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Figure 1. Flowchart of this research.
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# 1. RNA-seq HIESit
Table 1. Summary of RNA-seq datasets

Sample Clean reads Q20/% Q30/%
AacTl1-1 2799036 339882032 (97.14%) 327064715 (93.48%)
AacTl1-2 3196972 388799225 (97.29%) 374866896 (93.81%)
AacTlI1-3 3189982 387118651 (97.08%) 372254496 (93.36%)
AacT2-1 4146604 508034743 (98.01%) 493998421 (95.31%)
AacT2-2 3424686 418310975 (97.72%) 405312848 (94.68%)
AacT2-3 3653650 447152102 (97.91%) 434141314 (95.06%)
AacT3-1 9455236 1158489428 (98.02%) 1122984422 (95.01%)
AacT3-2 4398766 537205684 (97.70%) 520643109 (94.69%)
AacT3-3 6869000 841027167 (97.95%) 816721210 (95.12%)
(A) -Pearson correlation: 0.9889 (B) -Pearson correlation: 0.9918 ©) ‘Pearson correlation: 0.9948
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Figure 2. Pearson correlation between every two biological repeats within each sample. A: pearson correlation between
AacT1-1 and AacT1-2; B: pearson correlation between AacT1-2 and AacT1-3; C: pearson correlation between AacT1-1
and AacT1-3; D: pearson correlation between AacT2-1 and AacT2-2; E: pearson correlation between AacT2-2 and
AacT2-3; F: pearson correlation between AacT2-1 and AacT2-3; G: pearson correlation between AacT3-1 and AacT3-2;
H: pearson correlation between AacT3-2 and AacT3-3; I: pearson correlation between AacT3-1 and AacT3-3.
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Figure 3. PCA and clustering analyses of AacT1, AacT2 and AacT3 samples. A: PCA analysis of each sample; B:

clustering analysis of each sample.

actamicro@im.ac.cn



A | YR, 2017, 57(12)

1871

% 2. RNA-seq HiE LM SEHRBRFERFKIT

Table 2. Mapping of RNA-seq data to the reference transcriptome for A. apis
Sample Total reads Unmapped reads Unique mapped reads Multiple mapped reads ~ Mapping ratio/%
AacTl1-1 2762984 353036 2297342 112606 87.22
AacT1-2 3071046 402523 2550540 117983 86.89
AacT1-3 3014772 387972 2498276 128524 87.13
AacT2-1 3517220 443484 2832966 240770 87.39
AacT2-2 3398820 414293 2726215 258312 87.81
AacT2-3 3632592 412844 2980136 239612 88.64
AacT3-1 8129694 943372 6563486 622836 88.40
AacT3-2 4198356 482132 3398515 317709 88.52
AacT3-3 6540552 705934 5370084 464534 89.21

*3. BJHEMIREERHERIT

Table 3. Summary of the expressed genes of each
sample

Sample Expressed gene number Ratio/%

AacTl 18945 44.47

AacT2 22996 53.98

AacT3 24867 58.37

22 BB

FIFH STEM $f4%} AacT1. AacT2 5 AacT3
IRIBEEHN TS, 48R BN 22865 4>
DEGs H: 3250 8 MR iA# X (profile0 . profilel .
profile2 . profile3. profile4. profile5. profile6 Fl
profile7) (&l 4), HHf 16769 /> DEGs R H 4
A F R (P<0.05), fFE 2 B FE LKA
# 2 (profile6 Al profile7)Fl 2 4~ & IR IARLZ
(profile0 H1 profilel)(¥l 4). profile0. profilel .
profile6 Fll profile7 4354175 3217, 2756, 9094 I
1702 4~ DEGs. k& REWITE A 40 Hi
R, BREER A LN g, EE
) RS
23 GO BEHHT

aRHIP R E e P RN - N ) 2R RNt

DEGs #H11 GO & #5047, 48R B Eiias
{7 ) DEGs & %7E 40 4~ GO term |, FEH &4
BOERT 10 A2 GO term 43514 40 il HE R (cellular
process)(2486 unigenes) . ZiifI(cell)(2367 unigenes) .

0 It 21 14 (cell part)(2367 unigenes) . 10 JF 72
AR 1L
BAZH 2k AR
(single-organism process)(1924 unigenes) . % &
(binding)(1835 unigenes). 4 Jifi#s(organelle)(1686
unigenes) . K43 F & &%) (macromolecular complex)
(822 unigenes) J 4l Jifd 5 2H 1 (organelle part)(780
unigenes)(&l 5-A); 2.3 T IABHEM T DEGs &
$E1E 37 4 GO term |, BEPHE BT 10 LAY
GO term 437l A~ 20 M (cell)(708 unigenes). ZilfifiZH
4 (cell part)(708 unigenes) . 1t i JFF# (metabolic
2 il 7 F2 (cellular process)
(666 unigenes) . A L#EIR 1k (catalytic activity)(620

unigenes). %44 (binding)(586 unigenes)., HLZHZH

(metabolic process)(2359 unigenes) .

(catalytic activity)(2270 unigenes) .

process)(668 unigenes) .

EFE (single-organism process)(467 unigenes). 4
I %% (organelle)(380 unigenes) . K4+ E & W

(macromolecular complex)(281 unigenes) } & {if

(localization)(199 unigenes)(%] 5-B).
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(A) profile0: 0 P-value profile6: 0 P-value  profilel: 1.3e-66 P-value profile7: 1.2e-38 P-value  profile2: 1 P-value
profile3: 1 P-value profile4: 1 P-value profile5: 1 P-value
(B) profile0 (©) profilel
20 profile # 0: (0.0, —1.0, =2.0) 20 profile # 1: (0.0, ~1.0, -2.0)
3217 Genes Assignes; 1235.0 Genes 2756 Genes Assignes; 1984.3 Genes
Expected; P=0 (significant) Expected; P=1.3e-66 (significant)
10 10
S S
2 2
= 0 = 0
Z 2
o o
i =
-10 -10
-20 20
AacTl AacT2 AacT3 AacTl AacT2 AacT3
(D) profile6 (E) profile7
20 7 20
~ 10 10
S S
2 =2
E 0 § 0
2,3 profile # 6: (0.0, 1.0, 1.0) %?)' profile # 7: (0.0, 1.0, 1.0)
- ~10 9094 Genes Assignes; 4402.3 Genes —= 1702 Genes Assignes; 1235.0 Genes
Expected; P=0 (significant) -10 Expected; P=1.2e-38 (significant)
—20 -20
AacTl AacT2 AacT3 AacTl AacT2 AacT3

Bl 4. AacTl. AacT2 5 AacT3 R RIEEEMHEE S
Figure 4. Trend analysis of DEGs in AacT1, AacT2 and AacT3. A: cluster trajectory profiles across stages of A.
apis-treatment; B: expression profiles of profile0; C: expression profiles of profilel; D: expression profiles of

profile6; E: expression profiles of profile7.
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GO enrichment analysis for all DEGs involved in the significant up- and down-regulated trends. A: GO

Figure 5.

enrichment analysis of all DEGs involved in the significant up-regulated trends; B: GO enrichment analysis of all

DEGs involved in the significant down-regulated trends.
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2.4 KEGG pathway B4

Xt ¥ EiEEE T DEGs #17 KEGG
pathway & 5407, 45 R K WX 4L DEGs & 4175 119
A pathway [, HH SR 5 R e 2 R 2SR
Y16 Hi(biosynthesis of amino acids)(127 unigenes),
HY AN (cell cycle)(111 unigenes)FIMEER L5

(A) KEGG pathway annotation
Metabolism
259
242
215
153
140
120
i
5
Genetic Information Processing

) ) [ranslation |3 66
Folding, sorting and degradation | ————— 3 | O
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Figure 6.

KEGG pathway enrichment analysis of all DEGs associated with the significant up-/down-regulated

profiles. A: KEGG enrichment analysis of all DEGs involved in the significant up-regulated profiles; B: KEGG
enrichment analysis of all DEGs involved in the significant down-regulated profiles.
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Transcriptome analysis of Ascosphaera apis stressing larval gut
of Apis cerana cerana

Rui Guo®, Dafu Chen”, Zhijian Huang, Qin Liang, Cuiling Xiong, Xijian Xu, Yanzhen
Zheng, Zhaonan Zhang, Yanling Xie, Xinyu Tong, Zhixian Hou, Liangliang Jiang, Chen Dao

College of Bee Science, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian Province, China

Abstract: [Objective] RNA-seq technology was used to sequence the larval guts of Apis cerana cerana under
stress of Ascosphaera apis. Subsequently, trend was analyzed for differentially expressed genes (DEGs) to obtain
significant gene expression patterns, followed by transcriptome analysis of A. apis stressing the larval gut.
[Methods] Infected honeybee larval guts were sequenced at Illumina HiSeq 2500 platform and in-depth analyses
were done using corresponding biological software. Finally, RT-qPCR was conducted to validate RNA-seq data.
[Results] A total of 41133932 high-quality clean reads were obtained. Trend analysis result showed that 22865
DEGs were grouped into 8 gene expression patterns, among them 16769 DEGs were assigned to 4 significant
expression patterns including 2 up-regulated trends and 2 down-regulated trends. GO enrichment analysis result
showed that all DEGs within significant up- and down-regulated patterns were enriched in 40 and 37 GO terms,
respectively, and the mostly enriched one is cellular process (2486 unigenes). KEGG enrichment analysis result
displayed that the DEGs within significant up- and down-regulated trends were enriched in 119 and 112 pathways,
respectively, and biosynthesis of amino acids (127 unigenes) and ribosome (98 unigenes) were mostly enriched. 4.
apis facilitated its proliferation through enhancing the biosynthesis and the host could fight A. apis by inhibiting the
protein synthesis of the fungal pathogen during the stress process. Furthermore, expression levels of 11 DEGs
enriched in the pathogen's MAPK signaling pathway decreased when the stressing time of 4. apis was prolonged,
suggesting that 4. c. cerana larvae could constrain the pathogen’s replication by disturbing this pathway.
[Conclusion] This is the first report of transcriptome investigation of 4. apis infecting A. c. cerana larvae. Our data
provide gene expression profiles of 4. apis stressing the larval gut of A. c. cerana, as well lay the foundation of
unraveling molecular mechanisms regulating the pathogenesis of 4. apis.

Keywords: Ascosphaera apis, Apis cerana cerana, larval gut, trend analysis, transcriptome
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