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Abstract

Background: The purpose of this study was to apply an arbitrarily primed methylation sensitive polymerase chain
reaction (PCR) assay called Amplified Methylation Polymorphism Polymerase Chain Reaction (AMP PCR) to
investigate the methylation profiles of somatic and germ cells obtained from Holstein bulls.

Methods: Genomic DNA was extracted from sperm, leukocytes and fibroblasts obtained from three bulls and
digested with a methylation sensitive endonuclease (HpaII). The native genomic and enzyme treated DNA samples
were used as templates in an arbitrarily primed-PCR assay with 30 sets of single short oligonucleotide primer. The
PCR products were separated on silver stained denaturing polyacrylamide gels. Three types of PCR markers;
digestion resistant-, digestion sensitive-, and digestion dependent markers, were analyzed based on the presence/
absence polymorphism of the markers between the two templates.

Results: Approximately 1,000 PCR markers per sample were produced from 27 sets of primer and most of them
(>90%) were digestion resistant markers. The highest percentage of digestion resistant markers was found in
leukocytic DNA (94.8%) and the lowest in fibroblastic DNA (92.3%, P ≤ 0.05). Spermatozoa contained a higher
number of digestion sensitive markers when compared with the others (3.6% vs. 2.2% and 2.6% in leukocytes and
fibroblasts respectively, P ≤ 0.05).

Conclusions: The powerfulness of the AMP PCR assay was the generation of methylation-associated markers
without any prior knowledge of the genomic sequence. The data obtained from different primers provided an
overview of genome wide DNA methylation content in different cell types. By using this technique, we found that
DNA methylation profile is tissue-specific. Male germ cells were hypomethylated at the HpaII locations when
compared with somatic cells, while the chromatin of the well-characterized somatic cells was heavily methylated
when compared with that of the versatile somatic cells.

Background
Methylation of genomic DNA plays an important role in
genomic imprinting, X-chromosome inactivation, tissue-
specific gene expression and silencing of retrotransposable
elements [1]. In mammalian genome, DNA methylation
occurs mainly at the cytosine residues [2] and its pattern

changes according to different gene activities during cellu-
lar development [3-5]. Different genome-wide methylation
content between different cell types has been investigated
in murine and bovine tissues for more than 20 years [6-8].
However, the results were mostly qualitative and did not
provide any possibility for further investigation of the dif-
ferentially methylated locations in the samples.
Study of DNA methylation can be carried out in

various ways. The digestion of genomic DNA with
methylation sensitive restriction endonuclease enzymes
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combined with southern blot analysis is a classical
method to give an overview of whole-genome DNA
methylation profile, while location specific investigation
can be archived by bisulfite sequencing [9]. Recently,
arbitrarily-primed polymerase chain reaction (PCR), in
combination with a technique called Random Amplifica-
tion of Polymorphic DNA (RAPD), has been applied to
study the genomic alterations in tissues, especially
between cancerous and normal samples [10,11]. The
powerfulness of this technique is the possibility to evalu-
ate many genomic locations simultaneously by compar-
ing PCR product alterations between tissue samples.
Moreover, the PCR products can be retrieved for further
investigation [12]. Therefore, in terms of DNA methyla-
tion investigation, comparison between genomic DNA
and DNA digested with methylation sensitive enzymes
could possibly provide some useful information about
different methylation status at the same genomic loca-
tion between two templates.
In this present study, we applied the technique called

Amplified Methylation Polymorphism Polymerase Chain
Reaction (AMP PCR) to compare methylation patterns
between genomic- and enzyme digested DNA templates
from various types of tissues. The main objective of this
study was to apply AMP PCR assay to investigate the
degree of difference of methylation content between
somatic and germ cells by comparing the number of
markers produced by the technique.

Methods
All chemicals used in this experiment were purchased
from BDH AnalaR® (VWR International Ltd., Poole,
England), unless stated elsewhere.

Cell samples and DNA extraction
Samples used in this study were obtained from three
Holstein bulls between 2 to 3 years old. Three types of
cell samples were selected for this experiment. Sperm
cells were selected as germ cell lineage, fibroblasts as
versatile- and leukocytes as well-characterized somatic
cell lineages. Spermatozoa were collected from fresh
ejaculates and were separated from seminal plasma by
centrifugation at 3000 rpm for 10 min at room tempera-
ture. Leukocytes were separated from fresh whole blood
samples by centrifugation at 3000 rpm for 10 min at
room temperature. Fibroblast cells were collected from
monolayer cell culture originated from ear tissue
explants.
Genomic DNA was extracted from leukocytes and

fibroblasts using a commercial DNA extraction kit
(QIAamp® DNA mini kit, Qiagen, Hilden, Germany).
DNA from sperm cells was extracted by treating the
samples with lysis buffer containing 1% (v/v) Triton X-
100 (Sigma, Steinhelm, Germany), 1 mM Deferoxamine

mesylate (Sigma, Germany), 5 mM MgCl2, 0.32 M
Sucrose and 10 mM Tris. Sperm DNA was then
released from protamines by 5 M NaCl and 1 M Dithio-
threitol (DTT, Roche, Mannheim, Germany) and was
separated from the solution by alcohol precipitation.
The genomic DNA samples were kept in TE buffer, and
the concentration was adjusted to 10 to 20 ng/μl.

Restriction enzyme digestion of the genomic DNA
The genomic DNA samples were treated with a methy-
lation-sensitive enzyme, HpaII (Invitrogen®, Hong
Kong). The digestion solution consisted of autoclaved
de-ionized water and buffer solution plus bovine serum
albumin provided with the enzyme by the manufacturer.
The amount of enzyme used to digest the genomic
DNA, time and temperature applied to the digestion
reaction were in accordance with the recommendation
provided with the product. Digested DNA samples were
ethanol precipitated and separated from digestion buffer
by centrifugation at 13500 rpm for 30 min at 4°C. DNA
pellet was re-suspended with autoclaved de-ionized
water and kept at 4°C.

Amplified Methylation Polymorphism Polymerase Chain
Reaction (AMP PCR)
The PCR reaction consisted of DNA sample (genomic
or digested template), Taq polymerase enzyme (Ampli-
Taq® Stoffel fragment, Applied Biosystems, Branchburg,
New Jersey, USA), 10 mM dNTPs mix (Invitrogen®), 10
μM custom-designed oligonucleotide primers (Invitro-
gen Custom Primers), Dimethyl sulphoxide (DMSO),
PCR buffer (10 mM Tris, 10 mM KCl, 5 mM MgCl2)
and autoclaved de-ionized water.
Thirty sets of custom-designed oligonucleotide primer

were used. Each primer contained 10 base pairs: four of
which were the HpaII recognition site (5’-CCGG-3’) and
the other six bases were randomly designed (Table 1).
The PCR reaction was started at 94°C for 2 min and

each cycle was as follows: 94°C 30 sec, 57°C 1 min, 56°C
1 min, 55°C 1 min, 54°C 1 min, 53°C 1 min. The cycle
was repeated for 30 times plus a final extension at 72°C
for 5 min. The PCR products were separated on 4%
denaturing polyacrylamide gels by electrophoresis and
silver stained.

PCR marker classification and statistical analysis
The comparison of markers was made based on the pre-
sence-absence manner of the PCR products between
genomic and HpaII digested templates. There were 3
types of markers:
(1) Digestion-resistant (R) marker appears both in

genomic and digested DNA template (Fig. 1a), indicat-
ing that the location is resistant to the enzymatic diges-
tion by the protection of the methylation.
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(2) Digestion-sensitive (S) marker appears only in the
genomic DNA template but not in the digested one
(Fig. 1b), indicating that the enzyme can break the DNA
at this location. Therefore, this location is non-methy-
lated, and
(3) Digestion-dependent (D) marker appears only in

the digested DNA template (Fig. 1c). The formation of
this marker is still under investigation.
The observation of marker pattern was done by pla-

cing the dried silver-stained gel attached on the glass
plate on a light box designed for X-ray film examina-
tion. Only clear and reproducible marker bands were
counted, and the comparison of bands between genomic
and digested templates was done according to the
appearance of the marker mentioned above.
Number and percentage of each marker were reported

in the individual bull and the average and standard
deviation were calculated from the pooled data. The dif-
ference between each marker type in somatic and germ
cells was evaluated by Chi-square test using a SAS sta-
tistical program (SAS 2002, SAS/Stat®, Cary, NC, USA).

Results
Cell samples from three bulls showed similar methyla-
tion profiles (Fig. 2). Approximately 1,000 PCR markers
per sample per animal were produced from 27 sets of
primer (Tables 2, 3 and 4) or, in average, 30-40 markers
per primer. The other 3 primers gave poor marker pat-
terns (smear or faint bands) and were excluded from
the study.
When the data from three bulls was pooled together

and comparison was made between each cell lineage.
More than 90% of markers were digestion-resistant (R)

markers and the average percentage of this marker
found in each sample is reported, with the error bars, in
Fig. 3. Within the somatic cell lineage, a higher number
of R markers were found in leukocytic DNA when com-
pared with fibroblastic DNA (94.8% vs 92.3%, P < 0.05),
while the amount of this marker in germ cells was in
between (93.4%).
The average percentage of S marker found in each

sample is shown in Fig. 4. Sperm DNA significantly con-
tained more S marker (3.6%, P < 0.05) than fibroblastic
DNA (2.6%), and leukocytic DNA showed the lowest
percentage of this marker (2.2%).
The highest number of the D marker was found in

fibroblastic DNA (5.1%, P < 0.05) when compared with
that in leukocytic (3.0%) and sperm DNA (3.0%) (Fig. 5).
When considered the data obtained from each bull,

variations among individual were apparent. Bull No.1
had only one significant difference in the percentage of
D marker between fibroblasts and the others. Bull No. 2
showed significant differences in the percentage of R
marker between leukocytes and fibroblasts and in the
percentage of D marker between fibroblasts and the
others. While Bull No. 3 exhibited significant differences
in all markers: R marker between leukocytes and fibro-
blasts, S marker between leukocytes and the others and
D marker between fibroblasts and the others. The sum-
mary of the individual variations mentioned above is
shown in Fig. 6.

Discussion
The AMP PCR is a PCR based technique that we
applied to study DNA methylation profiles in different
cell types. Like other DNA fingerprinting techniques,
such as RAPD or DNA Amplification Fingerprinting
(DAF), AMP PCR can generate DNA markers by mean
of arbitrary amplification with single short oligonucleo-
tide primers and the resulting markers can be evaluated
by electrophoresis separation on polyacrylamide sequen-
cing gels. The genomic DNA digestion with methylation
sensitive endonuclease and the use of primers contain-
ing recognition sequence of the applied enzyme that
allows assessing of DNA methylation status of the parti-
cular locations throughout the genome. The alterations
of PCR products in the digested DNA template provide
the impression that the locations are intact or destroyed
after the enzymatic digestion. The absence of PCR mar-
ker in the digested template referred to the loss of the
particular genomic location due to enzymatic treatment.
Therefore, this particular location is unmethylated. On
the other hand, no change in PCR marker between the
two templates indicates that the amplified locations are
protected from the digestion by DNA methylation.
The results showed that AMP PCR assay could pro-

duce DNA marker patterns from genomic and digested

Table 1 Sequences of primers designed for AMP PCR in
combination with HpaII restriction enzyme treatment

Primer Sequence (5’-3’) Primer Sequence (5’-3’)

1 TGGACCGGTG 16 AAGACCGGGA

2 ACCCGGTCAC 17 TCCCGGTGAG

3 AACCCGGGAA 18 GAATCCGGCA

4 TTCCCGGGTT 19 ACCCGGAAAC

5 TTTGCCCGGT 20 TGCCGGTTCA

6 CCCGGCATAA 21 AGCCGGGTAA

7 CACCCGGATG 22 CCCGGAAGAG

8 TCAGTCCGGG 23 CTACCGGCAC

9 TGCCGGCTTG 24 ACCTCCGGTC

10 CCCCGGTAAC 25 CTCCGGATCA

11 CAGTGCCGGT 26 TTTCCGGGAG

12 ACCGGCTTGT 27 AGGCCGGTCA

13 GTCCGGAGTG 28 CAACCGGTCT

14 ACACCGGAAC 29 CCGCCGGTAA

15 CCCGGATGGT 30 TCCGGGACTC

Four bases in bold letters are the HpaII enzyme recognition sequence
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G-S G-L G-F D-S D-L D-F 

Figure 1 Examples of PCR markers generated by the AMP PCR technique. (a) Digestion-resistant (R) markers from primer No.21, (b)
Digestion-sensitive (S) markers in sperm DNA produced from primer No.30 (white arrows indicate the PCR markers in the genomic samples and
black arrows indicate the lost of the markers in the digested samples) and (c) Digestion-dependent (D) markers in fibroblastic DNA produced
from primer No.1 (white arrows indicate no PCR markers in the genomic samples and black arrows indicate the PCR markers appear in the
digested samples). G-S = Genomic sperm DNA, G-L = Genomic leukocytic DNA, G-F = Genomic fibroblastic DNA, D-S = Digested sperm DNA, D-
L = Digested leukocytic DNA, D-F = Digested fibroblastic DNA
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Figure 2 Example of the AMP PCR profile generated by the AMP PCR technique. This profile belonged to primer No.15. S = Sperm, L =
Leukocyte, F = Fibroblast. Long arrow indicates the digestion dependent marker appeared only in bull number 2. Short arrows indicate the
digestion resistant marker found in every cell sample from bull number 2 and in sperm DNA sample from bull number 3.

Table 2 Summary of the AMP PCR markers found in
sperm DNA

Bull 1 Bull 2 Bull 3 Ave ± SD

Sperm DNA R marker n 990 997 994 993.7 ± 3.5

% 92.8 92.9 94.4 93.4 ± 0.9

S marker n 37 44 34 38.3 ± 5.1

% 3.5 4.1 3.2 3.6 ± 0.5

D marker n 40 32 25 32.3 ± 7.5

% 3.7 3.0 2.4 3.0 ± 0.7

Total marker 1067 1073 1053 1064.3 ± 10.3

Table 3 Summary of the AMP PCR markers found in
fibroblastic DNA

Bull 1 Bull 2 Bull 3 Ave ± SD

Fibroblastic DNA R marker n 994 1006 1000 1000.0 ± 0.6

% 92.3 91.3 93.3 92.3 ± 1.0

S marker n 27 35 24 28.7 ± 5.7

% 2.5 3.2 2.2 2.6 ± 0.5

D marker n 56 61 48 55.0 ± 5.6

% 5.2 5.5 4.5 5.1 ± 0.5

Total marker 1077 1102 1072 1083.7 ± 16.1
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DNA templates. The number of markers gained by this
technique was, in average, 30-40 markers per primer,
which was comparable with other studies [13,14]. In this
study, we applied a high concentration of oligonucleo-
tide primers (10 μmol) and used DNA polymerase Stof-
fel fragment as some reports suggested that more PCR
markers could be obtained via this condition [13,15].
However, there are other factors affecting the marker
production. The sequence of primer, for instance, might

play an important role in this assay. From 30 sets of pri-
mer, we could summarize the results from only 27 sets,
while the other three primers gave poor patterns that
could not be scored. The annealing temperature in the
PCR step is also crucial [16]. In the present study, we
employed a high annealing temperature (53-57°C) to
prevent spurious amplification. The same condition has
been used in arbitrarily primed PCR technique with
good marker patterns [13,17,18]. However, the amount
of DNA markers gained per primer in this study was
slightly low when compared with other reports. This
might be due to different marker detection methods.
We used acidic silver staining which has less sensitivity
than radioactive or fluorescent detection.
The similar AMP PCR profiles generated from three

bulls indicated that bull genome is highly conserved
with approximately 1.6% variations among individuals.
When the comparison of DNA methylation profiles was
made between germ- and somatic cells, we found that
germ cells contained less methylated HpaII locations in
their genome. This finding was in accordance with other
reports [7,19]. The hypomethylation status of spermato-
zoa might be associated with a special genome structure
designed for meiosis division, and possibly be involved
in specific gene expression at early stage of embryo
development [20].
Furthermore, when we compared the methylation pat-

terns obtained from leukocytic and fibroblastic DNA,
the results showed that leukocytes had the highest
amount of DNA methylation in their genome. This
result was in agreement with the knowledge that well-
characterized differentiated cells need only a small num-
ber of genes to be actively expressed to maintain their
functions, and the rest are suppressed by DNA methyla-
tion or other gene regulation processes [21]. On the
other hand, somatic cells possessing the ability to
change their morphology and cell functions like fibro-
blasts exhibited differently. Our results showed that

Table 4 Summary of the AMP PCR markers found in
leukocytic DNA

Bull 1 Bull 2 Bull 3 Ave ± SD

Leukocytic DNA R marker n 1000 1012 1004 1005.3 ± 6.1

% 94.9 94.2 95.2 94.8 ± 0.5

S marker n 21 29 20 23.3 ± 4.9

% 2.0 2.7 1.9 2.2 ± 0.4

D marker n 33 33 30 32.0 ± 1.7

% 3.1 3.1 2.8 3.0 ± 0.2

Total marker 1054 1074 1054 1060.7 ± 11.5
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Figure 3 Percentage of the digestion resistant (R) markers
calculated from the pooled data. The box represents the average
percentage and the error bars standard deviations. Samples with
different number of asterisk (*) are statistically different.
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Figure 4 Percentage of the digestion sensitive (S) markers
calculated from the pooled data. The box represents the average
percentage and the error bars standard deviations. Samples with
different number of asterisk (*) are statistically different.
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Figure 5 Percentage of the digestion dependent (D) markers
calculated from the pooled data. The box represents the average
percentage and the error bars standard deviations. Samples with
different number of asterisk (*) are statistically different.
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Figure 6 Individual variations of markers among bulls. Percentages of the R markers (Fig. 6-A), S markers (Fig. 6-B) and D markers (Fig. 6-C)
in sperm, leukocytic and fibroblastic DNA found in each bull. Different letters between cell samples within the same bull indicate that the
difference is statistic significance (P < 0.05).
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fibroblast DNA was somehow hypomethylated when
compared with leukocyte and sperm DNA. Moreover,
we found a high percentage of digestion dependent mar-
kers in this cell type. The formation of this marker by
AMP PCR technique is not clearly understood, but we
hypothesized that the enzyme digestion might remove
some secondary structures of the genome, and this
allowed the binding of primers to their intact recogni-
tion locations hidden inside those complex structures.
In this case we surmised that fibroblast cells possibly
had special genomic architectures owing to their versati-
lity. It is challenging to figure out the origin of the
digestion dependent marker and the hypothesis of the
complex structures could be elucidated.
From this work, we proved that the AMP PCR techni-

que could generate methylation-associated fingerprints
from different cells and tissues obtained from Holstein
bulls. The technique could be used as a screening test
for the DNA methylation pattern of the animal. The dif-
ference of the AMP PCR patterns between each cell
type, though at a very low degree and could not be used
as an individual identification tool, could possibly facili-
tate the discovery of some differentially methylated loca-
tions in the genome. However, the results of this
present study were from the HpaII enzyme recognition
locations only. These particular locations are abundant
in the mammalian genome and many may not closely
associate with gene regulatory domains. To enhance the
ability of the AMP PCR in the study of the gene-specific
methylation profile in different tissues, other methyla-
tion sensitive restriction endonuclease enzymes recog-
nizing the methylation locations within genes or gene
promoter regions could provide valuable information in
terms of methylation-associate gene expression. Radio-
labeling or fluorescent deoxynucleoside triphospate
could also be used in the PCR to increase the sensitivity
of marker detection.

Conclusions
We applied an arbitrarily primed PCR-based technique,
Amplified Methylation Polymorphism Polymerase Chain
Reaction (AMP PCR), to investigate DNA methylation
profiles in three different cell types obtained from Hol-
stein bulls. The methylation status of approximately
1,000 HpaII locations throughout the genome could be
identified by this present technique. We found that the
HpaII DNA methylation profile is tissue-specific. Male
germ cells were hypomethylated at the HpaII locations
when compared with somatic cells, while the chromatin
of the well-characterized somatic cells was heavily
methylated when compared with that of the versatile
somatic cells.
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