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Introduction

•
Fungal diseases are responsible for m

ajor losses in crop production, especially w
heat.

•
M

icrobial com
m

unities influences disease outcom
es at infection sites.

Plant host
Resistance, susceptibility

Pathogen
Fungi, bacteria, viruses etc.

Environm
ent

Clim
ate, m

icrobiom
e, soil etc.

M
icrobiom

e



1.
Can w

e detect fungal pathogens and associated m
icrobiom

es 
through a m

etagenom
ics approach?

•
A proof-of-concept study

2.
How

 can w
e im

prove the species classification?
•

Benchm
arking taxonom

ic classification strategies using m
ock com

m
unities.



Detection of fungal w
heat pathogen from

 field sam
ples

Hu et al., (2019) P
hyto

b
io

m
es

J, 3:92–101.

•
Sam

pling w
heat leaves w

ith 
confirm

ed phenotypes
•

Blind DN
A extraction

•
Portable M

inIO
N

sequencer
•

Tw
o-step BLAST search



Detection of fungal w
heat pathogen from

 field sam
ples
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M
icrobiom

e profiles are pathogen specific

Reads did not hit 
reference database 

BLAST against N
CBI 

nucleotide database



•
W

e can detect fungal w
heat pathogen from

 field sam
ples 

using nanopore
m

etagenom
ics shotgun sequencing.

•
M

icrobiom
e profiles are pathogen specific.



Benchm
arking taxonom

ic classification strategies

2 m
ock fungal 

com
m

unities: pooled 
DN

A &
 pooled tissues

M
etagenom

ics 
shotgun 

sequencing 
(N

anopore)

•
2 algorithm

s: K-m
er(Kraken2) &

 
Alignm

ent (BLASTn)
•

2 databases: nt&
 Refseq

fungi

https://m
arketsci.org/m

arket-science-blog/page/2/

•Recall rate: %
 of identified reads 

•Success rate: %
 of identified reads that belongs to the m

ock com
m

unity

How
 to im

prove the classification?



Alignm
ent + specific database is the ‘best approach’ 

for classification

•
Choice of database affect the result m

ore than the choice of algorithm
s.

•
blastn

against Refseq_fungiresult in the highest species level success rate.



Applying cut-offs on alignm
ent proportion im

proves 
classification

Genera
com

pleteness

=
#
ofgenera

identified
belongsto

the
m
ock

total#
ofgenera

in
the

m
ock

•
Cut-offs on alignm

ent 
proportion w

orks the best 
com

pare to e-value, read 
length, read quality and 
percentage of identity.

Alignm
entproportion

=
#
ofidenticalm

atches
Read

length



O
ptim

izing com
m

unity com
position analysis

•
Create a ‘gold standard’ classification and com

m
unity com

positions:
•

Using pairw
ise alignm

ent algorithm
s (m

inim
ap2)

•
Using database w

ith only genom
es from

 the species in the m
ock com

m
unity, 

to m
axim

ize the success rate (100%
)

•
Com

pare other broadly applicable classifications to the ‘gold standard’ 
to optim

ize the com
m

unity com
position analysis. 



Benchm
arking com

m
unity com

position analysis 
using ‘gold standard’ com

position 
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•
Constructed reference database w

ith only genom
es in the m

ock.

•
Using pairw

ise alignm
ent (m

inim
ap2) to construct the ‘gold 

standard’ classification and com
position.

•
Com

pare different strategies w
ith ‘gold standard’ for sim

ilarities.

•
Apply cut-offs on alignm

ent proportion and access the 
sim

ilarities’ change. 



•
Blastn

against Refseq_fungidatabase has the closest B distance w
ith the 

gold standard com
m

unity com
position.

Com
paring com

m
unity com

position analysis using 
Bhattacharyya (B) distance

B
distance

angle
o
:

A
m
easurem

entofabsolute
distance

betw
een

tw
o
listsofprobabilities

Relative abundance (%)



Com
paring com

m
unity com

position analysis using 
Bhattacharyya (B) distance

B
distance

angle
o
:

A
m
easurem

entofabsolute
distance

betw
een

tw
o
listsofprobabilities

Running hypothesis:
•

N
o need to restrict the dataset for 

better com
m

unity com
position 

analysis.



N
ext step: tracing the quantitative abundance of fungal 

pathogens and associated m
icrobiom

es during infection

Hypothesis:
The

pathogen
developm

ent
is

associated
w

ith
the

quantity
ofm

icrobialcom
m

unities.

Experim
entaldesign:

1.
Sam

pling
of

w
heat

disease
trial

four
tim

es
per

grow
ing

season
forthree

years.

2.
Q

uantifying
the

abundance
of

m
ajor

pathogen
speciesand

theirassociated
m

icrobiom
es.

C
o

lla
b

o
ra

tio
n

 W
elco

m
e!



Take-hom
e m

essages
1.

W
e can detect fungal pathogens and describe their associated 

m
icrobiom

es through a m
etagenom

ics approach.

2.
Database affects classification m

ore than the classification algorithm
s, 

and alignm
ent + specific database is the best approach.

3.
Applying cut-offs on alignm

ent proportions can further im
prove the 

classification.
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