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Abstract: [Objective] To investigate the effects of sacbrood virus (SBV) infection on the
genes associated with the immunity, metabolism, resistance to virus, and cell growth and
metabolism of Apis cerana cerana and Apis mellifera ligustica. [Methods] The 2-day-old
larvae were collected from the colonies of A. c. cerana and A. m. ligustica and reared in an
incubator at 34 °C and RH 85%. The larvae were infected with SBV at 3 days old, and the dead
larvae were then recorded every day. Real-time quantitative polymerase chain reaction
(RT-qPCR) was employed to measure the expression levels of gene SBV, as well as the genes
associated with immunity (A4pidaecin, Abaecin, Hymenoptaecin, Defensin, Lys-1, Pgrp-lc,
Kenny, and Domeless), metabolism (/lpl, Hex110, and Vg), resistance to viruses (Dis3, Dicer,
and Agol), and cell development and metabolism (Vhdl, Co-1-iv, and Mtal), in the 4- and
7-day-old larvae. [Results] After infection with SBV at the same dose, all the larvae of 4. c.
cerana died at 8 days old, while some larvae of 4. m. ligustica emerged. The relative
expression of SBV in A. c. cerana was significantly higher than that in 4. m. ligustica of the
same days old. Compared with the control group, SBV infection significantly up-regulated the
expression of Abaecin, Apidaecin, Hex110, Dicer, and Vhdl in the 4-day old larvae of 4. c.
cerana, and it up-regulated the expression of Hymenoptaecin and Agol and down-regulated
that of Apidaecin, Abaecin, Vg, and Vhdl in the 4-day-old larvae of A. m. ligustica. In addition,
SBV infection down-regulated the expression levels of Hex[10, Dis3, and Agol in the
7-day-old larvae of A. c. cerana and Ilpl, Dicer, and Co-I-iv in the 7-day-old larvae of A. m.
ligustica. [Conclusion] The larvae of 4. c. cerana were more susceptible to SBV infection than
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those of 4. m. ligustica. The significant differences in the expression levels of the genes
involved in immunity and development between A. c. cerana and A. m. ligustica may be
associated with the differences in the defense mechanism against diseases and pests, the
regulation of nutrient metabolism, and the virus-caused siRNA response.
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ROX Reference 0.4 pL, 1ES 5|44 0.8 uL,
cDNA #i4% 2 pL,ddH,0 6 pL. 52 414 : 95 °C



ARIRBAE | R F R, 2023, 63(4)

1591

10 min; 94 °C30s, 59°C60s, 98 °C 10 min,
40 MER, wJE15 B HE DLEUE AR AR, C
HAE PR, 2hltnEf 2, 1558010 SBV %
JE -k 7.8x107 copies/uL. B EIRE, BREE
WOHRE 2 75, 445, o ff, B4 3 MEE, iix
B HAET 0, 76 4 HEHN 7 H IR, 4ih 52 RNA
I H 7520 2 7 PCR (real-time quantitative

™

polymerase chain reaction, RT-qPCR) (QuantStudio
5 Real-Time PCR Instrument, FE2R KiH/REMH:

NHl), 1538 CAEHA SBV MIXF AR, Rk
NG IS AnE S RTE S=23 RN A S s
Z5, WAEBETRE 50% AR EWmB)EN
A5 TR IR BE MR
1.3 ZhHIKIMEST RIFEIEM
1.3.1 #HHEY

T A B B IC R s 50%08 i i K
(F Yl R e AT BR A FD) . 37%TE 7K . 6%
EPE(AR, PUPERLERA A RA D). 6% D-Fbk
At T AR ARA A 1% (4
R H AN A,
1.3.2 fREEM

RIS X A B E TR VR AR B, A IR
HAREGARM RIS R, S T RAEFIMIF B i
FA) B e o)y T, R R e T T T A R s 8
EiEH=E0 6 h, 96 h 5 RS K 2 H ik B g
HMFEELMA 20 pL 4 W 48 Lk H .
W 48 FLARE T 34 °C. MIXTIREE 85%M MEARE i
B R (GZ-250-Gl, | P9RHE R & & B R H
B He RN e () B0 2 AN B2 38 4515 3 A
WA, BAER 30 Ayl 3 Hignr, %A
T M 4 S AR RS 2 F5 A FE TR 20 pL, X AR
R AL R EYRRE 2 50 PBS i
20 puL; 4 HRg gl 40 uL; 5 Hid4H
YA 50 uL; 6 Hid4 EYE R 60 pL,
21 X B2 Rt 5 2 ] R P £ e DR — B

kR s 3 Hidfis—3. B HZIHX M
P50 A B e A AT R, JEEL IR
W1 4 Hi AR 7 HIBHOHE, & T-80 °CiK
b, AT A2,

1.4 RNA HY$2ERE cDNA BJE K

A RNA $2HU5 £ (TransZol Up Plus
RNA Kit, Jttasad:YRHHa BRA b))
VE 156 W 43 53] 4 B v i 4y HRD e 4 oY R
RNA, FffH43r 766 11 (NanoDrop One C, FEEK
T RBHEAT BRZS Wy E i R S MR, Fi
e 7 1 738 77) £ (PrimeScript' ™ RT reagent Kit
with gDNA Eraser, TaKaRa 2> H]) Ui, B 1 pug
RNA M7 U5, B s RN 254 < 42 °C 2 min,
4 °CHEAf, 37°C 15 min, 85°C5s, 4 °CIRIE,
B 5 5 1 cDNA JCE F-20 °CokAR H - A7 -
1.5 RT-qPCR ¥ i&

M2 9 S MR G0 %2 3 % (Toll . Imd . JNK Al
JAK/STAT)RJAHOCSCHER, ST 17 AT
ERM, HPb s 8 MR | 3 NPUE
B 3 ANE R AR | 2 AR A A R
B SRR LL K 1 A 20 A A 3 D 9 4 A o6 3
R, [RRES T B 4 Sk o 0 5 | A i 2 e
Y RFEARRN SBY Fikit, VA -actin fE NS
HEEE DB prasImAsE TAY TR
WA A BR A F A . PCR VAR K : TB
Green Premix Ex Tag 5.0 pL, ROX Reference
0.2 pL, IESZ 859145 0.4 uL, cDNA #ik 1 uL,
ddH,0 3 pLo KWK 95 °CHUAS P 2 min;
95 °CAE 1 15's, 55°C/59 °CiE k 15s, 72 °CHE
fifr 60's, 40 MEH; FARIZNE: 95°C 15,
60°C60s, 95°C 15s, 80 MEH,

1.6 HiEHH

RT-qPCR (QuantStudio™ 5 Real-Time PCR
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%1 RT-qPCR 3|4
Table 1 Primers used for RT-qPCR

Gene Gene ID Primer sequence (5'—3) T (°C) References
Immunogene
Apidaecin GB17782 F: TAGTCGCGGTATTTGGGAAT 59 [43]
R: TTTCACGTGCTTCATATTCTTCA
Lys-1 GB10231 F: GAACACACGGTTGGTCACTG 55 [43]
R: ATTTCCAACCATCGTTTTCG
Defensin GB10036 F: GCAACTACCGCCTTTACGTC 55 [43]
R: GGGTAACGTGCGACGTTTTA
Kenny GB17106 F: GCTGAACCAGAAAGCCACTT 55 [43]
R: TGCAAGTGATGATTGTTGGA
Abaecin GI:58585177 F: CAGCATTCGCATACGTACCA 59 [44]
R: GACCAGGAAACGTTGGAAAC
Hymenoptaecin GB51223 F: CTCTTCTGTGCCGTTGCATA 59 [44]
R: GCGTCTCCTGTCATTCCATT
Pgrp-ic GB17188 F: TCCGTCAGCCGTAGTTTTTC 55 [45]
R: CGTTTGTGCAAATCGAACAT
Domeless GB16422 F: TTGTGCTCCTGAAAATGCTG 55 [45]
R: AACCTCCAAATCGCTCTGTG
Metabolic gene
Iipl GI:1477757163 F: CGATAGTCCTGGTCGGTTTG 59 [46]
R: CAAGCTGAGCATAGCTGCAC
Hex110 GB44996 F: ACGGACAATACCCGAACACC 59 [47]
R: AGCATGCTGATGCCTCTGTT
Vg GB49544 F: TCGACAACTGCGATCAAAGGA 59 [48]
R: TGGTCACCGACGATTGGATG
Antiviral gene
Dis3 GB41692 F: TGTCCAAGCAGTTACGAAGACA 59 [49]
R: AAGTCAACAGCAGCATCAGGA
Dicer GB15170 F: AGCAGTAGCTGATTGTGTGGA 59 [49]
R: ATTTCAGAAGCGCAAGGCAT
Agol GB122654 F: TGGCCCAGATCAAGTAGAGC 55 [49]
R: AATTTGATAGCGTTTGTGGTGAT
Cell development and metabolism
Vhdl GB726182 F: GCATCACCTTCTGACCAACC 55 [50]
R: ACCTCGTCCAACATCCTTCT
Co-1-iv GB14564 F: GGTTACGTTCGTTCCCGGTT 55 [46]
R: TACCTTGCTCGCCCCTGTAA
Mtal GI:110756803 F: CATCTCTGTGCTTCTCCTC 55 [46]
R: ACTCGATCTGGTTGTTTTC
Virogene
SBV HM237361.6 F: TATTCAGGGGGACGCTACAC 59 [51]

R: GCGTGAGTTGACAGAAAATC
Reference genes
p-actin NM 001185145.1 F: TTGTATGCCAACACTGTCCTTT 59 [44]
R: TGGCGCGATGATCTTAATTT
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A (4 d: P=0.006, 7 d: P=0.000). %% FFrik, Fhigm
Hige 3 H g R SBV R, WA 3 KIF s i BE 2 ) SBY MR Yy, SBY 1Erhig
IAFAIE R B BT ("=26.42, P=0.000 1), 55 8 K 4 dufkpy £ kA EHE (A 2).
ATIET(x*=40.97, P=0.000 1) (] 1A), BLAS 23 SBV 2pydis 4 AR B GRERE
HUREAS 5 BUAL I B0 3 HIR4h AR SBV G, BHEEREFRIE

FAERMTEAWT T, EAT2) B 5¢ ik SBV {RYLJ5 Ay i 4 H &4 U5 X BR 4T L
Ui, REZCPMLH D, SXIRAAMIL, B BRI 17 DR 2 AN R (4baecin:
A 100 B 100
80 30l
s 60 o 60}
£ = __
2 40} B sl - = SBV
E . & = CK
20f !
’ % 2 4 6 8

td t/d

1 #hHBEFHE A P B, =i

Figure 1 Survival curves of larvae. A: Apis cerana. B: Apis mellifera. SBV: Larvae fed with the diet
inoculated with SBV; CK: Larvae fed with normal diet with PBS. The survival curve was prepared using the
Kaplan-Meier method in SPSS Statistics26.0; The Log Rank method was used to analyze the difference of
survival rate between the SBV group and the control group; The asterisk indicates significant difference
(P<0.05).

http://journals.im.ac.cn/actamicrocn



1594

YU Xinyue et al. | Acta Microbiologica Sinica, 2023, 63(4)

Relative expression

Acdd Ac7d Amd4d Am7d

2 HEMEEARELEMBKRRAL SBY {83
RiLE

Figure 2  Relative expression level of SBV in
different developmental stages of Apis cerana and
Apis mellifera. Data in the figure are mean+SE. Ac4d
means 4-day old larvae of Apis cerana; Ac7d means
7-day old larvae of Apis cerana; Am4d means 4-day
old larvae of Apis mellifera; Am7d means 7-day old
larvae of Apis mellifera. The same below. The asterisk
indicates significant difference in SBV expression
between the SBV group and the control group (CK)
(P<0.05, t-test); Different letters indicated that SBV
expression levels of Ac and Am were significantly
different at different ages (P<0.05, one-way ANOVA).

A
3 15 =CK
g == SBV
7] *
T
(=%
~
o
2z 5F
=
0 ] h FE O O [
X K RN LTRES. N
g/(.‘ g}}\- N g/(,\\ e\ﬁ‘" G\‘\‘\' jark
I\bdlk\)'\ﬁ\(‘\oe,\;\o‘)\o‘oo\\\ \]‘ W ? :}
\
ol

* = CK
=z SBV

—_—

Relative expression
(3]
T

Dicer Dis3 Agol

=1.205, P=0.003; Apidaecin: t=1.610, P=0.046).
1 A E A M ¢ 5 I (Hex110: t=0.800,
P=0.032) . 1 >$i%K§ 5 5 K (Dicer: =1.763,
P=0.001)F1 1 ~4HAILH RS ke B A CEE R (Vhdl:
=1.267, P=0.042)F 53 8 & F (& 3).
2.4 SBV {REM T 7 HRSHRRR A
BHHEXEREFKIE

SBV {245 i rhid 7 H i 4 55 %k B 2H A
tb, A 2 Mg HRiEE B E F I (4baecin:
=0.899, P=0.027; Hymenoptaecin: t=2.083, P=0.000),
1 A8 5 A A ¢ 5 [ (Hex110: =-1.517,
P=0.000) . 2 AP s B 2 A (Dis3: =1.526,
P=0.019; Agol: t=—1.515, P=0.003). 2 ~4i 4
W & T AR HEH (Co-1-iv: =—-2.461, P=0.001;
Vhdl: t=1.730, P=0.000)3 5 & B & F . HAb
B IR 5G 3 B DA G e 3k IR 1 3k TE I 3%
Z5 (8 4).

B 51 =k

.54- mm SBY
&
=3
(5]
22
o 1F
&
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3 SBV RFHIHEE 4 HiR4) RARRE F B RIAKFE
Figure 3 Relative gene expression levels in 4-day-old larvae of Apis cerana after SBV infection. A: The
relative expression of genes associated with immune. B: The relative expression of genes associated with
metabolism. C: The relative expression of genes associated with anti-virus. D: The relative expression of
genes associated with cell development and metabolism. Asterisk indicates a significant difference between
SBYV group and control group (P<0.05, t-test). The same below.
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