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Effect of Chinese sacbrood virus on gut microbiota of honeybees
and antiviral activity of Bacillus subtilis

HU Junyan'?, CHEN Cisong'?, MENG Yaping'?, YU Xinyue'?, YAN Weiyu'?"

1 Honeybee Research Institute, Jiangxi Agricultural University, Nanchang, Jiangxi, China

2 Key Laboratory of Jiangxi Province for Bee Biology and Breeding, Nanchang, Jiangxi, China

Abstract: [Objective] To explore the changes and differences of gut microbiota of worker bee
larvae of Apis cerana cerana and Apis mellifera ligustica after infection with Chinese sacbrood
virus (CSBV) and evaluate the antiviral activity of Bacillus subtilis against CSBV. [Methods] Two-
day-old larvae of 4. c. cerana and A. m. ligustica were collected from colonies and artificially
reared in an incubator (34 °C, RH 85%). The 3-day-old larvae were inoculated with CSBV and
samples were collected when the larvae were 4 and 7 days old for 16S rRNA gene sequencing. In
addition, the 3-day-old larvae of 4. c. cerana were fed with different concentrations of B. subtilis
suspensions during CSBV inoculation. When the larvae were 7 days old, the antioxidant capacity
indicators malondialdehyde (MDA) content and superoxide dismutase (SOD) activity were
determined. Additionally, the relative expression levels of four antimicrobial peptide genes
(Abaecin, Apidaecin, Hymenoptaecin, and Defensin) and the CSBV gene were determined by real-
time fluorescence quantitative PCR. [Results] The number of gut microorganisms in bee larvae
significantly decreased after CSBV infection. The abundance of Bacillus in the gut of 7-day-old 4.
c. cerana larvae significantly decreased. The gut of A. m. ligustica larvae showed significantly
decreased abundance of Streptomyces and significantly increased abundance of Brevundimonas. At
4 days old, CSBV-infected 4. c. cerana larvae had significantly higher abundance of Melissococcus
in the gut than the infected 4. m. ligustica larvae. At 7 days old, CSBV-infected 4. c. cerana larvae
had significantly lower Chaol index than the control group and the infected 4. m. ligustica larvae,
which indicated that the gut microbiota diversity of 4. c. cerana larvae was more susceptible to
CSBV. The SOD activity of 7-day-old A. c. cerana larvae fed with 1x10* CFU/kg B. subtilis
significantly increased, while other doses of B. subtilis had no significant effect on the SOD
activity in the larvae. All doses of B. subtilis significantly reduced the MDA content in bees. The
relative expression levels of CSBV in the three treatment groups of 1x10* 1x10° and
1x10® CFU/kg were significantly down-regulated. Moreover, the expression level of CSBV in the
1x10° CFU/kg group was the lowest and significantly lower than that in the 1x10® CFU/kg group.
However, there were no significant differences in the expression levels of the four antimicrobial
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peptide genes among different treatment groups. [Conclusion] CSBV infection has a more
significant impact on the gut microbiota diversity of A. c. cerana larvae. B. subtilis has a certain

inhibitory effect on CSBV.

Keywords: Apis cerana cerana; Apis mellifera ligustica; Chinese sacbrood virus; gut microbiota;

Bacillus subtilis
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FEAELhH 4 HIEFN 7 B EHECGE 2h gy, DIJCE
IK M T A % — % B T IO EP &N, RRdLSE
AL 6 MNMSTAEA (BAREAS 1 Ky, xfr
A REARPELT 16S rRNA Fe PRI (A6 5 AR SR
BHERAR A R D).
143 #HEFEAENRMHRE

ARG E T X IRAL S 3 ASAS TR B 1) A
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BYARES 142 T—8 fRghi 7 HIBER
A TR 2ot
1.5 ZEiE45 RNA I2BL. cDNA &%
% RT-qPCR 4/ 18

R RNA $EBGRAG &, AR IR 5 A

#1 qPCR3|¥EE
Table 1  Primers used for gPCR

B 4 A ke B PR EBCE RNA, 1RGSR,
A3 66 E e % Fr A RNA B ¥ B 5 4l i gh A7 46
W, FEXTEL RNA -7 SO sk, O 25k
BN : 42°C 2 min, 37°C 30 min, 85°C 5 s,
4 °CLke SEMURF SIS, B 2R cDNA A7
£-20 °CVKFA .

¥t X Apidaecin . Defensin .
Hymenoptaecin, CSBV iX 5 MR RN 1T
AT A EEHE B P SRS B L 1.
PCR L W&k % : cDNA 1 uL, TB Green Premix
Ex Tag 5 pL, ROX Reference 0.2 uL, 1F. &[]
514)(10 pmol/L)4% 0.4 uL, ddH,O 3 pL. PCR
I Z&F: 95°C 2 min; 95°C 15s, 55°C/59 °C
15s, 72°C60s, 40 MG,
1.6 ZEiELHRmE MR

Hig &)1 U SOD {1 1 7™ % 4K B SOD A il ik
R &R LI AT I , MDA % & AR 4
MDA #6255 & iR VR UL T Il o o #i HREH
A, LA 19 B L Bin A JCEE AR 3R K IF k1 7
VKIEAIH . % 4°C. 8000 r/min 5 .0> 10 min,

Abaecin .

HEH LA 1D BiL/E2]) BUGRE 2% 30k
Gene Gene ID Primer sequences (5'—3") T/°C References
S RN BE LA
Innate antiviral immune gene
Apidaecin LOC406140 F: TTTTGCCTTAGCAATTCTTGTTG 59 [25]
R: GTAGGTCGAGTAGGCGGATCT
Abaecin LOC406144 F: CAGCATTCGCATACGTACCA 59 [26]
R: GACCAGGAAACGTTGGAAAC
Defensin LOC413397 F: GCAACTACCGCCTTTACGTC 55 [26]
R: GGGTAACGTGCGACGTTTTA
Hymenoptaecin LOC406142 F: CTCTTCTGTGCCGTTGCATA 59 [26]
R: GCGTCTCCTGTCATTCCATT
NS AR
Reference gene
p-actin LOC406122 F: TTGTATGCCAACACTGTCCTTT 59 [26]
R: TGGCGCGATGATCTTAATTT
o AE AL A
Viral gene
CSBV HM?237361.1 F: TATTCAGGGGGACGCTACAC 59 [7]

R: GCGTGAGTTGACAGAAAATC
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A CSBV CK

B CSBV CK

450 435
C CSBV CK D CSBV CK
635 887 466 1 054

Am4 Am7

Bl T#EHHREESHREBOTUNSHRXR. A: 14 H R4 CSBVAL S CKA1OTUs T BLIA 5
B: g7 H 4l MCSBVA 5 CKAMOTUs L BA; C. B4 H k4 ICSBVA 5 CKARYOTUs F3 K 5
D: 7 H R4 -CSBVA 5 CKARIOTUs T Bl . CSBV: JEYLCSBVINAI A, Hikiedl; CK: &k
JEGLCSBVIMIEH AR, NMIRA . Acd: 4HEHIELHG AcT: THIRTELIH; Amd. 4H B EH
gl Am7: THIREREZ M . N R SRR IR LB 4 5 % R4 B e 4l IR EOTUs B H 1 1Y
Pt
Figure 1 The distribution relationship of OTUs between the experimental and control groups of worker bee
larvae. A: OTUs Venn diagram of CSBV group and CK group in 4-day-old larvae of Apis cerana; B: OTUs Venn
diagram of CSBV group and CK group in 7-day-old larvae of Apis cerana; C: OTUs Venn diagram of CSBV
group and CK group in 4-day-old larvae of Apis mellifera; D: OTUs Venn diagram of CSBV group and CK group
in 7-day-old larvae of Apis mellifera. CSBV: Larvae fed with the diet inoculated with CSBV; CK: Larvae fed
with normal diet uninoculated with CSBV. Ac4: 4-day-old larvae of Apis cerana; Ac7: 7-day-old larvae of Apis
cerana; Am4: 4-day-old larvae of Apis mellifera; Am7: 7-day-old larvae of Apis mellifera. The same below. A chi-
square test was applied to compare the number of OTUs between the experimental and control groups of larval
bees.

Wi R 4 HiIS 7 Higghd, H 21,6 B CSBV YA bEFn= i 4t i7 8 4

CSBVAH 5 CK B RREHEFHER
(P>0.05, t£:50) (K] 5). %k Chaol 8%k, bR
g 7 Hid 4 LAY CSBV 4H & 25 1K F X FE 40
(P=0.005, ¢ Kige)ix — Bl s G oA, HA %4l
(Gt 4 B, B4 HIR K 7 Hid)A94ALRE
FLA I TS24 L (P>0.05, ¢ Kil).
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Figure 2 Relative abundance distribution of the gut microbiota in worker bee larvae from phylum to genus
level. A: Bar chart of species relative abundance at the phylum level; B: Bar chart of species relative abundance at
the class level; C: Bar chart of species relative abundance at the order level; D: Bar chart of species relative
abundance at the family level; E: Bar chart of species relative abundance at the genus level. a: Group of Ac4 with
CSBYV; b: Group of Ac4 without CSBV; ¢: Group of Ac7 with CSBV; d: Group of Ac7 without CSBV; e: Group of
Am4 with CSBV; f: Group of Am4 without CSBV; g: Group of Am7 with CSBV; h: Group of Am7 without CSBV.
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Figure 3 Comparative analysis of species abundance in worker larvae of Apis cerana and Apis mellifera
between CSBV and control groups. A: Differences in the abundance of Bacillus between the experimental and
control groups of 7-day-old Apis cerana worker larvae; B: Differences in the abundance of Streptomyces and
Brevundimonas between the experimental and control groups of 7-day-old Apis mellifera worker larvae. *
indicates a significant difference between the test group and the control group (P<0.05, z-test). The same below.
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Figure 4 Comparative analysis of the larval gut microbiota structure between Apis cerana and Apis mellifera. A:
Differences in the abundance of Melissococcus between 4-day-old Apis cerana and Apis mellifera worker larvae;

B: Differences in the abundance of Turicibacter between 7-day-old Apis cerana and Apis mellifera worker larvae.
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Figure 5 Difference of alpha diversity index between CSBV group and control group. A: Differences in Chaol
index between experimental and control groups of 4-day-old and 7-day-old Apis cerana and Apis mellifera

worker larvae; B: Differences in Shannon index between experimental and control groups of 4-day-old and 7-day-

old Apis cerana and Apis mellifera worker larvae.
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Figure 6 Difference of alpha diversity index between Apis cerana and Apis mellifera. A: Differences in Chaol
index of experimental group of 4-day-old and 7-day-old Apis cerana and Apis mellifera worker larvae; B:

Differences in Shannon index of experimental group of 4-day-old and 7-day-old Apis cerana and Apis mellifera

worker larvae.
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R2 FHEFEMFEXBFECSBY 4 HSODE
(Al

Table 2 Effect of Bacillus subtilis on SOD activity
of Apis cerana larvae infected with CSBV

il SOD fF
Categorization SOD activity (U/g)
CSBV 24.23+1.22a

1x10* CFU/kg 43.01+1.90b
1x10° CFU/kg 37.47+1.64a

1x10® CFU/kg 18.74+1.62a

[FIA7 24 L8, A Tl 2 B 3R 41 W) 22 5548 Wik 35 (P>0.05),
AT EERIR 22 57 B (P<0.05). T,

Compared with the data in the same row, the same letter
indicates that there is no significant difference between
different treatments (P>0.05), different Iletters indicate
significant difference (P>0.05). The same below.

#*3 HEFANFEXRECSBYVHIELYHMDAS
ERFN

Table 3  Effect of Bacillus subtilis on MDA content
of Apis cerana larvae infected with CSBV

e MDA &
Categorization MDA content (umol/L)
CSBV 24.32+0.59

1x10* CFU/kg 12.26+3.06b

1x10° CFU/kg 16.90+0.95b

1x10° CFU/kg 16.12+0.01b

AEPRZH R RER IR B TCSE 422 5(P>0.05).
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el 8 fiin, 5 CSBV 4itfltl, A
TR A B AT 1RO R 5 R 4 BT kBRI
(Abaecin, Apidaecin, Hymenoptaecin 1 Defensin)
A RROK- 1) B, H2e i oRiA R Geit
34 X (P>0.05).
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Figure 7 Relative expression of CSBV in Apis
cerana larvae infected with CSBV after feeding

Bacillus subtilis.

A=K R BRI D A 4 A B R LA SRR
— HIZMES RG22 EE . AR kA7 A R A
JE 3 PR ZR B e T 2 A 46 2 0T e {5 ) i i
U, RAIRIT CSBV X Hhvide K 25 i 4y
Jo 38 R R R RZ I, 6T ) BH B B B REA S B
B A2 B S SR B A AR G R 2 CHE
L, VRG] Ry s e 1 S5 B B 7 A R B
VARHE B9 iy HI A

T OTU £t H 2R #rrl 1, &Y CSBV
(1) %5 W 2y L g 3 A 0 B R T R e
A PREL, X —45 RS R BIESE 45 AR
PLIAPV M, zdm s e % e ST EM
HEHEATE IG5, SHE R R msE g,
1T 175 2 2 e i 3 R R R R0 R, B A
JRAR AR HA BE A BY T4E3eTs 3 Hdr, X
WA LA it R LA I i AR FHIPOY, P e mT AL
Ji7 18 B R 5 1 T R R 2 (R A AE AR % DT
I E

BRI B R E A B TR RN
Yok . Iz, fE CSBV BT, Wt EE
(T B TR 2 o e 1 g asR U bk
YR, P RSET R S TR R, H
Wi i A 8 Hd AT 23RIET, XAIUER K



BIRE % | BUEWAER, 2026, 66(2)

621

3 CSBV
3 1x10* CFU/kg

151

1.0+

0.5

AHXS Fe b
Relative expression
oo
_|

0.0

@)

LEROE . Svy s
Relative expression
_|

0

&8

B 1x10° CFU/kg
mm 1x10° CFU/kg

B
20 -
g a
‘= 15 F
H@§ a a T
7 o
%EIO-T
T2
£z
s OF
[
0
D
4_

1+

AR Rk i
Relative expression
)

0

TANRAE B 2F AT B R R CSBVHY RS A A I B RA B EEXI A B . A AbaecindE N AFIRS ik

15 ;B ApidaecinFE I FIXS 3235 5 5 C : HymenoptaecinFE R AR F235 5 ;D : Defensindk H AT 2155 .
Figure 8 Relative expression of antibiotic peptide gene expression in Apis cerana larvae infected with CSBV

after feeding Bacillus subtilis. A: Relative expression of the Abaecin gene; B: Relative expression of the

Apidaecin gene; C: Relative expression of the Hymenoptaecin gene; D: Relative expression of the Defensin gene.
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