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Species Identification and Developmental Biology of a Red Bean Pest in

Ostriniasp. (Lepidoptera: Crambidae)

Jin Kyo Jung*, Bo Yoon Seo', Doo-Sang Park’, Hyun-Woo Oh?, Gwan-Seok Lee', Hae-Chul Park' and Jum Rae Cho'
National Institute of Crop Science, 209 Seodun-dong, Suwon 441-857, Rep. Korea

'National Academy of Agricultural Science, 249 Seodun-dong, Suwon 441-707, Rep. Korea
’Korea Research Institute of Bioscience & Biotechnology, 125 Gwahak-ro, Yuseong-gu, Daejeon 305-806, Rep. Korea

ABSTRACT: Ostrinia larvae feed the pods and stem of red bean and seriously damage the bean production from farmers. In this study
we investigated biological and developmental characteristics including field collection, host feeding preference, artificial rearing diet,
morphological and molecular taxonomical identification, and pheromone analysis for an Ostrinia sp. in Korea. The male adults have
massive tibia in the middle legs and 3-lobed uncus in the genitalia. The partial nucleotide sequences of mitochondrial cytochrome
oxidase I (COI) and II (COII) were not corresponded to those DNA sequences from other Ostrinia species reported previously in Japan
and China. Host plants for this species are also different from the previous species reported. In the gas chromatography (GC) analyses,
(2)-9-tetradecenyl acetate was not detected from the pheromone gland of our species while the component as a sex pheromone was found
in O. zaguliaevi and O. zealis, With taken results, we conclude this Ostrinia species in Korea is Ostrinia scapulalis or closely related species.
‘When larvae collected in a fall were incubated in the outdoor condition, they emerged to adult between June and July in the next year.
The result indicates that the winter diapause could be started in late larval stage. In addition, we developed a semi-synthetic artificial diet
adopted for mass rearing of the O. scapulalis in laboratory.
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(Matsumuraeses phaseoli), Ostrinia sp.2] 30| H 1 %|Qich
(Jung et al., 2009). 0|5 Ostrinia sp.+= *JA1A8A7] ZHEEO|
oSl 22 MEES 37]S Jhhske 202 HuHet
(Jung et al., 2009).

A ol 7ISH Ostriniad; 3FE52 ZHIHO.
furnacalis), L 2]NEZHUNO. orientalis), &8 FH =L}
Z7|HUENO. scapulalis), 2
EZYUENO. zealis bipatrialis)
o] 632] 715 =lef elrkBac, 2001). olF 7| 742 FAph
e 5 3719 2UER o) lon S0l 2

o] 7|FA =R g7|E AL S ot Bae, 2001).

194 Ostriniad 2%=20] 257132 ofufj3t Aol x4
=0 =4 (Frolov et al., 2007, 2012), A &g 2l o] o3t
EFE Ostriniady 2559 3 A7 B uet
one-lobed uncus, 2-lobed uncus, 3-lobes uncus 2] Aj| Ztto 2
U=t Mutuura and Monroe, 1970). 3-lobed uncus HgH- T}

K] 471 4%2) 7186 the) Fote]uhri o] meol et et
(simple)’, ‘¢F7F ©o] Ql=(medium)’, ‘EHo| o}F W
(massive)’ 2] Al Fet S 2 U=t Mutuura and Monroe, 1970).
et o] o)) 257} ol7] W], v R0 4 £
A2 A8 A (Kim et al., 1999)0] 7] 231 F 578 7]—?&%
SEERELE ERE EEES EEN R
AEo| gl 1 oAk & HEof AT o] %l:l(lshlkawa et
al., 1999b; Frolov et al., 2007).

ool 3 Q1o A= 720 LEHElol 2 B 12 5L 18
shof 2 3159 T2 7851 laL, o 7]l Haf Azt ¢
AR, ARSI of| A ARl A T o] THAE st A
S TERE L,

BNO. palustralis memnialis), 3=

AEHYUHNO. zaguliaevi),

—’F% | Aes w3 A ek A2 ) S

ZZK37°16'N 126°59'E) 0| 4] 2008 9 11
52 27| QtollA ZslistaL Q= Ostrinias g
, Et‘b}‘j” 182u2], T suke} 5 2kt 3ot

o|% Ostrinia%; 1352 2% WY SekiE A
35 giol, Bio-Serv, m]=)o]] 7|AE 2 @it o} 7]of] gLt
Ol FALZ(Jung et al., 2005)2} FHUHF ol-FALE(Jung et
al,, 2007)& o] il HIZ ZFARGAA 25C(FxA
15L:9D, ATSE 60%) & 718 A3}t
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ol T o3l 29 FAI7] SR 4F A 148 A3
7] AFAIL 47|01 A G- whoF AL, A FeiAsof 2
B3 AFAIRES ALsE] el Lol ZHaRE fE5E55 A
=7 QrollA 2 Abm et F U AbR 22l 30ute] 4
S AR &S] U3 ]-IT_]_7-1(25i1°C, AZA15L:9D,
SHFE 60+£5%) oA ARgtaL, -8k, 5 7] U
G CHETE Z*}ﬂ‘:‘iﬁ}

THA] 2009 9d 22U E 108 16 Afo] Szt o] A
20087} -2 Agao] T 27 01]*1 FuEe] 52 7|25
Ostrinia sp. 3% 28012 & X515k AT -2 7IAE
2 Ahg5el] TR Q1 BAR 2247t bl o] 4L Te
F 15to] A7) ofglolA] o| 5 Aol -8k i) sz
St AR, 8okl 85, 93l V1S stet) S5
L g8 FU B3 A B F SYsklnk So 4
17 Qe A g AR A7 A oA shA
BEFOR AL ARG AT AR §F Hol2
LY wjo] g ol 8319, ol 10% M TSR
et e 2 ARSshe W (Jung et
al., 2005)& LTk AL BHA-S ZEARSAOA 2551 C, Bz
2 15L:9D, A&E 60+£5% 2 513tk
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A1 oA SEIE AL ol galol, BR B 9 ujr]
e} 10% KOH §9lo]l 1 oF 15271 55 hatsto] 242
A A E S HE-H u] F(Leica M205A) 2.2 A4 7] & T35S
ok Foteluit)= 7Rt & wojuio] dn|7g ofefollA
Zsioick AA71eh Folelnty Fej542 Mutuura and
Monroe(1970)2] =7 A% 5773} Frolov et al.(2007)2]

TS arsto] A4)7] uncus F-22] lobe =5 B3}
0 Folele SIS BESIRA 25U oR Fri3e 3
71 3B Solu] Fot?] % oiso] & A7} rE ot
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O0|EZC2|0} cytochrome oxidase 1T} [12] DNA 7|
NEES

DNA+= 3% 3% t}8]E Qiagen(Hilden, SY)AF2] DNeasy
kits o]&sto] A=Al Wl we} FE3k=d, nhAgt
A= 200 pb SFNS ARESE Al 60 wt SRTE
AR5 2% Als DNAZEE cytochrome oxidase 1
S AR} 658 bp o] T sfe] xato]w, LepF1-5 ATTCAA
CCAATCATAAAGATATTGG3 ¢} LepR1-5TAAACTTCT
GGATGTCCAAAAAATCA3 (Hajibabaei et al., 2006)Z A}
f3lo] ZZF)QIth cytochrome oxidase 1T -3+ Z} 920 bp<
o2 BtLYS F-5GTTTAAGAGACCAGTACTTG3 2} OtLEU
R-5TAGTGCAATGGATTTAAACC3' 9] Zzfo|HER =
ZE =), o]52 242 tRNA-Lys and tRNA-Leu %2k
JAERHE A=t PCREFS-S Maxime“PCR PreMix
(iNtRON Biotechnology, Seongnam, $t=)o] z} Za}o|m
2.0 pmol1} F=3HDNA 2-50 ngS 93l AA) 20 ul E3Fo0 2
gto] WRGAIZTE PCR BRE271E 27| 95°CoflA] 28%F
ARt 5, 94°Col|A] 40%, 45°ColA] 40%, 72°Cofl4] 60
ZH4 SRERZ kAl TRA] 94°CoflA] 40%, S1°CollA] 40z,
72°CoflA 602 WS 408HE STt o] % 72°CoflA S&
HESAI71AL 4°C2 A8kt PCREEGARES 2% o7tz
ZAo| A Z 78} ethidium bromideZ G431k PCR At
=2 o]83sfo] ABI 3730XL capillary sequenceroilk] BigDye
Terminator ver. 3.1 Cycle Sequencing Kit(Applied Biosystems
Inc., Foster, CA)E |83l F+ Wafom A7AdEs 4%
sheick A4E H714ES MegAlign (DNAStar, 7]=) L2
IHE o]83to] GenBankolAl HARH FE71HURY, 24
S, 22U A s/ Hlaskelth E o
AP AR Z|gksto] 9 HarE A5 vlwski):

du=2=E 498 24

=
YA B 25 2o ido] oF st E7h el =S

g9
FE=t, FEES A S2 o niElE ARl AS 7t
LAROET 2 ZASIT 7HAT RukE T u] F49

+= GC2010 Plus A]2E](Shimadzu, Y¢H)& A8l =H), 2
A2 5p-2380(0.2 ¢m, 100 m, 0.25 mm, Supelco)-& AHA] 5} T
FQl i 230CE shgla, BAE BTo|esindy

(FID)E ARE319l 1, A7) 25230 C 2 3tk 22 g
T2 70C oA 1& fFA8RL, o] F & 20C 2 541 A
180 C7A], 47141 304 4], ThA] 5 20 C & 45414 250C
7HA], o714 107 F-A18FlT} 5292 1427k splitless 2 = of| 4]
ShQITk H Al A a4 = 0.98 ml/min) S ARSI 3
SEHATIAS 088 50wl FER ST F I UE
FUSHA. A2 2SS FULANA] LA E20H
£9l tetradecanyl acetate(140Ac), (£)-9-tetradecenyl acetate
(Z9-140Ac), (2)-11-tetradecenyl acetate(Z11-140Ac), (E)-11-
tetradecenyl acetate(E11-140Ac)9] A LEA|7H} v ws}
o] Aot TAE F45I3ATE 140Ace Sigmaoi| A, T
£ 3 3k Shinetsu(L-&) oA Y8 A=H], wlee 27
95% oltolgick. 23710] Al S BAls G, A B4 AR
Z ol ltEol ST HI=E F6lQlaL, ARnETHY 9o
U R AR R A 0 = 7} SRoka o] ofs e AT
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2008 9 Z&of A3t Ostrinia sp. & 17018] £ 25C
2 7F2 ARSSeE o, -3tol] et Al &2 onte it 11
HIRE o] Fa7HA] EfA A o2 f3lsglet, 15 o
Z}zy 1apejlo] oF 57 o] A o] 5l 2 vl A]7] %
slste] &A17] Al 4= 9ISt o5 Ao] Alekgh Yol 4] Ha}
AT T AFR R ARSSto] the At E wheo]
o Ql%laL, o] AFAANAY FrjalSo] 7HEsHth
2009 94 sk 104 F<= Alolol] A 75 28ut2]=

I3 20 E Al efetale vl FE B o2 g E A 2
I

gow s §3o] 1nte] Slu g, 25 o]l
AT, 4802 24 95 Inhele sEoR Pujs)

of ol Fol7t Zlo] 1= ek % 10nke]gto] S3f31]
), o]5-& 0] E53|2010) 5 1523} 62 299 Afo]of H
52309 o442 A1} g8k Zlo] 21elE|glck(Table 1). 1e]
LS 68 4203179 79 Alolo] oF 10~13209] grfH o
e WH7] 71702 714 S3skgick o] ANBRTE AT
9| Ostrinia sp-= 934 1099 AH AABHE s §5EL
of] U 2L WL A, o] F) e
SEHH A7 UEANE A 45 FAL S 54
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Table 1. Developmental characteristics (mean=SD) of O. scapulalis larvae collected in a red bean field, 2009 (Suwon) under an outside
natural condition

Gender Larvae No. Pre-pupation Pupal Pupal Collection Emergence
collected period (day) weight (mg) period (day) date date
Female 2 257.0£21.2 72.0+ 2.8 10.0+2.8 10/8~10/16, 2009 6/19~7/7,2010
Male 8 230.0+11.3 62.8+14.4 13.1+3.1 9/30~10/8, 2009 6/4~6/26,2010

Table 2. Developmental characteristics(mean=SD) of O. scapulalislarvae reared on two different artificial diets

Diet source Start  Emergence Gender  Replicate Development period(day) 'Pupal
No. rate (%) Larva Pupa Larva-pupa  Weight (mg)
M. vitrata 20 67 Female 14 26.1£2.6 a*  84+09a 34.5+3.1a 97.1%163a
(Jung et al., 2007) Male 9 27.8+5.7a 8.1+2.1a 35.9+58a 78.6x11.3ab
O. furnacalis 30 167 Female 2 30.5£3.5a  10.0£0.0a 40.5+3.5a 645163 b
(Jung et al., 2005) Male 3 253+4.0 a 9.0£0.0a 34.3+4.0a 54.0+82b

*Different letters in a column indicate significant difference among means at a=0.05(Duncan test).
Larvae were maintained at 25°C, 15L/9D photo-regime and 60% RH condition.

15} o o]t
QlFALR AEbAls] o] Al A Ostrinia sp. G52 FYLt
uh ApEE ARSI w) $Bheo] T Sk, o We7] B
Ale 29U AFR 2 ARS8 Ostrinia sp. Je] Wb)|7] o4
W} §olalA] 5Tk Table 2). 453} HlH)7] We7)7ke
= AL 710l 913 Aol gleirk. o] AR by AR
7} B ATLQ] Ostrinia sp. AHSo] o Agsictal ete|o], o] (a) genitalia (40x) (b) genitalia uncus (150x)
A SlFARSo] o] &3t g 25C 9} 15L/9D 2] =4,
60% AT 0] AUARS, AR -5717b0] ok 25302
HER FU 52 72 Aeol Sl ghthe 2te o 4

Q1 tHTable 2).

_{

A 217] Gelfi= uncus F-2o] 551 Al 7]2] lobeE
o7 W QItiFig. 1a,1b). Mutuura and Monroe
(1970)2] 57715 2fel o] 7152 Ostrinia; 6(Bae, Fig. 1. Photos of male genitalia and mid-leg tibia of Ostrinia sp.
2001) = BRSNS 2-lobed uncus o] 4381, found in the red bean.
A= B 3-Jobed uncus Aeko 2 BEc) 3ty H o

Fol gEg el a0l hetnke] Foteultiz Slpbo R oML o) KiE Osminiado X 2A2) AA17] e

(c) mid-leg tibia (mtact) (20x) (d) mid- 1eg tibia (unpacked) (20x)

£ FEA Bola do| 3R] oo K(Fig. 1), Fote{uir] 7} 3-lobed uncuso|HA] 7h2-sltte] Folejutr]o] g 2
ol i APl HEAES Sy Ho| R Rfo g = Zr= 39 T2V, SAEYWY, EREVE SRS
WCKFig. 1d). ©] 3= Mutuura and Monroe(1970)2] =7 © g2 AAslg) Fol|ulr] HoFo] tha=3l(simple) ZH U

Jheslete) Solelnie) Bl i 710 Wol o we 3t eeldEagipe nedh el AListsic
(massive) Fe| 2 BHEL, abA & el Aol %
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COlI

AAATAAATGT
TAAATTTCGA
TAATAATAAT
TCCGTTAATT
AATACCAGCT
ATTAGATGAA
TCTTGAAATT
TGGGAATGCT
AATTATAATA
ATTATAAATT
TAAACTTAGA

TGATATAAAA
TCTGTTAATA
GCTGTAATTC
CGTATGTTAA
AAATGTAATG
AGTGGGGGGT
AAAAGGGTTA
ATATCAGGAG
GGTATTACTA
TGATCATCCC
GAAGTTCCTA

TAGGATCTCC
ATATAGTGAT
CTACAGATCA
TAATTGTTGT
AAAAAATAGC
AAACAGTTCA
ATGATGGGGG
CTCCTAATAT
TAAAAAAAAT
CAATTAATGA
CTATTCCTCT

CCCTCCAGCA
AGCTCCAGCT
TACAAATAAT
AATGAAGTTA
TAGGTCTACA
ACCAGTTCCT
TAATAATCAA
TAGAGGTACT
TATAATAAAT
TCCAGGATTT
TCAAATTCCA

GGATCAAAAA
AAAACAGGAA
GGTATTTGAT
ATTGCTCCTA
GATCTACCTC
GCTCCATTTT
AATCTTATAT
AATCAATTTC
GCATGAGCTG
CCTAATTCAG
AAAATAAAAT

ATGATGTATT
GTGATAATAA
CAAAAGATAT
AAATTGAAGA
CATGAGCAAT
CAACGATTCT
TATTTATTCG
CAAATCCACC
TTACAATTGT
CTCGAATTAA
ATAAAGTT

Ccoll

TAAACCCCAT
TCTACAAAAT
AATTATTTTA
TAAATATATT
TCCAGCTATC
TGAATTAAAT
TGAATATTCA
AAATAAAAAT
CCAAATTCAA
AGGAGTAAAA
ACCTGGAATT
TATTGTAATT
ATTAGATGAC
GTAGGACAAA
ACGAACTACT
TCCGCTGCAT

TTATAAAGGA
AGAGCCTCTC
GTTATAATTA
AATCGATTTC
ACATTAATCT
AAACCATTAA
GATTTTAATA
AATTTTCGTC
ATTATAGTTA
GTAGATGCTA
TTTTTCGGGC
GAAAGAATCT
TGAAAGCAAG
CGAATGCCCA
CATACTCTAC
GGATCCAGCA

TTATCCTTTT
CATTAATAGA
CAATTTTAGT
TACTTGAAGG
TTATTGCTTT
TTACATTAAA
ACATTGAATT
TTTTAGAAGT
CCGCAACAGA
ATCCAGGTCG
AATGTTCAGA
CAATTAAAAA
TATTCTCCCT
ATGTCCTCGG
ACGGCCCACA

TTTAGAAATA
ACAAATTATT
AGGATATTTA
TCAAATAATT
ACCATCACTT
ATCAATTGGA
TGATTCTTAT
AGATAATCGA
TGTTATTCAT
CCTAAATCAA
AATTTGCGGA
TTTTATTAAT
CTTTACAAAA
CCAGAAGTGA
TCTCCAGGAG

GCAACTTGAT
TTTTTTTATG
ATAATAAGAT
GAATTAATTT
CGATTATTAT
CATCAATGAT
ATAACCCCTA
ATTATTTTAC
TCATGAACTA
ACTAATTTTT
GCAAATCATA
TGAATTAATA
CAGGGGGTGC
TCCAGAGGAA
AGAAGCAGCC

CTAATTTTAG
ATCATACATT
TATTTTTTAA
GAACAATTAT
ATTTATTAGA
ATTGAAGTTA
TAAATGAAAT
CAATAAATAA
TCCCATCATT
TTATTAATCG
GATTTATACC
ATTACTCATC
GTCTGGCGCC
CGTACCCATG
CAGACGGTAG

Fig. 2. Partial DNA sequences of mitochondrial COI and COII genes of Ostrinia sp. found in the red bean.

Table 3. Homology of nucleotide (DNA) and amino acid (AA) sequences of mitochondrial COI and COII genes among Ostrinia spp.

Homology (%) References

Compared species COI coll GenBank accession No. (for DNA) P—

and region DNA AA DNA AA COI COIlL
O. scapulalis
China 97.7 100.0 99.6 100.0 EU128656.1 EF622419.1
Japan 99.6 100.0 AB029541.2 Kim et al. (1999)
O. zaguliaevi
Japan 98.5 100.0 AB029542.2 Kim et al. (1999)
O. zealis
China 96.7 97.7 98.8 100.0 EU128658.1 EU070915.1
Japan 98.7 100.0 AB029543.2 Kim et al. (1999)

O0|EZ2C=2|0} cytochrome oxidase 12} I

FHFEE F 7S H ol AFd =+ ¢l =
o)=3}F B4 0 & n|EZ=2|o} cytochrome oxidase I (COT)t =
11 (COI 9| F3AF 28] A7 De BAsHAL, o] A=E 3573
NCBI°| 55% HEE57} v|wsllth o] 83t Zefo|HER i
H|EZ ol COIY} CONe| A} Fg2- Z42f 658 bpet 2

920 bp2] 714 Fo] & HrhFig. 2).

F7(2012. 9. 22.) NCBIoJi= COIL] 7% %310 21 E| 2
of, EAF Ao =7 S2rgurol 242t 17119] 7 p-ete] S50 9l
o, 2 A E 7 2 At A2 COI A At 100%
Ho|A| ek, FE7|HLPEY] A 97} 97.7%2] 7}
5412 5 gt Table 3). COI2] 7ol i= F-0
71t 2ol A k2t 171e] 4
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o 44 Ao 4 Al 100% UL o
£ 72 Q9L COlst vhZbA 2 B85l 5ol %
5 Qusl LINREN 002 1T 24 B
B, AL G o}

B EL}\-IED:IL]-HI— Zzwupge]

Oﬂﬁzﬂki 3= o ==
HLFO] 100% DA|5HH FZE R0l S ¥ 4= {IITK Table

3) COI o}u|ieAt A B2 F=7|Hura} 100% U A|5FF oLt
2 UHES. 5719 ofu)iAlo] TRE A o & Ueh} 97.7%9]

AL Rtk 2HEYPES B 137} glo] Hlsty

A}
AR dson £ 2 f ogmaoﬂow S A3
:TL

11

o
Ml

2R 27 R 7)RA R el Aas
o] BT Table 4). QA FE B T
o] 21540 zhal(Ishikawa et al., 1999b), ©JE QA1 =0] B
aho} AEolalEe] Talol A 7|FAlEE0] mitElo] g}
(Hattori and Mutuura, 1987). St=olA&= F=7|H ) 45
o] F} &43(Zea mays)(H ) o Al H"?‘JIE]NI:]—: 7]&0] 9

i

o

b

(Park, 1975), Bae(2001)2] Hilo|= Z2]7} 7|1 257 9k
‘Im(1999)’ 0] 1-8-E|o| De|oWDahlia pinnata Cav.)(=2}})
7 71FA R R 712 Eo] 9k, ER) A BB Humulus
scandens)(AF1H oA ATt 7]=(GenBank accession No.
EU128656.1, EF622419.1)0] QJi=t], $H=-a} 3ol A] 7|28

AEFEE YaolA FE7IHUY 7|4 SR Halk o]
Q1T Hattori and Mutuura, 1987).

SAEEE PEolA A o= B aE of(Ishikawa et
al., 1999b) ™Q|(Petacites japonicus)(=3}HE Ho|Z sl
I B 31Eo] ¢l o U (Hattori and Mutuura, 1987), ol A=
AW 7154 = & Park(1983a)0] “Eo|u} FH-E 7}
otz Ao ® defA ek etal Auskel=t, Bae(2001)=
o] B&-L 0183 B} FE(V. unguiculata (L.) Walp.)(F
S 7FAER 1S ook 2, 2SRl teid
s S Aol 1514 ol 49 o

ot

fu e
r lﬂ >i

T

;1

41

%'Ur%% °ﬂ/\1 =2t} Qrofl ARk Hrejotet Y7
F(Cirsium spp.), $-A(Arctium lappa) 2] A AEZES 4]
e @414 02 B 1% o] ¢l =t|(Hattori and Mutuura, 1987;
Ishikawa et al., 1999a), SOl A &= -2 22 A F(C. arvense)
oA Tt 7|8 RIrskal It GenBank accession No.
EU128658.1, EU070915.1). 2o A= 7|54 =of TSt 7| =
< gltHBae, 2001). & Ao 4] o] HRF-S Eaf HH(V.
radiata)(Z3Ho A EHE oY, =] 7|F9] 7|eo 2 Hi
2o 2 FARA LS Qo) JE V2o HH F
271Lpgo.2 A wofof gtk webd 7]5Al el et 7]
So2 uugs o, B A7 ARLES T H ]
LS AeR g E e

Table 4. Host plants and feeding habits recorded for three Ostrinia species

Ostrinia species

Recorded area Reference
O. scapulalis O. zaguliaevi 0. zealis
Dabhlia pinnata (22|10}, . .
Korea Glycine max (&), Iljl'g:le aZgul'Z;l];(aE()’EH) - 1,2,3,4
Zea mays (Z57) e e °

Vigna spp. (&%),
Humulus lupulus (&),

Xanthium spp. (230125,
Rumex spp. (=95

Japan

Petacites japonicus (%)

Arctium lappa ($-9),
Cirsium spp. (373 H5), 5,6
Dahlia spp. (2o}

China Humulus scandens (ZH1E =)

- Cirsium arvense (373) 7

Feeding habit polyphagous

monophagous

oligophagous 6

1.Bae (2001); 2. Park (1975); 3. Park (1983a); 4. Park (1983b); 5. Hattori and Mutuura (1987); 6. Ishikawa et al. (1999b); 7. GenBank accession

No. (Table 1 in this study).
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1% OstriniaZ; 250l 338t 7]&9] 2% (Ishikawa et al.,
1999b)Z o1& shof 1 A-0] A5 A A2 A4
2 B4 oA Ao BRE FEEolAE 7k
IRulE T B o8], Z11-140AcStE11-140Ac E5
SHEE Ut ARt &5 e IES] EAEHSNS
L}, Z9-140Ac=EFA| 5] %] 9kfth(Fig. 3, Table 5). 24 St
v} SRS ol o] Ju| 2 B AJE O 2 79-140AcE &
FA O ARESAL gl EAEE U] Aol HA )

R ok 20 o] AE 0] 33~45%(Huang et al., 1998), Zx1L}

HFo] 7 9-ofl+= 60.7%(Ishikawa et al., 1999a) 3= o] Q1= 7]
o2 wsw k. ujehd 2 e o] S|
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Fig. 3. A gas chromatography profile from pheromone gland
extracts of Ostrinia sp. females (above: standard compounds,
below: gland extract).

Table 5. Detected freciuency and relative amount of sex
pheromone components from Ostrinia sp. females

Candidate sex Detected No. Mean ratio of
pheromone component ~ /Analyzed No. amount (%)
140Ac 9/23 19.0+27.6
7Z9-140Ac 0/23 -
E11-140Ac 8/23 9.0+16.4
Z11-140Ac 23/23 71.94+31.2

eu] -GE=AE EA Aol A = o] BlghEo] HE HEHA &
thTable 5). whebA] 2 A1) AHILZ-2 79-140AcS 4
HEZE JRoR A
£ 4= F T8 el AlQdshd, U A F=7 18y
| o) 43 Fo FAHE 408 ARAS 49
g FE71HUEY] AR dw Z11-140Act
E11-140Ac o 2 A HE T B 15 ) +=d|(Huang et al., 1997,
2002), Y& =F L] Matsudogh= 5L A FollA 2R
ARG Follis Al ol cise] 10| 97%2] Z-type
T} Ao 7] 2] Hit £ transF 2] H]-E-0] 99%<] E-type, trans
3 HIEo] 9F 64%¢1 I+ Hehe] F1bo] H= I-type Heto] &
51 Zlo] Hatslof(Huang et al. 2002), o] % 4] o}
ol gt 7]Eo] v Eof A AV 28t g ofl QL
= 8 A Ik B 7] ks b e E4o
N BZHFEEI 22 A70] 58 7SR 140Ac
9} Z11-140Ac, E11-140Ac7} AT 22| 9= Ao =
A E G, Z11-140Ack BE H40] Aol 4 ABE0.
o 71 ool 7 e Alee ATk e o] A
& 7hn T ke e o) S S A7l et S}
uol EHAlE= A2o] ofyal 4ol Batsich. 53] AT 2t
A8 0] H1 AR S AR 450l o)X
o} 2 A WOl x| ke
W A= @57l 27
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Zoll A L Ostrinia sp. F 574 I7gollA, WA 21 A
2]7]9] 3-lobed H 7F2lit2] Fofe|utt] o "ol W2 e 3
AR =] Hire $5(Bae, 2001) FolM =718, 24
S, 22U 35S FHEE AL, nEZE
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2loF A| BT SAITHA| T Aol A 24 E o ieit A Ho
ofs) EEUbE Aolsiach T 9 AHZE 4R F
70-140A¢% THAel ) 234 AsolH $E7]H o] 2
QA70] )55 T ZHE ek 120 o Aoz
9| Ostrinia; 1550l tisfjA A2 AP ZASH] A
A 2 Aol 4 507 el g 0. o)
B ARES WA ol 2Tl Bt B o| o 42l
oz olgEids. 5ol Aol AYE S5
T Ao 22 AJH o] Zlo|of] T3 Y-8 1125t 3 (Ishikawa
etal., 1999b)& H A Lo] AR S ol 7P} A4z oz
285}tk
THu FL A 5 7159 FE7IHUWR AdEollA A
Eﬂi% 230 A 2] Hol(Huang et al., 2002)7} H 1% o] Qlo],
T A 7] = Aol tisl oZol = AdEfolt
719 Fotelutt] Feli= o]t F--H K diallelic loci)of| 2] 3]
AMiskd, £ 414 2elel Agel el 2l
Seok cF o) bl 4 Qleks 2412 sh] F7kaeEl(2o)
17k 9] FHINFEI S 2 O narymensistt T oM
o] 719] g1im)e] Foleluir}g 2 eeldEL RS BE
71y 5 Fgske AL Aokt ®al(Frolov et al.,
2007)%= Qith I 3-lobeE k= 4271 AJA17] H ot Ostrinia
& F5 Alolo] H 4] Bhe 7R gt Fotefutt] FEo
O &3}A] ¢kl 7|FAEof WhETh= 2] 22] ® 1l(Frolov et al.,
2012)% Lo, o] Ei<toll= 35| E5tko] A7 Hof Q=4
glojch wekA] FF2 8 Ostrinias; $52) 57710 A
ZA| wtSojMof st Ao &7 Helth
S.0¥5}el, ol 4 A5 Ostrinia sp.7H 87 i) 174
551 /120] 4E 5 wnaslad /1348 U9 2
LA F=Z71HUNO. scapulalis) ©-
2 A7V} a8y Ostriniass
o] o) wetsl ] 2 Ho] 94 %
o] & o AEHR AR Y

IOFO

Uk, o) 3wl HESS o ATse] 24 4 91S
o AZbEIth 53 o] Futo] oha el gl T
Ostrinia%; %5 w7o) ois) o), %, A2, A, §4 54
oK FA|Z ol FAH AT} ol Aok T A0z AzEc:
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PJ008695)°] 2|0 & 2845} ATfolck.
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