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Table 1. Biological diversity-crunching the number (Wilson,
1988)

- . Number % of estimated
il identified total
Micro-organism (5§ 4 $) 5,760 3~ 2%
Insects/Invertebrates 1,020,561 3~ 271%
(R /=5
Plants(F&#y) 322,311 67~100%
Fish(£2H) 19,056 83~100%
Birds(&2H) 9,040 94 ~100%
Reptiles/Amphibians 11,757 90~100%
(resadg i)
Mammals(FiFLEH) 4,000 90~ 95%
Total 1,329,458
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7 AZH QI 19609 mlFel| A BT AA 7 5Fez 5 o7 71808 R, Y%A YEIHA § FHY
U7 HAT A AAH LR o FFH nlolg X, Al EL XOoE o)Fdd wige] g £ A qVAFLR
o, AR, BAA AAEE So] AfFoln #7433} o 2] =1} Baculovirus % A v EAFA 2 o &
A AFHAE A% AYY #FE o) EHI ot FRAHoR I o] fHI lom, AT AP I 7]ee
ZZHA A E S AYeo| ) 7t A B = A 37} vty A chzbA e A (po yhedrm) £} 2 promotor
slowA di &S EJ/P—‘# o7 wAE 4 e EAL £ o] &3t 9 F-§- Az} &M g (expression vector) 2= T
28 AT vl LARPRE AT 34 93] 23S w3 9)7)% 3} Baculovirus 189 438
of A3 =FH A 3“% i FAN, AAsetel & grpzAste] 3 2(NPV, nuclear polyhedrosis virus)
A&steta vy 53] 2 AAHRA 318 2 sAAE 3 g yuto] 212 (GV, gramulosis virus)7t &5 A4 £ 9
AE] Bhetiobol A B RO HF L vjYEAFA A oA Z243ke A B3, Reovirus 2E0) &3t A X
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FHOE Y8 & e FU A 2FEAVAYES AF7A #FHAE vgoezg 59 LTH]'O]EV\“
ol &3 A EAZA MNEEE B8 2rAAE S = F 2 NPVol¥ Heliothis zea(A# % Biotrol VHZ, Elcar,
StA "o o] Al F3] o3 F T Yok A4 AAMA sk Viron H), Spodoptera exigua(Biotrol VSE), Trichoplusia
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< AF7HA F500F Y ZFAM dAHALY AFFE
ojuf AEAE e AHA &1 )5S FEAANA
T %= FA3 o) 9en, circular supercoiled dsDNA 9] &)
A Ad vholy 2 YAzt Adlg AZ7)9 A g R

(polyhedron)oll 9] & oF &Z-ejAd o] Azt 5ol thhA T
W F o] F3 5 o] W (release) ® vlo] 22 YA/} F4A
22 Brlsle 34X o)58t 1, fusiono] Y viropexis
oo 2 A2ere 5, vlo]H A YRS M3 9= coat
R Soiith o] EA A
g wtolti e FEH SFAT Ao A 724 2H o
Aol e gl A FAE BA, §4, F 2 (repli-
cation)3ti ©]& A THEo]F i) AJqAEo] TA] B
2 A & A (assembly)3ch I & B8] A oY o
B AIAEE =T, gEZ Y Atz wEH )

ojgl& A A A= thAl F 9 HEY £59] 23
A Yo 2 Z438u} Baculoviruse F2 QA2

A ukA (BEBA L, fat body), cuticle, @F, 718 2 4 &4

proteine ¥ 3 (uncoating),

1

ni(Biotrol VTN, Viron T), Autographa californica(SAN
405), Lymantria dispar(Gypchek, Virin-Gkb), Pieris rapae
(Virin-Gkb) & W3s)F 22 3taL v}, whol LAl Al =
Sx50l4T B0l e 48 FUE AT AL

W 8ol T2 AERFANG ¥ BHE I

ZZHAY AT F2 JAEZAHendospore) S A4t
3l v @ FH(Bacillus, Clostridium), 13L4 &4

ﬂ i

714 74t (Serratia, Proteus, Enterobacter), 213 %
EXE 74 7+ © FH(Pseudomonas), 18%A
(Streptococcus), & AXH Wolbachia, Rickettsiella), v}°]
A ZekA0H(Spiroplasma) o] 430 1 F T3 YA
o} 3t A& T 381 QI Ald () o] Bacullus
IaF°Y Bacillus popilliae®} Bacillus thuringiensis7}t
ZyZ} H A (obligate) B F A (facultative)F 714 HYAE
hEd Uk Bte AEe 43F3d0A g8 714 5
A9 E (@ -exotoxin, B-exotoxin)< Fte=H, 1 & 7}
A AFEo] Z3 Aol AAHA =AW A(§ -endotoxin)

AT AL BE A

oltt YR o|F IV E RF &

X st 442 FAe, F2 JAF 259 A4
A astasd o Zejso] W FEed 52488
O 3250 SAUNAS HoW S4d g3 F3
gt 22o] &S T FEY A4S AR Z4HF g
7F vetdn Bt WA XA e} &3t} pH 9.00]/4 9

TZFWAAN = BolstA] RapAT (M) ol £FH ] oF
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AS74A 1005 F ©]7¢9 Bl a5 gloy gy
AAIE- ZZ(lepidopteran insects)¥ B 7|54 45
etz 3, oo HAgEeE EZ(coleopteran
insects)ol] A583E A #FE0] ¥ AHUDG
webA gddE s 25UAE S8 agdonyg dEl
Fuj el FAHE AQ B popilliae?] 24 A o] & 37
B3 5 A ¥ o 7= 18t Ba-
ctllus MFE L 27 Culex, Aedes, Anopheles)E 12X 3¢
Well #ol= Bacillus sphaericus, 23382 (American
foulbrood)& Y271 B. larvae S°] 1, TAEZ FA4
814 ¢+= HYA £ European foulbroodE 9 2.7] & Strep-
BE 28FEH 259 AU A= S
faeculis, Serratia marcescens S°] Qt}

TS Al Jﬂ 2EUIUEL AEH 7)o}
(B. popzllzae) =40 98 SE(B. sphaericus, B. thuri-
ngiensis), 24+ o] AHC brevtfaeczens 71AA Z& 1t
I (B. popllltae)—olq- YA A &L mycoplasmas E—%
Aol FASHHA 2z ute] o8] S48t F97T B
on o5 mA o] &9 FHE TEAF| I AYa( i
gE)ol) ot &g vtk BTAAE 84 FAA v 4 &
ALY A REEE AR AL, w5, Tl A 7}”
AN ZAA A st low, HA et
T oy A4 dE 71 oA BAITE AP Fo)
A YRR o2 RE YAE £U3Y 4] 543
Aboll X A A slstE fFolol M, AYAra & Fol9} §HA 7]
EEG U ARA)] E4S A #5584 Adshe
EoFg o2 =¥ S IFste MLHHFS Hallof A1 BH
AEE FRE /M50 B8 Aoz ARG AFS o
23t EAFA = F &2 BTo| 1 Japanese beetle(AHE
Doom, Japidermic), $1A1 % =3 (Dipel, Thuricide, Bactur,
Bastospeine, Plantibac, Biosper, Insektin, Entobaterin),
A B 2% (Teknar), 4 HHE <% (M-One, M-trak,
Trident, Novodor)©] A th4ke] o},

J_ZW%/H '7.\13»0]_‘:. 2137]].}] ok 5000:]& o])d—o] H
HA=d AFF(Eumycota)oll A HZ T F(Mastigomy-
cotina)?] Coelomomyces, Lagenidium, 38T 5
mycotina)®] Entomophthora, Massospora, AF&o5(As-
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tococcus pluton,

(Zygo-

comycotina)® Cordyceps, BAH F(Basidiomycotina) 2]
Sepotobasidium, &
gillus, Beauveria, Metarhizium, Paectlomyces, Hirsu-

tella, Nomuraea 5°) 2o 2 &d# A Jr} 25HHA

ot T F (Deuteromycotina) 2] Asper-

He EAATFHF 9}@?}'? 7} bR B3, Bea e &
SR, AR colth 571479 Eﬂvrv—‘_ W77]
MAoln) REL ZTEF 19 cuticle® YL dhe=H], 2
WL ¥ 22 e ol wol IH(EHE) o] A4 cuticle
& B3 AN Entomophthora), A9 27125 ¢ 1
< AYAt "dste Aot A (Metarhizium). ¢
ol EA| 7l J—ao}"q FH3e dHEe FEH%AEY
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e
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FEo} ii]"-‘."‘-d Al (27N A Metarhizium), 717
ZAg AGH 7joHE7|NA Lagemidium) &°]th.
S AL Coelomomy-
ces, Massospora 59 HAHAAE vls) 4jgo=z
Hjoko] golate] syt WAHUG ZFHLAL 2%
ol BEHHTFRII FE o] &= 1, Z(A¥FH Royal 300),
7} o} (Aseronijia, Mycotal), DG E(Vertalec), &
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A S Ao L5 AG FFHol &AM vt glo
o, HZ & A7 MEste (F)AF 71e
‘A5 FAE A EEFTA bl Il A ]
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(C. militaris, C. sinensis 5)¥olt} ZFaHoz A =

Aspergillus, Metarhizium %

o] A et

3} Beauveria bassiana HY-1T
A=

of

0.

2 % o HE o ml ofy
o
i)
=

1o



37

W £ EE
A9 g3
oIk

AYA S

o

s E By 553l ES Yol e
ZF4 Cordyceps®] oF &} Paecilomyces

TSSHO|YE

WA Fel A, o2 BAsA The

Table 2. Groups of viruses associated with insects
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= 718 (F
(B #|dt 4 commensalism), 181
2 F A (FEAI 34 mutualism),
esis) 2 vEidY 11 £ &
A, d¥H BATE A=
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. parasitism), 3%

FHAAE 7HAY Folrtn
FEo] hE A E s E 7 A9 BoJAL
2ol &
A& o]

°HP**§(ﬁ?ﬂ’i#§§£, hor-
Ag% Z7re) &

ﬂﬂonw+1iq

1.

o]

Family Genus Nucleic Particle Association with Biochemical and Biophysical
acid shape inclusion body similarities to plants found in
Vertebrate Plants
Baculoviridae Baculovirus DNA Rod + None None
Poxviridae Entomopoxvirus DNA Ovoid + Poxviruses None
Reoviridae Cytoplasmic RNA Isometric + Reovirus Rice dxarf,
polyhedrosis virus blue-tongue wound tumor
Iridoviridae Iridovirus DNA Isometric - African swine None
fever
Frog viruses 1-3
Parvoviridae Densovirus DNA Isometric - Parvoviruses None
Picornaviridae Unassigned RNA Isometric - Picornaviruses Many small
RNA viruses
Caliciviridae Unassigned RNA [sometric - Caliciviruses None
(Amyelois virus)
Nodaviridae Nodavirus RNA Isometric - * None
Rhabdoviridae Sigmavirus RNA Bullet— - Rhabdoviruses Rhabdoviruses
shaped
Nudaurelia B Unassigned RNA bacilliform - None None
virus group Isometric
*Nodamura virus also replicates in various vertebrate cells and in suckling mice
# 3. dHdlo|HAE ol oY EASH AMES FHE
3 A 5573 AEY g% A48T
NPV Heliothis zea Biotrol VHZ AAu e 4% o]
(bollworm, corn earworm, tomato fruit moth) Elcar, Viron H
NPV Heliothis virescens Biotrol VHZ AAouel o F =
(tomato budworm) Elcar, Viron H
NPV Spodoptera exigua Biotrol VSE bILI8 L1 w =
(beet armyworm)
NPV Trichoplusia ni Biotrol VTN u =
(cabbage looper) Viron T
NPV Autographa californica SAN 405 AA vl yrtel A =
(alfalfa looper)
NPV Orgyia pseudotsugata TM-Bio Suel dF uoo=
(douglass—fir) Contral-1
(tussockmoth) Virtuss
NPV Lymantria dispar Gypchek FA 0 =
{gypsy moth) Virin-Ensh Mot
NPV Necodiprion sertifer Neocheck-S £9%3g o =
(Pine sawfly) Vrin-Diprion 2 Al o}
NPV Necodiprion lecontei Lecontivirus £3gle dF Ll
(red-beaded-pine sawfly) Ao}
CPV Dendrolimus spectabilis EaRes g =
(pine caterpillar)
GV Pieris rapae Virin-Gkb Hlj F= 3] Ao}

(imported cabbage worm)
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BED AP g £ 5 T st fE= (endosymbionts)7} 4
drH BAE Hols A= %l on, U FA Y External microbiota®] thH-5-& YA|Ho|1 159
27 AFYE 9 nEZE oty A8 FEA Y 2ol o YAME thstA ojd Aol B FA oY 4
3 Fo| U2 £ YR 2 A3tdE FNAAE JEGH g2 e e Er el Yol e FEolU AP
(Schwemmler 5, 1989). 3 BAe A7) Y3 HEHoz Do) wjdste T
D23 A nAAEL AEE Y9 et ZA o)(Ascomycotinna of bettles, Attamyces of leaf-cutting
714 FEH 2 Uro] B £ e, uAEo] T35 A ants, Termitomyces of termites)7} 1 thE A o2 &
A2 F10) Vel external microbiotalexosymbi- % At Tanada %, 1993).
onts)?+ TE el Z <o) UElE internal microbiota Internal microbiotas % A 3}7) 39 WAL, ca-
E 4 HAS olBst-u|ME MSH MEER dHE
AEA MAE o) 38 5 ok A F A= A ARz}
Bacillus popilliae Japanes beetle Doom, Japidemic g B
Milky Spore Disease wl
B. thuringiensis lepidopteran Dipel up =
var. kurstaki lepidopteran Thuricide ul =
lepidopteran Bactur v =
lepidopteran Bastospeine Zags
lepidopteran Plantibac R Sl
lepidopteran Sporeine R}
lepidopteran Biosper A &
lepidopteran Raktukal #+ 3
lepidopteran Insektin 2 Al o}
lepidopteran Entobacterin 2 Ao}
lepidopteran Dendrobacillin 2 Alo}
B.t. var. israelensis dipteran Teknar el E=co!
(mosquitoes, black flies)
B.t. sandiego coleopteran M-One "=
(Colorado potato beetle) M-Trak MycogenAt
B.t. tenebrionis coleopteran Trident 29 A
(Colorado potato beetle) SandozA}
Novodor NovoAt
E 5 ZH0|E 0|23 | AMASH Ay
A5 HY 3o Rl A E A8
Arthrobotrys robusta antipolis ok o] A u A+ & Royal 300 ZPA
éj]—'ﬁ-k‘ 1«1
Arthrobotrys irregularis 1141 BIAZHAZF Royal 350 Zgi
Aschersonia placenta 27150 2 Ao}
Aschersonia aleyroidis 7rg 7)ol Aseronijia 2 Alo}
Beauveria bassiana 2Pz YH Boverin SR
=Pyt # Ao}
European corn borer z
Beauveria tenella Zo)lYE s
T Erdol d =2
Hirsutella thompsonii a8l Mycar vl o
Metarhizium anisopliae AxdyEa Metaguino H2zi4
ElealelBos
Nomuraea rilryi SR o =
Verticillium Ilccanii 249 JHE Vertalec a4 =
L A7)0 Mycotal 9 =
L Subd Sl | A =
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MAA 018 39

vities, pouches a8 2 A E Wntracellular)o] e} =
Aoz T2 Y9 37 (pH, enzyme, food)dl] whel v Ad
o FHY 7 dEY. 2% YRde
9] rod¥ Aol tl¥-Eo]3, F3o|(saprophytic fungi,
yeast, yeast-like organism)t} £%& w2 o] &3 =
A8 W94 vteldax IR E2A3 K Tanada 5,1993).
Internal microbiota % &3] intracellular ¥ 4 &-& endo-
symbiont2}H, o} & ¢] t ¥ ZAE 53 -3 Althel
HeHY, 3= 9ol A 27} olgm, oW AL 59
A7 DA wret Felu =717} ‘ﬂo}ﬂli ot g

Gram-negative

s
EEde e B ’\"—‘i & EEShe 259 9 2d
&t mycetome®] 583 FZ o) M5t v Y E T 42
Z2 o AAEhy 23 ﬂ Ao dgE Fe plAEo
endosymbiont®] HEZHQ <} & 4 UK Tanada 5,

1993).

%9 A2 ZA (ovaries and testes)o] 4] gury oz
g 482 Wolbachiae 1924\3 9l Hertig$} Wolbachol
o3} 27] Culex pipiens®) AAZHAA L BREE
. Wolbachia= e} 2 22 rickettsiae9} vj-$ FALSH
Gram-negative®] AEXH-E Zt= rodd AT OS2 A type
specie= C pipiensoll Al && A Wolbachia pipentis©)th
(Emilio s, 1956). 39 Wolbachia species®] #A= o]
Algtol €17 o] F o al Fot whe A A st 1950 o
o), Ghelelovitch$} Laveng& 2 7] culex ¢l A ] intra-
specific crosses’7t A€ E 4 gluhe AL wAsIg oy,
ol#]g Aol A XA E FHEE incompatibility factor
o o3 dojdttE AL w3l o)A BFHez 4
&5 A9 AAekA £k o) § B4 cytoplasmic in-
compatibility(CD=} 3t =4, 19708 Yen Barr(Yen
5, 197T1)7F A E Helste g S0 28E Wol-
bachia& AA3E A 28 CI@Ao] Wolbachia &+ &7
7t A& At = WolbachiaZt 7S strain® female
°] mating® ¢ B3FAH 2 Q8 A=) F2 0] A9
E7bs ek

3%, ol CI 42 flour beetles(Scott 5, 1989),
alfafa weevils 212]3 7] (Richardson %, 1987)5-2
o] ZFAAM g Fow o) Y AT AAE
Eo A M EAZ(maternally or cytoplasmically) g
© Aol A& A vlgn A 2 WS 7“45 A
ol ¢ A thHurst 5, 1993). < o8 F8% =5 B9l
=38 9 (Coleoptera), 38 = (Diptera), HE (Hymeno-
ptera), il ¥] 2 (Hemiptera/Homoptera), ™ 7] 2 (Ortho-
ptera) 28] 3 1}8])E(Lepidoptera)S<2) 80¢]F o A Wolba-
chia®] 7} 818 A o 0§ (Werren 5, 1995), 17 <] S7}
F(Rousset 5, 1992)9} = 7](Johanowicz 5, 1995)0] A

e AFelA

% Wolbachia7y #&HA}h £33 HZ
A = A oH(Sironi

Wolbachia$t o) $- FAFSE Alto]
1995).

Wolbachia®ll 98] FE 5+ Cle AAFe} WA} Ato] 9
A2 83134 0 2 diploid 2949 zygotic death(Yen
%, 1971} haplodiploidE A A male WAL FE3o}
(Breeuwer 5, 1990). CI= unidirectional CI9} bidirectional
CI 5 7}A e 2 Yeht=t, unidirectional CI9} Wolba-
chia®ll 7 ¥ ¥ male®] BA7F HEHA F& B3 3
o dojdtt. W] BH(HEHA %€ male?t HEE
female)oll= 23} ¢l Jehtal ¢k=t). Bidirectional

Cle MZ OE Wolbachia 29 #4493 male? Azt
female®] o] 4" o Yehdth(Mercot 5, 1995; Scott
3, 1995). Breeuwer 5(1990)°] 713 Nasonia vitripennis
oA JAS Aol ot H, Cle F3¢2 Z7] mitosisY
A% A ¥ Aoz BoXth Mitosis &7)d
paternal chromosome®©]| diffusion® ©] chromatin @<
£ A5 Hol FAA Y ReE)vt dojd & fA HE=
paternal genome©] €24 o] haplodiploidd 23& 72¢&

ZZ 9 A<= haploid(male) At&9] AL FE32 dip-
loid FA &= embryo& 4 HBreeuwer 5, 1990).

# A Wolbachia= thdd o) R 2 EMQA t) o] Hoj

A ok AM, WolbachiaZt d2] 2% ZoA 159

S3d PAE PR B o), 539 “ﬂ}% FE =
AHel J&88 & A0 T H oA 7)(Breeuwer 5, 1990;
Coyne 5, 1992) Wi, 1 7|23} #@ste] B2 A7}
o] FojA 1 Ytk EA, o] AX W AFE] 25 £F2
27140 AR FGRG o HElE T 7|2 g 7|2
Al A& A (Glover 5, 1990), AA, PJAE HH o
EX Wolbachiag &34 A A (biological agent)2 A}
S8 AY 2% 19 533 ¥ ol (genetic modification)
& Hz=g7] A% miAR ALEE7) ) B A7 A
<ol

Wolbachia$t #2¢] %3 543 AAS
W Ao E435t= Vg%%% 59 &3 vhol A ul
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Fig. 1. Cytoplasmic incompatibility.

An uninfected egg fertilized by sperm from an infectad make fails
to complete karyogamy and/or the first few cleavage divisions.
By contrast, an egg from an infected female fertilized by sperm
from an infected male completes karyogamy and develops
normalily.
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hrlichia phagocyohila

100
100
Anaplasma narginale
100 Cowadria ruminantium
o O EE— Wolbachia pipientis
' L Tj5
100 Rickettsia rickettsii
] L

N | E—- Rickettsia prowazekii -subdivision

94.6 _Rhodospirillum rubrum of proteobacteria
65.0 I Azospirillum brasilense
Agrobacterium tumefaciens
100
Brucella abortus

100 90.6 Neisseria gonorrhoeae _subdivision

464 Chromobacterium violaceum of proteobacteria
] Pseudomonas cepacia

_i Coxiella burnetii -subdivision

99.2 Escherichia coli of proteobacteria
01 —Bucillus subtilis

Fig. 2. Phylogenetic tree (based on 16S rDNA sequence) derived from Neighbor-joining analysis of a Tj5 from The-
codiplosis faponensis and other representative proteobacteria from the a, B, and 7 subdivisions.
The Gram positive bacterium Bacillus subtilis was used as the outgroup.
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Fig. 3. Morphology of spider, Nephila clavata (A), proteolytic halo by A. proteolyticus on 2% skim-milk agar plate (B) and

product of protease from A. proteolyticus (C).
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