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(1. PHAENRYE RS, FFE 6370025 2. MERGRAMAERE, W10 5702285 3. A EBEmEW A FAWLEIRFE N IRE, M 510642)

B E [Bfy) #7244 % Rhynchophorus ferrugineus 45 st 4B, TR ISR LT KE S B 5L
BEE R FE ] RAEEENTE G, A AT lumina RNA-seq )3 IE = A7 ( PacBio Iso-Seq )
B IERT LI ARG A T R KL SR, FEXTFE SR BRI T AR B, [ ER ] 4 H & KE
SR 2302 bp, N9O K JEH 1321 bp, N50 K 2785 bp; 4 CD-Hit FRE 704y, G+
A 63801 4%, FEKEJEHEY 0.5-6 k. FEFETIAEFEREFRW, 7€ NR. Swiss-Prot. KEGG. KOG. GO. NT
1 Pfam Edi e, /0 5IF 50280, 40 109, 47 197, 33 511, 27 707, 27253 1 27 707 £k SRABE 1 H RS ;
Horr, 12 508 &5 AITE 7 MR E A TERE, 54 999 S8 SEAR B /DTE— NIRRT R, WA, %
SESKT, 3KA5 2 184 AR EYHEE (AS). 66 230 1~ SSR., 2 084 NE&EFET (TFs) M9 618 F& K4tk
5 RNA (LncRNA ), CDS K FE M EJ 0-2 500 nt. [ G536 ] ASWIFERAE T 40bnge P Kt 5
BARE, NARZE PRS0 T AW 505 25 e 2l .
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Using PacBio | so-Seq to deter mine the transcriptome of
Rhynchophorus ferrugineus
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Abstract [Objectives] To obtain genetic data on, and establish a transcriptome database for, Rhynchophorus ferrugineus.
[Methods] The transcriptome of R. ferrugineus was sequenced using a high-throughput sequencing platform with
second-generation sequencing (Illumina RNA-seq) to correct third-generation sequencing (PacBio Iso-Seq) data, and analyzed
with bioinformatic software. [Results] The mean number of R. ferrugineus transcripts was 2 302 bp and the N90 and N50
lengths were 1 321 bp and 2 785 bp, respectively. An additional 63 801 transcripts were obtained using the CD-Hit program
with the majority ranging in length between 0.5 and 6 k. Of the transcripts found, 50 280 were annotated in the NR database,
27 253 in the NT database, 47 197 in the KEGG database, 40 109 in the Swiss-Prot database, 27 707 in the Pfam database,
27707 in the GO database and 33 511 in the KOG database. 54 999 were annotated in at least one database and 12 058 were
annotated in all databases. Furthermore, 2 184 AS, 66 230 SSR, 20 84 TFs and 9 618 LncRNA were predicted, or identified,
respectively, and the main CDS length range was 0-2 500 nt. [Conclusion] The transcriptome database of R. ferrugineus was
successfully obtained. The results provide a foundation for further study of the molecular biology of this species.
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IR %H Rhynchophorus ferrugineus Jg& i3
H Coleoptera £ H #} Curculionidae, ZHEHHE!
Palmae %) F % FE L ( Vatanparast et al., 2014;
Wakil etal., 2015 ), ZHEE TR, ZJ5iH
AL 0 B ST YN RN A b, ™ A FE AR AR A
¥y (Soroker et al., 2005 ), ZIA7E%H 73k = &~
FARER, EERBE 1T km®, HE R
WX A= A5 %4> (Shi et al., 2014; Ge et al.,
2015 ), ZI ELLIG) g fEF G IR
F s A 1L, RIME PR A , AT
Rt BRI SRS B S, A7 i U S B VR RIOCR
AE, BARRITPHE ™ (Ferry and Gomez,
2002; Sacchetti, 2006; Hussainetal., 2013 ),
HA, sk 2 s e R R R H 2
BRI, TR T, ) A T Tt
AR R B FsL AR T A DT T, X LR S
BT LRGSR . AT S iR
PO AR
e 3 7 S 2 T P AR A B R Bl SR K T
53R ZARDUF R =AWy o AR 3z F T3
R ik K E5T ( Nagalakshmi et al., 2008;
Ekblom and Galindo, 2011; Djebali et al., 2012 ),
W 4 Bombyx mori (Li et al., 2020). 7RiUA
¥ Tribolium castaneum ( Guo etal., 2019a), K
i Galleria mellonella (#738%, 2019), 4
Mt Helicoverpa armigera ( Wang et al., 2020 ) #l
HB-f — ¥t # OryctesrhinocerosL. ( Arvind et al.,
2020 ) 45, (H AP U BT, SRR B
MNEESEAR (Koren et al., 2012), 55 AR +F
AE LG, AR A S 41 0 7 JC 5 41 2k BV AT e 3R 4
B SRS AR =AU 7 2 v T 2R B R 2
W5, 4n Kk K&\ Laodel phax striatellug Zhu et al.,
2017 ), HAEA L4t Protaetia brevitarsis Lewis
(Wang etal., 2019 ), % %% Pyrocoelia pectoralis
(Fu et al., 2017) %%, HHJ, XTLELEP
R 7 B A F 5 (Antony et al., 2019;
Habineza et al., 2019; Muhammad et al., 2019 ),
H =R KRB 25 L, 4%
HAE AR R 0 T3 L, AR SCRAH AR 7
(Illumina RNA-seq) #&I1E =fRMJF ( PacBio
Iso-Seq )J7 ik , X LLFRG AT K s A 7

Jfil it B T RETERE . CDS Bl . SSR A Al
TFs 7hHras, NHAREENEAR | Fexkik | )
RERE S 7 TARIC AT S AR BE B A HE , S itE—
NI F KT LR G Bl i B4 S, [R] S
WP I R R A K SR B %

1 #MR5HE

1.1 #iKEHR

PR RE S W R e $s RL BL 2F B 4
TR AT R SCE ), HARARMEREIER; R4E
G, MEHEAREIFRAT - 80 CIRIEIKFE
g
1.2 Total RNA RIS EENEFE

RNeasy Plus Mini Kit ( Qiagen, Valencia,

CA, USA) $ZHUFEf Total RNA; 1%35 A HE
LKA RNA R ff R )5 %% ; Nanodrop
( NanoDrop products, USA ) Fullll RNA & fE
( ODyso280 ); Qubie X RNA e B i A5 i o i
Agilent 2100 KEHfiRl RNA Y5254 . PacBio
Iso-Seq =yl TP RAHZAESH Total RNA i
AR, Tllumina RNA-Seq i 7l R FH L0k 4
HI B3> Total RNA FE i o ZLFRGHT A K A S 2
7 TAE 2l b o AR BOE R By A7 FR 2 W
P 5E o

1.3 PacBio | so-Seq ##FA &R IE

SMRTlink 6.0 4% e & 7 91 4 A
AbEE, M\ subread BAM files SRAGE I — 21 7571
( Cyclic consensus sequence, CCS ) Jf 4 Kl
CCS.BAM files; ifijd pbelassify ¥ CCS.BAM
files 43 A AR HUREAE 2K 320, I 2k
KN fasta SCAFHAT isoform R, /5]
Quiver TR R 1IF . PacBio Iso-Seq %i#kE i i
Illumina RNA-seq #{#i fil LoRDEC # {44 iF
( Salmela and Rivals, 2014 ), LoRDEC % HiZ
E AR, IR E RNA-seq ¥ A9 reads,
FIF reads £#EA4 % DBG ( de Bruijn Graph ) [&;
SRIGHIK IR PacBio Iso-Seq F reads, 754 HE )
DBG &l ] by — Q8 o2 A A A =2
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¥, X DBG F A AR S R s A 7
WIE, fH R IEE T4 . HH4: CD-HIT-EST 2
FFERIURGE, IRBAZ2P2KEF4 (Fu
etal., 2012),

14 HEYEEZESW

ReTERE: jEid NR. NT. Pfam, KOG,
Swiss-Prot, KEGG 1 GO ¥ e /3 Bt 41 k4
I K S AT I BE TR B (E-value<<1x107 ),

sk (TFs) %0 @ shYie st H -+
5% ( Animal TFDB 2.0 database ) #E174% 5 K
FU%E (Zhang et al., 2015), ANTEEHEFE )
P, 1 HMMSEARCH #PAFAR 45 St R 7 K e
) 38 11 3T TG AR e S ( Pfam files ) 257E o

KAEJESiS RNA (IncRNAs) Filjl . i@t
Coding-Non-Coding-Index ( CNCI ) ( Altschul
etal., 1997 ), Coding Potential Calculator ( CPC )

(Kong et al., 2007 ), Pfam-scan ( Finn et al.,
2016) 1 PLEK (Li et al., 2014a) %540
IncRNAs,

ARG (AS) 407 {9 i L K 40 B
T H ( Cogent v3.1, https:/github.com/Magdoll/
Cogent ) 1 SUPPA ( https://github.com/comprna/
SUPPA, BRINIKZHE ) XLIARZH K41 AS
AT T

A%y 4 (CDS) Wil g 13 A )75 SSR
4341 : ANGEL pipeline FJ 52 ANGEL 3251,
REBE 2K T AMY A% 2 ( ¢cDNAs) Y
gty IF 5] (CDS ). ARSCRFLARS H MR
LA AP S T ANGLE WU, SR )5 X% 45
& JFH#E4F ANGLE il ( Shimizu et al., 2006 ).
[F]B}, 3 MIS ( http://pgre.ipk-gatersleben.de/
misa/misa.html ) 7ML AE L H 2K A1
SSR,

2 GREHSH

21 &RERAWESRIT

PacBio Iso-Seq M P25 KM, A% H 4
Kt S LR AL 2 454 369 4% CCSs, 362 466
%4 K %) (Full length reads ), 81424 %&dE4

KJ¥%1) ( Nonfull-length reads ), 330 973 %4 K
B &K 7% (Ull-length non chimera ), ¥4
J& 7 2 332 bp, Illumina RNA-seq il FF45 5221,
CIRRG W A ER AL & 642 179 304 25545
F£%) (Raw reads) Fl 625 983 256 45T 4/%51)
( Clean reads ), b7, PacBio Iso-Seq Il 544
10 172 136 % )74 ( Subreads ), 181 405
4151 ( Consensus reads ); Hrf, FLiHFE
K E 2 305 bp, N90O K 1327 bp, N50 K
2 790 bp, A 181 405 4% PacBio Iso-Seq J¥
H1) 2253 Tlumina RNA-seq JFFIR )5 , HHHF51)
S 2 302 bp, N9O K 1321 bp, N50 K
£ 2 785 bp, it CD-Hit B2 2704 FIAS iF 4
BUPFNFRA, PFARFERA 63 801 45, FEK
JE A 0.5-6 k (& 1),

FEFKFE /i Gene length distribution
2000
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VL P PP S®
P LT ELELSELSLSS
S0\ P\ \QQ

FHEKE (bp) Gene length (bp)

B 1 PacBiolso-Seq RBAXEERERENKEN
Fig. 1 Length distribution of Rhynchophorus
ferrugineus unigenes obtained by PacBio |so-Seq

22 e xR

AR ARG P K FE S I RE R, AL
Wt 7 NBEEEEXT 63 801 Sk SEA TR,
ZE L] . 7F NR. Swiss-Prot. KEGG. KOG,
GO. NT I Pfam £/, %4 50 280,
40 109,47 197.33 511,27 70727 253 #1127 707
SREE AR R Hodr, 12 508 S-5E AR AE 7
AR A R, 54 999 & SEAR R DIE—A
BAREAER (K 2),
23 TFsk&xE

WL I T 5008 1% & HMMSEARCH #x4:
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Fig. 2 Function annotation of Rhynchophorus
ferrugineustranscripts

NR: NCBIBEJ5 3 HIF S L% ; SwissProt: HHF
SVEHEPE s KEGG: HUARIERFIEE A R 243
KOG: HEHARIEMH; GO: EEIFEHANITER
4t; NT: NCBIEMRJFIVEAEE; Plam: & H 45
B2 AR50 At least one database: F/DFE— A KUE %
PRI B R ASH ; All databases: 78T Hdk
TERE I e A KO o
NR: NCBI non-redundant protein sequences; SwissProt:
Protein sequence database; KEGG: Kyoto Encyclopedia of
Genes and Genomes; KOG: euKaryotic Ortholog Groups;
GO: Gene function description classification system; NT:
NCBI nucleotide sequences; Pfam: Classification system
for annotation of protein family; At least one database:
Number of transcripts successfully annotated in at least one

database; All databases: Number of transcripts successfully
annotated in all databases.

TFs %8 25 REW] LIRS T 2K sk 1% 2 084
MNEF T, Hrp zf-C2H2 (27.35% ). ZTBB

(22.84% ). TF bzip (4.85% ) 1 bHLH ( 4.08% )
s RSN (E 3 ),

24 ASHH

Cogent 1 SUPPA 73 #fr4i R KW, ZIAR4H
R FAEAE 2 184 1~ AS, Hrp kPN 357
247 5, ( Alternative 3’ splice sites ). HJ¥ Mg+

( Mutually exclusive exons ). Bk K 7b i F
( Skipping exon ). & £ P 5 Y £ {7 s
( Alternative 5’ splice sites ). &£ & N & T
( Retained introns ) Fll % # 4 55 — 4 2 F
( Alternative first exons ) & EE K AS. -EN
HTlRZ (134 4, 15 6.14%), Hith 5 FhJem
AS 5 A 2%,

2.5 LncRNA il

IR K4 LncRNA Zprgs ik
B, cnci, pfam. plek Fl cpc 435 il IncRNAs :
18 897, 32552, 17481 F1 34 066 4>, [A]H:} 5
IncRNAs: 9 618 4~ (& 4), It4h, it mRNA
ST A IncRNA K BE 531 % B LA 245 SRR
FHEE mRNA, IncRNA B fhi [] F S8 5% s A 43 A
(E5).

600 -
=
B
3

400
:
I
§
b 200
il
%
® 0

RS PLFFRLDWN LR AT LEPE P T &S Fad S &
@9’% P go%&%,\&g;\:y IR afi%gx @Q@z&v&%\&o *
4
R H TR Transcript family

B 3 SMRT FllEYET 29 MR E FHIME KK
Fig. 3 Number and family of top 29 transcription factors predicted by SMRT
f A B A RN [R] F e S DR 7 K

The abscissa represents different transcription factor families.
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pfam
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4 FH cnci, pfam. plek %1 cpc FillEy
IncRNA % B &
Fig. 4 Venn diagram of IncRNA transcriptsidentified
from cnci, pfam, plek and cpc
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Fig.5 Length distribution of LncRNA and mRNA
in Rhynchophorus ferrugineus

2.6 CDSHi

CDS & —FgmisE A =Yy, B 5%
H B Y 3 58 4 — 3 TR KA S I 7 445
S, TR S g S XA B TR R A 4
B, W25 2088 1 B A5 A o0 B i L il . T
PacBio Iso-Seq ZLFr4 H A1 sk 4l i 5 53 A,
FIH ANGEL $ A% 345 1) 4 K 5% sk 4 i A7
CDS iill, 4550 CDS K i) 543 4 Y il
7 0-2500nt (& 6),

2.7 SSR ##r

MISA /4 SSR 43 #rab il « B~ R R
SR /NEE B RECH 1-10, 2-6, 3-5. 4-5. 5-5.

12 500 30
= (& Number =
10 000 ‘B 43 H Percentage %
5 120 &
-"-S’ 7500 g
o
Z 5000 8
i 110 5
& 2500 X
fm

0 —

. . 0
0 2500 5000 7500 10000 12500
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B6 ARKPERIAKHLFINEE.
BHEMKESWE
Fig. 6 Number, percentage and length distributions

of coding sequences of Rhynchophorus
ferrugineus transcripts

6-5. MAh, LIFRR A A K e L S5 1 66 230
A~ SSR figi; Hr, PEHFMREKE ( Mono
nucleotide motifs ) fx% (75.34% ), HJFHKIK N
WAZ TR E R ( Di nucleotide motifs, 19.12% ).

=ZEHREE (Tri nucleotides, 5.09% ). PUAZH
iz ¥ 5 ( Tetra nucleotides, 0.29% ). TiAZE R HE
% ( Penta nucleotides, 0.05% ) FINKEFRELR
0.10%) (& 7).

( Hexa-nucleotide motifs,

30000
250000 | 258
*13-16
20000F || «17-20
21-24
15 000

10 000

5000

& $& Repeat counts

2
X
é‘ st" %/%}y)j%&
SSRZ %! SSR motif unit

@oo F &

B7 AdRSPRRANEEFIEEHAE
Fig. 7 Scattergram of simple sequence repeats of
Rhynchophorus ferrugineus transcripts
Mono-: M HFIRER ; Di-: MR ES ;
Tri-: =HMREL; Tetra-: VI HRER;
Penta-: TAXHIRER ; Hexa-: AEHRELR,
Mono-: Mono nucleotide motifs; Di-: Di nucleotide motifs;

Tri-: Tri nucleotides; Tetra-: Tetra nucleotides;
Penta-: Penta nucleotides; Hexa-: Hexa-nucleotide motifs.
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3 itig

HTil, RNA-seq U k4l 7)1z iz HF
B M2 AH OG5, e il i PR Rk /K il 22 S 2
N iA 4 (Fatih and Patrice, 2010), W%
#x( Lietal.,2020 ). 7R 44 #5( Guo et al.,2019a ),
% Bt Ericerus pela (X184, 2019 ), A4kl
( Wang et al., 2020 ) FI#FF — P& ( Arvind
etal., 2020) %, {H AU 7 HA SO B A
BY B SN SRR | M LR 00 3 R 455 4 S ) g
HRAE RSN (Coghlan et al., 2008; Koren
etal., 2012; Linetal., 2017; Lietal., 2018),
SETARMFARLG, = AR5 S 7 JC 75 4 %€ AP
AR RS S A, A AR 2 ] A8 5Y U1
R v W a1 B 5 8 S N e 9 P A R
BREFLAS, BN T 270 B o . /g
% Plutella xylostella ( Zhao et al., 2019), HZA
¥rAE I Antheraea yamamai (Kim etal., 2018 ),
4 (Kawamoto et al., 2019) &£, SR, =%
Dy AR A B L L 4, L PR S B 1R
RAEGT, BB AP AIE (Auetal., 2013;
Lietal., 2014b),
FESTLIAR R P K SR AR T, BATZ
PRLTFRG W BB , iz o T AE Y E o i
PR 24, ASCIR IR FH il /¥ PacBio
Iso-Seq Fil Illumina RNA-seq X £IFE4 H 474>
AL T, FFx i A B AT AR B 2
ST R R LIAZ L H &K 4K
2302 bp,N90 K& 4y 1 321 bp,N50 K J& Hy 2 785
bp; % CD-Hit #/7 KIUA, RS54 63 801
%, FERKEREN 0.5-6 k, 5 A0 FHHEE
AL, AR R 256 = AR P 3RAG 214 5 A 5
2R A = e 2 A0 A R H R A, A
K4 Monochamus alternatus( Li et al., 2019a ),
It B 6 4> #8, Holotrichia parallela ( Yi et al.,
2018 ), MnHESR Ve Hypothenemus hampei ( Noriega
etal.,2019 )55 ILAh, FEHD)REERER Y 86.20%
AR PSRRI R, FREm THEZ
i AR P H R b, o = VR B

Henosepilachna vigintioctopunctata ( Guo et al.,

2019b ), JIfELH Serangium japonicum ( Hu
etal.,2020 ). %75 @ Sclerotia aquatilis’ Chanchay
etal., 2019) &, SUvFEAS, AT H AR H
PacBio Iso-Seq il J¥ By B2 HL, W[ ¥ K&l
Sogatella furcifera ( Chen et al., 2020a) JJF3k
137 29 700 FRHeskA, EREEHMPET Agasicles
hygrophila ( Jia et al., 2018 ) I FF3k15 28 982 4%
A, 4% Bombyx mori ( Chen et al., 2020b )
ZRRHIIFE RIS T 11 697 4056554, ARBFFEIK
15T 20 B R K S A8 . it shi it
TR B J2 HMMSEARCH #4507, A< 3C3k
1% 2 048 4~ TFs, MMiA[F TFs Al g2 5 AR
R, FHlaeEA ZF AR I EE ( Chen and
Rajewsky, 2007 ), {4l AhR/ARNT ] fEi# 455
e GBI AH O 1) 2 A A 5 2L I R 35 ( Pan
etal., 2019); ¥ F MaPacC JETi #ME) ft
PR T, AR G T T R P A R R VR
(Zhang et al., 2020 ); %% 5% ¥ FTZ-F1 A=
YEHITTIEA S CYP6BGI ik, REGE IR /NE
IR H ) (R BERE ) APigitE (Li et al.,
2019b ), £ I, TFs sbrts itk — iR 4o ks %
H e FnBe 2 AR IR gl S 9% . A, ARSGE
Cogent #l SUPPA /r#7ik15 2 184 4~ AS, T
MISA R F M3k % 66 230 4~ SSR, it
IncRNAs il 3515 9 618 4~ IncRNAs, X #R¥ N
PE— PSR R 5 BT A 2530080 L R4 158
T ELUE BRI . 25 1, RS
T PacBio Iso-Seq, WIS T4 H &K%
AL, T RE T L0AR 5 P A K S AR S
HIRefs 8, ACGEE T 13 H R 3 R
B, WA N — LA Wi g s kAT
RS IR e T 2 M B R A 58
PO S ¥
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