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Using DNA barcoding to classify moths in an agroforestry zone in
Baiyanggou district, Beijing, China
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Abstract [Objectives] DNA barcoding has been widely applied to many insect taxa but not a large number of the
Lepidoptera, especially smaller and medium-sized moths, which are difficult to identify morphologically. It is not yet possible
to build a complete DNA barcoding system. This study aims to provide data sources and support for the construction and
improvement of DNA barcoding systems for lepidopteran pests, verify the accuracy of the CO I gene as a DNA barcoding
gene, explore the feasibility of using the 28S D2 gene as a DNA barcoding assistant gene, and test the success rate of BOLD
system identification. [Methods] Morphological identification and DNA sequencing of 490 small and medium-sized moths
collected in the Baiyanggou Scenic Area in Beijing were carried out. Intraspecific and interspecific distances were then
calculated based on differences in the CO I and 28S D2 genes and NJ phylogenetic trees were constructed. [Results] The
BOLD system had an average success rate of 65% but the success rate for smaller moths and noctuids was low. NJ trees based
on the CO I and the 28S D2 genes successfully identified 94.4% and 89.4% of specimens, respectively. [Conclusion] The
CO I gene is suitable for general DNA barcoding of moths whereas the 28S D2 gene is more conservative and therefore not
suitable as an assistant gene for DNA barcoding.
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Table 2 Intraspecific genetic distance based on CO 1 gene
4 BLIEES (%) FRiER (%) 4 BEEE (%) FRiER (%)

Species Genetic distance S.E. Species Genetic distance S.E.
Amata formosae 0.00 0.00 Comibaena procumbaria 0.43 0.32
Abraxas latifasciata 0.00 0.00 Cotta incongruaria 0.00 1.11
Adoxophyes orana 3.63 0.50 Crambus perlella 0.78 0.00
Agathia lycaenaria 1.65 0.61 Crambus perlellus 1.75 0.34
Agdistis adactyla 0.22 0.16 Crinellus eremicus 0.11 0.38
Agrotis ripae 0.45 0.17 Cucullia fraudatrix 0.81 0.11
Amraica superans 0.32 0.18 Dioryctria yiai 0.30 0.20
Anarta trifolii 1.47 0.22 Emmelina monodactyla 1.71 0.12
Aphomia zelleri 0.11 0.08 Endothenia oblongana 0.53 0.56
Arichanna melanaria 1.97 0.39 Eogystia hippophaecolus 0.89 0.30
Arippara disticha 1.37 0.28 Epatolmis caesarea 0.41 0.21
Ascotis dianaria 0.55 0.24 Epiblema foenella 1.21 0.32
Ascotis selenaria 1.08 0.33 Eteobalea gronoviella 0.99 0.19
Asura unipuncta 0.43 0.22 Eupithecia gigantea 0.14 0.27
Athetis furvula 0.43 0.21 Euproctis similis 1.03 0.84
Athetis pallidipennis 1.25 0.35 Euproctis subflava 5.56 0.08
Stathmopoda auriferella 2.59 0.65 Gastropacha quercifolia 0.38 0.24
Biston thoracicaria 0.21 0.14 Grapholita delineana 0.35 0.56
Blastobasis sprotundalis 0.52 0.15 Grapholita molesta 0.79 0.14
Bradina atopalis 0.66 0.18 sg’r?:iift‘;':]‘zrpha 0.19 0.15
Eilema ussuricum 3.03 0.00 Hemistola veneta 0.55 0.25
Callopistria sp. 0.00 0.33 Hyphantria cunea 0.68 0.11
Celypha flavipalpana 1.88 0.26 Hypoxystis pluviaria 3.25 0.20
Chionarctia nivea 1.26 0.27 Jankowskia athleta 0.34 0.13
Chlorissa obliterata 0.81 0.00 Jankowskia sp. 0.00 0.49
Choristoneura longicellana 0.00 0.36 Lacanobia aliena 2.45 0.24
Clepsis pallidana 1.73 0.42 Loxostege aeruginalis 1.39 0.00
Clostera albosigma 2.82 0.35 Loxostege turbidalis 1.02 0.41
Clostera anachoreta 2.05 0.45 Lymantria dispar 0.84 0.30
Cnethodonta grisescens 2.89 1.49 Lyonetia prunifoliella 3.92 0.25
Coleophora absinthii 1.46 0.34 Lyonetia clerkella 0.22 0.16
Coleophora adspersella 0.42 0.17 Maxates sp. 0.56 0.59
Coleophora chumanensis 0.43 0.21 Miltochrista calamina 0.63 0.24
Coleophora klimeschiella 1.29 0.34 Monema flavescens 1.18 0.29
Coleophora parthenica 1.25 0.33 Mythimna monticola 1.01 0.27
Coleophora versurella 1.26 0.30 Narraga fasciolaria 0.76 0.26
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£Z% 2 ( Table 2 continued )

i SAEHERS (%) FRAESR (%) T SRR (%) BRIES: (%)
Species Genetic distance S.E. Species Genetic distance S.E.
Nerice davidi 0.22 0.37 Prospalta cyclica 0.19 0.12
Niphonyx segregata 0.05 0.15 Pterostoma sinicum 0.38 0.11
Nola dresnayi 2.01 0.43 Pyrausta despicata 0.66 0.17
Odonestis pruni 1.88 0.46 Rosama ornata 0.17 0.17
Oncocera semirubella 0.24 0.29 Sciota shantungella 0.77 0.83
Orgyia parallela 0.74 0.09 Scopula beckeraria 0.00 0.00
Orthonama obstipata 2.19 0.17 Scopula subpunctaria 7.71 0.69
Pangrapta flavomacula 0.33 0.38 Scopula sp. 0.13 0.16
Parasa consocia 0.61 0.25 Semiothisa cinerearia 0.22 0.13
Parasa sinica 0.61 0.18 Somena scintillans 0.23 0.55
Parasa hilarula 0.34 0.57 Spilarctia subcarnea 2.83 0.08
Phalera flavescens 0.22 0.10 Spilonota lechriaspis 0.15 0.38
Phalera grotei 2.62 0.63 Stathmopoda masinissa 0.25 0.18
Phlossa conjucta 0.27 0.11 Thosea sinensis 0.85 0.14
Phthonandria atrilineata 0.76 0.28 Timandra recompta 0.44 0.22
Phyllonorycter ringoniella 0.91 0.26 Xanthia tunicata 0.17 0.16
Plutella xylostella 1.01 0.25 Zanclognatha lunalis 3.08 0.31
Polypogon tarsicrinata 1.99 0.38
Q g r 25
= r Q
® 27l ¢ g 20
2 5S4 . Eis
w5t & e 15
=9 .2 o
'S S 4fe o =HE210
Z 253 °» ° o HS§
g2 3 ° ° o ® = &% o
&2"32 odhe 20 e =a3 51°% °
s 1T -. Pt T 3 & 8 ° °
=0 =0 . : . : : . )
0 20 40 60 80 100 120 0 1000 2000 3000 4000 5000 6000 7000
5% Number of species R R R

B 1 ETFPEER (P-distance ) A
COIl ERMMEEREERAE
Fig.1 COT1 gene intraspecific genetic distances
scatter plot based on P-distance model

FE 254 1.9%, Ascotis dianaria 5 5 B K. i Ascotis
selenaria & 2.1%LAA, HARFREPIM 2 [A]35 1%
FEES 2/ KRT 3.2%, FEEDTE 10%-18%Z[H]
(E2),

PR EARA ) 28S D2 K 5 GenBank [F] 75
JFE N AT N EE S 746 bp HYIFAI 340 4%, I
J&T 66 Flt, FNEEEEETE 0-7.1%, 52 DR
FhNBALIEE /N T 1%, 5 DRI N 4 R

Number of pairs of species

2 ETPEEE (P-distance ) A
CO 1 EFEFa)EEEER A E
Fig.2 CO1 gene interspecific genetic distances
scatter plot based on P-distance model

H 1%-2%, 4 DFhEFNRIEEE RN 2%-3%, 5
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(AL EE B R 0.1%-29%, FEETTE 10%-25%
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Table 3 Intraspecific genetic distance based on 28S gene
%ﬁF% iﬁf?ﬁ&%(%) PrifER (%) 4 Species iﬁﬁéf’@%(%) PrifER (%)

Species Genetic distance S.E. Genetic distance S.E.
Abraxas latifasciata 1.01 0.30 Hemistola veneta 0.36 0.20
Adoxophyes orana 0.00 0.00 Hyphantria cunea 0.13 0.08
Agathia lycaenaria 0.88 0.35 Hypoxystis pluviaria 0.34 0.25
Alcis angulifera 0.22 0.15 Lymantria dispar 0.00 0.00
Amata formosae 0.14 0.14 Lyonetia prunifoliella 0.35 0.21
Aphomia zelleri 0.00 0.00 Miltochrista calamina 0.00 0.00
Arichanna melanaria 2.93 0.94 Monema flavescens 0.00 0.00
Arippara disticha 0.08 0.08 Narraga fasciolaria 0.00 0.00
Ascotis dianaria 0.00 0.00 Nerice davidi 591 0.90
Atrijuglans hetaohei 0.00 0.00 Niphonyx segregata 2.18 0.40
Blastobasis sprotundalis 2.56 0.49 Nola dresnayi 0.20 0.21
Celypha flavipalpana 1.57 0.48 Odonestis pruni 0.00 0.00
Chionarctia nivea 6.21 0.83 Parasa consocia 0.00 0.00
Chlorissa obliterata 0.21 0.15 Parasa sinica 0.15 0.15
Choristoneura longicellana 0.52 0.22 Phalera flavescens 0.62 0.10
Clepsis pallidana 0.40 0.23 Phlossa conjucta 7.07 0.75
Clostera anachoreta 0.00 0.00 Phthonandria atrilineata 1.08 0.29
Coleophora absinthii 0.00 0.00 Phyllonorycter ringoniella 0.00 0.00
Coleophora klimeschiella 0.00 0.00 Plutella xylostella 0.00 0.00
Coleophora parthenica 0.00 0.00 Pterostoma sinicum 0.00 0.00
Coleophora versurella 0.00 0.00 Scopula subpunctaria 0.08 0.08
Comibaena procumbaria 0.00 0.00 Semiothisa cinerearia 3.67 0.77
Cotta incongruaria 0.25 0.18 Somena scintillans 0.21 0.22
Emmelina monodactyl 0.00 0.00 Spilonota lechriaspis 0.00 0.00
Epatolmis caesarea 0.00 0.00 Stathmopoda auriferella 0.00 0.00
Epiblema foenella 1.65 0.42 Stathmopoda masinissa 4.55 0.90
Eupithecia gigantea 0.00 0.00 Thosea sinensis 0.00 0.00
Euproctis similis 0.14 0.14 Timandra recompta 1.40 0.45
Euproctis subflava 0.00 0.00 Yakudza vicarius 0.00 0.00
Gastropacha quercifolia 0.00 0.00 Lyonetiidae sp. 0.59 0.19
Grapholita delineana 0.20 0.20 Tortricidae sp. 0.22 0.13
Grapholita molesta 0.00 0.14 Endotricha kuznetzovi 0.75 0.37
Gynnidomorpha permixtana 0.15 0.11 Bradina sp. 2.46 0.38
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Fig. 3 28S D2 gene intraspecific genetic distances
scatter plot based on P-distance model
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Fig. 4 28S D2 gene interspecific genetic distances
scatter plot based on P-distance model
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FT CO T HHA 107 ANFFEEAY NI F 2
FEINFEN 94.4%, DHIFHEARERAE—EIE L
R, TCHEUMER Y o WNZR Ty #Emk E. subflava 7F
NI A B FHIE AL 2 A2 0, FhiNist G iE ey
K 5.56%, 254R R S, subpunctaria %, 3
e, FhNBAGIEES 7.71%, X PDFER AR
FEMEAEA REE— 2D AP AR S . Aol A Rl 44 R
BN D R — B R R, A
dianaria 5'5 Bk A. selenaria B7E—if2, #
Bk 28 i ik Atrijuglans hetaohei 5 Bk J& 2
Stathmopoda auriferella 2 78— , %6 bi S %
Clostera albosigma 5 4 B3 St ik Clostera
anachoreta 77—, C. perlella 5463 IE C.
perlellus K7E—& (& 5),

FET 288 D2 KLY 66 SR EEAY NI b 4
SEBINE N 89.4%. A. dianaria 5EFBERE A.
selenaria B7E—iL , % BE28 K A. hetaohei S5k
2 gk S. auriferella R — i, HFH LT g%

Chionarctia nivea JE i %) 5. R BL A 8075 4T i
Spilarctia subcarnea , [ dt Bk L4 H ik
Gynnidomorpha permixtana, KU % Narraga
fasciolaria, = 71 Niphonyx segregata #115% ]
Phthonandria atrilineata 45 [ Y5 FhAH AL

Wiz R (B 6)., WA, 76 CO T MR
NI B AELE DA T AP, 28S D2 WfRIFETG
X4, a0 A dianaria 55 BEUk A. selenaria,
¥ Bk 2% B ik A, hetaohei 5 Hk 2% ik 1 S.

auriferella,
3 Fit5itie

BOLD % &/ H il B br - &l Ky
DNA SIS E -1, AT B A o A% I EE
A DNA KIS EAEIC 5 840 4%, Hopfih
8 H A5 179 T 4. BOLD ARG 1Y)
TS EFRIESS BLAST AL R T 99%, Al#LH
Y BIR, WUERARRIE R T 3%, AT S E 3
J& (Ratnasingham and Hebert, 2007 ), 4k 3%
B {E % Herbert DA A2 P[] 18t 4% FE 25 [ (B

(Hebert et al., 2003 ), {HFESLFRBFFIEA A,
WA SR AR E S IS, T
N2 R/ NT 1% 0 508 BN RO R ™5 10
ARSI S5 5K , BOLD R GE%] ULk s
Ko R TR e 5 1) 6 58 )33 1R, R R 43/ N T i
25 R SRR o R Y 5 i) R AR,
N PRI SE S HE R DNA SRR .

AR SCOR B ] 35 AL R R A SR A R S

Herbet AL, Ff A 35t 1% B 25 — AR T 1%

( Hebert et al., 2003 ), 5% SR T
% AT E . HBPRRR 254 ¢ ( Delbert and Alan,
1999; Knutsen et al., 2000; Renaud et al., 2012 ),
Toft PN 35 4% BE 2 104 726 Ak 2 A8 R R S8 A5 2R PR Y
SEAL, AN AW AR R SRS S L 4
FrR AL 2B (BFOCARSE, 2019),
FEACRAE M B — SRR B R Y . 40Tz
JE R AE A B P2, B P st A I S — N

(ERA, 2017 ). aAWF5E b 5 2
Lymantria dispar ZEFE s TAdL. fdb. 74
JE AP RGHLIX , GenBank I #% 1) [A] JEF 51k A T
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Fig.5 NJtree based on COI gene
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Different shapes indicate that the sequences of same species formed paraphyletic or polyphyletic groups, but the sequences
different species formed monophyletic groups. The star-marked sequences are from this paper. The same as Fig. 6.
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Fig. 6 NJ tree based on 28S gene
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