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Abstract

Algeria faces increasing climate stress, particularly drought and salinity, which threaten staple
crops including durum wheat, olive and date palm. Epigenetic mechanisms such as DNA
methylation, histone modifications and small RNAs regulate plant responses to abiotic stress
and can produce short term and sometimes heritable stress memory. This paper presents a
research study designed to (1) map epigenetic changes associated with drought and salinity in
Algerian field populations of key crops, (2) identify candidate loci and regulatory networks
linked to stress tolerance, and (3) test whether stress-induced epigenetic states contribute to
phenotypic resilience across generations. The study combines field sampling across Algeria’s
agroecological zones with controlled stress assays, whole genome bisulfite sequencing, ChIP-
seq for selected histone marks, small RNA profiling, gene expression analysis, and targeted
validation using methylation-sensitive PCR and CRISPR/dCas9-based epigenome editing.
Results will provide mechanistic insight and practical biomarkers to support breeding and
management strategies for climate-resilient agriculture in Algeria.

Introduction and Rationale

Algeria’s agriculture is increasingly strained by prolonged droughts, rising temperatures and
expanding soil salinization, making water-limited stress a primary threat to food production.
Recent studies of hydrological and agricultural trends document declining water availability
and repeated drought events across multiple basins, with clear impacts on yields.

Drought and salinity are the two most critical abiotic stresses affecting productivity of
Mediterranean and Saharan fringe crops such as durum wheat, olive and date palm — crops
that are central to Algerian food security and rural livelihoods. Regional studies show variable
but growing salinity impacts in oasis agriculture and repeated drought-linked yield losses in
cereal systems.

Plants respond to abiotic stress via canonical transcriptional pathways and via epigenetic
regulation. Epigenetic mechanisms, including DNA methylation, histone modifications and
small RNAs, can modulate expression of stress-responsive genes and sometimes form a
molecular memory that influences responses in later developmental stages or in progeny. These
mechanisms have been demonstrated in model species and in several crops. Understanding
them in Algerian cultivars and wild relatives could reveal adaptive variation exploitable in
breeding and agronomy.
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This study focuses on identifying epigenetic signatures of drought and salinity stress in
Algerian-grown plants and testing their functional relevance. Outcomes will be relevant to
breeding programs, conservation of landraces and development of management strategies
under climate change.

Objectives

1. Characterize genome-wide DNA methylation, histone modification and small RNA
profiles in Algerian cultivars and local landraces of durum wheat, olive and date palm
under control, drought and salinity conditions.

2. Identify differentially methylated regions (DMRs), histone mark changes and small
RNAs correlated with stress tolerance phenotypes.

3. Validate candidate epigenetic markers and test causal roles using targeted
demethylation/methylation (dCas9-based) or chemical treatments in greenhouse
assays.

4. Evaluate persistence of selected epigenetic marks and associated phenotypes across one
generation (stress-treated parents — progeny) under common garden conditions.

5. Produce a prioritized list of biomarkers and recommendations for integrating epigenetic
information into Algerian crop improvement programs.

Study Design

Site selection and sampling

Select three agroecological regions representing Algeria’s range of conditions: (A)
coastal/mild Mediterranean (e.g., Wilaya of Tipaza), (B) semi-arid interior plains (e.g., Hodna
or Mekerra basins), and (C) oasis/saline-affected regions in the south (oasis date palm areas).
At each region, partner with local research stations and farmers to sample 4-6
cultivars/landraces per species (durum wheat, olive, date palm). For each cultivar, collect leaf
and root samples from 10 healthy plants under typical field conditions and record soil salinity,
moisture and local management data.

Rationale: sampling across gradients captures natural epigenetic variation linked to local stress
histories and management, improving ecological relevance. Regional climate and water
scarcity trends make these zones priority targets.

Controlled stress treatments (greenhouse)

From collected seed/propagules or vegetative cuttings, establish replicated plants in a
greenhouse. After establishment, apply three treatments for each species with randomized
block design: control (well-watered, non-saline), drought (progressive water restriction to
target soil moisture deficit), and salinity (incremental NaCl additions to reach target EC
representative of local saline soils). Monitor physiological responses: stomatal conductance,
leaf water potential, photosynthetic rate, growth, and yield proxies.
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Molecular assays
1. DNA methylation profiling
Whole genome bisulfite sequencing (WGBS) on pooled replicates for each cultivar x treatment
(pilot set) to identify DMRs. For cost efficiency expand to reduced-representation bisulfite
sequencing (RRBS) on larger sample sets.
Validate DMRs using bisulfite-PCR and methylation-sensitive restriction assays (MSAP).
2. Histone modification mapping
Perform ChIP-seq for key histone marks associated with activation and repression (e.g.,
H3K4me3, H3K27me3, H3K9ac) on representative cultivars under control and stress. Chosen
marks and protocols follow recent plant-focused standards.
3. Small RNA and transcriptome profiling
Small RNA-seq to detect stress-induced microRNAs and siRNAs.
RNA-seq for gene expression to correlate epigenetic changes with transcriptional outcomes.
4. Functional validation
Target top candidate loci for epigenetic editing using CRISPR/dCas9 fused to TET
(demethylase) or DNMT (methyltransferase) effectors in model cultivars or protoplast
systems.
Alternatively use 5-azacytidine treatments and observe phenotypic and transcriptional changes
at candidate loci.
Intergenerational test
Allow a subset of stressed parental plants to set seed or propagules. Grow progeny under
common benign conditions. Test whether DMRs and expression differences detected in parents
persist in progeny and whether progeny show altered stress responses upon challenge.

Data Analysis
e Identify DMRs using standard WGBS pipelines. Statistically associate DMRs with
differential gene expression (DESeq2 or similar) and small RNA abundance.
e Peak-calling for ChIP-seq (e.g., MACS2) and integration with DMRs to find
combinatorial epigenetic regulation.
e GWAS or association analysis within sampled cultivars to link epigenetic marks with
measured stress-tolerance phenotypes.
e Use multivariate models to control for population structure and genetic background, as
epigenetic variation can covary with genetic variation.
e Pathway and network analysis to identify regulatory hubs amenable to breeding or
management interventions.
Expected Outcomes and Significance
e A catalog of stress-associated epigenetic marks in Algerian cultivars for wheat, olive
and date palm.
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e Identification of candidate loci and regulatory small RNAs linked to drought and
salinity tolerance.

e Evidence on the stability or transience of stress-induced epigenetic states and any
intergenerational inheritance under Algerian germplasm.

e Practical markers for use in screening programs and recommendations for integrating
epigenetic assays into breeding pipelines and on-farm strategies.

The study addresses pressing agricultural challenges in Algeria where drought and water
scarcity are already producing serious socioeconomic impacts. Knowledge of epigenetic
regulation can complement genetic breeding and offer rapid routes to select or manage stress-
resilient phenotypes.

Limitations and Ethical Considerations

e Distinguishing genetic from epigenetic effects requires careful experimental controls
and, where possible, clonal propagation or near-isogenic lines.

e Epigenetic editing and field release of epigenetically modified plants may face
regulatory and social acceptance challenges. Any experimental releases will follow
national regulations and stakeholder consultation.

¢ Funding and sequencing costs may limit WGBS sample sizes; RRBS and targeted
validation will be used to balance breadth and depth.

Timeline and Budget (summary)

Year 1: Site partnerships, sampling, greenhouse establishment, initial stress assays.

Year 2: WGBS/RRBS pilot, ChIP-seq on selected cultivars, RNA/siRNA sequencing.

Year 3: Functional validation, intergenerational tests, data integration, dissemination.

Budget items include fieldwork logistics, sequencing (WGBS/ChIP-seq/RNA-seq),
greenhouse operations, lab consumables and personnel. A staged funding approach starting
with pilot sequencing is recommended.

Conclusion

This research will provide the first comprehensive epigenetic assessment of stress responses
in Algerian crop germplasm, linking molecular mechanisms to field-relevant stressors. It will
generate biomarkers and mechanistic hypotheses that can be adopted by breeders and
agronomists to increase resilience to drought and salinity in Algeria’s vulnerable agricultural

systems.
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