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Abstract

This study was performed to determine sequence variation and RFLP of the mt DNA D-loop region using
Southem blot hybridization analysis and to develop mt DNA marker affecting milk production traits in Hanwoo
cows. The PCR was used to amplify an 1142 bp fragment within the D-loop region of mt DNA using specific
primers. Mt DNA were digested with seven restriction enzymes and hybridized using DIG-labeled D-loop probe.
The mt DNA RFLP polymorphisms were observed in the four enzymes, BamHI, Rsal, Xbal and Hpall. Nucleotide
substitutions were detected at positions 441 (G/C), 469 (T/C), 503 (C/T), 569 (G/A), 614 (C/A) and 644 (C/T) of

the mt DNA D-loop region between two selected lines. Significant relationship between the Xbel RFLP type and
breeding value was found(p<0.05). Cows with A type had higher estimated breeding values than those with B type

(p<0.05) between high and low milk production lines. Therefore, the RFLP marker of mt DNA could be used as
a selection assisted tool for individuals with high milk producing ability in Hanwoo.
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uf$- goslthe A4S 2k3 itk Brown ef al., 1979). A3t
o) mt DNAS] 97 N 727} Loz #ald ol F &
(Anderson et al., 1982), E}X|(Watanabe et al., 1986), S(Des-
jardins and Morais, 1990) = HKHiendleder et al., 1998) &
7} FEoA mt DNA2] A 47] Agol geizict &2
AZA f4 B e 24 §319 F84°] B ATA
Sl 93l A=A 71&e] 44E, 94Y 2 HREE
5 F8 AP 42 vX e AEE A1 =AU mt
DNA<9] 7] A g ¥o]el RFLP(restriction fragment length
polymorphism) & TH 4o B &0 Bilo] JFHAU
THBell ef al., 1985). B3], 9] 7% mt DNA thg4dol] &
3 A& Laipis S(1979)0] Holstein & 2 Ao]A] mt DNA

B R ¥ 4F AGEE QA FHE V2R =2 A

TE AT ol o] ATRAEC 93 &5 F52 WL
2 Tk Agas Ae ol 23 mt DNAS oy gz}
AFEA B84 A2t A= Qth(Bhat et al., 1990;
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Hauswirth et al., 1982; Watanabe et al., 1985).

a2, 287t & mt DNAS] T34 S8 2 AA mt
DNAZ tAL 2 Z4F Atasd Adyd) <&l A7}
ﬁégﬂoi;q Skt 53], mt DNA 712 D-loop (displace-
ment loop) 9-S mt DNAS] Ex 7/lAHeZ A mt
DNAd H]3j 108 o] &2 ¥7] X3&3} axe] g7
AE o)zt EAgths Aol ¥E ] wekRon ef al,
1993), 2o+ mt DNAW D-loop 9€-& |7 Mgy}
PCR-RFLP Xl o3t FF3F Ee MAT f317 G344
I @7 A zelE vndl A P43 AHE AR
HEAOZAM &eo] ARHT Y& FAC|th B 23S,
T, F2AAE 5 T4 2EE ol 748d) oF 2~10%
7b 2A &3k 7)Qlete Aoz Bagd uekBell ef al,
1985; Freeman, 1990; Ron ef al., 1993), B koA &8 KAl

Ao 93-S X = DNA markerE A&3}7] 98 240

2 H]§¥ 23 mt DNA £2} glo|7te] #AA) g AT
7} Z13 = u} 9lcHBoettcher et al., 1996; Brown et al., 1989;
Ron et al., 1993). 3}, A& mt DNA2] D-loop G7] 414 ¥o]
7b Ade] AR 899 =4 2y fojzoz ddsy
o] k= Aol HaE it} (Mannen ef al., 1997; Ron et
al., 1993; Schutz et al,, 1993). S-9-9] 21§ T3} YA &
#ol Q& oA MFL i) AFFH P & JF¢S
e Aow 2 A UrHEnsminger, 1987). 28U}, 3+
o] S+ A4t TEL o oI ZA Y £ JE AAA
< FEATIA B wE AL do ' folx|e] HAAAA A
A gEe A AFE Y EAYLE 2=
A o1 Uk WA £ dFe vt 2/ oA
mt DNA D-loop %J9j2] @§7] &7} RFLPE E43ln $-%
AA PAo] FL U)A = DNA marker® 4} kel At
Sasigrh

ez 3oy

3NSE |
FUATL TLAPIIN BE 2T e BF A
% 7Herl A5F % FobA) o164 Aol BiE 59 A

3 Y ARE EXE Af 5ol 7 oA A 120
Fo A THol e ARG A 1105(Table DE 42}

Table 1. Estimated average breeding value (EBV) of high and
low milk production lines in Hanwoo cows

Selected  No. of  pry L 6D Maximum  Minimum
line individuals

High line 53 1546 + 1.05 30.78 10.43

Low line 49 -10.31 £ 1.28 -10.86 -24.54

$e) Aueln olF MUY F 23059 4 AL 2Ry
128 ARG of 7hewl Aage dd 837}
A7} 299 ke 2 O AT 355 A9 ke
2 Af AT A 4978 ThAl Agsled RELP @ @]
A BAE A% TAFL o) Saig.
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Total DNAS| £2| 2! A

FAZe] Ao 2HE] mt DNAS ¥83ln 9= total
DNA9] £2] 2 H A& Miller 5(1988)2] ¥PHS A8 Wy
dlo] AAjslgien, E2¥ DNAE TE buffer(10 mM
Tris-HCl pH 7.4, 1 mM EDTA)o|] £33}tk 229 DNA
9] ¥FET& spectrophotometor(JASCO V-550, Japan)Z 260
mm®] UV F3d| o8] ZAch

mt DNA2S| Primer &4 2 Probe A&t

29 mt DNA®] D-loop 99 7}-2-8) 1560143} 4049 A}
olE AAFste F7] MY FH9 11420p GHE FF3P)
213} primer 2] forward primer 5-TAGTGCTAATACCAACG
GCC-3'9} reverse primer 5’-AGGCATTTTCAGTGCCTTGC-
3] 47) widS AAstY FHsGen, PCR FEL
GeneAmp PCR System 9600 (Perkin-Elmer Cetus, USA)S
o]&3te Thadt 2 A AA SR &, W
0.5 mL tubeo]] template DNA 2F 100 ng, primer 2} 10 pm,
dNTP 2} 200 pM, 10x PCR buffer “18]3. Taq DNA poly-
merase 1 unitZ 3 7}sle] PCR ¥H-e-1& & 10 L= 233}
STt} PCR cycle2 #Z 94T A SE7} ou)71E 3 94T o
A 1%, 58ToIA 18 23 72TolA 187k cycled &
303 MBS F Aoz DTN 5B /1LY ¥ B2
). 2] 2 digoxigenin© 2 labeling® mt DNA probeS A
23}7] 913k 200 ime] dTTP thAlol 130 ime] dTTPS} 70
um digoxigenin-11-dUTP(Boehringer Manheim)& H7}8le]
S35

X|stE 4 Fct % Southern Blotting

Hpall, BamHI, Xbal, Hinfl, EcoRl, Hindlll & Rsal 1%
o AL BUE A% 20 1L WAL AHPe| ZR4
o 5 pge] DNA, 30 units®] A|FAAE 242k Hohe g 37
CollAM 3A1ZE o] vh-gete] +x3] 48} Aasliych ke
A2 0.9% agarose gel¥} 1 x TBE buffer(90 mM tris-borate,
2 mM EDTA, pH 8.0)& A}8-3}a] 30 Vol|A] 24A17F Eot A
71953tk 21719 % ¥ agarose gel-2 denaturation & nut-
ralization TP o2 23 & nylon membrane (Boehringer
Manheim)eol] 71238 Z(Hoeffer)Z A48} blotting3t ¥ UV
crosslinker(UVP)<l| 4| DNAE nylon membraneol] 17 A|Z{cth
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Hybridization

Nylon membrane?] DNA$} digoxigenin-labeled mt DNA
probezte] 41312 9)38l] pre-hybridization 8-2}(50% form-
amide, 5 x SSC, 5% blocking regent, 0.1% N-lauroylsar-
cosine, 0.02% SDS)<l o] 422} hybridization oven (Stuart
Scientific, UK)|A] 2A]17t B2t ¥k-g-8l Tk ©]ojA hybri-
dization & 30~60 nLe] digoxigenin-labeled mt DNA
probeZ H7lste] 42TollA 24A12F 04 WEGAIZ T Whgol
22 3 nylon membrane-2 0.1% SDS7} g% 2 x SSC &
o] o] Feol|A] 1583} 23] A|H3la thA] 0.1% SDS, 2
x SSC gaoz 60TolA 3083t 23] AMH3HTE AlHE
nylon membraneS DIG luminescent detection kit(Boehringer
Mannheim)& A}&-5 223t & Xeray filmo] =23
DNA bandZ 7 &34th

Mt DNA D-loop 2492e| Sequencing
oA 2 A54 AA17Ee] mt DNA D-loop
ADg vla B4 ste] PCR ZEAHEE ethanol 2 7
A3+ 3, ABI 310 Genetic Analyzer 2% 97] Ag &4 3
Z|(PE Applied Biosystem, USA)S A}ﬁs}oi A7) MES 2
Bk

3 @]

AN
mt DNAS] RFLP typed} 3H-$ ¢hAo] f-A4ke] 3 8k-g vl
e EFHE 5] 98] o] RFLPS} {3kt &3
A& BA EMeGch £ A7 AHE 4 Ase Fot
Bt 36097, 9043 2 120489 oA AF o
HA 727} $olx] But T 1147t vl 7] A B

0

FA8la o) ke AY AXSA hE EF FHH

S| fAIA] 12097ke) A HlHEE ZHHA.
S R AR AT AT U BAH AE SAS

(SAS, Inst. Inc., Cary NC)2] PROC GLM ®'H-& ©]&-3}

ZAsged 1 B4 PARZe o g

Yy = #&X), ;= AAPTE, My = 47 mt DNA RFLPH
B, P = §F7), ¢ = 4 EFH

4o 3l nH

Sote} nhe] $SEEA B39 ATAY FAARY
_57\1 mt DNA2] RFLP& -2 723} RFLP marker7} 3+-$-
o] vl &58d nXE EHE EAEIA AHrEH o

" 7V&-u} EcoRl, Hindlll E Hinfl 3%

§%7} FRA ) 7125 thid B ARE AR 28 A
0 Aol H9e Halgl Asel St AN 4
7} 5359} 495 sttt 2+ JHAE 9] genomic DNAS
Hpall, BamHI, Xbal, Hinfl, EcoRl, Hindlll 2 Rsal 7%
ANPELZ 47 HEste] ddi ¥ mt DNA probe=
hybridizationA]] DNA Zgt S HEsch WA, mt
DNA probeZ Hd 3Lz} D-loop 9H-& F 3t 156019
T} 404 Abol9] 1142bp G7] A E B9 E PCRE o] &3}
digoxigenin©. 2 FA| ¥ probeE ZL—Eo}ozl 3415} & agarose
gelZ #1719 T3}l probe bandE 221315 tHFig. 1).
Genomic DNAE 7579 A ‘@3_‘_; 2v7}y Aokl S o
2t AgaAES] 53 A7) AR 4l ule} 24 E€ band
o] 9} A717F M2 & A< RFLP o] #2HULD
olE AFEAE HdRele o} EeE dHES AVNE
B23la] Table 20 AAI8tA L) Fig. 2 7379 AlFEsh
250 APaLZ U3}
1 o5 A|ZrE A ©E mt DNAS T84S A% A}
24 2tzte] APEL AR RS P} ABEL FolHQ
banding pattermo] AFH ot HA T BFoM FAF
RFLP ¥/go] Z&H o|& Aeadole mt DNA T4
o] elE)z] ergkth. ey, BamHI, Rsal L Xbal 3557 A
sase Zbz Adsty S u Fig. 494 B ulel 2ol

"banding patterndl] wha} Z§A) Zhel] Wo| 7} BREACE F, Ak

B2 W3 22 52] RELP ¥o| o] 3%F
2t gaE e

Fol AgaL A
E3), Hpall AFEAE Aol AS

A} BE o]9e] CH2| 3FF typeo] HEHUth BamHI
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Fig. 1. Agarose gel electrophoresis of digoxigenin-labeled mt
DNA D-loop probe amplified in PCR.
U : PCR amplification of mt DNA D-loop region. R:
PCR amplification of D-loop probe labeled with digoxi-
genin. M: molecular marker (lamda DNA/EcoRI + HindIIl).
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Table 2. Restriction fragment pattems of mt DNA D-loop
observed in Hanwoo cows

Restriction Number of .
enzyme ype bands Fragment sizes (Kb)
EcoRI A 3 105, 6.5, 3.3
HindlIIl A 3 1.7, 12, 0.6
Hinfl A 1 0.5
A 4 94, 7.0, 63, 4.0
BamHI
B 3 7.0, 6.3, 4.0
A 5 40, 3.5, 24, 16, 1.0
Rsal
B 5 43, 40, 24, 19, 1.0
A 2 16.0, 4.1
Xbal
B 2 15.0, 4.1
A 1 33
Hpall B 1 0.6
C 2 3.3, 06
% L 105
“«~ 65
‘s ~ 33
A) (B) ©

Fig. 2. RFLP banding patterns observed when genomic DNA
was digested with EcoRI(A) and HindIl(B) and
Hinfi(C) and hybridized with a bovine mt DNA
D-loop probe.
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Fig. 3. RFLP banding pattems observed when genomic DNA
was digested with Xbal(A), Rsal(B), BamHI(C) and
Hpall(D) and hybridized with a bovine mt DNA
D-loop probe.

A gaie] AL 94,70, 63 L 4.0kb 47]2] Aoz B
ZEJ o} BYL 9.4kbE A28t vex] 37]e] Aulo] &

AU Rsal AFELANM AEH AGL 40,35, 24, 1.6
% 1.0kb 57 band 12]3 B L 4.3, 4.0, 2.4, 1.9 % 1.0kb
578 band7} 2tz @A) T, Xbal A3 E L] ThEL
AZel 739 16.0 ¢ 4.1kb 18] BEL& 15.02} 4.1kb 270<]
band7t 24zt A& UTE H, Hpall AFEL] 73S AF
< 3.3kb, B2 0.6kb 1832 CE-& 3.3kb9} 0.6kbo] band”}
2% Fdsto] A%k B Fhe) tIRfAA] o8] Auss 3
T FHAE ] AU Ron 5(1992)-2 R oA mt
DNA probeE ©]-&3lo] & 31FF79 Aaiz M 2
I} 20%72] AldkaAolA 2 23719 mt DNA RFLP t}aA
= A% Bug v} lok g, Watanabe 5(1989)< 423}
Zebu AlF2] w79 Philippine £%°] mt DNAS 155
o APELZ Hd3 A7 ol% 7heH BamHI, Bhll,
EcoRV, Hindlll, Pstl 2 Scal 6552 A3tq LA 712 o}
Bdo] HEH U1, Y2 Japanese black®} Shorthorn 18] 11 .
Holstein 3%F2] mt DNAE 19879 Adgiz a5
Hindlll, Tagl 2 Msplo|A 2}2} t}8 438 #2519 th Bhat
5(1990)% Holstein, Hariana 2 Indian Water Buffalo 3:Z%
o 3FRE) AVHLE o] golo] AAAE 627 A
&8 2(Avall, BamHl, Bglll, Hindlll, Hpal U Psil)el] o]t
HolsteinF-ol| A T+ A& B33l ch E3, Chung $(1996)
< Yl 29 Holstein £5-& 3oz 10379 AR
a0l 93 mt DNA ©}384S A8} 1 Psil, Scal @ Hpal 3
TR AFE2AA dEE 4 AEelgck AR
th5-29] mt DNA T} o] @35t A7E HA mt DNAS &
B ZAslA 4F AdEE A g v Ahdo)
A1} mt DNA A2 probe2 2|4 o] ga}e] A|gha s QX
F-912] ztolol] nte A S BAg A} ghrRo|uh
T2 £ Ao e mt DNAW D-loop %92 probe2 &
deta zt AlgE Ao of8) Aeke §-9)9) hybridizationA]
A7’3¥ RFLP type ZHZE3sI )

o]’33} Z-& mt DNAW D-loopZ probeE ol &8te] A&
& mt DNAS] RFLP typed} A @Z ol 4] o] 5 Z} typee] &
Y= Table 39 A A% uke} 2t} BamHL Rsal 2 Xbal
3359 AVELNNE B% AshBZ RS 258 type
o] ¥t} Hpall A|FEAY 4 A B 2 C 3ERe
RFLP typeo] #AHTE 12]3 4% 5ol wlg} thg 2
A AToE A F ST BamHI 7 Rsal A @E A
Aol 9% RFLP type] AW 2hzt 542 {227}
A AL Z, BamHI A &FE A 0] RFLP typeor] Ag} B
typee] E£d&o| thf ATT AR ABolA 27 87%9}
71% 18] 3 13%9} 29%2 A typeL T AlEo] <k 16% 3]
E ¥2 U B type2 AF AFo] ARHo =L 23 g
< Bo T Adezte] 2@z =% xolv) 94 Y
o 59, Rsal A& 29 RFLP typeol & threl A5 A
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Table 3. Frequencies of the RFLP type of mt DNA D-loop
region between high and low milk production
lines in Hanwoo cows ‘

High line Low line
Enzyme RFLP type
Frequency(%)  Frequency(%)
A 0.55 0.49
Hpall B 0.13 016 NS
C 0.32 0.35
A 0.87 0.71
BamHI *
B 0.13 0.29
A 0.79 0.93
Rsal *
B 0.21 0.07
A 0.90 0.83
Xbal . NS
B 0.10 0.17

* P< 0.05, NS: non-significant.

u A Zol A A} B types] @ &) 22 799 93% 2|3
213 T%E 5 A% AE o] £33 xolzb 1A
Z o AT A FeolA A typee] 28&0] AR Al
2o} bt Ao Hl3) oF 14% F= W3} B types] &
&L AR 14% F2 A= 25 a8,
Hpall A|3&E A A, B 2 Ctyped) £HEL F A% <
7vol] 24z} 55, 13 2 32% 18] 3 49, 16 E 35%E 5 A
& WS JEA T Xbal ATEE A F AL AT D
AS} B typee] £@go| Z2} 903} 10% 18] 3 837} 17%=2
v AL UYeh) Aw Adzt RFLP typed] 23 &L
EAA Szl 9BHA ¥skeh Chung 5(1996)2 &+
ot B 40| A Hpall A|@EAZE RFLP 2RANEE ZAIRE 2
3} B hol A Fo] 674%E -] 35%c] Bla] oF FH) w2
23S 2¥a B ¥ 2YEL U} 65%E Zi9
32.6%ETH 9538 A 28-S vetn 21d 6l
k. et 2 A7 AA EPNEE A% B Fo| 42
617} 39%= Chung 5(1996)c] HE & A3} vims) & of
Axo AT GAZ A AgIuoy ke 44
of 26% HA=o 2E & HlEo] o1& EYth

39, 9] A5 PR 7123 FHE £}
g 2gxoz 499 e g we A 44 A
" 3l T AZ7ke] mt DNA D-loop 99| 47 AE< Hln
B8} th(Fig. 4). Fig. 4014 & uis} go] i F AF
= AE7l 44195 9717} G/C, 4694 F7e T/C, 503
W 7] C/T, 5694 A71E G/A, 61494 G771 C/A
a8 3 644 F7)E OTZ 42 G717 A=) AU
E3), 6774R G71e R A% AAY A 9717 AR AT
MANNE 2AE the AMdo] ERIFA olHFE =

=

A 257 A 23(2005)

BAoz Mt % AE ] 47] ME Aole 2 F
At B8 Koo Y nA FeF oFEn

mt DNAS] D-loop €7] v W RFLP _marker7]— 39 <o
Aol Atk JFe A e EUE FIEY] Hste] it
g Folx| 9] 60, 90 L 12093} o]FAl AFel NI A
71235} dolA] Bt & /Rt vl 2] RS 73
gaL o] 74l A AAEe R 2 FHE o FAI7HA
12027ke] AA) ¥l R3S 2 s FHY §F7A 71x3)
o Add o 2 Af ASE HFSE SAS package]
GLM g€ o] &3l % &7l we foldE B4
2R &, o 2 AR Ad ASS der 3Ed
RFLP typedt §371 F3X|7te) #APE AT 2%
Table 4ol #| A3t n}e} Zro] Xbal A|&+E A4 RFLP type
B 2858 3R o] FEA BRG] AFHJUS
(P<0.05). &, RFLP A type2] FHX]7 7} 623322 B types]
0.7575t} v-JZL-E L 4% 371 #E veith o
23} A3 Xbal A3HE 2] mt DNA RFLP type> &-%-2

Abg 8o aRH oz 4 nX 1 E3), A type?] 7HA]

Jdo

!

¢

7} B types] iAol vlah A6 5 ol o HEHE type

o= WriEch wakd, Xbal A|GEAS] RFLP type 3
oo thgA A LS 9% DNA marker24 €] o] & 7t
4L AAE 3 Aok e, Hpall, BamHL R Rsal A
3 §Ao] 7% RFLP typed} AbR3 &7} ol K271
AR HA @itk B AT Aol g B} HEE
HME Fo o Be e a4 Y HA wet A
WE APES tes 2AE B Havt slvtn #gEnt

BAAoA 89} FAM AL Ho| 7h2H] 2~10%7F 2A
F3lo)] 71915k Ao WEA o)F FEY vf FE H A

Table 4. Least square means (LSM) and standard ermors
(SE) for RFLP types using D-loop probe in

Hanwoo cows
E T EBV
nzyme e
P LSMzx SE
A 2.835+0.231
Hpall B -1.231+0.322
C 4.074+0.435
A -0.364+0.153
BamH1
B 5.950+0.394
A -2.272+0.267
Rsal
B 4.965+0.381
A 6.233+0.254°
Xbal b
B . 0.757+£0.328

@ Superscripts with different letters in the same column signi-
ficantly differ (p<0.05).
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Fig. 4. Nucleotide sequences of mt DNA D-loop region in Hanwoo selected for high and low milk production lines.
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TTGAGGCACA
TTGAGGCACA

i

60

TACATCTAAT
TACATCTAAT

CCCTAAGACT
CCCTAAGACT

1|10

160

GAAGTTCTAT
GAAGTTCTAT

2

TACAAAGAGC
TACAAAGAGC

10
l

26|0

CACAGAATTT
CACAGAATTT

3110

ACACGCCCAT
ACACGCCCAT

360

TACATAACAT
TACATAACAT

4|10

TATATGCCCC
TATATGCCCC

460

ATACATATAA
ATACATATAA

5

GAOAGTATAT
GAIIAGTATAT

10
l

56|0

CCATGCCGCG
CCATGCCGCG

610 -

TCCGGGCCCA
TCCGGGCCCA

660

TCTCCTTCIT
TCTCCTTCTT

7

CTTAAATAAG
CTTAAATAAG

10
[

20
ATCGAAAACA
ATCGAAAACA

70
ATACTGGTCT
ATACTGGTCT

120
CAAGGAAGAA
CAAGGAAGAA

170

TTAAACTATT
TTAAACTATT

|

220I

CTTATCAGTA
CTTATCAGTA

270
GCACCCTAAC
GCACCCTAAC

320
ACACAGACCA
ACACAGACCA

370
TAATGTAATA
TAATGTAATA

420
ATGCATATAA
ATGCATATAA

470
TTATTGACTG
TTATTGACEG

520
CTATTATATA
CTATTATATA

570
TGAAACCAGC
TGAAACCABIC
620

TAAGCCGTGG
TAARCCGTGG

670I

TCTTCAGGGC
TCTTCAGGGC

720I

ACATCTCGAT
ACATCTCGAT

30 |
AATTACTAAA

AATTACTAAA
80 |
TGTAAACCAG
TGTAAACCAG
130
ACTGCAGTCT
ACTGCAGTCT
180
CCCTGAACAC
CCCTGAACAC
230
TTAAATTTAT
TTAAATTTAT
280
CAAATATTAC
CAAATATTAC
330 |
CAGAATGAAT
CAGAATGAAT
380

|
AAGACATAAT

AAGACATAAT
430
GCAAGTACAT
GCAAGTACAT
480
TACATAGTAC
TACATAGTAC
530
TTCCTTACCA
TTCCTTACCA
580
AACCCGCTAG
AACCCGCTAG
630 |
GGGTCGCTAT
GGGTCGTTAT
680

!
CATCTCARCT
CATCTCAFCT

730

GGACTAATGG
GGACTAATGG

40 |
ATGAAGACAG

ATGAAGAGAG
90 |
AGAAGGAGAA
AGAAGGAGAA
140 |

CACCATCAAC
CACCATCAAC
190

|
TATTAATATA

TATTAATATA

240 |

" CAAAAATCCC

CAAAAATCCC

290 |
AAACACCACT

AAACACCACT
340
TACCTACGCA
TACCTACGCA
390
ATGTATATAG
ATGTATATAG
440
GACCTCTATA
GACCTCTATA
490
ATTATGTCAA
ATTATGTCAA
540
TTAGATCACG
TTAGATCACG
590
GCAGGGATCC
GCAGGGATCC
640 |
CCAATGAACT
CCAATGAACT
690
AAAACGGTCC
AAAACGGTCC
740

CTTAATCAGC
CTTAATCAGC

50
GTCTTTGTAG
GTCTTTGTAG

100
CAACTAACCT
CAACTAACCT

150

|
CCCCAAAGCT

CCCCAAAGCT
200 ' |

GTTCCATAAA

GTTCCATAAA

250 |
AATAACTCAA

AATAACTCAA
300 |
AGCTAACATA
AGCTAACATA
350
AGGGGTAATG
AGGGGTAATG
400
TACATTAAAT
TACATTAAAT
450
GCAGTACATA
ECAGTACATA
500
ATTCATTCTT
ATTCATTCTT
550 |
AGCTTAATTA
AGCTTAATTA
600

CTCTTCTCGC
CTCTTCTCGC

650
TTAGCAGGCA
TTADCAGGCA

700
CATTCTTTCCT
CATTCTTTCCT

750

CATGCTCACA
CATGCTCACA

223

HML, high milk production line; LML, low milk production line. Sequence differences betweén the two selection lines are
indicated by underlined letter.
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