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Abstract. LINE-1 (L1) elements constitute the ma-
jor family of retrotransposons in mammalian ge-
nomes. Here we report the first investigation of L1
evolution in New World monkeys (NWM). Two re-
gions of the second open-reading frame were ana-
lyzed by two methods in three NWM species, the
squirrel monkey (Saimiri sciureus), the tamarin (Sa-
guinus oedipus), and the spider monkey (Ateles pa-
niscus). Since these three species diverged, L1 has
amplified in the Saimiri and Saguinus lineages but L1
activity seems to have been strongly reduced in the
Ateles lincage. In addition, the active L1 lineage has
evolved rapidly in Saimiri and Saguinus, generating
species-specific subfamilies. In contrast, we found no
evidence for a species-specific subfamily in Azeles, a
result consistent with the low L1 activity in this spe-
cies for the last ~25 My.
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Introduction

L1 (LINE-1) elements (Fig. 1A) are mammalian
long interspersed repeats that replicate autono-
mously by retrotransposition (reviewed by Furano
2000). They have been evolving and replicating since
before the mammalian radiation (~100 My ago)
and their accumulation in mammalian genomes ac-
counts for up to 25% of the DNA mass of these
genomes. L1 retrotransposition generates mostly
defective copies, which remain in the genome and
diverge from each other at the pseudogene rate
(Hardies et al. 1986; Pascale et al. 1993; Voliva et
al. 1983). With time, novel replication-competent L1
variants arise and some can generate families of
hundreds to thousands of copies. Although more
than one family of closely related variants (referred
to as subfamilies) can be concurrently active
(Boissinot et al. 2000; Furano et al. 1994; Pascale et
al. 1993; Smit et al. 1995), ultimately only one
prevails (Cabot et al. 1997). This process is exem-
plified by the successive emergence of a single line-
age of replicatively dominant L1 families during the
last 60 My of human evolution (Boissinot et al.
2001; Smit et al. 1995).

The persistence of L1 activity in all mammalian
orders studied so far (Burton et al. 1986) is puzzling
because L1 insertions can cause genetic defects (Ka-
zazian 1998) and L1 activity in general can pose a
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Fig. 1. A Structure of a typical full-length human L1 element.
The 5 untranslated region (5UTR) has a regulatory function; open
reading frame (ORF) I encodes an RNA-binding protein; ORFII
encodes the L1 cDNA replicase containing highly conserved
endonuclease (EN) and reverse transcriptase (RT) domains; the

serious genetic load to its host (Boissinot et al. 2001).
How serious depends, in part, on the rate at which L1
amplifies. In murine rodents the L1 amplification rate
changes over evolutionary time; periods of high and
low amplification rates alternate (Pascale et al. 1993;
Verneau et al. 1998). Apparent L1 replication rates
also differ between species; the rate of genetic defects
due to L1 insertions that cause disease in human is 30
times lower than in the house mouse (Ostertag and
Kazazian 2001), and it has been suggested that L1
amplification has recently decreased in humans and
their immediate primate antecedents (Boissinot et al.
2000; Consortium 2001).

As L1 elements have been characterized in only a
few nonhuman primate species (DeBerardinis and
Kazazian 1998; Mathews et al. 2003; Stanhope et al.
1993), most of our knowledge of primate L1 is based
on human studies. Here we report the first analysis of
L1 evolution in an additional group of nonhuman
primates, New world monkeys (NWMs; infraorder
Platyrrhini, following the classification of Goodman
et al. [1998]). NWMs are restricted to Central and
South America, where they have evolved and diver-
sified since their split from Catarrhini primates (Old
World monkeys, apes, and human), ~35 My ago
(Fig. 1B). We collected sequences from two regions of
L1 in three NWM species that diverged from each
other between 20 and 25 My ago. L1 amplified and
evolved in the tamarin (g. Saguinus) and squirrel
monkey (g. Saimiri) linecages. In contrast, both
processes were drastically reduced in the spider

Homo sapiens

Macaca mulatta OwWM
Ateles paniscus
Saguinus oedipus NWM

Saimiri sciureus

Lemur catta

3’UTR contains a conserved G-rich polypurine motif. Genomic
copies of L1 end in an A-rich stretch (open rectangle) (Furano
2000). The A and B regions correspond to the two regions studied
in this paper. B Evolutionary relationships between the primate
species used in these studies (Goodman et al. 1998).

monkey lineage (g. Ateles). We also found that two
L1 lineages coexisted in the common ancestor of
these three species but only one of them has persisted
until the present time.

Materials and Methods
Sources of Samples

DNA samples of squirrel monkey (Saimiri sciureus), spider monkey
(Ateles paniscus), rhesus monkey (Macaca mulatta), and lemur
(Lemur catta) were obtained from individuals kept in captivity,
respectively, at the University of Miinchen, the Wuppertal Zoo-
logical Garden, the Leipzig Zoological Garden, and the Minster
Zoological Garden. The tamarin (Saguinus oedipus) and human
(Homo sapiens) DNAs were purchased from the Coriell Institute
for Medical Research. The phylogenetic relationship between these
species is shown in Fig. 1B.

PCR Amplification and Cloning

PCR primers were cognate to a highly conserved region of the
second open reading frame (ORFII; Region A in Fig. 1A). Primers
GAGAAATGCAAATCAAAACCA (forward) and GCTGCA-
TAGTATTCCATTGT (reverse) amplify a 396-bp fragment located
near the 3’ extremity of ORFII (from position 5426 to position 5822
on alignment ALIGN_000165 from the EMBL-ALIGN database
[Boissinot and Furano 2001]). This region encompasses a cysteine-
rich motif (Moran et al. 1996) that is conserved in all L1 and L1-like
elements (Clements and Singer 1998). The conservation of this part
of ORFII was confirmed by obtaining amplification with the same
primers in a wide range of mammals including mouse, rabbit, dog,
cow, pig, and elephant shrew (data not shown). PCRs were per-
formed in capillary tubes in an Idaho Technology Air-Thermo
Cycler using the reagents provided by the company. Primers were
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Fig. 2. Phylogenetic trees of L1 elements based on region A of
ORFII. Trees were built using the neighbor-joining method based
on Kimura’s two-parameter distances. Sequences AL022150-2 and
AL022150-3 were used as outgroups because they have 75 of the
84 characters in region A that distinguish the modern human L1
family from the L1P5 family (Smit et al. 1995), an ancestral L1

used at a final concentration of 0.5 pM. Fifty nanograms of genomic
DNA was amplified in a total volume of 25 pl using the following
conditions: 94°C for 0 s, 50°C for 0 s, and 72°C for 10 s, for 30
cycles. PCR products were purified with the QIAquick PCR puri-
fication kit (QIAGEN) and cloned into the pGEM vector (Prome-
ga). Positive clones were sequenced in both directions using the
Sequenase version 2.0 sequencing kit (Amersham).

When this first method failed to yield young L1 elements from
Ateles, we used a cloning protocol designed to select for young L1
elements (Cantrell et al. 2000; Casavant et al. 2000). This method
depends on the higher likelihood of intact ORFs in younger than in
older L1 elements. Degenerate primers were used to amplify a
portion of the conserved reverse transcriptase domain of ORFII
(Region B in Fig. 1A). The PCR product was then cloned in a
modified bacterial cloning vector (pBS II KS+ vector; Stratagene)
that does not contain a functional LacZ reading frame but can
produce a functional LacZ fusion peptide if an L1 ORF amplified
with the degenerate primers is inserted appropriately. When elec-
troporated into E. coli strain TGI, plasmids containing an LI
fragment with an intact ORF yielded blue colonies, while L1 ele-
ments with an interrupted ORF yielded white colonies. Clones from
blue colonies were then sequenced. The modified vector was kindly
provided by Dr. Holly Wichman (University of Idaho, Moscow).

DNA Blotting and Hybridization Conditions

DNAs were digested with NlaIIl. About 50 ng of each DNA digest
was electrophoresed on a 6% acrylamide gel and electroblotted to

family that amplified before the split between New World mon-
keys and Old World monkeys and apes. Boxes indicate the se-
quences that have the characters diagnostic of the four
hybridization probes. Trees built using (A) Saimiri sciureus se-
quences, (B) Saguinus oedipus sequences, and (C) Ateles paniscus
sequences.

Zeta-probe membranes. Alternatively, DNA dot-blots were applied
manually on Zeta-probe membranes. Membranes were hybridized
to family-specific [**p]GTP-labeled oligonucleotide in the presence
of competitor oligonucleotides (described by Verneau et al. 1997).

Sequence Analysis

Sequences were aligned manually. Phylogenetic analyses were
performed using the PHYLIP 3.5¢ computer package (Felsenstein
1993). The percentage nucleotide substitution between sequences
was calculated using Kimura’s (1980) two-parameter method.
Trees were built with the neighbor-joining method (Saitou and Nei
1987) and their robustness was assessed using a bootstrap proce-
dure. The aligned sequences (in fasta format) are available by
anonymous FTP from helix.nih.gov/usr/ftp/pub/avf/Align_ NWM _
Region_A_all_seq.

Results

Analysis of Region A

Twenty-six PCR-derived clones from each of Saimiri
sciureus, Saguinus oedipus, and Ateles paniscus and six

clones from Macaca mulatta were sequenced. The
sequences were aligned together with the consensus
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Fig. 3. Alignment of primate L1 subfamilies consensus sequences.
The sequence at the top of the alignment corresponds to an “‘an-
cestral” sequence we reconstructed based on the alignment in Fig. 1
of Smit et al. (1995). These authors defined nine major L1 families
in human based on the last 683 bp of ORFII and the 3UTR ar-
ranged from the oldest one (L1M4) to the youngest one (L1P1). We
used their alignment to infer at each position the ancestral state of
the last common ancestor which would be the nucleotide found in
the sequences of the families that predate family L1P4, the last
family to amplify before the split between NWMs and OWMs and

sequence of the most recently evolved L1 subfamily in
human, the Ta-1 subfamily. Insertions were removed
from the alignment to keep the sequences in frame.
Phylogenetic trees (Fig. 2) were built with the
neighbor-joining (NJ) method based on the Kimura
two-parameter distance, using the observed transi-
tion-to-transversion ratio of 2.1:1. The Saimiri and
the Saguinus trees (trees A and B in Fig. 2, respec-
tively) have the typical cascade structure expected if
L1 evolution is driven by a single major lineage
(Clough et al. 1996). In both cases the cascade
structure ultimately leads to a group of closely related
sequences suggestive of recent L1 amplification in
both species. In Saimiri the divergence of the five
most similar sequences is 1.36% (SE, 0.42%), com-
pared to 2.46% (SE, 0.51%) for the five most similar
Saguinus sequences. Thus, L1 may have been active
more recently in Saimiri than in Saguinus. Using a
NWM pseudogene rate of 0.21%/My (derived from
Table 8.2 of Li 1997), we calculated that the most
recent L1 inserts in our Saimiri and Saguinus samples
are ~1.3 and ~3.4 My old, respectively. These are

apes. The age of L1P4 is known because an L1 element belonging
to family L1P4 is found in the y1l-globin gene in human and spider
monkey but not in galago, tarsier, and rabbit. The human sequence
(Homo Ta-1) is the consensus sequence of the most recently derived
L1 subfamily in human. The Macaca, Saguinus, and Saimiri con-
sensus sequences were derived from the five most closely related
sequences in each species. The LInwm-old consensus was derived
from the four sequences in the dashed-line box in Fig. 2C. Num-
bered boxes correspond to the oligonucleotide probes used for
hybridization.

very rough estimates because of the short length of
the sequences analyzed here.

The topology of the Ateles tree (tree C; Fig. 2)
differs from that of the Saimiri and Saguinus trees:
the cascade structure is less obvious and the tree does
not show any group of closely related sequences as
observed on trees A and B. Some NWM sequences
share a number of characters that were not present in
humans. Probe 1 (Fig. 3) is specific to several of these
characters and hybridizes to the three NWMs DNAs
but not to human, macaque, or lemur DNA (Fig. 4).
Therefore L1 sequences that have these changes am-
plified after the split between NWMs and OWMs and
apes. The solid gray boxes in Fig. 2 indicate the se-
quences that have this NWM specific character. In-
terestingly, 73% (19/26) of the Saimiri sequences and
65% (17/26) of the Saguinus sequences have this
character, while only 8% (2/26) of the Ateles
sequences have it.

The foregoing observations suggest that far more
of the NWM specific L1 elements have been inserted
in the genome of Saguinus and Saimiri than in Ateles
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Fig. 4. Hybridization of various L1 probes to blot of primates

DNA. Each panel shows the result of overnight hybridization with
a different probe as described under Materials and Methods. The
sequences of the probes are shown in Fig. 3. The top three panels
are Southern blots of Nlall-digested DNAs and the bottom panel is
a dot blot. Lc—Lemur catta; So—Saguinus oedipus; Ss—Saimiri
sciureus; Ap—Ateles paniscus; Mm—~Macaca mulatta; Hs—Homo
sapiens. Probe 1, hybridization with competitor at 45°C; probe 2,
no competitor, at 40°C; probe 3, with competitor, at 50°C; probe 4,
with competitor, at 45°C.

since these species diverged ~25 Mya. To confirm the
lack of young L1 elements in Ateles, more clones were
collected, but this time we screened specifically for
younger elements. E. coli colonies were transferred to
Hybond-N nylon membranes (Amersham) using the
procedure described in (Buluwela et al. 1989). The
membranes were hybridized to the NWMs specific
probe (probe 1 in Fig. 3). Twelve positive clones were
picked and sequenced. Despite this additional clon-
ing, we failed to find a group of young L1 sequences
in Ateles as we found in Saguinus and Saimiri. The
divergence of these additional sequences ranged from
3.4 to 14.1% and the five most similar sequences are
5.14% (SE = 0.79%) divergent. This apparent lack of
L1 sequences younger than 8 My in Ateles suggests
that the amplification of L1 elements was strongly
reduced in the Ateles lincage.

Figure 5A shows a phylogenetic tree of the NWM
L1 lineages. For simplicity, we selected the most
similar sequences from each species; trees built with
other groups of sequences (not shown) were similar to
the one shown here. We added to this data set two
human and two macaque sequences and three se-
quences representative of a group of divergent se-
quences identified in Fig. 2C by a dashed gray box
(called Llnwm-old in Fig. 5A). This L1 tree mimics
the species tree shown in Fig. 1B, suggesting that L1
has amplified in each species leading to species-spe-

cific clusters of sequences. The Ateles, Saguinus, and
Saimiri specific L1 clusters are supported by relatively
high bootstrap values but the relationship among
these three clusters is not fully resolved.

The divergent sequences cloned from Ateles cluster
together and this group (L1nwm-old) is supported by
a high bootstrap value. The Llnwm-old clade
branches outside the (Ateles (Saguinus, Saimiri))
clade and therefore probably split from the main L1
lineage before the three species diverged from each
other but after the split between NWMs and OWMs
and apes. This was confirmed by hybridization with
probe 2 (Fig. 4), which hybridized to the three NWM
DNAs but not to other primate DNAs. The differ-
ence among the intensities of hybridization to the
three species indicates that Llnwm-old amplified
differentially in the three species. Thus, Llnwm-old
apparently remained active (at least in Saguinus and
Ateles) after the three species diverged from each
other. This is supported by the fact that the least
divergent Llnwm-old sequences differ by only 8%,
which corresponds to 19 My. Although this is a very
rough estimate, it is consistent with the hypothesis
that LInwm-old remained active in Ateles after Ateles
diverged from the Saguinus/Saimiri clade, about 25
My ago. The fact that Linwm-old sequences were
recovered only from the DNA of Areles is not really
surprising because the abundance of young eclements
in Saimiri and Saguinus would dominate the popu-
lation of PCR products, making the recovery of old
L1 lineages problematic.

We then examined the evolution of the active L1
lincage in NWMs. We first determined the consensus
sequences (Fig. 3) of the most recently active sub-
family in each species and then the evolutionary re-
lationships between these consensus sequences (Fig.
5B). The parsimony tree in Fig. 5B reveals that the
active lineage of L1 has evolved at very different rates
in NWMs. In Saimiri and Saguinus, L1 has evolved
into species-specific subfamilies that are character-
ized, respectively, by eight and six diagnostic char-
acters. The species specificity of these families was
verified by hybridization with probes 3 (Saimiri spe-
cific) and 4 (Saguinus specific; Figs. 2 and 4). In
contrast, the consensus built with Afeles sequences
shows only one (non-CpG) character that would be
specific to Ateles. However, this character is also
found sporadically in older subfamilies and therefore
might be a hypervariable site. Therefore, the most
recently active L1 lineage has accumulated more
changes in Saimiri and Saguinus than in Ateles.

Analysis of Region B
To confirm the difference between L1 amplification

and evolution in the NWMs studied here, we used
another method to distinguish old and new L1 fami-
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Fig. 5. Phylogenetic relationship between NWM LI lineages. A
Neighbor-joining tree based on Kimura’s two-parameter distances.
The Ateles sequences that begin with N are derived from clones
selected with probe 1 as described under Results. The number at a
particular node indicates its percentage of appearance in 500
bootstrap replicates. Only values >75% are indicated. B Parsimony

lies. As described by Cantrell et al. (2000), PCR
products of region B were cloned in frame into lacZ.
Clones with intact reading frames should yield blue
colonies, while clones with interrupted reading frames
should yield white ones. The fraction of blue colonies
was significantly higher (p = 0.000, Fisher’s exact test)
in Saimiri (63.4%; 298 colonies examined) and Sagui-
nus (62.2%; 399 colonies) than in Ateles (35.4%; 223

tree of consensus sequences. The tree is rooted using the ancestral
sequence shown in Fig. 2. The branch lengths are proportional to
the number of characters supporting each branch. CpG dinucleo-
tides were excluded from this analysis because in most cases it is not
possible to determine the ancestral state at these hypermutable
sites.

colonies). This result confirms the above finding that
Saimiri and Saguinus contain a larger proportion of
young (i.e., with an intact reading frame) L1 elements
than Ateles. This observation is consistent with the
lack of recent L1 amplification in the Ateles lineage
deduced from the analysis of region A. Twenty-three
blue colonies were picked, sequenced (9 from Ateles
and 7 each from Saimiri and Saguinus), and used in a
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Phylogenetic tree of L1 elements based on region B of ORFII. The tree was built using the neighbor-joining method based on

Kimura’s two-parameter distances. The number at a particular node indicates its percentage of appearance in 500 bootstrap replicates. Only
values >75% are indicated. The tree is rooted with the consensus of ancestral subfamily L1PAS.

phylogenetic analysis (Fig. 6). This NJ tree shows that
most Saguinus and Saimiri sequences are closely re-
lated and that they cluster into species-specific clades.
On the other hand, Ateles sequences are very divergent
from each others and do not constitute a monophyletic
lineage. This tree topology substantiates our conclu-
sions from examining region A of ORFII (Fig. 5B),
namely, that species-specific lineages have evolved in
Saimiri and Saguinus but not in Ateles.

Discussion

Here we investigated the evolutionary history of L1
retrotransposons in NWM in which L1 evolution
had not yet been examined. We found that episodes
of L1 amplification occurred at different times in
three NWM species. Whereas L1 amplified recently

in Saimiri and in Saguinus, L1 activity seems to have
been strongly reduced in the Ateles lineage for the
last ~10 My. In both Saimiri and Saguinus the ac-
tive L1 lineage has evolved and has generated new
species-specific subfamilies. In contrast, we could
not find convincing evidence for new L1 subfamilies
in the Ateles lineage. In fact, our results suggest that
the last amplification of a discernable L1 family in
this species occurred more than 19 Mya. These re-
sults were obtained by analyzing two different re-
gions of ORFII with different methods. As both
methods were PCR-based, any bias would favor
yielding younger elements (more likely to retain
nonmutated PCR primer sites). Therefore, we are
confident that our observations are not experimental
artifacts and correspond to real differences in the
rate of evolution and amplification of L1 in Ateles,
Saguinus, and Saimiri.



Either L1 activity is so low in Ateles that any ac-
tive family will have too few copies to be discernible
above the background of ancestral L1 elements or L1
is now extinct in this species. Demonstrating the ex-
tinction of L1 is not easy. Casavant et al. (2000)
suggested that such a conclusion should satisfy three
criteria: (1) no taxon-specific band observed by
Southern blot; (2) no recently inserted elements iso-
lated by methods designed to enrich for young ele-
ments; and (3) no genomewide pattern of L1
distribution observed by in situ hybridization. Using
these criteria, these authors showed that L1 is prob-
ably extinct in a group of South American rodents
(genus Oryzomys) (Casavant et al. 2000).

In our case, the second criterion is clearly met but
not the first and the third. The reason could be that
these criteria are more likely to be met by rapidly
evolving rodents than by the far more slowly evolving
primates (Li 1997). For instance, Fig. 4 reveals little,
if any, hybridization by probe 1 to taxon-specific
bands in Saguinus genomic DNA, although L1 has
evolved and amplified in this species. Similarly, bands
corresponding to old subfamilies are not going to
vanish as rapidly as in rodents because their restric-
tion sites will not degenerate as fast as in rodents (as
shown for the L1nwm-old clade, probe 2 in Fig. 4) As
L1 evolution requires L1 replication, it is not sur-
prising that species-specific L1 clades arose in Sa-
guinus and Saimiri but not in Ateles. In the former
two species, L1 amplification (and thus replication)
was robust compared to Ateles, where L1 amplifica-
tion was very low. Indeed, the most recently active
NWM L1 family is found in Saimiri, where the active
L1 lineage has experienced the largest number of
changes.

Rather than going extinct in Ateles, L1 may just be
in a low-activity phase. Alternating episodes of high
and low activity typify L1 evolution in murine rodents
(Pascale et al. 1993; Verneau et al. 1998). Among
other possibilities, cyclic repression of L1 activity and
subsequent escape by a novel L1 family could explain
the episodic nature of L1 amplification. The host
could adapt to deleterious L1 activity by repressing it
directly or indirectly (e.g., altering a host factor re-
quired for L1 replication). As L1 replication is error
prone (Furano 2000), a low level of L1 replication
could generate and maintain a repository of variants
but not produce a discernible family, especially if
numerous variants are contemporaneously active.
Any variant that can bypass host repression (or regain
effective interaction with putative essential host fac-
tors) could produce a full-blown L1 amplification.

Primate L1 evolution may be consistent with this
model. First, at times, L1 activity has been seriously
deleterious as judged by strong purifying selection
against only full-length L1 elements (those capable of
replication [Boissinot et al. 2001]). Presumably, the
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deleterious effect of L1 was due to high L1 activity.
Second, L1 concurrently underwent adaptive evolu-
tion. This suggests that the host responded to the
deleterious L1 activity (Boissinot and Furano 2001).
Both the purifying selection against L1 elements and
their adaptive evolution greatly decreased in the Af-
rican apes (Boissinot and Furano 2001). Interestingly,
the accumulation of both L1 and SINE (thought to
be retroposed by L1) elements also dramatically
decreased about the time that African apes emerged
14-16 Mya (Consortium MGS 2002). As for the
currently active human L1Pal family, it may be too
early to judge whether this family represents a de-
parture from the current phase of low L1 activity.

In NWMs a single major L1 lineage has evolved
and is responsible for most of the recent L1 amplifi-
cation. However, the common ancestor of the three
NWM species contained another L1 lineage (L1nwm-
old) that was also active and probably generated in-
serts after the three species diverged from each other,
as indicated by the hybridization experiment (Fig. 4).
Llnwm-old seems to have been active until at least 19
Mya. As the three NWM species diverged ~25 Mya,
LInwm-old and the major active lineage could have
coexisted for at least 6 My and probably longer be-
cause the major lineage was clearly differentiated
before the split among the three species. Thus, two
active L1 lineages coexisted for several million years
during the evolution of NWMs.

The persistence of more than one active L1 lineage
for any length of time is unusual in mammals, al-
though this conclusion is based on an admittedly
small number of species. In humans only a single
active linecage comprising five major families has
persisted for at least the last 25 My (Boissinot et al.
2000; Smit et al. 1995). Although several differenti-
ated subsets (subfamilies) within these families have
been concurrently active, one ultimately attained re-
plicative dominance (A.V. Furano, unpublished ob-
servations; Boissinot et al. 2001). The same situation
occurred in old world rats and mice (murine rodents)
(Furano 2000). However, as L1 families have not
been nearly as well catalogued in murine rodents as in
humans, this conclusion may need to be modified.

Nonetheless, until the present work, the only un-
equivocal exception to the single L1 lineage model
was found in the new world rodent, Peromyscus (the
deer mouse). Here two active lineages persisted and
evolved for at least 10 My (Casavant et al. 1996). One
possible explanation for the existence of a single L1
lineage is competition between active L1 elements for
a limiting host factor(s) essential for L1 replication.
As the competition would presumably be reduced
during periods of low L1 activity, the latter condition
could favor the coexistence of multiple active L1
lineages. In fact, multiple L1 lineages seem to typify
nonmammalian species which do not support the
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high level of L1 activity possible at times in mammals
(Eickbush and Furano 2002).
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