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Species identification of Noctuidae ( Insecta: Lepidopera)
with DNA barcoding of support vector machine
and neighbor-joining method
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Abstract ; [ Background ] Several major pests in agriculture and forestry belong to the lepidopteran family of Noctuidae, which are of-
ten difficult to distinguish morphologically. As a fast and accurate approach to the identification of species, DNA barcoding is used
in identification since 2003. This, accompanied with a machine learning method, the support vector machine (SVM) has achieved
good results in data classification, high dimensional pattern recognition and other fields. The combination of these two methods holds
promise to ease the correct identification of noctuids, which would improve pest control efforts. [ Method] DNA barcodes of the mito-
chondrial cytochrome oxidase ¢ subunit I (COI ) gene, divided into three sets of databases, were tested by the neighbor-joining
(NJ) method and the SVM. We used 101 specimens of 58 species of Noctuidae which were identified by experts. These specimens
were collected mainly from the Miaofeng Mountain, north of Miaofengshan Town, Beijing, China. [ Result]The NJ method proved to
be superior to the SVM. However, some important species, such as Helicoverpa armigera and H. assulia, could not be distinguished
in the NJ-tree. [ Conclusion and significance ] As a new technology of species identification, DNA barcoding can provide assistance
in problems in taxonomy; combination with the NJ method gave better support than the SVM.
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era (Hiibner ) 5 5 % i fARF HUAh, A I 73 il
A M T 58 (PR — 0>, 1999) o IT4FK,
BEE LS00 2677 2 oula BB & LU K T )7
BRI K NG GRIEF KRG kA TR K
84k, (Zahiri et al. ,2010.2012) , B2, HTH RS
AL — B AFENE A SCLMEG 7 R RGN
F TP

DNA £ 5 4% Hebert et al. (2003a.b) il Rem-
igio & Hebert (2003) #2112 )5, 152 1 EPr E)
2R, VFZWEE R DNA SRS T b %
S, H A — Be B R F 9 R 4 - i ke PR
HER B Sh kX ¥y Fh 147 48 5E (Hajibabaei et al.
2006) , H I, DNA 2% J& 5% £ 45 43 48 3 o 2%
( DNA Barcode Data Analysis Initiative, DBDAI) 12k
RIR COT BEPR 5 siimde 4 AR B 658 bp (Y — BT
HIVE R 5l ) ) 5 5 09 B3 HETT 4 ( Ratnasinghan &
Hebert,2007) , iXBt COI J¥ 948 J5 = Z A sh P
B AL FE B HES Y ( Francis et al.,2010; Hubert et
al. ;2008 ; Tavares & Baker, 2008 ) F1 JG ¥ HE sh ¥
(Jennings et al. ,2010; Johnson et al. ,2008 ; Zhou et
al. ,2009 ) {4 b B T G e 4 5 T AR AR A5 2K
(Efe et al. ,2009; Johnson et al.,2008; Kerr et al.
2009) , {HJZ,DNA FIE A H ARTE ) R4 5 J7 T AT
SRIFAES I (Will & Rubinoff,2004) , — S8 45 %
TE N TR FE NN, PR S T EAREE 450 (Elias
et al. ,2007 ; Hurst & Jiggins, 2005 ; Meyer & Paulay,
2005; Wiemers & Fiedler,2007 ) Fl1EH £ %035 ( Hick-
erson et al. ,2006) FYFH &
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ISR GBI PESR A R LAk IR Ta) Az Ak
RELFSFI AL, B & H AT E N AMIFSE i B (3
HERLAGK 2 T.,2000) o HHT, SCRF1) LT £ o3
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il B, {#i F Mega 4.0 ( Tamura et al.,2007) FlI K2P
(Kimura, 1980 ) #5471 5 R AR D B, X 3 &

F1 BHARE COI F5|H) GenBank BERF 5|

WS AT AL I B 0 B A 2 NJ B ( Saitou & Nei,

1987) .

Table I  Noctuidea samples and GenBank accession numbers of their CO] gene sequences
Yy HAFI S hllkes Wb HAFFFIS 755
Species Sample 1D Accession no. Species Sample 1D Accession no.
FR P 1k Acosmetia chinensis 1.J7100726.623 JX509744 KR M Hypena tristalis 1JZ100726.556 JX509823
1LJZ100813.016 IX509745 || LLEET K Bryophita orthogramma LJZ100726.592 JX509742
LJZ100813.154 IX509746 || EMEAR K K Calyptra lata JG100812.041 JX509814
MR A % Paracolax tristalis JG100802.571 JX509755 FIART I, Axylia putris JG100802.396 JX509769
LR FALU Athetis lineosa JF100809.052  JX509737 JG100812.206  JX509802
SR Mk Hadula schawyra 1.JZ100726.480 JX509741 H RSBk Mythimna proxima JG100812.448 JX509809
KB g Polypogon gryphalis JG100812.320 JX509806 || Jii ik Nikara castanea JG100802.149 JX509795
JEU; 7 ik Hadula trifolli JF100809.008 JX509736 LJZ100726.627 JX509796
JF100726.049 JX509783 JF100809.214 JX509797
JF100809.148 JX509784 JG100812.255 JX509804
JG100802.609 IX509785 || F5HNAL gk Zanclogna thalunalis JF110810.107 JX509831
1.JZ100813.093 JX509786 || VR EIIKTL MK Spodoptera depravata JF100809.166 JX509780
HLRES s Callopistria albolineola  JF110810.061 JX509829 LJZ100726.594 JX509781
Z PSRk Acronicta major JG100802.328 JX509774 1L.JZ100726.665 JX509782
JG100812.518 JX509811 PFI Ik Imosca coreana JG100802.267 JX509752
JF100809.021 JX509819 || My &S i Acronicta Hercules JG100812.432 JX509813
ARk Pyrrhia umbra JG100802.657 IX509770 || B4 A5 K Eucarta virgo 1.JZ100813.009 JX509825
JG100812.510 JX509810 || & ik Eucarta fasciata JG100802.048 JX509747
IR Thalatha sinens JG100802.332 IX509753 || K=& K Xestia kollari JG100802.601 JX509759
KIBEE M, Cymatophoropsis unca JF100809.016 JX509818 JG100802.151 JX509760
AREER MK Macdunnoughia crassisigna  JF100726.072 JX509834 JG100812.378 JX509808
FIREJE R, Pangrapta lunulata 1LJZ100726.689 JX509822 || FEARTR Mk Mythimna monticola JG100802.786 JX509761
PR gk Emmelia trabealis JF100809.153 JX509833 JG100802.650 JX509762
TR Hypena kengkalis 1JZ100813.106 JX509826 JG100802.003 JX509763
KL Cranionycta oda JG100802.721 JX509832 || $ %tk Euplexia lucipara JG100812.153 JX509833
K AT, Zanclognatha lui JG100802.208 JX509751 R Oligia furuncula JG100812.373 JX509807
JG100802.607 JX509798 || #i44 ST M Helicoverpa armigera JF100809.315 JX509739
R, Cucullia fraudatrix LJZ100813.061 JX509827 JG100812.126 JX509764
I H Helicoverpa assulta LJZ100726.679 JX509775 JG100812.271 JX509765
JG100802.063 JX509776 JG100812.394 JX509766
JG100802.734 JX509777 PEZ % Trachea atriplicis JG100802.597 JX509756
ZRAL B, Dysgonia mandschuriana — JG100812.505 IX509771 || 452K W% Heliocheilus fervens JG100802.534 JX509812
RGP Simplicia mistacalis JG100802.637 JX509757 BRI, Lambia transversa JF100809.137 JX509738
FEYIR Mk Euxoa sibirica JF110810.105 JX509830 || TEf2 Mgk Schinia scutosa JF100809.296 JX509817
LRBVME Athetis lepigone LJZ100726.354 JX509740 || HEk A,k Fucarta arcta JG100802.307 JX509835
[6] %5 % %, Hadena corrupta JG100812.141 JX509801 || FESLA Mk Heliothis maritime JF100726.303 JX509816
=P Cymatophorapsis trimaculata JG100802.507 JX509828 || V @4 i Autographa v-minus JG100802.205 JX509750
JG100812.070 JX509800 || JLE-7R 4 Xestia ditrapezium JG100802.651 JX509758
L HE Bk Craniophora ligustri JG100802.099 JX509748 JG100802.130 JX509772
JG100812.227 JX509768 JG100802.549 JX509773
JF100809.161 JX509767 KB gk Sideridis incommoda JG100812.114 JX509836
Z Tk Niphonyx segregate JF110810.115 JX509830 H fER Mk Lambia japonica JG100802.148 JX509749
JG100802.125 IX509788 || MusE Hi7 Wk Brevipecten consanguis JF100809.010 JX509778
JG100802.274 JX509789 JG100802.435 JX509779
JG100812.218 JX509791 LJZ100726.613 JX509743
JG100802.662 JX509790 Craniophora pacifica JG100812.304 JX509805
JG100812.570 IX509792 || K5 A% Amphipyra erebina JG100802.440 JX509754
LJZ100726.602 JX509793 JG100812.248 JX509803
1.J7100726.070 IX509794 || SERYER MK Hypocala subsatura JF100809.353 JX509820
JG100812.183 JX509815 JG100802.932 JX509799
1.JZ100726.357 JX509824
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XF AR ) NI B HEAT ORI TEF 5
Q ZILME N A TEOLT ¥ 5] Q ER¥FH A
RAE—E M A B HABR 5332, I N BRI
U1;Q fEWFr A F1 B Z 40, AR Q J& T H ALY A,
NI A SRR R A TR 2 033, TP 81 Q 3
e YR A MR T BSET 50% #9933 |,
K QBT A Wk, NJ R RSy 5 an S iy 51
Q RAETEMF A MAKCRE) 50% 1433 F, WA
HAJET A PFh, NI BRI M, XA 1000
W) R R

Nomple = Noog X10005 R oo = Nocess” N ampe

SCREIa AL 3 B HHE #1743 28, SR T libsvm
BRI 2 (4 b 0 1 MR B He i) CO T 3 8K
PEEETEATIF T, W5 L AL A libsvm AT 3230 (A =
0.1, T=0.2, C=0.3, G=0.4), &% i L%
AUy C-SVC FZ sRECE AL R 178 ) 5 pRER 0 At L
R EIRFE COT FP A Y I3, o T 45 3 3K m)
ALY HER 3 (accuracy ) BB (sensitivity ) 5
1 (specificity ) FUKg %8 & ( precision ) 4 24, 76 R
A3 EEARAE BT 22 S AT SR R
Ao g o B T B 4 T A s
DI EE 11 o], Bia 56 1L 55 250781, A 22
FSHRL R COT 3, B3k 77 2% COL J3 41, Bl
TR 11 '80% B JF51 (62 4507 4) VE R il 45,
B 1 20% 751 (15 25740 VR Rl ik, i i
LR 28 3L (Perruchet & Peereman, 2004; Velez es
al. ;2007 ; Walker et al. 1990 )} 3 ¢ a4 4
ANBH, A FEALIHE 1000 ¥, 15 2] EAT0 1
(ELHE T 26 E S 45 v S LA ISR

true_positive

precision = — -
true_positive + false_ positive
. true_positive
sensitivity = — -
true_positive + false_negative
e true_negative
specificity = e —
true_negative + false_ positive
o 4 ..
wy Irue_negutive +true_positive

 true_negative +false_positive +true_positive +alse_negative

2 HREHSH

2.1 ET NJ FEMZFRAEV R RIEREE
KHINI DL S, th T Rs 5 1 AP AEvF

Z PP IVREAR (A SERIRFP A | AREAS) | Xt

NI J7 i B R PG b ROR A R AR B AR

(55.5% ) o PRItk , TEBAE4E 1 R BBk S0 e S HEA JS
PEAT Bk, PR IA 2 89. 1% (95% Ky A7 X [1]
CI:82.4% ~95.8% ) ( Clopper & Pearson, 1934) ,
FEXTECE S W A PPAL b, iU 83k 3 91.3% (95%
M EfE X 8] CI1:86.3% ~96.3% ) (Clopper & Pear-
son,1934) |

I SR ALY XS 3 B CRIMA
FHEE AR ) AT %50 A5 BIEE A T Bl T
B AR A B 2253 00°R 41.3% (95 % 1 AR IX 1]
Cl:40.7% ~42.0% ) .83.8% (95% B\ B {5 X.[a] CI.
83.1% ~84.5% ) .83.5% (95% W) & (X [A] CI.
82.9% ~84.1% ) (Clopper & Pearson,1934)

FH I BCHE A 0 S A ) 2 AL A ) 23 5 M A/
(FK2). WELT AT LLIE Y, 3G 04 i A5 i [ el
AN, NI J7 R B B E SR 2 4 R, TN S FR )
PLEISZ I B /0N, AR B3, NI O i B BRI T 32
Fem L, F2 R T eI UE T N 6], SR )
IR EEBE R 8 2 By, — BT, — &
FEATIN, AR A RERE 2 A4 [ A 5 A Dy T 7
TR T L2, W R MR A & B8 K, ]
TR RO % 22, S 1) & LAY B 2D AT fE 25
P

R2 BEE3IEHESHEHNIFRAENN 4 1SH

Table 2 Four parameters of SVM calculated by three databases

Blnsk ik Rt U diRTTES
Database Precision Specificity Sensitivity Accuracy
I’ 0.40 0.26 1 0.51
o 0.82 0.69 1 0.87
I’ 0.83 0.65 1 0.87

3 BRI A RO AL i Al 3N 22 Z& ALY COT 371
FERAEAR . A2 BUHAIX RN 0 ~1.00,

Three databases are negative sample added 22 Noctuoidea COI se-
quences based on the original databases. The range of every parameter is
0 ~1.00.

22 RELEWSH

EETHARAE T COL FF ok = NI A e 2 fr
7N o NIRRT LUIE S % BRSO o6 55 MREAR SR
2, AP IVEE N % A Y Bootstrap {E., &I Hpa]
PUA B, BRAR 8 BUFTA 75 B R = A1 B I, Xestia
kollari (Laderer) A1 JL &% 1% X. ditrapezium ( Denis
et Schiffermuller) 41, HAAEASTE NJ A% _E AR A
EWT R . MMEGIEAS: L&, M R 5 R
PR OCFR WG, A2 % Y BREE AR, BT Z ] S
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T IS . DNA S5 IE R 45 5 2 A 5E ) b 1 A
(i) 5 PR 35 12 22 S LU oA R PR 38 4% 22 e R AT IX 03
o, T AR A% HL 5 0 T R BAE S2 eA Z, IRt B AT
FE NJ B B SR—2 Zohifk COT SRR 4 b fsz ik
TR, K=& R AT & 3 b A 25
&M, Z 1Rk Niphonyx segregate (Butler) F14g5 h
LJZ100726.357 {HEASTE NJ B 1o Bl — 2, 7T B
H T A R A S BORE AR R, XA i — 2B 9T

1.0 h
] 3 i =
£ 08
g
S 0.7
&
&
R 0.6
=
0.5
0.4 : -
SVM T NJ SVM T NJ SVM T NJ
II il I
HHE4E Database
1 B fEEMEFRENERETR COI F5
HIREMMET R THE (RN FHEEREE)
Fig.1 Success rate in species identification, based on the COI gene,
using either the SVM or NJ, performed on the non-joined
Noctuoidea dataset
3 itig

AT, 434 EE (Mailund et al. ,2006) 7E%X
P TR AR TR B 38 90% 24, Thi S +F
[ ML RN 83% Ze A7, W B AR A AR i A A 3
R, XIGE T DNA B 7 o0 252 1 /Y 1 H
H. AR, COT o 7E R L 8 B ol & A
Hu DX A RGF R SRR T, 1 COT J3 81 4 FAndy B
W H E A5 2 23k 5] 97.9% ( Hajibabaei er al.
2006) .

DNA 5B AR —FIoB X R FEXT YRl 3 288
PUI_EBAT PEE L. BT AT A DNA &
Tt 5 Bl g 5 > I ik M 45 6 B BESE, 7E 2008 4
Zhang et al. B¢ N T8 GEAY EAR S| A DNA 5 F-43 2
SRR PR T LT BP O TR N 45 1 W A e
BT AR DNA 00865 5 L REm S HLES &
UEBH T DNA ZJEAS LR S 4 5 v ELAT 55 50 1 HE
PEo BARBLTE I 3l 0 4 48 4% 7% (Mailund et al.
2006 ) i) R B SRR AL (RS 3 FHR
ANWTEHT , A= 15 A S A 38, 1A ke ik
Z 0 NN T2 18 1 5 16 6 B 2R A7 A 9

W, AL T2 X R AR 7 vk B — FHR R . DNA
IR PR B 0 2% ) 57 6 R LUS BORIESE
PEBUER], o Y Z RN R 1T AR

58JF100809.148
61) 112100813.093
581 JF100809.008
1001 1 100726.049
1G100802.609

THEA
Hadula trifolli

JG100812.518 ORI
7001 JF100809.021 Acromicta major

JG100802.003 = o
W[,—Jmoosomss Fr AL

991 JG100802.650 Mythimma monticola
FIARB

100 JG100802.396 ]
Axylia putris

pNEY R T CDIRERIT

JG100802.130 X.d estia ditrapezium & X.kollari

JG100802.549 X.d

52
700
LIZ100813.016
*100{ LIZ100813.154
LIZ100726.623
LIZ100726.594

1901 1:100809. 166 :ls IRENKBL I
Y2

771 L1Z100726.665 odoptera depravata

100, JG100802.657 :| Sk
JG100812.510 Pyrrkia umbra
JF100809.161 RV
,: L UTE B
10013G100812.227 ] Craniophora ligustri
JG100812.126 H.ar ]

JG100812.271 H.ar
61f JF100809.315 H.ar
gg||r [1Z100726.679 H.as

JG100802.063 H.as

TR

Acosmetia chinensis

A SR 1l
Helicoverpa armigera & H.assulta

100
JG100812.394 H.ar

JG100802.734 H.as —

JG100802.435
W‘-{ LJZ100726.613
. 921 JF100809.010 _J
100,JG100812.070 :I P
I LIG 100802.507 ICymatophoropsis trimaculata
4 JG100812.218 —
100 | LJZ100726.602
JF110810.115
64]G100802.125
JG100802.274
JG100802.662
JG100812.570
LJZ100726.070
JG100802.149

62| J‘3100726.627
521 JF100809.214 ]
JG100802.932 SRR
100 [— JF100809.353 Hypoca)a subsatura
1G100802.208 e
o 16100802607 ] Pz aiii B
L 117100726357
21388612722

TS F B 8

Brevipecten armigera

ZHIK
Niphonyx segregata

AR gk

Nikara castanea

—  ZR
Niphonyx segregata
i374899817 ] Trichoptera sp.
BEH

0.05

B2 ETHEEIMN COIFIMEN
AR TR AN NJ
Fig.2  NJ-tree of 55 slected Noctuidae species,
based on the COI gene of database [l

e
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RRF=77, MURLn. 2010. B F 2R AL 253207 it
7T, PEPEEHENE, 9(17) . 28 -29.

5%, AT —. 2012, JF ) AL A AR BRI
8. BREHOR S T, 12(10) ; 2323 -2327.



4 4

PRAF  SCRF I UM AR L TE AR} B HU RS A5 Hh i 1 - 313 -

BALEEK, XI=FH, ki35, 2012, —Fhibyg 3k 8 0 2 m 2
PUREBOTIE. W2 B 7R 24 ARBHARR, 39
(1) 191 -196.

Brown M, Lewis H G and Gram S R. 2000. Linear spectral
mixture models and SVM for remot sensing. IEEE Trans Geo-
science and Remote Sensing, 38 : 2346 —2360.

Clopper C J and Pearson E S. 1934. The use of confidence or
fiducial limits illustrated in the case of the binomial. Bi-
ometrika , 26 ; 404 —413.

Cortes C and Vapnik V. 1995. Support vector networks. Ma-
chine Learning, 20 273 -297.

Efe M A, Tavares E S, Baker A J and Bonatto S L. 2009.
Multigene phylogeny and DNA barcoding indicate that the
Sandwich tern complex ( Thalasseus sandvicensis, Laridae,
Sternini) comprises two species. Molecular Phylogenetics and
Evolution, 52, 263 —267.

Elias M, Hill R I, Willmott K R, Dasmahapatra K K, Brower
AV Z, Mallet J and Jiggins C D. 2007. Limited perform-
ance of DNA barcoding in a diverse community of tropical
butterflies. Proceedings of the Royal Society of London, Series
B Biological Sciences, 274, 2881 —2889.

Francis C M, Borisenko A V, Ivanova N V, Eger J L, Lim B
K, Guillén-Servent A, Kruskop S V, Mackie L and Hebert P
D N. 2010. The role of DNA barcodes in understanding and
conservation of mammal diversity in southeast Asia. PLoS
ONE, 5. el2575.

Hajibabaei M, Janzen D H, Burns J] M, Hallwachs M and He-
bert P D N. 2006. DNA barcodes distinguish species of tropi-
cal Lepidoptera. Proceedings of the National Academy of Sci-
ences USA, 103; 968 —971.

Hebert P D N, Cywinska A, Ball S L. and deWaard J R.
2003a. Biological identifications through DNA barcodes.
Proceedings of the Royal Society of London, Series B: Biologi-
cal Sciences, 270, 313 —322.

Hebert P D N, Ratnasingham S and Waard J R D. 2003b. Barcod-
ing animal life; cytochmme ¢ oxidase subunit [ divergences a-
mong closely related species. Proceedings of the Royal Society of
London, Series B: Biological Sciences, 270 596 —599.

Hickerson M, Meyer C P and Moritz C. 2006. DNA barcoding
will often fail to discover new animal species over broad pa-
rameter space. Systematic Biology, 55: 729 —739.

Hubert N, Hanner R, Holm E, Mandrak N E, Taylor E, Burr-

idge M, Watkinson D, Dumont P, Curry A, Bentzen P,

Zhang J, April J and Bernatchez L. 2008. Identifying Cana-
dian freshwater fishes through DNA barcodes. PLoS ONE,
3: €2490.

Hurst G D D and Jiggins F M. 2005. Problems with mitochon-
drial DNA as a marker in population, phylogeographic, and
phylogenetic studies: the effects of inherited symbionts. Pro-
ceedings of the Royal Society of London, Series B: Biological
Sciences, 272, 1525 —1534.

Jennings R M, Bucklin A and Pierrot B A. 2010. Barcoding of
arrow worms ( phylum Chaetognatha) from three oceans: ge-
netic diversity and evolution within an enigmatic phylum.
PLoS ONE, 5 €9949.

Johnson S B, Waren A and Vrijenhoek R C. 2008. DNA bar-
coding of Lepetodrilus limpets reveals cryptic species. Jour-
nal of Shellfish Research, 27 . 43 —51.

Kerr K C R, Birks S M, Kalyakin M V and Red'kin Y A.
2009. Filling the gap-COI barcode resolution in eastern Pa-
learctic birds. Frontiers in Zoology, 6: 29.

Kimura M. 1980. A simple method for estimating evolutionary
rates of base substitutions through comparative studies of nu-
cleotide-sequences. Journal of Molecular Evolution, 16 111
-120.

Mailund T, Brodal G S, Fagerberg R, Pedersen C N S and
Phillips D.
BMC Bioinformatics, 7: 29 —36.

Meyer C P and Paulay G. 2005. DNA barcoding: error rates

2006. Recrafting the neighbor-joining method.

based on comprehensive sampling. PLOS Biology, 3: 2229
—-2238.

Mukherjee S. 2003. Classifying Microarray Data Using Support
Vector Machines. A Practical Approach to Microarray Data A-
nalysis. Boston; Kcuwer Academic.

Perruchet P and Peereman R. 2004. The exploitation of distri-
butional information in syllable processing. Journal of Neuro-
linguistics, 17: 97 —119.

Poole R W. 1989. Noctuidae. Lepidopterorum Catalogues ( New
Series). New York: Leiden.

Ratnasinghan S and Hebert P D N. 2007. BOLD: The barcode
of life data system (www. barcodinglife. org). Molecular E-
cology Notes, T: 355 —364.

Remigio E A and Hebert P D N. 2003. Testing the utility of
partial CO] sequences for phylogenetic estimates of gastro-
pod relationships. Molecular Phylogenetics and Evolution,

29. 641 —-647.



- 314 -

Y Journal of Biosafety

$21 %

Saitou N and Nei M. 1987. The neighbor-joining method: a
new method for reconstructing phylogenetic tree. Molecular
Biology and Evolution, 4. 406 —425.

Tamura K, Dudley J, Nei M and Kumar S. 2007. MEGA 4.
molecular evolutionary genetics analysis ( MEGA ) software
version 4. 0. Molecular Biology and Evolution, 24 1596 —
1599.

Tavares E S and Baker A J. 2008. Single mitochondrial gene
barcodes reliably identify sister-species in diverse clades of
birds. BMC Evolutionary Biology, 8: 81.

Velez D R, White B C, Motsinger A A, Bush W S, Ritchie M
D, Williams S M and Moore J H. 2007. A balanced accura-
cy function for epistasis modeling in imbalanced datasets u-
sing multifactor dimensionality reduction. Genetic Epidemiol-
ogy, 31: 306 -315.

Walavalkar L. 2003. Support vector learning for gender classifi-
cation using audio and visual cues. International Journal of
Pattern Recogniton and Artificial Intelligence, 17 417 —439.

Walker H K, Hall W D and Harst J W. 1990. Clinical Meih-
od. 3rd edition. Boston: Butterworths.

Wiemers M and Fiedler K. 2007. Does the DNA barcoding gap
exist? —A case study in blue butterflies ( Lepidoptera: Ly-

caenidae ). Frontiers in Zoology, 4(8) : 16.

Will K W and Rubinoff D. 2004. Myth of the molecule: DNA
barcodes for species cannot replace morphology for identifica-
tion and classification. Cladistics, 20 47 —55.

Zahiri R, Holloway J D, Kitching I J, Kaila L., Lafontaine J D,
Mutanen M and Wahlberg N. 2012. Molecular phylogenetics
of Erebidae (Lepidoptera, Noctuoidea). Systematic Entomol-
ogy, 37: 102 - 124.

Zahiri R, Kitching T J, Lafontaine J D, Mutanen M, Kaila L,
Holloway J D and Wahlberg N. 2010. A new molecular phy-
logeny offers hope for a stable family level classification of the
Noctuoidea (Lepidoptera). Zoologica Scripta, 40: 158 —173.

Zhao Q and Principe J C. 2001. SVM for SAR ATR. [EEE
Transactions on AES, 37 643 —653.

Zhang A B, Sikes D S, Muster C and Li S Q. 2008. Inferring
species membership using DNA sequences with back-propaga-
tion neural networks. Systematic Biology, 57 202 -215.

Zhou X, Adamowicz S J, Jacobus L. M, DeWalt R E and He-
bert P D N. 2009. Towards a comprehensive barcode library
for arctic life —Ephemeroptera, Plecoptera, and Trichoptera

of Church Manitoba, Canada. Frontiers in Zoology, 6 30.

(FrAEs 4 A AR E)



4 4 PRAF  SCRF I UM AR L TE AR} B HU RS A5 Hh i 1 - 315 -




