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Abstract: DNA barcoding has been widely used to study insect diversity. This study explored the utility of
DNA barcoding in species identification and delimitation for multiple insect groups sampled from a
subtropical forest ( located at Xingangshan Jiangxi Province) . We compared their intraspecific genetic
distance of the identified molecular operational taxonomic units ( MOTUs) based on the universal DNA
barcodes (i. e. the 5" end of the mitochondrial Cytochrome ¢ oxidase subunit I gene COI). Combined
with alignment information against public databases four methods jMOTU ABGD bPTP and GMYC
were used for molecular species delimitation to infer the MOTUs and the intraspecific genetic distances
were then calculated. In this study we totally selected 479 insect samples and obtained 475 COI
sequences. We found that their preliminary identifications with NCBI and BOLD online databases were
consistent with our preliminary morphological classifications belonging to six orders. After species
delimitation analyses we finally gained a total of 288 MOTUs; Lepidoptera was the most abundant group
(85/288) while there were 80 74 21 20 and 8 MOTUs for Hymenoptera Diptera Hemiptera

Coleoptera and Orthoptera respectively. The mean and standard deviation of intraspecific genetic distances
were relatively high in Hymenoptera (0.89% 0.87%) and Diptera (0.73% 0.58%) while being the
lowest in Lepidoptera ( 0.28% 0.20%) . Our results showed that although the intraspecific genetic
distance of different insect groups was within a certain range there were still some variations; therefore

species delimitation should not be generalized based on a single distance threshold of genetic distance. Our
results additionally indicate that the existing database needs to be supplemented with sufficient insect
species information to promote the efficiency of species identification. On the whole our study enriches the
molecular database of insects from a subtropical forest and also provides basic data and references for
further research on insect diversity based on DNA barcoding.

Key words: DNA barcoding; intraspecific genetic distance; species delimitation; insect;
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Table 1 Primers and thermocycling profiles for PCR amplification

Molecular markers Primers PCR conditions
PCR I: 94%C 2 min; 94°C 30 s 50C
50s 72°C 8s 94°C 30 s 39 ; 72°C
10 min o
PCR II: 94°C 1 min; 94°C 1 min 45%C
1.5 min 72%C 1.5 min 5 : 94°C 1 min
94C 1 min 53.2°C 1.5 min 72°C 1 min 35 ;
72°C 5 min o
L.CO1490: PCR III: 94C 3 min; 94°C 1 min 46C
GGTCAACAAATCATAAAGATATTGG 1.5 min 72C 1.5 mn 5 ; C
CoI HCO2198: 50°C 35 ; 72°C 6 min
TAAACTTCAGGGTGACCAAAAAATCA 12°C ( 2018) -
( Folmer et al. 1994) PCR IV: 94°C 1 min; 94°C 40 s 45°C 40 s
72°C 1 min 5 ; 94%C 40 s 51C 40 s
72°C 1 min 35 ; 72°C 5 min
( Ashfaq et al. 2018) .
PCR V: 94C 1 min; 94°C 1 min 45C
1.5 min 72°C 1.5 min 5 1 94°C 1 min
50°C 1.5 min 72°C 1 min 35 :
72°C 5 min ( Hebert et al. 2003) .
PCR 1I: 94C 1 min; 94°C 1 min 45%C
LCO1490: 1.5 min 72°C 1.5 min 5 : 94°C 1 min
COTCAACAAATCATAAAGATATTCE 94°C 1 min ‘53.2°C 1.5min 72°C 1 min 35 ;
col HCOout: 72°C 3 min .
PCR VI: 94C 1 min; 94°C 1 min 45%C
CCAGGTAAAATTAAAATATAAACTTC ) ) )
( Carpenter and Wheeler 1999) .5 min ) 72 1.5_ min 5 ] 7 94 1 min
94°C 1 min 58°C 1.5 min 72°C 1 min 36 ; 72°C
5 min ( Huangfu et al. 2022) ,
1.3 : BOLD system v4
1.3.1 IDENTIFICATION ;
BOLD NCBI
BioEdit ( Hall 1999; 2011) . MAFFT v7 ( https: // Blast ; BOLD  NCBI
mafft. cbre. jp/alignment/server/) MEGA v7 ( Kumar
et al. 2016) o
COl MAFFT MEGA 1.3.2 MOTU
BioEdit
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o et al. 2022) .
Mothur ( Schloss et al. 2009) 1.3.3
jMOTU ( Jones et al. 2011) . ABGD MOTU
( Puillandre et al. 2012) . bPTP ( Zhang et al MEGA
2013) . GMYC ( Fujisawa and Barraclough 2013) MOTU
4 6 “group” - MOTU
MOTU, ( p-distance )
(1) jMOTU . 1 ~20 bp . 6
97% - o
(2) ABGD o P ( prior
intraspecific divergence) 0. 001 2
0.1 gap X ( minimum relative
gap width) =0.5~1 Steps=5 Nb bins =20 2.1
K2P ( Kimura 1980) . 479
(3) bPTP o [Q-TREE 475  COI 99.2% .
( Nguyen et al. 2015) BOLD  NCBI
ML ; ML
(MCMC 100 000 Burn-in 475 6 ( N
0.1 seed 123) o . \ . . );
(4) GMYC . ML 152 ( 32.4%);
8s ( ultrametric tree) 100 N
R “SPLITS” ( Monaghan et al. 2009) 40 CoI
( single-threshold) GMYC 205
. 70 (46.1%) 14
MOTU R 69 (58.5%) 15 46
“clues ” Hubert & Arabie (36.5%) 7 5
( Hubert and Arabie’s adjusted Rand index) ( Millgan 2 ( 2)o
and Cooper 1986; Chang et al. 2010) 4 : 6
AT o
ML N 4 A+T
MOTU G+C 2 A+T
( Wang et al. 2019; Li 72. 6% 64.3% ( 3).
2
Table 2 Species identification of different insect orders
Order (%)
The proportion of identified family Identified family Sequence numbers
Lepidoptera 58.50 Autostichidae 4
Crambidae 8
Drepanidae 1
Erebidae 16
Euteliidae 1

Geometridae 7
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2 Continued table 2

Order The proportion of identified family Identified family Sequence numbers
Lecithoceridae 7
Limacodidae 2
Lycaenidae 3
Nepticulidae 1
Noctuidae 8
Nymphalidae 8
Pyralidae 1
Riodinidae 1
Tortricidae 1
Hymenoptera 36. 50 Braconidae 6
Chrysididae 3
Crabronidae 1
Formicidae 6
Ichneumonidae 24
Vespidae 5
Diptera 46. 10 Calliphoridae 5
Chironomidae 3
Culicidae 2
Dolichopodidae 1
Drosophilidae 4
Fanniidae 1
Keroplatidae 6
Muscidae 7
Mycetophilidae 3
Phoridae 1
Pipunculidae 8
Sciaridae 23
Stratiomyidae 2
Tachinidae 5
Hemiptera 13.33 Fulgoridae 1
Pentatomidae 1
Cicadellidae 2
Coleoptera 34.38 Curculionidae 5
Staphylinidae 1
Coccinellidae 3
Endomychidae 1
Carabidae 1
Orthoptera 45.45 Tettigoniidae 4
Gryllidae 1
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3 CoI1
Table 3 Nucleotide composition in the COI barcoding sequences of different insect orders
A T C G A+T C+G
(%) (%) (%) (%) (%) (%)
Order Percentage Percentage Percentage Percentage Percentage of Percentage of
of base A of base T of base C of base G bases A and T bases C and G
Hemiptera 31.0 36.5 18.6 14.0 67.4 32.6
Lepidoptera 30.5 38.9 16.2 14.4 69.3 30.7
Hymenoptera 32.5 40. 1 14.9 12.5 72.6 27.4
Coleoptera 28.7 35.7 19.6 16.0 64.4 35.6
Diptera 29.7 38.1 16.8 15.3 67.9 32.1
Orthoptera 29.1 35.2 20.2 15.5 64.3 35.7
2.2
433 ( .
90.4%) 0 4 20 MOTUs;
N N N N ABGD. jMOTU. bPTP 85
o jMOTU. ABGD. bPTP MOTUs; jMOTU GMYC
GMYC 4 288 MOTU 21 MOTUs; bPTP
MOTU N GMYC 8 MOTUs;
MOTU 60% GMYC 74 MOTUs;
MOTU 50% ( 4). jMOTU 80
4 MOTUs.
GMYC 2.3
MOTU 3 MOTU
o jMOTU GMYC
ABGD bPTP N N N
5 - bPTP GMYC 0.17%; 0.51%  2.69%
ABGD  jMOTU ( 2 4) .
5 o 4
6 28 (0.89% +0.87% mean * SD)
. GMYC 3 (0.73% +0.58%) . (0.71% +0.31%)
7 16 (0.60% =+ 0.47%)
( Do R “clues” Hubert & Arabie (0.28% +0.20%) ( 2)-
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4
Table 4 Species delimitation and intraspecific genetic distance of different insect orders
MOTU/
Species delimitation (%) (%) (%)
Sequence " ) "
Order Samples b MOTU/ Intraspecific Mean intraspecific
number :
GMYC ABGD jMOTU bPTP Samples genetic distance genetic distance
) 31 30 21 19 21 20 67.7 0.18 ~1.47 0.37~1.10
Hemiptera
. 118 118 84 85 85 85 72.0 0.17 ~0. 51 0.17 ~0. 68
Lepidoptera
126 103 - 73 80 81 63.5 0.17 ~2.69 0.17 ~ 2.69
Hymenoptera
32 32 20 20 20 20 62.5 0.17 ~1. 66 0.17 ~1.33
Coleoptera
) 155 139 74 71 78 78 47.7 0.17~2.24 0.17 ~2.91
Diptera
17 11 8 6 9 8 47.1 1.26 -
Orthoptera
Total 479 433 207 274 293 292 60. 1 - -
(a) X H Diptera (b) &% H Lepidoptera
Sequence 1-2 3-9 10-18 19-21 22-26 27-28 Sequence  1-3
ABGD ABGD NN
iMOTU jMOTU
bPTP hPTP 1O
GMYC GMYC [
Final Final --
result result
(e¢) *F3 H Hemiptera (d) EH#H Orthoptera (e) M3 H Hymenoptera
Sequence -2 3-5 Sequence 1-2 3-5 Sequence 1-2 3-4 5-6 7-9 10-11 12-14 15-16

ABGD N
iMOTU -

bpTP N
GMYC IR
Final s s

result

Fig. 1

4

ABGD
iMOTU

bPTP

GMYC
Final

result

1

MOTU

delimitations from the four methods differed.

ABGD

iMOTU

bPTP

Final

result

Species delimitation results from different methods for different insect orders

o Note: Figure only shows partial sequences for which species
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