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High Mutation Rates in Canine Tetranucleotide Microsatellites: Too Much
Risk for Genetic Compatibility Purposes?
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Abstract: The use and convenience of canine tetranucleotide microsatellite markers for forensic purposes is addressed.
These are commonly used in human genetics due to their high polymorphism, ease of laboratorial management and low
mutation rates. However, care should be taken before including these markers in canine panels due to the high mutation
rates shown in this species and the risk of errors in paternity assignment. To answer this question a panel including 16
markers (8 of them tetranucleotides) were typed for the family members of the Dogmap Project reference panel, and their
mutation rates calculated. The effect these rates would have in terms of the increase in the number of false positives is assessed. Excluding one single marker with extreme mutation rate from the panel considerably improves the average rate
and the performance of the panel. Therefore, a careful examination of the mutational behaviour of the candidate markers
is advised for any marker panel design, even prior to the assessment of their polymorphism.
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INTRODUCTION
Microsatellite typing is one of the most used tools to obtain DNA profiles for individual identification, genetic compatibility and traceability purposes, but also for other kind of
studies, like measuring populations, genetic diversity or
linkage analysis. They are based on sequence blocks of one
to six nucleotides tandemly repeated a variable number of
times and represent 0.3% of the nuclear genome [1, 2]. High
polymorphism, simplicity of analysis and low-cost make
microsatellites an advantageous choice for paternity testing
and genetic identification. Using a set of hyperpolymorphic
markers usually leads to a high power of exclusion on kinship analysis, close to 99.99% [3, 4].
Mutations are the main source of genetic variation, originating in microsatellites new alleles with modified length.
Mutation rates in different organisms range from 10-2 events
per locus and replication [5] to 6x10-6 [6], higher than the
mutation rates per base pair estimated from specific loci in
eukaryotes, that ranges from 2x10-10 to 5x10-10 [7]. In dogs,
mutation rates in microsatellites vary from 1.1x10-2 to
3.9x10-3 [8-10]. Tetranucleotide STRs in humans account for
lower mutation rates than dinucleotide microsatellites [11]
and are preferred markers for genetic typing due to their sufficiently high polymorphism, ease of read or calling, absence
of stutter bands. However, in the canine species, tetranucleotide STRs are described as specially highly polymorphic,
(mean PIC > 75%) [8], this data being particularly relevant
in the canine species where the whole population is stratified
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in more than 350 breeds and genetic lines, so that the possible genetic homogeneity could require the use of very highly
polymorphic markers [8].
Genetic identification is attracting an increasing interest
in genetic dog forensic sciences [12]. Not only can it help to
resolve cases of individual identification on disputes or for
animals included in a herd book, but also it can be a key tool
in crime scenes or accidents, dogs or wolves attacks, homicides, to verify parentage or in paternity disputes between
breeders and pet owners, genetic traceability, or even to discriminate canine or wolf populations [13-22]. Several STR
panels have been proposed [3, 9, 10, 23-30], but their stability for possible mutations has not been achieved yet.
In this study we analyse a panel of 16 STR in which 8
markers are tetranucleotides and we describe the rate of mutation and identify specific mutational events cases in three
markers and 3392 meiosis after genotyping the reference
families of the DogMap Project.
MATERIAL AND METHODS
In order to build the linkage map in the frame of the
DOGMAP PROJECT (www.dogmap.ch), the family members of the Reference Panel were typed for 16 microsatellites
(7 with dinucleotide repeat unit, 8 tetranucleotide, and one
pentanucleotide motifs, see Table 1). This panel comprises 8
families with a total of 129 individuals belonging to Beagle
and German Shepherd breeds distributed as 23 parents and
106 offspring, and allows testing 212 meiosis per locus [8].
For each marker included in the panel, PCR was performed in a total volume of 10 μl of the following mixture:
10 ng of genomic DNA, 6-10 pmol of each primer, 200 μM
of each dNTP, 1.5 mM MgCl2, 1x PCR Buffer [75 mM TrisHCl (pH 9.0), 50 mM KCl, 20 mM (NH4)2SO4, 0.001%
BSA] and 0.3 U of thermostable DNA polymerase (Biotools,
Madrid 28080, E). The cycling programme in a PTC-200TM
2010 Bentham Open
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Table 1.

Main Features of the Microsatellites Studied. Confidence Intervals (95%) of Estimated Mutation Rates are Shown in
Brackets

LOCUS

Repeat Motif

Number of
Alleles
Observed

Range (bp)

AHT002

(CA)n

5

132-150

DGN8

(GAAA)n

7

189-273

(GAAA)n

8

D-INRA2

(CT)n

7

137-213

FH2062

(GAAT)n

2

124-140

(GATT)n

3

(GAAAA)n

6

FH2140

(GAAA)n

8

128-166

FH2168

(GAAA)n

9

160-200

(GAAA)n

6

(CA)n

4

TAT

(GT)n

4

116-126

UCMCF12

(AAAT)n

4

135-151

(GT)n

6

(GT)n

3

(GT)n(CA)n

7

DGN13

FH2109

FH2119

FH2201

LEI008

UCMCF40

UCMCF71

UCMCF96
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275-349

172-180

167-327

150-260

150-162

107-121

142-156

225-243

Primer Sequence (5'3')

Mutation Rate

F: CCCAATACAGCAAGACCTCT

0

R: ACCTACTCTGCACAGAGAAG

(0,00000- 0,01725)

F: GTGGATTACCTATTTTTGTGCC

0

R: TATTCTGTATGTTGGTAAATTGAA

(0,00000- 0,01725)

F: GGAACCCTCAGCTTATTATGC

0

R: GATCTAAGGGCTCCAGAACACC

(0,00000- 0,01725)

F: GTCTGACTATTCCCAAGTAGC

0

R: CCTAGAAATGGCAGATAACAC

(0,00000- 0,01725)

F: GGCTTCTGGAGACAGGCAT

0

R: CAGAACGCTGTCTAGCCCTT

(0,00000- 0,01725)

F: CAATCCAGCAACCCTCATCT

0

R: CAGGGATTGAGTCCCACATC

(0,00000- 0,01725)

F: AGTTGTCAGCATTGTTTTCTCA

0

R: TTCAGTCTGGTATGCAATGTCC

(0,00000- 0,01725)

F: GGGGAAGCCATTTTTAAAGC

0.0047

R: TGACCCTCTGGCATCTAGGA

(0,00012 – 0,02600)

F: GCAAATTACT TACTTCACTA TGCC

0.0092

R: TTGCAAGACT TCAACATGGC

(0,00115– 0,03366)

F: ATCAACAATGCATGCCACAT

0.0236

R: GAGAACAAATAAATGCAAGCCC

(0,00770– 0,05418)

F: CGATCTCAACCTGAAGCATG

0

R: GGGTGTCTCATTCCGGTTGC

(0,00000- 0,01725)

F: GGCAATGAGGTAAGAGCAATGTGGTG

0

R: ACAAAATCACCTCCTAACCACTGTG

(0,00000- 0,01725)

F: ATCTGTAGTAAAGCTGAC

0

R: GGAGCTCTCTGCTCAGTATG

(0,00000- 0,01725)

F: CATTCCTTTTCATGTATAT

0

R: TTTACAACCTAAATGTCCTTG

(0,00000- 0,01725)

F: AAGAAGCTGCAGGAGCTACG

0

R: ACTCAAAAGCCATCTTGTCACA

(0,00000- 0,01725)

F: GAGCAGCAGCTTCAGACTAC

0

R: GGTCGACTCTAGAGGATCTGG

(0,00000- 0,01725)

Programmable Thermal Controller (MJ Research Inc., Watertown, USA) included initial denaturalization during 5 min
at 95 ºC, 30 cycles of denaturalization for 50 sec. at 95 ºC,
50 sec. of annealing at 50 ºC or 63 ºC, 50 sec of extension at
72 ºC, and final extension at 72 ºC for 5 min. Electrophoresis
was carried out in 7% polyacrylamide gels under denaturing
conditions, followed by silver staining or automated in the
capillary sequencer ABI-310 (Applied Biosystems, Foster
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City, CA, USA). Reading and allele calling was performed
by three different technicians.
RESULTS
After genotyping the individuals in the Reference Panel
for all the 16 markers, eight mutation events were observed
in a total of 3392 meiosis analysed, as shown in Table 2. The
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DISCUSSION

are usually described to show higher levels of polymorphism
than dinucleotides. However, for laboratorial works, markers
with alleles not representing an exact number of repeats,
with a bimodal allele distribution, silent alleles, high mutation rates or even with a high number of alleles (as considered in [31]) should be avoided, and therefore excluded from
panels for forensic purposes. The high mutation rates in particular canine tetranucleotide microsatellites found in this
work confirms the results found in previous literature [3, 8,
11]. Ranging from 1.1x10-2 to 3.9x10-3 in dogs [3, 8, 9], they
are one order of magnitude higher than those observed in
human [32, 33]. Higher mutation rates generate new alleles
more frequently. Consequently, if an intermediate value of
3x10-3 is considered, any single canine marker would generate on average almost 6 false results of parental incompatibility, and thus falsely excluding paternity, in every 1000
cases of paternity testing (the probability of having at least
one mutation transmitted in the two alleles of the offspring
equalling 1 - [1-3x10-3]2). The use of a panel of ten tetranucleotide microsatellites with the mutation rate stated above,
would lead to some 6 out of 100 cases recorded erroneously
as paternity exclusions for a single parent contrast, with a
doubled error rate when both parents are included. Therefore, checking every marker on a high number of meiosis is
advisable when designing a microsatellite panel to discard
those markers showing excessive mutation rate. When excluding FH2201 from the panel chosen in this study, the average mutation rate observed drops to 6.73x10-4, (on average
only 2 mutation events in around 3000 meiosis).

The canine species is genetically structured into multiple
breeds and lines. This reduces the number of polymorphisms
to be found within breeds for a given locus. Thus the need
for the evaluation and selection of markers panels showing
not only high polymorphism and power of discrimination,
but also a high stability is necessary in order to avoid a high
number of errors or non conclusive results in exclusion or
assignment analyses. When designing a marker panel, the
objective is to select from 8 to 12 of the microsatellites
evaluated, according to their laboratorial suitability, stability
and degree of polymorphism. Ideally, the chosen markers
should be combined in one multiplex reaction, one electrophoresis in an automatic sequencer, and should be highly
polymorphic in order to obtain a high power of discrimination among individuals. Tetra/pentanucleotide microsatellites

Some standard canine microsatellite panels are widely
used for genetic identification and genealogical compatibility
analysis, but they are mainly composed by tetranucleotide
markers, chosen according to their supposed high degree of
informativeness. For example, the International Society for
Animal Genetics (ISAG, www.isag.org.uk) proposed in 2002
the consecutive use of two panels of 12 and 11 microsatellite
markers (including 7 and 8 tetranucleotide markers respectively) combined into two multiplexes, the American Kennel
Club chose a panel including 17 microsatellites (16 tetranucleotides and 1 trinucleotide-type [34]), and the commercial
kit StockMarks® for Dogs Canine Genotyping Kit (Applied
Biosystems, Foster City, CA, USA) is composed by 10
tetranucleotide microsatellites. Considering the described
mutation rate of 3 to 4‰ for the ISAG 2002 microsatellite

mutation rates across the different markers used showed a
wide range of variation, with an average of 3.5 x 10-3 events
per meiosis. When considering the type of the repeat motif,
the rate changes from being practically undetectable on
dinucleotide microsatellites to 4.71x10-3 in tetranucleotide
markers. Mutations were observed in three tetranucleotide
microsatellites: one in FH2140, two in FH2168 and the remaining five, in FH2201, across three different families.
None of the rest of markers showed mutations. The gain or
loss of one repeat unit is the main cause of three of the four
mutational events while loss of two repeat units account for
the event in case 2. Mutational dynamics shows therefore a
global balance towards the loss of one repeat unit. In of case
8, the presence of a null allele is discarded by the height of
the peak shown in the electropherogram. Focusing on the sex
distribution of the origins of the mutations, in cases 1, 2, 3
and 8 it is possible to determine which of the parental alleles
has mutated: in three of them, a maternal allele is involved,
and only one has been transmitted by the male.
Microsatellite FH2201 shows the highest mutation rate,
peaking at a remarkably high value (2.35%), but from the
total alleles of this marker, only alleles 4 and 5 are involved.
In three cases, two similar events have been observed within
the same family (cases 3 – 8, 4 – 5 and 6 – 7). This may reflect different germinal lines present in the parents. None of
the rest of markers showed mutations and therefore these 13
markers should be selected.

Table 2.

Details of the Cases in which Mutational Events have been Observed. Mutated Parental Alleles are Indicated in Bold and
Italics

Case

1

2

3

4

5

6

7

8

Microsatellite

FH2140

FH2168

FH2168

FH2201

FH2201

FH2201

FH2201

FH2201

Family

1

2

6

4

4

5

5

6

Father´s genotype

3-3

3-6

5-8

5-5

5-5

4-4

4-4

2-4

Mother´s genotype

3-5

4-8

3-9

1-5

1-5

2-4

2-4

1-5

Son´s genotype

3-6

2-6

7-9

4-5

4-5

4-5

4-5

4-4

Balance

Gain

Loss

Loss

Loss

Loss

Gain

Gain

Loss

1 unit

2 unit

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit
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canine panel, the first battery has an inherent error rate of
4.2% - 5.6%, while the second ranges from 4.8% to 6.4%. So
roughly, when considering paternity exclusion with one incompatibility, more than 4 or 5 true paternities out of every
100 will be falsely rejected with the first set of markers, or at
least the analysis will be considered not conclusive. For the
[27] and [34] panels, with 17 tetranucleotide markers, inherent error rate is as high as 10.2-13.6 %, and the theoretical
error of the commercial panel is 6-8 %.
Dinucleotide microsatellites in human genetics have been
reported to have higher mutation rates (1.52x10-3) [34] than
tetranucleotides (0.93x10-3) [35], which, in addition to the
high stability and ease of laboratorial manipulation of the
latter [12] makes them be generally preferred for this analysis. The situation in dogs is reversed, with tetranucleotides
showing higher mutation rates. These high rates and the
presence of complex structures making their resolution difficult, turn the use of tetranucleotides in dogs into quite a
problematic issue. But still, they are the markers of choice,
following the trend in human genetics.
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In conclusion, we recommend that, prior to inclusion in a
canine panel test, tetranucleotide microsatellites stability
should be evaluated, since some seem to be surprisingly unstable for this type of repeat motif.
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