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Expression profile of high-expressing genes and its potential role
during Apis cerana cerana infected by Nosema ceranae
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Abstract; To investigate the expression profile of highly expressed genes (HEGs) and its potential role
during Apis cerana cerana infected by Nosema ceranae, RNA-seq was used to sequence the midguts of
A. c. cerana workers at 7 d and 10 d post-infection by N. ceranae, followed by continuously mapping

the genomes of Apis cerana and N. ceranae to filter out the data of A. c. cerana. In total, 180 237 114
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and 36 054 033 clean reads were obtained from N. ceranae infecting A. c¢. cerana worker (Ncl and
Nc2), respectively, According to the criterion that the FPKM value >15, 1 482 and 901 HEGs in Ncl
and Nc2 were filtered out, respectively. Venn analysis showed that the total number of HEGs of the two
groups was 890, and the number of specific HEGs was 592 and 11, respectively. Besides, GO classifica-
tion and KEGG pathway enrichment analysis indicated the shared HEGs were distributed in 24 GO terms
and enriched in 72 pathways. Further analysis demonstrated two HEGs were enriched in MAPK signa-
ling pathway, which is closely associated with the stress response and virulence. Besides, some genes
coding virulence factors such as spore wall protein, and several genes coding energy metabolism-associat-
ed proteins, such as ATP/ADP translocase were highly expressed during N. ceranae infection of A. c.
cerana worker. Finally, eight randomly selected HEGs were confirmed using RT-PCR. Together, these
results reveal the expression profile and potential role of HEGs during N. ceranae infection of A. c¢. cer-
ana worker,
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pL.A4F PCR Mixture 10 pL. 1E R 51 #1% 1
L, cDNA B4 1 L, B K 7 L. PCR [ 451
H7:94 CHIASPE 5 min; 94 °C50 5,58 “CiH k 30 s,
72 ‘CHEM 1 min, 3t 35 MEFF; 72 CZEH 10 min.
PCR ¥ 7= 28 1. 5 Y0 B IR B EE I Hi 1k kG .

#1 RT-PCREE|#EE

Tab. 1 Information of primers for RT-PCR
IR ST H(5'-3"
Primer name Primer sequence(5'-3")
A-F GAACCCTAACTCCCTCAC
AR AATTTGTCCTCCAATCAC
BF GAATGTCATCTACACGCA
BR TAATCATCCTTTAAGCCT
CF TTATCTGAAGACGAGGCT
CR ATCACCGATATTCCAAAA
DF AACAAACTAGAAATAGCGAGAC
DR CCAGGTGCCAGTAAGAAT
EF AGCGTGAGATTCAAAGGA
E-R CCAGTAGGAAGGCTGTTC
F-F AGCCGCTGATACACGACA
F-R AAGCACCACTTCCATTACAGA
GF ACAACAATGTATGGGATG
GR TAGGTATTCGATGGTGGC
H-F GGCAGATTTATACAACAG
H-R AATACTCACCCAAGCAAC
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*2 NEFHENEEST
Tab. 2 Summary of sequencing data information

Xt B N, ceranae 3& R
FEA 2H AT S B

99 %o Bl 99. 9 Yo AL
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Samples Clean reads mapped to Q20/% Q30/%
the N. ceranae genome
Ncl-1 38 984 058 98.75 96. 30
Ncl-2 35 848 944 98. 74 96. 23
Ncl-3 105 404 112 98. 60 95. 85
Nez-1 7 568 774 98. 41 95. 28
Nc2-2 13 016 303 98. 80 96. 42
Nc2-3 15 468 956 98. 66 96. 02
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Fig. 1 Pearson correlations between every two biologi-
cal repeats within Ncl and Nc2 groups
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Fig. 2 Venn analysis of HEGs in Ncl and Nc2 groups
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# 3 Ncl R8T 11 £245F HEGs Fz 4 Nc2 W48 HEGs
Tab. 3 Top 11 specific HEGs in Ncl group Tab. 4 Specific HEGs in Nc2 group

ek G AR b St e

Gene ID FPKM value " Nr database Gene ID FPKM value . N database
XM_002 995 272.1 2 962. 700 21kda W H:AF 5 K XM_002 995 695. 1 51. 873 BsE & NCER_101 281
XM_002 994 950.1 2 255.120 iE LTk RS il 5 XM_002 996 059. 1 29. 347 fi# € 1 NCER_100 848
XM_002 996 771.1 1 160. 573 A& 11 NCIEL100 730 XM_002 995 032, 1 28. 320 HISEATHTEEN
XM_002 995 006.1 1 054. 867 anl-RUEHE 1 6 XM_002 995 101. 1 28. 257 B €2 11 NCER_102 076
XM_002 995 148. 1 988. 007 40s BHHATE 11 s17 XM_002 994 904. 1 26.177 52 2 11 NCER_102 375
XM_00 299 5601. 1 893. 407 {5 %8 % 11 NCIEL102 011 XM_002 995 353. 1 26.013 % 1 NCER_101 720
XM_002 995 929. 1 884. 643 B 5E 2 1 NCIEL101 401 XM_002 996 389. 1 23. 060 B sE R 1 NCER_100 482
XM_002 995 567. 1 828. 533 TAF A H AR 6 1 XM_002 996 695. 1 21. 453 DNA #5414 smubp-2
XM_002 996 258. 1 752. 340 1Z R ABIERAG e2 XM_002 995 070. 1 21.077 BEHE S NCER_102 115
XM_002 996 742. 1 702. 877 PR A XM_002 996 058. 1 17. 600 B E & H NCER_100 847
XM_002 994 854. 1 689. 390 itk EN XM_002 996 358. 1 16. 387 e EAEESWEER 32
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Fig. 3 GO categorization of shared HEGs in Ncland Nc2 groups
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I A Ribosome
8 4 i 4 TN T Protein processing in endoplasmic reticulum
I 5 [ Proteasome

HAA VI BEE 4 ik Ribosome biogenesis in eukaryotes
W IEAL Y Pyrimidine metabolism
MBRNA#IZ RNA transport
24
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I WE-(RNAZE A A % Aminoacyl-tRNA biosynthesis
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0 33 3 242 BF Meiosis - yeast
754X # Carbon metabolism
IBRNAF4A# RNA degradation

AR VIR % 5 Nucleotide excision repair
W L7 4% 5k -1 Basal transcription factors
W7 #%/r S & A /KM Ubiquitin mediated proteolysis
I 45 5 Mismatch repair

FERERR/BH T 4 Glycolysis / Gluconcogenesis
B 1544 Phagosome

~,

B 4 Ncl #= Nc2 #9224 HEG #9 KEGG X418 %% 547
Fig. 4 KEGG pathway enrichment analysis of shared HEGs in Ncl and Nc¢2 groups
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B 5 N. ceranae %) MAPK 4z 5 i@ $4- 4% 5%,
¢4E & & Nel #o Nc2 49 %4 HEF.
Fig. 5 Overview map of MAPK signaling pathway in N. ceranae
Red boxes indicate the shared HEF between Ncl and Nc2.
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A6 8A#&A HEG # RT-PCR %t
A:BEBRH BT S A A B 5 B 3% 9 NCER_102326 % # R B ; C. RNA 48 11 CTD &8k
Bt AR D KiBEAAZRORLEAR; E: 26s ZOMK AT AL HBAR; F. RafAEEA—182%
BER; G BREEZDDREFTHALAR; H. BHFRESEG sarl HALR
Fig. 6 RT-PCR verification of eight shared HEGs
A : phosphomannomutase encoded gene; B: hypothetical protein NCER_ 102326 encoded gene; C: RNA
polymerase ii ctd phosphatase encoded gene; D: aquaporin-like protein encoded gene; E: 265 proteasome reg-
ulatory subunit 4 encoded gene; F: proteasome subunit beta type-1 encoded gene; G: ricin b lectin encoded
gene; H: gtp-binding protein sarl encoded gene

3.5 HEG iy RT-PCR &iF Necl it Ne2 Hrtéyg 38 s H i) 26415 (B 6) , 91 IF 5L
Bk 45 R Bon 8 ANREHLPE AV LA HEG 7& T ARSI HEG B 52 fEAE.
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