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Abstract

A mitochondrial DNA (mtDNA) study, based on 43 European populations (33 of them sampled in France) of Monochamus galloprovincialis,
vector of the pinewood nematode, and 14 populations of its sister species Monochamus sutor was realized. Sequencing of 792 bp of the
cytochrome oxidase I (COI) and 521 bp of the COII genes revealed numerous ambiguities on multiple nucleotide sites for half of
M. galloprovincialis specimens studied (44.8%). Hypotheses of heteroplasmy and pseudogenes (Numts) were examined. The mtDNA isolation by
alkaline lysis and cloning (for three successfully used individuals) both support the hypothesis that the ambiguous sequences amplified were not of
mtDNA nature and validate the presence of Numts in the nuclear genome of M. galloprovincialis. Multiple copies of mtDNA-like sequences were
found paralogous to COI, tRNA leucin and COII regions. Phenetic analysis placed different recently diverged mtDNA-like sequences as a close
relative of mtDNA sequences, and grouped 10 closely related mtDNA-like sequences as a more basal clade, closer to ancestral states and to
M. sutor. This result supports that this nuclear family of pseudogenes arose independently of the other events and may represent mitochondrial
haplotypes sampled from M. galloprovincialis ancestral populations. This is the first time that Numts are proved for a longhorned beetle, whereas
no Numts were found within its sister species M. sutor. The incorporation mechanism of Numits in unknown for M. galloprovincialis, however,
excess of ambiguous sites corresponding to synonymous mutations placed on third codon position as well as the absence of Numts in M. sutor,

conducted to the hypothesis of a recent transfer of these Numts in the nuclear genome of M. galloprovincialis.
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Introduction

Accurrate species delimitation is crucial in biodiversity
studies, especially for invasive species recognition and for
biological control (Godfrey 2002). Among molecular markers
used to test species boundaries, mitochondrial DNA
(mtDNA) genes became very popular, through projects such
as the global bioidentification mtDNA-based system, namely
the ‘DNA barcode project’ (Hebert et al. 2003). mtDNA has
numerous remarkable characteristics like (i) small size
followed by simple structure and organization; (ii) high copy
number that makes amplification easier; (iii) effective hap-
loidy in DNA sequences, uniparental inheritance (in most
cases maternal); (iv) absence of recombination, although
some cases of recombination have been found (Ladoukakis
and Zouros 2001; Hoarau et al. 2002; Rokas et al. 2003a)
and (v) important variability in evolution rates of its regions
providing the possibility to conduct studies on various
taxonomic levels (Avise et al. 1987; Moritz et al. 1987).
Nevertheless, it averred to be a controversial molecular
marker because it is also prone to incomplete lineage sorting,
retained ancestral polymorphisms and introgression which
could lead to species misidentifications (Funk and Omland
2003). Moreover, application of per cent DNA sequence
difference widely used for the identification of species could
overestimate sequence divergence because of heteroplasmy
and pseudogenes. Heteroplasmy is the existence of more than
one mtDNA type in a single individual and can be expressed
as length or single nucleotide polymorphism. The origins of
heteroplasmy can be recombination somatic mutations,
doubly uniparental inheritance, paternal leakage orand
hybridization. Many cases of heteroplasmy are reported in
insects, birds, fish, mussels and seaweeds, lizards and mam-
mals including humans (Solignac et al. 1983; Boyce et al.
1989; Kondo et al. 1990; Crochet and Desmarais 2000;
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Ladoukakis and Zouros 2001; Katsares et al. 2003; Kvist
et al. 2003; Sekiguchi et al. 2003; Coyer et al. 2004). Knowl-
edge about nuclear integrations of mtDNA fragments
(mtDNA pseudogenes or Numts, Lopez etal. 1994) is
particularly poor, especially when their origin and evolution-
ary patterns are considered. It is generally admitted that
Numts are non-functional mitochondrial gene copies trans-
ported into the nuclear genome under both genetic and
environmental influence (Bensasson et al. 2001b). As hetero-
plasmy, Numts amplified simultaneously with mtDNA during
polymerase chain reaction (PCR) procedures can bias results
of evolutionary studies since most of the time similarity
between these sequences makes their identification difficult or
even impossible. Numerous cases of Numts on fungi, plants
and metazoan have been listed by Bensasson et al. (2001b,
see also http://www.pseudogene.org, Karro et al. 2007).
Numts were most commonly found in plants than in animals
(Bensasson et al. 2001b; Richly and Leister 2004). In insects,
few studies have been reported, e.g. on Homoptera
(Sunnucks and Hales 1996), Hymenoptera (Rokas et al.
2003b) and most commonly on Orthoptera (Bensasson et al.
2000, 2001a; Keller et al. 2007). Recently, Coleoptera have
been added to the list (Pons and Vogler 2005; Mestrovic et al.
2006; Jordal 2007), but no Numts have been reported in
Cerambycidae beetles so far. When such mtDNA gene
duplications were considered, their origin, evolution, geo-
graphical dispersion and population or species dynamics were
rarely developed.

The genus Monochamus (Coleoptera: Cerambycidae) in-
cludes about 150 different species spread all around the world,
besides South America. Seven Monochamus species are
reported so far to be vectors of the Pine Wood Nematode
(PWN) Bursaphelenchus xylophilus (Steiner and Buhrer, 1934;
Nickle, 1970) (Nematoda: Aphelenchoididae), causative agent
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of the Pine Wilt Disease. Among them Monochamus gallopro-
vincialis (Olivier, 1795) has been recently proved as a vector in
Portugal (Sousa et al. 2001).

In the course of studying phylogeographic structure and
molecular systematics of two European sister species of
Monochamus (M. galloprovincialis and M. sutor Linnaeus,
1758) using mtDNA as genetic marker, high number of
ambiguous sites was encountered in M. galloprovincialis
sequences. To overcome the bias of the ambiguities interfer-
ence in the phylogenetic analyses their nature and origin are
precised in this paper. In addition, the rate and patterns of
Numt sequence evolution in this species as well as Numt
geographic distribution are discussed.

Materials and Methods

Specimens examined

One hundred and forty adults (71 males and 69 females) and eight
larvae of M. galloprovincialis were examined in this study. The
sampling was performed between May and October for three consec-
utive years, 2003-2005, using 150 cross van traps placed in 40 localities
in France. Three to four traps fitted with ethanol, a-pinene and a
mixture of Ips-enol and Ips-dienol were installed in each locality
(Koutroumpa, 2007). A total of 117 specimens were sampled in
France. In addition, 17 M. galloprovincialis captured in Greece, five in
Spain, five in Portugal, two in Morocco and two in Austria were added
to this study (Table SI). Trapped insects were frozen at —80°C or in
absolute ethanol until DNA extraction. The totality of the individuals
was sampled from 43 geographic populations [the majority (33)
originated from France, see also Table S1). For each population, one
to 11 individuals were examined and body parts and DNA were kept
as vouchers in the laboratory (Laboratoire de Biologie et des Grandes
Cultures, L.B.L.G.C.) in Orleans University in France. In addition, 49
specimens sampled from 14 populations of M. sutor species were
equally analyzed. Ten of the 14 populations were sampled in France,
two in Greece and two in Austria (Table S2).

PCR amplification and sequencing of mtDNA

Both Monochamus species’ DNA was extracted from one leg (two legs
when specimens were small) to permit subsequent morphological
observations and to avoid contamination from organisms like the
PWN which is found in the tracheas of Monochamus (Mamiya 1976).

Extraction and isolation of genomic DNA was performed with the
GenElute Mammalian Genomic DNA miniprep kit (Sigma-Aldrich, St
Quentin, France) with final elution to 100 pl. A part of the cytochrome
oxidase I (COI) and II (COII) genes was amplified by PCR using the
Sigma Red Taq package (Sigma-Aldrich, St Quentin, France). One
microlitre of DNA extraction, in 50 pl reaction volumes, was used as
template for 35 cycles of mtDNA amplification. The reaction was
performed in a gradient Peltier thermal cycle (PTC-200; Applied
Biosystems, Courtaboeuf, France) under the following conditions:
denaturation at 94°C for 1 min, annealing at 45°C for | min and
extension at 72°C for 1 min 30 s. The initial cycle employed a 3 min
denaturation at 95°C and the final cycle had an extension of 72°C for
5 min. PCR products were examined via agarose gel electrophoresis
and purified using GenElute PCR Clean-Up kit (Sigma-Aldrich).
Sequencing of purified PCR products was performed using BigDye
Terminator version 3.1 sequencing kit (Applied Biosystems, Courtab-
oeuf, France). All samples were sequenced, on both strands, over an
878-bp fragment of COI gene, with primers C1-J-2183a (5-CAA CAT
TTATTT TGA TTT TTT GG-3"; Simon et al. 1994) and TL2-N-3014
(5-TCC AAT GCA CTA ATC TGC CAT ATT A-3’; Simon et al.
1994), and equally over a 693-bp of COII with primers C2-J-3138a
(5-AGA GCC TCT CCT TTA ATA GAA CA-3"; Simon et al. 1994)
and TK-N-3782 (5-GAG ACC ATT ACT TGC TTT CAG TCA
TCT-3"; Bogdanowicz et al. 1993). Sequencing reactions were purified
using Sephadex G-50 (Amersham; Sigma-Aldrich) and detected with
an ABI 3100 automatic sequencer. For all individuals, fragments of

792 continuous nucleotides of COI and 521 of COII could be reliably
amplified. These fragments of COI and COII genes correspond to base
pair positions 441-1319 and 1397-2090, respectively, of the Drosophila
yakuba reference sequence (Simon et al. 1994).

Sequence electropherograms were examined and corrected using
Sequence Navigator 1.0.1 (Applied Biosystems) and were aligned with
CLUSTAL W version 1.4 (Thompson et al. 1994) as implemented in
BIOEDIT version 4.7.8. Sequences are available in GenBank under the
accession numbers EUS556542 to EU556700 (Table S3).

Determination of nuclear integrations (Numts)

A mixture of two bases was observed at several sequence positions
represented by two overlapped peaks on the electropherograms. This
phenomenon was confirmed on both strands and by numerous assays
of amplifying and sequencing the ambiguous sequences. DNA Strider
1.4f3 (software for DNA and protein sequences analysis) was used to
analyse the nucleotide sequences in order to clarify the changes of the
amino acids due to these mutations and their codon positions. Codon
position bias was tested with a chi-squared test. To investigate on the
origin of these double peaks, we performed an isolation of mtDNA by
using the Tamura and Aotsuka (1988) alkaline lysis protocol modified
by Sunnucks and Hales (1996). Ten individuals were used for this
analysis (two fresh larvae, one fresh adult and seven dead adults frozen
at —80°C) (for collection sites see Table S1). Fifty micrograms of tissue
were taken from each sample tested (three last larval abdominal
segments and five legs from adults). After the alkaline lysis, we
proceeded in a classic extraction with the Sigma kit, skipping the first
part of cell lysis. PCR and sequencing followed, with the mitochondrial
primers previously defined. In addition, we proceeded into a PCR with
nuclear primers to verify that there was no nuclear contamination.
Primers DIF (5-ACC CGC TGA ATT TAA GCA TAT-3"; Harry
et al. 1996) and D3R (5-TAG TTC ACC ATC TTT CGG GTC-3;
Lopez-Vaamonde et al. 2001) of the 28S gene were used for this
verification.

To check whether longer PCR fragment yielded to amplification of
both nuclear and mitochondrial DNA, a 1600 bp fragment corre-
sponding to a part of the COI, tRNA leucine and COII genes was
amplified and sequenced for eight individuals using a combination of
the two more external primers (C1-J-2183a and TK-N-3782). In
addition, three resulted amplified individuals were cloned using the
StrataClone™ PCR Cloning Kit (STRATAGENE; Zuidoost,
Amsterdam, The Netherlands). Clones were screened for inserts of
the expected size by PCR amplification with the universal primers M 13
and T7. Selected PCR products were purified and sequenced directly
for both strands as detailed previously. Clones to be sequenced were
taken in random. Clones’ sequences are available in GenBank under
the accession numbers EU599191 to EUS599210. A Neighbor-joining
tree based on Kimura 2-P was reconstructed with PAUP using 1486 bp
sequences (base pair positions 441-2090 of the D. yakuba reference
sequence, Simon et al. 1994) of the clones (mtDNA-like sequences),
the M. galloprovincialis sequences without ambiguities and M. sutor as
outgroup.

Results

Only mtDNA from fresh material could be unambiguously
separate from nuclear DNA using the alkaline lysis protocol.
For the three fresh individuals submitted to the alkaline lysis
for mtDNA isolation, amplification with nuclear primers failed
and double peaks totally disappeared when sequencing with
mtDNA primers, whereas double peaks persisted for the seven
remaining ethanol preserved or frozen individuals .

For the three individuals (GLor3, GLor6, GAud4 see
Table S1 for details) whose part of the COI, tRNA leucin and
COII genes were amplified, cloning resulted in multiple
mtDNA-like sequences, 7, 8 and 5 clones respectively. Pairwise
comparison of the mtDNA-like sequences showed two to 44
differences, when the complete data set (COI, tRNA leucin and
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COII) was considered. In the case of two clones of the individual
GLor6 (GCL2.4 and GCL2.3), we obtained clean reads which
exhibited a deletion of 13 nucleotides at the beginning of the
COII gene.

Among the 148 M. galloprovincialis individuals analysed for
the two separate genes, 146 and 136 were successfully amplified
and sequenced for a 792 bp fragment of the COI and a 521 bp
fragment of the COII genes respectively. The alignment of the
sequences obtained revealed no deletions or insertions but 19
polymorphic sites for the COI and 24 for the COIIl gene
(Tables S2 and S4). Ambiguities were found in 14 and 17 of
these polymorphic sites, for each gene respectively. Ambiguous
sites were observed in half of the M. galloprovincialis individ-
vals; 75 and 61 (51.4% and 44.8%) individuals showed
ambiguities for the COI and the COII respectively. Mean
ambiguous sites number found per individual was 1.72 (0.2%)
and 2.77 (0.5%) for the two genes respectively. No ambiguities
were observed in the M. sutor sequences obtained, whatever
the gene studied.

For substitution location and event as well as for ambi-
guity frequency on each position and transitiontransversion
rate see Table S4. Most of the polymorphic sites, i.e. 12
(63.2%) and 18 (75%) for the COI and the COII, respec-
tively, correspond to synonymous mutations. Even though
sequence analysis revealed that six (31.6%) of the ambiguous
positions for the COI fragment and six (25%) for the COII
were non-synonymous mutations, no codon stops were
formed for any of the ambiguous positions in the two
fragments when they were translated with the mitochondrial
genetic code. Synonymous to non-synonymous substitutions
bias was five times more important for ambiguous sequences
than for mitochondrial ones (10/1 for mtDNA and 20/10 for
ambiguous sequences) Transitions were more abundant than
transversions for both genes studied. mtDNA substitutions
were predominantly observed at third codon positions (90%),
less at second positions (10%) and never at the first ones.
Considering the ambiguous sequences, most of the substitu-
tions were also found at third positions (67.7%), sometimes
at first positions (19.4%) and rarely at second positions
(12.9%). When examining the codon position bias in ambig-
uous sequences, the deficit of second position and excess of
third positions led to a pattern significantly different from
M. galloprovincialis  mtDNA codon position pattern
(y* = 6.37, 2 d.f) at p = 0.05 but not significantly different
at p = 0.025. When random codon position bias (1 :1: 1)
was tested significantly different pattern was observed
(x* = 16.71, 2 d.f., p = 0.01).

Substitutions states of M. sutor sequences equivalent to each
of the polymorphic sites (ambiguous or not) found for
M. galloprovincialis were also added in Table S4, for compar-
ison and further discussion on the evolutionary events.

Five of the 43 substitutions (positions 632, 751, 1122, 1478
and 1537) were observed in both M. galloprovincialis and
M. sutor species. Consequently, as no Numts were found for
M. sutor, the ancestral mitochondrial origin is reinforced, these
changes may have occurred prior to the transposition.

Five other ambiguities (positions 1100, 1149, 1165, 1178 and
1179) were always observed at polymorphic sites in
M. galloprovincialis sequences but only one of the two possible
states was found in M. sutor sequences. So the former
hypothesis is invalid for these cases. These mutations could
be considered as real Numts’ mutations because, even though
no codon stops are formed, four out of five mutations changed
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the amino acid and three of these changes implemented
biochemical change as well. Moreover, they were found only in
one or two sequences and so they could be occasional Tag
polymerase misincorporation.

The 33 remaining substitutions (Table S4) appeared on
polymorphic sites, and for a large number of M. galloprovin-
cialis sequences they were characterized by double peaks,
contrary to M. sutor sequences that were monomorphic
(presenting only one of the two states proposed for
M. galloprovincialis). In this case, it is difficult to generate
hypotheses on the time of their apparition but we could say that
they seem to appear after the separation of the two species.

Fig. 1 presents the geographical distribution of individuals
with and without ambiguous sites observed in each gene
fragment, COI and COII, for each sampled population of
M. galloprovincialis. A great variability was observed within
populations of M. galloprovincialis. Distinct haplotypes
reached the number of 9 per population (in the average, 1.2
for the COI and 1.7 for the COII). It is shown that Numts have
a large and heterogeneous repartition. Interestingly, popula-
tions from which individuals did not exhibit Numts are located
in the south of the sampling area, beneath the latitude of
45°58’, with the exception of Austrian populations found at
maximum latitude of 47°53’. For each haplotype, in both COI
and COII genes, variable nucleotide positions were showed
(Table S4).

Fig. 2 presents a phenetic analysis of nuclear and mito-
chondrial DNA sequences. Eight different mtDNA-like
sequences were grouped together with M. galloprovincialis
mtDNA sequences, whereas a large group of more closely
related mtDNA-like sequences formed a separate clade. This
nuclear family of pseudogenes are basal to all M. galloprovin-
cialis mtDNA haplotypes and branche off after the split with
M. sutor.

Discussion

Our findings, especially after mtDNA isolation by alkaline
lysis, support the hypothesis that the multiple sequences
amplified for M. galloprovincialis individuals are not of
mtDNA nature. The fact that for fresh individuals only one
sequence was amplified after mtDNA isolation argues against
heteroplasmy and confirms the existence of mtDNA transpo-
sitions to the nucleus (i.e. Numts). Nevertheless heteroplasmy
cannot be definitively excluded because seven individuals
tested with this method maintained the double peaks in their
sequences, even if we could consider this fact as a contami-
nation. Using purified mtDNA has been recommended to
check that amplified sequence is not of nuclear origin,
especially for recent transfer events (Smith et al. 1992), but
despite the fact that more fresh individuals would better
support our findings, testing the totality of the individuals
sampled had to be abandoned due to inadequate conditions of
material conservation for alkaline lysis procedures. Bensasson
et al. (2000) and Ibarguchi et al. (2006) reported that mito-
chondria of specimens conserved in alcohol are not well
preserved and consequently chromosomal contamination is
possible during alkaline lysis. As also proved by our results
material preservation is indeed of great importance for the
success of the mtDNA isolation.

Other cause of double peaks on sequence electrophero-
grams, such as error produced during PCR and sequencing,
cannot be neglected. We are aware that no polymerase is
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Fig. 1. Sampling localities of Monochamus galloprovincialis and presentation of Numts geographic distribution according to their presence in the

COlI, COII or both genes. Population codes were given in Table S1

error-free, but technical artifacts cannot occur almost exclu-
sively on point mutation sites (hot spots, 57% COI and 100%
COII). Besides, artifacts cannot be responsible for all of the
observed ambiguities, because error produced by using the Taq
Red polymerase is insignificantly small (Frey and Frey 2004)
and we used the BigDye Terminator for sequencing which is
considered as one of the most performing. The results were
reproducible and similar outcomes occur in both strands
sequenced. For more information on the evaluation of PCR
and automated DNA sequencing components see Hancock
et al. (2005), Keohavong and Thilly (1989), Nollau and
Wagener (1997) and Brandstétter et al. (2005).

Unexpected was the extremely high number of M. gallopro-
vincialis individuals exhibiting Numts and the high number of
different mtDNA like clones within individuals. Interestingly,
no Numts have been found in the Cerambycidae so far. Only
three reports of Numts in Coleoptera were found in the
literature, one from Scolytinae beetles (Jordal 2007), one
sequence from Tribolium brevicornis (LeConte, 1859) (Mestro-
vic et al. 2006) and finally, Pons and Vogler (2005) revealed a
very high percentage of mitochondrial rRNA pseudogenes in
the tiger beetles (Coleoptera, Carabidae, Cicindelinae).
According to these authors, the lack of pseudogene descrip-
tions from Coleoptera is probably due to their paucity, rather
than to the scanty attention paid to them. Furthermore, it is
generally admitted that organisms with small genomes, like

Coleoptera (Pons and Vogler 2005) and chicken (Pereira and
Baker 2004), rarely harbour Numts or other pseudogenes
compared to organisms with large nuclear genomes, like
grasshoppers (Bensasson et al. 2000) and humans (Mourier
et al. 2001; Woischnik and Moraes 2002). But, Richly and
Leister (2004) showed that there is no correlation between
abundance of Numts and size or density of the genomes.
Anyhow, even if the whole genome sequence and size are not
yet known for M. galloprovincialis, its Numts pattern seems to
fit the one proposed for the Coleoptera mentioned above.
Monochamus galloprovincialis Numts have all the character-
istics of a very recent event. The majority of the ambiguous
sites correspond to synonymous, third codon position, muta-
tions for both mitochondrial fragments. No Numts were found
for M. sutor, the sister species of M. galloprovincialis, whereas
the genetic distance between the two species is very small
(3.7% at most, F. A. Koutroumpa, C. Lopez-Vaamonde,
D. Rougon, C. Bertheau, U. Tomiczek, F. Lieutier and
G. Roux-Morabito, in prep.), suggesting recent speciation.
Moreover, a recent phylogenetic study of the genus Monoch-
amus using the COI gene did not mentioned any paralogous
sequences of mtDNA, even in other closely related species
(Cesari et al. 2005) but only few specimens per species were
considered in this study. When closely related species were
studied for pseudogenes, heterogeneity in the per cent diver-
gence between Numts and current mtDNA sequences has
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already been noticed. For example, the NDS5 like Numts
diverged at 1.4% from mtDNA sequences in Schistocerca
gregaria, while the divergence reached 12.5% in Podisma
pedestris (Bensasson et al. 2000). Nevertheless, the high
number of Numts detected in M. galloprovincialis compared
to the absence of such sequences in M. sutor suggests
differences in the ability of different genomes to gain or lose
Numts (Bensasson et al. 2000).

Phenetic reconstruction shows that mtDNA-like sequences
observed in this species might not result from a unique
mitochondrial transposition in the nuclear genome in ancestral
populations, but from at least nine independent transfer
events, i.e. eight recently integrated in nucleus and one family
of pseudogenes which are closely related. This family formed a
more basal clade closer to ancestral states than to
M. galloprovincialis mtDNA sequences and closer to M. sutor
mtDNA sequence. This result supports that this family of

Msutor

— 0.0005 substitutions/site

nuclear pseudogenes is likely to have descended from a single
mitochondrial immigrant which has been amplified and
diverged as its transfer. Independent mitochondrial origins of
nuclear pseudogenes within insect species have already been
described. For example, it was established that there have been
at least 12 separate mtDNA integrations into the grasshopper
P. pedestris nuclear genomes (Bensasson et al. 2000). Likewise,
a family of almost identical Numts has been described into
Italopodisma spp., in addition to multiple horizontal transfer
events which could also explain Numts diversity within
individuals (Bensasson et al. 2000). Multiple independent
transposed sequences of mitochondrial sequences have also
been observed among species, such in Aphids of the genus
Sitobion (Sunnucks and Hales 1996) and in seven species of
diving ducks (Sorenson and Fleischer 1996). However, further
study is needed to explain better the events involved in transfer
of mitochondrion to nucleus in M. galloprovincialis.
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It is not well known which factors determine whether Numts
are common in a species (Bensasson et al. 2000). Likewise
Numts geographic distribution within a species and their
frequencies within populations have been rarely studied. Pons
and Vogler (2005) found that 59% of the Rivancindela
individuals studied presented Numts and 7 out of 65 popula-
tions had zero, one or two individuals without Numts. In our
sampling, also, 22 out of 43 populations had individuals
without Numts. Even though, we strongly believe the lack of
Numts from these individuals we could not exclude a PCR
failure due, for example, to Nwmts’ mutations on primers
annealing sites. When considering the geographic distribution
of M. galloprovincialis Numts in the southern area of this
species repartition, a wide geographic distribution was
observed (Fig. 1), whereas populations from the North of
France recorded no individuals without Numts. Even though,
our sampling is not representative of the whole distribution of
M. galloprovincialis, our results raise questions about the
apparition and evolutionary patterns of these transposed
sequences in this species. It has been shown that unfavourable
environmental factors and different origins of mitochondrial
stress could favour mtDNA escape into the cytoplasm
(Bensasson et al. 2001b; Woischnik and Moraes 2002). Mon-
ochamus galloprovincialis is considered to have a mediterra-
nean origin (Hellrigl 1971; Sama 2002) and unfavourable
environmental conditions (as lower temperature orand ab-
sence of the original hosts P. pinaster and P. halepensis in
northern regions) could be a pitfall for M. galloprovincialis
individuals. However, we cannot rule out the hypothesis that
factors such as distance isolation, founder effect or past
climatic oscillations with contrasted patterns of recolonization
may have affected the observed distribution of M. gallopro-
vincialis Numts. Larger sampling is clearly needed in order to
test these hypotheses.

Using mtDNA as a molecular marker in evolutionary
studies becomes problematic when Numts are involved,
especially for assessment of species boundaries (Pons and
Vogler 2005; Teletchea et al. 2005; Park et al. 2007), through
universal identification systems like the DNA-based barcod-
ing system, recently proposed by Hebert etal. (2003).
Usually, when ambiguous sites are detected, they are with-
drawn from analyses (Brandstitter et al. 2005; Mestrovic
et al. 2006). However, the study of Numts provides a
simultaneous view on the dynamics of mtDNA and nuclear
DNA evolution and interactions (Bensasson et al. 2000) and
consequently is of great evolutionary interest. Moreover,
Numts detection can vary within species, populations and,
quite often, tissues of the same individual should be
considered when dealing with them (Bensasson et al.
2001a,b, Ibarguchi et al. 2006; this study). A warning is
given about recently translocated genes which, due to less or
lack of divergence, are at highest risk of being amplified
together or instead of their mitochondrial counterparts and in
this case discrimination from them is very hard and some-
times impossible. So far, phylogenetic studies involving both
Numts and mtDNA sequences showed contrasted results, in
some cases placing the Numts sequences relative to their
mtDNA counterparts (e.g. in Sorenson and Fleischer 1996),
and in other cases grouping paralogous nuclear sequences
with more than one taxa (Aythya valisineria and A. ferina
nuclear sequence, Sorenson and Fleischer 1996; P. pedestris
Numts sequences distributed within Podisma family,
Bensasson et al. 2000).

This work highlights the importance for evolutionary
research of studying transposed mtDNA and the great risk
of ignoring them in phylogenetic and phylogeographic studies.
We further encourage scientists to treat pseudogenes as
important elements to every biological study rather than
obstacles that should be eliminated from analyses.
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Reésume

Incorporation de fragments mitochondriaux dans le génome nucléaire
(Numts) du longicorne Monochamus galloprovincialis (Coleoptera
Cerambycidae).

Une étude de TADNmt, basée sur 43 populations (33 échantillonnées
en France) de Monochamus galloprovincialis, vecteur du nématode du
pin Bursaphelenchus xylophilus, et 14 populations de I'espéce sceur
M. sutor a été réalisée. Le séquengage de 792 pb du gene COI et 521 pb
du COII a révélé que pres de la moitié des individus analysés (44,8%)
présentaient des ambiguités sur plusieurs sites nucléotidiques. Les
hypothéses de la présence d’hétéroplasmie ou de pseudogénes mito-
chondriaux (Numts) ont été examinées. La séparation de ’TADNmt par
lyse alcaline et le clonage (utilisés avec succes sur trois individus)
confortent tous les deux I'hypothése de I'origine non mitochondriale de
ces séquences ambigués et valident la présence de Numts dans le
génome nucléaire de M. galloprovincialis. De multiples copies simil-
aires a des séquences mitochondriales se sont révélées des paralogues
des génes COI, tRNA leucine et COIIL. Une analyse phénétique a placé
les paralogues qui ont divergé récemment preés des sequences
mitochondriaux et a groupé dix autres paralogues a un clade plus
basal et plus prés des statuts ancestraux et a M. sutor. Ce résultat
montre que cette famille de séquences nucléaires de pseudogeénes est
apparue indépendamment des autres événements et représente prob-
ablement des haplotypes mitochondriaux des populations ancestrales
de M. galloprovincialis. Cest la premiere fois que des Numts sont
démontrés chez un longicorne malgré leur absence chez M. sutor. Le
mécanisme de lincorporation de Numts est inconnu pour
M. galloprovincialis, cependant, I'excés de sites ambigus correspon-
dants a des mutations synonymes en troisiéme position du codon chez
M. galloprovincialis ainsi que 1'absence de Numts chez M. sutor,
conduisent a I’hypothése d’une apparition récente de Numts dans le
génome nucléaire de M. galloprovincialis.
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