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Mating flight behaviour affects gene expression in matured virgin queens

of Apis cerana cerana ( Hymenoptera: Apidae)
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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-flying 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-flying 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.
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R (high-throughput sequencing ) X F“ F —4%” M
R, DAgE—WIt4T % )L+ B JL'E J7 4 DNA
S AT RN E R e, AT LA IR B 58 e Ge ik
H2AWESE (I A RE ) DL e T RERE R 41 2 (R IR
KRR, AR, EE/ZRAEAIER) P
(X525, 2012; BAAEREE, 2012) , FOFERE KRS
i ( digital gene expression, DGE) 32| FH# —1C
B P BRI R M RE TS A TR SR AT L R
MRS — A bR B VR 8 S5 T R R R IA R
UL, ZEOR BRI E RN T BT A W F 5T
L, I RIS R e [F]— A= 3R 5 DA [R]— s
AN 7] A= 3 0 2 06 1 L IR R A FE 7E 22 7 (Kocher er
al., 2008, 2010; Liu et al., 2011; Wang et al.,
2012),

U F R R Y P ) BT AMA, HARE
TEOLFE H & FI 52 BCAT AT 828 . Kocher 5 (2008,
2010) HeAe o T b o F . WIB NG 8 F DL B 7= B
EERERA, TR AENZRFEREESR,
T HAL 20 F Bk T X HER R X WA —E W
Wi, SR, BRI TRt ERT 7Y
FHEPIRRER D, 5IARERE, L L
I F AR M N A SR 5 e e AT 35S I, {HAEZS Pk
T R A REIR 5 | Ml s 5 2 52 e, RN L ETE
U I AT R AE T RS TR A B AR A AT W 5 | T
WERHATACIC o ASHEFE R I 2 R R IR TE BOR L
BT I8 Ok Hp A B e 1 AN A A B . mRNA
KB, 85RWT

1 #MR5ETE

1.1 #htEH

IR TL PR R BRI 5T i I 37 1 Hh 4
W A. cerana cerana, FEFIR 5 Mg, WEREAHFR,
1.2 HmERE

IEARER A TLE £ 425 (G &K, 2009) 557
rhAREEIE I T, T I R RS AT B N TR
Mo JFLACHERE R BEARE SR AL /NG o, 2D AT
ANLEFE, B prlkLENAEEIFRATE
X, dbiiEE 12 d J5, FHH 6 kibigE 5
FIA S B ILE KM TR M E (K x 58 x &
=3mx4 mx5m)H, KT 20 min 5RKE KiTA
ZEF, SLEIS 550 6 SKREIHEIRR ®ATHAL Lot £
—EBA -80C ¥R VRALIE 5 min, FAFH] BT NI F
T A U B R e E AR TR ALIE , 452 kN

— M, T - 80°CUKFETRFF, FF4RE RNA,
1.3 {3 DGE X EFHNFF

FH SV & RNA fi# 5§ & 4t ( Promega A, R[EH)
43 PR Hh A W AL 2 e SRR R
RNA, F#17 RNA FTER, fFHEEMEREHRE,
3 590 K v A W 1 AL £ B E B B RNA SPATRE
iR A, WA UTEEAR TR RS, 4
HE 6 pg & RNA, Fi|F Oligo(dT) B4ER & 4 & RNA
B mRNA, F£LL Oligo (dT) Jy 5| T3 5% 5% Jhy WUk
cDNA, RH 4 8277 5§ Nla I 55 U] XUEE cDNA,
#%# b Nlumina adaptor 1, F| FH Mme I B ) 3’ ¥
CATG % 17 bp B %, F7F 3" & L llumina
adaptor 2, FEfII A Primer GX1 FI Primer GX2 347
15 MG PCR ¥ 35, 347 Y@ 6% TBE
PAGE Ji& [a] Wi 95 B B 457, 4ifb/s i R B A
Mlumina HiSeq™ 2000 il J#{¥ (Mumina /A&, £ H)
BATIE o WP 7 AE B E 7 45 )R 4R Reads, Reads
HI P 332420 49 bp,

1.4 DGE iR&E5EKF| &t EF /5 gy bk 3t o4

0 45 280 B i e R i 22 35 BB 5 g PR % £
JFFVEAE , FRZ A E GRS IR reads, LA fastq
SR AR, B HAFE reads 1T LK reads
MFpiE, AT FEEERNFIEEE, RREdEs
1 RKERE R reads( R 3" HL MR BIR 751 1)
reads) . 5FR 3" 8k P I (1 THR% R A 21 nt T
J7 read K EEDN 49 nt, J5lh read BAFA —B 3" 8k
o) . SRR ERE (SH/ RAMBE N KR
%) ERRKED/NEGE KRR, B 21 nt
HIbR A REREE LHCH 1 MR (FTRE R 7 55
w®), MK & CATG [ 21 bp #r%5)F 5 1)
Clean %%,

M\ NCBI (ftp://ftp. ncbi. nih. gov/genomes/ Apis_
mellifera ) T 2 & K| % i 7 A B 5 i) mRNA 731,
FIF#K R % mRNA T 9 CATG {41, 4
CATG +17 nt REEMSEREBIEE . REHREK
BRI 4R Clean Tag 5 S ARS B FEHAT HUXT,
RVFBE— RIS, XA ME— X 8] — N5
X 474 (unambiguous tags) #H17EEFERE, Geitfe
AR X R LG Clean Tag 5, #RJ5 Xt #h Clean
Tag BUBARAEIL (TPM) 238, FruEfL Tl : B4
FH A E KR Clean Tag $U/iZ A A H & Clean
Tag %1 x 1 000 000, MTHERIGIRHEIL IR FRIEE
1.5 EZERRZEEFERMGHIE

P& Audic F Claverie (1997 ) iR ¥ F 4L 3t
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H K2 FEE R P, ik ITEERER T
T THEARRMZERRERE, ELERZERE
BIEFAr e FDR 8% F R & P EREE, AT
Fi FDR<0. 001 Hf5%2= 578 2 £5 & LA EAE R im 5t
HESNERRBEERE, 7EMER L #HFT Gene
Ontology T RE i & 14 B ££ /0 7 #1 KEGG Pathway
EWEENT
1.6 HEFITSHHT

% M8 Audic FI Claverie (1997) iR, B
T B F 5 R X6 By ) Clean #RZEHCH «, ELHITE
EEH, BMEENRIE R SIIAEEEEREER
—/NERAY, TEMCIELLT , p(x) W53 A0 IR A RA 53 7 «

p(x) = AT () HILP A RS TE)

%!

B, FEAS 1 5 Clean FRZEBUH N1, #EA 2 &
Clean FRZEHH N2, FEILH A ZEREAR 1 X B )
Clean HR&HCN », TEREAS 2 HXf B ) Clean FR4E4K
Jry, WIEERE A ZERREAS Hh 3Rk B AR FE MRS i
T ALK

ZEy)p(il x)

;2 x(1- i;p(“ %)) (ﬁﬂ%ip(il x) >0.5)

N. + ) !
Pyl a) = (72)7 — &0
Nl x'y'(l +N2)(x+y+1)
e N,

BPkIET M A EFRIEERF, Hp 0 M2
HIEFEERFEWENE, FHIFNEHILEAER
FREE, BB, #iRIEE S = N/M X7
B AR A EFIE, GRS E H FDR
ERRERET 1% , 7E3R15 22 RK 50 FDR fEAT,
AR S 9 3R 35 & (RPKM {H) 1155 I 5 R 76 A []
FEAR [H] 22 R 8. =FAE50BK, FDR {E#k
N, EHREEFBRBE ., O, ZRE
SKELE B E Xl FDR < 1%0 BAE$25 5 7E 2 /5L b
(&2 /%) MER,

2 HBRE5HH

2.1 HEBEXITETSRTCITET DGE K3
o

43 ) 46 7 Hp 42 2 4 TR 4T %% F (flying matured
virgin queen, FMVQ) F1 & K 47 # F ( non-flying
matured virgin queen, NFMVQ) ) DGE %3 &£ 3+
FF, arAI3k45 6 104 196 F16 123 579 FRIFEIHIRE .

HIEHERRR B RS, B8R ERB M A
Clean FREEHI2 5 980 022 F16 010 094(FE 1),
X Clean 52 4 5l 5 B A ZE K 97. 97% Fi
98.15% (B 1) . ¥ N HCKT 100 MIHR4E i BB 7E
Clean HR%E 2 Jir 5 B LU B 3 77% , (B2 EANTH
Fh2EAE Clean ARZEF P i AT 6% , ¥ N
BAE2 ~5 Z A AR FP2EFE Clean HREEFIIEH Y
SR ECETIZ (B 2) o IR AR AN BE 43
oo i B i B K 2 H 2 BB E T T & (FRa gk
&, total tag number) {13 fin T 54 i I EL#& TH I,
NE 3 Fras, MEEEEEMNFRREEL2 M
B, I3 2 R A E R TR AL
2.2 DGE FILtHBIBANEEERFS

B T H Al GenBank H1 {5 & K FI| % 1 i) £ A
HFFER T, T A i i 5 [ 20 7 ) 50308 o o
SER. T H A A R KR e A B R R R
GRRBOERIBEAFR, BES b E E) SR 4 5 22
SERCZAR/N, B, FEATESE AP 3RATT AR KR i
B EFIIE IS 7 51 R 4 B B 3R IR 1R 0L
£ Clean FR&Hr, BIFEM P REGE LLXT RIS H B KR
I 2 e L 5] 7 B1) B b 485 R B4y 391l o 1 896 575 Al
1 857 672, 435 31.72% F130.91% , fE L XT3
S B WP 2 MR B A 7 H g 5l & 44 318
(15 37.18% ) F145 775( /5 39.37%) . Hp, fih
Clean $RZ5F0 5 ) 36. 51% F01 38. 66% FE H X 2] 24
—JF5I (& 4),
2.3 MTEISKRVTEIEHERREZER

S TR AT I AR AT A £ 8 F ]
HERRIXIERE, RATMWHIE Audic F1 Claverie
(1997 ) $li ik i B0 Ab 2L R 3 36 ik 22 5 5 R A U O
%, FEPIEA A2 R RIREH . FEMA % T
PR, St E 250 MR RBEEE(ES),
CAITEET 5 AITETAHLLA 133 A LiERRERE
T ATRERBER, Hi, KHIEZ 0 0EHE
REH. KRAEERERD . AR UKRZEAR
B, FHIMNERI: AT PR E R LT
hRRGE S EH 9(0BPY) EE KR K B LA T
FIRb L FEE (£ 2),
2.4 EZREFEH GO IhEE L # 5 Pathway E £
S

Fi GO sr2 i o2z S R B BT IR 1 ) g
Koo XT 250 MERERIXER, A 117 MR
A GO ID, FH4& IR MK 5 4 F e A {72
3K, 400 348 PNINEETEIE ], X 2
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FRBENT GO FARARTHNHF SBANENE  BEEE(P<0.05),
BEAT ECARI, B A TR R S K A AR S

F1 PEBETTETE (FMVQ) 5K ¢TEE (NFMVQ) HF U EERIXIEF JI S
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
25 B - B - - -
— PR BEL (LTS PR A PREFIR
Total tag number Distinct tag number Total tag number Distinct tag number

o 6 123 579 228 005 6 104 196 241 625

Raw data
Clean 5

e 6 010 094 116 275 5980 022 119 213
Clean tag
L B S B BT A4

1857 672 (30.91% ) 45775 (39.37% ) 1896575 (31.72% ) 44 318 (37.18%)
All tags mapping to the reference genes

Xt B — S 3k AR 4%

1813329 (30.17% ) 44 947 (38.66% ) 1850 025 (30.94% ) 43522 (36.51% )
Unambiguous tags mapping to the unique reference gene

Hoxd 23 R 24
.T ! 1228 394 (20.44% ) 32647 (28.08% ) 1056523 (17.67% ) 32 858 (27.56% )
Mapping to genome
[
R R 2924 028 (48.65% ) 37 853 (32.55% ) 3026924 (50.62% ) 42 037 (35.26% )
Unknown tags

2% PR S B v B AR 28 BB R 2R 28 Clean FR45 1) Eb 1, The numbers in parentheses indicate the percentage of total tag number or

distinct tag number in clean tags.

A B

#7424y 2K Tag classification #7243 2K Tag classification
BNHIFFE S Tags containing N (2 406, 1.00%)
M A #3kOnly adaptors (25, 0.01%)
£ 01 $(<2 Copy number<2 (119 981, 49.66%)
B F¥HR%Clean tags (119 213, 49.34%)

BNIFR% ¥, Tags containing N (4 163, 0.07%)
W {4 #23kOnly adaptors (30, 0.00%)

¥ N %<2 Copy number<2 (119 981, 1.97%)
B FE545Clean tags (5 980 022, 97.97%)

D
#4542 Tag classification #2432 Tag classification
ANIFRE M Tags containing N (4 013, 0.07%) ANHREH, Tags containing N (2 264, 0.99%)
B {4 #:3kOnly adaptors (32, 0.00%) M {45 $:3Only adaptors (26, 0.01%)
# D1 %<2 Copy number<2 (109 440, 1.79%) PEDH<2 Copy number<2 (109 440, 48.00%)

B T34 Clean tags (6 010 094, 98.15%) B F¥%47%Clean tags (116 275, 51.00%)

Bl PEEE TR (FMVQ) 5K T E (NFMVQ) AR FR IR TE IR AE - I 10 A
Fig. 1 Distribution of raw tags over different tag abundance categories in the flying matured virgin queen (FMVQ)
and non-flying matured virgin queen (NFMVQ) of Apis cerana cerana
A RATIE F AR MBS Distribution of total tags in FMVQ; B: K47 FAREFAIK4> 75 Distribution of distinct tags in FMVQ; C: K K7l F
FRA KB4 AR Distribution of total tags in NFMVQ; D & K474 FARA R K424 Distribution of distinet tags in NFMVQ. &2 s R R4
AR ARSI BB TS A 4> 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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#2:¥% Dl $( 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%)

EEENEN

HR&¥ I % Tag copy number

2, 51 (174 327, 2.90%)

M [6, 10] (142 319, 2.37%)
I [11, 20] (205 273, 3.42%)
M [21, 50] (399 107, 6.64%)
M [51, 100] (407 501, 6.78%)
W [>100] (4 681 567, 77.90%)

B

#R%¥ I $( Tag copy number

W [2,5](62 125, 52.11%)
W [6, 10] (18 921, 15.87%)
I [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%)

2% D $( Tag copy number

[2, 51 (59 425, 51.11%)
[6, 10] (18 673, 16.06%)
[11, 20] (13 997, 12.04%)
[21, 50] (12 445, 10.70%)
[51, 100] (5 783, 4.97%)
[>100] (5 952, 5.12%)

B2 AR ATEE AR WTEE Clean iREHE N ST

Fig. 2 Distribution of clean tag copy number in the flying matured virgin queen (FMVQ) and

non-flying matured virgin queen (NFMVQ) of Apis cerana cerana
A: KATHEFE Clean $5%5 E %401 Distribution of total clean tags in FMVQ; B: K478 F Clean t32F2E 143 4ii Distribution of distinct clean tags in
FMVQ; C: K KfT# F Clean $5%5 55/ Distribution of total clean tags in NFMVQ; D: K K478 F Clean FR2EFP2 )43 4fi Distribution of distinct
clean tags in NFMVQ. 7EJ5 455 PN BT R He— R E R AR 48 1045 IUBURTE L 5 ZEE N OB R 703X — 0 AR 48 1R B B0 1 TG

#], 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.

A

FEFEE S
Percentage of genes

B3 B RATEE (A) 5K T E (B) Clean 34 I FF 1R BE 4347
Fig. 3 Sequencing saturation analysis of clean tags in the flying matured virgin queen (FMVQ) (A) and
non-flying matured virgin queen (NFMVQ) (B) of Apis cerana cerana

B
1004 FHEHREVLER LR 100 4 THHRAICHES LEER
Genes mapped by all clean tags Genes mapped by all clean tags
ceee UIBTEAR VLG LI oo DT ERAEVORE bR
80 4 Genes mapped by unambiguous clean tags %0 Genes mapped by unambiguous clean tags

R 80 60
ﬁ kS
o
= g

W8 40 -
5
[

20 + 20

0+ 0 -

T T T T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
BHREEL (x100 K) BBREHL (<100 K)
Total tag number (X100 K) Total tag number (x100 K)



5

RN IE AT R AR R R L E R R R 491

\/

\/

A RATIEF Clean 345 LB Eb X 2 7 A 25 e 35 PR ANk BR] 40 3 37 1149434 /] Distribution of total clean tags in FMVQ mapping to genes and genome of
Apis mellifera ligustica; B: "&AT¥eFE Clean FR45RNS by X 3 T8 A B e IR A1 & P54 7 3] 9 43 47 [&] Distribution of distinet clean tags in FMVQ
mapping to genes and genome of A. mellifera ligustica; C: K K478 F Clean FR%5E B kb X 21 7o A 25 e 5k DX A 25 PR 4 7 3] 18 40+ 4 ]l Distribution
of total clean tags in NFMVQ mapping to genes and genome of A. mellifera ligustica; D: K K474 F Clean FREERNIS bb X3 7 AH) 25 e 35k PR A J PR 40

%42 Tag classification

PM(Sense) 1 tag->1 gene (1 186 953, 19.85%)
m PM(Sense) 1 tag->n gene (22 236, 0.37%)
1 MM(Sense) 1 tag->1 gene (442 463, 7.40%)
W 1 MM(Sense) 1 tag->n gene (20 809, 0.35%)
m PM(AntiSense) 1 tag->1 gene (158 652, 2.65%)
m PM(AntiSense) 1 tag->n gene (1747, 0.03%)
1 MM(AntiSense) 1 tag->1 gene (61957, 1.04%)
B 1 MM(AntiSense) 1 tag->n gene (1 758, 0.03%)
PM Genome 1 tag->1 position (357 279, 5.97%)
B PM Genome 1 tag->n position (8 826, 0.15%)
® 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)

%432 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%)
M 1 MM(Sense) 1 tag->n gene (16 801, 0.28%)
m PM(AntiSense) 1 tag->1 gene (150 753, 2.51%)
PM(AntiSense) 1 tag->n gene (2 100, 0.03%)
1 MM(AntiSense) 1 tag->1 gene (62 977, 1.05%)
H 1 MM(AntiSense) 1 tag->n gene (1 662, 0.03%)
PM Genome 1 tag->1 position (365 159, 6.08%)
m PM Genome 1 tag->n position (8 086, 0.13%)
® 1 MM Genome 1 tag->1 position (357 852, 5.95%)
1 MM Genome 1 tag->n position (497 297, 8.27%)
W Unknown Tag (2 924 028, 48.65%)
(PM:Perfect Match)
(MM:Miss Match)

B

#4543 Tag classification

PM(Sense) 1 tag->1 gene (20 334, 17.06%)
m PM(Sense) 1 tag->n gene (274, 0.23%)
1 MM(Sense) 1 tag->1 gene (8 770, 7.36%)
M 1 MM(Sense) 1 tag->n gene (287, 0.24%)
B PM(AntiSense) 1 tag->1 gene (10 484, 8.79%)
m PM(AntiSense) 1 tag->n gene (130, 0.11%)
1 MM(AntiSense) 1 tag->1 gene (3 934, 3.30%)
B 1 MM(AntiSense) 1 tag->n gene (105, 0.09%)
PM Genome 1 tag->1 position (15 292, 12.83%)
W 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%)
W Unknown Tag (42 037, 35.26%)
(PM:Perfect Match)
(MM:Miss Match)

% 4rKTag classification

m PM(Sense) 1 tag->1 gene (21 621, 18.59%)
W PM(Sense) 1 tag->n gene (290, 0.25%)
m 1 MM(Sense) 1 tag->1 gene (8 955, 7.70%)
W 1 MM(Sense) 1 tag->n gene (286, 0.25%)
B PM(AntiSense) 1 tag->1 gene (10 478, 9.01%)
m PM(AntiSense) 1 tag->n gene (136, 0.12%)
1 1 MM(AntiSense) 1 tag->1 gene (3 893, 3.35%)
B 1 MM(AntiSense) 1 tag->n gene (116, 0.10%)
PM Genome 1 tag->1 position (15 455, 13.29%)
B PM Genome 1 tag->n position (435, 0.37%)
W 1 MM Genome 1 tag->1 position (14 618, 12.57%)
m 1 MM Genome 1 tag->n position (2 139, 1.84%)
W Unknown Tag (37 853, 32.55%)
(PM:Perfect Match)
(MM:Miss Match)

B4 PEEEVTEE SR UTEE Clean tag X4

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

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

F¥3)] 1) 4345 8] Distribution of distinct clean tags in NFMVQ mapping to genes and genome of A. mellifera ligustica.

R2 PEEEVTEISKUTERIERRAIER

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

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

A AE SRR B Raw intensity EEET SN
Gene FMVQ NFMVQ Regulation model
A 1 S13 2[5 RpS13 gene 4501 2 070 +
AR 1 S26 JE[H RpS26 gene 1529 755 +
AT 1 L19 3£ A RpL19 gene 568 184 +
B 1 123A £ RpI23A gene 2591 1159 %
LR BRHASE  S17 24 mRpS17 gene 92 43 +
LR P ZHATE 1 116 3£ mRpL16 gene 197 83 ¥
(a2 P450 9Q1 F£H CYPIQI gene 260 125 +
40 {63 P450 305D1 H[H CYP305D1 gene 244 118 +
4 i f5, 3 P450 6AS10 £:[H CYP6AS10 gene 166 8 +
2 H PR i 22 FEA SP22 gene 2971 271 +
22 R EE FI G 35 LA SP35 gene 44 3 &
2 BRIl 40 JLA SP40 gene 96 25 +
SWRGEAHEE 9 2K OBPI gene 67 11 +
2R BRI 23 2L SP23 gene 46 175 =

+; FEFEFIR FIH Up-regulated; — ; 3P AT 4 Down-regulated.
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#3 KEGG Pathway ER B EMERITER
Table 3 Result of KEGG Pathway enrichment analysis
TERER LI B P22 57 BRI B
bl FikFENHEH A BB PfH QfH % ID 5
Pathway Number of DEGs with Number of genes with P-value Q-value Pathway ID
pathway annotation pathway annotation
4 Vids
RIS Rl 8 4.03E -05 0.005716021 ko04977
Vitamin digestion and absorption
DR 12 0.000161257 0.011449233 ko04972
Pancreatic secretion
= /2 —
BlrR e 7 0.000326153 0.015437928 ko04975
Fat digestion and absorption
HIAE 7 0. 000550335 0. 019536907 ko00561
Glycerolipid metabolism
Ribass 41 1100 0.001110727 0. 031544647 ko01100

Metabolic pathways

4 - B LJJEPR Up-regulated genes
@ IR Down-regulated genes )
B E22 53R AL Non-differentially expressed genes | ~
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Fig. 5 The expression level of genes in the flying matured

virgin queen (FMVQ) and non-flying matured virgin queen

(NFMVQ) of Apis cerana cerana
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|log, 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-regulated genes in
FMVQ, and the blue shows the non-differentially expressed genes
between NFMVQ and FMVQ.
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