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Abstract  Bombyx mori nucleopolyhedrovirus (BmNPV) is a highly pathogenic virus in the sericultural
industry and often results in severe economic losses. Some proteins are found to show antiviral activity against
BmNPV in previous studies, but little is known about the correlations between expression levels of these
antiviral related genes and resistance abilities of different genetic materials against BmNPV. In this study, to
explore the correlations, the highly resistant parent (R) was crossed with the highly susceptible parent (S) to
generate different types of genetic materials such as F,, F,, and backcrosses. The resistance to BmNPV and the
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corresponding relative expression levels of 5 antiviral related genes including Bmlipase-1, serine protease I
gene (BmSP-2), ribosomal protein S3A gene (BmS3A), suppressor of profilin 2 gene (BmSop2) and
nicotinamide adenine dinucleotide phosphate oxidoreductase gene (BmNOX) in different genetic materials
were detected by BmNPV attack test and fluorescent quantitative PCR (qRT-PCR) technology. The results
showed that BmSP-2 and Bmlipase-1 specifically expressed in midgut, other genes showed no tissue
specificity. The relative expression levels of 4 genes (Bmlipase-1, BmSP-2, BmNOX and BmSop2) were higher
in midguts of different types of genetic materials with stronger viral resistance, which had significant
differences in different types of genetic materials, being consistent with their resistance abilities. However,
there was no correlation among the expression levels of BmS3A. The highest level of consistency between
expression levels of these antiviral related genes and resistance abilities of different types of genetic materials

against BmNPYV had been observed in Bmlipase-1. It was concluded that relative expression levels of Bmlipase-

1 could be one of the basis in selecting anti -BmNPV materials in silkworm breeding.
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K, R AR A0 KA T (RS, E L,
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Tag™ A TaKaRa (H A) 2~ & 7= i, — 515 s 554k
7 & = RNA #h #2177 &5 OMEGA (3£ ) 4 ]
77
1.2 SEIeHALBIARLFIH BmNPYV 88 71894

PLE PR R A B RE S kit , 2 L 4458
FiF K FIA2 1 A (FR 5 P45, 1996), 3R15 RS RxS,
SXR.RX(SxR).(RxS)*R.Rx(RxS).(SxR)xR.(Rx
$)xS.Sx(RxS).(SXR)xS.Sx(SxR)~(RxS) F,+(SxR)
Fo, 22 14 FhA [R5 A5 AR o

M 2 84 %) B A TR AR VN B BmNPV £ M 1R 217
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X 5o FEE VAR B SIZ B8 4 (1) I B R L T A 60 h, I H
BRI R R R AN B S [ 4 R AR R S 2
F A7 5 51 T BmNPV R GeAME , G it % X KI5
%, FIH SPSS17.0 # A 115 BmNPV X} % S35 #4
BHP L H ik FE (Iethal concentration 50, LCso){H

1.3 SEIGHRIEIEN#T A1 2 RNA 32 EX

W 22 B3 A0 BR ) BEAS S I RL 6 B I B 1)
Ak 3 DX (A 6] R IX) 4y e 4k ) 7 28 S WA T 5 3
K UL e v B (R 56 IX 4 oy S 06 BURE 5 42, 4y
AR 9 Sk &y, i AN JE B U D 78 BAIK sk B 1
I X G HON IR EPU R R B 7 AN (R B,
RE W, H s, B R4, 22 iR, AEFE AR, MR), FoAhAt
BER AL ER 2 Je 0 BRAH B R i 2. SR E 1%
PRI T K 3 Ja N B b, RN LS UM 3
B3 R J5 TN -80 CUKFE R A7 %

W BT 23T S ok oK 5 H RNA 7 & 2
LS RNA, & 1 73 66 BETHIE B & RNA
PR P RN A B, i 3k — D92 s e S N B AT R
e, RN EAE 37 °C 60 min, 85 °C 5 s:¥f cDNA ¥
AR 50 4% J5 T )5 2210 2 = PCRAG I

1.4 EHEXEENZEEEZPCREN

SLY 5 L3 1 ARG 2 2 A [ Bmlipase-1
(GenBank No. DQ286554). BmSP-2 (GenBank No.
AB117641). BmS3A (GenBank No. AY705974). Bm-
Sop2 (GenBank No. AY763110). BmNOX (GenBank

&1 qRT-PCR3|#1F73]
Table 1 RT-PCR primer sequence

SIAATER S 51(5~3")

Primer name Primer sequence
ACAAATGGCAATGTCAACTCTATC
CCACGCCAGTCTACAACAATAA

Bmlipase-1-F
Bmlipase-1-R

BmSP-2-F CCAGGATTGTGGGTGGTTCT
BmSP-2-R CAAAAGCGAGGGTGAACTGA
BmNOX-F CGACGAGCGACTAACCCAAA
BmNOX-R GAGCTCATACGGACTCAACCTG
BmSop2-F GCCACAGCTGCATTCCGTTAT
BmSop2-R ACCTCTCCAAAGTGTCCAAGTCC
BmS3A-F ATGGCGGTCGGGAAAAATA
BmS3A-R ACGGTTGACAAGCGTGGTG
TIF-4A-F TTCGTACTGGCTCTTCTCGT
TIF-4A-R CAAAGTTGATAGCAATTCCCT

Bm: %2 ; lipase-1: IR 7 HF | 5 SP-2: 225l &5 I I ;NOX:
R B f PR MR A% PR R R S M S K 5 Sop2 - #1071 2 1 g
I s S3A : AL HEIATE 11 S3A : TIF-4A - 53 H ) [ T-4A : FIH]

Bm: Bombyx mori; SP-2: Serine protease I ; NOX: Nicotin-
amide adenine dinucleotide phosphate oxidoreductase; Sop2:
Suppressor of profilin 2; S3A: Ribosomal protein S3A; TIF-

4A: Translation initiation factor 4A; The same below
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No. EF025315) 2 [A| CDS J¥ %1 , H Primer Premier
5.0 34T € & I Wt s UK & 8 B K 1-4A
(translation 1initiation factor 4A, TIF-4A; GenBank
No. DQ443290)/E AN Z L Kl . F ¢t %€ & PCR
T3 A I 5 S B AL AN [ £ HCZH 23 rh 25 A S Bt
BRI RILE

7E LightCycler” 96 System I i3t 17 % ot & &
PCR Jx . . PCR X WA 5 4 20 pL: 10 pL 2 %
SYBR Green Realtime PCR Master Mix, 10 wmol/L
ELVTFH I % 0.8 wL,2 pL cDNA 4 , 6.4 pL
ddH,O. PCR #JEIAFEST : 95 CHIALME 30 s, A5

95 CA M 55,60 CIE k305,72 CIEMH 30 s, 1
ASAEIN s IS AR IR ZR 73 #7295 CAEPE 105,65 CCIB K
1 min, 97 CAEE 15537 CiBk 0 s &b . B4
FEREAT 3IRE R . H € & PCRAYAC & AR b 22
JE T .

2 HRESMH

2.1 SEIGARIXT BmNPV BT L B R B R4 s

SEIG M EHPR B R EES R R 2 FE TR
MR LCME T LB P sE AP 22 IR K,
HLC HAZEIT 5 000 135, F AR T W35 2 6], B

®2 BRMBRIEBMEIS)ARN&HXZ R REREREBmNPYV FHIFEE
Table 2 Mortality of various hybrid generations of highly resistant parent (R) and highly susceptible parent (S) after

feeding with different concentrations of BmNPV

o A A E BmNPV FIEZE# /% Feeding concentration of BmNPV LCso/ (A +mL™)
Variety combination 0 /mL 10*~/mL  10°4~/mL 10°4~/mL 10" 4~/mL 10*/4~/mL 10’ /~/mL
S 0.00 18.33 36.67 66.67 78.33 100.00 100.00 2.731E+05
(R-S)xS 0.00 0.00 16.27 33.33 58.33 98.41 100.00 2.681E+06
Sx(S-R) 0.00 0.00 10.00 28.33 66.36 98.25 100.00 2.849E+06
Sx(R-S) 0.00 0.00 8.51 37.54 61.67 95.00 100.00 2.957E+06
(S-R)xS 0.00 0.00 3.33 26.67 68.33 91.75 100.00 4.025E+06
(RxS)F, 0.00 0.00 0.00 25.53 55.00 78.33 98.33 8.875E+06
(SxR)F, 0.00 0.00 0.00 16.67 56.67 73.33 90.00 1.491E+07
(SxR)F, 0.00 0.00 0.00 18.33 43.33 61.67 88.33 2.645E+07
(RxS)F; 0.00 0.00 0.00 13.33 36.67 51.67 83.33 5.454E+07
Rx(S-R) 0.00 0.00 0.00 13.33 28.86 51.67 73.33 8.836E+07
(R-S)xR 0.00 0.00 0.00 8.33 33.33 49.12 71.92 9.922E+07
(S:R)xR 0.00 0.00 0.00 10.00 31.03 50.79 70.00 1.030E+08
Rx(R-S) 0.00 0.00 0.00 6.67 20.00 50.96 71.67 1.289E+08
R 0.00 0.00 0.00 0.00 8.33 23.33 45.00 1.228E+09
R

RX(R- S)—

(S-R)xRp

(R-S)xR
Rx(S*R)

(RxS)F,

(SXR)F,

(SXR)F»

(RxS)F,

(S-R)%S

Sx(R-S)

Sx(S*R)

S e

S . " . . .
1.0E+00  1.0E+02 1.0E+04 1.0E+06 1.0E+08 1.0E+10

LCso(/l\ 'mLil)

E1 BmNPVXEH#HHRFIE B NS HERH & F L RN BTE PR EWLCs)
Figure 1 Median lethal concentration (LCs) of BmNPYV to different hybrid generations of highly resistant parent (R) and

highly susceptible parent (S)
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FAPIL B I G s B Ze AP L 3508055 s By RIS s bt 5 A () 2% DR 7 0 s (%) A [0 382 4 25 2R 6 1 (AH
BER JFARPUIE R, (1128 B R S JEARPUEI S, [FE A% S8 A bt 5 R0 2 A — 20 Hh B A Rk
VLI L A BN, $ER BF L AW iER e ERSE, SPuM R R F Ak S MR I8 2 7+
P, BefE M X I A P . BN (P<0.01), B BH DL 4 AN FEPRIAE R i 5L
ok SO0 o L S 5 FEX Rk B 5 Hst L R BB B E A7 AR B3 )
;ZZE :ﬁ;ﬁjﬁgg ERXUMRSRHATE — B s BmS3A I AMAE R B 24 550 R 4H 2 [9) 3%
S I HS A R 15 T 2R R R, T HL A% SR A s A%
FIH B GUM AL R 97 A HLUEAT SOCE B e b 605515 % 1 R0 1.5 2 B0 ) AR 7 £
PCR I 73 A , FAS I 25 W E 2 7R o Bmlipase-  —3pk,
1 H1 BmSP-2 R A i HhRs S s, HoAs 34> JE A ) . . e e
RS s R g sy, T TR SRR NPV
AR BrSIA AR, R R
L 2 1% % ; BmSop2 1E LK #e ik & i i, 22 Bmlipase-1+BmSP-2+BmNOX F1 BmSop2 iX 4 4>
IR G v 2 JE i M R 25 T 3230 B A B DR AR 323 B BAR 15 BmNPV U AP 7278
NOX 7E 22 ]I b s » IRV RIRR R 2, i Ange €IV IEANSRHE (L AN SRt AR A — i 22 57 1
RIS 9T A B L 4 A DR R 2 S
T ARG BmNPY HU1E R 78 (i 35, 4%
23 ABMXEREEREHRSRDRTE i o bit 3600, 5 14506 bHEHR
AR FRIL A P e o _ .
ot B A B 2R DT 3 A A AR 7] 6 S 43 e BA R S
HYA S B0 M R A BR A AR AL B i I 20 2R AR A3 AL 287, B R RSG5 4 M istE Ak},
HHAT 9O E B PCR LS, HSIR B A 5 SR 0 73 5 /& RX(SXR)+ (RXS)XR \RX(RxS).(SxR)*R ; '"Rx
B3~ ACFRLLH 4 AN FE K Bmlipase-1.BmSP-2 S0 AL & 4 N BALEREL, 23 5] & RxSSXR \(RXS)F,+
BmNOX F1 BmSop2 I B A X Rk B & T X (SXR)F.; 'SXSR'ULA & 4 AN st AL M kL, 43 51l 72 (R %
M, HAHR A EREENSAAFEER L S)xS.Sx(RXS).(S¥R)xS.Sx(SxR); A R 5 S 437l

. é %gg((oi BmSP-2 Aa | -§ 28 Bmlipase-1 Aa
« 2 3500 583
82500 KB
= 22000 £ 030
EE T Bin
= =
S 500{Bb Bb Bb Bb Bb Bb = 10/Bb Bb Bb Bb Bb Bb
Y772 3 4 5 6 7 = 073 4 5 6 7

= 0.30 Aa  BmSop-2 o 25 BmS3A Aa = 0.0

o ] ]

Z 0.25 Aa Z 20 7 0.0
m_&ﬂgozo ABa H}g% %go'o
K a v ® a5 Bb Bb = 2.0.0
® 5015 BCb KRS W5 0.0
= 2010 Cb z2 10 2200
=5 e fl Cb Z2E =500

< 0.05 o 5 0.0

&y SN ~

1 2 3 4 5 6 7 1 2 3 4 5 6 7

E2 mEAXERESREIRYHEARNENTRIEE

Figure 2 Relative expression levels of antiviral related genes in various tissues of day 3 larvae of the 5Sth instar of silk-
worm varieties

1 HE WA 2 VR 3: RN 1 4: IRE ;5 TR 6: 227, 7. 7 s ARVNG ZREFRIRAN R 412 57 B35 (P<0.05), ANFRIR'S
FRIRREE RN EE(P<0.01); WSILH 5 3 T-4A FERI(TIF-44) ,n=3; N ]

1: Fat body; 2: Hemolymph; 3: Epidermis; 4: Malpighian; 5: Genital gland; 6: Silk gland; 7: Midgut; Different lowercase letters
indicate significant differences (P<<0.05), different capital letters indicate extremely significant differences in different tissues (P
<<0.01); Reference gene: Translation initiation factor 4A (T1F-4A), n=3; The same below
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Figure 3 Relative expression of antiviral related genes in midgut on day 3 of the Sth instar of all test materials by qRT-
PCR and their corresponding LCs, of all test materials
ANFKRE FBERIR AN R AR AR 2 1) 22 53 4 2 25 (P<<0.01)

Different capital letters indicate extremely significant differences among different genetic materials (P<<0.01)
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BRI H N F LA R B BRI IE 85 3 R4 AT 5451 BmNPV A 5¢ 2k K] (Bmli-
DA KA H N 0k B WAL (E WA AT B B[R —  pase-1, BmSP-2, BmS3A, BnNOX Fl BmSop2) (11755
K FAEE . B AT R K B BmNPY € & PCRATIN, 73 i & FE RIE R B 5 AR B SR 1F T
Bkt Bt B A 24 B, B BmNPV LA RE AN RIAE 551 BmNPV f8 /A G 45 1%
() 1F FH LA 5 IR P A5 B 2 S () B3 2%, 2016), bk T RIRTEIR FIRRARE S KA T Bmlipase-1.Bm-
Ju 3 A AS LA (AR 2R T WS P2, sz SP-22BmNOX HI BmSop2 FHXT 334 5 5 45 SL 90 bk
45 S FR TAARF . Forb 6 S RHE Blipase-1 9L BmNPV REJIAFAL BN 4 19— St , MIE
AR FAS 2 5 BUPERDRH AT it UM RVRIISSORPRIR 12 4 IR M iy R ek
L B PERTRM 852 53 8 f, JOREB (Ut 3o (BT S ROMED WM . R, 55 A A

oo ) BmS3A FIX} 22 34 B (A8 AL BE AR 15 R [5] 38 £ 2K R4
(0 0 22 B (32 3), T ELTE 18 76 VR B 2 R VRT3 10 4%
(=3) B BB AT Sk, 5 & 52T i

R Bmlipase-1 7E 7 [F) 21 153 4% 28 R b4 A} fo4f X6 58 - e ERL 33 b A .
B 5 25 5 R ) LS8 4 BT R if ;fﬁﬂ’é M SRR (2005 A RA
LCoHRI A FR BN B, Je— Tk B (1 4). ﬁ%mhpas&] R

3 i Al X 55 46, 2016) , K B %40 3 23 IR 1R i B
5 R ) 5 RS AE ER T R B 2 AR A R

A FE LR UM R R R B AL S ML TF Jg 50 B 2 4 s AR, TR RS B 2 L 45 oAt 44
A F B 5 A A SRR bR EAT BmNPY R [ 38 Ak 2 10 B R 56 4, R, A 2 6 4k 4 0
TR VR A, BEH 4 SRR TP S5 (1996) FIBF 7 HIFIRIFA . HIF BmNPV Hitk 3 ML R 5 43k 12
GRS IR — B, BTG AR FR AT RRG S RN, TS Brlipase-1 75 1 [f) U A 3L R A & LA

R3 SAMBKILCS0 FZ X E RN A #HE PR B RIEE

Table 3 LC50 of 5 groups materials and the relative expression of antiviral genes related to BmNPYV in the correspond-
ing groups

wn Ff 2 A Qb 2H Treatment group X HE 2H Control group

Variety com- LCs/({~*mL") BmNOX BmSop2 Bmlipase-1 BmSP-2 LCs/(A~*mL") BmNOX BmSop2 Bmlipase-1 BmSP-2

bination

S 2.731E+05 1.19 1.64 2.54 1.98 2.731E+05 1.09 1.46 1.85 1.89

SxSxR 3.13E+06 2.33 2.69 5.62 2.89 3.130E+06 1.95 2.01 3.71 2.12

RxS 2.619E+07 3.32 2.63 6.74 3.46 2.619E+07 2.32 1.96 5.21 2.53

RxRxS 1.05E+08 3.61 3.28 9.88 4.51 1.050E+08 2.34 222 7.58 2.83

R 1.228E+09 5.69 5.00 20.10 7.26 1.228E+09 3.26 2.70 10.40 6.38

2 fhFZ] - 21
zﬁmNOX Treatment group 12 —— BmNOX Control group 1. 0E+10
mSOP2 1.OE+09
o 20 . -~ BmSOP2

ks —— Bmlipase-1 10 . 1. OE+09
1 3 —— BmSP-2 1.0E+08 —= Bmlipase-1 =
1 & L) B 1Ca 8 -8 BmSP-2 ' 0E+0875]
K5 LOERO7 == LCs : £
T2 <
i 1. 0E+07 =~
Z2E 1.0E+06 4 2
2 S

1.OE+05 2 1. 0E+06

+ 0 . . - . 1. 0E+05

0 S SxSxR RxS RxRxS R LB S SXSXR RXS RXRXS R :

El4 EEEREXNRAES S B BE LC— B R
Figure 4 Consistent comparison between relative expression levels of antiviral related genes and LCs, of 5 groups of test

materials
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