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Abstract

This study investigated potential markers within chromosomal, mitochondrial DNA (mtDNA) and ribosomal RNA (rRNA)

with the aim of developing a DNA based method to allow differentiation between animal species. Such discrimination tests may

have important applications in the forensic science, agriculture, quarantine and customs fields. DNA samples from five different

animal individuals within the same species for 10 species of animal (including human) were analysed. DNA extraction and

quantitation followed by PCR amplification and GeneScan visualisation formed the basis of the experimental analysis. Five gene

markers from three different types of genes were investigated. These included genomic markers for the b-actin and TP53 tumor

suppressor gene. Mitochondrial DNA markers, designed by Bataille et al. [Forensic Sci. Int. 99 (1999) 165], examined the

Cytochrome b gene and Hypervariable Displacement Loop (D-Loop) region. Finally, a ribosomal RNA marker for the 28S rRNA

gene optimised by Naito et al. [J. Forensic Sci. 37 (1992) 396] was used as a possible marker for speciation. Results showed a

difference of only several base pairs between all species for the b-actin and 28S markers, with the exception of Sus scrofa (pig)

b-actin fragment length, which produced a significantly smaller fragment. Multiplexing of Cytochrome b and D-Loop markers

gave limited species information, although positive discrimination of human DNA was evident. The most specific and

discriminatory results were shown using the TP53 gene since this marker produced greatest fragment size differences between

animal species studied. Sample differentiation for all species was possible following TP53 amplification, suggesting that this

gene could be used as a potential animal species identifier.
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1. Introduction

Previous methods of animal species identification have

utilised morphological characteristics of the sample or macro-

molecular analysis such as HPLC analysis of hemoglobin or

fatty acid discrimination [3–6]. Application of such protocols

has, however, failed to successfully differentiate closely

related species, highlighting the need for a method possessing

higher specificity and sensitivity. Analysis of genetic variation

could potentially provide definitive information regarding

animal species origin.

By analysing three regions within genomic, mitochon-

drial DNA (mtDNA) and ribosomal RNA (rRNA) as poten-

tial markers of differential DNA sequences, it may be

possible to detect genetic variants that aid in the efficient

discrimination of species. Due to the minute sample size or

sample degradation commonly encountered in forensic sam-

ples, rRNA and mtDNA is often used in these type of studies

since individual copy number per cell of these regions are

known to be significantly higher than genomic DNA [7,8]. In

addition, ribosomal RNA is known to possess regions of

variation between species and was therefore analysed in

these studies to potentially identify species differences.
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Bataille et al. [1] successfully developed a technique

enabling discrimination between DNA of human and non-

human origin [1]. This involved the simultaneous amplifica-

tion of two mitochondrial DNA genes, Cytochrome b and

Hypervariable Displacement Loop (D-Loop), with the

D-Loop primers designed specifically for human DNA

[1]. Resulting amplification showed two bands for human

DNA and a single band for non-human DNA. Bataille et al.

[1] analysed Sus scrofa (pig), Gallus gallus (chicken), Equus

caballus (horse) and Bos taurus (cow), this present study

will investigate these and additional animal species.

We also chose to investigate the tumor suppressor gene

TP53 to analyse genetic variation across an intronic region.

TP53 encodes for the protein p53, a tumor suppressor protein

involved in regulation of tumor growth [9]. Primer annealing

sites were found to span intron 8 of the human genomic

gene sequence. Additionally, annealing sites were located

within introns 7 and 9 of the gene and we expected that

significantly different fragment sizes would eventuate fol-

lowing amplification.

Ribosomal RNA is known to possess regions of variation

between species. Naito et al. [2] demonstrated that these

regions showed slight differences between species [2].

Additional animal species will be investigated in this study

to determine whether the known slight variation within this

gene presents a model applicable to forensic species identi-

fication, or whether 28S rRNA has the potential as a internal

control suitable to highlight positive amplification.

Evaluation of results was based on implementation of the

protocol into the forensic science field. Therefore, techni-

ques paralleled those utilised in forensic investigations. ABI

310 Genetic Analyser and GeneScan software were used to

analyse amplification product. Automated techniques such

as capillary electrophoresis for sizing of fragment length

possess both high-throughput and sensitivity and when

coupled to amplification reactions on modern thermal

cyclers, identification of an unknown forensic sample as

described by this study is possible in less than a day. Forensic

investigations demand precise, reproducible and efficient

protocols with minimal manual intervention.

2. Materials and methods

2.1. Sample preparation

All human volunteers were informed of the objectives of

the study and consent received for their participation. A

blood sample was collected from each volunteer and DNA

extracted using standard procedures [10,11]. Ten human

samples were analysed for the presence of polymorphisms,

while 10 different animal species were investigated through

the collection of four to five samples from different animals

within the same species. Samples from animals studied inclu-

ded Felis catus (domestic cat), G. gallus (chicken), B. taurus

(cow), Canis familiaris (domestic dog), Capra hircus (goat),

E. caballus (horse ), S. scrofa (pig), Rattus norvegicus (rat),

Ovis aries (sheep) and Panthera tigris tigris (Bengal tiger).

2.2. PCR amplification

Oligonucleotide primers sequences for gene regions of

interest are outlined in Table 1 and were purchased from

GeneWorks. Fluorescent dye labelling of primers using

FAM, TET and HEX allowed detection of PCR product

via automated capillary electrophoresis.

Reactions were single amplification reactions with the

exception of Cytochrome and D-Loop which were combined

in a multiplex reaction in a single tube.

All reactions were carried out in a total final volume of

20 ml using 5 ng of genomic DNA as template. The reaction

mixtures contained a standard mix of amplification reagents.

Ten microliters of Optimisation Buffer E (100 mM Tris–

HCl, 100 mM KCl, 400 mM dNTP, 5.0 mM MgCl2 and 4�
MasterAmp Enhancer (Astral Scientific)), 0.3 mM of each

primer, and 1 U of Taq DNA polymerase.

Table 1

Oligonucleotide primer sequence information

Gene region Primer sequence Annealing temperature (8C)

b-Actin forward cgg aac cgc tca ttg cc 57

b-Actin reverse tag atg ggc aca gtg tgg gt

TP53 forward aag ggt ggt tgg gag tag a 45

TP53 reverse cag att gtg agt ttt acg gca

Cytochrome b forward ccc ctc aga atg ata ttt gtc ctc a 50

Cytochrome b reverse cca tcc aac atc tca gca tga tga aa

D-Loop forward cac cat tag cac cca aag ct 50

D-Loop reverse ctt tgg agt tgc agt tga tg

28S forward aaa ctc tgg tgg agg tcc gt 57

28S reverse ctt acc aaa agt ggc cca cta
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Amplification was conducted in a 9600 Perkin-Elmer

thermal cycler with the following conditions for b-actin:

initial denaturation at 94 8C for 5 min followed by 30 cycles

of 94 8C for 30 s, 57 8C for 30 s and 72 8C for 1 min, and a

final extension step at 72 8C for 7 min. Conditions for TP53

were initial denaturation at 94 8C for 5 min, followed by

30 cycles of 94 8C for 1 min, 45 8C for 30 s and 74 8C for

1 min, and a final extension step at 72 8C for 7 min. Con-

ditions for the multiplex amplification of Cytochrome b and

D-Loop designed by Bataille et al. [1] included an initial

denaturation at 94 8C for 5 min, followed by 30 cycles of

94 8C for 30 s, 50 8C for 30 s and 60 8C for 1 min, and a final

Fig. 1. (A) Gel electrophoresis of each animal amplified with b-actin. Lanes 1 and 12: 100 bp molecular weight maker, Lane 2: goat, Lane 3:

cow, Lane 4: sheep, Lane 5: tiger, Lane 6: horse, Lane 7: cat, Lane 8: chicken, Lane 9: dog, Lane 10: pig, Lane 11: human, and, Lane 13:

negative water control. (B) Automated ABI 310TM capillary electropherogram illustrating fragment sizes from four of the five pig samples.

Each of the three peaks were sized with the major peak showing a size of 248 bp.
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extension step at 72 8C for 7 min. Finally, amplification

conditions for the 28S rRNA region optimised by Naito

et al. [2] included an initial denaturation at 94 8C for 5 min,

followed by 30 cycles of 92 8C for 30 s, 57 8C for 30 s and

72 8C for 1 min, and a final extension step at 72 8C for 7 min.

Additionally, specificity of the TP53 amplification was

tested by adjusting the annealing temperature and time,

lower specificity cycles were: 94 8C for 5 min, followed

by 30 cycles of 94 8C for 1 min, 40 8C for 20 s and 74 8C for

1 min, and a final extension step at 72 8C for 7 min. Increas-

ing specificity required increased annealing temperature and

the cycling conditions were as follows: 94 8C for 5 min,

followed by 30 cycles of 94 8C for 1 min, 50 8C for 1 min

and 74 8C for 1 min, and a final extension step at 72 8C for

7 min. Considering the reduced specificity conditions of

TP53 amplification, it was necessary to examine reprodu-

cibility of the assay. Therefore, experiments were repeated

and any deviations noted following automated capillary

electrophoresis.

The presence of polymorphisms, which could possibly

result in incorrect assignment of species origin, was first

tested by amplification of 10 unrelated human samples prior

to animal sample amplification. A 1% agarose gel (Sigma)

for electrophoresis was prepared. Amplified samples were

electrophoresed for 30 min at 90 V.

2.3. Genetic analysis

In addition to agarose gel electrophoresis, automated

capillary electrophoresis on an ABI 310 Genetic Analyser

was employed. Such analysis results in accurate, precise

fragment size determination, in a high-throughput format.

2.4. Sequencing

To confirm Cytochrome b and D-Loop sequences, both

strands of PCR products were sequenced by the dideoxy-

nucleotide method of Sanger using the BigDye terminator

sequencing kit from Perkin-Elmer and the primers described

above, followed by detection on an ABI 377 instrument

(Perkin-Elmer).

3. Results

Expected fragment sizes of 289, 464 and 305 bp resulted

following application of b-actin, TP53 and 28S rRNA,

respectively, in 10 unrelated human samples. However, other

than expected fragments resulted when Cytochrome b and

D-Loop regions were amplified. Previous studies utilised

identical oligonucleotide primers and suggested that result-

ing fragment sizes should be 309 bp for Cytochrome b and

259 bp for D-Loop [1]. In contrast, in our study we sized the

Cytochrome b fragment to 357 bp and the D-Loop fragment

as 278 bp. BLAST2 analysis (http://www.ncbi.nlm.nih.gov)

aligned the primer sequence to complementary genomic

sequence, and allowed a calculation of expected fragment

sizes. Expected fragment sizes differed from those published

by Bataille et al. [1]. Bataille et al. [1] estimated fragment

sizes to be 309 bp for Cytochrome b and 259 bp for D-

Loop. Automated capillary electrophoresis (ABI 310

Genetic Analyser) followed by GeneScan analysis con-

firmed that the amplified fragments were 357 and 278 bp

for Cytochrome b and D-Loop, respectively (Fig. 1B).

To confirm that the correct genomic sequences were being

amplified in the PCR reactions, separation of multiplex

amplification into single amplification reactions allowed seq-

uencing analysis of fragments to determine the location of

amplified region. Following sequencing reactions, BLAST2

analysis showed approximately 99.9% homology between the

amplified Cytochrome b and D-Loop fragments and mtDNA

confirming successful amplification of target regions.

Due to the known and accepted high conservation within

the actin genes, it was expected that sample amplification

with b-actin primers would produce the same fragment size

in animal samples as in humans, a 289 bp fragment (Fig. 1).

Agarose gel and capillary electrophoresis of amplified

fragments showed the same expected fragment sizes for

Fig. 2. Comparison between p53 amplification products in all animals. Lanes 1 and 12: 100 bp molecular weight maker, Lane 2: goat, Lane 3:

cow, Lane 4: sheep, Lane 5: tiger, Lane 6: horse, Lane 7: cat, Lane 8: chicken, Lane 9: dog, Lane 10: pig, Lane 11: human, and, Lane 13:

negative water control.
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all animals with the exception of pig. Amplification of pig

samples produced a significantly smaller fragment than

expected. Capillary electrophoresis sized the pig fragment

to 248 bp (Fig. 1B).

Expected fragment differences between animal species

resulted following amplification with TP53. Amplification

of this gene encompassed two exons and a putative variable

intronic region. All animals were analysed for fragment size

Fig. 3. Automated ABI 310TM capillary electropherograms illustrating resultant fragment sizes following TP53 amplification in (A) cat, (B)

chicken, (C) cow, (D) dog, (E) goat, (F) horse, (G) human, (H) pig, and (I) sheep. Peak height of greatest magnitude was chosen to indicate

expected fragment for particular species (listed in Table 2).
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differences possibly attributable to varying intronic length.

Fig. 2 displays all animals collectively and from this gel

alone obvious differences in fragment sizes between animals

are evident.

Several species possessed a similar size fragment when

viewed following agarose gel electrophoresis. Higher sen-

sitivity capillary electrophoresis is routinely utilised in

forensic casework for paternity testing and human individual

Fig. 3. (Continued )
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identification purposes. Fragments sized by capillary elec-

trophoresis (ABI 310 Genetic Analyser) ranged in size from

137 bp (chicken) to 855 bp (horse) with additional frag-

ments for most species due to the lowered specificity

cycling conditions (Fig. 3A–I). Less stringent amplification

conditions were chosen for this assay since oligonucleotide

primer species homology data was not available. However,

results were successfully repeated producing identical

results in subsequent reactions. Figs. 4 and 5 display

resulting amplified fragments under varying stringency

conditions.

Simultaneous amplification of two gene regions in

Cytochrome b and D-Loop can be used to distinguish human

sample from non-human samples. The technique was

designed by Bataille et al. [1] and is based on the principle

of coamplification of a conserved region present in all

species, as an internal control, and a fragment specific to

human specimens. Additional species to those investigated

Fig. 3. (Continued ).
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by Bataille et al. [1] were investigated in the present study

and differences found from results previously published.

Non-specific binding, possibly due to lowered stringency

cycling conditions required when multiplexing, resulted in

additional fragments. Clearly observed in Fig. 6 is the

human/non-human identification possible from this proto-

col. Due to the non-specific amplification product, correct

assignment of sample requires a positive human control be

included in the analysis.

Optimal conditions for amplification of a known variable

region within 28S rRNAwere developed by Naito et al. [2] and

tested on various species. Human samples produce a 305 bp

fragment. Naito et al. [2] illustrated that single nucleotide

differences exist between animal species. Successful ampli-

fication was possible in all species including Tasmanian

Devil (Fig. 7). Amplified fragments were analysed by capil-

lary electrophoresis and GeneScan software. A size variance

between 283 bp (pig) and 381 bp (Tasmanian Devil) was

present in the animals tested.

Tasmanian Devil DNA amplification produced a fainter

band than other species following electrophoresis (Fig. 7,

Lane 11). Repeated PCR produced similar band intensity

and size. Following automated capillary electrophoresis and

GeneScan analysis the fragment was accurately sized to

381 bp.

Table 2 presents all data for each animal species examined.

4. Discussion

The analysis of presented results suggests that the most

appropriate form of genetic material tested for animal

species identification would be genomic DNA. Positive

amplification of b-actin in all species demonstrated sample

fidelity to proceed with additional investigation of other

markers. However, b-actin did present a difference between

species, the most significant would be a 41 bp shorter frag-

ment amplified in pig samples. Although 1–5 bp differences

Fig. 4. Lower specificity p53 amplification products in all animals. Lanes 1 and 13: 100 bp molecular weight maker, Lane 2: goat, Lane 3:

cow, Lane 4: sheep, Lane 5: tiger, Lane 6: horse, Lane 7: cat, Lane 8: chicken, Lane 9: dog, Lane 10: pig, Lane 11: human, and Lane 12:

negative water control.

Fig. 5. Higher specificity p53 amplification products in all animals. Lanes 1 and 12: 100 bp molecular weight maker, Lane 2: goat, Lane 3:

cow, Lane 4: sheep, Lane 5: tiger, Lane 6: horse, Lane 7: cat, Lane 8: chicken, Lane 9: dog, Lane 10: pig, Lane 11: human, and Lane 13:

negative water control.
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were observed in other species, this result was found to be too

close to allow use of this method as an identification tech-

nique for forensic science investigations. However, b-actin

typing could serve well as a positive control in PCR reactions

to indicate that successful amplification has occurred.

The mitochondrial genes studied were Cytochrome b and

D-Loop. Bataille et al. [1] optimised conditions for a multi-

plex amplification reaction where two amplification bands

were produced if the sample was human in origin and one

amplification product result from a sample other than human

in origin. The Cytochrome b gene contained regions of

homology between all species examined, however, primer

annealing sites were not homologous for the D-Loop region.

This method of identification presents a possible human/non-

human result within one amplification reaction and agarose

gel. Therefore, this technique is applicable to incorporation

into the forensic science field where there is a demand for

techniques possessing high-throughput and reproducibility.

The primary aim of this study was to design and evaluate a

molecular genetic technique of animal species identification

suitable for implementation into a forensic science field.

However, samples were of optimal quality to begin extrac-

tion and therefore did not represent the highly degraded and

exposed samples that are often encountered in forensic

investigations. Amplification across a variable intron within

the highly conserved TP53 tumor suppressor gene produced

Fig. 6. Multiplex amplification of mtDNA genes Cytochrome b and D-Loop in all animals. Lanes 1 and 12: 100 bp molecular weight maker,

Lane 2: goat, Lane 3: cow, Lane 4: sheep, Lane 5: tiger, Lane 6: horse, Lane 7: cat, Lane 8: chicken, Lane 9: dog, Lane 10: pig, Lane 11:

human, and Lane 13: negative water control.

Fig. 7. Amplification of 28S rRNA in all animals. Lanes 1 and 13: 100 bp molecular weight maker, Lane 2: goat, Lane 3: cow, Lane 4: sheep,

Lane 5: tiger, Lane 6: horse, Lane 7: cat, Lane 8: chicken, Lane 9: dog, Lane 10: pig, Lane 11: Tasmanian Devil, Lane 12: human, and Lane

14: negative water control.

Table 2

Fragment size comparison between animal species investigated

b-Actin TP53 Cytochrome b 28S rRNA

Cat 284 283 358 290

Chicken 289 137 357 286

Cow 288 475 359 294

Dog 287 482 198 290

Goat 289 405 358 289

Horse 288 855 358 295

Pig 248 293 356 283

Rat 289 – 355 290

Sheep 288 400 357 283

Tiger 285 – 358 290

Human 289 460 355 300
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fragments of different sizes between species. Of the five

markers tested, the most suitable for forensic purposes is

therefore TP53. Since the annealing temperature employed

to amplify TP53 was regarded as a non-specific temperature,

it is possible that fragments resulting in some species did not

originate from amplification of the TP53 loci. Further

experimentation on this marker illustrates that non-specific

banding patterns do not result following introduction of

more stringent amplification conditions (Figs. 4 and 5).

Sequencing of the resulting amplicon would possibly

identify the genomic origin of the target region, however,

this approach aimed to assign animal species origin based on

fragment size differences following amplification as

opposed to lengthy sequencing protocols which may not

produce conclusive results should the sample specimen be of

sub-optimal quality.

The research conducted was interested in analysing a

genetic sequence difference between animals that has not

previously been highlighted as a species identifier. Currently,

STR markers, used in individual human identification,

amplify fragments of less than 300 bp, given that the ampli-

fication of TP53 results in fragments larger than this, eva-

luation of TP53 for degraded samples is necessary before

conclusions of its validation in forensic investigations.
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