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EAMICHEHTEZ Y Y-t by A BHE O B 24T, R Y O Rt R A R
THLEND D,

ZIT, AW TR, BEES ) LEFHROERD S e by AEREAHICIHHTE 5
v ¥ OFEM R gLt AR B 2 VRS A 2 LR HERE L7,

(3) MWFFEoD BRI 72 HAZ

7 DGR OVERL | USRS S ARMIIE N A 7 )y FoSROVHBIKD (RHIBIXD) . 35 & OF,
Yok b L DR

TAald, INFTI, 6 N AEREADIENTE 238M % Y Yo RN % /E%§ 5
ODWEREHOTE L, T3, FRIEE T TIRE I £V 7 K¥EEFET, etk E
B OVEB AR RIS A VOER %52 T Lize T2 REDICEETOLRMMK~ v ¥V 7 24T
)7, 7 UARHIRE N A 7)) v K284V (Somatic Cell Hybrid Panel, SCH/ XA V) 2 3L L 7=,
X512, Y-k N ARBHEOER D20, 7Y O R TR L T A BEEZE T T
»AHESTZ #9375 6 TAHBAFE L. GeneBank|Z & &k L7z 156 DESTICE A7, 000EL5 2 &
PCREATEH D 7I 4 ~—t v M, 000H Z/ER L7z NS DS L TE 72y — )b L EFEEICME
L7z v 7 LI 2 TG LR 2 7 o et KX 2 VR B

S LGB ICE Y oA s a T I VT L= T =<y TEEL,

4,000 D VESTA Y v ¥y 7 L, b MNP AANIEST, MK E 35 (7 JESTH.
536,315 : “FRk174E 3 A 4 HIAE) o



2T Y ORHMENIE, 3, 000D~ 1 7 0475 4 b, 3,000M8 DEST % & & &5t#96, 000
JEET 5,

(4) WrZERAZE D RFE
EEREE A ) LGEERMIN . B X O, RHBME v - N7 AWM A Ve L. 30 ELAT

Of:o

(4)-1. BBEY 7 AEBEHMNO T LD

WEAREE, Fea IR EY 27 ) Al AR L7e RO Y 27 ) AdEbM s et~
— =8, 3,960M (N, <A 2704754k :3,802M) L%hore bbb, 19974 L It
RY—N—BEF3.2BEET Y., P~ - —HRIZ1.4 MEBoTe INHDOYA 7 0HT T
A by YT, BEO, 427097514 POBRBENEHBML TEEELYERLICE LD,
WEFZERTIC L > Tx v BV 7 ENMSE. B L O, BB SNANSHUZ @B E B THB Y .,
BT 2 AEEH B ER I B W T YR S BN 2 ZE 2 R L CE AL LIEALNT
»H5bo

R, 97 LEHEBRICETEZ 17007514 NEROEHE

T RS ~— 7 — R
1 0L BESRTEATN HA 2,397 (63.0%) 2,183 (55.2%)
2 USDA-MARC KE 1,405 (37.0%) 781 (19.7%)
3 DEEEPN- < NV F— 0 84 (2.3%)
4 ILRI r=7 0 79 (2.1%)
5 CSIRO F—=Ar 70T 0 57 (1.5%)
6 IDVGA 1507 0 42 (1.1%)
7 URB KIE 0 36 (1.0%)

Z DA 0 540 (18.8%)

it 3,802 (=100%) 3,802 (=100%)

(4)-2. RHHLX (7000-rad) D &

9. 3,802~ A 2 a7 T4 PON, 3,216 THKESNE 7L —247— 7 WKEEK
L7z RHIZ¥AIV (SUND7, 00078 % V) OFIHRFERIZI7.5% TH Y. 77 7 A D4FIE23,965
cR (#114kb/cR) &7 o720 SO 7L =0T — 27 #IH L, EST 2,377~y X 7L, &
515,503 & o7 (2), Ea Yy —3 7 ATHRIMIK (5,000 rad) 2% L7725, <A
a7 7 A 3498 L EST1, 56418 D A7, 9131 (UBFZERTDR 35D 1) Th -7z,



2. RHHOF &

TL—=20T—=7IHwixA 70754 Mk 3,219
“v By T LA ra% T o4 bk 3,216
~ v ¥ L7-ESTH 2,377
st 5,593
RH/ 3 )L 0O SEH e 17.5%
7 LDEE 25,088 cR (#7120 kb/cR)

(5) EPMB L OWHLDIRI

e ) ARHIORGO - ODEBEG T Y 2y NESTTCH L, HAEIZ IO T O
V7 MIA-TWAWS, EEHMXSPRIXK O %M@ L T, £ RKaEE L7z, RHHIXIZ
Efa >y =27 2BV T RIMOER WWEY 2 &, 71023, 20054E1 1)
Tl35000-rad (v —7 =% :3,021M8) &£3000-rad (¥—4 —%: 2, 274M8) OMKLER S 1
T3 2%, L4HF5ERT (7000-rad) DAY, JKd~— 7 —#H% < (5,503M) . /2. HHH
MEMELTWAEZD, ROBEBEUEIEVEEZEZONL, BBV - T AT, 4D
P & . BEOHED TV ARHMEK CUIFFEFFORHIIK & &0 C) OF— % 23X Cflis 72
) LA (Composite Map) ZAEHTH L, EESa v —3 7 413, 20054 3 HFEIC
KETFH A 22— A b TERIEY —27 23 v 7 “Bovine Genome Project: The Next Phase”
TP L. RGBT b,

YU )LD Ay N Y=Yy (AN T4 — FHERER) 120w Tid, 20044
10H 12, 3.3f%7 / A EOWF AP HRE S, 7274 N TREEN (Yay b Frar
T A TOFEE T 4.2kb)o 2005 1AM S, 66 CKVAS A v, TIF—<v, TUHA,
IV r—Ly R, VATV Y, Yx—T—) OSNPREENT O Y A T< v ¥y TGS,
F 720 20060E3H121E, 785 ) A ED Y 3y VA VEMIOREE TR Y T b, v
FILADORT TN (THEZX) BYIPAFSING T f%éo%mﬁ%ﬁéﬁwf#v/7%@
O, BEBEIZRDEETEITENEDLE ) DDORL RV, KEDSNPD B TZ Offidy
a7zt 52L9,

(6) SHOED )

SAEEFITCTICEO CE @B E T/ L@, BXO, RHIBH E 7 > - M7 A i
OIERIZIZIZRE L, BRI o7, INHOFEHRIT, BFBEOBRMTEMLT T TRL,
EIEMEFROFE KEEFORY Va0 —oy ZIC D #58HET 5 EMECE 5, 4%
BRD DI EDOMHEED S E S ICEBEICYA 70774 b —iiiELM~—7— (SNP) %#H
%#%:tfﬁ%@ﬁﬁ%ifﬂ%f%%ia’wa#@f&%&w B, BEEary—
DT AWHED T DT ) ARG ORAIC & REINTBINFIEHEO~Y A 70T
34Fﬁ%ﬁéﬂ%zkﬁ%%of/A%@#%ﬁ”éﬂt#m%%ﬂV 71— (SNP) D&k
BERLOOHL, CNSLDEREFHTAIETERAU~Y— I —DHBRIAESH > TET
Wk, T, ZHONPEH AL 70Ty THREINIUE, T OT7 ) RIS O~
— N —FHE IR A N THETELZ IR D,



1) —2 9YVEEMERKRODNAY —H —BRFEORRE

(1) BFZEER 0 Pk 9 4F ~F 164

(2) WFFEE & RS LB iR

Y Y OBIEMRED S ATFE RO EAMS BTN TH D, TN FE TIAOREDFIK &
EFFEBEICEILTBY, 20 9N EENP LT EREELEMEROF Y ) 7 (M5EE
FaATIRAET HEE) ZDNAZK S 52 2B L. BEXH1ET 5,

RHEETIE, INOLOERIZOWVWTINAEZIREEL LA ) —=v 7 (v—h—T v A ME)
DFFEHET S EFEKIC, S OICHEATHEMREEREREEZTOREE - P2 HNE T 5,
ZOLH) HREMINER SNIUE, BETOLREZBRHT ADNAZHICL>TF YV TDORT Y —
VTN TEDLD, BIEEEBOFIELHIH L OoOF v ) THEOBEWED 2 EMICA 2T
ZENRTED,

(3) MFFEBHZE DB B AR & iR

(3)-1. 7 VBIBHESIRNT ORIEEE £ T O

AL TR 9 FE S FIB SN TB Y . SIFZERT 2R O R KB (LT % [F5E L. DNAZ I F
FEREL, FEURFERMPHREELZIT) 2L Ik > Twh, ERIEE T TOHREEFE
3R L72,

HEMMECIIKEE, §HSOBMEMERBICINY MATE 2, SO IR SEROF R T IUE
T 5720, BREDOLFANFELMED S LI, REORERESCIKFMEG % & L odigEmfb %
DT,

K3, BMERROEFETOEED

SRR i FREEET | ZROWE | RETBTE | 4
PG w10 37kb > K i » i
TUTT AR meam | NS 3 KA BY 28
Chedidk Regashl | memf CHS-1 1S »Y 53
Sty gy | BERAL | Claudin 6 56kb > »Y 53
BHADIIDE | geam | LB E%%i? Y o
CLIaT: asesd HSP70 1KbD K Y i




(3)-2. 7 ¥ EARTEBIRAAT D44 DR

(3)-2-1. /KEHE | —RAZ V) =2V T BIUTRAZ ) — = 7T OFEE, FeE O Gt fRafisic
Yy BT RIENTE, TOFBITHET B N RKIE D B K 8 A5 123 AH & B
TALERIIBO LN Do 72,

(3)-2-2. HFEAXRIB : —RAZ ) =V IV BIPTRAZ ) — =0 F ORGSR, FiE O Yeta R iEIR
IRy ¥ T2 TE, HUBEOMKTEIFMATEY, BXLL, BUETHL LT
a2, LeLaDS, bok il Ml LBETHEOERT Y — V21T TIRERELZW
r—AWH o, MOBLETHEOT ) — Ve OMEEHOTREED 5, EHHBORY f
WCLRPLEEEbNL, 4%, 3 IVEEz#EL L, BREGEFPHETE5 X9 1CM5,

(3)-2-3. MRERFEEAZIE (LK & oLEFgE) | IREREEA SR (nultiple ocular
defects,MOD) % 58E L 721850 % H.lh & 3 2 SEFH O SHIRAT 2 47\, 2 O JetufRiEIIc~ v
YT LT WHRBRSHERIRTH o 72,

(3)-2-4. EREPDINOEEMEZERR O T O RIZL T b, EEAL, BEERE. E¥eie
JER ETH 5o

(4) ENB L T OIRM
AR O R ERIIFRO b Nk o 72,

(5) ABOED)

HFEMFFERERE & DBE i@ x & ) oD, HERNTHOBEHRDO SO LR AFARDNEEIT
Yo (RO EFHBIC~ v T TELBIEHRICOWTIE, BEREEZETZRE TR, 340
FIMBIIEY R &2 A b, T2, T BIEHIIOVWTHRRADOIEL TV, HEELZETE2~
Y 70?%) o

1) —3 HAFRETVEODNATREFEDRRE
(1) fFFE4ER 0 Pk 6 4F ~ Pk 164F

(2) WFFEHE & HARE S N2 R

VY OREFERHOYWRIE N E TEE L TBLIPHF IR S N2 MENREFIFEIC L > T
BUTE), KEGEREEBITCE, LALIOHETIIEEFMICET 2HEH. 22 M AT
WR%bDIZHEDREDND D, —J7. EEIZBITH5 ) LFHFEOMERE, 7/ LEsEHI
THVAZ L), FEEREREICHEG T 2 R EOBEEE. &5 WIBEEFeRET
BILATRIZLOObE, LALADD, 7 YDEL A LORFVALRNBH TS 120,
HERETOREINETH L ENEHICTFRTE 2, BIERETO/FEE VS B ZERK
T B (ISR 72 ol | 30\ FoMLRRIY - ESERY 22 LD HLA DR T

T 6 4EEE B SN ARREOS— T, WHE (BERELBENRE) oRik - A



HEORFVEIZ OV TINAEHRZ R & LU R TR0 T HWIZ, ERO&EERRY - if
FEIT RGO H Y R FEFR G U RBAWIZEHT & O FEMTE % Bias L7z “PEI2FEE £ TIZ, i
sk & D ERLARFEE IOV GES S 2 Rt REEZ MEEICIFEL TS TBY . —ffD
FHEBEIZOWTRE Y= =7 VA MBERISHEHA L ) 2EREIZES 720 FRI3ED 5 DK 1]
T, ERE L ORFEFE LM LT, WHFOME - RESFORFEEESL vy ¥ 7y
5 (Gt fk EofEEZRET 5, MEMITL) Leblil, vy BT LREBE,. Fi2.
WP A 2FE L, CORMGFHREZICHTLIZEZHMEL TS

(3) MFFEBEZE DB HAR & B 2R

(3)-1. FRFTLEIRAT D 728 DDNAY >~ 7V DL

FRLISEE D H20EE - REYBFEN - REXR Y v ¥ — O EEF220%E & L FNTE %
LTWb, HBEMELE2RETHAIRBBELXALE L)L VRRAEIERT A 2 L id, ERIZE
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B LIAJ 13 7,902
14 12,413
15 17,658

16 6,831 44, 804
BT 13 1,054
14 2,503
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A Comprehensive Genetic Map of the Cattle
Genome Based on 3802 Microsatellites
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only primer sequences, Linkage groups for all autownimes and X and Y-chromosomes  are qresented  ar
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A High-Density Bovine Linkage Map

Table 1. Parametars of Lhe Bovine Linkage Map
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Abstract

Background: Boving chromosome (BTA)Y |5 conrains a quanticative orait loci (QTL) for meat tendamess, as waoll as several
breaks in synteny with homen chramesame {H38) || Both linkage and radiation hybrid (RH) maps of BTA 15 are availakle, but
the linkage map lacks gene-speciic markers needed to identsfy genes underlying the QTL, and the gene-rich RH map lacks
assncintions with markor genotypes needed o define the QTL, Integrating the maps will provide information to further explore
the QTL as well as refine the comparative map between BTA |5 and H3A 11 A recently develeped appreach o integrating
finkage and RH maps uses borth knkage and RH data 1o rosolve 3 consensus marker order, rather than aligning independently
constructed maps. Autormated map construction procedures employing ths masinurm-likelbood approgch were developed o
integrate BTA RH and linkage daca, and establish comparative positions of BTA 15 markeors with H5A |1 homelogs.

Results: The integrated BTA 15 map represents |45 markers: 42 shared by both daca sers. 36 unique to the Bnkage data and
&7 unigue to RH data, Sequence alignnent yielded comparative positons for ¥7 bovine markers with homologs an H3A || The
fap covers appeoximately 3% of H3A || sequence in lve sepments of conserved synteny, another [5% of HEA 11 is shared
with BT & 2% Bovine and hurnan erder are consistent i portions of the syrtenic segments, but some rearrangement is apparent,
Comparative positions of gene mackoers pear che mear tenderness QTL indicate the region includas separate segments of H5A
. The two microsatellite markees Nanking the QTL pesk are between defined syntenic segments,

Conclusions: Combining data o construgt an integrated map not only conzolidates information from different sources oneo
a single map, but informanion contributed from each data ser increases the accuracy of the mag. Comparison of hovine maps
with welt annotated human sequence can provide vzeful information about genes near mapped bovine mackoss. bot bovine gene
erder may be differenc than human, Procedures 1o connect genetic and physical mapping data, build integrated maps for tivestock
specics, and connect those maps to moere fully anrotated seguensse can be autermaced, faolicating the maincenance of up-to-date
maps, and prowiding A valwable cool to further explare genetic wariation in livestock.
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Background

Crename maps for livestock speoics a5e necessans o iden-
ty proes atfecting econvatically poporin proedection
eraits. Linkage maps, based primarily ou highly polyar-
phic,  amoepnnues aniermsapedliee neerkers, Jone been
bmpertant for identifying chromosomal regrans infllucne

g eeononnically imporian waiaits in canle f1-3). Because
a Lk el recountioarion Depween claseby linked markers
limits resaludion. and becanse catthe linkage maps [4.5]
CunGun bew penes, nkage oveps are ol BoeineE valoe 1o
ordeting closely lanked imarkers and idemifang penes
underying quantitatiee naie foct (OPLYL The vadianan
Relrid {1HD) approach allows mapeing monenwrphic
markers for genes and can provide 4 lighe resoluvian for
ardering ¢ Losie nunkers [6,7], but Bigle Breakoage Ireguinimy
Bl dard are less relioble than tinlage daa for erdering
widely separaed groups of onokers j8]0 Toesraring i
ageand BIFdata ime asingle nap will refue marker order
1o Eacilicars genenin i seequencinng and wikl dso e te
edfleTieey of alentilving genes assos kel witli 13100,

Integrmtedd anelyis af Ienb liekage Jdaa and BHE dag
allows each source of inforneaiian o comypement L
otbuer, prowieliog 4 oarse 1o intennediane soale maps of e
b genonae, popelated with pene markers 1o Gacilitate
discaveny of positional cardidare genes dor GT1 . These
inteprated noaps will Lok the B sesle ol ceaplele
RUTEIEIL Secuenicd, bl cepresent @ pesonmee uselol for peie
identification through compacative muapping approceTes,
LSLEE mote counplen® genome segaence Amd aanerarion
frent ober arpganismy, Similarny Debween sepments off
bovine [INA and genomic soquence fiom et speries
fary swpplement inmegrated data o presbice 1 bocateon off
winnapped genes in the bovine genone |9, A compre
bensive integrared map, containing all identified penes
aod mackers, will simplite datidbase gqueries and reduce
ambiguiry uherent in mining informarien fom caler
['Iljl.r!'l['llﬂlﬁ.

Al Legrated map can alae provide g amewock For
wsseimbling Bovine genoone sequenae as data becomes
wvailable, A well-onddeted oy af seguence -tigeed -siles
[FU%]) weay essential for agsembling Lhe human segquence
[L0]. e Sational Inseiwiees o8 Heabth (S idemificg
the brevvine geawseny as high poiariny for seqguenciog [11].
and sequencing is undemway. Cne pivenal criceriom o <las
siling the bovioe gereane s sady Bor seoqueiw iog was ti
svailabilicy ofwell-mainigined penetic mnl plvsical maps;
indeggatiing these moaps will pevicde aceiticomal sappor oo
secj e agsemhly,

Datesgriniin ol ladeape and RO seaps bas Deen reppored For
ioamber of species [11 14 anad 1ndividual bovine chra
mcsames [15-17] The geneal appiotcls o ingegraned
mapping hes been to soere several imarkers foon Bokags

Pt wares Biamed cenlral cam1 47 1-2 1845577

miaps on an RH paned, theo adign the independent maps
v camma i ke s, S kacd [ 18] and Whine eal. |19
chesoritedd procedurcs 160 synchesiee ufotmaricn tram
mniliple indepeodent mags onng aosingde meped maye.
These appreachies do onot directly use data consriluting 1o
cach map, but merge qesules of independen analyses. A
teawdamentally dittercist approeacs s e metge iidepend
ent dada sois with common markers, o each Jata set con.
rilies o constroc g 8 siagle ilegraed map. Agarwala
elal. |3 developedd procedores bor imtegreting 811 mapy
where matlers commaon e irdependent BB panels con.
teibawed 1o the sulutien of o conprehiensive BH O oag,
Schick et gl 18] sleveloped proceduencs and  released
Canbaliene saftwaee [1] e naerge and solve Inlepgrated
arvges peprrese niking naeleiple linkage and B daca sels.

A larpe vobne ol data are e eenerated inoceltie and
ather livestocl sprcics thar s oot rapidiy reflecied in cuar-
te 0 g e pPresenldions. The mesils i g Tack of wulv up-
e ate maps of any livestack species, a5 the moaps may lag
by il oy weaes o Fweis copresenation af existing dats.
1t s nod fracible wo devate sigaaficant human resouraes
corstarly mainain and update these nags, oL s cniticad
that awrgoatend pracedares e develaped wofree huneen
mrAp curabars oo many of the fime canseming, etrar-
P Dasks expericaieesd iy the mapeing pracess Exisiing
A construciion soflwace is autamated ta che extent that
the likelihoods of many abernative marker arders < be
evaluared with a single command, bur she entiee process
ab gabering arel Termaling raw dala, copsiructing maps.
examining resules and publishing oo she indernet, or elie-
wlarre, regplires Boanas intenwentiont al several shoges
Antoicd  procedares will sueamline the process in
oneler 2o focus uman eifors e the crival stages of werify-
ing rave data amd examining e resulting mags,

Bovite chiomesme (BTAY 15 provides an iwderesting
example W study the indegration of Hnkape and BRI data,
Al comparisan of the Bovine w e human geoomne. A
CFIL e mear temderness s been reported on bovie
chromosome 15 |22,23], Comgararive naapping iondicaees
theat altermaiing segmaends ol ooy chirgimesomey [1154)
I are conserved on B0A L3 amd B0A 29 |15,23,23]. We
conbined the available linkage aond B dat o funher
examiee KA LS An integoated [nloage and B o wes
coeatstrucred  wsing Carthalene sotbware feeasion 0.4
[20]] and by comparagive positions of LINA soqucnges
shaved Ty segments of 1154 11 and the inegrated BUA 15
maap e esbalalisdeed, Whe alsn asiessed e potennial for
Aulemaling inteprated mappng procedures, anticipating
a el et antegiatiom s the sdine osiiee geooame
10 arder 1o proside ape Lo-date saps,
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Results and discussion

The Lo pesolution of the Bovioe lenkage map is indicated
by rultiple markers slaring the sune map position, evwen
when they may e sepnmted Ty a sulstantiag pinsical dis
tane e fowdusion of B dare provides addinional evidenee
by which markers thae aee sepacabibe anly wih linkape
data can e vndered, Ul BETA 173 Tiekage map {Tguee LA
Aslditinnal fle 1] shows 78 markers placed in 54 distine
Prosicions, wit teo positions sepresenting a pair ol mark
ers A seven representing three markers. Marker sepaa-
Hion o othe higher fesulution R1T map ks greater [1Hpers
TR: Addivional Tike 13, with 102 markers mappad o 103
disting: positions. PFrojected aithe 2 commens seale, e
inegraed mwlp cepresents 145 markers o 1S dilferem
posilions [Vignre 105 Additional file 1] Tighaeen pesi-
tans connio two mimkers, L ey pasiticns three mark:
e e Tepresented, and ane pasitian is ocoupied by foar
inarkers,

Integraied RH and Nnkage maps

Markers coammcit o bach the linkage aod BED cata sels
provicle a hasts for integrating the data and consuacting,
maps Teprvsenting both tvpes of dane Frimer seguences
ssmo aleed withy tlie RE and Linkapge markers nadicated 42
CEIEETL otdrkers inothe oo b sess, witle Meomarlaers
e e e Licthage sbatia and 67 wreigee Lo B for a ot
ol 115 mackers ceproaented e the integraged Hinkage-R11
FLEHTER

Foun sets of markers withh dsfferewt primer sogqueinoes
mialeling the sanme bovine sequeitoe wees idemiled. In
terar imsbinees (Mt aed TTEEMS matching Genbank
Acgpssion ACLINTET Te08H5 and SPS0885% manling
Lienbank accessicn N8_00L 732, mackers in the sel were
placed adjteent 1o et other by the map building row
b, 10 the two cehier cases (FSETR, PSEIRARS, amd CAm 100
tarching arcrssion Conbank MEI735 NOCAMIMS and
REOES matching Genbank accession X1451] miazkes
i the ger were separated by several markers arer initisl
mags canstancizon, [k both ceses, the map conld be rece-
dered so matkers i cach sel were placed next 1 oeach
ather withoot decreasiog likelthood of the nugs. The final
imtegadivd onder inclodes these merunal sdisimencs, so
that i all cases of dilferent markers makching the sanwe
sedqeenice, the markers are adiacent co the map.

Compaarisen of the integrated map o independently
solved linkage [Tigure 24) e 817 [Figloe 203 maps nii-
cates ehnively goodl agreement between e maps. Pecd
uel-mement carrelations berwery indvpendent [CRIMAP
linkage mapy: Canhadiene Bploiel BY map] and inle-
grated {Canbatene backoross linkege dala morged by
crder with diploid RES date} map posttivng were greater
thar {99 for bath by linkage and BH oiaps. The final
infeprated oap dicd suggest sonte eeqrmangsmen ol Tl

hitp Swww biomedcentral com! 14 71-2 1840877

he Enkage ansd K1 inaps, Salved vsing CRIAA P the Dt
graged map wreler of Hinkage marlens was somuewhal mone
li%ely than 1he oriec af thye Inderedent [inkage map [1od
gcore of 2.4 Frvars imegrated ooder). This resalt segoests
A e et likedy coder idemiafied Ise e iniesgrated
mpappng proness bad not been 2valuated while wing
CRIMAT vy consat the Jinkape s Bevoaose ol Jdilfer-
erwss i spreead, Carlladene can reasibly evaluate many
meare orders than CHEISIAP, ceen withour indegration wilh
RIL ciaes, Canthateme might be otilioed g denily ernons
i marker order and reline linkage maps.

Cligrneprapisone of Uhe intograted imap to the BT map shows
the mackers remmainedd i che tive blecks ideruficd by Gane-
tier et al (230 and the coder of tlase Dlos ks s e saowe
Faar by maps (Figure 28] Somme markers were recrdered
within blocks of e RED mnap. Aswith e uakage g, e
ittegrateck e order wos more [kely 1than the ariginal
intdependent map ordes (Lod score of 3.4 Fuvers ineepraned
arder; boale likelilools salved wsing Cardlufiene with a
dipeid B model).

Comparative bovine and human map

Campraratise 2 positians Ler 97 nickers mappeed o
1A S weery eatalldiedd asings ponmperzpareh [20] o dentify
Lovine 1Ry sequence asseciated with each marker, amd
sulreduent BLASTS apainst [ISATL conlipy sequiies.
Pesitions of the Twwvine-lnoman matehes wese Tebween
H 6 b and 135,52 Mbp on e FEATL drafl segquence
{Ruild 337 Percemaage Gelenrities of the maches 1anged
fooann 8 3% (757370 hases] 1o 1008 [T Dasey),
willh 1 mean oF 3% (4497475 Bases ). THe svnsenic prouop
seprments (51, 82 83, 53 amd 547 lentified T Oanticr et
Al |24 ] were retrieved io the com panson of the integrated
REA LS vvap witde [ISA LT {Figure 3] The oegraed RTALS
ML COrs WP s Tnaledy 37% 0F 115A1 ], There aze eight
EAPs 1 coverage camialiving Petweeen 4.2 and 25.6 Mg af
1A sequence. Bowmdaries ol e symienic segments
ehvamass 3% af dhe loch on HSALL [Takle L) not
counting the 7o loci within larpe el gags in 51 (7.8
Abp) and 54 189 Mbph Some of these gaps in FSAL]
COVELARE LT SVIERIC with BIA2D [15.22,2% Dhi cuiren
BIA29 linkage map places ab least one anarker i each ol
the prestausly iWentified segments shaced by EiSAT L and
B1AZ2Y, accontriing for ancther 13t of TIEALD sequanee.
Accointing, far sepments shared with FEA2ZS leaves 7 gaps
canmaining rom .9 1o LET Sy od FISAT L seguencs tha
Toiws vaeat Brenn s lagowc i tox T Tsgnnngl o Lo mapped regions
of bavine chromosames 15 and 29, althengh oo ol e
gt e locaiesd within senteeds sepoents 51 and 59,

Slackers mooee tecenn | 23,24 than the ariginal descoipiot
of the mewt wenderneys (T[22 e cesalted inosome
rearranginent af sthe KUATS nap, <o positien of she (FIT
st b shirieed b ougrert positions af mackers deining
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Figure [

Linear vepresentations of baving chromoseme |5 (BTA1S) linkage (A}, radiation hybrid (RH: B) and integrated linkage/RH
maps (C1. Mamed markers are commaon to both linkage and RH data sets. Tick marks wiathout 2 marker name represent mark-
ers unique to an individual data ser. The linkage map was solved with CRIMAP, and the RH map solved using Carthagene dip-
loid BH daca. The rmeegrated lnkage!fH map was ordered using CarthatGene wich backcrass linkage data merged by order with
FH data.
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Comparisan of independent boving chromosome 15 (BTAILS) linkage (A} and radiatern bybird [RH, B} maps with the inte-
graved BT A& 15 map. The independent linkage map was solved wich CRIMAP, and the independent R rmap sebved using
Carthagene diplerd BH data. The integrated linkage/fH map was ordered osing Carthatene with backeross linkage data
merped by order with RH dat. Tick marks alang each axis represcnt positions of markers on the respeqtive lingar map. Sym-
bels indicace the intersection of the maps. Symbels forming a strasght lne indicate agreement between the maps, while devia-
tions from a straghe line indicace inconsiscencies beeween the maps. Syntenic group segments arc indicated by shading on the

RH map {B].
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Cormparisan of the integrated bovine cheoariosome 15 (BTALS) map with human chromosome || (HSALT) DRNA sequence
(Build 31}, Tick rmarks along the M3ATT aris indicate pastions of H3A 1 sequence homalogous o bovine sequence mapped to
either BTA 1S or BTAIR. Tick marks along the BTA|S axis indicates positions of markerz on 8TA |5 Shading marks reglons

shared by H3AL | and BTALY. Boxes indicate syntenic group segments.

the LITL regioan. The synwic segrment 1 coneaing sevelal
muachers Whan were withan 1 95% e fulemoe Bieecal sor-
rounding the £FIL but the two mackers most closcly
flanleng the QT peak. FIELL and 35151782, could nea e
imate hed mo ITSATT sequence sl are bepareere defined
boundaries of syntenic gronp scgments 510 amd 52
Beevatames eis AFIT. mespione b ludes o Broeak an bovine-
human synteny, the cnds of bBoth symdenic segments
shusuld be examined o wlenifly positeonal candidane boci
e ncieg e tewderness (1L Eumean locl, in pwo -
Mbp segments surrounding the boundanies of 51 and 52
b fhatk the T peak, were identified geul sociated
with genc cwlodogy (G0 [217]] terms to funher desanibe
prnes ear the CFITL These twa segmenes contaan L6 oo

Clable 1) 23 of these loci Tave GO0 umatation [ 28] wills
wams represcanng varn bological processes, cetlular
comprenents el inalecular Jusnctions [Figuee 45 The G
anvorwian of loci in Beah synenic segnicms near the Q711
neay gitiche b macker developmen o fineapap the
LML by asscoiations between new markers and weler-
pess, Ahling new mackers o this region will alsa refine
botendaries af &1 and 52, wwl pasitien al thae lreadpoioe
bevween whiese [wo sognienls,

Cirder is well conserved within syntepie proup sepowts
S1, 53 84 and peativns of 52 ad 54, The most naable
CEATRAMEEMENTE within seginents are an Iimversican of sew-
vral markers in the center of %2, and inconsistent ordering
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Laci surrounding HSPAB (122,443,450 to 126,443,450 bp)
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Figure 4

Gane ontalogy classification of kboci on human chromosome || {(H3A] 1) in regions near 1 quantagive traic loci (QTL) far meat
tenderness. Bovine markers flankmg the COTL peak are betwean defined synterme regions, 2o laei m two 4 Mbp regions of H3A
[T (16.3 to 2003 Mbo; 1224 v 1264 Mbp) surrounding markers that define syntenic regions were identified and clazsafied by
gene onealogy annatation.

within a subset af 54, The internal tearrangeme s wiihin ping effarts in specilic regions |23,24] Marker orders
syiienic proups found here, pig-laman cearrtgeatenns Based an comparstive dna. boweeer, should e wsed with
|23, and mouse bamasn rearranpements 1307 supgestihat canmions For eacle systenic segneent of #0415, markes
precise ordering requires veliable data from the species of arders prediceed fram hueoan order were less hkely Lhan
erest, Comnparative iaformedion cua Te wsed o pedien AT gedes wlennfomd Gonm Bosine dacs [Takle 2.

gene lecation i regions where within species mappng

dhata are naan availalily 9] eoohe available dacy are ambip-

wents, and oy gude marker development and fing map
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Table I: Logi and geno entatogy (O} annotation of human chromoseme HO{HSAT],

H5A 11 poasition [Mb) Mumber of Loci Loci with GO Term  Unigue GO Terrs

Legment” Soare End
5l 1340 124.4 ) n ifh
S51gap 104 ) 1.4 dd 15 L)
2 1% 183 2 N 135
33 731 7BS B0 27 4]
54 e 474 ! It B
M gap LA 44.8 1z 3 k]
b1 ) A& 509 B3 12 1l
AN syneens rEgicns &2 152 Fad
inernal gaps removed LG 171 30
Ennre chrormascnie on 1640 41} S7H
*ATL 16.3 03 LX) 18 46
=0T EIA 1264 63 ? 15

1 Synenn progp sepmencs 54, 52, 53 540 54 denulied by Gauver et al, (2000, Gaps are retdively lang segenents willun i spatenle group that da aae
contain sequence coranton W H3A T and berne Lhronwsoimne |5 (ETALS). Scpments desigrated =QTE and <371 2re 4 Mb segments of H3A ]|
cetered aruund yyntenic merkers defining bowndaries of 31 {<QTL) and 51 (=QTL). flanking the BT A5 mear tendemness QTL ifentificd by Keele
ecal (19931 All syneeqic regions represencs ch umon of 51,52, 53, 54 and 34, Enore chromosome wcludes alf ioc with s poznlen esablshed oo
HIAL] cequence.

Table I: Comparisan of integrated boving chromosgme 15 {BTALS] map where marker arder is based on hovine data with 2lternative

mapy whore segments are reardered according to order of human chromeseme |1,

bog | ollkeliboodt Toel LOD
Map Linkage RH Total
Bgving data R U] -B30.4 - 16804
Syneenic segmeatst reordered
sl By x| -B%4.5 -1 686.B 4.1
52 E-TURY 64 A FERQ 4954
=3 -7e0.2 -B0LG - 142 X
=4 RCF ] RS Y] S8 £ -166, 1
=4 R I -B9L | -16813 -23

ARy N proup sepment desoribed by Gautier gt al, (2002

*hkedihgods compured werh backorass Iinkage dam merged by order with diploid BH model daca

Challenges for building high-vesalution ueprared aaps
and leveraging data [Tam various sources. botls within and
across species, will be to detennine regions wihere addi-
rional data may be infermarive and placiong aperopeidte
pongptiasis oo e different sources of informatian ae differ
cot levels of resolwikon. Linkage ovaps can proaide the
sealluld far arlering anentire chronwsome, so linkasge
duta may reccive the greatest cmpshasis for ioiually deeer-
otiing @ coiarse orgder. loepeased emplusis shoalod e
piven ta higher resolurion BRI and oty physical mapping
dima o resodve geduer whers plucensend of linbeape ks
s wncertaing, and warkers are oo clase 1o provide defind
tive order. Comparadive scquense and mappng intonna-
tiv frooe edbier species shiewbd be mest wseful to positan

nuackers within repions where physical daa bave insaffi-
clent resolution and within-species sequence data are nat
available. Lsing appropriawe sweighss o combine generic
wnel phsical mapping dala, withg-specivs seguepee gl
compararive sequence datd should allow the ditferent
slara soardes 1o conoplenmeea sach other, sesuwleieg e con-
sensus maps supported by the cambuaned sources af
induice aLign.

Automation

Cenome nuaps of lvestock species eed Lo represent cur-
rent infermadon inorder o madmize utiliy of the maps.
Fositzonm of putative {FUL way become misleaeding i (7CL
positians are nel apdaed to rellect subtle rearrangements
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resulting from new mapping data. Cenes wsociated wil

phenctypic varation will be more readily identified 36

available intannation W Jistk muaggang daa o genes and
theit function is mabmained. Continaaliy updating 1he
maps b ehepicl rebevanl existing nformnaticoin well be Tocil-
ared By autemation, bur a number of ssues mas be
acdelzessesd dor implementaion of surcoared procedures
ta b fruitful.

Access o Ay sourees ol mappiag i ost te ouin-
tuined, so that new information can be incorporated in
the maps soaan abier i iy praerated. [nfoonaticn o oon-
necl daea from varioos sources must be available 1o expe-
dite buegianion. hap compmation sticategies descnee
soume attention, b minimi e dulay botsren aduicing,
oew At el appearance of those data in subsegquens
A,

Procedures sheloped s innegine BEA LS linkage and BH
data can be applicd to available dava for 1he entie bovine
genonwe. The ineegration cffort will be mare valualile,
however, ifsouries al data for the neg ned noap are peri-
odically updated. Success of & comprehensive intepration
effore will wlse el oo indommaaion avadlable o esoaks-
lish connectivns betweert the data sets, L ablernative is
ta cesolee mader nomenclawre, perhaps by develaping
and maintaining o clatabase ob narker  Dames and
synonyIns, A moce straightibnearcd, aond sasily aoromared.
APPradcht is 0 Use primer sequences as universal identifi-
ers Lo establish coamectioms between mapping dam sos.
rauabase curaticn efforts o associdw mapping records
Caniroal geacanepe s and RED vectors)awith primer paits mas
br mere worthwhitle than atlempis tooresolve Wl possible
vAoes e given macker,

Prirnet sequence camn alsa be wsed o estadlish connedions
t o mepaence databases. Sequence similarine searches
should reveal connections to 515 segquenses assaciated
wrlL o kers; e process will alse identify connections 1o
other sequences, inchching e comepletely notaned
aod ssembled sequence. Sequences idemifice in this
provess can b ek e et lish conneians with human
and wrher well annatated, assembled grsomie segueroe
far vonparative Mg Sinilar ssaciaicens between
mapping ard sequemce data may Je astallished osing
marker and locus names, provided that marker nomencla-
e can be resohad Sequerece-based connections briween
mapping date sets, integraded  maps, and  genooiic
SeepE Nee My Le mare reliable and are maore amenable to
autamation than AGEMPLs e CONRECE RIS DISING
aaenes Ao anlee infoTRLanion.

Conrections between maps aod annotated sequence can
aceelerate pasitional candidae gene discosery i the
sequence annatation Inchudes functional baformatioan.

hitp e lomedceniral com AT T-2 1640877

Elarbiay amd Keele $30) used {003 and GQ-annotated
b seguence to Lok eesiock EST wirds B oo, map-
ping the EX1 can extend their procedures o relate map
poslian o fuociion. Connecling map posiaons o GO
LTS beeJuines synchronizing several inlonmatian seurves,
D luaglings Tvestock oegs, lauoan seepience anoataded GO
terims, Al G databrases.

Placement of new meatkers o integrated anaps e Leep
pace with new markes developmend, i inlegrated maps
Are o perain cerrent owitle avadlably o mapping end
seqquenioe data, The baghe concept of map copsinuction,
Nocdineg Ve ricnl Likely racker cucber e ol all possible
ardzrs. iy concepiually  sinple bud computationally
emanddiog, becasse the number of possible crders
inctedses tactarial b st the nooleer af marke s, Evaluat-
ing all possible marker erders is not feasille when map-
priag clald cepresents maace L Beeity o b markers
an a chremosooee, Cose and e cansirains linoil o
COmETLetan o straregics that evaluate a sufficient
ramber of possible orders [ easare th o reasonably
govnd vrder is identifiod.

As bovine sequence data becomes available, metlodls 1o
expleil thsl rescuroe tor aedine b the integrared maps
anek sequience assemblies must be implemented. Advent
af whobe-penome segeence asserblics as nal dimin-
isbuel rhe valwe of maps in sequenced species. Mscrepan-
<t Detwveens Fuamiien mags ol sequene assemblies have
becn neded [32,33]0 although comardance bebwesn 3
NP Linkage ap and sequence assenillies increased o
Later asseinblies [33] A comprehepsive linkage-RH map
I beent used o valicdae molse sequence assemblies,
revedling Cases o signeficant inversions asd rramslocaciens
by seuue e, sl as conlirming seaquence ooder o other
regions where the segueence nrde disyeeees winly previous
tronse BT mwaps | 34 ). imtegraced lnkage-RH map of
thit il suppeests soobe ey in he drafl ssquence, Buoe
mare importatly, provices & wwcloogsm ooanehor GFFL
oo el wenoEnic segrence |35].

The siraegies emploved must be suficiemly Nesisle i
allirw oumal manipalaon of the cesalling maps. Some
evidence. such as $1% markers sharing the same sequence,
ard ardering inforoatkon from other species, 5 not essily
reprsiented tn linkage and B0 mapping dba. In some
cases of marleers sharing the same sequence, markets can
b Forcecl 10 shane thie same position, of date fom multi-
ple markers can be combined 1o create g siople haploteye
represe it matliple markers. Marker crders suppested
by maps of other species may be conmpared with Likely
vtders identitied from within-species data, Inccrporating
mtorination not dicesthy repmesented ismapping daa can
requice manually cvalustiong  addizional  onders. and
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Table 3: Deschption of previausly unpublished linkage markers placed on the intcgrated bovine chromosome 15 map,

Marker Mame Forward Fripner

Rewersy Primer

CTAMCGC O TOACACAD AL

Accesiion number

BB 2EDS

LIk 2411
GTGGLG TAGI TGLTCCTTE
(K334 COTOTTTOGCACACTCTOCT ABI12B03

araking sume uelgement aboue which resules ate most
acceptalle.

b explocateny analvses merging BIA TS finkags and KA
datd sinalated weliog el taloo search algorituns in
CarthaCenye were explared as metbods of inivally onder
g the incegrared oags, bBefore refiosment sl il polish
Al Bl rtines, Besulting oueps wene simiar wche map
presented, but tequised moe than 23 Bours e compens
Thur map preseadesh was initiglly ordered b placing <ach
inarker againse 1 pair o markers comimon o boh dana
arts, and was comstinetedd o Less thao tour Tewes. Arciler
apperena b invalved initialhy placing markers againse e se
af all markers commen @ bath che finkage aod 1]EH dna
sers, i the lionkapye o oders While inap constraction
way somewhat faster usiug this approach, the roauliing
map wins less [Thely chan che ovags indiated o g pair of
sparkers s showid greater disagreement with the Linl-
AR map.

Parallelization of the mapping algofishaz can subsian-
Gally inerease the speed ol inap comsimection, ©ikelihoods
e bt of alternative eoders muse be compied ac
several s ps during the o building process. 15 tese cal-
valitienss are distributed 1cross moliiple pecoessars, me
required ra caompune Al likelifouds el arzive gt a fnal
crecler will D cedhuced Pecausse compaations are jer.
fwrmed simullancously, Tncreased panlbelizaton skl
alsre Jucrease tae leasibility af implementing more thar
caple algerithims that examine 4 Lacger mumber of passible
orders, therefare i reasing 11ur peobalilite of kentilving
nweane Jikeby naps,

Conclusions

Linkage and radiation hybrid maps ame poweriol wools o
Eacititate Jdiscovey af genemi reeions el wlthnately
genes htlhsnving ivestark preducticn rie. Combining
linkage aned RIT datk can peoaiede rmowe acourabe, tonsolis
dmed mapes representing more bdonmation, especially if
Wae maps are cannecled o well annotared genomic
AEQLCICE. ALIIOITATILE a7 cotnsle: Fan o comprarative
rapping provedures will expedite consiniction of wlwle-
genome inegraicd maps aond ownaining a comgprehe-

GAATCTOTTCALTQUCGARTG

ST IROUNCe A5 et daa hecomes available, Kwecess of
iIl.Jl(_.'lI!'Id[{'IJ pruu'(lurg'.l. 11 LAl (1:!11[ froarn '\'i!Ti.IIJLI‘j
sourees and construct inteprated maps depends on infar.
nedion avadlable so estalaEsd conume tions betseaeen dlats;
segucies based  approachss 10 conmeot data arc
prefernate,

Methads

Dota se1s for integroted map construction

Linkage data for 785 markers i the FTALS linkege proop
weore obained Do the LS. Meat Animal Besench Conter
(AR referenee pogrilagion $223 animals: [47) Wadia
ticen vidhtid data for 109 markers were abtained Jeoms che
LBl paodecy cadionea nloid paned (93 cell Llioes;
[7.24]). These daka neclude pao newlyr developed micros
melline varkers geanetyped 1 the SLARC Jamilios [1ake
3E and seventeen previcnsly unpuabB=led markers with
RIT chuwa(Table 4).

Al bovine sequence farmanicn sored 0 GenBauk was
it earified vsing e Vaxongaey 1% Beld of U sequiense e
amzmation  ancl  okained  frome NUWL O Provisional
SeUen o clany consisning of trnrative ronsensis Cosering
ol bowine EXL dwia was obtained fronn she fos fawrns gene
index {BIGL |36]) assembied by Uhe Insiwee for Geren-
g Researcly (HIGR [37]) (Hher souces of seguenice
were 1he SO e database (51 | 38]0 and buman ciee.
messore 11 deaf seaueence contigs [Fuaald 51 84

Data integration

Connegianes belwern Jdata S0t are necessans far inge-
prared aralvies of hese daa o be meaningfnl. Becavse
WMEE el ker naimes owerne .l]l‘:ll)iHl]{]l,i.b-. (U]ll'.ﬁ'{!il:}:lﬁ
Belweci inarkers in the Bnkape sisd BH data were estab

lished wsing pimer sequense. Markers with 3dencical
Primers wory coltsedered s e e sanee, regardless of
fzarker name, Prmer sequenes was also esed we esablish
comag Lions with houman sequence. Primer paie wery
mutched against bovine segquence Tromm Genlbank, X1 and
WL daabyises using the MBS [26]prinersaarck oo,
Tl lewgest imatching seguende having one or fewer nais-
rvatches and an ampiioer fess 1han GO0 Rp was selectesd
for hesmalogye sesarch againss JESAT D contips. 3 e selected




BN Hengmmes 2004, 577

Rty Sanwar Diormedcaniral comi1471-2 1647577

Table 4: Description of previously unpublished radlacion hybrd narkers placed on the integrated bovine chromgsome |5 map.

Forward PAmeor

Locus Symbol Gene Mame Arcassion Mumber
Reverse Primer

C|IZRFIG chromaiome L opea tsdling Frune 14 GCATCCTAGACACACTLGCT ANVERT IR
GEAGGCAACIGGAACTIOAGT

CKK3 dickkepd (Renopuy evish hamaleg 3 COANGACCATTATCAGCCALCA LASEELERY]
CTCTGGATGUATACATGAAGDA

EIFaG1 aukaryotic translatign iniciauon faowor 4 gamma. 2 ASCTTGACGGCCTSCTCASTCT AVDEG T
GTOCCAAAGLTELICTTTCA

FLJ39790 prosocadherin o dachsous-dike [Drosophily) COCAGCTTOTCACCTTCACTA A4 1EDTD
GATATGOAGCTCOOGTLTOGTCT

IMPFELI mnontol polyphasphure phosphacase-hhe | CAGCTCAACTTGLASTGGGAM FFNSTRS
LA OGO TCATAGCGGT AN

(AL T4 hypotheticsl procen K1LAADTS0 GToLGAAG D THGITATTGLA AWS0 DR
CAAGATCAAAGCCACACCGOT

HMRFLIF mitaghandrzl ribkoaomal prateusd 17 CACCTOTTGCAGAMCTTCCTT BEEY9013
CLCAGCTTLCCG T AGTCAATA

PARVA pasvin. alpha GULCGTATCCCTCAMITCCTTT BE4FFIOF
CroAADAGTOOCTGTTGAAGA,

FEMA| protcaseme (prosgme, macropun] subome, alpha wpe. GAATATGCAATOGAAGCTLTC LA IRNE S

|

GCTGCAACTTCTGACTGTGET

RARIBFT RAM binding procem ¥ GGG T GAAGAGATGAGGAAGAT BF45355
CTCATACTCATCAnl ALGLTT

ARFZI tripartity motil-canegineg 34 GAAGAGARM TCCTACTCTICT Ay AT
CTOCYGAGATON TOACAMATS

5TS tuppression of Limorigenicicy & COCTOCTCTOOTCTATCALCTT BFE04584
AVTGUCAGCC o TGGCAGGAL

aTIMI stromal interaction mobecule | GUCCTCCAGGUTAGECLAAAT BE7 54540
CACTOLCACTOCCATCOCTOTT

TAFIH FAE G RMEA polymerase Il TATA box boding progesn TGETGTLCAGCACGLCTOTA A5 64

[TBP)-assocaned frctor. 30 kO

GTAGTAACCAGTCACTGCATL A

LYRAG WV radigtion resiitance d3sdcrated gone GTACATTITCAGCTGAGCACL BES20 184
COCGETACACTCETTTOTCAS

WEE | wet |+ (5. pambe) homolag SATGGATGCOGTTTATGCCATA, LYAEEE
CEAACTACA GAGAATOT TG

ZFP24 CIHCA-Lke zing finger procein CTGCTAAMGTGGETTLTGED BFDA41 4

seeasces were eunined  for gaps, and wlere gaps
owurred. only the ungapped pleces malching a priayes
paic was wmed Inothe henoetogy seaecde, Conemecnons
rerrween the individoal sequences matchiag bovine mark-
ers aud lman sequence wers then deteemiznsd via
HEASTN | 39 with an expectation value ofe <, and detaud
values tor atlier paramecers.

Cannectians between Tuman position and functicnal G0
annanation were cabewed  foon: ebe dew doaiile
Faxusliok database [38], MFrocedures using the (0 dae-
base |40] and perl ARPL{4 1] were develepaed o ehessibe spoe
vifie GO0 tenns ot geoera] calepories deseribed by higher
lewel terms.

GOTACAGACCACTCOTACAA

Integrated map construction

Obwervations dor 31 dua are kinary (041, indicating
absence o presence of 4 particilar macker I cell Lo,
sleoe cachy cell Lo cepireseniy o relatoely slaort segimen
ol 1284 ona chromeosome, Physically close markers aee
mone likely to b glsereed o lwe same well e thao dis-
vint markers. | inkage Jdatw includes pedigree information
and markes genonpes, wlere ndividudl genetypes repre-
s anlledes Dsherited froum each parent Alicles for physi.
callv close markers onoa single chiremeosoome e moe
likely oy be imhierined Qo sl saowe grancdparent: e ke
bihcodd of marker alleles with ditferent grandpareilal
SrEgin appraring am e same Chrsntose e i reases wirl:
distence Donveen markers. Theso chromosemes can b
representcd by oa binaoe, RELJike forman shat can b
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terrpac widhe B data using Carthiadene, Analagous o B
chinta representing prescnce of Saence of o marker inasell
line, buary representation of inkage dacs indicaces pres-
eapce o dse e of a marernal allele oo an individual climeo-
mosome The clempie option of CRIMALP [41] was used
o gonestnont these fndividual chromesomnes, using the
most lkely vrder identilied by ao autemaied Hnkape
mappilg coutine, Moo distinetion was made benwveen defi

nite phase known materndl and pacernad inheitanee, o
statistically prediveed inheranee when phase could not
Bre- deteninined.

A interfive to the Canthaliene shared lilrary was devel-
oprd using perl and whe perd Inling moduales [43] 1o ane-
mate nap cosinaction (see Additional tile 23 This
mteriace includes procedsires by inatiolly place makers an
d map and refine map orcder, asowell a5 0 mammber of utilite
routines. A 1A consiruciion sceipt using s insertace
was dbso developrd (see Additional Ole 3] The script
atder markers oe the imlegraed map stacs by merging the
Linary backerass represendation of finkape data with 1he
haplsid wooded RO data, assuming comman marker ocder
[lamirgur), Two markers shared by e Lokage iond Bl
datases are idemifieal and all ather markers are inserted,
ane i g tine, inle the mes likely positien wsig the
Catthadene bwilidfie procedure, Chwe g1l markers dnzm
bonk dara ses are pliced, the marker order is celined ier
alively, oycling dmough podisht aned e 1outioes wianil
lilkelihomsd dees oo Doprose, e peiish procedinre indi
vishually tests each marker in all alternariee posiions, ad
fiigs evaluares permoemions of g3 sels of sig asdjaoent
styackers.

Afler convergrner using 1he inap constraction scrips, fur
buer evilaation of slternaive ovders was carcied out with

he backoecsss akage data reerged with a diploid model of

e RED ilata, again assuming common matker crder
Marker ardets consistent with svatlable sequence jador-
nvaton were evilaatesd, Where prinver paris for different
miarkers matched the same bovine sequence, but the
rarkers were separaled by one or more other markers by
the mmap constrgtion towting, likelihoods of oaders with
the muatching measkers pdaced adpacenl wo eacle sler were
deteronined. Likelihoods of marker coders consisient with
burnan sequence within sach svilenic sepneent were also
cotnputed. The secquence-based orders were gsed in the
final inteprated map if they did noo decee xse 1Tkelilaood of
the map. Log-lkelihoods o the inad inteprated map order
were comnpded with the KB and linkage daea ses for coan-
pagisan toohe tdependenn maps, asiog Cartlaedene for
Hair BEE g and CRIMAI for the linkape mag.

The Hnal inteprated nrker ocder was prowosd ama
connngan relative scale representing b ntarkers. This wis
avcemplisled by mverging 1hes Tindasgge dlata with 1334 data

http “farvnw biomedzentral comd1471-21 640577

mirdeleel s P Beross, esingg danergen. SMacker crder was
sl g Lo tial inteerated arder, map distances campated,
then sealed 10 eange [fom cene w 100,

Computatien

Al campution was pesformel o a T0-pode Lyus clus
(o7, s B neske confipured with 2 M0 1000+ s and 3
Cih RAML When praciical, oomputation was pasallelized
using petl soeipls aod open source Lol Fngine soflware
[44] 1 discribaee tasks wo each nade inothe cluser Soeps
thist were paadlelicoed acluded  aetcling primerns o
sequence, and the Blast searclws to aiign bovine sith
Lo sequenve.
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Quantitative trait loci analysis for growth and carcass traits in a half-sib
family of purebred Japanese Black (Wagyu) cattle’
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Figure 1, F-stetintic pl'n!ihs:—. Tz varvans |4 area [---—-- 1
amd beet parhlieg: scone 1—iem BEA 10 positiong -
anisd [l borieontal Tows sncdicates the theeshold for thee
s chroomeamwsaize bevel The apper Tme iodicates
inforimation contenl rigghl vasi=n Alarker positions ane
ideidificdd  an tricewrles abaoe the s axi- amd wene
B0 T4 B, BATS D258, WMTES, BY IS 1237 BAS2AT0,
BAIS s, BAICAT, T0LA D TR, BAASST, BATIZ3, k6237,
B IWT e, [N I2A2 BNISART L, BXAESE, Dar P26, AME-42,
LB 23, BAISeds, TOA RN and BRI, tespuvlin -.|1.

Ta canden] the thresholels Tor errar rate of ponltiple-
Lreant el ysis, weapplicd the falze discovery rate FTHRD
supgesteel I Weller o1 all 019950 Falae dizcovery rate
i the cxpeered propertion of troe nwoll hypothoses
withio the clase of rejected nuoll hvpotheses. The P-
valwes currespanceding te mulliple comparisons are or-
oot wueh that Py o2 P 2P o2 P wherow
= this total wumber ol wests and P 1= the P ovalue
cnrevsneding 1o the null hypothesis ol the B test
Phfining o = v 2,5 the FDE van be conteolled at soome
Tewel o Ly cletermuining the largest ¢ for whiclh 7 =
LA That ta, ander this coudition, mmong ¢ rejeeted
il kot heses, the expeeted pregorsien ol fulsely e
jerted hvpothescs s greater than g &

Kesults and Discussion
Popnlationy for (T AAaniliests

The pedizmee aned carcass trat data for cach steere
wire ehbstineel from the Tapan Warvw Berislry Associa-
tin sanel the Japan 3lear Oendinge Axzsecialion. respec-
tively. Fach parentnge relationship woas econfirmed with
micesalel e oucker senoeypes, The paternal hall =ik
fomily ol s apecife bull used wng compesed of 348 steers,
36 of whien were a=ed tor the Best geononwe scan. and
all 3ds ateers wore uzed By che zecond =ean. Deviation
frem noemaabity waz bestod for coch of 10 trais, inelud
ing BAY T BAW-20 0% LRLA. BT 51T, Y1, BAls. Al
1o aned ADC 2, Their akewnoess s kurtosis values are
sherwnn in Tabsle L The Wagso steers were sloughtared
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Figure 2. 1 slatealéc peokiles for carcass vicld esthmate
(—1wvnn Bl 5 (ohE porative: a-axinb Fhe Dovizongal e
ndicates tie beeshodd o e U017 chmmaosanang - i
lewel The upper Licwe isndicades information content (right
voanisi blacker provailioms e idlenfafived a- frinrygles lsesee
ther s-ands and woere BABCZA. By ISed), B BL23, {Lar-
OB ssARY, HL4, LSO AR HAIORE,  Bhisdeun,
BA1SI2 00, BRI BNIADS, BARIEET, ard B S39r, reth e, -
tyvelyv.

at an wleler age PEd 36 el ol heasiee woriphi= 0714
£ 506 ket than by peesious sbocies CEEY o ancd A% ky,
Cazas et il 2008 Koo sl 2R3 Tho= Q) results
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Figure 34 ~tudistic prodiles freowecighis o 2 amms (e —=)
Al Gt e (e— s wetigit (e = AL - -d aned
A 2T e BIA 14 6080 posibion
somtal Lo isdieates 2By thresiwold B 300 00170 chirogaue-

weaniad T Tward-

some wise level The uppuer line indicates intoriution
cuntend feivhl v axi=) Marker rositions aree ddentified as
trinctgles abeser the wasis and swere BAIEE, BRSaRs,
TS50 %INE L, BRYELS BRSS9, BRIS2ZIS, B T,
DA, TES LR0OE, BAIRIZ, BRISFHL, BXS10E, BAVE0T,
GRAA05 BT, and BAIS23, seapectavel
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feam the=r two atudies and ours mose be compsred
witl coutan,

WL Magpionr Hesilte B fhe Fresd Consongg Sean

We genatypen] 32 miceasatellite nserkers on 28 au
LesunTes s 2 slaces o a el half-sik Gaily
for U diest genme seann. The peesent Tinkage map lor
the 20 gutosames ~paned 2664 Al with an avernge
marker interval of 7.8 <M The infiematlion conlent
rivnpgerl S 0082 L AR wieh ansoverage of st The
WL muappiny vemules e sumumarized in Table 20 We
iniLisdly tedeaoifieel 268 QL fine wine irtils at Lhe 57
chimsussnne-wise lesel, The OTT detecied were exam-

twd it of FIRR doe e muliiple trait analvais of

whether DR were less than 0010, where e Q7T L wooled
L pedinbsle dWellee ot al, 19850 Bleven (FTL hael caleu-
Latieel BT ol grentee than 0010036 wero thus eseluded,
O the resuliing: 15 QT wo located 1 GFUL tor two
Uil i Vo #ame eeEinns s previoozly reparted: (4
o BTA T ckdinn et ol 2k BRES an BT G istmne o
al, 188900 gy B L0 oCazas eeoall, 2003 Thaller o
al 20050 We mapped 0L B ST o0 BTA 14w horeas
The hack far thickness 1l waes logated moehe saome
reoien Ty Stome ot wlos L9 s ep al, c2008, 200,
and Bloaee ef 3l c24HEL The QT e BAMS and SET
et cdletected in the aame rewion of FA T wlasre
Torpnadae 118880 obiserved an aszocnscice of martbing
will: the miceu=atellite ORS00 near dooeandofelin,
windd Cerimort et al v 0k vl Wineer ot all o202 adenn
Rl w eene rospaesible Te milk B cantene as dioosadve
crof Chpeviieorsfereas Twolve QT Fevaes o, weee fiest
oharrved tn this work,

Canifirmetion of Sividivant Q1L
Mgt Sevoind Gerenie Sodi

(e 13 QL =i 1L Der six genits wore significan
af the 5% experiment-wize level and wore located an
thoeee chremosones: LALA and BAES o BLA L YR an
BTA 3. ancd theee growth related trmies (ADNG- 1, 13W-2
anl W5 an BTA 14, Two other QTL sfleering wrvath-
relited] trait= -1 and ADG-2. were alzo locaved on
FTA Lz sl in Tahle 2 Thos, woe investizaded the
three chromusames aoupeisiog Lhe e QT vsingg 345
steers with inerewsod wnrkers o< e second sean aned
catimatod their wllele elfecis, Table
seeeTd sean resulte with QUL pastlions #-stdistic val-
uee, & oo atllele substitation effects, and GTL conril-
tinng et of varitnes explatined b the reenession
nedc] Lot gl varlance Dat the positions wherse the high-
el fosta st vales weee eecorded, For the zeceond sean
of BTA AL 22 mierosalellile markers were menolvped as
slisan in Figure 17T QTTL e LALA andd 13315 were
located at 52
Righ F statistic values, The sione Bapliny e derved
from o bl wens related to pestiive elTect= o LALA s
BALS. The vetnlvibidion patios of £ Tor LALA e BBLS
wore ralealated o he 4.8 amel 8.2, respeetreely. The

3 o=ummarives the

Lo GF el ol e supppoet intersal with the:

resuli= suppuoet the notion by Roody ot al. (19860 that
Gy comibil dletect PP with aaege efteets. altheaeh we
vsed Lhe peogeny design, We confirmed the YE UL en
BTA 5045 o 54 o1 with an Fatatizcie value of 335
Ly geawdvping 189 milcresateslite murkers os shosn in
Fapruree 20 The comteibation ratio for Y10 correspencded
Lo DB ".‘v. woused 17 microsatellite markers to conberm
the QL for Hyve growih related traits CEW-1, BW-2,
CW, AL, and ADO 20 0n BTA 14 Three 471, for
ADG-2, BW-20 aned OW owere located o 45351 chl of
BTA 14, whereas BAY L oand A1 were on 289 10 42
3w 30 Motably, the five proweh-related trails
woere paeitively alleeted by the sume haplope, The
vt ribtion riatios for choese Gve grea i h-related s
vaners] frome 3oL An L2055 of the el carianees, respec-
trvely, supportiog the ootion by Mosdy el gl 98961
Mokon et ab, C19950 eatimated o sienitieol sorreldion
bt B2 ol CW el woceelTicienl ol 08T i A
purebred Wagvw populativn, Kim el al 200080 however,
ob=erved a4 sienificoant 01 Tor CW, Tt o e B3W-2,
o BTA 14 inan Angus = Brohman Baaddy, FPioalls,
I for the eight QTR weers Tess U L0 Lo the seeand
sean. confirming the presence of tlese QTL,

Oy progeny desien nodeteer QUL waos omoposed ol
ane paternal hali=sil Gumily comprising owae 1hao 200
progeny wud inforimadive wicresatellite anarkers with
a7 tof e marker iuterval with on infermation content
of approximately 085, Besult= indicarsd thor Lthis e
sign s vseful Ter detecting QT in o Woapen purehread
population. Mapping of QT hascd g single siee,
Liovweevor. will uawover saaly o fraetion of the segregating
L prezent in the pepualiction. Additienal analvses of
bl f=sile Foernilies seibl provide valualile mbarmatin for
marker-tssisted brecding of the popalanoen.

Implications

The- preageny design in o parehreed Waesa populadion
sucivasfulls cleterted guantitative teait Jeci, FEieht
aguantitative ot loci exhilited Laree effects innmedi-
avely pplicable to mackoer-ussisted selection in the fan-
il Thes eofinesd gquandstative trail oed regions e lavine
chrmmo=nmes &, % ol 14 ave promisine Lapels for
posititl cloming research.
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FULL PAPRK Pathulingy
Abnormal Development of Nephrons in Claudin-16- Defective Japanese Black Cattle

Kok OB ALAY, Saoko ISHIKAWAT | Eouichive FUTMORD, Masanobu GOREYQ S Mapabu TKIEITAS
Ju SARARIY Tadsako WATANARE" . Akiko TARASUGA Y, Tukashi EHREANO amed Yoehibaen SUGTRIOTON

CHlepraetred of Vitevinaey, Pathedszre, Fovadte of Agriodoee, Foare nlesdie 8 0 8 Dedo Werioke e (020 8330,
ST Ciendieite Setiererd ol Ve tirinaey Sefence s it Criiversiin, T Famopises Crifer 8001197 780840 Yot Vetrrinae,
Frainieny Comter, Krpen ara 28600 Yoo w900 272 aned " Shivakana fustdute of Andmed Coneters, Odebaarey, Nisiize, W
Shivetern e, Fakusdtisg WA SIS depicer

Heeeived 20 Mhecember 20020 0wcented 9 Samcaner 2004

adsaar 1 The kidnes s of 27 sy Black calves azed 2 10 @5 moonths diognosed with Clusdin T |'f'!.-1'h]7|:l’|:c1 v hes TANA bopd
e wend Caantoed pathologically, The aninsds exhibined chinival ssvmpioms such gs grewth impaient sl Gilere, overenomtb of
Bowrves, el mennig ol g vommg gee There W e conglation between the Sime al aaset aned e Bideey weopis relanve whody weisht
wore sEnilar etwse ol animals, e betts Jadie s e aseghts amd siceowere reduced doe b atrophy i animsils 4l shaeses] sesere
cemal desiunrion. Hisaparieiogical cadmination o he kidney s alowed eediction in the mimhae of glomeroly, cospensaton s b perino-
phy o glomeruli ane abales, and ghnyegelar am? oladar atropls aconmpanicod Sy ieesceial Bbrosis and Syogdoes e intiloaine
Cilemeazli wers eleigds Tess oo nwenler i the bidnes s al - do-defeciine aniteads o s ol pesrma! animals even o the o
ekl lesivns, A sl anmber b peewsaune ghemeradd and wihales were ala detectod, suzpeatiog Dt e were Tewer scphoors Jevel-
eped at B in CF 08 detective anieads, 10 was suggestenl thint o adedet al the €6, 00 wene Somabved inonhe “ulmormmal des elomomem

e o ilh

1f nephrims™

Trpeprmeeen st e bogicul @simination of e kidoess shes ed hat the cpitheliom o fgk ecembing fimboof Tenle was

stained ik aeti-UT- T antibody in dhe contnsl ssanals, g nonan the affected aninls=. sueaesting o defect of C1-L6 m the epithelnm

af el oubides i ehe argened animals,

s ankens: abewormal deseloprenl, et P Tapanase Black catle. nephicons, Paeece -

The sdenseedive £ 00 e dhelovnive in Japanese Bluck cal-
e s g leredditary dhiseise thal cutrses severe el talnoe,
e th relandation. wnd eversrow th ol oses oo young ani-
mals [A0 2300 is s Enesan s Crenal wibudar daosplasiaio
Tapanese Black caple” [3=17] or "hovine chronie intersli-
Tl sepadimitis withr Bl Tuse goma] Ohrosis" [, 8]0 This Jisease
is el by g homoes sous deletion of gone ol is s init-
Ted by anlomsnnl fecessive wleritamce % 14].

Since 0 oceurs purticularly in bulls of breeds with goud
ez gquadity, ol vises lanee ceonomie losses o eanls Tneed-
ers. The CF- 00 sens s considenad 1o correspomd 10 Lhe
Feerneellin-d pong |3, delective of which causes hvpe-
mag ke, by percalciorin calciunm deposition in renal
pareochy i end renal Failure in loerans [ 20],

Paracellin- L protein in humns css i e epitheliom of

ascenncling Lol o Thonle™s doop, A fuck of 1 caases o Bailore
ul My resorplion, ad resulls in by pomsspe e [ 2010 114

thoeht that Purgec!lin- 1 prodein Borms o compnnent of

rvtEnesiam claned (260, 21, ANl e urmine aeid hus
titee bty S5 lensoloes wilth Parsceelline-1 [5, L3, e
CL-40 defeet in cattle exhibits no b pomagnesemia |[17]
whivlt is g vemimom finding i i,

In hovines, although stodics of e COL-F6 defect in the
goneti field lwve developed considerably [5080 13-15],
pathodogsy of the defect remuins o ke elucidieed. The por-
poea o this soely wos o clariiy e histpsaliolosicad char
acteristies of the CL-ff% deler and conditions that lead
vl Totlure, weck o eximine e disiribodson of 116 poo-
et immenohistochemically.

dobl e S B0 1T ITHD IO

MATERIALS AN METFHOIDS

Spripfes: The Kidreys of 37 Jupanzse Black calves Gyged
2 65 months] diugnosed with the OF-0% detee) Py [ A-
Based Lot |5 were studica 4 Tatdhe 110 Clindcal. hilvod Big
chemigal, and aulopsy peparts ol viach animal were el
ateads Armony the present vases, 7 animals i wnderaen
autipey a Mwate Universioy {&5os, 30507, 11, 1%, 280 32
were wulahle fen oy weiglts and kidney weights and
siev Wpeher with lestopatludosy of all eepaes CFable L

As the vontral. T Fapanese Black ¢olves taped -39
it b Lhatt el vea CF- 06 deledt amd showed o micrs
st lestoars in e hesdney woere exanrined.

frofoweiphe Grosth of the animals was compuecd witl
the comtrol duta preseoted inthe arehives of Wipsu Regisie
Association [ 22,

Histropatfedvgion! evorination: The kidneys ol 37 am-
oids el Laoceontrols were examinad. Ralney sectwms ware
stitified with beoatos s lin aned eosin 11000 Russon™s
rrichrame, prerionliv gend-Schell reaction. periodic weid-
rethemannine-<ilver vYujimu’s modificationd, qnd
Watanabe s method For reticulom (silver impregnation ).

Clomerali were counged in 10 fowe-power Biclds [ohject
Teers; =20, and Lhe numiber ol rlomeruli g el was caleu-
lareed and compured. Ohsoloseent glomenlli were snelled
ifn Lhe cvancing,

[ Move Aamd 28 semples were collected Trom the ante-
Tiew nargin, anterior parl, niddle part, posterion par, amd
Posterier margin af the Eidoey, and the momber of 2lomenuli
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< Cloreeiod seror O ese L rmpgilf =hdeasimod senim € level imghd 6 v 3-sennm albumen Jevel il NE: Nolewanrined,

wils cormprircd s the vaArious parts.
Fermnirreahisinedverivcad eanminerien: The Kidney samples
of e 0 5011, I8, 190 21, 35, 50, 52051 were exonmined.
Samples of the liver. spleen. Kidney, boart, Tung and innes-
tine collected troot Mos. T8 22 amd 53 were exanined.
Thgsg savrmples wore gmbeeded o T comapound, abd Fro
Aenscetiams nude with o crvost and loed nacetone, The
seclivns wore examined with the avidin-biotin-comples
(ABCT mellwd wsing a Veclastain Elite ARC it (Veclor
Labwraterivs, Borlineame, Ca, U5AL W used the anli-
Cacrminal oof CL-1& peptide rabhit serum tut o dilution of
LoI00y [7] ats o primary antiboady. Brictly. the polypeptide
CREHAIPRTQTARMY AYVDTREY carresponding to the
COOH-terminal cvtoplminic doamain of boving cLawlin-16
was syvithesized and coupled vin cvstein o kevbole Laome
bemocyanin, The conugaled peptide wus waed as the anti-
o b genenie pulvelonal umibody inow bkl The speci-

ey of ue amtibaocly wies condirmesd sy toal Pesates of
Evclieriednes colr cxpressing plutehione S-amsfonse usion
proteing with oyvtoplasmic domains of claudin-1 -6
Finally, the sectinns were developed with o 0025 3,37
disminobensdin weiralisdrochloriod salutivn.

RESLILTS

Clindeal and Mood Biechemical findings: Rotarded
grivwih (Fig. 1), digrthes, und clengated hupves wer
cbEerved in ot atfected animais, The animuls showed no
almormality al hirth amd peew somally for o period, but
with aging they exhibiled growab retacdation aod refracten
ciarrhea, although activity and appetite were relutively
cowel Almusl b affected animals showed overernwth of
hooves, On bloed biochemical examination {Tahle 1),
incredsed Jevels of bBlood urea nitropen (BN and creati-
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€F- Ml fective calves, meueeitl M. 3,5 7, 11, 19, 28, 32
Clantens] clse s wnimal Mo 38—2 248 5p 335,

nine (Crep were ohserved in all animads. sugpesting renal
Tailure, Aneoma (13537, decteased levels of caleiwn (167
290, and increised fevels of inoepamg phusphale §26034)
wete alaw noted. The migwestwn (e level increused in 8
atl clevrensend a3 ol the 25 animals. Noocorrelabion wis
nbserved beiween the appearance of clinical sympeons wnd
HILES

Covans chergest Grossty, cramse rranulbar changes on the
s lase and discedomition ol the cortes were poted i e
hilulerul kidneys, Thiomiog of the parenchymag and sl
size of Kidnes werg observed 10 sesere remal failure cases.
Mo ke dilferenge wos obsered i either size or sweizht
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ined. e CF-Fodefectine cilvesanimal Mess 1,4, 5,7, L1, 19,
ZEML LGl valves, aninmal M 384, 420 4 A AN
LA

between the righl and el Kidnevs. Al oo marked difter-
coces were uhserved hetween § affected aninals esanined
taged 4+ 2% memthsd amd 14 contmls foped - 39 mombis)
vaneerning rulieol boedy weight and mean weisht of right o
left kidrey (Fig. 2.

Hvpoplasiaot the pitnlary glond (37, abom 1 piand thy -
resisl glaand O30, G=10 ) was notesh, There were o siznili
vt changes inetber oraams.

Fstearetliendogeivet? fimedinngs: The omber ol glongerith in
the aftectied animals was markedly less thun i inhe con-
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Figo P Memmal ool voress, onfimal Mao d20 SN alren

vanared stk thes noened kst

meality oo reed i the nseaber of glowerulo e ienular distobimien, 1415
Al b Remal vores of o Cf -0 edefecnve amimul, THEL s -0

Acaimaad doe PR Ciopteruli are mankedly reduced inosmhe:

Fur o v gbime s of aononeed cal € TH @ SO0 A elomeserulus of o €F fdelective cal?, < HEL e ghomenudus snd rulales ane

litrge 22 st showo g comporeataey,. ivperiapky. HIE, < 11K

trelw ol e sy age or s bedy weight except in 2 ani-
mals 1 Figs, §oand 40 Fies 5aamd br Mo dilTerences were
ebserved i the number of glomeeuli betwesn he pars of
the kidney examind. Some plovnareds woere atraphic, oflwees
were by pertrophie 4 Fies, 3 aud b and & <simull nunber of
innuature eloeeruli were alse noted Rz T Adrophie
clommerili were aocenipatiied with periglonwerulie filrosis
and thickeniog of Me basewnent nembrane. Around ar-
phiv plomerulic regressive changes ol wobubes such s nar-
re e ol e tabulae lunaen aned chickenimg of The Bosement
membranc o e prrsimal comveleed iebales, were nota-
Bl Amd gk doerstitial Gbeosis aned lerophoweytic infil-
trafion were observed. Sueh atrophic glomerli appeared 1o
be more freguent in the sopercficizl Tyer ol the corles
bt capsode, 1o o peetespliy elomaeruli. o6 e other
Pandd, an enlargement of tafts doe o icneases inmesangial
cells and mesangial motris and celaeos of Bowman™s cap-

— 91

sules wore noted. and tubules around them were markedls
hvperrophic. Nocorgelation was ghsered bets con the Cre
leargl d the cotal muanber ol glomerali. A increse nloe
level vt Cre was obsers ed intbe antmuls with muny sirophic
slomerulioand Few o pertrophic plomerali. These kidness
sl ed ek naersaatiol Dleosas ad Byongehoey iy infiin-
v, and reeressive elanges aof renul whules,

Three wujor patterns of throais sene obserseds cord Jike
tihrems st prodduoaed s Tindles in the medillary
viws |, Fogal dbrs asse prolilferawed s aperepates in e
interstitiuemg, amd diTuse (ibroas lssue proliferated nearly
cgually in the intersiitiom hetween the tubalest., Fibrosds
Towsked tor abat o corel-likgr i (e cories, eaigded w1l
meclul iy tuys, and progressed in the outer gome of medulla,
Horwesver, difTuse Tibrosis of the cotine inner rone of medal
wirs chserved alsa i the animad- w it Lo Cre levels, s
Titwasis proprssed, he cortical Labwrich wis sepmenied
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i Lohules By fiber bundles, And jaterstitial nesis and
theliar atrophy proseeessed inocach Jobule, sigoesting 1l
descizeration nd Tess of Wwabnde s wegs pronamed by indivic-
ual nephens,

I aniimnuls cver 100 memtbs e cvstie dilasion of 1uhales
and Tlartening ol glus epithehinm wers metsal i all ares (.

Hhowned detaclument amd regemeration of he epithelinm of

prosnmad tukales were neted Treguerdly wund particularly in
e daep worte and abe oueer s of medulla.

Hmnatune Tububes wers coumpuoesgd ol gl s reserubiling the
cpithelial vells vl prosimal twbales with a rich oyoplism
ated o ocleae, roe mucheus, and heir Tomers sore maraedly
marrosecd e absent, apeeanng g an codoerine shand-like

struvtune, Yany of the marreseed tubalas omens contadmed
proleitacesy casls, hfost of these wholes foroune cords or
Towzd wors pesgnt in e contes, amd alser i (e caler cong ol
mrneclulla fn =everely alfected coases, Taere were wlseonans
tabules thal showed deposition of o Loree oot ol Hpslus
can sl thickening of 1he basement membrang (B U
Arinlier pe ] subieles waes counpased ol cells ol Jiwld
scatetl cx teplasin une wosisall intensely slained maeles ad
reneibled By e epitheliol colls of Henle's Toop (Fig. G,
Theesg tubudes wogre absgescad in Biege oonbers b ouer
At ol medudla, They were observed in saaal] monbwer alse
irn the inner &one ol edulli but net in the cores.

Fiefuros of centteod rrdraelv oo immamiee £ lomerilus or

IRTE

Aoy shoaneculos animal Soo 2 Dot nepbross e

e rveed amler e capenles Ciomeraliooe sl e veecnlalnne i panarhy

deveiomad, 2ancewine of the tulvaz Tumen aod newckesd nkersueias iless
and Imphoees e itiliveron ane seen. HIE, = 0L
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Il wars poted inoany of 1he conlral animals Taged 139
AIIVFIIERS

fmunshistepetielapioal fTadings: Nocells showed pos
ative Eooanti-£71 =16 seriin the liver, splecn, hearl, lung or

imesting, The epithelial cells of the thick ascemling limb ol

Henle Trom contrel catlles were posilive oo anii-Cl-16
seriny. b alese of atfected cattle were nesative (Figs. [,
b Tuble 210 Clomecul and the interstioo ot all cartles
wery nepakive [er staining,

IHECUSSION

Cenerally, renal bypoplasia is detiead us w developrwn-
Gally small but normally differentiszned kidney [L]. In this
studs, kudney weizhis relaonve e hody wesgho in affecied
animals wers aeordy sams os Unese i anrmal aninets,
Theretore, the prosent vuses were not “renul b poplasion

In & aftveted animals eXNee. 305 7 000 19 28, 320 the
nurtrer o glomeruli was clearly less than that in pormal
Ridness ol e sume weeight, Mureower, when the relation-
ship between the ountber of glomeruli ond ape sy cxam-
ingk ior all andmals, the nomber of shmerull was nackedly
reduced in 3% animals. The depree of kidnes grmale Jif-
fered betwevn animals of the sume spre depending om e
cegree of development of the whole hods. Boedy weishis
amd kidney weaghts were not messured th many ol the
athectesl animals examiesd in this sudy, preventing the
aovurale eommpsnson of these e pamwnclers, Hawever, i
s tenl Likely that the number of glomeraln weas reakily
devreasad alsee in e gnamals despide of no data s lable for
bedy wetghts umd kicoey weiphis.

We spocilated the fullowing three tealures a5 the charae-
beristics of renul lesions in CF- fa-defoeive Jammese Black
cattles Ty Arinals are burn with varivous degres of matura-
ton ut slemeruli. ) Kidney sice s neady meonal inothe inid
vases, but 1% redoced iy the progressed cises e o paret-
cIemal atrophy accompaniod I filesis, and 300w mna-
e nephmons are prooee e by depenerated and destroyed
while the owture rphovetuli become comipensalor by pertio-
phv. Heveditary renal diseccders with an early onsel base
Bevn reported inovarious specios |38 L1190 However, us
metioed uhove, e disease tha cxhibils the same histolog-
i) leatares us thode ehserved in CR-00 -defective andols
T pon pevivw e, o oour keoswledee, i the lierateres,

The resolis gt iomuanoelistopathologicul caamination
shovared that the eenal tabular epithelive of CF- dg-defective
cattle Jacked CL-14 protein. This s conssstent with the pre-

wiols bmmuanebled sy | 3], The CL fwnily is comnprised of

e han 18 13 pes ol protein and CL-16 6 sl in tight
Jumetivems 4 T1s ) of the intereelulur space bels cen the epiibe-
Liam of renal fubeles |20, 210 Kiwehi-Saishin ef af, 7]
repariod thal clauding 16 eapresses in the thick wscending
limb ol Hende inoniee. TTs une cne of several cell juncrions
ancl O fumidly peareins play o role ws i Bageier wnsd fence |2,
40, 10, 20 Woe speculated that the epithelial coll junction
becmne loosened, resulting in leakape of the whular uid
thrsgh the epithelion. This was thought i cause atesphy

wi renal tubules and inflammation of the interstitiwm.

Samaka or il | LR] eoosislered that the renal tkwlar dyspla-
shib wis The pricniry chamge, aod redwoed oumber ol oephi-
rons wis secondary chanse, Bot we considered that the
Lartet woas also primary lesion. Because reductsn in pienber
af gluomeruli wc immalone tubales s obsersed inall
detective animals, Therefors (his disease micht be dias-
nosed as ohnormeal development of nepheon bol net solely of
rlounerli or tuboles. Hecawse degree of inerstitial Mbrosis
and [ mpbecytic infiltrution wus varied in each case. these
were colsidered as secondary cliees, o fulume studies,
¢lose Mistolsgiea] examination of the kadness of OF-00-
clefective catlle s bt mnd al o stuge i which ne clinical
Tenal ely sFunction las us vet Teen observed may be oeeded o
elucidabe the pathogemesis of Lhis diseams,

A high percemage of 8- Id-delective animals show
prowth retardation. Gmewth npairmen? s oo oon-specific
symptom vhserved secondurily 1o renal Lailure and many
ather diseases, ol ies ciwtse s diffigeln wo identity. 1o the
Animals exaninesst 10 this siudy, howeser, iy poplasia of
piteitury zhund and thyroid  were observed frequently.
These fimdings are often obaerved in balls ol cows [12]
Mal &Moo poawlhl retandnion due 10 Gauses allier than o
defect ol TL- T, Treouhil oot be muled out hat, hypoplisis of
pitwitary elamd and thyeodd niight play a eritical role w cause
growth dmpairment o the -0 deteginee animals,
althoagl meere wvideinoes shamlsl bee gocumvlated in futioe: o
interpret e relationship belween the o,

ACEMNOWLEDRMENTS. W are gratetul e Dr, Shigere
MUMAKUNAL for bis insaluable assistance and adaace,
and e, Konomi KURAMOCHT for her preparing this
manuseeipt.

REFERENCES

1o Bernstein. Loand Gilker-Harness, b L9t Tevelimments!

dhogmalities of the Kidnzy, ppo 1631-1ad44 s DEagnsistivc

Surzicis: Inheioes . 2od el Resen Press. T ol Bew York,

TFamsing, A 5. 5o, 1o T and Andersar, LA RIS Trogsis-

acmhrione Fretcins i ke deh junction sarricr. Ao e S,

Wepliead, 1k 1337 | 345

3,0 Fincoo 120K Dungan, LR Cnowell, WA ad 10=ew, AT
I5FT. Farealnd remdd desese in Romacgia BElkhound dogs:
Morphologic crominatians, Ao, £ Ver fe M0 i T

A0 Chow, AL Southwaenl, O30 EL L S Tanialis Mo Riordan, €5
P Brooddie S50 1 Danias. Lo Brounsteic, 1ML Kackae, T5 and
Lacearinmd, R AL W NS peelin and Senei ol tishe june-
L strands are ke Do LA i 1Tl e, Cedil 94:
[ERUTE P

5o Hime Tl RKoebavashis Ko Heh, T Uakasuga, AL Bakarmar,
T Hivagsung, %.and Snguneto, 3 ZO0CL Null mutarian of
POTN Telaudin- 16 reanlts in nvine ciromniy inleestaial
nehenis, Crevtanne Sew, D 65060,

B ka1 Sakmpuchi, T Cra A amd Bewnecker, 1O 200
Clamlm regolite the intesioal barcier o cespranse o mmuone

[ =]

rutdiators, Crrovtreferitogy TLR: TIHEL 10011,
T, Wiacki-Sai=hin, ¢.. Gareh, 5., Fuause, Mo Tabasuga, A, Tana,
¥.oand Tsukica, 5 20020 Thizfenential sxpoessicoun psiticans af



I,

1%

K. DORADA BT AL

chunsdime, gkl peection membaae pretoms, in noeese neplinon
e, A Sea Negaheead 13 ORTS NED,

Roabis b, B JErame, L Marovam, S Waeama, L Sk,
vigjirni B, AToriesdsn, 1L, Mok, 11, Limiatsu, Ho, Harg, K
lwsh, T, Treahownn, B Sasovame. HL, Makarmara, 1sanl Sy
P, 3, 2000 Conetic mapoanse ol o lecws semsiwialed weth
Baveine shannic anmterstitims: nephnndis b chnsngmenie 1L Awin,
Crevet, 09 95

Maswe, MG WS The wrininy sasden. oy 37335 e
Puthologs o Dorreesai, Animais, ool 2 ded JJubls kWL
Kenveds, I8 o
120,
Morite b Taarose, S, Fopomado, Booamd Usokiba, 5. 9,
it milsizene Bomily encindivg leor-tronsmembranc:

andd almer, Nocdson Acidemie fress, San

desnain peotein comggwaisents ol el junction <Srds, [ase,
Feons, Newd Aevaad e 4754 96 3R AR

Menbises, T, Mene, B Lo Salvi, 150000 TWRE Tl agcg!
dliseenes, pr 162510 Iz Dagnoatie Surgical Pacwlags |
2imd el Raven Fross, Lud. Besw York.

Sgel PO TS ool infierces. pp. 560 37 s Parlolegy
al Dlogeestic Aaiamads. vol Tb el (o KoY T Kennealy,
B Gane] Padertaor, M0 eds g Sweadvmae Frosss san 1o oo,

O, L Biligivwa, FLL kil B Acahinag, S S ahimori. ke

Yoneda, K Bonicba, T,aned Sasniil, . 20800 Hisnwgvposiny
mapping el che ks tespensileds B seesd subwlar desplasio of

cetlle von Povieee € hmeimosome o Vaenresdfreen {iegange 1
LIh=215,

CHabun, ., Kitimowo, 11, Kilsh, Ko Uhkawi, T oamd Sasahki, ¥,
200k [herizinee of zeaal tubalar o s plasaa m T Bk
il Vet A 148 153154,

CIhkv, ¥, Ritpwws. 1. Ritoh, K. Saeakic .. Tokazu. AL
Rhivee, Y mE Kunicda, T, 2U8KD A cleletion ol the pearae e -
£t b orespansable Yo e tubalag dysabssia o cwtle.

2

1%

1

[E"]
1=

Crenaantic o B 229350,

Cihba, Y., kataeama, Ho, Okare, Y, Kiwdy, Koangd Sa-uke Y.
e Clinieal reatunes of neeal iobular dysplasiz, omes hened-
iy liscuse in Lipsunese lack coltle, Ver 8o 1Y 115 |15

Ohba, Y0 Kiwh, B Sabams, P Handa, T Kaenoala, T
Siratki, . anad Bipiewen, [L 2002 Renal rebeemtaon al mag
tsutrty szl waletnn e cumle vl scal sgbulir Oy splivs e Ve
e IRL: 351 N0

Samikn Yo, Bl Ko Kol K (e, Y Susiki. K.
Aleubgmh, M, b Y. oand Mo, T 2002, Patholizizal
cliages o remil ol clvsphiea in Demang e Blacs caicle, Vel
fre, 1500 A2E - 0A2,

Scloviner, £e Toand Kieeane, 1A TWAE The urina, <ssien.
e MO e S Amdersm’ s Pathaliges vl Lol ed,
SRy, 1AL ek Tl 0% Ml Canngrans, THhalacde ke,
Seren BB D YD, Ko Yelargne s, 11 Al-SMben,
Foo P 51 Caari, G Beminele, &0 Calies, G, Badreivng
s, Joo MeCredion 1Y MG ord, 1 Sanjad, S amd Linan,
o1 P Pagaecllin T remal tipht janciion protem seninsd
T peagioce Tl AL ™ voserpiogy e e 283 105 1DA,

Tattheta, S atied Foctse, SO2TRED Poges i e weall: Ulnadins

Unilsbaliliee tighl junceion socpsds comaning agucsins uices,
el il 148 14=14.

Woowvd Keomdrs Assoeigior 20040 Kol Chaowel Courve alf
Japomese Wlack Canles Ky nm Japeiunese),

Wotanelwe, D Bone A Takaiasln, M. [hikawa, H
Watanabe, A Yarrmnhe T Tunskane, 5. Fapmard, K,
SlTa sk, Yoo Ukanla BoL Gl L Qoo ML Kewoanur, S
Thivees, T Sekeickone, Y., Abes 5 amed Saizon [ 2002, Hereli-
trnhandd elinigo padbiogecdl csauriimeions of POLNFAC
div-Fiodetw irney en Japsnese Black cantle in e Pohoku
regaon, e I derge dee {7 2501 TG Fpumie s weith
Ezne lish albalract b



Journal of Reproduction and Development, Vol 50, Na. 8, 2004
—Original—

Genetic Diagnosis of Claudin-16 Deficiency and Sex
Determination in Bovine Preimplantation Embryos

Hiroki HIRAYAMAY, Soichi KAGEYAMA, Satoru MORIYASUY,
Takashi HIRANO?, Yoshikazu SUGIMOTO?, Naohiko KOBAYASHI*,
Mutsumi INABAY, Ken SAWAILY, Sadao ONOEY and Akira MINAMIHASHI!

" Hokkaido Andnad Roscarc b Conter, Hokkaido 081 0038, £ Shirakawa frmstitute of Anintal
Cuenetics, Japan Livestock fechnology Assaciation, Fokushima 961 8061, ¥ Gifu Prefectiral
Livestook Rescarch fnstitute, Gife 506 (1O, and Plaboratory of Molecular Medicine,
(raduate Schaol of Veterinary Medicine, Hokkaido University, Holkkaido 080-0818, fapan

Abstract, Renal tubular dyvsplasia is an autosomal recessively inbwrited disorder in Japanese black
cattle that is due to deletion matations in the caewdie- 16 gene and causes chronic renal tailure and
death of affected animals. Here, we report a mulliplex-PCR pracedure lo determine the genatype for
clandin-16 deficicncy in preimplantation embreyos, The presence or absence of the wild-type and
matant allelels) weas precisely detected with the multiplex-PCE using as litle as 5 pg of genomic DNA
from leakocytes, When biopsiod ecmbryvo cells were examined for claudin-16 deficiency, 97.2% of
genotypes were consistent with the PCR results obtained for the corresponding embrvos. T addition,
sexing of embryos by PUR was pertormed using an aliquot of NA eatracked from biopsied embryo
cells, amd determination of cleirdiv- 16 genotype and sex was successfully achivved with an efficiency
of 91.7% for claudne- 16 genotyping and 83.3% for sexing. The production of a 100-day fetus that was
male and homozygous Tor claudin-16 deficiency, as expected froms the analysis of biopsicd embryo
culls, gave evidence of the reliability and applicability of this procedure for preventing the

transimission of this disvase and for enabling advances in animal breeding,
Key words: Claudin-14, Soxing, Preimplankation genetic diagnosis, Cattle, Embryo

{J. Reprod. Dev. 50: 613-018, 2004)

he combined uwse of embryo transfer and
T molecular genetics has greally improved the
elliciency of animal reproduction and breeding.
Analyses based on DN A amplification, for
example, of nucleatide sequences specific to the sex
chromosome are precise and efficient procedures
for sexing of preimplantation embryos and have
becn commonly utilized in commercial embryo
production [1-4]. Development of analytical
procedures that arc sensitive and specilic for the
detection in embryos of genetic mutations leading

Accepted for puh]i{n'.-'mn: Iuly 27,2004
Clorcosponsderce: Bl Hirayama, {g-mail: hhiravamaigagei pref,
uskkaidujpy

to inherited disorders [3-8], or of quantitatisc frait
lect for milk and meat production [9-13], will
provide advantages for preventing the
transmission of genetic disorders and for marker-
assisted selection of animals for breeding,.

Renal tubular dysplasia associated with chronic
interstilial nephritis and diffuse zonal fibrosis is a
genetic disorder in Japanese black cattle [14, 13].
This autosomal recessive disorder is characterized
by atrophic renal tubes and extensive interstitial
fibrosis with inflarmmmatory cell infiltration, and
Icads to death of calves prior to puberty, usually
within the first & months of lite, Recently, a 37-kb
deletion mutation encompassing the first four
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exans [Type-1T mutation) and anuther 56-kb
deletion mutation encompassing cxons 1-5 {Type-2
mulation) of the clawdin Tofmraceltin-1 {CL-T6/
FCOLN-TY gene wore (dentified as causative
mutations for the disorder, and determination of
the CL-16 genotype Rased on PCE has been
repurted [6, 7| Thuese POR procedures have been
utilized for OF-76 ety ping of blood sample from
calves and adult animals, but analysis of very small
amuounts of DNA, for cxample, samples from
proimplantation embryes, has not been reporked.
Determination of the CL-16 gonotype in embryos
migkas it possible to select animals froe from C1-16
deficiency and to maintain carricr animals as a
genetic resourer fur the Improvement of cattle.

In this study, wye established an effective
proceduie for delecting CF-16 wild-type and type-1
mitttant allelies in Boving preimplantabion embryos.
Furthermuore, we attempted o diagnnse bwo
characters (CL-16 deticiency and sex) in embryos,
and to demonstrate the availability of the
procedure by cobrvo transfer.

Materials and Methods

Enthryo production

Japanese black rattle were superovulated by
administering FSH {20 IU fcow, Antorin™R=10,
Denka Pharmaceatical Co., Ltd., Kanagawa, Japan)
bevice daily in decreasing doses over 3davs. POF2e
(cloprostenol 0.5 mg/cow, Resipron”-C, Teikoku
Hlormoene Mg, Co., Ltd., Tokyo, Japan) was
injected on the third day of supersvulation. The
cows were [nseminated 24 h after the onset of
estrus, and their uberi were tlushed at 6-7 day after
artificial insemination. Cows homezvgous for the
wild-1ype allele (Experiment 1} and hetoroeygnus
for the type-1 mukant allele (Experiment 2) of the
CL I6 pene were inseminated wilh sperm detived
from a heteroaygous carrier of the CL-T6 type-1
mtank allele.

Oetection of CL-16 afletes by madfiplex PCR
Muiltiptex-I"CR was performed usity: a Multiples
PCR Kit (QIAGEN Inc., Valencia, CA, USA)
according to the manufacturer’s protocol. The
sequences of wild-type spoecific primers were
CLNF; 5'- TGOCAGGAACTOUACTATOA-Y and
CLNR; ¥- ATCAGUCTACTCTGCCCACT-37 (PCR
product; 335 bp), The sequences of type-1 mutation

specific  primers were CLMF: &'
CUACGAUACTTTOCAGCTTGTITAGT-2" and
CLMR; 3'- CCCCACCOCCACTICTATAC-S (PCR
prodduck; 84 bp). The POR mixture (hatal volume of
20 M) contained 2 gl of 5= Q-solution, 0.3 o CLNE
and CLNK, T gph JLMMY and C1ME and the
template. The reaction conditions consisted of
initaad denaturing at 95 C for 15 min folliwed by 45
eyeles of 99 for 30 sec, 56 C for 90 sec and 72 C for
A0 sec. The final exitenston step was followed by 10
i of fncubation at 72 C.

Seximg of entbryos

Sexing, of conbryes was performed as proviously
described [16]. PUR was performed using a
HetstarTaq Master Mix Kit (QIAGEN} accerding to
the manufacturer’s protocol. [N A was amplitiead
in a 20 ul reaction mixtare containing 0L.75 uhd
primers and the template. The sequences of the
primers Wiy Ldl1; At
CAACTOUTOCAGAGOCATOGTOCOAC-3 and S4b2;
- CACTCACGATTTCTOGCATCATATGLU AL -
3. The reaction conditions consisted of initial
denaturing at 95 C for 15 min followed by 15 eveles
nf 9F C For 8 sec, 300 for 23 see aned 72 O For 15 soc,
and 30 cycles of shuttle PCR at Y8 C for 8 sec and at
G6 C for 20 sec. The final extension step was
followed by 5 min of incubation at 72 C. A PCR
product commaoen to males and temales (145 bp)
Wik amp]ifii—*d in the eeaction. Furthermore, an
additional male-specific PCR product (178 bp) was
amplified in the same reaction only when male
DIMA was used as the template,

Cxperimuent 1n Sensitiorty aad accuracy of CL 16
gonatiyping

Buvine genomic DNA was extracted using
HAamp DNA Mini Kit LAGEN] from peripheral
blood leukocytes obtained from a cow that had
been determined to be a hetorocygote for the CL-T6
Eype-1 mutant allele by a previously reported
methad [6]. Amplification of the DNA by the
multiplex-PCR was varried oub at various
concentrations of genomic DNA (1 50 pg per
reactiong o estimate the sensitivits of detection of
wild-type and bype-1 mutant allefes of the CL-T6
gene, Electrophoresis was performed inoa 6%
polyaceylamide gel.

fie zricer derived eonbryves were biopsied by cutting
of microaspiration using a micromanipulator, Ten
ter twenty percent of the trophoblast of blastocysts
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and 2 12 colls (mean P S0 7 12 colls) of the
morulae were removed by cubting and
mivreaspiration, respectivelv. Biepsied cuolls {E-5)
and 1he rest of the colls in corresponding embreyos
{15-LY swere Iysed for W min at 37 Cin 3 gl of (.1
mg/ml proteinase K (Wako Pure Chemical
Industries, Lid., Osaka, Japan ard {h5% Tween 20
(MWacatai Tesque, Ine, Kvoto, Japan) (TK-TW
mebluad). Prokeinase Kowas theo deactivated for 10
min at 99 < The CF-16 genodvpes of E-5 and I-L
wore determingd by the multiplew-POR

Fxperiment 20 Defeemiation of CF-T0 genal pre and
sex In prenmpluialion fnr}:r‘yuy

Ton to twenty percent of the Brophallast of B
derived blastocvsts were biopsied by cutting.
Biopsted colls were Ivsed in 5 pl of extraction
sulution by the PR-TW method, and were then
subjectod to determination of CL-T0 genotyvpe and
soex. Allquots, 4 and 1 gl of the [ENA solations
werre used as lemplales for C-To genotyping and
sexing, respectively. Electrophoresis was
preformed in 3% agarese pel.

Mampulated embeyos woere maintaioed for 3hoin
IWI3-101 medinm {(Research Institute tor the
Functional Peplides, Yamagala, Japan) at 39 C
under 5% CO: Tive manipulated gmbeyos thit bad
been fudged as homozveoos for the CO8 T tvpe- ]
mulant ablele were transferred into tive recipient
vows ab -9 dav after estras. Pregoency disyrnosis
was perfurmed using ultrasound at 45 or 46 dav
after estrus, A pregnant covw was slaughtered by
intravenous injection of an overdose of sodinm
pentobarbital abt day 100, and the fetus swas
obtained from the uteras. The slaughter provedare
was apprenved by the Animal Care Commithoe of
Hokkaidoe Animal Research Conter. The penamic
DMA of Teukocytes, liver and =kin of the futus was
eatracted wsing QlAamp IENA Mini Kit (QTAGEN),
and genekyping of C7-16 and sexing were
porferened by the above-numbioned procedures.

Statistical analysis

Thwr statistical signifivance of ditferences between
values obtained using different biopsy imethods ue
CL 10 genotyvpes were evaluated by the Chi-sguarge
tent.

Resulls

Experintent 1o Bemsitivity wond sccrmicy of CL-16
stelofypiay

When mualtiplex-[COR was performed using
genomic DNA heterosvigous for the bype-|
mutation as he template, both the wild-fype and
imukant alleles were detected . The mninimal ameunt
of RDNA femplate requited for visualication of
amplificd products appeared to be 5 pgin a single
reaction (kg 1),

As shoawn in Table 1, all PCR amplifications
produced detectable amgplitication peoducts when
penomic TINA from biopsicd cells (E-S)wiss used as
the template except thal no amplification was
abmerved in one of the samples from cells biopsied
by culting. Ciomwdypes of O 1o alleles determind
for B-G cells were consistent will those identilicd in
the rest, i, the vast majority, of vells of
cowresponding vibrvas (E-L although one of the
samples that was duemenstrated to be
heterogencons For 116 mutakion by ﬂ]‘léli_‘r'.‘-':iﬁ of
the relevant E-Lowas migjudged as homosygous by
attalvsis of the E-S cells. Thus, both the efficiency of
INA amplitication and accuracy uf genotype
identification based on the coincidence of {he
results obtained with -5 and E-L cebls were
citimaled to be about 7%, There was no
sipnificant difference in these values for colls
propared by different Biopsy procedures, and for
coells willy distinet CL-16 genotypes,

wild-type

100bp
type-|
mutation

Fig. 1. Sensitivity of detectioen of C0 (o allede by ioalliples,
FPOR. Wild-tvpe aod vy |orowlant alleles weeoe
arrpliticd Erum g e 25 5 pg ouf helerozvpes
enomic %A Fleclophoresis was porformesd inoa
B palvacevlamide el Marser, W0 e LN adder
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Talrde 1. Accuraey of Cf-Th penotvping in Boving cimb yos

H-1. F-5

Biopsy Cl-Tn Mo of Mo el wilth UL-T6 MosMe) ol coinidenoe
riethend [Ty pre embryes  genedvpe identified weth L
Cuelling, wild/ wild 9 LN LR REALLAE
woild /£y -1 g (100 AORER
Aspiralioh willdwild 12 12 (1am 12 (11Kl
wiild Swpe-1 7 Y]] ERERLLAT
Tola ir 3 (47 3 KRR P

F-L brivpesiesd iocoubae aand Telastoests,

E-4; bivpeied cells from morulae amd blastoeysbs

Table 2.

Fregueray and genolypamg effivienes of bwoanalyeed Loct in bovine embrvos

Mir of Effwioncy of

Froqueney of ygenetic

by Linaie- genotyping (M) Lenwtic variunt wariant el
weild Swild 200152
Ui 11712 M17) wild Sty pe-1 3411 (34
12 tepu-1 v | FALR3)
) PV, el 26> 3716 ML}
ik 10512 (5331 ferale GER TR LA
Fxperiment 20 Determination of CL 16 genobupre amnd Discussion

sex in preinpdantation s s

As showm in Table 2, the genotyping of CL-16
was successful i FEA12 (91.7%) embryvos, among
which 2 embryos (185290} were delermined to have
wild/wild alleles, 4 embryos (36.4%) were
determined o have wild ftyvpe-1 mutant alletes and
the rest (43.53%) was determined bo bave type-]
mutant/type-1 mutant alleles. Sexing was also
successiul in embrivos al the rate of 10712 {83.3%),
[ 9ot of a betal of 12 embryos examined, both CL-
16 genotype and sex were accurately determined
{Fig. 2).

Five embryos {one male, three females, and one
sex-unidentified) homoeygous for the CL 16 type-1
mutation were transterred into the ateei of
recipients, and one of the recipients was diagnoscd
as pregnant by ultrasound al day 46, TCR anaiysis
of DNA extractod from leukocytes, liver, and skin
of the 100-day fctus demaonstrated that the fotus
was homorygous foe the CL-16 bepe-1 mutant allele
and maic, as predicted (Fig. 2).

The procedure wsing multiplex-'CR in the
present study showed high sensitivity and
accuracy for the determination of Cf. & genobype.
First, genotyping of the wild-tvpe and type-1
mutant alleles of the CL-Th gene was achieved ina
single reaction using 2 small amount of IINA as the
termplate. The CL-T6 genotype in biopsicd embryo
samples was precisely determined using this
procedure. Although separatien of DNA samples
into two parts for PO ests reduces the quantity of
template, multiplex-PCR makes improvement of
the sensitivity possible by using all templates inoa
single reaction. In additicen, this method of
examination gave accurate results for genobyping
regardiess of the procedure used for biopsy, ie,
culting versus microaspiration. Cubting of the
tropheblast using & microblade is convenlent and
alltwes many cmbeyos tir be processed inoa short
tirne [3]. Biopsy by microaspiration is a suitably
technique for obtaining a small number of cells
From embryos at stages carlicr than the morala, and
i useful for reducing the damage caused by the
ey biopsy procedure [1].

To date, several distinet methods have been
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Fig. 2. CL-18 perotepaese and sews debenmmation of embreos and o fetus prodoced from o genetically disgnesed sinleya, A
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matant allele. B bomesvpenss for wild-tepe allele. Marker: 1000 bp LNA Jadder. Rlecimophoresis was perforouwed m 3%

Jarome gl

coployed to increase the sensitivity of POCR
detection using embryvo specimens, Prelintinary
amplification of a small number af copies of a
genome is an cffective method for obtaining the
material for several tvpes of genetic analyses.
Primer extension preamplification (PEP)R-PCR for
amplification of the whole genome from a small
nimber of cells using random oligonocleotides has
becn uscd to determine the genotypes in
promplantation cmbrvos [17, 18] Nested-PPCR s
alsu a suitable method for the detection of trace
amounts of LINA from preimplantation embryas
119]. Howesver, these methods have the risk of
generating false positives because of TINA
contamination during the handling of TCR
proclucts in duplicate PCR procedures. Moreover,
the application of PEP ko samples from a small
number af cells s hampered by uncertainties, and
amplification artifacts are likely o occur frequently.
The multiplex-TCR used in the present siudy has
the additional advantage of climinating arctitficial
contamination and inadeuate amplification in the
reaction. The currend protocel takes only & hours
tor completiom after Biopsy.  Furthermorne, wo also

performed sex determination using aligues of the
IDMNA samples, These results indicale that our
procedures are wseful for rapid and accorate
determination of the CF-Te genobype and sox of
preimplantation embeyos without preliminary
amplditicakisn.

The generation of a male fetus homoezygous for
CL-16 deficiency, which had been predicted from
the analysis of the crabryo prior e embryo bransfer,
demunstrated the accuracy of e procedures, No
abvioas morphological abnermality or defect was
observed in the fetus (data net shown). Detailed
analysis of the fotus will be performed in order o
investigate the mechanism of incidence of renal
tubular dvsplasia in the Tulure,

If high-performance Bulls have some mutation(s)
causing inherited disorders, it substantially
influences the diffusion of the disorders. The
sedection of cartier andmals leads o ecomnumie losses
and the loss of genetic resources. [nour cattle herd,
the examinations performed so far indicate that the
type-1 muotabion is prosent in the major popualation
of carriers, and the frequency of the type-2
mutation is very liny (data not shown), Therefore,

— 100 —
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our procedure to detect the type-1 mutation will be
uselul tor eliminating the spread of CL-14
deticieney. Furthermore, it will also e oseful for
maintaining penetic resources and variaiions of
careier animals withouat incidence at the disease.

In conclusion. we established the procedure to
dotermvine the CL-TE prnotype and sex in bovine
preimplantativom embryes. This procedare can be
used for the prevention of genetically caused CL-16
deticienvy and the promation of animal breeding,
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