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Bl
(H B B

7 DI E AL ORFEIE X &I E (quantitative
trait)y CH V) . ERIYIZ I3 =R E R T (quantita-
tive trait loci, QTL) 12 SN T 5, BFfEF TIZ,
FIUE & MAR TSR B RRE) & i 3 A et
BIZFH T 70 —F & w7z BEEO SRS R
b, REGEREZETTE L, ZOFFETI,
& DA T 5 & LB TIPS BRIERNERRT 5
WREEHETE DD, FFEOEMEIZOVTOREHRIZ
ZIT, BEORELTWD T AREOR
Rt L7-DNAF M FE 2 f%E L | @K DDNA
B OBFROMEEZBOL I ERO LN TE 2,

=\,

Z 2T, MAFGERT IR 6 SEE 2 S DNAF T %
BT 2 FEICMY MATE L, TORE, Fil2
£ F TICDNAY — 7 — %2R L7247/ AT T
e L. BB E QTLEE Tt % 45
ELTE T, FRISEED O FRISHEE T TOARSE

FEIBWTIE

VRO K R 3HEHEHBE LTS

DT E 72,
BB EQTLO BB T O u—= v 7R B%E

7z b DT 5 LRIV

TEE e 7/

LM DY — IV 2 8T 5,

=N E Y T DN AETT,

S RIbF7E

PR EAER L TSP E &) RnghEHW
BHQTLY v ¥ ¥ 7V OfER % 1§,

“ AT LT B 3 DOREFIZEQTLE EE E 1D 7
0—= 7 z#ESE, BETEEEOMT L XL
FTH->Tw <,

ZORER. LTD L) R e 5 L TE T,

)

(2) 924 ) LBIREY — IV DRFE

TR S5 EDBEROEMET, 7 D7 ) LRI D20
DY —=Vid, FHBECHREEETFOY v Er T
(ftfk EONBEEZFEST S, MEMNITS) BTE 5
FEL72720, ZEOMFEKEIZ—FIC
VORENPS< Yy EV FIZBIT LS, e V7 A
HHREADEH L, TN OEMLEETZRET
L7202 V= VORERZNN T Wz, Fald
SERIBEEE D OARFEIZBWT, 7Y OFHEK
\ZFI 7T RE % DNATHER O BA%E & b3 % 728 4l
HIZ7 ) LR Y — VORSEEIT>T& T 2D
g, 77 BN oOEEEL 3265, B
SO, U v o mEEA (7.7 f5) % PRl
FEEFETIETERT A ENTE (E), Th
ZEoT, P URBERED~ v ¥ 7% IEMEICIT)
CEDPURIZ G 572727 TRL, B MR TADT
J DB A ORISR LT URBEEEQTLO HIT:
BIEFFEE V) BEZHEIC T Z L5 T& 7,
AEEFTICEO CTELBBEST /) 2EHIN,
ARz T v ge AR, v 2o b A PR 7
EOERIZ LY, F’eAa X7 LR DT DENT:
V= IVEFIZTLIENTE, INHDOY =)V,
BEREEEEETORY v aFrvra—=v 78
%L BIEMEEBOBRHRERETORY Y a
IO —Z IO RS L L HIFFCE S,

LX)z

(3) ABRY R EREQTLOYVE T
KEZ E SRR (8 LT, Bostaurus TdHh
BT VS AR & Bos indicus Tdh A 75—~ Vi D5E

K1 ABELCSTIB3IIY ) LERAY —IVORRIKR
e R RFFED R
Y V) A 1,250~ — 7 — 3,960~ — 71 — 3.21%
FEA 2 L Gt iR Y T68JHE . 5,876 41T 7.7




M) AHWIARSREREE O~y €y 7I2onT
INF TV OPIMBE SN TV DAY, FEDFHEEIC
BWlv—7—BELHO CETEEZFO/ T —=

V. PHIGEE T TIITRRZWIT L, £2I1R7
) XS HORFIREQTLE vy ¥ v 7 LTz, 72,
INGDOX Yy EY 7 LZQTLOH b, p<0.01L )b

YT ERRATOBEEFTEEL, T Ty THETH-7264 QTLEFK/R LI X 1 125k L
| ) ZIRE 5 G VAN N
77 L0MBI) RS L RS 278 %2 TARISEEE COBEEEATE
Tz, REEDOE N B7- 250k 6 £ 125 IVvEVTDFED
T ENT-HET, F/Sl}ﬂq: (HEAMK EEMHE) FIHREQTL* | p<0.05 | p<0.01 | p<0.001
aYis] h‘-}r:{g /rrﬁ- N i Y
E LU ETHEORE T HWIZHER OFH Y - ——
- . o BN 21 13 5
WFFERT RO & o L F 3R B R 7ET & o -
SEFBFSE % B L 720 PRUL2AENE £ 12, FRIIZHE B 4 21 10
T O EELFZFHIEE IO W TN 5 guth R FH I O — A g 36 18 5
%ﬁﬁ%b #? L’C%fi’ak) —J‘B@‘fj:(él: IDOWw /\“3,§ 16 2 0
TE~Y—HF—T7 A MBRPRIZHET L % BB
N B R 16 1 0
SPHI3AERE 2 S 118 - FHE UL FEN - 5% aaf 145 64 25
YRt Y —DOEFREE & OLFENEZIT-o TH w et iR A X DA K,
M1 EEfEFERBEEEYVYE Y TIDZTED
oM 1 2 3 10 11 12 13 14 15
00— ® ® o~ — I % *** 2 :-l—
E3
£
oIl | | LA
ill |
100 — | | | ’ L
150 —
_,{*E
16 17 18 19 20 21 22 23 24 25 26 27 28 29
—GT —, BAER
| Il — I
" | — O—RSER
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50 ] . | | -, NSE
| U I , BT BB
Y Y B ” * p<0.1% (chr-wise)
1 $BH1, p < 1.0% (chr-wise)
p > 1.0%-locil& & B&




726 p<0.01L~NV TV ¥y 7 SN FEZEQTL
THHUIEE DML E 3 5 A TH R 2% QTLE(R
T2 RAT LMK ZENTLHZENTE S, L
Lanss, ENENOFEM % QTLIHHIZIE S iz ity
W2 CREAEIRICEDL TR Y, ZFEICZN
SOBREZEZTHIAT LT > TV, 4
B, NS DIEROFIH O ZBREIC L > Tl
FELCKLENDHLEH 9,

(4) BFEEEQTLEEEGFYO—ZT
D H
SO~ v ¥y 7 LIREFEREQTILO ) H. BTA
213 7 1 X T HEBONE28HE-1 (Marbling-1). BTA 7
Frt v b X T HEIBONRIEZEHE-2 (Marbling-2), BTA
14ty bE X T7HIBOBEAER-1 (CW-) DR ¥ 3
FVra—=v T eikAi,

Marbling-1

Marbling-1 TlZ, 1,000 D T- & HEE~ — 7
— & ffio TR M E THO ., BACEFI M % /ERK L
720 S HITHBM OFET e MEERSIERD S
490kb & HfE5E SN A IR FE THDO 72, Z OB
FEA R PR EN S 8T 7TEAE L Tz,
Marbling?
RGFELIPVERTY Y EY S LZBTAT &
> b X 720 cM® Marbling-25818% ., [7 U B % #;
DOROFEMEAFATIINT Y FAFRO SN h o7
et WEREFICBIT 2 NT Ty 4 T RN
FARTzo FOFER, Marbling-2 DQ (KXY L 7%
FHOBIZTEIZQE ) I IHEEFallER L T 5
A3, FEHEADICIZg ISR T W OMET
BEqE V) )DPEIELTWDE I EREZ LNz, T

D QgD 3E N % FEHLZ Marbling-2 58380 % #16cMIZ &
720 ZOFEBINE S A~ —H— kv MHFEEES
7 v —& L TBACEINLZER L, SNPD % A
¥ 72X ), Marbling-2 30384 BAC” 1 — > 1 il
N (#50kb) T THD B Z LIZHII L7z, 2 D5
CIRBEA R PR SN 5 BIRF13 3EATE L Tz,
CW-1
FRI2EEF TIZ, 200K TEE 1D PVRR
AT L. #910 cMDIBD (Identical By Descent, [F]4H
Mo & %l 5 2 O IZEIR L7z [H
Ut it Th b 2 &) #HBE A Lz T, F
JRISEEDR S CW-1DT 74 <y ¥ ZaBG L7z,
Z OIBDFEIL TR L 72BACEY M e N K5 7
NECHITEHRA 5. #94.5 Mb & HEJ S 7z, HIRIEMT
DFEF, L2 MIZERD 72, 1.2cM T THRD /-2 &
TCW-1DQIZFETHME #2040 L, BRI —1%H
STWDEZEDPHL NI R 572, QT B K
OFHENLBEEFIILI0EFEE L Tz,

(5) SEDEE

3ODQTLMHEIEE bkd L Z L IZkI L, FhE
NWEEOBERHBEET AR T e otz 1TV,
INBIRLEALDORIZTORIEIAHTH D, T
164EJE 2 & Ok S5 Tl Marbling-1, Marbling-2,
CW-1BIZ T2 FET 5720, % 4HIROEIER Y]
Z Wt L CSNP (—IR2EZ M O/q% X BT 5 HE AL
51) %BI% L. SNP%{fi o THHBIfNT CRafs (a1
ALY . ENTNOBIEF AR DM & Bt L
N -y AR L ROV TS B ez, v N
LB ERIEHT A 2 L THERET-ORE 21T
IDOBNTH b,



B2% T ) LR — v ORFE

(1) BARER © FRRISFE~FRLI5E

(2) B EHAF SN RRE

7Y DIF E A EDOREFIVE T E I E (quantitative
trait) TH V) . BIEMIZIE =N L BT B (quanti-
tative trait loci, QTL) |2 &N TV %, HIEE TIZ,
FRUE & MATHER T B\ GERRE) 2 2 T B HRT
HAEZN T 70 —F & vz BB O &S R
b, REGEREZETCE 2, ZOFETIE,
& DORA T 5 & LB RIVERNERT 5
MR HEE T & B 0% FeE DEHRIZ OV TOEHIZ
B, £2T, BEDFERLTWDL T LEFOR
R iHH L 7-DNAF T % fl5E L EK 3 DODNA
HEHPOBFROBEZ @O LI LA ROLNTE 2,
19804EALEF & ) b M R EERBWEHF T, DNAV —
71— 2 I L7 12 & o TERBU (FRIC
FHUERZRTIH) (B2 RTTHEE, B IO
Z 2T 2 HERIEZ T OFEE; TN TS 72,
TUIEBWTL, 7 =T 4 V16KRBERE) 7T
>l R KARAE &\ o 7o MR ARIR O TR R 5

Ve CRE SN TE 720 DNAR— /7 —DOHTH,

CADIEN R LEHN "S55~ A 7 0% T T4 ~(MS)
Y—=H—lE. KOS ERT ) AERITHA LT
WLBEN Y= —TH b, GHEDTEHIZBVWT,
MS~ — 71 — DL R & LRUE & DRI % IR 5QTL
RN FEE VD2 L2k, REfEICIES 5%
b7 LTV AHBRAHOLMIC L, OB
THEMSY — I — DL R % 72BN H 25T 6E
Wb EEZONL, 72, BMEFIED O FITER
FaFEL, BT ELTH) 212k, B1E
B2 D 2 EEF O WO 2L, By
DI D FFEFERCRELZEOFEHICO HlkT 5 2 LA
Wifeshs, ald, BE, BIU, (WREURF
¥ EDEFITRFFE £ ) B WHKRE 7885
BHEQTL~ v ¥ v 7 (fflERH) #47-CT& 7
7 MMRHTC~ v ¥ v 7 L 72QTLE 1 H I %

o TEEEOEVERE~Y — 7 —HHR G, Th
SOEMEEETR2 70—V 7457201213372
7 YR DL TH Do T T OB FEEPIF
T HE 7 DNATEER DO % 2 AL T 5 720, W%k
) MBS OER, ~ v ¥ v 7 EN7-DNAY —
=2 X 2 WX T B B FHHRIRGS 7 A
A7) v FHiX (Radiation Hybrid Map, RHH#E[X]) @ 7
L — 2B, 7 V5 BLE{E T EERT T (Expressed sequ-
ence tagged, EST) D~ v ¥ v 7 b b7/ AfEHRE
AMEHTE 5T v M7/ A i o 7
ERATG, G Y YR AT S

QTLZ 7 7/ Al y ¥ X452k, 7/
LI DATT R TH Y WD~ — 7 —FED
EWVITEIEHEREEHHT 5, L2 Lads, <
— 71— ONLE TR MR 2 OB 25 L Tk
SNbDTHHIZD, EZEFTEHEENLL TV -
THOY—F =137/ 2 LOSICHE v, BETS
== L O HHEBRE RN - — 25T
LI LI TERV, £2C, v— 7 —CmHEE{L
720 VbW BLEHETIER L 7@ EH b A 5, DNAZ
0 — 2 &) WPE R 7 SR CRLEN U 72 B 12
L TR T abhv, ZORELHEL S
DHBACTZ U — > Thh, X—N—b<—7—DIH
BB DOBACY U — Y TORWIEDL D% BACEY|H
X, »5HE, BACI YT 1 Z7HIKE V), oz
AEFULS 2 & EEOHE» b~ — 7 — 2T
HIENTE, M7 AERPLTHTED 7Y
MEEETF 23> 74 7ML L2 55 HTE %
W% b, LS, BEHMLEBIAFAET 2BAC
70— ODNAMSH Y — /1 —RBIETEHETE S
PO TH D, WX O Y~ DRI T~
— N = OEFREASLETH ), WHNE (ER T
EHUE, QTLHEIB DT IIRIENIZHERET %,

ROEHEOS VAW MEIIL FTHL0, b
70 NEREAMICTER T 5 2 L IZQTLE T EL T
DI/A—Z TIZRVWICERDODDH L EThHDH, ¥



OYEAREIE, FRFERL g EAROFEE DOE

WML TWE (V5= —ThbEWV)) OT,

U Va2 M) AT SR 2 R T AU, T
VBIZF L ZOBOBIZTOMIHFIET 2 THH )
BIETONEHITE N7 ah6BEohs, LarLs
B, BIZTHA THAHESTIZIZ LRI V720,
BN~y ¥ 795 2 EIXTER VA, RHiL
BICIE~Y v 7 T&E b, £2°C, Mg Rk
~N7DNAY—H—% 7L —24% L CRHMHZ/ED |
BIEFZ2FOMIZ~ Yy ¥ o 74 nud, sz
WHAROND LIl b, COERTE THEDIE,
bR~ = —3HTIEARL, v —bx—H—
DWIAFES 2 EZ TR T E . 2 DOFHIEDBAC
7 10— YDNA% #HANZPCRT UL, [EED Y Vifn
T OIEREETNI DL R WD Z EDHRRIZ R 5o

L7cio T, mEEAL L7277 2B 2R |

WX TH HRHMIX 2 /ES Z LI, QTLEEEIR
FOru—=V JICEEGERTH L EF R 5o

(3) AROEFNLZBEIR
(B)1. 71 70%751 bOBE. LU, SBE
77 LESEEDIER,

19974128 S N7 KERBA RE e~ & —
(USDA-MARQC) 12L& 57 277 7 2 HgH X 121349 1,200
Eo~A47ud7I4 b vy ¥y r73nTni,
F 41X, USDA-MARCO > ) 77 LY AT 73
— (HE#ERR) %M\, USDA-MARC & 3t[[To
LGEPHMN AR S YD, TD) T LY AT 73
) — TYERCS 2 I DO BERE R FZ0.8 c M7 D T,
3000 fEED~ A4 7 047 T 4 + CEHRIE © 1cM
DF) #7207 258N % 2l S5,

(3)-2. 7 L EAEMRDIER « MSHRIRH 7 > i
F2/NA 7Yy KX IVE(RH) . & & U,
Db N LS DIER

AT, INFTIZ, v N7 L ERE AN

MHTE 2% 7 v Qe R 2 S % 7260 D

iz TE72, T3, PRRI2ERE T TIKE I A

vy R EIE T, Geta R B ORI A H 7

RH/SAIVOVER A 52T Lice F72. KE»ICHEET
OF S=RINSERAVE/ A s Rt ST NN~ ] DA
7 v K234 )V (Somatic Cell Hybrid Panel, SCH” ¥ A~
W) BTz, EH12, Tk M AN
DD 72, 7 v ORI THEIL T %8R
T T HEST% K 3 15 6 TMHBEA%E L. GeneBank
IZBFRL 720 NS DESTIZE F 15 #97,000E51 A
SPCRENEH O 75 4 < —+t v b4,0008E 2 7EK L 720
INHLOMEMLTEZY =L E@)-1THERTZ Y
70 LGEBHML A T L CRE 2 o Ge R X &
TERLT %0
S MEPHICEE oA 20T 54 PTT
L—LU—=0r<y 75D,
- 4,000fED 7 VESTEZ Vv ¥ 7L, BT/ AN
LDV, X & 3 4 (7 JESTH. 419,416 -
P64 4 30 H AL o
- Y 7 v ORHHLXIE ., 3,000f8 D~ 1 7 a7
74 F.3,000fE D EST% & & &7H#96,0000 & § 5,

(4) AEFRFEDMR

<A 704554 F (Microsatellite, MS) gt & <
vy roFlw GFELE, B3T| vIT A
L DR & 2 1)

19974-DUSDA-MARC™ ¥ 7/ A HEHHIX ODNA~
—h =% 1,236
HEBSE L, v v ¥y 7 E2RA-LHEMSE

2,124
~ v ¥ Y TR R TR RI DSBS L 7 MS % 214
) LGRS HT IS A 2 DT A -MSH

2,277
WD 27 AESEHI OMSEL 3,802
(MEBZE L B IC R aR Lo E 2 RO TV D
A, HEBET T~ v Y 7 LTV AR WMS, 34616 %
B <)

RHHXD T L
T L =L =7 IZFHW-MSHE 3,219
<y ¥ 7 L7-MSHE 3,294




~ v ¥ 7 LIZESTH 2,582
ik 5,876
RH/ X % )L O PR e 17.5%
70 LDER 25,088 cR (#7120 kb/cR)

(5) ERSLUBINDIRR

RFEZ, KEO I AV 5 KRYE BHEIIIRED
RENC LD ANFKEE) LUSDA-MARC & O 3E[A] B
BCThHb, 7DT ) LEHDI20D Y — )V DG
X, 1974EDHFEDOEBET IO L IVISEL, 7/
LIFHDSTEDL L) 12572720, KEOFEHEE
=7 IR R PR DO R R % A 72 R I HL
D#EPoTVBED, V= Nid+5TidRl, e b7
J NERE AR T 57201280 Y — VOFFEH
ArNTniz,

—J T ARG OGO 72 O E R )
TUY s NP HEITRTH L, FRI2ET A LD,
USDA-MARCO 3Ty ¥ 7 ) Lk Ex g L5
BACEHIHLXME ) Bl S Mz KE - A+ 5 - 3
EH:790A 22—V F - F—=A+FF77 -
TIVNVENLHEEELEMAEHY, b A
T C OREER % 473 A KIE| D TIGR (The Institute of
Genomic Research) & 7+ ¥ D7) 74 v iya a0
YT RE e GORFEMEERHE THED SN TV A,

#&=3 BAC fingerprinting

BAC” U — 05t &1k, £DBACY 0 —
DHFPOLBHWIC—HERT L 70— DDO%D)
BAZHNR, HERTWC I LD YKL TBACY 1
—VEDHRVWTW ZETHEL, DR EHFITIF2D
DN S D, 1274 H=T) 547k
Thb, BACZ 10— » w il [REEF (FFE ODNAKE L
Py OAET % LI d W) CHIlT L <7 VAR
B CDNAWT T O% A X CThH@Es 5 L. BACZ H—
A OYM SNIZWH O/88 = B ELb, 20
NG =% T4 =T FeFW, BEWII—
HERT L 70— ETIIEMONY — U RN
bo O — 2O SBACY U — > & Dk
WTWHETH L, b ) — DD FEIEBACY 10—
¥ OFRIGEHIFETH B0 BACY U — ¥ ORI
5% fE5% L CPCRCHIETE 2 774~ — 2 ERLT
bo COTITIAX—TAI ) —= V7 ENBHBACY
0— ORI EZIGBICET S, Thbb,
BHWIIZDRPB>TWAEIZ EDbrb, BACYZ U —
YDT 4 I =T b ERGBERINE A Y N ICA
BEhTwd, #E2/FEMT, 40570 —>D7 1
PH=TV T4 TOT— 71X, FE164E 3 H
WIZE Lo, 26756 F 71—y OKumE NI 4
HIZH TS %,

Library Clones Fingerprints In contigs Singles
CHORI-240 200,064 170,644 159,542 11,102
RPCI-42 94848 83,627 76,633 6,954
TAMBT 44,928 40,380 22,998 17,382
Total 339,840 294,651 259,173 35,478

%4 BAC end sequencies
Library Clones Paired Single Clones Reads Length
CHORI-240 200,064 119,091 26,067 145,164 264,261 605.4
TAMU 94848 9,686 5,299 14,985 24,671 501.5
INRA 44,928 11,174 544 11,718 22,892 722.8%
Total 339,840 139,957 31,910 171,867 311,824 605.8




%5 Contig coverage of human genome

Human Chr * Size (bp) Covered by Bovine Ctgs % Coverage
1 245,203,898 203,209,542 83
2 243,315,028 189,896,964 78
3 199,411,731 146,712,637 74
4 191,610,523 87,438,872 46
5 180,967,295 164,929,686 91
6 170,740,541 157,704,095 92
7 158,431,299 134,446,220 85
8 145,908,738 130,536,790 89
9 134,505,819 122,085,695 91
10 135,480,874 102,980,468 76
11 134,978,784 93,970,761 70
12 133,464,434 129,723,153 97
13 114,151,656 75,906,289 66
14 105,311,216 56,025,377 53
15 100,114,055 49,252,665 49
16 89,995,999 32,748,104 36
17 81,691,216 30,765,924 38
18 77,753,510 54,277,916 70
19 63,790,860 31,378,878 49
20 63,644,868 27,604,294 43
21 46,976,537 12,194,145 26
22 49,476,972 20,136,019 41
X 152,634,166 136,858,566 90
Y 50,961,097 - -
Total 3,070,521,116 2,190,783,060 73

* UCSC hglb masked sequences

(6)

SEDEDT
AHEETTIC

EOTEE

TR L HEHHL O

ERG, BX U, RHMLE E 7 - 7/ 4 i X

DYESUF BB R T & Ly

MXEREITI. Th

50MERIZ. BREFEEOBTEETFZT TR,
fEEEROEREEZTFORY S aF V70—
BT =33 5 EfFc&E 5,

oR
152
7

=7




55 3 5

(1) 5/ LhEsHithE & (3

7 K EOEE DY Cd 5 (locus) DI LAY
AERE CRL 2 5A51IEL 8D S 5 L v\, DN
AR =71 — LTINS o KETFRINF DSBS 2085
SELO B THIF AR OMIR 2 DRI 5 h%, #
DHFEIE~ — 7 — OB IZITIBIT 5, FrHEL
TWaIEE~Y——HOMIBRBEIINS L B b,
T LR DI DIERR Y — VT AT /) Ll
FHHLIX (linkage map) |3, DNA~Y — 7 — & J#EH OFEEE
B CHEM BN DTH L, LEORWESD
ANEEENDL) 77 Ly A7 7 3 — (FEERR)
%f§i5 &, DNA~Y — 71— Dif A 75 E S & 1R T
Do YDF ) MII29AR D et tk & Mg RXY
TR SN TWBH DT, DNAY — 7 — 33008 7
W—TIET B (YROARIIEAHFE R kA 2 T
MZ TR S V), FNENOEE TN — T TS
HMDODNAY— D —%cM (LY FENVHT V) LI jE
HEDHAL TIENDE Z ENTE DL, 1-eME T ZE
HIZ1%DHEE CTHIABLZ 22 L) 5 B0
RYTHEMATHD, 7R FTIEL-eMAH 1 Mb (X
HNR—=A DHGEES) THB L, &7 AN
3,000- cM, 30fEHEFERT 1% 2o HEEHPIE~ — 1 —
B OMIEZFEIKIF L T =D — %R OW
. XA —@EREIGEE v, LALAEDS, #X
FICEBOWS e~ — 5 —H b 51 EIEHE
vy KV IHPMRERIZT TR, v——ME s
— AL E N7-DNAWT /T CllfE T 5 2 L ASIREL %2 %,
Thbb, WHNLFEROSD L FMRHK L %) |
EE OO~ — 7 — AT EL TR D25 % i
RLZEDED Do LIzhoT, ¥— I —HE
DEL BT R 512, @KoY —LvE LTo
HREIRENICEZA2DTH 5,

(2) HRE -RBICH T35 ) LESEHIEOIRIK
LHODNAY —H — & &h 7 7 LRI, £
BE emmERw e SICb o TWAELEFO~

T ) WNEFHEE O BR

YE U TILEARTRTH D, F6I1IKE - RAEIC
BB EBEIHOBIREZRL TWE, 72 TiE, 19
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ABSTRACT

We determined 36 310 bovine expressed sequence
tag (EST) sequences using 10 different cDNA
libraries. For massive EST sequencing, we devised a
new system with two major features. First, we
constructed cDNA libraries in which the poly(A) tails
were removed using nested deletion at the 3’-ends.
This permitted high quality reading of sequences
from the 3’-end of the cDNA, which is otherwise diffi-
cult to do. Second, we increased throughput by
sequencing directly on templates generated by colony
PCR. Using this system, we determined 600 cDNA
sequences per day. The read-out length was >450
bases in >90% of the sequences. Furthermore, we
established a data management system for analyses,
storage and manipulation of the sequence data.
Finally, 16 358 non-redundant ESTs were derived from
~6900 independent genes. These data will facilitate
construction of a precise comparative map across
mammalian species and isolate the functional genes
that govern economic traits. This system is applicable
to other organisms, including livestock, for which
EST data are limited.

INTRODUCTION

Single pass sequencing of cDNAs to generate expressed
sequence tags (ESTs) is an established area of genome studies.
Randomly determined ¢cDNA sequences attract considerable
interest as a catalog of expressed genes from a given organism.
EST sequences are highly conserved between mammals, there-
fore a dense gene map will be a powerful tool to construct
aprecise comparative map (1). In human, 3400 000 EST
sequences have been deposited in a public database and over
30 000 genes have been physically mapped (2). In addition, the
draft sequence of the human genome has recently become
available (3,4). Therefore, the map position of any gene is

DDBJ/EMBL/GenBank accession nos*

available by direct comparison of c¢cDNA and genomic
sequences. In mouse, 1 960 000 EST sequences have been
deposited in a public database. Approximately 3900 orthologous
pairs between human and mouse were recently identified in
which ~3000 genes were mapped in the mouse genome and
~180 conserved segments were defined (3). Thus, extensive
comparison of the mapping data is indispensable to make use
of the wealth of data generated by the Human and Mouse
Genome Projects for the isolation of the genes underlying
important traits in livestock (5-7).

Economic trait loci (ETL) controlling traits such as growth,
fatness and milk yield were recently mapped in livestock (8-10).
In addition, recent work demonstrated that a common region
between cattle and mouse regulates a quantitative trait such as
tolerance to trypanosome infection (11). Therefore, a precise
comparative map enables us to use not only livestock but also
model animals such as mouse to discover ETL genes. In
domestic species, however, the numbers of ESTs deposited in
the public databases are quite limited. This limitation has
impeded the progress of both constructing a precise compara-
tive map and the activity of candidate positional cloning.
Recently, an ordered comparative map between cattle and
human including 638 orthlogs was reported (12), but more data
are required to further refine conserved segments.

To construct a precise comparative map, radiation hybrid
(RH) mapping is a convenient method for gene mapping
because the markers need not be polymorphic, and thus large-
scale mapping is easier. For RH mapping of the genes, it is
desirable to design PCR primers in the non-coding region
(3’-UTR) to prevent amplification of host DNA present in the
hybrid cells (2,13). A large number of bovine ESTs that were
recently deposited in a public database by others (14),
however, lack information regarding the 3’-end of the cDNA.
Furthermore, the 3’-UTR information is useful for clustering a
large number of ESTs, being especially effective for discrimi-
nation of gene families.

We report the determination of 36 310 bovine ESTs that are
mostly composed of a pair of 5~ and 3’-sequences of a cDNA
clone, using newly constructed poly(A) tail-removed ¢cDNA

*To whom correspondence should be addressed. Tel: +81 248 25 5641; Fax: +81 248 25 5725; Email: kazusugi @siag.or.jp

*AV588548-AV618892, AV662325-AV668289
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libraries. These ESTs will be a valuable resource for livestock
ESTs and as markers for RH mapping to construct a precise
comparative map.

MATERIALS AND METHODS

Preparation of cDNA libraries

Total RNA was extracted using Trizol (Gibco BRL, Rockville,
MD) from several fetal tissues of Holstein cattle, including
kidney, liver, rumen, brain, cartilage, lung and ovary, as well
as from an adipocyte cell line established from Japanese Black
cattle (15). Poly(A)* RNA was isolated using oligotex-dT30
(Takara, Japan). cDNA synthesis and library construction were
performed using the SuperScript AZipLox system (Gibco
BRL). In each library, 3 X 10°-10 x 10° independent phage
transfectants were obtained. Each library was amplified and
transfected into Escherichia coli DH10B Zip to convert it to a
plasmid library by Cre/loxP-mediated in vivo excision. cDNA
clones were pooled and plasmid DNA was extracted from each
library. The plasmid was cleaved using the Notl restriction
enzyme, followed by nested deletion to remove the poly(A) tail
using a Nested Deletion Kit (Amersham Pharmacia Biotech, UK).
Deletion conditions were optimized for appropriate deletion
sizes (50-100 bp). Briefly, we maintained strict amounts of the
linear DNA (1 pg) and time for deletion (1 min). After self-
ligation, DNA was transformed into ElectroMax (Gibco BRL)
based on the manufacturer’s recommendations. Colonies were
picked for subsequent PCR amplification and sequencing.

Preparation of sequencing templates

Each colony was subjected to colony PCR and culture. For
colony PCR and DNA sequencing we used the primers CGTC-
CCATTCGCCATTCAG for the 5’-end and GCTCTAATAC-
GACTCACTATAGGG for the 3"-end. The primer for the 3’-end
was located 210 bp downstream of the Nof site in the vector to
ensure reliable PCR amplification after deletion. Briefly, a
small amount of the colony was suspended in 50 pl of the reac-
tion mixture containing 1x regular PCR buffer consisting of
0.2 uM each primer, SO pM dNTP, and 2.5 U Tag DNA
polymerase (Takara, Japan). The PCR consisted of 35 cycles
of 95°C for 30 s for denaturing, 55°C for 30 s for annealing,
72°C for 3 min for extension. After PCR amplification, the
products were analyzed using 1% agarose gel electrophoresis,
and 1 pl of the PCR product that produced the appropriate
length and signal was used directly in a DNA sequencing reaction.

DNA sequencing

For the clones derived from ordinary cDNA libraries [i.e. with
poly(A) tails], plasmid DNA was extracted as usual and the
sequencing reaction was performed using a BigDye primer kit
(P.E. Biosystems, Japan). Otherwise, the sequencing reaction
was performed in 10 pl of a reaction mixture containing 6 pl of

Nucleic Acids Research, 2001, Vol. 29, No. 22 e¢108

water, 4 ul of BigDye terminator (P.E. Biosystems), 0.2 uM
sequence-specific primer and 1 pl of the PCR product. The
proportion of PCR product and conditions for sequencing were
crucial for a robust sequence signal without purifying the PCR
fragments as template DNA. Cycle sequencing was performed
under the conditions of 35 cycles of 95°C for 30 s for denaturing,
55°C for 30 s for annealing, 60°C for 4 min for extension.
Sequencing was performed on an ABI 3700 Capillary
Sequencer. The quality of the sequence was assessed using
Phred software (16,17).

Data management system

A series of sequence data processing procedures were auto-
matically performed using an in-house system, named cDNA
Information Manager. The ¢cDNA Information Manager is
composed of a sequence database and five servers: FTP and
HTTP servers, Sequence Processor, Sequence Analyzer and
Sequence Manager. The sequence database is used to store
sequence data and analysis reports, etc. The FTP server is used
to enter new sequences from a Macintosh computer to this
system. The Sequence Processor performs basic processing of
new sequences, including trimming sequence ends, quality
checking and clustering. The Sequence Analyzer performs
homology searches against the GenBank database and designs
PCR primers targeting the 3’-ESTs from the sequences. The
Sequence Manager provides data from the database at the
user’s request using the HTTP server. The cDNA Information
Manager allows direct access to the Human Gene Map (http://
www.ncbi.nlm.nih.gov/genemap/) and Unigene (http://
www.ncbi.nlm.nih.gov/UniGene/) databases (NCBI).

Sequence data processing and clustering

EST sequences are submitted to the data management system,
c¢DNA Information Manager. The ambiguous regions are
removed from the ends of the sequences to achieve less than
one ambiguity out of 20 bases in the text files. Then, the vector
sequence was searched using BlastN v.2.0.9 (18) and removed.
Sequences that were <100 nt long or had >7% ambiguity were
removed from the data flow. After basic processing, the
sequences were clustered among previously generated ESTs
based on sequence identity using BlastN. The criteria were
more than 300 bits (for conventional cDNA libraries) and 400
bits [for poly(A) tail-removed cDNA libraries] of the Blast
score with 80% nucleotide identity. An ID was allocated to the
sequences that had no similarity to earlier entries in our ESTs,
followed by homology searches against the GenBank database.

Accession numbers

Bovine ESTs described in this paper were deposited in the
DDBIJ database, accession nos AV588548-AV618892 and
AV662325-AV668289.

Figure 1. (Previous page) (A) The flow chart for preparation of a poly(A) tail-removed ¢cDNA library. An oligo(dT)-primed ¢cDNA library was constructed by a
conventional method. Plasmid DNA was extracted from pooled cDNA clones and cleaved at the NofI site located at the cDNA 3’-terminus. The DNA fragments
were digested with exonuclease IIT and mung bean nuclease to remove the poly(A) tail (shown as a red line), followed by self-ligation. Escherichia coli was trans-
formed with the DNA, resulting in a poly(A) tail-removed cDNA library. cDNA inserts were amplified by colony PCR and used as templates for DNA sequencing.
(B) Comparison of the sequences from the 3’-ends of the cDNAs. The sequences were derived from bovine osteonectin cDNA clones with (i) and without (ii) a
poly(A) tail. Removal of the poly(A) tail clearly improved sequence quality. Shadowed bars correspond to the deleted region.
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from the Nof site to the insert—vector junction.

RESULTS AND DISCUSSION

Establishment of a high throughput EST sequencing
system

The basic principle for preparation of a poly(A) tail-removed
cDNA library is schematically presented in Figure 1A. Bacterial
colonies of the cDNA clones were directly subjected to PCR
amplification. The 3" priming site was located 210 bp down-
stream of the Notl site to ensure that it is out of the range of
deletion, because the exonuclease excises nucleotides in both
directions from the Nofl site. We confirmed that >60% of the
c¢DNA clones were successfully amplified. Direct sequencing
of colony PCR products was performed without prior purification.
Removal of the poly(A) tail clearly improved the quality of the
3’-sequences (Fig. 1B). According to the evaluation by Phred
software (16,17), base calling was possible beyond 450 bp in
90% of the cases (data not shown). Thus, we constructed six
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Figure 3. The structure of the data management system, cDNA Information
Manager. Text files of the EST sequences produced from a sequencer are sub-
mitted to cDNA Information Manager. The sequences are processed and clus-
tered among the sequences deposited in our database. Then novel sequences
are subjected to homology searches against each division of the GenBank data-
base, followed by primer design as for the 3"-ESTs. In order to design bovine-
specific primers, the results of the homology searches against human and
mouse BESTs were linked to Primer 3 software (19).

poly(A) tail-removed cDNA libraries from various tissues. The
size of the cDNA inserts in each library ranged from 0.7 to 4 kb,
the average size being 1.5 kb (Fig. 2A).

The size of the deletion as calculated from the distance
between the Not site and the insert—vector junction is shown in
Figure 2B. The size of the deletion was within 60 bp in 80% of
the clones in each library, except for the lung cDNA library,
which was composed of two preparations. In the cDNA
libraries, the average deletion sizes were 41 (adipocyte), 45
(cartilage), 52 (brain), 61 (ovary), 121 (kidney) and 125 bp
(lung). The procedure was thus deemed sufficient to remove
the poly(A) tail while leaving much of the 3’-UTR.

Construction of a data management system

To deal with a large amount of sequence information, we
established a data management system, called the cDNA Infor-
mation Manager. The flow chart of the data analysis is shown
in Figure 3. The sequences were subjected to basic processing,
including trimming of ambiguous ends and vector sequence,
checking sequence quality and clustering based on identity.
Although dispersed repeats in ESTs were not masked out,
errors in clustering due to dispersed repeats occurred in <1% of
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Table 1. Number of ESTs in each library
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Table 2. Redundancy of 3’-ESTs

cDNA library No. of determined No. of unique ESTs
sequences
5 3 5 3
Adipocyte 496 251 380 214
Kidney 313 295 272 262
Liver 232 91 125 62
Rumen 380 168 283 140
Adipocyte [poly(A)- 2016 1632 765 759
removed]
Brain [poly(A)-removed] 3841 3471 1396 1525
Cartilage [poly(A)- 4147 3764 1684 1609
removed]
Kidney [poly(A)-removed] 4167 3772 1962 1730
Lung [poly(A)-removed] 2175 1866 1016 874
Ovary [poly(A)-removed] 1730 1503 673 627
Total 19497 16813 8556 7802
36310 16358

sequences (data not shown). A new ID number was allocated
to novel sequences, followed by homology searches against the
GenBank database. PCR primers were automatically designed
for the 3’-sequences for mapping.

The results of the analyses, such as homology searches and
primer design, can be browsed and the data can be manipulated
as necessary. Our data management system is linked to the
Human Gene Map (http://www.ncbi.nlm.nth.gov/genemap/)
and Unigene (http://www.ncbi.nlm.nih.gov/UniGene/) data-
bases (NCBI) based on homology to human ESTs. In addition,
we can obtain various statistics, for example redundancy and
the results of homology searches, using custom made
programs.

Characterization of ESTs

We generated 19 500 sequences from the 5’-end and 16 800
sequences from the 3’-end of ¢cDNAs. These were clustered
into 16 400 groups, in which 8600 and 7800 IDs were allocated
to 5’ - and 3’-ESTs, respectively (Table 1). Approximately
12% of the IDs included both 5'- and 3’-ESTs in a group due to
short cDNA inserts.

To confirm that the deletion from the 3’-end did not affect
EST clustering, we estimated the overlap of the 3"-ESTs to
which IDs were allocated, by examining the number of IDs
with high homology (score > 400 bits, E < ¢ — 109) to the same
gene. Thus, ~90% of 1500 3’-ESTs matched unique genes in
the GenBank database. This suggests that interference with
EST clustering due to deletion was negligible and the criteria
for clustering were appropriate. Thus, we estimate that the
ESTs represent ~6900 genes.

Next, clone redundancy was analyzed as the number of
3’-ESTs included in a cluster (Table 2). All 3-ESTs (16 813)
were clustered into 8331 groups, 529 of which had IDs
allocated to 5-ESTs. Seventy-five percent of the groups

Redundancy? No. of groups® Ratio to total Ratio to overall 3~
groups (%) sequences (%)
1 6269 752 37.3
2 1016 12.2 12.1
3 380 4.6 6.8
4 202 24 4.8
5 97 12 29
6-10 208 2.5 9.2
11-50 143 1.7 17.0
50-100 10 0.1 38
>100 6 0.1 6.3
Total 8331 100.0 100.0

aThe number of 3"-ESTs included in a group to which an ID was allocated.
®The number of groups that include a given number of 3"-ESTs.

Table 3. List of highly redundant cDNA clones

Redundancy* No.of  Gene product or gene name

groups?

51 1 Ribosomal protein L23

54 2 Ribosomal protein L.7a; acidic ribosomal
phosphoprotein P1

57 3 Bone proteoglycan II; ribosomal protein L3;
ribosomal protein 1.4

70 2 Gp-like protein; acidic ribosomal phosphoprotein PO

72 1 Glyceraldehyde 3-phosphate dehydrogenase

94 1 Pro-ai1 (I) chain of type I procollagen

105 1 Mitochondrial genome

118 1 Weak homology to human mRNA for insulin-like
growth factor II

119 1 608 ribosomal protein L4

175 1 Elongation factor 1y

176 1 C10 protein (laminin receptor)

362 1 Elongation factor 1o

2bThe numbers are as in Table 2.

included a single 3’-EST, and those unique sequences repre-
sented 37% of the overall 3'-sequences. The groups with
redundancy of less than five times accounted for >95% of the
total groups and corresponded to 64% of the overall
3’-sequences. Therefore, our massive sequencing was effective
for isolation of new genes. Some highly redundant sequences
were observed (Table 3); most of them were housekeeping
genes such as elongation factors, extracellular matrix proteins
and ribosomal proteins. A sequence showing a redundancy of
118 times could not be identified from the homology search,
but had very weak similarity to human mRNA for insulin-like
growth factor II (score = 52 bits, E = le — 05), as well as its
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Table 4. Results of the homology searches against a public EST database

5-EST, 8556 clones 3’-EST, 7802 clones

>200 bits >400 bits >600 bits >200 bits >400 bits >600 bits

() (%) (n) (%) () (%) () (%) () (%) (n) (%)
Versus bovine ESTs¢  ND ND 4137 48.4 2941 344 ND ND 3507 45.0 2224 28.5
Versus human ESTs® 4391 513 2554 29.9 ND ND 2937 37.6 1212 155 ND ND
Versus mouse ESTs¢ 3244 379 1365 16.0 ND ND 1787 22.9 509 6.5 ND ND

ND, not determined.

2The numbers were obtained from the results of a homology search against ESTs in the January 13, 2001 release of the GenBank database in which B(b)ovine,

Bos taurus, B.taurus or cattle are contained in the entry name.

"The homology search was performed against human ESTs in the January 13, 2001 release of the GenBank database.
°The homology search was performed against mouse ESTs in the January 13, 2001 release of the GenBank database.

5’-sequence. There was also a high frequency of the mito-
chondrial genome, constituting 0.6% of the 3’-sequences.

The results of the homology searches against each division
of the GenBank database are shown in Table 4. Scores of 400
and 600 bits were used as a threshold against bovine ESTs,
while 200 and 400 bits were used against human and mouse
ESTs in order to eliminate possible effects of dispersed
repeats, because dispersed repeats usually show less than 400
and 150 bits of the scores against bovine and other ESTs,
respectively. More than 50% of the ESTs were novel bovine
sequences, providing valuable data. Forty-five percent of the
3’-ESTs were thought to be identical to the 5-sequences of
bovine ESTs deposited in a public database, suggesting that
they had been derived from short cDNAs. Homology to human
ESTs had a higher score than to mouse ESTs, which is
consistent with a previous report that rodents have undergone
more sequence changes than other mammals (20). In general,
the translated region of cDNA is more conserved than the non-
coding region among species. As expected, the homology of
the 5’-BSTs to mouse or human ESTs was significantly higher
than that of the 3"-ESTs (Table 4), which was thought to reflect
the fact that the 5’-sequences contained coding regions. Thus
the 5’-ESTs were useful for identifying gene functions, while
the 3’-ESTs, which were less conserved among species, were
useful for designing bovine-specific primers for RH mapping.

We described a new system to produce large numbers of
high quality ESTs, with which we determined 600 ESTs per
day. We obtained both 5" and 3’ cDNA sequences derived from
~6900 genes that will be used for RH mapping. The draft
sequences of the human genome will facilitate finding human
orthologs and determining their chromosomal positions (3,4),
which will promote construction of a precise comparative map.
This approach is applicable to other organisms whose ESTs
need to be developed.
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The SKI oncoprotein appears to be involved in induction of
myogenesis probably through activation of myogenic regula-
tors and plays an important role in the development of skeletal
muscle’*?. It was shown that the amino acid sequence of the
core functional domain of the oncoprotein responsible for
transformation and muscle differentiation activities is encoded
by exon 1'3. The assignment of the SKI gene to the porcine
RYR1 linkage group makes SKI an attractive candidate for lean
meat production, a trait that has been considered to be asso-
ciated with the RYRI (CRC) gene'*.
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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. [nsert 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 mm 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 kb3, These fragments
were ligated into the pBAC-Lac vector, and transformed into
DHI10B 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 NotI 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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Source and description: To determine exon—intron boundaries of
the human RSTN (resistin, resistin to insulin or found in
inflammatory zone 3 - FIZZ3) gene, the cDNA sequence
(NM_020415)*% was aligned with human chromosome 19
working draft DNA sequence (NT_011145) as it has been
cytogenetically mapped to 19p13.3-19p13.2°%. Primer pair A
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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),5s 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 BTA L. 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
BTAZ29, 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-

Supported by a grant from the USDA-NRICGP, the Japan Livestock Technology
Association and the Japan Racing and Livestock Promotion Foundation.

Received 5 November 2001; revision accepted 19 February 2002.

Request reprints from Dr. Kent M. Reed
Department of Veterinary PathoBiology, 295 ASVM, 1988 Fitch Ave
University of Minnesota, St Paul, MN 55108 (USA)
telephone: (612) 624-1287; fax: (612) 625-0204; e-mail: reedx054@tc.umn.edu

Request reprints from Dr. C.W. Beattie Department of Animal Biotechnology
University of Nevada, Reno NV 89557 (USA); telephone: (1+) 775-784-6135
e-mail: cbeattie@cabnr.unr.edu

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 h in 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 106 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 plagues per plate. The resulting plaques were
transferred to nylon membranes as described above and rescreened with the
(GA),s and (TG)s probes. After hybridization, individual positive clones (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 5 ul of eluted phage,
1.5 mM MgCly, 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: 135 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 (BM(C2228 and BMC3224,
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.

Resuits

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- P Pr22a Inform. Phase Position 2pt 2pt 2pt assignment

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

with BTA29 markers BMC2228 and BMC3224)

and linkage statistics are included. NS indicates MNB-93 0.8581 0.8673 256 125 24.1 52.05 RM179 0.02 29

loci that could not be scored (positive results for MNB-94 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-%6 0.7984 0.8578 208 135 275 42.83 BMSI1600 0.01 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 3397 BMS1600 0.02 29
MNB-100 0.7895 09304 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 285 208 292 59.58 BMSI1600 0.01 29
MNB-104 0.7048 1 301 237 18.6 7331 BMS1787 0.00 29
MNB-105 0.6589 0.8757 259 209 389 7496 DIK0%4 0.00 29
MNB-106 0.8581 0.9304 260 178 3.8 59.61 BMSI1244 0.02 29




Table 1 (continued)

Locus SCP Analysis Linkage Analysis BTA
@28 @i Inform.  Phase  Position 2pt 2pt 2pt assignment
meioses  known ¢M LODs marker recomb
MNB-107  0.8018 0.9337 227 106 20.3 50.63 BMS1787 0.03 29
MNB-108  0.7094 0.8701 173 119 27.5 2819  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 42.3 4994  BLI1100 0.03 29
MNB-111 0.6085 09365 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 32.9 11.35  RMO044 0.07 29
MNB-116  0.8604 08701 192 26 283 3488  BMSI1600 0.03 29
MNB-117  0.8048 0.8757  nodata 29°
MNB-121 0.6086 0.9365 302 241 20.3 62.12  RMI79 0.02 29
MNB-122  0.7526 0.9365 239 128 46.2 55.40  BL1100 0.01 29
MNB-123 0.7048 1 228 176 385 39.02 RMO040 0.07 29
MNB-124  0.7048 1 166 44 30.3 2406  BMSI1600 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 31.5 60.77  BMS1600 0.04 29
MNB-128 0.3671 0.7427 195 144 333 2391 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 7048  BMS764  0.01 29
MNB-132  0.7048 1 no data 29°
MNB-133 0.1548 0.1158 142 131 770 XBM84 0.17 X®
MNB-134  0.1712 0.0262 300 217 48.7 61.43 BL1100 0.03 20°
MNB-135  0.8604 0.8134 285 151 48.7 5336  BL1100 0.04 29
MNB-136  0.7048 1 256 192 35.8 47.56  BMS2149 0.00 29
MNB-137 NS NS 0 1] unknown
MNB-138  0.7048 1 306 130 50.5 5769  URBO1! 0.04 29
MNB-139  0.7048 1 310 210 38.5 69.41 RMO040 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  BMS1948 0.00 29
MNB-142  0.7048 1 282 205 6.7 5838 BMSI1244 0.04 29
MNB-143 0.7048 1 300 175 423 66.60  HH22 0.01 29
MNB-144  0.7048 1 332 268 139 66.41 MB107 0.03 29
MNB-145 0.7048 1 205 94 329 31.18  BMSI1600 0.05 29
MNB-146 0.3258 0.5375 nodata unknown
MNB-147  0.7048 1 191 65 19.7 4038  RMO044 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 27.2 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 52 8.29  ILSTS057 0.05 29
MNB-154  0.7048 1 211 30 273 50.57  BMS1600 0.00 29
MNB-155  0.7048 1 288 148 47.5 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 69.80  BMS764  0.01 29
MNB-159  0.7048 1 232 122 26.5 4627  BMSI1600 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 55.91 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 88 272 64.51 BMS1600 0.01 29
MNB-165 0.3671 04765 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  URBO011 0.00 29
MNB-168  0.5130 0.8757 327 204 315 62.18  BMSI1600 0.04 29
MNB-169  0.6086 0.9365 262 92 24.1 50.65 RMI179 0.02 29
MNB-170  0.7526 0.9365 69 45 42.3 11.74  DIK0%4 0.00 29
MNB-171 0.6086 0.9365 304 213 234 7237  RM179 0.00 29
MNB-172  0.7526 0.9365 325 247 493 53.28  URBO1! 0.07 29
MNB-173 0.3311 0.4330 299 237 59.50 XBMI6 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 39.40 BMS1787 0.02 29
MNB-205 0.7048 1 109 55 329 1792 RMO044 0.07 29
MNB-206  0.7048 1 317 194 39.5 69.72  DIK09%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),; imperfect 55 149-177
MNB-%4 AF271899 ACTTTCCAGGCAAGAGTACTGG CCCATTATGTTAGCCCTTGTTG (CA);5 55 154-156
MNB-95 AF271900 CTCTGAGTCAGGGCTAAGGATG AAGTGGAAATTGGGTAGGTTTG (CA)s 55 141-161
MNB-96 AF271901 CCCCTTCTGGAGGAAATGC GCAGGGTTTTCAGCAGGTAG (CA) 13+ (CA)3 55 148-182
MNB-97 AF271902 GGAGGTAAAGAAGAGCCTGGAG CAAGCAGGACTGACAAGTATGC (TG« 35 144-162
MNB-98 AF271903 AGACCAAGCAGAAGACCATACC ATATACGCCCATTGCCTGCTAC (CA)s 55 133-137
MNB-99 AF271904 TGACTCCTCTTTCTTCCTGATTC TGTTGTTAACTGCTAACCTCTACCC (CA)ys 52 186-190
MNB-100  AF271905 ATGGGGTCGCAAAGAGTCAG ACACAAGGGTGGCATTCTAATC (CA))5 55 97-119
MNB-101  AF271906 TTTAAGAAGTATCCTGCGTTTGG AAGAATGAATGGTGCCAGAAAG (CA) 4 55 148-164
MNB-102  AF271907 ACAGGACCGAGCAACTGAGTC ACATGCCAGACATGGGTCTAAG (CA)14 55 130-140
MNB-103  AF271908 GTTACCTTTGGACCTTCATGC GAGGTCATTTACCTATGGATGC (CA)y5 55 140-155
MNB-104  AF271909 GAGAACACAGTGGGTTAGAAGC CAAGGTGTGGGGGATTTG (CA)3 55 166-179
MNB-105  AF271910 AGGCTTCCAGAACTGAAGAGG CTGTGTGCTCCATGTACGAG (TG)ao 55 135-147
MNB-106  AF271911 GGAACAGTTAGAACCAGACAGG CAGACACAACTGTAGTAACTGAGTG (TG)ye 55 162-180
MNB-107  AF271912 TAAGGAGTCGGACAGGACTCAG GGAACTTCCTTAGCAAATCAAC (CA))4 55 149-159
MNB-108  AF271913 CGAGCTTCGGTAGGTATATGTG TGGTCAGACACAGAAAAGAGAC (TG 55 131-141
MNB-109  AF271914 GTAACGTGATTTAGGGAACTGG TGGAATTTAAGCTCTGACAGTTG (TG 55 180-206
MNB-110  AF271915 ACCTCGGTGTGAATATCTTCTG GAGCAACAATGAAGAACAATCA (TG)12 55 142-154
MNB-111  AF271916 ATGGAAATCTCAGAAAACTTGC AAGTGTAAGCAAAGTGATTCAGC (TA)s +(GT)pp 55 123-135
MNB-112  AF271917 ACACCTAACTCATATGTGTATTGTGAAG CCACCAAGAAGGTAGATGAAAC (GT)zo 55 158-178
MNB-113 AF271918 GGACATGATTGAAGTAACTGAGC GGATGTCTTTGTGTGCATGTAG (CA)12 55 164-168
MNB-114  AF271919 GTCTCGGCATTCTCTAAACTTG AGCAACTGAGCAAATAAAACAC (TG)n 55 138-180
MNB-115  AF271920 ACTCCAGGTGGTTGCAAGG AAGCATTAAAATAATTTAGCTACTATC (CA)p, 55 100-106
MNB-116  AF271921 TGCTTGAGTAGGCTAGAGTTCAC CGTCTCATTTAGTCCTCTTAACC (CA)5 60 168-190
MNB-117  AF271922 AATTGAGCATAGTTCCTTGTGC CTGAGAGGAACCTGACAGTCC (TG)ys 57 134-158
MNB-121  AF271923 GGAAACATCTTCAAAATAAGTATGTAAA AGTCGGACACAACTAAGCAACT (TG),s 55 85-113
MNB-122  AF271924 GGATTCATGCTGCTGAGAAAC CAGACCAGAATTCACCAGTAACC (CA)s 55 164-190
MNB-123  AF271925 AACTATAACCCGTTCCTGCATC AAAATGTTTCATACACATGAATAAGG  (TG)yy 52 168-180
MNB-124  AF271926 TTGACATGACTCCTCCTTTATTC TGAAGAGTGGTTGGTTATAGTGG (CA),4 imperfect 55 195-199
MNB-125  AF271927 AACTGAAGCAACTGGTATGCAC TAAAGGCTGTGAAACAGAGAAG (CA)7 + (TA)s 55 92-120
MNB-126  AF271928 ACTAAGGGATTGAGCCCTGGTC CATAGCAATTTCTGTGTTTGTGAAC (TG + (TA), +(CA) 55 149-175
MNB-127  AF271929 GAGAATGTGGCTGGAGGTTTAC GGGGATGTAAATGGACTGG (CA)6 55 219-238
MNB-128  AF271930 AGTCCACGGAGTCACAAGAGTC ATTTCAATTGGAGGACATTCTG (CA)15 58 104-128
MNB-129  AF271931 GGCATCTCAGGGATTTCTTATG TAGCAATATTTCCAAATTGGTG (TG/TA)y9 55 189
MNB-130  AF271932 ATGGCCAACCTCCACAATC TTGTTGGAGATAGGTCTTGGTAAAG (TG, 55 141-151
MNB-131  AF271933 CATCAACAAGGGATGATACTTGG TGTCCTTACACATAGCCTGTGC (CA)4 60 168178
MNB-132  AF271934 CTGGTGATTGCCATGAACCTC AGATGGCACATGGGTTGG (CA)e 58 125-131
MNB-133  AF271935 GGCTCCTGGACTTCAAGACTTC AACCTACCTTTITGCCCATCTG (TG)16+ (TG 55 157-165
MNB-134  AF271936 GGATTAGCTTGCAGCCTTTG AAGAGTATTGGAGGCTGACCTG (TGhia 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)i3 58 145-165
MNB-138  AF271940 AGAAGGGGACCGAGACAATAC GCTATTTCTGGGCCTGTATTCC (CT)1 + (CA)s 55 125-139
MNB-139  AF271941 CACCCAAACTGGAAAGTGATTG TGCCTCCTTTGTTAAGTAAATTCC (CA)s 55 277-295
MNB-140  AF271942 CTGAAACTAACACAACACTGTTCA GTTGCAAAGAGTTGGAGAAGAC (TG 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)1s 55 93-125
MNB-144  AF271946 CCTCTACCACCCTAGTCAAAGC AAGAGTTGGAAACGACTGAGTG (TG)xn 60 148178
MNB-145  AF271947 CTAGCTGACGTGCAGAATCAC GAAGTCCTCCTCAGAGTCCAG (TG)i3 55 164-178
MNB-146  AF271948 GCACTGTTTACAGTAGCCAAGAC TGCAGCTGACATTATTTCATTC (CA)3 58 136-154
MNB-147  AF271949 TGCAGTGCTGTATCTATTTTGC CCTCACTAAAAGAGTTCCCTCTC (CA 55 135-165
MNB-148  AF271950 CTTGAATTCAGCCTTGTCTTTC ATTGTAAAACGTCACCCTTTTG (CA), 60 148-160
MNB-149  AF271951 GGCTCTGCCTCCCCTCTC CCTGACGCTTTATTTGTATGTG (CA) o+ (CA)yp 55 148-160
MNB-150  AF271952 TTACAAAGAGCTGGACATGACA TCTCATTGGGAAAACATCACTC (CA);; 55 152-158
MNB-151  AF271953 CTGCATGCTTTTGGATTATITG CACTGCAATTCCAGAAGTAACC (TG)s, 55 133-168
MNB-152  AF271954 CATGAATGTCACAAATGGCAAG CCTAAATGCCCATCAAGAGAAG (TG 55 126-150
MNB-153  AF271955 CCTGGACACAACTTAGCAACTAAAC AGCCTAAGCTGAAGTTTITCTG (CA), 55 106-112
MNB-154  AF271956 ATGGCTACCCACTCCAGTATTC TACCCTTGAACCTTTGGAGATG (€A, 60 180-213
MNB-155  AF271957 CAGCGTTTTAATGAGTTAGAAAATG GTCTCCTGACAGTTTCAGATGC (CA)s 55 126-146
MNB-156  AF271958 GGGCTTTAAACCTCTTICTTTTG TGACAGTATTTACAGCCTTGAGAC (TC)yy imperfect 55 79-79
MNB-157  AF271959 AACAGATGTGGGGAATTTGATG TGGACATGACATAGTGGCTAAAC (CA)y; 55 181-222
MNB-158  AF271960 TGGACATGACATAGTGGCTAAAC AACAGATGTGGGGAATTTGATG (TG)y7 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)y4 55 144-150
MNB-162  AF271964 ATCACCCTAAGTGCCCATAAAC CTCCATGGTGTGGCAAATG (CA) s imperfect 60 132-178
MNB-163  AF271965 ACTACATGGAGAGGGCAAAGG CATAAGCCTGGAGCACTTCTTG (CA)s4 imperfect 55 219-225
MNB-164  AF271966 GTTTCTGCCATGAAGCAACTC AGCTAGCCTGGTGTTCTGTGAC (TG)7 58 131-147
MNB-165  AF271967 CACGATTGAGAGACTAAGCACAG ACTGCTTCAGGACATGCTGTTA (CA)s, imperfect 58 146-178




Table 2 (continued)

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

MNB-166  AF271968 CTGTGTGTCTATCACTTCCATGC TAAAGCTGGTGACTCTGTCTGG (CA)ys 55 143-163
MNB-167  AF271969 TAGAGCAGGAAGGGACTTTCAG AGCCTTGACTGCATTTGTCTG (CA)y 55 140-152
MNB-168  AF271970 TGAGGTTCAAAGCCTGTATGC GGGGATGTAAATGGACTGG (CA)6 55 161-179
MNB-169  AF271971 GCAAGTCAAGCTCTGCAGTTAG TCCAGACTGTTTTTGAAAAGTCAC (CA),, imperfect 55 206-220
MNB-170  AF271972 ATTCTTTGTTITCCTGTTGGATG CCAGACTCAGCCTTGTGAACTC (TG)17 55 186-190
MNB-171  AF271973 TCCCAGCAAGTCTGTATTTACC AACATGAATAAATGGGAGAGACC (TG)1y 55 211-235
MNB-172  AF271974 ATAAAAGGGGAATCTTGTGCTG TCGGAACACTCTAGAAGCTTGG (TG)s + (TG 58 157-258
MNB-173  AF271975 GAATGGCAATATGAGGAGTTGC GATAATTTGCTCTGTGCCCTTAG (CA)4 55 140-162
MNB-174  AF271976 TGTCAAGGCATATTGTCAAAAG GCCTATGAATACTTGCATGCTC (CA)5 55 134-152
MNB-204  AF271977 ATGTTTTGGGATGGTTATCTGG TCTCCATTGTTCTGTTTCTGACTC (TG 55 156-169
MNB-205  AF271978 ACTTGTGCACGCTTGTTCTG TCCTCCGTCTGTAGAATAAAGGAC (TG)1s 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), 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 BM(C3224 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 BTAI 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 Pa228 ©3224 BTA HSA Locus ©a008 Dao17 D030
MNB-211 PGA exon 8 52 07048 1 29 11 MNB-102 E E E
MNB-212 ZFP36L1 5¢% 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 3e¢* 03206 05424 X° X MNB-134 E E E
MNB-216 HNT le® 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% B E 1* 3 MNB-156 E E E
MNB-219 Canine SRPR e 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 BTA1 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 BM(C3224) 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 (o
>0.74; Table 4) and was confirmed by linkage analysis (Ta-
ble 1). Of the remaining eight ms, five are part of a separate

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 m's
(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 BTAL. The new loci were distributed along the full length of
BTA29 (Fig. 1). MNB-94 was the most proximal marker at

3.7 cM 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 (3g21 —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 BTAXq. 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 —qg24
(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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Fig. 1. Linkage map of BTA29. New markers developed as part of this
study are indicated in RED, recently published markers developed as part of
a separate study (Reed et al., 2001) are indicated in GREEN, and additional
new markers developed at the Shirakawa Institute (Hirano et al., 1996; Ihara
et al., in preparation) are indicated in ORANGE. Position of the micromolar
calcium activated neural protease gene (CAPN1) at 53.9 ¢M is indicated in
YELLOW.



on this chromosome and two candidates for this QTL, micro-
molar calcium activated neural protease (CAPNI 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 CAPNI1, several
genes (TYR, CCND1, LDHA IGF2) have been physically map-
ped to 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 (PAGL, bovine placental-associated glycoprotein 1).
PAG1B 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 HSA11q25 and

may function as a GPI-anchored neural cell adhesion molecule
(Struyk et al., 1995). SRPR, located in the human genome at
11g23—-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 BTAlL and a
sequence with similarity to UREB1 (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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SHORT COMMUNICATION

Mapping of 1400 expressed sequence tags in the bovine genome

using a somatic cell hybrid panel

T. Itoh, A.Takasuga, T. Watanabe and Y. Sugimoto

Shirakawa Institute of Animal Genetics, Japan Livestock Technology Association, Odakura, Nishigo, Japan

Summary

A bovine/hamster hybrid cell panel consisting of 30 independent hybrids was developed to

locate genes. Polymerase chain reaction analysis of 279 microsatellites on the cattle linkage
map in this panel revealed the presence of all chromosomes in either entire or fragmented
form. Among primer pairs prepared from bovine 3’-expressed sequence tags (ESTs), 1400
ESTs were assigned to specific chromosomes, of which 1303 were newly assigned in this
study, and mapped 854 (61%) to 1 of 192 chromosomal segments using this panel. The
regional mapping of new genes to cattle chromosomes can be rapidly achieved using this

panel.

Keywords cattle, expressed sequence tags, microsatellite, regional localization, somatic

cell hybrid panel.

The construction of mapping tools such as a somatic cell
hybrid (SCH) panel is important for gene mapping in cattle
(Heuertz & Hors-Cayla 1981; Womack & Moll 1986;
Konfortov et al. 1998). The current cattle genetic linkage
maps contain more than 1000 markers, most of which are
microsatellites (Barendse et al. 1997; Kappes et al. 1997).
These microsatellite markers have also been used to develop
framework radiation hybrid maps (Williams et al. 2002). By
using microsatellites selected from the linkage map to
characterize the SCH panel, the utility of the SCH panel for
locating genes to the sub-chromosomal level and for com-
parative mapping is increased.

The hamster BHK-21-derived tk 13 cell line (2n = 50—
151; RIKEN Gene Bank, Tsukuba, Japan) was transfected
with pL2neo using Lipofectamine (Gibco-BRL, Rackville,
MD, USA), and a subclone named BHK-21-tk ®13neo was
fused with bovine fetal fibroblasts derived from a Japanese
black bull. Thirty independent hybrid cell lines were isolated
and the presence of cattle chromosomes in each cell line was
confirmed by fluorescence in situ hybridization, using cattle
genomic DNA as a probe according to the standard proto-
cols. An average of 70 mg DNA (18.6-137.2 mg) was
isolated from each hybrid. Microsatellites were selected at
intervals of approximately 10 cM from the bovine genetic
map (Kappes et al. 1997). The primers were synthesized
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using sequence information from the following web site
(http://www.marc.usda.gov/genome/). Polymerase chain
reaction (PCR) products were purified using MultiScreen-
PCR (Millipore, Cambridge, MA, USA), followed by
electrophoresis using an ABI3700 DNA Analyzer (Applied
Biosystems, Foster City, CA, USA). Markers were scored
using Genotyper (Applied Biosystems).

Marker retention by cell line can be viewed at the fol-
site:  http://www.siag.or.jp/paper/SCH/in-
dex.html. The overall average marker retention of the
hybrid panel was 37.2%, ranging from 9.5% for BTAS to
97% for BTA19, where the TK gene which was used as the
selectable marker during the creation of the hybrids is
located. All except two markers (BMS1248 and ETH2)
located in the telomeric region of BTAS5 were amplified in at
least two hybrids, indicating that our SCH panel provides
coverage of the complete cattle genome. The marker

lowing web

retention patterns in the panel revealed that 29 autosomes
and the X-chromosome could be divided into 215 regions:
192 unique regions (or bins) and 23 regions each of which
could be described by a unique PCR profile, but included
several microsatellites that are not contiguous on the same
chromosome (Table 1). Any PCR profile was chromosome-
specifically observed and did not exist in other chromo-
somes. Thirteen chromosomes (BTA3, 6, 13, 15-17, 19,
23, 25, 26, 28, 29, X) were composed of unique regions,
whereas 12 chromosomes (BTA4, 5, 7-10, 12, 14, 18§,
20-22) contained one region including several microsatel-
lites that do not map to contiguous locations on the USDA-
MARC linkage map of the chromosome (Kappes et al
1997). Approximately 80.9% (2350 cm) of the cattle gen-
ome belonged to unique regions and could be regionally



Table 1 Characterization of the somatic cell hybrid panel.
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Table 1 (Continued.)

Characterization of sub-chromosomal regions

Chr. Region Segment 1 Segment 2 Segment 3 Segment 4 EST'

2 MS2 (INRA133) 2

3 MS3 (BM1329) 6

4 MS4 (BM1743) 0

5 MS5 (BM4322) 0

6 MS6 (ILSTS097) 3

7 MS7 (CA028) 4

8 MS8 (BM1236) 0

9 MS9 (AFR227) 3
10 MS10 (BM2320) 17
11 MS11 UMP12) 0
19 1
2,6 4
2,7 1

3,10 1

34 1

6,7 2

7 1 MS1 (BM7160) 0

2 MS2 (RM012) 12

3 MS3 (DIK079) 5

4 MS4 (IL4) 6

5 MS5 (TGLA303) MS9 (BMS2258) 1"

6 MS6 (BM741) 0

7 MS7 (UWCA20) 6

8 MS8 (BMS904) 7

9 M510 (BM1853) 3

10 MS11 (AET129) 0
" MS12 (MBO217) 0
12 MS13 (MB057) 1
MS14 (DIK119)
MS15 (BL7043)
2,4 1
2,7 2
3,12 4
35 2
359,12 4
47,8 2
7.8 6
912 4
8 1 MS1 (BMS1864) 1
2 MS2 (227077) 0
3 MS3 (BMS1591) MS9 (BM711) 15
MS10 (DIKO74)
MS511 (CS5M47)

4 MS4 (BMS678) 13

5 MS5 (CSSM37) 0

6 MS6 (TGLAT3) 0

7 MS7 (BMS2072) 8

8 MS8 (MB065)

9 MS12 (BMS2629) 10
4,6 1
8,9 1

9 1 MS1 (BM1227) 4

2 MS2 (BM2504) 1

3 MS3 (BMS1267) MS8 (INRAD84) 4




Table 1 (Continued.)

Characterization of sub-chromosomal regions

Chr. Region Segment 1 Segment 2 Segment 3 Segment 4 EST’

4 MS4 (CSSMO025) 0

5 MS5 (BMC701) 0

6 MS6(BMS2753) 0

7 MS7 (BM7209) ¢]

8 MS9 (BMS71943) 1

9 MS10 (BMS2094) 4
2,3 3
3.6 3
45 1
57 1

579 3

59 2

7.9 6

10 1 MS1 (BM3033) 4

2 MS2 (CSSMO038) 0

3 MS3 (BM1237) 21

4 MS4 (MBO77) 5

5 MS5 (ILSTS053) 4

6 MS6 (BMS2742) MS8 (BR1603) 24

7 MS7 (BMS419) 4

8 MSS (INRAD37) 4

MS10 (DIK020)
MS11 (BL1134)

9 MS12 (DIK101) 1
35 1
35,8 1
4,7 1
5,6 4
58 1
6,8 2
11 1 MS1 (BM827) 1
2 MS2 (BM716) MS8 (BMS607) 36

3 MS3 (BM304) 17

MS4 (TGLA327)
4 MS5 (BMS1716) 8
MS6 (ILSTS700)

5 MS7 (IDVGA-3) MS9 (BMS2208) 11
3.4 1
45 4

12 1 MS1 (BMS410) 0

2 MS2 (TGLA36) 6

MS3 (IDVGA-57)

3 MS4 (BMS712) 0

4 MS5 (BM1827) 1

5 MS6 (DIKO16) MS9 (BMS1316) 17

MS7 (BM4028)
6 MS8 (ILSTS033) 6
13 1 MS1 (DIK083) 0

2 MS2 (BMS1742) 0

3 MS3 (ILSTS077) 0

4 MS4 (BMS1580) 15

MS5 (BM4509)
5 MS6 (AGLA232) 3
6 MS7 (DIK093) 16




Table 1 (Continued.)
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Characterization of sub-chromosomal regions
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Table 1 (Continued.)
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Table 1 (Continued.)

Characterization of sub-chromosomal regions

Chr. Region Segment 1

Segment 2

Segment 3 Segment 4 EST'
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"Number of expressed sequence tags (ESTs) assigned to each chromosomal region (or regions). Most likely location is shown. ETSs that were linked to
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dissected as shown in Fig. 1 and http://www.siag.or.jp/
paper/SCH/bin.html.

Next, expressed sequence tags (ESTs) were mapped using
the marker-characterized SCH panel. PCR primers for EST
were designed to target previously produced 3’-ESTs
(Takasuga et al. 2001) using Primer 3, version 0.9 http://
www-genome.wi.mit.edu/genome_software/other/primer3.
html. To prevent amplification of host DNA present in the
hybrid cells, the human and mouse EST sequences that had
the highest sequence identity to the query sequence were
put into a mispriming library of Primer 3. The list of primer

sequences and annealing temperatures is available from
http://www.siag.or.jp/paper/SCH/primer.html. Among 3826
primer pairs from bovine 3'-ESTs, 2851 (74.5%) gave a
specific PCR product on bovine genomic DNA and were
submitted to SCH mapping. A correlation value of 0.71 was
used as the threshold for the assignment of a marker to a
chromosome (Chevalet & Corpet 1986). A total of 1434
ESTs (50.3% of those typed across the SCH panel) were
assigned to a specific chromosome. There was some
redundancy with more than one EST, derived from some
genes (n = 34) mapped. The reliability of our mapping
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Figure 1 Mapping of bovine expressed
sequence tag (EST) with a marker-characterized

=)
S

252 (cM)

15
|:|55
[ I |
rLoT

regions. The x-axis indicates dissected and

somatic cell hybrid (SCH) panel to chromosomal 9
numbered chromosomal regions. Each region |

+
[ [ o [10] 9]

[ & |7

represents the defined PCR profiles of 279 0
microsatellite markers in 30 hybrids. The upper
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When two consecutive markers define the same
region, the box is located between the markers,
Grey boxes indicate how many ESTs are linked
to the regions defined by the same PCR profiles
of inconsecutive markers. Such a region is
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composed of more than two segments. Hat-
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are similarly linked to two consecutive regions.
(a) BTA3, (b) BTA5 and (c) BTA11.

protocols was confirmed by the mapping of such redundant
groups of ESTs to single locations. On the contrary, there
were 1417 ESTs that could not be assigned to a specific
chromosome. This indicates that our EST mapping method
with the SCH panel should be improved by the addition of
more microsatellites in the framework as well as more
information on human and mouse orthologs to distinguish
a target from pseudogenes or family genes. The ESTs
assigned in this study include 97 genes that had been
mapped in previous studies (BOVMAP database (http://
www.locus.jouy.inra.fr/) and 1303 newly assigned. Thus,
the total number of bovine genes assigned to specific chro-
mosomes has been increased to 2779, including 36 genes
from the major histocompatibility complex region (BOVMAP
database (http://www.locus.jouy.inra.fr/). The number of
mapped ESTs per genetic length was high in BTA1S8, 22,
and 29. The BTA18 was predicted to be gene-rich in a
previous report (Band et al. 2000), consistent with the fact
that BTA18 shares homology with HSA19, the most gene-
rich chromosome in humans (International Human Gene
Sequencing Consortium 2001; Venter et al. 2001).
Fifty-nine ESTs were mapped to chromosome 3 (BTA3),
with each EST assigned to one of the 11 sub-chromosomal
regions (Fig. 1a). In contrast, of the 57 ESTs mapped to
BTAS, 12 were assigned to region 9 which corresponds to
two non-contiguous segments, as defined by the mapping of

1235 (cM)

microsatellites in the SCH panel (Fig. 1b). The BTA11 was
composed of seven chromosomal segments in which neither
the second and the sixth nor the fifth and seventh can be
distinguished on the basis of SCH PCR profiles for micro-
satellites selected from contiguous regions on the BTA11l
linkage map. Thus, the scope for sub-chromosomal assign-
ments of ESTs on BTA11 is limited (Fig. 1c). A total of 8§54
ESTs (61%) among 1400 were located to 1 of 192 unique
regions. The list of the ESTs assigned in this study is avail-
able at http://www.siag.or.jp/paper/SCH/primer.html. The
mapping data for 1400 ESTs as well as human and mouse
comparative data will facilitate the construction of a com-
prehensive bovine physical map.
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