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Application of tree-based, distance-based and character-based DNA
barcoding methods for the identification of Crambidae species
(Insecta: Lepidoptera) in Baihuashan, China
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Abstract DNA barcoding has recently been proposed as a promising tool for rapid and accurate species identification in
a wide range of animal taxa. Three broad methods (tree-based, distance-based and character-based) are commonly used.
The first method requires the recovery of species as discrete clades ( monophyly) on a phylogenetic tree. The second
method is based on the degree of DNA sequence variation within and between species. The last method characterizes
species through a series of diagnostic characters. To explore the feasibility of DNA barcoding based on different methods in
the identification of Crambid moths, the COI genes of 88 samples belonging to 14 species of the Crambidae from
Baihuashan were analyzed. The results show that samples belonging to the same species cluster in one monophyly and all
species were successfully distinguished by the NJ phylogenetic tree. The intraspecific and interspecific genetic distances
were calculated using the Kimura-2-parameter model. An obvious barcoding gap between intraspecific and interspecific
divergences for COI genes was found, while the groups automatically defined by ABGD perfectly match the groups defined

by morphological characters. Diagnostic nucleotide positions were found in each species and the character-based barcode
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method successfully identified every species. This study indicates that the species within the Crambidae can be readilly

distinguished using these three barcoding approaches based on the COI gene.
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Table 1 Crambidae samples used in this study and GenBank accession numbers of their COI gene sequences

GenBank

& Ykh HANRS BT
Genus Species Sample 1D GenBank

accession no.

ik BY W5 JE Anania JCZ L BF IR A. verbascalis ( Denis & Schiffermiiller, 1775) BHS100703117 KC405045
JCE B UE A. verbascalis (Denis & Schiffermiiller, 1775) BHS100703166 KC404978
JCZ L BFEE A, verbascalis (Denis & Schiffermiiller, 1775)  BHS100704138  KC405046
JCE B P IR A, verbascalis (Denis & Schiffermiiller, 1775)  BHS100704188 KC405001
T L PR A, verbascalis (Denis & Schiffermiiller, 1775)  BHS100704245 KC405044
B B IR JE Circobotys FEL SR I IE C. heterogenalis ( Bremer, 1864 ) BHS100703183 KC405040
R LR IT IR C. heterogenalis ( Bremer, 1864 ) BHS100703223 KC405043
R LR BT IR C. heterogenalis ( Bremer, 1864 ) BHS100703243 KC405038
i R i M B I C. heterogenalis ( Bremer, 1864 ) BHS100703248 KC405039
R 2R it M BF 15 C.  heterogenalis ( Bremer, 1864 ) BHS100704162 KC405041
R BT IR C. heterogenalis ( Bremer, 1864 ) BHS100705108 KC405042
B BF IR 8 Cnaphalocrocis FE Y\ H5 M C. medinalis ( Giienée, 1854 ) BHS100703207 KC404983
TN C. medinalis ( Giienée, 1854 ) BHS100705143 KC405008
IR JE Crambus Crambus sp. BHS100703205 KC404982
Crambus sp. BHS100704235 KC405047
h [E 25 BF 45 J& Diaphania VU BT 2R 22 BF 48 D. quadrimaculalis ( Bremer & Grey, 1853) BHS100703111 KC405061
VUBE 2R 22 WP I8 D. quadrimaculalis ( Bremer & Grey, 1853) BHS100704179 KC405062
VU BE 28 22 B I8 D. quadrimaculalis ( Bremer & Grey, 1853) BHS100704190 KC405063
VU BT 2R 22 WP 48 D. quadrimaculalis ( Bremer & Grey, 1853) BHS100705031 KC405060
BE K 88 & Eoophyla AEBE KR E. sinensis (Hampson, 1897) BHS100704127  KC405011
AEPE/KUE E. sinensis (Hampson, 1897) BHS100705049 KC405010
YIm- B UE J& Herpetogramma 52 VI BF I8 H. luctuosalis ( Giienée, 1854) BHS100703126 KC405013
WA Y EFAE H. luctuosalis ( Giienée, 1854) BHS100703150 KC405016
H AV EPIE H. luctuosalis ( Giienée, 1854) BHS100703156 KC405014
BRI B IR H. luctuosalis ( Giienée, 1854) BHS100704113 KC405015
i BY W JE Lamprosema S b B R L. commixta (Butler, 1879) BHS100703100 KC404994
L. commixta ( Butler, 1879) BHS100703152 KC404993
. commixta (Butler, 1879) BHS100703195 KC404991
L. commixta (Butler, 1879) BHS100703200 KC404981
Mt PR L. commixta (Butler, 1879) BHS100703208 KC404984
S 8P ER L. commixta (Butler, 1879) BHS100703210 KC404992
S B L. commixta (Butler, 1879) BHS100703219 KC404985
St B EE L. commixta (Butler, 1879) BHS100704171 KC405004
M St BP R L. commixta (Butler, 1879) BHS100705140 KC405009
HE %5 B UE J& Loxostege W HEB TR L. aeruginalis (Hiibner, 1796) BHS100704079 KC405031
WHE BT IE L. aeruginalis (Hiibner, 1796) BHS100704093 KC405029
HEB PP IR L. aeruginalis (Hiibner, 1796) BHS100705119  KC405030
X% 4 %5 Y W5 L. sticticalis ( Linnaeus, 1761) BHS100704082 KC404995
%) 4k %5 P W L. sticticalis ( Linnaeus, 1761) BHS100704121 KC405032
A T HE % BP0 L. turbidalis ( Treitschke, 1829) BHS100703167 KC405035
Aili B HE R PR L. turbidalis ( Treitschke, 1829) BHS100703188 KC405034
R B HE IR L. turbidalis ( Treitschke, 1829) BHS100703234 KC405033
il 8 HE B B IR L. turbidalis (Treitschke, 1829) BHS100704198 KC405036
A T HE % BF IR L. turbidalis ( Treitschke, 1829) BHS100705123 KC405037
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ZE& 1 (Table 1 continued)

GenBank
J& Yy HARS RS
Genus Species Sample 1D GenBank
accession no.
55 B 15 J&8 Pleuroptya =4 B P. chlorophanta (Butler, 1878) BHS100703084 KC405053
=4 IE P, chlorophanta (Butler, 1878) BHS100703184 KC405058
=% B IE P. chlorophanta (Butler, 1878) BHS100703214 KC405052
= 4% WP P. chlorophanta (Butler, 1878) BHS100703247  K(C404986
=% YR P. chlorophanta (Butler, 1878) BHS100703267 KC405054
=& P. chlorophanta (Butler, 1878) BHS100703269 KC404990
= %% i BF U P. chlorophanta (Butler, 1878) BHS100704086 KC404996
=4 WFIE P. chlorophanta ( Butler, 1878) BHS100704118  K(C404997
=% IE P, chlorophanta (Butler, 1878) BHS100704143 KC404998
=% IR P. chlorophanta (Butler, 1878) BHS100704148 KC405055
=B P. chlorophanta (Butler, 1878) BHS100704149 KC405056
=% YR P, chlorophanta (Butler, 1878) BHS100704155 KC404999
=4I P. chlorophanta (Butler, 1878) BHS100704193 KC405059
= 2% i BFUE P. chlorophanta (Butler, 1878) BHS100704197 KC405002
=4 WFIE P. chlorophanta ( Butler, 1878) BHS100704218  KC405051
=B IE P. chlorophanta (Butler, 1878) BHS100705082 KC405049
=% IE P. chlorophanta (Butler, 1878) BHS100705088 KC405048
=4 EFIE P. chlorophanta (Butler, 1878) BHS100705098 KC405050
=% UFIE P, chlorophanta (Butler, 1878) BHS100705101 KC405005
=& P. chlorophanta (Butler, 1878) BHS100705107 KC405006
= 2% BF U P. chlorophanta (Butler, 1878) BHS100705133 KC405057
W2 BF 1 & Sitochroa W ZE WP M S, verticalis ( Linnaeus, 1758) BHS100703085 KC405022
IR EFIE S, verticalis ( Linnaeus, 1758) BHS100703087 KC405023
IR EFUE S, verticalis ( Linnaeus, 1758) BHS100703089 KC404976
I ZE WP W S werticalis ( Linnaeus, 1758) BHS100703103 KC404977
IR WFUE S, verticalis ( Linnaeus, 1758) BHS100703139 KC405028
R PR S, verticalis ( Linnaeus, 1758) BHS100703174 KC404979
RN ZE WP MR S, verticalis ( Linnaeus, 1758) BHS100703176 KC405024
W ZE WP S, wverticalis ( Linnaeus, 1758) BHS100703189 KC404980
WG EFIE S, verticalis ( Linnaeus, 1758) BHS100703258 KC404987
IR EFUE S, verticalis ( Linnaeus, 1758) BHS100703259 KC404988
W ZE WP MR S, wverticalis ( Linnaeus, 1758) BHS100703263 KC404989
IR WFUE S, verticalis ( Linnaeus, 1758) BHS100704003 KC405020
IR BEFUE S, verticalis ( Linnaeus, 1758) BHS100704010 KC405026
RN ZE WP S, verticalis ( Linnaeus, 1758) BHS100704111 KC405019
W ZE WP S, verticalis ( Linnaeus, 1758) BHS100704211 KC405025
W EFIE S, verticalis ( Linnaeus, 1758) BHS100705084 KC405027
IR EFIE S, verticalis ( Linnaeus, 1758) BHS100705097 KC405017
W ZE WP S, wverticalis ( Linnaeus, 1758) BHS100705111 KC405018
IR WFUE S, verticalis ( Linnaeus, 1758) BHS100705118 KC405007
IR BFUE S, verticalis ( Linnaeus, 1758) BHS100705139 KC405021
P B i )& Stenia = PEBPUE S, charonialis ( Walker, 1859) BHS100704185 KC405000
=P BP R S, charonialis ( Walker, 1859) BHS100704213 KC405003

=M EFIE S, charonialis (Walker, 1859) BHS100705121 KC405012
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Loxostege aeruginalis
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Loxostege turbidalis
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Anania verbascalis

ﬁﬁ%ﬂﬁﬂﬁ Group 13
Circobotys heterogenalis

Crambus sp. Group 4
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E%&E i Group 8

Stenia charonialis
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The results of initial partition by ABGD soft are on the right.

Neighbour-joining phylogenetic tree of the Crambidae taxa in this study based on COI gene sequences
AR B R A K A NT R G E B, A0 ABGD B0 90 16 il 43 45 5%

The neighbour-joining phylogenetic tree of the Crambidae taxa is on the left.
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Fig.2 DNA barcoding gap analysis of COI gene sequence from Crambidae taxa in Baihuashan
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F2 14 WHEEETRHEZEN DNA ZFRBSRERTHEMHER
Table 2 Character-based DNA barcodes for 14 Crambidae species

FRIEZH  FEA%H

Yy b BT RAE L 5
Character Sample
Species Diagnostic characters
numbers numbers
A. verbascalis C_59 = C_83 C_197 C_308 T_356 C_512 T_572 7 5
C. heterogenalis C2 T_8 C_234 T_263 C_365 C_590 6 6
C. medinalis T_37 T_188 C_210 T_430 4 2
Crambus. sp. C_62 G_281 G_440 G_497 C_528 G_578 6 2
D. quadrimaculalis C_104 C_206 C_350 C_446 C_554 5 4
E. sinensis C_44 C_92 G_131 G_176 A_423 A_438 T_449 11 2
G_458 G_530 T_578 C_599
H. luctuosalis C_68 C_242 A_296 3 4
L. commixta C_35 C_215 G_356 C_419 4 9
L. aeruginalis C_65 A_230 C_323 C_504 4 3
L. sticticalis T_131 C_173 C_302 C_452 4 2
L. turbidalis G_107 C_305 C_455 C_569 4 5
P. chlorophanta C_233 T_269 C_375 C_398 T_575 5 21
Siverticalis C_152 C_170 C_224 C_383 4 20
S. charonialis C_149 G_200 T_265 C_316 C_431 C_437 C_497 7 3

T+ C59: 3R 5 59 M s Co

* C_59 means the 59th position is C, the same below.

MR EH AR (2 ~21 4) , 12 Wi R ik 4L
HU N 3 A5 11 ASAGE & 4 A FEA 15 4 D)t
YPUE H. luctuosalis Wi AT IR B /b, &% 2 DHEAW
AEBE IR E. sinensis Wi T IR Z o

3 itig

DNA ZJEHAE Sy — Rl A 20 T RAER i
SRRMAR T TIZ BN, B AT DL R I PR AR A
TR M A T Ry SR K E TAE, JT R
TYR A E R (FEEE 48,2010) 0 A
WEFE R T 2 A R L BE B R0 RR AE T 35 3 i A
AE LY SR e AN 1 A5 5 43 BT < A 88 > BLIR
FEARR L N] RG L AW E 14 DRERRER A 2R
JICER R, AN [R] R R R S B G DX 0 5 b ] 1 435 1%
PR (11.38% ) &l N - 25 35t 4% B85 (0. 25% ) 1Y
45 4%, SE AT G DNA 508 8 A 241 B 4G 0 A v
(Hebert et al. ,2003a) ;14 />3 18 Yy Fp 35 5% 2h b 4%
BT A W2 W AZ T R AL, R LR S 12 8RR AR
XF X LE Y R HEAT S . IR BE SRR I3 R T kA
L UEORL Y 49 b S8 T TR B AT v AR TR P

TEHEBLIE R, il T AN [) 9 ol 19 2o A i K]
A 5 4 3 R AN (], e ) o 9 R ] 35t A R

B B B X B (overlap ) , BT AR XE 5 72 IX 73
PN R ] 22 55 1 B E A o (B &£ 45,2004 ), A
WIS 9 ABGD J7 ¥k, 2k T — 5 YU Fl 1 SE 5
1B P, F 2l 500 25 72 £ 52 19 barcoding gap”,
FEFD P9 AR 8] A T B X I, KR B 0 6 B 4
AT Ay o B E R E B T B E LA
FHER RORFEAR 1 56 T BE B 20 2 g =0, B4
AR e AR . AT ABCD B4 X A A 7
A, W IR o 45 R 5 SR8 245 6 5 A, ABGD
R Ao 23 20 07 % R, 00 B R e B AR E LS EZS
OYZARRL, X A 25 Rl 5 Puillandre 25 (2011) 1945
WAHIE .

ARV Y SRR AR SR A5 R 8 R S 4R LU X
3 TT A [5) 49) Fob #) R ok A% R S L T) I 220 [ —
Yo A A R HAE R IR (Yassin et al. ,2010)
FitGwE H ( Rach et al. ,2008 ;Damm et al. ,2010) [}
S B IR — i A, AR R, 14 S B Y
I HFE] T 25 B A DT 4 A 12 W R AR A AT
F W RRIE VA 78BS R ) Fh 45 58 b A 8w i )
o WAL R, HEAR R Z WP Fl, AR IR B
W& S. werticalis (20 k) Ml = % B B #E P.
chlorophanta (21 3k ), 7351 A 4.5 D12 Wi i 55



2 3 P U A BT R A R R FARAE 1 DNA ZTB 85 7 A BF 5

PUE A8 1 b X5 SRR £51) - 69

T A8 A M C. medinalis (2 3 ) | W) HE 50 B 15 L.
sticticalis (2 3k) ,( & 4 N2Wifi S, MWFRE 3k
PECUR N REA B 2, B R iR, 5
FoTP A DR ST AU 25 8 A LB IR ME 5 S =z, dn SR A
NREA B/ R R R AR LL B, wr s i e
RS S AL B H o AR ST Bl N R AR A B0 2 W
R AE AL A R R R, R R S 9 K )
ORI AS 55/ BT 380, 1 % 3 A 9] R, o 75 Wi 4
ZREA E— D OE R A RIS o

BT HEAL A FIEE B 79 DNA 2508 15 07 v H il
7R O, H At THT i A — 6 [R]85+ 38 ( Moritz
and Cicero,2004 ; Meyer and Paulay,2005 ; Hickerson
et al., 2006), il WK~ 5 4 3% & 4k W R
(incomplete lineage sorting) ( Floyd er al. ,2002;
Wiemers and Fiedler, 2007 ; McFadden et al.
2011) & T 2O P 5 4 a2 b o8, 4 R Y
& DRI AN BE 1E 5 A B e ) b ) S A R AR SR &R
XA AE A T T W) o0 Ak 6 B B b (Van
Velzen et al. ,2012) , i T3 AL I [A) 55, X 26 ) Fof
R BN R A RS ARG L F R LW
2 i £ % % (Knowles and Carstens, 2007 ) , %
T HEAL R TR B 00 2508 A J7 V5 R B8 A HC HE IR
Wlo —LEREFE R, LT R AR B 2508 9 7 U
TE I 25 W) R b 2 B HY B v A 22 3T (Zou et al.
2011,2012) o AHFAE A MR T 388 44 FE B F0 41 1 45
¥y, e g e — S T A DR ST Rl ] A S B4 R IR A
TFRRIZ WA 5, PR BEA W] 0 b 22 1) B 22 51, AT K
AT W RI T MR X 20 TT ok o A, RE R T i
T3 FRAE I T b A i i SE B g4k, w] DLAR
B9 I 2 BEAE P B2 48 ) 255 73287 (integrative
taxonomy ) ( Dayrat, 2005; Goldstein and DeSalle,
2011 ) v, RRE 53 5008 FOB 285 A2 38 S AL e 0 A
SRS G JE AT T 9 W R 5, AT E B B
B L R o 1 5 B DR R R

A G T AR B RRRAE 3 Fh 5 vk E
— B FE LA T DNA 085 16 B B ) Fh 4 28
T W RIESE , 45 R R W], DNA 5 TE A% A % X 2 5 R}
F18) g 25 S IR PR R A A ) M o [HR A BESE P
K REA T 28 A5 /b A Ao 26 1Yy 51 K H A R
(2~21 %) AR EAE, RAT24kE 2
SR A A5 TP H AR A RIS SE DNA Z 78 8 £ 8l , o
AABEFEREA BB A L, JE— B4R 0 i b A7 A
f1o I 5L, [) o Sy Bl 3 2% T B8 S0 T 1 A 2t o

Bk — 1y J1 4
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