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Classifying reverse transcribing elements:
a proposal and a challenge to the ICTV

R. Hull

John Innes Centre, Norwich Research Park, Colney, Norwich, U.K.

The replication of most nucleic acids is either from DNA to DNA (chromosomal and viral
nucleic acids) or from RNA to RNA (viruses and some cytoplasmic nucleic acids).
However, an increasing number of nucleic acids are being found whose replication involves
reverse transcription of RNA to produce DNA. This replication is driven by the enzyme
reverse transcriptase (RT), which was first recognised over 30 years ago [1, 21]. Nucleic
acids that replicate by reverse transcription are termed retroelements [10, 20] and this form
of replication is employed by elements in higher plants, higher animals, fungi, insects and
bacteria. Retroelements have been grouped into viral retroelements, eukaryotic chromo-
somal non-viral retroelements and bacterial chromosomal retroelements (Table 1) [9].
Retrotransposons are also known as LTR (long terminal repeat) retrotransposons and
retroposons as non-LTR or poly (A) retrotransposons. There are various and separate
classification systems for the viral and non-viral elements but, as these elements have many
features in common, a universal classification for all retroelements should be considered.

Viral retroelements have been formally classified by the International Committee on
Taxonomy of Viruses (ICTV) over several years. Recently retrotransposons have been
included in the classification scheme to give a total of five families (Table 2) [17, 18, 23].
The inclusion of retrotransposons in virus classification is based primarily on similarities in
their genome organizations with those of viral retroelements and on phylogenetic relation-
ships among the reverse transcriptases. It is the encoding of a reverse transcriptase and the
mechanism of replication that differentiate retroelements from all other viruses and cellular
elements. Thus consideration should be given to the inclusion of other reverse transcribing
elements in the classification. The suggestion being put forward here is that there is a case
for classifying all these elements together.

As well as the basic RNA to DNA replication, retroelements have several other
features in common. The enzyme complex of active retroelements comprises reverse

* Editor’s footnote: This paper is a revised up-dated version of a paper published previously
(Hull R, 1999, Arch Virol 144: 209-214). The ideas proposed by the author are under discussion by
anad hocsubcommittee of the Executive Committee of ICTV, who would welcome comments
from any interested virologists on the proposals and the questions posed by Roger Hull. Please send
comments to the Chair of the subcommittee (Mike Mayo) at mmayo@scri.sari.ac.uk.
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Table 1. Viral and non-viral reverse transcribing elements*

Viral retroelements

|. Retroviruses Il. Pararetroviruses
(RNA in virions) (DNA in virions)

Eukaryotic non-viral retroelements

|. Retrotransposon Il. Retroposon
LTR2 + -
RT + +
INT + +
Examples Tycopia LINEs
gypsy Tntl mitochondrial
SIRE-1, Tat-1 introns and
plasmids

Bacterial retroelements

Retron
LTR -
RT +
INT -
Example msDNA

* Adapted from [9]
aLTR long terminal repeat; RT reverse transcriptase; INT integrase

transcriptase (RT), ribonuclease H (RNaseH) (except possibly for some retrons) and, in
eukaryotic elements, an open reading frame that codes for a nucleic acid-binding protein,
termedgag for retroviruses or coat protein for pararetroviruses [6]. Most elements, except
hepadnaviruses, encode an aspartate proteinase, and retroviruses, retrotransposons and
retroposons also code for an integrasg,(which is absent from most, if not all, pararetro-
viruses and hepadnaviruses. Each of these proteins has consensus amino acid sequences for
RT (for example [4, 13, 14, 26, 27]), for RNaseH [14], for aspartate proteinase [14, 22], for

int [14] and for gag/coat protein in the cys sequence [3, 7]. These consensus sequences are
taken to show a common origin for each of the four proteins [14, 27] and also to demonstrate
the concept of a common replicon to which other functions are added to adapt the element
to the “niche” in which it exists [9].

The initial suggestion (Table 3) is to build from the already fixed lower taxonomy and
bring the current taxa together under higher taxa. The proposal is to create two Orders, one
(Retrovirale$ of “viruses” potentially capable of horizontal transmission, and the other
(Retrales of the non-viral elements, and to divide these into five SubordersR&tre-
viraleswould consist of three Suborders, teghoretrovirineae which would contain the
retroviruses (with encapsidated RNA genomes and which involve integration in their
replication), thePararetrovirineag which would contain the pararetroviruses (with encap-
sidated DNA genomes and which replicate episomally) anBéivtransposineaavhich
would contain the retrotransposons. The lower levels of classification in this Order (family
and genus) are those already accepted.Rétealeswould consist of two Suborders, the
previously unclassified retroposonRefroposoninegeand retrons Retronineag The
latter two Suborders still require a classification structure at the lower levels.
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Table 2. Classification of reverse transcribing viruses*

Family: Retroviridae

Genera
Alpharetrovirus
Betaretrovirus
Gammaretrovirus
Deltaretrovirus
Epsiloretrovirus
Lentivirus
Spumavirus

Family: Hepadnaviridae

Genera
Orthohepadnavirus
Avihepadnavirus

Family: Caulimoviridae

Genera

Badnavirus

Caulimovirus

“Rice tungro bacilliform-like viruses”
“Soybean chlorotic mottle-like viruses”
“Cassava vein mosaic-like viruses”
“Petunia vein clearing-like viruses”

Family: Pseudoviridae

Genera
Pseudovirus
Hemivirus

Family: Metaviridae

Genera
Metavirus
Errantivirus

Type species

Avian leukosis virus

Mouse mammary tumor virus
Murine leukemia virus

Bovine leukemia virus

Walleye dermal sarcoma virus
Human immunodeficiency virus 1
Chimpanzee foamy virus

Type species
Hepatitis B virus
Duck hepatitis B virus

Type species

Commelina yellow mottle virus
Cauliflower mosaic virus

Rice tungro bacilliform virus
Soybean chlorotic mottle virus
Cassava vein mosaic virus
Petunia vein clearing virus

Type species
Saccharomyces cerevisiae Ty-1 virus
Drosophila melanogaster copia virus

Type species
Saccharomyces cerevisiae Ty-3 virus
Drosophila melanogaster gypsy virus

* from van Regenmortadt al.[23]

This classification will most probably need further refining to allow for some recent

findings and suggestions:

1.

Although the genome organizations and replication mechanisms of retroviruses and
retrotransposons have many features in common, it was considered that the main
difference between them was that the former encoded a preneimvhich is involved

in the formation of virus particles and in horizontal spread. It was considered that
retrotransposons and retroposons could transpose within an individual cell and pass
vertically but could not infect another host by horizontal transmission. However,
particles and possible horizontal spread have been demonstrated for several retrotrans-
posons (e.g. yea3ly elements [15]copia andgypsyelements oDrosophila[5, 11,

19]). Recentlyenvlike coding regions have been recognised in retrotransposons from
plants [reviewed in 16] although no retrotransposon particles have been detected and
horizontal spread has not yet been demonstrated. The potential preseneevofeare

in these plant retrotransposons poses some interesting questions as the current dogma
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Table 3. Proposed classification of reverse transcribing elements

Order:Retrovirales
SuborderOrthoretrovirineae
Family: Retroviridae

Genera Type species

Alpharetrovirus Avian leukosis virus
Betaretrovirus Mouse mammary tumor virus
Gammaretrovirus Murine leukemia virus
Deltaretrovirus Bovine leukemia virus
Epsiloretrovirus Walleye dermal sarcoma virus
Lentivirus Human immunodeficiency virus 1
Spumavirus Chimpanzee foamy virus

SuborderPararetrovirineae
Family: Hepadnaviridae

Genera Type species
Orthohepadnavirus Hepatitis B virus
Avihepadnavirus Duck hepatitis B virus

Family: Caulimoviridae

Genera Type species

Badnavirus Commelina yellow mottle virus
Caulimovirus Cauliflower mosaic virus

“Rice tungro bacilliform-like viruses” Rice tungro bacilliform virus
“Soybean chlorotic mottle-like viruses” Soybean chlorotic mottle virus
“Cassava vein mosaic-like viruses” Cassava vein mosaic virus
“Petunia vein clearing-like viruses” Petunia vein clearing virus

SuborderRetrotransposineae
Family: Pseudoviridae

Genera Type species
Pseudovirus Saccharomyces cerevisiae Ty-1 virus
Hemivirus Drosophila melanogaster copia virus

Family: Metaviridae

Genera Type species
Metavirus Saccharomyces cerevisiae Ty-3 virus
Errantivirus Drosophila melanogaster gypsy virus

Order:Retrales
SuborderRetroposineae

SuborderRetronineae

is that cell-to-cell movement within plants and horizontal spread between plants does
not require the membrane-associated features adrihgene product. However, the
majority of sequenced retrotransposons lack any potential to codedfovgene. This

lack raises the question of whether or not retroelements that can spread horizontally,
and thus are in reality viruses, should be grouped separately from retroelements that
have no potential for horizontal spread (see comments below on the definition of a
virus).
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2.

Many of the retrotransposons and retroposons of plants have mutations or deletions
that are considered to render them incapable of replication. Although some may
possibly have replication functions restored by complementation from another retro-
element, it is generally thought that most are essentially “fossil” remains of earlier
transposition events. Should a classification of retroelements distinguish between
potentially active and inactive elements?

Phylogenetic analyses of the amino acid sequences of retrotransposon reverse tran-
scriptases reveal two distinct groupings: Tly&/copiagroup and th&y3/gypsygroup

(see [2, 27]). Of these groups, the animal-infecting enveloped retroviruses are more
closely related to th&y3/gypsygroup, as is the element froknabidopsis thalianahat
contains the env gene [25]; another plant retrotransposon with an env gene, SIRE-1
[12], belongs to th&yl/copiagroup. All plantTyl/copiagroup elements have a (-)
strand DNA synthesis primer-binding site complementary to tRNAvhereas the
animalTyl/copiagroup elements have a range of primer tRNAs. Should these different
groupings be recognised in a classification?

This classification will raise various challenges for the ICTV:

Definition of a virus: The ICTV does not formally define a virus. In the ICTR&port

[23] a virus is described asaf elementary biosystem that possesses some of the
properties of living systems such as having a genome and being able to adapt to
changing environments. However, viruses cannot capture and store free energy and
they are not functionally active outside their host Eeltsr classifying any organisms,

it would seem essential to have a definition of what one is classifying. A suggestion is the
definition given by Hull [8]: ‘A virus is a set of one or more nucleic acid template
molecules, either DNA or RNA but not both, normally encased in a protective coat or
coats of protein or lipoprotein, that is able to organize its own replication only within
suitable host cellswithin such cells, virus replication is (i) dependent on the host’'s
protein-synthesizing machinery, (ii) organized from pools of the required materials
rather than by binary fission, (iii) located at sites that are not separated from the host
cell contents by a lipoprotein bilayer membrane, and (iv) continually giving rise to
variants through various kinds of change in the viral nucleic.acid

Retroposons and retrons would fit with the ICTV description of a virus but not with the
generally accepted image of a virus, which has implications for the potential for
horizontal spread. If one adopts a more specific definition of a virus, there could be
problems in incorporating retroposons and retrons in a formal classification. However,
as far as | know there is no organization that is involved in classifying such non-viral
elements. The similarities in genome organization, replication cycle and in the con-
served sequences themselves blur the distinction between viral and non-viral retroele-
ments. Thus, there is a strong case for the ICTV being involved in their classification,
and the challenge is to do so.

Most biological classification systems have taxa at higher levels than Order but the
ICTV has not yet adopted any such taxa. As noted above, the results of sequence
analyses point to a common evolutionary origin for the major genes involved in the
reverse transcription method of nucleic acid replication. This opens the possibility for
the ICTV to consider adopting higher taxa such that the two Orders in this proposed
classification of retroelements would be grouped as a ClasBRetheelementopsida.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

On a more specific taxonomic issue, the ICTV use the swifinae for sub-families
(23). The suffix-ineaeis used in the subordinal name in botanical classification
(Article 17 of the International Code of Botanical Nomenclature; reference [24]).
There is potential for confusion here that needs to be resolved.
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