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Abstract  

Although different parts of the mitochondrial control region (CR) have been described as 
forensically relevant, factors such as geographical location and breed may influence their 
forensic value. Analysis of multiple CR regions has been shown to increase the evidential value 
for certain populations, but due to large amplicon size, PCR success could be influenced when 
single shed hairs are used for analysis.  
A new strategy was developed to circumvent amplification of the repeat element RS2 without 
dramatically decreasing the number of potentially informative nucleotide positions sequenced 
bidirectional. 
DNA-extracts of 40 shed cat hairs were typed to compare the PCR success of this duplex 
strategy to the single amplicon approach. Amplicons were obtained from all tested hairs using 
the duplex strategy, compared to 60% using the single amplicon, illustrating the applicability of 
this strategy to case type samples. 
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1. Introduction 

The use of cat hairs in forensics has gained attention in the last years, most often in 
investigations where either suspect or victim lives in proximity to cats. Given that the hairs that 
are transferred during crimes are mainly shed hairs, hardly any nuclear DNA (nDNA) is 
available for typing. However, as mitochondrial DNA (mtDNA) is present in larger quantities 
than nDNA and less prone to degradation, mtDNA typing can still be feasible.  
The part of the feline mtDNA CR located between repeat elements RS2 and RS3 has been 
described as a forensically informative region [1–2]. In cats from The Netherlands however, 
this region was insufficient to distinguish between  70% of cats. Additional typing of the 50 
region of the CR prior to RS2, and of the 50 region between RS2 and RS3, reduced the size of 
the largest group by 20% and reduced the random match probability (RMP) from 0.41 to 0.29 
[3]. 
Amplification of these two regions in a single amplicon is only achieved by coamplifying the  
uninformative RS2, which results in large amplicon size. As hairs from crime scenes or items 
of evidence generally contain little and potentially degraded DNA, this large amplicon size may 
limit the number of hairs from which information is obtained. To circumvent amplification of 
RS2 and facilitate bidirectional sequencing of all potentially informative nucleotide positions 
(NP), a new amplification and sequencing strategy was designed and tested on single shed cat 
hairs. 

 
2. Material and methods 

Shed undercoat and guard hairs were collected from a household where no other indoor pets 
than cats resided. DNA was extracted using DNeasy Blood and Tissue kit (Qiagen GmbH, 
Germany) following the manufacturers’ guidelines with modifications: DTT was added during 

the proteinase K/ATL incubation phase and elution was performed in 25% AE following 5 
min  incubation at 70 °C. 
Amplification was performed in 12.5 ml reactions containing 1x Multiplex Master Mix 
(Qiagen), 2.5 pmol of each amplification primer (either FCB-Z [4] and JHmtR3 [1] or FCB-Z, 
F16483-M13R 5’-CAGGAAACAGCTATGACCGTCTTATGTATATGGGTGTATAATAC-
AACCTGGG-3’ , M13F-JHmtF [1] 5’-GTAAAACGACGGCCAGTGATAGTGCTTAATC-
GTGC-3’ and JHmtR3, see Fig. 1) and 2.5 ml DNA extract.  Thermocycling was performed 

on a MyCycler (BioRad laboratories) for 15 min at 95 °C, 35 cycles of 45 s at 94 °C, 90 s at 58 
°C, 60 s at 72 °C followed by a final extension of 10 min at 72 °C.  
PCR success was determined by gel-electrophoresis followed by ethidium bromide staining and 
UV detection. Positive and negative controls were used throughout. Sequencing was 
performed as described [3] using primers FCB-Z, M13R (AMBeR), M13F (AMBeR) or 
JHmtR3. Sequence analysis was performed using Chromas or Geneious 4.7.6. 
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Fig. 1. Domestic cat mtDNA nucleotide positions 16315-17009/0-270 as described [5]. Relative 
positions of amplification primers FCB-Z, R16483-M13R, M13F-JHmtF3 and JHmtR3, amplicons, 
sequencing primers FCB-Z, M13R (AMBeR), M13F (AMBeR) and JHmtR3 are shown.  

 

3. Results and discussion 

3.1. Duplex amplification of feline mtDNA CR 

Duplex amplification and sequencing of both fragments was performed with 10 previously 
typed DNA extracts from domestic cats [3]. The duplex amplification strategy with M13 tailed 
amplification primers and AMBeR M13 sequencing primers enabled bidirectional sequencing 
of potentially informative NP 16315-16483 and 16780-195 partly facilitated by the improved 
readability of electropherograms obtained with AMBeR primers.  
No differences were observed between the sequences obtained with the two strategies. Two 
previously described NP (16503 and 16501) variable in two Dutch haplotypes, cannot be 
determined using the duplex strategy due to the position of primer R16483. No suitable 
primers could be designed to incorporate these two positions in the amplicon. The absence of 
these potentially informative positions does not hamper the distinction between 38 of the 
previously described 39 haplotypes [3]. As only haplotype NL-A11, encountered in a single 
Norwegian forest cat became indistinguishable from the abundant haplotype NL-A1, the 
random bred RMP for The Netherlands is not altered by using the duplex amplification 
strategy. 
 
3.2. Amplification success 

Extracts from 20 undercoat and 20 guard hairs were used as template for the single (1.2–1.6 
kb) amplicon and the duplex (2x ~0.5 kb) amplification strategy. As shown in Fig. 2, 
significantly more hairs could be typed using the duplex strategy. This effect was more 
pronounced for undercoat than for guard hairs.  
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Fig. 2. Amplification success of single shed hairs. + enough PCR  
product for sequencing, +/- product visible but additional steps  
needed for sequencing,  no product visible.  

 
4. Conclusions 

Bidirectional sequencing of almost all previously described potentially informative positions in 
the regions between RS2 and RS3 and prior to RS2 was feasible using M13 tailed amplification 
primers and AMBeR M13 sequencing primers. The duplex strategy thus enables distinction of 
38 of the 39 Dutch feline haplotypes. When compared to typing of only the region between 
RS2 and RS3, the duplex strategy increases the evidential value of cat hairs in forensics. When 
compared to the single amplicon approach, the duplex amplification strategy increases the 
number of single shed hairs that are successfully typed, illustrating the value of this approach 
for case samples. 
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