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FLAEHERIE CD-18 S8R K2 5 [fE4- W ERFE JI R JE (Bovine Leukocyte Adhesion
Deficiency, BLAD) BYBR ALK - CD-18 Ze8ELZ 25 383 (EMLH e A(UENS) 288 GBI
) » BUE FEGER RSt H R AR IS - Bl A EAASAERTEAS - B 1997
F7 AEE 1998 £ 10 H 1k fehgfl] 7 A 4E REHREH 1387 SEA-E (LM R raai =45) - EILE
HAERER b 22 8 DHI 33 B 45050Y 71 SHE B/NAY - B0 A DNA 28 E 21 ImAE - 258
1458 B4 ALY 98 HH (6.7%) #ES T (BL) B2 1360 BHIE R BUA4EE (TL) - 71 SHE B/ NASFH
Azl 6 SEAE SR/ INVALE (8.5%) - sk B AMESNY 1387 SHA-E I HY 92 BEHEA AL (6.6%) - 58
B A& T4 2 S8R A3 By 2.9% (3/103) > 5.4% (19/350) » 5.5% (7/127) » 5.6% (5/89)E 8.1%
(58/718) » AHFERERA P RIFEERLL (BLAD) fHEE - RAMRAVERE A5 RRE RS E 4
Brh o WREEERFETTERIERYE S M (E RS (BL) AYSERLE 5% DL -

BISEET © AL ~ FIRELERER TR AT 1 -
&

FLA AR SR AT RE B B MR AL R R (Quantitative trait loci, QTL) S AL AV HE)E

il

(DITERBE R B R A BR AT 7 985 5%
OITEE R RS SEH BT BER

ITH b RER B G R ERBAT BT O
(DT RER B arR BT S5

OITER BT B g & BB #rirorAr

O TEbERR T B R ERBAT AER
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W SR IE R RSB R BRI YERE B (Kappes ef al., 1997) - EEFLILIRAYE EIRECIEE)
SEHRERTE Georges et al. (1995) ST - FEFHQRITETHERBREH - KA
DU AR R s 1 A B M S TR TR - (Rt TR R B R EE - —& ]
7 B IR 2 5 B S T Y WS R R R (T - R TR R P TR R A A A B B
W DU S AR EE -

FULE IR SE BT AR PRI B B R R — B R PR AT S IR R R R BRI > I
TR R S A R R RS N R R =R R S iy LR 0 - 355 (1996)
FU A E B B4 B 05 0 & 00 A RER KM 3 B MEER BB Z 6 e TR R L AL - BBLH
16.04% HS R IRE K H —EA4 BELL B9 FRASMRAREIAFATEUHEIRIR - BELL MFE
— A e BB AR R BREL JIE S (Bovine Leucocyte Adhesion Deficiency, BLAD) » ZX[K|EE
CD-18 e KR4S (BL) A4 (Husten, 1992) - 23 BLAD W4 2 ELER EHRE S HE
B M (Integrines) {3 A -unit CD18 Ay— (R ELME F R 5 R PIABE L H IR R - KILZ B2
WRELERBEE A BIAIBE ST - B4 SIERFHBI (Shuster ef al., 1992b) - BLAD 2fEi4-H
HOBIE I B (e BRI BE (Kehrli ef al., 1990) - BERRIEM G FRERMITHH %2 2R
BB R T ~ RS AR - MRIERER » IMMEEETEIZE T (Takahashi et al., 1987; Kehrli
et al., 1992; Gilbert et al., 1993; Gerardi, 1996) - “EWEERFEJIEHEE H 4 -unit CD-18 B E /T
FHEE R - B—8E 2310 L TEERFS IR 769 ik K ERII R IK (Shuster ef al., 1992a) - HE
128 GBI K PR M H AR AL (088 - WREEEREE I8 AR sk » ST BRI R e 2
TR SR 383 AL HFEREE 4 A B G BBz (Shuster ef al., 1992b) - JEHHERZEESEF G Tagl
SYIEELL - TS —{E Haelll 3E)25(1E 1) - FI B SHEE R EEAAIRHIER £ - Shuster
et al. (1992b) T E M4 DNA - W HIFESEEARER « #E5 TEEMEMa T - BIEMS
eSS MEEREE TR - MG % BLAD BEA > #E @RS 7 Hld R BL S
FERIEE A4S QIR R B Ze BB T dp 44 Ky TL(Tested free of BLAD) -

EE IS E DA A R - A6 — T BB FL R HEEAY 8096 - Shuster ef al.
(1992b) ZF5 1992 4 34 I TR B il N AR BE S 14.19% WAFFIRAFERE 5.8% RIRI4ZE BL
SR JE o AEEHEEE 0.2% 0084 {742 BLAD #{#E A7 - 84 BLAD (F40HTER
—BEL - EEWE  BIREER/ IR KRN & AR H RS B S0l MEETEEE - 5
BLAD {P4-5E ik S5 B 22 FE Sk 554 300 TL/EAs » IR BB B AL 36 A AL S TUIF A ER -
RS B B2 175 BB PO % 2 s Bl AE B RE 2Ry CD-18 ERRE A » Bl fE Emkba ey
RETREFEIRS » FIL - AR 2 BESNEAR DNA #3815 - BERITIREIEG > Y) DNA Fr
BRI g S ZRERL IR DNA Fr By Fe » 28 EH F R SRR B B AR BT A 5 ¥ B CD-18
Zeig BRIV -

MEHERTT A

I. DNA Z &
PR EAR BRI LA R 2 LI RE 46 18 - DURBREIS B IR =SS A #L AL
1 - #EALL Gentra Systems 23 HJ#J Puregene TM DNA Isolation Kits » {REEIEZHAHIMK
FHIR ;e LI ZEHY DNA -
B EEYERRES Y 1997 £ 7 AEE 1998 47 12 H S EITHMRAE - R T A RS
1387 B4 E (LERFIS R Bl =35 - WAELRFE B k) Bz B AL AR B SR AR I 28 DHI &8 50 =
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aa
sequence

351 5-G ACC TTC CGG AGG GCC AAG GGC TAC
Val Thr Phe Arg Arg A/}\a Lys Gly Tyr 125

117 HaeTl

Forward Primer

Tagl 383

376 CCC ATC [GAC]CTG TAC TAC CTG AIG GAC
Pro Ile Asp |Leu Tyr Tyr Leu Met Asp 134

403 CTC TCC TAC TCC ATG GTG GAT GAC CIC
Leu Ser Tyr Ser Met Val Asp Asp Leu 143

430 GTC AAC GTC AAG AAG CTG GGG GGT GAC
Val Asn Val Lys Lys Leu Gly Gly Asp 152

HaeTl

457 CTG CTC CGG G%C CTC AAT GGC ATC ACC
Leu Leu Arg Ala Leu Asn Gly Ile Thr 161

Haelll 506
484 GAG TCG GCEI/C CGC AIT GGT TTC GG-3'
Glu Ser Gly Arg TIle ~ Gly Phe Gly 169

[AGC CCG tCG TAA CCA AAG C(g

Reverse Primer

1. 4 CD-18 cDNA HyER S HERF51(351 — 506) A AEE 51 - B Al S Ay IE A5 1

RO )5 | FHHEIE— (AR RESRIERR Haelll [RG5S UIRL - CD-18 Zetih 25 383 (EfH ik

M AZE# S G B Tagl P YIBGIE R - (B —18 Haelll 53 9)85 - BB R i H REAUR
ES

Fig. 1. Sequence of the bovine CD18 gene. Forward and reverse primers with a modified nucle-

otide were used for avoiding the cut site for Haelll. An A -> G mutation in position 383

is responsible for lacking the Taqgl cut point of the defect gene, which results in a re-

placement of amino acid from Asp to Gly.
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WY 71 BEE B/ NARIINAS o MER DNA ZEHUTIAE 5 — e B ek B fE ] -

II. BAHGERSIE

BEARR— % AL F B L A N DNA - DUME KRR RRREA DNA - {#3#47 PCR -
Tammen 25 AJft 1993 548 » Ryl CD-18 Ze H KA E AR FENVAESR » EEET— R A HEEH
NIERS|FEM - BE4: 101bp 1Y DNA FrB - FEIRHIEE 5 YI 88 A9 B By Alds: 5 FI38 (Tammen ef
al., 1996) - Hochman ef al. (1996)7REHEET—HH5 | FEI G4 BIFI LB R E AL 2 RS 8
5 AR CD-18 %05 TL - BL 5 BLAD % - [fi7f 1997 £F Kriegesmann 2 A X
SOBERT NG T 0 HLEREEUCEA PR EAAYEREN: - DUINEEM — R B AR
BR(FE 1) o L5 [FAWFSEEEHRA - WL G B3 CD-18 s EAUER » iR S
&R CD-18 Ze8 AL R] -

EEVIGRINBEERINENR 2 Fix - ST AMEEmE - #0—% o HilE Lak
ABFNEE - BESHEAINR M RIERELET - RS [T TETRFETS R
1.38IEH A EE 361 2 506 A E RS AN |7

BLAD1 : 5-GACCTTCCGGAGGTCCAAGG-3' (65.0% GC)
BLAD2 : 5-CCGAAACCAATGCTGCCCGA-3' (60.0% GC)
B—H 51709 PCR IEMSF ¢
a e : 94°C » 543
bAEES © 94°C » 3075 ; 62 °C » 30#; 72°C » 30 % - LEfEHE 35
CHEf 1 T2C - 5 4y - _
2. Blg AR ES 190 = 532 ML 5 HmME |+
BLAD3 : 5-CCTGCATCATATCCACCAG -3' (52.6% GC)
BLAD4 : 5-GTTTCAGGGGAAGATGGAG -3' (52.6% GC)
A 51T PCR FEMRM -
a B 1 94°C » 543
b.EES : 94°C » 30%; 58 °C » 30#; 72°C » 30 % - FE{EEE 35 ¢ -
CHEff 1 72°C 5 4y -

+® 2. FHEIREIERERE PCR RIERINE
Table 2. Ingredients in PCR reaction mixture for Bovine Leukocyte Adhesion Deficiency( BLAD)

test
Ingredient Concentration u L
Tag DNA Polymerase 5U/ u L 0.3
Forward primer (BLAD1 or BLAD3) 10 4 M 1.0
Reverse primer (BLAD2 or BLAD4) 10y M 1.0
dNTP 25mM 1.0
10x PCR Buffer 2.5
Distilled water 18.2
DNA template 25-40 ng/ ¢ L 1.0

Total mixture 25.0
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III. FREIEsIE]
B 5 uL 55—#H5 7 PCR E®E 1 uL [Ri#ikE Haelll (Boehringer Mannheim, Germany,
10 U/ pL) ~ 1 pL ABE B 3 pL fEEE BTk 37°C e 3 /NRFRETTE IR T - HINEEL
5 uL PCR E48 1 uL [R%I# Taql (Boehringer Mannheim, Germany, 10 U/ uL) ~ 1 pL #&f
W Bz 3 WL HET 5T /K A 65°C [ 8 /NRFER AT T B bk 43T 58 45 | 89 PCR EEHELT Taqgl
PRAFIEG 4] -

IV. Sk A

5 8.0 %IEHSEE » LITiE 50 base pair ladder(Boehringer Mannheim, Germany) &
DNA FrERA/MERE » 5 100 {REFEEE - 7kE) 60 73888 24H - & DNARAIMAERF T 5
GACCTTCCGGAGGTCCAAGG-3' f15 A5 |F 5'-CCGAAACCAATGCTGCCCGA-3' FuEE—H5 |
F o BEB A EE S ME 156bp DNA FrB » #EFRHI8E Taql 53] » IEH 4 (TL)1E 380-TCGA-
383 G -YT8L » BRI B RRE F B 30bp F1 126bp ; A4 (BLAD) HIfEE 5] - B E 156bp B
BB o &4 (BL)ER=EKE 156 ~ 126 f130bp Bk - IIALERE[T5'-
CCTGCATCATATCCACCAG-3' I [AE |+ 5-GTTTCAGGGGAAGATGGAG-3' » 15 E &g
[ JHE 343bp DNA FrB% - $SEREIEE Taql YIEI% - IEH 4~ (TL) Bk 2AHEETEAG 191 /1 152 bp
FRAE B - #44-(BL)RIEAG 343 ~ 191 71152 bp =@ B » Hiw4 (BLAD)AI{ES 343 bp
— @B o

V. gt
FERISRART 344 » (8831 BF A9 TL, BL I BLAD 4% -

FEEREAEY AR

55— BT ER2E 8 DNA BARSTIREH B 2 M IR IINR ~ R R FLI - FRACZLARRY DNA ZE
Ay BB ia S R A R - ASREE A EEMLL 10ml DL R4 ABEO R RE - DNABAIIA
H—#IFHAE[F 351-GACCTTCCGGAGGTCCAAGG-370 A5 |F 506-CCGAAACCAA-
TGCTGCCCGA-487 » fi* 62°C K& K i 35 Xk - 1REIB AN E 156 bp DNA FE - &
156bp DNA Fr B REIRAEE Taql 43Y] » IEHA4-1E 380-TCGA-383 H5-UJ#: » A Ze A2 5 383
EAZ L B A BER G > BEY Tag 143 YIEWHA - THfEESY] - (A 156bp (1 2) - KLk
MFRATT -

EHEFR 126 130 bp W FrE

MATRIARR 156 ~ 126 F130 bp =& B

aRtREH 156 bp —{E F B
FEPRHIEE Hae T 53 YIRATBEYKFHSIRAOT -

EEFR 116 > 40 bp FEfE Fr B

MOFHIRR 116 ~ 83 ~ 40 133 bp PUfEFrEz

BwtTEHE 83 ~ 40 133 bp =@ B

=S ERE T 0 B H LABELL ARSIk BL #E 1Y il = &4 BRI G
AR AR o ELERAT TR R AR ARRI R B B S TR A R R R AR KB IMMGEN R Rl Z 4%
BRI - 46 ERAPIE 6 ERHMEE - FEIUTZ DNA Friik - KILEARE
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Uncut Haelll Taql

a
<
-1
m

BLAD

=0
WO
[

2. IEHA(TL) ~ &4 (BL) EH R4 (BLAD) DL BLAD1 #1 BLAD2 5| 7-#H3HIEHYT 156 bp HIR
YN B - BRAERGIES Haelll B Taql 72 YRR Fr Bz 8ykH » Uneut @ ROYIFE - M-
50bp DNA JFrBEA/MERS -

Fig. 2. Electrophoresis pattern of different genotypes of TL, BL. and BLAD after Haelll or Taql
restriction digestion of 156 bp with BLAD1 and BLAD2 primers. Uncut:fragment after
PCR. M:50 bp ladder marker.

Uncut Taql
a a
- fl -4 j
= f@mamFom =
bp bp
2642
500
343 — 350
~ 250
191 —

152 — 150
- 100
50

3. IEW4F(TL) ~ #E44F (BL) B4R F (BLAD) LI BLAD3 71 BLAD4 5 | ¥-fHHgfiEAHY 343 bp AYR
SYIF B BRI Taql 73 Y1409 Fr B FEVKAE © Uncut @ Ro3Y1F B - M @ 50bp DNA
Fr BOR/MERS -

Fig. 3. Electrophoresis pattern of different genotypes of TL, BL and BLAD after 7aql restric-
tion digestion of 343 bp with BLAD3 and BLAD4 primers. Uncut:fragment after PCR. M:
50 bp ladder marker.
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# 3. REAA BT IR EIRRE JIER R ERYE HARR
Table 3. Frequencies of genotypes of dairy cattle in private farms for Bovine Leukocyte Adhe-
sion Deficiency (BLAD) in Taiwan

Genotype
Herd Farm and location! Normal Carrier Defected Frequency of BL
TL BL BLAD

Lactating  FarmI 100 3 0 3/103= 2.9 %

cow Farm II 331 19 0 19/350= 5.4 %
Farm III 120 7 0 7/127= 5.5 %
Farm IV 84 0 5/ 89= 5.6 %
Farm V 660 58 0 58/718= 8.1 %

Young bull  North region 52 2 0 6/ 71= 8.5 %
East region 13 0

Total 1360 98 0 98/1458= 6.7 %

Farm I, II and V located in south region of Taiwan, Farm III and IV located in north region of
Taiwan

Shuster et al. (1992b)Fifetiz 5]+ » EHRAE - BIELBRARE —TEEAE L - %
EEETE - BRI AT FRIERS 343 bp DNA FEk - 3% PCR EWHEIRGIRE Taq 1YJE] > &
ik EAE(E 3)FIRATT » i T LINIRFIRIM A B -

IE#4(TL) 2E 191 F1152  bp FE{E A
ME4@BL) RHIRA 343 ~ 191 F1152 bp =fAFE
HiH4(BLAD) HI&rH 343 bp —fl Fr B

FHRERAR S AT R AT ASE —HE5 | 31T - 4% 453 fEA - B SEErBRA R DR — 5 [+
FTEME - HARHEA LIS M5 | TR - & 3 R ERAY 1458 EIRASR S HTHIRGR -
71 BEE B/ NVAF TR 6 BEAES AL/ NAA (8.5%) - AR A AESAY 1387 SHAE (R R E)
SR 92 FEFESTY (6.6%) EHERS Ak 2.9% (3/103) - 5.4% (19/350) » 5.5% (7/127) » 5.6% (5/
89)Ed 8.1% (58/718) - 2 1458 BHA-E AL 98 BH (6.7%) HA Y (BL) £ 1360 BHIEH A4
% (TL) - A AR sp R 1A H%EL (BLAD) f@#g - ARFFELIRE ~ ZF R L8 BRIEE
EHE = AR - DRI SREIERINERE - 8L PRI TRVM S BN BBl
SRR BEH—HEARANTY - ERFSEER SERIEARRRTEC » 58 T kh—
FREFESGHAFHEEEBANARNEZE -

B R AT ER A WEEREE TR & A R RIRER AR - e TS A HD
1 10% /245 5 47128 21.5%(846/1610) -5 TUER 0.5%(8/1610)HREY (Jorgensen el al., 1993) ;
H 7 8.1% #E&BUEE 0.2% AR A (Nagahata et al., 1997) ; ZEE 13.5% (#i 830 HE/ A A4-2E3H 112
BTN, Kehrli ef al., 1992) - BEEEEEEORSBESMNSEER - SPHERA T HHE
FRERE - 5 (1998)5 | SRR HLATRE M A0 AT (il & ZU (E B8 (BL)RISEEE FEAE 5% DL |
AT A PR T EE PR ER A+ B B v SRR T SR AT HE R SR B VR AR B AV IR RENE - A THEA
FORS REERRE R i A AR RN B NB R0 iR e - HEAI R B0 R A AT RE R AR MRS AV 2 > B
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REEGBATLT RS A REEERBER - #EREE &R liES S RnEOeE
i~ VTR A B 2 AR e ORI A RE & B A A BRI AR B 2 B A0 SR A L (A T S
TR o ARIBRET R e A 1998 T\ BB A4 E T > J 100 AR R —TEA
EERES SR FERES BUTETE (Holstein Association USA, 1998) - H1 1998 fERYER/AFIHES -
ANEFEHEBEA DR NER#ESIS - OB R BHARECHAESENESR - A
&R~ WHE - R R REIMIEBEGENSEBRESNSE - BERERETERES NS
HEESPEIEEHNEN. -

ER
ARG 87 B — 4~ 13(F B - FHEEH -
2E R

HEREE ~ RAAE - R - IRFEEE - 1996 - BEAB AT REEELOR L EEAFIERY - PEGEE

25(i§ﬂ) 57 -

CihsE - RN - BEE - BME - GER - REE - 1998 - BEMHA ST REEARERR

.‘a\fr o %EB}%&: 31(8) : 299-304 -
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Abstract

Bovine Leukocyte Adhesion Deficiency (BLAD) is a genetic defect in dairy cattle.
A point mutation (adenine to guanine) in position 383 is responsible for the defect,
which results in a replacement of amino acid from aspartic acid to glycine. In Taiwan,
Holstein is the only breed for dairy production. From July 1997 to October 1998, blood
samples of 1387 cows from five farms (two in the north and three in the south part of
Taiwan), and 71 young bulls from 50 farms were collected and DNA extracted for the
test. Samples of the young bulls were from north and east part of Taiwan. Six young
bulls were detected as carrier (8.5%, 6/71). Ninety-two carriers were found in the five
farms (6.6%, 92/1387). The carrier percentages of the five farms were 2.9% (3/103), 5.4%
(19/350), 5.5% (7/127), 5.6% (5/89) and 8.1% (58/718) respectively. Total average was
6.7% (98/1458) and ho BLAD genotype was found in this investigation. The carrier
(BL) percentage of Taiwan was estimated at more than 5%.

Key words : Dairy cattle, Bovine leukocyte adhesion deficiency, Polymerase chain

reaction.
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