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BRI BFEEMNRTAFEERAFR
G Fr Bt h e B E MBI

FEET %k E ZAF H OB DR AFRH wRE

(EE PRI R, BRI B 900, K 401331)

# E [HH)] PEEGEFIRY HHH (Chinese sacbrood virus, CSBV ) FIZ: 7% M fi i1 F . Nosema
ceranae #b2 ™ T JE 4 e (e B 1 T BLRG JL, ARIIFSY B TERRSY 2 Bl SR i e ) rh AR % Apis cerana
cerana fAii % . HIACH AR m, [ Ak ] WEPEREEREIEY BY . LRE CSBY ERER
75 B WA T HURI e AR B A T IR IR CSBV 3 MR, AT PCR Al i AR 85 i R HUE 45 2
R 4 KIGURNREFIIEE ML ; i RT-qPCR K A28 i B Ywii J7U5 26 2 KAER 4 KIS CSBV
B U FARIEER (ilpl, ilp2. hexamerin70b 1 hexamerin70c) FIfaREN 43 (toll, relish. jra.
apidaecin, abaecin, defensin, hymenoptaecin #1 JAK ) (351N, [ER ] CEE CSBV B ERIE
B BT S 2 1 v R R WA R P R T AR MR AR B M T T U R CSBY 4, TiEM e CSBV &
WL AR T B W A AL A AR B IR PN CSBY #5 DU 35 R T AR B A P IUE IR & CSBV
4, BT CSBV JG MR R B i+ Rl py rh e s wde E 3R L A ilpl. ilp2. hexamerin70c I
hexamerin70b [ 1 7K - i Jak Y i ] 84 20 22 B0 9 , 1717 JE M 68 AR O 28 e fe 7 1 USRS CSBYV 41 i
# L. SN CSBV JE MER AR J5 8 e ffl 1 H 4 P AR e i B X toll I relish ik i 2 BRI NG
W, T jra. JAK. apidaecin, abaecin. defensin I hymenoptaecin Y Z5ik B, MR &%
T RS CSBV 4irf 8 Mot ik ¥ wghm. [ 4] ey Byt firf, Ry sk
IR RGN CSBV RIS, T CSBV ARG IA B TR 7 Bl T IR g5 . JEiR B CSBV
Fb PE MR B 7R B I At B v AR W SRR KR B RS B 3, HLHE S 5 RS e B, R
CSBV 5 7 Jy 8 Wi At 7 I P Jak e v e i 13 76 1) G 1o 250 B R AR o R 2%

KR R PR AR AROT BN T A TR B Rk

Effects of sequential infection of Chinese sacbrood virus and Nosema
ceranae on nutrition and immunity of Apis cerana cerana
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Abstract [Objectives] To examine the effects of sequential infection by the Chinese sacbrood virus and Nosema ceranae
on the survival rate, nutritional metabolism and immunity of Apis cerana cerana. [Methods] The three groups of bees were
fed normal food, CSBV first and then N. ceranae, N. ceranae first and then CSBV and the proliferation of CSBV and N.
ceranae in each group was detacted with PCR. The number of CSBV and the expression of nutritional metabolism genes (ilp1,

ilp2, hexamerin70b, hexamerin70c) and immune genes (toll, relish, jra, apidaecin, abaecin, defensin, hymenoptaecin, JAK)
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were detected by RT-qPCR. [Results] CSBV and N. ceranae infection significantly reduced the survival of A. cerana cerana,
and the number of spores in the group fed CSBV first was higher than that in the group fed N. ceranae first. At the time of
CSBYV inoculation, the proliferation of CSBV in the group fed CSBV first was significantly higher than that in the group fed N.
ceranae first. The expression levels of nutritional metabolism genes decreased gradually over time in the group fed CSBV first,
but increased significantly in the group fed N. ceranae first. In the group fed CSBV first and then N. ceranae, the expression of
immune genes toll and relish increased first and then decreased, and the expression of jra, apidaecin, abaecin, defensin and
hymenoptaecin increased significantly, while the expression of these eight immune genes increased significantly in the group
fed N. ceranae first and then CSBV. [Conclusion] Infection with N. ceranae inhibited the proliferation of CSBV to a certain
extent, whereas infection with CSBV accelerated the proliferation of N. ceranae. Infection with CSBV first has a stronger
impact on the nutrition, growth and development of honeybees than feeding N. ceranae first. Bees that were first infected with

CSBV mobilized their immune defense more effectively than those that were infected with N. ceranae first. This illustrates the

complexity of the interaction between the immune response and the nutritional metabolism caused by the sequential infection

of workerbees by CSBV and N. ceranae.

Key words Apiscerana cerana; Chinese sacbrood virus; Nosema ceranae; sequential infection; nutrition; immunity

rh AR % Apis cerana cerana ( LT kg )
EFRE A A, 7RI E SR T 5 A
( John and Mace, 2006; Aietal., 2012), HigsE
M4 H7F ( Chinese sacbrood virus, CSBV ) 2 &
i i e e R %) B D 2 — , K R e 4 e LA SR
Yk, R, SRR, [, TRV
FHERG &) SO 2 Bl Ry | (A TR T A i
( Chen and Siede, 2007; Tantillo etal., 2015; Liu
et al., 2017). CSBV HIRTE AR T M rp 2 Ba sk
e, (B 5 H A S 3 [ 2 e Ty, RTRE™ A 0 e
Hom A BRI e E (RIS, 2014),
KT B WA T 41 Nosema ceranae 1 0 % 16 (1) 75
— PP EE L, SRR AR T RS Y
AT LSRR, I H A a4
( Lourenco etal., 2021 ), THEFFIAEE (2009 )
P55 26 BH AR 7 B I A IR e A i T8
TR TEST | — 2 4 7 RN A - HURR YL 5 DT AH
O, i AT LA a5 PR e e gy T T SR e
e, REG MR S HCPT. Costa 45 (2011) HIK
it 18 7R J7 E W T A R I R K R B
( Deformed wing virus, DWV ) 7E % 1A [A] B A5
PLAFH AR, 255 & B s b A A0
DWV FAfEfSetE, W] DWV FI N. ceranae 1]
A e e P A EAE ] . Martin 55 (2013 ) 7E
B R M)A B AP N, ceranae 1%l
DWV FEAEfEfAl e, SR, Zheng %5 (2015)
TS 54 R4 DWV A1 N. ceranae 3 [m] /s
Ji WA AS [ B 1 5 e A 7 R, 25 R R IAE DWV &

Yt A BE, N. ceranae 1] LA LU &S 14 7 =X
TN 7 YL B AR N DWV I, I AMZRT ST b 2
W E 0 B A B AT 5 — e 52, TE TR AL A
[ W N. ceranae Xt DWV Ji B A 52 2t
T RE K A2 W EL3% . Chaimanee %5 (2012) &R
P47 % % Apis mellifera 31 N. ceranae 5 51 2 HL #
K defensin, abaecin, apidaecin FI hymenoptaecin
WETFJE, Schwarz 1 Evans ( 2013 ) 4347 Crithidia
mellificae F1 N. ceranae 1% YL X} Pl 5 % 1 G 8 1)
SO, I W A SR YL A6 5 B0 N N 23 A A
RESN, Bl e 2 PR Toll M Imd i@ F&(E 5,
H. apidaecin, hymenoptaecin. defensin fll abaecin
MIFRIB S B LR, FEFRAE SRR Y, e A T
% N. ceranae Fl CSBV ¥ F ARG MR, RUR
PR N ISR TS, W] CSBV T N.
ceranae Z[H] T BEAFTEAH BAEFH X R (MRENAE,
2016 ), FRFAREE (2017 ) WFIE L BUAR Iy 8 e f 0
T i B 5 SR B Ik hymenoptaecin, defensin 2
E AN

BRI A BT IE R A KRB IS
B, EPWEFRAMGEmGRAEIIRE, TTiiEaSS
YR LR ABET ( DeGrandi-Hoffman and Chen,
2015 ), JHSZEFERK (Insulin-like peptide, ilp ) ilpl
Hlilp2 AT SRS RAEZARES A, WSS 2= 32 AR
FHE SRS, I ALARE I B WS T
Y ) 385 K oAb A 2 A A= 4 1S 35 Wu and Bronw,
2006 ; Liao et al., 2020 ). hexamerin70b il
hexamerin70c #2778, J&T Hexamerin M5
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i, FE L MRS, MR R
B, WM AIGER ( Martins and Bitondi,
2012), ABAE (2019) KHL SBV Mf2 Y i £ %
KT 4B FRREE ilpl. ilp2. hex110. hex70b
Fl hex70c SERYFRIAE, LM | 45 & B BB rh e s g
Y IE 5B IR, 1 SBV BRI, 2k
i3 IMD., Toll Fl INK-State Fit 5 K 7 06 3
rel, toll. apidaecin, hymenoptaecin, defensin,
abaecin Fll jra Bk #0# if, 7EpL4EH key Al
stat92e A _EilZA . 2021 4E, WA ELE 5 A
I 1 e RS 2 B CSBYV FIRR U &)y HUBS S5
W IFEILFEAE ( EAERTSE, 2021 ),

gi b, WSROIk S B EE CSBY FlIZAR 4
B4 {307 1t Nosema ceranae ix 2 b 8 i Ji 22 i) J&
TAFAEPRIZON WAS I e . I, At
X e T eSS4 CSBV Hil N. ceranae, fifF5% 2
A DL SR e X v e S P 3 8 A 8 3 [ DG B K]
toll . relish, jra. apidaecin, abaecin. defensin,
hymenoptaecin F1 JAK ( hopscotch ) J2 3R HH G
LA ilpl. ilp2. hexamerin70b Fl hexamerin70c f45
e, FYS v o) PR i ) S e M L RE AT, A N
ceranae /&5 2 CSBV 345, ik — T — &
1) 52 A AL BRI 2 0 BT AT ) B8 B

1 #MREFEZE

11 ke

f e h e 0% | CSBV i i AR 5 2 M 7t
5 SRl E PR K 2 B B A % Hi B el A )

T EAR L
1.2 FERAARME

Trizol i . S % 5% & Primescript RT
reagent kit with gDNA Eraser P} Premix Taq™
( Ex Taq™ Version 2.0 ) > TaKaRa A F]; qPCR
137 & FastStart Essential DNA Green Master It
Roche A F]; DEPC AMHUKIE FA TAEY T2 (&
) B ARA R, =W EE. JoK SRR P
A5 R T H PRAR A FR A Wl 9
PCR {¥} BIO-RAD HYJ CT036991-CFX96TMReal-
Time System; PCR §14{% >~ BIO-RAD [ T100-%f
J# PCR X,

1.3 wieEiE T i

FH 50%8E K Be CSBV JRFEERE 2.5 x 10°
5 UL/l T 50% AR KCKE fil T3 R B 22 2.5 x 10°
NuLs

TEERIRI S D A v e T e e i 8 48 LR,
PR3 AL, R 150 H o SR JE CE AR R R R AR
IR 30 °C, 12J¥ 60% ) Hilk 2 h s, @i
BT e ] R ) R A T o e 1 S B YR R 96
W, HEFMESLT

1) ZS X RRAL, 1AM 4 ul 19 50%HE K 5

2) CSBV+N. ceranae 4, JoidME 4 pL 1
2.5 x 10°#% Ul /uL CSBV 5 H: , 24 h 5 AN 4 uL
[ 2.5 x 10* 4>/l fFI;

3) N. ceranae+tCSBV 4, SGimME 4 uL
2.5x10* A /uL M7, 24 h 5 HEWEE 4 uL 1)
2.5 10°45 D1 /uL CSBV JR K -

WG HEFP 5 1 h e B 25 SRR TR, BAE 50 L,
HCEAEAE AR SR AR S R, SCIRZH RN B2 4 3
A S I T K R, T AR
FET- e, JFIC P ESET R, AEHERIE R 2 d N
4d FBHAHS AT 1.5 mL BEFEOE S, H
TR AR G B AE - 80 CHR AT,

1.4 rhigs RNA BIRENE cDNA BIS B

1.3 rh - 80 CORAERYH M RIBUR J5
FHW AP THHE, A 1 mL Trizol iR iEZ 145185,
#E 10 min; JIA 200 puL 5405, TRIGHEAGHE
5min; 4 °C, 12000 r/min, &5.0> 10 min; B ¥
W, IASEARBURNEE, - FEIfENRS, -20 °C
#HE 1hy 4 °C, 12000 r/min, Z.[> 10 min; F. L
W, MA 1 mL 70%Z B, %E%WIT; 4 °C,
12 000 r/min, > 10 min; % F37 , & iR T4 5 min;
JA 20 uL DEPC /K fEDLTE, HIERAMrCEETT
D5E RNA VREE, iE T - 80 °CH-1F. cDNA 5
A2 iR Primescript RT reagent kit with gDNA Eraser
VLA HETT, ZJEHCT - 20 CLRAF.
15 HERLRENEE

BIX] CSBV I ZR J7 6 M fA 1 Huk S i P 5
51 (£ 1), PL L4 55 cDNA SRR ETT

PCR J i, Harilll g 245 2 228 CSBV Flfffl
T, WARZR (12,5 pL): ¢cDNA 0.5 uL, 1E/Z
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S AR ) SR R AR 7 8 e At S R e v A

B TR G B T R ) - 801 *

M54 (10 umol/L ) 45 0.5 uL, Premix Taq DNA
RAEH 6 uL, ddH,0 5 uL. S . 95 °CHilds
P 5 min, 95 CAEME 40s, 50 °CiBk 40s, 72 °C
FEMH 1 min, 72 °CAZEMH 10 min, SRJGH 1%Bi 5
BEAZ R FEL VKRG, Bl Image J A% &5 64T
KIEAETTA, fJ5 GraphPad Prism 8.3.0 # {4

Unpaired t -test AU Kzl 47 W 2 A

16 BRTEREHE. ERAEMEREEX
ERERKFIEN

K4 CSBV B3 VPL My dtbrie ik, I
H 10 56 A TR R . 2 )5 LABORE AR, 3 i

qPCR #EATAEI

IS hREINZ . P 1.4 5
®1 51UF

[ cDNA WA ST qPCR, FRHFRUERN LT3
H R Py CSBV i 7542 DLAL

& U SR AR 5 K S 9 3R G AE R i
WA= REEZER . AR IER T Toll
A ) _E PSR toll, Imd 38 BB R 3R A
relish. JNK 38 #9361 jra, JAK/STA 3 B
JAK FIPTE K apidaecin, abaecin. defensin,
hymenoptaecin D & R AU AHSCEE A ilpl., ilp2.
hexamerin70b il hexamerin70c P-fit & i Xof i Ffg
Jir ) R 5 M L7 00 o ASBIFSE TR IR 4 B SR AR
PRIFR 8 AN Ho e o 22 HE IR ) qPCR GEHEG W) IR 1,
HAEARTELZ 3 K, £ 8 FastStart Essential DNA
Green Master UiH-FECE 20 pL AR . Green

kS

Tablel Listof primer sequences

IBAREE (°C)

-S| SIS (5-3") EZ PN
. Temperature
Gene Primer sequences (5'-3") C) References

VP1 F: TAGAGTTACGTTTTGATTTTGTTT 50 ABFFE This study
R: GCGCTAGCCGTATTTCTC

N. ceranae-actin F: GTTGACAATGGTTCAGGTATCG 52 AWF5Y This study
R: GCCTCATCTCCTACATAAGCAT

Ac-actin F: TGCCAACACTGTCCTTTCTG 59 ZRWF5Y This study
R: AGAATTGACCCACCAATCCA

ilpl F: CGATAGTCCTGGTCGGTTTG 59 De Azevedo and Hartfelder, 2008
R: CAAGCTGAGCATAGCTGCAC

ilp2 F: TTCCAGAAATGGAGATGGATG 59 De Azevedo and Hartfelder, 2008
R: TAGGAGCGCAACTCCTCTGT

hexamerin70b F: AACAGCCACGAATCCGTCTT 59 FBMHEE, 2019
R:CAGGCTTGTCCAGAGGGAAG

hexamerin70c F: TAAGGCAGGCAGACTTGAGC 59 MWL, 2019
R: AAACGCTGTGGTGAACATGC

relish F: TTCCTGAAGCTGGTGCATGT 59 MRS 2019
R: CCTGCTTTTGCTGCAAGATGT

toll F:CAAATCGCGCGTTCTGTTGA 59 ML, 2019
R: TCTGCGTTCACTGAGTGCTT

jra F: AGGACCTATACCACCAGCGT 59 IS, 2019
R: CGTACAATTCTTGCGCCTCG

apidaecin F: TAGTCGCGGTATTTGGGAAT 59 Evans et al., 2006
R: TTTCACGTGCTTCATATTCTTCA

abaecin F: CAGCATTCGCATACGTACCA 59 Simone et al., 2009
R: GACCAGGAAACGTTGGAAAC

defensin F: TGCGCTGCTAACTGTCTCAG 59 Simone et al., 2009
R: AATGGCACTTAACCGAAACG

hymenoptaecin F: CTCTTCTGTGCCGTTGCATA 59 Simone et al., 2009
R: GCGTCTCCTGTCATTCCATT

JAK F: CCAGTTGGGCAAGAATTTTCAT 59 AHF5E This study

R: TGAAAGATAAGGCTGTCCTTCA
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Master 2 X conc 10 pL, IE A5G4 (10 umol/L )
%1 pL, 1.4 3540 cDNA fitl 1 pL, ddH20
7uLo RNZcAF: 95 CHIASYE 10 min, 95 °CAEME:
10s, 59 °CiBk 10s, 72 °CHEfH 20's, 40 MG,

1.7 #iEAIE

¥ qPCR FR131) Ct{H, &M Excel Zb3, D
Ac-actin HNZHEH, RIE AACt BET1E 45
AT ek, BPE A IR AR s =2 A
AACt= (Ct HIWZER - Ct NS ) 52584l - (Ct
HEIFER - Ct WS FER )X I8 . #Jm A GraphPad
Prism 8.3.0 #X {4 ") Unpaired t-test X Kl X X
HEZH AN B0 2 % i PR 2R 5 10 A 2 S A

2 ZRESH

21 HEFRLHBHFEENFRTEEMAETHRIR
FRERHERE

HIEH At , &Y CSBV 1 N. ceranae
Je Py H e A SR B A s 1) S R R A, X 2 Ak
PRAAFEAT W E AT, A5 R JEMRE N. ceranae
JEVEE CSBV 41 55EHEE CSBV JFMHEE N. ceranae
HZE P AATERZ A B EEER (P=
0.628 0) (Il 1), b T #f 5 e AR 4 HU 75 A
W F 0 MU A DR T T rp e, AN 193
Y0 21 A 795 JE A S PCRAGIN I 3254 7 K BE A 43 -
J&YL CSBV il N. ceranae 2 d Ji, 7 H i ] A6
F| CSBV 1Y VPL L[], th BRI 21 76 1 He 1 actin
B (K 2: A, C), RUIEBEIC G 2 Pl
JEWEEr CSBV JR M N. ceranae ZHAYES 2 KAIEE 4
KAHLE, VPL Y8 551 52 B2 W & 14 n (P=0.003 1),
M4 N. ceranae 415 M £ CSBV 41195 2 KAl
55 4 K VPL I3 50 S8 FE A IR B i 2
PE (P=0.419 6 ), FWrhiEJeEge N. ceranae Xt /5
Zi CSBV HYBGATMHIEN (K 2: A, B), fEI
FRIREYL SR 2 RANGE 4 K, e 2 N. ceranae 411
actin " {52 155 THem & CSBV 4 (¥ 2: C,
D), WER CSBV R T EA BT N. ceranae
AN o

B3 CSBV 5 N. ceranae 1)1l 7 & L J& 75 5%
i) CSBV 7EH A N AR L3858 , xR CSBV
) AR N B AT TR, ESEH 10 fERREE

100
= g 80
% 60
s
ﬁ ; 40
& o 20 - —8— CSBV+N. ceranae
—4— N. ceranae+CSBV
O | Il | |
0 1 2 3 4 5

AbPREFE] (d) Treatment time (d)

B 1 CSBV #1 Nosema ceranae IiF B4 5
R E i THEER
Fig. 1 Survival rate of Apis cerana cerana after
infection by CSBV and Nosema ceranae

CK : WA CSBV 1 N. ceranae (il k1) H#4% ; CSBV+N.
ceranae: JoMEE CSBV, 24 h J5MEE N. ceranae i) i ;
N. ceranae + CSBV: ZMif N. ceranae, 24 h J5IRE
CSBV (i, NEIFE .,

CK: A. cerana cerana were fed without CSBV and N.
ceranae; CSBV+N. ceranae: A. cerana cerana were fed
with CSBY, for 24 h then fed with N. ceranae; N. ceranae +
CSBYV: A. cerana cerana were fed with N. ceranae,
for 24 h then fed with CSBV. The same below.

Fis AR AE R, 157 CSBV VPL B4 S5 | 41 1t
qPCR @7 hnifith 4l y= - 2.804 4x+36.357 (R =
0.971 1) (Fl 3: A)o ZJa XL ue 2 v e (A Py i 2
TR, RIZS R BN, MR E N. ceranae 5
ML CSBV M RN RERETESS 2 KA 4
KA BEE (P=0.506 9 ), 5 PCR i 55 5
HEER—3 (K 2: B), HEEKTHLWE CSBV
Ja WA N. ceranae 4% 2 K (P=0.003 7) FI%E 4
K (P<0.000 1) Fyrh#efkpiyigdiat (K 3: B), #
— I F W ig e N. ceranae 27l 5 £ CSBV
I B LE AR N AR Y RN HG T

22 HERRHBFBINRTEERATHRIR
FF 12 e rp S 2 e S i o 16D O 5% 0

X G IBEAH G R A 9 it PCR A 25 51t
N, SXPERHEA N, ERE CSBV EMRE N
ceranae 2H "R E L5 2 K, relish (P<0.000 1),
toll (P=0.0053 ), jra (P=0.0022 ), JAK (P=0.0011)
eIk m I B (E 4. A), Bnhgikn
Toll, Imd, JNK F1 JAK/STAT %y i J% 24 9k 1
o TR, BUEAKFEN apidaecin ( P=0.009 1),
abaecin ( P=0.007 0 ), defensin ( P=0.003 8 ) #ll
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A 2d 4d C 24 4d

CSBV+N. ceranae m_ VPl CSBV+N. ceranae m_ actin
N. ceranae+CSBV - VPI N. ceranaet+CSBV E_ actin

%k

ns
%5 = ’g 15 000 .
o
wd B CSBVN. cerance-2d g & e  CSBVAN. coranget d
i 50000 [ CSBVAN,. ceranac2C 3 210000 " 5 N, ceranae+CSBV-2 d
X 54 000 B N. ceranaetCSBV- K@ = B N, ceranae+CSBV-4 d
= e N. ceranaet+CSBV-4 d ' 2 5000
EE 2000 ZE
S 0 £ 0
2 d DD WD
N AN
o o QA >
& & &S
$.°®$. é.o éﬁ 2
4)( 4)( do“(\' QAX éx Q;(&\ g d@“
0‘5% O‘éb é.c‘ Q% o% \&'e Ky
A3 Treatment K3 Treatment
B 2 CSBV #1 Nosema ceranae i PCR #& il
Fig. 2 CSBV and Nosema ceranae were detected by PCR
A. T Y CSBV HI N. ceranae Ji 55 2 KIS 4 Ky VPLATINAS R ; B. VPL 45 XS IR AR 5
C. JiJF/E%: CSBV 1 N. ceranae 755 2 KA 4 KAy actin K45 R ; D. actin 44 X K B H
P M + AR 2E (n=3); %, % %, ok =0 3 R g I A H2H [R) B T 2
FEXS IR BERAE 0.05. 0.01 1 0.001 /K FAF7E 352 5
A. PCR product of VP1 on the 2nd and 4th day after sequential infection of CSBV and N. ceranae;
B. Relative gray level of VP1 band; C. PCR product of actin on the 2nd and 4th day
after sequential infection of CSBV and N. ceranae; D. Relative gray level of actin band.
Data in the figure are mean + SD (n=3); *, ** and *** indicates significant differences in the relative gray
values of gene bands between the two treatment groups at the levels of 0.05, 0.01 and 0.001, respectively.
A a B Hkk
O 30r **
0 \ n
[ .
250 Y £
o
8 g 201 N ﬁ; ; B CSBV+N. ceranae-2 d
BB L * Em FACSBV+N. ceranae-4 d
228 15 &8
‘F‘E 5 2 804 454+36.357 =9 B N. ceranaet+CSBV-2 d
= Yma o I @ o N. +CSBV-4 d
i ; 10 R=0971 1 ‘\‘ 8 g EIN. ceranae
= 'g: 5F g
-GE) 0 | | | | | | Z
= 0 2 4 6 8 10 12
TEFE DL EL Lg (copies)
Rt
L &
0‘5 Q% é $

A3 Treatment

B 3 CSBV #1 Nosema ceranae Bt Fig /5 E g4 A CSBY fFEE
Fig. 3 The copiesof CSBV virusin Apis cerana cerana infected by CSBV and Nosema ceranae

A VPLAEEPHbREMNZ s B, PGS 2 KANEE 4 Kk CSBV #5 ILAL.
PR Bt 4 = RifE2E (n=3 ), ns R AL CSBV $5 DUBOE 351 22 5+ 5
o R INFOR A AR BRALR] CSBV 5 DUECLE 0.01 F10.001 /K- EAFAE 25225
A. The standard curves of VP1 gene; B. CSBV copy number in A. cerana cerana on the 2nd and 4th day of sequential infection.
Data in the figure are mean + SD (n=3). ns means that there is no significant difference in CSBV copy number between the

two treatment groups; **, *** indicates significant differences in CSBV copy number between the
two treatment groups at the levels of 0.01 and 0.001, respectively.
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hymenoptaecin( P=0.001 4 ) ikt i 3% 18 (& 4.
A); TE 4 K, PUHK apidaecin (P=0.003 4 ),
abaecin ( P<0.0001 ), defensin ( P<0.0001 ),
hymenoptaecin ( P=0.003 2 ) FikE5RE il
P(E 4: B), e pgiE Ty 5L relish (P=0.007 1)
Ml toll (P<0.0001) FRik#t b & TR, 1M jra
(P=0.0008) 1 JAK (P<0.000 1) Fik+HNHF4L
3 4: B), WiRizBrBe INK F1 JAK/STAT
Yo g2 AR F R R RER AN, RVIERE CSBY
JAMEE N. ceranae 253 T 15 5 B 0 F0 0% 0 i
Je G328 B A0 S8 T U 55

52 K, toll Py W E LA (P=0.069 0 )( & 4: A),
ifi relish (P=0.013 3), jra (P=0.023 3) Fl JAK
( P=0.008 8 LA L4701 Ik Bk [A] abaecin( P<0.000 1),
defensin ( P<0.000 1 ), hymenoptaecin ( P=0.000 4 )
FkEWEE L (K4 A), BRFPEAPN Imd,
JNK F1 JAK/STAT #yi s . 7655 4 K, toll
(P=0.0010), jra( P<0.000 1), JAK ( P=0.0003 ),
apidaecin ( P<0.000 1 ), abaecin ( P<0.0001 ),
defensin( P=0.000 2 ) £ hymenoptaecin( P<0.000 1)
A EE LTS (K 4: B), R EEAEER
£ N. ceranae 5 £ CSBV AbHLE TR f4 fu g8 0 17

SEME A N. ceranaeJ5 & CSBV 4 b g 7E Jik e TIN5

B3 CK-2d
CSBV+N. ceranae-2 d
= N. ceranae+CSBV-2 d

A=
At

/A

*
*
*

>
*

100

*

*

10

SRR
R _

.
[
Z
Z
/
ﬁ

AHXTRIK R
Relative expression level

"
[CTITITH

0.1 toll relish jra JAK aecin apidaecin  defensin hyenoptaecin
A Genes
EE CK-4d
B rEE £#& CSBV+N. ceranae-4 d
bk &3 N. ceranae+CSBV-4 d
T;) 1000 Bl e Fkk *kk
i; ? Kk ‘
] R= 100 ’ . i
e 7 :
=5 1 ") ? 7
£ / /! ﬂ
= ’ 3 ’ ’
2 / 7 4

I
=

toll relish jra JAK abaecin defensin hymenoptaecin

F: K Genes

apidaecin

B 4 CSBV #1 Nosema ceranae B g R REHAXERMENRIESE
Fig. 4 Relative expression levels of immune-related genesin honeybees infected
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A. Relative expression of immune related genes in bees on the 2nd day after sequential infection; B. Relative expression of
immune related genes in bee on the 4th day after sequential infection. Data in the figure are mean £ SD (n=3). ns means that
there is no significant difference in gene expression between the treatment group and the control group; *, ** and ***
indicate that there are significant differences in gene expression between the treatment group and the control group at the
levels of 0.05, 0.01 and 0.001, respectively. The same as Fig.5.
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A. Relative expression of nutrient metabolism genes in bees on the 2nd day after sequential infection;
B. Relative expression of nutrient metabolism genes in bees on the 4th day after sequential infection.

3 itig

HRIE/E AR E A+ BB AR IR —, 753K
A FR I B, 7R R AR
HE R R ORR 4 86 Apis mellifera 836 47 7E X 352
HE R ETALR S (Levy, 20115 Aietal., 2012 ),
PRI, AWFSETT T CSBV il N. ceranae 4 ¥ 2%
o, JHA TRV i TR e ) CSBV il R L
R PR G 8 R S35 PR 1) 2 S 3 iR KK, DAk
— 2P 2 B AR Ay U R AR T M A o
X PFR B I 2 MR B AFTE AR 2016 4F, Ak

AiAE4E (2016 ) [AIIEE CSBV (10'-10" #£01/
) AR T 8 el aL (10° 43k ) 6 d J&, N.
ceranae N3N CSBV 78 T.We i s, i3
Y 12d J5, N. ceranae 2:4ilii] CSBV Ry3sH , IRA
YL AT R T e 4 . ARWF5E T, CSBV A
A7 B AT HUR S G ARG 1 d R g, LIy
AN [ A S Mt %o o D SR e AR B Ay sl B9 |
Je B (R B s O S A A JE SR UR T 55 1 20
o B T BUR S e R Ry, HA HRiETS
N. ceranae A LAl 4 e () B e, AT il 4 0 o )
WA R (Chaimanee et al., 2012), {HAHS



-+ 806 - o B 3244 Chinese Journal of Applied Entomology 60 %

KL, JeMEE N. ceranae FEEE CSBV JEHUEE 2 K
%S 4 X, CSBV W¥SGHIFEA KAEREDL, R
B N. ceranae EULJr %t CSBV 7 25 e 1A P i) JEk e
WEREAIRIVER (B 3). X 5L (2016 ) XT 2
Rl SR R 12 d J5, N. ceranae 2:#l1i] CSBV
BRI AR —B ST 2 A28 v s B 1 i e
(AR —Z0 SR, %5 RS 2R 5 3 4 i HUO 18
B, H 2 Ay R AN, DT e 2R
IR 7 S e At IR R 22 5%, R EURBIE R T 7E
TR P FL I S RE A 3 2R O B AR Ot e 2k
CSBV J&YLsgm . (EfFFEME, SERE CSBY
MIREfEHE N. ceranae {2 4e34%E (& 2: D), ik,
U3 I A Pk SR g 7R e R 1] B e ) A O Sk
CSBV U] {1 33 7 Ty e e i 4~ AL 19 g g S F IR
AFIBFFE

rhlée T X 2 R )5 CSBV F1 N. ceranae it
935 B AR R 205 ) 5 1 T AR I I 9 S R R A
N, A4 0, N. ceranae #1 CSBV 7R
MBI, EIEREAZE R Toll A1 Imd {5538
B, PRAEPUR AR IR, RN RE ST, HNAEE
JF{= 4% ( Chaimanee et al., 2012; Liuetal., 2017 ),
TEARRGE T, A IR B h R Py Toll 15518
H . Imd {5538 8% . INK {5 5l 1 JAK/STAT {5
S BT A SRR IR, X5 2 Bk
JE AR B A R 5 SR — B EUR, AR R
55 2 K, SeME A N. ceranae J5ME £ CSBV 4H 1
JETE LR AR R 55 TR CSBY JHRE
N. ceranae 41, 4545 HETSEMEE CSBV [0 R it i
FET A N. ceranae JGMEE CSBV 4K
7, #E] CSBV I N. ceranae W fEsR Z1i% S rhig T
B (R S E N 5 G R N. ceranae J5 WA £L CSBV 4
499 25 T 7E T A R0 A rp O VA R 3 LR B 1
57K N. ceranae T EXT CSBV [ YLt 5E A5 1)
HIVER o g G sie SEN7ESE R N. ceranae J5
CSBV 4y LlZRsk, HE vl BE fh 28 05t 7
H S AR IGTEIETE T e () G e I8 o FEIY B
55 4 K, JolE CSBV 41 toll Al relish 3L 1)
IRZ B EANE], WS B PR I o8 AR, 7T
REIA o SRR FR ARG 1 e i . AT,
JEME CSBV JGMEEr N. ceranae HY% ¥ ilpl,
hexamerin70b, hexamerin70c &k /K3 B 2 T
R, X EIBMAEE (2019) BF5E L IR SBV %

B A M B R N 58 R A O 3
hexamerin110, hexamerin70c %5335 3% FIHAH—
, Ul CSBV Ry 5 175 TR Y
M S L, @A L, JEMEE N. ceranae 5 I
£ CSBV 4 S G I £ 2 2 9 |
VIR | WS AR 5 0 At R P SR A I 55
F R E IR A A B ARy M R U
U v i T R o R 1 E R RE AR HE A B i
KB B, fiE R R RE AR IR R (BRiE
S, 2020 ). ZEAPENIARIE, HEMIERE N
ceranae J5 & CSBV 41 CSBV Ay 5 57 3| . &4
il , PTRERE T EAY N. ceranae 58 T 16 1Y
FFEMMIXT CSBV MG A FTHkPL. X LLab R,
CSBV 5 N. ceranae JIilJ7J8 4y T84 J5 5 | 2 i S 352 1
BB TR A E 2, XHF CSBV 5 N. ceranae
PR D B e 5 2 ) 45 R 4 B 2otk B e
B 518 R R G 1) AR 7 B A 1 AR AR e R
25 BALH], LI F-5% M CSBV 5 N. ceranae {2
YeVERNRE 7 0 A= W2 35 ml, DTSR 2290 TR TR A Tk e
MRS %

Sk (References)

Ai H, Yan X, Han R, 2012. Occurrence and prevalence of seven bee
viruses in Apis mellifera and Apis cerana apiaries in China.
Journal of Invertebrate Pathology, 109(1): 160-164.

Chaimanee V, Chantawannakul P, Chen YP, Evans JD, Pettis JS.,
2012. Differential expression of immune genes of adult honey
bee (Apis mellifera) after inoculated by Nosema ceranae.
Journal of Insect Physiology, 58(8): 1090-1095.

Chen H, Liu YB, Xu H, Lin ZG, JI T, 2022. Effects of Nosema
Ceranae in honey bees. Chinese Journal of Animal Infectious
Diseases, 30(1): 226-234. [[1E, X|—uk, @ik, w3, &,
2020. AR5 B WA T R B R . b E Sl gy
iR, 30(1): 226-234.]

Chen Y, Siede R, 2007. Honey bee viruses. Advances in Mrus
Research, 70 (1): 33-80.

Costa C, Tanner G, Lodesai M, Maistrello L, Neumann P, 2011.
Negative correlation between Nosema ceranae spore loads and
deformed wing virus infection levels in adult honey bee workers.
Journal of Invertebrate Pathology, 108(3): 224-225.

De Azevedo SV, Hartfelder K, 2008. The insulin signaling pathway
in honey bee (Apis mellifera) caste development-differential

expression of insulin-like peptides and insulin receptors in queen



33 TEAERRAE: AR e PR 4y U R IR 75 8 S Rl 1 U TR o r e e e 2 SR A G F) BT - 807 -

and worker larvae. Journal of Insect Physiology, 54(6): 1064—
1071.

Degrandi-Hoffman G, Chen Y, 2015. Nutrition, immunity and viral
infections in honey bees. Current Opinion in Insect Science,
10(5): 170-176.

Ding GL, Shi W, 2009. Nosema ceranae. Apiculture of China, 60(6):
51 [TH:¥, A8, 2009. 7R 7% M fl du. = il
60(6): 51.]

Evans JD, Aronstein K, Chen YP, Hetru C, Imler JL, Jiang H,
Kanost M, Thompson GJ, Zou Z, Hultmark D, 2006. Immune
pathways and defence mechanisms in honey bees Apis mellifera.
Insect Molecular Biology, 15(5): 645-656.

John E, Mace V, 2006. The economic value of ecological services
provided by insects. BioScience, 56(4): 311-323.

Levy S, 2011. The pollinator crisis: What's best for bees. Nature,
479(7372): 164-165.

Liao S, Post S, Lehmann P, Veenstra JA, Nssel DR, 2020.
Regulatory roles of Drosophila insulin-like peptide 1 (DILP1) in
metabolism differ in pupal and adult stages. Frontiers in
Endocrinology, 11: 108.

Lin LH, 2016. CSBV single infection and dual infection with
Nosema ceranae on the adult worker bees (Apis cerana cerana).
Master dissertation. Fuzhou: Fujian Agriculture and Forestry
University. [#KHHAE, 2016. CSBV HUEYL & 5 Nosema ceranae
XUER YL Xof e AR T SR A2 A S0, Ao« AR
WK

Liu S, Wang LH, Guo J, Tang YJ, Chen YP, Wu J, Li JL, 2017.
Chinese Sacbrood virus infection in Asian honey bees (Apis
cerana cerana) and host immune responses to the virus infection.
Journal of Invertebrate Pathology, 150(9): 63—69.

Lourenco AP, Guidugli-Lazzarini KR, De Freitas NHA, Message D,
Teixeira RW, 2021. Immunity and physiological changes in adult
honey bees (Apis mellifera) infected with Nosema ceranae: The
natural colony environment. Journal of Insect Physiology,
131:104237. Doi: 10.1016/j.jinsphys.2021.104237

Martin SJ, Hardy J, Villalobos E, Martin-Hernandez R, Nikaido S,
Higes M, 2013. Do the honeybee pathogens Nosema ceranae and
deformed wing virus act synergistically. Environmental
Microbiology Reports, 5(4): 506-510.

Martins JR, Bitondi M, 2012. Nuclear immunolocalization of
hexamerins in the fat body of metamorphosing honey bees.

Insects, 3(4): 1039-1055.

Schwarz RS, Evans JD, 2013. Single and mixed-species
trypanosome and microsporidia infections elicit distinct,
ephemeral cellular and humoral immune responses in honey bees.
Developmental & Comparative Immunology, 40(3/4): 300-310.

Simone M, Evans JD, Spivak M, 2009. Resin collection and social
immunity in honey bees. Evolution, 63(11): 3016-3022.

Tantillo G, Bottaro M, Di Pinto A, Martella V, Terio V, 2015. Virus
infections of honeybees Apis mellifera. Italian Journal of Food
Safety, 4(3): 5364.

Wang DQ, Huang MJ, Guo HK, Fang MG, Li JZ, Dong J, 2021.
Investigation on the infection of Chinese sacbrood virus and
Melissococcus pluton in Chinese honeybee (Apis cerana cerana)
of Chun’an county of Zhejiang province. Journal of Zhejiang
University (Agric. & Life Sci.), 47(3): 389-394. [ /&R, #
B, SRR, JrEheg, 2T, EHE, 2021 WA EL R T
B IS TR Y RO TS 1 5 IR IR R O A Wi
WAL 54 Bl RR), 47(3): 389-394.]

Wu MJ, Zhou DY, Ma XT, Zhao WZ, Wang SH, He SY, 2014. Study
on prevalence of viral disease in Apis cerana in Sichuan province.
Journal of Bee, 34(2): 4. [Rdaif, JAFHE, SR, #OCE,
FIiE, FZE, 2014, PUJIAZRT5 S G 2R ARG
AR, 34(2): 4.]

Wu Q, Bronw MR, 2006. Signaling and function of Insulin-like
peptides in insects. Annual Review of Entomology, 51: 1-24.

Zheng BY, Zhao BA, Jin X, Duan XY, Huang SK, Li JH, 2019.
Effect of sacbrood virus infection on nutritional and immune
responses of Apis cerana cerana (Hymenoptera: Apidae). Acta
Entomologica Sinica, 62(9): 1054-1064. [SHENE, b, 4
E, BorR, /DR, ZEITAL, 2019, FRRAREEEE R YT
Hh AR B SRR AR E SOV BRI . B R AR, 62(9): 1054
1064. ]

Zheng HQ, Gong HR, Huang SK, Sohr A, Hu FL, 2015. Evidence of
the synergistic effect of honey bee pathogens Nosema ceranae
and deformed wing virus. \eterinary Microbiology, 177(1/2):
1-6.

Zheng SB, He JF, Li ZG, Gao ZS, Wei TT, Xi W], Su SK, 2017.
Effects of Nosema ceranae on the expression of immune gene
and haemolymph sugar levels of Apis cerana bees. Chinese
Journal of Applied Entomalogy, 54(3): 392-399. [F’7F6k, Fk
¥F, AEE, wRA, BRRE, WA, SRR, 2017, ZROTE
BT o R X A e 9 e DR SRR AL AR 2 K S
RysEm. I B H2EHR, 54(3): 392-399.]



