DOI:10.16380/j.kcxb.2013.05.004

Acta Entomologica Sinica May 2013 56( 5) © 486 —493 ISSN 0454-6296
( 330045)
o Apis cerana cerana
( digital gene expression DGE) o DGE
5.98 6.01 Clean o 250 133
117 o 348
142
1 Q966 A 1 0454-6296(2013) 05-0486-08

Mating flight behaviour affects gene expression in matured virgin queens

of Apis cerana cerana ( Hymenoptera: Apidae)

WU Xiao-Bo WANG ZidLong ZHANG Fei SHI Yuan—Yuan ZENG ZhiJiang" ( Honeybee Research
Institute  Jiangxi Agricultural University Nanchang 330045 China)

Abstract: Queen mating flight is an important prelude of sexual matured virgin queens mating with
drones which is usually accompanied by a series of important physiological changes in queens’ bodies.
In order to explore the differences of gene expression following queen mating flight behaviour we
analyzed the gene expression differences between the flying matured virgin queens and non-lying matured
virgin queens of Apis cerana cerana using a high-throughput sequencing method. Through digital gene
expression ( DGE) sequencing we obtained 5. 98 and 6. 01 million clean tags from the flying matured
virgin queen and non-lying matured virgin queen samples respectively. A total of 250 genes were
differentially expressed between both  with 133 up-regulated and 117 down-regulated in the flying
matured virgin queens. These differentially expressed genes can be classified into 348 functional
categories and involved in 142 biochemical pathways indicating that there are a large number of genes
whose expression levels change during mating flight process of matured virgin queens. The results provide
important gene expression information for further researching the molecular mechanisms of the
physiological changes during queen mating flight in A. cerana cerana.

Key words: Apis cerana cerana; queen; flight behaviour; digital gene expression ( DGE); gene

expression; mating flight

o 2006 10
Apts mellifera

. A. cerana cerana A. mellifera ligustica
( 2009) - o
: (31060327) ; ( YC2011-B016) : (2010-
09003303)
1983 E-mail: wuxiaobo21@ 163. com

Corresponding author E-mail: bees1965@ sina. com

Received: 201242-3; Accepted: 2013-04-02



487

( high-throughput sequencing)

DNA
( ) (
/ )
( 2012; 2012) .
( digital gene expression DGE)

( Kocher et
al. 2008 2010; Liu et al. 2011; Wang et al.
2012) .

- Kocher (2008
2010) N
mRNA
1
1.1
A. cerana cerana. 5 o
1.2
( 2009)
o 12d 6
( x x
=3 mx4 mx5 m) 20 min
6
-80°C 5 min
2

-80°C RNA.
1.3 DGE
SV RNA ( Promega )
RNA RNA o
RNA
6 wug RNA Oligo( dT) RNA
mRNA Oligo( dT)
c¢DNA 4 Nla 1l c¢DNA
umina adaptor 1 Mme | 3
CATG 17 bp 3 [Mumina
adaptor 2, Primer GX1 Primer GX2
15 PCR o 6% TBE
PAGE 95
Mlumina HiSeq"™ 2000 ( Ilumina )
o Reads Reads
49 bp.
1.4 DGE
reads fastq
reads reads
reads( 3’
reads) . 3 ( 21 nt
read 49 nt read 3
) ( N
) - 21 nt
N 1 (
) CATG 21 bp
Clean o
NCBI ( ftp: / /ftp. ncbi. nih. gov/genomes/ Apis_
mellifera) mRNA
mRNA CATG
CATG +17 nt o
Clean Tag
( unambiguous tags)
Clean Tag Clean
Tag ( TPM) ;
Clean Tag / Clean
Tag  x1 000 000 o

1.5

Audic  Claverie ( 1997)



488 Acta Entomologica Sinica 56

FDR P o
FDR <0. 001 2
o Gene
Ontology KEGG Pathway
1.6
Audic  Claverie ( 1997)
Clean x
p( %)
Ay X
A
plx) =2 (A A )
x!
1  Clean N1 2
Clean N2 A 1
Clean x 2 Clean
¥ A
2 Zp( il x)
=0
i=y i=y
2x(1—2p(i|x)) ( Zp(ilx) > 0.5)
=0 =0
N. » + |
Pyl 2 = (31) — 2
1 x! yl ( 1+ 2) (x+y+1)
1
M 0
N
o S=N/M
FDR
1% » FDR
(RPKM )
o FDR
FDR <1%o 2
( 2 ) o
2
2.1 DGE
( flying matured
virgin queen FMVQ) ( non-lying
matured virgin queen NFMVQ)  DGE
6 104 196 6 123 579 o

Clean 5980022 6010094( 1)
Clean 97. 97%
98.15%( 1), 100
Clean 77%
Clean 6%
2~5 Clean
( 2)-
(
total tag number) .
3 2 M
2.2 DGE
GenBank
Clean
1 896 575
1 857 672 31.72%  30.91% -
44 318
( 37.18%) 45775( 39.37%)
Clean 36.51% 38. 66%
( 4
2.3
Audic Claverie
(1997)
250 ( 3
133
117 o
9( OBP9)
( 2)o
2.4 GO Pathway
GO
o 250 117
GO ID .
3 348 o



5 : 489
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1 (FMVQ) (NFMVQ)
Table 1 The DGE sequencing in the flying matured virgin queen ( FMVQ) and non-flying matured virgin queen
(NFMVQ) of Apis cerana cerana

NFMVQ FMVQ
Summary
Total tag number Distinct tag number Total tag number Distinct tag number
6 123 579 228 005 6 104 196 241 625
Raw data
Clean
6 010 094 116 275 5980 022 119 213
Clean tag

1857 672 (30.91%) 45775 (39.37%) 1896 575 (31.72%) 44 318 (37.18%)

All tags mapping to the reference genes

1813329 (30.17%) 44 947 (38.66%) 1850 025 (30.94%) 43522 (36.51%)

Unambiguous tags mapping to the unique reference gene

1228 394 (20.44%) 32 647 (28.08%) 1056523 (17.67%) 32858 (27.56%)
Mapping to genome

2924 028 (48.65%) 37 853 (32.55%) 3026924 (50.62%) 42 037 (35.26%)

Unknown tags

Clean o The numbers in parentheses indicate the percentage of total tag number or

distinct tag number in clean tags.

w

¥r4:4r 2 Tag classification HR%E 72 Tag classification

AN F74 % Tags containing N (4 163, 0.07%) ANAYFRS M Tags containing N (2 406, 1.00%)
B {4543k Only adaptors (30, 0.00%) W {47 3 Only adaptors (25, 0.01%)

#5111 %<2 Copy number<2 (119 981, 1.97%) # 1 $(<2 Copy number<2 (119 981, 49.66%)
B %4725 Clean tags (5 980 022, 97.97%) B T b4 Clean tags (119 213, 49.34%)

D
#1254y % Tag classification 5% 4145 Tag classification
N4 ¥ Tags containing N (4 013, 0.07%) FNH47 % ¥ Tags containing N (2 264, 0.99%)
W {47$23kOnly adaptors (32, 0.00%) B {45 #:3%Only adaptors (26, 0.01%)
# Ul #<2 Copy number<2 (109 440, 1.79%) 1 (<2 Copy number<2 (109 440, 48.00%)

B T%47 4 Clean tags (6 010 094, 98.15%) B b2 Clean tags (116 275, 51.00%)

1 (FMVQ) ( NFMVQ)
Fig. 1 Distribution of raw tags over different tag abundance categories in the flying matured virgin queen ( FMVQ)
and non-lying matured virgin queen ( NFMVQ) of Apis cerana cerana
A: Distribution of total tags in FMVQ; B: Distribution of distinct tags in FMVQ; C:
Distribution of total tags in NFMVQ; D: Distribution of distinct tags in NFMVQ.
o The numbers in parentheses indicate the total numbers and the percentage of tags of each type among the total

raw tags.
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FREEH UL $ Tag copy number

[2, 5] (181 092, 3.03%)

[6, 10] (144 002, 2.41%)
[11, 20] (203 657, 3.41%)
[21, 50] (395 590, 6.62%)
[51, 100] (405 212, 6.78%)
[>100] (4 650 469, 77.77%)

B

FR% ¥ D1 ¥ Tag copy number

W [2,5](62 125, 52.11%)
MW [6, 10] (18 921, 15.87%)
0 [11,20] (13 915, 11.67%)
W [21, 50] (12 333, 10.35%)
W (51, 100] (5 710, 4.79%)
B [>100] (6 209, 5.21%)

FRZ4#5 M ¥ Tag copy number FR%45 1 (Tag copy number
W 12, 51 (174 327, 2.90%) W 12,51 (59 425, 51.11%)
B [6. 10] (142 319, 2.37%) W [6, 10] (18 673, 16.06%)
[0 [11, 20] (205 273, 3.42%) o [11,20] (13 997, 12.04%)
W (21, 50] (399 107, 6.64%) W [21,50] (12 445, 10.70%)
B [51, 100] (407 501, 6.78%) B [51, 100] (5 783, 4.97%)
W [>100] (4 681 567, 77.90%) | [>100] (5 952, 5.12%)

2 Clean
Fig. 2 Distribution of clean tag copy number in the flying matured virgin queen ( FMVQ) and
nonlying matured virgin queen ( NFMVQ) of Apis cerana cerana
A: Clean
FMVQ; C: Clean
clean tags in NFMVQ.

Distribution of total clean tags in FMVQ; B: Clean
Distribution of total clean tags in NFMVQ; D: Clean

Distribution of distinct clean tags in
Distribution of distinct
o Numbers in the square brackets indicate the range of copy numbers for a specific category of tags while the numbers in the parentheses show the total

numbers and percentage of tags in that category.
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Fig. 3 Sequencing saturation analysis of clean tags in the flying matured virgin queen ( FMVQ) ( A) and

non-lying matured virgin queen ( NFMVQ) ( B) of Apis cerana cerana

?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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A:

Clean

Apis mellifera ligustica; B:

Fr4:4r 4 Tag classification

PM(Sense) 1 tag->1 gene (1 186 953, 19.85%)
E] PM(Mense)1 tag->n gene (22 236, 037%)
(Sense) 1 tag->1 gene (442 463, 7.40%)
m 1 MM(Sense) 1 tag->n gene (20 809, 0.35%)
®m PM(AntiSense) 1 tag->1 gene (158 652, 2.65%)
= PM(AntiSense) 1 tag->n gene (1747, 0.03%)
1 MM(AntiSense) 1 tag->1 gene (61957, 1.04%)
m 1 MM(AntiSense) 1 tag->n gene (1 758, 0.03%)
PM Genome 1 tag->1 position (357 279, 5.97%)
W PM Genome 1 tag->n position (8 826, 0.15%)
®m 1 MM Genome 1 tag->1 position (354 517, 5.93%)
= 1 MM Genome 1 tag->n position (335 901, 5.62%)
W Unknown Tag (3 026 924, 50.62%)
(PM:Perfect Match)
(MM:Miss Match)

#2414 Tag classification

PM(Sense) 1 tag->1 gene (1 163 348, 19.36%)
m PM(Sense) 1 tag->n gene (23 780, 0.40%)

1 MM(Sense) 1 tag->1 gene (436 251, 7.26%)
B 1 MM(Sense) 1 tag->n gene (16 801, 0.28%)
PM(AntiSense) 1 tag->1 gene (150 753, 2.51%)
PM(::mlSenseM tag->n gene (2 100, 0.03%)

(AntiSense) 1 tag->1 gene 562 977, 1. 05%)

1 MM(AntiSense) 1 tag->n gene (1 662, 0.0:
PM Genome 1 tag->1 position (365 159, 608%)
PM Genome 1 tag->n position (8 086, 0.13%)
1 MM Genome 1 tag->1 position (357 852, 5.95%)
1 1 MM Genome 1 tag->n position (497 297, 8.27%)
W Unknown Ta%d(z 924 028, 48.65%)
(PM Perfect Match)
(MM:Miss Match)

4

Clean tag

Fr%: 42 Tag classification

PM(Sense) 1 tag->1 gene (20 334, 17.06%)
PM(Sense) 1 tag->n gene (274, 0.23%)

1 MM(Sense) 1 tag->1 gene (8 770, 7.36%)

1 MM(Sense) 1 tag->n ?ene (287, 0.24%)
PM(AntiSense) 1 tag->1 gene (10 484, 8.79%)
PM(AntiSense) 1 tag->n gene (130, 0.11%)

1 MM(AntiSense) 1 tag->1 gene (3 934, 3.30%)
1 MM(AntiSense) 1 tag->n gene (105, 0.09%)
PM Genome 1 tag->1 position (15 292, 12.83%)
PM Genome 1 tag->n position (427, 0.36%)

1 MM Genome 1 tag->1 position (14 857, 12.46%)
1 MM Genome 1 tag->n position (2 282, 1.91%)
Unknown Tag (42 037, 35.26%)

(PM:Perfect Match)

(MM:Miss Match)

PR% 42 Tag classification

F‘MSSense; 1tag->1 gene (21621, 18.59%)
PM(Sense) 1 tag->n gene (290, 0.25%)

1 MM(Sense) 1 tag->1 gene (8 955, 7.70%)

1 MM(Sense) 1 tag->n gene (286, 0.25%)

B PM(AntiSense) 1 tag->1 gene (10 478, 9.01%)
PM(GnﬂSense) 1 tag->n gene (136, 0.12%)

1 MM(AntiSense) 1 tag->1 gene (3 893, 3.35%)

1 MM(AntiSense) 1 tag->n gene (116, 0.10%)

PM Genome 1 tag->1 position (15 455, 13.29%)
PM Genome 1 tag->n position (435, 0.37%)

1 MM Genome 1 tag->1 position (14 618, 12.57%)
1 MM Genome 1 tag->n position (2 139, 1.84%)
Unknown Tag (37 853, 32.55%)

(PM:Perfect Match)

(MM:Miss Match)

Fig. 4 Distribution of stat of clean tag alignment in the flying matured virgin queen ( FMVQ) and

non-lying matured virgin queen ( NFMVQ) of Apis cerana cerana

Clean

mapping to genes and genome of A. mellifera ligustica; C:

Clean

Distribution of total clean tags in FMVQ mapping to genes and genome of

of total clean tags in NFMVQ mapping to genes and genome of A. mellifera ligustica; D:

Clean

Distribution of distinct clean tags in FMVQ

Distribution

Distribution of distinct clean tags in NFMVQ mapping to genes and genome of A. mellifera ligustica.

2

Table 2 The differentially expressed genes in the flying matured virgin queen (FMVQ) and

non-flying matured virgin queen (NFMVQ) of Apis cerana cerana

Raw intensity

Gene FMVQ NEMV(Q Regulation model
S13 RpS13 gene 4501 2 070 +
S26 RpS26 gene 1529 755 +
L19 RpL19 gene 568 184 +
123A RpL23A gene 2 591 1159 +
S17 mRpS17 gene 92 43 +
L16 mRpL16 gene 197 83 +
P450 9Q1 CYP9Q!I gene 260 125 +
P450 305D1 CYP305D1 gene 244 118 +
P450 6AS10 CYP6ASIO0 gene 166 8 +
22 SP22 gene 2971 271 +
35 SP35 gene 44 3 +
40 SP40 gene 96 25 +
9 OBP9 gene 67 11 +
23 SP23 gene 46 175 -

+: Up-—regulated; Down-regulated.
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3 KEGG Pathway
Table 3 Result of KEGG Pathway enrichment analysis

P Q ID
Pathway Number of DEGs with Number of genes with P-value Q-value Pathway 1D
pathway annotation pathway annotation
8 56 4.03E -05 0.005716021 ko04977
Vitamin digestion and absorption
12 148 0.000161257 0.011449233 ko04972
Pancreatic secretion
7 57 0.000326153 0.015437928 ko04975
Fat digestion and absorption
7 62 0.000550335 0.019536907 ko00561
Glycerolipid metabolism
41 1100 0.001110727 0.031544647 ko01100
Metabolic pathways
44 B [JESEH Up-regulated genes
B LR Down-regulated genes
5 = W ]2 ek BE[H Non-differentially expressed genes KEGG
< ; b
e = 3 4
R= - 142
& =
> .E
28 5
E" ;:n )
%3
KE 11
2 (0 <0.05) .
24 — DGE
T T T T T T 1
-2 -1 0 1 2 3 4 ~ N
ATCA T4 AL HIR 2R K (g NFMVQ<TPM>)
Relative expression level of genes in NFMVQ
5
Fig. 5 The expression level of genes in the flying matured o Liu
virgin queen ( FMVQ) and non-lying matured virgin queen (2011) DGE
( NFMVQ) of Apis cerana cerana . Wang (2012)
TPM ( transcripts per million clean tags) - Shi ( 2012)
100 Clean tag o FDR < .
0.001 Ilogy,Ratiol > =1 ( Ratio: /
82 ( ) DGE
mRNA Tags
o Transcripts per million clean tags ( TPM)
is a normalized index which denotes the number of a certain tag per o Clean
million clean tags. The false-discovery rate ( FDR) of < 0. 001 and . Clean
Ilog, Ratiol =1 ( Ratio: FMVQ/NFMVQ) are used as the criterion to
identify the differentially expressed genes. The red shows the up—regulated
genes in FMVQ the green represents the down—egulated genes in
N + RNA

FMVQ and the blue shows the non-differentially expressed genes

between NFMVQ and FMVQ. N
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