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Starting point: Undergrad Micro UK’s from
freshwater creeks, 16S - novel species

To publish w/o DDH->MLST->genomes
Existing Phylogenomic Metrics (GGDC,ANI)

RAST for genome analysis>ROSA
— Create family Chryseobactacea |
— Reinstate genus Kaistella S

— What is a Flavobacterium? %giss
(similar to problem with '
Bacillus, Pseudomonas,
Lactobacillus, Clostridium, =
Rhizobium)

e comparisons to
F. aquatile?

» Solutions to problem?




The LycoMicro Unknown Microbe Lab

Week 1 - Aseptic technique/Inoculation
- pipetting sterile media -
- selection of knowns and unknowns N
- streak plates, inoculation of liquid
- preparation of frozen permanents

Week 2 — Staining & Microscopy Nz
- Gram stain |
- Endospore stain SR
- Wet mount o

Week 3 — Antibiotic sensitivity, pH, [NaCl],
Temperature, Oxygen requirements
- Kirby-Bauer Disk Diffusion assay (10)
- oxidase, catalase, Gas-Pak Jar




The LycoMicro Unknown Microbe Lab

Week 4 — Carbohydrate & Nitrogen Metabolism
- MRVP, citrate, phenol red, TSI
- urease, nitrate reduction, SIM

Week 5 — Exoenzymes, Differential/Selective media

- caseinase, lipase, amylase, DNase,
- EMB, HEA, MSA, PhenylEthanol,

- Bile Esculin, Brilliant Green, EG Min.

Week 6 - PCR of 16S rDNA, gel, send for sequencing.
- Bergey’s Manual - Hypothesis

27f 330f

16S rRNA gene ~ 1500 bp

-




The LycoMicro Unknown Microbe Lab

Week 7 — MIDI — FAME Analysis

- BUG+Blood (Hemolysis) -
Biolog Genlll Plates
Week 8 — Analyze DNA sequence @
http://www.ezbiocloud.net/eztaxon
- Construct Phylogenetic Tree w/MEGA,

- Literature Research (IJSEM)
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Library Sim Index Entry Name
ITSA11.10 0.890 Serratia-liquefaciens (confinm with other tests)
0.797 Pantoea-agglomerans-biogroup 1B (confirm with other tests)
0.648 Ewingella-americana
0.579 Edwardsiella-tarda
0.537 Pseudomonas-putida-GC subgroup B
0.537 Yersinia-frederiksenii/entercolitica’intermedia
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Pantoea anthophila JUIM
Escherichia coli
Acinetobacter johnsonii
Pseudomonas aeruginosa
Neisseria gonorrhoeae
Aquaspirillum sinuosum
Helicobacter pylori
Bdellovibrio bacteriovorus
Blastopirellula marina
Cytophaga hutchinsonii
Sphingobacterium anhuiense
Chryseobacterium indologenes
Prochlorococcus marinus
Geovibrio ferrireducens
Lactococcus lactis
Streptococcus pyogenes
Exiguobacterium undae
Bacillus subtilis
Staphylococcus aureus
Oerskovia jenensis
Arthrobacter aurescens
Streptomyces coelicolor
Corynebacterium callunae
Nitrospira moscoviensis
Aquifex pyrophilus
Thermomicrobium roseum
Chloroflexus aurantiacus




Biolog Genlll for ID (2009 NSF MRI grant)
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Biolog's 3rd Generation identification technology with breakthrough advantages.

= NO Gram stain
* NO pre-tests & NO follow-on tests
* One panel for both GN & GP bacteria

* Dne minute setup

= Dne thousand+ species coverage

THE BIG BREAKTHROUGH i= the new mdox chemistry which enables testing of gram
negative and gram pestive barteria in the same test panel. Gram stain and other pre-tests
are no longer needed.  You proceed directly to a one minute setup protocol - Done!
Purchasers of previons Biolog mstruments can quickly and easily npgrade to GEN m
withont purchasing new equipment. The expanded GEN m database 1= designed to meet
the needs of Biolog's broad customer base covenng diverse discplines of microbaology.

Rewanding aur custnman with Innavation and
graater pemarmance for maore than 20 yaars.

one Technology with multiple platforms,
for consistent performance across
every level of your organization.

All Biolog Microbial Identiftoation Systems — manual,
semi-gutomated or fully-outomoted — use the powerful
new GEN m MicroPizte, allowing wsers to determine the
most appropricte system to fit their cument budget and
lewel of throughput. Should meeds change, ol systems can
be exponded to mest new capacity requirements.

Anatomy of a GEN m identification.

The new GENE redoc chemistry is applicable to an unprecedented range of both g=m negative and gram
positive bacteria. As shown below, GENM dissects and analyzes the ability of the cell to metabolize all major
classes of binchemicals, in addition to determining other important physiological properties such as pH, salt,
and lactic acid tolerance, reducing power, and chemical sensitivity.  ldentifications can be performed manually,
or with all Biokog instruments includng the semiavibmated MicroStation™ and the automated Omnilog®.
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Video of Last Read

Plate Info

Position (4] 2B
Protocol i

Temp 25

Media BUG-B
Agar Temp |0

Gram N/
OraType N/,
Species

Strain
DataFileMam]IDS_350_150212_A.D5E
NumReads [144
Strain Desigr| MLM
Presumptive | Unknown
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Researcher 1
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v Compare to ID Database Final ID

Genus |1D: Flavobacterium

PROB [SIM  [DIST  |Organism Ty Species
==>] 0372 5715 GN-NENT | Flavobacterium johnsoniae
2 0236 6008 GMN-MENT | Flavobacterium hydatis (26C]
3 0004 8494 GN-NENT Chiyseobactenium gregarium
4 0003 | 8602 GMH-MENT | Chiyseobacterium gambrini
Plate Status
Plate Done Incubation Hour.s Viow D atabass
Current Status Current Incubation Hours
R 2 ™ View DB on ID Row Click
Mark Plate s Done | Wewt

IO— Apply |

Restore Plate |

Print Screen Print Report | Print Preview




Blolog GenIII Plate
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Database contains
type strains =

official representatives ...

of a species
— Good pairwise scores

to all members of
Genus, can easily
download and format
sequences for trees
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EZ-Taxon
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 http://www.ezbiocloud.net/eztaxon

62,733 O

Species/phylotypes in EzTaxon as of August 28, 2014.

2,844

Publications have cited the

Taxonomic Group
is introduced for species
with similar 165 rRNA

Algorithmic background
explained.
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Query: UK-AED

[ View all seq ] [ View(acc) l [ View(zZ) ] [ NJ Tree l [ Add query to cart ] [ Add to cart

Rank Name/Title Authors Strain Accession ;ﬂ?gg& DiffTotal nt
1 |Flavebacierium reichenbachii Aliet al. 2009 WB 3.2-81(T) AM177616] 97.059 221748
2 |Flavobacterium sinopsychrotolerans Xuetal 2011 0533(T) FJ654474 96.524 26/748
3 |Flavobacterium limicola Tamaki et al. 2003 ST-82(T) ABO7S230| 96.524 26/748
4 |Flavobacterium glaciei Zhang et al. 2006 0499(T) DQ515962] 95.722 327743
5 |Flavobacterium hibernum McCammoen et al. 1998 ATCC 51468(T) L39067 95.576 33746
6 |Flavobacterium frigoriz Van Trappen ef al. 2004 LMG 21922(T) AJS5TEET 95.455 347748
7 |Flavobacterium succinicans (Reichenbach 1989) Bernardet ef al. 1996 DSM 4002(T) AM230492| 95321 35/743
& |Flavobacterium resistens Ryu et al. 2008 BD-b365(T) EF575563| 95321 35/743
9 |Flavebacterium xinjiangense Zhu et al. 2003 JCM 11314(T) AF433173] 95321 35/743
10 |Flavobacterium xanthum (e Inoue and Komagata 1976) McCammon and Bowman 2000 ACAM BUT) AFD30380| 95321 F3(748
11 |Flavobacierium chilense Kampfer et al. (in press) LM-09-Fp(T) FR774915| 95.187 36748
12 |Flavobacierium urumgiense Dong et al. (in press) Sr25(T) HO436467] 95.053 377743
13 |Flavobacierium tiangeerense Xin et al. 2009 563(T) EUD36219] 95.053 377743
14 |Flavobacterium banpakuense Kim et al. 2011 15F3(T) GQ281770]  94.920 36748
15 |Flavobacterium omnivorum Zhu et al. 2003 JCM 11313(T} AF433174| 94786 39748
16 |Flavobacierium chungbukense Lim et al. {in press) C3100{T) HME27539]  94.786 397748
17 |Flavobacierium chungangense Kim et al. 2009 CJ7(T) EU924275| 94758 397744
18 |Flavobacterium araucananum Kampfer et al. (in press) LM-19-Fp(T) FR774916| 94.652 407743
19 |Flavobacierium aquidurense Cousin ef al. 2007 WEB-1.1.56(T) AM177392| 94.652 407743
20 |Flavobacterium hydatis Bernardet ef al. 1996 DSM 2063(T) AM230487] 94.652 407748
21 |Flavobacterium micromati Van Trappen ef al. 2004 LMG 21919(T) AJS57888 94 652 407743




How are bacterial species defined?
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The Gold Standard
— Less than 70% DNA-DNA hybridization (green line)

% ldentity with 16S rDNA sequence
— 97% (red line) vs. 98.5% (blue line)... but only 1 gene

Fig from
Stackebrandt & Ebers,
2006, Microbiol. Today
33:152

165 rRMNA gene saquenae similadty (346
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95% ANI ~ 70% DDH ~ 69% Conserved (>90%)

International Journal of Systematic and Evolutionary Microbiology (2007), 57, 81-91

DOI 10.1099/ijs.0.64483-0
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Correspondence
Johan Goris
johan_goris@applied-maths.com
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DNA-DNA hybridization values and their
relationship to whole-genome sequence similarities

Johan Goris,'t Konstantinos T. Konstantinidis,'t Joel A. Klappenbach,'
Tom Coenye,? Peter Vandamme? and James M. Tiedje'

'Center for Microbial Ecology, Michigan State University, East Lansing, M| 48824, USA
“Laboratory for Microbiology, Gent University, K. L. Ledeganckstraat 35, B-9000 Gent, Belgium

DNA-DNA hybridization (DDH) values have been used by bacterial taxonomists since the 1960s to
determine relatedness between strains and are still the most important criterion in the delineation of
bacterial species. Since the extent of hybridization between a pair of strains is ultimately governed
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Shifting the genomic gold standard for the
prokaryotic species definition

Michael Richter and Ramon Rossello-Mora?

Marine Microbiology Group, Institut Mediterrani d’Estudis Avancats (CSIC-UIB), E-07190 Esporles, Spain

Edited by James M. Tiedje, Center for Microbial Ecology, East Lansing, M|, and approved September 16, 2009 (received for review June 11, 2009}

DNA-DNA hybridization (DDH) has been used for nearly 50 years as
the gold standard for prokaryotic species circumscriptions at the
genomic level. It has been the only taxonomic method that offered
a numerical and relatively stable species boundary, and its use has
had a paramount influence on how the current classification has
been constructed. However, now, in the era of genomics, DDH
appears to be an outdated method for classification that needs to
be substituted. The average nucleotide identity (ANI) between two
genomes seems the most promising method since it mirrors DDH
closely. Here we examine the work package JSpecies as a user-
friendly, biologist-oriented interface to calculate ANI and the
correlation of the tetranucleotide signatures between pairwise
genomic comparisons. The results agreed with the use of ANI to
substitute DDH, with a narrowed boundary that could be set at
=95-96%. In addition, the JSpecies package implemented the
tetranucleotide signature correlation index, an alignment-free pa-
rameter that generally correlates with ANI and that can be of help
in deciding when a given pair of organisms should be classified in
the same species. Moreover, for taxonomic purposes, the analyses
can be produced by simply randomly sequencing at least 20% of
the genome of the query strains rather than obtaining their full
sequence.

average nucleotide identity | DNA-DNA hybridization |
genome-based taxonomy | tetranucleotide regression

19126-19131 | PNAS | November 10,2009 | vol. 106 | no.45
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Fig. 2. Plotted values of DDH versus ANIm. Triangles show values that
correspond to what taxonomists consider as “true” species according to the
DDH values traditionally applied and that have previously been cdassified.
Squares indicate values that appear to be in the transition zone.

www.pnas.org,/cgi/doi/10.1073/pnas.0206412106



100.0- M Intraspecies

16S rRNA gene sequence similarity (9%)

International Journal of Systematic and Evolutionary Microbiology (2014), 64, 346-351

DOI 10.1099/ijs.0.059774-0
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Towards a taxonomic coherence between average
nucleotide identity and 16S rRNA gene sequence
similarity for species demarcation of prokaryotes

Mincheol Kim," Hyun-Seok Oh,? Sang-Cheol Park® and Jongsik Chun'?
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Fig. 3. Association plot (a) and table (b) between ANI values and 16S rRNA gene sequence similarities. The number of strain
pairs is displayed in each category square when divided by severalintervals in 16S rRNA gene sequence similarity and 1.0 in ANL



Determine Phylogenomic Metrics —
_Kostas Lab ANI Calculator

ANI

Kostaslab » Tools » ANI calculator

§ ANI calculator

The ANI calculator estimates the average nucleotide identity using both best hits (one-way ANI) and reciprocal
best hits (two-way ANI) between two genomic datasets, as calculated by Goris et al., 2007. Typiecally, the ANI
values between genomes of the same species are above 95% (e.g., Escherichia coli). Values below 75% are not to
be trusted, and AAI should be used instead. This tool supports both complete and draft genomes (multi-fasta).
Examples: Escherichia coli, Escherichia, Escherichia vs Yersinia, Escherichia vs Xanthomonas.

§ Input data
User data Genome 1 Genome 2
Mame Browse... Browse...
E-mail or GI number: | | or GI number: |
Job name

§ ANI options

Alignment options Fragment options

Site developed by Luis M. Rodriguez-R at Kostas lab.




Determine Phylogenomic Metrics —
Chun Lab
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File Edit View Favorites Tools Help

| EZGenome Hierarchy Cart Q&A Toals

EzGenome Average Nucleotide Identity

Overview Average nucleotide identity (ANI) is a similarity measure between two genome sequences that may be used to replace
The algorithm employed here is of Goris et al. (2007). The proposed cut-off for species boundary is 95-96% (Richter &

Browse Genome DB
Pairwise calculation

Genome Size Predictor Upload 1st genome as FASTA : Browse. ..
Upload 2nd genome as FASTA : Browse...

Ortholog Extractor

Calculate pairwise ANI
BLAST to Genome DB ;

Average Nucleotide Identify Result {guery genome -» subject genome) ;

EzTaxon
Resource Central
App Central
Education Central

My Information



Genome-Genome Distance Calculator (GGDC)
at the DSMZ calculates digital DDH

GGDC
Genome-to-Genome Distance Calculator Ds MZ.

About GGDC 1.0 GGDC 2.0 FAQ Contact Legal Notice

About this service

The pragmatic species concept for Bacteria and Archaea is ultimately based on DNA-DMA hybridization (DDH). While enabling the taxonomist, in principle,
to obtain an estimate of the overall similarity between the genomes of two strains, this technique is tedious and not easily be made reproducible between
different labs. Furthermore, it cannot be used to incrementally built up a comparative database. Recent technological progress in the area of genome
sequencing calls for bioinformatics methods to replace the wet-lab DOH by in-silico genome-to-genome comparison. This web service offers state-
of-the-art methods for inferring whole-genome distances which are well able to mimic DODH. These distance functions can also cope with heavily reduced
genomes and repetitive sequence regions. Some of them are also very robust against missing fractions of genomic information {due to incomplete genome
sequencing). Cur digitally derived genome-to- genome distances show a better correlation with 165 rRNA gene sequence distances than DDH values. Thus,
this web service can be used for genome-based species delineation. Once you have obtained complete or incomplete, assembled genomes sequences,
the use is easy: upload your sequence files in our distance calculafion form and let our server calculate intergenomic distances for you. These are
converted into similarity values analogous to DDH and sent to you via e-mail to support your decision about the relatedness of your novel strain to
known type strains.

The GGDC has been developed entirely independently of the ANI ("average nucleotide identity") concept and is in no way based on it. Indeed, the core of
GGDC, the GBOP program for calculating intergenomic distances, has been published before the first paper on ANI. GBDP conducts a couple of corrections
that are not found in ANI, and in confrast to ANI GBDP does not split the sequences into sections of an arbitrary length of 1000 bp. In the studies listed
below, GGDC yielded higher correlations with wet-lab DDH than ANI, and as of version 2.0 GGDC uses statistical models that considerably improve on the
linear models used by ANI and earlier versions of GGDC. A practical advantage of GGDC over ANI is that GGDC operates on the same scale than wet-lab
DDH walues, which makes comparisons much easier. See the FAQ for details.
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HHMI ccAT> GCAT-SEEK

) al - oy Y

founded in 2000 to bring Genomics (Microarrays)
to the undergraduate curriculum. Gn osrtm

Multiple HHMI & NSF funded workshops

GCAT-SEEKquence “spin-off” to bring for Aetive Teaching
NextGen sequencing to the undergraduate
curriculum.

3 genomes (lon Torrent & 454 as part of pilot) %

NSF Research Collaboration Network,
Juniata’s HHMI Genomics
Leadership Initiative ~ SEEKquence




Sample Reads est. Bases est.

. GSF665-1-E_coli-C06b 217,320 130,391,966
S h a re d M | S e q R u n s GSF665-2-Chryseobacterium-LO 1,317,872 790,723,170

GSF665-3-Linfield-KH 809,893 485,935,870
. e 2 \ el _ GSF665-4-Linfield-NH 301,171 180,702,758
& 'y il aly 2 GSF665-5-Exiguobacterium 794,482 476,689,384
GSF665-6-Plesiomonas_shigelloides 656,143 393,685,659
GSF665-7-Halosimplex_carlsbadense 595,655 357,393,201
GSF665-8-Phage_Eapen 573,447 344,068,354
GSF665-9-Phage_Aspire 170,895 102,536,927
more data than most UG GSF665-10-strain_3572 593,179 355,907,159
GSF665-11-Gracilibacillus_dipsosauri 986,925 592,154,880
facu Ity can use or afford. GSF665-12-Serratia_S12 827,533 496,519,794
GSF665-13-Rhodococcus_T1Sofl-14 297,153 178,292,067
GSF665-14-Janthinobacterium-BJB1 823,488 494,092,592
_ GSF665-15-Janthinobacterium-BJB349 883,287 529,972,260
e November 2013 — 27 bacteria  GsFe6s5-16-Janthinobacterium-BJB304 1,098,516 659,109,346
) ) GSF665-17-Janthinobacterium-BJB317 549,616 329,769,324
@%$200 each (including GSF665-18-lodobacter-BJB302 206,973 124,183,611
. . GSF665-19-Asaia_bogorensis 1,096,204 657,722,373
Flavobacterium aguatile) GSF665-20-Asaia_siamensis 820,818 492,490,968
GSF665-21-Asaia_astilbes 783,447 470,068,239
GSF665-22-Asaia_platycodi 808,325 484,994,710
GSF665-23-Asaia_krungthepensis 1,152,811 691,686,698

° — -24-Asaia_prunellae ,035, ,248,
pri pened to GSF665-24-Asai I 1,035,414 621,248,288
- _ GSF665-27-Serratia -DL 129,258 77,554,903
Microedu Listserv = GSF665-28-Phage-KitKat 53,773 32,263,632
. GSF665-29-Cyanobacterium-RC610 909,265 545,559,194
35 Bacteria and P hage from GSF665-30-Serratia_marcescens-RH 307,886 184,731,584
. R GSF665-31-Bacillus_cibi 693,101 415,860,714
16 institutions @$1 90/sample  csress.32-pedobacterBMA 1,200,365 720,218,713
GSF665-33-Flavobacterium-KMS 185,975 111,585,274
GSF665-34-Flavobacterium_hibernum 1,432,517 859,510,422
GSF665-36-Flavobacterium_hydatis 744,893 446,935,512

[ ] — — ’ il )
October 2014 — 30 P h dage, GSF665-39-Kaistella_koreensis 1,238,892 743,334,928
viruses an d bacte ria GSF665-40-Kaistella_haifense 1,067,969 640,781,490

Total 25,364,460 15,218,675,963

@$ 1 75/88 m p I e. Average 724,699 434,819,313



Assembly statlstlcs

[SoftGenetics Assembler: Assembly Results Statlstlcs Report]

 Total Reads Number: 2056329 === ===
* Matched Reads Number: 1983986

* Unmatched Reads Number: 72343
 Assembled Sequences Number: 61
» Average Sequence Length: 57497

* Minimum Sequence Length: 158
 Maximum Sequence Length: 641985
 N50 Length: 366076 | ol
[Final Contig Merge Results Statistics Report] | et SOFTGENETICS:
- Final Contig Merge Sequences Number: 13 RISt ' —
» Final Contig Merge Average Sequence Length: 269063

« Final Contig Merge Minimum Sequence Length: 173

* Final Contig Merge Maximum Sequence Length: 856388

* Final Contig Merge N50 Length: 586767

» Matched Reads Count: 1977550

 Number of Matched Bases: 562514128

 Average Read Length: 285

 Average Coverage: 161

 Reference Length: 3507364

Version 2.3.4.2




SEEKquence

Total Reads
Contigs

Average Coverage
Assembly Length

Accession

Genomic Comparisons

Flavobacterium Flavobacterium Flavobacterium Flavobacterium
falloni sp. JRM falloni sp. KMS hydatis hibernum
826,175 725,291 1,489,773 2,865,011
170 58 99 29
27X 28X 54X 109X
5,386,118 bp 5,620,217 bp 5,877,671 bp 5,283,662 bp
JSYoo1 JSPY01 JRHHO1 JPRKO1

Flavobacterium sp.

JRM

Flavobacterium sp.

KMS

Flavobacterium
hydatis

Flavobacterium
hibernum

Flavobacterium | Flavobacterium | Flavobacterium | Flavobacterium

hydatis hibernum
- 74.2 41.7 23.4
96.95 - 40.8 23.3
90.54 90.22 - 23.3
78.36 78.25 78.38 -




Annotation

« Upload genome
as a .fasta file,

« Get GC mol% composition

 1-24 hrs later...

:: RAST Server - Jobs Overview

L 6 @0 rast.nmpdr.org/rast.cgi’page=Jobs

[2) Most visited @) Getting Started {_| Suggested Sites [ | Web Slice Gallery

| Upload New Job

Private Organism

Rapid Annotation using
Subsystem Technology

1ome annotation service

Preferences
Job- ¥ W %l W I WY

The overview below list all genomes currently processed and the progress on the annotation. To get a more detaile

In case of gquestions or problems using this service, please contact: rast@mcs.anl.gov.

Progress bar color key:

| not started

B queued for computation fRASTSewer- Upload a new geno...

in progress
B requires user input
B failed with an error
B successfully completed

‘- @ st.nmpdr.erg/rast.col

[+ o —

16:18:02 2013, there are 100 jobs in

¥ Most Visited @ Getting Started | | Suggested Sites { | Web Slice Gallery

R AS Rapid Annotation using
Subsysiem Technology

The NMPDR, SEED-based, p
ore information about The

Upload a Genome

Review genome data
We have analyzed your upload and have computed the following information.

Contig statistics

Statistic As uploaded After splitting into scaffolds
Seguence size 4082671 4082671

Number of contigs 84 84

GC content (%) 44.4 44.4

Shortest contig size 160 160

Median sequence size 38629 38629

Mean sequence size 48603.2 48603.2

Longest contig size 283274 283274

Please enter or verify the following information about this organism:



.
RAST Server - Jobs Overview

RAST Scree

(- 2 @ rast.nmpdr.org/7page=Jobs

C || B - Google

Plr@E ¥ 4GS

[8) Most Visited @ Getting Started || Suggested Sites | Web Slice Gallery

As of Wed May 14 06:09:02 2014, there are 566 jobs in the RAST queue E

Jobs Overview

The overview below list all genomes currently processed and the progress on the annotation. To get a more detailed report on an annotation job,

please click on the progress bar graphic in the overview.

In case of questions or problems using this service, please contact: rast@mcs.anl.gov.

Progress bar color key:

_ not started

B queued for computation
in progress

B requires user input

B failed with an error

B successfully completed

Jobs you have access to :

display 50 items per page

ns

= J
‘/l RAST Server - Job Details

(- &P rast.nmpdr.org/?page=JobDetails&job=151899

~ vc|@-Gege PiwwE ¥ A8

[8) Most Visited @ Getting Started [ | Suggested Sites | | Web Slice Gallery

RAS

Rapid Annotation using
Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.

For more information about The

EED please visit theSEED.org.

6666666.68633 - Pedobacter sp BMA

displaying 1 - 50 of 854 nexts |asts
ob r 0 = & D A 3 = 5 [ZE 0 A ota 0
e ) e, Sk F comp ~ Job Details #151899
151892 |Newman, |66666566.58633Pedobacter sp BMA |36 5046646 [2014-05-04 HNNNEENN ete
Jeffrey 22:38:01 [ view details ] = Browse annotated gencme in SEED Views
151885 [Newman, |9591.3 Flavobacterium 187 5927954 (2014-05-04 ENENNNNENEN complete
Jeffrey hydatis DSM 2063 18:48:32 [ view details ] » Awvailable dewnloads for this job: Genbank
151881 [Newman, |37752.3 Flavebacterium 62 5314106 |2014-05-04 [HHEEENEEEN |complete
1effray hibernum DSM 14:52:53 [ view details ] = Share this genome with selected users
12611
151879 |Newman, |265729.9 Bacillus cibi DSM |84 4032671 (2014-05-04 HNNEEEREEEE|complete » Back to the Jobs Overview
Jeffrey 16189 08:42:34 [ view details |
151878 [Newman, |6666666.68616(Chrysecbacterium |85 5439991 [2014-05-04 [HHEENE BEE complete V’ Genome Upload has been successfully completed.
leffrey sp. LO 07:24:17 [ view details ]
151877 |Newman, |445961.3 Chrysecbacterium |44 4774668 |2014-05-04 [HHNREEREEEN (complete
Jeffrev soli DSM 19298 05:48:58 [ view details | _ Genome ID - Name:
Job: #151899
User: newmanlab
Date:

Sequencing method:
Coverage:

Number of contigs:
Read length:
Genetic code:
Include into SEED:
Preserve gene calls:

Automatically fix errors:

Sun May 4 22:38:01 2014
unknown
unknown

unknown

11
no
no

ves

+ | Download || Update download files




RAST — Many genes assigned to expandable
subsystems

Genome
Domain
Taxonomy
Neighbors
Size

Number of Contigs
(with PEGs)

Number of Subsystems

Number of Coding
Sequences

Number of RNAsS

Pedobacter sp BMA

Sphingobactericeas

Sphingobactericeas ; Pedobacter sp BMA
View closest neighbors

5,046,646 bp

36

352
4425

55

Subsystem Information

Subsystem Statistics | Features in Subsystems

For each genome we offer a wide =et of information to browse, compare and download.

Browse | Compare ‘ Download | Annotate |

Compare the metabolic reconstruction of this
organism to that of another organism.

Available comparisons are function based,
zequence bazed or via KEGG. You can also
ELAST against this organism.

Subsystem Coverage

Subsystem Category Distribution

Subsystem Feature Counts

Cofactors, Vitamins, Prosthetic Groups, Pigments (170)
Cell Wall and Capsule {(90]

Virulence, Disease and Defense (61)
Potazsium metabolism (14)
Photosynthesis (0]

Mizcellaneous (15)

Phages, Prophages, Transposable elements, Plasmids (1)
Membrane Transport (90)

Iron acquisition and metabolizm (5)

RMA Metabalism (33)

Mucleosides and Nucleotides (85)

Protein Metabolism (185)

Cell Division and Cell Cycle (30)

Motility and Chemotaxis (11)

Regulation and Cell signaling (29)
Secondary Metabolizm (7))

DMNA Metabolism (94)

Requlons (6)

Fatty Acids, Lipids, and Isoprenoids (112)
Mitrogen Metabolism (7]

Dormancy and Sporulation {(4)
Respiration (72)

Stress Response (86)

Metabolizm of Aromatic Compounds (13)
Amino Acids and Derivatives (276)

Sulfur Metabolism (38)

Phosphorus Metabolism (31)
Carbohydrates (382)



Subsystem Coverage Suhsvstem Categnw Distribution Subsystem Feature Counts

= @ Cofactors, Vitamins, Prosthetic Groups, Pigments (170)
= W Cell Wall and Capsule (90)
= @ Virulence, Disease and Defense (61)
Adhesion (0)
Toxinzs and superantigens (0)
Bacteriocins, ribosomally synthesized antibacterial peptides (0)
= Resistance to antibictics and toxic compounds (46)
Copper homeostasis (3)
Cobalt-zinc-cadmium resistance (17)
Multidrug Resistance, Tripartite Systems Found in Gram Meogative Bacteria (6)
Zinc resistance (2]
Mercuric reductase (1)
Arsenic rezistance (4)

Eesistance to fluoroguinolones (4)
EBeta-lactamasze (8)
Besistance to chromium compounds (1)
virulence, Disease and Defense - no subcategory (0)
Detection (0)
@ Invasion and intracellular resistance (15)
@ @ Potassium metabelism (14)
= W Photosynthesis (0)
& Miscellaneous (15)
= W Phages, Prophages, Transposable elements, Plasmids (1)
FPhage family-specific subsystems (0]
Transposable elements (0]
@ Phages, Prophages (1)
FPhages, Prophages, Transposable elements, Flasmids - no subcategory (0]
Pathogenicity islands (0)
Gene Transfer Agent (GTA) (0]
Flasmid related functions (0]
@ m Membrane Transport (90)
u — @ W Iren acquisition and metabolism (5)
Annotation = Genes :. =k
m Wl Mucleosides and Nuclectides (85)
@ m Protein Metabolism (185)

u n gem m Wl Cell Division and Cell Cycle (30)
identified and a7 ety e Catons 1)
= W Regulation and Cell signaling (29
& Secondary Metabolism (7)
=L @ DNA Metabolism (94)
classifie 2 Eraure 0
= W Fatty Acids, Lipids, and Isoprencids (112)
@ Phospholipids (20)
- Triacylglycerols (0
unction e
@ Fatty Acids, Lipids, and Isoprencids - no subcategory (11)
= Isoprenocids (45)
Mywoxanthophyll biosynthesis in Cyanobacteria (1)
Carctenoids (11)
Izoprenoinds for Quinones (&)
Izoprenoid Biosynthesis (14)

Folyprenyl Diphosphate Biosynthesis (4)
Nunmevalunate Branch of Isuurenuld Bmsvnthesm (7]

e - Y




RAST — Many genes assigned to expandable
subsystems

Genome
Domain
Taxonomy
Neighbors
Size

Number of Contigs
(with PEGs)

Number of Subsystems

Number of Coding
Sequences

Number of RNAsS

Pedobacter sp BMA

Sphingobactericeas

Sphingobactericeas ; Pedobacter sp BMA
View closest neighbors

5,046,646 bp

36

352
4425

55

Subsystem Information

Subsystem Statistics | Features in Subsystems

For each genome we offer a wide =et of information to browse, compare and download.

Browse | Compare ‘ Download | Annotate |

Compare the metabolic reconstruction of this
organism to that of another organism.

Available comparisons are function based,

zequence bazed or via KEGG. You can also
ELAST against this organism.

Subsystem Coverage

Subsystem Category Distribution

Subsystem Feature Counts

Cofactors, Vitamins, Prosthetic Groups, Pigments (170)
Cell Wall and Capsule {(90]

Virulence, Disease and Defense (61)
Potazsium metabolism (14)
Photosynthesis (0]

Mizcellaneous (15)

Phages, Prophages, Transposable elements, Plasmids (1)
Membrane Transport (90)

Iron acquisition and metabolizm (5)

RMA Metabalism (33)

Mucleosides and Nucleotides (85)

Protein Metabolism (185)

Cell Division and Cell Cycle (30)

Motility and Chemotaxis (11)

Regulation and Cell signaling (29)
Secondary Metabolizm (7))

DMNA Metabolism (94)

Requlons (6)

Fatty Acids, Lipids, and Isoprenoids (112)
Mitrogen Metabolism (7]

Dormancy and Sporulation {(4)
Respiration (72)

Stress Response (86)

Metabolizm of Aromatic Compounds (13)
Amino Acids and Derivatives (276)

Sulfur Metabolism (38)

Phosphorus Metabolism (31)
Carbohydrates (382)



RAST - Sequence based comparison tool to ID orthologs

G(v‘)@ | 2! hitp://rest.nmpdr.org/sesdvis P - B ¢ | (g About this service | O] Taylor Anspach - Out}oukWeb‘..| (=3 RAST Senver - Job Details | (22 Seed Viewer - Multi-Genom... * | ‘2 Newman Lab Orthology Ca[cul..“ | ok 1t
change organism selection ,.
You chose to compute data for the following organisms:

Reference Sphingomonas melonis C3 {1090316.6)
Comparison Organism 1 Novosphingobium aromaticivorans DSM 12444 (279238.21) BlastDotPlot
Comparison Organism 2 Novosphingobium nitrogenifigens DSM 19370 (9583520.4) BlastDotPlot
Comparison Organism 3 Novosphingobium nitrogenifigens Y88, DSM 19370 (983920.5) BlastDotPlot
Comparison Organism 4 sphingomonas melonis C3 (1090316.5) BlastDatPlat
Comparison Organism 5 Sphingomonas melonis DAPP-PG 224 (1090320.4) BlastDotPlot
Comparison Organism & sphingomonas melonis FR1 (1090317.3)| BlastDotPlot
Comparison Organism 7 Novosphingobium aromaticivorans (48935.1) BlastDotPlot
Comparison Organism 8 Sphingomonas wittichi RW1 {392499.4)| BlastDotPlot
Comparison Organism 9 Sphingopyxis alaskensis RBE2256 (317655.9) BlastDotPlot
Percent protein sequence identity

Bidirectional best hit .m'gg,g 59.899.5 99 98B S5 90 50 70 60 50 40302010
Unidirectional best hit 100 99.999.899.5 99 98 95 90 80 70 60 50 40 30 20 10

export table ‘ | clear all filters |

.
«first «prev nexts lasts
percent identity 279238.21 |E3W percent identity 983920.4
percent identity 983920.5 |EgEW percent identity 1090316.6
percent identity 1090320.4 [FEY) percent identity 1090317.3
percent identity 48935.1 < W percent identity 392499.4
percent identity 317655.2 Y
090316.6 B 383920 983920 090316.6 90320 090 89 9 : : g

ontig e gt ontig 0 e ontig e pntig ontig Ge: ontig e ontig ontig ontig Ge!
all ewfall v & wvfflall v ewvlffall v v flall ~ zwvlflall » ewlflall v awvfjlall w gwvall d EL
1 2 57 - - - bi i 16 - uni_|1 1542 |- - -
1 3 184 uni |2 3527 |- - bi 1 15 uni|3 3836 |uni |1 1543 luni |1 25 uni |2 332 |-
1 4 155 - - - bi i 14 - uni_ |1 1544 |- - -
1 5 510 - - - - - bi 1 1545 |- - -
1 -] 234 uni |1 1455 Jum_ |9 1438 Jum |51 3817 Juni |2 3556 |- uni_ |1 1546 Jum 114 1298 Juni |1 14 uni |1 354
1 z 504 uni|1 1498 |uni |1 1 uni_ |61 32816 |uni |2 3555 |- uni_|1 1547 |uni 114 1299 luni J1 13 unif1 395
1 i 1040 |- bi 1 292 |bi 30 1865 |- - bi 1 1549 |- -
1 9 178 - - - - - bi 1 1550 |- - -
1 10 292 - bi 1 290 |bi 30 1867 |- - bi 1 1551 |- - -
1 11 591 - bi 1 289 |bi 30 1868 |- - bi 1 1552 |- - -
1 12 512 - bi 1 288 |bi 30 1869 |bi i 764 |- bi 1 1553 |- - -
1 13 55 - - - |T - bi 1 1554 |- - -
1 14 155 - - - bi i 4 - bi 1 1544 |- - -
1 is 184 uni |2 3527 |- - bi i 3 uni_ |3 3836 |bi 1 1543 |uni |1 26 bi 2 332 |-
1 16 97 - - - bi 1 2 - bi 1 1542 |- t -
1 17 Js0 - - - bi [t E - uni |1 1541 [- | -
1 18 493 - bi 4 1156 |bi 8 207 Illi 1 1320 Juni |1 3373 |bi 1 1559 |- bi 3 2664 |luni_ |1 48
1 19 310 bi i 3176 |bi 5 1244 |bi 29 1613 Juni J1 749 |bi 1 666 |bi 1 1560 |bi 49 431 |bi 3 987 |bi 1 2062
1 20 266 bi 1 3284 |bi 43 3562 | bi 44 3313 |- bi 1 665 |bi 1 1561 |bi 167 3004 |bi 3 986 |bi 1 2063
1 21 478 bi 1 3274 |bi 43 3551 |bi 44 3302 Juni |1 273 |bi 1 664 |bi 1 1562 |bi 167 3014 |bi 3 985 |bi 1 2064
1 22 250 - - - - bi 1 663 |bi 1 1563 I* - bi 1 2065
1 23 1514  |bi 1 3275 |bi 43 3552 | bi 44 3303 |- bi 1 662 |bi 1 1564 Il)i 167 3013 |bi 3 583 |bi 1 2066
1 24 54 - - - - bi 1 661 |bi 1 1565 |- - -
1 25 225 bi 1 3175 |bi 5 1243 |bi 29 1617 Juni |1 1675 |bi 1 660 |bi 1 1566 |bi 49 430 |bi 3 4732 |bi 1 2068
1 25 121 - bi 2 742 |bi 34 2391 |- bi 1 659 |bi 1 1567 |- - bi 1 1159
1 27 788 bi 1 712 |bi 13 1972 | bi 20 1089 |- bi 1 658 |bi 1 1568 |l)| 140 1928 |bi 3 2636 |bi 1 2648
1 28 372 bi 1 711 |bi i3 1973 |bi 20 1088 |- bi 1 657 |bi 1 1569 |bi 140 1927 |bi 3 2637 |bi 1 2647
1 25 113 bi 1 837 Jumi |12 1606 Jumi 23 14465 Juni |1 1516 |bi 1 656 |bi 1 1570 |bi 174 3470 |bi 3 2638 |bi 1 584
1 30 122 bi 1 709 |bi 13 1974 | bi 20 1087 |- bi 1 655 |bi 1 1571 |bi 140 1925 |bi 3 2639 |bi 1 2796 R
1 1 1 1 3 1




C.populense lacks
-arotenoid biosynthetic

»ﬂ@»ﬂ_»ﬁ,rﬂ,»ﬂ,?».ﬂ."»,-ﬂ_

-

C.hispalense C.populense

i 30 b 14 { d1U.3.4 I 44590 i U /480

i i BlE ENgL i i ElNE i i BlE i i BlE | i BlNE i i EINE i ] ENE i i ENE i i ENE i i ENE i i
all = vl al ~ M ELI vl al - vl al - M L M EL M L M EL M ELN | al ~
g Jou a4 |- bi |4  |1671fbi |5 [sse |bi [38  [3sez[bi [4  [1aos]- ! ! bi [108 |a042]-
8 |02 637 |- bi |4  |i670fbi |5 [ssa |bi [38 [3ses|bi [4  [1aoe- : bi [2 270 Jbi [108 |aoa1l]-
8 ooz a2 |- bi |4 [1esolbi 5 [sso |bi [38 [3ssolbi [4 [iao7]- : bi [2 271 |bi [108 |ao40l-
g |ous 32 |- bi |4  |ieselbi |5 [ss1 |bi [38  [3s70|bi [4  [iaoa]- - bi [2 |272 |bi |108 |a03s]-
g Joos 34 |- bi |4  [ies7lbi |5 [ss2 |bi [38  [3szafbi [4  [iasal- : bi [2 273 |bi |108 |a0zsl-
8 o o8 |- bi |4 |iesslbi |5 [ssa |bi [38 [3szafbi [4  [isoa]- : bi [2 274 |bi [108 |a03sl-
8 |oo7 [109 |- : bi |5 |1000]bi 38 [3sz3lbi |4 [is02]- : : : :
8 |oos 201 [t 523 |bi[s  a0a7lbi |5 [1001]bi |38 [3szalbi |4 [iso3fbi [19 [azazlbi (37 [2234]bi [u1 i [27 Jaosi
8 |o99 395 [bit  |so |bi[4 |iecd4lbi |5 [se7 |bi [38  [3575]bi |4 [1504]- bi &2 |3758]-
g it |51 [bi[4 Jiesalpi |5 [ss8 |bi |38 [3s76]bi |4 [150s]- bi 82 [azs9]-
g bi |17 [a7eshbi |5 [11a |bi |7 ooz |bi[¢ [isizbi [ [i7az]- bi [13
g bi |17 [a7eslbi 5 |2a7albi |7 fozo |bi[¢ [isiai[7 [izea[- bi [17 19 a081
g nii1  |s02oli [17 [a7ezlbi |5 |aazalbi |7 fesa |bi |4 [is1afbi |7 [iseafuni[24  [1021]bi [17 19 4080
g bi |17 |3768lbi |5 |2172]bi |7 [os4 |bi [4  [usis|bi [7 [ised|- bi [17 19 4079
g bi |17 |37salbi |5 [2170fbi [7 [ose |bi [4  [isielbi [7 [ises- bi [17 19 4077
8 bi 17 [3770bi |5 [aae0lbi [7 fosz [bi [¢  [isizbi [7 [isez]- bi [17 19 4078
g o neq.1006 - - - - -
8 100qcation: 11+0+27+18+48 _length:875320 110864 111577 | 2234|bi |1 |511 |bi |4  |1403}bi |2  |273 |bi |75 |3573|bi |5 |753 |bi |16 370 |bi |2  |1192
8 100 function: Lycopene cyclase 2241 [bi (10 1314(bi |4 1396 [bi (10 2705 [uni|36 2185|bi |17 |3369|uni|102 |3947 |bi (5 1891
g |10fmer T N P YA N bi |42 |393lbi [4  [1510]bi [10  [2s02[bi [28  [130a]- - bi [5 |1956
g |l |- bi |4  [is7ebi|s [z |bifa  [est [bi [¢  [isa0]- - bi 13 |208s]- bi [5 |1967
8 |1012]oes [uni[3  |iose[- bi |5 a7z |- bi |4 |1s2tfuniltr  |zzsifunif2r [e2s |bi [17 [asaal- bi 5 |1082
8 |10130204 [unit 225 [bi [4  1s7zlunils  |asaalbi |27 [2solbi |4 [iso2fbi [10 [ee34lbi [28 [1z04|bi |17 aazifunil20 ead Jbi|s 1070
g |loua;z |- bi |17 [3754]bi |5 |sgs |- bi |4 |1s23]- - bi 13 |3025bi 25 |sgs |-
g sz |- - - - - - - - - -
g |7 |- bi [17 [3771bi |5 [10salbi 21 [2217[bi [4  [isas[bi [10 [azen[- : bi [72 |200afbi |5 1068
8 10170332 [uniliz  Ja207bi [17 [azzzlbi |5 |2zzalbi [az [3ozzfbi |4 [iszefbi [10 Jzssslbi |7 Jzsa [oiJz Jaae iz Jz Junifir J3ecz
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Sequence-Based Comparison to Calculate AAI

You chose to compute data for the following organisms:
Reference Chryseobacterium hispalense DSM 25574 (491205.4)

Comparison Organism 1 Chryseobacterium gleum F93, ATCC 35910 (525257.7)| BlastDotPlot
Comparison Organism 2 Chryseobacterium sp. CF214 (1144316.4)| BlastDotPlot

Percent protein sequence identity
Bidirectional best hit [10099.690.899.5 99 98 95 90 80 70 &0 50 |40 30 20 /[10
Unidirectional best hit 100 99.999.8 99.5 99 98 95 90 80 70 &0 50 40 30 20 10

[ exporttable l [ clear all filters l

display 30 items per page

«first «prev displaying 3028 - 3057 of 4006 nexts |asts | !
e e R i
525257.7 1144316.4
40 0 N A4 5. 4] )
0 1 1 [ 1 [ 1
al - all = jal - all =fal -
21 3028 (360  |bi 1 241 |bi 22 1525
21 3029|270 bi 1 240 |uni 51 2777
21 3030|680 bi 1 239 |uni 2 181 .
21 3031 (92 bi 1 238 |uni 14 1009
21 3032 (580 bi 1 237 |uni 49 2655
21 3023(298  |bi 1 236 |bi 2 183
21 3034|293 bi 1 235 |bi 2 184
21 3035|249 bi 1 234 |uni 1 1
21 3036 (440  |bi 1 232 |bi 2 185
21 3037|1455 |bi 1 232 |bi 2 186 ===
21 3038 (|41 bi 1 231 |- .
21 3039 (208 bi 1 230 |bi 69 3277
21 3040(348  |bi 1 229 |uni 3 200
21 3041 (92 bi 1 228 |uni 59 2913 = s
21 3042|258 bi 1 227 |-
21 3043(158  |bi 1 22
21 2044110 |bi 1 2p| MaI525257.7.peg.224 y 2
71 3045|408 5 1 32 Iocatio_n: MNZ_ACKQO1000001 253632 254855 —
- length: 407
21 |3046|106 |bi 1 221 igentity: 1 4
21 2047392 bi 1 22] function: Tyrosine type site-specific recombinase >

rast.nmpdr.org/seedviewer.cgipage=Annotation&feature=fig|525257.7.peg.224 e

m




Sequence Based Comparison provides

protein seq similarity for sh
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E Microsoft Excel - Fsucc Venn for posteraxdsx - ——
“ontig Length Gene id Gene function Hit Contig Gene Gene id percent function Hit Contig Gene Geneid percent function
22 149 fig|1450525.4.pe 3118 hypothetical protein - 0 bi 1 2298 figl37668  61.9 hypothetical protein
23 162 fig|1450525.4.pe 3124 Pectate lyase (EC 4.2.2.2) = 0 bi 1 2696 fig]37668 73.91 Pectate lyase (EC 4.2.2.2)
25 72 fig|1450525 4 pe 3173 Glucosamine-6-phosphate deaminase (EC3.5996 - 0 bi 1 4817 fig|37668 9155 Glucosamine-6-phosphate deaminase (EC 3.5.99
26 408 fig]1450525.4 pe 3177 Gluconate permease, Bsud004 homolog - (0] bi 1 700 fig|37668 75.68 Gluconate permease, Bsud004 homolog
26 156 fig|1450525.4.pe 3178 Endoribonuclease L-PSP - 0 bi 1 701 fig|37668 92.26 Endoribonuclease L-PSP
26 216 fig|1450525.4.pe 3180 4-Hydrowy-Z-oxoglutarate aldolase (EC 4.1.3.16) @ - 0 bi g 703 fig|37668 73.36 4-hydroxy-Z-oxoglutarate aldolase (EC 4.1.3.16)
26 372 fig|1450525 4 pe 3181 low-specificity D-threonine aldolase - 0 bi 1 704 64 42 low-specificity D-threonine aldolase
26 345 fig|1450525.4 pe 3182 Membrane dipeptidase (EC 3.4.13.19) - 0 bi | 705 87.54 Membrane dipeptidase (EC 3.4 13.13)
26 259 fig|1450525.4.pe 3183 Transcriptional repressor of the fructose operon, L - 0 bi 1 7068 86.77 Transcriptional repressor of the fructose operon
27 245 fig|1450525.4.pe 3188 Transcriptional regulator, AraC family - 0 bi 1 4563 37.68 regulatory protein; PcrR
28 68 fig|1450525 4 pe 3197 hypothetical protein - 0 bi 1 1909 fig|37668 3667 hypothetical protein
29 127 fig|1450525.4. pe 3205 hypothetical protein - 0 bi 1 2828 fig|37668 40.54 hypothetical protein
32 228 fig|1450525.4.pe 3232 hypothetical protein - 0 bi 1 769 fig|37668 34.87 hypothetical protein
38 38 fig|1450525.4.pe 3260 Ribonucleotide reductase of class la (aerobic), bet - 0 bi 1 4302 figl37668 89.19 Ribonucleotide reductase of class Ia (aerobic), b
39 94 fig|1450525 4 pe 3261 hypothetical protein - 0 bi 1 4967 fig|37668 6196 hypothetical protein
1 258 fig]14505254 pe 38 Possible restriction endonuclease - (o] - 1]
1 274 fig|1450525.4.pe 56 Maobile element protein - 0 - 8]
1 484 fig|1450525.4.pe 171 Predicted transcriptional regulator containingan| - 0 - (1)
1 232 fig|1450525.4.pe 190 SII83048 protein - 0 - o
1 1568 fig|1450525.4 pe 191 Type | restriction-modification system, M subunit = - 0 - 1]
1 317 fig|1450525.4.pe 202 COG1242: Predicted Fe-5 oxidoreductase - 0 - 8]
1 257 fig|1450525.4.pe 246 probable integral membrane protein Cjlleec - 0 - (1)
1 163 figl1450525 4.pe 247 FIGOD1826: putative inner membrane protein - 0 - 0
1 829 fig]1450525 4. pe, 262 Succinoglycan biosynthesis protein - 0 - 1]
2 558 fig|1450525.4.pe 303 Formate—-tetrahydrofolate ligase (EC 6.3.4.3) - 0 - 8]
2 364 fig|1450525.4.pe 373 Cyanophycinase (EC 3.4.15.6) - 0 - (1)
2 331 figl1450525.4.pe 384 Homoserine kinase (EC 2.7.1.39) - 0 - I .I 0
2 461 fig|1450525 4. pe, 402 Type | restriction-modification system, specificity: - 0 - 1]
2 76 fig|1450525.4.pe 432 Helix-turn-helix motif - 0 - 8]
2 319 fig|1450525.4.pe 434 HipA protein = 0 E o
2 68 fig|1450525.4.pe 448 DMNA-binding domain of ModE - 0 - 0
2 172 fig|1450525 4. pe, 451 Ubiquinol-cytochrome C reductase iron-sulfur sub. - 0 - 1]
2 350 fig|1450525.4.pe 454 Nitrate/nitrite transporter - 0 - 8]
2 501 fig|1450525.4.pe 460 Cytochrome c552 precursor (EC 1.7.2.2) - 0 - (1)
2 193 figl1450525.4.pe 461 Cytochrome c nitrite reductase, small subunit NrfH - 0 - 0
2 79 [fig|1450525.4 pe, 475 B12 binding domain / kinase domain / Methylmalc - 0 - 1]
2 490 Helix-turn-helix motif - 0 - 8]
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Towards a Genome-Based Taxonomy for Prokaryotes

Konstantinos T. Konstantinidis'* and James M. Tiedje"-*3*

Center for Microbial Ecology' and Departments of Crop and Soil Sciences® and Microbiology and
Molecular Genetics,” Michigan State University, East Lansing, Michigan
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FIG. 3. Relationships between 16S rRNA, AAI, and taxonomic information for the 175 sequenced genomes. Each dot represents a comparison
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Sequence Based Comparison can ID

unique
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and shared g
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“ontig Length Gene id Gene function Hit Contig Gene Gene id percent function Hit Contig Gene Geneid percent function
22 149 fig|1450525.4.pe 3118 hypothetical protein - 0 i 2298 figl37e668  ©61.9 hypothetical protein
23 162 fig|1450525.4.pe 3124 Pectate lyase (EC 4.2.2.2) 0 2696 fig|37668 73.91 Pectate lyase (EC 4.2.2.2)
25 72 fig|1450525 4 pe 3173 Glucosamine-6-phosphate deaminase (EC 3.5.99 6 0 4817 fig|37668 91.55 Glucosamine-6-phosphate deaminase (EC 3.5.99
26 408 fig]1450525.4 pe 3177 Gluconate permease, Bsud004 homolog - (0] 1 700 fig|37668 75.68 Gluconate permease, Bsud004 homolog
26 156 fig|1450525.4.pe 3178 Endoribonuclease L-PSP - 0 bi 1 701 fig|37668 92.26 Endoribonuclease L-PSP
26 216 fig|1450525.4.pe 3180 4-Hydrowy-Z-oxoglutarate aldolase (EC 4.1.3.16) @ - 0 bi g 703 fig|37668 73.36 4-hydroxy-Z-oxoglutarate aldolase (EC 4.1.3.16)
26 372 fig|1450525 4 pe 3181 low-specificity D-threonine aldolase - 0 bi 1 704 fig|37668 6442 low-specificity D-threonine aldolase
26 345 fig|1450525.4 pe 3182 Membrane dipeptidase (EC 3.4.13.19) - 0 bi | 705 fig|37668 B87.54 Membrane dipeptidase (EC 3.4.13.13)
26 259 fig|1450525.4.pe 3183 Transcriptional repressor of the fructose operon, L - 0 bi 1 706 fig|37668 B86.77 Transcriptional repressor of the fructose operon
27 245 fig|1450525.4.pe 3188 Transcriptional regulator, AraC family - 0 bi 1 4563 figl37668 37.68 regulatory protein; PcrR
28 68 fig|1450525 4 pe 3197 hypothetical protein - 0 bi 1 1909 fig|37668 3667 hypothetical protein
29 127 fig|1450525.4. pe 3205 hypothetical protein - 0 bi 1 2828 fig|37668 40.54 hypothetical protein
32 228 fig|1450525.4.pe 3232 hypothetical protein - 0 bi 1 769 fig|37668 34.87 hypothetical protein
38 38 fig|1450525.4.pe 3260 Ribonucleotide reductase of class la (aerobic), bet - 0 bi 1 4302 figl37668 89.19 Ribonucleotide reductase of class Ia (aerobic), b
39 94 fig|1450525 4 pe 3261 hypothetical protein - 0 bi 1 4967 fig|37668 6196 hypothetical protein
1 258 fig]14505254 pe 38 Possible restriction endonuclease - (o] - 1]
1 274 fig|1450525.4.pe 56 Maobile element protein - 0 - 8]
1 484 fig|1450525.4.pe 171 Predicted transcriptional regulator containingan| - 0 - (1)
1 232 fig|1450525.4.pe 190 SII83048 protein - 0 - o
1 1568 fig|1450525.4 pe 191 Type | restriction-modification system, M subunit = - 0 - 1]
1 317 fig|1450525.4.pe 202 COG1242: Predicted Fe-5 oxidoreductase - 0 - 8]
1 257 fig|1450525.4.pe 246 probable integral membrane protein Cjlleec - 0 - (1)
1 163 fig|1450525.4.pe 247 FIGOD1B26: putative inner membrane protej - 0 - 0
1 829 fig]1450525 4. pe, 262 Succinoglycan biosynthesis protein - 0 - 1]
2 558 fig|1450525.4.pe 303 Formate—tetrahydrofolate ligase (EC 6.3.4, - 0 - 8]
2 364 fig|1450525.4.pe 373 Cyanophycinase (EC 3.4.15.6) - 0 - (1)
2 331 figl1450525.4.pe 384 Homoserine kinase (EC 2.7.1.39) - 0 - I .I 0
2 461 fig]|1450525 4. pe, 402 Type | restriction-modification system, specificity: - 0 - 1]
2 76 fig|1450525.4.pe 432 Helix-turn-helix motif - 0 - 8]
2 319 fig|1450525.4.pe 434 HipA protein = 0 E o
2 68 fig|1450525.4.pe 448 DMNA-binding domain of ModE - 0 - 0
2 172 fig|14505254.pe 451 Ubiguinol-cytochrome C reductase iron-sulfur sub 0 - 1]
2 350 fig|1450525.4.pe 454 Nitrate/nitrite transporter - 0 - 8]
2 501 fig|1450525.4.pe 460 Cytochrome c552 precursor (EC 1.7.2.2) 0 - (1)
2 193 figl1450525.4.pe 461 Cytochrome c nitrite reductase, small subunit NrfH - 0 - 0
2 79 [fig|1450525.4 pe, 475 B12 binding domain / kinase domain / Methylmalc - 0 - 1]
2 490 Helix-turn-helix motif - 0 - 8]
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Identify Core, Genus or Family-Specific Genes

6,096,872 bp
5345 CDS

Flavobacterium chungangense

i
Flavobacterium hibernum LMG 26729

DSM 126117 5,591,549 bp
5,314,106 bp 4857 CDS
4571 CDS

Flavobacterium aquatile _ o
Flavobacterium succinicans

LMG 40087
3,491,115 bp LMG 104027
3221 CDS 3,652,806 bp

3261 CDS



Genes can be gained and
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Reciprocal Orthology Score Average (ROSA)

. ROSA takes into conS|derat|on both
— similarity of orthologs at the protein level (AAl)

% of genome composed of orthologs (%BBH)

 Differences in reference genome size create different %BBH values in
reciprocal comparisons

- Orthology Score (0OS) = AAI? * %BBH
. ROSA = (0S,g + 0S,)/2

>~65=same species; 35-65=same genus diff species;
15-35=same family diff genus; <15=diff family

Staphylococcus (3) no type comparisons ROSA 93062.4 367830.3 93061.3 282459.1158878.1 273036.3 282458.1 176279.3 176280.1 279808.3 342451.4
Staphylococcus aureus subsp. aureus COL 93062.4

Staphylococcus aureus subsp. aureus USA300 367830.3

Staphylococcus aureus subsp. aureus NCTC 8325 93061.3

Staphylococcus aureus subsp. aureus MSSA476 282459.1

Staphylococcus aureus subsp. aureus Mu50 158878.1

Staphylococcus aureus RF122 273036.3

Staphylococcus aureus subsp. aureus MRSA252 282458.1

Staphylococcus epidermidis RP62A 176279.3 4349  43.38 42.5 4355 4337 4355 4397

Staphylococcus epidermidis ATCC 12228 176280.1 4325 4325 42.62 437 4269 4371 4322 [ 8644 | |
Staphylococcus haemolyticus JCSC1435 279808.3 41 4128 40.73 41.15 40.63 4132 4124 4494 44.9

Staphylococcus saprophyticus ATCC 153057 342451.4 38.35 38.33 38.01 38.62 37.65 38.63 38.35 39.6 39.79 40.18



Reciprocal Orthology Score Average (ROSA)

INSTRUCTIONS:

1)  "Export file" from RAST, Sequence Comparison Tool output.

2)  Browse for the file below.

3)  Click the "Submit" button.

4)  Copy and Paste Results Table to a Separate Spreadsheet or Word Processor
Document.

(| Browse... ) No file selected.

0 o A |
Submit ) ([ Reset )

A Perl script for this analysis that takes the filename on the command line and produces the

results above (tab-delimited on standard output) is available here.

This file is a set of sample data to test the Orthology Score calculator.

A calculator to determine the Reciprocal Orthology Score Average (ROSA) from a set of up

to 11 files using the same genomes but with each as a reference is available here.

When using this website or the Perl script for your study, please cite the following article:
Newman J.D, Krebs, J.E., Gale, A.N., Anspach, T.J,, Kirk, K.E.,, Sontag, T.C,, Keyser; V.K,, and
Peluso, E.M. (2013). Integration of Average Amino Acid Identity (AAI) and Percentage of
Orthologous Genes in a Single Phylogenomic Metric, the Reciprocal Orthology Score

Average (ROSA). Manuscript in Preparation.

Copyright © 2013 Newman Lab, Department of Biology, Lycoming College.

e, ¢ Newman Lab ROSA Calculator

INSTRUCTIONS:

1)  "Export file" from RAST Sequence Comparison Tool output for up to
and including 11 files.

2)  Browse for the files below. Holding the CTRL key down will allow
you to select all the files at once by clicking on each of them; or click on
the first file, then hold down the SHIFT key and click on the last file to

calantk blan comaa
STITLL LT 1aliyc.

3)  Hit the "Submit" button.
4)  Copy and Paste Results Table to a Separate Spreadsheet or Word
Processor Document.

[ Browse... ) 11 files selected.

([ Submit

ROSA Analysis

Orthology Analysis for Each Reference Genome

Genome ID || AAIr % BBH| OS
ref || 317655.9
11226123 |[58.34861.747 [21.022
279238.21 [ 60.16067.551 |24.448
983920.5 | 57.863|62.671 [[20.983
11232403 |(56.027 [|55.375 [17.382
452662.10 | 61.114|/67.480 [[25.203
l1090316.6 |/59.866/64.463 [23.103]

|| D)W N -



- ;.--..“--.., rovat i b onp P Wi ol by

Abstract

With the cost of NextG: ing and the in the y of
mlﬂuhlipmnmmu chumwmmm&mmmmu
change from physical measurements of DNA-DNA h (DDH) to I
determined genome-wide metrics. The Recaprocal Orthology Score Average (ROSA] metric
described here is calculated using Average Amino Acid Identity (AAl] and percent bi-directional
best-hit {¥BBH) genes at its core. We have developed a JavaScript-based tool
[Iteps/ iy 1 ing.edu/~ frosaf) that AAl, %BEH, and ROSA using the
mmmmmmwwmmmmmmw
mmtmnmmmw: The ROSA metric has a range from <3 when comparing

from ins to >38 when comparing closely related strains. Organisms at
lm“lkwnwbsp'mmduminmdwurwmmmm“mwmmm
with any existing p metric it takes into both of
as well as p of the dof

Background/Review of Existing Phylogenomic Metrics

70% DNA-DNA Hybridization (DDH)-Official Species definition (Wayne et ol. 1987)

* Requires physical reciprocal experiment for each

Physical integration of ortholog similarity and percentage of orthologs
Examines entire genome

Few labs have capability, error prone, applicable only at species level

, cannot datab

70% estimated DDH using Genome-Genome Distance Calculator (GGDC

Easily accessible web-based tool (Meier-Kolthoff et al. , 2013)

Examines entire genome sequence, range similar to DDH, statistical support
“Black box" calculation derived from unclear metric and complex statistics
No widely accepted thresholds above species level

98.65% 165 rRNA similarity (Stackebrandt & Ebers, 2006; Kim et al., 2014)

Simple, very inexpensive, large databases.

Easily accessible stand alone and web-based tools (Kim et ol., 2012)
Examines only a single gene, many separate species have >99% similarity
No widely accepted thresholds above species level

95-96% Average Nucleotide Identity (ANI) (Goris et al. , 2007)

Accessible tools (Ispecies - Richter & Rossello’-Mora, 2009;
Kostas Lab hitp://enve-omics.ce.gatech.edu/ani/;
ChunLab http://www.erbiocloud.net/ezgenome )
Metric is moderately clear and intuitively understood at a basic level
Value reflects average similarity of only highly similar (>60%) sequences
Does not consider distant or non-orthologous sequences (min ~60%)
No widely accepted thresholds above species level

95% Average Amino Acid Identity (AAI ) (Konstantinidis & Tiedje, 2005)

Higher amino acid sequence conservation detects more orthologs than ANI
Metric is clear and intuitively understood, reflects unit of selectionfconservation
(proteins rather than randomly broken DNA seq)

Applicable above spetles 1evel but no widely accepted thresholds (yet)

Does not consid
No easily accessible tools

Goul Createa genome-based metric to differentiate bacterial species.

Incorporate orthology between distantiy-related organisms (AAl)
Incorporate core genome percentage due to HGT/reductive evolution (%BBH)
Comparable to DDH using full range from 0 - 100

Accessible via web using meaningful components, intuitive 1o understand

Integration of Average Amino Acid Identity (AAl) and Percentage of Orthologous Genes in a Single Phylogenomic Metric,

the Reciprocal Orthology Score Average (ROSA).
Andrew Gale!, Jordan Krebs?, Eileen Peluso? ; Jeff Newman®

The SEED Viewer

Rapid Annotation with Subsystem Technology (RAST)
mm@mm (Overbeek et al., 2014)
Users upload multi-sequence fasta files

* RAST calculates GCmol¥, genome size, identifies CD5s & RNAs,
Integrates into subsystems.

* Sequence-Based Comparison tool identifies unidirectional and
bidirectional best hits between a “Reference Genome” and up 1o ten
“Comparison Genomes”

* Exportable color-coded tabie and graphic shows best matches.

* Screen “mouseover” or columns in exported table provide protein
name and AA sequence identity of each.

TET T TT IO

W

Figure 2. Exp

Based C

table with Seq P
resuits. Important columns are indicated with a red box.

ison tool

Separate comparisons must be conducted using each organism as a
reference and the others (up to 10) as comparison organisms.
* Can be used to construct Venn Diagrams

s s § e i e S e

Newman Lab ROSA Calculator
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Figure 3. Screenshot of ROSA Calculator.

Department of Biology* and Mathematical Sciences ?, Lycoming College, Williamsport, PA.

Logic of Phylogenomic Metric Design

*  AAl 2 Due to variation in percent identity of CDS, (see fig.
2) length included as a factor.

E(%identity *length Yesn

Elength s
* Because Horizontal Gene Transfer (HGT) and reductive
evolution would decrease DDH values batween two
organisms, we calculated this as %B8H.

AAl =

Z.I'ﬂﬂgﬂl' B34 (compartzon )

%BBH =
Tlength ail(reference )

* Because 95% AAI corresponds to 70% DDH (the species
barrier), we concluded that decreasing AAl would decrease
DDH faster than a decrease in %BBH
Orthology Score (0OS) = AAI® * %BBH

* Differences in reference genome size create different %BBH
values in reciprocal comparisons

Reciprocal Orthology Score Average (ROSA)

ROSA = (0S,; + 0S,,)/2

Example ROSA Clusters

e

HEH T

ERC - s am

Table 1. Same species >65;
Same genus, different species 35-65

I

Table 2. Same farrlily, different genus 15-35;
different family <15
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|* If Microbial Systematics is to become based on

Table 4. ROSA Values at Different
Phylogenetic levels.
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ics, much ta will be

necessary.

|* Comparison of shared and unique orthologs can

allow prediction of differentiating traits between
groups
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ROSA Thresholds

.bhﬂ .y-ﬂ .:p-ﬂ .)sﬂ .)sﬁ .)h‘l". .)k‘!'. .)h*l"l é,sﬂ .‘pﬂ .btﬂ
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. expected . below above
Level Same Different P min max mean n=

range range range

8 species strain >65 49 99.59 85.98 312 3 N/A

/ genus species 35-65 6.85 95.8 36.63 521 294 38
6 family genus 15-35 2.8 5499 18.86 524 125 19
5 order  family 10-15 475 2319 1158 314 79 22
4 class order 8-10 415 1499 822 286 121 o8
3 phylum class 6-8 4.3 114 6.62 123 42 14
2 domain phylum 3-6 1.85 7.66 445 211 10 6

1 domain <3 1.36 444 242 47 0 9

Table 4. ROSA Values at Different
Phylogenetic levels.



Chryseo vs Kaistella genomes

! ROSA (sorted) 512012.1 531844.8 510955.3 421525.1 266749.3 1121288 266748.5 232216.7 1121870 525257.7 121696
} |Flavobacteriaceae bacterium 1JC (512012.10) 512012.1

} Flavobacteriaceae bacterium 3519-10 (531844.8) 531844.8 50.305

3 Chryseobacterium solincola DSM 22468 (510955.3) 510955.3 48.614 46.447

3 |Chryseobacterium haifense DSM 19056 (421525.12) 421525.12 47.947 41.886 42.263

" Chryseobacterium jeonii DSM 17048 (266749.3) 266749.3 47.332 42.154 46.796 38.772

3| Chryseobacterium palustre DSM 21579 (1121288.3) 1121288.3 47.141 43.741 47.319 39.36 47.852

) Chryseobacterium antarcticum LMG 24720 (266748.5) 266748.5 44.819 41.226 49.764 37.835 50.213 44.893

)| Chryseobacterium koreense CCUG 49689 (232216.7) 232216.7 44,653 39.149 41.074 38.487 39.248 41.354 37.91

| |[Epilithonimonas tenax DSM 16811 (1121870.3) 1121870.3 32.207 30.889 32.079 29.75 30.303 29.797 29.403 28.804

! Chryseobacterium gleum F93, ATCC 35910 (525257.7) 525257.7 30.406 28.241 30.002 28.223 27.728 27.799 27.315 28.573 29.996

} |Elizabethkingia meningoseptica ATCC 13253 (1216967.8) 1216967.8 26.552 25.025 26.966 24.894 24.972 2424 24.567 23.845 25.521 27.671

 Top 8 organisms...

— Show high genome similarity with each other
(ROSA range of 38-50)

— Show lower genome similarity with three genera
(ROSA range of 24-32)

« Kaistella koreensis was first published in 2004 as a new
genus, has priority



Comparison of Genome Size
“Tru” Chi seobct vs Kalstella

A '!" -».
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Species Contigs Genome Size
Chryseobacterium gleum F93, ATCC 35910 69 5562004 Chryseobacterium
Chryseobacterium sp. LO 85 5489991 Kaistella
Chryseobacterium vrystaatense LMG 22846 18 5487842
Chryseobacterium sp. JM1 31 5256156
Chryseobacterium angstadtii KM 16 5212770
Chryseobacterium sp. UNC8MFCol 35 4985241
Chryseobacterium soli DSM 19298 26 4754478
Chryseobacterium indologenes NBRC 14944 33 4753942
Chryseobacterium luteum DSM 18605 49 4718546
Chryseobacterium sp. CF314 132 4488346
Chryseobacterium oranimense G311 15 4457049
Chryseobacterium gregarium DSM 19109 a4 4438326
Chryseobacterium sp. BLS98 10 4414965
Chryseobacterium formosense LMG 24722 10 4364663
Chryseobacterium hispalense DSM 25574 27 4363762
Chryseobacterium piperi CTM 89 4340594
‘Chryseobacterium daeguense DSM 19388 27 4214400
Chryseobacterium caeni DSM 17710 21 4115882
Chryseobacterium sp. FH2 25 3988967
Chryseobacterium jeonii DSM 17048 42 3268780
Chryseobacterium koreense CCUG 49689 75 3179892
Chryseobacterium antarcticum LMG 24720 4 3123663
Chryseobacterium palustre DSM 21579 20 2981097
Flavobacteriaceae bacterium JJC 90 2853712
Chryseobacterium haifense DSM 19056 505 2853560
Flavobacteriaceae bacterium 3519-10 1 2768102
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Chryseobacterium solincola DSM 22468 16 2345734



Flexirubin Pigments

ContiGene Leng: C glewm | furcticn He CopiM =t Cdoegue H¢ Clomos =t Cpegat =t Chispale 5 Cindoleg =t Clteum H: Cpiperil 5t Csol08 Ht €
12 1817 38 fig|S825 Diakyrecorsirol condensingenzyme. b Aig|SS81S: B fig/imnd b Sg|2M8k b figlud b Sglond b Agliaisy B figladisy bi AglsSaS b figlutsse b fig|aned

ContiGere Leng C Gleum furction He Castati =t Chalens ¢ Cleosli #t Khoreem Ht Cpalstn #z CSolisco =t BN wt EXC 5t Elimbethl st
12 1517 305 fig) S2525" Dialeyfrecorsinol condensing enzyme u  fgluns

Chyseobacterlum | Kalstella |Ellzabethidngla |Epllithonimonas |b| = B dire ction al best Hit

* Dialkylresorcinol condensing enzyme = Flexirubin Pigments
of the Chryseobacterium (yellow) have flexirubin pigments.

of the proposed Kaistella (green) have flexirubin pigments.
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Analyzing the RAST Comparisons

« Emphasis was given to genes which were present in all of the proposed
Kaistella and none of the three other type-strains.

E1435 il S Nitrousoxide reductase (EC 1.7.99.6)

| n_s_c_ [} E _F G H | J_ K L M N_ 0_ P Q R 5 T u |V w x_ ¥ Z
1 |Contig Gene Length K. koreensis function Hit C.antarctiHit C. haifens Hit C. jeonii Hit C. palustreHit C. Solinco Hit Flavobact Hit F.JCC Hit ElizabethhHit C. Gleum Hit Epilithonimonas tenax

137 f OX i I i ? ¥ 1| 35! bi
175 fig|232216. fig| 26674¢ bi fig| 26674¢ bi fig| 51095 bi
[ 166 fig|232216.7. FIG00618450: hypothetical protein fig| 26674 bi fig|42152'bi fig|26674¢bi fig|11212¢bi fig]51095tbi fig|53184«bi fig|512012.10
ha37| 4 139 282 fig|232216.7.Lmo0572 protein bi fig|26674ibi fig|a2152:bi fig|266745bi fig|11212tbi fig|51095:bl fig|531844.8.ffig|51201:bi fig|12169tbi fig|52525°bi fig|1121870.3.peg.528
438 13 495 141 fig|232216.7. hypothetical protein bi fig|2667atbi fig|a2152bi fig|26674chi fig|11212tbi fig|51095:bi fig|531844.8.¢ fig|51201:bi fig|12169tbi fig|52525:bi fig|1121870.3.peg.2409
430) 28 1452 706 fig|232216.7. Translation elongation factor G bi fig|26674¢bi fig|42152:bi fig|26674¢hi fig|11212¢bi fig|51095¢bi fig]531844.8.¢ fig|51201:bi fig|12169tbi fig|52525°bi fig|1121870.3.peg.1562
1440 31 1667 562 fig| 232216.7. TPR repeatcontaining protein bi fig|26674tbi fig|la2152:bi fig|26674cbi fig|11212¢bi fig|51095:bi fig|531844.8.5 bi fig|12169tbi fig]52525:bi fig|1121870.3.peg.468
1441 22 820 93 fig| 232216.7. hypothetical protein bi fig|26674ibi fig|42152tbi fig|26674cbl fig|11212ibi fig|51095:bi fig|531844.8.; fig|51201:bi fig|12169tbi fig|525257.7.f fig| 1121870.3.peg.1140
1442 28 1428 72 fig| 232216.7. Translation initiation factor 1 bi fig|26674tbl fig|42152:bl fig|26674bi fig|11212tbi fig|51095:bi fig|531844.8.5 bi fig|12169tbl fig|525257.7.¢

 The group of genes related to Nitrous Oxide Reductase
appear only in the Kaistella’s.
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Denitrification and the Nitrous Oxide Reductase cluster

Kaistella

Chryseobacterium

Domain Variant active NirS Nirkk NirV gNor cNor-B cNor-C NorE NorD Nort NosZ NosD NosF NosY Nosl  losX NosR NnrS Norft DNR Norl) NorT

hganism 4w
AR T

Denitrification
Pathway

narG narH nar narl
Nitrate reductase (Nar)
(o ——
A
nosl. | nosY nos nosD nosé nosk !
F i
Nitrous oxide reductase (Nos) ,"
'f" ‘l ‘\I
-4+ 4 <
nnrA - nirV mirk 5.6 kb norD norQ norB  norC norF nork
Nitrite reductase (Nir) Nitric oxide reductase (Nor) 1 kb

Nitrate Nara Nitrite

(NOy) (NO,) (NO) (N,0) (N,)

Nir, Nitric oxide Ntl)rE Nitrous oxide NOSE Nitrogen

Haine Vet al. J. Bactenol, 2006,188:1615-1619
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Differences between Chryseo’s & Kaistella’s

Flexirubin pigments in Chryseo’s only.

Nitrous oxide reductase in Kaistella’s only.

Kaistella’s are more sensitive

Propose a

to several antibiotics separation of

Chryseobacterium
and Kaistella at this

branch

Low (<10%) 15:0 anteiso in Chryseo;
higher (>10%) 15:0 anteiso in Kaistella.

Kaistella have smaller genomes than
Chryseobacterium

The ROSA and AAlr scores show that
Kaistella's are as different from C. gleum
as they are from neighboring genera
(Epilithonimonas & Elizabethkingia).

Chryseobacterium vietnamense, HM212415, Flavobacteriaceae
Chryseobacterium jejuense, EF591303, Flavobacteriaceae
Chryseobacterium oncorhynchi, FN674441, Flavobacteriaceae
Chryseobacterium ureilyticum, AM232806, Flavobacteriaceae
Chryseobacterium joostei, AJ271010, Flavobacteriaceae
Chryseobacterium aquifrigidense, EF644913, Flavobacteriaceae
Chryseobacterium flavum, EF154516, Flavobacteriaceae
Chryseobacterium gleum, AM232812, type sp., Flavobacteriaceae
Chryseobacterium arthrosphaerae, FN398101, Flavobacteriaceae
Chryseobacterium indologenes, AM232813, Flavobacteriaceae
Chryseobacterium culicis, FN554973, Flavobacteriaceae
Cruoricaptor ignavus, HE614680, type sp., Flavobacteriaceae
Chryseobacterium caeni, DQ336714, Flavobacteriaceae
Chryseobacterium hungaricum, EF6853359, Flavobacteriaceae
Chryseobacterium hispanicum, AM159183, Flavobacteriaceae
Chryseobacterium bovis, EF204446, Flavobacteriaceae
Chryseobacterium hominis, AM261868, Flavobacteriaceae
Chryseobacterium antarcticum, AY553293, Flavobacteriaceae
Chryseobacterium palustre, EU360967, Flavobacteriaceae
Chryseobacterium yonginense, GQ259742, Flavobacteriaceae
Chryseobacterium chaponense, GU345045, Flavobacteriaceae
Chryseobacterium jeonii, AY553294, Flavobacteriaceae
Chryseobacterium solincola, EU516352, Flavobacteriaceae
Chryseobacferrum treverense, FNEQ?BBS Ffavobaf‘fenaceae
| Chryseobacrenum koreense, AF344 1 79 Fla uobacre riaceae
bryseghacternym haifence FEI204450 Flavohacterzccae
Chryseobacterium humi, EU360966, Flavobacteriaceae
Chryseobacterium marinum, EF554366, Flavobacteriaceae
Chryseobacterium pallidum, AM232809, Flavobacteriaceae
Chryseobacterium molle, AJ534853, Flavobacteriaceae
Riemerella columbipharyngis, HQ286278, Flavobacteriaceae
Riemerella columbina, AF181448, Flavobacteriaceae
Riemerella anatipestifer, U60101, type sp., Flavobacteriaceae
Cloacibacterium normanense, AJ575430, type sp., Flavobacteriaceae
Cloacibacterium rupense, EU581834, Flavobacteriaceae
Planobacterium taklimakanense, EU718058, type sp., Flavobacteriaceae
Soonwooa buanensis, FJ713810, type sp., Flavobacteriaceae
Elizabethkingia anophelis, EF4264235, Flavobacteriaceae
Elizabethkingia miricola, AB071953, Flavobacteriaceae
Elizabethkingia meningoseptica, AJ704540, type sp., Flavobacteriaceae




Create the Family Chryseobacteriaceae

Flavobacterium aquatile LMG 4008
Mesoflavibacter zeaxanthinifaciens DSM 18436
Gaetbulibacter saemankumensis DSM 17032
Croceibacter atlanticus HTCC2559
Psychroserpens burtonensis DSM 12212
Gramella echinicola DSM 19838

Gillisia limnaea R-8282, DSM 15749
Cellulophaga lytica DSM 7489

Joostella marina En5, DSM 19592

Myroides odoratus DSM 2801

Muricauda ruestringensis B1, DSM 13258
Eudoraea adriatica DSM 19308

Robiginitalea biformata HTCC2501
Zunongwangia profunda SM-A87
Psychroflexus torquis ATCC 700755
Capnocytophaga ochracea DSM 7271

Weeksella virosa 9751, DSM 16922
Empedobacter brevis ATCC 43319
Bergeyella zoohelcum ATCC 43767
Chryseobacterium antarcticum LMG 24720
Chryseobacterium koreense CCUG 49689
Elizabethkingia meningoseptica ATCC 13253
Epilithonimonas tenax DSM 16811
Chryseobacterium gleum F93, ATCC 35910

Ornithobacterium rhinotracheale DSM 15997
Owenweeksia hongkongensis DSM 17368
Fluviicola taffensis DSM 16823
Sphingobacterium spiritivorum ATCC 33861
ICytophaga hutchinsonii ATCC 33406

245.3
1122225.3
1121909.3

216432.3
1123037.3
1121931.3

865937.4

867900.5

453852.3

929704.5

886377.5
1121875.4

313596.3

655815.5

313595.1

521097.9

865938.6
1218108.4

883096.4

266748.3

232216.5
1216967.8
1121870.3

525257.7

867902.4

926562.5

755732.4

525373.5
269798.18

21.773
20.272
19.939
19.343
18.244
18.138
18.073
17.552
17.51
17.356
16.699
15.872
15.837
15.63
15.089

Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Flavobacteriaceae
Flavobacteriia; Flavobacteriales; Chryseobacteriaceae
Flavobacteriia; Flavobacteriales; Chryseobacteriaceae
Flavobacteriia; Flavobacteriales; Chryseobacteriaceae
Flavobacteriia; Flavobacteriales; Chryseobacteriaceae
Flavobacteriia; Flavobacteriales; Chryseobacteriaceae
Flavobacteriia; Flavobacteriales; Chryseobacteriaceae
Flavobacteriia; Flavobacteriales; Chryseobacteriaceae
Flavobacteriia; Flavobacteriales; Chryseobacteriaceae
Flavobacteriia; Flavobacteriales; Ornithobacteriaceae
Flavobacteriia; Flavobacteriales; Cryomorphaceae
Flavobacteriia; Flavobacteriales; Cryomorphaceae
Sphingobacteriia; Sphingobacteriales; Sphingobacteriaceae
Cytophagia; Cytophagales; Cytophagaceae



Flavobacterium 16S Tree

61 - Flavobacterium piscis 412R-09T/HE612101
3711 Flavobacterium frigidimaris KUC-1T/AB183888

38l Flavobacterium aquidurense WB-1.1.56T/AM177392
711 _ Flavobacterium panaciterrae DCY69T/JX233806

3L Flavobacterium tructae 435-08T/HE612100
[ Flavobacterium plurextorum 1126-1H-08T/HE612094
Flavobacterium oncorhynchi 631-08T/FN669776
{EWW chungangense CJ7T/EU924275
3

4

Flavobacterium chilense LM-09-FpT/FR774915
Flavobacterium hydatis DSM 2063T/AM230487

° Flavobacternum reichenbachii WB 3.2-61T/AM177616
Flavobacterium glaciei 0499T/DQ515962

9-|: Flavobacterium succinicans LMG 10402T/JATV01000001
Flavobacterium hibemmum ATCC 51468T/L39067
Flavobacterium pectinovorum DSM 6368T/AM230490
Flavobacterium tiangeerense S63T/EU036219
Flavobacterium xueshanense Sr22T/HQ436466

99 Flavobacterium sinopsychrotolerans 0533T/FJ654474
Flavobacterium xanthum ACAM 81T/AF030380
Flavobacterium algicola TC2T/AB455265

76 Flavobacterium frigidarium A2iT/AF162266

2

Flavobacterium branchiophilum FL-1S/FQ859183
2 Flavobacterium swingsii WB 2.3-68T/AM934651
Flavobacterium psychrophilum IFO 15942T/AB0O78060

100
100 - Flavobacterium psychrophilum JIPO2/86/AM398681

— Flavobacterium soli DSM 19725T/AUGO01000020

1 Flavobacterium johnsoniae UW101T/CP000685

5% Flavobacterium compostarboris 15C3T/GQ281769

Flavobacterium ginsenosidimutans THG 01T/GU138377
Flavobacterium ginsengisoli DCYS4T/HM776705

68
&8 Flavobacterium denitrificans EDST/AJ318907
16 72 Flavobacterium phragmitis BLN2T/GUS64236
Flavobacterium noncentrifugens R-HLS-17T/JQ002654

Flavobacterium antarcticum DSM 19726T/FM163401

52
95 Flavobacterium tegetincola DSM 22377T/AUDNO1000041

Flavobacterium terrigena DS-20T/DQ889724
Flavobacterium macrobrachii an-8T/FJ593904

NS Flavobacterium dankookense ARSA-19T/GU295970
58 Flavobacterium cheonhonense ARSA-15T/GU295972
51 Flavobacterium chungnamense ARSA-103T/GU295971
6| 88 Flavobacterium aciduliphilum JJO13T/JN712178

Flavobacterium gelidilacus LMG 21477T/AJ440996

10

15

$3

100 |: Flavobacterium ponti GSW-R14T/GQ370387
——f— avobacterium cucumis R2A45-3T/EF 126993
99| Flavobacterium aquaticum JC164T/HE995762
88 L— Flavobacterium sasangense YC6274T/EU423319
Flavobacterium filum EMB34T/DQ372981
Flavobacterium ceti 454-2T/AM292800
Flavobacterium ummariense DS-12T/HQ329187
100 r Flavobacterium beibuense F44-8T/GQ245972
L Flavobacterium rakeshii FCS-ST/AJF830803
93 Flavobacterium subsaxonicum WB 4.1-42T/AM934666
E(_— Flavobacterium rivuli WB 3.3-2T/AM934661

100

5oﬁlavobam limnosediminis JC2902 1/AVGG01000026
99

Flavobacterium cauense R2A-7T/AVBIO1000023

—— Flavobacterium saliperosum S13T/AVFO01000001
— Flavobacterium enshiense DK69T/AVCS01000031
L Flavobacterium suncheonense GH29-5T/DQ222428

Flavobacterium columnare IFO 15943T/AB0O78047

100 - Flavobacterium squillarum CMJ-5T/JQ029111
Flavobacterium fontis MIC3010T/JN873147
Flavobacterium indicum GPTSA100-9T/HE774682
Flavobacterium urocaniciphilum YIT 12746 T/AB795015
Flavobacterium jumunjinense HME7102TIJF317279
66 Flavobacterium dongtanense LW30T/GU073293
Flavobacterium longum YIT 12745T/AB795014

1_00|:=Iavobacterium caeni LMST/EU313814



1 Cluster of Species

Flavobacterium saliperosum S13 (1341155.4)
Flavobacterium cauense R2A-7 (1341154.4)
Flavobacterium limnosediminis JC2902 (1341181.6)
Flavobacterium suncheonense DSM 17707 (1121899.4)
Flavobacterium enshiense DK69 (1107311.4)
Flavobacterium aquatile LMG 4008 (1453498.10)
Flavobacterium psychrophilum JIP02/86 (402612.11)
Flavobacterium columnare ATCC 49512 (1041826.25)
Flavobacterium tegetincola DSM 22377 (1121901.4)
Flavobacterium rivuli DSM 21788 (1121895.6)
Flavobacterium johnsoniae UW101 (376686.16)

ROSA
(sorted)
1341155.4
13a1154.4 [1166:422°

1341181.6  56.717  55.312

1121899.4  53.612  52.735 47.758
1107311.4  53.072 52119 57.609 47.206
1453498.1
402612.11
1041826.25
1121901.4
1121895.6
376686.16

1341155.4 1341154 1341182 1121899 1107311 1453498 402612.1 1041826 1121901 1121896 376686.2

Average Amino Acid Identity (AAlr) Genus Threshold ~75

Flavobacterium saliperosum S13

Flavobacterium cauense R2A-7

Flavobacterium limnosediminis JC2902

Flavobacterium suncheonense DSM17707

Flavobacterium enshiense DK69

Flavobacterium aquatile LMG 4008

O (| AW N | R

Reciprocal Orthology Score Average (ROSA) Genus Threshold ~35




3 Clusters of Species

ROSA (sorted) 946677.6 37752.6 376686.2 362418.8 1453506 991.1 386300.3 1450526 1453498 1041826 1121896
Flavobacterium chilense (946677.6) 946677.6
Flavobacterium hibernum DSM 12611 (37752.6) 37752.6 54.496
Flavobacterium johnsoniae UW101 (376686.16) 376686.16 51.639 49.486
Flavobacterium reichenbachii (362418.8) 362418.8 48.307 48.06 49.95
Flavobacterium chungangense LMG 26729 (1453505.5) 1453505.5 43.429 45.362 44,112  46.498
Flavobacterium hydatis DSM 2063 (991.10) 991.1 41.759 42.322 38.737 36.916 35.61
Flavobacterium glaciei CGMCC 1.5380 (386300.3) 386300.3
Flavobacterium succinicans LMG 10402 (1450525.7) 1450525.7
Flavobacterium aquatile LMG 4008 (1453498.10) 1453498.1
Flavobacterium columnare ATCC 49512 (1041826.25)  1041826.25
Flavobacterium rivuli DSM 21788 (1121895.6) 1121895.6
ROSA (sorted) 1121888.4 376686.2 1121887 1121898 1453498 1406840 1121889 1121898 1121896 1094466 1041826
Flavobacterium denitrificans DSM 15936 (1121888.4) 1121888.4
Flavobacterium johnsoniae UW101 (376686.16) 376686.16 51.95
Flavobacterium daejeonense DSM 17708 (1121887.4) 1121887.4
Flavobacterium soli DSM 19725 (1121897.6) 1121897.6
Flavobacterium aquatile LMG 4008 (1453498.10) 1453498.1
Flavobacterium beibuense F44-8 (1406840.4) 1406840.4
Flavobacterium filum DSM 17961 (1121889.4) 1121889.4
Flavobacterium subsaxonicum DSM 21790 (1121898.4)  1121898.4
Flavobacterium rivuli DSM 21788 (1121895.6) 1121895.6
Flavobacterium indicum GPTSA100-9 (1094466.12) 1094466.12

Flavobacterium columnare ATCC 49512 (1041826.25) 1041826.25



More Clusters and Singletons

ROSA is the smoke to point out genomic differences

Examination of shared and unique genes and phenotypes can allow creation
of evolutionarily and phenotypically coherent groups.

It seems that much revision is necessary, due to power of genome

sequences to reveal relationships
(si?‘tse:) 1086011.2 1121890 1453498 1111731 376686.2 402612.1 1121892 1121896 1034807 1041826 1121896
Flavobacterium frigoris PS1 (1086011.9) 1086011.9
Flavobacterium frigidarium DSM 17623 (1121890.4) 1121890.4
Flavobacterium aquatile LMG 4008 (1453498.10) 1453498.1
Flavobacterium antarcticum DSM 19726 (1111730.6) 1111730.6
Flavobacterium johnsoniae UW101 (376686.16) 376686.16
Flavobacterium psychrophilum JIP02/86 (402612.11) 402612.11
Flavobacterium gelidilacus DSM 15343 (1121891.5) 1121891.5

Flavobacterium sasangense DSM 21067 (1121896.4) 112189%96.4
Flavobacterium branchiophilum FL-15 (1034807.12) 1034807.12
Flavobacterium columnare ATCC 49512 (1041826.25)  1041826.25
Flavobacterium rivuli DSM 21788 (1121895.6) 1121895.6







