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ABSTRACT We report the draft genomes of two Mycobacterium tuberculosis biovar
bovis strains. Strain Ravenel was isolated in the 1900s and has been shown to be
attenuated in cattle. Strain 10-7428 is considered highly pathogenic in cattle and
was isolated from a bovine tuberculosis outbreak.

M ycobacterium tuberculosis biovar bovis is the primary cause of bovine tuberculo-
sis, a major disease of cattle. We report the genomes of one virulent strain (10-

7428) and one attenuated strain (Ravenel).
Strain Ravenel was isolated in the 1900s from a tuberculous cow and has been

maintained in rabbits. Ravenel is virulent in rabbits (1, 2), guinea pigs (2), and mice
(2–4) but causes subclinical infections in cattle without tuberculous lesions (5). Strain
10-7428 was isolated from a 2010 outbreak in a Colorado dairy herd (6) and has been
maintained by the U.S. Department of Agriculture (USDA) (7).

Ravenel and 10-7428 strains obtained from the USDA National Animal Disease
Center were cultured at Michigan State University on Middlebrook 7H10 slants (Hardy
Diagnostics, Santa Maria, CA, USA) for 14 days at 37°C in 5% CO2 before DNA extraction
with the soil/fecal DNA miniprep kit (Zymo, Irving, CA, USA) and submission to
Novogene for sequencing. Genomic DNA was randomly sheared and library prepara-
tion was performed with the NEBNext DNA library preparation kit (New England
BioLabs) for paired-end (2 � 150-bp) libraries. Quality checking was performed with a
Qubit 2.0 fluorometer, Agilent 2100 Bioanalyzer, and quantitative PCR before Illumina
NovaSeq sequencing. Novogene used in-house software (v1.0) for quality control and
trimming, removing read pairs with any adapter contamination, pairs for which uncer-
tain nucleotide calls were .10% of the read length, and pairs with Phred Q scores of
#5 for at least one-half of either read. Further analyses were performed with default
parameters unless noted. Kraken 2 (8) mapped 99.56% of Ravenel reads and 99.06% of
10-7428 reads to the Mycobacterium tuberculosis complex, using the Kraken 2 sug-
gested default standard database for the widest scope of contamination detection. All
reads, regardless of Kraken 2 assignment, were assembled de novo using ABySS v2.1.5
(k value of 96) (9). M. tuberculosis variant bovis AF2122/97 (GenBank accession number
LT708304) was used as the reference for assembly correction and scaffolding by
RagTag v1.1.0 (10). Assemblies were analyzed by QUAST v5.0.2 (11), and contigs of
,200 bp were removed before submission to the NCBI Prokaryotic Genome
Annotation Pipeline (PGAP) v5.1 (12).

Strain Ravenel yielded 9,074,522 reads and after PGAP annotation included 18 con-
tigs (N50 of 4,371,545 bp and coverage of 69�) with a total length of 4,377,551 bp (GC
content of the largest contig of 65.6%). PGAP identified 4,058 coding sequences (CDSs),
3 rRNAs, 45 tRNAs, 3 noncoding RNAs, and 192 pseudogenes.
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Strain 10-7428 yielded 8,877,919 reads and after PGAP annotation included 20 con-
tigs (N50 of 4,360,600 bp and coverage of 113�) with a total length of 4,367,626 bp (GC
content of the largest contig of 65.6%). PGAP identified 4,054 CDSs, 3 rRNAs, 45 tRNAs,
3 noncoding RNAs, and 208 pseudogenes.

The 39 and 59 ends of the largest contig for both assemblies were subjected to
BLAST (12) searches against strain AF2122/97 (GenBank accession number LT708304)
and demonstrated perfect overlaps at the start and end of the reference sequence,
supporting closed, circular genomes. However, while these large, single contigs span
typical genome lengths for both assemblies, additional and distinct smaller contigs
may represent true variation and lead us to still consider these draft genomes.

Data availability. Data are available through NCBI BioProject PRJNA713797.
GenBank accession numbers are as follows: for raw reads, SRX10318108 for Ravenel
and SRX10318109 for 10-7428; for post-PGAP sequences, JAGEUB000000000.1 for
Ravenel and JAGEUC000000000.1 for 10-7428.
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