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Abstract

Mitochondrial DNA (mtDNA) control region (CR) of numerous species is known to include up to five different repetitive
sequences (RS1-RS5) that are found at various locations, involving motifs of different length and extensive length
heteroplasmy. Two repetitive sequences (RS2 and RS3) on opposite sides of mtDNA central conserved region have been
described in domestic cat (Felis catus) and some other felid species. However, the presence of repetitive sequence RS3 has not
been detected in Eurasian lynx (Lynx lynx) yet. We analyzed mtDNA CR of 35 Eurasian lynx (L. lynx L.) samples to
characterize repetitive sequences and to compare them with those found in other felid species. We confirmed the presence of
80 base pairs (bp) repetitive sequence (RS2) at the 5’ end of the Eurasian lynx mtDNA CR L strand and for the first time we
described RS3 repetitive sequence at its 3/ end, consisting of an array of tandem repeats five to ten bp long. We found that felid
species share similar RS3 repetitive pattern and fundamental repeat motif TACAC.
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Introduction

Mitochondrial DNA (mtDNA) control region (CR)
is a non-coding, fastest evolving sequence of the
mitochondrial genome (Aquadro and Greenberg
1983; Brown et al. 1993). In mammals, it is usually
located between tRNAP™ and tRNA'™ and it
contains promoters for polycistronic RNA transcrip-
tion of genes on both light and heavy strands, as
well as the origin of DNA replication for the heavy
strand. CR is a standard marker in population genetic
studies of mammals (Nabholz et al. 2007; Galtier
et al. 2009; Gomercic et al. 2010).

The CR of most species has a central conserved
region (CCR) that is surrounded by more variable A/T
rich regions (Jae-Heup et al. 2001). Five different
repetitive sequences (RS1-RS5) have been described
within CR of numerous species (Buroker et al. 1990;

Hoelzel 1993; Hoelzel et al. 1994; Eberhard et al.
2001; Ferrando et al. 2004; Purdue et al. 2006; Wang
et al. 2007). Repeats have been found at various
locations, involving motifs of different length and
extensive length heteroplasmy (Hoelzel et al. 1994).
The feline CR spans about 1560 base pairs (bp),
from positions 16,315 to 17,009 and then from
positions 1 to 865 (Lopez et al. 1996). Characteristic
of domestic cat (Felis catus) mtDNA is the presence of
two repetitive sequences (RS2 and RS3) on opposite
sides of CCR (Lopez et al. 1996). These sequences
are also found to be characteristic for other carnivore
and especially felid species. The location of repetitive
sequences in domestic cats is highly conserved
compared to other mammalian CR repeats (Lopez
etal. 1996). RS2 islocated at the 5’ (left) end of the CR
L strand and consists of three 80—82 bp monomers.
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RS3, a 294 bp-long repeat is located on the L strand 3/
end and a core unit of six to eight bp is imperfectly
repeated 37 times (Lopez et al. 1996).

An 80-bp repetitive sequence (RS2) has been
identified in Eurasian lynx (Lynx lynx L..) CR (Hellborg
et al. 2002) and has been excluded from most of the
population genetic studies as its high slippage rate
often induces heteroplasmy (Hoelzel et al. 1994;
Hellborg et al. 2002; Gugolz et al. 2008; Sindicic et al.,
in press). The presence of second (RS3) repetitive
sequence, found in other felid species, has not been
confirmed in Eurasian lynx yet. The goal of this paper
was to characterize mtDNA CR repetitive sequence in
Eurasian lynx. Additionally, we compared Eurasian
lynx RS3 repetetive sequence to those found in other
felid species. RS3 is unusual compared to other CR
repetitive sequences; they differ in size, character,
sequence of the repeated motif, and in the extent of
variation and heteroplasmy (Hoelzel et al. 1994).

Materials and methods

We have analyzed 29 Eurasian lynx (L. Iynx L.)
samples representing a Dinaric population and
six samples from Carpathian population (Slovakia).
Samples were collected in the 1997-2009 period.
Muscle samples (29) were taken during necropsies
of animals killed by traffic, poaching, or disease, while
six blood samples came from animals live-captured
for radio tracking studies.

DNA was extracted using ChargeSwitch® gDNA
Tissue Kit (Invitrogen, Life Technologies Corpor-
ation, Carlsbad, California, USA) and two non-
overlapping fragments of CR were amplified by
polymerase chain reaction (PCR). A 675-bp fragment
comprising RS2 was amplified with primers 1.15997
(5'-CACCATTAGCACCCAAAGCT-3') (Ward et al.
1991) and H16498 (5'-CCTGAAGTAAGAACCA-
GATG-3") (Meyer et al. 1990), while primers F20-F
(5'-ACTGTGGTGTCATGCATTTGG-3) and
F20-R (5'-GACTCATCTAGGCATTTTCAG-3')
(Wu et al. 2007) were used to amplify an 838-
bp fragment, which comprises RS3. The total reaction
volume for the PCR was 55 pl, containing 10 ul of
template DNA, 40pl Platinum® PCR SuperMix
(Invitrogen) (consisting of 7ag DNA polymerase with
Platinum® 7Tag antibody, 22 mM Tris—HCL (pH 8.4),
55mM KCl, 1.65mM MgCl,, and 220 pM dNTP
mix), and 0.2 wM of each primer. The reaction was
carried out on a Veriti 96 Well Thermal Cycler
(Applied Biosystems, Life Technologies Corporation,
Carlsbad, California, USA) using the following
cycling parameters: 2 min at 92°C, then 35 cycles of
30sat 94°C, 30 s at 48°C for 675-bp fragment or 53°C
for 838-bp fragment, and 120s at 72°C, with a final
extension for 10 min at 72°C. After purification with
Wizard® SV Gel and a PCR Clean-Up System kit
(Promega, Madison, Wisconsin, USA), both ampli-

fied fragments of the CR were sequenced in both
directions with an ABI3730x1 DNA Analyzer
(Applied Biosystems). A 675 bp-long fragments were
obtained from 35 samples, while 838 bp-long
fragments were obtained from eight samples.

Sequence alignment was performed using Clustal W
(Thompson et al. 1994) implemented in BioEdit
software (Hall 1999) and alignments were manually
proofed. Lynx CR sequences were aligned with
the reference sequence of domestic cat (F catus)
complete mitochondrial genome (Lopez et al. 1996).
An analyzed 675 bp-long fragment corresponds to
positions 16,284—16,958; while 838 bp-long fragment
corresponds to positions 76—-891 of the complete
domestic cat mitochondrion (Lopez et al. 1996).

Sequences were deposited in the GenBank
under accession numbers JNO084446, JN084447,
JN0844478, IN084449, IN084450, and JN084451.

For RS3 repetitive sequence investigation,
Eurasian lynx RS3 sequences from this study were
manually compared with felid mtDNA sequences
available in the GenBank. Analysis included two
domestic cat (F catus) sequences, two clouded leopard
(Neofelis nebulosa), one snow leopard (Panthera uncia),
two leopard (Panthera pardus), six tiger (Panthera
tigris), two bobcat (Lynx rufus), and one cheetah
(Acinonyx jubatus) RS3 sequence.

Results

Within the analyzed Eurasian lynx CR, we identified
two repetitive sequences, which we labeled as RS2
and RS3 based on their locations and sequence
characteristics following Hoelzel et al. (1994).

In Eurasian lynx, RS2 begins at position 16,532
(corresponding to complete domestic cat mitochon-
drion, as described by Lopez et al. 1996) and consists
of 80 bp-long monomers repeated a variable number
of times. We did not identify any polymorphic sites
among RS2 monomers. In the 26 samples (74.3%),
monomers were present 3.5 times, three full copies
followed by 46 bp from the fourth copy, as identified
by Hellborg et al. (2002). Eight samples (22.9%)
had two 80-bp copies and 46 bp from the third copy —
repetitive sequence was present 2.5 times. As PCR
products were sequenced in both directions, one
sample (2.8%) had 2.5 copies present in forward
sequence and 3.5 RS2 copies in the reverse sequence.

RS3 repetitive sequence in Eurasian lynx starts at
position 269 (corresponding to complete domestic cat
mitochondrion, as described by Lopez et al. 1996) and
is 305—-327 bp long. We identified the fundamental
repeat motif TACAC and four additional motifs
consisting of the fundamental motif followed by one of
the suffixes: -G, —-GTA —-ACGTA, or —ACACG,
making TACACG, TACACGTA, TACACACGTA,
and TACACACACG repeat motifs. The most
frequent motif TACACG is repeated 31-33 times.
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Table I. Encoded repetitive array sequence RS3 found in Eurasian lynx.

GenBank accession number Encoded RS3 sequence

Repetitive sequence length No of sequences (%)

JN084448 (X5Y)s XoZa X7Z6 Q
TN084449 X5Y)6 X772 X776 Q
TN084450 (X5Y)s XgZs X7Z6 Q
TN084451 XK3Y)s XaW X7 Z, X7Z6 Q

305 6 (66.67)
321 1(11.11)
327 1(11.11)
319 1(11.11)

Notes: X = TACACG; Y = TACACACGTA; Z = TACACGTA; W = TACACACACG; Q = TACAC.

Furthermore, we identified four different patterns of
RS3 repeat motifs (Table I). One sample (12.5%)
expressed length variation when sequenced in both
directions. One sequence was 305 bp long and other
319 bp long.

We compared Eurasian lynx RS3 sequences from
this study with mtDNA sequences of five felid species
for which RS3 presence was previously confirmed —
domestic cat (F catus), clouded leopard (N. nebulosa),
snow leopard (P uncia), leopard (P pardus), and tiger
(R tigris). We also identified RS3 repetitive sequence
among cheetah (A. jubarus) and bobcat (L. rufus)
sequences, for which RS3 has not been previously
described. When aligned with complete domestic cat
mitochondrion (Lopez et al. 1996) RS3 repetitive
sequences in all analyzed species start at position 269
(corresponding to complete domestic cat mitochon-
drion, as described by Lopez et al. 1996) and have
various lengths (Figure 1). The shortest repeat
sequence is 179 bp long in snow leopard (P uncia),
while leopard (P pardus) has the longest RS3 sequence
(395 bp). Fundamental repeat motif shared among
all analyzed species is TACAC. In tiger (P rgris),
leopard (R pardus), clouded leopard (N. nebulosa),
and bobcat (L. rufus) the slightly changed motif
—-TACGC appears in addition to TACAC. We
identified a total of 10 longer motifs, consisting of
fundamental repeats TACAC or TACGC with 10
different suffix patterns — G, —-GCG, —GCA, —GTA,
—ACG, —-ACGTA, -ACGTG, -ACACG, -ACGC-
ACACG, and ~ACACACACGCGCACACACGGA-
CTCG (Figure 1, Table II). Several repeat motifs are
species specific. Two longest motifs (TACACACAC-
ACACGCGCACACACGGACTCG and TACACA-
CGCACACG) were found only in clouded leopard
(N. nebulosa). One motif (TACACACGTG) is specific
for the domestic cat (F catus), while motif TACAC-
ACACG was found in only one Eurasian lynx (L. lynx)
sequence. Motif TACACGCA was found only in
snow leopard (P wuncia). Most frequent motifs are
TACACACG and TACACG (Table II).

Discussion and conclusions

Felid CR has been divided into three segments — left
domain (containing RS2), CCR, and right domain
(containing RS3) (Jae-Heup et al. 2001). The
presence of both repetitive sequences in CR of a
particular species is rare (Jae-Heup et al. 2001) and

among felids until now it has been confirmed in
domestic cat (Lopez et al. 1996), five species from
Panthera genus (Jae-Heup et al. 2001) and Eurasian
lynx (this study). Ketmaier and Bernardini (2005)
compared CR repetitive sequences among nine
carnivore taxa and besides tiger, spotted hyena
(Crocuta crocuta) was the only species with both RS2
and RS3.

Among felids, RS2 has been identified in domestic
cat (E catus) (Lopez et al. 1996), ocelot (Leopardus
pardalis) and margay (Leopardus wiedir) (Eizirik et al.
1998), Panthera genus (Jae-Heup et al. 2001), African
cheetahs (A. jubatus) (Freeman et al. 2001), wildcat
(Felis silvestris) (Hertwig et al. 2009), snow leopard
(R uncia) (Wei et al. 2009), and Eurasian lynx
(Hellborg et al. 2002; this study). In those species,
RS2 had an 80-bp motif, with variable number of
repeats (1-4) among species and clones. Phylogenetic
relationship and comparison of RS2 repetitive
sequence among felids have been presented by
Jae-Heup et al. 2001. Contrary to other felid species,
Eurasian lynx RS2 sequence analyzed in this study
has no polymorphic sites. This might be a character-
istic of reintroduced and inbred Dinaric population,
as polymorphic sites were also not found in rest of
the CR (Sindici¢ et al., in press). Alternatively, this
could be a species level phenomenon. Only seven
mtDNA CR haplotypes of Eurasian lynx were
described until now and low CR variability seems to
be characteristic to all lynxes in Europe, resulting
from their survival in single glacial refugium (Hellborg
et al. 2002; Gugolz et al. 2008).

RS3 was located in domestic cat (¥ catus) (Lopez
et al. 1996), Panthera genus (Jae-Heup et al. 2001),
clouded leopard (N. nebulosa) (Wu et al. 2007), snow
leopard (P wuncia) (Wei et al. 2009), cheetah
(A. jubatus), bobcat (L. rufus), and Eurasian lynx
(this study). We found that all analyzed felid species
share the similar repetitive pattern and that funda-
mental repeat TACAC is characteristic for felids.
Similarly, Jae-Heup et al. (2001) propose TACACG
as common structural motif among great cats, while
ACGT was identified as basic motif in carnivore
RS3 (Hoelzel et al. 1994; Ketmaier and Bernardini
2005; Pérez-Haro et al. 2005). Duplication, deletion,
and substitution of the CA element generate CG
and TA, basic nucleotide pairs that combine to
form RS3 fundamental repeats (Hoelzel et al.
1994; Jae-Heup et al. 2001). RS3 sequence variations
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FCU20753 F.catus CACACGTGTACACG TACACACG TACACACG TACACACG TACACACG TACACACG TACACACG TACACACGTACACACGTACACACGTACACACG TACACACG
NC_001700 F.catus CACACGTGTACACG TACACACG TACACACG TACACACG TACACACG TACACACG TACACACG TACACACGTACACACGTACACACGTACACACG TACACACG
NC_014770 P.tigris TACACG TACACACGTACACACG TACACACG TACACACGTATACACGTA c TACACG TACACACGTACACACGTACACACGTACACACGTATACACGTA
HM589215 P.tigris TACACG TACACACGTACACACG TACACACG TACACACGTATACACGTA TACACG TACACACGTACACACGTACACACGTACACACGTATACACGTA
EF551003 P.tigris TACACGTATACACGTATACACG TACACACG TACACACG TACACACG TACACACG TACACACGTATACACGTATACACGTATACACGTATACACGTA TACACGTA
HM589214 P.tigris TACACGT CACGTAS TACACACG TACACACG TACACACG TACACACG TACACACGTACACACGTACACACGTACACACG TACACACG
AF053055 P.tigris TACACGTATACACG TACACACG TACACACG TACACACG TACACACGTATACACGTA TACACGTA TACACGTATACACGTATACACGTATACACGTA TACACGTA
DQ151550 PB.tigris TACACGTATACACG TACACACG TACACACG TACACACG TACACACG TACACACGTATACACGTA TACACG TACACACGTACACACGTACACACGTATACACGTA
NC_010641 P.pardus TACACGCGTACACG TACACACG TACACACG TACACACG TACACACG TACACG TACACACGTACACACGTACACACGTACACACG TACACACG
EF551002 PB.pardus TACACGCGTACACG TACACACG TACACACG TACACACG TACACACG TACACG TACACACGTACACACGTACACACGTACACACG TACACACG
DQ257669 N.nebulosa TACACACGTACACG TACACACG TACACACG TACACG z TACACG TACACACG
NC_008450 N.nebulosa TACACACGTACACG TACACACG TACACACG TACACG TACACACG TACACG TACACACG
EF551004 P.uncia TACACG TACACGTATACACGTA TACACGCA TACACG TACACACG TACACGTA TACACG TACACG
AF344830 A.jubatus TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG
GQ979707 L.rufus TACACG TACACACGTACACACG TACACG TACACACG TACACG TACACACG TACACG TACACACGTACACG TACACACGTACACG TACACACG
NC_014456 L.rufus TACACG TACACACGTACACACG TACACG TACACACG TACACG TACACACG TACACG TACACACGTACACG TACACACGTACACG TACACACG
JN0B84448 L.lynx TACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG
JN084449 L.lynx TACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG
JN084450 L.lynx TACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG
JN084451 L.lynx TACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG
170 180 190 200 210 220 230 240 250
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TACACACGTGTACACG TACACAC GTGTACACG TACACACG TACACACGTACACACGTGTACACG
TACACACGTGTACACG TACACACGTACACACGTGTACACG TACACACG TACACACGTACACACGTGTACACG
TACACACG TACACACGTATACACG TACACACG TACACACG TACACACG TACACACGTACACACG TACACACGTA
TACACACG TACACACGTATACACG TACACACG TACACACG TACACACG TACACACGTACACACG TACACACGTA
ACACGT. ! TACACACG TACACACG TACACACGTACACACGTATACACGTA TACACGTA TACACGTATACACGTA [EREBEG
TACACACGTACACACGTATACACGTA TACACGTATACACG TACACACG TACACG TACACACGTACACACG TACACACG
TACACG TACACACG TACACACG TACACACGTACACACGTATACACGTA TACACGTA TACACGTATACACGTA TACACG TACACACGTACACACG TACACACG
TACACGTATACACGTA TACACGTA TACACGTATACACGTA TACACGTA TACACG TACACACGTACACACG TACACACGTA TACACGTATACGCGTACACG TACACACG TACACACG
TACACACGTACACACG TACACACG TACACG TACACACG TACACACGTACACACG TACACACG TACACG TACACACG TACACACG
TACACACGTACACACG TACACACG TACACG TACACACG TACACACGTACACACG TACACACG TACACG TACACACG TACACACG
TACACG TACACACG TACACG TACACACG TACACG TACACG TACACG TACACACG TACACACGTACACG TACACG
TACACG TACACACG TACACG TACACACG TACACG TACACACGTACGCGTACACACG TACACG TACACG TACACACGTA
TACACGTATACACG TACACACG TACACACG TACACACG TACACACGTACACACG TACACGTA TACACGTA TACAC
TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG
TACACG TACACACG TACACACG TACACG TACACACG TACACACGTACACGTA TACACG TACACACGTACACACG TACACGTA
TACACG TACACACG TACACACG TACACG TACACACG TACACACGTACACGTA TACACG TACACACGTACACACG TACACGTA
TACACG TACACG TACACACGTATACACG TACACG "GTATACACG TACACG TACACG TACACG TACACG TACACG
TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACACG TACACG TACACG TACACG
TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTA TACACG TACACG TACACG
TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTATACACG TACACG TACACG TACACACGTA TACACG TACACG TACACG
260 280 290 300 310 320 340 350 360 370 390
slsaied s slersslsvms] v sdleera iesels onnlavanlem Laps L aosa s Liswel annplsas el sl sasslaamisislaas [evonls sl
TACACACGTACACACGTACACACGTACACACGTACACACGTGTACACG TACACACG [TACACACGTACACACGTACACACGTATACAC
TACACACGTACACACGTACACACGTACACACGTACACACGTGTACACG TACACACG TACACACGTACACACGTACACACGTATACACGCGAACG
TACACGT TACACG TACACACGTACACACG TACACACGTACACACG TACACACGTACACACGTACACACG TACACACGTACACACG TACAGACGTACACACG TACGACACG
TACACGT, TACACG TACACACGTACACACG TACACACGTACACACG TACACACGTACACACGTACACACG TACACACGTACACACG TACACACGTACACACG TACACACG
TACACG TACACACGTACACACGTACACACGTACACACG TACACACGTACACACG TACACACGTACACACGTACACACG TACACACGTACACACG TACACACGTACACACG TACACACGTA
TACACACGTACACACGTACACACGTACACACGTACACACG CGTACACACGT TACAC CACGTA TACACGTATACACGTA TACACGTATACACGTA TACAC
TACACACGTACACACGTACACACGTACACACGTACACACG TACACACGTACACACG [TACACACGTACACACGTACACACG TACACACGTACACACGTATACACGTATACACGTA TACACGTA
TACACACGTACACACGTACACACGTACACACGTACACACG TACACACGTACACACG TACACACGTACACACGTACACACG TACACACGTACACACG TACACACGTACACACGTATACACGTA
TACACACGTACACACGTACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACACG TACACACGTACACACG TACACACGTACACACG TACACACG
TACACACGTACACACGTACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACACG TACACACGTACACACG TACACACGTACACACG TACACACG
TACACACH TACACACGTACACG TACACG TACACG TACACACG TACACG TACACG TACACG TACACACGTACACACG TACACACACACACGCGCACACACGGACT
CGCG TACACACGTACACG TACACG TACACG TACACACGTACACG TACACG TACACG TACACACG TACACACGTACACACACACACGCGCACACACGGACTCGTACACACG
TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACG
TACACG TACACACGTACACACGTACACACG TACACACGTACACACG TACACACGTACACACGTACACACG TACACACGTACACGTA TACACGTATACACGTA TACACGTA
TACACG TACACACGTACACACGTACACACG TACACACGTACACACG TACACACGTACACACGTACACACG TACACACGTACACGTA TACACGTATACACGTA TACACGTA
TACACG TACACG TACACGTATACACGTATACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACGTA TACACGTATACACGTA TACACGTA
TACACG TACACG TACACG TACACG TACACGTA TACACGTATACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACGTA TACACGTA
TACACG TACACG TACACG TACACG TACACG TACACGTATACACGTA TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACGTA
TACACG TACACG TACACG TACACG TACACG TACACG TA TACACG TACACG TACACG TACACG TACACG TACACG
400 410 420 430 440 450 460
PSRV R s s SO W [0 [N | (S | — |
FCU20753 F.catus
NC_001700 F.catus
NC_014770 P.tigris TACACACGTATACACGTATACACGTA TACACGTATACACGTATACAC
HM589215 P.tigris TACACACGTATACACGTATACACGTA TACACGTATACACGTATACAC
EF551003 PB.tigris TACACGTA TACACGTATACACGTA TACAC
HM589214 P.tigris
AF053055 P.tigris TACACGTA TACAC
DQ151550 P.tigris TACACGTA TACACGTATACAC
NC_010641 P.pardus TACACACG TACACACGTACACACGTATACACGTATACACGTATACACGTATACACGTATACACGTA TACACGTATACACG TACAC
EF551002 P.pardus TACACACG TACACACGTACACACGTATACACGTATACACGTATACACGTATACACGTATACACGTA TACACGTATACACG TACAC

DQ257669 N.nebulosa cG TACACACGTACACACGCACACG
NC_008450 N.nebulosa TACACACGCACACGTACACACGTACAC
EF551004 P.uncia

TACACACGTACAC

AF344830 A.jubatus TACACG TACACG TACACG TACACG TACACG TACACG TACACG TACACACGT. CGTATACAC
GQ979707 L.rufus TACACGTA TACAC

NC_014456 L.rufus TACACGTA TACAC

JN084448 L.lynx TACACGTA TACACGTATACAC

JN084449 L.lynx TACACGTA TACACGTATACACGTA TACACGTATACAC

JNO84450 L.lynx TACACGTA TACACGTATACACGTA TACACGTATACACGTATACAC

JN084451 L.lynx TACACGTA TACACGTATACACGTA TACACGTATACACGTATACACGTATACAC

Figure 1.
(TACGC).

are not informative for phylogenetic analysis
(Jae-Heup et al. 2001; Ketmaier and Bernardini 2005).

The study of repetitive sequences is important
as it may provide insight into genome function and
evolution of nuclear and mitochondrial genomes (Ray
and Densmore 2003). The diverse functional roles

Aligned RS3 sequences of analyzed felid species. Fundamental repeat motif is marked light grey (TACAC) and dark grey

of the CR have likely led to contrasting patterns
of selective pressures among its different segments and
as repetitive sequences may have important func-
tional roles, number of repeats is possibly under
both positive and negative selective pressures
(Jae-Heup et al. 2001). Some reports have indicated
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that repetitive segments act to regulate function in the
course of replication and transcription of mtDNA
(Delarbre et al. 2001; Delport et al. 2002); however,
some authors find that repetitive segments have no
important biological function and are just trifle
sequences (Casane et al. 1997; Wu et al. 2007). All
five repetitive sequences (RS1-RS5) are situated in
regions where the H-strand replication is regulated
(Savolainen et al. 2000). Repeat units have a high
degree of internal complementarity and the capability
to fold into complex secondary structures (Buroker
et al. 1990; Wilkinson and Chapman 1991; Stewart
and Baker 1994; Petri and Von Haeseler 1996; Lopez
et al. 1996; Savolainen et al. 2000; Freeman et al.
2001). It was hypothesized that secondary structures
may be associated with replication control sites
(Brown et al. 1986; Hoelzel et al. 1991; Sbisa et al.
1997) and different nuclear-coded proteins have been
identified that bind to repetitive elements in the
mtDNA D-loop (Madsen et al. 1993; Kumar et al.
1995; Wilkinson et al. 1997). These proteins may
cause DNA polymerase to stall, causing instability
and increasing the likelihood of reiterative strand
slippage (Weitzmann et al. 1997). The RS2 cloverleaf
structures become more energetically stable as more
repeat units are added and may be further stabilized
by a protein interaction (Hoelzel et al. 1991;
Fumagalli et al. 1996; Lopez et al. 1996; Sbisa et al.
1997). The carnivore RS3 can form stable stem
structures, which can stabilize loops and help account
for the slippage of the long motifs (Hoelzel et al.
1994). Another function of repetitive elements could
be compensation for deleterious mutations as they
may provide a redundant signal if a mutation in one
repeat alerts the binding ability of a regulatory protein
(Wilkinson et al. 1997).

Further investigation on RS3 sequence pattern
should provide better insight into evolutionary pro-
cesses that shape their structure and possible function.
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