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ABSTRACT Helicobacter pylori affects up to 50% of people worldwide. Here, we
present the draft genome sequences of six H. pylori strains isolated from Moroccan
patients with different gastric diseases. Multilocus sequence typing analysis showed
that all of the H. pylori isolates belonged to the hspWAfrica group.

Helicobacter pylori is a Gram-negative bacterium with four to six flagella. This human
gastric pathogen colonizes almost 50% of the world’s population (1). H. pylori is a

major etiological agent for a wide range of gastric diseases, such as gastritis, peptic
ulcers, gastric carcinoma, and mucosa-associated lymphoid tissue lymphoma (2). In
Morocco, the most common pathology resulting from H. pylori infection is chronic
gastritis, with a rate of 66%, and the risk of developing gastric cancer among infected
patients in this population is about 9% (3). Earlier studies on the structure of H. pylori
populations using multilocus sequence typing (MLST) based on seven standard house-
keeping genes (atpA, efp, mutY, ppa, trpC, ureI, and yphC) identified six main H. pylori
groups, namely, hpAfrica1, hpAfrica2, hpEastAsia, hpAsia2, hpEurope, and hpSahul, and
other more recent subpopulations; hpEastAsia was divided into the hspAmerind,
hspEAsia, and hspMaori groups and hpAfrica1 into the hspWAfrica and hspSAfrica
groups (4, 5).

Gastric biopsy samples were collected from the antrum of Moroccan patients during
upper gastrointestinal endoscopy (6). Cultures were performed in Columbia agar base
solid medium supplemented with 10% horse blood, which was made selective by the
addition of Skirrow supplement (Oxoid, Basingstoke, Hampshire, United Kingdom)
containing the following antibiotics: vancomycin (10 mg/liter), trimethoprim (5 mg/
liter), amphotericin B (2 mg/liter), and polymyxin (2,500 IU/liter). The cultures were
incubated for 6 days at 37°C in a humid and microaerobic atmosphere using microaero-
bic atmosphere-generating sachets (CampyGen; Oxoid). H. pylori strains were identified
based on the typical appearance with Gram staining and the presence of urease,
oxidase, and catalase activities. Genomic DNA was extracted using a QIAamp DNA
minikit (Qiagen, Courtaboeuf, France). The DNA quality of six H. pylori isolates (HP725g,
HP_751, HP_151, HP_Pws, HP_106, and G4) was assessed using a NanoVue spectro-
photometer (Biochrom) and quantified using a Quantus fluorometer (Promega). DNA
libraries were prepared using the Nextera XT library preparation kit, and sequencing
was performed in 2 � 251 cycles using the MiSeq 600-cycle v3 reagent kit (Illumina).
The paired-end reads generated by Illumina sequencing were analyzed by FastQC
v0.11.8 (7), and low-quality sequences were removed by Trimmomatic v0.39 (8). The
trimmed sequences were assembled de novo with SPAdes v3.9.1 or v3.13.1 (9) or Minia

Citation Kartti S, Bouihat N, El Hajjami N,
Ouadghiri M, Aanniz T, Elouennass M,
Belyamani L, Ibrahimi A, Benaouda A. 2020.
Draft genome sequences of six Moroccan
Helicobacter pylori isolates belonging to the
hspWAfrica group. Microbiol Resour Announc
9:e00714-20. https://doi.org/10.1128/MRA
.00714-20.

Editor Catherine Putonti, Loyola University
Chicago

Copyright © 2020 Kartti et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Azeddine Ibrahimi,
a.ibrahimi@um5s.net.ma.

Received 17 June 2020
Accepted 10 September 2020
Published 8 October 2020

GENOME SEQUENCES

crossm

Volume 9 Issue 41 e00714-20 mra.asm.org 1

https://orcid.org/0000-0003-0253-3292
https://doi.org/10.1128/MRA.00714-20
https://doi.org/10.1128/MRA.00714-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:a.ibrahimi@um5s.net.ma
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00714-20&domain=pdf&date_stamp=2020-10-8
https://mra.asm.org


v2.0.7 (10) software. All contigs were annotated by NCBI staff using the Prokaryotic
Genome Annotation Pipeline (PGAP) (https://www.ncbi.nlm.nih.gov/genomes/static/
Pipeline.html) based on the best-placed reference protein set and GeneMarkS� (11).
Assembly statistics for all six strains are provided in Table 1. Default parameters were
used for all software tools, unless otherwise stated

For analysis of the lineage type of the six studied strains, MLST phylogeny analysis
was performed based on seven standard H. pylori housekeeping genes (ureI, mutY, efp,
ppa, yphC, atpA, and trpC). The sequences of the seven genes were extracted from

FIG 1 Phylogenetic analysis of six Moroccan H. pylori strains (red) and 42 worldwide strains (the name used in the
phylogenetic tree represents that of the isolate recorded in the PubMLST database) by using the MLST method with
seven housekeeping genes (ureI, mutY, efp, ppa, yphC, atpA, and trpC). A multi-FASTA file containing the
concatenation of the housekeeping genes was created for each H. pylori strain. The Clustal W program in MEGA X
software was used for multiple sequence alignment of the MLST genes (14). A distance-based phylogenetic tree
was prepared using the maximum composite likelihood model, and bootstrap analysis was performed with 1,000
replications. A Newick tree format was generated using the neighbor-joining algorithm of MEGA X (15), and a
phylogenetic tree was constructed using the Interactive Tree of Life (iTOL) platform (16). All strains were divided
into four groups, i.e., hspWAfrica, hspSAfrica, hpEurope, and hpEastAsia.

TABLE 1 Genome statistics and genomic features of six Moroccan H. pylori strains

Strain
GenBank
accession no.

SRA
accession no.

Genome
size (bp)

Total no.
of reads

Avg
coverage (�)

Total no.
of RNAs

No. of
coding
sequences

No. of
contigs

Contig
N50 (bp)

G�C
content
(%)

HP725g MTLF00000000 SRR8369177 1,712,620 1,986,237 540 44 1,814 282 64,088 39.3
HP_106 MWQM00000000 SRR8369178 1,604,510 2,069,431 540 42 1,590 126 27,789 39.2
HP_Pws MUHJ00000000 SRR8369176 1,627,601 1,978,196 580 44 1,612 101 47,942 39.3
G4 MWUG00000000 SRR8369179 1,606,340 2,083,279 540 42 1,595 122 29,595 39.2
HP_751 WTXQ00000000 SRR11886358 1,865,241 1,324,943 380 47 1,865 306 57,556 40.9
HP_151 WTXP00000000 SRR11886357 1,781,460 2,710,885 330 50 1,775 221 59,001 40.1
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whole-genome sequence data for the six H. pylori strains using the ARIBA pipeline
v2.14.5 (12) and were concatenated. Besides the sequences from the Moroccan isolates,
42 H. pylori strains from different countries with a known origin were downloaded from
the MLST database (http://pubmlst.org/helicobacter) (13). MLST analysis showed that
the six strains belonged to the hspWAfrica group (Fig. 1). The availability of sequences
for Moroccan H. pylori genomes will be beneficial for functional comparative genomic
studies to greatly enhance the understanding of antibiotic resistance mechanisms
occurring in this pathogen and to provide information on the genetic population
lineage of Moroccan H. pylori strains.

Data availability. The draft genomes and the raw data for all six strains have

been deposited in the DDBJ/EMBL/GenBank and DDBJ/SRA databases under acces-
sion numbers MTLF00000000, MWQM00000000, MUHJ00000000, MWUG00000000,
WTXQ00000000, and WTXP00000000 (Table 1).
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