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LA H ZH 1569 IncRNA &4, #—F LA IncRNA 7= mRNA #94 ZAKE, 42 FHEEH K
B, REeFTKE, GCAHE, ASEFH#HEZ. [ER] EEHREFRT P LEL T 2609 kK AS F
P, B.3E 1227 K(47.03%) A 4-F 1% G (retained intron, RI), 842 K (32.27%)*T % 3’3 41 (alternative
3" splice sites, A3), 415 K (15.91%)7 & 5'37 ¥ (alternative 5" splice sites, A5), 85 K (3.26%)7T &
#2446 4h 2 F (alternative first exons, AF), 35 & (1.34%)%} & F 3k #k (skipping exon, SE), 4 & (0.15%)
T & R 3% b 2 T (alternative last exons, AL)F= 1 K (0.04%)ZE JF 4 £ F (mutually exclusive exons,
MX). @it RT-PCRIESE T AR £ A AS T4 (RI. AS. SEA= AT, 457 5552 M4
B4 APA L%, HFPASA>S MNAPAEEARKERS, £3) 21974, HKkASH 1/~ APA
B AR, 5 HhH 11494 sbsh, 24 2. 3. 442 54~ APA {2 5689 2 H 42 5 5] 4 782. 596.
477 #2351 A~ EHREBRT T2 REXIRKG L THF I EAARGBEMA K, Uf A 55
EHFZRGTHA LG &, 5735 953 & IncRNA. 5 mRNA A, LEi£ IncRNA #9402 F
HEEVHREES, WETRESSE, #RXARELHE, GCLZ LK, ASEHHKET LY. (4
w ) KR @GN T AaS F 45 AS. APA #= IncRNA, AR RF 5 T EXREF LAY F
28, RABTTESREFRT VY RAGE 2%, AR —FRAFRA TEFMARERET
TAR AR R T 09T AT T T 2hak.

XHEim: £ EH; PacBioMF; TL
AR
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Abstract: [Objective] Ascosphaera apis is a lethal fungal pathogen of honey bee larvae. This study
aims to identify and analyze alternative splicing (AS) and alternative polyadenylation (APA) of genes
and long non-coding RNAs (IncRNAs) in 4. apis spore (AaS) by PacBio single molecular real-time
(SMRT) sequencing, further unveiling the complexity of AaS’s transcriptome. [Methods] AS events of
genes in AaS were identified with Suppa, and AS events of various types were confirmed based on
RT-PCR. TAPIS pipeline was utilized to explore APA sites of AaS genes. MEME was employed to
investigate statistics of sequences at 50 bp upstream of poly(A) splicing sites and identify the motifs.
The IncRNAs were predicted based on CPC, CNCI, and Swiss-prot database, and the intersection was
regarded as IncRNA dataset. Then the transcript length, exon number and length, intron length, GC
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content, and AS event number were compared between IncRNAs and mRNAs. [Results] A total of
2 609 AS events were identified in AaS, including 1 227 (47.03%) retained introns (RI), 842 (32.27%)
alternative 3’ splice sites (A3), 415(15.91%) alternative 5’ splice sites (AS), 85 (3.26%) alternative first
exons (AF), 35 (1.34%) skipping exons (SE), 4 (0.15%) alternative last exons (AL), and 1 (0.04%)
mutually exclusive exon (MX). The reliability of various AS events such as RI, A5, SE, and A3 was
validated via RT-PCR. Additionally, 5 552 genes containing APA sites were identified, among which
genes with more than 5 APA sites were the most abundant (2 197), followed by genes with 1 APA site
(1 149). The numbers of genes with 2, 3, 4, and 5 APA sites were 782, 596, 477, and 351, respectively.
Moreover, upstream and downstream sequences of full-length transcripts in AaS had apparent base bias,
with U and A respectively enriching at upstream and downstream. In total, 953 IncRNAs were identified,
including 247 bidirectional IncRNAs, 171 long intergenic RNAs, 154 anti-sense IncRNAs, 141 sense
IncRNAs and 9 intronic IncRNAs. Compared with mRNAs, these IncRNAs had fewer and shorter
exons, shorter introns, shorter transcripts, lower GC content and fewer AS events. [Conclusion] In this
study, we analyzed the AS, APA, and IncRNA in AaS. The findings enrich the basic biological
information of 4. apis, unravel the complexity of transcriptome in AaS, and lay a foundation for further
exploration of the molecular function of various splicing isoforms in pathogenic spores and during

pathogen infection.

Keywords: Ascosphaera apis; PacBio sequencing; alternative splicing; alternative polyadenylation; long
non-coding RNA; splicing isoform
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subreads "' #& U CCS (circular consensus
sequence) /¥4 ; SRIGARIE CCS JFHNEE 51
JFAIA poly(A)BEAE S5 Fik CcCS JFoIR%E
R EEE A dE 2K BB (non-full-length
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FEH AS SHAFHFATEE . RIFMRIR e 4R
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MX). AJZZ 4R 40 i T (alternative first exons,
AF)HIA] A5 R v #b i, ¥~ (alternative last exons,
AL).
1.6 AS E#) RT-PCR 31

R EA S S E B AS FHAR AT EEE,
ik RT-PCR %f 4 F AS gﬁ:%iﬂ(RI\ A5, SE
MOA)FATE AR, EERAEAKE R B
Gene003631 (7] i@d AS JE Y, isoform009420 Al
isoform009415)F1 Gene000273 (RJ i i AS JE i
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isoform001361), &4 SE Y Gene001600 (7] i&#
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APA LRI H o #F— 25 % ] MEME #4:
(version 5.0.5)°0% T A 4 S A 1Y) APA 37 55,
E37 50 bp P FIRFAESEF T 20 B LLEEE motif,
1.8 IncRNA HI¥EF 2

B CPCPURI CNCIPY#R (4% IncRNA i1 7
O, BIRBOAS R RN A A A i s
He X} 8] Swiss-prot 4 %2 (https://www.uniprot.org)
DLAT )2 5 A AR N 1 A I DD RE TR . R A
HAT G i 8 1105 ) B9 5% S ASFITE Swiss-prot %L
It P v JC B 19 B BE T R 1 A SR A S R Ry T
) IncRNA ££4 . XH Cuffcompare 344811
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Figure 1 IGV browser view of gene isoforms in 4. apis spores. Gene000076, Gene000342, Gene000178,
Gene001273, Gene000080, Gene001633 and Gene004458 are the genes encoding cystathionine beta-synthase,
DNA-directed RNA polymerase I, AB-hydrolase-associated lipase, alpha-1,6-mannosyltransferase,
phosphoserine aminotransferase, MAP kinase kinase MKK1/SSP32 and Protein kinase-like domain protein,
respectively. The gray horizontal line and the text above show the chromosome ID, start position and end
position of the Genetic region. The rectangles represent exons and horizontal lines represent introns. Blue
rectangles represent the annotated transcripts in the reference genome, texts on the left side indicate transcript
ID, Gene ID and positive (negative) chain, respectively. Yellow rectangles represent the transcript identified
in this study, texts on the left side are transcript ID, Gene ID and positive (negative) chain, respectively.
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Figure 2 RT-PCR validation of AS events of five genes in 4. apis spores.
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in A. apis spores.
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Figure 4 Four motifs identified at 50nt upstream of APA sites of full-length transcripts in 4. apis spores.
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