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Abstract:
Two Gram‐negative, rod shaped, yellow pigmented aerobic bacterial strains, 

designated JRM and KMS, were isolated from the Loyalsock Creek in 
Montoursville PA as part of an undergraduate microbiology course. Growth was 
observed at temperatures 4‐30 ˚C and an optimal pH of 6‐9. Comparative 
16srRNA sequences identified the closest match to Flavobacterium hibernum and 
Flavobacterium hydatis. Full genome sequencing of both isolates and the 
reference Type strains was completed and an estimated DNA‐DNA Hybridization 
(eDDH) was calculated among them using the Genome‐to‐Genome‐ Distance 
Calculator. Strains JRM and KMS had an eDDH value of 74.6%, above the 70% for 
inclusion in the same species. When compared to JRM and KMS, Flavobacterium 
hibernum and Flavobacterium hydatis had GGDC values of under 70%. ANI was 
completed with the full genomes of JRM and KMS versus Flavobacterium 
hibernum and Flavobacterium hydatis with the results being under the threshold 
value for the same species. On the basis of phenotypic and genotypic data, strain 
JRM and KMS represent a novel species of the genus Flavobacterium  with the 
proposed name Flavobacterium falloni. 

Figure 2. Neighbor Joining  Tree 
of nearly full length 16s rRNA 
sequences.

Background:
• Unknown Microbe Lab identifies isolates from  a freshwater creek using Biolog 
GenIII and 16srRNA.

• Closest relatives Flavobacterium hydatis and Flavobacterium hibernum
obtained for 
–Whole Genome Sequence Analysis
– Phylogenomic Metrics
– Genotype‐Phenotype Correlation
– Polyphasic Characterization 

Phenotypic Analysis:

Conclusions:
• Significant Phenotypic differences observed in the antibiotic sensitivity  and in 
carotenoid production but not in Fatty Acid Composition. 

• Flavobacterium sp. JRM and Flavobacterium sp. KMS are both phenotypically 
and genetically different enough from reference organisms to be considered a 
novel species 

Acknowledgements
• Biolog and MIDI‐FAME instruments were funded NSF Award DBI‐0960114: MRI‐R2: Acquisition of Instrumentation for Novel Microbe 

Characterization by Undergraduate Researchers to JDN.
• GCAT‐SEEK is funded by NSF Award DBI‐1248096:RCN‐UBE   GCAT‐SEEK: The Genome Consortium for Active Undergraduate Research and 

Teaching Using Next‐Generation Sequencing.
References:

• Kim, O. S., Cho, Y. J., Lee, K., Yoon, S. H., Kim, M., Na, H., Park, S. C., Jeon, Y. S., Lee, J. H. & other authors. (2012). Introducing EzTaxon‐e: a 
prokaryotic 16S rRNA Gene sequence database with phylotypes that represent uncultured species. Int J Syst Evol Microbiol 62, 716–721.

• Meier‐Kolthoff, J.P., Auch, A.F., Klenk, H.‐P., Göker, M.  Genome sequence‐based species delimitation with confidence intervals and improved 
distance functions. BMC Bioinformatics 14:60, 2013.

Figure 1. EZ‐Taxon 16S rRNA pairwise similarity for JRM and KMS (Kim et al 2012)

Table 6. BIOLOG GENIII plate results

Genomic Comparisons

Flavobacterium 
falloni sp. JRM

Flavobacterium 
falloni sp. KMS

Flavobacterium 
hydatis

Flavobacterium 
hibernum

Total Reads 826,175 725,291 1,489,773 2,865,011

Contigs 170 58 99 29

Average Coverage 27X 28X 54X 109X

Assembly Length 5,386,118 bp 5,620,217 bp 5,877,671 bp 5,283,662 bp

Accession  JSYO01 JSPY01 JRHH01 JPRK01

Table 1. Genome Sequencing Statistics (MiSeq v3 2x300 PE)

Flavobacterium 
JRM

Flavobacterium 
KMS

Flavobacterium 
hydatis

Flavobacterium 
hibernum

Flavobacterium sp.
JRM ‐ 74.2 41.7 23.4

Flavobacterium sp. 
KMS 96.95 ‐ 40.8 23.3

Flavobacterium 
hydatis 90.54 90.22 ‐ 23.3

Flavobacterium 
hibernum 78.36 78.25 78.38 ‐

Table 2. 
and Average Nucleotide Identity (ANI) 

(species threshold = 95%) calculated by Kostas lab ANI Calculator
http://enve‐omics.ce.gatech.edu/ani/

Fatty Acid JRM KMS hydatis hibernum
iso‐C12:0 1.6 0.0 1.6 1.5

iso‐13:0 1.7 1.5 1.2 1.2

C13:0 0.6 0.5 1.0 0.4

iso‐C14:0 2.6 2.5 2.0 2.4

isoG‐C15:1 5.2 5.7 5.5 4.0

iso‐C15:0 22.6 22.5 22.7 26.1

anteiso‐C15:0 2.3 2.3 1.9 1.5

C15:1ω6c 5.1 6.9 6.5 7.2

isoH‐C16:1 1.8 1.5 0.5 0.9

iso‐C16:0 2.2 1.6 0.7 1.4
16:1 w7c/16:1 w6c 12.8 12.5 17.9 13.2

C16:0 2.9 2.6 3.2 3.3

iso‐C15:03‐OH 7.6 7.7 7.1 8.1

16:0 10‐me 17:1 iso w9c 6.4 6.4 4.5 6.8

iso‐C17:0 0.8 0.8 0.4 1.0

C17:1ω8c 1.4 1.8 1.7 1.3

C17.1ω6c 4.7 5.9 5.8 4.5

iso‐C16:03‐OH 1.7 1.5 1.1 1.7

C16:03‐OH 1.9 1.8 3.1 1.7

iso‐C17:03‐OH 7.3 6.9 6.2 7.7

Antibiotics F. sp JRM F. sp KMS F. hydatis F. hibernum

Kanamycin R R R R

Erythromycin I S R S

Penicillin R R R R

Nalidixic acid S S S S

Streptomycin R R R R

Rifampicin S I I S

Tetracycline R R R I

Amoxicillin R R R R

Carbenicillin R R R R

Ampicillin R R R I

Chlortetracycline I I I I

Chloramphenicol R R I I

Clavulanic Acid S S S S
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JRM KMS hydatis hibernum JRM KMS hydatis hibernum JRM KMS hydatis hibernum

A01 neg control 23.5 24.0 24.0 23.3 C09 inosine 51.0 14.5 11.0 8.7 F05 D‐glucuronic acid 16.0 15.5 25.0 44.3
A02 dextrin 99.0 99.0 99.0 98.3 C10 1% Na‐lactate 48.0 51.0 37.0 91.7 F06 glucuronamide 16.0 14.0 20.0 19.7
A03 D‐maltose 98.5 97.5 98.0 98.0 C11 fusidic acid 10.5 12.0 10.0 9.3 F07 mucic acid 11.0 10.0 9.5 7.7
A04 D‐trehalose 98.5 98.0 12.5 69.0 C12 D‐serine 12.5 19.0 13.0 14.0 F08 quinic acid 13.0 12.0 12.0 14.3
A05 D‐cellobiose 13.5 14.5 18.0 72.0 D01 D‐sorbitol 13.5 15.0 18.0 13.7 F09 D‐saccharic acid 13.0 11.0 10.5 8.7
A06 gentiobiose 99.0 98.0 98.0 97.7 D02 D‐mannitol 9.5 11.5 13.0 9.7 F10 vancomycin 95.0 93.5 96.0 94.0
A07 sucrose 12.5 97.5 13.5 70.0 D03 D‐arabitol 10.0 10.0 11.0 8.0 F11 tetrazolium violet 99.0 99.0 99.0 79.3
A08 D‐turanose 13.5 12.5 13.5 11.3 D04 myo‐inositol 10.5 11.5 10.5 8.0 F12 tetrazolium blue 99.0 99.0 99.5 97.0
A09 stachyose 12.0 23.5 14.5 26.3 D05 glycerol 46.5 47.0 94.0 37.0 G01 p‐hydroxy‐phenylacetic acid 14.5 14.0 15.0 11.3
A10 pos control 97.5 97.5 98.5 97.7 D06 D‐glucose‐6‐PO4 24.0 23.5 39.0 48.0 G02 methyl pyruvate 12.0 12.5 12.0 62.0
A11 pH 6 96.5 97.5 97.0 97.0 D07 D‐fructose‐6‐PO4 22.5 30.5 34.5 43.7 G03 D‐lactic acid methyl ester 15.5 15.5 13.5 15.3
A12 pH 5 40.5 17.0 14.0 15.0 D08 D‐aspartic acid 8.5 10.0 6.5 7.3 G04 L‐lactic acid 10.0 9.5 9.5 10.0
B01 D‐raffinose 13.5 93.5 18.0 69.7 D09 D‐serine 8.0 8.0 8.0 6.0 G05 citric acid 14.5 14.0 18.0 14.3
B02 ‐D‐lactose 10.5 11.0 15.0 18.7 D10 troleandomycin 9.5 10.0 10.5 9.3 G06 ‐keto‐glutaric acid 11.5 11.5 12.0 9.7
B03 D‐melibiose 12.0 13.5 16.5 13.0 D11 rifamycin SV 94.5 94.5 95.5 95.0 G07 D‐malic acid 13.0 12.0 14.0 12.0
B04 ‐methyl‐D‐glucoside 9.5 10.5 15.0 68.7 D12 minocycline 14.5 15.0 14.5 13.3 G08 L‐malic acid 61.5 53.0 87.5 41.7
B05 D‐salicin 8.5 9.5 10.5 69.0 E01 gelatin 99.0 87.0 99.0 98.3 G09 bromo‐succinic acid 13.0 11.5 8.0 9.7
B06 N‐acetyl‐D‐glucosamine 97.5 96.5 98.0 96.3 E02 glycyl‐L‐proline 97.5 97.5 97.0 92.7 G10 nalidixic acid 44.5 51.5 13.5 13.7
B07 N‐acetyl‐‐D‐mannosamine 10.0 9.5 13.5 13.0 E03 L‐alanine 88.0 86.0 61.5 53.7 G11 LiCl 10.5 12.0 14.0 9.7
B08 N‐acetyl‐D‐galactosamine 98.5 97.5 98.0 95.3 E04 L‐arginine 90.0 89.0 92.5 74.7 G12 K‐tellurite 16.5 19.5 19.0 19.0
B09 N‐acetyl neuraminic acid 12.0 11.0 7.5 66.0 E05 L‐aspartic acid 97.5 95.5 98.5 94.7 H01 tween‐40 77.5 84.5 95.0 89.0
B10 1% NaCl 51.5 58.0 61.0 72.3 E06 L‐glutamic acid 98.0 97.0 98.5 96.0 H02 ‐amino‐butyric acid 13.5 13.0 16.5 15.3
B11 4% NaCl 11.0 11.5 9.0 10.7 E07 L‐histidine 46.5 67.5 46.0 43.3 H03 ‐hydroxy‐butyric acid 12.5 11.0 14.0 11.7
B12 8% NaCl 15.5 14.0 15.5 10.7 E08 L‐pyroglutamic acid 12.0 11.5 11.5 12.3 H04 ‐hydroxy‐D,L‐butyric acid 13.5 12.5 13.0 11.7
C01 ‐D‐glucose 98.5 98.0 99.0 97.3 E09 L‐serine 94.0 93.0 94.5 80.3 H05 ‐keto‐butyric acid 9.0 7.5 7.0 6.7
C02 D‐mannose 97.5 97.5 98.0 96.7 E10 lincomycin 91.0 50.0 46.5 37.0 H06 acetoacetic acid 60.5 61.0 55.5 50.3
C03 D‐fructose 47.5 96.5 74.5 93.0 E11 guanidine HCl 47.5 50.5 48.0 51.3 H07 propionic acid 8.5 13.0 12.5 9.3
C04 D‐galactose 98.0 97.5 97.5 96.7 E12 niaproof 4 13.0 15.0 17.0 13.0 H08 acetic acid 94.0 92.0 97.5 72.0
C05 3‐methyl glucose 31.0 9.0 10.0 9.0 F01 pectin 48.5 80.0 19.5 53.3 H09 formic acid 10.5 11.0 11.0 10.0
C06 D‐fucose 10.5 9.5 8.5 8.7 F02 D‐galacturonic acid 98.0 97.5 98.5 96.3 H10 aztreonam 94.0 95.0 56.0 95.0
C07 L‐fucose 20.5 11.5 15.5 65.7 F03 L‐galacturonic acid lactone 53.5 53.5 10.0 38.3 H11 Na‐butyrate 12.5 13.5 15.5 12.3
C08 L‐rhamnose 10.5 11.0 12.0 66.7 F04 D‐gluconic acid 13.0 12.5 11.0 9.3 H12 Na bromate 13.5 13.5 14.0 11.3

Table 3. MIDI‐FAME Table 4. Antibiotic Sensitivity Testing

Figure 3. Venn Diagram comparing unique and shared genes between Flavobacterium 
falloni and reference species 

Conclusions:
• Estimated DDH and ANI values between JRM and KMS suggest they are the 

same species as the values lie above the species threshold
• Estimated DDH and ANI values between F. falloni and the reference 

organisms are below the species threshold indicating a new species. 
• Flavobacterium aquatile does not share 942 genes with the other organisms, 

suggesting a restructuring of the genus Flavobacterium.

Table 5: HPLC Pigment Comparison 
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