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ABSTRACT

The primary role of lipoprotein lipase(LPL) is the hydrolysis of triglycerides(TG) from the core of trigly-
ceride-rich lipoproteins such as chylomicrons and very low density lipoproteins in plasma. Fatty acids liberated by
LPL on capillary endothelial surfaces are available for tissues as energy sources especially in muscles or for storage
in the form of TG in adipose tissues. Therefore, as the candidate gene related to the carcass traits of the beef cat-
tle, we have directly sequenced the exon 5~exon 6 region in the bovine LPL gene for discovery of single nucleo-
tide polymorphism(SNP) with 24 unrelated Hanwoo(Korean cattle). Novel eight sequence variants were detected:
three loci on exon 5, three on intron 5 and two on exon 6. All SNPs identified were strongly linked each other,
and one hundred twenty eight Hanwoo samples were genotyped one SNP on intron 5 using PCR-restriction fragment
length polymorphism method by digestion with Hae Ill restriction enzyme. The allele frequency of the poly-
morphism was 0.76 and 0.24. The effects of this polymorphism on the breeding values of the carcass weight, loin
muscle area, back fat thickness and marbling score were analyzed using least square methods of SAS GLM. The
marbling score of BB genotype was significantly higher than those of AA and AB genotypes(P < 0.05). This result
indicates that this polymorphism may be associated with the variation of marbling score. Further study is warranted
to investigate the phenotypic association in Hanwoo.
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T2 olgaigion], A%H sNP] fAAA 2
Be 9% 2 2994 /|SAE wheks @
$ 337 FOAAF 1285 Faaoirh

2 Ao 2] Genomic DNA #2] 2L AAl=
Genomic DNA Purification kitSl MagExtractor
(TOYOBO, Japan)S o]&3l3ith #a AHAw
DNA DNA/RNA Spectrophotometer$] GeneQuant
Il (Pharmacia Biotech, Ltd)S ©]&3}o] ODyy :
ODx®] o] 15~18 W9l 21 &-833la,
0.8% agarose geloll 7]9&s A8t & 4
AE|E delst & DNA FHEE%7} 50 nglueo]
w7 At on, 4Co| BEAastdAA Ado|
o]-g-sk3ict.

2. PCR primere| A 2 &

Ik

&-9- LPL 529 intron 5%1& 33k exon
5, exon 69 o] tE SNPel ©A1e 93
Senda 5(1987)©] 33+ bovine LPL cDNA se-
quences (GenBank Accession no. M16966)E 7
=, AFEe] LPL A @71 D3 vl A
PrimerSelect™ (DNASTAR Inc.) SoftwareZ ©]-&
slo] 2°42] PrimerE A =5Fti(Table 1). PCR
S-S 98] 10X PCR buffer (100 mM Tris-
HCI, pH8.3; 500 mM KCI; 15mM MgCly) 2.5u¢,
dNTPs(2.5mM) 2uf, primer(10 pmol) 1uf, 50ng
9] genomic DNA 123l 0.5U2] Tag DNA pol-
ymerase (TaKaRa, Japan)S ¥il 25 WH-§30]

2508 S A AT

PCR -3 PTC-225 (MJ Research, Inc.)<] pelt-
ier thermal cyclerS ©]-83}o], 2% 95 CoA 5
B S A F, AANEEL 94T
45%, TS 62°C W= 66 Co 4=
(Table 1)olA] 18, Z18]ar FAguks2 72 Coll
Al 7} PCR TFAHES A71E 1wt 1~2
o w 33| wHT a3k £ HFHow 72°C
1033 WAL - FAsEitE PCRO]
% PCR FZH=9] 3uE 1.5~2% agarose gel
o A7l SEeli R /1% FASIC

3. Single Nucleotide Polymorphisme| EfA4

9 R ZH

TRt 2b7) v 39 2470419 PCR 5%
AHE5-S CONCERT™ Rapid PCR  purification
system (Life Technologies, USA)S ©]-&3}¢]
S5 FEAENS Bl A5y, uv
Spectrophotometer2} 1.5% agarose gelS ©]-&3}
of 3l5¥ DNAS &%= 3 JHE gelsiaith
BigDye Terminator Cycle Sequencing Ready
Reaction (Applied Biosystems, Foster city, CA,
USA)S ol&ate] whe-& AAIsglarL, whg-ol
2 A& ABI 3730xI DNA  Sequencer
(Applied Biosystems, U.S.A)S o]&alo] 9374
d& Z2As3. 24" DNA A7IMLEEL,
NCBI BLAST (http://www.ncbi.nlm.nih.gov/BLAST)

Table 1. Primers characterization for SNP discovery and genotyping in Hanwoo LPL gene

Region Primers 1D Primers sequence Size (bp) temﬁgpaetzlrlg%t)

Primers for SNP discovery

Exon 5-6 LPL-ex5U 5-AAGTCGCCTTTCTCCTGATGATG-3' 1,674 66
LPL-ex6L  5-GCTGCTTCTTTTGGCTCGTAC-3'
LPL-in5U  5-CTTGAATACAGTGCAAAAC-3'
LPL-in5L  5-GTCTTCGTAGATCTCCATAA-3'

Primers for PCR-RFLP

Intron 5 LPL-h1U  5-CAAGATGAAACACTCATTGT-3' 759 62
LPL-h1L 5-GATAGAAGTTGATTTCCCCC-3'
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S; :Fixed effect of jth sex

L« :Fixed effect of kth location
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Dija : Covariates for the age of days at
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Ajju : Random direct additive genetic
effect of individual, N ~ (0,0?)

ejju : Random residual error, N~ (0,2
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2002), &3k o] 9] ofE SNPES LPL

=23
=
@ 9]

o, off ¥g ff

ﬁel—/\h: Z/H;(]H]—(TG) =il LH]%z‘I;E]%]ﬂ'];é]
(HDL) s=ut Ze=HE, Q& o 98

— 950 —



Lee et al. ;

Association Between Hanwoo LPL Gene and Carcass Traits

q
-
B
D<‘V€ZS"’|EL"\,.
- .

.3
l 5
M
=]
=
[2)
i
id
\

)
=

+1

+1674

Fig. 1. Genetic variations identified within exon 5 and exon 6 of the bovine LPL genomic
DNA. The amplified products were 1,674 bp in length and were found eight SNPs
(indicated by black arrowhead) by the direct-cycle sequencing with 24 unrelated
Hanwoo individuals. The bold arrows are the primers for PCR amplification and
sequencing, dot arrows are the primers for PCR-RFLP and the asterisks are the
locations of the three residues in the catalytic triad: serine(S: not shown), aspartic

acid(A) and histidine(H).
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Robelin(1985)°] ]38} LPLo| WHpEsEE59o] x|k
tiatell dofx Fagh s k= 3o F
HE Ao, Waylan 5(2004)2 LPLO] &
Aol 2 ARG oA Fag A%
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(Thr186lle), 52T — C(Phel87Leu), 120A — T(Asn
210lle)e] 3702 SNP7| %

EQ AL, O]‘Ce;% A

5 missense mutations® ¥ F At} Intron 59

o| A= 224C — T, 823A — G, 874G — C9] 37}
SNP, Z1#]3l exon 6%512] 1485G — A, 1500C —
T 59 2719 SNPE % 8719 SNPs7} BE-A1x]
AtkFig. 1). A% 8/l H97F BT SNP=
T4 F A& 7159 1% o) (Kruglyakse}
Nickerson, 2001)°] ®o|WIEE Hlom, SNP
AE &S Faae= ALbs] 2oks o, A
A 1674bp =7]12] DNA oM Hit 1
SNP/210bp AERIEE HATE o]F 20% ©]
g WolRIEE HSl 57919 SNPx= i 1
SNP/335bpe] HIERE AZEH= Aoz ALl
Ak o] A=, 2470AE FASke] WHolnlk
7} 20% ©]’3<?1 SNP7F F 1 SNP/960 bp H]-&=
HERTL Kruglyakel Nickerson(2001)°l] 2] j
HAuEAA vl&ET A4 vepd otk o]
AL LPL %A} exon 5~exon 6 342 SNP
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I~

o AellA FHEH

— 951 —



Lee et al. ; Association Between Hanwoo LPL Gene and Carcass Traits

87112] SNP FolA 20% o] ®WolNles B AAdr A5t
olal Yt 5 9 SNP(224C —T - 823A Intron 5¥1¢] 823A —>G F97} X3y,
— G - 874G —C - 1485G — A - 1500C — 759 bpel =72 ZFZHEZ 1489 primer
T 52 A2 dA3(linkage)ZA|(95 %] HE ¥ (Table 19] LPL-hiU % LPL-hlL, Fig. 1)& t}
o]F9aL, WA exon 58] 370¢] missense Al A&kl PCR FEWke-S ettt =%
mutations 5-9]= 5% o]3le] W Wolwir R AR fldl AlgtEA Hae NIE A & 77
T H AL, AAAATE §ldTh AES TS u ATasr QAR Sl
wet A719E el BEA Yebsth 1719
LPLSXA} intron 5842] PCR-RFLP  Hae Il 912)%-91=S zH= BBE(cut)> 386 bpit
373 bpe] T N ©HEE, QIAFHE 2A &
= AAZ(uncut)> 759 bpel dhite] ©HS 7)
HZ% SNPsT 57119] SNP(224C — T - 823A — A= Ao YElWthFig. 2). ©|Z4% DNA 4
G - 874G — C - 1485G — A - 1500C —T) 7|7} X39ES =3 71 Yk
52 AR A AdRIAE HAFRA, oE

5 SNPs < H]aL% PCR F%o] &olatH #lgk 3. Hae [ polymorphism SAAt& Dt T

1z Ho

T rok

a4 AAF9E 7= 823A — G(GACC — Ao AN B

GGCC: Hae Il)*791E PCR-RFLP *'HOo = 3

A AE FH8IGITE Exon 5HolA HEH Table 204 =AGAES] FAPA & 2=
SNP(50C — T; Thrigélle, 52T — C; Phel87Leu, B F8¥ ST71E571e] FaadAE £48)

120A = T; Asn210lle)E52 A5zt A#EA= o YepEd, =45 (carcass weight)} Hl7g
FUAINE HoHl =7} Grol(5% ©|3h) Fdxs 2 Z(eye muscle area)oll A= 3E

B PCR-RFLP

AB BB AA AA BB AB AA

T TG G & C C T & T

v Heelll

v

TT GGG L LTAT No Cut (AA)| 759 |

Cut (BB)| 373 | 386 |
Hae 11

Fig. 2. Single Nucleotide Polymorphism found on intron 5 of Hanwoo LPL gene. A; the
electropherogram of 823A — G SNP site recognized by Hae I[II B; PCR-RFLP
patterns of the amplified products. AA genotype is produced 759 bp uncut by Hae III
BB genotype is cut and produced 386 and 373 bp. M:100 bp DNA ladder marker
(Promega) P: PCR product.
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Table 2. Correlation coefficients among phenotype records and breeding values of carcass

traits”
Trait Carcass weight Eye muscle area Marbling score Backfat thickness
Carcass weight 915 .613 -.025 .079
Eye muscle area .605 911 - .344 .038
Marbling score 156 140 .084 21
Backfat thickness 232 -.100 -.084 .095

Y Upper diagonal includes correlation coefficients among breeding values. Diagonal cells include correlation co-
efficients between breeding values and phenotype records(bold); and Lower diagonal includes correlation co-

efficients among phenotype records.

F7Re] daAGTE 09 oo ® =A el
owbE, X = (marbling score) 9} 54
7|(backfat thickness)ol A= 0.1 o]ake] w& A
WAFE BoFaL

Intron 59 WlelA] AEE Hae 111(823A — G)
polymorphisme] A8z 73 7]%—% 7
fretal e 3BAF FHAAS 12875 WS
2 0A AAT FARA R 3743}01 Eay

@A) SF7ol sl FHAEY avs 24
stlom, 1 AI}=S Table 30 AT
Agtast Hae M= A3 intron 5 449
823A — G 9= WA=l iRk At

N
ot

o] @37k FolHl Aoz YERsTtHp <0.05).
Table 49 THF 7|Z2XE B8t Y+ 33

2b S5 12850 gk Hae INE o] 83k
PCR-RFLPZ o]7 S48 wxe}l 823A — G
H-o1o] fdxge w2 7+ gHAE {371
ArAFHHEY FE20E ANEATE o7
ol FHxE WiEi= AAE(uncut)S 0.58, AB
3o 035 181 E;Bfﬂ(cut)g 007 H &= &
ZEom, qygfda REE A¥e] 0762
2, Bygo] 0241t} =7 Yelgth fdx15 e
e Gk HAFeA 1% é%lmm5m
823A — G F-919 FxAF | wet EAE B

Table 3. Least squares ANOVA for the breeding values based on Hae Il polymorphism in

Hanwoo Lipoprotein Lipase gene

SNP site df - MS : -
Carcass weight Eye muscle area Marbling score  Backfat thickness
823A — G(Hae III) 2 74.109 2.6365 0.0545* 0.7805
Residual error 126 102.695 11.6964 0.0166 0.3381
*:p<0.05.

Table 4. Genotype frequency and least square means with their standard errors of the
breeding values on Hae [II jolymorphism in Hanwoo Lipoprotein Lipase gene

Traits (BV)

SNP site Genotype

(Frequency) Carcass weight Eye muscle area Marbling score* Backfat thickness

Total 128
AA 74 (0.58) 14.326 +7.444
823A —G
(Hae 111) AB 45 (0.35)  3.464 +4.451
BB 9 (0.07) -0.614+6.011

0.109+2512 -0.187+0.095" - 0.856 +0.427
0.389+1502 - 0.111+0.057° 0.393 + 0.255
2.038+2.028 0.121 +0.076° 0.497 +£0.345

*:Means with different letter in the same column are statistically different(p <0.05).
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T =APZ FFEH ol T3 Ao]2 B
oF9lon, 53] BB SUAYLE] FF
Ztell BAHoR FosA EAEHHp <
0.05)

A A aelal E7] Sl LPL AR T
ZRolR Qlste] LPLS] &Aool F7F e A
3% S u TGS HDL w=Wsle] =2 A
AL el FHEAL, QIF LPL A}
coding H#-$12] SNP %t o}uz} non-coding
9lo] SNPE =3k & do] el JT&FS ot
= Ao] intron 8] Hind Y intron 6" Pwu
Il RFLP 32 &3 B AcH(Heinzmann 5,
1987; Vohl 5, 1995; Mattu 5, 1994). Non-cod-
ing G SNPEo] oW 7|&o= 7|sol
A1
oA w &gk AEiAIRE, ARgE LPL R el A
HFHA FTAQIA = Z‘ &4 9l intron 8
9] Hind 11l polymophism¥} Ser447Stop (S447X)
polymorphism®}2] 7}3l linkage disequilibrium=-
HojFo 24 non-coding F-91¢] SNPE Toll&=
LPL 715l AA4Q1 &S F+ coding -9
o] SNPe} 743k AAd(linkage) AL 7S
A A1EF A (Ukkola &, 2002), =3k exon} in-
trong AA3F= splice siteol] 412] SNPE splic-
ing Aol J3FS FOo =N mRNAS HE o
FFes T slo] APl i FHEAG
(Holzl -&, 1994).

ol A= dAH 823A — G SNP= H|=
non-coding 9]0 A RF 2 A geA AZH YA
coding %d%¢] SNP(1485A — G, 1500C — )&
3 959% o]A 73k At(linkage) TAlOl AL
S Folsk 4 Ak Exon 62 1500C — T
(CAC™ —>CATH'S) SNPE 2 243" codong <F
w3ahs H9lolul, Abgtel} Zlus, 7,
il & 77«] ofn gt 7]9f H& S
HoltiYang &, 1989; Hide 5 1992). 243"
codone &4 ZFHuEAdo)] o] F23F A F-9
(138>, 158", 243™) F ‘= LPL 7Rl
2ade] A2l F-92 defA Lo (Emmerich
s, 1992), QIZF LPL friate] A Fujdd K-
59| Wol7b LPLO &/dolu} 7lee FES
T o] 934 JtiMa 5, 1992).
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