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Transcriptome and differential analysis of adult male and
female Procecidochares utilis Stone
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Abstract  [Objectives] Procecidochares utilis Stone is an important monophagous herbivore of the invasive weed
Eupatorium adenophorum Spreng, and has become an important biological control of this pest plant. The purpose of this study
was to obtain the P. utilis transcriptome, and investigate the molecular mechanism underlying differences between adult males
and females of this species. [Methods] Illumina high-throughput sequencing technology was used to obtain transcriptome
sequencing and conduct biological information analysis of P. utilis. [Results] A total of 29 147 unigenes with an average
length of 457 bp were obtained. Gene sequences were annotated using seven databases, resulting in the identification of 19 384
unigenes. There were 11 331 differentially expressed genes; compared to adult males, adult females had 2 640 up-regulated,

and 8 691 down-regulated, unigenes. [Conclusion] The transcriptome of P. utilis was obtained, which provides sequence

data to support future research on the sexes of this species.
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M TR 2l AR e H , FIRAENTIA %280
2R BRI R FEE WA T R
2SR 55 5P 2L I K B H AU I 2. ( Rahman
and Agarwal, 1990 ),

P 22 S M R OB B P SR 2R L L 2R
OSFNIE K L, BRIBEARET, &) HURh A SR 2505 22 i
2P B I RIEOY B L, TR DA AR SR i
i (Lietal., 2006; {24, 2008; Wanetal.,
2010 ), BEAN, W4 SCMaAr AR = A i el DIRE
RS2 L AR KOS Fr, HISS S22 2K
o SR LR S AIET R ( Bennett and
Vanstaden, 1986; K& ZEE, 1988; X SUHEEE,
1991; Buccellato etal., 2012), Kk, FFEZ
SRR Z Bz AL, Bl R EE S ES]
T, ARt | AR R O SR 2 I
% 7 ( Rahman and Agarwal, 1990; Fowler
etal., 2000; Z=&J5%, 2006; T 35755, 2013;
= HSEAE, 2017; M, 2017; ZEANERSE, 2019 ),

UTAER, R A I PR R B A5
i ERETFBREZ— (B4, 2012; HHARE,
2012; Jinetal., 2016), i@iL#% St PR R
HEA , AR & X PREEE N . #1135t
AL CoRBUBERIZ AR, 2013 JBURBEEE,
2018 ), ey s T A9 7 VA | N BIE 22 SER Y
RSB, AN 3R 22 SE Mg 40 ML 55 S 2 AL
5 ) BF HL 5 IR 27 FEAE YA B2 AR AL S W R pIL
(Lietal., 2018), #tdIWFoCib R, F245C
g A R Y AR P R R AT AE S (Y
4, 2012a, 2012b; maxsE, 2013 ), AHESEA]
FH Tlumina {07555 AR X136 2 S0 6 I e ol e 1081 7
SR, PHEMAR S, X H I T DR E
REAGYIS o TR) X3 2 SR Bl o | i L 1 25
SRR IR AT T 4387, HRGTI 22 S A ol
25 5 AH AT AL B4 At

1 MREFE

1.1 #KEHR

P 22 SRR 25 P AL R~ A A SR BRI PN R
5 o RAERMI AT A HUB A 52250 22 R, Il
LI AT RIEF, iR 22 S HOPE )R

WA AR A I
1.2 B RNAEZBRS5HEE

B 10 Sk 22 S i e s b R R 43 ) S
1.5 mL B8, A 200 pL Trizol a7 fd 41
JOBE I RNA JEAE RNA 5286k, Feo it s
JEMA 800 uL Trizol i3, SRJFHEATE O, B
Fe. I LTEW, BASEIN A E M TUE RN A
RNA . filli& & RNase Free H,O A f#ITTE , HU 1 pL
CL¥ i 1 RNA M ok i 56 A0 43 o 0% 3t
( NanoDrop 2000 ) Mz vk B . | IR REHEEE L
HL UK 43 AT RNA P i 72 B, 76 B I 154X
( GenoSens 1880 ) H W% RNA Z&ir o A
B BIRE S B LR R A E B R A BR A
A AT Rl Y

1.3 cDNA XEHBSNF

TEARS R mRNA J5, JH %
fiti Oligo (dT) 55-A ) cDNA % 1 4, cDNA
55 2 B A RS 2018 1 RNaseH ZbHEBR 2 RNA
%, SR R AP DNA R A M %42 7€ cDNA
ST BERGE 2 BEA UG, INAG Lk, B 0UsE
DNA sefER|ERH, 8 cDNA IA R B, 37
14 cDNA %, W/EREAHE cDNA SCEFE
lumina HiSeq 7V & _L#E4 700 %

1.4 ERABFEMIIGEERFE

Trinity 25X LS % I F 4 RNA-Seq $id
P 5 A T B ( Grabherr et al., 2011), #
FH Trinity #7415, FEAFELUT =N E5E(1)
¥ RNA-seq 4% A A, WH 2
B SRR KSR A (2) B 1R F
contig HEATHRIE, X F AR I HE5E B A
P& (de Bruijin graph ), fEPERARIIRIE
Y5 5 B R B — 21 A A LR P4 ) S IR 1) A A
SRALAE, SR MR L H AN A AC ) 50 4 A e 4K
PEEr 4Ry ; (3) A4 E (Graph ), iBE A
ANE RO I B, R e ] AR
YY) e K ARSI HLIX 43t 55 2 R 3E
I SRA, AR emiiz fa, i BLAST 4k
PFAE T REAEEE T EX, S IR B RR (s B
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1.5 CDS Fiill5 SSR 4%

FEHA A9t X ( Coding DNA sequence, CDS )
J=48 DNA 3 RNA "ilish e T4, gmisak i
FRERA . BF R 5 NR 25 1% . Swissprot £ [
FEEAT EEXT, DA BT 18 235 5 v 8 UG SR AR 1 T ik
4 12HE ( Open Reading Frame, ORF) {5 8. &
TP 2 5 22 520 unigenes 741,
MISA #1347 SSR 434t .

2 HR59H

21 BRERFIISHMAS
8 2 S S OU R L 1 Sl

V24 SR AR o R R ol R A T SRR Y , 7531
(1 Bt reads MERTHR R 39 150 698 4%, Mk LN
42277032 %k, JRIGEHRISIEZ S, SIS )R
=% S b M B HL R BE B LAY clean reads A
36 800 864 55F11 38 308 428 55, 2 MREZAR Q20 It
BIESAS/ N T 20% , HER R FHERL 2L GC & 153
HIoh 30.45%7F1 29.24%.,

FIF Trinity S4B 5, AR HRORE AR
3 68 467 7% Contig, Mk HEETIRTT 44 166 5%
Contig, HAPHJKES 3124 227 bp Fl 232 bp,
Contig #t— P45 5 29 147 4% unigenes, & 1<
JE4 13 312 286 bp, F-HHK Sl 457 bp, N50 N
503 bp. unigenes A LA TE LI 1,

R1 FZINWRERANFTESIT

Table 1  Statistics of transcriptome assembly for Procecidochares utilis

pk o e ame SERE OO 000wl () N sl (%) Gl (%)
Samples Total raw reads Total clean reads nuzl(; t(e)ltli(ciiesa?n 0 Q20 percentage N percentage  GC percentage
I L Female 39 150 698 36 800 864 3312077 760 98.36 0 30.45
JfE A Male 42277 032 38308 428 3447 758 520 98.36 0 29.24

F2 FEXWRERANFBEHALKRESIT

Table 2 Assembly quality statistics of the transcriptome sequencing of Procecidochares utilis

i Bk BEC BEKE (nt) FHKE (nt) ST MAFERE AN
) Total Total length ~ Mean length Total consensus  Distinct Distinct
Item Sample N50 value .
number (nt) sequences clusters singletons
HESHE MK Female 68 467 15558 079 277 - - -
Contig i Male 44166 10262 573 282 - - -
Al -
A BEC AN 29 147 13312286 503 29 147 3497 25650

Unigene

3
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o
5
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I
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Transcript length of Procecidochares utilis (nt)

o

LR SRAKE (nt)

B 1 F2X388H0 unigenes KES B &I
Fig. 1 Length distribution of unigenes of Procecidochares utilis
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2.2 unigenes BIThBEEEE

2 3 /R T unigenes 5 7 KEFEE L XT 15 5]
B RS B o 225 3RS 1Y unigenes PTG £ 4 22 vh
HRUTE R A 19 384 45, TFREEN 66.50%.
Horfr NR 7B unigenes 2 2( 16 947,58.14% ),
ZIEMUE NT (12 172, 41.76% ). GO (11 237,
38.55% ).SwissProt( 10 946,37.55% ). KO( 9 752,
33.46% ); 7E KOG £idli e b i B /b, o4 4 689

o, b 16.09%. 15 2% S I S 2 R DF R Y
unigenes 5 Trypanosoma brucei gambiense K
unigenes AR, KF] T 11.80%; Hik5
Drosophila virilis . Drosophila willistoni .
Drosophila melanogaster , Drosophila mojavensis .
Drosophila ananassae 453 K551 % b FR AR (L
R 9.70% . 9.70% . 8.90% . 8.20%F 6.20%;

FANSGHE YR EREAEERA S 39.50% (K 2).

3 FEZILWEEIRERSIT
Table 3 Statistics of the functional annotation of Procecidochares utilis

" e R K HEREHH] (%)
BAfE e
Number of annotated Percentage of annotated
Databases . .
unigenes unigenes
NR {4/ )% 13 B Annotated in NR database 16 947 58.14
NT B8 2 i F% Annotated in NT database 12172 41.76
KO #4& FE 73 B¢ Annotated in KO database 9752 33.46
SwissProt 24 ZE 73 B¢ Annotated in SwissProt database 10 946 37.55
GO %45 FE 73 B¢ Annotated in GO database 11237 38.55
COG ¥ ZE7E B¢ Annotated in COG database 4689 16.09
T B0E ZE 34 13 B¢ Annotated in all databases 19 384 66.50
FE[H Unigenes 29 147 100.00

39.50%

11.80% [

@ Drosophila virilis

81 Drosophila willistoni

= MR R Drosophila melanogaster

Drosophila mojavensis

@ R RELEME Drosophila ananassae

@ Drosophila grimshawi

B X LW AR KA R Trypanosoma brucei gambiense
& HAh Others

Bl 2 NR #4EE P iEfERE =218 unigenes
Fig. 2 Annotated unigenes of Procecidochares utilis in NR database

2.3 unigenes BIThEE S 3

V2 SR E A A R AT 11 237 (38.55% ) 4%
unigenes ¥R E] GO Dyfgds T (&l 3).

o B A= 2= a0 2 ( Biological process )
i) unigenes A 58 065 £%, HH i e i #2( Cellular

process, 8 092 4%). H—AW il (Single-
organism process, 6494 7% ) A ERZ, (Cell
killing, 3 Z%) mo%idi/; ERFIAN M4

( Cellular component ) ¥ unigenes A 32 203 4%,
P2 ( Cell, 6 741 4% ). 4HAEH Y ( Cell part,
6 741 2% ) AR IR Z , WFEARER S ( Virion part,
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BT 81 Transporter activity

S F I8 Molecular function

1214153 Transporter activity

B 1575 3h Translation regulator activity

Z5H34y 1% Y Structural molecule activity

AR IE M Receptor activity

A RS A5 % H 7% Protein binding transcription factor activity
KA RRES A% 5% N 715 M Nucleic acid binding transcription factor activity
T4 & 4% Morphogen activity

5+ ¥4 5% ¥ Molecular transducer activity

2 JR B H 15t Metallochaperone activity

7135 M Enzyme regulator activity

L F#R /A% Electron carrier activity

JEIBE A 2515 Channel regulator activity

e iy [ ——
%54 Binding

HLEALTEPE Antioxidant activity

FREAERSY Virion part
& Virion
Z2filR 43 Synapse part |7
Zfith Synapse [

YNHIASERSY Organelle part [
4Hffi% Organelle 1
HAR/IMA Nucleoid

losed lumen [

JEE & H P Membr:

ZHffIZH 4> Cellular component

JE45 44> Membrane part [

454 Membrane [
5 24 K43F Macromolecular complex 1
MISNXF 4> Extracellular region part [
HaSR X Extracellular region [==
YIS NEBR R 5 Extracellular matrix part
Hash3E Extracellular matrix i
A4 Cell part J
ZH % Cell junction [m=

41 Cell |

AR DA SRR Single-organism process

%% Signaling
F5 A2 Rhythmic process
R F4AHIRL Response to stimulus

H: 241372 Biological process

EFHHEFE Reproductive process

7 Reproduction

H=4i%5 #E#2 Regulation of biological process
IEJA#E A Y 3ERR Positive regulation of biological process
1 R ) 4 )R Negative regulation of biological process
Z 4772 Multicellular organismal process

£ 40 i HLEA Multi-organism process

ARBHERE Metabolic process

a3 3h Locomotion

&L Localization

HBE R G Immune system process

4K Growth

Z Ak 7. Establishment of localization

% B 1#£#2 Developmental process

YR Cellular process

LHLERAr B A P14 R Cellular component organization or biogenesis
iR 45 Cell killing

4135 Biological regulation

LEYIHEE Biological adhesion

| 1 1 1 1 1 1 1 |
0 1000 2000 3000 4000 5000 6000 7000 80009000

B 3 F=Z38E unigenes B GO 433
Fig. 3 GO categories of unigenes of Procecidochares utilis

4 7%) MR R TR F UM (Molecular
function ) [ unigenes 4 14 829 4%, 7E4r T Uik
B I4E AT T (Binding, 6 355 4%). fi#fk
1M (Catalytic activity, 5303 5%) H3EFRZ,
EIRENETE (Nutrient reservoir activity, 5 5%)
%R D

225k COG B FEDIRETTM AN 702, Bty
4 689 %% unigenes INTERER] COG $¥a E 1) 25
Mo (K 4), Hrh R s 1 — i oi6e

( General function prediction only, R )% unigenes
Wiz, M 1283 4%; HRESS5ME. B
PRgER A1) A A ( Translation, ribosomal structure
and biogenesis, J) ) 1 018 2%, #%5% ( Transcription,
K) 1699 55, Z5RIEEBM . BB,
2y THE1E ( Posttranslational modification, Protein
turnover, Chaperones, O ) ] 698 7% ; HA AR
R F 600 %5, f /b myJE HAX A W) Ml A 4510

( Extracellular structures, W) A9 4 %%,
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2.4 CDS g SSR 4#k

5P 2 5208 unigenes 5 Nr I Swiss-prot &
FIEGE AT blast HEXT, 345 1 17 113 %% CDS
A R B, B XN B RS unigenes FlH
ESTscan #3545 2 257 4% CDS ¥4I i Bt 78t

Z0HI-E 42 (Z) Cytoskeleton

45 (Y) Nuclear structure

HHSEEH (W) OwaijieExtracellular structures
BEAEIBL (V) Defense mechanisms

HINIEH . S FIBRHLZER (U)

Intracellular trafficking, secretion, and vesicular transport
1555 S (T) Signal transduction mechanisms

FRHNTIEE (S) Function unknown
— I BETM (R) General function prediction only
WAERBTF=YINAEY &R, BEmaaEQ

metabolites biosynthesis, transport and catabolism

Secon

TAHLE Fiz %5 518 (P) Inorganic ion transport and metabolism
BFEEM, BARBIFEMSTEE (O)

Posttranslational modification, prﬁ(])]tein turnover, chaperones

o
HETE M (N) Cell motility s
20 R/ R/ A0 A JR3E (M) Cell wall/membrane/envelope biogenesis [m——
i, EH 55K (L) Replication, recombination and repair |me—
#E (K) Transcription
B, MRS 54 YRR ()
(o

Translation, ribosomal structure and biogenesis
& B3z 54838 () Lipid transport and metabolism

A HI AT (H) Coenzyme transport and metabolism
ok tbA Wizt 51 (G) Carbohydrate transport and metabolism
AR 2 5/ (F) Nucleotide transport and metabolism

RHEIRF2 51 (E) Amino acid transport and metabolism
YRR, MR, YRR (D)

Cell cycle control, cell division, chromosome partitioning
HEVE A= 7= 554k (C) Energy production and conversion

YetafhgEH 530 12 (B) Chromatin structure and dynamics
RNA AbHFEHA (A) RNA processing and modification

HIF 19 370 & CDS A B, KEA
200-400 nt XA Z, £ 11 079 4%; HE
400-600 nt (3 152 45) % 0-200 nt (2 909 4% ),
HAAKE XA E CDS &4 E 2 000 2 (&5 ),
FIH MISA 482 25 TV & ( Simple sequence

0 200 400 600 800 1000 1200 1400

B4 FZ5048 unigenes B COG 93
Fig. 4 COG categories of unigenes of Procecidochares utilis
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G
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Q
—g 100
Z.
® 10
%
IOOOOOOOOOOOOO
QOO QOO0 OCO OO
NNt N O~00NO AN on -
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FAKEE (nt) Unigenes length (nt)

B R 45751 CDS analysis by blast
O T 4% 751 CDS prediction by ESTcan
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=}
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=3 000

E5 EFE%BFE (CDS) KEST
Fig. 5 Gene coding DNA sequence (CDS) length distribution
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repeats, SSRs) Fric 5483 4>, Hirb BpgFERL T
B (28501, /5 51.98%) ;%%; HRE=miE
AL (1 587 4>, 29.94%); FBEFEA (60 4>, K
1.09% ) FIZSHEFERD (52 4, 4 0.94% ) &>
(%4),

R4 FLILBSSR HINFITER

Table 4  Statistical results of SSR analysis of
Procecidochares utilis

Wi Kt
Items Numbers
o g

A | 2 147
Total number of sequences examined
| =g g
FABKE 13 312 286
Total size of examined sequences (bp)
I SSR 8K s a8
Total number of identified SSRs
SSR JESIEL 4365
Number of SSR containing sequences
5 1AL L SSR A F 511K
Number of sequences containing more 870
than 1 SSR
eaWIE P AETERY SSR £
Number of SSRs present in compound 337
formation
PAfK Monomers 2 850
T B{K Dimers 769
=K Trimers 1587
JU A& Quadmers 165
FLRIE Pentamers 60
7N HK Hexamers 52

25 ERFREIERERIMIE

AHFSE K PR == SRR 29 147 > unigenes
A 11 331 4> unigenes 7EME R HL 5 5 Rl HUAH Y
FIRIKVAN ] o P 22 S e i e 55 e ol A LU A
2 640 PNFIEIKF LIH unigenes, 8 691 >Rk
KT P unigenes. A TS K, DUME RS A
() FPKM WA ARER, ARSI FPKM 9L bR
S, B 6 el X R i 2 L )
PR, g XS AR T A R, 0 X Sl A R
S e R R P R KB 22 g BRI Ay
17 816 1~

| mREKF EREEE Up-regulated genes
m R T RERZEE Down-regulated genes -
" RIRIKP B 2 5 R

I No difference in expression level . * °

H N

|
—_O = N W
T

[
W N
T T

T A U FPKMAH log10(Male FPKM)

A3 210 1 2 3 45 6 7

W i FPKM{H log10(Female FPKM)

6 EXSH8 unigene BIRIEKFESHT
Fig. 6 Analysis of Procecidochares utilis
unigenes expression level

26 ERFTIEEHEGO EESH

AWFFE AL 38 848 A2 F IR KL TERF|
GO ThAEZrb . 20 461 NFEN TR W25
T, 12 408 DEENTERRIEA 7T, 5979 14
HN&501U6E (Kl 7). GO E4E0Prikikis 8
RN ERN. ZRENEEYSIBREDE
SEEA M FE ( Cellular process, 3 126 55 ). 1€
Wik #E ( Metabolic process, 2 595 2% ). HAHL
&2 #2 ( Single-organism process, 2 340 5% );
TEARMI A 73 s SRR (Cell, 2667 25 ). 4
Mg #43( Cell part, 2 667 2% ). 4l fifi %5 ( Organelle,
2003 %% ); TESrFUIRET R AL GG
( Binding, 2 625 %) AfifkifitE ( Catalytic
activity, 2151 %% ),

2.7 Z£] unigenes PR IEHE RS T

KEGG fUii i/ Hr 33 2 3 980 2273k
IR, k2 B RIRER S5 250 AR
W EE 530 e, 7R SOiE g b R GA kA BIRECE
P, Hr 632 MEEES S Z R IR R

( Metabolic pathways ), 216 FE[H S 5 5L
[C#% (Hunting’s disease ), 168 3E:[HZ5 RNA
izt #2 ( RNA transport ), 161 P3RS 520
RIE AL (Ribosome ), 135 ALK 2 5 EER AL

( Purine metabolism ), 133 NIEH 25 EALBERR
fk ( Oxidative phosphorylation ), 125 3EE %5
AIMLEIY (Cell cycle ), 99 MEHZ 5 HBAY)
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ia TG PE Transporter activity
BHFH 17 7% ¥ Translation regulator activity
ZEF 43 F 5P Structural molecule activity
T Receptor activity
B A B4 A%% 5 B 75 1% Protein binding transcription factor activity
KHPRES A% 5 71 P Nucleic acid binding transcription factor activity
25 & 4 1% M Morphogen activity
S35 M Molecular transducer activity jm
£ RHBZE A5 Metallochaperone activity
B RS9 79035 2% Enzyme regulator activity jmm
B, T #R A5 M Electron carrier activity u
JEIE V#5751 Channel regulator activity
fEALIEPE Catalytic activity
%4£4 Binding
Y& fLTEM: Antioxidant activity
JRBER T4 Virion part
WITEA Virion
RfiFR 4> Synapse part
Zffih Synapse
Yl ffa #5853 Organelle part
YAHI#S Organelle
AR/ IMA Nucleoid
JEESHA N i Membrane-enclosed lumen
JREEHIER 4> Membrane part
%54 Membrane
& 74 K45F Macromolecular complex
HEAMNX 43 Extracellular region part
Ha4PX Extracellular region
40 MISMEE B 4) Extracellular matrix part
Jfi#h3E Extracellular matrix
HIHIF S Cell part
4HMI7%## Cell junction
41 Cell
AU HLAHAE Single-organism process
{55 Signaling
Fi#EE Rhythmic process
L340 B, Response to stimulus
ZHE VR Reproductive process
%%} Reproduction
A= ¥ 352 Regulation of biological process
TEAE R A Y72 Positive regulation of biological process
R A 35 Negative regulation of biological process
Z Y i #EF2 Multicellular organismal process
Z 41 A PR Multi-organism process
R Metabolic process
4175 3l Locomotion
FE{I Localization
B R SRR Immune system process
HK Growth
AL #E ST Establishment of localization
& #E#2 Developmental process
40 I EFR Cellular process
NI H LI 43 B4 1A ) Cellular component organization or biogenesis
Y45 Cell killing
A9 Biological regulation
Yt Biological adhesion |y ) ) . . \ \ '
500 1000 1500 2000 2500 3000 3500

B7 F=SLWEFREEREM GO 72
Fig. 7 GO categories of Procecidochares utilis DEGs

oA A 1 B ( Ribosome biogenesis in 2006 ). AVFZ B M5 T3 = SEa AR 9= Al

A FiBE Molecular function

Y MIZH 4} Cellular component

| 1'|un| i

H: #2453 72 Biological process

(=]

cukaryotes )o RS (RTFEE RS, 1994 ), {HE
3 R 36T 3 22 SRR PR 7 TG FO TS e o AR5
1 I Tlumina I AR X 36 22 S0k 47 S 4 0

i%éim%%?rj%i/?%?%éﬁgaﬂi, JH: ﬁ%ﬁ%*ﬁ’ ?E%T%%gﬂﬂg%%1$%§it*ﬁﬁo iﬁ
TERS 5 Fh e 2 e 25 B (T SCBt P AL EE | Trinity $H% | FE A DIREER
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S P MR N S ISR 6 SN RS
e 356 DR s O T s T R A B oA i — 2 1y o T
WAL T E SR U

AR Bifi A R A B S AL B R B R
R B HUTE AN T i S A SCIE R RB A, KA T
Bemisia tabaci ( Wang et al., 2010 ), MV £ KUEE
Ostrinia furnacalis ( Zhang et al., 2016 ), 7547
I 1 Conopomorpha sinensis ( @ FH%E, 2016 ).
e Z 49 M) Phenacoccus solenopsis ( BAR 784,
2017 ). 721k Opisina arenosella ( 475 304,
2018 ). = BEK 4+ Batocera horsfieldi g H fi £( ¥
FESE, 2019) 45, B HUEPIEE 1Y K A T
F B RS, A B TR R
(8 PRI AR, FRRE H 5 U5 B R P %) 40 4
(IRBESE, 2012), AWFFEILRIG T 29 147 %
unigenes, 14K & A 457 bp ,N50 K &4 503 bp.,
NSO {EER AR RS RN K A B E , HA/NT
800 bp i 15t B £H B4 15 21 1) ¥ 51 58 B M 3 - ( B0
FAE, 2014 ), AT A IR A v o D 0 ( Q20)
BIm T 98%, HAMFRFR, 75 B i
PR EENZE (Chenetal., 2014 ), MIRTGHEH
FECE . SFIRKEERT NSO KSR w4 R AR
YRR =2 S S A I PFEERICR R4

MECHE FEERE B A, it 19 384 4%
unigenes #% Nr. Nt, Pfam, Swiss-prot, GO,
KOG. KEGG ¥ M ERE, 5 unigenes &
B 60.50%, #RiM, T unigenes BEARK B A
5. RHIEHEAE B A B = A (Qietal.,
2016 ), 154 9 763 2k unigenes %A PAFERAS
B, XS S FTh e AT ie A Rt — 2
WEFE . BARE2LSCMRAE 7 AMEEFE B3 80
FE, X TR SR DR B ES B, (HEE
&, SRBAREE TR R R b A, TR
16.09%-58.14% 2 [1] ,  15d W [ w2 S 0080 e vl
SRR 22 el B R A /b (SIS, 2016 ). GO
1 KEGG 11 BEZE RN IZ A FE I 22 S i) Ak [
DIfete it 17 i, (b T AR A 15 2 Y Dy g 43 28 1k
T [ 25 R AT 2P 00 B0 UE A BE L IE R
AHCEE R A AR F I B
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pric (Lietal., 2016), ffk TG &0 Fhn
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R SRR SR A R E L Z2 ARSI AR A
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3 Aok 1 2 O A R R R P T 25 R R GA
SN, BRI LSRN 29 147 /) unigenes TP
11 331> unigenes 7 8 L5 1R Y RIAIK
SR BAEG I ZIA 2 640 PRIk AKN- L
A9 unigenes, 8 691 M ik/KF T YA unigenes,
GO g4, 2 5 R N F 2 s £ 7RI 72
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AN AR B A5 30 1

&%k (References)

Bennett PH, Vanstaden J, 1986. Gall formation in crofton weed,
Eupatorium adenophorum Spreng (syn. Ageratina adenophora)
by the Eupatorium gall fly Procecidochares utilis Stone (Diptera:
Trypetidae). Australia Journal of Botany, 34(4): 473—480.

Buccellato L, Byme MJ, Witkowski ETF, 2012. Interactions
between a stem gall fly and a leaf-spot pathogen in the biological
control of Ageratina adenophora. Biological Control, 61(3):
222-229.

Chen SB, Guan DS, 1994. Biological character observation and
biological control of Procecidochares utilis Stone. Southwest
China Journal of Agricultural Sciences, 7(4): 98—102. [FT}%4,
DRAERR, 1994, P22 SR W) AR A B A IR A . P RIAR
Av2E4R, 7(4): 98-102.]

Chen XD, He DY, 1990. Study on the strategy of biological control
of Eupatorium adenophorum by using Procecidochares utilis.
Journal of Applied Ecology, 1(4): 315-321. [FEIEA, il K&,
1990. FIJ FIT5 24 S ) 58 2535 22 I A B SR G AT 9. LTI A
AR, 1(4): 315-321.]

Chen EH, Wei DD, Shen GM, Yuan GR, Bai PP, Wang JJ, 2014. De
novo characterization of the Dialeurodes citri transcriptome:
Mining genes involved in stress resistance and simple sequence
repeats (SSRs) discovery. Insect Molecular Biology, 23(1):
52-66.

Fowler SV, Syrett P, Hill RL, 2000. Success and safety in the

biological control of environmental weeds in New Zealand.



- 298 - R B H 244 Chinese Journal of Applied Entomology 58 &

Austral Ecology, 25(5): 553-562.

Gao X, Ma S, Wang JR, Ye M, Li ZY, Wu GX, 2013. Structure and
development of internal reproductive organs in Procecidochares
utilis Stone (Diptera: Tephritidae). Journal of Biosafety, 22(1):
61-65. [z, Db, &%, i, FIEKR, REE, 2013.
T2 SR A TR B IR MR B RO R A,
22(1): 61-65.]

Grabherr MG, Haas BJ, Yassour M, Levin JZ, Thompson DA, Amit I,
Adiconis X, Fan L, Raychowdhury R, Zeng Q, Chen Z, Mauceli
E, Hacohen N, Gnirke A, Rhind N, di Palma F, Birren BW,
Nusbaum C, Lindblad-Toh K, Friedman N, Regev A, 2011.
Full-length transcriptome assembly from RNA-Seq data without
a reference genome. Nature Biotechnology, 29(7): 644—652.

Guo J, Lii F, Yan NS, Chen B, Li ZY, Sun YX, 2008. Reproductive
behavior of crofton weed gall fly. Journal of Jilin Agricultural
University, 30(1): 4-7. [$8&, BJ5, /"T9lk, Bk, 22IEER,
PMIRSE, 2008, P22 SR AEFHAT A RIBISE. FARAOL K22 3,,
30(1): 4-7.]

Gu XY, Liu LJ, Su Y, Zhao Y, Guo SK, Li ZH, 2018. A review of
transcriptome sequencing in Tephritidae. Journal of Plant
Protection, 45(3): 399-408. [BUHL, MIMNH, Sz, &4, 55
HR2E, ZRAKAL, 2018, SElERL R UL SHEANT TR . R IR
2741, 45(3): 399-408.]

Hu JJ, Meng X, Zhou JB, Yang LX, Liu RH, Li RZ, 2017.
Transcriptome analysis of the cotton mealybug, Phenacoccus
solenopsis (Hemiptera: Pseudococcidae). Acta Entomologica
Sinica, 60(1): 9-17. [EIRA, A, LR, Bk, XIEiE,
R, 2017 RBMB G F AN, R R, 60(1):
9-17.]

Hu JM, Xu DP, Zhuo ZH, Yang W, Yang Y, Zheng YR, 2019.
Analysis of antennal transcriptome and olfaction-related genes of
adult Batocera horsfieldi (Hope). Chinese Journal of Applied
Entomology, 56(5): 1037-1047. [WHEg, #hif, ST, 4
£, Bk, FRZEIR, 2019, ZEETR A LR i £ 7 S L B mUSEAH
RAER T, IR 24, 56(5): 1037-1047.]

Jiang LN, Mu L, Sun A, Yue Y, Liu MR, Gui FR, 2019. Effects of
parasitism of eupatorium gall fly Procecidochares utilis on the
growth and host defense of Ageratina adenophora. Journal of
Plant Protection, 46(1): 56-62. [Z2ARME, AFk, Fh&, HIE, X
AEOR, BERTOR, 2019. 22 SUMETF AR XS SRR 22 AR RN B e
JitsEm. R, 46(1): 56-62.]

Jia XP, Ye XQ, Liang LJ, Deng YM, Sun XB, She IM, 2014.
Transcriptomic study of Paspalum vaginatum based on
high-throughput sequencing. Acta Prataculurae Sinica, 23(6):
242-252. [BEHiF, MEER, Rmidd, XTI, FhbEE, A,
2014, FET mE P BT AR B SR BT, T,

23(6): 242-252.]

Jin YL, Cong B, Wang LY, Gao YG, Zhang HY, Dong H, Lin ZW,
2016. Differential gene expression analysis of the Epacromius
coerulipes (Orthoptera: Acrididae) transcriptome. Insect Science,
16(1): 42.

Lan MX, Ma S, Zhang M, Hao KQ, Lu WF, Wu GX, Gao X, 2017.
Procecidochares utilis Stone: A review. Journal of Southern
Agriculture, 48(3): 459-464. [=H]5E, Db, TKHE, MR, &
R, REAR, W3, 2017, FE2TRHR IR, Byl
i, 48(3): 459-464.]

Li AF, Gao XM, Dang WG, Huang RX, Deng ZP, Tang HC, 2006.

-

Parasitism of Procecidochares utilis and its effect on growth and
reproduction of Eupatorium adenophorum. Jouranl of Plant
Ecology, 30(3): 496-503. [ZEZ75, mBtHl, 3, #oHE,
XA, FEFIA, 2006. {522 SLHp 7y AR B H 502535 22 /)
K S5ATER . PR, 30(3): 496-503.]

CY, Chiang TY, Chiang YC, Hsu HM, Ge XJ, Huang CC, Chen
CT, Hung KH, 2016. Cross-species, amplifiable EST-SSR

Li

-

markers for amentotaxus species obtained by next-generation
sequencing. Molecules, 21(1): 67-76.

Li LF, Lan MX, Lu WF, Li ZB, Xia T, Zhu JY, Ye M, Gao X, Wu

-

GX, 2018. De novo transcriptomic analysis of the alimentary
tract of the tephritid gall fly, Procecidochares utilis. PLoS ONE,
13(8): €0201679.

Liu Q, 2017. Effects of Procecidochares utilis on parasitism, height
and reproductive performance of Eupatorium adenophorum.
Guizhou Agricultural Sciences, 45(8): 34-37. [MlIf, 2017. F%
ST 5 2R 2L A LR S ki S TR RE RS . S AR B
2F, 45(8): 34-37.]

Liu WY, Liu LH, He AJ, 1991. The effect of Procecidochares utilis
on growth and development, distribution of biomass of
Eupatorium adenophorum. Acta Ecologica Sinica, 11(3): 291-293.
DRUSORE, XUEHE, FIZZE, 1991, 324 STMiNT SR LA K
B EAY R ERETITE. AW, 11(3): 291-293.]

Lu P, Sang WG, Ma KP, 2006. Effects of environmental factors on
germination and emergence of crofton weed (Eupatorium
adenophorum). Weed Science, 54(3): 452-457.

Lii HJ, 2012. Transcriptome compare between adult and nymph of
Oxya chinensis and the construction of their transcript map.
Master dissertation. Xian: Shaanxi Normal University. [ 5 £L1H,
2012, FPAERE MG ORI R U SR 1Y) LU ASERIT e S S T e s
AR, WSAAIE S PUZE: BRPGIIER ]

Ma S, Gao X, Zhu JY, Wu GX, Wang JR, Ye M, Xiao C, Li ZY,
2012a. Effects of temperature and supplementary nutrients on the
life span of adult Procecidochares utilis (Diptera: Tephritidae).

Journal of Biosafety, 21(3): 74-77. [¥b, W5, RFEH, RE



2 4 AR P 2 SR A R R SR S 22 S O A - 299 -

B, e, ML M, IR, 2012a. RERANTEERY
X 22 SMRAF RSN, AR R, 21(3): 74-77.]

Ma S, Wu GX, Zhu JY, Wang JR, Gao X, Ye M, Xiao C, Li ZY,
2012b. Effects of supplying hydromel and mating behavior on
life-span of Procecidochares utilis adults. Acta Agriculturae
Jiangxi, 24(2): 83-85. [B¥b, RERE, RIEH, &K, FHE,
Mg, HA, BIEER, 2012b. Fh AR E K B A RLAT R
SRR AR AT SR . VIR AROL 2R IR, 24(2): 87-89.]

Meng X, Hu JJ, Liu H, Ou YGC, Guo MF, 2016. Analysis of the
transcriptome and olfaction-related genes of Conopomorpha
sinensis Bradley (Lepidoptera: Gracilariidae). Acta Entomologica
Sinica, 59(8): 823-830. [, IR, XUEE, BRFHAEM, W
Wi, 2016. A IE HUL SR 2 M AR G R A, B HL 4R,
59(8): 82-830.]

Qi LX, Fang Q, Zhao L, Xia H, Zhou YX, Xiao JH, Li K, Ye GY,
2016. De novo assembly and developmental transcriptome
analysis of the small white butterfly Pieris rapae. PLoS ONE,
11(7): 1-18.

Qi RZ, Gao XM, Wei DD, 2016. Transcriptome analysis of

=

Periplaneta fuliginosa Serville. Chinese Frontier Health
Quarantine, 39(5): 319-323. [FFild%&, w4, 2LSHT, 2016.
BT R I Y R R S A o A T AR A
ZR, 39(5): 319-323.]

Rahman O, Agarwal ML, 1990. Biological control of crofton weed
(Eupatorium  adenophorum  Sprengel) by a fruit fly
Procecidochares utilis Stone in eastern Himalayas. Indian
Journal of Weed Science, 22(1/2): 98-101.

Sang WG, Zhu L, Axmacher JC, 2012. Invasion pattern of
Eupatorium adenophorum Spreng in southern China. Biological
Invasions, 12(6): 1721-1730.

Sun J, Wang HL, Wang DH, Xu B, 2003. Overview of Eupatorium
adenophorum Spreng control. Yunnan Animal Husbandry &
Veterinary Medicine, (4): 11-13. [#h2h, Fifle, Emut, %%,
2003. FREFZPHAMIE. ZMEREE, (4): 11-13]

Wan F, Liu W, Guo J, Qiang S, Li B, Wang J, Yang G, Niu H, Gui F,
Huang W, Jiang Z, Wang W, 2010. Invasive mechanism and
control strategy of Ageratina adenophora (Sprengel). Science
China Life Sciences, 53(11): 1291-1298.

Wang JX, Gao X, Ma S, Wu GX, 2013. Bioconcentration effects of
Cd, Pb and Zn in soil-Eupatorium adenophorum Spreng-
Procecidochares utilis Stone system. Chinese Journal of
Eco-Agriculture, 21(7): 877-882. [ 75, M, Vb, RE
£, 2013. Cd, Pb Fl Zn 7E 13- 282535 22 -5 2SI RGP Y
AW EERNATST. hEAESAR AR, 21(7): 877-882.]

Wang WQ, Wang JJ, Zhao ZM, 2006. Effects of parasitizing on the
sexual reproduction of Eupatorium adenophorum Sprengel by
Procecidochares utilis Stone at different microhabitats. Acta
Phytophylacica Sinica, 33(4): 391-395. [ 33, FHF%, #E&
L, 2006. AN[RIfAE B b3 22 SR 2 A 0 58 2R3 2 A P A
I, A IRAP R, 33(4): 391-395.]

Wang XW, Luan JB, Li JM, Bao YY, Zhang CX, Liu SS, 2010. De
novo characterization of a whitefly transcriptome and analysis of
its gene expression during development. BMC Genomics, 24(11):
400.

Weeks AR, Marec F, Breeuwer JA, 2001. A mite species that
consists entirely of haploid females. Science, 292(5526):
2479-2482.

Xu ZW, Ren XM, Wang J, Zhang ZQ, Liu NY, Yan W, Zhu JY, 2018.
Transcriptome analysis of Opisina arenosella. Journal of
Southwest Forestry University, 38(5): 44-51. [, 5,
FR, WAL, XI55, B, REH, 2018, T ZUE: %
A5rHT. PERIMOL R 22224, 38(5): 44-51.]

Yue GD, Gao Q, Luo LH, Wang JY, Xu JH, Yin Y, 2012. Application
of high-throughput sequencing technology in animal and plant
research. Scientia Sinica Vitae, 42(2): 107-124. [fEH: 4R, =ik,
B, EZ—, YFBOT, THE, 2012, w0 T HARTES)
TPy BF 5C S B L T T R 2 A A B oA, 42(2):
107-124.]

Zhang QL, Yuan ML, 2013. Progress in insect transcriptomics based
on the next-generation sequencing technique. Acta Entomologica
Sinica, 56(12): 1489-1508. [FkAHLMEE, =HAE, 2013. T H—
FRI ¥ B AR Y B e sk L 2 R SR ke . B A2 4R, 56(12):
1489-1508.]

Zhang T, He K, Wang Z, 2016. Transcriptome comparison analysis
of Ostrinia furnacalis in four developmental stages. Scientific
Reports, 6(1): 1-9.

Zhang Z, Liu JD, Huang SQ, Li F, 2012. Application of
bioinformatics in entomology. Chinese Journal of Entomology,
49(1): 1-11. [5k%%, X458, HOKWE, 725 €, 2012, AUMEE¥
TE R AT s N . R RS 24, 49(1): 1-11.]

Zhang ZY, Wei Y, He DY, 1988. Biology of a gall fly,
Procecidochares utilis and its impact on crofton weed,
Eupatorium adenophorum. Chinese Journal of Biological
Control, 4(1): 10-13. [BREIE, BHZ, MM, 1988, 2500
AR RIS, AEYIBIRIE AR, 4(1): 10-13.]

Zhao YJ, Yang XJ, Xi XQ, Gao XM, Sun SC, 2012. Phenotypic
plasticity in the invasion of crofton weed (Eupatorium

adenophorum) in China. Weed Science, 60(3): 431-439.



