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The Journey

• 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 Chryseobacteriaceae
– Reinstate genus Kaistella
– What is a Flavobacterium? 

(similar to problem with 
Bacillus, Pseudomonas,
Lactobacillus, Clostridium, 
Rhizobium)

• 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
- streak plates, inoculation of liquid
- preparation of  frozen permanents

Week 2 – Staining & Microscopy
- Gram stain
- Endospore stain
- Wet mount

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



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

The LycoMicro Unknown Microbe Lab
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16S rRNA gene ~ 1500 bp



Week 7 – MIDI – FAME Analysis
- BUG+Blood (Hemolysis) 

Biolog GenIII Plates
Week 8 – Analyze DNA sequence @ 

http://www.ezbiocloud.net/eztaxon , 
- Construct Phylogenetic Tree w/MEGA, 
- Literature Research (IJSEM)

The LycoMicro Unknown Microbe Lab
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Biolog GenIII for ID (2009 NSF MRI grant)



Biolog results
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EZ-Taxon
• http://www.ezbiocloud.net/eztaxon 
• Database contains

type strains =
official representatives
of a species
– Good pairwise scores
– “CompGen” compares 

to all members of 
Genus, can easily
download and format 
sequences for trees



EZ-Taxon

What is threshold for same vs different species?



• The Gold Standard
– Less than 70% DNA-DNA hybridization (green line)

• % Identity 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

How are bacterial species defined?



95% ANI ~ 70% DDH ~ 69% Conserved (>90%)







Determine Phylogenomic Metrics –
Kostas Lab ANI Calculator



Determine Phylogenomic Metrics –
Chun Lab EzGenome ANI Calculator



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



• Wetterstrand KA. DNA Sequencing 
Costs: Data from the NHGRI Large-
Scale Genome Sequencing Program 
Available at: 
www.genome.gov/sequencingcosts. 
Accessed [2-15-15].



GCAT GCAT-SEEK

• Genome Consortium for Active Teaching (GCAT) 
founded in 2000 to bring Genomics (Microarrays) 
to the undergraduate curriculum. 

• Multiple HHMI & NSF funded workshops

• GCAT-SEEKquence “spin-off” to bring
NextGen sequencing to the undergraduate 
curriculum.

• 3 genomes (Ion Torrent & 454 as part of pilot)
• NSF Research Collaboration Network, 

Juniata’s HHMI Genomics 
Leadership Initiative



Shared MiSeq Runs
Sample Reads est. Bases est.

GSF665-1-E_coli-C06b 217,320 130,391,966
GSF665-2-Chryseobacterium-LO 1,317,872 790,723,170
GSF665-3-Linfield-KH 809,893 485,935,870
GSF665-4-Linfield-NH 301,171 180,702,758
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
GSF665-10-strain_3572 593,179 355,907,159
GSF665-11-Gracilibacillus_dipsosauri 986,925 592,154,880
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
GSF665-16-Janthinobacterium-BJB304 1,098,516 659,109,346
GSF665-17-Janthinobacterium-BJB317 549,616 329,769,324
GSF665-18-Iodobacter-BJB302 206,973 124,183,611
GSF665-19-Asaia_bogorensis 1,096,204 657,722,373
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
GSF665-24-Asaia_prunellae 1,035,414 621,248,288
GSF665-27-Serratia -DL 129,258 77,554,903
GSF665-28-Phage-KitKat 53,773 32,263,632
GSF665-29-Cyanobacterium-RC610 909,265 545,559,194
GSF665-30-Serratia_marcescens-RH 307,886 184,731,584
GSF665-31-Bacillus_cibi 693,101 415,860,714
GSF665-32-Pedobacter-BMA 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
GSF665-39-Kaistella_koreensis 1,238,892 743,334,928
GSF665-40-Kaistella_haifense 1,067,969 640,781,490

Total 25,364,460 15,218,675,963
Average 724,699 434,819,313

• NextGen Instruments generate 
more data than most UG 
faculty can use or afford.

• November 2013 – 27 bacteria 
@$200 each (including 
Flavobacterium aquatile)

• April, 2014 – Opened to 
Microedu Listserv 
35 Bacteria and Phage from 
16 institutions @$190/sample

• October 2014 – 30 phage, 
viruses and bacteria 
@$175/sample.



Assembly statistics

[SoftGenetics Assembler: Assembly Results Statistics 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
[Final Contig Merge Results Statistics Report]
• Final Contig Merge Sequences Number: 13
• 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





Annotation 
with RAST

• http://rast.nmpdr.org/

• Upload genome 
as a .fasta file,

• Get GC mol% composition
• 1-24 hrs later…



RAST Screens



RAST – Many genes assigned to expandable 
subsystems



Annotation = Genes 
identified and 
classified by 

function



RAST – Many genes assigned to expandable 
subsystems



RAST – Sequence based comparison tool to ID orthologs



C.populense lacks 
carotenoid biosynthetic genes

C.hispalense C.populense



Explain phenotypic differences 
– e.g. Pigment “Landscapes”

C.populense CF314

C.hispalense  carotenoid

 flexirubin

 Flexirubins
only



Sequence-Based Comparison to Calculate AAI



Sequence Based Comparison provides 
protein seq similarity for shared genes…..







Sequence Based Comparison can ID 
unique and shared genes…..











Identify Core, Genus or Family-Specific Genes



Genes can be gained and 
lost



Staphylococcus (3) no type comparisons ROSA 93062.4 367830.3 93061.3 282459.1 158878.1 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 94.8
Staphylococcus aureus subsp. aureus NCTC 8325  93061.3 93.97 92.73
Staphylococcus aureus subsp. aureus MSSA476  282459.1 90.39 90.1 90.85
Staphylococcus aureus subsp. aureus Mu50  158878.1 88.01 88.25 88.15 87.5
Staphylococcus aureus RF122  273036.3 86.78 85.6 86.89 86.02 86.18
Staphylococcus aureus subsp. aureus MRSA252  282458.1 85.95 86.56 85.23 87.8 84.86 83.67
Staphylococcus epidermidis RP62A  176279.3 43.49 43.38 42.5 43.55 43.37 43.55 43.97
Staphylococcus epidermidis ATCC 12228  176280.1 43.25 43.25 42.62 43.7 42.69 43.71 43.22 86.44
Staphylococcus haemolyticus JCSC1435  279808.3 41 41.28 40.73 41.15 40.63 41.32 41.24 44.94 44.9
Staphylococcus saprophyticus ATCC 15305T 342451.4 38.35 38.33 38.01 38.62 37.65 38.63 38.35 39.6 39.79 40.18

• ROSA takes into consideration both 
– similarity of orthologs at the protein level (AAI)
– % of genome composed of orthologs (%BBH)

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

• Orthology Score (OS) =  AAI2 * %BBH
• ROSA = (OSAB + OSBA)/2

Reciprocal Orthology Score Average (ROSA)

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



Reciprocal Orthology Score Average (ROSA)





ROSA Thresholds

Table 4. ROSA Values at Different 
Phylogenetic levels.

Level Same Different expected 
range min max mean n= below 

range
above 
range

8 species strain >65 49 99.59 85.98 312 3 N/A
7 genus species 35-65 6.85 95.8 36.63 521 294 38
6 family genus 15-35 5.8 54.99 18.86 524 125 19
5 order family 10-15 4.75 23.19 11.58 314 79 22
4 class order 8-10 4.15 14.99 8.22 286 121 58
3 phylum class 6-8 4.3 11.4 6.62 123 42 14
2 domain phylum 3-6 1.85 7.66 4.45 211 10 6
1 domain <3 1.36 4.44 2.42 47 0 9



Chryseo vs Kaistella genomes

• 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
“True” Chryseobact. vs Kaistella
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Flexirubin Pigments

• Dialkylresorcinol condensing enzyme = Flexirubin Pigments

• All of the Chryseobacterium (yellow) have flexirubin pigments.

• None 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.

44

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



Denitrification and the Nitrous Oxide Reductase cluster

45

Denitrification 
Pathway



Differences between Chryseo’s & Kaistella’s

• Flexirubin pigments in Chryseo’s only.
• Nitrous oxide reductase in Kaistella’s only. 
• Kaistella’s are more sensitive 

to several antibiotics 

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

• Kaistella have smaller genomes than 
Chryseobacterium

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

Propose a 
separation of 
Chryseobacterium 
and Kaistella at this 
branch



Create the Family Chryseobacteriaceae



Flavobacterium 16S Tree



1 Cluster of Species

Average Amino Acid Identity (AAIr) Genus Threshold ~75

1 2 3 4 5 6

Flavobacterium saliperosum S13 1 88.8 84.9 80.4 82.6 69.1

Flavobacterium cauense R2A‐7 2 66.4 84.6 80.9 82.5 69.1

Flavobacterium limnosediminis JC2902 3 56.7 55.3 79.3 85.4 68.5

Flavobacterium suncheonense DSM17707 4 53.6 52.7 47.7 79.1 68.2

Flavobacterium enshiense DK69 5 53.0 52.1 57.6 47.2 68.3

Flavobacterium aquatile LMG 4008 6 34.0 33.5 31.6 32.4 30.5

Reciprocal Orthology Score Average (ROSA) Genus Threshold ~35



3 Clusters of Species



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



Thank You!


