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BACZu— %, H—_ b LIE, 7= VL TRALEY) 2MAGDELZLDT, ¥/ 40D
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T, T TSN TWBDCATIHEI O & & D12, ZOEMBEIC, ¥ v NV EEEIZDOVWTOR
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DETOWNIZEDL S TL5 Lz, FLHEIN O 2 KRB, 1 AXKE., FLHEBRO BT % 4k
FHHM 2R L7z, FLEREZME D MER IR L L TRHETE WD, BRITKE Rk
FHREEH->TWDL, £2C, BIEEZ I M= VT 2B THEOMEZHNE L CRKNER
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— LV T MVEREEE L, COEEDTORIEN RS VX HPERIN R 2Y) KEE
WATE R > TnD EFHENT,

Georges® (NI F—_ Liegek) ¥, Belgian BluefEIZH & 2 %M@ (A MEHRE A CMDI
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W TV, A FRREETOBRROFEEICEI) Lz (F2%FR).
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BNTHEY, REGEELZETTEL, LALIOFETIIMEEITMICES LR, 22 b
FRRBDICRDREND D, —H, HFEICBIT ST LENTIZEOMER L, 7/ 28X
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IR B T Z RE T 5 Z & CONAMERZTEH L2 BT HEIC 2 57217 T { |, fIEREHE
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(3) WFFEBHZE DRI H AR & B
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BBV TIEEZ LT OBZWEI ORI K2, FRI19FEE LT TOREMEDNA

BB OERICEETH Y, b0, SHS ¥ > TR

TR AT R R DVER SRR E (B 5 a1 PR DU H
QTL) Z[METAOICOEHTHD, 2T, 13 1,054
WILFh SRR ILE SRS ICTB W TR EROBH 5 14 2,503
BIEFHEDODNAY ~ TV ENET S Z L 2B 72, 15 5,387
YRRl B ERTS. B LU, KRTENR 16 4,922
HICBIT BT 7)) v FE2ERL TS, P19 17 4,634
FEEETOPEDRIIZE2DBY) THDH, Zhb 18 5,827
DOIVE L 72 BEHEODNAY > 7 VK 3 75 2 T 19 7,330
Yol = 7 31,657

(8)-2 U VREEILEMBNOE &
(3)-2-1 7 IRV EMBHTICEI D 5 R F B £ TOHERS

FEEIEE (QTL) DOEITIZBE W T, Jetafiiy (Betafk™” 4 X chromosome-wise) X7/ 4%
(7 574X, experiment-wise ¥ 7-ldgenome-wise) \CHEKMELZKRE L, LEMELHIET
HA VY=V vy ¥y 7ETHLQTL Express (Haley®. 1994 ; 2002) 2SENL TS, W
DIREFELED &) =R E T, BEROBLETHEOMOMEEHTHEL AT T4 v
(GEMHIM) EPRONDEENH L, 2T, HEEH S RIET 2720, F 4 1ZQTL
Express# X B L 72Glissardo% BA%E L 720 “FH1S4EE F TIZAETIT » 72 R REAT OFE R % 24
WEFERT IS THERBIESE 2 AT W, IBR ROV TOREIVE~Y vy ¥ 720w TE &0, miliEE
L7 (WFgessnE2s M | Takasuga, A., Watanabe, T., Mizoguchi, Y., Hirano, T., Thara, N.,
Takano, A., Yokouchi, K., Fujikawa, A., Chiba, K., Kobayashi, N., Tatsuda, K., Oe, T.,
Furukawa-Kuroiwa, M., Nishimura-Abe, A., Fujita, T., Inoue, K., Mizoshita, K., Ogino,

A., Sugimoto, Y. (2007) Identification of bovine QTL for growth and carcass traits
in Japanese Black cattle by replication and identical-by-descent mapping. Mammalian
Genome, 18: 125-136) N O DFEREFRK I ITRT,

K3, FRIBEEL TCOREEMBRENMEYvETDTED

R EQTL* p < 0.01 p < 0.001
R 9 2
GANES 13 2
I Z2 3 19 9
O — AN TH R 13 3
INT R 11 1
K¢ TR 18 3
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MAPPING OF A QUANTITATIVE TRAIT LOCUS FOR
BEEF MARBLING ON BOVINE CHROMOSOME 9 IN
PUREBRED JAPANESE BLACK CATTLE

K. Imai and T. Matsughige
Hivoshima Frefectiral Livestack Technology Research Cenrer, Shabara,
Hivashana, Jupan

T. Watunabe, Y. Sugimoto, and N, Thara
Shirakawa fastitnre of Anismed Genetics, Odabura, Nishigo, Nishi-shirahawa,
Frikushima, Japan

The goal of thix stuey is to detect guantitative trait loct { QTL) for cavcass trairs applicable

for @ DNA-based bresding system in @ Japanexe Black carrle population. A purebred
paternal half-sif fomify from a commercinl fine compored of 85 stecrs was bnitiafly amalyzed
using 188 informative miceosgreffites giving g H6-cM average fnrerval cavering 29 anro-
somes. A sipnificans OTL for mavbling was detected in the cemteomeric poviian of hovine
chromosome { BTA} 8. Afrer addivional marker genatyping acresy a larger sample size
composed of 169 individuals, thie locas was refined ro a 20-cM confidence inferval befween
micresareflites BAFI227 ¢ 24 c M) and DIK2741 0560 M) at a I chromoseme-wise thresh-
ofid. The allele substiturion cffeer berween  anid g for o beef murdling standard score (1 #o
I2 vange) on BTAY was 1.0 {5.7% of rotal plenotypic vaviancee in QTL contribution in thix
family ). This vexult provides a primavy platform for @ mocker-assivted selection system of
fhe becf rwavhling traff within the Japancse Black  Wagye) cattle popalotion.

Keypwaordy, Beef murbling: BTAY, Cuttle; QT mapping

Improving the production and health traits in livestock species 1s a basic objective for
animal breeding. The QTL affecting these traits are of great interest because 1denti-
fication of nucleotide polymorphisms residing on QTL giving phenotypic variations
in a segregating population makes it feasible to efficiently select individuals with a
supcrior phenotype through a marker-assisted selection (MAS) scheme. Therefore,
genclic assignments of significant QUL onto chromosomes are an csscntial step
for positional cloning ol genes responsible lor the traits of interest. Towards this
aim. a number of populations designed by crossbreeding between different cattle
breeds (c.g., Brahman x Angus) have been constructed to increase the power of
detection of significant QT'L for carcass traits in beef cattle {1-3). Although many
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significant QTL bhave been reported using such populations, to cur knowledge, a
suitable model for integrating such QTL information has not yvet been proposed.
In contrast, results obtained from purebred populations ol commercial lines are
expected to be immediately applicable for individual selection through identity-by-
descent haplotype inspection (4.5) because several common haplotypes harboring
QTL will be segregating from a limited number of founders in the populations.
The Jupanese Black (Wagyu} cattle breed 15 4 purebred with a hallmark of high per-
formuance in marbicd beef production. Beef marbling represcents meat quality that is a
major trait of economic 1importance as well as other carcass traits such as carcass
weight (CW), carcass vield estimate {Y B, and rib ¢yve area (KEA}, [n this breed, lines
with superior traits are established by animal breeding, thereafter used for mating on
commercial base, Bulls representing each line are selected under the breeding
schemes such as genetic cvaluation and the testing performance and progeny. Pro-
geny are produced from the crossing between a selected sire and dams from several
different lines by mating in cach local herd planned by a prefectural breeding station
for profitability in marketing, Mizoshita and others (6) reported that a genome scan
using a paternal half-s1b family of Japanese Black cattle had the power to detect 15
signtficant QTL. affecting growth and carcass traits. Further, Mizoguchi and others
(7) reported signiticant QTL of three marbling traits in a different paternal half-sib
family of this breed. These two previous reports of QTL mappings for carcass trais
including beef marbling in Wagyu populations arc particularly notewerthy for our
study as the basis of using a similar pedigree consiruct. In this work, 10 detect carcass
trait QTL applicable for MAS, a paternal half-sib Family composed of 169 futicned
steers was analyred to identufy chromosomal regions containing QTLAnfluencing
CArcuss traits.

MATERIALS AND METHODS
Trait Measurement

Fattened steers were slaughtered at approximately 28 mo of age. Four carcass
traits, cold CW (kg), carcass YE (%), REA (em®), and beel marbling measured as a
score on the beef marbling standard (BMS, range: 1-12) were measured. Higher
BMS scores correspond to more marbling. These phenotypic parameters were esti-
mated according to the Japancse meat grading system, as described previously (6).
YE was calculated {rom REA, nib thickness (RT: ¢m), subtutancous fat thickness
{5FT: cm), and cold left-side carcass weight (CWL: kg) by the following formula:

YE: % =69419 - 0,130 x REA +0.667 x RT — (L0253 x CWL — 0.896 x SFT
This formula has been officialty used for grading at all Japanesc carcass

markets since 1988,

Genome Screen

IDNA samples for the sire and 169 steers were cxtracted from peripheral blood
leukocytes or semen vsing standard protocols. One hundred eighty-eight informative
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microsatellites in the family, giving a 16-¢M average interval covering 29 aulosomes,
were sclected from the Shirnkawa-USDA linkage map (8). Polymerase chain reaction
{PCR.), sizing of PCR products. and data collection were performetl as described pre-
viously (6).

Statistical Analyses

Correction of genotype errors, reconstruction of haplotype phases, and F-
statistic profiling were performed with the interval mapping method For half-sib
families (9,10). The statistical model for QTL analysis was that of lincar regression
of the phenotypic value of the probabilitics of QL. genotypes at a given location.
The sire’s two alicles at a putative QTL at a given location were denoted by @
and ¢. Probabilitics of offspring QTL genotypes denoted by Prob( () were calculated
from the observed genotypes ol markers linked to the QTL. A lincar regression
analysis was performed using the following model:

Vi — p—a Prob{O), + ¢

where g 15 the fixed effect, « is the allele substitution eltect ol ¢ to Q; and v, Prob(0);,
and ¢; are unadjusted phenotypic value, probability of Q genotype at a given
location, and the residual error for individual 4, respectively. An Festatistic valuc
was caleulated from the minimum sum of squares of residual error under the moded
with the least squares estimators of g and «, and the minimum sum of squarcs under
the null model corrcsponding to no QTL, where ¢ = 0 is assumed. Analyses of QTL
were performed at 1-¢M intervals along the chromosome. For all analyses marker
locations were obtained from the Shirakaws-USDA linkage muap (8). Thresholds
for the signilicance ol the F-statistic value were obtained by 10,000 random permuta-
tions of the phenotypic data and permutations were studied for cach trant 1o deter-
mine the P < 0.05 and P < 0.0] signilicance thresholds {113, QTL contribution (%)
in the family was calculated as follows: (phenotypic variance explained by the linear
regression model /total phenotypic vanance) x 100, QTL location with 93% confi-
dence interval (CI) was estimated by the bootstrap method as described previously
(12). A computer program cusiomized for a paternal half-sib analysis was originally
developed using C+ — language,

RESULTS AND DISCUSSION

Meuns {imean + 5D) of carcass traits in 169 slaughtered fattened steers were
4.3 2+ 1.7 {BMS}, 450.0 £ 454 (CW). 73,1 £ L.3(YE), and 54.7 + 7.7 {(REA}, where
the estimated heritability of these traits is 0.52 (BMS), 0.39 (CW), 0.53 (YE), and
0.47 {REA) (13).

In the first genome scan usimg 188 informative microsatellite markers and 63
steers, we detected three QTL at the 3% chromoseme-wise threshold, which were
BTAE for REA and BTA6G and BTAY for BMS score. No significant Q1L for other
carcass traits were observed. These three chromosomes were subiected 10 locus
relinements using additional informative markers and 104 additional steers for a
total of 169 steers. As a result, at the 1% c¢hromosome-wise threshold we assigned
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F-statistic:

0 20 40 &0 80 100
Relative position, cM

Figure 1 F-statistic profile for beel marbling an BTAS. The horizontal broken lines indicate chromosome-
wise threshoeld at each confidence level. Shaded boxes denote 95% CT of QTL. Murker positions ftom cen-
trameric to telomeric regions {left Lo right) on BTAS are shovwn as wrtangles above the X-uaxis, which are
BM737, RMSE2177 DIKS330 BMSJ7, BMSI234, BMo449, BMS425, ETH225 BMIZZ7, [LETSNE7,
BAMERIZ [NES208 IMR2EI0, CSFAMIS, DIRP74], BMS a8 DIRA{2E7. BMISE5, BAS434, BMETWG,
BMS345, BAGSIE, T AT3, BAF20% BALS225), and BMSI9a7, The arders and positiots of murkers
are based on Lhe Shirakawa-USTA linkape muap {8} A compuoler program customized for o paternal
half-sib analysis was used (MATERIALS AND METHODS).

a significant QTL for becf marbling at a 20-¢M interval with 95% CI within the
region between microsatellites BMIZ27 [24c¢M] and DIKZ747 [500¢M] on BTASY.
where the highest F-statistic value of 11.6 was recorded at the position of 34cM
{Figure 1). The © to ¢ substitution effect and contribution ratio at this position were
1.6 in BMS score and 5.7% of (otal phenotypic variance in s family, respectively.
[nformation content, an index of transmission informativencss and segregation dis-
tortion (14} m this region on BTA9, was above 0.8, The two QTL on BTAG6 and
BTAR detected in the first genome scan were no longer detected in the second
screching.

Several QTL for the level of intramuscular fat deposition estimated as marbling
score have been reported. Those were mapped on BTAJ, BTAS, BTAILD, BTA4,
and BTA27 {2,15-18). Casas and others {17) detected a potential QTL for marbling
score at a 30-cM support interval between microsatellites CSSMO25 [46 cM] and
BA{7209 [B2cM] on BTAY using a family from a Bos fndicuy x Bos tawrus sire.
The 30-cM interval suggested by Casas and others {17), however, docs not overlap
the 20-cM interval reported 1n the present study. This might be due to the exislence
of different penes affecting beef marbling on this chromosome duc to differences in
breed composition or a different standard ol measurement for beet marbling.
The 20-¢cM interval of the mapped region of BTAS scems to contain segments of
human chromosome 6ql4.1-g21 (UCSC; htip://www.genome.ucsc.edu/y which
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corresponds to a region including chromosome 1p21 in pig {(INRA: hitp: / /www.
toulouse.inra.fr/lge/pig /compare /compare.htm) that tremendous progress has been
made in QTL mapping for carcass traits as well as cattle. According to the well-
organized public domain sources for swing QTL for production traits (PigQTLdb;
hitp: / /www animalgenome.org/QTLdb/), a significant QTL for marbling trait
has been mapped on swine chromosome 1. However, this region docs not secm to
be syntenic to that detected i cattle 1o this work.

In the Japancse Black cattle population, there is evidence suggesting that sig-
nificant QTL for marbling exist on BTA4, BTAS, BTAIL3, and BTAl4 {(6) and
BTA4, BTAfD, and BTAZ21 {7}, Although these QTL are not concordant with QTL
on BTAY in the present study. BTA9 does harbor a QTL for marbling trait in a dif-
ferent herd of the Wagyu breed (19). Detection of QTL on the same chromosomal
region in different herds in a common breed can be espeeially meaningful for nar-
rowing the critical region using the linkage disequilibrium (LD) mapping strategy.
Mizoshita and others (20) recently demonstrated that a &.1-cM region for Carcass
Weiglt-f (CW-1} on BTA14 was dramatically refined Lo a 1.1-Mb intcrval based
on the LD mapping approach using highly saturated microsatellite markers in three
paternal half-sib familics of Wagyu in which all sires harbored bialleric Q haplotypes
in CW-1. In their report, under fised paternal @ effects, maternal non-Q effects on
the trait in three pepulations contributed to narrow the critical region. Considering
the dozen QTL mapping etforts underway in different herds of Jupanese Black cattle
(19}, therefore, intensive marker devclopment from the critical region followed by
pursuing £ haplotype ot BTA9 in the related lines and increasing the oilspring in
this family would accelerate o narrow the critical region, which make it leasible
to perform positional cloming of genes {or beef marbling in Japancse Black cattle.
This might also work well for quick and rcliable implementation of MAS. Further-
morg, identification of genes involved in body Fat composition such as beef marbling
m this breed might shed light on understanding the molecular basis controlling adi-
pocyte differentation or etiology ol obesity resulting from impaired lipid meta-
holism 1n humans beyond its application for MAS.
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Linkage mapping of the locus responsible for forelimb-girdle
muscular anomaly of japanese black cattle on bovine

chromosome 26
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Summary

Surelimbgicdie nescular wzomealy e oo wilgeonzal revessive disorder of Japarnese black
cattle chusactevized by Lresnee, astasin amd abooental shape of the shoalders. 12abolooeal
vaimination ol alleeted snimals reveals bpoplita of Torelimb-sivdle naascles with rodiced
sharmeter ol masele erey, Tooilenlide the geoe responailibe fon Gais dserder, se gerlormed
linkage maaping of the disorder ecis asing an inbred pedisree inclodinge a creat-grard sicee.
wogrind sire, @ siee mnl o ofeeed cilves obiaizend Tronze g erd of Tapanese Biacs cattle, Tae
Anndeed aned Biv-eicht miveesorellite orarkers distrilwided soross dwe geseme sere geno-
tvised acmoss the pedigres, Foar mackets om the médidle region of bovine cloomosomne 26
shimwend sagndicant laskage with the disorder bueos, Hapiotvpee agioyesis wsing addisenl
Iarkers i 1his region selined o eritical regione of e disorder woees o b 5 3-0b inoerval un
BTAZA betaeen B0 amd MUK 2AO2, Campsraiive nugping datd cevealod soveral
polentnn camticdane aeres Toe e diseeder, Inclubon NRAP, FIREDS and HSPAT 24, which

are dssocintet wish moscaler fonctioe,

Keywaords herodoies disomier, Japistese Black cattle, mapoimge, muscutar aoostaly,

Introduction

Aoy Reroditary disorders kave heen renceted in fupitese
black vastle, winehis the nuet commeon beed breed in lapan,
Theewse Bereditary disorders inclisde Medzal-1Egash sen-
drore SO cf BN retan Waular desplasin 0k
et 20000 amd g ceolar delees (Dehida e el 20000,
Himvever wllee the esanlishoent of 1% 4-based dinegnosis
svsteris for jdctiication of carrkers ckonsieda ef gl [TRS
2o0my e dne or ad MO0 Abbasi el 20003;
Kuanisda 200310 the iacidence of these disctiers b heen

i o

dramatically rednosd
Froveliob-gardle moscodae azmnale AL s e hereiitaey
diserder reported i o paeticaiar o] popoiation of Jas

newl bl cattle Tovestigativar of the petharee veceeds sl

EBiddniss tor rorespandonos

1. Karieda, Gradoale soaoe! of Mt gal S onee 2rd Teohaomogy.
Gy Uevesgly, Fouskoma-vaka, Ogaedrra A00-E5400 Lpan,
E-rmail, seurweslygos okapama-o ac p

Avcerned fae puhlicalon W00 Septoeiien W7

thie vccurrenee ol B disender sogreded an autosemal
cecssive moche ol znhernanee. ATecied cofves show [remmeors
wrnd astisiie u bieeke socklino didicnltios wnl 2roath cemne
cation, Lie meest charaeieristic featere of this disorder is wn
hnral sBigre of sheidess with swelling seapula, which
car st by distingiished froem that of nocntal enioals
PEachida JEHS L Groes e telopiva ehsercalian fas revealed
bvpoplusia of forelimbezindie meseled, peteolarls of 1he
nsckes latissimus dors. This muwscle was thin aed
vrenmplerely deveioped and a5 colous was aale i afected
arimals: i the et severely alleoved ciees, The smaseles
were divided e two s e alinest abeenes Theae
ahmeralihes were Beined 1o Srelimi-ginile nueacles, with
micles of the other parts nf the Tods beinie o lected.
Histologual coaminatio: of e affected awscles showed
renduved diameters nf the miveaele Eares, af no ntler ohcious
wianoenalivics such ey deeeneratis o dlaoumoaion wer
magaerved TR LBz, oapoilished datao,

L he prescnt study, we perlermed Jinkape mapping and
haplotype analyvss wsiee au inored pedicree ATecoed b

FALA lex psap This disewcher o hie baosmie fenenme

G The Agthars, Joural exsplabar o 2008 ey 2nd 500wty for Anema, Gapelics, Ao Sovicies 39, 46-50



Materials and methods

Pedigree matenal

Avrras ab e iecved pedzires obtiined fnoun o Beed of o
ol popation: of Japamese Back cagtle incaadee aopnean-
FTANG Sre e 3w gl sive csine B asdne sice O nod 26
aflvernl cucves al sive U oFis. 1 The diseuoosis of the affected
cilves Wit carmied cul by visual ebsercadin ol the aniinaly
ansd by histoloegical exansioation ol the alizelad moscles
PR Uekielss. veenablished Gatic, Gegomie T rom sines A,
Iz Trenne nivee s of phee sibeeted cocves and (on e
AR albeed calves was obiained fromt ammen, Bloed or
sehe tiswize soogHes of these animies vopnenol clidoro-
iz extra Lo, DA saenpley of 37 varfecied calves nf i

Cowere else weesd inocwe snndy,

hdarkers and genotyping

The animials vere pernrtyped feomderasatellie toackers drom
the TIRIA ASARLD cuttle demonme muap dblpe wowa i,
waidigon s oot fonttle At loml. The anarkers were
dighrilunted e e e ive fwving @eaome, spieed o0 e
- L2 eAlapeart, Foe ek haplotype analysis, new microsicel
dte matkers in the crtical regaen wene selected Trong ding-

cleatide repests iee the punlished catte senomme sequence.

The nueemtide sequences oF these e markers wee
doeposited in sl THIREEMBL GerRaak dinalsmses with <l
aovessiun nueelrrs ABISMEITT. AL A E AR ISY,
AR,

AR Iy ARSI ARIZU0LE,

tMapping of the locus for catt’e muscular anomaby

AR, AR TR0 aend AT IO Thy nuceasatelline
markers were amplided by ostioudaed POR protocal and
wentaly el asineg ao ABD 3T D seguencer aond s o
ael vk e progeinaes CAnglied Tiosestemes: aor thie wlele-
genonte Bnkame aonulesis or polvacsvlamide gel olectropho
reszn [ollaved S ssloer <Ganien or e lagrloly e annoesis,
Msing the aaerverr proscan, soe pested B padernioy aod
lalve weolyping in the cuses of goesticoable gemotres,

Linkage and hapkatype anzlbysis

Tlzeindind Loabame @nalvain wis perisrmesd by soalysnng thee
segregation of wileles of iBie microsatellite markers amone
e olfsprzng of sire O oosing o Boear regressisee netbod
Hadey ot ol L% DEonder phenotepes calected aod
uttilected were treated s continieats variables as desoried
b Hirowskasr er ol o 21020, alefeeraels they weme soomed o
[y variale el 0 and 1 The sire’s o wldeles at g
pistative disordher locas ap o given ocation were denosesd by
Drancl d Pralabililies ol allspeiag 0 revedve aliele B leoan o
site cenoted be PO owere ealeulmoed Teeen e obeoreod
cepolvpes ol puackers linked Ga the disorder ksous, A Jinear

regression wianlvis was peetoreed asing followieg oedel:

Moo N e

whiere o is ciue Eaed oo, g thor adlele solatitution ot ol

it Lu it phenotepio valae, Bh G the prohabilics of
possesairgs the IV allele ot a0 given Jovatione gael o js e
Fesiduitl ceror for mcividwal §% LOLY oive was cidendated
ITom likelhoods cder thy nell bypoilesi= whese @ 0 0s

AA26 5
el rr T HE
BAMISET il 2
MOR 2937 i 2
MOKHAD HE]
IOV G55 7
L] ] c
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Aflected

Figure 1 Fed groe of caltle wett [oreting gode mestalac anartly 300 Paplotyoey GF s awrhees or boviee chroeessesne 24 708 gl geee
cicludes o greal graoe soe GG preed s L g sice 10 ard 26 2fected caves Haglatypes of s mtakers drked toothe FATA oo Jie thanen

Ly

Liglore et the s bl Boe each anmal The DlAA-asans 2ted naplotyne denvsd feamrare & s shaded The cwmber of an ma s with cach hanlatyps

5 oshee 20 Ee oclom of tre haniaiyps Coma
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Masoudi &f af.

asianmwel @il thee wllernative by pothesis where o o+ 15
Theeshelds foc sdenifeneee of the aatistic volue were
wbtaited by Looenny ciechon permsiatioes af the shemo-
Eopne dina s hoechill & Dhoeree 19950 Fae 930 conlidetive
ifceryi ul the loestion sas Gelowdufed by il oot rapgine
ricthod [ Visecler ve gl 1940

ke vighily linked te the disonder lwens in the indtiul
linkage analisis and mew miorosatelliog msarkers nhiacoed
lreornn tlas wallle gervnae seeqeneene b tlze clical region were
then el for thee Raplotvpe aaslysis o0 whick: el Enkaee
it tion shlaitsd Trom mwbosis ol sires O B and O and
the chapes veerr el The ooest probsible inreevad e Thae
pusitioe al e bsorder Locws wies detemnnimed by Doy
wisily ol the matker alleles amd e enininizing the noember

pEnultiple cecombinant Rapleey e

Results and discussion

Aninbred pedivees compascd of 200 slleowed calves [ron: a
single sire wars wsred o nzap thes loeses responsible for fereling-
wirdlemsealir anonsaly P oo dideremee il ses rintio
sears abwerved in elee allfected cibres, s all tines e sires of
thue scleg el calves ooeve pheounypicidly nocmad, The danes of
A1 althe 26 affecred calves were desoemdanis of vishier <ire A
o [, oseperated Lo to B pemerationes Troon these males
tEag T P eloritalion: ieadiciled i anlesnmal teces.
sive inode of Inbwritance with idendite-bre-alescent of the
ratatiom B thie venunaon acecling acecestor siee Ao
Trilenciiy microsatellice markers cdernuative for e
lmkaoe wztalvais. sire © pewelipes ol 333 miceosanaelline
narkers were delernuned, of whivh 235 murckers spansnineg,
24 aunenes were heterogvoons, Getolypes of these 238
miirkers woere teen deternemed oy e 20 afecned aosd 37
wmnBerled calves, thres siees wrd wire Games ol 1he poedieree,
1sing whoele penomme Bk amsiveis of the genodvpe dista,
anly markers oo BPAZE showed sgnificant Bikoge ohce-
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Figure 2 Resalls of Tocage aalyas shawang (00 seeees for bie £AA
Ly or busaey chrorecsaree 260 itnngontal oo | ees mdicate the
Whrgskrdzs dae O T3, 1%~ ard 5% penparrowise sigrifranne levs's

‘£ the thresnc gz lor
ey

espectively wnd harizancal dotlec | nes indics

Q17 1% anc 5% rarsmosrme-w se s guficaroe kol re:
The 9% rarsdenca inteseal iy ingdizabed my sk bas

mcamme Wise 17 < 501 with the disease phenotypo (B, A
Thae dnigheest O scaores o 31070 weins bwgerved Tor el interval
Petveeen BAT1905 ad TG-S, which evceed the 000
gemane wise dunidicant Jevel L1100 According o the
recensly pablisdoad cattle wenome e hia e el 20040,
these mavkers o lovated in dhe misddle veoien ol BTA N,
T Turtioer delione e location of e FATLLD locus, 16
ashitimal machers locisesd o e cridical seuioen on BTAIG

henweectr AR5 and TDVGAC wore selected Tron e

pubtishael catthe gemose sogquence Fiee B amd gencvpes
were deteronined foe sive U0 AR 2602 wnd MORE 2007 wene
[ronrreavines iy aive Cand therefore these pao mirkers aoone
ginolvped Toe all aninalys ioo1he gedicoee, Thy aplotypse of
the wix markets TRATO200 TS 000 BN 305, NOK il
OR300 anad 10100 1340 sseciated witdn the isorder wis
deterrzimed b seoreeanon of the alleles o 1he peadinnee. Ta
ch this, alie hanlsivpes of sise O were coeosstracted from 3w
vy res of s ellspeing. As illostratet o Fiee 1 24 oihe
2o afecled aninale possessed oo ol the sire O liaplaneses
AT LA indicading thiat fhis Baplotope is sl AL

issesciined faplolepe and the manmaning b allecssd

HES

mik: rescvived vecembinnet oheypes from siee £ In
aldition, daas ol 13 of Sl 26 mlecied mcnnols were
desceraiont ol sie A and Theae 13 calves puosseasnd o of
sice A's Rapioivpes 12301 5L A0 TThere was o ather
cHnH | arees e i Uaese 13 ailvcied valves, Therelone, this
By pe was identifiad as the PALG-associded laplorygs:
ariinming froemn sive AL The FALY sssnciated haplosape of
sire Bowa idenical 1 v el aee O s st e Fig, |
14w Bve of dhe 26 allecied colves were compenmd het-
erogyuoies of e P bassocinsed aploecepes of <ites 4 aond
Cownl himmemeegaotes ol 1he FAL-assocatd lnploiyyes of
sives U respeciively, Thowevers oy haplotvpes Bormed by
recombdination hetween RAO20 mind DUR41400 belween
#ALLES and NN 2AE, MOK2A07 o
ATOR 2002 il betveoon ATOR 260007 ] B0 139 respe-
tiveny wers ehseryed i three aftected calves oFae T, Tliese

HIBe T

eecrmebieang aplotypes defived the criccid reaien of F3AL
Al O alected calves were lmoegvgous for 30K 2007
weliile an T orne Jaeferoar pole was obwerced Jor e other
v murkers, I aldinios . ol ef the wmiclected valves shimyed
M ey ey o conposid Tetereacosite ol the LA
asmencialond laplody pes. These data undacmied o e FAA
leows 35 Lwated i 1l interval beswern BASI0G5 amd
M 2R,
[ TR T
A illustrided Gy Fig, 5. BLAYE Ras cnnservod svaleny

B oapann ronoeach oler on BTAZND

with homan chrommesonse T0g amd nooase cliramosaene L,
Tlaae are ne lodr Lhaweswent W be responsible Toe Jaoman
Iereditary mvopathivs oF ouewse motants with osealae
anonmatlies o theses clirenosones. The claical aod psage-
lrgocal teatowres of the caccl Jisoeder showed some siméilare-
itizy with thowe al huna Timb-cindle moasculie dystoophies
PLOMDY . b e meoes respozesalde doc huosan LOALY Lawve
feen mdpped e homan chromeome 13e. 2p 2, 9n, 4,
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Fine-mapping of a marbling trait to a 2.9-¢cM region on bovine
chromosome 7 in Japanese Black cattle
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