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Comparison of three annotation methods for characterizing
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Abstract [Objectives] To find the best method to annotate and characterize Transposable elements (TES), an important
component of insect genomes that vary widely in content, families and transposition activity, among insect taxa, in the
Spodoptera frugiperda genome. [Methods] Three annotation methods were used to identify S. frugiperda TEs; Repbase- and
ArTEdb- based, homologous prediction and RepeatModeler based de novo annotation. [Results] The ArTEdb and de novo
methods predicted TE percentages of 21.48% and 27.26%, respectively. LINEs were the most dominant TEs, both in terms of
copy number and density. TEs divergence rates peaked at around 10%, indicating that the majority of TEs have appeared in the
S. frugiperda genome recently. TEs with divergence rates <10% were mainly LINEs and DNA transposons. In addition,
several superfamilies were abundant in S. frugiperda that are rare or lacking in other Lepidopteran species. Of the three
annotation methods, Repbase had the lowest sensitivity and identified the least number of TEs. ArTEdb identified abundant
TEs, and had good sensitivity to DNA elements but failed to further classify TEs into superfamilies. The de hovo method not
only identified the most TEs but also successfully classified these into different superfamilies. It also identified new

superfamilies currently not included in the Lepidopteran repbase database. [Conclusion] We successfully characterized TE
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content and composition in S. frugiperda and found that the de novo method was superior to the Repbase and ArTEdb methods

in terms of both identifying and categorizing TEs. These findings improve our understanding of the TEs of S. frugiperda and

should benefit further studies on the functional significance of TEs and their contribution to genomic diversity.
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Tablel Satisticsof known consensus sequences of transposable elements built by RepeatM odeler

TE ZHY [P [EP 936 JEY Y gii
Classes of TEs Superfamilies Number of elements Total number

KRy 2 E LTR/Unknown 18 183
Long terminal repeated LTR/Pao 8

LTR/Gypsy 127

LTR/DIRS 1

LTR/Copia 29
KB tE A E LINE/RTE 41 185
Long interspersed nuclear element LINE/R1 24

LINE/Proto2 2

LINE/Penelope 2

LINE/L2 42

LINE/I 8

LINE/Dong 9

LINE/CRE 1

LINE/CR1 56
S BTE T 5 SINE/tRNA 12 14
Short interspersed nuclear element SINE/5S 2
DNA %% JiEF DNA/Unknown 8 167
DNA transposon DNA/Zator 4

DNA/TcMar 30

DNA/Sola-3 1

DNA/Sola-1 5

DNA/PiggyBac 4

DNA/PIF 13

DNA/P 2

DNA/MULE

DNA/Maverick

DNA/hAT 25

DNA/Ginger 1

DNA/CMC 4

DNA/Academ 5

RC/Helitron 64
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KA TE, £%K LINE (44.9% ) Fi1 DNA #%
JEF (41.3%), 1fif LTR 1 SINE #:7, 595 45K
KRR EEFA,

22 3MAREREETHERY
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RENZER TE, HILH A —ARE T AR MR
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it 3377, AR 10.09%, THTE 2 TN
LINE 1¥ /5 4% 6.24%. ArTEdb X} DNA % i ¥
P R by, HEE DR 32 T, SRR AL
8.30%, MMiHE 2 FirikiE R DNA F5)%FAYL
0.32%71 1.64%.

23 3MARERFEETHSER

3 Fh NS TE 140 250 45 5 10,
& 1. Repbase il 1) TE HAME R0 5 HE
2 PO IRAFTE IR 2257, 4R EH TE 4rlER
2 25%, fii ArTEdb FIM K () TE 43 %0
HIZ) 10% (K 1: A), 1E/E R <10%AY4ER
[ EF- 1, Repbase J5 % JLF#BK 1 DNA #%
JAEF-, Bl DNA % Jiz - J2 5 b 57 1 i 5 PR 4H 5 T
BRA) TE 2871 ; ArTEdD J73:H L DNA Jei4H

Rk 2 3MAFEMNEMFARWHEFRAREFIRERS
Table2 Satisticsof transposable elementsin Spodoptera frugiperda genome annotated by three methods

Repbase 77

TE 2% Classes of TEs
* Repbase method

MK 75 35

de novo method

ArTEdb J7i%
ArTEdb method

20164 (0.61%)
104 918 ( 4.00% )
3368 (0.34%)
11703 ( 0.32%)
57343 (1.32%)
713587 (6.00% )

JEEE T4 Short interspersed nuclear element
KH/EEE F% Long interspersed nuclear element
KRB F5 Long terminal repeated

DNA %% DNA transposon

FH Unknown

A1 Tota

39456 ( 0.89% )
336 570 ( 10.09% )

77343 (1.91%)

44566 (1.54% )
527 597 (13.01% )
1025532 (27.26%)

15024 (0.49% )
253070 ( 6.24%)

68833 (2.13%)
327 155 (8.30% )
188 488 (4.32% )
852 570 (21.48% )

155 N BB 7 7R A e e SR AL P i o

The number in parenthesis represents the proportion of each class of transposable elements in the genome.

Repbase = Repbase method ArTEdb /5% ArTEdb method MELTRMJ5 3 de novo method
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2 10000 2 a

& 8 30000 3 20000
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X 4000 =4 ; s 10000

¥ 2000) i 100005 : = 5000}

00 5101520253035404550
A% (% ) Divergence rate
B DNA¥%4J8:-F DNA transposon
= KEUEE B F%) Long interspersed nuclear element

0 i
0 5101520253035404550
sriEi# (% ) Divergence rate

KR4 HEE JF5 Long terminal repeated

S EE LS F%1 Short interspersed nuclear element

0
0 5101520253035404550
Zr# (% ) Divergence rate

E 1 Repbase /A% (A). ArTEdb ik (B) FIMLTMAZE (C) MEMZRIHEFEH D ML R EFHSH =R
Fig. 1 Divergence rate of known transposable element in Spodoptera frugiperda genome annotated
by Repbase method (A), ArTEdb method (B) and de novo method (C)
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TE % ¥ e M scaffold9208 (5.93 Mkbp ), #ix
i} scaffold21834 (3.94 4M/kbp) (&l 3: A);
ArTEdb % & f¢ =5 A scaffold2640 ( 9.62 ~/kbp ),
AN scaffold10044 ( 7.59 ~/kbp ) (& 3: B);
ISk 900 %% P B =5 A scaffold19186 ( 8.39 4~/
kbp ), FAKH scaffold1706 ( 6.43 “>/kbp ) ( &l 3:
C ). 2RI TE 78 scaffold I 19434 A1),

A1 scaffold FAUA HE—FERIHEE T,
scaffold20524 {4 LINE juff. XrlfEjem T
KB scaffold KRG, T3 TE 24 AW
g5
25 3MAEEREEFERENLLE

3 M R R DT Mk TE B4,
WK 4, XFF SINE Jof (Kl 4: A), Repbase
FIN KT 5 B B SINE Jei%) 439 2 448
ZK: tRNA Fll 5S %, 1M ArTEdb iR %
FEH BS K ; 3 Fr kIS E  tRNA B
S e L SINE T o DSk T 48 %€ 19 SINE
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N C RGN, 1 2 A R R 7k i 45 58
7~ HaSE2_DP &% it fie 3 & 1 W 5K o
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MG (165 5D ), (H4E DU, KT
DU 7 vk 5 7 W R R4 DU B i = T 2 Fp
T, U HJE: CRLIAI R R G et £ & A LINE
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® 3 3WMAFIBREMARERBEM scaffolds EHMEEF 51t
Table3 Satisticsof transposable elementsin Spodoptera frugiperda genome scaffolds and
chromosomes annotated by three methods

)71 Method
R Repbase [ 7 151 ArTEdb [R] 1) RepeatModeler M 3k il
Sequence type Repbase method ArTEdb method de novo method
PSRN B3 Y i BT Yefh i HHT I
Chromosome  Scaffold Chromosome Scaffold Chromosome  Scaffold
T ——
BERENY A1 A 31 15315 31 19590 31 20718
Number of annotated sequences
$£ U1 %0 Copy number 160 424 44 601 572 181 144 166 533 291 131 786
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“———c oo o
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Fig. 2 Distributions of transposable elementsin the chromosomes in Spodoptera frugiperda genome annotated by three methods

BAEELFY]; C. KMEERELZITS; D. KARWELEITS; E DNA FRET
A. Transposable element; B. Short interspersed nuclear element; C. Long interspersed nuclear element; D. Long terminal repeated, E. DNA transposon.
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I (5T )

[0 DNA%% 47 DNA transposon
B KR4 EE 73 Long terminal repeated M 8 H{7EE & %) Short interspersed nuclear element

PEUUR (BT ) Copy number (kbp)
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Copy number (kbp)
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P I I I I

%r £l Scaffold
[ ¢ MELTM 7% de novo method
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OSO=NWAUAAJ
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9 D q &® >
6\ 9’ N > 9’ b @’ N S b\’ & b\ >
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B %JL %1 Scaffold
K E E F5 Long interspersed nuclear element

3 Repbase /7% (A ). ArTEdb 73k (B) FINLHMT# (C) FRB TEEE&SH

B 20 LB &y A% scaffolds £ TE B4 %

genome annotated by Repbase method (A), ArTEdb method (B) and de novo method (C)

ArTEdb J5 L% E , EMHHA 2 MOTEEE  LTRIOTIERRIZ ZEC AR .

H IR R R BB AR AT, KT Gypsy
(1163814, /i LTR Y 13% ) Fil Copia( 13 539

A, HELTR B9 16% ) #5519 4 @ SIUR BT,

Fig. 3 Distributions of transposable elementsin the top 20 TE-densest scaffoldsin Spodoptera frugiperda

DNA 8 5 it FlF% DR 252 on( K 4:D ),
MELF 2 % Y DNA BHEERZ (131 ),
Vel B £ . ArTEdb J5 %5 ) DNA %%
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