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Oxi1t mutant plays an important role in
Arabidopsis resistance against aphid
(Myzus persicae)
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Introduction
* Callose synthase.

* Beta-1,3-glucanase

* OXIM mutant

* CAMTA 3-1 and CAMTA 3-2

Bioassay in Arabidopsis CAMTA 3-1, CAMTA 3-2, Oxi1t mutants, and
Col-o wild type.

Transcript level of selected callose and beta glucanase genes have
been detected in Oxi1 mutant and col-o wild type.

Genes have been used in this study beta-1,3-glucanase 1,2,3,4, and 5.
Callose synthase GSL 1,3 and 5.

Elongation factor as a reference gene.

Bioassay in beta glucanase 1,2 and 3 Arabidopsis mutants.
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Fig 1. Model showing all salivation periods detected by the EPG (Tjallingii, 1995). E1
(Salivation into sieve elements), E2 (2nd salivation), SE (sieve elements), CC (companion
cells) and pd (potential drop).

(Tjallingii et al., 1995)



Callose synthase

==

% Callose is also deposited at plasmodesmata
and at sieve plates to limit intercellular
transport, often as a response to
developmental cues or environmental
signals, e.g., wounding and pathogen attack

% Genes encoding callose synthases (GSL)
have now been identified in several plant
species (Aidemark, 2009).

“* An Arabidopsis Callose Synthase, GSL5, Is
Required for Wound and Papillary Callose
Formation (Jacobs et al., 2003).

Fig 2. Schematic diagram showing the role
of callose synthase in plant resistance.



Beta-1,3-glucanase interaction
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Beta- 1,3- glucanase is a pathogenesis-re

* Pathogenesis-related (PR) proteins are a group of
heterogeneous proteins encoded by genes that are
rapidly induced by pathogenic infections and by
Eali;ylic acid (SA), jasmonic acid (JA) and ethylene
ET).

* They are widely used as molecular markers for
resistance response to pathogens and systemic
acquired response (SAR).

* The PR proteins include all pathogen-induced proteins
and their homologs, and are routinely classified into 17
families based on their biochemical and molecular
biological properties, from PR-1to PR-17.

* Beta,1-3-glucanase belongs to PR2 Hydrolyse callose
(Van Loon et al., 2006).

Fig 3. Schematic diagram showing the role of
beta-1,3-glucanase in plant susceptibility.



Xi1 has been used in this
an  Arabidopsis  thaliana gene = (O coding a
serine/threonine kinase is induced in response to a wide range
of H,0,-generating stimuli.

* OXI1 is required for full activation of the mitogen-activated
protein kinases (MAPKs) MPK3 and MPK6 and MAPKs trigger
calcium pathway that induce callose synthases and result in
producing callose.

* CAMTA 3-1 and CAMTA 3-2 Calmodulin-binding transcription
activator.

* CAMTA3 mutants accumulate high levels of reactive oxygen
species (ROS) during development.

(Galon, 2008)




BPH feeding up-regulates callose syn
callose deposition in the sieve tubes at the point where the
stylet is inserted.

* The compact callose remains intact in the resistant plants, but
genes encoding [(3-1,3-glucanases are activated by BPH, causing
unplugging of the sieve tube occlusions in susceptible plants.

* BPH insects spend more time wandering over plants carrying
the resistance Bph14 and Bph1s, but less time ingesting phloem
than on susceptible plants.

« Tests with [14C]sucrose showed that insects ingest much less
phloem sap from the resistant than the susceptible plants.

(Hao et al., 2008)



Hypothesis ,Aims and objectives of

the work
_‘

* Callose synthase play an important role in plant defence.

# Insects (aphid —-BPH) inducing beta glucanase to hydrolyse
callose in susceptible plants.

* Proof the theory by using Real Time PCR to see the transcript
level of selected number of Callose synthase and beta
glucanase genes.

* Confirming the work by doing bioassay using number of
Arabidopsis beta glucanase mutants.



Oxi1 has been used in this study beca
an Arabidopsis thaliana gene (OXI1) encoding a
serine/threonine kinase is induced in response to a wide range
of H202-generating stimuli.

OXl1is required for full activation of the mitogen-activated
protein kinases (MAPKs) MPK3 and MPK6 and MAPKs trigger
calcium pathway that induce callose synthases and result in
producing callose.

CAMTA 3-1 and CAMTA 3-2 Calmodulin-binding transcription
activator.

CAMTA3 mutants accumulate high levels of reactive oxygen
species (ROS) during development.
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Fig 4. Aphid (Myzus persicae) bioassay in Camta3-1 mutant and Columbia (Col-0)
wild type. Aphid (Myzus persicae) were reared on Arabidopsis Col-0 before starting
the bioassay and experiment.
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Fig 5. Aphid (Myzus persicae) bioassay in Camta3-2 mutant and Columbia (Col-0)
wild type. Aphid (Myzus persicae) were reared on Arabidopsis Col-o before starting
the bioassay and experiment.
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Fig 6. Aphid (Myzus persicae) bioassay in OXI1 mutant and Columbia (Col-0) wild
type. Aphid (Myzus persicae) were reared on Arabidopsis Col-0 before starting the
bioassay and experiment.
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Fig 7. Aphid (Myzus persicae) bioassay in B-1-3 glucanase (Gns1) mutant and
Columbia (Col-0) wild type. Aphid Myzus persicae were reared on Arabidopsis Col-0
before starting the bioassay and experiment.



s (GNS2 mutant-nymphs

sl Col|-0 wild type-nymphs

s (GNS2 Mutant-adults

i C0I-0 wild type-adults

=
o
o

e ]
o

(o)}
o

=
o

The mean number of aphids/plant
)
o

o

1 5 9 13 17 21 25 29 33 37 41 45 49
Days

Fig 8. Aphid (Myzus persicae) bioassay in [B-1-3 glucanase (Gns2) mutant and
Colombia (Col-0) wild type. Aphid (Myzus persicae) were reared on Arabidopsis
Col-o0 before starting the bioassay and experiment.



Fig 9. Aphid (Myzus persicae) bioassay in -1-3 glucanase (Gns2) mutant and
Colombia (Col-0) wild type. Aphid (Myzus persicae) were reared on Arabidopsis
Col-o0 before starting the bioassay and experiment.



Summary of bioassays

\

* Oxi1 mutants has shown resistance to Aphid s and
shift in the growth rate in both adults and nymphs
compared to Col-o wild type.

* CAMTA3-1 and CAMTA3-2 died quickly and showed
susceptibility against aphid compared to Col-0 wild

type.




Summary of bioassays

_‘

* Beta glucanase mutant 1 bioassay shown shift and delay in
the growth of the adults compared to col-o and they were
tolerant to the insect and died after 24 time points and col-
0 died after 19 time points.

* Beta glucanase mutant 2 plants was holding higher number
of insects compared to col-o but shown clear shift in both
adults and nymphs and plants died after 23 time points.

* Beta glucanase mutant 3 plants was holding the highest
number of adults and nymphs compared to col-0 and the
other mutants but the survived until 23 time point.
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Fig 10. Relative expression level of Callose synthase gene (GSL1), in Oxit
Arabidopsis mutant and its background Columbia (Col-0), in response to
aphid (Myzus persicae) feeding.
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Fig 11. Relative expression level of Callose synthase gene GSL5 in Arabidopsis Oxi1
mutant and its background Columbia (Col-0) in response to aphid (Myzus persicae)
feeding.
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Fig 12. Relative expression level of -1,3-glucanase two gene (Gns2) in Arabidopsis Oxi1
mutant and Columbia (Col-0) wild type in response to aphid (Myzus persicae) feeding.
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Fig 13. Relative expression level of Callose synthase gene (GSL1) in Arabidopsis
mutant Oxi1 in Wisconsin (Oxi1 in WS2) and its background Wisconsin (WS2) in
response to aphid (Myzus persicae) feeding.
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Fig 14. Relative expression level of Callose synthase gene (GSL5) in Arabidopsis Oxi1
in Wisconsin (Oxi1 in WS2) and its background Wisconsin (WS2) in response aphid
(Myzus persicae) feeding.
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Fig 15 . Relative expression level of -1,3-glucanase gene (Gns2) in Arabidopsis OXI1 in
Wisconsin(OXI1 in WS) and Wisconsin (WS) wild type at different time points in

response to stressed and non-stressed plants with aphid (Myzus persicae).




Summary of relative expression

results

* The expression level of Callose synthase 1 reached the highest level
25 folds after 6 hours infestation with aphid and decreased to
nearly 1 folds after 48 hours but in Oxi1 the highest level was after
(3h + aphid) 14 folds and the lowest was 3.5 folds at time point (24
hours+Aphids).

* Callose synthase 5 relative expression was 1.8 folds at time point
(12+Aphids) and down regulated at time point (48 hours+
Aphid).on the other hand CSL5 expressed in the highest level 6.4
folds at time point (12h+Aphids) and the lowest level was 2.3 folds
after 48h infestation with aphids.

* Beta-1,3-glucanase 2 has been expressed in col-0 in the highest
level 24 folds at time point (12h+aphid) and the lowest level was
1.25 folds after 3 hours infestation with aphids .

* Beta-1,3-glucanase 2 has not been expressed at all in Oxin1.
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Callose synthase is playing an important role in plant
resistance especially callose synthase 5.

Bet glucanase play an important role in plant susceptibility
against insects (Aphid-BPH) especially beta glucanase 2.

Oxi1 mutants shown resistance against insect because of
inducing callose deposition via MAPK s .

Inducing ROS as an early response and signal transduction
improve the resistance level of the plant.
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