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AFRIT 2011 (CFpL 23) FEEIZET 2 UFEFTOREIEENC DWW T E D LDt d
DT, THETHMEIE., V7 ) MENTHAY — VOB Z M A ICHW-D> D &
EFfEE 72 20505 & LT, DNA FEFEFEMAbZ B E L7oE 2w T&
FLZ, ZOERKDO—DE LT, REKFTHLZ v—7 1 -16 KIBJED DNA 2
WHEZBE L, Fx V7 Oar ha—LEARIZLTEE L, LLERL, A4 -
AT D T HEAERITE L BESY EEEE L OoOX L T TER D
A,

UV ) AOfREELISE, KEO SNP (1 RS A) ~— b —OBRERES L0,
5 i (50K) 70 JifEl (7T00K) @ SNP Z45#k L7=F v 7Aifilk STV ET, Y4
WFZEETCTH 2010 AFEEDORERD 1 5& LT, BEMEFHROFREDOZL VN SNP %
460 JTEBAR L., T —F# _X—2bL L E L1z, £/=. VIHRAEE QTL O CTi.
7,000 > SNP Zi{EM3 % Z & T, RifZedudifb & =2 2 ORI Z #ER T 5 Z &2
TEF L7z, YUHFEANEL. WAETHLIETHLIEMZ SNP [HFHRAEE I TRY, it
RPTHEALTHND T VT ) MMEROMEI & Aot C, S%OFT=REREHT5 L 2
ATT,

WA — o o —ZIEHT 2808 & LT, 7 Ao X o8 BRI % iR
DT Fx Y — MEMTE FBISE O TR Z R L TWES, G ch =¥ Y
— ARENTIC Ko THTER U OARRR % 8 » AL WH MR THATLZ LN T
TE L7z, ZOEMIASHRCHIEFL ThunE BunEd,

B\, KB THRE W2V BMOKPER . TEfR & TR 2 TV - AR RS
& MENEANRERE - SERS . LEFIE A2 D TE EBRIER O AAMITEL B
fLH L R ET,
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FEBROERIL, BEOREZ EMICHE L, BEMENICESW R EZITV, ik
ENTERM OZE DRI EZAFET D E VD, —EOEEERET I LiIcky, BF
LW FRZEENICERT2 2 810H D, 2070, MFEFEHRE RBBIESWTHEE
BEFENTIECL Y EEOBERURENZHE LREDM TN TE -, —F, 7/ AR
BRI, FHICBOTHEBHEOERNEEICHES, DNA v — 7 — L RFFEICE 59
2 BARTEI D 2 VW TR T (QTL) & O 23 FTREIC 72 o 7o, MR 23 D13, DNA
~v—N—%fEEE LT, BREAEICESA LB E TR 2R T 58 LB REIEOBF S HIFE
T&E%, ¥72, DNA ~— I —ZfEiE L LBEHERERERTFOXY VT DORA7 J —=>
7 HEREIZ TR D

TrEOHEL, SAEOZICE L TEEEROHK, @KEONEER SO TEEL
WEHETTERa A ME - @@ELE ISR TR bR WRICH D, ZDOTDITILEE
BiiOEARTHLIERFE~OBEREEHFEIATI ZEBMNATHY . EROFH LWEREH
WMOBRICRAICEFTIOISLERD -T2, 2D X 5 RS BHKEEDIFED  &12,
AARHRREESED (M) 2EBEE - SERBISO ZHEAZ5S T, AAPRBEESOEER
BESOMAICE Y, (1) BESINGSMEEBECIIRFTNRILIND Z & LRoT,

1992 (CERk 4) FEENLBBSNTEDO 7Y =7 ME, 7 ABREHEIS 2T A DOBR%
DHEEE D | BEMEREFO DNA ZEHEDOHESSCWESRERE DT ) KENT~ & NERIER
SN TE Tz, EERHD] S AT LDOBAFE TIEELED DNA ~— I — D% - BRI E~DfL
BT EZITV, 260 —I—Z B ERERRT 2 2 LI R0 EREHC8 8 ENEM E
KR TELZ LWL Lic, EEFENOFEZ, RO M L—H YT 1 ZRFET
DR LEME blieoTnd, BEMEFCIX. BB, BBME, SLAX 1 IS
AONTZE 10 FOBEHEEFROBE T 28 E L TH ¥ U 7O DNA ZWHEZ % L, #Eix
PEZR DOIATIZ, ZD%. UIRs 7 AOfEGE (2009 4) »bisE 5 SNP O ERELD &~
BE TGO EOBRICE D IE S LTV 5,

1994 FFENOIRIFE OMNT A E > 7243, 2 O CTHRE IR O S EMFITEE & ik &
S T RFEFZEIL, BITEICE D £ TRkt S v, UIFZERTOMFZEERIC & > TRAI R iz L
2o TWND, REE ORI Tl RN E RIS T 5240 QTL #LE-ST
(P<0.01), % QTL O FEOHETE 277, QTL OEIEFZ Db D EFET L BN &2#HT T
W5, BRFEORITICB N TS, &7 7 AORGIHE D Y — LV OREIC X » TR FIET
DL DOEFRMFT NS ) LT A REEMRT~FEL T\ 5,

TRE T 1992 FEEBIM 2 4, B 2405 4 A0 DHE L, MIROMER - kL &
HICHERBEE L, —WFE 30 4B & 22> TV, MBORILOE LI L W BEE X5 21572



{7pote, 2011 FFERICIIFTE 2 & E BT 3 4. W8 11 4 (F9EE 6 4. #F9Es
BB 54) Lol (WREEA4ANBITEITERLTTLDOEEHE25),
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28 2011 (FERK 23) FEO#E)E

1. BFFEHEE DR
1) WA NERRRIC I B EE A Bhih)

(% 20 EEENM 7 ) Ae, KE - T oI, 20124 1 A & H.002)

UL DBRESIOER L KRS — 7 o P — OB LY | ZORIER TIREED b
M EOATE SNP F v TORFENMT O, Tha it s UORETIRAA s ) AERET
BB THN TV D, BIBL 2> TOEZHMROEFIZON TS, 4/ ARHICHV 72 K&
T ) BATT = RO TR D T ) LY = N o T DB
HOMNCESNES ELTVD, —H, BECBWTYH, 7 MBEOEMREDM L4 B L
TR D S ) D) =i r 7 LRBEICED 3 BEERORENThh>oh 5,
v ) BWFFRIE, RN Y — VOB S A NRRIEO BRSO I OB R OB
REVIRDBPEC A S TR B 2,

(1) VvSNP F v 7

(7> LD SNP F v 7O & 4% E SNP F » 7" HD & BOS1 @ thig)

7Y SNP F v 7%, A v 45 50K (2007 4= 12 A #ikBA%A) . HD (2010 47 A) .
3K (20104 7 A) @ 3FEN, 77 4 A MU 7 24k H Axiom BOS1 7 L4 (2011 4 1
A) RSN TS, LD v 71E, A VI T 3K F v 7OKERTHY . FFITBNT
50K V= / ¥ A 7OHEEE LV @O IEFEE TIT2 5 X 912 50K F v 7 D SNP #®O0Veks
L=t D THD, 6,909 D SNP B EH ST\ 5,

—7J. Rincon & (B 7 V=TK) X, "NVARLZA L FliL vy —T—FEE2H T, HD
(7 7 & EICZERRIC SNP ZELE S 2 X 9 128IR L7 77 7 8 F{E D SNP ##5#k) & BOS1
(% dbFRIZ 31T 2 B R A & BRI BI D N — R R e D KO IEIR LT 64 77 8
TH > SNP Z#5#) % bl U #E{REHTE D@ SNP (1220.9) 38 L OLAWED 720y SNP
ZBr< &, HD TlX 22 75 4 T, BOS1 Tix 24 5 1 T, W&EEZHEDL 355 4 FED
SNP [F#Hha/on s Z L almiE Lz, a8 —#ZA (CNV) 2oV T, mM&E THRIETES
H D, HD TOH, 5L, BOS1 TORBHTE L 6O HLH, Licni->T, WEZHF
AL, HEOBEGFHEZHET D Z LICIVRRDERELZEDL LN TE D,

(2) 77 K& L 11,000 FERS ) LT7ayx s b

7 MR L R CT RIS OV C OB 7R & I E AN & OFERE A F 2K SNP O
B FRIZA a7 241 T &, fEREmMFORNEZBEFRHICKL D A7 TFHME L., &
BTHE0H D THD, KETIE, 2009F 1 ANDRNVAZ A UHEE Y v —P—FIZON
T, 8 AlCIZT 7 7V AL AFEIZONWTH Y ) ABREMOARXBRERN 2SN TS, D
%, IREE SNP 7 v 7 (20104 3K F v 7, 2011 LD F > 7) OBRBICLS =2 A MET
BLOHEFOIEREE SNP V. ) XA T 55 Z I LD EMEOR EBR G TE T,



7 MEREL, BIBREICHAST, BROMEEHS D £ TORFMSL = X b &2 RiE 2 BT
TELEWVI AV "R HDHN, —EDEMELZELT-OIZIE, Z3FEFE L THTHEOM
HEARR LB T2 KELAOERCMO BB\ TS ABRIELZ AT 2 0F# Lo
72. Hayes & (A—AKZU7) 1%, 2011 4, 50K SNP > = / ¥ A 77n5 800K SNP ¥ =
/&4?%%m£%§f%ﬁ?%é:k\SmKSNPVI/&47%%m5:km;off
J NREOEMESY B, £7-, BR20MEICbEACELREEOH DL EER LT, £
LT, 800K V= /) ZAThel ) AES (ﬁ‘f\“(@ SNP V= /) XA 7)) BHEETZH L

. B O S ) ARSI — 2 iR IR L 7 ARSIHEE DT DS EE
Ikbfﬂ%f%éfL%O@ﬁ*#/AJ%ﬁ%%%LKO;hif_wlﬁﬁ¢klm
B (BN AZAFE, 7Ly E—F, Py —T—Fl, Ly NRAVAZ A FE, 7 0 ATH)
D7) KWEEFNT — H_R— 2| RA 2T Y (http://1000bullgenomes.com) . BEEARATSC
77 AEREMTENCHN STV A,

WHEICBWTCHY ) ABEREMTFRINRSE SN TWDH, 7 o0 AFERERES 3,570 884
7 a OIEMEEIX, 0.38 (HEFDOIEIRE) 7°5 0.85 (1 mkHFEA®R) Th o7z (Saatchi et al,
Genetics Selection Evolution, 2011), KEIZEBWTCIX, 7o T ARUIMZH Z < OMFEDBA
FLLTHBINTWD Z &, WEREIZNER, HERETIM S OEERE _Ob\fa)i‘%ﬁ”
ERL—F AFE SN TN LD, 7 AFREMO RO EREZ BT 5720
X, TOWEOEMEREZFET RELLOFRENRENTND, [TUHAT ) 570 y‘:
s b T, TOR 1RO S ) L) S—r Ly Vi, ERHEE QTL 0%
EERRIENHKALINLTND,

(3) AHEOBMEERLBIARRRKEFORE

BED 1VERINCBIT 20 V7 7 AMETOERIZIER E L, 50KSNP Fv 7/ vy 7
L. ¥~y 7 L% Mb f8ikz2 kit —r o —Cx—"Fy N o—r v 74528 T
—RUCHEMEERARFEL TWD, LLARRL, SBFREHNTo CE X Y — AT FIE
TR BTV, 2011 FFKIC Agilent 260 2k Y U F ¥ 7 F v —F v FAFETR I
DT, SBIMEHAEINDTEA I,

(3) — 1. BIEHE~ZFENE, ZHRE AV AZA LT VX —V—F - 7T 7 AA Afh)

VanRaden © (USDA-ARS) 1%, 7/ L@&EOTZDIZINE L7z 10 HEELL EDO KRNV A Z A
VFED SNP BT HRERZ AW TAT a2 A T2 L EFICBIT A2 FEONNT a2 A
BENRF SN OBE LV ABEIBENWDOZRKE Lz, B3> (5 5 FRAMK-HHL, 51
TG R-HH2, & 8 FREAMR-HH3) IFBSTHL Z X TFHRINT, T b OHEEIX
2.25°2.35% LRV DO T, BIFIZHER S L0 EI DD LW SR L TWD, FERICY ¥ —
UM (5 15 FYAIR-JHL) L7 T 0 A 2 (5 7 HFGREAMK-BHD) ([c2nth 1 2%
FEMED AT v Z A4 TR S, BEIX 11.7% & 7.0% Th > 72,

HH1 %, flEF 07y ) 2V o=y v 7 eyl 4 THERIZEY ., APAFI




(Apoptotic peptidase activating factor 1) BZFDFT B AERTHL Z LnbhoT
(APAF1 7 v 77 7 b~ AR AEBIEZRT), APAFTIZAEEREIRLT A~ — 2 A
BfRT 5L 3nnTnb,

(3) — 2. Brachyspina (AR/L AKX A i)

Charlier &5 (¥ —, VU —T 2 K) 1, FIVAZA IR LN D HMEEEMER R
Brachyspina (BY) &2\ T, 6 BHOFRIEEK L 15 SHOMFE F 4 50K F v 7TV =/ XA
7L, %21 BREMK LK 2.5Mb OFIKIC~ v B 7 Lc, 1EHORIES L 3 HHOIE
miEEFEFOY >—r 7280 JREIE, FANCI (Fanconi anemia group I protein)
BAGFOTF Y 2 2627 [THY T 5 38kb DRETHDL Z L2 R LTz, MRBEIRTH DI
LD LT, ¥ UTHEN 74%EmhoT- 2 &b RERKREROIG IO R %
BN L ZA Fx U TARELOREIL, IEIRANSLOBE DK 5%1& < 72> Tz,

BY OB FZMNIIENE T EmS D,

(3) — 3. Color sidedness (- V7 T )—fl, 777 AA AFH)

Color sidedness (DO EBIZAWBEEIZITEELRH D) 1L, WS ONDOMFETH DI,
EMEEEEAZ AT, Durkin &5 (V¥ — Ux—Y 2K Nature2012) (X, _LV7T v~
7 )V —FiD Color sidedness (355 29 HF YR _EIZEH 6 FYEIRD KITEBR T % & T 480kb
DEENEE LI D2 8, 77U AL 2D Color sidedness |35 29 FYL KT
Wt 7= KIT &1 6 ZYtiRo KIT @i FEOTHICHEORE L2 bick b Z
EEWOMI LI, Zhubid, koA Z I L THEEET % FoSTeSINMBIR A 77 =X 4

(Zhang et al., Nature Genetics, 2009) |2 L5 EEZ LT,

(3) —4. Weaver JEWERE (77U AL AFH)

7T AL AFEICR B DB TEBIBIEDEITHEMRE MR B TH D Weaver JEMBEREIT.
1993 FIZU VEH 4 FREEKIC vy 7 ERTVW L OORKERTFIIFHATH- 2,
McClure » (USDA-ARS) 1%, 208HDO X v U 74 L 51 BHOME % HD Fv 7Ty =/ X
A TTHZLICED, K 4Mb OfEIC T 7 A v~y B Lz, 10 DX v U T4 L
10 SHOMEF 407 ) 5 DNA NN T — NV LTI o—r v 7 x24T0, R IR E 72 55
250kb DT Z A T EB LT LT,

(3) —5. ZoDfih
BIEfENT & 2 v 7 70 b~ R & AW EHTIZ L W RIPK2 (receptor-interacting
serine-threonine kinase 2) 2% 14 FEK Lo ¥ = Hitk QTL OBEEIEFEE X B
% Z & (PortoNeto &, CSIRO, A—AKZU7) | 2% Scurs (FH ) MEGEREOFRKZE
B UCHE4FBYROIRD TWISTI (twist-related protein 1) BEFHND 7 L— AT 7 NER



ZRHELZZ & (Capitan 5, INRA, 77 R) | T U HADEENRIZHOWT KT A7
V7 h—2BIOZE Tz MW ZITo722 & (McKay 5. X X—VU K, XKEH) ZoHgss
N o7z,

Fo, KETIEZ, U UFERISRIEEREIC OV T, ZFEORRR L BB R X HIEE L
K7y =7 b (www.brdcomplex.org) MBHIE I D & DRI H -7,

(4) S%OHED S

(4) —1. SNP V= ) Z A4 T DOEMHE

USDA-ARS TiZ, (3) — 1. TR XHIT, HFICBIT MR E b 72 b T BIEHIE
BEbsnHiAHL, ZON 1 »yFTORRERZFE LT, ZOMETEIBRENEREZEDL S
J LY (NT e XA T) FAT e TRIBENAN, RETIIFELRNE VI B HZI
S>TWNWD, EDT=, 1 HEALL ED 50K SNP (5 i) ¥ / % A 7' & 10 FEERE D LD SNP
(7,000 ) Y=/ XA TERHNTATBX A TEFERL, TUENDRE - ~T 0D
EEFHRTNWD, ZOFEEZBREBMEICEHT T2 & MEROFRRE LA O TE 5 AHE
Wb 5,

ZIVE CHEREMME ORI E O BN TR TEEHE D 50K SNP = /) A T HERE L
TWADHD, A% bEHEICHE LTS

(4) —2. SNPV = ) ZATDA L Ea—FT A ay

50K SNP V= / ¥ A T HEELCTITIE T A MR hond, Zffi7e LD SNP #HW\W TV =/ ¥
£ T w5, ﬁMSNP/:/ﬁ47%HDSM?WOE@)/1/&47%%”%lkbf
LDSNP V= /%A 7% 50KSNP =/ ¥ A4 7L LTCTHITSH (impute) I &NEZE(IZ

%o UTVVESE, FEEM O E A W T, &m/¢/547ﬂ%7/AmWVAw®r
WMRFOLNDE D LR,

2) U EMENRE O DNA 2 Wik 0Bl %
(1) BFZRAEYR : 1997 4E—2011 4F (YRR 9 4 — SRk 23 4F)

(2) HFEEME BIFF S LD R

UV OBEMERR O % A THEMEMEEER CTH Y, BIET D LB THOBFEL 720 |
BFH BT RE WV, KEETIEL, ZNODEBICHOVWT, DNA ZIEEL L7 ) —=
VI REERET D LRI, S OICEA TEREERFRKE G O - SFEZTTO. 2
D XS 72 B ER S IUE, BIETOEREZBRIHTS DNA Zic k> THxx U7 OR
V==V 7R TE L, BEMEERORBIELZHIE L >o% ¥ U 74O BEHIRE ) 2 BRI
AT ZLINTE D, 2011 4FE £ T2 10 EOBGHEERBORNEREZA LML, Einf
Dk a ST Lz (3B 1),



# 1. BEEMWEROBE TN O 2011 FFEETOE LD

BT s | ERAET | ERomE | Do |
7n ;%;l;'m o C""(";ﬁ‘%’l 6| siboxia | Ho | =@
—
€Y 75?%;;%@%% mem | 1oy S | »o | =
Chediak-Higashi . -
Ja—7 42716 - o =,
SRR 5 A 7 2 HEfnfE Claudin-16 56kb ™ /KiE H =
B R A LIMBIN 1 M AL B =
R AR BEMRE | “orm) 1w otmm| 00 | FE
T R B $f2£4 HSP70 11kb D /K48 HY il
REER AL | BEME || WEDCI VA | B0 | mLAE
< IV T 7 REAGERE AT TG e
() HEfmfE FBN1 ERE (1B HY HE5H
W REE | BEME || GFRAI VR | b0 | mae
| R AT R | BB IARS VR | b0 | mae

(3) U VBEEHER B ORENT
EEMEBLIOFRNVAZ A FOER 6 7 HE TOFHERERIIN 1I5%ICELTEBD, &
FERORBRIIEH T2, TARECICE T 2 BENER Z MBI 57290, 2009 FEND
A% SEMINICHE T LIERIE-FAETOV L TAEZREL TE -, ZRECREMED [14
JEHIIEMERE)] YV VA 163 HH, BX W, EF4HFDOER 490 Vo 7 AEIE L=, Fi-.
RIVAL A FEOTAHRERIZE LT, 76,000 JEBT — 4% & 4,040 EOFE ¥ 7 LA INEL
Too JEGIHIZZEO TFAEHEGER] ° [HK] RENRLOIL, BEMEL IOV H
A FED VA AEFERAIEE B REM IR X 5BV Bz,

(3) — 1. B EaE (MILRF: & DILFEBFIE)

BEEMMEICA SN DAE R (FMA:Forelimb-girdle Muscular Anomaly) Of#E#T
EATo T, RITHE £ 9 EVESR BEHOMME 2 &) (ZET 2 26 SHOFIEF 2D, 258
BHo~A 70T I 4 h~—T—2HWTHRIEL OREMELTHRT L 2 A, U UE 26 FYA
BOTRATRCH D~ —D—HRRELABICHEEHL TWD I EBbholz, TI T, Z
DOFEIKIC S BIC~v— A —Z B LAT 0 ¥ A T et LR, 2007 45 £ T2 FMA {54
fEI A 3Mb £ T - 723 KR & L CE O EME R T 0MFET 5 (Masoudi et al., Animal




Genetics, 2008), & Z CIRR > —r o —Z2HWT, ¥Z x 572V EKROH 5 FMA * v
UTHEIEFEEDT ) NERIZZ OfEEO DNA BLF & ffat 3 5 2 & ZhaD, 2009 FEEIC
FMA 781k DNA BB 2 /& T L7z,

X v U 7RO YEHEICITE 6,194 OEBWHNFEEL, 2095 bo 4 83 Y%6ERIC
FET DHEREN B OEEICES L CWA Z ERNHBA L, £Z2 T, ZhbDERE IZSON
T, BIEMEK, Fv V7, EFEEORT V) —=0 T fTo /R, LRROEERERD 5 b,
GFRAI 51O EERIT, —ROBEMREICIIHRH ST, BEEES IO v U 7R
By CTh o=, GFRAI BRI OMRERTTH D 7V 7 il b iRk & HE 1

(GDNF) OZEEEILFTHY . MEMEORKRE & LICEE R RE 2 R+ 2 ERnmb
NTW5, FESNEEERIT 144 FHOa RUoa2&ilba RAThz v AR T
b, KELBTOWREBICKEREELEX DERTHDL EEZ DN, Z OHEEEBITHIR
i£3% Mwol % flv 7= PCR-RFLP Bl L V2t & 5,

(3) —2. =77 el (KRR L OILFEE)
HEMEORKEREBELOE IV T 7 VIEFEHEBZONIRBERENHA SN, £
DOFFEEZIERIT, BREIXEFEZ R THAERENR GO (ESHEETWAHEIZR), B o
BlChH-2ENRENY (HR) 2ETh D, Hrld, FERBFORTHE X 97 0nER (i
RIFSEAEA 36 B, TEH 4 10 88) 2 MW T A /L 2 F 50K SNP F v 7 CTRUE L, % 10 HY
GiRIc~ v ¥ 7 L, Fibrillinl (FBN1) DA T 5 A 30 TEN.OEY A 7 R NFRK TH
5w R U, BIES 36 BHOWN FBNI1 AR & /=D 31 88 TH - 7= (Hirano et
al, Animal Genetics, 2011), FBN1 Xt DO~/ 7 7 VEGEHOFRKERLF L LTamHN T
W5,
TIIFR Y O 5 BEIAIAE Z 572Dy, W (3) — 3. TR 5 1 B EFHEMREE (WCS-1)

DFRZERTH D IARS ¢.235 G>C i~/ 24, WTFHLRERERORTHAEKRTH S
ZENbhroTls, FIEFAIZWCS1DOXY ) T ThoT,

(3) —3. 1B AEFEfR (WCS-1) (I RIR & ILFEHFY)

THRIPEGREY, BEMEO FHEEFRNON 20%% 55 L E2 b, BRERD
BRI TVDM, TN E TERMBIT T~ v B2 TIIREIN KD > Tz, SENE-4ET
JEGEREFIEME R Z RO L D AR BEE IR U7z - (1) A% 3 » HURNTRELE L=F4. (2)
TERHIMANIER . (3) ARFAED 20kg AT, (4) BAWALNKREE, FAEF 1356, EFF
B0EEMN LR DRITYE ¥ 9 1PV FE R ZMER L, BovineSNP50 BeadChip (- /L2 F4E) % M
WTC, REFEA~Y Y EL T 2{Tol-, BIESF 115 (84.6%) THl L THEIZ/R> TS HE
A 8 YL RITHM LT,

UL DEFX Y — LENTEAT O T2, 174,3TTHo=F% VY 22 —F v he Lz, 7=
XYV ¥ ¥ 7 F¥—7 LA (NimbleGen) ZERL7-, FIEH 2 BHI L OUER 4 2 BHIZ DOV




T, XY=L =l THT74 77U —%Ef L. Genome Analyzer Ik (/LX)
#H) ZFH\W T, 40bases X2 @ Paired-end > —47 > 7 #4To7-, MHEINT-T I/ BE
PR T D 2 X HERE~D 223 PolyPhen-2 38 X OV SIFT # W CFHIL 7=,
BEEDONT o Z A T TRENDT VAR E —E L, BlaHEEICEET D & THISN
% 320 SNP gt &z, Zhbd o b, 1 Ve AL tRNA AR ER T (JARS)
BT DERNFERTHD Eftmm LTz (1) IARS ® ¢.235 G>C (p.Val79Leu) Mgt #a%
H7- BT ARAEMEERIE, EFFER (1,793 86) IZFELeo72; (2) TARS @ 79 10D
N v (Val) 1%, FEBL THREFESINTNDS ; (3) EFRIARS D 79O a2 a A v
v (Leu) ICZEZ2%&, IARS DT X 7 7 U MALIENEIX 38% L IR T Lz, Z DI EH ¢.235
G>C |3H#IREESE Hinc1l %\ 7= PCR-RFLP {51 L W 2T & 5, IARS NRR O F1E55
JEEREZ 1 B A s9E B (WCS-1) L4 T 7=,

TARS ODEVEEROMEEIL 9% THDH Z &b, FHEFRIED 1/4-1/3 BNHHATE 5,
L t41% IARS YA OJFIR THRE Z % RIS AEGERE O R RARITIC B e LB’ B 5,

(4) SBOEDT;

EWNTHEAEL TV D FHOREXROZOIC, AFEieY 7Y > 7 LIEFIRLG 2 IUET
DRBEND D, BREOWNIEEY . HMEBRIEIFO MR ZR~ S5, R, FHESIEMRR
DN, WCS-1 LIS DIER 24842 L. ZRIT 21T > T <

3) TIRBEIEE D DNA BfEFEOR%R
(1) WFFRAER @ 1994 £ —2011 £ (SERK 6 4F— Rk 23 4F)

(2) WIZERRY & IR S D RR

EEDT 7 MENTATFEOMERIL, M 2 AW CTRRFETZEICE G35 YLtk Lo,
HOWTBRTFERET DI EAWRICLTE L, £, Vv as /) LD T—KUIIHE
L7277 ) DRMT Y — L DG 0 . SNP 2 W 2 ZRIIT-C—IREM xR & 45 7/
LU A REEMT OERAFRE L 2 oTc, 2RO DOFEZHWTRRBESSEEBZE R LD
EPEICE G 2B T ELZRET S Z & T DNA [FRaiEH Li-sae Ak
%o

(3) UIHEREEDT ) LN

(3) — 1. BHEEBT DD DNA ¥ F LI

1994 FEEDHIER (19 3ER., 2011 ) - FEURFEM - FELB 7 — L ILFEF
FeaFEHL TWD, FFERMEFZ R LT 5 RBUERR G FE L I TEWEREERT D Z LI,
BBV TUERE S A O BRI EE ) ORI 72248 & Sk IEAR OERUICEZE TH D |, H»
D, ZHELERRNT A FZ R OMERIIRIFE RIS ET 2B TARET HOICHEHATH S,




Z 2T, HAREFIESCHALESSE I B WO CTIMFEFE RO S R EF 4D DNA o 7 L%
IRE L TWD, 2011 FFFEF TOIEDRRIZER 2 DiFEY Th D,

# 2. 2011 - £ TCOERFEFF DNA W 7 VINVER L

FHE &=
2001—2010 23t 50,573
2011 2,610
Bl 53,183

(3) —2. XFF¥EEHIEVEREHVDLENIEED S /) Mg

FEAEOBRIEIXZEOBETFOMEG T 5&8WFE (QTL) TH 5, QTL DY/ AfiE
Hricksne, eeafrsm (kY A X, chromosome-wise) X°7 /) Mg (7 LT A X
genome-wise) I[CHBEKELZREL, ZERELZMIET DA X — vy B TETHD
QTL Express (Haley et al, Genetics, 1994) MEN TV 5, WAORKRFEE O QTL fi#HT %
ITOBRIE, LIX ULIREEIRE 2 RRRICIT 3225, 20 X 9 72854 False Discovery Rate

(FDR) (C X VAR IR T 2 LE R H 5, Fxld QTL Express 23 FFOMEREICINZ .
FDR HiH#aE. LOD A = 7 B HBERE, NEAZFniR ERERE. Pleiotropic QTL % HIF¥RE S 4 F24k
L. %@ PDF 7 7 A Vitihig & FIAFORMENEZ W ESETE 2, ZhET, BHRPE
ORBIBMEIL, £7—% BHTREOE) 2Z20FEANTE R, Zbid, B, B
BHIM., FE, FH., T BRFORELZTL2H, TNOEXEEDRE L THAD X
Y27 a 77 I Glissado #tE L7- (build 219),

Wk 22 FEEH BT 3,000 fHD SNP RN EH¥& £ 9720WHEHR QTL ~ v v 7 % B
1 L7, SNP 5 — 4% Z W 5354 . RYEIEOFEHEE 1T Y 720 OB EHE 2 ERT 508,
[HAR—= 2 Tk, —§@kdHi=0 3222 5~—I—%WH ZENTE R -T, 2k
EOHBEEELEN-T-72D, KR TO~—I—8Th-> THEAMNRFERMANIC
SNP SR INC K BT — X ZfRNT CX 2o e, AN—T a3 3 1 Yetalkdhi= v 1,024 HE T
Dv—H—%PzDEH, JEEEZITHIEEHIC, 7TV XLORELIZL Y FHEEEDOK
ME7em EA R L, SNP 7 — % ZfEHfT C&x 5 K 91272 > 7= (Glissado version 2.2.7 : build
259),

(3) —3. #AZ 2L 3K3K.LDSNP [Z L AKHFEE QTL~ vy
ZHET, BRI TAT v 2EWIPE QTL 232 BRY T, BEMERX T X &
ITENVEHNGI, v~ 7uHT T4~ MS) ~— T —%HWTHIT 24T CTE )i, K=
 CHEIMIZC QTL ~ v B2 7 &2 Efid 5 72 2010 42255 3,000 fH D> SNP 75725 71 A
B2 NTF T HREAN LT, 2011 F2 3K SNP (3,000 i) 7~ 723 iiflk S 4, & 512, LD SNP
(7,000 f&) & ik S47z,
4 FHAFT 1,000 HH % 0 OfEEE 2 TOHEREEELEIRICFE —~—T—% v TR




EXATHToZ LI D, F&E L O TREVWERMBHOBRIZIE TR THRE] O~v—h—FHRIT
—UMEA LTy, & 2T SNP &4 5 Afifth Tld 4 R, BET D4 SNP ~— 7 —1F#H
ZRFALT, 9XTCTo QTL oz A5 L L bic, QTL~y B 7ot haEmd b 2
EERHBE LT,

RN G% 4 MO BB T & £ 92T, ErKiZEh i 175 86, 282 §H, 283
UH, BEL 251 88D 2%, BFF 991 BHT, 2004 42> 5 2010 DRI 8 AT 1 TEAS
SNTc, MEETRISIZEIL, RAERES L OB MEEH (LLT BMS No) & L7, 2,800 f#
® SNP Z#&teh A% 5 3K SNP F v 72 X 0 BVHIE L EESH 72 0 ORPHIESR 0.95 LLE (T
— X2 R 5%LLT) . SNP H7= 0 OFPHESR 0.95 DL A L, 2,764 {HD SNP 23R L
776

P TVITEZ L TN TH DI, BMARMHBEMT 217 5 O @ ch 5, R 7
NOBE . EMOBELAET S L0 b, MEEHREZFIR L-IESET /LT SNP 2584 #
ETHHFNEYTHD, LnLans, Bz BREMMOMEIREEZ55 O bod THE
Th 5D,

ittt 7 b v =7 EMMAX (Efficient Mixed-Model Association eXpedite, Kang et al,
Nature Genetics, 2010) 1XIREET/VICE D SNP W RAHETET 5 Z R TX 508, MAETHE
WIZ X 20 FMEREATHIZ /O E & SNPBEFRT =200 17 LABERITH)
EERT 52 EMNTE D, AN, 3K SNP BT —4NoRIY 7 hoy=T 2k 7/
LBEARITIN G, ZHERIH Lz, didh, Fik, Az EERR L L, % SNP 23K 2% RO
HEE ATV, £ PEAEH L=,

AR DOEATIZ 3T Bonferroni ffilE L7= P=0.05 IL P=1.8X 105 THHMN., ZORMHEILH
FVIRTHITHD L EZADBND, PEOHIFHEN D OTHEN+50 A 67z P=0.001 %8 E
B7eBMEE L. ZhE FRl-7= SNP 28 &L Lz, BRNEEOHA. 6 AOYk bicBiE
NS, O b 3T CW-1, CW-2, BEIOCW-3 L —F L7, 2@ (31#) » SNP
IFRBREYE & ) EWERT ClE#lE ST QTL Th-o 72, Sz QTL
DB AT OV TIEA & £ ) EVFERMITICB W THBEET 2 QTL & L TR STz,
BMS No 4, P<0.001 @ 10 @, 6 E1AR#HE QTL Th-o7lz, £o, FFErH770
FRIHTICB O THBET S QTL & L TRHENZLDIZ 2OATH - 12,

FAER QTL T2 ETITHRHELTWS CW-1, 2. 8 DRENKRE o208, sk
B O QTL 2T 5 2 LA TE 72, BMS No IZoW T H WL SO QTL Z#H
TEREEEBEZONDD, FAERZ QTLIZHKT 5 WITN LRIV EDTH T2,

(3) —4. KAHPEQTL ~ v 7 DHH

BREFEOILFEMEEE LT TELRFFE L IHITEVEREZHWEREFREO~Y vy B 7
A 2006 FrbHE LD, BFHE QTL v v V2B L C& 7z, HEFE R TR SN

(Replicate =#172) QTL 1%, BE 7' v ¥ A 7O & BEENTIC L > TE(LHERKZ KO




HZEWTED, v~ v TEREM-EHTZ L0, AR 7 LIS 5 15 % I EAFZer
BERNTHAE L, ROBELEBTHREOY —Fy N RTEOICEETH DL, BEEHNI~
v FEEHRL, BEERTHREENT- QTLICOWTIZ, BEANT 0 Z 4 OB EZ1T> T
%o

2011 FEEICHEH &z Tf14 QTL ~ » 71 1%, 3KSNP F v 7 TOfEREZ G T 44 F 4
DFERNORKY . AW EFRIIREK 18,7148 - 72> (M 1), il Ean7z QTL &~ v~/
(S S HYEI, @AY 4 X P<0.01) £721% TFDR<0.1) & L7-,



&
-]

1. fni4EQTL ~ v~

MEQTLV + 7 201252 R ERN



(3) —5. U W EERT O
(3) —5—1. CW-1 (BiAEE-1) OfEir (BEVRERE oILFEFIE)
50K SNPF v 7 Z W=7 ) LU A REREMATOR R, 5 4B LER TR S BEE O -
72 SNP-4 %, LARTIC CW-1%EHE U CIRE L7ZfEE 5/ IMb £ ka2 7HIICIF/E L T
W7z, SNP-4 DRI~ A 7 a7 74 h~—h—%Z2H% L., BEEHERNEE~ vy B 7%
{To7-& A, SNP-4 FIOHNLANCRE L7- 1.1Mb fEigk L RO EE#EAZ R L, HO
CW-11% SNP-4 AL DH) 940kb NIZdH D LB 2 biviz, £ 2T, Fit CW-35Ek L AT,
H—2Fy N =7 U RAETV, EEERAPER LT,

CW-1,CW-8 DZNZENICHONWT, ERAIKE, ~T o, FERMKREDEGFHEET
DI SFEHOEKZIRD, CW-1BLV CW-SHEIEO X —7 v N v —7 T RAEITUV,
T fERIE~ST el o, ERERES LIEERBIARERFIIAEVICE R DT VAR IRT
TR A Bt E LTl L, OW-1 sEiiCi 213 @ SNP & 15 fE# @ Indel
(Insertion-deletion mutation, i AKKER) RNHH I, ZhoDH b, Brrox=F% Y
VINOERAE L AR TCOBSIORGFEEZRTEEO VU E S TH S PhastCons OfE
N 0.9 LI EDER 6H (RiELOEEHY) ITOWVWT, HREREEOBEEZHAT, —H.
H—rr sy REID Y B — 7 = XA TED R Do 7= 812 1E PhastCons DAY 0.9 LL ED
EEALEFTRHY ., 220t Py —Y—FEX RV AL A CFEOEM TRE S -5 QTL
DEEEENEG FI W= (Karim et al, Nature Genetics, 2011) , = Z T, ZiLZDOWT
b, HAEREE OEZRZ, TORE, Karim D O#E Lo B RN K S BEE N < |
CW-1 DEMERLZZ2 bz, Karim L OWE LIZERANT 0 & (7 L BEMEOER
BINTaz2 A4 7L, BEEERZOLP—EL T,

(3) —5—2. CW-2 ((eNER-2) OfFHr (BERER L DRI

UV 6 FROK FoKNER QTL 1L, BEMED 3 FREBEMED 2 FZ RO H
FRBHT TR S L, T e X A TR EEE AN~ B T ko T BEE RS
L C NCAPG (condensin complex subunit 3) @7 I / f&E#i SNP (Ile442Met) % FFE L
(Setoguchi et al., BMC Genetics, 10: 43, 2009) . FfiFzHis L7z (201143 H), £7=.
BEWRE R OMBREMREAF 800 BHZ W CTHRER L OMEARIAIEM & ORFEZFH~, CW-2
EEE., KR, KEoWTRELEET S Z & TORIFERER L OREB NIz —E
LCE#HT DL EEHLNI LT (Setoguchi et al., Animal Genetics, 42: 650-655, 2011),

(3) —5—3. CW-3 (txHEE-3) OfftT (KRR - BRE - EHRE - RIFE - SEIUA -
P IR & o IL[ERFZE)

UV 8 F YA BT THOMBEFOFRMETRB LU AU A FEEMRHITIZ IV T,
FAERE QTL M STV 5, ZRMBHTICH WO NT v 2 4 T OREEEEST D
ZEIZEoT, 2o QTL (CW-3) sk, Hdded ko 11Mb IZRELTZ, 7/ AU




A FEEMHT OFRER LV . 50K F v 7 EITITHM T CW-3D~—T1—IZTEDLH L DR
7ol AN HD Fv 7 %A L G472 SNP 2% L, 50K v 7 EDf ) B#
% SNP (5.3X109 L0 HiT50IE PIE (1.8X1018) %7~9 SNPup 2157~
CW-3TED X —7 > Y v—7 2 A DT, EfffEf & LT 1,418 o SNP & 110 f#
? Indel N SN, ZHHDH> BT I WBE#EZ AL 5 15 {H? SNP & PhastCons A =
7>0.9 © 25 HDOZERE (SNP £72i Indel) %, #—7 v U =27 = ZIZHNTNZ20
A4FHD CW-8~T af@lff4TH-_7= L 2 A, 6D 7T I / EEE#: SNP & 13 {E® PhastCons
Aa7>0.9 QRN THEHTXTO~NT @l T~T e Thote, TNDHEKHNERELED
BEZFRTER, B FOFRICHEETLZZEDNHESN TV IERTOT X/ BRE#
SNP bW BEEZ R~ L, I ENEEHMIHOERF~— 7 —& U THRFFHEL 72
(CERk 23411 H) &

(3) —5—4. Marbling-3 (JENi7Z2HE-3) OfiEtT (IR & @ L[FEHFSE)

UV A B EAR RICHRAHME QTL 23 ST 28RO O T 1 X A 7L L B
fiEHT I K - C QTL OEtditElk % 46cM £t 3.7Mb (2 (Yokouchi et al., Animal Genetics,
40: 945-951, 2009) . =Dk, S HIZH 0.7Mb £ TRV IAAT, £, HHEND 4 DOER
FATOWTERRR L BB 21T > 1255, SYPLI (Synaptophysin-like 1) 235 b A7)
ER B 2 BT, SYPLIEIRTWNIZT X /BB £ ) AR I3, BREA (@ FE
B OFHEAEAERRC T 5 REEITIFERT (¢ FEREIV S 22 FEhoTz, £ T,
shRNA % 7 IR AR R B MRk (BIP) (ZE A L C SYPLI &5 1 O3B % M L7-
&2 A, BB ML S /%O N U Y RERBENRD L (<0.05), SYPLIE
mFD B EFBICHFEET S SNP 2% L, BIP iz W7ot —4—7 v I12L0,
SYPLI &=+ ® 5 ki 718bp (/L& T %5 SNP 78, SYPLI B+ ORBEEICEEL - 5T
ERTHLZEEHOMNCL, 2, BEROBEGREES 102 SHICBWT, 20 SNP 2~
— 1 — & LI2GEIC, @R EM O BMS () 238 ¢ A TR~ THEIZE VW (F<0.01)
Ll EMR L, LEORER LY, 2D SNP 2 Marbling-3 DELERTH D Eibim L. Fr
FrRHEE L 72 (2010 4F 11 A),

X5, SYPLINED X IZIEEHEICED > TS ONnEHLMNTT 572512, SYPL1
2R BORTERHELZ T, Ui EORBEMOSE, IBIHIRORERE LT
JNa—RA L0 HEERZ EORREES EICHV S, BIP MlIC BV TH MBI W EEEE O
B AHENEINT 5 ENHEIN TS (Aso et al, 1995), = Z T, shRNA Z#H\T
BIP #ifiao> SYPLI B DORBEME Lz Z A, FEE Y AR BT 20%8 L=, —fk
B, EEER7: & ORENMIER X, Ml EICH HREAEE R 7 v AR —&— (MCT) 12X > Cififa
NSO IAALMEESND EZEZ BN TWAH, & FTIEL, MCT (X 14 @ subtype 7* 572 %
772V —%E-oTEY, MCT1 75 4 £ CHIEET 2 EEAHBHL T\, MCT3 (L@
FE ERICORIEH L, LS D MCT1,2,4 ([IZOW L, BB HERI A BTN D,




BIP A O EEEEEL » AZ+ %, pCMB KX DIDS TE SN S Z & 2vh ., MCT1 235 D B
DIARICEE LD EE 2 BT, MCT1 (% SYPL1 & [F U < M2 B7E L, SYPL1 @
SRIFEER F T RBINENIC X > T, MCT1 # v /37 B b E 721308 Lz, UL LEoiERE)
5. ¥ SYPL1 (el Lo MCT1 % R0 EOEEZZ({L S5 2 & CHRIGHIE O FERE
VIAHZEIZEDY | REICEEREICRET L EE 2 b,

(3) —6. BBNEE QTL (CW-1.2.8 DNEHETE L EEIRA DB OWEE

LIFD 8 SOEM CHIRBAEEIT - 1=,

(3) —6—1. EREMEHREHRHESE (735 5H)

RERRM B, FE, FEABEEDHRLE L, 3 REETCOmMBEZBE LIZIEEGET MK
0ENT U=, CW-L,20OERAT UV VBRI 0.79 £ 0.40 T, MEK TR (821 » Ale) @
HHEE~OREIL, CW-1:9.1kg/T V /v, CW-218.8kg/T V )V L HEE Shiz, Wig DRI
FEERIIRE SN o T,

(3) —6—2. ZU X LEM GE, mETE CIUE Lz 2 HEALL EO RSB G Enf
SHALIN & LTT & Al L7 1,236 88)

2 HEHORERIZIB W CTHE, FE, TmHCHIEL-HERNEREMEZ AV, SIEREIFICE
DIEHT L7z, 4 QTLIC R F o 28R It ST, EED 2 2D QTL MO AEEH & 1%
Hahighnote, 7 VABEE LT VVEBZIRITEL 3 D@D, 350 QTL T, XHAUHED
RO 20% % B Lz, F/o, K2R T L1, BRET U AEKELFOIELE, KA
EEIIEMLE,

# 3. KAEREIIBITD CW-1,23 DR

T UVERR | RIEREDO ST~
Dk (kg DEFGE (%)

QHEE (%)

CW-1 74.2 21.0 7.8
CW-2 19.9 21.3 6.8
CW-3 9.9 24.1 4.4

CW-1+2+3 19.9




(kg) (steers)
600 | 600

550 N 500

400

500 T |
e

400 ﬁ § 200
350 § I: 100
800 0 1 2 3 4 °
Number of Q alleles for CW-1, 2, and 3

m Average carcass weight; & Number of steers
2. BAAEEICH T D CW-L230EBEMT V)L QHORE

300

(3) —6—3. & AUA FELEMHTICAV- 1,156 BH (Zi. FIdkmits CUNE)
ZOEMOEARREO M %K 31287, EMMAX V7 by =7 # B\, A, &, 1
LaEBEEDRE L, 7 ABRITIEAWZIRAE T T VIS X0 RN Uiz, BIEfEr i, &~
J DL ALTHEZR 3250 QTL (CW-1,2,3) BEELZ (K4), % QTL O7T U VEEE LT
VVEBNRE R 4 1R T, 7 LRI E AW\ EROMEMEL Y, 3 2D QTL Ti&
BHED 36%%EMATE D EEZ LN,
0.4

0.3

0.2

0.1 l

AR
§ S5 S & 08 & S

b3)
N N & N & N
o By © W § o8 & §
Carcass weight (kg)
3. HHWEED/HA
& : ZiH. BT QIE LB ORBAERD IR - /7 LU A RESBRET P\ V-F B4 ORIAIEE R 3H)

Frequency

7177
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e 3 5 :

11 .

10 |[CW-3| =

9 S S

1

sl ‘ ~ Genome-wide
g : : p<0.05
[ E ;

5 .

‘ i

3

2

-y

6 8 14 BTA
X 4. HAEEOBLEMNT (CW-12373A Y v—72QTL & L THSL)

K 4. BHAEEOHS QTLOERR Q 7 U VB L7 U VEH R

Locus  Causative variations ; %}TE; j)ﬁ P-value Q freq. (%)
CW-1 FIX _PLAPROTRI 28.4 4.1E-14 75.4
CW-2 NCAPG ¢c.1326T>G 35.2 5.4E-12 20.0
CW-3 SNP5 (Gene3) 46.3 7.9E-17 9.3

(3) —7. BARE QTLMITOE L L 5% OED S

BRELITSTWARFLE L9 TEWEREHWHREE QTL O~ v ¥ 71X, %k
HEFOBRIIERN TE D LW ORERH D, BHEFOFYE L O TEWEREA WU VA
BEETEO~y ECTIE, IhET .~ 7% T 74 h~—T—%HNTITo TE 7203,
K0 HEIZFRENT 24T 9 7212, 3K SNP F v 7 T35,

IO 3,4 FDT ) LB COEMNERIIRENEE XD, VT ARSI OfFGE U
50K SNP F v 7DOB%., b MIRIT2EEMET OFRE, KR —Fr o —2Rnizr
LY=o TRBEXOY —F Y N = v T RIEORESLENMTD ., 7 LR
DAL= REIRELMELE, ZROERHOF ) MENT FEZREICEAT S Z EI2X > T,
Fo. MlazAVWTERFEEZMIT T2 2Lk T, 2 DO ESRE QTL
(CW-2,CW-3) & 1 >DfENI &M QTL (Marbling-3) DEAELE R A2 HE L. BEFE (CW-2)
BLORTFHRE (CW-8,Marbling-3) \ZEHZ N TXT-, /-, FHAESE QTL (CW-I)
IZOWTIE, BEERAEIEL, BEEREZB/HE L, 7/ AMEFTICBWTE, FriLnF
EOBRFECEAD AL — RBFREOER AR T 2RI > THY | ZORWITS%E K<
LD,




BEMME - REMZGRE LT ) LU A4 REEMBTOME, BREEICOWV T,
CW-1L,23D3ONAT ¥ —V—2ThdHEBEZLNDHDT, AV Y —V—r DT XTERE
TEeLWR D, —FH, JBIZHET >\ Tid, BTV T, ok (b L <&
W) DR ENTZbO0, KREBRHEEZFFOLOITRH STV, JEfRE Dy
HEED X Polygenic Model (ZiLEIVUINRD/NI W, ZHOZEFRIZ K> TRESEDH
BEns) DNl E&Ex b,

BT, INOORREEIERT D~ — 0 —RKIZT TR, BT AERER WIS A
BEAZBEMFEICEOLH)ICTHEAL TWDRHETHD, 7/ LBREOEMEEOM EIZI,
BHEC & D RBUES & ORI /2 B EM & EfE7e QTL HFHRB K720, 2T &2 0aniZ
WETDDNROAT v TR BIES S,

(4) U BIERE DT ) LMEHT

(4) — 1. BEMEZIENED S ) LU A BT

(RO « BEVLES R « IR « ROy« REACHRL « [ LI - bl - SeiElR - RS, & o 3kR)

BRI - BHEMEICES T B RBERZRET 2 Z 2 B E LT, 4 misr44LRE
Ya¥, PIE M B, 4 BIEEZIRR, 3 BIEHZEREIR O 4 TREICH>W T, 7/ AU A FE
EFRHT 21T > 72,

(4) —1—1. 4AmEETAHAEEREK
BB - BRSO T O A ENRICE G T 2 BEMREBEREZRET S Z L 2B E LT,
4 R EAEFERRER A X RICT ) AU A RBEMRNT 21T - 72,

EETnfE - BOHMEA C | AR LU I /0 il ik 2 F7-0 /0 15,225BHD 7 — & 7> bMTDF-REML
TR SN 4R AR T S 2, B EA76.7% & TAL6.7%DHEM NS, £
AVZEAL3BTHH & 3318 (& 7 /L — 7 NIZRFTHE X 5 TEWITRKRBHH) Z#IRL, (/LI 150K
SNPF v 7% IV TSNPORH|E 24T o 72, BLEMRITICIE, BLHERDII%LL L ~ A F—
T UNBEENLI%LL L, N—F ¢« U A =7l B IEEE L 22O PIE230.0010L BT, A L
2 HD SNPF v 712& £ 5 33,3035 ODSNPZ H\ ., EMMAX > 11 7' 7 A% TR &
1To7,

BEEEMEMT OFE R, Lander&Kruglyak OHH L7247/ AU A ROFRBAKETH D 2.5X10°
% Tl 5 SNP 2355 12 B iR 3 it Si, 3 8o SNP X, =< r*=0.95-0.99 T
SEAEENEEICHY, WIND K41 BB TOA > ba UNIZHLE L Tz, BEAGLE 7
7 77 AT imputation i#HT Z1T o> A5 R, 132kb 28 LD Th D Z L3I~ 7=, KRIZ, W%
HEET D720, [Bl—HE CRIEMT I L Cuvauy 861 BEICHOW T, PEfEIT TR b AR
T 7= SNP ZHHE L= fE R, EEARE&EE A, IMERA S EEE TR L TH
BT (/X0.05), 0.104 SHOHEEENFENH VD . SNP ILEGED 2.35%, EEBIED 21% %
AT ZENHL Lo, K4-1 B0 a— REERICT I/ Bl A 0L 5 BELR T




B S iehofcZ &b, BETORIGAEICEGT 528 THDL Z EBRmB Iz, %
ZCERALIHERR T LVHED K4-1 BETORBE LI fER, B R E RO
BREYITIEEERICI A, 1.33 L < BH L QW7o RIS, BEREICES T2 Z &nb
n5 Kal@Eaforoe—42—fEEs SUTR OB 2R LI-#ER, ThTh, 6 ML 9
EORET 2R ARBE SNTZ, 2T, ~"Tud A THORBEOEDFRHNEFHRDH 70
EEALIEFERT O K41 EaTO7 nt—F —figk L SUTR Z/V 7 = 7 — Bl Ik
AL TCUR—F— BT 24T > 1245 R, EREA SUTR IIFEERAL L I 1.35 fEEERE W 2
EBRHoT, ZNHORERNG, K& 1 BB TORAENEL 725 2 & T, 4R 4RSS
BSEEINT 2 FIREMEDS R S iz, Atk o BEMFEEMICK T 200 R 2R L, B
RAYEIC W THRFTZ1T 5,

(4) —1—2. DI

SRR - SR O VI O BT B 5 S R AR ER A FET S 2 L R HEYE L
T, PIESR B2 MBRICT ) WU A RBEAT 21T o 72, FEL Y7L, 4 m14
APERB DT ) AT A RESEFITICHEL TiT-o 7,

BRI ORR, 2.5X10%% FH S SNP 234 2 HFRAMKIC 1 AR S0, ARC BT 0
Ak NICALE L, 112kb A LD TH D Z LAV o T, RIT, BIREHEET D72 2,963
FHICOWT, BT TR L AR Th o772 SNP 2BLHE LR, #BRAREE &AL,
et BRI F AU L THE T (£<0.01), 23.07 H OWIE IR Bl QMR H Y |
SNP (I8 D 0.67%, EBIETHD 8% 2+ 2 Z L AL L o7z, AFCEETO
= — NEEERIC T S BRI O BB SN oo T LD D BGT OB
SRS 52 THSH D LIRS N, 4%, hoBEMEERICH 5 MELHR L,
BREMAEICOWTHESTZIT Y.,

(4) —1—3. 4[B'FYZHEHE

BEMME - BHEMAFOZBRENICE S T A EEMARERARET LI L2 HME LT, 4
BB Z R A RIS ) DU A RN 21T o 7o, FIEE U7 E, 4 w44 5E
BT ) 5T A NEEEMTICHE L TIT o 72,

BT DGR, 2.6 X10° % TE % SNP 235 2 FYL MR 2 EREH S, 2 [0 SNP I3,
SEAME M T, 18D SNP 1% CR4-1 E=TOA > e NIch-o7Tz, KRIZ, BhREEH
ET D72, [F—H350 1,433 SAIZ DWW T, BIEMIT TR O AR CTh o7z SNP ZALHE L7
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IO A5 SNP % & T E F Al O 1E R FE —
FERFE NIM—ER L, MAEEERD 2, WO SEME 2 B 3, FEATAIR 3, HLATTERA 2
FrIE - VKRR, 2RUKPERE, 3 &1kt - Bl st
=mE [BEM] 54, 7 50K SNP F v 73R S 4L, K&ED SNP ~— 7 —{F#REZFIH L
724 ) DEFEEE A FEICER AL o TETW5, 2T, HE S OELFRNIZE L
=71k, ZNETIC, BEMEESTHFICET2ERNBERS L O50K SNP F v 707 — 4 %
AV, BHEOFE, BEIEE LORESBOWHE, BREMTHOEME: EOBRND,
A7) BNEHMEIC BT D MR AT o TX T\ 5, ARFZE T, BEEDRBIFEO—o L L
T, BEREEESOMANERE2S% L L, GBLUPETOY /) ABERITH (G175 O
RRIC VD SNP & IERZE(L & 723581281 5 Tl B R O EEE O Z L OIS
ThEtamz iz,

[Fik] BEMEESBEES T2 EHOKNERL LSNP OF —% & iz, HAEED
F =%, R 120D 20 FF E TOMIC, 0 FTOBRTHSHICB O CINE Szt (8
29~37 A THD, ieka it T 27200MIEET MIiE, BER & EE M2 T,
EEOEFAM (R O— %8R &% 2 H 0 Eif7-, SNP #OH|E 1L, Illumina Bovine 50K



Infinium IT 12 X - T 54,001 EFT® SNP (2 DWW TITW, <A F—7 U JLHEE>0.01, 7T —X
a—/V#>0.95, N—T 4 —-UA N = PN LTHEL TV RWZ & (<0.001) 7REE
BIREEHE L LT, A HHIC 37,838 AT D SNP 23 E LA L=, 75— % OO0k,
TS I I TANCR Z T, SNP 7 —Z 2 Ko TIER L 72 GATAIZ v, XA U7
e Uy VGBI Ko TEm L, 22 T, GITHIOREKICFIHT 5 SNP #% 500 7>
SIEIEE I & (Bl XN . S a0 L OERESBOHEEMOHER O ZH~D &
EbIT, TRIBTEMOIEME &R Y OME 21T > 72,

[FE5] 500 D SNP % 7= & EIIFFEBRATGETH - 72728, 1,000 il & V7235512
EFRETH v | BIESEI LOERESBMOAHEEMEIL, 2 SNP 2 HWeiGa DEOZnE i
54 13 X N 185% Td o 7=, SNPE ZNARME M SH 5 & FRZEDH O Y555 &3 325 —5,
AR HL D XTI T 2 B 72 B 2358 B, 4,000 %2 AV 7 A OBIR D 4%
FEIX 92% ThH o7, S HIT SNP EAHET & fiHAENC L 52D O¥REITFE O bz
23, BB HL O HEZEIE TS L. 10,000 {EZ2 W2 5E12 100%I122# L7z, 42 SNP % v
7e%a & 1,000 fE 2 HW72356 & o TRIBEME OB 0.91 Th o773, 4,000 &4 H
723 121% 0.986 D% 7R L, 4,000 {3 L O 10,000 DA ISR 5 THIE D4 SNP
ZRWTEGE OEI T 2 BEUFREIL, 21211 0.94 BL D 1.00 Tho 7o, LU EDORER
X, BEMEOKAERZ%SE L- GBLUP BICE L T, KEED SNP F v 7 ORI HIC
ONWCOFRRIEREZ G Z TN EEZONDIN, REMRSCRL DT —4y ML DK
MNRETH D,

(55 49 FIR A4t B RE, 20114 11 A, L)

FEFE9.
BH BEREICAR N FHREFHIEREO~y BT
FFE EEH OB PDREE 2 WEERT 2, BB BAERTF L. BPAREE!

FTIE : LB - BE A, 2k BR S PERT

g [Br] &% 3 » ALINOFARTCEM (FA4EFE) 1L, ENoRMATE, FLAMEIZE
DHT A~8RDBEETHRAEL, REMICKERBRLERSTND, FxiX, AVRAF AV
il LOBREMEO - HEREY TV ONELZED TV D, FAHEIEBRRET. 2116 D5
gD, BEMEO FHEEEKOKN 20%% 505 EE 2 0., BIEERRH DL &b
b TW5, £Z T, DNAZWEZ N L. BEMEERD O FAEIEGRE DR RA ek
PrZFIRET D720l FxlE, &% 3 » AN THHEFEGERORIEN 2 DI HFE %% H
W, v v BT ERAT,

[5iE] A% 3 » ALINTHRLE L +4 T, EREIM S ER CERKRED 20kg LT, B )
LN EE CTh o 7o fEZ FAEFVEGRRIES & Lic, BIEF 1380, EF4 30BN LR
HRIF¥E ¥ 9T WFERZEM L. BovineSNP50 BeadChip (/2 F#) ZHWT, &%
S BAG ) == T fTole, TDOY =) ZATT—2EHNT, FEEA~YyEL7E2R
Tz,



[F&55H] IESH 1158 (84.6%) THIEL THEIZR > TV DL, 5 8 FYEAR TR S
Nic, SbIT, B8 HFLRAMKICOVWT, 24O~ A7 0¥ T T A b~—T—7% A TEHME
MaEAToT & ZA, FROERTHERMGERNPG LN, BUE, KRB —F7 o —%2 [
WTC, ZF Y=Ly —=F vy T ETV, vy BT ST dGE LT JRRERD
B FAERERREL TS,

(A AEBREERETSE 12 FIRE, 20114 11 H, HKS)

FRFR 10.

REE - BEREICRA T D i R EE O R RE S T OFRE & B E T2 WiE O
RFH LIS 1. FE & 2. Ali Akbar Masoudil, WHFIZE 4, i+ HA 1, AL+
L KFHZEC 3, EAREER 2 EER!

AT LRLR - BR, 25 H M - BiEsAF. SNOSAL Bk, 4 HK - &

25 [Br] piw AR FE (FMA) 1%, BEMEPICRAET 2 FRAERSEOBERMR
BTHY, A%OESHFECREZ 2 L, AV LIZE R OFRRZEHSCH O TRENE
DOV, REFERNCIIAE G ORI 2R RS 2 23 5, REBITRE OFEREADF
RICEFLTRAEL, ZLOREBBITFEM L2570, TORFVERRIIZRTHL, K
FRETIE, AEROFREETERET D2 L2 HME L,

[FE]F oI, F—F2AO 26 EEOFIEMEEZ AT EREZEELE MS ~—7
—DHEA T EITO, TORRNBLEFD T VE 26 FIEIK O MS ~— 71— MOK2611 &
MOK2603 DRI 2.8Mb OFEIRIZFET 5 Z E#HA LT L, KRIZ, R’ —Fr P —
ERWTAEROS v U TEEORS ) AOMHIERSZRE L, £ 205 450K 2.3Mb O
FEIRIZHOWT, REDJRR & 72 5 AIREMED & 5 BB OB H1T > T2,

[#ER] v U 7 EIEO YEMEICITE 6,194 DHEBHRNEEL, 205 b0 4 #1243
FEIR I E T D HERER B OBEEICEE L TWA 2 ENEZONTZ, £ T, ZhHDOE
BIZoWT, FBIEREE, ¥ V7T, EFEEORT ) —=0 T EITo IR, LRt EE
oo o5 b, GFRAI BT OHRAEBERIT, —KOBEBMREIZIIME ST, BEMKS LOF
YU TR TH D Z R LN a7z, GFRAI BRI RMIROMRER T TH 5
GDNF OZFEEDOBELEFTH Y | ikl O E & o bICE B &R 2R 2 nfmbh
TW5, RESN-EEBIIZ M4 FEOa N 2kilba RoAIhz b6 F v 2ABEThH
0D ARELTOBEEICKREREEBLEX BB THL B2 DN U EDZ LD, GFRAI
B FIZBIT 2T AREDN | FiRHEHREEORK LR 2ERTHD Litm o bh
7o 7o, Z OB BIIHIIREESR Mwol %\ 7= PCR-RFLP iLIZ X 0 HBIFEETH D |
ZOFEEZRNTE v Y THEEOBEEFZEA AL ool
(HABBEEEYSE 12 BIKE, 20114 11 A, ®IAE)

FRFE 11
BH . BRI DM OBAERE BT 5 7 ) LRNT



FRE M RET L BLERZ 2, BT MEES L MREE 3, EBEER L RS
% 1
AT L Gt - BvpEsaE, 2R, Uk R B, 4 RE I S P A

g [BAY] ABFZE CIX BB - BElEA OBERE I B L 5 2 2R Z R E
DT, AR AR AR SIC S ) AEERIT 21T o 7,

[5iE] BEfmfE, #E4 15,225 BROBFHIER A IEE L, & BAL. TAL 6.7%ICF 45 688
/725 DNA ZHiHH L, 73 50K B — X7 L A % A\ SNP BLHE 21T > 72, BEMET I,
Call Rate95%LL . MAF5%LL . HW EfirokE P A2 0.001 LA o> 37,239 {E 7 SNP T
VERE L7247 7 LBRITS1 &l = EMMAX 7' 10 7' A TiT - 72,

URESR] 5 12 FYaRIc 3EOFE R SNP 2 L (P=TE-06, # > X}t=1.65), 135kb
ORI EH AR T (LD) Thotz, THHD SNP & 4 -4 s # oo B 3l O &
MTbEEIN, #BEREETRIIIEERBETRICK LT, £ 0.104 BEOFE T OBEFEZN I
HY BB EHD DEIEITN 2.35% Th 72, LD 7 1 v 7 NIZIL 2 DO#EE T (NCP4-1,
NCP4-2) MNfFEFELT=725, NCP4-2 fE@hfiZ, LD 272 < BIENRRO b hoTz, £z, 29
DEAEF D 2 — REEEANIC, 35D SNP & LD ICH DT I/ BB A L5 ZRNEE L2
ZEND, BEZEIX NCPA-1 BEFORAEZRET 2RI HFET LI EE 2N, £
ZC.LDIZH D 5D SNP & 1D indel % & Te TARER GBI 4G 570> 5 2,964bp O it HIEK
L. 9D SNP %25t SUTR # ZNENLE—F —FF 2 3 RICHIGAI L R — 2 — @t
AT o TofEd, BRI N T 1 X A TRIZZEDNRD v o723, FUTR OER AT 'm
A TR ANT 0 Z A TR ) 15 FOVR—Z —IFEEZR LIz, 2 b DOfER)
5. BEMMEIZHIT S NCP4-1 @ JUTR EIE O LA, NCP4-1 DG &EIZHE L KIF L,
4 R AR I 5 2 L TR ST,

(AR BEFTETSE 12 FIRE, 20114 11 A, JRE)

TR 12

REH  EmERE SNP F v 72 HWew U8 8 Bk EotkNERE QTL (CW-3) O~—J—
YERK

RRE - EAERT L EBEA 2 BREES 2 PR SRR A WE e, B —
AR 6, REFFIZE T, @y F 1 BEATALK L SRR &L ERECR . BEAREE!

AT LB BB, 2 Ry REAKE, 3 BIREEH . +HHREERE, S RIFRA
Sz, ¢ SRURERIFER, TR EER

#ZE [BEM] ZhETic, BEMED 7HERERICONWT, 5§ 8 B Lo m i bk
THHRANER QTL (CW-3) L., £7-, BEMESREREH WY/ L2714 REH#E
FENTICI W C S, [FIMEBICEINE R & OBEA R L7z, LU, BIEMENTICfE A L7z 50K
SNP F v 7 ElZid, BT CW-3%RFETE 2% SNP 372> 7272, @B SNP F v 7%
FIF LT CW-3® SNP ~— 1 —Z1ER% L 7=,

[(HiEERHER] THO CW-3 ~T uflilfgd L, —BEME LT, BENEOAERKICET S



BB 528H%, (/LI HDSNP F v 7 CHME L=, CW-3ELAEE (11Mb) 28\ T
BTONT a @il N~T o274 SNP O 6 —REMICBIT A7 UV ABEELZEE L
THEEED SNP Z3&IR L, rfEO~A 70V T774 8 (MS) v—A—t b, HAERE
Lﬁ?ﬁ@%mnﬁ%mﬁﬁbko%%#520@M87~ﬁ~wgﬁﬁénéCWQ@@
RAT U VBB ISR LV SNP 230N, Zhvae s ) AU A RESEMENTICH V- 1,156 BECTRY
HIE L, %@Mﬁ%ﬁok& A, WK?y7L®SNPiD%%w%@%%L\ik\:
® SNP O % B EH TR & LA 12iE, JE0 SNP OBEN K Lz, Ldi- T,
@SNP@CWﬂv—ﬁ~kLTﬂ%f%ék%z%ﬂko
(HABBEEETYSE 12 FIKE, 20114 11 A, ®IAE)

FRHR 13.
B BEMMEIRESOKAEE. BB, v — 2RNEG T — 21281 %5 NCAPG D%
ES
FEFF PDREZ L LI BT L REERT L FE &2 mEERT L WOE— L BAE
#2 b fakt
AT« LI B RRRERF, 2 Bt - B st
#5 : [HAY] Setoguchi & D4 L~ NEE QTL THho CW-21%, ARREEFMMEMELES
DH¥E L ITEVRRICBWTHRREREZR EOHEEBHEIC T 7 AOMENRHINT-Z %
WEAE DR CHEZ Lz, CW-213AEES e — AN OB TIEIER T 2 £
ITEPHEINTVDZ LD, IBIFRHECIEMREICHT o~ T AREET HBZ
e b, &I THENIRNO —REMEZXGIZ, CW-2 DWEIEICKT 577 2O R4
Y5 LILc, CW2or — A KB T — % O T REEE. BB ZZHEOTIROIEETH 5 |
LR, 5 SR RO n — A EHNEEER R~ DR B E R,

[FiE] BEMEREL (8. 4615 © DNA V> F Lz Hviz, CW-2 D B Es TR
HIEIX, NCAPG c.15326T>G % i3 % PCR-RFLP £ CT%EfE L 7=,

[#5 5] NCAPG % & iR oEEIE, GG : 1458 (3.2%). GT % : 190 58 (42.9%) .
TT A : 23988 (53.9%) Th-o7- (B FHEG 7LV :0.25, TT LV :0.75), NCAPG
BT E RS AR ORICIX, AERE, v — XA EmEE, K TEHRICBWTGT LL
REICELY ZORENEEICES L, m—AREBT —Z OEB e — A NEHETIEG 7 v
XA EENSEONT-A MOEBRT — % Th HEG o — A REHEE, - S LIEHK.
oo S, oIl — X ENIEMEEARI I ER R ok oo, U EDORERNS
NCAPG I3t AEEZ EH IE 250, IBIE ﬁ&%k%x%@%h:%@%ﬁz&m:k@
O HEOHBICANRBEF~— 1 —ThdZ LB RENT,

(HARBBEEETRE 12FIRE, 20114 11 A, HILE)

TR 14.
BEH . AAREMATFEORAIEIC NCAPG B TSH8 RIE 2



FERE ERRE— L ORBEEER Y FH &2 TR, gaoksRs 1 REE L RERO
L mABMST 2 SARE

AT« LA Rt Sk, 255 - BB, °HabRpE R

EE : [BEM] Non-SMC Condensin I Complex,Subunit G (NCAPG) &1 I3 EEMFED
RIFHE L9 TEVWFERICE D QTL N Tl S - A EE QTL (CW-2) OfFEffiEs ¢
HY, =XV 9ITfIBTHA42FB DA Y a AL o B AF A= TEHT S SNP 23, k%
WEEEBREICHEBET Z g s cnb, UL, AAREMATE CIL NCAPG & 1%
ANCBT 28 T, BAEAROBREELE CO NCAPG Eix RS RO/ A Z i
D28, B THEE LR EZFHE LT,

[ 5iE] MHEHIEFRAN D 2 SOHET2N 5 2005 4E35 & T8 2006 E I HIM Sz, HifH i
30 4 HRdii, FAEE 300kg LA ETH D 769 HHD B AREAEIEE 44 v i-, NCAPG
c.1326T>G B TRIL. MEED 4 7 4 DNA % 7= PCR-RFLP B2 L 0 HIE L7z, 4%
WIEE LB R OBEMITIL. tE, IEEH, HFEL LOEBEFREEER L L, B
Al 48 & L LI #atric L v T o7,

[FER] B REE T TT A 0.897 (690 54) . TG % 0.101 (78 54) . GG % 0.001 (1 58)
Tholz, GGEOMEEIL 1A TH - 72z dREUEOMNT BRI L, TT B L TG BIZo0
T L7, SN EE (kg) Of/h 3 EHEIL TT B 410.2, TG A 420.7 TH V| P<0.05
THETChoTz, £lo, v— AN (cm?) OF/hFFX)EIL TT H 48.6. TG 50.6
ThV, P<0.01 THETh-o-, NTDORES, ETIEHE, BMS 7o "—IZHEEITR
beholz, GGREROT — X EE L MITPRETH LN, 7 LRI —EDORENTE
D HNTZDT NCAPG BRI A AREAROBEAREDSE~— 1 —E LTCHHATE S &
B,

(A AREMBEBTEYSE 12FIKE, 20114 11 A, ®ILE)

Fa¥EE 15.

FEE : D RE RS RL O 72 8 O s R E 5 1R O

FHERE AHER L BBEIL 2, KR L A EEH ) REEE FH &3 HE W

1

AT VNSRBI S, 2R R, 3 &l - BB, 485 RIS EFEEIT
& [B8] JRE R CIIEERIRE ) O @ WEIEA 2 M I ICIER T 2 720 | RNV AEIR O 43 e

R EMFERES R & RGN 7 v — AR 2R L, [ e — U g 2 FE ML Tnd, Sl 7

a— VR CEETREEIT O 2 LIk 0 RO CREMERELE OB S L ES T 51

Tz ket Lz,

[ 5] 1) FAOIENREE &R CTh D SCD, FASN, SREBP D 3 &fnt & HLERM
DA 2R 2 72, SCD ¥ L1 FASNEIGT TERM (SCD; AA, FASN;TW/TW,
SREBPLS) OWEAmGRFERRIFL, 3 &1 & bERE (SCDAA, FASN,TW/TW,SREBP,
SS) DHERETE TIRAN SR 2 F20i UT-, S2K51% 5 B B IS KRN RIBE L TR & 0l 2od 2 BR B L .



BB Ccra— U IREEH Lz, —# %7 v — U REHEHA K —IRE LTRIEL, £0
X ZEVEIR S & GRE AR ER P 7 v e Lz, 2) CL-16 type-1 KIBIEGEMEZED D
® CL-16 RIJERMFE T OIEH 2R 7o, fRIERINE ., CL-16 KIJERM: O HERIR TiRIb =
L. DRI 1) CRBRICEmRLZ, 1), 2) THEZV 7 /UEPVP AY PBS-CTHEH L.
WEKE & HIT 2-4pl BEEL L 72, [EE D 0.05N-NaOH % & iR E L. =R T 15 4 /kiE%. 95°C
T 15 3B L, Tris-Hel (pHS8.0) THRIL7ZH D% DNAFHE E Lz, SlEfm+Rx
KOD-FX (TOYOBO) < PCR & L7=EW% 3% 7 10— AEKKENC L - CHIE LT,
[FEFR] 1) Tz 7azAv, 6 MREE CIXHERGE, 8 Mgl ECHERRETH
ofc, ERBVHARAEZBE L, 2B ZB LHAELE, 2) TiX 8 MilakiEo 6 7
NERO, ETCHEMRETH -, BIEHEROABE L, 1HEAZHRLEALE, 1), 2)
&L HAROBRFEHESRITERIZHHRE —Z L, UEORBER, 7e—rikz A
W EIRATZW 21T 9 2 & T, MORME CHRMMHEES OBEHEREZER TS, ZBIRNLO
AR ER B & AR & W T2 2D SR B e R AR & RS FTRE C o B L iR T & 72,

(A REBEEETSE 12 [BIKE, 20114 11 A, ®IAE)

FRFR 16.

BH A=y N = I DU VE 8 FRaR EOKAERE QTL (CW-3) ©
AR ORER
FRE AR T EREA 2 BREES 2, PR SRR A WE e, B —
AR 6, REFFIZE T, @y E 1 FATALK L. RE &L OERECR . BEAREE!

FrIE : L5t BB, 2 Ry REAKIFE, 3 BIRESEH . + HHREEEE, 5 BIFRA
sz, ¢ SRR ERIFER, TR EER

HE[EW] ZhECICBBMEREFOR T EE £ 5720 ERE A0 QTL fi#ric Lo
T, 7THAOMEMERIC, B 8 FYAK LoAERE QTL (CW-3) L, £z, BEME
—REME NS ) AU A RBEEMBITICBV TS, [FERICE N ER & OB % i
LCTWb, RFETIE, CW-3 OBLERZRET H12DIF—F v NI o= 7%
TV, L e 2B RARER LI,

[k EFRER] CW-3QTL i L7z 7 SHOFMEAT, B HEROERRI N7 a X (7
ZHEFL TN, "I Z A TOREZRNDLZ IRV BiEfERE 11Mb IZBRE L
7o ZOMEBOXY7F vy —HT7 L4 (NimbleGen) #1Erk L. Illumina GAIlx % HW T,
CW-3~7 afiffEt 350, ERAREA 18, IFERBARES 3HOX—F vy N v—F
7 %47 -7~ (Paired-end run:2 X 40bases), CASAVA1.7 ZHWCO V7 ) A7 7 1
UMD3.1 7 7A A b, BRBRHEZToTEZA, CW-3OEMLEME LT 1,434 {#
® SNP & 112 @l Indel 2SN, 95 158D SNP &, 73 /VBEHREZELHHDOT
Hotz, ZNHDHH 6D SNP X, CW-3~T ufliffid: 78T X CTATrTHY, Z0D
26 5 (3#lET) 1%, —fREM (GRAEE LML TAL, § 287 8) IRV THERNER L
VBT AR LTz (<106), LER->T, Zhbid CW-3~—h—& LTHEMICFIATE,

/.

0



T2, BEEROFHRERTHDL EEZX LN,
(35 34 Bl A A A F2FS, 20114 12 A, Biik)

FRIER 1.
BH v VBRI B\ T SYPLL (£ SLC16A1 EA 0 L, FERRO B Y AL A RIET 5,
FRE BN B BILECE2, e RET L BAREE!?
Eﬁﬁﬁ DL E5 W - BB, 2 REERE T - LR

[BR) AR OEREZ R &+ D REN ML, Fndr o2 OEN T WE & 7 < B
LCW5b, FA7= B, B MEICBE P D QTL 2 v VY K 4 T2~ v 27 L (Yokouchi et
al, Animal Genefics, 2009) . HIE R i~ » ©° 0 7 L B FREMNTIZ L Z OfEEIC B
9% SYPLI1 (synaptophysin-like protein 1) Z#H 72 fEfi@Eis & L CX 70, ABETIE
B U VBN DR T SYPLL & BN A MED B 2 R T R A ST 5,

[ 5] RmALRBAE LD o5 7= v o 5 A N AR B a7 BE A #f iz [Bovine intramuscular
preadipocyte (BIP) cells]Z HC, IEIAMIE > LAT & bz IcB T 2@ W EZFHA~T-, 7o
SYPLI cDNA X pCAG vector (Niwa et al, Gene, 1991) (2. / v 7 X v AIERES

(585-603bp) (& pSilencer vector (Ambion) (ZANTZ7 T A I RZFHHE L, WL /
v A UERITE ST, NT AT =7 v 3 Tl Lipofectamine 2000 (Promega) F7-
IZ Nucleofector 2 (Lonza) % M 7,

[R5 & SYPL1 & o R 7 B35 kR ES & Uk o BIP #ifid Ol Z J/TE L Tz,
U U IR RIE L. B2 OB AMERKIC TR S Rnotz, v DOfEERRD
RFBIFNT T N2 — A L0 HLEEEEZ: DT, SYPL1 OEFERELY AT DR E2TH T,
SYPL1 ZmFIFE &2 &40k L7z BIP MlaIC DHEE O IAZIIEML, /v 7 &
?/éﬂé&ﬂ&bhﬁﬁﬁ%ﬁok%%TBmﬁ%@M%%?yxf~&~i$£wA1
SHIB L, SYPL1 OFEIEMIxHE LT SLC16A1 &AM L7z, SYPL1 OFBHINIC
VW SLC16A1FEEL ML | ﬁ'ﬁﬁ&ﬂi VIABDHEZ D 2 & THEIARHED TUET 2 &5 % 67}%50

(% 34 M A Ry FAEWF2FES, 20114 12 A, M),

TR 18,

& H : Cortactin binding protein 2 N-terminal-like L7 VS E=ICEH 595

HEE  EARERE! EAREE:?

g 1 FEERBRe ¥ — 2E5E W - BhEETr

G = IN QEN0) BBlix:EN ?LH%#EO)YJZ\%LAE TELEH BRI L RENICH ELE—F ., ZHREBEOK
THRBEETHD, Z2OREOTD, ZRBICEAE T 2BETFOREZRAT,

[FiE L fER] 4,362 DRIV A X A VHEFICHOWT, ZIEREEMN 42 %L T OffE & 192
FH & O 51% LA Lo fE{k 192 §H 4 38k L, 7 ¥ 50K SNP 5 7 % F\ CHET L 7=, & OFE R,
ZHEERICE 545 SNP 1, % 3 FY@IKIZ 2 HFr, % 5. 13, 18, 28 FL@IKIZTNZEH
1 Iy oFE L (F<1E-06), 20956, 5 3 FLEAAEES be A TENZIE(E LT SNP



% Cortactin binding protein 2 N-terminal-like (CTTNBP2NL) @ 22bp FiiZfii&E L. &
SHREOMETIEG %2, EBZHRBOEAETITAZET L EMRE0 -7, CTTNBP2NL @
ETOTF Y AATBW TS SNP IZFIE L 2D > 7272, 1,631 BED U 5T G+22A
DRY|EZAT 72L& 2 A, GIG DL IR RHERERAEIT 47.320.2%, G/A 1% 46.5+0.1%.
AJA 13 45,510 2% L AR RZENA O (P=2E-09), ZDO%F52RIL 35%Tho7-, T I T,
Z ® SNP # & TeEl %% Luciferase vector IZFiA L, ZTOIEMEZLR LI Z A, AZED
FHIE G 2B TES L0 2.2 fFTEMEARV 2 & A353 52> 72 (P=0.01), CTTNBP2NL (X PP2A
@ catalytic subunit EFEATH Z ERHEINTVWAH7H, CTTNBP2NL Z i@ EPRSE <&
ToHIRIZ BT PP2A IEMEZBIE L 2 A, AEICIERHZRET LI E N0 o

(P=3E-05), PP2A |3 Connexin 43 Ol U bz 5 Z £ 3% 5T %, Connexin 43
IZ gap junction ZHERKT 5 EEA TH Y . gap junction [TIFfE & FERLIEHA R O W) E AR BT
BRRESIAZ B W CH B 2@ X 2> T\ 5, CTTNBP2NL (% Connexin 43 Ot U gD
FHEIZ LT, ZRICEEZRIFL TNWDO00E Lt

(BAD FAMFERE 34 [MIRE, 2011 4F 12 A #iik)

FRFER 19.

BEE X =y NI = XU UE 14 FYAKR EORAEE QTL (CW-1) @
BEAROFRE

R VEAERT. TEAMAR, VEBECR, 2ENMAL SREH & AR

FrIg 1 & - Bt 2REIR SN, 3 LB Rk

HE ] BBk, Danc, BEMEOYX £ 9 EWERE AW QTL fENTIZ L - T,
BEOFZFZOH 14 BLEAK EICHEAERE QTL (CW-1) /ML, HAEAME

(identical-by-descent) 72 & ONTEEA R P~ v B 712 K o TEMEMHEEE 1.1MDb IZ8D 7,
ZOt%, BEFMEREM 1,156 A /= 50K SNP F v 2L 57 ) AU A RBSEEHT
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ANIMAL GENETICS

SHORT COMMUNICATION

The SNP ¢.1326T>G in the non-SMC condensin | complex,
subunit G (NCAPG) gene encoding a p.lle442Met variant is
associated with an increase in body frame size at puberty in cattle
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Summary Recently, we had located a bovine carcass weight QTL, CW-2, to a 591-kb interval on BTA6
and have identified the SNP ¢.1326T>G in the NCAPG (non-SMC condensin 1 complex,
subunit G) gene that leads to the amino acid change p.lle442Met in the NCAPG protein,
which is a candidate causative variation. Here, we examined the association of the
NCAPG:c.1326T>G locus with linear skeletal measurements of growth-associated traits
during adolescence, which is a period of intensive growth, using two historically and
geographically distant cattle populations: 792 Japanese Black steers and 161 F, bulls of an
experimental cross from Charolais and German Holstein. In both populations, the SNP
NCAPG:c.1326T>G was associated with each component of body frame size: height, length
and width at puberty. The associations of CW-2 with height- and length-associated traits
were observed at an earlier growth period compared to the associations with thickness- and
width-associated traits, indicating that the primary effect of the CW-2 QTL may possibly be
exerted on skeletal growth. The significant associations of the NCAPG:c.1326T>G locus
with growth-associated skeletal measurements are similar to the effects of the syntenic
region on human chromosome 4 that are associated with adult height in humans, sup-
porting the hypothesis that CW-2 is analogous to the human locus and pointing to a
conserved growth-associated locus or chromosomal region present in both species.

Keywords body frame, carcass weight, growth, LCORL, NCAPG.

Carcass meat weight is an economically important trait in
livestock. QTL mapping studies have detected many loci for
carcass weight or growth-associated traits in livestock (e.g.
Cattle QTLdb, http://www.animalgenome.org/cgi-bin/
QTLdb/BT/index), while only a few SNPs causal for the loci
(quantitative trait nucleotides, QTNs) have been success-
fully identified. Those SNPs were within genes with well-
known functions in muscle cell growth across species, such
as myostatin (Clop et al. 2006) and IGF2 (Van Laere et al.
2003).

Recently, we located a QTL for body or carcass weight in
cattle, CW-2, to a 591-kb interval on bovine chromosome 6
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(BTA6) and identified a variant in the NCAPG (non-SMC
condensin I complex, subunit G) gene, NCAPG:c.1326T>G,
which causes the amino acid change p.lle442 as a candi-
date causative variation (Setoguchi et al. 2009). Additional
support for the relevance of the bovine NCAPG gene region
was obtained from a powerful whole-genome association
study in cattle, which reported a highly significant associ-
ation of a chromosomal haplotype comprising the NCAPG
gene on body weight at different time points (Snelling et al.
2010). Furthermore, in another population, significant QTL
for birth weight, body length at birth and total bone pro-
portion estimated after commercial carcass dissection was
detected in the same chromosomal region (Gutiérrez-Gil
et al. 2009). Finally, in a further cattle population, an
association of the mutation NCAPG:c.1326T>G with birth
weight and body weight (Eberlein et al. 2009; Weikard et al.
2010) added further evidence that the NCAPG:c.1326T>G
mutation may underpin the CW-2 QTL.
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Powerful genome-wide association studies (Gudbjartsson
et al. 2008; Weedon et al. 2008) have previously described
the association of the syntenic region on human chromo-
some 4 with adult human height. In those studies, SNPs in
the LCORL gene that comprise a linkage disequilibrium (LD)
block with SNPs located in the NCAPG gene were found to
be associated with adult height. Recent studies (Soranzo
et al. 2009; Sovio et al. 2009) showed associations of SNPs
located in this region with human trunk and hip axis
lengths and with peak height velocity in infancy. The
association analyses and QTL studies for body size-related
traits in different species unexpectedly pointed to a small
syntenic region as a novel growth-associated locus. How-
ever, it is not clear whether CW-2 in cattle is identical to the
human height-associated locus, because the traits that have
been examined in the two species were not the same, and
the associated LD blocks contain several genes in both
species (Weedon & Frayling 2008; Setoguchi et al. 2009).
Therefore, the aim of this study was to examine whether
NCAPG:c.1326T>G is associated with linear skeletal mea-
surements of growth-associated traits during adolescence in
cattle.

This association study was performed in two historically
and geographically distant cattle populations, Japanese Black
and an experimental cross from Charolais and German
Holstein. The Japanese Black population consisted of 792
steers was taken from a progeny testing programme (family
size was restricted to eight offspring steers per sire) at the Cattle
Breeding Development Institute of Kagoshima Prefecture from
1997 to 2007. All individuals were kept and traits were
recorded according to the official testing programme of the
Japan Wagyu Register Association (Oikawa et al. 2000).
The average age at start of progeny test was 271 (£12) days.
The steers were given ad libitum access to concentrate (TDN
73.0%, CP 12.0%), roughage (Timothy, Phleum pratense) and
water. Body weight, linear skeletal measurements (withers
height, body length, chest width, rump length and hip width)
and gains were taken every 8 weeks by the persons in charge
during the test period (364 days). Heritability estimates of
these traits were 0.45-0.66 (Table S1). The F, resource pop-
ulation generated from the founder breeds Charolais and
German Holstein has been described previously (Kithn et al.
2002). The SNP NCAPG:c.1326T>G was not fixed in the
founder breeds, although the allele frequencies in Charolais
and German Holsteins differed substantially (Eberlein et al.
2009). After birth, calves were immediately taken from their
mothers and fed a milk replacer/hay/concentrate diet until
day 121, followed by a semi ad libitum feed ration of concen-
trates and chaffed hay with a hay to concentrate ratio of 1:3
and an energy content of 12.7 MJ ME/kg dry matter until
slaughter at 18 months of age. For this study, 161 F, bulls
were measured for body length, chest width and withers
height at 6, 12 and 18 months of age.

Genomic DNA was extracted from blood or adipose tissue
according to standard protocols. Genotypes of the SNP

Association of SNP in bovine NCAPG with body frame size

NCAPG:c.1326T>G in exon 9 of the NCAPG gene were
determined according to Setoguchi et al. (2009) and Eber-
lein et al. (2009). The G-allele increased carcass and birth
weight in the previous studies, and this corresponds to the Q
allele of CW-2.

Analyses were performed to evaluate whether locus
NCAPG:c.1326T>G was associated with the phenotypes by
applying the following models:

Yi = 8¢+ a; + b + dg + Aig + u; + ¢ (1)
and
Yi =S4+ 4ig + i + ¢ ()

for the Japanese Black population (1) and the F, resource
population of Charolais x German Holstein (2). Here, y; is
the phenotypic value of individual i, s, is the fixed effect of
the test year (Japanese Black) or slaughter year d (Charo-
lais x German Holstein), a; and b; are the fixed effects of the
individual i’s age (days) and the squared age, respectively,
and d, is the fixed effect of season s (summer or winter). 4; is
an indicator variable, which is 1, O or —1 depending on the
genotype of individual i at locus NCAPG:c.1326T>G, g is the
additive allelic effect, u; is the random polygenic effect of
individual i and assumed to distribute N(O, A oﬁ) where A is
the numerator relationship matrix and 0"21 is the additive
polygenic variance, and ¢; is the residual. The pedigree of
Japanese Black steers was traced back to 3 or 4 generations
and included 305 founder and 3540 non-founder animals.
The allele substitution effect was calculated as an estimate
of g. The proportion of variance explained by the genotype
at locus NCAPG:c.1326T>G was calculated as
R? = (Vo — V1)/Vy, where V, and V; are estimated total
variance (residual variance + polygenic variance) without
and with the effect of the genotype at
NCAPG:c.1326T>G, respectively. For the
analysis, the same model was used, but y; was the gain of

locus
time-course

phenotypic values in the time interval, and age (days) was
used that of the endpoint of the time interval. These cal-
culations were performed using Qxpak (Perez-Enciso &
Misztal 2004).

The frequency of the allele NCAPG c.1326 G (NCAPG
442Met) was 0.40 in Japanese Black and 0.49 in the
Charolais x German Holstein cross population. In both
populations, the allele increasing carcass weight was also
associated with each component of the body frame, length,
width and height at the time point corresponding to puberty
in the respective populations (the middle of the test period at
approximately 15 months of age or 12 months of age,
respectively) (Tables 1 and S1). For withers height, a very
strong association was observed at the end of the test period,
and the effect explained by NCAPG:c.1326T>G amounted
to 15.1% and 26.5% of the phenotypic variance, respec-
tively (Table 1). A dominance effect was not observed for
any traits (P > 0.10), indicating that only additive effects of
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NCAPG:c.1326T>G for each trait were present. In agree-
ment with results from human studies, where the locus
affecting adult height was associated with trunk and hip
axis lengths (Soranzo etal. 2009), the bovine
NCAPG:c.1326T>G was significantly associated with the
corresponding skeletal measurements, body length and hip
width (Table 1), supporting the hypothesis that CIW-2 may
be analogous to the human locus that is associated with
skeletal growth.

Time-courses for linear skeletal measurement gains and
allele substitution effects of NCAPG:c.1326T>G in the Jap-
anese Black population were largest at 0-8 weeks of the test
period for length (body and rump length) and height (hip
and withers height) measurements and gradually decreased
along the test period, while those for thickness (chest girth
and depth) and width (pin-bone width) peaked at the
interval 8—16 weeks of the test period (Fig. 1; Figure S1). In
humans, it is well known that there are two stages of fast
growth, at infancy and puberty: peak height velocity (PHV1
and 2) followed by peak weight velocity (PWV1 and 2)
(Tanner et al. 1966). In Japanese Black cattle, the largest
gains in length and height in the 0-8 weeks test period
corresponded to PHV2, and the peaks of gains in thickness
and width corresponded to PWYV2, indicating that
NCAPG:c.1326T>G was associated with PHV2 and PWV2.
The latter was consistent with the time-course of average

Association of SNP in bovine NCAPG with body frame size

daily gain and the change of the allele substitution effect of
the NCAPG:c.1326T>G locus described for the Japanese
Black and the Charolais X German Holstein populations
(Weikard et al. 2010). In the Charolais x German Holstein
cross population, the mutation NCAPG:c.1326T>G was
associated with birth weight (Eberlein et al. 2009), while an
association with average daily gain was not significant
during the period from birth to day 121 (P = 0.42) but
became highly significant during the period from day 183 to
day 273 (P = 3.4 x 10™°) (Weikard et al. 2010), indicating
that NCAPG:c.1326T>G was associated with both prenatal
growth and growth at puberty, corresponding to PWV1 and
PWV2, respectively. Our data from two historically and
geographically distant cattle populations support, (a) that
NCAPG:c.1326T>G is associated with skeletal measure-
ments in bovines similar to those in humans, (b) that the
associations are preferentially observed during puberty, and
(c) the hypothesis that the bovine CW-2 locus is analogous
to the human adult height-associated locus that has been
shown to be associated with PHV1 (Sovio et al. 2009).

In our study, we showed that NCAPG:c.1326T>G is
associated with body frame size, and we observed that
during adolescence, the associations with length- and
height-associated traits temporally preceded those with
thickness- and width-associated traits, suggesting that the
primary effect of CW-2 may be exerted on skeletal growth.
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Figure 1 Gain for three dimensions of linear skeletal measurements and allele substitution effects of NCAPG:c.1326T>G in the Japanese Black
population. Average gain + standard deviation of linear skeletal measurements (a) and allele substitution effect (NCAPG:c.1326T>G) + standard
error (b) were shown in each interval of the test period. ***P < 0.001; **P < 0.01; *P < 0.05.
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This hypothesis is supported by the results of Gutiérrez-Gil
et al. (2009), who found that the carcass-related QTL
detected in the CW-2-containing chromosomal region
showed the greatest significance levels for vertebral bone
weight and leg bone weight but not for lean weight. How-
ever, the possibility of there being two closely linked QTL,
one affecting skeletal growth and the other body weight
gain, cannot be excluded.

The NCAPG gene containing the candidate causative
variation underlying CW-2, NCAPG:c.1326T>G (NCAPG
p.lle442Met) (Eberlein et al. 2009; Setoguchi et al. 2009),
encodes a protein of the mammalian condensin I complex,
which has an important function in the regulation of mitotic
cell division (Dej et al. 2004). Seipold et al. (2009) previously
reported that an NCAPG (previously referred to as CAP-G)
mutant predominantly affected highly proliferative progen-
itor cells of the zebrafish neural retina. Therefore, it can be
hypothesized that in intensively growing cattle, the amino
acid substitution in the bovine NGAPG protein might affect
cell division and proliferation of osteogenic mesenchymal
cells, as well as other proliferating cells. Using a combined
metabolomic and genetic approach in the Charolais x Ger-
man Holstein cross population, we found recently that
increased endogenous arginine plasma levels are associated
with the NCAPG:c.1326G allele, promoting proportional
growth during the period of puberty (Weikard et al. 2010),
thus conclusively linking the well-described growth-regu-
lating effects of arginine metabolism with the unknown
specific physiological function of NCAPG in mammalian
metabolism. Further studies are required to improve our
understanding of the genetic regulation of physiological
processes of mammalian growth involving NCAPG.
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ABSTRACT

Mastitis is a common infectious disease of the mam-
mary gland and a major problem in the dairy industry.
We previously reported that forebrain embryonic zinc
finger-like (FEZL) encoding a stretch of 12 glycines
(p-Gly105[12]) instead of 13 glycines (p.Gly105[13])
is associated with a lower somatic cell score (SCS) in
a family derived from Walkway Chief Mark. Here we
report that the p.Gly105[12] allele is associated with a
significantly decreased incidence of clinical mastitis in
a large Holstein population. We genotyped the FEZL
polymorphism in 918 randomly collected Holstein
sires, and investigated the effect of the polymorphism
on the estimated breeding value (EBV) for SCS and
milk, fat, solids-not-fat, and protein yield, and on the
number of cattle with clinical mastitis among daugh-
ters derived from these sires. The average EBV for SCS
among sires carrying the heterozygous p.Gly105[12]
was significantly lower than that among sires carrying
the homozygous p.Gly105[13], whereas we found no
unfavorable effects of this polymorphism on EBV for
milk, fat, solids-not-fat, and protein yield. The propor-
tion of cows with clinical mastitis derived from sires
carrying heterozygous p.Glyl05[12] was significantly
lower than that of daughters derived from sires carrying
the homozygous p.Gly105[13]. Thus, selection of sires
carrying p.Gly105[12] could be beneficial in the dairy
industry by reducing the incidence of mastitis.

Key words: cattle, mastitis, forebrain embryonic zinc
finger-like, somatic cell score

Short Communication

Mastitis is an inflammation of the mammary gland
caused by bacteria such as Escherichia coli that gener-
ates large losses in the dairy industry due to reductions
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'Corresponding author: kazusugi@siag.or.jp

in milk quality and quantity and increased health costs.
Recently, linkage analysis of granddaughters derived
from Walkway Chief Mark with high and low SCS
during their first lactation period revealed that high
SCS cows have a forebrain embryonic zinc finger-like
(FEZL) protein with a longer glycine stretch; that is,
13 glycines (p.Gly105[13]) instead of 12 (p.Gly105[12];
Sugimoto et al., 2006). The FEZL protein is a transcrip-
tion factor containing C2H2-type zinc-finger domains
and a glycine stretch (Matsuo-Takasaki et al., 2000).
Treatment of bovine mammary epithelial cells with
LPS induces FEZL expression followed by enhanced
production of tumor necrosis factor-a and IL-8 through
semaphorin 5A expression (Sugimoto et al., 2006).
Because p.Gly105[12] promotes higher semaphorin 5A
expression than p.Glyl05[13], the high SCS might be
due to an impaired immune response of cows carrying
p.Gly105[13].

The FEZL gene was mapped as influencing SCS in
a large family derived from a specific sire, Walkway
Chief Mark (Sugimoto et al., 2006); a strong genetic
correlation exists between SCS and mastitis (Young et
al., 1960; Emanuelson et al., 1988). The effects of the
FEZL mutation on SCS and the incidence of mastitis,
however, must be confirmed among randomly collected
samples before genetic selection based on this gene can
be implemented in the dairy industry. The aim of this
study was to determine the effect of p.Gly105[12] on
resistance to mastitis.

For genotyping of the FEZL p.Glyl05(12_13) mu-
tation, 918 DNA samples were prepared from semen
according to standard protocols, and the DNA concen-
tration was adjusted to 20 ng/pL. The PCR reaction
was performed in a volume of 15 pL containing 20
ng of genomic DNA, 1.67 mM MgCl,, 6.25 pmol of
each primer [forward: 5'(FAM)-ACTCTGAGCTCTG-
GAAAAGCAG-3'; reverse: 5'-CACACGCCACAAGT-
TGGTTT-3'], 0.2 mM deoxynucleotides, and 0.375 U
of Tag DNA polymerase (ABgene, Epsom, UK). The
thermal cycling conditions were 1 cycle (94°C for 3
min), 35 cycles (94°C for 1 min, 60°C for 1 min, 72°C
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Table 1. The average + SEM EBV for SCS, milk, fat, SNF, and protein yield of sires with heterozygous p.Gly105[12] compared with sires with

homozygous p.Gly105[13] for the FEZL p.Gly105(12_13) mutation

Milk, Fat, SNF, Protein,
Sire genotype SCS kg kg kg kg
Heterozygous p.Gly105[12] 2.46 + 0.04 43.3 + 86.6 —0.44 + 2.61 1.08 £+ 6.81 —1.64 + 2.28
Homozygous p.Gly105[13] 2.60 + 0.01 83.5 + 28.7 —1.59 + 0.86 4.38 + 2.30 —0.12 £ 0.78
P-value 0.004 0.679 0.696 0.678 0.564

!Calculated by Student’s t-test.

for 1 min), and 1 cycle (72°C for 10 min). Following
PCR, alleles were resolved using an ABI 3700 sequencer
(Applied Biosystems, Foster City, CA) and genotype
data were captured using GeneMapper 4.0 (Applied
Biosystems).

Genotyping of FEZL in 918 sires revealed that 97
sires had a heterozygous p.Glyl05[12] genotype and
821 sires had a homozygous p.Glyl05[13] genotype.
The National Livestock Breeding Center (Fukushima,
Japan) evaluated the EBV for SCS of 693 sires having
more than 15 daughters among these 918 sires using a
mixed model including a fixed regression:

y=HD + A + at + b x exp (—0.05¢) + u + pe + e,

where y = SCS of first calving, HD = fixed effects of
herd-test day, A = fixed effects of calving age groups, ¢
= days in milk, ¢ and b = coefficients of Wilmink’s
curves, u = random effects of additive genetics (EBV)

and u~ N (0, AUZ), pe = random effects of permanent

environment, e = random residuals, and ¢ ~ N (O, Aof),

where A is the numerator relationship matrix among
animals. Heritability for SCS was 0.082. The average
EBV for SCS of the heterozygous p.Gly105[12] sires (n
= 59) was 2.47 + 0.04, and the average EBV for SCS
of the homozygous p.Glyl105[13] sires (n = 634) was
2.60 + 0.01. Student’s t-test revealed a difference be-
tween these 2 groups (Table 1). These findings con-
firmed that the p.Gly105[12] allele decreases SCS, not
only in the Walkway Chief Mark family, but also in
other families in Japan.

To estimate the effect of FEZL on the EBV for milk,
fat, SNF, and protein yields, we compared the average
EBV of heterozygous p.Gly105[12] sires (n = 59) and
homozygous p.Gly105[13] sires (n = 634). The National
Livestock Breeding Center calculated the EBV of each
sire for milk, fat, SNF, and protein yield based on a
single-trait animal model and a BLUP procedure. The
relative EBV for milk, fat, SNF, and protein yields of
homozygous p.Gly105[13] sires were not different from
those of heterozygous p.Glyl05[12] sires (Table 1).
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These findings confirmed that the p.Gly105[12] allele
does not have unfavorable effects on milk yield.

To determine the effect of FEZL on the incidence of
mastitis, we compared the number of cows with mastitis
among daughters derived from sires carrying heterozy-
gous p.Gly105[12] or homozygous p.Gly105[13] for each
year of age. The Veterinary Clinical Center, Tokachi
NOSAI (Hokkaido, Japan), recorded clinical mastitis
in the Tokachi area of Hokkaido from 2003 to 2007.
Cows diagnosed with mastitis and treated at least once
per lactation by veterinarians were considered affected.
The Holstein Cattle Association of Japan, Hokkaido
Branch, sorted the cows according to their sires and
age. They collected 132,210 mastitis records in 491,725
lactation periods from 228,945 cows during these 5 yr
in this area. A total of 41,431 records in 162,655 lacta-
tion periods were from daughters of the 918 genotyped
sires.

In daughters younger than 3 yr old, 2,136 (18.9%)
among 11,283 daughters derived from sires carry-
ing heterozygous p.Gly105[12] were affected, whereas
12,691 (20.1%) among 63,165 daughters derived from
sires carrying homozygous p.Gly105[13] were affected
(Table 2). Fisher’s exact test (Agresti, 1992) indicated
a difference (P = 0.004) between these 2 groups. Consis-
tent with several reports that the incidence of mastitis
in cows increases with age (Braund and Schultz, 1963;
Batra et al., 1977; Gonyon et al., 1982), the percentage
of cows affected in both heterozygous p.Gly105[12] and
homozygous p.Gly105[13] daughters increased with age.
At almost every age, however, the proportion of affected
heterozygous p.Gly105[12] daughters was significantly
lower than that of affected homozygous p.Gly105[13]
daughters (Table 2). These findings confirmed that
FEZL affects the incidence of mastitis as well as SCS.

Escherichia coli is very common in the dairy cow en-
vironment, and the severity of mastitis caused by this
bacterium is determined mainly by cow factors rather
than by E. coli pathogenicity (Burvenich et al., 2003).
Lipopolysaccharides from E. coli induced FEZL expres-
sion in bovine mammary epithelial cells (Sugimoto et
al., 2006). To examine whether the FEZL genotype
affects the incidence of F. coli-caused mastitis, we com-
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Table 4. The average EBV (%) for clinical mastitis of sires and of daughters from sires with heterozygous

p.Gly105[12] or homozygous p.Gly105[13]

Sire based on daughter’s phenotype Daughter
EBV EBV
Sire genotype Number + SEM Number + SEM
Heterozygous p.Gly105[12] 74 23.3 + 0.57 9,742 23.0 £ 0.04
Homozygous p.Gly105[13] 654 24.6 + 0.25 56,985 25.3 + 0.03
P-value' 0.039 <0.01

!Calculated by Student’s t-test.

pared the number of cows affected by E. coli mastitis
among daughters derived from sires carrying heterozy-
gous p.Gly105[12] or homozygous p.Gly105[13] at each
year of age. As shown in Table 3, at almost every age,
the proportion of cows with E. coli-caused mastitis was
significantly lower among heterozygous p.Gly105[12]
daughters than among homozygous p.Glyl05[13]
daughters.

To more closely observe the effect of FEZL on the in-
cidence of mastitis, we evaluated the EBV for mastitis
using a threshold animal model:

y=A+ M+ hy + u+ pe + e,

where y = liabilities to mastitis recorded as 0 (normal)
or 1 (clinical), A = fixed effects of calving age group (24
groups classified in the range from 18 to 95 mo of age),
M = fixed effects of calving month (12 classes), hy =
random effects of herd-year of calving (11,992 sub-
classes), u = random additive genetic effect (EBV) and
u ~ N(0, Aai), pe = random effects of permanent envi-
ronment, and e = random residuals and e~ N(0,1),
where A is the numerator relationship matrix among
animals. The programs we used were THRGIBBSF90
to estimate variance components and CBLUP90THR
to obtain animal EBV on the underlying scale (Misztal
et al., 2002). The EBV of bulls and cows were con-
verted into percentage EBV. Heritability for clinical
mastitis was 0.06. Among sires having more than 5
daughters, the average percentage EBV for mastitis of
the heterozygous p.Gly105[12] sires (n = 75) was 23.3
+ 0.57%. On the other hand, the average percentage
EBV for mastitis of the homozygous p.Gly105[13] sires
(n = 654) was 24.6 £+ 0.25%. Student’s t-test revealed a
difference between these 2 groups (P = 0.039; Table 4).
The average percentage EBV for mastitis of daughters
derived from sires carrying heterozygous p.Gly105[12]
and homozygous p.Gly105[13] were 23.0 + 0.04% (n =
9,742) and 25.3 £+ 0.03% (n = 56,985), respectively,
which were significantly different (P < 0.01; Table 4).
These findings confirmed that the p.Gly105[12] allele
decreases clinical mastitis in terms of percentage EBV.
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To confirm the robustness of our analysis, we also
estimated the effect of the mutation in an animal model
using daughter yield deviations of the sires (VanRaden
and Wiggans, 1991). Among 1,429 sires related to Walk-
way Chief Mark, the average daughter yield deviations
for mastitis of the heterozygous p.Gly105[12] sires, the
homozygous p.Gly105[13] sires, and unknown sires were
—0.000357, 0.007938, and 0.000443, respectively (Table
5). Duncan’s multiple range test revealed a difference
between the heterozygous p.Glyl05[12] sires and the
homozygous p.Gly105[13] sires (P < 0.05). This result
indicated that the p.Glyl05[12] genotype did have an
effect to reduce mastitis incidence.

A survey of the FEZL p.Glyl05(12_13) mutation
in sires in Japan revealed that the p.Glyl105[12] allele
decreases both SCS and the incidence of mastitis. As
suggested from cell-based studies (Sugimoto et al.,
2006), the p.Gly105[12] allele might enhance immune
responses, making the cows resistant to mastitis. More-
over, we demonstrated that the p.Glyl05[12] allele is
neutral in terms of milk, fat, SNF, and protein yields.
Considering the high health costs associated with mas-
titis, it might be beneficial to select cows based on their
FEZL genotype.
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Table 5. The average daughter yield deviation (DYD) for mastitis
of the heterozygous p.Gly105[12] sires, the homozygous p.Gly105[13]
sires, and unknown sires

Sire genotype Number DYD

Heterozygous p.Gly105[12] 70 —0.000357"
Unknown 996 0.000443*
Homozygous p.Gly105[13] 363 0.007938"

*"Values within a column followed by different superscript letters are
different according to Duncan’s multiple range test (P < 0.05).
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Identification of an FBN1 mutation in bovine Marfan syndrome-like
disease
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Summary Mutations in the gene encoding fibrillin-1 (FBN1), a component of the extracellular
microfibril, cause Marfan syndrome (MFS). Frequent observation of cattle with a normal
withers height, but lower body weight than age-matched normal cattle, was recently
reported among cattle sired by phenotypically normal Bull A, in Japanese Black cattle.
These cattle also showed other characteristic features similar to the clinical phenotype of
human MFS, such as a long phalanx proximalis, oval face and crystalline lens cloudiness.
We first screened a paternal half-sib family comprising 36 affected and 10 normal offspring
of Bull A using the BovineSNP50 BeadChip (illumina). Twenty-two microsatellite markers
mapped to a significant region on BTA10 were subsequently genotyped on the family. The
bovine Marfan syndrome-like disease (MFSL) was mapped onto BTA10. As FBN1 is located
in the significant region, FBN1 was sequenced in Bull A, and three affected and one normal
cattle. A G>A mutation at the intron64 splicing accepter site (¢.8227-1G>A) was detected
in 31 of 36 affected animals (84.7%). The ¢.8227-1G>A polymorphism was not found in 20
normal offspring of Bull A or in 93 normal cattle unrelated to Bull A. The mutation caused a
1-base shift of the intron64 splicing accepter site to the 3’ direction, and a 1-base deletion in
processed mRNA. This 1-base deletion creates a premature termination codon, and a 125-
amino acid shorter Fibrillin-1 protein is produced from the mutant mRNA. We therefore
conclude that the ¢.8227-1G>A mutation is causative for MFSL. Furthermore, it was
suggested that Bull A exhibited germline mosaicism for the mutation, and that the
frequency of the mutant sperm was 14.9%.

Keywords cattle, fibrillin-1, Marfan syndrome, mosaicism, splicing accepter site.

N A diagnosis of MFS is made based on clinical signs in the
Introduction .
cardiovascular, skeletal and ocular systems, and results

To efficiently remove a hereditary defective phenotype from
a livestock population such as cattle, it is important to
control matings based on the results of established DNA
tests that detect a causative mutation for a disease. Human
Marfan syndrome (MFS) is a pleiotropic, autosomal domi-
nant disorder of the connective tissue with prominent
manifestations affecting the skeletal, ocular and cardiovas-
cular systems. Major clinical features are tall stature, thin
body, long limbs, arachnodactyly, joint laxity, myopia,
ectopia lentis, aortic dilatation and others. The severity and
appearance of affected humans varies considerably.
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from genetic tests. The incidence of classic MFS is about 2—3
per 10 000 individuals, and 25% of cases arise from a new
mutation (Judge & Dietz 2005). Mutations in the gene
encoding fibrillin-1 (FBN1), a component of the extracel-
lular microfibril, cause MFS (Dietz et al. 1991). Mutations in
FBNTI are detected in 61-91% of the MFS cases, whereas
some cases of MFS are due to a mutation in TGFBRI or
TGFBR2 (Akutsu et al. 2007). Bovine FBN1 is located on
BTA10 and contains at least 65 exons.

Several calves exhibiting symptoms similar to human
MFS have been found previously (Singleton et al. 2005).
These calves, sired by a phenotypically normal bull, had an
unusual curvature of the spine, severe joint laxity, long and
thin legs, aortic dilatation, mitral valve defects, myopia,
microspherophakia and ectopia lentis. Some of the affected
calves died at a young age due to rupture of the aorta and
pulmonary artery. These researchers identified a causative

© 2011 The Authors, Animal Genetics © 2011 Stichting International Foundation for Animal Genetics, 43, 11-17
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FBN1 mutation (c.3598G>A, p.E1200K) by sequencing
FBN1 cDNA from an affected calf.

Recently, cattle with growth retardation have been fre-
quently found among offspring sired by a bull (Bull A) in
Japanese Black cattle. These cattle showed normal withers
height but body weight was lower than 2¢ from normal
growth curves. Most of these cattle had a long phalanx
proximalis and they could not stand upright. Some cattle
showed other features, such as skinny, long and thin legs,
spine deformity, oval-face, crystalline lens cloudiness and a
pause between heart sounds. These clinical features
appearing in the skeletal, ocular and cardiovascular systems
are the cardinal ones of human MFS; therefore we consid-
ered the disease in cattle to be similar to MFS in humans.
Since specific anatomic or pathologic features to MFS in
humans were not detected in affected cattle, we called the
disease as Marfan syndrome-like (MFSL) disease. Although
human MFS is autosomal dominant disease, Bull A, which
is thought to be the carrier animal, is phenotypically nor-
mal. Furthermore, it was estimated that the frequency of the
disease in Bull A progeny was approximately 9%, which is
low for an autosomal dominant disease.

To determine the causative gene and establish a DNA test
for the disease, we examined genetic markers and sequences
of affected and normal cattle sired by Bull A.

Materials and methods

Animal samples

Bull A, 36 affected and 20 normal cattle sired by Bull A, and
94 normal cattle unrelated to Bull A were used for the anal-
ysis. Cattle in which withers height was normal or higher but
body weight was lower than 2¢ from the normal growth
curves, were designated as affected cattle. The growth curves
for sires, dams and fattened steer cattle of Japanese Black were
determined by the Japan Wagyu Registry Association (http://
www.zwtk.or.jp/). Adult cattle sired by Bull A that were
healthy and normal in size were collected in the slaughter-
house along with normal cattle. Genomic DNA was extracted
from blood and adipose tissues of affected and normal cattle,
and the blood and semen of Bull A according to standard
protocols. The DNA concentration was adjusted to 100 ng/ul
for the BovineSNP50 BeadChip assay, and to 20 ng/pl for the
microsatellite marker genotyping.

Genotyping

For genotyping with BovineSNP50 BeadChip (illumina),
genomic DNA was verified as being unfragmented using
agarose gel electrophoresis, and 400 ng of DNA was used
for the assay.

For genotyping of 22 microsatellite markers covering the
significant region on BTA10 and for which Bull A was
heterozygous, the PCR conditions were optimized as previ-

ously described (Kappes et al. 1997; Thara et al. 2004).
Genotyping was performed using PCR with a fluorescence-
labelled reverse primer, followed by electrophoresis with an
ABI 3730 DNA analyzer, as previously described (Hirano
et al. 1996), followed by analysis using GENEMAPPER Software
(Applied Biosystems).

Statistical analysis

The sire’s haplotypes were reconstructed using the interval
mapping method for half-sib families (Haley et al. 1994;
Seaton et al. 2002). A SNP marker linkage map was built,
with 1 Mb considered to be equivalent to 1 cM. To test the
hypothesis that a chromosomal location was related with
the disease status, we used the following logistic regression
model (Xu & Atchley 1996):
ea+bx;

4= 1+ ea+hxi

where y; is disease status (O or 1) and x; is the probability
that the ith offspring inherited the sire’s first haplotype at a
given chromosomal location. Parameters a and b were
estimated at each location. The log likelihood of the alter-
native hypothesis and null hypothesis that b = 0 are

n n
Ly =Y yilog(pu) + > (1 —y;)log(1 - pu;)

i=1 i=1

and Ly = E yilog(poi) + E (1 —yi) log(1 — poi),
=1 s
it

respectively, where pi; = and po; = ﬁ

Tt

The test statistic LRT = —2 (Ly — L;). To determine the
thresholds of the LRT statistics for chromosome-wise and
experiment-wise significance, 10 000 random permutations
of the phenotypic data were performed (Churchill & Doerge
1994). The disease locus location with 95% confidence
intervals was estimated by the bootstrap method (Visscher
et al. 1996).

Determination of FBNT mutation

To sequence all 65 exons of FBNI, primers flanking the
exons were designed for each intronic region (Table S1).
PCR was performed using genomic DNA of Bull A, and three
affected and one normal cattle. Two of the three affected
animals had a risk haplotype from Bull A, and the
remaining one did not have the risk haplotype. Amplified
products were sequenced using the Big Dye terminator kit
and ABI3730 DNA analyzer (Applied Biosystems).

The cDNA synthesis

Total RNA was extracted from the skeletal muscle of one
affected animal according to standard methods using Trizol
reagent (Invitrogen). The cDNA was synthesized by priming

© 2011 The Authors, Animal Genetics © 2011 Stichting International Foundation for Animal Genetics, 43, 11-17



random hexamers. The fragment harbouring the exon 64—
65 boundary was amplified with a forward primer, 5-GC
ACTGTGTTTCTGGAATGG-3’, and a reverse primer, 5-GC
ACGTTCCTGTACGTCTGC-3’.

Mutation detection and estimation for ratio of sperm
harbouring the mutation

To detect the ¢.8227-1G>A mutation, a forward primer was
designed in intron 64 and a reverse primer was designed in
exon 65 (F: 5-ATTTGAGTGAGACTTGAGTCAC-3" and R:
5-TCACATTGGCTTCTATCTCAGGTT-3’, PCR product;
112-bp). Genomic DNA extracted from the semen of Bull A
was amplified by PCR with these primers. Amplified prod-
ucts were cloned into pGEM-T Easy vector (Promega). The
clones were amplified with PCR with M13-20 and M13
reverse primers, and PCR products were sequenced with
M13-20 and M13 reverse primer. The ratio of sperm har-
bouring the mutation in Bull A was estimated from the
frequency of clones harbouring the mutant fragment.
PCR-RFLP assays for mutation detection were performed
by ScrF1 digestion of PCR products using the primers
described above, followed by agarose gel electrophoresis.
When they were digested with ScrF1, normal PCR products
produced the 82-bp and 30-bp digested fragments, while
mutant products produced only the 112-bp uncut fragment.

Results and discussion

Mapping

Abnormal progenies of Bull A had normal or higher withers
heights, but body weights were lower than age-matched
normal cattle, and their trunk width was noticeably nar-
rower. Another characteristic feature was that most of these
cattle had long phalanx proximalis and their hooves did not
stand upright (Fig. 1). These features were similar to tall

Identification of an FBN7 mutation

and thin body and arachnodactyly of human MFS. Other
features, such as long and thin legs, spine deformity, oval
faces, crystalline lens cloudiness and a pause between heart
sounds were showed as minor phenotypes. These clinical
features appeared in the skeletal, ocular and cardiovascular
systems, which are the cardinal features of human MFS.
However, no specific anatomic or pathological features were
detected in affected cattle.

To perform a linkage analysis, we collected 36 affected
cattle and 10 normal cattle all sired by Bull A. The paternal
half-sib family, comprising 46 cattle, was genotyped with
the BovineSNP50 BeadChip. Of 13 252 SNPs for which Bull
A was heterozygous and an autosomal position was deter-
mined, 1179 were selected at almost equal intervals.
A region on BTA 10 (61-88 Mb) was associated with af-
fected status at a 1% chromosome-wise significance level.
To further confirm the region, 22 informative microsatellite
markers in the region from 48 to 94 Mb were genotyped.
The LRT value increased at the same region (60-71 Mb; 1%
chromosome-wise significance) with the additional genetic
markers. Three of 36 affected animals did not have a risk
haplotype in the mapped region, and three of 10 normal
cattle had the risk haplotype. Thirty-three affected cattle
with the risk-haplotype were not homozygous. These find-
ings suggest that the bovine MFSL is a dominant disease,
similar to the human MFS, although Bull A was not af-
fected. FBN1, a causative gene for human MFS, was located
in the mapped region (Fig. 2).

Identification of an FBNT mutation at the splicing
acceptor site

Bovine FBN1 encodes 2871 amino acids and contains at
least 65 exons. To identify a causative FBNI1 mutation,
primers flanking the exons were designed for all the intron
regions, and direct sequencing was performed for Bull A as
well as for three affected and one normal animals. Two of

Y

Figure 1 Affected cattle show normal withers height, but have body weights lower than age-matched normal cattle. (a) An affected animal showed
long phalanx proximalis (2-day-old). The body weight was 15 kg (age-matched normal average; 30 kg). (b) Another affected animal with a
noticeably narrow trunk width. The weight was 287 kg at 315 days old (age-matched normal; 341 kg). The withers height and chest girth were 132
and 175 cm at 448 days old (age-matched normal; 126.9 and 183.4 cm, respectively).
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Figure 2 LRT-statistic profile for the disease on BTA 10. Horizontal line indicates the threshold for the 1% chromosome-wise significance level.
The dashed line indicates information content (right y-axis). SNP and microsatellite positions are indicated as filled and open triangles under the
x-axis, respectively. The inverted triangle indicates fibrillin-1 (FBNT) position. The filled boxes on the x-axis represent the 95% confidence interval.

three affected animals had the risk haplotype from Bull A,
and one affected did not have the risk-haplotype (60—
71 Mb). Any FBN1 mutation associated with the affected
status was not detected from the affected cattle without the
risk-haplotype. A G>A mutation at the splicing acceptor
site of intron 64 (c.8227-1G>A) was detected in the af-
fected cattle with the risk haplotype, but not in Bull A
(Fig. 3a), suggesting that Bull A exhibited germline
mosaicism for the mutation. Sequencing of the cDNA
fragment harbouring the exon 64-65 boundary from
the affected cattle indicated that the mutation resulted in
the splicing acceptor site shifting 1-bp to the 3" end of the
gene, causing a deletion of G at nt8227 of the coding
sequence in mutant transcripts. The deletion of G in
transcripts causes a frameshift, creating a premature ter-
mination codon five codons from the mutated codon
(p.Asp2743IlefsX5), thus decreasing the protein length by
125 amino acids (Fig. 3a,b).

The mutation is located on the post-furin cleavage site
sequence of the C-terminal domain (Fig. 4). It is thought
that head-to-tail alignment and lateral alignment of
Fibrillin-1 molecules are critical for microfibril assembly.
The post-furin cleavage site sequence interacts strongly
with the N-terminus encoded by exons 1-8, with itself,
and with the furin-processed C-terminus region encoded
by exons 57-65 (Kielty et al. 2002; Marson et al. 2005).
The mutation may affect microfibril assembly. Many
FBN1 mutations are found in human MFS. Mutations
located in exons 24-32 are associated with the most
severe form of MFS, such as neonatal MFS, in which
survival beyond 24 months is rare, and severe MFS, in
which aortic surgery is required by the age of 16 years,

whereas mutations in exons 59-65 and premature ter-
mination codon mutations are associated with a mild
phenotype without aortic dilatation (Robinson et al.
2002). Human patients carrying a mutation at a position
similar to the mutation found in offspring of Bull A
(c.8236_8237delGA, p.Glu2746AspfsX12) are classified as
having mild MFS (Nijbroek et al. 1995). These findings
might explain why some affected cattle harbouring the
mutation in exon 29 died at a young age due to rupture
of the aorta and pulmonary artery (Singleton et al. 2005),
whereas the affected offspring of Bull A did not show
rupture of the aorta and pulmonary artery and showed
no specific anatomic or histopathological manifestation,
suggesting a milder phenotype.

To search for the mutation in affected and normal cattle,
we performed direct sequencing for the ¢.8227-1 mutation.
The ¢.8227-1G>A mutation was detected in 31 of 36
affected cattle (84.7%), and was not detected in all the 10
unaffected offspring analysed, despite including three nor-
mal animals with the risk-haplotype. The mutation was also
not detected in another 10 normal offspring of Bull A and
94 random cattle unrelated to Bull A that grew up without
signs of MFSL. The five affected animals without the
mutation included three affected animals without the risk-
haplotype. The remaining two affected animals did not have
any other FBN1 mutation associated with the affected sta-
tus, and this was confirmed by direct sequencing with
primers flanking the exons. We performed a linkage analysis
with these five affected and 10 normal cattle. Regions of
BTAS8 (57—-64 Mb) and 11 (12-25 Mb) were detected at the
5% chromosomal-wise significance level (data not shown),
indicating that there may be a causative mutation other
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Figure 3 ¢.8227-1G>A (p.Asp2743llefsX5) mutation. (a) Direct sequencing of genomic DNA from Bull A and normal and affected offspring, and

structure of the intron 64 and exon 65 boundary on normal and mutant

alleles. Affected cattle were heterozygous for the mutation, and Bull A looked

normal. The splicing acceptor site was shifted 1-bp to the 3’ side due to the G>A mutation. The arrow indicates the mutation position. (b) Direct
sequencing of cDNA from affected cattle, and translation of normal allele and mutant alleles. In cDNA, G-base deletion was detected at the exon
64-65 boundary due to a 1-bp shift of the splicing acceptor site. This deletion created the premature termination codon mutation. (c) DNA test using
the PCR-RFLP method. Normal and mutant alleles can be distinguished by ScrF1 digestion of PCR products. Presence of an undigested fragment
indicates a mutant allele, and digested fragments indicate normal alleles. Genotypes determined by the PCR-RFLP method were also determined

by direct sequencing. The same results were obtained in all individuals, except in Bull A, and the mutant allele of Bull A was correctly detected by
the PCR-RFLP. The mutant allele was not detected from Bull B and Cow A. Bull A was the offspring of Bull B and Cow A.

than in FBNI. Thus, the ¢.8227-1G>A mutation is the
causative mutation for the bovine MFSL.

The mutation (c.8227-1) was located in an ScrF1
restriction site, and the mutant allele was not digested by
ScrF1. Therefore, a DNA test for the mutation can be per-
formed easily by using the polymerase chain reaction—
restriction fragment length polymorphism (PCR-RFLP)
method (Fig. 3c).

Germline mosaicism

We evaluated whether the PCR-RFLP method can be applied
to a DNA test for the mutation (Fig. 3c) using Bull A, Cow B,
an affected and a normal cattle (offspring of Bull A and Cow B)
and parents of Bull A (Bull B and Cow A). The mutant allele
was successfully detected in Bull A and the affected cattle by
the PCR-RFLP. The same results were detected by both
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mutation was found in a patient with mild Marfan syndrome.

methods, except in Bull A. Normal genotypes of homologous
G/G determined by direct sequencing corresponded to the
presence of digested bands, while the presence of an undi-
gested band was correlated with the mutant allele A in the
affected cattle, but not in Bull A. In Bull A, sperm and blood
had bands indicating a lower copy number of the mutant
allele than the normal allele, suggesting that Bull A exhibited
germline mosaicism for the mutation.

To estimate the percentage of sperm harboring the
mutation in Bull A, PCR products amplified from sperm
DNA were cloned, and the frequency of clones harbouring
the mutant fragment was examined. Of 222 clones, 33
(14.9%) had the mutant fragment. Thus, 14.9% of Bull A
sperm was estimated to harbour the mutation. Clones
harbouring the mutant fragment were not found in the
parents of Bull A (Table 1). Furthermore, mutant alleles
were not detected in these parent cattle using PCR—RFLP
(Fig. 3c). These findings suggest that the c¢.8227-1G>A
mutation is a sporadic mutation occurring in Bull A, indi-
cating that Bull A is a founder for MFSL. Offspring from Bull
A that exhibit the MFSL phenotype will transmit the mutant
allele, and normal offspring from Bull A do not carry the
mutant allele. Although most cases of MFSL can be diag-
nosed using the PCR-RFLP DNA test, it is impossible to
control all matings due to dominant inheritance.
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Table 1 Frequency of clones harboring mutant fragments.

Bull A, Bull A, Bull B, Cow A,
sperm (%) blood (%) sperm blood
Normal allele ‘G 189 (85.1) 199 (88.8) 200 200
clone
Mutant allele ‘A’ 33 (14.9) 25(11.2) 0 0
clone

Bull B and Cow A are parents of Bull A.
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