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Abstract: [ Purpose ] Eocanthecona furcellata (Wolff) is a natural predatory enemy widely distrib-
uted in tropical and subtropical regions, which is a potential biocontrol factor for many pests of Lepid-
optera, Coleoptera and Hemiptera. Saliva plays a key role in the process of feeding. In order to under-
stand the transcriptome characteristics and further study of gene expression in the salivary gland of E.
furcellata. [ Method] The differential gene expression profiles of adult and third-instar nymph
salivary glands were detected by Illumina sequencing technology, and the results were analyzed by
clustering and functional annotation. [ Result] A total of 26 022 sequences of salivary gland uni-
genes were obtained, with a mean length of 1 365 bp. By homologous sequence alignment search,
14 057 unigenes were annotated to the Nr, Nt, Pfam, Swiss-prot, GO, KOG and KEGG databases.
Differential gene expression profiling revealed 3 437 differentially expressed genes, of which

1 871 unigenes were up-regulated and 1 566 unigenes were down-regulated in adult and third-instar
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nymph salivary glands, at the same time, three cathepsin B and three neuroendocrine protein 7b2

genes were identified. [ Conclusion] This study enriched the molecular biology data of the Hemi-

ptera, and provided some data support for the study of functional genes related to salivary secretion.
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H, BEESIEE T80 C MUKAE IR, —iRE H
MR A 3 WE R, A H S A A 80 MRV
BR . R H Trizol Reagent %) /7 i HEHUAS 2] iRk
mn FEL RNA, RNA $2 U 5351 FH B i W e e v,
JKFl NanoPhotometer spectrophotometer £ il RNA
MIZERE, Rl A48 25 ik 2T ARBRA Y
TSR BR A R HEA T SR 20 SCPEAB A o
1.3 cDNA SCEEE 5P

W15 pg B &A% 19 RNA FE i E 47 SO
#, SRJ5MdFH Agilent 2100 bioanalyzer Xt 3 /% fiY)
insert size ARG . ERE GAK IS, HORIR] SO
PR RO B2 Je B bR T HLERE 5t 19 75 5K pooling 5
PEAT Tlumina %
1.4 s HPHER D ReSE R R

D F A5 20 i B R B 22 LB p 23k | ploy-
N AT & 75, A Bk & i A Clean Data,
[l 15 Q20. Q30 Fll GC ik, AR A% i i i 1Y
DUy B P Trinity 2XPFHE T, 2%
753 %Y unigenes fii il BLAST #f/F- 76 & R &8 15
AT LU, R DREEE A T R R .
1.5 SCHEIEDN %0E

T M AR Dy i RN g AR AR T

CHEBE, 7R SR o A I NR TR A
i FH L R 2 PR R BAEK 2508 1 2H 21 45 H il
B FIBHZ N S I AR 1 702 PR, JFAERE A1 414
(transcriptome assembly) i A7 HE A 4% 2 it ok 46 5
)27

2 BRESH

2.1 SRR H AT A2 e

FIHH Tlumina 077 £ 5 S A D s eV R 2
SKHHATINY , BEAERA: iU 7.80 GB 11
FRERAE, BRI GC SR AT 43.71%,
AEE Q20 KT 97.00%, BHEE Q30 4 A
BT 92.00%, RIS W, nTLUHT
JE I PHE S (R 1),

P51 clean reads #1742 (36 2), 453
51 8454~ %% SR (transcripts), 7 5115 & ik F|
81004 577 bp, VKN 1562 bp, N50 KN
2615 bp, TEFGSEAKLRE L ilt—L 41563k 15 26 022
ZIREHEIH (unigenes), KN 35 520 646 bp,
N50 KB 2298 bp; Horr, KT 1 kb A uni-
genes A 10 634 5%, 15 40.87%.
2.2 EEFDREER

unigenes 7£-L KA e H LE X5 B TR (R B
(3% 3)o TEZZEFRTSIY 26 022 4% unigenes H 3]
TERE 14 057 55, TR R 54.01%, H, NRE
FF 1Y unigenes 1% £ (12 514, 48.09%), Z )Gk

®1 XARBEREANF-E5T

Tab. 1 Output statistics of E. furcellata transcriptome sequencing

HA 8R4 17L& reads #X TR HE/GB R Q20 /% Q30 /% GC & &/%
samples raw reads clean reads clean bases error rate Q20 Q30 GC
B A adult 53040819 52042109 0.03 97.37 92.65 44.34
4 H nymph 54193868 53125640 0.03 97.45 92.80 43.71
®2 XAREHRAARRE
Tab. 2 Quality for de novo E. furcellata transcriptome assembly
TiH HRA FER TiH HeR AR e
item transcripts unigenes item transcripts unigenes
P T
300~500 bp 14 256 8296 total nucleotides length 81004 577 35520 646
K bp
>500~1 kbp 12 446 7092 mean length 1562 1365
>1~2 kbp 11635 5221 Hi)\-ﬁﬁg/bp 20 872 20872
maximum length
N50K % /bp
>2 kbp 13508 5413 N50 length 2615 2298
Bt N9OK:JE/bp
total 51845 26 022 N9O length 634 525
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UCH Pfam (9 025, 34.68%). GO (9025, 34.68%).
NT (8643, 33.21%). SwissProt (8573, 32.94%) #il
KOG (5423, 20.84%); 7E KO ¥/ sh B i
A, R 5084 %, B Hupth 19.53%.

EH%T 0 Ui WM ER{F. 4550
N A VCECES R EEHIKT le-5, EERT
le-5 M1 86.3% (&1 1a)o MIE 1b AT UL: Nr iR
£ unigenes JEF H, FRIMELE 95% LI IEH

5 15.5% MICHEER PRI AT (151 1c), Xfh
D3 s W R JU % SR 2EL I BF 4217 unigenes 5 25 %
(Halyomorpha halys) ) unigenes M ME R &, ik
F] 76.0%. H X 5ilkH 5 B (Cimex lectularius) .
Cryptotermes secundus. % & B\ (Nilaparvata Ilu-
gens) Fll Lasius niger 55 /) FHALPE 53 51 R 3.7%.
2.7%. 1.6% I 1.0%; 73 505 HAb By ) I8 i) 2
i 15.0%.

®3 EEEBMINERSITER

Tab. 3 Success rate statistics of unigene annotation

N e H VERE LA/ % N e H VERE LA/ %
VLR e - o VLR e - o
. number of annotated percentage of . number of annotated percentage of
database for annotation . . database for annotation . .
unigenes annotated unigenes unigenes annotated unigenes
NR 12514 48.09 GO 9025 34.68
NT 8643 33.21 KOG 5423 20.84
KO 5084 19.53 annotated in all databases 3060 11.75
SwissProt 8573 32.94 annotated in at least 14057 5401
one database
Pfam 9025 34.68 total unigenes 26 022 100.00

b)

FLIPE/%  similarity

| 18~40 o >80~95
= >40~60 0 >95~100
O >60~80

.0%
370 27

YIFh species

O ¥ KE\ Nilaparvata lugens
O Lasius niger
B others

E1 NRIRHNEESHNMHSH

Effi E-value

(=) O le-45-1e-30

@ 0-le-100 O le-30-le-15

O le-100-1e-60 0 le-15-1e-5

H le-60-1e-45
)
m 5% Halyomorpha halys
B RS Cimex lectularius
O Cryptotermes secundus

Fig. 1
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A D VR N SR AT 23 132 5% (47.78%)
unigenes # GO ERE 2 AW 2= 2 (biological pro-
cess) [ 26 NINHEN IS s H B2 41 PIHE (mo-

E-value distribution and species classification of sequences matched to the NR database

lecular function) ) unigenes £ 10 660 5% (22.02%);
14 621 4% (30.20%) unigenes 1 /& T AL 7 (cel-
lular component) #9J 10 NMINREW 2R (K 2). AW
AR, BRI AR (cellular process, GO:
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0009987) [ unigenes ¥ & iz 22, 5 F] 4 859 4%
(21.00%); 7 B2 A i #2 (metabolic process,
GO: 0044237) (1) unigenes BRI %, k%] 4 496
% (19.44%); TR E) B4 )3 7 (single-organ-
ism process, GO: 0044699) Y unigenes ix %

3791 45 (16.39%). HAITE 3000 55LATF, Hrh
R RAT M (behavior, GO: 0007610). T5HEtME T
i (thythmic process, GO: 0048511) Flfif 73 id 4
(detoxification, GO: 0098754) f*) unigenes ¥ A5
5.5 M6 %%, s TIIRERAND, HREENSS
1% (binding, GO: 0005488) Flfi AL i M (cata-
Iytic activity, GO: 0003824) ] unigenes 43 5!
5096 4% (47.80%) Al 3 790 4% (35.55%); H B =
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unigenes $( i iK # 677 5. HARDIREW I 1E
300 5 LLN, Hh gk B R e m AR E
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genes B E AN 4 5575 . QML 5 ThREZE A
i, FEB LM (cell, GO: 0005623) 114 i &
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7 000
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plex, GO: 0032991), #iffdfiX (membrane, GO:
0016020) . ZHAIfEFR/> (membrane part, GO: 004
4425) F1 40 Bl #5358 43 (organelle part, GO: 00444
22) Y unigenes FCEASHIAR] 1984 45 (13.57%) .
1 702 45 (11.64%). 1 630 %% (11.15%). 1 531 %
(10.47%) F1 1 045 45 (7.15%); HABOERAIRE
WZEHITE 1000 5500 F

JIr A unigenes 283 KOG 540 14 T i T I A1
o2, U D i RN SR 46 A 5 423 4 uni-
genes fHEIVERE, FF4E M 26 1~ KOG & (K 3),
Hrp, 45 44 KOG W24 %% 450 4L I uni-
genes, MKIE: —MIIHETI (general function
prediction only, R) 913 2% unigenes, 5 b fx K
(16.84%); 155 ¥ FHLi (signal transduction me-
chanisms, T) 675 5% (12.45%) unigenes; 5 [ Jit
iR B . Yr& M5 T 418 (posttranslational
mofdiication, protein turnover, chaperones) 570 5%
(10.51%) unigenes; A< HIJHE (function unknown,
S) 496 %% (9.15%) unigenes. Ifii 41 ffd 3l /1 (cell
motility, N). #5449 (nuclear structure, Y) FlR
fin 44 % 11 (unnamed protein, X) FJ KOG W.25#44
T ASJE 30 2% unigenes,

JHAfIZH 53

cellular component

ST Iiag

molecular function
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Fig. 2 Gene ontology (GO) classification of assembled E. furcellata unigenes
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KOG classification

ACBEDGFIHKIJMLONQPSRUTWVYXZ

[A] RNA processing and modification

[C] energy production and conversion

[B] chromatin structure and dynamics

[E] amino acid transport and metabolism

[D] cell cycle control, cell division, chromosome partitioning
[G] carbohydrate transport and metabolism

[F] nucleotide transport and metabolism

[1] lipid transport and metabolism

[H] coenzyme transport and metabolism

[K] transcription

[J] translation, ribosomal structure and biogenesis

[M] cell wall/membrane/envelope biogenesis

[L] replication, recombination and repair

[O] posttranslational modification, protein turnover, chaperones
[N] cell motility

[Q] secondary metabolites biosynthesis, transport and catabolism
[P] inorganic ion transport and metabolism

[S] function unknown

[R] general function prediction only

[U] intracellular trafficking, secretion, and vesicular transport
[T] signal transduction mechanisms

[W] extracellular structures

[V] defense mechanisms

[Y] nuclear structure

[X] unamed protein

[Z] cytoskeleton

3 X AA[F% unigenes i KOG %
Fig. 3 Karyotic orthologous groups (KOG) classification of E. furcellata unigenes

A 5 084 4% unigenes I X 3] KEGG % 5
FE . TEARAFERAY unigenes 1, 25.41% ¥ AL
Z4: (E, organismal systems), HHFEHS 5PN
W Z S (endocrine system, 325 £%). JHAL RS (di-
gestive system, 209 2%) Fl4 ¥ &40 (immune sys-
tem, 205 5%), HARWEITE 200 5L T . 24.63%
5 B G (D, metabolism), T %5 5K
(carbohydrate metabolism, 204 %), Jg it (lipid
metabolism, 182 £%) A1 % 1 it (amino acid meta-
bolism, 157 4%) = REFRYBAG UL XA AR
R (nucleotide metabolism, 117 5%) %5, BRI LA
A, X 48 unigenes it ]2 S 5 RIE S5 S (signal
transduction, 548 £%) il (141 4),
24 ZE R ERIA RN )k

i1t FPKM 7 VA PPl AR U e SUF Dy s e VL
PRAE G P B SRR AR E L, SR DESeq #1745 H
TR S M R R ot 2 ) 1) 22 S ek b . TR
FIRF ML R, B Padj<0.05 fE R 2= 7
FER BT BEARE, FLRE 2 AP as R, skt R
2R R, HME T 3437 P ERKRIR
N (H 5).
2.5 ZEHRRILEF GO BHE T

GO & AR E fe R 22 R RAEL KT GO
term LB LB IHNL (B 6) FifiBE 1Y 3437
A28 5 IKFE K (DEGs) 73253 3 4> ontology (4
) v, 22 R RINENTE ST IR F A ) 7 0 12

RS T 15 F 12 D IIRE/NE . TEAE YT AR
X—2rr, 22 R RIKEFTER KM (proteolys-
is) Fll DNA & i (DNA replication)2 I g/ N h
B el s RS FOhEX —2Erh, ERKA
F R /K i B 05 P (hydrodase activity) 1K i 6
P (peptidase activity) 2 IHE/NEF S iR .
2.6 ZERRIEHHN KEGG iR

KEGG Ui i o0 A 3045 51 1509 4~ 22 5% 3%
R, xR RIKIEF S5 261 AR
BB . 2 4204 I 2 2 5 AL HT 20 /38
B, TEFTA P CHE R SR 22 5 AT
X Z 1. KEGG RS B 25 L7 g ne 10
(purine metabolism), M IE (L (pyrimidine meta-
bolism) ., bt & R Fl 25 & R 191X (cysteine and
methionine metabolism) L) 5 2 Z R 118 (histidine
metabolism) &5, 7E KEGG Ui 18 #% b Xf 5 43
M2 F RPN E G TR Gk 5), 15
] 58 2 RIAEE N
2.7 KRR EE

TE A 73 ek M Y R 2 s L B e v SR T
3mSR B B iR . 2R B 2
WHHARE R R B, R AR e R
B T RARA . IR, A% T 3 gl
NS T2 YRR o B2 N A3 WA R 1
702 TE R ZH 2 S0 N S i A L POl o 22 G
BEH
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sensory system [ 50
nervous system [T 166
immune system [EEEE————) 205
excretory system [ 74
environmental adaptation I 58
endocrine system EET——— 325
digestive system () 209
development T 87
circulatory system T 118
xenobiotics biodegradation and metabolism @ 46
overview [ (23
nucleotide metabolism T 117
metabolism of terpenoids and polyketides mm 28
metabolism of other amino acids E 67
metabolism of cofactors and vitamins R 103
lipid metabolism  EE—— |82
glycan biosynthesis and metabolism I 110
energy metabolism [ 103
carbohydrate metabolism N 204
biosynthesis of other secondary metabolites B 12
amino acid metabolism I (57
translation [ 1331
transcription [ 167
replication and repair [ 94
folding, sorting and degradation [ 7309
signaling molecules and interaction [ 53
signal transduction [
membrane transport 46
transport and catabolism [ 1306
cellular commiunity T———————1181
cell motility [ 68
cell growth and death T———3 130

0 5 10
FEDH LA/ %
percent of genes

4 N HFEEEFE unigenes B KEGG BN
Fig. 4 Classification of E. furcellata transcriptome based on KEGG
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log2 fold change
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Fig. 5 Differential gene volcano map
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R, 4815 14 057 4 unigenes (54.02%) W2 I
e, A 11 965 %% unigenes (45.98%) A8 71 B,
X A] HE S unigenes #045 , FT VAR S5 AILHHE
B A H X 109 A AT BE SR A7 AEAR Z D RE R
FIBTEER P, St 5 NR B AT e, 5 5R
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Fig. 6 GO enrichment histogram
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Tab. 4 Differential gene KEGG enrichment list (top 20)
P KEGG 732 R P KEGG 433 R
serial No. KEGG pathway term gene number serial No. KEGG pathway term gene number
1 nEn AR 28 1 BT e S 3
purine metabolism glycolysis/gluconeogenesis
4 A 41 Tl
2 cell cycle 27 12 salivary secretion 13
; DNA K il 25 13 Rt AN R IR R A 1
DNA replication cysteine and methionine metabolism
W I AR
4 I . 24 14 o . 10
pyrimidine metabolism base excision repair
Rk TR 1] T R T P AH LAk
5 1 24 15 pentose and glucuronate 10
ysosome : :
interconversions
WA R B A
SRR T ROB At U
6 amino sugar and nucleotide sugar 19 16 10
. small cell lung cancer
metabolism
7 AL 18 17 [ R E 2 9
apoptosis homologous recombination
g HE I 18 18 AR 7
peroxisome histidine metabolism
9 R 3 19 ARGV BORIE 7
mismatch repair systemic lupus erythematosus
10 HHRVIREE 3 20 I IR R i 4
nucleotide excision repair non-homologous end-joining
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Tab. 5 Statistics of differentially expressed genes in secretion

are N N T

term expression gene number

W 4 up 6
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bile secretion Ko04976 down 4

2210 A ANV 2
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