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ABSTRACT

Telomeres at the end of chromosomes consist of tandem repeats of (TTAGGG)n DNA sequence and associated proteins.
Telomeres have the essential functions in chromosome stability and genome integrity and are hence related to cell senescence and
cancer. This study was carried out to quantify the amount of telomeric DNA and establish age prediction equations by using the
quantity of telomeric DNA for cattle. Analysis of the telomere quantity of the lymphocytes was performed at different age, across
breeds and between different sexes of cattle. We quantified the amount of telomeric DNA by the Q-FISH technique using the
telomeric DNA probe in 460 cattle at age of 1~166 months in Korean Cattle and Holstein breeds. In results, we found that the
amount of telomeric DNA decreased gradually with age. The amount of telomeric DNA of Korean Cattle was significantly higher
than that of Holstein breed (P<0.01). In addition, the amount of telomeric DNA in male was significantly higher than that in
female (P<0.01). Using the relationship between age and the amount of telomeric DNA in cattle, age predicting equations were
established as a result of regression analysis. Because sex and breeds influenced telomeric DNA quantity, the age prediction
equations were estimated separately in Korean Cattle females and Holstein females. The regression equations were Ŷ = 38.102X2

220.103X + 318.309 (P<0.0001, R2=0.8019) in Korean Cattle females and Ŷ = 42.799X2 199.682X + 242.106 (P<0.0001, R2 =
0.8379) in Holstein females, where the X was quantity of telomeric DNA and Y was predicted age in months. These equations
predicted the age of cattle with high significance and accuracy and have high R square values. Thus, it could be possible to
scientifically predict the age using the above equations for Korean Cattle and Holstein females.
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(Londono-Vallejo, 2001), ( ) (Roux , 2009),
( ) (Benetos , 2001; Cherif , 2003)

(heterogeneous) ,

(von Zglinicki, 2000; Epel , 2004; Zannolli
, 2008).

,

(Frenck , 1998; Monaghan Haussmann,
2006; , 2006; , 2008; , 2008).

Hewakapuge (2008)
real-time quantitative PCR (Q-PCR)

,
, Ren

(2009) telomeric restriction fragment
(TRF)

.

( , 2008)
telomeric DNA

.
(Quantitative Fluorescence

in situ Hybridization; Q-FISH)
telomeric DNA

,

.

재료 및 방법

1.

( ) 1~166
312 ( )

1~126 148
10ml .

2. Telomeric DNA probe

(fluorescence
in situ hybridization; FISH) telomeric
DNA probe Dig-PCR probe synthesis kit (Roche,
Mannheim, Germany)

. Primer CCCTAA 42mers oligomers

, primer (denatruation), (annealing),
(extension)

dig-labeled nucleotide . PCR 94
5 , 94 30 , 56 30 ,

72 30 35 72 5
. PCR 2% agarose gel

band .

3.

. 0.06M
KCl (Sigma, St Louis, MO, USA) 37
15 10

. methanol acetic acid 3:1
3 3~5

.

4.

(Q-FISH)
(2004)

.
Q-FISH 10 RNase

A (Roche) 50ml 2 × SSC 37
30 RNA . 2~3

80%, 90%, 100% ethanol
. (hybridization solu-

tion) 13 formamide 5 4× hybridization solution (8×
SSC, dextran sulphate 40%, DNA MB grade 4 / ; Roche)

telomeric DNA probe 2 (100ng/ ) 20
.

. 72 10
probe DNA 38.5 12

. PN buffer (0.1% sodium
phosphate, 0.1% Nonidet P-40; Roche)

20 anti-digoxigenin-fluorescein (FITC; Roche)
38.5 30 . PN buffer
3 propidium iodide solution
(PI; Sigma) .

(model AX-70 with WIB
filter, Olympus, Tokyo, Japan) probe

(Model DP-70, Olympus)

(MetaMorph, UIC, Pennsylvania, USA) telomeric
DNA . (PI)
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genomic DNA (FITC) telomeric DNA
.

5.

,
SAS (SAS Institute Inc, Cary, NC,

USA) t-test ANOVA/Tukey
,

(regression analysis) .

결과 및 고찰

1.

, ,

telomeric DNA probe FISH
100

(image analyzer program; MetaMorph )
.

Fig. 1

. Table 1 Fig. 2 1 166
460

.
telomeric DNA 1.62% , 0.13%

. 1 2.36%
10 1.18%

telomeric DNA
(p<0.0001).

(telomere shortening rate; TSR) 3
8

, 9 .
7 telomeric DNA 6 telomeric

DNA
(bias) .

(Monagan Hausmann, 2006)
(Zeichner , 1999) (Kotrschal , 2007),

Table 1. The relative amount of telomeric DNA on
cattle leukocytes at different ages

Age Number
of cattle

Amount of
telomeric DNA

(%)

Telomere
shortening rate

(%)
1 yr

(1-12 mo.) 59 2.355±0.013a

2 yr 84 2.057±0.011b 0.298
3 yr 89 1.810±0.009c 0.247
4 yr 79 1.710±0.008cd 0.100
5 yr 35 1.596±0.009de 0.114
6 yr 34 1.425±0.012ef 0.171
7 yr 21 1.433±0.013ef 0.008
8 yr 21 1.330±0.011fg 0.103
9 yr 12 1.269±0.013fg 0.061

above 10 yr 26 1.176±0.008g 0.093
Mean 1.616±0.118 0.134

The values are means ± SEM.
a,b,c,d,e,f,gMeans with different superscripts in same column signi-

ficantly differ at p<0.0001.

Fig. 2. The trend of telomere quantity of cattle leuko-
cytes along with age.

Fig. 1. Distribution of telomeric DNA on interphase
nuclei of cattle leukocytes by FISH using
telomeric DNA probe. The relative amount of
telomeric DNA calculated using the image
analyzer program Metamorph ; (a) amount of
telomeric DNA (ATD) 2.53%, (b) ATD 2.00%,
(c) ATD 1.51%, and (d) ATD 1.07%.
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(Brummendorf , 2002), (Hall , 2004; Pauliny ,
2006; , 2006)

.

(Frenck , 1998; Metcalfe Monaghan, 2001;
Rollo, 2002; Monaghan, 2008).

(Cherif , 2003; , 2006; Nakamura ,
2007). (2008) 1~6 136

telomeric DNA
telomeric DNA

,
Miyashita (2002) 0~18 Japanese Black Cattle 50

,
.

, , telomeric
DNA

,
telomeric DNA

.

2.

telomeric DNA

Q-FISH , telomeric DNA
Table 2 . telomeric DNA
72 12 ,

, telomeric DNA 1.90%,
1.59%

telomeric DNA (p<0.0001).

(African
Americans) (Whites)

(Hunt
, 2008).

(Hispanics)
(Roux , 2009).

,
.

. (2007)
10 80

telomeric DNA
. (2008)

Yorkshire, Landrace, Duroc Berkshire
telomeric DNA 90 180
, 90

teomeric DNA
.
telomeric DNA

.

3.

Q-FISH .
telomeric DNA

Table 3 .
36 12
3

telomeric DNA ,

Table 2. Comparison of the relative amount of telomeric DNA of leukocytes in Korean cattle and Holstein breed

Age
Korean cattle females Holstein females

Prob.
No. of cattle telomeric DNA(%) No. of cattle telomeric DNA(%)

1 yr 22 2.243±0.006 12 2.132±0.012 0.0423
2 yr 24 2.127±0.005 32 1.806±0.006 <0.0001
3 yr 39 1.896±0.005 36 1.594±0.004 <0.0001
4 yr 45 1.870±0.007 34 1.498±0.003 <0.0001
5 yr 24 1.708±0.005 11 1.353±0.006 <0.0001
6 yr 22 1.570±0.007 12 1.161±0.010 <0.0001
Mean 1.902±0.102 1.591±0.140 <0.0001

The values are means±SEM.
Prob : P values by t-test for the means of telomeric DNA within a same row.
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telomeric DNA 2.32%, 2.09%
telomeric DNA

(p<0.0001).
(2007) 48

telomeric DNA
telomeric DNA

. (2008) 90
180 telomeric DNA

90 .
, Benetos (2001) Perner (2003)

, (2007) telomeric
DNA 10 80 10

,
. ( )

telomeric DNA
,

.

4.

telomeric DNA
telomeric DNA

.
, telomeric DNA

,
telomeric DNA

telomeric DNA
. ,

telomeric DNA
(bias)

.

. telomeric
DNA

telomeric DNA
.

telomeric DNA (X) ,
(Y) 2 .

(R2) ,
.

Hewakapuge (2008) , ,
, , Q-PCR

1 (R2)
0.0368

. Ren (2009)
TRF

.

,
(Okuda , 2002).

.

한우 암컷 연령예측 함수 추정(1)
Telomeric DNA

3 166 245 12
telomeric DNA . Fig. 3

telomeric DNA
0~12 2.24%, 25~36 1.90%, 49~60 1.71%,
73~84 1.50%, 97~108 1.33%

telomeric DNA
. telomeric DNA

Table 3. Comparison of the relative amount of telomeric DNA of leukocytes in Korean cattle males and females

Age
Males Females

Prob.
No. of cattle telomeric DNA(%) No. of cattle telomeric DNA(%)

1 yr 25 2.560±0.012 22 2.243±0.006 <0.0001
2 yr 28 2.285±0.004 24 2.127±0.005 <0.0001
3 yr 14 2.127±0.008 39 1.896±0.005 <0.0001
Mean 2.324±0.127 2.089±0.102 <0.0001

The values are mean ± SEM.
Prob: P values by t-test for the means of telomeric DNA within a same row.
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, Fig. 4 .
.

Ŷ = 38.102X2 220.103X+ 318.309 (p<0.0001, R2 = 0.8019)
, Ŷ , X

2
38.102 220.103

p<0.0001
. (R2) 0.8019

telomeric DNA
.

홀스타인 암컷 연령예측 함수 추정(2)
Telomeric DNA

1 126 148
12 telomeric DNA ,

Fig. 5 telomeric DNA

.
telomeric DNA
. telomeric DNA

, Fig. 6
. telomeric DNA

.

Ŷ =42.799X2 199.682X+ 242.106 (p<0.0001, R2 = 0.8379)
, Ŷ , X

2 ,
42.799 199.682 ,

p<0.0001
. (R2) 0.8379

telomeric DNA
.

Fig. 3. The trend of leukocytes telomeric DNA quantity
along with age in Korean cattle females.

Fig. 4. Regression curve of age on the amount of
leukocytes telomeric DNA in Korean cattle
females. Ŷ is expected age in month. X is the
amount of telomeric DNA.

Fig. 5. The trend of leukocytes telomeric DNA quantity
along with age in Holstein females.

Fig. 6. Regression curve of age on the amount of
leukocytes telomeric DNA in Holstein cattle
females. Ŷ is expected age in month. X is the
amount of telomeric DNA.
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(R2) 0.8 ,
telomeric DNA

,

, ,
telomeric DNA

age-marker .

요 약

DNA
, TTAGGG

.
.
, ,

telomeric DNA
,

.
1 166 460
telomeric DNA probe Q-FISH

. telomeric
DNA .

telomeric DNA
telomeric DNA

,
telomeric DNA ,

(P<0.01).

. Telomeric DNA
(X) , ( ) (Y) 2

Ŷ=38.102X2 220.103X
+ 318.309 (P<0.0001, R2 = 0.8019) , Ŷ=
42.799X2 199.682X+ 242.106 (P<0.0001, R2 = 0.8379)

. (R2)
0.8

.
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