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&e, Microbial Communities:

Important in many environments
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O Michigan State University

> First land-grant university in USA, est. 1855

>teaching of practical agriculture, science, and
engineering

» 50,000 students (11,000 graduate students)

» College of Agriculture & Natural Resources
> Dept. of Plant Soil and Microbial Sciences
» Center for Microbial Ecology

» Study microbes and their interactions in the
environment
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Microbes are Dominant in Biosphere

= Biomass:
Prokaryotes 4-6 x 10% cells, containing:
— 350-550 Pg of C (0.6-1 X plants)
— 85-130 Pgof N (10 X plants)
-  9-14 PgofP (10 X plants)

= Environments:

— Open ocean 0.12 x 10%° cells
- Soil 0.26 x 10% cells
— Oceanic subsurface 3.5 x 103 cells

— Terrestrial subsurface 0.25-2.5 x 10% cells

= Biodiversity: 400,000 - 4,000,000 species

Whitman et al. (1998) PNAS 95:6578

hitp://rdp.cme.msu.edu °
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o Can you name these bacteria?

Morphological properties are not phylogenetically coherent.

From: Ch. 2 -- Terrestrial Bacteria from A ltural Soils: h;

By
Kalantari and Mehdi Razzaghi-Abyaneh DOI: 10.5772/4591
http://rdp.cme.msu.edu
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C0Challenges to Traditional Taxonomy

= Only a small number of phenotypic traits
are easily tested.

= Phenotypic traits are often not congruent
with (molecular) phylogeny.

= The vast majority of microbial species
have not been studied in pure culture.

http://rdp.cme.msu.edu
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Ribosomal RNA sequence as
phylogenetic marker

Carl Woe.?e

(1929 —2012)

= Discovered "“3rd
kingdom”

= Archaea and Bacteria
separate domains

Contrast with former
Prokaryote hypothesis

£
o Phylogenetic Tree of Life

Bacteria Archaea Eucaryota
Green
Filamentous Sli
Spirochetes bacteria Entamoebae M°  Animals
Gram Methanosarcina Fungi
positives [ vethanobacterium |  Halophiles

Plants

Proteobacteria
Cyanobacteria

Methanococcus

Ciliates

Planctomyces Thermoproteus

Pyrodicticum

Flagellates

Bacteroides Trichomonads
Cytophaga

Microsporidia
Thermotoga

i Diplomonads
Aquifex:

Three domains of life based on the work of Carl Woese and colleagues
hitp://rdp.cme.msu.edu/ 7
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OO0  Ribosomes — Universal Marker

= Protein synthesis factory.

= Core function present in all cellular

) organisms.
Subunits rRNA . . .
= Very little evidence of horizontal gene

165 transfer.
235 " Historically easy to work with.
55 — Purify by centrifugation and extract rRNA.

= Now we use PCR to amplify from genomic
DNA

— rRNA genes have conserved regions
interspersed with highly variable regions.

— Conserved regions used for both PCR primers
and sequencing primers.

http://rdp.cme.msu.edu

Phylogenelic conservation superimposed onto the
'dp Escherichia cofl Small Subunit rRNA secondary structure

Interspersed conserved
and variable regions

http://rdp.cme.msu.edu

&de, Diversity of uncultured organisms
explored by rRNA sequencing

David A. Stahl, David J. Lane, Gary J. Olsen and Norman R. Pace
Science, New Series, Vol. 224, No. 4647 (Apr. 27, 1984), pp. 409-411
Published by: American Association for the Advancement of Science

(trunk wall and trophosome) and Calyp-
togena magnifica (gill tissue) and live
specimens of Solemya velum were ob-
tained (7): gill and foot tissues were

Abstract. Ribosomal RNA (rRNA) sequences were used o establish the phyloge-  excised and frozen immediately upon
netic affilations of symbioses in which prokaryotes appear to confer sulfur-based  receipt. Total RNA was isolated from
chemoautotrophy on their invertebrate hosts. Two submarine hydrothermal vent homogenized tissues extracted with hot
animals, the vestimeniferan tube worm Riftia pachyptila and the clam Calyptogena phenol and sodium dodecy! sulfate and
magnifica, and a tidal-fla bivalve, Solemya velum, were inspected. S rRNA’s were  fractionated by polyacrylamide gel elec-
extracted from symbiont-bearing tissues. separated into unique forms. and their  trophoresis (Fig. 1A). After elution, the
nucleotide sequences determined and related 10 other 5S rRNA's in a phylogenetic  mixtures of 55 rRNA’s (host and symbi-
tree analysis. The prokaryotic symbionts are related 10 one another and afiliated  ont) were labeled at their 5* termini with
with the same narrow phylogenetic grouping as Escherichia coli and Pseud [y-7PIATP

ruginosa. The sequence comparisons suggest that Rifta is more closely related 1o polynucleotide Kinase or at their 3" ter-
the bivalves than their current taxonomic status would suggest. mini with [S*PIpCp (C. cytosine) and
RNA ligase and were resolved by elec-

Analysis of Hydrothermal Vent-Associated Symbionts by
Ribosomal RNA Sequences

Evidence b lated that sulfur- O h

oxidizing microbes can establish symbi-
otic relationships with certain inverte-
brates. producing *‘chemoautotrophic
animals™ (/). The putative symbionts
were identified histologically and by the
presence of high levels of certain Calvin
cycle and sulfur-oxidative enzymes in
the hydrothermal vent tube worm Rifria
pachyptila (2),in which the bacteria fill a

tivable organisms is to_establish their
phylogenetic relationships 1o better-
known organisms by appropriate macro-
molecular sequence comparisons (5). Ri-
bosomal RNA's (rRNA) seem well-suit-
ed among cellular macromolecules for
such analyses because of their ubiqui-
tous distribution, functional constancy.,
high conservation of primary structure,
and apparent freedom from artifacts of

sequencing gels (Fig. 1B). All SS RNA's
were sequenced from both termini by
enzymatic and chemical partial diges-
tions (Fig. 10). The derived sequences
and the alignments used for phylogenetic
analysis are shown in Fig. 2.

The relation of the symbiont 5§
TRNA's 10 those of better-known orga-
nisms is best understood as a phyloge-
netic tree (Fig. 3). The branch lengths

Hydrothermal Vent Black Smoker




phylogeneny.

© Prokaryotic Taxonomy
= Current taxonomy (nearly) coherent with

= Taxonomy is informed by phenotype.

= Taxon boundaries are circumscribed by
experts to attempt to give groups
meaningful to the practitioners

Uncultivated organisms not included

12/3/18
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Phylogenetic Analysis
vs. Classification

= Classification is conceptually easier to
interpret.

= Often preferred when the groups are
well understood.

= Phylogenetic methods are preferred
for new groups or when the
placement is not clear.

hitp://rdp.cme.msu.edu
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Simple classifiers from our work

http://rdp.cme.msu.edu

Taxonomic Classifiers

= Use concepts from Machine Learning

= Many algorithms can be applied

= Sequence Match
— Nearest-Neighbor (Last Common Ancestor)
RDP Classifier

— Naive Bayesian

hitp://rdp.cme.msu.edu

le et al. (2005) Nucleic Acids Research
3, Database issue: D294-D296
1186/540168-015-0093-6

XFORD JOURNALS

Nucleic Acids Resea

The Ribosomal Database Project (RDP-l): sequences and tools for

high-throughput rRNA analysis

ABSTRACT

The Ribosomal Database Project (RDP-II) provides
the research community with aligned and annotated
rRNA gene sequences, along with analysis services
and a phylogenetically consistent taxonomic frame-
data. Updated monthly, these services
lable through the RDP-1I website (http://
rdp.cme.msu.edu/). RDP-Ii release 9.21 (August 2004)
contains 101632 bacterial small subunit rRNA gene
sequences in aligned and annotated format. High-
throughput tools for initial taxonomic placement,
identification of related sequences, probe and primer
testing, data navigation and subalignment download
are provided. The RDP-Il email address for questions
or comments s rdpstafi@msu.edu.

DESCRIPTION

Release 9 introduces substantial changes to the Ribosomal
Database Project (RDP). These changes are in response to
the rapidly increasing number of available ribosomal RNA
‘gene sequences (tRNA sequences) and the trend toward high-
throughput rRNA sequencing with the concomitant need for

into its internal model. This aligner is trained on a set of
high-quality hand-aligned sequences and incorporates the
conserved bacterial secondary structure model of Gutell and
co-workers (3). As of release 9.21 (August 2004), the database
contained 101632 total small subunit bacterial rRNA
nces. Of these, 39772 were near full-length (1200
), 54316 came from uncultured organisms and 4431
from type strains of validly named bacterial species.
Taxonomy. All Relcase 9 10ols use @ new hicrarchical
Hierarchy) differing significantly from the
previous RDP releascs. The RDP
on the new phylogenetically consistent
higher-order bacterial taxonomy proposed by Garrity e al.
(4) (hup:/dx.doi.org/10.1007/bergeysoutline). This hierarchy
provides order to the collection. It provides a phylogenetic
framework into which to place results of the RDP analysis

functions, and it provides an entry point for users looking for
sequences from specific groups of organisms. New sequences
are placed into the RDP Hierarchy using the RDP Classifier
(sce below).

Analysis services

The RDP a
support the

is services have been completely revised to
rging trend toward high-throughput rRNA
i ccology and related disciplines.

since the 2003 description (1), Details about the data and
analysis services can be found at the RDP-II website (bttp://

Three of the tools listed below incorporate the concept of data
filters. The user can choose to apply up o three data filters on

16

OXFORD JOURNALS
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le et al. (2005) Nucleic Acids Research
3, Database issue: D294-D296
Ec%y; 1186/540168-015-0093-6
The Ribosomal Database Project (RDP-ll): sequences and tools for
gy hput rRNA analysi
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Sequence Match is a complete re-implementation of the
| original Sequence Match method (1). Sequence Match finds
| sequences similar to a user’s query sequences using a word

‘matching strategy not requiring prior alignment. Sequence
Match is more accurate than BLAST (6) at finding closely
| related rRNA sequences (T:

e ‘The initial result page presents
a k-nearest neighbor (k-NN) classifier assignment of the query
sequences. A query is assigned to the lowest taxonomic rank
that includes the & highest scoring database sequences. The
value of k, as well as the three data filters can be changed at
will in this view. The user can switch from the summary k-NN
view to a detailed results view for any query sequence. In this
view, the top k database matches to the query are displayed in
the RDP Hicrarchy. In this mode, any subset of the matches
can be selected for transfer to the Hierarchy Browser and later




© SeqMatch

= NN - Nearest-neighbor classifier
* k-NN - k nearest-neighbors classifier

= LCA - Last common ancestor
(Lowest common ancestor)

http://rdp.cme.msu.edu

3% SeqMatch Comparison of
16S rRNA genes from two species

A. pyrophilus

E. coli ACUCCGU

GGAGGGU
GAAGCAC

AAGGGAC
AGGGACG
GGGACGG

CUCCGUG

GCCGCGG
uceauGe

CGGCUAA CCGCGGU

AAGCACC

ccaueec
GGCUAAC CGCGGUA cGeAGCE
AGCACCG Pp—
GCGGUAA GGAGGUC
GCACCGG ‘GCUAACU GUGCCAG
UGCCAGC CGGUAAU GAGGUCC
creccee CLIXErS GCCAGCA  GGUAAUA

AGGUCCC

ACCGGCU

uaaCuce  CCAGCAG GUAAUAC

GGUCCCA

cAGCAGE
€CGGCUA LAace GUCCCAA
AMCUCCE AGEAGEC  anUACGG
AGGGUGC UCCCARG
ACGGAGG  GCAGCCG puaccaa

GGGUGCA

GGACGGC
GACGGCU

AGCCGCG  UACGGAG
CAGCCGC

GGUGCAA

http://rdp.cme.msu.edu
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OO0 LCA - Last Common Ancestor

Bacillus thuringiensis; WS 2625; 284587

sacills Bacillus cereus; AF206326
Bacillus sp. No.49; ABOG6347
Bacillus clausii; A1297492
Bacillacead Bacillus flexus (T); IFO15715; AB021185
Geobacillus DS 227; A1294817

Bacillales Geobacillus caldoxylosilyticus; B70; AJ489326
Brochothrix campestris; NBRC 15547; AB680897

Brochothrix| i :
Brochothri MF 88; AY543029

Brochothrix campestris; DSMZ 4712; AY543038

ﬂ: Listeria ivanovii (T); CLIP12229; X98529

Listeria grayi; NCTC10812; X56154

http://rdp.cme.msu.edu
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Can represent a sequence as
a set of overlapping k-mers

GAAGCACCGGCUAACUCCGUGCCAGCAGCCGCGGUAAUACGGAGGGUGCAAG

http://rdp.cme.msu.edu
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SeqMatch Math

Given query sequence A and training sequence B,
the k-mer similarity between 4 and Bis defined as:

|k-mers in common]|
" min( |k-mers in A|, |k- mers in B|)

SAB

The training sequences with the
highest S, are the nearest-neighbors of query A

SeqMatch classifies query A into the
same taxa as its nearest-neighbors

http://rdp.cme.msu.edu 21

ing et al. (2007) AEM 73(16): 5261-5267
By 0.1128/AEM.00062-07

O
Naive Bayesian classifier for rapid
into the new bacterial taxonomy.

Applied and Environmental
aanaeer | Microbiology

ig of rRNA

q

The Ribosomal Database Project (RDP) Classifier, a naive Bayesian classifier, can rapidly and accu-
rately classify bacterial 165 rRNA sequences into the new higher-order taxonomy proposed in Bergey’s
Taxonomic Outline of the Prokaryotes (2nd ed., release 5.0, Springer-Verlag, New York, NY, 2004). 1t
provides taxonomic assignments from domain to genus, with confidence estimates for each assignment.
‘The majority of classifications (98%) were of high estimated confidence (=95%) and high accuracy (98%).
In addition to being tested with the corpus of 5,014 type strain sequences from Bergey’s outline, the RDP
Classifier was tested with a corpus of 23,095 rRNA sequences as assigned by the NCBI into their
alternative higher-order taxonomy. The results from leave-one-out testing on both corpora show that the
overall accuracies at all levels of confidence for near-full-length and 400-base segments were 89% or above
down to the genus level, and the majority of the classification errors appear to be due to anomalies in the
current taxonomies. For shorter rRNA segments, such as those that might be generated by pyrosequenc-
ing, the error rate varied greatly over the length of the 16S rRNA gene, with segments around the V2 and
V4 variable regions giving the lowest error rates. The RDP Classifier is suitable both for the analysis of
single rRNA sequences and for the analysis of libraries of thousands of sequences. Another related tool,
RDP Library Compare, was developed to facilitate microbial-community comparison based on 165 rRNA
gene sequence libraries. It combines the RDP Classifier with a statistical test to flag taxa differentially
represented between samples. The RDP Classifier and RDP Library Compare are available online at
http/rdp.cme.msu.edu/.

Starting in the mid-1980s, Carl Woese revolunonwed me
field of microbiology with his rRNA-based
parisons delineating the three main branches of life (za) To.
day, rRNA-based analysis remains a central method in micro-
biology, used not only to explore microbial diversity but also as
a day-to-day method for bacterial identification. Identification
‘methods are conceptually easier to interpret than molecular
phylogenetic analyses and are often preferred when the groups
are well understood. Most rRNA identification (classification)

showed thatthe Bayesian method can sl b optima even when
is violated. The method has also been
rcponed 10 perform well on problems similar to the classification
of sequence data, such as the classification of text documents, that
have a high-dimensional feature space and sparse data (16).
‘The Ribosomal Database Project II (RDP) provides data,
tools, and services related to rRNA sequences to the research
community. As of January 2007, the RDP maintains over 300,000

bacterial sequences and averages over 5,000 new sequences




ng et al. (2007) AEM 73(16): 5261-5267 J waen | Applied and Environmental
' 10.1128/AEM.00062-07 L ﬁgg‘“\' MiCrObiO‘Ogy
Naive Bayesian classifier for rapid of rRNA

into the new bacterial taxonomy.

= Rapidly assigns sequences into bacterial,
archaeal and fungal taxonomies

= Works well on partial or full-length sequences
= Bootstrap confidence estimates

= Still in use as a standard microbial classification

si method en
field ken
pari ion
day, at
biolg
a day ta,
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are well GAderstood. Most TRNA
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© RDP Classifier

= Naive Bayesian classifier

= Uses training data to estimate
k-mer likelihood

= Assignment based on genus for
which k-mers are most common

http://rdp.cme.msu.edu

&
Estimating P(V | G)
k-mer SetV
CGGCUAA GUAAUAC ACGGAGG GCCGCGG
B. subtilis + + - -
B. clausii + - + -
B. smithii + + - -
B. flexus < i + -
B. ruris + + - -
Probability: 99% 80% 40% 01%

P(V| Bacillus) = (0.99 X 0.80 X 0.40 X 0.01) = 0.003168 or = 1 in 316
P(V|Sinobaca) = (0.99 X 0.01 X 0.20 X 0.01) = 0.000019 or = 1 in 50505

When you have eliminated the impossible, whatever remains, however improbable,
must be the truth.
Arthur Conan Doyle

http://rdp.cme.msu.edu

&de, RDP Classifier:
Leave-one-out Testing

100
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=100

80 =200

70 =400
=full

60

50

40

30 full

20

10 -

[ T — T — v
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http://rdp.cme.msu.edu

Taxonomy in the Genome Era

http://rdp.cme.msu.edu
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%% Bacterial and Archaeal Genomes
Available at NCBI (9/3/2018)
(Compare to >3 million rRNA genes)

11403 Complete Genomes
2025 Complete Chromosome
70950 Scaffolds

72311 Contigs only

156689 Total Genomes

Majority from a small number of species

&e. .
© Metagenomics

Metagenomics is the study of genetic material recovered
directly from environmental samples...

Because of its ability to reveal the previously hidden
diversity of microscopic life, metagenomics offers a
powerful lens for viewing the microbial world that has the
potential to revolutionize understanding of the entire living

%% Microbial Genomes from
Uncultured Organisms

= Single Cell Genomes: Single microbial
cells are separated before sequencing
— Issues: Incomplete genomes, enzymatic DNA
amplification causes artifacts
* Metagenomic Binning: Grouped from
metagenomic assemblies

— Issues: Incomplete genomes, may mix allelic
variants, contamination an issue

&
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— Wikipedia
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Nonpareil 3: Fast Estimation of Metagenomic Coverage and
Sequence Diversity

Luis M. Rodriguez-R,2 Santosh Gunturu,c James M. Tiedje,~< James R. Cole,“* Konstantinos T. Konstantinidis®*

ABSTRACT  Estimations of microbial community diversity based on metagenomic data
sets are affected, often to an unknown degree, by biases derived from insufficient cover-
age and reference database-dependent estimations of diversity. For instance, the com-
pleteness of reference databases cannot be generally estimated since it depends on the
extant diversity sampled to date, which, with the exception of a few habitats such as
the human gut, remains severely undersampled. Further, estimation of the degree of
coverage of a microbial by a ic data set is prohibitively time-
consuming for large data sets, and coverage values may not be directly comparable be-
tween data sets obtained with different sequencing technologies. Here, we extend Non-
pareil, a database-independent tool for the estimation of coverage in metagenomic data
sets, to a high- e computing il that scales up to hundreds of
cores and includes, in addition, a k-mer-based estimation as sensitive as the original
alignment-based version but about three hundred times as fast. Further, we propose a
metric of sequence diversity (N,) derived directly from Nonpareil curves that correlates

12/3/18
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Nonpareil-3
20,000,000
agenomic Reads
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Nonpareil-3
Measure relative abundance

&2
S

Kmer match

Nonpareil-k —— e Challenge Kmer (length 24)

— (281 Trillion possibilities)

R ks ce—

Effective read length = L - (k-1)

&

= Each challenge read represents
0.01% of the metagenome.

= By measuring the abundance of each
challenge read, we can:
— Determine the coverage curve

— Estimate the fraction with high, moderate
and low coverage.

http://rdp.cme.msu.edu

”
9% Multi-Gene Phylogenetic Analysis

= Uses additional marker genes
— Universal: transcription — translation — replication
— Choose for no horizontal gene transfer

— Unfortunately, few genes meet these criteria
+ 100 - 130 genes commonly used

= Two main methods
— Concatenate multiple gene sequences
— Supertrees (combine multiple trees)
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RESOURCE
nature
biotechnology
A standardized bacterial taxonomy based on genome
phylogeny substantially revises the tree of life

Donovan H Parks, Maria Chuvochina, David W Waite, Christian Rinke®, Adam Skarshewski,
Pierre-Alain Chaumeil & Philip Hugenholtz®

Taxonomy is an organizing principle of biology and is ideally based on evolutionary relationships among organisms. Development
of a robust bacterial taxonomy has been hindered by an inability to obtain most bacteria in pure culture and, to a lesser extent, by
the historical use of phenotypes to guide have matured suficiently
that a comprehensive genome-based taxonomy is now possible. We used a concatenated protein phylogeny as the basis for a
bacterial taxonomy that conservatively removes polyphyletic groups and normalizes taxonomic ranks on the basis of relative
evolutionary divergence. Under this approach, 58% of the 94,759 genomes comprising the Genome Taxonomy Database had
changes to their existing taxonomy. This result includes the description of 99 phyla, including six major monophyletic units from
of the and of Phyla Radiation into a single phylum. Our taxonomy
should enable improved classification of uncultured bacteria and provide a sound basis for ecological and evolutionary studies.

Nature Biotechnology 36:996—-1004 (2018)
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Nature Biotechnology 36:996—-1004 (2018)
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Introduction to the Pangenome

haracter
= e,
=
s

(-139.000 gene families
in 293 genomes)

Average bcteral \
genome of 3,053 Extended core
S rending fames o

(-250 gene families)

Horizontal gene transfer occurs
more readily between closely related organisms Nature Reviews | Microbiology

hitp://rdp.cme.msu.edu “
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Gene Content of a Species
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Of Terms in Biology: The Pan-Genome In ‘Small Things Considered”
by Christoph Weigel J&ne 12 20147schaechter,asmbloﬁ.orﬁ
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Horizontal Gene Transfer

= Many important character traits have
evolutionary history that is not coherent with
core phylogeny.

= Pathogenicity, drug resistance are prime
examples.

-

Also more basic metabolic traits, e.g.
substrate utilization, sulfate reduction,
nitrogen fixation and many others have
been horizontally transferred multiple times
during evolution.

http://rdp.cme.msu.edu
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é Mo-dependent
nitrogenase (I & II)
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&de, The Sphaerochaeta:
a unique genus in the Spirochaetes

! Group 111

Mo-independent
vepirtpmems . OTOUP TV .l 15y a8
| ized H
'dP Phylogenetic affiliation of S. globosa and S. pleomorpha.
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(CDC.gov)
AA. Caro-Quintero et al. mBio 2012; doi:10.1128/mBio.
http://rdp.cme.msu.edu 00025-12 “
'dP HGT between spp. and Cl

Q%

6} P
r—— SpirOChaetes

. S.globosa =
TF: S.pleomorpha

I
|
~ 1! )
! ! Spirochaeta :;2 ﬁ
129 (N)) 8IN) 1oy} 1 smaragdinae ™
123 (MP) 7(MP) 1 12(MP)1 3! 3 K
MP 1 12MP) 3 3 31 Escherichiacoli I S
1 T 50 L
1 H =}
{ 3 5[2
A4 AV4 Clostridiales ol=

W Informational  Cellular process M Metabolism

A. Caro-Quintero et al. mBio 2012; doi:10.1128/mBio.
00025-12

ANI & AAL: Including non-core
genes into relatedness
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C)
R ANI & AAI

= AAI: Average amino acid identity between
the protein-coding genes in common
between two genome sequences

= ANI: Average nucleotide identity between
the shared segments of two genome
sequences.

http://rdp.cme.msu.edu
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[{
i Average Identity Methodology

= Determine all orthologous pairs
» Measure the percent identity for each pair
= Take the average

http://rdp.cme.msu.edu

&5

(6]

Need to find comparable genes
for Average Identity methods

Homologous:

— The existence of shared ancestry between a pair
of genes.

Orthologous:

— Inherited by two organisms from the same
ancestral sequence. (Usually same function.)

Paralogous:

— Originally created by a duplication event within a
single genome. (May have different functions.)

e, Reciprocal Best Matches
- Likely Orthologs
O (

O
O
O a

—
-

Strain A genes
Strain B genes

I'dp

00

Best matches not reciprocal
- Potential Paralogs?

Strain A genes
Strain B genes

O
O
O
O
O
O
®

[/
R0 ANI & AAL: Pros and Cons

= Advantages of Average Identity:
— Takes into account all related data
— Can be used to classify organisms into
existing or new clades
» Disadvantages of Average Identity:
— Can not be used directly for phylogenetic
analysis
— Collapses multidimensional into a single
distance measure

http://rdp.cme.msu.edu

Microbial Genomes Atlas
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The Microbial Genomes Atlas (MiGA) webserver:
taxonomic and gene diversity analysis of Archaea and
Bacteria at the whole genome level

Luis M. Rodriguez-R', Santosh Gunturu?, William T. Harvey', Ramon Rossellé-Mora®,
James M. Tiedje*, James R. Cole? and Konstantinos T. Konstantinidis™*"

ABSTRACT

The small subunit ribosomal RNA gene (16S rRNA)
has been successfully used to catalogue and study
the diversity of prokaryotic species and communi-
ties but it offers limited resolution at the species
and finer levels, and cannot represent the whole-
g iversity and fluidity. T i

itations, we introduced the Microbial Genomes At-
las (MiGA), a webserver that allows the classification
of an unknown query genomic sequence, complete
or partial, against all taxonomically classified taxa
with available genome sequences, as well as com-
parisons to other related genomes including unculti-

, based on the g te A
Nucleotide and Amino Acid Identity (ANI/AAI) con-
cepts. MiGA integrates best practices in sequence
quality trimming and assembly and allows input to
be raw reads or assemblies from isolate genomes,
ingle-cell and
genomes (MAGs). Further, MiGA can take as input
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= Essential genes

Essential genes found: 105/111.
Completeness: 94.6%.
Contamination: 0.9%.
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Medoid clustering o
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dp . .
O Taxonomy in the Genomics Era

= A set of core genes have evolved together with little
horizontal transfer and produce more reliable
phylogenetic inferences than rRNA alone.

= Incorporating these data can improve our current
taxonomy, especially for the more basal ranks.

= Methods such as Average Identity are better able to
discriminate at the species and subspecies levels.

= A strictly hierarchical taxonomy can hide important
(dis)similarities and in the future taxonomists may
explore new structures that accommodate these extra
information.

http://rdp.cme.msu.edu
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