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Disease resistance conferred by the expression of
a gene encoding a synthetic peptide in transgenic
cotton (Gossypium hirsutum L.) plants
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Summary

Fertile, fransgenic cotton plants expressdng the sethetc andenicrobial peplce, D4ET,
woerre prociaced throogh Sqgrabacemam-mediated trarstormation. PCR products and
southern blots coofirmed integration of the BIEY gene, whike RT-PCR al cetton RRA
comterned the presence of D80T tanscrpts, o uim &says with crode leaf prodein esxtracts
froem TO and T1 plants confirmed that CHET was expressed ot sufficiend kel toinbiba
the growth of Fusarurm weeticilioces and Vermclfue datfas compared 10 extracts from
regative cantral plants trensiormed with pBI-d35502-widd-nos (CGEUS). Although i vita
avseys did not showe controd of pre-germimated spares of Aspergiius favas, bicassays
warli catbon seeds an ST ar i planda, inooulated with a GFP-expressing A. fidvs, mdicabed
that the transgenic cotton seeds inhibated extensivi cokinizatods and speead by the fungus
i catyledons and seed coats. bt planta assays with the tungal pathogen, Thictropas
basicoda, which causes black root ral in cotton, sheraed typical symptoens sach a5 black
discokaraton and carsinction o ypocotds, reduced brandhimg of roots in CGUS negative
controd T1 seedlings, whde transger T seocings dhevewid @ aignificant reduction mn dseae
syrbanrs and ncreased seedling fresh wesight, dermonstrating toferance to the fungal
pathogen. Significant advantages of syrithetic peptides m develaping tansgeni crop plants
tFrat are resistant fo tiseases and ryeotosin-causing fungal pathogers are highlighted in

Introduction

The presence of atlatogn in cotbonseed endandgers the hoalth
of livestock consuming cottonseed meal used in animal feeds
and the health of humans corsumiveg milk products from the

The average annual cotton praduction loss as a result of
diseases in the Uraled States s abont 1096 and it is hagher in
othwer cotlon-grosnng aeas of the warkl, The seedling disease
complex, tungal wift pathogens and ball rots are the majes
cotton diseases workhaide Cattonseed 15 also attacked by
the saprophytic fungus, Aspevgiig fawus that produces
atlatodn. Aflaton, one of the desdiess mpeoloxing known,
it produced by the fungus on cther rops as well such a9
comn, peanats and tree nuts (Sinha and Bhatnanar, 1998).
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attected livestode. The objective of our research s to traedorn
catton with & gene anooding a symthebc antemicrodis poepde
{DAE1)in order to prevant or minimize pre-harvest contamina-
tion of cottorseed by the atlatoxigenic fungus, A Haaes ond
prowede resistance or tolerance to other phytopathogens. W
chose this antimicrobial peptide becausa synthetic analogues
wuch as D467 (FELREAXIEVRELRAKIEL) compared to naturally
accurring antimicrobial peptides, offer mona target specificity
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and increased ellicacy 3t lower concentrations (Cary of af,
200z). This synithetic peptde has also bean shown 1o inbibit
further developmert af pre-germinated conidia of A, fiswe,
Fusariern ared other piwtopathogens, induding  bactesis!
pathogens, at low concentrations (Rajasekaran ef ai, 2007)
and 10 be more resslanl 1 degradation by fungal and plart
protesses than natural peptddes (De Luccs etal, 1958
Bloraower, we have demonstrated that crude protein extracts
from leal tissue of tansgenic tobacce plants expressing the
synthetic peptice [T gene significantly reduced i witvo the
numther af furmal colonies ansing from germinated Conidia
of A, flavs and Vertciliem dahlize, and showed groeates
Tewids o disease reastance i planta to the fungal patbhagen,
Caliptatrichurn destric i, which causes anthracnose (Cary
et al, 2000, In this study, we report the develoament of
transgenis colion s with enhanced resistange i wive and
Jri plarisa ta several fungal pathogens mohadindg A Baves as.a
result of expression of @ synihetic peptide goene

Results

Transformation of cotton

hbare than =0 independent, patatively transformed  lines
voege produced on sub-dethal kewsk of the antibionc G418
(10 pgdrld and they were subjected 1o selection at higher
lewals of G418 {40 podml ) 1o reduce the number of escapes
after embryogenic llus was chitained from each colony
[ransgemic plants were produced from PCR-pasitive embrgo-
genic callus lines 10015 maontfs after oulfune initiation (data
ot showr). &1 af e ransgene cottan plants @mying the
DEET gene were morphokgealy simitar to noo-transtormed
ar pBld3550-weld-nos-transformed negative contrals (CGUSE
with respect o grosath, leaf shape and flowering. Thers wa
no difference betessn controls ard the Farsgenic cotton
plants with regard 1o seed et Four TO plants transtormed
walb Lhe [0 T gene, lzbelled C357, C358, C373 and C374,
and their T1 proagenies were assayed for disease resislance
akang with the ©GUS negative contral plants. Analyses of T1
prisgeny plants are provided inthis report.

Louthern blot analysis

ool digested genomic DRA, from fowr rarscgeac T1 plands,
CA% 2, C358, £373 and C374, that hasd exhibaled antifiangal
activity &1 wtro ard a ron-transtormed Coker 217 plant was
profed with a radiolzbelled Hiedlll-Sac! fragment of aboil
Q00 b representing the d35542-04E 1 Dl seauences. All Four
transgenics exhibited hybridization sunals wath the peabe
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Flgure 3 Soeithern Biridisation of d35542-DAET raregernsc 11 cotton
genomic SR, - Southem bbridication of gencemic DA of faur cothon
T1 plants trarslomed with pRFD3550-4F 1-n05 ared anen- fransformeed
pation plait fLane ) was gerfommed o demonstrabe the sucocsiul
intgraton of the trarsgene, The membrane wes probed with a

rardicda beedlesd Hinelll-5ac! fragment rearesending the d35502-0400

reqion of approgimatehy 900 bp:

while (s paretransfoemed contred did not {Figuee 1) Plants
377 and C374 eack had ane band of hybeidization indicatrg
one integratcn eeent, while C358 and 357 showed three
ared twea hytridization sqnals respectively, indicating rmultiple
INEeralEn feents.

PCR and RT-PCR analysis

Towe presnce of the integrated T-DNA region in the four T1
lransgenics containing the d3550-04MET regian was gl
carsfirmed by MCH amplification of transgenic plant genamic
1M, (Fogune ), Using a primer internal to the 93550 po-
mwater and 10 the 37 end of the nopatine symthase terminatce,
all four T1 transgenic samples demonstrited o PCR produoc
of the expacted size of 460 bp. Thiz was identical w the
size of the product cbtained upon amplfication of the piI-
d39540-0aF T-nos  binary wector. Mo PCR prodocts were
abtaired from amplification of genomic DMA from o CGLS
negative controd &5 expected. Subsequent subdlorineg and
sequencing of the PR products confimed that the pramicioer
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Figima 2 PR ol trarsgenic Colton genamic [ING - tatal DNA

from trarsgenit ¢otham wen ampd fed withe primers dedgned to an
appredimnate A60-bip regicn spanning from withn the 455 promater
to the 37 pred of che nos Semminatar, Lane £ GUS represents PCR
amplification wsirg pBFd2 05 mdh- o geramec templste DR
(neatnee contrall. Lane ‘b nepresenls (el digeited phid-174 marke
DA a-tombmi denoles plil-d3 55004 s pleenid ORA-positive
clred

and (ET gene regions were authentic and propery fused
idata nat showny. Because of the small sze of the sxpected
DAET transcripts, RT-PCR of iscdated total RA from the
foar 11 transgenics and comtrol plants was performed to
dermorstrate exprassan of the D481 gerse (Figuse 30, Primsars
were hasad on the 5 end of the D487 gene and the 3" end
of B¢ 1 ecluding 20 b of the nopaline synthase farminator
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Figure 3 RT-PCR of 1ot RHA frgm the fow TT franzgenms dresand
E ] P s re GO plant v pectonmied (0 dendasirate
e oF Thee Dl ) gene, Promners e Dased on the 5 eed o
tho FME T gene and The 3" ond of O9ET inceding 20 bpood the
rexpinge o
all faur tarsgenic boes and the positive plemid G- 3550

LGk T newl candnal remplate Te cantrall vickded the spocted prodoct
af 7% bp while the COUS regative contol did nolgemerate a
LIS

thaee termnasor reginn. POR ampifcation of cOms fraom
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region. PCE amplificatsan of COMAs Trom all four larmogess
plants and the plasmid control termplate vielded the
expactsd product of 79 bp whike the CGUS negative contraol
plant did not generste a product. BRA sequence analysis
showsed that the sequence of the PCR inserts fram the fouw
transgenics was identical to that of the region amplitied
froen thee pEI-d 3550 E-DAE Tras binany vecton conteal (et neol
showenb.

In witro assay of antitungal activity

Flamt extracis from each transtormeed yourg cotton plant sig
nificanthy reduced (P < 0051 the number of fungal colonies
aring from germinating conidia of Fusseum verticilioigies
and V. dahlize comparad o the extracts from the CGUS
negative controls (Figures 4a & bl However, thera was no
significant ditberence betwseen contrals and transaenics in
reducirsg the numier of colonies from germinating oonidia of
A, flaves (Figura Ao, Germinating conidia of V0 dafiiae wens
more susceptibke to extracts trom the trarstorrmesd plants
than the ather twio fungal spedes. Extracts from the trans-
tormed plants reduced the number of germinating conidia of
I, dahlae by 200 1o 75% compared to extrocts from the
COUS nagatre controd plants (Figure 4b). Up 1o 0% reduc-
fican in colony farming units of F.vericilioides wes obsenved
with axtracts from transgensc cotton plants as companed to
CGUS nagative controb (Figuns da).

I sity ino<ulation of detached immature cottonseed
with A, flawvus 70-GFP

Al immmature cotton seeds, inoculated i it with A, Havos
FO-GFP srain, showed extensive growth ot A, fels on the
surface of the seed coats within ¢ days of incubation {Figura
Sa—). Howewver, upon dissaction of seeds, extersive coloniza-
tean of inner seed coat and cotyledons were obseried in
contrcks, but the transgenic seeds showed greatly reduced
codanization by the funqus, thus demonstrating that the
fransgenic coftonseeds are capable of delaying and reducng
thie prre-harvest contaminaton by A, Savus [Figure S5d-gl.
Cotyledoss fram incculated sseds ware callectad, and the
florescence from their extract was measured at exdtation
425 nrverniszion 535 nm. Cotyledoss from fransgenic seads
shraeed skgrifrantly fass (40-B0%) fluorescence than the
roantrods, indicating a reduction in colonization of transoenic
rerds by A favis FI-GHF steain (Figuee 6). Significant reduc-
tion in the groswth ard colonization of ssed coats by the funoes
vt dlsn chserered, as rmeasuned by the fluorescence and viual
rating (data not provided).
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A fwes FIFGEP was alloved to cokonize T1 cotton bolis for
3 weeks Al 4% of the hiolls that were inooulated with
A, o T0-GTP dropped peematurely and were discarded.
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bars indxcate standard erraraf meares. Men seperaion was
1rarg thiemethod of Tkey falknsing ks

were exarnnel under Toorescent rceascope (Fegure Tk
Doty appeste locub= walh refereree 1o the inoculsed
locikes had mamirmal efecon by & flarears. Ter bt imani 1hie
exlent of damane by e coloncalion of A, fGnae, seeds were
collected Tram sach bod, bulked and gravred m g mitre
aut, Hugrescenie gs o resialt af the A Baees 70-GFP was
meared froen aliguats e pleasphate boffer. A sicpriticand
L0 -7 5% reducticn in Tusgal groeth, as messured by the
Huorescence was obsersed in lfn.lllbl_lll'rlll'. SNHE LIETIEAARG 0
Vi COUS conitrod (Figure 7E)

T prlanta antifungal assays

e anidzr st the phtopathooen, Thielnaopss benodk,
1t s black rood rod i ermeeging T seedlivgs, indicated
that transgenic seedlings wene more wgorous and les promns
tex cdaerage by ez ungus compared to CGUS negateee con-
trok dFagure Za -0, There was no difference in germiration
rate in e abeenoe of the dungol patbagen; however, in frays
coaabaining T basicoks, most of the control seediings wieee waak
and e SoF days Behemd ane germination because of the
preserce of the furgal irocufurm in the soil. Al the seedlings
veor evaduated for black dscoloration on Fypoootds and roots,
branching of roots and, i severs cises, corstricted hypocotds
veith ks of cortical tissase and lad of vigous (Wang and Davis,
1957 A greater percantage (40-60%] of transgenic prageny
sevdlings escapod sewere damage [disease sawerity score = 2)
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2 71 catlon bals nilected with
Azercpis M F R S CoforEzalivn
e oo cotdedars by AL Taves TOAGMP. Gospd iards
farmeaas] i Gordath Of A S TO-GFP o
e 21 dae after inadulanisn s mersured

ol rnan
amesrulde asdak
oatyiednms ol ¢
by thee fluprrsce noe crarating framthe fenges, () denntes asoniicant
o tion [# = 04¥) in the Fuzrescones inseed cotylednns of fransgoni
e companed b that of CEUS negative rontmalseed coogledians. Frrar
bars indicate st errar ol means kean sepamnsan wes perfamnd
o ol Ty fodlovdreg aROA

s L i

by T, bavicods, whereas more than 70% ot the control
seedlings (expressing the GUS gene onhy) sucoemied 1o
thiz disease Figuee 8 Onaversge, control seedlings showed
o rman everity soore of 3.4 (out ot 4 and the average seeer-
ity scome for transgeni sediings was 2.6 (data net proviced).
Thez bresh weeight of trarsgenic seedlings s dgnificantly
higher than that ot controls (Figure Sd).

Discussion

Wiz have demorstrated inthis report that genetic transtorma-
than o cottony plants with the smtretic peptide D4ET gene
confers antitungal traits. Crude protein extracts from eawves
ol transgenic cotton plants inhibited the colony dawaloprmant
trom garminsted spores of £ verticiicides and W dahiae
{Figures da & Abd, two of the most common furgi that cause
seadling disease complex and wilt in cotton. In contrast,
A Favas, the causa’ fungus tor atlatoxin contarmination in
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Figruee 8 Arefunigl s in phaniatth T1 peooery assdinesal arsogend
colant plawls e piessing The smchets prptide DIFT gene agsiral o
seadbneg pathogen, Thslndogay bascod. b Seedliogs ol D374 shoreig
wpahby-rogt spssem ard mceeased woar. (s Seeding of COUG fegatne
crtrads - mabe themedietian inongoe acd Back deasioratnt on
tygecatyk and moats with reduced o no brandhing in CGEUS regate

crertrrd sorckings. (o, dheme-u ol the brpiea lack rot ron kgaans cagsed
iy ¢ bancaby, oo ondian seedlng hyoecotds daross) of C374 ancd ChLE
negaske cantiod b wesks alter pleeieg m sod inooated wath che
fungue. tate fack of rool branching on discoiceed prmang ront of canteek
compared b C3P 0 Fresd waeighit of seedings (n= o grenm o
o ek oy inoscdated soil wath T macnd Transgere cotton line © 4% 7
wairs e incioded m i assay, Note dondica < CEOA) ncrease in fresh
wannight o seprllmgs ligwm DM 2-trarmgenic ines companed to0CGLS
ety cantiok. 5oale bars mdcEe O mem in g, and by 15 menine,

cottorseeds was nol contialled by leaf extracts (Figuee 4c).
Hopwaayer, frsitor and i ot buoassays wath A, flawes-70 GFF
shemenad that the ransoeme cottan plants expeassing DdET
are capable of controdliogg the grawth and spread of the
furagus in cotylkedons of cattonseed in a repreducibi manner
i basth immature, detached seods (Figuies 5 & &k and mature,
greenhousa-grown seeds (Figure T Asperrpilus spp. ane
saprophyies and donot follow the postulses ol host-pathangees
relatinnship a5 many phytopathogens doo Avalakasly of the
Gl P strain wis extremaly valuable iooor stecdies 1o ancer-
stanid the mode of enfection and spraad of Lthe fuengus sade
cattan bots and seeds (Rajasekaran ebal, 1999 Cary el o
2000k, Transgenic cotton progeny seedlings alss showed
sigraleant talemnce o planta to T, hasicols, one of the furgal
patbanens that cawses spadling disease complax and black
ok b (Ficparg: &)

Theere Fawve boen saveral repoets o axgpression of naturally-
o pephides ard ther anakags conferring antimicrobial
traits in rasger plants (Hightover o at, 1994, Floracdk et al,

1995 Temas et al, 1995; Huarg ef al, 1997, Ao eral, 1999,
Rieraf, 1999, Hesnaird of 3L, 1999 L, 0.5, etal, 2001;
Faslfl, 20020 including cotton {Emani e alt, 2003% Howewer,
in cormpamsan 1o syothene peptides, they da oot offer target
specificity, rtreased efficacy ot lower concentrations and
reduced degradation m the cptapiasmic miliew by plant
proteases Uaynes eeal, 1993 Ran, 1995 Hroekaert ot al.,
1957, Cavallarin et ai, 1993; Zagoll, 2002, Synthetc paptides
such as CSET otfer rapid bvoccatiol o iestatic abdity against
awide range of furgal and bedtend pathogons 3100w onn-
cenirations and are nosslowe Lo marnmeioes ancd animal cells
(laynes af &', 19891 Haemolytic sctivity agamsl mammasan
resd bileed cells was found to ke extrermizly knedor the synthets
peptade G4ET at leesls toxic to phytopathogens O B g,
uspubilishad). We have demonstrated in our Taboratory that
ke pusre synthate peptide DGEY b inhibitory to growtb of
ahpait F hacterial and tungal phytopathogens (Rajasekaan
oo, 200710, Inaddion, transgenic tobacco plants axprassing
L 1 dernonstratad in nassays a significant reduction infunal
grensb e wing and a0 planta (Cang er all, 2000a).

e ool not getect 2480 T peptide wia Westem or enoyme-
linked irenunosantent sy (ELRA) becare of the amphipathic
charactersdics of the peplide that lead to aggregaton and
inability of the peptide 1o mgrate nie an S05-PAGE gel. In
addition, a heah level of backaround as a sesult of the wsa
ot the D4EY pobycloral antibody prechuded unedussocal
ELISA, or Western detecton, siimilar to The expersence of
several ather rasearchers working with senall antimicrobizl
peptides (DeGray of af, 2001; Li, ©.5 eval, 2001 L, 2
atal, 2001

The modes of acion ot antifungal peptides haee been
stucledd extensively (e Lucca and Walsh, 19599, Zashoff,
202 Thase that interact specifically with the fpid compo-
reeils of cell mermbranes offen causa formation of pares or
«<in channels that result in leakage of essential cellulsr miner
aly ar metabolites o dissipate ion gradients in oall mem-
B Onbuer peptides have been showen to inkibit chitin
symithiase or [-D-glucan syihase T he symthietic peptide D97
complexes weith ergostensd, a sterol present in germinating
conidia of a numixer of Tungal speries, suggesting that its
mode ot actn s byt (De Ludca of-al | PASEL D98 T has baen
showum T take an o [Faheet canformatan in solution or dur-
ing irteraction with cell membranes, which = in cantrast to
cecropin A, and magainse which assurme o-hehcal stroctunes
upan binding to addic phosphalipid ekayers Inaddimion,
(34FT was shown to be more resstant 4o fungal and cotton
leaf proteases than cacropin & (De Lecca of of 0 19958
Henwewer, sesults in our laboratory on the effect af non
transformed control tobacooo or cottan plant extracts, soikad
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weith different levek of 0467, did nat correlate with i wra
anifungal effects of punfied D907, Moreower, addition of
pland prategse inhehitoes i toharco plant extracts prioe 10
spiking wagh Q98T dud not enhance the antifungal affect
ot the pepticke (Cary efa, FO0GRE The mberacnion of
amphipathic peptides amang Lhemsekees and wath Boloogal
membranes is a comples phenomencn that © nat oweell
understood. Furthier research is needied 0 eloddate (he
mode of action gtz of this antemcrobaal peptcks

Results trom tramsoenic plants waero siemifar 10 e resulty
fram snowirg antifurgsd assays using pusihed C9ET Bajoickarm
et al, 20070 Wie demonstrated that phytopatbagens that are
sarsitiee 10 D4E7 are inhibited in wivo to a greater extent m
benassays than A favus, which reguires a higher 1250
reeentration for effective control. For exampbs, ¥250 valuas
fior sensitive pathagens such as £ wverbicilicides, V. dahiiae,
I bamcalz ae B8, 0060 and 052 pu ot D9E7, respectivehy,
bt foe A Mavos it s 28170 wa. Based on our expar-
eng e wa B vances tepes of Binassays we concur that in plnis
aesanys g e mesanmingful, altbough in v assays provsde
relotree efficocy beveds of antdunngal protems woa shoet tirmne
frame. In the current study, Jrosite and @ planis analyses
indicated that cotton plants expressneg the 9P T gere are
capable of inhikiting the spread arsd cokimezatan al 4 s
in cottoeseed Frures 5, 6 & 71, althaugh er wiva analyses
sugnested othenwise (Figure b BUis canceratake That higEes
exprassion levels of the antifungal peptide are reguired
to cantrol saprophytic fungi such s Aspengillvs spp.
Ferformance of these transgenic cotton plants under field
conditices with regard 10 reducing aflatoxin contamination
in roftomserd By A flaves s vet 10 be evaluated. Incresed
transgene Fepression levels are proterred to control 2 wide
e of phytopatbagens: tor exarmple, we ame currently
ewvaluatng antifungal gene expression through plastid
trarcloematan {Dedray ef 20, 2007; Kumar af al,, 2004}
Tar eifecove contral of phytopathogsns incheding rpootosin-
oy Tune,

Experimental procedures

Agrobacterivm corstructs and trarsformation af
cotton seedling explants

Thee pRdALEL-DAE T -nos binary wector was introdoced ing
Agrobacterum  fumefacions strain LEA 4404 {Gibea-BRL,
Bethesda, MO as described presiously (Cary et 2l 2000a).
Agrobactegum oattunes tar transtormition crperiments wens
initiatesd i S0 ok of TEB liqusd medium using trozen glycendd
atocks (500 pL) as inoculem: Thess cultures wene growm

O Fackesdl Puialishioag Lnd, Seor sissocin il fmanad 1200%), 3, 545 554
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owernight tor about 18 h at 26 £ 2 “C onoa gyratony shake

The optical dansity (AGO0) values were adjusled to 0608
in liquid b5 medivm price to e, Agrobocheriom-mecied
transformation of seedling explants of cotton (Gosspmme
hiesitum Lo Coker 3121 and regeneration of tertike, trares-
nerass plants weka carried out according to the published
protacals {fRajasskaan of A, 19596, Reasskaran, 2004), Mants
tranicamnec wath the plld 35%0-0wida-nas construct [CGUS)
servisd as condrols. all the pnmary transfoemants and thair
prenemes v gronmn in a greenhouss dntl matrity

Analysis af transgenic plant DRA

To determine i the Cabty d3550-DAET remon was infe
grated into the cotton genoene, o A60-bp segrent of DHA
enoompassing the Cabdy d355 promoter-04E Tnos terrmina
tor region was PCR amplified frorm gencernes BMA of rars-
genic Eants. Genomic DMA wes ivolated trom 12 transgenic
cotton kead disks using the REDExstract-bM-Armp Plant PCR kit
[Gigma, 5. Louis, MO Oligonuckeotide primers desgned to
an internal region of the Cahdy d355 promater, 5-ATGACG-
CACAAICCCACTATCCT C-3" and ta aninterral region of
the nios rermanatar, 5-C LaGTanCaTasalGTCTCC G o -3
wirrp sel to amplify cotton plant geromic DHA using
ArnphTag Gold poalymerase (Aopled Bioaystemnsy The follow-
iy thermacycker (PTO-1080, B Reszarch, e, WWatertanem,
PR} pararretess were wied: Toycle of 9% =0, 10 min; &0 °C,
1 min, T2 %0, 3004 34 cedles of 95 °C, 1 rng &5 20, T mir,
7200, 30 s areda final cetensioes o 720 lor §oune PCR
prociucts abtained weere analysed Bl agaoe gl -
phoresis followeed by ethiciom brormge stomang. Yahihty of
PCR products wias determined by QRS segquesding

Genomic DA fur Southern hybndizatioe analsis was 5o
lated and puritied using the GIAGEN DMeasy Pl Mini it
{Qiagan, Yalencia, CAY Cotton ganomic DM (20 pg) wee
comphetaly digested with the restriction erdonuclesse EooRl
and separated by electrophorasis ona 1% agarose gal. DA
fragments wete transfemed to Myiran Plus relon membranes
{arhileicher and Schuell, ine., Keena, MH by vacuum Biotting.
The nykn membranes weere bybridized with a random-
primed {Redipreme 1Kt Smersham Siosciences; Piscataway,
RII, R TP-labdlel dl3S5S0E promaote-08F T Hndil-5Sacl
fragment. Hyondezation was performed owernight ar22 “Cin
LILTR AR Buflor (Smbaon Ine | Sostien, TX fodigesed By ton
Bermirt weishes in 2 s 55000 1% 505 at 47 50 and a final weash
far 15 mmn n 007w 5500013 S0G ol £2 70 Mylan membrangs
and Kodak % CAAT AR autaradipgraphy film Emiman Koctak,
Rochester, MY veere placed between intensifng soreens” and
exposed avarmight ot - BO-"C
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RT-PCR of transgenic cotton RNA

Becaune of the mherent ditficoly of identifying the sxtremely
sl DT irgrscripd wsing standard Northem hybedizanon
framGoals, feweme tracecription — polymerase cham reaction
[RT-PCRY armplitication of total RMA was wsad to detect the
pressence ol Wwese small transonpts. Total B was punfed
usineg the CHAGEN Rheasy Plant Bini Kit (Qiagen, Valenoa,
TAL BMNase-frize DNase (Qiagen) was used ta ensure com-
plete revnonal af DMA from: BNA samples prior to B1-PCR
Rt ranscription and tirst strand cOMA synthess of
cation RMS weas performed using the Advantages /- foe-PLR
B {Clantech, Palo Alvo, C8) The antisense aligonue leatide
peirrer v designed 1o the 57 end of the nos tarscripanal
terrmimabar sequence mduding the Sad site (underlined) thar
lirsked it with the 37 end of the D987 coding <equence (5
ATCGOGOAAATTCOAGITCTTAZANMC-3T The wise PUR
prienier represented the 57 end of the O coding region
slarting with the dool site (underlined) wsed to ok ¢ wath the
3554 promoter (S-CCATGGEATT TAG T AGAGE TAL-
GATTA-ZT. Using Amplifag Gold polymerase first stand
cDMA representing the D4ET trarschipt was amplified using
thee Aodleawing thermocycler parameters: 3% ", 10
GOSC, 1 min; 72 °C, 30 5 34 cycles &t 95 "0, 1 min; 65 °C,
1 mmin; 72 "C, 30 5; and a tinal extension of F2 50, 7 mm
PCR products were separated by electnophoness in o 10%:
polprcrylamide gl and their validity was condinmed by
DA, sequencing.

DA sequencing

PCR and AT-PCR generated products seeme subclaned it
Plasrmid vector pCR 2, 1-TOPC (Irvitrogen, Carsbad, CAa) The
nuclegfide sequence of the subklores] PCR prodocts was
determined by mon-radicactive sequencirey using the ABI
FRISR 377 Automated DA Sequencer {apphed Basystiome,
Freter City, Cab using standand =27 0113 forwand and 132
TEVErSE PRimers. Sequence infoematon veas andlysed usirg
erarden {Lynon Biosodt: Quebec, Canadah analyus softere.

I witre analysis of antifungal activity of plant extracts
to A flavus, Foverticilfioides and W oabiliae

The inhibitory activity of estaacts froem coton plants transfarmed
weith CHE T gene was assessed & wrr Talloweng the rnethod of
Cary et al {20002y Briefly, conicdsal susperscms were prepared
fram cultures grown on potato dextrose ager (PDA; Diloo,
Cetrodt, A (PDAY slanis for 7 days ot 30 "C 44 Kavus,
F. verticilioidies) o 32 °C 0O datdae), Carmcial suspensiors in

1%h (et patato dextrose broth (PDB, pH 6.0) were arjusied
to a density of 107 conidiafml and were germinatsd in PRE
far B hoat 3090 (A s, £ verticilliondes) or crerniciht ag
&0V lafiliaed prigr 1o assay.

Plan Fearmogenates were praparad by directly arineing ool-
tan lednees into g fine poweder in ligeid neteogen aak oo balfer
adiged, Graured waues were then centrifugsd at 11 /00 g for
10 man Ot st temparature and extract callectzad Trom each
sommgle, Canmdial scepensions (25 plt wene then added 10
225 pl ol plartextract, mixed, and incubated for 1 har 30 °C
14 Srews, Foverticitioidesy or 22 °C (¥ dafbae), Three S0 pl
ahguats froem each sample were then spread onto POA olale
and imcubated at 300°C or 22 °C for 24-48 boand Tungal
colonies counted. One-way ancva was used 10 determing
the significance of the etfect of transgenic plast exirscts on
qeaminating  conidia. Mean Separations waerne perfanmed
v the method of Tukey Sokal and Rohif, 1987 using the
GROFHPAD FREM sOftwians.

ire sitwr inoculation of detached cottonsesd with
A, flavus TO-GFF

Cormtracthor and transfarmadian of the OFF eaprossion
oo

Tre EGFP gene (ClonTech) was placed wundes cantiel af the
constitutively expressed A, midulEas ghoerakdehyde phosphate
detwdronenase igodA) aene promoter ane the Ao
parasitices amt-1 gene transcepnional termnator, A5 of these
ehemerits were subdoned inta the glamme] woroe pBlueScript-
Sk {Stratagens) to produce the wecior goo-EGFP (Rajasckaran
eral, 1999 Caryg af al, 200000 Pasmed qpo-EGRP s cotrans-
tormeed with the wector pSLA2 harkurmy the A parasiticus
gl gera into the al mctant of A, fews 700 0oe molibe
stobly expressing high leveds of GEHF, designated A, oy
TO-GFF, was usad in afl expeniments,

In sty oo

A Favus TO-GFF weas grosaen for 7 dangs 21 30 °C oo BIEA madia
betore assay. Conicha were hansested by fleading @ sngle
PFlate with 9 ml of Q071% fefed stenke Trkon 100 solution
and scraging the susface of mycehes with o sterike pipatts,
and were used at 2 = 100 comdsiml lar s inoculation
studies. Immature cottansesecs (2928 days postanthesk, dpa)
frem areenholse-granes bells were prepared by remowving
tibras from sesd coats. ahout 100 Coridia (5 uL) were intro-
duced inta immatore seed theosah o needle wound of
approximately 3-5 mm depth & mirurmum of 10 seeds per
plate and theee repdcates were wsed per transgenic event,
Tha Patri dishes were <paled with o bwers of paratiim to
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mzintain bigh humidity, and were incubated ot 28 °C foe 7
days: Earh weed was sliced longitudically and the cotydedons
rermend dor separate analysis. The ssed coat was examined
o Cal B flucrescence of mypcelium using the Qlymaus 52610
GFP-sterecmcrescone and the amount of the innaer sead coat
cedonized by A Taves FO-GEP was aqnmatad using the tol-
Iy weade 0w 0% of inner sped coat colonzed with Hluo-
rescent yceliven, 1= 1-25% af nner seed coat codonized,
2= 26-50% of mner soad coat rodonizedd; 3 = 51-79% af
inner seed caat calanized: & = = 7R af nner seed coat
codnized

Fungal colonization was alsa cuontilateely asessed & fal-
lowwess Codykeddans were separated asd greond o gl B2
Five hurddred pL of phosphate butfer {50 mea, pH = 7 7) was
added 1o 1 g ot powdered seed coat tresue o colyledons ol
mized wall by vortexing. The samples were centrifuged o
11 700 gtor 10 minin a swing bucket roter, Onge huradned
ub alicusnis of supermatant from each sample were placed in
A Dh-vedl HF Yiewplate and the fluorescence was measured
al an excitaticn wavelength st 285 nm and an emission
wavelength of 535 nm osing the Perkin-Elmer HTS 2000
NMuercemerer, Syerage fucrsscenee valuss were ohtained for
cach sample arsd were subpcted to nooparametnic o
using thie cassean rawg il Tuwae

Int plarta hioassays

Boll inocalation with & flavus 70 GFF stran

Six o eight, cotton bofk (25-28 dpa) inoeach of greenhouse-
grosen control and tramsgenic plants were syconded in the
centre ot one of the locules o a deptt ot 510 mm wath a
3 mm ciameter cork borer. A small aliquet (10 pl) of the 4

fizvus TO-GFP suspension (107 conidiadmL) was dropaed inkg
thie hale, znd the fungus was allowed to colonize Belly far
3 wpeks, heeck from each boll (50 dpa) were harvested sep-
aately and ground in phesphate butter (pH = 7.2; 50 ml.
wiwtered and centrifuged for 10 min &t 11 700 g with a
waing bcket rotar, One hundred ol of supamatant was
el ared placec in & Yeseell rocrotitre plate dlsck Wiews
Plate, HPS, GEP lluorescence cutpat because A, favas FO-GRF
wes pxpeessed per g of seed colyledon tesue

Cortton sovohneg sod inoccaiion assay weth Thielaviopsis
basicola

Resistarsce to T basicoda, the cansal anest af black ront ot
in cottan sesdlings, was evaluited according la the pabhshed
protocol OMang and Dids, 19971 T1 seaad weernn sogked
creerright in weater and the seed coats weere removed, Seock
waere then planted ina noeesery tro (300crm = 3000« 9 omg

@ Rlacowil Pl snng Led, Pant Birechnodogy doomal (200%), 3,545 554
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cantaning pre-autoslaved soil Fro-rao) well-mixed wath twea
P4 plates af Tofasioodz cuftures. The nonincculated contral
etk consasted of plam POA plates Blended with water
arwd e wiih sl Taeniy-five teeds were planted in each
tray and 3-& fays were made fos sach of controks and trans-
genic lines. All tray flat were placed e grosth chamben set
at 24 (dayd and 18 (nighth foe 2 sieeks and 1he soil was
xept mabt. Germination rate and ndividual seedhng weaght
after 2 waeks of planting were recorded and sulyected ta
statistical analysis (auovel. Disease seventy ratings scale {or
T, hasicolz was assigreed 10 each seodfing accoeding 1o the
precadures of (ang and Davis, 19970
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