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Utilising jasmonates for plant protection

1. Overview of induced resistance (IR) and _
jasmonates. coon

2. Two case studies on jasmonate induced
resistance (JA-IR).

3. General patterns associated with
jasmonate treatment.

4. Where is the research going next?
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Examples of resistance inducing stimuli:
« Pest or pathogen attack

« Plant beneficial microbes (e.qg.
Pseudomonas simiae WCS417)

e Chemicals

* Non-protein amino acids (e.g. beta- /\)LOH
aminobutyric acid) 0

( « Phytohormones (e.g. Jasmonic acid) GooH
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Jasmonic acid (JA) - plant
hormone.

JA regulates plant responses to
stress (e.g. herbivory).

JA and its derivatives, such as the
methyl ester of JA (MeJA), are
collectively termed Jasmonates.

E
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Case Study 1 — MeJA protects Norway
spruce against the European spruce bark
beetle
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The problem - Ips typographus

3

Blue stain fungi

(e.g. Grosmannia penicillata)

CNAP European spruce bark beetle
Centre for Novel (/ps typographus)
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Study No. of observations Effect size Estimate [95% CI]
Kozlowski 1999 3 [ — -0.63 [-2.08, 0.82
Franceschi 2002 1 — -2.18 [-3.48, -0.89
Heijari 2005 2 A -0.77 [-2.20, 0.65
Erbilgin 2006 12 . -0.42[-1.58, 0.73
Zeneli 2006 4 R -1.32[-262,-0.03
Gould 2008 7 b ———— -0.87 [-2.06, 0.32
Graves 2008 2 —_——y .04 [-1.29, 1.38]
Heijari 2008 8 . -0.46 [-1.66, 0.75
Krokene 2008 2 . ] -1.34 [-2.60, -0.08
Gould 2009 9 it -0.25[-1.41, 0.90
Moreira 2009 3 R | -0.96 [-2.26, 0.34
Sampedro 2011 1 —. -0.50 [-1.82, 0.83
Zhao 2011 4 —_—— -0.88 [-2.08, 0.32
Vivas 2012 5 e 0.53 [-0.63, 1.69
Moreira 2013 2 —— -0.06 [-1.27, 1.15
Reglinski 2013 6 [ ] -1.15[-2.32, 0.01
Lombardero 2013 8 —— -0.08 [-1.23, 1.07
Zas 2014 72 S m -0.21[-1.33, 0.91
Fedderwitz 2016 9 —a— -0.26 [-1.40, 0.89
Lundborg 2016 6 . -0.43 [-1.65, 0.79
Reglinski 2015 4 L -1.79 [-3.08, -0.50
Lépez-Goldar 2018 1 . -0.79[-1.94, 0.36
Zas 2019 17 e 1 -0.61[-1.76, 0.54
Lundborg 2019 6 I ] -0.84 [-2.01, 0.33
Reglinski 2019 8 i -1.19 [-2.38, 0.00
Mageroy 2020 5 e -1.98 [-3.25, -0.70

hen 2021 8 [ | -1.81[-3.01, -0.60

nepste 2021 9 L -0.66 [-1.81, 0.49
Chen 2021a 30 e -0.44 [-1.57, 0.69
Puentes 2021 34 —a— -1.44 [-2.57, -0.30,
Chen 2021b 10 e -0.22[-1.38, 0.93
Wilkinson 2022 1 ] -1.73[-3.24,-0.22
Lépez-Villamor 2022 8 [ -0.59 [-1.78, 0.61
Pooled Estimate > -0.76 [-0.98, -0.55]
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Study No. of observations Effect size Estimate [95% CI]

Heijari 2005 10 — -0.61[-1.76, 0.53]
Gould 2008 7 ——— -0.04 [-1.22, 1.14]
64 Graves 2008 8 . -2.10[-3.30, -0.91]
o Krokene 2008 1 —_— -2.01[-3.71,-0.30)
Gould 2009 27 — -0.54 [-1.65, 0.57)
18007 Sampedro 2011a 1 — -0.87 [-2.32, 0.58]
e -, - P Sampedro 2011b 6 —. -0.26 [-1.41, 0.88]
g Moreira 2012 8 —.—— -0.29[-1.42, 0.84]
£ "1 CERL g Moreira 2013 2 —.—— -0.30 [-1.56, 0.96]
S . £ ¢ H ? Zas 2014 76 —a— -0.33(-1.42, 0.76)
g ? 1000 Moreira 2015 4 —— -0.57 [-1.75, 0.61]
g > b Reglinski 2015 2 —— -0.76 [-2.07, 0.56]
£ "1 S F Fedderwitz 2016 4 — -0.69 [-1.88, 0.49]
2 8 3 Connolly 2018 2 [ — 0.93[-0.45, 2.32)
= * B 21 S Lundborg 2019 6 —. -1.06 [-2.24, 0.11]
5 %01 Huang 2020 4 —- -0.06 [-1.38, 1.25)
8 L6pez-Villamor 2021 16 — -0.77 [-1.90, 0.36]
Chen 2021a 12 —— -1.20 [-2.34, -0.05]
Puentes 2021 51 —.— -0.14 [-1.23, 0.95]
Chen 2021b 6 R — -1.71[-2.90, -0.51]
Ly 1 o Wilkinson 2022 9 —. -0.40 [-1.54, 0.75]
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Case Study 2 - Jasmonate seed treatment
provides long-lasting protection of tomato
against pests and pathogens
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Tomato
(cv. Carousel)

Eessse0) ) GEassecd T (cccceed

3 mM JA (0.25% Incubate in dark Wash seeds Seeds sown in
EtOH) @ 4°C X2 in distilled H,O compost
1-72 hrs for 10 mins

( CNAP
el Worrall et al. 2012



Red spider mite Tobacco Green peach Grey mould
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(a) Germination.

(b) Root growth.

(c) Plant height at harvest.
(d) Fruit dry weight.

b-d 3 mM JA concentration as used
for resistance tests.

Worrall et al. 2012



General patterns associated with jasmonate
treatment
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Induces resistance to

pests.

Increases resistance

to pathogens.

Enhance recruitment
of pest predators
(indirect defence).

Agricultural Products

Haas et al (2018)

Table 1 Mean (= i Pliatella eloped from seeds costed with chitosan (2%), jasmonic acid (3 mM), ot various controls

Larval period Pre-inaginal mortaity  Adult emergence Oviposition

duration (days) (proportion) (proportion) preference
Waer 6156 + 10826 109 = 099 043 £ 0.12%c 080 + 0122 628 % 1893
Ethanol 5441 £ 104182 1084 + 0.567 031 + 0.11% 080 + 0113 801 + 2144b
Acctic 3836+ 13972 10.96 + 0568 045 % 0,129 073 + 0130 599 & 2294
acid
Chitossn 3691 + 103762 10,58 = 0679 635 + 0300 057 + 0129 064+ 0151 0L+ 351b 085 00K 485 £ Lesnc
Jismonic 4442 £ 903 6.86 4 0483 3534029 0844 0095 060 + 0244 1099 £ 25148
acid

fllowed by y diffesent (hased on Bayesian contrasts: P<0.05),

Cabbage and Diamondback moth (Plutella xylostella)

z 80 Bhavanam et al (2021)
o
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£ E
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Tomato (cv. Micro-Tom)
and Red spider mite
(Tetranychus urticae)

weevil (Lissorhoptrus
oryzophilus)

Strapasson et al (2014)
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* Cultivar specific
benefits.

e Reduced germination.

 Repressed growth.

 Reduced yield.
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Jasmonate treatment by seed soaking or spraying often provides
strong protection against pests and diseases. However, these
benefits can be cultivar/species specific and be associated with
costs under certain conditions.
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Where is the research going next? -
Epigenetics

CNAP
Centre for Novel



weeks - JA +

( CNAP
el Wilkinson et al. 2023



Epigenetics is defined as
the study of changes in
gene function that are
heritable within and

across generations and

that occur independently
from changes in DNA

sequence’.

( cnap
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Epigenetic mechanisms

Histone
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RNA
%\’ : Regulation
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1Parker et al. 2021
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"Gene edited organisms
Commercial development of gene- genera”y do nOt Contaln
?gli'ggd food now legal in England DN A from
different species, they
contain changes
that could be made
more slowly using
traditional breeding
methods."".

o Defra "Gene editing explainer" (2021)
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Targeted DNA demethylation of the Arabidopsis
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e Mitotically heritable epigenetic modifications of CmMYB6
control anthocyanin biosynthesis in chrysanthemum

Mingwei Tang
Xue Yin"?, B
Yang Zhang'~

nature communications 8

Improving cassava bacterial blight resistance
by editing the epigenome
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Deciphering induced resistance in tomato

BBSRC
Discovery Fellowships e

Project title: Deciphering plant stress memory:
the exploration of how DNA methylation and
the rhizosphere microbiome control stress

memory in plants , L A 3
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Where is the research going next? -
Microbiomes

CNAP
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Ensuring food security for the future: Novel crop protection strategies

FUNDING: 9 weeks (full time, 37 hrs per week, £12.60/hr per hour, £700 consumables, £500 student accommodation bursary)

Biotechnology and
Biological Sciences
Research Council

White Rose

Mechanistc Biology DTF
AN

Universities of Leeds, Sheffeld & York

LOCATION: YORK,, UK
SUPERVISOR(S): Dr. Sam Wilkinson, Dept. Biology, York

Application Form

Plant pests and diseases are a major threat to global food security. Our reliance on unsustainable chemical pesticides highlights the urgent need for alternative
crop protection strategies. Hormenes such as jasmonic acid (JA) play a key role in coordinating plant defence responses. Previous research found that soaking
seeds in JA can enhance resistance in plants. A similar protective effect can also be elicited by exposing seeds to plant-beneficial microbes. This project aims
to determine whether a dual treatment of soaking tomato seeds with JA and keneficial microbes offers greater protection than either treatment alene. Plants
will be grown in a controlled environment chamber, with growth monitored over three weeks. Resistance to the pest Mamestra brassicas and the pathogen
Botrytis cinerea will then be assessed. A student undertaking this project will learn to prepare seed treatments, cultivate tomateo plants, monitor growth, rear
insects, culture fungal pathogens, and evaluate pest and pathogen resistance. The student will be expected to take increasing ownership of the project after
receiving initial guidance. Students will need to find their own accommedation and be expected to present their findings orally at a research day in York in
September 2025

Agricultural Products

Crop: Tomato

Treatments:

JA seed treatment.

Synthetic community of
plant-beneficial microbes.

Pests/pathogens:

Mamestra brassicae
Botrytis cinerea
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