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A Proposal for Standardization in Forensic
Canine DNA Typing: Allele Nomenclature of Six

Canine-Specific STR Loci

ABSTRACT: In this study a proposal for the allele nomenclature of six polymorphic short tandem repeat (STR) loci (PEZ3, PEZ6, PEZS, PEZ10,
FHC2161, and FHC2328) for canine genotyping (Canis lupus familiaris) is presented. The nomenclature is based on the sequence data of the
polymorphic region of the microsatellite markers as recommended by the DNA commission of the International Society of Forensic Haemo-
genetics (ISFH) in 1994 for human DNA typing. To cover commonly and rarely occurring alleles, a selection of homozygous and heterozygous
animals were analyzed and subjected to sequence studies. The alleles consisted of simple tri- and tetra-nucleotide repeat patterns as well as
compound and highly complex repeat patterns. Several alleles revealing the same fragment size but different repeat structures were found. The
allele designation described here was adopted to the number of repeats, including all variable regions within the amplified fragment. In a second
step the most commonly occurring alleles were added to an allelic ladder for each marker allowing a reliable typing of all alleles differing in size.
A total number of 142 unrelated dogs from surrounding municipal animal homes, private households, and canines in police duty were analyzed.
The data were added to a population database providing allele frequencies for each marker.
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population data

DNA typing of biological stain material of nonhuman origin
has become a powerful and well-accepted tool in wildlife and fo-
rensic investigation (1-7) focused on species identification and
individualization. Therefore, the advantages of PCR amplification
of species-specific polymorphic microsatellite markers could be
used in animal forensics where mostly quality and quantity of
DNA are the limiting factors of analysis caused by the minute
amount of trace material or degradation. Especially stains deriving
from animals living in close proximity to humans such as cats and
dogs are of increasing interest by prosecuting attorneys and fo-
rensic scientists. In cases where a cat or dog is sharing someone’s
home, it was demonstrated that the transfer of animal hairs—as
well as human hairs and fibers—cannot be avoided. They are eas-
ily transferred and attached to various surfaces (8,9), and cases in
which dog hairs were submitted as evidence would be most com-
mon. Trace evidence deriving from animals linked to crime scenes
have been described in several cases, such as sexual abuse or fatal
dog biting attacks (10-13). Some of them are well known in the
forensic community, e.g., the “Snowball case,” in which a feline
hair helped to solve a homicide case in 1994 by DNA investiga-
tions (14).

A large number of canine-specific STR markers and appropri-
ate primer sequences are described (15-18) and widely used in the
field of kinship analysis for breeding purposes and in forensics.
Nevertheless, there is little information about sequence data and
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no internationally accepted allele nomenclature is available. Thus,
data examined by different laboratories using a variety of analyt-
ical equipment can neither be compared, nor can the population
data be shared by the community. Additionally, a large number of
population statistics were presented throughout the previous years
(19-22). Therein allele frequencies, expected and observed het-
erozygosities, and values for polymorphism information content
(PIC) in several breeds were demonstrated. Unfortunately, no in-
formation was given about the allele structure, its DNA sequence,
and the appearance of intermediate alleles.

A first approach toward a repeat-based nomenclature on the
basis of sequenced alleles was performed in the course of a case-
work example for the canine-specific STR marker PEZ20 (12).
Recently, for 15 canine-specific STR loci (FH2010, FH2054,
FH2079, FH2087Us, FH2087Ul, FH2132, FH2611, PEZ2,
PEZ6, PEZ12, PEZ15, VWEX, WILMS-TF, ZuBeCa4, and Zu-
BeCa6) a comprehensive sequencing study was presented, form-
ing the first basis for a repeat-based allele nomenclature according
to the ISFH guidelines for human STR markers (23). In the current
study, a further set of the canine-specific STR loci PEZ3, PEZS8,
PEZ10, FHC2161, and FHC2328 is described, including fragment
size, sequence data, and a nomenclature based on the number of
repeats according to the ISFH recommendations (24). Population
data of randomly selected dogs out of a total number of 142 un-
related individuals are presented. For PEZ6, an alternative no-
menclature to the previously published one (23) is introduced,
including just the variable regions leading to integer numbers for
the most commonly appearing alleles.

To select appropriate alleles for sequencing reactions covering
main alleles as well as intermediate alleles, it was essential to
distinguish PCR products followed by electrophoretic separation
in 1bp steps. Therefore several alleles of the STR loci PEZ6,
PEZS8, and PEZ10 had to be displayed in one plot to determine
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whether they resemble equal or different fragment lengths. This
process was simplified by the use of an allelic ladder consisting of
the most commonly occurring alleles as well as some rare inter-
mediate ones. The ladder was used for the interpretation of analy-
zed results serving as size standard for each locus investigated.

Methods
DNA Extraction and PCR Conditions

Saliva samples from 142 dogs of 36 different pure breeds and
several cross breeds were collected on cotton swabs. DNA was
isolated using the ReadyAmp™ Genomic DNA Purification Sys-
tem (Promega, Mannheim, Germany) according to the manufac-
turer’s protocol. Singleplex amplification of the canine STR loci
PEZ3, PEZ6, PEZ8, PEZ10, FHC2161, and FHC2328 was carried
out in a total reaction volume of 25 pL consisting of 10 mM Tris-
HCI, pH 8.3, 50 mM KClI, 1.5 mM MgCl,, 200 uM of each dNTP,
0.5 uM of each primer, 1.25 U AmpliTaq® Gold DNA Polymerase
(Applied Biosystems, Darmstadt, Germany), and 1-5pL saliva
DNA extract. Primer sequences are listed in Table 1. The ampli-
fication was performed in a Gene Amp PCR System 9700 thermal
cycler (Applied Biosystems) for 30 cycles, with an annealing
temperature of 54°C for all markers. Amplicons were separated
and detected by capillary electrophoresis on an ABI Prism 310
Genetic Analyzer (Applied Biosystems) using POP4 and a 36-cm
capillary array. Apparent DNA fragment size was analyzed with
the internal size standard Genescan®™ 400HD [ROX] and Gene-
Scan Analysis Version 3.7 software (Applied Biosystems).

Sequencing Reaction

The alleles included in the ladder and additional alleles were
selected and sequenced from homozygous and heterozygous an-
imals, respectively, following the amplification procedure as de-
scribed above using the unlabeled primer pairs. Amplicons of
homozygous alleles were purified from the PCR mixture with
QIAquick PCR Purification Kit (Qiagen, Hilden, Germany) and
sequenced with the BigDye™ Terminator v1.1 Cycle Sequencing
Kit (Applied Biosystems) in a total volume of 10 pL with 10 pmol
primer for 25 cycles as described (23). Heterozygous alleles were
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separated prior to the sequencing reaction by a Spreadex EL 600
Minigel run on a SEA 2000 Electrophoresis System (both Elch-
rom Scientific, Cham, Switzerland) as described (25), stained by
SybrGold (Invitrogen, Karlsruhe, Germany) and visualized on a
Dark Reader transilluminator (Clare Chemical Research, Dolores,
CO). Samples were desalted with Microcon-30 devices (Millipore,
Eschborn, Germany) prior to electrophoresis. Allele bands were
picked from the gel with a BandPick™ device (Elchrom Scien-
tific) and directly transferred to the sequencing reaction mixture
without any further purification, whereby each gel slice revealed a
volume of approximately 5 pL. The removal of residual dye ter-
minators was carried out with Centri-Sep columns (Princeton
Separations, Adelphia, NJ) according to the manufacturer’s pro-
tocol. Electrophoresis was performed on an ABI Prism 310 Ge-
netic Analyzer using POP6 and a 61-cm capillary array. Data were
analyzed with the Sequencing Analysis 3.7 software and edited by
SeqEd v1.0.3 software (all Applied Biosystems).

Preliminary Allelic Ladder

Most commonly occurring alleles were selected for ladder de-
sign. Therefore, saliva of each corresponding homozygous animal
was amplified in a total volume of 50 pL under conditions as de-
scribed and PCR products were purified by Microcon-30 devices
(Millipore) to remove the excess of primer. Equal volumes of pu-
rified products were mixed to form the preliminary ladder, sepa-
rated electrophoretically, and analyzed with the internal size
standard Genescan®™ 400HD [ROX] as described.

Nomenclature

The system of the allele nomenclature proposed in this paper is
based on the recommendations reported for human DNA typing
(24,26) including complex STR markers (27). The nomenclature
presented reflects the number of tandem repeat motifs in the case
of simple and compound repeat sequences. In the case of complex
repeat motifs, including variable single base stretches (e.g., polyA)
and di-, tri-, tetra-, and oligomeric repeats, the whole variable se-
quence was used for nomenclature assuming the published general
repeat motif.

TABLE 1—Primer sequences and PCR product size.

STR Locus Name/Locus Symbol Primer Sequence (5'-3") Reference Size Range (bp) Number of Alleles
PEZ3/D19S8 CAATATGTCAACTATACTTC (16) 95-143 11
*CACTTCTCATACCCAGACTC (16)
PEZ6/D2754 *ACACAATTGCATTGTCAAAC (16) 168-205 18
ATGAGCACTGGGTGTTATAC (16)
PEZ8/D1751 "TATCGACTTTATCACTGTGG (16) 219-247 16
ATGGAGCCTCATGTCTCATC (16)
PEZ10/D1454 1o TTCATTGAAGTATCTATCC (16) 266-339 19
TCCTGCCTTTGTAAATGTAAG (16)
FHC2161/D21S1 *TCAGCAAGAAACCCTCCAGT (15) 234-270 10
CATTCCCAACGGAGGACTCT (15)
FHC2328/D29S5 TACCAGGTAGTTTTCAGAAATGC (32) 177217 10
AGTTATGGGACTTGAGGCTG (32)

*HEX-labeled strand.
"FAM-labeled strand.

‘g unlabeled primer was tailed by a single G nucleotide neighboring TT at 5’ affecting an addition of a single A nucleotide to the labeled amplicon at 3’ by the

Tagq polymerase (28).

Locus symbol was available on the Internet at the DogMap-Database (http://www.dogmap.ch).

The number of alleles observed in this study is indicated.
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Population Statistics

Saliva samples from a different number of unrelated dogs (n)
independent of breed origin were subjected to DNA typing for the
STR loci PEZ3 (n = 108), PEZ6 (n = 127), PEZ8 (n = 93), PEZ10
(n=114), FHC2161 (n = 64), and FHC2328 (n = 120) applying
the preliminary allelic ladder and the proposed nomenclature to
the interpretation of results.

Results and Discussion
STR Analysis and Sequencing

Saliva samples collected from the dogs contained DNA in an
appropriate amount and quality to perform all PCR reactions in
singleplex amplification steps for the canine-specific STR loci
PEZ3, PEZ6, PEZ8, PEZ10, FHC2161, and FHC2328. Inhibitory
effects have not been observed. A modification of the 5’ primer
sequence was introduced for the PEZ10 nonlabeled primer affect-
ing the insertion of an additional A nucleotide to the 3’ labeled PCR
product by the Tag polymerase facilitating genotyping (28,29). In
some cases, extra peaks have been observed consisting of stutter
peaks one repeat unit shorter than the true allele as well as true
length allele peaks (n) or peaks formed by the addition of an extra
base by the Tag polymerase (n+1) during the elongation step of
PCR amplification as described for human STR loci (30,31). These
extra peaks never reached 15% of the major peak height and did not
lead to misinterpretation of results. All amplified PCR fragments
were recorded and grouped according to their apparent size by 1 bp
steps. Provided that all grouped fragments correspond to one allele,
PCR products of appropriate animals were subjected to sequencing
reactions as described. Best results were achieved from het-
erozygous animals whereas amplified alleles were separated by
Spreadex EL 600 gel (Elchrom Scientific, Cham, Switzerland) runs
prior to sequencing reactions. Using this electrophoresis platform,
heterozygous alleles differing merely by 4 bp in size could be cut
off the gel and sequenced separately without any further purifica-
tion steps. For most common alleles, more than one representative
fragment was sequenced. If sequence alterations were detected for
fragments of the same length originating from different animals,
additional alleles would have been investigated. Sequence infor-
mation was used to assign a proposal to the nomenclature of alleles.

Allele Assignment and Nomenclature

Tetranucleotide repeat sequences are most commonly used for
forensic purposes as they produce PCR artifacts described as stutter
bands or slippage artifacts to a lesser extent than dinucleotide re-
peats (30). All STR loci presented in this study have been described
as revealing tetranucleotide repeat units (15,16,32), with the excep-
tion of PEZ3 described in contradictory reports as tetranucleotide
(16) or trinucleotide (22) repeat units, respectively. More detailed
loci information are available on the Internet at the DogMap-Data-
base (http://www.dogmap.ch), including locus symbol, chromosom-
al localization, primer sequences, observed number of alleles, and
bibliographic information. The proposed nomenclature for the STR
loci PEZ3, PEZ6, PEZ8, PEZ10, FHC2161, and FHC2328 present-
ed in this study is adopted from the recommendations of the Inter-
national Society of Forensic Genetics (formerly the International
Society of Forensic Heamogenetics) (24) based on the number of
repeat units within the amplified fragment. In all cases investigated,
the variable repeat structure was obvious and could be used to group
loci into three classes as recently described (23) for 15 polymorphic
canine-specific STR loci (simple, compound, and complex STRs).

PEZ3

A total number of 11 different amplified fragment groups could
be detected by the typing of 108 unrelated dogs. Representatives
of nine groups were sequenced, and they revealed the sequence as
listed in Fig. 1. The repeat motif consists of a compound trimeric
repeat structure of (AAA), (GAA), and (GCA) neighboring re-
peats. An ambiguous nucleotide N (A to G transition) was de-
tected 3’ of the forward primer-binding site without any influences
on the fragment length and nomenclature. The numeric nomen-
clature of alleles only represents the number of repeats observed
within the amplified fragment. Several different repeat motifs with
the same total number of repeats were found for single fragment
groups not differing in size: e.g., the fragments consisting of
116bp revealed the repeat sequences ...(AAA);(GAA) (G-
CA)s... as well as ...(GAA);5(GCA),... both with the total
number of 22 repeats, both assigned as allele 22. The occurrence
of allele variants sharing electrophoretic mobility, revealing the
same sequence size but different repeat patterns, is well known
and is described for canine (23) as well as human genotyping
(27,33,34). According to the considerations from the European
DNA profiling group (EDNAP), this phenomenon does not affect
interpretation (26). Observed alleles consisted of 22-31 total
number of repeats. One further rare allele with 15 repeats was
typed in our study. The previously described tetrameric repeat
structure (16) for PEZ3 could not be confirmed; rather a trimeric
repeat structure was obvious. Allele 27 was most abundant (f >
0.25) followed by alleles 23, 24, 25, 26 (f > 0.1).

PEZ6

Sequence data and a proposed nomenclature for the STR locus
PEZ6 were described recently (23) based on the total region con-
sisting of G(A), pattern, including invariant portions of the repeat
and repeat subunits, as determined within the sample of 131 dogs.
The approach leads to an arbitrary tetrameric repeat structure re-
sembling intermediate repeat numbers designated by a suffix (x.3)
for the most commonly occurring alleles. The sequences obtained
in the current study are consistent with those published (23). Here,
we present a new proposal to the allele nomenclature based ex-
clusively on the variable sequence (Fig. 2). A total number of 18
different amplified fragment groups were detected by the typing of
127 unrelated dogs. Two different types of alleles could be dis-
tinguished, revealing a constant region (CR) and an 11 bp block
(a11) 5/ of CR or a 13 bp block (B13) 3’ of CR, respectively. Both
types share an A stretch with a variable number of nucleotides at
5’ and a (GAAA) tetrameric repeat motif varying in the number of
repeats at 3’. In single cases, an incomplete repeat of three nuc-
leotides (GAA) was observed leading to intermediate alleles (x.3).
The most commonly occurring alleles contained the o11 sequence
leading to integer numbers, whereas more rare alleles contained
the P13 sequence leading to intermediate numbers (x.1 and x.2) in
the nomenclature. The alleles 17, 18, and 19 were most abundant
(f > 0.15). This new nomenclature can also be adapted to the 131
PEZ6 genotypes obtained in (23). Furthermore, the allele frequen-
cy distributions between the two-studied populations are congru-
ent as far as the abundant alleles are concerned.

PEZS8

A total number of 16 different amplified fragment groups could
be detected by the typing of 93 unrelated dogs. Representatives of
seven groups were sequenced, and they revealed the sequence as
listed in Fig. 3. The variable region consists of a simple tetrameric
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CAATATGTCAACTATACTTCN ="‘ATAT(AAA)m(GAA)n(GCA)O(GAA)p(GCA)qGCGAGGA GTCTGGGTATGAGAAGTG

bp! [N] (AAA) ] (GAA)L[(GCA),| (GAA), | (GCA)qallele
16[A 1 16 5 2
116 G 15 7 2
19[A] 1 17 5 23
122[A 1 18 5 24
122G 17 7 24
125G 18 7 25
125[A] 1 19 5 25
128[G 19 7 26
131G 20 7 27
134|G 2 6 28
137[A] 1 18 5 I 4 |29
140[A] 1 18 6 1 430

0.30

0.25

2526 0.20

0.15

0.10]

0.05

0.0

0
1522 23 24 25 26 27 28 29 30 31

FIG. 1—PEZ3 sequence data, allele frequencies and preliminary allelic ladder, N* A/G transition, underlined primer sequences, bold polymorphic sequence,
bp' fragment length of the sequenced allele. Example for allele nomenclature based on a trimeric repeat motif: allele 23 depends on 1 (AAA) [ repeat]+17 (GAA)

[17 repeats]+5 (GCA) [5 repeats] = 1+17+5 = 23.

repeat structure of (GAAA) and an A stretch with a variable
number of nucleotides at the 5" end. Single A-G transitions were
found to produce a (GAGA) repeat not influencing fragment

length and nomenclature. The numeric nomenclature of alleles
represents the number of repeats observed within the amplified
fragment, including the A-stretch region (4 or 5bp). Occurring

ATGAGCACTGGGTGTTATACTATATGTTGGCAAATCGAACTTCAATAAA(A),,(GAAGAAAGAAA),,,;GAAGAAAG

AAGGAAAGAGAAAGAAAAA(GAAAGAGAAAGAA)(GAAA)

GIGT

ACCTTTCAAACTTCTAGTTTGACAATGCAATT

nop

bp' [ (A)m| 011/813 [ (GAAA), | (GAA), [ (GAAA), |allele
174] 5 B 11 15.2
176] 5 o 12 16
180| 5 o 13 17
184] 5 o 14 18
186] 5 B 14 18.2
187] 5 o 10 1 4 18.3
188] 5 o 15 19
189] 4 B 15 19.1
193] 4 B 16 20.1
197] 4 B 17 21.1
201 4 B 18 22.1
205 4 B 19 23.1
g ; g 0.25
gg‘o_v — 0.20
al .
o =
- 0.10
U l 0.05 |
- - O'OO‘vLDN@l\O’JOOv—(\Ic')mw—Ov—v—(\Iv—v—
TTE T TRTd 0T o NG =N w
- - - - - - N« N«

FIG. 2—PEZ6 sequence data, allele frequencies and preliminary allelic ladder, underlined primer sequences, bold polymorphic and variable sequences, bp!
[fragment length of the sequenced allele. Example for allele nomenclature based on a tetrameric repeat motif: allele 16 depends on 12 (GAAA) [12 repeats]+5 (A)

[1.1 repeats]+all [2.3 repeats] = 12+1.1+2.3 = I6.
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ATGGAGCCTCATGTCTCATCAGGCTCCCTGCTCACCATGGAGTCTACTTCTCCCTCTCAGTCTGCCCCTCCCTC
CACTCTCTTTCTCTCAAATAAATAAACAAAATCTAAAAAAAAG(A),,(GAAA), (GAGA),(GAAA),GGAGAAAG
ACAAAGTACACCTCCAATTTAGCCTCCCACAGTGATAAAGTCGATA

bp' | (A)m[(GAAA), | (GAGA), | (GAAA), |allele
223 4 12 13
224 5 12 13.1
227 4 13 14
232 5 14 15.1
235( 4 10 1 4 16
236| 5 15 16.1
239| 4 11 1 4 17
12 0.30
14 0.25
0.20
13 0.15
16
15 7 47 0.10
ljl 0.05 |
- ) T O'OOC\l‘—oo‘—<r~—c\1m‘—c\|co<o‘—|\ooou

FIG. 3—PEZ8 sequence data, allele frequencies and preliminary allelic ladder, underlined primer sequences, bold polymorphic sequence, bp' fragment length
of the sequenced allele. Example for allele nomenclature based on a tetrameric repeat motif: allele 13.1 depends on 5 (A) [1.1 repeats]+12 (GAAA) [12 re-

peats] =1.1+12=13.1.

alleles consisted of 12-19 total number of repeats and several in-
termediate alleles (x.1, x.2, and x.3). Allele 16 was most abundant
(f > 0.25).

PEZI10

A total number of 19 different amplified fragment groups could
be detected by the typing of 114 unrelated dogs. Representatives
of 15 groups were sequenced and revealed the sequence as listed
in Fig. 4. Additional representatives of two rare fragment groups
(274 bp and 289 bp; not added to the population data shown in this
work) deriving from an American population of dogs were se-
quenced providing more detailed data of intermediate alleles. The
G-tail at the 5’ unlabeled primer remained unconsidered in no-
menclature and sequence data presented. The amplified fragments
consist of a complex hypervariable region mainly based on tetra-
meric motifs of (AAAA), (GAAA), and (GAGA) repeats as well
as a pentameric motif of (GAAAA) repeat. One allele revealed an
additional dimeric (AA) motif in between the (GAAA) repeats. A
final hexamer motif GAAAAA sequence common to all alleles
investigated was added to the variable region to obtain integer
numbers for the majority of alleles in the nomenclature. A G-T
transition was found for small alleles (alleles 16.3, 17.3, 18.3)
within the 3’ flanking region not considered by the nomenclature.
The nomenclature was based on assuming a general tetrameric
repeat structure. Typing of alleles consisting of more than two
(AAAA) repeat motifs (alleles 16.3, 17.3, 18.3, and 22.2) revealed
slippage artifacts caused by the Tag polymerase in the resulting
electropherograms, and should be taken into consideration in inter-
pretation (data not shown). Alleles 21-28 were most abundant (0.08
< f >0.15), whereas intermediate alleles appeared very rarely.

FHC2161

A total number of 10 different amplified fragment groups could
be detected by the typing of 64 unrelated dogs. Representatives of

seven groups were sequenced, and they revealed the sequence as
listed in Fig. 5. The variable region consists of a simple tetrameric
repeat structure of (GAAA) with a variable number of repeats
ranging from 12-21. Intermediate alleles have not been detected
yet. Alleles 14-17 were most abundant (0.15 < f > 0.3)

FHC2328

A total number of 10 different amplified fragment groups could
be detected by the typing of 120 unrelated dogs. Representatives
of nine groups were sequenced and revealed the sequence as listed
in Fig. 6. The variable region consists of a simple tetrameric re-
peat structure of (GAAA) with the insertion of a 4bp sequence
starting with an ambiguous nucleotide N (A—G transition) fol-
lowed by AGA treated as a tetrameric repeat in the nomenclature.
Occurring alleles consisted of 11-21 total number of repeats. In-
termediate alleles have not been detected yet. Allele 14 was most
abundant (f>0.25)

Preliminary Allelic Ladders

The use of an allelic ladder as a control supplemented by a
consensus nomenclature delivering correct designation of alleles
in samples is strongly recommended, especially if laboratories are
to compare data (26) such as population statistics. Their advantage
in cases in which STR loci consist of a large number of allelic
variants with the same fragment length but different repeat motifs
is described (27) and therefore essential for a correct typing of the
STR locus PEZ3. Allelic ladders (Figs. 1-6) were composed con-
taining all commonly occurring alleles as well as some rare in-
termediate alleles (e.g., for the STR locus PEZ6). The rungs in the
allelic ladder should be related to the repeat motif size of the locus
itself. As not all alleles have been sequenced, we used each allelic
ladder merely as a preliminary internal standard facilitating the
interpretation of results for the recording of population data pre-
sented in this study.
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**gTTCATTGAAGTATCTATCCAAGACAAGC(AAAA),,(GAAA),(AA)(GAAA)(GAGA) (GAAAA) (GAAAAA)GAA

AAAAN*AAAAATTTTAATGTTTTAAAAACACTGAAATGCACAAAAAGTGTATATGTGTATATTCCCATAATCCTACA
CTTTTAAAATCATATAAAATAAGTTTCTTCTCCATCCATTCATCCAAAGTATATACCCAATATTTTCTTACATITAC

AAAGGCAGG
bp! [(AAAA),|(GAAA),[(AA),[(GAAA),[(GAGA),[(GAAAA),| (GAAAAA), [N*fallele
266] 3 11 1 1 T [16.3
2703 12 1 1 T [17.3
2743 13 1 1 T [18.3
25| 2 13 2 1 G 19
2791 14 1 2 1 G |20
283 1 15 1 2 1 G 21
287 1 16 1 2 1 G |22
289 3 2 1 12 1 2 1 G222
91 2 16 I 2 1 G |23
205 1 18 1 2 1 G |24
2091 19 1 2 1 G |25
303] 1 20 1 2 1 G 26
307] 1 21 1 2 1 G |27
308 1 20 I 3 1 G 271
311 1 2 1 2 1 G 28
315] 1 23 1 2 1 G 29
319] 1 24 I 2 1 G 30
”s 26 o8 0.15
21 24 29 0107
19 30
125 27 l 0.051
- [aV)

FIG. 4—PEZI0 sequence data, allele frequencies and preliminary allelic ladder, N* T/G transition, **g unlabelled primer was tailed by a single G nucleotide,
underlined primer sequences, bold polymorphic sequence, bp' fragment length of the sequenced allele. Example for allele nomenclature based on a tetrameric
repeat motif: allele 16.3 depends on 3 (AAAA) [3 repeats]+11 (GAAA) [11 repeats]+(GAAAA) [1.1 repeats]+(GAAAAA) [1.2 repeats] = 3+11+1.1+1.2=16.3.

TCAGCAAGAAACCCTCCAGTTACATCCACATTAAAGTAAATGGTAGGTATATATCCTTTCTGATGGCTGAGTAA

TGTTCCAATGTTTTTTTTTCTTTTTTTTCTAGCAGAAGAAAAAGAAAAA(GAAA),GAAGAAAACAACCAAGGA
AAGAGAAAAAAGGAAAAAGAGCGAGAGAGTCCTCCGTTGGGAATG

o

15 46

bp!'[(GAAA), [allele
238 13 |13
220 14 |14
246] 15 |15
250 16 |16
54 17 |17
258 18 |18
262] 19 |19
0.35
0.30
20 0.25
0.20]
0.15]
18 0.10|
‘Il 0.051
iy _

00°
121314151617 18 19 20 21

FIG. 5—FHC2161 sequence data, allele frequencies and preliminary allelic ladder, underlined primer sequences, bold polymorphic sequence, bp® fragment

length of the sequenced allele.
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ACCAGGTAGTTTTCAGAAATGCTGTTGTATTTAATACTTATTACTGTATCATATGTCAAAAAAATAAAGGAAAG
AAAAAAAGAAAGAAAGAAAGAAAGAAGAAAGA(GAAA) N*AGA(GAAA),GAAAAAGCAGCCTCAAGTCCCAT

AACT

bp' [(GAAA),|N*AGA[(GAAA), lallele
181 7 G 4 12
189 9 G 4 14
193 10 G 4 15
197 11 G 4 16
201 12 A 4 17
205 13 A 4 18
209 14 A 4 19
213 15 A 4 20
217 16 A 4 21
16 20 0.30
0.25
18
" 15 0.20
17 21 0.15
12 19
0.10
L 0.05
— : — 0.00

111214151617 18 19 20 21

FIG. 6—FHC2328 sequence data, allele frequencies and preliminary allelic ladder, underlined primer sequences, N* A/G transition, bold polymorphic se-
quence, bp' fragment length of the sequenced allele. Example for allele nomenclature based on a tetrameric repeat motif- allele 12 depends on 7 (GAAA) [7

repeats]+1 (GAGA) [1 repeat]+4 (GAAA) [4 repeats] =7+1+4 = 12.

Summary

In addition to recently published results (12,23) and with the
effort of standardization presented in this study, a total number of
21 precisely described canine-specific STR markers is now avail-
able. Further steps concerning the determination of a standard set
of loci sufficient for canine individualization in forensics and the
development of allelic ladders for each marker must be taken into
consideration. The use of a standard DNA sample generally avail-
able (e.g., DNA from a ubiquitous canine cell line) as a control
could be useful and should be introduced. Such a sample can help
to adapt canine typing results in different laboratories to an in-
ternationally accepted allele assignment based on the repeat pat-
tern of polymorphic microsatellites as recommended by the ISFH.
Thereby, the exchange of data between single laboratories will be
feasible, and published population data can be used by the whole
forensic community.

References

1. Wang QH, Fang SG. Application of species-specific polymerase chain
reaction in the forensic identification of tiger species. Forensic Sci Int
2003;131:75-8.

2. Paetkau D, Calvert W, Stirling I, Strobeck C. Microsatellite analysis of
population structure in Canadian polar bears. Mol Ecol 1995;4:347-54.

3. Giovambattista G, Ripoli MV, Lir6n JP, Villegas Castagnasso EE, Peral-
Garcia P, Lojo MM. DNA typing in a cattle stealing case. J Forensic Sci
2001;46:1484-6.

4. Parson W, Pegoraro K, Niederstitter H, Foger M, Steinlechner M. Species
identification by means of the cytochrome b gene. Int J Legal Med
2000;114:23-8.

5. Ketchum M, Alvarez M, Alvarez J, Konieczny M. Forensics and animal
genetics: an emerging science. Proceedings of the 28th International Con-
ference on Animal Genetics; August 11-15, 2002; Goettingen, Germany:
International Society for Animal Genetics, 2002; 77-8.

6. Muller S, Flekna G, Muller M, Brem G. Use of canine microsatellite po-
lymorphisms in forensic examinations. J Hered 1999;90:55-6.

7. Branicki W, Kupiec T, Pawlowski R. Validation of cytochrome b se-
quence analysis as a method of species identification. J Forensic Sci
2003;48:83-17.

8. D’Andrea F, Fridez F, Coquoz R. Preliminary experiments on the transfer
of animal hair during simulated criminal behaviour. J Forensic Sci
1998;43:1257-8.

9. Dachs J, McNaught 1J, Robertson J. The persistence of human scalp hair
on clothing fabrics. Forensic Sci Int 2003;138:27-36.

10. Wiegand P, Schmidt V, Kleiber M. German shepherd dog is suspected of
sexually abusing a child. Int J Legal Med 1999;112:324-5.

11. Schneider PM, Seo Y, Rittner C. Forensic mtDNA hair analysis excludes
a dog from having caused a traffic accident. Int J Legal Med 1999;112:
315-6.

12. Padar Z, Egyed B, Kontadakis K, Fiiredi S, Woller J, Zoldag L, et al.
Canine STR analyses in forensic practice—observation of a possible mu-
tation in a dog hair. Int J Legal Med 2002;116:286-8.

13. Brauner P, Reshef A, Gorski A. DNA Profiling of trace evidence—mit-
igating evidence in a dog biting case. J Forensic Sci 2001;46:1232—-4.

14. Menotti-Raymond MA, David VA, O’Brien SJ. Pet cat hair implicates
murder suspect. Nature 1997;386:774.

15. Francisco LV, Langston AA, Mellersh CS, Neal CL, Ostrander EA. A
class of highly polymorphic tetranucleotide repeats for canine genetic
mapping. Mamm Genome 1996;7:359-62.

16. Neff MW, Broman KW, Mellersh CS, Ray K, Acland GM, Aguirre GD, et
al. A second generation genetic linkage map of the domestic dog, Canis
familiaris. Genetics 1999;151:803-20.

17. Schelling C, Stranzinger G, Dolf G, Schldpfer J, Switonski M. Assignment
of the canine microsatellite ZuBeCal to canine chromosome 10q22-q24.
Anim Genet 1998;29:398.

18. Jouquand S, Priat C, Hitte C, Lachaume P, André C, Galibert F. Identi-
fication and characterization of a set of 100 tri- and dinucleotide micro-
satellites in the canine genome. Anim Genet 2000;31:266-72.

19. Sutton MD, Holmes NG, Brennan FB, Binns MM, Kelly EP, Duke EJ. A
comperative genetic analysis of the Irish greyhound population using
multilocus DNA fingerprinting, canine single locus minisatellites and ca-
nine microsatellites. Anim Genet 1998;29:168-72.

20. Morera L, Barba CJ, Garrido JJ, Barbancho M, deAndrés DF. Genetic
variation detected by microsatellites in five spanish dog breeds. J Heredity
1999;90:654-6.

21. Zajc 1, Mellersh CS, Sampson J. Variability of canine microsatellites
within and between different dog breeds. Mamm Genome 1997;8:182-5.



22.

24.

25.

26.

217.

28.

29.

HELLMANN ET AL.

DeNise S, Johnston E, Halverson J, Marshall K, Rosenfeld D, McKenna S,
et al. Power of exclusion for parentage verification and probability of
match for identity in American kennel club breeds using 17 canine mi-
crosatellite markers. Anim Genet 2004;35:14-7.

. Eichmann C, Berger B, Parson W. A proposed nomenclature for 15 ca-

nine-specific polymorphic STR loci for forensic purposes. Int J Legal Med
2004;118:249-66.

DNA recommendations—1994 report concerning further recommenda-
tions of the DNA Commission of the ISFH regarding PCR-based poly-
morphisms in STR (short tandem repeat) systems. Int J Legal Med
1994;107:159-60 and Forensic Sci Int 1994;69:103—4.

Meijerink E, Kozulic B, Stranzinger G, Neuenschwander Picogram clon-
ing and direct in situ sequencing of DNA from gel pieces. Biotechniques
2001;31:802-10.

Gill P, Brinkmann B, d’Aloja E, Andersen J, Bar W, Carracedo A, et al.
Considerations from the European DNA profiling group (EDNAP) con-
cerning STR nomenclature. Forensic Sci Int 1997;87:185-92.

Schneider HR, Rand S, Schmitter H, Weichhold G. ACTBP2-nomencla-
ture recommendations of GEDNAP. Int J Legal Med 1998;111:97-100.
Brownstein MJ, Carpten JD, Smith JR. Modulation of non-templated nuc-
leotide addition by Tag DNA polymerase: primer modifications that fa-
cilitate genotyping. Biotechniques 1996;20:1004—10.

Magnuson VL, Ally DS, Nylund SJ, Karanjawala ZE, Rayman JB, Knapp
JI, et al. Substrate nucleotide-determined non-templated addition of ade-
nine by Tag DNA polymerase: implications for PCR-based genotyping
and cloning. Biotechniques 1996;21:700-9.

30.

31.

32.

33.

34.

+ ALLELE NOMENCLATURE OF CANINE STR LOCI 281

Meldgaard M, Morling N. Detection and quantitative characterization of
artificial extra peaks following polymerase chain reaction amplification of
14 short tandem repeat systems used in forensic investigations. Elect-
rophoresis 1997;18:1928-35.

Sparkes R, Kimpton C, Gilbard S, Carne P, Andersen J, Oldroyd N, et al.
The validation of a 7-locus multiplex STR test for use in forensic case-
work. Int J Legal Med 1996;109:195-204.

Mellersh CS, Langston AA, Acland GM, Fleming MA, Ray K, Wiegand
NA, et al. A linkage map of the canine genome. Genomics 1997;46:
326-36.

Walsh SJ, Robinson SL, Turbett GR, Davies NP, Wilton AN. Character-
isation of variant alleles at the HumD21S11 locus implies unique Aus-
tralasian genotypes and re-classification of nomenclature guidelines.
Forensic Sci Int 2003;135:35-41.

Moller A, Schiirenkamp M, Brinkmann B. Evaluation of an ACTBP2
ladder composed of 26 sequenced alleles. Int J Legal Med 1995;108:
75-8.

Additional information and reprint requests:
Andreas P. Hellmann, Ph.D.
Bundeskriminalamt, KT32

Thaerstr. 11

65193 Wiesbaden

Germany

E-mail: andreas.hellmann@bka.bund.de



