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ABSTRACT Neisseria gonorrhoeae is the etiological agent of gonorrhea, the second
most common notifiable disease in the United States. Here, we used a hybrid ap-
proach combining Oxford Nanopore Technologies MinION and Illumina MiSeq se-
quencing data to obtain closed genome sequences of nine clinical N. gonorrhoeae
isolates.

Neisseria gonorrhoeae is the causative agent of gonorrhea, the second most com-
monly reported notifiable disease in the United States (1). Gonorrhea poses a

major public health threat, with emerging resistance to nearly all available antibiotics,
including first-line dual therapy with azithromycin and ceftriaxone. Whole-genome
sequencing (WGS) has become increasingly useful for tracking the spread and eluci-
dating mechanisms of antimicrobial resistance (2–5). Prior to submission of our closed
genomes to GenBank, there were 18 complete genome assemblies in the NCBI Refer-
ence Sequence Database (6). We report 9 new complete genomes spanning multiple
sequence types.

N. gonorrhoeae isolates collected from symptomatic individuals for routine
surveillance in Los Angeles, USA, were chosen for WGS. N. gonorrhoeae isolates were
streaked onto Thayer-Martin chocolate agar plates (Hardy Diagnostics, Santa Maria,
CA) and grown overnight at 37°C in a humidified 5% CO2 environment. For MinION
sequencing, high-molecular-weight genomic DNA was prepared from bacteria scraped
from Thayer-Martin agar using the Gentra Puregene Yeast/Bact. kit (Qiagen catalog number
158567) using manufacturer specifications. The Illumina sequencing libraries were prepared
using the TruSeq library kit with bead-based size selection and were loaded onto an
Illumina MiSeq flow cell. Sequencing was performed with a MiSeq reagent kit v3 in a
2 � 300-bp paired-end format. The MinION sequencing libraries were prepared using the
rapid barcoding kit (catalog number SQK-RBK004) and loaded onto a single MinION R9.4
flow cell. Oxford Nanopore Technologies (ONT) reads were base-called with Albacore v2.0.2,
generating 2.4 Gbp of data. Raw and trimmed Illumina reads were assessed using FastQC
v0.11.7, and quality trimming was performed using Trimmomatic v0.32 (7) with the
following settings: ILLUMINACLIP, TruSeq3-PE-2.fa:2:30:10; LEADING, 3; TRAILING, 3;
SLIDINGWINDOW, 4:24; and MINLEN, 60. ONT reads were demultiplexed and
quality-trimmed using Porechop v0.2.3 (8) with default settings. A hybrid Illumina-
ONT de novo assembly was performed using the Unicycler v0.4.7 pipeline (9) in
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normal mode. Pilon v1.22 (10) was used iteratively (first using the flag --fix bases,
then --fix all) to polish the assemblies with Illumina reads until no additional
changes could be made. Detailed assembly statistics are provided in Table 1.

The genomes were annotated using the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP) (6, 11). Multilocus sequence typing (MLST) and N. gonorrhoeae se-
quence typing for antimicrobial resistance (NG-STAR) were determined in silico using
LOCUST (12) with default settings and are provided in Table 1. N. gonorrhoeae multi-
antigen sequence typing (NG-MAST) was determined in silico using NGMASTER (13)
with default settings and is provided in Table 1. Novel NG-STAR profiles were confirmed
via PCR (14, 15) and Sanger sequencing (Genewiz, South Plainfield, NJ) and uploaded
to the NG-STAR database (16).

This study highlights the value of long-read sequencing in both detecting and
closing plasmid sequences, as circular plasmids have been detected in only 22% of the
18 closed N. gonorrhoeae genomes, yet the cryptic plasmid is present in over 96%
of isolates (17). We detected and completely assembled the N. gonorrhoeae cryptic
plasmid in all nine isolates and detected and assembled the conjugative plasmid in
strain FQ01 (Table 1).

Data availability. The complete genome sequences and the raw sequencing reads
have been deposited in GenBank and the NCBI Sequence Read Archive (SRA), respec-
tively, and are available under the accession numbers listed in Table 1.
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