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Abstract: [Objective] Systematic identification and investigation of genes and full-length transcripts
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associated with phagocytosis and capsulation in A pis cerana cerana were conducted, aiming to provide ba-
sis for further functional study on related genes and isoforms. [Method] Based on previously gained high-
quality Nanopore long read sequencing data from Apis cerana cerana ,the mapping of full-length tran-
scripts to Nr database was conducted by Blast tool to identify full-length transcripts relative to phagocyto-
sis and capsulation. The full-length transcripts were compared with those annotated on reference genome
using the gffcompare software to identify unannotated novel genes and full-length transcripts. Prediction
and analysis of alternative polyadenylation (APA) sites were conducted with TAPIS pipeline, followed by
identification of motifs upstream of APA sites by TBtools software. Astalavista software was employed to
identify alternative splicing (AS) events followed by structural visualization by IGV browser. RT-PCR was
performed to validate the authenticity of AS events. [Result] A total of 66 genes and 395 full-length tran-
scripts relevant to phagocytosis and capsulation in Apis cerana cerana were discovered, including 2 new
genes and 303 new transcripts unannotated on the reference genome of Apis cerana. The structure of 34
annotated genes of the reference genome was optimized,among which 5’ ends of 18 genes and 3’ ends of 12
genes were extended,and 5’ ends and 3’ ends of 4 genes were prolonged. Additionally,47 genes related to
phagocytosis and capsulation were identified to contain one or more APA sites. The number of genes with
more than 5 APA sites was 32. Multiple motifs were identified in upstream of APA sites,and the consist-
ent sequence was GRBGCNKSDAACAAYTRBGCBMRNGGBYAYTAYWCNVWNGG. In total, 296 AS
events were identifiedsincluding 131 alternatives 3’ splice sites (A3SS), 85 intron retention (IR),70 alter-
native 5" splice sites (A5SS) and 10 exon skipping (ES). RT-PCR showed that the sizes of amplified frag-
ments were consistent with expected sizes,confirming that the authenticity of the 2 randomly selected AS
events. [Conclusion) Genes and full-length transcripts relative to phagocytosis and capsulation in A pis cer-
ana cerana and AS events as well as APA sites were systematically identified,and structures of phagocyto-
sis and capsulation-associated genes were optimized.
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Table 1 Sequences of primers used in this study

AS FH A ID T (1 5 A J¥ 91 Sequence
Type of AS Gene or gene ID Predicted transcript number q
IR LOC107999286 ()(I)VI\T.Tfsg;];Efxizlx pr F.:5'-CTCACGGAACTACCACGG-3
. - 3(341 bp) R:5'-GGGATATTCGCCACAACA-3'
A3SS LOC107999764 (())1?\1’11: 6636644 6;(346;_ bbp>), F:5'-AGAAAGAGCATTAGGAGA-3
- 6364 5 bp R:5'-GGAGTACGTTGAATAGGA-3'
Bactin F.5'-TTATATGCCAACACTGTCCTTT-3'
- —actr -
R:5'-AGAATTGATCCACCAATCCA-3'

T A5 B RO S R BoR EE .

Note:Data in the brackets is the length of transcript.
" A4 PSRRI EE S Z A R
2 BRSO 2 BRI 303 4R A, B i B 1 PR
2.1 HEARFERSEEERMEXERMEKE 17 KEGG M GO IR, 458 A 62 MER TR 22
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Human diseases

BEIRG

_ 4(6.45%) Organismal systems
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B PR 7 R (K AGE-RAGESS 5 i i

AGE-RAGE signaling pathway in diabetic complications
B I 3 4T

Regulation of autophagy

o HL A% - L

Phototransduction-fly

b R N R ARt

Arginine and proline metabolism

KRR AW &

Arginine biosynthes

BERALRE

Inositol phosphate metabolism
AL R A

Oxidative phosphorylation 14(22.58%)
ik g S5 AR W

Ether lipid metabolism

- 1(1.61%)
ERUE:Y RN
Glycerophospholipid metabolism - 1(1.61%)

AR O

Protein export : 3(4.84%)

P TR R RN T |

Protein processing in endoplasmic reticulum

SNARETE 7K (U 32 i e (19 4 F A il
SNARE interactions in vesicular transport
FoxOfs 5 it i
FoxO signaling pathway
Hippofs 5 i 2k FL i
Hippo signaling pathway-fly
MAPKA 5 il #- R i
MAPK signaling pathway-fly
W BE VLR (5 5 R 48
Phosphatidylinositol signaling system
WatfE 5 J# 2%
Whnt signaling pathway
mTORf 5 i B%
mTOR signaling pathway
ECM—3Z {i A HLAF J

ECM-receptor interaction

EYSEEPSY LY

Genetic infomation processing

| 5(8.06%)

| 4(6.45%)

s

I - 5+ 51

- 2(3.23%) Environmental information processing
. (]

I : ¢ ¢

I -

o=

i #1E H o
Endocytosis | 6(9.68%) S it 3E 2
v 16 9(14.52%) | Cellular proesses
Lysosome
ML | 58(93.55%) |
Phagosome
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Digits indicate numbers of genes annotated and its ratio. Fig. 2 is the same
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Fig. 1 KEGG annotations of genes related to phagocytosis and capsulation in A pis cerana cerana
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ATPREE TE, 590 5 1) 5 538 B0 AR R 1
ATPase activity,coupled to transmembrane movement of substances
4 2 % IR 9% JUL I 3-45 45 Phosphatidylinositol-3-phosphate binding -
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on acid anhydrides,catalyzing transmembrane movement of substances
T SZ ATPRE I M, 55 6T HLAG -
Proton-transporting ATPase activity,rotational mechanism

SBT3 8 1 Hydrogenion transmembrane transporter activity -
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21 i B 28 (1 45 # 41 R Structural constituent of cytoskeleton =
GTP4; 5 # FIGTP binding -
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W R T2 SV ATPRE, Vo4 K
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it & Microtubule -
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11 i Kl Bt Cell adhesion -
T 3k BitMicrotubule-based process -
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Fig. 2 GO annotations of genes related to phagocytosis and capsule in Apis cerana cerana
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Table 2 Detailed information of structural optimization of genes related to phagocytosis and capsulation in A pis cerana cerana

(R AR IR DAL

Al G B 1F 7

1E f Bk

iiﬁ IIIT)) Referzilﬁ%e?uence Start and len('i siTes Start and. ert1d s'ites Pos'itive or ;I':ifz%
before optimization after optimization negative strand
LOC107998143 NW_016019219. 1 1777 187—1 778 417 1771 675—1 778 417 + 5'
LOC108003298 NW_016019863. 1 97 472—99 778 91 999—99 778 — 5'
LOC107995660 NW_016017456. 1 1776 644—1 806 926 1774 455—1 806 926 + 5'
LOC107999172 NW_016019319. 1 419 590—429 628 417 412—429 628 + 5'
LOC107997445 NW_016019153. 1 1089 494—1 103 782 1087 610—1 103 782 — 5'
LOC107999159 NW_016019319. 1 17 703—24 780 16 575—24 780 - 5'
LOC107994640 NW_016018544. 1 5265—7 101 4 277—7 101 — 5
LOC107999790 NW_016019364. 1 80 049—83 237 79 245—83 237 — 5'
LOC107994136 NW_016018344. 1 1816 913—1 822 666 1816 182—1 822 666 — 5'
LOC107999764 NW_016019364. 1 946 296—958 611 945 624—958 611 — 5'
LOC108000406 NW_016019441. 1 709 872—713 105 709 245—713 105 — 5
LOC107997632 NW_016019175. 1 1062 418—1 072 796 1061 901—1 072 796 - 5'
LOC108000577 NW_016019442. 1 960 650—965 211 960 161—965 211 - 5'
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%+ 2(&) Table 2 (continued)
A 1D 5% ¥ 5] ﬁ%ﬁﬁﬁ‘]@ﬂ:ﬁﬁ fjﬂk)ﬁﬁ"]@lﬁﬁﬁ Eﬁ*’ﬂ% S
Gene 1D Reference sequence Start and end sites Start andAerfd sites PosAmve or End
before optimization after optimization negative strand
LOC107999330 NW_016019330. 1 1372 267—1 377 034 1371 781—1 377 034 — 5
LOC108000587 NW_016019442. 1 569 024—569 997 568 540—569 997 — 5
LOCI108000752 NW_016017512. 1 181 972—183 084 181 594—183 084 — 5
LOC107998213 NW_016019219. 1 2093 759—2 100 474 2 093 552—2 100 474 — 5'
LOC107998677 NW_016019275. 1 760 522—765 147 760 336—1765 147 - 5'
L.OC107999232 NW_016019330. 1 492 630—495 090 492 481—495 090 — 5
L.OC108001305 NW_016019552. 1 187 553—189 571 187 438—189 571 - 5
LOC107995080 NW_016017456. 1 516 106—518 939 516 101—518 939 + 5'
LOC108003556 NW_016017567. 1 2875 991—2 878 618 2 875 987—2 878 618 + 5'
LOC107999330 NW_016019330. 1 1371 781—1 377 033 1371 781—1 377 034 — 3’
LOC107992565 NW_016017856. 1 183 783—185 914 183 783—185 924 + 3’
LOC108001195 NW_016017512. 1 514 991—517 027 514 991—517 058 + 3’
LOC108000752 NW_016017512. 1 181 594—182 906 181 594—183 084 — 3’
LOCI107998372 NW_016019231. 1 1 386 200—1 388 380 1386 200—1 388 790 + 3’
LOCI107995099 NW_016018567. 1 136 406 —140 802 136 406 —141 304 + 3’
LOC107993924 NW_016018256. 1 253 448—1258 337 253 448—258 848 + 3’
LOC107997332 NW_016017457. 1 590 209—593 951 590 209—594 488 + 3’
LOC108003264 NW_016017556. 1 192 600—196 182 192 600—196 785 + 3’
LOC107992702 NW_016017899. 1 211—1 820 211—2 563 + 3’
LOC107999172 NW_016019319. 1 417 412—428 815 417 412—429 628 + 3’
LOC108000484 NW_016019441. 1 4 376 457—4 380 212 4 376 457—4 381 188 + 3’
L.OC108003556 NW_016017567.1 2 875 987—2 877 296 2 875 987—2 878 618 + 3’
L.OC108002524 NW_016017455. 1 845 010—847 931 845 010—849 556 + 3’
LOC122719477 NW_016017767. 1 310 646—314 815 310 646—318 033 + 3’
LOCI107995086 NW_016018567. 1 848 331—849 310 848 331—849 899 + 3’
2.3 FF!E%QIHEﬁﬁ 588 EABEXERERN APA a0r
fir R U T 5 Sy )
2 I
KB IELE TG4 1A KL B APA 7 5 19 41 w5
e S PUE NI RN T P
54 APA fi MR H IR L, h 32 4 oA 1A HE
APA B A I SRR 2. 6 A% A 2 A3 A “ 1o}
APA (i 45 3B Hy 4 A5 5047 4 A APA i 410 M = =
0 | m— |
FEA 1A, MeAh 76 40 M A Wi 5 60 58 VR A OG5 1 ZAPM‘z;i‘iﬁE' 4 >5
VA S =z

A APA N7 13 28 0 B 2 A 567, — Bk 4
: GRBGCNKSDAACAAYTRBGCBMRNGGBY-
AYTAYWCNVWNGG (& 1),

Number of APA sites
AR B APA {3 o5 v e 41 i 7 1 5
A, 4 AR FH A G L R 9 43 A

Fig. 3 Distribution of different numbers of APA sites of genes

& 3

related to phagocytosis and capsule in A pis cerana cerana
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Fig. 4 Motifs of genes related to phagocytosis and capsulation in A pis cerana cerana
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2.4 HEEAMEESERERABXERN ASE

HEESHH

U0 I 5 T I A0 0 A 5 4 A AT S R A 1Y
296 I AS F A, Horp foit i 2 i 6 B T AR 3" Y

F2(A3SS.131 W), HUCH N & I/ B (IR, 85 ) F
AR 53 BT 3 (A5SS, 70 ) » B /b (1 I8 R A1
W BEER (ES, 10 YO (K 5) . 320 40 i 75 W 5 40 4
VEHIMIEIE R AS FFEANME B L 3.

x3 HEEFERSEREREXEANTEIREFAIFHARRRETR 6D

Table 3 Detail information of alternative splicing events occurred in phagocytosis and

capsulation relevant genes (six displayed only)

HF 1D A 1D AS FfFZEm 2% 75 i) X 45

Gene ID Transcript 1D AS event type Reference sequence Strand type Region
LOC107999286 ONT. 6127.13,ONT. 6127. 3 IR NW_016019330. 1 C 3148 146—3 148 035
LOC107999764 ONT. 6364. 6,ONT. 6364. 2 A3SS NW_016019364. 1 C 949 340—949 306
LOC107999286 ONT. 6127.7,0ONT. 6127. 2 ES NW_016019330. 1 C 3172 740—3 172 667
LOC107995660 ONT. 309.1,0ONT. 309. 2 AS5SS NW_016017456. 1 W 1780 668—1 780 704
LOC107995099 ONT. 3315.1,0ONT. 3315. 3 A3SS NW_016018567. 1 w 137 912—137 926
LOC107992565 ONT. 1750. 1,ONT. 1750. 2 1R NW_016017856. 1 w 183 906 —184 992

T C MW 3 3 AC B0 SCHERIIE SUHE .

Note:C and W represent nonsense strand and sense strand, respectively.
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Fig.5 Types of AS events in genes related to phagocytosis

and capsulation in A pis cerana cerana
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A and C show types of alternative splicing events occurred in A3SS and IR, rectangles represent exons,and black lines represent introns,

arrow indicate direction of transcription; B and D show agarose gel electrophoresis for amplified
products from LOC107999764 and 1.LOC107999286
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Fig. 6 PCR validation of alternative splicing events occurred in two genes in A pis cerana cerana
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