


'
. | . L
= o f Ry E -
T oy
. ' .
.
[t -
. |
|
'
. 2 |
|
' \ E
= . ' ; . .
. : i £
] |
i i
' '
. | |
H | 3
'
. '
. 5 ' |
i . i !
) : . i ! I i +
. . L= - |
o . .
A : 0
s = . I 3
'
i . i ¥ :
i 7 i
! - .
B I
= . : .
i .
£ '
3 '
| & '
: B ' . '
: | '
% ! i | ;
| '
' 3 '
- _ . ' L ' |




Ve
s
b

b i ol | '
. By i t E ! * # .
4 3 | g s
ik I . | . ==

. e 3 3 5



G Pl s

























i 3 i - . .
VT e o e £ i e = TP L ] mrEy
i v e X il ER S, == Sl i 1
et = .
Lo o
L e L : - ¥ v

=3 = = R i e s s ;

- - = s im L et et . e o - 41 - i |

[










10

_ , .
g ! : ' :
| : "y t |
] ] B 1
| ; ' .
i \
| it = i
I - ¥
i
X
i :
' b
! 5 A
i ;
] [ '
! ) X ;
! ;
: ] et L ]
| 3 \
| : V
i |
| 13 - t
i
. i
. N 1 i
i ) ;
‘" + 1 ¥
i
i 4 .
i
' i
I . N ' 1
i
i :
: . i : i
| :
|
| ' 'y
| 1 L} ) i 1
i i
| | .
¥ ‘ : y
i
. i
' N =5 _ i
;
i 7 ! |
: i i
] ! 1
: ! i
i
: : ] i
' ] : i
: . i ' | |
{ ]
! :
] ;
i
A .
{ | |
' 1
1 ' ]
: .
i
) ] |
0 ]
2 ]
i
i
' 1
]




11







13

Ecology and Biocontrol Potential of Pseudozyma Species against Powdery
Mildews

Clément-Mathieu, G., Chain, F., Marchand, G. and Bélanger, R. R.

Département de Phytologie, Centre de recherche en horticulture, Pavillon de I’Envirotron,

Université Laval, Québec, Québec, Canada, G1V 0A6

"Corresponding author. Mailing address: Département de Phytologie, Centre de recherche
en horticulture, Pavillon de I’Envirotron, Université Laval, Québec, Québec, Canada, G1V

0A6. Phone: (418) 656-2758. Fax: (418) 656-7856. E-mail: richard.belanger @plg.ulaval.ca


mailto:richard.belanger@plg.ulaval.ca




15



CH:
0\\/ 3

> oH °

Pl r—O N Y S P Y OH

e/ 1

/ HO
H
WO o
/
[ B
Y
HO
by
iEHzn
s
bl
%}/CHQ
,,0 OH OH O
JOH /7° ) e e e e P a e Ure ~aH
OH
}—q0
[0} ( b
N\
=]
5
e e
# OH
e O\/'\/\
oH
A2 oH

Ry

16



17



18




19



20






£
[

adv

[eiptu

I pt

23

3 ureyd
UJX2 UBIN




Fluorescence microscopy observations. Following inundative applications of
GFP-expressing transformants of four Pseudozyma spp. on healthy cucumber leaves,
fluorescence levels were weak to absent as early as 24 h after treatment. Upon close
observation, only P. flocculosa appeared to be visually present as scattered fluorescent
spots along the base of trichomes. On the other hand, P. flocculosa Act-4 appeared to
develop densely on powdery mildew colonies -as expressed by the level of fluorescence
emitted on infected leaves. This fluorescence was confined to P. xanthii colonies but was
systematically present wherever there was a zone of infection (Fig. 4). For their part, the
other three species of Pseudozyma sometimes displayed faint spots of fluorescence in
association with powdery mildew colonies at 24 h. Neither P. antarctica, Act-12 nor P.
rugulosa Hsp70-14 nor P. fusiformata Act-1 emitted observable fluorescence after 48 or 72

h whether they were applied on infected or healthy leaves.
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xanthii, P. flocculosa population expanded significantly over the first 48 h to gradually
level off over the next 24 h (Fig. 6 b). By contrast, all other species, including P.
fusiformata, saw a rapid decline of their population to near extinction after 72 h, when

confronted to P. xanthii.
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Figure 6. Quantification by qRt-PCR of population development over time of four
Pseudozyma spp. following inundative application of conidial suspensions on A) healthy

and B) Podosphaera xanthii-infected leaf disks from Cucumis sativus L. cv Corona.

Discussion

Historically, many fungi and bacteria have been screened for biocontrol activity by
measuring their ability to repel the development of a fungal or bacterial plant pathogen in
vitro. This phenomenon, commonly referred to as antibiosis, has often been used as the
guiding standard to select potential BCAs (Fravel 1988; McSpadden Gardener 2007). In
this study, we have highlighted the precarious reliability of this approach and the complex
nature of the interaction between a BCA and a plant pathogen. In spite of their genetic
relatedness, their antagonistic activity in vitro, and their ability to produce antifungal
glycolipids, no species of the genus Pseudozyma other than P. flocculosa were able to
display biocontrol activity against powdery mildew. These results stress the importance to

understand the ecology of a BCA in trying to optimize its development and efficacy.
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As a first approach, the GFP technology proved quite informative to analyse and
compare the ecological development of several species of Pseudozyma under varying
conditions. For all tested species, fluorescent cells were invariably concentrated on or
around powdery mildew colonies. This was further evidenced by SEM observations
showing hyphae of Pseudozyma spp. in close association with hyphae and spores of the
pathogen. Previous studies have clearly shown that the hyphal network of filamentous fungi
will expand as influenced by availability and distribution of nutrients and favourable
conditions (Klein & Paschke 2004). While the genus Pseudozyma has only been recently
proposed for a relatively small group of species, very little is known about the ecological
commonality, if any, of its members and close relatives. In fact, related members of this
genus can display varying characteristics ranging from plant pathogen, to biocontrol agents
to strict epiphytes (Traquair et al. 1988; Paulitz & Bélanger 2001; Martinez-Espinoza et al.
2002). For its part, P. flocculosa will thrive in high humidity areas on the leaf surface
(Jarvis et al. 1989). Thus, a highly humid microclimate within powdery mildew colonies
might explain, partially, the development of Pseudozyma spp. in association with areas of
high fungal density. Furthermore, conditions of high humidity must prevail in the
environment for efficient biocontrol activity by P. flocculosa, as its development was
severely reduced in presence of powdery mildew colonies when the ambient relative

humidity went below 70% (Jarvis et al. 1989; Hajlaoui & Bélanger 1993).

Based on our results, P. antarctica and P. rugulosa, reported to produce MELs, did
not display any antifungal activity on infected leaves, which supports the results obtained
by Avis et al. (2001). On the other hand, P. rugulosa had been described previously as a
potential biocontrol agent of powdery mildews in at least two studies (Traquair ef al. 1988;
Hajlaoui & Bélanger 1991). It may be noteworthy, however, to point out that these studies
were carried out before Begerow et al. (2000) clarified the taxonomy of Pseudozyma. Our
results suggest that MELs are either not released by P. antarctica and P. rugulosa in the
environment of powdery mildew colonies or simply not active against powdery mildews, as

it is the case against other fungi such as Candida albicans and Aspergillus niger (Kitamoto
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comme le fait P. flocculosa? Nous affirmons ainsi que parmi les quatre espéces de
Pseudozyma testées, seul P. flocculosa est en mesure de lutter efficacement contre le blanc
du concombre et du blé. Les résultats obtenus chez P. fusiformata suggérent également que
I’aptitude de ces organismes a se développer dans 1’environnement immédiat créé par les
colonies de blanc, est une composante déterminante de leur activité antagoniste contre cet

agent pathogene.

En conclusion, nos travaux ont permis d’identifier différents facteurs impliqués dans
I’écologie et I’activité antagoniste chez plusieurs espéces du genre Pseudozyma, et ce a
I’aide de la technologie GFP, la qRT-PCR et la microscopie a balayage. Malgré la
proximité phylogénétique et la production de glycolipides analogues par ces especes, seul
P. flocculosa semble en mesure de contrdler le blanc du concombre. En plus de souligner la
nécessité d’avoir recours a des tests in situ pour une juste évaluation du potentiel de lutte
biologique d’un champignon, nos résultats confirment également la spécificité de I’activité
antagoniste de P. flocculosa contre le blanc, et suggérent que cette activité, si modulée par
la flocculosine, est également dépendante de la capacité de cette espece a se développer en
présence de blanc. L’identification de génes impliqués dans la biosynthese de glycolipides
chez Pseudozyma spp. représente sans contredit une avenue attrayante dans 1’optique future

d’une compréhension exhaustive des différents mécanismes de biosynthése des

glycolipides dans I’environnement naturel des Pseudozyma spp.
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