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Assembled genome of an Ethiopian Plasmodium vivax isolate
generated using GridlON long-read technology
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ABSTRACT  Plasmodium vivax causes ~20% of malaria cases in Ethiopia. Here, we report
a long-read genome assembly generated from an individual collected in 2022. P. vivax
is genetically diverse across endemic regions; thus, the genome assembly of an African
isolate is an important resource for the malaria research community.
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lasmodium vivax is the most widely distributed malaria parasite species and is

prevalent in the Americas, Southeast Asia, and countries in Africa. In Ethiopia, ~20%
of malaria cases are caused by P. vivax (1) although this is likely under-reported due
to the failure of rapid diagnostic tests to detect low parasite densities (2). Since the
first finding that P. vivax exhibits significantly more genetic diversity than Plasmodium
falciparum (3), several more reports have suggested a greater capacity of P. vivax for
functional variation (4-6). Therefore, generating representative reference genomes from
vivax endemic regions to capture the regional diversity is essential. We report here the
assembly of an African P. vivax isolate from an Ethiopian individual.

Blood was collected from an individual at a health center in southeast Ethiopia
in October 2022. Total DNA extracted using the Qiagen Blood & Cell Culture Mini
Kit was sheared using Covaris gTubes, cleaned, and size-selected using Ampure XP
beads (Beckman Coulter). The sequencing library was prepared from 1 pg of DNA using
Oxford Nanopore Technologies Kit V14 (SQK-LSK114), loaded onto an R10.4.1 flow cell
(FLO-MIN114), and run on a GridlON device for 72 hours. Basecalling of sequencing reads
was performed using the MinKNOW software (version 23.07.5, Guppy version 7.0.9) with
the high accuracy model (400 bp). A paired-end DNAseq library was also generated
using an lllumina Nextera DNA Flex Library Preparation kit following the manufacturer’s
instructions. We generated paired-end RNAseq lllumina reads (2 x 100 bp) from the same
isolate. Total RNA was extracted using the Tempus Blood RNA Systems kit, and a library
was prepared using the KAPA RNA Hyperprep Kit with RiboErase. Both the DNAseq and
RNAseq libraries were sequenced on an lllumina Nova-seq 6000 (2 x 100 bp).

Bioinformatics software described below was used with default parameters except
where otherwise noted. QC and filtering of the lllumina reads were performed using
FastQC (7) and Trimmomatic (8), respectively, and reads mapping to the human genome
(GRCh38), or those of low quality or containing adapter contamination, were discarded.
Both sets of lllumina reads were used to polish the assembly only. Quality control
of the GridlON sequencing reads was performed with the MinKNOWN software (ONT
version 23.07.15), and reads mapping to the human genome (GRCh38) and/or with low
quality and/or containing adapter contamination were discarded. The remaining reads
(N5sg = 10.7 kb) were assembled using Canu version 2.2 (9) under custom parameters
(increasing the correctedErrorRate). The contigs were ordered and scaffolded using
RagTag (10) and the PvWT1 reference sequence from Thailand, and the assembly was
polished using DNAseq reads (one round, 2x coverage) and RNAseq reads (four rounds,
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TABLE 1 Assembly statistics of four P. vivax reference genomes and our new draft genome from Ethiopia

Pv_MHC-087 Pv_Sal1 Pv_PO1 Pv_W1 Pv_PAM
Country Ethiopia El Salvador  Indonesia Thailand Peru
Reference This work (14) (15) (16) 17)
Sequencing platform GridlON Sanger lllumina lllumina/ Illumina/

PacBio PacBio

Total no. scaffolds 128 30° 242 19 28
Size (Mb) 29.21 26.8 29.04 29.00 29.43
Total gaps 216 16 422 0 0
N5 (Mb) 2.10 1.67 1.76 2.11 1.99
Lso 6 6 6 6 6
Log 14 269 24 13 14
G + C content (%) 39.41 42.19 39.59 39.85 39.56
Completeness (%) 96.0 99.3 99.3 99.3 99.3
Gene count 4,518 5,530 6,523 6,075 6,412

Assigned to 14 P. vivax chromosomes; 2,745 (4.2 Mb) small contigs could not be assigned.

21x coverage) using Pilon (11). The gene content was estimated using COMPANION (12)
(Pv-P01 as reference), RNAseq reads (transcriptome), and custom Python scripts. Genome
completeness was calculated using BUSCO (13) (version 5.3.0) and assembly statistics
using custom Python scripts.

The draft genome assembly has 14x coverage and consists of 128 scaffolds with
a total size of 29.21 Mb and 39.41% G + C content. The N5g (2.1 Mb) is the second
largest in the five P. vivax reference genomes available to date, with an Lsg of only six
scaffolds, similar to all the reference assemblies (Table 1). The genome completeness
(96.0%) and the total gene count (4,518) were slightly lower as compared to other
reference genomes, suggesting a small fraction of the genome corresponds to unre-
solved, fragmented, or redundant sequences in the assembly. This reference genome
for an Ethiopian P. vivax isolate—and indeed of a P. vivax isolate from Africa— will be
a key for comparative genomic analyses to understand the mechanisms driving genetic
diversity among isolates from different regions.
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