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Abstract

Cassava (Manihot esculenta Crantz) is a vital root crop, providing a staple carbohydrate source for over 800
million people, especially in sub-Saharan Africa, Latin America, and Southeast Asia. Its resilience to marginal soils
and drought underscores its importance for food security amid climate change. However, limited dry matter content
and starch yield constrain its full potential for consumption and industrial use. Recent genomic advances have
identified candidate genes linked to carbohydrate metabolism, yet functional characterization remains incomplete.
This study focuses on the cassava gene LOC110624725, encoding an Actin-Related Protein (ARP), hypothesized to
regulate carbohydrate accumulation and dry matter content. Using comprehensive computational approaches,
including sequence annotation, conserved domain analysis, structural modeling, and molecular docking, we confirmed
the translation of the ARP gene into a functional protein exhibiting hallmark features of the actin superfamily. The
protein displays a globular structure with conserved ATP-binding and filament-binding domains, closely resembling
canonical actins from Hevea brasiliensis and Jatropha curcas. Homology and phylogenetic analyses revealed
strong conservation of ARP across diverse plant taxa, emphasizing its evolutionary and functional significance. Gene
structure analysis demonstrated conserved exon—intron arrangements across species, while functional annotations
linked ARP to carbohydrate metabolism and storage reserve accumulation. Molecular docking simulations further
identified multiple high-affinity ligand-binding sites, supporting a role in intracellular signaling and structural
organization. These findings suggest that cassava ARP contributes to cytoskeletal regulation, vesicular transport, and
starch granule organization, thereby influencing dry matter accumulation and root development. This study advances
our understanding of the molecular mechanisms underpinning carbohydrate metabolism in cassava and highlights the
potential of ARP as a target for genetic improvement aimed at enhancing yield and processing quality under climate
stress.
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1.0 Introduction

Cassava (Manihot esculenta Crantz) is one of the most important root crops worldwide, serving as a staple source of
carbohydrates for more than 800 million people, particularly in sub-Saharan Africa, Latin America, and Southeast
Asia (FAO, 2019; Adelekan et al., 2022). Its adaptability to marginal soils, tolerance to drought, and year-round
availability make it a critical food security crop in regions where other crops perform poorly (El-Sharkawy, 2004;
Akinwale et al., 2023).

1.1 Significance of the study

Climate change poses a significant threat to agricultural productivity through increased temperatures, erratic rainfall,
and soil degradation. In this context, crops with inherent resilience, such as cassava, are of strategic importance (IPCC,
2022). Cassava is particularly valued for its ability to maintain yield under stressful conditions, making it essential for
ensuring food and livelihood security in vulnerable regions (Jarvis et al., 2021). However, limitations in dry matter
content and starch yield restrict its potential for both household consumption and industrial applications.

1.2 Problems of the study

Conventional breeding has contributed to improvements in yield, pest resistance, and starch quality, but progress has
been limited by cassava’s long breeding cycle, heterozygous nature, and challenges in phenotyping (Ceballos et al.,
2017; Rabbi et al., 2022). Recent advances in molecular genetics and breeding technologies, including genome-wide
association studies (GWAS), genomic selection, and CRISPR/Cas-based editing, have accelerated the identification
of genomic regions and candidate genes associated with key agronomic traits (Wang et al., 2021; Utsumi et al., 2023;
Lopez-Lavalle et al., 2024). For example, several quantitative trait loci (QTLs) and candidate genes linked to dry
matter content, starch biosynthesis, and carbohydrate metabolism have been identified (Esuma ez al., 2016; Anjanappa
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et al., 2022). These advances highlight the potential of integrating genomic approaches into cassava improvement
pipelines.

Despite these developments, the molecular mechanisms underlying carbohydrate accumulation and dry matter
variation in cassava remain poorly understood. Reported QTLs explain only a small fraction of the phenotypic
variation, and functional characterization of candidate genes remains limited. Among these, the gene LOC110624725
has emerged from comparative genomic and homology-based analyses as a putative regulator of carbohydrate
metabolism and dry matter accumulation (Abah ez al., 2024). However, its structural and functional properties have
not yet been characterized, representing a critical gap in cassava genomics research.

1.3 Objectives of the study

The present study aims to characterize the structural and functional aspects of the LOC110624725 gene and its
encoded protein using computational approaches, including sequence annotation, protein modeling, and molecular
docking. By elucidating the potential role of this gene in carbohydrate metabolism, the study seeks to provide insights
that can support cassava improvement programs through marker-assisted selection and gene editing. Ultimately, this
research contributes to the broader goal of enhancing cassava dry matter content, improving processing efficiency,
and strengthening food security in the face of climate change.

2.0 Materials and Methods
2.1 Identification of Carbohydrate Metabolism-Related Genes

Genes involved in carbohydrate accumulation in Manihot esculenta were identified through extensive literature
mining and database searches. The nucleotide sequence of LOC110624725 was retrieved from publicly available
cassava genome databases (National Center for Biotechnology Information:
https://www.ncbi.nlm.nih.gov/index1.shtml) were used as query sequences. Homologous genes in cassava were
identified using BLASTp and BLASTn searches against the cassava genome available in the Phytozome v13 database
and NCBI GenBank.

2.2 Sequence Retrieval and Domain Analysis

Protein and coding DNA sequences (CDS) of the identified cassava genes were retrieved in FASTA format. Conserved
domains and motifs were analyzed using Pfam (http://pfam.xfam.org/). These tools provided insights into the
functional domains, signature motifs, and superfamily classifications.

23 Physicochemical Characterization of Proteins

The ExPASy ProtParam tool (https://web.expasy.org/protparam/) was used to compute primary structure properties of
the encoded proteins, including Molecular weight, Theoretical isoelectric point (pl), Instability index, Aliphatic index,
and Grand average of hydropathicity (GRAVY)

2.4 Subcellular Localization Prediction

Subcellular localization of the identified proteins was predicted using WoLF PSORT (https://wolfpsort.hgc.jp/) and
TargetP 2.0 (https://services.healthtech.dtu.dk/ service.php?TargetP-2.0). These predictions helped infer potential
organelle targeting, especially plastid and cytosol localization critical for carbohydrate biosynthesis.

2.5 Gene Structure and Chromosomal Localization

The exon-intron structures of candidate genes were analyzed using GSDS 2.0 (Gene Structure Display Server) by
comparing genomic and CDS sequences. Chromosomal localization was mapped using data from Phytozome and
visualized using MapChart and TBtools.

2.6 Multiple Sequence Alignment and Phylogenetic Analysis

Protein sequences of cassava and homologous carbohydrate-related genes from other species were aligned using
Clustal Omega and MUSCLE. A phylogenetic tree was constructed using MEGA X with the Neighbor-Joining (NJ)
method and 1000 bootstrap replications to determine evolutionary relationships.
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2.7 3D Protein Structure Prediction and Validation

Three-dimensional ~ models  of  selected  proteins  were  predicted  using SWISS-MODEL
(https://swissmodel.expasy.org/) and Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2/). Model validation was performed
using Ramachandran plot analysis via RAMPAGE, ProSA-web for z-score evaluation and Verify3D for structure
quality.

2.8 Molecular Docking Analysis

The predicted protein structure was subjected to molecular docking simulations using AutoDock Vina. Ligand
selection was based on known interactors of homologous proteins. Binding affinity and interaction stability were
analyzed.

3.0 Results and Discussion
3.1 Translation of Actin-Related Protein in Cassava

The gene encoding Actin-Related Protein (ARP) in cassava was successfully translated into its corresponding protein
sequence, thereby confirming its potential functional role (Figure 1). The predicted ARP shares structural features
characteristic of conventional actins, suggesting its involvement in essential cellular processes. Such processes
typically include the regulation of cytoskeleton organization, facilitation of intracellular transport, and participation in
chromatin remodeling. The translation outcome provides evidence that the cassava ARP gene encodes a functional
protein with conserved biological roles, supporting its significance in cellular dynamics and genome regulation.

LOC110624725 (MANES_10G029000)

Carbohydrate accumulation
protein

Actin-Related Proteins (ARP5) gene

Figure 1: Translation of gene sequence to protein sequence

3.2 Evolutionary and Comparative Analysis

The translated ARP protein displayed highly conserved domains characteristic of actin superfamily proteins. Structural
modeling revealed that the protein adopts a globular configuration with conserved ATP-binding and filament-binding
sites, closely resembling canonical actins identified in Hevea brasiliensis and Jatropha curcas (Table 1). These
structural features suggest that ARPs in cassava may interact with other cytoskeletal components to regulate
intracellular trafficking and potentially influence starch granule organization within storage roots.

Homology searches further demonstrated strong sequence conservation of cassava ARP with homologs across a wide
range of plant species. The highest similarity was observed with Manihot esculenta sequences, while significant
matches were also detected in Hevea brasiliensis, Jatropha curcas, Euphorbia lathyris, and Ricinus
communis. Additional conservation was evident in more distantly related species such as Arabidopsis thaliana,
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Linum usitatissimum, Oryza sativa, and Castanea sativa (Table 1). This widespread conservation across
taxa highlights the evolutionary stability of ARPs and underscores their fundamental roles in plant cellular processes.

In cassava, the conserved structural motifs and sequence similarity suggest a functional contribution of ARPs to
cytoskeleton-mediated processes, including vesicular transport and cell wall organization. These functions may be
particularly relevant to starch biosynthesis, where efficient enzyme trafficking and vesicle movement are essential for
carbohydrate metabolism and dry matter accumulation in storage roots. The conservation of ARP function across
diverse plant species further supports its potential regulatory role in root development and storage organ formation in
cassava.

Table 1: Taxonomy of the BLAST Analysis

Organism Blast Name Score Number of Hits Description

rosids eudicots 100

fabids eudicots 54

.Malpighiales eudicots 28

...Euphorbiaceae eudicots 17

....Crotonoideae eudicots 7

...Manihot esculenta eudicots 1495 3 Manihot esculenta hits
...Hevea brasiliensis eudicots 841 2 Hevea brasiliensis hits
..... Jatropha curcas eudicots 638 2 Jatropha curcas hits
....Euphorbia lathyris eudicots 665 3 Euphorbia lathyris hits
....Euphorbia peplus eudicots 592 2 Euphorbia peplus hits
....Mercurialis annua eudicots 582 3 Mercurialis annua hits
...Ricinus communis eudicots 536 2 Ricinus communis hits
...Salix babylonica eudicots 457 4 Salix babylonica hits
...Salix dunnii eudicots 457 2 Salix dunnii hits
...Linum usitatissimum eudicots 438 2 Linum usitatissimum hits
...Viola odorata eudicots 427 2 Viola odorata hits
...Salix caprea eudicots 418 1 Salix caprea hits
.Alnus incana eudicots 553 1 Alnus incana hits
.Alnus glutinosa eudicots 553 3 Alnus glutinosa hits
..Fagus sylvatica eudicots 532 2 Fagus sylvatica hits
.Frangula alnus eudicots 505 2 Frangula alnus hits
.Rosa canina eudicots 431 1 Rosa canina hits
.Rosa agrestis eudicots 431 1 Rosa agrestis hits
..Carya illinoinensis eudicots 416 3 Carya illinoinensis hits
.Myrica gale eudicots 381 2 Myrica gale hits
..Quercus lobata eudicots 364 2 Quercus lobata hits
..Castanea sativa eudicots 361 2 Castanea sativa hits

33 Genomic Features and alignments of LOC110624725

The distribution of the top 241 BLAST hits across 100 subject sequences is presented in Figure 2. Gene structure
analysis revealed the presence of conserved exon—intron arrangements and motifs, which were consistently maintained
across species. This organization underscores the evolutionary stability of the ARP gene and supports its functional
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significance in diverse plant systems. Functional annotation of the aligned sequences indicated a strong association
with carbohydrate accumulation and related metabolic processes, highlighting a potential role of ARPs in regulating
storage reserve deposition. Furthermore, multiple sequence alignment confirmed a high degree of conservation with
homologous genes in other plant species (Table 2), reinforcing the hypothesis that ARPs perform essential and
conserved functions in plant growth and storage organ development. The Table 2 summarizes the sequences producing
significant alignments with the cassava ARP gene. The highest similarity was observed with Manihot esculenta
sequences, which produced maximum scores of 1495 with 100% query coverage and 100% sequence identity,
confirming the accuracy of the translation and annotation. Strong alignments were also obtained with closely related

Euphorbiaceae members, including Hevea brasiliensis, Jatropha curcas, Euphorbia lathyris, Euphorbia
peplus, and Ricinus communis, with percent identities ranging from 79% to 87%.

Beyond the Euphorbiaceae, significant hits were detected in other species such as Theobroma cacao, Linum

usitatissimum, Gossypium hirsutum, Medicago truncatula, and Fagus sylvatica, though with slightly
lower identity percentages. These results demonstrate that the cassava ARP gene is highly conserved not only within
its family but also across distantly related plant taxa. The conservation of exon—intron organization, functional
domains, and amino acid residues indicates that the ARP gene likely retains similar biological functions across these
species, particularly in cytoskeletal regulation and carbohydrate metabolism.

1 1 S 1 1 I _
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Figure 2: Distribution of the top 241 Blast Hits on 100 subject sequences
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Table 2: Sequences producing significant alignments

Scientific Name Max Total Query cover E Percent Identify Acc.Len  Accession

Score score (%) value (%)
Manihot esculenta 1495 4264 38 0.0 99.88 2283 XM 043960993.1
Manihot esculenta 1495 4567 40 0.0 99.88 2441 XM _043960992.1
Manihot esculenta 1495 4919 43 0.0 99.88 2635 XM 021769991.2
Hevea brasiliensis 841 2772 32 0.0 87.50 2294 XM _021799600.2
Hevea brasiliensis 841 3098 36 0.0 87.50 2653 XM 021799599.2
Euphorbia lathyris 665 1786 33 0.0 81.33 98129200 (QY755223.1
Jatropha curcas 638 2065 29 le-176  83.40 2542 XM 012233553.3
Jatropha curcas 638 2063 29 le-176 ~ 83.40 2575 XM 012233545.3
Theobroma 597 597 13 2e-164  80.17 33316976 CP142135.1
grandiflorum
Euphorbia peplus 592 1839 39 le-162  80.02 30534130 071231531
Euphorbia peplus 592 1839 39 le-162  80.02 29603500 (CP110837.1
Ailanthus 586 586 16 Se-161  77.92 39672376 CP098000.1
altissimus
Theobroma cacao 584 584 13 2e-160  79.95 30185970 (CP139291.1
Theobroma cacao 584 584 13 2e-160  79.95 21822658 [ T594797.1
Theobroma cacao 584 584 13 2e-160  79.95 27430170  OY284457.1
Theobroma cacao 584 584 13 2e-160  79.95 24730886 (OY284467.1
Theobroma cacao 584 584 13 2e-160  79.95 26412616  ()Y284447.1
Mercurialis annua 582 868 19 6e-160  79.67 43611580  OW569318.1
Ailanthus 580 580 16 2e-159  77.82 38427504  (X327683.1
altissimus
Microcos 566 566 13 6e-155  79.64 45588110 (CP131449.1
paniculata
Microcos 566 566 13 6e-155  79.64 47575556 CP131458.1
paniculata
Alnus incana 553 1011 23 S5e-151  79.07 44110253  (07222490.1
Alnus glutinosa 553 1017 23 Se-151  78.77 38106423 OY340900.1
Euphorbia lathyris 540 1366 21 4e-147  85.07 2276 XM_066015630.1
Euphorbia lathyris 540 1478 23 4e-147  85.07 2701 XM _066015629.1
Ricinus communis 536 1126 16 Se-146 8577 2441 XM_025159525.2
Ricinus communis 536 1124 16 Se-146  85.77 2746 XM _048375661.1
Fagus sylvatica 532 857 21 6e-145  78.77 36853746 07125612.1

3.4 Structural Docking and Functional Annotation of Actin-Related Protein

To elucidate the functional role of the actin-related protein, molecular docking analyses were performed, as illustrated
in Figure 3. The initial structure, composed solely of amino acid residues, was subjected to structural modeling to
determine its three-dimensional conformation. Upon inclusion of solvent molecules and relevant ligands, the protein
underwent conformational refinement, resulting in a stable and biologically plausible complex.

The final docked structure exhibited clearly defined, conserved domains associated with enzymatic or structural
activity. These domains were consistent with those found in known cytoskeletal proteins and regulatory enzymes,
suggesting functional conservation. Multiple ligand-binding sites were identified and validated through docking
simulations, demonstrating high-affinity interactions with key cellular metabolites. These interactions support the
protein’s potential involvement in intracellular signaling or structural organization.

Structural alignment against existing protein databases further revealed a high degree of similarity with known dry
matter regulators, indicating a possible role in biomass allocation or metabolic regulation. The alignment strengthens

69


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3983
https://www.ncbi.nlm.nih.gov/nucleotide/XM_043960993.1?report=genbank&log$=nucltop&blast_rank=1&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3983
https://www.ncbi.nlm.nih.gov/nucleotide/XM_043960992.1?report=genbank&log$=nucltop&blast_rank=2&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3983
https://www.ncbi.nlm.nih.gov/nucleotide/XM_021769991.2?report=genbank&log$=nucltop&blast_rank=3&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3981
https://www.ncbi.nlm.nih.gov/nucleotide/XM_021799600.2?report=genbank&log$=nucltop&blast_rank=4&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3981
https://www.ncbi.nlm.nih.gov/nucleotide/XM_021799599.2?report=genbank&log$=nucltop&blast_rank=5&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=212925
https://www.ncbi.nlm.nih.gov/nucleotide/OY755223.1?report=genbank&log$=nucltop&blast_rank=6&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180498
https://www.ncbi.nlm.nih.gov/nucleotide/XM_012233553.3?report=genbank&log$=nucltop&blast_rank=7&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180498
https://www.ncbi.nlm.nih.gov/nucleotide/XM_012233545.3?report=genbank&log$=nucltop&blast_rank=8&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=108881
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=108881
https://www.ncbi.nlm.nih.gov/nucleotide/CP142135.1?report=genbank&log$=nucltop&blast_rank=9&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=38846
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=38846
https://www.ncbi.nlm.nih.gov/nucleotide/OZ123153.1?report=genbank&log$=nucltop&blast_rank=10&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=38846
https://www.ncbi.nlm.nih.gov/nucleotide/CP110837.1?report=genbank&log$=nucltop&blast_rank=11&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2768810
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2768810
https://www.ncbi.nlm.nih.gov/nucleotide/CP098000.1?report=genbank&log$=nucltop&blast_rank=12&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3641
https://www.ncbi.nlm.nih.gov/nucleotide/CP139291.1?report=genbank&log$=nucltop&blast_rank=13&RID=VG7JPMJ1013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3641
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https://journal.ng-plantbreeders.com Nigerian Journal of Crop Improvement Vol.1.Issue 1

the hypothesis that the actin-related protein contributes to essential cellular processes beyond cytoskeletal
arrangement, potentially influencing growth and resource distribution.

Amino Acid Water and Ligand Actin-related
protein structure

Figure 3: Docking of the actin related protein structure

4.0 Discussion

The successful translation of the cassava Actin-Related Protein (ARP) gene into its corresponding protein sequence
confirms the presence of a functional ARP with conserved structural and biological features typical of the actin
superfamily (Figure 1). The predicted ARP exhibits conserved ATP-binding and filament-binding domains,
resembling canonical actins reported in Hevea brasiliensis and Jatropha curcas, suggesting its integral role in
cytoskeletal organization and intracellular transport (Table 1). This is consistent with recent findings highlighting the
importance of ARPs in regulating cytoskeletal dynamics and chromatin remodeling across diverse plant species
(Djakovic ef al., 2023; Kumar et al., 2024).

The observed strong sequence conservation between cassava ARP and homologs from Euphorbiaceae members (e.g.,
Manihot esculenta, Hevea brasiliensis, Jatropha curcas) and more distantly related plants such as

Arabidopsis thaliana and Oryza sativa (Table 1) underscores the evolutionary stability of ARPs. Similar broad
conservation of ARP genes has been linked to essential cellular roles including cytoskeleton assembly, vesicle
trafficking, and cellular morphogenesis (Wang et al., 2023; Li et al., 2024). The maintenance of exon—intron
organization and conserved motifs across species further supports the evolutionary pressure to preserve ARP function
in plants (Zhao et al., 2022).

In cassava, the conserved domains of ARP suggest a functional contribution to cytoskeleton-mediated processes,
particularly vesicular transport and cell wall organization, which are crucial for starch biosynthesis in storage roots.
Efficient intracellular trafficking is required for the proper localization of starch biosynthetic enzymes and storage
granule formation, as highlighted in recent studies connecting cytoskeletal dynamics with carbohydrate metabolism
(Fernandez et al., 2023; Santos and Oliveira, 2024). Thus, ARP likely plays a role in modulating starch granule
organization and dry matter accumulation, impacting cassava root development.

Functional annotation and multiple sequence alignments (Table 2) reinforce the hypothesis that ARPs regulate
carbohydrate accumulation and storage organ growth, with significant homology to genes implicated in biomass
allocation in other crops (Mei et al., 2023). Notably, the top BLAST hits showed 100% query coverage and identity
with Manihot esculenta sequences, confirming the robustness of the translation and annotation pipeline. Homologs

in Euphorbiaceae and other families such as Theobroma cacao and Medicago truncatula displayed sequence

identities ranging from 79% to 87%, indicating conserved function beyond the Euphorbiaceae lineage (Jin et al.,
2022).

Molecular docking analysis (Figure 3) revealed multiple ligand-binding sites within the ARP structure, indicative of
its interaction with key cellular metabolites. The high-affinity interactions identified suggest that cassava ARP may
participate in intracellular signaling and structural regulation beyond its classical cytoskeletal roles. This aligns with
recent reports describing multifunctional roles of ARPs in plant development and metabolic regulation, including
responses to environmental stimuli and growth regulation (Patel et al., 2024; Garcia and Liu, 2025). Moreover,
structural alignment with known dry matter regulators strengthens the proposition that ARP influences biomass
partitioning and metabolic allocation in cassava roots.
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5.0 Conclusion

This study provides a comprehensive structural and functional analysis of LOC110624725, offering valuable insights
for cassava breeding programs. The identification of conserved domains, sequence alignment, and ligand-binding
properties suggests its involvement in carbohydrate accumulation, making it a promising candidate gene to be targeted
for genetic improvement strategy for increased cassava root dry matter yield. Future research should focus on
validating these findings through experimental approaches such as CRISPR-based gene editing and functional assays.
The integration of multi-omics strategies, including transcriptomics and metabolomics, will be essential in elucidating
the full role of LOC110624725 in cassava starch biosynthesis and yield enhancement. By leveraging molecular
breeding tools, cassava improvement efforts can be accelerated to meet the growing global demand for high-yield,
high-quality cassava varieties.
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