1. The genetic map
locations of the newly developed markers were calculated
using data from a Japanese Black paternal half-sib family
(872 offspring) with crivap software (Green et al. 1990).

PCR conditions were described previously (Mizoshita et al.
2004). PCR products were resolved by electrophoresis using
an ABI 3700 DNA analyser (Applied Biosystems). Genotype

LD structures and breed identification in cattle

data were captured using GENESCAN and GENOTYPER software
(Applied Biosystems).

To compute population-pairwise estimates of Reynolds
et al’s (1983) coefficient of ancestry Fgr and Slatkin’s
(1995) genetic distance Rgy, we used the program ARLEQUIN
3.1.1 (http://cmpg.unibe.ch/software/arlequin3/). The sig-
nificance levels of Fgr and Rgr were calculated by a per-
mutation test. Briefly, genotypic data from both populations
were shuffled and resampled 10 000 times with the same
size as the tested samples. The Fgp and Rgr values provided
by the permutation distribute according to the null
hypothesis that the two populations are the same.

Estimation of haplotypic frequencies

Because Hardy—Weinberg (HW) equilibrium is assumed for
the estimation of haplotypic frequencies of a pair of markers
in a population, we tested HW proportions of all markers
using a Monte-Carlo approximation of Fisher’s exact test
(Weir 1996). The repeat number of Monte-Carlo simula-
tions was 1 000 000. Markers that were not in HW equi-
librium (P < 0.01) were excluded and were not subjected to
subsequent estimation of haplotypic frequencies.

Haplotypic frequencies of marker pairs were estimated
using an expectation-maximization (EM) algorithm
(Dempster et al. 1977) in each population. Seeding of an
initial value was performed 50 times to avoid local maxi-
mization of likelihood and to choose the estimate with the
highest likelihood.

Calculation of LD coefficient and degree of LD

The y* value was computed following Hedrick (1987) for
all syntenic marker pairs in each population. To determine
the threshold for LD, y* values were calculated using per-
muted genotypic data (1000 times) for each pair of syntenic
markers and the 99th and 95th percentiles from the bottom
of the y* distribution were regarded as the thresholds for
P = 0.01 and P = 0.05 respectively.

To observe the decline of LD along a map distance, a
scatter of ¥* and a fitted curve were drawn. The curve was
based on the equation of Sved (1971):

where LD; is the observed LD for marker pair i, d; is the distance
in morgans for marker pair i, f§ is a coefficient that describes
the decline of LD with distance and ¢; is a random residual.

To compare the degree of cross-chromosomal LD among
breed populations, the 99th and 95th percentiles were
determined by calculating 7> values of all the non-syntenic
marker pairs in each breed population.
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Posterior probability to be Japanese Black

To distinguish Japanese Black from the other purebred
populations, we calculated a posterior probability for the
sampled specimen to be Japanese Black as follows.
Assuming the possibility that a beef specimen is either
Japanese Black or ‘other’, prior probabilities to be Japa-
nese Black and to be ‘other’ were equally set to 0.5.
When obtaining the genotypic data of a pair of syntenic
markers (e.g. markers A and B), such as A;A, and B;B,,
a posterior probability that the specimen is Japanese Black

(Pap) is:

Prs = Piap
Piag + Paag’

where Pyap and P>ap are the probabilities to be Japanese

Black and to be ‘other’ respectively. If A; = A, or B; = B,

(the phases are determined), P;ap and P,ap are:

P1ag = 0.5f1a,8,f1a,8,

Prag = 0.55a,8,/24,8,

and if A; # A, and B; # B, (the phases are not determined),
Piag = 0.5(f1a,8, /14,8, + f1a:8,/14,8,)
Prag = 0.5(f2a,8,/24,8, + 2a,8,/24,8, )

where fiap, and fra,5, are the haplotypic frequencies of
A1B; observed in the Japanese Black population and in the
‘other’ breed population respectively. The prior probability
value was arbitrarily chosen because the assumption of
prior probability values does not change ranks of posterior
probability values observed with samples. A threshold value
to distinguish two breeds was defined as the highest
observed posterior ‘other’
(non-Japanese Black) breed.

When assuming the specimen to be either Japanese Black

probability value in the

or Fy, a posterior probability to be Japanese Black was cal-
culated in the same way. Because one of the parents of an F;
individual is always Japanese Black and the other is Hol-
stein, the probability to be Japanese Black (P;,5) and to be
F, (Pyap) is as follows.

If Ay = A, or B; = B,,

Piag = 0.5 -2 - fia,B, /14,8,
Prag = 0.5(f1a,8./24,8, + fia,8,/2A:8,)
and if A] Ed Az and B] Ed Bz,

Piag =0.5-2- (fiapf1a.8, +/1a8,/14,8,)

Prag = 0.5(f1a,8.24,8, + f14,8,/24,8,
+ fia,e onis, a8, )-

A posterior probability to be Japanese Black considering
multiple pair of markers was also calculated. When

considering two pairs of markers, such as {A, B} and {C, D},
a posterior probability to be Japanese Black (Pagcp) is:

P1aB - Picp
Piag - Pico + Paas - Pacp |

Papep =

where Pqap is the probability to be Japanese Black with
marker A and B calculated as above. Markers were chosen
so that A and C, A and D, B and C, and B and D were not in
LD (P > 0.001). Likewise, the number of combinations of
marker pairs was increased to three.

Results and discussion

Genetic variability and LD structures in four breed
populations

We genotyped 84 microsatellites from three chromosomal
regions (BTA7, 14 and 21) in Japanese Black, Angus,
Hereford and Holstein populations (103, 51, 45 and 96
samples respectively). The mean marker interval was 0.45,
0.32 and 0.63 cM on BTA7, 14 and 21 respectively. There
was <5% missing genotype data for each marker in each
population. The average heterozygosity of the markers was
0.61,0.55,0.56 and 0.55, and the average number of alleles
was 6.4, 4.6, 5.1 and 5.8 in the Japanese Black, Angus,
Hereford and Holstein populations respectively (Table S1).
A marker was excluded if it deviated from HW equilibrium
(P <0.01) or was monomorphic in the population
(Table S1) and was not subjected to subsequent calculations
to estimate haplotypic frequencies (two for Japanese Black,
four for Holstein, two for Angus and three for Hereford).

To examine genetic variability among these four popu-
lations, population-pairwise estimates of Fg (Reynolds et al.
1983) and Rgr (Slatkin 1995) were calculated. To avoid
bias due to genetic linkage between loci, we chose nine
microsatellites (DIK8036, DIK8000, DIK8061, INRAO94,
DIK4730, DIK7010, DIK3106, IDVGA39 and DIK3113),
three from each chromosomal region, which were shown to
be unlinked by the LD analysis described in the next section.
Estimates of Fgp and Rgp are shown in Table 1. All of these
values were highly significant (P < 0.001). The obtained
Fgr values were similar to those observed in European
breeds (Brown Swiss, Jersey and Holstein; 0.079-0.190)
using 15 microsatellites (Hansen et al. 2002). The Fgr val-
ues between Japanese Black and the three other breeds were
similar to those among the three breeds, which are origi-
nally from Europe. These results indicated that each popu-
lation is genetically distinct, and that LD structures and
haplotypic frequencies would therefore be different among
the four breed populations.

To measure LD in the chromosomal regions, we used the
standardized y2, »* (Yamazaki 1977; Hedrick 1987).
Simulation studies by Zhao et al. (2005) demonstrated that
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Table 1 Population-pairwise estimates of Fsr and Rsr.

Japanese
Black Holstein Hereford Angus
Japanese 0.211 0.152 0.121
Black
Holstein 0.312 0.172 0.165
Hereford 0.356 0.054 0.085
Angus 0.357 0.052 0.081

Fst estimates (above diagonal) and Rst estimates (below diagonal).
All values were highly significant (P < 0.001, by 10 000 permutations
using ARLEQUIN).

¥ is the preferred measure of LD for multiallelic markers for
purposes of QTL mapping. D’ values calculated in non-
syntenic marker pairs were much higher than the y* values
and did not appear to correspond to the reality of linkage
equilibrium across chromosomes (Heifetz et al. 2005).
Figure 1 illustrates the decline of % along the map distance
between markers on BTA7, 14 and 21 in the Japanese
Black, Angus, Hereford and Holstein populations. Rapid
decays of LD in shorter distances (~2 cM) were observed in
all regions and in all breed populations.

Using permuted genotypic data, the threshold values of 3>
for each pair of syntenic markers were determined. The 99th
and 95th percentiles from the bottom of the collected y*’
values were regarded as the threshold values to reject the
null hypothesis of LD at the 1% and 5% levels respectively.
Figure 2 shows two-dimensional diagrams of LD in Japanese
Black, Angus, Hereford and Holstein populations in the
BTA7, 14 and 21 regions. An LD block length was deter-
mined as a side length of a square where y* values exceeded
the 5% critical value. The average LD length was 566, 535,
683 and 567 kb in the Japanese Black, Angus, Hereford and
Holstein populations respectively (Table 2). The average
lengths were not greatly different. The LD block size ranges
were 22-2568 kb (Japanese Black), 0.2—3123 kb (Angus),
0.2-3303 kb (Hereford) and 16-1991 kb (Holstein). Selec-
tion in a livestock population increases the extent of LD
around a QTL region on a chromosome. In commercial
chicken broilers, higher LD was observed around the QTL
region on chicken chromosome 4 (de Koning et al. 2006).
Therefore, it is presumed that a superior haplotype (har-
bouring an allele more favourable for the trait of interest, Q)
has been more strongly selected around a QTL region.
Unexpectedly, the Q frequencies of BTA7 and 21, where
marbling QTL mapped, were relatively low (< 5%) in the
Japanese Black samples (data not shown), indicating that
these QTL have not yet been strongly selected. In the case of
BTA14, the Q haplotype for carcass weight (composed of
DIK7019 and DIK7015), where carcass weight QTL have
been mapped (Mizoshita et al. 2005), was 46% in the Japa-
nese Black samples. This haplotype exists in an LD block of
2253 kb in Japanese Black, which is much larger than the

LD structures and breed identification in cattle

average block length. This may be caused by a strong
selection on the carcass weight trait. In other breed samples,
this Q haplotype was observed at 38% (Angus), 4% (Here-
ford) and 36% (Holstein). Though these Q haplotypes may
not be identical-by-descent to each other across breeds, long
LD blocks including this haplotype were also observed
(Angus, 3123 kb; Hereford, 3303 kb; Holstein, 2253 kb),
possibly indicating a similar strength of selection on the
carcass weight trait.

In previous studies, LD lengths in the cattle genome were
estimated to be several tens of centimorgans, in both Hol-
stein (Farnir et al. 2000) and Japanese Black populations
(Odani et al. 2006). The LD lengths of the four populations in
the present study were estimated to be much shorter. One of
the reasons that previously reported LD lengths were large is
probably because the densities of the microsatellite markers
(~10-cM interval on average) were lower than the densities
of those used in the present study (mean interval ~0.3 cM).
The LD length of Holstein in this study was several times
longer than the mean length (69.7 kb) recently reported by
Khatkar et al. (2007), which was determined using 15036
SNP markers in the Australian Holstein population.

Our findings suggest that it is possible to map QTL in a
sub-centimorgan region using LD mapping in these popu-
lations. Indeed, Mizoshita et al. (2005) narrowed down a
carcass weight QTL in a 1.1-Mb region by LD mapping. We
examined only ~1% of the total length of the cattle genome.
Further studies are needed to reveal the genome-wide extent
of LD in cattle.

Next, to examine cross-chromosomal LD, the 99th and
95th percentiles of non-syntenic ¥’ values were calculated
and compared among the four breeds. Values were larger in
Angus and Hereford than in Japanese Black and Holstein
(Table 2). One of the reasons for these observations might
be a difference in the degree of inbreeding. Angus and
Hereford populations in Japan have been isolated and closed
from European populations for about 40 years. The Japa-
nese Black population has been isolated from other breeds
for more than 60 years, while the Holstein population in
Japan has not been closed. The number of Angus, Hereford,
Japanese Black and Holstein cows available for calf pro-
duction were 1845, 151, 620 300 and 1 058 000 respec-
tively (The Ministry of Agriculture, Forestry and Fishery of
Japan 2004). In Japan, the degree of inbreeding in Angus
and Hereford may be more than in Japanese Black and
Holstein. Indeed, the median P-value of cross-chromosomal
LD, which is expected to be 0.5 with no cross-chromosomal
LD, was 0.404 in Hereford samples and 0.458 in Holstein,
indicating that the degree of cross-chromosomal LD in
Hereford samples was greater than that of Holstein.

Development of marker sets for breed identification

Using the obtained genotypes, we aimed to develop a
method to distinguish Japanese Black from the other breeds.
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Figure 1 Scatter of Xz' and decline of LD along a map distance in the BTA7, 14 and 21 regions of Japanese Black, Angus, Hereford and Holstein
populations. The fitted curve is drawn based on the equation of Sved (1971).

For all possible pairs of syntenic markers, posterior proba-
bilities to be Japanese Black were calculated for all samples
in the Japanese Black population and in the other three
purebred populations (see Materials and methods). We dealt
with the posterior probability value not as a true posterior
probability to be Japanese Black but as a kind of statistic.
The numbers of syntenic marker pairs examined for the
tests of Japanese Black/Angus, Japanese Black/Hereford and
Japanese Black/Holstein were 1114, 1067 and 1018
respectively. If the lowest observed posterior probability
value given by a pair of markers among Japanese Black
samples was greater than the highest observed value among
the other population samples, the pair of markers could be
used to distinguish Japanese Black samples from the other
breeds. The assumption of prior probability to be Japanese

Black did not influence our ability to distinguish breeds.
Changing the prior probability between 0.1 and 0.9 caused
the distributions of posterior probabilities of individuals
to change; however, the proportions of individuals that
exceeded a threshold value of each marker pair did not
change where the highest observed posterior probability in
the other breed value was defined as a threshold (data not
shown). This is because a rank of a sample’s posterior
probability in tested samples depended only on the observed
haplotypic frequencies in two populations and not on a
prior probability.

We obtained 13, 9 and 6 pairs of syntenic markers that
distinguished Japanese Black/Angus, Japanese Black/Here-
ford and Japanese Black/Holstein respectively (Table 3). The
haplotypes of these perfect marker pairs tended to be present

© 2008 The Authors, Journal compilation © 2008 International Society for Animal Genetics, Animal Genetics, 39, 374-382

— 63



LD structures and breed identification in cattle 379

BTA7 BTA14 BTA 21

o o o =3 =3 =3 o o o o
o o S S (= (= (=3 o o =} S
8 o o o o o o o o S S

o o o o o o o o o o
o S S S o S o S S S S
S S S S S S S S S ) oS
o o N < < © ® o < © ®
© - — - - — - < < < <

v

o i<} o -
© -8 S_% @ ) ™
D-oONYY NOO~ O -~TAN - YTOOXVNDIN-TATOOI~-DHIND - OYSO WL STV ~ o3 "5'*NXXNDV)%VO)NQQ%“QVQQ)NFNNWM
- - L=~ I LR~ jo3 . - T w = -
S85550055555E 5050555555555 555588F S R0 EsEREEECcUR 8388 3853300505035 0535500000000
N XXX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXSS SOFSSSRASESIINSRRERR =28 SXSOOYISCCIRLSEEIYLSEINNLRRY
S0000000000000000080088808000000Q83Q&E SBEZ00E0Q82085888283880aAGGE Q5522005000025 883500884888484848

KN ”‘V 4
R : @
e Y ’

NC IR
*

*
RTINS ARTD , I W XWe Ve ?
TS S
;0 voe > < . /' 127
y fd”o“ ".,9{ L4 0’\
eretor * LN
N .
S
Y
L Y

Holstein

<

Figure 2 Two-dimensional diagrams of LD in the BTA7, 14 and 21 regions of Japanese Black, Angus, Hereford and Holstein populations.
Degrees of LD are indicated by light grey (P > 0.05), dark grey (0.01 < P < 0.05) and black (P < 0.01). White gaps are the locations of excluded
markers that are either monomorphic or not in HW equilibrium.

exclusively in the Japanese Black breed or in the other breed (Japanese Black: 39%; Holstein: 37%) (The Ministry of

(Table S2). Agriculture, Forestry and Fishery of Japan 2005). Testing
Next, we applied the method to distinguish the Japanese three pairs of markers (166 650 combinations), we
Black animals from the F; animals (Japanese Black x Hol- obtained five combinations of six markers that distinguished

stein), which comprise 23% of the domestic beef production Japanese Black from F, (Table 4).
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Table 2 Averages of LD block length and cross-chromosomal distributions of 3.

Estimated LD block length in kb (no. of blocks)

Percentiles of cross-
chromosomal 3’ values

BTA 7 BTA 14 BTA 21 All 99th 95th
Japanese Black 401 (12) 521 (8) 957 (6) 566 (26) 0.260 0.171
Angus 385 (8) 785 (6) 502 (9) 535 (23) 0.385 0.210
Hereford 469 (8) 1803 (3) 477 (8) 683 (19) 0.489 0.296
Holstein 733 (8) 352 (8) 623 (7) 567 (23) 0.268 0.143
An LD block length was determined as a side length of a square where 3 values exceeded a 5% critical value by a permutation test.
Table 3 Marker pairs to distinguish Japanese Black/Angus, Japanese Black/Hereford and Japanese Black/Holstein.
First Second Minimal posterior Maximal posterior Missing data
marker marker BTA probability value’ probability value? rate (%)
Japanese Black/Angus DIK8031 DIK8049 7 0.485 0.073 2.9
DIK8006 DIK8025 7 0.557 0.205 4.1
DIK8033 DIK4421 7 0.420 0.099 4.5
DIK8033 DIK8049 7 0.463 0.374 4.5
DIK4421 DIK8025 7 0.489 0.175 4.5
DIK8025 DIK8047 7 0.435 0.357 4.5
DIK8025 DIK8049 7 0.745 0.132 4.5
DIK8033 DIK8031 7 0.290 0.208 4.9
DIK519 DIK2570 14 0.367 0.153 3.7
DIK7040 DIK519 14 0.278 0.107 49
DIK3000 MULGE4 21 0.322 0.156 4.5
DIK3113 MULGE4 21 0.334 0.037 4.5
NLBCMK1 MULGE4 21 0.088 0.045 4.9
Japanese Black/Hereford DIK4421 DIK8032 7 0.743 0.648 3.0
DIK8033 DIK4421 7 0.564 0.456 3.4
DIK8025 DIK8049 7 0.420 0.405 4.6
DIK8049 DIK8060 7 0.083 0.069 4.6
RMO11 INRA0O94 14 0.323 0.257 21
RMO11 NRKMO040 14 0.295 0.223 2.5
DIK7015 DIK519 14 0.446 0.087 3.8
DIK519 DIK2570 14 0.543 0.339 4.2
DIK3110 DIK3000 21 0.290 0.045 3.0
Japanese Black/Holstein BMS1116 DIK8045 7 0.378 0.261 2.8
DIK8045 DIK8061 7 0.150 0.074 3.1
DIK8003 DIK8061 7 0.478 0.404 3.5
DIK8033 DIK8061 7 0.506 0.467 3.5
DIK8060 DIK8061 7 0.669 0.036 3.8
DIK8025 DIK8045 7 0.093 0.085 4.5

"Posterior probability value observed in Japanese Black.
2Posterior probability value observed in the other breed.

We developed Japanese Black breed identification meth-
ods that are suitable for breed label falsification tests in retail
beef. Because haplotypic frequencies in livestock popula-
tions can change due to breeding and selection, a periodic
survey in populations of interest is necessary to ensure the
reliability of this test.

In summary, we showed differences in LD structures
among four breed populations. LD block lengths were

shorter than those previously reported; this suggests that
narrowing down QTL to sub-centimorgan regions using LD
approaches is possible. Based on the differences in haplo-
typic frequencies between the populations, we developed
breed identification testing methods to distinguish Japanese
Black from the other three purebred and F; (Japanese
Black x Holstein) populations, which can be utilized for
breed label falsification tests in retail beef.

© 2008 The Authors, Journal compilation © 2008 International Society for Animal Genetics, Animal Genetics, 39, 374-382
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Table 4 Combinations of six markers to distinguish Japanese Black from F;.

Marker pair 1 Marker pair 2 Marker pair 3

Minimal posterior Maximal posterior Rate successfully ~Missing data
Marker 1 Marker 2 Marker 3 Marker 4 Marker 5 Marker 6 probability value’  probability value?  identified (%) rate (%)
DIK5394  DIK8052 DIK8036 DIK8007 DIK3114 IDVGA30 0.146 0.132 100.0 1.5
DIK8031 DIK8038 DIK8052 DIK8001T DIK3100 IDVGA39 0.234 0.192 100.0 11.8
DIK8036 DIK8038 DIK8007 DIK8061 DIK8052 DIK8001 0.386 0.364 100.0 12.2
DIK5394  DIK8052 DIK8036 DIK8038 DIK8007 DIK8001 0.127 0.056 100.0 125
DIK8031 DIK8038 DIK8052 DIK8001T DIK3114 IDVGA30 0.159 0.122 100.0 125
DIK8036 DIK8038 DIK8052 DIK8001 DIK3114 IDVGA30 0.042 0.075 99.2 11.8
DIK5394  DIK8036 DIK8052 DIK8001T DIK3100 IDVGA30 0.237 0.250 99.2 14.2
DIK5394  DIK8052 DIK8036 DIK8001T DIK3100 IDVGA30 0.154 0.168 99.2 14.2

"Posterior probability value observed in Japanese Black.
2Posterior probability value observed in the other breed.
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ABSTRACT: A genome-wide scan for QTL affecting
economically important traits in beef production was
performed using an F, resource family from a Japanese
Black X Limousin cross, where 186 F, animals were
measured for growth, carcass, and meat-quality traits.
All family members were genotyped for 313 informa-
tive microsatellite markers that spanned 2,382 ¢M of
bovine autosomes. The centromeric region of BTAZ2
contained significant QTL (i.e., exceeding the genome-
wide 5% threshold) for 5 carcass grading traits [LM
area, beef marbling standards (BMS) number, luster,
quality grade, and firmness), 8 computer image analy-
sis (CIA) traits [LM lean area, ratio of fat area (RFA)
to LM area, LM area, RFA to musculus (M.) trapezius
area, M. trapezius lean area, M. semispinalis lean area,
RFA to M. semispinalis area, and RFA to M. semispi-
nalis capitis area], and 5 meat quality traits (contents

of CP, crude fat, moisture, C16:1, and C18:2 of LM).
A significant QTL for withers height was detected at
80.3 ¢cM on BTA5. We detected significant QTL for the
C14:0 content in backfat and C14:0 and C14:1 content
in intermuscular fat around the 62.3 to 71.0 ¢cM region
on BTA19 and for C14:0, C14:1, C18:1, and C16:0 con-
tent and ratio of total unsaturated fatty acid content
to total SFA content in intramuscular fat at 2 differ-
ent regions on BTA19 (41.1 ¢cM for C14:1 and 62.3 cM
for the other 4 traits). Overall, we identified 9 signifi-
cant QTL regions controlling 27 traits with genome-
wide significance of 5%; of these, 22 traits exceeded the
1% genome-wide threshold. Some of the QTL affecting
meat quality traits detected in this study might be the
same QTL as previously reported. The QTL we identi-
fied need to be validated in commercial Japanese Black
cattle populations.

Key words: bovine, F, family, meat quality, quantitative trait loci
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INTRODUCTION

Many studies have successfully detected QTL for
economically important traits of beef cattle such as
growth, carcass, and meat quality traits by using
crossbred experimental populations (Keele et al., 1999;
Stone et al., 1999; Casas et al., 2000, 2003; MacNeil
and Grosz, 2002; Kim et al., 2003). Alexander et al.
(2007a,b) recently reported the results of QTL analysis
of a population for which Japanese Black and Limou-
sin cattle were the parents.

Since 1994, we have generated an F, resource popu-
lation derived from crosses between Japanese Black
sires and Limousin dams to map loci affecting eco-
nomically important traits. A unique characteristic of
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Table 1. Composition of the recipient dams of the F, population

Age (yr)
Breed 2 3 4 5 6 7 8 9 12 13 Total
Angus 2 1 6 3 1 2 4 1 1 21
! 1 1
Hereford 2 2 4
Japanese Black 2 3 5
Japanese Shorthorn 52 42 43 8 145
Limousin 10 10
Total 62 46 47 14 5 3 3 4 1 1 186

"Derived from the cross of Japanese Black x Murray Gray.

the Japanese Black breed is the high fat content in the
meat (so-called highly marbled beef), which is an im-
portant criterion for beef quality in the present Japa-
nese market. May et al. (1993) described the difference
in fatty acid compositions of the intramuscular fat of
Wagyu crossbred and Angus steers, and Kuber et al.
(2004) reported that Wagyu steaks had lower Warner-
Bratzler shear force values than did Limousin steaks
(note that most cattle known as Wagyu are Japanese
Black breeds). Given those findings, Japanese Black
cattle may have other economically favorable traits, in
addition to marbling, compared with other breeds. In
contrast to Japanese Black cattle, Limousin cattle pro-
duce leaner meat and have a larger body size. We chose
these 2 breeds, the phenotypes of which differ dramati-
cally, to construct an experimental F, resource family
for bovine QTL analysis.

In this report, we describe QTL underlying the dif-
ference in growth, carcass, and meat quality traits be-
tween Japanese Black and Limousin cattle. We incor-
porated physicochemical property traits of the F, beef,
including the fatty acid composition of backfat, inter-
muscular fat, and LM i.m. fat. We also identified QTL
for computer image analysis (CIA) traits.

MATERIALS AND METHODS

Animal care and use was according to the protocol
approved by the National Livestock Breeding Center
Animal Care and Use Committee.

Generation and Feeding of F, Population

F, Population. An F, resource population was gen-
erated at the Tokachi and Ohu branches of the Nation-
al Livestock Breeding Center in Japan. The animals
used as parents were 2 Japanese Black (JB) sires (JB-
A and JB-B) and 2 Limousin (L) dams (L.-A and L-B).
The F; animals were obtained by crossing JB-A with
L-A (family A) and JB-B with L-B (family B). Family A
consisted of 2 F; males and 17 F; females, and family
B consisted of 2 F; males and 15 F, females. To avoid
obtaining progeny homozygous for latent recessive he-
reditary disease loci that may be present in the 2 JB
sires, Fy animals were obtained by crossing F; males

and their nonsibling F; females (between family A and
B) using embryo transfer techniques. Both F,; families
were produced and raised at the Tokachi branch, and
fertilized eggs were collected in a frozen state. The
majority of the frozen eggs were then sent to the Ohu
branch and used to produce Fy animals. We produced
37 Fy, animals at the Tokachi branch from July 1999
to January 2000. The remaining 149 F, animals were
produced at the Ohu branch during 4 periods: October
to December 1999 (18 cattle); April to June 2000 (44
cattle); January to March 2001 (52 cattle); and July to
October 2001 (35 cattle). The recipient dams of the F,
population consisted of 6 breeds, and ages were distrib-
uted from 2 to 13 yr (Table 1).

Feeding Conditions. A total of 186 F, animals
were weaned at 56 d of age. Calves were raised by
artificial suckling. In the period from weaning to im-
mediately before the fattening stage (rearing period),
animals were fed with mixed feed (Snow Brand Seed
Co. Ltd., Sapporo, Japan), with free intake of hay,
water, and mineral salts. At 8 mo of age, Fy, animals
were moved to fattening stalls and began to receive the
mixed feed for the fattening stage. The mixed feed com-
prised 30.2% barley corn, 39.4% dent corn, 15.1% wheat
bran, 3.4% rice bran, 4.0% wheat flour, 5.7% soybean
waste, 1.0% NaCl, and 1.0% monocalcium phosphate.
The digestible CP of this diet was 11.4% and the to-
tal digestible nutrients were 83.1%. All of these per-
centages were calculated on a DM basis. The amount
of mixed feed provided during the fattening stage was
calculated considering the energy requirement given in
the Japanese Feeding Standard for beef cattle (JLIA,
1995). To accurately control feed intake, every Fy ani-
mal was tagged with individual recognition equipment
for an automatic feeding system. The allowed propor-
tions of hay and mixed feed for the fattening stage were
25:75 for animals <14 mo old, 15:85 for animals 15 to
20 mo old, and 10:90 for animals 21 to 24 mo old. Hay,
water, and mineral salts were fed without restriction.

Phenotype Measurements

Growth and Carcass Traits. The F, animals
were weighed at birth, 4 wk of age, and on the first and
last day of the fattening period. Withers height (from

Downloaded from jas.fass.org at Tohoku University on October 29, 2008.
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the ground to the peak between shoulder blades), hip
cross height (from the ground to the intersecting point
of hip points line and the median line), body length
(from lower edge of the scapula to the end of the ischial
tuberosity), chest girth and width (close behind the
fore foot), hip length (from the hip cross to back end of
the ischial bone), hip point width (between the points
of the hip), rump width, and pin bone (back end of the
ischial bone) width were measured 1 d before slaugh-
ter. The F, animals were slaughtered at the age of 24
mo (731.62 + 5.01 d of age). At the meat plant, HCW of
the F, animals were obtained, and carcass quality was
evaluated about 48 h after slaughter by certified grad-
ers belonging to the Japan Meat Grading Association
(Tokyo, Japan). Graded traits were LM area, rib thick-
ness (the length from the abdominal lining to the exter-
nal side of latissimus dorsi at around the midpoint of
entire rib bone of the cross section), backfat thickness
(the length from the external side of latissimus dorsi to
carcass surface on the vertical line from the lower end
of iliocostalis to carcass surface), beef marbling stan-
dards (BMS; No. 1 to 12), beef color standards (No. 1 to
7), beef fat standards (No. 1 to 7), luster, firmness, and
texture. All graded traits were measured at the sixth
rib bone side of the cross section between the sixth and
seventh rib bones.

Meat Quality Traits. Physicochemical proper-
ty traits of the Fy beef were measured. The rib roast
blocks of the seventh to eighth rib bone were sampled
in all Fy animals. The LM was excised from the block
and minced for analysis of moisture, crude fat, and CP
content as described by Okumura et al. (2007), where
approximately 50 g of LM was excised and put in a
plastic bag, and then incubated for 1 h in a constant-
temperature bath at 70°C, and reweighed to calculate
the cooking loss value. This incubated muscle was then
cut thinly to yield pieces that were 1 cm X 1 ¢cm X 5
cm cuboids) and used to measure the Warner-Bratzler
shear force (Salter, Kent, UK). Meat color was mea-
sured as described by Sato et al. (2003). In addition, we
determined the fatty acid content of 3 parts of the rib
loin block: backfat (on M. trapezius), intermuscular fat
(between M. rhomboideus and LM), and intramuscu-
lar fat (of LM). Fat extractions were done as described
by Folch et al. (1957), and extracted fat was saponified
with potassium hydrate-ethanol solution and methyl-
esterified with boron trifluoride-methanol complex.
Processed fat was analyzed by gas chromatography
(6890A, Agilent Technologies Japan Ltd., Tokyo, Ja-
pan) under the following conditions: the temperature
of the inlet was 150°C, the oven was warmed from 150
to 220°C, and the temperature of the detector sensor
was 220°C. We used helium gas as a carrier, a capil-
lary column (TC-70, 0.25 mm i.d. X 60 m, df (the phase
thickness of the inside of the capillary column) = 0.25
pm; GL Science, Tokyo, Japan), and flame-ionization
detector for detection.

Computer Image Analysis Traits. Digital im-
ages of the carcass cross section were taken between

2823

the sixth and seventh ribs using photographic equip-
ment developed by Kuchida et al. (2001a). This equip-
ment comprised 2 parts: a dome with 570 white light-
emitting diodes and a digital camera (2 megapixels,
FinePix2900Z, Fuji Film, Tokyo, Japan) with a wide
conversion lens (WL-FX29, Fuji Film). The distance
between the camera and the surface of the carcass
was fixed, and the lens was always parallel to the car-
cass cross section. As a result, area and length could
be measured with high accuracy using the equipment.
Obtained digital images were then analyzed using
software developed by Kuchida et al. (2000). The total
muscle area, lean area, and fat area of LM, M. trape-
zius, M. semispinalis, and M. semispinalis capitus were
calculated by this software. Here, the total muscle area
represents the internal area of the muscle outline form.
Therefore, the lean and fat areas are summed to give
total muscle area. The ratio of the length of minor and
major axes of LM was also calculated.

Genotyping

We extracted DNA from blood using automatic ex-
traction equipment (NA1000, Kurabo, Osaka, Japan),
and the final DNA concentration was adjusted to 20 ng/
pL. A genome screen was conducted with microsatellite
markers (Kappes et al., 1997; Ihara et al., 2004). Poly-
merase chain reaction amplification was performed in
a volume of 15 pL containing 20 ng of genomic DNA,
1.67 mM MgCl,, 6.25 pmol of each primer, 0.2 mM de-
oxynucleotides, and 0.375 U of Taqg DNA polymerase
(ABgene, Epsom, UK). The annealing temperatures of
each marker in thermocycling steps were optimized by
referencing those recommended by Thara et al. (2004).
Amplifications were performed under the following
conditions: 5 min at 94°C, 30 cycles of 30 s at 94°C, 30 s
at annealing temperature, 30 s at 72°C, and a final ex-
tension of 7 min at 72°C. After PCR amplification, re-
action products were fractionated on an ABI377 DNA
sequencer (Applied Biosystems, Foster City, CA), and
fragment analysis was performed with GeneScan and
Genotyper software (Applied Biosystems).

Linkage Analysis

Linkage maps for the 29 bovine autosomes were con-
structed by using CRI-MAP (Green et al., 1990), and
the constructed map was used for the whole-genome
QTL scan. The information content of markers was
calculated by the method described by Knott et al.
(1998).

A QTL analysis for each trait was performed by the
method developed by Haley et al. (1994). The statisti-
cal model is based on linear regression of phenotypes
on the probabilities of QTL genotypes at a given loca-
tion. We assumed that the grandparental breeds, Lim-
ousin and Japanese Black, were fixed for alternative
alleles at a QTL. Two alleles at a putative QTL at a
given location were denoted by Q and q. There are 3
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possible genotypes, QQ, Qq, and qq, for a QTL at the
given location on an autosome. The probabilities of the
QTL genotypes [denoted as Prob(QQ), Prob(Qq), and
Prob(qq)] were calculated from the observed genotypes
of markers linked to the QTL. The calculation was
done as described by Haley et al. (1994). In analyses
of actual data, some fixed effects other than QTL ef-
fects including sex-associated differences, breeds, and
ages of the recipient cows, seasons, and locations were
taken into account.

Let the effects of genotypes QQ, Qq, and qq be de-
noted by a, d, and —a, respectively. We assumed that
the phenotypic value of a trait is written for the ith
individual in Fy, as follows:

y, = Z‘Tijbj +c 0+ c,d+ e,
J

where b; is the jth element of the vector of fixed effects,
which includes overall mean, sex effect, breeds of the
recipients (6 breeds), ages of the recipients (10 levels),
and combinations of seasons and locations (5 levels); x;;
is the (7,j))th element of the design matrix associating
b; to y;; ¢4 1s the coefficient for the additive component
for individual i at the given location that is calculated
from the probabilities of QTL genotypes and equal to
Prob(QQ) — Prob(qq); cg; is the coefficient for the domi-
nance component for individual i at the given location,
which 1s equal to Prob(Qq); and e; is the residual er-
ror. Model parameters u, h, a, and d are estimated by
a least squares method. That is, estimators of the pa-
rameters are obtained such that the sum of squares,

2
n

§= Z[yz = 2T —ea— Cdz‘d] ’
i=1 j

is minimized, where n is the number of individuals of
Fy. Denoting least squares estimators of b;, a, and d by

the terms I;j , a,and d , the minimal sum of squares is

obtained as

Under the null model corresponding to no QTL, where
a=d =01s assumed, the minimal sum of squares is de-
noted by S;. Detection of a significant QTL is declared
based on the ratio involving S; and S,. In this report,
we used the F-ratio, [(Sy — S,)/2]/[S;/(n — 20)], as a sta-
tistic for detecting QTL, where it should be noted that
degrees of freedom of 20 is assigned to the fixed effects.
Significance thresholds were obtained by a permuta-
tion test with 1,000 repetitions for each trait.

Abe et al.

Correlation coefficients among the 27 Fy phenotypes
for which significant QTL were detected were calculat-
ed by PROC CORR (SAS Inst. Inc., Cary, NC).

RESULTS AND DISCUSSION

Phenotype Measurement
and Marker Selection

The 76 traits measured are summarized in Table 2.
One trait of particular interest was the BMS number,
because in the Japanese market, the value of a beef
carcass is heavily dependent on this grading score. Al-
though BMS numbers are categorized as 1 to 12 in Jap-
anese grading systems, the highest number in our F,
population was 7. Furthermore, the distribution of the
BMS numbers was extremely biased and was skewed
toward lower scores (Figure 1).

The 4 parents of our Fy, family were genotyped with
bovine autosomal microsatellite markers (Kappes et
al., 1997; Ihara et al., 2004) to select informative mark-
ers. Contrary to our expectations, the allele types were
quite similar between the 2 parental breeds for many
markers, so we could not help eliminating a large part
of them (data not shown). Overall, we genotyped these
4 parents for a total of 1,755 markers. We selected
the markers in consideration of the marker distances
based on the published bovine linkage map (Kappes et
al., 1997; Ihara et al., 2004) and the number of charac-
teristic alleles that could distinguish the origin among
4 parental animals or 2 parental breeds.

Linkage Analysis and QTL Mapping

From the marker linkage analysis, 313 markers were
mapped to 29 bovine autosomal chromosomes over
2,382 cM, and the average distance between markers
was 8.4 cM. With this linkage map, we detected QTL
on BTA2, 5, and 19 (Table 3). We identified 9 QTL for
27 traits at the 5% genome-wide threshold level; QTL
for 22 traits were significant at the 1% genome-wide
level. Details of the significant QTL are presented in
Figures 2, 3, and 4. In the QTL analysis, we took into
account the fact that our Fy; population was produced
at 2 different stations over different time periods. We
also took into account the effects of recipient dams of
the F, population, including their breed and age, as
they might have an effect on the performance of the
offspring (Table 1).

We mapped significant QTL for 5 carcass grading
traits (Figure 2, panel A), 8 CIA traits (Figure 2, pan-
els C to E), and 5 meat quality traits (Figure 2, panel
B) to the same centromeric region of BTA2. Among the
CIA traits, LM lean area showed the greatest F-ratio
of all QTL identified in this study (Figure 2, panel C;
Table 3). In addition, QTL for M. semispinalis and M.
trapezius lean area were detected at 4.7 and 2.0 cM, re-
spectively, on BTA2 (Figure 2, panel C). Animals that
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Table 2. Performance, growth, traits of carcass grade, meat quality, computer image analysis (CIA), and fatty acid
composition of Fy animals from an intercross of F; animals derived from 2 Japanese Black sires and 2 Limousin

dams
Trait n Mean SD Minimum Maximum
Growth'
Birth BW, kg 186 34.4 5.1 20.0 47.0
BW at 4 wk of age 186 48.1 5.8 28.5 63.0
BW daily gain in fattening period 186 0.9 0.1 0.7 1.2
BW on first day of fattening 186 227.4 26.7 157.0 291.7
BW on last day of fattening 186 678.0 62.6 536.0 842.0
Withers height, cm 186 138.7 5.8 125.0 154.0
Hip cross height, cm 186 141.4 5.9 127.0 157.2
Body length, cm 186 136.2 5.9 122.5 154.0
Chest gi](‘th,2 cm 186 219.5 7.8 198.0 243.0
Chest width,” cm 186 74.0 2.9 67.4 81.4
Hip length, cm 186 54.6 3.4 46.0 63.0
Hip point width, cm 186 53.0 2.5 47.0 59.0
Rump width, cm 186 51.3 3.1 41.0 60.0
Pinbone width, cm 186 30.2 3.1 23.0 41.0
Carcass grade
Carcass weight, kg 186 424.8 40.1 332.5 534.0
Carcass grade (1 to 5) 186 2.4 0.6 2.0 4.0
LM area, cm? 186 52.3 6.5 39.0 80.0
Rib thickness, cm 186 6.7 0.7 5.4 9.7
Back fat thickness, cm 186 3.1 1.0 0.3 5.7
Beef marbling standards (1 to 12) 186 3.0 1.0 2 7
Beef color score (1 to 7) 186 4.2 0.5 2 5
Luster (1 to 5) 186 2.9 0.5 2 4
Firmness (1 to 5) 186 2.5 0.6 2 4
Texture (1 to 5) 186 3.0 0.3 2 4
Beef fat score (1 to 7) 186 3.0 0.1 2 4
Meat quality
Moisture, % 186 62.7 4.4 49.2 71.1
Crude fat content, % 186 17.7 5.9 6.2 35.4
CP content, % 186 19.0 1.4 15.2 21.9
Cooking loss, % 186 27.3 2.2 19.6 32.8
Warner-Bratzler shear force, kg/cm? 186 5.6 1.5 1.9 10.7
Redness (a* value) 186 16.2 1.8 10.6 20.7
Yellowness (b* value) 186 9.3 1.9 4.3 13.6
Lightness (L* value) 186 47.1 3.8 36.8 58.0
Computer image analysis
LM area, cm® 186 47.3 6.5 33.7 76.4
LM lean area, cm® 186 37.0 6.3 23.2 64.0
LM fat area, cm> 186 10.3 3.2 4.4 22.4
RFA?® to LM area, % 186 21.9 6.3 7.9 40.1
LM major axis, pixels 186 580.5 57.6 53.0 762.8
LM minor axis, pixels 186 415.8 46.2 21.4 507.1
Ratio of minor and major axes of LM 186 0.7 0.1 0.4 0.9
M. semispinalis capitus area, cm> 186 8.7 2.9 1.2 16.1
M. semispinalis capitus lean area, cm?® 186 6.6 2.3 0.9 12.8
M. semispinalis capitus fat area, cm? 186 2.0 0.8 0.3 4.2
RFA to M. semispinalis capitus area, % 186 23.2 5.0 9.3 36.1
M. semispinalis area, cm? 186 31.8 3.9 21.5 42.0
M. semispinalis lean area, cm? 186 22.7 3.1 15.5 31.1
M. semispinalis fat area, cm? 186 9.1 2.3 3.4 15.2
RFA to M. semispinalis area, % 186 28.5 5.7 12.1 45.6
M. trapezius area, cm® 186 35.0 5.1 20.7 55.2
M. trapezius lean area, cm? 186 26.8 4.0 17.1 39.2
M. trapezius fat area, cm? 186 8.2 3.1 2.9 24.1
RFA to M. trapezius area, % 186 23.1 6.9 9.4 43.6
Fatty acid composition
Backfat
C14:0 content, % 178 3.1 0.5 2.1 5.1
C14:1 content, % 178 1.4 0.5 0.5 5.7
C16:0 content, % 178 23.7 1.6 19.2 30.5
C16:1 content, % 178 6.0 1.0 3.8 12.6
Continued
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Table 2 (Continued). Performance, growth, traits of carcass grade, meat quality, computer image analysis (CIA),
and fatty acid composition of Fy animals from an intercross of F; animals derived from 2 Japanese Black sires and

2 Limousin dams

Trait n Mean SD Minimum Maximum
C18:0 content, % 178 8.2 1.6 0.1 13.2
C18:1 content, % 178 51.9 2.7 42.6 58.8
C18:2 content, % 178 2.7 0.8 1.5 5.2
Us/s? 178 1.8 0.2 1.1 2.3

Intermuscular fat
C14:0 content, % 177 3.7 0.7 2.3 8.2
C14:1 content, % 177 1.0 0.3 0.4 2.2
C16:0 content, % 177 25.1 2.4 9.4 31.2
C16:1 content, % 177 4.8 0.8 3.1 7.7
C18:0 content, % 177 12.7 2.3 3.2 20.5
C18:1 content, % 177 47.2 3.0 40.5 55.7
C18:2 content, % 177 2.5 0.8 1.4 4.9
USs/S 177 1.4 0.2 0.9 2.0

Intramuscular fat
C14:0 content, % 184 3.7 0.6 2.3 6.6
C14:1 content, % 184 0.8 0.3 0.3 2.0
C16:0 content, % 184 28.4 2.0 22.5 34.6
C16:1 content, % 184 4.2 0.7 2.1 7.0
C18:0 content, % 184 12.7 1.9 4.9 18.4
C18:1 content, % 184 44.7 2.6 37.4 51.8
C18:2 content, % 184 2.8 0.8 0.1 6.4
USs/S 184 1.2 0.1 0.8 1.7

'Withers height = the length from the ground to the peak between shoulder blades; hip cross height = the length from the ground to the
intersecting point of hip points line and the median line; body length = the length from the lower edge of the scapula to the end of the ischial
tuberosity; hip length = the length from the hip cross to the back end of the ischial bone; hip point width = the length between the points of the

hip; pinbone width = the length between the ischial tuberosities.
*Measured at close behind the fore foot.
SRFA = ratio of fat area.
*The ratio between total unsaturated fatty acid and total SFA.

inherited the Limousin alleles had larger lean area in
those 3 muscles than did those that inherited the Japa-
nese Black alleles. A QTL for LM area was detected at
the same position of 1.0 cM on BTA2 (Figure 2, panel
D); animals that inherited the Limousin allele had a
greater muscle area. Because a positive correlation
between muscle area and lean area in our F, family
occurred in every muscle measured by CIA (data not
shown), animals that inherited the Limousin alleles at
this QTL had greater muscle area with leaner meat.

In contrast, the QTL for RFA to LM, M. semispinalis,
M. semispinalis capitus, and M. trapezius area were
detected at 4.7 cM on BTA2 (Figure 2, panel E), as was
the QTL for BMS number (Figure 2, panel A). Further-
more, QTL for crude fat content of LM and the C16:1
content of intramuscular fat were detected at 5.7 and
0 cM, respectively, on BTA2 (Figure 2, panel B). In all
these cases, animals that inherited the Japanese Black
alleles had greater values. Kuchida et al. (2000; 2001Db)
described significant relationships between crude fat
content and RFA (r =0.98), and between RFA and BMS
number (r = 0.93), respectively. They suggested that
crude fat content and RFA are useful data for evaluat-
ing marbling objectively. This suggestion is consistent
with the results of our study.

All of our F, animals showed BMS numbers of 2 to
5, except for one animal that had a 6 and one that had
a 7 (Figure 1). This indicates the lower intramuscular

fat content of the F, population than of purebred Japa-
nese Black cattle. In fact, Okumura et al. (2007) noted
that the crude fat content (%) of Japanese Black cattle
slaughtered at 24 mo of age (identical to the age at
slaughter for our F, population) was 37.0 = 4.4, whereas
that in our F, population was 17.7 + 5.9 (Table 2). Sum-
marizing these results, we suggest that the Limousin
alleles, which produced larger lean and muscle area,
had a more extreme effect than those of the Japanese
Black alleles, which produced beef with greater BMS,
RFA, crude fat, and C16:1 content. Using a population
that inherited the muscle hypertrophy locus, Casas et
al. (1998) detected a QTL for ribeye area, marbling,
and fat thickness. Their results were similar to ours
not only in the type of phenotypes affected, but also in
the QTL regions reported; the multiple QTL were in
the same chromosomal region. Furthermore, using a
Wagyu X Limousin crossbred Fy; population, Alexander
et al. (2007a) detected a QTL for LM area in the centro-
meric region of BTA2.

Recently, Sellick et al. (2007) reported the effect of
the F94L mutation of the myostatin gene. They treated
this gene as a positional candidate of the QTL for meat
percentage, eye muscle area, and silverside (meat block
composed of M. gluteobiceps and M. semitendinosus)
percentage detected in the 0 to 15 ¢cM region of BTAZ2.
They analyzed a population derived from a Jersey X
Limousin cross and explained that the F94L mutation
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Table 3. Summary of QTL location, genome-wide probability, and additive and dominance effects
Genome-wide
probability’ Location
Additive® Dominance® Variance
Trait 5% 1% BTA cM F-ratio® effect effect explained
Growth
Withers height, cm 9.06 11.82 5 80.3 10.59* -1.87 -1.44 0.06
Carcass grade
Carcass grade (1 to 5) 9.41 12.08 2 4.7 16.27+ 0.32 0.09 0.16
LM area, cm? 9.29 11.71 2 1.0 26.63F —4.35 -1.95 0.23
Beef marbling score (1 to 12) 9.31 11.22 2 4.7 23.65¢ 0.61 0.19 0.21
Luster (1 to 5) 9.47 11.00 2 4.7 18.47F 0.25 0.11 0.16
Firmness (1 to 5) 9.47 11.87 2 4.7 14.51¢ 0.32 0.05 0.15
Meat quality
Moisture 9.16 10.79 2 5.7 24.58F —2.83 -1.39 0.21
Crude fat content 9.12 11.29 2 5.7 26.37F 3.85 1.94 0.23
CP content 9.18 10.98 2 4.7 32.57F -0.96 -0.50 0.27
Computer image analysis
LM area, cm? 9.46 11.78 2 1.0 20.29¢ -3.95 -0.90 0.18
LM lean area, cm? 9.13 11.25 2 3.0 43.21F —5.02 -2.04 0.33
RFA* to LM area, % 9.47 12.00 2 4.7 28.55F 4.18 2.28 0.25
RFA to M. semispinalis capitus area, % 9.22 11.59 2 4.7 11.91¢ 2.36 0.93 0.12
M. semispinalis lean area, cm? 8.97 11.07 2 4.7 15.55% -1.73 -0.13 0.15
RFA to M. semispinalis area, % 9.49 11.06 2 4.7 14.45F 2.56 2.26 0.14
M. trapezius lean area, cm?® 9.21 10.9 2 2.0 28.37F -2.73 -0.58 0.22
RFA to M. trapezius area, % 9.17 11.27 2 4.7 11.69F 3.27 1.35 0.12
Fatty acid composition
Backfat
C14:0 content, % 9.38 11.71 19 62.3 9.65% -0.22 -0.06 0.11
Intermuscular fat
C14:0 content, % 9.49 12.06 19 62.3 27.47F -0.39 -0.08 0.18
C14:1 content, % 9.44 11.40 19 71.0 13.59% -0.18 0.04 0.15
Intramuscular fat
C14:0 content, % 9.19 11.01 19 62.3 30.447F —0.43 -0.13 0.28
C14:1 content, % 9.19 11.18 19 41.1 12.50F -0.14 -0.13 0.14
C16:0 content, % 9.14 11.73 19 62.3 10.68* —-0.86 -0.39 0.11
C16:1 content, % 9.17 11.14 2 0.0 9.18* 0.23 0.23 0.09
C18:1 content, % 9.28 10.78 19 62.3 21.12% 1.56 0.42 0.20
C18:2 content, % 9.36 12.20 2 2.0 19.22} -0.27 -0.23 0.07
Us/s® 8.96 10.66 19 62.3 9.65% 0.06 0.03 0.09

!Genome-wide F-statistic thresholds at the 1% and 5% levels as determined by permutation tests.

Asterisk (*) and dagger (}) represent the 5% and 1% genome-wide significance levels, respectively.

3Additive (a) and dominance (d) QTL effects correspond to the genotype values of +a, d, and —a for animals having inherited 2 Japanese Black
alleles, 1 of each allele, or 2 Limousin alleles, respectively. If the additive effect is positive, the Japanese Black allele increases the phenotypic
value; if it is negative, the Japanese Black allele decreases it (conversely, the Limousin allele increases the phenotypic value). Dominance ef-

fects are relative to the mean of the 2 homozygous genotypes.
*RFA = ratio of fat area.
The ratio between total unsaturated fatty acid and total SFA.

of the myostatin gene originated from the Limousin
breed and significantly increased these traits. Their re-
sults seem applicable to our findings. Myostatin is one
of the strong candidate genes for QTL of BTA2 detected
in our Fy population.

Interestingly, a QTL for C18:2 content of LM was de-
tected at 2 ¢cM on BTA2 (Figure 2, panel B). Animals
that inherited the Limousin alleles had greater content
of C18:2. This fatty acid is a constituent of CLA, which
has recently been studied for its favorable effect on hu-
man health, especially for reducing human cancer cell
growth (De La Torre et al., 2006). The C18:2 fatty acid
in beef cannot be synthesized in the bovine body, but
originates from feedstuffs. Therefore, it seems strange
that the genetic effect was observed on this trait. On
the other hand, several studies have reported the dif-

ference in C18:2 content between muscle and adipose
of cattle (Hristov et al., 2005; Noci et al., 2005). Ac-
cording to these studies, C18:2 is more abundant in
muscle than in adipose. In our F, population, animals
that inherited the Limousin allele had leaner meat, as
described above. Furthermore, there was a weak but
positive correlation between C18:2 content and both
CP content and LM lean area (r = 0.11 and 0.12, re-
spectively). Conversely, there was a negative correla-
tion between C18:2 and both crude fat content and RFA
to LM area (r = —0.12 and —0.13, respectively). These
results may relate to the fact that the QTL for C18:2
content was detected at the centromeric end of BTAZ2.
There are several reports on candidate gene analysis
of BMS and subcutaneous fat depth (SFD) traits using
similar Wagyu X Limousin F, populations. Jiang et al.
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Figure 1. Bar chart of the beef marbling standards
(BMS) numbers of 186 F, animals. The x-axis indicates
the BMS numbers (1 to 12), the y-axis indicates the
percentage, and the numeral on each bar represents
the number of Fy, animals with that particular BMS.

(2005) detected genetic variation in the mitochondrial
transcription factor A (TFAM) gene and determined its
significant effect on both BMS and SFD. Michal et al.
(2006) analyzed the bovine fatty acid binding protein
4 (FABP4) gene as a candidate, and found a signifi-
cant relationship between detected SNP and these 2
traits. Wibowo et al. (2007) reported a significant ef-
fect of mutations detected in the corticotrophin-releas-
ing hormone (CRH) gene on BMS and SFD. The first
TFAM gene is located on BTA28, and the latter 2 genes
(FABP4 and CRH) are both located on BTA14. We de-
tected no significant (or suggestive) QTL for BMS or
backfat thickness on those chromosomes. One possible
explanation for this observation was the difference in
parental individuals between those 2 F, populations.
In our F, population, the mutations detected in these
3 genes might be fixed in the 2 breeds. In addition,
the difference in the measuring procedure of BMS and
SFED between the United States and Japan might have
caused the different results.

We detected a QTL for withers height at 80.3 ¢cM on
BTA5 (Figure 3). Animals that inherited the Limou-
sin alleles were taller than those that inherited the
Japanese Black alleles. Quantitative trait loci for birth
weight were detected in this region (Casas et al., 2003,
Kim et al., 2003) by use of a Bos indicus X Bos tau-
rus crossbred family. Mizoshita et al. (2004) detected a
QTL for carcass yield on BTA5 in a half-sib population
of purebred Japanese Black cattle, but the position was
different from our QTL. Li et al. (2004) detected a QTL
for preweaning ADG and ADG on feed in the 73.5- to
77.6-cM region on BTA5 using a crossbred population
developed from several bovine breeds. Those investiga-
tors considered IGF-I to be a positional candidate and
included information regarding IGF-I polymorphisms
in their analysis. Although we measured 14 growth-
associated traits in total, including birth weight and
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ADG during the fattening period, the genome-wise sig-
nificant QTL was detected only for withers height.

On BTA19, we detected QTL for fatty acid composi-
tion (Figure 4, panels A to C). In addition, QTL for C14:0
content were detected at 62.3 ¢cM for backfat (Figure 4,
panel A); QTL for C14:0 and C14:1 content were detect-
ed at 62.3 and 71.0 cM for intermuscular fat (Figure 4,
panel B) and at 62.3 and 41.1 ¢cM for intramuscular fat
(Figure 4, panel C). For each of these 3 loci, animals
that inherited the Limousin alleles showed increased
C14:0 and C14:1 content. We also detected QTL for
C16:0 and C18:1 content and the ratio of total unsatu-
rated fatty acid content to total SFA content of intra-
muscular fat at 62.3 cM on BTA 19 (Figure 4, panel C).
Individuals that inherited the Japanese Black allele at
this QTL demonstrated reduced C16:0 content, but in-
creased C18:1 content and the ratio of total unsaturat-
ed fatty acid content to total SFA content. The degree
of fatty acid composition in the intramuscular fat is an
important factor for the eating quality of beef. Gener-
ally, the melting points of unsaturated fatty acids are
less than those of SFAs, so beef with more unsaturated
fatty acid in the intramuscular fat has superior eat-
ing quality and good texture. In addition, Mandell et
al. (1998) suggested that C18:1 content has a favor-
able effect on beef flavor. In contrast, Fernandez and
West (2005) stated that C12:0, C14:0, and C16:0 are
considered to be associated with hypercholesterolemia,
because they increase the concentration of low-density
lipoprotein in human plasma, and Blaha et al. (2000)
suggested that SFA concentrations and coronary ath-
erosclerosis are related. Considering these points, we
suggest that our findings here may facilitate the pro-
duction of beef that is both pleasant to eat and healthi-
er for human consumption. Furthermore, Viitala et al.
(2003) detected a QTL for milk fat percentage at 67
cM on BTA19. Subsequently, Roy et al. (2006) studied
the bovine fatty acid synthase (FASN) gene as a candi-
date gene for the QTL and found various SNP that had
significant effects on milk fat percentage. Morris et al.
(2007) detected QTL for fatty acid composition in both
adipose tissue and milk fat in the 60 to 80 cM region on
BTA19; the locations of those QTL overlap those that
we detected. Morris et al. (2007) also analyzed FASN as
a candidate gene for this QTL and found that the SNP
haplotype had a significant effect on fatty acid compo-
sition; FASN may also be a strong candidate gene for
controlling fatty acid composition in our F2 family. On
the other hand, Alexander et al. (2007b) analyzed the
fatty acid composition of the LM of their Wagyu X Lim-
ousin F, population, and carried out QTL mapping on
this trait, but did not detect significant QTL on BTA19.
A possible reason for this result is the difference in
parental individuals of the 2 Wagyu X Limousin ref-
erence populations. Whereas their Fy, population origi-
nated from 8 Wagyu bulls and 108 Limousin females,
our family was constructed from only 2 Japanese Black
sires and 2 Limousin females. Our 2 Japanese Black
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Figure 2. Plot of the F-ratios from multilocus least squares analysis (Haley et al., 1994) of carcass grade and
physicochemical property traits on BTA2. The x-axis indicates the relative position on the linkage map; the left-
hand y-axis represents the F-ratio; and the right-hand y-axis (dotted curve) indicates information content (IC).
Triangles on the x-axis indicate marker positions. Markers were MINS-2, DIK621, ILSTS026, DIK1081, DIK1140,
BM4440, RM041, TGLA226, DIK1109, MMS8D3, INRA135, IDVGA-37, and IDVGA-2. The horizontal lines indicate
genome-wide threshold values for 5% level (dotted line) and 1% level (solid line). (A) QTL profile of carcass grade
traits: o = LM area; m = beef marbling standards; o = luster; — = carcass grade; and + = firmness. (B) QTL profile
of physicochemical property traits: o = CP content; m = crude fat content; — = moisture content; o = C18:2 content;
+ = C16:1 content of intramuscular fat. (C) QTL profile of lean area: o = LM; m = M. trapezius; o = M. semispinalis.
(D) QTL profile of muscle area: o = LM. (E) QTL profile of ratio of fat area (RFA) to muscle area: o = LM; m = M.
trapezius; o = M. semispinalis capitus; — = M. semispinalis. There is no public information for marker DIK621.
The primer sequences of marker DIK621 were forward primer = TCATGGCCATCATACATCAAG, reverse primer
= CCCCTTTCCAAACCCATAAT.
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Figure 3. Plot of the F-ratios from multilocus least
squares analysis (Haley et al., 1994) of withers height
(@) on BTA5. The x-axis indicates the relative posi-
tion on the linkage map; the left-hand y-axis repre-
sents the F-ratio; and the right-hand y-axis (dotted
curve) indicates information content (IC). Triangles
on the x-axis indicate marker positions. Markers were
BMS1095, BMS610, BP1, RM103, BMS1898, MS2106,
CA084, ETH10, MNS-44, BMS1248, BM315, DIK2206,
DIK2287, DIK2122, BM733, DIK2035, and BMS597.
The horizontal line indicates threshold values for ge-
nome-wide 1% level.

sires were considered excellent individuals in 1995, so
several favorable genes (for meat qualities) might be
fixed in the 2 sires. It could be said that the structure
of our Fy population was more suitable for detecting
effective QTL. Interestingly, Alexander et al. (2007b)
detected significant QTL for fatty acid composition on
the centromeric region of BTA2, where we also detected
the QTL on C16:1 and C18:2. The latent factor with ef-
fects on beef fatty acid composition may also be located
in this region.

We observed several pairs of traits that showed high-
ly positive or negative correlations among the 27 QTL-
detected traits in this study. For example, BMS num-
ber had a strong positive relationship with RFA and
LM muscle area (r = 0.85), but also showed a negative
correlation with CP content (r = —0.78). Notably, QTL
of those 3 traits were located at the same position, 4.7
cM on BTA2. This suggests that markers targeted for
one trait may improve performance of the other trait.
The opposite result might occur for other trait combi-
nations. We may have to pay attention to this matter
when consideration is given to marker-assisted selec-
tion.

Overall, the findings we report here provide fun-
damental information on the transmission of bovine
quantitative traits. Because the QTL we detected may
represent only breed-associated differences between
Japanese Black and Limousin cattle, we need to con-
firm these QTL effects in a purebred Japanese Black
population to obtain information useful in breeding
Wagyu cattle.

Abe et al.
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Figure 4. Plot of the F-ratios from multilocus least
squares analysis (Haley et al., 1994) for fatty acid
composition traits on BTA19. The x-axis indicates the
relative position on the linkage map; the left-hand y-
axis represents the F-ratio; and the right-hand y-axis
(dotted curve) indicates information content (IC). Tri-
angles on the x-axis indicate marker positions. Mark-
ers were DIK2452, X82261, INRABERN148, URB044,
CSSME070, BMS2389, BM17132, I10BT34, NLB-
CMK39, and DIK688. The horizontal lines indicate
threshold values for genome-wide 5% level (dotted line)
and genome-wide 1% level (solid line). (A) QTL profile
of fatty acid composition in backfat: o = C14:0 content.
(B) QTL profile of fatty acid composition in intermus-
cular fat: o0 = C14:0 content; m = C14:1 content. (C) QTL
profile on fatty acid composition of LM intramuscular
fat: o = C14:0 content; m = C14:1 content; o = C18:1
content; — = C16:0 content; and + = the ratio between
total unsaturated fatty acid and total SFA.
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GENOMIC ORGANIZATION AND PROMOTER ANALYSIS
OF THE BOVINE ADAM12 GENE
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A disintegrin and metalloprotease (ADAM) 12 is a member of the ADAM family
possessing a putative role in a variety of biological processes such as modulation of
proteolytic processing, cell adhesion, cell fusion, and signaling. Recently, it has been sug-
gested that ADAMI12 is involved in regulation of adipogenesis as well as myogenesis. In this
study, we have determined the genomic structure of 5'- and 3'-regions in the bovine
ADAMI12 gene. We could obtain characteristics of lower homology of its exon 2 with
human counterpart. Human exon S19 encodes for the sequence specific to a shorter secreted
Sform of ADAMI2S. The bovine ADAMI2 gene had no canonical 3'-splice acceptor site at
5'-side of the putative exon S19, suggesting that the cattle could not produce a ADAMI2S
counterpart. To identify the regulatory elements, a 12 kb 5'-flanking region of the gene was
cloned and luciferase reporter assay was carried out. Reporter plasmids with different
length of proximal promoter region indicated the similar patterns of promoter activities
between 3T3-L1 preadipose and Cos-1 nonadipose cells. However, 2.0 and 0.2 kb firagments
located at —8 and —4.5 kb upstream of the putative transcription start site, respectively,
increased the ADAMI2 promoter activity about 1.5- to 2-fold in 3T3-L1, but not in
Cos-1. These results suggested that the two distal regions might contribute to the
preadipocyte-specific expression of ADAMI?2 gene.

Keywords: ADAM]I2; Adipogenesis; Cattle; Promoter analysis

INTRODUCTION

An ADAM family, of which the prototype is a membrane-anchored cell sur-
face protein composed of several distinct domains including a prodomain, metallo-
protease, disintegrin, cystein-rich, EGF-like and transmembrane domains as well as
a cytoplasmic tail, seems to be implicated in a variety of biological processes, such as
modulation of proteolytic processing, cell adhesion, cell fusion, and signaling (1-3).
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ADAM]I2 has been isolated as one of the ADAM family genes expressed in
muscle (4). The ADAMI?2 is expressed predominantly in neonatal muscle as well
as placenta, but slightly in adult muscle (4, 5). Its expression has been reported to
decrease during differentiation of myogenic cell line in vitro or to increase dra-
matically in response to regeneration of muscle in vivo (6). These studies, together
with immunocytochemical localization and functional expression studies, have
suggested that the ADAMI12 is implicated in muscle development and regener-
ation (4-8).

On the other hand, Kawaguchi and colleagues (9) have developed muscle-
specifically 4ADAMI2-overexpressing transgenic mice, which exhibit the increased
intramuscular adipogenesis characterized by appearance of cells expressing early
markers of adipogenesis in the perivascular space and of mature, lipid-laden adi-
pocytes, at one to two and three to four weeks of age, respectively. Further-
more, Kurisaki and colleauges (10) have recently demonstrated that ADAMI2-
deficient mice exhibit the reduction of the interscapular brown adipose tissue,
in addition to the impaired formation of the neck and interscapular muscles
in some pups. These observations, together with the recent report that the
ADAMI?2 is transiently expressed at the cell surface of preadipocyte just before
the onset of adipogenesis (11), have suggested that the ADAMI2 may be
involved in regulating adipogenesis and myogenesis through a linked develop-
mental pathway.

It has been reported that, in humans, the ADAM]I?2 exists in two alternatively
spliced forms, a shorter secreted form, ADAMI2S, and a longer transmembrane
form, ADAMI2L, that diverge at their 3’-ends and specifically make use of exon
S19 and exons L19 to L23, respectively (5). As a consequence, the shorter form,
but not the longer form, lacks the transmembrane and cytoplasmic domains at its
C-terminus. In contrast, only the longer transmembrane form has been detected in
mouse (4).

The expression of ADAMI12 mRNA are detected in growing preadipocyte and
transiently up-regulated in early stage during the adipocyte differentiation of 3T3-L1
cells (11), suggesting that the ADAMI2 gene expression may be transcriptionally
regulated during adipogenesis. However, little is known about the expressional regu-
lation of the ADAMI2 gene. Additionally, it is interesting to focus on the bovine
gene, in that beef marbling (12) phenotypically resembles increased adipogenesis
observed in ADAMI2 transgenic mouse muscle. As a step toward understanding
the regulation in the cattle, we thus have cloned and sequenced the promoter, as well
as 5'- and 3'-regions, in the bovine ADAMI2 gene, and characterized promoter
activity in transient transfection assays in 3T3-L1 preadipocyte.

MATERIALS AND METHODS
Primers

Primer sequences were Ex1-S1, 5-GCTCATTTATTGCAACGGTCA; Ex5-Al,
5Y-TAATGAGTCCCCTGAGACCA; 3'S1, 5-ACAGGTTTGGCTTCGGAGG-
GAG; S-Al, 59-CGGCCAAGCCACAGATTCAA; and S-A2, 5-AGAGTTAGT-
GACTCCATGGGT.
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Isolation of Bovine Genomic Clones

We screened a bovine 4 phage library (13), first by hybridization with a partial
bovine ¢cDNA fragment, and the Roswell Park Cancer Institute-42, Children’s
Hospital Oakland Research Institute-240, and Japanese black cattle fibroblast-
derived (14) bovine BAC libraries as well as the A phage library, repeatedly for
genomic walking, by PCR using primers designed based on upstream end sequences
of positive clones. DNA from positive clones was isolated and characterized by
restriction mapping and Southern analysis using bovine and human cDNA frag-
ments for exons in 3’ region of ADAMI2L and for exons 1 to 5, respectively, as
probe. Specific restriction fragments subcloned into pBluescript SK- (Stratagene,
La Jolla, CA) were sequenced using an ABI377 sequencer (ABI, Foster City, CA)
with the DYEnamic ET terminator cycle sequencing kit (Amersham Biosciences,
Piscataway, NJ). A nested-deletion and primer-walk strategies were used for
determination of promoter sequence. Analyses of sequences and alignments were
performed with the GENETYX-WIN ver. 7 sequence analysis software package
(Software Development, Tokyo, Japan). The promoter region was analyzed for
potential transcription binding sites with MOTIF SEARCH program (http://motif.
genome.jp). Primer sequences used for genomic walking are available on request.

RT-PCR

A pregnant cow was slaughtered at day 60 of gestation. The whole embryo and
placenta were collected from the uterine cavity of the slaughtered cow, immediately
dipped into liquid nitrogen and stored at —80° until RNA extraction. RNA was
extracted from the bovine whole embryo or placenta using Trizol reagent (Invitrogen,
Groningen, Netherlands), and used as a template for RT-PCR. Reverse transcription
was performed by First-strand cDNA synthesis kit (Takara, Shiga, Japan) according
to manufacturer’s protocol. PCR was performed in a volume of 50 pl with the following
conditions: 2l of cDNA, 50 pmol of primers, and 2.5 units of LATaq polymerase
(Takara) for 35 cycles of 94°C 0.5min, 55°C 0.5min and 72°C 1min. PCR primers
Ex1-S1/Ex5-A1 were used to yield product from the exons 1 to 5 splicing. The PCR pro-
ducts were cloned into pCR2.1 using TOPO TA cloning kit (Invitrogen), and sequenced
as described above. PCR primers 3/S1/S-A1 or S-A2 were used to examine the possi-
bility of splicing acceptance from exon 18 to exon S19.

Plasmid Construction

Luciferase reporter constructs were based on a modified pGL3-basic plasmid
(Promega, Madison, WI), in which the Smal site was converted to a EcoRI site,
via cleavage with Smal followed by insertion of a EcoRI linker. A genomic ADAMI2
fragment from the EcoRI site at —1147 to the Hindlll site at 4205 relative to the
putative transcription start site was inserted into the modified pGL3-basic double-
digested with EcoRI-Hindlll to generate bovine ADAMI2 promoter/luciferase
fusion plasmid (ppbADAMI2proEH-Luc). Reporter plasmids with progressive
deletion of proximal promoter were constructed from pbADAMI12proEH-Luc using
exonuclease III/mung bean nuclease system. For the analysis of distal promoter
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Figure 1 Genomic organization of 5 and 3'regions in bovine ADAM]I2 gene. Organization of the bovine
ADAMI?2 gene (middle) is aligned with protein domains of ADAMI2L top). Exons are indicated by solid
boxes and numbered accordingly. S19 represents putative exonic sequences homologous to alternatively
spliced exon S19 specific to a shorter secreted form, ADAMI2S, detected in human, and is indicated by
dotted box. The domains of the ADAMI2L protein are designated as follows: SS, signal peptide; Pro,
prodomain; MP, metalloprotease; Dis, disintegrin; Cys, cystein-rich, TM, transmembrane; Cyt,
cytoplasmic domains. The promoter is indicated by arrow. The genomic fragments (bottom) obtained
by upstream genomic walking are also aligned with genomic organization of the ADAM]I2 gene.

region, each restriction fragment (1.5, 2.0, 3.4, 0.2, and 3.3kb) from —1.15kb
to —12kb upstream of the putative transcription start site was inserted into the
EcoRI site of pbADAMI2proEH-Luc (Figure 1B). To construct the deletion
mutants of 0.2kb distal promoter fragment, the corresponding fragments were
amplified by PCR and then cloned into the EcoRI site of ppADAMI12proEH-Luc
(Figure 2B). The authenticity of the constructs was confirmed by sequencing.

Transfection and Reporter Assay

Because bovine preadipocyte was not available, we used 3T3-L1 as preadipose
cells, and then Cos-1 as non-adipose cells. The 3T3-L1 and Cos-1 cells were main-
tained at 37°C in 5% CO,, in Dulbecco’s modified Eagle’s medium containing 10%
fetal bovine serum. Both cells were transfected with 0.5 pg per well of the reporter
plasmids in 12-well culture plates by employing LipofectAMINE PLUS Reagent
(Invitrogen). To normalize for the efficiency of transient transfection, 10 ng per well
of phRL-CMV (Promega) was simultaneously cotransfected. Transfectants were
lysed with 0.4 ml reporter lysis buffer (Promega) after 30 h according to manufac-
turer’s recommendation (Invitrogen). Firefly and Renilla luciferase activities in
75 ul aliquot were measured using a microtiter plate luminometer (L-max, Molecular
Devices, Sunnyvale, CA) with Dual-Glo luciferase assay system (Promega). The
firefly activity adjusted for Renilla activity was represented as relative light units.

GenBank Accession Numbers

Bovine ADAMI2 cDNA, AB164682; bovine ADAMI2 promoter and exon 1,
AB164436; bovine ADAMI2 exon 2, AB164437; bovine ADAMI2 exon 3, AB164438;
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bovine 1" ATGGC CGCGCGCCCG CCGCCCGCGE CCACCGCCCG CGCCCTCCTG CTCGCCCTGG CCGGGGCTCT GCTGGLGCCG

AEXTET  ETEREEEET X TXXAX X XX TITXLXXX AXATITLDLN AAATATXTLE XAXX AXTXX XXX XAXAX

human 17 ATGGC Ascccscccc CTGCCEGTBT ccccu;cccc cccccrccm cwccccmc ccacmcm ccmncuccc
76" CGCGCGGCCC G i HH

TEE KXEET TEL
76

TGCGAGGCCC GAGE

156"
THEEE KREE

N7 1% ; - E BATCATCCAG
236" GAGTGTTGAA TTTTCGAATA CAACTGACAA GCAAAGAGCT GATCGTGAAC CTGGAAAGAA ATGABGGTCT CATCGLCAGC

EHEE KERE T EERKE KX EEEL K KK KEEEEEL KK KERE X IX  KEREREEEEE EREERERIEE LKE KREREE
1977 AAGTGCTGAA TATTCGACTA CAACGGGAAA GCAAAGAACT GATCATAAAT CTGGAAAGAA ATGAAGGTCT CATTGCCAGC
316" AGTTTCACGG AAACCCACTA TCTACAGGAT GGCACGGACA TCTCTCTCAT CCGAAATTAC ACAGGTCACT GTTATTATCA

TERELEAALT CLOOORLREE XXX XX KX XX XX XX REX XEX KEENENEX XF RREXEEE XREX KX XX
2777 AGTTTCACGG AAACCCACTA TCTGCAAGAC GGTACTGATG TCTCCCTCGC TCGAAATTAC ACGGGTCACT GTTACTACCA

GTAATTCTG

]

396" TGGACGTGTG CAAGGCTCTT TCGGATCGGE GGTCAGTCTC AGCACTTGTT CTGGTCTC&E’EGG#CTCATT ACATTTGAAA
TAREE KXE X FITETEREE KXXET CLEK KXRTRTXLEE CXRKAE TEX ERRERET

3577 TGGACATGTA CGBGG&T&TT CTGATTC&BC AGTCAGTCTC AGCACGTGTT CTGGTCTCAG GGGACTTATT GTGTTTGAAA
476" ATAACACCTA TATTTTGGAG CCAATGAAAA ATGCAACCAA CAGATACAAA CTCTTCCCAG TGGAAAACTT GCCGGGCACC
x ¥x X

ITX X X XXX T X KX KX IXETALAXLNER  IEITXITXLNALN AXATITIINN AAATATXXIXEE X X XX X

4377 ATGAAAGCTA TGTCTTAGAA CCAATGAAAA GTGCAACCAA CAGATACAAA CTCTTCCCAG CGAAGAAGCT GAAAAGCGTC

Figure 2 Nucleotide sequence of bovine ADAMI2 exons 1, 2, 3, 4, and 5, and its alignment with those of
human. The sequences from the ATG translation start codon to the initial 100 p of exon 6 in the bovine
(upper row) and human (lower row) ADAMI2 gene are represented. The exon 2 sequence is stippled. The
human sequence is from GenBank accession no. BC060804. The final 9p in exon 4 from GenBank
accession no. AF023476 is represented beneath lower row. The exon/intron boundaries are indicated by
solid inverted triangles.

bovine ADAMI2 exon 4, AB164439; bovine ADAMI2 exon 5, AB164440; bovine
ADAMI2 exons 18 to 120, AB164441; bovine ADAMI2 exon 121, AB164442.

RESULTS AND DISCUSSION
Isolation of Bovine ADAM12 Genomic Clones

Genomic clones containing 5'- and 3'-regions of bovine ADAMI2 gene were
isolated by screening 4 phage and BAC libraries (Figure 3). Clones 4a and 051b were
first isolated using a partial bovine ADAMI2L cDNA (GenBank accession no.
AB164682) lacking 5'-region as probe. Iteration of upstream genomic walking
subsequently resulted in isolation of additional clones C9, 200-J-18, 42-L-16,
163-K-8, and 505-P-11. Restriction mapping and Southern analysis using bovine
(for exons in 3’ region of ADAMI2L) or human cDNA fragments (for exons 1 to
5) as probe have revealed that clones 505-P-11, 163-K-8, C9, 051b, and 4a, respect-
ively, contain exons 1, 3, 4, 5, and 18-L21. It has been reported that, in human
ADAMI2 genes, the sizes of introns 1, 2, and 3 are extremely long (Human Genome
Resources, http://www.ncbi.nlm.nih.gov/genome/guide/human/). As to the bov-
ine ADAMI2 gene, the 5-region of exonl to upstream portion in intron 3 spans
the genomic coverage composed of two BAC clone contig, 505-P-11 and 163-K-8,
while the 3’-region of downstream portion in intron 3 to upstream portion in
intron L21 is enclosed with only one BAC clone, 200-J-18 (Figure 3). This is thus
indicative of extremely long sizes of introns 1, 2, and 3, equivalent to that of the
human gene.
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5' -donor site 3" -acceptor site

Exonl CGGCCCGAGgtaagtggg -~ ---rr-vrvrr-- gtettacagGGGTGAACT
Exon2 (137bp) GACTCAGAGgtcagtttt--vvvvereeeene. atctttcagAATCACCCA
Exond ( 74bp) AAGAAATGAgtaagtogg-------r-vvrr-- tttecacagAGGTCTCAT
Exond ( 79bp) AATTACACAgtaagtccteceteggaca------ tettttcagGGTCACTGT
Exon5( 77bp) TGGTCTCAGgtaagtgac------+---

Exonl8 GGCAAGCAGzttagtggt-----vvvvvvee-- ttetttcagATAACCAGG
ExonL19(136bp) AAAGCTAAGgtacootgg:----vevrrree-r gacttezcagGTGCGTGCG
ExonL20(109bp) ACACCTAAGgtgagttto-««-rerereceres atcccgcagGACAACACC

ExonlL21 (180bp) CAGGCCCAGgtacgcoog---+----+-

Figure 3 Exon/intron boundaries for the bovine ADAMI2 gene. The exon and intron sequences are
shown in uppercase and lowercase letters, respectively. The sizes of exons are represented in the parenth-
eses. The dinucleotides GC 10 bp downstream of exon 4 are doubly underlined (see Discussion).

Genomic Structure of 5'-region in Bovine ADAM12 Gene

Partial sequence analysis of the two clones, 505-P-11 and 051b, respectively,
revealed putative exonic sequences sharing a homology with human exons 1 and 5.
A 5'-portion of bovine ADAMI12 cDNA spanning exons 1 to 5 was thus amplified
with RT-PCR using the primers (Ex1-S1/Ex5-Al) designed from the putative
sequences, and then sequenced. The exon/intron organization of 5'-region covering
exon 1 to intron 5 has been determined by partially sequencing the corresponding
genomic fragments, and then comparing with the bovine cDNA sequence; the organi-
zation of exon 2 by genomic sequencing of the fragment from the clone 505-P-11
(identified by Southern analysis using the obtained bovine cDNA as probe), and com-
paring the genomic sequence with the cDNA sequence (Figures 4 and 5). The splicing
consensus sequences were identified in the exon/intron boundary, and all splicing
donor and acceptor sites conformed to the GT/AG rule (Figure 5). While the
exon/intron organization of the 5'-region was conserved between cattle and human,
exon 2 showed lower homology, which results from 39-bp genomic insertion/deletion
in cattle/human (Figure 4, stippled sequences), consistent with no detection of exon
2-containing clone in Southern analysis using human probe.

The human ADAM]I2 exon 4 has been shown to be subjected to alternative
splicing due to the variable inclusion (GenBank accession no. AF023476) or
exclusion (GenBank accession no. BC060804) of the final 9 bp. The bovine
ADAMI2 exon 4 detected in this study is in accordance with alternatively spliced
form excluding the final 9 bp in GenBank accession no. BC060804. The dinucleotides
immediately downstream of the final 9bp are GC in cattle, as compared to GT
in human, suggesting elimination of an alternate splice donor site in bovine intron
4 (Figure 5, doubly underlined sequences). However, it remains unclear whether
there is alternatively spliced form including the 9bp, equivalent to that of the
human gene.

We have further demonstrated characteristics that are lower homology of
bovine exon 2 with human counterpart (Figure 4). The ADAMI2 prodomain
encoded by exon 2 to 6, has been reported to show lower homology between human
and mouse than that of the other domains (5). The prodomain plays a pivotal role in
regulating the ADAMI12 protease through both mechanisms of latency and of exit
from the endolasmic reticulum (15, 16). Therefore, our present result on exon 2,
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Exon 18 Exon S19 Exon L19

[3' UTR

ttagte gtracagext gteooxrnta gtxegoogag = »rrvvren
o Sk
GO ATCLGCARG CAGrt-axhs

901" AGAGACCOCE AAGERCCOCT GTGCTROEAT CATCAGTTCT TGTCTCOCCA GAGATGAGAA GTGATCTCCT AGCTCAGRGL COTCTTCTCT GAGAGATTGS CAGCCAGTGA CLLCCTITGA
e

Htttons arcsaaBll GLAGGARCT

1051 AATACACTTE TTaCELCCA TEACOSAGEA
ANR AR W KRR B W NEE  NEE SRR RNNK ANEE SRR WE e ws wmmes m 8 R e - m mmam mE oEE
29 GCASATCCH SCAG-(SAGC GLRGCCALID CCAGARCCT --GTEGGATC QLAGEAGCA- —---TRCOTC TACTOCCTCA CIGACACTCH TCTY CTGCAGAGEA
S-Al primer
1196 AGTTETATGT CCTGCAGTGA TEGGTGOGGT TGAATCTGIG GCTTEGCCO6 TETTTCCATG ACAACAGACA CAACACTGCT CTGCAGSGCC AGGTAGGRGA GCOCCCTCCAA GCAGGCACAT CTAGAGAAGS CAGTGTCGTG TTIGTGAGGAS
W OAEE F RN BE R EEE SRR SRR TS W EEEEE Y KRR B E AT 5 F DR B 5 R R R OREE § AR T e Raaicl
164" GTCCOCAAGS CCTCCTGTGA CTGGCAGEAT TGACTCTGTG GCTTTGCCAT CGTTTCCATG ACAACAGACA CAACACASTT CTCGGGEETC GTCCAGCCTA CTGCAGAA-A CAGTE - CAMGAA
1886 GOEAMGOOMY CTTCTGETCH TECCTOTACT GRAAGETGES ATGLTECITE CCTCCAGLTE TCGTETCTTA GLGCATATCE
- - e - BE RS EEE R R R e L ek % LR T AR R ER & e W EEHEEEEE R R ¥ L aid
310° GGRCAGCOAC TTCCTGATTG ASCTTCTGLT RARACAT-GG ACATGCTTCA CAOATTCE TGOCCTITER
1855 ATCCCAGOSS ATAATASGC- TEBGTCTEAC CCAUCCTOCC TOTTCCTCAC TOCCATCCAT GECTT-wwn ~---GATGEC TUGECTCTCH GCTGCAACTT RATTTTCAAR T-TGGC---- --CATTAAGA GTTCAAMSAC ATCAQESTIT
B REE AR W MNEE  RNNR MR REAE AERE WS BE AN EK B SRARE e T ek e 8 fem

459" ACAGCAGTGH GOGRGAMGCA AGGATTORAC CCAGTGTCCC CTTTCCCCAG TEACACCTCE GCCTTORCAG COLTGATSAC TGTCTCT-G GCTGCARCTT AATGCTCTGA TATGRCTITT AGCATTTATT ATATGARBAT AGCAGSSTIT
V626" TCRTTTTIMA TGOATCAGAR ACCCTGCCAC ATCAGRATET GRATETTCCA TCCACATTCA AGTGAGCCAG ATGTTCARGS AATTGOAGHG GATGATGOSA GACA-GECTG CATGCTCIGA GPTCT--TT FTAGTGIG-G GOCCCAGTES
B AECERAE § SRS Rk EE R ER EEEE EREE R R X R R ER R R R SRR R R *EEEE KRR ® X R - x

08" TRGTTTTTAA TTTATCAGAG ACCCTGCCAC CAT=T GAAGET AEEA CTCTTTGCTS TGACERGL MG
S5-A2 primer
ey Th-GAMLTE GOAGTCACTA ACTCTTCATT GTACCORGTA AGAATATTET TTARATGARA ATRACTGRAG AGCCARACT- CATCCACTGT TGCCATCATT TCAT-RAGAT AGHTTTRATT
WEKES B KR K WK R KGO RSANKK RGN K KK GROKERS WK 6 REK RRNEK KK KN KRGRE B SK  BKK SERE RNEK KRNGE & S5 KOKEE B & NEK EEREE 4B & R
TSO® TACTCAGOTT TOAGOGTTTE CAGASAOCCA GOGAACCCAC AOAGTCACCA ACCCTTCATT AGRATGTT-A GOLCATTACT
1919 TETTCECCee SECTTOAGAR GOTTACECHS tesensss e ffenis i aegtuet bRt boaATA T TAACHAT AGGAATT
* T
PR L —, theagAT ARCCARGGT T Tre

Figure 4 Organization and nucleotide sequence of bovine ADAM12 exons 18 to L19, and alignment with
those of human. (A) The structure of the gene is shown with the positions of primers used in this study.
Exons 18 and L19 are indicated by solid boxes, and putative exon S19 with 3’-untranslated region by open
box. (B) The sequences downstream from exon 18 and upstream from exon L19 in the bovine (upper row)
and human (lower row) ADAMI2 gene are represented. The sequences around the putative bovine exon
S19, as well as exon 18, human exon S19 and exon L19 sequences, are shown in uppercase letters, while
the intron sequences in lowercase letters. Poly(A) tail is shown following human exon S19. The coding
regions are underlined, and the primers used in this study are shown in arrows above the sequences.

together with the previous report of lower homology in prodomain, may suggest the
existence of species-specific difference in regulatory mechanism of the ADAMI12
protease by the prodomain.

Aside from the fact that the ADAMI2 genomic reference sequence (41529303-
41388616 of GenBank accession no. NC007327) obtained by the bovine genome
sequencing project starts with exon 4, genomic structure of the other 5'-region in
bovine ADAM]I2 gene, including the dinucleotides GC 10 bp downstream of exon
4, in the reference sequence was consistent with our data.

Genomic Structure of 3'-region in Bovine ADAM12 Gene

Partial sequencing of the clone 4a, followed by comparison with the bovine
cDNA sequence (GenBank accession no. AB164682), determined the exon/intron
organization, in which the splicing consensus sequences were identified at the
boundary (Figure 5), of 3/-region spanning exon 18 to intron L21, except for alter-
natively spliced exon S19 specific to a shorter secreted form, ADAMI2S, which is
reported to be located between exons 18 and L19 (5). The exon/intron organization
of the 3'-region, except for the exon S19, was conserved between cattle and human.
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EH(-1147}

<1147 “gaattcccts gacasagsag tctescasec tacastccat gessttecaa asastcagac aagcctetec sactaacact tcasecteca

<1057 tccatascts sasatsctsa aaaatctass ttsssatstt atcaaccect tascccttag asttctaata sstastcaas sttasssatc

-967 ttestesttc cacasstsst ssecacccat ctteatecce tetcasctec tttastctsc gaascectet tettectsst coccatestct

-877 agsagaagsc aagccctact ttaataaaca ctgatactst stictttsag accatssass cagaazagaa gsasactsoc aagaactcas

-7187 actssaagca agtctcattc atctcactsc tstttcccas acacccasts ctocctzzee cottzsctss agasccteat ttcaasstes

-697 tzssazscca cccagsaaca statttttsa casacaaacc castcstttc ttacaccass acasttizss asacattsct stzcaccttt
(-604)

v
-607 tasttttsss scssssssza ssttastcca tactctazgaa aasaaacsts asccaatcta tzassstaaa acctaaasca acscctcaaa
(-457)

517 ascascatsc ccasaastcs cstatcttea sstocaaatt caatctcass cazsagatstYoccestttss saatttaacs ssaccescee
v
-427 sactssssas cgscgsacag cctttcagac casctacccs csttecscts sttcccsscs sscctssasc sascasccsa stcatcattt

-337 ccascctcag actzsaaasc tzsaccstsc caccecstet sctcttssca sccssscecc csssscccce cssccacatc accocssssc
-247 geezatetst stecectect scecccssce gocaccgage cacgtetete cocgecgoces cECCECCECC SEEECECECE ACCCEEEAZE
=157 ceccctacce cgasccscee cgsssstsss csagceccss ctotassces saccctzssc ssssstisas sssgaaccec gascsstcte
53 —+
-67 tassacccsc sssaceccec csscassces szzasaasat aatttsticc stestcazsa saacsztGAC TGCGRGCCGT GBATCCATTT
24 CACAGGCCTG CCTCCTCGCC CTAACGATCT TCCTCGTCCC GGGGCCAACT CGGACAGTTT GCTCATTTAT TGCAACGGTC AAGGCTTGGC
114 CCGTGCCAGC ACAGCGCGCG CGCGCACACA CACACACACA CGCGCGCGCA CACACACACG CCAAGGGAAA ACTTTCTTTT AAAAAAATGA
204  AAGCTTAGAC GAGCTCTTCC GCGGCCCGAG CGCTGCGCGA GGGGGTTCGG AGCTGCCTCC CCGCGGCAGG AAGTCCCCGC GGGTCGCGAC
294 GCCCGGCCCC TGCCCGGCGC COGCGGGGGA TGGTGCAGCG CCCGCCGCCC AGCCCGAGAG CTGCCGCTGC ACCGAAGGCC GGCGACGAIG
384 GCCGCGOGCC CGCOGCCCGC GCCCACCGCC CGCGCCCTCC TGCTCGCCCT GGCCGGGGCT CTGCTGGCGC CGCGCGCGEC CCGAGstaas
474 tgsccgasce cagscssceg ctoscccgce agcccactss gsaccestoc teocgsgact coscsescee ttotagascs ssgsgsacac
564 gcagseecec atgscescec scesegacec gectsceeas cecceseatt csgecaccce ectcseagee acccoccscce ctcaccccee
654 gcccaccsce cagsteccag ctoccegsses gsagsagesa gococtgect csggscccce aagccgccts cgcecssasc tzssssscas
744 agectcsess ccectegese scecteccet coctazzecte atctgccase stetetetee cttsacagtt acacststes coccgsazea
834 tacscaczss tcctctcace ctatccctga tazaatagece ccgaccteca tctetszacte castcaccte tcoctgzazst tocctatecs
924 ccectzecte coccterzat cc

Figure 5 Nucleotide sequences of ~2.1-kb EcoRI-BamHI restriction fragment containing exon 1 and
5'-flanking regions. The exon 1 sequences are shown in uppercase letters, and the promoter and intron
sequences in lowercase letters. Nucleotide numbering starts with the putative transcription start site
numbered +1. The ATG translation initiation codon is doubly underlined.

On the other hand, from completely sequencing the corresponding genomic fragment
between exons 18 and L19 of the clone 4a, putative exonic sequences homologous to
human S-specific exon S19 have been retrieved (Figure 6). However, no canonical
3’-splice acceptor site was detected in the vicinity upstream of the putative sequences,
suggesting that the cattle could not produce an ADAMI2S counterpart. This may be
corroborated by the fact that even if using placenta tissue, in which human
ADAMI2S is the most abundantly expressed, no product was detected by RT-PCR
using 3'S1 and S-Al or S-A2 primers designed based on exon 18 and the putative
sequences, respectively (data not shown).

The two splice variants of ADAMI12, ADAMI12S, and ADAMI2L are active
metalloproteases in human. ADAMI12S can cleave IGF binding proteins 3 and 5,
as well as the extracellular matrix proteins, gelatin, type IV collagen, and fibronectin,
while ADAMI2L has been shown to shed heparin-binding EGF and placental
leucine aminopeptidase from their membrane-anchored forms (17). Further study
will be needed on possible effects of loss of ADAMI2S function in animal species
including cattle.

Aside from the fact that the ADAM12 genomic reference sequence (41529303
41388616 of GenBank accession no. NC007327) obtained by the bovine genome
sequencing project contains exons L22 and L23, genomic structure of the other
3’-region in bovine ADAMI2 gene, including absence of exon S19, in the reference
sequence was consistent with our data.
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Figure 6 Transfection assay of the bovine ADAM]I2 proximal promoter. The 0.5 pg of ADAM12-lucifer-
ase reporter plasmids with different length of proximal promoter region were transfected into 3T3-L1 or
Cos-1 cells with 10ng of phRL-CMV. Firefly and Renilla luciferase activities were measured 30 h after
transfection. Results are firefly activity normalized for transfection efficiency and —353bp (relative to
the putative transcription start site) ADAM 12 promoter activity. Data are the mean =+ standard deviation
from four independent experiments.

Promoter Analysis

The entire sequence of ~2.1-kb EcoRI-BamHI restriction fragment containing
exon 1 and 5'-flanking regions was determined (Figure 7). The putative transcription
start site was predicted as 380 bp upstream of the coding start codon ATG, on the
basis of comparison of the genomic sequences in cattle and human. The start site
was 83 bp longer than that of bovine ADAM 12 cDNA reference sequence (GenBank
accession no. NM001001156) derived from our cDNA sequence (GenBank accession
no. AB164682). The expression of ADAMI2 gene was detected in 3T3-L1 preadipo-
cyte and transiently up-regulated in the early-stage of the adipocyte differentiation
(11). To identify the regulatory elements, reporter plasmids with the different lengths
of proximal promoter region were constructed and transfected into 3T3-L1 preadi-
pocyte. As shown in Figure 8, —391 and —457 (relative to the putative transcription
start site) promoters showed higher activities, as compared with the longer promo-
ters (—604 and —1147). Deletion of nucleotides to —53 resulted in a significant
decrease of promoter activity. These results revealed that the highly GC-rich
sequence from —53 to —391 enhanced the ADAMI2 promoter activity. However,
such promoter activity profiles observed in 3T3-L1 were similar to those of Cos-1
cells, suggesting that proximal promoter could not support preadipocyte-specific
expression.

To determine the promoter regions directing preadipocyte-specific expression
of ADAM]I2 gene, further analysis using distal promoter fragments was performed.
Each restriction fragment (1.5, 2.0, 3.4, 0.2, and 3.3kb) from —1.15kb to —12kb
(relative to the putative transcription start site) was inserted in front of —1147bp
(relative to the putative transcription start site) proximal promoter within
pbADAMI12proEH-Luc and transfected into 3T3-L1 preadipocyte (Figure 1). The
2.0 and 0.2kb fragments located at —8 and —4.5kb upstream of the putative



BOVINE ADAMI12 GENE 187

B H E E H E

EE
RN VN I~
Ll Ll Ll -

1 Bkb 2 Okb 34kb 02kb 33kb
‘ EH

3T3-L1 Gos-1

1.5kb+EH

2.0kb+EH

3.4kb+EH

02kb+EH

3.3kb+EH

@L@J;Ma

EH (-1147)

Figure 7 Transfection assay of the bovine ADAM]I2 distal promoter. (A) Restriction map of 14 kb geno-
mic fragment containing the bovine ADAM]I2 exon 1 and 5'-flanking region. (B) Each restriction fragment
(1.5,2.0,3.4,0.2, and 3.3kb) from —1.15kb to —12kb (relative to the putative transcription start site) was
inserted in front of —1147 bp (relative to the putative transcription start site) proximal promoter within
pbADAMI12proEH-Luc and transfected into 3T3-L1 or Cos —1 cells. Firefly and Renilla luciferase activi-
ties were measured 30 h after transfection. Results are firefly activity normalized for transfection efficiency
and —1147bp ADAMI2 promoter activity. Data are the mean =+ standard deviation from four inde-
pendent experiments.

transcription start site, respectively, increased the ADA M2 promoter activity about
1.5- to 2-fold in 3T3-L1, but not in Cos-1 cells (Figure 1). These results suggested
that the two distal regions might contribute to the preadipocyte-specific expression
of ADAMI2 gene. It is unclear whether there are the regulatory elements in even
farther upstream or intron regions.

The MOTIF search of the 0.2 kb fragment suggested three putative transcription
factor binding sites (NF-AT, TCF11/AP-1, and Cdx) (Figure 2A). When oligonucleo-
tides corresponding to these binding sites were inserted within ppADAM 12proEH-Luc
and transfected into 3T3-L1 preadipocyte, they could not enhance promoter activity
(data not shown). Reporter plasmids harboring 5’ and 3’ progressive deletions of the
0.2kb fragment were prepared and transfected into 3T3-L1 preadipocyte. Whereas
the deletion of 5-end 40bp sequence completely abolished the enhancer activity
(Figure 2B, 5'-160), its fragment in itself did not activate the promoter as in 0.2kb
fragment (Figure 2B, 3'-40). This result suggested that the 5-end 40 bp sequence is
necessary but not sufficient for the enhancer-like activity in 0.2kb. The progressive
deletion from 3’ end of 0.2 kb fragment showed the gradual decrease of promoter activi-
ties, supposing that multiple elements might function sufficiently in combination. We
need further analysis to understand the mechanism by which the distal promoter
regions increase the promoter activity in preadipocyte-specific manner.

In conclusion, we have determined the genomic organization of 5'- and 3'-regions
in the bovine ADAMI2 gene. Furthermore, we have identified the promoter regions
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Figure 8 Transfection assay of the deletion mutants of 0.2kb distal promoter fragment. (A) Nucleotide
sequence of 0.2kb distal promoter fragment. The MOTIF search suggested three putative transcription
factor binding sites (NF-AT, TCF11/AP-1, and Cdx). The oligonucleotide sequences containing these
binding sites and used in transfection (data not shown) are represented by italic letters. The 5'- and
3’-end positions of 5’ and 3’ deletion mutants used in (B), respectively, are shown in arrow. (B) Reporter
plasmids harboring 5’ and 3’ progressive deletions of 0.2 kb fragment were prepared and transfected into
3T3-L1 preadipocyte. Firefly and Renilla luciferase activities were measured 30h after transfection.
Results are firefly activity normalized for transfection efficiency and — 1147 bp (relative to the putative
transcription start site) ADAMI12 promoter activity. Data are the mean + standard deviation from four
independent experiments.

that might direct preadipocyte-specific expression of ADAM 12 gene. These results will
lead to the understanding of the expressional regulation of bovine ADAMI2 gene.
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