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Replication of Bombyx mori Densonucleosis Virus
Zhenjiang isolate in Different Silkworm Strains
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Abstract  The invertebrate parvovirus Bombyx mori Densonucleosis Virus type 3 Zhenjiang isolate named BmDNV-3 is a kind
of bidensovirus. The most obvious characteristic in the genome of BmDNV-3 is that it has 2 sets of DNA molecular VDI

VD2  and each of them is encapsidated respectively in the form of single-stranded liner DNA  + VD1 - VD1 + VD2 - VD2

in equal percentage. So the BmDNV-3 has 4 kinds of virions. Furthermore the sequence of BmDNV-3 is able to encode DNA
polymerase itself. Some strains of silkworm revealed complete resistance to BmDNV-3  so they didn’ t fall sick. To investigate
the difference in the process of infection and replication between the 2 virions VD1 VD2  of this bidensovirus and the
difference of the increment in the resistant or susceptible host the Sth instar larvae of the susceptible silkworm strain HUABA

35 and the resistant silkworm strain QIUFENG d were inoculated determinate dose of BmDNV-3 by oral ingestion. Then the
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midgut were collected at 9 timepoints. The silkworm cytoplasm actin A3 was used to be normalized gene so the number of cells
in collected tissue could be determined. The result shows that whatever in the susceptible silkworm strain or in the resistant one

the copies of VD1 and VD2 in the genome of BmDNV-3 collected at the different timepoint were almost at the equal level
respectively so that the VD1 and VD2 were replicated with synchronization. The process of infection in the susceptible silkworm
strain was devided into 3 partitions latent period 2 ~ 12 hours post inoculation  exponential phase 12 ~ 36 hours post
inoculation and stationary phase 36 ~96 hours post inoculation and there are about 2 x 10° copies per cell . In the resistant
silkworm strain the virus were replicated at a very low level that was from 6 ~ 10 copies 2 hours post inoculation to 150 ~ 200
copies 96 hours post inoculation about 20 times . So we predict that the resistance in some of the silkworm strains from

BmDNV-3 was a kind of chronic representation that the host carried virus without being caused flacherie.
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Table 1 The special primers in fluorescence quantitative PCR
Length of
Target Sequence of prime engj U
amplification
BmDNV-3 VD1 ORF4 5'-GTTGACCCAGTAGGATAGGATGAC-3’ 298bp
5"-CTATTACTCCACCAGCAAAGACGA-3'
BmDNV-3 VD2 ORF2  5'-AGAATATGATCTTAAAGCAGG-3’ 254bp
5'-GATTAGCAATAGGTTGTGTTT-3'
Bmactin A3 5"-GGATGTCCACGTCGCACTTCA-3' 284bp

5'-GCGCGGCTACTCGTTCACTACC-3’

1.3.3
pMD-18T
pBmDNV-VD1  pBmDNV-VD2  pBmactinA3
Gene spec [l
1.0 x10" ~1.0x 10* copies/ul. 8
8
PCR PCR
Log Ct 3
1.4
PCR
Ct
— p- M 18 19
A3 Bmactin A3
DNA /
DNA actin actin A3
3 2 6
actin A3 6 1
2
2.1 PCR
NTC Ct
Ct 5 Ct
NTC Ct 2
1 BmDNV VD1 BmDNV
VD2  actin A3
81°C 78C  89°C PCR
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2 PCR
Table 2 Result of controls in fluorescence quantitative PCR
Positive control No template control Negative control
Template — — —
Liquid virus vaccination Ct NTC Ct HUABA35 Ct QIUFENG d Ct
BmDNV-VD1 9.38 34.49 34.43 30.85
BmDNV-VD2 9.67 37.54 34.33 31.79
Bmactin A3 — 31.26 25.37 26.57
I 2.3 BmDNV-3 VD1 VD2
2
_ n
S lg 3 4
Z s
g7
g e VD1 VD2 VD1
: 3 VD2
E oz
I 2h 6~ 10
¢}
p BmDNV
_354 56 58 6062 61 6668 70T TN TH TR BD BT 81 BS 8B 90 92 ¢ 2h
Temperature! 12h 12h 36h
1 PCR
Fig. 1 The melting curve of fluorescence quantitative PCR 12 ~ 36h
15 DNA
2.2 8 1.71h 36h  96h 36h
1 .
107~ 10" copies VDI 4.21x10' VD2 6.45 x 10'
90% ~ 110% Log /Ct 36h
-3.1~-3.6 72h BmDNV
2h 6
2 3
VD2 standard curve 3(2) , actin A3 standard curve

8
0c+01  1.00e+03 1.00e+05  1.00e+07 0e+01
Initial copies

100e+03  1.00e+05  1.00e+07 0e+01  100e+03 100e+05  1.00e+07
Initial copies Initial copies

2 BmDNV-3 VD1 VD2  actin A3

Fig.2 The standard

curve of BnDNV-3 VDI VD2 and actin A3
3

Table 3 Date of the standard curve
Efficiency of amplification% Log concentration/Ct slope Log concentration/Ct Rsq
BmDNV-VDI 92.2 -3.529 0.991
BmDNV-VD2 95.0 -3.448 0.985
Bmactin A3 95.9 -3.425 0.987
Effective range 90 ~ 110 -3.1~-3.6 >0.985
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12 25.06 24.15 21.72 0.53 1.18 23.33 23.2 20.33 0.65 0.88
24 17.53 18.08 23.35 213.97 202.57 24.06 24.04 26.13 19.33 24.23
36 10.98 10.96 24.86 42106.22 64487.23 24.85 24.04 27.81 35.45 74.39
48 11.15 10.4 22.53 7950.97 19775.74 21.06 22.73 23.28 20.41 8.66
60 9.01 9.42 21.81 19861.28 23525.49 26.31 26.43 27.83 13.86 15.28
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VD1 VD2 53nt VD1
DNA
. 1989
72h
Bidensoviruane BmDNV 2
Geminivirus
DNA 3
DNA
20
I
DNA
PCR
BmDNV Vbl
2.52x 10’ /ul. 6 / VD2 4.58 x 10’
/pl 10 / 96h VD1
2.87x 10° /pl. 153 / VD2 3.94 x 10°
/L. 209 / PCR
1981 © HERFHEMEMHRTATIHSHED htto://journals. im. ac. cn



150

Chinese Journal of Biotechnology

2007 Vol.23 No.1

2005 »
PCR
PCR
Ct 23.2

BmDNV

DNA mRNA

1min

24h

Actin

ms

20 36h

10 Ct
Ct

Action

PCR
DNA

REFERENCES

| Qian YJ
Studies on the densonucleosis virus of Bombyx mori. Acta

1986 12 2 89-94.

Hu XF Sun YK et al.
Sericologica Sinica
2 Lii HS
China Agricultural Scientech Press 1998 pp. 1381 —4001.

. Molecular Biology of Insect Viruses. Beijing

3 Li Y Zadori Z Bando H et al. Genome organization of the
densovirus from Bombyx mori BmDNV-1 and enzyme activity of
its capsid. Journal of General Virology 2001 82 2821 —2825.

4 Bando H Kusuda J Kawase S. Molecular cloning and
characterization of Bombyx densovirus genome DNA. Arch Virol
1987 93 139 - 146.

5 Bando H Kusuda J Gojobori T et al. Orgamization and
nucleotide suquence of a densovirus genome imply a host-dependent
evolution of the parvovirus. J Virol 1987 61 2 553 —560.

6 Bando H Choi H lio Y et al. Structural analysis on the single-
stranded genomic DNAs of the virus newly isolated from silkworm
the DNA molecules share a common terminal sequence. Arch Virol
1992 124 187 -193.

7 Bando H Hayakawa T Asano S et al. Analysis of the genetic
information of a DNA segment of a new virus from silkworm. Arch
Virol 1995 140 1147 - 1155.

8 Hayakawa T Kojima K Nonaka K et al. Analysis of proteins
encoded in the bipartite genome of a new type of parvo-likevirus
isolated from silkworm-structural protein with DNA polymerase
motif. Virus Res Jan 2000 66 1 101 ~8.

9 Peter Tijssen Max Bergoin. Densonucleosis viruses constitute an
increasingsy diversified subfamily among the parvoviruses. Seminars
in Virology 1995 6 347 -355.

10 Bergoin M Tijssen P. Molecular Biology of Densovirinae. In Faisst
S and Rommelaere ] ed.  Parvoviruses. From Molecular Biology
to Pathology and Therapeutic Uses. Karger Basel Switzerland
1995 pp.12-32.

11 Guo XJ Qian YJ Hu XF et al.
The research of parasitized location of BnDNV in silkworm. Acta
Sericologica Sinica 1985 11 2 93-98.

12 Abe H Harada T Kanehara M et al. Genetic mapping of RAPD
markers linked to the densonucleosis refractoriness gene nsd-1 in the
silkworm  Bombyx mori. Genes Genet Syst 1998 73 237 -242.

13 Ogoyi DO Kadono-Okuda K Eguchi R et al. Linkage and
mapping analysis of a non-susceptibilitygene to densovirus nsd-2
in the silkworm Bombyx mori. Insect Molecular Biology 2003 12

2 117-124.

14 Qin J

infected genes to BnDNV-Z in silkworm. Acta Sericologica Sinica
1988 14 3 129 -132.

15 Li MW Guo QH Hou CX et al. Linkage and mapping analyses

Yi WZ . The linkage analysis of non-

of the densonucleosis non-susceptible gene nsd-Z in the silkworm
Bombyx mori using SSR markers. Genome 2006 49 4 397 -
402.

16 Wang YJ

Chen KP Yao Q et al.

Complete  nucleotide sequence analysis of Bombyx mori

densonucleosis virus type 3 VD2  China isolate . Acta
2006 46 3 363 -367.
Chen KP et al.

Microbiologica Sinica
17 Wang Y] Yao Q
Organization and transcription strategy of genome of Bombyx mori

bidensovirus  China isolate  VD; . Chinese Journal of Biotechnology

© ERIF IR T 5 BT 20022 4 H07 httk2 // journals. im. ac. cn



151

18

19

20

21

AVLAEANEAN AN LA LA A A AN

Winer J Jung CK Shackel I et al. Development and validation of
real-time quantitative reverse transcriptase-polymerase chain reaction
for monitoring gene expression in cardiac myocytes in vitro. Anal
Biochem 1999 270 1 41 -49.
Schmittgen TD ~ Zakrajsek BA  Mills AG et al. Quantitative
reverse transcription-polymerase chain reaction to study mRNA
decay  comparison of endpoint and real-time methods. Anal
Biochem 2000 285 2 194 -204.

Liu YL Tian B . Advance in plant geminivirus
research. Virologica Sinica 1998 13 1 6-15.
Hu XF Qian YJ . The study of the offspring of

Latlattal

22

23

Tattattattattatfatlatat falfutfatattat
©

Dong 34 x Su 12 which shows resistance to infectious flacherie
1981 7 1 51-54.
Yu CX et al. The

virus. Acta Sericologica Sinica
Gao Q Cai YM
resistant mechanism of BmDNV to the silkworm and the BmDNV
embryos transmission possibility. Science of Sericulture

1989 15 1 41-44.
Wang HL Wang ZF Jiang WY
The comparison between real-time PCR and DNA dots hybridization
applied in detecting WSS. Chinese Journal of Health Laboratory

Technology 2005 15 5 596.

ALEANEAN LA LAt At attal allat¥allalfallatlaltaltallatbaltaltaty
FERME DA RAATIBRSHIEER http://journals. im. ac. cn





