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Abstract 
 

Drought stress poses a major threat to wheat (Triticum aestivum L.) productivity and food security in arid regions such as Iraq. 

This study combines precision CRISPR-Cas13 RNA knockdown with multidimensional multi-omics platforms to enhance 

drought tolerance in local Iraqi wheat genotypes. During the critical summer cultivation period (Tammuz), experimental trials 

were conducted at the Abu Ghraib research site under controlled greenhouse conditions. We identified 34 conserved stress-

responsive genes, 4,520 single-nucleotide polymorphisms (SNPs), 320 copy-number variations (CNVs), and five major 

quantitative trait loci (QTLs) linked to osmotic adjustment using BLAST bioinformatic alignment, GATK variant calling, and 

genome-wide association studies (GWAS). Using CRISPR-Cas13 post-transcriptional modification to target seven master 

negative regulators, 85% of downstream drought-responsive transcripts under water-deficit conditions were successfully 

upregulated by 2.3-28-fold. Evaluations conducted in controlled greenhouses showed a 23% increase in cellular antioxidant 

enzyme activity, a 19% increase in root water-absorption efficiency, a 28% reduction in leaf water loss, and a 42% higher 

survival rate. The breeding timescale was shortened by 30-35% by integrating these multi-omics biomarkers into a marker-

assisted selection (MAS) framework. Under severe water deficits, agronomic trials showed a 115% increase in total grain yield 
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while saving up to 40% of conventional irrigation-water inputs and increasing water-use efficiency by 35%. Agricultural 

policymakers and breeders should consider integrating this precision biotechnological approach into regional strategies to support 

food security under increasing climate-related challenges. 

 

 

Keywords:  CRISPR-Cas13; drought tolerance; Triticum aestivum L.; multi-omics; RNA knockdown; marker-assisted selection; 

quantitative trait loci; water-use efficiency; Iraqi wheat. 

 

1. Introduction 
 

Wheat Triticum aestivum L. is one of the foremost staple crops worldwide, providing essential calories and nutrients to billions of 

people. In Iraq, wheat production is an essential component of food security and economic stability; however, the country faces 

severe challenges due to climate change, particularly increasing temperatures and prolonged droughts (Lyford, 2017). Wheat 

growth is severely hampered by drought, resulting in lower grain production, poorer grain quality, and reduced economic returns 

(Furlan et al., 2017). The development of drought-tolerant wheat genotypes is a crucial strategy for preserving agricultural 

production given Iraq's arid and semi-arid climate. Although conventional breeding methods have made significant progress in 

improving osmotic stress tolerance, they remain time-consuming and resource-intensive, usually requiring lengthy selection cycles 

spanning multiple generations (Rahman et al., 2018). The emergence of CRISPR-Cas13 genome-editing technology, combined 

with omics-based approaches, including genomics, transcriptomics, proteomics, and metabolomics, offers a promising approach to 

accelerating wheat improvement programmes. CRISPR-Cas13, a component of CRISPR-associated RNA-targeting systems, has 

been widely investigated for its ability to modulate gene expression without altering the DNA sequence (O'Connell, 2019). Unlike 

CRISPR-Cas9, which introduces permanent DNA modifications, CRISPR-Cas13 targets RNA transcripts, making it a more flexible 

tool for regulating drought-responsive genes in a reversible manner (Konermann et al., 2018). By knocking down negative 

regulators or enhancing stress-responsive genes, researchers can improve wheat drought resilience without affecting its overall 

genetic stability (Bhat et al., 2021). In Iraqi wheat varieties, CRISPR-Cas13 can be used to fine-tune drought-responsive 

transcription factors such as the DREB, NAC, and WRKY families, which play important roles in activating stress-tolerance 

pathways (Wang & Li, 2025). Furthermore, Cas13-mediated suppression of ABA (abscisic acid)-degrading enzymes can lead to 

enhanced water retention and stomatal regulation, thereby increasing wheat's capacity to withstand prolonged dry periods. In 

addition, integrating omics technologies with CRISPR-Cas13 can provide a systems-level understanding of wheat drought-response 

mechanisms (Song et al., 2026). Genomics enables the identification of drought-tolerance quantitative trait loci (QTLs) and 

candidate genes that can be modified using CRISPR-Cas13 (Gupta et al., 2017). Transcriptomics can reveal the expression patterns 

of stress-related genes in response to drought conditions, enabling precise targeting of regulatory networks (Chen et al., 2020). 

Proteomics and metabolomics further support the analysis of protein modifications, enzyme activities, and secondary metabolites 

that contribute to drought adaptation (Yan & Wang, 2023). These omics approaches can help refine CRISPR-Cas13 strategies by 

identifying key drought-responsive genes, proteins, and metabolites unique to Iraqi wheat varieties, thereby allowing a tailored 

approach to improving resilience. In Iraq, wheat cultivars such as Tamooz 2, Abu Ghraib, and IPA 99 are widely cultivated but 

display varying degrees of drought susceptibility (Al Azzawi et al., 2020). To ensure sustainable wheat production, integrating 

CRISPR-Cas13-based genome editing with multi-omics information may support the development of elite wheat lines capable of 

thriving under water-deficit conditions. Unlike conventional transgenic strategies, CRISPR-Cas13 is highly specific, cost-effective, 

and does not introduce foreign DNA, making it a more socially and regulatorily acceptable approach for agricultural application 

(Sami et al., 2021). 

 

Recent evidence indicates that wheat drought tolerance reflects coordinated physiological, biochemical, and genetic responses, and 

physiological screening under water-deficit conditions can support the identification of drought-tolerant genotypes for breeding 

(Hashem & Gad, 2022; Hashmi et al., 2023). 

 

Recent wheat-focused reviews further highlight that multi-omics, functional genomics, phenotyping, and gene-editing approaches 

can be combined to identify drought-responsive loci and support the development of stress-resilient germplasm (Bohra et al., 2024; 

Le Roux et al., 2024; Roychowdhury et al., 2024). 

 

1.1 Research Gap 
 

The research gap is the paucity of studies integrating advanced CRISPR-Cas13 RNA editing with multi-omics platforms to identify 

and modify drought-responsive genes in native Iraqi wheat cultivars. 

 

This manuscript addresses the limited evidence for applying this integrated Cas13-multi-omics strategy specifically to native Iraqi 

wheat under drought stress, including the validation of candidate regulatory targets and associated phenotypic responses. 

 

1.2 Research Objectives 
 

• To enhance drought resilience in Iraqi wheat by integrating CRISPR-Cas13 RNA editing with multi-omics frameworks. 

 

• To identify and modify important candidate genes that control root development and water-use efficiency under stress. 

 

•  To develop precision breeding techniques that ensure food security and wheat yield stability in Iraq's dry climate. 
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2. Materials and Methods 
 

2.1 Plant Material, Experimental Site, and Experimental Design 
 

To replicate high-temperature and drought-stress profiles, the experiments were conducted under controlled greenhouse conditions 

at the Abu Ghraib Agricultural Research Station, Iraq, during the intensive summer cropping period (Tammuz). The principal plant 

material was native Iraqi bread wheat (Triticum aestivum L. cv. 'IPA 99'). After surface sterilisation, seeds were sown in soil-pot 

configurations tailored to controlled microclimatic profiles. A randomised complete block design (RCBD) with three biological 

replicates was implemented to systematically reproduce dry environmental stress. While control groups were maintained at optimal 

field capacity, controlled drought stress was created by delaying conventional water delivery until soil moisture content reached a 

predetermined water-deficit threshold. 

 

2.2 Bioinformatic Alignment and Candidate Gene Identification 
 

Using the Basic Local Alignment Search Tool (BLAST) and validated drought-resistant reference genomes from NCBI                  

databases, comparative sequence alignments were performed. Thirty-four highly conserved candidate loci were identified as 

directly associated with upstream osmotic-adjustment processes and stress-signalling cascades. Genome-wide association studies 

(GWAS) were used for large-scale mapping to associate specific agronomic traits with key genetic regions under drought               

stress. 

 

2.3 CRISPR-Cas13 Vector Design and Targeted RNA Knockdown 
 

Precision CRISPR-Cas13 expression constructs were designed for downstream functional validation. In contrast to DNA editing, 

the Cas13 technique was used only for targeted post-transcriptional RNA knockdown. The core transcripts of recognised negative 

regulators of stress, such as protein phosphatase 2C (TaPP2C) and ethylene-responsive element-binding factors (TaERF), which 

endogenously inhibit major stress-responsive factors, were targeted using specific single-guide RNAs (sgRNAs). Standard 

Agrobacterium tumefaciens-mediated transformation procedures were used to introduce the CRISPR-Cas13 constructs into 

embryonic wheat cells. Important protective transcripts, including TaDREB2A, TaAREB1, TaP5CS, and TaLEA, were indirectly 

upregulated and hyperactivated as a result of the effective knockdown of these repressor genes. 

 

2.4 Genomic and Transcriptomic Validation 
 

2.4.1 Polymerase Chain Reaction (PCR) Screening 
 

Genomic DNA was extracted to confirm transformation integration and assess guide-target fidelity. Locus-specific primer 

sequences were used in targeted PCR amplification to check for plasmid integration. Table 1 provides a comprehensive description 

of the precise primer settings and strategic applications of the various PCR tests. 

 

2.4.2 High-Throughput RNA Sequencing (RNA-seq) 
 

Under both well-watered and drought-stressed conditions, total RNA was systematically extracted from leaf and root tissues. High-

throughput RNA sequencing (RNA-seq) was used to measure fold changes in the expression of specific pathways and to capture 

structural transcriptome changes. 

 

2.4.3 Variant Discovery via the GATK Pipeline 
 

The Genome Analysis Toolkit (GATK) pipeline was used to process high-quality raw sequencing reads. Using stringent variant-

calling filters, 4,520 single-nucleotide polymorphisms (SNPs) and 320 copy-number variations (CNVs) were systematically 

mapped and identified across five key quantitative trait loci (QTLs). 

 

Table 1. PCR applications in drought tolerance research 

 

PCR Application Purpose Technique Used Outcome / Benefit 

Transgene 

Verification 

Verify the incorporation of 

plasmids in embryonic wheat 

cultures 

Standard PCR & Gel 

Electrophoresis 

confirms that CRISPR-Cas13 constructs 

were successfully delivered into "IPA 

99" tissues. 

Target Knockdown 

Quantification 

Calculate the negative 

regulators' transcript 

degradation under stress. 

RT-qPCR (Quantitative 

Reverse Transcription 

PCR) 

measures TaPP2C/TaERF 

downregulation and TaDREB2A/TaLEA 

overexpression. 

Marker-Assisted 

Selection (MAS) 

Monitor specific multi-omics 

genetic markers in different 

populations. 

PCR-based marker assays 

& Sequencing 

speeds up the early breeding stages of 

drought-resistant genotype screening. 

Variant Screening 

Validation 

Verify particular SNPs and 

CNVs found using the GATK 

process. 

Targeted PCR 

amplification 

Verifies the precision of loci linked to 

osmotic adjustment discovered by 

GWAS 
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2.5 Phenotypic, Physiological, and Marker-Assisted Selection (MAS) Evaluation 
 

2.5.1 Phenotypic Profiling 
 

Plant screening was conducted in the controlled greenhouse facilities at the Abu Ghraib Research Station. Under systematic water-

deprivation conditions, CRISPR-Cas13-treated lines and wild-type (control) genotypes of wheat cv. 'IPA 99' were assessed. 

Phenotypic metrics included absolute seedling survival rates, gravimetric assessment of foliar water retention (leaf water-loss rate), 

and spatial mapping of root-system architecture and depth using specialised root-imaging columns. 

 

2.5.2 Biochemical and Physiological Assays 
 

To assess the fundamental physiological mechanisms underlying stress tolerance, quantitative spectrophotometric analyses were 

performed. Osmotic-adjustment capacity was assessed by measuring intracellular free-proline accumulation using the acid-

ninhydrin technique. Additionally, during the peak drought period, the enzyme activities of superoxide dismutase (SOD), 

peroxidase (POD), and catalase (CAT) were measured to monitor cellular antioxidant defence. 

 

2.5.3 Marker-Assisted Selection (MAS) Framework 
 

An accelerated MAS framework was used to verify the feasibility of early-generation breeding. The validated PCR-based marker 

tests were used to systematically evaluate elite progeny lines resulting from targeted transformations. To accelerate the breeding-

selection process, plants with optimal combinations of mapped multi-omics biomarkers, specifically those located within the five 

key QTL regions, were selected. 

 

3. Results and Discussion 
 

3.1 Molecular and Genomic Mapping 
 

A consistently high 95% targeted RNA knockdown efficiency was confirmed by initial polymerase chain reaction (PCR) screening 

and transcript-abundance quantification, indicating the excellent operational fidelity of the modified CRISPR-Cas13 system within 

monocotyledonous polyploid crop backgrounds. A detailed comparison with traditional DNA-targeted genetic-alteration   

techniques was conducted to contextualise the baseline functional efficacy of this post-transcriptional strategy (Table 2; Brauer et 

al., 2020). 

 

The verified 95% target-degradation efficiency underscores the robust structural fidelity and guide-target mismatch discrimination 

of the RNA-guided Cas13 complex in complex hexaploid wheat systems (Chen et al., 2019). This post-transcriptional mechanism 

minimises long-term chromosomal disruptions, reduces downstream off-target mutations, and prevents unintended stable 

pleiotropic alterations because it targets transient mRNA transcripts rather than creating permanent double-stranded breaks in 

genomic DNA. Consequently, it presents a highly biosafe platform for genetic improvement of elite crops (Chanyalew et al., 2019; 

Yu et al., 2024). 

 

Table 2. Comparative analysis of the CRISPR-Cas13 system versus conventional DNA-targeted genetic modification 

methodologies 

 

Feature CRISPR-Cas13 System Conventional DNA-Targeted 

Methods 

Supporting 

References 

Primary Target Molecule Temporary RNA Transcripts Genomic DNA Template (Chen et al., 2019) 

Primary Biochemical 

Mechanism 

Targeted knockdown/degradation of 

RNA 

DNA breakage and mutations 

induction 

(Chanyalew et al., 

2019) 

Phenotypic Reversibility Yes (transient regulation, Dynamic) No (Heritable changes that are 

permanent) 

(Kavuri et al., 2022) 

Off-target Mutation Risk Low (Strict transcript specificity) High (Chromosome break risk) (Yu et al., 2024) 

Agronomic Application Optimized transcript expression Gene knockouts that are 

irreversible 

(Kumar et al., 2023) 

Stress Response 

Regulation 

changes the transcripts of repressors Modifies metabolic pathways 

permanently 

(Sarkar et al., 2024) 

Biosafety Compliance 

Status 

High (Non-heritable genomic 

profile) 

Lower (Inadvertent structural 

disturbances) 

(Arpaia et al., 2020) 

 

The GATK bioinformatics pipeline validated 4,520 single-nucleotide polymorphisms (SNPs) and 320 copy-number variations 

(CNVs), revealing a wide range of genetic variation strongly associated with the drought-tolerant phenotype. Additionally, five 

significant quantitative trait loci (QTLs) linked to osmotic signalling, root depth, and moisture retention were mapped using 

genome-wide association studies (GWAS). These 320 structural CNVs and 4,520 high-fidelity SNPs were stringently isolated, 

confirming that targeted genetic changes linked to structural drought resilience were captured by precise multi-omics                    

screening (Tadele, 2019). Together with the five major QTLs identified, these variants delineate the principal genomic regions 

governing root development and water retention, providing genetic markers for efficient marker-assisted selection procedures (Vats 

et al., 2019). 
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3.2 Transcriptomic and Expression Dynamics 
 

High-throughput RNA-seq analysis revealed substantial transcriptome reprogramming in the transgenic wheat lines. Compared with 

unmodified wild-type controls, 85% of the monitored drought-responsive downstream genes showed significant indirect 

overexpression under severe water-deficit conditions, with expression levels ranging from 2.3- to 28-fold higher. CRISPR-Cas13 

was used to successfully knock down seven major upstream repressor genes that endogenously suppress important protective 

proteins. 
 

Cellular defence responses were systematically activated by this targeted post-transcriptional RNA degradation of negative 

regulators, resulting in the recorded 2.3-28-fold overexpression of functional downstream genes (Pankaj et al., 2022). During 

periods of severe stress, controlled degradation of these repressor transcripts indirectly increased the stable accumulation of 

beneficial protective proteins, supporting cellular membrane stability and maintaining osmotic balance (Barrangou, 2013). 
 

Table 3. CRISPR-Cas13 modulation of gene expression in drought-tolerant wheat 
 

Experiment 

No. 

Gene Targeted 

(Repressors) 

Modification Method Downstream 

Protective Effect 

Drought Tolerance 

Improvement (%) 

1 TaSAD1 (Repressor of 

LEA Proteins) 

RNA Knockdown / 

Degradation 

Unlocks LEA Protein 

Accumulation 

42% 

2 TaABI5-B (Repressor of 

AREB1) 

RNA Knockdown / 

Degradation 

Unlocks AREB1 

Expression 

45% 

3 TaERF-C3 (Repressor of 

P5CS) 

RNA Knockdown / 

Degradation 

Unlocks P5CS Proline 

Synthesis 

38% 

4 TaPP2C-A (Repressor of 

DREB2A) 

RNA Knockdown / 

Degradation 

Unlocks DREB2A 

Expression 

50% 

 

 
 

Fig. 1. Targeted transcript knockdown via CRISPR-Cas13 and downstream tolerance improvement 
 

3.3 Physiological and Phenotypic Adaptation 
 

During controlled greenhouse validation, these molecular modifications resulted in improved climate-resilience profiles. 
 

3.3.1 Survival Rate 
 

Compared with wild-type controls, the CRISPR-Cas13-modified wheat lines showed a 42% higher survival rate during prolonged 

drought periods.  
 

3.3.2 Foliar Water Retention 
 

A 28% reduction in the absolute rate of foliar water loss resulted in improved leaf water-retention capacity.  
 

3.3.3 Root System Architecture 
 

Transgenic plants demonstrated a targeted 19% increase in functional root length and water-absorption efficiency, enabling deeper 

soil-moisture extraction. 

0%

10%

20%

30%

40%

50%

60%

TaPP2C-A (DREB2A
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3.3.4 Antioxidant System Activity 
 

By reducing intracellular oxidative stress, a 23% increase in cellular antioxidant enzyme activity effectively protected membrane 

integrity from the accumulation of reactive oxygen species (ROS). A clear biological connection between post-transcriptional 

transcriptome modifications and empirical physiological tolerance is established by the systematic compilation and graphical 

evaluation of cumulative functional gains in Fig. 2. The 19% improvement in root architecture and enhanced water-retention 

capacity correlate with the observed 42% higher plant survival rate (Gudeta, 2019). By preventing lipid peroxidation and oxidative 

damage, the 23% increase in antioxidant enzyme activity provides an effective mechanism for maintaining cellular viability under 

severe osmotic stress (Xie & Yang, 2013). 

 

3.4 Agronomic Yield and Breeding Efficiency 
 

By using the mapped multi-omics biomarkers and integrating marker-assisted selection (MAS), the overall breeding timeframe was 

successfully accelerated by 35%. In definitive agronomic harvest trials, the climate-resilient wheat lines showed a 115% increase in 

total grain production under severe water-deficit conditions, while overall water-use efficiency (WUE) increased by 35%. For 

regional agriculture, this optimised crop system is important because it enables local farmers in arid regions to maintain grain 

output while saving up to 40% of conventional irrigation-water inputs. 

 

 
 

Fig. 2. Empirical quantification of agronomic, physiological, and morphological traits under stress 

 

Table 4. Multi-Omics and CRISPR-Cas13 integrated analysis and their physiological impacts on drought tolerance 

 

Analysis Type Biomarkers / Target 

Loci 

Measured Quantification / 

Fold-Change 

Effects of Function on Drought Tolerance 

BLAST 

Alignment 

34 conserved genes Verified sequence alignment Delineated ancestral stress-signalling cascade 

pathways 

GATK Pipeline 4,520 high-fidelity 

SNPs 

High-throughput variant 

identification 

mapped particular genetic regions associated 

with osmotic changes 

Structural CNVs 320 Copy Number 

Variations 

Validation of structural 

polymorphism 

Identified chromosomal duplication 

associated with stress reaction 

GWAS Mapping 5 major QTL regions Chromosomal locus 

localization 

Pinpointed key genomic regions controlling 

root architecture 

CRISPR-Cas13 7 upstream negative 

regulators 

Targeted post-transcriptional 

RNA knockdown 

85% of downstream responder genes were 

indirectly upregulated by 2.3–28 times. 

Dynamics of 

RNA-Seq 

Downstream 

functional transcripts 

upregulation of 2.3 to 28 

times 

Increased signalling and cellular defence 

kinships 

Leaf Physiology Foliar water retention 

capacity 

28% decrease in water loss 

from leaves 

maintained complete cellular turgor in the 

face of severe water scarcity 

Morphological 

Roots 

Root system 

architecture 

Root water uptake increased 

by 19% 

Enhanced deep-soil moisture extraction 

efficiency 

Status of 

Biochemistry 

Antioxidant enzyme 

kinetics 

23% increase in cellular 

activity 

reduced the build-up of ROS and stopped 

lipid peroxidation 

 

0%20%40%60%80%100%120%140%

Total Grain Yield Increase

Seedling Survival Rate

Irrigation Water Savings

Water-Use Efficiency (WUE)

Foliar Water Retention

Antioxidant Enzyme Activity

Root Absorption Efficiency

Improvement Percentage (%)
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By effectively overcoming prolonged generational constraints, the implementation of high-fidelity multi-omics biomarkers 

accelerated the MAS selection cycle by 35% (Blin et al., 2016). In dry production environments, these empirical findings indicate 

that precision transcriptome modulation can maintain high agronomic productivity while conserving vital freshwater resources 

(Hussain et al., 2019). 

 

4. Conclusion 
 

This study demonstrates the use of precision CRISPR-Cas13 RNA knockdown integrated with multi-omics platforms to improve 

drought tolerance in native Iraqi wheat. The engineered Cas13 system achieved 95% RNA degradation efficiency, significantly 

enhancing stress-responsive transcripts through the silencing of upstream negative regulators. Systematic validation of 4,520 SNPs 

and 320 structural CNVs linked to osmotic adjustment across QTL regions accelerated the marker-assisted selection breeding 

process by 35%. Greenhouse trials demonstrated a 42% higher survival rate and improved water efficiency under drought 

conditions, with significant increases in grain yield. These findings support the use of biosafe biotechnological methods to enhance 

regional food security in arid areas, while future research should focus on field-level validation of these traits across diverse 

agroecosystems. 

 

5. Limitations 
 

This study was conducted under controlled greenhouse conditions at a single location in Abu Ghraib and focused on one Iraqi bread 

wheat cultivar, ‘IPA 99’, with three biological replications. The evaluation was limited to a single summer cropping period, which 

restricts assessment of seasonal and environmental variability. Physiological, biochemical, molecular, and agronomic responses 

observed under controlled drought conditions may therefore not fully represent field performance. Future studies should include 

additional Iraqi wheat cultivars, larger experimental populations, multiple seasons, and multi-location field trials to validate the 

stability and generalisability of the identified drought-tolerance responses. 
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