
Did you log in mediaspace with your SSO?

Checkpoints

March 15: Divide into groups - pick up a topic you love – define the 
format

March 25: List of paper on file

April 05-15: Paper presentation

May 07: upload your podcast on mediaspace

May 27: ANNOTO, discussion peer evaluation
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PRIMING MODIFIES RESPONSES TO A TRIGGERED STRESS
Plants need to cope with 
changing environmental 
conditions, be it variable light 
or temperature, different 
availability of water or 
nutrients, or attack by 
pathogens or insects. 

Plants have evolved 
mechanisms by which they can 
remember past stress events 
and prime their responses in 
order to react more rapidly or 
more strongly to recurrent 
stress.
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Epigenetic control systems offer an alternative mechanism for 
responses that are dynamic and persistent: a gene, or a network, is 
activated in response to a stimulus, but once the stimulus is 
removed, a mark could be left to facilitate altered, quicker or more 
potent responses to subsequent stresses.

‘transcriptional memory’ to mean that a type of information persists 
after the plant has recovered from the initial stress and that the 
‘memory’ influences subsequent transcriptional responses. 



Acclimation to repeated drought episodes seemed to 

depend on an orchestrated reprogramming of plant 

metabolism, involving key processes such as 

photosynthesis, respiration, photorespiration, and the 

antioxidant system. In addition, the exposure to 

recurrent stress events also resulted in differential 

molecular adjustments, as noted in the qPCR data, 

suggesting the existence of so-called trainable genes in 

coffee. It is therefore tempting to suggest that the 

differential acclimation observed in D3 plants might be 

the results of the generation of a ‘drought memory’



What are trainable genes?



Example: Response to recurrent dehydration stress

S1 S2 S3 S4R1 R2 R3

2h 2h 2h 2h22h 22h 22h

Transcriptional memory and its adaptive potential
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Ding et al., 2012

S1 S2 S3 S4R1 R2 R3

S1

Response to dehydration stress of trained or non-trained plants. 
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Appearance of 3-week-old 
Arabidopsis plants to 1-h exposure to 
air if not previously stressed (non-
trained) or previously stressed with 
three consecutive cycles of 
stress/recovery treatments (trained). 



Ding et al., 2012

S1 S2 S3 S4R1 R2 R3

Response to dehydration stress of trained or non-trained plants. 
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Non-trained leaves lost water at 
a faster rate than trained plants 

RWC of initial preinduced
watered (W) state 

drought hardening observed in horticultural plants



RD29: responsive to desiccation

The homologous RD29A and RD29B genes are 

exquisitely sensitive to various abiotic stressors. 

Therefore, RD29A and RD29B gene sequences have 

potential to confer abiotic stress resistance in crop 

species grown in arid and semi-arid regions.

COR15A:

A cold-regulated gene whose product is targeted 

to the chloroplast. COR15A protects stromal 

proteins from aggregation under various 

stress conditions. Constitutive expression 

increases freezing tolerance in protoplasts in 

vitro and chloroplasts in vivo.

Dehydrin

rab-related (responsive to ABA) gene, rab18

Genes widely used as markers for dehydration-inducible genes 





W, Watered
S, Stress
R, Recovery

Transcript levels of non-trainable and trainable genes
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Transcript levels of non-trainable and trainable genes in plants before and after single or multiple dehydration stresses. 

Genes widely used as markers for dehydration-inducible genes 



W, Watered
S, Stress
R, Recovery

Transcript levels of non-trainable and trainable genes
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Transcript levels of non-trainable and trainable genes in plants before and after single or multiple dehydration stresses. 

Genes widely used as markers for dehydration-inducible genes 

NO 
‘memory’



W, Watered
S, Stress
R, Recovery

Transcript levels of non-trainable and trainable genes
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Transcript levels of non-trainable and trainable genes in plants before and after single or multiple dehydration stresses. 

Genes widely used as markers for dehydration-inducible genes 

NO 
‘memory’

‘memory’, 
trainable



W, Watered
S, Stress
R, Recovery

Transcript levels of non-trainable and trainable genes
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Transcript levels of non-trainable and trainable genes in plants before and after single or multiple dehydration stresses. 

Genes widely used as markers for dehydration-inducible genes 

NO 
‘memory’

‘memory’, 
trainable

both the non-trainable and the trainable genes 
return to their initial (non-stressed) transcript levels

response genes’ mRNAs 
were not persisting
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Transcription rates 



Ser2P Pol II 
= elongation

T TNT NT

RNA Pol II and the chromatin histone H3K4me3 modification 
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Schematic diagram of 
the genes, with the 
promoter region

Active transcription elongation is associated with high Ser2P levels accumulating towards the 
3′-ends of actively transcribed genes.
In agreement, the Ser2P distribution profiles showed a peak towards the 3′-ends of both the 
non-trainable and the trainable genes when induced by stress 
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As the operational definition of memory marks is that they 
must last longer than the stimulus, we conclude that 
Ser2P does not function as a memory mark.
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How can you analyse these specific subset of transcripts?



ChIP-qPCR
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Pol II has consensus repeats (Y1S2P3T4S5P6S7)34 at its C-terminal Domain (CTD)

Post-translational modifications of the CPC are very important for the 

transcription, and interact with chromatin changes

Ser5P Pol II = initiation

Ser2P Pol II = elongation

RNA Pol II and the chromatin histone H3K4me3 modification 
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Chromosomal Passenger Complex (CPC)



Post-translational modifications of the CPC are very important for the 

transcription, and interact with chromatin changes

Ser5P Pol II = initiation

Ser2P Pol II = elongation

RNA Pol II and the chromatin histone H3K4me3 modification 
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Ser5P Pol II 

= initiation

Ser2P Pol II 

= elongation

For the trainable genes, the Ser5P patterns were higher for the repetitively stressed (S4) than 
for singly stressed (S1) plants, consistent with their transcript levels.

T TNT NT

RNA Pol II and the chromatin histone H3K4me3 modification 
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Ser5P Pol II 

= initiation

Ser2P Pol II 

= elongation

T TNT NT

RNA Pol II and the chromatin histone H3K4me3 modification 
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Ser5P Pol II 

= initiation

Ser2P Pol II 

= elongation

Transcription is "pre-launched" at the locus of stress 

genes to acquire memory

active mechanism (maintenance)?

passive mechanism (no resetting)?

RNA Pol II and the chromatin histone H3K4me3 modification 
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• Priming mechanisms allow plants to respond more effectively to

recurrent stress.

• These mechanisms are closely linked to transcriptional memory.

• Examples of trans-generational effects of stress exist but are rare.

• Systematic studies, robust, and people are now essential.



Stress Epigenetic modifications

Epigenetic modifications Inheritable phenotype

✓

?

can lead to trans-generational effects? and adaptive?
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DDM1 encodes an ATPase chromatin remodeler 
that is primarily involved in the maintenance of 
DNA methylation and silencing of repeat 
elements

can lead to trans-generational effects? and adaptive?
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The epiRILs show that epigenetic changes can 
lead to stable and heritable phenotypes in 
plants.

DDM1 = Deficient in DNA methylation 1 is an 
ATP-dependent DNA helicase



can lead to trans-generational effects? and adaptive?
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Larger phenotypic variation 
was observed among the Col-
wt epiRILs, than among the 
Col-wt or Col-ddm1 parental 
lines.

Increased phenotypic 
variation of this kind is 
indicative of a component of 
segregational variance that 
typically arises in the 
construction of Recombinant 
Inbred Lines obtained from 
parents that differ by 
numerous DNA sequence 
polymorphisms.



Also hyperosmotic stress induce an 

adaptative response (intra-generational)

Sani et al. 2013

Hyperosmotic priming
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Stress Epigenetic modifications

Epigenetic modifications Inheritable phenotype

✓

can lead to trans-generational effects? and adaptive?
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✓



Stress Epigenetic modifications

Epigenetic modifications Inheritable phenotype

✓

can lead to trans-generational effects? and adaptive?
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✓

Stress Inheritable phenotype
?
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