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RO—>2L LT, DNAY — 71— & OERI 8 AR 2> 5\ D DB AR O Ji K
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FO— V&AL CEE L7z LA LAY S, 70—7 1 V-16KHBEIZ & DB
Znboo, KKE L THADARRFPSEBAEERIKFAL TWLZ b, 4%
EDHMBY L OFEHE LB L TOHLL T TER ) FHA,

o, BB EELEMLRTEZFEET A L EEWETII L VWEMECTHEL T L,
MIFGERT A RO & T AHRBEOBE NI L > TO 7 ) A — U FEEL, Tha il
EEa > = T AT 27 ARG ENERICHED 2R, B b - T AT LFHRD
FHMEEIBEICESRLE L, BEFREOEHIHOLICZDE L, T4hbb, 2
NDPLIEEALRT Y TVENE - REL TV EEEZ 5T 5 L2, wEwIige
B4 N0 THiZe)1] Sbh s 2 eicnh) 3, 2ho0ESERE LTo [HZEH]
B EEN LAV L, SHICBRBEETVWELVE RV T,

PIABMEEEDIFET NS BRI, WH - WEIZHED 2 BIEEE T2 ) AT 27200
T, BEAMESOBEEIED 5 BIEFIIOWTHRHERPHONIZZ L TY,
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1. SRIIOFELAE

FHBEOIERIL, BARORET % EMICHIE L, BIEIEEICED W Rk 1T, #IR S
N7ARH O O RMACZ EET H E V), —HOEEZRET LI LI2E), L w
BT ERNICERET 52 2 L1lh b,

REDRFEIEORKHETIE VDL EWE T, =2 =2 RENRRRE TR VEHD
BIZFICE o TR SN, T/, BEREUNORELREDL COZERICKR SN TREIR%EHT
o LHLEDS, e DEEFMITTHI 3L, 200, MHEREHRE REACE
DV TREHERF T &) S OBRIRE) & 2 LA Thbh T &7z,

ARG T, 194048 CICIE BRI IITITHERE SN, EHEOa -y D5EE
bdWVE o T, BLIPIAE SN S L) 2GR EAETEORRENH ), EFEREORIIIKE
CIEL7ze & CIZHA TR, 4 QBRI R REIIINEMICKE (o> TWwh,

LAl BIEEPMELC, 2 VIERABMOREICLKOKER L B2 BT HBHE. 728 213,
BIHVE, PIREFORE IOV TIBATOBME CIRYRAP#E L W EPEHINTVD, &
51T, ZRLT 2 FRE ISR, WIS 27201203, BEICET M, BHEICS
WCTRDEFRILAIR RO BN T W5,

AL DTG I FOEE LR TH L7/ LFROMER I, FHICBWTHE
LR DOVERASEHIZHE A, DNAY — 7 — EREFIRE ICHE 5§ 2 BR#HE S 5 VI3 BT
(QTL) & DEGAENT DRI % o 720 HEHMFNTATHED X, DNAY — 7 — 2 i L LT, BHHEE
A LR PR B 20 L WEREORESIRETE 5, 72, DNAY— 7 — &Rt L
L7 B RE BT OF Y U T DAY ) == ZH W HIC T b,

KPEOFEZ, SHEOZICI L TETEROHK ., SKEOANFELZES DO T LW
FMET TR A ML - BRELZ DS TN RS 2 VIRIRICH B o ZFD 7201213 R
DHERTHHLBRFENOBTEEZRERNIAT) T EDPUHETHY . ERoH L EEEAM O
FICRBIETTHLESH 72,

DX IR S, BHOKELDIRED L L2, BHATREES K e EREE - & ik
P THRAR T, HARRBIHROGERME SO X0 o G075 2B 2 K E B
BIGHFFEFT SRR L SN D T L LT 57z,

WFFEORIT & 7 2 YIRS RIS 2 B L, P4 £ 9 AL, PRG54 1 A1l
T U7z BWidskma >y 7)) — M) —38 2 By CIENHIfESS4m (IR EE. FEBRE (2). N
AFNYF=FRE, 7)==V V=L, FTITIFronN—, KFERE) ThHb, SHI12, FH6E
JEICRIERZE, BWFAFTREO2E (Fl116m’) ZMEL, 770y =7 PO RICHEW, #E
BREDTINC o722 &h o FROEEISH R ERME BRI 52L& hol, FHL9E
9 AT, PHI04 2 LT, BWEEHa > 7 ) — bk ) —& 2 B CIETREL, 094 nf



(DNAFRATE, Iy Ea—F %, KE#E. MEEE, NERESES) Thi, Hil-hEHHRO
HERRICPEV, N E COEBRMAAREG, Mz Bl &L T2,

Wge 7y =7 NI, FRAFEED?S [EEEN S AT 205, P 6 FE»S [RWES
FEFEILEDNAY — 7 — BT R PR OEEDS [RELIWDNA~Y — 7/ — BT %
FE]L FRIEEDS [ REBL TR RS AT RO [ ARSI H O
S OSBRSS R CIERIEARSINTE, 209 b [EEESRE S A7 208%] FFiioE
2R L. FHRIVEEEZ S o TR T Lz, 20TV 27 MIEoTHE S DINAR—H —D
BA%E, B EAOMEMIT 2TV, RO~ —H —ZWEREIRTH 2 L12X 0, k%
BIRBFEENEMN LR TEL I EEFWL2IC L7z, MR THEIZ, WO ML —
P T 1 2 RAET B AR LEAM & b o T b,

INE TR HAERICHS 5L A5N 560U EOBEETIEZMEDT (p<
0.01) PAET AQILOBIZTZ Db D ZEE TG 2l T b, IR FEPED T S
N2 LIZEDWT, DNAR = — 2/ L E DA 7 ) — = IR —FHTHITEN>0H
Bo 500, BEMME, BEMME, KO, KIVAY A CFEICH S N2 50 E (IR OB (L
FEEFELTE Y ) 7OBMEZ R L2,

FRo78a Y 27 MEIFRISFEEI»LH72IC, 7207 ) AHIK 7% & OB O B %
BB O X v ) THWHM OB % &% [BEFEMHBERRERE] & L CED, &%
HEQILOYFE & SN AEEH L BEF LML BEE L LCiFge% [ 2R EIR & U5 F A
BAEHEE | & LTHD TN, PRITHEE TR T L. FPFRIEELOTIEHE [HE
P ERA RS o—BE L CONABEEREMEELED, ZORTHRE) BRT %
B OILFEFFEZ HEHE L T B SFRI4SERE DN H A5 — b L7z [BSEEKRZ W HM B2 E
] ATPIFEETHT Lz, 72, PHRIEELS [HFRO RS ERMMAEHEE] 525
— ML, PRITEETHRT Lz, COHRETIE, BPEOWAL L L THESNLTW S REA
fli, RIVAY A f, BEMFEEHRNVRAY A T OZHERE D 3 35 [ % DNATE T #5135 Hoaly
THEV. A LI L7z SNOEDHEFEIIWTINO PRITHEERER T L7z,

FRLISAEEE A SIEH 7210 YDNAB RIS T 5 [F7 7 2450 RS2 (WM 4-DNAE R
FEIEER) ] BIO 7 2AMIGHIRESRESE CPERT 7 258 E - MM E(LFEE) | 2
WHEoTee DU LAREOE L DR E T 4 — IV R TOMPREEICINZ . EE 2 EETHR
DR b E D 2 2 L TERPEOZEEZME A S TR T 5 & v ) BED TSNz, FH18
FEOWRIZOWTUILLTFR L T2 0, FEEHENOEZEEIENITONTHRLHEDS
. BURERV,

W EIZPK 4 EEEHEM 24, IEB 2404 4005 L., FEoMERE - ke kb
IR B L, SFRITEERICEFTE 2 & OEEEM 3 4. MEiiMi4% (FFER 7 4. i
MR 7T%) o7z,
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1. MRHEEDIRR
1) 92497 LAY —IVORS

(1) EAB LMok

Eay =7 0I2E 50087 AEMNORGOBIRICOWT CKE - v 71 =T,
20074F1H)

7 AOWIERYIHE X, T X RIIH ABaylorERVERDO e N A= v v Tk
YE =TT TE, $3. 20044FE9 HIZ, 3x (F/ 2D 3RERICHETAEZ) OWGS
(Whole Genome Shotgun : &%/ LA %&MRIZT ¥ ¥ LIS ZPE LD D) BAIHDARE S,
DWW, 20054F 3 B2, 6x WGSERHIASABH S 7z, £ LT, DWIZ20064E8H 127/ 4 KT 7 b
FCHIASANBE 87z, AL, WGSIZBAC skim (7 4 »#—7"1) ¥ N CEFIML L 72BACYZ U — > %,
H— 3L, 7= VL THRALEY) Z2HAEGELELIDOT, ¥/ 2071 EEORY
(WGS + BAC skim) 2HIEREINTWE, I FE Tld, scaffoldfidl (BFHIO KGR LOEZLR Y
EORWIZELY]) &) W OBLIASAB ST W zds, A ElE, 20K O H etk b X geta i
DEF0OARDGARDEH] & L TREE N7z, scaffoldBih % 7 ¥ etk LI E DT 5 729012,
HA (Composite map) AMEH SiL7z, ZAUZ. MAFZEAT 2353 L 7-Shi rakawa-USDAE £ b
X (4881~ —% —). SUN-RHMBIX (55130)., B LU, SNPi#EHM (2564~ —% —). BovGen RH
HuPEd (9190M) . Illinoi RHHL[Y (3484J%) %G L72bDTH 5,

775877 MERAIOERIZED . 4%IE BHINNOFERST (7 /77— 3 ») OFFEEDN
KL T B EEbNDL, /2. FI7 MEHIOHIZIE, U E— NEFIZ EI2L 5074 XEy
PREENTVWDLOT, S5451IEMEDRN ESHIREL 720w,

SNPIZDOWTIE, WS (NL 74— N, 1) &, 2ofh6 miE (7 HA, 77 -7,
RKNVAIA . Vv —T—, VLY, VI IT—Ly ) OF I LY=oy rhlick
. 2 HELLEDOSNPASEE SN, NS ZHWTEMEDNTO ¥ L 770y 75D @ifr s
DOBhb, TNIZKDB L, TV AOMBMHTIZIE30kbEEOSNP (7 A &R T4/ O
SNP) ASWAEET. 34tafk (BTA 6, 14, 25) I22OWTlE, ZOE&M%iMi72TINPOHZEFE A L D
ZElEod, HWAE, AMfymetrixfhi22 5 1 JTMEHDOSNP % & &DNAT v TS & LTV 5 28,
Illumina#t Ti&. 5 AEDSNPZ ¥ 4 ¥ 2 F TEADNAF v 72T AT ETH S,

70 NI A FAHBERATICAE A FFIE K E < Kirkpatrick® (Wisconsink) (. RAETR
ENTWB10 K SNP7 LA (Affymetrixft) #HWT, FLFORTEERL 9 FKRAOXL T &
)P VRRATHSE HE AT~ v ¥ 7 &7, DRI E ) P nWER Ty V7 L25
TGtk UAEIRICQTLE Wit L7z F 72, Georges® (LiegeX) 1E. Belgian BlueffIZH 5
NALMEEERE (Congenital muscular dystonia) ®~ v ¥ ¥ 7 %300MS (Type IFHE) F
72133000 SNP (Type II¥EHE) ZHWTITWw, KA RKEBZTO~ v ¥y 7 EBEROFEEIZKT)
L7z &512, USDAR S 1, 4%, 50KF v 7 (Illuminath) #HWC, FUREREHEA L 7 2 F A
FEOEIRERTO0T I D WTNT TS A TN ZATV, 7 LERIC KL 2 BB 4T FHE T
HbHEDEHEDRD ST,

(2) 4HBOHED S
INETITHED TEEEET / 2SN, BXU, R E Y - 7/ AEHX O



VERUZIZIZSER L. BIE, B2V — 3 7 A TIRET /) ARVRGZHED T05H, 4L,
BLR & BUFEDMHEIEN D E L ICEHBEEIIYA 70T T4 FRNP~Y—7 — %% TAHZ & TH
BOBZEFEITHETEZLLI LT AL S v, AESNLZTVF ) ARHITIZEEK
D<A 7T IA4 MPERBEND, 7/ LERPLHREININPRE b - w7 X5 LK
EEDLEY VHEETOHERODERLO2OHD), HABEHFINTVD, TNLDOERETIGEHT
HIET, 9IDF ) LR HED T,

2) U UBEMERODNAY —H —BREFEDRER
(1) WFZEAEK SR 9 4F~FHL184E

(2) BFZEHRY & HTE S B R

v ¥ OEIEMESIR DL LGB ARERMLSEREHR TH S, TN E TIZ5HMOERHDER
BIRFFEEICHRILTBY, €20/ 9N ZENLTH Sk & EEEEROF v ) 7 (4F%E
B2~ T OIRAET AMEM) ZDNAZHTS A Tz L. FIEZBIEY 5,

RFEFETIE, INLDEM. DDV, TR T M (P 1I22n T, DNAZ /IR
ELAZ ) — =y I RERRET S EFEKEIC, & OIS A TRIZERRE R &R T o Bk -
FEZIT) o 2OL) HHMER SN, BIEFOLEEZHRN T LDNABITIZ L > T v Y
TOAZ) ==Y 7R TE 5720, BIRMRBEOIAE 2 HIH L2o2%F v ) 7 0EENEES %
BHEICAENPT LN TE S,

(3) MWFFERAZE DB HAZ & B R
(3)-1 7 ¥ BARTEIRIAAT OB T £ T OREHE

RIPEIT R O FEE 2 S FEHBL TB Y . U 2EROE R ER T % 2 L. DNAZK Tk
R L, REURFEMIPBREEBZI1T) T LIlhoTwd, FRITHEET TORETES
R L7,

x3. BMEROERFETDE LD

HHLRIRRTL S| REEGET | EROWE | EETBETE | 6
R N Y S Y % m
TUTTG AR meam | M 3 4 A HY % m
(hedik Rgashi | mefom | sl 1 S Y % W
iy ¢ g | WEAE | Claudinl6 56kb> 3 » %
PRETLEE | wenm | LODN 2%%5? HY %
CLIaT fasesd HSP70 1KbD K Y % B




HEMMECIIKIERE, §HSEOBMEMEEBICI) HMATE 2, SHITLLEBDOR R T IE
TAH7-0, BELOILFANELZED S LI, KFEOREHERLILFME L &L oEEmL %
HDTET,

(3)-2 7 ¥ EIRVERE B DO NTIZ B D B 184 FE D A

(3)-2-1. FLEAXKIEIE (I & OILFEWITE)

JeRWFLIE/RFESE (ATPP: Abnormal Teat Patterning Phenotype) 7%, $FiE O B EFIFHAR i
TOETOMURICELLTELIE L7, FLIE 130 2 KK, 1 ARE, FLEBROERE 5
KRB &R L7z, ABERIBE LD MEARIZ ML L TBETE R V2D, BRITKE
GREEHEE R o TWE, F2C, BEXI Y MO - VT AT TPEOREZHWE L TERE
BIRTHO~Y v ¥V T RiTo 72, ZORER. 17TFGAMRL Y bax 7l (ATPP1:p=2.2x10°) B
L1 FEROMAEOE Y b X Tl (ATPP3:p=0.035) & 71 ATl (ATPP2:p=0.005) DEF3 #
FHCARHR T ) VBEEE DS H EIC R 2SR &, 2 KKRIBEED Y X 7 Hld, ATPPI
=2.2. ATPP2=1.7. ATPP3=1.6 CATPPIHHHEIZH Lk d K& < F5 LTz, ATPPIIE 1 ARIA
ik (485H) ICBWTHAHETH -7 (VA7 1.9, p=2.3x10") . ZN5 3EIEFHET T
WZBWTY Az N7y A4 7 ek L, FLEREEAROEERERZ0.06ICETIIFE 2 &
WTX 5,

7 LR TCHEIB A RO A Z L IEWEER DT, ¥ b T AT YO L X % G
IR, 72O 3RS T 2~ AEBERE Lz, ¥ 7 AHAROFLIETAIZB W TR
JE AR & PR B E L CWAEETEZ, Y7 ADNAYA 707 LA ZHwTHR,
ZON. oY B~ RAHEBIAET 2BIETRICK - 720 G, 7 VAR RD D O E
VW, B o@EG, HEROEN S ERREICERERTEE T, 510, BRVREESE
THLMFICONWT, VAZNTUZ AL TOFEZTRLTFETH 5,

(3)-2-2. HEERIEHAAE (FILARS: & DL FEE)

ARERFE A4 SE (Multiple Ocular Defects, MOD) % Z64iE L 7z185H% v & 3 A 4 D §H
FRAT 2 AT\, 18T AR D I~ v ¥V 7 L7, HHROBELEBIEIHRTH - 720 TOHK.
K TIIAENT & D RIRGE R OIS L, DNAZ W2 M L7z (R3EFHE),

(3)-2-3. RIECH M EREAE (FILKY: & DILFEIFE)

BHEMMEICE S AR R EE (Forelimb-girdle Muscular Anomaly) D#NTZ4T - 72,
[l —HIROEFIIB N TINE TIZ 2 BISSEFAHEIE L7225, REOME THML L TE 7/, L
PLARDS, Rk, HEEPR)ESNTAER, 7/ 2B COMEXL L & Lz, XY
Er)PVER (BHOMES &) BT 5260HDOIET 24D, DNAZFAE L 72, &g
R FICHE L 722580~ A 7 0¥ 554 b~—H—%HWTRIEE DOELZ R E A, 26%
kDT O XA THNCH D~ — D —BEPIIE L FEICHI L TWD I &b roiz, €2 T,
COFEBIZEHIIT— A —FBINLNT O A T2 Lok, SEaEIEE 10cMIC E TRD
ARG ZEDRTE, B FHLVIEY T AL DB S, 2 OFFEIFICIIN-RAPRPPDZ8 7% & JE A
BIET L0 ) 2EBOBEMELRTIEEIN TV S,




(4) EANB X ORI OIRI

Georges® (LiegeX) (., Belgian BluefIZH 5N 5 H M EMLMEEE (Congenital muscular
dystonia) @~ ¥ 7 %300 MS (Type IFHE) F72123000 SNP (Type IT#ERE) % MW TATV,
KABRRBETOY v €V T EERORZEIIRY Lz (R%EFR) .

(5) AHOEDS

MRERTEZ AN A E 1 X B ZH I O I CHESE L C W2 E\ImwmTH 0 . T 72, A i R iE D B
FIHEL T2 DTHb, 7/ LARNTOFEEZM ) 2 & CHBEEIMEINLZ L2 45%D
RLTWwL,

3) A4 ETEDODNABTREF EDRE
(1) WFFEAER T PR 6 4F ~ TR 184E

(2) HFZEEHBY & IR S 5 iR

7Y ORBEBEOLRIIINE TEL L CBLIPFICAE S N A MEHBEIEFENTEICL - TT
bhfkb\ﬁ%&&%%ﬁff%toL#L_mﬁ&?dﬁ%ﬁﬁK%T%ﬁﬁ\ﬂxbﬁ
BREDDIHEDREND D, —F. TEICBIF L7 AMENHZEOMERIE, 7/ 2 EHE [
%ﬁwa:a’;b FERBEIEICES T2 80K LoEEEE, 2 0IEEETEHET
HIERTREICLODDOH D, LELEDL, vIDIELALORFLEIENETH S0
ﬁﬁﬁﬁ%@%mi.ﬁféép&#%%:VﬁfgéoAﬁkﬁ%@%%kwﬁﬁm%%ﬁ
T2 12 DA 7 B (2 D Z LR - MRS R B D FLA DR 0 v, BIBRE % KT 5
IR BT HE A FET A 2 & CONAMERZ G L 2B IS 5 721 T <, FIEEE
WDOLFEIFE PO T ENET Ly,

(3) MFZEBAZE DA H AR & iR

(3)-1 RBTEEIANT D 726 ODNAY >~ 7V DI

PRISEE D 52085 (Q1ER., FRI8HERE) - REWRFHEN - KEFUR LV ¥ — LIL[H
Wge a3 L T\ b, FFEfEEFR 2 ETHARBBELLTFE L) EVRREERT L2 L 1E
B B W CTIE RS O BRI RE ST O T 7 848 & RIS OERUICEEETH ) . 22D,
SR8 251 7 ST T R OVEBL AR }F”Fﬁ ISP %1, TH1sEREE TOEEMBEDNA

T2EET (QIL) 2FEET 5720 HFHT # 2 TIVIREIRR

Hbo I T, BHARGBIERHAIEREICE ®E 4 %
WCIIARTE RO S 2 % JBE 4 ODNAY » 7 13 1,054
RINAEST L L 25072, MM Cld, B 14 2,503
BATY., BLU, RIRITERTSICBIT 54 15 5, 387
TN T EERL TS, FERIEE T TO 16 4,922
PEDORRIZE 1 D) THDH, ZnbDIUE 17 4,634
L7-EBEBMEDODNAY ~ T VEITH 24 T & 13 5,827
o7, & H 24, 261




(3-2 7 VRKFEEMTOE LD

FEEIE (QTL) DOETICEBE W T, Jetafiiy (Betafk™” 4 X chromosome-wise) X7/ 4%
(77 574X, experiment-wise ¥ 72 ldgenome-wise) \CHEKMELZKRE L, LEMELMIET
HA VY=V vy ¥y 7ETHDQL Express (HaleyH. 1994 ; 2002) 2SENLTW S, WA
DIFFELED & ) mlEE T, BEROBETHEOMOMEEHTHEL AT T4 v
(GEAME) hEPRON25E605H 5, 22 C, HEEHDMIET 5720, F 4 1XQTL
Express ZCLE L7:Glissardo® Bi%E L 720 FRISHEEE £ TIZEE TIT o 72 KRN D5 R % 24
FZERTIC CHERBAESE Z ATV, ISR ROV TORBILEA~Y v EV 72OV TE Lo, flHER
L7 (WFgessn =M | Takasuga, A., Watanabe,T., Mizoguchi,Y., Hirano,T., Ihara,N.,
Takano, A., Yokouchi,K., Fujikawa,A., Chiba,K., Kobayashi,N., Tatsuda,K., Oe,T.,
Furukawa-Kuroiwa,M., Nishimura-Abe,A., Fujita,T., Inoue,K., Mizoshita,K., Ogino,A.,

Sugimoto,Y. (2007) Identification of bovine QTL for growth and carcass traits in
Japanese Black cattle by replication and identical-by-descent mapping. Mammalian

Genome, 18: 125-136.). TN 5 DFERZFK 2 ITRT,

K2. FRISEEE TCOEENMEREVE v ELTDEED

VI QTL* p < 0.01 p < 0.001
R 9 2
GANE S 13 2
il 19 9
0 — A g 13 3
T IE 11 1
B T HEIGIE 18 3
Gt 83 20
*YAn AR A X DA K,

(3)-3 7 URFHELTIHEDORY Y aF v ra—=r 718 5 5FEOBE

(3)-3-1. Marbling-1 (BEWizHE-1) OfFNT (SRR & o L FEAFZE)

INRFTIC, RIFFE L) PORRE N O HEET 2 T\, 21F gtk o x 7 [l igh
EMEHLSH RIS, SeMA 4FE L. 2 FHHEOERITEL 7 ) VI DWW CTOMBIMANTIZ & 1 $720kb 12
BRBE L7z COMBICHAT A 12HOBRTIZT IV BERIBED LN LD 57205, 3HD
ER TR BV Te/- & RQ/qDO I EA22-94f5 > 720 Qg —AD/NA
T 7 =% A8y B 5307 HE T2 7 BEICITV, B HEOREZ AN L 25,
PRIGEALT28 7 A £307 A DB CTRM L IINE /R L72@nFad G N Gl & % 572,

RIS L, v VBRI AT B Ra vk CRAL RS E I X W BL) DRI 1%
Wi 24T o 720 BIZFall 2 W THENRERPE O N0 T, HEIZFal gD $XTo
—HEHEL R (SNP) 3R L. 7V INHHELD S EESNPEHET 5,

(3)-3-2. Marbling-2 (BEWhZCHE-2) DT (HRIR - IR & D IL[FEAIE)




FRCTAEE F . SNPOHH THIS0kb D FEIS F THED 7208, WHEMDOH B> b 2 7HIO
4m%&ﬂ¢%ﬁ%#%i@&w;k\@E@ﬁ?ﬁ@@ﬁﬁ#ﬁwt VR SRD B T L
LW EDBDbhroT,

RIS EE L, AcMOFEISICDNA tiling array (77 / & BICHEIN 2253830 70 — 7 % 1
15088 F v v T2 Fp/- 8 TR/ b O, RNAICERE SN/ I E EBRYICY —FT& %) &
TR L. B — A B 2 EETREOQvs. gt B2 1T 5 720 & O TR HEREN 2 SEBURAT 12
BENTVWDLEELNTEY, T OB ZE VTV,

(3)-3-3. (-1 (KcAHEE-1) O (FIEEBE & OILFEZE)

FIEITAEE T Tl BEMER G FERWHERE MW EEEMATIC X ), HAERQL (CF-1)
R UFEEAEYE S b O X TS, IMOFEIC~ v 7 L. AHEET T, IMbICFR 720 ARFEIEA
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High-resolution physical mapping and construction of a porcine
contig spanning the intramuscular fat content QTL

S. Sato*', H. Hasebe*, 5. Sato*, Y. Asahi*, T. Hayashi®, E. Kobayashi* and Y. Sugimoto®

*Natoaal Livestock Breeding Center, Mishigo, Fukushima 951-8541, Japan, "Hational instdute of Agretmuloeical Scwnces, Toukoba, baraki
30450901, Japan. "Shirakawa Institute of Anmal Genelrs, Nishipo, Fukoshima 961-30681. Japan

Summary

We previvasly mapped a0 kwus Te porvineg: intraemogscadar G coadent (M) by linkage
utialysis tooa 17 1-0M chromwsome mderval i Ses serofe chirmoosone: 7 (85071 Banked by
milcrosateliiee markers W08 T and SWISET. In this stady, we ideadidicd 33 emicrosatellite
roarkers snd 140 ST%¢ frome the 17.1-chd IME quaniitative trait Jooi (QTE) cepion commes-
pording ter HEA [y and aligned those loci using the TNEA-Universiy of Minnosots parcineg
radiation hybrid (IKpRHE panel, We then comstrocted a0 3. 2-Mb poreine hacterial artiticial
chromesame 1BACH corlig ol this cegion that way alipned wsing the BH paneel, Finally, 1he
CVEE 0L weas Binee-manppazd (o 1205 o8 etsveen ST 6% and WP a0 be 0,1% chronesome-
wise sigoilicance level by genolyping the previowsly studied Fp resource femily with 17
aclitional rodcrosatellioes. We also deamonsicatad thar thye 5P IS9-MMAD interval spans
appreximarcly 1.0 Ab and containg ot east 12 gewes: AL, GFRAS, KOWK IO SPATAF,
PTEN2L FLIT IR, EAMES ITOR, CIEST, CAP2PT, CHORMN 2P amd Cldaorfid 4,

Keywords hocoorkad ortificial chromosome comnig. pene, ndromoscalar B condent, 5o
it

seref,

Introduction

lolramuescelar fot contend (MEL o oe of e mosl cen-
nomically imporlanl eois affeciong meal guality o pigs.
Flowever. thete ire some studies that do not Bnd o significan
positive correlation between TME and meal qualite, aod a
cxcess of visible fatness can eeduce consumer aeceptabilive of
[cesh mmear and cured cooked hams, Conseguemly, increas-
ing the Jevel of IMWE without increasing the evel of visible G
cuuid be s way 1o improve the acee plabibity of (oesh pock. An
aplirmum % cantent of appresinetel 2o5-3%% has Jeen
suggestvel (Fernandey ef el L9990 b, 2000, Improvye meek of
IATY by seletive broeding is olten difficult aaud exponsive
Bewvause of msosarement diffieoltios. hul markoer-assiseed
gelection. may mpromee accuency in evaluaton of 1MF for
young animals (dMeuwissen & Goddand 19961,

Aderess far comespondence

Shuli Sato, Mabanal Insfitute af Agreblolepical Sciences, Tsukuba,
Ibarak 335-05601, Japan
E-rmuail: sshujidatfrc.go.jp
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laness 7wl (P99 initially found evidencs for major
woenes aleching mesdl gquality lradts, iochediop INF, and over
e past several years, severad stadies have repories] guaan-
tiative Erad Diwd AQTLE fur TATF. o Boeing e ol 11999
repon led [3AF QTL cun Jees sovafn chicrmemoioe 2 15502), 55004
and 506 using F.oaninals o o Meishan-liy-1utch Large
While cross. whereas their ballsib analvas showed see-
gostive linkage of IMF on 5504 and 5507 Tlarlizius et el.
[AU0HE reporied 1M €FTL on the X chromosome ut the 3%
wienome-wise Jeve] using the same Y. opopulation, Mialek
¢l A N1 reported UL fer marbling on 5501, 5504 and
SRCL0, oave of which weas significant at the 3% genome-wise
level using crosses betwesn HBerhshine and Yorkshire com-
mergial brevdys, Wy idedtiiod 137 Q7L on 8507, S8C% and
S5CET wsiog a porcne Fiocesource popualation proguced
froam & Mewshan soww and a0 Dueoc Toar (Sata e el 20040
The TAF {FUL onn S507 wis detected an e 15 g wise
Teseel, amd it position was shmolar W Lhe resull ol Je Boning
e al A1 asing ohe half-sib onalysis

Methods for ddentilying o responaible gene by powitional
clonime mclude 1the construction of a bacterinl artiticial
chromosome 1BAL) contig for the OTL tegive, This study
reports fle censtracnion of @ 9, 2-81b BAC contig for 5507

A 2005 The Authees, Journal Comgilaban < 2005 Internaeoedl Socety Tor Aaenal Geeebcs, Aneng! Genehgs, 37, 113-120
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that mweludes 31 miceosicdlite markers, 13 genes and 124
soguenco-tagged sltes (5TSI

Materials and methods

F; resource population and marker genotyping

Yo used 8 reseurce population comprising Be3 F, animels
produced from the cross of a Meishan sow and a Duree boar
rsato of o, 2U0EL One-bandred and sty dive mules were
rnvasioed Dor LME comlent sand vied o localise the TRDE T3,
on A linkage map, Prianer pairs used for polymaerasse chain
reaction (FUR) Aamplification of the micoosatellite markers
are reported in Table | Gentyping was performed using
slandard procedienes os deseribed o S e el (20035,

fap construction and OTL mapping

Alhowph a linkage map bad been obilaied by Salo et ol
PMIOE, a new linkegre map awlodiog 17 additienusl oicro-
satellice markers developed i e IME T, region [ Table 20
wils conEteected for 5507 0sing vrearae 25 solla ace (0
ptoaf, 19490y Beased on this new linkage map of 8507, we
resnalvsed (FIT, for 1ME wsing Lhe method developed by
Haley erood, 119931, The [Fvalor was used oy o gest staiistic
for deterting UL, ad the chiromoseme-wise throshold was
vhtained by permutation AChurchill & Doerge 19494 of
SO00 repetitions. A threshold of Fvaloe o the 01%
chronuosome -wise sigilicanes Jevel was L1275

RH mapping

The FTHHErd INRA-Caidversity of Minnesota porcine radi
wlion hybrid (MpRHE panel comprising 118 hvbril clones
Pverle ef ol THYE) was asced o generdte @ BH map for the
IR Tl cogiom, Cemodvpivg of individual clebes was per-
formaesl umder standand PUR conditigns, The PCR producls
were run o P nparose gels and vispaliad by octhidiom
hrammiede stadneitag, Wy wsad the mapping system provided o
Bl e e by Lowa lon se. i i

BAC library screening

We omed s porcine BAC libranes Tor comslrocting o BAC
cotatig of the [ Q'L regien. The first was a 458X penome
equivalieol pereloe BAC brary construceted modhe pBAC-Lar
voclor and comprlsing 1003 188 vlanes with an average in-
sert vize of | 33 Kb NIAS Gendlank. Ibiraki. Japm). The BAC
clones frov Lhis libeary were sorceoed by POR gsng o looe-
dimensional pooling scheme (Saeeuki ez al, 200000 The second
parcine BAC library contained 183 389 clones i the
plTARBALZ vector with an average inserl siae of 163 kb
(L0 genome coverageh. which was purchased lrom the
Childeen's Hospilal Caklund Rescarch Institute (RPCT-44
Cabdand, CAL USA and seovened by Blter hybridization, The

high-densily uylon diltees Trenn thie Llibeary werge fyvbridied
witl Mlabelled PCR products (Ralone Prismer 1abeling
Kil. Steatagenes, La Jolta. CA USAY generaled wsing standard
proveduces. Prabes coreegponded 1o 8153 in Lhe climomesomal
regian, including S5 derived from BAC end segquences.
Fillers were pre-hybridized for 30 min and then Bybridiaed
wilh kabelled probes overnlghl ot &3 20 In Rapid Hyhridiza-
tion Tuffer unersham Bioscienoes. Uppsada, Sweden). After
hyhridizauion. the filbers wers washed once with wash buffer
fo 1% sodivm dodecwl solphaee (5P, 2 S50 For 30 minat
room emperatire and twive witk wash butler for 300 min at
23 M, Filters were exposed w lilm for approximately 2 b,

BAL end sequenging

The BAC DN was prepared Toom bacterial pellets obrained
from 3000b-mil erevrnighe cultuees =stared foom o slyoetal
stk selotion with 125 pgdml ol chloramplwersicsl, 17lismid
A was extracoed by e standanl alkaltoge Desis procedune.
precipitated wiel sopropaneal, ead resespendel in P30 pl ol
TLE |10 ros Teis-TH pll 81, 1 ;o ethvbeediamiwtetra-
acedic awead (EDTAR. Cyvole sequencsg seis carmed ol axing
the Biglve Teemioatoe Bil (P12 Applied Biosystems, Foster
City. CAL USA), purtfivd on Sophadex™ G230 Fine (Amer-
sham Blosvicnces) in Hewell format and analysed onoan
ABIL 3700 capillury soguencer 1P Applied Riosvstems). The
reactions were performeed i oa fioal volwoe of 260 ol con-
taining & pl AR Bighye weominator mix and 123 pmnl
seequencing primer (M5 Grward and M1 3 reverse, o T7
atd Bl Beactkonrs were cortied owt on oo PE-GRi)
eeenoeveler TRE Applied Blowwstens) aod crcled 35 times
(96 "0 Lo 300y, 30070 for 2003 and 600°C for -1 omin.
Primers were designed fram BAC eod sequences and wwed
tor chiromosome walking and gap closwres.

Development of micresateliite markers

About 3000 g BAC DN were digestedl with D o com-
pletion amd subetored ine a plC11H dephosphonyluted
vector [ Takara, Kyolo, fapan). Sublibraries plated on L 3-cm
Puiri dishes wiene sercened by colony bybridindion with
Polyida-di’ iPelw(dG=1TE tAmershmn Pharmacia Bisech
fre, Pisralawiy. S8 USAY thar was ladielled with o Random
Primer Labelling Kil dStratagene] acoerding 1o standant
protacubs. Positive clomes woere sequenced e confirm the
pregepee o microsatellites, amld vhe sequence was osed o
desing FOR peieners loe acplifying the macrosatelliwe markers.

Results and discussion
Radiation hybrid mapping of micrasatellite markers
and genes

The human and mowse genontic sepnels correspoding to
the region between FWIOET and SWSET on 8307y were

A5 05 The fwtho-y, Journal Compilation & 2005 [ntermational Society far Ammai Gencsice, Anmal Geaebes, 32, %13-120
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Takle ¥ Prmers ysec for RH mapoing and gene mapping on swine chramoscme 7.
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L4025
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CALAY

Fi 3ap bea mob goc ¢dg toa o
R: aac tca gtg ara gac cag ttg
F: geg teg {ag pag ag ti1 e
R: gac ggp Etg aag ctg cic a
F:uge che dee 410 pac tle

Koot con g ¥ac chE aac B

F: tca get tal ol caa gat tre

Ko bt f0p o0a <fd Zad gat

F: pac gic age £gE agg Cc

R Mg lgd g pap 10 Clg o

Fr ¥ 16C G4 ERE 205 aag

R: clt ggr ctc Hr gt gt

ki pec TiC aft cAf ARG Cag A

F: aH cca gac t1a abc abc tec 11
F:too pag e 1g& ago Cpe

R pra got cgl pet tpa cag

F: tre age tgt get aga aga ar
Rt obp mol LEa gaa tta kot a
F: £l cta cra aga atg gaa gt
Rothae o gl L dpe gk g
F:cca aga aca ata get 1gc o
R:ocoa slin 1ga acd wgl tee i@
lraczattcla cag s i ctpa
F: ger atg tgr oo abu cat g

12 pac fad aab pEA Aac caa agtc
F: git tag gla taz aat gl atg o
Feogae 1ol g coa bal et aal g
F: zaa at ggr cat pga £aa ¢l
oo gied g 1og olb Tt g
RO cif ctg gea e otea bo

F: gag aac Mo atc ata palb gta a
W3t ol pad ale goc cd ga
F: pgc atg gat gat aca cag gt
Bt cal cal ded pIt g ook
Faga gratca aca arc gec
F: ttc cgeoolc chc ot B o

F s g0 ACK for gg A
R toc atg o agt oot ot g

B b CTR <03 gra caf at gt
R: atg agl tag gra agc get
F orag bga cac la cak atp gl
R tta gaa gt gEa aga faa gg
F: rca ctg gty fac gt cla ag
K ika aat aft cac tab e cie <
F: Iga 333 tga aga e EEL ag
F: Hg the e grc 1og gog b
F:act alp agt e cra cca ag
F:onga gl ol g 10 cia ot
b oac pRC 2aE tA clE cag a
R: gea gpa ggt cca Ht gra aa
E: tar €lp tes ¢ca £ gt

R gag paa cpl pot pal poc

F: gaa thc agg gaa gol Lo ol
R tac cat cAg ot ocd oo ©

source, reference Andsor
GenBank accession nwmber

KBRS
AJDIC95E
AJDNAGE

F14756G

WELERTY

BE232062

KARFAD, hang £f af. (1998)
Venta el al. [19thg)
HFda35934
AW4gE00
AFI5EE2T

hAFEST

Farcine BAC 4194871
BF FLr3seH

Bgrome BAC 176E6
AN A8 T

Parcine BATC 33843
BFOFSETS
TC139567
AFTaaaR s
LTI
AKDZIHEE"
ECHDI5E2

Al 43EEE0

FM, 00 1977
IEEEFES

TC RG2S

1C1 780G"

Lempth {bo)

480

20

239

201

T

273

230

219

297

10

232

)

130

120

118

EE]

183

141

BLKF {445 4+ intrun)

230

139

B

1349

a7

148

w1 2005 The Authors, Jourmar Compilation 40 2005 Inte maticnd ] Secicty foar Animg Coenetics, Aroma! Genefics, 37, 213-120



116

Sain ot al.

Table 1 Coninued

Cene ar

murker Frime- (5°-37; fonsardfrevarsa)

Saurce, referance angdfor

Cendank accession numbser Length (bp)

g1y’ ach 1 At 4ok gla ot aa

s att cta cbg ctg acc aaa ag

Atg cal Me acu dca cft b

CEC AR B Cag toa tak alt

: BEE 4ga o boe tgc att gaa
el bel cai ora tee gUE g

3
R
Srras F
3
F
K
Sigaz! F:cte pen cab aaa ooa g cad
R
3
R
F
R

LYECE ek

 aag ciir g agh tga goc aat
s alp phe it gea ape o
. gta tgs aaa gtt cat goa ge
- gta Bt £gE gta lag goc
R0 bEA s At <Al b ac

SWN

LRSI

ARTIFE6 266278
ABIITIET 221-230
AB2I7158 299314
ABEFTAT9% 147148
ARZSIFT] 10112
AF235487 134141

"These marke= were also sed fa fine map the 10 QL o0 $5C7.
“These numbser ivdicated the origin from ke TIGR Pig Cene [ndex.
*Human sequer e,

"The second set of prmers listed for these markers were cnly wsed for screering the corresponding BAC clones.
3307, Sag sero it chramosorne 70 GTL. quanditutive trait loc’; RH, =adiation kybrd: BAC. bacterial argificial chromosome; I64F, intramuscula- fal

cantent.

determined by comparative inapping. Heterologmes ¢lire-
FLLOSORLY painting experiments previously idenified 8507 as
orthelogous o part of hwman cheamasome 14 (HEALL:
Roewenberger o5 al. 19930, aod meuse cheomosoame 12
MU LA is orthelogous o the same region of haman
HEA T4 (Copeland of w, 19930 To align the inkage moap of
distal 55070 with transcript map of distal 11541430 and
MAILE, we obtained AT3: trom genss spanning distal
H5A14q, We sucoossfully amplilied the porcine vrthologues
of 134 peowes Jowcuted eon HEA T qand MWD E ANFEDP, PR
SERPINA, NG, CER TYHE, RIS, YY1 TLPL. TRIPE D,
RERaRAS, FLETZ ATAN S and KfAASL 0 (Table 1),

Th porcion: IMpEH mancl iYerle of bl L4945 wads used for
high-resalution mapping of six microsutellice mackers,
ingheding 510 0E STded S7I0EL Af492 (AB2ATAA-
ABZITERY mespeclivelyh, SO0 and S\WHFF § (Koehrer
el ol 1950 amd T4 peawes. Threg of the T4 genes (FLEF2,
AFEMN 3 ool KLAAZ000] were wsed B seneen BAC libriries,
and the eatified BAC clones were end sedgueenced. Tiee
prramers designed fromm the eod seguences were ased for RH
mappng Far the other 11 geoes, peimens fr B mapping
were designed from the sequenees of Uue geoes. and they did
ned ampllly hamster NAL Two-peion aoalysis confiemed
the prodicted locatiens i 5507 for the 14 genes an homan
15414, as all vielded LMD scores =300 with at least ane of
the microsatellite markers, Positions of the gees on the RRE
map refative 1o the microsowllite markers were then
determined by using muualtipoint analbvsis, fixlng the order of
the microsytellite markers according 1o the linkage map.
Results indicated thar ANPEP FEALD nod SERMIYNA are
located proximally 1w ¥ HRS, while ATXNE TR,
KEFfaRAY, KIAAZLG BNCRT, U3, EIF3 and YY1 are
located  distad to SWS&E[. TEHRE, FLETY and THF) are

polpmiially Jocated within the SWTON I-500351T inlueres
Based oo RID onapping, the olowing 10 madkers were nsed
as anchor points: TRIE, TDED FLRTZ, 50492, §/T69,
SPA SPTTTSWRIF I, SWTURT and SHWRHT.

High-resoluticn physical mapping and OTL analysis

To elucidate further the poecine M0 (UL region an 35807
and to condice the gene oerder on the linkage and RIT maps,
we constructed a Bad contig for the region using 10
markers as anchor points, We first ideotified 10 BAC clones
usivg these markers as prebes, Additionsl BAC clones were
sichseeaently identified by chremoesome sealking using BAC
und sequences frm the eriginal L BAC clones, Chromo-
some warlking was conducted in both directions until BAC
clones averlapping existing clones were foond. All bat oo
el Mk woriginnal clooes weed as aochors generated onye large
cuntiy vonsistiog of B8 BAC clones. The olone cenlainiog
TAHE roaneained oz o BBAC sinphdone These BAC clonges wepe
wesed Loidendidy 34 mivrosatellile markers (Table 20, 1Y of
which were pulyenorphic o the oesoarce pepulation. Toe-
Towawdred arod sialy-five ¥z aoades o the resouroe popelatioo
Chabe of el 200050 were geneteped o celinee e region with
17 additiunal polyenorphic joarkers inchuding e 13 new
microsatellite markers. as well ag §J992 S11a% 5347 and
ST Tetwvern BWIOS S and K754 7 (Tubles 1 and 21 The
resultlog genotypes were nsed o constroct 4 lokage moage
fur the TMF QT reian. The TMF QTL an 5507 was reas-
lysod, aad the confideee region for the MY UL where the
Fovalue exeeeded the (01% chromesome-wlse significance
lovel threshold was & L26A-cd interval betwesn SfT6Y
comtained i BAC YW1ATF. and MMFR contained in BAC
| 7RIN 1Fig. LI

i1 2005 The Authors, Journal Compilatian 2 2005 Internatonal Socicty for Animal Conetics, Angma! Genegacs. 37, 113-120
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Table 2 twcrosatellice marcers drveloped from BACs on swine chromosome 7 in the OTL inzenval far istramuzcglae tat content.

Microsated lite BAC ¢lme Praver {5°-37 sequence lemparature {*C} Length (Ep Centark 2ocespon number

At 73208 F: tgg gaa ctg 233 He cat aaa t 5E 155167 AE2OCELE
Rt 10 pIb oel 0k gig go

AR REN F: pzz apg atc 1ot tga gpr e 55 164168 AR2OERS?
F.: 212 \ag taa rag cag ara cac

LAERLEL S5EFG ok cal 1ol elc odg cap ta ] 1547163 Aul§ 20T [
F: ala aga apg aag tga gta gtg

A AAEZ 1025F W0 F:aca aat gt gac ica apg 418 =] 200-204 A B205698
R pEA ags Aaa aag Alg gac cal

MRS AhYaA5 F: gtc cat aat gab aac apa agr a =0 24230 AEI0ETOT
Fooadd eob g fal ol age a@ga a

MAAAGT 20 H4 F:Lop 73 Apc ags £ca aga aat [21] 147 -148 ARAOEERD
F.: £at raa tca ca gac clig aga

flAze 12008 Lt B ot Ll A R T -] 258-277 M E2THET (0
F: Lgp pct act gra cag tat ca

REER T B2 F:ood aag bga doa cai aag Jag L &0 190-137 ABIHEHD
gt pat taa toa pEg Aalk gt

Al A B43E7 F: £za3 Car ara aag caa gEc ot =] 165157 ABIHET02
Foraa Beil by teb clo calb gt

AT BAHE 7 F: gtp aaa tga ‘ec bpa gea g 24 Jdxr-2h8 ABAE O3
B gac cet alt alc vea ghe ag

dAe3 CAEET kg TRA ALE AR 00 10 A8 L] 118272 AH2TETIS
F. tga aca tgg aat atg coo tra

Afanga’ 18205 Foaga coa ol gal git tge o SH nyll 185 AHIRRESD
o abe aca lap i cat cag aag

AL aarCr F: tgg aaa zaa ala aga atc acl Ha = =1 | 157161 LB 05
Ko oabe fea ata gpg e Ha att g

AT 517E1 F: gcr ab £l gag taa gec tg [ 133-167 ABIHEETA
R:vog ugl eac uge att gas gg

MY 167 03E b EA TG @t AAC CAC TEC F L J1h-k2a ALLRGETE
F: ggg cat Ht aat coo cga tt

L 16705 F:oeac ot gapg agg cag cag LS J63-270 LBIRESS
R: gga gog goc caa gaa aic

afig15! aab2 F: £aa arl gt paa gto aga oic 4 =8 166172 AHEHMEET
R b ol et Caa tot fel g

ndana ! B4lF 3 F: £ig tat apa oo acc tge ot (=) 228134 AHIMEERD
R gl agd gaa pet age act g

naaz1’ 22305 LHOSS R E D (8 i 2 i 198-168 AHZRRETE
F: tga Ht tag tac tga oic agc

Mz’ 223G FoplocAc gt cak ggs oft 1 2] F-E1G AHZEE TS
R: pgtc agg £ca ace tgg aac 1

A9 1780E F:obet pal pga gor ddg acg o =43 143-169 ABZRES
R 1P FY aag gat ooa pEa by

AR RN 178EE F: ta! goo tic HE gga @l gaa t &0 271-175 ABIHERSE
Fooavia e il gl g0 wig g

AARITE 1FFELR F: glc cag pge tH get it ca £ L8207 ARG
F: aatr gra aaa tco cat lac clyg

Mad1g' 17FELZ Fo g gRA QA0 CAX gE ARE D E1 165 184 AEIOEGTG
B: acg cat ata cat cta cat gte

Madag! 17FENZ F: fai dow cat gud ool glt et 1 fal:] 25E8-267 MB2OGETT
B Cpm Atd faa ACC At goc b

Aagar! SEFOR F: pAg gea clg cag apt t g &0 247253 ARI0CEER
R Lol des par cpd pas tea g

A4S 1052k Friec alg fpc cat gpg ipc 4 B0 T2 AL206EET
R: cH aal e oo aat aca ace

M7 4870 Focag CRL A SEE A0 AR Coa Bl 147143 Lt Eeln [

R:tit gis tca gat €ic aac ctg
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Table 2 Cortinued

Micrasakel lize BAT o Friener (5°-37) saquence
AdAATE 487010 B gt plp tes oo taa sag g

R: oo #ct Ac cat aaa tga gt
A% BAHCH B a3 apg ety ot oca cal i

B:tir SR gec cle ool caq
4] 1707 F: ica atg atg tic agg geg tc

Bielo zag bep 1R ol cpt gt
AAI5E BEGES F goc agp atadca gga a4 aat f

B ige pilocee olb aaa bic aga a
MAd37 a1483 FL s aca AFl CEC Cag git

R grt agl tgc oot off o
MM TiiHE F oot CAE AR agd dor i g

R cac apatgc alatgt ata gt a

Temperatyure (7C)

Lengih (Bpk GernBark accession number

AR 203-210 AR LhG5
. 126 138 AH2IEEES
a0 212-238 AB2DGET4
B0 118131 AE2EERT
&0 184155 AE2EERE
58 FEEVEILT ARMIEGAT

"1hese markers ware alap ved to fine map the IMF OTL on 5507,

OTL, quantikative traik losi, BAC bactenal arficil chroanoseemr e, IME, inlamuoscctar fab confens $307, s soanlt carpmesame #
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Figerre 1 High-resolution intage arapping of the mirimosoulie fad
confent (MED quantitalwe tral Iogi (DJTLY un Sus serofa chromoswme 7
[55C7) The thin line indicases info-mabon content; te Bold lne
indicates {me F-ratic. Twe ihreskald value fae the chrnmosonte-wice
sprifiicance ve of 001% was 1100 idashed ey

The BAC contip, contained 65 BAC clones and spanned
approxinately 3.2 Mb kg 51, The physical siee of the
MIAS-MAF hderval was estimated  dt approximastely
PEOOME based oo othe human abeal sequence dhgeed
s nehi.oloenibgov fmegreicw. Boild 3350 18 i likely that
Ui regien 5 a cocornbimation lolspol becines (he peoctic
distanve caloulated froot the lkege anuabysis was 1200 v
[n the course of soreening BAC ehmws, 124 5TSs were
determlned and mupped an the conlip. The average 5TS
marker Jdensity across the contie was 1 oper 42 kb al ge-
MATHIC Sequence,

Cene order and camparative mapping

Ta owee accurately confiern Lthe arder of the genes within
BAC conti. A from each BAC clone was veed for POHR
moplification with 13 genes: FLETE KUMKW SPATAT,

PTREN2T, FLIVIRDH, EXLS, TICE. CHEST, LOCEKIZ 16,
TR, KOWE DS CALMY and BPS6KAZ These primors
wore developed from pig expressed  sequoncs g (BT
or irom hman BSTs spannoing distal HSAL3g (lable 1)
bazed on Mup Viewer of 1he Nalonal Cener [or Bio-
wohioology Mdrmation (NUBRTY dataduse. Besults Troin
1w PORs Gndicame en the et likely  positions of
KOsk el SPATAF, PTRNZI FLIDI&OA, [AILS, TTOR,
CHENT mnl L4002 36 were within the ST MATFD
inwerval while T, KUNET S CALMT and &PSaRAS
vould be excheded e, 5100 Howover, the possibility that
the responsible gene s JucAted ouwtside of 1the defined
interval was oot cxcladed, The IME (T, regien in the
porcing  perome correspersds o bunan HsAl4gdl-gls
and mnase MMEELY iFig. 25 Comparison ol the meglion
with human peawe map ndicawed that 12 genes should by
levizalesf iae s critical iotecval: GALC, GPFRET. KCNE T
SPATAZ, PFPNZEL FLIDIEDS, EALA. FICR, CHEST.
AR, CHOWDC A and i dor T3 Towever, there s
i shvious relationship between those genes and e TAT
phenetyrpe o adpwopgenesis, soven phenotypes bive been
mapped by linksge 1o the HEA gl 14g 51 interval.
Fiwe of twse phenotypes are probahly moet associated with
137 phenotvpe, However, two dishetic phenotvpes have
been mupped 1o this copioe Ficld e ool (1999055 aniritnated
susceptibily 1o Insulin-tependend diaberes mullings
(LR e @ Docas ons Ioeinane chirosoosonoe Tag2d4 3430
B e al 1200030 mepartend thial owatations o bepatoocete
g Bacler 1-2 acconnted for the Jargest propoction of
amaturily ciesel dinbetes of the young (MO1Y cages in
e [DRAD and  this phenolye was mappsd oo
I cleomosemes 3pl3, 9912 and L4q24. Tuarther
ellorls Tor positaonal eloning of the IME JIL on 5507 are
neaded, meloding sn analysis of linkage disequilibriam
using & ramdem sAample with [MF pheneotypes, becaase
thiz critical region canmot he refined using our pesoarce
popalation.
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Porcine high-resolution physical mapping
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Genome-wide linkage disequilibrium in two Japanese beef cattle
breeds

M. Odani*, A. Narita®, T. Watanabe™, K. Yokouchi', Y. Sugimete', T. Fujita’, T. Oguni®,
M. Matsumoto® and Y. Sasaki”

“Lakaratione af Arimal Breed cp and Sonebics, Gracuate Schanl of Ag.’icl.l'.ure. Ko University, Ba<yo, Kyoto, lapar *ah rakawa Inshibuge
of Arie Cenelics, Melogs, Fukasonna, Japde, "ot Preleckaral Tnstibome of A-mpal lidustey, Ko, Ode, Janan, "Kemam oto sgricciural
foseuck Center, Douwskis Kararota, Japan

There is itk kneealedge alel the degree of linkase ciseguilitricm LT heed cantle, This
stindy aans to puezfoe e i genoewe-wide seaech o LEie [apaz s Black amd Japanesae oo el
sadthe anel vy conupsire the Joved of LUF Brepaeern these swo heeeds, Faragmeter 20 0he L0 coelli-
et v sed e ewsoees of LU, aend T s tessed B sagcilicaence of allela: esociatioee.
Fretweenn saniers insd Between nonc-svoteane psarker paics, Efects of brecd, chironosonae,
prawetae g dislanee il o nalerietions with 77 were tested Tisos] oo Bt souines aoi-
In ses, Hsthy Deesveds st cel higb Levels of L1 wlaeh cinnwed over secernl tens o2 3 aend declzaoesd
A% e omcher dstioee inereased foe svateoic wanker paies. A cupid dechne of e 17 vahos vas
elser el Tt e ke s That soeee speocadd 3 ol 200 oA ipacl, L was sipoibicianl o ewest
it [or e paies S T gt b s nod sigailiceot bebveern swone-sy oteaie oen, Tlae
prictLerm ol L soneemd i 1 ese twvo breeds veas gimilue 1o e prascowsly pobleiod o dan cantie,
The ¥ valee berwreen heeeds weas nen Senificnotly diterenl o = 000050 Lol Ve ixtersaclisn
Pegween brees] il clironmosose s hichly sienidcon o7 < 0000 L Gene e selecfion seeene
to b enwsed Une besenogeeics ol Uie D7 values ameng chrmotosemes: weitiin Toved. "
resn = imEente that LT mapping i & weetnl ool Dae lioe enapping quatitistive teail lovi of
evannmit Ty e tant teaics i fpaese beef cale,

Keaywards beet caltle, Ane-mapping Enkage dissquilibrinen, sehetion,

. Linknar deeguiliboivn (LT 30 noo-randoan associalion
Introduction . : . .
al ulleles ar didlevent geeetic o we o populateo, L1 bus

o recent vedrs the nember of geoetie mackers linked 1o
s LDy it ot iU al econaically inypertant rais
hae drantically incressed in Teestock Ses Amderssoe
200y After detectior of the OFL-Faked markers 1wa
Upartant sies e foc b resodveals S the idencifeation of
vatisa | peres contralling the imidss wnd i che dentilivetion
wl CFITAlinked markers for imicker-aesiaaed selection s
foimpreee the acourseey of geidic vvalization ifeenuandhs %
Cardsalnarn PSS Foodate, i least Lo eecellenl eaperi-
merts Fovee prodoced convineing evidenee ol caasal reata-
s Do QTT or guantitative 1o noecleatcls in livestinck
PV Latere o cel 2000030 Griaart of w2004

Ecddress for cnespongding e

Fogteuks asaki, Cancmateey of Anomal Brecomy; aed Seoctes Drad-
el Schoal of Agreu buse, Kol Lin ety Saspa ko Keoto 634
G502, laven.

Eomani sl 3 v oanbo- o1 e

Aerapied Sar padliralion 24 0 fohay 2000

receive] moel wattention ad 3opasides a poetentiul waay of
fine muppiags o 7L regien andesling @ ol CTerwilliger
TasalL MW making full o ouse o
Tecombitiaion vieats, LI raapping bas the polential e
pasitions £XTL G a sl cliraesnnad seanmwl, perhups on
s arder el =3 cR) cArdlie of od 20020 anmd 20 has been
tand toeoatein mapping remaletion dovay o the suhacd)
el Vi Taaene of sl Ul Crisart erowl o 2000-b, Y he
vsefulnges al I in Soe-mapeinge amd 8 depends om 1he
dewper ol LI 1he ddisiributiom and heterogeneite af FL
acriess e gemoomee aml il reliagioashipowith geodic meap o

LA AN laistorival

plivail distimnoes i e popalation.

Froviesns studies o weacnne-wishe LU o Ivesslock spucies
lzgver sluvwen o consisdlerable 11 spaees lirge pesenic s
tanzees 1= 2000m in Dukd dairy cintle (Farnie of af, 20000
Povw ool Sleeep SAleRae er ool 200020 aned caoiawe 1l
edal 200030 populations, Thoese stuelivs Jevce sluman signili-
cinl Associatings ool undy Bretaven ssoeowe Tecr But alse
hetween poics o uolinked mockers o0 different chceme-
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sones, Uhos, L1 analvws o licesnsk mins reguame w
sinziliancenus test Jor liohivee seied assocation e oo Taise-
prilive resints Devawsae wl the associalions lwbneen nean-
syidens Tocr Facrain cf el 2UHIML Levapg-raniegs LIY wis al=o
sbwervel Brotan bowioe coronis regiens e leomosenes -l
il B saeple ol the dites cunnle popalitian o e Ve
| Ternssin or ol 2UH03 and fon e porsane cennanmtic Foviens
rebiranmesomes b wed TR live poplations o domesicited
s s e of 200E s Elyes o ad s 2 e ected
LI spannine = 00esl ie dubry vattte, wnd shere wis caen
sive Lo the 17 Flolcein ppubaion reporied I Vallepn
Fral LA These resalis in livessoci spoecies conir st
stavkly wali the extent of T ia buman psepulimiogs, which
ragges fromr 3= Koo loeedreds of kb avoe, Mricchard &
Brreewarski 2000 Ardlic o el 20005 Raesamen o al.
S The fomgper-caegee LU0 livestck than in humaons
migkit bee vanased by evalutissnary forces sach s eenetie drdl
admigiuee. selection aoc anall elleciive popasaticn <.
whicl are cotemoe iz Bvestock o Galey 199EE

Ahhuongls e briged Teso e of O alzserved i sonee livestiek
speecaes caee b cxplited e oe-oppieg OTL aond WAS
lieehe 1= kenowwae aboud the deoree of 110 in beel calthe, Tn
Teprters Phaeres are b ziezone boeel Breeds: thie Japaoese Blinck
senl i [apanese Browsn, The [apsimese Bleck v Goawes [
briwh qualiey ewst with promenecl cdeirmosculie iar
tepestzon o o bliog. wlwersies Use Japsioese Bomen bBas i

Liee ez rmiiare soee swd s faster geeselhe cate than 1he i

aoese Blick, The aljectzve ol e soody wns o assess and
conrpary peronte-avide 11 boebween the Jopanese Black and
the Tupeotese Brown cuttle brecds,

Materials and methods

Data

The Tapaness Glack peligrey corpsksled of ome siee aml s 10
balf-sily prosseny wile 31 materaast gomd-gires sampled foom
B Tatening Frms in e Brefeclore, The proosceny woere
st st thosdlars el thie preogseny were il A bastery i
240 antosaneal eicressatel e Tock ik sl e miesasare

perecnnes s bile TEE Thiesar 24 imarker werg elisiribwned s ross
20 vclempeugsonnes, The [aynnaese Browen pedigree conrsested of

oy wire anel T A6 Jeal i progaeeey wesle D1 nvineral

wraril-sires walu ke gendts poes sinnpled Trone - aneneng
Eurrns i Kaursanaoto Prelectsiee, Tlee alams oo thae proseny
were ol gerntypaend, A bBatteey of Pyl adoseemal e ogiat-
vl Lovr chspersed emeer Laes geiecnne was used. Micrositeilae
el ping ity pecleoresd i deseoland cIFnicn o ol HHRL
Macker vecler ancl ioneesal weere detezrnined acrondmeg to e
Sheakaws TR linkage noaps Diana et o, 2000000

Hepolype recanstruction

Initially, che marker linkuge phuese of cach sive was oo
sirvcted by ddentilving ehe Tregeenty coseprepnting aleles

w ik boci in Jois Jed] sk sregeny . The paternal allele ur
el modrket s identili=d o all progensy, 1o e eeent chue
1he inhetited pomcrasd allsle wis ambhiomesus oecause the sre
and bis elTapring od 1he samwe Boteroeegous gopalype. we
sececied e isherited paterisal allele s by oae coqdition

allv o ilie tram=miasien prodability keed o inksomeation of
e ascertained sateraad allede wn adjocenn imarkecos aod the
recennbirieiom probadilive beyween the markers. From this,
the aernal hapiotvpe Tor cach allspring wirs mferred, The
maiernal el wis inlerred e removing the paternal allele
fromm thye ety of offapring, 110 was aesessed with hapl-
oy oF the danms, Repearing as process 1000 fimyes
mmilEple uugeeaimense resnled e THIE sinmple sers ol
st riead Draplony s for every sllspoine, Woe assessed L o
e 100 sinople sers aod obdazed eatmoates by tikiog the
averips of DO vilues of LI

LL* analysis

Froguenvees oo alleles amnd paic-wise Tsaplevpes were @xi-
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Sowreaddescriprion: Jue provious stady detecled 77 boving genes
(45 annotateld genes and 43 novel geoes) showing intramus-
vualar fab depusition-assiciated exprossion changes momuoscualus
IoRTISsimus musele, I the preseant study, wo mapped nine of
thes 55 aonotated gencs and 22 of the 42 novel goenes.
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rad Shorakass Tnstiture-Eniversiey of Yevade Bovine rodiatien
helirid [(SUSbRH-oo Lo pancl” using stamdsnl conditions.
TCR products weee separated one 335 asecose gels and scored o
dunlicats,

Chropenzoped praepping: PO ameplilication of 1he $1 penes pro-
duced the exproted bivine-specific lragnonls, The geones woere

Table 1 Aszprment of 37 bovine genes using radiation hybrid (RH) mapping, the bovine draft gencme sequence and the human gename sequence.
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Human geaome sequence-based mapping

Bowine Pasiticn TC ar Dengans Human Pomsition

crromesome (nucleotide) acerssicn rof chromosore (nuc'eotde)

16 257910 TCAASS23 1 2O SN
TC27E331 16 45547
E 331544994 [CZ7ERER 1 10147757
! GIIG002E TOXIE09d 12 14926012
25 14424341 TC2FF722 16 16039212
27 BRSSO TCIREIY k| LEIRRL
29 20986144 TC2M2M 11 1240497ED
| 2R TEad 13 F2HESD
2 SRR NT_CHREEZD 2 17497555
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G dOO0ESRT  TCIB0GM2A 12 OB 2
13 RE5 B

M reprasents movel gene.

Tae TC or CenBank aveessior: number eldanec By search:ng against T sequenses, PUMAan genam s sequances of Iping gennmic sequencss Lang
the 1IGE Cattle Sene Indax, the BCRI Human sapvismer or the Bovine MapWiewers dalabases respactive’y.
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typed deross e SCNBRH 0 00 panel and assigned 10 previ-
ously published Irnmework mackers® at LU scores =200 using
twea-pring linkage in RHMAFPER (Whitkheal Instiuesd T
Cealer Jor CGeoame Hesearch, Cambodes, AA, 10856 The
reeare placement map option of RAMAPPLER was used 1o place
loci an the assipned chromasemes. Table | sommagzes map-
piong wl e 30 eaes oo e SUNDRING e g roap.

Cortrenls: Twenty-une of the 31 peaes were localise] on the
bovving draft genumic scquenee nsing the WO Bovine Map-
Viewer build 2 version L INational Center fur Biotechuoaligy
Information, Bethosda, MO, CRAD CTable 1n The plocements of
thaesse paerees o1 b SUNBRIL- gy o0 TP were consistenl with
LRy positicns in Lhe Bovite penome seguence,

Fillpen o the 31 penes were icalisgd o 1he buman genmme
sequieniee wsige the TIOR Cattle Geoe Dudex release 110 (The
Institute lor Cepotnie Besearch, Rockwville, M0, LSAT or e
MO Huniane WupViewer buald 33 version 1 tTable 14 Plawce-
ment ar the SOURBREL. . ap ol 140 of chese pones (oxclo-
direg, EST cloowe 13 100, together with the position oblained by
human geneme segqeence based mapaing sTuable 11 confiemal
congered seaments of synteny on boving chramsomes 2, 4, 3,
12015 I, 1w, 22 25 and 297

Miznshita ct ol idemtified a2 quaniitative trail laci 16F11)
regivn aficctioeg intracwscular B cnntent o "machling’ on
havine cheomazsume 34 nsng o hall s Family of purebrod
Japane=e Black cartle. We moapped ESL cline g8-7 within the
rtercbilicne DL cegivrn co chronwseme 4 1 Table L supeesting
that gh—7 may he a candidate e the cowgal geoe inveheed in
icechilinoge ion Jopstenese Bluck cabibe,

Jekncwledgermaetts: Thiz wark wus sepporled an part By o re-
serch gramt from the AEnisry of Education, Scivwe, sports
annd Culare ol Japarn.
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Soereeddesiription: Allhoueh the Amecican mink Q3 estedy
wrant i3 an cocoonically anpoctard specics, esprecially in soe-
them Xarope and in Mool Americs, penomic informtion on
thas species lags fac ehind other Tarrreed animealds, Microsatellile
markers arg valuable tools [or charactenzing the goname bt
fewer thur 30 mictusatellite markers bave so Bar been ileniitic
frr his species,'  Yierosalellnes fom celated species have been
asel in Amercan mink, sach as Furasian atter ibadad el ®
raver wrler (et v nrndivasis1, ™Y Burasian badger 13Jeles maedes),”
marten  Laries emericana, wolverlne (G qular’ oand
Ameeican udger (Texidee faves)®. A referonce pedigree for
mitth Bas ot st Bean describeds therefore. assigoioeot ol
rreicrersatellites 1o linkage prmps has nol been possible.

I thiv stady. addstional ek omicrofulellte sequences were
gl from two geoomic libracdcs constructed by complegs
digestaon witle either dardAL or X000 ol apprisimatels $0ope
LA froen ane black Temale mick, Hestricked digests wore sz
lrnclonated oo U agearose gels, aad Tramanernls between 301
and K00 hpoand betwoen B00 and 1500 bp owers recovered
frunt the gels and pucified wsing: QiAQuick Gl Extraction Kit
iagen, Tden, Germany). Shord mul looe sse-selecled frag-
mee s frem the Sz A T- and STall-digesped DA samples were
ligakedd iyl Bakel (1 aod Sphl digested. deplivsphocylated pQEA -
T4 vechirs (P romcie, Madisan, WL USA and teanstermed it
U XL1-Blae WREF steaan ol Eedfrerichio eof iStmatapene, Cedar
Cresk, TX, U84,

Iogert spqueences of 150H) ralomly seleeled clanss wore
abtmnsl wsing wenversal poinens: they svere checked Rir withkin-
and  hetwesn-library  laplication wsing BLASTN  2.2.4.'°
Microsatellite repeats were detected osing the onling “oiicroe-
satellite repwa Sinder” toal availabbe @t Lo s oapbp eep
minituolsdmicrnsalellice_repeats_findeeedemo.php, 1901 primers
wery desigieed using e Prinwer 3 aoline seliweare Uhetp: /s frode.
wimiit.eha S ggl-Tin S prinner Bprimer _wowwcpin, I

Microsanelliee cleerneterizatime: OF e L3000 wnal sequenass,
Li4 3 (9% wore wunigue aud were sulunitied o the SOBT
datubasy (DOEETOTRA-INIZTI10A foe hundoed and thirty -
live of e sequenced clonwes [HIE condained microsatelline
repeats; 114 of thess ipicrosatellites wore chosen for forther
vharscwerisdaon and were designated starting with Svidiii).
Overatl, this veprosents one miceosatellite for every TOO0 by,
Seventy-oine of the 1404 microsatellite sequences rontained a
canvenient rojcrosatelliee. Y9 were successiully ameplilied by
FUER, el 57 of these (7 2% were polymorphic i ponel of 12
uncelaled mink of diffecent coliwe Lypes feom tweo Danish farens
iTable 17, An AR 3100 WA sequencer equipped with the
Genedran and Geoatyper software programs 1Applicd Hinsys-
terns, Foster City, UAL USAY wus wsed Tor detenindraing the allelic
vardability of esch microsaicllite logws.

Ackmnwelrdgemerts: We thaok Claos Jargensen far belp in wsing
the calony picker. This work was supporied by Uie Caneda
Mink Mreeders Association amd e Danish Pur Breeders
Assucialion.
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Evidence that bovine forebrain embryonic zinc
finger-like gene influences immune response
associated with mastitis resistance

Mayumi Sugimoto®, Akira Fujikawat, James E. Womack*®, and Yoshikazu Sugimoto®

*Mationa! Lieestock Sreed ng Corter, Mivhige, Fakisbizn 901 3501 Jugan: “ogeegig Sowee gl Rescarshe Cosvten, Shomug g, Hok'aida 0B - 0038, T

BTN
“ubushima 550 BOGT. Jupta-

Zonirbated by comes EOWIrmack, Tekioang 9, 2006

Mastitis, a mammary gland inflammatian in response to bacterial
infection, iz a major praplem in the dairy industry. We faund that
cows susceptible to mastitis have a three-base insertion in a
glycine-coding stredch of the gene Tor forghrain embryanic zing
finger-like [FEZL], a transcription Factor with a rola in neuronal
development. Mastitis induces FEZL expression in mammary
glznds, and induged FEZL promates enpression of the anon -attract-
ing moleculs semapharin 54 (REMASAY through a GCAG sequence.
FEZL also induces SEMASA crpression in susceptible cattle but at a
lower leve! than in resistant cattle, Enhanced SEMADA induces
expression of at least nine genas ralated to the host's immune
response, including TAF-« and -5, We propose that susceptibility
to mastitis results from an impaired immune response dus to the
|ower transcription activity of susceptible FEZL. Qur results provide
an avepue 1o select for genetic improvement of resistance to
mastitls and suggest that the FEZL-3EMASA pathway might ¢on-
trol bath neuronal develapment and innate immsniny,

FEEL I g.aart tatve tidid coas  semaghcr n S8

st eaeralos anral il Teeses ob =09 lallwen ven in

Japar 0 1 and 2 lallion dellars iothe Dloited Stades | 27w
roducing wilk guantany i quadily gl iocreasing bealil coses,
Jurst ws cnrren? selegiivye Togediogt progen o Dol oo propudation
uetetivs Bice seees<Eily muressed milk vield, genetic selection
Toar rvasitis pesisladice could potentially be practicvsh pot omly 1o
roiluee 1he cont of producing milk el ulsa wemprose L healib
arel woll-Taeing o <iairs cows, Recenth Wall of sl 13 produved
IFA M= TG cos Tesisbinmt o intfection Iy nidacing 1he eells ot e
mammary glanil o secret an gmtibacieriol prodein. 1osever, the
publiv mie nol quickly wecepl milk Lram teanspenic animals
clespile the smproved Bealih of Gty berads 1330 Onothe other
T, sesveral aroups Riwe hegun quanid s et oogs (07 )
muapping wsdng o geanddausies design oo identify penes indlu-
ST Mt pesintance e, rel 21 Adlerive b, we used six
halt-sahling familues whose simes were derivesd frem thae somy
wiamdsdie wel portormed selechse penotyping, This mtlol
reduces the oomler of prosem genolvped, aloieush phenaty pic
el miay by e erestimaeeil Diocause uf the Tased seleetion of
praccimy g, el 51 Thy tunctivn ol a gene carrviog @ pulalive
pairly mearphism positiomilly flemilivl shoald significagly infln-
e L phenutype.

Teretuain cmiluyanie o tiaer-ike (FEZLY {1 conrnels Lhe
chevelapment o momoamioergic onns (7] Hirada o ol 73]
repried that FEZL-aledivient mive display by pecactive bzhaviar,
sipgesting that FLAL Das g male moneoromal dsvelopeg.
Semaplwrin 3% (RENASAL an axen poidaiees cuc (4] holongs
1 the semaphorin Gowily clorcacierioond T Tuoctiimally con-
setvod Toles in newronal development L Becent sowdies,
howeier, bevealod the exislence of crosslalk hetween nearonal
evelopament and bnmuoits, The meuritak cepellem Slic regu-
Fatys Tsnth newronl wnd leukoeeate micration (15 The sema-
phuscine family members SEMALA o SEMAAD achivate T el

f45d G454 3 April 25, M06 1 owel '3 ] e 17

o of Wit nasy Pathoh clogy, 1Esas ARM Unieers by, Colege Soak on, 13 P r84E ard Yinirakawa Inanate of o3l Denenics, Mg,

M121and enbanee Besll tesponses [13] sespectioly. Buaitsmsoh
vt el DE2 03 called Them iy semapluaring,™ byt i is oot
kaown whether SEMASA s oan immune semuphaorin,

W demenstnals ene that susee pidhle comes Tiave o b Tase
imsertion in the FRAL mene. Mastne coliooces TLEALL FEEL
proamtes SEMARA nd SEMASA oduces TAF e anl I8
crpression, Because 1he Tessbant FEAL allele prumoles higher
SEMAST expressivm than the swsceptible FRAT allele. te
sirsceqitilaliey o mastits mighd resalt from impoiresh irmmone
respinnge Hoergowe dientile s sene influencing mastitis resisbanog
al tne moleeular kel apd vatline g unsxpecled rale Lor the
FRAL-GEMASA sznaling phway o ineale ool

Results

& Somatic Cell Score 5C5) Locus Is Linked to FEZL. Lo Jueivemine
L1 i hoencing mastmis esisiaoce, vy selecied sin ball=sibling
Fanuilics with o tatal of &40 kchaghiees in the Tokuchi connly
arva ot Flekkuichs Tapan, b momennzs possibls cnvsmonmsntal
vuriabivms, We wmed the average 505 |lows (somatic cell coont?
Iikry = 3] during the fig=1 Iecration perinid as g phenolpe
P, bucinea there is o strong genets voerelation betaeen
S and masoies {14 The sommilic vell vount in milk il ni
rncadly distrilnne, whereas SC% ol (ke mess -2 SL33ED huroo-
LA Faes Aowhich s pubbishod as sappoeiing inlormticoe
ol the FMAS weln site ] W attemipled Leocollscl vons with 505
uf s sspected Lo Bae clinivad miostitis 4 133 o ers nosg ol
them lund beeo culled, The cesulting Siroilies voosisied of §51
diughterswih Tigh SO 5 of 482 and 297 donehiters with low 500
ul (LA3 (Tahle L

Wath o 475 s pbes, we cmlnw ke o whole-weinorme sean
M wesen] vhrmmsomes by tvping 272 migrasadellig
markerss Ve analyss gsing 1he wsso ) proensm of thw Disrg
pach e wlhich s saitable fr s maltipoinl aaalvais of selecine
wenehrning alati, tevealed signifcant Tinkagse of 505 log o M
ftecres slosomad chremesomes BUALD aud H1A2Z2 walh &
Tike el ot eaduds § 10X} sweore ab o3 (e fow il is punlished
s sppparting intormalion oo e PRNAY wel siwe). Furtlher
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Corlosr el eten datennert doczodne s declarez

BESies aTnna (101 SLad 1A T It B SmaTe reil sreen AL A%A wemaphse ©
Sl sl A, srng Daeetee ey A T, Toll Db veceplon, b5 T3S, mipets o de Henenitale
Anead e rs pargs protsan e, TRIE Tali L eracpprsrdnra sankamngadaprar predan.
LLOE VRO TT L B TR L RYCA TP T TR FEA TN

Dant Aepss per. e sequenesreporrd 11 ms paper Rave bravdepasdedinche Leedaqk
Uatobase Lavcews oo v, APSAATEE e sl ad ATBIATE] Baiceplible) fon §FofAgres
forazrain #mbtesme 2ine Singer ok RS aroke 1 MER S azonwon ey D0z ST
COUZERID, L2EICET 2ed DOZIG575 %0 3 rownes e e bl 2 pd arote = By 5 F
NELE 4 FTRn b T TRETabaw rrePpED type D arate - mB AL ML raunes hepathed
prulees VDTSR 3 1A RRNA A BORanenl Sy PARTRAONN L0 AN, iesnn
Wadly; AN AcTeLy e ras RS dresstard Lans O WEEE dwuszent sle! for & faurn
[ R T FPRTTIRY L RNPEY TN FEISCRPTS ) TR T LY |

Mo e sormpencerse may be adidimesd, Boanal ek deen Tanw edy
A uipdieag a0

O AU oy e Rkl Acaderie of Soeries o] e Lt

e DRJSONG Co 3o 0 T00E Eran Uk 1



Table 1, 5C% of the half-sibling families with the number of
collected samples i parenthesss

fwerage

Sire LA T 1. 505 4 4 = S04 Tatal 05 - 5D

163 (1) ',340 AN 2,354 2e7 - 137
2 215165 1124 BO1 (30 1,20 256 % 1.49
3 G2 (3] Z1E 08 (27} GE3 2.55 L 139
4 57 (37 a5 288 (7] &11 257 = LaD
5 3B (") £4° 183 (23] T2 241 2139
& 57 (8] Rzl RE (23] 1B6 228 - 148
Tedta  BRZ (297 24810 POSA0TRT esEY 2Bd - 14y

atilesi witke o adeliliooad = miarkers io BTA 22 supported the
kg aFip. L4 alhongh e LOLY scores by DB e likely
aveTes it becse Al peddiprees wene redated, W also con-
tirmed signitwant linkage o an Fodatisdic of 345 [F < D400 m
aormtal ol 50l daaghioers ol o Gunidivs asig orL e XeRLES.
which win cdinveloped for the anaboeds of OFUD from anathesd
porpaalations wid was alle foomeluele the phvisetype ibarmation
of wnreped samples (Figo Lei, Sest we assumoed thal the 0.2-
certinorean antervak with i LT acoae of 518 be pisig s
writivad o 505, wimd we comstructes] o bacteriad artificial chro-
st COnbie contaming thae region e, TR Partial sequene-
g ol the vontip imdicaled thal e 6.2-conlimmsign fegian was
cuuividenl o Moene sepions aunsomal chromosome 3pld 2
whcre sin ket genes werne gasduned (el Lo amd Big 1.
e determined plise of tw 6 2-cantimaorman region in A7
daaphiters wsing Bonr micrasatellites and G that Sire 3 Tl
susceprible (5 alleles wheesns tbe remaieiog sires had resistand
(T alledes swrpestiog that Walks o Chiel back. 2 gramdsire of
v Jarmilics, weomibd Tomee Tsewn hedeoeo gous (Fig, 21 Seguoencing

A 25 5

p<0.01
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SYNPR

Fig, . Anc S5 oo iy heked 1 FEZL (A) L kehiboacd of cods seee arofi e by
[ER AR AR R TS pl-;;-l'.i{' L Teembps Bl e 578 F ol gined oyt
Fernad AcrFEn g, AAGLTE Boe e aros e ot arnesenny wdich The s il Laf
P00t Ry rasmres dE A RATEna Aniliod o armasame vonti, The navas
cf o prEs pegirn ng with H e e g CHGR-2AD, namias of © ones begimnirg
with ™ owere fo Wagyn, ard obners wera Trom SPCA2. Bloe dotles Lnes
et hian f';_:rrl-;;-lur_;._lr_' leze iy,

RISV WU

et uf b sivaenes du hre s eones hayines lwonteesaons Balleles
with o € % and thape o haveing ooy gous 5 alleles with
high 5078, vy idengificel et nomse e oo rss e s nGiei s
escet for i three-Tsse imsertien in the TEZL S allele. 17240
voilains s C2H 2 eepe sine-linger doraing aml a glecine siretch
where the inscrtien resuliv inoan estension af L2 plyvine §12406)
T LA lveine (LM FR. T whivh is published o supportang
it mativa et e PYAS web =ie ) Adhoogh we canewet eselud e
The pumsibilits 1hat ome oo maore of the coluer ive penesmay attoct
S5, 00 i valualsle 1w eramine whethee the polomomphism o
FEZL alfusts 505

In ower half-silding Guomilics boon during 19 L9986, 5790 of
1260 1200 FEZL wanle hael BC% of 80 whyreas L7a#r of
LAGLMG FLIFAT catnle died P Tabbe 23 swppesting that 1367135
FLAL catlle Tave Lwiew U ruts of susceptiblity 1o mastn s than
2031203 FEZL cartle. Hesoise one sine Tl 136071 M5 FEZAL
alleles, whercas frewe Bad 1200 1300 FEAL alleles in oot Familios
fFis 21 wewere able e determine the cllzeted FELL genotypes
i the win siees en S0% of Lheie oftspring, As sbewnin Talle 2,
v K200 allele wos sufficien) G deorease 505, W also rasdinmd
collegctesl amd ooped 342 samples derneid Do 207 sres in the
Tukachi conmly arei. Altbcugb these sonples Lo animals boon
chermg 199 7=-20610 i not anclogie 120071200 BFEAL catrle, the
averupe B0 of 300120 FREL canele waos higher thio 1that of
vl weithe 12007130 FELL (Table 23 supportiog 1he observa-
tvers o hadf-sibling fumilies, Together, these resulis indicate
thal 120 FE AT influencss resstance b chinical mastins,

Mastitis Induces FEZL. Coostent with o role ber FLEAL ax o
Tramscriplion factor that rogulates totehrain developieat. bo-
vine FREAT wis enpressed siromely io the brawn amd soeakly an the
nueneoary plomdl (Fig. Se00 Mevertheless, 8RS expression i
groiter i the cuea ter affeceed with inastics, contismed b the
Caltfornin Mastitia Tea thao in the vaccd guaeter ol the Sane
cattle (Fiee 241 Beowse i posailsde that idection enbanegs
FEZE cxpressiom in b mammary pland, we hpothesiced tha
FTZL has an important rale inantimisrebial pesponsg amd tha
e pulyniorphinsen we described alTaects funeiion.

FEZL Blads GCAG, 1o clucklite Lhue efivet o Lhe poly oo plivsm o
function. ¥W3-tappsd FELL were transtected anto moankey
Rty OV colls o Tiarean bBreass vaneer-deeived {01 13-3
cella, Bl 20 aand 136 PR ocalised o the nuclews (P &,
which i pubilished as supporeing inforation oo the PRAS wch
st idivariog o ehe polvosepbeiso coes oot alfec pootein
[esalizaticn.

i mans eranserption Gwlors, (e gine Gneers nwciate binding
b proomoleT elemants of their target penes (171 To determins
the weptimal binding seapenees fur the FRZL proteing s pee-
formed chiromatin immuanopreipiatng assiys of eells rans-
fected with Blis-rigeed FEAL. Coanpurisen of the selected
sequences b anli-11e antibodly veclded an optamal Tinding site of
CrAn amd thery win no difference bevween the 1205wl 130
FLEL womsgieses in OO -2 aoel OV -5 wells (e 9, w bedch is
prabsEishzl s siapporting infarmation om the PRAS web site s Gl
bl shife aned competition sxpormens showed Lhat Tindop
W alulished I codneabation with unlabeled consensus {laoes
= i Eies T whivh 3 published as soppormng, mbee ealion
o1 the FALAS weh sdhe) But oo b A T2 (lanes 5 and K Fig. 1,
dumanstrating thar DRA Tioding aclivities of 1200 and 130

FLZL e =amilar.

FEZL Activates SEMASA. Andropen teceplors vontain o ghaine
slierch, unel its eompbete delerion reduces cransacisvation & viteo
[l g anypestioge thal Uhe leogdb of the shoeine stieeleh an FEAL
maipht dTe et il ceanmeription activo . Povcompao e F200 aml 1360
FEAL trameripliom activitlies, we selecied the fe1 d5EYAS AL
ared sevomd (SERASAZY intnons of SEMASA s binding -

Phas
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Marker |INRAMTT178 CSSM41 BMS390 DIK5363 BM2613 DIKG12 DIK4524 FEZL DIK558 DIK2030 BMS875 BMS980 |Allele [SCS
471 48.9 48.9 52.8 54.1 56 56 60.3 61.9 64.1 64.1

0.9

0.4

0.7

0.4

sample 8 from Sire 3 0.9
: : 2 M 3 5 R

sample 9 from Sire 5 R 0.9
R

sample 10 from Sire 5 R 0.7
R

sample 11 from Sire & R 0.9
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Identification of quantitative trait loci affecting corpora lutea and number
of teats in a Meishan X Duroc F; resource population

S. Sato,®? K. Atsuji,* N. Saito,} M. Okitsu,? 8. Sato,® A. Komatsuda,? T. Mitsuhashi,*?
K. Nirasawa,*' T. Hayashi,} Y. Sugimoto,# and E. Kobayashi*

*Wational Livestock Breeding Center, Nighigo, Fukushima 951-5511, Japan;

Tlbaraki Branch of Nutional Livestock Breeding Cenler, Fujigava, Ibaraki 308-0112, Japan;
Tivaeaki Branch of Katinnal Livestncl Breeding Centor, Kobayvashi, 3Miyaeaki 886-0004 Tapun;
Wational Institute of Agrobiclogical Scicnees, Tesukuba, haraks 30553602, Japan: and
#Shirakawy [nstitute of Animal Geneties, Mishipe, Fukushima 86 L-8061, Japan

ABSTRACT:

the opportunity 1o utilize natural variation and ingprove
solpctive breeding progratos through warker-assisted
seleetion. The Chinese Meishan is one of the most pro-
lifie pig breeds koown, farrowig 3 o 5 more viable
prelets por litkcr than Western breeeds. This difference

in prodificaey is attributed w o the Meishan's superior

prenatal swvival, Oure stody utilized o 3-generation
rescuroe popslation, in which the founder grandparen-
tul nnimuls were purebred Meishue and Tharoe pips, 1n0a
gonnme sean fne QT Crandparent, F. and Fyanimals
were genotyped 1o 180 microsatellice markers. Hepro-
duetive traits, eluding gumber of covpora luces Dnoan-
ber of anemals = 234, anmber of Btuses per animal
(n = 2261, number of teals (o = 8011 and wilal number

Key words: corpora luten, imprinting,

[Mnderstandimg of the sonetic controt of
female reproductive pertirmance in pigs would offer

born i = 2881 were rocorded for Fo females, Gennome-
wide #irniticance level theeshelds of 1, 5 and 107% wers
vileuluted using o permutation approich. We identificd
8 GTL for 3 traits at a 10% genome-wise significanco
level Parametrie interval mapping analysis indieated
evidenes of o 1% genome-wise significant GTL for cor-
Pora lutea on 550 3 Nonparvametfwe inleral mapping
{or number of teats tound 4 significant QUL an chromo-
aormes ARCE Off < 00T S3CT P < 007 55808 0 F =
D011, aned 85012 10 < Q.05 Partial imprinting of a
GTT. affecting teat number (7 < 0100 was detected on
Sa08. Using the hkelihond-ratin test fur o catepgorical
truit, 2 )71 for pin nipples were detected on 8502 and
BEC16 L < L01) Fine inapping of the (UL regions
will ke veguired for theie apphcation te inlrogrossion
progrants and gene clening.

number of teats, pir, guantitative Leail oo

A6 Arrerreer Socety of Aadpral Science, ANV rrgslits

INTROLUCTLION

Reproductive performance m sows 5 regarded as
otue of the most coonnmically impertant traits in pee-
duction of pork. Lilter size s o major tradt for ovialuse-
Liom of reproductive capability and 1= atfected by com-
penent traita, sueh as ovulation mate, fertilizetion ek,
embirys swevival, ool wterine capacity (Cheistonson
gt al., 19R71 The candidate gone appreoach and €T
analysiz have been utibized often to understand Lhe

Warpespding autbors sshuf e go jp

fPrasent sddresz Mutinna] Toelinge of Adgreliolugival Seienees,
Taukuba, Tharmki 300586102, depan.

“Prosent address: Biciomal [nstisute of Livestock aoed Grasslnnd
Seronees, Tsukabvl Tharnkl 3030801, Lpae

Keconod Alarch 24, 200,

Aceeprled Jnly G008,

reserreed,

J Annn, Sel, 2008, 54250952001
doi 102527 ha 2008-176

penetic components of auch reproductive traits. Roth-
sehild er al V18961, uxing o ciendidate rene approach.
wore Lhe first to report thad the genotype of the estro-
FOT vereptor gene was associoted with A sigoificant
diftercnee in the llter #ize of pigse OO0 the other haoncd,
astudy that weed a whele-genome sean to identify the
GIL for ovalation rate in swine 1Hathje et al., 1997
deterted 4 repions with considerable evidence for (7L
serresating on S50 4, 3508, 55013, and S8 145, Hoh-
rer el oal, 11984 veported the mapping of IL for 2
components of lilter siac ruterine capacity and ovula-
tione rabe? using o whole-monome sean: a likely QTL
was detected on 3505, 2 possible @TL foe ovulation
rale wore defeeted on 5503 and S3CTH, and evidence
supgesting the presence of a QTL affecting utering
citparcity wuas found on 9508,

Cur aim was to guin @ better understanding of the
tmechanisms determining littor size by detecting the

ZHYA
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Table L. Repraductive traits of By animals froo an inteccross af Fpderived from s bleishan

av and a Daroc bosar

Tras’ Mu. Ay L Rmimmm Alwaimanm
TwT ot lat pureily: EEL 941 471 ] L5
CLovar dnd purity KRt 1265 EAL It #|
NI ear dad pucity. 2 .72 kg ) 1%
Muanileer of bedts ML IERES il 11 I

Naormal = 3371, Pr = 30

I Tutal =umber Toen: €1,

wenomic regions affecting some reproductive traits,
Here we repart the QT vecults obtained from analvses
of fumale reproductive traits such as number of corpors
lutea CL aned nomhber of Loals by using pacametric
and nonpairameteic interval mapping methods, azzom-
ing Wendelian and imprinted GTL models,

MATERIALS AND METHODS

All the procedurcs invalving animals fallewed the
puidelines for the eare and wse of luboratory animals
estublislied by Watinnal Livestock Breading Center,

FPhenotype Measnremicat

Construction o an F, resouree population and mea-
suremoent of phenol vpes were performed at the Tharaki
and Mivagaki Branches of the National Livestock
EBroeding Center. The By generation, consisting of 27
nules and 23 females, was prodoccd from ceessinge o
Mewshan sow and o Durae boar, and then a total of 501
Faprogeny (414 males and 387 lemales ) were produced
From 4 7 males and 18 F, females over 5 fareowings,
n which the same Fposows woere alwhys mated o Lhe
sume By Lboars (Sato et al, 20030 Beeause oll Fo oani-
mals were produced in 5 independent groups in differ-
ont parilies and on 2 tarms, possible phenotypic differ-
ences derived frown groups. pariiaes, sl farms were
vemdverl by preadjesting the phenotypic ohservations
waing the approprinte mixed moedel least squares esti-
makes provided by the masimum-likelibood compuater
proreaim, ae described by Harvey (19775

The 5 reprodoctive traits measured are presented
in Table 1, Number of teats was measured for 301 F,
animala al 60 d. FExtreemels small and nonlunctional
nipples were defined as pin aipples (Pno, Number of
teats was reeorded o the sum of the monber of fung-
tional nipples and 'n. For P each animal wos elassi-
fied inte 1 ol 2 classes, class 1 and class 20 correspond-
ing to the ghacnoe and preozence of Po, respectively,
The Frnowere thus treated as a categorioal trait. O the
ST Foosows, 288 anws twnith at least 1 randomly sow
aelectod fram cach full-wib family were maoted to Large
Whire boars Lo measure the tlotal number born ('THNB)
an first parcdy, The Fy sows weere then mated again to
Large White bours and were slaaghiered al 4 wh of
pregnaney. We measured the number of CL and nuwmn-

rarnbeer ol vorpora luten: M7 = number of feluses por anima; Normal =
Al nigples Canetipoad, anid Foo= gl asipples poeesean,

ber of fetuses INF) por animal ol this second parity.
Nompregnant Fu snws were ramnoved to measure of CLL
and NE, resulting in 234 and 226 Fy sows measurved
fur CL and NT, rezpectively.

Cenotypring

We located 180 informative micresatellite markers
at approximately 20-chl intervals in the whole g me-
neme, These markers were selected from those on the
UISDA-MARC Linkage map (Rabirer et ad,, 19961, e
genotypod the 150 markers for all anemals i the e
sourcn pupulalbion (3ato et gl 20030 Extraction of
DA andd marker genotyping were corried out as de-
seribed by Sato ot al (20030

Linkage Analysis

Linkuage mops were construeted by wsing CHLBIAP
trreen et al, 19900 for the 15 wulosomes und Lhe
method described by Sato ot ab 20080 for the sex chro-
mosame, A sex-sverapged moep was used for the whaole-
genaome acan of QTL. The infarmation econtont was
cateulaled owver the whale-genome rvegion nsing the
nethnd desertbod by Tonott en ul, 19981

QOTL Analyses

We attempted to deteet GQTL affecting number of
Lteats. P, THR, CL, and KF, Number of eats, THEB.
CL, and NF were diserete traita, and Prnowas regordaed
a5 o caterory. The phenotypic salues ol TNB, L, and
NF wers seattered widely and semmetrically, ranging
Fromy 2 to 3, froen O tn 21, andd frem O te 1Y, respectivel s
iTable 13, and were approximately normally distrib-
uted. Theretore, these 3 iraits were analyzed hy a
mothod of interval mapping hased on the least-sguares
mcthod (Halev el al,, 13941 by using the following Fin-
car model for the phenotypie value of a tract for the
ith I'w individual, v, taking imprinting effect into con-
sideration, as described Ly Knott et ol L9980

¥y raa o e e
where wois the overall mean, ., g, and o, are eoelfi-

cients for the additive effect, o) dominance offoct, o
and imprinting elfeee, £, rospectively, of the (1L at
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el tested position, and e, i (e residosl oreer, Denaot-
ing the prebuability of an individwal hoaving the seno-
eepe AR el Lhe paternally ieberited allele is A and
the maternally inherided allele 2 Broas POABL with
the penolype ol Ui Duror Boar beioge G0 and that of
the deizhan sows being qo. we can caleulate s eooand
roas o, = PR FPiggl o= Pggh+ Figle, and ne, =
P = Pogign wliere s assmned that the grandpsa-
rental brecds woere fixed for alternative alleles e the
T The residual crror was asswmed o follow a nor-
mal disteihution with @ neean of 1),

Wsing the lesst-squuirer methoed, we obtained 3 A~
ratiog. FLF® and FE L ealenlated fromw the vesidual
suons of squares under the null mndsl, M), azzuming no
CTL; under the Dbl mwde], W incheding o imprinting
et in adelition 1o the additive and dominance elfectz
af the GTT.: and the Mendelian model. 1f.. including
ondy additive and dominanee elfects withoul an -
printing cfiect. We provided 1. F2, and £ 7 as the
F-ratiog foe 3 cumparisons, My ova ML Woaovs Myoandd
Moovs, My respectively, [ either or both #7 and Fe
were significant. q QTL significantly affecting o trait
wiag chnsidered o he deteeted Ak che fosted positioon.
For the detected GTL, we waed FPYoas o tese statistic
Lo soe whether the QTL was imprinted or not. When
the value of F* was significant with a genonte-wide
sipmifiveenee lovel ol 5755 che deteeted QTL was decided
to ho imprinted,

Far number of teats, the valuez of which covenrsd
nnly o small range dfror 11 to 19, a8 shown en Table 1y,
the linear rondel deseribed above was irappropeiale.
Theredore, in our anulyses of QUL for nmber of weats
v atilized the nenparameteir intercal mappinge
INTIN edhod, taking imprinting effect intoe censid-
vration, which iz an extension of the method propesced
b Keuglvak and Landear 1194931, which igheded anly
additive aned dominance effoets, T the NTIM, we ono-
sidered the correlation between the rank by plheno-
typic volue and the QTL penotype of an 17 individoal
We dlefined V. ¥, and ¥ras

Y. = L no+ 1= 2ranfiiy o,

Y= E in o+ 1 = Zrendi oo, and
ol

Yoo z (1 = 1 = 2rarrekif ) o,
1-1

whore ranidd denates the rank by phenotype of 1he:

ith Faoindividual, Tleneting the varance of o quantiey
Yobw Ve ¥ we olibanmed

2= Yoivan ¥

A= Tr',_:.-'\;i-"m'l' Yoo, and

go= }’_-?r‘\'.flu'rr_a .P":-E’I-'L

Eu7

Under the nll madel, ife = = =00 then 2 2oL
and £, are independenly nonnally distribated with a
oean of O pnd a varianee of 10 1 cither or hoth of 2

.

stutistical values, X7 = %5 + 2% + 2 and X5 = 27 +
25 wore spgnifeant, we determined thn a signifivant
WL wor dotected. dorewver. we investigated the
vilue o ZF Lo see whether e imprinting effect, [/ of
the detected LT was significant. The statisties nsed
in the NPLAL AY, XE and 250 were recanded as lest
statistios [or comparicun of medels A s W MW vs
Mo and Ay v My respoetively.

For the analvsiz of P which was recorded as o
category, aa interval mapping methed for unosderaed
categorical braits sos applied. us deseribed by Blayashi
and Awala P05 Taothis method, the prohatalities of
individluals being closzilied inte ewch calegory, de-
e Ty I Chass b, where 1= 1, 2, were modeled with
a lopistiv regressten, wlhiore Les | PUChss 20 Class 10
was cxpresseld aw o linear mode] using the genelyvpe of
the GTL affecting Prooas a covariate, The Ing likelibed-
it test TLRT ) atatlatic was coleubated rom the max-
noume likelifwod of the aull mode] azeomiongs no QT
and the alternokive model asswming Lhe presence of
QT allecting ' For the analysis of Pa, the im-
printing effect was ool incorporated, Moreover, we in-
wvistigated the segrogation ralioed alleles al signiticant
QT Ter Pain Class 2 ithe proseoce of Pri to deteemine
whtich alleles devived rom Doaroe or Aeizhian cawsed
Fn.

In Lhe analyses of all traits, sex-specihe regions on
the ¥ cheomosome were assumed to inchade ne QT
and woere thus escluded fromn the analyses, The pfe-
nome-wide significance threshaolds of Foratins, stalis-
tivs in MNP and LET worae obtaimned by permuotation
toet (Chvehill and Doerse, 108 0] 1,000 repetitions
ITable 20 Tn the detection of QT 3% senome-w e
thresholds were adopied.

RESULTS AND DISCUSSI0ON

Reproductioe Tradts Analyzed fr Durac-Metshaan
Crassbred Fo Populudion

The nwovhesr of animale measured for each analvzed
trait is listed in Talale 1ooadengs with 1 mesns aad
sianilard deviationz, beasurements svere net avail-
ablle Tor all traits for all animals baecawse of repraduac-
tive probbems such oo infereility,

Resufts of QT Analyses

The significant QTL detected are summarized in Ta-
bBle 2. The results of the analvass for eoch Lradt are
deserilied below.

Total Nwuber Barr ond Number of Fetnses per
Astfangd. Ko significant (JTL affecting TNB and KF
were detecled, Hohrer ot al, 119900 detectod sevoral
QT for female reprocductive traits, such as ovulation
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Table 2. Summary ab LF0L localions and addilive and daminance offeces

S el al

Foeanezrie ecieceal mspany

Suneararnenric inbeeveE] auappang

Mete-wise Lascabzinn Cieno e wisk, Luestion
ol F.
Truit 1 i 1 HE oM R ' o I EHIYE 10 i 1 SHET Al X
Alende lian QL siniel
UL THYOHEY b6y @ 358 12,19 27 -1 0wy
Wumber of tests la 44 1Bt 215 G0 11T BI4nt
7 i I iR} R
A 29,7 40.7R
H LEF-S= I L
12 414 1A
Tewprint=] QT cunlic #E
Number ol ez 1154 ldws 1uAal H 2T JEEER
Likead Tezed - peatinn et tLRCT LHT
1 ELIETE T - L B 2 I0HT 2037+
3 1130 aDnt
14 dEGIT.EE

"Enld Mt irclaentes 2 osicnifeds B-ratio B oinkacre acensding oo The cooeria we sl

A wise B oataianie tipestalds e i LA i

uddicive ta ool dammenezes n DT L AT
Tluros aliel-<, irulividoals wich o Dheres o
Lhat T ot hes ceeestzaed che Lraie, ol
||u'l|||;z}'g||r|':'..

FLLS FECT R AR
TR T et e A
s Wlewsbn alele conl i
arive thiet Drovoe alleles lecreased i Thenin

Lasz].
sectively cne., indiciduals Dt inkeviosl &
alliez . st olgiciee c3Teet= jnsdieate
aoee olfocts are relative Lo tbe mcan of The 2

ramaned e permetating
Ues 4+, ol ol =er.
PO F IR AN S

SFive pereond gename-wise signilisanos eel "7 tarcent o me-wise sigrlicse e eved, CLlo= number ol sorpora lutea: and E'oo= pin

izl et

rate and uterine capacity, oo meedeigenersunn dleps-
han White compesite population. ewever, thes olzo
eould oot deeeet QTL for Btter zize with o theesbeded
siet Lv o nemameal sipmificanee fevel of P = 0,05, Coassody
et al, {2001 reported that the strongest evidence for
a mather of stillborn QT was an 55013 0P < 005,
n o= 470 Bolmequoent by, Foll ot ol 20040 peanalveed
the e Ioduts wnd reported that dlendelian TL
pn SEC1E P = 0.0, 5505 0P < 0,100, and 85018 o
< L1t affecting number af sUllbocn wore dentifiod in
single QTL model: vn = 53700 Kirg oe al 12003 1 muepped
a QTL with a nominad signifieanes levelh Fovittia = 1,750
(o Titeer s1ee ¢lose 1o marker SPPT on S50Hg o 3
Aleishan « Larpe White cross-popolations in = 1532,
whmilber af Corpora Ludea. We mapped o signifi-
et JTLL for £°L a0 the interval boetween SWF2 andd
SWH GBS onSSC3 b b6ebl Fr =5 1and F5= 1217
Figure 11 This QTL. however, showed oo significant
imprintiog offect 1FY = 0800 The estinuued additive
and dominanee effects were g = - L 27 T30 and of ~
B 445 which indieated that the Meishan allels
was awsociatod with an inceeasze i CL £ the GTIL.
Eohese ot al. 4 19950 reparted 2 QT Foe ovalalion vate
an SECH and o the same region on 5500, as o eesull
of menomie scaneing in o population derived Mom o
crosn botween Meishan and 4 White compaosite. Hithjs
ot al 11897, Wilkie ot al, 119995 and Braunschwaig
el all (20010 veporteed that putatese ovulaoon varc or
CLGTL were obeerved on 5300 at 105, 101, and 99 oML
Crssoedy ol sl 020011 sond TLel] oot ], 4 20004 oliserved an
amvulation rate G0 on S8C% ar 1 3l In g previoos
atady, woo mapped a significant UL for testicular
weight near SWE GG on 5503 10 the sime population

iBato et al., 2003 These resulls topethee incdieate thay
# region around SWHEIEIT s important for reproduoe-
tive function, e spermatagenesis in the male and
fulleulos maturation in the fomale.
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Figure 1. Mot of the f-ratio from inultilocus least
squares analvsis (Halev et al. 1994 The x-axis indicales
the melative pesition in the linkage map. The left v-onis
and right v-asis repnesent e f-rikio fronn the Mendeliom
madel ad intermation content, respectively, A triamgle
on he x axis indicates a marker position. Harizontad Lioes
indivate threshueld values for geriene-wize 35 level (thin
Tl and genome-wise 17 level (thick line), The curved
T inclicates inbormation content, and @ - {1
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Figure 2. Flot of ther X from nussparametriv (11 map-
ping with Mendelian model (Kruglvak ond Lander, 19953,
The x-axis jrdicabes the relalive posidion in the linkage
map. The loth y-axis and right v-asis represent the o
statistic ¢ %71 from the Mendelan madel and information
combent, resocckivebe. A briangle on the x-axis indicates a
marker position. Herlqontal lines mdicate thresheld val-
s foc genome-wise 3 level Diodn line) and gemome-
weise 1 Lovet (ERick Tined e cuss ed Tine indicates infor
thatian conkent, amd = = number af feaks.

Teat Nwsmder and i Nippiles. Counting of the
nipplea revealed that By animals could be elossified
into pips with all fonetional nipgples o = 9T animals
class 1ianed thoae with some Proin = 30 snimals; class
21 The number of teats was seered as 1he sum of the
by of functional nipples and Poo We analvzed
the TL afteeting teal nunther by e NTIM e thined
and those affecting Po by an mterval-mapping mel hined
suitable for unordered cateporical woits. We detected
& LITL afectione member ol teats i the segions boersoeen
APOR and SS9 on S5O 0XT = 5140 an 11740 ol
berwean STH2ET and SWIHRT on 8507 147 = 8751 at
7.1 eM: Fipnree 210 between SW1FA02 and SWHEL on
SECE AT = 2076 at 297 oAl beveeen SWITO ancd
SO06H an S508 1KY _ 260 al 62,9 AL Figoree 300 and
Levwean SWISOTF and STVEFS an 850712 07 = 16,494 at.
4714 eBlh O these 3, only the QT located ol 297 c3
on 8508 GQTL showed a signilficant imprinting cffout
127 = 12,861 Althowyh it i gencrvalby difficult Ao reselyve
2 linked QTL on o chromoezome by the single QT
mode] adepred here, the 2 QT dueteched on 8503
showeel different gene awtion, ene with imprinting and
the of her without uprinting we thergfore considered
that we had suecessflly detected them separately. [n
NI the divection of the effect of the allele fTom cacl
grandparent can beestimansd by the signs el 2 and 2.
The Duwrac ablete bad the effecl of inereasing number of
teuts ab the GTL on S805 (X, = 9551 whereas the
Metshian alleles hid the offect of wnereasing the num-
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Figure 3. Pl of the X oand 77 olrom TTTNRERTATRA Y
CXLL anapping with the Mendeliom il nprintiog mod-
el respechively (Kouelvak and Lander, L350 The s-anis
indicates the relative posilion in the inkage map. The et

VAR
RYIRE

weasi= ardd right v-axis ropresent the Y5 statiskics (5 and
#71 and information content, respectively. A triangle on
the w-axis indicates o marker position. Horizontal lines
irdivate threshiold vakues for penome-soise 3% Jevel ithin
limwel, peroamwe-seise 1 lovel (hick Tiowe), The dashe Lioe
indivate= threshold vabues for menome-wise 350 Jevel with
the nprinting noedel The cueved Lime i icates intorma-
ton contert, 4 - neember of weals weith Lhee dendelon
onlel, e
kel

- muneber o teats withs the mprintiog

bor of teats ut 3 ather QTL 1 E, = =315, £, = -4 .30,
and Z = 5,57 far the QT on S50, ot the one at 62,9
o3l on 3508, and the ane on 885012, respectively ), We
proevienslv mapped o QT aftecting vertebeal soomber
i1l 98,1 e3 on 85807 and found that Duroe allcles had
the cffect ol inceeasing rhe noomber of vertebran (Sato
et al. 20005 It s likely that o pene responsihle for
vortehreal numhber ean be nbilized Lo smprove the num-
ber of leats,

For the TL with a significant imprinting effeet on
SECE w nhmwimed Zo= 351, which indieated that the
paternally inkerited allele of [hree origin wos ox-
pressed more steorgldy than the maternally inherited
nne; or, eonversely, that e maternally inhierited al-
lizlee of Meishan origin was moee steongly cxprossed
than the paternally inherited one. Seavehes Tor QT
atfeeting number of teats have been reperted, but none
pf the results of these slodies gagread with ours.

Using LHT, v detected 3 QTL affeeting Tnoon 8502,
3o 16, Onthe mackers adjacent Lo the highly sig-
nificant GTL 2 00 SWIATS and SW2EIH2 an 5RO2
and SWaikd and SVWRAMSE on SSC16, the o7 Lest indi-
cateed that segregation at QT in all Fy animals fol-
lowed the expected ratio (12218 butl Lhat the segrega-
pio i TP sl wos significanily different from the
expected ratio with the inereised frequencies of Turee
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Table 3. Adlele froqueny an ' QL inchromwsoinal regions excecding o 1% gerone-wise sionificance Tovel!

Y pta i [
Alleles SIENTR 1T A BAVR e B L SIS -2 5 e WSS ST A
k. Fn b 1'n . P F., E'n
Iheavs lunestnzanngds WM 11 Kl 158 g 13 20 1
1w le rngs Snt S 13 B A L1 HME] 11k g N
Aeizhan nemercpous: 13z o+ 197 5 i i 4 H
Tarul A il A il Hil| Hn il K
' 2R ik (O | 20040 LEET BN 113 L
I Lhab=1 i [T EARE | 3=y BRI Q-] ALIMH i1 R 1LY

Foom AV aramals ated Poo= pin mipples e,

alleles 1 Tuble 3 Thes reault mighi indicate that a
Tharee frunder had s cousative gene fin Po. although
iis diffieult 1o come to A clear conelusion heeapse
of small number of Ponoanimals 230 e 801 animals.
Lelentification of the cawsative mene for Poocould e of
practical wse tn pig eeding poogeams e eseloding
grnwetic diseazes, 48 has been done 1o the ease of muata
Lioos in the cvraodine seeeptor TIRYR D pang 1Fugh
ctoal, 19971

Lup this study, we detecied o GFFTL for O1, 5 QT o
meher of teats, and 3 QT ter P only one of which
shuwed o signifvant nuprimting offecl. Gencrally, the
heritalnlity of repreaductive teaits such as litter size is
low. o the wse of larger resouree Tanilics is probalily
necessrey 1F we e tee increase o power to dotect
L Seversd QTL studivs that targeted reproductive
Lradts o =wine, such o fhat of Hobwer ot alo op5999.,
identified GTL that sprecd with vurs, Even if a pene
respensille for OL was wontified and vsed for selec-
tiot, suceessful improvement in litter =iz would not
necessarily be seiained, Litter siee 1= entwined with
multiple factors sach as coviesonmental influencos,
ovulation rate. tervlization rate embryo survival, and
wiering space. However, the aomber of covpora Intea
i= el treelevant to licter size. and iU is guite likely
that inercasing Clowould be one of the nost effective
ways of inereasing ligter size. In addition to classieal
breeding, identifvation of the responsible genes under-
lving the QTL by candidate pene appreaches might be
suveessful inimeproviog reproductive traits by the use
Gf T A leve] infnemation.

[MPLICATIONS

Oure findings provide oz mfoemation on the frans-
missien o some poarcine quantitative traits, Clarifics-
tian of the gernes respongible for repraductive trails
reguires the use of alporithms te analvee gooe interae-
tions because theso Graits are awultifucioeial, Soveral
of the quantitative trait loci wentified i this skady
vould e promisinge torgets for marker-assisied se-
lecling,
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FULL PA PER internal Medicine
Carrier Rate of Factor XI Deficiency in Stunted Japanese Black Cattle

Danisithit WA TANARL Takashi TIRANO™, Yoshikoru SUGIMOTON Yoshimi OGATAY Shogo ABE™,
Takaaki ANINOY Hiestaehi QHTSOEAY, Teswe KUNTEDRAY amd Seiwhn KAWAMURAS

SE el af Vererinar o Meeiciehe geled Antedad Seieaces, Keiatr Lnieesiiy, T, oot USECEAZ8 T Siirakonew Tnaditote o Anima!
Cremetec, Lhdebaree, Nishiee, WO Sirvekeo o, Feekaeiiimen 8002067 CNOXAS Yomagala Vetermmary Triomoe O eacer, 286-T
Kivcrgezvniea, Yoot S90 2E 7LV radducse Selford of Niteral Neeencr und Tecohuadegy, Qkavanas Undversite, Tiediva-nake,
fhaverree 2 S fupen

tReceived 1Y Apc] 2000 A cceied 23 Tule 2160160
annti e Blosd examintions o vennly piosg of Factor X000y wene performed in geoath netandstion .-J.:-:E:-.nmc..m.:nlj.lan,;k caltle and <heir
o, Gty pirig, ol FO e saled that the recessive homadvgaus and heweeogepous geantyge oy
Cloredi S O LRy alefivieney gronp cn=sns 57 sl 1625 e nonal dvsplisis geoup on= 0E0 and 26019 i e nen CF 6 det

cieney nephritds vreup (n=230 8045 and 40,75 In G hvpogenesis synhoe gooops r-43 0290 and 25008 i the neenatal weak calf
setdrooie proup fn=32 I and 3540 in ke nespeehve dams progp (n=d2] U5 ansd 23.1°% in the oocmal cottle s dn— 153 wod
SF amd 3R Dol (=222, respectively. The-e resulis slumeed tkar the corier ne of 2708 deficieney wos high m Lipaneswe Bligk
vittle, and thacthe L foodeficisoey. Bypousngsis synidronts. aeoatal weak colt s@adooroe. and dams gronps Jad o large aonoun of reces-
Sivet MipogeveEoies geety petuan the other geenps, Bo abnoeoal blegding wos obeeeved glesca e in g present stugy, amd 3 od e reces

eovies wers 52 aral A0 o the

sive lvnsey ot wane sl snal grow e and pontuition.

ELy wolns cluseiin faodeliceney . facior X0 defeney, growih retandation, s papeneses. Jgmece Block cile,

Calves with shoonmal development cawsed by Olandin
f& (- 1) deficieney, which is koowrn 1o cause heredilary
panal failure |70 12-E50 LE, 19, 28, 29), noa-CF- 7 deti-
cieney pephiriti=. which senoly ping i nol CL-Ja deticiensy
 spate of similarity to CL-06 deficieney in its clindeal
symptonin s, hematolnoocal aspects, atcl patholopacal findings
[21, 22] renal dysplasia. which is swspaesied 10 be o hersdi-
tary disease | 23], neonatal sweak calt svadrome [15], hvpoe
gengsty svideome, and other defects are frequently seen in
Jupamuese Black cattle, 10 bas been suppestecl tht aeonatal
weak culf svndrome i wsoviited with usidenetio awemia
ancl unmuneekedicieney | 16, and that hypogene sis svndeome
i aesogiated will grosth hormens (GEL defiogney [L7),
insubin ke growth factor-1 OGE-T deflcivney in coniras
with hypersecretion of GH [5.60 11, 28] primary or seeond
ary underactve ihvroad function |5, 6, 24, 307 and other fae-
trs,

Facror KO0 s lactor ol inteinsic blood vesisolation
that is prnluced inthe liver. Foctew XF deficiency is inber-
e iman swatosmnal cecessve or dominaot mammet [ L, aod
il cavses 4 vengenital Bleaeding diserder characterived by
nuner hleeding episodes und severe protructed hlecding
after fegnm oo swrical procoduces in omans | 240]

Thie st sz of FHF dedicieney i TTolswein Prissian cal-
e wis repered by Kociba et of, [8]. and in that case, the
inhetitapes of FO0 activity in the Haolstein Friesian cattle
with autosmnal domioand, with severs deficiency
homosyanles and partial detiviencs o heterosypotes [2]
Recently. o cousative mutation for M deficieney in JTapa-
nese Black cattle way wleotificd by Konieda ered. [9], mak-
ing penotype unalvsis of the F7OE e possible, Facror X7
deficiency with nnild hlecding and severe deficicney of F1S

LoV Med Sl fRCIZ0 1231 1255 2006

activity were detected In Tapanese Black catrle [9. 25]

The suubaoes studicd the bematobozical aspecs b peno-
g ITeuensivs of PO delficivney in abnoroadly deve loped
<ullle, dams. amnd oornul cattde groups. and adtempted to
unravel the assaciaiwons berween emrnded prowth and £ 07
deficieney in Japanese Black calie,

MATERTALS AND METHODS

Auimaly Catile with abrarmal growth in=1651 were
divided intu 5 groups for this study based an clinical symp-
Lanes, hemtological characterisng s, pathological findings,
and geneyvpinge of CL-odelicieney us Tellowss {706 Jati-
clency (n=5351 renal dysplasia (o=, non O 16 deficicney
nephritis (=233 hypogencsis symdome in=5110, ubd neona-
Eal weark culf syodeomme {n=263, Tnoaddition, 2 groups, Jams
ol stunted vattle to=447 amd nermal cattle in=13], were
examined for hematolopical aspects and the genotype of
F L deficiency i Table 1),

CL-Fealetisieney wis examined wsing the TINA-based
Lests developed Tsv Elitanee o8 af, (4], Benal dysplasio wils
diagnosed front pathologieal fimlengs. Son-€4- 1 lefi-
cieney nephicitis wirs waed s the categors Tor cuses that were
ol OF-20 deficiency acconding w the DNA Dased tests
despite the similaricy to 8-S deficieney o clindcal symyp-
toots, hematologeal chaccteristivs, and pachoelogical [nd-
ings, Flypogenssi+ symdroms: was used as the culepury tor
eases of nennal appearance without congenital ateliosis.
The cattle wwed weee Jdeteennned o Be free of 3% 3-MD
infections wnd el net show syinptomes of e afwereftects of
ahiseises such s prcannomia and diarrhea, A namber of the
cattle with hy pogene iy sy pelreae cattle had ongoing neons-
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Table L Clucacterieation of The stunted cutle groups, tedn dams and soemal cande
Foeernle Male Toital M Muan
ale A B :
R ae |y saeres . '
Cacle sraup e leads el gl s EA1Y! b KR TR TLToN
VR e iranpres
Chriedim -1 8 n 3 5 138 we A, s, larne laeses vt 63751
- N 5 . .. . LT
deliviency » - - 21-20 [RTEEN wliragiac it sl el
| i . , - 1.4 ka0 AtcTismiz, drprossien inabalicy T nure. Tenal
Renal gy plasia ’ : ! k31 [Rc] IR by sprlasdin shoring of loowes fas heat Bz s
B hdin- 14 N . 1y 135 . 5 Amresti . depression Jong fooves Gl 5090,
teficieney novhmte ©F - LAT-RT cliroaic intessiiial aplriis
Iapugens s Rl .
T ’ . It A4 . Pt s vl ey ercly
s rlroens 1 26=T1h = E
Mzunalel aeuk calf ” e i A5 R Wbz ss, deqirasaaon, Tibaliny o s or
s nilnoeewe L ' - LI7-n20 AlTC L L Tty
Ixams of wtumaced fin e 2 .
calle W u H TN T PR
Pl catile . } 17.2 L ) PR
L] L h
4 s T S T TR
Tatal 143 T-' 2oz

0 Bl Wwoeaght Index: Percezbige no the aondazd beady noighn of Japamew Black sz in the some maonih

tal weah Call syndrome, Seoanad weak call symcdromes was
w~cdd as Lhe calewery for cises of weakness of unknown
viase in the neomatal pertod, il in some animaks inthis cat-
ROy, g a i, cleprensian, stppering, dian e, and ane-
mig were observed, Tlowever, several coses ol neanadil
weik colf syndrome have been foend with oreoing weuk
ness uetil 2= 3 monthe of age. Theretore, this =3 ndrome wis
i caring the nursing periok in this sy

Clindcal servening: We ipvestiouted the Form of miniles-
tarion of the defects and portoroned faevilisl serecning Lor
these affecied calle, Body weirht indes (W wae
enpressed a o peroendiage of the stundured body weight of
Tapaowese Black catele [27] 0 the same month.

Blood vmples were collegted fom ibe ugalar w2 wnl
ikl w B s sronal ] voelone of hepanin sodinen for Baboriiors
st complete blond work using an agtomatic hlood cell
costnrer, @l Thechemistry wests wying an awboanadyzer (Hita-
¢ha ALUSHL Tokyol for futal prnein CTFL alloming 1 &0,
tatul cholesterol 0T, eholn aspartige wminolransicrisy
CAST, zanuna-glutamy] ranspepticluse (GG, urea nilro-
pon (LN creatining (0, caleium (000, mnorgame phas-
phorus GIPL el magmesiuem (M)

Crerivivpe awraPvain: Heparinized blood sampples stored
—HI 0 were used for genetymbg, Cenceype analyses tor
P deficienss were perfonned wsing e DA —based tears
cheveloped by Kunieds of el [49].

Sreitinefoss The difforences betweesn cach group and the
ol catle in e Bloend esamiilion were conmprmed using
1he Stmclern’s ¢ owest Dor the homoscesdisie e, and using
the Cinchran-Cox methods tor tlems with dilferent var
ances. A pevalue of less than 1815 was conaiderod w i
cate o stenilant diftenenoe,

ElSUNTS

Clineeal sereening: The cattlle ancd Tindings of clinical
sercorfg wsed in e present shwdy are lsted in Fable 1.
Clinical symgnns inelded insoflicn growih, anocesia,
depreseiom uned leoy beaves e inajecny of catlle «with
chronic interstitial nephrinis in the 06 deficiency and
nenn-E - A delicieney nepbirins groups, The oeean bogly
wieizht anclex sTEMDY for Tostly prowps was H6-T3%, which
wits bivher than that in the ollwr stunted groops (39 668,
and several cattle o the 8- 58 deliciency eroup hod almes
moririal BW L Maost ol e cantle i the 6446 deficiends and
non CL P8 ddelicienyy pephritis sroups 0irs showoed fuilane
ter thirive ab 5 monthe old or later, and thus the ape 2t which
s abngrfealaly wis telemifiod wes Tator than in the other
stunbed groaps. AN cadves I e renal dasplasio prow had
matked alelioss fmean BWI 3095 ) depression. and inghil
Iy T U ol congenalal marked dy splasaa of the kidneys
{06105 ol the wedght ol mormal Kidnes &), and moosp of lese
calvies ulsa hind shertening of the lower jaw, The cattle in
the hypogenesis syndromne @roup Tud me anamnesis, bt did
shewar insudTieient growth (oean BW1: 3745 0 Inthe neonatul
weah cull symdreane wroup clinical syanplone included
weakness depression, inability 1o nurse or anerexia and
depression it all cittde, and nsufficient growil fmean Bwl;
S8 rand diorrhen were obsived oo oo,

In the prosent study. po catile with aboermal bleeding
were clinically ohserved inspite of the Gt that 13 cattle had
FO0 deliciency, amd aheir dang dispbayved normal groweh,
reprodusion. and paruration, The coltle in the OF- F4 den-
ciency. hvpogencsis syndrome. neenutul weak cull syn
sheogme, and dams groups were withio the same Tamily as the
cantbe in thee U F debicienes prowp.
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[ the blowvd cxaminations. the number ol red blood cells
{RBC) uned bematocrt (HEY valaes were lower in the €°F.-70
chefiviency and oeonmal weak coll syndrme proups CFable
2 Plasma UM. Cre. wnd 1P were significantly higher. and
Masma aowas significantly lower in the O0-76 defivieney,
renal desplasin and ooo-OF- A nepheitis groups conprred
wilth the normal cartle. Plasmg T, chol wos sigailicamly
higher in the 100 deficieney growp. Phosma Adbowas sig
nificantly Leswer i the hy pogeneses s ndrame aroup, and TP
and Afb were sienilicantly lovwer i e neonatal weak call
svmelrnme greoup.

Crenntypre coredlvadi: Ao shown in Table 3, genotyping of
FOE revended that e recessive Boamoey poes aod Teeiereey -
gous genotype freguencics were 526 gnd 5000 mthe O4L-

Fadefickency group fn=581 0% and 1325 in the renal dys-
Masia group (n=T), 0 and 2015 i the nomn-CF- 16 geti-
cieney nephritis groap fn=23, 849% and 19.7% in the
hypogencsts syndrome group fo=45) amd 625 amd 2500
i the mecnatal weak call syndrome group m=32), rewpuec-
vively . Furberngre, e recessive lomosy gous and het-
SRy s e nolype Trequencics woene 9 1% and 36T o
the dame of stunted catle aroop (n=34), 0% and 2318 e
the ncemal cantle =130 amnd 3,9% and 35.2% in the anad
cillle (=222 h respective]y.

These resalts show that the rate of caners for F7F defi-
crency was high in Tapansse Black contle, and tha the £7.-76
deficicney, hypogenesis svndrone, oeoostal weak calf syn-
Jdrome. amd their dams groups Tad higher rates of recessive
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Ty gons genelype than the other srops.
[MECLESION

I this staely. it was demnnstrated that the rate of carners
Lor £ F aheficieney s biph in Japanese Black catile, The rwa-
som by abis high mne of carmiors for FES defiviency in the
Cf-Ta delwiency. hypogencsis syndeone. noonatal weak
call svodroe, ancd dams groups was thoweht w be thist the
famulies of these proups were within the sanee il as e
FOD debfivieney, This tumily ol alMected cattle b knesey Tor
its excellemt beef marbling seore amd meat grade and tor
that reason, the seren of e sives be s Tnils s widels
wsed [ arifivial inserminmion in Japas. Infact, the allected
catlle were inbred inthis tumily. and comsegoentby, it is sus-
pested thal these discases oceur often wthe populativn of
Tapunese Black cinltle,

M bmans, FU8 delicienes is inberited inoan aulosomal
recessive of dominan manner (17, T catebe, o motamen i
prevents Toenogiones formadion sy resulls D reisine
inheriimee, since siEnitivant amwunls of pormal lomodines
can be Forowed by the products of the wild-tvpe alleles in the
heleroevgous conotype, und mgalions to the garalvie
domain ab paateins wswally eseln im dominant inheritanee by
Formaetion ol heterodimers of the mutent and wild type
pulvpentides [4].

Bowniecla or o, |49] reported thae Japanese Black catlle winh
FIDeficiency showed o marked reduction in PO sctivily
glese than 100 of the mermal agnviey b w il prolosged breed-
ing tiwe and abnormal plasos coagulation, Toakasuo e ol
[23] also repocted un 45 deficieney case ina | month old
Tapane-e Black calf showing wrow th rorandation, hip dyspila-
miat sl abermal Blesding wilh peolemgation of activaed
Partial thromiboplain dme CAPTT) and ko 7O activity,

In the present study, 13 heads of cattle, imcluding 4 dans.
were lentificd ay having the FU0 deliency recesane
Tinggy gous penofy e howeeser, pong af them bacd showsn
abnonmial bleediog in the pest. Theretore. it is possible tha
The cattle with F/F defivieney noroadly shew only mildly
abnarital Tlesding.

O the other hand. Cunudian Holstein cutthe with F4F
deficieney showed a lower rate of ezl and call sorvival,
Tnghee suscepribihey wdntections disease. and highar lie-
guengy of being repei brevders [ Furthermore, o
Hulsacin cowe with repeat brecding has been fonad o have
the FIT deficiency betcrozygous penoiype i dapan [ 3]
Elvvacgver, o i shoswed repeal brevding or abnormial
blecding i parturitios in the 5 deficiemey dums in the
present study, and the rate of cierters win very hizh in the
Lapanese Black catile. Therelore, #00 delwicme s mighe
B linde effect on the reproductive abilily of Jupanese
Eluck cattle, However. further invesngations will he noces-
aary 10 determioe the dhfferenees of <y mpoms bepasen Jap-
anese Black and Elalsiein &1 detvivacy catlle,

The percentages of vattle with the normal bonzysous
FH deficieney getorepe tnthe Tivpoaonesis svndnsme amd
nemabal weak call syndrone growps wene 30 and 695

respectively. For this reason, it seems that F7F ceficeency is
Mt divectly associatod with these syndromes.

The attle watle #1407 defivieney in vombination with OF.-
rdeliviency. bypopgenesis syndrome andfor neomatal weak
calf symdrorme ok Jisplay nooee severe svoploms. There-
fore, the wae of semen froon non-carrers o sines ul otber
Fomilivs sfonld s comsadensd for the prevention of heredi-
Lary dijesses when maling with dims that are esther carers
ol an #4 andfor O 06 deficiency ar members of o il
ol susTe cariers.

ACKMOWTEDHIMENTS. We aratetolly acknow fedyees i
conttibulion of the veterinarnnes in the Toloku area for Uwir
supporl duming sampling. Tl work was supponiced inpar
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Oligogenic transmission of abnormal teat patterning phenotype
(ATPP) in cattle

N. lhara®, T. Watanabe*, ¥. Sato”, T. ltoh*", T. Suzuki® and Y. Sugimoto*
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SI.II'HI'I'IEI.I']F Adrncmal teat pallernong ploenetype CATEE s claaracterized by one comederade foee; or taa
Pievea e don s absenit eents o catle, Thing oo ullefe-shirmp non-pacametre linkagee strdem:
sieoitivant assoctlions witle severe ATEP anooals were detecegd oo BUEALT 15,,. Todat
2 A ventroowre BTAT 1, 30 sl & oM oaod elomeric BEAL 6.5 - HE Al
Va2 cADe The BTALT repion wars also sigmbficantly ssecsed o Dhe analvsis of the mod
erate ATTF mnimials 12, — 303 at O oMy The toosinission diseguilibrivm qest in severe
ATFFP anamals demonsirated stwnitheionl over-rinseiasooe of patoena: aéeles 30 the BUALT
tenion 0 2.1« E[fl"r’]. the centoonbieric BTAL oegzons 8 (L0510 amal Lthe ekesmerine
BTAT reguom oF - (00051 Signilicant over-lransimissiore of the BTA LT region was also
observed among the moderate ATPP aoima’s 1P 203 = 10771 These Hindiogs indivate 11un
the BTALT hocus plavs a kev cole i risk of the dimease, acud thae the BTALT Llocus conlri-
Bates emposully nocombinatien wich the tiaoo ather loct oo RTAT inad “or possiely unkoown
msrliserist in w probhabilistic vligo- or polyzenie moanner of fraosmessicn, Hageouy ses ol thiese
three loci can be wsed Tot macker swsisted animal breeding o conteal Une cecarrence ol
alfected progemy with AT

Keywords ahzent Wweals, BIAL BEAT S vattle, non Alendekan trait.

Introduction

Peveloprmental defecls manilestinge abnormal teat patlens-
g phetaepe CATPPD are reported inoseveral specics,
including livestock animal (Howosnl & Custerson 20000,
These abrormal petectos ineloade fine prescawes of additionai
leals (supernomerarc by penheling, tha abeence o reats
tatheliadhypotheline aud abnormal s locabons, o bo-
mangs, sarte dbnormalities are ahserved o clinieaily -
erogencos disorders such s Sralpacar-nipphe soondromue
AT 1512701 and Ulnar-n
L& 13300 im0 which omitazions i vhe TEY § gene. cmeodme

sarsary svisdroame (DAL

U box traoscriptioe Bactar § {The 3, e sappesied (fao-

Beilrass fur correspanderie

T Watarahe, Srarakawi Irstitote of Avima) Geretics, ©datara Mesh-
173, Fuke shima 961 #3617, faaan

E-1m 1, toshiowdls ap oo

rbandems Pevastace Impravemend dssocation of Japan, Mae-
Bk | Curmg 351 0121, Jagan

Arveptad for paliicahor § Qcralee S

shad et @l 199700 To onece, B pardes of meomeneesy olaods ate
artanped i oan erdered areay along, e ventral surloce be
tween Lhe Torelimbs ond hindlimbs, and abosora] mam
mary patterning photosvpes. including abaent feat:. have
Ieseny peported CHoward & Gustersan 000,

I cantle, tavo paivs of weals are ventrally arraaged inside
M inguinal aeea i an oedercd semmetvical pattern
(Hurlew & Forl 200210 snperivunerary Leats e classically
ohservel wt o bigleer incidewecs o several daicy broeels, o
which & senetw influeees b sespoecied Bk crerd 20020
As sapernarmeriry weads aee asgally bendgy eniities, he
genede basis arel aeliohogies are omd weld stualied. On the
ol lier Paonl absent fuals are guae mre excep! e osperadic
ciges amd. 1o oae keecledge, there are Tiwe Tepseis 6L
bt

Hoeve, we deseribe o oraee ATFP wile a Jogh ircidenee
P10 of e or b alsenl seats wilhin a Taoasese Black
cutrle poplation. Besidoal waes anction retoalle, sed oo
ather notccabile anomalies are observed i alfecbed connle.
The wirn ol this stady was b cleractersze e genetic it
ol the ATEF with the coud of csabiishong o mone soplusts -

cated diurnoslic swstetn L cosieed its incidenoe. Ths i the

v ACE The Authors, louras Covp ahen © 200R Ieterwahona, Seoety fre s al Genes €5, Angmal Cenelics, 3B 15 19
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Inara of af.

lirgt stdy in whick ke climomesemal regwmisl resmarssihle
lar develmpoental mummay defects, sush as abiarma, teal
nnher. wirs determingd,

Materials and methods

Anima: samples and phenotypes

Awsuming o correlstzon helwzen e severity sl number
ol iasiog teats we wded the Wilcoxon rack-sum wst o
szlerval soappons atter ceonstormee AT severity e rank
stalislacs, Phis approach was ugeld muthier than rranslono-
e ATFP phennoepic suloypes. such as alropho. ane al-
s el and two oh<ent reuts inlo numoencal vahes and
mialyame Lhe data wsing linesr regression owtluds, e
wlach paternal haalotype s rearessed 1o o pheopiyplc
value hm s assumed wo be normolic distrciuted. We
tetatavely defined Far phenobvpie sulsels of G06 Lall=
progeenny Troum a #ingle bodl: 34 noreal asimals: a0 1%
wevere ATEF animals wich two alsent lenls nclonliog 22
males and 27 females i Bloos deoiiy RS micderise
ATPE animuls wich one absent ceat inclodiog 23 males
and 23 bemales e S1h: and Givy 53 ATPT candidates
mclading 38 males, 15 females and tweo <ec-unknowt
with complete pairs of teals. DUl sonwe teats aceopbied.
combitation  of  these  phenotyvpes

mkslocated
:lig. Klcl

el H

QCNQIMEe SCrechn

LA samplhes o the buly aod G000 Bolf-sils were exorcned
from peripbieral blood  Jeurocviess  sing the automatic
impletion systeare MA-TTHIN (Kural, Tokvi, Tapann aoecaond-
g T e ianelisturer’s usiraction s,

Tow the first stawe of the serenee soae. thee Bull ard 144
ey caitiprsing Y0 moenal (48 oales, 23 Lenaalesi
21 severe ATPP IR males, 13 demales]. 19 oomierade
AUPE 212 mules, seven tomales) and 19 ATPF candidates
mever moles four femals aod 1w oy unkuown sub
jerssl wore genotyvped for 17 mdcrosatellile markers
seleciod from e shivakawa-LsDA Bukage map fihura
eral 2004 with a0 7 ed oaverage serval covering the
M bovine  aotesomes,  Aivrosatellite markers nred in
Lhe #econd sean are showny in Table X1, 'The progeny
weare increased to BB animals Tor 5 toal of 4534 pormoal
1555 moales and 2US Emalesi 28 severe ATPP 122 muale
arl 27 Temales. 4% maderate ATEE 123 males aml 25
lemaesy and 35 ATPE cundidates 145 males, 15 feroubis
and fan sex-unknown shjectal,

PR crnditions e microsatellite inackers were aplimizesl
we descritedd presciowslt lhara g0l 201300 Microsatellite
polvenuephisms were analvsed anan ABL 3700 DMA ana-
[wser [Apples] Biosyshers, Poster Uity CAL DEAL Guunatye
daty wore vaplered waing nsecas 2.7 and orore
saftware LApplacd Ringpsiema.

fapping pracocudne

Tar deteriming Ure map locaticn b Uis disease locas, e
xeel the Wilcoson rank-sum wsl acvordiog oo Kraglvak &
Larler 119950 Briefly, the followinge statistic sas deced:

Tt
iy, ——==

B
:
w here

Vwivi= 3 n+ 1= 2omeRil Pehlggs!

e el i 1w wwarsher of srwgeeey: tankid s the cunk by
plennby e vd progeny G M| oy, g it the peodahilicy
that progeny o lws the sire's fist arhitrusy Boplotype
fraesionillel et oo poessaizon dxl, piven ils genas e af the e

fora )il cishit g e Jiinkiooe owckers:
A TUE

1= thoe stoendae] eviaciog of 3wrs), expecied widee Uae ouall
hoyvpenbesis ael 1o linkage etween pleenay e asd peacnye
over all pesible sels of wenngtypes, Toder the nall bypo-
thestz, Zwe Tebieies sevmmatacally s a0 slinslicd  ooeroal
varmhle et genecalises L oo ooe-pacameicis Wilcaxon

ritok-sain Lesl al e mocker sz,

Tlue pbrige of the sice's chearmosones was determined for
cucl pair al bao censecutive helerdeyaaus markers using
allele reonsmii=cirn to ofEpring inforimation so chat recom-
inatien betwveen D morkers was mioioized. The aaolyst
was porlormed ab 1 oM intervals along the chromasome,
For alf aoalvses, marker locations were abiained trom the
Shirakawn-US0A Inkage map (thaca o al, 20040, Thresh-
olds for signifivance of the duestatistic vaiue were obtained
oy 10000 rundom permatations of the phenntvplc duta
el & Lioerge 1 The highest o valog over all
analvuis points e cach analess was eeconled, and e 1%
angd 3% theeshalds weere delinal ws the LOUth sl 300tk
raniben] S varlues, For clsnussonae-wise ged experione-
wites thresludds, Mo Briglost statistivil cadue oo gach chiro-

socseanze Aol oo all chrorosomres was ceparded.

Rinke estirmatians

The transmission disequilibrioo west e Fedwer' s exaer 1ol
wins s o identify significant deiatzons froom thie expucted
1:1 Aeodelian ranamission in peoetically assdued reeons,
Tl transmission froquency 1o loam bull 10 progeny wis
estimated  from haplstvpe dati sapeced by aoaltiphe
icresalellive loci by masiooen min-parsnetre ko
IMILE seores OF soores] Fisdwer's exict test witle onoe depres:
ol freedom Based oo the appropriaae Ekeliboomd catie was
used Lo st whetler o - 172 Tl risk rateo (B of eacl
Alfocted gronp wrtlen e Grnily was caloalated ax Bl

© MK The Suthors, lournal commlatan <3 26 Intarnatic nel Saety fue Ariroal Doechicy, Aoeest’ Qecocticy, 38,15 19
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Tlaer frwencleriew rates iz enele allvc ] wroup was catinmaced
froan the Spepge fatio iz affected and nornal geoaps as
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Results

Atmormal tear paleriing phenatepe afvected  animogs
thig. =00 did oot Jdisplay amye anomadies other than el
patternine phetwrvpes, Reprodactoen: in affectad femmles
appeared to ke notmal. o8 residual marmecy glands oor-
mally andergo puberia. pre- and posi-pregoamn mammany
Ehmd mareragboe aend Gactotiog i faales witls one alsenl
el Wy subdivided the progeny inte lome proups based o
e number of sthserr leats, sinbor oo whas was curres] o
with comples human deeazes showing diveese phenmymes
vThorntan-Wells i wl MWL Phere wos o sgedicann (§5-
wnence in the incidenee betweenn sevete 15
PN ang ATEFE coamdidates 19090 Thae sex ratio wis alinos:
vren Belwern secere and ederate TP groaps, Tna theoe

lormslerALe

wuere ESAakl mene male AT cardidontes than females
1P 50 Abnermal weat patteening phenosepe secims o
b iowcoargiatznle with anc angmeomil sangle recessive conli-
tiso, bl oo the invonpleie ploemstepic poactrance and
pelEre recnns.

[ s snly, the il and T4 progent wene penotiped
lor dds mivesatelliee markers. Son-parametric linkage
analyses ol severe ATPP snd normeal proweny inslicated that
sipnificunt Eikages were duleeted el paternal sleles of
the centromeric o kers o BETATT 4,0 = S.00an 10 el
bosed on o I experiment-wise Uimeshold, amd o BTA0
Waan — B3l D3 oA s BTAZS X, 300 a1 20 cn,
wsing 3455 chromommsne-wise theesfobds, The same chrono-
sutal regior of BTATT wos alse signilcant among the |4
nderate AT boimals vsing a 3% chroioosoee thresmand
Ve, — S0t VAL Dthe 135 ATFEF canndlishanes, =anifi-
cant linkage was dvlevted on BUAT (. — 5.8 al 85 ¢
WA TN geromd wise (lieesliodd

I the seconsl sean of WLAL BTAT. BTALT ol RTA?S,
proneny nuntbers were imcrensed e A A o result, thee
sivnificance of the centromeric BUALT repirusi,,,  T.im
20ochhe mmd the telomeric BLAL region oF,,,, 4.8 m
142 cblrwere cTessced a0 145 clirenoseo-wase tereshl]
i the 4 gevere ATLPP sdmal Fig, 1 Aa association wah
the severs ATEE fornnwas detested in e centronwrwe region
EHTAT g,y = B0 21 5 G The BTALT region wig alio
sipnifcantty geseckaied in the analeas of 315 of U ioocderine

AT arimals ., = 305 a0 2okl Fies T Dwie other
rerions o BEA2S and BEAT respuectively were e linoer

1 gichagea

i the aected

Cuigagenic fraosm ssior 0 mpared teat develozment

signilicant with rhe e reuses] saciple sese. Tlios. e 55 ATREP
caendidites were not aznaly-ed lurihoer,

Three chromesimnal regions witle 9%, comiidence mrer-
vitls were chiosen o estoate the BR aml $he incidence rates
ny progeny STigs L ahe Th-chi centroners K187 regiog
Belwein BATSFE 00 08 and HMEWLT 123 oG the S o)

“arin the aferted oroup

araugy

Tredrale U800 00 e el grons

lelomerns BTAL region betweern BAIR®IE (136 chi wend
CHRZOS0 124 oM and Lhe B-c38 centonwric $TAL ceping
lezsvert DIR LT 2 cAlr and IHS285% T ey 1n the
tesls dolwerst 47 sevore
ATFF amel 395 zopmal anirals, significaot luplaiype

Irazsrissio  liseyundihrigm
sliaring wis observed inothe BLALT regien Faeber's xact
sl P o 22w b0 YURE 20k the telomerie BTAL rogion
w5 BR o= 1.5 and the controteric BTAL regien
P inks BE == LA Table 10 There wus also sineng
over-irinsinission of paternal alleles e BUATF regaon: in
Lix Ll RE 1w
Faally, wo estimmated the probabilities of ATFE based on e
thicew vy Bregalolypes e proggegey lable 10 Whew progony

the ndecae ATE? wroup (Y

witiy all aoon-resh hapheyepes of these three oci wore seloe-
Leadl chie estionated cnciheiees rates woere O for sevore AT
arnl G0 Foe secere o nueklerale ATPE forms lakle 1

Discussion

The LA cX centrooere eegzon co EATT with higler =ig-
il bevels i both severe maed owoderade ATHE 3
hatnalogous witlh  buman dy2E. by iy,
which covers 1 L1 Mb phasical distaoce contaioiog 59
ko gene sequenwes titeh soof. XHG; TS Rl
vy, pepnoine, aosceslu ) Alammary ploud o b
= dviamicadly cosnclated by g sequence of recqoocal sicnals
bepvween mesechivee and epithelny an embeoronic oy 10
(RO 10 EL 23 i mdee Parmar & Conha 20064 1, Therefore,
genes ingirgssen in fhwse emdrvonie lavers o the ooere
spienlione stages ai L33 E4D0in cartie dlariey & Ford 200250
are el likely ta b Teectirmad candidoies.

To 1l present study, we detecred sigoiticast haplatepe
sty throngle iheotical-y-descent (JBLY ine Lhree pater-

cHoosmonnme

tally trasmitind chieomosoma, Tegen haploivpes shooed o
ouberade ATET aarils ong LA LT, s well os Do reginms
e WEAT. Drroededibuern, il soevere A UPY antiamads wirks wden-
titicd chienowessre phases shaved e LR-cdE rewino an
BUATT, Thes liowlg sopweses dra she bocgs an BEATT has
ovibal rode m e cousalivy of ik foros of ATPP. The
affectedd hoplotpe v BTATT in i bull was inherited from
tus Lnthier, sebiile the tans atlier allecuwsd hapslelypes were
leorn b e e,

Uhaese Chireer Lower, b eveer, i ot e sulhicient tooesplain
the genelics of ATPF. [n fact, two mokderate ATET maoncals

2000 The Autagey, Jouenal conngrelabiars © FEIE nterrabonal Sacirty e Anceal Qenes o5, Anemial Genelics, 38, 15-13
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Identification of bovine QTL for growth and carcass traits in
Japanese Black cattle by replication and identical-by-descent
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Teomap gquantitative trait locd GTLY Tor growth ol
carcass traits in @ purchred Jupanvsie Black cattle
pupulating, we conducted moluple OTL analyses
wsing 15 patemal Tiulf-sby famelies compnsing 7RG
offspring. We identificd 40 QTL with significant
linkages ar talse discovery races of less than 001,
which included 12 for wrramiescelar Bt depasionm
called marbling and 12 for cold carcass woeighe or
bly weneht. The (OTL cach explained 2% 13% o
the phenotypic variane:. These QTL ineluded many
replications and shared bypothetical identical-ly-
descent SIBD alleles. The OTL for OW on BTALS
was replicated i free famihes wich significam
linkapes and in two familivs with g E% chromesome-
wise sipmificanes level. The seven sices shared a 11
Mb superior I3 haplotype as a hypothecieal IBD allele
that corresponds o the entical regrm previoosly
refined by linkape discgeolibricen magpiog, The QTL
ior mathling on BTAD was replicated in owo familics
with sigmificant linkages. The Q1L {ar marhling on

Conrmesguiralinge 1 Yoskubamn Swgoron- Eoeail
neap

D kazusuridiag,

L2630 10 LU T 500G 32 006 TR S e Valuge 8,

Iz, Somane Lot iAsd4 D,
S O2H L Japan

liman

lazan

BTaG, 7,9, 10, 3 and 2Y and che QTL for by
1.-.fo|3,,l'|1 Un BYAG wore replicated wioeh 17 andior 5%
chromosmne-wise signiticance levels, There wene
shared 1IBD £ or i haplotypes in the marbling (TL
an BTA4 &, and 11, The allete substicnrinn cffect of
these haplotypes pangsd froan 007 we 12, and an
adelitive offcet between the marhling OTL on BTA#®
and L) was observed o the family examined. The
abundant and replicated (UL infarmation will cn-
hance the opportunitics for positional cloning of
cansative penes for the quantitacive craits and cfti-
crent breeding usimg marker-assisted selection.

Intraduction

Ouantitavive wrait loci (0L mapping studies have
heen pericormed extensively in many Organisms;
hupwever, relatively few genes underlying genetically
complex traies have been dentibied jGlazier et al.
LR There are several problems m detecong OFCL.
One of the primary problems is the small effect of
cach coneribuding locus JKroglvak 1996]0 Second,
L tnteragt with other genes and envronmcmal
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factors, Third, evesr TL with significant linkages
mighe be ralse positives as o resule of wnsoitable
sty desipn andior the popualaocn stodied. boally,
a limited momber of affspring af the pedigres is an
additional prohlem, paracularly for domestic aninal
spescicy =1ch as caccle.

DTL mapping studies o beet cattle have been
performed wsing experimental crosses becween ela
tively detferent Bos mmdrezs and Sos g brecds,
amnd several sipmbicant CF1L hewe Leen ddenrified
[ear., Casas et al, J00: Keele et al 1999, Stone et al,
1999, the Bovine (3TL Wiewer |huopfwoww ho-
vinggt] tamuedofimdes hanll, The studies  chae
cxamingd the associatien between identical by des
cent [IRTY haplotypes and traits were followed wp
using cammercial lines of o taores; loneever, the
phases of the assoviated haplotypes were different
hevween the lines [Li et al. 2002, which reseled in
difticulnies garrowmg down the TL usmp s
mechad.

(m the other hand, several OTL studies in dairy
cattle [Holsten breed! wsing @ pranddaughees design
have reporwed multiple ©3TL for milk yvield and
composition, such as chose on BTAS e.g, CGeorpes
et al, 1993, Speloman e el 19961, BLA LY (Coppieters
et oal. 19%9%; Hoewen et al, 19990 and BTA2() Amanz
er al Y95; Georges cr al. 19931 Furchermore,
hypothereal TBD mapping and positional candidate
cloming lec o 1he suceessbid ideneficatian af cansal
mutations in ABCGE an BTAS |[Cohen-Zinder et al.
0030 andfar PP on BTAG (Schnabel et al, 2003¢,
IMIATI on BTATS [Onsare et 2l 20007, Wineer et oal.
2002y and SGHE on BTAZO (Blete cr a2l 20031 al-
though reladively large haplotype blocks sometimes
irnpeds artempes o0 narrew donaen the croiocal region
aind wdentify the cousel muatation wle Konimge 2006
These identificd mutations account for neacly 105
(A HE FEPYY om protein G ora 44% (PNI90T indel
art protein S adjusted foe ATV of the phenotypic
variance (Blott ot al, 2003; Schnabel ot all 200350 I
comild he mmportant that a large number of Holsten
cattle frm a wariery ol lagal populieons were cin-
ploved for the analyses and thae the mapped QTL
were confirmed by replicaceons.

Tooadentiby causabive oenes for Beet cattle OTIL,
wi collected more than 10,000 offspring, constructed
15 patemal half sib families weth moare than 190
affsprng, and searched boe CTT. replicavions as the
tirst step. Becenely, we confinned that che progeny
design simulated by Weller et all 19908 and Moody
et al. [1997! 15 wseiul for mapping QTL in purebred
Japanese Black cartle poptilacioes |Micweochi et al,
2006, Mizoshita ot al. HEML Also, the wse of a
purehred lacal population mmitmzes the penetic
background  ond environmeneal  factors such as

Ao Pakaeoa g s P 40T o G e Uapeaee Tras

Feeding, el faczening period, and the aeed for phe
notypic assessment. The ohjectives of chis study
were o locare OTL tor growth and carcass irais,
comfirm the (UL by rephoanen, and adentify the
hypotheocal 1817 hapletypes hurhoring the TL. @e
Fomiend 300 CITL with significant linkapes, 15 of which
were the replications of the OFTL tar carcass or bady
weight uvn BTATL, marbling o BTAS, and longissi-
mus muosele arca on BTA4 and 14 Another cphe
stgmafieant (1T were rephicatcd weh less than 3%
chromosmne-wise sigmificance levels. Shared supe
ricw £} or inferior o haplotypes were observed in che
LITL tor caccass woight an BTA LS and bor marbling
on BTAL, &, and 1 The identified haplotypes will
provide useful information tor identifying the causal
genes as well as tor marker-assisted selection i hesf
cattle.

Materials and methods

Stmalarivn of the power to detect QT A wimula-
tion was perfotied to estioeate the power to detect a
OTL using a progeny desipn. A chromuesome 105 e
lomg amd wih 2 single OTL residing at 525 ob was
assurmneel. The eipht markers that are all hetervay-
mous in a sine were set to be located ac 0, 15, 300, 45,
af, 75, WL and 105 eb The marker interval m the
somulannn (15 oM was close o the averape marker
interval i this study (119 A A =t of offspring
was generated so that transmissien of the OTL and
the markers of che offspring oceurred probabalisci-
cally sccurdmyg o the recombinaoon ftacnons he-
twoen che mmackers aond the £7TL. The expectation of
rhe informative transmission racio of paternal alletes
wors sut W G, which was close ta the ohaserved raren
in this study (06230 A noenmal diseeibution of the
reaic values governed by the OTL was assumed. The
neana ] distaboaion of the orar wlie vanancs wis
generated by an approxination of binomial diseei-
bution to normal distribution |5i310, 030 or #4330,
(L34, The simulagiem was performed for the TL
eaplaining 3% ard T of the trait vareianee by allele
substitntion  from o Jinferior] te O superin,
respirctively, with tnereasing the mumber of offepring
by intervals of 36 from 100 @ 400 The O analyses
wore performed as described below, The simulation
was repeated 1000 omes and the number that ex-
cecded cither the 195 ar 3% chromnsome-wise sig-
nilicance level was counted.

Colfection of DNA samples and pheaotype
data, Sixteen parernal half-sil Bunilies of Sire A
chrough Sire O were construeted from carcass data
anud pedigree records cnllected by the Japan Wagnm
Begister Association (Kvoto, Japanl, Two families
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wene constrected for Site G ocach of which consisted
of steern amd cows, respecoively, and were collecred
trom a different local ares, The Sire N lamnly and ang
Sire O3 remaly comsested of cons, while other familics
enpsisted af steers. Sire INA was oboained trom
semen. Ofspring DNA samples were collocied froam
adipose tissues around the Eidoey at the slaoghter-
houses or fram blood at the individual farmer's
hemse, Sis teaits were analyzod inochis sowdy (Sup-
plementary Tahle L body weaghe ac sluughrer |[BW,
cald carcass weight [CW! longissimus muscle area
ILMAL rib ahckoess (RT, thicknes: of a musele
laver in u tib of beef', suhcutaneouws far thicknsss
ISFTI, and marhling. Marbling was estimated using a
heef marhling scone [BMS) that ranks the carcass
from 1t 12 accorsing we the depree of intramuscular
fat deposition in which higher scores correspond to
rrwire marhling. These traies were systemacically
medsurcd hy certitusd graders and eecorded ar he
slanghreerhouses in Japun. Using tarmers’ data, the
phenarypie values in Siee | and ] fanulies were cor
rected with Best Linear unhiased estimates ab fooed
ctteots estimated by MTIOFREML (Boldinan et al.
1995 Because offspring of Site A and Sire © were
cullected Jrom more than pwer slaugheerhowses, ther
BMS values woere corrected using the deviations

Genome screen. DA was extracted from se-
men, hlood, or adipose dessue according to standard
protocals. The genome sceeen was cntcdueted using
the microsatelliee markers on the Shimkowa-USDA
hinkage map [Thara ¢t al. 20040 The markers were se-
lecred indivedlually tor cach sire as hotemzvgons tor
the sire and ot on approxomarely 10-cd inreesal on
aurosommes. The average marker interval ranged from
AL Sre [Hreo 1.0 eh 1 Sive Clin the familics. Eleven
tarnilivs of Siee A thromgh Sire T, cnnsisting o 19010
A3 aftspring, were individually penotyped, while four
tamilies of Sire K through Sire I, consisting of 320 to
Al ffspring were selecoevely genolyped using the
25% -3 extremes for the marbling trait JSupple-
mentary Tahle 15 The grnome screen for Sire 03 was
done wsing less than 190 oifapring and therefore s not
presented, Folyvmerase chain roactian condions were
as deseribed previously (Mizoshita cr al. 20040 Poly-
merase cham reacoon prodocts were resolved by
electraphoresis in polyacevlamide gels using an AR
A77 segquencer | Applicd Biosystems, Foscer City, CA|
or an ARI 3700 1IN A analyzer (Applied Biosvstems).
Crenotype data were captured usimg GENFSCAN and
Gienotyper saftware |Applied Diosystems,.

Sratistical analyses. Marker locations were ob.
tained from the Shirakawa-USA linkage vap Thats
et al. 20041 OTL analyses were performed with the
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interval mapping method usmg a Lo regression
moelel bor halfosib familics Elaley et al, 1994, Seaton
grall 200020, as described previausly (Shzoshita ee al,
2004 |, Bricfly, phases of the sire’s chromosomes were
determined at each pur of 1twa conscoutive hetera-
evpous markers wusing allele transmissien informa-
ticom to offspring so that recombination between twao
markers was mimmized. Linear regrossion analyss
was pethirmicd wsing the fallowing madel:

v+ Peabi oo+,

where &7, 18 the phenarepie value, pois the baed effect,
d s the allele substitution effect from g e 4,
Prob|C)1, 15 the probabilisy af €3 phase ar a given
location, and ¢, 1 the residual erene for the i indi-
viduad, The analvsis was petformed at 2-cM intervals
alunp a chromosome. To evaluate whether ehe QTL
ctfect was well estimared, the intarmation conoene
T was caloulated as g variance of Peobjod), divided
by 025, the posaible maximat vamance of PropidH,
(Enote et oall 1998 The allels subsinaticn effect
from g to O was caloulared as a0 estimator of g, The
cantribution ratin was caleulated as a propordion of
the trait variance explained by the paternal allele
substitution fromm o e O, Thresholds far signiticance
cof thee Fostotistic walue were shioined b 10060
ramdom permutations of  che  phenotvpic daras
(Churchill and [Doerge 1994). To concrol the cerror
rate of mulople traic analvsis, woe apphed the alse
discovery rate JFTIR] proposed Ty Woeller gn g j1998!
The EDOR was coleulated at the marker-existing
points in cach tamily. The 953 confedence meerval
ICN of the QTL locarnsns was caleulated by the
bootsteapping method [ Visscher et al. 19961,

Secondary screcning. Secnndary soreening was
patfarrned for a vl of 31 chiromosomes of 12 sires
[Stres AL C- 1 Goows!, EL I K, M =0, The families
selectively genotyped in the genome scanning [Sires
B, M, oand N were individoally genotyped ancd cal-
culated for all traies. Orher families woere individu-
ally  genotyped  using an increascd nomber  of
offspring, resalong o 300 572 offspring per faimdy,
and cabeulated for all weaits, Froon 7 1o 47 markers
were used pur chromosaome.

Resufls and discussion

Simelation and experimental framework. Num-
ber of affspring, Vhe propeny desipn can detect anly
LITL with moderace to Jarge effects [Moody ot oal
19971 To derermine how many oftepring should be
wsed for the analvsis, we simulated the power of
detecting o QTL [Fig. L The probability of deteeting
CITL accounting for 5% and 1095 of che traie varianee
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Fig. 1. Simulation of the power of detectiog @ OTL The
powsT of deteening a QXTL explaining 55 1thin lineslor L1094
hali lines! o he toaut wanance was csnmated The broken
amd che: =olid loes imlicate the power ob Jeteeting a G UL ag
Aoard 1% cheomesome-wise sgndicance levels, respec-
tively.

was 066 and 0,93, respectively, at the 3% chiomo-
senme wise significance level using 200 atfspring, al-
though this threshobd mighe produce one ar g {alae
positives as type Lerrors in o whole-penome scar, The
power of detecting o QT aceounting for 3% of the
truit varianee reached 093 by inercasing the number
uf nfispring eo 400 under che same condinans. Tn this
sty we ted 13 faonilioy wlhose sioes were producisd
by line breeding or line cross |Fig. 21 Eleven familics,
consizting of 1901 430 obfspring, woere indiadually
genneyped and analvzed bor groweh and carcass trans,
and in the remaming four familics, consisting of
3200 Fal attspring, the 13% 509 cxtremes werne
selectively genntvped for by maebling 1zait only
(Supplermentary Table 1] According to Lander and
Botstein (1989, the power abrained from ehe geno-

Fig. 2. Todigrees of the simes used in this soudy, A dotoed
I andicates a distane relarionshp with more than twao
Eomeralicans.

AoTaRs A kL AL Basoras UVUL bep Giposwnie Ak AR A PRAITS

typing of the 335 extremes |greacet than 1510 from the
meanlin a 254 larger populacion is almaost equivalent
to thie povwerr bt trem amdevidoal genarepong of
the vnginagl population size. The simulation sup
gested cthat 0 OTL accounting for 3% of the trat van-
ance could bederecied at muore than 66% probabilite in
our study.

sclection of markers. 1o peneral, dthe avirape
herterozvgusity of roicrosatedlite markers o the Jap
anese Black cattle population was almust the same
as that in Holstesn and <bghily lower than thar in
the MARLC reference populatien, which mcludes Sos
irelicns (Rishop er al t994] [0.7]1 in Japanese Black
iAo =wal 073 in Halstein [N - 961 79 mobhe
MARL reterence  popoelation: THE O microsatellites
examined |[data not shownl]. To GTL analyze the L5
halt-szahy families, we sefected heterozegous micro-
satellites dor each smre at appenaanately 13-ch
intervals. The averape marker inteeval inthe tanily
ranged fram A0 (Sire TH o 160 M [Sire O The
cverall mearker ineerval averaped 12 oM, ranging
fromt 3.3 to 72 oA MNimety-five percent of the ier
vals were less than 27 cMoand che remaining inter.
wals lacked any available hererosvpous markers, The
averape heterozyposity of the markers in the family
ranged frem LAl Sire T to (071 15ire Al The he
crozyposicy of the markers in decected OTL regions
wis vornparible o thar i oher regrons [data nor
shuwnl, The rarie of identificd pacernal alleles was
MLG1 (SH%,006 among 945,561 total genoopes!, rang.
ing fearn 145 (Sire Bl o 10700Sire T oo he famalies,
which gssured correct detennination of the phase of
the sire's chromosomes.

Correlation Detween traits, Six teaity were ana-
lyzed in this seoady: BW, CW, LMA, RT, 5FT, and
marhling. Mhenotypie data for carcass traics of cach
half-sil farmily aee available in Sopplemenioty Table
L. Pairwise correlation cocfficiencs between the
traces were caleulated per tamily (Supplementary
Table 2L OW o owas highly correlated  with BW
- 0wsl and  mederaeely  correlatsd with RT
¥ = .59 Incerestingly, chere was a weak to moder-
ate correlation berween TMA and haeh CW and begt
marbling seore (RS r = 0023, whereas the correla-
tion hetween OW and BMS varied among familics
[F = 0060039 BMS and SFT were not cornclared
[r o+ (30,

{iverall QTL analyses. Table 1 summanzes the
UL detected in gename scanning Bleven families
of Sire A& through Sice T were analyzed for five or six
aies and the remaining four families of Sire B
theuugh Sive ™ were selectively genaryvped and ana-
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lyzed fur marbling (Supplententary able 10 In the
11 tamilees, a tewal of 200 rogeons ceached the 359
chiramaosaroe wise sicmficanee level, To contral for
type [ orrors due wmuoleiple tests b mulople trais,
we calgnlared the FDIR for each vegion |Weller et oal,
19wt Ome hoodred torty-three regions faided to pass
the FIOR threshold = 0010 0Weller et all 1998 which
comprscd ong thurd of the regions derected at a less
than 1% chromosome-wise significance level $2.3774!
am] mose of the repions detected at the 3% chromo-
soame-wise signiticance level 12071261 Supple men-
tary Table 3, These regions woere climmated from
the study, although some of them might be real be.
ganse FIIRs were calenlated irvcspecove of the phe-
notype  careelation, Far othe four selecovety
genotyped familivs, 24 repions were decected at a less
than 3% chromosome-wise sigmiiicance bevel 1y -
tal, W1 regoons were detecred g provisional OTL
tsupplementury . Table 44 Each QTL  cxplained
x5 12.9% af che phenotvpre variance ok fam-
ily, as eapecred trom che simulated daca (Fig, 15
Among them, six QTL were highly  signiticane
el 1% experiment-wise stgnificance levelt and )
were signibicant |<3% experimoent-wise significance
level' according tov the criteria formulaced by Lander
and Eraglvak | 19931 [Takle L.

Based on the genome scanning results, secondary
serecning was performed for o weal of 31 chromo-
somes of 12 sires with inercased norahers of odf-
spring ansd mackers, We derected 65 QTL ac g less
than &%  chromosoeme wise  significance  leved,
includimg 40 that were noe detccrd as provisienal
CITL m persnme scanning (Teble 2; Supplementary
Tahle 5. €In the ather hand, one QTL that was de-
tected at the 1% chromaosome-wise significance level
by selective penotyping dd one reach the 3% chro-
mosome-wise  sipnificance  lewvel after individoal
genovyping | Supplementary Tablde 45 Fanrgeen 1L
newly cxeeeded 0015 chipnrmnsarmee-wise significance
level and therefore we regarded them as significane
(3TL [Tahle 2! Finally, we abeained 40 Q1L wih
laghly sigrabicant or sypmificant linkpes compased
ef 12 for rarbling, 7 for CW, 5 for BW, 11 for LA, 4
for SFT, and 1 for BT, and &0 ocher provisional OTL.

OTL locatinns with a 95% CF are shown i Fig, 4
Hirhly signilicant ar significant (JTL woere Jdistrib
uted om 15 chromosomes BTAL 4,8 10, B2 b4, 20D,
21, and 28!, and other provisiveal 1L wore diserib-
uted o1 25 chronnasomes, As expocted from the cor-
relation between the troees, che QTL for OW were
alse deteered for BW, aned vice versa for vl FL dor
BW, Alsa, some ab the 7L detected for LMA over-
lupped wich the TL detected for ©OW or marhling,

Several QTL were replicawed. Significame link-
ages far marhling and LMA an BTA4 woere detected

A Tawssdaa k1ot Buonvss VITL =i Lo tn s STk sy Tlalmy

m Sive I and Sure T Evmilics, and for W and LA on
WUALY were b damalies, respectively Jares 13 45,
1 and M for W and Sices E, G, [, K oamd €0 for LMAL
In addition, the ssgnibicant QT for marbhing on
WLUAG 70U 00, ME and 21 and for B on FTAG werne
replicated av w L% or 3% chromaosome wise siygnifi
cance level among famalics. The replicate resulis
supported the presence of e L as well as zhe
reliabilivy of the apalyvses, These QTL are expeceed
w be cifective independent of the penecic back-
gromd becanse they were deteetsd in vanous Jocal
pupulations. Mext, wy further exarmined the repli-
caccd OTL for OW, BYW, and marbling.

OTL for W and BW,. Twelve hichly sigonicant
or significant €TL were detected for BW ar W,
which weore distriboted an BTAL, &, 7. 10, and 14
Tables 1and 2 Fig 35 Thirteen other regions werds
detected at a less than 5% chmmosome-wise signif
weance level (Supplementary Tables 3 and 31 The
UL b BLAA and 14 were replicated o Jidferent
pediproes as described above.

The {W- 1T OTL was originally mapped to BT A 14
wsing the Siwe L Lamily and s location was narroed
dowen to the 1.1 Mb repion by linkape disequilibeium
mapping |Mizoshiza er al. 2K, 20031 Highly =ig.
milicant or signilicant hnkages foe OW oan BIALS
wore deeecoed o fear additienal families (familices
tromm Sares 3, 1, ], and W and suggestive linkages wery
detected in vwea fanilees fannilies of Sires Ko L,
Tables 1 oand 2; Supplementary Tables 4 and 50 Be-
ganse the QT analyses were imdividually perfarmued,
i owhich dilferent markers were wsed among the
analvses [Fre dAL the haplotypes of the sires were
examined more precisely around the CW.7 region
fLToass o by oaddine mare  macrosatellice
markers. The superior O and mferivr ¢ haplutypes of
the seven sires woere classified into two 037 and (321
and thiee haplatypes (g, g2 and o3 respeciively,
amd (31 and Q2 shared 3 common haplotype between
DK7Y and NEKM-040, which corresponds to the
crivical repm velmed by the nkaee dusegualibrioem
mapping idizoshita er al. 20030 (Fig, JR) The foct
thar many sites harhorsd W 1 00 supeested chat this
O was already suceesstully selected. The £ ire-
guency in Japanese Black carele was estimated to he
nearly A0 Mazashita et al 2005%, which means that
thiz (3TL 1= s1ill importane tor increasing CW. Also,
the relatively high fregquency sueeests tlint the QTL
has o apparent disadvantage for animal health or for
the economically importane carcass trants analyzed
i this seady, lnterestingly, marbling and/oe LA
UTL, with significant or supgestive linkages, were
concomicantly mapped around the ¢W.1 lacus
JFre 8 at which cach supencr |00 allele rospded i
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Fig. 3. Boveone A3TL map. The T Jetegtend 2 less than 3% chromssane-wise sapmficaeee ovel wieb bess than G0 false
discovery rate 10 are shown with @35 CL Tor the OTL subanicted o chrmmosatee scanaimg, 3% 0o the firemapped

repmnng are shiown,

the same haplotype as the SWAT O allely, exeept for
the marbling (XL derecred ae the 29 chromosome-
wise sipnificance leve]l i the Siee 1Y famaly (data nos
shiownl Tt i= likely that the selection for OW acts
maindy at the (W locus hecause of o possible litch-
hiking effect on the marbling ardfor LM A& OQTL.

The 3 to g allele subsoturion etfece of W
ranged trom 137 e 2607 ke in the seven famalies
[ Tahles | and 21 which is comparatle with che offect
examined using 1700 steers: 236 kg tor the firse Crand
an addivional 132 kgdor che seeond O |Mignshitg goal,
20051 Interestigly, the averare OW of the tamily
differcd by 005 k19550 54 4 6626 kgl beoween the
Sire Kand Sire Jiamilies|Supplemencary Table L. The
difference was higger than the effect of the UW-7 1a-
cus, which should be doe o the result of ather CW
CITL racher chan a difference inche maternal CW-1 0
Tregen ies 1 the local popsalations.

The BYW OTL o BTAS were detected at the
D% and 1% chromosome wise signibicance levels
in the Sire Eoand Sire Fotamilies, respecovely (Ta-
Lle 2, Supplementary Tahle 4l This QTL, desig-

tated CW-Z was fine-mapped berwoen 33 and 54
eMont the Sice FBodamuly (R 3L Thore were no
appazent shared haplotypes between Sire B and Sire
Fin the region, although they harbored commaon
alleles for some markers [data noe shaowmnl, The al-
lele substitutien effuct o BYW was 41,7 ke (Sire E)
and 264 kg (Site FI, respectively, which corre
spangded tes 2401 kg and 13,4 kg on OW, respecnively
[Tables 1 and 2, Sepplementary Table 41, Therefare,
the effect o €CW-2 was nearly cqual to thae of OW
1. Because Sire B harbored a hamozypous O in the
CW-D pesion G Fig 41, W2 s expectad tooaor
addirively oo QW1

The {ITL for carcass vield and/or groverth rate on
BTAT, &, L0, and 13 woere provions]y mappesd usimg
experimental crosses (Hovine OTL Viewer, ity
www hovinegtlomuedu/index hemll. Searching
the () haplotypes in other breeds might be useful of
they liave conumen tounders. In huermnans and mace,
many  penes  affecting body weight have been
identified  |Mouse Genome  Informatics,  htepefy
wownw [ndoratics saxarg ) 1 the human, the region
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W AW

SreE Q1

Wi |lw | plw m|w|me| o

O CW-1, 1.1-Mb oregion

Fig. 4. jA) Fostatiste peofiles for CW on BTALL Marker locations are indicated by iriangles colored Tor cach Lioily. B
Haplovype analysis areund the OW ! remon The mucrosaeellioe markers are ardered aceordie w o the physical map
desertbed 1 Maznshita groal (208150 The superior & amd interice g haplotypes of thye seven suoes are goougued 1o two 07

ansl (LA amd threw opd, g2, ad 30 haplotypes, respectively,

corresponding to CW 1 [HSA 5912 1-12 2 contains
no apparent camdudare genes (Moh et 2l 1005; Maz.
oshica ot al. 2003 [deaeificatinn o the OW-] pene
and other CW QTL penes might elucidate o nowvel
molecalar mechanism underlving growth and mear
Juantity in mwmimals,

QTL for marbling. Marbling is ranked accord
ing to the degree of intramuscular fau depasitian
amd is Rghly related oo beel guality, We mapped 12
sipnificant and 33 provisional ¢TL for marbling
iTahles 1 and 2, Supplementary Tables 4 and 5.
The sgpmhcant 0L wepe distribured on BTAS &,
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Fig. 5. Flaplotype aralyses for the replicared machling QTL reglons, (AT BTAS. BIBTAS, O BTAD The arrows indicaue
9% UV of the 1L with sipnsficane linkapes, Shaced € and o haplocypes wore shiown by grayed and bold lned boxes.

Teapestively.

TR 9,10, 14, 20, and 21, which were rephicated ag
a less than 3% chromwsome-wise sipnificance level
except bor the (QTL on BTAY and 14 Fig. 3k These
hapktypes 1 the replicated regions were cumpared
berween sires using che micrsatelbtes on the Shae
rikawa-LISTIA Linkage map Sthaes o all 2EHY, In
BTAG, un IBIY superion €} haplotype was inherived
from Sire [ to Siee W (Figs. 2 amd 5B In KTA D, Sire
i.and Sie M oshared an B ) haplatvpe inherined
fram o commen sice, whereas s spparent shared O
haploeype was vnbserved between the two sires and
Stre M jFigs X and 30! Altermanvely, Sire ™ oshared
ant mnberiae g haplotype with Siee M oin the (YIL
region. Also in BTAS, an (BT inferior o haplotype
was shared between Siee 12 and Siee | Fig. 540 Om
the wther hand, there was oo sixnibicant shared
haplotepe for either € or ¢ i other OTL regions,
although the OTL peaks in BTAY and 20 wore too
broad o compare the haplotypes in derail (data nm
i, Because the haplotype Blocks of the 1L
regions might he smaller than those examined,
muore Jetarled eomparisoms mighe reveal a shared (0}
haplurypee.

The allele substicution ciiect of che sipnilicant
marhling QTL ranged Froom (05 w 1.2 | Tahles | oand
2 Those of shared alfeles woere 09-1.7 (HTA4]
D7 39 BTAGL and 7 -8  BTAUN, tespectively
Supplementary Tables 4 and 5 The regression
analyses suggesecd that the T an BTAS and 171,
BUAS and 14, and WTAG and [0 were additive in Sire
[, Sirc K, and Sire v families, respectively iMizogu-
chi et al. 2004; Supplementary Table &) The size of

the efizer and the interaction among the loei shauld
Lo Turther examingd in g general popualation,

It has been shown that linkape disequilibrium
mapping is a usetul method o narmw down the QT
regions |Farnir et all 2002; Mizoshica e al. 2005] We
vpect 1t 12 alsy warkahle tor repheated (OTL using a
peneral popalation collected throughout lapan, On
the ather hand, the O haplotypes of some marbling
LITL woere mvhented in macernal lineages, and cherr
Frogllengion wore e low o the popualation
examine the gssociation berween the alleles and
mathlmg data not shownl The QTL analyses of
duscemdant sires might he useful 1o ganbirm amd
marrow down the (3T

Our investigation oudined marbling QTL in
Lapaanese: Black caarle, The (TT for marbling, score or
meat  tenderness hove been mapped e several
chromosomes using crosshred populations [Bovine
OTL  Viewoer,  htpfwww bovinegol tamuo edufin-
dex.huaall, while 70 o HTAS, 7, 8, and 21 wore mn
detected proviously. The abilicy to deposic intra-
muscular fat dhat accounts for high markling mighe
b s characierstic of Japanese Black canle, and the
allele frequencies of these TL might be low in
other hreeds.

The genes anvalved m o adipogencesis have been
stadliced extensively, Maore than 1KY penes are
transcriptionally regulated in adipogenesis (Soukas
et al. AWM, Tseng er oalo 0051 In cattle, approxi-
mately 80 genes have been salated swhose oxpres-
sien levels are different between high-marbled
lapanese Black and lew marbled Holstein biopsicd
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miuscle (Sasaki et al JHIGL Physical assignment of
these genes might belp us fiesd o candidare gene tor
mapped OTL (Yamada et all 2800600 S0 far, the
transgenic molse vverexpressing ATIAM 12X under
the muscle creatine kinase promoter = the only
Al moedel in which intrzmuscular fae s Jdepos-
ited o skeletal muscle Kawapucehi et al 20030
[dentificativn of the marbleng OTL gencs wall pro-
wvide new msight into adipopenesis.

Perspectives, We dercered 30 OTL Tor growdh
and carcass traits with coderate o larpe 2fleces
waing 15 paternal half-sib famibics or purehred Japa-
nese Black cartle, angd we fureher conbivmed their
presence by replivation aad MY mapping, Ths (1L
wformanon will be applicd to breed descendant
sices, fullowed hy confinmation of the etlecus using
the resulting half-sil farnily. Soee LYTL regions de-
tected m this study were averlapped with the GOTL
detected waing crosshrad populations in previous re-
pures. Our OTL resules using 2 purehred fapanese
Black popubation might be applicable o other bovine
brewds, Becently, the hovine SNFP corsortinm prao-
duced muore than [204H8F SN, and the 1Dk SN
array 15 commercially available sAdymetrix, Sanca
Clara, UAL CGenome-wede linkage discquilibriom
mapping ts now passible waing the aay; it mighe he
wsciul o exarine the size ab che cifect and narrow
devwn che repion of each Q7L
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