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BIEF-ORIEIFENIATONTE 2, 7BV TH, 70 —F 1 VIREERLE) 757~
FIE SR KABIE &\ o 7o S VR B SR O B R B AR T 23 U ZERT CRE S L7z,

DNAZ I~ =T — D ThH, ODLRIERMRLTENEL OB 70d T 74 b~ —
N—=THb, THIEIT /) LITHIEMICHLET ACADME D R LIS T, 2OV R LEDENIC
Lo TEREBHT A, REDTHIZBWTH, A 270% 754 b= —D%H & FHM
e DR ERRLEHEMBITTFEZ VLI LICX ), FHAMEICEZS 22237256 1LTW5
SO N ER), FOEBICHFETAYA 70T 74 b~x—h—D%R % - FRE~
DISHANPITREIC L L EEZOND, T2, ST O BLELR T2 FEE L. RIS 21T
eIk, BEREICEHD S EETOEMAERFE 2O 2L, BRSO RKE iR R E
HEOSICHEBNT A 2 L EIfF s b,

BAEZTICHERI, BEVEOPTORIIEMZCHICAEB L, KEE & ORI TR FE &
) VKRR E AW R OB E R TREO T Tu—FThr Ry arvra—=
FRERLTE T, KEHTEBAE TIAT> TELHIRICOWVTRA L2, &ROZED
a1 IZR L7z,

1) EHAEAR

KR DIBLE
SHRANTEOFFEEEL T2 —HOMMT L, 20T (RTFELH720) 0
LI CHIME S o AR, HERSI IR SN BE R R A L L TRRE
L7zo 1RAZ ) == 7k LC2828H & MHTIC W 72,

A EENT IO 2B ORI W RN TERIEE S, RN TS R E
THHI L, MRG0 532, A CTH Y LEIN—ETH L2 &, MEAOKEIR, Hi
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fEAT R E LOREIR, BRERE, RITZH, v— A 8HE, N70E S, ETREOES
Thbo FENZMOEIAE L, HARM TS O IT B beef marbling standardiZHl-
TEMiiL 72125 12F TR a7 e i, T/, X ) EMLEREEZEL -0, &BEIZD
WCHIRTARRE, BUATY, IBERE 2 SOV THIIEL 72E D v 7z,

DNA~ — A — B F

2 TOVDNALE, TEHEE OB L OCIEE L (20RO O L ARE FFBRIAE &
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BEEDRS LB IC Yy TENRTWAY = — %2 Wz, O I3, BE
FCTICR2400 DO~ —H =A< v TENTEBY . REITITLHIZERT & D L FBHSE T30001H ~ »
TENDLTETH 5,

RITFLE LI PZPORERE AW HBEENICBWTHE e~ — 0 — i, iDL OxFic%
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bo ZOIRZOMBMRRE R DL TAT O =D —TRITNER S 2\ AR ICHW
7RI B W T EE RO L ICHET 2700 1220V T, AT aPREPOHEEIT - 72,
FOHRPSENT AR T =7 =D FIHI5MBRIC R B L )12, 207 O~ — 7 — & 8B IREE L 72,
BIRL 2w — 7 — 2T, ETF282EDO~Y —H — R E 247572, HEIIE, &~ A 7 0% 5
74 b<v—% —%PCRCHIEMHE, ABI37T7>— 27 v H —CTERQKB L., BHFrv 7 b
GENESCAN, GENOTYPER % V272,

ESHARAT
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BT 24~ — BT, B2 THAEBICZITHRNTVLHESE (L) 2585, 20K
EPRLEVCbORALEEAEONTO Y 4 TR FHERT 5, Bl ToNTuy 4 7O
Bld, HRTIRET LOFOUNLVEE, XY IEERNTO Y L TOFEREIT) 2 &H7]
BEE B
RICEGEEEDEEAL ¥ MIBWT, W% > TWAHEOMEIGREED &6 & % 5 1) kv
Ehbnd), AT —h—I12Xo TURENBIERE, KHEEE ORICEEEN D 50 &
I DEMETFICRET b0 CONELEBEMITE T o RHBEN, ST ZZHAMMARIC X
> TEWD D LE 1213, T OMBUS UL E OLBIEIZZER 2 RITTQILAFIES 5 & HEH
T2DTH D, HAHFIMEIZIZ, ST A M) v ZREE ) 285 X ) v 7 ED2E DS
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Al BHTOMRE LI-BEOR T BEIIZOMEIIREFEIC M H ) . Fs A% b Bk
AFOWETH L, 2T, BIHKHIIBO TROEHOESVIRKE D> 2R EmRICEH L
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=) BHo7z, T FEORIHFET ZEMRFIHEREID ., v VEEFOMEKRE 2TV
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INOEBHEELT, YYBACTA 7T —%P(REEICED A7) == T L7z, 15 MN7BACY
O — Y OERMEGIZDNAY — 7 T H — 12X o TRER, TOMINERIZTIA~—%FEt L2
T AT ERER LT AT 4 SRR ERIFICY A 70T I 4 Y — I —DOHEEL AT o 72,
HEEHEIC oW TR, 6 IRL7,

BERG M AR AHIRIE, L N RTG 7 N — 7 TV AEHRED ., 6.2MbTH A ENHL R E R 5
720 FERCL72BACT ¥ 7 4 ZHIX 2 X 7128 L7z, BEHFEIZ H /N —F 266/ DBACY U — > T
BHUL L7z HEEL 72~ A 70774 MI10SME T, BEAIO~— 7 —8fllx & 5 & FH~—
71 —HfRIE. $90kbTH o720 TOHT, TR TH LS TAT I TH o727 — T — 1
3T D 0 . FXI#250kbHIFE TAAE L Tz, A MIEEEL 72~ — A —ZEMm L., AT iEE %= 872
DHICHE R L CHGHIIT 2 e L 720 FOMELXIK8 IR L 726

=723 EHRTY Y — T holze TOY—2HEIZ, NI TPy —2 20 A
WL D2 MbEHEE SNz TOEIIH HBAN TR SN L BIEFRII2ETH 72, B
WA 2 SR TAT < I2IE, SOOI AR ZHE 2 L TV AR ZERL S 2L R S 2w,
L Lo, 5% ZOMBEFORETPHBEICH T AEITIZR Y 2 0 . fEATIEE = Wi &
BB LN TE RV, T THREEEZE X 2 ITIUE S5 2w,

TERIREAR

L FNOSHTFMERSED< vy ¥ ZIZHWONTWAMBERO 7 70 —F 252 L &L
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BN B o BTAFD 2 S MK IZ —8) 2 72 5§ IZBMS D 5 W E 4 & BMS D i 4
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BIRAT 2 W9 5 DI BER Z i, (1) BEAE-RER» SO T )y 7L (2) B
RCTOLEM~—H —DEETH 5,

(1) BHRIZBWTKE RN TH 5 H 2 & R & O HbiE 12 B W TR S b 8
Wik 4r, HEHESICHRB ENZBE LYY~ 7V EFEMF L TB Y, BHIET TIZE&EHT000
BHOY IV ERELTWD, TOH 2 TOEED SBUSD B\ AR 1005E & BMS O 5\ 4410058
L. TSR E T 5,

(2) BAEFTICHE LA 2709754 b~—Hh—1&, Ak L72 & 95 IZH90Kb R R CRLE &
HTWD, Lo LBTERETHERETIE, IR~ -7 —1213 55 % v, £2T, BEA
FEOFEHEAGHIC OWTHNRZE A, EHEPERETH > 72D, 116D~ —H —DH20MH T
Hotze Ko TEMER Lz~ ——HREIZHI20kbTH 720 ZOERER LIz~ — T — %M
BT ICH WA Z & & L7z,

HEMHTIE, E P TR 2= FRLHHEZORERBIZONWTET J LR L LA Fx
VHEENT WD, AT v ORI DHE L, tb@iém3ﬁ@@747U%%7
4 M~ == S NNL, A LB ERLBIEMERE I OWTOETr /J L g e L
TIRNTASHTRE L 72 B o A HIOBA . BT W2~ — 5 — DS 1001H & 47 v 720 ZAEAR T D
YA TOUEETH LN, 3THMER L EWRKREER EBHAV P05, T2 TLEELEL ST
CBHDPDINAD T —1) ¥ 7 Thhbo DNAT— I &1L, &7 — T OMEKI00TES DDNAZ — 54123
LZETHb, TOT—=IVLEDNAEHWT, EX—HT—DIA L THITI VI EDTH 5,
COBADNADKEREE, R, B HEE 2 ) 7 LA IR S 2 WEN L H S, BHIE, H
BN EDNA T — VAE D 720 DEB 21T > TWb, BAHBICRERPELZ DL EDbNRS,
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RUNELS 2 WHERINEATH L, TNEVEDVDEDZ7 YT LT, HWVIEER, HEEE
TR CTE2H 0D EICIE, AALTBWLWLWBIHEZRKAZWLDTH D,
(0 )



2 HEEBRERIMEEDIREERFLIMBIND RITE & 820 A DREIL

1. LI

AAI204E4% 2 2 5 S BHMER TRIE & % > TV A 8E BIEERE S/ MEIRE X, T EE
DN, BmOMEK, ZIIHE) BITRERPREAE LML T 2L MELRHTH L (K1)
(Moritomo et al., 1989, 1992). M EH OFWmICET 2 HEMMEAT R ClE, BOBES
TH BLFMMOANHE LML, WEREOANE, REEEDODMAEE % EORENFILEESG )
RO HNLHH Moritomo et al., 1992). ZDEKIIAHTH -7, TEMEE % o 7-FEHEFA
1319884E L W R100BEDIR BT 42 AEE L TB Y, ZOHERIEFIL0.4% T, Ehad 0y
2%DEHHRHROF ¥ )T (RIKF) THEHEHESN, 2D L) LBEfaMREDILLS D 1
HEHICERKERFNELE L 72032820, ARRTOLFHEN C720IicF v 1) 7 L
SRR TR S N ABEBICH o 72, L L, HHEZEA, BERIZL O, BRI
TO—EHRF Y )T THLI DL, INLOMEFEFRLZDOTHEVIT HITEIKT A2 &1
BEMEEMOBEZEHERET VP vy VAR T EELTRUEND B, 2T, BHEIHOF K EE
TEREZFET L. DNAZWEEAHT T2 LIk o T, BEMEBEORELIIH L2255, £H
DBIGHIBETI R LAEED R ICEE L - BREA4T) ST FE L v,

EEDT ) AFEO#EIZL ) . “RY v a FVEMER 7 7u—F" L Xidhs hEx
VT, RRRLAENF LRI OV TOMADS R WEHREREMOBEEREIZBVWTL, ZOK
KL & gk EORME ST 21EHE T2 ) ICFEET A2 LI 72, £ T,
KEFFETIE, RV Y a FIVEREET 7 70— F %2 VT, Big 2SR B /NMRIRE 12X 3
LPERABELTERTFEZEL, INOOEREZHRNT 272D DDNAZW L LT 5 2 & ailA
726

2. MEBEEMRMER/IMEBEDEETLEEAHRFEZDRE

RV a FIVEBEMBETT7 70 —FETIE, 9, DNMEEI~—F— (FiZ~xf270H 754
F~—71—) ZRHWEERTEIC L o T, EREARI B 5 232 Tk CEE G ORI 2
FET 5o RIZ, [FE SN2 OREINIZ D 5 BEMEE T I2D W TEE L R % A
ET A, L) ATy TEED,

ZITETERAIE, SYOAREED2SH300HO~ A 70754 b~ —h— %@ L, FEif
FAB L OB (RESE) & 201205 ODNAE H V- CESAAT 247\, IR TR 8
(FRE) 2252k CEMPEERERT 7 > 6 FhREBAEO~Y A 70754 b~— 5 —BP7TH
HBMS9257 D #J11cMAEIB 2 [F %€ L 7= (Yoneda et al., 1999). 11cMIIDNATHEE % & 5100545
HBITHE L, Z2OHFIZEHE K OBIETFVHEET H720, CORBTHEMERTEZHET S
EIFHEE LV, L72ASo T, TOMEBUIHI 72 2DNAS BRI~ — 7 — 2 5 L. FEEEFIT 21T 2
LT, X0 IEfEG BIRTIEAL Z FE T 2 LB D - 72,

Z T4 E, BEGEARHEEO T ADNAE &E 7 SYACB L UBACY B — 2 HEEL . A
V— AHEEEZ WA 2703754 bv—h— O, SmEEYHBKOERLE X 0%
RN L o T, BIRTEDPBD Ok CEEROARESE 7 2 6 Ffttko~x A 7047
74 b~—7/1—DIK11827%* 5DIK1185DKJ2. 4cMIZ F TH Y IAA 72 (Takeda et al., 2002, 2003)o
SO, BER Ly VEEEYWHBXE 4 > ¥ —F v P ETRE SN Tw5b e MR X % It
L. 202 AMDEMEGAMRFIRICHET 2 BEZTOHTIESY v L e P TREEN TS S



1. RERER MR NMAEEDKRIAE (A) BES (B) ERF-AELBEL-AD
KiEEF  (WMERBREZZFRBESLE L VigH)



EEBHS DI (Takeda et al., 2003)e SHDZ EIZXoT, BELY M7/ AFERERLIC,
R IR MEIRE O E (AT 2 HEE T 5 2 EDSREIC R o 72,

3. HEEURMENMMMENBREERTFERRETREDHT

BRI B 5 #kE BB IMEIE O JFR & 57 1E . RS O EFmICBIT5HE N
B S D OREEA BT HALDEHEEEIN TS, FIT, b MNP AEREFHALT, &
TG ARFEIRICAIE L, 2o B OESEmH TR L T A EET & LT, EVCEET &3
BLOBIET (BICLIMBINER T L&) ZFE L. IS OELRT & E R R MR
3 B L L7z,

T, EVCEIET IR MEMETZ Y 27 7 > 7 LAV MEBEEE (UEEoFE/AN, e %
&, HE MOBRER ., LDETRRETE#RE T boLBEEK) ORKNELETTH 5
(Ruiz-Perez et al., 2000). #BTFHIZ BT 2 #kiT BILEANE B IMERIE TIEPUBE NS O £
HAIZEO SN WA, BIHEOE, H D5 WIFEROENIC L > TEFORBER DR 2 0] 2
YeDSD B 7280, EVCEIZFRIENZHEMTH o720 L L, IEWHEMA L EIHEAED 7 ¥ EVOE S
T OGN A2 A T o728 2 A, BIREEHT A2 LR (HDHWVITER) It E ke do
726

KIZ, & PESTECHIB £ e + 77 ADNABCHI A FIH L €. Hio@EnT (BICLIMBINGE (LT
Langh) wEE L. EEEARE W EAOHEERY % I Lz ZOE, ERfko >
LIMBINBAIRZ T WNIC 2 FEEDO LR S 4172 (Takeda et al., 2002). Z2#1%iX. 7 ¥ LIMBIN
HIEFD13567% H OCHIEDTIILICER L2 0T, ZOE (BEMATT A AERMOWEE
e 7L =027 1) I2koT, @207 I /A5 7% 57 VLIMBING > /827 354637 3/
FCLDAEREINT, MO0 F VXTI ) LEZ ONTz, 58 2L, 2054252055
FHOCMEENSGEREICERLZDDT, 202 L (FL—L4T 7 8) I2koT, 7067 3/
VIBEDRSRIE LIRS Y VSV IPEREINDL EEZ LN, (M2) INHLOEE|IZL->TE
DL BERE L DN L DL, REZHOE N TIE R\,

4. BB EMKMER/IMESRE DDNAZHEDEL & EREEDRTE

7 YV LIMBINEAR T OEE 1B L2 B2 2D IEMICHET A2 L2 HIE LT, XL
BT BAPCRIE & GenScanfii it ¥ A 7 412 X BZDNAZ I 2 FE 7. L 72, I fiia 2> & it L
72K AEDODNAL WV EIA TR T IA~Y—t v b (T 74— DEmICIEFER D 5\ ITE

BRNZHAONDLIFIERH CEHEYT S 2 & T, IEHMB X OERRMINAZ £ SR I HIE S
5 Z EHTEE) & MV CONAEIESOE (PCR) ZATW, DNAY — 7 0% —2HWwT, EHMEB X
OLEFRBIDNADEIR S N B 08 ) hatit§5 2 A TE 5 (H3),

CONHEE VT, BEREBERNMAIER ROMEBEA, B. C (BREF) & ZDBERW T4
121FHICOWT DNARZ I 21T o 72 T DGR, FHEFALBIIZE 2 Mo, FEEFCIIER 1D
Fr 7 THY, TOERFTHIE, BRIMSLVEIER2BOREREAEK,, ZR1AE 2
ROy FATOESERTH L LB L (1), ki, flEEA (REF) T
BT h B WIEH 6 EBRE 2 R TEKISTHEICOWTINAS K 2T o 72 L 2 A, b 1 HD
MRS AER EICER 2 BEEmTE2ETLIEPHLNE R o7z (K1), RIT, BERIEEMEEN
RIFIE DFEEDHER EN TV AR WEBHM, BLX ORIV Y 4 O EFEME201TICOVWTF
DBIATR ARz A, BRI WINIZHOBH SN o7 (K1), 2OZENL, ¥
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TTC AAA GGC GAG CTG -+ rereerenenanan. STOP
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VAEVEEFIRIBEI2097 I/ EOSKREI NIV EEI—-RTBEEFTHBIH.

(A) ZER1ETIH.

DAEVEEREFNDI356BBDER
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(B) ZER2ETH.

DAEVEEFD2054FB N 52055F B DIEHE
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3. WILEEFIEEAMPCRE &EGenScantigHH Y X T LIIC & B Y LIMBINEZFDOZERE 1 8 (A)
BLUOETE 2T (B)DDNABKIHER, n, m1, $LUmM2 EZNhFhEER TEI1E SLOZE
Ro2BOEGEFRERT,



F1. HRE. F¥RBEEESF. 2> MA—-ILVFIZHETE T Y LIMBINEZFDEIZFEDALH

m1i/mf1 m2/m2 m1/m2 n/m1 n/m2 n/n
TEIHESA, B, CORIRTH 2 8 111 0 0 0
HEEFADIERE T4 0 0 0 6 90 91
EEME. RV 2 4 0 0 0 0 0 201

nmi, 5XU0m2 I ZhZhiEEE ZEE 18 SL0EE20EEFRERT, HBRTFIE
TN ZRET1HHZVWREE2BOFREEZEHADY ZEEREI1BE 2RO /XYY RATOE
EETH D, BEEFA (REF) OFFTEFLERBAEEZRTERIE. P2 EH 1 ADHERSE
BHREEICEREGEGEFREET S, REROREPHBINTVWEWVWEEMSEF., HLUVKRILR
24 FICIE, BEBEIRHEI WG L,

VLIMBINEIETIC BT AR 1 AB L2 AL 2 LRI Tld v 2 L AURIE S 7z,
DiER LAz 9 1c, 2HEDOZERY) Y YLIMBINYG ¥ /827 D62% B L 042% % RIET 5 £ 9
RREREAED LTI L, 2HEOEEIEREZEICKGHT LI L, T 2HHEOE
BRI R G T TN E S, 7 Y LIMBINEIE T2 BT A58 1B X O 2 M % dikcig 2
TR IMAIRE DR R 2 52 & [F] % L 72 (Takeda et al., 2002)o

5. DNAZRLEDFIFHICDOWT

REARILBERIE Y o & — /MBS 12 & - T, RERENOEAFEZGMMES (FREEN) 632
FHIZOWTODNAZ W S E R S M7z TOFER. ZR1BOF v 1) 7H765 (12%) . ZR2B D
Fx ) TH28 (4%) FAETHZENWHS R ER -T2, T2, BIIMEH S MR %
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Chondrodysplastic dwarfism in Japanese brown cattle is an auto-
somal recessive disorder characterized by short limbs. Previously,
we mapped the locus responsible for the disease on the distal end
of bovine chromosome 6. Here, we narrowed the critical region to
~2 c¢M by using linkage analysis, constructed a BAC and YAC contig
covering this region, and identified a gene, LIMBIN (LBN), that
possessed disease-specific mutations in the affected calves. One
mutation was a single nucleotide substitution leading to an acti-
vation of a cryptic splicing donor site and the other was a one-base
deletion resulting in a frameshift mutation. Strong expression of
the Lbn gene was observed in limb buds of developing mouse
embryos and in proliferating chondrocytes and bone-forming os-
teoblasts in long bones. These findings indicate that LBN is respon-
sible for bovine chondrodysplastic dwarfism and has a critical role
in a skeletal development.

Longitudinal growth of long bones arises from continuous
proliferation and differentiation of chondrocytes followed by
endochondrial ossification at the epiphysial growth plates lo-
cated at both ends of long bone. Mutations of genes involved in
the process cause several types of dwarfism in human and mouse;
these findings have provided valuable insight into our under-
standing of skeletal development, a process we know very little
about (1-15).

Bovine chondrodysplastic dwarfism (BCD) in Japanese brown
cattle is an autosomal recessive disorder with the phenotype of
short limbs, joint abnormality, and ateliosis (16, 17). Long bones
of the affected animals have insufficient endochondrial ossifi-
cation with irregularly arranged chondrocytes, abnormal forma-
tion of the cartilaginous matrix, and partial disappearance of the
epiphysial growth plates. The axial skeletal structures and
craniofacial skeleton are not significantly affected. Dispropor-
tionate dwarfism also has been reported in other cattle breeds
including Dexter, Holstein, Aberdeen-Angus, Hereford, and
Shorthorn breeds (18, 19), but their clinical features, associated
with vertebral and craniofacial abnormalities, are different from
those of BCD.

In a previous study, we mapped the locus (bced) responsible for
this disease in an 11-cM region between microsatellite markers
BP7 and BM9257 on the distal end of bovine chromosome
(BTA) 6 and demonstrated that the region corresponded to
human chromosome (HSA) 4p (20). Various genes responsible
for human hereditary diseases with skeletal abnormalities have
been localized to this region. For example, achondroplasia (7, 8),
hypochondroplasia (11), and thanatophoric dysplasia (15), char-
acterized by short-limb dwarfism, are caused by mutations in
fibroblast growth factor receptor 3 (MIM no. 134934). An
association between rare alleles of the MSX! locus and limb
deficiency malformations has been suggested (MIM no. 142983;
ref. 21). EVC was identified recently as the gene responsible for
Ellis-van Creveld syndrome (MIM no. 225500), which is char-

www.pnas.org/cgi/doi/10.1073/pnas, 152337899

acterized by short limbs, short ribs, postaxial polydactyly, and
dysplastic nails and teeth (22).

In the present study, we narrowed the bcd locus to a 2.4-cM
region, constructed yeast and bacterial artificial chromosome
(YAC, BAC) contigs covering this region, sequenced candidate
genes located in the region, and finally identified causative
mutations in a gene that is expressed in the epiphysial growth
plates of long bone.

Materials and Methods

Construction of Physical Map. A bovine YAC library was screened
by using a PCR-based method (23). A bovine BAC library
(RPCI-42) was screened by colony hybridization with high-
density filters purchased from Children’s Hospital (Oakland,
CA). YAC end sequences were obtained by the end rescue
method using the vectorette method, (24) and the BAC end
sequence was identified by direct sequencing of BAC DNA by
using T7 and SP6 primers with BigDye chemistry (Applied
Biosystems). Microsatellite loci were isolated by using biotin-
ylated (CA)q; probe, as described by Kijas et al. (25). The primer
sequences and PCR conditions to amplify microsatellites are
described in the GenBank database. Primer sequences of se-
quence-tagged site (STS) markers for bovine genes and ends of
clones are described in the supporting information, which is
published on the PNAS web site, www.pnas.org.

Pedigree Material and Haplotype Analysis. We used two paternal
half-sib pedigrees derived from sire A and sire B in a commercial
herd of Japanese brown cattle. Sire B is the offspring of sire A.
The pedigree of sire A was composed of sire A, 91 dams, 91
affected offspring, and 187 unaffected offspring. The pedigree of
sire B was composed of sire B, 28 dams, and 28 affected
offspring. We used 95 Japanese black and 106 Holstein cattle as
normal controls. The dwarf symptoms of the affected calves were
diagnosed by visual examination and by histologic examination
of growth plate cartilage after necropsy. Microsatellite genotyp-
ing was performed according to standard procedures (26). We
determined the most likely haplotype configurations as de-
scribed by Coppieters et al. (27).

Reverse Transcriptase (RT)-PCR. Total RNA of fetal calf long bone
was extracted with Trizol (Invitrogen) and reverse-transcribed
with SuperScript IT Reverse Transcriptase using oligo-d(T)2 and

Abbreviations: BCD, bovine chondrodysplastic dwarfism; YAC, yeast artificial chromosome;
BAC, bacterial artificial chromosome; STS, sequence-tagged site; RT, reverse transcriptase;
En, embryonic day n; Pn, postnatal day n; DIG, digoxigenin.

Data deposition: The sequences reported in this paper have been deposited in the GenBank
database (accession nos. AB080343-AB080357 and AB083065-AB083067).

tTo whom reprint requests should be addressed at: Shirakawa Institute of Animal Genetics,
Odakura, Nishigo, Nishi-shirakawa, Fukushima 961-8061, Japan. E-mail: kazusugi@siag.or.jp.
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Fig. 1.

Identification of bovine LBN gene. (A) Physical map consisting of YAC and BAC clones in the critical region on BTA 6. Informative and uninformative

markers in our pedigree, STS markers for genes and ends of the clones are shown in blue, green, red, and black, respectively. Dotted lines show regions
corresponding to HSA 4. (B) Transcription units on the human orthologous region on HSA 4p16. Genes and UniGene clusters localized by using the GRL database
areshown in red and purple, respectively. 4000112, C4000113, and C40001 14 are putative exons on the UCSC human genome database. The black boxes indicate
a part of the human LBN gene. () Genomic structure of bovine LBN. M, translation initiation codon; *, stop codon.

random hexamers, according to the manufacturer’s instructions
(Invitrogen). The ¢cDNAs were amplified with an annealing
temperature of 65°C using Avantage GC2 kit (CLONTECH),
according to the manufacturer’s instructions. To amplify bovine
EVC and geneX, we used primer pairs as follows: EVC, 5'-
GTCCACTCAGTGCATCCTGC-3' and 5'-AGGGCTCT-
GAGCAGTTGCCA-3'; and geneX, 5'-CTGGAGTCCACT-
GATGAACTGACC-3' and 5'-CAATGTGAGAACCGAG-
AGCCTTGC-3".

Cloning of Bovine LBN cDNA. A fetal calf long bone cDNA library
(28) was screened by using standard methods with the RT-PCR
product of LBN as a probe amplified by a primer pair: bovl,
5'-GAGAGAGGGTGATATTCTCTGG-3' and 5'-GATAAA-
GAGCTTTTCACCCGTG-3'. In addition, RT-PCR using bo-
vine fetal long bone total RNA was performed by using two sets
of primer pairs as follows: bov2, 5'-GGCTTTCAGGAA-
GAAGTTTCTGC-3' and 5-CTCCAGGAGCTTCTGAC-
CCTTGC-3'; and bov3, 5'-GGAAGTATCTGGCCCATTTT-
GCC-3’ and 5'-CTCCAGCGAGGCTGTGTAGCTGAC-3'.
The RT-PCR products were directly sequenced by using internal
primers. Sequencer software (Gene Codes, Ann Arbor, MI) was
used for the sequence assembly.

Human and Mouse Ortholog Cloning. The cDNA contig assembly of
human LBN was produced by using the RT-PCR and rapid
amplification of cDNA ends (RACE) methods (Invitrogen),
according to the manufacturer’s instructions using human kid-
ney total RNA (CLONTECH). The primers were designed
based on human genome draft sequences. The cDNA contig

10550 | www.pnas.org/cgi/doi/10.1073/pnas.152337899

assembly of mouse Lbn was produced by using the mouse
embryonic day (E)-11 limb buds A-cDNA library (Stratagene)
screening and 5" RACE method with mouse embryo E14.5 total
RNA. We created multiple alignments of amino acid sequences
of LBN using GENETYX-MAC software (Software Development,
Tokyo). The protein sequences were analyzed by using the
programs SMART (available at http://smart.embl-heidelberg.de;
ref. 29) for transmembrane and coiled coil domain searches, and
PSORTII (available at http://psort.nibb.ac.jp; ref. 30) for protein
localization prediction.

Mutation Analysis. RT-PCR amplifications of bovine LBN cDNA
segments covering the entire coding region were performed by
using long bone total RNA derived from a 3-week old affected
and normal fetal calf with two sets of primer pairs as fol-
lows: bov4, 5'-GCAAGGGTCAGAAGCTCCTGGAG-3" and
5’-CAATGTGAGAACCGAGAGCCTTGC-3'; and bovs, 5'-
CGTCATTGTGCCTTTGGACTTTCAG-3' and 5'-GCAG-
CATCGTCAGCTTCGACAGG-3’'. We used 38 PCR cycles
with an annealing temperature of 65°C, and the RT-PCR
products were sequenced by using internal primers. The genomic
segments containing a region of C1356T and 2054-2055del-
CAinsG mutations were amplified with primer pairs as follows;
bov6, 5'-TACAGCAGGAGGAGGACCTTGC-3' and 5'-
TTAGTTCACTGGAACCCAGCAC-3'; and bov7, 5'-GCCT-
GCAGAACTCAGGAATGAC-3' and 5'-CGTGAAGAT-
CAAGTGCTCCCAGTG-3', respectively. We used 32 PCR
cycles with an annealing temperature of 58°C, and the products
were sequenced by using the same primers. For confirmation of
the mutations, the PCR products also were cloned in a pGEM-T

Takeda et al.
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Easy vector (Promega) according to the manufacturer’s instruc-
tions and sequenced.

Expression Analysis. Northern blots contained 2 wg of mouse
poly(A)* RNA from adult tissues (MNT fitter, CLONTECH),
long bone and cranial bone from postnatal day (P)-14 and whole
embryos at various stages. A mouse Lbn cDNA fragment
(nucleotides 266-2086) was used as a probe for hybridization. We
probed the same set of filter with a G3pdh probe as a loading
control. Whole-mount in situ hybridization was performed ac-
cording to the protocol described by Conlon and Rossant (31).
The digoxigenin (DIG)-labeled riboprobes corresponding to the
5’ region of mouse Lbn cDNA (nucleotides 149-1558) was used.
For in situ hybridization analysis, mouse tibias at E17 and P35
were fixed in 4% (vol/vol) paraformaldehyde in PBS overnight
at 4°C and decalcified in 10% (wt/vol) EDTA for 1 day and 7
days, respectively. Specimens were embedded in paraffin and
sectioned at 6 um. DIG-11-UTP-labeled riboprobes correspond-
ing to the 3’ region of mouse Lbn cDNA (nucleotides 2801-3044)
were prepared by using a DIG RNA labeling kit (Roche

Takeda et al.

Molecular Biochemicals), according to the manufacturer’s in-
struction. Hybridization was performed overnight at 48°C with
washes at 50°C as described by Ikegame et al. (32). Cell nuclei
were stained with 1% (wt/vol) methyl green.

Results

Fine Genetic and Physical Mapping. We constructed a bovine
radiation hybrid (RH) map of BTA 6 by using a bovine-hamster
whole-genome RH panel (33) and identified that the critical
11-cM region from BP7 to BM9257 corresponded to HSA 4p16
and 4q21 (M.T., unpublished data). To refine further the bed
locus, we constructed YAC and BAC clone contigs by using STS
markers amplifying inserts of the clones as well as bovine
orthologs of genes located in HSA 4p16 and 4q21 and developed
14 polymorphic microsatellite markers (DIK1178-DIK1190, and
DIK1192) from the clones (Fig. 14). We genotyped a paternal
half-sibling pedigree of 119 affected calves using the markers to
determine the precise localization of bcd and the disease-
associated haplotypes. None of the affected calves had recom-
bination with DIK1183 and DIK1184, narrowing the critical
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Fig. 3.

Mutation analysis in bovine LBN gene. Sequence chromatograms of affected calves having heterozygous haplotypes (Left), normal calves (Center), and

subcloned mutant alleles (Right). Amino acid sequence changes caused by mutations. (A) cDNA sequence in exon 11. A 56-bp deletion is observed at position
1355-1410 in the mutant aliele, which is schematically illustrated. The deletion causes a frameshift, producing a premature termination at codon 464 with an
extension of 10 aberrant amino acids. (B) Genomic sequence in exon 11. Cto T substitution is observed at position 1356 in the affected calf (C1356T), which creates
a cryptic splice donor site in exon 11 and leads to the improper splicing identified in the affected cDNA sequence. (C) cDNA and genomic sequences in exon 14.
CA to G substitution is observed at positions 2054 and 2055 in the mutant allele (2054-2055delCAinsG), which causes a frameshift producing a premature

termination at codon 706 with an extension of 21 aberrant amino acids.

region to 2.4 ¢cM between DIK1182 and DIK1185 (Fig. 2B).
Interestingly, the haplotypes of the most affected calves (111/
119) were heterozygous for two specific haplotypes (Fig. 2),
suggesting that both haplotypes were responsible for BCD and
that two distinct mutations associated with these haplotypes
might be present in the population of Japanese brown cattle.

Candidate Gene [dentification. As shown in Fig. 1.4 and B, the gene
order from PPP2R2C to MSXI covering the critical region is
conserved between cattle and human. In this region, the human
genome database GRL (http://grl.gik.u-tokyo.acjp; ref. 34)
disclosed four genes (CRMPI, EVC, C4orf6, and HSA250839)
and six human UniGene clusters (Hs.256259, Hs.257022,
Hs.87306, Hs.192146, Hs.133062, and Hs.122053; Fig. 1B). We
examined the expression of these possible candidate genes in
long bones of fetal calves with RT-PCR and/or Northern
hybridization. Among them, EVC and bovine expressed se-
quence tag AW345074 (designated geneX), an ortholog of
Hs.87306, were expressed in long bones of fetal calves (data not
shown), suggesting that these two genes were the most potent
candidate genes for BCD. No causative mutation was found,
however, in the bovine EVC gene by sequencing the entire
coding region of the gene of affected animals (data not shown).

To characterize the complete coding sequence of geneX, we
isolated two clones from a bovine fetal long bone cDNA library
with AW345074 as a probe, covering a 1,775-bp region of geneX
containing a poly(A)™ tail but not the 5’ region of the coding
sequence. As of April 1, 2001, the University of California Santa
Cruz (UCSC) human genome database (http://genome.
ucsc.edu) located three predicted exons C4000112, C4000113,
and C4000114 upstream of Hs.87306, a human ortholog of geneX.
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We confirmed that the three predicted exons were included in
human geneX transcript with RT-PCR by using human kidney
RNA (data not shown). Bovine sequences corresponding to
C4000112, C4000113, and C4000114 were determined by shot-
gun sequencing of bovine BAC 162M16 and 232M6. Primers for
amplifying the 5’ region of the cDNA were designed from these
sequences. The nucleotide sequences of the RT-PCR products
using these primers allowed reconstruction of a 5,759-base
transcript containing a putative 3630-base ORF (position 1686—
5315). geneX encoded a protein consisting of 1209 amino acids
(see Fig. 6, which is published as supporting information on the
PNAS web site, www.pnas.org). To determine the genomic
structure of the gene, we sequenced bovine BAC 232M6 and
162M16 using primers designed from the cDNA sequence and
identified that the gene consists of 22 exons (Fig. 1C). The
human and mouse orthologs also were isolated by a combination
of cDNA cloning, RT-PCR, and RACE. The human and mouse
geneX encode 1,228 amino acids with 78.7% homology, and 1,220
amino acids with 68.4% homology with bovine geneX, respec-
tively (Fig. 6). The SMART (29) and PSORTII (30) program
searches suggested that a putative transmembrane domain, two
coiled-coil domains, and three nuclear localization signals were
conserved between cattle, human, and mouse genes (Fig. 6).

Identification of Two Mutations in the Gene. We examined the
expression of geneX in the long bones of normal and affected
calves using RT-PCR; there was no qualitative difference ob-
served (data not shown). Expression of geneX was not detected
by Northern hybridization, probably because of the low level of
expression (data not shown).

To determine whether mutations in geneX cause BCD, we
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Fig. 4. Lbn expression in mouse tissues. (A) Northern blot analysis. An
=~4.5-kb Lbn mRNA can be seen in heart and kidney in adult, long bone, and
cranial bone at P14 and whole embryos at all stages tested. An additional
~7.0-kb band is faintly visible in kidney. (Lower) Loading controls with a
G3pdh probe. (B) Whole-mount in situ hybridization with Lbn antisense probe
(Left) and sense probe as a control (Right). A definite signal is observed in fore-
and hindlimb buds (arrow), branchial arches, and facial primordia. The mag-
nification is X12.5.

compared the nucleotide sequences of geneX between normal
and affected calves, and identified two distinct mutations in the
affected calves. One mutation was a 56-base deletion at position
1355-1410 in exon 11 (Fig. 34). The deletion caused a frameshift
and a premature termination at codon 464, resulting in a 62%
shortened protein. Comparison of the genomic sequence of the
region between the affected and normal calves revealed no
differences in the nucleotide sequence except for a C to T
transition at position 1356 (C1356T; Fig. 3B). Remarkably, the
C1356T mutation created a cryptic splice donor site in exon 11
(AAGGT'GAGC) that substituted for the authentic splice
donor site and led to improper splicing at position 1355, resulting
in the 56-base RNA deletion between 1355 and 1410. The second
mutation was a CA to G substitution at position 2054-2055
(2054-2055delCAinsG; Fig. 3C). The substitution also caused a
frameshift and a premature termination at codon 706, resulting
in a 42% shortened protein. We confirmed the CA to G
substitution in the genomic DNA of the affected calves.

To confirm whether the mutations cosegregate with the
phenotype and whether these two mutations are distinct alleles
of the gene, we performed a direct sequencing analysis of all
affected and unaffected animals of the pedigree as well as
animals of unrelated populations (see Table 1, which is published
as supporting information on the PNAS web site). All 119
affected calves were either homozygous for 2054-2055del-
CAinsG or compound heterozygous for C1356T and 2054-
2055delCAinsG. The two sires of the affected offspring were
carriers of 2054-2055delCAinsG, and the dams were carriers of
either of the two mutations. The result was consistent with that
of the haplotype analysis (Fig. 2). All 187 unaffected relatives
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Fig. 5. Lbn expression in mouse long bones. /n situ hybridization with Lbn

antisense probe (Left) and sense probe as a control (Right). (A-D) Mouse tibia at
E17. Lbn is expressed strongly in proliferating chondrocytes and weakly in other
resting and hypertrophic chondrocytes in the epiphysial growth plates. (E-))
Mouse tibia at P35. Lbn is expressed strongly in proliferating chondrocytes in the
epiphysial growth plates, osteobilasts, and osteoclasts and weakly in osteocytes in
the metaphysis. RC, resting chondrocytes; PC, proliferating chondrocytes; HC,
hypertrophic chondrocytes; OB, osteoblasts; OCL, osteoclasts; OCY, osteocytes;
BM, bone marrow. The magnification is shown on the right.

had one or two chromosomes carrying the wild-type allele.
Furthermore, no mutation was observed in 201 animals of the
unrelated populations (106 calves of Holstein and 95 calves of
Japanese black cattle), confirming that these mutations are
specific to the disease. These data provide strong evidence that
both mutations are distinct alleles of geneX and are responsible
for BCD. We designated this gene LIMBIN (LBN), because the
BCD disorder was characterized as the formation of short limbs.

Expression of Mouse Lbn. We examined the expression of the Lbn
gene in mouse tissues to evaluate the potential roles of the gene
in the development of long bone. Northern blot analysis revealed
that Lbn was expressed as an ~4.5-kb mRNA in long bone,
cranial bone, kidney, heart, and embryos at E7, E11, E15, and E17
(Fig. 44). Whole-mount in situ hybridization showed that Lbn was
expressed in fore- and hindlimb buds, branchial arches, and facial
primordia at the limb bud formation stage, E11 (Fig. 4B), suggesting
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that Lbn has a role in early embryonic morphogenesis as well. In situ
hybridization analysis using mouse tibia at E17 revealed that mouse
Lbn was strongly expressed in proliferating chondrocytes, and
weakly in other resting and hypertrophic chondrocytes in the
epiphysial growth plates (Fig. 5 4 and C). At P35, Lbn also was
expressed in proliferating chondrocytes, but not in resting and
hypertrophic chondrocytes (Fig. 5 E and G). In the metaphysis, the
expression was observed strongly in osteoblasts and osteoclasts on
the bone surface and weakly in osteocytes (Fig. 5I). These data
implicate involvement of the Lbn gene in the formation and growth
of long bones.

Discussion

In the present study, we identified the gene LBN as a causative
gene for BCD. This conclusion is supported by the following
evidence: (i) the position of the LBN gene on cattle chromo-
some, (i) two frameshift mutations causing 62% and 42%
deletion of the LBN protein, (iif) the perfect cosegregation of the
mutations with the phenotype, and (iv) expression of LBN in the
limb buds and growth plate chondrocytes. Although the function
of LBN remains unknown, LBN should have essential roles for
a skeletal development.

Mouse Lbn was strongly expressed in the proliferating chon-
drocytes in mouse tibia (Fig. 5 C and G). Several ligands and
their receptors, including Indian hedgehog, PTH-related pep-
tide, PTH/PTH-related peptide receptor, fibroblast growth
factor receptor 3, and others are expressed in proliferating
and/or prehypertrophic chondrocytes and regulate chondrocytic
proliferation and differentiation that are critical to bone mor-
phogenesis (35-38). In addition, extracellular matrix proteins
such as proteoglycan and collagen have important roles in
normal bone development (1-3, 39). As long bones of the
affected animals show a disturbance in chondrocytic differenti-
ation and abnormal formation of cartilaginous matrix (17), the
loss of function of LBN might have a direct or indirect effect on
proliferating chondrocytes through interactions with these fac-
tors and disturb a proper differentiation to hypertrophic chon-
drocytes to form a proper cartilaginous matrix. Moreover, the

. Lee, B., Vissing, H., Ramirez, F., Rogers, D. & Rimoin, D. (1989) Science 244, 978-980.
. Vissing, H., D’Alessio, M., Lee, B., Ramirez, F., Godfrey, M. & Hollister, D. W. (1989)
J. Biol. Chem. 264, 18265-18267.
. Warman, M. L., Abbott, M., Apte, S. S., Hefferon, T., McIntosh, I., Cohn, D. H., Hecht, J. T.,
Olsen, B. R. & Francomano, C. A. (1993) Nat. Genet. 5, 79-82.
Foster, J. W., Dominguez-Steglich, M. A., Guioli, S., Kowk, G., Weller, P. A., Stevanovic,
M., Weissenbach, J., Mansour, S., Young, I. D., Goodfellow, P. N., et al. (1994} Nature
(London) 372, 525-530.
. Hastbacka, J., de la Chapelle, A., Mahtani, M. M., Clines, G., Reeve-Daly, M. P, Daly, M.,
Hamilton, B. A., Kusumi, K., Trivedi, B., Weaver, A,, et al. (1994) Cell 78, 1073-1087.

. Karaplis, A, C,, Luz, A., Glowacki, J., Bronson, R. T., Tybulewicz, V. L., Kronenberg, H. M.
& Mulligan, R. C. (1994) Genes Dev. 8, 277-289.

. Rousseau, F., Bonaventure, J., Legeai-Mallet, L., Pelet, A., Rozet, J. M., Maroteaux, P., Le
Merrer, M. & Munnich, A. (1994) Nature (London) 371, 252-254.

. Shiang, R., Thompson, L. M., Zhu, Y. Z., Church, D. M,, Fielder, T. J., Bocian, M., Winokur,
S. T. & Wasmuth, J. J. (1994} Cell 78, 335-342.

9. Wagner, T., Wirth, J., Meyer, J.,, Zabel, B., Held, M., Zimmer, J., Pasantes, J., Bricarelli,

F. D., Keutel, J., Hustert, E., er al. (1994) Cell 79, 1111-1120.

10, Watanabe, H., Kimata, K., Line, S., Strong, D., Gao, L. Y., Kozak, C. A. & Yamada, Y.

(1994) Nat. Genet. 7, 154-157.

Bellus, G. A., Mclntosh, I, Smith, E. A., Aylsworth, A. S., Kaitila, 1., Horton, W. A.,

Greenhaw, G. A., Hecht, J. T. & Francomano, C. A, (1995) Nat. Genet. 10, 357-359.

12. Briggs, M. D., Hoffman, $. M., King, L. M., Olsen, A. S., Mohrenweiser, H., Leroy, J. G.,
Mortier, G. R., Rimoin, D. L., Lachman, R. S., Gaines, E. S,, ef al. (1995) Nat. Genet. 10,
330-336.

13. Hecht, J. T., Nelson, L. D., Crowder, E., Wang, Y., Elder, F. F., Harrison, W. R,,
Francomano, C. A,, Prange, C. K., Lennon, G. G., Deere, M,, et al. (1995) Nat. Genet. 10,
325-329.

14. Schipani, E., Kruse, K. & Juppner, H. (1995) Science 268, 98-100.

15. Tavormina, P. L., Shiang, R., Thompson, L. M., Zhu, Y. Z., Wilkin, D. J., Lachman, R. S.,
Wilcox, W. R., Rimoin, D. L., Cohn, D. H. & Wasmuth, J. J. (1995) Nat. Genet. 9, 321-328.

16. Moritomo, Y., Ishibashi, T., Ashizawa, H. & Shibata, T. (1989) J. Jpn. Vet. Med. Assoc. 42,
173-177.

17. Moritomo, Y., Ishibashi, T. & Miyamoto, H. (1992) J. Ver. Med. Sci. 54, 453-459.

18. Julian, L. M., Tyler, W. S. & Gregory, P. W. (1959) J. Am. Vet. Med. Assoc. 135, 104-109.

19. Weaver, A. D. (1975) Ver. Ann. 15, 7-9.

20. Yoneda, K., Moritomo, Y., Takami, M., Hirata, S, Kikukawa, Y. & Kunieda, T. (1999)

Mamm. Genome 10, 597-600.

N N

-~ w

0

11.

=

10554 | www.pnas.org/cgi/doi/10.1073/pnas. 152337899

expression of mouse Lbn was observed in cranial bone, osteo-
blasts, osteoclasts, osteocytes, and kidney (Figs. 44 and 5I),
suggesting that Lbn has a role in osteogenesis and/or Ca®*
homeostasis as well.

LBN might have a positional relation to EVC. LBN and EVC
genes are both responsible for short-limb disorder (22) and are
arranged in a head-to-head configuration in cattle, human, and
mouse, with transcription-start sites separated by 1,869 and
1,754-bp in human and mouse, respectively. In addition, LBN
and EVC genes have similar expression patterns. Ruiz-Perez et
al. (22) reported that EVC is expressed in human fetal tissues
including developing bone, heart, kidney, and lung at Carnegie
stages 19 and 21. We also demonstrated that mouse Lbn is
expressed in developing bone and adult heart and kidney (Fig.
44). Because of the contiguous genomic organization and sim-
ilarity of expression patterns, both genes might be coexpressed
and coregulated by common sequences within the intervening
region. Kunte et al. (40) reported that UFDIL and CDC45L
genes expressed in limb buds and pharyngeal arches are arranged
in a head-to-head configuration, and an 884-bp intervening
region could direct bidirectional transcription activation of both
genes in a neural crest-derived cell line.

LBN is a gene involved in bone formation and shows no
structural homology with any other known gene. Future studies
of LBN, both in vivo and in vitro, and further pathological
examination of BCD will provide new insight into the complex
biologic processes of mammalian skeletal development.
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chromosome 29 through focused marker
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This article is dedicated to Professor Karl Fredga to commemorate his retirement and lifelong cytogenetic research activities.

Abstract. Chromosome-specific libraries aid in the develop-
ment of genetic maps and focus marker development in areas
of the genome with identified quantitative trait loci (QTL). A
small-insert BTA29 library constructed by microdissection of a
1:29 Rb-fusion cell line, was screened for dinucleotide repeats
(CA)5 and/or (GA);s with the goal of generating new genetic
markers for this, the smallest bovine autosome. A total of 90
primer pairs were designed and 82 of these successfully ampli-
fied bovine genomic DNA by PCR. In addition to these 82 loci,
primer pairs were developed for nine putative genes identified
from the sequenced clones by BLAST searches of GenBank. A
somatic cell panel was used to test for synteny of the new loci

with two previously mapped BTA29 markers located on the
MARC bovine linkage map. A total of 75 of the 82 microsatel-
lite (ms) loci were integrated into the MARC bovine linkage
map. Linkage analysis placed 69 ms markers on BTA29, five on
BTAX and one on BTA1. Combined results of the somatic cell
and linkage analyses place 79 new markers (ms and gene-relat-
ed) on BTA29, six loci on BTAX and two loci on BTAL. The
results of this effort significantly increase the marker density on
BTA29, expanding the ability to fine map QTL associated with
this chromosome.

Copyright © 2002 S. Karger AG, Basel

The identification and localization of genes that regulate
important production traits (quantitative trait loci, QTL) are
key objectives in livestock genomics. Identification of several
economically important traits (QTLs) reduces whole-genome
screening to the analysis of smaller regions of specific chromo-
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somes through focused marker development (Alexander et al.,
1997; Riquet et al., 1999) and fine mapping to identify possible
candidate genes (Taylor et al., 1998). Once regions are fine
mapped with genetic markers such as microsatellites (ms), con-
tigs (continuous overlapping clones) of large genomic inserts
(YAC, BAC, and/or P1 clones) can be constructed that cover
the chromosome region where the trait has been assigned. This
candidate clone set then provides the resource for fine mapping
and gene isolation. This process can now be accelerated
through comparative genomic approaches. For example, candi-
date genes can now be identified based on homology with the
human genome sequence.

One means of focused marker development is to use chro-
mosome or chromosome region-specific libraries. DNA librar-
ies generated by chromosome flow sorting or microdissection
provide a rich source of markers for specific chromosomes.
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Zhao et al. (1999) recently reported 22 new markers from a
microdissected library of porcine chr 6 (SSC6) and Wang et al.
(2000) isolated 31 markers from an SSC8 library. Recently,
Ambady et al. (2001) isolated 17 new ms markers from a
BTA11-specific library and Liu et al. (in press) obtained 34 new
ms markers from a BTAY library. Here we report on the isola-
tion and mapping of new markers from a bovine chromosome
29 (BTA29) library prepared by microdissection. Our goal was
to substantially increase the number of linked markers on
BTA29, the smallest bovine autosome.

Materials and methods

The bovine chromosome 29 library was constructed by microdissection
of a 1:29 Rb-fusion cell line as described in Ambady et al. (1997, 2001). The
A-ZAP library was plated at ~ 5,000 pfu per 150-mm LB plate and grown
overnight at 37°C. The resulting plaques were transferred to nylon mem-
branes, denatured, neutralized and UV-fixed for screening by hybridization
to 32P-labeled probes. Filters were prehybridized at 65°C for 2 hin 10 ml of
hybridization buffer and hybridized overnight at 65°C in 5 ml of the same
hybridization solution (minus blocking DNA) with 5 x 108 cpm each of end-
labeled (GA);5 and (TG);s. After hybridization, filters were washed in 2x
SET, 0.5% SDS 2 x 15 min at 60°C, rinsed briefly in room temperature 2x
SSC and exposed to autoradiographic film. Agarose plugs containing positive
phage clones were removed from the original plates and the associated phage
eluted in 200 pl SM buffer. These primary clones were replated on 100-mm
LB plates at a density of 50-100 plaques per plate. The resulting plaques were
transferred to nylon membranes as described above and rescreened with the
(GA);s and (TG),5 probes. After hybridization, individual positive clones (2
per plate) were picked and eluted into 50 pl SM buffer.

The inserts of positive secondary clones were amplified from the phage/
SM stock by PCR. Each reaction contained as template 5 pl of eluted phage,
1.5 mM MgCl,, 2.5 pmol each primer (T3 and T7 flanking primers), 100 uM
dNTP, and 0.35 U Taq polymerase (Qiagen, Inc). Amplifications were per-
formed under the following reaction conditions: 15 min at 94 ° C; 30 cycles of
30sat 94°C, 30 s at 58°C, 30 s at 72°C; and a final extension of 5 min at
72°C. PCR products were resolved on 2 % agarose gel. Sequencing templates
were prepared from the PCR product with the QIAquick PCR purification
kit (Qiagen, Inc) and sequenced with an automated DNA sequencer (ABI
377) using vector-specific primers. DNA sequences were manually edited
with Sequencher software (Gene Codes Corp.) and queried against GenBank
by BLAST searching. All sequences were deposited in GenBank (Accession

numbers AF271898-AF271987). Oligonucleotide primers corresponding to
sequences flanking the dinucleotide (dn) repeats were designed interactively
with Primer v.3. Four sires of the MARC mapping family were screened for
locus heterozygosity.

A bovine-hamster somatic cell-hybrid panel (provided by J.E. Womack)
was used to test for synteny of the newly developed markers with mapped
BTA29 loci. Thirty-one hybrid clones were scored for the presence or absence
of two microsatellite loci assigned to BTA29 (BMC2228 and BM(C3224,
Kappes et al., 1997) and each of the new loci. Amplification patterns of the
new markers were compared with those of the mapped loci and synteny was
determined based on the correlation coefficient as described by Chevalet and
Corpet (1986). Heterozygous markers were used to genotype the MARC
mapping family at the Shirakawa Institute. Briefly, loci were amplified by
means of PCR using fluorescent labeled primers, alleles were resolved by
electrophoresis in polyacrylamide gels using an ABI PRISM 3700 DNA ana-
lyzer and genotype data were captured by means of GENESCAN and
GENOTYPER software (Perkin-Elmer Applied Biosystems).

The linkage map reported by Kappes et al. (1997) was used as a starting
point for inserting new markers. Two-point lod scores (>3.0) were used to
place markers on a linkage group. Multi-point linkage analysis (CRI-MAP
v2.4; Green et al., 1990) was used to position markers linked to BTA29. The
CHROMPIC option was used to identify unlikely double crossovers so that
these genotypes could be checked for possible errors.

Results

A primary screen of 150,000 clones yielded 1200 isolates.
Over half of these isolates were plated and secondarily screened
to recover single isolated clones. DNA sequences were deter-
mined for 458 positive clones. From these, a total of 90 primer
pairs were designed and 82 of these successfully amplified
bovine genomic DNA by PCR (Table 1). Primer information
for each of these loci is included in Table 2. Approximately
80% (65 of 82) of the loci were polymorphic in the four sires of
the MARC mapping family. The number of alleles per locus
ranged from one to five with an average of 2.5. Only seven of
the 82 (8.5%) new ms loci were either not polymorphic in the
four sires, or could not be mapped by linkage. In addition to the
82 microsatellite loci, primer pairs were developed for nine
putative gene loci obtained from the library (Table 3).

Table 1. Summary of statistical analyses for

synteny and linkage. For each locus, the results of ~ Locus SCP Analysis Linkage Analysis BTA

SCP analysis (correlation coefficient for proba- O e Inform. Phase Position 2pt 2pt 2pt assignment

bility of synteny [¢, Chevalet and Corpet, 1986] meioses known M LODs  marker recomb

with BTA29 markers BMC2228 and BM(C3224)

and linkage statistics are included. NS indicates MNB-93 0.8581  0.8673 256 125 24.1 52.05 RMI179 0.02 29

loci that could not be scored (positive results for MNB-9%4 0.7984 0.8578 87 53 3.7 16.78 BMSI1857  0.03 29

hamster and mouse samples) and E denotes loci MNB-95 0.6533 0.7964 333 126 56.7 76.67 BMC6004 0.01 29

where the values of ¢ were out of range of the test ~ MNB-96  0.7984  0.8578 208 135 275 4283 BMSI600 001 29

statistic (negative values) MNB-97  0.6546 07399 246 170 176 5471 BMSI787 001 29
MNB-98 0.7486 0.7285 3 0 29°
MNB-99 0.7715 0.8086 177 49 29.9 33.97 BMSI1600 0.02 29
MNB-100 0.7895 0.9304 209 143 8.0 46.33 BMS764 0.02 29
MNB-101 0.7678 0.8048 149 95 62.8 23.00 BMS1948 0.04 29
MNB-102 0.2624 0.2607 128 118 5.80 XBM701 0.10 x°
MNB-103 0.8048 0.8757 285 208 29.2 59.58 BMS1600 0.01 29
MNB-104 0.7048 1 301 237 18.6 7331 BMS1787 0.00 29
MNB-105 0.6589 0.8757 259 209 38.9 74.96  DIK094 0.00 29
MNB-106 0.8581 0.9304 260 178 3.8 59.61 BMS1244 0.02 29

>
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Table 1 (continued)

Locus SCP Analysis Linkage Analysis BTA
©2g P34 Inform. Phase Position  2pt 2pt 2pt assignment
meioses  known cM LODs marker recomb
MNB-107  0.8018 0.9337 227 106 203 50.63  BMS1787 0.03 29
MNB-108  0.7094 0.8701 173 119 27.5 28.19  RM044 0.05 29
MNB-109  0.6998 0.8000 271 182 35.8 56.59  BMS2149 0.00 29
MNB-110  0.7048 1 252 173 423 4994  BL1100 0.03 29
MNB-111 0.6085 0.9365 163 80 21.1 39.33 RM044 0.01 29
MNB-112  0.3206 04110 224 214 2549  XBM7 0.10 X°
MNB-113 0.6018 0.7285 223 50 334 33.21 BMS1600 0.06 29
MNB-114  0.8581 0.9304 335 201 26.5 76.11 BMS1600 0.01 29
MNB-115 0.7048 1 61 19 329 11.35 RMO044 0.07 29
MNB-116  0.8604 0.8701 192 26 28.3 34.88 ~ BMS1600 0.03 29
MNB-117  0.8048 0.8757  no data 29*
MNB-121 0.6086 0.9365 302 241 20.3 62.12  RMI179 0.02 29
MNB-122  0.7526 0.9365 239 128 46.2 55.40  BLI1100 0.01 29
MNB-123 0.7048 1 228 176 38.5 39.02 RMO040 0.07 29
MNB-124  0.7048 1 166 44 30.3 24.06  BMS1600 0.04 29
MNB-125  0.6086 0.9365 297 205 17.2 64.52  BMS1787 0.02 29
MNB-126  0.7526 0.9365 14 9 48.7 3.61 RM389 0.00 29
MNB-127  0.7526 0.9365 327 204 315 60.77  BMSI1600 0.04 29
MNB-128  0.3671 0.7427 195 144 333 23.91 BMS1600 0.08 29
MNB-129  0.7048 1 no data 29°
MNB-130  0.4062 0.5398 180 91 26.5 46.41 RM044 0.01 29
MNB-131 0.6193 0.8787 302 195 10.1 70.48  BMS764  0.01 29
MNB-132  0.7048 1 no data 29*
MNB-133 0.1548 0.1158 142 131 770  XBM8g4 0.17 x®
MNB-134  0.1712 0.0262 300 217 48.7 61.43 BL1100 0.03 29°
MNB-135 0.8604 0.8134 285 151 48.7 5336  BLL100 0.04 29
MNB-136  0.7048 1 256 192 35.8 47.56  BMS2149 0.00 29
MNB-137 NS NS 0 0 unknown
MNB-138  0.7048 1 306 130 50.5 57.69  URBOI1 0.04 29
MNB-139  0.7048 1 310 210 385 69.41 RM040 0.00 29
MNB-140  0.7048 1 256 107 36.4 49.16  RMO040 0.03 29
MNB-141 0.7048 1 162 83 59.2 39.74  BMSI1948 0.00 29
MNB-142  0.7048 1 282 205 6.7 5838  BMSI244 0.04 29
MNB-143 0.7048 1 300 175 423 66.60 HH22 0.01 29
MNB-144  0.7048 1 332 268 13.9 66.41 MB107 0.03 29
MNB-145 0.7048 1 205 94 329 31.18  BMSI600 0.05 29
MNB-146  0.3258 0.5375  nodata unknown
MNB-147  0.7048 1 191 65 19.7 4038  RM044 0.03 29
MNB-148  0.7048 1 246 181 29.2 3790 BMCS8012 0.08 29
MNB-149  0.7048 1 127 82 322 2249  RMO044 0.07 29
MNB-150  0.7048 1 148 75 272 33.59  BMSI1600 0.01 29
MNB-151 0.7048 1 302 215 59.5 59.88  BMS1948 0.02 29
MNB-152 E E 326 68 70.04  BMS4000 0.03 1
MNB-153 0.7048 1 40 0 5.2 8.29 ILSTS057 0.05 29
MNB-154  0.7048 1 211 30 273 50.57  BMSI600 0.00 29
MNB-155  0.7048 1 288 148 475 57.64  BL1100 0.02 29
MNB-156 E E no data unknown
MNB-157  0.7048 1 289 206 10.1 65.69  BMS764  0.02 29
MNB-158  0.6086 0.9365 304 225 10.1 6980  BMS764  0.01 29
MNB-159  0.7048 1 232 122 26.5 46.27  BMS1600 0.02 29
MNB-160  0.7048 1 200 104 21.1 4396  RMO044 0.02 29
MNB-161 0.7048 1 288 139 479 5591 BL1100 0.04 29
MNB-162  0.6086 09365 275 192 29.2 56.04 BMS1600 0.01 29
MNB-163 0.7048 1 196 77 6.7 33.64 BMSI1244 0.06 29
MNB-164  0.7048 1 272 88 27.2 64.51 BMS1600 0.01 29
MNB-165 0.3671 0.4765 270 212 39.92  BM4604 0.07 x°
MNB-166  0.7048 1 161 55 322 32,07 RMO044 0.04 29
MNB-167  0.7048 1 350 223 54.0 9546  URBO11 0.00 29
MNB-168  0.5130 0.8757 327 204 315 62.18  BMSI1600 0.04 29
MNB-169  0.6086 09365 262 92 24.1 50.65 RM179 0.02 29
MNB-170  0.7526 0.9365 69 45 423 11.74  DIK09%4 0.00 29
MNB-171 0.6086 0.9365 304 213 234 7237  RMI179 0.00 29
MNB-172  0.7526 0.9365 325 247 493 5328  URBOI1 0.07 29
MNB-173 0.3311 0.4330 299 237 59.50 XBM16 0.04 x°
MNB-174  0.6606 0.9372 303 207 423 69.23 BL1100 0.02 29
MNB-204  0.7048 1 173 115 21.1 3940  BMSI1787 0.02 29
MNB-205 0.7048 1 109 55 329 17.92 RM044 0.07 29
MNB-206  0.7048 1 317 194 39.5 69.72  DIK0%4 0.00 29

Chromosome assignment based only on SCP analysis.

Chromosome assignment based only on linkage analysis.
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Table 2. Locus information. The GenBank accession number, primer sequences, type and length of repeat, TM (PCR annealing temperature) of the
primers, and observed product size (bp) are given for each locus

Locus GenBank Forward primer Reverse primer Type/length PCR  Product
Accession no. ™ length (bp)
MNB-93 AF271898 GGTATAGGGTGTTCCTGAGTGC TGGCAATAAAGTTGTTGTCATC (CA),7 imperfect 55 149-177
MNB-94 AF271899 ACTTTCCAGGCAAGAGTACTGG CCCATTATGTTAGCCCTTGTTG (CA); 55 154-156
MNB-95 AF271900 CTCTGAGTCAGGGCTAAGGATG AAGTGGAAATTGGGTAGGTTTG (CA)is 55 141-161
MNB-96 AF271901 CCCCTTCTGGAGGAAATGC GCAGGGTTTTCAGCAGGTAG (CA);3 + (CA)3 55 148-182
MNB-97 AF271902 GGAGGTAAAGAAGAGCCTGGAG CAAGCAGGACTGACAAGTATGC (TG)as+ 55 144-162
MNB-98 AF271903 AGACCAAGCAGAAGACCATACC ATATACGCCCATTGCCTGCTAC (CA) 55 133-137
MNB-99 AF271904 TGACTCCTCTTTCTTCCTGATTC TGTTGTTAACTGCTAACCTCTACCC (CA)5 52 186-190
MNB-100  AF271905 ATGGGGTCGCAAAGAGTCAG ACACAAGGGTGGCATTCTAATC (CA)s 55 97-119
MNB-101  AF271906 TTTAAGAAGTATCCTGCGTTTGG AAGAATGAATGGTGCCAGAAAG (CA)6 55 148-164
MNB-102  AF271907 ACAGGACCGAGCAACTGAGTC ACATGCCAGACATGGGTCTAAG (CA)4 55 130-140
MNB-103  AF271908 GTTACCTTTGGACCTTCATGC GAGGTCATTTACCTATGGATGC (CA)i5 55 140-155
MNB-104  AF271909 GAGAACACAGTGGGTTAGAAGC CAAGGTGTGGGGGATTTG (CA)3 55 166-179
MNB-105  AF271910 AGGCTTCCAGAACTGAAGAGG CTGTGTGCTCCATGTACGAG (TG 55 135-147
MNB-106  AF271911 GGAACAGTTAGAACCAGACAGG CAGACACAACTGTAGTAACTGAGTG (TG 55 162-180
MNB-107  AF271912 TAAGGAGTCGGACAGGACTCAG GGAACTTCCTTAGCAAATCAAC (CA), 55 149-159
MNB-108  AF271913 CGAGCTTCGGTAGGTATATGTG TGGTCAGACACAGAAAAGAGAC (TG 55 131-141
MNB-109  AF271914 GTAACGTGATTTAGGGAACTGG TGGAATTTAAGCTCTGACAGTTG (TG)1s 55 180-206
MNB-110  AF271915 ACCTCGGTGTGAATATCTTCTG GAGCAACAATGAAGAACAATCA (TG 55 142-154
MNB-111  AF271916 ATGGAAATCTCAGAAAACTTGC AAGTGTAAGCAAAGTGATTCAGC (TA)s + (GT), 55 123-135
MNB-112  AF271917 ACACCTAACTCATATGTGTATTGTGAAG CCACCAAGAAGGTAGATGAAAC (G 55 158-178
MNB-113  AF271918 GGACATGATTGAAGTAACTGAGC GGATGTCTTTGTGTGCATGTAG (CA)p2 55 164-168
MNB-114  AF271919 GTCTCGGCATTCTCTAAACTTG AGCAACTGAGCAAATAAAACAC (TG)n 55 138-180
MNB-115  AF271920 ACTCCAGGTGGTTGCAAGG AAGCATTAAAATAATTTAGCTACTATC (CA)i, 55 100-106
MNB-116  AF271921 TGCTTGAGTAGGCTAGAGTTCAC CGTCTCATTTAGTCCTCTTAACC (CA)is 60 168-190
MNB-117  AF271922 AATTGAGCATAGTTCCTTGTGC CTGAGAGGAACCTGACAGTCC (TG)1s 57 134-158
MNB-121  AF271923 GGAAACATCTTCAAAATAAGTATGTAAA AGTCGGACACAACTAAGCAACT (TG)2s 55 85-113
MNB-122  AF271924 GGATTCATGCTGCTGAGAAAC CAGACCAGAATTCACCAGTAACC (CA)is 55 164-190
MNB-123  AF271925 AACTATAACCCGTTCCTGCATC AAAATGTTTCATACACATGAATAAGG  (TG)y, 52 168-180
MNB-124  AF271926 TTGACATGACTCCTCCTTTATTC TGAAGAGTGGTTGGTTATAGTGG (CA),4 imperfect 55 195-199
MNB-125  AF271927 AACTGAAGCAACTGGTATGCAC TAAAGGCTGTGAAACAGAGAAG (CA)7 + (TA)e 55 92-120
MNB-126  AF271928 ACTAAGGGATTGAGCCCTGGTC CATAGCAATTTCTGTGTTTGTGAAC (TG)4+ (TA), +(CA),; 55 149-175
MNB-127  AF271929 GAGAATGTGGCTGGAGGTTTAC GGGGATGTAAATGGACTGG (CA)6 55 219-238
MNB-128  AF271930 AGTCCACGGAGTCACAAGAGTC ATTTCAATTGGAGGACATTCTG (CA)s 58 104-128
MNB-129  AF271931 GGCATCTCAGGGATTTCTTATG TAGCAATATTTCCAAATTGGTG (TG/TA) 9 55 189
MNB-130  AF271932 ATGGCCAACCTCCACAATC TTGTTGGAGATAGGTCTTGGTAAAG (TG 55 141-151
MNB-131  AF271933 CATCAACAAGGGATGATACTTGG TGTCCTTACACATAGCCTGTGC (CA)y4 60 168-178
MNB-132  AF271934 CTGGTGATTGCCATGAACCTC AGATGGCACATGGGTTGG (CA)6 58 125-131
MNB-133  AF271935 GGCTCCTGGACTTCAAGACTTC AACCTACCTTTTGCCCATCTG (TG)i6+ (TGH1y 55 157-165
MNB-134  AF271936 GGATTAGCTTGCAGCCTTTG AAGAGTATTGGAGGCTGACCTG (TG)14 55 168-194
MNB-135  AF271937 TGTACAAAGAGGCAGACCACAC ACAGCTCTGTTTGCTTGGAAC (CA)5 52 167-185
MNB-136  AF271938 CTTACTCTCCAGCATCAGCAAG GCTCCTTGTTAAAATGCAGACC (CA)14 55 143-165
MNB-137  AF271939 TGCAGCTGACATTATTTCATTC TGTTCATTGCAGCACTGTTTAC (TG)13 58 145-165
MNB-138  AF271940 AGAAGGGGACCGAGACAATAC GCTATTTCTGGGCCTGTATTCC (CT)1z + (CA)s 55 125-139
MNB-139  AF271941 CACCCAAACTGGAAAGTGATTG TGCCTCCTTTGTTAAGTAAATTCC (CA)3 55 277-295
MNB-140  AF271942 CTGAAACTAACACAACACTGTTCA GTTGCAAAGAGTTGGAGAAGAC (TG)a1 58 101-135
MNB-141  AF271943 AGCTTAGCACTCTGAGGATGTC AACACAGGAGCTATGGAAACTG (TG)12 55 141-153
MNB-142  AF271944 ATAAGGTCGGAAAGGCAGATAC AAGGTGTTTGGGCTGTAGTATG (CA)6 55 129-161
MNB-143  AF271945 AAGGAGTTGTCGGCTCAAC ACCTCTTCAATCAAGGCTCAC (TG)s 55 93-125
MNB-144  AF271946 CCTCTACCACCCTAGTCAAAGC AAGAGTTGGAAACGACTGAGTG (TG)zs 60 148-178
MNB-145  AF271947 CTAGCTGACGTGCAGAATCAC GAAGTCCTCCTCAGAGTCCAG (TG 55 164-178
MNB-146  AF271948 GCACTGTTTACAGTAGCCAAGAC TGCAGCTGACATTATTTCATTC (CA)3 58 136-154
MNB-147  AF271949 TGCAGTGCTGTATCTATTTIGC CCTCACTAAAAGAGTTCCCTCTC (CA)6 55 135-165
MNB-148  AF271950 CTTGAATTCAGCCTTGTCTTTC ATTGTAAAACGTCACCCTTTTG (CA)3 60 148-160
MNB-149  AF271951 GGCTCTGCCTCCCCTCTC CCTGACGCTTTATTTGTATGTG (CA)o+ (CA)p 55 148-160
MNB-150  AF271952 TTACAAAGAGCTGGACATGACA TCTCATTGGGAAAACATCACTC (CA)» 55 152-158
MNB-151  AF271953 CTGCATGCTTTTGGATTATTTG CACTGCAATTCCAGAAGTAACC (TG)sz 55 133-168
MNB-152  AF271954 CATGAATGTCACAAATGGCAAG CCTAAATGCCCATCAAGAGAAG (TG)z 55 126-150
MNB-153  AF271955 CCTGGACACAACTTAGCAACTAAAC AGCCTAAGCTGAAGTTTTTCTG (CA); 55 106-112
MNB-154  AF271956 ATGGCTACCCACTCCAGTATTC TACCCTTGAACCTTTGGAGATG (CAM 60 180-213
MNB-155  AF271957 CAGCGTTTTAATGAGTTAGAAAATG GTCTCCTGACAGTTTCAGATGC (CA)4 55 126-146
MNB-156  AF271958 GGGCTTTAAACCTCTTCTTTTG TGACAGTATTTACAGCCTTGAGAC (TC)y; imperfect 55 79-79
MNB-157  AF271959 AACAGATGTGGGGAATTTGATG TGGACATGACATAGTGGCTAAAC (CA)y 55 181-222
MNB-158  AF271960 TGGACATGACATAGTGGCTAAAC AACAGATGTGGGGAATTTGATG TGy 55 178-217
MNB-159  AF271961 TCCATTAATTCCCAAAGTGGAG TATAAAGAAGGCGGTGGGAAG (TG 55 149-155
MNB-160  AF271962 CAAAACTGGGTGATGGCTAAAC ACGCAGTCACAAAGAGTCAAAC (TA)13 55 168-190
MNB-161  AF271963 ACACCAGTCCCTGTTCTTGC GAAGTGGAATGAGCCACCAG (GT)14 55 144-150
MNB-162  AF271964 ATCACCCTAAGTGCCCATAAAC CTCCATGGTGTGGCAAATG (CA)¢ imperfect 60 132-178
MNB-163  AF271965 ACTACATGGAGAGGGCAAAGG CATAAGCCTGGAGCACTTCTTG (CA)y, imperfect 55 219-225
MNB-164  AF271966 GTTTCTGCCATGAAGCAACTC AGCTAGCCTGGTGTTCTGTGAC (TG)y7 58 131-147
MNB-165  AF271967 CACGATTGAGAGACTAAGCACAG ACTGCTTCAGGACATGCTGTTA (CA)s; imperfect 58 146-178
>
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Table 2 (continued)

Locus GenBank Forward primer Reverse primer Type/length PCR  Product
Accession no. ™ length (bp)

MNB-166  AF271968 CTGTGTGTCTATCACTTCCATGC TAAAGCTGGTGACTCTGTCTGG (CA)5 35 143-163
MNB-167  AF271969 TAGAGCAGGAAGGGACTTTCAG AGCCTTGACTGCATTTGTCTG (CA)p 55 140-152
MNB-168  AF271970 TGAGGTTCAAAGCCTGTATGC GGGGATGTAAATGGACTGG (CA)y6 55 161-179
MNB-169  AF271971 GCAAGTCAAGCTCTGCAGTTAG TCCAGACTGTTTTTGAAAAGTCAC (CA),1 imperfect 55 206-220
MNB-170  AF271972 ATTCTTTGTTTCCTGTTGGATG CCAGACTCAGCCTTGTGAACTC (TG)7 55 186-190
MNB-171  AF271973 TCCCAGCAAGTCTGTATTTACC AACATGAATAAATGGGAGAGACC (TG)y; 55 211-235
MNB-172  AF271974 ATAAAAGGGGAATCTTGTGCTG TCGGAACACTCTAGAAGCTTGG (TGYys +{TG)1a 58 157-258
MNB-173 AF271975 GAATGGCAATATGAGGAGTTGC GATAATTTGCTCTGTGCCCTTAG (CA)6 55 140-162
MNB-174  AF271976 TGTCAAGGCATATTGTCAAAAG GCCTATGAATACTTGCATGCTC (CA)1s 35 134-152
MNB-204  AF271977 ATGTTTTGGGATGGTTATCTGG TCTCCATTGTTCTGTTTCTGACTC (TG)1y 55 156-169
MNB-205  AF271978 ACTTGTGCACGCTTGTTCTG TCCTCCGTCTGTAGAATAAAGGAC (TG)ys 60 149-155
MNB-206  AF271979 CATAGAGCATCCCATGTTGTGT CTCTCTCATCTCCCAGCATCTT (CA)o imperfect 55 169-181
MNB-211  AF271980 GGGCCTTCCACTAGATGTACC TTCTTTTTCTCTGGAGGCTGTC 56-58 122
MNB-212  AF271981 TACGGGAAATCGTTTTACACAG GGTGCTAAAGTTCCCCAGTTC 56-58 145
MNB-213  AF271982 TATCATGTTGTGCGGTCAATAC AGTTTGAGAACCAACCCTCAG (CT)s 56-58 127
MNB-214  AF271983 ACAAGTGACCCTTTCATTTGAC AGGAATTCAGTTTCCACAGATG 56-58 196
MNB-215  AF271935 GAAGTACTGACCAATGGACTGAG AGAGTTGCACCCTTTATGTGAC 56-58 150
MNB-216  AF271984 TCTGTCTCTTGTTTGTCTCAGG CACACACGTGTAGTTCCCATAG (GT)s 56-58 127
MNB-217  AF271985 TCCAGGATGCTACATTATGGTG CAGCAAATATACGCCGTAAGC 56-58 168
MNB-218  AF271986 TCTGGTAGTTCCCTGGAGACAG TCCCCAGAACTGTTTTCTTTTC (GA); 58 167
MNB-219  AF271987 TGTACTATGCCCTCTTGGGAAG CAGAGTGCCTTAAGTCTATTGAATG 58 141

Table 3. Mapping results of gene-specific loci. Included for each locus are the putative sequence
similarities based on BLAST search, probability level from BLAST search (P), correlation coefficients
for probability of synteny (¢) with BTA29 markers BMC2228 and BMC3224 and chromosomal assign-
ment. Position in the human genome based on BLAST search of the Human Genome sequence is
indicated by HSA. NS indicates loci that could not be scored (positive results for hamster and mouse
samples) and E denotes loci where the values of ¢ were out of range of the test statistic (negative

Table 4. Correlation coefficients for probabil-
ity of synteny with BTA1 markers (BMS4008,
BMS4017, and BMS4030) for loci not statistically
syntenic with the BTA29 markers based on SCP
analysis. Comparisons which resulted in out of
range statistical values (negative values) are de-

values) noted as E
Locus BLAST gene similarity P Poz2s ©3224 BTA HSA Locus Pagos Pyo17 P4030
MNB-211 PGA exon 8 5¢” 07048 1 29 11 MNB-102 E E E
MNB-212 ZFP36L1 5¢*7 NS NS unknown 14 MNB-112 E E E
MNB-213 PAGIB exon 8 9% 07048 1 29 unknown MNB-130  0.1164 0.0541 0.0854
MNB-214 PAGIB intron 2 e 07048 1 29 unknown MNB-133  0.0421 0.1287 0.0053
MNB-215 UREBI 3 03206 05424 X° X MNB-134 E E E
MNB-216 HNT 1™ 07048 1 29 11 MNB-146  0.2753 E 0.0529
MNB-217 Glucosyltransferase (putative) 2¢* 07048 1 29 11 MNB-152  0.8051 0.9351 1
MNB-218 PCCB 4% E E 1® 3 MNB-156 E E E
MNB-219 Canine SRPR 1e? 07048 1 29 11 MNB-165 E E E
MNB-173  E E E
Based on comparison with X-linked loci, see Table 5. MNB-215 E E E
Based on comparison with BTALI loci, see Table 4. MNB-218 0.8051 0.8009 0.8675

Tests for synteny of the new microsatellite loci with two
BTA29 markers on the MARC bovine linkage map (BMC2228
and BMC3224) found that 82 % (65 of 82) of these loci are syn-
tenic (average ¢ > 0.74) with previously mapped BTA29 loci
(Table 1). Non-significant synteny (0.74 < ¢ < 0.59) was found
for five of the remaining markers and nine ms were found to be
not syntenic based on somatic cell panel (SCP) analysis.
Because the initial library was from a 1:29 Rb-fusion cell line,
each of these loci was subsequently compared with SCP scores
for three loci from BTA1 (BMS4008, BMS4017, and
BMS4030). One of the loci (MNB-152) mapped to BTA1 (¢
>0.74; Table 4) and was confirmed by linkage analysis (Ta-
ble 1). Of the remaining eight ms, five are part of a separate

214 Cytogenet Genome Res 96:210-216 (2002)

syntenic group (MNB-102, MNB-112, MNB-133, MNB-165,
MNB-173; Table 5). Each of these loci was subsequently map-
ped to the bovine X linkage group. Only two discrepancies
between the SCP and linkage analyses were detected. Two nifs
(MNB-130 and MNB-134) not syntenic with BTA29 based on
SCP analysis, were placed on BTA29 by linkage analysis.
Microsatellite markers that were heterozygous in at least
one of the 28 MARC parent animals were used to genotype the
234 animals of the MARC reference families. Average hetero-
zygosity among the 28 parents was 56.5% with the number of
alleles ranging from two to twenty and including null alleles for
MNB-123, MNB-128 and MNB-158. Linkage analysis placed
69 of the 90 new ms markers on BTA29, five on BTAX and one



Table 5. Summary of statistical analysis for probability of synteny ()
among six new loci that formed a syntenic group based on SCP analysis.
Three of these loci (MNB-102, MNB112 and MNB-133) were placed on
BTAX by linkage analysis

Locus MNB-112  MNB-133  MNB-165 MNB-173  MNB-215
MNB-102 0.6652 0.5839 0.7365 0.6298 0.7365
MNB-112 0.6309 0.9351 0.9303 0.8675
MNB-133 0.6757 0.4913 0.6309
MNB-165 0.8542 0.9351
MNB-173 0.7856

on BTAI. The new loci were distributed along the full length of
BTA29 (Fig. 1). MNB-94 was the most proximal marker at
3.7 ¢M and MNB-101 the most distal at 62.8 ¢cM. The greatest
cluster of new markers (28 loci) occurred between 23 and
36 cM, OARVH110 and BMS2149, respectively.

Six of the nine putative gene loci mapped to BTA29 by SCP
analysis (Table 3). Of the remaining three loci, MNB-218 was
syntenic with the BTA1 ms loci (Table 4) and MNB-215 was
part of the X syntenic group (Table 5). Each of these assign-
ments is consistent with the position of this DNA sequence in
the Human Genome sequence. MNB-218 showed highest simi-
larity to a sequence on HSA3 (3¢21 —q22; homologous to dis-
tal two-thirds of BTA1) and MNB-215 showed highest similari-
ty to a sequence on HSAX. Additional support for the assign-
ment of MNB-215 to the X chr is based on its physical linkage
to the ms locus MNB-133. The closest linked marker to MNB-
133 is XBM84 (Table 1) located on BTAX(. The remaining
gene-specific locus (MNB-212) could not be mapped using the
SCP because the primers co-amplified the locus in the hamster
and mouse samples. However, BLAST search found significant
similarity with ZFP36L1 (alias BRF1, butyrate response factor
1 [EGF-response factor 1]) that is located on HSA14q22 —q24
(Maclean et al., 1995). This gene is a putative zinc finger
nuclear transcription factor and member of the Tis11 family of
early-response proteins.

Discussion

Prior to this study, fine mapping studies of BTA29 were
restricted by the limited density of genetic markers. Only 32 ms
loci were placed on the MARC linkage map for BTA29, at an
average density of one locus per 2.03 ¢cM. The new markers
reported in this study, increase marker density on BTA29 by
340% yielding a BTA29 map 62.8 ¢cM in length with an average
marker density of one marker per 0.561 cM. Sufficient genetic
tools are now available to enhance the robustness of QTL scans
and for further mapping of this bovine chromosome. For exam-
ple, each of the new BTA29 loci are currently being used to
characterize a new 7000-rad whole genome radiation panel
(Mariani et al., 2000).

Investigation of BTA29, the smallest bovine chromosome,
appears to hold promise for improved beef tenderness. Two
groups have independently located a QTL for meat tenderness
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on this chromosome and two candidates for this QTL, micro-
molar calcium activated neural protease (CAPN1 at 53.9 cM;
Smith et al., 2000) and collagenase (Schmutz et al., 2000) have
been hypothesized. One new ms locus described in this study
(MNB-167, 54.0 cM) is located just distal to CAPN1.

The results of this study add to the growing number of gene
sequences mapped in cattle. In addition to CAPNI, several
genes (TYR, CCND1, LDHA IGF2) have been physically map-
pedto BTA29 (Schmutz and Moker, 1999; Schmutz et al., 1999
and references therein; Schmidtz et al., 2001). Our results place
four additional genes on BTA29 and confirm the location of a
fifth gene (PAG1, bovine placental-associated glycoprotein 1).
PAGI1B is a member of the aspartic proteinase family. The gene
product is produced specifically in the invasive binucleate cells
of the placenta and becomes detectable in maternal serum soon
after implantation (Xie at al., 1995). PAG1B was just recently
placed on BTA29 between anonymous markers RM40 and
ILSTS081 using SINEVA (Sine variable poly(A)) markers
(Martin-Burriel et al., 1998).

Loci with sequence similarity to PGA (Pepsinogen A), HNT
(human neurotrimin), a putative glucosyltransferase, and
SRPR (signal recognition particle receptor) are included in the
new BTA29 assignments. PGA, the precursor of Pepsin, is the
predominant endopeptidase in the gastric juice of vertebrates,
maps to HSA11q13 (Nakai et al., 1986). HNT is a member of
the immunoglobulin superfamily located on HSA11g25 and

may function as a GPI-anchored neural cell adhesion molecule
(Struyk et al., 1995). SRPR, located in the human genome at
11923 —q24 (NCBI BLAST of human genome sequence), is an
essential component of the cellular machinery (docking pro-
tein) that mediates the translocation of nascent secretory and
membrane proteins to the rough endoplasmic reticulum
(Hortsch and Meyer, 1988).

In addition, to genes located on BTAX, SCP analysis placed
PCCB (Propionyl Coenzyme A carboxylase) on BTAL and a
sequence with similarity to UREBI (upstream regulatory ele-
ment binding protein 1), on BTAX. PCCB acts to degrade
branched-chain amino acids, whereas the exact function of
UREBI is not known. Studies with the rat homolog of UREB1
suggest that it may function as a DNA-binding transcriptional
regulator (Huibregtse et al., 1995). In conclusion, our results
provide a significant number of new ms markers for BTA29.
The physical assignment of new gene-specific and ms loci on
BTA29 will enhance our ability to fine-map loci putatively
associated with meat tenderness.
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ABSTRACT

Chromosome-specific libraries provide a means to isolate genetic markers
from specific chromosomal regions. A small-insert BTA6 library, constructed
by microdissection, was screened for dinucleotide repeats (CA);5 and (GA);s.
A total of 47 new microsatellite loci were developed and tested for
polymorphism and informativeness using the MARC bovine mapping family.

INTRODUCTION

Chromosomal flow sorting and microdissection are robust techniques for
isolating chromosomes or chromosomal regions of interest. DNA libraries generated
by these methods provide a rich source of markers for map construction and
comparative studies. Several studies have recently reported on the use of these libraries
for marker development in swine'* and cattle.”*! Here we report on the isolation of
new markers from a bovine chr 6 (BTA6) library prepared by microdissection.

*Corresponding author. E-mail: cbeattie@cabnr.unr.edu
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METHODS

The bovine chromosome 6 (BTA6) library was constructed by micro-
dissection of an Rb-fusion cell line as previously described.””! The 1-ZAP
library was plated at ~5000 pfu per 150-mm LB plate and grown overnight at
37°C. The resulting plaques were screened by hybridization to **P end-labeled
(GA)s and (TG)s probes. Agarose plugs (~2400) containing positive phage
clones were removed from the original plates and the associated phage eluted in
200 uL. SM buffer. Approximately 300 of these primary clones were plated on
50mm LB plates at a density of 50-100 plagues per plate. The resulting
plaques were then screened with the (GA);s and (TG);s probes. After
hybridization, individual positive clones (1-2 per plate) were picked and eluted
into 50 ul. SM buffer.

The inserts of positive secondary clones were amplified from the
phage/SM stock by PCR. Each reaction contained as template 5uL of eluted
phage, 1.5mM MgCl,, 2.5pmol each primer (T3 and T7 flanking primers),
100 uM dNTP, and 0.35U Tag polymerase (Qiagen, Inc). Amplifications were
performed under the following reaction conditions: 15 min at 94°C; 30 cycles of
30 sec at 94°C, 30sec at 58°C, 30sec at 72°C; and a final extension of 5 min at
72°C. PCR products were resolved on 2% agarose gel, prepared for sequencing
with the QIAquick PCR purification kit (Qiagen, Inc) and sequenced with an
automated DNA sequencer using vector-specific primers. DNA sequences were
manually edited with Sequencher software (Gene Codes Corp.) and queried
against GenBank by BLAST searching. Oligonucleotide primers corresponding
to sequences flanking the dinucleotide (dn) repeats were designed interactively
with Primer v.3 (Whitehead Institute for Biomedical Research, http://www.
genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi).

PCR Conditions

Oligonucleotide primer-pairs (Table 1) were optimized for PCR amplification
of bovine genomic DNA by testing over a range of annealing temperatures (50 to
62°C). PCR reactions (12 pL total volume) included 20-25ng genomic DNA,
1.5mM MgCl,, 2.5pmol each primer, 100 uM dNTP, and 0.35U Hotstar 7aq
polymerase (Qiagen, CA). Amplifications were performed in a MJ Research
thermal cycler under the following reaction conditions: 15 min at 94°C; 30 cycles
of 30sec at 94°C, 30sec at annealing temperature, 30sec at 72°C; and a final
extension of 5 min at 72°C. After optimization, fluorescently-labeled primers were
used to generate marker genotypes from the USDA/MARC reference map
population (415 potential meioses). Alleles were resolved by capillary electro-
phoresis using an ABI PRISM 3700 DNA analyzer. Genotypes were scored and
merged with the genotypic data of the ~2000 markers in the MARC database
(http://www.marc.usda.gov/cattle). Estimates of recombination and lod scores
were calculated as described! using Cri-Map V 2.4.7)



197

MICROSATELLITE MARKERS

( panuiguoo)

DDINIOVOOVD OVVVIOVDIVVD

9 8 89 LOT-L81T -DLLIDIOVIVD <LOVOIVOVODL 81(yD)  97Z0sydV  8SI-ANIN
DOIDLLIVVD
DVVIOVLIOVD “VOVVD

4 9 sS €SI-1¥1 1LIOVHOILHHVD 1LOVOIVIOVVY OvD)  STTOSYAV  LSI-ANIW
DYVIVDOID DVVIILLLOVD

wu pu 95 94| 1OHIOILOVILLLL ADOVOOVIVD (VD) +H(DL)  $TT0ebAV 98T-ANIN
DDVVVOIVVVD DVILIVIOVVYVD

KX ¥ S¢S 191 “VOVIVIDLIOV “LLLLOVOOVL dun 81(vD)  €TTOSHAV  SSI-ANIN
DOHVD
DOVOLIVVVVD “VOVLIOVVVYVD

9 6 S 991081 “VODVVIIOIVD -DIOIOOV YD)  TTLOEPAV  TST-ANIW
DLLIVVOD DDIVVYDOVVD

9 8 S 681-591 LLIOODIVVIIOD LOLLLODIVVL YI(yD)  1220€pdV T8T-ANIN
DIOVVLIDVVD DVODLIDVVD

9 01 s 8Y7T-97C -DOVIVILVIDD AIOIVVVIVOVVDD LYvD)  0TZosYAY  08T-9NIN
OVVVLLOLLIVD DDVDLIOVVVD

AX #6 S¢S 181691 -DVVIDHOHVIDD -DVIDLOVVIVVIO tpr)  6120€bdV  6LI-ANIN
DDOLLLILVODOVVYD DILOVIOOVYVVD

9 ¥ 49 821071 “VVLOVIIOL LODIVVIOVY O(vD)  81Z0¢vAV  SLI-ANIN
DOIVIVOVD DVODVIVIVD

9 € 99 LST-IST LOVOVVVIOLLOD -DDOLIDLIOVVOL DLy L1T0SPAY  LLI-GNIN
DIODVVD
DLIOVIVVYL -DIHDINIVD

9 9 49 0€1-9T1 -DOOVOVDIVVIDY “VYVIIVD VD) 91T0svdY  9LI-ANIN

DLIOIVVL

“LDODD1OVYD DVVIIOVD

9 S 99 €SI-¢r1 -OIVIVD “VIOVILODIVOOV dunt 8YDJ)  SIZ0ePIV  SLI-ANIN

#Vvld SOV # WL ADd 8uey—oz1§ oW 9SI0AY JowiL pIemioq pdua] UOISSA00Y SNo0J

jeadoy NURqUSD)

UOHRULIOJUT SN00 OJI[[AIBSOIOTN T gL



REED ET AL.

198

VOVIODIOLOVL IDOVIDVIVVVD

wu 1 8¢ 6L1 “VVVILIDLDD -DVLOVODLODD GyD)  8€T0tkAV  107-ININ
DOVVILOIDIVL IVOVOIDIVVL

9 ¥ Y $ST-9p1 1OIVOIOIVID LIVODHIVIODHD S(OL)  LETOSYAV  O0T-ININ
DVIOVIVD DIOVDHLIDD

wu I 8¢ ovi LIOLVVIIIIVIOL AIVLLLLIODLIOLL YI(DL)  9¢20€bAV  661-GNW
DIVODODHVIOVD DVIIVIOVD

9 01 S¢S SSI-¢€1 “VVOVOVVIOVV -OVHVVIODIOIVY SOL)  SETOEPAV  86T-ANIN
DDIVIOOVD  DOHVVVVIOIIVVYD

9 Y 49 991-96] LOVYVDVYYDODL LOLLLIDIV (VD) bETOShAV  LE6T-EININ
0IVD
DIDDIVIVD “VVILIOLOLLLVD

9 9 S 981-TL1 -DLLOLDOIOVVL -DIVDL E(yD)  €T0erdvV 961NN
DOLIVD
DDLLLOIDOVVL “YOLDLIOVVD

9 € S¢S LST-TST -DIDLLIVIOOIONL -VOIOVVLILLL dunn #8(yD))  7€T0EhAV  S6T-ANIW
DOVDDILIDOIVD OVVDDIOL

9 S Y 0S1-Zt1 SVIDLOLIOOOL  -DOLLIDIDLIVOLL YIOL)  I1€20€vAV ¥61-NIN
VOOLOHIVOVD IOIVOLLLIVL

9 8 9 6€1-T11 IVOVODLIIIVDO  -DOLOVOLOLOVOD (VD) 0€T0ErAV  Z6I-ANIN
DIOVVVLLL DVVVVLOVVL

9 L S 6S1-S¥1 -DOVVDHLLODOOLD -DOVIILOLINOD VD) 67T0€hdV T6T-GNIN
DOVL
DODHVLLIDIOHLIVD “VOLLLODOIVO

9 S 09 861181 RIS 10110)%0) “VVIOVVVVDL t{pL)  87TOsYdAV  061-9NIN
VD
VOLLIVVVD IVVOLOOVVYVV)

1 € 09 STI-1¢1 -DDIVVVIVIIOL AIVOOIOLV YD) LTTOPAV  681-ANIN

# V1d SO[AIV # WL ADd JZuey—ozi§ oW1 9SIDAYY IowLd pIemio ydua] UOISSAIY Niklog|

jeadoy JuRqUAL)

panunuo)

T 21901



199

MICROSATELLITE MARKERS

( panuiuoo)

%9

14!

11

01

2l

09

9

8¢

8¢

8¢
8¢
8¢

8¢

$s
ss
99
ss
s¢

SS

01861

6CI—¢lI1

Ly1-1C1

S0T—691

91-CS1

$01-9L

T61-LLT

£€1-501

II-1<I

091-1¢1

£e1-1¢el

9S1-9¢1

L0T—S61

18¢-L9C

OODIOLIVD
“VODVOLIVVOVD
JIVOOVD
“VOODDDLOVIOLD
V1DDOVVD
-ODVVVVYD
“VDIVVVD

0000
LLDDLLIVOLOODL

DOHVDOIOHVD
“VDDOHOHVIVIIVIV
DDIVILIVVL
“VOVODVODDLLLL
DILLDID
-ODLOLLOVIDOLD
DLOHHIDHVD
-DOLIVVDL
VIDOVVVL
“ODLLIVVVD
-OLLDDV
DVVLIVDDD
LLDLODDIVOLLD
DDIIOVIDDVYVD
LOLLIDLLIV
OVOIOVDLL
LODLIDLLDOVVIODL
IVVDODHVYVD
-DOHVVOHVDDLD
VILLIVOLOVD
“OLVOOIVIIVYD

DIVDO
“DILLIOLOIOIVL
“VODIOL
JDVODVVILODIVVL
-DIOVODVD

ODILODHVVVL
“OOVIHIOHDHHVD
JOVHDLIOVD
-00DIVIOOVVYD
DIVD
LLVODLIOVVYD
IDIOVVHVY
JOJLLIVVD
LIVIDDDLODVOVD
ODIVVVDOVVVD
-DVVDVDDILD
DLIVL
-DOHOHIVOIIVIOD

VVVODVDILOVD
~DDHVIOLIDVID
DILIVVDVD
AIVOVVOLLIDVID
DIDLOHIVL
-DLIVODLOVIVID
DVVOVVOHVVVYD
-DVODDHOHVOVY
IDLLDOVOOVVL
“VVVODIDIOL
VIOLIODVD
“VVVIIIVVVIID

dun 84(D1)

dur (D)

dur

=]

Yi(yD)

YIOL)

VD)
“DL)
UoL)

HDOL)

1)
%(vD)
(oL
21(O1)
*{(O1)

(oL

$T690SAV

7269054V

0269054V

6169051V

L1690SdV

9169054V

S169054V

1690564V

PYe0erdv

ere0erdv

reoerdv

1ve0eydv

0reoerdv

6£20EvdV

0Z0SSINd

STOSSING

010SSING

600SSINY

900SSING

POOSSING

€00SSING

C00SSINA

01Z-gNIN

607NN

80Z-ININ

LOT-ENIN

€0T-ANIN

COT-HNIN



REED ET AL.

"Saa[[e T[OU UMM 100] 2j0Uudp SYSHASY (um) paddeur oq j0u p[nod IosIew

€ 10 {(pU) PAUIULIDOP 9q JOU PIIOD SI[S[[E JO JOqUINU JYf} PIJEOIPUI IS A, 'SKOO] Yord 0] popnjoul aIe (swosowornyo) justuudisse dnoid sfesur] pue safa[[e
J0 soquunu ‘szowmid ot Jo (axmyeradwiz) Suresuue YD) L (dq) 2z1s yuswSery paaresqo ‘saouanbas 1ounid qeadal Jo ySuay ‘TOqUINU UOISSI00E JUBQUSL) YT,

DHVVD

AIOHIDIOHOLLIODVD JDD1H

9 9 8¢ 89181 VD -DODIDLOIDIOVD (o1) L€690SAV  LEOSSING
DIDLIVODLIVL OVIDLLIVODVL

9 € 8¢ 6L~ 1L -DVLOVDILIDDIVL VIVVVDIIOVVVOV (vD) $£69054V £E0SSING
IVVIDOVD DIVLIODIDLOVVYD

9 8 09 661—CLI LOVVIVOVVVDL -OLOIVOLD *HDL) P€6906dV  TLOSSING
DLIVOLOVVYD DIDIVVIVVVVYD

wu pu 9% ¥8 1OVIVIDIVVVDL -DIOVIVIOOOHVDH (oL ££69054V 1€0SSING
DIVVIODHVVD HLODIOLD

wu I 123 )74 “VDVOOVDLOVY LOLLOIDLOVOLID YIOL) 769054V 0£0SSINA
DILLDID ODIDIVVD

9 S 9 81T+0T -OHDIDLLOVIIDLD “VIOODLIOVOIDL dur 945 1) 1€690SdV  6T0SSING

HDOVIDD

LLLOLLIDDVVVD DDHHIOOHVL

9 14 8¢ 0L1-291 1IVD “VVVOVOLDDD (vD)  0£690SAV  8TOSSINE
JDLHOD ODIVOVVVL

w pu 9¢ LL LLDIOLLOIOVOLL -VOOILVDOVVODILIOL SW(v0) LT690SdV STOSSING
IODIVOVOOHVD HVDHDHVD

! € 8¢ 88181 LOVVIDVVLIVD “VVVODOVOHVIDILD OI1)  97690sdV €C0SSING

#VIH SOV # WL YDd  o8uey-—ozIS ISWILIJ 9SI0ADY owld pIemIoq ydua] UOISSI00Y Snoo

jeadoy JueqUaL)

200

panunuo))

‘T 21901



MICROSATELLITE MARKERS 201
RESULTS AND DISCUSSION

The results of the present study are comparable to those obtained from a
similar study of a BTA29 library'™ where sequencing of 458 clones resulted in 90
new loci. From the BTAG6 library, a total of 186 clones representing 121 unique
sequences were obtained. Nineteen cases of redundancy involving from 2-12
clones (average 3.9) were observed. Primer pairs were developed for a total of 47
new loci determined to be unique based on querries of GenBank. All sequences
were deposited in GenBank (Accession numbers AF430215-AF430244,
AF506914-AF506937).

All new loci developed from the BTAG6 library were tested for polymorphism
using the USDA/MARC reference map population. Fragment sizes and number of
alleles at each locus are given in Table 1. The number of alleles per locus ranged
from 1 to 14 with an average of 6.0. Three loci (MNB-186, BMS5025, and
BMS5031) proved difficult to score due to the presence of excess stutter bands. Of
the remaining loci, all but three (MNB-199, MNB-201, and BMS5030) were
polymorphic in the mapping family. Complete linkage data for the MNB markers
is being generated by researchers at the Shirakawa Institute of Animal Genetics. Of
the informative markers, 88% mapped to BTA6. The five informative markers that
did not map to BTA6 (MNB-179, MNB-185, MNB-187, MNB-189, and
BMS5023) mapped to the three largest bovine chromosomes (Table 1). This is
consistent with our investigation of a similarly constructed library from BTA29,[*]
where 5 of 82 loci mapped on BTAX and one on BTAL.
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Figure 1 Size distribution of inserts in the bovine BAC genomic library. BAC DNA was extracted from 250 randomly selected clones and
digested with Notl. The resulting samples were subjected to pulse-field agarose gel electrophoresis with A-phage DNA ladder (Bio-Rad, Hercules, CA,
USA) as the molecular size marker. Insert size was scored at 10 kb intervals.
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Source/description: A bovine bacterial artificial chromosome
(BAC) library was constructed from fibroblast cells (ABF2) of a
9-year-old Japanese black (Bos taurus) male. Fibroblasts from
this cell line had been used previously to produce cloned ani-
mals by nuclear transfer'. For the current experiment, cells
were cultured in Dulbecco-modified MEM (Gibco BRL, Rockville,
MD, USA) supplemented with 10% foetal calf serum in an
atmosphere of 5% CO,. Because cultured cells with low pas-
sages are likely to maintain original genome organization, cells
after 2—4 passages were suspended in Buffer L (100 max EDTA,
10 mm Tris-HCl, pH 7.5, and 20 mm NaCl) at a final concen-
tration of 3 x 107 cells/ml. The cell suspension was mixed with
an equal volume of liquefied 1.2% agarose and processed for
in situ isolation of DNA as described previously?. High molecular
weight DNA in the gel was partially digested with HindIIl, and
then subjected to pulse-field agarose gel electrophoresis to
obtain fragments between 145 and 190 kb, These fragments
were ligated into the pBAC-Lac vector, and transformed into
DH10B E. coli*. Using Q-Bot (Genetix, Hampshire, UK), indi-
vidual white colonies were transferred to wells of 384-well
microtitre plates containing LB medium with 7.5% glycerol,
and grown overnight at 37 °C. A total of 86 400 clones were
arrayed onto 225 microtitre plates and stored at —~80 °C.

Characterization of the library: In order to estimate the average
insert size, 250 clones were randomly selected and amplified.
The BAC DNAs were then digested with Notl and separated by
pulse-field electrophoresis, along with a A-phage DNA ladder
(Bio-Rad, Hercules, CA, USA) as the size marker. Of the 250
clones, 212 (84.8%) contained inserts with an average size of
103 kb, while the remaining clones (15.2%) apparently had no
inserts (Fig. 1). Assuming that the bovine genome is 3 x 10° kb
and excluding those clones without an insert, the present lib-
rary was calculated to contain 2.5 genome equivalents
[(86 400 x 0.848 x 103)/(3 x 10%) = 2.5].

Library screening: For rapid isolation of clones, a two-round
PCR-based screening system reported previously® was employed.
In the first round, 384-well microtitre plate DNA pools (pre-
pared from individual microtitre plates) were screened for PCR
amplification. In the second round, individual clones were
identified based on PCR amplification of row and column pools
(prepared in ditch plates) from microtitre plates selected in the
first round. Using this system, the library was screened for 26
sequences (15 microsatellites, 7 genes and 4 ESTs) using primer
pairs that were available in our laboratory (Table 1). Clones
were identified for all the sequences except DIKO10. The
resulting amplified fragments were of expected sizes. In addi-

tion, sequence was obtained from one clone for each gene or
EST; all the sequenced clones contained at least a part of the
respective gene or EST (data not shown). The average number
of clones per sequence was 3.4; thus, coverage of the library
calculated by screening (3.4) was greater than that calculated
by the average insert size (2.5).

Other comments: To date, bovine yeast artificial chromosome
(YAC)®™ and bacterial artificial chromosome (BAC)**™? lib-
raries have been constructed. However, all these libraries,

except the BAC library constructed from a bovine foetal cell
line'?, were constructed using peripheral blood cells. Libraries
derived from blood cells may contain rearranged immuno-
globulin and T-cell receptor genes, and therefore, may not be
desirable for analysing these genes. Because this library was
constructed from fibroblasts that contained a germ-line
genome, as demonstrated by construction of cloned bulls?, it
will be useful for the analysis of immunoglobulin and T-cell
receptor genes.
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