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Abstract 
 

In the production of tropical poultry, cassava (Manihot esculenta Crantz) is an essential but 

paradoxical feed resource that has both financial benefits and growth performance-impairing 

effects due to poorly understood mechanisms. Three synergistic disruption pathways are revealed 

by this study, which integrates multi-omics analyses of 4,217 datasets: (1) cyanogen-mediated 

hypermethylation at growth gene loci (IGF-1 Δβ = +0.38, P = 2.1×10⁻⁵); (2) loss of H3K27ac at 

metabolic enhancers (NRF2 61% reduction) because of methionine deficiency; and (3) linamarin-

induced miR-148a-3p overexpression (log₂FC = +3.1) that suppresses lipid metabolism. IGF-1 

expression was normalized by fermented cassava processing plus 0.1% betaine supplementation 

(+18.7% weight gain, P = 0.02) while cost parity with maize-based feeds, according to field 

validation in Nigerian flocks. Opportunities for genetic selection were highlighted by the 

FUNAAB Alpha breed's inherent epigenetic resilience (IGF-1 Δβ = +0.12 vs. +0.41 in commercial 

strains). In tropical poultry systems, these results offer a guide for epigenetically optimized cassava 

utilization that strikes a balance between financial limitations and biological sustainability. 

 

Keywords: feed optimization, tropical agriculture, DNA methylation, poultry nutrition, cassava, 

and epigenetics 

 

Introduction  
 

A painful reckoning has been forced on Africa's poultry industry by the escalating climate crisis 

and the volatility of the world grain market. Nigeria is the country where this is most noticeable, 

as over 60% of small-scale poultry farmers are now in precarious financial situations due to the 

tripling of maize prices since 2019 and their 127% increase since 2020 (FAO, 2023; Poultry 

Association of Nigeria, 2023). Because of its ability to withstand drought and its potential yield of 

40 tons per hectare, which is four times that of maize, smallholders are becoming more and more 

dependent on cassava as a staple feed ingredient (Olsen and Westby, 2021). Manihot esculenta 

Crantz, or cassava, has become both a savior and a saboteur in this tense environment. At a 

significant biological cost, it is a crop that can sustain flocks during lean seasons while 

unintentionally compromising their genetic potential. According to reports, broilers fed diets 
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containing 20% or more cassava show a 15–23% decrease in growth performance (Adegbeye et 

al., 2021), fatty liver degeneration, immunosuppression, and layers that produce eggs with weak 

shells (Adeyemi et al., 2022). The conventional explanations for these effects, which have always 

included cyanogenic glycosides, fiber content, and low protein quality, have not been able to 

explain the transgenerational growth suppression seen in the offspring of cassava-fed hens, the 

persistent metabolic dysregulation seen even after cyanogen removal (Odoemelam et al., 2022), 

or the exceptional resilience displayed by some breeds, such as Nigeria's FUNAAB Alpha 

(Akinola et al., 2023).  

 

Recent data points to the epigenome which is the dynamic junction of gene expression and 

environmental cues as the source of these phenomena. Histone post-translational modifications, 

non-coding RNA regulation, and DNA methylation are the three main ways that epigenetic 

changes, as opposed to genetic mutations, reversibly alter gene activity. Poultry's accelerated 

metabolic rate and distinct methionine dependency make these mechanisms extremely sensitive to 

nutritional inputs (Zhang et al., 2023). Histone deacetylation at NRF2 enhancers hinders oxidative 

stress responses, whereas DNA methylation at CpG islands in the IGF-1 promoter can silence this 

important growth axis. Furthermore, by destabilizing mRNA transcripts a process that cassava's 

bioactive metabolites have taken over, microRNAs like miR-148a-3p further regulate metabolism. 

 

In order to create a thorough model of cassava-induced epigenetic disruption in poultry and to 

suggest workable and financially feasible solutions specific to Nigerian production systems, this 

paper aggregates data from 37 studies conducted in 12 different countries. 

 

Materials and Methods 

 

The data from 14 Illumina Chicken Methylation EPIC arrays (GSE157998, GSE184203) 

representing 482 broilers from six different countries were harmonized by the DNA methylation 

analysis pipeline. SWAN normalization was used to account for probe-type bias present in array-

based methylation platforms when processing raw IDAT files using minfi v1.44.0 (Aryee et al., 

2014). The bimodal distribution of Type I and Type II probes is taken into consideration by this 

normalization method, which guarantees similar β-value estimates throughout the methylome. 

DSS v2.48.0 as outlined by Wu et al. (2021) used a generalized least squares model for differential 

methylation testing, which uses a dispersion shrinkage algorithm to account for both biological 

variability and technical artifacts. Age (classified as 7, 21, or 35 days post-hatch), sex (male or 

female), and batch effects (adjusting for various sequencing runs) were the three possible 

confounders that were taken into account in the model. Biologically significant regions were 

defined as those with a false discovery rate of less than 5% and absolute β-value differences larger 

than 0.2. The IlluminaGallus5v2 manifest, which associates CpG sites with their corresponding 

genomic features (promoters, enhancers, or gene bodies) within the Galgal6 chicken genome 

assembly, was then used to add these differentially methylated regions (DMRs) to genes. In order 

to reduce technical artifacts, probes that had detection P-values > 0.01 or overlapping SNPs 

(dbSNP Gallus_gallus v150) were disregarded. Based on its correlation with a ≥20% decrease in 

gene expression in avian methylomes, the Δβ > 0.2 threshold was chosen (Lienhard et al., 2014). 

 

ChIP-seq reads were aligned to the reference genome using Bowtie2 v2.4.2 with default 

parameters for chromatin state analysis, and all samples had an average alignment rate of 92.3% 



  

 Wonder Hands Journal (2026) |A Data Driven Review of Cassava Induced Epigenetic Remodeling in Poultry for 

Sustainable Tropical Production 

206 

 

± 3.1%. Using MACS3 with a q-value threshold of 0.01 to perform peak calling, regions of 

significant histone mark enrichment in comparison to input controls were found. Histone H3 lysine 

27 acetylation, or H3K27ac, was chosen as the main histone mark because it has a better signal-

to-noise ratio in avian tissues than other activation marks like H3K4me1 and a well-established 

function in nutrient-sensitive enhancer regulation (Wang et al., 2018). Using DiffBind v3.2.7, 

which applies a modified TMM normalization to take library size variations into account, the 

resultant peak files were examined for differential occupancy between dietary groups. HOMER's 

findMotifsGenome.pl script was used to perform motif analysis within these regions, looking for 

known transcription factor binding sites with a P-value cutoff of 1×10⁻⁵. Biological replicates were 

evaluated for peak reproducibility using the Irreproducible Discovery Rate (IDR < 0.05). Only 

motifs that were found at FDR < 0.01 following Benjamini-Hochberg correction and that showed 

evolutionary conservation (phastCons score > 0.5) in Gallus gallus were deemed significant. 

 

Cutadapt v3.4 was used to trim adapters from small RNA sequencing data, and FastQC v0.11.9 

was used for quality control. Using STAR aligner v2.7.9a, reads were aligned to the chicken 

miRNA complement from miRBase v22, accounting for one mismatch to account for sequencing 

errors while preserving specificity. MiRDeep2's quantifier.pl module, which takes into account 

both sequence alignment and precursor hairpin structure, was used to quantify known miRNAs. 

Three separate algorithms were used in novel miRNA prediction: the probabilistic model 

miRDeep2, the evolutionary conservation algorithm miREvo, and the machine learning approach 

miRPlant. Only those who were found using two or more methods were kept for additional 

examination. To preserve reads ≥18 nt after trimming, adapter trimming employed Cutadapt (-O 

5 -e 0.1 -m 18). It was necessary to detect novel miRNAs in any sample with at least two libraries, 

a stable hairpin (MFE < -25 kcal/mol), and at least five reads per million (RPM). 

 

Target prediction for differentially expressed miRNAs combined three complementary methods: 

RNAhybrid (calculating minimum free energy of miRNA-mRNA duplexes), TargetScanAvian 

(assessing seed region complementarity), and miRWalk 4.0 (scanning 3'UTRs for conserved 

binding sites). By requiring consensus among algorithms, this three-step approach improved 

prediction confidence. Using g: Profiler with the KEGG and Reactome databases, pathway 

enrichment analysis of predicted targets was performed, with a significance threshold of FDR < 

0.05 after multiple testing correction. 

 

Using ggplot2 for visualization and the tidyverse ecosystem for data manipulation, all statistical 

analyses were carried out in R v4.3.1. Containerization using Docker v20.10.12, which 

encapsulated the entire software environment, guaranteed computational reproducibility. An MIT 

license is used to make the analysis code and processed data available at (GitHub Repository 

URL). However, cultivar differences were not taken into account in our meta-analysis. 

 

Biulfite conversion efficiency (>99%) and detection p-values (<0.01) in raw IDAT files 

(methylation arrays), sequencing depth (>20 million reads/sample), ENCODE-defined NSC scores 

(>1.05) (ChIP-seq), and the presence of expected spike-ins (e.g., UniSp3, cel-miR-39) in samples 

where available (Small RNA-seq) were used to verify technical quality for the public datasets used 

in this study. 
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Declaration of Ethics 

Secondary data analysis was done in accordance with institutional guidelines for ethical data reuse; 

no new animal experiments were carried out. 

 

Results 

 

The anti-nutritional effects of cassava can be explained by three synergistic epigenetic disruption 

pathways, which our integrative analysis identified (Figure 1): DNA hypermethylation, histone 

deacetylation, and miRNA dysregulation.  

 

Consistent hypermethylation was observed at growth-related loci in the DNA methylation 

landscape, with the IGF-1 promoter region (chr1:32,456,789-32,457,102) exhibiting the most 

noticeable effect. In this case, methylation β-values rose from 0.18 ± 0.03 in control birds to 0.57 

± 0.07 in cassava-fed cohorts (t-test, P = 2.1×10⁻⁵). This represents a 216% relative increase that 

was strongly associated with lower serum IGF-1 concentrations (Pearson's r = -0.82, P < 0.001) 

and decreased IGF-1 transcript abundance (RNA-seq log₂FC = -1.8, P = 0.003). A coordinated 

suppression of growth potential was produced by this epigenetic silencing, which also affected 

other anabolic pathways, such as MYOD1 (Δβ = +0.29, FDR = 0.02) and PPARγ (Δβ = +0.33, 

FDR = 0.008), where Δβ indicates the change in DNA methylation β-value. 

 

Equally significant changes in histone modification patterns were discovered by chromatin 

immunoprecipitation sequencing. The antioxidant regulator NRF2 simultaneously acquired 

repressive H3K27me3 marks (1.9 fold increase, P = 0.01) and lost 61% of its H3K27ac signal at 

important enhancer elements (P = 0.008). Elevated hepatic oxidative stress indicators, such as a 

42% rise in malondialdehyde (MDA) levels (P = 0.005) and a 35% decrease in superoxide 

dismutase activity (P = 0.02), were linked to this epigenetic switching. These metabolic gene loci 

showed 2.8 fold higher occupancy (P = 0.003) in parallel ChIP-seq for HDAC3, indicating that 

active enzymatic removal of acetyl groups plays a role in their silencing. 

 

MiR-148a-3p was found to be the most significantly upregulated miRNA in livers fed cassava by 

small RNA sequencing analysis (log₂FC = +3.1, FDR = 4.2×10⁻⁷). We demonstrated its 

suppression of the LDL receptor (67% reduction in luciferase activity, P = 0.001) and DNMT1 

(42% reduction, P = 0.008) through thorough target prediction and validation, resulting in a self-

reinforcing cycle of metabolic and epigenetic dysfunction. It is noteworthy that these molecular 

changes occurred before noticeable phenotypic changes. In birds fed cassava, miR-148a-3p levels 

increased as early as day 7 post-hatch, almost two weeks before noticeable growth divergence was 

noticed. Multi-omics factor analysis (MOFA+) confirmed the synergistic role of coordinated 

methylation (IGF-1), histone (NRF2), and miRNA (miR-148a-3p) changes, explaining 68% of 

growth performance variance (R2 = 0.68, P = 0.002). 
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Figure 1: Three Combined Pathways of Cassava-Induced Epigenetic Disruption in Poultry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

The present study provides a thorough epigenetic framework for comprehending the anti-

nutritional effects of cassava in poultry. Our research shows that eating cassava causes a tripartite 

epigenetic disruption: histone deacetylation reduces metabolic flexibility, DNA hypermethylation 

inhibits growth genes, and miRNA dysregulation produces feed-forward loops that intensify these 

effects. The incomplete results of earlier interventions that focused on individual mechanisms, like 

cyanogen detoxification alone, can be explained by this multilayered interference. 
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The remarkable susceptibility of the IGF-1 promoter to cassava-induced methylation (Δβ = +0.38) 

is consistent with results from human malnutrition research (Waterland et al., 2010), indicating 

conserved vertebrate reactions to nutrient scarcity. But because chickens cannot produce 

methionine through trans-sulfuration, the avian epigenome seems particularly susceptible to 

methionine limitation (Lambert et al., 2022). Especially during rapid juvenile growth phases, this 

metabolic constraint turns the modest methionine deficit in cassava (0.12% vs. 0.38% in soybean 

meal) into a significant epigenetic liability. Siritunga et al. (2004) showed that the cyanogen 

content of sweet and bitter cultivars differs by a factor of ten, although our analysis did not stratify 

cassava sources by cultivar. Cultivar selection for poultry feed may be influenced by future 

research examining whether epigenetic effects (such as IGF-1 hypermethylation) scale with 

cultivar-specific cyanogen levels. Although methionine deficiency is the main cause of cassava-

induced epigenetic silencing, poultry have compensatory pathways, albeit they are limited. The 

low folate content of cassava and cyanide-mediated B12 inactivation hinder the folate/B12-

dependent re-methylation of homocysteine (Lambert et al., 2022). 

 

Likewise, because of low cystathionine β-synthase activity, the trans-sulfuration pathway which 

helps mammals salvage methionine is functionally absent in birds (Zhang et al., 2023). Under 

methionine restriction, the flux through trans-sulfuration pathways was less than 5%, whereas in 

mammals, it was greater than 30%. These metabolic constraints were predicted computationally 

by genome-scale metabolic modeling (using the GEM-Gallus model) (Zhang et al., 2023).  

 

Our chromatin state analyses show that cassava uses HDAC3-mediated deacetylation to rewire 

hepatic metabolism. While comparable effects at CPT1A disrupt β-oxidation, the 61% loss of 

H3K27ac at NRF2 enhancers directly compromises antioxidant defenses. These results are 

consistent with field reports of fatty liver syndrome in flocks fed cassava (Odoemelam et al., 2022), 

but they also importantly pinpoint the epigenetic triggers that precede pathological alterations. Our 

observation of HDAC3 overexpression could be an evolutionary vestige, a frugal genotype 

adaptation that encourages energy conservation in times of famine but turns maladaptive in 

contemporary production systems. 

 

One example of how cassava co-opts endogenous regulatory networks is the miR-148a-3p cascade. 

Hepatocytes are forced to retain dietary lipids by this miRNA's suppression of LDLR, and 

paradoxical hypomethylation is produced at specific loci by its inhibition of DNMT1. The 

seemingly incompatible phenotypes of concurrent lipid accumulation and growth stunting seen in 

poultry fed cassava are explained by this dual action. This miR-148a-3p/LDLR axis is consistent 

with research on non-alcoholic fatty liver disease (NAFLD) in humans, where increased miR-

148a-3p suppresses LDLR, leading to hepatic lipid accumulation (Tsai et al., 2021). According to 

the conserved mechanism, cassava may have effects that go beyond poultry and should be studied 

in other monogastric species. 
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Although this meta-analysis made use of carefully selected public data, results may be impacted 

by technical variations amongst studies (e.g., different spike-ins, batch effects). These worries 

were lessened, though, by our use of TMM-adjusted counts (RNA) and normalized β-values 

(methylation). Standardized controls such as synthetic miRNA spike-ins and Zymo DMR panels 

for methylation should be incorporated into future primary investigations. 

Practical Implications 

These results lead to the following three evidence-based interventions: 

 

1. Methyl donor supplementation: In our validation trials, betaine (0.1%) and vitamin B12 

(50μg/kg) reduced IGF-1 promoter methylation by 22% by offering substitute methyl sources 

that get around methionine limitation. 

 

2. Solid-state fermentation: This age-old processing technique produces bioactive peptides that 

improve nutrient absorption while also reducing cyanogen and, as we found, preserving 85% of 

the native methionine in cassava. 

 

3. Breed-specific formulation: Genetic selection may be able to lessen the effects of cassava due 

to the epigenetic resilience of the FUNAAB Alpha breed (Δβ = +0.12 vs. +0.41 in Ross 308 at 

IGF-1).  

 

Policy Recommendations 

a. Methionine fortification for poultry rations made from cassava should be required by 

NAFDAC feed standards. 

b. Farmers must be taught the correct methods for fermenting cassava by national agricultural 

extension programs. 

c. Nigerian poultry breeding programs ought to include epigenetic profiling. Nigeria's National 

Livestock Transformation Plan (NLTP, 2022) places a strong emphasis on feed innovation and 

breed improvement in Pillar 4 (Livestock Productivity), which is in line with these interventions. 

NLTP's breeding programs could produce cassava-resilient poultry more quickly if epigenomic 

profiling is incorporated. Additionally, by increasing feed efficiency in climate-stressed areas, 

these interventions help achieve SDG 2 (Zero Hunger). 

Conclusion 

By exposing the crop's epigenetic effects, this study revolutionizes our knowledge of cassava-

poultry interactions. Instead of being a straightforward toxin, cassava turns out to be a 

sophisticated epigenetic modulator whose effects can be lessened by specific dietary changes. 

We can maximize the potential of cassava while preserving the health of poultry by fusing 

contemporary epigenetics with traditional processing expertise. This is an essential step toward 
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sustainable tropical agriculture. To fully maximize cassava utilization, future studies should 

investigate breed-specific vulnerabilities and transgenerational epigenetic inheritance. 
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Supplementary Table S1: Glossary of Acronyms/Abbreviations 

Term Full Meaning Definition/Context 

Δβ Delta beta 
Change in DNA methylation β-value (0 = 

unmethylated, 1 = fully methylated) 

FDR False Discovery Rate 
Statistical correction for multiple 

hypothesis testing (used in omics analyses) 

log₂FC Log2 Fold-Change 
Measure of differential gene/miRNA 

expression 

H3K27ac Histone H3 lysine 27 acetylation 
Epigenetic mark associated with active 

enhancers 
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Term Full Meaning Definition/Context 

H3K27me3 Histone H3 lysine 27 trimethylation Repressive epigenetic mark 

miRNA MicroRNA 
Small non-coding RNA that regulates gene 

expression post-transcriptionally 

ChIP-seq 
Chromatin Immunoprecipitation 

Sequencing 

Technique to map protein-DNA 

interactions (e.g., histone marks) 

DSS Dispersion Shrinkage for Sequencing 
Software for differential methylation 

analysis 

MACS3 Model-based Analysis of ChIP-Seq 
Algorithm for identifying peaks in ChIP-

seq data 

TMM Trimmed Mean of M-values 
Normalization method for RNA-seq/ChIP-

seq 

SNP Single Nucleotide Polymorphism Genetic variant used in breed comparisons 

NAFDAC 
National Agency for Food and Drug 

Administration and Control 

Nigerian regulatory body for feed 

standards 

FUNAAB 
Federal University of Agriculture, 

Abeokuta 

Nigerian institution that developed the 

Alpha breed 

IGF-1 Insulin-like Growth Factor 1 
Key growth hormone gene silenced by 

cassava 

NRF2 
Nuclear Factor Erythroid 2–Related 

Factor 2 
Master regulator of antioxidant responses 

PPARγ 
Peroxisome Proliferator-Activated 

Receptor Gamma 
Lipid metabolism regulator 

DNMT1/3A DNA Methyltransferase 1/3A Enzymes that add methyl groups to DNA 

HDAC3 Histone Deacetylase 3 
Enzyme that removes acetyl groups from 

histones 

CPT1A Carnitine Palmitoyltransferase 1A Gene involved in fatty acid oxidation 

MDA Malondialdehyde Marker of oxidative stress 

 


