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ABSTRACT Presented are five genomes from the polyextremophilic (optimal tem-
perature of >65°C and optimal pH of <3.5) archaeal family Sulfolobaceae, greatly
expanding order-wide genomic diversity. Included are the only obligate anaero-
bic species, several facultative sulfur utilizers, two metal mobilizers, one faculta-
tive chemolithoautotroph with robust metabolic versatility, and some of the most
thermophilic thermoacidophiles reported to date.

xtremely thermoacidophilic Sulfolobales (Archaea, Crenarchaeota, Thermoprotei, Sul-

folobales, Sulfolobaceae) are ubiquitous in highly acidic geothermal environments
around the world. These organisms subsist in inorganic component-rich (sulfur-rich,
metal-rich, and organic carbon-limited) environments, ranging from calderas to mud
pits to sulfur pools, and act as microbial transformers of inorganic, energetic materials
resulting from subsurface terrestrial activities. The genomes presented here are for the
strains Acidianus ambivalens DSM 3772 (1), Acidianus infernus DSM 3191 (2), Stygiolobus
azoricus DSM 6296 (3), Sulfuracidifex metallicus DSM 6482 (4), and Sulfurisphaera
ohwakuensis DSM 12421 (5), which have diverse metabolic capabilities and are globally
distributed (Table 1). This work represents a second stage in sequencing that comple-
ments previous work focused on metal biooxidizers of the genera Metallosphaera and
Acidianus (6). Additionally, this research reports three previously unsequenced type
strains and provides more complete information for two recent genome-sequencing
projects associated with the other two type strains.

All of the species presented here were obtained from isolates deposited at the
Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ). All of the
cultures were grown as recommended by the DSMZ; furthermore, the Acidianus spp.
and S. azoricus were cultured anaerobically with a hydrogen/carbon dioxide (20:80)
headspace. Organic solvent-based DNA extraction was performed with phenol, chlo-
roform, and isoamyl alcohol, as well as an isopropanol precipitation, similar to the
method described by Geslin et al. (7).

Single-molecule real-time (SMRT) sequencing was performed with either a SMRT cell
with the RS Il system or multiplexing (Barcoded Adapter kit 8A) in a SMRT cell with the
Sequel system (Pacific Biosciences, Menlo Park, CA, USA). Both library configurations
were size selected with BluePippin (15 or 3 kb) and prepared with a SMRTbell template
preparation kit 1.0-SPv3. Additional short-read data were prepared as either single-end
150-bp reads or paired-end 250-bp reads using the TruSeq Nano DNA v2 library
preparation kit, on either a MiSeq or NextSeq 500 sequencer (lllumina, San Diego, CA,
USA). Assemblies were performed with a recent repeat graph assembler designed for
long error-prone reads, Flye (v2.4.2), with default parameters and a 2.5-Mb genome size
estimate (8), using raw consensus long-read data (Table 1). Following the initial

Volume 9 Issue 11 e01490-19

Citation Counts JA, Vitko NP, Kelly RM. 2020.
Genome sequences of five type strain
members of the archaeal family Sulfolobaceae,
Acidianus ambivalens, Acidianus infernus,
Stygiolobus azoricus, Sulfuracidifex metallicus,
and Sulfurisphaera ohwakuensis. Microbiol
Resour Announc 9:e01490-19. https://doi.org/
10.1128/MRA.01490-19.

Editor Kenneth M. Stedman, Portland State
University

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

Address correspondence to Robert M. Kelly,
rmkelly@ncsu.edu.

Received 11 December 2019

Accepted 20 February 2020

Published 12 March 2020

PMerebleles  mraasm.org 1


https://doi.org/10.1128/MRA.01490-19
https://doi.org/10.1128/MRA.01490-19
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:rmkelly@ncsu.edu
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.01490-19&domain=pdf&date_stamp=2020-3-12
https://mra.asm.org

4 Microbiology

Counts et al.

‘PasoID,

‘(speas dg-05z pua-padied) basiy euiwny|| »
‘(speas dg-0s1L pus-916uls) 00s basixeN eutwny||

‘(Uond3Ies Q-G 1) 11 SY olgded >

‘(snoyypidw *s 104 dq 000'8< pue snuiayul Y 104 dq 000'S<) PaJa}|y peal-buo| 10 PaId|Y dNeWoW W] o

‘(UoNRI3S gY-€) |9nbas oligoed »

CS069/4X4S
LS7069/XUS

¥8¥S¥0dD
C60€E660NNYS
6517887 VYNIdd
L'ce

4SL6'€08'T
a(X18%) 991°00%'S
o(XT9€) 09%'LSL

9568¢01L LHYS
£S68E0LLYYS

00000000A55M
LZOEE660NINYS
0LrE9rVYNIdd
98¢

(0¥'6€8'L) &
L€L'661'T

o(X029) 0LL'LLY'S
»q(X80€) 19€79

057069/X4dS
677069/XUS

€8¥5¥0dD
L60EE660NINY'S
6517887 VYNIdd
9LE

4690'£86'L
2(X509) ¥0£'0€8Y
o(XT8Y) ¥9€'581L

8¥77069/XdS
L¥7069LXYdS

00000000AIdM
060£€660NINVS
65178817VNIdd
17443

(998'v817) ¥
1£9'0TT'T

o(X69%) TEO'LLLY
q0(X8EY) 0ST'YOL

IP7069/X4S
S¥069/X4dS

8¥5¥0dD
680€E660NINYS
65178817VNIdd
(443

4LT0'TST'T
p(X097) 789'196'€
o(X 199) €0¥'66¢C

eutwnyj|

olgoed
'OU UOISSadde peay
‘OU UOISS9IDe dWOUID)
‘ou uolssadde ajdwesolg
*'0U UoIssadde 133(0idolg
(%low) 1um,nu0d >+H

([dq] bryuod
1596.e| Jo 9z15) sbnuod Jo ‘oN
(dq) az1s swousn
(9besan0d) speas 1oys Jo "oN
(9beI2A0D) Speas buo| Jo "ON

0T 0 ST 0T 0C Hd jewndo

S8 S9 08 06 08 (o) dwa) [ewndo

9A11eYNdERY 210049y bIle[IEL=INY 9A11R)NdRY 9A13R)NDR wstjogelaw uabAxp

J1ydosloineoyijowayd J1ydosloineoyijowayd) J1ydosloineoyijowayd >1ydosioineoyijowayd >1ydosioineoyyjowayd wsljogeid|
ueder ‘suoyey

‘A91eA nyemyQ ul buuds 10H pue|ad| ‘uleAk|y ‘eyery| s210zy ‘pue|s| [onbip oes A|ey) ‘sojdep ‘eserey|os 1jj24e1dsid puead| ‘uieAk anynfuylia 91IS uoIe|os|

15906WDf ‘Llzzl WSAa 1P8L6WDI 12879 NSA 1LZO6WDI 19629 WSA 1SS68NDM ‘1161E WSA 1L6L6NDI 1Z4L€ WSA ‘OU UOo3edYI3USPI UOoIIIJ||0D

sisuanypmyo piabydsunyins SnoJj[pjaw Xa41pIdbInyins sn>110zp snqojoibAis snuJajul snupipiy SU3IDAIQUID SNUDIPIDY J9)wWeled

1104 e1RQ

sapads paduanbas jo solsudIdRIRYD pUR ‘A|qUasse ‘Budpuanbas ‘Uondajo) L 319VL

mra.asm.org 2

Issue 11 e01490-19

Volume 9


https://www.ncbi.nlm.nih.gov/bioproject/PRJNA488459
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA488459
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA488459
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA463410
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA488459
https://www.ncbi.nlm.nih.gov/biosample/SAMN09933089
https://www.ncbi.nlm.nih.gov/biosample/SAMN09933090
https://www.ncbi.nlm.nih.gov/biosample/SAMN09933091
https://www.ncbi.nlm.nih.gov/biosample/SAMN09933021
https://www.ncbi.nlm.nih.gov/biosample/SAMN09933092
https://www.ncbi.nlm.nih.gov/nuccore/CP045482
https://www.ncbi.nlm.nih.gov/nuccore/WFIY00000000
https://www.ncbi.nlm.nih.gov/nuccore/CP045483
https://www.ncbi.nlm.nih.gov/nuccore/WGGD00000000
https://www.ncbi.nlm.nih.gov/nuccore/CP045484
https://www.ncbi.nlm.nih.gov/sra/SRX7690445
https://www.ncbi.nlm.nih.gov/sra/SRX7690447
https://www.ncbi.nlm.nih.gov/sra/SRX7690449
https://www.ncbi.nlm.nih.gov/sra/SRR11038957
https://www.ncbi.nlm.nih.gov/sra/SRX7690451
https://www.ncbi.nlm.nih.gov/sra/SRX7690446
https://www.ncbi.nlm.nih.gov/sra/SRX7690448
https://www.ncbi.nlm.nih.gov/sra/SRX7690450
https://www.ncbi.nlm.nih.gov/sra/SRR11038956
https://www.ncbi.nlm.nih.gov/sra/SRX7690452
https://mra.asm.org

Microbiology Resource Announcement

assembly, short-read data were mapped to all of the constructs using Bowtie 2 (v2.3.2)
(9), with medium sensitivity, in order to correct for sequencing errors from long-read
data. These short reads were curated with Trimmomatic v0.38 (10), with the criteria of
phred33 scores greater than 30 for head and tail and 28 within a sliding window of 4
bases and with the removal of reads of less than 145 bp (single-end reads) and 240 bp
(paired-end reads). Finally, genomes were deposited in the NCBI genome database,
where they were annotated via the PGAAP algorithm (11).
In summation, five genome sequences, representing diverse members of the family
Sulfolobaceae, are presented. While the S. metallicus genome remains unclosed, the
draft genome provided here greatly improves on a previous short-read assembly that
produced 167 contigs (accession number BBBY01); the A. ambivalens genome (previ-
ously 67 contigs) (12) is now closed. These data provide new information to assist
researchers in fields ranging from fundamental microbiology and ecology to biotech-
nology and metabolic engineering.

Data availability. All relevant BioProject, BioSample, and genome accession num-

bers are presented in Table 1.
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