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Abstract

With the rise of Next-Gen sequencing there has been a strong
push for the implementation of a genomic based metric to
supplement and eventually replace phenotypic methods. Due to
this, old genera are being reexamined and their descriptions
being emended. The Flavobacterium genus is one of the genera
targeted for analysis. It is an old genus that has come under
critique in past years. Genomic analysis of key members have
shown at least two clusters that have potential to be novel
genera. Further genomic and phenotypic analysis have shown
several key differences that differentiate the clusters from the
type species of Flavobacterium.

Background

e The Flavobacterium genus consists of over 140 members

e Established in 1923 with the type species F. aquatile (1889)

e Members described primarily with phenotypic methods

e With the rise of next-gen sequencing there has been an effort
to define a genomic metric to differentiate species.
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Figure 1: Shortened 16s rRNA neighbor-joining tree. F. aquatile in green.
Genomes of note marked in red. Tree contains subset of genomes for ease
of study.

16s rRNA

3 4 5 4
A Flavobacterium denitrificans EDST 1
Flavobacterium_johnsoniae  UW101T 2 95.5
Flavobacterium_chilense LM-09-FpT 3 95.8 96.7
Flavobacterium_chungangense CJ7T 4 96.0 97.0f 98.5
Flavobacterium _hibernum_ATCC_ 51468T 5 9490 948 96.8 96.6
Flavobacterium hydatis DSM_ 2063T 6 9494 0958/ 972 971 972
Flavobacterium_reichenbachii WB 3.2-61T 4 951 959 970 966 97.0 96.9
Flavobacterium aquatile ATCC 119471/ 3 93.3 934 951 952 9494 949 94.1
2 3 4 5
B Flavobacterium limnosediminis JC2902T 1
Flavobacterium cauense R2A-7T 2 98.6
Flavobacterium_saliperosum_ S13T 3 98.1 98.3
Flavobacterium sasangense YC6274T 4 92.7 93.1 92.5
Flavobacterium suncheonense GH29-5T 5 95.7 96.1 944 93.1
Flavobacterium_aquatile_ ATCC_11947T 6 94.7 941 934 946 928
Table 1A 16s rRNA % differences for organisms in cluster B. 16s rRNA %
differences for organisms in cluster 2.
Phenotypic Analysis
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neg control 21 23 24 20 15 32 gelatin 96 | 98 | 93 | 99 | 52 | 100
dextrin 98 98 99 99 82 | 100 glycyl-L-proline 90 | 93 | S5 | 96 | 38 | 49
D-maltose 98 98 99 98 37 | 100 L-alanine 21154 7 | 911 39| 7
D-trehalose 20 69 10 98 43 15 L-arginine 53 | /5| 22| 89 | 42 | 25
D-cellobiose 99 72 98 99 8 11 L-aspartic acid 84 |1 95 | 91| 96 | 58 | 26
gentiobiose 99 98 99 98 47 16 L-glutamic acid 98 | 96 | 97 | 96 | 81 | 80
sucrose 15 /0 97 / 57 | 100 L-histidine 23 143 | 23| 71| 18 | 7/
D-turanose 39 11 20 9 12 10 L-pyroglutamic acid 31112 113 | 11| 10 | 11
stachyose 23 26 11 10 13 14 L-serine 3718 | 7419 1] 39| 9
pos control 98 98 98 97 98 | 100 lincomycin 18137110 121 40| 9
pH 6 97 97 96 97 98 34 guanidine HCI 12 | 51| 9 | 13| 37 | 12
pH5 12 15 12 94 16 11 niaproof 4 15113114 | 17| 17 | 11
D-raffinose 20 70 14 12 26 21 pectin 54 | 531 971 91| 54| 86
a-D-lactose 40 19 19 21 24 19 D-galacturonic acid 98 | 96 | 98 | 97 | 38 | 18
D-melibiose 41 13 14 11 11 11 L-galacturonic acid lactone 9 [ 38 9 | 11] 9 7
B-methyl-D-glucoside 24 69 98 17 14 7 D-gluconic acid 231 9 (27|14 13| 13
D-salicin 25 69 98 98 13 8 D-glucuronic acid 85 | 44 | 97 | 54 | 17 | 14
N-acetyl-D-glucosamine 99 96 6 97 72 7 glucuronamide 3812033130 19| 7
N-acetyl-B-D-mannosamine 32 13 | 10 14 | 12 7 mucic acid 27 | 8 | 15| 12| 11| 7
N-acetyl-D-galactosamine 27 95 36 97 45 9 quinic acid 20114 (21| 14| 12 | 15
N-acetyl neuraminic acid 11 66 / 97 6 13 D-saccharic acid 221 9 | 141 14| 10 | 16
1% NaCl 68 72 94 o1 47 13 vancomycin 24 1 94 1 951 93| 98 | 10
4% NaCl 13 11 13 15 12 8 tetrazolium violet 62 | 79 | 45 | 98 | 64 | 55
8% NaCl 18 11 16 17 17 15 tetrazolium blue 99 | 97 | 95 | 99 | 100 | 38
a-D-glucose 98 97 98 98 56 | 100 p-hydroxy-phenylacetic acid 9 11 9 14 9 7
D-mannose 98 | 97 | 98 | 98 | 61 | 88 methyl pyruvate 386212 | 8 | 11| 8
D-fructose 97 93 34 88 72 12 D-lactic acid methyl ester 39 | 151 27119} 13 | 21
D-galactose 99 97 51 98 72 51 L-lactic acid 36 1101 191 17| 10| 8
3-methyl glucose 10 9 13 9 12 7 citric acid 31114 (21| 16| 12 | 7
D-fucose 14 S 6 17 9 10 a-keto-glutaric acid 34| 10 | 18 | 13 | 12 | 14
L-fucose 97 66 68 20 13 9 D-malic acid 3012 | 16 | 14| 10 | 16
L-rhamnose 96 67 98 97 11 7 L-malic acid 25142 1 15| 15| 57 | 18
inosine 13 S / 8 8 12 bromo-succinic acid 24 1 10 | 6 S S 7
1% Na-lactate 95 92 96 94 28 6 nalidixic acid 211141 12 | 13| 23 | 98
fusidic acid 15 S 9 10 16 10 LiCl 13110 9 | 12| 14| 20
D-serine 16 14 10 13 16 16 K-tellurite 20119116 | 20 | 23 | 27
D-sorbitol 18 14 13 12 15 18 tween-40 521 8 | 96 | 96| 42| /3
D-mannitol 23 10 18 11 15 15 y-amino-butyric acid 9 |15 12|16 12| 8
D-arabitol 22 8 11 11 9 13 a-hydroxy-butyric acid 17 1 12 | 13 [ 15| 10 | 7
myo-inositol 21 8 15 8 10 13 B-hydroxy-D,L-butyric acid 25 1 12 ( 191 15| 11 | 13
glycerol 20 37 8 9 37 9 a-keto-butyric acid 13| 7 7 9 5 7
D-glucose-6-P04 54 48 27 15 23 21 acetoacetic acid 9 | 5041 | 37| 16| 10
D-fructose-6-P0O4 54 44 950 21 30 13 propionic acid 17 1 9 6 | 10| 9 | 49
D-aspartic acid 6 / 6 7 5 7 acetic acid 8 | 72 | 89 | 95 | 38 | 97
D-serine 6 6 6 / 6 7 formic acid 25110 8 | 15| 7 | 15
troleandomycin 15 S 9 10 15 6 aztreonam 97 | 95 | 98 | 97 | 96 | 100
rifamycin SV 95 95 96 95 96 99 Na-butyrate 20| 12 | 15 | 17 | 17 | 26
minocycline 18 13 12 15 18 19 Na bromate 11 | 11 | 16 | 16 | 15| 26

Table 2: Biolog Genlll results.
F. aquatile shows differences from most other species in sensitivity to salt,
pH, nalidixic acid, vancomycin, lactate and utilization of fructose, rhamnose,
N-Ac-glucosamine, glucuronic acid, galacturonic acid.

Genomic Analysis
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Figure 2: Venn-Diagram showing shared and unidﬁ_e_g_eﬂﬁes with F. aquatile.

Genomic analysis identified many operons present in the clusters, but not in F. aquatile.
e 36 Flexirubin synthesis genes.

e Multiple complex carbohydrate metabolism operons.

 Nitrite reduction operon.

Table 3: Average amino acid identity (AAl) and
Reciprocal orthology score average (ROSA = AAI?*%BBH) analysis

Average Amino Acid Identity (AAlr) - Genus Threshold ~75.
1 2 3 4 5 6 7 8 9 10 11
Flavobacterium hibernum 1 859 836 | 82.6 81.7 823 | 79.7 | 71.6 | 70.6 | 67.9 | 67.5
Flavobacterium chilense 2 54.5 84.2 83.1 81.0 823  78.2 | 71.8 | 71.3 | 67.7 | 67.6
Flavobacterium denitrificans 3 52.1 | 49.7 84.8 | 819 826 779 | 716 | 71.6 | 684 | 67.9
Flavobacterium johnsoniae 4 49.5 | 51.5 | 52.0 80.2 825 | 77.1 | 710 | 71.6 | 67.6 | 67.2
Flavobacterium chungangense 5 48.0 | 48.1  49.8 | 50.0 809 768 | 71.1 | 71.8 | 67.6 | 67.5
Flavobacterium reichenbachii 6 45.3 | 43.4 | 46.5 | 43.8 | 46.4 763 | 71.1 | 713 | 67.2 | 674
Flavobacterium hydatis 7 42.3 | 419 | 39.3 | 38.7 | 36.8 | 35.5 725 | 71.4 | 68.0 | 67.5
Flavobacterium succinicans 8 33.0 | 32.0 | 33.6 | 30.4 | 30.3 | 30.9 | 32.7 71.0 | 67.5 | 68.6
Flavobacterium daejeonense 9 30.2 | 285 | 315|294 | 29.3 | 32.1 | 27.0 | 30.4 68.0 | 67.9
Flavobacterium soli 10 27.8 | 26.8 | 28.8 | 26.5 | 26.9 | 27.0 | 26.5 | 28.8 | 25.8 69.0
Flavobacterium aquatile 11 27.1 | 259 | 27.6 | 25,5 | 26.0 | 25.7 | 26.2 | 30.6 | 25.8 | 32.2
Reciprocal Orthology Score Average (ROSA) - Genus Threshold ~35.

Average Amino Acid Identity (AAlr) Genus Threshold ~75
1 2 3 4 5 6
Flavobacterium saliperosum S13 1 38.8 34.9 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

Conclusions:
e Genomic based metrics can successfully differentiate bacterial lineages.
e Genomic comparisons can be used to find specific phenotypic differences that would
define a lineage.
 Flavobacterium could potentially be divided into many new genera.
e Many genera are in a similar state as Flavobacterium, as such, a large amount of
taxonomic revision is necessary in bacterial phylogeny.

References

., S. Cousin, A. Fruhling, E. Brambilla, P. Schumann, Y. Yang, and E. Stackebrandt. "Flavobacterium Rivuli Sp. Nov., Flavobacterium Subsaxonicum Sp. Nov., Flavobacterium Swingsii Sp. Nov. and Flavobacterium Reichenbachii Sp. Nov., Isolated from a Hard Water Rivulet." International Journal Of Systematic And Evolutionary
ology 59.10 (2009): 2610-617. Web

., D. Bartels, A.A. Best, M. DeJongh, T. Disz, R.A. Edwards, K. Formsma, S. Gerdes, et al. 2008. The RAST server: Rapid annotations using subsystems technology. BMC Genomics 9:75.

acqueline Z-M, Mihail R. Halachev, Nicholas J. Loman, Chrystala Constantinidou, and Mark J. Pallen. "Defining Bacterial Species in the Genomic Era: Insights from the Genus Acinetobacter." BMC Microbiology 12.1 (2012): 302. Web

enoit, and J. Owen. "Proposal That Flavobacterium Breve Be Type Species of the Genus in Place of Aquatile and Emended Description Substituted as the Flavobacterium of the Genus Flavobacterium: Status of the Named Species of Flavobacterium." International Journal of Systematic Bacteriology 29.4 (1979): 416-26.

N
2 »n
S0

=

o _ PS
Go =
o

> 3 N 0

(on ~ 3

299331 3
@

antinidis, K. T., and James Tiedje. "Genomic Insights That Advance the Species Definition for Prokaryotes." Proceedings of the National Academy of Sciences 102.7 (2005): 2567-572. Web

antinidis, K. T., and J. M. Tiedje. "Towards a Genome-Based Taxonomy for Prokaryotes." Journal of Bacteriology 187.18 (2005): 6258-264. Web.

. ccammon, S. A,, and J. P. Bowman. "Taxonomy of Antarctic Flavobacterium Species: Description of Flavobacterium Gillisiae Sp. Nov., Flavobacterium Tegetincola Sp. Nov. and Flavobacterium Xanthum Sp. Nov., Nom. Rev. and Reclassification of [Flavobacterium] Salegens as Salegentibacter Salegens Gen. Nov., Comb. Nov."

nternational Journal Of Systematic And Evolutionary Microbiology 50.3 (2000): 1055-063. Web

. ichter, M., and R. Rossello-Mora. "Shifting the Genomic Gold Standard for the Prokaryotic Species Definition." Proceedings of the National Academy of Sciences 106.45 (2009): 19126-9131. Web.

e International Journal of Systematic and Evolutionary Microbiology (2014). Web.

. ancanneyt, M., P. Segers, U. Torck, B. Hoste, J.F. Bernadet, P. Vandamme, and K. Kersters. "Reclassification of Flavobacterium Odoraturn (Stutzer 1929) Strains to a New Genus, Myroides, as Myroides Odoratus Comb. Nov. and Myroides Odoratimimus Sp. Nov." International Journal of Systematic Bacteriology 46.4 (1996):
926-32. Web.

SggsIQEs:E

o =

<




	Slide Number 1

