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i E [BN] BEERESIIMRHENREZA L A E ( Bombyx mori nuclear polyhedrosis virus,
BmNPV ) W UGS Ik BRI IE, [ Fik ] HERTHEA R T | AN (] HE T I g AR [ 7 5 A2 B S D ik
DL BB S I 9 S R R A AT A KT ROR s 45 A Kb PCR H AR NHR B L5 A B AR 1 P40 JE R A K TG 5%
JEHEAT ARG, I 38 5 4530 R B SR T TR T R ZS AT A8 s f R DR R AMR B IR R A L b
[ER] LY Rorb £, HHAE 60 W BRSNS 40 cm AL IESS 60 min, YLK A 5 d 5 AT
RN 63.33%, WHE THREA R R EAT R 45% (P=0.0142), HIFMREIHE], 15 F1 30 W 4408
SHEFE T 120 min B, A RE T 63.33%. R KT 100 cm Af, REAERAE TH, 180 min
TRHT A S X ] 22 R AR B % (P=0.058 8 ). KAE PCR A ok, 5x10°4~/mL Rk R 15 W £
HMEHEES 40 cm JBST 60 min 5, JCHT WA HIBL, 15 5x10%A~/mL ik B R A AR IR 45 148 BE S 480 min
TR, JEH PR EERL TR S IE R RO 225, RIMNE HE IR R A 2 e sr i 3R
i AR 5 1 R A TG e, G RSO T () R A AR IR S 40 om BT 10 min FIEEES 100 cm M5 30 min,
TR, St IRIAN S, RO IERIFrTIER 25, [ 4] MRS BmNPV (K6
ROR G SAMT IR HEIFTEE BRI B] L SO R A G, Bt PR TRD 3 0, 06 998 R IR U A [ A7 T R
R, REARR IR E 4, FERANR BRI RS 40 om DL b, FADTRERST 60 min A REA SOKIEAL
WIE BmNPV, FU 5 A AT & P
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Sudy on the inactivation effect of different utraviolet irradiation
parameter s on Bombyx mori nuclear polyhedrosisvirus
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ZHANG Yi-Chuan SU Zhen-Guo BAI Xing—Rong***

(Sericultural and Apicultural Reseach Institute, Yunnan Academy of Agricultural Sciences, Mengzi 661101, China)

Abstract [Aim] The aim of this study is to explore the inactivation method and verify the effectiveness of ultraviolet
radiation on the Bombyx mori (silkworm) nuclear polyhedrosis virus. [Methods] We evaluated the effectiveness of different
UV irradiation methods, differing in power and irradiation distance and time, on the inactivation effect of the nuclear
polyhedrosis virus. This was determined based on the survival rate of silkworm fed with the virus post-irradiation. We
analyzed the inactivation effect on the P40 gene, a structural glycoprotein of the virus, using long chain PCR technology.
Scanning electron microscopy was used to observe the structural morphology of the inactivated virus particles. Finally, we
evaluated the impact of direct ultraviolet radiation on silkworms. [Results] Silkworm exposed to 60 W of ultraviolet

radiation at 40 cm for 60 min had a significantly higher survival rate compared to the virus control group, with survival rates
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of 63.33% and 45%, respectively (P=0.014 2). However, the survival rate of the 60 W exposure group was lower compared to
the 15 and 30 W ultraviolet radiation exposure groups when the exposure distance remained at 40 cm, but the exposure time
was extended to 120 min. At a radiation distance of 100 cm, the inactivation effect was poor, and there was no significant
difference in the survival rate between the 180 min UV exposure groups and the virus control group(P=0.058 8). Long PCR
detection using low concentration virus suspensions showed no obvious bands after 60 min of exposure to 15 W UV radiation
at 40 cm. Conversely, high concentration virus suspensions required 480 min of irradiation under the same conditions to show
no obvious band. Additionally, there was no significant change in the morphology of the virus particles compared to control
virus group. Exposure to direct UV radiation had no significant effect on silkworms that were covered with a protective film.
In contrast, the bodies of unprotected silkworms began to darken after 10 min of exposure at 40 cm and 30 min of exposure at
100 cm. Interestingly, the silkworm’s body color reverted and proceeded to cocoon normally after molting during the rest
phase. [Conclusion] The inactivation effect of UV irradiation on BmNPV was influenced by several factors, including UV
intensity, irradiation distance and time, and virus concentration. As the irradiation time increased, the survival rate of the
silkworm fed with the virus post-irradiation increased, and the level of nucleic acid destruction of the virus became more

absolute. A UV irradiation distance exceeding 40 cm for or a minimum duration of 60 min inactivates the low concentration

BmNPV while protecting silkworms from the adverse effects of UV radiation.

Key words Bombyx mori nuclear polyhedrosis virus; ultraviolet radiation; inactivation; prevention and control

FRAENI Z M5 FF ( Bombyx mori nuclear
polyhedrosis virus, BmNPV ) 7| #2 i 5 4 Il i !
IR S T de " AR, AR IR R, TR
e, B BAABAYONEEIF 55,2013 ),
BT, AfEE s R I E . THRRR
S A R AT IR BRI T | 2 TR B 20 1 32 4
o fHZ, EHGAATES L RORBER . X Ak
A FEG A, 25 TR —FE & KR
ORI . TR 2N RE T Berh, £
HNE A B RS ( Ultraviolet germicidal irradiation,
UVGI) X253 WA R A 2R 1 45 HA A 80H
BEMREME, TEBERE . SR AR %z W H
( Brickner et al., 2003 ), /ML FAEH 2
M TR UVC (250-270 nm ) B Y iR
SR ZNMRIC, TE B E — 2R A v A% 2 52 ) LA BHLLE
A P51 ( Reed, 2010 ). VEZIRATHREXT UVC
HUR, WA IR . BIKEE . RIGFFE . Bk
FURTE . WUEYREE . SARS-CoV-2, B
LR AN T RO AT (Chang et al., 1985; Yin
etal.,, 2013; Biasin et al., 2021; Nguyen et al.,
2022), KiGthERES AN BB RS2 A] . FRES
4RSI % ( Palakornkitti et al., 2021 ), i
M UVC A2 il = 20 i A 20 23 i o % it
F, —ERER UVC JER1E I DNA JE4E R
PER 5T E s 400 DNA B R gk R

(Dai et al., 2012 ), AL IS DNA $i45 19
Rl )y 6045 Comet B BB LK: . #Hilhitr &Y
Kl . PCR SZIFI West Blotting SEI0 4% ( X3k
FERFCRT, 2013 ), AWFFRHIKEE PCR ik
ST B L B R B B, B R o
Wit RN IRST S DNA #0507 B AR/ NG
ML, TEAHIRIRCEAAIE R PCR 97145, H 9 H Bobk
KR TE R Y, K4 PCR B VR I WOR TR IR 11
WSRO0, 3kt e e BOARS: 8 AR BE T4
HAT, O AR A A HU) B AT 52 AL
TR FE N, AN K TE IR R 5E 5 0 £
FLAR PR N S A 3 DA, 1 A A
P 2T B AL, AR K IE AR T I 7T
A ERAMNE IR IR RE A A IR A A e Tz g
e it —2B0UE o Ry T PRI SR SR R X R A i Y
2 FA AR BE I I 7 IR TR o AR SO 2 H A
PEAS[A] 3l 5 | AS [i) FR et B g AR s 1] 14 48 A2k B St
Ty, A A B KE I R IO R AT R AT
RIGECRAI VRN o 7ESLIER I, RATK A% PCR
FEARRXT AN KGR TS T TR, R
e LB KGRI R R TS . Beda, PRAh
AR BRG TE AAE A 7 1 B U A A
PIHARTE—Fh K 1% BmNPV L5428 BRI 5 )y
B, MR R B 2 MR RN & R A
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SRR,
1 #RE5H*

1.1 ks

K AN L AR EE BmNPV 2 7 & Al
Pl 25 B A 5% 5 W F 5% Pr 4 5% 5 4R Ml 2 €0 B 42 )]
B A SE B S AR LAY YN-BS ¥k &R =
A8 A B2 B A 5 B W IF 5 T SR B AL 0
BRERMINRBEEF = Tx = 8 I x i
A LAMNTHATFRIE A Q/320281 HIV 03 Hi & jift
EKHME R, BHMRIEK R 253.7 nm,,

12 REGItEF*E

121 FAELIIEBHAEHNTEIR K
5x10° 4~/mL ) BmNPV JEEFEZMAIEMR, BA 6
fLanfulisemh, LA 1 mL, IR
JCAE 200 r/min F9FEIR o SR 15, 30 F1 60 W
L HMT T ELFE B 40 cm A0 BRETIE] A 60, 90
120, 150 F1 180 min, 30. 60, 90 F1 120 min,
10, 20, 30 160 min; MGHMFILE, KRR
%4 000 r/min B0 5 min, BUIE, A 1 mL K
PR K B KSR e o ISR, SRA 5 i
B RINESE, R ESR Y, B Kh—80)
TR EVREE 10 pL R, BT 5 RIS i
I (EFhz 7x = 8), RHIRhE R,
RSk FAAME— e, Sk SR 5x10° 4
BmNPV ZMifk, BB AXTRR, JRAEXTRE
H3ANEE, BIEE 20 k&, THREEYYS
T30 24 h IE SRR BAATEL

PE— P E LR 30 WO SRAMT IR EEE B
40, 100, 200 F1 250 cm 23 FIBEFHEEE 90, 120,
150 1 180 min; AbLFRGEE . YLK A NG
B .
1.2.2 K% PCR A BERNF S iER

#145 5%10°, 5x10° 4~/mL () BmNPV Ji £
R, 76 6 fLABMuREFRM T, FALACA 1 mL,
KR FRAUBAE 200 r/min FFEIR E, SRA 15 W 841
LEAHAIE B 40 cm FRSTAR[EEE], FREGHSIEIS
FH I B 7K WS B X6 07 FL R 3G s 1 T, o R &
( Code No. 9765, TaKaRa) 1Z£HUpEE DNA, %
FHESE PCR Jrikill H 41, Mo F KK
48 SRLE BREFFXT BmNPV 40145 #2755 A
WHER . URBRERZ MK E BmNPV-ODV
A S5 P40 S HRAR, JTZEfR T RS,
W B Rl —A B 5 AR R g s 5
SEIY, k1 B, P AR PL, P2,
P3. P4 Fl P5 K/IN53512h 243, 560, 1397, 2 640
13 853 bp, P1 Al P2 WRAMERM r Taq, P3
% H] Ex Taq, P4 # P5 k] LA Taq. r Tag/Ex Taq
f) PCR R WK% : Buffer (& Mg*") -2.5 uL.
dNTP-2 pL. r Taq/Ex Taq-0.25 pL. FP-0.5 pL.
RP-0.5 pL . ddH20-19.25 uL. DNA-1 puL. LA Taq
f) PCR WA % : Buffer (Mg®™ free)-2.5 L.
Mg®*-2.5 uL. dNTP-4 pL. LA Tag-0.25 pL.
FP-0.5 uL, RP-0.5 L. ddH,0-14.25 uL. DNA-
1uL. RMFFHR: 94 CHIZASM: 4 min, 94 °C
AR 30s, 55 CHEME30s, 72 °CHEAIRT AR
R BOR/NESE, ARPE-E M-SR EER 30 Wk, fR
572 °C 10 min,

x1 519F5
Tablel Primer sequences
519 Fea) (5-3") BRI (bp) ROHE Jaa Gl
Primer Sequences (5'-3") Fragment size (bp) Polymerase Extension time

P40-FP TATACAGTGCGTCCTTTCGT

P40-RP1 CAAGCAACCCAGCATGTTCC 243 r Taq 30s
P40-RP2 ATTCCCATTCCGTTACCGTTC 560 1 min
P40-RP3 CATCAGTTTTCAAACGGTGCT 1397 Ex Taq 1.5 min
P40-RP4 CGCCGCTCAAAATAAACTCGT 2 640 LA Taq 3 min
P40-RP5 TCTTCATCTTTTCCGGTCAGC 3 853 4 min
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X} 5%x10%4~/mL i BmNPV & 1 mL,

15 W R AMT 3 [ RS HE 5 40 cm, BB 5T 480 min,
WG . SR PBS Z& it FR GG 7 5 15 7
FRFEUEAT 2 RIEYE . B0, 3 BIEWUS, U1 mL
P 5 1 2 YR T A O B, IR 2 h, 4 °C
TRAF o RERIERDUTRAE R A R TR R IER
123 ZHEBHMNRBAFTHZEMHE X 4
W& G IR A (AR x B H ), SR 30 W 841
KT A GBS 40 A1 100 om Xt 58 A JEA T L8 WA S A
R ARG, SERE AR R A R AR AL T R
it

1.3 HiEsE

K WPS Office Excel oA 41558
T FIVER], GraphPad Prism 8.4.2 Xf K 4%
5 d AR Z S AER, A2 R
MR HEAERLRT T K258 .

2 HR5TH
21 FEESMERS S RO RELR

5x10* 4~/mL 1 BmNPV R 15, 30
160 W AN I B AH ] 40 om BRSO TR B[R]
SR ME 1 (A-C) B, R K 75 B e
Az SdJE, ZAXMNBHRELTE RN 93.33%,
EHREEXT MLl 45.00%., 15 W £ 78R BE St
7 60, 90, 120, 150 1 180 min [ AAFIH R
9N 45.00% . 60.00% . 70.00% . 71.67%Fil
93.33%, 30 W EHMEIREHKRE 30, 60, 90 Al
120 min MR EAFIE 5300 35.00% . 46.67% .
58.33%F1 70.00%, 60 W 224hL B SR B 10,20
30 A1 60 min MR AAFTER3HIN 48.33% .
48.33%. 55.00%F1 63.33%, %45 BE A
[Fi) Ty 232 28 AT I3 9 B AR 2 3R 0 i B A R
I ] JE K SR A A7 3 R 3G o G v R () R S5 e 1]
60 min [ IIERCR R 58 AMT D)2 i &
HE N .60 W L SMR BE S 60 min fR BRI Z A 5 d
JE PTG % (63.33% ) 59k IR (45.00% ) 2
ZREE (P=0.0142), 15130 W 4L 1A 5}
BT 120 min BIAATE R & T 63.33%, 15 W
2 HNR IR BTG 7 180 min I 523 4 X0 BRZH A 5 A

FETE A A 25 SRR AR B L2 AR T 1 5
AN K SR R AT T 3 R B S B ) A 5

SR UL 30 WS AMT HE— L BER R [R IR
PR B AN BRI Y S R L 25 SR &l 2( A-D)
PR, R IR fE R R A S d 5, a5 ER
TR FRALITEHRN 93.33%, 1EHIRTEN IR Ky
42.81%. WHEMF ML 40, 100, 200 A
250 cm, MESF 90 min MR &AFETE R 05K
55.00% .47.08% .43.33%7H1 42.55%, M5t 120 min
B R BAETH RN 62.02% . 52.73%. 55%F
38.29%, MAHS 150 min (KR A7 R0 51N
74.47% . 47.50% ., 52.5%7%1 55.00%, HES} 180 min
MR BAETR R WM 73.21%., 51.47%. 51.17%
1 55.73%. 125 T B S H 58 A2k HE G I
K, KRR R R AL RAL, kiR
SIFEES 100 cm B E AR R L, K
BFE] 180 min JESFF2H A A7 15 AR SR 4L TC
BEES (P=0.058 8), HHKHEEAE 40 cm G IR
BRI ] PR 180 min, JRYEF A 5 d R HUTETE
R (73.21% ) 5IRTEXTHRA] (42.81% ) 22530 18
# (P=0.006 3 ), M5} 90 min 5557 % R4 JC
F25 (P=0.052 9), Z5REH, HIW30 W%
AMTHEEE B 40 om BFFE G EIAIK T 90 min
BT IR ROR, RS A, KGR
AT

2.2 ¥ PCR fIPA#MBEERLNRE IR

i — 2B SN R B TR B 1 DA R, R
fIlRHe B 5x10°~/mL i BmNPV J5 & 1 mL,
15 W 22HMLHE B 40 om I, FRESAFIR] 205908 5.
10, 20, 30. 40 1 60 min, ZFH{K%5E PCR ¥l
AR B B 4T, s5R K 3 s, BA
B, Sl BRiE . b i IR R E] 60 min
i, 246 F1 560 bp ¥4 HIWAA, M H ™Y
K F] 1397 bp B ICHA & H A9 45747, 1T IRES 40 min
BFA 1397 bp HIWAR . ULHH 15 W B 525M R
B 40 cm MBAIATE] 60 min B, X} BmNPV %2
HA B BRER .

EE 5x10° 4~/mL A BmNPV 5 35 i
1 mL, 15 W AMTEEHBATIEE 40 cm B, B
SEFIE] 435108 90,120, 150,180,210 F1 240 min,
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K HKAE PCR KN H B 45 . g5 Rk 4 (WkiE Fos, KABHB=Y R 3 853 bp Af, & A H
%5 1-6 ) iR, MRS} 240 min BF, 5 X% H )7 Bifi 5 BRG] R) 2 H A BEASB i, 480 min R
PI¥AT 56t , UL LR SRR IR R B e e fdig SR JCIl i B 1Y Br, UL S VR BmNPV g
B o dE— B3GR TEE] 300, 360, 390, FRAE 15 W RN RE 2 40 om FETHT ] 480 min
420,450 1 480 min, Z5 LUK 4 VKBS 7-12) B, HERE 2R,
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E1 AELIMEESRIUMENKERSBEEREEER 24h WEEE
Fig. 1 Survival rate of Bombyx mori larvae every 24 h infected with BmNPV inactivated
different UV intensity and irradiation time

BmNPV 4bFH . A. 15 W A EIEES 40 cm FREHKREE 60, 90, 120, 150 Al 180 min; B. 30 W 287Nk IE B 40 cm FRATRK
#: 30, 60, 90 F1 120 min; C. 60 W $£AMEMH B 40 cm RSP 10, 20, 30 F1 60 min, hpi: RGN, B,
BmNPV exposure: A. 15 W ultraviolet irradiation at a distance of 40 cm for 60, 90, 120, 150 and 180 min;

B. 30 W ultraviolet irradiation at a distance of 40 cm for 30, 60, 90 and 120 min;
C. 60 W ultraviolet irradiation at a distance of 40 cm for 10, 20, 30 and 60 min. hpi: Hours post infection. The same below.
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Fig. 2 Survival rate of Bombyx mori larvae every 24 h fed with BmNPV inactivated different
irradiation distance and time of 30 W ultraviolet

BmNPV AbBE: A. FEE 40, 100, 200 #1250 cm HREHETE 90 min; B. HHES 40, 100, 200 F1 250 cm ALK 120 min;

C. IHE5 40, 100, 200 FI 250 cm HRGFHIHE 150 min; D. FEE§ 40, 100, 200 F1 250 cm AR EE 180 min,
BmNPYV exposure: A. 30 W ultraviolet irradiation at 40, 100, 200 and 250 cm distances for 90 min; B. 30 W ultraviolet
irradiation at 40, 100, 200 and 250 cm distances for 120 min; C. 30 W ultraviolet irradiation at 40, 100, 200 and 250 cm

distances for 150 min; D. 30 W ultraviolet irradiation at 40, 100, 200 and 250 c¢cm distances for 180 min.
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3 {RKE BmNPV £ 15W £E5M KT R 5
AERERNBERNES
Fig. 3 Target bands of low concentration BmNPV
wereirradiated with 15 W ultraviolet for different time

VOB V RRIREENT IR, Kl B FoRas X IE, WK 1-6
Iy s IR EHE O 5. 10, 20, 30, 40 1 60 min.
Lane V indicates viral control, lane B indicates blank

control, and lane 1-6 indicates viral exposure time of
5, 10, 20, 30, 40 and 60 min, respectively.

N T BRSNS IR TR T IE S BRI, R
FHIEH BmNPV 1 15 W 55MERE R 40 cm fRSGT
480 min [} BmNPV SEATHIH A BILE, 45 R N
K5 (A, B) Fizs, MEGTHTGREEZ MAARR SN
B BA WAL, UiHTSEANEXT BmNPV 2
A IR BRI AR BRI BE 2 RIS

23 FSIERHEMRBHEAFHREM

AT AR SN B X R A AR B, R
FH 30 W 2242k IR S IE B 40 A1 100 cm X 4 i35
A AT i RERT RN A Ve R 5 FRT , ST
WML R Al S5 TR, Jo AR 55 0 R B
40 F1 100 em MRS HITEZEIMEIRST 10 Fl
30 min Ji5, AKEIETTIG RIS, BEE TESTET

B, EIEIG A A A IR SRR
T B AL, WK 6 (A) B, KL
BFET 40 cm FRG) 30 min J5, JCHEEESNRE

1 2 3 4 5 6 V B
bp

246

1 2 3 4 5 6 V B
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1 2 3 4 5 6 V B
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1 2 3 4 5 6 V B

2 640 u.._n-n—ai—-"—#'—\-’

1 2 3 4 5 6 V B

[
(

7 8 9 1011 12 V B

3853

B4 BREBmMNPV £ 15W 58T
B AEMEN BT
Fig. 4 Target bands of low concentration BmNPV
wereirradiated with 15 W ultraviolet for different time

KIE V BRI R, Ukl B Fanas AR,
VKB 1-6 4 5~ B BSR4 90, 120, 150,
180, 210 1240 min, ¥KI& 7-12 435I 370 7 BT

iFE A 300, 360, 390, 420, 450 Fil 480 min,

Lane V indicates viral control, lane B indicates blank
control, lane 1-6 indicates viral exposure time of 90, 120,
150, 180, 210 and 240 min, respectively, and lane 7-12
indicates viral exposure time of 300, 360, 390,

420, 450 and 480 min, respectively.

B 5 BmNPVRZSRAEKE 15W LIMTRHEIEHARKBER
Fig. 5 Scanning electron microscopy images of BmNPV virus before and after 15 W ultraviolet irradiation

A. IE% BmNPV; B. 15 W 34MTHEE 40 cm MRS 480 min [ BmNPV,
A. Normal BmNPV; B. BmNPV with 15 W ultraviolet radiation at a distance of 40 cm for 480 min.
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The black inter-nodal membrane
e L1 P

3
s A The colorless inter-nodal
membrane

F

E6 30WEMINREHITLEREBERFNEERBEZRFNREFETN
Fig. 6 Body color changes of Bombyx mori larvae under 30 W ultraviolet irradiation without film and with film irradiation
A, BINRIRGS 4 W54 B, IRIIBERIS 5 K& s 1 M1 3 R LA 36, 70 BIBE RS 40 cm
JELT 30 min FIFEES 100 cm JRYS 60 min, 4’5 2 F1 4 FoRAMRER, 2 5I1FEE 40 om MRS
30 min FIFEES 100 om MRS 60 min, 4’5 5 Fom W IR K & .
A. Ultraviolet irradiation of 4th instar B. mori larvae; B. 5th instar B. mori larvae after molting during sleep period.
Numbers 1 and 3 indicate no film coverage and irradiated for 30 min at a distance of 40 cm and 60 min at a distance of

100 cm respectively. Numbers 2 and 4 indicate film coverage and irradiated for 30 min at a distance of 40 cm and 60 min
at a distance of 100 cm, respectively. Number 5 indicates normal non-irradiated B. mori larvae.
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AWK BRI R A DO A L 35
QERpEE | FERTIRAE, I ELREH HOA M 8
EMHE), ARFIAFRE & REEH . XK
T2 FA A R 2 A A2 b MR 4 O 3
IRTETENE BN ERGSE S e BA 2 FEZS,

H 2R # (Budded virus, BV) FI{u A5G
( Occlusion-derived virus, ODV ), FKAYLHIE
B AL R I ODV BB B JE Bl 3R, &
FUEL A, ODV REHEI 55 AN RAES TR
el , FEFREE AT DA AE JF DR 71 % ( Blissard
and Theilman, 2018 ), A5 LAA KGR &A%
B Z A2 BmNPV-ODV K HFR, KiF4%sh
LR R AT 2 A R R RCR . TF5E R
HH , SR AR RS A A% Y 22 AR ARG 53 1) K RAR
kv TIE SN GET - RS v 2
S%F BmNPV A% PR PR IAFEE S5 8 i . HRUFTE
A2, FEpk RS E O A8k, &
A7 B BRI IR ) 42 A 5 LG IR 5 Bsf ) A
T T R T AT % o SR AN R IE B K T 40 em,
WA ES ] 227 60 min BPXHIGVE B2 BmNPV HA
R RRAVER, B R B % a0k, B,
AT RS R e 7 B, PRI 5
K UVC AR AR IREE . R E AP RO A
B [ i AN R A IR K25 5% (Boyee et al.,
2016 ), AL RS Z—5, fE®RAELE
AT R e ™ R AR SR AN KT R A R
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i 1]

AN BRSO AN [R)s 7 () ST MR AR A R] , o
W RE 5 HAE T2 R4 S0, I H A Bt
A & 587, Mife IR TR Re S 510 232 1R 45
A, HIEREEZ S (Araud et al., 2020 ), 5
— 5T HIE UVC T4 IR A B2 K FHAE TS 7
X R BE AL, 2B UVC BRSi 4 2k [
4, K PH AR TR B Tz A B R
fiff, {IF I DR 2L 040 P 8 1 o R o P R AN B 58
VAR TR, JCHEAE T RAE TR (W 32 6 X
I R HAE B (SRR A B, SRR IR R D RE
DSBS T IS TR 2 C E A A ( Bosshard
et al., 2013 ), AWFFTHEFRHERH] BmNPV 1Y
gp4l P (B P40 FERH ), BERAFIRIE AL O 2
2z —, Gihiz 4k 1k E— 2 AR A R R 177 A
BEALT O-HHIEAL I EIEEE T, AcMNPV BEH2H
HER gpdl T3 BVs AHIERL, ODV A4l
B, XFEEMT gpal EEBH =RIEIEAF
2R PRI RERE LIRS 2 SR Rk TR S B
B (Lietal., 2018 ), A#5¢H BmNPV 52 3| #H 5
40 cm Y 15 W 224MTIRES, Fifi 25 A SRS (7] 1) SiE
K, BB G 2R, B2 480 min
SEATOIERINE] gpal R KRR 4 000
bp ) DNA J¥41, Ft/rUiiH gpal 3k 751 g
W, WESRRERE 555 2 LR B SIS TA) A G, X5 K
TR B B R A e 25 SR — 20 [RIR Ui T
INAVEY DILFE AN SR IS Sl 3
TAETE R, S AR N SE 001 1) SR AR IR T )
[, RAEE 2 KGR . 22Nk BRI 5 %
BmNPV-gp41 3[R 3 35 1 F R T 6 18 B 1 52
M ZEAR SCHR I AR K, BmNPV 4545155 1
KT Re s S5 A ik — 2D oE .

0 DN A B T A 3R R L 45 40 6 5 T BA
ThemEnE —3RIK ( Cyclobutane pyrimidine dimers,
CPDs ) #15tr=#) ( Photoproducts, PPs), 7]
HEEAABEAMEABE . FTBE | iR
VIBR & 2 G il N 5 018 2 ST 2 07 (i &
&2, Ho, Sefr i Reas ik CPD FIISOE= 1,
SRR AT B DNA B HLH, I H e —
HOGIETTAOALE] ( Elmenofy et al., 2023 ), FAx

1 22 FR AR T3 1Y Bm65 3k R 9 5 5 S 4 (e it
HHNETE T DNA B8 & M %R N U i

( Tang et al., 2022 ), % BmRad23 1EF—Flt
fifll, A TR I BmNPV ( Tang
etal., 2020 ), 2 IR R B AL R A0 i A 0T A
REAT e e R YL RE T, BR T AW 5 FhaiE i (1)
5ERHME U | R R R ARG LISL, K
1Y 22 ff A 48 51 35 DR R 5 248 51 356 D] 2
i BE S B SRS R — DA
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