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Introduction

Integrated transcribing RNA viruses (retroviruses) comprise 8-
10% of human and mouse genomes

Integrated retroviral genes play important roles in host

Until recently integration of non-retroviral viruses has not been
found in vertebrate genomes

ssDNA viruses are smallest viruses known to infect eukaryotes
Anelloviridae, Parvoviridae, Circoviridae infect vertebrates
Geminiviridae and Nanoviridae infect plants



ssDNA viruse proteins

 Dependovirus and Parvovirus: 4-6kb genome
Rep (NS1) - virus encoded replication initiation protein
Cap (VP1) — capsid protein

e Circovirus: 2kb genome
Rep — replicase homologous to Parvoviridae

Usually contains helicase domain and replication protein
domain

* Rep is also found in bacterial plasmids and phages



Structure and organization of
Parvoviridae and Circoviridae genomes
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Methods: genome screening

Query: peptide sequences from ssDNA viruses

Target databases:

nr

refseq_genomic

NCBI genomes

wgs (whole genome shotgun)

gss (genome survey sequence)

htgs (high throughput genomic sequence)

TBLASTN search

e-value < 1e-5

matches extracted along with 1kb flanking sequence and screened
against nr database

Genomic sequences from host genomes that unambigously matched
viral proteins were considered as candidate enogenous viral
sequences



Methods: avoid contamination

Rule out chimeric clones or misassembly from contaminated
sequences

Search candidates and flanking sequences against NCBI Trace
archive and WGS database (cutoff 95% identity)

Examine junctions between endogenous viral sequences and
cellular sequences

Validate by PCR



Endogenous viral inserts
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Organization and transcription maps of
endogenous viral Rep-like proteins
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Phylogenetic analysis

Synthenic locations in host genomes
Indirect age estimation:

Putative peptides of endogenous viral sequences were obtained
according to BLASTX hits and manual editing

Alignments were compared with a neutral model of genome
evolution, numbers of stop codons and frameshifts converted
into expected genomic drift
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Phylogeny

Sequences formed three large clades: geminivirus-like, nanovirus-like and
circovirus-like

In each clade endogenous sequences did not fall into established viral
families, suggesting that these virus-like sequences may have originated
from previously undescribed viral lineages

There are 42 geminivirus-like Rep genes or remnants interspersed in the
genome of Perigord black truffle (Tuber melanosporum), an ectomycorrhizal
fungus. All but one are most closely related to each other and formed a
distinct clade. They share high (>95%) nucleotide sequence identities with
each other and thus allow us to reconstruct a consensus sequence.

The reconstructed copy contains one interrupted Rep-like open reading
frame (ORF), two transposase ORFs (one is interrupted and the other is
truncated), and one microsatellite sequence
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Table 1 Numbers of endogenous circular ssDNA virus-like sequences in eukaryotic genomes

Organism group Organism MNo. of virus-related genes
Rep Capsid
Plants
land plants Fonulus trichocaroa black cottonwood) 1
Neotiana tabacum (commaon tobacco) 1
green algae Micromonas pusila (green algae) CCMP1545 1
Fungi
ascomycetas Aspergiius nidulans FGSC Ad 1
Aspergifius fumigatus A1163 1
Aspergiius niger CBS 51388 1
Trichaderma atraviride 1Ml 206040 1
Magnaparthe onzage TO-15 (ce blast fungus) 1
Mectria haematoooocsa mpl 77-13-4 4
Tuber melgnosporum hel28 (Perigord truffle) 42
basidiomycatas lacoana oicolor 5238N-HB2 [Bicoloured deceiver) 5
Protists
protozoans Entamoeba invadens 1P 10
Entamoena terrapings 3
Entamoeba fistolytica HM-TIMSS 14
Entamoeba dispar SAWTED 7
gastoqystis hominis Singapore isolate B (sub-type 7) 7
Gigrdig inrestinglis ATCC 50581 strain G5/M H7 13
Giardia intestinalis bolate BRIS/32/HEPUS1 541 2
diatoms Paeadactylum tricornutum (diatom) 1
Animals
rarmrmals Cani lupus famifaris (dog) * 4
Manodelnnis domestica (gray short-tailed opossum) * 1
Falis catusidomestic cat) * (<]
Allurapoda melangieuca (glant panda) * 12
Choloeous hoffmanni (Hoffmann's twe-fingered sloth) * 2t
gastropods Aolysia californico (California sea hare) 1
amphibians Xenopus (Siiurang) tropicalisivestern clawed frog) * 2
lzncelats Branchiostoma fioridae Florida lancelet) strain 5238N-HE2 7
roundworms Brugia malay (agent of lymphatic filariasis) 1
log loa (African eyeworm) 10
Wlchereria bancrofti (agent of lymphatic filariasis)
Cnechaocersa vahvulus (agent of onchocarciasis) 5
crustaceans Leneophtheirus salmanis (salmen louse) strain Pacific 50
mites & ticks Varrog destructar (honeybee mite)strain Korean 56
placozoans Trichopiax adhgerens placozoan) strain Grall-B5-1909 2
hydrozoans Hydra magnipapiilata (hydrozoan) strain 105 18
Total 35 302 3

Liu et al., 2011



Results

* Belyi et al, 2010:
as many as 110 ssDNA virus-related sequences have been
iIntegrated into 49 vertebrate genomes during time period
ranging from present to over 40 Mya

e Liuetal., 2011:
discovered enogenous virus-like sequences in at least 35
species among plants, fungi, animals and protists

* Most circovirus-like elements consist of only rep-like sequences
In the opossum genome cap sequence is adjacent to rep, which
suggests that it was derived from viral genomic DNA.



Conclusions

Genes of small ss DNA viruses have been transferred to broad
range of vertebrate genomes

Some of transferred genes are conserved and functional in host
genomes

Capture and functional assimilation of exogenous viral genes
may represent and important force in the evolution of
eukaryotes

Remains unclear why these elements reached fixation
(incidental or provided advantages to host?)

There is an intrinsic limit on how far back in time we can reach
to identify ancient endogenous viral sequences
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