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Using transcriptome sequencing to analyze the diapause-related genes of female
adults of whitefly predatory lady beetle Delphastus catalinae
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(1. Faculty of Life Sciences, Tangshan Normal University, Tangshan 063000, Hebei Province, China; 2. College of

Plant Protection, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian Province, China)

Abstract: To clarify the molecular mechanism of whitefly predatory lady beetle Delphastus catalinae
during diapause, Illumina HiSeq2500 high-throughput sequencing platform was used to reveal the rela-
tive transcriptional levels of non-diapause, diapause and termination of diapause (DT) of the female
adults. The genes alkaline phosphatase (ALP), catalase (CAT), lactate dehydrogenase (LDH), peroxi-
dase (POD), superoxide dismutase (SOD), trehalase (TRE), Ref, and GDP-forming were selected from
the transcriptome database. Quantitative real-time PCR (qRT-PCR) was used to determine the expres-
sion patterns of these genes in three different stages. The results showed that a total of 67.86 Gb clean
reads were filtered from nine samples. Additionally, 936 447 contigs were assembled into 52 255 unige-
nes. All of the unigenes were annotated through BLAST alignment against the Nr database, and 23 539
unigenes were matched. Further analysis of unigenes using the COG, GO and KEGG databases was per-
formed. Through pairwise comparisons of the non-diapause, diapause, and diapause-termination groups,
3 690 and 4 662 differentially expressed genes (DEGs) were identified between non-diapause and dia
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pause, and between diapause-termination and diapause groups, respectively. Moreover, 571 DEGs were

specifically expressed during the diapause period, involving 116 KEGG enrichment pathways. In addition,

gRT-PCR verified the accuracy of the transcriptome. It was found that the expression of LDH decreased

significantly during the diapause stage, while the expression of the other seven genes increased.

Key words: Delphastus catalinae; transcriptome sequencing; diapause related gene; quantitative real-

time PCR

/NI Delphastus catalinae > J& §53# H Co-
leoptera Hl H £} Coccinellidae ) Delphastus J& (Hoel-
mer et al., 1993) , 5= FALIEM , BT 2 040 3£
HER AR AR S N RO Ry ELEE U
B MRS (Heinz et al., 1999) , 1996 4 JEEAE R
(R IRPE 5 | AR a4 (B E5F, 1998) o /MBI
HEAAMERER Lok s s, iT LA E Z
HFE O, @ A R K B\ Aleurotuberculatus taka-
hashii &% [ ¥ B\ Trialeurodes vaporariorum F14H
Fy B\ Bemisia tabaci 25 (M 4E, 1999 ; Lucas et al.,
2010;Kumar et al.,2020) . [A]E, i8] LUFTA 2 B
/N Encarsia sophia %5 75 1= 14 3 [R] B 2 3 L 35 1
(Zang & Liu,2007) . 24k, [E NS /NEBUL Y
W) AR AR N TR N T 58 | [a) R
R A B 6 N A 7 AT T IR ARG, TS
T RIF 0T 58 SR (B4, 1998 ; Simmons et al.,
2008;Leeetal.,2014),

i B R R AN T I8 NS AR TR A
FHPTILPE IR K AT R GH S OL T
50 ) I LR BBIE L 73 SR PR R R RS B
R B B4 (Tauber & Tauber, 1976) . i 5 i #2
45 3B B, BV & RIS i F AN B 9 (Tke-
daetal.,1993), RHIEAREH, BIRZ SN IA
BRI 2 R, (AR T LIRS & 5 Bifi e A&
BRGNS IR S IR i E A, B A
FIR A BE 5 et R IR r PIRE KB
(Hodek, 1996) . #FFE A B3 EL 22 %) Z2 R B LAY H
HLEE#E1T T W 5% (Tatar & Yin, 2001 ; Denlinger &
Armbruster, 2014) , 2 4% A= B 1 A 25 J7 T (Kostal,
2006; Hahn & Denlinger, 2007) . i %5 (2011) %f
29 PR A B TR, AR R B e 7
i A Horp A B A2 B A B s i B Y
e BA . HLfpe 2 AR R , LA A Sl HUR AN
FEEN A, B R AT AR R RCR B,
FEBRHTRSE] DR (BP) & B RSV G TR MRS

e 0 LA DU R A AR | B R ) AR R
(Fullwood et al.,2009) . X FEA AT [G] WX H 7
I HNHATINE AL T PR st 8 e, 78

Iy Be 5E 0y o 1k A0 e e n] DLk $E AR
(Ansorge, 2009) . M AA B THRR LI R 1L 5%
TEH5HE S ) G e RH O (458 BE A (Zhao et al., 2013) ,
i3 de novo F% s AL I 7 AR M A 5 A% 45 LA T
AT B 1 IE 4 % RNA (Etebari et al.,2011) . H AT,
R H 22 B A R SR A 2 g U A A B,
Zhang et al. (2012) #F 58 & 30 & [ B B AL Cryp-
tolaemus montrouzieri & W A7 7E 5 4% BT HEAH ¢
(3% 5 5 Zhu et al. (2012) 42 48 T = m VI R /N 3%
Tomicus yunnanensis ") 3T V£ %5 A ; Altincicek et al.
(2013) & T IR L4 5 Tribolium castaneum =5
FH iR A0 45 S AR BE ] 5 Tang et al. (2014) B 2
T 8UH L Propylaea japonica 5 A HURI BT SCHK
MY HEA 5 Qi et al. (2015) %f L 2 B HL Coccinella sep-
tempunctata FEW B I A AR R AT T
G1HT e XSRS S RO R L A B AR T
B GEANT ]

AL RN R B B TR F I
S B SR I A e SR 2L D0 X6 e, 50 3 AN
IF 30 2R 8 1 22 S IR PR, DA i 2000 e B8040 v
1 8 A3 [A, BV GR 14 B% 192 i (alkaline phosphatase,
ALP)FEH i AU Ak AU (catalase , CAT ) HED FLAR I
Sl (lactate dehydrogenase, LDH) 3 | i & (L Wy it
(peroxidase, POD) & [A | i# S 4k 4 57 1k I (superox-
ide dismutase, SOD ) K:[H Vi 3B (trehalase , TRE)
FEDH A A A A A i 1 B 1 R BE Y] Ref FT SCoAL
T 1 P9k 4487 10 o 22 T 36 IR GDP-forming , i 15 S 2%
6 7 = PCR (quantitative real-time PCR, qRT-PCR) /£
ATt SR EE R MR BIE , FF IO T REAERE ALY
PR TR RE T R R AR, DU i —
RS IR B 1 F IR LIRSS A
1 MRt 57F%
1.1 #F#

B IR S A /DR TE AR R AR R A 2
T B M S0 = 1 7 HUS 1) 3, e ] RO e ARy
NI AV, SRR E IR (2642) °C AHXE
JE (75£10)% G 14 L2 10 D(448 30 W 926k
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IT) o 28 MY AR 4~5 TS 05 RS,
PRAC 65 H B AERE SR A e SRR i A AL
79 em WA, BT AL RE (26+£2) CHYHE
FHEE , DKL, fE & 4~5 JEI .

3 : RNA $2 B ) Tirzol, 32 [# Invitrogen 2y
) ; DNA Polymerase 1,RNase H . Total RNA Extrac-
tor., 5 —4% cDNA 5 i3 & AMV First Strand ¢D-
NA Synthesis Kit, gRT-PCR i& 7| & SG Fast qPCR
Master Mix (High Rox) (2x) , 4= T A9 T4 ( i)
JBEAy A BR 2> ] s AMPure XP ¥ R 464k i 7 &, 26 [
Agencourt 23 7] ; AT 0 B =4l

1A% : SZMAS HUPRRR i % , 2 O R A
RN F] s PRX-250B AU T AUMRAS , 7 I B84 S 50 4%
A PR A DY Y-6C B2 He AR it L kA, AL 7R —
IXES) s HO-1 G LUK AE , b oRS 25 A7 AL 355 o b
XA s FR-980 BER LR R 48, 15 HRHA TR
3] TU-1901 20500t B v, b 8 A il FH A
A BRZS ] s PCR WA Y, 56 [ Bio-Rad 23 H] ; Ste-
pOne B¢ f PCRAY, 35 [E ABI A A,
1.2 Ak
1.2.1 ¥ RNARIA cDNA & o #3

AHIEGE X ARy B I R AR BRI 34
sk 300 7 /)N L L O L) A RNA EAT 4B, Tl
B RE SR IR S N IR (26£1) °C MR (75+
10)% G 14 L: 10 D, 48 35 245 1 07 01 )5 B
FE 5 7 FE S IR R A R B (111) °C AR R B
(75+10)% SIS L: 16 D, 1A% 40 d J5 BUke s Wi &
B A S AR FR SR A AT 7 40 d i IR A R A RS )
TFEAE SR & R — BN R IR AT RS
VIR0 BURE . AEALBRAS S 10 Sk L X B
SEVEPR S A 1.5 mL B0 AR5 S BIFE
WA PR, T-80 CUKFELRAT , FEALFE 3 AW~
HBE MU RNA . R HL Trizol k4R HR A Ab B
/NETH Y B RNA, SE A5 51 9 B9 AR A, RNA BE i G
M 4 ¥ J5 4 A Oligo (dT) Ay 4 Bk & 4 H ¥
mRNA; A R B 22 th i BEALF T mRNA ; DL mRNA
AR, TS BRI REHLE | )5 B3 — 2% cDNA %%, il
A L% i .dNTPs . RNase H £l DNA polymerase 1 &
B 4% cDNA % , HH AMPure XP Beads #fifk cD-
NA; 4lifb () XUk cDNA PR TR B 2 i A It
RN P43k | FH AMPure XP Beads #£47 HBE R /)N
TEHF; e J PCR ' 5245 3] cDNA S,
1.2.2  TIllumina M| 5= de novo 21

ff 1.2.1 T 1% cDNA Ji & 5 #% J5 fif JH] Illumina

HiSeq2500 il 55 5 #EAT m il B0 e o BE T35 i
PR, 1677 R B . A R 2L
S HT B HER , T ZERHI R 7 H /N B U S 2 i
PEAT BT o DAL DU O o (Il o 2B
W43k DA K | W e 90 RN AT o (R i 15 28 o=
Jii i clean data. f¢fi , 348 Trinity 1201311105k f4:
X} i LN BE IR AT de novo 2123, 3545 unigene ¥ 51 .
Trinity £/ S0 P8 FE T T WA 58 A Bt (k-mer)
IR M 3K BN | Be A i A i Bt contig, A1 T IX
WhHENMES, S8R BEES, &5 FH De
Bruijn & (177 2 I 515 S 7245 BedE A
PUNEE AR F S, HA contig i) N50 2K contig 1<
R B/NHES , 254 B 8200 1) e ) 5 K Y
50% I 1) contig 1 JBE . NSO {E K, 22 B i 42
B
1.2.3 Unigene % #8 28 & £ 7 A F it i

HF1.2.2 345 /) unigene /751 F BLAST 2.2.26 %%
15835 % Nr .COG .GO . KEGG #il Swiss-Prot #17
FLXT, 15 21 2H 25 J5 unigene FTERE B FIFHE T
ol i P 5 S 1 7 S 2 Y fragments (fragments
per kilobase of transcript per million mapped reads,
FPKM ) 158 36 R e 38 5, X 45 2 iy i 9 6 R B A 7
2& 53R w53 HT . 8 ]1] Benjamini-Hochberg J5 {2
25 S FIRFE N, DA iR & IR (false discov-
ery rate, FDR)<0.01 #1542k (fold change, FC)>2
R EARAE . e, FC 28 BAE i ] 2R3k & 1Y L
Ho L LR e SRR IR A L i R
SRR 8 HLAE A B AR AR S R A SR R O e
T B OCIREE ], IF PR UL R 7 91
1.2.4 qRT-PCRBEHF AR A R

HR 5 S 2L DA 08, G o 8 /iy B QI ik
B (1A R LDH fN7 A~ 3L ALP CAT .
POD . SOD . TRE . Ref 1 GDP-forming) , F| Jf] qRT-
PCR X 8 A AL TE i B i B b iy Rk #EAT 900k, JF:
il i QRT-PCR HEA7 & f 73 A1 i Ab BRI 10 Sk M
ORI AT 3R R 3 IREERTEESE . 7
SRR BB AR B MERL AL (ND) Rr B840 d
e pY AL (D40) i & 1 60 d It B% A (D60) i & 5 1
80 d i A L (D8O) AN 7 40 d f#BR M (DT) . F
FH RNA $2 B 7 Trizol £ HU DL [ AN [7] 4k B (1 &L
RNA, K J5i JH 45 — %% cDNA & iR 7 £ AMV First
Strand cDNA Synthesis Kit #1755 —4% cDNA £ il .
FI ] Primer Premier 5.0 A5 19 (£ 1), 519
HA TAY TR (L) BRhARAR G KH
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qRT-PCR & #] £ SG Fast qPCR Master Mix (High
Rox) (2x ) #f 47 qRT-PCR, 20 pL J% Ji {4 & : Syb-
rGreen qPCR 2xMaster Mix 10 uL 10 umol/L I T i
514144 0.4 uL . ddH,0 7.2 pL.cDNA 2 pL. JZ W 5%

F Rl 2, DS AR e =Py 4 o DL 18S K& A
HWNSEEN (R 1) o RAEIOEE AL BRI 45

PRI S th AT oA, AR ARSI 2 P ) it
Kot S IR 2722k AT 0 A, 19 B SRk TN

£:95 CHENE3 min; 95 CAMET s,57 CIRAK 10s,  FEAS[RINF[A]GURE & b B ADO 20k 5, 23 i 90 Tk 2 K]
72 CHEM15 s, F40MEFR, 30T 60 CHE 95 T MM FE AL
F1 KH REEEPCRE|IMFS
Table 1 Primer sequences for qRT-PCR
BRI AR S4B S5 (53" BRI/ C PR /op
Gene name Primer name Primer sequence (5'-3") Annealing temperature Amplicon length
18S 18S-F AATGTCTGCCTTATCAACTGTCG 58.9 117
18S-R TGGATGTGGTAGCCGTTTCT 57.9
ALP ALP-F TCAGAATCCCGAGAATCACG 58.1 66
ALP-R TGATTCCATTATGTCGGTGTCT 57.0
CAT CAT-F CTGAGATGAGTCACTGGGTTCC 58.4 128
CAT-R TTGGTGGGCAACAATACTCC 58.1
LDH LDH-F AAATTAAGCGGCCTACCACA 57.8 167
LDH-R ACTCCAGACCATACAGCGACA 57.8
POD POD-F GCCAGAACTGACCTGACGAA 58.2 135
POD-R TGAACCAGATGGCAGTAGGC 58.3
SOD SOD-F TCTGAGCAACCCCTCCAAT 57.4 140
SOD-R TCCTGATGTCGCCCTTTTC 58.1
TRE TRE-F AAGATGGCAAGCAGTTTGTAGA 57.2 155
TRE-R TTCCAACTCGTTACCTTCGTC 57.1
Ref REF-F GTTGGTGGTATGTTGGGAGG 57.3 146
REF-R AGGAGTTGGATGGAAGAAAGC 57.7
GDP-forming ~ GDP-FORMING-F =~ CTCGTTCCCCATTTGTGCT 58.1 152
GDP-FORMING-R  TCATCGCTGGTGTTTCTGC 57.3
1.3 #HESMHh i H de novo 2l T 1 458 £ 4% contig i, 277

IRIEAE R T SPSS 20.0 #AF T4 15047, F
FHEATR 2y 25565 45 JE IR ek i b A 7 o, IR Fl i
/NI R (LSD) 047 24 57 W 2 PR 56

2 ERESH

2.1 Nlumina N FFF0 de novo ZH%E

F]H Mlumina HiSeq 2500 F- 5, %f 3 A [A] i)
NFEICROE R R AT T S 2L Y T, B AR
e E HE R B PRSI O AR T
269 374 609 s& A E M . ARS B3R5 67.86 Gb
I clean data, £+ clean data Y355 6.39 Gb, It
531 116 106 4% transcript £ 936 447 4% contig, H:
contig F-H41K 5 4 95.84 bp, K JEFE 200~300 bp [X [7]
N Y contig %% 1= M1 A 43 H 43 51 A 896 630 % Fl
95.75%. Contig JN50 4230 bp(F2).

T 52 255 % unigene, T3 5L R A T34 4 782 bp,
ZE BN , 29 79.89% [¥) unigene (41 745 %) 1 200~
1000 bp JEHE N , #E—E WL R BLA 32 894 7% unige-
ne 43 7 200~500 bp X 8] (K 1) .
2.2 Unigene INBEE T

B+ 3RAZ ) unigene 751 I BLAST #0455 5045 22
Nr.COG.GO .KEGG .KOG .Pfam #11 Swiss-Prot #£47
FE X, 5 5% s g R 2 11 /N SN O B P, unigene
BT VECH N 25 617 %, 5 BT BB LA Sk
49.02%. FIr 47 i unigene #0538 2 BLAST X} Nr £% 4%
FESEAT T 1HERE, A 23 539 S5 unigene BVCHC (£ 3)
2.3 ERRIEEECOGHE

INEE ST O S LAY 10 293 4% unigene 8 1 B2
COG 4325, I8 /3 25 8] 25 4~ COG 2l o AE
COG YJResrZsr, i L il e R A2 il & — e g
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Table 2 Statistics of transcriptome assembly in female adults of Delphastus catalinae

ARl B2 [X 1] Length range/bp

Contig ¥+ (143 )No. of contigs (percentage)

Transcript 73 No. of transcripts

23 495(20.24%)

(200,300] 896 630(95.75%)

(300,500] 16 102(1.72%) 17 790(15.32%)
(500,1 000] 11 548(1.23%) 19 126(16.47%)
(1000,2 000] 7 347(0.78%) 21972(18.92%)
>2 000 4.820(0.51%) 33 723(29.05%)
S Total number 936 447 116 106

JKJ Total length/bp 89 748 969 188 883 168

N50 4 & N50 length/bp 230 3053

95.84 1 626.82

K Mean length/bp
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Fig. 1 Distribution of different unigene lengths in female adults of Delphastus catalina

R3 NERIMABUER R RAN 7 HIRH unigene FHS1T5R

Table 3 Unigene annotation statistics of transcriptome sequencing data in female adults of Delphastus catalinae

TE R unigene %1
No. of annotated unigenes

IR

Database for annotation

TERE=300 M RFE R unigene £
No. of annotated unigenes

HRE=1 000 MM unigene 21
No. of annotated unigenes

with=300 bases with=1 000 bases

Nr 23 539 18 984 9417
COG 10 293 7 847 4051
GO 9 980 7977 4571
KEGG 8 057 6529 3445
KOG 16 530 13 222 7329
Pfam 17 254 14 337 8031
Swiss-Prot 15706 13 200 7 542
S EL Total 25617 19 998 9 647

24 ERREEEGOTRSH

225 IR LN GO TER T4 R o 7Y
it R b ERORH R A A AR A
A e o e A 250 5 7 00T DIRE D, o LE
B R IR AT PRI, &, 32 PR 1 06 1 S i
5 R R 5 R P o LA D 2N 5 TR 4R i

45 0 LI R =N U 2 ) ORS8N s U N
g1 R DI (E13) o
2.5 ERFIAEREKEGG &

f# F KEGG X135 15AY 8 057 415 B¢ unigene 1 7
G328, 3528 R h AL R A HUA R G AR
BRI B R R s A AR S . B /N R
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b M AR 0 KEGG AR B AT 116 2%, Horh
A 571 Z0F 409 unigene B bRIR . Hiop  HEZ AT 6 11
1 P AR UK 2 RNA 323 % (ko_ID:ko03013) \iZ &K
AT B 2 1 K 73 5 (ko 1D : ko04120) | 55 #4458

# (ko _ID: ko03040) . % 1k %% iz 1k 18 #% (ko ID:
ko00190) . B4 4K it 8 % (ko_ID: k000230) il A Jit
I R A A N T B (ko ID:ko04141) (& 4).

3000 -
2500
2000
1500
1000
500
0

Unigene$ & Unigene number

ABCDEFGHTIJKLMNOPQRSTUVWY Z
ThEESRH Function class

A: RNA W TAMEM ; B: Y Rgs i Msiads; C: BRIRA M40 ; D diiE s AniEsr 2 e ih sy
fb; E: ZIERR IS HACE; F: BFmRIZHEANHE; G: kb &g fm Ml H. fisGrsim et
I: JRBRAYIZHAFCH s T B MRS A A AR K 5t L. B A AMEE ; M. 20 H68E/ B8GR5 Y
WA N: Mz E); O: BRSNS BUE % A& P T FR@im M Q: WA
AP B GBS H o R AR — DI RETON ; S: THREARFN; T {555 WL ; U: difNIGE 7 File
WABHT; Ve BifALH; W dHIEANEEH ; Y S5 Z: M2

chromatin structure and dynamics; C: energy production and conversion; D: cell cycle control, cell division, chromo-

A: RNA processing and modification; B:

some partitioning; E: amino acid transport and metabolism; F: nucleotide transport and metabolism; G: carbohydrate
transport and metabolism; H: coenzyme transport and metabolism; I: lipid transport and metabolism; J: translation, ri-
bosomal structure and biogenesis; K: transcription; L: replication, recombination and repair; M: cell wall/membrane/en-
velope biogenesis; N: cell motility; O: posttranslational modification, protein turnover, chaperones; P: inorganic ion
transport and metabolism; Q: secondary metabolites biosynthesis, transport and catabolism; R: general function predic-
tion only; S: function unknown; T: signal transduction mechanisms; U: intracellular trafficking, secretion, and vesicular
transport; V: defense mechanisms; W: extracellular structures; Y: nuclear structure; Z: cytoskeleton.
2 NEIMAERL R RAR COG INRESD 2
Fig. 2 Functional categories of the clusters of orthologous groups (COG) in the transcriptome

of female adults of Delphastus catalinae

2.6 ERFRIEEEIE

i 1 X} unigene #£17 COG . GO 1 KEGG 434,
R ILAEAR W B 4L R B A1z 1] DL R A B 4
B Z 8] 53 B4 3 690 25 14 662 4574k
FER (2 4) 55387 3ASASTA] By 1 /) B S0 ol H 1)
25 5 RN EE N B FERE A A 1937 A
ETE B RS 2 6394 FIRZEA , 1% 2443
FERASTIAESEEH (FR4), I X 2L 5 S 5
P v s — 2D 0 2 4 i 7 OCHR B DR R A T 46 R 23 T
2.7 qRT-PCRIGIE & KEAE R

SRR 2 B, NSRRI 8 N B I [A]
1E 60 CZ 95 Gl Fil N BEA R 6, I ELIEIE A XT
B, 9F BRSO e . FF 5 b 2 %5 5 1 i
R BOZRR SRR, AT T S 26 f o o

TSR P45 R R B T Sk S K ) LDH

LA B W 2 T R R E LAAE, AR 7 5
UEFE A ALP . GDP-forming . TRE . CAT ., Ref . SOD FiI
PODHRTEH: &AM B3 FH Rk (BS), HAREH
4 ALP . GDP-forming . TRE . CAT . Ref. SOD F1 POD
SR R fe A B AR s, oA
AR TP RIR R 31845 . 1.994% 3.344% . 52.45 f% |
3.951i% . 2.28 £ F1 13.08 £ , H.43 301 Ay 7 i & il BRAE
PRI 2,285 1.714% .3.0814% 4,501 . 2.64 1% .
1.40 f5 F12.78 1% ; Ifii LDH &R ) 32 38 1 1 i 5 A o
HSERAR, 43 AN R FLAE R B IR R Y
I e b R R 1Y 26.04% F127.39% . 4N, 8 4N 5:
WEHE R Y SR N TR AR B T & ik SRR i =z 18] T
255, BRTEN & WA Rk & i m
GDP-forming 3EPH , (H 2 [A] B 19 2 [] & 35 1 AR b
BRI CATHEA
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Fig. 3 Gene ontology (GO) classifications of the transcriptome in female adults of Delphastus catalinae
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Table 4 Differentially expressed genes during three different stages of female adults of Delphastus catalinae

B it 0] 25 5 T 25 SRR FE A IEEERH [N/ER S|
Differentially expressed gene set All differentially expressed genes Up-regulated Down-regulated
ARV E W vs B BRI Non-diapause vs termination of diapause 2 1 1
AR E W vs i B 1) Non-diapause vs diapause 3690 1937 1753

it B ARBRI vs i 5 ] Termination of diapause vs diapause 4662 2 639 2023
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