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Results 
Several transgenic lines were Identified In their tolerance/resistance to the 
attack of A. trltlc/na, using an lnoculum concentration of 10'conldla/ml 
under the incubation conditions mentioned earlier. Two different 
phenologlcal stages (In the 5-leaf stage and spiking adult stage) were 
evaluated for their response to the attack of this pathogen, and although 
the wheat proved susceptible at both stages, it was most susceptible In 
the heading stage of adult plants. 

After Infection with the pathogens F. graminearum, P. tritici-repentls, 
Rhlzoctonla sp., and Phyt/um sp. the detached leaves showed less or no 
resistance/tolerance than was shown by the control. This was In contrast 
to the Inoculation with A. trltlclna, with which there was a clear difference 
between the controls and the transgenic plants. Although the Infection 
with 8. soroklnlana was successful, this pathogen was very aggressive In 
the colonization of the foliar tissue (95-100% foliar area Infected by 
mlcellum) and no tolerant/resistant materials for this pathogen were 
detected for the transgenic lines tested. 

Wheat transformation with PR genes generated a number of Independent 
events that showed a range of responses to the pathogens, from 
increased susceptibility to tolerant (Including hypersensitive reactions) 
and resistant reactions. Several lines and their progenies (that were 
Basta™ resistant) were selected for fungal bloassay. The presence and 
expression of the PR genes were confirmed by molecular tests (PCR and 
Western blot). 

After A. tritlclna Inoculation, different levels of disease damage were 
observed. The evaluation of the fungal Infection was from the third day 
after Inoculation. The damaged or lesion areas on some of the transgenic 
plants were small (less than 25% of leaf area damaged by chlorotlc or 
necrotic lesions) or absent compared to those of the control (more than 
50-75% of leaf area damaged). The plants that showed tolerance or 
resistance In the In vitro assay were selected and tested for the In vivo 
assay. In most cases, the In vivo results confirmed the In vitro results. 

Several progenies from different events of the different PR gene 
constructs were challenged with A. triticlna. Thaumatin-like antlsense 
plants gave unexpected tolerance or resistance responses In some cases. 
These selected transgenic plants did not show any symptoms or showed 
small necrotic lesions as a hypersitive reaction. A. triticina was relsolated 
from the necrotic spots of both control and transgenic plant samples. 
Preliminary results of Western blots Indicate that some band patterns of 
the wheat endogenous thaumatln-like proteins seem be related to 
Increased resistance of transgenic wheat plants to A. triticina. However, 
this relationship Is currently being investigated further (Pellegrineschl et 
al., In press) 
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In contrast to these results, susceptibility increased or remained the same 
as the positive control (Inoculated nontransgenic plants) for most of the 
progenies from events of thaumatin-like protein sense, in which an 
overexpresslon of this PR protein and an enhanced tolerance/resistance 
response to the fungal attack was anticipated. Inoculations of transgenic 
wheat plants containing the ~-1,3 glucanases transgene (sense and 
antlsense) with the fungi, In most cases did not reveal any significant 
differences with respect to the controls. 

Discussion 
Because of the rellablllty of this phtnotyplc analysis, which 
challenged transgenic plants against a wide range of 
pathogens, It should be a very useful method for evaluating the 
effects of Introducing genes coding for PR proteins Into wheat. 

This bloassay allows the rapid Identification of transgenic 
plants or resistant wheat material with tolerance or resistance 
to important fungal pathogens such as A. trltlclna and the 
possibility of applying this method of selection to other, 
principally foliar, pathogens. It also allows an acceleration of 
the selection process by identifying the studied traits in the 
progeny through physiological characterization of the plant 
response to pathogen attack. 

This assay was very reliable, economical, and reproducible for 
the screening of large numbers of plants. The preliminary 
results obtained from the in vitro bioassays were consistent 
with those obtained through in vivo bioassay and by molecular 
analysis for the presence and expression of the PR genes. 

This antifungal assay has other advantages such as testing 
several fragments of leaves without kill the plant, and 
considering several repetitions (at least 8 fragments per plant) 

Considering the reliability of results obtained with A. triticina 
this pathogen could be used as a model of a foliar disease for 
selecting tolerant/resistant material in a preliminary screening. 

References 
Bella, R, S,, Neuhau1, J , M. and Mein•, F. Jr. 1993. 

Phyalologlcal compenHtlon In antlHnH 
tranatormanta: Specific Induction of an M•rHtz." 
glucan endo-1_3./J-glucoeldllH In plant• Infected 
with n•crotlzlng vlruH•. Proc. PUU. Acad. Set 90: 
8792-8798. 

Beffa, R. S., Hoefer, R. M., Thomae, R. and Mein• F. 
1 OK. O.crened aueceptlblllty to vlr11I dlHaH of 
{j.1,3-glucana•H•flclent plaint• generated by 
antlHnH tranefonnatJon. P111nt Cell 8;1001-1011. 

Bol, J .F., Llnthorst. H.J .M. and ComellHen, B.J .C. 
1990. Pt.Int p1thogeneels-related protetne 
Induced by vlrue lnfectlon. Annu. Rev. 
Phytopathol. 28 113-138. 

Broglie, K., Chet. I .. HolHday, M., CreHman, R., Bkldle, 
P., Knowlton, s ., Mauval•, C.J. and Brogl ... R. 
1991. Trainegenlc plant.a with enhanced reafetanee 
to the fungol pathogen Rhlzoctonl• aolanl. 
Science 254; 1194-1197. &4. 

Dum11·Gaudot, E., Sluactt, S., DH•I, B., Pozo, M.J. 
Glanlazzj.Peareon, V. And Glanlazzl, S. 1196. Plant 
hydrotytk enzyme• (chltlnaeH and~1 ,:J.. 
glucanaM•) In root reaction• to pathogenic and 
1ymblotlc mlcroorganl1m1. Plant Soll 185211·221. 

Hu X. and Reddy, S.N. 1995. Nucleotide Hquence of 
cONA clone encoding a thaumatln-llke protein 
hom Arabldofnl& Plant Phyelol. 107: 305-306. 

Jach, G., G6rnhardt, B., Mundy, J ., Logemann, J ., 
Plndorf, E., Leah. R., Schell. J .• MaH, C.1995. 
Enhanced quantltatJve rHletance agalnet fungal 
dletaM by com~natorlal •xpreHlon of different 
barley antlfungal protein• In tran1genlc tobacco. 
Plant Journal., 8(1):97·109. 

Jongedllk, E. , Tlgelur. H •• Van Ro.kol, J.S.C .• Breu· 
Voloemane, S.A., Dekker, I., van den Eli.en, P.J.M., 
Cornell•een, B.J.C., .-.lchert, L.S. 1995. 
Synergletlc actMty of chltlnaH• and IJ.1,3-­
glucanaM• enh•ce• fungal rHletance In 
tranegenk: tom11to plant•. Euphytlca 15: 173-180. 

Kauttm•nn, S., L99,.nd, M., Geoffroy, P. end Ftttlg, 8 . 
1987. Biological tunetlon of 0 pelhogene1l1· 
relaled' protelna: four PR protein• of tobacco 
have 1,3-l>glucanue activity. The EMBO Joumal 
• : 3200-3212. 

Krlehnavenl, S., Muthukrl•h•n, S., Llang, O.H., Wiide, 
G. •nd M•nich.am. 1991. Induction of chitin ... • 
and IJ.1.3-glucanaHe In retletant and aueceptlble 
cutttvare of aorghum In reepon" to Insect Mtack, 
fungal Infection and wounding. Pblnt Science 
144 : ~16. 

Lamb, C.J •. , Ryals, J.A., Ward. E R. and Dixon, R. ~ 
1'92. Emerging •trategfe,e for enhancing crop 
reeletanc. to mlcrobllil pathogen•. 
Biotechnology. 10: 1436-1445. 

Legrand, M., Kauffmann, S., Geoffrey, P. and Fritlg, B. 
1987. Blologlcal function of pathogene1le-related 
protein•: Four toblicco pathogenHle-related 
protein• are chltlnaeee. Proc. Nat. Acad. Sci. USA 
84: 6750-8754. 

Llnthorat, H.J.M .• Van Loon, L.C., Van Roaeum, 
C.M.A .• Moyer. A .• ind Bol. J .F. 1990. Analy1l1 
of ackllc and baelc chitin•••• and their 
ea:preaelon In tranegenle tobaeco. Mol. Plant· 
Microbe lnterect. 3: 252 

Llnthhot•t. H. J . M. 1991 . Pethogene•l•related 
protein• of plant.a. Crttlcal Revlewa tn Plant 
Selene•• 10: 123-150. 

Mauch, R •• Mauch-Mani. 8 ,, Boller and T. 1988. 
Antttungat hydrotaooo In pea tluue. II. 
lnhlbltlon of tungal growth by combinations of 
chltlnaM and tr1 ,3-91ucanaae. Plant 
Phyolology 81: 936-942. 

Nlehluwa, Y., Nlehlo, z.. Naku.ono, K., Soma, M., 
Nakajima. E. Ugald. M. end Hibl, T. lttt. 
Enhanced reelttence to bt .. t (lbgnaportM 
QrfM•) In t,.negenk: Japonk:a rtC4t by 
conttftuttve Hpr9••1on of rice chttlnue. 
Theor. Appl. a.net. 99: 383-390. 

Pierpoint. W. s .• JacUon, P. J. and Eveno R. M. 
1 HO. TM pr9Hnc:• of a tha.umatln-llke 
protein, a chitin•" and a glucanaM among 
th• pathogeneel...related prot.tn• of potato 
(Solanum tubero•um). Physfologlcaf and 
Molecular Plant Pathology 38: 325-338. 

Rajaram, S. 1999. Hlatortcal aepect• and future 
cheHengee of an International wheat program. 
In: S.ptorl• end St•gono•por11 dlH&M• of 
cereal•: A compllatlon of global ruearch. ·The 
fifth International Septorta Work.lhop 
(Septomber 20-24. lttt~CIMMYT. Mexico. 

R•lmm1nn C. ind Oudler, R. 1993. cONA cloning 
1nd Mquence analysl• o f a pathogen-Induced 
thaumelln-llke protein form rice (Oryu H tlv•). 
Plant Phyolol. 101 :1113-1114. 

S.l•Buurtage, M., Pon1teln, A.S., Brea-Vloemane. 
S., M•lchere, L., van den Etzen, J .M. and 
Cornelluen. B.J .C. 1993. Only 1peclflc 
tobllcco (Nlcott.n• taNcum) chttlna••• ind I> 
1,3--glucanaM:a ea:hfblt antlfungel Ktlvtty. 
Plant Phyalol, 101 : 857-863. 

Steck. R. W. lttt. Return of en old problem: 
Fuurlum held blight of amon grelno In: APS 
net feature• (May 1-May 31~ 

WHMle, J.G.H. and Slet1m11, J.H. 1981. Fungal cell 
w.lla: 1 aurvey. tn: •ncyclopedlli of plant 
phyolology. N.S .• vol 13B: Plant cart>ollydratoa 
II, pp 352-314. Tanner, W., Loewue, F.A. ede. 
Springer, Berlin Heidelberg New York. 

Xue,L . Chareet, P.M. end Jab9j~Haire, S.H. 1998. 
Syatemlc Induction of peroxtda1H0 1,3-f} 
glueenaM•, chltlnaHa and realetance In bean 
plant• by btnucte.te Rhlzoctonla •peclea. 
Phytopethology ee (4): 3511-365. 

Zhu, 0 ,, Maher. E. A .• Maooud, s .. Dixon, R. A. And 
Lamb, C. J . 1994. Enhanced prot•ctlon agalnet 
fungal attlck by conatltutlWI co..xpreulon of 
chltlnaH and glucanaH genH In tranegenlc 
tobacco. Bio/Technology 12: 807-812. 


