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Abstract [Objectives] To increase the available information on single nucleotide polymorphism (SNP) and insertion-
deletion (InDel) mutation loci in Apis cerana cerana by searching for these loci in transcriptome data obtained from the A. c.
cerana larval gut. [Methods] Based on mapping information from the A. cerana reference genome, GATK software was
used to identify single base mismatches and base insertion deletions between clean reads. Annovar software was then used to

analyze SNP and InDel loci. In addition, genes containing SNP or InDel loci were aligned to the GO and KEGG databases to
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deduce their likely function and pathway annotation. [Results] A total of 58 919 SNPs were identified, including 24 548
homozygous and 34 371 heterozygous, sites. Among these, 4 9102 had undergone conversion and 9 817 had undergone
transversion. C/T and T/G were the most and least common mutations, and most (22 649) were found in the exon region.
Synonymous mutations were more abundant than non-synonymous mutations. Genes containing SNP loci were annotated to 46
GO terms and 121 KEGG pathways. A total of 6 551 InDel loci were identified, including 3 270 insertion mutations and 3 281
deletion mutations. Most (2 793) InDel loci were found in the intronic region. Frameshift insertions were the most common
mutation in InDel loci. InDel loci could be annotated to 27 GO terms and 28 KEGG pathways. [Conclusion] Over 58 000
SNP and 6 500 InDel loci were identified in A. C. cerana and the most common kinds of mutations in these genes, their
distribution in various functional elements of the genome, and the codon mutation types, were analyzed. Our findings indicate
the likely functions of SNP and InDel loci in A. €. cerana.

Key words Apiscerana, Apis cerana cerana; single nucleotide polymorphism; insertion-deletion mutation; transcriptome
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AL % Apis cerana cerana S 7k 7 W
Apis cerana Y45 44 WA, W23 ERA B R A<
AR, A TR S A O R T TR Y
A ZSIEE (Lietal.,, 2007), WA AL
= HAR A HE R B, R TR SR s A e
FH) F 2R 22—, B RRIAE B MA T E

(Linetal., 2016 ),

B R 2 & M ( Single nucleotide
polymorphism, SNP ) Jz 5540 & [R5 Y B
Ko Ai g R DNA JF3I 280, SNP /2 —
2 fie 32 LY AT 345 71 S R BIK S A A Ak Y O B
3l 1 CRERESE, 2006 ). 4 A 2845 ( Insertion-
Deletion, InDel ) J& 7 —Fp#i Rl pFAnic, F53&
K28 /N B A i A B2k ( Wajnberg and
Passetti, 2016), J& T KREZEMIRIC. SNP HI
InDel 73 FAmicfE R AP HARES B,
ST AL . BERWER AT AE L TR AR
R WAL SFO0 A, MG F M wL K
TR L PR RGO RYEE . REIHE TV
FER e T BA T Z N (Zhang et al.,
2019; FRGEIRAE, 2022),

T+ Z£43k, P Illumina HiSeq H{CERAY —
AR 5 B2 A A Iy A A R A 0 1) B 3% A o 5 4
WO, BUR T — R0 E R b5

( Dillies et al., 2013; Schirmer et al., 2015;

Pichler et al., 2018 ). RNA-seq HA . J&
Wk R SRAARAF L, O KA
24 SNP Al InDel v £ 147 4% T.H( Briese et al.,
2016; Ungaro etal., 2017 ). HAj, EF AL
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mori ( Xia et al., 2009; Zhang et al., 2015) %§
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( Assembly ACSNU-2.0, https://www.ncbi.nlm.
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SE A LA
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H4E clean reads 578 1S B A 1) L
SHEM, {4 GATK #/4 ( Van der Auwera et al.,
2013) PUNEEBCHIE, JFoRAH ANNOVAR #f4:

(Wang et al., 2010 )37 SNP i 55 Fl InDel 13/ 51,
Sy (1) {8 FH GATK BRI SNP A7 5 114 [H]
FPRHE BT Y SNP 385 (2) X5 InDel £ s it
T SNP A, #F— 203 i GATK B AT E 5

H. (4) kS reads=2 H A reads=3 Mfif
R (5) TRBERARIURLE 0.1 ) 0.9 Z [AI A7 55 o

1.4 SNP fii/R#1 InDel i AFFEEEMIIEER
B R

% H OmicShare “F- £5( https://www.omicshare.
com/tools/home/index/index ) WA= W15 B 24
THAg AR () SNP A5 T 7E L Ml InDel
D7 S T AEFE R 433 L X GO ( Gene Ontology ) %X
P& % ( https://www.omicshare.com/tools/Home/
Soft/gogsea ) Fll KEGG ( Kyoto Encyclopedia of
Genes and Genomes ) % ## &£ ( https://www.
omicshare.com/tools/Home/Soft/pathwaygsea ), M
MAAHHNE) GO 45 H (term ) Al KEGG i #%

( Pathway ) 1R

2 HRESHMH

2.1 whEEEE SNP A AHEERSHT

e B R AR W 1) 58 919 4~ SNP {3 47,
o LR 978 BB 89.99% ., iR SNP o7 s fU 4%
24 548 NG Ar S 34 371 DNAREALA . BBy
SNP i s I FEAI{E BN 1 PR,

F1 HhEFERS SNP LENERER
Tablel Detailed information about partial SNP loci in Apis cerana cerana

Jeik 1D Gy L VAN S VA Sk AL T A (A2 (DACRER
Chromosome ID Start site End site  Reference base = Mutation base Structure type Structure gene
NW_016019397.1 829083 829083 T C Exonic ncbi_107999943
NW_016018678.1 48144 48144 A G Intronic ncbi_107995327
NW_016019863.1 184291 184291 T C Intergenic ncbi_108003287;

ncbi_108003289

NW_016019220.1 927934 927934 A G UTR3 ncbi_107998305
NW_016019108.1 2499150 2499150 C T UTRS ncbi_107996881
NW_016018767.1 135083 135083 G A Downstream ncbi_107995467
NW_016018122.1 2237522 2237522 A G Upstream ncbi_107993530
NW_016017690.1 274612 274612 G A Upstream; ncbi_108004126;
Downstream ncbi_108004119

NW_016019186.1 154578 154578 T C Splicing ncbi_107997717
NW_016019441.1 2033762 2033762 T G UTRS; UTR3 ncbi_108000475;
ncbi_108000474

NW_016018011.1 2973041 2973041 C G Exonic; Splicing  ncbi_107993146
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Fig. 1 Mutation type (A), distribution in genomic regions (B) and condon mutation type
(C) of SNPloci in Apis cerana cerana
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HLBiRR 1L Oxidative phosphorylation
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]
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Fig.2 GO (A) and KEGG (B) database annotation of genes containing Apis cerana cerana SNP loci
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F2 HEEEIRS InDd (L ARFAER
Table2 Detailed information of partial InDel loci in Apis cerana cerana

ik 1D BRI Zabfisi  BHEIE SR Ak o 2R (ACRER S
Chromosome ID Start site End site Reference base Mutation base Structure type Structure gene
NW_016019397.1 831308 831308 - T Intronic ncbi_107999943
NW_016019220.1 39433 39433 - T Intergenic ncbi_107998294;

ncbi_107998319

NW_016019430.1 791436 791436 A - UTR3 ncbi_108000173
NW_016017678.1 486046 486046 - G UTRS5 ncbi_108003995
NW_016017456.1 2652728 2652728 T - Downstream ncbi 107995143,
necbi_107996097

NW_016017690.1 264048 264049 TC - Exonic ncbi_ 108004123
NW_016019552.1 378268 378268 A - Upstream ncbi_108001271
NW_016017456.1 3468590 3468590 - T Upstream; ncbi_107994792;
Downstream ncbi_107994809;

ncbi_107994838

NW_016019441.1 418456 418456 - A Splicing ncbi_108000335

InDel v 15504 fe 22 1) 3L R D D RE TR A N
FTFX, HkEERMEX . 3'UTR, 5 UTR, T
7 P N A - S w14 - Sl N = 4 R L £
X (K 3. A), #E—%F InDel {7 #5135 M 1Y 25
T RAFISTIAT AT, 25 WoR B R 2 25
FRAZRBEABAHA, HOOEBm k| 6%
ik R FAE RS AL AE A 5 B fe /D 22k 35
FlF) L H R (K 3: B),

BB R R, Bk InDel {3 5 T 7E

A& FIX Intronic region
3{.5 FeH [E] PR X Intergenic region
i 3" JEBIEX 3' UTR
e 5" JERHIEX 5" UTR
B 5 F X Downstream
mg’ 412 F X Exonic region

F¥#IX Upstream
L TFiESKX Overlap of upstream and downstream

o A4 A Frameshift insertion
= S FE 5 2: Frameshift deletion
WE JER L5k Nonframeshift deletion
.S JEBMHE A Nonframeshift insertion
g 2 [ FH4 N0 Terminator gain

= [7] ¢ 2£75 Synonymous mutation

LD ] VR R R RE A A0 B R S 14 AR
SERRMISC SR H , AL A 5 7 A2l
SIAERAH , S5 A FETE TS 6 TR
KA5H (K 4: A); DIRANEHER . PR8E(E BAb
B BACEE . R MLR G A EH) 28
SIS, MARRIRAE . YRR EEH .
FE R BN T SRR N-RA AR
G N-SRMEAE YA B 2 S R T R B A
J R EFEARNA WAEW G (El4: B),

2793

1 000 2 000 3000
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3 TEFEERE InDe ImERARENH (A) BB FRETLEE (B)
Fig. 3 Distribution in genomic regions (A) and condonmutation type (B) of InDel loci in Apis cerana cerana



s 614 - 3 i1 & H12#4f¢ Chinese Journal of Applied Entomology

59 &

A g3 Metabolic process
2R FERE Cellular process

PAZH AR Single-organism process

H:¥1JE%5 Biological regulation

A Yt JH ST Regulation of biological process

BN Localization

% 2 M Response to stimulus

{55 Signaling

Y RS20 43 3R M58, Cellular component organization or biogenesis
& & Jt#2 Developmental process

H:Ykh M Biological adhesion

AWt FR B IE P35 Positive regulation of biological process
HPE RS HERE Immune system process

NI 14 Cell part

I Cell

41 ffi#% Organelle

21 g I Membrane

MM ELH £+ Membrane part

K4rF 5 A4 Macromolecular complex

#5484 Binding

fEALTE M Catalytic activity

558 T 151 Transporter activity

ST IhRETEF 2% Molecular transducer activity

{5 BAL A% 1 Signal transducer activity

RS &8 T T M Nucleic acid binding transcription factor activity

GO% H GO term

B it 42 Metabolic pathways
R BAECT Amino sugar and nucleotide sugar metabolism
N-ZHE4: )4 B N-Glycan biosynthesis

A Fh2EA BYN-B A= )6 B, Various types of N-glycan biosynthesis
BEIEiS Pyrimidine metabolism

Ne AR AR Fatty acid metabolism

A BRI E BRI Cysteine and meth ionine metabolism

A AR Glutathione metabolism

# A IR Lysine degradation

IR 2E 414 ik Folate biosynthesis

& 2 %4 Fatty acid degradation

AHFINE B IR A4 )-8 %, Biosynthesis of unsaturated fatty acids
15,2 R Tryptophan metabolism

BEIREELEESS 5 2 4 Phosphatidylinositol signaling system
HeE4ER Endocytosis

FFWE& Phagosome

PN I R 4978 19 RN T Protein processing in endoplasmic reticulum
B4k Spliceosome

S EEE-RNA R AE Y& % Aminoacyl-tRNA biosynthesis

12 EZANRE H KR Ubiquitin mediated proteolysis

E HMHA Proteasome

RNA AT RNA polymerase

FE H i [ Protein export

SNARE 7E/K iz % A EAE R SNARE interactions in vesicular transport
KHRE1RA2-Z2F AP Longevity regulating pathway - multiple species

8 % Pathway

W A:423ER Biological process
O #HMI4H4) Cellular component
O 43 TZh#E Molecular function

:H@@@Eﬂ@‘ \ UHI_I

5 10 15 20 25
F: R % & Number of gene

E #EFR Metabolism
O AsEf5 840

Environmental information processing
O A Cellular processes
B #ffE a0

Genetic information processing
5] EHLE S Organismal systems

[}

5 10 15
K %E Number of gene

B 4 e InDel AL RETEREERM GO (A) 1 KEGG (B ) #iiERETH
Fig. 4 Annotation of Apiscerana cerana InDel loci in GO (A) and KEGG (B) databases
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PUHT, A FARic i ox R B E P TE
SSR 51 (Liuetal., 2016, 2017; R40E%E,
2017 ), SNP Fl InDel FYAHIMFFREAERZ o A%
A5 ) FH 8 3R AS A0 7 S A 5000 S 2 v 3] AR 2
141 58 919 > SNP £ s, F1 6 551 1~ InDel £/ 14,
M T LR SR AUV R IR T rh AR e 6 H k%)
R AT, M A e e L DR 21 SE PR AL 1Y
SNP {¥ £ 1 InDel 37 5 1 2 FABIF 5 46 5 B 9 5L
o Pl AR AR KR T R, fAE Tt
BE)E (U NCBI SRA KUdli 2% ) (1945 MR i 4 5%
YR PR N o AR v A AR T I
[P AR R ] A | R — RSN B[R] —
TSR B AL 8L 5 S A e it — 28 % e
HARZEWE (1) SNP {37 25 F1 InDel 13 15,

ABEGEH, YEFIH SNP A7 4 A 5,
FAiG AL LR 58.34%F1 41.66%, ¥
S 12 P AR Rl Horh e F s 280 C/T A,
X 5% ( Pawlina-Tyszko et al., 2021 ), & 5. Micia
faba L. (Ocafia et al., 2015). FE% (X/her,
2021 ) FUER.Co I F G /N Tetrastichus brontispae

(X4, 2021) SEYFIDFR AR —3; &
A LR NEG ALY SNP 4331k 49 102 F119 817 4>,
AP R s 83.34%, X SHTALE KR
G (GRIEESE, 2021 ), [ HZE45 Puccinia
helianthi Schw ( E#F55, 2018 ), L F 4 i
Apis mellifera iberiensis ( Henriques et al., 2018 )
FIERCom MG /N (RIAEARAE, 2021) SR FP
PIBFREHGE AL, S 5h, HhAREE IR SNP 1 5
Oy AR e w03 A T RE o i M A BT IX

(22 649 4>, 38.44% ). HMNE T X IBRIETF 51 LA
T TE SRR A R B R, R I L
A2 2473 (R AR A TR PR B 10T, OO T DX B
FEAR A T 1 i G A AR R B AR 1 R ek AR, T
ma A= YR PRIR (SR 0e 46, 2022), Kk, #E
DU A1 S - X B BE 58 74 W SRy v AR B e (1) A 3
HEDR S 5, DI B o R85 o i — 25 % ik SNP
BP0 B B TR AR RIS 430, AR R
[ L5748 (18 388 4N) 1 5 ik 81.18%, iX

HE R MR A R -8 (R RS,
2022 ). % TR AR AN S T HON N 2 SE R 7 4
ARk, AN R AE AR PRR s (3
B, 2018 ), XIS AR HA C, hieE
WA E LR b I AR P 7 BLARIE B 1 AR E 1

AT, YRR AEE R 6 551 4
InDel {37 55, 145 3 270 i A 248 F1 3 281 Ak
KA, L3R InDel 1 5555 SNP v & (3L R 41 1)
RETCI A AR AT TSI, e 5 R A DX 3h
W& FIX (2793, 42.63% ), /AP HIX
WOABTHZIX, A 24~ (0.03% ), X5H7ATEX
Gallus gallus ( Brandstrom and Ellegren, 2007 ).
% >k ( Bhattramakki et al., 2002 ) 1% 4T
Phyllostachys edulis ( /0445, 2021 ) 54 Ff
AT GE L. SRR, AT SNP (1)
ARRIESEAE | InDel ZXME KA BAOHE A SR
WR ARG X 5 1 R R 5%, ki 25 5
UG S A B AR AT ZC AL, B RT SEOR I Y (3
Mg VR P9 S DhRe kAR s . BRI, FEshiia)
kbt &, InDel 284D B A TAMNE FIX,
BORN T RUEIE R K dntidh 8 T D e rAe e v, BR
TR N PR BT IR, SRR A AR BERR 0 4
B (R/ha, 2021 ), AWFFESERN Fikdie
AL T X —IE,

A X AR B W 1Y) SNP A T 7 3 (R E
TPBR TR, 25 0 R X S 3L R v K AR 2t
FE | AL 53 F 4y FHIREA 1Y 46 DIIRESH
A FEAE R AN MR AE 20 AR 2= E R AH
KZ5H, MRS 17 A4 FH
FH, S A AR S 9 N TIRRHISCAH

(E2: A); BAMEW RARHHERE . WAEREY
A 9B B S P B I R B B SO T 58 121 4%
W (E 2. B)o K, PR InDel {3
SUTTTESER T R R B AR W 2E R | A0 A 53 A Ay
TIIREAHE 27 DN IIRESRE (Bl 4: A), DK
s . SRR AEERS 28 &iEl (&
4: B), X—Z5H3KM, SNP Fl InDel 7485
R T 2 R )2 R A VA O, (AR HE
—HRAWFIE .

ZE LTR, AHIFIY S5 E B vh AR e 1Y) K
SNP fi 5 Fll InDel {37 55, JF##HT T SNP il InDel
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