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SINEs of a Nearly Perfect Character
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Abstract.—Mobile elements have been recognized as powerful tools for phylogenetic and population-level analyses. How-
ever, issues regarding potential sources of homoplasy and other misleading events have been raised. We have collected
available data for all phylogenetic and population level studies of primates utilizing Alu insertion data and examined them
for potentially homoplasious and other misleading events. Very low levels of each potential confounding factor in a phy-
logenetic or population analysis (i.e., lineage sorting, parallel insertions, and precise excision) were found. Although taxa
known to be subject to high levels of these types of events may indeed be subject to problems when using SINE analysis,
we propose that most taxa will respond as the order Primates has—by the resolution of several long-standing problems
observed using sequence-based methods. [Alu; mobile element; phylogenetics; retrotransposon; SINE.]

Although implemented previously in smaller stud-
ies (Minghetti and Dugaiczyk, 1993; Murata et al., 1993,
1996,1998; Ryan and Dugaiczyk, 1989), the SINE method
of phylogenetic reconstruction began receiving increased
attention when Norihiro Okada and colleagues pub-
lished their investigation into the relationship between
whales and artiodactyls (Nikaido et al., 1999; Shimamura
et al., 1997). The potential for a close relationship among
artiodactyls and cetaceans had been proposed and in-
vestigated in earlier studies (Flower, 1883; Gatesy et al.,
1999; Sarich, 1985) but had never been so clearly and sim-
ply elucidated. These authors pronounced that the SINE
method represented a revolution in phylogenetic infer-
ence because of its apparent freedom from the problems
associated with homoplasy.

SINE insertions in a genome offer two important
advantages over other markers used for systematic
and population genetic studies. First, the presence of
an element in an individual is presumed to repre-
sent identity by descent (Batzer and Deininger, 2002).
Polymorphic mobile element insertions will thus reflect
relationships more accurately than many other mark-
ers (i.e., sequence data, restriction fragment length poly-
morphisms [RFLPs], and microsatellites) that may only
reflect identity by state (i.e., homoplasy) (Batzer et al.,
1994). A second advantage of these genetic markers is
that the ancestral state of an insertion polymorphism is
known to be the absence of the element at a particular
genomic location (Batzer et al., 1994; Perna et al., 1992).
Precise knowledge of the ancestral state of a genomic
polymorphism allows us to draw trees of population
relationships without making unnecessary assumptions
(Batzer et al., 1994; Perna et al., 1992).

Hillis (1999), however, offered several cautious notes
about hailing SINEs as the answer to all of our phyloge-
netic woes. He correctly observed that almost every time
a new methodology is developed, it is heralded, at least in
the short term, as superior to all methods that have come
before. In particular, Hillis worried that aspects of SINE
analysis that may contribute to homoplasy had not been
sufficiently investigated. Analysis of phylogenies using

the SINE method may be adversely affected by various
events that could distort the true evolutionary history of
species. This has been a problem for every method yet de-
vised to examine evolutionary relationships and SINEs
are indeed not immune. They are, however, thought to
be less susceptible to these problems.

There are four potential sources for confusion in SINE
analysis of phylogenetics (Fig. 1): lineage sorting, par-
allel insertions (including precise- and near-parallel in-
sertions), precise excision, and paralogous insertions.
Lineage sorting is caused by the presence of a polymor-
phic insertion in a common ancestor that alternatively
becomes fixed or extinct in the genomes of daugh-
ter species. Parallel insertions include the insertion of
distinct elements at or near the same location (within
the polymerase chain reaction [PCR] amplicon) in the
genomes of different taxa under study. Precise SINE ex-
cision was until very recently not thought to be an is-
sue as there was no known mechanism for these sorts
of events to occur. Paralogous insertions include dupli-
cated regions of the genome at which an insertion may
have occurred at one of the duplicates but not the other.

Shedlock and Okada produced two reviews of the is-
sues associated with the SINE method (Shedlock and
Okada, 2000; Shedlock et al., 2004), focusing on the prob-
lems of lineage sorting. In particular, they utilized the
relatively large data sets that have been collected over
the years on cichlid phylogeny and population biol-
ogy. Since then, however, there have been numerous
published studies using SINEs as phylogenetic and
population genetic characters in a wider variety of
taxa (Bamshad et al., 2003; Batzer and Deininger, 2002;
Carroll et al., 2001; Churakov et al., 2005; Cotrim et al.,
2004; Kawai et al., 2002; Nasidze et al., 2001; Nishihara
et al., 2002; Ray et al., 2005; Roos et al., 2004; Roy-Engel
et al., 2002; Salem et al., 2003; Sasaki et al., 2004;
Schmitz et al., 2001, 2005; Schmitz and Zischler, 2003;
Singer et al., 2003; Takahashi et al., 2001b; Terai et al., 2003,
2004; Watkins et al., 2003; Xing et al., 2005; Zampicinini
et al., 2004). These studies have proven very success-
ful and have served to confirm many of the positive
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FIGURE 1. Schematic of the types of potentially misleading events encountered during a SINE-based analysis of phylogeny. (A) Lineage
sorting due to retention of an ancestral polymorphism and subsequent random fixation or loss in daughter lineages; (B) a potentially confusing
pattern due to a near-parallel insertion; (C) insertion homoplasy due to a precise-parallel insertion; and (D) mobile element excision. Straight
arrows along branches indicate mobile element insertion events and the arrow head indicates that orientation of the inserted element. The curved
arrow indicates the precise removal of an element from the genome.

aspects of SINE analysis of phylogenies and population
dynamics.

The most comprehensive work has been performed in
primate taxa using Alu elements. In fact, nearly the entire
order has been investigated using the SINE method (see
Table 1). One of the reasons that Alu elements have been
so successfully used in investigations of primate phylo-
genetics is the existence of the human genome draft se-
quence. This has been an invaluable tool for determining
the flanking sequences of Alu insertions during the pro-
cess of primer design (Ray et al., 2005; Salem et al., 2003;
Schmitz et al., 2001; Xing et al., 2005). In addition, the
presence of the draft sequence has also allowed us to as-
certain ~90% of the Alu elements in the human genome.
These elements have been divided into subfamilies, each
of which began expanding in the primate genome at
different times. For example, the Ye family of Alu ele-
ments first arose in the common ancestor of all hominoid
primates (Salem et al., 2005), whereas the Yb8 subfamily

is restricted to gorillas, chimpanzees, and humans (Han
et al., 2005).

In the current work, we have taken the pres-
ence/absence data sets currently available for analyses
of primate phylogenetic and population genetic analy-
sis (as well as a few other appropriate sources) to de-
termine the levels of potentially homoplasious events
and additional misleading patterns on the study of pri-
mate relationships. Although other taxa that have ex-
perienced rapid divergences may in fact be subject to
more substantial problems resulting from lineage sort-
ing in particular (Takahashi et al., 2001a, 2001b), we
suspect that most phylogenetic groups will respond to
SINE analysis much the way primates have—by allow-
ing for the resolution of several previously unresolved
relationships. A combination of careful data analysis and
adequate sampling of informative loci and taxa should
minimize most of the issues raised by the specter of
homoplasy.
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Lineage Sorting

Lineage sorting is a form of homoplasy introduced by
the random fixation or extinction of alternative alleles in
distinct lineages. The potential for lineage sorting is an
issue whenever researchers deal with species groups that
may have had a large ancestral effective population size
and /or experienced rapid speciation (Nei, 1987; Pamilo
and Nei, 1988; Takahata, 1989). A classic example from
the application of SINEs to phylogeny is found in cichlids
(Takahashi et al., 2001b) in which 14 of 38 loci appeared to
be subject to lineage sorting including an event thought
to have occurred as long as 14 million years ago. How-
ever, as we will discuss, this high level of lineage sorting
is probably not typical of SINE studies, as shown in the
studies in primates and other organisms.

The studies of mobile element insertions in primates
include several large-scale studies of Alu insertion pat-
terns from the hominid (Salem et al., 2003), cercopithecid
(Xing et al., 2005), platyrrhine (Ray et al., 2005; Singer
et al., 2003), tarsier (Schmitz et al., 2001), and strepsir-
rhine (Roos et al., 2004) lineages. Of the 131 insertions
characterized in the hominid lineage, only one locus
could be interpreted as being the product of lineage sort-
ing. Xing et al.'s study of 285 Alu insertion loci in Cercop-
ithecidae recovered four putative lineage sorting events.
There were no examples found in examinations of 190
and 74 New World monkey insertions, 118 Alu insertions
used to determine the affiliations of tarsiers, and 61 inser-
tions from an investigation into strepsirrhine (prosimian)
phylogeny.

Several other large-scale analyses not directly aimed at
phylogenetic analysis can also help us assess the extent
of SINE insertion homoplasy due to lineage sorting. Al-
though these studies were aimed at characterizing spe-
cific subfamilies of Alu elements, the work did involve
amplification of loci isolated from the human genome
in various nonhuman primates. For example, one study
involved the Alu Yd3 subfamily (Xing et al., 2003). These
authors examined 133 loci in lineages ranging from hu-
man to owl monkey and found no evidence of lineage
sorting. Two additional similar studies of the Alu Ya
(Otieno et al., 2004) and Yb (Carter et al., 2004) lineages
analyzed another 2672 individual loci and again found
no evidence of lineage sorting.

These projects, in conjunction with several others sum-
marized in Table 1, comprise a total of over 11,000 indi-
vidual Alu loci. Of those, only seven suspected cases of
lineage sorting were discovered. Thus, it appears that the
overall frequency of lineage sorting events in the primate
order is small, ~0.0006 events/insertion. We understand
that this collection of studies is biased toward the hu-
man lineage, and that this may skew that data. We would
argue, however, that the relatively rapid divergence be-
tween Homo, Pan, and Gorilla (1 to 3 million years be-
tween the Gorilla divergence and the divergence of Homo
and Pan) suggested by several studies (Goodman et al.,
1998; O'Huigin et al., 2002; Satta et al., 2000; Sibley and
Ahlquist, 1984) would promote the occurrence of lineage
sorting events and the observation that so few were re-

covered suggests a low rate of occurrence. Thus, as long
as sufficient sampling is present at each node and the
species being studied do not belong to a group that is
prone to lineage sorting, these types of events should not
be a serious problem. In fact, the paucity of these events
in some taxa and their higher frequency in others can
be an indication of speciation dynamics of a lineage as it
evolved; see Shedlock et al. (2004) for a recent discussion.

Parallel Insertions

The insertion of SINEs into regions occupied by simi-
lar elements in other taxa is another source of potential
confusion. In fact, given the observation that some mo-
bile element families appear to accumulate in particular
regions of the genome (Greally, 2002; Jurka et al., 2005) as
well as exhibit a preference for certain target sequences
(Gentles et al., 2005; Jurka, 1997), these sorts of events
are not unexpected. Other factors that can influence their
rate of occurrence would include the relative divergence
time between taxa and relative rates of retrotransposi-
tion (Hillis, 1999). Including a wide range of taxa in any
application of SINE data to phylogenetic analysis would
also be expected to increase the likelihood of observing
these events. Parallel insertions of SINE characters can
be separated into two types: near-parallel insertions and
precise-parallel insertions.

Near-Parallel Insertions

The first and most common type have been termed
near-parallel insertions. In these cases, a secondary in-
sertion has occurred near the insertion originally being
studied (usually within a 200- to 600-bp amplicon). Given
this definition, these sorts of events are technically not
instances of homoplasy. However, preliminary analysis
using agarose gel electrophoresis of loci at which these
events have occurred can be interpreted as homoplasy if
more detailed sequence analysis of the loci is not applied.
Because the vast majority of the loci in a SINE analysis
will not contradict the final version of the tree, the pat-
terns present on a developing cladogram often begin to
become clear relatively early in an analysis. Thus, these
events are usually easy to detect and sequencing of the
locus will resolve the issue. Therefore, if an anomalous
pattern is apparent when compared to the overall tree,
it becomes clear that this locus should be investigated
more closely.

One clear example comes from the work on platyrrhine
primate phylogeny (Ray et al., 2005). Of the 190 loci in-
vestigated, 11 contained multiple insertions in the am-
plified regions. Thus, the vast majority of the loci were
clearly consistent with the final tree. At one locus, the
original Alu insertion under investigation was ascer-
tained from the genome of Saguinus labiatus, a New
World primate. Primers were designed to amplify a
~300-bp empty site (i.e., without an Alu insertion) based
on comparisons to the orthologous locus in Homo sapiens.
The filled site (containing an Alu insertion) in taxa shar-
ing the insertion through identity-by-descent should
have been ~500 to 600 bp depending on the length of
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TABLE 1. Instances of misleading and homoplasy inducing events observed during studies of primate phylogeny and population biology
using SINEs.

Reference

Ray et al., 2005
Xing et al., 2005
Schmitz et al., 2001 and

personal communication
Singer et al., 2003
Salem et al., 2003
Roos et al., 2004
Carter et al., 2004
Otieno et al., 2004
Xing et al., 2003
Han et al., 2005
Salem et al., 2005
Hedges et al., 2004
Roy-Engel et al., 2002
Conley et al., 2005
van de Lagemaat et al., 2005

Total

Number of
insertions
examined

190
285
118

6
131
61

1202
1470

133
12

120
123
139

2
7010

11002

Lineage
sorting

suspected

0
4
0

0
1
0
0
0
0
0
0
2
0
0
0

7

Near-
parallel Alu
insertions

11
14
6

0
0
0
1
1
1
0
3
0
3
0
1

41

Other near-
parallel

insertions

0
0
0

0
0
0
0

1 (ERV)
0
0
0
0
0
0
0

1

Precise-
parallel

insertions

0
1?
0

0
0
0
0
0
0
0
0
0
0

1 (SVAC)
3

5

Targeted taxa
or Alu subfamily

Platyrrhini
Cercopithecidae
Tarsius

Platyrrhini
Hominidae
Strepsirrhini
Yb"
Ya"
Yd"
Yb"
Ye"
Homo-Pan
Homo
Homo
Homo-Pan

Number
of taxa

compared

15
20

9

12
8

22+
7
7
9
9

13
5
7
1
3

" Each subfamily indicated here (Ya, Yb, etc.) represents a distinct group of insertions in primate genomes characterized by their own set of diagnostic mutations.
*ERV = endogenous retro virus.
CSVA = a composite repetitive element named after its main components, SINE, VNTR, and Alu.

the poly-A tail of the Alu element. Examination of the
raw data from the agarose gel electrophoresis suggested
that members of four genera share the Alu insertion—
Macaca, Chlorocebus, Callithrix, Saguinus. A fifth taxon,
Aotus, exhibits an anomalous pattern and the remaining
taxa in the panel exhibit either the expected empty site
or no amplification at all.

This pattern suggests an insertion shared by two catar-
rhine (Macaca and Chlorocebus) and two platyrrhine (Cal-
lithrix and Saguinus) primates and should therefore raise
eyebrows. It has been well established by morphological
and previous DNA sequence-based studies that there is
a clear division between Old and New World taxa. Thus,
familiarity with basic primate phylogeny or with the pat-
terns already apparent on the developing SINE-derived
tree would suggest that this locus needs to be investi-
gated further via sequence analysis of the locus for all
taxa. In fact, sequence analysis subsequently revealed
that four independent Alu insertion events had occurred
within the ancestral locus.

Despite the possible confusion generated by loci such
as this one, the problems arising from near-parallel in-
sertions should not be a major issue for the observant
researcher. The final results of our data compilation in-
dicate that near-parallel insertion events occur at only
~0.0004 events/insertion when considering the 11,000+
loci collected. All of these events are easily resolved by
automated DNA sequence analysis, thus they do not
contribute negatively to the phylogeny reconstruction.
These observations suggest that a basic knowledge of the
taxa involved and a sense of the overall picture generated
by the majority of loci in a phylogenetic study will lead
to a "red flag" at any problematic locus. In other words,
as is most often the case, the anomalous amplification
pattern is so different from the overall picture that fur-
ther investigation is the natural next step.

In cases where near-parallel insertions are discovered,
how should each insertion be handled with regard to
analysis? Because the presence of each Alu element repre-
sents a unique event in the evolution of the genomes un-
der study, it is clear that each insertion should be treated
as an independent bit of information. Thus, we would
even argue that when near-parallel insertions are dis-
covered, it is often a fortuitous event because one now
has two or more potentially informative insertions found
within a single amplicon.

Precise-Parallel Insertions

Confusion may also be introduced into a phyloge-
netic analysis by the very rare precise-parallel insertions.
These events may in fact mimic the earlier case of lin-
eage sorting. Such an event occurs when a second ele-
ment has inserted into exactly the same target site in a
separate taxon, producing a duplication of the accessed
target sequence. This event makes it appear that an in-
sertion is shared when in actuality it represents two in-
dependent insertion events. There are only a few cases
where such events can be clearly delineated in all of the
published mobile element literature. In the first instance,
an SVA element and an Alu element inserted into the
same target site within exon 9 of the human BTK gene
(Conley et al., 2005). Cantrell et al. (2001) found two loci
within a Sigmodontine retrotransposon that were targets
for precise-parallel insertions. The third example comes
from an analysis of the Felid Y-chromosome (Slattery
et al., 2000). In rats, an independent precise-parallel inser-
tion of ID elements has been identified (Rothenburg et al.,
2002). Mus musculus and M. pahari also share parallel in-
sertions of Bl elements into the same target site (Kass
et al., 2000). However, sequence analysis of these loci eas-
ily shows that these loci have been subjected to multiple
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parallel insertions and thus they do not contribute er-
roneous information for phylogeny reconstruction. Fi-
nally, a report by van de Lagemaat et al. (2005) detailing
a mechanism for the precise deletion of mobile elements
reported three potential instances of precise parallel in-
sertion when comparing humans and chimpanzees.

Our examination of the current primate data revealed
only five precise-parallel Alu insertions. The results in-
dicate that of the 11,000+ loci examined, precise par-
allel insertions are exceedingly rare—occurring at only
about 0.0005 events/insertion of the examined loci. The
issue, therefore, is not to determine if these types of loci
are a difficulty to overcome in phylogenetic analysis but
rather to distinguish them from lineage sorting and exci-
sion events. In both cases, expanding the number of taxa
and/or sequencing of the loci provide resolution of the
issue. For example, in many cases, the secondary mobile
element insertion belongs either to a different subfamily
of the same mobile element family as the original inser-
tion or may belong to a completely different family of
repetitive elements.

In fact, sequence characteristics exist that distinguish
different types of mobile elements in a majority of the
instances listed above. Thus, in cases like these, the ho-
moplasy is only apparent. The presence of differing mo-
bile element families or distinguishing features such as
characteristic truncations, deletions, or subfamily diag-
nostic sites make recognizing parallel insertions rela-
tively simple. This is well illustrated by one large-scale
study in which over 4800 mobile element loci were exam-
ined to elucidate mammalian phylogeny (Bashir et al.,
2005). Nearly 2500 of these loci were Alu insertions.
The authors suggested that 23 instances of insertion
homoplasy (precise-parallel insertions) existed among
these Alu insertion loci. We have manually reana-
lyzed a portion of Bashir et al.'s raw data and found
that the true number is actually 13 precise-parallel
insertion events—0.005 events/insertion. The discrep-
ancy between the two sets of results was due to
several loci being counted multiple times and a few
instances of near-parallel insertions being character-
ized as precise. Regardless of this problem, the au-
thors were correct in recognizing that many of the
precise-parallel insertions discovered were distinguish-
able based on the Alu insertions belonging to distinct
subfamilies.

Mobile Element Excision

The potential for the precise removal of mobile ele-
ments from the genome has long been contemplated.
However, it was previously thought that no mechanism
existed to remove these elements in such a way that a
site identical to the pre-integration sequence was ob-
tained. Two recent manuscripts have provided evidence
that mobile element excision may play a larger role than
expected in the evolution of some genomes. In plants,
Lenoir et al. (2005) described a rapid turnover of SINEs
in Arabidopsis. This suggests a limitation to the SINE
method for phylogenetic analysis in these organisms.

However, it appeared that the excision of particular ele-
ments typically proceeded over several steps and often
provided a signature of the removal that could be de-
tected using sequence analysis or high-resolution elec-
trophoresis. A potentially more significant problem was
introduced by van de Lagamaat et al. (2005). They pro-
posed a theoretical model for the precise excision of Alu
elements from human and chimpanzee genomes. Their
model suggests that the target site duplications (TSDs)
generated upon the insertion of the Alu elements act as lo-
cations for illegitimate recombination. This development
may seem to be a setback for proponents of the idea that
SINEs are essentially homoplasy-free markers. However,
results of the human-chimpanzee comparisons reveal an
extremely low rate of complete precise mobile element
excisions, about 0.5% of length polymorphisms (van de
Lagemaat et al., 2005). In addition, the model described
depends on recombination between the direct repeats
that flank Alu insertions. After short evolutionary times,
the condition described will likely no longer exist. This
may help to explain the relative rarity of the observation
of precise excisions and its minor impact on phylogenetic
studies using SINEs.

One of the major issues involved with these types
of events is distinguishing precise deletion events from
other occurrences that can mimic them: for example,
lineage sorting and precise-parallel insertions. Several
examples exist in the data sets from Old World pri-
mates (Xing et al., 2005) and human-chimpanzee-gorilla
comparisons (Hedges et al., 2004; Salem et al., 2003).
Although lineage sorting can be invoked to explain
anomalous SINE patterns in taxa that either recently
shared a common ancestor (Salem et al., 2003) or shared
a common ancestor that was thought to have undergone
a rapid speciation in the past (Takahashi et al., 2001b), it
is unlikely that the polymorphism would have been re-
tained through several successive speciation events over
evolutionarily long periods of time. The most consistent
interpretation in such events might be that the mobile
element has been precisely deleted in some taxa. When
making decisions as to the most likely scenario (deletion
or lineage sorting), information on relative divergence
times between taxa will have to be employed, but we
may never know the correct mechanism. However, even
if all of the examples currently reported as lineage sort-
ing events are actually instances of precise excision, the
total number of events would still remain low enough
that their impact on phylogeny reconstruction would
be minimal and, unlike most other genetic systems, it
would also be well defined/quantified in a SINE-based
analysis.

Paralogous Loci

One final occurrence is important enough to be in-
cluded in any discussion of potentially misleading events
in a SINE-based analysis. Paralogous loci include du-
plicated regions of the genome at which an insertion
may have occurred at one of the duplicates but not the
other. Given the relatively high occurrence of segmental
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duplications in primate and other genomes (influenced
in part by the presence of the SINEs themselves (Bailey
et al., 2003)), one might expect this to be an issue in SINE
analysis. Ruling out potential paralogs in a phylogenetic
analysis requires careful comparison. One potential in-
dicator of paralog amplification is the consistent amplifi-
cation of two bands in all samples from a single species.
A single individual with a filled and empty site could
be interpreted as a heterozygote, but if all individuals
show the same pattern, it should be seen as a poten-
tial case of paralogous loci. If there are functional versus
nonfunctional open reading frames (ORFs) in the sus-
pect sequences, the paralogs can also be relatively easily
detected. To date, only two problematic paralogs have
been identified (Luis et al., 2003). Unfortunately, this as-
pect of SINE analysis has not been adequately addressed
and may be a fertile area for future investigations.

Dealing with Potentially Misleading Events

As described above, it is clear that in most cases the
vast majority of the SINE data collected for phylogeny re-
construction will be internally consistent. Thus, instead
of focusing on whether or not SINE analysis is effectively
free of homoplasy, the real task is to determine how
best to identify and deal with potentially confounding
events. Identification of the events is the most problem-
atic issue. In small studies (<300 loci examined), iden-
tifying potential homoplasy is relatively easy; however,
at larger scales the number of dates to be examined be-
comes problematic. For example, several authors have
developed purely computational approaches to identify
informative insertion patterns for phylogeny construc-
tion (Schwartz et al., 2003; Thomas et al., 2003). We be-
lieve this is an excellent idea given the large amount of
sequence data currently and soon to be available. How-
ever, using these approaches it is important to incorpo-
rate methods to identify potentially misleading events.
In one example, a study incorporated the data available
from the NISC Comparative Vertebrate Sequencing pro-
gram to elucidate mammalian phylogeny (Bashir et al.,
2005). Although the final topology is undoubtedly cor-
rect, several problems in the data analysis need to be ad-
dressed in future studies using this type of approach. For
example, in some nonprimate comparisons, the authors
did not realize that they compared DNA transposons
with RNA transposons at (nearly) the same loci as shown
in their figure 3. Furthermore, as discussed above, sev-
eral loci were counted multiple times, potentially inflat-
ing the support for the affected nodes. Such incomplete
evaluations make it very difficult to convince skeptics of
the advantages of presence/absence data. It also serves
to emphasize the need for careful interpretation of the
data and for sequencing of SINE insertion loci in a phy-
logenetic analysis.

Once potentially misleading events have been identi-
fied, the most important next step is to obtain enough
loci to support each node so that these events can be
either ruled out or recognized for what they are—the
occasional rare confounding factor. Waddel et al. (2001)

proposed a likelihood method for evaluating support
for nodes defined by SINE data. Their results suggest
that the minimum number of non-contradictory loci re-
quired for a significant level of support (P = 0.037) at
any node is three. Even if there is an anomalous locus
that is not easily explained by near-parallel insertion or
precise-parallel insertion of a different mobile element
family, additional loci at the node can produce signifi-
cant levels of support. For example, if one locus appears
to have been subjected to a precise deletion, four non-
contradictory loci will still produce a P-value of 0.045.
Therefore, although distinguishing between the three po-
tentially homoplasy-inducing events (e.g., lineage sort-
ing, precise mobile element deletion, and precise-parallel
insertion) that can most closely resemble one another is
one of the more difficult problems at present, their overall
effects are minimal as long as taxonomic sampling is ade-
quate and careful consideration of the developing data is
used.

Despite the possibility of several confounding events
that may occur to disrupt the interpretation of a SINE-
derived cladogram, it remains clear that SINE-based
markers are some of the most powerful phylogenetic
tools available. In the data we examined, none of the
events that would be considered troublesome occurred
at a high enough rate to be considered a significant prob-
lem. Near-parallel insertion events, which are the most
easily resolved by sequencing efforts, were the most com-
mon but only noted in 41 of 11,000+ loci. The other po-
tentially confounding events are more difficult to resolve
but are also less common and therefore less likely to be
encountered.

In conclusion, basic cautions including careful analy-
sis and interpretation of the data can limit the potential
impact of misleading events. In addition, as with any
study of phylogeny, a basic knowledge of the taxa un-
der investigation is a must in order to avoid being con-
fused by the rare confounding locus. Complete taxon
sampling and collection of sufficient numbers of infor-
mative insertion events are also basic requirements for
any SINE based phylogenetic reconstruction project. We
believe that most researchers follow these guidelines as
a normal course of events. It is our hope that the in-
formation presented here will encourage researchers to
consider the utility of the SINE method of phylogeny
reconstruction for their organisms.
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