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WE: [ B ) &R (Ascosphaera apis, TEHRERYEDR )& — M M YL B 4 JUY BRI 5L, 320
1 M A ™ R M SR A 7 R, TR AR S R AR R o A S B TR T E RIS A A
B 7 B8 X R TR I 22 (Aam) AT (Aas) 1 L F A9 AT A8 BT ] (alternative splicing, AS)FIAIAEZ RAR T
2k (alternative polyadenylation, APA)UEFFIR AT, [ ¥ ] FIF Astalavista #0425 Aam Fl Aas
FHA AS FHOFER. FAT IGV P S A5 X H 2 39 U A4 A (isoform) Y Z5 M 2EA T T ¥ AL . @ id TAPIS
pipeline Xf Aam Fll Aas HFIEF Y APA v s 748 o i MEME #F:X%F Aam Fll Aas K5 SEAH)
APA 37 /5 E3i7 50 bp B FVRFEUEA T 20 H7 35 motif 172558 . [ 455 ] 78 Aam FFALYEF 286 Ik AS
HF, f1FE 162 X RI (Retained intron), 87 YK A3 (Alternative 3’ splice-site), 32 X A5 (Alternative 5’
splice-site)Fll 5 ¥X SE (Skipping exon); fE Aas HILUEF 559 I AS A, 145 305 /K R, 155K A3,
85 ¥X A5. 13 ¥k SE #1 1 ¥k MEE (Mutually exclusive exon)., #f—3/0 &, WA SZILHH FRYZE
TR IL DG IR AN SE 8 5 W o0 T Rk R A T 22 - v % SRIE I isoform 7885 A 48 5 TN Y AA e 22
St k43 isoform 7EZ 7 BEP 2 A X b R SE I . Aam H 3RS E R 2748 NS A 1A KL
1 APA fiiri, HrP&A 14> APA (LS A EE N BUR e 2(726, 26.42%); Aas HHIALEEE S 2768 AL [H 5

EEWA: EFRMALRA AR R LI 4 (CARS-44-KXIT); RS AREIEIE4(2018105042); HEEA A H T HE4E
BB E R H(JAT170158); fREAMR 22—t AE SR AT H (F8%); WA= R R A THHHl(xjq201814); 17
AR B RS B RS E (RS ORI A A I 2= A8 SO B3 & ()
IBE—EH .
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B 1KLL ER APA f 5, HAP A 5 ALLE APA {7 S A FE R B e 22 (1180, 42.63%). #B/rFEH7E
W22 FHF S A AN F R APA AR 8 JRAVRAE ST 45 S R, BRI 2 KL S A 3 UTR /) Rt
FPLH I BB, U A1 A 2B E ST 3 UTR 1 EWFRT R HeAh, TEBREER SR SEAN
APA 7 5 FIi# %52 F] 4 4> motif, 4%/ UCUCCU, UCUUCU, CCCACC fil CCCCCU, [ 58 ] Auf
FEE R X ER B B R 2 T 2L A AS Al APA S IR AT, /R TERBER S LA R 20k, R5e
HIA WL FFE SRR AL T R 0 R, WoNHRIY AS Ml APA FEERTE B 19 SE K FRak i b i 1

FHARHE T SCBEREAR

KR KB, Ak, SERRER, a2y, Rk

B WEBRYE TR (Ascosphaera apis, TRFRERBER)
LR gL A TS & R L 1% ] BUR
AR RO | R ARIG 7 i 7 e ) B T R
KR P rige A =2 BREETAAE hy & 1 7 A 2 i
2l JURY BRI, 7R 518 TR P ) Al AR
TR TRk R G . SERA B R (Beauveria
bassiana) 4 f6, T 5B (Metarhizium anisopliae)
25 B U I LB N ], R B A ARS8 4 WK 1
itE LA K WL 0 T AR R I T iR g, HA 724
IAE B MR B AT N M A 2 AR HAR
Jerg FRME—TJ7 3, L5 1EE T E N PREE B
PR AROKF- &, FFAE S IR AT 2 d AR K
NHABURIER R 220K, B8]0 A 2L T B
MG B S R P 5 2 g 2 [ 4 o)
6 FRYGSERTH R Ge, JEMIREAR B e
TRRE , SR ATE TG 275 FE T, 10T A A ) L
A B Qin ZEMF 2006 4E A Sanger I
ARXFERBEF 14 0.5-1A F1 AL10 BERRIEA T T 35 P 410
FPRERE, AT T BRI P AUE R, (HAE
FWA R A IEE R RG L, FEOZEH
YURRAKIATC . b5, Shang 2P AR
PP AR X BRBER ) ARSEF 7405 AR E B4 T
TIEDZH I PR AN, A AT T e R B e 4 AN
TIRET R, MEKREER AL 2= TR e it T
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WhEERLR

— I SRIE BT A mRNA (pre-mRNA)
1 AN [ B BT U107 2077 A AN 6] e mRNA #5 #2
PRz M A] 25 87 4] (alternative splicing, AS)". 1§
it AS, FEEIFEIR B AN RIS R S AR PR Y 2
7, SOM ] B 40 A 1 B [ R A, T R
RUESENANAE . SRR 5 2 5 B 2 )
SR AR MR RE IF (Arabidopsis
thaliana)""*V45 LR = W 0 L TR 3 2 A2 AS il
NEW 95% A0 W 2 4h i+ Jk TR 5% S 08 iy
pre-mRNA %4 ASUY, KEMBFITLEREH AS
TEEZAEYR SR R . ERAE . HEE
PEROS e, AR AR e B AR X 3h
HPIRIGE IR AS SR T B 2wt H
HY TP e B B e, AR B AR B ) S
FA (isoform) 4 A& Hif BE 1A B, Rl X T 24514
Py RN S T R A

XA mRNA, 3350 2 RARTFIR poly-A
e e AT b A A e A I g U At
poly-A B X i mRNA [ EM: . HiZish .
240 L5 7 % B Ay RO BRI R AR 2
MR F R fk (alternative polyadenylation, APA), f&45
Wit poly-A EBEA AS, SKTHT [ —HEH A A H
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R RS AHAFKER 3'4E#1i% X (un-translated
region, UTR)®Y. APA E#{iFsLEE I &a
AT 4B DX 37 UTR BYE SAS S I shAs Wy s 4l
1) Z2 R, T A 22 AL i PR e Gk iR A T
P2 R, ST AR S B ) A B G
PR AN RKAG R, JOEX s ARk 47
APA 73H7 .

TR, 2 = AR H AR B W 4 7 E A
A ) ) SR AL o AR e 8 Sk £ 00 =R
PR R R BT EDHE , BRI RE I 4 W] —
AFEHTIE AR isoform™ 281 HET, =ARiA
ST T A AN SR AESIEYI Y AS A
APAFHSEAFFE S 4= He 4l 2Kk FL(Oxford Nanopore)
B AR B J5T . DNA/RNA SUEFE T 15 26 11 Y
5| T SEE A A YRR 1Y Nanopore F 1455
fRIRTIE, SRJS DNA/RNA FELEA: M) 5w 0 v s 2
BOVE R T LA— € B9 3 % 3# i Nanopore 1818 25 H ,
PR A [ i e A 2 VR B A7 70 25 5, 0P B R B
DNA 431 Nanopore il il Bf 235 | A [A] B 2
55 BIAEARIS 3 e 0o 3 S 55 A ARG I %t iy
RIRTTH S ARAT A D B A 2 A, DT 58 B 4] )
S =R N S ¢ S I T N L
Nanopore /34 A X BRPE TR %) 26 AL T 22 (Aam) Fl
AL AL (Aas) 7r BIEATIN 00 S %E 3] 9859
F1 16795 ZARIUAR KL FADY; @il ik
KISEAI T TR HIREERE, IMASEER 648 5%
S R KA JE 45 RNA (long non-coding
RNA, IncRNA), B 22 Fl 96 2 Bk 9% 1 A 7
AFTEZE, Al e o BR5E B o 2238 1 44 38 7 1
15 BREEE TR Y B I 4 Ry 7 rh L
Wit 5 6 14 B 0008 RV 2 1) e 2 B, R
WRITERBE R W Z M TR AS 5 APA, Xt

T A AR TR A A A A LA R R B
BREWEAER . BT . A AR PR AHSCHL LA
AEEE X AT E RS W& R &
Nanopore 52 Bl 7 £ % K8 7 7 22 45
FLIAH AS I APA AT 0T IR, B AR /N ERE
SRR S A, I IR AARSY isoform 1) 53F
HRERMES 5 B AR .

L AR %
1.1 HAEREH

BRI G 0 AR T8 i AR AR OK 2 B R 2
S (22 B ) B B LR S 0 2 O 1 S A
1.2 2REFHBERE

RIRFZE R, 225 B4 22 B R 1 kD
FESEI0 % S0 T UEA T EREE 1A I 22 P T I 15 R
AiAE, B R BRIE TR A 7545 82 2 PDA [k E:
FREk b, ETAEFA, T8 33.040.5 °C & T
Bige 1dJa, AR ESER FRE BBk, B
W FEMROAM TR, HEAam2RIERER.
AR SRS R M R G EE 2, [ R
W22 50T Z ML XI5, BetEga b
FHEERP IR /IN O 1 57 L 3R T e b )2 04 11 €5 T8 22 1)
% RNA-free [ EP B (311 100 mg), FF2LE Gtk
fil 5590 TR A B 22, SR IEAT ARG A
KR & B 1), RIOABRE A2 G
2T, Joil i OB s R A
B )RR LR L, RS AT RN
W7 P20 2 T4 BP 45 ; 4K iM% B8 Jensen %507
WA T 22 B0, BREETH I TR, U
VETE BP BICHS, kb, EAE LR WEL 3
W, 7k b BUb R A A R, BUb
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SRR AT ) R K OWLEE (400 %), AL rRal DL
KWl T, RIWE2Z. WER LR 22
SlALA T E-80 °C R IR AT o

| H TRizol ik 7| & (Thermo Fisher 23w , 32 [H)
S $EEL Aam Fl Aas 5L RNA; 514R k., F
A Maxima H Minus Reverse Transcriptase {7 &
(Thermo Fisher A w], SEE)IEAT A5, 135
cDNA %3 ill switch oligo, A W H.#Mk; X} DNA
AT B E MR E S, A #ERYT cDNA
WEAT44ER ) FIH Oxford Nanopore PromethION
SE-E%F Aam Fil Aas () cDNA SCEBIBEA T
AR 6321704 Fl 6259727 4%V HA 1 B (raw
reads), JEHBEE(NS0), P4 B K AR K A
S14 1094 bp A1 1157 bp., 992 bp Fil 1047 bp LA K&
9421 bp Fll 13060 bp; 435I % 5% H 9859 Fil 16795
FARTUR KA RA, NS5O, IR B i KK
43 52h 1482 bp F1 1658 bp., 1187 bp H1 1303 bp LA
K 6472 bp F1 6815 bpP*, 5 i A B2 B ¥ 4L
Panl AW TS P BRBE R LN Y AS HI APA 737 di
HERIRE AR S . P IR IR B 2 A% NCBI
SRA ¥4, #7153 BioProject %5 : PRINA645872,
13 EEMEETASKERANRARITE

RUABEGE o, 283585 Venn 43 Hr ikt Aam
F Aas 1 6512 ZFILAARTORERIGEA, ML
3347 F1 10283 FAFAAEIIR S RKEEFAD, /T
TEHE SRy A5 R B RE FLSEH S A SR A
FIRK-, H XS Y mapped reads AL H
HATIH—1k, SRJ5KH CPM (counts per million)
IR EiR AR TR B K AR R IR
CPM 8 AL . CPM=reads mapped to
transcript/total reads aligned in samplex1000000
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A BLAST T HAf EIA A AR
S RKEEEAR X GO (Gene Ontology)™ 'l KEGG
(Kyoto Encyclopedia of Genes and Genomes) /4
PRPELLXT,  LASRAS D RE AL B RS S
1.4 ZEEE AS 7347

AS 2 A F Z AL 4R Sb B Bk BR (skipping
exon, SE). W& Ff# (retained intron, RI), AJ
AR 5'EF Y4 5 (alternative 5' splice-site, AS), TJZAR
3'BY Y43 45 (alternative 3’ splice-site, A3). ZhEF
T J%(mutually exclusive exons, MEE)!'", 2[4
R ), B Astalavista BR0F 1% R
FSEI) AS JEAL, RATERASEL. I8 %ESS
MR AS FAEERI T4, R AL s
- & B9 AH ¢ T H (https://international.biocloud.net/
zh/software/tools/pieChart)2: il ¥l . 2 H& Foissac
B FI A IGV (integrative genomics
viewer) | Yo 25 X343 isoform A5 AT AT ARAL .
15 ZEEE APA 24T

Z R AR B SE 1 Jr 2 R TAPIS
pipeline* X BRFE B LK (1) APA v EF T %5, R
JHERIA S %L, B 18 Abde 25PYF Chao %77 1% ,
i@t MEME B3 434 AR 1 poly-A BT Y]
B2 i 3 50 bp B9 SIRHIE#EF T 7041 DL SE motif,
S E N . -norc, -meme-minw 6, -meme-maxw

6, -spamo-skip, -fimo-skips

2 ERFAHN

2.1 FREFEFEN AS FE LKA

76 Aam HHESE F] 286 K AS 0, A4 162
(56.64%)IK RI, 87 (30.42%)K A3, 32 (11.19%)¥K
A5 F1'5 (1.75%)¥K SE (Kl 1-A. B); AS A9 H.
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G EIEILER 1. A isoform BFREENT 43510 ONT.6598.1 (CPM=76721.37)F1 ONT.985.8

0.17-76721.37, Hr Rk m M LA isoform  (CPM=0.17),

(A) (B) Aam
o V2 S Alternative 3’
Skipping exon -\ — ’_ splice site 30.42%

~ -
-
~v

Retained intron

FNY . 56.64%
B . Alternative 5’
Alternative 3 splice-sitc IEEGE_-o_:_—_ T splice site 11.19%
\“\/’/ Skipping exon 1.75%
X # s
\ 2 ~
. ’ N
Mutually exclusive exon - . - JR _(C) Mutually exclusive  Aqg
~ Pie N7 0
So v exons 0.18%
o~ Alternative 3’

, Ny . .
’ ~ 0,
Alternative 5 splice-site INEEG_—_g—" _ I splice site 27.73%

-
-
~_
~

Retained intron

. 54.56%
Retained intron. s — Alternative 3
-y PP splice site 15.21%
o~ Skipping exon 2.33%

E 1. HREEEEFEHIXB G

Figure 1. Type statistics of AS of 4. apis genes. A: Diagram showing five types of AS events; B: Pie chart

showing types of AS events of genes in mycelium; C: Pie chart showing types of AS events of genes in spore. Aam

represents A. apis mycelium and Aas represents A. apis spore.

Rl HEAFELPHIEERMATTHIESHE

Table 1. Summary of AS of partial genes in 4. apis mycelium

Type of AS Start site/bp End site/bp Strand Gene location

A3 254851 254856 + AZGZ01000001.1:254525-255804
A3 818470 818493 + AZGZ01000001.1:818161-820873
A3 928129 928142 + AZGZ01000001.1:927581-929692
A3 928962 928974 + AZGZ01000001.1:927581-929692
A3 1341809 1341810 + AZGZ01000001.1:1340323-1343134
AS 721398 721413 + AZGZ01000001.1:720880-722868
A5 330633 330594 - AZGZ01000001.1:329730-330758
A5 220693 221278 + AZGZ01000002.1:220545-222739
AS 583693 583661 - AZGZ01000002.1:582773-583898
AS 274350 274421 + AZGZ01000003.1:273701-275565
SE 777152 777133 - AZGZ01000005.1:776046-777410
SE 754660 754643 - AZGZ01000007.1:753188-754998
SE 46883 46866 - AZGZ01000008.1:45508-47357

SE 285114 285098 - AZGZ01000008.1:283981-285853
SE 302717 302423 - AZGZ01000011.1:301809-303170
RI 255071 255141 + AZGZ01000001.1:254525-255804
RI 526700 526904 + AZGZ01000001.1:525686-527670
RI 528923 528984 + AZGZ01000001.1:528547-530058
RI 1077352 1077421 + AZGZ01000001.1:1076947-1078664
RI 1185364 1185484 + AZGZ01000001.1:1184640-1186772
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#2. KREFBATHHRSEERNATEHVESHE

Table 2. Summary of AS of partial genes in 4. apis spore

Type of AS Start site/bp End site/bp Strand Gene location

A3 818470 818493 + AZGZ01000001.1:818205-820869
A3 928129 928142 + AZGZ01000001.1:927079-929693
A3 1402216 1402245 + AZGZ01000001.1:1401448-1405777
A3 1509288 1509295 + AZGZ01000001.1:1509079-1511363
A3 1076025 1076021 - AZGZ01000001.1:1074627-1076347
A3 654903 654905 + AZGZ01000001.1:648415-655394
A3 721398 721413 + AZGZ01000001.1:720944-722880
A3 932019 932021 + AZGZ01000001.1:930341-933203
A3 1509781 1509782 + AZGZ01000001.1:1509079-1511363
A3 376981 376980 - AZGZ01000001.1:376471-379983
SE 786654 786597 - AZGZ01000001.1:786107-786952
SE 521195 521231 + AZGZ01000003.1:519787-521776
SE 698962 698863 - AZGZ01000007.1:696402-699251
SE 754660 754643 AZGZ01000007.1:753188-754916
SE 285114 285098 - AZGZ01000008.1:283988-285853
RI 125314 125451 + AZGZ01000001.1:124879—-126265
RI 207699 208059 + AZGZ01000001.1:207374-209587
RI 255071 255141 + AZGZ01000001.1:254245-255805
RI 528923 528984 + AZGZ01000001.1:528065-530064
RI 677524 677598 + AZGZ01000001.1:677252-678531
MEE 322090 322264 + AZGZ01000011.1:321773-323412

7 Aas LS E ] 559 I AS F4E, f1HE 305
(54.56%)X R1, 155 (27.73%)K A3, 85 (15.21%)
W A5, 13 (2.33%)?K SE #il 1 (0.18%)X MEE (&l
1-A [C); AS Fi Ry BARSE B WL 3% 2. AN [F] isoform
FIZRIA RN 0.16-20116.28 , Hirr 3 ik e i Al e i
i) isoform 4}y ONT.7346.1 (CPM=20116.28)F/
ONT.994.2 (CPM=0.16).,

W AR Y E B2 RKERASIRBEWS S
SR EREE AT, BRI ZHE R
GERIEAR SRR W TR IR, ARk R
22 WL SRR Y isoform 5 7 T H B S TR I
isoform £ 5 A L5 ¥4 J5 T ¥4 18 25 57 (K] 2-A . B).
Ak, i & IR 4y isoform 7£5 2 BE K 21 Hh A7 %
WA FERIE I (F 2-C), BLHIELA S5 5L 4
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B ik — ot
22 HREFLEKEFAYERINREER

Aam Fl Aas BHA JETUR SR FEFEAFH 6512
o, FPAAEIUAR S RKEL FA I 3347 F110283
00, GO BRI A o, 3526 SO H 4
K SRATI RS 44 A ThfescH, 236 14 48
LA 53 KIEARDC S5 H (MR . A28 K 3+ 52
EWE), 14 Do T IREREM S H (&1
WM AR A > T IR AR A, LK
16 MEY)FHRER A H (5 . K F R
NN ) Aam [ 1330 S4FA K EESEART]
TERER] 39 DIIRESRH, Hrh 54905y . 72
REFNLE )2 HEREAR DGR 25 B 3 58 13 11 A1 1545
Aas [ 3865 FFiA SKEFEATITFRER 43 4
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(A) 254500 bp 255000 bp 255500 bp
[
Ref I Y — I
Aam ONT.57.1
[~ ) "I ) ) T TR )
ONT.57.2
[ TR I ) W) ) R )
Aas ONT.81.1
IS ESERETEEE - RN - BN
ONT.81.2
EEE - EDE - EEDEDEE - ESESEENSE

(B) 776200 bp 776400 bp 776600 bp 776800 bp 777000 bp777200 bp 777400 bp
| | | | | | | ] | | | | ] |
]

NG Guay (CCCC (O C (o pa pay |

Aam ONT.1403.2

ONT.1403.4

Aas  ONT.2034.1

©) | 329890 bp | 330(|)00 bpI 330|200 be 3304|00 bpI 330|600 b;l)

Aam  ONT.80.5

ONT.80.6

4 ¢ < { < [ S { [4

Aas ONT.111.2

ONT.111.1

[4 < ( [4 [4 [4 < [4 4 [4 [4

2. BREESEERA LIS EERMAEIREREALN IGV J TR E
Figure 2. IGV browser view of partial annotated and unannotated transcripts in 4. apis reference genome. A:
AAZGZ01000001.1:254525-255804W; B: AAZGZ01000005.1:776046-777410C; C: AAZGZ01000001.1:
329730-330758. Black rectangles indicate transcript annotated in reference genome. White rectangles represent
scaffolds, and numbers above indicate positions on scaffolds; red and purple rectangles represent exons, and arrows

indicate the direction of transcription; red and purple lines represent introns.

hee&H, LR S5HEHD . 2T R4
PERARCAAE H 500 14, 14 F1 15 45 gt—
MR B, MR A5 H A S K A B
TERE, AP Aam Al Aas (R 2K A I
B Aam BURFA R EE A PN REA 45 B B9 Aas

MRRA R AR P, &REAHE
N V= VAT IR0 s R [ s P S = K3
Aas R R RFCSEARPTERE, MAR Aam A4
AR FA TR

KEGG #l R BAs R R, 3628 K44
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KA FAT R 119 558 8%, EREUR I 2 12
PUAE R A YA L (286) . ZMEAQR31) . BRA I
(142), IR IEY A (141 XA LBERR L (118);
Aam ] 1469 R A 2K SRA AT T REE] 100 258
H, TERRECE B 2 YRR (202) , BTAE R A
A 096) . BACIE(61) . ZILRR MY WA L (50) 2
RNA $%i2(50); Aas B 3499 SR @ K sAT]
HRE 117 S8, RO RZ MBI AR A
WA (232) . EEERMAY A R3] . BT Hk
(111) . BRACH(106) X AZHEIA(106); #E—H0rHrk
W, e RE R AR YA G A K R
AP, WA Aam 1 Aas FIERA S KESEA
PR A Z MRS Aam MRPA 2K
PR, MAB Aas BORAA 2KbE AT
Fe; nhokAnntaR R, 4K Be 1R, ik
ARG MR G RRGERNAED G BT
FEROEE R . BB ORI . 7R R Ak
WRPAE G RE SR DG B R
WA . SERRBRACHT . $MERR AR . BERE ST
2yt | GREE BRI . A TR IR AR . bR
BT 2R M R AL, KA iR

(A)

[N
]
o

]
o
(=

Number of transcripts

726
585
451 474
400

311
I 201

O I

1 2 3 4 5 >5

Poly-A site

A 18 AR Aas MFRFA 2RI SEAPT IR,
MAYE Aam RAT K FLSEAR TR
2.3 BRERZHA APACLEEE K L THTSIHHE
£ Aam FILKER] 2748 NIEEEGA 14K
DL APA i, i & 14> APA i s 5L
W%, k%) 726 (26.42%)1, &H 24 APA
PSR BEIRZ, 585 (21.29%)1, AH
474 (17.25%)DMHEHEEH 5 NULER APA i
(1 3-A). 7E Aas HAEEEH] 2768 NERSA 14>
KA R APA AL, A 5 4 RLE APA i s
SRR i 2(1180, 42.63%), HUWCHEH 1 4
APA {7 AL, B0l 380 (13.73%) 1N ( 3-B).
=t kB, [Fl—-2EH7E Aam Fl Aas
AR APA ALSEL, BN Aam A 2 5%
clean reads RE L X %I gene 5, gene 5 %A 1 /> APA
i (F 4-A); 1B Aas A 23 4% clean reads RELL
X} gene 5, gene 5 %A 6 1~ APA i 15.(F 4-C);
Aam H 9 %% clean reads fEHLXT %I gene 8, gene 8
S 1 APA 37 5 (81 4-B); 1H Aas 1A 33 4% clean
reads fiE L X2 gene 8, gene 8 %54 5 1~ APA i i
(A 4-D)

(B)]200 1180
2
5 900
g
S 600
E 380
g 300 I 326 318 274 290
Z I I I

0

1 2 3 4 5 >5
Poly-A site

B3 KEEHZQNMBFB)FSEARRE APA LENEERKESIT

Figure 3. Number statistics of genes with various APA sites in 4. apis mycelium (A) and spore (B). The number

above each column indicates the total transcripts with a certain number of APA sites.
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(A)

1
0
o
o Kel
£ of E
= 5
2 < 1
= 0f e
< ]
&) m 0 |
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0 0
11060 11065 11070 11075 11080 29150 29200 29250 29300
Coordinate/bp Coordinate/bp
©) 3 D) 4
2 3
& s
=2 )
2 5
S 1 = 2
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< <
g1 2
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4. REEIMHOEEM 3’ UTR 258 APA LS
Figure 4. APA sites within 3’ UTRs of partial 4. apis genes. A: The number of APA sites within 3" UTRs of 4.
apis mycelium gene 5; B: The number of APA sites within 3' UTRs of 4. apis mycelium gene 8; C: The number of
APA sites within 3’ UTRs of 4. apis spore gene 5; D: The number of APA sites within 3" UTRs of 4. apis spore

gene 8.

= o EM, RERHSKERZAN
3'UTR (Y LT iR 90 B B A st g v, U 78
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Characteristics of upstream and downstream sequences of 4. apis full-length transcripts’ APA sites. A:

Nucleotide composition around APA sites. B-D: Three motifs identified at 50 nt upstream of APA sites of A. apis

full-length transcripts.
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Abstract: [Objective] Ascosphaera apis is a fungal pathogen that exclusively infects honeybee larvae, leading to
chalkbrood, which is a chronic disease in beekeeping industry and results in heavy losses for apiculture. The objective
of this work is to investigate alternative splicing (AS) and alternative polyadenylation (APA) of genes in A. apis
mycelium (Aam) and spore (Aas) based on previously gained third-generation long-read sequencing dataset.
[Methods] The type of AS events occurred in genes in Aam and Aas was identified. The visualization of partial
isoforms’ structures was performed with IGV browser. APA sites of genes in Aam and Aas were identified using
TAPIS pipeline. MEME software was used to investigate characteristics of sequences at 50 bp upstream of APA sites
followed by identification of motifs. [Results] In total, 286 AS events were identified in Aam, including 162 retained
intron (RI), 87 alternative 3' splice-site (A3), 32 alternative 5' splice-site (A5) and five skipping exon (SE), while 559
AS events were identified in Aas, including 305 RI, 155 A3, 85 A5, 13 SE and one mutually exclusive exon (MEE).
Further analysis suggested that majority of annotated genes in current reference genome are incomplete, number and
structure of partial annotated genes in mycelium differ from those in spore, and for part of isoforms, there are no
corresponding annotated genes in reference genome. Additionally, a total of 2748 genes in Aam were observed to
contain one and more APA sites, among them those containing one APA site was the largest group (726, 26.42%);
while in Aas 2768 gene were found to contain one and more APA sites, and those containing more than five APA sites
were the most abundant (1180, 42.63%). Besides, part of genes in 4. apis mycelium and spore were detected to have
various APA sites. Moreover, analysis of sequence characteristics indicated that upstream and downstream sequences
of 3" UTR of A. apis full-length transcripts have an obvious base bias, and U and A were respectively enriched in the
upstream and downstream. Moreover, four motifs were identified at the upstream of APA sites of 4. apis full-length
transcripts, including UCUCCU, UCUUCU, CCCACC and CCCCCU. [Conclusion] In this study, AS and APA of
genes in A. apis mycelium and spore were deeply analyzed, the results uncovered the complexity of 4. apis
transcriptome, offering valuable information for improvement of current genome and transcriptome annotations and a
pivotal foundation for exploration of the function of AS and APA involved in regulation of A. apis gene expression.

Keywords: long-read sequencing, Oxford Nanopore, Ascosphaera apis, alternative splicing, alternative polyadenylation
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