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ABSTRACT

Markers were developed from 446 species of Archaea and Bacteria with complete genomes.

The VIMSS/ESPP2 project requires understanding of the microbial communities at contaminated T ¢ :
The 31 species that were removed for testing are shown in color.

field sites and, among other methods, will employ metagenomics in this endeavor. Metagenomics
projects that seek to elucidate the population structure of microbial ecosystems are faced with the
related computational challenges of classifying the sequences obtained and quantifying which
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COSMs, SCP and Novel counts for several high level taxonomic groups (HLTG), specific to that node (not
including children counts). Counts with the requirement of presence within >60% and >75% of clade member
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named “MicroCOSM?™, that greatly increases the probability that a marker will be found in any given
sequence and therefore offers improved coverage for phylogenetic classification and quantification of
microbial types in an environmental sample.
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SPECIAL COSM TYPES: SCP AND NOVEL

While the COSMs may be used to assign membership to a clade, it is single-copy prevalent (SCP)
genes that are best for branch placement within the clade, as they are not subject to duplication nor
horizontal transfer. Additionally, novel families (NOVEL) that are only observed within a given
clade may represent the introduction of protein families to that lineage.
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SCAN METAGENOMIC SEQUENCE WITH COSMs

In order to scan the metagenomic sequence with the clade-oriented sequence markers, profiles must
be built and thresholds for membership in the protein family determined.
1. Make a multiple sequence alignment (MSA) of COSM proteins and build profile.
2. Determine lowest-scoring sequence for membership threshold.
3. Scan metagenomic reads with COSM profile and accept hits above threshold.
4. If COSM is also single copy prevalent (SCP), then fit into tree.

Bacteroidetes

We removed 31 species that were of varying distance by 16S rRNA gene similarity to the closest
remaining species and built a test set of COSMs. We then examined the fraction of each of these 31
genomes that could accurately be assigned to high-level taxonomic groups (e.g. phyla) using 16S
rRNA genes, the 31 COGs used by von Mering et al., our test COSMs and SCP-COSMs (both with
>75% prevalence requirement), and a BLAST comparison with the proteomes of the remaining

at the sister level with BLAST

species. We also examined more fine-grained taxonomic
as the only method roughly comparable to phylogenetic placement.
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Methanococeus maripaludis Euyarchacota 7 1es 025 1 66 4 1 856 875 856 66s
Methanococcoides burtonii DSM 6242 Euryarchasota 7 2 o017 54 o2 9 77 & 77 81
Thermofium pendens Hrk 5 narchacota 5 181 0083 1 292 2 5 758 556 756 214
Sulfolobus acidocaldarius DSM 639 Crenarchaeota 8 223 0068 12 149 993 14 7 85 948 8l5 6.
Desuifotalea psychrophia LSvS4 4 366 045 053 03 s 1 5 783 423 789 1.
Pelobacter propionicus DS 237 i 5 424 015 053 42 9 2 1 B2 e89 829 55
hiomicrospira deniirificans ATCC 33889 Epsion 7 22 028 PEN 6 5 e84 536 g8, i
Wolnella succinogenes Epsic B 211 0@ 1 3 11 88 909 49 99 4.
Neoricketiia sennetsu st Myayama  Alpha 7 08 017 28 7 110 75 e 75 72
ohingopyxis alaskensis FB2256 Apha 7 33 oo 07 4 33 955 866 838 866 61
Chromobacterium violaceum ATCC 1247 Beta i 475 025 o048 2 o 5 83 5 114
Fhodoferax ferreducens DSM 15236 Beta 8 4% o0z 047 21 18 718 866 86 40,
Chromohalobacter salexigens DSM 3043 Gamma 6 37 02 08 3 12 747 87 7 10
seudoalteromonas haloplankls TAC125 Gamma 1 38 03 0s a3 12 777 E 81 24
ynechocysts sp. PCC Cyanobacteria 1395 o015 088 4 3 5 i a1
ynechococeus sp. JA yanobacteria 4 293 005 073 5 37 957 833 833 9.
Desulforudis audaxviator MP104C: Clostridia 4 235 o014 0% 3 044 247 807 807 17
Clostridium totani E88 ostridia 6 287 08 074 3 12 674 81 LI
reaplasma Urealyticum Nolicutes 3 075 079 5 1 035 208 807 807 3.
Mesoplasma florum Lt Molicutes 9 079 013 25 o 3 88 957 886 866 77,
Oenococcus oani PS Laciobacilales 3 178 o018 1 1001 5 79 79 4
ediococcus pentosaceus ATCC 25745 Lactobacililes 2 1B 043 1 49 100 12 100 849 89 54
Geobacilus kaustophius HTA425 cilales 5 3s 03 o062 51 91 35 807 809 809 59
cilus clausi KSMK1E Bacillaes 4 43 025 055 3 &7 2 1 81 831 47
Propionibacterium acnes KPA171202  Actinobacteria 3 2% 018 081 51 2 7 e28 s28 22
Corynebacterium ciphiherias Actinobacteria B 251 0ss 03¢ 72 9 6 8 838 838 68
malis DSM 11300 8 3 02 07 72 @ 57 85 & &7 7
Troponema denticola ATCC 35405 Spirochastes 3 284 o011 082 38 9 31 481 807 807 7.
Chiamydophila preumonias AR3S Chiamydiac 5 12 012 19 2 27 10 823 w76 823 %
Pelodictyon lteolum DSM 273 Chiorobi 6 23 012 0% 82 o 7.1 2 &3 8 &3 6
Porphyromonas gingivals W83 Bacteroidetes 1 23 o025 098 35 7 058 76 e 787
AVERAGE %7 271 o025 11 57 965 48 88 627 649 827 512
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CONCLUSIONS

We have improved the coverage provided by traditional universal sequence markers by identifying
clade-oriented sequence markers. Using stringent requirements for inclusion in the gene family,
coverage increases from the ~1% of universal COGs to approximately 3-6% with COSMs,
accompanied by a small loss in accuracy. Greater coverage but less accuracy is expected using looser
thresholds. Comparison with pair-wise BLAST-based methods shows COSMs to be far more
accurate, albeit with less coverage. Lastly, unlike BLAST-based methods, SCP-COSMs permit
placement explicitly on the tree, and permit greater coverage with which to access the population
structure of a microbial community than universal COGs alone. We expect that more comprehensive
sequencing in poorly sampled clades, such as Clostridia, will improve results in future versions of the
method.
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