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Abstract
SINEs (Short INterspersed Elements) are a class of non-autonomous mobile elements that are <500 bp in length and have no
open reading frames. Individual SINE elements are essentially homoplasy free with known ancestral states, making them useful
genetic systems for phylogenetic studies. Alu elements are the most successful SINE in primate genomes and have been utilized for
resolving primate phylogenetic relationships and human population genetics. However, no Alu based phylogenetic analysis has yet
been performed to resolve relationships among Old World monkeys. Using both a computational approach and polymerase chain
reaction display methodology, we identiWed 285 new Alu insertions from sixteen Old World monkey taxa that were informative at
various levels of catarrhine phylogeny. We have utilized these elements along with 12 previously reported loci to construct a phylogenetic tree of the selected taxa. Relationships among all major clades are in general agreement with other molecular and morphological data sets but have stronger statistical support.
 2005 Elsevier Inc. All rights reserved.
Keywords: Cercopithecidae; Primates; Phylogeny; Alu; SINE

1. Introduction
Old World monkeys (family Cercopithecidae) represent one of the largest and most diverse primate families.
Together with family Hominidae (humans and apes),
they form the infraorder Catarrhini. Extant Old World
monkeys can be divided into two ecologically and morphologically distinct subfamilies: Cercopithecinae
(cheek-pouched monkeys) and Colobinae (leaf-eating
monkeys) (Delson, 1992; Disotell, 2003; Groves, 1993,
2001). Cercopithecidae encompasses at least 21 genera,
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minimally 11 in subfamily Cercopithecinae and ten in
Colobinae (Groves, 2001; Disotell, 2003). Subfamily
Cercopithecinae includes Erythrocebus, Chlorocebus,
Cercopithecus, Miopithecus, Allenopithecus, Cercocebus,
Lophocebus, Macaca, Papio, Mandrillus, and Theropithecus. With the exception of genus Macaca and some small
populations of Arabian baboons, the genera have solely
African distributions. The subfamily Colobinae is subdivided into two clades: the African genera Colobus, Procolobus and Piliocolobus, and the Asian genera Nasalis,
Rhinopithecus, Presbytis, Pygathrix, Semnopithecus,
Trachypithecus, and Simias. The existence of other genera such as, Allochrocebus and Presbyticus are under
debate (Groves, 2001). In addition to the classiWcation
system described above, Goodman et al. (1998) proposed
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an alternative taxonomic classiWcation based on the ages
of the clades. In this system, all the extent members of
family Cercopithecidae have been placed in the single
subfamily Cercopithecinae which subdivided into tribe
Cercopithecini and Colobini, corresponding to subfamilies Cercopithecinae and Colobinae mentioned previously (Groves, 2001). For clarity and consistency we
have chosen to follow the nomenclature of Groves
(2001).
Several molecular phylogenetic studies of Cercopithecidae have been conducted previously (Disotell,
1994; Harris and Disotell, 1998; Messier and Stewart,
1997; Page et al., 1999; Page and Goodman, 2001; Tosi
et al., 2004). For subfamily Cercopithecinae, the tribe
and subtribe level relationships inferred from the
molecular based studies (Page et al., 1999; Page and
Goodman, 2001) are congruent with classiWcations
based on morphological data (Delson, 1992; Goodman
et al., 1998). However, considerable disagreement still
exists for some relationships at the genus level. For
example, for the tribe Papionini, the morphology-based
classiWcation (Delson, 1992) is discordant with molecular evidence (Harris and Disotell, 1998; Page et al.,
1999). Molecular data also suggest relationships
among Cercopithecini that have not been proposed in
morphology-based phylogenetic hypotheses (Tosi
et al., 2004).
Unlike the cercopithecids, only a few DNA sequence
based studies have been performed concerning the
branching order of the Colobinae (Messier and Stewart, 1997; Zhang and Ryder, 1998), primarily due to the
diYculty of obtaining DNA samples from these rare
and endangered species. Genus level relationships of
colobines are still in Xux due to discordant evidence.
For example, the branching order of Colobinae
inferred from morphological and fossil studies are
diVerent from that derived from karyotype studies,
especially for the relationships among the Asian colobines (Bigoni et al., 2003, 2004; Jablonski and Peng,
1993). An independent set of molecular markers may
help to resolve the phylogeny for both groups of
catarrhine primates.
SINE (Short INterspersed Element) insertions are
genetic markers that have proven useful at several levels
of phylogenetic analysis (Nikaido et al., 2001; Ray et al.,
2005; Roos et al., 2004; Salem et al., 2003b; Takasaki
et al., 1997; Zietkiewicz et al., 1999). SINEs are a class of
non-autonomous mobile elements that are <500 bp in
length and have no open reading frames. SINEs are
ubiquitous in all mammalian genomes examined as well
as in many non-mammalian genomes (Deininger and
Batzer, 1993, 2002; Okada, 1991). The utilization of
SINEs as phylogenetic markers was proposed over 15
years ago (Murata et al., 1993; Okada, 1991; Ryan and
Dugaiczyk, 1989). Since then, SINEs have become
widely recognized as powerful tools for phylogenetic
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studies and multiple controversial phylogenetic relationships that can not be solved using traditional molecular
data have been successfully elucidated (Murata et al.,
1993; Nikaido et al., 1999; Okada et al., 2004; Ray et al.,
2005; Roos et al., 2004; Salem et al., 2003b; Schmitz et
al., 2005; Shedlock et al., 2000, 2004; Takahashi et al.,
1998, 2001).
While there may be some disadvantages to using
SINEs as phylogenetic markers (see Hillis, 1999 for a
review), SINE insertions have several unique characteristics that make them particularly promising in evolutionary analyses. These properties have been
reviewed several times (Schmitz et al., 2005; Shedlock
et al., 2004; Shedlock and Okada, 2000) and we will
only brieXy summarize them here. First, the probability of two identical SINEs independently inserting in
the exact position with the same orientation is essentially zero. Adjacent independent Alu insertions that
happen to occur near the same site can readily be distinguished by base sequence analysis. Second, the
insertion of a SINE can be assumed to be unidirectional since there is no known mechanism to precisely
remove SINEs after their Wxation in the genome and
the removal of SINEs is very unlikely to happen in
multiple genomes.
These two characteristics suggest that SINEs are
essentially homoplasy free characters. A third advantage
of SINEs, when compared to other molecular phylogenetic systems such as SNPs (single nucleotide polymorphisms) and nuclear and mitochondrial DNA sequences,
is that phylogenetic inference using SINEs does not
directly rely on acquiring DNA sequence data. This
feature makes SINEs an independent complement to
traditional DNA sequence based molecular studies
(Roy-Engel and El-Sawy, 2002), especially for groups
that are known for high levels of sequence homoplasy
(Cantrell et al., 2001) and for closely related species for
which there is little phylogenetic information in DNA
sequences.
As the most successful SINEs in primate genomes,
Alu elements have enjoyed remarkable proliferation during the primate radiation and have expanded to more
than one million copies in the human genome (Batzer
and Deininger, 2002; Lander et al., 2001). Recently, Alu
elements have been used intensively for resolving primate phylogeny at diVerent levels (Hamdi et al., 1999;
Ray et al., 2005; Roos et al., 2004; Salem et al., 2003b;
Schmitz et al., 2005). However, no SINE based phylogenetic analysis has been performed to resolve the relationships among Old World monkeys. Using both a
computational approach and polymerase chain reaction
(PCR) display methodology, we identiWed 285 new Alu
insertions that integrated into sixteen Old World monkey genomes and used them to construct a robustly supported phylogenetic hypothesis for the family
Cercopithecidae.
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2. Materials and methods
2.1. Computational data mining
Genomic sequences from Chlorocebus aethiops (African
green monkey), Papio anubis (olive baboon), and Macaca
mulatta (rhesus monkey) were obtained from the NIH
Intramural Sequencing Center, as part of the Comparative
Vertebrate Sequencing Initiative. The sequences were broken into 10,000 bp fragments and compared to the human
genome using the BLAST-Like Alignment Tool (BLAT)
program (Kent, 2002) available at http://genome.ucsc.edu.
Fragments containing insertions/deletions were extracted
and annotated to identify putative lineage speciWc Alu
insertions using RepeatMasker (http://repeatmasker.geno
me.washington.edu/) as previously reported (Hedges et al.,
2004). To allow a focus on the Cercopithecid lineage, only
Alu elements present in the Old World monkey sequence
and missing in the human orthologous regions were
excised along with 1000 bp of Xanking sequence in both
directions. Flanking oligonucleotide primers for PCR
ampliWcation of each Alu element were then designed using
Primer3 (Rozen and Skaletsky, 2000). The primers were
subsequently screened against the GenBank NR database
using Basic Local Alignment Search Tool (BLAST) program available at http://www.ensembl.org/multi/blastview
(Altschul et al., 1990) to determine if they resided in unique
DNA sequences.
2.2. PCR display methodology
The Alu element PCR display methodology described
by Ray et al. (2005) was used with minor modiWcations.
These modiWcations included the use of CHROMAS
SPIN-400 columns (BD Biosciences) to select fragments
larger than 400 bp and diVerent Alu selection primers
(Table 1).
2.3. PCR and DNA sequencing
All oligonucleotide primer pairs were initially tested
for ampliWcation using human DNA templates with a
Table 1
Linkers and primers sequences used for PCR display methodology
Name
Linkers
Top
Bottom
Primers
LNPa
Alu PY1b
Alu PY2b
Alu Ydb
a
b

temperature gradient PCR (48–60 °C) to determine the
most appropriate annealing temperature for further
analysis of non-human primate genomes. All loci were
screened on a primate panel that was composed of
human HeLa genomic DNA and DNA samples from
nineteen non-human primate species (Table 2). For some
taxa only limited amounts of genomic DNA were available. These samples were subjected to whole genome
pre-ampliWcation using the GenomiPhi genome ampliWcation kit (Amersham, Sunnyvale, CA). The ampliWed
samples were then used as templates for locus speciWc
PCR analysis.
PCR ampliWcation of each locus was performed in
25 l reactions using 10–50 ng of target DNA, 200 nM of
each oligonucleotide primer, 200 M dNTPs in 50 mM
KCl, 1.5 mM MgCl2, 10 mM Tris–HCl (pH 8.4), and
2.5 U Taq DNA polymerase. Each sample was subjected
to an initial denaturation step of 94 °C for 150 s, followed
by 32 cycles of one minute of denaturation at 94 °C, 1 min
of annealing at indicated annealing temperature, 1 min of
extension at 72 °C, followed by a Wnal extension step at
72 °C for 10 min. Resulting PCR products were run on a
2% agarose gel with 0.25 g ethidium bromide and visualized using UV Xuorescence. Detailed information on each
locus including primer sequences, annealing temperature,
PCR product sizes, chromosomal locations and ampliWcation results are available on our web site (http://batzerlab.lsu.edu) as supplemental data.
To conWrm the phylogenetic distribution of Alu insertions on the primate panel, loci from selected taxa were
also chosen for sequence analysis to verify the presence
of the experimentally derived Alu element. In addition,
when the PCR ampliWcation patterns were diVerent from
that suggested by the majority of genetic systems analyzed, representative PCR products were selected for
DNA sequence analysis to resolve the data points. Individual PCR products were cloned and sequenced as
described previously (Ray et al., 2005). Sequences for
loci identiWed experimentally were aligned with the
orthologous human sequence obtained via the BLAT
search and sequence alignments of these elements are
available from our web site (http://batzerlab.lsu.edu)
under publications. The DNA sequences generated for
this project have been deposited in GenBank under
Accession Nos. AY879605 to AY879769.

Sequence (5⬘–3⬘)

2.4. Phylogenetic analysis
TAGAAGGAGAGGACGCTGTCTGTCGAAGG
GAGCGAATTCGTCAACATAGCATTTCTGTC
CTCTCCTTC
GAATTCGTCAACATAGCATTTCT
GGAGCTTGCAGTGAGCTGAGATCC
GCGACAGAGCGAGACTCC
AGATCGAGACCACGGTGAA

Linker primer.
Alu internal primers.

Alu insertion loci were included in phylogenetic analysis if the amplicons were generated in at least 10 out of
16 cercopithecid taxa and only two distinct classes of
amplicons were generated (Alu Wlled size and pre-integration or Alu empty size). Any primer pair that generated multiple paralogous fragments across the panel was
excluded from the analysis. Four examples of gel chromatographs of ampliWcation result are shown in Fig. 1.
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Table 2
DNA samples of all species examined in this study
Species names

Common names

Origin

ID number

Homo sapiens
Pan troglodytes
Hylobates syndactylus
Macaca nemestrina
Macaca silenus
Macaca mulatta
Papio cynocephalus
Papio anubis
Theropithecus gelada
Cercocebus agilis
Chlorocebus aethiops
Erythrocebus patas
Miopithecus talapoin
Colobus guereza
Colobus guereza kikuyuensis
Pygathrix nemaeus
Nasalis larvatus
Trachypithecus cristatus
Trachypithecus vetulus nestor
Aotus trivirgatus

Human
Common Chimpanzee
Siamang
Pigtailed Macaque
Lion-tailed Macaque
Rhesus Macaque
Yellow Baboon
Olive Baboon
Gelada Baboon
Agile Mangabey
African Green Monkey
Patas Monkey
Talapoin
Black and White Colobus
Kikuyu Colobus
Douc Langur
Proboscis Monkey
Silvered Leaf Langur
Western Purple-faced Langur
Three-striped Owl Monkey

ATCCa
Coriellb
SDFZc
Coriell
SDFZ
Coriell
SFBRd
SFBR
SDFZ
Disotelle
ATCC
SDFZ
SDFZ
Stewartf
SDFZ
SDFZ
Stewart
SDFZ
SDFZ
ATCC

CCL2
NG06939
KB 11539
NG08452
OR 1890
NG07109A
9656
8229
KB 10538
N/A
CCL70
KB5435
OR 755
N/A
OR 160
OR 259
N/A
B 4381
OR 219
CRL1556

a
b
c
d
e
f

From cell lines provided by the American Type Culture Collection, P.O. Box 1549, Manassas, VA 20108.
Coriell Institute for Medical Research, 403 Haddon Avenue, Camden, NJ 08103.
Frozen Zoo, San Diego Zoo, conservationandscience.org.
Southwest Foundation for Biomedical Research.
Blood sample from Dr. Todd Disotell.
DNA sample from Dr. Caro-Beth Stewart.

We implemented a heuristic search in PAUP* 4.0b10
(SwoVord, 2003) using Dollo parsimony and designating
owl monkey as an outgroup taxon. Presence of the insert
was coded as “1” and absence of the insert as “0.” If no
ampliWcation was observed for a given locus in any
taxon, the character state was coded as unknown, “?”
For loci containing more than one insertion event (see
Section 3), the independent insertion events were treated
as two independent markers. Ten thousand bootstrap
replicates were performed on the data. A statistical test
for evaluating SINE insertions based on a likelihood
model (Waddell et al., 2001) was also performed to
assess the statistical signiWcance of each branch of the
resulting tree.

3. Results and discussion
In total, 285 new loci were identiWed for phylogenetic
analysis. Seventy-Wve loci were collected from computational data mining and 196 loci were collected from PCR
display methodology. Fourteen of the loci contained two
independent Alu insertion events and were treated as
two independent markers. An additional 12 loci were
selected from a previous study (Salem et al., 2003b) to
distinguish the hominid lineage from the remainder of
Catarrhini. Thus, a total 297 markers were used for the
phylogenetic analysis. Of the 297 markers, 218 loci were
parsimony informative. The analysis resulted in a single

most parsimonious tree (Fig. 2; 302 steps, CI D 0.983;
HI D 0.017; RI D 0.993). Because at least Wve unambiguous Alu insertion events were recovered for each clade,
the likelihood test for every branch was signiWcant at the
0.005 level (Waddell et al., 2001).
Within family Cercopithecidae, the two previously
established subfamilies were distinguishable. Thirtythree loci supported the monophyly of Cercopithecinae
and thirteen loci supported monophyly of Colobinae.
Within subfamily Cercopithecinae, our tree is congruent
with previous studies, but provides a much higher level
of statistical support. Two tribes are recognized, Papionini and Cercopithecini (Groves 2001), and these tribes
were supported by 15 and 7 insertions, respectively.
Within Papionini, nine Alu insertions suggest that
Papio and Theropithecus form a monophyletic clade.
These taxa are joined by Cercocebus to form subtribe
Papionina, which is supported by Wve unambiguous loci.
Members of Macaca were clearly deWned as a sister clade
to subtribe Papionina, by 15 unambiguous loci. These
results are congruent with several previous phylogenetic
studies (Disotell et al., 1992, 1994; Page et al., 1999; Page
and Goodman, 2001). Within genus Macaca our three
representatives formed a monophyletic group supported
by eight loci. M. nemestrina and M. silenus shared a
closer relationship (six insertions) than either did with
M. mulatta. These results are consistent with a comprehensive study of macaque phylogeny by Hayasaka et al.
(1996).
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Fig. 1. Phylogenetic analysis of several Alu insertions in Old World
monkey genomes. Four examples of gel chromatographs used to
determine the phylogenetic origin of individual Alu insertions in Old
World primates are shown. Upper DNA fragments indicate “Wlled”
sites where an Alu has inserted. The DNA template used in each reaction and the locus designation are shown. (A) An Alu insertion speciWc
for genus Papio. (B) An Alu insertion restricted to the tribe Papionini
and absent from other Old World monkeys. (C) An Alu element present in the subfamily Cercopithecinae. (D) An Alu insertion found
within the genomes of all Old World monkeys examined.

Unfortunately, we had only partial access to DNA
from members of tribe Cercopithecini. However, several conclusions can be made from the available data.
For example, the monophyly of the tribe is supported
by seven Alu insertions. Within the tribe, six additional
insertions joined Chlorocebus and Erythrocebus.
Within this tribe, it has been suggested that a distinct
arboreal-terrestrial split exists that can be resolved
using molecular data (Tosi et al., 2004). We hope to
address this issue with additional Alu insertion data in
the near future.
With regard to the second subfamily, Colobinae, our
results clearly separate African species (Colobus guereza
kikuyuensis and Co. guereza) from Asian species (Pygathrix nemaeus, Nasalis larvatus, Trachypithecus cristatus,
and Tr. vetulus nestor), reinforcing the existence of an
African clade (Colobus monkeys) and an Asian clade
(langurs) (Page and Goodman, 2001). Branching order
within the Asian lineage is one of the more hotly debated

areas in Old World monkey phylogeny. One view, based
on fossil and morphology studies, indicates that Nasalis
was the Wrst to diverge from the rest of the group (Peng
et al., 1993). On the other hand, karyotypic studies indicate that the Pygathrix was the Wrst to diverge and a relatively close relationship between Nasalis and
Trachypithecus exists (Bigoni et al., 2003, 2004). In contrast, one molecular study based on mitochondrial cytochrome b data suggests that Nasalis and Rhinopithecus
form a sister group to Pygrathrix. They also suggested
that a third genus, Trachypithecus, is paraphyletic and
that one subgroup of the genus forms a basal clade to
the remainder of the langurs (Zhang and Ryder, 1998).
Using a consensus approach, Disotell (2003) was unable
to resolve the relationships between many of these genera. The Alu insertion data presented here are useful in
resolving some of these problematic relationships.
In our study, a sister relationship between Nasalis and
Pygrathrix is strongly supported by six shared Alu insertions. This result is similar to the one found by Zhang
and Ryder (1998) but with higher statistical support. The
Nasalis Pygathrix clade is subsequently joined by Trachypithecus (18 insertions), clearly delineating at least
part of the branching order of the Asian colobines.
Unfortunately, we were unable to obtain samples from
the remaining genera. However, the power of this
approach in resolving problematic phylogenies is clear
and we would suggest that these relationships should be
examined in the near future.
One drawback in phylogenetic analysis using SINE
insertion loci involve two scenarios that lead to confounding loci in the dataset—adjacent independent
insertions and lineage sorting. In the present data set,
there were nineteen loci at which the PCR ampliWcation
pattern indicated alternative branching orders when
compared to the Wnal tree. Sequence analysis revealed
that fourteen of the nineteen questionable loci were
caused by adjacent independent Alu insertions. One
example of two adjacent independent insertions at locus
“TA_PY2_17” is shown (Fig. 3A). This result is not surprising since similar events have been reported in multiple previous studies (Ray et al., 2005; Salem et al., 2003b;
Xing et al., 2003) and the likelihood of these events
increases as the divergence time between taxa increases
(Hillis, 1999). However, since none of these insertions
occurred in precisely the same position, DNA sequence
analysis resolves these ambiguous characters.
Four additional loci exhibited more complex evolutionary histories. At locus “V11RE” (Fig. 3B), Alu insertions are present in all species in subfamily
Cercopithecinae except the three macaque species (rhesus monkey, pig-tailed macaque, and lion-tailed
macaque). At locus “PYJX12,” the Alu insertions are
present in the all of the Old World monkey species
examined except the three macaque species. Sequence
analysis indicates all of the smaller fragments were gen-
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Fig. 2. A cladogram of Old World monkey phylogenetic relationships. The most parsimonious tree generated from analysis of 297 Alu insertion polymorphisms. The numbers below the branches indicate the percent of bootstrap replicates (10,000 iterations) producing trees that including that node.
Numbers above the branches indicate the numbers of unambiguous insertions supporting each node. For the likelihood test, all nodes are signiWcant
at the 0.005 level.

erated from ampliWcation of authentic pre-integration
sites. We believe the discordant ampliWcation patterns at
these two loci are likely the products of incomplete lineage sorting of ancestral polymorphisms for two reasons:
(1) the Alu insertions are all Xanked by identical target
site duplications (TSDs) in multiple taxa, (2) the Alu
insertions in all the species are in the same orientation
and have very similar mutation patterns.
At locus “Agilis_Yd_114,” Alu insertions are present
in all examined species of subfamily Cercopithecinae
except the African green monkey (C. aethiops). The most
parsimonious explanation is that the Alu element was
removed from the green monkey genome. Although
there is no known mechanism for speciWc removal of Alu
element from genome, it is thought to occur on rare
occasions via recombination and/or other mechanisms
(Deininger and Batzer, 1999; Edwards and Gibbs, 1992).
However, we cannot rule out the possibility of multiple
incomplete lineage sorting events, that might generate a
similar pattern.
At locus “Agilis_Yd_10,” Alu insertions are present in
agile mangabey (Cercocebus agilis), patas monkey (Erythrocebus patas), and talapoin (Miopithecus talapoin).
This pattern is diYcult to explain because whatever the
evolutionary history is, multiple rare events are required
to generate this result. One of the possible scenarios is
that, there were two independent Alu insertions. One
inserted in Cercocebus lineage and the second one
inserted before the divergence of Chlorocebus, Erythrocebus, and Miopithecus. Later, lineage sorting resulted
in the second insertion being Wxed in Erythrocebus and
Miopithecus but lost in Cercopithecus.

One Wnal case (locus “DoucL_Yd_34RE”) represents
a new but not unexpected type of confounding locus. In
African green monkey and patas monkey, it appears that
an Alu–Alu recombination occurred between the newly
inserted Alu repeat and an old Alu element adjacent to it
in the Xanking region. This recombination removed half
of the younger Alu element and half of the older Alu element, generating an ampliWcation product that has
similar size to the pre-integration site. Since the recombination products are identical, it probably occurred
before the divergence of these two species. Sequence
alignments of all confounding loci can be found on our
website (http://batzerlab.lsu.edu) under publications.
Despite a low level of potentially confusing results at
some nodes, the overall picture remains very robust. All
nodes are supported by at least Wve loci that are completely unambiguous. Lineage sorting and other unusual
events occurred at a rate of approximately 1.4% that is
directly comparable to that obtained in previous SINE
based studies of phylogenetic relationships (Ray et al.,
2005; Salem et al., 2003a,b).
We would be remiss if we did not make some mention
of the statistical power of SINE phylogenies when
compared to the support for standard sequence data
analysis. For example, while bootstrap values are typically reported for analyses of sequence data, there is controversy regarding their interpretation (reviewed in
Soltis and Soltis, 2003).
By contrast, SINE insertion based analyses provide a
more straight-forward version of statistical support
(Waddell et al., 2001). This strength of support, along
with the relative ease with which insertion patterns are
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Fig. 3. Potential confounding Alu insertions. Two examples of potential confounding loci are shown. The upper part of each Wgure shows the agarose
gel chromatograph with the Wnal tree superimposed on the bottom part. The cross and star denote the approximate times of Old World primate evolution when the insertion of the Alu element could have occurred. (A) Parallel independent insertions. At locus “TA_PY2_17,” two Alu elements
independently inserted in the Talapoin and Proboscis monkey genomes. The integration sites are separated by 42 bp. (B) Ancient incomplete lineage
sorting. At locus “V11RE,” Alu insertion happened before the divergence of subfamily Cercopithecinae and was polymorphic (indicated as “§”) in
the ancestral population. Random Wxation of the alternative alleles (“+” or “¡”) resulted in the loss of this Alu insertion in Macaques and the Wxation of it in all other clades. Green dot line represents the hypothetical polymorphic period of this Alu element and blue lines represent the clades that
have this Alu element Wxed present.

analyzed (dollo parsimony vs. maximum likelihood, phenetic analyses, and maximum parsimony with its various
weighting schemes, etc.) reinforce the utility of phylogenetic analysis using SINEs.
Like all genetic systems, there are some drawbacks to
the use of SINE insertion data. For example, models of
insertion rates allow estimates of divergence times and
tools analogous to genetic distances and molecular
clocks have not yet been developed for SINE insertions.
However, combinatorial approaches using sequence
analysis of shared insertions may prove valuable in overcoming these drawbacks. Once a clade has been established using a group of shared insertions, the sequences
of the elements themselves and Xanking sequences can
be safely assumed to have derived from a common

ancestor and standard molecular clock estimations can
then be applied. As an extension, data generated for
more traditional DNA-based sequence analyses can be
imported regardless of whether the analyses of sequence
data produced the same topology. Such analyses may
help to resolve cases where diVerential substitution rates
or long-branch attraction have caused problems in inferring the correct phylogeny.
In conclusion, mobile element based methods represent powerful tools for resolving phylogenetic relationships. As a result of the essentially homoplasy free
nature and known ancestral state, many long standing
phylogenetic controversies can be resolved using this
approach. Our study represents the Wrst large scale SINE
based phylogenetic analysis of Old World monkeys. The

J. Xing et al. / Molecular Phylogenetics and Evolution 37 (2005) 872–880

results indicate that SINE systems can be utilized to
address phylogenetic questions from the family to species scale. More importantly our results represent an
important step toward the construction of a mobile element based phylogeny of the entire Primate order.
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