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INTRODUCTION

Densoviruses (subfamily Densovirinae) belong to
the family Parvoviridae, which also includes the sub-
family Parvovirinae. These viruses infect arthropods,
mostly insects. Densovirus infection has been
detected in species of five insect orders (Lepidoptera,
Diptera, Orthoptera, Diptyoptera, and Odonate).
Densoviruses owe their name to the fact that nuclei of
infected cells are hypertrophic and contain dense, dark,
Feulgen-positive virion masses [2]. In most cases, denso-
virus infection causes death of the host [3].

Hexagonal densovirus particles are 19–22 nm in
diameter and harbors a single-stranded DNA about 5–
6 kb. Some viruses (e.g., 

 

Aedes aegypti 

 

densovirus,

 

Ae

 

DNV) contain predominantly a mRNA-comple-
mentary DNA strand in their particles, whereas some
others (e.g., 

 

Junonia coenia

 

 densovirus, 

 

Jc

 

DNV) pro-
duce particles with different strands in similar
amounts [4]. When both plus and minus strands are
packed in particles, total DNA isolation at a high ionic
strength yields double-stranded DNA (dsDNA).

Terminal inverted repeats (TIR) are at the ends of
densovirus DNA and may form secondary structure
elements. The nucleotide sequences of the two TIR
are identical (

 

Jc

 

DNV

 

) [5] or differ (

 

Ae

 

DNV

 

) [6]. TIR
play an important part in autonomous replication of
virus DNA [4]. The densovirus genomes sequenced so
far each contain several open reading frames (ORF).
ORF occur in one or in both DNA strands depending
on the virus type, and code for capsid and regulatory
proteins [4].

After gene-engineering modification, densoviruses
provide convenient vectors for genetic manipulations
in insects. Another line of their employment is the bio-
logical control of pests [7–9].

We found a new 

 

Blattella germanica

 

 densovirus
(

 

Bg

 

DNV

 

), cloned and sequenced its DNA, and compared
its genome structure with that of other Parvoviridae.

EXPERIMENTAL

 

Total DNA

 

 was isolated from 

 

B. germanica

 

 indi-
viduals of a laboratory colony originating from a nat-
ural population (United States). Isolation of total and
plasmid DNAs, endonuclease digestion, gel electro-
phoresis, and fragment elution from a gel were carried
out according to published protocols [10, 11].

 

Electron microscopy.

 

 DNA preparations were
analyzed by transmission electron microscopy (mag-
nification 30,000). A mixture of virus and plasmid
DNAs (2:1) was treated as in [12] and placed on grids
with a formvar support film covered with graphite.
Preparations were contrasted with uranyl acetate and
platinum–palladium vapor.

To obtain ultrathin tissue sections, 

 

B. germanica

 

individuals were fixed and embedded in a resin. Prep-
arations were contrasted with uranyl acetate and lead
citrate as described previously [13].

 

Virus genome cloning.

 

 The gist of the cloning
procedure was tailing virus DNA with single-stranded
homopolymeric fragments (about 20 nt) and anneal-
ing it with pUC19.
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Virus dsDNA was isolated from agarose gel [10].
The tailing mixture (200 

 

µ

 

l) containing 0.3 

 

µ

 

g of virus
DNA, 100 mM potassium cacodylate (pH 7.2), 2 mM

 

CoCl

 

2

 

, 0.2 mM DTT, 0.1 mM dGTP, and 30 units of
terminal deoxynucleotidyl transferase (Gibco-BRL)
was incubated at 

 

37°C

 

 for 1 h. Plasmid DNA was
digested with 

 

Pst

 

I

 

 and resolved in 0.7% agarose gel.
The linearized DNA was tailed with poly(dC). The
reaction mixture (50 

 

µ

 

l) containing 0.1 

 

µ

 

g of plasmid
DNA, 100 mM potassium cacodylate (pH 7.2), 2 mM

 

Coël

 

2

 

, 0.2

 

 mM DTT, 0.02 mM dCTP, and 15 units of
terminal deoxynucleotidyl transferase was incubated
at 

 

37°ë

 

 for 30 min. Virus and plasmid DNAs were
precipitated with ethanol, washed with 70% ethanol,
and dissolved in 50 

 

µ

 

l of water.

The annealing mixture (10 

 

µ

 

l) contained 0.25 

 

µ

 

g of
virus DNA, 0.05 

 

µ

 

g of plasmid DNA, 10 mM Tris-
HCl (pH 8.0), 0.1 M NaCl, and 1 mM EDTA. The
mixture was incubated at 

 

65°ë

 

 for 5 min and at 

 

57°ë

 

for 1 h. After incubation, 5 

 

µ

 

l of the mixture were used
to transform competent 

 

Escherichia coli

 

 XL2-Blue
MFR' cells (Stratagene).

 

Sequencing.

 

 Plasmids pVir-8 and pPst-Vir con-
taining fragments of the virus genome (see below)
were sequenced according to Sanger [14] with a dGTP
Big Dye Termination kit (Applied Biosystems, United
States) on an ABI PRISM 377 sequencer.

 

Sequence analysis.

 

 Promoters, poly(A) tracts,
ORF, and their protein products were predicted and
multiple and pairwise comparisons done with the
BCM Search Launcher software package [15]
(http://searchlauncher.bcm.tmc.edu). The TIR sec-
ondary structure was predicted using the FOLD

program [16]. A thermal denaturation profile of

 

Bg

 

DNV dsDNA was computed according to Poland’s
algorithm [17, 18] with a program available at
http://www.biophys.uni-duesseldorf.de/local/POLAND/
poland.html.

RESULTS AND DISCUSSION

 

Virus Detection and Electron Microscopy

 

Electrophoresis in 0.7% agarose gel revealed an
additional DNA fraction of about 5 kb (Fig. 1, 

 

2

 

) in
some individuals of a laboratory 

 

B. germanica

 

 popu-
lation maintained for 5 years after capturing in a pig-
sty (colony P6). Most of these individuals displayed
several pathological signs, including flaccidity, poorly
coordinated movements, and complete or partial
paralysis of the hind legs. Similar signs have been
reported for densovirus infection of other insects,
cockroach 

 

Periplaneta fuliginosa

 

 and cricket 

 

Acheta
domestica

 

 [3, 19–21]. The additional fraction was iso-
lated and purified (Fig. 1, 

 

3

 

). On electron microscopic
evidence, the fraction contained linear DNA about
1.2 

 

µ

 

m in length (Fig. 2). The DNA proved to be dou-
ble-stranded; its restriction map was constructed with

 

Bgl

 

II, 

 

Eco

 

RI

 

, and 

 

Pst

 

I

 

 (Fig. 3a).

Electron microscopy of ultrathin tissue sections of
affected individuals showed that cells of the digestive
system, fat body, and epidermis were infected with a
virus, which dramatically changed the cell ultrastruc-
ture. Cells of different tissues were similar in cyto-
pathological features, all having unusually structured
chromatin with most of the nucleoplasm occupied by
virus particles. Particles about 20 nm in diameter were
observed both in the nucleus and in the cytoplasm of
infected cells. In the nucleus, virus particles were
closely packed in electron-dense virogenic stroma
(Fig. 4a). Ultrastructurally, virus particles could be
divided into two types, some having an electron-trans-
parent core surrounded by an electron-dense wall and
some others representing electron-dense spheres
(Fig. 4b). All these features are characteristic of dens-
oviruses [22–24].

 

Virus DNA Cloning

 

For cloning, isolated virus dsDNA and pUC19
DNA were 3'-tailed with poly(dG) and poly(dC),
respectively; annealed; and then used to transform

 

E. coli

 

 XL2-Blue MRF'. Clone pVir-8 was selected
that contained an insert comparable in size with the
full-length 

 

Bg

 

DNV genome. The orientation of the
virus DNA insert relative to the plasmid polylinker
was established by restriction enzyme analysis with

 

Hin

 

dIII, 

 

Eco

 

RI, 

 

Pst

 

I, 

 

Bgl

 

II

 

, and their combinations
(Fig. 3). The cloned fragment proved to lack 150–
200 nt of the end close to the plasmid 

 

Hin

 

dIII

 

 site; the
other virus DNA end (close to the 

 

Kpn

 

I

 

 site) was intact

 

1 2 3

 

5.0

 

kb

 

Fig. 1.

 

 Electrophoresis in 1% agarose gel of total DNA iso-
lated from (

 

1

 

) noninfected and (

 

2

 

) infected 

 

B. germanica

 

individuals and (

 

3

 

) of purified virus DNA. Virus DNA is
indicated with an arrow.
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(Fig. 3b). Full-length densovirus genomes are difficult
to clone in a circular plasmid vector because of insta-
bility of their extended terminal palindromic regions
[25]. To clone the lacking fragment of the 

 

Bg

 

DNV

 

genome, we used the following approach. Virus DNA
was isolated from gel and digested with 

 

Pst

 

I

 

. A frag-
ment containing the region absent from pVir-8 was
tailed with poly(dG) and cloned in pUC19 linearized
and tailed as above, to produce pPst-Vir. The cloned
fragments each containing one end of the virus
genome remained stable in the recombinant plasmids
maintained in 

 

E. coli

 

 XL2-Blue MRF'.

The resulting plasmids, pVir-8 and pPst-Vir, were
used to sequence the 

 

Bg

 

DNV

 

 genome.

 

Nucleotide Sequence of the 

 

Bg

 

DNV Genome and 
Structure of Its Terminal Inverted Repeats

 

The 

 

Bg

 

DNV

 

 genome is 5335 nt (GenBank acces-
sion no. AY189948). Pairwise comparisons with other
densovirus sequences available from EMBL and Gen-
Bank revealed only a low (48–51%) similarity with
the 

 

Bg

 

DNV

 

 genome (data not shown). Yet several
motifs proved to be evolutionarily conserved (100%
identity) among densoviruses isolated from insects of
two distant orders, Lepidoptera and Blattodea (Fig. 5).
The motifs are in region 2923–3221 of the 

 

Bg

 

DNV

 

genome (Fig. 5) and correspond to the 3' end of ORF3
(Fig. 6b). Motifs 1 and 2 may be used to construct uni-
versal degenerate primers suitable for seeking new
insect densoviruses.

The right and left ends of the 

 

Bg

 

DNV

 

 genome are
respectively 216- and 217-nt TIR (Fig. 6a). Analysis

with the BLAST program [26] did not reveal any
appreciable similarity between these and other virus
sequences available from EMBL and GenBank (data
not shown). Imperfect palindromes of 192 nt, which
are contained in 

 

Bg

 

DNV

 

 TIR, may form secondary
structures. Using the FOLD program [16], we identi-
fied the most probable secondary structure of 

 

Bg

 

DNV

 

TIR (Fig. 7). It is known that Parvoviridae TIR may
form three types of secondary structures (T-, Y-, or
I-shaped hairpins), which are important for replication
[4, 27]. In contrast to adenoassociated viruses [28]
and 

 

Jc

 

DNV [5], 

 

BgDNV TIR produce I-shaped, but
not T- or Y-shaped, hairpins. A similar TIR secondary
structure is characteristic of virus B19 [29], Bombyx

300 nm

Fig. 2. Electron microscopic image of (*) BgDNV DNA and (**) marker circular DNA of pUC19.

EcoRI BglII PstI EcoRI

EcoRI
HindIII HindIII

(c)

KpnI
EcoRI

pPst-Vir

KpnI

pVir-8

(b)

(‡)

Fig. 3. Virus DNA cloning: (a) restriction map of the virus
DNA and plasmids (b) pVir-8, which contained the BgDNV
genome lacking 150–200 nt (dashed line in (a)) of TIR close
to the HindIII site, and (c) pPst-Vir, which contained a virus
genome fragment with the intact TIR.
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mori densovirus 1 (BmDNV-1) [30], Galleria mel-
lonella densovirus (GmDNV, GenBank accession no.
L32896), and P. fuliginosa densovirus (PfDNV) [31].
The functional importance of the difference in TIR
secondary structure among densoviruses is still
obscure. Thus the secondary structure of TIR differs
between two evolutionarily related densoviruses,

GmDNV and JcDNV (genomic DNA similarity about
90%). Possibly, changes resulting in a new TIR con-
formation take place in early divergence, suggesting
saltatory evolution of the taxon [32].

The GC content of BgDNV TIR (59.0%) is higher
than that of the entire virus genome (39.6%), which
may contribute to the stability of their secondary

1 µm 100 µm
(‡) (b)

Fig. 4. Electron microscopic image of BgDNV-infected cells of the B. germanica digestive tract: (a) virogenic stroma and (b) virus
particles having an electron-transparent core and an electron-dense wall (thick arrows) or seen as electron-dense spheres (thin
arrows).

Motif ‹ 1

Motif ‹ 2

3009

3098

3184

3221

JcDNV
GmDNV
DsDNV
PfDNV
BgDNV

JcDNV
GmDNV
DsDNV
PfDNV
BgDNV

JcDNV
GmDNV
DsDNV
PfDNV
BgDNV

JcDNV
GmDNV
DsDNV
PfDNV
BgDNV

Fig. 5. Comparison of a fragment of BgDNV ORF3 with corresponding sequences of other insect densoviruses. Identical nucle-
otides are shadowed, and conserved motifs 1 and 2 indicated.
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structure. A thermal denaturation profile was con-
structed for the first 950 nt (Fig. 6a, on the left) of
BgDNV DNA according to Poland’s algorithm [17,
18]. The central region of the virus genome proved to
have denaturation temperature about 80°ë, while two
peaks (about 95°C) were observed for TIR (Fig. 8).
Hence the palindromes possibly play an important
part in replicative dsDNA stabilization [27]. The TIR
GC content is usually high in Parvoviridae, being 60%
in PfDNV [31], 50% in BmDNV [30], and 46–60% in
autonomously replicating parvoviruses [33]. An exception
us AeDNV with TIR having only 27% GC [6].

Genome Structure

ORF and amino acid sequences. The BgDNV
genome harbors five ORF, two (1 and 2) on one strand
and three (3–5) on the other (Fig. 6b). The ORF
arrangement is typical for the genus Densovirus [4].

ORF1 (922–2808) codes for a protein of 628
amino acid residues (69.7 kDa). ORF2 (243–932)

codes for a protein of 229 residues (24.8 kDa). ORF3
(4404–2811) codes for a protein of 530 residues
(60.2 kDa). ORF4 (4397–3608) codes for a protein of
262 residues (30.3 kDa). ORF5 (5055–4404) codes
for a protein of 216 residues (25.9 kDa). The amino

TIRTIR

ORF2
ORF1

ORF3

ORF4

ORF5

80

160

240

320

5120

5200

5280

5335

Start of ORF2

Start of ORF5

a

a'
P1

b

P2

a

a'

b'

(‡)

(b)

Fig. 6. Nucleotide sequence of TIR (a) and ORF arrangement (b) in the BgDNV genome. Palindromic sequences a and a' (under-
lined) and b and b' (double-underlined) are shown. Translation initiation codons are in bold. Putative promoters (P1 and P2) are
shadowed. Transcription initiation start points are shown with large boldface letters. Arrows indicate the direction of transcription.

(‡)

(b)

Fig. 7. Secondary structures of (a) 217-nt left and (b) 216-nt
right TIR as predicted using the FOLD program [16].
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Amino acid sequence comparisons for proteins of BgDNV and other densoviruses

#ORF Deduced amino acid sequence

ORF1 M P V N Y N K P P P Y E R P N W E R M N E G Q R R Y A M E Q Y N L A L V
R R G Q Y F E P P I A A R P P S P A P N N A I Q D L D E L D R L L D N F
P I G S P Q Q S Q G G T S N S D Q P V A G P S S R P D P V P A Q L P V Q
P S T I Q E P A Q T M S A P E A I V T G K R G A E E P D S A S T P T K K
N K P S E H S G S A L P G T S G N T D G S M G S S T M L D L D A S R G I
M P I S R G I H V E K F E W T F T K K W K F L S F G V A D V I L P D D I
G T T T A P A K R W A L T T S L V N I P W E Y A F M Y M S F A E F N R L

R E M T G V F A T D C D I K I Y Q Y N P R V A F Q T A D T N S T Q A T L
N Q N K F T R I A K G L R N N P H L F G S D R D Y T F S S D E P M K P L
G F E T N A D Q Y T G Q K F R D R L S K E M Y G T T T R T T N T P T V P
A I S T G K E M G L L R Y Y T V Y A S Q T I D S G F P Q Y N K Y C S E F
N S M D L I G K Q V L S A H H D F K Y A P L T T R A R H Y Q D S I Y L P
G D I P E K K E S Q P A N V V I P A G S K I V D L Q S V R M P S T G F S
A V E G A N S R K E D A M T L G H L Q V G G V D L K T G E A L S N S T F
T D F D T L Y T K F P M E Q G G L Y N E A G Y Q G A T C G D Q E S L H V
G V R A V P K L G T A V N T I N A S S W L D C Q M Y W T V E C R L R C V
S T E P F T Y P R G N V S D I P L R S Q F T A A T K T A P M L Q T F D R
P Y F Y G K P Q R V L N S V E L

ORF2 M S T S G L E S V P L L P V N S A T V E Y G G I E P K V H S G Y G A S R
L P V K P T S A A G G A G A Q Y D K I F Q S Q L G R A A S S G N P L N V
F K S R D E Y Y N S V P W E L R R L P F A E R D R L I K P Y G V K W D K
V S K A Q Y A Q H W K L V N P R A G Q K R I Q Q G I V L P F S N N I G P
G N T I Q D A K T G S D F I A Q G H D I H Y S E A K S D I D I Q R A D T
E A I G Q F I Q E A T H S H N P I S Q T Q G V I G A V G L A G K Q L V E
K L T G K V Q Y G K Y A S

ORF3 M N Y G R L T D F W S R F G V T M G D D A G R D S V S S S D M V E A V G
G E P S G G P V Q G Q A E V T S S S V D Q K L Q E L V D R F V S R L E E
K N W K D S G Y Y I S D V Y A C E S S E R A N A L A R R L E Q R A E S F
G R G F I G I F I H N N H V H T I H A C P Y T S R T C R C Q F K N F P E
A K E D I R R L L R K P P A I E T F T R R D W E N I T K Y F C T S G R R
A T F F K I F G H L Q R L P L E I T A L S D S T I S G Q D G G G P D S G
V E N C N D P L E F H S G P E V G D I P A R P R A N R R R K R R D Q I V
V G G D G G I G G A T G I I L D L L S K C A V C P L T E I V F T K E Y L
Q D P I V A C K R L D S K E V K D A I D T R A S V I N T W E R E D F V A
F Y N N P N T I L I W S A R S L N A F D S Y Y F N Y E E S F N V V T E L
L T F Q M G E N L V Q F C R N L V D T L E C N I P K R N C F V V C S P P
S A G K N F F F D G V K D Y Y L N S G Q M N N P N K Y N Q F A Y Q D C H
N R R I I I W N E P N Y E P R E M E N L K M L F A G D N L S A N V K C K
P Q A N V K R T P V I V L T N S L P N F C Q Q T A F N D R V I T Y H W T
Q A T F L K D Y N K K P R P D A C V D V L Y S L L Q
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Sequence alignment with maximal similarity Putative 
function

Junonia coenia DNV (ORF1)[GenBank No. S47266]: Capsid
protein38% identity, 54% similarity

BgDNV GTTTAPAK RWA L T T S LVN I PWE YAFMYMS F A EFNRLREMTGVFAT DCD I K I YQYNPRVAF
GT T R + T T L I PW+ + YM+ + EF + L G + C+ + K+ R + AF

JcDNV GTGTTAVN R – L I T T C LA E I PWQK LP L YMNQ S EFDLLP P – –GSRVV E CNVKV I FRTNR I AF

BgDNV QTADTNS T Q A T L NQNKF T R I AKG LRNN P HL F GSDRDYT – F S SDEPMKP L GFETNADQY
+T+ T + Q A T L NQ + A G L N + G DR +T F SD+ PM P T+A +Y

JcDNV ETS STATK Q A T L NQ I SN L QT AVG L – – NK LGWG I DRS FT A FQSDQPM I P T A– – TSAPKY

Periplaneta fuliginosa DNV (ORF2)[GenBank No. AB028936]: Capsid
protein33% identity, 51% similarity

BgDNV R I QQG I VL P F S NN I G PGN T I QDAKT – – G SD F I AQGHD I HYSEAKS D I D I QRADTEA I GQF
+ I G+ P F + + G PGN + + + D I A+ HD Y+ AKS I D + AD +A I F

PfDNV K I I SGLTY P F HHYL G PGN P L DNN EP VDRDDA I AEEHDKAYANAKS S I DV I NADKKA I DHF

BgDNV I QEATHS H N P I S QT QGV I GAVG L AGKQ L VE K LTGKV
+ + + N + I G G L K +E + G +

PfDNV SEDFEKNG N – – – – L H SL I GK T G L Q I K T A I E QRFGV I

Junonia coenia DNV (ORF1) [GenBank No. S47266]:
27% identity, 54% similarity

BgDNV QQG I VLP F S N N I G P GNT I QDAK T GS – – D F I AQGHD I HY S EAKSD I D I QRADTEA I GQF I Q
+ +G+ + P + G P GN+ + + + D A + HD Y +AK+ + + + AD + + +

JcDNV RRGLTVP G Y K Y L G P GNS L NRGQ P TNQ I D EDAKEHDEAYDKAKTSQ E VS QADNTFVNKA LD

BgDNV EATHSHN P I S Q T QG – – – – – V I GAVG L AGKQ L VEKLTGKV
+ + N + + T G I GA +G + KQ +EK +G +

JcDNV H I VNA I N – L K E T P GNAF GAA I GA I G I G T KQA I EKHSGV I
Periplaneta fuliginosa DNV (ORFα)[GenBank No. AB028936]: Nonstruc-

tural protein 
1 (NS-1), 

47% identity, 60% similarity

virus repli-
cationBgDNV FCRNLVDT L E C N I P KRNC FVVC S P P S AGKN F F FDGVKDYYLNSGQMNN P NKYNQFAYQDC

F + L E + P K N V S P P S AGKN F F FD Y +N GQ + NK N F + Q +
PfDNV FLNTFYNV L E R K L P KCN T I CVWS P P S AGKN F F FDVYLHY LMNYGQ L G I MNKTNNF SLQ EA

BgDNV HNRR I I I WN E P NYE P REMEN L KMLF AGDNL S ANVKCKP QANVKRT P V I V LTNSLPNF CQQ
+ +R+ + +WN E P NYE + L KML GD L VK K +V +T P + I V LTN+ + F +

PfDNV TSKRVLLWN E P NYE DAY T DT L KMLT GGDAL CVRVKQKKDCHVYKT P L I V LTNNMI GFMHE

BgDNV TAFNDRV I T Y HWTQA TF L KDYNKKP R P DACVDVL
AF DRV Y W QA F L + YNKKP P + +L

PfDNV LAFVDRVK V Y RWKQA P F L AE YNKKP N P L VA F E I L

Junonia coenia DNV (ORF2) [GenBank No. S47266]:
50% identity, 68% similarity

BgDNV LVQFCRNL V D T L E CN I P K RNC F VVC S P P SAGKNF F FDGVKDYYLN S GQMNNPNKYNQF AY
+V+ F NL V + L + I P K N F + + S P P SAGKNF F FD + L+ GQ + N+ +N F A+

JcDNV I VEFLTNL V N V L DR R I P K LNA F L I I S P P SAGKNF F FDMI FGLLLS YGQ L GQANRHNL F AF

BgDNV QDCHNRR I I I WN E P NYE P REME N LKML F AGDNLSANVKCKPQANVKRT P V I VLTNSL P NF
Q+ N+R + + + WN E P NYE + +KM+ F GD + VK + A+VKRT P V I +LTN+ F

JcDNV QEAPNKRV L L WN E P NYE S S L T D T I KMMF GGD PYTVRVKNRMDAHVKRT P V I I LTNNTV P F

BgDNV CQQTAFND R V I T YHWTQA T F L KDYNKK P RP
+TAF + D R + I Y W A F L KDY K P P

JcDNV MYETAF S D R I I QYKWNAA P F L KDYE L K P HP
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Table.  (Contd.)

#ORF Deduced amino acid sequence

ORF4 M A V S P T F G A A L E S L W E M M P D E I A S H P A T W W K L L E E S P L E
D R F K D K L K S L L V R W T K N Y K N W L I G S F P A L K K K I G K T V D T
I L A M Y M P A N H L N E L M H W L D D W S K E L N L S E E D L S E Y L S T I
I T S I Q S T H A P T Q A G R A G A S S R T S L K R K K T L D D C F E S L Q P S
K R S H D E T G K I S Q S I F V R Q G D E Q R S L K S L D T Y K D Y L L K L Q L
Y P T L Q Y Q A K M E E D R T Q A W R T A M I R L N F T V D Q K S G I F Q R V L
E L T D A V K D E I K L L L A E T E E S E E L Q E

ORF5 M A S L K D L C K Q A V L K Y Y R W N W K K T E V L P V T L Q N E L L T
D W L K C D E V V L E E F E E L N E R A H Q C D Y E V N V W R R I K Q I
M C P Q I Y V G L M E H P D T V P Q F A F D H S H I I T T S I V W Y K E
E Y N S E T E S Y E R E R L C S Q C W Y R M A N P R A D D S A D Q W Y M
N G W T F G R E Y S H Y C V C S K E D V L D I I Q D K N N W C A I C V T Q
S L I D I L T Y D E C V A E T E F H E P G Y R P Y V T R I K G N T L L

Note: Evolutionarily conserved motifs are underlined.

acid sequences and putative functions of the deduced
protein products are characterized in the table.

The deduced BgDNV protein sequences were com-
pared with protein sequences of other densoviruses
with an adapted version of the BLAST program [34].
The total similarity was very low. However, several
relatively short motifs showed a substantial homol-
ogy, being evolutionarily conserved among various
insect densoviruses, including BgDNV, PfDNV,
JcDNV, GmDNV, DsDNV, and the Diatraea saccha-
ralis densovirus (DsDNV). The results of compari-
sons are shown in the table.

Promoters. On evidence of computational pro-
moter prediction based on Bucher’s algorithm [35,
36], the BgDNV genome contains two putative pro-
moters, P1 and P2, in regions 200–250 and 5136–
5086, respectively (Fig. 6a). Probably, P1 controls
transcription of ORF1 and ORF2 and P2, that of
ORF3–ORF5.

Polyadenylation signals were found in positions
937–942 and 2818–2823 on the DNA strand containing
ORF1 and ORF2. The complementary strand contains
an adenylation signal in position 2810–2815.
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The genome structure of BgDNV has several
unique features as compared with that of other insect
densoviruses, especially as concerns ORF coding for
capsid proteins. The two BgDNV ORF coding for
structural proteins each contain a polyadenylation
signal, whereas synthesis of JcDNV and GmDNV
capsid proteins may be initiated from several codons
of one ORF [5, 37]. Synthesis of PfDNV capsid pro-
teins may also start from several codons; their mRNAs
result from alternative splicing of the primary tran-
script [31]. As in JcDNV and GmDNV, one promoter,
P1, controls transcription of the structural genes in the
BgDNV genome. Possibly, two mRNAs are synthe-
sized from this promoter. Transcription starts from a

common site and is terminated downstream of the
polyadenylation site 937–942 in the case of the ORF2
mRNA or of site 2818–2823 in the case of the other,
larger mRNA. Translation of the large mRNA may be
initiated at several codons; one of the proteins may
also be synthesized from the ORF2 mRNA. To explain
such an unusual genome structure, it is possible to
assume that the protein encoded by ORF2 is prevalent
in the BgDNV capsid.

The genomic arrangement of the nonstructural
ORF in BgDNV is similar to that of JcDNV. As in
JcDNV, transcription of these ORF is controlled by
one promoter, P2 (Fig. 6a) in BgDNV. The polyadeny-

Sequence alignment with maximal similarity Putative 
function

Junonia coenia DNV (ORF3) [GenBank No. S47266]: Nonstruc-
tural pro-
tein of 
unknown 
function

25% identity, 40% similarity

BgDNV LESLWEMM P D E I AS H P – – – – A T WWK L – – – – – – – – L E E S P L EDRFKDKLKSL L VRWTKNYK

++ +L + E + + E H P WW+ + + E + + LK W KN +K
JcDNV IKTL Y E S L Q E E – – – H P L VNNV AWWQ I H L ENVNGHM E DE E QWPALQKNLKKT F N I WQKNWK

BgDNV NWL I G S F P A L KKK I G K T VDT I L AMYMP ANH L NELMH – WL DDWSKE L NLSEE D L S EYL S T I
W + S L K+ I AM + + + + + W S E + E D S + +L

JcDNV KWAVN S L D T L LGKV L N L P AH I S AMS L S Y E I F S SV I N VWT S CVSTE – EVDET DC S DFL KKE

BgDNV I TS I Q S T H A P TQAG R AGA S S R T S L K RKK TL DDCF E S L – – – – QP SKR SHDET GK I SQS I F V
I TS S T A T AG S K + D F L S S + +T G + S S I +

JcDNV I TST S S T I A L T P I AV AG T SG L V – – – – K S S P S DLF R K LAN Q S NS SGN S SEQT G TMS S S I S L

BgDNV RQGD E Q R S L K S LDT Y KDY LL K L Q L Y P T L QYQAKME E DR T QAWRTAM I –RLN F TVDQK S
+ E + Y + + + Y E + + W A I R+ + V + K S

JcDNV YENG E S V Q Y T L E EKV GKYRV T MN VYD – – – – – –GP E S LKK E KWYQA P I AR I TMS VNSK S

Periplaneta fuliginosa DNV (ORF?)[GenBank No. AB028936]: Nonstruc-
tural pro-
tein of 
unknown 
function

50% identity, 62% similarity

BgDNV SLKD L C K Q A V LKYY R WNWKK T E V L P V T L QN E LLT DWLKC D

SL D + C K + Y R NW + L P T + Q + LL DWL C D
PfDNV SLYDMC K L K T R E TY R S NWGE V T C L P Q T I QKD LLKDWLHC D

Junonia coenia DNV (ORF4) [GenBank No. S47266]:
23% identity, 43% similarity

BgDNV EVNVWR R I K Q I MCP – Q I YVG L M E H P D T V PQ F AFDH S H I I T T S I VWYKEEYN S E T ESYE RE
E+ W K Q P Q + Y + + M H + + P + + D + + I V+ Y +E + + Y + +

JcDNV ELEHWDWT K QNR LP F Q L Y LAVM – H L N E I PEW– LDE T ML I – – ECVYY FKEL I NHRDPYD TD

BgDNV – – – – – – – – – – – – – – – – R L CS Q CWY RMAN PRADDS A D QWYMNGWTF GREYSHYCVCSKE DV
+ + C C + + P + + N F V E D+

JcDNV EFNAWNMN G K P F KTMWK I CK F C Y T N C E D P – – – –DE Y R FMYNRTVF – – – – – – – – VEDAE D I

BgDNV LD I I QDK N NWCA I C V T Q S L I D I 186
++ + QD + + WC I C T L + I

JcDNV INRL QDG S S WCQ I C H T C P LF N I 149
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lation signal is at position 2810–1815, exactly at the
end of ORF3. Possibly, one mRNA is synthesized
from P2, and its translation starts at different sites to
yield nonstructural proteins. It should be noted that
such a structure is not common for all densoviruses.
Thus the PfDNV genes for nonstructural proteins are
transcribed from different promoters.

Surprisingly, BgDNV strikingly differs in genome
structure and functional organization from PfDNV,
which infects the species (cockroach P. fuliginosa)
evolutionarily closest to B. germanica, and is highly
similar to JcDNV, a densovirus of Lepidoptera. We
think that comparative genome analysis in insect
densoviruses may greatly contribute to the under-
standing of evolution.
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