Development of Marker Linked to Diamondback

Moth Resistance Gene in Cabbage (Brassica
oleracea L.) and Breeding of Resistant Cabbage
Cultivars for Domestic and International Markets

Using MAS System
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SUMMARY

I. Subject

Development of Marker Linked to Diamondback Moth Resistance Gene
in Cabbage (B. oleracea L. var. capitata) and Breeding of Resistant Cabbage
Cultivars for Domestic and International Markets Using MAS System

II. Objectives and necessities of research

Most of the cultivars grown in Korea have been imported from Japan and
thus it 1is required to breed its own cultivars to prevent the dominance of
foreign ones on Korean market. And further it is needed to breed high
quality cultivars for the recent 'well-being’ trends since most of the imported
cultivars have the disadvantages of low quality in view of salad usage. In
2004, the cabbage seed export was ranked as the third among all kinds of
vegetables in Korea. It is necessary to breed cultivars which have good
quality, and insect resistance as well as disease resistance for maintaining
and extending the export to foreign countries. This research was carried out
to understand the inheritance pattern of diamondback moth resistant gene, to
develop molecular markers and MAS system on diamondback moth resistance
and eventually to breed cultivars having good quality, insect resistance as

well as disease resistance.

M. Research contents and extent

To identify the resistant gene on diamondback moth, resistant line(DS),
susceptible line(CT) and their F» populations were constructed for genetic
analysis using artificial and natural infestation experiments. Resistance to
diamondback moth was also checked in some important breeding materials
and 190 F; combinations from 300 kinds of inbred lines were made and
evaluated to breed new cultivars. To develop AFLP markers linked to

diamondback moth resistance gene, resistant line(DS), susceptible line(CT)



and their Fy populations were used and DNA extraction, bulked segregant
analysis, and AFLP analysis were carried out. And further, genetic map was

framed out.

IV. Research results and proposals for utilizations

The gene responsible for the resistance to diamondback moth was revealed
as single dominant gene. To breed cultivars which have good quality, insect
resistance as well as disease resistance, 26 preliminary combinations were
selected at SeedEx research station through 2 years experiments. Among
these, finally 'Salad’ and ' Sweet California’ as for salad cabbages with high
quality and 'Royal Stone’ and 'SDX81’ as for having insect resistance as
well as disease resistance were selected, respectively, and their
pre—commercial seeds were produced. On 27th October, 2005, two cultivars,’
Salad’ and 'Royal Stone’ were submitted to National Seed Management
Office for the first time with the purpose of plant variety protection right.
Genetic map was framed out. SCAR marker, Bo6-16, linked to diamondback
moth resistance gene was developed and further we tested the possibility of
MAS application of SCAR marker, Bo6-16.
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2A)
2 J. Chen¥ S. Dellaporta ¥ (Freeling M.
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DNA (genomic DNA)E= A

A Ne)
=1 T —

2]

& V. Walbot (eds), 1994, The Maize Handbook, Chapter 85. Urea-based Plant

DNA Miniprep, Springer—Verlag, N.Y.)ol| uw}& 43}
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Axparel Wi oA Axg W
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l
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=
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sarkosine)¥ & A& TS HE/F22XE F2S Assa o o]F9 DNA
AA N & A7) Chend} Dellaportad] ol wEto

2) Bulked Segregant 4

AR g vA] Ve S T F Ue

S =33t (Michelmore 5. 1991). Fy It
MA} 242 10 MAE d9=2 MAsted 7 MAEZ A= DNAE
TH(AE)2 DNAE 4o, WA 10 7HAel gk Al DNA Z(pool)
10 7HAel dd A=DNA E(pool) & ¥HETE o5 DNA 2 AFLP
3 Al DNA T3 o2 Abg-3sith 7] DNA £33 439 75 DNAE
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offt 1%
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Hol:= DNA d¥ F wizFult WA E= A KR
© WMES 2% Y. Add v AdEd dsd HAol 4EE Fr A
tstel AFLPS F3ato] A Asta o5 F3to] il =

o}
3) AFLP ¥4
7F) DNA A 8¢ &d(restriction enzyme digestion) @ adaptor 17 (ligation)

PCR % (template) &2 AH89 AHE Ps 1 % Msel 7 7HA AFaLrE
A o3 el Atk 05 pgd Alw DNA dis] 7] AdFEAE A
gt ug, zZ+ AFdas Eolz adapters 37ColAH  ZAFigate) A 71t}
Pstl/Msel adapter= Pstl @ Msel A4 F9o] Eo]lxor Agse £ 3l
adapter o]t} o]¢} Zo] AT A ¥ ool adapter’} A (ligate)d A&

2 AHES “tagged restriction fragments”gt 3t}

fol rr

W) A F Rk (PCRS )

PCRRE-S-2 pre-amplification®} A 8% Z%(selective amplification) -+ 7
2 AA g
A WA GAE o8 ZFZ (preamplification) T A ZA], A7) A& olFE ¢
Aot (anneal)dh=/d B A Q1 Zefolv] Mol F-weko] Z4Zb dhito] selective
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base“E F7tst Zetolw & AREgE Ag-ola, F WA GAE o] oduSEH
Al A AFE3E Zelolw o] 3-Trekol] ThA] 2709] "selective base” F7}sle] A #
| 5te] A Fgrs 212 Vos 5(1995)
HA GARQD |5 FA A=, “tagged
restriction fragments”9] Pstl QU2]AE 2 olgE H9o| HHZ Agst= Ze}
olm (o]d}, "Pstl Egtolm“l o= "selective base“®E "G'E F7}Eka,
Msel 1214449 9 ol Fojol ArA Adsts Zefolw (o]d}, “Msel Zet
olm”2} 3o = “selective base’® "C'E F7Fat).  du|E=Z Ao ¢ PCR
WS 24L&, 7F Zakeol® 30 ng, 25 mM dNTPs , 15 mM MgClLEs X310
x PCR buffer, Tag DNA $& &4 1 unit, ¥ 3 DNA Z#H bSngs E3sl=
% 50uLe] &Nof thal, 94 CollA 30 %, 56 CollA 1 &, 72 CTolA 1 B3+ 29

i

of 1-3 7H¢] "selective bases"& F7FA o= © &< ol F WA FZH A
9] PCR W% %428 psAd ZetolH 15 ng, Msel Z#lol® 30 ng, 25 mM
dNTPs , 10x PCR buffer 2 pl, Tag DNA T& 34 04 unit, ¥ 53 DNA 5
WE X F 20 we] SN thste], denaturation step= 94 TollA 1 &
7k, annealing step& A WA cycle2 65 TolA 1 7 F HAFE 11 HA
cycle 7FA= " cycle 1CH Ya &%oA 1 74, Uwx] F 33 cycled 56
TolA 1 27 9AsA 5232, extension stepE 72 TolA 15 7 4A

x4
A A Bk o] ZANA F 44 cycled AT S S}
th) @715 2 oA (electrophoresis and silver staining)

A7 @Al PCR =% A5 & 6% denaturing polyacrylamide gel 4Foll A
1,700 V. 2 3A]3F 30%E3F d7ldEse & AldEE 29N T EAH Y, g vt
ol Uit AF)E ARS8t NA W=s sk, 2s oHdeA light box
Aol APC films 13% ® .
o]4e] AFLP 4% F3 4% % 5 F, DNA Z(bulked or pooled DNA), %
4 %9 Al DNA A 89 3k AFLP fingerprints® 94& 4 ARz, 1 A7

2
=)

_15_



W E U OE )y

3 A7 7Pkl AwE npA WEE et wA s
2 AFLP "I#A=Z &84
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1. SCAR"}# 7

i F=E U AdAgdxter #EE AFLP mpArZE AdEw olZlE
polyacrylamide geldlA +&ldle] PCR SZ3%tty. 52 % AFLP fragment<
cloning vector®l cloning?ttl. Cloning® recombinant DNAZE heat shock <
o] &3}o] competent DH5n celloﬂ FAASst, FAA3 FH TS LB v x| ol A
719] DNAE FZ3t) Inserts 91317 98] EcoRl &4 ﬂﬁlﬁ}oi gkl st}
o] markerZ2 ABI 3700 auto sequencerZ ©| &3} d7]Hd B4 F database
search 8 gtt}, large-scale PCRS 913 ©] A<¥€S 7|22 Primer3 5 A%
A ZRIME o] &ate] Zetolw HAE s, SCAR v E 7HEgiet

4 FARAE 24

WA A9 Ad3E AFLP vEAE o8 7] 93dl & o] & o] &3t %

7 2 3 duF Fy "ol distel AFLPE F3lstal o 714 2 o
=5 =2 o] MAPMAKER/QTL % JoinMap programol <J&jf uj

T FAAE A AEAY] fAE Hela 3§ ko] AdE wiA o
o

91 F MASOl o stuAath fARAE YL ofdlsh ge P

7}. Marker scoring® linkage &4

L

AFLPe A3ds& ZE3 yeldt  zZHze]  polymorphic marker®E Al ELE
polymorphic band& #9438t s FHE = bandWhHs Fghth. Marker+=

g == Fo fa Alolol Al 7+ H 554 APE sto] band7F 3L {1l A

l"‘ir s AT AR AAAES s uEA

wAgE & o] 7] E sk

N m1o 1o Mr

_16_



1}, Data matrix

X E markere chi-square testoll 2|3 P=05 level |4 F» population®] <
AERE 27 312 A" S AMSdn. AdEAR fFAAE LS
MAPMAKER (Lander et al. 1987)& ol-&3dtol Fagt}. 44 LOD FA& A
4 3FIDNA marker €9 A#wE& ZAASI compare WHAE o]&3ste 717}
o] A#¥ markergS A4 ¢ F AAH LOD <= "3k markers9] Wi
TAE FAAAE ZAAdo 72 Fox ARt A7 A¥1FolA marker
o Mde #A37] A8 Ripple commandE ©] &3t M2 nAS H71E o
= ‘try' 8@ ol & ol&ste] MER vAE A¥IF HEve GAA el XAz
t}. Map-distance calculation (Kosambi, 1944)& 9]38l kosambi ¢ mapping # 4
o] 93] AT Aol centiMorgan @9 E ¥AT}E Lincoln® Lander
(1992)°] A5 H tying &F wAHAE UF7] 913 data set™= First mapping$
o marker?] <Al wz} vl ¥ mapping dataol T parent®] A& A<l score
of & 21H3 parental score¢l singletonse] &4 oJHE ZA}st}(Sall and
Nilsson, 1994). Frequent cross-over &5 % A]3}= singletons® WAl ZAME A
2 oo wg} FAEJT. H%E map constructione WHE-E data set® 99

A,

5. 1A A4 MASE o|&% ATA=d 75

44 FEL FA%A Bk ol A )
3 AFe el & @ 4 Atk o2 $la) A71el4 AR SCAR wAE o
gate] Thgut go] AP Aol T}

7t SCAR whA ol Agw=s Felstr] el Fo & 106 7HA] s v+
= AFsta oo thgk SCARPHAE ol&3dte] 45 ZA3E v

b FudTIgel wasky g FE NFERE AZY AES ool
SCAR vhA ¢l of & Selstn, olF 3ol ol8¥ & YA 1 A5He

2l g},
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thuringiensis)e] #H]8t= BT %A (Maclntosh 5. 1991)E & 4 9tk BT 524
= Wl FF U9 (Plutella xylostella) 52 Z3 o] BojAE 480 =),

ol Hojol ah= o] Qo Sfell A ek wpe} 2 AFxdo] gl o <)
Az S8HIZ Al o] BT E4+ vAE WA et 2¥ e (paraspora) 2=
AQA R whEolx 25 AR FF5EW Fle] &z pHe @A faja
29 Agol % @EAR FaEHH, o] dFAt S FolA He Aot
(Schnepf . 1998).
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Agol vk BH AFEL WFY AES wWm FeaE AW Hopg] W
of A wjel HFw gk Tet 4T /)] WEE DNA W Ei
PCR marker 59 A= 7 #go] 23 Q& 55¢ Fdolut #74 wolrt 4
@ FYYAQILE Aol 7bsshl Hdvh Telug FujFol sl A} Be

F 40 welslt P el AVEEL FAHNL 5 9

HEe A8, 4
= AT AATE AEE] 8 =H
MAS AdAz=8's P56t =3 AhS wol dop & = Aok A 5744
BAAESe] WAL Faho] 2 B vl= RFLP, RAPD, AFLP, SSR v}
7 Tol ofel 7HA7F AT
RFLP= Algtase] A =
b= 58S o83t DNAS Awsta 7]
et Zelehs o Fxle] DNAZL
2 Adx®E DNA 9He =7 xfolx2 HE
Meyerowitz 1991). 2822 5% DNAo] of
=d ol&d + 9= Folth 1?4‘% 34301]
Chain Reaction, PCR)<
dEAdes dEste W

-}
Z,
=
1o
Jm
o2 o
2
offl N

L jo e
hl
*x
o
Z

2 %

HEO

oN ultd
N
O gy e oo

2
At 4 >

2
[-'O

¢

(
-

(Polymerase
o] & Folell ¢]3 DNASQ
o] A OP A& o g FEEI v PCR
S o]&3 DNAS thadA EAol= RAPD, SSR, @ AFLP 5 o 7}A ¥
o] St}

RAPDWY 2 genomic DNAE template® 3}t¢] 9 - 12 bp2 #2 primerE 9|
&3kl DNAE %% v 719539 DNA band patterns £ 4 =0
73 primere] @7/ ES dol® npiro] o] &tomM wi-g theFg DNA band

T

s
ofi
)
o
B
NoorQ
éé

pattern®] Wol&E Ad& A

SSRE& 1 F%¥M 9] unique DNA sequence=Z%-E] I¢HE primerE< ©]&319
PCRell 9Jale] T3 + o F&Hy AEES e 52 idgds Ho|s
4], o] EA SSRo|A tandem repeat unit+7} th27] wj&Fo] el Lk
Ao SSR wtAEL AR e vEAS HoldA TS HERATH o] F
M= Vos 5(1995)°] 73 AFLP7F vh& TFEG vdst & W=7 o] u
Eiup w7 G Ao] FeEjste] B2 A A AR E AL AT AFLP Vs A=
Ale] DNAE Agas=z Aegste] vetvs b3S PCRE E35te] HE3st=
WHorA, ATEL AT YEvs @714 D49 zols AEsh= A

A= RFLPY €7 ¢ ZAW vdAygd WM=E HES= WHOZ Southern
hybridizationg ©]-&3x] & <3, 7}4 PCR primerE o]&3it}=
oA RAPDS} +AFSIT EE3SE ddojzl DNA WIE=S HAE3=d o= WA}

k]
©,
2
91

m&

o,

i
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Y A2 S BT SPAEE BE ST £ 9o WA B9
AE ST 5 GE ARAANE 47 o8 & Ao

7} ¢)=o] AFLPA T

AFLP A7t Vos 5(1995)°] Alzhgk & o] W& o] &ate] FxA A%
243 A, WEAd 5 2 A#d wpAo S ket Maughan
5(1995)8 (W)Y AulE(Glycine max)® kA (Glycine soja) & 53] -
T T A, AuFe] okAFel vl A vl wkom) Fy A olA
670l AFLP @ o] el wet #elstdttal Bt Tomas &
(1995)2 EvlE (Lycopersicon esculentum x L. pennellii) Fo AHE 3oz
Cladosporium fulvuml] tgt A& FHAAJACE-9¢F A wpAE 27 98
A AGAET ol Ao T Al pools THEOIA 42000712 AFLP locis 4%
om, o] F 3719 wA JF Cf-9%9F co-segregation AT  H 38T
Brigneti 5(1998)2 PVY (potato virus Y) AFA FdA¢Ry stos 3
AFLP mtAE Z7] 918 36070 o E2lMAlE 418 23 4719 wAE 2ok e
w, o]%= 2 N7} Ry sto®} co-segregation ¥ ATt &dct. Wang 5(1999)L
AFLP7|H & o] &3le] Wl blast 484 #FAAE mapping Aty R sk
Marsan 5(2001)2 AFLP maps ©| &35t S92 grain-related & 2o o3l
QTLEAYS 3 vl% At Wang 5 (1997)2 AFLP vlAE o] €3] melono o
3 FAA ARE AHAAYE Hux ok FulFol Aol M = Voorrips 5
(1997)¢] 107 doubled haploid lines ©]&3}] ¥4ul3 genome= 615 cM®E cover
3t 1270 linkage group®l 9270 RFLP ¢} AFLP w7 7F A8l FA1A A=
5 st 1 ¢ o] FHA Amel 2709 FAMAR A FHAAE
mapping 3ttt H 13t} Sebastian 5(2000)2> AFLP ¢ RFLP7IWHS 2719
morphologically distinct doubled-haploid mapping J TS o]-& 3lo] 9l
el A AEE 2HAdeth. o] Akl 547702 RFLP, AFLP ¢} SSR v}
A7F 9701¢] linkage groupsol $1X3star, AA 784 Ag s 893cMeolil it
average locus interval of 2.6 cM. H 1ol ostH o] FAAAE= EFAE 2
Aol framework#} gt}

Orﬂ

rl

L. =i el AFLPA

Fle) RN ARu FuolA s FulEe] AFLP Q7% A9 o] Foi
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A gow uFe A9 Nam$(1997)2 C annuum 1248 X33 158S
AFLP W o 9ste] 14 ®ols #A4¢ vt Q71 ARE C annuum®
TF58% C chinense®] Habanerot}o] 32 <Ql A7} il wuf kAol 9lof
o x%x}x]t X]—/HQ/] okz] o 7 /\],_9_‘61— 2= ]ﬂ- y_ﬂ{s]_]j]_ ohjr Kang(1999)—°—
annuum =} C. chinense?t2] Fy 1077H AE o]l&3to] 57719 RFLP markerQ‘r
182702l AFLP markerE ©o]&3lo] & 2586 cMZeolo 137] dA#dTFo= :[L
FHAAA =S TEAT S ol %5]1’\15 s 147t glov °kHHf9Jr
Brassica®| &3t w39 A9 SHEW & dF dEelA FHA A=

g ANl o] & H i vk T tiel A= FEA F AeA 54 ¢
AE YeidlE AAT ARATY cross22 e Fie oful g 3}04
doubled haploid (DH) lines®.2 AFLP 7|¥ & o]&3le] {14 A3 A

gk vk itk AFLP ¥4 22 EcoRl/Msels ©]43te] 3937, Pstl& ©] 43}
6771, = 460712 polymorphic markerE <AUct. ZE  HIE clone Alo]olA
polymorphic amplification product®] G+ gelolA #2139 o™, AFLP primer
3 (E-AAC/M-CTC)HH 23%% | Mprimer =39 HT 115 marker’} I o
W RAPD primer 194 4 %o A Hd 1.4 marker’} At}

A
2

Ty Oos o
B ot ok rlor

o i e,
~

2

th. MAS o33

& 71w AEoRE AFe FHAY TV 5 B AAE ALY HE
e ZEoA FF Y Tt A EEHAS B oiug AEH A
st Welso 387t Al SUkete T EAE ddE FEY FAA el
B ojEgo] Aok HZ AEFE Vs DHA gE MFHe] §F Vs
MRSkl 9lth = DNA markers ©]-83ato] HEAQ &5 WHow s4ds7]
A oy A gal e AXE = 7 Uk B FARAAAEE S
of b Ao =s AR 9 o FH FAo AW &S Folux x=¥Hata 9
ow, 54 FAAE 2249 o A HIANHOZN FF o AV AbgbA AL
UTh T Rl MASE ol &3t 3 Aol 53] yHA, Wsd 5 FAd A
1E 8 §FE 9 2u 9 B A w8 B AYEE =Y F Aok o
g BEAPAE o] &3 Ak A]xE S MASO] thdk AGtE B2 ZAEAA R
g k. 53] WA MAS Wid A+ AP FFol dEetal v
Huang® ®31(1997)e <&t ¥ 4702] bacterial blight A &4 FAAE MAS
2 o] &3to] breeding AlEo] =PIt 3l Chen (200008 A3 &2
Minghui63ell ¥y A4 FdAE MASE ol&ate] “s) A4S =4
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g Budth Stuberd Edwards (1986)% 2ol zkzF oF 19007042
e 29 Fy Jes o] &3te] T4 o] did MASY s&84& HESH.
I A¥E genome? 30-40% AHEE tlxsts 16709 9 aae] o Aol

Fdd My g8 L Yt Edwards® Johnson(1994)2 S
£% A9l e QTLs ARE olgdte] #7 A AES 489
Knapp (1998)% 9443 E3) MASS ¥&d Adhfs g, g8 @
Mol matadrh. 5717 B8 o] o & 4¢ MASE o &% F¢u
25 $HATS Awaly] s el A 1678 279 FoiE BA ok o)

=t 2}
3 B33t Bohn 5(2001) & S55 MASE ©|&3l Diatraea sppel Ul
5 = g} g ao s 1%k w30 3 MASA T

dEAel pE whAlel wae] xgo] wojgtt
3l W =W A4 A8 PCR mAE ol
1‘_—;

£5te] =d AFAFAA AHE AFS S d= d, 27 ol
AA 23bE 72 A Ee] v FAAE Jhx Al HET b A AR S
Bty ®Hastth FARAY WA AeS 429 Wid FiESdA Uiy
AJNAE =48t 92 1o A 1d fZFolA FAA O g fAaE
A& B8kl 19 AR ATE B gs dolwlal, bulk segregation& ©]-&
g AFLP #4102 wAE s Wk o2 A Ads v A7|AES uhel
i, o] & ©o]& SCAR wtAE &gk vk vk (Piao & 2004).
2 wtAE o] &t FHAA e vhdA

s 8 & F Aok #Y A AA fFHAwelo oF 75%
= °FA Halle AFdAd 2 A sourceR2HA FE
o] %’*Etﬂ 3]*3 ]*‘E DNA " E o] &3dte] oAl B =B Ajuf v <
S MAATI= FAAE A sk AT FAH A gy CIMMYTE 7
2 MASE o] g3t 7|8 #Fx< Striga spp.ol A4
)l Teosinte tripsacum +AALE HAAstL A FHAE AwE] o] dA
718 A5 Fdsa vk 2y AA7A G Sl A A= A
X 5 o ok FAAQTL; quantitative trait locus)e} &
#¥ markerE o]&3 AR Ui Ao X Qv 9= HRI
(Horticulture Research International)®l A= SSR marker 3001 71& 7)d3slo
AFE3Fal 11, Agriculture Canada®l 21318 ol A= microsatellite 2,0007] =
N ke ol &St dokar HZel deA s Holn

2
N
>
k
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X
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e
Y
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3E3-2. 20029 % wujd SRR e 2 Fa54
SHECIR LR I b R D D e
(cm) | (cm) (g) (cm) | (cm) | (cm)

501-51| SB = 7N 375 35.0 980 14.5 15.5 6.4 =7
503-51| Gob = = 25.0 27.0 1200 13.0 14.0 7.0 7
504-51| SK 2G5 7N 45.7 | 43.0 1140 125 16.5 6.3 K
505-51| TA = W= | 43.0 | 45.0 1190 13.5 15.3 6.3 =
506-51 | SQ T 7N 354 38.0 1300 13.0 13.0 6.5 s
508-51| TS 3= £ 30.0 285 1000 11.7 13.0 56 =
509-51| SP 5 | /™ | 380 37.8 1450 13.7 15.9 6.5 7
510-51 | SP-1 = 7N 28.3 28.5 750 10.4 95 6.6 ZoF
512-51| HG = & 50.1 43.2 580 7.6 8.4 3.3 =7
513-51| LB ZGE = 355 30.8 960 12.0 11.7 5.6 =
514-51 | RhO 9= | /"™ | 308 32.0 650 85 12.2 4.0 7
516-51 | RhO-1 = 7N 40.5 37.0 1200 13.0 18.0 6.9 oF
518-51 | RhO-2 = 7N 47.2 45.9 1270 11.7 15.0 6.3 =
520-51| Sco 9GE 9 32.3 38.0 1340 14.4 15.2 7.0 =7
522-B1| Sco-1 | &% | /M= | 280 | 280 830 9.3 8.2 45 s
526-51| J-1 = = 33.8 33.4 750 10.6 10.5 6.5 7
527-51| J-3 5 7 30.0 30.5 1250 14.3 12.1 6.1 7
527-52| J-3 = | MA | 336 29.5 1380 13.5 15.0 54 &
528-51| J-4 9GE 7N 29.0 29.5 760 13.6 114 6.3 = oF
529-51| DB 3= 7N 475 | 450 590 13.0 18.7 7.0 of
530-51| J-5 = =2 34.5 34.0 1050 12.0 12.0 5.8 7
532-51| DM 3 = 7N 484 | 479 650 14.0 185 6.4 oF
534-51| J-7 = M= | 30.0 30.8 800 10.5 10.3 6.3 &E
535-51| J-8 = 7N 28.0 275 970 10.6 115 5.0 oFF
536-51| J-10 = N | 404 | 41.0 1400 15.0 15.5 8.0 &
537-51| HQ @G5 e 50.5 40.0 450 11.1 13.0 3.9 oF
538-51| ED g5 | MY | 455 | 408 1180 135 14.0 6.0 7
541-51| FF gGE = 28.0 29.0 800 12.0 10.0 4.3 &
542-51| FL = N | 41.0 | 415 1450 15.5 16.0 7.9 &
543-51| FL = N | 415 41.0 1500 15.7 16.5 7.8 s
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IN [AEw| @a | w2 | D0 | FE T LA A Core
(cm) | (cm) (g) (cm) | (cm) | (cm)

545-51| FI |43l= | # | 250 | 264 600 | 115 | 102 35 | ¥4
547-51| CT | &= | 70 | 375 | 340 950 | 13.8 | 135 70 | T
548-51| FC |&3=| 71 | 350 | 355 | 1200 | 140 | 140 68 | %
549-51 | FT |[<3=| 71 | 408 | 389 | 1150 | 135 | 133 69 | &5
551-51| FE | %2 | 713 | 435 | 405 | 1400 | 168 | 137 84 | &%
55251 FP | &= | Z1= | 356 | 340 | 1320 | 158 | 135 75 | %
554-51| DS | 3= | § | 480 | 435 800 | 155 | 132 58 | %=
556-51| LG | 3= | @ | 485 | 480 | 1210 | 160 | 155 75| 5
557-51| SN | 3= | 7z | 355 | 280 | 1200 | 150 | 14.0 65 | =%
560-51| SC | &= | # | 306 | 300 730 | 115 | 120 47 | =
563-51| SG | 3= | AF | 317 | 235 590 | 126 | 103 38 | #
56551 SI | 5= | AY | 355 | 335 990 | 135 | 125 6.0 | =%
567-51| SP | 5= | 70 | 380 | 370 830 | 125 | 125 65 | =
56851 SB | &= | /Y | 407 | 405 820 | 106 | 11.0 45 | <&
570-51| SD |23|&| 71 | 390 | 430 | 1000 | 135 | 174 70 | T
572-51| SF |93|=| 71 | 437 | 450 | 1150 | 140 | 140 75 | %
574-51| TB | 3= | & | 480 | 458 800 | 15.0 | 145 78 | T
575-51| GF | &2 | 7/lY | 450 | 435 | 1450 | 165 | 16.0 80 | =%
577-51| GB |&3= | § | 445 | 440 | 1400 | 145 | 148 70 | =%
579-51| GL = A | 440 | 460 | 1350 | 155 | 155 82 | =
581-51| GG = | W™ | 405 | 355 920 | 14.3 | 147 74 | 5
581-51| GC = A | 375 | 387 850 | 126 | 150 63 | =
584-51| GR | &= | /A& | 475 | 390 640 | 125 | 176 6.3 ok
586-51| IP 92 | Y | 430 | 455 | 1480 | 160 | 17.0 85 | =%
587-51| CY | %= | 70 | 409 | 435 750 | 135 | 16.0 68 | =
590-51 | NG | %= | /A9 | 438 | 430 | 1200 | 13.0 | 156 69 | 45
592-51| KB |&3|=| 71 | 390 | 421 | 1100 | 145 | 168 76 | %
594-51 | KK | &= | 7l | 450 | 400 | 1360 | 145 | 156 70 | =%
596-51 | KC | 0¥ | 430 | 450 | 1150 | 135 | 145 68 | =
598-51| NF | ©= | & | 509 | 483 | 1200 | 137 | 142 58 | =%
599-51| JC1 | 3= | # | 485 | 390 950 | 12.8 | 150 65 | =
602-51| JC3 | ©= | A= | 450 | 463 830 | 125 | 165 6.0 oF
603-51| TS |&3=| & | 480 | 445 | 1050 | 159 | 165 5.7 ok
605-51 | HU | &= | /1= | 505 | 427 870 | 13.0 | 155 52 | %
60851 | HJ | 3= | /Ay | 430 | 455 | 1200 | 145 | 164 74 | 5
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™ |Azw| 94 | 22 S % T 7% | Core .
(cm) () (cm) | (cm) | (cm)

610-51| HM | &= | # 435 450 | 122 | 143 | 60 | %=
611-51| HMc | ¥ | 74 50.5 480 | 130 | 147 | 67 | =
612-51| HY = 7 42.3 900 | 127 | 150 | 52 | @&
615-51| AF | &4 | A4 35.0 80 | 135 | 110 | 60 | &%
616-52| AL = 9 48.8 800 145 163 | 75 | T
617-51| ALM | # B 48.0 80 | 143 | 160 | 75 |
618-51| AC | &4 | 7 41.0 740 | 125 | 130 | 68 | F
619-51| AT A | A9 377 800 | 140 | 132 | 65 | Tk
621-51| GC = 7 39.5 900 | 125 | 152 | 62 | F
628-51| Nng | &= | /¥ 420 | 1300 | 135 | 155 | 70 | =%
629-51| Nns | 3= | # 355 730 | 145 | 130 | 70 | F
630-51|Nng-g| 3= | H¥Y 430 | 1160 | 132 | 157 | 65 | &%
631-51| Nfr = 2 43.0 940 | 154 | 155 | 7.0 | °F
632-51| Nhg | 55 | H 43.1 550 | 125 | 127 | 38 | %%
633-51| Nsw | &= | /¥ 442 | 1280 | 130 | 165 | 70 | ZF
635-51| Nnsm | 5% | /19 40.3 950 | 125 | 128 | 67 | *
637-51| CJ-1 | &= | 7 38.0 920 | 145 | 148 | 70 | =
638511 CS | 3= | AH 405 | 1230 | 128 | 153 | 65 | %
640-51| CA |&+3=| A= 26.4 900 | 115 | 103 | 35 | #
643-51| CG | 3= | 7 336 80 | 135 | 155 | 69 | °F
644-51| CJ-3 | &= | M= 43.6 850 | 14.4 165 | 70 | 4%
646-51| CN | 3= | /¥ 415 | 1190 | 135 | 152 | 70 | %
647-51| Crh | &= | 7 36.9 870 | 138 | 155 | 70 | =%
648-51| CH | &= | /¥ 43.0 480 | 125 | 130 | 45 | %%
649-51| CN-2 | &= | A 305 | 1150 | 140 | 138 | 65 | =%
651-51| CU | &= | A¥ 390 | 1030 | 130 | 169 | 63 | F
65351 Csd | 3% | 7 385 | 1170 | 138 | 153 | 64 | %
654-51| CN-3 | 5= | 719 428 | 1330 | 135 | 154 | 70 | %
657-51| CJ-2 | &= | 7 462 | 1240 | 145 | 163 | 70 | <FF
666-51| CS | ¢+= | # 36.0 940 | 135 | 138 | 65 | F
669-51| CQ | ¥% | H 39.0 | 1080 | 15.0 155 | 70 | =%
673-51| CF | 3% | /¥ 39.7 900 | 125 | 135 | 59 | &%
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13 ED 7
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Green
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17 HU 4 43 Green Voyager 7
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¥ 3-6. YHiFE ou] M xgte] o AfFTH

A & A% 2 9 A A% 8
) 2h e )2k e
SDX1-1 1830 ml 30.5 ml SDX1-2 1240 ml 20.7 ml
SDX5-1 1710 ml 285 ml SDX5-2 1070 ml 17.8 ml
SDX6-1 3260 ml 27.2 ml SDX6-2 2480 ml 20,7 ml
SDX7-1 2870 ml 23.9 ml SDX7-2 2200 ml 18.3 ml
SDX8-1 4450 ml 37.4 ml SDX8-2 2700 ml 22.5 ml
SDX19-1 3800 ml 317 ml SDX19-2 2980 ml 24.8 ml
SDX28-1 4750 ml 39.6 ml SDX28-2 4210 ml 35.1 ml
SDX32-1 800 ml 13.3 ml SDX32-2 1550 ml 25.8 ml
SDX36-1 3240 ml 27.0 ml SDX36-2 2820 ml 23.5 ml
SDX38-1 3360 ml 28.0 ml SDX38-2 1850 ml 154 ml
SDX43-1 1820 ml 30.3 ml SDX43-2 1770 ml 29.5 ml
SDX44-1 3800 ml 31.7 ml SDX44-2 2940 ml 245 ml
SDX59-1 3480 ml 29.0 ml SDX59-2 2800 ml 23.3 ml
SDX61-1 4070 ml 33.9 ml SDX61-1 3900 ml 325 ml
SDX62SP 2530 ml 29.7 ml SDX62-2 1980 ml 185 ml
SDX68-1 1500 ml 25.0 ml SDX68-2 1630 ml 27.2 ml
SDX81-1 1770 ml 29.5 ml SDX81-2 1860 ml 31.0 ml
SDX107-1 2100 ml 175 mll SDX107-2 4600 ml 38.3 ml
SDX140-1 1200 ml 20.0 ml SDX140-2 1340 ml 22.3 ml
SDX142-1 1120 ml 18.7 ml SDX142-2 1430 ml 23.8 ml
SDX148-1 1530 ml 25.5 ml SDX148-2 1840 ml 30.7 ml
SDX159-1 2380 ml 19.8 ml SDX159-2 4080 ml 34.0 ml
SDX160-1 1400 ml 23.3 ml SDX160-2 1080 ml 18.0 ml
SDX194SP 2800 ml 31.5 ml SDX194SP-2 2050 ml 14.8 ml
SDX205-1 1770 ml 295 ml SDX205-2 2050 ml 34.2 ml
SDX212-1 3400 ml 28.3 ml SDX212-2 2770 ml 23.1 ml
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i AlEelA Aol dAFRASHE 3-7), ArtEstdAel =3 AE DS,
HU, FFs 9 Aese el 2 2pol7k AA Hepyk=d], o= 71 CO.
TEE 3%E skl Agskile A5 fldnte]l Agstol Ao FAE gl w
wolda F7]el o] AFE alA COAele=s AT =A A=
(4-45%) ol meh g4 FAEA ol 7kl ArdE HHE 2715H COxs
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TN A& 78 ¢ ul) CO2 TN &8 SRRl CO.

1 DS 26.5 ml 4.0 ml 19 HG 281 ml| 254 ml
2 SD 287 ml| 16.7 ml 20 CS 255 ml| 188 ml
3 FI 30.0 ml| 26.3 ml 21 FF 20.5 ml 3.5 ml
4 FL 35.8 ml| 34.6 ml 22 SNb5 323 ml | 34.5 ml
5 FT 285 ml| 30.5 ml 23 NF 26.8 ml | 189 ml
6 KB 273 ml| 24.2 ml 24 GD 21.7 ml | 24.2 ml
7 SI 25.0 ml| 22.8 ml 25 SC 74 ml 0.1 ml
8 P 35.3 ml| 334 ml 26 SF 32.6 ml | 234 ml
9 GG 40.4 ml| 36.8 ml 27 FP 35.6 ml | 37.7 ml
10 GB 33.5 ml| 24.0 ml 28 CYy 185 ml| 19.2 ml
11 GF 29.6 ml| 29.0 ml 29 RHO 24.5 ml 3.8 ml
12 GL 30.8 ml| 23.9 ml 30 FC 322 ml| 29.6 ml
13 ED 54 ml 2.6 ml 31 FE 33.3 ml | 32.1 ml
14 NG 29.5 ml| 325 ml 32 DM 136 ml| 186 ml
15 SG 25.3 ml| 283 ml 33 AF 155 ml| 159 ml
16 GC 274 ml| 30.0 ml 34 AL 40. ml | 375 ml
17 HU 19.6 ml 1.0 ml 35 SB 221 ml| 19.7 ml
18 HJ 30.5 ml| 334 ml 36 HQ 357 ml | 458 ml
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Z 23 "W A3} A wWE3 'Green Express’ ®Huh &

HAth o] 2L 2005 E o]l o A
= (Salad) YHWlF=E EZZR 3 29359

[

SDX8(' e =9e] - SDX8(' A& =99] fjn|Ez}e] Hw

(Rlx= A7 ¥} 2006. 1.29) (F3 543 8 2005.10.30)
t}) SDX36
AAZ 0Ad-65Y0 F3E F g A 9438 AT RFToITAN FHA &
Mo 54 ¥uPon ATk A =3 AT ARk Aol eAs|t 2
S o 2 o] 9) x
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SDX36<2] tiv]F e W 5/dH] SDX362] A uf 7
(F: gv)= 9:SDX36 Q== e) (="a 2y 2005.1.30)

Z}) SDX44

SDX44°] A u) 7 SDX44°] div]E(‘GC65) 2] &4
(A=A EL, 2005.1.29) H] 2l (Monica:SDX44 2005. 2 .2 91%=
Wwaza)
ul) SDX59

Aol Fz ol Aol WEA FulF FHA TAWLAE Y
A) & AT & b 2FeRA TRAAA ] He) el A Aol
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SDX59 9] J&=Au A7 (A=A AHE 2005.1.29)

H}) SDX81

U AGAT o sdA AFHA =& AHS YEHddEd 535 A Al
AR t}7]olE R e ‘KK Cross’ A%l #
A AFEE WAL IF
4 ke = 7F Aol A HYF oz npy A

o 2 23 A g 2uxdAE FEE Ages A ATH
< @A T AGel Fxg AelA w7k AP Tl Aol 1 A

;:]1—
% 2A4e o) golw, 2005 ol ElE @A NA NAEL AR,

£ o
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SDX817-W - SDX81 A h-d 7

(=2 05.1.30) (=77 B 2005.1.29)
Ab) SDX19
A2 B 559 AL f23te 4 glo] Blw A %77} wEa LFAAFH] 7
St T A&7E skl FAZE @el Urk T, Ak, Pl Yol 5 vl
A 257 AESd AQel 8] Tted FFLE *P&Q‘”U‘r

SDX19 (%<3 2005.7.8) SDX19 (F=7al 2004.5.19)

o}) SDX107
S A AulEa s HAA G FA ‘dl =4 (Seminis) & 42 ARzl
19 Red Rookie’oﬂ Hls] S5 UwAde] o At Jsdo] et v d
Zu Aol -4=Ete] At A4 I FdE O AFEE ] E3
=

AAA G Z7E ol AMEE nFEA] AP Fol Ak,

_49_



2005.10.10)

SDX107 (1% €2 2005.1.30)

4718k el @A
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2%

K
1

0

23

E El T = 2 E =i 3 3
< < o) — —~
o 2| 5= S g =33 |23 m s 5 | % B
Bl 2122 | 53858 : 912 9% | £9 88 |3 B¢
x| = 5 c & R =, »n £ 7= o2 SN L s s,
fiv S S & =5 © g = L g @ S 3l M & < g = < g
= .nKa St xS g O % pKt B M .© N % 7, g < %
g | £ 53 S o= € X = % o % = 23 =
SRz = 3 s &) = & = o fof (S S (S
T B 2 & S © R= rmm = ﬁ%(o\ lrm BRI T B R=INNO)
2%y ER 5 ST E |Btclgxg £S5 | 78| Es
3 3 = 'z 5 3 5 8 ®© o T UV 5
A8 | ™ 3 S b ¥ E258 [E& 8 & 25 S 7z 2 5
I 1
~ T U R w | R
70 O = ay K N S i~ X
. Mo = a5 S TP i S A oo
~ N N U 3 we ol =5 o 5 ol %0 o o}
S R - e ok [ T e %0 e
o < O — 5 o~ | X° - =K Mo |%° =3 = B s KO X0
ol TE s L T el T T s T a1 X S W
T g A% T Y el T R T PRGN AL [ R ¥
o [ Yol o (B |7 R I o P o N U 1 B 1 B
e Bl e R T M o o MR m e S I - o g
SR P & ol NI R - U SO P U N B W W
A L e I I I o L I T [ R e
e Sl L | T e N B 1 e el el e e o] i TR
o B BT e T[T T R B s x| e T (B W K| R Mok X e W T R
F e ol T oM Rk B oM Mo T RGBT XA e BH M A T B oRTF N T|H R AR
; T - I U< I - 3
v E |5%_|T 5@ z* |t @ 4% ¢
< B o < w - - Moz | - F -
X Y .. e S I AV R e . Y
™ TEHF | mEY | BT ERFTYUN T TR DB OBR® oy
» HFRE [ FRTE | FFER(HARE R PFTNR ¥ [P e
~L
ot —_ o © o~ 0 @ 0 N © o 9]
— N g} e o
Ell a a a 2 a a a @ @ a
7 n % N n n
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AL S A4 FoEA A =5
ag], A, -AYFU T, WS4, WA | Tropicana(Seminis)
SDX43 A7 e -3 E IEvAeol AYH, 5 |KK Cross(Takii)
33l G, otz AlEF d@xAE  |Rotan(Dhanfeldt)
DX dg M= |- WE2EAR, AR, 985427, |Castello(Nikerson)
A, =791 A M A~ Qlo A= Aty Bajrang(bejo)
Wz A HZ47%, dAFHEA Green
SDX59 ;N » ’ Challengerell v]3] 344 FA7  |Green
M?ﬁ - Woly Challenger(Seminis)
0|
’ S @A, ol AAFEF
=270 WA o E =
‘ﬂa]a, @71]5]', LH’(S_/\O?Oy LH o 070, EOTEH:TL Green
SDX61 v, AA A, Hopzegte .
ol Sp Challenger(Seminis)
=

ALF ST, 2ZAGA%
— dz] AAE WA dE, WA Green coronet(Takii)
el ol # SHASAMAIGS Grand11(Chia Tai)
- AAE &
ERt -1 HAFZ Y, NS4, A% KK Cross(Takii)
SDX81 |ZA A E}, FToEy, otz YA F Tropicana(Seminis)
33l AA Y, s YA A5 & AE1S(TE50Y)
WE474, 47, +84F20 Red
oo ree © Red Rookie(Sakata)
9 g Rookieol] H]&] I =2, .
SDX107 | . . N Rubyball(Takii)
33l dES HE AAATES S lo(beio)
A A e ombrello(bejo
W47, 85 Saintell H] &)
SDX160 |2 2] Aol stal A o Saint(Seminis)
AAH
SDX212 a4 A7 e =4 ]7:*, WAA7, Wol=dk  |Blue Vantage(Sakata)

e

% |BlueDynasty (Seminis)
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SR E R 7908 A ol ] A 2
SDX140 (1= 7€) SDX142(Q1 = 22 =)

s
Fdol 549 ohduA el A% Fyol FA9 chdriAe] 43

AAGA el u A= ALY A 2 ou] ANz}

SDX1 (Rl=wiza=2) SDX43 (R1=22)
SHAA T
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SDX5: Rareball(Kaneko)< A 7} SDX32¢} thH]Z GC60(Golden seed)
Kranti (Mahyco)9] ®] AFZ
(el=dg])

3) AlAE AL

=& *E"P?'SU] %éﬂ 7}z tig & dFS 2004d 7E 209 ozl &

114 2
olgdFE AA O}C’jo‘:ﬂ &zl
o4 A FAse] FK sy
A B A 2005 109 ol HF A A

E _
sl
filo
0%
>
ol
o
38
o

AEd glo] E3FdaE & F JE FFEIZE SDX89 B¢ ‘A=
(Salad)’, SDX69 7% ‘2% =F(Royal Stone)' & E %3t 2005d 10¥
274 AAR3Ae o -‘:r 7HA FEFEL T AEFoE FTRIE A

EZEEAN AYHE(EFTES 29935 29 2005-357, EEHAY E9RE:
H3 2005-1067)9) 73T A HA 2dFETIY, 'REE2E(FTHA 9H
3:&9 2005-358, ¥E¥WH 43I HA 2005-1068)2 F WHA FFTH
3 29EFo=7 JE2HYL.
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A 3 @ DMBR (Diamondback Moth Resistance)®

B MFEUT WSd A W fFAAA=
ZtA 2 ole] A#d AFLP mv# ¢ SCAR #A =9
2

al

A DSt A HA CT9 inbred lines o] &
sted WEd 2 AF8s 7H HAR F A EA
= 7R O, o By AEAE ArkeAste] & Fy 106 AMAlE ol8sted 4

A4S AASI Y A2 mapping FHoE Fy, 9 F S1/MAE o] 831t

A E g2 DSxCTE Fo 200711 7] Aete] FA 2ADS) 2070
A, A4 FACT 200048 A4 stA. F 99 U354 d49He F3
g WA g MAE AFAAARZ AR AEA] sHeEAe] 10 mm® €]

dd AAE Fed e 2AEH

t}. AFLPE o] &3t BSA(Bulk Segregant Analysis) ol 93 &4 A4
nkA g

1) DNA &g

AFLP &4 9 A58 F3 (template) 2.2 AH-&E il 5 755 DNA
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(genomic DNA)+= XV%" ZAMDS) ¥ A5A FAZXCT) 2 F A9 o =23

S B2RE FE3AT 9 04 g5 AP Yo A AAE HIMeEHA mA
EZo] & wjr7tA Z:_PO} e & Guﬂlemautg‘r Marechal-Drouard (1992)H ol &
3lo] modify gt WS AFE-3ste] DNAE F=3F% T

2) AFLP "<& o] 83 Bulked Segregant Analysis(BSA)

W F=EFuUw WS4 Az d#d EAAE G4 2 & Qe Al
24 49E 27 98 2 4SSt (Michelmore 5. 1991). Fo I &
4 3B At AeEd 16 AAE delHom dAst 4 AAER A

T =
2o DNAES 419, W& 5 MA 254 5 /fAe gt
DEQIH °o]E DNA #& BSA-AFLP 4% 93 AE
DNA F3o=z ALE3t9th 7] DNA =3 439 Ax DNAZ Adiik
Pstl/Msel& o] &3] Adwrdt & &= 256709 Pstl+3/Msel+3 primer 23S A}
&3te] BSA-AFLP 245 AAeAa, vd A4S Hol= DNA dH 5 )
Kl

A
Fhg WEY EE AL §

=4
DNAZ F2% ¥, &
o

4»

3) AFLP ¥4
7F) DNA A 8¢ &d(restriction) % adaptor ¢4 (ligation)

PCR 3% (template) .2 A}82 AW Pstl 2 Msel 7 7HA AlgarE
Al vheat ol AlEkith 05 pgel Al DNAC e 37 Adars
A3 oS, 72 Agta s EolF adapterE® T4 DNA LigaseS o] &3lo] 37C
A 1A 308 FoF Agt(ligate) A At Pstl/Msel adapter= Pstl 2 Msel A
@ B9o Eojxorw AT 4 i adapter #oltt. ole} o] AFEA &k
wdol  adapter’t A (ligate)d Al a4 HWES  “tagged restriction
fragments”g} ST},

PCRW%FS-& pre-amplification® A ¥ 2 ZZ(selective amplification) F %7
2 AAEt, A WA A= oH] S Z (preamplification) ©HAIEA], A7 A F 9
ol ¥ 9ol Zgt(anneal)sh=/E A Q1 primer A& 3-weko] Z}z} dhite]
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"selective base“E F7}%t primer A& AFE3 Afola, F HA WA= o] o
H S Z Ao 4] AFE-3F primerd] 3-2Zeto] ThA] 2709] “selective base” F7}38}
of AeA AHFHANSE A2 AFolth o] §ro] AHfFFE 21 Vos &
(1995)9] W} AdH oz Fdstolrh

A HA GAC duEZE A AE, “tagged restriction fragments”®] Pstl
oM 9 olgtE] F-9lo] AR AZSE primer (©]3), "Pst primer ‘el &)
o = "selective base“= "G"E F7etal, Msel JAAAE H ofHyH F 9o Fr
2 Ag3E primer (]38}, “Msel primer’@F o= “selective base’® "C'E
F7tsk A ok

du|FEGA AN PCR W& 272, Z} primer 30 ng, dNTPs 25 mM,
MgCl, 15 mME *¥3%3l= 10 x PCR buffer, Tag DNA T3 &4 1 unit, 2 F
¥ DNAHH bngs ¥eet= & 50uLe] &Hol wial, 94 CTellA 30 %, 56 Col
A1t 72 TollA 1 23 29 3] whEekSich

F WA Ae=Z(selective amplification) $HAGl A=, A7) o B Z2ZTHA o A
% E PCR AbEol disl F7H4<] AeaSES s17] 93 AowA, d71953
S u A ME FE F9 fFES Eolv] A AAEAn F WA I
A A=, 2719 dn|EZFiES 50 v SIAAA MeaFHe] FPoF ALE3t
I, 91719 PCR ZZo] A}83 primer 2, 2+ o812 Z primerd] 3‘-gdto|
1-3 M9 "selective bases"& F7FH o= v &< Aot F ¥HA %%%74]94

—
o
X

PCR ¥F$-ZAL Pstl primer 15 ng, Msel primer 30 ng, dNTPs 2.5 m
PCR buffer 2 0, Tag DNA T& &7 04 unit, ¥ 5% DNA 5 = E; 3=
Z 20 we g théle], denaturation step 94 CollA 1 E7F, annealing
step A WA cycle 65 ColA 1 &3F F HAREH 11 HA cycleZhA & v
cycle 0.7 C A vr&E %A 1 #34, U A F 33 cyclex 56 CTolA 1 &
7F dASA AP o, extension stepS 72 °C°ﬂ/\1 15 B3 dASA FA3
o T AA AEFE F 44 cycled] AHTSS S

th) d7]9%5 2L A (electrophoresis and silver staining)
A7 @AY PCR 5 4SS 6% denaturing polyacrylamide gel Aol A]
1700 V& 347k 3023 A % F AFdEHE 29 J1E(SE vblo] Q1o
0

3
AE AL8ehe] DNA WES Ga8git

K7 A% 2

o,
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e AFLP wAS o8 7§ 93l §F o]& ol &3dto] W<

NEA faRs @
4 Aol By dWF B, Ako] tisto] AFLPE Faate o] f84 A
=8 44

FAAAA = S 918 7 7FA9 s BEADS)e #aAd FACT)
9] inbred lines ©|&3l3th. ol wWlFF Ul st WFAH 2 TS

7 AR Fr AEAE 73 ts o] Fr AEAE ATkeAste] 4 F 5170

o] /WA E mapping FHEo = o] &g},

2) Genomic DNA %

dujF =A L BA, 283 51/MAR A4 Y F, mapping JHHe] 98 o] &
3o AF719F 7ol  Guillemaut and Marechal-Drouard (1992)®¥ o] &3}
genomic DNA & 339t}

3) AFLP &4

AFLP £4& ofn ol x olF8 nhs} 2ol asel,

H FAA AuAE 24

ofd 4 BA A BAS FAste] ok WE F AFLPRAS Ba 3
o vhAe] mekel #el WuelM AgHo FARNEA, WA el 4
z 3 442 gl gu

& scoring 3F$Th.
JoinMap version 3.0 program(Van Ooijen®} Voorrips 2001)°l scoring data
FAAAEE ZAsG oM, map distance:= Kosambi's

metrixEs ©] &3}
®A el frEaARE b=

mapping function (Kosambi 1944)& o] -&3&}o] 2z}t

Atk
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nl, AFLP X & SCAR ZA = ¥y
1) AFLP %A]¢] cloning

=S A ket 7hrke] Al AFLP 415 PAGE geldl A &
=% U5 Ad4dQl AFLP primerg ©] 83l AFLP X & S3AIAY. 24
PCR 4FHES 1%9] agarose gelol @715 3+ U3 gel extraction kitE ©] &3}

HHAE 3 438A}t o] E pCRII-TOPO vectorel]l 4¢3t the DH 5adl
2) AFLP %A A4 % clonee]
107) o] A clone®l 4] plasmid DNAE 33 t}& 4

o} 4
o] &3le] PCR %3t & 6% PAGE gelol A719% S 3ttt A7) %A
BSA-AFLP ZTAE gIx=Z 3slo] AFLP ZA ¢ 2L =79 DNA dAHo] A4

9] AFLP primers

H clone®S A ¥3le] sequencing 3}t
3) AFLP ¥A & SCAR EA = W¥H¥

Zt AFLP A9 ik AE& 2 software?l Primer3 program (
http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi)2 ©]-&3le] Azt
o thall primerE A A 3% G F F bulkE A 207 Fo 2 E4 DNAE
template2 A A ¥ primere #4<e PCR ¥&x71& FH3AT)

4) SCAR 3#A4& o|&3% DBMR #d# g A= 24

5170 Fy A &EAd thal 7188 SCAR A2 PAGE gel Aol A genotyping

_59_



A #+#42x DBMR

5}

A
HSA Tt

©

te 74

)

MAS (Marker-Assisted Selection)ol] 4]
linee] DNAE o] &

ted LOD # 3ol w5 g

©

=
n

=

=3

o

Q.
37t
EA

x|
i 97 <kl

7))

SCAR

-
it

JoinMap 3= ©]

&t7] 9]

S

&5
T

7}

5) SCAR
2. 275 4 n%

&}
[}

]

pal
L
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N = ~o w0l x|
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A Azg veE Fa vk wjF3 A= Sl gk Azbsta A=A ¢
A AFE AG7HA AFHezR B3 Jrd (Stoner 1990, Justus T
2000, Picoaga ‘5. 2003). vlFEFuhe] HEA A=A AFAdS AAstatol A
A Aoz AZFAS] FERA HojF

. 1990, Stoner 1992). 77 W42 X

9

=
=

I 9lth (Eigenbrode %. 1990, Dickson
&

%

’d(waxy bloom) FujFellA A3
e 3teEd oz wFEU larvaeol tsle] antibiosistt nonpreference
FEstE Aotk Al wAl WA FE(glossy)  FHE Zte FulFolA
FHel Uy Aol tE Aol o] AR S Fedhrtar Azhstar vk A&
o] Qlo] ¥+ glossinesssell td FHdA= 4 2 49 A=A FHdT
I BauEA

L.l

F U4 849 AnE BSA-AFLP v1A 9 g

o
ofj

BSA-AFLP ®AE €879 35le] Pstl/Msel AFLP primer Z%2 25671
ARttt AHEE 25671 9] primer2§oll A Wi FEU WSA 892 DBMR
locusell A& F 37He] Zetolw %FS AoUiATHE 3-10). otefl el AFLP
mapping &3 Pstl+gaa/Msel+cca_12 ¥ A7} DBMR| 7} 7P A A2k o
MAS AAIE 918 SCAR vARE H3A 7= dde= A3ttt PAGE gelol A
stolyl Pstl+gaa/Msel+cca_12 vF719] size= ¢F 197bpA ot

¥ 3-10. AFLP-BSA #4o 93] &% DBMR 3 vF#A <2 AFLP X#}o]H

AL
z3

Zgjoln %3 DMBR locus 913 & ¥
Pstl+gaa/Msel+cca_12 cis-linked
Pstl+ggt/Msel+ctc_8 cis-linked
Pstl+ggt/Msel+ctc_10 cis-linked




g, AR E 44

Ho

W FEEUs A& 542 DBRM locus®t old 3= Holgtar o4y
BSA-AFLP WHel &) A" vl tiste] F314 AAFS #3537 98
A FAAAE ZAAS DA otk BSA-AFLP WHie] o8] 7idd ulA Fof

oL

7 2e UPFAAS B bandE 2= 8709 Psid+3/Msel+3 primer &3S
o]-g3tol (¥ 3-11) &, X g1 51709 F, populationd oz H2sd

data matrix& WHEail °o]& o]&dto] AWA s s 3-1).

F 3-11 FlF FAAAREE st 919 AFLP vk &

Scored marker <~

Z ol LLASEEC oy e F
DS CT Total
gca/cca 47 8 2 3 5
gct/cac 104 17 7 6 13
ggt/ctc 52 17 6 8 14
gaa/cca 50 15 8 6 14
gaa/caa 57 20 6 11 17
gag/cca 70 17 5 8 13
gag/cta 85 14 5 4 9
gag/ctg 78 25 12 11 23
Total 543 133 51 57 108
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wn'f vy

e Iﬂ--ll-l Wil
ﬂﬂﬁ' i$1=
4#u—h

¥ 3-1. Fy A EA A Prgaa/M+cca Z&ho|n 2oz RE dAH AFLP v}
71¢] 4

il
o
fz
32

AFLPZ %% Pstl+tgct/Msel+cac Z& oA 104012 7F4 2L W=
o, Pstl+gca/Msel+ccadl A 4702 7} A& Wi=& YEeEly F |
Mess 67719 4 239 vHetdes a3dd di=e &5 dHus] 2y
Pstl+gag/Msel+ctg Z3%r°] 25702 7F8 &9k o v Pstl+gca/Msel+cca Z3°] 8
M=z 7hd A =239 Fat 16709 b@dAd =S yelth a4 = 244
S 98 AFR3I mAY G Pstlvgag/Msel+ctg 3ol A 23702 7 o)
et o™, Pstl+gca/Msel+cca @A 5712 714 A =3 Ha 1370
o mtAE ol& & F AT T A ABIAFE ALAVE VFLR G 2

1 178 97 &4 o s ME s stvi(ad 3-2). A =
ATAE= 60719 wAE EFstar Jom WA Aol= 403 cM ol Ht
A AL 123cMel Atk i F=Ful AdAd F32 DBMRES A#1% LG
20 AAEAL LG29 Zol= 62cMeldtt. DBMRel A3 F AFLP ##
nA s 2070k RdE, Axd® 1971 AFLP wAE DBMR  locusel
trans-linked ¥ o] A T} @A Q] scar A2 WFho| ALET 4 (U, @A 174

ik
oft
EY

OENE

o)
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9] cis-linked® Pstl+gaa/Msel+cca_12 E Aol WEA 32 DBMR L
A daEo o A9l SCAR v 2o Astiaoz At

18
20

27

33
38

51

66

20

ct/ac_5

aalaa_7
aalaa_2
aalca_7
ct/ac_14
aalaa_14

calca_5

ag/tg_19

ag/ta_9

ag/ca_11

aalca_3

ag/tg_12

ag/tg_14

2
0 ag/ta_4
5 aglca_2
9 gtitc_10
12 ct/ac_13
15—t aalaa_9
17 —T [ gtitc_8 calca_4
22 gtitc_9
27~ |- gtftc_1
28 ~ aa;ca_11 82 ag/tg_3
30~ agitg_
314 N agita 6
2 e
| {>ct/ac,
39 Nagitg_1 aalaa_13
45~ }~ct/ac_9
46— 1ag/tg_9
48 [~aalaa_12
62— agltg_17
7
0 ag/ca_5 0
8
10
14 ag/ca_4
29 ———aal/aa_3 28

20

55

aalca_13

aalaa_16

aalca_14

ag/tg_2

gtitc_13

agltg_15

aalaa_4
cal/ca_3

aalca_9

FF Fo Jdels Eeld AFLP #HA
424 Ag(cM)E Kosambi mapping functionel] 23 #Al4k= A
AR LG2o Eg=o
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0——agl/ca_6 0
2 ct/ac_15
10 ag/ca_10
15 ct/ac_6
20 ct/ac_12
22
31 ag/tg_10
33 aalaa_17
49
52 ———aglta_1
9
0——agitg_13
13 ct/ac_4
18 —T—aalaa_5

il

ol g% fx

ag/tg 5

ag/tg_6

T ag/ta_3



10871 AFLP wtAZ 6071 wFA7F o3 9ol Adar A= 9 A8kt
U A vt 2248 5 mapping function ©]3te] A singleton© E mapping
] &t TrEo X A EE 403 cM oty 1E P 71 1

cMAaL, 7FF 2L 2E9 LGY9E 18 cMeoltt (£ 3-12). 7 39 interval

¢l LG1& 66

ol

7]
F= 2-170E FEHJeH  Hif interval 27]= 3.8 cMFEH 245 cMe. &
285 e=4

3E 3-12. 60701¢] AFLP A E o] &3te] A w59 A 15 54 =4

3;{ oA A% Interval £ Gap 57 BFinterval 27 (M) L(e;\iih
1 10 9 0 73 66
2 20 17 0 3.8 65
3 5 4 1 13.7 55
4 8 7 0 74 52
5 3 2 2 24.5 49
6 3 2 2 21.0 42
7 3 2 0 145 29
8 4 3 0 9.3 28
9 3 2 0 9.0 18

Total 60 102 5 12.3 (mean) 403

* LG A3 OF
wx 5 719w Abolrzt 20 cME % ¥EE Gap

]

2}, AFLP %A S SCAR FA& W3

[e:

AFLP #A4 = AA &89 AEdS 7HA 7] wZel DBMR At

74 7 kol AwE E7)9] resistant-cis AFLP %A & A#3dle] SCAR A2

Wyt AFLP ¥4 4% clones A&3] 4937198 PAGE gel A7)
RS AANEAT. A9 A7 AFLP %4 94 o2 dHx Aed A
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HHESAT (19 3-3). ©]A2 AFLP ¥4 &5 PAGE gelel X &3 wj 1 &4
of EAsk= AFLP dHS& A F&3 Aoz Az, AFLP #4¢ #2
2719 insertE 2til U= cloned A E3Ete] sequencing? § Lo Ewho] M A

of 3l primerE A A sFA ).

e HE Ny T

1% 3-3. AFLP ZA & 2& =719 insert DNAS zta 9= FE2E59 A

v xS ga/ca 129} 28 A7) E insert DNAS zt1 gy FE2& Uerdith

4% DNAoA A% primer® PCR ¥FE3}o] PAGE gel d7]19 %S &3
23 AFLP Pstl+gaa/Msel+cca_12 wt717F SCAR #A = WHEHASS &elst
9th. o] SCAR primer pairs 4oz EFEHS & qdFoz gom o
primers ©o]&3to] ¢l DS ¢ CT 9 5170 Fo A=A(HZF4 35719 774
1671)°] genome DNA W& PCR F%3t%ith. PCR 4t=& 6% PAGE gel®] #
719% 3 A3 2¥ 3-49 o] band® v (polymorphism)S KAt o]
SCAR ¥ A& codominant ¥ A3 Bo6-162 WP FAAA =l Al &l
3 Ay LG29 Pstl+gaa/Msel+cca_12 w71 9129} HU3S st 4= At
(19 3-5). F» A3 2U/KA= HE4d DS S band ¥7& e

A e FdE BAFAT. F #5542 /A= A>3 DSoF 22 3

B
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a9 34 AVFEE 3 Fo AAENA Bo6-169] W= FF &)l
'
0 ag/ta_4
5 ag/ca_2
9 gt/tc_10
12 ct/ac_13

15—TT1aalaa_9
17 —T [gt/tc_8cal/ca_4

22 gt/itc 9

27 ~_|-gt/tc_1

29~ A Bo/6-1 ?8 ag/tg_3
K. agltg_

317/ § aglta_6

32 DBMR

37 ; ~ct/ac_7

39| Nagitg_1 aalaa_13

45~ }-ct/ac_9

46— [—ag/tg_9

48| [Taalaa_12

3
A\
I

I']

62— —agl/tg_17

a9 3-5. B de A B8sl= AFLP A ES o] &3 DBMR #3479 4
Tt A Z FAAR AT A=l dFe] FAHE F44 AglE Kosambi

mapping function®] 2|3 AAFE ATl Pstl+gaa/Msel+cca_12 AFLP v}# 25
B Fd ¥ Bo6-16 SCAR "FAE= 4 cM w812 A <kl DBRM A=Ak
o A= o]t Bo6-162 9= Pstl+gaa/Msel+cca_12 locus AFLP ®}#
o} 2 locus® H. ST},
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1. Experience-altered oviposition responses to a neem-based product,
Neemix(R), by the diamondback moth, Plutella xylostella.

Z 2] Pest Manag Sci. 2005 Oct 10.

A2k Liu TX, Liu SS.

%% Vegetable IPM Laboratory, Department of Entomology, Texas
Agricultural Experimental Station, Texas A&M University, 2415 FEast
Highway 83, Weslaco, TX 78596, USA.

%= The oviposition responses of the diamondback moth, Plutella xylostella
L., to Neemix((R)) 4.5, a neem-based oviposition repellent/deterrent, with or
without previous experience were studied in the laboratory on plain aluminum
foil sheets, on aluminum foil sheets coated with cabbage juice, and on
cabbage plants. In the plain aluminum foil sheet experiment, the females
without prior experience of Neemix (inexperienced females) deposited more
eggs (66.2%) on sections with untreated sheets than on sections with
Neemix—treated sheets (33.8%), indicating that the inexperienced females were
significantly repelled and/or deterred by Neemix. In contrast, the
Neemix—experienced females deposited more eggs (69.2-69.7%) on sections
with Neemix-treated sheets than on sections with untreated sheets
(30.3-30.8%), implying that the females were not repelled and/or deterred by
Neemix following an experience. In the tests using egg-laying sheets coated
with cabbage juice or with cabbage juice plus Neemix, the inexperienced
females deposited more eggs (63.8%) on the sections with sheets treated with
cabbage juice only than on the sections with sheets coated with cabbage

juice and Neemix (36.2%), indicating that inexperienced females were repelled
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and/or deterred by Neemix. Similarly, Neemix-experienced females deposited
more eggs (62.2-65.6%) on the sections with sheets treated with cabbage
juice plus Neemix than on the sections with sheets treated with juice only
(34.4-37.8%), suggesting that the females were not repelled and/or deterred
by Neemix following an experience. On cabbage plants, inexperienced females
oviposited similar numbers of eggs on both Neemix-treated (50.8%) and
untreated plants (49.2%). However, the Neemix—-experienced females
oviposited more eggs on the plants treated with Neemix (56.3%) than on
untreated plants (43.7%), indicating that the females were attracted by
Neemix-treated plants following an experience. The significance of this study
for applications of insect repellents/deterrents in pest management is

discussed.

2. Construction of an oilseed rape (Brassica napus L.) genetic map
with SSR markers.

= 2] Theor Appl Genet. 2005 Sep 27;:1-10.

Z 2} Piquemal J, Cinquin E, Couton F, Rondeau C, Seignoret E, Doucet I,
Perret D, Villeger M]J, Vincourt P, Blanchard P.

A< Euralis Semences laboratoire de genetique moleculaire, Domaine de
Sandreau, 31700, Mondonville, France,l

%= We constructed a Brassica napus genetic map with 240 simple sequence
repeats (SSR) primer pairs from private and public origins. SSR, or
microsatellites, are highly polymorphic and efficient markers for the analysis
of plant genomes. Our selection of primer pairs corresponded to 305 genetic
loci that we were able to map. In addition, we also used 52
sequence—characterized amplified region primer pairs corresponding to 58 loci
that were developed in our lab. Genotyping was performed on six Fs

populations, corresponding to a total of 574 F. individual plants, obtained
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according to an unbalanced diallel cross design involving six parental lines.
The resulting consensus map presented 19 linkage groups ranging from 46.2
to 2765 cM, which we were able to name after the B. napus map available
at  http://ukcrop.net/perl/ace/search/BrassicaDB , thus enabling the
identification of the A genome linkage groups originating from the B. rapa
ancestor and the C genome linkage groups originating from the B. oleracea
ancestor in the amphidiploid genome of B. napus. Some homoeologous regions
were identified between the A and the C genomes. This map could be used
to identify more markers, which would eventually be linked to genes
controlling important agronomic characters in rapeseed. Furthermore,
considering the good genome coverage we obtained, together with an
observed homogenous distribution of the loci across the genome, this map is

a powerful tool to be used in marker—assisted breeding.

3. Response of Plutella xylostella and its parasitoid Cotesia plutellae to
volatile compounds.

<741 J Chem Ecol. 2005 Sep;31(9):1969-84.

Z #}: Ibrahim MA, Nissinen A, Holopainen JK.

2240 Department of Ecology and Environmental Science, University of

Kuopio, Kuopio, Finland

%% The effects of limonene, a mixture of limonene + carvone (1:1, v/v),
and methyl jasmonate (MeJA) on diamondback moth (DBM) (Plutella
xylostella L.) oviposition, larval feeding, and the behavior of its larval
parasitoid Cotesia plutellae (Kurdjumov) with cabbage (Brassica oleracea L.
ssp. capitata, cvs. Rinda and Lennox) and broccoli (B. oleracea subsp. Italica
cv Lucky) were tested. Limonene showed no deterrent effect on DBM when
plants were sprayed with or exposed to limonene, although there was a

cultivar difference. A mixture of limonene and carvone released from
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vermiculite showed a significant repellent effect, reducing the number of eggs
laid on the cabbages. MeJA treatment reduced the relative growth rate (RGR)
of larvae on cv Lennox leaves. In Y-tube olfactometer tests, C. plutellae
preferred the odors of limonene and MeJA to filtered air. In cv Lennox, the
parasitoid preferred DBM-damaged plants with limonene to such plants
without limonene. C. plutellae females were repelled by the mixture of
limonene + carvone. In both cultivars, exogenous MeJA induced the emission
of the sesquiterpene (E,E)-alpha—farnesene, the homoterpene
(E)-4,8-dimethyl-1,3,7-nonatriene ~ (DMNT), and green leaf volatile
(Z)-3-hexenyl acetate + octanal. The attractive effect of limonene and MeJA
predicts that these two compounds can be wused in sustainable plant

protection strategies in organic farming.

4, Novel 1insect resistance in Brassica napus developed by

transformation of chitinase and scorpion toxin genes.

Z2]: Plant Cell Rep. 2005 Nov;24(9):549-55.

Z Ak Wang J, Chen Z, Du J, Sun Y, Liang A.

42420 The Agri-Biotechnology Research Centre of Shanxi Province, Taiyuan,
030031, P.R. China.

%= Transgenic plants with introduced pest-resistant gene offer an efficient
alternative insect control. The novel insect-resistant gene combination,
chitinase(chi) and BmkIT(Bmk), containing an insect-specific chitinase gene
and a scorpion insect toxin gene was introduced into Brassica napus cultivar
via Agrobacterium-mediated transformation. Fifty-seven regenerated plantlets
with kanamycin-resistance were obtained. Transgenic plants were verified by
Southern blot analysis. Enzyme-linked immunosorbent assay (ELISA) and
bioassay of artificial inoculation with diamondback moth (Plutella maculipenis)

(DBM) larvae indicated that some of the transgenic plants were high-level
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expression for both chitinase and scorpion toxin proteins and performed high
resistance against the tested pest infestation. The genetic analysis of T(1)
progeny confirmed that the inheritance of introduced genes followed the

Mendelian rules.

5. Using yellow rocket as a trap crop for diamondback moth
(Lepidoptera: Plutellidae).

=3 J Econ Entomol. 2005 Jun;98(3):884-90.

# 2}: Badenes—Perez FR, Shelton AM, Nault BA.

A< Department of Entomology, Cornell University, New York State
Agricultural Experiment Station, 630 W. North Street, Geneva, NY 14456,
USA.

%= Yellow rocket, Barbarea vulgaris (R. Br.) variety arcuata, was evaluated
as a trap crop for diamondback moth, Plutella xylostella (L.) (Lepidoptera:
Plutellidae), in cabbage, Brassica oleracea L. variety capitata, in 2003 and
2004. In 2003, the numbers of P. xylostella larvae found in field plots of
cabbage alone were 5.2-11.3 times higher than those on cabbage plants in
plots that included cabbage and several rows of yellow rocket. In an outdoor
experiment 1in screenhouses, P. xylostella oviposition on cabbage was
compared among six treatments that varied in the percentage of yellow
rocket in relation to cabbage (0, 4, 8 16, 24, and 32% of the plants were
yvellow rocket). Results indicated that the percentage of eggs laid on cabbage
decreased as the percentage of yellow rocket in the treatment increased, but
this decrease was not significant beyond 20% of the plants being yellow
rocket. In 2004, the numbers of P. xylostella larvae in field plots of cabbage
alone were 1.6-24 and 1.7-2.8 times higher than numbers in treatments with
10 and 20% trap crop, respectively. Sticky trap and sweep net captures of P.
xylostella adults indicated that within-field dispersal was reduced by the
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presence of yellow rocket and aggregation occurred around yellow rocket
plants. Our study suggests that using yellow rocket as a trap crop may
reduce P. xylostella infestations in cabbage fields, and this possibility is
discussed in the context of general crop and insect pest management

practices in crucifers.

6. Manipulating the attractiveness and suitability of hosts for
diamondback moth (Lepidoptera: Plutellidae).

<=4 J Econ Entomol. 2005 Jun;98(3):836-44.

Z| 2} Badenes—Perez FR, Nault BA, Shelton AM.

%< Department of Entomology, Cornell University, New York State
Agricultural Experiment Station, 630 W. North Street, Geneva, NY 14456,
USA.

%=1 Ovipositional preference and larval survival of the diamondback moth,
Plutella xylostella (L.), were compared among cabbage, Brassica oleracea L.
variety capitata;, glossy collards, Brassica oleracea L. variety acephala; and
yvellow rocket, Barbarea vulgaris (R. Br.) wvariety arcuata in different
treatments of planting density, host plant age, intercropping, and water stress
in 2003 and 2004. P. xylostella laid nearly twice as many eggs per plant in
the high planting densities of glossy collards and yellow rocket than in the
standard planting densities. Ovipositional preference was positively correlated
with plant age in cabbage, glossy collards, and yellow rocket. Larval survival
on cabbage was 19 times higher on 6-wk than on 12-wk-old plants,
whereas larval survival on collards was 12.1 times higher on the younger
plants. No larvae survived on either 6- or 12-wk-old yellow rocket plants.
Intercropping cabbage with either tomato, Lycopersicon esculentum Mill., or
fava bean, Vicia fava L., did not reduce the number of eggs laid on cabbage.

No significant differences in oviposition were found between water-stressed
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and well-irrigated host plants treatments. Yet, P. xylostella larval survival on
water-stressed cabbage was 2.1 times lower than on well-irrigated cabbage
plants. Based on our findings, the effectiveness of trap crops of glossy
collards and yellow rocket could be enhanced by integrating the use of higher
planting densities in the trap crop than in the main crop and seeding of the

trap crop earlier than the main crop.

7. Genes and environment interact to determine the fitness costs of

resistance to Bacillus thuringiensis.

<74 Proc Biol Sci. 2005 Jul 22;272(1571):1519-24.

Z 2} Raymond B, Sayyed AH, Wright DJ.

A2 Department of Biological Sciences, Imperial College London, Silwood
Park campus, Ascot, Berks SL5 7P

%= Genes which provide resistance to novel challenges such as pesticides,
toxins or pathogens often impose fitness costs on individuals with a resistant
phenotype. Studies of resistance to Bacillus thuringiensis and its insecticidal
Cry toxins indicate that fitness costs may be variable and cryptic. Using two
field populations (Karak and Serd4) of the diamondback moth, Plutella
xylostella, we tested the hypothesis that the costs associated with resistance
to the B. thuringiensis toxin CrylAc would be evident when insects were
grown under poor environmental conditions, namely limited or poor quality
resources. On a poor quality resource, a cultivar of Brassica oleracea var.
capitata with varietal resistance to P. xylostella, only one resistant population,
Karak, showed reduced fitness. Conversely, when we limited a high quality
resource, Brassica pekinensis, by imposing larval competition, only resistant
Serd4 insects had reduced survival at high larval densities. Furthermore,
CrylAc resistance in Serd4 insects declined when reared at high larval

densities while resistance at low densities fluctuated but did not decline
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significantly. These results confirm the hypothesis that resistance costs can
appear under stressful conditions and demonstrate that the fitness cost of
resistance to Bacillus thuringiensis can depend on the particular interaction

between genes and the environment.

8. Novel genetic basis of field-evolved resistance to Bt toxins in

Plutella xylostella.

Z 3] Insect Mol Biol. 2005 Jun;14(3):327-34.

A2} Baxter SW, Zhao JZ, Gahan LJ, Shelton AM, Tabashnik BE, Heckel
DG.

&< CESAR, Department of Genetics, University of Melbourne, Victoria,

Australia.

*Z Insecticidal toxins from Bacillus thuringiensis (Bt) are widely used to
control pest insects, but evolution of resistance threatens their continued
efficacy. The most common type of Bt resistance ('Mode 1') is characterized
by recessive inheritance, > 500-fold resistance to at least one CrylA toxin,
negligible cross-resistance to CrylC, and reduced binding of Bt toxins to
midgut membrane target sites. Mutations affecting a CrylA-binding midgut
cadherin protein are linked to laboratory-selected Mode 1 resistance in
Heliothis virescens and Pectinophora gossypiella. Here we show that
field-evolved Mode 1 resistance in the diamondback moth, Plutella xylostella,
has a different genetic basis, indicating that screening for resistance in the
field should not be restricted to a previously proposed DNA-based search for

cadherin mutations.

9. Concurrent use of transgenic plants expressing a single and two

_84_



Bacillus thuringiensis genes speeds insect adaptation to pyramided
plants.

<74 Proc Natl Acad Sci U S A. 2005 Jun 14;102(24):8426-30.

A A} Zhao JZ, Cao J, Collins HL, Bates SL, Roush RT, Earle ED, Shelton
AM.

2<% Department of Entomology, Cornell University/New York State
Agricultural Experiment Station, Geneva, NY 14456, USA.

%5 Transgenic plants expressing insecticidal proteins from the bacterium
Bacillus thuringiensis (Bt) were grown on over 13 million ha in the United
States and 224 million ha worldwide in 2004. Preventing or slowing the
evolution of resistance by insects ("resistance management”) is critical for the
sustainable use of Bt crops. Plants containing two dissimilar Bt toxin genes
in the same plant ("pyramided”) have the potential to delay insect resistance.
However, the advantage of pyramided Bt plants for resistance management
may be compromised if they share similar toxins with single-gene plants
that are deployed simultaneously. We tested this hypothesis using a unique
model system composed of broccoli plants transformed to express different
Cry toxins (CrylAc, CrylC, or both) and a synthetic population of the
diamondback moth (Plutella xylostella) carrying genes for resistance to
CrylAc and CrylC at frequencies of approximately 0.10 and 0.34, respectively.
After 24-26 generations of selection in the greenhouse, the concurrent use of
one- and two-gene plants resulted in control failure of both types of Bt
plants. When only two-gene plants were used in the selection, no or few
insects survived on one- or two-gene Bt plants, indicating that concurrent
use of transgenic plants expressing a single and two Bt genes will select for
resistance to two—gene plants more rapidly than the use of two-gene plants
alone. The results of this experiment agree with the predictions of a
Mendelian deterministic simulation model and have important implications for

the regulation and deployment of pyramided Bt plants.
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10. Hymenopteran parasitoids of diamondback moth (Lepidoptera:
Ypeunomutidae) in northern Thailand.

% J Econ Entomol. 2005 Apr;98(2):449-56.

A 2k Rowell B, Bunsong N, Satthaporn K, Phithamma S, Doungsa-Ard C.

%< National Biological Control Research Center, Upper Northern Regional
Center, P.O. Box 11, Sansai, Chiang Mai 50290, Thailand.

*E: Larvae of the diamondback moth, Plutella xylostella (L.) (Lepidoptera:
Ypeunomutidae), cause severe economic damage to cabbage, Brassica oleracea
L. variety capitata (Brassicaceae) and related vegetables in Thailand. Overuse
of broad-spectrum insecticides for diamondback moth control is a serious
problem and has obscured the contributions of indigenous parasitoids. Our
objectives were to identify indigenous diamondback moth parasitoids in
northern Thailand and to assess their potential for natural control. Six
parasitoid species were reared from diamondback moth larvae and pupae
collected in 1990 and in 2003-2004. These included the larval parasitoid
Cotesia  plutellae  Kurdjumov  (Braconidae), a larval-pupal parasitoid
Macromalon orientale Kerrich (Ichneumonidae), and pupal parasitoids
Diadromus collaris Gravenhorst (Ichneumonidae) and Brachymeria excarinata
Gahan (Chalcididae). Single specimens of Isotima sp. Forster (Ichneumonidae)
and Brachymeria lasus Walker (Chalcididae) also were reared from
diamondback moth hosts. C. plutellae was the dominant larval parasitoid and
was often reared from host larvae collected from fields sprayed regularly
with insecticides; parasitism ranged from 14 to 78%. Average parasitism by
M. orientale was only 0.5-6%. Parasitism of host pupae by D. collaris ranged
from 9 to 31%, whereas B. excarinata pupal parasitism ranged from 9 to
25%. An integrated pest management (IPM) protocol using simple
presence—absence sampling for lepidopterous larvae and the exclusive use of

Bacillus thuringiensis (Bt) or neem resulted in the highest yields of
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undamaged cabbage compared with a control or weekly sprays of
cypermethrin (local farmer practice). IPM programs focused on conservation
of local diamondback moth parasitoids and on greater implementation of
biological control will help alleviate growing public concerns regarding the

effects of pesticides on vegetable growers and consumers.

11. Impact of oilseed rape expressing the insecticidal serine protease
inhibitor, mustard trypsin inhibitor-2 on the beneficial predator
Pterostichus madidus.

<A1 Mol Ecol. 2005 Jan;14(1):337-49.

A 2F: Ferry N, Jouanin L, Ceci LR, Mulligan EA, Emami K, Gatehouse JA,
Gatehouse AM.

441 School of Biology, University of Newcastle Upon Tyne, Newcastle, NE1
7RU, UK.

%= Abstract Insect-resistant transgenic plants have been suggested to have
deleterious effects on beneficial predators feeding on crop pests, through
transmission of the transgene product by the pest to the predator. To test
this hypothesis, effects of oilseed rape expressing the serine protease
inhibitor, mustard trypsin inhibitor -2 (MTI-2), on the predatory ground
beetle Pterostichus madidus were investigated, using diamondback moth,
Plutella xylostella as the intermediary pest species. As expected, oilseed rape
expressing MTI-2 had a deleterious effect on the development and survival
of the pest. However, incomplete pest mortality resulted in survivors being
available to predators at the next trophic level, and inhibition studies
confirmed the presence of biologically active transgene product in pest larvae.
Characterization of proteolytic digestive enzymes of P. madidus demonstrated
that adults utilize serine proteases with trypsin-like and chymotrypsin-like

specificities; the former activity was completely inhibited by MTI-2 in vitro.

_87_



When P. madidus consumed prey reared on MTI-2 expressing plants over
the reproductive period in their life cycle, no significant effects upon survival
were observed as a result of exposure to the inhibitor. However, there was a
short-term significant inhibition of weight gain in female beetles fed
unlimited prey containing MTI-2, with a concomitant reduction of prey
consumption. Biochemical analyses showed that the inhibitory effects of
MTI-2 delivered via prey on gut proteolysis in the carabid decreased with
time of exposure, possibly resulting from up-regulation of inhibitor—insensitive
proteases. Of ecological significance, consumption of MTI-2 dosed prey had

no detrimental effects on reproductive fitness of adult P. madidus.

12. Inheritance of resistance to Bacillus thuringiensis CrylAc toxin in
a greenhouse—derived strain of cabbage looper (Lepidoptera: Noctuidae).

Z 4. J Econ Entomol. 2004 Dec;97(6):2073-8.

A 2} Kain WC, Zhao JZ, Janmaat AF, Myers J, Shelton AM, Wang P.

2<% Department of Entomology, Cornell University, New York State
Agricultural Experiment Station, Geneva, NY 14456, USA.

%= A population of cabbage looper, Trichoplusia ni (Hubner), collected from
commercial greenhouses in the lower mainland of British Columbia, Canada,
in 2001 showed a resistance level of 24-fold to Dipel, a product of Bacillus
thuringiensis (Bt) subspecies kurstaki. This population was selected with
CrylAc, the major Bt Cry toxin in Dipel, to obtain a homogenous population
resistant to CrylAc. The resulting strain of T. ni, named GLEN-CrylAc, was
highly resistant to CrylAc with a resistance ratio of approximately 1000—fold.
The larvae from the GLEN-CrylAc strain could survive on
CrylAc—-expressing transgenic broccoli plants that were highly insecticidal to
T. ni and diamondback moth, Plutella xylostella (L.). The inheritance of

CrylAc resistance in this T. ni strain was autosomal and incompletely
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recessive. The degree of dominance of the resistance was -0.402 and -0.395,
respectively, for the neonates in reciprocal crosses between the
GLEN-CrylAc and a laboratory strain of T. ni. Using chi2 goodness—of-fit
test, we demonstrated that the inhibition of larval growth resulting from
testing 12 toxin doses in the progeny of the backcross fit the predicted larval
responses based on a monogenic inheritance model. Therefore, we conclude
that the inheritance of the resistance to CrylAc in the T. ni larvae is

monogenic.

13. Experimental analysis of the influence of pest management practice
on the efficacy of an endemic arthropod natural enemy complex of the
diamondback moth.

Z2: J Econ Entomol. 2004 Dec;97(6):1814-27.

Z 2} Furlong MJ, Shi ZH, Liu YQ, Guo SJ, Lu YB, Liu SS, Zalucki MP.

A2 Department of Zoology and Entomology, School of Life Sciences,

University of Queensland, St. Lucia 4072, Queensland, Australia.

%= Maximizing the contribution of endemic natural enemies to integrated
pest management (IPM), programs requires a detailed knowledge of their
interactions with the target pest. This experimental field study evaluated the
impact of the endemic natural enemy complex of Plutella xylostella (L.)
(Lepidoptera: Yponomeutidae) on pest populations in commercial cabbage
crops in southeastern Queensland, Australia. Management data were used to
score pest management practices at experimental sites on independent
Brassica farms practicing a range of pest management strategies, and
mechanical methods of natural enemy exclusion were used to assess the
impact of natural enemies on introduced cohorts of P. xylostella at each site.
Natural enemy impact was greatest at sites adopting IPM and least at sites

practicing conventional pest management strategies. At IPM sites, the
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contribution of natural enemies to P. xylostella mortality permitted the
cultivation of marketable crops with no yield loss but with a substantial
reduction in insecticide inputs. Three species of larval parasitoids (Diadegma
semiclausum Hellen [Hymenoptera: Ichneumonidael, Apanteles ippeus Nixon
[Hymenoptera: Braconidae], and Oomyzus sokolowskii Kurdjumov
[Hymenoptera: Eulophidae]) and one species of pupal parasitoid Diadromus
collaris Gravenhorst (Hymenoptera: Ichneumonidae) attacked immature P.
xylostella. The most abundant groups of predatory arthropods caught in
pitfall traps were Araneae (Lycosidae) > Coleoptera (Carabidae, Coccinelidae,
Staphylinidae) > Neuroptera (Chrysopidae) > Formicidae, whereas on crop
foliage Araneae (Clubionidae, Oxyopidae) > Coleoptera (Coccinelidae) >
Neuroptera (Chrysopidae) were most common. The abundance and diversity
of natural enemies was greatest at sites that adopted IPM, correlating greater
P. xylostella mortality at these sites. The efficacy of the natural enemy
complex to pest mortality under different pest management regimes and
appropriate strategies to optimize this important natural resource are
discussed.

14. Impact of oilseed rape expressing the insecticidal serine protease
inhibitor, mustard trypsin inhibitor-2 on the beneficial predator
Pterostichus madidus.

%A1 Mol Ecol. 2005 Jan;14(1):337-49.

A A} Ferry N, Jouanin L, Ceci LR, Mulligan EA, Emami K, Gatehouse JA,
Gatehouse AM.

4431 School of Biology, University of Newcastle Upon Tyne, Newcastle, NE1
7RU, UK.

%= Insect-resistant transgenic plants have been suggested to have

deleterious effects on beneficial predators feeding on crop pests, through
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transmission of the transgene product by the pest to the predator. To test
this hypothesis, effects of oilseed rape expressing the serine protease
inhibitor, mustard trypsin inhibitor -2 (MTI-2), on the predatory ground
beetle Pterostichus madidus were investigated, using diamondback moth,
Plutella xylostella as the intermediary pest species. As expected, oilseed rape
expressing MTI-2 had a deleterious effect on the development and survival
of the pest. However, incomplete pest mortality resulted in survivors being
available to predators at the next trophic level, and inhibition studies
confirmed the presence of biologically active transgene product in pest larvae.
Characterization of proteolytic digestive enzymes of P. madidus demonstrated
that adults utilize serine proteases with trypsin-like and chymotrypsin-like
specificities; the former activity was completely inhibited by MTI-2 in vitro.
When P. madidus consumed prey reared on MTI-2 expressing plants over
the reproductive period in their life cycle, no significant effects upon survival
were observed as a result of exposure to the inhibitor. However, there was a
short-term significant inhibition of weight gain in female beetles fed
unlimited prey containing MTI-2, with a concomitant reduction of prey
consumption. Biochemical analyses showed that the inhibitory effects of
MTI-2 delivered via prey on gut proteolysis in the carabid decreased with
time of exposure, possibly resulting from up-regulation of inhibitor-insensitive
proteases. Of ecological significance, consumption of MTI-2 dosed prey had

no detrimental effects on reproductive fitness of adult P. madidus.

15. Efficient large-scale development of microsatellites for marker and

mapping applications in Brassica crop species.

<A Theor Appl Genet. 2004 Apr;108(6):1103-12.

A 2k Lowe AJ, Moule C, Trick M, Edwards KJ.

24 JACR Long Ashton Research Station, Long Ashton, BS41 9AF, Bristol,
UK.
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5 A set of 398 simple sequence repeat markers (SSRs) have been
developed and characterised for use with genetic studies of Brassica species.
Small-insert (250-900 bp) genomic libraries from Brassica rapa, B. nigra, B.
oleracea and B. napus, highly enriched for dinucleotide and trinucleotide SSR
motifs, were constructed. Screening the clones with a mixture of
oligonucleotide repeat probes revealed positive hybridisation to between 75%
and 90% of the clones. Of these, 1230 were sequenced. Primer pairs were
designed for 398 SSR clones, and of these, 270 (67.8%) amplified a PCR
product of the expected size in their focal and/or closely related species. A
further screen of 138 primers pairs that produced a PCR product in B. napus
germplasm found that 86 (62.3%) revealed length polymorphisms within at
least one line of a test array representing the four Brassica species. The
results of this screen were used to identify 56 SSRs and were combined with
41 SSRs that had previously shown polymorphism between the parents of a
B. napus mapping population. These 97 SSR markers were mapped relative
to a framework of RFLP markers and detected 136 loci over all 19 linkage

groups of the oilseed rape genome.

16. A PCR-based approach to distinguish important Diadegma species
(Hymenoptera: Ichneumonidae) associated with diamondback moth,
Plutella xylostella (Lepidoptera: Plutellidae).
<=4 Bull Entomol Res. 2004 Oct;94(5):465-71.

Z 2}: Wagener B, Reineke A, Lohr B, Zebitz CP.

%< International Centre of Insect Physiology and Ecology, PO Box 30772,
00100 GPO Nairobi, Keny

*%: The diamondback moth, Plutella xylostella (Linnaeus) has a

cosmopolitan distribution and is one of the major pests on cruciferous plants.
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Biological control, especially with species of the genus Diadegma, has been
successfully employed in several parts of the world, mainly in South East
Asia. The taxonomy of this genus based on classical morphological
characters is still unclear and misidentifications are reported. In the present
study seven Diadegma species associated with P. xylostella were separated
using polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) analyses. The second internal transcribed spacer (ITS2) of the
ribosomal DNA (rDNA) was successfully amplified in all 167 individuals and
digested using 11 different restriction enzymes. One restriction enzyme (Cfol)
showed different restriction profiles in all species and also between two
population samples of D. mollipla (Holmgren) from eastern and southern
Africa. In addition, a new Diadegma species associated with P. xylostella

from Ethiopia was discovered.

17. Transgenic Bt-producing Brassica napus: Plutella xylostella
selection pressure and fitness of weedy relatives.

%4 Environ Biosafety Res. 2003 Oct-Dec;2(4):263-76.

A 2} Mason P, Braun L, Warwick SI, Zhu B, Stewart CN Jr.

A4 Agriculture and Agri-Food Canada, Eastern Cereal and Oilseed
Research Centre, K. W. Neatby Bldg., Ottawa, Ontario, K1A 0C6, Canada.

%= Release of transgenic insect-resistant crops creates the potential not
only for the insect pest to evolve resistance but for the escape of transgenes
that may confer novel or enhanced fitness-related traits through hybridization
with their wild relatives. The differential response of diamondback moth
(Plutella xylostella) populations in eastern and western Canada to
Bt-producing (GT) Brassica napus and the potential for enhanced fitness of

GT B. napus and weedy GT Brassica rapa x B. napus hybrid populations
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(F1, BC1, BC2) were studied. Comparative bioassays using neonates and 4th
instars showed that GT B. napus and GT B. rapa x B. napus hybrids are
lethal to larvae from both populations. No measurable plant fitness advantage
(reproductive dry weight) was observed for GT B. napus (crop) and GT B.
rapa X B. napus hybrid populations at low insect pressure (1 larva per leaf).
At high insect densities (>10 larvae per leaf), vegetative plant weight was
not significantly different for GT B. napus and non-GT B. napus, whereas
reproductive plant weight and proportion of reproductive material were
significantly higher in GT B. napus. Establishment of the Bt trait in wild B.
rapa populations may also increase its competitive advantage under high

insect pressure.

18. Laboratory evaluations of a wild crucifer Barbarea vulgaris as a
management tool for the diamondback moth Plutella xylostella
(Lepidoptera: Plutellidae).

Z2]: Bull Entomol Res. 2004 Dec;94(6):509-16.

A2 Lu JH, Liu SS, Shelton AM.

4250 Institute of Applied Entomology, Zhejiang University, 268 Kaixuan Road,
Hangzhou 310029, China.

%%:! The term ’'dead-end trap cropping’ has recently been proposed to
identify a plant that is highly attractive for oviposition by an insect pest, but
on which offspring of the pest cannot survive. The potential of the wild
crucifer Barbarea vulgaris R. Br. to allure and serve as a dead-end trap crop
for the diamondback moth Plutella xylostella (L.), an important pest of
cruciferous crops worldwide, was examined in laboratory experiments. When
P. xylostella adults were provided with a dual-choice of plants of B. vulgaris,
and Chinese cabbage Brassica campestris (L.), in one arena, adult moths laid

2.5-6.8 times more eggs on the former than on the latter. When P. xylostella
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adults were provided with a dual-choice of plants of B. vulgaris and common
cabbage Brassica oleracea L., adult moths laid virtually all their eggs on the
former and ignored the latter. Nearly all P. xylostella eggs laid on the three
species of plants hatched successfully, but nearly all individuals on plants of
B. vulgaris died as neonates or early instar larvae, while 87-100% of the
larvae on Chinese cabbage and common cabbage survived to pupation. Dual
choice tests with a Y-tube olfactometer showed that volatiles from B.
vulgaris were much more attractive to P. xylostella adults than those from
common cabbage. The results demonstrate that B. vulgaris has a great
potential as a dead-end trap crop for improving management of P. xylostella.
Factors that may influence the feasibility of using B. vulgaris as a trap crop

in the field are discussed, and ways to utilize this plant are proposed.

19. Evaluating trap crops for diamondback moth, Plutella xylostella
(Lepidoptera: Plutellidae).

Z2]: J Econ Entomol. 2004 Aug;97(4):1365-72.

Z 2}: Badenes—Perez FR, Shelton AM, Nault BA.

42420 Department of Entomology, New York State Agricultural Experiment
Station, 630 W. North Street, Cornell University, Geneva, NY 14456, USA.

%= Potential trap crops for the diamondback moth, Plutella xylostella (L.)
(Lepidoptera: Plutellidae), were evaluated through a series of ovipositional
preference and larval survival experiments in outdoor screenhouses in 2002
and 2003. Hosts examined as trap crops were glossy and waxy collards,
Brassica oleracea L. variety acephala; Indian mustard, Brassica juncea (L.)
Czern; and yellow rocket, Barbarea vulgaris (R. Br.) variety arcuata. More
eggs were laid on the potential trap crops, with the exception of waxy
collards, than on cabbage. When P. xylostella was offered multiple hosts at

the same time, numbers of eggs laid on glossy collards, Indian mustard, and
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yellow rocket were 3, 18, and 12 times greater than on cabbage, respectively.
Similarly, when P. xylostella was offered a single trap crop host and
cabbage, numbers of eggs laid on glossy collards, Indian mustard, and yellow
rocket were 300, 19, and 110 times greater than on cabbage, respectively. Our
studies suggest differences in oviposition between the potential trap crops
and cabbage were likely due to host volatiles, leaf morphology and color, or
a combination of these factors, rather than to total leaf areas, leaf shape, or
plant architecture. Two—choice tests with a Y-tube olfactometer indicated that
plant volatiles were major factors in P. xylostella host preference. The
percentage larval survival from egg to pupation was 22.2% on cabbage,
18.9% on waxy collards, and 24.4% on Indian mustard, whereas survival was
significantly lower on glossy collards (6.7%) and yellow rocket (0%). Based
on our tests, it seems that yellow rocket may be the best candidate for use
as a trap crop for P. xylostella because it is highly attractive for oviposition,

but larvae do not survive on it.

20. Microbial control of diamondback moth, Plutella xylostella L.
(Lepidoptera: Yponomeutidae) using bacteria (Xenorhabdus nematophila)
and its metabolites from the entomopathogenic nematode Steinernema

carpocapsae.

=3 J Zhejiang Univ Sci. 2004 Oct;5(10):1183-90.

A A} Mahar AN, Munir M, Elawad S, Gowen SR, Hague NG.

%< Department of Agriculture, University of Reading, RG6 6AT, UK.

%= Cells and cell-free solutions of the culture filtrate of the bacterial
symbiont, Xenorhabdus nematophila taken from the entomopathogenic
nematode Steinernema carpocapsae in aqueous broth suspensions were lethal

to larvae of the diamondback moth Plutella xylostella. Their application on

leaves of Chinese cabbage indicated that the cells can penetrate into the
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insects in the absence of the nematode vector. Cell-free solutions containing
metabolites were also proved as effective as bacterial cells suspension. The
application of aqueous suspensions of cells of X. nematophila or solutions
containing its toxic metabolites to the leaves represents a possible new

strategy for controlling insect pests on foliage.

21. Effects of Bt plants on the development and survival of the
parasitoid Cotesia plutellae (Hymenoptera: Braconidae) in susceptible
and Bt-resistant larvae of the diamondback moth, Plutella xylostella
(Lepidoptera: Plutellidae).

Z4]: J Insect Physiol. 2004 May;50(5):435-43.

A 2} Schuler TH, Denholm I, Clark SJ, Stewart CN, Poppy GM.

240 Division of Plant and Invertebrate Ecology, Rothamsted Research,

%% A range of crops have been transformed with delta-endotoxin genes
from Bacillus thuringiensis (Bt) to produce transgenic plants with high levels
of resistance to lepidopteran pests. Parasitoids are important natural enemies
of lepidopteran larvae and the effects of Bt plants on these non-target insects
have to be investigated to avoid unnecessary disruption of biological control.
This study investigated the effects of CrylAc-expressing transgenic oilseed
rape (Brassica napus) on the solitary braconid endoparasitoid Cotesia plutellae
in small-scale laboratory experiments. C. plutellae is an important natural
enemy of the diamondback moth (Plutella xylostella), the most important pest
of brassica crops world-wide. Bt oilseed rape caused 1002 mortality of a
Bt-susceptible P. xylostella strain but no mortality of the Bt-resistant P.
xylostella strain NO-QA. C. plutellae eggs laid in Bt-susceptible hosts
feeding on Bt leaves hatched but premature host mortality did not allow C.

plutellae larvae to complete their development. In contrast, C. plutellae
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developed to maturity in Bt-resistant hosts fed on Bt oilseed rape leaves and
there was no effect of Bt plants on percentage parasitism, time to emergence
from hosts, time to adult emergence and percentage adult emergence from
cocoons. Weights of female progeny after development in Bt-resistant hosts
did not differ between plant types but male progeny was significantly heavier
on wildtype plants in one of two experiments. The proportion of female
progeny was significantly higher on Bt plants in the first experiment with
Bt-resistant hosts but this effect was not observed again when the

experiment was repeated.

22. Bt transgenic crops do not have favorable effects on resistant

insects.

22 J Insect Sci. 2004;4:4.

Z 2} Tabashnik BE, Carriere Y.

420 Department of Entomology, University of Arizona, Tucson, AZ 85721,

%5 Sayyed et al. (Ecology Letters (2003) 6: 167-169) hypothesized that
insecticidal Bacillus thuringiensis (Bt) toxins produced by transgenic crops
could have nutritionally favorable effects that increase the fitness of resistant
insects eating such crops. This idea was based on increased pupal weight of
resistant larvae of diamondback moth, Plutella xylostella (L.), fed leaf discs
treated externally with a Bt toxin. We summarize evidence from diamondback
moth and other pests showing that the Bt toxins in transgenic crops do not
enhance performance of resistant insects. Aside from a few notable
exceptions in which performance of resistant insects did not differ between

Bt and non-Bt crops, Bt crops had adverse affects on resistant insects.
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23. Chromosomal mapping of Brassica oleracea based on ESTs from

Arabidopsis thaliana: complexity of the comparative map.

221 Mol Genet Genomics. 2003 Feb;268(5):656-65.

A 2} Babula D, Kaczmarek M, Barakat A, Delseny M, Quiros CF, Sadowski
J.

%< Institute of Plant Genetics, Polish Academy of Sciences, 60-479 Poznan,
Poland.

*E: Expressed sequence tags (ESTs) from the Arabidopsis thaliana
sequencing project were used to construct a genetic RFLP map for Brassica
oleracea. Of the 110 A. thaliana ESTs tested, 95 were found to be
informative RFLP probes in map construction. In total, 212 new loci
corresponding to the 95 ESTs were added to the existing genetic map of B.
oleracea. The enriched map covers all nine basic linkage groups and confirms
that the chromosomes of B. oleracea and A. thaliana are similar in linear
organization. However, varying levels of sequence conservation between the
chromosomes of B. oleracea and A. thaliana were detected in different
regions of the genomes. Long conserved regions encompassing entire
chromosome arms in both genomes were identified; these are probably shared
by descent. On the other hand, extensive rearrangements were observed in
numerous chromosome regions, producing a mosaic of A. thaliana-like
segments in the genome of Brassica. The presence of extensive chromosome
duplication in A. thaliana was taken into consideration in the construction of

the comparative maps of B. oleracea and A. thaliana.

24. Comparison of a Brassica oleracea genetic map with the genome of

Arabidopsis thaliana.
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Z2]: Genetics. 2003 May;164(1):359-72.

A2} Lukens L, Zou F, Lydiate D, Parkin I, Osborn T.

423 Department of Agronomy, University of Wisconsin, Madison, Wisconsin

%= Brassica oleracea is closely related to the model plant, Arabidopsis
thaliana. Despite this relationship, it has been difficult to both identify the
most closely related segments between the genomes and determine the
degree of genome replication within B. oleracea relative to A. thaliana. These
difficulties have arisen in part because both species have replicated genomes,
and the criteria used to identify orthologous regions between the genomes are
often ambiguous. In this report, we compare the positions of sequenced
Brassica loci with a known position on a B. oleracea genetic map to the
positions of their putative orthologs within the A. thaliana genome. We use
explicit criteria to distinguish orthologous from paralogous loci. In addition,
we develop a conservative algorithm to identify collinear loci between the
genomes and a permutation test to evaluate the significance of these regions.
The algorithm identified 34 significant A. thaliana regions that are collinear
with >28% of the B. oleracea genetic map. These regions have a mean of 3.3
markers spanning 2.1 Mbp of the A. thaliana genome and 2.5 cM of the B.
oleracea genetic map. Our findings are consistent with the hypothesis that
the B. oleracea genome has been highly rearranged since divergence from A.

thaliana, likely as a result of polyploidization.

25. Identification of cryll-type genes from Bacillus thuringiensis
strains and characterization of a novel cryll-type gene.

Z2]: Appl Environ Microbiol. 2003 Sep;69(9):5207-11.

A A} Song F, Zhang J, Gu A, Wu Y, Han L, He K, Chen Z, Yao ], Hu Y,
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Li G, Huang D.

A4 State Key Laboratory of Biology for Plant Diseases and Insect Pests,
Institute of Plant Protection, Chinese Academy of Agricultural Sciences,
Beijing 100081, People’s Republic of China.

%*%: A PCR-restriction fragment length polymorphism method for
identification of cryll-type genes from Bacillus thuringiensis was established
by designing a pair of universal primers based on the conserved regions of
the genes to amplify 1,548-bp cryll-type gene fragments. Amplification
products were digested with the Bspll9l and Banl enzymes, and four kinds
of known cryll-type genes were successfully identified. The results showed
that cryll-type genes appeared in 95 of 115 B. thuringiensis isolates and 7 of
13 standard strains. A novel cryll-type gene was found in one standard
strain and six isolates. The novel cryll gene was cloned from B.
thuringiensis isolate BtcO07 and subcloned into vector pET-21b. Then it was
overexpressed in Escherichia coli BL21(DE3). The expressed product was
shown to be toxic to the diamondback moth (Plutella xylostella), Asian corn
borer (Ostrinia furnacalis), and soybean pod borer (Leguminivora
glycinivorella). However, it was not toxic to the cotton bollworm (Helicoverpa
armigera), beet armyworm (Spodoptera exigua), or elm leaf beetle (Pyrrhalta
aenescens) in bioassays. Subsequently, the Cry protein encoded by this novel
cry gene was designated Cryllel by the B. thuringiensis delta-endotoxin

nomenclature committee.

26. Effects of cruciferous vegetables on experimental population of
diamondback moth Plutella xylostella

Z=2]: Ying Yong Sheng Tai Xue Bao. 2003 Oct;14(10):1732-4.

A} Lu LH, He Y, Pang X.
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%~<: Plant Protection Research Institute, Guangdong Academy of Agricultural
Sciences, Guangzhou 510640,

%*%: The impact of four species of cruciferous vegetables on the
experimental population of diamondback moth (DBM) Plutella xylostella was
evaluated in the laboratory. The results showed that there was no significant
difference in total fecundity and longevity of DBM female moths reared on
different crucifers. The population increase index of DBM reared on flowering
Chinese cabbage, Chinese kale, leaf mustard, and pak-choi was 41.0, 69.5,
38.2 and 52.4, respectively, and the natural death at larvae stage was the
most important factor influencing the population increase of DBM. The
relatively lower natural death rates of larvae on Chinese kale and pak-choi
contributed a higher increasing potential of DBM populations. It was
concluded that among four species crucifers, Chinese kale could provide the
most suitable nutrients for the development and reproduction of DBM
population, and thus, it was considered as the best host of DBM. However,
although leaf mustard has been reported as one of the most preferable host
for DBM adult oviposition, it was not as better as three other crucifers for

DBM development due to the higher natural death rate of larvae.

27. Inheritance of resistance to Bt canola in a field-derived population

of Plutella xylostella.

<4 Pest Manag Sci. 2003 Nov;59(11):1197-202.

A A} Sayyed AH, Schuler TH, Wright D]J.

A4 Department of Biological Sciences, Imperial College London, Silwood
Park campus, Ascot, Berkshire SL5 7PY, UK.

%5 Crops expressing Bacillus thuringiensis (Bt) insecticidal Cry proteins

are grown on millions of hectares. Recommendations to delay resistance are
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based on a high expression/refugia strategy that aims to kill resistant
heterozygotes and enable some susceptible insects to survive. Leaf-dip
bioassays on F; crosses of Malaysian populations of diamondback moth
(Plutella xylostella (L)) showed that CrylAc resistance was not fully
recessive. The survival of ca 50% of heterozygotes on Bt canola (Brassica
napus L) leaves expressing low concentrations of CrylAc agreed with a
non-fully-recessive model for resistance. Extrapolations based on log
dose-logit mortality regressions for heterozygotes using leaf-dip bioassays
showed that a relatively high level of expression, of ca 2000 ng CrylAc
mg(-1) total leaf protein, would be required to give 90% mortality to
heterozygotes. If high enough levels of expression of Bt toxin to kill
heterozygotes cannot be achieved and maintained under field conditions, the

effectiveness of the high-dose/refugia strategy would be reduced.

28. Transgenic plants expressing two Bacillus thuringiensis toxins

delay insect resistance evolution.

<4 Nat Biotechnol. 2003 Dec;21(12):1493-7.

A A} Zhao JZ, Cao J, Li Y, Collins HL, Roush RT, Earle ED, Shelton AM.

A4 Department of Entomology, Cornell University/NYSAES, 630 W. North
Street, Geneva, New York 14456, USA.

%% Preventing insect pests from developing resistance to Bacillus
thuringiensis (Bt) toxins produced by transgenic crops is a major challenge
for agriculture. Theoretical models suggest that plants containing two
dissimilar Bt toxin genes (‘pyramided’ plants) have the potential to delay
resistance more effectively than single-toxin plants used sequentially or in
mosaics. To test these predictions, we developed a unique model system
consisting of Bt transgenic broccoli plants and the diamondback moth,

Plutella xylostella. We conducted a greenhouse study using an artificial
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population of diamondback moths carrying genes for resistance to the Bt
toxins CrylAc and CrylC at frequencies of about 0.10 and 0.20, respectively.
After 24 generations of selection, resistance to pyramided two—gene plants
was significantly delayed as compared with resistance to single-gene plants
deployed in mosaics, and to CrylAc toxin when it was the first used in a
sequence. These results have important implications for the development and

regulation of transgenic insecticidal plants.

29. Identification of a triterpenoid saponin from a crucifer, Barbarea
vulgaris, as a feeding deterrent to the diamondback moth, Plutella

xylostella.

<=7 J Chem Ecol. 2002 Mar;28(3):587-99.

# 2} Shinoda T, Nagao T, Nakayama M, Serizawa H, Koshioka M, Okabe H,
Kawai A.

A2 National Institute of Vegetable and Tea Science, Ano, Mie, Japan.

%E: Larvae of the diamondback moth, Plutella xylostella, a crucifer
specialist, refuse to feed on a crucifer, Barbarea vulgaris, because of the
presence of a feeding deterrent, which is extractable with chloroform. We
isolated a feeding deterrent from B. vulgaris leaves, by successive
fractionations with silica—gel, ODS, ie., Cl18 reversed phase, and Sephadex
LH-20 column chromatographies, and ODS-HPLC, guided by a bioassay for
feeding deterrent activity. The structure of the compound was determined to
be a monodesmosidic triterpenoid saponin,
3-O-[0O-beta-D-glucopyranosyl-(1-->4)-beta-D-glucopyranosyl]-hederagenin,
based on FAB-MS, 1H- and 13C-NMR spectra, and hydrolysis experiments.
When the compound was applied to cabbage leaf disks at greater than 0.18

microg/mm2, consumption of the disks by third instars was less than 11% of
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control disks treated with the solvent alone. Furthermore, all first instars died
on the disks treated with the same concentrations. Because the concentration
of the compound in the fresh leaves of B. vulgaris was comparable to the
effective dose in the cabbage leaf disk tested, we conclude that the
unacceptability of B. vulgaris to P. xylostella larvae is primarily due to this

saponin.

30. Optimum timing of insecticide applications against diamondback
moth Plutella xylostella in cole crops using threshold catches in sex
pheromone traps.

=7 Pest Manag Sci. 2001 Jan;57(1):90-4.

A 2k Reddy GV, Guerrero A.

A4 Department of Biological Organic Chemistry, IIQAB (CSIC), Jordi
Girona 18-26, 08034-Barcelona, Spain.

%% Field trials were conducted in cabbage (Brassica oleracea var capitata),
cauliflower (B oleracea var botrytis) and knol khol (B oleracea gongylodes)
crops at two different locations in Karnataka State (India) to optimize the
timing of insecticide applications to control the diamondback moth, Plutella
xylostella, using sex pheromone traps. Our results indicate that applications
of cartap hydrochloride as insecticide during a 12-24 h period after the
pheromone traps had caught on average 8, 12 and 16 males per trap per
night in cabbage, cauliflower and knol khol, respectively, were significantly
more effective than regular insecticide sprays at 7, 9, 12 or 15 days after
transplantation. This was demonstrated by estimation of the mean number of
eggs and larvae per plant, the percentage of holes produced, as well as the
marketable yield of the three crops at each location. A good correlation
between the immature stages, infestation level, the estimated crop yield and

the number of moths caught in pheromone traps was also found, indicating
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the usefulness of pheromone-based monitoring traps to predict population

densities of the pest.

31. Diamondback moth compensatory consumption of protease
inhibitor-transformed plants.

Z 2] Mol Ecol. 2001 Apr;10(4):1069-74.

A 2} Winterer J, Bergelson J.

%< Department of Biology, Franklin and Marshall College, PO Box 3003,

*Z Prior study of the effect of protease inhibitors (PIs) on diamondback
moths suggests that moths are resistant to them, so PIs represent an
ineffective defence against moths. However, our data suggest that
diamondback moths do suffer lower growth rates when they consume plants
transformed with potato protease inhibitor (PI2), but that effect is hidden by
compensatory consumption. Plants, instead of gaining an advantage by
lowering the insect growth rate, suffer a disadvantage as moths consume
more tissue to mitigate the effect. Furthermore, PI2, when wused in
conjunction with another transgenic pesticidal protein, Bt (from Bacillus
thuringiensis) counteracts the effectiveness of Bt at protecting plant tissue.
Thus, transgenic PIs are not only less effective than previously thought in
protecting Brassica plants from diamondback moths, they may actually lead

to increased plant damage by the moths.

32. Behavioral responses of the diamondback moth, Plutella xylostella,
to green leaf volatiles of Brassica oleracea subsp. capitata.
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%A1 J Agric Food Chem. 2000 Dec;48(12):6025-9.

A2k Reddy GV, Guerrero A.

4243 Department of Biological Organic Chemistry, Institute of Chemical and
Environmental Research (CSIC), Jordi Girona 18-26, 08034 Barcelona, Spain.

%5 Green leaf volatiles (GLVs) from Brassica oleracea subsp. capitata L.
have been identified as 1-hexanol, (Z)-3-hexen-1-ol, 1-hexen-3-ol, hexanal,
(E)-2-hexenal, hexyl acetate, and (Z)-3-hexenyl acetate, by their mass
spectra and retention times in comparison with authentic samples. No
isothiocyanates were found in the extract. The activity of these chemicals
has been determined on mated and unmated males and females of the
diamondback moth (DBM) Plutella xylostella in the laboratory (wind tunnel)
and in the field. On unmated males, mixtures of (Z)-3-hexenyl acetate,
(E)-2-hexenal, and (Z)-3-hexen-1-ol with the pheromone induced
attractant/arresting behavior in 80-100% of the males tested, significantly
higher than the effect induced by the pheromone alone. On mated males and
unmated females the effect of the GLVs alone or in combination with the
pheromone was poor, while on mated females these compounds elicited
upwind flight and arresting behavior in 40-60% of the females assayed.
There was no synergism when these chemicals were mixed with the
pheromone. In the field, (Z)-3-hexenyl acetate, the most active GLV in
laboratory tests, when mixed with the pheromone in 1:1 ratio, enhanced
6-7-fold the number of females and 20-30% the number of males caught by
traps over those baited with the pheromone alone. Our results indicate that
the enhancement of the attraction of both males and females of the DBM to
traps baited with pheromone blended with the relatively inexpensive and
environmentally safe (Z)-3-hexenyl acetate may be important for future

control strategies of the pest.

33. Development and characterization of diamondback moth resistance
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to transgenic broccoli expressing high levels of CrylC.

=211 Appl Environ Microbiol. 2000 Sep;66(9):3784-9.

A A} Zhao JZ, Collins HL, Tang JD, Cao ], Earle ED, Roush RT, Herrero S,
Escriche B, Ferre J, Shelton AM.

A2:0 Department of Entomology, Cornell University, New York State
Agricultural Experiment Station, Geneva, New York 14456, USA.

%= A field—collected colony of the diamondback moth, Plutella xylostella,
had 31-fold resistance to CrylC protoxin of Bacillus thuringiensis. After 24
generations of selection with CrylC protoxin and transgenic broccoli
expressing a CrylC protein, the resistance that developed was high enough
that neonates of the resistant strain could complete their entire life cycle on
transgenic broccoli expressing high levels of CrylC. After 26 generations of
selection, the resistance ratios of this strain to CrylC protoxin were 12,400-
and 63,100-fold, respectively, for the neonates and second instars by a leaf
dip assay. The resistance remained stable until generation 38 (G38) under
continuous selection but decreased to 235—-fold at G38 when selection ceased
at G28. The CrylC resistance in this strain was seen to be inherited as an
autosomal and incompletely recessive factor or factors when evaluated using
a leaf dip assay and recessive when evaluated using CrylC transgenic
broccoli. Saturable binding of (125)I-CrylC was found with brush border
membrane vesicles (BBMV) from both susceptible and CrylC-resistant
strains. Significant differences in CrylC binding to BBMV from the two
strains were detected. BBMV from the resistant strain had about
sevenfold-lower affinity for CrylC and threefold-higher binding site
concentration than BBMYV from the susceptible strain. The overall CrylC
binding affinity was just 2.5-fold higher for BBMV from the susceptible
strain than it was for BBMV from the resistant strain. These results suggest

that reduced binding is not the major mechanism of resistance to CrylC.
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34. Oviposition by Plutella xylostella (Lepidoptera: Plutellidae) and
effects of phylloplane waxiness.

23 J Econ Entomol. 2000 Aug;93(4):1152-9.

A A} Justus KA, Dosdall LM, Mitchell BK.

4240 Department of Biological Sciences, University of Alberta, Edmonton,

Canada.

%5 Three approaches were used to investigate effects of host plant
epicuticular waxes on oviposition site selection by Plutella xylostella (L.). In
the first approach, oviposition on canola (Brassica napus L.) that had
epicuticular wax reduced by application of a carbamate herbicide (S—ethyl
dipropylthiocarbamate) was compared with oviposition on untreated control
plants. A second approach compared oviposition on sibling strains of B.
napus with different wax blooms (glossy and waxy), and a third approach
compared oviposition by P. xylostella on parafilm that had been applied to
glossy and waxy B. napus strains for transfer of leaf components.
Significantly more eggs were deposited on herbicide-treated plants (with
reduced epicuticular wax) than on untreated controls. Similarly, more eggs
were deposited on glossy than on waxy sibling strains of B. napus. In
parafilm assays significantly more eggs were deposited on treated than on
untreated parafilm. Several mechanisms could explain the differences in
attractiveness of surfaces with varying wax content as oviposition sites for
P. xylostella, including visual, chemical, and tactile differences between

substrates. These mechanisms are discussed.
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