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Abstract
Ferroptosis, an iron-dependent form of regulated cell death characterised by lipid peroxidation, has emerged as a critical pathway in cancer, 
neurodegeneration, and ischaemia-reperfusion injury. While reverse genetic approaches have dominated ferroptosis research, forward 
genetic strategies offer unique advantages for discovering novel regulatory mechanisms without prior knowledge of pathway components. 
This perspective explores how classical forward genetic methodologies, including chemical mutagenesis screens, genetic modifier studies, 
and quantitative trait locus mapping, can be adapted to systematically identify ferroptosis regulators. We focus on employing the nematode 
model, Caenorhabditis elegans, and discuss the inherent advantages and disadvantages of this system. Technical considerations for 
designing phenotype-based screens are discussed, highlighting successful examples from related cell death pathways. Experimental 
frameworks for leveraging alternate model organisms to uncover conserved ferroptosis mechanisms are also explored. Forward genetics 
promises to reveal unexpected connections between ferroptosis and cellular processes, potentially identifying new therapeutic targets and 
biomarkers for ferroptosis-related diseases.
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1. Introduction
Ferroptosis represents an important conceptual advancement in our understanding of regulated cell death, complementing other 
established and well characterised mechanisms such as apoptosis and necrosis. Since its definition in 2012[1], ferroptosis has been 
implicated in diverse pathological conditions, from tumour suppression to neurodegeneration. The hallmarks of ferroptosis: iron 
dependence, lipid peroxidation, and sensitivity to radical-trapping antioxidants (RTAs), distinguish it from other forms of regulated 
cell death and suggest unique regulatory networks that determine this process.

The current understanding of ferroptosis regulation has emerged primarily through reverse genetic approaches, with investigation of 
the function of candidate genes based on prior knowledge of lipid biochemistry, antioxidant systems, and iron metabolism. Key 
discoveries include the role of glutathione peroxidase 4 (GPX4) as a central protective enzyme, the solute carrier family 7 member 11 
(SLC7A11)-glutathione (GSH) axis in ferroptosis resistance, and Acyl-CoA synthetase long-chain family member 4 (ACSL4) function in 
incorporating polyunsaturated fatty acids (PUFAs) into membrane phospholipids. While these targeted approaches have been highly 
informative, they inherently favour discovery of pathways with established connections to iron or lipid metabolism.

Forward genetic screening is a powerful complementary approach that begins with a phenotype and systematically works backward 
to identify causal genes, potentially revealing unexpected regulators and novel pathway connections[2]. This approach operates 
without a priori assumptions of what cellular processes or signalling pathways will be altered and is therefore intrinsically unbiased 
relative to reverse genetics approaches. Consequently, this allows for the discovery of genes previously not associated with 
ferroptosis. Forward genetics has proven invaluable in other areas of cell death research, from the discovery of core apoptotic 
machinery in Caenorhabditis elegans (C. elegans)[3,4] to the identification of necroptosis components through chemical-genetic 
screens[5]. Some success has also been seen employing hypothesis-free screening approaches in ferroptosis research, such as the use 
of cDNA library expression in GPX4-deficient cells to identify ferroptosis suppressor protein 1 (FSP1) as a suppressor of ferroptosis[6], 
and the use of near genome-wide clustered regularly interspersed short palindromic repeats (CRISPR) activation screens to reveal the 
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role of GCH1-BH4 pathway in limiting lipid peroxidation[7]. As the exploration of ferroptosis matures, forward genetic strategies 
present an opportunity to systematically explore the full regulatory landscape governing this critical cell death pathway.

1.1 Fundamental gaps in ferroptosis research
Fundamental gaps exist in ferroptosis research that forward genetics is uniquely positioned to address. Firstly, there is a lack of 
definitive ferroptosis markers as well as an incomplete understanding of the physiological functions of ferroptosis[8-10]. While 
investigations of developmental biology using C. elegans have centred on the role of apoptotic and, more recently, non-apoptotic cell 
death, the physiological role of ferroptosis remains under investigation[11]. By interrogating this cell death mechanism in an unbiased 
approach, novel genes and pathways that interact with ferroptosis may reveal insight into these fundamental questions and yield 
novel biomarkers.

In addition, there is a critical gap in clinical translation[8,9]. Targeting ferroptosis in the treatment of therapy-resistant tumours, 
neurodegeneration, cardiovascular diseases, and ischaemia-reperfusion injury has been a key research focus. However, current 
targeting of known regulators of ferroptosis is challenged by issues of compound solubility, bioavailability, and stability in vivo[12,13]. 
Targeting iron load with chelators to treat neurodegeneration has also proven complex, with negative results from clinical trials[14]. 
Furthermore, cellular variation in tumours and tissues means targeting known regulators may not work universally. There is a strong 
need for additional therapeutic targets, which forward genetics approaches may uncover.

Forward genetics offers an approach to identify novel targets without prior assumptions of mechanism, and without restriction to 
specific developmental, signalling, behavioural, or disease contexts. The use of forward genetics in model organisms also does not 
need to be restricted to any specific type of tissue or system. Unlike omics-based approaches, which are limited by the quality of their 
curated data (known genes, proteins, etc.), forward genetics can reveal entirely unexpected regulators. For example, unbiased 
approaches have identified novel targets in disease contexts that have led to potential new treatment strategies[15-17].

1.2 Non-canonical and emerging ferroptosis pathways
Beyond the canonical hallmarks of ferroptosis of iron regulation, GPX4-glutathione antioxidant pathway and PUFAs content in the cell 
membrane, recently discovered non-canonical pathways are shaping the complexity of ferroptosis regulation. Vesicular trafficking 
has recently been shown to be a novel mechanism for ferroptosis resistance by expelling iron-rich ferritin[18,19]. Mice obesity models 
have also revealed the effect of mitochondrial iron handling through Mitoferrin 1 and Mitoferrin 2 on ferroptosis[20], bringing in 
considerations of metabolism in ferroptosis regulation. Intercellular exchange adds another layer of complexity, where ferroptosis 
has been shown to propagate to neighbouring cells[21]. Factors directly impacting membrane integrity of cells could also serve as a 
new hallmark of ferroptosis[22]. Forward genetics has the potential to provide further evidence of the link between these 
non-canonical pathways and ferroptosis, and other iron and metabolic pathways not yet linked.

2. The Forward Genetics Toolkit for Ferroptosis Discovery
2.1 Chemical mutagenesis screens
Classical mutagenesis screens use chemical mutagens like ethyl methanesulfonate (EMS) or N-ethyl-N-nitrosourea to induce single 
DNA nucleotide changes[23]. Alternatively, irradiation can be used, for example via ultraviolet (UV) exposure alone or in combination 
with trimethylpsoralen (TMP) to generate small deletions, usually around 0.1-15 kb[24]. For ferroptosis research, these screens can be 
designed to identify both sensitising and protective mutations. Sensitising screens would involve treating mutagenised populations 
with sub-lethal ferroptosis inducers (such as RSL3, erastin, or FIN56[25]) and selecting for hypersensitive variants. Conversely, 
protective screens could apply lethal ferroptosis conditions and isolate resistant survivors.

The choice of ferroptosis inducer is crucial for screen design. Iron supplementation (such as ferric ammonium citrate (FAC) or ferrous 
sulphate) could reveal novel interactions between iron regulation and ferroptosis, such as ferritin turnover, iron 
compartmentalisation, or the recently discovered link between exosome export of iron loaded ferritin and ferroptosis[18]. RSL3 
directly inhibits GPX4, making it useful for identifying downstream protective mechanisms but potentially missing upstream 
regulators of GPX4 expression or activity. Erastin blocks system xc

- (SLC7A11), creating glutathione depletion that may reveal novel 
GSH-independent protective pathways. FIN56 depletes both GPX4 and CoQ10[25,26], potentially identifying regulators of CoQ10 
biosynthesis or alternative antioxidant systems.

2.2 Genetic modifier screens
Modifier screens leverage known ferroptosis-related mutations as sensitised backgrounds for identifying genetic interactions. 
Starting with partial loss-of-function alleles of key ferroptosis genes (such as gpx4 hypomorphs or slc7a11 mutants), screens are then 
performed for second-site mutations that either enhance or suppress the ferroptosis phenotype. Enhancer mutations can identify 
genes operating in parallel protective pathways, while suppressor mutations could reveal negative regulators or alternative 
compensatory mechanisms. However, this also means that modifier screens are not unbiased, as they have a higher chance of 
identifying genes linked to the perturbed pathways.

Ferroptosis Oxid Stress. 2026;2:202610 | https://doi.org/10.70401/fos.2026.0034 Page 2 of 14

https://doi.org/10.70401/fos.2026.0034


Modifier screens are particularly powerful because they can detect subtle effects masked in wild-type backgrounds. They also 
provide functional context, i.e., enhancers likely operate in the same pathway or process as the primary mutation, while suppressors 
may reveal regulatory hierarchies or compensatory systems. The genetic architecture revealed by modifier screens can guide 
subsequent mechanistic studies and provide insights into evolutionary constraints.

2.3 Quantitative trait locus (QTL) mapping
Ferroptosis sensitivity likely exhibits quantitative variation in natural populations, making QTL mapping a viable approach for 
identifying genetic variants that modulate ferroptosis responses. By crossing genetically diverse strains and measuring 
ferroptosis-related phenotypes in segregating populations, the loci contributing to this variation can be mapped and identified. This 
approach has proven highly successful for identifying disease susceptibility genes[27,28] and could reveal ferroptosis regulators with 
more subtle effects than those detected in knockout (i.e., mutagenesis based) studies.

The choice of the specific phenotype measured for QTL mapping requires careful consideration. Traditional viability assays may lack 
the resolution needed to detect quantitative differences, but this will be dependent on the available phenotypic variability. Use of 
potentially more sensitive measurements, such as lipid peroxidation levels, GSH depletion kinetics, or expression of 
ferroptosis-responsive genes, could provide better quantitative traits, but will present a greater technical challenge. Advanced 
techniques like bulk segregant analysis combined with whole-genome sequencing (WGS) can accelerate QTL identification and 
fine-mapping[29-31].

3. Model Organism Considerations for Ferroptosis Genetics
3.1 C. elegans  as a ferroptosis model
C. elegans offers exceptional advantages for forward genetic screens, including rapid generation time (~three days per generation 
depending on temperature), large brood sizes, and sophisticated and well-developed genetic tools. The conservation of core 
ferroptosis machinery, including GPX4 orthologues and iron homeostasis pathways, makes C. elegans a relevant model for ferroptosis 
research. However, compared to vertebrates, significant differences exist, including the absence of clear SLC7A11 orthologues and 
differences in fatty acid metabolism that may affect lipid peroxidation pathways. Importantly, ferroptosis-like cell death has been 
reported in C. elegans following treatment with ferroptosis inducers, suggesting conserved core mechanisms despite pathway 
differences. While it is still unknown if this form of cell death is truly conserved across species, analogous inducers, inhibitors, and 
biochemical changes consistent with ferroptosis imply similar lipid-peroxidation driven death in C. elegans[32].

The transparency of C. elegans also enables real-time monitoring of cell death progression and lipid peroxidation using fluorescent 
reporters, providing quantitative phenotypes ideal for genetic screens. Additionally, the compact genome and excellent RNAi libraries 
(for gene silencing) facilitate rapid candidate gene validation.

3.1.1 Key advantages of C. elegans
The key advantages of C. elegans in a genetics screen are its short life cycle and high fecundity, allowing for generation of large 
mutant libraries[33]. The use of a whole organism allows for studying different cell types and tissue-specific effects. Maintenance of 
C. elegans is also relatively low cost and not laborious. C. elegans has two sexes: hermaphrodites and males. Hermaphrodites can 
self-fertilise and facilitate rapid inbreeding to achieve homozygosity, while males enable mating for reintroduction of wild-type gene 
copies for rescue experiments, or combining gene variants for genetic complementation studies.

3.1.2 Limitations of C. elegans
Despite these advantages, the nematode lacks cardinal mammalian tissues, cell types, and systems such as haematopoietic tissues, a 
cardiovascular system, an adaptive immune system, and iron transport by transferrin. Thus, fewer disease models are possible in 
worms compared to mammals, e.g., modelling the complexity of the tumour microenvironment. While having advantages as an 
efficient discovery platform, subsequent validation in appropriate mammalian models is essential. This requires validation in human 
cell, organoid, and other pre-clinical models in the discovery process for therapeutically relevant ferroptosis mechanisms. 
Additionally, while all known ferroptosis pathways identified in mammalian culture have not yet been completely mapped out in 
C. elegans, the field-wide issue of a lack of biomarkers affects all model systems. Notably, transferrin receptor 1 is a biomarker for 
ferroptosis in mammalian cells, but is not expressed in C. elegans[34].

3.2 Ferroptosis pathways in C. elegans
C. elegans is a promising animal model to study ferroptosis and is gaining popularity[35]. Most of the key genes and pathways that have 
been identified in regulating ferroptosis are conserved in C. elegans. Studies using C. elegans have uncovered the involvement of 
ferroptosis in development, neurodegeneration, and ageing[32,36].
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3.2.1 Ferroptosis in developmental and physiological contexts
In germline cells, dietary ingestion of certain PUFAs by C. elegans was able to trigger germ-cell ferroptosis and sterility[36]. 
Phosphatidylcholine level was also shown to impact nematode sterility through ferroptosis[37]. For somatic cells, C. elegans models of 
neurodegeneration, such as Parkinson’s disease and Alzheimer’s disease, have shown a link to iron dyshomeostasis and 
ferroptosis[38,39]. C. elegans has been broadly used for ageing studies due to the short lifespan (2-3 weeks). Over the adult lifetime, 
these animals accumulate intracellular iron and lose antioxidant GSH, resulting in late-life frailty[32,40]. Treatment with ferroptosis 
inhibitors or iron chelation mitigates age-related cell death and significantly and markedly increases lifespan[32].

3.2.2 Iron metabolism in C. elegans
The contribution of ferrous iron to ferroptosis is similar in C. elegans compared to mammalian cells, with the same iron-catalysed 
spontaneous peroxyl radical-mediated chain reaction (autoxidation). Many of the proteins involved in iron homeostasis are well 
conserved, with homologues of DMT1 (SMF-1, SMF-2, SMF-3), ferritin (FTN-1, FTN-2), and ferroportin (FPN-1.1, FPN-1.2) in 
C. elegans[41]. There are some differences in the iron metabolism pathway, such as a lack of a transferrin homologue, circulatory 
system, and erythropoiesis, obviously unnecessary in an animal 1 mm in length.

During biological ageing, intracellular iron accumulates in C. elegans, as in mammalian ageing tissue[42], with a failure of the capacity 
of the iron-storage protein ferritin to safely sequester iron[43]. This emergence of labile ferrous iron with age correlates with 
signalling effects that modulates ageing and becomes a lifespan hazard[44]. C. elegans that lack the iron storage protein, ferritin, have 
an elevated Fe2+:Fe3+ ratio and are short-lived compared to wild types[45].

The Fe2+-glutathione complex is considered the dominant form of iron in the cell labile iron pool and acts as one regulatory system to 
prevent abnormal redox cycling of iron[46]. At the same time, (phospho)lipid hydroperoxides can be terminated by glutathione 
peroxidases which depend on the reduction of glutathione. During normal ageing, the loss of glutathione in worms increases 
vulnerability to ferroptosis[32].

Beyond these classical pathways of iron uptake, storage and export, recent work has uncovered active iron-expulsion mechanisms 
that impact ferroptosis sensitivity. In human cell models, ovarian cancer cells exposed to erastin secrete iron loaded ferritin via 
CD63-mediated extracellular vesicles (EVs), reducing intracellular labile iron pool and lipid peroxidation, and conferring resistance to 
ferroptosis[18]. This process was shown to be dependent on iron overload conditions, where iron regulatory proteins increase CD63 
expression[47]. On the other hand, general ferroptotic stress can also trigger prominin2-mediated EV export of ferritin[19]. Although 
both EV-mediated ferritin trafficking pathways have not been identified in C. elegans, homologues of the components such as CD63 
(tsp-7) exist in this organism[48].

3.2.3 Glutathione and antioxidant systems

In mammals, glutathione synthesis is catalysed by γ-glutamylcysteine synthetase (γ-GCS) and glutathione synthetase from cysteine. 
For C. elegans, gcs-1 is the homologue of γ-GCS, while gss-1 is the homologue of glutathione synthetase[49]. In mammalian cells, GPX4 
is a checkpoint enzyme that reduces lipid hydroperoxides to non-toxic lipid alcohols, protecting against ferroptosis. GPX4 is a 
selenoprotein which contains the amino acid residue selenocysteine in its catalytic centre and uses glutathione as a substrate.

In C. elegans, four primary glutathione peroxidase homologues have been identified so far, namely gpx-1, gpx-2, gpx-6, and gpx-7[50]. 
These four homologues share similar functions but are not selenoproteins; instead, they utilise cysteine residues to replace the 
selenocysteine in their active sites to clear phospholipid hydroperoxides. This renders the enzyme less efficient than the 
selenocysteine-containing homologues[51]. For the other major antioxidant system regulating ferroptosis, the FSP1/CoQ10 pathway[52], 
homologues of FSP1 and genes in this pathway have not yet been identified in worms.

3.2.4 Lipid composition and ferroptosis sensitivity
The ratio of peroxidation-susceptible PUFAs to peroxidation-resistant monounsaturated fatty acids (MUFAs) also regulates ferroptosis 
sensitivity in C. elegans. Dietary supplementation of dihomo-gamma-linolenic acid (DGLA; 20:3n-6) triggers ferroptotic cell death in 
the germline[36]. However, not every type of PUFA is able to trigger ferroptosis, where supplementation of arachidonic acid, 
eicosapentaenoic acid, and docosahexaenoic acid did not trigger ferroptosis in C. elegans[36]. Conversely, MUFAs such as oleic acid 
confer protection from iron-overload-induced ferroptosis[53]. The PUFA to MUFA ratio can also be manipulated by altering ether lipid 
production, where ether lipid-deficient mutants result in a higher PUFA to MUFA ratio[54]. For example, ads-1 mutants grown on DGLA 
exhibited higher sterility that was rescued by the addition of ferroptosis inhibitors[36]. Research into metabolic plasticity, such as 
lipidome changes in C. elegans during adaptation to temperature shifts[55] could also serve as an emerging paradigm for modulating 
ferroptosis.

3.2.5 Ferroptosis inducers in C. elegans
For cell culture models of ferroptosis, chemical toxins like erastin and RSL3 are typically used to induce cell death. Erastin blocks 
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cystine uptake by inhibiting system xc
-, resulting in glutathione depletion, while RSL3 directly inhibits GPX4; either compound 

prevents the reduction of lipid peroxides, resulting in ferroptosis[1,56]. However, neither erastin nor RSL3 is suitable for inducing 
ferroptosis in C. elegans. Nematodes do not harbour a homologue of system xc

- for erastin to act on[57]; whereas RSL3 binds to 
cysteine 66 in an allosteric site on mammalian GPX4[58], but there is neither evidence of this site being conserved in C. elegans nor 
evidence to suggest that RSL3 can inhibit nematode glutathione peroxidases, which lack selenocysteine.

To induce ferroptosis in C. elegans (Figure 1), one strategy utilises the thiol-oxidising agent diethyl maleate (DEM) to deplete 
glutathione[32]. Although glutathione is the most abundant intracellular thiol, off-target protein thiols may also be oxidised by DEM, 
and glutathione also protects against other forms of oxidative attack. The use of DEM as an inducer has also been studied in cell 
culture for non-cysteine depletion-induced ferroptosis[59]. To model iron overload-induced ferroptosis, medium is supplemented with 
FAC[43,53,60] or ferrous sulphate[61]. Dietary supplementation of lipids, in particular certain types of PUFA such as DGLA, promotes 
ferroptosis in C. elegans[36]. As ferroptosis is also thought to contribute to normal ageing in worms[32], ageing can also be used as a 
more gradual and naturalistic paradigm to investigate ferroptosis resistance.

Figure 1. Summary of ferroptosis inducers, inhibitors and readouts in C. elegans. Inducers of ferroptosis in C. elegans include DEM to deplete GSH, iron supplementation with 

ferric ammonium citrate or ferrous sulphate, and dietary supplementation of certain PUFAs such as DGLA. Inhibitors can target labile iron with SIH or lipid peroxidation with 

RTAs such as ferrostatin-1 or liproxstatin-1. Dietary supplementation of MUFAs such as oleic acid can also reduce lipid peroxide levels. Readouts are available at multiple 

stages in the induction of ferroptosis. DEM: diethyl maleate; GSH: glutathione; PUFAs: polyunsaturated fatty acids; DGLA: dihomo-gamma-linolenic acid; SIH: salicylaldehyde 

isonicotinoyl hydrazone; RTAs: radical trapping antioxidants; MUFAs: monounsaturated fatty acids; XANES: X-ray absorption near edge structure; MDA: Malondialdehyde.

Conversely, to inhibit ferroptosis in C. elegans (Figure 1), salicylaldehyde isonicotinoyl hydrazone can be used to chelate intracellular 
labile iron, while RTAs such as liproxstatin-1 inhibit lipid peroxidation[32,62]. Supplementation of the MUFA oleic acid has also been 
used as an inhibitor[53].

3.3 Drosophila melanogaster  for tissue-specific studies
The vinegar fly, Drosophila melanogaster, offers an alternate or additional model system that provides specific advantages for 
studying ferroptosis in specific tissues and developmental contexts. The galactose-responsive transcription factor 4/upstream 
activating sequence system enables precise spatial and temporal control of gene expression[63], facilitating examination of 
tissue-specific ferroptosis regulators or investigation of how ferroptosis sensitivity changes during development. This is particularly 
relevant for neurodegeneration research, where ferroptosis may contribute to age-related pathology.

Drosophila also offers sophisticated behavioural assays that could serve as readouts for ferroptosis-related phenotypes in the nervous 
system. Locomotor defects, learning impairments, or shortened lifespan following iron exposure might reflect ferroptosis in neural 
tissues and provide quantitative traits for genetic mapping[64,65]. The availability of natural variation panels in Drosophila facilitates 
QTL mapping approaches for identifying naturally occurring variants that modulate ferroptosis sensitivity[66].
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3.4 Zebrafish for vertebrate validation
Zebrafish, Danio rerio, offer a good balance of genetic tractability and vertebrate physiology for ferroptosis research[67]. The 
conservation of ferroptosis pathways in zebrafish, including clear orthologues of GPX4, SLC7A11, and ACSL4, makes this an ideal 
system for validating discoveries from invertebrate screens. Forward genetic approaches in zebrafish include chemical mutagenesis 
screens, and natural variation studies using wild-caught strains. Alternatively, CRISPR-based knockout offers forward genetics-like 
characteristics, where variants are curated rather than random, but is constrained by the library of targets.

The transparency of zebrafish embryos also enables in vivo monitoring of ferroptosis using fluorescent indicators for iron, reactive 
oxygen species, or cell death. This real-time visualisation capability is particularly valuable for studying ferroptosis during 
development, ischaemia-reperfusion injury models, or cancer progression. Additionally, zebrafish models of human diseases 
(including neurodegeneration, heart disease, and cancer) provide pathophysiologically relevant contexts for ferroptosis related 
research.

4. Technical Considerations for Forward Genetic Screens
4.1 Phenotype selection and quantification
The success of forward genetic screens depends critically on phenotype selection and measurement. Traditional viability assays may 
be too crude to detect subtle changes in ferroptosis sensitivity, while overly sensitive assays may yield too many hits for practical 
follow-up. Intermediate phenotypes, such as developmental delays, behavioural changes, or stress-response defects, might provide 
more tractable screening targets while still reflecting meaningful alterations in ferroptosis pathways.

Quantitative measurements of ferroptosis hallmarks may offer more precise phenotypes for genetic analysis. These include lipid 
peroxidation levels (measured by thiobarbituric acid reactive substances (TBARS) assays, C11-BODIPY fluorescence, or lipidomics)[68], 
glutathione depletion kinetics (monitored using ThiolTracker[69] or biochemical assays[70]), iron accumulation (detected by calcein-AM 
quenching[71] or cell permeable iron-sensitive fluorophores like FerroOrange[72]), or potentially mitochondrial morphological changes 
(using live-cell dyes like MitoTracker)[73].

4.2 Roadmap of classical mutagenesis screening approach
As previously discussed, forward genetic approaches do not require a priori assumptions about how the selected phenotype will be 
produced, making them intrinsically unbiased. This approach has been a successful strategy for other cell death pathways, such as for 
apoptosis, where unexpected pathways and regulatory connections have been revealed. However, it is important to acknowledge 
that there are still some intrinsic limitations of using forward genetics. For example, this approach is unable to elucidate genes whose 
mutation results in lethality or severe fertility defects.

4.2.1 Generation of mutant lines
To generate mutant lines, random mutagenesis can be performed using chemicals such as EMS, which typically causes single 
nucleotide changes[23]. Alternatively, irradiation can be used, for example via UV exposure alone or in combination with TMP to 
generate small deletions. CRISPR can also be used to induce DNA double-strand breaks, with guide RNA libraries targeting nearly the 
full genome[74], but it is not as cost- and time-efficient for large-scale genetic screening approaches[75].

Mutagenesis is carried out on a parental line (P0), just before the germline matures (L4 larval stage in C. elegans). The resulting F1 
generation is then left to self-fertilise, followed by initial screening of the F2 generation (Figure 2)[76]. Phenotype screening is then 
carried out on tens of thousands of mutant progeny, as only one null mutation is typically expected for every 2,000 haploid copies of 
the genome[33]. Here, the choice of phenotype and strategy of screening must be carefully considered.

4.2.2 Screening for mutants in ferroptosis pathways
The potentially easiest method to screen for mutants in ferroptosis pathways would be to select for resistance to a ferroptosis 
inducer, thereby selecting for variants that provide survival to an otherwise lethal treatment. Alternative approaches could include 
measurement of lipid peroxidation levels, with individuals measuring either high or low being isolated. This allows for screening for 
mutations conferring increased sensitivity or resistance to ferroptosis by selecting for strains having higher or lower lipid peroxide 
levels respectively. Another consideration is the use of ferroptosis-sensitive strains of C. elegans to create a larger difference in 
phenotype for ease of selection. However, it is worth noting that this is likely to bias a screen toward uncovering mutations in genes 
that can rescue the perturbed pathway of choice.

Derived clonal lines (F3 generation lines) are then screened for variants with the desired phenotype (Figure 2). Typically, repeated 
testing is used to confirm the phenotype of resistance and to reduce the number for subsequent analyses. At the same time, selection 
against variants with severe defects in development, viability, and fertility is done to remove any confounding effects. Once variants 
are identified, this is followed by iterative rounds of backcrossing, which is the process of crossing to the parental line and then 
selection to remove any unrelated mutations. This is also a chance to identify if the mutation is dominant or recessive, and if the 
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mutation is present on the sex chromosomes or autosomes. Finally, the isolated strains showing a robust phenotype can be sent for 
WGS to identify the causal mutations. WGS provides reliable detection of single nucleotide variants, balancing high accuracy without 
the need for high costs[76].

Figure 2. Roadmap of performing a forward genetics screen in C. elegans. The main steps involve mutagenesis, screening and rounds of selection, followed by backcrossing 

and selection again. Finally, the resulting strains can be sent for whole genome sequencing. Candidate mutations would then need to be validated. EMS: ethyl 

methanesulfonate; UV: ultraviolet; TMP: trimethylpsoralen.

4.2.3 Identifying variants of interest and hit validation
Once a candidate mutation is identified, validation can be done either through reverting the change in phenotype with insertion of a 
wild-type transgene or testing of mutant strains with independent alleles of the candidate gene. For C. elegans, there is an extensive 
library of mutants available through the Caenorhabditis Genetics Center and National BioResource Project[77], enabling rapid 
validation of candidate genes. Alternatively, investigation of phenotypes can be undertaken using RNAi knockdown of the candidate 
gene, which is performed by feeding worms with bacteria expressing dsRNA targeting the gene[78]. RNAi is a simple and effective 
method for determining loss-of-function phenotypes of genes, with the added advantage of being able to separate developmental 
effects from adult effects of gene knockdown. Two near full-genome RNAi libraries are commercially available for use, allowing for 
ease of gene knockdown for virtually every gene in C. elegans[79,80].

Ferroptosis Oxid Stress. 2026;2:202610 | https://doi.org/10.70401/fos.2026.0034 Page 7 of 14

https://doi.org/10.70401/fos.2026.0034


4.2.4 Investigation of genetic pathways
Using known mutants and RNAi, genes associated with or in the same pathway as candidate genes can be investigated. The specificity 
of the mutation in affecting ferroptosis compared to other cell death mechanisms can also be investigated, using inducers or 
inhibitors of other forms of programmed cell death[81]. A wealth of genetic and chemical assays are available to investigate apoptosis 
in C. elegans[82]. For example, strains harbouring mutations in candidate genes can be treated with cisplatin to induce intrinsic 
apoptosis. Survival of these strains can then be compared to wild-type worms to deduce if the candidate genes are also involved in 
intrinsic apoptosis. Similar approaches can then be carried out for extrinsic apoptosis, pyroptosis, necroptosis, and so on.

It is also possible that the candidate genes identified are involved in generalised stress response pathways. We recommend checking 
targets such as insulin-like signalling, oxidative stress resistance, and the skn-1 pathway (homologue of the mammalian Nrf2), all with 
well characterised effects on C. elegans stress resistance and lifespan. Given enough candidate mutant strains, typical workflows 
should yield multiple new genes associated with ferroptosis (Figure 2).

4.3 Screen design and controls
Effective screen design requires careful attention to controls and statistical power. Positive controls should include known 
ferroptosis regulators (e.g., ads-1 mutants, ferritin knockouts[36,45]) to validate screen conditions and detection methods. Negative 
controls using non-mutagenised populations help establish background variation and false-positive rates. The choice of mutagenesis 
density must balance genome coverage with practical screening constraints. Too few mutations may miss relevant genes, while 
excessive mutagenesis can yield non-specific or overwhelming toxic effects.

Statistical considerations include multiple testing corrections for large-scale screens, appropriate sample sizes for detecting expected 
effect sizes, and strategies for handling batch effects across screening plates or time periods. Clear criteria for hit selection can 
improve reproducibility and reduce bias in candidate gene identification.

4.4 Complementation testing and validation
Rigorous validation of screen hits requires complementation testing to confirm that phenotypes result from single-gene mutations 
rather than genetic background effects or multiple mutations. For organisms with efficient transformation systems, transgenic rescue 
experiments provide definitive evidence for gene identification. In cases where transgenics or genome editing is challenging, genetic 
complementation using deficiency lines or independent alleles can establish gene identity.

Following expert advice on identifying ferroptosis regulating mechanisms[81], mechanistic validation should extend beyond 
complementation to examine how identified genes regulate ferroptosis. This includes determining whether mutations affect known 
ferroptosis markers (perturbed iron regulation, GPX4 activity, glutathione levels, lipid peroxidation), investigating genetic 
interactions with characterised ferroptosis genes, and testing sensitivity to different ferroptosis inducers to understand pathway 
relationships. Once the mechanism has been characterised, perturbation of the pathway should be tested on human homologues in 
appropriate clinical or disease models, such as cancer cells.

5. Measures of Ferroptosis in C. elegans
Unlike other types of cell death, there is no single definitive readout for ferroptosis[81]. Markers of ferroptosis are still being 
determined, such as hyperoxidised PRDX3 in chronic liver diseases[83]. The C. elegans homologue prdx-3 may potentially serve as a 
ferroptosis marker in the same manner. Currently, usually several readouts of ferroptosis pathways in addition to evidence of cell 
death are required to confirm ferroptosis. In C. elegans, cell-specific death can be observed following induction of ferroptosis and 
occurs prior to organismal death[32]. One advantage of C. elegans is that the worms are optically transparent, hence vital dyes and 
genetic in vivo fluorescent sensors can be applied to visualise cell death and other hallmarks of cell stress (Figure 1).

5.1 Cell death detection
Propidium iodide is a fluorescent dye that binds to DNA but can only permeate dead cells. This vital dye can therefore be used to 
assay dead or dying cells within intact nematodes and determine cell-specific or tissue localisation[32]. However, this dye cannot 
distinguish between types of cell death and requires additional supporting evidence, such as lipid peroxidation and rescue by 
ferroptosis inhibitors.

5.2 Lipid peroxidation assays
Assays for lipid peroxidation are particularly valuable, as ferroptosis is fundamentally driven by oxidised PUFAs. Staining can be 
carried out with BODIPY-C11, which is a lipid-containing dye that changes in fluorescence wavelength when oxidised (note that 
ratiometric analysis is essential for this approach)[40,53,84]. Another potential method of identifying lipid peroxidation within individual 
worms is with Liperfluo, a specialised fluorescent probe used to detect and image lipid peroxides in living cells[85]. However, further 
optimisation is required before it can be used as a tool to study ferroptosis in C. elegans. While a ratio of oxidised to non-oxidised 
states of BODIPY-C11 can be measured, Liperfluo lacks a means of ratiometric comparison and can be biased by variations in uptake 
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for in vivo use.

To avoid bias from the uptake of fluorescent probes by the nematodes, additional measurement of malondialdehyde (MDA) can also 
be employed. MDA is a key end-product of PUFA peroxidation and can be measured ex vivo as a readout of lipid peroxidation[84]. The 
downside of MDA measurement is the lack of spatial information of lipid peroxidation in situ, since tissue lysis is typically required.

5.3 Transgenic redox sensors
Transgenic strains to study oxidative load have also been developed, expressing HyPer, a YFP-based hydrogen peroxide sensor, and 
another line expressing roGFP2, a fluorescent sensor for GSSG/2GSH ratio[86]. While these provide useful information through 
imaging, to our knowledge, these strains are yet to be applied to study candidate genes for ferroptosis.

5.4 Iron measurements
Iron measurements have been reported using synchrotron-based X-ray absorption near edge structure imaging methods to spatially 
resolve altered iron coordination (the shift towards Fe2+), but the technique’s specialised instrumentation restricts its availability[32,45]. 
A potentially more accessible approach may be to use live imaging via FerroOrange dye, which selectively binds to labile Fe2+ in vivo 
and fluoresces at emission wavelength of 572 nm[60]. Imaging is then performed on stained live worms or quantification performed on 
a microplate reader. Lastly, it is possible to track ferritin expression levels and localisation using C. elegans strains with green 
fluorescent protein tagged ftn-1 and ftn-2[87], which can reveal perturbations in iron homeostasis.

6. Lessons from Forward Genetics of Cell Death Pathways
6.1 Apoptosis: From morphology to mechanism
The discovery of apoptotic machinery through forward genetics in C. elegans provides a compelling roadmap for ferroptosis 
research. Starting with the initial observation that specific cells die during early development, Horvitz and colleagues used genetic 
screens to identify cell death defective (ced) genes that disrupted normal developmental cell death[3]. This unbiased approach 
revealed the core apoptotic machinery: CED-3 (caspase), CED-4 (Apaf-1), and CED-9 (Bcl-2), whose conservation across species 
established the fundamental principles of apoptotic regulation[88,89].

The success of apoptosis forward genetics demonstrates several key principles applicable to ferroptosis research. First, starting with 
clear, observable phenotypes enables systematic genetic dissection even without prior mechanistic knowledge. Second, the 
conservation of core pathway components across species validates the use of simple model organisms for discovering human 
disease-relevant mechanisms. Finally, forward genetics can reveal unexpected pathway connections, e.g., the relationship between 
apoptosis and cell cycle control, DNA damage responses, and developmental patterning emerged from genetic interaction studies 
rather than biochemical approaches.

6.2 Necroptosis: Chemical-genetic approaches
Necroptosis research illustrates how chemical-genetic screens can complement traditional forward genetics for cell death pathway 
discovery. The identification of necrostatin-1 as a necroptosis inhibitor enabled chemical-genetic screens that revealed RIPK1 kinase 
as the specific cellular target and led to the discovery of the RIPK1-RIPK3-MLKL pathway[90]. This approach combined small molecule 
screening with genetic validation, providing both tool compounds and mechanistic insights.

The necroptosis investigations highlight the value of chemical diversity in forward genetic approaches. Different necroptosis 
inducers, TNF-α, TRAIL, and TLR ligands, engage distinct upstream pathways while converging on the core RIPK1/RIPK3 machinery. 
Similarly, ferroptosis research may benefit from using diverse inducers (system xc

- inhibitors, GPX4 inhibitors, iron overload) to 
capture the full regulatory network governing ferroptotic cell death.

7. Future Directions and Emerging Technologies
7.1 CRISPR-based forward screens
CRISPR technology is revolutionising forward genetics by enabling targeted mutagenesis at unprecedented scale and precision. 
Genome-wide CRISPR knockout screens can systematically interrogate every gene for ferroptosis-related phenotypes. CRISPR 
activation and interference screens offer complementary, genome-wide technologies used for loss- and gain-of-function studies. The 
ability to multiplex CRISPR targeting allows for combination screens that test genetic interactions directly.

Base editing and prime editing technologies extend CRISPR’s utility for forward genetics by enabling precise nucleotide changes 
(e.g., causing loss or gain of function) beyond knockouts. This is particularly valuable for studying essential genes where null 
mutations are lethal, but hypomorphic (partial loss of function) alleles might reveal ferroptosis-related functions. The ability to 
generate allelic series through base editing can allow detailed structure-function analysis within forward genetic frameworks.
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7.2 Leveraging natural variation
Natural populations harbour extensive genetic variation that could provide insights into ferroptosis regulation. Genome-wide 
association studies (GWAS) in humans have identified genetic variants associated with iron homeostasis disorders, neurodegenerative 
diseases, and cancer susceptibility, phenotypes potentially linked to ferroptosis sensitivity. Forward genetic approaches can 
complement GWAS by testing whether identified variants affect ferroptosis responses in a controlled experimental system.

Model organism populations offer advantages for natural variation studies, including controlled genetic backgrounds, standardised 
environments, and the ability to perform functional studies. The C. elegans Natural Diversity Resource[91], Drosophila Genetic 
Reference Panel[66], and zebrafish diversity panels[92] provide genetically characterised populations ideal for QTL mapping of 
ferroptosis-related traits. These resources enable the systematic identification of naturally occurring variants that modulate 
ferroptosis sensitivity under various environmental conditions.

7.3 Next-generation approaches and emerging technologies
Technological advances mean classical genetic screening is even more cost effective for elucidating potential new pathways 
regulating ferroptosis. Compared to early studies undertaken to identify apoptosis genes, it is now much faster and more 
cost-effective to perform WGS, with modern methods giving higher sequencing depth for more accurate analysis[2]. Emerging 
approaches collectively termed ‘next-generation forward genetic screens’ combine classical mutagenesis with modern genomic 
technologies to accelerate gene discovery.

8. Practical Considerations and Challenges
8.1 Gaps in current C. elegans  ferroptosis models
While C. elegans is a promising model for ferroptosis research, some gaps still exist. All known ferroptosis pathways identified in 
mammalian culture have yet to be completely mapped out in C. elegans. Additionally, while iron distribution and lipid peroxidation 
have been imaged, single-cell resolution imaging of cells in worms undergoing ferroptosis is an area that warrants further 
development.

Compared to cell culture, the exploration of the genetic pathways that control ferroptosis in whole organisms, particularly during 
ageing, is less developed, partly due to the lack of suitable tools. There is a strong need for non-toxin models of inducible ferroptosis 
for spatial and temporal induction. Development of such new targeted approaches suitable for in vivo induction will significantly 
improve our understanding of this cell death mechanism. These tools could then be translatable to cell culture and other model 
systems.

8.2 Limitations of forward genetics
It is important to acknowledge that forward genetics has inherent limitations. The approach is less suited to elucidate genes whose 
removal results in lethality or fertility defects, as these mutations cannot be recovered in viable, fertile strains. However, strategies 
like synthetic lethal screens or conditional alleles can be employed to investigate essential genes[93,94]. Additionally, genetic changes 
may not be able to influence some ferroptosis processes involving lipid metabolism and plasma membrane dynamics if these 
processes are essential for cell viability.

Despite these limitations, forward genetics remains a powerful and complementary approach to reverse genetics and 
hypothesis-driven research. The relatively unbiased nature of the method means that unexpected regulators and pathway 
connections are likely to be discovered.

8.3 Future strategies for enhanced discovery
Once more forward genetic screens have been performed for ferroptosis studies, future work can look at more specific contexts. 
While ferroptosis can be modelled in the standard wild-type C. elegans strain (e.g., N2 Bristol), additional strategies using mutant 
strains sensitive to ferroptosis can be considered. Potentially, this can reveal additional pathways that are not involved during normal 
physiology. For example, C. elegans mutants lacking key stress response factors (e.g., DAF-16) may be more susceptible to ferroptosis. 
A strain with deletion of the four phospholipid hydroperoxide glutathione peroxidases is also available[50], which may be susceptible 
to ferroptosis. Additional future work includes the use of refined strategies to look at embryonic lethal genes or screen for gene 
mutations that have tissue-specific effects on ferroptosis[95].

9. Conclusions and Recommendations
Forward genetic approaches offer unique advantages for ferroptosis research that complement the insights gained from reverse 
genetic studies. By starting with a phenotype rather than candidate genes, forward genetics can reveal unexpected regulators, 
pathway connections, and evolutionary relationships that might otherwise remain hidden. The success of forward genetics in other 
cell death pathways provides a roadmap for systematic genetic dissection of ferroptosis regulation.
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The integration of classical forward genetics with modern technologies such as CRISPR screening, single-cell analysis, and natural 
variation studies promises to accelerate ferroptosis gene discovery. These approaches can reveal not only individual regulators but 
also the genetic architecture underlying ferroptosis sensitivity variation. Understanding this architecture is crucial for predicting 
individual susceptibility to ferroptosis-related diseases and developing personalised therapeutic approaches.

Finally, forward genetics can address fundamental questions about ferroptosis evolution and conservation. Why has this 
iron-dependent cell death pathway been maintained across diverse species? What selective pressures shaped ferroptosis regulation? 
How do ferroptosis mechanisms vary among different cell types and developmental stages? Answering these questions may provide 
crucial insights into when and how ferroptosis contributes to human disease.

Novel genes identified from forward genetic screens can direct development of novel biotechnologies targeting ferroptosis in higher 
organisms and guide strategies to alter the rate of ageing and maximise late-life fitness. The field of ferroptosis research stands at an 
inflection point where forward genetic approaches can provide transformative insights into this critical cell death pathway. By 
embracing the power of phenotype-driven discovery, researchers can uncover the full complexity of ferroptosis regulation and 
identify new targets for therapeutic intervention. The lessons learned from classical genetics, careful phenotype selection, rigorous 
controls, and systematic genetic analysis, remain as relevant today as they were in the pioneering studies of development and 
behaviour that established the foundations of modern genetics.
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