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ST, LML T 2 BB ICHME, WIS 5720100, BEICET M, BH%EC
WCRERILA IR RO BN T 5,

DG TEIZFHTFICEOERE LTI TH LT/ AR OMEEIZHEN, KHFIZBWTHE
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1. MRHEEDIRR
1) 92497 LAY —IVORS

(1) EAB LMok

Eay =7 0I2E 50087 AEMNORGOBIRICOWT CKE - v 71 =T,
2006%E 1 H)

v A7 aY 7 ME. Phasel &PhaselIZ 5L . Phaselld. 7 7/ 4 O IEE P
5E7* b AnnotationE T% . Phasellld, SNPHiZE & & i OHapMapDIER A HIY & L T 5,
PhasellZ2WTid, 20044E 9 A2, 3x (7 / 2D 3EEICHSTEEEL) OWS (Whole
Genome Shotgun : &7/ AZWNRIZT Y F LG L, BERNVEI DDEDHR W] B
DARF S, DWW, 20054F 3 A2, 6xWGSECHIAYAR S 7z, HEF X, 3. 162 51D . 92%
DEST & 96% DBACKMGILII % & ATV D, HIEHA VLN TWD 7 AT E O Tk,
WGS&BACskim (7 1 ¥ #—71) » b CTEHMLL/ZBACZ O—2 %, H— L IE, 7= LT,
SLATCERY) EALAADEZH O T, HIE2xBACskin (ZBACZ H— YO RSO 2B REICH YT
LEIORY)) PETTHTHL, IV LZZBACZ U— YOS EHT I EI2L ), FRiz, Y
— MR BT TNV —OUEIMFEINL, HAORMNIT Y TIVENT
scaffoldfic%) (¥ & = AEH)) & 3INb, —HEE, FEE & YHF3eaT25% % L 72Shirakawa-
USDAESHHBIY (4881~ — 4 —). SUN-RHMBIX (5513). 35 X OF, SNPHLEHMIX (2564). BACKUWHAD
51| % i~ 72BovGen RHMBE (9190) & Illinoi RHMIE (3484)). I 5 5HEOHIKD S % A4
M (Composite map) #%. 7t ¥ 7 &Nizscaffoldfh Zi_AB7-0DHME 4D,
PhaselITlx. SNPHZR & HapMapDPERZ HAGE L CTWb, WGS (NL 74— FHEMEL1TH) &, £
D6 e (T HTA, 79—, KVAIYA Y, Vx—V—, VAT, JIVIT—Lv
K) or 7 ny—rxrv 70280, 1 ELD EOSNPA S S iz, 4. T1H OSNPA
FBMECTEI A 7E& i, NTay {4770y 75005 012 E N 7HapMapPERL S L 4
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EFE AT OIRAET M) ZDNABWIT 2 FHEE % L. SIS 5,

AHETIE, TNOOFM., H5WVIE, FRICHT 2 B2 REM%) 122w T, DNAZ B
Y LA ) -2 S FERRET A BT, & 518 A TR E K EE T 0 Wk -
BEXT)o 2OLD) R EMINER SNAUE, BETOLRLMRINT ADNABHIZ L >TH 1)
TDAZ ) ==Y THRTE 5720, BIREEROZRREZHE LooF v ) 7H0BERRET) %
FREIENT I EDNTE D,
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(3)-1 7 T EEVERIREAT O RIAEE £ T OREHE

AT O EE2OHG I N TE Y . YUHFEH WO R KB T % [ L. DNAZITF
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(3)-2-1. FLEARIBSE (F:IR & DILFEBIZE)

JeRHFLEERFESAE (ATPP:Abnormal Teat Patterning Phenotype) 4%, HF5E D 5B Ff A it 2
DFETFOERICE LS TEIE L7z, LI 1370 2 KK, 1 AXRE, FLEBIROZE 7 45
ERJM 2R L7z, FLBRIE Z M) MEE A B & L TERRTE 2wz, BRICKE R
BERELZP-TWE, 22T, BIEX 2 PO — V2T HE0ORSE2HE LEKEE
FEEDO< ¥ T i o7,

FANFEIEME L, 2AKE, 1ARAREELEDHIZ8 %, FLHPIREF I % TH > 720 FIEM
Fi B L OIMARTEHR2 & B—S B R O TRe M I e S L7z H gtk RIZ447l oo~ A 7 1
Y7 T4 bx—J— % 6. TeMBEFE CECE L, 3714450 (2 ARIE218H, 1 ARIR198H, 2
PRELH 130H, EH915H) % T, Glissadol.3. 112 & 2T (EMFIMRE) 217> 70 £
DOFER 1HF, 7H 178, DB6F/mGERITKRER L O#EESH 5N, BEOELRFPHEE5T 5
ANEEEEEEHEROBENIEE TH D 2 L Dbh o oo RIZHITIEE % J8AE 15208, 5 4545



IZHER L, S04 RKOGERICH LIBIT 247> 72, FORE. 2 AKKIE (495H) & HEE
(4545H) OM<T, 17%F 4tk > ba 27 (ATPPI:p=2.2x10°) B L1 FLOMEKOL Y b x
7 (ATPP3:p=0.035) &7 1 X7 (ATPP2:p=0.005) D&FF3 AFTIZICHR T LIV H34 &I 5%
e B R W E N, 2 AKKRIBERD Y 2 7 HiX, ATPPI=2.2. ATPP2-1.7. ATPP3-1.6T
ATPPIDSSSIEIC A LIk b K E CHFG LTz, ATPPIIE 1 AKAEMEMAK (485H) 1BV THHET
Hotz (VAZI:1.9, p=2.3x10") o —H. 7%, BFLEOEKOFEEIHEBRL 720 N5 3
BIETHTXTIIBWTY 22N T8 4 T3 iu, FLEREEEOIIEMR Z0. 0612
FCTFITAIENTREE 225,

(3)-2-2. BRERIEHEAGE (RRILKS: & o 3L [RINESE)
IRERIZCANEE (multiple ocular defects,MOD) % F84E L 72185 % (s & 3 5 5[] D 8 §H %
M T, EARI8EOHEEIC~Y Yy ¥ 7 Lz, Wt RS IE&mZwcd - 72,

(4) EAB X OO

HAEBFMIZRALSE (Complex Vertebral Malformation,CVWM) (EKRIVZA % £ UFHICE S5
SHEER T, T CICHEPECTIEELEBHA R SN TWED, ZOHT N — 795 ks
&7z (Thomsen et al. Genome Res.,16:97-105,2006). TV JARIZAFFET % UDP-N-
acetylglucosamine transporter C& 5 SLC354A3D I At ¥ 27255 (VI&OF) 2 EHTH 720 7
Ty AA ATEIZBIT A EERZEME (Spinal Muscular Atrophy, SMA) DA HSHE A 72
(Krebs et al., Mammal. Genome, 17:67-76, 2006) ¢ t0fA24F DT O X THALIZ 7 74 Y= v EX 7L,
PL7 R b= AKRT-TH 5 BOL2% i n & L7ze & MIBU 5 SR IRE G T & FE Sz
SUINGILT R F =L ARTTH D, LPLAAS, TUE—% —fHEZITICEENEoN, 20
B BT 2 AR ZEVE I B D B S8 T VPSABIZ N 12 O iR e R B I E TR ES Lo 72,

(5) SRBROMEDT

FLEAKIBAE (X, SN E T L CE-BREREERL) ZRTEEHBRTHY ., QILTH 5,
WY R O VIS VRS, IEE AR & RIEEARO FLBRALRRIZ BT HmRNA - 8
INZBEORBTO T 7 ANV ZNEFNHET 52 & CHEMEEFERLZENTE L LA
T\ RFOKITHR L ED) Ao NT O Y A TR EE R CIRRFEREE AR T 5 2 L TR
E2 VK TT5EBbNs0T, ERRFIIIZHHRLILESZ L),

3) NA4REFEDDNABRRFEDRRE
(1) WFFEER o PR 6 4~ PR T4E

(2) BFZEH R & HRF S5 R

UV OFFREOY RGN T TEE L CBLIPF K SN A REHERAI T I L - TT
BNTBY, REGPREZFETTE, LML I OHETIIMEERMICES 2RH., 22 F2°
Wk b DI DR Do —J. FTEEICBIUT L) MENFIZEOER T, 7/ 28X
THWAHZ LX) FEEREICES T b Rtk ORI, H 25 WVILEETERET
5T EERWEEIZLDDHD, LALEFD, 7O LALORBEREIENEE TS L0,



HEERTOREIRETH L I ENBRHICTFRTE L, BEEERTOREL V) B EK
T 5 1213 B 7 MRS 12 H D W 7MUY - ARBERY 22 HUD HLADS R 8 72

T 6 RIS Mo ARREO S~ TId, WA (BEMELCEENE) oKk - K
HEORFIZE IOV CDONAEIRZ B L L EFEORE 2 BN, ERoHERRY - b
e R MR L B E MR G O BT Ze T & o L FEF7e %2 BtE L7z SERI24EEE £ TI2, JiF
Bz 7 O EBERFFIE IOV CHE T 2 PR HI 2 fEEICHFELTETBY, —Eo
BB EICOWTIE~Y—h — T/XF BIFICHEH L9 2EBICE 720 FHRIELLOFE M
Tl B oFEMIEE kL T, AHAO8E - IESoRBEEEBZ Yy ¥ 7§
B (Bfk EofMEEZFEE S5, MEMITE) bbbl v v ¥ 7 LRERE. 2. IR/
B\ BT BT A2FE L, ZOEMGTEREICHTAZLZHNE LTS

RFIE % XRS5 BT L RET 5 2 thMhﬁ%@mLtﬁﬁ#W 2% b,
L ORFZOHEPEBNT 2 ED T, NT I A4 TIIHTHEREZEEICT S, —DOBEETDAH
Eéﬂﬂi\K?%&Xﬁ%ZAﬂﬁ%#%%ﬁ®§Eﬁﬁ?V%%%#~T%Ckﬁﬂ%t
%5,

(3) MFFEBAZE DI B AR & iR

(3-1 FFEEBHTO0DDNAY >~ TV DOILE
PHABFREED B 20EE - REWUBFEN - RELXR LV ¥ —OEFF228E & 3t ﬂﬁ%%%%
LTWwo, FEflEr 2l d 2 RBBELEXAHFE L) VK REMERT S 2 Lid, BRI
(ZE% LA I O BIZR ﬁ@%%&%ft%ﬁﬁ%¢@ﬁ&~ﬁ%f%©\#O\yﬁ%

e AT R DEBUI BT E BT 58T QTL) 2FET A0 FHTH S, £
2T, ARG SRR ILE R I B W TRERO S 2 72 BE 4 ODNAY » TV &2 IUET %
B, URFFEAI TR, HEERTE . BXO, KEKHERTSICBI 20> 7)) v 7
RERL TS, PRITEEE TOIUEDRITIZE 1 D@Y ThHbH, TEDIUE L 72DNAY ~
TVHEHE T FE ol SNLEDH Y TUDHBLUEDORFEE £ ) P VERDER S
N, BHEEDO~ v ¥ ZICHHEN TV A

1. FERI7TEE T TODNAY > TIVRERR

W £ % S 3 Wk % & &l
JEIR, LIAJ 13 7,902
14 12,413
15 17,658
16 6,831

17 12,715 57,519
By (A Fe T 13 1,054
14 2,503
15 5, 387
16 4,922

17 4,634 18,434

& Gl 75, 953




(3-2 U UREREABIMOREE E TORE, BLU, SFEEORE

FEEIE (QTL) DEITICEB W T, detafiiy (Betafk™” 4 X chromosome-wise) X7/ 4%
(77 574 X experiment-wise ¥ 72 ldgenome-wise) (CHEKMELZKRE L, LEMELMIET
HAYE ==y ¥y 7HETHLQL Express (HaleyH. 1994 ; 2002) HMENL TV 5, WA
DIFFELED & ) =B EICIE, BROBETHEOMOMEEHNTHEL AT T4 v
(GEMIMI)) EPRON LG0T H L, 22 C, HAEFEHOMIET 5720, 4 1XQTL
Express X B L72Glissardo & % L 720 FR1TEE £ CTIZEETISHKARIZOWTORFILE
DYy EVTHPRLENTZ, ENLOMEERK2ITIRT,

£2. PHRATEE: COREMBRENEY v ELTDEED

TV EQTL* p < 0.01 p < 0.001
i 9 2
GANES 13 2
il 19 9
0 — AR 13 3
INTE 11 1
Bz T IRIHIE 18 3
At 83 20

wYutn R A X DA 5 KHE

(3)-3 T URBEIBHELZEFEORY Y aFra—=r FIZ b bS5 EEORE

(3)-3-1. Marbling-1 (BEWizcHE-1) OfpT (IR & O 3LFEFZE)

WEEEREE T2, R E & ) PR E T s 247\, 21354tk 7 1 x 7l Bg
Jh2 3 SH A3, HeM & g L 720 23396 5H & FH W 7 fEATIC B 1T A QTLNDZF 5-38133.9% T
Hotze TOMEIBAKD AL 7290, 66MHDBACclone? H 7% ABACEEF MK A ERL L. 7418 O H#
AT I M= —EFB L, B~ — - RO~ — 7 — CTEAICE 337
==L, 2HHEOEFITEG T V) IVIZOWTOMBAMIT 21T\, #9720kbICRFIE L 72,
COFBIEIKHRET VNIRRT AL > T ) T4 Y TBIETR2HA N2 BT
WV ERGTZAHBEBAT CIIME TE 20w T, 2O D Marb] ing- HERTEIE L L 72,

SAEEL, BEEEFZRET 5720, B FEEEOMI % 812 X 2 EHEEF OB AR
AT, i?h Marbling-MERITEICAHAAET 5 12 OE(ETOEL Y V) VIZDOWT, 7Y K
57 MEREVIR Y ay by =2y AKX Y LRV AW TSI~ —%
et L. THEEOSNPER R AT o 7205, 7 3V BRAEFRZ o 7-SNPE W23 2 LidTE &do
720 2T, Marbling-1BEREBIZTRIQL %9 THRWELTRlgh ZNENRA T A EHEMEIEKIC
BWT, BHORL DEIZT MR, Q/qD327 HliEE4 1 & q/2028 7 H k84 8 U1
O EIENG. BE TR B, IFhE. SRR R SR L 72, 3 FEOEIETa, b, i3 MR
IZBWTq/?8 R TQqDFIHED22-945 8 0 > 725 allk b - w7 AOMEEE T IEFEEL
o 72h, bz MHFELREIEFDEAE L72o cld~ 7 A3T3 LIFIIEIC B\ CTHRIGH R 5L B




W& LTHOLNT WS, QqEMEI—ADNAF T —% Himl8r A630- HET2 7 H
WAATV, cOREREZEILE DR 2 7z, B TIZ207 H 25225 AIH1FT205 D 1
IR L72A8, BRIGALIE. 287 A £ 307 HOM TEMARIIMNEZ R L7z akbll 2 THHHN
LBYETH b

K2, I 3FEOBERT D5 Eitl.0~6,1kb. 1 > b >, 3" Tiil.0~5.6kblZDWT
%X RIZSNPIEZR # 1T > 726 b, cJEBIZSNPIZ D2 5 o 7275, ali - d5° Lift195bpic 1
2. 3 LiiE168bpll 1 #FFDSNPZE W72 L7z, V3727 —E¥T7 vt OFRE, 5 LSNP
7O E— 7 —EICHET L2 E Db h o7z (p<0.001) 0

ZZ T, a®ORF& Pl & N5 EBA7 % pcDNA3. LICHE A L, 3T3-LIfifBIC b S > A 7227 v a >
L7zo aRHEOR O S o770 —1E, 22 P —)VIZH~RT0i] red 0O,
BhARa AL 2S B S 7z BRBGMB b~ — /1 — DFABP4/aP2&n B EL 2~ b u— Vil
NTHEIE P o720 T b= VoI, RIS & R THERIZH 750 1
WA L7275, az 0 — i3 bEicay b — & RTeRBEHET TP L2I0B E T,
ZOFEHEIITHEDMFF SNz, aB BT ORI EET ORI ET L0, 2D AN
SR LI " SRS 22T L TWh E 72y

(3)-3-2. Marbling-2 (BEWiZME-2) ONT (EIEE - IR 2 o ILRE5E)

WEAEFE F CICSNPOMH THRIS0kb D THIK F THed 7225, WO H 51 v bu X 7Hlo4cM%E
BT I H ) B EDb o, AEEIX. K50kbD FEIBUIAFAAET 5 4552100 7008
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Linkage analysis reveals two independent leci for ocular disorders in
a local Japanese Black cattle population
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Comparative mapping and structoral analysis of a #0X gene cluster
on bovine chromosome 18
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ABSTRACT

FOX penwes encudde o il of troneenqation Siotors which play noguonng seles Junine carls deselopment and in
regulaen of metabolic Teepcosiaaia o mdnmaks, Some memlaes of the vene Gomly, inchadiog SOXC2 FOXET anl FOxr!
SUNES CUNIPEIsE e e clusoer o poriiekar reg s oF omae wnd mouse chemsaomes, Lo this papen, we repon chronwsoml
leecalization ansh stooaviune of Bovine FOYL2 FOXF? and PO sene closter amd vemparateve amalvais of the aene cluser o
watlthe, banriin, smd onense, which were perfommed by o combimatien of i aiffeee distabise sesrehing aml fe efire soguencing oned
maping experiments. BLAST <eurch ol canle iabiome with cDP2A weguences ol fanngm amed mouse FERCS FOXF T and
FOXLT seoes ddeotiliold several T5Ts whech represent cattle D34S o tiese penes. Badisnion b brid mapping of these cattls
vl A revedled tho the eevine FOYCT, FOXLL and FOXNST venes ae localiced on the prosinuad regicn of boving
chrotrgenme 13 amd Tome s gene vlgseer, & comparilive anap of e regeon including the FERY aene cluster Tetween cttles wxl
uomam inalivigtend that the focabizatisn of these penes oncaltle chromeseme is o coneerdanl with shose a the cormesponding
hunan yhricmseseron. Then we jdenilied o cendie of BAC Jrdl seguences comliinnm penomic sequenaes of these denes Ty
MEGABLAST semch of o cattle genome dimechoie simge the cuttle cIYNA segaences, Complete genomiv sequences of thewe
e were determined by cloning and secuencing ol o pan ol genontie e inowhiech the nueleotide sequences couhd oo Te
aabataivel froon the poblished BAC drdl secuences. A comparison of the oo leetinde segoences of the cattle, leaman, and mouse
FrUY wene clusters sbuowed bBighly conserved saroctore oo the clusier in nonmmalim species aml idennitied sonws pogential

repulatery cepinns which arc consery et i mamemalion species,

Key words: £ pene, BH mapping, comparalive map. callle, pene clusber

Introduction
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vonserved DA binding demain ks as winged helin
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adopred for all chartlinge winged Telicforkheml inmserpion
Facters, whivh ure clussified itte A 1w Q subzroups
accordine Lo phyvlogenetic araly sis of e FORY pencs
Chceisdner of ol 20000 batgrsieowow brednes pomomeed ot
Ml The eaembers of the SN sene Tamily ans dictribuiedd
thromgheut the chromwsimnes and generazly o st Form

phvvsically linkesd gene closers, bul <some eacemional

Joerual of Saeona’ Ciencis G HRIFLEN01 0

vhuspers of the wene tamily have heen reporoed. For
exgrle, homan FOXFL FOXCT and FOXLT oeoes e
cheely linked cactr oiber amd comprise a gene clisper om
Tunan chrowmusemme (HSA ) 162410 This clusier 14 also
comserved on malss chremnosome (WIS 0T s amd

helahlopuo R Keusaner o al, 19960,
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The O tran=ciipiwien iy lusve Tseein reporbedd 1o
play Lonpuontam eoles daring carly development oF manimals
Ty rewdlating wrowth, differentiation and apopionis of cells
MCaclssom and Mahlapue 20027 Lehmann ef af. 21H3, On
he other bl sonoe of the BFOO proteios play o mele in
ratinbaining norwadl neetabolic homeosiasiy of adul
clitTervniialed fissues. which I completely destinet from
These dueiiy developrent. Partcularly. FOXCD wus
reported 10 be un impotlant manseription facler ws a key
regulator of adipesote wetabolism (Celerbery er ol 2000 5
The wwpressione ol the Foal™2 wene in okmise 14 1esiicted in
adipione tinoe and overeapression of the pene in adapose
tiasue pesulis an lean and insulin sensilive phenots pe.
Ihrerugh attenuation of white adipose Gssue ard formation of
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Hevently, whale penente seguences al several
mtnitali specics insluding buman and mouss have beer
publizhed and the seguence Informatim s mew vailable
fromm penenre dlataboses, The svailabilice of these gemonie
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combimatan ol e fiva anadssis by searching panial BAC
aleafl sespuenges anel EST seguences i datalboses aned ieoviven
aalvels Ty osequencing cegione ol she catrtle geoonne
w ik seguetiee infurmaior Das ot yel heen ohugned foom

databeses s kel o b fbe most effective ansd reliable

methel o detenming venomic sooctuee of paicolar genes
of imerest. In e present stidy, @ cormbinulien of droadlion
amd daovfreo ynalyses was applicd to investizane 1he
vheesmosareal Togalirarion gl genomiy sirwtare of 1the

FOX pene cluster

Matasrials and Mathods
ldentification and comparson cf bow e E5TsS
Tar ideouils BESTy Tor bovine DX, FONFL and
FOXLT venes we peforned BLASTHN search of Toving
dblNT wsing the sequences of iuman and ooose SR,
FOXFL and FEACLE menes. Alpnments and comquineon of
aming e id seguences of the bovine 15T with thaese ol
faman gnd ppsase FOXCE penes were performssl wsing
CIENETY X sultacme (EIITACEHT Sofimure).

B rappineg

ACDUk rad bovine bmster whole genome cidiation
hvbrid e RH G panel clok e ol 20030 s wsed 1o Togdiee the
FON penes il sndcoosatelite THNA o BAT seguence with
catthe specific poimers for thess sequences (90802, 37
CAVTUGETO T TOUACTOUTOC 37 and 571001 A A
GUAAGGGAGGAANTT 370 PO 3 Cricfalca
CTOHOGAAAGAAG-Y anld 37 GUGOTAGOUAGOTOTOA
CATGU-A FOXEL 37 CTTTCAACACCATOGOOATOT
T3 and 57- GACCTCOGATOGOTOTTTOOCTE 237,
arl mieorsatelhte INAL 5 ADTUTLTOADDT AALTA
CUIC 3 and 55 1TTCTILGCTACATIICCTALCA 30,
Publisheal meresatellite murkers sn BTA IR (UWUAZER and
BAS2A551 wae abse subjegted 1o the RIT nopping. PCR
mplidicariont was corcied oul inoa 15 gl-reactiom mixhae
comtuiong 20 nz DNA of cach elone of the BN panel, 0.2
b v eligonucleotidy priners, 1.2mM eoch of ™S
T.amA MpCL- and 00375 unin of AmpliTayg Golad N3
pulymerse. Adter the nanal denetucation m 94 T2 fur 100
min, 40 cyveles af moplidficanon were performed each
consising ol degutursdion fer 31 s ar 94 17 annealing tor
Aoar 35 A0, and extension for 30 s w0 720 follawed
by o final clungaton ~tep of 7 min o 32 0, The PR
proevlacts wure electrophonssed irough g 249 agacose vl
amd stieed with ethidivo boounade, POBR moplilication amd
il clectoophorzsis wene performad ar least owive and the
Fesults were seored for present. bt or amhivusus, The
sonred results were unalvecd b BHNATTEER cftwar: o

sleterming sendering amel locialization af the peaes.
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imentif.cation of BAC cores

T identify BAU climes contsning FOAY genes we
performed MEGABEASL scunch of & pmonome datubase
10w Genare Thitabesany wsing the canitbe EST sequences,
Al ol repeal sasgaerices within the seguences wen: nggshaad
b Repewdlasher progee shagedia aowaepeatnwskerargd
Ledure BLAST bomuolosy scarches (Aldischul o al. B0
anl it ise BLAST analesis Clatigsova aod Madden [9995
for alizoinge the BAT scapee e,

Thu apen oeading Teanes of ke Toving FOAY genes
were prochionnd by Caanl 5P fhngefeomplosorulges s and
GENSCAN ihipdrenes it edu/ GESNSCAN aml i Borg
ancl Rarlin 194700 bovine BAL ssyuenee. Alizbments and
centapar 5o ol gencnie seguenoes of the ciltle, Tumars and
e FOR e clusler were perforoed using VISTA
propran (Dulchak e al. 20060

SeOUens TE & @ reEion

Lo derermime the nueleotive sequences of o gapan e
BAC alrufl sevquaeitee, wi clesignad o poir o primers Munking
e pap regiom (3T AGUTTOCCTGOEANG OO AL
and A AAAACTOUTUAGOUGAGTOOTO-37) b amplity
the Tragment comuisime the sap region, PCR amphilcution
s carricd onl i Al lreiec o niiaare comiimng, 50 ng
wenuric TAA oF Japunese block contle, 0.2 «d euch
uliponue leatide primersc 7m0 cacly of JXNTPs 1.5 md)
WUl und (075 undt af Tugg DA pelsameruse, Aler the

initial slemcturgtiom of B4 U for & min, 33 cyeles of

amplificatioe were perlormed cach consisting of
denatzaratzen bur 33 s ar 94 L mnealing ta 30w ar 6t O
and extension fur 5s a1 700 followed Dy a linal
clungation step of 7w an 720 The POR product was
pucitied By sl electrophoneas gmd choed o palhY Bass
visilor fFronera secomling v mannfaciure’ s insioe o,
Segnencing was pernonmeesd o the ALY DR sequencer

PApplied Bicey sletns) Iaodve winmnmiot meilud.

Results and Disgussion

M the eicst stepoof thes siedw, we searchal ESTas
enculing cl3% A of bowme FOXCZ PO wul FOXERT
wenes by i arliver dtolase search wsing Bansan amd nuouse
scdebess, BEASTR scarch of osine JblST aatibase
wsing cenmplele O A scgienees o human and nssuee
FEXNC 2 o CrenBank socession numbes<: W57 _HIAIA ] gl
WAL 3AT9), Frad F 8 N M _O0E ] wnd N0 IH 2R, aml

FOACL (NS ORI 250 el MM GHISO23) wenes xlomnitied a
howine ERT 1CX335363) tor FOXCT esene. ot leasl [ouar
b ine ESTs (CNTROTYE CRISI0. CRA56300, and
CREIGETE) For FOXEFT weme, aml three bovine EAT-
TCBAAARNT, U000, BEGSEMN Tor MOXCS geme To
conliem the autheotecey ol The sinilariny between e
Purviow BT amd otz of mowse cPN A we portorned
BLAST analysis using the scqguence of the bovine ERTs
apainst the humae ard mowse senome in the dstabose The
re=nll indivaned Bighest similarizy belwesn the bovine ES T
anmd the covresponting b aor nasse 1N AL Theretone.
these BTy were confitmed w b dhe c3MNAs af bovine
PN FONLE wd FEANET penes,

The DN A of bovine £OXTE FONES and FOSES
venes copatned PS09, [, wwl 163-bp apen remling
tranoes, respeciselv, Tie predicted amiace ool sequences of
these heaine geoes dentonsiearcd hisli sequence similaric
with thesr matnumulion orthabess, A shown in g, Loan
alismment of wieime aesl segueenees of FOYCD showed high
seguenee similacely anemye thy FOXC penes of theuy
species. T parvticwlar, the amino acid sequences of e
turkbead oo dineais were complelely identcal among
Lhese spectes dndicating Tunerivnol  impoctance of the
forkbeind b derrezien o the procins. The similar cesalis
were ilsee ubstiined i the FEANEF and FrEvEY venes ndala
MAr s 1w L

Mexts ae porivrmesd BH mapping of these bosvane
FESTs 1o determime the cheonmesomasl Woealiestion ol the
b e UMY genes. The published compasaiive moges ol
cultle. hoomaen anl enotese indeaed thoat the pooesenzl regiom
of FUALS o the ovolmenally conserved ontbalog of the
reivns of 145410 gond MAUE (Everts-van doer Wimd o ok,
2ipkd; Gualdanuoee of of HW020ar which the 02,
FOXET ol FOXED penes bose Treen Tiscadised Theralorne,
1o crosaie lie osekers (0 A LS aml TRMS 2355 on 1he
proveimial ceaien of BTATS tlhaea e wf, 20020 Rappon of «of.
19T 1, weeTe clso subpeated Lo the BEL mappang, Screening ol
i HAErad b ie-boensaer whoele senone RH panel using
specilie primers For these hoavine EATs 00ON4359463,
CMNTRO0TER, ad CRHOR500 ) amd the macsosarellite morkers
aseiznod these EXTs o che same fucalion an bovwvine
2enasme anil the 2encs were flanked by oo nivnosacelhne
marrkers with 588 el and 1125 ¢ opan frome LWOARS
wnl BRIS2355, respectively. Thewe findings clearly

imlicated 1 the hasine Foado?, FOXLL aml FOXFS
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Fig- 1. Compgrision of predicted amino acid sequences of eattle, human and monse FOXCL The alignment was ohtained
wsing GENMETY X software, Ui comserved residoes are shown ba dots and blanks are indicatedd by Bar. The lokhead
by dotain 35 Doxed, The donain is identical in nueese, eattle and homen FOXCL,

pemes woere wvalived oo the prosinel regioo of BTN aod
cunprige O sene cluaten ke boroead wnd moose. As sloran o
Fig. 2. 8 cemparison of the ohtgmed BH map wilh
publshed linkagee bar er of, 2000 Kapnes or al 1990
ard BT cEvert-van der Wind e ol 2000 Goldammer e ad,
20035 Db er ol 206030 mape 00 BTYA T o huraan oo
i evealed that the Jocalisalion ol tbese geoes oo e
BTALR i an concurdant with shose s 135A 16,

Muxst we searched Tovine BAC clones comainm
FOSO FOXE und FOXLT penes b A MEGARBLAST
search ol Cow Gonone Iatalise using thy nacleolie
seduuees of the Tuvine cONAS i ceveal the mennmic

serctuee of these genes, Cansaquently. o bovioe BAC cloae

workig dralt segueaee PAC AN ] containing these
A sequences wuas identiliod. Then, we seanclhicd the
databasre upain with appeoionatedy 2000-Tr wmd segoences
of the BAC clone and ideatidied otlwer taa BAL dratt
seuenves Therefere, wo obGained u BAC contiy comprisel
ol threg ovetlapping BAC segquenges, CH2H-1940110
PACT AT CRI20- 24800 (ACTS 2Ty el CH2H0-
MBI cACTANET4L Lo contizm e Tovalisation b thowe
BAL =equenees o BTATS, we petformed HH mapping «f
BAC clomes wsing primwers for L mictesate e [3INA i one
af the BAC sequences (AC TR0 The reswlie contimied
thue Tocalivatipo o e BAD conug an BT ls ac rbe saome

prosition as these M As Theoelore, the conng appeaned o
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(&) FOX gone cluster (R} BTATE {C) BTA18 RH map D) H2A 16q
on BTA1R linkage map
b an
T ILBTS0I ILSTED2
‘ BMS1322 -+ BM51322 BLF 1 COXMN
T ICEBFP fesard
b UWEAZE 1 coxaLy
11.33 cR,
1 FoxFt FOXGI FOXLY
= 1 MAPILETE -
I igi:.’;z MAPILCIE
- O TS
380k FOXFT X1 SLOTAR SLCTAS
¥ T SP5GT
UhyCAZE GALNS 4 APRT GALNS
APRT . SPGET
-l
= 4 INRA1Z1 1 INRAIRY
(cM) {cR} [Mb} Fg 2

Fig. 2.

Cormparative map of the reginos contaioiog the FOX peae closter on BTA LS and the cormespomding region of T3 A TH

(A1 The EH map showing thye positions of the FALY pene chester with relative pesition il microsstellite msrkees on
BTAIE IEASTAZZ and UWOAZR) olqined in the presend stady, (B A partiad linkage map ol the prosimal regiont of
BUALIS {lhara of el 200K Bappes of af, 19970 00 A parctial RH map shoewing the rebition Deiween The nicrosalellite
marhers and Fonctiona] geoes vo BTA LS (Galthaomer er af. 2020 Exerty-van der Winal ee ol 20040 (1) Localizatioon
of Toncticoal geoy ineleding FOX penes on 1154160 bdtrSew woochinlm, oihoeoe).

Comparizen of these msps indiciates thak the repion of BTA LS, inow hich the 00X penes were mappesd, correspomels to

that of Hs A%,

vemer uppruxinitely S0-kk repton of the proaineal woion
uf BTA LS.
These aeatt sequence of the BAC cont=g contaimed

citire coding region ol the FOXC2 amd FO5E penes aml

w1 oof the FEINFS pene, but disk not conten cxoon X oor

the peie. The BAC dratt aequences il several paps, in
wlitch the puclenuide sequence have nol ser been
deerenned. and exon 2ot ile PO T eene woas likels o e
invelved inone of these paps, Theretore, we detenmined the
maglesstisle seapuenae b gap fogated ol the 3 negienn of the
avant Lol PONET pene toidenticy exon 2 o the pene. The
FOUR amplilicalion asing pohoess Tanking the pap regeon
anplitied w G T-bp trgment, The aoplibed fazmem wis

clowwsl b pOEXD s oo ansd heir tucleomide sequence wi

determined. The olsaized sequence of the sap contiined o
HE-bp oseguenee ideatical tootha of o 37 part ot B ime
FLRSEL oA sequeties, Thercfome, cilirs seguece of the
FOXFD wene including eson |oantrom Lo exoen 2 owaos
ideriszend by the combiauald e veltee o e vei il vaes in
thes sty A comnpagason ol the cTINA sequence of the
Puavine FEAKC2 PN and FOXET genes wih e BAC
seguenee revealed Lhe exon miten sbracture. otder, and
refative preation of these penes, The bovine FOXC2 and
FOXLT gengs are OC-rvn intrenless genes while the
FOXFT vene comuins twiy ez with an intion o nsdiesino
of b forkhead domain, The splwe doner amd aecepuor sanes
af Pewvine FORVF S ceme asnec willl 1he §OTRAG rute. These

strugtare il sFes of due FOOY pencs oe e san s s
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o Uhe mman anal mesiess pens,

Thua we compared and aligned the owcleatide
sequeices ab the bovine BALC conz with e genenniv
seguense ot umtan or nudse PO sene Slusler. As sbawn
it Lo, A, (he relabive posiciom, ofentation, e esasn-inmon
strugdure of the genes and distanees belwoen penes wene
coese ey el aneony these wnonislion species, [k 1o b ool
Tt o serics of sequenees, which are lEcfy oo be o
functivenal gene. his Been repuried mthe FEA aen: oluslers
af bumman ol mosse, A cboam it R 3L seven sirelches of
seiueney which are identical 1o parts of o bgman
Iyparwtics! praeein with unkoown Tunction, FLET29WS
fauslee el 2020, Tive been wlentified in the oepn
Troteen the FCUXF S and FOXNTD penes, These sequesiees
wiere alse conserved im the catdle sequence, These seguenues
al vattle aze, therelore, likely Lo ke cnens of bovine
Tl sof FLIT299, Furtheonwore, there were several
repiond ulher han the eacms ot hese weoes, which were
highly conserved amony Lhese mammalian specivs,
factivalorly. the 57 and 3 adjucent pemons of SO pene
weeres By conserved hetaeen catle and hunuin, Thesy

wobservuel cegiens were predicted t be sone functional

—k
[LLAY 3]

N' | A ﬂ! B

sedjuetces phaviog i iopoctant el inthe regulingen of 1he
pencd, sucle oy eolinweers o sileocers. The resales of the
alignment also sbwwed higher sintilarny of the oocleande
seguemees berw cen callle and butman than these betwesn
hmran aand mewse This result was in convandant with
peoerally scoepied phylesenetic relytion of priminy, rodert
aind, vngnlate.

In the present sogilyv. we ideolitied 1the penommic
atrwcture of the vluster of the Tavioe FOX genes and
commparad the strucione with thee of Bmman and roouse. Ouar
mesulty toclivated ot by clesee s bighls comservesd mmong
nunniliam species and there are aoune cooservesd repione
Tewide the exan~ which couwld be conimuot regulatory
reaisis nl the penes, A the FERL penes plays an imserene
oy i developiment and nawtabelism of adipose ssaes and
guhl Be comlichene pemes Tor the cuonomiicy] trils of [irm
andiads, Turther bestigation ol these poteniad neubinory
restive will provide usetal information e cthe fonctiom of
These aenes on the econemicil it

A demronsirated i this <twly, the combination af
e inadfive snul feovitrs sivlysis o the 80N peme Cluster

ward elteclive o derenoine the venmnic slracturs of e

ElJLiw

bl CLEELAL ur L L L, L Ll
e = T, 107
¥ I
s b - ], Jso
v - —
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Fig. »  Pairwise comparsiive sinalysis of the eattlef hunam fopper) sod homsandmeasase (owerd ponemaic segeences ol the FOX
pene clusters. The altzimend aouwl comparison of the sequences were performed by VISTA program, The YV-axis

shovas the % wlentity i a 100-bp window. Acrows indicaie The cog

15 andd orientations of The geoes and gray boxes

o Ul wroows denofe exons,. Poohess sl Ui bottom incivade positions io oo gemome segnence,
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claster. The whnde penome sequencing ot e cntle s mn
uoilerwiay amd will be complencd in near Lutare. Al
cornpleting whels geimome sequencing and beng paldshod
the roenooe shwabase of callle i eliable anoefatoon.
segleneing gemmmi rerhons ol particilar cintle wenes will
b sy e e the i ol b amd mmcneses, b g
cornlanatieon of i velree and dnoviiee amalyvein sleadd Tae
currently the most eflfzcrive @iad relaalle method T

analyyioe sensily segquences uf caltle penes.
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provided a sufficienl namber of aochors W construet o
AL {htp o anew boepse calab mappinghovine contig map
spanoing -0 e 3T cRog) on BTA 40 Taken tpeter,
the ¢urrent maps will facilnare posational cloning and
provide an HN-BAC padorm on which o assemble an
initial sequence of the bosine menme.

Resalts and discussion
Framework g

W wsed nncrosateliite matkers mapped oo the Shari-
kawo-Lis13a Jinkags map [13] (see also Rpowawwomare.

vada gosgenome § to construct a dense and robuast trame-
wark map. Microsateilites that amplifivil wel oo boine
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T16]. Brielly, markers wene arlensd based on their Jocution
on the Tinkagy mup [15] wnd RN shistanees eompuied using
the RHMAPPER propeamm 17 Finallv, @ frimework map
conristing of 3210 microsstellies was constracted for 29
aulasomes and the X chrorneseme (Supplements |and 2}
Fach chromusene ineludesh mivrosatelies ssigoed ul or
el wobe centromenes and elomaerie uds on the linkage
g 5] CSupplentent L ddost (90700 of the pair-wise lod
soenres betweon consecutive tramework mackers shown in
Supplemierl & owere LODr =200 The averdges relention
Frespaaiwy far 3200 nicresatellines wis 17.3%, mnging
Frontr 3.3%n [lor examaple, ZHRIA7D o BTA 3) w 53,3%
CRAMRS 254 on BTA KT avioss the genome. excent for 728%,
of A0 oo BIA X (Fie 10 Muarker 000, witl the
Tighest retention Freguency, wus lightly linked to the SAPRT
logus 7] that was wsed as the selecton marker for crealing
the punel. Average reteation fegquency Bor individuoal
chromnosemes varicd trom [0.2% on BTA 2w 24.0% on
BTA 23 and 26075 en BTA X (Tuble L Tuble | provides
details vt the Armuework map, The wnober of franework
mictosalelloes anged fom 31 oan IBIA 230 220 on iTTA L.
Helative chromasomal length varied from 419 {BTA 260] to
WA BTA X} Koy viekling w toun leapsh of 23,965
CRepen This comrusts sharply with the coveroge mecentiy
repurted by Evens—van der Wind ot all [14)0 of L1.44]
cBegen with an approaamate penooe-wide male of 4
CHagast bl The averiee ratio of physical 10 genetic
dislanie of the curment map wis 7.5 ¢RopgpoM: rmgae 4.6
(BTA Epe 126 (BTA XpcRooyeoM The mecduced coseruge
ey b dug o he presence of a significant number of gaps
Tetween Enkape growps (56} amd smaller punther of markers
asmigned b the RHau, tap [14]. The slight incnease i the
chaehd mio is Nkely due woan jpcrease mooverall marker
coverigl (T9% vs B3R over more Cliremosomnes. Fig, 2
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shows e tramewech map of BTS & OF the 93 nerkers
o e IBTAS hnkare o, &5 (73w were idependemly
Togeted an the Famewaerk map Bt comneneric
portion of Frab inclading e Tareest sulosomal marser
interval om the Shimkuwan L5500 Enkaee map [15] Te
2ed-eh] dnteral fromn FFRZIAS to SHATINT cenpes-
prondeel e a sTorker plivsisil dislaoee o 633 ¢ g (Fiz.
23 Franwewark maps ot ather chrunosamies are showon m
Supplement L

FAET mappsnr anid of Bovtae BORG CorRpRIIITUS B

W mgorporaed mfarmmaean fon the human penoaene
seclencs ok the bovine BH nape by direetly assizning
Poviie BESTs ammoted in the buma seneme sequemee
(R Bpe s tipnarg slbebled 110 the ITnesoars nap
1 el i hen cig- Tuman eormparalivg exp. Alhoueh 2544
(90N p of 26 BRI teped oo e SUSREE .
sne] woere uesioned By swe-poinl hmkasge o e ‘mtnl.'ﬂ--:arl.
maarkers al LOWY =200 [&T gssigmnents were remaoned o
e fullosing ressonrss THE 21 1ERTS conkl st by odaged 4
e assigned cleomosmnga by ke Cercale plicemen: nun”
optics of RITRLAPPER; (3151 o 125 EATs disceardam with
sreviols dssienreents on i bevine semmadie cell kvbrid poel
IR or the BEAMAR database [hUp Teous jous iomadt b
ware clanimgted as mvonst e with syatems il o
Tl o symens cnloemanon asailable, wnile 14 ESI
newhy orcdered an the RH panel aed ofh TaTs asseened
prevausly [TE] TBROVWVIAED Rt locesousonrach
remaived hecaise 1hes wete conliraead T 2vmeeny inlon-
mation (upplement <n 43 95 ES s were singlelons
(supplement 1L Thus 2277 ESTs 397"
crderedd oo 1he sap

Chae thewsand theee Bodred . pwenv-seven o 2377

Wlowens T1mih

PSSR chromosomal assignments were contiomad T
previvis assigaments on i osomatic coll hybrid panes [15]
or e BOAVAAP datbase (hop . locus ony i ko GE?
were comlireed by synleny ueforisiion S below ),
Althoteh the remienng 360 aasiziments wib lod soores

vl ete than 200 were meb coriirmed. s they were meither
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buman penenee A Table 11 dpprosumately 7990 sl the
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Mutcervials and methods

Ceensiepeetron of the SUARN -0 e pomeds Bonnie e
Blasts wene derved oo male muescle s bigpsics.
Appaoaimately L4+ 107 fTheblasts were irsdined wich
T racd amd fuseed o0 HPRT O We2he 13 e
220 Fused eells were grown me RERIL TAHY mwediens
suoplemmented witle T Rl bevees o aand e AT
A AT 00 The emdhnted bovine and bacnster fibrodZasts
wete plabnd wne 1 11AT mediam wnd incubated a1
37U as eopteels, Dndependent colonios wers picked uid
aromr i fsar 3H-omt Sasks D TINA S exmction.
Minety-lwa bvbrid clones wete mesienly chosenn ald
churucietieed by FESFD Lo dererotnes dimar TINGA Sorstem,
Mol by eatioation of cheeemssorme relertion fie-

et cells

coleney Laing 63 microsatellites hat spumned all bovine
chromosomes ul relatively vven inhervals 1B Mamiani. Y
Supimate, w00 W Leatbin unpublisied b The
5L ShRE- popenel oo ailabloe wpon regues

Merrber aepdificunineg 0 POR Sicrasstellite markers wore
ablained Tnem e Shicukasa=17 DA Tmksewe muop (15 e
also hop: cwwaomarcoaesdin oy reneiiee 10 BT markers

wore derived Trom 37 BN as desenibad praviconsls
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seuenoes Chlps woeatierorg kb bigi 1 s Priner?
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