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Highly similar noncoding genomic DNA
sequences: ultraconserved, or merely
widespread?

Donal A. Hickey

Abstract: In this note, I propose an explanation for the seeming contradiction between bioinformatics-based predictions of
an essential function for ultraconserved DNA sequences, and the lack of an experimental demonstration of such function.
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Résumé : Dans cette note, l’auteur propose une explication pour l’apparente contradiction entre les prédictions fondées
sur la bio-informatique voulant que les séquences d’ADN ultraconservées aient une fonction essentielle et l’absence
d’appui empirique pour une telle fonction.
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[Traduit par la Rédaction]

The large-scale comparison of genomic DNA sequences
between vertebrate lineages has revealed the presence of
highly similar noncoding DNA sequences between lineages
that diverged hundreds of millions of years ago (Bejerano et
al. 2004; Pennacchio et al. 2006). Taken at face value, such
high levels of sequence similarity reflect an equally high de-
gree of sequence conservation since the divergence of the
lineages in question. Sequence conservation can, in turn, be
taken as an indication of functional constraint on the accu-
mulation of new mutations, suggesting that these sequences
are essential for critical biological functions (Drake et al.
2006; Katzman et al. 2007). Although this line of reasoning
is perfectly logical, it appears to be contradicted by recent
experimental results showing that deletions of these genomic
DNA sequences have no detectable functional consequences
(Ahituv et al. 2007). Here, I suggest a resolution of this par-
adox based on the observation that many of these sequences
appear to be related to transposable genetic elements (Nishi-
hara et al. 2006; Pennisi 2007).

It is well known that transposable genetic elements may
be transferred between lineages (Clark et al. 1994) and that,
once transferred, they can rapidly spread to all members of a
sexual outbreeding population (Hickey 1982). This combina-
tion of inter-lineage transfer and intraspecies proliferation
leads to unexpectedly high levels of sequence similarity be-
tween element copies in different lineages, given the diver-
gence times of the host genomes (Sánchez-Gracia et al.
2005). For example, a recent report (Piskurek and Okada

2007) shows that poxviruses are possible vectors for hori-
zontal transfer of retrotransposons from reptiles to mam-
mals. In other words, the high levels of sequence similarity
may reflect a transfer of these sequences between genomes
long after the genomes themselves diverged from their com-
mon ancestor. Not only can we explain the seemingly high
levels of sequence conservation by the horizontal transfer of
transposons between diverse lineages, but the rapid intra-
genomic turnover of such transposons would also generate
patterns of allelic variation that mimic purifying selection.

Of course, if these horizontal transfer events were very re-
cent, i.e., within historical time, the situation would be trivi-
ally obvious. It is not so obvious, however, to distinguish
between the consequences of a horizontal transfer that oc-
curred twenty million years ago and a divergence that oc-
curred two hundred million years ago. This is because the
transferred sequences would have undergone significant di-
vergence, albeit less than expected based on the species di-
vergence times. Finally, it is worth noting that all transposon
sequences are themselves subject to selective constraint, but
this is selection for transposon function rather than cellular
function. What is lacking in the current analyses is a critical
consideration of the complexities that are introduced by the
potential interspecies transfer and intraspecies proliferation
of these sequences.

In conclusion, the observed high sequence similarity be-
tween noncoding genomic DNA sequences in diverged ver-
tebrate lineages may not, after all, be an indication of an
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important organismic function for ‘‘junk’’ genomic DNA
(Pennisi 2007). Instead, it may simply reflect the fact that
‘‘genomic weeds’’ can be transferred between lineages and
flourish within genomes during the course of long-term evo-
lution.

References
Ahituv, N., Zhu, Y., Visel, A., Holt, A., Afzal, V., Pennacchio,

L.A., and Rubin, E.M. 2007. Deletion of ultraconserved ele-
ments yields viable mice. PLoS Biol. 5: e234. doi:10.1371/
journal.pbio.0050234. PMID:17803355.

Bejerano, G., Pheasant, M., Makunin, I., Stephen, S., Kent, W.J.,
Mattick, J.S., and Haussler, D. 2004. Ultraconserved elements
in the human genome. Science (Washington, D.C.), 304: 1321–
1325. doi:10.1126/science.1098119. PMID:15131266.

Clark, J.B., Maddison, W.P., and Kidwell, M.G. 1994. Phyloge-
netic analysis supports horizontal transfer of P transposable ele-
ments. Mol. Biol. Evol. 11: 40–50. PMID:8121285.

Drake, J.A., Bird, C., Nemesh, J., Thomas, D.J., Newton-Cheh, C.,
Reymond, A., et al. 2006. Conserved noncoding sequences are
selectively constrained and not mutation cold spots. Nat. Genet.
38: 223–227. doi:10.1038/ng1710. PMID:16380714.

Hickey, D.A. 1982. Selfish DNA: a sexually-transmitted nuclear
parasite. Genetics, 101: 519–531. PMID:6293914.

Katzman, S., Kern, A.D., Bejerano, G., Fewell, G., Fulton, L.,
Wilson, R.K., et al. 2007. Human genome ultraconserved
elements are ultraselected. Science (Washington, D.C.), 317:
915. doi:10.1126/science.1142430. PMID:17702936.

Nishihara, H., Smit, A.F., and Okada, N. 2006. Functional noncoding
sequences derived from SINEs in the mammalian genome.
Genome Res. 16: 864–874. doi:10.1101/gr.5255506. PMID:
16717141.

Pennacchio, L.A., Ahituv, N., Moses, A.M., Prabhakar, S., Nobrega,
M.A., Shoukry, M., et al. 2006. In vivo enhancer analysis of
human conserved non-coding sequences. Nature (London),
444: 499–502. doi:10.1038/nature05295. PMID:17086198.

Pennisi, E. 2007. Evolution: jumping genes hop into the evolution-
ary limelight. Science (Washington, D.C.), 317: 894–895.
doi:10.1126/science.317.5840.894. PMID:17702923.

Piskurek, O., and Okada, N. 2007. Poxviruses as possible vectors
for horizontal transfer of retroposons from reptiles to mammals.
Proc. Natl. Acad. Sci. U.S.A. 104: 12046–12051. doi:10.1073/
pnas.0700531104. PMID:17623783.

Sánchez-Gracia, A., Maside, X., and Charlesworth, B. 2005. High
rate of horizontal transfer of transposable elements in Droso-
phila. Trends Genet. 21: 200–203. doi:10.1016/j.tig.2005.02.
001. PMID:15797612.

Hickey 397

# 2008 NRC Canada


