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The term ‘horizontal transfer (HT)’ refers to the transfer of
genetic material between two reproductively isolated organisms.
HT is thought to occur rarely in eukaryotes compared to vertical
inheritance, the transmission of DNA from parent to offspring.
In a recent study we have provided evidence that a family of
DNA transposons, called SPACE INVADERS or SPIN, independently invaded horizontally the genome of seven distantly related
tetrapod species and subsequently amplified to high copy number
in each of them. This discovery calls for further investigations to
better characterize the extent to which genomes have been shaped
through HT events. In this addendum, we briefly discuss some
general issues regarding the study of HT and further speculate on
the sequence of events that could explain the current taxonomic
distribution of SPIN. We propose that the presence of SPIN in
the opossum (Monodelphis domestica), a taxon endemic to South
America, reflects a transoceanic HT event that occurred from Old
to New World, between 46 and 15 million years ago.
Horizontal transfer (HT) of DNA occurs when a piece of DNA
from a donor species gets inserted into the genome of a reproductively
isolated recipient species. Such transfers are common in prokaryotes
where they are central to the diversification and evolution of taxa,1
but seemingly scarce in eukaryotes where vertical inheritance from
parent to offspring is the accepted paradigm. Notwithstanding some
cases involving prokaryotic or endosymbiotic donor species,2-5 the
most convincing examples of HT described in multicellular eukaryotes are transfers of mobile DNA elements.6-10
In a recent paper,11 we provided evidence that a DNA transposon called SPACE INVADERS, or SPIN, has been horizontally
introduced in distantly related tetrapods, including five mammalian
lineages (bushbaby, little brown bat, murine rodents, opossum,
tenrec), the African clawed frog and the green anole lizard. Analysis
of SPIN transposons across species reveals a combination of features
that is incompatible with the traditional hypothesis of vertical inheritance. They show a patchy taxonomic distribution, a high level of
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inter-specific sequence similarity (>90%) despite the 350 million
years (my) of independent evolution separating the most divergent
taxa (mammals and amphibians), and no evidence of purifying
selection acting to preserve the integrity of these sequences since
their amplification. Furthermore, we were not able to detect any
shared orthologous copies (i.e., present at the same genomic locus)
between any two of the seven hosts, a finding that is strongly indicative of lineage-specific insertions. These data unmistakably point to
independent germline infiltration of the seven tetrapod lineages by
an essentially identical ancestral SPIN transposon that subsequently
amplified to reach high copy number in each of these genomes
(nearly 100,000 copies per haploid genome in the tenrec). In addition, our time estimates of these various transfers showed that there
was a seemingly global wave of SPIN invasion 15–46 mya.

Jumping and Non-Jumping Genes
Our ability to observe HT in multicellular eukaryotes implies that
(i) a piece of DNA was excised or copied from the genome of a donor
species, (ii) it was inserted into the germline genome of the recipient
species, and (iii) it has reached fixation in the new host species. In
this regard, the very nature of transposons clearly makes them much
more likely to be successful at HT than other pieces of DNA (e.g.,
genes). First, they are able to autonomously excise from and reintegrate into chromosomes,12 meaning that no other mechanisms are
necessary to explain these two essential steps of HT. Second, they
can rapidly generate many copies of themselves within a genome,
and therefore counteract forces such as drift and/or selection that in
many cases would lead to the loss of a single copy gene introduced
in a new host.13 HTs of DNA transposons are therefore expected
to be more frequent and widespread than HT of cellular genes, a
hypothesis that could now be tested on a large evolutionary scale
by systematic screening of the large diversity of eukaryotic genome
sequences becoming available.

Finding the Bug
Various hypotheses involving intermediate vectors such as viruses
and/or bacteria have been put forward to explain how a transposon could be horizontally transferred from one host to another.7
Although several examples of transposons integrated within viral
genomes have been reported, there has been no demonstration that
these captured transposons can be transferred to a new host species.
One of the most intriguing examples is the discovery of a SINE retroposon normally found in snakes that inserted into the genome of a
poxvirus known to infect gerbil rodents in West Africa.14 Although
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there is no evidence that the SINE has infiltrated the gerbil genome,
this case provides proof of principle that poxviruses can shuttle
transposons between distantly related vertebrates. In fact, poxviruses
meet several essential criteria for being considered good HT vector
candidates. They are known to infect a wide range of invertebrate
and vertebrate taxa, many cases of cross-species infections have been
reported, and their tissue tropism does not seem to rely on any cell
receptor.15,16 Although they can only replicate in specific cell types,
poxviruses can potentially enter many others, including germ cells. In
addition, their large genomes are known to be particularly efficient
at capturing host genes.17
Were poxviruses the vectors of SPIN HTs? It is conceivable, but
given the antiquity of these HTs (see above), it is most likely that the
underlying mechanism/vector will never be identified. Indeed, whatever the timing of the HT, pinning down the vector always appears
to be a daunting task for two reasons. First we know little about virus
biodiversity,18 and secondly a successful HT might not necessarily
require insertion of the transposon into the viral genome. Spurious
co-packaging of a transposon nucleoprotein complex in viral particles
might be sufficient to deliver an active transposon inside the new
host cell, and in such cases, no detectable mark of the transposon
would remain in the virus after the transfer.

Transoceanic Movement?
Perhaps one of the most puzzling aspects of the SPIN HTs is
the probable geographic distribution of the host taxa at the time of
the transfer. While the tenrec, bushbaby and African clawed frog
are endemic to Africa or Madagascar (tenrec),19,20 the opossum
(genus Monodelphis) is endemic to South America19 and the green
anole to Central/South America.21 The genus Myotis (represented
by the little brown bat M. lucifugus) has a worldwide distribution
but did not migrate to North America before 14 million years ago
(mya), and reached South America only 7–10 mya.22 Species of the
Muroidea superfamily (mice and rats) are also found worldwide but
they did not disperse in South America before 6 mya.23 Indeed South
America was an island continent throughout most of the Tertiary
period, from about 65 to 4 mya.24 These observations imply that
SPIN transposons infiltrated the germline of species inhabiting at
least two different continents, Africa and America, and somehow
were able to travel across the ocean. How could this transoceanic
movement happen? One possibility could be that a vector (possibly
viral) carrying SPIN reached South America via hitchhiking on the
African ancestors of the New World monkeys or those of caviomorph
rodents. Both are believed to have colonized South America through
transoceanic dispersal between 37 and 16 my ago, and between 45
and 36 my ago respectively, i.e., during periods overlapping widely
with the wave of SPIN amplifications (15–46 my ago).25 This
hypothesis does not necessarily imply that SPIN transposons invaded
the germline of South American rodents and/or monkeys, but it will
be interesting to check for the presence of SPIN in these taxa.
Another puzzling question is whether SPIN was transferred to
all its different vertebrate hosts via the same route (e.g., via intercontinental viral pandemics), whether it “jumped” from one host
to the other, or whether there was a mix of both routes. Whatever
the answers to these questions are, it is interesting to note that the
opossum and lizard SPINs are phylogenetically closer to each other
than to the other SPIN elements, consistent with the idea that they
www.landesbioscience.com

evolved from the same, possibly American, SPIN ancestor (Fig. 1). A
finer description of the taxonomic distribution of SPIN using experimental methods might help decipher this puzzle.
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Figure 1. Unrooted phylogeny of the autonomous SPIN DNA transposons.11 This shows that the SPIN of lizard and opossum—two American taxa—are
closely related and therefore that they most probably derive from the same American ancestor. Sequences were aligned using BioEdit.26 The alignment was
1,841 bp after removing ambiguous and gapped positions. Phylogenetic analyses were performed using MrBayes27 and PHYML.28 Posterior probability
and bootstrap values are indicated at each node. Only one or few full-length SPIN copies were found in opossum, green anole lizard and African clawed
frog.11 Thus for these three species the SPIN sequences used for phylogenetic analysis correspond to individual SPIN copies, while the sequences used for
bat, bushbaby and tenrec are consensus sequences derived from multiple full-length SPIN copies. This discrepancy explains in part why the branches of the
frog, lizard and opossum are much longer than those of the other three species. Note the branch of the opossum SPIN has been reduced by half for the
purpose of this illustration.
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