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these strains.
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Abstract Bacteria belonging to the Pseudoalteromonas genus have important ecological implications 28 

in marine environments, playing a role in the control of microbial community as producers of bioactive 29 

molecules endowed with antifouling activity and able to antagonize larvae, fungi and bacteria, 30 

including important human pathogens. For these reasons, representatives of this genus are very 31 

promising for biotechnological and biomedical applications. 32 

 In this work we used different genome-scale approaches to infer the taxonomy of 38 33 

Pseudoalteromonas representatives (most of which isolated from Antarctica) and whose complete 34 

genome has been sequenced. We show that an accurate re-evaluation of the real taxonomic 35 

relationships of Pseudoalteromonas representatives is needed since many inconsistencies with the 36 

current taxonomic annotation were observed. Moreover, data obtained with different genome-scale 37 

methods are consistent, confirming the reliability of the genomic approaches. 38 

 On the basis of these data we propose a re-annotation for some Pseudoalteromonas species. 39 
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This proposal should be validated in the future by comparing the phenotypes of these strains. 40 

 41 

Key-words Pseudoalteromonas; Taxonomy; Antarctic bacteria; Genome analyses; Biotechnology. 42 
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Introduction 43 

 44 

The genus Pseudoalteromonas denotes a group of Gram-negative, aerobic marine bacteria belonging to 45 

the class Gammaproteobacteria, firstly established in 1995 (Gauthier et al., 1995).  46 

In these two last decades several Pseudoalteromonas strains have been isolated from Polar Regions, 47 

inshore waters or surfaces of marine organisms, and were shown to synthesize a wide range of 48 

bioactive molecules (Feller 2013; Kobayashi, 2003; Yu et al., 2013). In this context it has been recently 49 

shown that strains belonging to this genus and isolated from different ecological niches in Antarctica 50 

possess the ability to completely inhibit the growth of human opportunistic pathogens belonging to the 51 

Burkholderia cepacia complex (Bcc) via the synthesis of a plethora of different antimicrobial 52 

compounds (Papaleo et al., 2012; Papaleo et al., 2013); moreover, some of them are also able to 53 

synthesize antibiofilm molecules (Papa et al., 2013, Parrilli et al., 2015). 54 

Another intriguing feature of some Pseudoalteromonas representatives is the association with marine 55 

eukaryotic hosts. Indeed, complex communities with biofouling activities have been shown to be 56 

beneficial to the eukaryotic host, effectively playing a role in host defence (Holmstrøm, 1992; Egan 57 

2002). The study of the molecular mechanisms of antifouling activity from Pseudoalteromonas species 58 

is promising for multiple applications, such as biofouling control in aquaculture and novel drug 59 

discovery. In particular, the isolation of novel antibiotics is strategically important, considering the 60 

global threat for human's health posed by the emergence of multi-drug resistant (MDR) pathogens, 61 

mainly due to antibiotic over usage (Paitan et al., 2014). Finally, the most studied Pseudoalteromonas 62 

strain, namely Pseudoalteromonas haloplanktis TAC125 (Medigue et al., 2005), has been suggested as 63 

an alternative host for the soluble overproduction of heterologous proteins, given its ability to grow fast 64 

at low temperatures (Wilmes et al., 2010; Rippa et al., 2012; Corchero et al., 2013; Giuliani et al., 65 
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2014). All these features make the representatives of Pseudoalteromonas genus interesting biological 66 

subjects, with a great and still under-exploited biotechnological potential. 67 

From a taxonomical viewpoint, the Pseudoalteromonas genus, together with Alteromonas, Glaciecola, 68 

Thalassomonas, Colwellia, Idiomarina, Shewanella, Moritella, Ferrimonas and Psychromonas, form a 69 

group referred to as Alteromonas-like bacteria. Historically, the genus was first described by Gauthier 70 

et al. in 1995 when, according to a broad-scale phylogenetic analysis based on small-subunit ribosomal 71 

DNA sequences, it was observed that some Alteromonas representatives did not belong to the 72 

monophyletic taxon, which included the other Alteromonas species (Gauthier et al., 1995). Based on 73 

this phylogenetic analysis and phenotypical evidences, a total of 12 Alteromonas species, together with 74 

Pseudomonas piscicida, were assigned to the genus Pseudoalteromonas. 75 

From a methodological viewpoint, this taxonomical revision highlighted the central role of the 16S 76 

rRNA gene sequence to assess the evolutionary relationships among bacterial species. However, being 77 

based on a single gene, this method suffers some limitations, such as the limited ability to resolve 78 

closely related species (Stackebrandt et al., 2006), the fact that it does not represent the whole gene 79 

collection, and the poor correlation with the genome-scale method of DNA-DNA Hybridization (DDH), 80 

which is an experimental method measuring the overall similarity between two genome sequences 81 

(McCarthy & Bolton, 1963; Schildkraut et al., 1961). A higher resolution can be obtained by using the 82 

sequences of multiple conserved genes with a method known as Multi Locus Sequence Analysis 83 

(MLSA) (Stackebrandt et al., 2002).  84 

At the early stage of the sequencing era, it was theorized how the whole-genome sequence would be 85 

the standard to determine the taxonomy (Wayne et al., 1987). Nowadays, thanks to ever decreasing 86 

costs and running time, genome sequencing for prokaryotes has become a routine, to the point that a 87 

considerable number of sequenced genomes are available in biological repositories such as GenBank. 88 

This wealth of data can be exploited to infer phylogenetic relationships using genome-scale 89 
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computational methods to provide quantitative estimation of the genomic similarity analogously 90 

equivalent to the experimental method DDH (Goris et al., 2007; Kim et al., 2014). One of the 91 

advantages provided by a computational method is that it can be used to replace DDH, thus allowing 92 

performing significant taxonomic studies at a genome scale for a vast number of species.  93 

Although it may be erroneously considered as marginal, a correct and robust taxonomic classification 94 

of microbes plays a central role in describing the extent of microbial diversity in relation with different 95 

environments and/or eukaryotic hosts. Also, a reliable phylogenetic reconstruction is crucial in guiding 96 

the choice of which other novel organisms should be introduced in a Next Generation Sequencing 97 

(NGS) pipeline, in order to avoid oversampling a narrow taxonomic space (the “where to add taxa” 98 

problem) (Eddy, 2005; McAuliffe et al., 2005; Pardi & Goldman, 2005; Geuten et al., 2007). 99 

In this work we performed a comprehensive and multi-level study on the taxonomy of a panel 100 

consisting of 25 currently available Pseudoalteromonas representatives and 13 de novo sequenced 101 

genomes from Antarctic strains, by integrating different genome-scale methods, namely, genome-scale 102 

phylogeny, Average Nucleotide Identity (ANI), and TetraNucleotide Frequency (TNF). The benefits 103 

and pitfalls of phylogenetic analyses for taxonomic purposes using a genome-scale level set of shared 104 

genes in prokaryotes have been discussed by Rossello-Mora (Rossello-Mora, 2012). Concerning the 105 

ANI, it has been demonstrated how it can be used to discriminate whether two genomes belong either 106 

to the same or different species, by using a fixed threshold (Goris et al., 2007). Lastly, it has been also 107 

shown that oligonucleotide frequencies exhibit species-specific patterns (Karlin et al., 1995; Karlin et 108 

al., 1998) and how, in particular, frequencies of tetranucleotides harbour a phylogenetic signal (Pride et 109 

al., 2003). This integrated approach revealed that: i) different methods produce consistent results, and ii) 110 

incoherence is observed between genome-scale driven taxonomic annotation and current affiliations of 111 

members of the genus Pseudoalteromonas.  112 

 113 
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 114 

Materials and methods 115 

 116 

Pseudoalteromonas dataset 117 

 118 

The available genomic sequences of 25 Pseudoalteromonas strains were downloaded from GenBank. 119 

Additionally, the genomes of 13 Pseudoalteromonas strains isolated from different Antarctic ecological 120 

niches (marine sponges, water column, sediments) were sequenced. The genomic DNA was purified 121 

according to the protocol described by Papaleo et al. (2013) and sequenced using an Illumina HiSeq 122 

2000 platform (Cock et al., 2010). The resulting reads were trimmed using SolexaQ to obtain a high-123 

quality reads library, which were assembled with the tool AbySS 1.4, choosing the k-mer value leading 124 

to the best assembly, defined as the ratio between assembled nucleotides and number of contigs 125 

obtained.  126 

 127 

Genome-coherence measures 128 

 129 

To measure the genome-coherence between Pseudoalteromonas representatives, the Jspecies tool was 130 

used (Richter et al., 2009). This software implements different methods to provide a quantitative 131 

measure of genomic similarity, which can be used to estimate whether two genomes belong to the same 132 

species. The metrics implemented in Jspecies are the Average Nucleotide Identity (ANI) and the 133 

TetraNucleotide Frequencies (TNF) (Goris et al., 2007; Teeling et al., 2004).  134 

 135 

Average nucleotide identity (ANI) 136 
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 137 

The ANI provides a quantitative measure of the genomic similarity between two organisms. The 138 

Jspecies tool implements the ANI computation method described by Goris (Goris et al., 2007), in 139 

which a genome is divided into 1024 nucleotide fragments, which are mapped onto the other genome to 140 

measure the ANI. To map the sequences we computed the ANI values using the MUMmer tool 141 

(Delcher et al., 2004). According to Goris et al. (2007), a pair of genomes with an ANI value greater 142 

than 0.96 are considered to belong to the same species. 143 

 144 

TetraNucleotide Frequencies (TNF) 145 

 146 

The Tetra Nucleotides Frequencies (TNF) can be used to measure the similarity of two genomes, by 147 

computing the significance of the frequency of each oligonucleotide as Z-scores (Schbath et al. 1997), 148 

and by measuring the Pearson's correlation of these values. In particular, it has been demonstrated that 149 

there is a good correlation with the similarity measures obtained using the DDH method (Teeling et al., 150 

2004). Specifically, two genomes with TNF value greater than 0.99 should be considered as belonging 151 

to the same species (Teeling et al., 2004). To have a clearer signal and better visualize the species 152 

relationships, the TNF values have been transformed into binary values, considering as 1 the TNF 153 

values greater than the species threshold, and as 0 the values lower than the threshold. 154 

 155 

Conserved genes phylogeny 156 

 157 

In this work, a set of 1537 highly conserved genes has been found using the DuctApe suite (Galardini 158 

et al., 2014). The amino acid sequences of the proteins encoded by the 1537 conserved genes (i.e. 159 

shared by all the 38 Pseudoalteromonas genomes) have been aligned using the ClustalW software 160 
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(Larkin et al., 2007) with default parameters and concatenated in a single sequence spanning 597947 161 

residues. Neighbor-Joining (NJ) phylogenetic tree was obtained with Mega 6 software (Tamura et al., 162 

2013) with the following parameters: Poisson model, uniform rates among sites and 500 bootstrap 163 

replicates.  164 

 165 

Hierarchical Clustering 166 

 167 

Hierarchical clustering was performed using the Unweighted Pair Group Method with Arithmetic mean 168 

(UPGMA). 169 

 170 

Orthologous genes dendrogram 171 

 172 

Using the DuctApe suite (Galardini et al., 2014) it was possible to identify 2901 groups of orthologs, 173 

which were differentially present in the Pseudoalteromonas genomes. This information has been used 174 

to produce a matrix of presence/absence. The dendrogram of this matrix has been obtained by 175 

performing a hierarchical clustering (UPGMA) using Jaccard distance. 176 

 177 

 178 

Results 179 

 180 

Pseudoalteromonas dataset 181 

 182 

To gain insights into the genomic similarities between representatives of the Pseudoalteromonas genus, 183 
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a dataset of 38 genomes was used. Thirteen genomes were obtained in this work from 184 

Pseudoalteromonas strains isolated from different Antarctic ecological niches (sponges, sediments, and 185 

seawater). The 38 genomes belong to bacterial strains representative of the 13 currently described 186 

Pseudoalteromonas species. The genomic features of the strains considered are reported in Table 1. 187 

 188 

Conserved genes phylogeny 189 

 190 

The NJ phylogenetic tree computed using the genes shared by all the 38 Pseudoalteromonas strains is 191 

reported in Figure 1. The visual inspection of this tree revealed the presence of a main group consisting 192 

of 29 sequences (corresponding to 28 strains, since the genome sequence of strain TAC125 was 193 

determined twice using two different methodologies). Since this clade comprises all the P. haloplanktis 194 

strains, this group was referred to as P. haloplanktis-like group. However, the P. haloplanktis species 195 

appeared not to be monophyletic in the clade, since other species (namely P. undina, P. marina and P. 196 

arctica) were embedded in this group.  197 

 198 

Analysis of ANI  199 

 200 

The results of the hierarchical clustering of the ANI matrix, embedding the ANI values computed for 201 

each pair of genomes (reported in Additional File 1) revealed the presence of clusters formed by 202 

groups of strains sharing highly similar genomes (ANI value > 96%), which might be considered as 203 

belonging to the same species (see Figure 2). Twenty-five strains were split into 8 clusters of variable 204 

size (ranging from 2 to 5 strains). The remaining 13 strains were not grouped with any other 205 

representatives, and they were referred to as singletons. Interestingly, among the singletons we found a 206 

relatively high number of previously defined Pseudoalteromonas species (9 out of the 13 species 207 
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represented in the dataset).  208 

Notably, the Pseudoalteromonas species are found to be consistent with the clusters observed, in that 209 

the different Pseudoalteromonas species join different clusters; the only exception is represented by P. 210 

haloplanktis, since the four strains previously affiliated to P. haloplanktis species are split into three 211 

groups (one of them being a singleton, Figure 2). 212 

 213 

Analysis of TNF  214 

 215 

The visual inspection of the hierarchical clustering of the TNF binary matrix (whose data are reported 216 

in Additional File 2) shown in Figure 3 revealed a different number of clusters with respect to those 217 

identified with the ANI. We detected seven singleton Pseudoalteromonas strains and two major 218 

clusters, one of which including most of Pseudoalteromonas strains. A deeper analysis of the clusters 219 

composition revealed a consistency between the clusters found with TNF and those observed in the 220 

MLSA-based phylogenetic tree. As an example, the largest cluster found with TNF contains the same 221 

strains, forming the P. haloplanktis-like group. 222 

To have a clearer picture of the similarity of the dendrograms produced with different methods, each 223 

pair is reported in Additional File 3, 4 and 5, while the number and composition of cluster obtained 224 

with the two methods are reported in Table 2. 225 

 226 

Orthologous genes analysis 227 

 228 

In order to fully exploit the information embedded in the genomic sequences, the gene content 229 

information has been used to make phylogenetic inferences. The dendrogram of the matrix of gene 230 

presence/absence clustering, embedding a total of 2901 genes differentially present in the 231 
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Pseudoalteromonas strains reported in Additional File 6, has a topology that is very similar to that of 232 

the phylogenetic tree obtained with the concatamer of the conserved genes. 233 

 234 

 235 

Discussion 236 

 237 

In this work we used the genomic sequences of 38 Pseudoalteromonas representatives to depict their 238 

taxonomic relationships, using two different (genome-scale) approaches. To the best of our knowledge, 239 

this dataset constitutes the most comprehensive and recent source of information for this genus. The 240 

first approach used was a phylogenetic analyses based on a comprehensive set of common proteins 241 

(genome-scale phylogeny). The topology of the phylogenetic tree showed no monophyly for the type 242 

species of the Pseudoalteromonas genus, i.e. P. haloplanktis, even though it was possible to detect a 243 

well-defined clade comprising all the P. haloplanktis representatives, which was named P. 244 

haloplanktis-like group. This group contains 28 strains, i.e. the majority of the Pseudoalteromonas 245 

strains considered in this work, representative of four Pseudoalteromonas species, namely P. 246 

haloplanktis, P. undina, P. marina and P. arctica. This result might be explained as follows: 247 

i) The topology of the phylogenetic tree is misleading. In fact, it has been argued how by concatenating 248 

genes, the information about individual loci may be hidden, leading to loss of resolution power and, 249 

potentially, to misleading results (Rossello-Mora, 2012 and references therein). 250 

ii) The taxonomic assignments are not consistent with the tree topology, which might be due to 251 

assignments based on a not full taxonomic characterization of Pseudoalteromonas isolates. 252 

The other approach used was the genome-coherence approach, which relies on the idea that members 253 

of the same species share the same genomic features such as nucleotide identity and/or similar 254 
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tetranucleotide composition. Therefore, to explore the likelihood of the two different scenarios, we 255 

analysed the genome-coherence of the Pseudoalteromonas strains by using the ANI and TNF. It has 256 

been demonstrated (Goris et al., 2007, Pride et al., 2003) how both these methods can be effectively 257 

used to discriminate whether two genomes belong to the same or different species. Hence, we used 258 

these approaches to investigate whether the taxon and/or the branching order obtained are consistent 259 

with each other and to test the reliability of the results obtained with the MLSA phylogeny. Data 260 

obtained revealed that i) the results obtained with these methods are consistent with the genome-scale 261 

phylogeny and that ii) the two methods have a different resolution; in particular, the ANI identifies 262 

more (putative) species that are found to be clustered together when using the TNF, where the 263 

topologies of the dendrograms obtained with these methods show substantial agreement. The fact that 264 

the three different methods used in this work provided such similar conclusions is essentially a strong 265 

confirmation of the results obtained that can be summarized as a catalogue of inconsistencies with the 266 

current taxonomic annotation. In order to fully exploit the information embedded in the genomic 267 

sequences, the gene content information has been used to make phylogenetic inferences, which, again 268 

were found to be coherent with the previous methods. Overall, this suggests that the information 269 

embedded in the pattern of orthologs presence can be used to capture the actual phylogenetic 270 

relationships. 271 

Although the golden standard for species definition in microbes relies on a polyphasic approach 272 

(Vandamme et al. 1996), i.e. requires a combination of molecular and phenotypic tests, these analyses 273 

may not always be possible, due to complications in cultivability or due to the experimental efforts 274 

required by these taxonomic methods. 275 

By contrast, in the landscape of the post-genomic era, approaches based on the genomic sequences 276 

retain several advantages. These methods are faster and cheaper than traditional taxonomic methods 277 

and, most importantly, can be easily replicated and applied to uncultivable organisms for which the 278 
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genomic sequence can be retrieved with technologies like single-cell genomics and/or metagenomics. 279 

In conclusion, the major findings of this work are that: i) a group of three Pseudoalteromonas 280 

representatives assigned to different species (P. flavipulchra JG1, Pseudoalteromonas sp. NJ631 and P. 281 

piscicida JCM 20779) have been consistently found to belong to the same species according to the 282 

three methods used. For these reasons, we propose that these strains might be assigned to the same 283 

species; ii) the presence of a group of similar strains probably belonging to the species P. haloplanktis 284 

(P. haloplanktis-like group). Interestingly, most of these strains share a common isolation site 285 

(Antarctica) and similar environment/lifestyle (marine environment/association with marine sponges). 286 

On the basis of these evidences, we propose to include these strains in the species P. haloplanktis; iii) a 287 

group of three strains belonging to different species (P. undina NCIMB 2128, P. marina mano4 and P. 288 

arctica A37) are found in the P. haloplanktis-like group, possibly meaning that they might be included 289 

in the species P. haloplanktis. 290 
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Fig. 1 Pseudoalteromonas phylogenetic tree based on a concatenated sequence consisting of 597947 424 

amino acids from 1537 conserved proteins shared by the 38 genomes. The azure area represents the P. 425 

haloplanktis-like group, while the red dots stand near to strains not assigned to the P. haloplanktis 426 

species. Unless specified, bootstrap support is 100. The scale below represents the substitution rate. 427 
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Fig. 2 Heatmap representation of the ANI matrix. The clusters reported representative species 429 

according to the ANI method. The cell colors represent the ANI values, i.e. a dark red color stands for a 430 

ANI value of 0, whereas a white color stands for ANI value of 1. 431 
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Fig. 3 Heatmap representation of the TNF matrix. White cells represent pair of strains with TNF value 433 

greater than the species threshold. Clustered strains represent species found according to the TNF 434 

method. 435 
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Table 1 Main features of the 38 genomes from the Pseudoalteromonas strains analyzed in this work. 437 
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Table 2 Cluster composition (number and composition of clusters) of dendrograms obtained with ANI 439 

and TNF.  440 
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Supplementary File 1 Matrix of ANI values. Each cell contains the ANI value between two 442 

Pseudoalteromonas strains. 443 
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Supplementary File 2 Matrix of TET values. Each cell contains the TET value between two 445 

Pseudoalteromonas strains. 446 

 447 



22 

Supplementary File 3 Comparison of Phylogenetic tree based on MLSA (left) and dendrogram 448 

obtained with ANI (right). Clusters with same members share the same colour in the two dendrograms. 449 
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Supplementary File 4 Comparison of dendrogram obtained with ANI (left) and dendrogram obtained 451 

with TNF (right). Clusters with same members share the same colour in the two dendrograms. 452 
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Supplementary File 5 Comparison of Phylogenetic tree (left) and dendrogram obtained with TNF 454 

(right). Clusters with same members share the same colour in the two dendrograms. 455 
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stand for gene absence.  458 
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Sheet1

Strains Contigs/Replicons Total length ORFs

Pseudoalteromonas sp. AC163 565 4779003 4765

P. arctica A 37 1 2 uid168325 68 4628018 4094

P. atlantica T6c uid58283 1 5187005 4281

Pseudoalteromonas sp. BSi20311 uid78647 195 3979836 3676

Pseudoalteromonas sp. BSi20429 uid78649 121 4495777 4030

Pseudoalteromonas sp. BSi20439 uid78651 243 3882800 3612

Pseudoalteromonas sp. BSi20480 uid78653 201 4149214 3967

Pseudoalteromonas sp. BSi20495 uid78655 222 4826524 4365

Pseudoalteromonas  sp. BSi20652 uid78645 298 4253936 4085

Pseudoalteromonas sp. Bsw20308 uid179221 146 4757001 4172

P. citrea NCIMB 1889 uid168326 114 5337619 4438

P. flavipulchra JG1 uid177806 61 5503991 4758

P. haloplanktis ANT 505 uid66747 142 4494717 4127

P. haloplanktis ATCC 14393 uid198981 56 6513609 4329

P. haloplanktis TAC125 uid58431 2 3850272 3484

P. luteoviolacea B  ATCC 29581 uid186644 61 4046270 3681

P. marina mano4 uid168327 31 4177200 3711

Pseudoalteromonas sp. NJ631 uid199000 55 6943067 4591

Pseudoalteromonas sp. PAMC 22718 uid179404 56 5425171 3821

P. piscicida JCM 20779 uid168328 73 5281621 4524

P. rubra ATCC 29570 uid168329 64 5969931 4893

P. ruthenica CP76 uid199935 120 5225945 3714

Pseudoalteromonas sp. S838 87 4990009 4427

Pseudoalteromonas sp. S88 79 4911233 4371

Pseudoalteromonas sp. SM9913 uid61247 2 4037671 3712

P. spongiae UST010723 006 uid168330 14 4724746 4185

Pseudoalteromonas sp. TAB23 367 5139089 5012

P. haloplanktis TAC125 216 3888065 3740

Pseudoalteromonas sp. TAE56 163 4600700 4258

Pseudoalteromonas sp. TAE79 298 5045088 4940

Pseudoalteromonas sp. TAE80 360 4971170 4941

Pseudoalteromonas sp. TB13 254 4734094 4489

Pseudoalteromonas sp. TB25 458 4648658 4546

Pseudoalteromonas sp. TB41 122 4632606 4217

Pseudoalteromonas sp. TB51 369 4633324 4625

Pseudoalteromonas sp. TB64 275 4843680 4649

P. tunicata D2 uid54181 37 4994813 4504

P. undina NCIMB 2128 uid168331 20 4001234 3581

Average: 4802755 4245
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Sheet1

G+C (mol%) Type strain

39.10 No

39.04 Yes

44.62 No

40.33 No

39.04 No

40.22 No

39.60 No

38.92 No

38.86 No

38.90 No

41.13 Yes

43.19 No

39.32 No

40.84 Yes

40.09 No

41.95 No

39.65 Yes

43.36 No

40.17 No

43.24 Yes

47.80 Yes

47.59 No

39.19 No

39.21 No

40.28 No

40.81 No

39.11 No

39.98 No

39.03 No

39.29 No

39.29 No

39.05 No

39.18 No

40.34 No

40.91 No

37.92 No

39.75 No

39.95 Yes

40.53
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Sheet1

ANI

Singleton 1 P. citrea NCIMB 1889 uid168326 Singleton 1

Singleton 2 Pseudoalteromonas sp. BSi20652 uid78645 Singleton 2

Singleton 3 Pseudoalteromonas sp. TB64 Singleton 3

Singleton 4 P. spongiae UST010723 006 uid168330 Singleton 4

Singleton 5 P. atlantica T6c uid58283 Singleton 5

Singleton 6 Pseudoalteromonas sp. TAE56 Singleton 6

Singleton 7 P. luteoviolacea B   ATCC 29581 uid186644 Singleton 7

Singleton 8 P. undina NCIMB 2128 uid168331 Cluster 1

Singleton 9 P. haloplanktis ATCC 14393 uid198981 Cluster 1

Singleton 10 Pseudoalteromonas  sp. TB51 Cluster 1

Singleton 11 P. tunicata D2 uid54181 Cluster 2

Singleton 12 P. ruthenica CP76 uid199935 Cluster 2

Singleton 13 P. rubra ATCC 29570 uid168329 Cluster 2

Cluster 1 Pseudoalteromonas sp. BSi20439 uid78651 Cluster 2

Cluster 1 Pseudoalteromonas  sp.  BSi20311 uid78647 Cluster 2

Cluster 2 P. haloplanktis TAC125 Cluster 2

Cluster 2 P. haloplanktis TAC125 uid58431 Cluster 2

Cluster 3 P. marina mano4 uid168327 Cluster 2

Cluster 3 Pseudoalteromonas  sp. BSi20480 uid78653 Cluster 2

Cluster 4 Pseudoalteromonas  sp. BSi20495 uid78655 Cluster 2

Cluster 4 Pseudoalteromonas sp. Bsw20308 uid179221 Cluster 2

Cluster 5 P. flavipulchra JG1 uid177806 Cluster 2

Cluster 5 P. piscicida JCM 20779 uid168328 Cluster 2

Cluster 5 Pseudoalteromonas sp. NJ631 uid199000 Cluster 2

Cluster 6 Pseudoalteromonas  sp. SM9913 uid61247 Cluster 2

Cluster 6 Pseudoalteromonas sp. PAMC 22718 uid179404 Cluster 2

Cluster 6 Pseudoalteromonas sp. TB41 Cluster 2

Cluster 7 Pseudoalteromonas sp. TAE79 Cluster 2

Cluster 7 Pseudoalteromonas sp. TB25 Cluster 2

Cluster 7 Pseudoalteromonas sp. TAE80 Cluster 2

Cluster 7 P. haloplanktis ANT 505 uid66747 Cluster 2

Cluster 7 Pseudoalteromonas sp. AC163 Cluster 2

Cluster 8 Pseudoalteromonas sp. S88 Cluster 2

Cluster 8 P. arctica A 37 1 2 uid168325 Cluster 2

Cluster 8 Pseudoalteromonas sp. BSi20429 uid78649 Cluster 2

Cluster 8 Pseudoalteromonas sp. TB13 Cluster 2

Cluster 8 Pseudoalteromonas sp. TAB23 Cluster 2

Cluster 8 Pseudoalteromonas sp. S838 Cluster 2
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Pseudoalteromonas sp. BSi20439 uid78651
Pseudoalteromonas sp. BSi20311 uid78647

P. haloplanktis TAC125
P. haloplanktis TAC125 uid58431

Pseudoalteromonas sp. TB51

Pseudoalteromonas sp. BSi20480 uid78653
P. marina mano4 uid168327 T

Pseudoalteromonas sp. TB64

Pseudoalteromonas sp. Bsw20308 uid179221
Pseudoalteromonas sp. BSi20495 uid78655

Pseudoalteromonas sp. BSi20652 uid78645

Pseudoalteromonas sp. TAE56
Pseudoalteromonas sp. TAB23

Pseudoalteromonas sp. S88
Pseudoalteromonas sp. S838

Pseudoalteromonas sp. BSi20429 uid78649
P. arctica A 37 1 2 uid168325 T

Pseudoalteromonas sp. TB13

Pseudoalteromonas sp. TAE79
Pseudoalteromonas sp. TAE80
P. haloplanktis ANT 505 uid66747

Pseudoalteromonas sp. AC163
Pseudoalteromonas sp. TB25

P. tunicata D2 uid54181
P. spongiae UST010723 006 uid168330

P. atlantica T6c uid58283

P. ruthenica CP76 uid199935
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Pseudoalteromonas sp. BSi20652 uid78645 1 0.844 0.844 0.852 0.923 0.846 0.889

P. citrea  NCIMB 1889 uid168326 0.844 1 0.845 0.843 0.843 0.851 0.842

Pseudoalteromonas sp. BSi20311 uid78647 0.845 0.845 1 0.846 0.848 0.973 0.847

P. haloplanktis TAC125 0.853 0.853 0.848 1 0.858 0.849 0.853

P. arctica A 37 1 2 uid168325 0.923 0.844 0.848 0.856 1 0.849 0.893

Pseudoalteromonas sp.  BSi20439 uid78651 0.846 0.851 0.973 0.846 0.849 1 0.847

Pseudoalteromonas sp.  TB64 0.889 0.846 0.849 0.852 0.894 0.849 1

Pseudoalteromonas sp.  BSi20480 uid78653 0.852 0.847 0.861 0.844 0.848 0.854 0.847

Pseudoalteromonas sp.  Bsw20308 uid179221 0.903 0.847 0.845 0.852 0.914 0.845 0.885

Pseudoalteromonas sp. TAE79 0.915 0.853 0.862 0.858 0.947 0.866 0.888
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P. atlantica T6c uid58283 0.843 0.853 0.84 0.827 0.839 0.84 0.836

P. haloplanktis TAC125 uid58431 0.851 0.841 0.846 0.999 0.854 0.845 0.851

P. spongiae UST010723 006 uid168330 0.837 0.845 0.836 0.835 0.837 0.836 0.836

Pseudoalteromonas sp. TAE56 0.915 0.848 0.849 0.856 0.946 0.852 0.889

Pseudoalteromonas sp. TB25 0.915 0.859 0.864 0.857 0.94 0.868 0.887

P. luteoviolacea B   ATCC 29581 uid186644 0.838 0.844 0.842 0.834 0.838 0.845 0.832

P. marina mano4 uid168327 0.851 0.845 0.853 0.843 0.848 0.853 0.847
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Pseudoalteromonas sp. S88 0.925 0.865 0.852 0.856 0.971 0.853 0.896
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Pseudoalteromonas sp. AC163 0.915 0.857 0.864 0.857 0.94 0.868 0.887

Pseudoalteromonas sp. TB51 0.851 0.852 0.864 0.846 0.852 0.865 0.85

P. tunicata D2 uid54181 0.859 0.864 0.856 0.842 0.855 0.858 0.854

P. ruthenica CP76 uid199935 0.841 0.858 0.841 0.846 0.847 0.842 0.843
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Pseudoalteromonas sp. BSi20652 uid78645 1 0.85 0.957 0.948 0.997 0.959 0.982

P. citrea  NCIMB 1889 uid168326 0.85 1 0.924 0.866 0.852 0.922 0.826

Pseudoalteromonas sp. BSi20311 uid78647 0.957 0.924 1 0.957 0.956 0.999 0.93

P. haloplanktis TAC125 0.948 0.866 0.957 1 0.953 0.954 0.922

P. arctica A 37 1 2 uid168325 0.997 0.852 0.956 0.953 1 0.958 0.979

Pseudoalteromonas sp.  BSi20439 uid78651 0.959 0.922 0.999 0.954 0.958 1 0.934

Pseudoalteromonas sp.  TB64 0.982 0.826 0.93 0.922 0.979 0.934 1

Pseudoalteromonas sp.  BSi20480 uid78653 0.988 0.886 0.969 0.954 0.985 0.971 0.958

Pseudoalteromonas sp.  Bsw20308 uid179221 0.995 0.873 0.961 0.949 0.995 0.963 0.976

Pseudoalteromonas sp. TAE79 0.995 0.87 0.964 0.952 0.997 0.966 0.976

Pseudoalteromonas sp. NJ631 uid199000 0.829 0.914 0.89 0.826 0.833 0.891 0.808

Pseudoalteromonas sp. PAMC 22718 uid179404 0.959 0.92 0.998 0.954 0.958 0.998 0.931

P. flavipulchra JG1 uid177806 0.828 0.915 0.888 0.826 0.833 0.889 0.807

P. atlantica T6c uid58283 0.769 0.84 0.857 0.778 0.771 0.857 0.746

P. haloplanktis TAC125 uid58431 0.947 0.865 0.955 1 0.952 0.953 0.921

P. spongiae UST010723 006 uid168330 0.842 0.887 0.898 0.825 0.846 0.901 0.825

Pseudoalteromonas sp. TAE56 0.996 0.846 0.95 0.944 0.999 0.953 0.978

Pseudoalteromonas sp. TB25 0.995 0.853 0.954 0.95 0.998 0.957 0.976

P. luteoviolacea B   ATCC 29581 uid186644 0.838 0.899 0.895 0.828 0.835 0.897 0.804

P. marina mano4 uid168327 0.988 0.881 0.967 0.954 0.986 0.969 0.958

P. undina NCIMB 2128 uid168331 0.967 0.917 0.997 0.958 0.967 0.998 0.943

Pseudoalteromonas sp. S88 0.996 0.855 0.954 0.949 0.999 0.957 0.979

P. piscicida JCM 20779 uid168328 0.829 0.914 0.889 0.825 0.833 0.89 0.808

Pseudoalteromonas sp. BSi20429 uid78649 0.997 0.841 0.949 0.948 0.999 0.952 0.979

Pseudoalteromonas sp. SM9913 uid61247 0.959 0.918 0.998 0.955 0.958 0.998 0.932

Pseudoalteromonas sp. TB41 0.956 0.924 0.998 0.953 0.956 0.998 0.93

Pseudoalteromonas sp. TAE80 0.995 0.87 0.963 0.951 0.997 0.965 0.976

P. haloplanktis ANT 505 uid66747 0.996 0.848 0.953 0.951 0.998 0.955 0.976

P. haloplanktis ATCC 14393 uid198981 0.902 0.926 0.952 0.909 0.902 0.952 0.886

Pseudoalteromonas sp. AC163 0.995 0.856 0.955 0.95 0.998 0.957 0.975

Pseudoalteromonas sp. TB51 0.961 0.857 0.957 0.954 0.964 0.956 0.929

P. tunicata D2 uid54181 0.872 0.868 0.914 0.849 0.874 0.917 0.851

P. ruthenica CP76 uid199935 0.746 0.84 0.848 0.784 0.752 0.846 0.738
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Pseudoalteromonas sp. TB13 0.997 0.846 0.951 0.946 0.999 0.953 0.979

Pseudoalteromonas sp. TAB23 0.996 0.861 0.956 0.948 0.998 0.958 0.979

Pseudoalteromonas sp. BSi20495 uid78655 0.995 0.876 0.963 0.95 0.995 0.965 0.977

P. rubra ATCC 29570 uid168329 0.513 0.602 0.579 0.565 0.515 0.579 0.504

Pseudoalteromonas sp. S838 0.997 0.855 0.954 0.95 0.999 0.957 0.979
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0.988 0.995 0.995 0.829 0.959 0.828 0.769 0.947 0.842 0.996 0.995 0.838 0.988 0.967

0.886 0.873 0.87 0.914 0.92 0.915 0.84 0.865 0.887 0.846 0.853 0.899 0.881 0.917

0.969 0.961 0.964 0.89 0.998 0.888 0.857 0.955 0.898 0.95 0.954 0.895 0.967 0.997

0.954 0.949 0.952 0.826 0.954 0.826 0.778 1 0.825 0.944 0.95 0.828 0.954 0.958

0.985 0.995 0.997 0.833 0.958 0.833 0.771 0.952 0.846 0.999 0.998 0.835 0.986 0.967

0.971 0.963 0.966 0.891 0.998 0.889 0.857 0.953 0.901 0.953 0.957 0.897 0.969 0.998

0.958 0.976 0.976 0.808 0.931 0.807 0.746 0.921 0.825 0.978 0.976 0.804 0.958 0.943

1 0.987 0.986 0.856 0.97 0.854 0.791 0.953 0.859 0.984 0.984 0.859 0.999 0.976

0.987 1 0.994 0.853 0.963 0.852 0.784 0.948 0.858 0.994 0.994 0.855 0.987 0.972

0.986 0.994 1 0.856 0.966 0.856 0.793 0.95 0.866 0.996 0.997 0.854 0.985 0.972

0.856 0.853 0.856 1 0.887 0.999 0.901 0.824 0.927 0.833 0.841 0.913 0.852 0.885

0.97 0.963 0.966 0.887 1 0.885 0.855 0.953 0.896 0.952 0.956 0.896 0.968 0.997

0.854 0.852 0.856 0.999 0.885 1 0.897 0.823 0.926 0.832 0.84 0.911 0.85 0.884

0.791 0.784 0.793 0.901 0.855 0.897 1 0.776 0.89 0.769 0.773 0.865 0.789 0.843

0.953 0.948 0.95 0.824 0.953 0.823 0.776 1 0.822 0.943 0.949 0.825 0.954 0.958

0.859 0.858 0.866 0.927 0.896 0.926 0.89 0.822 1 0.848 0.85 0.888 0.856 0.895

0.984 0.994 0.996 0.833 0.952 0.832 0.769 0.943 0.848 1 0.998 0.83 0.984 0.962

0.984 0.994 0.997 0.841 0.956 0.84 0.773 0.949 0.85 0.998 1 0.836 0.984 0.966

0.859 0.855 0.854 0.913 0.896 0.911 0.865 0.825 0.888 0.83 0.836 1 0.856 0.887

0.999 0.987 0.985 0.852 0.968 0.85 0.789 0.954 0.856 0.984 0.984 0.856 1 0.974

0.976 0.972 0.972 0.885 0.997 0.884 0.843 0.958 0.895 0.962 0.966 0.887 0.974 1

0.985 0.995 0.997 0.84 0.956 0.839 0.777 0.948 0.851 0.999 0.998 0.837 0.986 0.965

0.856 0.853 0.856 0.999 0.886 0.999 0.901 0.822 0.927 0.833 0.841 0.912 0.852 0.884

0.984 0.993 0.995 0.826 0.951 0.825 0.766 0.947 0.843 0.999 0.997 0.827 0.985 0.961

0.971 0.963 0.966 0.885 1 0.883 0.853 0.954 0.894 0.953 0.957 0.892 0.969 0.997

0.968 0.961 0.965 0.891 0.999 0.889 0.857 0.952 0.896 0.951 0.954 0.895 0.966 0.996

0.985 0.994 1 0.856 0.965 0.856 0.792 0.95 0.866 0.996 0.997 0.853 0.985 0.972

0.984 0.994 0.996 0.837 0.954 0.836 0.775 0.95 0.845 0.998 0.999 0.833 0.985 0.964

0.911 0.921 0.913 0.9 0.948 0.905 0.831 0.908 0.883 0.896 0.903 0.887 0.908 0.953

0.985 0.994 0.998 0.843 0.957 0.842 0.775 0.949 0.851 0.998 1 0.837 0.985 0.966

0.964 0.957 0.969 0.836 0.961 0.835 0.8 0.953 0.849 0.961 0.964 0.836 0.964 0.957

0.874 0.888 0.887 0.867 0.917 0.867 0.843 0.848 0.889 0.871 0.874 0.866 0.871 0.918

0.769 0.766 0.775 0.868 0.845 0.865 0.872 0.781 0.861 0.748 0.759 0.806 0.765 0.839
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0.985 0.856 0.984 0.971 0.968 0.985 0.984 0.911 0.985 0.964 0.874 0.769 0.984 0.986

0.995 0.853 0.993 0.963 0.961 0.994 0.994 0.921 0.994 0.957 0.888 0.766 0.994 0.995

0.997 0.856 0.995 0.966 0.965 1 0.996 0.913 0.998 0.969 0.887 0.775 0.996 0.997

0.84 0.999 0.826 0.885 0.891 0.856 0.837 0.9 0.843 0.836 0.867 0.868 0.829 0.845

0.956 0.886 0.951 1 0.999 0.965 0.954 0.948 0.957 0.961 0.917 0.845 0.953 0.958

0.839 0.999 0.825 0.883 0.889 0.856 0.836 0.905 0.842 0.835 0.867 0.865 0.829 0.845

0.777 0.901 0.766 0.853 0.857 0.792 0.775 0.831 0.775 0.8 0.843 0.872 0.769 0.779

0.948 0.822 0.947 0.954 0.952 0.95 0.95 0.908 0.949 0.953 0.848 0.781 0.945 0.947

0.851 0.927 0.843 0.894 0.896 0.866 0.845 0.883 0.851 0.849 0.889 0.861 0.845 0.853

0.999 0.833 0.999 0.953 0.951 0.996 0.998 0.896 0.998 0.961 0.871 0.748 0.999 0.998

0.998 0.841 0.997 0.957 0.954 0.997 0.999 0.903 1 0.964 0.874 0.759 0.998 0.998

0.837 0.912 0.827 0.892 0.895 0.853 0.833 0.887 0.837 0.836 0.866 0.806 0.832 0.84

0.986 0.852 0.985 0.969 0.966 0.985 0.985 0.908 0.985 0.964 0.871 0.765 0.984 0.986

0.965 0.884 0.961 0.997 0.996 0.972 0.964 0.953 0.966 0.957 0.918 0.839 0.962 0.967

1 0.84 0.998 0.957 0.954 0.997 0.998 0.902 0.998 0.963 0.871 0.757 0.999 0.999

0.84 1 0.827 0.884 0.89 0.856 0.837 0.901 0.843 0.837 0.867 0.867 0.83 0.846

0.998 0.827 1 0.952 0.949 0.995 0.998 0.892 0.997 0.962 0.865 0.744 0.999 0.998

0.957 0.884 0.952 1 0.999 0.965 0.955 0.946 0.957 0.963 0.916 0.843 0.953 0.958

0.954 0.89 0.949 0.999 1 0.964 0.952 0.951 0.955 0.961 0.918 0.849 0.95 0.956

0.997 0.856 0.995 0.965 0.964 1 0.996 0.913 0.998 0.968 0.887 0.774 0.996 0.997

0.998 0.837 0.998 0.955 0.952 0.996 1 0.902 0.998 0.965 0.871 0.755 0.998 0.997

0.902 0.901 0.892 0.946 0.951 0.913 0.902 1 0.903 0.889 0.913 0.848 0.895 0.906

0.998 0.843 0.997 0.957 0.955 0.998 0.998 0.903 1 0.965 0.874 0.761 0.998 0.998

0.963 0.837 0.962 0.963 0.961 0.968 0.965 0.889 0.965 1 0.859 0.785 0.961 0.962

0.871 0.867 0.865 0.916 0.918 0.887 0.871 0.913 0.874 0.859 1 0.84 0.869 0.873

0.757 0.867 0.744 0.843 0.849 0.774 0.755 0.848 0.761 0.785 0.84 1 0.746 0.763
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P. flavipulchra JG1 uid177806
Pseudoalteromonas sp. NJ631 uid199000
P. piscicida JCM 20779 uid168328 T

P. rubra ATCC 29570 uid168329 T

P. citrea NCIMB 1889 uid168326 T

P. luteoviolacea B   ATCC 29581 uid186644

P. haloplanktis ATCC 14393 uid198981 T

Pseudoalteromonas sp. TB41
Pseudoalteromonas sp. SM9913 uid61247

Pseudoalteromonas sp. PAMC 22718 uid179404
P. undina NCIMB 2128 uid168331 T

Pseudoalteromonas sp. BSi20439 uid78651
Pseudoalteromonas sp. BSi20311 uid78647

P. haloplanktis TAC125
P. haloplanktis TAC125 uid58431
Pseudoalteromonas sp. TB51

Pseudoalteromonas sp. BSi20480 uid78653
P. marina mano4 uid168327 T

Pseudoalteromonas sp. TB64

Pseudoalteromonas sp. Bsw20308 uid179221
Pseudoalteromonas sp. BSi20495 uid78655

Pseudoalteromonas sp. BSi20652 uid78645
Pseudoalteromonas sp. TAE56
Pseudoalteromonas sp. TAB23
Pseudoalteromonas sp. S88
Pseudoalteromonas sp. S838

Pseudoalteromonas sp. BSi20429 uid78649

P. arctica A 37 1 2 uid168325 T

Pseudoalteromonas sp. TB13

Pseudoalteromonas sp. TAE79
Pseudoalteromonas sp. TAE80

P. haloplanktis ANT 505 uid66747
Pseudoalteromonas sp. AC163
Pseudoalteromonas sp. TB25
P. tunicata D2 uid54181
P. spongiae UST010723 006 uid168330

P. atlantica T6c uid58283

P. ruthenica CP76 uid199935

Conserved genes ANI

P. flavipulchra JG1 uid177806
Pseudoalteromonas sp. NJ631 uid199000

P. piscicida JCM 20779 uid168328 T

P. rubra ATCC 29570 uid168329 T

P. citrea NCIMB 1889 uid168326 T

P. luteoviolacea B   ATCC 29581 uid186644

P. haloplanktis ATCC 14393 uid198981 T

Pseudoalteromonas sp. TB41

Pseudoalteromonas sp. SM9913 uid61247
Pseudoalteromonas sp. PAMC 22718 uid179404

P. undina NCIMB 2128 uid168331 T

Pseudoalteromonas sp. BSi20439 uid78651
Pseudoalteromonas sp. BSi20311 uid78647

P. haloplanktis TAC125
P. haloplanktis TAC125 uid58431

Pseudoalteromonas sp. TB51

Pseudoalteromonas sp. BSi20480 uid78653

P. marina mano4 uid168327 T

Pseudoalteromonas sp. TB64

Pseudoalteromonas sp. Bsw20308 uid179221
Pseudoalteromonas sp. BSi20495 uid78655

Pseudoalteromonas sp. BSi20652 uid78645

Pseudoalteromonas sp. TAE56

Pseudoalteromonas sp. TAB23

Pseudoalteromonas sp. S88
Pseudoalteromonas sp. S838

Pseudoalteromonas sp. BSi20429 uid78649

P. arctica A 37 1 2 uid168325 T

Pseudoalteromonas sp. TB13

Pseudoalteromonas sp. TAE79
Pseudoalteromonas sp. TAE80

P. haloplanktis ANT 505 uid66747

Pseudoalteromonas sp. AC163
Pseudoalteromonas sp. TB25

P. tunicata D2 uid54181

P. spongiae UST010723 006 uid168330

P. atlantica T6c uid58283

P. ruthenica CP76 uid199935
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ANI TNF

P. flavipulchra JG1 uid177806
Pseudoalteromonas sp. NJ631 uid199000
P. piscicida JCM 20779 uid168328 T

P. rubra ATCC 29570 uid168329 T

P. citrea NCIMB 1889 uid168326 T

P. luteoviolacea B   ATCC 29581 uid186644

P. haloplanktis ATCC 14393 uid198981 T

Pseudoalteromonas sp. TB41

Pseudoalteromonas sp. SM9913 uid61247
Pseudoalteromonas sp. PAMC 22718 uid179404

P. undina NCIMB 2128 uid168331 T

Pseudoalteromonas sp. BSi20439 uid78651
Pseudoalteromonas sp. BSi20311 uid78647

P. haloplanktis TAC125
P. haloplanktis TAC125 uid58431

Pseudoalteromonas sp. TB51

Pseudoalteromonas sp. BSi20480 uid78653
P. marina mano4 uid168327 T

Pseudoalteromonas sp. TB64

Pseudoalteromonas sp. Bsw20308 uid179221
Pseudoalteromonas sp. BSi20495 uid78655

Pseudoalteromonas sp. BSi20652 uid78645

Pseudoalteromonas sp. TAE56

Pseudoalteromonas sp. TAB23

Pseudoalteromonas sp. S88
Pseudoalteromonas sp. S838

Pseudoalteromonas sp. BSi20429 uid78649
P. arctica A 37 1 2 uid168325 T

Pseudoalteromonas sp. TB13

Pseudoalteromonas sp. TAE79
Pseudoalteromonas sp. TAE80
P. haloplanktis ANT 505 uid66747

Pseudoalteromonas sp. AC163
Pseudoalteromonas sp. TB25

P. tunicata D2 uid54181

P. spongiae UST010723 006 uid168330

P. atlantica T6c uid58283

P. ruthenica CP76 uid199935

P. flavipulchra JG1 uid177806
Pseudoalteromonas sp. NJ631 uid199000

P. piscicida JCM 20779 uid168328 T

P. rubra ATCC 29570 uid168329 T

P. citrea NCIMB 1889 uid168326 T

P. luteoviolacea B   ATCC 29581 uid186644

P. haloplanktis ATCC 14393 uid198981 T

Pseudoalteromonas sp. TB41
Pseudoalteromonas sp. SM9913 uid61247

Pseudoalteromonas sp. PAMC 22718 uid179404

P. undina NCIMB 2128 uid168331 T

Pseudoalteromonas sp. BSi20439 uid78651

Pseudoalteromonas sp. BSi20311 uid78647

P. haloplanktis TAC125

P. haloplanktis TAC125 uid58431

Pseudoalteromonas sp. TB51

Pseudoalteromonas sp. BSi20480 uid78653

P. marina mano4 uid168327 T

Pseudoalteromonas sp. TB64

Pseudoalteromonas sp. Bsw20308 uid179221

Pseudoalteromonas sp. BSi20495 uid78655

Pseudoalteromonas sp. BSi20652 uid78645

Pseudoalteromonas sp. TAE56

Pseudoalteromonas sp. TAB23

Pseudoalteromonas sp. S88

Pseudoalteromonas sp. S838

Pseudoalteromonas sp. BSi20429 uid78649

P. arctica A 37 1 2 uid168325 T

Pseudoalteromonas sp. TB13

Pseudoalteromonas sp. TAE79

Pseudoalteromonas sp. TAE80
P. haloplanktis ANT 505 uid66747

Pseudoalteromonas sp. AC163

Pseudoalteromonas sp. TB25

P. tunicata D2 uid54181

P. spongiae UST010723 006 uid168330
P. atlantica T6c uid58283

P. ruthenica CP76 uid199935
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P. flavipulchra JG1 uid177806
Pseudoalteromonas sp. NJ631 uid199000

P. piscicida JCM 20779 uid168328 T

P. rubra ATCC 29570 uid168329 T

P. citrea NCIMB 1889 uid168326 T

P. luteoviolacea B   ATCC 29581 uid186644

P. haloplanktis ATCC 14393 uid198981 T

Pseudoalteromonas sp. TB41
Pseudoalteromonas sp. SM9913 uid61247

Pseudoalteromonas sp. PAMC 22718 uid179404

P. undina NCIMB 2128 uid168331 T

Pseudoalteromonas sp. BSi20439 uid78651

Pseudoalteromonas sp. BSi20311 uid78647

P. haloplanktis TAC125

P. haloplanktis TAC125 uid58431

Pseudoalteromonas sp. TB51

Pseudoalteromonas sp. BSi20480 uid78653

P. marina mano4 uid168327 T

Pseudoalteromonas sp. TB64

Pseudoalteromonas sp. Bsw20308 uid179221

Pseudoalteromonas sp. BSi20495 uid78655

Pseudoalteromonas sp. BSi20652 uid78645

Pseudoalteromonas sp. TAE56

Pseudoalteromonas sp. TAB23

Pseudoalteromonas sp. S88

Pseudoalteromonas sp. S838

Pseudoalteromonas sp. BSi20429 uid78649

P. arctica A 37 1 2 uid168325 T

Pseudoalteromonas sp. TB13

Pseudoalteromonas sp. TAE79

Pseudoalteromonas sp. TAE80
P. haloplanktis ANT 505 uid66747

Pseudoalteromonas sp. AC163

Pseudoalteromonas sp. TB25

P. tunicata D2 uid54181

P. spongiae UST010723 006 uid168330
P. atlantica T6c uid58283

P. ruthenica CP76 uid199935

TNFConserved genes

P. flavipulchra JG1 uid177806
Pseudoalteromonas sp. NJ631 uid199000
P. piscicida JCM 20779 uid168328 T

P. rubra ATCC 29570 uid168329 T

P. citrea NCIMB 1889 uid168326 T

P. luteoviolacea B   ATCC 29581 uid186644

P. haloplanktis ATCC 14393 uid198981 T

Pseudoalteromonas sp. TB41
Pseudoalteromonas sp. SM9913 uid61247

Pseudoalteromonas sp. PAMC 22718 uid179404
P. undina NCIMB 2128 uid168331 T

Pseudoalteromonas sp. BSi20439 uid78651
Pseudoalteromonas sp. BSi20311 uid78647

P. haloplanktis TAC125
P. haloplanktis TAC125 uid58431
Pseudoalteromonas sp. TB51

Pseudoalteromonas sp. BSi20480 uid78653
P. marina mano4 uid168327 T

Pseudoalteromonas sp. TB64

Pseudoalteromonas sp. Bsw20308 uid179221
Pseudoalteromonas sp. BSi20495 uid78655

Pseudoalteromonas sp. BSi20652 uid78645
Pseudoalteromonas sp. TAE56
Pseudoalteromonas sp. TAB23
Pseudoalteromonas sp. S88
Pseudoalteromonas sp. S838

Pseudoalteromonas sp. BSi20429 uid78649

P. arctica A 37 1 2 uid168325 T

Pseudoalteromonas sp. TB13

Pseudoalteromonas sp. TAE79
Pseudoalteromonas sp. TAE80

P. haloplanktis ANT 505 uid66747
Pseudoalteromonas sp. AC163
Pseudoalteromonas sp. TB25
P. tunicata D2 uid54181
P. spongiae UST010723 006 uid168330

P. atlantica T6c uid58283

P. ruthenica CP76 uid199935
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