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Transcriptome of Apis cerana cerana Larval Gut Under the
Stress of Ascosphaera apis

CHEN DaFu, GUO Rui, XIONG CuiLing, LIANG Qin, ZHENG YanZhen, XU XiJian, ZHANG ZhaoNan,
HUANG ZhilJian, ZHANG Lu, WANG HongQuan, XIE YanLing, TONG XinYu

(College of Bee Science, Fujian Agriculture and Forestry University, Fuzhou 350002)

Abstract: [ Objective] So far, no study on application of next-generation sequencing technology for the research of chalkbrood
disease was reported. In the present research, RNA-seq technology was utilized to deep sequence of normal and Ascosphaera
apis-treated 4th instar Apis cerana cerana larval gut to mine larvae’s responses to A. apis challenge. [Method] AcCK (un-treated
group) and AcT (4. apis-treated group) were sequenced on Illumina HiSeq 2500 platform. After evaluation and filtration of raw data
from RNA-seq, differentially expressed gene (DEG) analysis was performed using edgeR software, further, Gene Ontology (GO) and
KEGG pathway enrichment analyses were carried out, and finally, real-time quantitative PCR (qQRT-PCR) was conducted to validate
the RNA-seq data. [Result] In total, RNA-seq produced 188 457 338 raw reads, and after filtration, 182 088 448 clean reads were
obtained, Q20 and Q30 of each sample were above 97.96% and 94.97%, respectively, indicating that RNA-seq data in this research
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were with high quality. Principle component analysis (PCA) was performed on all genes level and the result showed PC1 and PC2
were able to account for 75.8% and 10.7% of the expressed genes’ overall differences, respectively. DEG analysis result displayed
that there were 344 up-regulated genes and 239 down-regulated genes in AcCK VS AcT. GO enrichment analysis result showed that
the DEGs were enriched in 36 GO terms, among them, the mostly enriched ones were cell (106 unigenes), cell part (106 unigenes)
and metabolic process (104 unigenes). KEGG pathway enrichment analysis result suggested that up- and down-regulated genes were
enriched in 72 and 45 pathways, respectively, and the mostly enriched pathways for up-regulated genes were ribosome (72 unigenes),
carbon metabolism (16 unigenes) and glycolysis/gluconeogenesis (14 unigenes), while the mostly enriched pathways for
down-regulated genes were carbon metabolism (9 unigenes), glyoxylate and dicarboxylate metabolism (8 unigenes) and amino acids
biosynthesis (7 unigenes). Further analysis demonstrated that the immune-related genes in 4. c¢. cerana larval gut were activated,
while the metabolism-related genes were greatly inhibited. [ Conclusion] The findings of the study not only uncovered the 4. c.
cerana larval gut’s responses to A. apis during the early stage of invasion, but also provided key information for clarifying the

mechanism underlying the host’s responses to A. apis, thus laying a foundation for functional investigation of key responding genes.

Key words: Apis cerana cerana; larval gut; Ascosphaera apis; transcriptome; RNA-seq
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Fig. 1 PCA analysis of all 4. c. cerana larval gut samples

FEi Samples JsUUf 2B Raw reads

HHBE Clean reads

99%BH L IR Q20 (%) 99.9%HFE IEH% Q30 (%)

AcCK-1 33534230 32964656 (98.30%)
AcCK-2 34673564 33281072 (95.98%)
AcCK-3 28690046 28159636 (98.15%)
AcT-1 28426812 27244438 (95.84%)
AcT-2 31150186 29928198 (96.08%)
AcT-3 31982500 30510448 (95.40%)

4064246549 (98.63%)
4083143848 (98.15%)
3468760601 (98.55%)
3340447479 (98.09%)
3672494334 (98.17%)

3736163317 (97.96%)

3979833851 (96.58%)
3965993864 (95.33%)
3393319631 (96.40%)
3242098346 (95.20%)
3568820941 (95.40%)

3622084861 (94.97%)
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Table 2 Mapping of RNA-seq clean reads to the reference transcriptome of 4. c. cerana

FEfb A BUE A B A — LU B Z kB E@OE
Samples All reads Unmapped reads Unique mapped reads Multiple mapped reads Mapping ratio (%)
AcCK-1 32850834 2974194 28727348 1149292 90.95
AcCK-2 33188180 3602940 28392816 1192424 89.14
AcCK-3 27785654 2587687 24184655 1013312 90.69
AcTl1-1 27168060 3012664 23206498 948898 88.91
AcT1-2 29722664 2869742 25883750 969172 90.34
AcT1-3 30232652 3145359 26028190 1059103 89.60
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Fig. 2 DEGs in the A. c¢. cerana larval gut challenged by
A. apis



13 14 WA S5 - e S ) g e 7 R T S ) e e 2 2619

110 aUp

m Down

88

illl Wl 1

2 3 4 5 6 7 8 91011 12 13 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

FLR % Number of genes
=

S5}

O

: AR Biological regulations 2: s> U8 AEM A % Cellular component organization or biosynthesis; 3: ZIffiifFE Cellular process; 4:
/xﬁiﬁ'}i Developmental process; 5: EK Growth; 6: %)% /%ffiﬁ'}i Immune system process; 7: JE{V. Localization; 8: iZ3}) Locomotion; 9: fX
YRR Metabolic process; 10: ZZ1ZLUEFE Multi-organism process; 11: Z 40 EY)iiFE Multicellular organismal process; 12: 4:5H Reproduction;
13: A JHHEFE Reproductive process; 14: WiV Response to stlmulus 15: {5 Signaling; 16: tﬁéﬁ,/\lﬁk Single-organism process; 17: 4lifffl Cell;
18: 4NMEZfF Cell part; 19: K4 TR A Macromolecular complex; 20: ZffEfii Membrane; 21: ZNJfI/BZ11F Membrane part; 22: ZH I py 1%
Membrane-enclosed lumen; 23: Ziffi#s Organelle; 24: 4ii#R411 Organelle part; 25: 5&fil Synapse; 26: PréfbiETE Antioxidant activity; 27:
44 Binding; 28: EALITYE Catalytic activity; 29: HLT-#3 /AT Electron carrier activity; 30: JRIERZAFRRAZH R TG Guanyl-nucleotide exchange
factor activity; 31: 7} T L&A 17 4% Molecular function regulator; 32: 3 #4525 7% ¥E Molecular transducer activity; 33: #4455 sk K 7% Nucleic
acid binding transcription factor activity; 34: & [H445 53K 751k Protein binding transcription factor activity; 35: 45844 7tk Structural molecule
activity; 36: #Is#si%ME Transporter activity

B3 DEGs HY GO 5347
Fig. 3 GO analysis of DEGs in AcCK vs AcT
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Fig. 5 Heatmaps of A. c. cerana larval gut’s immune-related and metabolism-related DEGs
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