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Abstract. Genomic DNA extracted from bovine mummified tissue is valuable material for detection of
some genes that may contribute to fetal abnormalities.  In this study bovine genomic DNA was
extracted from the hardened tissue samples of ten bovine mummified fetuses.  The amount of
genomic DNA extracted from 2 g of the mummified tissues by the phenol/chloroform-ethanol
method was low (less than 4 µg/ml) for all samples.  The extracted DNA was then amplified by the
GenomiPhiTM DNA amplification system.  After amplification, the amount of DNA was increased to
more than 100 µg/ml for all samples.  This amplification system was shown to be a good tool for
amplifying the genomic DNA of the mummified fetuses.  The amplified genomic DNA was used for
testing the mummies for Factor XI gene deficiency, an autosomal recessive deficiency involved in the
early stages of the intrinsic blood coagulation pathway.  Exon 12 of the Factor XI gene of the mummies
was amplified by PCR.  Two of the ten mummified fetuses were heterozygous for the Factor XI gene
as indicated by the presence of two amplified DNA fragments of 320 bp and 244 bp.  Factor XI
deficiency has already been described in Holstein cattle.  However, no report is available for bovine
fetus.  In this study, DNA was extracted and amplified from the bovine mummified fetuses, and the
samples were successfully tested for Factor XI gene deficiency in the mummies.
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etal mummification does not occur in the first
trimester of gestation because embryonic or

fetal death prior to the development of the fetal
bones is usually followed by absorption or

resorption of the fetal and placental tissues [1].
Two types of fetal mummification have been
reported in animals, the hematic type in cattle and
the papyraceous type in other species.  Jalakas [2]
studied 19 cases of bovine mummification over
several years and reported that all cases were of the
hematic type. 

Mummification of bovine fetuses occurs in cattle
of all ages.  It is observed most often in Guernsey
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cattle, although other breeds are also commonly
affected [1].  Fetal mummification is rare in cattle,
occurring in 0.13 to 1.8% of conceived animals [3].
Torsion of the umbilical cord and some infectious
agents could cause fetal mummification in cattle
[1].  In addition, genetic factors are involved in
bovine fetal mummification [4].  Stevens and King
[5]  sugges ted  that  the  abor t ion  and fe ta l
mummification, experienced in a Holstein herd at
120 to 180 days of gestation when the daughters of
two popular sires were bred artificially by the other
sire, were due to an autosomal recessive gene.

Nucleic acids preserved in bovine mummified
tissues are valuable materials for the study of some
genes that contribute to fetal abnormalities.
Although mummified tissues are preserved for a
long time, the integrity of nucleic acids for
molecular biologic study still remains an issue.
Several groups of researchers were able to extract
DNA from mummified tissues [6, 7].  It has been
shown that more than 99% of DNA isolated from
mummified tissues is chemically modified [7–9].
These changes made amplification of the nucleic
acids very difficult.  The mummified tissues
contain inhibitors that inhibit PCR reaction [8],
which added a significant difficulty to DNA
amplification.  The first objective of this study was
to report a method for DNA extraction and
amplification from bovine mummified fetuses.

Factor XI is a serine protease involved in the
early stages of the intrinsic blood coagulation
pathway [10].  Factor XI deficiency was first
recognized in Holstein Friesian cattle in USA [11],
while Gentry et al. [12] reported the first case of
Factor XI deficiency in a steer in Canada.  In Japan,
Ghanem et al. (submitted for publication) reported
the first case of Factor XI deficiency in Holstein
cattle.  Marron et al. [13] identified the mutation
that caused Factor XI deficiency in cattle.  The
mutation consisted of a 76-base insertion into exon
12, one of the coding regions of the Factor XI gene.

Carriers (heterozygotes) of the defective gene are
outwardly normal,  while affected animals
(homozygotes) have a mild hemophilia-like
disorder, and 25 percent of offsprings produced by
mating a carrier bull to a carrier cow will be
affected with Factor XI deficiency [14].  Unlike
many other blood clotting disorders, Factor XI
deficiency may or may not be accompanied by
spontaneous or induced bleeding episodes.
Continued bleeding from the umbilical cord is

sometimes seen in affected calves.  Furthermore,
affected animals appear more susceptible to
diseases, such as pneumonia, mastitis, and metritis
[14].  Factor XI deficiency has been described in
Holstein cattle.  However, no report is available for
bovine fetuses.  Since we were interested in the
presence of Factor XI gene deficiency in cattle, in
addition to assessing the reliability of the extracted
DNA from the mummies for PCR and sequencing,
we tried to test the mummies for Factor XI gene
deficiency.  The second objective of this study was,
therefore, to examine the bovine mummified
fetuses for Factor XI gene deficiency.

Materials and Methods

Mummified fetuses
Ten bovine mummified fetuses were used in this

study; nine cases were from the collection at the
Department of Theriogenology,  College of
Veterinary Medicine, Rakuno Gakuen University,
Japan.  All the mummies had been fixed in 10%
formalin and then dried (Fig. 1).  The case history of
these fetuses was unknown.  The ages of the fetuses
were estimated by measuring the crown rump
length [15] (Table 1).  The other mummified fetus
was diagnosed in a Holstein Friesian cow, and was
expelled from the cow following treatment with
p r o s t a g l a n d i n  F 2 α  ( C l o p r o s t e n o l  0 . 5  m g ,
intramuscularly) 5.5 months after insemination.
The age of the fetus at the time of death was
estimated to be 105 days.  The fetus was fixed in
10% formalin, and preserved at the Laboratory of
Animal Science, IDEC, Hiroshima University,
Japan.

Extraction of genomic DNA from mummified fetuses
About 2 g of tissue was excised with a sterile

sharp knife from the mummified fetuses, and was
kept in sterile test tubes.  Liquid nitrogen, 100 to 200
ml, was added to the tissue sample in a clean
mortar .   The  t i ssue  samples  were  ground
thoroughly.  The ground powder was stored in a
sterile 1.5 ml Eppendorf tube.  One hundred mg of
the powder was put into a 2 ml sterile tube, and 1.5
ml of 0.5 M EDTA, pH 8.0, was added.  The mixture
was incubated overnight at 55 C, and each tube was
then washed with 1.5 ml of distilled water and
centr i fuged at  12 ,000 rpm for  3  min.   The
supernatant solution was removed carefully.
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Washing and centrifugation were repeated three
times to remove any EDTA solution.  The sediment
was kept in clean sterile 1.5 ml Eppendorf tubes.
Lysis buffer (50 mM Tris-HCl, 0.1 M NaCl, 20 mM
EDTA, and 1% SDS, pH 8.0) (360 µl) and 40 µl of
proteinase K solution (10 mg/ml) were added to
the tubes and mixed thoroughly with the sediment.

All the mixtures were incubated at 55 C overnight.
The genomic DNA of each fetus was extracted
using the phenol/ chloroform-ethanol method [16].
The genomic DNA concentration was measured
using a GeneQuantT M II spectrophotometer
(Amersham Biosciences, NJ, USA) with a micro
crystal cell.

Fig. 1. Collections of bovine mummified fetuses used for DNA extraction and Factor XI gene analysis.

Table 1. Crown rump length (CRL) of the ten mummified fetuses under study in addition to the amount of
genomic DNA extracted from 2 g of mummified tissue samples before and after using the
GenomiPhiTM amplification system

Fetus CRL (mm) Age (days) Amount of extracted DNA Amount of amplified DNA
(µg/ml)† (µg/ml)*

1 440 157 3.2 311.3
2 280 123 2.5 385.3
3 230 110 1.2 219.8
4 370 142 1.5 109.9
5 200 106 1.4 151.7
6 170 100 1.8 235.8
7 150 87 1.1 150.6
8 100 70 1.7 268.2
9 120 76 1.9 169.3
10 190 105 2.2 315.2

†Extraction using the phenol/chloroform-ethanol method.  *Amplification using the GenomiPhiTM DNA
amplification system.
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Amplification of fetal genomic DNA
The extracted DNA of the fetuses was amplified

using a GenomiPhiTM DNA amplification kit
(Amersham Biosciences, NJ, USA).  One µl of the
released DNA solution was added to a microfuge
tube containing 9 µl of sample buffer (random
hexamer primers) and mixed thoroughly.  The
solution was heated up to 95 C for 3 min and then
cooled down to 4 C on ice, allowing random
priming of the hexamers.  For each previous
amplification reaction, 9 µl of reaction buffer with 1
µl of enzyme were mixed on ice, and then added to
the cooled sample.  These reactions included Phi29
DNA polymerase, deoxynucleotide triphosphate,
and buffer components optimized for linear DNA
synthesis.  The samples were incubated at 30 C for
16–18 hours; during that time, the available
nucleotides were consumed and converted into
high molecular weight fragment copies of the input
DNA.  The samples were heated to 65 C for 10 min
and then cooled down to 4 C.

DNA typing for the Factor XI gene
Exon 12 of the Factor XI gene was amplified by

PCR with Factor XI forward (5’ CCC ACT GGC
TAG GAA TCG TT) and Factor XI reverse (5’ CAA
GGC AAT GTC ATA TCC AC) primers (GenBank
accession number, AY570504).  The PCR reaction
was performed in a total volume of 20 µl containing
14.3 µl of distilled water, 2 µl of 10 × PCR buffer, 2
µl of dNTPs (Applied Biosystems, Foster City, CA,
USA), 0.4 µl of each primer (20 nmol), 0.8 µl of
amplified genomic DNA, and 0.1 µl of AmpliTaq
Gold  DNA polymerase  (5  U/µ l )  (Applied
Biosystems, Foster City, CA, USA).  Samples were

a m p l i f i e d  f o r  3 4  c y c l e s  a t  t h e  f o l l o w in g
temperatures: denaturation at 95 C for 30 sec.,
annealing at 55 C for 1 min and extension at 72 C
for 30 sec.  PCR products were analyzed on 2%
agarose gel with ethidium bromide in TBE buffer
for 30 min.

DNA sequencing
The PCR products from the mummified fetuses

were purified and sequenced using the Big Dye
terminator cycle sequencing procedure on an ABI
PRISM 377 DNA Sequencer (Applied Biosystems,
Foster City, CA, USA).  The data was analyzed
using Sequencing Analysis Software Version 3.3
(Applied Biosystems, Foster City, CA, USA).

Results

The amount of extracted DNA from the tissue
samples of the mummified fetuses using the
phenol/chloroform-ethanol method was less than 4
µg/ml.   After DNA amplification with the
GenomiPhi DNA amplification kit, the amount of
DNA was increased to more than 100 µg (Table 1).

Two of the mummies exhibited two bands of 244
bp and 320  bp,  indicat ing  that  they  were
heterozygous (carriers) for the Factor XI gene
deficiency.  The remaining mummies showed DNA
bands of 244 bp, indicating they were normal.  The
results of DNA typing of the mummies were
compared with normal and heterozygous control
cows (Fig. 2).

The sequence results for the mutant allele (320
bp) of the heterozygous mummies revealed a

Fig. 2. PCR products of ten bovine mummified fetuses, a heterozygous cow (H) and a
control normal cow (C) were analyzed by gel electrophoresis on 2% (w/v) TBE
agarose gel. Mummified fetuses Nos. 1 & 7 were heterozygous for Factor XI gene,
showing two DNA bands of 320 bp and 244 bp, while the other fetuses were normal,
showing only one DNA band of 244 bp. The ladder marker (M) was 100 bp.
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mutation that consisted of a 76 bp insertion, mainly
sequences of poly-Adenine, with a terminal codon
(TAA), while the normal allele (244 bp) showed
normal DNA sequences.

Discussion

The cause of fetal mummification has yet to be
elucidated.  A number of causes, including genetic
factors, might be involved [4].  Biochemical genetic
diseases in dairy cattle transmitted as autosomal
recessive traits can cause significant economic
losses to the dairy industry.  Since carrier animals
do not exhibit clinical signs of the disease allowing
for the detection, identification, and elimination of
those affected animals from the breeding stock it is
essential to prevent its dissemination to the next
generation [14].

Today, DNA can be obtained from fossils, and
the recovery of ancient DNA from a variety of
samples and organisms is technically feasible [17].
Moreover, DNA has been isolated from fresh and
formalin-fixed tissue of aborted bovine fetuses
using proteinase K digestion followed by ethanol
precipitation [18].  It may also be possible to extract
DNA from the macerated fetus, although this has
not been reported yet.  This has opened a new
window for research at the level of molecular
history.  Bovine mummification is rare [3], and,
moreover, its exact causes are still obscure.
Extraction and amplification of DNA from the
mummies can help in identification of some of the
unknown causes at the molecular level.  We
successfully extracted genomic DNA from
mummies that had been stored, for a long period of
time, as an educational collection after being fixed
in formalin and dried.  The DNA extracted from
each sample was generally a small amount.  A
DNA amplification kit was used to increase the
amount of template DNA of the fetuses.  The
GenomiPhi DNA amplification system utilizes
bac ter iophage  Phi29  DNA polymerase  to
exponentially amplify double-strand linear DNA

templates.  Microgram quantities of DNA are
generated from nanogram amounts of the starting
material after an overnight incubation.  DNA
replication is accurate because of the proofreading
activity of Phi29 DNA polymerase [19].  The
amount of extracted DNA from 2 g of tissue from
the mummified fetuses was less than 4 µg/ml.
After DNA amplification, the amount of DNA
increased to 100 µg/ml or more.

Factor XI gene deficiency, which has so far been
reported in cattle in different countries [10–12], was
also detected in fetuses in this study.  However, we
were not able to examine whether this gene
deficiency was derived originally from the dam or
the sire of those fetuses.  The mummies were from
old col lect ions donated from a number of
veterinarians across the country, and the breeding
history of the mummies was unknown.

Our results indicated that, for Factor XI gene
deficiency, a normal fetus had a DNA fragment of
244 bp, while a heterozygous cow or fetus exhibited
two DNA fragments of 320 bp and 244 bp.  The
DNA sequence of the mutant allele was consistent
with Marron et al. [13], who identified the mutation
of Factor XI gene deficiency.  The mutation
consisted of a 76-base insertion into exon 12.  The
insertion consisted of long strings of adenine (A)
bases with a stop codon (TAA).  In conclusion, we
successfully extracted DNA from the mummified
fetuses and detected Factor XI deficiency in the
mummies.  However, Factor XI deficiency detected
in the mummified fetuses was not a factor causing
the fetal mummification.  Other genes, which may
c o n t r i b u t e  t o  t h i s  c o n d i t i o n ,  n e e d  t o  b e
investigated.
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