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KB (CmEEEHRREBATRRBFZEARFT 3369 50 ML F7), WEEF Cm RAEN
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The absence of ubiquitin gene reduces the proliferation
efficiency of Bombyx mori nucleopolyhedrovirus (BmNPYV)

XU Huixin, LIU Yunyun, QI Xinyu, TANG Qi, LI Guohui’

School of Life Sciences, Jiangsu University, Zhenjiang 212013, Jiangsu, China

Abstract: [Objective] Ubiquitins, a class of highly conserved 76-amino acid peptides, are
essential substrate molecules in the ubiquitination of proteins. The abnormal ubiquitination of
proteins is directly associated with the individual growth and development. The role of orf26, a
gene encoding ubiquitin of silkworm baculovirus, in virus proliferation remains unclear.
[Methods] The chloramphenicol gene (Cm) expression cassette was used to replace a 50 bp
fragment at the 3’ end of the ubiquitin gene sequence by homologous recombination, and the
recombinant Bombyx mori nucleopolyhedrovirus (BmNPV) carrying Cm expression cassette
(Bm-Bacmid"*™°) was constructed. A green fluorescent protein expression cassette was
inserted into Bm-Bacmid”**° and Bm-Bacmid“" via transposition for the construction of
recombinant Bm-Bacmid">™ % “*" and Bm-Bacmid™ """, respectively. Meanwhile, the repair
type of Bm-Bacmid“** V"R was constructed in the study. [Results] The deletion of ubiquitin
gene did not affect the generation of infectious virions in BmN cells, while it decreased the
production of progeny virions. Western blotting showcased that the deletion of ubiquitin gene
down-regulated the expression levels of viral structural proteins GP64 and VP39, which were
directly involved in the production of progeny virions. Furthermore, the bioassay results
showed that the deletion of ubiquitin gene caused a 15-h delay in the median lethal time of
silkworm. [Conclusion] The deletion of ubiquitin gene in BmNPV did not affect the production
of infectious virions while significantly reducing the efficiency of viral proliferation. This
study lays a foundation for clarifying the specific role of ubiquitin in BmNPYV proliferation.
Keywords: silkworm; Bombyx mori nucleopolyhedrovirus (BmNPV); ubiquitin; virus
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12 FACTE s e e A b o — T 61
T 320 A Iz 2% A 0 B 58 28 1 HEA T A
BRI EEIAE s 5 — 7T, JETERE RN R-H
1 AR 28 590 0 I ik B A 1% BRI ERT 7, DA T ke 3
RIS — R R AR R B S
PEFEAR, 4SO B A Y NP ZE 1
M2 HEEF PBl HEH, BEHEPYIREHE NP
F VRN 909 1 S50 B A A 1Y) — L B 1 k2
FBim & ERmD . Ba ScEkikiE, EAR
Z R ABMTER 8 L AKTC | i sE DNA & | ik
R N R AWk VAR REL b 1L XTE N aR R A
JEERL TR SE 2 B PR A R, R
T2 AL BE AR 1 T B0 5 s U 7, 4%
M, AEREFEEAERREREA R, B
HAE A A 1E E b iz RAE N E A RS B
MR o e BE dm b 2 222 5 HAA AU 2
REAANTEAE , 5 B 2 B 1972 R A A 2 1 o il
VRS B 1 U A0 A 5 B AT 41

JUTBef i el H B B B2 BB A iz R 4y
T, FRRIR R R S BBV ST 9 75%K0)—
1k, 1995 4, Guarino TR A MG &
I3 FRENLT B A8 SR BUR A% 2 FA i B8 (Autographa
californica nucleopolyhedrovirus, AcMNPV)
ZEAYR I (budded virus, BV |, 2 &5 BV
PEE PNV A WE LB N IR LIS A A L (I, 3R
B 95 B 4 B 132 3R 55 0 1 RL 1 1Y 45 AL 2H 2 AR
Ko AcMNPV Gz = EEHBUR IS, BV 274
B B 17 i 2RI B 5O RY 1/5-1/10,
W05 75 G B 2 R AT RE 2 5 UKL 1Y B
WMo BEAN, AcMNPV Zifilh ()72 R 5L R 1 AR Ak 52
W R, R RS 112 R AT RETE A B
SRR, DABHIETE TR0 4 A
LT R IRTT 5K A 4% 8 22 £ (A5 5 (Bombyx mori
nucleopolyhedrovirus, BmNPV)%ifi& 112 2 & H
MR IEER 7515 AcMNPV 2 fid () JLTF- 58 4= 41

[d], Katsuma ZEU9%F BmNPV 32 £ & 1133470
JER & B, BmNPV SR ez ZEH )G,
ARG EULATRBIERES , 5 AcMNPV Z b 172
RAERFDREAA

BmNPV 2 —F & 40 ) DNA BUEE I
B, N BN KA AL AR SR, IR
(R AL B . 1999 4, Gomi 25!
SERL T BmNPV [R5E R 41550 0 8 Fn b, H
FERZH K /N K 80-180 kb, Zfith K2 100200 4>
B, HERDGEC M8 2R, Xy
REMEAT MIRA T AN 12 U . DNA Kl . A
e A . N EERL R X S A R R SRR
HERA AR, BmNPV orf26 5K 4 i — > FH
WIFHIKEE R 77 AN E BRIz R, AR #:3
PR R BAR DI RRANTE2E, ik, AWFSR
PRz R IR B () AU 5 L A flag
PRAE Iz R4 R B E 2 g, Al T X S A
R BE X 5 4 O S 40 i (BmN) 3 78 A 52 1, A
FELE T K M B Z EA/E BmNPV 145 b iy HAR R
FRERAE TS24

1A

1.1 #&
1.1.1 REL. B, KRS

HTB-P;.;-EGFP Fll pUC118-Cm JSif AN 5K
B =I5 AF . BmNPV Bacmid H H A X K
2 Enoc Y. Park {#§ - B0, BmNPV Ub #t5 iy
Bacmid (Bm-bacmid”"*?) Hy A% 512 56 55 ¥y - i
17 pMON14272 K57 (El BmNPV Bacmid) .
pMON7124 (3t %% e i (4 4 B J5ORL) Fl pBAD-
gbaA (FEAL [] U5 5 41 g 1 TR ) 34 R AF T AR 5250
= KA FF# (Escherichia coli)# ¥k DH10Bac .,
1.1.2 i FIFan ik

VP39 HUUASK I T rh B B DU 8 P 2
LILHHZ M . GP64 FTLREHUAIN B Abcam 24
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Al RIB&HR. ATV HEHRWA Sigma Al
BRI N DI BamH 1, EcoR I, Xho 1, T4 DNA
B rTag FEH pMD19-T {4 5000 bp DNA
Ladder Marker 4 H TaKaRa 275 B4 BRI
[ & B Omega /A ) 5 25 F1 UL 4% Marker
WA TR AR A R A E] s SRR
Mcherry HLH& H Proteintech 23wl ; {H¥c4A HRP
PR P A A X AW AR R A
H); ECL 4b22 & 56157 B Thermo Fisher A H] o
1.2 S|I¥M&I54Eam

wItgYr, sk 1 h R, LL Ub-US-F
Ub-US-R m5[¥%F, Lk BmNPV bacmid AR
P18 PCR =W I ¥ 51K A 565 bp B DNA
FB, MENFEEA R B A B, PL Ub-DS-F #I
Ub-DS-R H51#1%F, L BmNPV bacmid Nz
14, PCR P*WHEiE 51K Bl 524 bp Y DNA A
B, fERRIEELMN N R B . L Ub-Flag-F
1 Ub-Flag-R A 51#1%}, X BmNPV bacmid &

*®1 KXFRA5I

it #1T PCR 971G, K151 DNA R E& Az
RHSRIFERHNZRREG, HiZER Chi
fGA flag bR, 5106 BAFHI0E B A T
A=) TR () e A PR W) 58 1
1.3 ZELHFREHF pUCIIS8-US-Cm-DS. HTB-
Pi.;-EGFP-Py,-Ub-flag H9#EF BmNPV
2 R EE AR PR

43 ILL Ub-US-F Ml Ub-US-R. Ub-DS-F #l
Ub-DS-R A514¥%t, M bacmid H™ 34 H T 7] I
M e B US AR il A B DS, AR UG 1 il
Yl ik 5 e R WYY pUC118-Cm
AT, A EYFR pUCT18-US-Cm-DS.
X pUC118-US-Cm-DS i#17 Hind 111 Fl Kpn I XX
fig Y, AR 2 =R B US-Cm-DS. 4% 1 pg
M US-Cm-DS F Brii i 74k DH10B J& 57
A4, PET£% PCR %% . ¥ Ub-Flag-F fl
Ub-Flag-R M\ Bm-bacmid 4 ¥4 f) 7= #1117 Spe 1
1 Xho 1 XLREEDT K [l i G011 77 49 5 48 [RIAE XL

Table I Primers used in the study

Primers Primer sequence (5'—3’) Enzyme digestion site Targeted site

Ub-US-F CCAAGCTTCAATCGGCGTGCGTGTAAC Hind 111 To amplify the 565 bp upstream

Ub-US-R  AACTGCAGCTTCCAATTGTTTGCCCGC Pst 1 fragment as a homologous
recombination

Ub-DS-F CGGGATCCATGGTGTTACGATTACGAGGAGG BamH 1 To amplify the downstream

Ub-DS-R AGGGTACCTCAAGCGACAACGCAGCA Kpn 1 fragment of 524 bp as a
homologous recombination

Ub-Flag-F  GGACTAGTTCACTTTAAAATCGTCGTCAGCTTC Spel To obtain the DNA fragment

Ub-Flag-R  TACTCGAGTTACTTATCGTCGTCATCCTTGTAAT Xho 1 containing the ubiquitin

CATACCCTCCTCGTAATCGTAACACC expression cassette controlled

by its own promoter

Cm-F GGATCCCTTCGAATAAATACCTGTGA BamH 1 To amplify Cm fragments for

Cm-R CTGCAGAACCAGCAATAGACATAAGC Pst 1 homologous recombination

M13-F GTTTTCCCAGTCACGAC In order to verify the fragments

M13-R CAGGAAACAGCTATGAC of homologous recombination

GP64-F ATCTGCAGATGCTACTAGTAAATCAGT Pst 1 To amplify 1 700 bp of GP64

GP64-R TACTCGAGTTAATATTGTCTACTATTACG Xho 1 DNA fragment for gPCR

qGP64-F CGATGCGGCGTTTCTAC For qPCR

qGP64-R  GTTGCCCTCAGCGTCCA

Underlined letters indicate restriction enzyme digestion sites.
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B DI Y 2K HTB-Pi-EGFP HE17i%HE, #efb)s
AT S E, KR EIEM P EA TR a2 N
HTB-P;.;-EGFP-Py,-Ub-flag,
1.4 =MEAFRK BmY O,
%u BmUbRep-GFP E,‘:M;ILUE

AT WL 2R K DR 26 o i 3 G 1 52
i, S Li SRl 3 FhE 4R
BmWT—GFP R BmUbKO—GFP %n BrnUbRep—GFPo E%@@@
FIVERR . Bkl HTB-Pi.-EGFP 43 51%f Bm"™"
1 Bm™C P TEL I, KR O OORE RIS &
M5 AZE] Bm-bacmid #4807 S HE Bm™Y O Al
BmKO-CFP 5 4k ¥ HTB-Pj;-EGFP-Pyy,-Ub-flag
i %  Bm-bacmid"*° , 3K 18 T 4 ST ki
Bm-bacmid"** " Sy 3R LAY o B B E 4L
bacmid, W FIBERE, XA EBREE
?? PCR % /THE W BmVT-GFP X BmUbKO-GFP il
Bm"P RO AR, R MI3-F/MI3-R 514%¢
HH T PCRY™ 1, FHE L BmWT AR Y PCR
PHE )R 283 bp, HLUKAE IR SHENC HUMAHST .
A M13-F/M13-R #1 iel-F/EGFP-R N5|4¥)
XTJ‘ , [/\/{ BmWT-GFP ﬂ‘:n BmUbKO-GFP ﬁq*ﬁ*}j , T}Lifz:
YK R 2550 3 600 bp F1 1 200 bp, HLyk4:
SR . LA BmURO Sty 514 %t
M13-F/M13-R . iel-F/EGFP-R , M13-F/Ub-flag-R
Ml Ub-flag-F/M13-R ¥ 34 YK FE 5 2R 5 41|
Wt e —.
1.5 Western blotting 5347

S T 4H 95 7 BmNPV-P;.;-Mcherry .
BmNPV-P;,;-Mcherry-Ub #1 BmNPV-P;;-Ub-
Mcherry /&Y% 5 B BmN i s 8 1, 2 e
EFZIE BCA Protein Assay Kit (Pierce)fd# i 1]
AT, BWATKEEN EAEREY 30 pg, MRS
AYEE F1E1T Western blotting 434, M BmNPV
itz 2 N sl C bRl &4 Mcherry, F|
FHAIEEY Mcherry $i{4& (Proteintech, 26765-1-AP)

bKO-GFP
BmU 0-G

AT R, (B B L 4 Ak ) 1 (horseradish
peroxidase, HRP)HEHi e h —dr(db i &=X 4
AR B A RA ), FIH ECL kot
5] (Thermo Fisher)X} H.iE 47 i {4,
1.6 qPCR #rERZREL

Eh ﬂ: BmWT—GFP ﬂ] BmUbKO—GFP EF'E'\ﬁ GP64 %
. R RZ R B EE DNA S GH 15200,
FIF GP64 HitHeisg | xtHil1T qPCR &
ilE. P Bm-bacmid At , 1] GP64-F/GP64-R
W%tk T PCR 31, 4R15—25K/N2 1 700 bp
) GP64 i DNA 2%y, Xz scs AT Yl Ml
afifk,, VIR RSO B934 B B 5 pMD19-T #i4
WATER:, 1S3k MER. pMDI19T-GP64, R
P br i BRI, FRRAAT: copies/uL=(Fikik
¥ ng/uLx10")x(6.02x10%)/(650x ki bp), 1%
AR T TR 48 DUEI . AR 5 D1 B0W A v ot
ki, 345 100 uL 4 F iR 1x10° A9 Fe B Jiok:
i BT RR A ] 1x10°, 1x107....... 1x10?
SRRk, FIHSEET SYBR Green (1)
qPCR R Mg BIpniEth 4k .
1.7 mESFHOH

S Li "G EAREE Bm”
Bm"" OO 1 Bm RO it 5 A 2 ST ] A T
Mg, DA EE YL & % (multiplicity of infection,
MOI)K 1 {F4f 306 i R TS Ak fe, FI M
RS NGRS SR BT A B 3 Rl
B, BRSNS 30 3k, SR EEST Sk
B, LA 3. FIA SPSS 16.0 T4
I 5 FY 2 B EPE B[] (median lethal time, LT5).

2 HERE4M

2.1 BmNPV REBRYZ R FFIELREEXT 34

BmNPV 4l iz 2% HA 77 R, Hit
53 F i 8.6 kDa, A [l B R ARG BE gz =
HIEARIIRE,, X R BAFRIE GRS Iz R P 51 2
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(] %) [R1 P A T 4347 o 7E NCBI 35k (https:/www.
ncbi.nlm.nih.gov)## F HFEEH, 55N
BmNPV (Bombyx mori nucleopolyhedrovirus)
NP _047441.1 . AcMNPV (Autographa californica

nucleopolyhedrovirus) AAA46751.1, AgMNPV

(Anticarsia gemmatalis multiple nucleopolyhedrovirus)
YP _009316153.1 . HcNPV (Hyphantria cunea

nucleopolyhedrovirus) UIX56252.1 . ApNPV

(Antheraea pernyi nucleopolyhedrovirus)
YP 611089.1., DapuNPV (Dasychira pudibunda

nucleopolyhedrovirus) AKR14208.1 . CfMNPV

(Choristoneura fumiferana multiple
nucleopolyhedrovirus) NP _848337.1., ChocNPV

(Choristoneura occidentalis alphabaculovirus)
AGR57014.1, ChmuNPV (Choristoneura murinana

nucleopolyhedrovirus) YP_008992217.1, EppoMNPV

(Epiphyas  postvittana  nucleopolyhedrovirus)
NP _203192.1 . DkKNPV (Dendrolimus kikuchii

nucleopolyhedrovirus) AFS51993.1 . CyunNPV

(Cyclophragma undans nucleopolyhedrovirus)
YP 010086717.1, LoobMNPV (Lonomia obliqua

multiple nucleopolyhedrovirus) YP_009666471.1 .

Ox0ocNPV (Oxyplax ochracea nucleopolyhedrovirus)
YP_009666646.1 . ThorNPV (Thysanoplusia

orichalcea nucleopolyhedrovirus) YP_007250445.1 .

PaviNPV (Palpita vitrealis nucleopolyhedrovirus)
USC25887.1 . TraeNPV (Troides

nucleopolyhedrovirus) QCF61045.1 . MaviNPV
(Maruca vitrata nucleopolyhedrovirus) YP_950754.1 .

aeacus

PlxyGV (Plutella xylostella granulovirus)
NP _068261.1. HearGV (Helicoverpa armigera

granulovirus) YP_001649029.1 . SEIMNPV (Spodoptera

frugiperda multiple nucleopolyhedrovirus)
YP_001036416.1 Fll Homo sapiens 4J10_U. 2 I

Li 2054, FIMH Clustal 3K Genedoc
A, XF BmNPV 4wt ()72 & (NP_047441.1)5
A B A 7 1R U8 8 1R T 22 )5 4 ELE I X L

P4 actamicro@im.ac.cn, 7 010-64807516

XTEER AT . ZIPH X T s Rk B,
BmNPV 12 Z (NP_001153667.1)5 AcCMNPV {Z %
(AAA46751.1)58 4 — 3, 5 HABFF R 5 4n 5
92 & —FE N 78%—99%, W R EFHIRIN £
I Z A T AR R ORI LA B
8 ok A v R A A R A VR o
22 EHRRBHHE

JARAFIZ Z IR HR ) Bm-bacmid (K] 1A),
3 3 A g IR [ B, 7 (] U A il 1 1
AT, FARERARN T2 Cm Rk &AL
FOIRR R 12 R ALK Y 50 bp, 45 4nE 1B fr
/Ro LA Cm-F/Cm-R GI¥%E, 5355 k2 70 o By
H AU Bm-bacmid i#47 PCR §73E, MELIHY
Bm-bacmid™C FRET MBI A E R Kb G, HK
JE4 1039 bp ) DNA J Bt 1B AE Y HA )
e By, Pa5 1R ST —3%, £
Cm 35 B A% Bm-bacmid "™ 1) Ub 2
PRI X3

ik — A Cm Fik G IR
B2 RS R X, A B LS R
Ub-US-F/Cm-R Fil Cm-F/Ub-DS-R %85 4 A Fiifi
27 Bm-bacmid #4f7 PCR 3%, B B, B4
I JCAEATT DNA 973574, SRR Ub-US-F/
Cm-R ¥ ¥ YR BK BN 1 604 bp, Cm-F/
Ub-DS-R §" 84/ WK B4 1 563 bp, HLUK4E
SRS Hi —%, Ll Ub-US-F/Ub-DS-R N 5|4
XF, Al AEEIGT hy a2 124 bp FEF AR p
P14 1139 bp, HIKERIA 1B) S HLISHH—3 .

A SR 12 28 B DR Bl 2 X s 1 444 4 114 5%
WA, E A% AR AR R T, R R S 1 B AR JTT A
HTB-Pi.;-EGFP 73 51%F Bm™" Fl Bm""° k1 7%%
JE , AR TR R B ST  ABIFPIR R B
Bm-bacmid ¥4 S HE Bm™ O Fl Bm KOG
T A1, ¥ HTB-P;-EGFP-Py;,-Ub-flag %% 8 Bm"**©,
PAFELL Bm RO Ry 3R AT & A A Y
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4] bacmid, Wi FABERE, XM A
ﬁfi&ff—} PCR %XHEO u BmWT_GFP\ BmUbKO—GFP%ﬂ
Bm"RP O Syt , A M13-F/M13-R 514 %F
HE T PCR §34, Hig B Bm™" AR 1)
PCR 347~ %)/ 283 bp, HLPkZE R 5 HIS il
M. WL M13-F/M13-R Hil iel-F/EGFP-R
RElxt, L BmY O A Bm RO AR

Y1 PR K R 2R 3 600 bp Fl 1 200 bp, HL

TKEE RS BUHIARST . L Bm RO iR, 5]
Yp¥%f M13-F/M13-R . iel-F/EGFP-R, M13-F/Ub-
flag-R F11 Ub-flag-F/M13-R 4" /i) DNA =1 K
5 IR E AR e 4 — 3 (E] 10),
23 HREBZRERERREAF ML
FRFESRFH~%

Wt NE BT AREE YL Tk, A ni R i 3 A

4 FoR BmVTOP | BmUPKO-GFP Jy gy UbRep-GFP

A
Bm-bacmid
Ub locus
I’ ‘5"'\
us / “s.. DS
puC118-Us-Cm-Ds NN Cm I
\\\ ”
\ 4
A ’,’
154 bpey o
WT Bm-bacmid < - ]

orf25 BmNPVgp028 39k

1 FRBEFZREERENHSEEN M

Figure 1 Effect of the deletion of BmNPV ubiquitin gene on viral propagation. A: Strategy for the deletion
of BmNPV ubiquitin gene by homologous recombination. B: PCR confirmation of ubiquitin-deleted
Bm-bacmid by different primer pairs. C: PCR analysis of three recombinant plasmids Bm-bacmids of Bm" """,
Bm"" %" and Bm""RP*? with different primer pairs. D: Fluorescence micrographs of BmN cells transfected

with the three bacmids after transfection 96 hpi, and infected with viruses after infection 48 hpi.

http://journals.im.ac.cn/actamicrocn
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B BmN 40, U 96 h G T e 0oL R
TOMEL, 459 1D TR 12 Rk R T
YL BmN 4, S5O0 E S H0R B >
F- B A AR ] A 5 2 Rk g 4 i R 5 o
B, AR SR YL b T Y BmN 400, & BRER YL
Je WA M P A SR O, SR S B R
BFE LB, 2GR 5 ok g . 5 57 A= AU
HNEIADG R A H, 12 R iR R B IR 1 40 i
TG R, UL BT IR B 12 L R Bk
R R R A, SRR O A K
24 HRFEBZREABRELETARSEN
EHHIRIEX

KRN FEAT IR BE 12 2 I DA e 2 Xof s 2
SEAL EE (1R IK I SE I, R AH [ 77 Ek e 4L
(multiplicity of infection, MOI)A 5 [/ 7 A 5
B ANZ R B 5 7 B BmN 400, 450 gk
TR RE L AL 24 . 48, 72, 96 h J5 AR AL b,
BEANUKIE ERE 30 pg, XX ebfs i s ik T
Western blotting 43 M7 (& 2) . 5 B A= U REAH L
L R B AI W FRIR G B B JS 1Y BmN 40,
SERYE T VP39 Fil GP64 (KK R A BE T
P, R FEE B MEE S E R

A WT Ub-KO
kDa M Con24 48 72 96 24 48 72 96 hpi
B g =

< GP64 60—mm-
. -—

B, AR R R T AR, 5T
S BB 1 i AR G
2.5 qPCR 32 RELKXTFRE DNA £l
A

B TR qPCR MHERGE, HEHL 1x10°-
1x10° copies/pL XN 7 A i A AR E £k,
Wit GraphPad 4o is 2IbRIE T RR 1 7 FE
e y=1.192In(x)+36.615, R*=0.997 9 (&l 3B).
FHAGBIbRvfEFORSERT 26 E 78 PCR (quantitative
real-time polymerase chain reaction, qPCR)¥%s fif
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Figure 2 Downregulation of the expression of GP64 and VP39 in BmN cells infeted with ubiquitin-deleted
virus. A: Western blotting analysis of GP64 from the extract of BmN cells infected with wild type BmNPV
and ubiquitin-deleted BmNPV. B: Western blotting analysis of VP39 from the extract of BmN cells infected
with wild BmNPV and ubiquitin-deleted BmNPV.

P4 actamicro@im.ac.cn, & 010-64807516



WEES | A, 2023, 63(7) 2917
A B
Melt curve plot 30 Standard curve
gl mI0° W10 W10° mM10° m10" WI0® mMI10°
X g 20
2 gz 888‘3 ; J=1.192In(x)+36.615
% 19 000.0 i R*=0.997 9
= 14.000.0
Z 90000
24000'0 UD'—'Nr’}fj'V‘a@[‘-DOO\
: T TR T TR 241 ERL R
a 60.0 65.0 70.0 75.0 80.0 85.0 90.0 95.0 [SA TR 3 R <A T a5 R <2 N .3 NN 2 N &3 N < 2 S 43|
Temperature (°C) Copy number
C Amplification plot D T ———— ok _—
o1k ;::D | =3 vBmUbko
2
5 0.01F éﬂ =
< 0.001 54 2
7 =5
O-OUOI.J,HH...,........50 u
2 4 6 8 10121416182022242628 303234363840 24 48 72 96

Cycle

3 qPCR STz ERAXHE DNA EFIHFE I

Hours after transfection (h)

Figure 3 qPCR analysis of ubiquitin deletion on the replication of viral DNA. A: Melt curve plot of PCR. B:
Drawing of standard curve of different concentration of GP64. C: Amplication plot of GP64. D: GP64 gene
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Figure 4

Merge

Subcellular analysis of BmNPV ubiquitin in virus-infected BmN cells. A: Fluorescence

microscopy observation of ubiquitin fusion with Mcherry. B: Western blotting analysis of BmN cells infected

with viruses using antibodies against Mcherry.
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Table 2 Median lethal time of silkworm treated
with three viruses

Virus LTs, 95% fiducial limit (h)

Lower Upper
BmUPKO-GFP 135 114.48 144.72
BmYPRep-GFP 118 112.16 128.24
Bm"T6FF 120 113.28 127.20
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