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Bacterial disease resistance of transgenic hybrid poplar expressing the
synthetic antimicrobial peptide D4E1
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Summary [mpontant losses in poplar productivity occur be-
capse of susceptibility to rmecrobial pathopens. Toerhanos drs-
case fesisianes o susceptibbe penotypes, the geoe coding for
DEEL, o symthetic aptimicrobind peptide consisting of 17 amino
aivd residoes, wics intodueed 1ot poplar { Popelfus tremuela ] -
Fopalus glba 1. ) vin A probacreriws-mediated tmnsformation.
Four kanamycin-resistant ransformants were seboctod bsaed
o signilicant accumalation of the DSET tamscript amd con-
firmesd by reverse ranscrption-polymmerase clain resction and
EMA dit-blot amnlysis. These mnsgenic poplar ines wers
tested for resistance o Agrobacterium parefocens, Xanthom-
TGS i py. popull and Avpocplon sueommeium (Wahl,)
Miller. Ome: transgenic poplar fine, Tr23, bearmg the highes
transcripl socumalaiwa for the DMET gene, showed o signifi-
cant reduction in sympioms cansed by AL nengfoctens and
X, popili. Howeves, none of the transpemc joplar lines showed
asigmbcant difference in disease response to the fongal patho-
gen M. mammgiien,

Feywords: Agrobactenum tumefaciens, Hypoonlan sammear-
ey, Kermthermoarnrs peyrull,

Introduction

The economic importancs of poplars and tesr hyhods is re-
lared to theis hagh growth capacity, their adaptability o varied
climates and soils, and the vanous e of their wond {Ahojs
1987, Stettler ot al. [996). Mevertheless, there remain many
obstacles io their exploitation, in parmerlar with respect o
pmh:ngtn illa‘lii.l.i:".'l[}' (reviewedd in Newoombe |9946), Armoag
fungal pathogens, the most hanfal incliede spocies of Mel-
cnpreerg (Widin and Sclupper 1981, Newcombe of a2, 1964),
Sepiorin (Ostry et al. 1969) and Hysoxplon (Anderson 1964).
Injuaries are also cassed by boctenal pethogens such as Xanrh-
amonay Spp. (Mesme et 2l 1994) pnd Aprodacfeninm .
(Ebinuma ¢ al. 19971, Receal progress in both recombinant
[3NA echoologies and plant genetic ransformation showld Fa
cilttate production of transgeme plants with enhanced resis-
lamie i pathopens,

After o pathogen sttack, plants exhibit varicus defens:
mcchmmisms based on induction of specific genes (2oe Somy

bl conlene: Mz 17, 200003

sich and Hablbrock 1998, Dixon 2001 for meviews), One of
these reactions is hased on the specific cxprosaon of genes en-
ool samall peptides with antimicmbial activities. Recently,
this non-specific defense and protsction mechansm has beom
stuched 10 detzil. Many antimicrohial penes have been isolated
and attermpds are beinpg made 10 enprneer pelbopen nesistanoe
i planits by intrsfocing thess genes. Antimicrobisl peptides
buvwe been isolated from several plant and anmesl species and
charseterioed (Rao 1995, Brocknent ot al. 1997, Hancock and
Lehrer 1998). Antinicrobial pepiides can be classified into
soveral growps. Une of these groups comprises short linear
peesptichess, (20— aming acads) that form amphipathic o-heli-
s i solution. The cecropin and magainin fanilics are par of
this growp (Duckolher 1994, Matsuzaki of al. 1995, Another
Lromip comssts of cysteine-rich pepiides, which have a com-
plex disulfide bond, and inelwdies the defensins {Hoffmamn and
Hetro 1542 A thind group ic that of syniheue antimcmbial
peptides, which have been modified by substinsfion, chain ex-
temsica or deletion of amino acids to inoncase thelr a-helicty
and cutromic nature (Besalle o 2l 1992, Everent 1954, Maloy
and Kari 1995),

Antimicrebial pepiides appear to exent their antimicrobial
cifect at the leved of the plasma membranc of tee Larget mecro
organism (Brockacn ot al. 1997}, Cecropins and magainins as-
sociae with lipid membranes o fonm fransient jon channels,
keading s permicabaty changes and consequent ool bysis (Du-
chuhier 1994, Matsuzaki etal_ 19951 In vilro experiments have:
demonstrabed thal synthele: antimicrobial peptides ihitar thiz
gorminztion of a broad spectrem of fungal conidia (De Lececa
ctal. 1998). Poteot activity agninst hacheria was also observed
(Powell et o, 1995, Zhong et ol 1995) Synthetic anti-
microbial peptide penes have been expressed in rsnsgeme
plants b elecidage the effects of theee ipolecules in vivo, In-
crensed discase restance was reported in fransgenic tobacco
capressing a modified cecropin B peptide {Jaynes et al. 1993,
However, other reports showedd no significant inenesse in dis-
LasE TesistinGe in transgenic whactd cxprmwing & synthetic
cecTopin peplide (Highlower et al, 1994), More receatly,
bz -spectiam resistanc: w0 phytopatbogens has been mic-
ceasfully cogineened in potan with 2 pene encoding & syn-
thefic antimicrobial pepde (Osmsioy en al. 2000,
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T wikrn nsszys with the synthetic peptide DMET (FKLRAK
IEVRLRAKTIEL) demonsirated a larpe inhibition of spore
germinztion of vwarious fmgal pathogers {De Locea ot al.
1998, Jacobd et al. 2000} Expression of D4E] in tobescoo
plants confinmed this astimecrobal cffes: symponms on eens-
penic wbaccn leaves were reduced after inooulation with Cod-
ledotriciums desirmeiivam (Cary e al. 20000 Howener, thse 15
litke information on expression of symthetic antimicrobial
peptides 1o forest trees. In this woek., we show the stable nbe-
gration and expresion of the synthetic antimicrobial pene
[4E} inwranspenic popbar {Popudies tremula L. % Popedis alba
L.} ami present dala on its inovivo activity against plant bacte-
rial and fungal pathogens,

Mmterinls and methods

PMlexsrraied eemilrerion

The plasmad wha7-IME] contames the uhiguitin 7 prmoter
(Cinrharing ot o, 1995) fused to the coding region of the gene
for the symthetic peptide DAE] (Cary ot al. 20000, followed by
the pulymdenylation signal of the gene coding for nopalin:
synthase. The 2.4-kb Kprl-Fal fragment was subelmed into
the maltiple cloning site of the binory vector pBIMPLLIS
Kprl-51e83871 (van Engelen et al 1995). Thix binary veclor
Do & el symthacas {nos} prometer driving the apddl gene
with a nos terminagor. The aprdl gene wis wsed as a plan-
sloctable marker confemming kanamycin nedance. This plas-
mid was intrduced into Agrobacterium rameficions sirain
AGLT {Lamo et al, 1991} by slecromranstormation {Dovwer of
al. 1988).

Plant molerials and fronsformmiton

The stucly wors conducted with Popalus el » P alba clos:
17 1B 4 (provided by L. Josanin, [MEA, Franoe). Aseptic
poplar plantlcts were maintzined in vitrg on hormons-fres
half-strength MS medivm (Muorashipe and Skoog 1963) and
cultured in vitro m sterle Magent: hoxes under controlbed en-
virnomentsl conditions (dayfnight emperaturs of 25022 *C
ansd D6-h photoperiod st 100 pmal oo 57" Siem sections
(1 cm i lengh) obtained from in-vitro-groan plantles were
paeculinred, then co-cultored with A. Jumefocionr and trams-
ferred toa seleciive negeneration medinm using the conditions
dimcribed by Lephé et al. {1992), except that the precamdition-
ing period wic extended 1o 3 days, Plantlets ths derived wers
subjecied to podymemse chain reaction (PCE), mvens un.
scripton-polyrmerase chain reaction (RT-PCR) and RNA dot-
bilod amalyses (see next section), Transpenic plants, when con-
firmmed, were propegated i vitns from stem cuttings, Flantles
were then transplanged o sofl mediva Promix™ (Premier
Tch, Rivitre-du-Loap, 00, Canacda) and grown in the: green-
i,

POR aralysis of penomic TVA

Foplar penomic DA was extracted from m-vitmo-grown
planits of ransformed snd untmnsformed control Bpes with
Ozgen Cersumic-tips (Qiagen, Mississaopa, ON, Canada) ac-

comding 1o the (hagen protocal or plagts. The PCK amalyss
was condocied on DINA samples from individoal mnspenic
lines, pon-tremsgenic hnes and a negative control that con
tnined no DA, Ench PCR reaction méxtore (50 gd) contained
1.5 b MpChy, 100 pM of cach dNTF | pM of cach prisner,
= of the snppliced buffer, 2.5 onits of Teg DINA polymesmss
(Lific Techmologics, Burlington, O, Cansids) and 100 ng of
template DNA. Thermocyeler (Thenmolyne, Amplitron™,
Barmnsiead, Conroc, TX) parameters aere 10 min pocheast o
G5 "0, followedd by 25 cycles of 94 °C for | min, 58 °C for
I min aed 72 “C for 1 mmn. The first PCR amplification was
comducted with the primers 5 -CTGGCCACGACGEEOGTT
CCTTG-3 and 5 GAATOGGG AGOGROOGATACUITAAS
¥, cormesponding o the: aprAT coding region. and amplificd &
545-bp DA frapreent. Another combination of primers was
wied o verify that the vhi7-DMEl-nos expression chssefic
wig present in the plant penome of rasspene chooes. The
ubguiin promaoter prmes 5 -CTANTCAGGGAGTGTG-3
and the [MET-specific primer 5-TAGCTCTCAATCTA AL
-3 were waxd o amplify 2 IMET pene-specific frapment of
349 bp, The PCR products were analyzed by clectrophonsas
of @ 1% agarss el stained with cthidiem bromids,

RNA exrracrion and D4ED rransoripd accumulation aralysis

Beconss of the small size of the cxpocted FMET mnscripe,
standard pombern amalysis wos not an efficient way o dene
these transcripts, Conssgqoently, KT-PCR ansphification and
dot-blod anadyas were performed. Total RNA wms isolated
frowem bmives (1 g by the phenod—chloroform LiC metlod sce-
cording t Chang ot al. {1993, First-strand cDNA synthesis
From toaal RMA (250 ng) and amplificanon of the tinget cENA
wns done with the SuperSeript™ firststrind synthesis sysiem
trom Invitrogen (Borlington, ON, Cuneda).

For ET-PCR amalysiz, a seme olipooucleotide primes
malching the 5%end of the DLEN gene (3-GOTGGAAAGTT
CTCGATACAATOGAC-37) aned an antisense priimer matching
the 3%-end of the IME? gene (5-GCTCTCAATCTAACCTTA
ATCTTAGCTCTC-3) were wsed. Finst-strund ¢DNA repre-
snting the [ME] tanscript was amplified using the following
thermocycler parameters: 94 °C for 2 pan; 15 eycles of 94 *C
for | min. 52 *C for 1 min and 72 °C for | ming and 72 °C foe
S min. The PCR. prodocts wens separated by eloctrophomesis in
a [ polyacrylamide gel. Al cD®As from the reverse ran-
sehplion were also amplified with two primers, a flanking
Feprimes {3 -GOGGAGTTIUAGT TCTGGTGCTGAADG-37)
and a3 primer (5 -GOTCTGAAGTOCACAAGG TGAGATT
GT-37) comesponding & a poplar 14-7-7 pene (GenBank ac-
cewaon mumber AFIZ1I95), 1o confirm that there was oo
DMA comtamisating the RNA samples, Because of the pres-
ence ol an intmon in the coding region of ths f4-3-3 gene, the
expected PCR prosduct rom the mBR A is 307 bp, whercas am-
plification from genomic DNA would seull ina fragment of
404 bp. The prescoce of a karger DNA frapment was never
obvrved amony, the RT-PCR amplificatron produocts, and the
ahsence of feverss ansnplase in the first-strand cDMNA syo-
s reacison mix resalted in the absencs of DNA amplifica
tion {data not shown b,
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For dot-blot analysiz, RNA {10 o) oas transfemod onto
a mylon membrane (Zeta-Probe) with o dot-blot apparats
(Comvenible™ Filtmtion Manifold System, Life Technol-
ogies} and cross-linked by UV radistion. Overnight pre-fry-
bridizaticn at 65 “C and a 24-h hybridization at 60 “C wens
carriced at in hybridization baffer (Sogziia eral. 19875 009 M
NaCl, 50 mM NaHPO,. pH 7.4, 5 mM EDTA, 0.1% 505,
L0 jag end™" dhematured salmon sperm DNA and T Denhandt's
solution (1% bovine serum alburmo, 1% Fcoll 400 and 1%
polyvinvipyrmolidese). The [ME] oliponocleotide  probe
CAACTTAATCTTAGC TCTCAATC TAMCTTAATCTTA
GCTCTCAA) wus Inbeled with ¥2P-ATF actocding 1o the 5°-
cond-labeling procedure: described by Sugita of al (1987 The
membrane was washed foor imes (5 min) with 6 550
60T, asnd warshed agnin once (B0 man) at 65 “C, Finally, itwas
expased 0 pre-flashed X-OMAT™ AR Scientific Imaping
film (Eastman Kok, Rochester, NY) at —80°C for 15 b,

Fathagen strains and diseare . resisiance asays

To evidiate THEL antimicrhial activity in tramsgenic poplar
limes, we isoculated plants with too bacierial stoins and one
Fumgal sirin.

Aprobacierizm mmefaciens  Wild-type C58 and B10 {zup-
plicd by L. Jousnin) arc aopakine A grsbecreniom smins Lo,
they induce tumors containing popaline. CGlveerinated stocks
were stored at 70 °C. Bactena wers coltured & requined on
VEP medinm (1017 yeast exirace, 10 1™ bactopepton, 5 ¢
I~ MaCland 15 g 1" apar) for 2 days at 28 *C, Four-motth-okl
tramsgenic and control planks were used. Inocabation wns per-
formed according to the method of Cervesa et al. { 1998). Theee
ireculations per plant wene performed af the same time, Plang
stems were wourkled three times with o sterile scalpel a1 5-
7 exn spacing, with the first wound 5 cm from the soil, Fivegd of
A. humeefariens suspension in water (00w, = 0.3) wos sdded o
the wouned with a micropipetie. The wounds were then oovered
with plastic wrap for 2 weeks to provent dessccation, Conirol
planes weie abo wounded znd 5 pd of sterile water was appleed
w cach wound, The greeshouse prowth conditions were &
Eyfmight temperature of 21017 °C anda 16-h photoperiod, The
exgerimental assay was 3 complesely randorizad desipn with
twn hackerial strams, fve chones (four transformants and one
controd ) andd foar plonts per chome per treatment.

Tumar formation was visually monitoned; the diameters of
the tumors were measured in three positions abins the stem of
cach mocalated plant, on each monitorng date (6, 12 and
12 wesks). Tumar dismeter was transformed fo it cabic mot
befume analysis 0 schicve nomality and vartance homogerne-
ity, After 18 weeks, when tumor growth was significanty ko,
fumers wene excised and weighed,

Kanthomonas pepuli prv. populi AR isolate ol X. popudi {pro-
wided by M. Méoard, INR A, Angers, France) was meaintained
o LPGA medium (5 ¢ 1™ yeast extract, § 217 hactopeptone,
Sgl' plucoseand 1521 agar) for 106 15 days.at 18 °C. Bac.
terial suwspension, sdjusted o 100 10" colls ml ™", was used as
mowcabum, For cach plant (eight leaves slage), one drog (30l
of this sspension was placed on the petiole base of the sixth re-

mawed leaf. Megabve controls consisted of plants inoculed
with sterilized water. Growth condibons were: fay/night tem-
peratuze of 2177 *C; dayfnight relative bumidsty of SVT00%;
and @ 16-h photoperiod. The experimental desipn was 2 com-
pletely randoimzed block design with five clooes (Four
transformants and one controly and five replicates, Disease de-
velopment was cvaluated 2 maonths after incculation by men-
suring bath the bongitadinal canker extensions and the lateral
canker extensions, beod on the gindling index of Ridé and
Ridé {19T8)

Hiypaxylon marsatwr (Wakl ) Miller  One stain £121.96)
of Exrleuca mammeaia (1, mermancition ), 3 cunsal agent of the
hypoxybon canker (provided by M., Morted, Disection de T re-
cherche foresbime, Saints-Foy, QC, Canada) was tested on
3-month-old plants in a greenhomse trisd, Fungis was main-
tiinesd on ME (2% malt extract) apar mediam. Inocnlation was
performed with a l-weck-old mycelivm culure seconding o
the method of Mottet (1992 tao 2-men diameter hark wounds
Wittt medis bo the sterm with @ lesther punch; ooe 14 com and the
ather ] covabove ground, The opper wound received a similas
sized prece of ME spar thast combainest myeelinm fungt. Sirips
of mycelinm werz placed with the mycelium side down along
the: wamxl. The conbrol wound (14 om shove proqand ) neceived
a prece of sterile agar, To prodect the inocislurm and prevent tis-
st desacution, ineonloted wounds wens wrapped with poly-
ether foam and then with Parafilm™ {Structure Probe, West
Chester. Pa). The impact of disease on transgenic amd contrn
poplar plants wis ovaluated by measisring cmdker length
Fmonths after inoculation. Fesuls wers evaluated by analysis
al vaniance with 2 completely mndoniaed binck design with
five replicanons.

Resulls

Aralysis of transpenic plases
Transgenmic poplar plants wene ohtnined throsgh Agmbacre-
it tmnsformation and selection for kanammycin resistance.
Integration of the apll gese imo the poplar peaome was con-
firmedd by PCR analysis. Al transgenic lines tested produced
an amplification produce specific for the rpdl gene (Fire |,
prusel A and data not shown), No visible amplification product
vt litained from the nepative control (o emplate TA) o
from untrnsformed poplar. Positive amplification of the gbi7-
IMEl-nos expresion cassefte was obiained with DMA ex-
trarcted froam transgense clones, The (4ET gene-specific fras-
mof]d?bpmprﬁm:mlyinmmcmumm
amglificaton was ebeerved for the non-transformed control o
the conirol sample Bcking DNA (Figure 1, pancl B
Transgenic poplar loes that were healthy and prowing vig-
arously were seiected for farther molecular analysis. The ex-
pression of O4EF was tested at the ENA bevel by RT-PCR and
BNA dot-blot analysis, and expression was confirmeed in all
wansgenic fines (Figare 2 In RNA do-blot amabysis, the
amount of DFET transcrips vasicd significantly between
phants, amd oo RMA peodiect was desected from the control
plants {Figurs 2, panel AL To confinn the expression of the
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« 545 bp

Faguies: 1. Exhichnen-tednde st PUR prodacts Tnom ammplification
af poplar genomic DMNA o confirm the presence of the apell ansd
HE] penes. The PCR products were ohiainsd from penomic DMA
T Fower DHE -transgemic poplar lines (Trl 5, Trié, Tr2 | and Tr23),
snipanslimmmcd poplar (W Trans), comiod without somplate DNA (con

ol ) and From the plasmid hesrng the IME] coastroct (plisanad ). (A)
Amplification of & 545-bp region from che apel] gene. (B) Amplifica-
o of a 349-bp region spannieg from within the whigaitin promoer
b e oo of the DJET pene,

LMES pene I Vs tramsgenic limes, we performed RT-PCR
using BRA from these lines. The primes used in the PCE am-
plification gave the exrocted products of 226 bp. We note that
we wsed primens o amplify 2 lange frapment (lasger Usan the
expecied &0 bp corresponding 1o the 17 amioo acids of the
D4E] peptide) in order o facilitsie molecular analysis. The

-:f\'ﬁ{{:" .
st Tt I6 Tr 1 Tr 21 Tr23
A . e 9
a‘-&@«\é\w
e w1 wza o§F o S
- 224 bp
&5 8
5 -
1S s w21 w23 "\;.:'f\ ﬂ;’i\
Qi e 207 bp

Fagurs 2. Expression profile of the DRET peoe. (A} Dot-blot analysis
of porsd BMNA Froen gontno] and fraesgenic poplar lines. Hybr Sisation
wan cufied ot with o IHE! probe o BMA from costeol plmis
(M Trmns | ard froom foer tasmsgenic poplar lines e85, Trid, Tr21 and
Tri3h (B} Ethidiem-beoemde caincd RT-PCR produces smgplified
wilh LHEY specific primers from trsnsgeeic poplar cDMA, wmimns-
foerincd poplar DA (MTrmns) snd with plaseid baring the D4E}
consre] w: o positive comtrd (plasmed). (07 Eshidive-bromide
szt BI-FUR proglocts amplified with M-G-0 specific primers,

semse and antisense primens wene specific to the enginsered
peptide signal located ot the 57-end of the EYET gene and 1o the
3 non-cuding negeon of the 24T tremscripl, nespectively, The
firsi-strand cDNA of the ramsgenic poplar samplbes as ol as
the positivie comtrol using the plasmid beaning the [ME] pene
gave a positve signal of the expected size (Figure 2, paned Bl
The untrmnsformed poplar somple produced no !ij:[ru:]. Primmers
were designed tosnneal toa poplar 14-3-3 g Mo monsloe pi

tentia] DNA conmmination of the mRENA samples. All sam-
ples, except the control (oo DMNA Y, pave one grodwctof 307 by,
mlecating the abaenee of DNA contamination, Therefore, the
PCR products obtained with the respective prigmer ssis nesuled
froem the amplification of their pasticolar gene transcripts.
Growih and developonent of tramsgenie poplar Hoes were simi

bar 1o those of control plants, and oo abnormal phenodypes
were gheerved {data not shovwn).

Aprrbwucierium oy

I all cases, oo sagmbicant dilferences were observed AT
upper, intermediste and lower inoculation ates. Apmibacteri-
wr st B0 was inelfective on the 717-1-B4 poplar hybeod,
and ma femars were obsereed 18 weeks after moculation with
this straan. However, slem sepments of control angd tronspenic
poplars inoculated with Agrobacterom st C58 showed
10K o foomateon fnsquency. Mo contred plonts (eoonded
bt ot inocalated) showed sympitones of infection. There weme
no sipnificant differences in wamor muass or diameter bebwesn
vz mwcrbbed comined and the tmnspenic lines TrlS, Tel6 and
Tr2l, Transgemic ke Tr23 displayed smaller tamors com-
parted wath the other tmnspenic lincs and coatrols, axd the ne

duced fumor size was cvaidenl 12 weeks after inoculation
{Frgure 3 Thi: mass of tamars produced by the Tr23 transien

ic line was 65% less than i the contrgl lines (Figurs 4). All
T hed single Iobes and were light green 1o brown (Fig-
ure: 5)
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E 3w iimns
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Time fwaaks)

Frgure 3. Turnor prossth an poplar after invalation with Agrobaecsern-
v Feenarfprverne (C5B): mean tamor diameter (mm) of cortrol aexd
mansgemic poplar lincs over Four replicate tress and thiee posiGons.
Cbservations wers made at b, 12 and 18 weeks.
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Figure 4. Tumear mess of contra] (M Trans) sl foar CRE] -imnspeni:
peoplar lises (TS, Tele, Tr2l amd Tr2d) over four replicate mees and
thees inoculice positions. Tumor mass. was evaluated 18 weels afier
inocilathon with A. fowmsfaciens.

Xeanthomonays birasray

Mo symptoms were observed in control plants {oon-inocu-
laaed), whereas all incculated piants showed canker formation,
In beth control and amsgeme Boes Tel 5, Tel6oand Te21 lon-
prudinal cracked lesions were observed at the inoculation site:
the hark surface bocume necrobic and swollen. Canker lengzthe
varied from 5.4 to 12,2 mm and no significant differences were
observed berwecn lines. ln comrasy, wansgense e Tr2d had
only small lesions amdd canker severty wms reduced 1o 57T%
comparsd with contrel plans (Figure £). Infection sitcs wers
lightly necrotic and o saelfing was reported  (Figure 7).
Transgenic line Tr23 also differed in lnferal canker extension,
presenting & rean Girdling Index (G1) of 1 compared with a
Gl of 3 for all controls and other transgenic lines (Figure 7).

Hypoxylon bioassay

‘Three months after inocalation, twe monpludoey of dee woarmd-
inoculated site of sl tmnsgenic and cootrol plants wis similar
[dara pot shown} and po sagoificant diffesences m cankerclon-
yation wene observed (Figure 8. Mean canker kengths J:l,n_ggd

! B |

P Trans

Tris

Frgure 5. Tamer Forsation mdweood by A. womefaciens (C58) oo con-
erol {MNTransy aml fowr DMET-tramsgenic poplar lines (Trl 5, Tris,
Tr21 ond TrEd). Photograph was aken TH wesks afier eocolation,

19
= B
= 6|
=z
=
5 47
=
32_
0
MWTramns TS TriG T2 23

Figare &, “armalions in canker length on obc untiasisformesd hine
[N Trod e foam DEE]-tenspeme popilar lenes (TeLS, Trit, Tral
and Tr3) 2 months after mocial with Ktk £ Pty

from 6.0 to 1 1.2 m, Seeres of inocolated plants scemed o be
bl ko colapse e mocolabed wound, However, TO05%: cal-
s production (wound closure) was observed in all comrol
[aeoumcded and non-inoculated) plants.

Diiscssion

Foplar speces have gneal potenbizl for mlensive plantation
forestry. However, considernble losses as a resalt of bacterial
and fomgal patwegens are fmogeently encoastered. . Genetie
enginesring, provides an opportunity o produce transgenic
plants with endumnced dissase neastanes (soe Klopderden o
al. P97 and citations therein). Several studies have reporied
o the use of penes encoding patural antimicrobial peptides,
amd synihetic anadogs of these genes or totally symthetic anti-
microbial peptides have also been wed (Rao 1995). Compased
with nuturd antimicrohial peptides, the synthetic peptides of-
ien provide a broad spectnom of antimicrobaal activiry, are bess
sensifive o plamt proteases and have medoced phytotoxic ef-
fects (Jaynes et al. 1993, Powell et al. 1995, Cavallarin et al.
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Figare 7. Discaeas symsploms caused by Xenrhamonar papuli oo stems
ol e e irans foracd poplar line (NTrns) and foar D4E |-tmnsgenic
poplar liges (IS, Tebt, T2F am? Te23), Latcral cianker calcnsion,
expressed a5 girdling index (G 2 months after (soculatios with
X populi, is also presened for one uerransformed lise { MTrans) aed
lour CME] -tramsgenic poplar limes (Trl 5, Tri6, Tr21 and Tr23)
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