S|

f Ty ‘Vfﬁén
/ SEEHRFOR _ %

SUSTAINABLE
LIFE




High Technology Methods In

Forest Pathology: DNA
sequencing and Phenomics

Carmen Romera lo, SLU
14th Sep 2021



e

SLU

ABOUT ME

Postdoctoral researcher

J' Swwde? Lrweraeyol
-

Ay ey Lrascwe

g

-
~

SLuU




Economic importance:
3 million jobs in the EU

Multifunctional
ecosystems
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Environmental
importance:
Climate change










OF OR RELATED TO LIVING THINGS. FROM GREEK BIOTIKOS, FROM

BIOS "LIFE.

Biotic,
Oxford Advanced Learner’s Dictionary

Virus Parasites

Fungi Bacteria Nematodes
Oomycetes (Protists) Insects
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Fig 1a: Escalas de tiempo de recuperacion para diterentes funciones forestales después de una perturbacion. Fig 1b:
Representacion esquematica de los cambios en la salud de los basques en funcidn del estrés de los arbales y los
disturbios. (D¢ Trumbore ¢t ol., 2015, Science).
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Introduction

RESOURCE PROTECTION & LONG-TERM
MANAGEMENT
CONTAINMENT
Public awareness
typically begins
ERADICATION
*HZV!N“ON
Species Small number of Rapid increase in distribution Invasive species widespread and abundant;
absent localized populations; and abundance; long-term management aimed at population suppression
' eradication possible eradication unlikely and resource protection
TIME =

CONTROL COSTS =



What On

Can We Do?
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I\/Ianagementof forest dlseases

. Dlsease management
e Environment, host and pathogen interaction.
Pathogen bioclogy and ecology.

* The classical methods can be summarized in 4 categories: \
Silvicultural W
2. Chemical
3. Biological
4. Host reS|stance
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Silvicultural

Aimed at preventing diseases and at reducing the expansion
of the disease once a stand is infected.

A
v

Prevents expansion
Management guidelines:

a. Avoiding planting susceptible species :E';',

CAM
b. Maintain the health and vigor of the trees AND

MAINTAIN

. SOCIAL
c. Protect the genetic resources DISTANCING

d. Reduce the amount of inoculum

W ~20ED ESFa0d PP <39 0 Ve i
Smm—— Traitement réussi d’'une plantation de pins rouges
affectée par le Gremmeniella abietina, race
enlarakegy & patology européenne
Pruning Limber Pire o Reduce Impacts from White Gaston Laflamme!
Pine Blister Rust in the Southern Rocky Mountains Rogu 1999-01.29; accapté 1999-07-30

Wilare B Jocobi Mydis rado Bovie, Kaly & Burma, Amanza Crunp, a=d Belyy A, Coodech PHYTOPROTECTION 80: 55-64



“The term fungicide is used in a broad sense for any compound

C h emica | that kills or inactivates fungi”

® Very limited application in the forests

® Could be a solution for nurseries.

Directive 2009/128/EC: preference non-chemical methods



ost resistance

Resistance Ability of an individual to prevent infection
Tolerance Plant become infected but the damaged is limited
Susceptibility Plant can not afford the development of any mechanism to prevent

infection



ost resistance

Resistance Ability of an individual to prevent infection
Tolerance Plant become infected but the damaged is limited
Susceptibility Plant can not afford the development of any mechanism to prevent

infection

How plants defend themselves?

1. Preformed defenses (already in the plant before the attack).

1.1. Physical or structural 1.2. Chemical preformed (secondary metabolites).
(cuticle, cell walls, tricomes).
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2. Induced (activated once the infection has happened).
2.1. Physical (changes on the structure and function of 2.2. Chemical (higher concentration of compounds and

cell wall). new compounds).



S1ological control

“The use of living organisms or naturally derived bioactive compounds to fight against
a disease”

* Alternative method to fight diseases because of the
growing public concern over the potentially harmful
effects of pesticides (Ownley and Windham, 2007).

* Biological control agents (BCASs) -> other fungi,
bacteria, viruses.

* The viability of biological control confirmed only in some
cases (e.qg. Heterobasidion or Cryphonectria parasitica).



1. Parasitism

5. Barrier effect 2. Antibiosis
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Fungal endophytes

Live inside the plant tissue * Becoming a potential biological

Neutral, detrimental or tool to fight against forest
beneficial diseases.

e Combine several modes of action




Integrated Pest Management

What is IPM?

Integrated Pest Management i< a <cience.based approach that
combines a variety of tachniques By stucying thair life cyces
and how pests interact with the environment, IPM professionals
can manage pests with the most current mathods to improve
management, lower costs, and reduce res to people and the
evvironment.

IPM tools include:

 Alter surroundings » Freventern of pest

* Add berefical insects/ probiem developing
organisme * Disrupt insec!

* Grow plants that resist pests behaviors
* Disrugt developmert O pest  » Use pesticdes

IDENTIFY/
MONITOR

Ceterimi-we the causal agel and its
asandance corlact your local
exlernsr agerl for held)

EVALUATE

Tha resuik oo monitcrng will help
10 Ancwer the quesions: Is 1he pest
cauung damaga? Do A8 neec 10
acCt? AS pest numbers Ircreate
toward the economic threshold
furher trealments may e recessary

3

PREVENT

Samae pedt problemrs car be prevented by us g
resistant plants planting eaty, radating crons,
LEING Darmiaes AgAINSt Cimbing pasts, Sanitaion,
and sealing cracks in buildings

— ACTION

IPM zes muliple tools to
recuce pedtt below an
economically damaging level

A carelul wlachor ol pravanive
and curatve treatments wil
TECLCE e 1lance on any cne
lactic and increase |ikelihoca

of success

MONITOR

Continue 1o Toriter the past
population, If t remans low or
decreases, ‘urther traatmanis
may rot be necessary, but i it
NCrRases andt extaads he
actor ihre<hold, 2rothae IPM
100l should be used
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Wezther damage
(drought, cold etc)

Research areas within plant protection at SLU
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re you a researcner in plant protection or plant hea'th? Join the network!

\

A\

Ecosystem servicas from
nsects and other 2nimals

Threats to polinators

www.slu.se/plantprotectionnetwork



What is the technology that
supports plant protection?
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Technology

1. Detection of the pathogen and microorganisms
A. DNA barcoding
B. Metabarcoding/Metagenomics

2. Detection of the early symptoms in the host

C. Phenomics
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Identification of Fungi DNAbarcode

RIBOSOME

Aminoac
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Sopecies DNA Barcode

International Barcode of Life

https://ibol.org i"# — — I““"H
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>t DNA extraction
Protein
Cell Harvest Cell Lysis Removal DNA Binding Wash DNA Elution

-] = g-g-g-g



e

SLU

PCR steps

Denaturation
Annealing

Extension
Video: (https://www.youtube.com/watch?v=c07_5BfIDTw)

Template DNA

- Priiers



https://www.youtube.com/watch?v=c07_5BfIDTw

Denaturation

Y
femplate DNA,
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Annealing

minipcr



= xtension

Polymerase

minipcr

Extension

mininecr
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Reagents

Temgplate DNA
T I

ddATP ddTTP ddGTP ddCTP

@ © o0 o

Palimerase dNTPs Primers

® ~ur mm

@ Fluorescenltly labelled DN A sample

T TS
T

T T

@ Primer annealing and chain extension

LLLLLLALLALLLLLLLL]

@ Caplllary gel electrophoresis and
fluorescence detection

DNA Sample

@ ddNTP binding and chain termination

1 > ro.
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ddNTPs stops chanextention
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GACTAGTCTG
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ﬁ% BLAST (Basic Local Alignment Search Tool)

m> U.S. National Library of Medicine

¢ carmenromeralaiZgm...
National Center for Bictechnokegy Infoemation & g

COVID-19 Information a
Public health information (CDC) | Research information (NIH) | SARS-Co¥-2 data (NCBI) | Prevention and treatment information (HHS) | Espaiiol

BLAST ® Home Recent Results  Saved Strategies  Help

Basic Local Alignment Search Tool
BLAST+ 2.12.0 i here!

BLAST finds ragions of simidanty batween biclogical sequencas, The e have mgde zoime improverments 1o hos BLAST mute
program compares nucleotide or protein s2quences to seguence thraads and tha amaunt of mamary req ulred hy
databases and calculates the statistical significance, Learn mara mukeblasicb.

Tia, 1300 2027 120000 E5T E MoreBLAST nens...

Web BLAST




ﬁ% BLAST (Basic Local Alignment Search Tool)

BLAST ® » blastn suite » results for RID-KZ5T7243013 Home Recenl Resulls  Saved Strategies  Help

< Edit Search Save Search Search Summary ¥ © How to read this repart? @ BLAST Help\Videas  “OBack to Tracitional Results Page
Job Title Nucleotide Sequence Filter Results
RID KZ5T72A3013 search capves on 03750222 am  Download All v [ exclude
Program BLASTN® Citation v Organism on'y top 20wl appear /

. . . Type common name, binomial, taxid or group name
Database rRNA typestrains/ITS RelfSeg Fungi  See delails v pe COTTTTIEN A8Ts. B o P QIONP TS
4+ Add crganism

Query ID Icl|Query 3437
Description None Percent Identity E value Query Coverage
Molecule type dna to ‘ ‘ to | 10
Query Length 862
Other reports  Distance tree of resylls MSA viewsr @ m Reset
Craphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ~  (ySelectcolumna ~ Shaw | 100v @

select all 55 segusnces salectey Genbank Graphics  Distance ree of results [EEMSA Viewer

i e Max  Tosd Query  E Per, A .
i St Scom Scom Uover valos  Idemt  Len  Acsmssion
v v v - v v
Cfaporte pacing CRGC 2600 IT3 regcn, frem TYPE matcrial Dcca e cadina e 17 1a% 4a-44 Q402% 458 NR_1ECET7E
Digced-a =ehdan 6L 165 194 1040 U2IIR 452 KR 1475761

Discete madwilweays 218 218 8% TeS7 017M% 530 NE 147511



Metagenomics: Tecnological Revolution

g (P REVIEW ARTICLE Al G inical Microbiol
PLANT SCIENCE Pttt m MICROZIOLOGY Hevievss el

QN | RNy nd M facaliar MI(RU:!I)LU[J{HUII:\\‘:

Analysis of plant microbe interactions in the era of next
generation sequencing technologies
Cloude Knwaf+

Sty of G Fomn s Bowr iy o T wmvains Mo Sadiwr - b o', P i 2 s s v, ¢

TEME.

Mettavopuosn Seownl of Werelil by

ﬁMicrobiome e
Clinical Infectious Diseases

LovpeAewd B, Bom oy, G v

% NTH Public Access

& Authar Manuscript
's

.?u'eh:?'._lhu r:mdl-:.rm 'f: " S— . H H

VS Sogmoer 0 158173 38 o 1€ 100l 2002 They allow to identify multiple
The Next-Generation Sequencing Revolution and its Impact on organisms; path ogens and
Genomics other microorganisms (e.g.
Caniel €. Kobekit™, Karyn Mol Siemdaen’. David € Larean’, Richard K, Wileen®, anc
Eixme Marces 1 endophyteS).

The Cereme Irsltag, Sthod o Medcne, Vashictan Lnhers ty, 1 Louia MO 631C3, USA
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* Introduction to NGS:
« https://www.youtube.com/watch?v=ToKUGz YhC4



https://www.youtube.com/watch?v=ToKUGz_YhC4
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SLU - Metagenomics

What is metagenomics?

T -' < Qlnsrvation
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- Lng v e \
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HOLOBIONT  MICROORGANISHS

HOLOBIONT, IS AN ASSEMBLAGE OF A HOST AND THE MANY OTHER SPECIES LIVING IN OR
AROUND IT, WHICH TOGETHER FORM A DISCRETE ECOLOGICAL UNIT.

Lynn Margulis



TERMS & DEFINITIONS

Anna Maria Pirttila - A. Carolin Frank
Eds. of Endophytes of Forest Trees

Lexico Diccionary by Oxford
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BUT NOT FOR BEING SMALL THEY
ARE LESS IMPORTANT!!

If you think you are too small
to make a difference,
try sleeping with a mosquito.

Dalai Lama



WHY MICROBIOME IS IMPORTANT?

» Development, growth, and health of macroorganisms are
influenced by the complex microbial communities they
host.
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Development, growth, and health of macroorganisms are
influenced by the complex microbial communities they
host.

Plants rely on their microbiome for a number of life-
support functions (e.g. nutrient acquisition and protection
against stress factors).

The structure and diversity of these communities depend
on the host, the geographical location and abiotic and
biotic factors.
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Phyllosphere epiphytic and endophytic
fungal community and network structures
differ in a tropical mangrove ecosystem

W Yao™, Xang Sn', Chao Me’, Pul Mo, XingChun U and Lang{ong G @
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Fungal endophytes limit pathogen damage in a
tropical tree

A Ehrahath Sensles!, Ll Oarlos Majint, Dnemand Kylle! Frinh | Bajus?. Tolayhs Waynard®, Mancy Rehbing?.
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Fungal endophytes: modifiers of plant discase

Pesr E. Bushy =, Mary Hidout® - Georpge Neweumbs®

E New Phytologist

Rl 2aper () Free Acens
Common foliar fungi of Pepulus trichocorpa modify Melampsoro
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Forest Tree Microbiomes and Associated Fungal
Endophytes: Functional Roles and Impact on

Forest Health
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Forest microbiome: diversity, comp.exity
and dynamics

Petr Baldrinn'

Bark surface

Dymanic
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4 ‘ . ‘ Roots and rhizosphere eflonds



J. Biological fungicides based on endophytes

SLU

Verticillium albo-atrum

el durably protected with
" DutchTrig®

vaccination is efficient
and easy

Rhizobium spp
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sLu Forest biological fungicides
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JL Reductionist Approach Holistic Approach
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Microbe to Microbiome: A Paradigm Shift in the
Application of Microorganisms for Sustainable
Agriculture
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JL Monitor disease progression and host responses by the use of
SLu phenomics




| Y HEALTHY STRESSED
SLU  NDVI: Normalized VEGETATION REFLECTANCE

difference vegetation index R 40%NIR  30% RED

NDVI=0.72 NDVI =014

NIR + RED

GIMMS AVHRR Olobal NOYI 101 2-dug. VIS,

Dead Leaf Stressed Leaf Healthy Leaf




SLU Phenocave

Figure 1. (A) Phenocave installed in the Biotron chamber with two imaging sensors mounted, a DSI.R Canon EOS and a multi-
spectral MicaSense Altum; (B) schematic Phenocave model. The gray arrows indicate the movement on the XY coordinates.
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RESISTREE Project

|dentification of Phytophthora resistant beech trees by composition of
endophyte communities, lesion formation and phenomic approaches.

Marie

Sktodowska-Curie
Actions







Phytophthora

. APPUED) RESEARCH b 4. 0O

Bk 191 OV e Fld 12
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Phytophthora cinnamomi Involved in the Decline of
Holm Oak (Quercus ilex] Stands in Southern Italy

Salvatore Frisdlo, Chuseppe Lima, Costans Megrene di San Lig, Ippclite Camee,
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0 Free Access

Phytophthora root and collar rot of alders in Bavaria:
distribution, modes of spread and possible management
strategies
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FUNGAL COMMUNITIES ILLUMINA-ITS

293
T



JL Characterization
SLU Co-culture

B'OLOG Eco-Plates

tests

Measure the metabalism of 21 carban sources per assay

Each assay paneltests in triplicate

Simple cclorimetric readout

Readaktle with any microplate reader
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sLU Example Metabarcoding

! Sampling sites: 3 locations in Southern Sweden

f y"
" 41 seedlings were collected in Nov 2019
l ] e o
] ,L . 2 yr old seedlings of Scots pine (Pinus sylvestris)
—
‘?\ ;, % Different symptoms of growth disturbances
L

Source: Meshkova et al. 2018 Source: etsy.com
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SLU Materials and methods

Source: wikipedia

Source: danagene.es

Liquid nitrogen

Hitgaglatacaact
- U‘::U‘”xr. -l:-_‘}'; M|. J4gasl I I . .
tggagestacgact i ITS region for fungi
R ILLUMINA
= = ! 16S for bacteria
[ "

aacgticcaaaggagl

tttgaqglataceact

Source: allgenetics.eu


http://danagene.es
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SLU Results 878 Fungal OTUS

ALL SAMPLES-EUNGI Cladosporium €ladosporium ¢ . ccus pinus— Cryptococcus victoriae
exasperatum_, nerbaru 1%
Acremonium sp. 1% Desmazierella acicola
2% 1%

Endoconidioma populi

Other fungi 6%

23% .
Limonomyces sp.

1% Lophodermium

conigenum

3%
Lophodermium pinastri
Xenomeris juniperi 6%

5% Phaeomoniella sp.

1%
\ Phaeosclera

dematioides
1%

Udeniomyces pyricola
4%

Syzygospora

bachmannii

2%/

Phaeotheca sp.
11%

Phaeotheca fissurella
19%
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Results 573 Bacterial OTUS

ALL SAMPLES

Bryocella sp.
3%

Buchnera aphidicola
3%

Burkholderia
andropogonis
14%

Other bacteria
27%

Uzinura sp.
2%

Sphingomonas

dokdonensis
1%

Burkholderia bryophila

Singulisphaera sp. 14%

1%

Enterobacter sativa
4%

Rahnella carotovorum

1%
Pseudomonas gramini
1% Granulicella sp.
Pseudomonas Pantoea sp. 11%
azotoformans 5% . o
2% Methyﬁ)ce"a sp. 1% Luteibacter rhizovicin Hamiltonella defensa

1% 1% 2%



Take home messages

AKE HOME

* Plants rely on their microbiome for many important life-
support functions (e.g. nutrient acquisition and protection
against stress factors).

* Tree microbiome can limit pathogen damage.

* NGS is an important tool to characterize pathogens and
microbial communities.

* Phenomics can be a useful tool for detecting early stages
of pathogen infection and or resistant genotypes.
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Videos

[llumina: https://www.youtube.com/watch?
time continue=174&v=ZIPH9FzUOqg8&feature=emb logo

DNA metabarcoding: https://www.youtube.com/watch?v=kv09Mhegzuw

- DNA Extraction from Plant Cells Practical Experiment: https://www.youtube.com/

watch?v=_J tBOPKNGI&t=8s

What is DNA: https://www.youtube.com/watch?
v=GIzNIISbCxI&list=PLW0gavSzhMITeTj8290mOkZ0SOyYNCkNz2

PCR: https://www.youtube.com/watch?v=2KoLnlwoZKU

* https://www.youtube.com/watch?v=c07 5BfIDTw



https://www.youtube.com/watch?time_continue=174&v=ZlPH9FzUOq8&feature=emb_logo
https://www.youtube.com/watch?time_continue=174&v=ZlPH9FzUOq8&feature=emb_logo
https://www.youtube.com/watch?v=kv09Mhegzuw
https://www.youtube.com/watch?v=_J_tB9PKNGI&t=8s
https://www.youtube.com/watch?v=_J_tB9PKNGI&t=8s
https://www.youtube.com/watch?v=GIzNlISbCxI&list=PLW0gavSzhMlTeTj8290mOkZ0SOyNCkNz2
https://www.youtube.com/watch?v=GIzNlISbCxI&list=PLW0gavSzhMlTeTj8290mOkZ0SOyNCkNz2
https://www.youtube.com/watch?v=2KoLnIwoZKU
https://www.youtube.com/watch?v=c07_5BfIDTw
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Thanks for your attention!
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