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Transcriptomic analysis of Apis cerana cerana ( Hymenoptera: Apidae)

queens and drones newly emerged and sexually matured
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Abstract; [ Aim] This study aims to understand the transcriptome characteristics of queens and drones of
the Chinese honeybee, Apis cerana cerana, and enrich the transcriptome data. [ Methods ] The
transcriptomes of queens and drones newly emerged and sexually matured were constructed and analyzed
by RNA-seq. [ Results] The results showed that the proportion of nucleotides with quality value larger
than 20 in reads ( Q20) were more than 90% and all the reads were assembled into 90 839 uniques with
a mean length of 1 549 bp. Based on sequence similarity search against five public databases (NR,
Swiss-Prot, GO, COG and KEGG), a total number of 45 112 unigenes were annotated. Using these
transcriptome data as the reference sequences, we found that the genes encoding cuticular proteins/
apidermins, CYP and odorant binding proteins were differentially expressed between the sexually matured
bees and the newly emerged bees which are related to the development of body, reproductive system and
olfaction system. Meanwhile, the odorant binding protein genes were significantly differentially expressed
between the sexually matured queens and drones as well as their reproductive system. [ Conclusion] The
results indicated that the expression levels of a large number of genes changed during maturing of A. cerana
cerana bees. This study made an insight into the characteristics of the development in adult queen and
drone, and a lot of transcript sequences with important function were acquired for future gene expression or
regulation research relative to the growth, development and reproduction in A. cerana cerana.
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Table 1 qRT-PCR primers
HH SIS -3")

Gene Primer sequence

F. CCAACCATCGAAGAAGTAGAC

HSPT04 R: ATGACTGTCCAAAGTTTGAG
H5P90 F: ATTGAAGGAGTTTGATGGCA
R: AGAGATTCTCGAATTTGGCT
- F: CGATTGGTTGATTCACCTT
R: GCAGCCATATATCCCATAGTAG
oy F: ATTCCATTTCGTGGTCTCT
R: TGAACTAAACGCAAAGTCTCA
Lo F: CTAGTTTATCATCGGATGGTGT
P R: CCTTCAATGCCGGTTTAC
F: TTCATGCTGTTACTGCTACAC
GAPDH

R: GAAGGCCATACCAGTCAAT

(A5 & A e Sk E 2 R A e B i AR IR Y
reads) , {38 7o, R 2 thal LUE ), 285
AR Y T 7 51 40AE 43 220 752 ~ 51 791 872
zZlal, B2 K EAT 4 322 075 200 ~5 179 187 200
bp Z Il R o i {E R T 55 T 20 (Q20) Y B AE LE
B35 T 94% ,GC it 36% ~41% Z A (% 2) .,
X e s R T 2 IS 23 B (26 3) A BIFFE SRR
BEEEIL Y clean reads REZH %5 i, contigs 41T 88
361 ~ 107 490, -3 K J&F 396 ~432 bp ZZ[A], Contigs
i N50 47T 924 ~1 114 bp, ##iX 2L contigs Fil Wang
S (2012 ) 526 SRR B T P , 18 5 XOR S i 1 11 1)
B 750 22 5 A 90 839 /™ unigenes, P-4 i Ky
1 549 bp,unigenes [it] N50 42 3 156 bp, *f#H/5 1%
R AY unigene AT Mg it , SEA 41 536 4>
unigenes K JEHE T 1000 bp(E 1),

R2 HEEEERABHBIN

Table 2 Analysis of the transcriptome data of Apis cerana cerana

it R G2 AIRSES RRESIISY T A A (nt) 020 N H I GCHITIL
Samples Total raw reads Total clean reads Total clean nucleotides N percentage GC percentage
| jHiEs
FOV L 58 304 712 48 814 742 4 881 474 200 96.83 0.01 37.75
Newly emerged drone
| -
LR, i 59 197 522 51 403 028 5 140 302 800 97.38 0.01 37.16
Newly emerged queen
P
) PR Bk 58 470 882 51 407 440 5 140 744 000 97.58 0.01 38.35
Sexually matured drone
tﬁﬁﬁz&ﬁ%% 59 930 148 51791 872 5179 187 200 97.30 0.01 40.16
Drone reproductive system
»
Q%}:/Zliﬁﬁ,%ﬁ 61 966 372 45 534 872 4 553 487 200 94.96 0.04 36.16
Queen reproductive system
P R
LA RE £ 58 121 396 43 220 752 4 322 075 200 94.98 0.04 37.02
Sexually matured queen
25
51 581 510 51 581 510 4 642 335 900 97.55 0.03 41.92
Reference

Q20 JEEEAMLT 20 AYHIE L] Proportion of nucleotides with the quality value larger than 20 in reads. £ 45y Wang 45 (2012 ) fF 57 HH AL 5 i
B FAN 45 A, The reference is the transcriptome of the Asian honey bee by Wang et al. (2012). The same below.
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Table 3 Assembly quality of sequencing sequence

i B B KE (nt) SR EE (nt) N50*
Samples Total number Total length Mean length (nt)
1
Contig HO s 92 081 39 783 756 432 1114
Newly emerged drone
I
FOI 1 3 T 88 361 37 792 699 428 1 085
Newly emerged queen
M R 2
P HEEE 105 089 42 245 210 402 999
Sexually matured drone
I P2
k&ﬁ%ﬂ—:ﬁﬁ%ﬁ 96 339 40 236 929 418 1016
Drone reproductive system
Z
E@%Iﬂ—:ﬁﬁ%jﬁ 107 490 42 611 757 396 924
Queen reproductive system
T
PR L 97 693 40 344 556 413 1015
Sexually matured queen
Sy
254 76 087 25 143 199 330 528
Reference
I it
Unigene HOL 7 52 535 75 438 695 1436 2778
Newly emerged drone
1
HII 5 48 213 64 088 959 1329 2558
Newly emerged queen
P
P HEEE 55 689 77 987 467 1 400 2716

Sexually matured drone

MEse T R

. 54 413 74 298 541 1365 2 587
Drone reproductive system
Z
ﬂ’%fﬂ—:ﬁﬁ%ﬁ 56 182 67 709 383 1205 2337
Queen reproductive system
J =4
PR 52 180 66 632 174 1277 2 459
Sexually matured queen
Sy
254 36 972 27 233 479 737 1124
Reference
ait
90 839 140 715 277 1 549 3 156
Total

" LR AY contigs B scaffolds MIREN/INEF , 24 H B3 K 5 I I 3o 42 78 2 3 7 91 6 K JE 50% I, e J5 — 1> conttig B, scaffold A9 /NAI Y
N50 B K/, The assembled contigs or scaffolds are arranged from large to small. When the cumulative length is over 50% of the total length of all

assembly sequences, the size of the last contig or scaffold is N50.
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Fig. 1 Length distribution of the de novo assembly for contigs and unigenes
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(39. 95% ) ,20 850 (22.95% ),19 169 (21.10% )
F133 448 (36.82% ) .,

&4 Unigenes FiERER
Table 4 Annotation of unigenes

{1 H unigenes [ H 43 L

Bl e 3B unigenes (%4 H
) . Percentage of
Database  Number of annotated unigenes .
annotated unigenes
NR 44 744 49.26
Swissprot 36 294 39. 95
COG 19 169 21.1
GO 20 850 22.95
KEGG 33 4438 36.82
Total 45112 49.66

B NR FEREEI Y unigenes K& P, AHABLYE 7 T
95% JEH 5 51.5% MRS T 80% ~95% Z [AlHY
FEINHL 28.3% (18]12) o RFi% 4L unigenes LRI 345
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Fig.2 Similarity distribution of the annotated unigenes
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Fig.3 Species distribution of the annotated unigenes
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Fig.5 Number of differentially expressed genes among newly emerged and sexually matured drones and queens of Apis cerana cerana
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FEAE 26 976 A2 3R SE N, Horp 70 T AR FH R
Gih i RIA LA 14 554 4>, 540 12 422 3L
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TARREEGEAFEREEZRERIL, HPh RA
OBP14 JERITEE F ARG ARG BRFRIE, J15h 6 4>
kg4 M SE 3L H (0BPY, OBP1, OBP16 , OBP21
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2.4 GO #1 KEGG E&£ 9

W 2% S B AT G, AR E i 5t AT
GO HI KEGG MBS 400 M nGahig 5 NIl s 55 e
T 2 e L A i R A L 2H AL o1 D RE R A A B =
K330 56 S IHEERE, 70 54 28,10 Fi1 50 4>
GO term fE =R B EF L (P <0.05) AR
SEEAE . MR A 55 I L A e 2 S R DR 4 R AR
Y6 AN AN oy 1 DR =R, 40 55 4
IhRERE, A 26,23 F150 4> GO term 7 = KK F 3
HE(P<0.05) , (FEAMRE G, HlAETEYS
P I e 22 S R DR 4 A W) G 1L A R R
Uifie = K50k 56 DIReRE, A 13,6 F129 4~ GO
term 7E = REP R FE L (P <0.05) , (L H TR
B PERUAII I AR R G S e L T R G
SISy 57 NIhRERE, A 18,15 146 > GO term
TE=REP B EFE(P<0.05)

22 B S KEGG B R HEAT X, 1 1l
U T S HS B i 22 TR 1) 22 R Ak R RB I 26 31 255 4>
Aefbigts, Horp 40 A B A (P <0.05) 5 PRl
Tt 5 M 14 s e e 22 ) ) 25 S R R B DA 28 3] 257 A4
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W F 5 1 i e e 2 S BRI R I 26 31 256 MR fbik
7, A 51 AW E A (P <0.05) 5 P U i i
AT R G0 5 PR I ) e e B R g 2 SRR R
H258] 257 DAL, Hd 49 MR EFE (P <
0.05),
2.5 qRT-PCR BIEZR

S S BE R rh R4 T 4 b HRON AR 1 R A
TPX K& R e i 55 W L B e DA S e i i

FARE R G5 1 A W A B R SR T AT
UEo 4 AP IR P PR AT TPX L R 7 e
H IR W S TN 58 £ (R 5) , 574
iR —3 . 15k, HSPT0AD F1 HSP23 K& PRI 7E 1H: Jli 2
s A= FE R 40 2 L IRFRIR T HSPOO 1 TPX JE [
PR S FAE R b FARE(F6), 5
BE e 2 R—3, HSP83 LR 7E I i ity 5 o A= 5
RERIBERABE(F6),

x5 SAHNERAEPEEREFHHRIE

Table 5 Quantitative analysis of five genes in Apis cerana cerana queens

M 7 e F A% 2 RPKM (L PR R4 RPKM B NI prde ERE RN R Pl IR ik it

ii RPKM of transcriptome in RPKM of transcriptome in Expression level of gene in  Expression level of gene in Pijxlﬁue
newly emerged queen sexually matured queen newly emerged queen sexually matured queen

HSPT10Ab 5.6424 20. 6883 1 3.6106 <0.05
HSP90 24.7959 78.4251 1 3.2917 <0.05
HSP83 70.4126 304.5616 1 9.0204 <0.05

TPX 941.1732 2 113. 4686 1 4.6898 <0.05
HSP23 123.0106 922.3816 1 4.1281 <0.05

F6 SAEREPEEEEMMETMEEEEREPHRE
Table 6 Quantitative analysis of five genes in the sexually matured reproductive system
of Apis cerana cerana queens and drones
3P fkﬁﬂ%ﬁiiﬁ?ﬁfiﬁi‘?ﬂ RPKM i ﬂ%fiiﬁ%‘:?fﬁ%i‘?ﬂ RPKM 18 tﬁﬁﬁiiﬁ%ﬁfﬁ%%@é% ﬂ%fiﬁﬁ%%%i‘%)ﬁ% P
Gene RPKM of transcriptome in RPKM of transcriptome in Expression level of gene in  Expression level of gene in Povalue
drone reproductive system queen reproductive system drone reproductive system  queen reproductive system

HSP704b 16. 8763 0. 4868 1 0. 0338 <0.05
HSP90 164. 6236 501. 891 1 1.4132 <0.05
HSP83 83.5527 406. 2492 1 1. 6983 >0. 05

TPX 971. 6687 3 498. 111 1 1. 7082 <0.05
HSP23 871.4282 40.1814 1 0.0158 <0.05

REA IR, NITA ) T 25 8 1B W 5L
3 itig B AR PRSI (1, S AULT k4l

AR5 300 3 v T T B ARORS e e e D
THE G S S0 R P I A T R G e s L 25 5
HEAT T 430 o DU 25 R A 90« i A e A A v o o
% (Q20) 715 T 94% , Ui BRI 3 T i 4o i
5 SN P 345 1) reads , 2H 2% )5 , 3R HL 90 839 4~
unigenes , -3 B 1 549 bp, 1fif H K FH4) unigenes
RE LU 3256 2 K R B AP, AL 7. 6% unigenes
AN, XA 18 BT P 2 2 ST e A
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