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Abstract

Retroid agents are genomes that encode the reverse transcriptase (RT) and replicate by way of an RNA intermediate. Some retroid agents
are implicated in disease via insertional mutagenesis, while others have been found to encode proteins essential to primate reproduction or
provide regulatory sequences for host cell processes. The Genome Parsing Suite (GPS), a generic multistep automated process, was
developed to characterize all RT-like sequences in the human genome database and to annotate the gene complement of the retroid agents that
encode these sequences. In this report the GPS analyzes all significant WU-tBLASTn hits returned for 30 representative RT queries. A total
of 128,779 unique RT signals were identified, and 7594 of these were retrieved by RTs not previously reported in the human genome. We
have identified 9652 full-length long interspersed nuclear elements (LINEs). Only 159 LINEs are without stop codons or frameshifts.
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Retroid agents are RT-encoding genomes that replicate
by reverse transcription of an RNA intermediate. Although
once considered to be “junk” DNA, it is abundantly clear, as
first suggested by Barbara McClintock, that these trans-
posable elements and viruses are important in the evolution
and development of eukaryotes. The full impact these agents
have on human evolution, development, and disease can be
known only when all such agents are identified, mapped,
and evaluated as to probable function and historical
relationship. Some retroid agents are implicated in disease
while others have been found to encode proteins essential to
primate reproduction [1-3], provide regulatory sequences

Abbreviations: LINE, long interspersed nuclear element; HERV, human
endogenous retrovirus; RT, reverse transcriptase; GPS, Genome Parsing
Suite.
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for host cell processes [4—6], maintain telomeres [7], repair
damaged chromosomes [8], and exchange genetic informa-
tion among and between organisms [9].

The LINEs are responsible for various diseases,
indirectly as mobilizers of noncoding repetitive elements
[10] and directly as insertional mutagens. For example, the
X-linked disorders Duchenne and Fukuyama-congenital
type muscular dystrophies [11,12], Alport syndrome-—
diffuse leiomyomatosis [13], and chronic granulomatous
disease [14] are caused by LINE insertion. In humans only
two exogenous retroviruses are known to cause diseases:
acquired immunodeficiency by HIV and human T cell
leukemia by HTLV. Endogenous retroviruses are associ-
ated with a variety of diseases such as rheumatoid arthritis
[15], systemic lupus erythematosus [16], and schizophrenia
[17].

The encoding of the RT function defines the gene
common among all the retroid agents that are coevolving
within eukaryotes. The RT is one of two functional
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domains of the RNA-dependent DNA polymerase. The RT
provides the polymerase function and the ribonuclease H
(RH) domain removes the RNA template for second-strand
DNA synthesis. Margaret Dayhoff introduced the concept
of discrete “islands” of highly conserved amino acids that
are maintained over long evolutionary time spans that we
refer to as an ordered series of motifs (OSM) [18]. The
OSM of the RT [18-20] contain the key amino acids that
fold to form the active site of the enzyme [21]. These six
highly conserved motifs provide easy identification of
potential RT function (Fig. 1). While all retroid agents
encode the RT gene, many share a more extensive gene
complement [18] (Fig. 2). In keeping with the historically
accurate [22,23] and officially recognized nomenclature
[24], seven major classes of retroid agents are easily
discernible from phylogenetic analyses [25]. These classes
include retroviruses, pararetroviruses, retrotransposons,
retroposons, retrointrons, retroplasmids, and retrons. The
cellular telomere elongation reverse transcriptase (TERT) is
the only copy of the RT gene found in the human genome
that is not encoded by a retroid agent.

Reports on the number and distribution of retroid
agents in the human genome estimate that they make-up
approximately 17% of the total DNA [26-28]. Given the
evolutionary and developmental importance of these
agents we have developed new software, the Genome
Parsing Suite (GPS), to identify and characterize RT
signals in any genome database and to annotate the

retroid agents that encode these potential RTs. The GPS
approach is quite different in concept from RepeatMasker
[29], a program designed to identify and mask out retroid
agents in the human genome with consensus DNA for
repetitive elements. The GPS utilizes protein rather than
nucleotide sequences to screen for the presence of retroid
agents, thereby providing a deeper query into a genome.
Once nucleotide substitution reaches mutational saturation,
DNA sequences are no longer useful for homology
searches, while the corresponding protein sequences easily
retain enough signal to identify distant potential homo-
logues. The prototype GPS provides information about
the retroid agent, including genes present, condition of
genes, agent boundaries, location of the agent in the
genome, etc.

To date only three types of retroid agents have been
reported in the human genome: the retroposons, LINEs;
the retroviruses, human endogenous retroviruses (HERVs),
human T cell leukemia (HTLV) [30], murine leukemia
[31], and mouse mammary tumor [32,33]; and the TERT.
While most HERVs are thought to be transcriptionally
silenced, some have been shown to encode gene products
important to human reproduction [3]. LINEs, on the other
hand, are predicted to number more than 500,000 copies
[26] in the human genome, with 5000-6000 of those
predicted to be full-length genomes [34,35].

Although developed to analyze the evolutionary foot-
prints of retroid agents in a given genome the GPS can be

RT Motif Chart for all 30 Probes

Probe I II

LINE ILIPKPGRD LMNIDAKIL
LHERV WPVQKTDGS YAAIDLANA
EHERV LPVPKPGTX FTCLDLKDA
FHERV ILPIKKPDG FSVLDFKDF
WHERV LGVQKPNRQ FTVLDLQDA
FRDHERV ILTVKKTNG FSVLDFKNF
SHERV WPVRKPDGT HFVVDLANA
RHERV NLSGKKQYP FTVLDLKDA
T4 7DHERV ILPVKKSDG FTVIDLKVD
KHERV FVIQKKSGK LIIIDLKDC
IHERV ILPVKKSDG FTVIDLKDA
HHERV LPVQKPDKS YSVLDLKDG
FMuLV LPVKKPGTN YTVLDLKDA
HTLV1 FPVKKANGT LQTIDLKDA
SRV2 FVIKKKSGK KIVIDLKDC
Snakehead WEVGKPDGS YSSLDISNG
Spuma YPVPKPDGR KTTLDLANG
FIV FATIKKKSGK VTVLDIGDA
HIV1 FAIKKKDST VTVLDVGDA
Dirs FTVPKPGTN MVKLDIKKA
Gypsy VLVPKKDGT FTTLDLHSG
Caulimo KRRGKKRMV FSSFDCKSG
Badna EVAQKPRIV FSKFDLKAG
HBV FLVDKNPHN WLSLDVSAA
Copia WTITKRPEN KYQIDYEET
Intron VGGEKGPYS TGRIDDQEN
Retron TVEKKGPEX ILNIDLEDF
PMAUP VYIPKANGK FPSVDLAYL
Archaea IEIPKKSGG LLEFDIKGL
HTERT RFIPKPDGL FVKVDVTGA

Fig. 1. RT motif chart for all 30 probes. The six motifs found in all RT sequences comprising the OSM of the queries.

III

TGTRQGCP
TVLPQGYI
TQLPQRFK
TILHQGFR
TILPQGFR
TVLPQGFR
TMLPQGYV
TVLPQGFK
TVLPQGFT
KVLPQGML
TVLPQGFM
TVLPQGFR
TRLPQGFK
RVLPQGFK
KVLPQGMA
TRLPQGFH
TRLPQGFL
CSLPQGWI
NVLPQGWK
KTMPFGLS
TVMPFGLV
NVVPFGLK
NVCPFGIA
RKIPMGVG
MRLPQGIS
GLTPKTEF
NLLPQGAP
NGVPQGAS
KGTPQGGV
QGIPQGSI

bold. These are the residues counted in the OSM score as described under Methods.

Iv

SLFADDMIVY
VHYIDDIMLI
LOYVDDLLLG
LQHEDDLLLC
SVGVDDLLLA
LOYMDDLLIC
FHYIDDIMIL
LOYVDDLLIS
LOYMDDLLIS
IHCIDDILCA
LOYVDDILIS
IQYIDELLLC
LOYVDDLLLA
LQYMDDILLA
IHYMDDILIA
LOYVDDILLM
QVYVDDIYLS
YQYMDDIYIG
YOYMDDLYVG
IAYLDDLLIV
NVYLDDILIF
CVYVDDILVF
LLYIDDILIA
FSYMDDVVLG
LLYVDDVVIA
VRYADDLLLG
TRYADDLTLS
IMYADDGILC
ERYADDSVIH
LRLVDDFLLV

v

RIKYLGIQL
SVKFLGSSG
QVCYLGFTI
KVSYLGLII
SQQYLGLKL
AIQYLGIIM
SAKLLGVIW
TIEYLGFLL
EVKYLGHLT
PFHYLGMQI
KVKYLGRLI
SVTYLGIIL
QVKYLGYLL
TIKFLGQIL
PYTYLGFQI
QVQYLGVNV
TVEFLGFNI
PYTWMGYEL
PFLWMGYEL
SITFLGLQI
ETEFLGYSI
KINFLGLEI
EVEYLGVEI
SLNFMGYVT
IKHFIGIRI
TVEFPGMVI
QRKVTGLVI
SVKFLGLEF
KFDFLGYTF
EDEALGGTA

Vi

PCSWVGRIN
HISYLGVLF
VREFLGAVG
LLSFLGLVG
LRGFLGVIG
F*AFLGITR
FVGFLGY*Q
LKGFLGMAG
LRKFLGLVT
FQKLLGDIN
LRKFLGLVG
LLSFLGMVG
LREFLGTAG
LOALLGEIQ
FQKLLGDIN
LRSALGLFN
LOSILGLLN
LOKLAGKIN
IQKLVGKLN
PRKLAGLKG
AQRFLGMIN
LORFLGILT
LOAYLGLLN
IVGLLGFAA
CRSLIGCLM
KFRNLGNSI
HHIFCGKSS
YIQVLGYLP
WVNYYGLFY
RRKLFGVLR

The highly conserved residues are in
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