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ABSTRACT: Several eukaryotic genomes contain polymorphic
markers consisting of trimeric and tetrameric short tandem repeats
(STR). Recent reports have demonstrated the variability of short
tandem repeat (STR) polymorphisms at a variety of loci among
several human population groups. Currently, there are nine commer-
cially available STR PCR systems from Promega Corporation that
may be utilized for human identification. We report here the analysis
of 23 different species DNA’s using these nine STR primer systems
to assess their specificity for human euchromatin. The STR systems
tested include, CSF1PO, TPOX, THOI1, HPRTB, FESFPS, vWF
and F13A01 as single systems and as triplex systems (CSF1PO/
TPOX/THO1 and HPRTB/FESFPS/vWF). There were no STR PCR
products observed for seventeen of the twenty-three species regard-
less of the STR system. Amplified STR fragments were detected
in rhesus DNA for CSF1PO, TPOX and HPRTB systems. STR
PCR products were detected for human, gorilla, chimpanzee, and
orangutan DNAs using eight of the nine systems. FESFPS primers
did not amplify DNA fragments from any of the species tested.
Most of the STR PCR products detected from primate DNAs elec-
trophoretically migrated outside of the human allelic ladder frag-
ments and as a result, allele designations were not possible.
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The greater majority of eukaryotic genomic sequences have
been shown to contain repetitive sequences which are stably inher-
ited from generation to generation (1). These tandemly reiterated
sequences are highly polymorphic and are thought to bear an
evolutionary significance with regard to DNA fidelity. The organi-
zation of repetitive DNA sequences is based upon the degree of
repeatability with satellite DNA demonstrating the highest level
of repeat sequences, moderately repetitive sequences within mini-
satellite and microsatellite DNA sequences, transposable elements
that are moderately repetitive and mobile, and short tandem repeats
which consist of 2-7 nucleotide repeated sequences in a tandem
array [1,2]. Recent reports have evaluated a battery of STR systems
in the human population [3-7] and have concluded that STR sys-
tems are a invaluable investigative instrument for the purpose of
personal identification.

The most recent DNA analytical tests which have been added
to paternity, clinical and forensic laboratories are the use of the
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PCR-based STR systems. For forensic laboratories, TWGDAM
[8] and NRC guidelines [9] suggest it is important for each labora-
tory to validate DNA systems before implementation on case work,
or to cite the literature for specific validation studies.

One of the recommendations is the determination of species
specificity for new PCR primer systems. In this report, we have
validated the species specificity of nine commercially available
human STR systems on 23 species DNAs including primate and
non-primate species. We have determined that for the species
tested, no amplified products are detected for non-primate species
whereas the five primate species generally exhibit amplified frag-
ments for most of the nine human-derived STR primer pairs.

Materials and Methods
DNA Sources, Extraction, Quantification

DNA was organically extracted by standard protocol [10]. Pri-
mate DNA was extracted from whole blood collected from orang-
utan, chimpanzee, and gorilla species from the Miami Metro Zoo.
Dr. Carolyn Cray, Associate Professor, University of Miami School
of Veterinarian Medicine generously provided whole blood from
frog (Xenopus), mouse (Balb/c), fox, raccoon, dolphin, sea lion,
otter, ferret, lynx, Rhesus monkey and lymphocytes from the dam-
sel fish. Commercial DNAs were purchased from ClonTech (Palo
Alto, CA) including canine, bovine, chicken, Rhesus monkey,
and porcine samples. Feline DNA was organically extracted from
whole blood and was a generous gift from Dr. A. Angel, Animal
Hospital of the Palm Beaches.

DNA extracts were quantified by one of two methods: 1) 0.7%
agarose gel electrophoresis with Lambda HindIII as the mass stan-
dard, or 2) spectrophotometrically.

Amplification and Gel Electrophoresis—Amplification of STR
alleles using Promega’s individual primer sets or the STR Multiplex
Systems was performed as per manufacturer’s protocol. Briefly,
amplification conditions were conducted in a 25 pL reaction mix-
ture containing 2.5 pL. 10X STR buffer, 2.5 pL 10X primer pairs,
0.15 pL (0.75 Units) of AmpliTaq polymerase (Perkin Elmer,
Alameda, CA) and 25 ng of DNA. K562 DNA was used as a
positive control. The PCR cycling parameters using the Perkin
Elmer GAP 9600 was as per manufacture’s suggestion. All primate
species were amplified twice for each STR system. Verification
of amplified products (9 wL/reaction), was performed by electro-
phoreses on a 3% MetaPhor agarose gel (FMC, Rockland, ME)
at 150 volts for 25 minutes. The STR amplified fragments were
visualized using ethidium bromide (AMRESCO, Solon, OH). The
1Kb DNA Ladder (BRL, Gaithersburg, MD) was used as a molecu-
lar weight standard. Gels were photographed using a Polaroid
MP4+ camera.



The STR alleles were separated on the SA32 vertical gel appara-
tus (BRL, Bethesda, MD) using a 4% denaturing polyacrylamide
gel (PAG). Post-polymerization, the PAG was pre-run for 60
minutes at 40 watts. The DNA samples and STR ladders were
prepared by placing 2.5 wL amplified product and 2.5 wL STR
2X Loading Solution at 95°C for two minutes followed by a quick
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FIG. 1—Amplification and polyacrylamide gel electrophoresis of pri-
mate DNA samples using the GenePrint CTT triplex system. DNA samples
from the species indicated above were amplified as described in the Materi-
als and Methods. Lanes labeled “L” contain the CSF1PO-TPOX-THOI
allelic ladder mix. Closed and open arrows indicate the products generated
by amplification at the CSFI1PO and TPOX loci, respectively.
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submersion on ice. The 0.4 mm doublefine sharkstooth comb
(BRL, Bethesda, MD) or 0.4 mm fixed well comb (Owl Scientific,
Boston, MA) was used to load 3 pL of each sample. The samples
were electrophoresed for approximately 80 minutes at 40 watts.
STR fragments were visualized using the DNA Silver Staining
Kit (Promega, Madison, WI) as per protocol. Archival copies of
stained PAGs were made using Kodak Electrophoresis Duplicating
Film (EDF).

Results and Discussion

The commercially available STR systems utilized for these stud-
ies are described in Table 1. All of these STR loci have been
well-characterized with regard to chromosomal location, repeat
sequence, and allelic polymorphisms [2-7,11-16].

The intent of this report is to evaluate the species specificity of
nine STR systems including the monosystems CSF1PO, TPOX,
THOI1, HPRTB, FESFPS, vWF and F13A01 as well as two STR
triplex systems, CSFIPO/TPOX/THO1 and HPRTB/FESFPS/
vWF. No PCR products were detected in 17 of the 23 species
tested including frog (Xenopus), mouse (Balb/c), fox, raccoon,
dolphin, sea lion, otter, ferret, lynx, damsel fish, macaw, shark,
snake, canine, bovine, chicken, porcine and feline for the nine
systems analyzed (data not shown).

The only species demonstrating any amplified STR products
using the systems described were of primate origin. Figure 1 shows
the results of amplifying two samples each from rhesus, orangutan,
chimpanzee and gorilla DNA using the CTT multiplex system.
Rhesus-M DNA showed one band within the CSF1PO allelic ladder
and three bands below the CSF1PO ladder. Rhesus-C showed four
bands immediately below this same ladder. Further analysis of
these two DNAs using the individual CSF1PO and TPOX mono-
systems (Fig. 2A and 2B) demonstrated that all of the rhesus
fragments detected well above the higher molecular weight
CSF1PO human alleles are products from CSF1PO amplification
(Figs. 1 and 2, closed arrows) and the amplified DNA shown near
the lower molecular weight CSF1PO allelic ladder are the result
of amplification with the TPOX primers (Figs. 1 and 2, open
arrows). No rhesus PCR products were detected using THOI prim-
ers in either the triplex system (Fig. 1) or the THO1 monosystem
(data not shown). The only amplified orangutan DNA products
were detected between the CSFIPO and TPOX ladder (Fig. 1)
and were attributed to the CSF1PO primer pair (Fig. 24). TPOX
primers will weakly amplify orangutan DNA although the bands
are detected below the TPOX allelic ladder (Figs. 1 and 2B).

The two chimpanzee DNA samples show amplified products
within the range of all three CTT loci. Each chimpanzee sample
exhibits different band patterns for each of the STR systems tested
(Fig. 1). The CSF1PO alleles detected in the chimpanzee-T and

TABLE |—STR locus specific information.

GenePrint™ Repeat Allelic Ladder Total # of
STR System Chromosomal Sequence Size Ranges Alleles in
locus location 5 -3 (bases) STR Ladder Alleles (# of repeats) ladder

CSFI1PO 5¢33.3-34 AGAT 299-323 7.8,9,10,11,12,13,14,15 9
TPOX 2p13 AATG 232-248 8,9,10,11,12 5
THO1 11p15.5 AATG 179-203 5,6,7,8,9,10,11 7
HPBRT Xq26 AGAT 259-303 6,7,8,9,10,11,12,13,14,15,16,17 12
FESFPS 15925-qter AAAT 222-250 7,8.9,10,11,12,13,14 8
vWF 12p12-pter AGAT 139-167 13,14,15,16,17,18,19,20 8
FI13A01 6p24-25 AAAG 169-185 4,5,6,7,8,9,11,12,13,14,15,16 12




954  JOURNAL OF FORENSIC SCIENCES

K562

RHESUS-M
RHESUS-C
ORANGUTAN-I
ORANGUTAN-O
CHIMPANZEE-T
CHIMPANZEE-W
GORILLA-K
GORILLA-P

L

L

RHESUS.-T
RHESUS-C
ORANGUTANA
ORANGUTAN-O
CHIMPANZEE-T
CHIMPANZEE-W
GORILLAK
GORILLA-P

L

CSF1PO

TPOX

THO1

CSF1PO

TPOX

THO1

2A

2B

FIG. 2—Amplification of primate DNA samples using primer pairs specific for the CSF1PO loci (ZA) and the TPOX loci (2B). DNA samples from
the species indicated above were amplified as described in the Materials and Methods. Closed and open arrows indicate the products generated by
amplification at the CSF1PO and TPOX loci, respectively. The CSFIPOITPOX/THOI combination allelic ladder was electrophoresed with these samples

in order to evaluate amplified products.

Chimpanzee-W samples are “8” and “7, 11,” respectively (Fig.
2A). It is not known if the “8” allele for the chimpanzee-T is
homozygous or if the second allele was not amplified due to primer
specificity. TPOX alleles for the chimpanzee-T migrate below the
TPOX allelic ladder and as a result, no allele determination can
be made (Fig. 2B). Chimpanzee-W can be assigned the TPOX “8”
allele but the second allele migrates below the ladder as seen with
chimpanzee-T. The chimpanzees exhibit ampiified THO1 products
aligning with alleles “6” and “6, 7” for chimpanzee-T and W,
respectively (Fig. 1).

The gorilla DNAs also amplified STR products for all three
CTT primer sets (Fig. 1). The CSF1PO alleles are “10” for
gorilla-K and “10, 12” for gorilla-P (Figs. 1 and 2A). The TPOX
primers amplified products coincident with TPOX alleles “10”
and “10, 12” for gorilla-K and P. These DNAs also showed
amplified THO! products that were identical for both gorilla
samples. One of the alleles migrated adjacent to the THO1 “6”
allele but the second allele migrated below the THO-1 ladder
and could not be given an allelic designation.

All species DNAs were also analyzed for amplified products

TABLE 2—Summary of primates STR band patterns.

CSFIPO TPOX THO1 HPRTB FESFPS vWF F13A01

# of # of # of # of # of # of # of

bands Alleles bands Alleles bands Alleles bands Alleles bands Alleles bands Alleles bands Alleles
Rhesus-M 1 >AL 4 >AL X X 2 12, >AL. X X X X X X
Rhesus-C 4 >AL 4 >AL X X 1 >AL X X X X X X
Orangutan-I 1 <AL 1 <AL X X X X X X X X 1 12
Orangutan-O 2 <AL 1 <AL X X 1 7 X X X X 1 12
Chimpanzee-T 1 6 2 <AL 1 6 2 12, 13 X X 2 <AL, 6 1 6
Chimpanzee-W 2 7, 10 2 <AL 2 6,7 1 11 X X 2 <AL 1 6
Gorilla-K 1 10 1 10 2 6, <AL 2 11, 12 X X 2 OL 1 4
Gorilla-P 2 10, 12 2 10, 12 2 6, <AL 1 12 X X 2 OL 1 4

NoTe: The number and relative allelic ladder {AL) location of the primate DNA amplified products for six of the STR primer pairs is summarized.
Amplified products are noted as electrophoretically migrating above the AL (>AL), below the AL (<AL), within the AL but not adjacent to an AL
fragment (OL) or no fragments detected (X). If amplified products were detected adjacent to AL fragments they were assigned the allelic repeat number.
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FIG. 3—Amplification and polyacrylamide gel electrophoresis of pri-
mate DNA samples using the GenePrint HPRTB/FESFPS/vWF triplex.
DNA samples from the species indicated above were amplified as described
in the Materials and Methods. Lanes labeled “L” contain the HPRTB-
FESFPS-vWF allelic ladder mix.

using the second triplex and individual monosystems which
includes the loci HPRTB, FESFPS, vWF (Fig. 3). The same seven-
teen species which were negative for amplified products using the
systems described above, were also negative when the second
triplex and monosystems were tested (see above). The primate
DNAs were the only species to demonstrate STR amplified frag-
ments for this second triplex. However, none of the species tested
showed bands attributed to FESFPS primers in either the triplex
(Fig. 3) or the FESFPS monosystem (data not shown).

The rhesus-M and rhesus-C samples only showed amplified
products for the HPRTB system but not for the FESFPS or
vWF primers. The rhesus HPRTB bands were within and above
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FIG. 4—Amplification and polyacrylamide gel electrophoresis of pri-
mate DNA samples using the GenePrint F13A01 monoplex system. DNA
samples from the species indicated above were amplified as described in
the Materials and Methods. Lanes labeled “L" contain the F13A0I allelic
ladder. The closed arrow indicates HPRTB amplified fragments well above
the AL.

the allelic ladder (Fig. 3) which was verified using the mono-
systems for this loci (data not shown). Orangutan DNAs ampli-
fied with HPRTB primers although orangutan-I always
amplified very weakly or not at all (Fig. 3). Further, there were
weak bands generated by the vVWF primers below the vWF
allelic ladder for this species which could not be assigned an
allele designation.

Both the chimpanzee and gorilla DNAs showed amplified frag-
ments within the HPRTB ladder (Fig. 3), which were verified using
the monosystem (data not shown). Chimpanzee-T and -W had the
HPRTB alleles “12, 13” and “11,” respectively. Gorilla-K had the
HPRTB alleles “11, 12” and gorilla-P amplified a fragment adja-
cent to the “13” allele. The vWF primers amplified chimpanzee
and gorilla DNA although the fragments migrated between the
vWF allelic ladder fragments.

The F13AO01 primers did not amplify any of the seventeen STR
negative species mentioned above nor did the rhesus DNA samples
show amplified fragments (Fig. 4). There were F13A01 amplified
products detected in the orangutan, chimpanzee and gorilla DNAs.
A single band was evident for each of the species allowing for
the following allelic designations: orangutans “12,” chimpanzee
“6” and gorilla “4.” Minor bands and smearing are occassionally
detected with the HPRTB, vWF and F13A1 primer systems. This
is most likely due to the high template concentrations used for
these studies.

Table 2 is a summary of primate STR amplified products
detected in these studies. The FI3A01 STR primers amplified
monomorphic fragments for all primates except the Rhesus samples
which were negative. The CSF1PO, TPOX, THOI1, HPRTB, and
vWF STR primers showed single and double band patterns
depending on the primate species. The FESFPS primers were the
only human derived STR primers in which only human PCR
products were detected. These preliminary data suggest that the
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locus F13A01 might be used to distinguish orangutan, chimpanzee,
and gorilla as their amplified product patterns differ from one
another, but pairs of individuals within a single species display
identical patterns. Inbreeding of monkey colonies could also
explain this result.

Tandem repeat arrays are known to exist in most, if not all,
eukaryotic genomes [/]. The purpose of this study was to determine
if amplified fragments are obtained from animal species DNA
using human STR systems and if so, what is the nature of the
band pattern compared to human DNA. We have demonstrated
that the nine STR systems analyzed for this study are generally
primate specific and do not amplify DNAs from any of the non-
primate species tested. It would be interesting to sequence the
DNA fragments that have been amplified using these STR systems
to determine their repeat array.
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