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Newspaper headlines associated with 1993
Fusarium head blight epidemic
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Will wheat head blight contribute to shortage
of world food supply?
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Fusarium graminearum infection
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Objectives of my Talk

To demonstrate the potential biological control of plant
diseases using fungi to address food security and
environmental safety (Case Study 1)

To harness the diversity of fungi from the rainforests to
generate useful products for agriculture and medicine
(Case Study 2)

To tap the diversity of plant resistance genes to solve the
alarming disease epidemics caused by fungi (Case Study 3)

To discuss the impact of some important Fusarium
diseases and mycotoxins in the Philippines (Case Study 4)

To emphasize the need to secure microbial resources in
the Philippines to decrease threats to food security



Estimating the no of fungal species

Hawksworth, H. L. 1991. The fungal dimension
of biodiversity: magnitude, significance and
conservation. Mycological Research 95: 641-
655.

Hawksworth, H. L. 2001. The magnitude of
fungal diversity: the 1.5 million species
estimates revisited. Mycological Research 105:

1422-1432



8.74 million eukaryote species on
earth

611,000 species of fungi (moulds, mushrooms)
of which 43,271 have been described and
catalogued

Camillo Mora. How many species are there on
earth and in the ocean? PLOS Biology, 2011

5.1 M species of fungi

Meredith Blackwell. American Journal of Botany
08:426-438 2011



Philippine Fungal Diversity

e Estimated at 3956 species and 818 genera
(Tadiosa, 2012)

* 53 species under 22 genera of
entomopathogenic fungi were reported on
selected areas in the Philippines from 1998 to
2001 (Villacarlos and Meija, 2004)

* Fungi on bamboos (Cai et al, 2003; Hyde et al.
(2002)
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Table 1. BIOTECH commercialized products
derived from Philippine fungi.

Product Name Fungi Uses

Brown Magic Endomycorrhiza Growth promoter of orchid seedlings
and protects them from diseases

Bio Quick Trichoderma sp. Bio-organic fertilizer

Bio Green Trichoderma sp. Bio-organic fertilizer

Mycogroe Ecto Mycorrhizal Fungi Bio fertilizer

Mycovam Vesicular Arbuscular Fungi Soil-based biofertilizer for crops except

crucifers and lowland rice

VAM Root Inoculant Vesicular Arbuscular Fungi Growth promoting subtances and
disease control

Lipase Rhizopus sp. Hydrolyses coconut oil to produce high
value 3- monoglyceride

Pectinase Aspergillus sp. Juice and wine clarification oil
extraction from freshly grated coconut
and essential oil extraction

Microbial Rennet Rhizopus chinensis Milk coagulation for cheese production




Major repositories of fungal cultures and
specimens in the Philippines

1. UPLB Mycological Herbarium
2. UPLB Microbial Culture Collection

3. Philippine National Herbarium Collection
(PNHC)

4. Microbial Research and Service Laboratory
(MRSL), University of the Philippines, Natural
Sciences Research Institute (UPCC)

5. University of Santo Tomas Collection of
Microbial Strains (USTCMS)




Table 3. Effect of P. lilacinus on M. incognita

attacking tomato 37 days after inoculation

Treatments? Root Gall index | No. of No. of No. of egg | Percent
weight rating? galls® nematodes?® | masses® reduction

Uninoculated control 6.025b 1.0c 0 0 0 -

M. incognita alone 9.225a 5.0a 32.5a 245.0a 31.3a -

M. incognita + P. 3.175bc 2.3b 23.5b 23.5b 19.0ab 89.89

lilacinus (1.584x10°

spores/ml)

M. incognita + P. lilacinus | 5.725b 2.0b 6.3b 6.3b 4.5bc 97.31

(7.92 x10° spores/ml)

M. incognita +P. lilacinus | 4.725bc 2.0b 10.8b 10.8b 9.0bc 05.38

(3.96 x 108 spores /ml)

M. incognita + Nemacur 1.575¢ 1.0c 0 0 0 100.0




Roots of tomato inoculated with M.
incognita and P. lilacinus

Legend: TO-uninoculated control; T1- M. incognita alone; T2 -M. incognita + P.
lilacinus (1.584x105 spores/ml);T3- M. incognita + P. lilacinus(7.92 x106 spores/ml);
T4- M. incognita +P. lilacinus (3.96 x 108 spores /ml.) T5- M. incognita + Nemacur

Source: Oclarit & Cumagun, 2009
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In light of deforestation, the beneficial microbes are
being destroyed and perhaps lost forever.
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Identification of molecular markers for promising biocontrol agents
rDNA-ITS1 analysis of selected isolates (University of Copenhagen,Denmark)

94- 94- 94- 94-
M 055 054 016 012

%" Alad FLA 3
Sheath blight of rice caused b
Rhizoctonia solani

Trichoderma- a biocontrol fungus
Cumagun et al. 2000 J. of Phytopathology




TWO FUNGAL DISEASES COULD WIPE-OUT
BANANA INDUSTRY IN 5 YEARS!
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Fusariun Mycosphaerella
oxysporum f. sp. Spp. causing
cubense causing Sigatoka disease

Panama wilt of banana



AERIAL SPRAYING: BAN OR NOT TO BAN?




AN ENDOPHYTE FUNGUS : APROPOSED
SOLUTION IN PARTNERSHIP WITH A
WORLD-RENOWNED MICROBIOGIST
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BENEFITS DERIVED FROM
MUSCODOR TECHNOLOGY
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Pestalotiopsis from Makiling Rainforests

Adiova et al., 2015, unpublished results



R "for their discoveries
- of concerning the activation of
innate immunity”

Biovision LifeScience Forum, Lyon, France 2013
BIOVISION Zzeidfe



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://gkmcq4xams.wordpress.com/2011/10/17/nobel-prize-winners-in-2011/&ei=42BgVK2XLOTOmAXj8YCACg&bvm=bv.79189006,d.dGY&psig=AFQjCNEuZkMea7Xaglv4zIknK5_4dgxDGA&ust=1415688774257003

g |

Genetic structure of L N
populations of osses due [

rice blastif |

Magnaporthe oryzae q
in the Philippines | ia"e
an fee@ an

adt;lltlo al60 M

. . péople”: ' |
Lopez, A., H. Adreit, J. Milazzo

C. Cumagun and D.Tharreau

yearly! ~\;“\’

f




Old isolate
Luzon

Visayas

\m“

”M

écirad

DARwiH

i

'M

ﬁ |
A

Hierarchical clustering
DARwin V5.0.158

Dissimilarity Analysis and Representation for Windows



Inoculation and scoring

24 isolates tested against 16
varieties each with major R gene

Lopez, unpublished results



Table 4. Pathogenicity testing of M. oryzae isolates
against differential rice varieties with their
corresponding R genes.

RICE VARIETIES (R genels)
ISOLATE | Azecena| CO3% | ClOILac | Fulunishiki | CLOLAS] | Tsuvuake | CLOITIP| Fujisaka 5 | C104Lac | 75-1-127 | CI04PKT | Toride 1| IR1520| Bala | IR.63 | Maraelli
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Putting all together....

Avr pita (1086 bp)
Avr pwli3 (937 bp)
Avr pia (868 bp)

Avr pizt (637 bp)
Avr pik (532 bp)
Avr pii (508 bp)

Lopez, unpublished results



% of isolate

300

250

200

150

100

50

8.57

18.18

AVR gene
Pia
™ Pii
© Pik
© Pita
" Pizt

PWL3

37.14

\ Irrigated lowland

Rainfed lowland

Rainfed upland } Reference strain

f

New strains

Lopez, unpublished results



100 -

90 -
80 -
70 -
Pia

o M Pii
50 - m Pik

M Pita
v W Pizt
30 7 = PWL3
20 -
10 -
0 | | | |

\Irrigated lowland Rainfed lowland Rainfed upland/ Reference strain

New Itrains Lopez, unpublished results



- 0 genotype

D. Tharreau et al., 2008 Advances in Genetics,
Genomics and Control of Rice Blast Disease



53 isolates tested for ACE1 genotype

¢ 9 = 7 (avirulent)

2 (undetermined)

34 (virulent)

10 (virulent)

Lopez, unpublished results
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|dentification of a hidden resistance gene
In tetraploid wheat using laboratory
strains of Pyricularia oryzae produced by
backcrossing

Christian Joseph R. Cumagun, Vu Lan
Anh, Trinh Thi Phuong Vy, Yoshihiro
Inoue, Hokuto Asano, Gang-Su Hyon,
lzumi Chuma, and Yukio Tosa
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Chromosome 7B

&

Xgwm537
Xhbg453
Xhbg271
Xgwma302
. Marker
cM
Xbarc1073 -, Xgwm1lll
13.4 ‘
Xwme276 .,
11.3 |
s Xhbg3ss . Xhbe313
1T ngTd(t) ......... e, n‘
....... Xbarc1073
U . [-Xwmc276
~~~~~ [/
- Xhbg338
Xgwme611

Torada et al. (2006)

Linkage map around RmgTd(t) constructed using

F;lines derived from Tat4 x Tatl4
Cumagun et al, 2014



Genetic structure of populations
of Rhizoctonia solani AG-1 IA
from rice in China, Japan and the
Philippines

C.J.R. Cumagun, P. Ceresini, R.
Oliva, M. Zala and B.A. McDonald
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Regression between genetic and geographical distance
among pairs of 18 rice-infecting populations of Rhizoctonia solani
AG-1 |A from China, Japan and the Philippines.

Genetic distance (R)

1.0
0.9 y = 0.0002x - 0.0434
2 _
0.8 R2=0.45389
P <0.001
0.7
E e®
0.6 . .. .o .
¢ .O [ +
0.5 | )
.. .=. * ¢ * o . ///
L §
0.4 S
0.3
L ]
0.2 . ® . e
® L ]
0.1
“. Y b L ]
00 .‘ 4 .. ‘. - .‘. *~ .&q
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

-0.1

Geographical distance (1,000 km)

Cumagun et al, unpublished results



Membership coefficient (Q)

Structure inferred membership coefficient for multilocus microsatellite
genotypes of Rhizoctonia solani AG- 1 IA from rice-infecting population

samples from China, Japan and the Philippines.
- Multilocus genotypes by populations
0.8 F]
0.6
04
0.2
0.0
Northern Southern  Central  Eastern Western
China Japan Philippines
Given Number of genotypes with membership in their given population or in one of the others  Total Number of Admixed
population number of admixed  proportion
genotypes genotypes
China Japan Philippines
Northern  Southern  Central Eastern Western
China
Northern 23.7 0.0 2.2 0.1 0.0 0.9 0 27 33 0.12
Southern 1.0 343 0.7 24 0.3 1.6 0.7 41 6.7 0.16
Central 2.2 4.1 6.6 1.5 0.8 0.8 0.2 16 9.5 0.59
Eastern 0.7 1.9 6.1 23.7 1.1 0.5 0.1 34 10.3 0.30
Western 0.8 0.1 2.0 0.6 2 2.2 0.1 17 5.8 0.34
Japan 1.1 0.8 15.5 0.5 0.4 1535 0.1 134 18.5 0.14
Philippines 0.1 0.2 0.0 0.1 0.2 0.2 61.2 62 0.9 0.01
Total 331 54,9 0,17

Cumagun et al, unpublished results



Fumonisin production of F. verticillioides and F.

fujikuroi isolates in the Philippines

Source |Host |No of Mean fumonisin
Isolates production (ug/g)
FB1 FB2 FB3
Isabela |maize |20 (146.75 4554 |9.70
Laguna |maize |16  \30.05 [10.22 y/
N. Ecija|rice 7 31.47 5.36 0.52

Cumagun et al., 2009




Table 2. Collection sites, morphological identification and aflatoxin production by
Asperigillus isolates on CAM and HPLC analysis

Yli Matilla, 2015, unpublished results

Isolate | Collection site Morpholog | AFs HPLC analysis of aflatoxins from YES broth
code ical production
identificati | on CAM Glng (Blng |[G2ng |B2 Total
on ml -1 ml -1 ml-1 ng AFs ng
media | media | media |ml-1|ml-1
medi | media
a
8P Soil sample from a field of |A. +++ 2198.5 12356 [41.5 30.4 |3506
coconut in Situbo, parasiticus
Tampilisan, Mindanao
oP Soil sample from a field of |A. +++ 1526.6 [825.2 26.9 23 2401.7
coconut in Situbo, parasiticus
Tampilisan, Mindanao
10P Soil sample from a field of |A. +++ 12950.3 |5001.3 |224.6 146.7 (18322.9
coconut in Situbo, parasiticus
Tampilisan, Mindanao
18P Soil sample from a field of |A. flavus + 4 3.6 ND ND |7.6
maize in New Barili,
Tampilisan, Mindanao
32P Soil sample from a field of |A. flavus + 0.42 1.6 ND ND |2.02
maize in Garimbara,
Visayas
33P Soil sample from a field of |[A. flavus + 0.6 1.6 ND ND (2.2
maize in Garimbara,
Visayas
34P Soil sample from a field of |[A. flavus + 0.3 1.2 ND ND |15

maize in Garimbara,

\/icAa\/ac




qurvey and
Collection

v




SRR T |

mrmnm-..m-nmmmml

from UPGMA

-




The map of South-
Central Mindanao
as study area
showing the
distribution of Foc
isolates identified
as VCG 01213/16
(Foc TR4),
genotype 8 and 9
and 2 unknown
VCGs.
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Conclusions and Future Outlook

Promoting biodiversity enhances biocontrol research in
agriculture. Biodiversity of plant pathogens not only of beneficial
fungi should be conserved.

Rainforests are rich sources of beneficial microbes. Save them
before the microbes that are associated with them become
extinct.

Identification of both resistance genes in the host and avirulence
genes in the pathogen are important in order for resistance to
be effective. Monitoring gene flow of plant pathogens is
essential for effective plant disease management.

The need to focus on Fusarium and mycotoxin research in the
Philippines.

The need to train the next generation of mycologists and plant
pathologists to sustain food security in the Philippines.
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