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Eimeria are a genus of Apicomplexan parasites of veterinary clinical importance. Ingestion of this parasite leads 
to coccidiosis, an enteric disease whose clinical signs include haemorrhagic diarrhoea, diminished weight gain, 
and mortality in severe infection. Species which infect chickens are of economic importance as coccidiosis 
incurs costs upwards of £10.4 billion to annual global poultry production [1]. Despite their impact in the 
agriculture sector, little is known about the genetic diversity of these parasites, and how this variation contributes 
to the rising level of resistance to current treatment strategies. These knowledge gaps have arisen due to the 
repetitive structure of Eimeria genomes, which pose a computational challenge in de novo genome assembly, as 
well as the use of limited marker sets. 

1. Develop a Nanopore long read sequencing workflow for Eimeria parasites.
2. Improve current Eimeria reference genome assemblies.
3. Use newly-complete reference sequences for whole-genome analyses.
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➤ Optimise sequencing workflow to improve DNA extraction yield, sequencing output, and sequencing 
quality. 

➤ Perform sequencing on field samples.
➤ Investigate vandidate variants for  resistance and precocious development.
➤ Integrate sequencing data into ML model for vaccine efficacy.
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Figure 2. Workflow for long read sequencing of Eimeria parasites. Three different DNA extraction methods 
were compared to assess which was optimal for extracting low-fragmented DNA. Assembly pipeline was 
derived from Oresegun et al., 2022 [2].

Figure 3. Whole genome analysis workflow of Eimeria tenella clonal cross-breeds using Illumina short read data 
and a complete reference genome to identify causative variants of drug resistance and precocious development 

[3].

Figure 4. Comparison of read length distributions
 from two different sequencing libraries.    

Table 1. Comparison of de novo assembly to two 
Eimeria tenella reference genomes [4, 5].
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1. Long read sequencing is a cost-effective method of improving the contiguity of existing  Eimeria 
genomes.

2. The choice of DNA extraction method has a significant impact on long read sequencing output and 
fragment length.

3. The availability of complete reference Eimeria genomes and the use of whole-genome sequencing 
revealed loci attributed to drug resistance and precocious development.

Variants called and filtered using GATK standard parameters for SNPs and INDELS

Exclude variants present or absent  in both Weybridge and Wisconsin samples 

Exclude variants with mean depth outside of interquartile range and allele frequency < 0.7 

Wisconsin-derived variants

Candidate Selection

Weybridge-derived variants

Reads from Weybridge strain, Wisconsin strain, and 22 clones aligned to Houghton E. tenella reference 
genome

4 clones removed due to low (>3X) mean coverage

Figure 5. (A) Structural comparison of de novo assembly and 2021 reference. (B) Overview of assembly errors 
and structural variants. Table 2. Structural variant summary obtained from Sniffles2 [6].
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Statistic
De Novo 

Assembly

2013 

Reference

2021 

Reference

Assembly 

Length
53.59 MB 51.9 53.25

Number of 

Contigs
256 4664 17

N50 440 kb 200 kb 4 MB

Complete 

BUSCOs
92.8 % 93 % 98.8 %

Structural 

Variation

De Novo 

Assembly

Insertions 917

Deletions 617

Inversions 7

Duplications 9

Variant Type Weybridge Wisconsin

SNPs 2416 2117

INDELs 415 508

Splice Region Variants 20 35

Missense Variants 150 133

Upstream/Downstream Variants 718 1009

Intergenic Variants 1699 1139
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Figure 1. Extrapolated 
region-specific annual 
cost of coccidiosis in 
millions (£).

Table 3. Summary of variants 
followingthe GATK and manual 
filtering pipeline outlined in Figure 3.

Figure 6. (A) PCA plot of samples derived from parental strains and 18 recombinant cross-breeds. (B) 
Proportional composition of parental-derived variants in each cross-breed.
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