Genome Assembly and Allele Distribution of Sulfolobus Islandicus
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Introduction

Extremophiles such as the genus Sulfolobus thrive in a range of extreme habitats that were
once thought to be inhospitable for life. These extreme habitats provide barriers to dispersal,
allowing us to better investigate population differentiation and its relationship to ecological
conditions. Previous study has shown that Sulfulobus acidocaldarius genomes are more
conserved than Sulfulobus islandicus, despite being closely related and sharing the same
geothermal habitats. Therefore, we suspect considerable variation in gene content and in core
genome variation of S. islandicus.

Also, previous study of S. islandicus specific neutral loci YG5714 0138 (“Aldhy” marker) has
showed that different ALD alleles dominate through out different hot springs and time scales.
Since the ALD alleles are S. islandicus specific loci that are under natural selection, their
phylogenetic relationship is likely representing the evolutionary pattern of core or variable
genomes of S. islandicus. In this study, we focus on 41 Sulfolobus islandicus genomes isolated
from Nymph Lake Yellowstone National Park in 2012.

Questions that we seek to address include:

- How S. islandicus are more subject to inter-species variation?

- What's the spatial and temporal pattern of genome variation of S. islandicus?

- How genes are distributed among strains from different hot spring populations?

Approaches that we used include:

- Comparative analysis of genome sequences of closely related genomes sampled over time and
space from YNP;

- Correlating the change in frequency of candidate loci over time with biotic and abiotic
changes between natural populations.

Materials and Methods

Sulfolobus isolates were purified from three hot springs in Nymph Lake Yellowstone National
Park in 2012 (Fig. 1) (Table 1).
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Figure 1. Summary of sampling sites in YNP. Left: shows geographic location of six basins in which acidic hot springs were
sampled. Right: Sulfate/chloride plots of acidic hot springs sampled from previous proposal. Focal springs for this proposal
sampled through time are shown in red.

These isolates were sequenced on an llluimina HiSEg2000. Among them, three isolates from
three different hot springs were also sequenced using PacBio RSIl. All genomes were assembled
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For phylogenetic analysis of ALD alleles, 17 samples from three distinct regions within
Yellowstone National Park: Gibbon Geyser Basin (GG), Nymph Lake (NL), Norris Geyser Basin
(NG) at three different time points: 2010, 2011 and 2012. These alleles were amplified and
pyrosequenced using the Roche/454 genome sequencer FLX Titanium +. For the 41 S. islandicus
genomes, all the lllumina short reads matched to the ALD gene were extracted using blastn,
and assembled using Sequencher. All the ALD alleles were aligned using clustalw and Phylip was
used to build the phylogenetic trees.

Results

S. islandicus is more variable than S. acidocaldarius

Mao and Grogan (2012) showed that S. acidocaldarius genomes are much more highly
conserved than S. islandicus, despite being closely related and sharing the same geothermal
habitats. We observe a similar, though less pronounced, trend. Pairwise average nucleotide
divergence and polymorphisms among core genomes in S. islandicus is 100 to 1000 folds higher
than those in S. acidocaldarius (Table. 2). (LNP = Lassen National Park)
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ALD allele distribution of S. islandicus

For the Aldhy marker, previous study identified 148 alleles from 203,058 Aldhy sequences. 19
alleles were dominant, and they comprise 99% of the total sequence abundance. Alleles A55,
Ad4, A46 and AO3 were found to have high sequence abundance occur in a large number of
samples, and are different by one to two SNPs. Allele A55 and/or A44 is found in high
abundance in NGO5 (>50%) while allele A46 is found primarily in NLO1 (Fig. 3), but also occurs in
NLO3 and NL13. Although allele A46 is present but never found at greater than 1% in NGOS5,
alleles A55, A44, and A46 can all be found to varying degrees in NLO1, NLO3, and NL13.
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Genome assembly of S. islandicus

The de novo assembly of lllumina reads using a5 pipeline yielded between 150 and 220
scaffolds, and the longest scaffolds is less than 1/10 of the whole genome. The S. islandicus
genomes were much more difficult to assemble, likely due to the presence of IS elements. By
using different hybrid assembly methods, we’ve managed to get three consensus draft
genomes (Fig. 2). The resulting scaffolds were contiguated into a single sequence using abacas
(Assefa et al., 2009) for each genome, using the consensus draft genome as a reference. To
ensure proper contiguation, reads were mapped to the assemblies and visualized with bwa and
samtools (Li et al., 2009). Further more, the contiguated scaffolds were manually checked and
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The phylogenetic analysis of dominant ALD alleles and ALD genes from 2012 S. islandicus
isolates shows the similar pattern. 18/34 isolates have the A46 allele, 9/34 isolates have the
A55 allele, and 4/34 isolates have the A44 allele. A46, A55 and A44 represent 91.2% genotype
of all the isolates from Nymph Lake 2012. Also, there is no significant spacial distribution

pattern of the ALD alleles (Fig. 4).
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with the a5 pipeline (Tritt et al., 2012). SPAdes (Nurk, Bankevich et al., 2013), SSPACE (Boetzer
et al., 2011) and MIRA assembler (Chevreux et al.,, 1999) was used to perform a hybrid
assembly with illumina reads and PacBio data, while PBlelly2 (English et al., 2012) was used to
fill the gaps between scaffolds using PacBio reads as references.

Conclusions

- Despite occupying the same genus and geothermal habitats, the genome of S. acidocaldarius
is much more highly conserved than S. islandicus. This may be indicative of different historical
population structure.

- 2 x 10*SNPs were identified among 37 S. islandicus genomes, which is 100 folds higher than S.
acidocaldarius.

- ALD alleles A55, A44, A46 and A03 were found to have high sequence abundance occur in a
large number of samples, and are different by one to two SNPs.

- ALD alleles A46, A55 and A44 represent 91.2% genotype of all the isolates from Nymph Lake
YNP 2012.

Table 1. List of isolates sent for complete genome sequencing

Conduc-

# Isolates Species Date .
tivity

Location Spring Temp pH

So far we’ve got 37 draft genomes of S. islandicus. The genome wise SNPs between all the
isolates is around 2 x 10*, which is 100 folds higher than S. acidocaldarius. To better assess
genome variation among these populations, we propose to sequence more strains that were
isolated in our 2008 - 2010 high-frequency sampling of our focal springs. The combined set of
Point genomes will represent the genome differences in time and space.

NLO1B_C01 25 S. islandicus 9/24/2012 Nymph Lake  Monitor

North/
Spanky
Prosperous

NLO3_C02 12 S. islandicus 9/25/2012 Nymph Lake

NL13 co1 4

S. islandicus 9/24/2012 Nymph Lake
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