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SUMMARY

Biological control using the entomopathogenic fungi 1S the
environmental-friendly pest control method and microbial control products have
been developed already in advanced countries. In this study, the Verticillium
lecanii CS-626 strain, selected for the biological control of greenhouse whitefly,
was developed and tested as a microbial pest control product. The CS-626 strain
was mass—cultured, formulated, and the effective use of the strain was tested in
the tomato field. Also a genetically transformed strain, resistant to benomyl
fungicide, was developed as an effective pest control agent for the integrated pest

management.

1. Mass production and formulation of the CS-626 strain
For mass production of the CS-626 strain, various nutrients and fermenting
conditions were studied.
As a results, the optimal condition were as follows:
high fructose 4.68%, soybean sauce cake 1.63%, culture temperature 20T,
and pH 5.5.
And for formulation of the CS-626 strain, several surfactants and carriers
were studied.
As a results, the physical properties of testing product were desirable for
spraying.
2. Development of benomyl resistant transformant of the CS-626 strain
This experiments were designed to improve benomyl resistance and
pathogenicity in V. lecanii by gene transformation system.
A standard procedure of protoplasts isolation was established using

commercial Iytic enzyme. Maximum protoplast yield was obtained when 0.1~0.2



g of 20 hrs—grown mycelia was incubated in a mixture of lytic enzyme, 10 mg
dreselase/ml and an osmotic stabilizer, 0.6 M KCl at 30C for 3 hrs.

The plasmid pBRG-4 contains a 3.4 kb p-tubulin gene originated from
Aspergillus flavus which 1s resistant to benomyl. Approximately 1 ug of modified
pPBRG-4 was introduced into the protoplasts by treatment with PEG (Polyethylene
Glycol). Transformation experiments were carried out three times and 85
transformants were obtained.

Integration of the transforming DNA into the genomic DNA was confirmed
by PCR amplification and Southern hybridization. The primers used in PCR
amplification were designed on the basis of specific nucleotide sequence of the
altered B-tubulin. PCR fragment, specifically amplified from genomic DNA of the
each of seven transformants, was not amplified from that of wild type. For
Southern blotting, a PCR fragment amplified from the plasmid was used as a
probe. Hybridization signal appeared on blots of transformants but not on that of
wild type. These results indicated that A. flavus PB-tubulin was successfully
integrated into the V. lecanii CS-626 genome, and consequently the CS-626 should
be transformed into the benomyl-resistant strain.

Finally, characters of these transformants, including germination rate and
growth rate, were compared with those of wild type. All transformants showed up
to 90% germination rate. The T14 and T65 exhibited the highest growth rate on
PDA medium containing 50 g benomyl/ml. The T4l revealed the highest growth

rate on PDA medium lacking benomyl.

3. Test of control efficacy and use of the CS-626 strain
For the test of control efficacy by the CS-626 strain, we carried out total
five greenhouse field trials using the MPCA (Microbial Pest Control Agent) or the
MPCP (Microbial Pest Control Product) of the strain in Suwon and Buyeo. As a
result, mortality of whitefly scales was high (70~ 92%) in both of the MPCA and
the MPCP. Also, phytotoxicity was not shown in the final MPCP. When the



application of the strain was repeated one week after first application, the control
efficacy was durable in 3 weeks.

Densities of whitefly adults in plot and tomato plant, and of scales in a
leaflet of tomato were examined as biological factors related to the mortality by
the strain. Temperature and relative humidity were also investigated and analyzed
in the greenhouse as abiotic factor. Different density of whitefly in higher and
lower leaf shelves in a tomato plant caused the different control efficacy in each
leaf shelves. Spatial distribution of whitefly scales in a leaflet was changed from
regular pattern to contagious pattern in relation to the increase of density of
scales. Increasing of the density of scales in a leaflet caused the decreasing of the
distance to the nearest scale, and the decreased distance between the scales might
be a factor of infection by the second conidia during the log phase of the
mortality test. Temperature and relative humidity were fluctuated severely in the
greenhouse fields. However, the environmental factors were not restrictive to the
high mortality by the MPCP.

In consequence of the field trials and bio—assays, we proposed the effective
application method in the spring cropping season of Buyeo, the chief producing

district of tomato in Korea.
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1) FAA w)

B Ao A1gE V. lecanii CS-626759] AR A (5x107
conidia/m¢) 5 ml< 100 m¢2] PDB(Potato Dextrose Broth)7} &#%® 47z Zgk~=0
HFske] 25T, 200 rpme] WSz A o= 20417 wikslint wig e NFHZE AL
&31o] glass fiber filter2 ZA#] o ds W 1 filtero] AH T TAAE FES A

A% 5 Aol Agaelth

{1

O

2) 84 AA

CS-6267529] A Z25E protoplastE #| 2317 A 4
He E4E ARSI 2 Aol AMRE 249 TR s mg lysing
enzyme/ml, 10 mg driselase/ml, 0.5 mg cellulase/ml, 0.1 mgB-glucuronidase/ml, 5 mg

pectinase/ml, 10 mg chitinase/mlo] 2™, 0.6 M KCI& A5 <HAA| = A3

Zk7bol g ag 99 wEe #AMA 02 g, 06 M KCI& &33te] 5 me] whg&ds
WHE 3 77 driselase®t lysing enzyme< 30T, cellulase®} B-glucuronidase= 3
7°C, pectinase®} chitinasei= 25C shaking incubatorol A 50 rpmo & 3A]|7F&E<E W&
shAth g8 9S muslin filter2 AXY HA7E 23 & oJygAe 1023 94
#2](1000 x g)3te] protoplast?] pellets T390, 5 M A4FHE FAHAE

7hate]l AlH AT o]lE wAl AR & &AS WEal pellets 1 mo] AFY
StAA 2 AEste] ¢4 A7] T hemacytometer® protoplast®] 2 Alo] Z+ &4d
protoplast A4 & ZA}3HA

3) Driselase A% T4

9] A@ellA protoplast A3l 7FF &A1 4R FHE driselase®] &
S22 mg/ml, 5 mg/ml, 10 mg/ml, 15 mg/mE 3tal, Tt E A4S 919 A3y HUA
gko] protoplast 44 F& FAbete] 7HE Adg 349 =5 RS ts AF
of A-&staArt

4) A5 AZA A

ProtoplastE ¢FgA|717]o] A3tsl AFQt okgAE Addsr] $13] 10 mg
driselase/m{ ¥} 0.2 go] TAHAIE Z7Fe] A<t EAA1(0.6 M KCI, 0.6 M MgSOy, 1.2

M Sucrose, 1.2 M Sorbitol, 1.2 M Mannitol)9} &&3ste] o AdzxHez H33}

o] protoplaste] A & ZAFSF T
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5) &4 ¥k& A A 79

A7t FAA el disiA S-slttar B E lysing enzymed} driselase]
Hjok A 7S 7838l 7] 98] 5 mg lysing enzyme/ml, 10 mg driselase/mt3 0.1 g9
A & &%, d94121 ¥ 30T shaking incubatorel A 50 rpm¢ HE= 1, 2, 3,
4, 5A1ZF Fek ZZF Wb AIZl & protoplast A FE A

6) Mixd F=o m&
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4 om gelgel g #rE A%E #E d4Hon ddes] dAdE 944
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1) Verticillium lecanii®] genomic library A2 2 promotor &2
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Prl promotorE #2]37] ¢ PDB x| 15Y7 A vkt V. lecanii
9] genomic DNAE F%3F t}& A3 271x Ada&A EcoR1¥ BamHl1o &2 247}
28l Lambda ZAPol &Y 3l genomic libraryS #| s}t promotorE
gal= DNA ©3Ho 3tn e} 3918 93te] Lambda ZAPY sense primer(S1)$ Prl
9] upstream H-EollA t]x<elE anti-sense primer(Alicaactctgecgtagttgg) S ©] 83}
o] 9o A ligation® Lambda ZAP mixtureE PCR 539 tHPCR program: (i) 9
4C 20sec (i1)94C 20 sec-656C 1Imin-72C 2min: 30 cycle (iii)72C bmin). =3+ ¢
HEAE H7195se] PCR S3%f5¢ %% DNA @3¢ A7]E A b 5
DNA ©e] =717} 800bp ©]-do] 5
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2) Promotor @714 4 ZA}

pBRG-4 vectorE Ndelo & A& 3to] pyr-4 Ao e s FES A
Agt & vectordttol TE BAA T-vectors A&t 12 A¥® PCR @HE
T-vectorell =YAIZ1 & E. colidl transformationd}1th. promotor’} =% &=
A3t F2 Adsty] el Eo] primerE A Z3AT}. sens primers T-vector 9
71EE vt oz A 25 ov) anti-sense primer= RACE product®] 5° F-Fof A
tzkelste] Azttt ol @ primers ©]-83to] PCR %38k promotors
T FES 30T § e T3 promotor F-9 FUIAES el & dATh

3) Shuttle vector A%

Pr19] promotor’} ORFo| 2ul=2 A AZE |2 vectorfol <A s]ofrt
A 7lsE 29 & ok webA Prl ¢ promotor i3 ORFO d7|Mds A
Fol oF ware] Hglo)] e AFE AT ApaldS Fe1E AT Vectors: AdFas
Apale 2 2X7F A& & CIPE 1A%t 283t self-ligationeS A3}t ORF=
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38 vectorE H7MSHE & Ao]FATt Sl ¥ 3023 AAAII F 2mle] T2
PEG €98 Y1 4204 1587 A2 3te] vector’} protoplast ¢te =2 AP H ==
stATh 919 WE&AE 4] AHFE b Al (0.6M KCl, 50mM CaCl)® 3]
H05me AHEQt ebEAS 4pg/me WI=EE FHsh= PDA AguA o] =wd &

25C Hjd7)olA 7~10€7F Bl%3F colony AL 31t} Protoplaste] WolE

_13:
>
N



2 ) ulf <] o] A

4ppm  H %=

aff -]

&%=7F 4ppme] 7]

L

L

A 2| A7)

™
BX B o T
S e
® oo m A r o
§ T ek iy G
1= ) — X -
- " L Mﬁ WM = m T WO mw Bom ® K oF
ol im@ o o= 5 = o %1@@&@%
BH ol ' 5 RS + = 4 < o X ,D! X oo o
NE W o~ 0 C..ﬂ D~ =0 1% s o
= Wﬁ oo " s B OoNe X9 o 3 o = M
—_ = 9
& e oy < m N T W o ol S A
= o ol P % T P oo oa A b ow ¥
e Tou_ ® = %m@g_ﬁh FoE M
< W oy ™ & T -0 ™ of = 1 B d oo T )
= = T = ~ ° g o T LA
= © L).A_ B BF N o XK o= jo
g =2 2 > m_xm_mmﬂwlag & eer%
—_ —_— )| ——
= S & 7 o L o X & ® =T Do <
o) dl -~ —_ ol K — gy v
7 S - ¥ <X o T EN
T T W= P L 2o M o X
) wm 9 N Plo I o| X
o . AR - S o~ M T oo VI ~
A ™ o 1 ~ o = D oo o Moo X X z N
Gl = T r o T Y = - L
T o~ oM = dI LN T BN E A
6 w_ " uo 8 ﬂM%Mﬂ%%%Wﬂ@
o L ~ [ 0 [=1
s 2 = T e GRS DR A !
N o Ml o8 09 =~ . < B Ty o B s
ol o . 53! iy = MV . Ela iy _ o oo o }ol = \WH i Mo_l
oy iy o < & i = mm Mo TR woE 4T = ow Eﬂ s
Wz - 8 9 w X o = o Ao o B
G Y no& A B B o T R oG woE
g N S wo® B o & g o H e
B g = L — R i w o =
g P e BT %@%ﬁh T oo
g D 7 LTI o X T 5 O oo oo Do A
2 n_Vu = mm ® T o oF T R @ w = o}/ s _Zﬁ
2 Wy o L x5 N oF 5 7 oM R
S e RN Bn o oy T — O Mo AR R
3] o = N B Ko B T o T o
J S S E L5 &umu.%ﬂﬂgﬂgﬂ
z P w7 5 & R o N N E b o o W
= B S W q U Ew ST o 2 T oo T
) N I T = X0 . o N B H in
14 < g KO T S 0 o — =
= ,mﬂ n ;oo —_— 1 B P ﬂDl
o o 7 % T A SERLEEN! I xRN R
Ptz PD DELsERETiCK
o R do Ja S o &
A Y gy o Tk
N EL Mo T



shol ey

S

of o

=2

o

TE A, 25 AN

ATAHE] CS-626

=

1

9
yul

Sl A= o] 7]

o
&

el

2 o] FoHtH(Table 1).

82

A}

EigE

%

3} o

]
&

L
=

o

<2 7} o] (greenhouse

2 20004 6-7

A A 9

¥ ¥3AA
Aol A Verticillium lecanii CS-6267F<¢

3

7} CS-626 9A 9 &

ol

4 %

Z o
] —

Hr

whitefly: Trialeurodes vaporariorum)

o EohE(

Fe-2s A A o) A A

e ok 100m” (HE T+ EntE 305)0| i A

©

) Al

o

R

=
=

+

gl

o}
_50

o

o]

—_
o

I

23 g H4(0.01% Tween20, 1% Soybean

ﬁ‘

1.5L&

.

1

4 we, B

S

47].
2ol

S
™

=

=

-
st

N
X

S

R

]2

&

= =)
= T

ol 0.01% Tween20 8N (1% Soybean oil)=

Ao, oz

9

1x10° CFU/ml #%<

R

EnE F4 100ml® A g

=

=

A 2] -

oil) 2L

gt

ojp
N

H
Az

ool

HOBO(Onset computer corp., USA)

o

o
XA
el
Ao

el

X

43v}e] 9] 8417k o]

&

R
o
&
T

B

o
N
B
ol
—_

Tor

o
o

el

ato] Ak

[€)

Q

[€)

ol
2] vl

[e]

=
3L =&
=,

213 (Raymond 1985)
Ad, EntE

3T

LS|
5 =

2l (Abbott 1925)3} Probit #

o

L

Abbott



20m® (HE]+d EnE 205)0| %

=
=
20cm) ez WEEME(ESY - Aa)E Auedv. s 2R E LA 4 W

by
o2
©
2
=5
£
f

= =
Wow yAdgas Auas, 157 Ao 28 BEALan A F edslTol
HF SAEAAT G EvhE 97) SARAG AHEY £A4E WAsAT

. CS-626 AA(s3A)e] £5A2 54 R 4359 £3HA
CS-6267t52] AAe] TAHA A2 2dx2002. 4-7¥, s 33z
(2003. 5-64, Fo) F Wel Z2A A=stdlov, 2da Aol = A =il

=
FA @ol ofsl R ofEo] st FdHQl HAOl o] FAAA kgt 3ol =

o2 FAFAH

T} CS-626 59 &5 4TS A= AEFH &<
XA CS-6267F Tl ol gk 2A7FFole] WAl g3= o
FE 2 Ao AEH 5 Tl o3 Wolrt AA dErE F vk 2 AFolA =
EvtEe] FF& ATy UEErER HANHA TAUAANGS FAste] WA
EHE v FAEA T 2y 2 AFoA CS-6267 ] AFHe S WA=
FTHAZ ZAL o] Fof AL a5l 2ATFFo] o
2 43 BEA SA AT
1) 23 4 EfE FUd A 247170 F9 £X X
CS-626 g EvtE FUdi] 2A7MFo] AFe] Bx G
of wmal A% &zt o)zt 9l
A EvtE o F4E FAAHY 60~120cm)T QA 120~150cm) o2

N
il
M
-

A

i

Ae 2AME BHoR 1datel 49 92 24

b



I AFe] U, CS-626%

1513

SA7FE]

Aol

S
el A

atof, 2

5]

51719
£
]

°©

a9

WA &

=

=

ZA}

=

=

Fol7b =~

A
5} (2001. 10 ~2002. 5¥) AgHE M= v

o

CS-6261t 9]

el

94

A7 o

23!

uj

p

q

A
]

(B R

°

Zpo] o F-Z SASE FA

= =
o=
7}

=

AF
=

LR

&

tel Ql9)x oz 14

<

9 10mHE . =Y
2-38 A71Y w CS-6267F9 EAAEA(1x10° CFU/m)S EF3 g

R
R

)

] 2] -l

s

=
T

552

FSATHSAS 1988). &4%-A 8 A3 &

o

SHEE G

il
CS-6261 9]

9 Eax

=
o

2) BEvtE 2duolA £A7Fol o

A} A o

T

kel
Rl

/lg 5

1E13
=

]
=
el

7

™
_&.o

<

=
=

o] Mo u}

T BRE &

|

FolA el ZApsh tlEe] Bt 4

ol
TR =

oz ]
H

<3|
=4

&

-
X

3t

9

b1 9

©

ah

9

o]

a7l

hvA
-

e

ﬂwﬂo

o}
N

Ao

or

<
T

=
=

 EVE 33 A2 o

Z o
- —

i

o
a-

K

o)
BT
4

—_—

W

-

bol qw

©

¥ (Nearest Neighbour method; Clark and Evans 1954)°] 2]A

7o) %

L
.

ofpy
o

o

A
il
N
Ho

7K

b

ﬁo

N

w9}

1

=
=

o 2dul =

3

1x10" CFU/ml& 2323

€} of
|

ol CS-626 #F¢ EA-

CS-62601 ¢Jg °f



MATW ANAESY FHEEXEE F34  EX(regular pattern), UJF3E
(random pattern)®} 5 E X (contagious pattern)® =ZA F+E=H = Ao MWA7F &
A Aol BEF = FHEEA E(spatial map)E zZrar 9o 1 AT e

-
ZAbste] REYES SAT & Atk (Krebs 1999). o]¢F e &

g = ARG B4
= wdem  Ag  AE Aol Clarksh  Evans(1954)9]  HwA 54

(Nearest-neighbor method)e]th. XA Z A A4 G o] &8t shbe] A
ZFE 7P AR vE AR e AR Bs At & ol

= Mean distance to the nearest neighbor = (3 1;) / n
Clark®} Evans(1954)%= ofefi e} #Zo] JfAwe] "WEE ol &3to] A 71HakS A
Ahekala

= Density of organisms = Number in study area / size of study area

re = Expected distance to nearest neighbor = 1/2+/p
o5 3ot TAlske ALY EE Fo] delExoA dviy AXIE deTHE
d e ASATFE 72 7 A

R = ra/re = Index of aggregation

THA Exe JiAEC] M et 4 AR deEA Exee @
B2, A9 Retel 2150 A8t 545 BT 134 Bxe 249 &7
atoll A= AAE3rol A FldAYem Qe Z2F MAZE 478 A= Alterritory) S SR
1z A2aded A7 el A e
TxEol v FuHzE FyHor o]FF XY (binomial distribution)s wWE4 A
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AFgke] freld2 Bw FreA H2AY 78] &

z = (ra - 0)/ S;
z = Standard normal deviate
S; = Standard error of the expected distance to nearest neighbor

= 0.26136/~/np
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7}. CS-626 #F¢ A v %

1) WIF=zA

=% % pHe dF PDA Hdu) gl 55 g3t A3 Table 1
oANA K= wpel o] 23 Tef 26 ColA HAGAYHS Bygen, 30 ColAEs AHol
o7t WojHal 35 CollX= W3 AFstA Estdth



@ 27) pH 40914 o] Aol Azstgon 25 o 28 TolAE pH 50 o) 4
% ngod 1 Aol A YEuA @tk oled ARz 1z

2 Verticillium lecanii®] w %A o] ALEHE

o

Table 1. =2X¢} pH7} Ao v A= A FEFA74 0 m)

ex T ek
4.0 5.0 6.0 7.0 8.0
23 17 20 24 24 23
26 20 22 25 23 23
30 16 16 19 19 19
35 No Growth
2) 944
Sl g3 kel AlEE Bagor AR o] & HolAdS

Table 29} o] F&FFFo] 67.7% A W ANl HAYE Hol o]F e AP
L

#mle] B9 Table 304 Wiz vbs} zFo] 24A3tS =%S 4% AU AT FS
Bolowt 124)7ke] Aglel Aol ztel7t glo] o5 AdolA 1243k 483kl
G AIZE2 121T A 1589 45 ZE Aol Aol dojsker 6023 9022

Aozt M QQloms oF AN 0% At

X
i
el



Table 2. F&3reFo] ALk v A& F3F (HA)
Rice straw Seed Water content Spore conc.
(g) (ml) (%. w/w) (x10%
50 5 52.4 142
67.7 173
75.6 124
80.4 40
Table 3. dwvje] EfAIZF} At AIgke] F3F
EHAIZE Al 7 Spore conc.
(hr) (min) (x10%)
0 15 -
60 54.9
90 52.7
6 15 -
60 1239
90 130.1
12 15 -
60 150.5
90 152.6
24 15 -
60 157.2
90 155.8
de] FRFBEAL A4ste] 74 Badze] TAANBL va 49 2
7 Table 4¢F #Zo] WA HPo] 7M 3t om GA= Axg d3E BT
Tt wge AuEgel Fu TR BAgel gdom wye sehrete s
o= Aste] @R AN HusF BEPShHE F3 A2 gprel ot 93
SA HAS ATt S agste] 2 AAGe] oA EYgh dn) g
WA 7hs e APshe,
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Carbon sources Water content Spore conc.
(50g) (%. w/w) (x10%
w4 67.7 166.5
a7 67.7 171.0
A 67.7 58.6
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Table 6. 71242 9

Organic nitrogen sources gram Spore cgonc.
or ml (x10%)
Control - 157
1.0 158
Soybean meal
2.0 165
3.0 159
Yeast extract 0.5 161
1.0 165
2.0 170
Corn steep liquor 0.2 159
0.6 165
1.0 164
Table 7. 7144299 9
Inorganic nitrogen ram Spore conc.
sources g (x10%)
Control - 156
(NH4):HPO4 0.4 153
KNO3 0.4 162
NaNOs 0.4 157
NH4NO3 0.4 166
(NH4)2SO4 04 106
NH,4CI 04 164




Table 8 T&ol29 g

Metal ions gram Sp(()rxel (;%())nc.
Control - 154
KH2PO4 0.2 162
KoHPO4 0.2 137

CoS04 0.1 48
ZnSOy 0.1 155
CuSOq 0.1 88
MgSOq 0.1 143
FeSO, 0.1 97
MnCl 0.1 160

. CS-626 w59 BA v &
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o AAE AT

1) REAAE

AAE A BEAE Adstr] 9t @ol AFgHAA = F&A4 E4kAl
FAEC x| 7] ol tigh S FAbstr] feke] gk wi Ao Zhze] A
< 2%E Agste] Wold A &S A A¥ Table 9914 H& wief o] F&A
= TERWET10047} M e Aoer ddEfoen EA4kx ﬂi Teric168°] 71
st ot EApEroLo A & o] Eof ARgo] vpEAlEkA] X Aom Ak Hvh
A 2% Bentonite, Celite 281¢] ol A &o] 717 %019“/} Celite 281 Zo] 7}H]
T oA EFe FEE o AEHI

—

[o

=

o ol HE ol

o&ﬁ}oi

Table 9. R ZA|7} ZA}akolgo] v x]E= o3k

o8 %
A 8 hr 12 hr
control 92 94
oAl TERWET1004 ]7 91
PVP K-15 83 85
AEA TERIC168 85 36
DISPERSE 101 81 81
= A Bentonite 90 92
Attagel 40 87 91
Celite 281 89 92

3) AAIF A=

AAujFEe] TAAZE F HAE TAGHFL 31x10° - 12x10"cf/ g A=
FEol At
AA ] 25 Fusta ALgAde] Hes fste] AT HEY Fo AT F
=2 10" - 10°cfu/ ml2 2t57] 8] AA T 24 FFE 20%2 FAsAT
A BAES BYAS A FEs SHsdon HFAAEFS AT
Table 10914 Hi= wpe} o iAo 32 w5 w3k FEojglen] 8%
71591 325 mesh(95% up)E 471 8t air mill2 & &3} F433 ).



Table 10 A AZE A Z2] A

Ingradient content %
CS-626 20
TERWET1004 15
White carbon 15
Dextrose 15
Celite 281 rest
Total 100

2. CS-626 59 WAA FAAE #5F AT

7}. Protoplast A Z71& &
1) & AA
Zkzke]l g4 HEE &4 e W protoplast A E&S AN A
driselase® Al&3tRS ul 7F4 %2 protoplast’t AAES & & U

cellulase®} B-glucuronidase® AME319 S wl= protoplast’t A& AA =X ko).

il

E3 driselase®} lysing 45 &3sto] w338 A7} protoplast WA E&o] 23]
driselase’t WHE;E o wrp Axsddh. ol A3 vFo] & v driselase’}

CS-6267 2] FAFAIZHE  protoplastE A Z3}7]0 714 AHge a48 Algdh

Table 1. Productivity of protoplast according to type of enzyme

Enzyme No. of protoplast/g
Lysing enzyme 150 = 10°
Driselase 6.11 x 10°
Cellulase 1.39 x 10
B-glucuronidase 278 x 10’
Chitinase 1.25 x 10°
Pectinase 0

2) Driselase A= 749



Driselase @49 #3t3t & THel7] YA s protoplast BA T
B A 15 mg/ml x4 7+ B protoplastZt A E A2 10 mg/me

W w2 Apolzh YU AALS A & W 10 mg/meo]l AT =Y

ﬂllﬁ.l

il
BN
>,
:’013

-

o}
=

k%)
R
F

o

¥
%0
22
)

Table 2. Productivity of protoplast according to concentration of

driselase
Concentration of driselase (mg/m) No. of protoplast/g
2 1.8 x 10°
5 3.1 x 10°
10 6.2 x 10°
15 6.4 x 10°

3) AFYg HAHA AA
CS-6267 2] protoplast Az 4
TH AEY ot A et Agst Az 06 Mo KCIS AMEsaS w 713

B M¢] sorbitol® mannitol®] A%+ 5

of Aget AHE HAAE ALstr] flEA

%2 protoplast7t AAHES & 5 AUk 1.2
x 10° 71 A=< protoplast Aol A o™, 1.2 M9 sucrose= A<l protoplastS
QA FEeldy. AEX oz B AFgS FIA 06 Mo KCIZF CS-6267 9

protoplast®] AAtel 7hg A AAS o 5 AU (Fig. 1)



8 I:I 1.2 M sorbotol
b 1.2 M sucrose
8 7 L XY 1.2 M mannitol
19 B 0.6 M KCl
~ E== 0.6 M MgS04
e 6 o
o T
o
o o T
Q
> 4+
»
o 3+ ==
)
B 20
—
o 1+

0

Sorbitol  Sucrose Mannitol KCI MgSO4

Types of osmotic stabilizer

Fig. 1. Effect of osmotic stabilizer of the release of protoplasts
from mycelia of V. lecanii CS-626 when 0.2 g of mycelia were
incubated at 30°C with driselase.

4) &2 93 AP At 7%
Protoplast A|ZRWE-g-ol &4 WES A2 AHES 7937 YA 01 go dTAHAE

59t driselase® WS HE IS u 71 22 protoplast7} AA = AT 3A17F o] Fal

protoplast®] 7} #HAsheE @ide] Uetstom, dAMAY o] FMETE AT

protoplast= % 7FsFA1 9 0.3

Fo] FAMA R lete] wkg-golo] AT T3] oY 1o we} protoplast 7|7t
01~02 g9 TAMAE AHESIAS W= WE&He &+

A3 E¢o]l Golstw L wAdF A7 protoplast7t A EH Ak wekA o]

A7Z B o 01~02 g9 TFAMAE driselase &4} 3417 wkgE o

protoplastE A xT F+ AS5S & F AU} (Fig. 2)
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3.0

—e&— Driselase
—O— Lysing enzyme

Protoplast yield pgr(x1(f)

Time of incubation (hr)

Fig. 2. Time course of the release of protoplasts from
mycelia of Verticillium lecanii CS-626 when 0.1 g of
mycelia were incubated at 30°C with driselase or lysing
enzyme in 0.6 M KCI.

5 W= HXd W& protoplast A4

Hx=ES 0 ppmAF-E 9 ppm7bA 10 /1Y =2 923 PDA plateo] <A

Ao A AAs wHoz A ZH protoplast® 1x 10" protoplast/mle] EEZ 100
=23 protoplastd] S AAsE WL FEE XA A3E Table 3.

of Yt Table 3914 HH & 4 9l%o] Wl F% 4 ppm 7E plated] A

protoplast Aol A A ge] ATt o] d A= fig. 3ol SAstA #E

AM, dddgE Jd5E AES 1 Ve vE2 Hxd 4 ppme ARSI

)
o

Table 3. Protoplast regeneration according to different concentrations

of benomyl



Concentration
(ppm)

Regeneration
remark




Fig. 3. Effect of benomyl on the regeneration of protoplast of V. lecanii CS-626. They
were grown on PDA plate containing various concentration of benomyl ranged from 0

to 5 ppm and were incubated at 25°C for 7 days.

U HYAAFAA EYs B A4S

1) Verticillium lecanii® genomic library A& 2 promotor £

Lambda ZAP?] sense primer(S1)¢} Pr19] upstream F&EoA tizxiel=
anti-sense primer(Al)E ©o]&3sle Zt7te] FEE5S PCR S5s3I ¢ 29 23
EcoRIC. 2 A2k S &4 1000bp ©]7%e] dHEc] SFHAGS AT = A
Pr1¢] 5° RACE ©¥#& probe® 3} promotorFio] £l Ao wE FAHFE o
HE+S southern blotting'dH-& o]-&ste] =H2lstth. Fig. 4e14 ¢ o] EcoRIS %
Ag]st FE2oZFE PCR FZ9 o 1200bp ©HoA promotorf-#£ 078 FAH L=



EcoRI BamHI

Fig. 4. PCR %% Z&% RACE 5°]#<l probeel 93] UEE Southern blotting

signal.

2) Promotore] @714 a8 ZA}

Promotor #4829 97| <E-& auto sequencer® FAMEIHE-S wl 782bp X

of = Pr1e] /Al ZE (ATG) 9 -193bpellAl  TATA BOXE #1d + AT

1 AGA CCA TAT GAC CGG TCC ATT CTA TTC AAG GCT TGA CAT ATT GTG AAA CTA TCG TTC TCT

61 CAC AAT ATC CAG GAA AGC TAC CTT CIT TAC TTG GIT ATG ATT TCC AGT TCG TAG TCC AAC

121 CAT CGT TTA CAG ATG TTT CTT ACC GIT CCT ATT GIC TAA AGT TAG CGC CGT CAA GCG TAG

181 GTIT GGA GTA ATT CCA CCT TGA CAT ATT GTG AAG TCC CGA TCG GAT TCT CAG CAT AGC TAT



241 CGA CTA CAC AGT CAT GAC

301 CGC TTA CGG AAA CTT ACG

361 CGT ACG TCC CGA TCG TTC

421 AGT AAA GAG GCT CTC AAT

481 GCA TGG CTA CGT CCG TCC

541 CTA CTT ACT AAA TTT GCC

601 CTA CTT TAC GTA TTIC ATC

661 TAC TTA CTT ACG ATT TAC

721 TCT CAA ACA TGT AGT CGA

781 CAT GCA TCT TAG TTT CAT

AGT

CAT

GAC

TGC

GCT

ACT

CCA

TTA

CTG

CGC

Flg. 5. Transformantol] 4 #<ldk

NAZ=2 TATA box)

3) Shuttle vector A%

pBRG-4 W] promotor Z¢rel] Pr1¢] ORFZ

= A #sF9 et Fig. 62 82438 vector, pBRG-4°l 4l

War 3l

CCA

GIC

AAC

TTT

GIT

CTG

ACT

TCT

TCA

TGC

AAG

CAA

TAC

GAT

ATA

ACA

AAT

CTG

ACT

TCC

TCC

GIT

ATC

AAA

TAC

ATC

CAT

Promotor

GIC

GIG

ATT

TCC

CIT

GTA

TTA

AAT

GCG

GIT

GCA

CTT

AGA

ATT

TCA

TCT

GGC

GIT

CTC TCA CAA TAT CCT TTA CAA CIT

TGC TGC TTT TCA GGA CAA AAC TGC

CTC AAG TAG TGA TGC TAA CAT CTA

TCT ATC GAC AAT CAT TAT TTG GIT

ATA TAA GTC AAG CAA TCG TTC TTC
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B-tubulin gene

B-latamase gene

promotor of Prl ORF of Prl1  Terminator of Prl

Fig. 6. 84 Ad3-8& vectorql pBRG-4°] 443 Prl genel HjA.

Transformantol 4 Pr1¢] ORFE PCR Wrgoz HEFAHo g S o
Fig. 7914 ¢} #2o] ¢F 500bpe] ©@A-S &A&d 4 AT}

Fig. 7. Pr1¢] ORF RACE productel ] ©A}¢l3t primer® PCR ZZ3}o] °F 500bp

o] wA &l (M: size marker —W o} 5-E 125bp, 564bp, 2027bp, S: screeningd
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Fig. 9. Southern hybridization analysis of V. lecanii CS—-626, transformant T14 and
T65.
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Fig 10. Inhibitory effect of benomyl on spore germination of V. lecanii CS-626 and
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trials for the control efficacy of the V. lecanii CS-626 strain

on greenhouse whitefly (2000~2003)



Plant Temp. T
Year Site R.H.(%) Tests
(Planting)  (mean+SD)
Jun. 2000 Suwon Tomato 28.3£6.7 72.9+33.6 Mortality of scales, Adult

Mar

Mar

Jun.

(mulching)

. 2001 Buyeo Cherry tomato

(nutriculture)

. 2002 Buyeo Cherry tomato

(nutriculture)

2003 Buyeo Cherry tomato

(nutriculture)

17.0£7.8

15.0£7.9

22.5%6.0

densities in leaf strata of a

tomato

66.5+22.9 Change of whitefly adults

density after treatment

87.5+14.6 Spacial distribution pattern
of scales in tomato leaflet,
Control efficacy related to

the whitefly density

78.3+22.3 Mortality and control
efficacy of the MPCP

Fig. 1. Photographs of the greenhouses in which the field tests were carried out
from 2000 to 2003. A & B: Suwon at 2000, C~H: Buyeo at 2001 (C, D), 2002 (E),
and 2003 (F-H).



7b. CS-626 9A9 &4Fd FAA

T g AAAGANA 27Tl CS-626 AN 13 T
A Ay}, LTy = 583(8)ol A 2m(95%A41 3] 7t 584~593), 45 HF&2 E5H
2] 79kl 69.4+105%5 YERAtH(Fig. 2, 3). A3 4 77 F
o Wt Astgdoen 53], w7 St 30T oo o] A&HA oy d =
AA o 70%9 HEFE&S dERN S CS-6267
k= Ak
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Fig. 2. Scales and adults of whitefly infected by the CS-626 strain in tomato
leaflet.
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Days after treatment

Fig. 3. Mortality (%) of whitefly scales by the conidial suspension of the CS-626
(June 2000, Suwon).
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Fig. 4. Density of whitefly adults in higher shelves of cherry tomato plants in a



greenhouse. Temperatures are 17.0+7.8C, and relative humidity was 66.5%£22.9% at
the first application. Arrows: application of conidial suspension of the CS-626

strain (2001, Buyeo).
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Date (2001)

Fig. 5. Total number of whitefly adults attached to sticky traps. Arrows:

treatments of conidial suspension of the CS-626 strain (2001, Buyeo).
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Fig. 6. Comparison of phytotoxicity test between the application of the MPCA (A),
the MPCPs (B, D), and the chemical pesticides (C; buprofezin and furathiocarb).

A: clean and healthy, B: severely injured by the first formulated product at 2002,



C: marks by chemical pesticide treatment, D: negligible marks by the final
formulated product at 2003.

Table 2. Comparison of the mortality (%) between the MPCA and the MPCP of
the CS-626 strain”

Bio-assay Field test
DAT
MPCA MPCP MPCA MPCP
3 413 + 9.1 245 + 69 - -
5 876 £ 65 72.1 £ 194 167 + 114 448 + 20.7
7 996 £ 04 943 £ 24 84.1 + 9.7 79.8 £ 14.2
10 - - 886 £ 7.8 915 + 5.2

*Conidial consentration : 1x10° CFU/ml.
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Fig. 7. Mortality (%) of whitefly scales in cherry tomato leaflets by application of



the MPCP.
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Days after 1st treatment (2003. 5. 27 - 6. 30)

Fig. 8. Change in number of whitefly adults per sticky trap during the field test
of the MPCP. Arrow: the first (6. 4) and second (6. 19) application.

Fig. 9. Culture of microbes in the MPCP of the CS-626 strain. A: from the first
product at 2002, B: from tomato leaflets treated by the final product at 2003. All
of the MPCPs were contaminated severely by bacteria and fungi. the solution of

each MPCP was diluted and cultured in the PDA containing 100ppm streptomycin.
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Table 3. Change of number of whitefly adults in each leaf stratum after the
CS-626 treatment

Number of whitefly adult (n/leaf)”

Innoculated no. lday before 1 week after treatment

of adults treatment Higher shelves Lower shelves

Control 0.58+0.07 (114) 0.11+0.05 (110) 35.31+£23.78 (2,860)  11.26+4.84 (912)

CS-626

0.53+£0.07 (89) 0.21+0.21 (210) 26.35+10.97 (2,134) 6.03+3.85 (488)
treated

* mean=SD; Numbers in brackets are the total no. of whitefly adults counted.

Table 4. Emergence and control ratio (%) of whitefly adults in each leaf stratum

one week after treatment of the CS-626

Emergence ratio (%) Control ratio (%)%

Higher shelves Lower shelves Higher shelves Lower shelves

Control 321 102.4 0 0
CS-626

1255 28.7 60.9 72
treated

* Control ratio (%) = 100 - [(Ratio of emergence ratio of the CS-626 treated plot
to the control plot) x 100].
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Table 5. No. of whitefly released and emerged from the first releasing in each plot

No. of
No. of the first No. of emerged No. of infested
Plot plant
releasing per plant scales per plant leaves per plant
surveyed
Control” 10 2 7.17+8.93 2.00£1.91
Low density 12 2 6.92+8.52 1.77+1.54
Middle density 13 5 16.67+£17.39 2.83+2.21
High density 12 10 19.67£18.42 3.00+2.66

* Control for the mortality test by the application of the CS-626 strain.
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Fig. 10. Mortality (%) of whitefly scales in tomato leaflets after the application of

the CS-626 strain in each plot of different whitefly density.

Table 6. No. of survived whitefly scales 10 days after treatment of the CS-626

strain
No. of plant Total No. of Total No. of No. of scales
Flot surveyed scales survived scales survived per plant”
Control 12 99 95 14.8+4.1a
Low density 6 55 28 8.5%3.7ab
Middle density 6 110 61 9.4+6.5ab
High density 8 141 16 2.4+09b

" Tukey's test: df=14; F=6.16; Pr>F=0.0068.
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Table 7. No. of whitefly adults attached to sticky traps during 2 weeks after the
mortality test of 10 days’

Plot No. of whitefly adults per trap
Control 101
Low density 42
Middle density 36
High density 20

* One sticky trap (30cm x 15cm) was installed in a plot.



Table 8 No. of
CS-626 strain”

newly emerged whitefly 6 weeks after the application of the

Total No. of whitefly

No. of whitefly per

Plot
Sum. Egg Scale leaf
Control™ 1,227 810 417 136.3 + 70.6
Low density 316 525 291 90.7 £ 36.2
Middle density 676 476 200 75.1 £ 68.2
High density 289 218 71 32.1 £ 136

* Counting date: April 5, 2002; Survey was carried out in the higher leaf shelves,

34~39th leaves from the underside, of three cherry tomato plants.

“ Control for the mortality test by the CS-626 strain.

Table 9. Temperature and relative humidity during the experiment



Temperature (C) R. H. (%)

Period
Mean+SD  Max. Min. MeantSD  Max. Min.

2 weeks after the first 13.0+0.4 34.9 6.6 93.2£14 100 354

releasing of adults

(1. 16-1. 30)
Egg ~ 3rd scale 14.2+7.0 37.4 7.0 87.9+10.8 100 24.6

(1. 31-2.27)
Conidial treatment 13.0+4.9 27.1 9.0 90.9+14.7 100 31.2

(2. 28-3. 1)
After treatment 15.0£7.9 42.0 6.2 87.5%14.6 100 217

(3. 1-3. 11)
Newly emerged scales 18.3+7.6 42.5 6.2 76.8+25.3 100 22.3

(4. 1-4. 15)
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Fig. 11. Ratio (26) of the leaflets of different numbers of scales 1 month after the

first releasing of whitefly adult.

Table 10. Density of whitefly scales in a cherry tomato leaflet sampled for the

mortality test by the CS-626 strain

Plot Density of scales (No./cm?) Mean distance + SD (cm)
Low density 1.62+1.04 1.71+£0.73
Middle density 2.48+0.15 1.27+0.13

High density 3.63+0.96 0.74£0.28
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Table 11. No. and ratio (%) of infested leaflets by injection of the different no. of

whitefly adults per tomato plant

of adults Total No. of Total No. of Ratio (%) of infested leaves
innoculate leaflets infested leaflets (Mean *= SD)”

2 123 10 8.33+5.16a
5 113 19 16.84+8.43ab
10 124 25 19.62+10.51b
20 116 42 36.92+10.00c

LSD test : df=20; F=11.21; Pr>F=0.0002.



Fig. 12. Spatial map of the whitefly scales in a tomato leaflet. red point: site of

each scales; Data from 4 sample sites surrounded by the veins were pooled for

the spatial analysis.

Table 12. Spatial distribution pattern of whitefly scales in the sample area on a

leaflet

Range of  Individuals/cm®

density (Mean + SD)

Distance (mm)

(Mean + SD)

Dispersion™
(Mean * SD)

<10 72 £ 24
10~20 152 + 44
> 20 22.1 £ 2.8

" Index of aggregation, =~ P<0.001.
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Fig. 13. Relationship between the mean distance to the nearest scale and the

density of scales in the sample area on a leaflet.
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Table 13. Temperature (C) and relative humidity (%) in the greenhouses in

Buyeo during the spring (2002. 12. 31 - 2003. 5. 13)

Temperature (C) R. H. (%)
Site
Mean + SD Max. Min. Mean + SD Max. Min.
Extension
16.2 + 6.6 38.8 74 736 + 214 100 229
center
Farmer's
147 + 7.2 40.6 2.0 84.2 + 22.8 100 22.6

greenhouse
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Table 14. Control efficacy and usage of MPCP of the CS-626 strain

Treatment Description
Crop Tomato
Target pest Whitefly (Homoptera: Aleyrodidae)
Concentration (A.L) 1x10* CFU/ml

Application method  Spraying at 2nd-3rd scales, repeat application in a week

or 3 weeks after the first spraying

Application date Control efficacy
(YY/MM/DD) (%)

LTso

Field trial results

5.39
(4.81 ~5.85)

03/06/04 91.5
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