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I. Laboratory Rearihg of the Aphidophagous Ladybeetle,

Harmonia axyridis; Yolk Protein Production and Fecundity of

the Summer Adult Female
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ABSTRACT The adult of the aphidophagous ladybeetle, Harmonia axyridis, was reared by feeding an artificial diet

P

]

(chicken's liver:sugar = 5:2, v/w). The adult ladybeetle used was from pupae collected in the field in mid-July.
Yolk protein production, fecundity and longevity of the adult female were checked under 30°C, 16L:8D. Yolk
proteins (Vg3 and Vg4) were detected from the hemolymph of the female 5 days after the emergence. One
hundred pairs of female and male were reared separately. First oviposition started from 7 days after the em-
ergence and laid an average of 163.9+144.0 eggs during lifetime. Seventeen females did not lay eggs at all.
Longevity of the female was 60.6+16.9 days. The application of a JH analog, methoprene (2.5 ug), caused
the occurrence of yolk proteins in the hemolymph 1 day earlier than that of the control. Weekly application of
2.5 pg of methoprene induced 83.3% from the 30 females to lay eggs within 15 days after the emergence,
while the control had 51% only. Methoprene made all females lay eggs, causing the increase in the fecundity.
Though the longevity of the female was not effected by the weekly application of methoprene, one time excess
dose (12.5 ug) caused high in mortality and low in fecundity.

KEY WORDS Harmonia axyridis, Attificial diet, Methoprene, Yolk Protein, Fecundity, Longevity

2 gl (Harmonia axyridis) 3 %2] QA R (R 7b 5 parts: A8 2 parts, viw)?t AFSH-E 7ldkslda).
78 ol okelellA AT Wul71E +3HA1A 30°C (16L:8D)elIM ALS31HA] Fda 4% 49 33
ol A (yolk protein) AA), At (fecundity), 4= (longevity )& A3 T} Western blot A¥}o] 2)5hd £-3}
3 5UARE YoM ol (Vele}l Vedie] W Enh. B 10082 dido 2 144 s ALS
3 A 24 2313 7AdRRE AR 0 S 163.91144.0009 4-& ASEc. $HE He 605+
36.8dcn] AAEe & o) AR Bx] g A 17% olch. Methoprene(2.5 pg/2 ulyg sl &
A FHo) 1Y W 531 F 4 8E Jdaivhi o] g H ). e e] ¢l 30 7fA o)Al methoprene(2.5
pg2 g 159 7t 2 WHE Fodle] B A 1590|ulol] 2AME 3t vgo] X2 T2 51%0A 83.
3%Z F71gIch Methoprene2 2E A o] AHE JHedlA o224 AT AAEE ol ARE £
o} 2 e = methoprened 4325 pg)o 2 w5 Foddhd $Hof e G A @A Hrig &
(125 ng)e} © 13 B £E OEA 7|2 A & A EA 71

MO Fwdd, 91 FHol, Methoprene, a2l Abehy], 1

2o el (Harmonia axyridisye AREe] Hzgdm gl "keto 2 Sminorff(1958)0) 2ja] <Q1-@®olo] 7wt
ol et Fade, wiFF bl 247MFolE 3 o #3 #A4lo] nnzEHY) ARE o|FE B IAE

dE 22g Tale] Wi A% AL & o el A7 AR, 58 W& o8 2
294 e B4 Aol e ErhSweetman  2Holgol olA7X Faiz Mol lHcHSmith

1958, Park & Park 1994). i #o] thad SR E 9 1960, 1965, Okada et al. 1971, Matsuka & Okada

A et st 548 E8ta}(Dept. of Agricultural Biology, College of Agriculture, Kangwon Nat. Univ., Chuncheon, 200-
701, Korea)
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1975).

s Hu7]e gl A= g0 Boh AP
HH g 44 FEF e AlRY gl 879
th. ZZo] s He ol A& dae] dEH
ANY aglm £l gL X e, 53 I
9] #Fgol @A A& AFHoE H4atA HAE 52
2ol Bu|7t E3sAso] 43le] 4Rd&e] A
Ha 4gdEol Astse A9t Aok wEA dF
ol 2 AMSR T39] il At ol mE At
S §5317] Yl §2FF 2 #(Jevenile hormone)o]r}
4ok d 22 {1 (Juvenile hormone analog) 2 A
2817 BTH(Zhai 1984, Chinzei & Wyatt 1985, Don-
Wheeler & Engelmann 1991, Hiremath & Jones 1992,
Ratna er al. 1993, Wang & Davey 1993).

B dFoiMe 7] Atget AbSEe Ade
903 GAR Ao Aoz UAH O 7 oflolA] A
A% WAdr|2 78 $3e FPddE 327]30°C,
16L:8D)ell A 2HA) Aerd Q13 o) & o] g3t AL&S
ANEsPAA dgTEe] 4 g 2], 4dE,
F9 5& AT E8 methopreneS 3 # 2]
AANA 157Y HFHo 2 IR Hejdle AdHE &
ole H¥E T

M= ¥ Wy

VEES

19959 79 15~18Y FAA] A S5l A
Ty el iy F 75302l & st AFo
S FA7E &§7](30°C, 16L:8D) A Hel ZHH
9] 7t 5 parts: A& 2 parts, v/w)E o] 2 Al S-S
st

Sehda o] Gald A (yolk protein) A/ 7 Z2AHA]
71, AF&3 (fecundity), 9 (longevity)& ANt 7l
B AtRe] o]& JFeAE RANRIEATH dEdy A
AAGA 71 it ATFE T FAFS AFoE 25
g A 2477 o)le] JfA|l] acetone 2pl EE
methoprene 2 ul(2.5 pg)e #7k&3 7Hew7ks vid
Alolol] ==HA 2] (topical application)3t ¥ 10w}2]#)
1749 petri dish(10 cm X 2 cm)el| A AM-8-& A AI8F5 ).
el % 20vie]d 2441 HE o2 the] V)R- A
HHZE 200 W 25 mM Tris-HCY buffer(pH 6.8)0] &}
Attt 9% SDS-PAGE(Laemmlii 1970)9F Western
blote]] elste] YalThizlel YAHA7IE FAMSATH
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BAFEE L 93t EFDHA myosin(205,000), B-
galactosidase(116,000), phosphorylase b(94,000), bo-
vine serum albumin (67,000), egg albumin(45,000), car-
bonic anhydrase(29,000)2 A48t}

QZol2 ALg S RREee) AT £ L =
AVa}7] el 2 72A 4 148 3 1002 pe-
tri dishwjollA] 7W8 A}S-8td . Methopreneo] i
Ble] Arls) o] vl E 9E 2Ae) 9ol
methoprene S FEEE g A dFY AFH o=
HHE Bol3k 2102 1ol A8} Methoprene
£ 0625, 2.5, 12.5 ug®} T2 GA AT 2 pi¥ 13
Fajg o Mg g 14H 208 & petri
dishujoll A 718 AM&-3H ). Methoprene2] ¥HE Fo
EDE 2AE] A3t F 3043 A8 ARSEPEA
25 ugd QAT WjE Sojsic. AAAT 1
3e B ow TS 1709 petri dishol] 10%
TE A gol BT ALES AEslon 53 Al
% 7PsHE ZA8Th AgelE 29 2oz =
AR Wl s Aol AgeE 2ASAT,
AEEF F70) AFAAE Aol H2E FAE
FFIATY. B AN 78 Fe 26 @
ko,

EA2 2] student's t-testS A BHI ).

Western blot

Towbin S(1979)2] "ol 2|8 9% SDS-PAGES
gel2 nitrocellulose paper(0.45 um, Bio-Rad)ol] elec-
trophoretic transferA]|Z]t}h. Transfer buffer= 20%(v/v)
methanole] ¥3E 0.025M Tris-0.192 M Glycine
buffer pH 838 AF&-3191 3L 150VolA] 2A17HEQH Al A
&t t}. Transfer7} 4 nitrocellulose paperE block-
ing buffer[3% milk in TBS (2.42 g Tris, 29.24 g NaCl,
pH 7.5)jollA 2087t wigsldch. E7loA e 79
Wele) BRTNA(vadsh Vel tg FAES pr-
mary antibody 2 A}-£-3kd 1/100 =% blocking buff-
erZ. 3 A 3la] 24)17F vkl Ziof| nitrocellulose paper
& TBSE 1057t 2 A% 31, secondary antibody ZA]
HRP(Horse radish Peroxidase, Sigma)Z 45 ul/10 ml
T2 A8k 14)7F wljoksldt}. Nitrocellulose paper
£ TBSE 1087t 2 & 3 HRP color de-
velopment 8- (50mg 4-chloro-1-naphtol, 4 ml ice
cold methanol, H,0, 120 pl, 20 ml TBS)©.2 @ 4-& ¥

FHTE G 3o
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AFALE7F B A8 A3 A F v|H
© HE dolEr|9Ete] dakd oz gzl
AT A7 E AT Rl g Y
T2 2477 YA o2 AHS] 9% SDS A5 E
St dAT A vel, 2, 3, 491R] ) e W= A
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Fig. 1. 9% SDS-PAGE analysis of hemolymph proteins
of Harmonia axyridis adult female. The adult fe-
male was from pupae collected in the field in
mid-July. Protein was stained for Coomassie bril-
lant blue. Harmonia axyridis was fed on ar-
tificial diet (chicken's liver:sucrose=5:2, w/v) at
30°C, 16L:8D. Females, less than 24 hours after
the emergence, were applied with 25 ug of
methoprence on the dorsal side between the seg-
ment of the Ist and 2nd thorax. Control was
treated with acetone. Hemolymph was collected
from the segment of the legs of 20 adult fernales.
Samples were diluted to 20 ul 25 mM Tris-HCl
buffer pH 6.8. M; marker porteins, E; crude
eggs homogenized in disruption buffer (25 mM
Tris-HCI1 buffer pH 6.8, 2% SDS, 5% [-mer-
captoethanol, 10% glycerol), 0, 1, 2, 3, 4, 5, 6;
hemolymph of H. axyridis adult female with a
sampling time interval of 0, 1, 2, 3, 4, 5 and 6
days after adult emergence. Protein markers used
are myosin (205,000), B-galactosidase (116,000),
phosphoryalse b (97,000), bovine serum albumin
(66,000), egg albumin (45,000) and carbonic
anhydrase (29,000).
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Z 231 3 6Yol] FALAI(Fig. 1). Western blotd
I 3RO (Vg3eh Vgd)e sYRE BPTAA &
A= ATHFig. 2). Vg3t Vedo] FA1eF2 50,0007 45,
000011t}  Methoprene(2.5 pug/2 pl)e-  Falghl 2 o
AAANZIE EXA7|= A9E VepATE. Methoprene
< A £ Juidela daiite] 59URE], Western
bloto| A= 4L FE] A (Vg3e) Vgdyol Hels
AckFig. 1, 2).

Atee] AHE A fste] Ty o 1§

(A) Control
2 3 4 5 6

E 0 1

vn3 —
Vo4 -~

(B) Methoprene treated (2.51g)
E 01 2 3 4 5 6

Fig. 2. Western blot analysis of hemolymph proteins of
Harmonia axyridis adult female. The adult fe-
male was from pupae collected in the field in
mid-July. Females, less than 24 hours after the
emergence, were applied with 2.5 pg of
methoprene on the dorsal side between the seg-
ment of the 1st and 2nd thorax. Samples were
subjected to 9% SDS-PAGE. For Western blot,
primary antibodies (Ab3 and 4) were made
against Vn3 and Vnd4 from rabbits. Secondary
antibodies were anti-rabbit goat antibodies con-
jugated with horse radish peroxidase (HRP). E;
crude eggs homogenized in disruption buffer (25
mM Tris-HCl buffer pH 6.8, 2% SDS, 5% §-
mercaptoethanol, 10% glycerol), 0, 1, 2, 3, 4, 5,
6; hemolymph of H. axyridis adult female with
a sampling time interval of 0, 1, 2, 3, 4, 5 and 6
days after adult emergence.
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A ALSE AR 2ATA)7), e (fecundity), 78
59 2AINTE 79 F4l oklolA WElA= A3
alcd BT YA ABHolZ AR TP
dlo] A& 319 (aestivation, A4 A 3HA ) 3Rk
AEo 3R] TARE AAFEr] ARl on
8o 3 =L N2 19%71 ZAH(first oviposition)
£ 3IHch(Fig. 3). 4% 3 F 150l 51%7F =
AHE FHANE, AR ARk e AT 17%
=) c}(Table 1). ¥4, methoprene(2.5 pg)e 154U 3H
Zo g vt Ry Fdd dF] dadid A
Ao] Z25 3 Atetgoe] F7l€Etl. Methoprene WHE-
Aol Me 15Ul 2A4HS 8= Bl&o] 83.3%
2 FolAd, 4B AtelA] & A= gl

® Control
20 - ¢ Methoprene(2.6ug/weeck)
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Fig. 3. First oviposition in Harmonia axyridis. Harmonia
axyridis adult was fed an artificial diet (chicken's
liver : sugar=5 : 2, v/w) at 30°C, 16L:8D.
Methoprene (2.5 pg) was applied weekly on the
dorsal side between the segment of the 1st and
2nd thorax. Control was treated with acetone.
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(Table 1).

Fdde] A dFog 3% ¥ 254
F7¥87) Alzkste] 8572 A Yelvda glem of
7|17be) 7 gmle) 7} 1 FYol) 27.8£53709) 4 ¢
=t 9F0]FRE Ao g2 dojut= peakEo] %l
2RE A S 2R BB A gol 920574
P 4.7+ 4.4(eggs/female/week)7} 2 AeHslcH(Fig. 4).
Methoprene A 2] 7= FU F&E Eoln ot 2-
8ol HT 34.8+9.6(th=7¢ vla, 0.05<p<0.1),
9202 74x] 11.4+12.6712 Ararghe}.

Sy o] A & sjAR e 2ol 7t 4l3le] 5
A& A HA E A EAE ghdol Tt
AFdshe 3ol ol YAl Fsteh dAFRt A

BO - e e e )
I -{r-Control
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Fig. 4. Fecundity of Harmonia axyridis. Harmonia ax-
yridis adult was fed an artificial diet (chicken's
liver ; sugar=5 : 2, v/w) at 30°C, 16L:8D.
Methoprene (2.5 pg) was applied weekly on the
dorsal side between the segment of the 1st and
2nd thorax. Contro} was treated with acetone.

Table 1. Effect of the artificial diet on the reproductive preformance of female Harmonia axyridis. Values mean+S.E.

Preoviposition  Percentage of No. of fecundity Percentage of Longevity
Conditions n period first oviposition oviposition  (eggs per individuals laying (Days)
within 15 days female) no eggs in lifetime

Control 100 169+162 51.0 81467 163.9+144.0 17.0 60.5+36.8
Methoprene 20 17.8+158 450 53459  94.4+101.8 35.0 45.5+26.2
(0625 pg)
Methoprene 20 142+ 7.0 400 55464 1103+151.4 40.0 48.2+35.6
(25 pg)
Methoprene 20 14.1+100 25.0 24448 439+ 947 60.0 21.2+20.6
(12.5 pg)
Methopene 20 140+ 99 833 98+57 212.5+136.2 0.0 63.1+33.6

( 2.5 pg/week)
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Table 2. Number of eggs per batch in Hamonia axyridis

.. No. of  Eggs per batch

Conditions batch gr;gxeai +S.E.
Field 212 25.0+10.0
Control 780 20.1+122
Methoprene (0.625 pg) 106 178+118
Methoprene (2.5 ug) 108 199+125
Methoprene (12.5 ug) 49 181+ 9.7
Methoprene (2.5 pg/week) 294 21.61+12.8

® Control
¢ Methoprene(2.Bug/week)
s Methoprene{12.5ug)

80

100 ~w
o
1 0
‘ ¢
I

g -
O 60 — a
5 -
> 4 e
2 a0 —
= -
@ - -
—— i
20 -
— w
1 —
d—
0 T T
0 50 100 150

Days

Fig. 5. The survivorship curve of the adult female in
Harmonia axyridis. Data are presented to 175
days only here, though one individual in the con-
trol is still alive over 6 months.

641702 &S 2= AAE UUT}. Methoprene ¥HE
He|te T T Atersls: 8.1+6.75 9 & 4kt
4= 163.9+144.07 0] v)wsle] 9.8+5.73 ¢} 212.5%
136.271 2 ©] Bgkch(Table 1). MethopreneS 0.625, 2.5,
125 g9 B2 @ 13 543 AT A2H
47} 53459, 5.5+6.4, 2.4+ 4.83]0) 31, BAAFEE
94.44+101.8, 110.3+151.4, 43.91+94.77)o]t}(Table 1).
oke)oll Al ZALE batch™ %] & 25.0+10.0742 A
Falolx QFgHelR AN Fde|r) e FAlE
F9] 20.14+12.27§ ¢} methoprene ¥HE &) 3] 21.6+
128749 82} 2H(p<0.001)7} YZITHTable 2).

2y gRo) BT FHL 60.5+36.842A ©]
A7)l 45%3 =7} Eol URA T 100 o] Fotksd
€ MA7E 17%) A0t kel 670Y o] BE3H
31 Atk Methoprene(2 pg/week) ¥HE- 22t Ht
Fio] 63.1x33.6¢0]3 100401} Holgle MA=
16.7%% T8l 7-9} vl TH(Table 1). FH 34L&

% % 37 A Vol. 35, No. 2
Fx2] 72} methoprene X 8|7 R 27et 49| ¥
B2 Y IS HelrkFig. 5). 1Y o2 FA|H A
AT methopreneo] A% (04 ug T 2ug)e =2
13 Fod AT $EINE BADNTH =%
Fe 2 Ho|lx vl 28} methoprene g YA o
F(12.5 pgro 2 A s -3kgt A 7doluof 45%7}
2AAE Y I A thE PdE HAk(Fig. 5).
ARgel gy AAAA-S a2 IR pet
dishol] 1004 T 4o 2EHE Yol ALSS Al
3t o} Atgg o] Wolx] 1 AHER o) i Fo] T
234 =He EA- JJh FE5E AESs] B 4
3} FEF o] A3A dojui Alme MAFE A
7F Zol 4A A &0 &5 9. 18 4ol
7V 3 AF71A Al ARk gte AR Ao

I &

ERFY TS o83 FHHEHRY AZASA &
& A7t 19523 Szumkowskiol oJ3ted A= Th
(Hodek 1973). 1 5 B& A7} glo} fowl Ao
jA) 9] 7h(rat pork liver: honey: sugar=5:1:1)& o]-&3}
of A FPH (Coccinella septempunctaiays A%
A3 A7F ke (Okuda & Chinzei 1988) =o|o] F
k591 free amino acid®} A3l B R3F wjelql C
7} B2 71E o) &3PH I T F Arso] Th
TS 2Hth

£ AgoA dFHe| 2 A 7R A& 4
22 3P (aestivation, 244 PH)S d1x] gony ¢
% Y oy I3 E g Asle oz g
) 31(Fig. 2) thHEo] Argt-g 3t (Table 1). o]
A9 e ALY TP HFol AV 8RN
PE(Hodek 1973) A t2E Holx glo] Atgd]
249 Qe A8 Ago] FoaTHE A& B
Ea=

Fgee] AEArIzEe AQESZ ARE S ot
Hj3hA UeEhda glom digdelz U 8w
w7}l A ALSE RARTHMatsuka & Okada 1975) <F
159 A=7) wac) 3H ALEE HA AT} ofe]oA]
AHehEl ool batch® &o] Frolle folabrt QB A
2ol(p<0.001) JAFAIE = F@due] Z[EHQ A4
Al Foie S F2 gette AL €5 do
(Table 2).

2 o) 7 methoprene(2.5 ugys 1539 Hgo w2
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TFojshd vabchul Aol YAJAI7|7) oF 1do] WatA|n
159 elulel] 2AHE sk 7iA9 ¥ &S 83.3%2 Fo}
ZTH(Table 1). =3} methoprene2 2E 7§H| ) 2kgho]
7Vt s AEez g gole Aoz
B3 2le=d o] methopreneo| | HH o2 AHE
ATE7] Brhs AR Gl Aol (HE &
T3 o Aeg A7 Ao 2 A=
AtaHr}.

Fig. 50lA vtello] methopreneS 13]o]A|v} o}
tH(12.5 pg/ phydtAl o3t Alghgo] F7isy 4%
o2 13 F3A =W Filols HurE JE%E vl
AR ot AN 7I7F AojR] AL 4R o] 238 E
o)A €rhTable 1). o]& FBHd| 2] 7jH3te] z}o)
7} Astd 13] M ewe 2 methoprene] &3S e}
WA Eihe Aoz oA neps 23EH e A
AHE Fwol7] Yl e 2% methoprenes 17U
AE9] Aoz jHEsl] Bojsts o] bl st
Fig. 49} x| Follr] Bt o] B+ 60Y o]
Fol AESIT e A HT AL 5 eggs/
female/week 2 A ol methoprene s 1574 3t
Aoz WHEH o 2 Rty tia Frlste AFgS B
ol ot xvlel AR I EEA gerh wEk
AgEnto 2 gty Ry 45 Sy o
60U A= AtSshe Blo] A Aolg &4 Tt

FrPauErt AT AR de] = HE 163.9+
144.07§©] 31 methoprene & ¥HE o dt 29| 27}
(0.05<p<0.1)8}] 212.5+136.2740]1{(Table 1) ZHuh
A3 6417]0] ). Hodek(1973)el] 2]&hd 30°Col| A
EoolZA Y E(Myzus persicaeys A AA 2 S 7
el 778709 &S Adde Ao g HaEa gl
Edde] Hol2 JQES AHSEAY okelollA A
Asted 285w v &7 AHE nectd AAH
Q) FAA B dAFolA JigE AR EN F& 2
AL zt3m vk &490)

Petri dishol] 2 2da & 108 £ 944 Fdog
AHEE A=t et A AFSE A ET sk o] |
AX 11 o] FFEA 0] A ot /RF9 A
Sl Aol Edtal AR WA AV X2 og
R|ALgo] FobXith. efv} Aol ATt A S 7Al &1t
g e AT ol FF ARE nE st
Aol U&E HAFT. FFIAe Ty 28
BE ez sl dojube BAR FL WA
g ASE Aledd 7Y & EAFe Ha ot
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(Okada & Matsuka 1973, Osawa 1992). wje}r g2
FEZA ) A P e Y EHA AL
& A7t a7doh

B ATl A NdE Fdd dEe Alse AMSY
£ AFEAQ oy sh Faddee stekE )
T 43 F& AHE vehn Ut AR o
g Azt EAQ 540 Uit B sl {3 U
g A NSl s
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