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Highly-expressed gene differences between Ascosphaera apis
stressing the larval gut of Apis mellifera ligustica and the
pure culture of Ascosphaera apis

GUO Rui* LI Wen-Dong"* CHEN Da-Fu** XIONG Cui-Ling" ZHENG Yan-Zhen*
FU Zhong-Min® XU Xi-Jian® HUANG Zhi-Jian® LUO Qun®

(1. College of Bee Science, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China)
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Abstract: [Background] Ascosphaera apis is a special fungal pathogen that specially infect
honeybee larvae. Currently, information related to gene expression of A. apis during the infection
process is limited. [Objective] This study was designed to analyze highly-expressed genes (HEGS)
differences between A. apis stressing the 6-day-old larval gut of Apis mellifera ligustica and the
pure culture of A. apis, and to explore the gene expression of A. apis during the late stage of stress
and the pure culture of A. apis. [Methods] In our study, the 6-day-old larval gut of A. m. ligustica
under the stress of A. apis and the pure culture of A. apis were sequenced using RNA-Seq, and the
HEGs were obtained based on FPKM value, followed by function prediction and exploration of
biological significance via GO (Gene ontology) and KEGG (Kyoto Encyclopedia of Genes and
Genomes) pathway enrichment as well as Venn analyses. [Results] A total of 105 447 578 raw reads
were produced from RNA-Seq, and 88 466 344 clean reads with a mean Q20 of 97.50% and a mean
Q30 of 93.81% were obtained after filtration. GO enrichment analysis showed that the HEGs of
AaCK were enriched in 26 GO terms, among them the cell (22 unigenes), cell part (22 unigenes) and
metabolism (21 unigenes) were mostly enriched; the HEGs of AamT were enriched in 22 GO terms,
and the mostly enriched ones were the catalytic activity (23 unigenes), cell processes (18 unigenes) and
metabolic processes (18 unigenes). KEGG pathway enrichment analysis showed that the HEGs of
AaCK were involved in 109 pathways, among them the largest group was ribosome (179 unigenes)
followed by biosynthesis of amino acids (70 unigenes) and carbon metabolism (62 unigenes);
the HEGs of AaCK were involved in 114 pathways, and the mostly enriched one was ribosome
(178 unigenes) followed by carbon metabolism (116 unigenes) and oxidative phosphorylation
(112 unigenes). Furthermore, Venn analysis suggested that there are 260 shared HEGs, while
2 161 and 4 445 HEGs were specially expressed in AaCK and AamT, respectively. [Conclusion]
Findings in the present study can offer the expression profiles of HEGs of A. apis stressing the
6-day-old larval gut of A. m. ligustica and the pure culture of A. apis, reveal the gene expression
rules of A. apis before stress and A. apis during the late stage of stress, and provide helpful
information for uncovering molecular mechanisms regulating the pathogenesis of A. apis.
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Mapping [16]
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Table1 Overview of RNA-Seq data
Samples Raw reads Clean reads (%) Q20 (%) Q30 (%)
AaCK-1 27 346 616 25 880 356 (94.64) 3141 471 373 (97.11) 2 998 660 797 (92.69)
AaCK-2 28 762 462 27 141 980 (94.37) 3292 721 137 (97.05) 3 139 851 346 (92.55)
AaCK-3 28 615 498 27 069 220 (94.60) 3287 257 287 (97.15) 3138 887 961 (92.77)
AamT-1 9 455 236 3178 978 (98.43) 1 158 489 428 (98.02) 1122 984 422 (95.01)
AamT-2 4 398 766 2 253 412 (96.08) 537 205 684 (97.70) 520 643 109 (94.69)
AamT-3 6 869 000 2 942 398 (96.46) 841 027 167 (97.95) 816 721 210 (95.12)
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Figure 2 GO enrichment analysis of HEGs
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Note: A: GO enrichment analysis of HEGs in AaCK; 1: Biological regulation; 2: Cellular component organization or biogenesis; 3: Cellular
process; 4: Developmental process; 5: Growth; 6: Localization; 7: Metabolic process; 8: Response to stimulus; 9: Signaling; 10: Single-organism
process; 11: Cell; 12: Cell part; 13: Macromolecular complex; 14: Membrane; 15: Membrane part; 16: Organelle; 17: Organelle part; 18: Virion;
19: Virion part; 20: Binding; 21: Catalytic activity; 22: Molecular transducer activity; 23: Signal transducer activity; 24: Structural molecule
activity; 25: Transcription factor activity; 26: Transporter activity. B: GO enrichment analysis of HEGs in AamT; 1: Biological regulation;
2: Cellular component organization or biogenesis; 3: Cellular process; 4: Developmental process; 5: Growth; 6: Localization; 7: Metabolic
process; 8: Multi-organism process; 9: Response to stimulus; 10: Signaling; 11: Single-organism process; 12: Cell; 13: Cell part; 14: Macromolecular
complex; 15: Membrane; 16: Membrane part; 17: Organelle; 18: Organelle part; 19: Binding; 20: Catalytic activity; 21: Structural molecule

activity; 22: Transporter activity.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



373

N=R-CIE He NV R T S

308

0 62 124 186 248 310
Number of genes

3 HEGs B KEGG pathway E& 4
Figure 3 KEGG pathway enrichment analysis of HEGs

A AaCK HEGs KEGG pathway e
e 20 .a 1
7 8
b 12 13
17 d 18 19

OO s =

294

1 1 1 1
0 59 118 177 236 295
Number of genes

20 .B AamT HEGs KEGG pathway

3 4 5 6
10 11
14 15 c 16
f 21

Note: A: KEGG enrichment analysis of HEGs in AaCK; e: Human diseases; 20: Endocrine and metabolic diseases. B: KEGG enrichment
analysis of HEGs in AamT; e: Organismal systems; 20: Aging. a: Metabolism; 1: Carbohydrate metabolism; 2: Global and overview; 3:
Amino acid metabolism; 4: Energy metabolism; 5: Nucleotide metabolism; 6: Lipid metabolism; 7: Metabolism of cofactors and vitamins; 8:
Metabolism of other amino acids; 9: Glycan biosynthesis and metabolism; 10: Metabolism of terpenoids and polyketides; 11: Biosynthesis of
other secondary metabolites; b: Genetic information processing; 12: Translation; 13: Folding, sorting and degradation; 14: Transcription; 15:
Replication and repair; c: Environmental information processing; 16: Signal transduction; 17: Membrane transport; d: Cellular processes; 18:
Transport and catabolism; 19: Cell growth and death; f: Human diseases; 21: Endocrine and metabolic diseases.
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