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Mammalian species identification by interspersed repeat PCR
fingerprinting
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Most DNA methods for species identification of animal tissues test the presence/absence of one species per assay,
requiring several tests for a complete analysis and prior knowledge of the species that are potentially present in
the sample. Here we demonstrate that PCR with fluorescently labeled MIR (mammalian-wide interspersed repeat)
primers generate fingerprints that are suitable for rapid identification of known and unknown species on an auto-
matic sequencing apparatus and with computer-assisted data processing. The method allows the analysis of pro-
cessed meat samples and offers a convenient alternative to sequencing of mitochondrial DNA.
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Introduction

Species identification of animal tissues in food is important
for economic and public-health reasons. Meat of different
species may vary in price and susceptibility to micro-
organisms pathogenic for man. Further, consumption of
meat from such species as pigs and cows may be disallowed
for religious reasons.

The most common meat species are identified by
immunochemical detection of specific proteins
[11,12,20,21,29], by comparison of electrophoretic protein
patterns [22,24,30,32,34] or by a combination of both
[7,17]. Immunochemical detection allows an easy and
sensitive analysis of species mixtures, but requires a spe-
cific serum and separate assays for each species. Electro-
phoretic patterns discriminate between several species in a
single test, but interpretation becomes difficult when mix-
tures are analyzed. These methods are less suitable for
heated meat samples since their specificity is decreased by
heat denaturation of the proteins.

DNA-based tests allow both the analysis of highly pro-
cessed samples and the differentiation of closely related
species. DNA identification comprises either hybridization
with specific probes [2–5,15,17,18] or PCR-RFLP
[10,25,27]. However, this again requires a separate assay
for each species.

Law enforcement in wildlife management as well as the
increasing consumption of exotic animals demand tests
with a broader species range. If there is little information
about the species, identification may require assays with
several probes or restriction-enzyme combinations. This
may be circumvented by the forensically informative nucle-
otide sequencing (FINS) of amplified mitochondrial DNA
[1,35], but this is relatively expensive and protected by a
patent [6].
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Recently, we described the use of mammalian-wide
interspersed repeat (MIR) fingerprints [19] in phylogenetic
reconstruction [4]. Patterns can be generated by PCR
amplification with radioactively labeled MIR-specific pri-
mers (MS-PCR) and polyacrylamide gel electrophoresis.
The resulting fingerprinting patterns are species-specific,
phylogenetically informative at the level of taxonomic
tribes and have low intra-species variation. Here we demon-
strate the application of MS-PCR to forensic multi-species
identification and its implementation in a fluorescent detec-
tion system with automated data processing.

Methods

DNA isolation
Species used in this study are summarized in Table 1.
Chromosomal DNA was isolated from peripheral blood [9]
or from solid tissues and meat products [31]. DNA concen-
trations were estimated after agarose gel electrophoresis
and ethidium bromide staining.

Meat preparation
Meat products were prepared under industrial conditions.
Fresh meat was obtained from local stores, cut into small
pieces of approximately 1 g, heated at 120°C for 20 min
in portions of ten pieces and frozen until use.

MS-PCR
MIR-specific PCR (MS-PCR) was performed with primers
OmiR (5′ACCTTGAGCAAGTCACT, 5′Cy labeled, Phar-
macia, Uppsala, Sweden) and OmiL (5′GATGAGGAA
ACTGAGGC), derived from the MIR consensus [19]. PCR
was performed in a volume of 20ml containing standard
Taqbuffer (50 mM KCl, 10 mM Tris-HCl pH 8.3, 1.5 mM
MgCl2 and 0.001% (w/v) gelatin), 0.2 mM dNTPs, 100 ng
of both primers, 1 UTaqpolymerase and 25 ng of chromo-
somal DNA. Thermocycling (30 cycles) was done at 94°C
for 30 s, 50°C for 45 s and 72°C for 120 s. PCR products
were detected by electrophoresis using an automated laser
fluorescent sequencer (ALF-red, Pharmacia) in 6% Ready-
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122 Table 1 Names and taxonomic position of species used in this study. Systematics according to Morris [26] and Webbet al [36]

Order Family Subfamily Species

Artiodactyla Bovidae Bovinae Cattle Bos taurus
Bison Bos bison
Water buffalo, river type Bubalus bubalis
Water buffalo, swamp typeBubalus bubalis

Caprinae Sheep Ovis aries
Goat Capra hircus

Antilopinae Blackbuck Antilope cervicapra
Hippotraginae Wildebeest Connochaetes taurinus

Cervidae Cervinae Hog deer Axis porcinus
Fallow deer Dama dama
Red deer (wapiti) Cervus elaphus

Muntiacinae/Cervinaea Muntjac Muntiacussp
Odocoileinae Reindeer Rangifer tarandus

Moose Alces alces
Roe deer Capreolus capreolus
Whitetail deer Odocoileus virginianus
Mule deer Odocoileus hemionus

Suidae Pig Sus scrofa
Perissodactyla Equidae Horse Equus caballus

Donkey Equus asinus
Carnivora Felidae Cat Felis catus

Canidae Dog Canis familiarus
Ursidae Brown bear Ursus arctos

Primates Human Homo sapiens
Galliformes Phasianidae Phasianinae Chicken Gallus gallus

Meleagridinae Turkey Meleagris gallopavo
Anseriformes Anatidae Anserinae Goose Anser anser

Anatinae Mallard duck Anas platyrhynchos
Muscovy duck Carina moschata

Struthioniformes Strutionidae Ostrich Struthio camelus

aThe subfamily status of the muntjak is disputed [14].

Mix gel (Pharmacia) for 10 h at 1200 V, 34 W, 50°C. Flu-
orescent signals were sampled every 2 s. The first of four
lanes was loaded with chicken MS-PCR products as mark-
ers to correct for variable mobilities across the gel.

Data analysis
ALF computer files were analyzed by the Biologist II
software package ([4]; available on request). For visual
inspection, the average values of five or ten sampling inter-
vals were represented in a graphic format of a virtual
electrophoresis image. Peaks were identified by a peak call-
ing algorithm [4]. Peak retention times were corrected for
gel-shift effects by double interpolation of differences in
retention time of the chicken marker fragments (see above).
A fragment is considered to be shared by two samples if
retention times are within a range of±20 sampling points.
As measure of the similarity of two patterns, we used Jac-
card’s index (number of common bands divided by the total
number of bands of two patterns; [16]) or, for the identifi-
cation of degraded DNA samples, a pattern identification
index (proportion of the bands of the pattern with the low-
est amounts of bands that are shared with the reference
pattern).

Results

Intraspecies and interspecies variability of MS-PCR
fingerprints
MS-PCR fragments of mammalian and avian species were
generated and detected by an automatic sequencer. The test

set included domestic farm animals as well as wild species.
An average of 34 mammalian DNA fragments of up to 400
bp were detected. Typical avian patterns contain fewer
bands [19] and are easily distinguished by eye (Figure 1).

Previous studies showed a low intra-species polymor-
phism in bovid and cervid MS-PCR patterns with Nei’s
similarities in the range of 0.85–1.0 [4]. Independent
interpretations by three persons of enlarged versions of the
electrophoresis patterns of cattle, horse, pig and water buf-
falo (Figure 1) gave average intra-specific similarity of
about 0.95. Automatic interpretation of the same patterns
gave a lower value (0.85), mainly because weak bands were
not detected by the automatic peak calling. Differences in
peak intensity may be caused by the quality of the template
(see below), the yield of the PCR and lane-to-lane variation.

The number of bands shared between species correlates
with the taxonomic level of relatedness (Figure 2) and intra-
species similarities are significantly higher than interspecies
indices. Only with closely related species, such as the
American deer species white tail deer (Odocoileus
virginianus) and mule deer (Odocoileus hemionus) are the
intra- and interspecies Jaccard indices in the same range.

Species recognition by matching of MS-PCR
patterns
To test the feasibility of automatic species recognition, MS-
PCR fingerprints of two different, unrelated individuals of
12 domestic and wild species, were generated and loaded
on both halves of a gel. The electrophoretic mobilities were
corrected for uneven migration across the gel by inter-
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Figure 1 Virtual electrophoresis image of MS-PCR fragments, amplified with template DNA of several species. M, molecular marker (chicken); 1–2,
cattle; 3–4, horse; 5, goat; 6, sheep; 7–8, pig; 9, ass; 10–11, water buffalo; 12, bison; 13, goose; 14, mallard duck; 15, muscovy duck; 16, ostrich; 17,
blackbuck; 18, wildebeest; 19, reindeer; 20, moose; 21, roe deer; 22, fallow deer; 23, wapiti; 24, muntjac; 25, white tail; 26, mule deer; 27, brown bear;
28, cat; 29, dog.

polation of the mobilities of marker fragments (MS-PCR
of chicken DNA) every fourth lane (Figure 3). Jaccard indi-
ces as measures of similarity between the patterns of the
same species were calculated (Table 2). Using the highest

similarities as criterion led in all cases to a correct species
identification. Predictably, the difference between the cor-
rect species and the second best matching species was
lower if species of short evolutionary distance were present
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Figure 2 Average Jaccard’s indices of mammalian MS-PCR patterns
depending on taxonomic relatedness.

(mule deer and whitetail deer). The similarity of the two
wildebeest patterns was only 0.31 because one of the pat-
terns mainly contained bands corresponding to the shortest
amplification products. This indicates degradation of DNA
(see below), but did not preclude correct identification.

Identification of meat samples
Heating of meat samples at temperatures higher than 100°C
leads to fragmentation of DNA and decreases the amount
of template available for amplification of large fragments.
To test whether identification is still possible, we carried
out MS-PCR on DNA isolated from meat of five species
and four commercial meat products.

DNA isolated from frozen raw beef showed a pattern
similar to that of intact genomic DNA from blood, but with
a lower signal (Figure 4). DNA of autoclaved mammalian
meat gave fragments up to 300 bp in agreement with the
average size of DNA isolated from heated meat [13]. The
weak bands in the pattern of autoclaved chicken deviated
from the bands obtained with intact chicken DNA. DNA
isolated from a smoked ring sausage (meat ingredients
declared as pork and poultry) gave a pattern resembling
that of pig DNA without any avian fragments, although
the presence of chicken meat was clearly demonstrated by
hybridization experiments [3]. A similar dominance of the
mammalian patterns was found with artificial mixtures of
pig DNA and chicken or turkey DNA (not shown). Surpris-
ingly, we found cattle-like bands with two out of three
corned beef samples. In previous studies we found that
extreme DNA degradation in these products interfered even
with species identification by oligonucleotide hybridiza-
tion [5].

Figure 5 shows a plot of the number of bands shared by
the meat and genomic DNA samples from the gel in
Figure 4. This depended not only on a common species ori-
gin, but also on the meat sample. An algorithm for auto-
matic identification must take into account that the number
of fragments of samples and references are unbalanced.
Instead of using the Jaccard’s index, which is an average

Figure 3 Comparison of MS-PCR patterns on one gel. MS-PCR frag-
ments from two individuals of one species were loaded on two halves
of the gel. In the virtual electrophoresis image, lanes were electronically
reordered to facilitate comparison of the patterns. The mobility shift
between the left and the right side of the gel was compensated by inter-
polation of the shift in marker fragments (electronically grouped together
on the right side of the image). Templates: 1, moose; 2, ox; 3, water
buffalo; 4, roe deer; 5, wildebeest; 6, horse; 7, cat; 8, human; 9, white
tail; 10, mule deer; 11, sheep; 12, chicken (marker).
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125Table 2 Jaccard similarities of MS-PCR patterns from the right and left side of the same gel, respectively. Bold printing indicates the matching of
individuals of the same species

Right side

moose cattle chicken water roe deer wildebeest horse cat men whitetail mule sheep
buffalo deer deer

moose 0.71 0.25 0.03 0.24 0.35 0.17 0.14 0.19 0.19 0.28 0.29 0.20
cattle 0.21 0.74 0.05 0.46 0.22 0.27 0.22 0.19 0.32 0.24 0.25 0.32
chicken 0.02 0.05 0.69 0.10 0.09 0.04 0.10 0.00 0.14 0.08 0.04 0.09
water buffalo 0.23 0.40 0.08 0.83 0.28 0.27 0.17 0.14 0.23 0.24 0.25 0.28
roe deer 0.26 0.24 0.02 0.26 0.68 0.27 0.18 0.24 0.19 0.30 0.34 0.24

Left side wildebeest 0.15 0.24 0.02 0.26 0.19 0.31 0.23 0.26 0.04 0.16 0.18 0.27
horse 0.14 0.16 0.08 0.29 0.24 0.20 0.75 0.21 0.18 0.20 0.21 0.14
cat 0.20 0.14 0.04 0.12 0.15 0.17 0.20 0.80 0.13 0.13 0.15 0.13
man 0.10 0.30 0.08 0.29 0.19 0.16 0.16 0.17 0.74 0.09 0.10 0.21
whitetail deer 0.38 0.19 0.11 0.28 0.44 0.24 0.21 0.15 0.120.62 0.62 0.16
mule deer 0.39 0.25 0.07 0.27 0.48 0.26 0.20 0.16 0.08 0.560.82 0.15
sheep 0.16 0.25 0.09 0.25 0.13 0.25 0.20 0.15 0.22 0.15 0.190.76

representational figure of both patterns, we calculated the
similarity of patterns by a pattern identification index,
which corresponds to the proportion of fragments of the
test sample shared with the reference sample. Using this
index, all patterns from meat samples were correctly recog-
nized by the algorithm, even if the recognition of the corned
beef is based on a few matching bands only.

Discussion

We conclude that MS-PCR with fluorescence detection is
a useful contribution to the methodology of species identi-
fication. Tissue samples can be typed without prior know-
ledge by comparing patterns with reference samples on the
same gel. Computer processing allows automation of analy-
sis and storage of data. Band sharing by related species
allows the use of species of the same genus or tribe as
reference material when identification on a higher taxo-
nomic level than the species is sufficient.

The MS-PCR patterns with 20–60 bands are clearly more
informative than patterns generated by iso-electric focusing
or fatty acid analysis. Unlike protein patterns, the MS-PCR
patterns are independent of tissue type or diet. A major
advantage of the MS-PCR over RAPD reactions is the high
annealing temperature (50–55°C), leading to specific and
reproducible patterns that are not influenced by the amount
and quality of the DNA template. The technique probably
has the same discriminative power as sequencing of mito-
chondrial DNA, but MS-PCR has fewer reaction steps, does
not require sequencing reagents and is not protected by a
patent [6]. On the other hand, the amplification of the
abundant mtDNA requires less template DNA, which is rel-
evant if highly processed samples are tested. Although MS-
PCR may be more suitable than FINS for the detection of
admixtures, hybridization assays [3,15,18] or PCR-RFLP
[10,25,27] are the most suitable to analyze the composition
of samples of mixed origin.

Identification of heated samples is partly limited by
degradation of the template DNA (Figures 4 and 5). This
resulted in a loss of longer amplification products and a
few additional bands, but in all cases a clear match with

intact DNA of the same species was found. The MS-PCR
identification can be further optimized by using multiple
primer combinations to generate more data per sample. In
particular with degraded template DNA, this would com-
pensate for the loss of long DNA fragments.

Maximum advantage of the automatic pattern recognition
is taken if data of previous analysis could be used as a
reference database. This requires gel-to-gel transfer of data
and accurate determination of the length of fragments. Pre-
liminary results showed that size estimation with one flu-
orescent dye was disturbed by mobility shifts between
lanes. This can be eliminated by using instruments that
allow the use of internal markers with a second dye [33].

Few clear bands are found in MS-PCR patterns of birds,
while the weaker bands are not reproducible with DNA
from heated samples. MS-PCR of mixtures of porcine and
avian DNA only amplified the porcine fragments. Presum-
ably, the less robust amplification of avian fragments is
caused by either a low sequence similarity of the avian
MIRs with the mammalian consensus or by random prim-
ing [23]. In the current procedure, identification has to rely
on two or three intense bands that are not affected by heat-
ing. An interesting option may be the use of primers
derived from the avian Cr1 SINE [8,23,28] for phylogen-
etic and analytic fingerprinting.
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Figure 4 Comparison of MS-PCR patterns obtained with lymphocyte
DNA and with DNA isolated from heated and/or processed meat products,
respectively. Templates: 1, chicken DNA; 2, chicken meat (autoclaved);
3, pig DNA; 4, pork (autoclaved); 5, sausage; 6–10, cattle DNA; 11, beef
(raw); 12, beef (autoclaved); 13–15, corned beef; 16, horse DNA; 17,
horse meat (autoclaved); 18, sheep DNA; 19, mutton (autoclaved).

Figure 5 Sharing of MS-PCR fragments by meat samples and purified
genomic DNA. Data are from Figure 4.

Inspectorate for Health Protection, Rijswijk, The Nether-
lands.
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