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SUMMARY

There is great interest in gaining better knowledge of the molecular architecture
of quantitative traits in dairy cattle. This could indeed lead to new insights in the
genetic developments of dairy cattle and is expected to generate new opportunities
for more effective marker assisted breeding. Bovine BTN(Butyrophilin) and
STATb5a(Signal transducers and activators of transcription) using 98 Holstein bull’s
frozen semen offered the basic information for QTL analysis. Heterozygosity value
of BTN2 were highest among BTNI1, BTN3, and BTN4. The polymorphism of
STAT5a were found such as TG repeats 10(110bp), 11(112bp), and 12(114bp).
BTN2 suggested the possibility that it might be used as a genetic marker. The
expression analysis of BTN mRNA in mouse mammary gland was found. BTN
mRNA quantification by competitive RT-PCR was determined. DFO or hypoxia
induces tyrosine phosphorylation of STATba DNA binding activity to the GAS
element in mammary epithelia cells. The STAT5a may act as a mediator in
hypoxia-mediated gene expression. A higher level of heritability led to more
significant likelihood ratios and more accurate estimates of QTL effects and

enhanced the ability to identify QTLs.
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A 1 A Quantitative traits loci (QTL) detection and map
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(Chloroform : Isoamyl Alcohol = 24 : 1) A2 & 3t} o2 A AHE FHAdF 4=
ATkS Al 1.5 ml YA EY tubed &7 v, 3 M Sodium-acetate2} 100% Ethanol
= H7bste] §ZA% DNA pellets AA HW 70% ethanol® Al H et o]HA F&H
DNAT CentraEvaporator(3t=A3) & o] &3l F-Ws 7= o3, 711x¥d DNA
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= did 37

o[N

F 05 ml ®E7ste] -70Co B33
2) DNA A% =4

2% DNATE TKO 100 fluorometer (Hoefer Scientific Inc.)® A& A3 &
25 ng/ul= 3 Asle] B BEa, WA agarose gelE H7]FE S HAAEe] PCR FZ A

template® 4|3}
3) frAztetel & primer 474

7} R A A (Candidate gene)
Davey %(1997)¢] ¥3 BTN 7wl BTN1S 7H exonZ oA 65194
Ad7]¢l A (Adenine)o] G (Guanine)o.& A 3¥H = RIS = & F Je 3
primerE AA3t¢ 1, BTN2E 29 intronzolA 1038H A 97]¢21 G (Guanine)e] T
(Thymine)o.2 A== FHE FH3sH7] 9 primers: AA A H(Figure 1).
BTN32} BTN4: Seyfert®} Luethen (1998)o] & B iu® A7ujdS 7|22 29
exonl A 3 exon, 5¥ exonolA 6W exonz ol 217 ACAA — TCGA, GATC —
AATCE A3H= F95 F%F & F A primers A &ete] FFHol AREsHAT
(Figure 2).

o%
Az
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«- 1.7kb - = 6.3kb : transcribed DNA (7 exons, 6 introns) —

—
o
w
o1
[

5 —flanking
region

i LD

L exon

: UTR -: amplfied site

« 2.1kb —~
3'—flanking
region

Figure 1. BTN gene structure and amplified region (GeneBank Accession No. :

AF005497).

<«-1.0kb ~»

«— 70kb : transcribed DNA (8 exons, 7 introns) —» = 2.1kb -

5'-flanking 3'~flanking
region region
N
DI exon : UTR .1 amplified site
Figure 2. BTN gene structure and amplified region (GeneBank

Accession No. : Z93323).
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1}) Signal transducers and activators of transcription 5a (STAT5a)
STATSa +42 &5 98] Seyfert 5(200002] ZA}o] +A3Fe] SH2 9
% 159 intron°l 4] 16¥ exon AlolE& F% & 4= A= primerE A& sle] o] &390t

(Figure 3).

~—— SH? —
lt amplified region

Figure 3. STAT5a gene structure and amplified region (GeneBank Accession No.
AJ242522: exons 1-4, AJ237937: exons 5-19).

Lk STAT5a microsatellite 412 913t primersi= McCracken 5 (1997)°]

B3k TG g7]7F whEo] ZE= R ((TG)n, Accession No. U9644)E FET

s

= primerE o] 839 2™, forward primerdlE A4 A H A E A (Fam)S o 24
o] &3t

2

I

t}) Prolactin (PRL)

Prolactin®] -5 A A 22970 amino acid % exon 3Wo| & Fst= 132HA =

,2],



=(codon)?l GTG(Valin)e] 3HA 7] G (Guanine)°] T (Thymine)Z silent mutation

2 gaet7] 9% primer® A#ste] PCR Falol o] &35t

2}) Major Histocompatibility Complex (MHC : BoLA-DRB3)
BoLA-DRB39] %2 1%x° tpdAdo] Qlvtal ®Hix ozl 29 exon F9E&
=

¢ % 9l primer® AAshel PCR F%0 ol gatglom, 72 4714919

olX
i

49 primere] 4719 € 3} o5 primerg ©| &3

a4k A7]= Table 19 A A SFE T

9

)
lo

Table 1. List of PCR primers used in this study and the expected fragment sizes

(bp) of each locus
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Expected
Loci Primer sequence fragment

size (bp)

BTNI 5'-TGG AGC TCT ATG GAA ATG GG-3' -
5'-CTA CCC AAC AGG AAG AAA CAG-3’

5'-GAT CCC TCA TGC CTG GAA TAT G-3'
BTN2 568
5'-GTT GCC CTT GAC CTT TAG TGG A-3'

5'-CTG AAG TTC CCG ACA AAC TCG-3'
BTN3 576
5'-CTC TGC ATC TTC ACC CAC CAC-3'

5'-CTT CTT CCC AAG GCT GAC-3'

BTN4 683
5'-CTT ACT GAG CTC TTC CAG G-3'
5'-CTT GGG AGA ACC TAA CAT CAC T-3'

STATb5a 379
5'-AGA CCT CAT CCT TGG GCC-3'

STATS5a 5'-TCT CCT TTC CTG GAT CTT TCT CAC-3’
MS o' -GGG AGA GAA GAA AAG GGA AAA GAT T-3

114

5-CGA GTC CTT ATG AGC TTG ATT CTT-3’
Prolactin 156
5'-GCC TTC CAG AAG TCG TTT GTT TTC-3’

BoLLA- 5-ACT CTC TCT CTG CAG CAC ATT TCC-3'
DRB3 o' -TTT AAA TTC GCG CTC ACC TCG CCG CT-3'

302

BTN : Butyrophilin, STATDb5a : Signal Transducers and Activators of Transcription
ba, STAT5a MS : STAT5a microsatellite, BoLA DRB3 : Bovine Lymphocyte
Antigen—-DRB3.

4) PCR 5% 2 Adas A
B oo PCR FZo:= PTC-100, PTC-200 thermal cycler (M] Research,
INC., USA)E ol&stlen, 74 #9E5e wg Fd2 50 w= 3stal, STATSa
microsatllite ZZA] WS FHL 20 Wz 3. FFFALZE TaKaRa Ex Taq ™
S A 8392, £ DNA (template DNA)= zF # 9ol w2} 50~100 ngS A3
1, STAT 5a microsatellite =Z Aol 5 ngS A&, Wk ALS 1X buffer
(10 mM Tris—HCl, pH&.3, 50 mM KCI, 1.5 mM MgCl)el primer &%= 50 pmole,
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microsatellite #$] ol A= A 7Fek9 AL, ANTPE 0.25 mM,
a8 3 Tag € &4E 1 unit, microsatellite 9ol A= 05 unitE F71e9 k. PCR

=3y cycleb 94C ol A pre-denaturation 5%2 Fa3st1, v}X| T extension<= 72T ol A
Adstgdon, 72 A9 20 Table 614 Hi wle} gtk o] PCR %
HEES ATaL ALE Y] AAA 4TI B I F olgATE 7 9 Sl

e #A ] AHEE Al EAES Table 2001 A48T

R = B PR g

5 pmole?] Z}Z}9] primerE

Table 2. PCR conditions and used endonucleases of each locus

) PCR condition (30~35 cycles) Restriction
Loci B - -
Denaturation Annealing Extension enzyme
BTN 1 94C/60sec 60C/60sec 72°C/40sec Hae T
BTN 2 94C /60sec 52T /60sec 72°C/60sec Alu 1
BTN 3 94 /60sec 61T /60sec 72°C/60sec Taqg 1
BTN 4 94C/60sec 59 /60sec 72°C /60sec Mbo 1
STAT5a 94 /30sec 60C/40sec 72°C/60sec -
STATba
947C/15sec 63C/15sec 72°C/5sec -
Microsatellite
Prolactin 94 /60sec 63T /60sec 72°C/40sec Rsa 1
Rsa 1, BstX21,
BoLA-DRB3 94C/60sec 60°C/120sec 72°C /60sec Hoo T
ae

BTN : Butyrophilin, STATb5a : Signal Transducers and Activators of Transcription
5a, BoLA DRB3 : Bovine Lymphocyte Antigen-DRB3.

Zy fAFYe] fAAE el
o] Table 614 YEIH Astarse
23 Rsa 1+ 37C, BstX2 1<
Z(water bath)olA] 2 3 s} At}
STAT5a¢] 2% Asiiel

polymorphisms (SSCP)H & o] &3lo] FAAH S 459

S 93t PCR ZZAHE A ¢
%, Hae M, Alu 1, Tag 1, Mbo 1, 71
60CoA Z+zF 10 unitEs AFE3te] 3A17F FoF &

of tig ATFEA

7(4 z4 L

single strand conformation

5 FAAE BAL A% 1/19% 44
KN

S|
PCR FFHit=

AL
il
=
o
Ho
2
2L
ot
Sh
£
o
o
_0|L
2



i

a1

agarose geldl W719ES AU o W HdV|FE F4FE&He2= 05X TBE (4
mM Tris-borate, 1 mM EDTA)E o]&3t3ith.  AF&% agarose gel®] %+ 3
Nusieve 3 : 1 gel o] &332, SSCP +45 913 6.5% polyacryamide gels ©]-&
abith. H3g microsatellite Al A= SH¥ PCR AH=& A4 deionized water
2 3]A4stal DNA : formamide : size standard (Genescan-350 TAMRA)E 1 : 12 :
05 w H&2 T3t 95C o]dolA 3E7F denaturation A]7]3L, ABI 310 Genetic

X

Analyzer (Perkin-Elmer Co., USA)Z £33t} H719%5*] Performance
Optimized Polymer (POP) 4 (PE Applied Biosystems)2} 10X buffer (with EDTA)Z
IX2 A &te] ALE3Far, WEEAIZES 2E o7 F9tt. FAAE LS Genotyper

software version 25 (Perkin-Elmer Co., USA)E o]&3le] EX&,

GeneScan'"-350 TAMRA™ size standardE 7]F o= #2139

2) Polymorphisms Information Content (PIC)¢] AF=
&%= ZF fdx2Y PIC kel A& Botstein 5(1980)2] W& o] &35}
b=k

n—1 n

PIC = 1 — iﬁp? - 2,2 %ip]
21oll A,

o= A H9)e AR NEs
b= JEAGID #99) gERAA NEs

n =7 @99 F5

3) Heterozygosity 2] A+
o] 2% = heterozygosity 2] AF&S Hubert 5(1992)2] W& o] &3t}
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TR I

1) Butyrophilin (BTN)

HSTES 197 2 FEHFES 777 EA 8L

o] (point mutation) A 47}A

Figure 43} %t}

1=}
T

gl ta PCR 5%
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Figure 4. Restriction fragments length polymorphism of four BTN loci in candidate
young bulls (M : pBR322 Haelll marker, Lane 1 : AA, Lane 2 : AB type
of BTNI1, Lane 3 : AA, Lane 4 : AB, Laneb : BB type of BTN2, Lane 6 :
AA, Lane 7 : AB type of BTN3, Lane 8 : AA, Lane 9 : AB type of
BTN4).

7H exonWol] ¢1Xst= BTN19] PCR SE4HE(501 bp)S Hae M Al $HE A
REEAIZI| 316, 162, 13, 12lal 10 bpel Agdye] vreltEd], 651HA 4710 A
(Adenine)°] G (Guanine)2. & 235 o] 217HA] F=(codon)?l AAG (ysine)o] AGG
(arginine) .2 H}# o] Hge M AFaA A2 (GG | CO7F A71A =&, Hol7}
doju} Hae M AFaAr= Aoy s 280 bpe] AAS 7FA A ©th. BTN29 4
- 29 intron 79 5 1038HA @71 Geol] Tex X gEo] AGCT @7IHide]
ATCT= WatA =¥, Alu T AFEL AAFAAG| CT)7F gloid dado] et~
ol 568 bp (B allele)”} YEFU AL, G7|ajde Wol7} wAlsx] o™ Ay 19 3]
305, 263 bp7} WEbHT)  Seyfert®t Luethen(1998)2 5'-RACE (rapid amplification
cDNA ends) 238& Z3to] AHEZE 19 exon F9= ®Bistgch. o] HilE Davey
5(1997)¢] ¥r3l F*(Genbank Accession No. AF005497)¢} A& exon®] 7} th2X]
oA mlsg A d ) 22 Ao wdl sds hdda stk Seyferteh
Luethen(1998)7} H.a1dk F-zxo|A] F%3 BTN3Y 4% oA BTN3 2,074~2,077H A
7191 ACAANA 2074HA A7)0 Aol TeZ 2076HA F7]Q0 Aol Gz X%y
o] TCGAZ W3atHA Tag 1 AsFaire] AAREA(T | CGANA Aetsolx 3329



244 bpol Awe] veEbITE BTN4o A& 5495~5498H A 7121 GATCO A 5495
A G719 Gol Ao AFEo] AATCE WatdA Mbo I AgFaiol AAR9(]
GATC)7F §lolA 573, 110 bpel A& Yepdth, 2 Ao o] &3 vngy 4 SH
TR AA 96F o e FAAFEY 7 FAAG e AGHA 275 Table 30

A A 8

Table 3. Genotypes and restricted fragment sizes (bp) of each BTN locus in
Holstein dairy cattle

Loci Genotypes Fragment size (bp)
AA 316, 162, 13, 10
Butyrophilin 1 AB 316, 280, 162, 36, 13, 10
BB 280, 162, 36, 13, 10
AA 305, 263
Butyrophilin 2 AB 568, 305, 263
BB 568
AA 576
Butyrophilin 3 AB 576, 332, 244
BB 332, 244
AA 291, 282, 110
Butyrophilin 4 AB 573, 291, 282, 110
BB 573, 110

BTNI1, 3, 283 4 X AAZ I ABEY F7HA fdA8S 89 39x
BTN2el A= AA, AB, 12]3 BBE S &<ttt 53] BTN 29 BBE 9 49 A
1T F 2FTES H-931 T2z Yelgs, UHx 105 B2F FHER$
oA vERgTh A 967l g FHAAE REet 1A WIEE Table 49 Al A}
A th.
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Table 4. Genotypes and gene frequencies of each BTN locus in proven and

candidate young bulls

: Genotype
Loci Genotype Gene frequency
frequency (%)
- AA 78 ( 81.25) A = 0.906
Butyrophilin 1
AB 18 ( 18.75) B = 0.094
AA 21 ( 21.88)
A = 0552
Butyrophilin 2 AB 64 ( 66.67)
B = 0.448
BB 11 ( 11.46)
AA 61 ( 63.54) A = 0.818
Butyrophilin 3
AB 35 ( 36.46) B = 0.182
AA 76 ( 79.17) A = 0.896
Butyrophilin 4
AB 20 ( 20.83) B = 0.104
Total 96 (100.00) 1.000

Table 404 R wiel o] BTN19 At B fFxx W= Z42F 09067 0.094
o] MIxE YyelAY. o] A= Taylor 5(1996)°] Hardk 0.875¢F 0.125, Davey 5
(1997)°] ®.a1gk 0.859F 0.15K.th= SHAl YEtsth AA, AB, 12]31 ABY 9| 324
o] uEb BTN29 A frxad Rixs= 2h7F 21, 64, 183 1172 YEpgon, A
o} Be] A WIxEE 05529 0448% 7 fxzke] Wlm7h v szebA dEebytth e
U BTN3#} 4ol glojA] A9 Bo] %2k Wlk+= BTN19| 49 vs=skA 242 0.818,
0.182(BTN3)3} 0.896, 0.104(BTN4)Z B W H-Hx=ke] W=7} vA vebyto,

2) Prolactin (PRL)
Prolactin (PRL)< BTN, MHC {+7d#kel o] o] 234 AAAel EAstm
5 Yo FAAMEe WS Fod A9F8E e TEEY, FHtde
BoLA-DYA®}] A& A7 ¥ ¥ dth(Park &, 1995). Prolactin® 7% exon 3
Ho| A tdA A7 Wo] AaEo] g=d), o= AA 2297] amino acid = 132H A
A= GTG (valin) ¢ 3UA 97] Go] Te= %1%012 doA GTAZ HE #9
= Rsa 1 AZaA <14 Rl GT | ACE A3t dHS 32133 vH(Figure 5).
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Figure 5. Agarose gel contained that PRL locus of candidate young bulls digested
with Rsa I (M : 100 bp ladder, lane 1, 2 : AA type, lane 3, 4 : AB type,
lane 5 : PCR product).

Figure 5914 YERd A7} o] PCR S3AHE(156 bp)S Ataih=z AestdH A
HNHFAAE Rsa 1 AdER 970 §lo] 156 bpE YEl i, B tid@Faxke] 45
AFE L QALY (GT | AC)o A AerE]o] 829} 74 bpe] F W= vpelupA

AA 967 TN ABBS YE 21F F BHESTES H-177 2 ~E, H-197 2
FE 2, H-923 Hﬂﬂ 83 H-947 F7k2~ vl Fiko] ABE S YERIA FEHERS
17514 ABES Jehgide. a8y RSF3ESEY FEFIES dAdM BBIS
UEbA] kgt A 965 B A wEek fdx WIEE Table 59 A4
&tk

Table 5. Genotypes and gene frequencies of prolactin locus proven and candidate
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young bulls

Genotype
Locus Genotype Gene frequency
frequency (%)
AA 75 (78.12) A = 0.891
Prolactin
AB 21 ( 21.88) B = 0.109
Total 96 (100.00) 1.000

Table 504 K= vpe} o] AA, AB 2@ 9] Hlk+= 0.7812, 0.2188% Chung
5(1996)°] H.argk 0.621, 0.218, 12]a2 BBE 9] 01619 Z¥¢} vlauste] & o H]=s)
A ek o, 34 Wks A9k B #AA7F 242 08913 0.109%2 e Chung 5
(1996)¢] E.argk 0.7303% 0.270¢] A3} ApolE HAoh

3) Signal Transducers and Activators of Transcription Sa (STAT5a)
STATSa 2= 429 199 AAA] el $1x]8) 21eH, prolactinel] 9|3 24
st = AAbREJAARA FA Wel A Sdsol . FAd WelAe] STATSa¢l <
2 AHgo=® STATS5a knock-out micel A A =o] FHth Mousedl A2l gene-
targetingol 93 7lsdltty HuE 75 FAYY lactation, 9 FHARES &
A3t a8]al T-cell A3 BEAH Azzgor Lz i (Takeda and Akira,
2000). & ATelA FHAE A o] &H F-lol= AFE A JIAF-9VF gLV Wit
of FAAHS BA317]98] single strand conformation polymorphisms (SSCP)H <
o] 83} ). Restriction fragment length polymorphisms (RFLP)= Bostein (1980)¢l
oa] Ae aE WHoR FHAAN AFEALY AT dAHE H EAWo
(point mutation)ol] °J3 thaddo] AdE T o] WHE AFE L AAF o9 o
Aol dsix = TS #AFAE7] ofHrh. o]E Hesy] 913 Orita 5(1989)00 < 3
270E WRo]l SSCPelth.  SSCPi DNA®| S5A4FES PCREW o= F&atal ¥A
ANA ddrtge 2 F28 thg F4 polyacrylamide gelol 7]19%E Fo=zx w7t
F7Iste] wE JAFE AolE HI|GFA olEEHREY Aol IS &
et WHe® RFLP 244 gld & gle @A E gele]l 7Msdth(Dean &,

= 3
1990). STATb5a2] SSCP Z3E Figure 6°] WEMISITH

[si3
=
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Figure 6. Polyacrylamide gel electrophoresis showing SSCP of STATb5a
gene (Lane 1 : H-195 (AB), lane 2 : H-196 (AA), lane 3 : H-921
(BB), Lane 4 : H-030 (AA type)).

Figure 6914 X upe} o] AA 965 SolAl A allele?} B allele, 71831 A,
B 7 71A alleleE 713 heterod o] AMEHAT. HIF FTES 197 FolA H-265
ol e}, H-267 A=, LgJar H-941 ¥ Al FollA heterodel AHAaL, Y= 165
o = A allele7} AMEHAY. HITFTES oA YHEIA] &2 B alleles $H F
ol 4 HK-118 thatet H-92101 M %+ B allele?t 7 A=tk STAT5a9] 4=
w9 FAA NEE FARE A3 Table 6914 Ri= npel o] A allele®] #44
8802, B allele®] F#Ax W7} 0119824 Antoniou 5(1999)°] H gk A
allele®] W% 0.78~0.949F A3 & ®th

rE
k1
N
-~
o

Table 6. Genotypes and gene frequencies of bovine STAT5a by SSCP
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Genotype Gene

Locus Genotype

frequency (%) frequency

AA 75 ( 78.13)
A = 0.880

STATba AB 19 ( 19.79)
B = 0.120

BB 2 ( 2.08)

Total 96 (100.00) 1.000

STAT5a : Signal Transducers and Activations of Transcription ba.

STAT5a microsatellite 9]+ ovineZ} homology 419 ]3] 95%<2] homology
£ Houxw HIE 1716~181bp HFHE ol&sdt. o] HLE intron 9=
(TG)p HHE M do] &Ast=d (McCracken %, 1997), A A 114 bpE FEZ3}o] HHE
Mo g Fdskid

= RS

=

Microsatellite #2 o| A+= forward primer®l] fluorescent dyeE &< =
ABI 310 Genetic Analyzer (Perkin-Elmer Co., USA)E o]-&3}o] 228-%5<F A7) 9%
gk & FHAE 2 Genotyper software version 2.5 (Perkin-Elmer Co., USA)E ©]&3}

of BEA3IAY. B4% AFE Figure 79 YERN A G-

i

@ ¥
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2 e —— i

EgE

Figure 7. Electropherogram of STAT 5a fragment (Fam), run on ABI prism 310

genetic analyzer.

STAT5a microsatellite 9] #£4] 23, BSFTRNA (TG & HEYE 114
bp AHS M= WA= AAEA ke, (TGs 7Fd H-191 22 g F7F 110
bp AHE /MR = Aoz YEY Tk HE FES F 110 bp dHS 7HAE
H-191 S ¥33 55(H-266 &2, H-268 vlojtpx H-269 Y =2k, H-923 ol
71, 112 bp)E A8k 1454 E5F hetero B3-S WERNAT

FHEFES] A BFFEFA detuA FUd 114 bp AHE A=
(TG) 4717k 129 WHE= = AMA7F 25(H-184 2%, H-924 s}o]of) A=t}
HEESE (TG) W Ade] SAdo] BRFTTE-E3 1528 hetero F& 7HA L Q)
Ko, (TG) f71vide] 119 vbEEeo] YEvs 112 bp 3% 4855 7k VA&
o] 53] @Wel A

o

,35,



Table 7. Genotypes and gene frequencies of bovine STATb5a microsatellite locus

Genotype Gene
Locus Genotype
frequency (%) frequency
110/110 7 ( 729)
110/112 29 ( 30.21)
110 = 0.245
Signal transducers and 110/114 4 ( 4.17)
112 = 0.641
activations of transcription 5a 112/112 40 ( 41.67)
114 = 0.115
112/114 14 ( 14.58)
114/114 2 ( 2.08)
Total 96 (100.00) 1.000

9 2] Table 72 STATb5a microsatellite Y52 AAE 3719 FHAxE 2L o
e Mes Yepdlidoh FA4E NlkelA HH, 112 oY FHAE M=
110/112 hetero B ¥ 112 homo Fo| o] HAHJ S & 4 Aok wbA F12k
HEo M 112 bp I F3A] W%7F 064124 7 =A Uz, 110 bp ¥
Azpel wimel 114 bp Wy FAAE 27 02459 01152 UEpgTh  ole
McCracken 5(1997)¢] Holsteinoll 4] ® 31k A3l 013, 0.82 183 0.052 Y= 110
e FAAe 114 bp Y FA2] REr7E 9538 =4 Uygton, w2 112 bp
Y FAA HEe 9 A Ut 23 g8 2olE HoFa )

4) Bovine lymphocyte antigens (BoLA)

A Aol oA Femd FHaeek A dHEEe] A9 d FEoR
1980 o] F 3] Aol tiate] Hojea I Ao o]l Holgd FAAE
Z oAl bovine lymphocyte antigens (BoLA) A5 wlES 4 ¢ltlh. BoLA #FHYE
FTAMNE 53] 7 2& gddAS 7K1 99 DRB3 (B-chaing 7FA 1 9l DR

) 29 A exond-woll ek A 7F &ds] W Eojgka A PE A ko] oyt A
Aol BAE T 9% AFE Wol Sk FH: Garcia-Briones
(2001)e] X1k whell w=W BoLA-DRB3 2¥W14 exon #91° th@d el w& 49
(foot—and—-mouth disease)] virusol]l W3t A3 el AFoA DRB3 FdA7F o= A

ot rl
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T #EAgo] vk &tk ©]F DRB3.2+#1, 3, 281 7 FAAE /AL d= AA
E9] virus A8A S50 =A Basela, DRB3.2+12, 183l 18 FAAE 7HA o ¢l
= MAES ¥ A B At =3 A9#dE ¥4 (immunological traits)E 3ol =¥
Aol B ATl IgG2et IgMe] At F7kel #AIgthE ®Hil(Dietz 5, 1997a,
1997h) % vk g Ao A I Hukx Wo] WEHu )

=4,
Starkenburg 5(1997)-& BoLA-DRB3 haplotype®} -f-A8Aites} Fox71 91SS W a1d}
1L, Dietz 5(1997b)& A AE (somatic cell counts)?} T#EAo] US&S HIER

BoLA-DRB #$]o tigt A++= H]5 MHC system
2, AAA A
S v = AyEgdd

=
H

et A= ko wol ldHojof & Ao Erp 53 E 3 A Ful s A
SRR =

bl

a2
o
it
o2
o
o
=)
rr
ox
>
oflt
i
4
rEl
(o3
<
-
AL
~
iy
2
o
frt
o2
o

A s ARE FAGe] Aol ®Bxol FAY virusel thE AFA

Ao o] &H Il REFET % FRFRP 3 BoLA-DRB3¢] 2¥ 4
exonF¢o] i3k dA HAMS $13 PCR-RFLPE 33 A3= Figure 79 YE
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MI1 23 4 567 89 10 11 121314 1516 17 18 M2

Figure 8. Results of PCR products (lane 1~3) and fragments digested
by Rsa I (lane 4~10), Hae T (lane 11~14) and BstX2 1 (lane 1
5~18) restriction enzyme in candidate young bulls (lane 4 : OO, lane 5
LU, 7 LM, 8 : OV, 9: MM, 10 : FU, 11 : AA, 12 : BD, 13 : AB,
14 : BB, 15 : AB, 16 : BB, 17 : AA, 18 : AE).

AA 9657 Hae M A 45 HEd & dAS g9 & Az A
AD, BB, BD, 18]la BE¥e] 77} 33%F, 29, 5, 10, 18, 18]x 157} @A=L F
HERS Fo4 HK-036 ##%we] BE®ZS YUt 183 Rsa 1 Alg E4E
A8 3 Ayt= FU, IG, LM, LU, MM, 00, Z28a. OVde] 771419 t
29,19, 9, 7, 7, 23 18%7F AAE AT L3 BstY 1 A 99 uwks& BstY
I (Bacillus stearothermophilus Y) A& A9} QAXF = X9 &5 AF7F t&
(isoschizomer) BstX21 (Bacillus stearothermophilus X2) A3+ &4 E
AA, AB, AE, BB, BD, BE, 1831 EE@ ¢ 77FA fFxdAde]l A=A, 6 F
9o H-926 7= EE¥H S, H-948 Al+%7} BDY, HK-030 F& 387} AE, :Lali
HK-034 €527} BE® & L‘rEMM AA TR T FRIFRPAANT E Y 7
AA7F A9, BoLA-DRB3 294 exon 99 PCR-RFLPE °]&3 taAd A
A AR 7 FAAE NEet §42 RNIEE Table 8, 9, 1001 A|Al8Sih.

Table 8. Genotypes and gene frequencies of BoLA-DRB3 using Rsal restriction
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enzyme

Restriction Genotype Gene
Genotype
enzyme frequency (%) frequency
F = 0.037
FU 7 ( 7.29)
G = 0151
1G 29 ( 30.21)
I =0.151
LM 19 ( 19.79)
L = 0.146
Rsa 1 LU 9 ( 938
M = 0172
MM 7 ( 7.29)
O = 0.167
00 7 ( 7.29)
U = 0.083
oV 18 ( 18.75)
V = 0.094
Total 96 (100.00) 1.000

MY SRR UE &b dE KA NEdA F oy e ul
S7b 00372 743 Wa, M By fAAe MEst 01722 g A vhebse

Table 9. Genotypes and gene frequencies of BoLA-DRB3 using Hae I restriction
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enzyme

Restriction Genotype Gene
Genotype
enzyme frequency (%) frequency
AA 33 ( 34.38)
AB 29 ( 30.21) A = 0521
AD 5 ( 521) B = 0.3%4
Hae 11
BB 10 ( 10.42) D = 0.120
BD 18 ( 18.75) E = 0.005
BE 1(C 1.04)
Total 96 (100.00) 1.000

BoLA-DRB3 exon 25 5%3l9] Hae M A& 42 A3 A3} 67149 #4
AEE = F Ao, AA 965FolA A iy FAAe] W=7 052108 7HE #S
ownl AAHoz Ast B g FxA9 RIE7F 0875 AEZ D9 E9 Fdx Hlx+
A vrERs T

1

Table 10. Genotypes and gene frequencies of BoLA-DRB3 using BstX2 1
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restriction enzyme

Restriction Genotype Gene
Genotype
enzyme frequency (%) frequency
AA 5 ( 521)
AB 34 ( 35.42)
A = 0234
AE 1( 1.04)
B = 0.740
BstX2 1 BB 53 ( 55.21)
D = 0.005
BD 1( 1.04)
E = 0.021
BE 1( 1.04)
EE 1( 1.04)
Total 96 (100.00) 1.000
Table 10914 ®%o] BstX2 1 Adas A2 23 B Uy F3A7F 074002
M we xR Yeiga, D gy 542 00052 e wA dERgTE A 96
ol g 72 FAAN S G FAARL Buol AN}
U 2 A7 S84 340 test)
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A9, STATSa 429 2 BoLA-DRB3 alleles9d] thst =854 &%
d A test) & A AE A= Table 1194 Hi= wpe} o),

Table 11. Chi-square values and probabilities among each locus

X STAT STAT DRB3- DRB3- DRB3-
BTN1 BTN2 BTN3 BTN4 PRL

(Prob) 5a ba MS Rsal Haelll BstX21

BTN1 2106 17754 43556 0528 3660 6.203 10213 7.896  6.255

(0.349) (0.185) (.0001) (0.768) (0.600) (0.013) (0.116) (0.162) (0.395)

BTN2 1.650 4894 1573 10.607 1.603 12307 7.935 30.805

(0.438) (0.087) (0.814) (0.212) (0.449) (0.421) (0.635) (0.002)

BTN3 0.023 0378 7623 0722 0852 10.841 5273

(0.879) (0.828) (0.178) (0.396) (0.991) (0.055) (0.510)

BTN4 0538 4726 4211 7.850 5511 9.678

(0.764) (0.450) (0.040) (0.250) (0.357) (0.139)

STAT 6.953 0595 20.268 18799 3.011

ba (0.731) (0.743) (0.062) (0.043) (0.996)

STAT 3.309 34.226 41.853 12.203

ba MS (0.653) (0.272) (0.019) (0.998)

16.038 1.296  5.444

PRL (0.014) (0.935) (0.488)

DRB3- 23480 49.679

Rsal (0.795)  (0.064)

DRB3- 25.238

Haelll (0.713)
DRB3-
BstX?2

1

BTN : Bovine butyrophilin, STAT 5a : Signal transducers and activators of
transcription ba, MS : microsatellite, PRL : Prolactin, DRB3-Fsal: Restricted by
Rsa 1 restriction enzyme of bovine lymphocyte antigens-DRB3, DRB3-Hae 1 :
Restricted by Hae I restriction enzyme of bovine lymphocyte antigens—DRB3,
DRB3-BstX21 : Restricted by BstX2 1 restriction enzyme of bovine lymphocyte
antigens—-DRB3.

o
3

A

Table 1101 Uebd nvhel o] 7b #93F x'test(FHA #A) A7} o
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9] 1 AR SPAo® BHHEE oR vEEth ey BIN1% BTN49] 7 ¢
A= FoFED < 0.0DNA F FHAL FHA oA Zata MR Aol o,
BTN2¢} BoLA-DRB3 #9]5 BstX2 1 Adarz dadt oy fFdxre] A 4y
o] xS fFoFFE(p < 0.0D)NA AdE o] yERRTh 53 BTN19 4% 79 exon
Bool A 651-A 7191 Aol Gez FE o] 207HA == AAG (lysine)ol AGG
(arginine) &2 whylo] whuld Ao JF& wH o Holi=d, BTN49} PRLY}
fFrolFEp < 001, 0.05)00A4 #H&o] AeS Btk PRLES BTN1¥ 4 vk ofy}
BoLA-DRB3 %1% Rsa M Agtair= dAoste] Qe iy faxte] Ay gz
= #aEe] AdUHp < 0.05). BoLA-DRB3 % & Hae I

A diy FHAe LA FAE SSCPH S ol43ke] g3 STATSa A+ SH2
domain 919 HEFAA STATSHa microsatellite 2ol A= w3 kala

FFE=(p < 0.00)A4 dFAAde] &S & 5 U
t}. Heterozygosity 2} PIC At&

8 A (polymorphisms)< A A ®Wo] A9 7|Ho] =, 53] FHdA EE
AR gIA-FdeS zAE] fgt 71EFQ] =FE heterozyrosity  value$}
polymorphism information content (PIC) valueE ©]& 3%t} Heterozygosity valuet®
A Q1A tEF heterozygous®] 3EE WA el AZF XA Ek= Bl & (Wier, 1996)<
et ™, PIC valuex 4o wu] HetolA iy 82 WEZHE fFREolx]= 7]
] = &= heterozygosity 9] o Zgkolth(Barends ¢ Fries, 1999). PIC value’} 05Xt} &
A 129 FHAARE 33 th(highly informative)il 3tal, 0.25~05 Alolel ke
ZFAH o] Aw o] F4dA A H(reasonable informative)E, 0258t} S 79 w2k
F32k A B (slightly informative)& 7FA 1 = #elekx & 4 glom, PIC value’}

19 7}71¢542 nraasitta 2 4= 2t (Bostein 5, 1980).

ro
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Table 12. Heterozygosity and PIC value of each locus

Gene

Gene

Loci PIC Heterozygosity
type frequency
. A 0.906
Butyrophilin 1 B 0.094 0.155 0.170
. A 0.552
Butyrophilin 2 B 0.448 0.372 0.495
. A 0.818
Butyrophilin 3 B 0,182 0.254 0.298
. A 0.896
Butyrophilin 4 B 0.104 0.169 0.187
. A 0.891
Prolactin B 0.109 0.176 0.1950
A 0.880
STATb5a B 0.120 0.189 0.211
110 0.245
STAT5a MS 112 0.641 0.457 0.517
114 0.115
(Continued)
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. Gene Gene .
Loci PIC Heterozygosity
type frequency

0.037
0.151
0.151
0.146
0.172
0.167
0.082
0.094

DRB3-Fsa 1 0.853 0.859

0.521
0.354
0.120
0.005

DRB3-Hae I 0.517 0.589

0.234
0.740
0.005
0.021

DRB3-BstX2 1 0.338 0.398

mowpep OgwWwr <COZH —~QT

BTN : Bovine butyrophilin, STAT 5a : Signal transducers and activators of
transcription 5a, MS : microsatellite, PRL : Prolactin, DRB3-Rsal: Restricted by
Rsa 1 restriction enzyme of bovine lymphocyte antigens-DRB3, DRB3-Hae 1I :
Restricted by Hae I restriction enzyme of bovine lymphocyte antigens—DRB3,
DRB3-BstX2 1 : Restricted by BstX2 1 restriction enzyme of bovine lymphocyte
antigens—-DRB3

F Y59 A =9} 42 WIEE o] 83 PICHY heterozygosity sk AF
=3 23 BTN 29 WolA 29} 39 #97F =4 vgton, 53 BTN 29 4% th&
9ok vaste] Ade o FAA ARE AL A5S & F A% PRLY
PIC value®} heterozygosity value®= A vkt 18y STATHa microsatellite 3}
¢ 9] PIC value$t heterozygosity value: 0.457% 05172 =4 vl o= #(1997)
o] g AL Fo FHAAGLFE, A NLErt dHow XHAFE PICH
A Y2this A AR5t BoLA-DRB3 9ol A 9] Aldtgde] e oy
Zhe]l HIE=R AFE3E PIC value®t heterozygosity value:= Rsa 1, Hae M, 181

‘1\(

m )
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BstX2 1A Z+7+ 0853, 0517, 0.338(PIC  wvalue), 23l 0.859, 0.589,
0.398(heterozygosity value)® Rsa 1 A& A AXHELd e IS Helg s
HH FAAEse] ghel =A vEbwTh flelA B vk 9F o] BTN, STATSa, 1
1 BoLA-DRB3 #3dz$1E9 PIC value®} heterozygosity value? AEZ H S of
Hth o] 22 A7 F8E W, ols fFAAES Hdel W a3Es AYd = 3
Aolgt AlREY wepa] o o5 TR FHARef I Ao FFAVF FE3E] Q)
&S Yehdiga & 5 A

o

20024 FA/EAT 2N wAH ga FOARAY LDAQ02 7N R
3059 ANEA, AU AP L QAo ts PTAGS ol 43 B9
e oy geas] Arkelr] Sda AnsAAAel @ 2 AL AvIse] Qe
gholok @y el AAEiY W17 19 ZHEF Sol Aolsh 9] WEel £

of A% Wf e Aah BusHARE Afse] v B of 249 A
A

J_:[l__
WA S BA 47 AAEE on 36U TF0R 4

aj'

e

N
N
>
A=
i
rr
__\_L(l’
A
Ho
N

W F, LTS 3059 A Ae B A9 AFAE AEetel AR 5

Ao E@ 4o ufHe Agd WAE Aol7h v 2~349 vl
b

Ho

AR AAE Wl e 4 wolAs Zgel Yovl, 94 dom Hi
fapol ashl ek webd 6~7A% Aol Hgste]l o ARE TFOR Lol
of wek A4 AFAE Tl WAL ol WEF WAFES 4IY YA ol

i@
B AT A 96%F F FUAA %] Ut 0T Pl o] g 305
Q3 g e del o B4 A% Table 13~170) UERNATHEE 22).

Table 13. 305-day production traits (Mean + STD) of each genotype and probability
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of each BTN locus in proven and candidate young bulls

BTNI1 BTN2
Genotype Prob. Prob.
AA AB AA AB BB
7038.92 7295.51 7323.51 7062.98 6807.99
Milk305 0.1363 0.0945
! +661.15 +597.19 +645.68 +670.93 +445.64
261.40 268.48 268.13 263.27 250.36
FAT305 0.3620 0.2697
+ 2941 + 29.46 + 29.29 + 3047 + 2091
225.78 232.92 235.30 225.94 219.29
PROT305 0.1971 0.0915
+ 21.37 + 18.78 + 23.38 + 20.77 + 13.13
SNF305 613.95 636.12 0.1351 635.35 616.22 598.74 0.1990
+ 5753 + 4855 + 57.10 + 58.46 + 3384
BTN3 BTN4
Genotype Prob. Prob.
AA AB AA AB
6961.98 7316.45 7050.40 7237.92
Milk305 0.0119 0.2679
! 161076 +676.18 +658.98 +629.36
258.00 271.33 261.65 267.14
FAT305 0.0363 0.4713
+ 27.09 + 31.80 + 29.32 + 30.10
222.95 234.73 225.91 232.04
PROT305 0.0091 0.2591
+ 17.67 + 2441 + 2154 + 18.43
SNF305 605.44 641.24 0.0030 614.67 632.20 0.9988
+ 4915 + 6161 + 57.20 + 51.92 '

BTN : butyrophilin, Milk305 : 305-day milk yield, FAT305 : 305-day fat yield,
PROT305 : 305-day protein yield, SNF305 : 305-day SNF yield, Prob. : probability.

Table 13914 3059 AAHg Aol tj& 4] A3k =¥ BIN3®] faARel4 Fel
AE welow, ABEEe %, 4%, fuuw, delu PAngwael Pirgel 47
7316.45, 271.33, 234.73, 18] 3 641.242 AAZ ] H3k(6961.98, 258.00, 222,95, 1|11

605.44) Kt =4 vEtwge. 22y vgE

Ho
2o
W
o

of

=

N ARgAT fo4E Hol
=

A GSktH(Table 23 ~ 28). rJatkE HolA= &okAIwE BTN29| 49 th& 9%
= g2/ B UgFAAE Ad ABS BBE Bt} AAF S Ay Ao Hitghe] =
gt M FRFEZS M Al B FRFESNN BITFEG A A {3
How t] 5% MAE o]&st7] AT AFXEA ol&o] 7ts & Aolgt AlRE T

Table 14. 305-day production traits (Mean * STD) of each genotype and probability
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of each BTN locus in proven bulls

BTN1 BTN2
Genotype Prob. Prob.
AA AB AA AB
7556.47 7666.82 7458.30 7641.61
Milk305 0.6133 0.4114
! £408.99 +419.36 £296.77 £417.43
FATI05 285.90 288.28 0.8118 271.53 290.87 0.1307
+ 18.82 + 19.10 ' + 1051 + 1793 '
240.39 245.60 233.63 244.32
PROT305 0.4960 0.3100
* 14.12 + 15.14 + 11.50 £ 14.27
659.41 667.42 643.20 667.27
SNEF305 0.6963 0.4432
+ 37.24 + 43.25 + 1944 + 40.09
BTN3 BTN4
Genotype Prob. Prob.
AA AB AA AB
Milk305 7294.28 7797.32 0.0036 7556.47 7666.82 0.6133
£202.62 +382.54 £408.99 +£419.36
273.09 296.30 285.90 288.28
FAT305 0.0031 0.8118
* 12.68 + 15.74 * 18.82 £ 19.10
231.89 248.95 240.39 245.60
PROT305 0.0054 0.4960
* 6.98 + 13.85 * 14.12 + 1514
633.24 682.08 659.41 667.42
SNF305 0.0023 0.6963
+ 20.26 + 34.39 + 37.24 + 43.25

BTN : butyrophilin, Milk305 : 305-day milk yield, FAT305 : 305-day fat yield,
PROT305 : 305-day protein yield, SNF305 : 305-day SNF yield, Prob. : probability.

AA 2F T BSTES 1950 die 3059 i date] #AE B4 23 A
Al 925 A vhERE wRe o] BTN39| frdatd oA kel #F2Ak(p < 0.0DE B3

ow, BTN13 49 A$ Higa FEFo] 5UsA U, ol HIEFES 19F
ol A ZF ZjAe] BTN1# 4] Fage] sdstA ekl mitelth. &3 BTN, 2,
3, 18] 404 ABE S AAtE Aol AAE BHUl vl :A EeRtH(Table 14).

Table 15. 305-day production traits (Mean £ STD) of each genotype and probability
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of each BTN locus in candidate young bulls

BTNI1 BTN2
Genotype Prob. Prob.
AA AB AA AB BB
6918.16 7152.70 7299.72 6874.29 6776.22
Milk305 0.2384 0.0404
! +652.38 +605.87 +692.86 £630.86 £456.43
FATI05 255.68 260.87 05574 267.53 254.27 248.77 01795
+ 28.58 + 2970 + 31.66 + 2831 + 2132
222.37 228.05 235.59 219.94 218.44
PROT305 0.3781 0.0199
+ 2143 + 1818 + 2514 £ 19.04 + 1352
603.34 624.08 633.96 599.57 595.60
SNEF305 0.2207 0.0673
+ 56.43 + 46.37 * 61.73 = 53.90 + 33.95
BTN3 BTN4
Genotype Prob. Prob.
AA AB AA AB
6909.86 7076.01 6930.31 7084.74
Milk305 0.3171 0.4256
+637.59 +667.35 +651.99 +631.11
255.64 258.85 255.89 259.59
FAT305 0.6637 0.6632
+ 28.04 + 30.56 + 2850 + 30.16
221.55 227.62 222.47 227.20
PROT305 0.2573 0.4505
+ 1845 + 25.64 + 21.65 + 1744
601.08 620.83 604.05 619.62
SNF305 0.1612 0.3449
+ 51.01 t 62.55 + 56.16 + 50.09

BTN : butyrophilin, Milk305 : 305-day milk yield, FAT305 : 305-day fat yield,
PROT305 : 305-day protein yield, SNF305 : 305-day solid—non-fat yield.

Table 155 FERFES 7370 g AHEHN FHIEPAAE BSTES4=
oe] BTN29F 305 fr#, ool frolats Btk Ee BTN2oA AA 92F
ol Ale] Anel o] AAY ] B #4422 713 AB, BBEET =2 3 e
= 734’}‘” BZERS-oF g 12 925F F 7379 FRFES9 19F

HE Bty webs go® BTN {4

=
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4@ e FAT el o B4 A, 3059 A A We 4
of frdt FAWE ¥ BTN39 AN Folas Hlen, ABY
r Zk7y 7973.377% 301.66°.2 AAZ S Hir gk 7578.18% 287.
=A vyEsd 28u B8 fA#S dAME foAE BeolA fdt #9x
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Table 16. Genotypic differences of BTN, STAT5a, and PRL for production traits
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BTN1 BTN2
Genotype
AA AB AA AB BB
PTA Milk 32.30 110.43 154.19 23.56 -12.96
PTA FAT 0.36 1.07 2.07 0.27 - 1.10
PTA PROT 1.93 476 5.40 1.77 1.15
PTA SNF 5.16 11.38 1291 497 2.33
BTN3 BTN4
Genotype
AA AB AA AB
PTA Milk 24.83 88.28 40.39 75.25
PTA FAT 0.21 1.02 0.25 1.47
PTA PROT 1.72 3.83 2.26 3.33
PTA SNF 3.81 10.97 5.84 8.46
STATb5a PRL
Genotype
AA AB AA AB
PTA Milk 30.39 110.71 47.90 46.51
PTA FAT -0.40 3.81 0.50 0.48
PTA PROT 2.25 3.26 2.18 3.50
PTA SNF 5.12 11.04 6.40 6.30
STATb5a microsatellite
Genotype
110/110  110/112  110/114  112/112 112/114 114/114
PTA Milk -25.59 78.80 116.55 17.86 59.19 228.10
PTA FAT - 351 3.03 3.78 -0.99 1.09 3.00
PTA PROT - 061 2.51 5.25 2.29 2.95 7.70
PTA SNF - 3.34 8.23 23.58 3.81 9.50 7.95
BTN : butyrophilin, Milk305 : 305-day milk yield, FAT305 : 305-day fat yield,

PROT305 : 305-day protein yield, SNF305 : 305-day solid-non-fat yield.
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Table 17. Genotypic differences of BoLA-DRB3 for production traits

BoLA-DRB3-Rsa 1

Genotype
FU IG LM LU MM 00 ov
PTA Milk 884 2770  88.21 186.66  -3397 19874  41.92
PTA FAT =270 -1.79 1.60 4.47 -3.97 6.16 191
PTA PROT 1.76 0.34 2.85 8.08 -2.11 7.79 2.68
PTA SNF 6.76 0.18 9.82 20.90 -6.39 15.93 6.44
BoLA-DRB3-

BoLA-DRB3-Hae Il
Genotype BstX2 1

AA AB AD BB BD AA AB BB

PTA Milk 28.38 8369 10746 -61.24 81.62 33.00  32.24  51.47
PTA FAT 090 -003 314 -2.84 237 -412  -095 131
PTA PROT 0.71 493 7.06 -073 262 0.32 2.21 2.78
PTA SNF 272 959 1740 -353  9.00 3.06 5.94 6.43

BTN : butyrophilin, Milk305 : 305-day milk yield, FAT305 : 305-day fat yield,
PROT305 : 305-day protein yield, SNF305 : 305-day solid-non-fat yield.

A Aol dEfdsgd e FAAFEe a3E £ AHE Table 167 17
of AAEATE. BTNIL, 3, 281 49 4% AAES 713 AAE 2o ABES 712
MAES] Fo 5ol 953 A veEp oy, BIN2IAE AAF o] A YERS:

STAT5a®l 7% AB¥ ¥ 114/114 dHg-FAdA o] g 37t A vews

2

S 2 4 99lth. BoLA-DRB39 4% Rsa 1 A&a4s e 23, 00F, Hae N *
2] A3}, ADﬁé, a8 i BstX2 1 Ae A% BBYAA =4 Ukth. 53] Hae I %
g A% A FARE 7 AAEC] B frdAE 7 AAE Bk =4 dERsT
S 2o 9ol = BTN 29 4480l §o4F(p < 0.05)4 Fuldt xfo]=
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I A A A ARAS AAEARD VF A A S doke SHelA F Ak
E o o=/ %53 (predicted transmitting ability : PTA) <
2 T e T A = uo] BAFAI AARA FHAA] §
of theh & el thaiA Azba] = 5 Stk
oA EAe ol gw MA TR 92F oA BTNL, 3, 18] 4°]4 B di
AxE BTN2olA A i HF AL 71 AAIES ikl =4 ved Hs & o, o
o8 TRFHESY U HIFFTRS AUA nes) & a7t oS Ao ®Helt, &A%
927 ®E A7|7F U A7) wjiEe] AFEEE ¢ Eoli, By A8 dds 5]
el A = BTN STATSa Fdzte] disht A7 ®voh o 2 /A S do=z
3] Aok 3 Aoz Hlty, T3 & AFeA = Tl BAE EA ¢
9kAWE BoLA-DRB3 #9]Eel wiste] Starkenburg (1997)°] BoLA- DRB3
haplotype®} milk yield®} 2 27} dvb= B39} Dietz 5(1997b)2 somatic cell
counts®} AFFAZE QlvkE Bk 9lo] eko @ BoLA-DRB3 #9lo] digd A= 4
& zlaEojof ghrhal AbmE T
olo} 7ol Iy ERo 9% W FREus 77%6 s}l butyrophﬂm*}
signal transducers and activators of transcription 5a -FHAX¢} e T FAx9}
bovine lymphocyte antigen-DRB3 A&}l thal AME AL, 1259 #4443
of thgt Ao UAE AR 2 A7 A Il REFES B SRS

Ho

2ol 1R FaHefe i ddAdS 24 shlen, ofs el Qg
©d &4 (association test)s &3 Ul FTEFES X H SAS AU o
A3 ko TR FAAE UF B ¢ A™s FEe 249§ B2 ANEd
Hol Ad FME ThEANel A&skH A A B e QoM FRE Z9E A
= 7 de Ao ARdy. oy A7 Bu ¥ & oR ofFojx7] 9 &
T R UMY A AEA 9 AP digk A 715, A4, 2 @It o)
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7} 3= A e &9 A butyrophilin promoter ¥ o] FEYI tdEA A

83+ butyrophilin promoterS & H 31l o] §3}7] ¢5te], AU go] HuHA] &
L& 3= QY 59X (Capra hircus L) butyrophilin promoter®d o] 24L& <l7t3}
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Figure 1. Subcloning of promoter region containing exon 1 and intron 1 for
butyrophilin gene of Capra hircus L. LA-PCR products were ligated to
pGem T-easy vector and electrophoresis in 0.8% agarose gel. M1, 1kb
ladder, lane 1, LA-PCR products. lane 2; recombinant DNA, M2; Aphage
Hind IlI-digested. DNA,
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-3447 AGCATCCAACGCGTTGGGAGCTCTCCCATATGGTCGACCTGCAGGCG
-3421 GCCGCGAATTCACTAGTGATTAATTCAGAGATCCTGTCCAGTGCTGTCGGTTTCTATCGA
SORY/HMGIY.01 RBIT/BRIGHT.01
-3361 AATGACTCAGATATTATCCAACCAGAACCTTGGCTGCCACATAATAGCTTGAGTTCTATG
-3301 TACCATTTGCTGTCTATTTCCTGGCTCCTTTCCTTCAGTCTAGTTCTCTTAGGTGAAAAT
ETSF/ETS2.01 IRFF
-3241 AAAAGTTCTTCCCCCTCCCCTTTTCCCAAATTATCATTAGATATTTTGACAATGCAGAG
/IRF7.01 MAZF/MAX.01
-3181 AAGGGAGAGAAGTCTAATCAGGATGAATTAAGGAGAGGGAAACATTATCAGTGATATTTG
RBIT/BRIGHT IRFF/IRF2.01 HMTB/MTBF.01
-3121 TGACAGTTAAGCACAAACGAAAGCTGAAAATGAGGCAGGTACATCTCAAACTAGGAAAGC
-3061 CAAGGACTGGTTGGTIGTGATTTAAGCTGCAAATTCTACTTCTGTCTATGTGCTGATAAG
TBPF/ATATA.O1 GATA
-3001 GGTCAGAGAGTATGAACTCAAAGAGCTCAGTTTAGGAGGGGAATAGAGACTTGGAAACAA
LEFF/LDF1.02
-2941 AAGACAAAAATAAATGCATGTGCGTCTCAGAGTAGGCTTCAGGTCACGTTCCTGAGAGCA
RORA/SRY LEFF/LEF1.01
-2881 AAGAGGGACCAGGAAGTTGTCCATGTCATAGGATAAATCTGGCACATCTTCCTGGAGAGT
ETSF/ETS1.01
-2821 CTATTTCAGTTGGAAGGGGTAAAATCTAGTCAGAGTCACATTTCTTTTGAAATTTCACAG
-2761 TTAATGCAGTAAAATGTTTTAATTTGCCTTAAATGTTATAGATAAGACTGAAGACTTTAG
RBIT/BRIGHT GATA
-2701 AAGTGTTTCTCATGTGAGCTAGCCAGTGCTGGGAGACTAGGGAGAAAAGGCGAAGAGAAA
IRFF/IRF2.01

-2641 GGAAGCAGGAAGGCCACTAATTCTTACAGCATTTTCTTGACCAGATTAAGGTGCTTGAAC

-2581 TGGATGCTGGGGTCACTAAGCAGTCATGTAGACATTTTTAAGCAAAAAGTGACAAGATTG

-2521 GATTTGTACTTGAGAAAATTCATTCTCCTGGCACTCAGGCATATCCACTGAAGCAAATATC

HMTB/MTBF.01
-2461 TTTTTTTTTCTTTTCTCTGTTTTAAGCAGTTCTCTTTTCGTGGTCTTGATCACAGTCTCA
-2401 ATTAAAAGGCAAAGAACAAATGAGTGGTGAAGGGTTTTTGCCACAAATATAATACAGAGC
RBIT/BRIGHT
-2341 TGATGTTTTCAACTTTTTAAAAAATTCACACATATTGATTAAAAAAAAAAAAGCACCAGA
OCT-1 MEF2/MMEF2.01

-2281 CTCTGTCAAAAAAGGCAATTACTTGAAAAGTTTACTTCCAGAATATATTAAAATATATAA
TALE/TGIF.01 SATB/SATBI1.01

-2221 ATATGAAAAATGACCAACATAACTATCATATAAATGCATAATAAAGTAATAATTTGGTCA

TCFF/TCF11.01 EREF/ER.0O1
-2161 GTGTCATCTAGCCCATTAGTGATGATGAGGAAGAATAGACCTCAGTGCTGGTGAGAAGGA
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-2101 CATTTCCGCTGATGGTGTGATTGGACTGACATTTCAGGAAGAAGCTTTGACAATATGTTC
ETSF/ERS2.01 : STAT/STAT.01
-2041 ATACCCTTTGGCCTTAAAGACGGGATTTCTGGGAATTCAGCAGAAAGTGTATCAGTAAGT
IKRS/IK2.01
-1981 TAACAAAGATGTGGGCAAAGACTTGTGTATAAACTGCACTATTTATAACAGGCAAAAAAC
LEFF/LEF1.01
-1921 CCAAGATGTGCCATGATCTCAGAAACCTTCAATATGATAAAATATAGCTATTAACAATGT
-1861 TTCAATTACGTAAAAGCCTTAGTCGCTCAGTCATGTCTGACTCTTTGTGACCCAATGGAC
-1801 TGTAGCCTGCCAGGCTCCCCTGTCCATGTGATTCTCCAGGCAAGAATACTGGAGTGGGTA
-1741 GCCATTCCCTTTTCCAAGGGATCTTCCCAACCCAGGGAATGAACCCTGATCTCTTGCATT
IKRS/IK2.01 TEAF/TEF1.01
-1681 GCAAGCAAATTCTTTATGGTCTGTGCCACCAGGAAGCCCAAATTATATACAAATTATATA
ETSF/CETS1P54.01 OCT-1
-1621 AATCATCAGTTCTATTACTGGAGGCTATCATTACTTGCTGACTACCTTAAAAAATACATA
AP1F/AP1.02
-1561 TCTTTAAAATGTTTTCTGTAACAATAAGGGGTTTAACCCAAAACAGGGAGTTGTAGGCCT
MEF2/MEF2.05 : TBPF/TATA.02
-1501 CATAAATTGCTTTTAGGGAGGTAGCTTTGCAGAGAGGCAACTCTGGGCCTTGAAAACTGA
SF1F/FTF.01
-1441 ATCATACCCATGCATTCTCAGCCTATCTTTAGTTTTTAGCTCATATAAATAATAATAGAA
GATA/LMO2COM.02 SATB/SATBI1.01
-1381 TAACAACTTCCCCTCTTCTAAATCCCTATTATATGCTAAGCACTGCTGCTGCTACTGCTG
OCT-1
-1321 CTAAGTTGCTTCAGCCGTGTCCAACTCTGTGCGACCCCATAGACGGCAGCCCACCAGGCT
-1261 CCTCCGTCCCTGGGACTCTCCAGGCAAGAACACTGGAGTGGGTTGCCATTTCCTTCTCCA
NFKB/NFKAPPAB.02 ETSF/PU1.01
-1201 ATGCATGAAAGTGAAGAGTGAAAGTAAAGTTGCTCAGTCGTGTCCGACTCTTAACGACCC
IRFF/IRF2.01
-1141 CATGGACTACAGCCTATCAGGCTCCTCCACCCATGGGATTTTCCAGGCAAGAATACTGGA
NOLF/OLF1.01 NFKB/NFKAPPAB65.01
-1081 GTGGGTCGCCATTGCCTTCTTAATCTCATTTAATCCTTGCACCACTACTCCAAAGAAGGT
-1021 ATTATTAACAATATTTCCATTTTAGAGATTAAAAAAGTGAGGCTTGGAGATGGCCCAAGG
YYIF/YY1.01
-961 CTTTGCATCTTATTTTAGTGTTTTCTTTAATCCTCTTTCTTTTTCCCTCTGTCCCCTTCT
IRFF/IRF3.01
-901 GTAAACAGGTTATCAATGCATAGCCTAATTTCTAAGCTGAAGACCACAAATCCACAGACC
-841 CTTCTCCTCTCTGGAACTTTTTCCCCCAAAGTAAATACATCAGGGATGAGGAGGGAGTGT
-781 GTTGGAGCGGAAGGGTGGGAGGAGGCAGGCTTTCCTGAGAGTACTTCCCCCTTCCTTCTC
EGRF/WT1.01 ETSF/ELK1.01
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-721 CTTTAAGTTTTGCCAATGGGGCCACAACCAGCTTTCTCATTTGGTAGCAGAAGCTTGTTG
-661 GTGCCTTTTCTTCCAACATCAGAGGTCAGTATCTGGAACTGTTCTCACCCCTGAGAGAGC
AP4R/THI1EA47.01
-601 CAGCAGCCAGAGTCATTTTCTCTTTCCCGGGCTCCTTCCTCCCTAGTCCCAGGCCCTCTA
IRFF/IRF3.01
-541 CTCTTCAAGCCCTTTAGCTCCCTTCAGCTCCCCTTTCTTGTTCTGTCTCCTCCAGCCTTIT
-481 CTTCTTTCCTGTTCCTGCTTATTTCCCTGATCTCCATCTCTTCCTCCATCACTGTATCTT
ETSF/ETS2.01 ETSF/ETS1.01
-421 TATTATCACTGCTAAAAGCAGATGTCAAATTATTGTATTTGAAAGAAGAGATCTTTTTGA
GATA/GATA3.01 TALE/TGIF.01
-361 CACAGTAGTTCTAAGACTTGTCTATTTATAATACATGAAACCCATAAATGGGTACTATAC
MEF2/MEF2.01 SRFF/SRF.03
-301 ATCACAATTGCCTTCTCTTAAGACTCTCTTAGGGGTTTAGGGCCAATTTGCTGGTTTGTA
-241 CCGACAAGATTGACTAACCTTAGGGTGTTAGGTGGGATGGCAGCCAGAACTGAAAGTCTA
-181 CCCTTGGCAGAAGGCAAGGAGGAAGCTTAAGGTGCAAATGATGCTTTCCAAGCTGAAAAG
ETSF/PU1.01
-121 AACTGCTGGGAGGGCACAGGAGCATGGTGTCTCAACAACTCTTAGTTATTGCCTATICTT
-61 TCATCTCTCCTAGGCTGACAAACTCGAGCCCACCAGCATCTTGCTGCCCAGAAAGGTTGG
GATA/GATA3.02
1 ATGGCAGTCTTTCCAAATTCCTGCCGCCTGGGGTGTCTGCTCATTTTCATTCTCCTCCAG
HMTB/MTBF.01 OCT-1
61 CTACCCAAGCTGGATTCTGGTAGGTCCAGAAACCATCAGACTTGTTCCCCAAAACCCTTT
121 TAGGCTGGCAGGGGTTGGCAGGCCTAGACTAGGAAATAAGTAGGAAGAGGGTTTCAGCTG
SMAD/SMAD4.01 ETSF/PU1.01
181 AGTAGAGAAGGAGCCACGAATTATCTTTCCGGTGGAACTTTGTTTCAATGATGTCCTGCC
ETSF/ELK1.02
TTTTTCTTAGGATAATTTCTACCCTACAAGCTTGAAATTTCTCAGTAATTTTAAGCAATC
SORY/HMGIY.01
301 CCATTTGGTTGTCCTTAGCGACTTTCCCAAGGGCCCAGATGGATTCCCTGGAGCTGTAGT
361 GGGAGAGTGCCCTTCAGTGGGATCCTCCTCTGTATCAGTTCTCAATTCCCACCTCCACAT
421 TCCGTCCGACCCTCTTGGTGTTTTGATAGCTCCCTTTGACGTGATCGGACCCCAGGA

Figure 2. Annotated sequence of the goat butyrophilin gene. Putative 5’ flanking
region of goat butyrophilin gene was analyzed for promoter elements
with the Metlnspector softwere in Genomatix web site. Potential
transcriptional regulatory sequences are underlined. Numbers to the left
of the DNA sequence indicate the nucleotide position with respect to the

A of the ATG initiation Met codon, labeled +1.
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Table 1. Occurrence of putative transcription factor binding

region of goat butyrophilin.

in the regulatory

Matrix/Family — Further information Matrix/family ~ Further information
ANEF2.01/MEF2 Myrcyte enhancer factor AP1.01/AP1F AP1 binding site
Aareb6.04/areb Atpl regulatory element ATF6.02/CREB  Activating transcription factorb
binding factor 6 memver of b-zip family by ER stress
BRIGHT.01/ B-cell regulator of IgH BRN2.01/BRNF  POU factor Brn—-2 ( N-OCT3)
RBIT transcription
CDX2.01/CDXF Cdx-2 mammalian caudal ELKI1.01/ETSF Elk-1
related intestinal - fraNSCr gy 01/BTSE  c-Fis-1 binding site
Factor
ER/EREF Estrogen receptor FIF.01/SFIF Alpha(1)-fetoprotein transcription
factor liver receptor homologuse
GATA1.03/ GATA binding factor 1
GATA
GFI1.01/GFI1 Growth factor independence 1 HMGIY/SORY HMGI(Y) high-mkobility group protein
zinc finger protein acts as architectural transcription factor
transcriptional represser organizing the framework of a nuclear
IRF7.01/IRFF interferon regulatory factor.7 protein — DNA transcriptional complex
IRF2.01/IRFF interferon regulatory factor.2 IRF3.01/IRFF interferon regulatory factor 3
IK2.01/IKRS Ikaros2 potential regulatory of TCF1.01/LEFF  Involved in the Wnt signal
lymphocyte differentiation transduction pathway
LEF1.02/LEFF Involved in the Wnt signal MAZ.02/MAZF  Myc associated zinc finger protein 1
transduction pathway
MEF3.01/MEF3 MEF3-hinding site present in skeletal
muscle specific transcriptional
MTBF.0I/HMTB muscle specific MT binding enhancer
site
NFAT.01/NFAT Nuclear factor of activatd NFKAPPAB.02 NF-KappaB
T-cell /NFKB
NFKAPPAB65.02 NF-Kappa (P65) NFY.02/ECAT  Nuclear factor Y
/NFKB ('Y -box hinding factor)
NFY.03/ECAT Nuclear factor Y OCT1.06/OCT  Octamer binding factor
('Y -box binding factor)
PUL.OI/ETSF  PUl(pul20)  Ets-like transcription
factor identified in lymproid B—cell
RSRF4.01/MEF2 Related to serum response
factor
RBPJK.01/RBPF Mammarian transcriptional STAT.01/STAT Signal transducers and activaters of
repressor RBP-Jkappa/CBF1 transcription
STAB1.01/STAB Special-AT  rich  sequence TATA.02/TBPF mammalian C-type LTR TATA-box

binding protein predominanty
expression in thyrocytes binds
to matrix attachment region

RHIEA47.01 /AP4R

thingl/EA7 heterodimer THI1.bHLH r
member specific wxpression in a
variety of embryonic tissu
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Table 2. Occurrence of putative transcription factor binding

in goatbutyrophilin

promoter region
Family Description Family Description
AREB Atp regulatory element binding API1F APland related factor
CDXF Vertebrate candal related AP4R AP4 and related protein
homeodomain
HMTB Human muscle specific MT BRNF Brn POU domain factor
binding site
IKRS ikaros zinc fniger family CREB camp-responsive element
binding protein
MAZF Myc associate zinc finger ECAT enhancer CCAAT binding
factor
MEF2 myocyte-specific enhancer EREF Estrogen response element
binding factor
NFKB nuclear fator kappa B/C-realative ETSF Human and murine ETS1
factor
OCT ocamer binding protein GFI1 Growth factor idependente
RBIT Regulator of B-cell IgH IRFF interferons regulatory factors
transcripton
SFIF vertebrate steroidogenic factor LEF LEF1/TCF
SORY Sox/ sRY sex/testis determing MEF3 binding sites of MEF3
and
STAT signal transdcer and activator of NFAT nuclear factor of activated T
—cell
TCFF TCF11 transcription factor RBPF RBPJ-Kappa
protein related HMG box factor
transcript factor SATB special AT rich sequence
binding protein
TBPF tata binding protein factor

transcriptional repression
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promoter region Exo

- Exon 2 - %

BTN-BF BTN-BR (B)

BTN-BF2 BTN-BR2 (C)

BTN-BF3 BTN-BR3 (D)

BTN-BF4 BTN-BR4 (E)

BTN-BF5 BTN-BR5
Primers
A region
BTN-BF:5'-CAT CTA GCC CAT TAG TGA TGA-3’
BTN-BR:5'-TAG CCT CCA GTA ATA GAA CTG A-3’
B region,
BTN-BF2: 5'-TGG AGG CTA TCA TTA CTT GC-3’
BTN-BR2: 5'-CCT GAT AGG CTG TAG TCC AT-3’
C region,
BTN-BF3: 5'-CTA CAG CCT ATC AGG CTC CT-3’
BTN-BR3: 5'-GAG AAC AGT TCC AGA TAC TG-3'
D region,
BTN-BF4: 5'-GAA CTG AAA GTC TAC CCT TGG CA-3’
BTN-BR4: 5'-TTG CCT TCT GCC AAG GGT AGA CT-3'
E region,
BTN-BF5: 5'-GAA CTG AAA GTC TAC CCT TGG CA-3’
BTN-BR5: 5'-ACA GAG GAG GAT CCC ACT GAG G-3'
Figure 3. Scheme of butyrophilin promoter region and primer location

polymorphism analysis in Capra hircus L.
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. Competitive RT-PCRS &3+ butyrophilin 3 #F2] wrd =k F4

Competitive RT-PCR< 1%49] primer seto & 2719 & HAIH oz SZA|A
2709 ME=E Felste] ojul ¢4 Qe competitore] Y HlwEte] duxt FHE FA
25 BAeE= A3 olt)l. Butyrophilin mRNA @Ha @ B4& 93 competitors=

Competitive RT-PCR KitE o] &3t A =zstAtt. A 2= AR competitorE 333 %=

AL ol&ste] A stk s E il = competitorE A0 ® 3] A 51
butyrophilin mRNA @& 24 o] o] &3ttt AR & FX9 competitorg Al &9k
S PCR T&3eto] AEd 2709 W=9] sE ojnx] 475 Sl FAs3
AA7I 3 w71 AR oA AR 25, o, 1 24 55 FHst]  #FAdd
&Ao" butyrophilin mRNA W3S &218 St (Figure 4).  Butyrophilin

mRNA$S] PCR < 3F4H=-2(730bp) 230bpel A& Kpn I Algta 45 AHest™
230bp& 500bp WES AFES A4LES 139t (Figure 5). 5 wHl& A7 &
Al BB E o] A= lactogenic ZEHo| & FdE o]z}
stz Sl Al 104 A 159A A =4 5 544, 10¢9A e 17
A AF e butyrphilin mRNAS] HdFS EA519 0. E AFo A= butyrophilin
mRNA®] F&o] JilfrA s2Zo o) o= Ao d@xds WA gelsr] 9
ate] Qlalsd AF ] dAEAE Aldste] dA SEE o3 wdAHo] FIEAnt
(Figure 6) &=3F B]7] F<9F9] butyrophilin mRNA & o W3lE= Euk & 594 10Y
A L1744 AAE B B (Figure 7). =& g2 ® butyrophilin mRNA
= competitive RT-PCRS E3] AUEALS 3192 (Figure 8), A& Y& L9
competitor®} AEE HFSAA T2 FE9 competitor®t ¥HS-3F Z}zbo] AE v wst
o] A= At (Figure 8). Competitor?} butyrophilin mRNA¢ F% H|& (Y=)4
PCR %ol o83 AZ tE competitor ¥ =E(XF) loggho= A4t gz =
vellth 2o YRAEZ 00] HE competitor®] XZ  butyrophilin mRNA ¢
o2 AAsth(Figure 10). AFEAS 984 2 HAIL fAFsHA HdH =
B-actin mRNAE EEFAAR o] &3t JA7IER Bl F7|3F &k A &Aooz o
d ¥ =B-casein mRNA 23S #A35te  butyrophilin mRNAS] W3}l Husl$dch
(Figure 6, 7).

Al dal 10 Aol A= B-actin® B-casein®] mRNAZ&o] b2 7fA 9 FA}
SHA B F A o butyrophilin mRNAE HAEFH A &dh. wH Al 15U Ao A=

ro
1>
_0|L
rlr

F ANRFA BRI} E

>
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butyrophilin mRNA 2d& ##3d 4 Atk (Figure 6). Butyrophilin mRNA+= 23
°] A g dAl 1094 A FAS Fatr] A A 9YA FAa AA A
= AR 244 Foll AF O FAolA e WAFS EAEAT 1 A dA
1047 AFANA HF718F FAS TAFS 2|
mRNA ao] GAaAAA o= Freo] Wats vepl=A &<l ot Fo 53 A
ol7b §1&& #aEAth(Figure 9-12). =3 B-casein mRNAS] WA G FHAA A
of ok Wstrt #EEHJTH Al Erle HPHo] FWrH FAO 5SS F3 EH|H
©J 2 &= butyrophilin®] ¥ f-7] F<ke] mRNA 2@ W= 2uk § 544, 1094 2 17
drjel A FdxAolA EAstglon dalTrle AE¥ mRNAS T ZFRT +
AH o7 Fokom Hlfrt Mgl wep 1 o] A s tH(Figure 13-15).

A4 10€ 7 AH 2] butyrophilin mRNA 2& @k #zo] x| Gty GAAAE
T3 1L7fg 7MA AEHUACH JA 5AA = 11fg, FAAA A&l osiA= 1l4ige] #
= HA2 29 F vfi7F AFE § 59 A ¢l= butyrophilin mRNA®] @ ko] 1.9fg,

Aol = 1.8fg, 174 A= 1.7fge] HE = AHFigure 16). =, lactogenic T E & 9]
wHE QlE] butyrophilin mRNAS #dE FEEHA|AH dild7]d FLEEojzl
mRNAS] FdL Erb Fo= A&Hyolgdn. M F7]t3 1417]13ke] butyrophilin
mRNA & X glo] ZFW 2zt /AR A =kel] thsto] fo]% AolE &l
A THP<0.01).

Lactogenic &2 #Hlo] 93} butyrophilin mRNA 3 FEZ A FEr]EA
A= A =3t Prolactin®} steroid 229 Ag]& HC11 A EA ¢ butyrophilin
mRNA 23S Festanh AFH A9 AE HCI1 2 37C, 5% CO2 27 o A
RPMI 1640 v Aol Al #j = A, 28 & steroid T2+ dexamethasone 0.1

%

Ho

UM} 10% fetal calf serum, Sug/ml prolacting = 2]&te] 24417k %t vigstdtt &
2 A A 302 HuekA ggken 28 23 cell23-E RNAS
%33, cDNAE 34 8Fo] butyrophilin mRNA9} B-casein mRNAC 28 S PCRS %

3l el tl. Prolactin® steroid &2 93t B-casein mRNAE & o] 3HolE

o}, Hjekd HC1l AlEo|AE butyrophilin mRNAS] Wa S shelslx skl
(Figure 17). W]f7] &9 AHEHozw HHAFAX = & #FF d¥dAdx= tz27
butyrophilin® ZfolA T HHE X = T EAS /A2 . JHER H] {7
oEt FFE vA= 89S g #4e Aol B xdEHo Qe o
AF 53] 2fdd 2ol FHHE WYIRZEUES AAote] HIgFHE =91
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Figure 4.

The expression analysis of butyrophilin mRNA in mouse mammary
gland and muscle during lactation by PCR ; in mammary gland at 5
days, 10 days and 17 days after lactation(lanes 1-3), 100bp-ladder
marker( lane M), in muscle at 5 days after lactation(lanes 4-7), at 10

days after lactation(lanes 8-11), at 17 days after lactation(lanes 12-15).
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Kpn | enzyme cutting { ggtac/c )

a0a0
B0

Figure 5. Gel electrophoresis and analysis of enzyme digestion of butyrophilin gene
product . The 730bp was PCR product size whereas 500bp and 230bp

correspond to the enzyme digestion products.
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Figure

I 2 3 4 5 &6 7 8B %10 11 121314 1516 P

el B) and P
—casein(pane In mouse mammary gland during pregnancy; in
mammary gland at 10 days after pregnancy (lanes 1-3), at 15 days
after pregnancy(lanes 9-12), in ovriectomized mouse mammary gland at
10 days after pregnancy (lanes 4-6), at 15 days after pregnancy (lanes
13-16). The negative controls of butyrophilin expression were analyzed
in virgin mammary gland(lanes 7-8). The positive control of butyrophilin

expression was analyzed in mammary gland at bdays after lactation.
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Figure (panel B) and B

uring lactation; in
mouse mammary glan ays aiter lactation(lanes 1-4), at 10 days
after lactation(lanes 5-8), at 17 days after lactation(lanes 9-12 )and the

positive control (lane P).
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Figure 8. Quantification of the butyrophilin mRNA in mouse mammary gland during

lactation by competitive RT-PCR. The 540bp band corresponds to the
competitor molecule whereas 730bp band  corresponds to the target
sequence. The quantification of butyrophilin mRNA expression determined
by competitive RT-PCR ; 5 days after lactation (lanes A-D), 10 days
after lactation(lanes E-H), 17 days after lactation(lanes I-L). The 540bp
molecular size was concentration of competitor; 1:(37x10°)x1/3 ng,
2:(37x10°)*1/6 ng, 3:(37x10 ®)ng
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Figure 9. Gel electrophoresis of competitive RT-PCR products of butyrophilin. The
quantification of the butyrophilin expression was analyzed in mouse
mammary gland during pregnancy by competitive RT-PCR. The 540bp
corresponds to the competitor molecule whereas 730bp corresponds to the
target sequence. The negative controls of butyrophilin mRNA expression
were analyzed in virgin mouse mammary gland(panels 1 and 2). The
expression of butyrophilin mRNA was analyzed in the mammary gland of
ovariectomized mouse at 9 days after pregnancy(panels 3 and 4); at 10

days after pregnancy.
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Figure 10. The butyrophilin mRNA quantification by competitive RT-PCR. After the
reverse transcription step, 3 PCR reactions were run in parallel with
different amounts of competitor. The band density ratios between
competitor and target were determined after photographing the agarose
gel and plotted versus the initial amount of competitor added in the PCR
reaction. The three samples for expression analysis in ovriectomized

mouse of at 10days after pregnancy : plO-ol, pl0-o02 and pl0-o03.
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Figure 11. The butyrophilin mRNA quantification by competitive RT-PCR. After the
reverse transcription step, 3 PCR reactions were run in parallel with
different amounts of competitor. The band density ratios between
competitor and target were determined after photographing the agarose
gel and plotted versus the initial amount of competitor added in the PCR
reaction. The three samples for expression analysis in mouse mammary

gland at 15 days after pregnancy: pl5-nl, pl5-n2 and pl5-n3.
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Figure 12. The butyrophilin mRNA quantification by competitive RT-PCR. After the
reverse transcription step, 3 PCR reactions were run in parallel with
different amounts of competitor. The band density ratios between
competitor and target were determined after photographing the agarose
gel and plotted versus the initial amount of competitor added in the PCR
reaction. The three samples for expression analysis in ovriectomized

mouse of at 15 days after pregnancy: pl5-ol, pl5-02 and pl5-o03.
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Figure 13. The butyrophilin mRNA quantification by competitive RT-PCR. After the
reverse transcription step, 3 PCR reactions were run in parallel with
different amounts of competitor. The band density ratios between
competitor and target were determined after photographing the agarose
gel and plotted versus the initial amount of competitor added in the PCR
reaction. At the equivalence point ( log ratio = 0), the initial amout of
target cDNA corresponds to the initial amount of competitor. The four
samples for expression analysis in mouse mammary gland at 5 days

after lactation: L5-1, L5-2, L5-3, and L5-4.
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Figure 14. The butyrophilin mRNA quantification by competitive RT-PCR. After the
reverse transcription step, 3 PCR reactions were run in parallel with
different amounts of competitor. The band density ratios between
competitor and target were determined after photographing the agarose
gel and plotted versus the initial amount of competitor addedin the PCR
reaction. At the equivalence point ( log ratio = 0), the initial amout of
target cDNA corresponds to the initial amount of competitor. The four
samples for expression analysis in mouse mammary gland at 10 days

after lactation: L10-1, L10-2, L10-3 and L10-4
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Figure 15. The butyrophilin mRNA quantification by competitive RT-PCR. After the

reverse transcription step, 3 PCR reactions were run in parable with
different amounts of competitor. The band density ratios between
competitor and target were determined after photographing the agarose
gel and plotted versus the initial amount of competitor added in the PCR
reaction. At the equivalence point ( log ratio = 0), the initial amout of
target cDNA corresponds to the initial amount of competitor. The four
samples for expression analysis in mouse mammary gland at 17 days

after lactation : L17-1, L17-2, L17-3 and L17-4.
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Figure 16. The expression of butyrophilin in mouse mammary gland at lactation(L),
pregnancy(P), and in ovariectomized mouse at pregnancy(OVX). The
expression analysis of butyrophilin was performed in mammary gland at
5 days after lactation (L5), at 10 days after lactation (L10), at 17 days
after lactation(L17), at 10 days after pregnancy(P10-Nor), at 15 days
after pregnancy(P15-Nor), ovariectomized mouse at 10 days after

pregnanc(P15-OVX), and at 15 days after pregnancy (P15-OVX).
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Figure 17. The analysis of butyrophilin mRNA(panel A)and B-casein(panel B)
mRNA from HCI11 cells treated with dexamethason or prolactin .
Lanes 1-2, 5ug/ml prolactin and 0.1uM dexamethasone; lane 3, 0.1uM

dexamethasone; lane 4, basal medium
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1) STAT5a9] cDNA €24 % pMX-STATHeEd WYY +5
2495 93l primers Al 433l Long-span PCRS o] €34 ¢DNAE 343 th

P 5o}z STATS5a 9 cDNAE pBluescript(SK+) cloning vector?l] cloningé}oi A7 EE
A5t F2YH )7 Mouse STATS5a cDNAYI A  STATs® Domain +%E &<135%]
(Figure 18). STAT5a #AAE pMX vectorsol] £A3F= EcoR 1 2 Not 1 A|gra A2 #]

Hu:m

23Fe] ( Figure 21) pMX expression vectordl 4F43Fe] pMX-STAT5a vectorE 7=
3} o (Figure 20).

StatSa core
DNA
Oligomerization | Coiled-coil Binding  Linker = SH2 Transactivation
Domain Domain ~ Dommin  Domain v i

. r

o = 8 8 g8
@tailsegrmnt
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Figure 18. Domain structure of STATs. STATs bind to receptors and dimerize via
bivalent SH2-phosphotyrosine interactions. Phosphorylation of the
conserved tyrosine is required for STATSs dimerization. The N-terminal

region mediates oligomerization of STAT dimers.

Plasma
membrane

Hypoxia
DFO

Figure 19. JAK-STATDb5a pathways. Jaks are activated upon binding of DFO,

hypoxia to the receptors; STATb5a is recruited to the receptors and
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tyrosine phosphorylated by Jaks. Then STAT5a dimerize, followed by
their translocation into the nucleus, where they modulate expression of

target gene (beta—casein gene).

EcoRI1 STATSa Notl

pMX-STATS5a

(7,016 bp)

Figure 20. Structure of the pMX-STATb5a vector (retrovirus vectors). Mouse
STATbHa cDNA was inserted into the EcoR1 and Not1 sites of the
pMX vectors (Onishi et al., 1998).
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< pVX vedar

< S[AT3a dDNA

Figure 21. Confirmation of STAT5a cDNA.
Lane 1 : 1 Kb ladder DNA size marker
2 Digestion of pMX-STATbHa with Not I
3 : Digestion of pMX-STATb5a with EcoR 1
4 : Digestion of pMX-STATb5a with Not 1 and EcoR 1

2) DFO(desferrioxamine) d 2] o ¢ g+ STATS5a¢] &4 W3}

DFO(desferrioxamine)o| €]t STAT5a2] &4 S #4317 $135le] STATSa antibody
£ ol&3dte]  Western Blot& Al&atith. DFO°| 3 STATS5a® 242 mouse
mammary gland epithelial cell ¥ monkey kidney cell®l COS-7 Cell& o] &3} =439
th HCI cell> M9 25 40| glojk 14ks} ¥o] STATSa Wil kg o] o] Fo]7
U COS-7 Cell RE=Al oW A= 545 FafA T Ql4kstE o] STATSa Tad Ao

o]FolAE= EAS za 9grth. HCIl cell AFEZS o83 Iron chelatorél
DFO(desferrioxamine) 9t 71l 93 % prolactin®}¢] ¥l A3 oA DFOE STAT5a¢ ¢l
2etE et STATSa @ d Ao 79 s As 93l th(Figure 22). DFO

(desferrioxamine; 200 wf)S A17HO, 3, 6, 9, 12, 24, 48 hr) 2 A X X3 (exposure)
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171 A3, STATSa &9l d 7o) Al F7kstabzl 12417kell A Hatel] =9d 5 A
= FAS 1921 (Fig. 24) DFO(desferrioxamine)Z 5 =¥ (0, 10, 50, 100, 200 p) &
Ao =EAIRE wolx= f1eh mprbA R Gl o] 7 2 t}.
COS-7 Cellel A 9] prolactin(15 w0)&A 3tel DFO(desferrioxamine)? =S W3 A A
(0, 10, 50, 100, 200 ) 24Xk &< Mo wEAIZ & iz o] g wsts Hzsk 4
I o] AEFo SR STATSa W& A A &k (Figure 23). COS-7 Cellol
A gkl zo] A A kS-S 913 & pMX-STATSa gene constructE COS-7 A 3E9
2t (transfection)d}e] transfectants M EZ & o|-&sto] HC11 M XA et & FEFs B
o]=x& el il DFO(desferrioxamine)E Al 7HE, T=E & Ag8iE A3 HCIl1
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Figure 22. Comparison of STATDbHa expression from HCI11 cells treated with DFO

(desferrioxamine) or prolactin (PRL).
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Desferrioxamine (200 uM)

0 3 6 9 12 24 48 ( h

A COS-7

B HCl11

C HCl11
without DFO

Figure 23. Synthesis of STATb5a by treated with DFO 200 pM for 0O, 3, 6, 9, 12,
24, 48 h in transfected COS-7 cells (A), HCI11 cells (B) and treated
without DFO for 0, 3, 6, 9, 12, 24 h in HCI11 cells (C), detected
Western blotting with antibody.



Desferrioxamine (uM)

0O 10 50 100 200 400

COS-7
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HCl11

Figure 24. Synthesis of STAT5a by DFO concentration in transfected COS-7 cells
(A), untransfected COS-7 cells (B) and HCI11 cells (C), detected by
Western blotting with antibody.



3) Hypoxiazz7l3ato|A1e] STAT5ae] &7 ® s}
Normoxia(20% 02)¢} Hypoxia(2% Ol A1 ¢] STATSHa w2 st o] vl u =
$13ll Hypoxia Incubator7} 9= om, HC11 M3z Ale] vl Age] o]FojHt} p
MX-STAT5a gene construct® COS-7 Al 4F<](transfection)d}] transfectants
AEE o] &3k AF oA Normoxia(20% 0. Z 7194 KBt} Hypoxia(2% Oi) Z A

STATSa @4 o] o ®ol o] Foitt= A3sE AT

Nommoxia Hypoxia

0 20 0 200 u/DFO

starse g o o M

STATSa -... HCl1

Figure 25. Synthesis of STATb5a by DFO and hypoxia in transfeced COS-7 cells
and HCI11 cells, detected by Western blotting with antibody.
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4) STAT5a @9 &3} B-casein promoter®}e] 2 3H&4

Bovine B-casein #dol o] STATSa w@jdzte] ZAgolR-& oty 93
EMSA (Electrophoretic mobility shift assay)E& A3ttt bovine?] B-casein
promoter probe A ZS ¢3 oligoE TASII L ( 5'-AGATTTCTAGGAATTCAAAT
C-3"), WA 5994 (Radio Isotope)E ©]-g3telo] ¥PR bovine (224)9] p-casein
gene promoterE 3 #| (Phosphorylation)3}e] Probe®] A #&tdth, A 2tx o] B-casein
gene promoter Probe®t DNA Binding Reactione E3l¢ DFO(desferrioxamine)%}
Hypoxia(2% O2)7F AZA ulolA STATSa @ d S #p=3sto] 2874 o] 3] ko
2 597} bovine(& 4)2] B-casein gene promotere] %+ binding siteo] 2 §H(binding)
stogx Fa FuwAQl beta—casein F Al AALEA o] v 2= IS F2l5H T
Normoxia(20% Q. without DFO)e| H]3] DFO A3 Hypoxia(2% O2)ZF 7l A
STATbHa w1 A o] bovine?d beta-casein A A promoteret © 72 stAl 2 $H(binding)
e Fdeih
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DNA-Stat5a
conplex

Figure 26. DNA-binding activities of STATb5a in transfected COS-7 cells and
HC11 cells treated with DFO concentraion, detected by EMSA. Nuclear
extracts were prepared and analyzed in bandshift assays using
¥pP-labeled B-casein promoter STAT5a binding site as a probe. To
demonstrate the identity of the complexes, anti-STATbH5a antibody was
preincubated with the extracts for 30 min prior to the binding reaction
with the labeled oligomer, as indicated (S.S, super shift). No protein,

negative control.
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Figure 27. DNA-binding activities of STATb5a in transfected COS-7 cells and
HC11 cells treated with DFO by time, detected by EMSA. Nuclear
extracts were prepared and analyzed in bandshift assays using
*P-labeled B-casein promoter STATb5a binding site as a probe. To
demonstrate the identity of the complexes, anti-STATbHa antibody was
preincubated with the extracts for 30 min prior to the binding reaction

with the labeled oligomer, as indicated (S.S, super shift). No protein,

negative control.
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Figure 28. DNA-binding activities of STATDbHa in transfected COS-7 cells and

HC11 cells treated with normoxia, DFO and hypoxia, detected by

EMSA. Nuclear extracts were prepared and analyzed in bandshift assays

using *P-labeled B-casein promoter STAT5a binding site as a probe.

To demonstrate the identity of the complexes, anti—-STATDba antibody

was preincubated with the extracts for 30 min prior to the binding

reaction with the labeled oligomer, as indicated (S.S, super shift). No

protein, negative control.
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2. A4
B AR ZEE AEYAAH o]&FH FHELS Table 1o YElY 23, composite
interval mappingS ©]&3%t AL QTLEFH} QTLH X+= Table 2014 HoFi gl

.

Table 1. Input values used in the simulationl®.

. QTL additive effect’ 3 ,
Population Heritability
QTL 1 QTL 2 QTL 3 QTL 4 %2 562

1 2.081 1.913 2.348 - 1.000 1.000 0.500
2 - 0.311 0.220 0.332 0.111 1.000 0.100
3 - 0.598 0.358 0.735 0.429 1.000 0.300
4 - 0.885 0.612 1.081 1.000 1.000 0.500
5
6

- 1.288 0.945 1.688 2.330 1.000 0.700
- 2.280 2.138 3.213 9.000 1.000 0.900

! Trait mean was 15.8 units. No dominance or epistasis was considered.
> QTL1 was located at 67cM on chromosome 1, and QTL2, QTL3 and QTL4 at 25,

90 and 100cM on chromosome 2.

3 42 .. . 2 . .
0, =additive variance and 9. = environmental variance.
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Table 2. Estimates * standard errors of QTL genetic effect (GE) and linkage
position (LP, ¢M) in population 1 using CIM.

QTL 1 QTL 2 QTL 3
GE LP GE LP GE LP
Input value 2.081 67 1.913 25 2.348 90

+

CIM_0 1759 + 0.254 69.13 26977 + 0217 3840  3.154" + 0.193 97.85

CIM_1 1.832

H+

0.453 69.20 2.174

I+

0351 3775 2.684

I+

0.285 97.79

CIM_3 1.836

I+

0.453 69.03 2.030

I+

0.335 3762 2.457

I+

0.280 98.73

CIM 5 1953 £ 0.455 69.03 1.945 + 0296 37.12 2.360 = 0.270  99.01

+
+
+

CIM_7 1953 £ 0468 69.13 1.920 + 0.278 36.70 2.360 £ 0.253  99.39

+
+
+

CIM all 2.029 £ 0.597 66.42 1.833 £ 0.368 35.87 2464 £ 0325 99.33

ICIM_0 represents IM. CIM_1, CIM_3, CIM_5, CIM_7 and CIM_all were the

composite interval mapping with 1, 3 , 5, 7, and all other marker as cofactors.
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B A EYAA A2 5E composite interval mappingS ©]-&3te] QTL mapping<
St A= Figure 1914 HolF3 9lth. @<k interval mapping XU composite
o

interval mapping®] QTL mapping®] && 494 H AT}
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Linkage position, cM
Figure 1. Likelihood ratio using CIM in search for a single QTL on chromosome 1.
CIM_n indicated composite interval mapping using n cofactors as controls.
The arrow represented a maximum genome-wide threshold value at a 0.05

significance level.
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QTLe] F 7 &4 wje] QTL mapping°ld AEHAAA ATFEHE composite
interval mapping< ©]&3o] QTL mappings 3 ZA3+ Figure 2004 HolFx ot
Al @43}k interval mapping E.t} composite interval mapping©] QTL mappingo] &
[e)

249 wenh

250 ¢ —+—CIM_0
- —=—CIM_1
CIM 3
200 T CIM_5 ,
——CIM_7 Y\
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15 25 35 45 55 65 75 8 95 105 115
Linkage position,cM

Figure 2. Likelihood ratio using CIM in search for multiple QTLs on chromosome 2.
CIM_n indicated a composite interval mapping using n cofactors as
controls. The arrow represented a maximum genome-wide threshold

value at a 0.05 significance level.
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ANEHAA AT2Z5E composite interval mappings ©] &3t QTLY =
2} QTL mappingS 3 ZAF= Figure 34 HoFa Juh Fzxde] &
3|

2]

granddaughter designol 4 composite interval mapping®] QTL mapping®] =&
BT

300 -

aj ——h2=0.1
—=—h2=0.3

250
h2=0.5
h2=0.7
200 —x—h2=0.9

150 -

100

5 15 25 35 45 55 65 75 8 95 105 115

Marker interval

Figure 3. Likelihood ratio from mapping multiple QTLs on chromosome 2 simulated
with various heritability levels. The input values for heritability ranged
from 0.1 to 0.9 with an increment of 0.2. A Forward regression using 5
cofactors was used to obtain the results. The arrow represented a

maximum genome-wide threshold value at a 0.05 significance level.
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A EGAIA AFZHE composite interval mappingS ©]-&3te] marker spacing?l
w2} QTL mappings 3 23+ Figure 4914 EoF 11 9t} marker spacing®] ZH&
4% granddaughter designol| 4] composite interval mapping®] QTL mapping°] =&
ZelS ®th marker spacing®] 30-40cM¥ wi:= QTL detectionel A7} i,
20cMelstol A= 2709 QTLS 2& 4 AT o dolrb 10cM Eeolzl 2719 QTL
(QTL3 and QTL4)E 271 & detectdl”] 934+ marker spacing®] 2cMoll A=t 7153l
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Figure 4. Likelihood ratio from mapping multiple QTLs on chromosome 1 simulated
with various marker spacing. The results were obtained by forward
regression using 5 cofactors. MSxx indicated marker spacing of xx cM
where xx took a value of 2, 4, 6, 12, 20, 30, or 40. The arrow
represented a maximum genome-wide threshold wvalue at a 0.05

significance level.
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AlEdold Hu%: POPI: 15 families each with 30 granddaughters; POP2: 20
families each with 30 granddaughters; POP3: 15 families each with 60
granddaughters; POP4: 20 families each with 60 granddaughters; POP5: based on
real data with 15 families.
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Figure 5. Likelihood ratio using composite interval mapping for QTLs with the heritability
of 0.3. The arrow represents the chromosome-wide threshold value at 0.05

significance level.
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Figure 6. Likelihood ratio using composite interval mapping for QTLs with the heritability

of 0.5. The arrow represents the chromosome-wide threshold value at 0.05

significance level.
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Figure 7. Likelihood ratio using composite interval mapping for QTLs with the heritability

of 0.7. The arrow represents the chromosome-wide threshold value at 0.05

significance level.
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Table 3. Estimates of QTL genetic effect (GE) and linkage position (LP, ¢cM) using

composite interval mapping in the populations of POP1 to POP5 simulated with

the heritability of 0.3".

QTL 1 QTL 2

GE LP GE LP

Input value 0.639 35 0.806 99
POP 1 0518 + 0.028 32007 £ 0.68 0.733" £ 0.034 105017 + 047
POP 2 0.633 £ 0.027 34.08 + 0.62 0.801 = 0.033 99.88 + 0.44
POP 3 0.591 + 0.028 32177 + 0.64 0.735" +0.033 104.06™ + 0.46
POP 4 0.657 = 0.027 34.21 + 0.62 0.832 = 0.033 99.75 + 0.43
POP 5 0.504" + 0.040 26857 + 0.89 0.705" £ 0.044 105.09" + 0.50

"The standard errors

% P<0.5, #x P<0.01.

were empirically obtained from 20 replicates.
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Table 4. Estimates of QTL genetic effect (GE) and linkage position (LP, ¢cM) using

composite interval mapping in the populations of POP1 to POP5 simulated with

the heritability of 0.5".

QTL 1 QTL 2
GE LP GE LP
Input value 0.957 35 1.179 99
POP 1 0.896" + 0.028  32.29™ + 0.64 1.098" + 0.031 10421 + 0.45
POP 2 0.952 + 0.026 34.19 + 0.58 1.154 + 0.030 99.09 + 0.41
POP 3 0.911 + 0.026 32.38" + 0.61 1.102" +0.031 103.97" + 0.43
POP 4 0.960 = 0.026 34.49 + 0.59 1.213 + 0.030 99.07 + 0.41
POP 5 0.870" + 0.036 2997 + 0.69 1.082" + 0.039 106.05" + 047

"The standard errors

% P<0.5, #x P<0.01.

were empirically obtained from 20 replicates.

- 104 -



Table 5. Estimates of QTL genetic effect (GE) and linkage position (LP, ¢cM) using

composite interval mapping in the populations of POP1 to POP5 simulated with

the heritability of 0.7".

QTL 1 QTL 2
GE LP GE LP
Input value 1.390 35 1.807 99
POP 1 1.136" + 0026 3217 + 0.60 1.721" + 0.030 102.39" + 0.40
POP 2 1.368 + 0.025 34.79 + 0.56 1.795 + 0.028 99.04 + 0.37
POP 3 1.342 + 0.025 32317 + 058 1.733" +0.029 102.35" + 0.39
POP 4 1412 + 0.024 34.89 + 0.56 1.848 + 0.028 99.03 + 0.38
POP 5 1.310" + 0.033 2895 + 0.68 1.684" + 0.036 102.89" + 0.45

"The standard errors

% P<0.5, #x P<0.01.

were empirically obtained from 20 replicates.
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Table 1. Information of Holstein proven bulls in Korea

OBS Registrated ID Code Name Birthday
1 120300011035 H-177 Z e &~ E 12/03/83
2 120300011070 H-191 e El 09/17/89
3 120300011072 H-193 7} & 10/21/89
4 120300011076 H-197 5 ¥ H & 02/13/90
5 120300011077 H-198 7 2= H 12/18/89
6 120300011311 H-264 o o] Z o] 2 12/29/90
7 120300011338 H-265 Ao 2 09/09/91
8 120300011356 H-266 o H o~ 03/22/91
9 120300011357 H-267 7 = 04/08/92
10 120300011358 H-268 I B 07/08/91
11 120300011359 H-269 Z % & 05/25/92
12 120300011179 H-923 L 7 09/11/91
13 120300011217 H-931 T 2~ Ef X 05/07/92
14 120300011245 H-941 Rt 5] 11/15/92
15 120300011263 H-947 F I = 04/08/94
16 120300011279 H-948 A F = 08/18/94
17 120300011016 HK-002 = 7 11/24/88
18 120300011149 HK-020 = F 9 08/23/91
19 120300011305 HK-061 A = 08/26/95
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Table 2. Infomation of Holstein candidate young bulls in Korea

OBS Registrated ID  Code Name Birthday Remarks
1 120300011037 H-179 A B E 03/04/83  Foreign'
2 120300011039  H-181 2 = 07/21/83 ”
3 120300011060 H-182 A o~ = 09/04/83 ”
4 120300011061  H-183 =] S A 12/13/84 ”
5 120300011062 H-184 R S 12/15/83 ”
6 120300011064 H-186 GRS 03/03/85 ”
7 120300011066 ~ H-187 7} 2 2 o 12/06/83 ”
8 120300011067  H-188 o] &= 2~ 04/23/84 ”
9 120300011068  H-189 A 9o 05/29/84 ”
10 120300011071  H-192 LI Rt 12/15/89 ”
11 120300011074 H-195 <} = 01,/21/90 ”
12 120300011075 H-196 Z 9 o] H 11/18/89 ”
13 120300011388  H-270 v} gl 02/23/92 ”
14 120300011177  H-921 o o~ X 08/11/91 ”
15 120300011178  H-922 2 7B = 08/21/91 ”
16 120300011180 H-924 sk o] o 11/23/91 ”
17 120300011181  H-925 AdE 12/12/91 ”
18 120300011182  H-926 =z 7} 12/27/91 ”
19 120300011183  H-927 L= 09/11/91 ”
20 120300011184  H-928 v o] & Y 04/03/92 ”
21 120300011210  H-929 Fd 7= 11/22/92 ”
22 120300011211  H-930 LIE Ll 04/02/92 ”
23 120300011218  H-932 o ~ E 10/31/92 ”
24 120300011219  H-933 AF = 12/20/92 ”
25 120300011220 H-934 2 & o 10/19/92 ”
26 120300011221  H-935 A2 g o 08/15/92 ”
27 120300011222 H-936 A g 05/26/92 ”
28 120300011223  H-937 2 49 o 08/20/92 ”
29 120300011231  H-938 < = 12/01/92 ”
30 120300011243  H-939 g 7 =2 06/12/93 ”
31 120300011244  H-940 I Y 11/23/93 ”
32 120300011246 ~ H-942 EFAd 2~ 11/29/93 ”
33 120300011259  H-943 it 06/15/94 ”
34 120300011260  H-944 5 = & 04/09/94 ”
35 120300011261  H-945 Z g o] = 02/28/94 ”
36 120300011262  H-946 Y 09/17/93 ”
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(To be continued)

OBS Registrated ID  Code Name Birthday Remarks
37 120300011281  H-949 & T = 08/20/94  Foreign'
38 120300011282  H-950 w2 = 11/13/94 "
39 120300011278  H-951 EL I S 11/22/94 "
40 120300011280  H-952 5 = 12/06/94 "
41 120300011283  H-953 9 3 = 10/30/94 n
42 120300011284  H-9%4 = = 09/28/94 "
43 120300011314  H-956 g g = 03/05/95 ”
44 120300011313  H-957 2t wf 03/01/95 "
45 120300011315  H-958 W o3 E 01/31/95 "
46 120300011316  H-959 E d = 03/28/95 "
47 120300011049 HK-009 9 A A 09/21/89  Korea”
48 120300011168 HK-024 28 Ak 02/17/92 "
49 120300011170 HK-026 e o Ak 03/02/92 "
50 120300011189 HK-027 L 05/24/92 "
51 120300011187 HK-028 2L A 08/08/92 "
52 120300011198 HK-030 ¥+ 3 3 09/09/92 "
53 120300011207 HK-032 A= 01/09/93 ”
54 120300011225 HK-034 4 F 02/24/93 "
55 120300011232 HK-036 =] Eo 04/19/93 ”
56 120300011237 HK-037 = = 3 07/15/93 "
57 120300011247 HK-039 B 3 & 12/05/93 "
58 120300011265 HK-041 & & 04/18/94 "
59 120300011251 HK-044 =2 &l 07/05/94 n
60 120300011252 HK-045 A =l 06/21/94 "
61 120300011277 HK-049 a = @l 12/13/94 "
62 120300011295 HK-051 2 T = 11/25/94 "
63 120300011296 HK-052 2 F = 01/06/95 "
64 120300011297 HK-053 g A = 02/23/95 "
65 120300011303  HK-059 X 4 = 05/07/95 ”
66 120300011392 HK-098 stoA 09/14/97 ”
67 120300011406 HK-100 2l s 12/07/97 ”
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(To be continued)

OBS Registrated ID  Code Name Birthday Remarks
68 500001261 HK-103 o 7l = 08/01/97  Korea”
69 500001263 HK-105 o Ea 09/30/97 ”
70 500001264 HK-106 o 9 & 10/16/97 ”
71 500009054 HK-108 g = ¢ 03/18/98 ”
72 500009055  HK-109 4 % 04/12/98 ”
73 500009056 HK-110 o % 3 04/12/98 ”
74 500013370 HK-114 o] A 07/25/98 ”
B 500014195 HK-116 o &F 02/11/98 ”
76 500014194 HK-118 o st 06/21/98 ”
77 500014857 HK-121 o] A} 04/21/98 ”

! Candidate bulls selected from foreign country.

? Candidate bulls selected from Korea.
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Table 3-1. Genotypic distributions of BTN, STAT5a, and PRL loci for proven and

candidate young bulls

Loci

Code Name

BTNI BTN2 BTN3 BTN4 STATS5a  PRL
HK-002 &7 AA AB AA AA AA AA
HK-009 <2+ AA AB AB AA AA AB
HK-020 &3¢ AA AB AB AA AA AA
HK-024 A 24k AA AB AA AA AB AA
HK-026 S thar AA AB AA AA AB AA
HK-027 24k AA AA AA AA AB AB
HK-028 ©ej W2k AA BB AB AA AB AA
HK-030 %3} AA AA AB AA AA AB
HK-032 Z2~R2~ AA AB AA AA AA AA
HK-034 €3¢ AA AB AA AA AA AA
HK-036 #z AA AB AB AA AA AA
HK-037 £=3} AA AA AB AA AA AA
HK-039 ©®j% <% AB AB AB AA AA AA
HK-041 %3 AA AB AA AB AB AA
HK-044 33} AA AB AA AA AA AA
HK-045 = %3l AA AB AA AA AA AB
HK-049 <=3} AA BB AA AA AA AA
HK-051 2%5% AA AB AA AA AA AA
HK-052 A% = AA AB AA AA AB AA
HK-053 3= AB AA AB AA AA AA
HK-059 ¥Z % AA AA AA AB AA AA
HK-061 A4 % AA AB AA AA AA AA
HK-098 kA4 AA AB AB AA AA AB
HK-100 % AA AA AB AA AA AA
HK-103 th7]= AA AB AB AA AA AA
HK-105 th# AA AB AB AA AA AA
HK-106 <% AB AB AB AA AA AA
HK-108 thx4¥ AA AB AA AA AA AA
HK-109 % AA BB AA AA AA AA
HK-110 o3} AA AB AA AA AA AA
HK-114 W< AB AB AA AA AB AA
HK-116 th< AB AA AB AB AA AA
HK-118 th3} AA AB AB AA BB AA
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(Continued)

Loci

Code Name
BTN1 BTN2 BTN3 BTN4 STAT5a PRL

HK-121 thA} AA AA AB AA AA AA
H-177 Zg2E AA AB AA AA AA AB
H-179 AYE AA AB AA AA AA AA
H-181 29 AA AB AA AA AA AB
H-182 A€} AA AA AB AB AA AA
H-183 vwiz1d AA AA AA AB AA AA
H-184 g&%- AA AA AA AA AA AB
H-186 33U AA AB AA AA AB AB
H-187 7h&g o AA AB AA AA AB AB
H-188 o]x=X AA AB AA AA AA AA
H-189 2%w$-ul AB AB AA AB AA AA
H-191 &% AB AB AA AB AA AA
H-192 ¥y AA AB AA AA AA AA
H-193 7}& AA AB AA AA AA AA
H-195 <t AA AB AA AA AB AB
H-196 Z#olF= AA AB AA AA AA AB
H-197 BFEX~ AA AA AA AA AA AB
H-198 71~H AB AA AB AB AA AA
H-264 ollo]Z 2ol 2~ AA AB AB AA AA AA
H-265 A ollz} AA AB AB AA AB AA
H-266 <2 AA AB AB AA AA AA
H-267 A& AA AB AB AA AB AA
H-268 vlolt}s AB AB AB AB AA AA
H-269 UYIets AB AB AB AB AA AA
H-270 v}&l AA AB AB AA AA AB
H-921 A% AA AA AA AA BB AA
H-922 Qb= AB AB AA AB AA AA
H-923 w7 AA AB AA AA AA AB
H-924 3}o]o] AA BB AA AB AA AA
H-925 AHHE AA AB AA AA AA AA
H-926 &7} AA AB AA AA AA AA
H-927 Wity AA AB AA AA AA AA
H-928 ulo]o Yy AA AB AA AB AA AB
H-929 X@F= AA AB AA AA AA AA

H-930 uh# AA BB AA AA AA AB
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(Continued)

Loci

Code Name BTNI BTN2 BTN3 BTN4 STAT5a PRL

H-931 TEEZ AA BB AA AA AA AA
H-932 d~EY AA BB AA AA AA AA
H-933 AFx AA AA AB AA AA AA
H-934 Z o] AB BB AB AB AA AA
H-935 & AA AB AA AA AA AB
H-936 Az AA AB AA AA AA AA
H-937 9]0 AB AA AA AB AB AA
H-938 <& AA BB AA AA AA AA
H-939 Z&= AA AB AB AA AB AA
H-940 <4 AB AA AA AB AB AA
H-941 9 ¥ AA AB AB AA AB AA
H-942 ZFdXx AA AB AA AA AA AA
H-943 3t AA AB AB AA AA AA
H-944 3= AA BB AA AA AA AA
H-945 Z2oj= AA AB AA AA AA AA
H-946 Y AA AA AA AA AA AA
H-947 F7}~ AA AA AB AA AA AB
H-948 AF= AB AB AB AB AA AA
H-949 &%= AB AB AA AB AA AA
H-950 wieb= AB AB AA AB AB AA
H-951 #&E% AA AB AB AA AA AB
H-952 Z2t= AA AA AA AA AA AB
H-953 A= AA AB AA AA AA AA
H-954 &% AA AB AA AA AA AA
H-956 @atx AA AB AB AA AA AA
H-957 #w} AA AB AA AA AB AA
H-958 ®IxE AB AA AA AB AA AA
H-959 EadX~ AA BB AB AA AB AA
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Table 3-2. Genotypic distributions of STATb5a microsatellite and BoLA-DRB3 loci

for proven and candidate young bulls

Loci
Code Name STAT 5a  BoLA-DRB3 BoLA-DRB3 BoLA-DRB3
microsatellite Rsa 1 Hae 1 BstX2 1
HK-002 &7 110/112 IG AA AB
HK-009 <4k 112/114 ov AB AB
HK-020 &3¢ 112/114 IG BDd AB
HK-024 A 24k 112/114 ov BD BB
HK-026 <. thit 112/112 LU AA AB
HK-027 Z®4F 110/112 LU AA AB
HK-028 ©ej @2k 110/112 LM AA BB
HK-030 &3} 110/112 MM AA AE
HK-032 FZ2AFE2~ 112/112 ov BD BB
HK-034 €39 112/112 IG BD BE
HK-036 #HZ 110/114 LM BE AB
HK-037 &3} 110/112 IG BB AB
HK-039 ©®j %< 110/112 FU BB AB
HK-041 %3 110/112 ov BD BB
HK-044 33 110/112 FU AA AB
HK-045 = %3] 112/112 FU AB AB
HK-049 43 112/112 IG AA AB
HK-051 %% 110/110 IG AB AB
HK-052 A% = 112/112 ov AA AB
HK-053 3= 112/112 IG AB AB
HK-059 ¥Z % 112/112 FU AA AA
HK-061 A4 %= 112/114 LM BD AB
HK-098 3hA A 112/112 ov BD BB
HK-100 % 112/112 FU AB AB
HK-103 th7]= 110/112 ov AB BB
HK-105 tH# 112/114 LU BB AB
HK-106 % 112/112 MM AB AB
HK-108 thx4¥ 112/112 ov AA AB
HK-109 th$-F 112/112 LM AB BB
HK-110 <3} 110/112 LM AB AB
HK-114 W< 110/110 LM AB AB
HK-116 Tt 112/112 LM AB AB
HK-118 th3} 110/112 oV BD AB
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(Continued)

Loci

Code Name STAT 5a BoLA-DRB3 BoLA-DRB3 BoLA-DRB3

microsatellite Rsa 1 Hae T BstX21
HK-121 thA 112/112 IG AB AB
H-177 Za2E 110/112 00 BB BB
H-179 AYE 112/112 IG AA BB
H-181 Z2¥ 110/112 IG AB AB
H-182 Al ~E} 112/112 IG BB BB
H-183 w»l14d 112/112 IG AA AA
H-184 d@e]%- 114/114 00 AB AB
H-186 34y 112/114 IG AA BB
H-187 7} of 112/112 LM AA AB
H-188 ©o]x2 110/110 MM AA AB
H-189 %9 110/112 LM AA BB
H-191 #%2 110/110 LM AA BB
H-192 ¥y 112/112 MM BB BB
H-193 7} 112/114 IG BD BB
H-195 <.t 112/114 ov BD AB
H-196 Zdlo]F = 112/112 ov BB BB
H-197 BFE 2~ 110/114 00 BD BB
H-198 #~2H 110/112 LU AB BB
H-264 olo]&~wo]~  110/114 LM AB BB
H-265 A&} 110/112 IG BD BB
H-266 <&~ 112/112 LU BB BB
H-267 A= 110/112 LM BD BB
H-268 wlo]t}x 112/112 o) AB BB
H-269 Y& 112/112 00 AB BB
H-270 w»}t¢l 112/112 LU BD BB
H-921 9~¥ 112/112 ov BB BB
H-922 $e= 112/112 LU AA BB
H-923 A 112/112 IG AA BB
H-924 3}o]of 114/114 MM AA BB
H-925 AHAE 112/112 FU BD BB
H-926 %7} 110/112 FU AA EE
H-927 Wkohoh 112/114 IG BD AB
H-928 nlo] QY 110/112 ov AB BB
H-929 ZgF= 110/110 IG AB BB
H-930 H}) 112/112 IG AB BB
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(Continued)

Loci

Code Name STAT 5a BoLA-DRB3 BoLA-DRB3 BoLA-DRB3

microsatellite Rsa 1 Hae I BstX21
H-931 TFEEZ 110/112 IG AB BB
H-932 9~EF 112/112 IG BD BB
H-933 AFx 112/112 IG AB AB
H-934 Zd o] 110/112 0)% AD BB
H-935 g o 112/112 0)Y AD BB
H-936 A& 110/114 IG AD BB
H-937 #4°] 112/114 LU AA BB
H-938 % 112/114 LU AB BB
H-939 Zgr 110/112 IG AB BB
H-940 <4 110/112 0)% AA AB
H-941 =¥ 110/112 LM AA BB
H-942 ZFd~ 110/110 LM AA AB
H-943 3 112/112 IG BD BB
H-944 3=<& 110/112 IG AA BB
H-945 Z#ol= 110/110 LM BB BB
H-946 4 112/112 MM AA AA
H-947 F7}= 110/112 MM AA AA
H-948 AF= 110/112 LM AB BD
H-949 &&= 112/112 LM AB BB
H-950 wjete 110/112 0)% AA AB
H-91 3= 112/112 00 AA BB
H-952 3ZAt% 112/114 00 AD AA
H-953 tAd= 110/112 00 AB BB
H-954 =% 112/114 IG AD BB
H-956 el 112/114 IG AB BB
H-957 A0} 112/112 LM AA BB
H-958 #WAE 112/112 LM AA BB
H-959 Ead~ 112/112 IG AA BB
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Table 4. The mean and standard deviation of each genotype, and probability
between 305-day milk yield and STAT5a, PRL, and BoLA-DRB3 gene

Loci Genotype Mean STD Prob
AA 7106.22 652.19
STATb5a 0.4514
AB 7067.08 668.18
110/110 6828.84 514.38
110/112 7132.86 577.02
STAT5a 110/114 7160.90 937.92 0.9274
Microsatellite 112/112 7115.10 673.17 ’
112/114 7040.87 792.61
114/114 7110.45 709.16
AA 7087.96 648.69
PRL 0.9751
AB 7093.08 688.09
FU 7286.16 470.14
1G 6987.40 545.05
LM 7094.00 778.39
DRB3-
LU 7156.53 806.60 0.1497
Rsa 1
MM 6818.27 559.27
00 7711.84 557.01
ov 6983.61 649.43
AA 7078.71 537.30
AB 7176.92 636.69
DRB3-
AD 7368.32 982.15 0.1202
Hae 1
BB 6653.71 782.50
BD 7178.25 641.08
AA 7345.48 1018.75
DRB3-
AB 7035.53 595.06 0.9268
BstX2 1
BB 7097.57 675.94
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Table 5. The mean and standard deviation of each genotype, and probability
between 305-day fat yield and STATb5a, PRL, and BoLA-DRB3 gene

Loci Genotype Mean STD Prob
AA 263.16 28.39
STATS5a 0.6472
AB 262.82 33.88
110/110 251.31 25.02
110/112 263.50 27.78
STATS5a 110/114 263.78 42.43 0.9057
Microsatellite 112/112 265.22 30.40 ’
112/114 261.67 31.79
114/114 252.55 26.94
AA 263.45 29.67
PRL 0.6939
AB 260.55 29.06
FU 270.99 15.87
1G 259.82 27.64
LM 263.39 39.88
DRB3-
LU 265.90 30.56 0.2066
Rsa 1
MM 245.31 16.09
00 287.01 19.56
oV 258.98 26.93
AA 262.04 28.46
AB 266.71 27.38
DRB3-
AD 271.36 38.52 0.2203
Hae I
BB 246.76 29.81
BD 266.71 29.82
AA 265.34 43.08
DRB3-
AB 260.56 28.14 0.9177
BstX2 1
BB 263.80 29.93
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Table 6. The mean and standard deviation of each genotype, and probability
between 305-day protein yield and STATb5a, PRL, and BoLA-DRB3 gene

Loci Genotype Mean STD Prob
AA 228.61 20.86
STATS5a 0.3444
AB 222.89 21.40
110/110 213.76 18.15
110/112 226.68 19.83
STATS5a 110/114 231.55 28.96 0.6064
Microsatellite 112/112 229.75 20.85 ’
112/114 226.24 23.58
114/114 229.85 21.14
AA 226.22 21.05
PRL 0.4250
AB 230.41 20.98
FU 234.99 14.78
1G 224.24 19.51
LM 224.45 23.50
DRB3-
LU 232.58 25.66 0.0665
Rsa 1
MM 214.78 13.61
00 24753 18.79
oV 225.47 19.22
AA 224.43 15.77
AB 232.55 21.71
DRB3-
AD 240.60 27.23 0.0571
Hae I
BB 214.01 25.39
BD 228.46 20.78
AA 231.84 33.69
DRB3-
AB 226.12 20.94 0.9830
BstX2 1
BB 227.56 20.73
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Table 7. The mean and standard deviation of each genotype, and probability
between 305-day SNF yield and STATb5a, PRL, and BoLA-DRB3 gene

Loci Genotype Mean STD Prob
AA 620.10 56.82
STATS5a 0.4465
AB 615.03 54.93
110/110 588.59 4459
110/112 620.69 50.50
STATS5a 110/114 625.53 83.06 0.8052
Microsatellite 112/112 622.22 59.53 ’
112/114 617.74 62.27
114/114 604.45 28.35
AA 617.71 56.35
PRL 0.8578
AB 620.24 57.60
FU 638.26 4371
1G 610.44 49.70
LM 615.71 64.83
DRB3-
LU 630.50 69.91 0.1804
Rsa 1
MM 585.97 4473
00 663.63 51.39
oV 613.62 54.27
AA 613.13 4458
AB 630.10 54.41
DRB3-
AD 648.76 72.54 0.0469
Hae I
BB 579.52 69.84
BD 626.21 57.19
AA 632.24 88.54
DRB3-
AB 613.85 52.54 0.9612
BstX2 1
BB 620.32 57.69
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Table 8 The mean and standard deviation of each genotype, and probability

between ME milk yield and each locus

Loci Genotype Mean STD Prob
AA 7664.36 703.23
BTN1 AB 7948 42 628.26 0.1206
AA 7979.85 703.78
BTN2 AB 7685.09 71361 0.0932
BB 7440.60 416.03
AA 7578.18 636.85
BTNS3 AB 7973.37 732.07 0.0082
AA 7684.21 702.31
BTN4 AB 7857.18 667.28 0.3368
AA 7745.00 699.47
STATOa AB 7668.31 635.86 0.4536
110/110 7472.41 555.27
110/112 7735.83 620.99
STAT5a 110/114 7809.10 1011.29 09552
Microsatellite 112/112 7754.94 721.73 :
112/114 7682.56 82131
114/114 7789.85 669.84
AA 7722.59 681.44
PRL AB 7710.96 757.34 0.9468
FU 7937.26 481.34
G 759851 589.22
DRE3- LM 773444 814.04
P 1 LU T787.44 830.41 0.1334
sa MM 7465.19 632.13
00 8396.77 618.60
oV 7598.37 685.75
AA 7680.07 552,51
DRE3- AB 7844.88 684.19
Haw T AD 8003.98 1088.08 0.1075
ae BB 7269.76 328.84
BD 7814.78 676.73
- AA 8030.22 1109.31
BDiB; : AB 7685.08 642.75 0.9322
st BB 7720.23 710.33
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Table 9. The mean and standard deviation of each genotype, and probability
between ME fat yield and each locus

Loci Genotype Mean STD Prob
AA 291.01 32.04
BTN AB 298.59 30.82 0.3672
AA 298.29 32.90
BTN2 AB 292.94 32.74 0.2831
BB 279.52 21.23
AA 287.37 291.60
BTNS3 AB 301.66 295.93 0.0378
AA 291.60 31.90
BTN4 AB 295.93 31.94 0.6000
AA 292.62 30.92
STATOa AB 29351 35.89 0.6707
110/110 280.50 26.94
110/112 291.36 30.68
STAT5a 110/114 293.60 46.35 0.8843
Microsatellite 112/112 296.32 32.57 :
112/114 291.36 33.84
114/114 282.85 26.38
AA 292.83 31.94
PRL AB 291.20 31.97 0.8325
FU 301.54 17.30
G 288.25 30.99
DRE3- LM 295.69 41.80
P 1 LU 295.63 32.08 0.1845
sa MM 27421 19.46
00 318.46 2155
oV 287.23 28.67
AA 291.62 30.40
DRE3- AB 297.64 29.65
Haw T AD 300.48 43.07 0.2079
ae BB 275.27 32.89
BD 295.81 31.83
- AA 295.83 4752
BDiB; : AB 292.20 30.75 0.9189
st BB 292.68 32.06
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