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Table 1. Primer sequences and positions used for mtDNA D-loop analysis

Primer Sequences Position* Usage
mtU3 5-CCCAAAGCTGAAGTTCTATT-3 15758 ~15777 PCR
mtL1 5-TTGGGTTAAGCTACATCAAC-3' 364~383
bDL1 5-TCAACACAGAATTTGCACCC-3' 15863 ~15882 Sequencing
bDL2 5-TAAATTATATGCCCCATGC-3' 16012~16030

* The nucleotide in positions based on Anderson et al. (1982).



Fig. 1. Electrophoresis of PCR products of bovine mtDNA D-loop
region for Hanwoo. M: ADNA/EcoR I+Hind I size standard

marker (Promega).
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Table 3. Means of classified by parity on production of Holstein

Parity Milk yield® Milk fat® Z&Lﬁtiatec
(kg) (kg) P %) B
1 6757.401833.3 24826+ 74.3 3.670.5
2 7549.6321976.9 280.13+ 69.0 3.75+0.6
3 7948.08+2359.8 301.01£102.5 3.81204
4 7545.10+ 853.0 27528+ 14.7 3.6920.5
S~over  6670.04t 214.4 27328+ 8.8 41001
Average 7117.94+1866.1 263.19+ 73.6 3.71£0.5

b5 . 305 day corrected yield.

olft

Table 2. Polymorphic event and frequency of sequence
polymorphic location of mt DNA D-loop region in herd of

Holstein
Location in D-loop* Polymorphic event Frequency

8 G—A 0.015
106 T—C 0.090
169 A—>G 0.555
173 A—G 0.020
16042 T—C 0.030
16049 C—-T 0.020
16053 T—-C 0.005
16057 G—C 0.055
16062 A—G 0.005
16069 A—G 0.005
16074 T—C 0.015
16085 T—C 0.005
16086 G—A 0.005
16087 T—-C 0.010
16093 G—A 0.005
16108 T—>C 0.005
16116 T—C 0.005
16118 A—G 0.020
16119 T—>C 0.015
16121 G—A 0.005
16122 T—C 0.020
16126 T—C 0.005
16127 C—A 0.010
16135 T—-C 0.020
16138 T—C 0.005
16139 C—-T 0.010
16141 T—C 0.005
16143 A—>G 0.015
16185 G—A 0.020
16231 C—T 0.090
16247 C—>T 0.020
16250 A—G 0.040
16255 T—C 0.050
16260 C—T 0.035
16302 G—A 0.040

* Nucleotide in position based on Anderson et al.(1982).
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Table 4. The effect of mtDNA D-loop region variation on
production of Holstein

. Milk fat

oo Polymomphic Milk yield®  Milk fat et

event (kg) (kg) perc(ei;)age
8 G— A - 41329 34.00 066"
106 T—C 84.43 30.28 042
169 A—G 1529.67° 25.29 - 032"
173 A—G 720.10 796.49 1.04
16042 T—C 2139.37 34.64 - 0.04
16053 T—C - 4057.34 - 156.09 0.14
16118 A—>G 1843.64 166.15" 1.65'
16119 T—C 2174.20 110.10 021
16135 T—>C - 2023.92 - 11845 - 028
16231 C—T 701.60 21.492 0.22
16250 A—G 1633.07 51.57 - 015
16260 C—T - 755.10 23.58 0.61°
16302 G—>A - 181703 - 6777 - 0.30

b . 305 day corrected yield.
* p<0.05 :p<0.1.
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Effect of Sequence Variation in Mitochondrial DNA
D-loop Region on Milk and Milk Fat Production in
Holstein Cows
Oh, J. D, H. S. Kong, H. K. Lee and G. J. Jeon

Genomic Informatics Center, Hankyong National University,

ABSTRACT

This study was performed to analyze the sequence
variation in mtDNA D-loop and their effects on milk
and milk fat production in Holstein cows. The analyzed
sequences were compared with previously published
sequences from other cattle breeds (GenBank J01394).
PCR was performed to amplify a total of 964 bp
between nucleotide 15758 and 383 within D-loop region
of mtDNA using specific primers. Thirty five poly-
morphic sites by nucleotide substitution were found in
mtDNA. The frequencies of positions at 106, 169, 16057,
16231 and 16255 nt with high levels of sequence
polymorphism were 0.090, 0.555, 0.055, 0.090 and 0.050,
respectively. The substitution effect at 169 nt was found
significant on milk production, and substitution effect
at 16118, 16139 and 16302 nt was highly significant (p<
0.1) on milk fat production. Polymorphism of mtDNA
sequence in D-loop region might be useful for the
analysis of cytoplasmic genetic variation and associa-
tions with the other economically important traits and
maternal lineage analysis in Holstein cows.

(Key words : mtDNA, D-loop region, Sequence
variation, Holstein)

1. Anderson S, Bamkier AT, Barrell BG, De Bruijin, MH



10.

11.

12.

to

L, Coulson AR, Drouin J, Eperon IC, Nierlich DP,
Roe BA, Sanger F, Schreier PH, Smith AJH, Staden R,
Young IG (1981): Sequence and organization of the
human mitochondrial genome. Nature 290:457-465.

. Anderson S, De Bruljin MHL, Coulson AR (1982):

Complete sequnce of bovine mitochondrial DNA.
conserved features of the mammalian mitochondrial
genome. ] Mol Biol 156:683-717.

. Bell BR, McDaniel BT, Robison OW (1985): Effects of

cytoplasmic inheritance on production traits of dairy
cattle. J Dairy Sci 68:2038-2051.

. Boettcher PJ, Freeman AE, Johnston SD, Smith RK,

Beitz DC, McDanielBT (1996): Relationships between
polymorphism for mitochondrial deoxyribo nucleic
acid and yield traits of Holstein cows. ] Dairy Sci
79:647-654.

. Brown WM, George M, Wilson AC (1979): Rapid

evolution of animal mitochondrial DNA. Proc Natl
Acad Sci USA 67:1967-1971.

. Bradly DG, Machugh DE, Cunningham P, Loftus RT

(1996): Mitochondrial diversity and the origins of
African and European cattle. Proe Natl Acad Sci USA
93:5131-5135.

. Faust MA, Robison OW, McDaniel BT (1990): Animal

model estimates of cytoplasmic line constants for
yield in Holsteins. ] Anim Breed Genet 107:401-410.

. Harrison RO, Ford SP, Young JW, Conley AJ, Free-

man AE (1990): Increased milk production versus
reproductive and energy status of high producing
dairy cows. ] Dairy Sci 73:2749-2758.

. Huizinga HA, Korver S, McDaniel BT, Politiek R

(1986): Maternal effect due to cytoplasmic inheritance
in dairy cattle. Influence on milk production and
reproduction traits. Livest Prod Sci 15:11-26.
Hutchison III CA, Newbold JE, Potter SS, Edgell M
H (1974): Maternal inheritance of mammalian mito-
chondrial DNA. Nature 251:536-538.

Kim KI, Yang YH, Lee SS, Park C, Ma R, Bouzat |
L, Lewin HA (1999). Phylogenetic relationships of
Cheju horses to other horse breeds as determined by
mtDNA D-loop sequence polymorphism. Anim Ge-
net 30:102.

Kim KI, Lee JH, Lee SS, Yang YH (2003): Phylo-

r
offl

13.

14.

15.

16.

17.

18.

19.

20.

21

22

23.

13

genetic relationships of Northeast Asian Cattle to
other cattle populations determined using mito-
chondrial DNA D-loop sequence polymorphism. Bio-
chemical Genetics 41(3/4):91.

Mannen H, Kojima T, Oyama K, Mukai F, Ishida T,
Tsuji S (1998a): Effect of mitochondrial DNA va-
riation on carcass traits of Japanese black cattle. |
Anim Sci 76:36-41.

Mannen H, Tsuji S, Loftus RT, Bradley DG (1998b):
Mitochondrial DNA variation and evolution of Ja-
panese black cattle(Bos taurus). Genetics 150:1169-
1175.

Mannen H, Kawasaki J, Ishidal T, Mukai F, Tsuji S
(2000): Mitochondrial DNA Diversity of Japanese
Black Cattle. Anim Sci 71:]470.

Ron M, Yoffe O, Wellet JL (1993): Sequece variation
in D-loop DNA of cow lineages selected for high and
low maternal effects on milk production. Anim Genet
24:183-186.

Schutz MM, Freeman AE, Beitz DC, Mayfield JE.
(1992): The importance of maternal lineage on milk
production of dairy cattle. ] Dairy Sci 75:1331-1341.
Schutz MM, Freeman AEF, Lindberg GL, Beitz DC.
(1993): Effect of maternal lineages grouped by mito-
chondrial genotypes on milk yield and composition.
J Dairy Sci 76:621-629.

Schutz MM, Freeman AE, Lindberg GL, Koehler CM,
Beitz DC (1994): The effect of mitochondial DNA on
milk production and health of dairy cattle. Livestock
Production Science 37:283-295.

S5 Q002): 59 BAGAGH B THE A
07 vhbg B gAY EAGAR AL 18
Uk ALY .

o, MY, L8, ¥ ZH S (1998):
HE&ZE 2o} DNA D-loop Region®] PCR-RFLPE ©]
&8k ghy, AF Aot B FFe] 34 @Al
Y. F55A3A] 40335

Qog, uAE @47] (1996): PCR 71 S o] 838 &
mtDNAS} RFLP 4ol @3k 7. 5% 38:307.
AE, 24, 2AF, ol T, W7 (2002): F-
Mitochondrial DNA D-loop 9% 47144 % #
Bol. gh5EF= At 7HetA] 44:181-190.

(A2 &k 2004.9. 10. / AHHAAL: 2004. 12. 20.)



