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Abstract [Objectives] To analyze genome-level species differences between two sibling species of tea geometrids,
Ectropis grisescens and E. obliqua, two major lepidopteran pests in southeast Asian tea plantations with very similar
morphology, but different susceptibility to the E. obliqua nuclear polyhedrosis virus (EONPV), a common biological pesticide.
[Methods] We assembled and annotated the draft genomes of E. grisescens and E. obliqua by whole-genome sequencing
data and conducted comparative genomic analysis. Flow cytometry was used to estimate the genome size of each species, after
which low-coverage genome sequencing data were obtained using Illumina next-generation sequencing technology. After
genome assembly and annotation, we conducted phylogenetic and synteny analysis. Positive selection analysis of 1 018
single-copy homologous genes was also conducted. We then analyzed chemosensory genes and those involved in EONPV
resistance and identified and verified species-specific sequences. [Results] We used low-coverage genome survey
sequencing to successfully assemble and annotate the draft genomes of E. grisescens and E. obliqua, which have a similar

genome size of 770 megabase (Mb) pairs. Comparative genomics indicates a similar length of contigs, scaffolds and gene
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number, but a different number of repeat sequences (52.62% for E. grisescens and 49.67% for E. obliqua). Phylogenetic and

whole-genome synteny analysis indicates that these sibling species diverged 318 million year ago with no obvious

chromosome rearrangement. Gene expansion of apolipophorin and cathepsin has occurred, including significant positive

selection on the GO pathway 0044281 (small molecule metabolic process) in E. grisescens. [Conclusion] We successfully

used genome survey sequencing to assemble and annotate draft genomes of E. grisescens and E. obliqua. The results provide

fundamental data for genetic comparison between these tea geometrids, thereby facilitating understanding of the adaptive

evolution of sibling species, and may also allow reduced pesticide use and promote more environmentally friendly methods of

controlling these pests.

Key words tea geometrid; genome; sibling species; genome size; adaption; specific primer
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Tablel Species specific gene and the primers of Ectropis grisescens and Ectropis obliqua
Scaffold 44 Fk LU (5-3) TSI (5-3") PR (bp)
Scaffold hame Forward primer (5'-3') Reverse primer (5'-3') Product length (bp)
EG793541° CTCTGCTGGCTACTAACAACTGG TTGACGAAACTGATGCTGGAA 376
EG73659" CTATCCTTCTGTTGGCTCTTGG TTGGCGAGTAAATCTGCTATGA 911
EO137625 CAGCCTATTGTGATAATGGGAGA GGATTGGGTAAAGAGGGTGGT 398
EO336287 CCCGTCTCAGTCGTAAGTCAGT CAAGTCTTTCCAAGCCTCCAGT 413
EQ779467 TTACAGTTGACCGCCATCCTC GCAAGACCAAACGCTTACCTC 310
EG495723 TTCGGCACTTTCAGCACTCT TTACTGGAAGCAGGGCACAT 195
EG795495 ATCCCTCCAACCTCCACGAC GGCAGCGATTTGAGAACACCT 220
EG232423 TGTAAATCAAGAAGAGGGTGGG ATCTACGGAGGATGCTGTGGT 302
EG2544866 CTCCGAGTCGCATAATCAATAGC TCTTAGTTTCAGCCCACAGTCTTC 438
EG829377 ACACCGACCGAACAAAGACA TTATTGGCGATAGAAGGAGACG 509
EO530761 CCCCTCTTCTACTTGTGGCTTGT ATGATGAGTCACCATTGCCTTAC 325
EO889323 GGCATTGTCGGATAAAGTGATT CAGTGTCTCCTCGGGTGTTGT 357
EO736813 TGGTGATGAGGGTATGAACGG GGGAACTGGAACTAAGTATGTGGG 492
EO914419 ATTGTCTTACACTGTCATAGCCCACT CGAGGTCATCCGTCATCTGC 539
EO807593 TGGCTCGGGACACTTATGCT GTCGCTAATCCAGGGACAAAC 548

* R VR SE S Y E ) W) R S R

* represents species-specific genes successfully verified with the specific primers.

2 GERESH

21 HAAAARMEITEERAKNM

I k200 LA N 5 R IR T % IR )
FEREH RN, BB RUME e i f 32 R 2 KN Ay
(781.34+98.88)Mb( [ 1: A), HfiHk ( 766.92
+77.29) Mb (& 1. B); Z5RUMEHE b R R 241
K/NA (779.87+168.19) Mb (& 1. C), M
J (735.77+135.69) Mb (&l 1: D), 545
FEHAK/MAL, KA RIS K (Student’ s
t-test, P =0.42), - ELE UL R 2] R/ R T
MRS (Student’s t-test, KASINIE P= 0.44, 2%
R P=0.35),

22 EEANFMMNLARE

FIA Mumina —ARI R, 430513k45 T 68.72
Gb JK 2% U SR LA B R A1 65.27 Gb 4% X () Ji7
UK . RIS B E A ) reads i, KAS

JUME R4S R 35 78 T 61.84 Gb i1 61.83 Gb
MR, MNP IREL R 90X (£ 2). FH
SOAPdenove2 ( K-mer = 41) #E475E 4 M S 2H
B, R PR R 2 R g S R 4 b GC A i
435k 37.41%F1 37.38%, ZeA R4 IR 1.11%
Al 1.15%, KA Y contig Al scaffold (1Y) N50
K30k 518 bp 1 976 bp, 25 iy 583 bp
F11 009 bp, %5 H 4 K-mer #1543 1 K-mer = 17)
T, RS (2. A) RIS (18] 2: B)
HE DR 2H 20 A AL, A S A R R 2 RN 4 il
Jy 743.31 Mb 1 699.07 Mb ( &l 2, % 2), 5
A A B 19 3 PR K/ —2K

23 EFEAFE

LR A MAKER M BRE , KA U
RS PR By S AR S R (OGS) 43 3ili:
BT 12021 A IEIAN 12 540 MEH (£ 2),
] RepeatModeler il RepeatMasker #1711 8%, M
IR REFE R A iR T 3 285 675 NEE)T
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Fig.1 Genome size of two sibling species of tea geometrids
A. HEVEIR S0 (781.34 Mb, 2C I&{EJy 203); B. MEVEK AL (766.92 Mb, 2C I&{E N 156 );
C. MEPERIRIE (779.87 Mb, 2C I&{H>N 196 ); D. MEMEZSRIME (735.77 Mb, 2C I&fH>N 215),

A. E. grisescens males (781.34 Mb, 2C peak is 203); B. E. grisescens females (781.34 Mb, 2C peak is 203);

C. E. oblique males (779.87 Mb, 2C peak is 196); D. E. oblique females (735.77 Mb, 2C peak is 215).

LB = ARSI, EEAK/N N 176,40 Mb, 2C (N 42.8,
The red arrow indicats the D. melanogaster (176.40 Mb, 2C peak is42.8).

YT I R
6x10° - Ectropis grisecens 6x108 - Ectropis obliqua
3 g
=] Q
g, 4x10°F B 4x10°F
& =
ﬁﬁ 2x108 E—t 2x108 -
0L 1 1 I I 0 C1 1 1 1 1
0 50 100 150 200 0 50 100 150 200
W Depth Y Depth

B2 WHEREERFEZSA K-mer 55iZE 57 E
Fig. 2 Distribution curve of K-mer frequenciesin the genome of two sibling species of tea geometrids
A, JRZE R K-mer SRR B. 28N K-mer SR A3 8]

A. Distribution curve of K-mer in the genome of Ectropis grisescens; B. Distribution curve of
K-mer in the genome of Ectropis obliqua.
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5|, KR/NZIK 270.96 Mb, i Bk 2% R RE PR 2H 1)
35.96%; Zs NUEFL A 2H BRI 2 970 623 N EE
BIFEH, K/ANZH 262.64 Mb, 555 KR P 21
) 34.79%. £ =354, KHlfEZ ool (LINE)
di 4.45%, SEFEE TSN i s oo
B R RO K AR s B 2 oo (LTR) 1
EEHEEAUER 6 %, DNA BEEFAOR 2R
ROy 2 /5% (£ 3),

{8 i} BLASTP %} UniProt il Swiss-Prot
JE X6 B 1 5 G i R A T R, JFE ) GO Tfig

=3

4y 25 Ml Kyoto Encyclopedia of Genes and
Genomes ( KEGG ) web %55 a8 =R o figsr2.

SRR, IR RN 2% R4y 4 7 634 A3k
(63.51%) F1 7787 ML (62.10% ) 8 73Bi
N2/ 14 GO Thfe /2, R KA RUERIZE R
WEON A 5 472 A FEH (45.52% ) il 5 457 3k
(43.52% ) 7 KEGG i i [ #i#k3] (% 4).

Hrp AR R gy 28 LA i 3 & 4R TS R
FEME (KO: 04915), KZERMEILF P 20
PR 2 A T AT R Rl # ( KO: 04915 ),

TR RUETZE R UE B8 B 5 5 550t

Table3 Summary for the repeat annotation of Ectropis grisescens and Ectropis obliqua

JRA R Ectropis grisescens

25 i Ectropis obliqua

e PSl o
o . FHId I (%) = e FRaltite (%)
Repeats type i 24 (bp) Sequence MLl B (bp) Sequence
Number  Total length (bp) percentage (%) Number Total length (bp) percentage (%)
JIRTEA% T SINES 18 1093 0.00 23 1070 0.00
KHfEZ e/ LINEs 308 050 33545 764 4.45 280662 32644029 4.43
. T o= g
KASRERICIFLTR g g3 250 408 0.03 220 42761 0.01
elements
DNA F¢/5 DNA 14 119 1668 744 0.22 8073 1082 158 0.15
elements
FiE X Unclassified 2821053 235 487 366 31.26 2532000 222122119 30.20
/I RNA Small RNA 680 42 748 0.01 878 59 748 0.01
LA Satellites 3 436 0.00 1 216 0.00
fes =
@¢$EJ¥§U 123 329 5442 276 0.72 130 555 5 836 238 0.79
Simple repeats
4= JZupe
RS ﬂ, 16 900 781438 0.10 18 211 856 541 0.12
Low complexcity
BT Total 3285675 270962 375 35.96 2970623 262 644 880 34.79
x4 RFEREMFRIE KEGG B
Table4 Summary for the KEGG pathway of Ectropis grisescens and Ectropis obliqua
Thfes A W 1D RIS Rt A% R
Description Pathway ID  Ectropisgrisescens  Ectropis obliqua
SN R4 i 2. 3 PA50d KO: 00980 8 6
Metabolism of xenobiotics by cytochrome P450
254 R -0 (5. % P450 Drug metabolism-cytochrome PA50 K O: 00982 5 4
e H AR Glutathione metabolism KO: 00480 20 16
[ B & A )6 R Insect hormone biosynthesis KO: 00981 8 11
Wi {5 5 8 % Estrogen signaling pathway KO: 04915 17 28
5% S Olfactory transduction KO: 04740 10 10
W3¢ 1% Taste transduction KO: 04742 8 7
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b1 C NN/ S IN NE SN N & NN
CLBEHE | PR NS 7 A B B AL K
AN PR NE S ) B 1 T A T R AT, e
& TR PIRh ) 15 332 4~ [R5 L K A1 1 018 4~ #A.
P DLAE L, RIS RALR LT R R B W
F, g OrthoMCL & A M Ay 43 1L st
)19 05 SRR, KA RUME RN 2% RUE 15 4 KUk
FGRFY], 1E 4969 TAERIF LA Mb, i K
S5 RUMERN 2% N R 76 318 JTAERTA TR 40 1k
(E3: Ao XA ARk, KR RERIZE R
R RN JE SRR A R AT S, IRAS R
ARREILH 6 414 A [REILH, Hoh —F 55 50H
243 0 284 YA RE R (BT 3: B ). A,
JRAS RO 5255 ROME () s S e IR U bk e e 2 A
YRR (& 3: C). il LASTZ B xf I
K4 scaffold J¥ 84T T A2t o, KIS
Y oAbt B v B & A B A 3k R 4
i, RIAPOEEHEATER (B 3: D).
SR T2 T iR R A N T S 0 L TR
SRNALE R AL, DA UK & RN,
fdi il CODEML free-ratio A&, 143445 i# 1 018
A-HE DL AR P81 AR R SO (Ka) SR
Bl (Ks) MM, KA K, | K94 0132 0
(SD =0.4364), ZRi K,/ K34k 0.120 5
(SD = 0.384 5), KATRMEFBERILEL (K, /
Ks>1) o 2514, ZNETEZEBFEECH 231>,
X GO LI TRREA -1 50, S HA 54
DL [RIVE M B R R R, R IE 55 5
%P (GO: 000487 1) (t-test; P=0.0210) A2
e 2 1 750 JOK BT 4 ( GO: 000 823 4 ) ( t-test; P =
0.040 4) FEJRAS N MEFIZE N 2 [ AT 22 S 2

25 &5 EoNPV fittHHm B EE S i

SRS IR A RO RN A RO X EONPV ) K
PE2E S, W Z MR S W H 25 A B AR
HEpUs e L R A5 S . ffiH BLASTP Al
tBLASTN X 3T 25l J A% IR R 2% U (g 32 PR 201
HEAT T HOR o 255 R M, e RS R, SRl
Gk RGAH KM BBNR R A SEF A 55 0L, it

R DR s LN EIRE AR [
o 2 7 K 2 RO rh g BE 2 AU IR R Y 7
AL, MAEA R B 4 501, XRS5
o3 T SR YL R 5 0 5 B 2H 2 B 1 I DR AT RETE IR
R (R 5), BbAh, TR DTER A
W SR EPUEA I, T B R KA R R R
WE /Ny TR R (GO: 004428 1) 11 Ko/Ks
{84314 0.046 9 (SD = 0.092 2 ) #1 0.0055 ( SD
= 0014 9), BAREER . KARETEAEE
F RN 2 28 1 i3 R A 34 D RN oy T ARt i
T2 38 0 3 OE )k PR AT RE SR A RO X
EoNPV HUBPE R 25 574 K.

26 WEZEEESHT

TEFRG RV SR R | fha a2 (A
PRI AR AR T R RIR AR B4l . Sk
ZHFERERS S THAEXSFRAEE T, /0%
RO SRES G . LRz 8 Rz ik
IR Z R HEATIEE MR G R E . g5 R %
B, R REh A 1L MEFEREERERATRK
%% ( Pheromone-binding, PBP), TMiZs K i#7r
FE AL, Foh A2 A2 A I R G B A e DU
PP WA, RAMEEREAEAEKIEN
HOMATRESARXTFRASE T IINGA K (E 4, F£6),

2.7 PR EEEMS YT

R T IR X 53 2% RO 55 R % RO | AR5 7
FRAT B FPoRE S SE PR P BEAT LA 16 SR
BT FP e S v 5 9 91 PEAS AR B AN %
FRIRCR (R 1), S5R BN, EWNAELEM
I 5 XERES Y, X Scaffold 43514
EG793541 . EG79359 . EQ137625. E0336287
1 EO779467, WL TR 4EE (K 5),

3 itig

IR R M 55 2% RO SRR A A AR oy 1
HRXELAIX I3, A B IUPRE 924 D[R] — A
PATHR, FECT YRR RO A W 22
5o AT LA DR A o T B AR
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; ; = DU
A : %Fgﬂﬁ Ectropis obliqua Single.copy genes
: - = LR
4969 PRI Ectropis grisescens Multi-copy genes
£ R Operophtera brumata = ﬁ?ﬁ H ﬁﬁ%p‘fldﬁc gencs
K& Bombyx mori =R R
Moth-specific genes
KELBEE Danaus plexippus =R R B
Species-specific
PPl Heliconius melpome duplicated genes
290 L NS Plutella xylostell e egs genes
R R =
L . . L L . , Drosophila melanogaster L v 4 4 44 Species-specific genes
300 250 200 150 100 50 O O PP P N PO P D
B ’LQ MANY %Q\QQ\’LQ\NQ \6°
Million years ago F:H%E Gene number
— IR R ZR R — FRRE 2 R
C Ectropis grisescens Ectropis obliqua
Ectropis obliqua Operophtera brumata
— BORRUE AR — RRERE
Ectropis grisescens Ectropis obliqua
Operophtera brumata Bombyx mori
— AR R — AR FE
Ectropis grisescens Operophtera brumata
0.030 - Bombyx mori Bombyx mori
0.025 -
2
2 0.020 -
o
0.015 -
g
¥ o010}

N JKZE R Ectropis grisescens
[0 5 R Ectropis obliqua 0.005
\ £ Rk Operophtera brumata

ZR &% Bombyx mori 0 20 40 60 80 10
IR —BE (%)
Amino acid identity (%)

D JKZERI Ectropis grisescens

ZX R Ectropis obliqua

B3 MMERERFZAEMNEREESH
Fig. 3 Phylogeny comparison and orthologous of Ectropis grisescens and Ectropis obliqua

A. 8T M ARG R EW I T, B, &R 28 RUERUR A RERFE R 43T s C. IKARRUE | 5 R
2 R R IR AR IRV A 5 D RS RME (R ) R (Z06) SRR
A. Phylogenetic tree and comparative analysis of eight insect species; B. Distribution of orthologous groups of
O. brumata, E. grisescens and E. obliqua; C. The distribution of pairwise amino acid identity among E. grisescens, E.
obliqua, O. brumata and B. mori; D. Collinear analysis of the E. grisescens (black) and E. obliqua (red) genomes.
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Table5 Summary for the virus-resistance related genes of Ectropis grisescens and Ectropis obliqua

IjfiE Function HRZE R Annotation JAS R I Ectropis grisescens 4% /U Ectropis obliqua
EREELLYiPS TR LS 3-F4 A 3 5
Signal pathway correlation Phosphoinositide 3-kinase
ikl E4 3 6
Esterase E4
B HU A e A O figle B1 4 5
Insect immune rel ated Esterase B1
HAREA 5 1
Apolipophorins
9o 7 R AH G S TR A 2L I 7 4
Virus infection related Viral cathepsin
o]
2 w20 g g
2222 385509
¢ B R BEOEELD SO
© 5200222285858
e 2B o0 P2 EEEL LS ¥
¢ %008 RREQ0SASPSEQ
0 L S Il G & S
9, %, 15350 SECES L
A, % 0, 5 B TESLE
%, Op, "R, SO o5
gy 0 2, et
8, Ro, 2, 0 R e
RN C S e
847/1’1?1?07'23 9366 ?S:[\\@}O 'i\%q‘g
%5, S
8y, 01y, 705 P W
"Rz, 60 LAY
BM/PROT 2367 3“:!&\?&0'“ N
By 3213 s 151%
5 /PROT22372 PR 75785
MIPROT2237; BMPRO 9497
BMPROT22364 BMPROT!
BM|PROT22368 BM\PROT19496
EOPROT217
BMJPROTS781 0
\ 6816 EGIPROT1 164
EGPROT Eopp,
559 PROT:
ot 2761
PMERS AT BBMPROT42
PR e ooy,
ng‘ NS > O, %1
wob 5 Ay, 07’10
g% I Vrg, 857
@Q\ ‘85) ,50;‘) & /I%IP 0@7
Q)O\ 0{\\ {-!‘;1' & O/,()4> O].l 7
&’% & \(.)‘e o @@%{) 0,, 6‘@1\?
&L % %, "0, O 2.0
N Q,O S o ) @ %, %, JRN
Q’@&Q&oo&b\@g@ m%%%@oo%%ﬂ
S ) . .
Q,%\&“‘Q’_o&\osg 85 g7 Em%%/v% %%&* )/% 2 EO: ZxR# Ectropis obliqua
AU LFEELEEFER TR 2R A EG: JKE5 RN W Ectropis grisescens
SEELSEEREE22 T %D PIS &
$§§E§S%i§§@59 BM: % Bombyx mori
FrggEec 7
N m @
B4 RE, KERENMZRESKESEARELETN

Fig. 4 Phylogenetic tree of the OBP gene family of Bombyx mori, Ectropis grisescens and Ectropis obliqua

ROESEAT A3, A7 BT B AR I 5 R 15 5 R
I NI bv A O SR 1 S il ¥ BT VR covi g
FEALH 1 UL A

8 AT AR AT K-mer 238 &30, KRR
W g B DR 2 RN FE 25 R 30-50 Mb, 32k A
Z 1A A S B4 A S R e ) 1] o 308 4o 32 PR 2L )
JP X6 R % IR R A RO g 35 DR A4 o PR A T T 4

PR SRR, PR EAEE P
R RS A L e o TR U (3% 3), IXATRESE:
JRZR REE N RN RIS N R . RERE
FNFLLRAE AT s IR RO 2% RO {318 1
SRR, AL AR AR, ER R AR
A RN A EHEF (8] 3: D). BAR T H A
TR MG ORI B2, (A R PR
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WAL M TP AEE £ 5, SO R SRS R £
FIKARE (K 3: B).

®6 RFREMFRENLFZMEHMAX
ERRBEIHER
Table6 Summary for the chemosensory related
gene family analysis of Ectropis grisescens and
Ectropis obliqua

LI M S
Gene fam] Ectropis Ectropis
y grisescens obliqua

KWREEEEA 13 14

Odorant-binding protein

WRLBE 37 A 26 30

Odorant receptor

IR AZ 1A 15 17

Gustatory receptor

2Bz A 14 13

Chemosensory protein

o
@, -\15@50 b\\.o)“ 0\'.\
/ﬁg S g‘ @ ') 0 @ %
’ﬁ%& 0P )%Cﬂov %‘;)oiﬂw Scaffold ZF%
" EG793541
— EG79359

EO137625
EO336287
EO779467

B 5 #iFERiEsIY PCR FBEEREIKSTER
Fig. 5 PCR and gel electrophoresis analysis of species
specific primers

A A ik Hh (Y Scaffold JP 8 27k, EG Fm KA
JUi# Ectropis grisescens, EO 7R Ectropis obliqua,
The selected Scaffold name is shown on the right,

EG represents Ectropis grisescens,
EO represents Ectropis obliqua.

BUHT, PUEZEMIERA (40 gloverin, moricin
il attacin ) ) 25 57 2634 1T B BRI Z0FP X
BRI R AR 22 5 (BB REE, 2017 ),

I B BUR R N A Hg A B, IR A R
545 B R R A BN A 3L DL,
MAER ROESL P A LR IBE A L 78
JRAS R FRFN R T 7 AR R VR AR
AR 2R RO R TN 2] T 4 A6 TR 4 4UE 1 il
Rl eAb, B RUE 5400 B h 1 AH O 14 B B iR
Rffigse, /b PR A ( GO:0044281 )
SRR L B 3 ) IR . ST R B,
A NE B 1 AT R T 2R 18 AR 52 AR s i AR LA
KAEFFIE R 2RI RE E X E S ( Zhao et al.,
2020), It H R 41 28R 1 2 EoNPV H/E FHAE
bro BRIUL, HE s B 1 R 2 4L SV R
138 DL KN AR R (GO:0044281 ) #H
SR R AE [ AL AT g2 K4S RUEXT EONPV ™
BRI R A

fh2f Az T (CSPs) 1 R A b 24 Jksz
wERE, AER R B . S IR E S — R
17} (Pelosi et al., 2006 ), ifrfh 2z b1k 27wk
ZERAMFR LT EITRARARER, HOCUEL
CSPL 7EMHA L B AW RUR Q A=y Hl rp iy e 3k 1
A (Livetal., 2014a), AHFZE KA IE K
SREE A B | LT A2 AR FIR 58 A7 (AR SE PRV E i
TFIRS U | WA 2% RO () A= 5 IR 3 R 4 L IR
AT J 57 2% [, R R B RE A EA
W R SREE & AR S, 28R
PRI R A I RS B R 25 A WS R 11 4L
IR F ISR, X I R R Y 3 mT e
A USRI T — TR RN R 4, iR
WEE A B TR TR LR S AT S EOP Fh g
MHEXT R A TP B4 .

AHIEGE T PR RE S 10 B DL [R) 5 2
T T BB A S A RO A% R ) s 57
PG, BefE A U 4y SRR S BT 1R B 1t
SR T B 25 Lk, AT
SERA 207k, e TR ROERIAS RO L PR 4]
JrHI2E 5, SR 2% Bl B f KA RO ¢ RUMEBE it
TR

Brigh: B b EAOL A B 2R ST I 2R IR A
IS B3 A RS e R R A5 B
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