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K 4% (Bombyx mori)J&—Fh B i 22 B il
A F 7 WE A 22 8 2 B (R SCAR A, R E A
M B LS 43 . 124 R Al B R A i R AR
Z, A Z Z I PR AR ) A4 Ur MR 5 R
AEH A AR o TN EAS 28 TF IR AN A 2
i 2 S R AN [ 1 5K 2 i R AR BmNPV £
EPHEZE SR, FREIA ARG R A&
ZUO, 1082 AR, F e AR -SE TR AL A
Rk, HE T F &N BmNPV 28 LS B 15
PRy 3, o A 3 PR RN T i o
DR T i I 2R B8 2 PV AL R A3 M ok o AT 2
E T ZNFEMRVUORRET] s Z )5 WR v T ST
344 DR AR AT BmMNPV HLikszge®, &
A 49%NFE BBt R, A 41.6% KA
#, T4 53.5% AR R EM AR R B R

RAE G R Z Ell 2= 5 1055 1 O 4 50 ok
WA BmNPV BEJJ YA fh, JF Hin4kd
AW BT R AU R E R, H ki
REI 98 2 AR R A b R X 20 R A 29 1Y)
U 1, BRI 5 AR i R A BORYPURNBE
T15 BRvE SR B R 7R i & NBOY o [ 731 4
FITEH MR RN F 871Cx872C, X FR“MHHE—
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BRI PR A5 38 5 R FH 43 bR i 7 R R 4
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1.2 FR&EHRMFET-RAEBEH BN E
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Fi AL, AR TEA 3 AL R
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WA G Tk . &Y R D&
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Yebtah), WS 1.5 mL & RNA B .08 T
PEECP I H AR SR RNA, TR HCE R 4
DNA 25K . fill 600 pL AZFR 2w, FIZIR D
HE OB NN in 200 pL HH B4k
b, =% 20 s, B Fvk L5 min, 13400 r/min
B0 10 ming W EIE RN 600 pL iR 5 N EE
ELLE T, BRREHENRS), I G4 DNA,
13400 r/min #5.0> 5 min; 3£ Fi5 50 600 puL 70%
ST, RIREE, 13400 r/min 2.0 5 min, 2% b
i KRS S A 30 uL DNA F53 ki 65 °C
1 h, DUMREE, AR Bk B K # R
100 ng/pL.

FEHL RNA #3584 : /il 600 uL RNA solo regant,
J PR B B0 N T A4, 13400 r/min
2.0 10 min; HCERWE MBI 200 pL 0500 &0
N, RIZED G UKE 10 min 5 13400 r/min 2.0
10 min; B B2 INENA 2 FEARFR ToK 21
B DAE TIRAT, AWM, % 8000 r/min
B0 1 min, 3R ; i 400 uL Bufferl, % & 3 min,
8000 r/min E5.0> 1 min, FEW; T|E 1 & I
300 pL Bufferll, & 3 min, 8000 r/min &.0>
Imin, FEW; B 1005, 258, #EXTHoE
5 min, il DEPC /K 35 pL J5 #f & 5 min, 13400 r/min
B0 3 min, IR

DU AR B2 1) RNA 2775 18 cONA B BR AT
Fi e RNA ¥ 3] 1000 ng/ul; #£4% 1 pL, ddH,O
6 uL, 1 pL 357 1, 2 ul 38570 11, 42 °C #4432 min;
JA 1L ) 3, 4 pL k5 4, 4 pL il 5, 1uL
ddH,0, R¥E 37 °C 30 min, 85°C5s, 12 °C fffF
KRG cDNA, T4 ) cDNA AR A6 I 2
AR E 13N actind HINS L, 5197
FE 1, MR ZR Q5 pL)n F: 1.5 pL 10xrTaq
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DNA Jutsiti, #E17 PCR ¥ kN7 495 L%,

Table 1. Pr.lmers used in this study BIMIFAILFE 1. MK Z . 5 uL SYBR, 5 L
Gene Primer Sequence (5'—3) N
ie-1 Forward CGAGACGGCTGCACAAAA DEPC 7K, L FEs #3803 uL, #ifk 0.6 pL.
Reverse TGCCCAAAAGAAACCCACA H*Ir?jﬂ 95 OC 30 S 95 oC 5 S 60 oC 30 S Lj
dnapol Forward GCCGATTTGCGTTTTTTGCC -
Reverse GATTGCCATTTGTGCTTGTT EEAT 40 MERR; 4Eff 95°C 10s, Bk 15,
vp39 Forward AGACACCACAAACCCGAACAC
Reverss TTGATCGCCAACACCACCT
gp64 Forward CACCATCGTGGAGACGGACTAC 2 % %%ﬂ ﬁ*ﬁ
Reverss ACCTCGCACTGCTGCCTGA
gp4l Forward ATGTTGATGTGCGGAAAGC 2.1 ZE&ESMZE CVDAR Xf BmNPV BIHL A
Reverss GTGGCGGAATCGGTGA s e e N "
actin3  Forward AACACCCCGTCCTGCTCACTG HTWEREYIEM R CVDAR FIZ A Kk
Reverse ~ GGGCGAGACGTGTGATTTCCT i R Z AP S, AUSTE a WES T AP K A
sw22934 Forward TTCGTACTGGCTCTTCTCGT L i o o
Reverse  CAAAGTTGATAGCAATTCCCT i R 2N BmMNPV R I A [ A A iR A &

buffer (% Mg?), 1.5 uL dNTPs, 0.6 pL rTaq i,
1 puL cDNA #4%, 0.3 uL Actin3-F/R, XGZEKINE
15 pL, R : 94 °C 4 min; 94°C40s, 58 °C
45s, 72°C30s, 30 ME#; 72°C 10 min, 12 °C
R4, B R cDNA Wz 5-10 L i
R S HL T AT T

1.6 RT-PCR kil ZZ % 5 R R FE G AR L

1158

R, Z5REW T CVDAR R&fh AL HHE

& BmNPV BIZEM 72 h )5, SIE% X EE & KA
2R AH; W1E 84 hpi KIMEEIKOFLA,
I, FEBRICTT; £E 120 h pi MRBERRL, IR
WRTHE, JARPREE W, Bk Mert & BUA KR
B2 A

X CVDAR. Kififih R HUE BmNPV 5,

MRS B HCE ) &0 =y 0 /2 5-6 d, CVDAR [k

DA BMNPV ik BRI (AR R FE I P i BRI 20 iyl 1-2.d, RAEREYS 6-7d (K 1),
(A) (B)
100 1001
§ ] \__ = 75f
] B
= sol Control B | — Control
& —Dz T Y —pz
= E
5 5L —CVDAR E 55L —CVDAR
0 0 -
01 23456728910 01 23456780910
t/d t/d
Bl ARBIAEIRERSZR CVDAR BE. XEREGFEER
Figure 1. The survival rate of CVDAR and DaZao were obtained after feeding with different concentrations of

virus. A: Survival curve of Fourth-instar of Bombyx mori by oral administration of 1x10° PIBs/mL virus particles;
B: Survival curve of Fourth-instar of Bombyx mori by oral administration of 1x10° PIBs/mL virus particles. Control
stands for the DaZao of viruses that have not been added.
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Gt 2 DU AN RIS B8R R B o SR A Y AE T2 %
(1 2). 5 EEHE 1x10° PIBs/mL, CVDAR HYAET:
KAE 80%LL |5 HeFE 1x107 PIBs/mL, CVDAR Hj
FET-HAE 56% LA I ; #J¥ 1x10° PIBs/mL, CVDAR
FIBETRAE 33%LA |, BLRF R AYFET Rk E T
85%L4 |5 W 1x10° PIBs/mL, Kk IFET-HRAE
7T7%L) b5 MRS N 1x10° PIBs/mL, KiEfsET:
R 42%L) |

FIFH SPSS #1445 H CVDAR ., Kt i 52 gL
BmNPV J5EHEHI & LDy (K1 2). & FL CVDAR
() LDso Ay 1.8x10°, #H bt Kt i — A B gt . 5
FE5REH, CVDAR S RL IR BmMNPV J5 1)
PUPEAKF i 0 B A AR K
2.2 ZFEERY BmNPV 5 Ind R R F LR

FETF 2 Hi e 4T BmNPV REI/E A 5%
R T ARG i LR Ry G A 5 A s 25 5 B ) — R
G B BRRE A . AR R BIEERY BmNPV )5
CVDAR. K& iadl i, WEEH 1 s B AE £k,
(K1 3), J& BmNPV gy iz ] v K (Kl 3-A, G)E/R
R AR HES S BT, AR A
TR, IR R Z N BRI AR,

(1 BB — 2 R 5] L SRR B 22
R, A CVDAR [ Rl B, Ao i) Bl £ i
BN LS R 12 h Al 24 h (&1 3-B,
C, H, D&, B Z A i 40 i A T bR Fn 4 i
Bl R /N s 22 5 . CVDAR, K1 bh R 7
48 h J5 (&1 3-D, J), K¥L bRy Z, A
TEAERNEA W BA. JEEEERYE 72 h J5 (8] 3-E,
K), PRI 2R A L AR o pa i, Ko b g
e O NN R N T DR X% N 528 L NI B < R ARG

100
90r
80F
701
60
50
401
30F
201
10f

-8~ CVDAR
- D7

1.2x10°
1.8x10°

Death rate/%

logl0

B2 ZOFREFERSRERREHRECTE
Figure 2. Death rate of silkworm after oral feeding
with different virus concentrations. *: P<0.05, **:
P<0.01.

B 3. BmNPV B/FRERER CVDAR. Ki&EHBAHLRAY) F W (400 £Z)
Histological section of midgut after Fourth-instar silkworm CVDAR and BmNPV infection (400x). A,
G were midgut tissue section of the Fourth-instar of CVDAR and DaZao; B, C, D, E, F were the midgut sections of
CVDAR at the fourth age of 12, 24, 48, 72, and 96 h p.i, respectively; H, I, J, K, L were the midgut sections of
DaZao at the fourth age of 12, 24, 48, 72 and 96 h p.i, respectively.

Figure 3.
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HAFmE—i, CVDAR Rz 4 ffIE A5 #s 5%,
DL AR, S 96 h (&1 3-F, L),
CVDAR. Kt i 2 1 b 5z 4 B AR Y W05 31 i 2
S o VRS T BRI b e 2023 rh A bR 2
MBS AL, iM% — B HA s 3T — 3
Gy T I AU A, TR 50T TR AL
CVDAR _I= B 2 B 285568 He R 1T 35 AR X 5%, H
A — LA RANMIAZ TG R, 55 Ah— 20 Jif BL AT 55
ZL AR
2.3 ZNOBRBENZRETHHALS BmNPV ZHIHEGHE
ER

TR A b R B 48 11 B 18 B 5
— NG, N T R it il & CVDAR
TS B i R IO PIME, AT TR T
Z4x CVDAR ByHIaZHZxT BmNPV BIFEM . 4
RIS N2 O£ BmNPV J5 i K38 Al CVDAR
an R AR, RSSO E T IER 1)
gp4l HEATSEMYE G E R PCR, WA o iz
BmNPV 45 5 945 D15 (1A 4).

Z WA BmNPV () 6 h &5, & CVDAR,
R 4 b s 5 4 DU S S AW i, R HTME o
% CVDAR #it BmNPV 1 A AR BLAE LG 5 A

{207 181 5 K3 Hh i i 7548 DUERAE 12 h FT 24 hop.i.

T, CVDAR U bl R AH TR = G 18 1 5
PiH] CVDAR 1EVREE 12 h #1124 h p.i IR #5146
J 1) 52 i Az B s Pk S R P EE R D
BAE 48 h pi BT RiE; MEZER 72 F
96 h p.i HEIMMES . Hkal A, 20RE
BmNPV J5, HitkdhZR CVDAR [ g i i o3 4
B P 0 A ) 1 05 B 7 1) DNA 35— 42 il i) 15
JCOR, JEAE BESE — 50 52 G A T 0 s S5 R
24-48 h p.i.

24 ZEY: BmNPV RiRERR7E PR
R

AT R TE 2 TR 1 IS AE R Hh B T
BRI, ARBEIE kR 2 A B L AR A
K i HARFE, I RT-PCR J7 v 461 v iz o
N TR) A 15 2 JE DR A 5 SRk OF o T Bl a5 SRR Y
ERGIPIA 1,

26 CUERBF S K6 0 HP fi A (]t 0 )5 i 3 TR
M K, KIAEWTE 24 h pi, HLrkam R
CVDAR iz 35 25 K] 1) 7 SRRk Fak B i s, i
& 48 h p.i A — R EH(A 5).

4 ZHD T P VU, CVDAR Hrlg b
JREETE 48 h p.i BUBINSG], 7E 24 h p.i FdE S
(e S KR B i, ULAFES DR R 765
— B EE A ], CVDAR Hr i v i &S A [ i)
95 25 5L DX ) B SR ICA 2 B, MIAEZ S
TS PR A 7 S AKCF REAR

105 L
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10"5¢ 12 24 48 72 9%
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4. Z0ORE BMNPV ERERFPIHELE LY
15

Figure 4. Expression of virus in the midgut of
Bombyx mori after oral infection with NPV. The error
line represents the criterion deflection; *: express
extremely significant, P<0.05; **: express extremely
significant, P<0.01.
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Figure 5.

Persistent expression of virus genes in midgut of silkworm after oral infection with BmNPV. ie-1 is a

very early viral gene; early viral gene gp64; DNA polymerase gene dnapol; late gene vp39 is the capsid protein.
The error bars indicate the standard deviations; *: express extremely significant, P<0.05; **: express extremely

significant, P<0.01.
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Mo JETTR S A A% 50 Z2 VR 75 = DL bl 2R R
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NPV H 3143 TARIC, Hanx e 228 2K ur
SN AT AR S 445 ) CVDAR B i
P Y RSB Ly .oty M R K LB LU 2
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XF NPV BT EFE AR LDso, PEZK 7 MLAE 77 il 3
56 MR, AR F MY ORI N TR g
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PRI 2 LR W A ) S 25 06 FR BRI A U0, T
53 ARl KA BB P i RS R AL N R
— AR T, —FRIRE RNA T (RNA
interference, RNAI). CRISPR/Cas9 Xt [H 4 %
AR5 B 52 T R DRI B A E SR, 1T AT ARG 5t
RBHURTERR T 5 —FIE R AR E A E
25 FIMPUR IR 3 A ARy, 133 & HEht
YRR G A, SRS 5 E Fh o7 138 & HOA
il ARSI B AR 29 K & )7 X BmNPV
PR SE IR pE o, B AR AT th KAkt BmNPV 1)
PUrE A, MR HHt BmNPV [ 5 4 i
AU ATl .

T FEIZeHT NPV 1 A2 B 5% 1) F0 R AR A
FAPL NPV 1L T v A 3 R 25 35 DR 178 iy oy 225 L,
Fe R SRR B TR AP BmNPV i R
X BmMNPV YEFIBLEMII AR A SEMe ke o A5
I Zéht BmNPV ZK 4 il RTEEGE NPV 5 BTy
fiE, DU@ESTHirE st Z90 BmNPV B SCHEAEH]
A K . CVDAR MR [ B B vk RE Y
BmNPV, GEitZ & Ay MASE TR AL EIE A &,
IESZ CVDAR KAt bh 2% BmNPV A9tk #Ei
LR R F & B AR . CVDAR i R A8
J& A 85 U0 R AR T8 £ PCR 5 A6l
K . CVDAR iz Hh 24 2 5L R S il 00, &
B ol ity 2200 B DR 2 SR KO- A R R S AR —
B, UERHTERCUR B AR 7 TH , CVDAR FIXT
K H 2T MY 24 h )5, Hiikdih & CVDAR
8 g v ) B R DR SRR R B R s AR R
48-96 h J5, CVDAR i Z H i i i) B 3k I8 7 5
IKFEREH AR F K3, B CVDAR E4 HIRH
i Hh P o B kDR 1 2 S B — e A2 A IR A

ZEE W

WA R . CVDAR 2 i & %F BmNPV
PEEBER 2 T 5 3R CVDARJE TRBLah R,
HE— 5 I T 6 2 HE PCR B A 5 75 49 Y S e
H i I e B DR ) R A DL R IRAE & IR B )5
CVDAR  H gy Hhi 5 55 DR 1) 7 S A 55 — B 52 il 4
1A 32 B2, A T UL 35 Ll
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Characteristic analysis of resistance to BmNPV in CVDAR
strain of silkworm
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Abstract: [Objective] Bombyx mori nucleopolyhedrovirus (BmNPV) induced hematogenous sepsis is a common
severe disease of silkworm, and there are few effective prevention and control methods. In this study, CVDAR
andDaZao (lines with strong resistance to BmNPV) silkworm strains were used as experimental materials. By
analyzing the resistance characteristics of CVDAR silkworm, the resistance mechanism of CVDAR to BmNPV was
determined. [Methods] In this study, we found that the lethal dose of CVDAR strain to BmNPV infection was more
than 10 times higher than that of DaZao through semi lethal dose analysis. Further HE staining was performed to
analyze the changes of midgut tissues before and after the infection of CVDAR and DaZao strains, and analyzed the
anti-BmNPV mechanism of the resistant CVDAR strain. [Results] The results showed that after 72 hours of
infection with BmNPV, the nucleus of large intestinal cells was enlarged and the staining became lighter; after 96
hours, the nuclei continued to increase and tended to fall off. The CVDAR-resistant strains only had enlarged nuclei
in part of midgut after 96 hours of infection, but they were well arranged. At the same time by fluorescence
guantitative analysis of the CVDAR and DaZao strain proliferation after virus infection, combined with the analysis
and comparison of the transcriptional levels of the representative virus genes in each period, no difference in virus
copy number and viral genes transcription level between the resistant CVDAR strain and the DaZao strain were
found between 0-12 h after BmNPV infection. However, 24 hours after infection, we found that the CVDAR of the
resistant strain was significantly lower than that of the control strain, regardless of the number of viral copies or the
transcriptional expression level of viral genes. [Conclusion] Our study demonstrated that during the first round of
replication after oral addition of CVDAR, the transcription of midgut virus genes was not affected; and later the
transcription level was reduced. The critical period for the inhibition of BmNPV proliferation by CVDAR strain
was identified to be 24 h after BmNPV infection, laying a foundation for the analysis of the resistance mechanism.
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