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Abstract

The strains worked with in this project (MM5 and 3.116) was isolated from salmon fry skin

and classified as Janthinobacterium (Betaproteobacteria, Oxalobacteraceae). During previous

work with these strains in the Analysis and Control of Microbial Systems (ACMS) group at the

Norwegian University for science and technology (NTNU), they showed the ability to produce

slime and purple colonies, assumed to be EPS and violacein. J. Lividum is associated with both

human and amphibian skin, and is believed to be a part of the amphibians defense against skin

fungal infections. The antifungal properties of J. Lividum is associated with violacein, which

also has shown among other things antibacterial, antioxidizing, antiviral, and antitumoral prop-

erties. The bacterial species have shown capnophilic properties, giving the ability to live in

the heightened CO2 concentrations occurring on amphibian skin. These properties make the

bacteria an interesting probiotic candidate in aquaculture, for example as a mean of combating

the water mold Saprolegnia, which is a problem in the freshwater life stages of salmon.

The main goals of this project was to identify growth conditions for violacein production for

MM5 and 3.116, and to study the evolution of the violacein operon by phylogenetic analysis.

The growth properties of the strains were studied by the generation of growth curves, antibi-

ograms, and microscopy. The generational time of MM5 and 3.116 was calculated to be 1.50

and 0.88 hours respectively. A test of antibiotic susceptibility showed both strains to be resistant

towards Kanamycin (50 µg/ml), polymixin (100µg/ml), Neomycin (20 µg/ml), and Ampicillin

(20 µg/ml). MM5 showed purple colonies, indicating violacein production on several media.

Incubation temperature (28°C) and reduced agar concentration (1%) seemed to promote vi-

olacein production. The 3.116 strain showed no sign of violacein production on any media.

None of the strains showed any sign of antagonistic properties against bacteria, however, this

could be due to lack of violacein production on the agar media applied. The violacein operon

has been observed for Proteobacteria families representing the classes delta-, gamma- and be-

taproteobacteria. Most of the violacein operon of MM5 was successfully sequenced. PCR

amplification failed for 3.116s’ operon, indicating a lack of violacein operon, degenerated,

or rearranged operon. Violacein gene sequences were downloaded and used in phylogenetic

analyses. The 16s rRNA gene was used as a reference representing the vertical evolution of

the strains included in the analysis. The phylogenetic analysis indicated that horizontal gene

transfer of the violacein operon has occurred during the evolution of the proteobacteria.
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Sammendrag

Bakteriestammene som det ble jobbet med i dette prosjektet (MM5 og 3.116) var isolert fra

skinnet til lakseyngel og ble klassifisert som Janthinobacterium (Betaproteobacteria, Oxalobac-

teraceae). Under tidligere arbeid i Analyse og kontroll av mikrobielle samfunn (ACMS) grup-

pen ved Norges teknisk-naturvitenskapelige universitet (NTNU) med disse stammene har det

blitt observert produksjon av slim og lilla kolonier antatt til å være EPS og violacein. J. Lividum

assosieres med både menneske- og amfibiehud, og er antatt å være en del av amfibienes forsvar

mot soppinfeksjoner i huden. De antifungale egenskapene til J. Lividum er assosiert med det

lilla fargestoffet violacein, som i tillegg har vist blant annet antibakterielle, antioksiderende,

antivirale og antitumorale egenskaper. Bakterietypen har vist kapnofile egenskaper, noe som

gir evnen til å leve på de forhøyede CO2 konsentrasjonene som finnes på amfibiehud. Disse

nevnte egenskapene gjør bakterien til en interessant kandidat som probiotika i oppdrettsnærin-

gen, for eksempel som en metode for å bekjempe eggsporesoppen Saprolegnia, som kan være

et problem i ferskvannstadiene av laksens livssyklus.

Hovedmålene med dette prosjektet var å identifisere vekstforhold som promoterer violacein

produksjon i MM5 og 3.116, og å studere evolusjonen av violacein operonet ved fylogenetiske

analyser. Veksten til stammene ble studert ved å lage vekstkurver, antibiogramer og mikroskoper-

ing. Generasjonstiden til MM5 og 3.116 ble beregnet til å være henholdsvis 1.5 og 0.88 timer.

En test av mottakelighet for antibiotika, viste resistens mot kanamycin (50 µg/ml), polymixin

(100µg/ml), neomycin (20 µg/ml), og ampicillin (20 µg/ml) for begge stammene. MM5 viste

lilla kolonier, som indikerer violacein produksjon på flere mediumer. Inkubasjonstemperatur

(28 °C) og redusert agarkonsentrasjon (1%) så ut til å promotere violacein produksjon. 3.116

stammen viste ingen tegn til violacein produksjon.. Stammene viste ingen tegn til antago-

nistiske egenskaper mot bakterier, men dette kan skyldes manglende produksjon av violacein

på disse agarplate mediumene. Violacein operonet har blitt observert hos proteobakterier, som

representerer delta, beta og gammaproteobakterier. Mesteparten av violaceinoperonet til MM5

ble sekvensert. PCR-amplifiseringen feilet for 3.116 sitt operon, noe som tyder på manglende

operon, degenerert sekvens eller annerledes organisert operon. Violacein sekvenser ble lastet

ned og brukt i fylogenetiske analyser. 16s rRNA genet ble brukt som en referanse for vertikal

evolusjon for stammene inkludert i analysene. De fylogenetiske analysene ga indikasjoner for

at horisontal genoverføring har forekommet under evolusjonen av proteobakteriene.
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3.116 - Janthinobacterium strain worked with

ACMS - Analysis and Control of Microbial Systems

BHI - Brain heart infusion

BLAST - Basic Local Alignment Search Tool

CMB - Cooked meat broth

DNA - Deoxyribonucleic acid
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EPS - Exopolysaccharides

HGT - Horizontal gene transfer

J. Lividum - Janthinobacterium Lividum

LB/LA - Luria-Bertani (Agar)

ML - Maximum Likelihood

MM5 - Janthinobacterium strain worked with

NB/NA - Nutrient broth/agar

NCBI - The National Center for Biotechnology Information

NJ - Neighbor-Joining

NTNU - Norwegian university for science and technology

OD - Optical Density

ON - Overnight

PCR - Polymerase chain reaction

rDNA - Ribosomal Deoxyribonucleic acid

RDP - Ribosomal database project

RNA - Ribonucleic acid
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rRNA - Ribosomal ribonucleic acid

S ab - Seqmatch score

TM - Primer melting temperature

TSB/TSA- Tryptic soy broth/agar

v1 - Variable region 1

v3 - Variable region 3

VioA/B/C/D/E - Violacein gene A/B/C/D/E
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1 Introduction

1.1 Background for the project

This master thesis is a continuation of a previous project done on ”Violacein production in a

Janthinobacterium lividum strain isolated from salmon fry”. The bacteria worked with during

this project didn’t produce any violacein regardless of the conditions or media composition

used. By sequencing the v1-v3 region of the 16s ribosomal ribonucleic acid (rRNA) gene of

the bacteria it was concluded to be an Arthrobacter strain, and not a Janthinobacterium strain

[1]. This master thesis and project was written in cooperation with the Analysis and Control of

Microbial Systems (ACMS) group at the Institute for biotechnology at Norwegian university

for science and technology (NTNU). The bacterial strains used in this project, referenced to as

3.116 and MM5, was isolated from salmon fry skin during previous work in the ACMS group.

By sequencing the v1-v3 region of the 16s ribosomal Deoxyribonucleic acid (rDNA) these

strains were classified as Janthinobacterium. During previous work in the ACMS group with

these bacteria strains, the production of slime and a purple pigment was observed. This was

assumed to be violacein and exopolysaccharides (EPS) (Professor Ingrid Bakke, NTNU, 2019

[pers.comm.]). A previous master project done in the ACMS group found the strain to be able

to colonize the skin of newly hatched salmon fry[2]. Beyond this neither violacein production

or growth characteristics are studied for these strains. One of the aims of this master project

is similar to the major aim of the previous project, namely to identify growth conditions for

violacein production in these strains, 3.116 and MM5.

1.2 Atlantic salmon (Salmo Salar)

The Atlantic salmon (Salmo Salar) is a species of fish belonging to the Salmonidae family,

which is distributed throughout the northern parts of the Atlantic ocean on the European and

American side [3, 4]. The Atlantic salmon migrates from the rivers where it spawns to the

oceans. This means that these fish species are anadromous [3]. In the oceans, the fish feeds on

pelagic species, such as herring and sprat, for up to four years before returning to their river of

origin for spawning. The Atlantic salmon cease feeding before returning to the rivers. Typically

the salmon are 8-13kg when it starts migrating towards the river for spawning [4]. The Atlantic

salmon usually spawns during the period from October to November. The roe is buried 20-40

cm down in the gravel [3]. Following the spawning, most of the fish die, but some return to
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the sea for further feeding. After approximately 500 degree days the eggs hatch. This hatching

usually occurs during the late winter to early spring [3, 4]. The newly hatched fry hides in the

gravel feeding of the yolk sac until it is consumed. This period usually lasts for 300 degree

days [4]. During the spring, after the yolk sac is consumed, the fry rises from the gravel, estab-

lishes territories in the river, and begins feeding on insects and small fish [3, 4]. The juvenile

fish keeps feeding in freshwater for 2-5 years before they undergo smoltification, which is a

process that adapts the fish for living in saltwater [4]. The smoltification process consists of

multiple changes in biochemistry, behavior, morphology, and physiology. These changes lead

to seawater adapted fish with better-adapted color, osmoregulation, oxygen transport, buoy-

ance, shape, and schooling behavior [5]. During the spring to early summer, the smolt migrates

towards the ocean where it reaches for deep water for feeding and maturing [4].

The aquaculture industry is one of the major industries in Norway, and is responsible for a

considerable share of Norway’s export income, with around 5.5%. In addition, aquaculture is

an important source of seafood. In Norway, the fish farming industry is mainly based around

Atlantic salmon and rainbow trout (Oncorhynchus mykiss), but other species like cod, halibut,

and lumpsuckers are farmed in Norway, where the amount of cod and halibut is less than two

per thousandth[6]. The aquaculture industry is distributed along the whole coast of Norway

[6]. The life cycle of Atlantic salmon in fish farms is similar to the life cycle of fish in na-

ture and consists of a freshwater phase and a seawater phase [3]. The fish used for breeding

are selected from the seaside production stocks and moved to freshwater two months before

stripping. These fish are called broodstock [4]. Next, roe from the female fish are stripped and

milt from the male fish are collected. The roe and milt are then mixed, which fertilizes the

roe [4, 6]. Similar to the wild salmon, the fertilized eggs start eyeing after 250 degree days

and then hatches after a further 250 degree days. The newly hatched fry will then feed of the

yolk sac for around 300 degree days before feeding starts. The feeding is usually carried out in

flow-through systems or recirculating systems throughout the parr and smolt stages. To induce

the smoltification fish can either be maintained at ambient temperature and light regimes, or the

light and temperature can be manipulated to provoke early smoltification [4]. The smoltified

salmon, which is between 40-120g, are then transferred to sea cages for feeding and growing

[4, 6]. The seawater stage usually lasts for two years, until the salmon weighs above 2kg before

the fish are harvested [4].
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The main challenges in aquaculture in Norway is the fish health and the impact on the sur-

roundings of the cage. Around 15% of the farmed salmon dies or disappears during the sea-

water stages, where mortality is the major component. The use of antibiotics used to be a

major concern in aquaculture in Norway, but has been reduced with 99% from 1987 to 2013.

However, in developing countries, the use of antibiotics is still widely distributed. This can

lead to antibiotic-resistant microorganisms [6]. A major cause of death for Atlantic salmon in

Norway is the delousing treatment to clean the fish from salmon louse (Lepeophtheirus salmo-

nis). Salmon louse and viral infections are the most challenging diseases for Atlantic salmon

in Norway. Bacterial and eukaryotic infections are also challenging, for example, the bacteria

Yersina Ruckeri, the eukaryotic amoeba Paramoeba perurans and the water mold Saprolegnia

in freshwater stages, causing enteric redmouth disease, amoebic gill disease and saprolegnio-

sis respectively[7]. The salmon louse is a parasitic copepod living on the skin of fish in the

Salmonidae family and is the biggest problem in Norwegian aquaculture. This parasite occurs

on fish in marine environments in the northern hemisphere. The life cycle of the lice consists

of eight stages, where they first infect the Salmonidae fish in the third stage. These later stages

cause harm towards the host because of the lice feeding on the skin, mucous, and blood of the

fish. The damages to the fish depend on the life stage of the lice, but heavily infected individuals

can suffer from emaciation and large wounds. These wounds can lead to secondary infections

from bacteria or fungi [8, 9]. The main treatments against lice infections have traditionally

been the usage of medicaments, however, this has led to a widespread resistance towards these

substances [9]. Nowadays preventive treatment in combination with continuous treatment. The

continuous treatment is carried out by adding cleaner fish to the sea cages [8, 9]. In Norway,

the quantity of adult female lice in 2018 was reported to be the lowest since 2013 [9].

Saprolegnia is a water mold causing infections to fish skin during freshwater stages. Spores

from Saprolegnia is common in Norwegian water sources running into hatcheries. The water

mold may establish and reproduce in biofilm in tubes and tanks, giving the salmon a constant

exposure to the spores. The water mold infects weakened individuals and dead roe, where it

later spreads to the healthier surrounding roe grains. Infections on fish usually start at areas

without shell, the infections then spread with hyphal growth in epidermis, dermis, and hypo-

dermis. This infection leads to a cottony coating on the skin of the fish. Infections can in
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some cases give high mortality, both in farmed and wild salmon [7]. Saprolegniosis is usually

diagnosed and treated on-site, therefore, few cases are reported to the Norwegian veterinary in-

stitute. However, in 2019 there where a few inquires about outbreaks resulting in high mortality

on eggs or fry. A survey carried out by the Norwegian veterinary institute suggests a bigger

concern for saprolegniosis than the number of diagnoses would indicate [10]. Saprolegniosis

ha in Norway been prevented and controlled by using the organic compound malachite green

until the year 2000. However, due to the carcinogenic properties of this substance, the use has

been banned. Today, Formalin is used to prevent outbreaks due to the low cost. However, the

use of formalin in aquaculture is disputed and is currently up for review in the EU. Therefore,

limitations or a ban could be introduced on the usage of formalin as a treatment against para-

sites and water molds. As a consequence of this, a focus point is to find alternative treatments

and to reduce the risk of serious outbreaks. Examples of precautions are to reduce the stress

factors such as transporting of fish, vaccinating, and sorting as much as possible, and to ensure

proper hygiene measurements have been implemented [11]. A Pseudomonas fluorescens strain

isolated from catfish has shown the ability to inhibit the growth of Saprolegnia in vitro [12].

Due to the ability of J. Lividum to colonize the skin of salmon fry [2], and the previously re-

ported antifungal properties of the bacteria [13] it’s a possible candidate to use as a probiotic to

prevent infections by Saprolegnia.

1.3 Probiotics

The usage of probiotics for humans have mostly been as a treatment for various diarrhea condi-

tions and vaginal infections. In addition, usage as a treatment for other medical conditions such

as allergy, respiratory infections, and lactose intolerance are studied [14]. The use of probiotics

is studied in livestock as well, with results showing for example increased growth[15] and in-

creased milk production [16]. Probiotics are the addition of living microorganisms to a host in

an adequate amount to give a beneficial health effect on the host organism[14, 17]. The added

microorganism are either non-pathogenic bacteria or Saccharomyces, which are considered

friendly germs with a benefit towards the immune system [17]. Under normal circumstances,

the various part of the body has a normal flora of bacteria. This balance can be disturbed, and

unwanted bacteria can take over. In probiotic treatment, the addition of wanted bacteria can be

used to reintroduce the normal flora. In addition, probiotics have been used to reduce the risk

of problems with the stomach and intestine as a consequence of antibiotic use [14]. However,
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critics point at the fact that most microorganisms would not survive oral intake due to the acid-

ity of the stomach [17].

A type of probiotics used in the aquaculture industry is called Bactocell®, which is a strain

of the bacterial species Pediococcus acidilactici used as an additive to fish feed to improve

fish health [18]. A study done on Bactocell® showed that salmon fed with the probiotic had

milder inflammatory response towards an inflammatory challenge, and the showed quicker re-

covery when compared to a control group [19]. The food with added Bactocell® is used as

the standard food in freshwater stages for both salmon and trout. (Torunn Forberg, Biomar,

2020[pers.comm.]). Additionally, probiotics could be used in aquaculture to improve water

quality. The usage of probiotics could result in a reduction of antibiotic usage and an improve-

ment in appetite and/or growth for farmed species in aquaculture [20]. Improvement of water

quality is not directly an addition of microorganisms to a host and therefore not included under

the traditional definition of probiotics. However, nowadays there seems to be no accepted def-

inition of aquaculture-probiotics, and the proposed definitions include microbial improvement

of the host organism or environment [21, 22] The initial usage of probiotics was to enhance the

growth and health of the animals, however, the use of probiotics to reduce stress and improve

reproduction has also been studied [23]. Various types of probiotics have been studied such

as gram-negative and gram-positive bacteria, bacteriophages, yeast, and unicellular algae [20].

The modes of action for a probiotic organism is competition for adhesion sites, energy, and

chemicals, production compounds with inhibitory properties, as a source for both macro- and

micronutrients, improvement of the immune response of the host, interaction with phytoplank-

ton, an improvement in the general water quality, and as an enzymatic augmentation to diges-

tion [24]. The general mechanism of action for probiotics is through the improvement of the

resistance towards colonization and/or inhibition of pathogens. By manipulating the composi-

tion of the ingested microorganism, the microbiota in the gastrointestinal tract can be modified.

This could result in a reduced number of opportunistic pathogens [25]. The microorganism

used as a probiotic should be both antagonistic towards the pathogen, and able to colonize

the host. Studies suggest that the place of origin from the fish makes a difference towards ef-

fect, as bacteria isolated from skin mucus showed a more pronounced antagonism towards the

skin pathogen Vibrio anguillarum for turbot and dab [26]. Addition of Saccharomyces cere-

visiae as a probiotic to the feed of catfish has been shown to improve both growth performance

5



and resistance towards diseases [27]. A study was done on juvenile sea bass Dicentrarchus

labrax feed with lactic acid bacteria showed significantly reduced stress measured in cortisol

and increased growth for fish feed with lactic acid bacteria for 59 days [28]. The effect of a

culture of Carnobacterium isolated from the digestive tract of Atlantic salmon used as probiotic

has been investigated. To check for antagonism the culture was cross-streaked against several

fish pathogens [29]. The results showed antagonism towards several fish pathogens, such as

Aeromonas salmonicida, Vibrio anguillarum, and Vibrio ordalii. After feeding the Atlantic

salmon with probiotics for 14 days, the fish showed improved survivability towards Aeromonas

salmonicida, Vibrio ordalii, and Yersinia ruckeri, but not towards Vibrio anguillarum [29].

1.4 Janthinobacterium Lividum

J. Lividum is a rod-shaped and motile bacterium species, which is gram-negative. The bac-

terium is found to be between 0.8 to 1 µm wide and 2.5 to 3 µm long[30]. This bacterium

species is aerobic and commonly isolated from soil samples and water samples[31]. In addi-

tion, J. Lividum has been isolated from more extreme environments, such as Antarctica[32],

and Himalaya[33]. The bacterial species have been reported to grow at temperatures be-

tween 4°C and 37°C, and with varying optimal temperatures depending on the place of origin

[30, 34, 32]. A metabolite produced by J. Lividum called violacein has shown antibacterial[35],

antifungal[13], antiprotozoal[36], antiviral[37], antitumoral[38] and antioxidizing[39] proper-

ties. During microbiota analysis of the human skin, J. Lividum was found to be one of the major

components [40]. The fact that J. Lividum is a major constituent of human skin, and because of

the antifungal properties of the species, the bacterium species has been suggested as a probiotic

against tinea pedis, which is a widespread fungal infection for human feet[41]. Studies con-

ducted on various amphibian species have shown J. Lividum to be a part of the skin microbiota

and to be associated with these amphibian species defenses against fungal infections [13, 42].

A study done on dead amphibians of various species following mass mortality events showed

evidence of infections by a chytridiomycete fungus called batrachochytrium dendrobatidis[43].

These mass mortality events took place in the rain forests of Australia and Central America,

demonstrating chytridiomycosis to be a widespread problem[43]. To combat this skin fungus

studies have been performed on red-backed salamanders (Plethodon cinereus) and mountain

yellow-legged frog (Rana muscosa). These studies showed a decreased mortality for organ-

isms with J. Lividum in their skin mucosa [13, 42, 44]. The results from these studies suggest
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that bioaugmentation with J. Lividum could be used to prevent skin fungal infections and in-

crease the survival of colonies in captivity or survival assurance institutions[44]. J. Lividum

has in some studies shown optimal growth in carbon dioxide concentrations above 1%, with an

optimum of 5%. These capnophilic properties give this species an advantage when colonizing

amphibian skin, where CO2 concentrations are heightened due to their ability to respire through

their skin [45, 46]. Studies of the genome of a J. Lividum strain showed the ability to produce

enzymes that allow for carbon fixation, which in combination with the glyoxylate cycle can in-

crease the performance of the glucogenesis, this could explain these capnophilic features [46].

The J. Lividum strains used in this project, which is referred to as MM5 and 3.116, was during

a previous project, isolated from salmon fry skin and characterized as J. Lividum based on 16s

rRNA gene sequences. These strains were able to grow on mucin media and showed no sign of

pathogenicity [2]. In addition, during experiments in the ACMS group the J. Lividum showed

significantly better colonization of salmon egg sac fry skin when compared to Bacillus sp.,

Pedobacter sp., Arthrobacter sp. and Psychrobacter cibarius (unpublished results, personal

communication, Ingrid Bakke). The antifungal and capnophilic properties of J. Lividum makes

it an interesting candidate for dealing with problems with fungal infections in aquaculture. As

the water mold, Saprolegnia can be a problem during freshwater stages [11]. These antifungal

properties of J. Lividum could potentially be effective against Saprolegnia, and the bacteria

may, therefore, be an interesting alternative treatment as a probiotic.

1.5 Violacein

Violacein is a metabolite produced by various bacterial strains, for example Chromobacterium

violaceum (C. Violaceum)[47], Duganella sp.[48], Collimonas sp.[49], Pseudoalteromonas,

microbulbifer[50], Iodobacter[51], and J. Lividum[52]. These bacteria do all belong to the pro-

teobacteria phylum, and the class, order, and family of the mentioned bacteria are shown in

Table 1. Violacein is a purple pigment that is insoluble in water [35, 38]. Violacein produced

by C. Violaceum is most studied, as the production of the purple pigment was first discovered

in this species [47]. The synthesis of violacein is regulated by a five gene operon, consisting

of VioA, VioB, VioC, VioD, and VioE [53]. The expression of this operon is regulated by

a quoring sensing mechanism, which increases expression with increasing concentrations of

signaling molecules called N-acyl homoserine lactones[54]. Studies on J. Lividum has shown
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that violacein production is regulated by janthinobacterial autoinducer, which is synthesized by

an autoinducer synthetase (JqsA) [31]. The purple pigment is a secondary metabolite formed

by a condensation reaction between two tryptophan molecules [55, 56]. The maximum ab-

sorbance of violacein is reported to be at 585nm [54]. This secondary metabolite accounts for

J. Lividums antiviral[37], antiprotozoal[36], antibacterial[35], antifungal[13], antitumoral[38]

and antioxidizing[39] properties. A study [57] has shown that violacein targets the cytoplas-

mic membrane in bacteria leading to rips and holes in the membrane and that this leads to

leakage of ATP from the cell. The purple pigment binds to liposomes made with bacterial

phospholipids and disturbs their structure and their permeability[57]. Violacein seems to be

most active against gram-positive bacteria[57]. Studies of inhibition of viral replication have

shown a weak inhibition of the following virus types; herpes simplex virus type 1 (Strain KOS

and ATCC/VR-733), poliovirus type 2, and simian rotavirus SA11 [37]. Studies on the effect of

violacein on the protozoa Plasmodium falciparum showed that the pigment killed the protozoa

and protected infected mice from death[36]. Violacein has shown strong antioxidizing poten-

tial, this is suggested to play an important role in the violacein producing bacterias defense

against oxidative stress[39]. In vitro studies of leukemia and lymphoma cells has shown that

violacein is effective against these cells, these results indicate promising potential as a thera-

peutic agent against tumors[58]. These properties make the purple pigment an attractive target

for research. The mentioned properties and others make violacein an interesting substance to

use as a commercial product. Due to the biodegradability of violacein, and the production

method used, it is considered as an environmentally-friendly alternative to synthetic dyes. Be-

cause of this, the application of the bacterially produced dye is suggested in the textile, toy,

and food industries[59, 60]. The antimicrobial and antioxidizing properties of violacein allow

for utilizing the pigment as a dye in cleansing or medicinal clothing, bags, or other packaging

uses[60]. In addition, violacein is suggested as an ingredient in cosmetics [61], sunscreen[62]

and insecticide[63].
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Table 1: The class, order and family for various violacein producing proteobacterias according to The
National Center for Biotechnology Information (NCBI)-Taxonomy classifications [64, 65]

Genus Class Order Family

Chromobacterium Betaproteobacteria Neisseriales Chromobacteriaceae [66]

Iodobacte Betaproteobacteria Neisseriales Chromobacteriaceae[66]

Duganella Betaproteobacteria Burkholderiales Oxalobacteraceae [67]

Collimonas Betaproteobacteria Burkholderiales Oxalobacteraceae [68]

Janthinobacterium Betaproteobacteria Burkholderiales Oxalobacteraceae [67]

Massilia Betaproteobacteria Burkholderiales Oxalobacteraceae [67]

Pseudoalteromonas Gammaproteobacteria Alteromonadales Pseudoalteromonadaceae [69]

Microbulbifer Gammaproteobacteria Cellvibrionales Microbulbiferaceae [70]

Myxococcus Deltaproteobacteria Myxococcales Myxococcaceae [71]

Production of violacein has been reported to be dependent on various culturing conditions. pH

has been shown to affect the production, where a neutral pH of 7.0 was reported to yield a 3.8

fold higher violacein production compared with pH 6.0 or 8.0 for a J. Lividum strain [60]. A

pH of 6.7 was reported to be optimum for a Duganella strain [48]. A lower pH of 5.0 gave inhi-

bition of the violacein production, while a higher pH of 9.0 was hostile towards the J. Lividum

strain [60]. The optimal temperature for violacein production varies depending on the strain

and its place of origin. A J. Lividum strain isolated from antarctic snow gave the best viola-

cein yield at 22°C [72], while other strains produced the most violacein at 25°C [73, 60]. A

J. Lividum strain isolated from low-temperature sewage showed violacein production at a tem-

perature between 10°C and 37°C [73]. A study done on a J. Lividum strain isolated from cold,

non-permafrost soil in Alaska showed no violacein production when temperatures rise above

20°C [74]. The carbon source has also been shown to affect the violacein production in C. Vio-

laceum. While violacein production has been shown on glucose, an increased concentration of

glucose resulted in a decrease in violacein production [75]. The addition of glycerol to nutrient

broth medium to a concentration of 1% has been shown to increase the violacein production

in a J. Lividum strain[60]. An increased violacein production has also been observed after the

addition of concentrations of ampicillin in the range of 0.1-0.4 µg/ml [60].
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1.6 The violacein operon

An operon is a unit consisting of genes with related properties and regulatory sequences [76].

The operon is a mechanism for the co-regulation of biochemical processes in cells, where genes

coding for products that participate in related processes are transcribed together. Many mRNAs

in prokaryotic organisms are polycistronic, which means that multiple genes are transcribed to-

gether [77]. The regulatory sequences of the operon are called operator and promoter [76].

The promoter act as a binding site for the polymerase initiating transcription. The promoter se-

quence varies between different operons, which affects the binding affinity of the polymerase.

This affects the frequency of transcription. To down-regulate the transcription activity of the

operon proteins called repressors can bind to the operator site, this action blocks the movement

of the polymerase and stops the transcription. Binding of a signal molecule to the repressor

causes dissociation, and the transcription can proceed. This is called negative regulation. Posi-

tive regulation is when the binding of a molecule called an activator to the regulatory sequences

enhance the polymerase activity. Prokaryotic operons usually consist of two to six genes, but

can occasionally consist of more than 20 genes[77]. The lac operon of E. Coli was the first

described operon. The genes of this operon give the bacteria the ability to break down lactose

to glucose and galactose and utilize them as a source of energy. This operon consists of three

genes, and regulatory sequences[76].

The violacein operon is the regulatory sequence responsible for regulating the production of

the pigment violacein. The violacein operon consists of five genes, VIOA-E, responsible for

catalyzing steps in the production of violacein [53]. The expression of the violacein operon is

regulated by a quorum sensing mechanism, which is a system for intracellular communication

regulating gene expression based on population density. This communication system is based

on a variety of extracellular signaling molecules called autoinducers. These autoinducers are a

variety of N-acyl homoserine lactones [78]. For J. Lividum these autoinducers are called janthi-

nobacterial autoinducer, and are synthesized by an autoinducer synthetase [31]. The violacein

operon is proposed to be a better candidate to distinguish between violacein producing organ-

ism at species level compared to the 16s rRNA gene because of it’s length (about 7kb) and a

higher degree of variability [79].

10



1.7 Aims

The first major aim of this master thesis is to identify growth conditions for violacein production

Janthinobacterium strains, 3.116 and MM5, isolated from salmon fry skin. The second major

aim of this master thesis is to do a phylogenetic analysis of the evolution of the violacein

operon. Other objectives are:

• To describe the growth of the MM5 and 3.116 strain on general media.

• Examine potential antagonistic effects of MM5 and 3.116 on other bacteria.

• Isolate and sequence the violacein operon of MM5 and 3.116.
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2 Material and Methods

2.1 Characterization of the growth of MM5 and 3.116

Growth characteristics, including generational time, violacein production on different media

and conditions, antagonistic properties, and susceptibility to antibiotics was examined.

2.1.1 Generation of the growth curve for MM5 and 3.116

To find the growth rate of MM5 and 3.116 on a general rich medium a growth curve was

made by measuring the optical density (OD) of a growing batch culture. For both strains, an

overnight culture was prepared in 13 milliliters (ml) tubes containing 3ml of Luria-Bertani

(LB) medium. Four Erlenmeyer (EM) flasks (250ml) were sterilized and filled with 50 ml LB-

medium. Two EM flasks were inoculated with 1 V/v% overnight culture of MM5, and two

flasks were inoculated with 3.116. The flasks were incubated at 22 °C and 120 rpm. OD600

was measured after inoculation, and every hour for 15 hours using (LB-Medium as blank).

Then measurements were done at 26, 27, 30, 31, 52, and 53 hours. The results from the OD

measurements were used to make growth curves. For calculation of the generational time of

MM5 and 3.116, OD data from the exponential phase was used (Eq. 1 and Eq. 2).

µ =
lnOD2 − lnOD1

t2 − t1
(1)

Generation Time =
ln2
µ

(2)

2.1.2 Cultivation conditions and media

To examine which cultivation conditions were promoting violacein production, different me-

dia and conditions were utilized. The agar media used were Luria-Bertani agar (LA), brain

heart infusion (BHI), Cooked meat broth (CMB), R2A (with various glycerol concentrations),

EPS-sucrose medium, and NA (with and without glycerol). In addition, different agar con-

centrations (1.5% and 1% agar) was used. Recipes for the media are shown in Appendix A.

Additionally, LB medium was used as a liquid medium. The temperatures and light conditions

used for incubation are specified with the results. A single colony from an LA plate was used

as inoculum.
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2.1.3 Cross-streaking of MM5 and 3.116 with other bacterial strains

To examine the potential antagonistic properties of the Janthinobacterium strains, MM5 and

3.116, cross-streaking on agar-plates was performed. For 3.116, three different agar plate me-

dia were used (BHI, NA, and R2A 2% Glycerol, see Appendix A). For MM5, two (different)

agar plate media were used (R2A 2% Glycerol and LB, see Appendix A). The Janthinobac-

terium isolates, MM5 and 3.116, were streaked on their own agar plates in a straight line.

This procedure was repeated for the different plates used for the two strains. The agar plates

were incubated at 20°C for three days, to get considerable growth of the Janthinobacterium

strains. Then strains representing the genera Arthrobacter, Pedobacter, and Psychrobacter, iso-

lated from salmon fry skin, were streaked out perpendicular to the outgrown Janthinobacterium

streak, as shown in figure 1. Then the agar plates were incubated at 20°C for three days (until

considerable growth was observed for each strain) [80]. The plates were visually inspected for

growth inhibition of the growth of the Arthrobacter, Pedobacter, and Psychrobacter isolates.

Figure 1: Schematic presentation of cross-streaking of bacterial isolates on agar plates. The black line
represents the strain with the potential antagonistic properties (in this case Janthinobacterium), and the
red lines represents three other strains that were cross-streaked[80]

2.1.4 Examination of antibiotics’ susceptibility using an antibiogram approach

The susceptibility of the Janthinobacterium strains, MM5 and 3.116, for various antibiotics,

was examined using and antibiogram approach. The antibiotics used in the antibiograms were

Ampicillin, Chloramphenicol, Kanamycin, Neomycin, and Polymixine. MM5 and 3.116 were

grown in 13 ml growth tubes with 3ml LB medium at 28°C overnight. Of the overnight cultures,

100 µl were streaked out on five LB-plates by using a Drigalski spatula. The five antibiotic

types were diluted to three different concentrations (Table 2). Three Whatman filter paper
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disks were dispersed on each LB-plate. Dependent on the size of the Whatman filter paper

disk, 50 µ (on large disks) or 25 µ (on small disks), of antibiotics was applied to each filter

paper disk. The plates were incubated at 20°C for two days, before visual inspection, and the

potential inhibition was determined

Table 2: The concentrations used for antibiotics used in the antibiograms.

Antibiotica Concentrations in µg/ml
Ampicillin 100 50 25
Kanamycine 50 25 12.5
Chloramphenicol 25 12.5 6.5
Polymixine 100 50 25
Neomycine 50 25 12.5

2.1.5 Microscopy

To observe the strains (and their potential tendency to grow in aggregates) observation with

a Carl Zeiss Axio Imager.Z2 microscope was performed with overnight cultures of MM5 and

3.116.

2.2 Isolation and amplification of DNA

2.2.1 Isolation of DNA

DNA of 3.116 and MM5 was isolated to use as a template in PCR-reactions. Overnight cultures

grown in 13 ml growth tubes with 3ml LB medium was centrifuged at 13000rpm for one minute

in a tabletop centrifuge to harvest the cells. The supernatant was removed, and the precipitate

was used for further DNA isolation. Isolation was performed using DNeasy® PowerSoil®

kit(Qiagen) according to the protocol showed in Appendix B. To determine the amount and

purity of the product of the isolated DNA, the isolate was analyzed using the NanoDrop™ One

(Thermo Scientific).

2.2.2 PCR of the violacein operon and 16s rRNA gene

To amplify the violacein operon and the 16s rRNA gene, for the MM5 and 3.116 genes, PCR

was conducted. The previously isolated DNA of MM5 and 3.116 was used as a template. The

DNA extracts were diluted to 1:10 with PCR-grade water to final concentrations of approx-

imately 9.3 ng/µL for MM5 and 4.0 ng/µL for 3.116. The template was added to a 24 µL
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master mix made according to table 3. The primer combinations used are shown in table 4. To

find the most effective PCR-cycling conditions various elongation times and an annealing tem-

perature gradient between 53-63 °C was tested. The optimal elongation time seemed to be 20

seconds, while the optimal temperature was found to be 63°C for MM5 templates and 53°C for

3.116 templates. The PCR was carried out in a T100T M Thermal Cycler (BioRad). The cycling

conditions used were as follows: Initial denaturation at 98 °C for one minute, followed by 38

cycles of 98 °C for 15 seconds, annealing with previously stated temperatures depending on the

template for 20 seconds, followed by elongation at 72 °C for 20 seconds. After the 38 cycles,

a final elongation at 72 °C for five minutes followed. Finally, the temperature was reduced to 4

°C for one minute and hold at 10 °C until the samples were collected.

Table 3: The components needed to make 24 µL of mastermix for PCR-reaction.

Component Supplier Amount x1 (µL)
PCR-grade water 16,6
5x Phusion buffer HF (7,5 mM MgCl2 Phusion Kit Illumina 5,0
Rev primer (10mM) Sigma-Aldrich 0,75
Fwd Primer (10mM) Sigma-Aldrich 0,75
dNTP (10mM each) VWR 0,5
MgCl2 (50mM) 0,25
Phusion Hot Start DNA polymerase Phusion Kit Illumina 0,15
Total 24

Table 4: The combinations of primers, their target gene, and their expected length, used in PCR reactions

Primer pair Target gene Expected product length (Kb)

VIOA-1.F+VIOB-2896.R Vio-A + first half of Vio-B 2.9
VIOB-2840.F+VIOC-5617.R Last half of Vio-B + Vio C 2.8
VIOD-5622.F+VIOE-7335.R Vio-D + Vio E 1.7
VIOA-1.F+VIOA-1207.R Vio-A 1.2
VIOB-2840.F+VIOB-4322.R Last half of Vio-B 1.5
VIOC-4336.F+VIOC-5617.R Vio-C 1.3
VIOE-6752.F+VIOE-7335.R Vio-E 0.5
EUB8F+1492R 16s rRNA 1.5
Eub8F+518R V1-V3 region of 16s rRNA 0.5

2.2.3 Gel electrophoresis

To examine the size, amount, and quality of the PCR product, analysis by using agarose gel

electrophorese was conducted. Agarose solution (1%) was prepared by dissolving agarose in a

TEA-buffer (1%) by boiling in a microwave oven. Of the Agarose solution, 50ml was poured
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into an EM-flask and stained by adding 2.5µL of GelRed®(Biotium). To make the gel, the gel

solution was poured into a gel chamber containing a gel comb. The solution solidified (to a gel)

after around 20 minutes. PCR product (4µL) mixed with 1µL 6x Loading dye (Thermo Scien-

tific) was applied to the gel wells. GeneRuler ™ 1 kb Plus DNA Ladder (Thermo Scientific)

was used as a reference to indicate size. The gel electrophoresis was performed at 100-115v

for around 1 hour. Then the gel was visualized by using a G:Box HR Geldoc (Syngene).

2.2.4 Purification of PCR-product and Sanger sequencing

Before the sequencing, the PCR-product was purified to remove salts, primers, and nucleotides.

The purification was done using the QIAquick® PCR Purification Kit (Qiagen) by following

the protocol, as shown in Appendix C. The purified PCR product (5µL) were mixed with

5µL PCR primer (table 5) and sent to Eurofins Genomics for Sanger sequencing. The DNA

sequences were sequenced by Eurofins Genomics and returned as sequences with associated

chromatograms to verify the quality of the given sequence

Table 5: The PCR-primer sequences (Sigma-Aldrich) used to amplify the gene regions of the violacein
operon and the 16s rRNA gene.

Primer Sequence (5’-3’) Target Gene
VioA-1.F ATG AGC ACG TAT TCT GAC ATT TGC VIOA
VioA-1207.R TGA TCA GGC TGC CTT CCA TCC VIOA
VioB-1311.F ATG AGC CTA CTT GAC TTC CCC CG VIOB
VioB-2840.F CTA CGC CTT CCT CTA CCG GC VIOB
VioB-2896.R ATG AAG GGA TAC ACG AGC TCG VIOB
VioB-4322.R TGA CAT CTT TCC CCG AGA TAA ATC GG VIOB
VioC-4336.F ATG CAT AAA ATC ATT ATC GTC GGC G VIOC
VioC-5617.R CCC TTC CAA GTT TGT ACC AAA CG VIOC
VioD-5622.F TTA ATG AAN ATT CTC GTC ATC GGC G VIOD
VioD-7071.R GAA CGG NGT CAC CTC ATC GG VIOD
VioE-6752.F CCA TGC CGA CAC ACG TCN C VIOE
VioE-7335.R TCA GGT GTT GCA AGA CGT AAA GAC G VIOE
Eub8F AGA GTT TGA TCM TGG CTC AG - 16s rRNA
805R ATT ACC GCG GCT GCT GG 16s rRNA
1492R TAC GGY TAC CTT GTT ACG ACT T 16s rRNA

2.2.5 Isolation of PCR products from agarose gels

For PCR products with unspecified products in addition to the expected product, the part of the

gel containing the desired band was cut out. Firstly, to separate the wanted PCR products from

the unspecified products, agarose gel electrophoresis was conducted using 20 µL PCR product
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mixed with 5 µL 6x Loading dye (Thermo Scientific). After the electrophoresis, the gel was

put under UV light by using a G:Box HR GelDoc (Syngene). The bands with the desired length

were cut out from the gel using a scalpel. The DNA was extracted from the gel by following

the QIAquick® Gel Extraction Kit and QIAquick® PCR Gel Cleanup Kit protocol showed in

Appendix D. The extracted DNA was purified using the method described in subsection 2.2.4.

2.3 DNA sequence analyses

2.3.1 Editing, assembly, and aligning of DNA sequences

The sequences returned from Eurofins Genomics was quality checked, edited, and assembled

by using the Clone Manager 9 (Sci Ed Software). Chromatograms were used to review the

quality of the sequences, and to correct eventual uncertain nucleotide positions. Regions of

low quality (especially at the start and end of the sequences) were removed before sequences

belonging to the same gene were aligned and assembled together using the tool Global-Ref in

the software Clone Manager 9 program package.

2.3.2 16s rRNA gene-based classification of MM5 and 3.116

The 16s rRNA gene sequence results were analyzed using the SeqMatch tool and the Classifier

tool made by the Ribosomal database project (RDP). The Classifier and SeqMatch tool search

the database for similar 16s rRNA sequences. The classifier gives the result on the family

level, with percent confidence in the classification. The SeqMatch tool gives the results on the

genus level, with a SeqMatch score (S ab) to verify the quality of the match. The SeqMatch

score (S ab) is calculated by comparing the number of unique 7-base oligomers shared between

the query sequence and the sequence given by RDP, divided by the lowest number of shared

oligomers in one of the two sequences [81]

2.3.3 Screening for violacein operon

Violacein production is regulated by an operon consisting of five genes, VioA, VioB, VioC,

VioD, and VioE[53]. To confirm that MM5 and 3.116 possess this gene, a study on violacein

operons in Janthinobacterium was conducted. The violacein operon of related strains given

from the 16s rRNA analysis was searched for using the NCBI nucleotide database [82]. In ad-

dition, a nucleotide Basic Local Alignment Search Tool (BLAST) was done with the resulting
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operons, where some of the best results were selected for further use [83, 84]. Using the Snap-

Gene® software (SnapGene software (from Insightful Science; available at snapgene.com), a

Multiple Sequence Alignment was performed of the violacein operons. The resulting consen-

sus sequence was used to check for conserved regions and to annotate primers consisting of

20-25 base pairs, with a primer melting temperature (TM) of 58-60 °C. A schematic repre-

sentation of the violacein operon with annotated primers and primer location are shown in fig.

2

Figure 2: A schematic representation of the violacein operon of Janthinobacterium with annotated
genes and primers. The primers are named after the gene, transcription direction and the base number the
primer starts at. The figure is made with the SnapGene® software (SnapGene software (from Insightful
Science; available at snapgene.com)

2.3.4 Identification and retrieval of DNA sequences for bacterial violacein operons from

the NCBI database

The sequences used to make the primers for the violacein operon in section 2.3.3 was reused.

In addition, the NCBI database was used to search for gene-sequences of bacteria known to

produce violacein. Their violacein operons and 16s rRNA sequences were saved [82]. The ac-

cession numbers and taxonomic information for the relevant sequences are given in table 6. The

UGENE software (unigene software) was used to identify and extract sequences representing

the violacein operon and the 16s rRNA gene [85].
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Table 6: The strains used for analysis of violacein operon and 16s rRNA gene with accession numbers
and classification on species level.

Strain Species NCBI accession number

257-1 Chromobacterium sp. CP043473
XC0014 Chromobacterium Vaccinii CP022344.1
ATCC12472 Chromobacterium Violaceum AE016825.1
ATCC 31532 Chromobacterium Violaceum LC000628
cv1192 Chromobacterium Violaceum CP024028
—- Chromobacterium Violaceum AF172851
—- Chromobacterium Violaceum AB032799
MPS11E8 Collimonas sp. FJ965838
B2 Duganella sp. GQ266676
ZLP-XI Duganella sp. KJ131413
BHSEK Janthinobacterium Agaricidamnosum CP033019
BP01 Janthinobacterium Lividum EF063591
DSM1522 Janthinobacterium Lividum DQ074977
NBRC12613 Janthinobacterium Lividum LC000630
LM6 Janthinobacterium sp. CP019510
B2 Massilia Violaceinigra CP024608
DSM14675 Myxococcus stipitatus CP004025
520P1 Pseudoalteromonas sp. AB573101
S40542 Pseudoalteromonas Luteoviolacea CP015413

2.3.5 Alignment of sequences and construction of phylogenetic trees

The violacein operon and the 16s rRNA gene sequences of MM5 and the sequences retrieved

from the NCBI database were aligned by using the software MEGA X (Molecular Evolution-

ary Genetics Analysis across computing platforms), the multiple alignment function, and the

default settings[86]. Using the aligned sequences, Maximum likelihood (ML) and Neighbor-

joining (NJ) phylogenetic trees were constructed using the bootstrap method with 500 repli-

cations and the Tamura-Nei model for DNA sequence evolution. The Tamura-Nei model is a

mathematical model for DNA sequence evolution that takes unequal nucleotide frequencies,

excess transitions, and variation of substitution range between various sites into account [87].

Neighbor-joining is a method for constructing phylogenetic trees based on pairs of operational

taxonomic units (neighbors), these neighbors are put together in a way that minimizes the

branch length at each stage of the clustering by using evolutionary distance data [88]. NJ is

a less computationally intractable method then ML phylogenetic trees, which is considered a

computer heavy method [89]. ML computes the probability of different topologies, and the

topology with the highest probability (likelihood) is chosen as the ML phylogenetic tree [90].

19



Bootstrapping is a statistical method used among other things in phylogenetic analysis. A

higher bootstrap value indicates higher confidence in the result. A bootstrap value of more

than 95 is usually considered to represent a correct node [91]. The Myxococcus strain was

selected as a root in the trees due to being more distantly related to the betaproteobacteria and

gammaproteobacteria [92].
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3 Results

3.1 16s rRNA gene sequences for the Janthinobacterium strains 3.116 and

MM5

To classify the two strains isolated from salmon fry, amplification of the 16s rRNA gene was

performed by using combinations of the primers EUB8F, 1492R, and 518R. The 16s rRNA

gene was further determined by using the EUB8F, 1492R, and 805R primers in Sanger se-

quencing. Agarose gel electrophoresis was conducted to examine the size and amount of PCR

product. This resulted in strong bands at the expected size of about 500bp for both MM5 and

3.116 when using EUB8F and 518R as a primer, and around 1500bp when using EUB8F and

1492R as primers. However, the PCR product of 3.116 using EUB8F and 518R included a

weaker band. The PCR product was purified and sent to Sanger sequencing. Along with the

base sequences the result included a chromatogram indicating a high-quality result for large

parts of the sequence. The 16s rRNA sequences of MM5 and 3.116 can be seen in Appendix

E.

By the use of the Ribosomal database project (RDP) tool called Classifier the two strains, MM5

and 3.116 were identified to be of the Janthinobacterium genus with 100% confidence [81]. By

using the RDP SeqMatch tool the closest matching type strain was determined. For MM5 the

16s rRNA gene sequence is closest related to Janthinobacterium lividum with an s ab score of

0.981. For 3.116 the 16s rRNA sequence is closest related to Janthinobacterium lividum with

a S ab score of 0.975 and Janthinobacterium sp. 68 with a S ab score of 1. The 16s rRNA

gene sequences of MM5 and 3.116 was aligned with the 16s rRNA sequence of the J. Lividum

type strain by using the clone manager 9 software to compare the strains. This resulted in 99%

match for both strain, and 6 non-matching bases for MM5 and 8 non-matching bases for 3.116.

The alignment can be seen in Appendix F.
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(a)

(b)

Figure 3: Pictures of electrophorese gels with amplified 16s rRNA gene of the two Janthinobacterium
strains, MM5 and 3.116. Gel a) contains PCR product amplified with EUB8F and 518R as primers.
While gel b) contains PCR product using EUB8F and 1492R as primers.
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3.2 Characterization of growth for the Janthinobacterium strains

3.2.1 Growth-curve for the MM5 and 3.116 strains cultivation in liquid LB medium

Using the nutritional rich LB medium, growth curves of the two strains, MM5 and 3.116,

characterized as Janthinobacterium) was made. OD600 of two replicate cultures of each strain

was measured during 53 hours (Fig4). For 3.116, exponential growth took place approximately

between eight and fourteen hours. While for MM5 the exponential phase was found to take

place approximately between three and ten hours. For 3.116 the generation time was calculated

to be 0.88 hours, while the generational time for MM5 was calculated to be 1.50 hours.

Figure 4: Growth curves for the averages of the MM5 strain and the 3.116 strain in LB medium. OD600
was measured once every hour for the first 15 hours, thereafter with larger time intervals. The curves are
generated by averaging two samples of each strain, and by using the natural logarithm of the absorbance
values.

3.2.2 Microscopy

Microscopy was used to visually observe the two strains used in this project. Since biofilm-

producing strains have a tendency of growing in aggregates, microscopy was performed the

examine whether the Janthinobacterium strains MM5 and 3.116 grow planktonic or in aggre-

gates in liquid cultures. The microscopy showed that both Janthinobacterium strains grew in

aggregates, this can be seen from Fig. 5.
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Figure 5: Photographs of MM5 and 3.116 through a Carl Zeiss Axio Imager.Z2 microscope at 20x
magnification. The pictures are showing sections of the culture growing in biofilm.

3.2.3 Identifying antibiotic susceptibility of MM5 and 3.116 by using antibiograms

Resistance towards antibiotics can be used to make selective media for bacterial strains. To

examine the susceptibility of MM5 and 3.116 towards selected antibiotic types, an antibiogram

test was conducted. MM5 showed resistance towards all tested concentrations of kanamycin

(50 µg/ml) and polymixin (100µg/ml), while it showed susceptibility to ampicillin and chlo-

ramphenicol with inhibition increasing with concentration. In addition, neomycin seemed to

cause some inhibition of growth at the highest concentration. The other strain, 3.116, showed

the same tendencies as MM5. A summary of the inhibition and resistance results are shown in

table 7. The resulting antibiogram agar plates can be seen in Appendix G. An example of an

antibiogram agar plate is shown in Fig. 6 displaying the results from the antibiogram for 3.116

tested with chloramphenicol. The example antibiogram is showing inhibition zones around the

filter papers, with increasing size with increasing concentration.
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Table 7: Showing results from antibiogram with antibiotic type and concentrations in µg/ml. Resistance
is marked with -, and inhibition is marked with a +. Multiple + signs indicate more inhibition.

Concentration in µg/ml MM5 3.116

Kanamycin 50 - -

25 - -

12,5 - -

Ampicillin 100 +++ ++

25 ++ +

20 - -

Chloramphenicol 25 +++ +++

12,5 ++ ++

6,5 ++ +

Neomycin 50 + +

25 - -

12,5 - -

Polymixin 100 - -

50 - -

25 - -
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Figure 6: Antibiogram for strain 3.116 using three different concentrations of chloramphenicol (25,
12.5, and 6,5 µg/ml). The antibiogram shows increasing inhibition with increasing concentration.

3.3 Various media and conditions tested for violacein production by MM5

and 3.116

Janthinobacterium is a known producer of the compound violacein, which can be observed as

purple color when grown in a liquid medium and on agar plate medium. The strain MM5 has

previously been observed to grow in purple colonies when growing on the agar plate medium.

An examination of which agar plate medium and temperatures that were promoting violacein

production was conducted. After growth in 28 °C for four days, MM5 was growing in pur-

ple colonies on LA 1% agar (with and without glycerol) plates, EPS-sucrose (with 1% and

1.5% agar), and R2A 1% agar (table 8). The plates containing EPS-sucrose medium gave

the strongest purple color, while the other two plates only gave a slight purple tint, None of

the other plates showed any indication of violacein growth after 14 days, neither for MM5 or

3.116. After 14 days the purple hue was observed to disappear, and only the plates previously

observed with the strongest purple color were still purple. None of the plates cultivated at 18 °C
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gave any indication of purple color. Both strains had a tendency to grow in slimy colonies, but

MM5 was observed to be slimier and more sticky. Fig. 7 Shows examples of cultures growing

on various agar plates. Some of the colonies of MM5 growing on the LA agar plate medium

with a reduced amount of agar (1%) showed a clear purple color as shown in Fig 7c this plate

was incubated on the lab bench at room temperature. The plates growing on the lab-bench

would have been exposed to light. When 3.116 was grown on EPS-Sucrose media the colonies

showed pink color, as shown in Fig. 7d. The remaining plates with purple growth can be seen

in Appendix H.

Table 8: Showing results for growth of MM5 and 3.116 on different agar plate mediums at 18 °C and 28
°C. The plates were incubated in darkness. Growth indicates just ordinary growth, while purple indicates
purple colored colonies. + and - indicates the strength of the colour.

Agar plate medium MM5 18°C MM5 28°C 3.116 18°C 3.116 28°C

LA 1% agar Growth Growth Growth Growth

LA 1% agar + glycerol Growth Purple - Growth Growth

LA 1.5% agar + glycerol Growth Growth Growth Growth

Mucin 1% agar Growth Growth Growth Growth

Mucin 1.5% agar Growth Growth Growth Growth

R2A 1.5% agar Growth Growth Growth Growth

R2A 1% agar Growth Purple - Growth Growth

EPS-sucrose 1% agar Growth Purple + Growth Growth

EPS-sucrose 1.5% agar Growth Purple + Growth Growth
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(a) (b)

(c) (d)

Figure 7: Agar plates showing growth on LA medium with 1% agar and EPS-sucrose medium for MM5
and 3.116. a) Close up of purple colonies with MM5 growing on an agar-plate with EPS-sucros medium
and 1.5% agar incubated at 28°C. b) MM5 and 3.116 growing on an agar-plate with LA medium and
1% agar incubated in an incubator at 20 °C without light. c) MM5 growing on an agar-plate with LA
medium and 1% agar incubated in room temperature showing purple growth. d) 3.116 growing on
agar-plate with EPS-sucrose medium showing pink growth.
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3.4 Examination of potential antagonistic properties and violacein pro-

duction using cross-streaking

To examine the potential antagonistic properties of 3.116 and MM5 towards three other bac-

terial isolates, a cross-streaking approach on agar plates was used. The three strains used,

representing the genera Arthrobacter, Pedobacter, and Psychrobacter are all previously isolated

from salmon fry in the ACMS group. In addition, the cross-streaking was performed to examine

whether or not it could provoke violacein production by MM5 or 3.116. The plates were incu-

bated at room temperature on various types of agar plate medium. None of the cross-streaked

plates indicated any antagonistic effect of the MM5 or 3.116 strain towards Arthrobacter, Pe-

dobacter, and Psychrobacter. No indication of violacein production was observed. An example

of cross-streaking is shown in Fig. 8, the growth on this plate shows no sign of inhibition of

any of the three tested strains. The remaining agar plates with cross-streaking are shown in

Appendix I.

Figure 8: Agar plate showing cross-streaking of Arthrobacter, Pedobacter, and Psychrobacter strains,
previously isolated from salmon fry, against MM5 to examine potential antagonistic effects of MM5.
The agar plate with cross-streaking shows no indication of growth inhibition.

3.5 Sequence analysis of the violacein operon of MM5 and 3.116

Growth of the two Janthiobacterium strains, MM5 and 3.116 on different medium gave purple

colonies for MM5 indicating violacein production. The aim of this part was to examine the

presence of the violacein operon and to compare the violacein operons with known violacein

producers.
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3.5.1 Amplification of the violacein operon of the MM5 and 3.116 strains

To obtain the DNA sequences for the MM5 and 3.116 violacein operon, the relevant sequence

regions were first amplified in PCR reactions. To design PCR primers, conserved regions of the

violacein operon were identified by sequence analysis of violacein operon sequences from vari-

ous Janthinobacterium strains. Using the NCBI blast function [83, 84] and the NCBI nucleotide

database [82], violacein operon sequences of strains closely related to MM5 and 3.116 was re-

trieved. These sequences were used to produce a consensus sequence by using the SnapGene®

software (SnapGene software (from Insightful Science; available at snapgene.com), which was

used to design PCR primers for amplifying the violacein operon in several PCR products. The

resulting PCR primer sequences are shown in table 5, and a schematic presentation of the vio-

lacein operon and primer location is shown in Fig. 2.

By using the designed primers (table 5) seven fragments of the violacein operon was am-

plified by several PCR reactions. The seven fragments was using the following primers 1.

VIOA1F+VIOB2896R with an expected length of 2,9kbp, 2. VIOB2840F+VIOC5617R with

an expected length of 2,8kbp, 3. VIOD5622F+VIOE7335R with an expected length of 1,7kbp,

4. VIOA1F+VIOA1207R with an expected length of 1,2kbp, 5. VIOB2840F+VIOB4322R

with an expected length of 1,5Kbp, 6 VIOC4336F+VIOC5617R with an expected length of

1,3kbp and 7. VIOE6752F+VIOE7335R with an expected length of 0,5kbp. To examine the

size and quality of the PCR product and the an agarose gel electrophoresis was conducted.

For MM5 all PCR products was of the expected size and of good quality (9a). While for

3.116 all the PCR reactions resulted in multiple products where some was of the expected size.

Since none of the PCR products of 3.116 gave single bands when examined on the agarose

gel (9b), bands at anticipated length were cut out, purified, and sent to sequencing. For MM5

the Sanger-sequencing was succesfull and gave sequences of good quality covering most parts

of the violacein operon, except for approximately 150bp before the start of the VIOB2840F

primer(Appendix E). For 3.116, on the contrary the quality of the sequences was low and could

not be used for further analysis.
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(a)

(b)

Figure 9: Agarose gels for PCR amplification of violacein operon. The numbers represent the following
primer combinations with the following expected base pair lengths. 1: VIOA1F+VIOB2896R 2,9kbp,
2: VIOB2840F+VIOC5617R 2,8kbp, 3: VIOD5622F+VIOE7335R 1,7kbp, 4: VIOA1F+VIOA1207R
1,2kbp, 5: VIOB2840F+VIOB4322R 1,5Kbp, 6: VIOC4336F+VIOC5617R 1,3kbp and 7:
VIOE6752F+VIOE7335R 0,5kbp. Gel a) contains PCR prodcuts of the violacein operon of MM5,
while gel b) contains PCR products of the violacein operon of 3.116.
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3.5.2 Phylogenetic analysis of the violacein operon and 16S rRNA gene sequences

To compare the violacein operon sequence of MM5 and 16s rRNA gene sequence of MM5 and

3.116 phylogenetic analysis and Multiple Sequence Alignment were conducted. The aim was

to do a phylogenetic analysis of the evolution of the violacein operon. Several bacterial fami-

lies is known to produce contain violacein producing genuses, such as Chromobacterium[47],

Duganella [48], Collimonas [49], Pseudoalteromonas, and J. Lividum[52]. The strains used

for these analyses are shown in table 6. The class, order, and family for these bacterias are

shown in table 1. The analysis of the 16s rRNA gene is used as a marker representing vertical

evolution. A schematic presentation of the alignment is shown in Fig. 10, with 70% consensus

selected. 70% consensus is a threshold dictating how much similarity is needed to indicate

similarity. Based on the % of matching bases (table 9) and the violacein operon of the Jan-

thinobacterium species seems to be well conserved. The same tendency can be observed for

the other strains of the Oxalobacteraceae family. The Chromobacterium seems to have slightly

fewer matching bases and conserved regions. The Janthinobacterium strain MM5 has a lower

% of matching bases when compared to the other Janthinobacterium strains. The two Pesu-

doalteromonas strains had few conserved regions compared to the other strains. In addition,

the end of the Myxoccocus sequence seemed to be different from the other sequences. The full

alignment can be seen in Appendix J.

Figure 10: Alignment of the various violacein operon using the clone manager 9 software and 70% con-
sensus. Lines without blue represent dissimilarity, while blue represents areas with significant similarity.
The gaps for MM5 is missing parts of the sequence
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Table 9: Showing results for the multiple alignment of violacein operons.

Species NCBI accession number %Matching bases

Janthinobacterium MM5 80

Janthinobacterium Agaricidamnosum CP033019 85

Janthinobacterium Lividum EF063591 85

Janthinobacterium Lividum DQ074977 85

Janthinobacterium Lividum LC000630 85

Janthinobacterium sp. CP019510 84

Duganella sp. GQ266676 83

Duganella sp. KJ131413 79

Collimonas sp. FJ965838 81

Chromobacterium sp. CP043473 74

Chromobacterium Vaccinii CP022344.1 74

Chromobacterium Violaceum AE016825.1 75

Chromobacterium Violaceum LC000628 72

Chromobacterium Violaceum CP024028 75

Chromobacterium Violaceum AB032799 75

Massilia Violaceinigra CP024608 81

Myxococcus stipitatus CP004025 61

Pseudoalteromonas sp. AB573101 51

Pseudoalteromonas Luteoviolacea CP015413 53

Based on the Multiple Sequence Alignment, phylogenetic trees were made by using NJ and ML

analysis. Generally, the bootstrap values seem to be higher for the phylogenetic trees based on

the violacein operons, indicating a higher degree of certainty. The relative times on the 16s

rRNA time trees are generally lower than the relative times for the violacein operon. Both the

ML and NJ tree for violacein indicates that the pseudoalteromonas are more closely related to

Chromobacterium, than the 16s rRNA tree (Fig.11b and 11d). This may indicate horizontal

gene transfer (HGT), therefore an unrooted tree for the violacein operon was made (Fig. 11e).

The 16s rRNA trees are assumed to show the evolutionary relationship between these bacterial

strains. For the ”time trees” the Myxococcus stipitatus are selected as outgroup, this strain

is selected because it belongs to the Deltaproteobacteria which is more distantly related than

the gammaproteobacteria and betaproteobacteria [92]. The resulting trees can be seen in Fig.

11. Fig. 11b-11d are time trees, with relative times representing the relative divergence times.
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In these trees, branch length indicates how related the sequences are, where a shorter branch

length indicates closer related. The low bootstrap values in multiple trees indicate a higher

degree of uncertainty.
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(a)

(b)
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(c)

(d)
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(e)

Figure 11: Phylogenetic trees for the violacein operons and 16s rRNA sequences of the analyzed strains.
Both maximum likelihood and neighbor-joining phylogenetic trees were constructed using the bootstrap
method with 500 replications and the Tamura-Nei model. a) Maximum likelihood time tree 16s rRNA
genes of the analyzed sequences, where relative times represent relative divergence times, and the node
values represent bootstrap values. b) The maximum likelihood time tree for the violacein operons of
the analyzed sequences, where relative times represent relative divergence times, and the node values
represent bootstrap values. c) Neighbor-joining time tree for 16s rRNA genes of the analyzed sequences,
where relative times represent relative divergence times, and the node values represent bootstrap values.
d) Neighbor-joining time tree the violacein operons of the analyzed sequences, where relative times rep-
resent relative divergence times, and the node values represent bootstrap values. e) Maximum likelihood
time tree for the violacein operons of the analyzed sequences, where the node values represent bootstrap
values.
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4 Discussion

4.1 16s rRNA sequencing for taxonomy assignment

To characterize the two bacterial strains, MM5 and 3.116, studied in this project, sequencing

of the entire 16s rRNA gene was conducted. The 16s rRNA gene consists of 9 regions (V1-

V9) and is used as a marker gene for bacterial diversity, taxonomy and phylogeny due to its

presence in all bacteria and the fact that its function is conserved over time, implying that

random changes in the sequence are an accurate measurement of evolution [93]. The 16s

rRNA gene is seldom exposed to HGT, even though it occasionally happens [94]. For the

PCR reaction amplifying the entire 16s rRNA gene (EUB8F and 1492R as primers), was of the

expected size of approximately 1500 base pairs. The sequencing resulted in sequences with

high quality, except for the first several basepairs, where the quality was more questionable. By

using the RDP tool called Classifier both MM5 and 3.116 were classified as Janthinobacterium

on a genus level with a 100% confidence[81]. The RDP SeqMatch tool was used to find the

DNA sequence with the highest similarity to the query sequence. This resulted in both MM5

and 3.116 being most similar to J. Lividum sequences with an s ab scores of 0.995 and 0.975

respectively indicating relatedness. This indicates a high degree of shared 7-mers, and therefore

a high degree of similarity towards J. Lividum. However, whether or not both strains belong to

the species J. Lividum is not certain.

4.2 Comparing MM5 and 3.116

The discrepancy in the results 16s rRNA sequencing results for the two Janthinobacterium

strains indicates that they are different strains isolated from salmon fry. This suspicion is further

strengthened when aligning the 16s rRNA genes of MM5 and 3.116 with the 16s rRNA gene

sequence for the type strain for J. Lividum as a reference. Based on the alignment of the

16s rRNA gene sequence, the MM5 and 3.116 had a similar amount of non-matching bases

between them (6) as between the type strain sequence (6 and 8 respectively). The two strains

showed different properties when growing on agar-plate medium, as MM5 was slimier then

3.116 and grew in purple colonies on the EPS-sucrose medium. 3.116 on the other hand grew

in pink colonies on the EPS-sucrose medium. While 3.116 had a shorter generational time (0.88

hours) than MM5 (1.5 hours), MM5 had a shorter lag phase This difference further strengthens

the suspicion that these two strains are different. This impression is further substantiated by the
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fact that the amplification of the violacein operon failed for 3.116, while it was successful for

MM5. At last, based on the phylogenetic analysis of the 16s rRNA gene, where the two strains

are on different nodes, MM5 and 3.116 seems to be two different Janthinoabacterium strains

isolated from salmon fry. Janthinobacterium strains are previously found on human[40] and

amphibian skin [13, 42], and now two strains have also been found on salmon skin.

4.3 Characterization of growth for a J. Lividum strain

When bacteria grow in a batch culture, the growth is usually divided into four distinct phases.

The first phase is the lag phase, which is a period with little growth where the bacteria pre-

pares for exponential growth[95]. The exponential phase is a period with rapid growth and a

surplus of nutrients. This phase continues until the culture runs out of nutrients or oxygen, or a

build-up of toxic compounds and enters the stationary phase, where cell division decreases or

stops completely. The final phase is called the death phase and is when the population declines.

This is usually caused by multiple factors, many cells die and lyse, but some enter dormancy

and might remain viable but not growing [96]. By using the data from OD600 measurements of

bacterial growth in LB-medium in the exponential phase of 3.116 and MM5, the generational

times were calculated to be 0.88 hours and 1.5 hours respectively. This huge difference is quite

surprising due to the fact that the 16s rRNA sequence of the two strains is very similar indi-

cating a close evolutionary relationship. In addition, the lag phase of MM5 was found to be

shorter when compared to 3.116. A previous master project done in the ACMS group calcu-

lated the generational time of J. Lividum isolated from salmon fry to be 2.3 hours. However,

This growth curve was made in Tryptic soy broth (TSB) medium [2]. The difference in medium

might explain some of these differences.

The antibiograms were performed to examine the susceptibility of MM5 and 3.116 to five

types of antibiotics. Both MM5 and 3.116 was inhibited by all tested concentrations of ampi-

cillin (100 µg/ml) and chloramphenicol (25 µg/ml). In addition, the highest concentration

of neomycin (50 µg/ml) seems to cause slight inhibition of growth for both strains. 3.116 and

MM5 were resistant towards all tested concentrations of polymixin (100 µg/ml) and kanamycin

(50µg/ml). Previous studies with J. Lividum and ampicillin showed an increased production

of violacein for concentrations up to 200 µg/ml [52, 60]. This result is not replicated in these

experiments as no indication of violacein production was observed, and the growth was inhib-
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ited by ampicillin. The highest concentration of ampicillin tested was 100 µg/ml, which still

resulted in an inhibition zone around the filter paper, and no sign of purple color. A study was

done on an opportunistic pathogenic strain of J. Lividum isolated from rainbow trout in Ko-

rea showed resistance to Chloramphenicol and kanamycin, however, no tested concentrations

were specified [97]. As mentioned MM5 and 3.116 were resistant towards kanamycin, which

corresponds with these results. However, MM5 and 3.116 were not resistant towards chloram-

phenicol which contradicts the result from the study on J. Lividum isolated from rainbow trout

(as seen in Appendix G). These results indicate that susceptibility towards antibiotics varies

between Janthinobacterium strains.

The J. Lividum is known to produce biofilm[52]. Biofilm is a structural consortium of bac-

teria attached to each other and usually a surface. As biofilm-producing strains tend to grow

in aggregates[98], microscopy was conducted to visually observe the two Janthinobacterium

strains MM5 and 3.116. The observations indicated a tendency for both strains to grow in

aggregates in liquid culture. These results indicate that multiple methods for quantifying cell

density, such as colony-forming units and flow cytometry would be inaccurate. This correlates

with previous studies on a J. Lividum strain producing exopolysaccharides and with a tendency

to grow in biofilm [52].

4.4 Growth on various media

Both MM5 and 3.116 showed the ability to grow on every tested agar plate medium, and at

temperatures between 18°C and 28°C. The Janthinobacterium strain 3.116 showed no sign of

purple colonies when grown on any medium or temperature. However, when growing on the

EPS-sucrose medium the strain had a tendency to grow in pink-colored colonies. A strain of J.

Lividum isolated from glacier water in Himalaya, which could not produce violacein, has in a

previous study been reported to grow in pink colonies. The inability to produce violacein was

determined based on the sequencing of the whole genome [33]. As no purple colonies were

observed, and the failure of sequencing a violacein operon from 3.116, the strain might lack

the ability to produce the purple pigment. The other strain, MM5 grew in purple colonies on

EPS-sucrose (both 1% agar and 1.5% agar), LA 1% agar, LA with glycerol, and 1% agar, and

R2A with 1% agar. The agar concentration seemed to affect the production of purple pigment,

as multiple of the mediums only showed purple colonies on plates with lower agar concentra-
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tion. It is possible that the lowered amount of agar made the plate medium more similar to

the skin mucous of the salmon. In previous studies, glycerol has been shown to increase the

production of violacein [60]. While multiple agar plates with medium containing glycerol gave

purple colonies, the amount of pigment seemed to be higher on mediums without glycerol.

However, as the addition of glycerol to an EPS-sucrose agar plate, which gave the strongest

pigmentation, was not tested, the effect of glycerol is uncertain. In addition, MM5 seemed

to produce violacein mainly when grown on room temperature and at 28 °C. Temperature has

previously been reported to be an important factor for violacein production, as some J. Lividum

strains could only produce the pigment at temperatures below 20 °C [74], and other strains

had an optimal temperature for violacein production at 25 °C[73, 60]. As the higher temper-

ature would promote more rapid growth of MM5, the strain would reach the stationary phase

quicker. This could result in increased stress on the bacteria, and therefore the production of

the secondary metabolite violacein. As young salmon fry usually is kept at temperatures below

10 °C [4], the Janthinobacterium inhabiting the fry could be adapted to these kinds of temper-

ature. This can support the theory about increased stress on the MM5 and 3.116 strains with

increasing temperatures. The increased growth rate would also give an increased cell density,

which could promote violacein production as the production is regulated by quorum sensing

mechanisms [35]. If the growth density was the only factor promoting the production of purple

pigments, one could expect to observe this on the colonies at a lower temperature after some

time. However, no indication of purple was observed at 20°C after fourteen days.

4.5 Antagonistic properties of MM5 and 3.116

To examine the potential antagonistic properties of the two Janthinobacterium strains MM5 and

3.116 the cross-streaking approach was used. Three strains previously isolated from salmon

fry, representing the genera Arthrobacter, Pedobacter, and Psychrobacter was used. The cul-

tures growing on the agar plates showed no sign of inhibition from MM5 nor 3.116. These

results might indicate that neither MM5 or 3.116 has any antagonistic properties towards these

strains. However, as the antimicrobial properties of J. Lividum is believed to be connected to

violacein[35], and no production of purple color was observed, indicating a lack of violacein

production, this result was not unexpected. Expression of the violacein operon is regulated

by quorum sensing mechanisms, which increase production based on cell population density

[54]. Considering these quorum sensing mechanisms violacein production could have been
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promoted by the more densely growing bacteria as a result of the cross-streaking, however, this

was not observed. J Lividum has been shown to inhibit growth of the fungi batrachochytrium

dendrobatidis om amphibians [13, 42, 44]. As the bacterial species Pseudomonas fluorescens

previously have shown the ability to inhibit the growth of the water mold Saprolegnia [12],

Janthinobacterium could have the same effect. However, whether or not these strains inhibit

Saprolegnia was not examined.

4.6 Phylogenetic analysis for the violacein operon and 16S rRNA gene

sequences

Amplification and sequencing of the violacein operon of MM5 and 3.116 were attempted. The

sequences were thereafter used in phylogenetic analysis with equivalent sequences of other

violacein producing bacteria. By using the results from the 16s rRNA gene taxonomy assign-

ment, strains related to MM5 and 3.116 was found. Sequences for the violacein operon of these

strains were used to design PCR primers to amplify the violacein operon. Most of the primer-

pairs seemed to work for MM5, and most of the violacein operon was successfully sequenced.

For 3.116, none of the primers gave specific PCR products, as most of the PCR reactions re-

sulted in multiple products. Therefore, PCR products of the expected lengths were cut out from

a gel and sequenced. Unfortunately, the resulting sequences were of low quality and could not

be used for further analysis. This might be because the sequencing reaction consisted of too

little free DNA after isolation from the gel, or that the primers didn’t correspond with the viola-

cein operon sequences of 3.116. The lack of success in the sequencing of the violacein operon

of 3.116 could indicate that the operon either is missing, have a significant different sequence

(for example due to degeneration), or is arranged differently. As seen from the alignment and

phylogenetic analysis of the violacein operon, the genes seem to be quite conserved for the

Oxalobacteraceae. This suggests that the operon of 3.116 either are degenerated or missing. A

J. Lividum strain has previously been reported to lack the violacein operon, and therefore could

not produce violacein. This strain grew in light pink colonies when grown on antarctic bac-

terial medium [33]. While purple colonies were observed on multiple agar plate mediums for

MM5, none was observed for 3.116. When 3.116 was cultivated on the EPS-sucrose medium,

the colonies grew pink. These results combined with the lack of success when attempting to

sequence the violacein operon could strengthen the suspicion that 3.116 lacks the genes to pro-

duce violacein.

42



To compare the evolution of the violacein operon to the 16s rRNA gene, phylogenetic trees

were created. Rooted and unrooted Neighbor-Joining and Maximum likelihood trees were

constructed for both the violacein operon and the 16s rRNA gene. The trees based on 16s

rRNA sequences are anticipated to represent the vertical evolution [99]. Therefore, eventual

differences between the violacein operon tree and the 16s rRNA tree could indicate HTG. The

violacein operon has been sequenced for multiple species of Proteobacteria, where some repre-

sent betaproteobacteria, gammapreoteobacteria and deltaproteobacteria [47, 50]. Myxococcus

was selected as outgroup for rooting due to being more distantly related to the betaproteobac-

teria and gammaproteobacteria [92]. One difference between the ”time trees” (with scaled

branches) for violacein and 16s rRNA is that the branch lengths are longer. This applies to

both the ML and the NJ trees. Based on the branch lengths, the 16s rRNA trees (fig. 11a and

11c) indicates less divergence in the Oxalobacteracea family, then for the violacein operon

trees. The same tendency can be seen for the Chromobacterium. This observation applies to

both the NJ and the ML trees. This suggests a more rapid sequence evolution in the violacein

operon. Additionally, more variability is found in the violacein operon then the 16s rRNA

gene[79], which would contribute to the branch length. The bootstrap values were generally

high for both violacein operon and 16s rRNA trees, except for the most related sequences,

This implies that its impossible to resolve the relationships between closely related species

with these gene sequences. When comparing the 16s rRNA gene trees to the violacein operon

trees, the Chromobacterium (Betaproteobacteria) sequences are more closely related with the

Pseudoalteromonas sequences than the rest of the Betaproteobactera in the violacein operon

trees. This could indicate HGT, which is the transmission of DNA between different genomes

[100]. If HGT of the violacein operon has occurred, it would be uncertain whether or not

the Myxococcus strain would represent the most ancient violacein operon. Consequently, an

unrooted ML tree was made for the violacein operon. The unrooted tree matches the rooted

trees and indicates that the Pseudoalteromonas sequences are closest related to Chromobac-

terium sequences. Also, the strain representing Myxococcus seems to be more closely related

to the Oxalobacteracea than the Chromobacterium, which is strange due to the fact that both

the Oxalobacteracea and the Chromobacterium belongs to the Betaproteobacteria class. The

Myxococcus belongs to another class and would, therefore, be expected to be more distantly re-

lated. These results indicates a different source of the violacein operon in the two families (Ox-
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alobacteracea and Chromobacteriaceae) belonging to the Betaproteobacteria. HGT between

the Collimonas, Janthinobacterium and duganella species has previously been hypothesized to

occur [49]. Additionally, HGT of genes responsible for the production antimicrobial secondary

metabolites from the bacteria naturally producing these to other bacteria has been reported to

occur [101, 102]. These studies support the likeliness of HGT occurring during the evolution

of the violacein operon in the Proteobacteria.

4.7 Future work

A further study of the violacein production in a Janthinobacterium isolated from salmon fry

should be conducted to clarify and further examine findings in this master project. A goal of

the further work could be to isolate the purple pigment from a liquid culture of the Janthinobac-

terium strain to conclude whether or not the purple pigment in fact are violacein. To do this,

conditions for violacein production in liquid cultures should be studied. This was not covered

by this thesis, but both strains were cultivated in liquid LB medium and no indication of viola-

cein was observed. If one could get predictable violacein production in liquid culture, a study

on production during the growth of Janthinobacterium could be done in various liquid media.

As the EPS-sucrose medium showed the most promising results regarding the production of

purple colonies, a liquid media using the same components should be tested at 28 °C. Due to

limited access to the laboratory as a result of the Covid-19 pandemic, a test of antagonistic

properties with media and conditions known to produce purple pigment was not conducted.

Therefore a test for antagonistic properties of a violacein producing Janthinobacterium should

be tested, both with regards to bacteria, but also the water mold Saprolegnia. In this study

of antagonistic properties, a medium known to promote purple colonies should be applied at

28 °C. As the bacterial species Pseudomonas fluorescens previously have shown the ability to

inhibit the growth of Saprolegnia [12], Janthinobacterium could have the same effect. Further

on, experiments regarding the use of Janthinobacterium as a probiotic to prevent outbreaks of

Saprolegnia could be studied. The capnophilic properties of Janthinobacterium contribute to

the possibility of utilizing the strain as a probiotic. In addition, a new project should com-

pare the ability of the two strains to colonize salmon fry. Also, to verify whether or not the

3.116 strain, have violacein genes, a new sequencing attempt should be conducted, either by

amplification of shorter gene fragments or by sequencing of the whole genome.
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5 Conclusion

By sequencing the 16s rRNA gene of MM5 and 3.116, both strains were classified as Jan-

thinobacterium and closely related to the J. Lividum type strain. Further, sequence analysis

showed the 16s rRNA gene sequence of MM5 and 3.116 to be different in some nucleotide

positions, indicating that this could be two different Janthinobacterium strains.

To study the growth of the Janthinobacterium strains MM5 and 3.116, growth curves based

on OD600 were generated. The generational time of MM5 and 3.116 was calculated to be

1.50 and 0.88 hours respectively. Based on microscope observations, MM5 and 3.116 seemed

to grow in aggregates when cultivated in liquid media. A test of the antibiotic susceptibility

was performed and showed resistance towards Kanamycin (50 µg/ml), polymixin (100 µg/ml),

Neomycin (20 µg/ml), and Ampicillin (20 µg/ml) for both strains.

To promote violacein production, growth on different media and conditions was tested. 3.116

showed no sign of purple colonies but grew pink on the EPS-sucrose medium, however, this

is most likely not an indication of violacein production. The growth of MM5 several media

resulted in purple colonies, indicating violacein production. Reduced agar concentration (from

1.5% to 1%) and sucrose seemed to promote purple colonies. While some of the plates incu-

bated at 28°C gave purple colonies, none of the plates incubated at 18°C gave any indication of

violacein production, suggesting that the violacein production of MM5 is dependent on temper-

ature. No antagonistic behavior was observed during the cross-streaking experiment for MM5

nor 3.116, but this could be due to lack of violacein production on these plates.

Most of the violacein operon of MM5 was amplified, however, for 3.116 amplification of the

violacein operon failed indicating a lack of a functional operon. Based on the phylogenetic

analysis, MM5s’ violacein operon showed the highest similarity towards the operons of strains

belonging to the betaproteobacteria class, and especially those belonging to the Oxalobac-

teraceae family represented by Duganella, Janthinobacterium, Collimonas and Massila. The

violacein operon of the Chromobacteriaceae (Betaproteobacteri) strains seemed to be closer

related to the Pseudoalteromonas strains-, than the Oxalobacteraceae indicating that the vi-

olacein operon has been exposed to HGT during the evolution of the Proteobacteria. This

indicates a different source of the violacein operon in the two Betaproteobacteria families.
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A Appendix - Growth media

Table 10: Recipies for growth mediums used in this project. Different variants where made for some of
the mediums.

Luria-Bertani (LB)
Yeast extract 5g
Tryptone 10g
NaCl 5g
Agar1 15g
Glycerol2 2%

Brain heart infusion (BHI)
BHI Broth 18,5g
Agar 15g

Cooked meat broth (CMB)
CMB 57g
Agar 15g

R2
Casein yeast Pepton 0,5g
Bacteriological tryptone 0,5g
Yeast extract 0,5g
Soluble starch 0,5g
KH2PO4 0,3g
NaPyruvate 0,3g
MgSO4 ·7H2O 0,024g
Agar1 15g
Glycerol 2 1%, 2%, 5%

Nutrient Broth
Nutrient Broth 8,0g
Agar 15g
Glycerol2 1%

EPS-Sucrose-Medium
Sucrose 30,00g
Casein yeast peptone 5,00g
MgSO4 ·7H2O 1,33g
KH2PO4 (83,5g/l) 20,0ml/l
CaCl2 ·2H2O (50g/l) 1,00 ml/l
Vitamin solution3 2,00 ml/l
Trace elements solution3 1,00 ml/l

1To make liquid media agar was omited. 10 g/l Agar was also used
2Glycerol was added in different amounts to different mediums
3Vitamin solution and trace element solution was premade.
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QIAquick PCR Purification Kit Protocol
using a microcentrifuge

This protocol is designed to purify single- or double-stranded DNA fragments from PCR
and other enzymatic reactions (see page 8). For cleanup of other enzymatic reactions,
follow the protocol as described for PCR samples or use the MinElute Reaction Cleanup
Kit. Fragments ranging from 100 bp to 10 kb are purified from primers, nucleotides, poly-
merases, and salts using QIAquick spin columns in a microcentrifuge.

Important points before starting 

n Add ethanol (96–100%) to Buffer PE before use (see bottle label for volume).

n All centrifugation steps are carried out at 17,900 x g (13,000 rpm) in a
conventional tabletop microcentrifuge at room temperature.

n Add 1:250 volume pH indicator I to Buffer PB (i.e., add 120 µl pH indicator I to
30 ml Buffer PB or add 600 µl pH indicator I to 150 ml Buffer PB). The yellow color
of Buffer PB with pH indicator I indicates a pH of #7.5.

n Add pH indicator I to entire buffer contents. Do not add pH indicator I to buffer
aliquots.

n If the purified PCR product is to be used in sensitive microarray applications, it may
be beneficial to use Buffer PB without the addition of pH indicator I.

Procedure

1. Add 5 volumes of Buffer PB to 1 volume of the PCR sample and mix. It is not necessary
to remove mineral oil or kerosene.

For example, add 500 µl of Buffer PB to 100 µl PCR sample (not including oil). 

2. If pH indicator I has beein added to Buffer PB, check that the color of the mixture is
yellow.

If the color of the mixture is orange or violet, add 10 µl of 3 M sodium acetate, pH
5.0, and mix. The color of the mixture will turn to yellow.

3. Place a QIAquick spin column in a provided 2 ml collection tube.

4. To bind DNA, apply the sample to the QIAquick column and centrifuge for 30–60 s.

5. Discard flow-through. Place the QIAquick column back into the same tube.

Collection tubes are re-used to reduce plastic waste.

6. To wash, add 0.75 ml Buffer PE to the QIAquick column and centrifuge for 30–60 s.

7. Discard flow-through and place the QIAquick column back in the same tube.
Centrifuge the column for an additional 1 min. 

IMPORTANT: Residual ethanol from Buffer PE will not be completely removed unless
the flow-through is discarded before this additional centrifugation.
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8. Place QIAquick column in a clean 1.5 ml microcentrifuge tube.

9. To elute DNA, add 50 µl Buffer EB (10 mM Tris·Cl, pH 8.5) or water (pH 7.0–8.5) to
the center of the QIAquick membrane and centrifuge the column for 1 min. Alternatively,
for increased DNA concentration, add 30 µl elution buffer to the center of the QIAquick
membrane, let the column stand for 1 min, and then centrifuge.

IMPORTANT: Ensure that the elution buffer is dispensed directly onto the QIAquick
membrane for complete elution of bound DNA. The average eluate volume is 48 µl
from 50 µl elution buffer volume, and 28 µl from 30 µl elution buffer. 

Elution efficiency is dependent on pH. The maximum elution efficiency is achieved
between pH 7.0 and 8.5. When using water, make sure that the pH value is within this
range, and store DNA at –20°C as DNA may degrade in the absence of a buffering
agent. The purified DNA can also be eluted in TE buffer (10 mM Tris·Cl, 1 mM EDTA, pH
8.0), but the EDTA may inhibit subsequent enzymatic reactions.

10. If the purified DNA is to be analyzed on a gel, add 1 volume of Loading Dye to 
5 volumes of purified DNA. Mix the solution by pipetting up and down before
loading the gel. 

Loading dye contains 3 marker dyes (bromophenol blue, xylene cyanol, and
orange G) that facilitate estimation of DNA migration distance and optimization
of agarose gel run time. Refer to Table 2 (page 15) to identify the dyes according
to migration distance and agarose gel percentage and type.
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Sample to Insight__ 

July 2018 

Quick-Start Protocol 

QIAquick® Gel Extraction Kit 
QIAquick® PCR & Gel Cleanup Kit 

The QIAquick Gel Extraction Kit and the QIAquick PCR & Gel Cleanup Kit (cat. nos. 28704, 

28706, 28506 and 28115) can be stored at room temperature (15–25°C) for up to 

12 months. 

Further information 

 QIAquick Spin Handbook: www.qiagen.com/HB-1196

 Safety Data Sheets: www.qiagen.com/safety

 Technical assistance: support.qiagen.com 

Notes before starting 

 This protocol is for the purification of up to 10 μg DNA (70 bp to 10 kb).

 The yellow color of Buffer QG indicates a pH ≤7.5. DNA adsorption to the membrane is

only efficient at pH ≤7.5.

 Add ethanol (96–100%) to Buffer PE before use (see bottle label for volume).

 Isopropanol (100%) and a heating block or water bath at 50°C are required.

 All centrifugation steps are carried out at 17,900 x g (13,000 rpm) in a conventional

table-top microcentrifuge.

D Appendix - QIAquick® Gel Extraction Kit and QIAquick®

PCR Gel Cleanup Kit protocol
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1. Excise the DNA fragment from the agarose gel with a clean, sharp scalpel.

2. Weigh the gel slice in a colorless tube. Add 3 volumes Buffer QG to 1 volume gel

(100 mg gel ~100 μl). The maximum amount of gel per spin column is 400 mg.

For >2% agarose gels, add 6 volumes Buffer QG.

3. Incubate at 50°C for 10 min (or until the gel slice has completely dissolved). Vortex the 

tube every 2–3 min to help dissolve gel. After the gel slice has dissolved completely, 

check that the color of the mixture is yellow (similar to Buffer QG without dissolved 

agarose). If the color of the mixture is orange or violet, add 10 μl 3 M sodium acetate, 

pH 5.0, and mix. The mixture turns yellow.

4. Add 1 gel volume isopropanol to the sample and mix.

5. Place a QIAquick spin column in a provided 2 ml collection tube or into a vacuum 

manifold. To bind DNA, apply the sample to the QIAquick column and centrifuge for

1 min or apply vacuum to the manifold until all the samples have passed through the 

column. Discard flow-through and place the QIAquick column back into the same tube. 

For sample volumes >800 μl, load and spin/apply vacuum again.

6. If DNA will subsequently be used for sequencing, in vitro transcription, or microinjection, 

add 500 μl Buffer QG to the QIAquick column and centrifuge for 1 min or apply vacuum. 

Discard flow-through and place the QIAquick column back into the same tube.

7. To wash, add 750 μl Buffer PE to QIAquick column and centrifuge for 1 min or apply 

vacuum. Discard flow-through and place the QIAquick column back into the same tube. 

Note: If the DNA will be used for salt-sensitive applications (e.g., sequencing, blunt-

ended ligation), let the column stand 2–5 min after addition of Buffer PE.

Centrifuge the QIAquick column in the provided 2 ml collection tube for 1 min to remove 

residual wash buffer.

8. Place QIAquick column into a clean 1.5 ml microcentrifuge tube.

9. To elute DNA, add 50 μl Buffer EB (10 mM Tris·Cl, pH 8.5) or water to the center of the 

QIAquick membrane and centrifuge the column for 1 min. For increased DNA 

concentration, add 30 μl Buffer EB to the center of the QIAquick membrane, let the 



column stand for 1 min, and then centrifuge for 1 min. After the addition of Buffer EB to 

the QIAquick membrane, increasing the incubation time to up to 4 min can increase the 

yield of purified DNA. 

10. If purified DNA is to be analyzed on a gel, add 1 volume of Loading Dye to 5 volumes

of purified DNA. Mix the solution by pipetting up and down before loading the gel.

Revision History 

Revision no. Description of change 

R3 07/2018 Updated document title and introductory paragraph with additional 
applicable product QIAquick PCR & Gel Cleanup Kit. Also added 
additional product’s related cat. nos.  

Scan QR code for handbook. 

For up-to-date licensing information and product-specific disclaimers, see the respective 

QIAGEN kit handbook or user manual.  

Trademarks: QIAGEN®, Sample to Insight®, QIAquick® (QIAGEN Group). 1114358 07/2018 HB-0901-003 © 2018 QIAGEN, all rights reserved.

 Ordering www.qiagen.com/contact | Technical Support support.qiagen.com | Website www.qiagen.com 



E Appendix - DNA sequences

DNA sequence of 16s rRNA gene of 3.116

GCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCACGGAGCTTGCTCTGGTGGC

GAGTGGCGAACGGGTGAGTAATATATCGGAACGTACCCTAGAGTGGGGGATAACGTAGCGAAAGTTACGCTA

ATACCGCATACGATCTAAGGATGAAAGTGGGGGATCGCAAGACCTCATGCTCGTGGAGCGGCCGATATCTGA

TTAGCTAGTTGGTAGGGTAAAAGCCTACCAAGGCATCGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACA

CTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCT

GATCCAGCAATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTTGTCAGGGAAGAAACGGTGA

GAGCTAATATCTCTTGCTAATGACGGTACCTGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGT

AATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTTTGTAAGTCTGAT

GTGAAATCCCCGGGCTCAACCTGGGAATTGCATTGGAGACTGCAAGGCTAGAATCTGGCAGAGGGGGGTAGA

ATTCCACGTGTAGCAGTGAAATGCGTAGATATGTGGAGGAACACCGATGGCGAAGGCAGCCCCCTGGGTCAA

GATTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGA

TGTCTACTAGTTGTCGGGTCTTAATTGACTTGGTAACGCAGCTAACGCGTGAAGTAGACCGCCTGGGGGAGT

ACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCG

ATGCAACGCGAAAAACCTTACCTACCCTTGACATGGCTGGAATCCTTGAGAGATCGAGGAGTGCTCGAAAGA

GAACCAGTACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGA

GCGCAACCCTTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGT

GGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGTACATACAGAGCG

CCGCCAACCCGCGAGGGGGAGCTAATCGCAGAAAGTGTATCGTAGTCCGGATTGTAGTCTGCAACTCGACTG

CATGAAGTTGGAATCGCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACAC

CGCCCGTCACACCATGGGAGCGGGTTTACCAGAAGTAGGTAGCTTAACCGTAAGGAGGGCGC

DNA sequence of 16s rRNA gene of MM5

CTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCACGGAGCTTGCTCTGGTGGCG

AGTGGCGAACGGGTGAGTAATATATCGGAACGTACCCTGGAGTGGGGGATAACGTAGCGAAAGTTACGCTAA

TACCGCATACGATCTAAGGATGAAAGTGGGGGATCGCAAGACCTCATGCTCGTGGAGCGGCCGATATCTGAT

TAGCTAGTTGGTAGGGTAAAAGCCTACCAAGGCATCGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACAC

TGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTG

ATCCAGCAATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTTGTCAGGGAAGAAACGGTGAG

AGCTAATATCTCTTGCTAATGACGGTACCTGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTA

ATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTTTGTAAGTCTGATG

IX



TGAAATCCCCGGGCTCAACCTGGGAATTGCATTGGAGACTGCAAGGCTAGAATCTGGCAGAGGGGGGTAGAA

TTCCACGTGTAGCAGTGAAATGCGTAGATATGTGGAGGAACACCGATGGCGAAGGCAGCCCCCTGGGTCAAG

ATTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGAT

GTCTACTAGTTGTCGGGTCTTAATTGACTTGGTAACGCAGCTAACGCGTGAAGTAGACCGCCTGGGGAGTAC

GGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGAT

GCAACGCGAAAAACCTTACCTACCCTTGACATGGCTGGAATCCTCGAGAGATTGAGGAGTGCTCGAAAGAGA

ACCAGTACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCSTGAGATGTTGGGTTAAGTCCCGCAACGAGC

GCAACCCTTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGG

GGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGTACATACAGAGCGCC

GCCAACCCGCGAGGGGGAGCTAATCGCAGAAAGTGTATCGTAGTCCGGATTGTAGTCTGCAACTCGACTGCA

TGAAGTTGGAATCGCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCG

CCCGTCACACCATGGGAGCGGGTTTACCAGAAGTAGGTAGCTTAACCGCAAGGAGGGCGC

DNA sequence of Violacein operon of MM5, where n is filled in as missing bases

TGGGGCGGCATCGGCGGCCTGACCTGCGCCAACCACCTGATCCATCCCGCCGGCAACAGGAAGCTGCGCATC

CGCGTATTCGACCTCAATCCCGCTGTCGGCGGCCGCATCCAGTCGCACAAAATAGATGGCGAGGAAATCGCC

GAACTCGGCGCCGCCCGCTACTCGCCGCAACTGCATCCACATTTCCAGCAACTGATGCAGGGCAGCGGCCTG

CCGCATGCGGTCTACCCGTTCACCGAGGTGGTTTCCCACGATAGCGTGCTGGCAGAGCTGAAGGCCACGCTG

GACGAGCTGAACCCGATGCTGAAAGCCCATCCGAACCACTCTTTCCTCGAGTTCGTCAGCCATTACCTGGGC

GCCGACAAGGCGACCCACATTCATCAAGGCCACCGGCTATGACGCCTTGCTGCTGCCGATGGTGTCGGCTGC

CATGGCCTACGACATCATCAAGAAGCACCCGGAAACGCAGCACTTTACGGAAAACGCCGCCAACCAGTGGCG

CTATGCCACCGACGGCTATCACGAGCTGCTGTGCCGCTTGCAGCACCAGGCACAGGCCGCCGGCGTCGAATT

CCAGCTCGAACATTGTCTGCTGTCCGTGAAAAAATCGGGCGCCGACCACGTGCTCGCCTTCAGCCACCTGGG

CGACACGCAGATGCACCGGACACGCCACCTGGTGATGGCCATCCCGCCGTCCGCCATGCCGCGCCTGAACCT

GGATTTCCCGCACGCCTGGAGTCCGTTCCAGTATGACTCGCTGCCCCTGTTCAAGGGCTTCCTCACCTTCGA

CACGGCTTGGTGGGACGGGCTGGGGCTGACCGACAAGGTGCTGATGGCGGCAAACCCGCTGCGCAAGATCTA

CTTCAAGGGGGATAAATACGTGCTGTTCTATACCGACAGCAAAAGCGCCACCTACTGGCGCGACAGCCTGGA

ACTCGGCGAAGACGTGTACCTGGGAACGTGTCCGCAGCCACCTGGAAGAAGTCCTGCCCCTCGATGGCCGGC

CGCTGCCGCGCATCAAGGCGCACTTCCACAAGTTCTGGSCGCATGGCGTCCRARTTTTGCGTGGAGCCGGAA

GCCGAGCACCCGGCCGTGCTGCTGCACCGGGACGGCATCATCTCCTGTTCGGnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnCGCATCGCCTGGTGGCCGAAGACAGTCCCTACATCTCCTTTTCCGCCGCCGGCCAGGGTTTTAT

TGCCACCGTTGAAGAAAGCGCCGCCCTCAAGGCCCGCGCCAGGGCCATCCGCGACGAGCTCGTGTATCSCTT

X



SMTAMCCGCTTCAATGCCGAAGGCAAGCCCGATCCGGACGGCATCTTCAGCCAGGCGGCAGGCTACAATTTT

GGCGGCAATAATCATTTCTCGTGGGAGAACGCGCGGATCACGGGCGTCCAGCTTGGCGCTGGCGAGGTCGAC

ACGCAGGATGCACTGGTGGGCGCCAGGCTGGGCCTGTGGGGCCACTACAACGAATACCTGCGCACCACGTTC

AACCGCGCCAGGTGGATCGACAACAACCCCGCCGCGCCCGACACCACGCTGATCTACGCCGGCCAGTTCACC

TTGAGCGACAAGCTGGCCACGCCCAACACGCCCACCTTGTTCACGGCCGACATCGCGCAGGCGCACTCGGTG

CGCTGGCTCGGCAGCGGCCATATCATGGAACGCAGCGGGCATTTCCTGGACGAGGAATTCGGCCGCGCCAGG

CTGTTSCAGTTYTCGGTGGCCAAGCAGGACMCGCATKTCCTGTTCAATGMGGACCTGCCGYTGCCGGSCAGC

ATGCAGRCCTTGCGGCACGCCCTGKCYGACGACGACGTGCTGGGCCTGACGGTGCAGTATGCCTTGTTCAAT

ATGTCGACGCCGCTCAAACCGGACTCGCCCGTGTTCTACGACCTGGCCGGCAGCATCGGCCTGTGGCGGCGC

GGCGAGCTGGCCACCTATCCGGCCGGCCGCCTGCTGCAGCCGCGCCAGCAGAGCCTGSGGCCGRTGCTGGTG

CAAGTGCACGCGGACCGGGTCGCGTTCAWCATGMCGACCGYCGWTGCCTTCACCACGCGCGGCGAGGGCGCC

GTTTCGGAACAGCATCCCACGCATGCACTGGGCGGCAAGCAGGCGCTCGGCGACCTGCTGCTGCACGACGGC

ACCGGCACCTTGCTGGCGCGCATACCCGAGCAGCTGTACCGCGACCACTGGCGCCATCACGGCGTTTTCGAC

GTGCCGCGGCAGCACGCTGGCGACGCTACCGGTTCGCTGAGCCTGGGCAGCGCGCAAGCGCAGTGGGAAGAA

GCGGACTGGGTGCTGCAATCGGACAGCAACCAGTTGTACCTGGAAGCGCCGAACCGCAACAAGCATGAGCAA

TTTCCGCAGACCATCACCGTGCAAAGCCGCTACCGCGGCGCGCTGGCGGCGCCGCCTCCCCTGTCGGCGCAG

GCCGAGGACGGCGTGCTGCTGGGCGTGGAACAGCAGCCATCACCGCTGGGGCCTGGCTACACGATGCTGATn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnTCGTGTA

TCCCTTCATGTCGGACAGGTCTTCAGCCTGGCGGACCAGTGCAAATGCGAAACGTATTCGCGCCTGATGTGG

CAGATGTGCGATCCGCGCAACCGCGACAAGAGCTACTACATGCCCAGCACCCGCGAACTGTCGCTGCCAAAG

TCGCGCCTGTTCCTCAAATACCTGACCCAGGTCGAGGCGACGGCCGCGGCCAGGGCGGCGGTGCCGGAAGCG

GCCTTGCCGCCTGTCATYGGCAGCAAGGCCGGGCTGATCGAGGAACTGAAAAAGGCCATCGACCTGGAACTG

TCGCTGATGCTGCAATACCTGTACGCCGCGTATTCGATTCCCAACTATGCGCAGGGGGCGGCGCTGGTGCAG

GCCGGCCGCTGGCTGCCTGCCGAGCTGGCGCTGGCCTGCGGCACCGAAGACCGGCGCCGCGACAGCGGTACG

CGCGGCGTGCTGCTGGAAATCGCGCATGAAGAAATGATTCACTATTTATTGGTCAACAATGTGCTGATGGCG

CTGGGCGAAGGGTTTTACAGCGGCACACCGCTGCTGGGCCAGCAGGCGCGCCAGCGTTTTGGCCTGGACACG

GAATTTGCGTTCGAGCCATTTTCCGAACACGTGCTGGCGCGCTTCGTGCGTTTCGAATGGCCCGACTACCTT

CCCACGCCGGGCAAGTCGATTGCCACCTTCTATATCGCAATCCGCCAGGCCCTGGCCGATCTGCCCGGCCTG

TTTGACAGCGGCGGTGGCAAGCGCGGCGGCGAACACCATTTGTTCCTGAAAGAACTGACCAACCGCGCCTAC

XI



CCCGGCTACCAGCTGGAAGTATCCGACCGCGACAGCGCGCTGTTCGCCATCGACTTCGTCACGGAACAGGGC

GAAGGCGTGGCCGTCGATTCGCCGCATTTCGCCGCGTCGCATTTCCAGCGCCTGCGCAGCGTCGCAGGCAAG

TACGCCGCCTGCGGCAAACCGTTCGAGCCGGCGCTGCCGGCGCTGAAGAATCCCGTGCTGGAAGCACGCGCG

GACTGCACCGTGGTGACCGACCGGAAGGCGCGCGCGCTGATGCAGCTGTATCAAGGCTGCTACGAACTGACC

TTCCTGATGATGGCACACCATTTCGCGCAGCAGCCGCTGGGCAGCCTGCGCCGTTCGCGCCTGATGAACGCG

TCCATCGACATCATGACGGGCCTGTTGCGTCCCCTGTCAGCCGCCCTGATGAACATGCCATCGGGCGTGGCC

GGCCGCCATGCGGGGCCGCCCGTGCCCGAGCCGGTCAGCAGCCGGGTCAGCAGCGACTACAGCCAGGGCTGC

GACATGCTGGCGCAAAAATGCCTGGCACTGGCGCAGTACGCGCGCAGCCTTGAGAGCGATGCCATCGGCATG

GCGCCGATAGAAATGTTGGAGTTTTnnnnnnnnnnCTCGGTGCATTTATCTGGCGCAACGCGGACACGATGT

CCACGTTATCGAGAAACGCGGCGATCCGCTGCTGGACACTGCCGCCAACGCCGATCCGGTCAATTCGCGCGC

CATCGGCGTGAGCATGACGGTGCGCGGCATCAAGGCCGTGCTGGCAGCGGACATCAGCAAACAGGAGCTTGA

CCTGTGCGGCGAACCCATCGTCGGCATGGCCTTTTGCGTGGGCGGCCGGCACAGGATACGCGAGCTGACCCC

GCTCGAAGGCCTCTTCCCCCTGTCGCTGGACCGCACGGCCTTCCAGCGCCTGCTGAACCGGCATGCCGTCAA

GCACGCCGTGAAATATTACTTTGAGCATAAATGCCTGGATGTCGACCTGGAAAGAAAGATCGTGCTGGTACA

GGACCCGGACGGCGCCGTGCAGCAGCTGCATGGCGACCTGGTCATTGGCGCCGACGGCGCGCACTCGGCCGT

GCGGCGCGCCATGCAAAGCGGCGTGCGCCGTTTCGAATTCAGGCAAAGCTACTTCCGCCACGGCTACAAGAC

GCTGGTGTTGCCGAATGCGGCCGACCTGGGTTTCCGGAAGGATTTGCTGTACTTTTTCGGCATGGATTCCAA

GGGCCTGTTTGCCGGGCGCGCAGCCACCATTCCGGACGGCAGTATCAGCTTTGCCCTGTGCCTGCCCTACAC

GGGCACGCCCAGCCTGGGCACGCTCAACCGGGAAGCCATGGCGGACTTCTTCAGCCGCTACTTCGGCAACTT

GCCGCCGGACCGCCGCAAGGACATGCTGGACCAGTTCATGGCGCTGCCCAGCAACGACCTCATCAATGTCCG

TTCCAGCGCCTTCCACTACAAGGCCAATATCCTGCTGATCGGCGATGCGGCGCATGCCACCGCCCCGTTCCT

CGGACAAGGCATGAACATGGCGCTGGAAGACGTCCACGTCTTCGTTTCCCTGCTGGAAAAGCACGGCAATGC

CCTGGGCCCTGCCCTGTCCGAGTTCACGCAGCAGCGCAAGGTGCAGGCGGACGCCATGCAGGACATGGCGAT

CGCCAACTATGAAGCGCTGAGCAATCCGAACCTGATTTTCTTCCTGCAGACGCGCTACACGCGCTACATGCA

CAAGAAATTCCCCCGTGTTTATCCGCCGGACATGGCGGAGAAACTGTACTTCACATCGGTTCCTTACGATGA

GTGCAGCAAnnnnCTCTTCGCAGCTGCAGATGAAACAGGCCCAGCCCGGCTGGAATATCCGCATTACGGAAA

AAAACACGCCGGAAGAAGTGCTGGGCTGGGGCGTGGTGCTGCCGGGACGCCCGCCGCGCCATCCGGCCAATC

CGCTGTCTTACCTGGAGCAGCCGGAACAGCTCAATGCGCAATTCCTGGAAGAATTTAAGCTCGTGCATCACG

AGCAGCCCAATCTGATGAGCACCGGCGTGATCCTGTGCGGCGTCGGACGCCAGGCCCTGGTACAGGCCTTGC

GCGCCAAGTGCGTAGCGGCCGGCATCGACATCCGCTACGAAACGCCGCCGCAGGACAAGGCGCAGCTGGAAG

CGCAATACGACCTGGTGGTGGTGGCGAACGGCGTCAATTACAAATCGCTGGACTTGCCGCCGGCGCTGGCGC

CGCACGTCGATTTCGGCCGCAACAAATACATCTGGTACGGCACCACCCAGCTGTTCGACCAGATGAACCTGG

XII



TGTTCCGCAGCAATGAGCACGGCATTTTCATCGGCCATGCCTATAAATACTCGGACACGATGAGCACGTTTA

TCGTCGAGTGCAGCGAAGAGACGTACGCCAGGGCCGGGCTGGAAGCGCTGCCCGAGCGCGACGCCGCCGCGA

CTGTCGCCAGCACGTTCAAAGCCGAACTCGGCGAACACGTGCTGCAGAGCCAACCGGGCCAGGGCTGGCGCA

ACTTCATGACCCTCAGCCGCGACCGGGCCWGCGACGGCAAGTTCGTCCTGCTCGGCGATGCGCTGCARTCGG

GRCATTTNTCCATCGGCCANGGCACCACCATGGCGGTGGTGGNNGCCCTGCTGNTGGTCAARAYCCTCNATA

CCGAAGNCSRMANACGGCYGCCGCNCTGGACAGNTTCAATGCNCGNGCCGTGCCCCTGRTGCAATTGTTCAA

GGASCACGCCAACRNCAGCCGCCTGTGGTTTGAAAGCGTGGGCGANCGTATCGNRCTGAGCAATGNAGAGCT

GACCGCCAGCTTCGACGCCCGCCGCAAGGACTTGCCGTCGCTNCARGAAGCGCTGATGGCCAGCCTNGGCTA

CGCGCTGGGCCGCTNAGGGAGNNNCCATGCCRRCMSMCSTCNCCCCGCCGCTGCTGCCGMTGCAATGGAGCA

GCGCNTATNTYTCCTACTGGACRCCGATGCAGGNGGANGACCAGGTMACNTCCGGCTATTGCTGGTTCGACT

ATGCGCGCAANATCTGCCGCATCGANGGCCTGTTCAANCCCTGGTCGGAAAAGGAACATGGACACYTGCTGT

GGATGTCGGAAATCGGCGACGCCAGGCGNGARCAMAGCCGCAAGCAGAAAGTGGCYTACGCNAGGCAAGCNN

MGSCNNCTGGCGARCAGCTGCAGGGCACGGCGMTGGCCGAYGAGGTRACNCCGTTCCATGMNCTGTTCCTGC

ACGCANGCGGTGCTGSTNGACGGNNSTGCCCGTCACGACGGCCGCCACANCGTGCTGGGCCGGGAGGCGGAY

GCCTGGRTAGTCGAGCSRGCGGGCAAGCCGCCATCKGTCTTTTACCTGGAGRCCGGNGGCAACCGCCTGCTG

CGCATGGTCACNGGCAANGACCCGCAGCACCTNTCGGTACGCGACTTTCCCAACCTGTTTGTCNGCGACATT

CCGGACAGCGTCTTTACGTCTTGCAACA
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12 May 2020 Alignment Results

Alignment:   Global DNA alignment against reference molecule
Parameters:  Scoring matrix:  Linear (Mismatch 2, OpenGap 4, ExtGap 1)

   Reference molecule:  J.Lividum(T), Region 1 to 1429
   Number of sequences to align:  3
   Total length of aligned sequences with gaps:  1430 bps
   Settings:  Similarity significance value cutoff:  >= 60%

Summary of Percent Matches:
   Ref:  J.Lividum(T)           1 to   1429   (  1429 bps)     --
     2:  J.MM5                  1 to   1428   (  1428 bps)     99%
     3:  J.3.116                1 to   1429   (  1429 bps)     99%

J.Lividum(T)         1 ctcagattgaacgctggcggcatgccttacacatgcaagtcgaacggcagcacggagctt
J.MM5                1 ............................................................
J.3.116              1 ............................................................

J.Lividum(T)        61 gctctggtggcgagtggcgaacgggtgagtaatatatcggaacgtaccctagagtggggg
J.MM5               61 ..................................................g.........
J.3.116             61 ............................................................

J.Lividum(T)       121 ataacgtagcgaaagttacgctaataccgcatacgatctaaggatgaaagtgggggatcg
J.MM5              121 ............................................................
J.3.116            121 ............................................................

J.Lividum(T)       181 caagacctcatgctcgtggagcggccgatatctgattagctagttggtagggtaaaagcc
J.MM5              181 ............................................................
J.3.116            181 ............................................................

J.Lividum(T)       241 taccaaggcatcgatcagtagctggtctgagaggacgaccagccacactggaactgagac
J.MM5              241 ............................................................
J.3.116            241 ............................................................

J.Lividum(T)       301 acggtccagactcctacgggaggcagcagtggggaattttggacaatgggcgaaagcctg
J.MM5              301 ............................................................
J.3.116            301 ............................................................

J.Lividum(T)       361 atccagcaatgccgcgtgagtgaagaaggccttcgggttgtaaagctcttttgtcaggga
J.MM5              361 ............................................................
J.3.116            361 ............................................................

J.Lividum(T)       421 agaaacggtgagggctaatatctcttgctaatgacggtacctgaagaataagcaccggct
J.MM5              421 ............a...............................................
J.3.116            421 ............a...............................................

J.Lividum(T)       481 aactacgtgccagcagccgcggtaatacgtagggtgcaagcgttaatcggaattactggg
J.MM5              481 ............................................................
J.3.116            481 ............................................................

J.Lividum(T)       541 cgtaaagcgtgcgcaggcggttttgtaagtctgatgtgaaatccccgggctcaacctggg
J.MM5              541 ............................................................
J.3.116            541 ............................................................

J.Lividum(T)       601 aattgcattggagactgcaaggctagaatctggcagaggggggtagaattccacgtgtag
J.MM5              601 ............................................................
J.3.116            601 ............................................................

J.Lividum(T)       661 cagtgaaatgcgtagatatgtggaggaacaccgatggcgaaggcagccccctgggtcaag
J.MM5              661 ............................................................
J.3.116            661 ............................................................

J.Lividum(T)       721 attgacgctcatgcacgaaagcgtggggagcaaacaggattagataccctggtagtccac
J.MM5              721 ............................................................
J.3.116            721 ............................................................

F Appendix - Type strain alignment of MM5 and 3.116
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J.Lividum(T)       781 gccctaaacgatgtctactagttgtcgggtcttaattgacttggtaacgcagctaacgcg
J.MM5              781 ............................................................
J.3.116            781 ............................................................

J.Lividum(T)       841 tgaagtagaccgcctgggg-agtacggtcgcaagattaaaactcaaaggaattgacgggg
J.MM5              841 ...................-........................................
J.3.116            841 ...................g........................................

J.Lividum(T)       900 acccgcacaagcggtggatgatgtggattaattcgatgcaacgcgaaaaaccttacctac
J.MM5              900 ............................................................
J.3.116            901 ............................................................

J.Lividum(T)       960 ccttgacatggctggaatccccgagagattggggagtgctcgaaagagaaccagtacaca
J.MM5              960 ....................t..........a............................
J.3.116            961 ....................tt.......c.a............................

J.Lividum(T)      1020 ggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgag
J.MM5             1020 ..............................s.............................
J.3.116           1021 ............................................................

J.Lividum(T)      1080 cgcaacccttgtcattagttgctacgaaagggcactctaatgagactgccggtgacaaac
J.MM5             1080 ............................................................
J.3.116           1081 ............................................................

J.Lividum(T)      1140 cggaggaaggtggggatgacgtcaagtcctcatggcccttatgggtagggcttcacacgt
J.MM5             1140 ............................................................
J.3.116           1141 ............................................................

J.Lividum(T)      1200 catacaatggtacatacagagcgccgccaacccgcgagggggagctaatcgcagaaagtg
J.MM5             1200 ............................................................
J.3.116           1201 ............................................................

J.Lividum(T)      1260 tatcgtagtccggattgtagtctgcaactcgactgcatgaagttggaatcgctagtaatc
J.MM5             1260 ............................................................
J.3.116           1261 ............................................................

J.Lividum(T)      1320 gcggatcagcatgtcgcggtgaatacgttcccgggtcttgtacacaccgcccgtcacacc
J.MM5             1320 ............................................................
J.3.116           1321 ............................................................

J.Lividum(T)      1380 atgggagcgggttttaccagaagtaggtagcttaaccgcaaggagggcgc
J.MM5             1380 ............-.....................................
J.3.116           1381 ............-.........................t...........



G Appendix - Antibiogram results

(a) Antibiogram for MM5 with ampicillin (b) Antibiogram for MM5 with chloramphenicol

(c) Antibiogram for MM5 with neomycin (d) Antibiogram for MM5 with polymixin

(e) Antibiogram for MM5 with kanamycin

Antibiogram for MM5 tested with ampicillin, polymixin, neomycin, chloramphenicol, and kanamycin.
The result shows inhibition for chlorampenicol and ampicillin.
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(a) Antibiogram for 3.116 with ampicillin (b) Antibiogram for 3.116 with chloramphenicol

(c) Antibiogram for 3.116 with neomycin (d) Antibiogram for 3.116 with polymixin

(e) Antibiogram for 3.116 with kanamycin

Antibiogram for 3.116 tested with ampicillin, polymixin, neomycin, chloramphenicol, and kanamycin.
The result shows inhibition for chlorampenicol and ampicillin.
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H Appendix - Agar-plates

(a) MM5 and 3.116 growing on an agar-plate with
EPS-sucrose with 1% agar incubated at 28 °C
showing purple colonies for MM5.

(b) MM5 and 3.116 growing on an agar-plate with
EPS-sucrose with 1.5% agar incubated at 28 °C
showing purple colonies for MM5.

(c) MM5 and 3.116 growing on an agar-plate with
LA medium with 1% agar and 2% glycerol incu-
bated at 28 , showing slightly purple colonies for
MM5.

(d) MM5 and 3.116 growing on an agar-plate with
R2A medium with 1% agar incubated at 28 °C
showing tendencies of purple growth for MM5.
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I Appendix - Cross-streaking

(a) Cross-streaking of MM5 with
Arthrobacter, Pedobacter, and
Psychrobacter on R2A 2% glyc-
erol agar-plates.

(b) Cross-streaking of MM5 with
Arthrobacter, Pedobacter, and
Psychrobacter on LB agar-plates.

(c) Cross-streaking of 3.116 with
Arthrobacter, Pedobacter, and
Psychrobacter on R2A 2% glyc-
erol agar-plates.

(d) Cross-streaking of 3.116 with
Arthrobacter, Pedobacter, and
Psychrobacter on NA agar-plates.

(e) Cross-streaking of 3.116 with
Arthrobacter, Pedobacter, and
Psychrobacter on LB agar-plates.

(f) Cross-streaking of 3.116
with Arthrobacter, Pedobacter,
and Psychrobacter on BHI
agar-plates.

Cross-streaking of MM5 and 3.116 with Arthrobacter, Pedobacter, and Psychrobacter on different agar-
plate mediums. None of the pictures indicate any inhibition of growth.
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   VIOA start 

J.L ivDSM1522 1 gccggcataggaggcttgacttgcgccaacaacctgatcgacgccgcc --- gccggcag 

J.livNBRC12613 1 gccggcataggaggcctgacttgcgccaatcaactgatcgacgccgcc --- gccagcag 

J.livBP01 1 gccggcatcggaggcttgatttgcgccaaccgcctgatcgacgccgcc --- gccaacag 

J.M M5 1 ggcgg--wcggcggcctgacctgcgccaaccacctgatccatcccgcc --- ggcaacag 

J.sp.LM6 1 gccggcataggcggcttgacttgcgccaaccgcctgatcgacaccgcc --- gccagcag 

J.agaricidamnosu 1 gccggcataggcggcctgacttgcgccaatcggctgatcgacggcgcc --- gccggcag 

Massilia 1 gcaggcatagggggcctcagttgtgcgacccagttgatcaacgccgcc----gccggc-- 

D.sp.zlp-xi 1 gccggcattggtggtttgacctgcgcgacccgtttgatcaacgccggcctaggccagc-- 

D.spb2 1 gcaggcatagggggcctcagttgtgcgacccagttgatcaacgccgcc----gccggc-- 

Collimonas_MPS11 1 gccggcatcggcggactcacatgcgcgacccgcctgatcagcgcc ------- gctgtcg 

C.vioAB032799.1 1 gccggcatcagcggcctgacctgcgccagccatctgctcgactcg-cc -- cgcttgccg 

C.viocv1192 1 gccggcatcagcggcctgacctgcgccagccatctgctcgattcg-cc -- cgcttgccg 

C.vioLC000628 1 gccggaatcagcggcttgagctgcgcgacgtatttgctggaatcg-cc -- cgcctgccg 

C.VacciniiXC0014 1 gccggcatcagcggcctgacttgcgccagcaatttgctcgactcg-cc -- agcctgtcg 

C.vio 1 gccggcatcagcggcctgacctgcgccagccatctgctcgactcg-cc -- cgcttgccg 

C.sp.257-1 1 gccggcatcagcggcctgacctgcgccagccacctgctggactcg-cc -- cgcctgccg 

P.luteoviolaceaS 1 gcgggcatttcaggtatcatttgcgc--gctaac-gttag---ca-aa -- atcaaatga 

P.sp.520P1 1 gctggagtttcagggattatgtgcgc--gcttac-gctcg---ct-aa -- tttccatct 

Myxococcus 1 gcgggaatcggagggctcacctgtgcgtcc---cggctcgccacctcc -- cggctga-g 

J.L ivDSM1522 57 ---------------- gaacctgcgcatccgcgtattcgacctgaatgccaccgtaggcg 

J.livNBRC12613 57 ---------------- gaagctgcgcatccgcgtattcgacctgaacgccaccgtcggcg 

J.livBP01 57 ---------------- gaacctgcgcatccgggtattcgacctgaatgccagcgtaggcg 

J.M M5 55 ---------------- gaagctgcgcatccgcgtattcgacctcaatcccgctgtcggcg 

J.sp.LM6 57 ---------------- gaagctgcgcatccgggtcttcgacctgaatcccaccgtcggcg 

J.agaricidamnosu 57 ---------------- gaagctgcgcatccacgtattcgacctgaatgccaccgtcggcg 

Massilia 55 -------------- aagaatttacggatcagggtgttcgacatggatacgacggtgggcg 

D.sp.zlp-xi 59 ------------------ acttgcgcatccgggtattcgatgtgaatggtttcgtgggcg 

D.spb2 55 -------------- aagaatttacggatcagggtgttcgacatggatacgacggtgggcg 

Collimonas_MPS11 53 c ----------- caaacacctgcgcattcgggtattcgacctgaacgccactgcaggcg 

C.vioAB032799.1 57 cggc----------ctgtcgctgcgcatc ----- ttcgacatgcagcaggaggcgggcg 

C.viocv1192 57 cggc----------ctgtcgctgcgcatc ----- ttcgacatgcagcaggaggcgggcg 

C.vioLC000628 57 cggc----------ctgtcgctgcggatt ----- ttcgacatgcagacggaggcggggg 

C.VacciniiXC0014 57 cggc----------ttgtctctgcgcatt ----- ttcgacatgcagcaggaagcgggag 

C.vio 57 cggc----------ctgtcgctgcgcatc ----- ttcgacatgcagcaggaggcgggcg 

C.sp.257-1 57 cggc----------ctgtccctgcgcatt ----- ttcgacatgcagcaggaggccggcg 

P.luteoviolaceaS 51 gtgcaaaaagaaaaccattcgagtttatg ----- aacacaaaaatcgcgtcggtggccg 

P.sp.520P1 51 aggtagcaaaaaagtaattaaagtttttg ----- aacataaaaaacgtgtcggcggcag 

Myxococcus 54 caac-------aagctgcgcatccgcgtc ----- tttgatttgaacacccacgtgggcg 
 

J.L ivDSM1522 101 gccgcatccagtcgcggaaaatagatggcgaggaaatcgccgaactcggcgccgcccgct 

J.livNBRC12613 101 gccgcatccagtcgcggaaaataaacggcgaggaaattgccgaactcggcgctgcccgct 

J.livBP01 101 gccgcatccagtcgcggaaaatagatggagaggaaatcgccgaactcggcgccgcccgct 

J.M M5 99 gccgcatccagtcgcacaaaatagatggcgaggaaatcgccgaactcggcgccgcccgct 

J.sp.LM6 101 gccgcatccagtcgcggaaaatagatggcaaggaaatcgccgaactcggcgccgcccgct 

J.agaricidamnosu 101 gccgcatccagtcgcggaaaatagatggcgaggaaatcgccgaactgggcgccgcccgct 

Massilia 101 ggcgcatccagtcgcataaagtagacgaggaggaaatcgccgaactcggcgccgcccgct 

D.sp.zlp-xi 101 gccgcatccagtcgcgcaaaatcgatg -- aggaagtcgccgaactcggtgctgcctgct 

D.spb2 101 ggcgcatccagtcgcataaagtagacgaggaggaaatcgccgaactcggcgccgcccgct 

Collimonas_MPS11 101 gccgcatccagtcgagaaaaatcgacggcgatgaaatcgccgagctcggcgccgcccgct 

C.vioAB032799.1 101 gccgcatccgctcgaagatgctggatggcaaggcgtcgatagagctgggcgcggggcgat 

C.viocv1192 101 gccgcatccgctcgaagatgctggatggcaaggcttcgatagagctgggcgcggggcgat 

C.vioLC000628 101 gacgcatccgctcgaaaaacctggacggcaaggccgcgatagagctgggtgccggccgct 

C.VacciniiXC0014 101 gccgcatacgctcgaaaaagctggacggcaaggctgcgatcgagctgggcgccggacggt 

C.vio 101 gccgcatccgctcgaagatgctggatggcaaggcgtcgatagagctgggcgcggggcgat 

C.sp.257-1 101 gccgcatccgttccaagacgctggacggcaaggcggcggttgagctaggcgcggggcgct 

P.luteoviolaceaS 105 agcacatgcgataaaagtcaatgatcatta ------ tgtcgatctgggtgcaggacgct 

P.sp.520P1 105 agcgcatgcaattaaagttcaagaacagtt ------ tattgatcttggggctggtcgat 

Myxococcus 101 gtcgcatcctgtcgaagcggctccactgcggagaaatcacggaactaggagccgcgcgct 
 

J.L ivDSM1522 161 actcgccgcagctgcatccgcatttccagcaactc-atgcagggcagcggcttgccgcat 

J.livNBRC12613 161 actcgccgcagctgcatccgcatttccagcaactg-atgcagggcagcggactgccgcat 

J.livBP01 161 actcgccgcagctgcatccgcatttccagcaactc-atgcagggcagcggactgccgcat 

J.M M5 159 actcgccgcaactgcatccacatttccagcaactg-atgcagggcagcggcctgccgcat 

J.sp.LM6 161 actcgccgcagctgcatccgcatttccagcaactg-atgcagggcagcggactgccgcat 

J.agaricidamnosu 161 actcgccgcagctgcatccgcatttccagcaactc-atgcagggtagcggattgccgcat 

Massilia 161 actcgccgcaactccatccgcatttcgagcaactc-atgcaggaatgcgggctggcgcat 

D.sp.zlp-xi 158 attcgccacagctccatccgcttttccaggagctc-atggaggacagcggtctgccgcac 

D.spb2 161 actcgccgcaactccatccgcatttcgagcaactc-atgcaggaatgcgggctggcgcat 

Collimonas_MPS11 161 attcaccgcagctgcatccgctgttccagcagctc-atgcaaggcagcggactgtc---- 

C.vioAB032799.1 161 actccccgcagctgcacccgcatttcca-gagcgcgatgca--gca--ttacagccagaa 

C.viocv1192 161 actccccgcagctgcacccgcatttcca-gagcgcgatgca--gca--ttacagccagaa 

C.vioLC000628 161 actcgccgcaactgcacccgcagttcca-gagcgtgatgca--aag--ctacagccagcg 

C.VacciniiXC0014 161 attcgccgcagttgcatccgcatttcca-gagcgcgatgca--gca--ttacagccaaaa 

C.vio 161 actccccgcagctgcacccgcatttcca-gagcgcgatgca--gca--ttacagccagaa 

C.sp.257-1 161 tttccccgcagctgcacccgcatttcca-caaggcgatgtc--gca--ctacagccagaa 

P.luteoviolaceaS 158 tttcttcagggcttcatcataatgtcaaagagcaagtgaaa--tcc -- ttaaacttggc 

P.sp.520P1 158 tttcaccacaacttcataaaaatattaatg---aattgata--gcacattttaatattga 

Myxococcus 161 actcaccgcaactccatccccgcttccaggcgctc-atgaactgcttccaacaccctca- 
 

J.L ivDSM1522 220 gcg----gtctacccgttcaccgaggtcatctc --- ccacgatagcgtgctggaagagc 

J.livNBRC12613 220 gcc----gtctacccgttcaccgaggtcatctc --- ccgcgatagcgtgctggaagagc 

J.livBP01 220 gcg----gtctaccccttcaccgaggtcgtctc --- ccacgatagcgcgctggaagagc 

J.M M5 218 gcg----gtctacccgttcaccgaggtggtttc --- ccacgatagcgtgctggcagagc 

J.sp.LM6 220 gcc----gtctacccgttcaccgaggtcatctc --- ccacgatagcgtgctggaggagc 

J.agaricidamnosu 220 gcg----gtctacccgttcaccgaagtcatctc --- ccacgatagcgtgctggaagagc 

Massilia 220 gcg----acctaccctttcacccaggtggtgt --- cgctcgatcaggcgcaggagaaac 

D.sp.zlp-xi 217 gct----gtctacccgttcactgaagtggtatc --- ccaggagcgcgagcagcaagagt 

D.spb2 220 gcg----acctaccctttcacccaggtggtgt --- cgctcgatcaggcgcaggagaaac 

Collimonas_MPS11 216 gcacgctgtctaccctttcacacaggcggtatt --- cggtgagcgcgtgcaggaaaaac 

C.vioAB032799.1 216 gagcgaggtgtatccgttcacccagctgaaatt --- caagagccatgtccagcagaagc 

C.viocv1192 216 gagcgaggtgtatccgttcacccagttgaaatt --- caagagccatgtccagcagaagc 

C.vioLC000628 216 cagcgaacgctatcccttcacccagctgaaatt --- caagaaccgcgtccagcaaacgc 

C.VacciniiXC0014 216 gagcgaaatctacccgttcacccagctgaaatt --- caaaaaccatacccagcaaaagc 

J Appendix - Alignment of violacein operon

XX



Page 2 

 

C.vio 216 gagcgaggtgtatccgttcacccagctgaaatt --- caagagccatgtccagcagaagc 

C.sp.257-1 216 gagcgaggtgtaccccttcacccagctgcggtt --- caagaaccatgcccagcaaacgc 

P.luteoviolaceaS 213 ctatgaaaaattcccttttacacaactaaagcgcccacaagcat --- tgcataaaagtt 

P.sp.520P1 213 acatgaaagttttccttttacacaattaacacgaccacaagaac --- ttcatagtgaat 

Myxococcus 219 ---tgaagcctacccattcacccatgccatctt --- ccaggacggcatgagggggcagc 

J.L ivDSM1522 272 tgaaggcaacgctggatgagctg-agcccgatgctgaaaatgcatccgaacgactccttc 

J.livNBRC12613 272 tgaaggcaacgctcgatggcctg-agcccgatgctgaaagagcatccgaacgactccttc 

J.livBP01 272 tgaaggcaacgctggatgagctg-agtccgatggtgaaagagcatccgcaagactccttc 

J.M M5 270 tgaaggccacgctggacgagctg-aacccgatgctgaaagcccatccgaaccactctttc 

J.sp.LM6 272 tgaaggcaacgctgcatggcctg-agcccgatgctcaaggagcatccgaacgactccttc 

J.agaricidamnosu 272 tgaaggcaacactggatgacctg-agcccgatgctgaaagagcatccgaatgactccttc 

Massilia 272 tgaaggcaactctgctgagcctg-agtgcgatgctgaaaaaacatccgaacgattccttc 

D.sp.zlp-xi 269 tgaaggataccctgctcagcttgcagcccaatg-tgaaagagcatccagaggaatccttc 

D.spb2 272 tgaaggcaactctgctgagcctg-agtgcgatgctgaaaaaacatccgaacgattccttc 

Collimonas_MPS11 272 tgaaggcaaccttgctcggcctg-agttccatgctgaaggagcatccggaagattccttc 

C.vioAB032799.1 272 tgaagcgggcgatgaacgagttg-tcgcccaggctgaaagagcatggcaaggaatccttt 

C.viocv1192 272 tgaagcgggcgatgaacgagttg-tcgcccaggctgaaagagcatggcaaggaatccttt 

C.vioLC000628 272 tgaaaagcgcgatgcgcgagctg-tcgccgcggctgaaggagcatggcaaggaatccttc 

C.VacciniiXC0014 272 tgaagcgggcgatgagcgagctg-tcccccaggctggaggagcatggcaaagagtccttt 

C.vio 272 tgaagcgggcgatgaacgagttg-tcgcccaggctgaaagagcatggcaaggaatccttt 

C.sp.257-1 272 tgaaacgggcgatgagcgagttg-tctccgcggctgaaagaacacggcaaggagtccttc 

P.luteoviolaceaS 269 taaagagtattctgaaaaacttg-aaacctttgtgtgacgagcatgcgcatgactcattt 

P.sp.520P1 269 taaaggagattttaaacaaatta-aagcctttgtgtgctgaacacaaagatgaatccttt 

Myxococcus 272 tgcggacaaccctgctcggcctg-cgctccaagctggagaaacatccctctgactcattc 
 

J.L ivDSM1522 331 ctcgagttcgtcagccattacctgggcgccgccaaggccagccacat-catcaaggcgac 

J.livNBRC12613 331 ctcgcgttcttcagccattacctgggcgccgccagggccacccagat-catcaaggcaac 

J.livBP01 331 ctcgagttcttcagccattacctgggcgccaccaaggccacccacat-catcaaggcgac 

J.M M5 329 ctcgagttcgtcagccattacctgggcgccgacaaggcgacccacattcatcaaggccac 

J.sp.LM6 331 ctcgaatttttcagccattacctgggtgccgccaaggccacccacat-catcaaggcgac 

J.agaricidamnosu 331 ctcgcgttcgtcagccattacctgggcgccgccaaggccacccacat-catcaaggcgac 

Massilia 331 cttgaattcgtcagccagtacctgggcgccgccgaagcgacccgcat-gatcaaggcgac 

D.sp.zlp-xi 328 cttgatttcgtcagccattatctgggtacagacgaagccctccgcatccc-caaggccac 

D.spb2 331 cttgaattcgtcagccagtacctgggcgccgccgaagcgacccgcat-gatcaaggcgac 

Collimonas_MPS11 331 ctcgatttcgtcagccactacctgggccccgccgaagccacccgcat-catcatggcgac 

C.vioAB032799.1 331 ctccagttcgtcagccgctaccagggccatgacagcgcggtgggcat-gatccgctccat 

C.viocv1192 331 ctccagttcgtcagccgctaccagggccatgacagcgcggtgggcat-gatccgctccat 

C.vioLC000628 331 ctcaatttcgtcagccgctaccagggcatggacagcgcgatcggcat-gatcaagtccat 

C.VacciniiXC0014 331 ctccagttcgtcagccgctatcagggcaaggagagcgcggtcggcat-gatccgctcgat 

C.vio 331 ctccagttcgtcagccgctaccagggccatgacagcgcggtgggcat-gatccgctccat 

C.sp.257-1 331 ctgcaattcgtcagccggtttcagggcagggacaacgcggtgggcat-gatccgctccat 

P.luteoviolaceaS 328 gaggagtttttaacgatttacgtaggcggaagtcaggcccgagaaat-gataaacgcact 

P.sp.520P1 328 ttggattttttaacctcttatttaggtgaagaacaaagtaaagatat-tatcaatgcgct 

Myxococcus 331 ctggatttcgtcagtcactacctgggggcgaccgaggcccggcgaat-catcaaggccct 
 

J.L ivDSM1522 390 cggctatgacgccctgctgctgccgatggtgtcggcggccatggcctacgacatcatcaa 

J.livNBRC12613 390 cggctatgacgccttgctgctgccgatggtatcggcggccatggcctacgacatcatcaa 

J.livBP01 390 cggctatgacgccttgatgctgccgatggtgtcggcggccatggcctacgacatcatcaa 

J.M M5 389 cggctatgacgccttgctgctgccgatggtgtcggctgccatggcctacgacatcatcaa 

J.sp.LM6 390 cggctatgacgccctgctgctgccgatggtgtcggcggccatggcctacgacatcatcaa 

J.agaricidamnosu 390 cggctatgacgcattgctgctgccgatggtgtcggcggtcatggcctacgacatcatcaa 

Massilia 390 cggttacgacgccttgctgctgccggtggtctcggcagcgatggcctacgacatcatcaa 

D.sp.zlp-xi 387 cggctacgacgcgctgcaactgccgatcgtcacggccgccgtggcttacgacatcattaa 

D.spb2 390 cggttacgacgccttgctgctgccggtggtctcggcagcgatggcctacgacatcatcaa 

Collimonas_MPS11 390 cggctatgacgccttgctgctgccgatagtctcggccagcatggcttacgacatcatcaa 

C.vioAB032799.1 390 gggctacgacgcgctgttcctgcccgacatctcggccgagatggcctacgacatcgtcgg 

C.viocv1192 390 gggctacgacgcgctgttcctgcccgacatctcggccgagatggcctacgacatcgtcgg 

C.vioLC000628 390 gggctacgacgcgctgttcctgcccaacatctccgccgagatggcctacgacatcgtcgg 

C.VacciniiXC0014 390 gggctatgacgccttgttcctgccggacatctcggccgagatggcttacgacatcgtcgg 

C.vio 390 gggctacgacgcgctgttcctgcccgacatctcggccgagatggcctacgacatcgtcgg 

C.sp.257-1 390 gggttatgacgcattgttcctgcccgacatctcggccgagatggcttatgacatcgtcgg 

P.luteoviolaceaS 387 gggttatgactccctatcattaccaaacattacgccacatattgctttcgatatcattga 

P.sp.520P1 387 tggatatgattctttatccttgccatttatcacccccaatattgcttacgatattattga 

Myxococcus 390 ggggtatgacgccctccttctccccatcgtctccgcgcccatggcgtacggcatcctcaa 
 

J.L ivDSM1522 450 gaagcacccggaaacgcagcactttacggaaaacgccgccaaccagtggcactacgccac 

J.livNBRC12613 450 gaagcatccggaaacgcagcactttacggaaaacgccgccaaccagtggcactatgccac 

J.livBP01 450 gaagcatccggaaacgcagcactttacggaaaacgccgccaaccagtggcgctatgccac 

J.M M5 449 gaagcacccggaaacgcagcactttacggaaaacgccgccaaccagtggcgctatgccac 

J.sp.LM6 450 gaaacatccggaaacgcagcacttcacggaaaacgccgccaaccagtggcgctatgccac 

J.agaricidamnosu 450 gaaacacccggaaacgcagcactttacggaaaacgccgccaaccagtggcactatgcgac 

Massilia 450 aaagcacccggaaacacaaagctttaccgaaaacgccgccaacgagtggcgctatgccac 

D.sp.zlp-xi 447 aaagcacccggaaacgcaaaactgcaccgagaacgctggtaacgaatggcgctatgccac 

D.spb2 450 aaagcacccggaaacacaaagctttaccgaaaacgccgccaacgagtggcgctatgccac 

Collimonas_MPS11 450 gaaacacccggaaacgcaaaatttcaccgagaacgccggcaaccagtggctctacgctac 

C.vioAB032799.1 450 caagcacccggaaatccagagcgtgaccgataacgacgccaaccagtggttc---g---- 

C.viocv1192 450 caagcacccggaaatccagagcgtgaccgataacgacgccaaccagtggttc---g---- 

C.vioLC000628 450 caagcatccggaaatccagagcttcaccgagaacgacgccaaccagtggttt---t---- 

C.VacciniiXC0014 450 caagcatccggaaatccagagcgtgaccgacaacgacgccaatcagtggttt---t---- 

C.vio 450 caagcacccggaaatccagagcgtgaccgataacgacgccaaccagtggttc---g---- 

C.sp.257-1 450 caagcatccggaaatccagagcgtgaccgacaacgacgccaaccagtggttt---t---- 

P.luteoviolaceaS 447 gaaacatcccgaaatccaaggtttttccgacaatgcaggttatgagtgg--t---t---- 

P.sp.520P1 447 aaagcaccctgagatccaagggttctctgataacgcgggatatacatgg--c---g---- 

Myxococcus 450 gaaccacccggagacccaaggactgattgagggtgaaggcaaccagtggcgctatg---- 

J.L ivDSM1522 510 cgacggctaccacgaattgctg--tgccagtt------gcagca --- ccaggcccaggt 

J.livNBRC12613 510 cgacggctaccacgcgttgctg--tgccagtt------gcagca --- ccaggcccaggc 

J.livBP01 510 cgacggctaccacgaattgcta--agccagtt------gcagca --- caaggcccaggc 

J.M M5 509 cgacggctatcacgagctgctg--tgccgctt------gcagca --- ccaggcacaggc 

J.sp.LM6 510 cgacggctaccacgcgctgctg--tgccagct------gcagta --- ccaggcccaggc 

J.agaricidamnosu 510 cgacggctaccacgcgttgctg--tgccagtt------gcagca --- ccaggcccaggc 

Massilia 510 cgacggctacagcgagctgctgc--gtcagtt------gcagc --- gccaggcccagga 

D.sp.zlp-xi 507 cgatggttatggccagctgctg--gtccagctgcaacggca --------- ggctcaggc 

D.spb2 510 cgacggctacagcgagctgctgc--gtcagtt------gcagc --- gccaggcccagga 

Collimonas_MPS11 510 cggcgg---ctacgcccagctgctggcgcaattgcagag -------- ccacgcgcaggc 

C.vioAB032799.1 503 cggcggaaacg--ggctttgcg--ggcctgatc-cagggcatcaaggccaaggtcaaggc 

C.viocv1192 503 cggcggaaacg--ggctttgcg--ggcctgatc-cagggcatcaaggccaaggtcaaggc 

C.vioLC000628 503 ccgccgtggat--ggcttcgac--ggcctgatc-gcgcggatgaaggacaaggtcaaggc 

C.VacciniiXC0014 503 cggcggagcag--ggcttcgac--ggcctgatc-cagcagatcaagaccaaggtcaaggc 

C.vio 503 cggcggaaacg--ggctttgcg--ggcctgatc-cagggcatcaaggccaaggtcaaggc 

C.sp.257-1 503 ctgcggaaacc--ggctttgtg--gggctgatc-cagggcatcaaggccagggtcaaggc 

P.luteoviolaceaS 498 taacctaaaagaagggttttct--gctctaccc-gagcgtttatatgagcaagctttagc 
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P.sp.520P1 498 aaaccttaaggccggattttgc--actttacct-caaatcttatataaaaaagcagttga 

Myxococcus 506 cgccgga ---- ggggtacggc--cggctgctggcacggcttcagtgtcaggcacaggcc 

J.L ivDSM1522 558 cgccggggtggaattcaggctcgaacaccgcttgctgtccgttgaaaaatcgggcgccga 

J.livNBRC12613 558 cgccggggtggaattccggctcgaacaccgcttgctgtccgttgaaaaatccggcgccga 

J.livBP01 558 cgccggggtggaattccagcttgaacatcgtttgctgtccgttgaaaaatccggcgcaga 

J.M M5 557 cgccggcgtcgaattccagctcgaacattgtctgctgtccgtgaaaaaatcgggcgccga 

J.sp.LM6 558 cgccggggtggaattccgcctggaacaccgcttgctgtccgttgaaaaatccggcgccga 

J.agaricidamnosu 558 cgccggggtggaattccggctcgaacatcgtctgctgtccgttgaaaaatccggcgccga 

Massilia 558 cgccggcgtggaattccggctggggcatcgcttgctgtcggttgaaaagtccggcaccga 

D.sp.zlp-xi 555 cgccggggtggagttccgtctcgaacaccgcttgctgtcggtggaaaagtccggcgccga 

D.spb2 558 cgccggcgtggaattccggctggggcatcgcttgctgtcggttgaaaagtccggcaccga 

Collimonas_MPS11 558 cgggggcgtcgaattccagatggaacgccgtctgctgtcggttgaaaaatccggcgatga 

C.vioAB032799.1 558 tgccggcgcgcgcttcagcctgggttaccggctgctgtcggtgaggacggacggcgacgg 

C.viocv1192 558 tgccggcgcgcgcttcagcctgggttaccggctgctgtcggtgaggacggacggcgacgg 

C.vioLC000628 558 gggcggcgccaagttcagcctgggctttcgcctggcgtcggtggagcgcgaccaggatgg 

C.VacciniiXC0014 558 cgccggcgcccgcttcagcctgggctatcgcctggtttcggtcgaggccgacggcgatgg 

C.vio 558 tgccggcgcgcgcttcagcctgggttaccggctgctgtcggtgaggacggacggcgacgg 

C.sp.257-1 558 ggcgggcgcgcgtttcagcctgggctaccgcctgctgtcggtggcggcggatggcgacgg 

P.luteoviolaceaS 555 ccacggcgttgaatttcactttggccacgagttaatcaaaatagatgctgac--agcaac 

P.sp.520P1 555 attaggtgttgagtttcattttgattatgagcttattacaattgatacccat--ataaaa 

Myxococcus 559 agccgcgtcgag-ttccggatggaacaccacctgctctccatctcgcgattcgtgaaggg 
 

J.L ivDSM1522 618 ccatgtgctcgccttcagccaccatggcgacacgcagatg--caccgcacgcgccatctg 

J.livNBRC12613 618 gcatgtgcttgccttcagccaccacggcgacacgcatatg--caccggacacgccatctg 

J.livBP01 618 ccatgtgctcgccttcagccaccatggcgacacgcagatg--caccgcacacgccatctg 

J.M M5 617 ccacgtgctcgccttcagccacctgggcgacacgcagatg--caccggacacgccacctg 

J.sp.LM6 618 ccatgtgctcgccttcagccaccagggcgacacgcagatg--caccgcacgcgccacctg 

J.agaricidamnosu 618 gcatgtgctcgccttcagccaccatggcgacacgcagatg--caccgcacacgccatctg 

Massilia 618 ccatgtcctcgccttccgccatatgggcgatactcagatg--caccgggcgcgccatgtg 

D.sp.zlp-xi 615 ccacctgctggccttcagccatcacggtgaagtccagatg--cagcgtgcgcgccatgtg 

D.spb2 618 ccatgtcctcgccttccgccatatgggcgatactcagatg--caccgggcgcgccatgtg 

Collimonas_MPS11 618 ccacatgctcgccttcagccataagggcgatacgcagatg--caccgcacgcgccacctg 

C.vioAB032799.1 618 ctacctgctgcaactcggcgacgacggctggaagc--tggaacaccggacccgccatctg 

C.viocv1192 618 ctacctgctgcaactcggcgacgacggctggaagc--tggaacaccggacccgccatctg 

C.vioLC000628 618 ctatcgactggcgctgggggatgacggctggcagc--tgacgcatcacgcccggcacctg 

C.VacciniiXC0014 618 ttaccggctgcaactcggtgacgacggctggaagc--tggagcaccgcgcccgccacttg 

C.vio 618 ctacctgctgcaactcggcgacgacggctggaagc--tggaacaccggacccgccatctg 

C.sp.257-1 618 ctaccggctgcagttcggcgacgacggctggaagc--tggagcatcgcgcgcggcatctg 

P.luteoviolaceaS 613 actccgacgctgactttcaaccaacag--gaagtca--ccattaacg-a-aggtgagatg 

P.sp.520P1 613 aaaccggctttaacttttagtgatgat--gagattattcgaataaccca-aggggatatg 

Myxococcus 618 atacatcctcgccttcagccacaaggg--aaacacccagatacatcgagcgcgtcacctc 

J.L ivDSM1522 676 gtgatggccatcccgccgtccgccatgccgcgcctgaacctggatttcccgaacgcctgg 

J.livNBRC12613 676 gtaatgaccgtcccgccgtccgccatgccgcgcctgaacctggattttccaaacgcctgg 

J.livBP01 676 gtgatgaccatcccgccgtccgccatgccgcgcctgaacctggatttcccgaatgcctgg 

J.M M5 675 gtgatggccatcccgccgtccgccatgccgcgcctgaacctggatttcccgcacgcctgg 

J.sp.LM6 676 gtgatggccatcccgccgtccgccatgccgcgcctgaacctggattttccgaacgcctgg 

J.agaricidamnosu 676 gtgatggccatcccgccgtccgccatgccgcgcctgaacctggatttcccgcacgcctgg 

Massilia 676 atcacgaccctcccgccgaccgccatgaagcgcctgaacatggattttccggccgccttc 

D.sp.zlp-xi 673 atcctggccgttccgcccactgccatggcgggattgaacctggatttcccgtctgcctgg 

D.spb2 676 atcacgaccctcccgccgaccgccatgaagcgcctgaacatggattttccggccgccttc 

Collimonas_MPS11 676 ctaatggccattccgccatcggcgatggcgcgcctcaacctggatttcccggccagctgg 

C.vioAB032799.1 676 atcctggccattcctccgtcggcgatggccgggctcaatgtcgacttccccgaggcgtgg 

C.viocv1192 676 atcctggccattcctccgtcggcgatggccgggctcaatgtcgacttccccgaggcgtgg 

C.vioLC000628 676 atcctggccattccgccgtcggcgatggccgggctcaacctggacttcccggcggcctgg 

C.VacciniiXC0014 676 attctggcggtcccgccgtcggcgatggctgggctcaacgtcaattttcccgaggcgtgg 

C.vio 676 atcctggccattcctccgtcggcgatggccgggctcaatgtcgacttccccgaggcgtgg 

C.sp.257-1 676 atcctggcgattccgccgtcggcgatggcggggctggacgtcggttttcccgagtcctgg 

P.luteoviolaceaS 667 attttaacttttccaccaactgcaatgagtaagctcaattgcggctttccgcaagattgg 

P.sp.520P1 670 atcgtcacattgccaccaacagcaatgagcaggctcaattgtaactttccgcaagattgg 

Myxococcus 676 atcctggccatccccccctccgcgatgacacggctcaatctcgactttcccgcccactgg 

J.L ivDSM1522 736 agtccgttccaatacgactcgctgcccctgttcaagggattcttcacgttcgacacagcc 

J.livNBRC12613 736 agcccgttccagtacgactcgctgcccctcttcaaaggattcttcacgttcgacacggcc 

J.livBP01 736 agtccgttccagtacgactcgctgcccctgttcaagggattcctcacgttcgacacggcc 

J.M M5 735 agtccgttccagtatgactcgctgcccctgttcaagggcttcctcaccttcgacacggct 

J.sp.LM6 736 agtccgttccagtacgattcgctgcccctgttcaagggattcctcaccttcgacacggcc 

J.agaricidamnosu 736 agtccattccagtacgactcgctgcccctgttcaagggcttcctgacgttcgacacggcc 

Massilia 736 agtcccttccagtacgattccctgcctttgttcaaaggattcctgaccttcgaaacagcc 

D.sp.zlp-xi 733 ggcccattccagtacgactccctgcctttgttcaagggcttcctgacgttcgagaaaagc 

D.spb2 736 agtcccttccagtacgattccctgcctttgttcaaaggattcctgaccttcgaaacagcc 

Collimonas_MPS11 736 agcccttaccagtacgactccctgcccttgttcaaaggcttcctgaccttcgacacagcc 

C.vioAB032799.1 736 agcggcgcgcgctacggctcgctgccgctgttcaagggtttcctcacctacggcgagcca 

C.viocv1192 736 agcggcgcgcgctacggctcgctgccgctgttcaagggtttcctcacctacggcgagcca 

C.vioLC000628 736 ggccattcccgttatggctcgctgccgctgttcaagggttttctgtcttatgacgagccg 

C.VacciniiXC0014 736 agcggcgcgcgctacggctcgctgccgctgttcaagggtttcctgacctatagcgagccc 

C.vio 736 agcggcgcgcgctacggctcgctgccgctgttcaagggtttcctcacctacggcgagcca 

C.sp.257-1 736 ggcggcgcgcgttacggctccttgccgctgttcaagggttttttgacctatgacgagccc 

P.luteoviolaceaS 727 agtaactatacatacggttcgattcccctgttcaagggctttttattctatgatacacct 

P.sp.520P1 730 acccattatacttatggttctattcctctcttcaaaggttttcttttctacgatacatca 

Myxococcus 736 agccccttgcagtatggctcactgcccttgttcaagggggtcctgaccttcgacagcgcc 

J.L ivDSM1522 796 tggtgggatgcgctggggctgaccgacaaggtgctgatggcggcaaatcccctgcgcaag 

J.livNBRC12613 796 tggtgggacgcgctggggctgaccgacaaggtgctgatggcggcaaatcctctgcgcaag 

J.livBP01 796 tggtgggatgcgctcgggctgaccgacaaggtgctgatggctgccaatcccctgcgcaag 

J.M M5 795 tggtgggacgggctggggctgaccgacaaggtgctgatggcggcaaacccgctgcgcaag 

J.sp.LM6 796 tggtgggaagcgctggggctgaccgacaaggtgctgatggcggccaatcccctgcgcaag 

J.agaricidamnosu 796 tggtgggacgcgctcgggctgaccgacaaggtgctgatggcggcaaatcccctgcgcaag 

Massilia 796 tggtgggacgcgctcgggctgaccgacaaagtgctgatggccgataatcctcttcggaaa 

D.sp.zlp-xi 793 tggttcgagtgcatgggtctgaccgacaaaatgctcatgtccagcaatcctctgcgcaag 

D.spb2 796 tggtgggacgcgctcgggctgaccgacaaagtgctgatggccgataatcctcttcggaaa 

Collimonas_MPS11 796 tggtggcaagagctcggcctgaccgacaaggttttgatggctgataatccgctgcgcaag 

C.vioAB032799.1 796 tggtggctggactacaagctggacgaccaggtgctgatcgtcgacaacccgctgcgcaag 

C.viocv1192 796 tggtggctggactacaagctggacgaccaggtgctgatcgtcgacaacccgctgcgcaag 

C.vioLC000628 796 tggtggcgcgactacaagctggaagatcaggtgctgatcgtcgacaacccgctgcgcaag 

C.VacciniiXC0014 796 tggtggctggattacaagctggaagaccaggtgctgatcgtcgacaacccgctgcgcaag 

C.vio 796 tggtggctggactacaagctggacgaccaggtgctgatcgtcgacaacccgctgcgcaag 

C.sp.257-1 796 tggtggctggattacaagctggacgaccaggtgctgatcgtcgacaacccgctgcgcaag 

P.luteoviolaceaS 787 tggtggcaagacttggatttagcagatcacgttgtaattgcaaataacccaatcagaaaa 

P.sp.520P1 790 tggtggcaagaattatcattaacagatcatgtcatcatcaccaataacccaatacgaaag 

Myxococcus 796 tggtggcatgactgtcacctgacggacaaggtcctggtggtcaacaatcccttgaggaag 
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J.L ivDSM1522 856 atctacttcaagagcgacaaatacgtgctgttctacaccgacagcaaaagcgccacctac 

J.livNBRC12613 856 atttacttcaagggcgacaagtacgtgctgttctataccgacagcaaaagcgccacttac 

J.livBP01 856 atctacttcaagagcgacaagtatgtgctgttctacaccgacagcaaaagtgccacctac 

J.M M5 855 atctacttcaagggggataaatacgtgctgttctataccgacagcaaaagcgccacctac 

J.sp.LM6 856 gtctacttcaagagcgacaagtatgtgctgttctacaccgacagcaaaagcgccacctac 

J.agaricidamnosu 856 atctacttcaagagcgacaaatatgtgctgttctataccgacagcaaaagcgccgcctac 

Massilia 856 atctacttcaagggcgacaaatacctggtgttctacaccgacagcgccagcgccacctat 

D.sp.zlp-xi 853 atctacttcaagagcgataaatacctgctcttctataccgacagccaaagcgccctctat 

D.spb2 856 atctacttcaagggcgacaaatacctggtgttctacaccgacagcgccagcgccacctat 

Collimonas_MPS11 856 atctacttcaagagcgataaatacctgctgttctataccgacagcgagagcgccagctat 

C.vioAB032799.1 856 atctacttcaagggcgacaagtacctgttcttctacaccgacagcgagatggccaattac 

C.viocv1192 856 atctacttcaagggcgacaagtacctgttcttctacaccgacagcgagatggccaattac 

C.vioLC000628 856 gtctacttcaagggcgacaagtacgtgttcttctataccgacagcgaaatggcggcttac 

C.VacciniiXC0014 856 atctacttcaagggcgacaaatacctgttcttctacaccgacagcgaaatggccgattac 

C.vio 856 atctacttcaagggcgacaagtacctgttcttctacaccgacagcgagatggccaattac 

C.sp.257-1 856 ctctacttcaagggcgacaaatacctgttcttctacaccgacagcgagatggccaatcac 

P.luteoviolaceaS 847 ctgtattttaaagacaaccggtatgtatttttttataccgatagtgactacgctaacttt 

P.sp.520P1 850 ctgtactttaaagataatagatacatctttttttacactgatagtgaatacgctaatttc 

Myxococcus 856 atctacttcaaggacgagaaatacgtacagttctacaccgacggcgacaacgcaacctat 

J.L ivDSM1522 916 tggcgggacagcctggagcttggtgaagacgtatacctgg-agcgtgtccgcagccacct 

J.livNBRC12613 916 tggcgcgacagcctggagcttggtgaagaggtgtacctgg-agcgtgtccgcagccacct 

J.livBP01 916 tggcgggacagcctggaactcggtgaagacgtgtacctgg-agcgtgtccgcagccacct 

J.M M5 915 tggcgcgacagcctggaactcggcgaagacgtgtacctgggaacgtgtccgcagccacct 

J.sp.LM6 916 tggcgggacagcctggaactcggtgaagacgtgtacctgg-agcgcgtccgccgccacct 

J.agaricidamnosu 916 tggcgggacagcctcgagctcggtgaagacgtgtacctgg-agcgtgtccgcagccacct 

Massilia 916 tggcgggagtacctggagcaaggggaagacgtttacctgg-accgggtccgccatcacct 

D.sp.zlp-xi 913 tggcgggacagcgtggagcagggcgaagagatttacctgg-agcgtgtgcgccgccacct 

D.spb2 916 tggcgggagtacctggagcaaggggaagacgtttacctgg-accgggtccgccatcacct 

Collimonas_MPS11 916 tggcgcgacagtctcgagcaaggtgaagaagtctacctgg-agcgtgtgcgcaattgcct 

C.vioAB032799.1 916 tggcgcggctgcgtggccgaaggagaggacggctacctgg-agcagatccgcacccatct 

C.viocv1192 916 tggcgcggctgcgtggccgaaggagaggacggctacctgg-agcagatccgcacccatct 

C.vioLC000628 916 tggcgcgcctgcgtcgccgacggcgaggacggctatctgg-aacaggtgcgcgtccatct 

C.VacciniiXC0014 916 tggcgcggctgcgtggcggaaggcgaggacggctatctgg-agcagatccgcacccatct 

C.vio 916 tggcgcggctgcgtggccgaaggagaggacggctacctgg-agcagatccgcacccatct 

C.sp.257-1 916 tggcgcggcgcgctggcagagggcgaggagcattatctgg-cgcaggtgcgcggccatct 

P.luteoviolaceaS 907 tggcgtgacgccacgttaaaaggtgaagcacattacttac-aaacagttaaagaactgat 

P.sp.520P1 910 tggcaagaaaccagtcaacatggcgaagaacattacttaa-aaacagtaaaagaattgat 

Myxococcus 916 tggcgggactgtctggagcaaggtgaagatgtctatttga-acagggtccgcgcctgcat 

J.L ivDSM1522 975 ggaagaagtcctgccgctcgatggccagcctctgccgcaga---tcaaggcgcacttcca 

J.livNBRC12613 975 ggaagaagtcctgccgctcgatggccagccgctgccgccga---tcaaggcgcatttcca 

J.livBP01 975 ggaagaagtcctgccgctcgatggccagccgctgccgcaga---tcaaggcgcacttcca 

J.M M5 975 ggaagaagtcctgcccctcgatggccggccgctgccgcgca---tcaaggcgcacttcca 

J.sp.LM6 975 ggaagacgtcctgccgctcgatggccagccgctgccgccga---tcaaggcgcacttcca 

J.agaricidamnosu 975 ggaagaagtgctgccgctcgacggtcagccgctgccacaga---tcaaggcgcactttca 

Massilia 975 gaaagaagtgctgccgctgaacggtcagccgctgccgcag---atcaaggcgcattttta 

D.sp.zlp-xi 972 ggaagaagcattgccgctcaacggcaagccgctgccaccg---atccagtcgcatttcta 

D.spb2 975 gaaagaagtgctgccgctgaacggtcagccgctgccgcag---atcaaggcgcattttta 

Collimonas_MPS11 975 gcaacaggcgctgccgctcaacggcctgccgctgc--cagac-atcaagggacattttta 

C.vioAB032799.1 975 ggccagcgcgctgggcatcgttcgcgagcgcattccccagcccctc---gcccatgtgca 

C.viocv1192 975 ggccagcgcgctgggcatcgttcgcgagcgcattccccagcccctc---gcccatgtgca 

C.vioLC000628 975 ggccgcggcgctgggcatcggggcggccagcattccgcagccaagc---cagcatgtcca 

C.VacciniiXC0014 975 ggccagcgcgctgggcatcgcccgcgagcgcattccccagcctcgc---gtccacgtgca 

C.vio 975 ggccagcgcgctgggcatcgttcgcgagcgcattccccagcccctc---gcccatgtgca 

C.sp.257-1 975 ggccggcgcgctgggcatcgccgccgaacgcatcccgcagccccgc---tcgcatctgca 

P.luteoviolaceaS 966 ggcagatgctttaaagtgtcatgttagtcagctccctgaaccatct---acacacaccta 

P.sp.520P1 969 ggctgaagcaattcagtgccacatagatcaaattccagatccaatt---gaacagactca 

Myxococcus 975 ggagcaggtgctccccctcggtggcaagtcc---ctcccgtccatcaaggaccacttcca 

J.L ivDSM1522 1032 caagttctggccgcatggcgtcg-agttttgcgtggagccggaagccgaccacccggcca 

J.livNBRC12613 1032 caagttctggccgcatggcgtcg-agttttgcgtggagccggaagccgagcatccggccg 

J.livBP01 1032 caagttctggccgcatggcgtcg-agttttgcgtggagccggaagccgagcacccggccg 

J.M M5 1032 caagttctggscgcatggcgtccrarttttgcgtggagccggaagccgagcacccggccg 

J.sp.LM6 1032 caagttctggccgcatggcgtcg-agttttgcgtggaaccggaagccgagcacccggccg 

J.agaricidamnosu 1032 caagttctggccccatggcgtcg-agttttgcgtggagccggaagccgagcacccggccg 

Massilia 1032 caagcactggccgcatggcgtc-gagttcagcctggagccggaagccgagcatccagcaa 

D.sp.zlp-xi 1029 caagcactggccgcacggcgtcg-agttttacctggaacccgaagccaagcatcctgctg 

D.spb2 1032 caagcactggccgcatggcgtc-gagttcagcctggagccggaagccgagcatccagcaa 

Collimonas_MPS11 1032 caagcactggccgcaaggcgt-cgagttctgcctggagccggaagccgaacaccctgccg 

C.vioAB032799.1 1032 caagtattgggcgcatggcgt-ggagttctgccgcgacacgatatcg-accatccgtccg 

C.viocv1192 1032 caagtattgggcgcatggcgt-ggagttctgccgcgacacgatatcg-accatccgtccg 

C.vioLC000628 1032 caagtactgggcgcacggcgt-cgagttttgccaggacgcggcggcggaccgcccgccgg 

C.VacciniiXC0014 1032 caagtactgggcgcacggcgt-cgaattctgccgggacacggcatcg-accacccgtccg 

C.vio 1032 caagtattgggcgcatggcgt-ggagttctgccgcgacacgatatcg-accatccgtccg 

C.sp.257-1 1032 caagtactgggcgcacggggt-cgaattctgccgcgacacgacatag-gccatccctccg 

P.luteoviolaceaS 1023 caaacactgggtccatggtgt-tgaattttcacaagagtctagccccaatcatccaaaaa 

P.sp.520P1 1026 taaatattggatacatggtgt-tgaattttccaaagagtgtagtccaacccaccctctga 

Myxococcus 1032 caaacactggccccatggcgt-ggagttctcgctcgaatccacggccacgcagcccaccg 

     VIO A end VIO B start 

J.L ivDSM1522 1091 tcctgctgca-ccgggac---ggcatcatctcctgctcggagctcgccccccgcttcaac 

J.livNBRC12613 1091 tgctgctgca-ccgcgac---ggcatcatctcctgctcggagcttgccccccgcttcaac 

J.livBP01 1091 tcctgctgca-ccgggac---ggcatcatttcctgctcggagcttgccccccgcttcaac 

J.M M5 1092 tgctgctgca-ccgggac---ggcatcatctcctgttcggcgcttgctacccgcttcaat 

J.sp.LM6 1091 tcctgctgca-ccgggac---ggcatcatctcttgctcggagcttgccccccgcttcaac 

J.agaricidamnosu 1091 tcctgctgca-ccgggac---ggcatcatttcctgttcggagcttgccccccgtttcaat 

Massilia 1091 ccctgctcca-ccgcga---cggcatcatctcctgctcggagcttgctcccaggttcgat 

D.sp.zlp-xi 1088 ccctggtgcatccgag ---cggcatcatcgcctgttcggagctgccgccgcgcttcaat 

D.spb2 1091 ccctgctcca-ccgcga---cggcatcatctcctgctcggagcttgctcccaggttcgat 

Collimonas_MPS11 1091 cgctgctgca-cccgga---cggcatcatcgcctgctcggagctggccccgaggttcaat 

C.vioAB032799.1 1090 cgctcagcca-ccgcgacagcggcatcatcgcctgttcggagctggggccgcgtttcggc 

C.viocv1192 1090 cgctcagcca-ccgcgacagcggcatcatcgcctgttcggagctggggccgcgtttcggc 

C.vioLC000628 1091 ccttgctgaa-ccgcgacagcggcatcatcgcctgttccgaactgggtccgcatttcgac 

C.VacciniiXC0014 1090 cgctgagcca-ccgcgacagcggcatcatcgcctgctcggagctgcagccgcgtttcggc 

C.vio 1090 cgctcagcca-ccgcgacagcggcatcatcgcctgttcggagctggggccgcgtttcggc 

C.sp.257-1 1090 cgctgagcca-ccgcgacaacggcatcatcgcctgttccgagctgcagccgcgcttcggc 

P.luteoviolaceaS 1082 cattagagca-taaaaagtcacatattatctcaacctcggaaatgggctctaaatttaat 

P.sp.520P1 1085 gttttgtaca-caaaaaaagtaaaataatttccgcttctgattttgaacctaaattcaat 

Myxococcus 1091 ccttgcttca-tcg -- cacgggtgtcattgcctgctcggagctggcgccccgattcgac 
 

J.L ivDSM1522 1147 gcacagggcaagcccgatccggacggcatcttcagccaggcgacaggctataatttttgc 

J.livNBRC12613 1147 gcacagggcaagcccgatccggacggcatcttcagcctggcggcaggccacaattttggt 

J.livBP01 1147 gcaaagggcaagcccgatcctgacggcatcttcagcttggcggcaggctataatttttgc 
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J.M M5 1148 gccgaaggcaagcccgatccggacggcatcttcagccaggcggcaggctacaattttggc 

J.sp.LM6 1147 gcaaagggcaagcccgatccggacggcatcttcagcctggcggcaggccacaatttttgc 

J.agaricidamnosu 1147 gcggagggcaagcccgatccggacggcatcttcagccaggcggcaggctataatttttgt 

Massilia 1147 gcggcgggcaagccggatccggagggcatcttcagcgaggcggccggctacaatttttgc 

D.sp.zlp-xi 1144 gccgccggcaagcccgatccggaaggcatcttcagccaggctgcgggctacaactcctgc 

D.spb2 1147 gcggcgggcaagccggatccggagggcatcttcagcgaggcggccggctacaatttttgc 

Collimonas_MPS11 1147 gccgccggcaagcccgatccggaaggagtattcagccaggtggccggttacaatttttgc 

C.vioAB032799.1 1149 ctggacggccgggctgacccggaagggccgttcagcctggccgagggctacaacgcggcc 

C.viocv1192 1149 ctggacggccgggctgacccggaagggccgttcagcctggccgagggctacaacgcggcc 

C.vioLC000628 1150 agcgagggcaagcctgccgacgacggcgtcttcagcttggcgctgggccacaacgccaac 

C.VacciniiXC0014 1149 ctggacggccggcctgatccggaggggccgttcggcctggcggaaggctacaacgcggcc 

C.vio 1149 ctggacggccgggctgacccggaagggccgttcagcctggccgagggctacaacgcggcc 

C.sp.257-1 1149 ttggacggccggccagacccggcagggccgttcagcctggccgaaggctataacgccggc 

P.luteoviolaceaS 1141 gcacaagggcaaattgacgaagccggtgagtttaacctcgctgctggttataacatgcgt 

P.sp.520P1 1144 gcgcaaggccaagaagataaagcaggacaatttaatcatgttactggttataacatgata 

Myxococcus 1147 gcggaagggagaccggactccgagggagtcttcagcgaggccgctggccacaacttcggc 

J.L ivDSM1522 1207 gggaacaaccatttctcgtgggaaaacgcgcggatcacgggcgtccagttgcgtgatggc 

J.livNBRC12613 1207 gggaataatcatttctcgtgggaaaacgcgcggatcacgggcgtccagctgcgcgagggc 

J.livBP01 1207 ggaaacaatcatttctcgtgggaaaacgcgaggatcacgggcgtccagctgcgcgatggc 

J.M M5 1208 ggcaataatcatttctcgtgggagaacgcgcggatcacgggcgtccagcttggcgctggc 

J.sp.LM6 1207 gggaacaatcatttttcgtgggaaaacgcgaggatcacgggcgtccagctgcgcgatggc 

J.agaricidamnosu 1207 ggcaacaatcatttctcgtgggagaacgcgaggatcacgggcgtccagctgcgcgatggc 

Massilia 1207 ggcaacaatcacttttcgtgggaaaacgccaggatcaccggcgtccagctgcgcgatggc 

D.sp.zlp-xi 1204 ggcaataatcacttttcctgggagaacacccgcattaccggcgtccagcttggggcgggg 

D.spb2 1207 ggcaacaatcacttttcgtgggaaaacgccaggatcaccggcgtccagctgcgcgatggc 

Collimonas_MPS11 1207 ggcaacaaccatttttcctgggaaaacgccaggatcaccggggtccagctggacgacggc 

C.vioAB032799.1 1209 ggcaacaaccatttctcctgggagagcgccaccgtcagccacgtgcagtgggatggcggc 

C.viocv1192 1209 ggcaacaaccacttctcctgggagaacgccaccgtcagccacgtgcagtgggattgcggc 

C.vioLC000628 1210 ggcaacaaccatttctcctgggaaggcgcggtggtgaccgcggtggagccgagggccggc 

C.VacciniiXC0014 1209 ggcaacaaccatttctcctgggagaacgtcaccgtcagccacgtgcagctggacggcggc 

C.vio 1209 ggcaacaaccatttctcctgggagagcgccaccgtcagccacgtgcagtgggatggcggc 

C.sp.257-1 1209 ggcaacaaccatttttcctgggaaaacgcgaccgtcagccacgtgga---gctaggcggc 

P.luteoviolaceaS 1201 ggcaacaaccatttcagttgggaaaatacgcttgtcacttctgttcagttacgcccaggt 

P.sp.520P1 1204 ggtaataaccatttttcttgggagaatacttttgtcacatcggttcaattaaaacatggc 

Myxococcus 1207 ggcaacaaccacttctcctgggagaacgtccgagtcacgggcgtgcaacgggccgaagga 

J.L ivDSM1522 1267 gaggtcgatacccaggacgcgctggtgggcgccaagctgggcctgtggggccactacaac 

J.livNBRC12613 1267 gaggtcgatacgcaagacgcgctggtgggcgccaagctgggactgtggggccactacaac 

J.livBP01 1267 gaggtcgatacgcaggacgcgctggtgggcgccaagctgggcctgtggggccactacaac 

J.M M5 1268 gaggtcgacacgcaggatgcactggtgggcgccaggctgggcctgtggggccactacaac 

J.sp.LM6 1267 gaggtcgatacgcaagacccgctggtgggcgccaagctgggcctgtggggccactacaat 

J.agaricidamnosu 1267 gaggtcgatacgcaagacgcgctggtgggcgccaggctggcgctgtggggccactacaac 

Massilia 1267 gaggtcgataccgaggacgcgctggtcggcgccaagctggccctgtggggacattacaac 

D.sp.zlp-xi 1264 ggcgtggataccggggatgccctggtcggtgccaagctggccttgtggggccactacaat 

D.spb2 1267 gaggtcgataccgaggacgcgctggtcggcgccaagctggccctgtggggacattacaac 

Collimonas_MPS11 1267 gaggtcgacacggaagacaacctggtgggagccaagctgggcttgtggggacactacaac 

C.vioAB032799.1 1269 gaagcggaccgcggcgacggcctggtcggcgccaggctggcgctgtgggggcattacaac 

C.viocv1192 1269 gaagcggaccgcggcgacggcctggtcggcgccaagctggcgctgtgggggcattacaac 

C.vioLC000628 1270 gcggccgaggccgacgacagcctgatcggtgcgaagctggccttgtggggacattacaac 

C.VacciniiXC0014 1269 gagccggaccatggcgacggcctggtcggagccaggctggcgctgtgggggcattacaac 

C.vio 1269 gaagcggaccgcggcgacggcctggtcggcgccaggctggcgctgtgggggcattacaac 

C.sp.257-1 1266 gggccggaccgcggcgacggactggtcggcgccaagctggctttatggggccactacaac 

P.luteoviolaceaS 1261 gagtacatttttgatgataagctcgtcgggaataaactgtctttgtggggacattataac 

P.sp.520P1 1264 agttaccaaacagatgatccgctggtaggtagtaaattggcattatggggtcattataat 

Myxococcus 1267 gccgtcgacacggaggacagcctggtcggggcctcgttggcgctctggggtcactacaat 
 

J.L ivDSM1522 1327 gagtacctgcgcacgacgttcaaccgcgcaaggtggatcgacaacaacccggcgcagccc 

J.livNBRC12613 1327 gagtacctgcgcacgacgttcaaccgcgccaggtggatcgacaacaatccggcgcaaccg 

J.livBP01 1327 gagtacctgcgcacgacgttcaaccgcgccaggtggatcgacaacaaccccgcccagccc 

J.M M5 1328 gaatacctgcgcaccacgttcaaccgcgccaggtggatcgacaacaaccccgccgcgccc 

J.sp.LM6 1327 gagtacctgcgcacgaccttcaaccgcgccaggtggatcgacaacaacccggcccagccg 

J.agaricidamnosu 1327 gagtatctgcgtacgacgttcaaccgcgccaggtggatcgacaacaacccggcgcagccg 

Massilia 1327 gactatctgcgcaccacggtcaaccgcgccagatgggtcgacaacaaccccgccgagccg 

D.sp.zlp-xi 1324 gactatctgcgcaccacgttcaaccgtgcccgctgggtggacaataatccggcccagccc 

D.spb2 1327 gactatctgcgcaccacggtcaaccgcgccagatgggtcgacaacaaccccgccgagccg 

Collimonas_MPS11 1327 gactatctgcgcaccaccttcaaccgcgccaggtgggtcgacaacaatcccgccgagccc 

C.vioAB032799.1 1329 gattacctgcgcaccaccttcaaccgcgcgcgctgggtggacagcgaccccacccgccgc 

C.viocv1192 1329 gactacctgcgcaccaccttcaaccgcgcgcgctgggtggacagcgaccccacccgccga 

C.vioLC000628 1330 gaatacctgcgcacctcgttcaaccgcgcgcgctgggtggacaatgatcccacccggccg 

C.VacciniiXC0014 1329 gactacctgcgcaccactttcaaccgcgcgcgctgggtggacaacgatcccacccgccgc 

C.vio 1329 gattacctgcgcaccaccttcaaccgcgcgcgctgggtggacagcgaccccacccgccgc 

C.sp.257-1 1326 gactacctgcgcaccaccttcaaccgcgcgcgctgggtggacagcgacccgacgcggcga 

P.luteoviolaceaS 1321 gaatatctaagaacctcatttaatcgcgcacgctgggttgataatgatcctacaaggcga 

P.sp.520P1 1324 gagtatttaaggacatcttttaatcgtgctcggtgggttgataacgatccaactcgacga 

Myxococcus 1327 gactacctccgcacgaccttcaatcgcgccagatgggtggacaacaacccgagcaggccc 
 

J.L ivDSM1522 1387 gacaccacgctgatctacgcgggccagttcaccttgagcgacaagctggccacg--ccca 

J.livNBRC12613 1387 gacaccacgctgatctacgccggccagttcaccctgagcgacaagctggccacg--ccca 

J.livBP01 1387 gacaccacgctgatctacgccggccagttcaccttgagcgacaagctggccaca--ccca 

J.M M5 1388 gacaccacgctgatctacgccggccagttcaccttgagcgacaagctggccacg--ccca 

J.sp.LM6 1387 gacaccacgctgatctacgccggccagttcaccttgagcgacaagctggcctcg--ccca 

J.agaricidamnosu 1387 gacaccacgctgatctacgccggccagttcaccttgagcgacaaactggccacg--ccaa 

Massilia 1387 gacaccaccctcatttacgcgggccagttcacgctcagcggcaagcaagccacg--ccca 

D.sp.zlp-xi 1384 gataccacgctgatttacgccggacagttcacgctgagcggcgagc--gcgccgggccca 

D.spb2 1387 gacaccaccctcatttacgcgggccagttcacgctcagcggcaagcaagccacg--ccca 

Collimonas_MPS11 1387 gacaccacattgatctatgccggccagttcaccctgagcggcaagcaagccacgg--cca 

C.vioAB032799.1 1389 gacgcggcgcagatctacgccgggcagttcacgatcagc--ccggccggcgccggaccgg 

C.viocv1192 1389 gacgcggcgcagatctacgccgggcagttcacgatcagc--ccggccggcgccggaccgg 

C.vioLC000628 1390 gatgcggtgcagatctacgccgggcagttcgtcatttcc--ccgcccggcgccgccgccc 

C.VacciniiXC0014 1389 gacgcggtgcagatctacgccggccagttcaccatcagc--ccggccggcgccgggccgg 

C.vio 1389 gacgcggcgcagatctacgccgggcagttcacgatcagc--ccggccggcgccggaccgg 

C.sp.257-1 1386 gatgccgcgcagatctacgccggccagttcaccatcagc--ccggccggcgccggtccgg 

P.luteoviolaceaS 1381 gattcagccttaatttatgcaggtcagctcactattaca--gatcctaattcgtcagcta 

P.sp.520P1 1384 gattcggcattaatatatgctgggcaattaactattagt--gatggagatgcgagtgcga 

Myxococcus 1387 gacaccaccttgatctatgcagggcagctgaccctgagc--gacaagcacgccacgcctc 
 

J.L ivDSM1522 1445 atacgcccacgctgttcacggccgacat --- cgcgcaggcgcactcggtgcgctggctc 

J.livNBRC12613 1445 acacgcccaccttgttcacggccgacat --- cgcgcaggcgcactcggtgcgctggctc 

J.livBP01 1445 acacgcccacgctgttcacagccgacat --- cgcgcaggcgcactcggtgcgctggctc 

J.M M5 1446 acacgcccaccttgttcacggccgacat --- cgcgcaggcgcactcggtgcgctggctc 

J.sp.LM6 1445 acacgcccacgctgtttaccgccgacat --- cgcgcaggcgcactcggtgcgctggctc 

J.agaricidamnosu 1445 acacgcccaccttgttcaccgccgacat --- cgcgcaggcgcattcggtgcgctggctc 
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Massilia 1445 acacaccgagcctgttcagcgccgatat --- cgggcaggcgcattcggtacgctgggtc 

D.sp.zlp-xi 1442 acacgccgagcctgttcagtgccgagat --- cggacaggcgcattcggtgcgatggctg 

D.spb2 1445 acacaccgagcctgttcagcgccgatat --- cgggcaggcgcattcggtacgctgggtc 

Collimonas_MPS11 1445 atacgccgacgctgttcacggccgacat --- cccgcaagcgcactcggtgcgctgggtc 

C.vioAB032799.1 1447 gcacgccctggctgttcaccgccgacat --- cgacgacagccacggcgcgcgctggacg 

C.viocv1192 1447 gcacgccctggctgttcaccgccgacat --- cgacgacagccacggcgcgcgctggacg 

C.vioLC000628 1448 acgcgcccagcctgttcaccgccgacat --- cgaccaggcccacggcgcgcgctgggtg 

C.VacciniiXC0014 1447 gcacgccctggctgttcaccgccgacat --- cgacgacagccacggcgcgcgctggacg 

C.vio 1447 gcacgccctggctgttcaccgccgacat --- cgacgacagccacggcgcgcgctggacg 

C.sp.257-1 1444 gcacgccttggctgttcaccgccgacat --- cgaagatggccacggcgcacgctggaca 

P.luteoviolaceaS 1439 atactgcccatatactttcagcagatat --- agactgcacgcatggtgttcgctggcta 

P.sp.520P1 1442 ataccgctcatatattatcttcagatat --- agattgcactcacggtgtgcgctggcta 

Myxococcus 1445 acacgccgtccttgctcacggcgagtattccgcgtgcgcagcc --- tgtccgctgggtc 

J.L ivDSM1522 1501 ggcagcggccacatcacggaacgcagcgggcatttcctggacgaggaattcggccgctcc 

J.livNBRC12613 1501 ggcagcggccacatcacggaacgcagcgggcatttcctggacgaggaatttggccgctcg 

J.livBP01 1501 ggcagcggccatatcaaggaacgcagcgggcatttcctggacgaggaattcggccgctcc 

J.M M5 1502 ggcagcggccatatcatggaacgcagcgggcatttcctggacgaggaattcggccgcgcc 

J.sp.LM6 1501 ggcagcggccatatcacggaacgcagcggacatttcctggacgaggaatttggccgctcc 

J.agaricidamnosu 1501 ggcagcggccatatcacggaacgcagcgggcatttcctggatgatgaattcggccgctcc 

Massilia 1501 ggcagcggccatatcagcgagcgcagcgggcattttctcgacgatgaattcggccgttcc 

D.sp.zlp-xi 1498 ggcaacggccatatcaccgagcgcagcggccattttctggacgaggaattcggccgctcg 

D.spb2 1501 ggcagcggccatatcagcgagcgcagcgggcattttctcgacgatgaattcggccgttcc 

Collimonas_MPS11 1501 ggcagcggccacatcacggagcgcagcggccatttccttgacgaggaattcggccgctcg 

C.vioAB032799.1 1503 cgcggcggccacatcgccgagcgcggcggccatttcctggacgaggagttcggcctggcg 

C.viocv1192 1503 cgcggcggccacatcgccgagcgcggcggccatttcctggacgaggagttcggcctggcg 

C.vioLC000628 1504 ggcggcgggcatgtctgcgagcgttcaggccactttctggacgacgatttcggccgggtg 

C.VacciniiXC0014 1503 cgcggcggccatgtggccgagcgcggcggccatttcctggatgaggagttcggcacggcg 

C.vio 1503 cgcggcggccacatcgccgagcgcggcggccatttcctggacgaggagttcggcctggcg 

C.sp.257-1 1500 cgcggcggccatgtggcggagaaaagcgggcactttttggatgatgaattcggcctggtc 

P.luteoviolaceaS 1495 aatagcggttatatcgaagaaccaataaaccattttctctatgaagaaatgagcgaagct 

P.sp.520P1 1498 aacccagggtacattgttaataagccaaaacatttcatgcaagatgaaatggctgaagca 

Myxococcus 1501 aggacagggcacatcgtcgagcgcggcgaccatttcctcgccgaggagttcggccgcgca 
 

J.L ivDSM1522 1561 aggctgttccagttttccgtggccaagcaggacccgcatttcctgttcaatcc--ggacc 

J.livNBRC12613 1561 cggctgttccagttttccgtgcccaagcaggacccgcatttcctgttcaatgc--ggacc 

J.livBP01 1561 aggctgttccagttttccgtggcgaagcaggacccgcattttctgttcaatgc--ggacc 

J.M M5 1562 aggctgttccagttttcggtggccaagcaggacccgcatttcctgttcaatgc--ggacc 

J.sp.LM6 1561 aggctgttccagttctccgtgtccaagcaagacccgcatttcctgttcaatgc--ggagc 

J.agaricidamnosu 1561 aggctgttccagttttccgtggcaaagggggacccgcatttcctgttcaatgc--ggacc 

Massilia 1561 aggctgttccagttttccgtggcgaagctcgatccgcatttcctcttcaat--ccggaca 

D.sp.zlp-xi 1558 cggctgttccagttttcgctcgccaagcaggccccgcactttctgttcaacccc--gagg 

D.spb2 1561 aggctgttccagttttccgtggcgaagctcgatccgcatttcctcttcaat--ccggaca 

Collimonas_MPS11 1561 cggctgttccagttttccgtgtccaagcacgatccgcatttcctgttcaacgcc--gaca 

C.vioAB032799.1 1563 cggctgttccagttctcggtgcccaaagaccatccgcacttcctgttccac-ccggggcc 

C.viocv1192 1563 cggctgttccagttctcggtgcccaaagaccatccgcacttcctgttccac-ccggggcc 

C.vioLC000628 1564 cgggtgttccagttttccttgcccaagagcgatccgtatttcctgttcaat-ctgggcga 

C.VacciniiXC0014 1563 cggctgttccagttttccgtgcccaagagccatccgcatttcctgttccat-cccaggca 

C.vio 1563 cggctgttccagttctcggtgcccaaagaccatccgcacttcctgttccac-ccggggcc 

C.sp.257-1 1560 cgtctgtttcagttttccgtgcccaagagccatccgcacttcctgttccat-ccgaggca 

P.luteoviolaceaS 1555 cgactgtttcaattcacagtgagcaaagacagtaaagactttatactcaac-caacttgg 

P.sp.520P1 1558 aggttatttcaattttcagtgagtaaagacaatgaaaactttatatttaat-cagcttaa 

Myxococcus 1561 cggctgttccaattctccgtgtcgaagcaggacgcggagttcccactcgagtcccaagcc 
 

J.L ivDSM1522 1619 tgccgctgccggccagtatg -- catgccttgcagcaagccctggccgacgacgaggtgc 

J.livNBRC12613 1619 tgccgctgccggccagcatg -- catgccttgcagcaagccctggccgacgacgacgtgc 

J.livBP01 1619 tgccgctgccggccagcatg -- catgccttgcagcaagccctggacgacgacgaggtgc 

J.M M5 1620 tgccgctgccggccagcatg -- caggccttgcggcacgccctggccgacgacgacgtgc 

J.sp.LM6 1619 tgccgttgccggccagtatg -- cataccttacagcaagccctggccgacgacgaggtgc 

J.agaricidamnosu 1619 tgccgctgccggccagcatg -- catgccttgcagcaagccctggccgacgacgaggtgc 

Massilia 1619 caccgctgccggccagcat -- gcgcgccttgcaagaggcgcttgccgacgaggatgtgc 

D.sp.zlp-xi 1616 tgccgctgccggccagcctgtg -- cgccttgcagcaagccttggccgaagaggatgtgc 

D.spb2 1619 caccgctgccggccagcat -- gcgcgccttgcaagaggcgcttgccgacgaggatgtgc 

Collimonas_MPS11 1619 cgccgctgcccgccagcat -- gcgcgccctgcagcaagcgctggcggccgaggatgtgc 

C.vioAB032799.1 1622 attcgattccg--aagcctggcgcaggc--tgcagctggcgctggaggacgacgacgtgc 

C.viocv1192 1622 gttcgattccg--aagcctggcgcaggc--tgcagctggcgctggaggacgacgacgtgc 

C.vioLC000628 1623 tgacggctcgg--cgacgctgcaggcgc--tgcagcgggcgctggaagacgacgacgcgc 

C.VacciniiXC0014 1622 gttcgattccg--aggcctggcgcaggc--tgcaactggcgctggaggacgacgacgtgc 

C.vio 1622 attcgattccg--aagcctggcgcaggc--tgcagctggcgctggaggacgacgacgtgc 

C.sp.257-1 1619 gcttgattccg--ccgcctggcgcgcct--tgcagcaggcgttggaggatgaggacgtgt 

P.luteoviolaceaS 1614 tttagattctg--agtttttaactgaat--taagaaataaacttcaaaacccagctgtaa 

P.sp.520P1 1617 tattgattcag--cattcttagagcagt--taaagattacacttgaagatcctgaggtac 

Myxococcus 1621 gccccttcccc--tggcctg-cgggccc--tgcggcaggcgctgcacgacgaggagatac 
 

J.L ivDSM1522 1676 tgggcctgacggtgcaatactgcctgttcaatatgtcgacgccgcaaaaacccgattcgc 

J.livNBRC12613 1676 tgggcctgacggtgcagtactgcctgttcaatatgtcgacgccgctaaaacccgactcgc 

J.livBP01 1676 tgggcctgacggtgcagtattccctgttcaatatgtcgacgccgcaaaaacccgactcgc 

J.M M5 1677 tgggcctgacggtgcagtatgccttgttcaatatgtcgacgccgctcaaaccggactcgc 

J.sp.LM6 1676 tgggcctgacggtgcagtattgcctgttcaatatgtcgacgccgccaaaaccggactcgc 

J.agaricidamnosu 1676 tgggactgacggtgcagtattgcctgttcaatatgtccacgccgcaaaaacccgactcgc 

Massilia 1676 tggggctgacggtccagtatgcgctgttcaatatgtcgacgccgcagaaacccgattcgc 

D.sp.zlp-xi 1673 tgggattgacggtccagtacgccctgttcaatatgtcgacgccgctgaagcccgatgcgc 

D.spb2 1676 tggggctgacggtccagtatgcgctgttcaatatgtcgacgccgcagaaacccgattcgc 

Collimonas_MPS11 1676 tggggctgacggtgcagtacgccctgttcaacatgtcgacgccgcaaaagccggattcgc 

C.vioAB032799.1 1678 tcggcctgacggtgcagtacgcgctgttcaatatgtcgacgccgccgcaacccaactcgc 

C.viocv1192 1678 tcggcctgacggtgcagtacgcgctgttcaatatgtcgacgccgccgcaacccaactcgc 

C.vioLC000628 1679 tgggactgactgtccagtacaccttgttcaacatgtccacgccgcggcagccggacacgc 

C.VacciniiXC0014 1678 tcggcctgacggtgcaatacgcgctgttcaatatgtcgacgccgccgcaacccaattcgc 

C.vio 1678 tcggcctgacggtgcagtacgcgctgttcaatatgtcgacgccgccgcaacccaactcgc 

C.sp.257-1 1675 tgggtctgtcggtgcagtatgcgctgttcaatatgtccaccccgccgcagcccaattcgc 

P.luteoviolaceaS 1670 aaggcctgcttattcagtactgtgtaagcaacttgtctccacccaaagcgcctaatatgc 

P.sp.520P1 1673 taggcttaacagttcagtactgtatttctaatttatctccccccagccaaccagataccc 

Myxococcus 1676 agggactgacggtccagtacgccttgttcaacatgtcgacaccccgaggcgcggactcac 

J.L ivDSM1522 1736 ccgtgttctacgacctggccggcagcatcggcctgtggcggcgcggcgagctggccacct 

J.livNBRC12613 1736 ccgtgttctacgacctggccggcagcatcggcctgtggcgacgcgacgagctggccacct 

J.livBP01 1736 ccgtgttctacgacctggccggcagcattggcctgtggcggcgcgacgagctgaccacct 

J.M M5 1737 ccgtgttctacgacctggccggcagcatcggcctgtggcggcgcggcgagctggccacct 

J.sp.LM6 1736 ccgtgttctacgacctggccggcagcatcggcctgtggcggcgcgacgagctggccacct 

J.agaricidamnosu 1736 ccgtgttctacgacctggccggcagcatcggcctgtggcggcgcgacgagctggccacct 

Massilia 1736 cggtgttctacgacctggccggcggcatcggcctgtggcgccgcgacgagctggccacct 

D.sp.zlp-xi 1733 cggtgttctatgacctggcgggctgcatcgggctgtggcgccgggatgagctggcaacct 

D.spb2 1736 cggtgttctacgacctggccggcggcatcggcctgtggcgccgcgacgagctggccacct 



Page 7 

 

Collimonas_MPS11 1736 cggtgttctacgacctggccggcagcatcggcctgtggcgccggcatgaactggccacct 

C.vioAB032799.1 1738 cggtgttccacgacatggtcggcgtggtcggcctgtggcggcgcggcgaactggccagct 

C.viocv1192 1738 cggtgttccacgacatggtcggcgtggtcggcctgtggcggcgcggtgaactggccagct 

C.vioLC000628 1739 cggtgttctacgacatggtcggcacggtgggcgtatggcggcgcgacgagctggccagct 

C.VacciniiXC0014 1738 cggtattccacgacatggtcggcgtggtcggcctgtggcggcgcggcgagctggccagct 

C.vio 1738 cggtgttccacgacatggtcggcgtggtcggcctgtggcggcgcggcgaactggccagct 

C.sp.257-1 1735 cggtgttccacgacatggtcggcgtggtcggcttgtggcggcgcggcgagctggccagct 

P.luteoviolaceaS 1730 ctgtcttttgtgacttgcacggcactataggtttatggcacgaagacgatatggacactt 

P.sp.520P1 1733 ctgtattttgtgatttacaaggcactatcagtgtgtggcgtaaacaagatatggcaacca 

Myxococcus 1736 ctgtcttctatgacctgatgggcaccctgggcctgtggtgtcggcacgaactggagaccc 

J.L ivDSM1522 1796 atccggccggccgcctgctgcagccgcgccagggcagcc --- tggggccggtgctggtg 

J.livNBRC12613 1796 atccggctggccgcctgctgcagccgcgccaggccagcc --- tggggccggtgctggcg 

J.livBP01 1796 atccggccggccgcctgctgcagccgcgccagggcagcc --- tgggaccggtgctggtg 

J.M M5 1797 atccggccggccgcctgctgcagccgcgccagcagagcc --- tggggccggtgctggtg 

J.sp.LM6 1796 atccggccggccgcctgctgcagccgcgccaggccagcc --- tgggaccggtgctggtg 

J.agaricidamnosu 1796 atccggccggccgcctgctgcagccgcgccagggcagcc --- tggggccggtgctggta 

Massilia 1796 atccggccggccgtttgctgctgccgcgccagagcagcc --- tggggccggtactggtg 

D.sp.zlp-xi 1793 atccagccgggcgcttgctgctgccgcgccagggcagcc --- tggggccggtgctggtg 

D.spb2 1796 atccggccggccgtttgctgctgccgcgccagagcagcc --- tggggccggtactggtg 

Collimonas_MPS11 1796 atccggccggccgcctgctgctgccgcgccaggccagcc --- tgggaccggtgctggtg 

C.vioAB032799.1 1798 acccggccggccggctgctgcgtccgcgccagcccgggc --- tgggcgatctgacgctg 

C.viocv1192 1798 acccggccggccggctgctgcgtccgcgccagcccgggc --- tgggcgatctgacgctg 

C.vioLC000628 1799 atccggccggccggctgctgcagcc-cgcaggcgcgggcc -- tggggccgctgacgctg 

C.VacciniiXC0014 1798 atccggccggccggttgctgaggccgcgccaacccgggc --- tgggcgatctgacgctg 

C.vio 1798 acccggccggccggctgctgcgtccgcgccagcccgggc --- tgggcgatctgacgctg 

C.sp.257-1 1795 atccggcgggcagactgttgcggccctgccaggccggcc --- tcggcgacctgacgctg 

P.luteoviolaceaS 1790 gccctactggcagaatcttaagaccagataacggcgaacaatatgcaccaatcgcct-ta 

P.sp.520P1 1793 gccctactggcaggatcctacaaccagatgatacctctcaattttcaccaatagcgg-ta 

Myxococcus 1796 atccagcagggcgcctgctgctgccccgccagtccggcc --- tggggcctgtcgtggtg 
 

J.L ivDSM1522 1852 aaagtgcatgcggaccgcgtctcgttcaacatgccgaccgccatccccttcaccacgcgc 

J.livNBRC12613 1852 caagtgcatgcggatcgcgtcgcgttcaacatgccgacggccatccccttcaccacgcgc 

J.livBP01 1852 aaattgcatgcggaccgcgtctcgttcaacatgccgaccgccattcccttcaccacgcgc 

J.M M5 1853 caagtgcacgcggaccgggtcgcgttcaacatgccgaccgccgttgccttcaccacgcgc 

J.sp.LM6 1852 caagtgcatgcggaccgcgtcgcgttcaacatgccgaccgccatccccttcaccacgcgc 

J.agaricidamnosu 1852 aaagtacatgcggaccgcgtctcgttcaacatgccgaccgccattccgttcaccacgcgc 

Massilia 1852 aaggtgcatgcggaccgggtgtcggtgaatatgccgacggccatcccgttcaccacgcgc 

D.sp.zlp-xi 1849 aaagtgcatgcggaccgggtttcgctgaatatgccgaccgccattccgttcaccacccgc 

D.spb2 1852 aaggtgcatgcggaccgggtgtcggtgaatatgccgacggccatcccgttcaccacgcgc 

Collimonas_MPS11 1852 aaggtccatgcggaccgcgtctcgctcaacatgccgacagcgattcccttcacgacccgc 

C.vioAB032799.1 1854 cgcgtaaacggcggccgcgtggcgctgaatctggcctgcgccattccgttctccacccgg 

C.viocv1192 1854 cgcgtaagcggcggccgcgtggcgctgaatctggcctgcgccattccgttctccacccgg 

C.vioLC000628 1855 cagatccgcgatgaccgggtgtcgctgaatttgtgcgcggcgctgccgttcactacacgc 

C.VacciniiXC0014 1854 cgcgtgggcggcggccgcgcggcgctgaatctggcctgcgcgatcccgttttccacccgc 

C.vio 1854 cgcgtaagcggcggccgcgtggcgctgaatctggcctgcgccattccgttctccacccgg 

C.sp.257-1 1851 agcgcgcgcgatggccgggcatcgttcaatctcgcctgcgcgattcctttctccacgcgg 

P.luteoviolaceaS 1849 tcaataagaggtaactggttaagtctaaataccgctattagtttacc--ccaccagcgat 

P.sp.520P1 1852 aaaataaaagataattgggtcagttttaatatgcccattagcattcc--atatcaaagtt 

Myxococcus 1852 aaagtgcagtcggaccgggtgtccctcaacatgccgaccgccgtgcctttcacgacccga 

J.L ivDSM1522 1912 gacgcgggcgccgtctcggaacagcat -- cccacgcatgccttgggcggcaagcaggcg 

J.livNBRC12613 1912 gacgcgggcgccgtctcggaacagcat -- cccacgcatgcgctgggcggcaagcaggcg 

J.livBP01 1912 gacacgggcgccgtctcggaacagcat -- cctacgcatgccctgggcggcaagcaggcg 

J.M M5 1913 ggcgagggcgccgtttcggaacagcat -- cccacgcatgcactgggcggcaagcaggcg 

J.sp.LM6 1912 gacgcggacgccgtctcggaacagcat -- ccaacgcatgccctgggcggcaagcaggcg 

J.agaricidamnosu 1912 ggcacgggcgccgtctcggaacagcat -- ccgacgcatgccttgggcggcaagcaggcg 

Massilia 1912 gaggccggcgccgtgtccgaacagca -- tcctacccatgcgctgggcggcaagcttgcg 

D.sp.zlp-xi 1909 gcggccggcgccgtttccgagcagcat -- ccgacgcatgcgctgggcgaccagcaggcg 

D.spb2 1912 gaggccggcgccgtgtccgaacagca -- tcctacccatgcgctgggcggcaagcttgcg 

Collimonas_MPS11 1912 cacgccggcgccgtttccgagtcgcat -- ccgacgcatgccctgggcggcaagctggcg 

C.vioAB032799.1 1914 gcggcgcagcc-gtccgcg--ccggacaggctgacgcccgatctcggggccaagctgccg 

C.viocv1192 1914 gcggcgcagcc-gtccgcg--ccggacaggctgacgcccgatctcggggccaagctgccg 

C.vioLC000628 1915 gcgccgcgcat-cgacgag--ccgggccggctgacgcacgcgctcggccccaagctggcg 

C.VacciniiXC0014 1914 gcggcgctgcc-gtccgcg--ccggacaggcccacgccggctctcggcgccaagctgccg 

C.vio 1914 gcggcgcagcc-gtccgcg--ccggacaggctgacgcccgatctcggggccaagctgccg 

C.sp.257-1 1911 gcggcgtggcc-gtccgtg--ccggacaggccgacgcccgatctgggcggcaagctgccg 

P.luteoviolaceaS 1907 atgaagaagcc-ataccagttgacaatggcatgccgccaaaact--cagtgaaaaagtag 

P.sp.520P1 1910 atgctgaggtg-ttgccagttcaaagcggtctgccgccaaaact--aacccacaaagccg 

Myxococcus 1912 agcgcccatcccgtctcggctcagcac -- cccacccatcacctcggcggaaagcagcc- 

J.L ivDSM1522 1969 --ctgggcgacctgctgctgcatgacggcgccggcaccgttctggcgcggattcccgagc 

J.livNBRC12613 1969 --ctcggcgacctgctgctgcatgatgacacaggcaccttgctggccaggattccggaat 

J.livBP01 1969 --ctcggcgatctgctgctgcatgacggcgccggcaccttgctggcccggattcccgagc 

J.M M5 1970 --ctcggcgacctgctgctgcacgacggcaccggcaccttgctggcgcgcatacccgagc 

J.sp.LM6 1969 --ctcggcgacctgctgctgcatgacggcgccggcaccttgctggcccgcattccggaac 

J.agaricidamnosu 1969 --ctgggcgagctgttgctgcatgacggcgccggcaccttgctggcccggattcccgagc 

Massilia 1969 --ctgggcgatctcatgctgcacggtgccaccggcaagctgatcgcccgcatcccgcaac 

D.sp.zlp-xi 1966 t--tgggcgacctgcggctggaggatggcgcgggcagggtgcttgcccatatcccgga-- 

D.spb2 1969 --ctgggcgatctcatgctgcacggtgccaccggcaagctgatcgcccgcatcccgcaac 

Collimonas_MPS11 1969 --ctgggcgacctcatgctgcatggcgcctctggcaccctgctagccaggattcccgaac 

C.vioAB032799.1 1971 --ttgggcgacctgctgctgcgcgacgaggacggcgcgttgctggcgcgggtgccgcagg 

C.viocv1192 1971 --ttgggcgacctgctgctgcgcgacgaggacggcgcgttgctggcgcgggtgccgcagg 

C.vioLC000628 1972 --ctgggcgacctgctgctgaaggatcgcggcggcgccctggtcgcgcggattccgcagc 

C.VacciniiXC0014 1971 --ctgggcgacctgctgctgcgcgacgaggacggcgcgctgttggcgcgggtgccgcagg 

C.vio 1971 --ttgggcgacctgctgctgcgcgacgaggacggcgcgttgctggcgcgggtgccgcagg 

C.sp.257-1 1968 --ctgggcgatttgctgctgcgcgacgaggacggcgcgttgctggcgcggctgccgcagg 

P.luteoviolaceaS 1964 atcttggcaacctatatttaaagtcaagtaatggtcaagtgatcgccatcataccaaaag 

P.sp.520P1 1967 ctcttggtgatttaatattaaaatcagattcaggaaaaacgctcgctgttttacctgaat 

Myxococcus 1968 -cctgggagacctcgtgctccgcgacctgtccggcgcacggattgccaacatccccgag- 

J.L ivDSM1522 2027 a--gctgtaccgcgactactggcgccatcacggcgtcttcgacgtgccgctgcagcacgc 

J.livNBRC12613 2027 c--gctgtaccgcgaccactggcgccatcacgggatcttcgacgtgccgctgctgcacgc 

J.livBP01 2027 a--gctgtaccgcgactactggcgccatcacggcgtcttcgatgtgccgctgcagcacgc 

J.M M5 2028 a--gctgtaccgcgaccactggcgccatcacggcgttttcgacgtgccgcggcagcacga 

J.sp.LM6 2027 c--gctgtaccgcgaccactggcgccatcacggcgtcttcgacgtgccgctgcaacatgc 

J.agaricidamnosu 2027 a--gctgtaccgcgactattggcgccatcacggcgtcttcgatgtgccgctgcaacatgc 

Massilia 2027 a--gctgtacctcgactactggcgccatcatggtgtcttcgatgtgccgctgctccaccc 

D.sp.zlp-xi 2022 agcgctgtatctcgattattggcgccatcatggagtgcttgacgtgccgctgcaggatgc 

D.spb2 2027 a--gctgtacctcgactactggcgccatcatggtgtcttcgatgtgccgctgctccaccc 

Collimonas_MPS11 2027 --agctctacctggatcattggcgccaccatggcgtattcgacctgccgctgcggtccgc 

C.vioAB032799.1 2029 c--gctttaccaggattactggacgaaccacggcatcgtcgacctgccgctgctgcgcga 

C.viocv1192 2029 c--gctgtaccaggattactggacgaaccacggcatcgtcgacctgccgctgctgcgcga 
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C.vioLC000628 2030 a--ggcctgcctggattattggcgtaatcacggcatcgtcgacgtgccgctgctcaatcc 

C.VacciniiXC0014 2029 c--gctgtaccaggattactggacgaaccacggcatcgtcgacctgccgctgctgcgcga 

C.vio 2029 c--gctttaccaggattactggacgaaccacggcatcgtcgacctgccgctgctgcgcga 

C.sp.257-1 2026 c--gctgtaccaggattattgggccaatcacggcatcgtcgacgtgccgctgctgcgcga 

P.luteoviolaceaS 2024 acagctatctaaataatgcaacaaa--ttctgggataattgacatcccgcttccagagtt 

P.sp.520P1 2027 cc--gtataccaacaagccaataacagtactggtgtatttgatgtgcctttactcgttat 

Myxococcus 2026 -aggctttacctcgaccattggcgccatcacggcatcctcgacgtgcccctgctgagccc 

J.L ivDSM1522 2085 ggcgccaggctcgctcagcctgggcagcgcgcaggcgcatcgtgtatcccttcatgtcgg 

J.livNBRC12613 2085 ctcg---ggttcgctcagactgggcagcgcgcaggcgcatcgtgtatcccttcatgtcgg 

J.livBP01 2085 ggccccgggatcgctcagcctggacagcgcgcaggcacatcgtgtatcccttcatgtcgg 

J.M M5 2086 cgctaccggttcgctgagcctgggcagcgcgcaagcgcatcgtgtatcccttcatgtcgg 

J.sp.LM6 2085 cgccgcaggttcgctcagcctgggcagcgcgcaggcacatcgtgtaccccttcatgtcgg 

J.agaricidamnosu 2085 ctcg---ggttcgctcagcctgggcagcgcgcaggcgcatcgtgtaccccttcatgtcgg 

Massilia 2085 ggcctcgggttcgctcagcatgtccagcgcgcaggcgcatggtctatcccttcatgtcgg 

D.sp.zlp-xi 2082 ggccgccggtacgctgcgtctgtgcagtgcgctgggacatcgtttatcccttcatggcgg 

D.spb2 2085 ggcctcgggttcgctcagcatgtccagcgcgcaggcgcatggtctatcccttcatgtcgg 

Collimonas_MPS11 2085 agctacagcggcgctcagcctgagcagtgcgcaagcgcatgctgtatccattcatgtcgg 

C.vioAB032799.1 2087 gcccaggggctcgctgacgctgtccagcgagctggccgatggtctacccgttcatgtccg 

C.viocv1192 2087 gcccagtggctcgctgacgctgtccagcgagttggccgatggtctacccgttcatgtccg 

C.vioLC000628 2088 gccgcagggctcgctgtcgctgtcgagcgaattggcgcgtggtctatcccttcatgtcgg 

C.VacciniiXC0014 2087 gcccaagggctcgctgacgctgtccagcgaactggccgatgatctacccgttcatgtcgg 

C.vio 2087 gcccaggggctcgctgacgctgtccagcgagctggccgatggtctacccgttcatgtccg 

C.sp.257-1 2084 gccaaagggcgcgctgacgctgtccagcgagctggccgatgatttaccccttcatggccg 

P.luteoviolaceaS 2082 cgaacaacaatcattgaagttatgctccgagcgtcatactattttatccatttatgaccg 

P.sp.520P1 2085 agaaacgcaatcactcagtttacagtcaaatcagcataatactttatccttttatggctg 

Myxococcus 2085 cgccaccgggtcgctcctcctgacgggtgaagacgcgcttgctctaccccttcatgtcgg 

J.L ivDSM1522 2145 acaaggtcttcagcctggcggaccagtgcaagtgcgaaacgtattcgcgcctgatgtggc 

J.livNBRC12613 2142 acaaggtcttcagcctggcggaccagtgcaagtgcgaaacgtattcgcgcctgatgtggc 

J.livBP01 2145 acaaggtcttcagcctggcggaccagtgcaagtgcgaaacgtattcgcgcctgatgtggc 

J.M M5 2146 aca-ggtcttcagcctggcggaccagtgcaaatgcgaaacgtattcgcgcctgatgtggc 

J.sp.LM6 2145 acaaggtcttcagcctggcggaccagtgcaagtgcgaaacgtatgcgcgcctgatgtggc 

J.agaricidamnosu 2142 acaaggtcttcagcctggcggaccagtgcaagtgcgaaacgtattcgcgcctgatgtggc 

Massilia 2145 acaaggtgttcagcctggcggaccactgcaagtgcgaaacctattcgcgcctgatgtggc 

D.sp.zlp-xi 2142 acaaggtgttcagcctggcggaccagtgcaagtgcgaaacctatgcgcgcctgatgtggc 

D.spb2 2145 acaaggtgttcagcctggcggaccactgcaagtgcgaaacctattcgcgcctgatgtggc 

Collimonas_MPS11 2145 acaaggtgttcagcctggcggaccactgtaaatgcgaaacctattcgcgcctgatgtggc 

C.vioAB032799.1 2147 acaaggtgttcagcctggccgaccgctgcaagtgcgagacctacgccaggctgatgtggc 

C.viocv1192 2147 acaaggtgttcagcctggccgaccgctgcaagtgcgagacctacgccaggctgatgtggc 

C.vioLC000628 2148 acaaggtgttcagcctggccgaccgctgcaagtgcgagacctacgcccggctgatgtggc 

C.VacciniiXC0014 2147 acaaggtgttcagcctggccgaccgctgcaagtgcgagacctacgccagactgatgtggc 

C.vio 2147 acaaggtgttcagcctggccgaccgctgcaagtgcgagacctacgccaggctgatgtggc 

C.sp.257-1 2144 acaaggtgttcagcctggcggaccgctgcaagtgcgaggcctacgccaggctgatgtggc 

P.luteoviolaceaS 2142 aagccgtatttagcatggcggataaatgtaagtgtgaaacctatgcccgtttaatgtggc 

P.sp.520P1 2145 acaaagtatttagtatggccgataagtgtaaatgtgagacttatgcccgtttaatgtggc 

Myxococcus 2145 acaaggtcttcagcctggcggaccgctgcaagtgcgaaacatattcccggctgatgtggc 

J.L ivDSM1522 2205 agatgtgcgatccgcagaaccgcgacaagagctactacatgcccagcacccgcgaactgt 

J.livNBRC12613 2202 agatgtgcgatccgcaaaaccgcgaaaaaagctactacatgcccagcacccgcgaactgt 

J.livBP01 2205 agatgtgcgatccgcagaaccgcgacaagagctactacatgcccagcacccgcgaactgt 

J.M M5 2205 agatgtgcgatccgcgcaaccgcgacaagagctactacatgcccagcacccgcgaactgt 

J.sp.LM6 2205 agatgtgcgatccgcaaaaccgcgacaagagctactacatgcccagtacgcgcgaactgt 

J.agaricidamnosu 2202 agatgtgcgacccgcagaaccgcgacaagagctattacatgcccagcacccgcgaactgt 

Massilia 2205 agatgtgcgatccgcagaaccgggacaagagctattacatgccgagcacgcgtgaactgt 

D.sp.zlp-xi 2202 agatgtgcgatccgcaaaaccgcgacaagagctattacatgccgagcacgcgcgaactgt 

D.spb2 2205 agatgtgcgatccgcagaaccgggacaagagctattacatgccgagcacgcgtgaactgt 

Collimonas_MPS11 2205 agatgtgcgatccgcagaaccgcgacaaaagctattacatgcccagcacccgcgagctgt 

C.vioAB032799.1 2207 agatgtgcgatccgcagaaccggaacaagagctactacatgcccagcacccgcgagctgt 

C.viocv1192 2207 agatgtgcgatccgcagaaccggaacaagagctactacatgcccagcacccgcgagctgt 

C.vioLC000628 2208 agatgtgcgatccgcaaaaccgcgacaaaagctactacatgcccagcacccgcgagctgt 

C.VacciniiXC0014 2207 agatgtgcgatccgcagaaccgcggcaagagttattacatgcccagcacccgcgagctgt 

C.vio 2207 agatgtgcgatccgcagaaccggaacaagagctactacatgcccagcacccgcgagctgt 

C.sp.257-1 2204 agatgtgcgacccgcgcaatcgcggcaaaagctattacatgcccagcacccgcgagctgt 

P.luteoviolaceaS 2202 aaatgtgcgaccctaaaaatagggataaaagttattacatgccaagtacgcgtgaaatgc 

P.sp.520P1 2205 aaatgtgcgaccctaaaaaccgcgacaaaagttattacatgcctagtactcgagaaatgt 

Myxococcus 2205 agatgtgcgacccgctcaaccgggacaagagctattacatgcccagcacccgggaactct 

J.L ivDSM1522 2265 cgctgccaaagtcgcgcctgttcctgaaatacctgacgcaggtcgaggcggcagccgcgg 

J.livNBRC12613 2262 cgctgccaaaatcgcgcctgttcctgaaatacctgacccaggtcgaggcggcagccgcgg 

J.livBP01 2265 cgctgccaaagtcgcgcctgttcctgaaatacctgacacaggtcgag ----- gcagcgg 

J.M M5 2265 cgctgccaaagtcgcgcctgttcctcaaatacctgacccaggtcgaggcgacggccgcgg 

J.sp.LM6 2265 cgctgccaaaatcgcgcctgttcctgaaatacctgacgcaggtcgag ----- gcaaagg 

J.agaricidamnosu 2262 cgctgccgaagtcgcgcctgttcctgaaatacctgacgcaggtcgag ----- gcaaagg 

Massilia 2265 cgctgccgaaatcgcgcctgttcctgaaatacctgacccaggtcga ----- agcggccg 

D.sp.zlp-xi 2262 cgcagccgaaagcgcgcctgttcctgaaatacctgacccaggtagaagctgccgccaaga 

D.spb2 2265 cgctgccgaaatcgcgcctgttcctgaaatacctgacccaggtcga ----- agcggccg 

Collimonas_MPS11 2265 cgctgccgaaatcgcggttgttcctgaagtacctgacgcaggtcga ----- agcagccg 

C.vioAB032799.1 2267 cggcgcccaaggccaggctgttcctcaaatacctggcccatgtcgagg ---- gc-cagg 

C.viocv1192 2267 cggcgcccaaggccaggctgttcctcaagtatctggtccatgtcgagg ---- gc-cagg 

C.vioLC000628 2268 cgcggcccaaggccggactgtttctgaaatacctggccaatgtcgagc ---- gc-gcgg 

C.VacciniiXC0014 2267 ccgcgcccaaggccaggctgttcctcaaatatctggcccatgtcgagg ---- cc-gagg 

C.vio 2267 cggcgcccaaggccaggctgttcctcaaatacctggcccatgtcgagg ---- gc-cagg 

C.sp.257-1 2264 ccgcgcccaaggccaggctgttcctcaaatacctggcccatgtcgagg ---- cc-gagg 

P.luteoviolaceaS 2262 cggccgcacacgcacaattatttttaaaatacctatgcaatgttgagcagtctgc-catg 

P.sp.520P1 2265 cctcggttaagtcacatttatttctgaaatatttaagtaatgttgagcaatcagc-aatg 

Myxococcus 2265 ccctgcccaagtccaagctgttcctgaagtatctggtgcacctcga ----- agg-cagc 
 

J.L ivDSM1522 2325 ccaaggcgg--------cggcaccggaa -- ccggccgcgccgcatgccatcggcggcaa 

J.livNBRC12613 2322 tcaaggcgg--------cggtgccggaa -- gcggccccgccgcctgtcatcggcagcaa 

J.livBP01 2319 ccaaggcgg--------cggtgcccgaa -- ccggcggcgccgcatgccatcggctgcaa 

J.M M5 2325 ccagggcgg--------cggtgccggaa -- gcggccttgccgcctgtcatyggcagcaa 

J.sp.LM6 2319 ccaaggcgg--------cggtgccggca -- ccggccacgccgcacgccatcggcagcaa 

J.agaricidamnosu 2316 ccaaggcgg--------cgctgccgcaa -- ccggcggcacagcatgtcatcggcggcaa 

Massilia 2319 ccaag ---------- tccacgcttcctcaagcggtcgcaccgcatgtcatcggctgcaa 

D.sp.zlp-xi 2322 ccggggtggt ----------ggcgtccgggccagcgccggcgccgggcatcggcagcaa 

D.spb2 2319 ccaag ---------- tccacgcttcctcaagcggtcgcaccgcatgtcatcggctgcaa 

Collimonas_MPS11 2319 ccaagg ---------- cctcgctgccggagccgagcgcggcagcgccgatcagctgcaa 

C.vioAB032799.1 2321 c-caggctg--------cagggccgcc -- gccggccgggccggcgcgcatcgagagcaa 

C.viocv1192 2321 c-caggctg--------cagggccgcc -- gccggctgggccggcgcgcatcgagagcaa 

C.vioLC000628 2322 cgccgtccg--------ccgccccgat -- ggcggc-gcgccggcgcggatcgagaaccg 

C.VacciniiXC0014 2321 c-caggctg--------cagggccgcc -- gccggccggaccggcgcgcatcgagagcaa 

C.vio 2321 c-caggctg--------cagggccgcc -- gccggccgggccggcgcgcatcgagagcaa 
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C.sp.257-1 2318 c-caagctg--------cagggccgcc---gcctgccttgcccgaccgcatcgcgagcaa 

P.luteoviolaceaS 2321 cccagtatcttgccagccaaaggcaca---gattagtg-gcaa ---- tataaaaacaaa 

P.sp.520P1 2324 c-------ctaaagagctaccgcccca -- gtttactgcgcaaggtagtattaaaactaa 

Myxococcus 2318 tccagg --------- acatcttctcccaagacgcgtggaccaccgcccatcacctgcaa 

J.L ivDSM1522 2374 ggcggagttgatcgacgagctgaaaaaagccatcgatctggaactgtcgctgatgctgca 

J.livNBRC12613 2371 ggccgagctgatcgacgagctgaaaaaggccatcgacctggaactgtcgctgatgctgca 

J.livBP01 2368 ggcggagttgatcgacgagctgaaaaaggccatcgacctggaactgtcgctcatgctgca 

J.M M5 2374 ggccgggctgatcgaggaactgaaaaaggccatcgacctggaactgtcgctgatgctgca 

J.sp.LM6 2368 ggcggaactgatcgacgagctgaaaaaggccatcgacctggaactgtcgctcatgctgca 

J.agaricidamnosu 2365 ggcggagctgatcgacgagctgaagaaggccatcgacctggaattgtcgctgatgctgca 

Massilia 2368 ggccgagttgatcgccgagctgaaaaaggcgatcgacctggaactgtcgctcatgctgca 

D.sp.zlp-xi 2371 gaccgaactggtcgaggagctgaaaaagaccatcgacctcgagttgtcgctcatgctgca 

D.spb2 2368 ggccgagtggatcgccgagctgaaaaaggcgatcgacctggaactgtcgctcatgctgca 

Collimonas_MPS11 2368 gggcgaattgatcgaggaattgaagaaggccgtcgacctggaattgtcgctcatgctgca 

C.vioAB032799.1 2369 ggcccagctggcggccgagctgcgcaaggcggtggatctggagttgtcggtgatgctgca 

C.viocv1192 2369 agcccagctggcggccgagctgcgcaaggcggtggatctggagctgtcggtgatgctgca 

C.vioLC000628 2370 cgcccaactggtggaagcgctgaagacggcggtggatctcgagctgtccatcatgctgca 

C.VacciniiXC0014 2369 ggtggagctggcggccgagctgcgcaaggcggtggatctggagctgtcggtgatgctgca 

C.vio 2369 ggcccagctggcggccgagctgcgcaaggcggtggatctggagttgtcggtgatgctgca 

C.sp.257-1 2366 ggttgaattgatagaccagctgcgcaaggcggtggacctggaactgtcggtgatgctgca 

P.luteoviolaceaS 2372 agcacagctcattaacgcattaaaagatgccgtagatcttgagctctcgattatgttgca 

P.sp.520P1 2374 agctcagttaataagcaagctacgtgatgcggtagatttagagttatcgattatgttgca 

Myxococcus 2368 ggtccatctcgtcgaggcgctccggaaggcagtcgacctggagctgtcgctgctcctcca 

J.L ivDSM1522 2434 atacctgtatgccgcgtattcgattcccaattatgcgcagggggcggcgctggtgcagtc 

J.livNBRC12613 2431 atacctgtatgccgcgtattcgattcccaattatgcgcagggggaggcgctggtgcaggc 

J.livBP01 2428 atacctgtatgccgcgtattccattcccaattatgcgcagggggaggcactggtgcaggc 

J.M M5 2434 atacctgtacgccgcgtattcgattcccaactatgcgcagggggcggcgctggtgcaggc 

J.sp.LM6 2428 atacctgtatgcagcgtattccattcccaattatgcgcagggggcggcgctggtgcaggc 

J.agaricidamnosu 2425 atacctgtatgccgcgtattcgattcccaattacgcgcagggggcggcgctggtgcgggc 

Massilia 2428 gtacctgtacgccgcgtatgccattcccaactatgcgcagggagtgaaactggtcgaggc 

D.sp.zlp-xi 2431 gtacctgtatgccgcctactccattcccaactatgagcaaggcctgcagctggtggctgc 

D.spb2 2428 gtacctgtacgccgcgtatgccattcccaactatgcgcagggagtgaaactggtcgaggc 

Collimonas_MPS11 2428 gtatctgtatgccgcctattcgattcccaattatgaacagggacagaagctggtggacag 

C.vioAB032799.1 2429 gtacctgtacgccgcctattccattcccaattacgcccagggccagcagcgggtgcgcga 

C.viocv1192 2429 gtacctgtacgccgcctattccattcccaattacgcccagggccagcagcgggtgcgcga 

C.vioLC000628 2430 gtacgtctacgccgcctattccattccgaattacgcgcagggcgagcaattggcgcaatc 

C.VacciniiXC0014 2429 gtatttgtacgccgcctattccattcccaattacgcccaaggccagcagcgcgtcgctga 

C.vio 2429 gtacctgtacgccgcctattccattcccaattacgcccagggccagcagcgggtgcgcga 

C.sp.257-1 2426 gtatctgtacgccgcctattccatccccaattacgcccagggccagcagcgggtggccga 

P.luteoviolaceaS 2432 atatatctacagtgcctattcgttacctaactatgctattggtgaacactttgt-atcga 

P.sp.520P1 2434 atatctttatagcgcctattcgttacctacctatgctgcaggggagcaatatgt-agagt 

Myxococcus 2428 gtatctgtacgccgcctattccattcccaaccatgaacaaggcctccagcaggtccgcg- 
 

J.L ivDSM1522 2494 cggc-cgttggctgccggccgagctggagctggcctgcggcgccgaagaccggcgccgca 

J.livNBRC12613 2491 cggc-cgctggctgccggccgagctggagctggcctgcggcgccgaagaccggcgccgca 

J.livBP01 2488 cggc-cgctggctgccggccgagctggagctggcctgcggcgccgaagaccggcgccgca 

J.M M5 2494 cggc-cgctggctgcctgccgagctggcgctggcctgcggcaccgaagaccggcgccgcg 

J.sp.LM6 2488 gggc-cgctggctgccggccgagctggagctggcctgcggcgccgaagaccggcgccgca 

J.agaricidamnosu 2485 cggc-cgctggctgccggccgagctggaactggcctgcggcggcgaagaccggcgccgca 

Massilia 2488 cggc-cgctggctgccggacgagctggagctggcctgcggcaccgaggaccggcgccgca 

D.sp.zlp-xi 2491 cggg-cgttgggaggccggcgagctggagctggccaacggcggcgcggaccggcgccgca 

D.spb2 2488 cggc-cgctggctgccggacgagctggagctggcctgcggcaccgaggaccggcgccgca 

Collimonas_MPS11 2488 cggc-cgctggcaggcggaggagctggaactggcatgcggcgccgaggaccggcggcgca 

C.vioAB032799.1 2489 cggcgcgt-ggacggcggagcagctgcagctggcctgcggcagcggcgaccggcgccgcg 

C.viocv1192 2489 cggcgcgt-ggacggcggagcagctgcagctggcctgcggcggcggcgaccggcgccgcg 

C.vioLC000628 2490 aggcgcgt-ggagccaggagcaactggagctggcctgcggcggcggcgacaggcggcgcg 

C.VacciniiXC0014 2489 cggcgcat-ggacgccggagcagctgctgttggcctgcggaagcggagaccggcgccgcg 

C.vio 2489 cggcgcgt-ggacggcggagcagctgcagctggcctgcggcagcggcgaccggcgccgcg 

C.sp.257-1 2486 gggcgcgt-ggacagcggagcaactgcaactggcttgcggcggcggggaccgccgccgcg 

P.luteoviolaceaS 2491 tgggccgttggagtgagcaacaactcgagttagttaacggcggcgaagataggcgcttaa 

P.sp.520P1 2493 cagaacgttggacacaagctcagttagagttagttaacggttccaaggaaaggcgaaaaa 

Myxococcus 2487 cgggccattggcgggtggaggagctcgagctggcgtgcggctccgaggacaggcgtcgca 
 

J.L ivDSM1522 2553 acagcggcacgcgcggcgcgctgctggaaatcgcccatgaagaaatgattcactacttat 

J.livNBRC12613 2550 acagcggcacgcgcggcgcgctgctggaaattgcgcatgaagaaatgattcactacttat 

J.livBP01 2547 acagcggcacgcgcggcgcgctgctggaaatcgcccatgaagaaatgattcactacttat 

J.M M5 2553 acagcggtacgcgcggcgtgctgctggaaatcgcgcatgaagaaatgattcactatttat 

J.sp.LM6 2547 acagcggcacgcgcggcatgttgctggaaatcgcccatgaagaaatgattcactatttgt 

J.agaricidamnosu 2544 acagcgggacgcgcggcgcgctgctggaaatcgcccatgaagaaatgattcactacttat 

Massilia 2547 acagcggagcgcgtggcgccctgctcgaaatcgcccatgaagaaatgattcactacctga 

D.sp.zlp-xi 2550 acagcggtgcgcgcggcaccctgctggaaatcgcccacgaggaaatgattcactacctgc 

D.spb2 2547 acagcggagcgcgtggcgccctgctcgaaatcgcccatgaagaaatgattcactacctga 

Collimonas_MPS11 2547 acagcggtgcgcgcggcgccttgctggaaatctcccatgaggagatgatccattatctac 

C.vioAB032799.1 2548 acggcggcatccgcgccgcgctgctggagatcgcccacgaggagatgatccattacctgg 

C.viocv1192 2548 acggcggcatccgcgccgcgctgctggagatcgcccacgaggagatgatccattacctgg 

C.vioLC000628 2549 acggcggcctgcgcggcgcgatcctggagatagcccacgaggagatgatccactacctgg 

C.VacciniiXC0014 2548 acggcggcatccgcgccgcgctgctggagatcgcccacgaggagatgatccactacctgg 

C.vio 2548 acggcggcatccgcgccgcgctgctggagatcgcccacgaggagatgatccattacctgg 

C.sp.257-1 2545 acggcggcatccgcgccgcgctgctggagatcgcccacgaggagatgatccactacctgg 

P.luteoviolaceaS 2551 acagcggatggcgtggcgcgttactcgaaatagcccatgaagagatgatccattatttgg 

P.sp.520P1 2553 acagtggttggcgaggtgctattttagagatcgcccatgaagaaatgatacattatttgg 

Myxococcus 2547 acagtggcatgcgcggcacgttgctggagattgcacatgaagagatgattcattacctgg 
 

J.L ivDSM1522 2613 tggtgaacaatgtattgatggcgcttggcgaaccgttttacagcggtaccccgctgctgg 

J.livNBRC12613 2610 tagtgaacaatgtgctgatggcgctgggcgagccgttttacagcggcacgccgctgctgg 

J.livBP01 2607 tggtgaacaatgtattgatggcgctcggcgaaccgttttatagcggtaccccgctgctgg 

J.M M5 2613 tggtcaacaatgtgctgatggcgctgggcgaagggttttacagcggcacaccgctgctgg 

J.sp.LM6 2607 tagtcaacaatgtgctgatggcgcttggcgaaccgttccatagaggcgccccggtgctgg 

J.agaricidamnosu 2604 tagtcaacaatgtgttgatggcgctgggcgaaccgttttatagcggcaccccggtgctgg 

Massilia 2607 tggtcaacaatgtgctgatggcgctcggcgagccgttctacgccggcgccccggcgctgg 

D.sp.zlp-xi 2610 tggtcaataacgtgctgatggcgctcggcgagccgttctacgccggacgtccgctgctgg 

D.spb2 2607 tggtcaacaatgtgctgatggcgctcggcgagccgttctacgccggcgccccggcgctgg 

Collimonas_MPS11 2607 tggtgaacaatgtgctgatggcgctgggcgagcccttctacgccggcgcaccgctgctgg 

C.vioAB032799.1 2608 tggtcaacaacctgctgatggcgctgggcgagccgttctacgccggcgtgccgctgatgg 

C.viocv1192 2608 tggtcaacaatctgctgatggcgctgggcgagccgttctacgccggcgtgccgctgatgg 

C.vioLC000628 2609 tggtcaacaacctgctgatggcgctgggcgagcccttccaccccggcgcggcgcgggtgg 

C.VacciniiXC0014 2608 tggtgaacaatctgctgatggcgctgggcgagccgttttacgccggcgtgccgctgatgg 

C.vio 2608 tggtcaacaacctgctgatggcgctgggcgagccgttctacgccggcgtgccgctgatgg 

C.sp.257-1 2605 tggtcaataatctgctgatggcgctgggcgagccgttctacgccggtgtgccgcggatgg 

P.luteoviolaceaS 2611 ttgtaaataaccttctaatggcacttggtgagccgttttaccctggtaagcctatacttg 

P.sp.520P1 2613 tcatcaataatatcttgatgtctctaggtgagcctttctaccctggagagcctgtttttg 
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Myxococcus 2607 tgatgaacaacctgctgatggccctgggcgaacccttccatcccggcacccccaggtggg 

J.L ivDSM1522 2673 gccagcaggcgcgccagcgtttcggcctggacacggaatttgcgttcgaaccattttccg 

J.livNBRC12613 2670 gccagcaggcgcgccagcgtttcggcctggacacggaatttgcgttcgagccgttttccg 

J.livBP01 2667 gccagcaggcgcgccagcgtttcggcctggacacggaatttgcattcgaaccattttccg 

J.M M5 2673 gccagcaggcgcgccagcgttttggcctggacacggaatttgcgttcgagccattttccg 

J.sp.LM6 2667 gccagcaggcgcgccagcgtttcggtctggacacggaatttgcattcgagccattttccg 

J.agaricidamnosu 2664 gccagcaggcgcgccagcgtttcggcctggacacggaattcgccttcgagccattttccg 

Massilia 2667 gagaacaggcgcgccagcgcttcggcctggacacggaatttgccttcgaccctttttccg 

D.sp.zlp-xi 2670 gcgagcaggcgcgccagcgcttcgggctggacacggaatttgccttcgaaccgttttccg 

D.spb2 2667 gagaacaggcgcgccagcgcttcggcctggacacggaatttgccttcgaccctttttccg 

Collimonas_MPS11 2667 gagaacaggcgcggcagcgcttcggcctggacaccgaatttgccttcgaaccgttttccg 

C.vioAB032799.1 2668 gcgaggcggcgcggcaggcgttcggcctggacaccgaattcgcgctggagccgttctccg 

C.viocv1192 2668 gcgaggcggcgcggcaggcgttcggcctggacaccgaattcgcgctggagccgttctccg 

C.vioLC000628 2669 gggacgaggcgcggcgcgcgttcggcctcgacaccgagttttccttcgagccgttttccg 

C.VacciniiXC0014 2668 gcgaggcggcgcggcaggcgttcggcctggacaccgagttcgcgctggagccgttttcgg 

C.vio 2668 gcgaggcggcgcggcaggcgttcggcctggacaccgaattcgcgctggagccgttctccg 

C.sp.257-1 2665 gcgaggcggcgcggcaggctttcggcctggacaccgagttcgcgctggagccgttttcag 

P.luteoviolaceaS 2671 gggaagaagccaaaaacaaatttggacttgataccgagttttcttttgagcctttctctg 

P.sp.520P1 2673 cacaagccgccaaagagaagtttggcttagatactgaattttcttttgagcctttttctg 

Myxococcus 2667 gagtccaggcgcggcgccacttcgggttggacaccgagttctccttcgagcccttctcgg 
 

J.L ivDSM1522 2733 aacacgtgctggcccgcttcgtgcgttttgaatggcccgactacattcccacgccgggca 

J.livNBRC12613 2730 aacacgtgctggcccgcttcgtgcgcttcgaatggcccgactacattcccacgccgggca 

J.livBP01 2727 aacacgtgctggcccgcttcgtgcgttttgaatggcccgactacattcccacgccgggca 

J.M M5 2733 aacacgtgctggcgcgcttcgtgcgtttcgaatggcccgactaccttcccacgccgggca 

J.sp.LM6 2727 aacacgtgctggcccgcttcgtgcgtttcgaatggcccgactacattcccacgccgggca 

J.agaricidamnosu 2724 aacacgtgctggcccgcttcgtgcgtttcgaatggcccgactatattcccacgccgggca 

Massilia 2727 agcatgtgctggccagattcgtgcgtttcgagtggcccgactatcttcccacgcccggta 

D.sp.zlp-xi 2730 aacatgtgctggcccgcttcgtgcgcttcgaatggcccgattacctgcccacgccgggca 

D.spb2 2727 agcatgtgctggccagattcgtgcgtttcgagtggcccgactatcttcccacgcccggta 

Collimonas_MPS11 2727 aacatgtgctggccaggttcgtgcgtttcgaatggccggactatattcccactcccggca 

C.vioAB032799.1 2728 agtcgacgctggcgcgcttcgtccggctggaatggccgcacttcatccctgcgccgggca 

C.viocv1192 2728 aatcgacgctggcgcgcttcgtccggctggaatggccgcacttcattcccgcgccgggca 

C.vioLC000628 2729 aatacgtgctggcccgcttcatcaagctggaatggcccgcgttcattccttcgccggcca 

C.VacciniiXC0014 2728 agtcggcgctggcgcgcttcgtccggctggaatggccgcatttcatcccggcgccgggca 

C.vio 2728 agtcgacgctggcgcgcttcgtccggctggaatggccgcacttcatccctgcgccgggca 

C.sp.257-1 2725 agtccgcgctggcgcgcttcatccggctggagtggccgcatttcatcccttcgcccggta 

P.luteoviolaceaS 2731 aacatatcattgcgaagtttgtgcgctttgagtggcctgcattttttccaactgttggga 

P.sp.520P1 2733 agcatattattgctaagtttgtccgctttgaatggcctcatttctttccttctgttggta 

Myxococcus 2727 agcatgtgctcgcccggttcattcgtctcgaatggcctgggcacctcgccgtcccgggaa 

J.L ivDSM1522 2793 aatccatcgccaccttctatatcgcgatccgccaggccctggccgagctgcccggcctgt 

J.livNBRC12613 2790 aatcgattgccaccttctatatcgcgatccgccaggccctggccgggctgcccggcctgt 

J.livBP01 2787 aatcgattgccaccttctatatcgcgatccgccaggctctggccgagctgcccggcctgt 

J.M M5 2793 agtcgattgccaccttctatatcgcaatccgccaggccctggccgatctgcccggcctgt 

J.sp.LM6 2787 aatcgattgccaccttctatattgcgatccgccaggccctggccgagctgcccggcctgt 

J.agaricidamnosu 2784 aatccatcgcgaccttctatacggcgatccgccaggccgtggccgagctgcccggcctgt 

Massilia 2787 aatcgatcgccaccttctatgcggcgatccgccaggccgtggccgatctgcccgatctgt 

D.sp.zlp-xi 2790 aatcggtggcgactttctatgcggcgatcaggactgccctggccgacctgccgcagctgt 

D.spb2 2787 aatcgatcgccaccttctatgcggcgatccgccaggccgtggccgatctgcccgatctgt 

Collimonas_MPS11 2787 aatcgatcgccaccttctacacggcgatccgccaggccctggccgagctgccggaactgt 

C.vioAB032799.1 2788 aatccatcgccgactgctacgccgccatccgccaggcctttctcgatctgcccgacctgt 

C.viocv1192 2788 aatccatcgccgactgctacgccgccatccgcctggcctttctcgatctgccggatctct 

C.vioLC000628 2789 agtccatcgccgccttctacgcgtccatccgccaggctttcgaggaattgcccgacctgt 

C.VacciniiXC0014 2788 agtccatcgccgatttctacgccgcgatccgccaggccttcctcgatctgcccgacctgt 

C.vio 2788 aatccatcgccgactgctacgccgccatccgccaggcctttctcgatctgcccgacctgt 

C.sp.257-1 2785 agtccatcgccgatttctacgccgccatccgccaggcctttctcgatctgcccgatctgt 

P.luteoviolaceaS 2791 ggtctatcgcagacttttacgatgacattactaaagctattgaacaaatacccgatttat 

P.sp.520P1 2793 agtcgatagccgatttttataacgaaattcgtattgctatcaacgaaatacccgacttat 

Myxococcus 2787 actccatcgccgacctctacagctccattcgccaggggctgagagacattcctgagctgt 

J.L ivDSM1522 2853 tcgaaagcggcggcggcaagcgcggcggcgagcaccacctgttcctgaaagaactgacca 

J.livNBRC12613 2850 tcgagagcggcggcggcaagcgcggcggcgaacaccatttgttcctgaaagaactgacca 

J.livBP01 2847 tcgagagcggcggcggcaagcgcggtggcgaacaccacctgttcctgaaagaactgacca 

J.M M5 2853 ttgacagcggcggtggcaagcgcggcggcgaacaccatttgttcctgaaagaactgacca 

J.sp.LM6 2847 tcgagagcgacggcggcaagcgcggcggcgaacaccatttgttcctgaaagaactgacca 

J.agaricidamnosu 2844 tcgagagcggcggcggcaagcgcggcggcgaacaccacctgttcctgaaagagctgacca 

Massilia 2847 tcgacgccgacggcggcaaacgcggcggcgagcaccacctgttcctcaaagagctcacca 

D.sp.zlp-xi 2850 tcgaaggcggaggcggccagcgcggcggcgaacaccatctcttcttgaaggaattgacca 

D.spb2 2847 tcgacgccgacggcggcaaacgcggcggcgagcaccacctgttcctcaaagagctcacca 

Collimonas_MPS11 2847 tcgaagccggtagcgagaagcgtggcggcgaacaccatctgttcctgaaagaactgacca 

C.vioAB032799.1 2848 tcggcggcgaggccggcaagcgcggcggcgagcaccacttgttcctcaacgagctgacca 

C.viocv1192 2848 tcggcggcgaggccggcaagcgcggcggcgagcaccacctgttcctcaacgagctgacca 

C.vioLC000628 2849 tcgacggcgcggcgggcaagcgcggcggcgagcaccatctgttcctcaatgagctgacca 

C.VacciniiXC0014 2848 tcgacggcgaggcgggcaagcgcggcggcgagcatcacctgtttctcaacgaactgacca 

C.vio 2848 tcggcggcgaggccggcaagcgcggcggcgagcaccacttgttcctcaacgagctgacca 

C.sp.257-1 2845 tcgacggcgaggccggcaagcgcggcggcgagcaccatctattcctcaacgagctgacca 

P.luteoviolaceaS 2851 ttagtgaaaagcgaatcaaactcggcggtgagcaccacttatttttaaatgaaattatca 

P.sp.520P1 2853 atacccaagacatgaataagcaaggtggtgaacatcacttatttttaaacgaaataataa 

Myxococcus 2847 tcgacacccgccccggaaagcgcggcggagagcatcatctcttcctggatgagctgaccc 

J.L ivDSM1522 2913 accgcgcctatcccggc-taccagctggaagtatccgaccgcgacagcgcgttgttcgcc 

J.livNBRC12613 2910 accgcgcctatcccggc-taccagctggaagtgtccgaccgcgacagcgccttgttcgcc 

J.livBP01 2907 accgcgcctatcccggc-taccagctggaagtatccgaccgcaacagcgcgctgttcgcc 

J.M M5 2913 accgcgcctaccccggc-taccagctggaagtatccgaccgcgacagcgcgctgttcgcc 

J.sp.LM6 2907 accgcgcctatcccggc-taccagctggaagtgtccgaccgcgacagcgcgctgttcgcc 

J.agaricidamnosu 2904 accacgcctatcccggc-taccagctggaggtgtccgaccgcgacagcgcgctgttcgcc 

Massilia 2907 accgcgcctatccc-gcctatcagctggaagttagcgaccgcgacagcgcgctgttcgcg 

D.sp.zlp-xi 2910 accgtgcctatcccgcc-taccagctcgaagtgagcgatcgcgacagcgcactgtttgcg 

D.spb2 2907 accgcgcctatccc-gcctatcagctggaagttagcgaccgcgacagcgcgctgttcgcg 

Collimonas_MPS11 2907 accgcgcctatcccggc-tatcagctggaagtcagcgaccgcgacagcgccttgttcgcc 

C.vioAB032799.1 2908 accgcgcccatcccggc-taccagctggaggtgttcgatcgcgacagcgcgctgttcggc 

C.viocv1192 2908 accgcgcccatcccggc-taccagctggaggtgttcgaccgcgacagcgcgctgttcggc 

C.vioLC000628 2909 accgcgcgtttcccggc-taccagctggaagtcttcgaccgcgacagcgcgctgttcggc 

C.VacciniiXC0014 2908 accgcgcgaatcccggc-taccagcttgaggtgttcgaccgtgacagcgcgctgttcggc 

C.vio 2908 accgcgcccatcccggc-taccagctggaggtgttcgatcgcgacagcgcgctgttcggc 

C.sp.257-1 2905 atcgcgccaaccccggc-tatcagctggaagtgttcgaccgcgacagcgcgctgttcggc 

P.luteoviolaceaS 2911 atcgtgaatatcccggt-tatcaattcgaggtgtacgacaaagaaacagcactatttgcg 

P.sp.520P1 2913 accgtgcttatcctaat-tatcagtttgaagtttatgataaagaaactgcattatttgct 

Myxococcus 2907 a-caagctgttcccggcgtatcagctggaggtctttgaccgggacagcgcgctcttctcc 

J.L ivDSM1522 2972 atcgatttcgtcacggaacagggcgaaggcgtggccgtcgattcgccgcatttcgcctcc 
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J.livNBRC12613 2969 atcgatttcgtcacggaacagggcgaaggcgtggccgtcgattcgccgcatttcgcctcg 

J.livBP01 2966 atcgacttcgtcaccgaacagggggaaggcgtggccgtcgattcgccgcatttcgcctct 

J.M M5 2972 atcgacttcgtcacggaacagggcgaaggcgtggccgtcgattcgccgcatttcgccgcg 

J.sp.LM6 2966 atcgacttcgtcaccgagcagggcgaaggcgtggccgtcgattcgccgcatttcgcctcg 

J.agaricidamnosu 2963 atcgacttcgtcaccgagcagggagaaggtgtggctgtcgattcgccgcatttcgcctcg 

Massilia 2966 ctcgacttcgtcaccgaacagggcgaaggggtggcggtggaatcgccccatttcgccgtg 

D.sp.zlp-xi 2969 atcgacttcgtcaccgggcagggggagggcgtggcgcttgattcgccgcatttctccacc 

D.spb2 2966 ctcgacttcgtcaccgaacagggcgaaggggtggcggtggaatcgccccatttcgccgtg 

Collimonas_MPS11 2966 atcgatttcgtcaccgggcagggagaaggcgtggccgtcgattctccgcatttcgcctcc 

C.vioAB032799.1 2967 atcgccttcgtcaccgaccagggcgagggcggggcgctggactcgccgcattacgagcat 

C.viocv1192 2967 atcgccttcgtcaccgagcagggcgagggcggcgcgctggactcgccgcattacgagcat 

C.vioLC000628 2968 atccgcttcgtcaccgaacagggcgagggcggcgcgctggattcgccgcacttcgaacat 

C.VacciniiXC0014 2967 atcgccttcgtcaccgaccagggcgagggcggggcgctggactcgccgcactacgagcac 

C.vio 2967 atcgccttcgtcaccgaccagggcgagggcggggcgctggactcgccgcattacgagcat 

C.sp.257-1 2964 atcgccttcgtcaccgatcagggcgagggcggggcgctggattcgccgcattacgagcat 

P.luteoviolaceaS 2970 attaactttgttacagagcaaggtgaaggtgttgctgctgactcaccacaatttgaagtc 

P.sp.520P1 2972 atcgactttgttaccgagcaaggtgaaggcgctagtgctgattctccacaatttgaacat 

Myxococcus 2966 atcgacttcgtcacccgccagggagaaggcctcgcgctcgccccccccgacagtgaatcc 

J.L ivDSM1522 3032 tcgcacttccagcggctgcgcgccatcgccggcaggtttt ----- cggcctgcgacaag 

J.livNBRC12613 3029 tcgcacttccagcggctgcgcaccgtcgccggcaagtttt ----- cagcctgcgacaag 

J.livBP01 3026 tcgcacttccagcggctgcgcgccatcgccggcaagtttt ----- cagcccgcgacaaa 

J.M M5 3032 tcgcatttccagcgcctgcgcagcgtcgcaggcaagtacg ----- ccgcctgcggcaaa 

J.sp.LM6 3026 tcgcacttccagcggctgcgcgccgtcgccggcaagttct ----- ccgcctgcggcaag 

J.agaricidamnosu 3023 tcacatttccaccgcctgcgtgccgtcgccggcaggtttt ----- ccgcctgcgacaag 

Massilia 3026 tcgcatttccagcggctgcgcgccctggccggccgcttt ----- tcggcacgcgaaaaa 

D.sp.zlp-xi 3029 tcgcatttcaaccggctgcgcgccctggcaggccagtttg ----- cagcgcgcgacaag 

D.spb2 3026 tcgcatttccagcggctgcgcgccctggccggccgcttt ----- tcggcacgcgaaaaa 

Collimonas_MPS11 3026 tcgcacttccagcggctgcgcgccatggccggcaggttt ----- gcggcgcgcgcgaag 

C.vioAB032799.1 3027 tcgcatttccagcggctgcggg-agatgtcggccaggatcatggcgcagtccgcg----- 

C.viocv1192 3027 tcgcatttccagcggctgcgcg-agctgtcggcccggatcatggcgcagcccgcg----- 

C.vioLC000628 3028 tcgcatttccagcgcctgcgca-gcctggccggcaggctgatggcgcagccggct----- 

C.VacciniiXC0014 3027 tcccatttccagcggctgcgcg-aactggcggcccggatcatggcgcagcccgcg----- 

C.vio 3027 tcgcatttccagcggctgcggg-agatgtcggccaggatcatggcgcagtccgcg----- 

C.sp.257-1 3024 tcccatttccagcggctgcgcg-agttggcggcccgcatcatggcgcagccggcg----- 

P.luteoviolaceaS 3030 agtcactttaatcgcctgagag-cgatctcaaaatctctaa ---- caaatagcgacatt 

P.sp.520P1 3032 agccattttaaccgcttaagat-ctatatctaaaaacctca ---- ctcttagcgacatt 

Myxococcus 3026 tctcacttccagcgactgcgcc-gcatggcctcgcgcttca ---- gcgccctcgcgaag 
 

J.L ivDSM1522 3086 ccgttcgaaccggcgctgccggcgctgaagaatcccgtgctggaagcg-cgcgcggactg 

J.livNBRC12613 3083 ccgttcgagccggcgctgccggcgctgaagaatcccgtgctggaagcg-cgcgccgactg 

J.livBP01 3080 ccgttcgagccggcggtaccggcgctgaagaatccggtgctggaagcg-cgcgcggactg 

J.M M5 3086 ccgttcgagccggcgctgccggcgctgaagaatcccgtgctggaagca-cgcgcggactg 

J.sp.LM6 3080 ccgttcgagccggcgctgccggcgctgaagaatccggtgctggaagcg-cgggcggactg 

J.agaricidamnosu 3077 ccgttcgagccggccctgccggcgctgaagaatcccgtgctggaagcg-cgcgcggactg 

Massilia 3080 ccgttcgaaccggccgtgccggcgctgaaaaatccggtactcga-cccacgcgccgactg 

D.sp.zlp-xi 3083 cccttcgaaccggccttgccggcgctgaagaatcccttgatcgaggcgg-gcgcggaagg 

D.spb2 3080 ccgttcgaaccggccgtgccggcgctgaaaaatccggtactcga-cccacgcgccgactg 

Collimonas_MPS11 3080 cccttcgaaccggccgtcccgtccctgaaaaacccggcgctggaagcg-cgcccggactg 

C.vioAB032799.1 3081 ccgttcgagccggcgttgccggcgctgcgcaacccggtgctggacgagtcgcc-gggctg 

C.viocv1192 3081 ccgttcgagccggccttgccggcgctgcgcaacccggtgctggacgagtcgac-aggctg 

C.vioLC000628 3082 ccgttcgagccggcgctgccggcgttgaagaacgcggtgctgg-cgccgcgcgagggctg 

C.VacciniiXC0014 3081 ccgttcgaaccggcgctgccggcgctgcgcaatccggtgctggacgaggagcc-gggctg 

C.vio 3081 ccgttcgagccggcgttgccggcgctgcgcaacccggtgctggacgagtcgcc-gggctg 

C.sp.257-1 3078 ccgttcgaaccggccttgccggcgctgcgcaatccggcactggacgaaacgcc-gggcgg 

P.luteoviolaceaS 3084 ccgttcgaacctgcttacccagtactaaaaaatccggtgtttgaaccaagaacgggt-tg 

P.sp.520P1 3086 ccttttgaacctgcttatcccgttttaaaaaatccagtgataagtcagcgagcaggg-tg 

Myxococcus 3080 ccgttcgagcctgccgtgccagccctgaggaatccgagcctgga-gccccgggaggactg 

J.L ivDSM1522 3145 cagcgtg---gtgaccgatcagaaggcgcgcgcgctg--atgcagctgtatcagggctgc 

J.livNBRC12613 3142 caccgtg---gtgaccgatcacaaggcgcgcgcgctg--atgcagctgtatcagggctgc 

J.livBP01 3139 caccgtg---gtgaccgaccagaaggcgcgcgcgctg--atgcagctgtatcaaggctgc 

J.M M5 3145 caccgtg---gtgaccgaccggaaggcgcgcgcgctg--atgcagctgtatcaaggctgc 

J.sp.LM6 3139 cacggta---gtgacggatcaaacggcgcgcgcgctg--atgcagctgtatcaaggctgc 

J.agaricidamnosu 3136 cagcgtg---gtgaccgacccgaaggcgcgcgcgctg--atgcggctgtatcaggggtgc 

Massilia 3139 caccgtg---gtgaccgatcccaaggcccgttcgctg--atgcagctctaccagggctgc 

D.sp.zlp-xi 3142 ctgccag---gtgaacgatgccaatgcgctcgccttg--atgcggctgtaccagggcggc 

D.spb2 3139 caccgtg---gtgaccgatcccaaggcccgttcgctg--atgcagctctaccagggctgc 

Collimonas_MPS11 3139 ---cacgcgggtgaccgatcccaaggcgcgctcgctg--atgcagctataccaaggctgc 

C.vioAB032799.1 3140 ---ccagcgcgtggcggacggacgggcgcgcgcgctg--atggcgctgtaccagggcgtg 

C.viocv1192 3140 ---ccagcgcgtggcggacagacgggcgcgcgcgttg--atggcgctgtaccagggcgtg 

C.vioLC000628 3141 ---caatctggtgaccgagccgcaggcccgcgcgctg--atgcgcctgtaccagggcggc 

C.VacciniiXC0014 3140 ---ccagcgcgtcgaagacgagcgggcgcgggcgctg--atgggcttgtaccagggcgtg 

C.vio 3140 ---ccagcgcgtggcggacggacgggcgcgcgcgctg--atggcgctgtaccagggcgtg 

C.sp.257-1 3137 ---cgagcgggtgagcgaggagaacgcgcgggcgctg--atggcgctgtaccagggtgtg 

P.luteoviolaceaS 3143 ---taaccttgttacaaatcccgcagccgtagagctt--atgcagttttataaaggctgt 

P.sp.520P1 3145 ---caatgttgttacaaacccgaatgcc--agagctttaatgacgctttatcaaggttgt 

Myxococcus 3139 tgcccaggtcgtg---gacgagggagcccgggcgctg--atgggcttgtaccagggatgt 

J.L ivDSM1522 3200 tatgaactgaccttcctgatgatggcgcaccattttgcgcagcagccgctg -- ggcagc 

J.livNBRC12613 3197 tacgaactgaccttcctgatgatggcgcaccatttcgcgcagcagccgctg -- ggcagc 

J.livBP01 3194 tacgaactgaccttcctgctgatggcgcaccatttcgcgcagcggccgctg -- ggcagc 

J.M M5 3200 tacgaactgaccttcctgatgatggcacaccatttcgcgcagcagccgctg -- ggcagc 

J.sp.LM6 3194 tacgaactgaccttcctgctgatggcgcaccatttcgcgcagcggccgctg -- ggcagc 

J.agaricidamnosu 3191 tacgaactgaccttcctgctgatggcgcaccatttcgcgcagcagccgctg -- ggcagc 

Massilia 3194 tatgaactgaccttcgcgctgatggcgcaccacttcgcgcaaaagccgctg -- ggcagc 

D.sp.zlp-xi 3197 tacgaattgacctttctgctgatggcccatcatttcgcgcaaaagcccgcg -- ggcagc 

D.spb2 3194 tatgaactgaccttcgcgctgatggcgcaccacttcgcgcaaaagccgctg -- ggcagc 

Collimonas_MPS11 3194 tatgaactgaccttcttgctgatggcgcaccatttcgcgcaaaagccgct -- cggcagc 

C.vioAB032799.1 3195 tacgagctgatgttcgcgatgatggcgcagcacttcgcggtcaagccgctg -- ggcagc 

C.viocv1192 3195 tacgagctgatgttcgcgatgatggcgcagcacttcgcggtcaagccgctg -- ggcagc 

C.vioLC000628 3196 tatgaattgatgttcgcgatgatggcgcagcatttcgcggcgcagccggcg -- ggcagc 

C.VacciniiXC0014 3195 tacgagctgatgttcgcgatgatggcgcagcatttcgcgatcaagccgctg -- ggcagc 

C.vio 3195 tacgagctgatgttcgcgatgatggcgcagcacttcgcggtcaagccgctg -- ggcagc 

C.sp.257-1 3192 tacgagttgatgttcgcgatgatggcgcagcacttcgcggtgaagccgctg -- ggcagc 

P.luteoviolaceaS 3198 cacgaactgatgtttcagctcatgatgcaacacttcgccattcaacctctg -- ggcagc 

P.sp.520P1 3200 catgaactgatgtttaaaatgatgatgcaacattttgc -- acaaacttcaaaagggagt 

Myxococcus 3194 catgagctgatgttctccctgatggctcatcacttcgcgcagaggccgctg -- ggcagc 

J.L ivDSM1522 3257 ctgcgccgctcgcgcctgatgaacgcgtccatcgacatcatgacaggcctgttgcgcccc 

J.livNBRC12613 3254 ctgcgccgctcgcgcctgatgaacgcctccatcgacatcatgaccggcctgttgcgtccc 

J.livBP01 3251 ctgcgccgctcgcgcctgatgaacgcctccatcgacatcatgaccggcctgttgcgtccc 

J.M M5 3257 ctgcgccgttcgcgcctgatgaacgcgtccatcgacatcatgacgggcctgttgcgtccc 
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J.sp.LM6 3251 ctgcgccgctcgcgcctgatgaacgcctccatcgacatcatgaccggcctgttgcgcccg 

J.agaricidamnosu 3248 ctgcgccgctcgcgcctgatgaacgcctcgatcgacatcatgaccggcctgttgcgtccc 

Massilia 3251 ctgcgccgctcgcgcctgatgaatgcctccatcgacatcatgaccggtttgctgcggccc 

D.sp.zlp-xi 3254 ctgcgccgctcgcgtctgatgaacgcctcgatcgacatcatgaccggcgtgctcaggccc 

D.spb2 3251 ctgcgccgctcgcgcctgatgaatgcctccatcgacatcatgaccggtttgctgcggccc 

Collimonas_MPS11 3251 ctgcgtcgttcgcgcctgatgaacgcttccatcgacatcatgaccggactcttgcggccg 

C.vioAB032799.1 3252 ctcaggcgctcgcggctgatgaacgcggcgatcgacctgatgaccggcctgctcaggccg 

C.viocv1192 3252 ctcaggcgctcgcggctgatgaacgcggcgatcgacctgatgaccggcctgctcaggccg 

C.vioLC000628 3253 ctcaggcgctcgcggctgatgaacgcggcgatagacctgatgaccggcctgctgcggccg 

C.VacciniiXC0014 3252 ctccggcgttcgcggctgatgaacgcggcgatcgatctgatgaccggcctgcttcggccg 

C.vio 3252 ctcaggcgctcgcggctgatgaacgcggcgatcgacctgatgaccggcctgctcaggccg 

C.sp.257-1 3249 ctcaggcgatcccggctgatgaacgccgccatcgacttgatgaccggcctgctgcggccg 

P.luteoviolaceaS 3255 atgcgccgctctcgtttaatgaatggcgccatagatttaatgaccggtattttaaggcca 

P.sp.520P1 3257 atgcgtcgatctcgattaatgaatgccgctatagatttaatgacaggtattttaaggcct 

Myxococcus 3251 ttgcgccgctcgcgcttgatgaatgcgtccatcgacatcatgacgggcctgctgcgccct 

J.L ivDSM1522 3317 ctgtcggcggccctgatgaacatgccgtccggcctgcctggccgccatgctggaccgccc 

J.livNBRC12613 3314 ctgtcggccgccctgatgaacatgccgtccggcgtgcccggccgccatgcgggaccgccc 

J.livBP01 3311 ctgtcagccgccctgatgaacatgccatccggcttgcccggccgccaggcgggaccgccc 

J.M M5 3317 ctgtcagccgccctgatgaacatgccatcgggcgtggccggccgccatgcggggccgccc 

J.sp.LM6 3311 ctatcggcggccctgatgaacatgccatcgggcgtgcccgggcgccacgcgggaccgccc 

J.agaricidamnosu 3308 ctgtcggcggccctgatgaacatgccgtccggcttgcccggccgccacgcgggaccgccc 

Massilia 3311 ttgtcggccgcgctgatgaacatgccgtccggcgtacccgggcgcaacgccggaccgccc 

D.sp.zlp-xi 3314 ttgtcggcggcgctgatgaatatgccgtccggcctgccgggccgcaatgccggcccgcca 

D.spb2 3311 ttgtcggccgcgctgatgaacatgccgtccggcgtacccgggcgcaacgccggaccgccc 

Collimonas_MPS11 3311 ttgtcggcggccttgatgaacatgccgtccggcctgcccggccgcaacgccggcccgccc 

C.vioAB032799.1 3312 ctgtcctgcgcgctgatgaacctgccgtcgggcatcgccggacgcaccgccgggccgccg 

C.viocv1192 3312 ctgtcctgcgcgctgatgaacttgccgtcgggcatcgccggacgcaccgccgggccgccg 

C.vioLC000628 3313 ctgtccaccgcgctgatgaacttgccgtccggcgtgccggggcggaacgccgcgccgccg 

C.VacciniiXC0014 3312 ctgtcctgcgcgctgatgaatctgccgtcgggcagcgccggacgcaccgccggcccgccg 

C.vio 3312 ctgtcctgcgcgctgatgaacctgccgtcgggcatcgccggacgcaccgccgggccgccg 

C.sp.257-1 3309 ctgtcctgcgctttgatgaacctgccgtcaggcgtcgccgggcgcaccgccgggccgccg 

P.luteoviolaceaS 3315 ttatcagtcttaataatgaccttaccatcaggtacgctgggcagaaatgctggtccaccc 

P.sp.520P1 3317 ttatcagtgcaccttatgactttaccgtctggaactgcaggtcgaaatgcaggtccccca 

Myxococcus 3311 ctgtccatcaccctgatgaaccttccgtcgggtctgcccgggcgcacggcgggtcccccc 

J.L ivDSM1522 3377 gtgcccgagccggtcagcagccgggtcagcagcgac --- tacagcctgggctgcgacat 

J.livNBRC12613 3374 gtgccagcgcccgtcagcagccgggtcagcagcgac --- tacagcctgggctgcgacat 

J.livBP01 3371 gtgcccgagccggtcagcagccgcgtcagcagcgac --- tacagcctgggctgcgacgt 

J.M M5 3377 gtgcccgagccggtcagcagccgggtcagcagcgac --- tacagccagggctgcgacat 

J.sp.LM6 3371 gtgcccgaaccggtcagcagccaggtcagcagtgac --- tacagcctgggctgcgacat 

J.agaricidamnosu 3368 gtacccgagccggtcggcagccgggtcagcagcgac --- tacagcctgggctgcgacat 

Massilia 3371 gtgcccgggccggccgacaccgccatcagcagtga --- ctacagcctgggatgcgagct 

D.sp.zlp-xi 3374 ctgccggtgccgcccgccaccacggtcagcgccgac --- ttcagcgagggttgtgcgca 

D.spb2 3371 gtgcccgggccggccgacaccgccatcagcagtga --- ctacagcctgggatgcgagct 

Collimonas_MPS11 3371 gtgccggaaccggtcagcgccaggatcagcgccga --- ctacagccagggttgtgaaat 

C.vioAB032799.1 3372 ctgccggggccggtggatacccg -- cagctacgacga-ctacgcgctgggctgccggat 

C.viocv1192 3372 ctgccggggccggtggatacccg -- cagctacgacga-ctacgcgctgggttgccggat 

C.vioLC000628 3373 gtgccggcggcggccgactgcaa -- ggtattcgacga-ttacagcttgggatgccagat 

C.VacciniiXC0014 3372 ttgcccggcccggtggacacccg -- cagctacgacga-ctacgcgctgggctgccggat 

C.vio 3372 ctgccggggccggtggatacccg -- cagctacgacga-ctacgcgctgggctgccggat 

C.sp.257-1 3369 ctgccggggccggtggatacgcg -- cagctacgacga-ctacgcgctgggctgccgcat 

P.luteoviolaceaS 3375 gtaccagaaccaat-cgaaacac -- acgtatttccagacttagagcaagggtgtatggc 

P.sp.520P1 3377 ctacctcaagctat-taaattta -- aagcgacatcaaattacgaaaaaggctgccttgc 

Myxococcus 3371 gtgcccgagcccatcgagggaca -- actcgaccgaga-ctacgccacgggatgccggct 

J.L ivDSM1522 3433 gctggcgcagagatgcctggcgctggc-gcagtacgcgcgcagcctggagagcgatgcc- 

J.livNBRC12613 3430 gctggcgcagaaatgccaggcgctggc-gcagtacgcgcgcagccttgagagcgatgcc- 

J.livBP01 3427 gctggcgcagaaatgcctggcgctggc-gcagtacggccgcagccttgagagcgatgtc- 

J.M M5 3433 gctggcgcaaaaatgcctggcactggc-gcagtacgcgcgcagccttgagagcgatgcc- 

J.sp.LM6 3427 gctggcgcagaagtgcctggcgctggc-gcagtacgcgcgcagcctggagagcgatgtc- 

J.agaricidamnosu 3424 gctggcgcagaaatgcctggcgctggc-gcagtacgcgcgcagccttgagagcgatgtc- 

Massilia 3427 gctggcgcagaaatgcctggccctggc-gcagtacgcgcgcagcctg ----- gaggccg 

D.sp.zlp-xi 3430 gctggcgcagaaatgcctggcgctggc-gcgctatgggcgcagcctggaaaccggcg--- 

D.spb2 3427 gctggcgcagaaatgcctggccctggc-gcagtacgcgcgcagcctg ----- gaggccg 

Collimonas_MPS11 3427 gctggcgcaaaaatgcctgacccttgc-gcagtatgcgcgcggcct--tgaggccgg--- 

C.vioAB032799.1 3428 gctggcgcggcgctgcgagcgcct-gctggagcaggcgtcgatgctg--gagccgggct- 

C.viocv1192 3428 gctggcgcggcgctgcgagcgcct-gctggagcaggcgtcgatgctg--gagccgggct- 

C.vioLC000628 3429 gctggccaagcgctgccaagcgct-ggcggatgaggcggccggcctg--gagccgggct- 

C.VacciniiXC0014 3428 gctggcgcggcgctgcgagcggct-gctggagcaggcgtcgatgctg--gagccgggct- 

C.vio 3428 gctggcgcggcgctgcgagcgcct-gctggagcaggcgtcgatgctg--gagccgggct- 

C.sp.257-1 3425 gttggcgcggcgctgcgagtcgct-gctggcgcaggcgtcgatgctg--gagccgggct- 

P.luteoviolaceaS 3431 tatatcagtacagtgtaaaaagcttgcagatatgggcagagc-tatg--gtctgtgcaa- 

P.sp.520P1 3433 attagcgcaagcgtgtaaagaacttgctgaaacagccaaaga-aa ---- taaaagcaa- 

Myxococcus 3427 gctggcccagcaatgcctgacgctggcgcggcggggccgcga-cctg--ggggcgggcc- 

     VIOB End 

J.L ivDSM1522 3491 atcggcatg ---- gcgccgatagaaatgttggagttttttaatcagcaacttaccgatt 

J.livNBRC12613 3488 atcggtatg ---- gcaccgatagaaatgttggacttttttaatcagcaacttaccgatt 

J.livBP01 3485 atcggcatg ---- gcgccgatagaaatgttggagttttttaatcagcaacttaccgatt 

J.M M5 3491 atcggcatg-----gcgccgatagaaatgttggagtttt--------------------- 

J.sp.LM6 3485 atcggcatg ---- gcgccgatagaaatgttggagttttttaatcagcaacttaccgatt 

J.agaricidamnosu 3482 atcggcatg ---- gcgccgatagaaatgttggagtttttcaatcagcaacttaccgatt 

Massilia 3480 aggtggccagcacggcgcagatcgacatgttggagttctttaatcagcaactgaccgatt 

D.sp.zlp-xi 3486 --- tggtcggcctggcgccgatcgaaatgctggagttttttaatcagcagttgaccgatt 

D.spb2 3480 aggtggccagcacggcgcagatcgacatgttggagttctttaatcagcaactgaccgatt 

Collimonas_MPS11 3481 -ggtgcttggcccggcgccgatagaaatgttggaattttttaatcagcaactgaccgatt 

C.vioAB032799.1 3484 ggctgcccgac -- gcgcaaatggaactgctggatttctaccgccggcagatgctggatt 

C.viocv1192 3484 ggctgcccgac -- gcgcaaatggaactgctggatttctaccgccggcagatgctggatt 

C.vioLC000628 3485 gggtggcggac -- gcgccgaaggagttgctggcgttctactgccggcaactgatggatt 

C.VacciniiXC0014 3484 ggctgcccgac -- gcgcaattggagctgctggatttctaccgccggcagatgctggact 

C.vio 3484 ggctgcccgac -- gcgcaaatggaactgctggatttctaccgccggcagatgctggatt 

C.sp.257-1 3481 ggctgccggcc -- gcgcaatgggagctgctggattttttccgtcggcagatgctggatt 

P.luteoviolaceaS 3487 aacctccaaca -- acacaaattgagttattagagttttttcaaaatcagatgcatgaaa 

P.sp.520P1 3486 ccccaccagaa -- acacaaatagaattacttgagttttatcaaaaacaaatgactgaac 

Myxococcus 3483 tcgtcggcgcg -- gcgcaggtagagatgttggagttcttccatcgacaactgctggacc 
 

J.L ivDSM1522 3546 tatctcggggaaagatgtcaagagaggcttga-aatgcataaaatcattatcgtcggcgg 

J.livNBRC12613 3543 tatctcggggaaagatgtcaagagaggcttga-aatgcataaaatcattatcgtcggcgg 

J.livBP01 3540 tatctcggggaaagatgtcaagagaggcctga-aatgcataaaatcattatcgtcggcgg 

J.M M5 3525  ctcggtg   
J.sp.LM6 3540 tatctcggggaaagatgtcaagagaggcctga-aatgcataaaatcattatcgtcggcgg 

J.agaricidamnosu 3537 tatctcggggaaagatgtcaagagaggcctga-aatgcataaaatcattatcgtcggcgg 

Massilia 3540 tatctcggggaaagatgtcaagagaggcctg--aatgcacaaaatcatcatcgtgggcgg 
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D.sp.zlp-xi 3543 tatctcggggaacgatgtctagagaggcttga-aatgcataaaattatcatcgtcggcgg 

D.spb2 3540 tatctcggggaaagatgtcaagagaggcctg--aatgcacaaaatcatcatcgtgggcgg 

Collimonas_MPS11 3540 tatctcggggaaagatgtcaagagaggcttga-aatgcacaaaatcatcatcgtcggcgg 

C.vioAB032799.1 3541 tggcttgtggaaagctttctagagaggcctga-aatgaaaagagcaatcatagtcggagg 

C.viocv1192 3541 tggcttgtggaaagctttctagagaggcctga-aatgaaaagagcaatcatagtcggagg 

C.vioLC000628 3542 tggcttgtggaaagcttacaagagaggcctga-aatgcagaaagcgattattgtcggagg 

C.VacciniiXC0014 3541 tggcttgtggaaagctttctagagaggcctga-aatgaaaaaagcaatcatagtcggagg 

C.vio 3541 tggcttgtggaaagctttctagagaggcctga-aatgaaaagagcaatcatagtcggagg 

C.sp.257-1 3538 tggcttgtggaaagctttcaagagaggcctga-aatgaagagagcaatcattgtcggagg 

P.luteoviolaceaS 3544 tcgcaactggcaaactttcaagggaagcttaatcatgaagaaaataatcgtcattggcgg 

P.sp.520P1 3543 tcgcaacaaataaattatcaagggaaggttaataatgaaaaaaataatccttgttggcgg 

Myxococcus 3540 tggcccaagggaacgtctccagggaggcctg—aatgcacaaagccatcatcgtgggcgg 

     VIO C start 

J.L ivDSM1522 3605 aggcctggcaggcagcctcagcgccatttatctggcgcaacgggggcacgatgtccacgt 

J.livNBRC12613 3602 aggcctggcaggtagcctcagcgccatttatctggcgcaacggggacacgatgtccacgt 

J.livBP01 3599 aggcctggcaggtagccttagcgccatttatctggcgcaacggggacacgacgtccacgt 

J.M M5 3532 ----------------------- catttatctggcgcaacgcggacacgatgtccacgt 

J.sp.LM6 3599 aggcctggcaggtagcctcagcgccatttatctggcgcaacgggggcacgatgtccacgt 

J.agaricidamnosu 3596 aggcctggcaggtagcctcagcgccatttatctggcgcaacggggacacgatgtccacgt 

Massilia 3598 cggcctggcgggcagcctgaccgccacttatctggcgcagcgcggacatgaggtccacgt 

D.sp.zlp-xi 3602 cggcctggcaggcagcctggctgccatctatctggcgcagcgcggacacgatgtccatgt 

D.spb2 3598 cggcctggcgggcagcctgaccgccacttatctggcgcagcgcggacatgaggtccacgt 

Collimonas_MPS11 3599 cggcctggcgggtagcctgagcgccatctatctggcccagcgtggacacgatgtccacgt 

C.vioAB032799.1 3600 cgggctcgccggcgggctgaccgccatctacctggcgaagcgcggctacgaggtccacgt 

C.viocv1192 3600 cgggctcgccggcgggctgaccgccatctacctggcgaagcgcggctacgaggtccacgt 

C.vioLC000628 3601 ggggctcgcgggcggcctgactgccatttacctggcaagacggggctacgaggtccatgt 

C.VacciniiXC0014 3600 cgggctcgccggcggtttgaccgccatctacctggcgaagcgcggctacgaggtccacgt 

C.vio 3600 cgggctcgccggcgggctgaccgccatctacctggcgaagcgcggctacgaggtccacgt 

C.sp.257-1 3597 cgggctcgccggtgggctgaccgccatttacctggcgcggcgcggctacgaggtccacgt 

P.luteoviolaceaS 3604 cggtctagccggtggcctgacagccatatacttagcaaaacgtggatacgatgtacacat 

P.sp.520P1 3603 cggtctagctggcagtcttacagcaatatttttagcgagaaaaggactcgaaattcatgt 

Myxococcus 3598 tgggctggcgggcagcctgaccgccatctatctcgcgcgccacgggtacgacgttcgtgt 

J.L ivDSM1522 3665 tgtcgaaaagcgcggcgatccgctgctggagaatgccgcaaacgccgaccccgtcaactc 

J.livNBRC12613 3662 tgtcgaaaagcgcggcgatccgctgctggaaaacgcggcaaacgccgacccggtcaactc 

J.livBP01 3659 agtcgaaaaacgcggcgatccgctgcagaaagcttccgcaaccgccgatccggtcaactc 

J.M M5 3568 tatcgagaaacgcggcgatccgctgctggacactgccgccaacgccgatccggtcaattc 

J.sp.LM6 3659 ggtcgaaaaacggggcgatccgctgcagaaagcgtccgcaaccgccgatcccgtcaactc 

J.agaricidamnosu 3656 tgtcgaaaaacgcggcgatccgctgctggagaatgccgcaaacgccgacccggtcaactc 

Massilia 3658 tatcgaaaagcgcggcgatccgctgcgggcggagtcagccaacgccgatccggtcaactc 

D.sp.zlp-xi 3662 gatcgaaaagcgcgccgatccgctgcaggaaacccctgccaacgccgaccccgtcagctc 

D.spb2 3658 tatcgaaaagcgcggcgatccgctgcgggcggagtcagccaacgccgatccggtcaactc 

Collimonas_MPS11 3659 ggtcgaaaaacgcggcgacccactgcaggaaagttcagcatccgccgatccgctcggttc 

C.vioAB032799.1 3660 ggtggaaaagcgcggcgacccgctgcgggacctgtcttcctacgtggatgtggtcagctc 

C.viocv1192 3660 ggtggaaaagcgcggcgacccgctgcaggacctgtcttcctacgtggatgtggtcagctc 

C.vioLC000628 3661 ggtcgagaagcggggcgatccgctgcaggatctgtcgtcctacgtcgacgcggtcagctc 

C.VacciniiXC0014 3660 ggtggaaaagcgcggcgacccgctgcaggatttgtcgtcctacgtggacgtggtcagctc 

C.vio 3660 ggtggaaaagcgcggcgacccgctgcgggacctgtcttcctacgtggatgtggtcagctc 

C.sp.257-1 3657 ggtggagaagcgcggcgatccgctgcaagacctgtcgtcctatgtggacgtggtcagctc 

P.luteoviolaceaS 3664 catagaaaaacgtggaaaccccctacagagccaggccgactatattgaccaagttagctc 

P.sp.520P1 3663 tattgaaaagcgaggaaatcctttactcgatcaaagtgattacatagaccaagttagctc 

Myxococcus 3658 catcgagaaaagaaggaaccccctgagcaacagcgcctcctccttggacatgcccccctc 
 

J.L ivDSM1522 3725 gcgcgccatcggcgtgagcatgacggtacgcggcatcaaggccgtcctggccgccggcat 

J.livNBRC12613 3722 gcgcgccatcggcgtgagcatgacggtgcgcggcatcaaggccgtcctgggagcgggcat 

J.livBP01 3719 gcgcgccatcggcgtcaccatgaccgtgcgcggcgtcaaggcagtgctggacgccggcat 

J.M M5 3628 gcgcgccatcggcgtgagcatgacggtgcgcggcatcaaggccgtgctggcagcggacat 

J.sp.LM6 3719 gcgcgccatcggcgtcaccatgaccgtgcgcggcgtcaaggccgtgctggcggccggcat 

J.agaricidamnosu 3716 gcgcgccatcggcgtgagcatgaccgtgcgcggcatcaaggccgtcctgggagccggcat 

Massilia 3718 gcgcgccattggcgtgagcatgaccgtgcgcggcatcaaggcagtgctggcggccggca- 

D.sp.zlp-xi 3722 acgcgccatcggcgtcagcatgaccgtgcgcggcatcaaggcggtgctggcggcgggcat 

D.spb2 3718 gcgcgccattggcgtgagcatgaccgtgcgcggcatcaaggcagtgctggcggccggca- 

Collimonas_MPS11 3719 gcgcgccatcggcgtcagcatgaccgtgcgcggcatcaaggcggtgctggcggccggca- 

C.vioAB032799.1 3720 gcgggcgataggcgtcagcatgaccgtgcgcggcatcaagtcggtgctggcggccggcat 

C.viocv1192 3720 gcgggcgataggcgtcagcatgaccgtgcgcggcatcaagtcggtgctggcggccggcat 

C.vioLC000628 3721 gcgcgccatcggcgtcagcatgacggtgcgcggcatcaaggcggtgctggcggcaggcat 

C.VacciniiXC0014 3720 gcgggcgataggcgtcagcatgacggtgcgcggcatcaagtcggtgctggccgccggcat 

C.vio 3720 gcgggcgataggcgtcagcatgaccgtgcgcggcatcaagtcggtgctggcggccggcat 

C.sp.257-1 3717 gcgggcgataggcgtcagcatgacggtgcgcggcatcaaggcggtgctggccgccggcat 

P.luteoviolaceaS 3724 acgcgccattggtgtaagtatgacagtaagagggattgaagccgttgtcgctgcggggat 

P.sp.520P1 3723 aagggcaataggtgtcagtatgactgtccgtggcatagaggctgttgttgaagctggcat 

Myxococcus 3718 gcgcgccatcggcgtcaccatgaacgtccggggcatcaaggcggtgttgaaggccgggat 
 

J.L ivDSM1522 3785 -cagcaagcaggagctcgaccagtgcggcgaacccatcgtcggcatggcattcagcgtgg 

J.livNBRC12613 3782 -cagcaagcaggaactcgaccagtgcggtgaacccatcgtcggcatggccttcagcgtgg 

J.livBP01 3779 -cagcaggcaggagctggagcaatgcggcgaacgcatccttggcatggcgttttccgtcg 

J.M M5 3688 -cagcaaacaggagcttgacctgtgcggcgaacccatcgtcggcatggccttttgcgtgg 

J.sp.LM6 3779 -cgacaggcaggagctggagcggtgcggcgaacgcatcctgggcatggcgttttccgtcg 

J.agaricidamnosu 3776 -caataaacaggagctcgaccagtgcggcgagcccatcgtcggcatggcgttcagcgtgg 

Massilia 3777 tcagcaaggaggagctcgatcggtgcggcgaaccggtcgtcggcatggcattttcggtcg 

D.sp.zlp-xi 3782 -cagcaaggaggagctgtaccagtgcggcgaacccgtggttggcatggcgttttccatcc 

D.spb2 3777 tcagcaaggaggagctcgatcggtgcggcgaaccggtcgtcggcatggcattttcggtcg 

Collimonas_MPS11 3778 tccccaagcgcgaactggagcaatgcggcgaagccatcgtcggcatggcgttttcgatcc 

C.vioAB032799.1 3780 tccgcgcgc-ggagctggacgcctgcggcgaacccatcgtggcgatggcgttttccgtcg 

C.viocv1192 3780 tccgcgcgc-ggagctggacgcctgcggcgaacccatcgtggcgatggcgttctcggtcg 

C.vioLC000628 3781 tccgcgcgc-ggaactggaccagtgcggcgaacccatcgtcggcatggcgttttcggtgg 

C.VacciniiXC0014 3780 tccgcgcgc-ggagctggaggcctgcggcgagcccatcgtggcgatggcgttctcggtcg 

C.vio 3780 tccgcgcgc-ggagctggacgcctgcggcgaacccatcgtggcgatggcgttttccgtcg 

C.sp.257-1 3777 tccgcgcgc-ggagctggaggcctgcggcgaacccatcgtggcgatggcgttttccgtcg 

P.luteoviolaceaS 3784 ccctgttga-ggaattacaagcatgtggcgttgaagtatctggtatgtcattttttatca 

P.sp.520P1 3783 tccacttaa-agagcttcaagcctgtggtatagaagtatcaggtatgtctttatttgttg 

Myxococcus 3778 tgcccctcg-ggaactggagcaatgcggcgagcccattgccggcatggccttctccatcg 
 

J.L ivDSM1522 3844 gcggccggcaccggatacgcgagctgaccccgctcgaaggcctgttccccctgtcgctgg 

J.livNBRC12613 3841 gcggccggcaccggatacgcgaactgactccgctcgaaggcctgttccccctgtcgctcg 

J.livBP01 3838 gcggcacattcaaggtgcgcgaactggagcagcgcgaaggcctgttcccgctgtcgctgg 

J.M M5 3747 gcggccggcacaggatacgcgagctgaccccgctcgaaggcctcttccccctgtcgctgg 

J.sp.LM6 3838 gcggcaaattcaaggtgcgcgaactgagccagcgcgaaggcctgtttccgctgtcgctgg 

J.agaricidamnosu 3835 gcggccggcaccggatacgcgagctgaccccgctcgaaggcctgtttcccctgtcgctgg 

Massilia 3837 gcggcggccacaaggtgcgcgaactgaccccgctcgaaggcttgtttcccttgtcgctgg 

D.sp.zlp-xi 3841 gcggccagtacaaggtacgcgagctgcacccgcttgaaggcttgttgccgctgtccctga 

D.spb2 3837 gcggcggccacaaggtgcgcgaactgaccccgctcgaaggcttgtttcccttgtcgctgg 

Collimonas_MPS11 3838 gcggccagtacaaggtgcgtgaactgacgccgctggaaggcttgtttccactgtcgctgg 
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C.vioAB032799.1 3839 gcggccagtaccggatgcgggagctcaagccgctggaggatttccgcccgctgtcgctga 

C.viocv1192 3839 gcggccagtaccggatgcgggagctcaagccgctggaggatttccgcccgctgtcgctga 

C.vioLC000628 3840 gcggcaagttccgcatccgcgagctgcagccgctggaaggcctgtcgccgctgtccctga 

C.VacciniiXC0014 3839 gcggccagcaccggatgcggccgttgaagccgctggaggatttccgtccgctgtcgctca 

C.vio 3839 gcggccagtaccggatgcgggagctcaagccgctggaggatttccgcccgctgtcgctga 

C.sp.257-1 3836 gcggccagtaccgcatgcgggagctgaagccgttggaggatttccgccccttgtcgctga 

P.luteoviolaceaS 3843 aaggtgagcctaaaacacgtgagctgccgccacttgataagctaaaaccattgtcattaa 

P.sp.520P1 3842 ccggtaaaaataaaataagagaactccctccattagataagttaaaaccattgtctctta 

Myxococcus 3837 ggggaaagtacaagattcgcgagctcacgccactcgaggggatatccccgctgtccctga 

J.L ivDSM1522 3904 accgcaccgccttccagcgcctgctgaaccggcatgccgccctgcacgaggtgaagtatt 

J.livNBRC12613 3901 accgcaccgccttccagcgcctgctgaaccggcatgccgccaagcacgaggtgaaatatt 

J.livBP01 3898 acaggtccgccttccagcgcctgttaaacacctacgccgccaggcacgaagtgaaatact 

J.M M5 3807 accgcacggccttccagcgcctgctgaaccggcatgccgtcaagcacgccgtgaaatatt 

J.sp.LM6 3898 accggtccgcgttccagcgcctgttaaacacctacgccgccaggcacgaagtgaaatact 

J.agaricidamnosu 3895 accgcacggccttccagcgcctgctgaaccggcatgccgtcaagcacgaggtgaagtatt 

Massilia 3897 accgcaccgcgttccagcgcctgctgaacaagtacgccgtcatgcacaaagtgaactatt 

D.sp.zlp-xi 3901 accgcaacgccttccagcgcctgctcaaccagtatgcggtccggcaccaggtgaagtact 

D.spb2 3897 accgcaccgcgttccagcgcctgctgaacaagtacgccgtcatgcacaaagtgaactatt 

Collimonas_MPS11 3898 accgcaccgcgttccagcgcctgctcaacagatacgccgccatgcacaaggtgaagtatt 

C.vioAB032799.1 3899 accgcgcggcgtttcagaagctgctgaacaagtacgccaacctggccggcgtccgctact 

C.viocv1192 3899 accgcgcggcgttccagaagctgctgaacaagtacgccaacctggccggcgtccgctact 

C.vioLC000628 3900 accgggccgcctttcagcggctgctgaaccgccacgccaaccggaacggcgtccgctacc 

C.VacciniiXC0014 3899 accgcgcggcgttccagaagctgctgaacaaatacgccaatctggccggcgtccgctact 

C.vio 3899 accgcgcggcgtttcagaagctgctgaacaagtacgccaacctggccggcgtccgctact 

C.sp.257-1 3896 accgcgcggcgtttcagaagctgctgaacaagtacgccaatctggccggcgttcgttatt 

P.luteoviolaceaS 3903 gccgcagcgcatttcaagttttactcaataaatacgcagaactagcaggcgttcattacc 

P.sp.520P1 3902 gtcgcagtgcttttcagttattactcaataaatatgcagaaaaagcaggcgttaattacc 

Myxococcus 3897 accggctggcgttccagaaactgttgaacacgcacgccacccatcacggcgtgaagtatg 
 

J.L ivDSM1522 3964 actttgagcataaatgcctggatgtcgacctggaaagaaagatcgtgctgatccagggcc 

J.livNBRC12613 3961 actttgagcataaatgcctggatgtcgacctggaaagaaagatcgtgctgatccagggtc 

J.livBP01 3958 acttcgagcataaatgcctcgatgtcgacctggaacgaaaagtcgtgctgatccagggcc 

J.M M5 3867 actttgagcataaatgcctggatgtcgacctggaaagaaagatcgtgctggtacaggacc 

J.sp.LM6 3958 actttgagcataaatgcctggatgtcgacctggaaaggaaggtcgtgctgatccaggggc 

J.agaricidamnosu 3955 actttgagcataaatgcctggatgtcgacctggaaagaaagagcgtactgatccaggccc 

Massilia 3957 acttcgagcataaatgcctggacctggacctggacaagaaatccgtgctgatccagggcc 

D.sp.zlp-xi 3961 cgttcgagcagaaatgcctggacgtcgacctggagcgcaaagtcgtgctggtccaggggc 

D.spb2 3957 acttcgagcataaatgcctggacctggacctggacaagaaatccgtgctgatccagggcc 

Collimonas_MPS11 3958 actttgaacataagtgcctggacctcgacctggaacagaagtcggtgctgatccaggggc 

C.vioAB032799.1 3959 acttcgagcacaagtgcctggacgtggatctggacggcaagtcggtgctgatccagggca 

C.viocv1192 3959 acttcgagcacaagtgcctggacgtggacctggacggcaagtcggtgctgatccagggca 

C.vioLC000628 3960 acttcgagcacaaatgcctggatgtcgatctggaaggcaagtcggtgctgatccagagca 

C.VacciniiXC0014 3959 acttcgagcacaaatgcctggacgtggatctggacggcaagtcggtgctgatccagggcc 

C.vio 3959 acttcgagcacaagtgcctggacgtggatctggacggcaagtcggtgctgatccagggca 

C.sp.257-1 3956 acttcgagcacaaatgcctggaggtggacctggagggcaagtcggtgctgctccagagca 

P.luteoviolaceaS 3963 actatgaccagcgttgtattgaagt-taacttagacagcagctcagtcatgaccaaagac 

P.sp.520P1 3962 attacaaccagcgctgcattgaagt-taatttaaataaatgtcacctgttaactaaagat 

Myxococcus 3957 acttcgagtgcaggtgcctgagcgtcgacctggagaagaagtccgtcctcgtccaggcca 
 

J.L ivDSM1522 4024 cggacggcgccttgca-gaagctgcatggcgacctggtcattggcgccgacggcgcccac 

J.livNBRC12613 4021 cggatggcgccttgca-gcaactgcatggcgacttggtcattggtgccgacggcgcccac 

J.livBP01 4018 cggacggcgccctgca-gcacctgcatggcgacctgatcatcggcgccgacggcgcccat 

J.M M5 3927 cggacggcgccgtgca-gcagctgcatggcgacctggtcattggcgccgacggcgcgcac 

J.sp.LM6 4018 aggacggcgccgtgca-gcagctacatggcgacctgatcatcggtgccgacggcgcccat 

J.agaricidamnosu 4015 cggacggcgccgtacg-gcagctggatggcgacctgatcattggcgcagacggcgcccac 

Massilia 4017 cggacggcgccttgcg-gcatctgcaaggcgacctgatcatcggggccgacggcgcccac 

D.sp.zlp-xi 4021 cggacggcaccctgca-gaatctgcagggcgacctgatcatcggcgccgacggcgcccac 

D.spb2 4017 cggacggcgccttgcg-gcatctgcaaggcgacctgatcatcggggccgacggcgcccac 

Collimonas_MPS11 4018 ctggcggcgccctgca-gcatctgcagggcgacctgatcatcggcgccgacggcgcccac 

C.vioAB032799.1 4019 aggacggccagccgca-gcgcttgcagggcgatatgatcatcggcgccgacggcgcgcac 

C.viocv1192 4019 aggacggtcagccgca-gcgcttgcagggcgatatgatcatcggcgccgacggcgcgcac 

C.vioLC000628 4020 aggacggccagctgca-gcgcctgcaaggcgatatggtcatcggcgccgacggcgcgcat 

C.VacciniiXC0014 4019 cggacggccagccgca-gcggctgcagggcgacatgatcgtcggcgccgacggcgcgcat 

C.vio 4019 aggacggccagccgca-gcgcttgcagggcgatatgatcatcggcgccgacggcgcgcac 

C.sp.257-1 4016 aggacggccagtcgct-gcggctggccggcgacatgatcatcggcgccgacggcgcgcac 

P.luteoviolaceaS 4022 agtaataacaactttgtgacccacaaaggtgacttattgatcggcgctgatggcgcgcgt 

P.sp.520P1 4021 ttaaatgataattttattgagcactcaggtgacttattaattggtgcggatggcgcacgc 

Myxococcus 4017 aggacggcaaggtcca-tcaccatcccggggacctcgtcatcggggcggatggcgcgcac 
 

J.L ivDSM1522 4083 tctgccgtgcggcgcgccatgcaaagcggcatgcgccgtttcgagttcaggcaaagttac 

J.livNBRC12613 4080 tcggccgtgcggcgcgccatgcaaagcggcatgcgccgtttcgagttccggcaaagttac 

J.livBP01 4077 tccgccgtgcggcgcgccatgcagagcggcatgcggcgctttgagttcaagcagagcttc 

J.M M5 3986 tcggccgtgcggcgcgccatgcaaagcggcgtgcgccgtttcgaattcaggcaaagctac 

J.sp.LM6 4077 tccgcggtgcggcgcgccatgcagagcggcatgcggcgcttcgagttcaagcaaagcttc 

J.agaricidamnosu 4074 tccgcagtacggcgtgccatgcaaagcggcgtgcgccgctttgagttcaggcagagttac 

Massilia 4076 tccgccgtgcggcgcgccatgcaagccggcatgcggcgcttccagttcgaacaatccttc 

D.sp.zlp-xi 4080 tcggcggtgcggcgcgccatgcagggtggcatgcggcgcttcgaattcaagcagagtttt 

D.spb2 4076 tccgccgtgcggcgcgccatgcaagccggcatgcggcgcttccagttcgaacaatccttc 

Collimonas_MPS11 4077 tccgcggtgcggcgcgccatgcaaagcggcatgcgccgcttcgaattcgggcagagcttc 

C.vioAB032799.1 4078 tcggcggtgcggcaggcgatgcagagcgggttgcgccgcttcgaattccagcagactttc 

C.viocv1192 4078 tcggcggtgcggcaggcgatgcagagcgggttgcgccgcttcgaattccagcagactttc 

C.vioLC000628 4079 tcggcggtgcgccaggcgatgcaaagcggcatgcgccgtttcgaattccagcaaaccttc 

C.VacciniiXC0014 4078 tcggcggtgcggcaggcgatgcagagcggcctgcgccgtttcgaattccagcagaccttc 

C.vio 4078 tcggcggtgcggcaggcgatgcagagcgggttgcgccgcttcgaattccagcagactttc 

C.sp.257-1 4075 tcggcggtgcggcaggcgatgcagagcggcttgcgccgcttcgaattccagcagtccttt 

P.luteoviolaceaS 4082 tcatgtgttcgcgaggccatgcaatcaaactgtcgccgctttgagttccatcaatctttc 

P.sp.520P1 4081 tcttgtgtaagagatgccatgcaaactcactgtcgacgatttgaatttgagcaaacattt 

Myxococcus 4076 tccgcggtgcgccagtccatgcagagcaactcacggcgcttcgagttcaaacagacattc 

J.L ivDSM1522 4143 ttccgccacggctacaagacgctggtgttgccgaacgcggcggatctgggtttcaggaag 

J.livNBRC12613 4140 ttccgccacggctacaagacgctggtgttgccgaacgcggcggatctgggtttcaggaag 

J.livBP01 4137 ttccgccatggctacaagaccctcgtgctgccaaatgcggagggcctgggtttcaggaag 

J.M M5 4046 ttccgccacggctacaagacgctggtgttgccgaatgcggccgacctgggtttccggaag 

J.sp.LM6 4137 tttcgccatggctacaagaccctcgtgttgccgaatgcggagggcctgggtttcaggaag 

J.agaricidamnosu 4134 ttccgccatggctacaaaaccttggtgttgccgaacgcggcggacttgggattcaggaag 

Massilia 4136 ttccgccacggctacaagaccctggtactgccgaacgccgcgggactgggcttccgcaag 

D.sp.zlp-xi 4140 ttccgccacggctacaagacgatggtgctgccgaatgccgaagcgctgggcttccgcaag 

D.spb2 4136 ttccgccacggctacaagaccctggtactgccgaacgccgcgggactgggcttccgcaag 

Collimonas_MPS11 4137 ttccgccacggctacaagacgctggtgctgccgaatgccgccgagctcggtttcaggaaa 

C.vioAB032799.1 4138 ttccgccacggctacaagacgctggtgctgccggacgcgcaggcgctgggctaccgcaag 

C.viocv1192 4138 ttccgccacggctacaagacgctggtgctgccggacgcccaggcgctgggctaccgcaag 

C.vioLC000628 4139 ttccgccacggctacaagacgctggtgctgcccgacgccgaggcgctgggctaccgcaag 
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C.VacciniiXC0014 4138 ttccgccacggctacaagacgctggtgctgccggacgcccaggcgctgggctaccgcaag 

C.vio 4138 ttccgccacggctacaagacgctggtgctgccggacgcgcaggcgctgggctaccgcaag 

C.sp.257-1 4135 ttccgccatggctacaagacgctggtgttgccggacgccgcggcgctgggctatcgcaag 

P.luteoviolaceaS 4142 ttcaagcatggttacaaaacgctcgtggttcctgacgcctcaaaagtgggtttacgtaaa 

P.sp.520P1 4141 tttaaacatgggtataaaaccttagttattccagatgctaaaaaagtcggcttaaggcct 

Myxococcus 4136 ttccgccacggctacaagacgctggtcctatccaatgccgcggaactgggctaccggaag 

J.L ivDSM1522 4203 gatttgctgtacttcttcggcatggattccaagggcctgtttgccggccgcgcggccacc 

J.livNBRC12613 4200 gatttgctgtacttcttcggcatggattccaagggcctgtttgccggccgcgcggccacc 

J.livBP01 4197 gatttgctgtatttcttcggcatggcttcaaagggccagtttgccggccgcgccgccacc 

J.M M5 4106 gatttgctgtactttttcggcatggattccaagggcctgtttgccgggcgcgcagccacc 

J.sp.LM6 4197 gatttgctgtatttcttcggcatggactccaagggccagtttgccggccgcgcagccacc 

J.agaricidamnosu 4194 gatttgctgtacttcttcggcatggattccaaggggctgtttgccggccgcgcggccacc 

Massilia 4196 gatctgctgtatttcttcggcatggattccaagggccagtttgccggccgcgcagccacc 

D.sp.zlp-xi 4200 gacctgctgtacttcttcggcatggattccaggggcgagtttgccggccgcgccgccacc 

D.spb2 4196 gatctgctgtatttcttcggcatggattccaagggccagtttgccggccgcgcagccacc 

Collimonas_MPS11 4197 gacttgctgtactttttcggaatggattcccagggccagttcgccggccgcgcggccacc 

C.vioAB032799.1 4198 gacacgctgtatttcttcggcatggactccggcggcctgttcgccggccgcgccgccacc 

C.viocv1192 4198 gacacgctgtatttcttcggcatggactccggcggcctgttcgccggccgcgccgccacc 

C.vioLC000628 4199 gacctgctgtacttcttcggcatggattccggcggcctgttcgccggccgcgcggccacc 

C.VacciniiXC0014 4198 gacacgctgtactttttcggcatggattccggcggccagttcgccggccgcgccgccacc 

C.vio 4198 gacacgctgtatttcttcggcatggactccggcggcctgttcgccggccgcgccgccacc 

C.sp.257-1 4195 gacacgctgtactttttcggcatggattccggcggcctgttcgccggccgcgccgccacc 

P.luteoviolaceaS 4202 gacttactctacttctttggtatggattctggtggccaatttgcaggccgagcagccacc 

P.sp.520P1 4201 gatcttttacacttttttggcatggactctcatggtcaatttgcaggtagggcagcaacg 

Myxococcus 4196 gacttgctctacttttttggaatggactccaagggcttgttcgccggtcgtgcggcaacc 
 

J.L ivDSM1522 4263 atcccggacggcagcatcagctttgccctgtgcctgccctacaccggcacgcccagcctg 

J.livNBRC12613 4260 atcccggacggcagcatcagctttgccctgtgcctgccctacaccggcacgcccagcctg 

J.livBP01 4257 attccggacggcagcgtcagcttcgtcatttgcctgccctactccggcacgcccagcctg 

J.M M5 4166 attccggacggcagtatcagctttgccctgtgcctgccctacacgggcacgcccagcctg 

J.sp.LM6 4257 atcccgaacggcagcatcagcttcgtcatttgcctgccctactccggcacaccgagcttg 

J.agaricidamnosu 4254 attccggacggcagcatcagctttgccctgtgcctgccctacaccggcacaccgagcctg 

Massilia 4256 atcccggacggcagcatcagcttcgccctctgcctgccctacaccggcacgcccagcctg 

D.sp.zlp-xi 4260 atcccggacggcagcatcagcttcgcgatctgcctgccgtacaccggcgcgcccagtctg 

D.spb2 4256 atcccggacggcagcatcagcttcgccctctgcctgccctacaccggcacgcccagcctg 

Collimonas_MPS11 4257 atccccgacggcagcatcagcttcgccatctgcctgccctattccggcacgcccagcctg 

C.vioAB032799.1 4258 atcccggacggcagcgtcagcatcgcggtctgcctgccgtacagcggcagccccagcctg 

C.viocv1192 4258 atcccggacggcagcgtcagcatcgcggtctgcctgccgtacagcggcagccccagcctg 

C.vioLC000628 4259 atccccgacggcagcgtcagcatcgccgtctgcctgccgtatgaaggcacgcccagcctg 

C.VacciniiXC0014 4258 attccggacggcagcgtcagcatcgccatctgcttgccctacagcggcagccccagcctg 

C.vio 4258 atcccggacggcagcgtcagcatcgcggtctgcctgccgtacagcggcagccccagcctg 

C.sp.257-1 4255 atcccggacggcagcgtcagcatcgcggtctgcctgccttatagcggaagccccagcctg 

P.luteoviolaceaS 4262 atacctgatggcagtattagttttgcggtgtgcttaccttatacaggacaagtgagctta 

P.sp.520P1 4261 atccctgatggcagtatcagcttcgcggtttgcctaccctttaaaggaaaagtaagtcta 

Myxococcus 4256 atcccgggagacagcatcagcttcgcgctctgcctgccctacgcgggccccctcagcctg 

J.L ivDSM1522 4323 ggcacgctcaaccgcgaagcc --- atggccgatttcttcagccgctacttcggcaccct 

J.livNBRC12613 4320 ggcacgctcaaccgcgaagcc --- atggccgacttcttcagccgctacttcggcaccct 

J.livBP01 4317 aacacgctgaaccgggaaacc --- atggcggccttcttcgaccgctactacgacaagct 

J.M M5 4226 ggcacgctcaaccgggaagcc --- atggcggacttcttcagccgctacttcggcaactt 

J.sp.LM6 4317 aacacgctgaaccgggaaacc --- atggcggccttcttcgaccgctattacgacaagct 

J.agaricidamnosu 4314 ggcacgctgaaccgcgaagcc --- atggccgacttcttcagccgctacttcggcagcct 

Massilia 4316 gccacgcgcgaccgcgccgcc --- atgggggagtttttcagccgctacttcggcatcct 

D.sp.zlp-xi 4320 cacacccaagaccgcgaagtc --- atggccggtttcttcgggcgttacttcggcaatct 

D.spb2 4316 gccacgcgcgaccgcgccgcc --- atgggggagtttttcagccgctacttcggcatcct 

Collimonas_MPS11 4317 acgacccacaaccgcgaagcc --- atggaagctttcttcagccgctatttcgccagcct 

C.vioAB032799.1 4318 acca --- ccaccgacgagccgacgatgcgcgcctttttcgaccgttacttcggcggcct 

C.viocv1192 4318 acca --- ccaccgacgagccgacgatgcgcgcctttttcgaccgttacttcggcggcct 

C.vioLC000628 4319 gcca --- cccaggaccgccaggcgatgaaggcgtttttccagcgctatttcggcagcct 

C.VacciniiXC0014 4318 acca --- ccaccgacgagccgacgatgcgcgccttcttcgaccgttacttcggcgggct 

C.vio 4318 acca --- ccaccgacgagccgacgatgcgcgcctttttcgaccgttacttcggcggcct 

C.sp.257-1 4315 aaca --- ccaccgacgagccgacgatgcgcgccttcttcgaccgctacttcgccaagct 

P.luteoviolaceaS 4322 caca --- gtgatgacagcactgcgatgcgagcatttttcgaccagtactaccctatggt 

P.sp.520P1 4321 cata --- cagatgataaagtcgccatgcgagaattttttgaccgatattactctatggt 

Myxococcus 4316 gcga --- cgaccgacggagacaccctccgtggcttcttcgaccattacttcggggggct 

J.L ivDSM1522 4379 gccgccggaccgtcgcaagg-aaatgctggaccagttcatggcgctgcccagcaacgacc 

J.livNBRC12613 4376 gccgccggagcgccgcaagg-agatgctggaccagttcatggcgctgcccagcaacgacc 

J.livBP01 4373 gccggcggccagccggcaag-agatggtgaaccagttcatcgccctgcccagcaacgacc 

J.M M5 4282 gccgccggaccgccgcaagg-acatgctggaccagttcatggcgctgcccagcaacgacc 

J.sp.LM6 4373 gccggcggccagccggcaag-agatggtgaaccagtttatcgccctgcccagcaatgacc 

J.agaricidamnosu 4370 gccgccggagcatcgcaagg-agatgctggaccagttcatgacgctgcccagtaacgacc 

Massilia 4372 gccaccggccagccgggaag-agctggtgaatcagttcatcgcgctgcctagcaacgacc 

D.sp.zlp-xi 4376 gccgcaggccagccgcgaggaac-tggtcaaccagttcctcgcgctgccgagcaatgacc 

D.spb2 4372 gccaccggccagccgggaag-agctggtgaatcagttcatcgcgctgcctagcaacgacc 

Collimonas_MPS11 4373 gccgccggccagccgactgg-agatgctgaaccagttcatggcgctgcccagcaacgacc 

C.vioAB032799.1 4374 gccgcgggacgcgcgcgacg-agatgctgcgccagttcctggccaagcccagcaacgacc 

C.viocv1192 4374 gccgcgggacgcgcgcgacg-agatgctgcgccagttcctggccaagcccagcaacgacc 

C.vioLC000628 4375 gtccgacgcggtgcgggagg-agatgctggaacaattcctggtaaagcccagcaacgact 

C.VacciniiXC0014 4374 gccgcagaacgcgcgcgagg-aaatgctgcgccagttcctggccaagcccagcaacgacc 

C.vio 4374 gccgcgggacgcgcgcgacg-agatgctgcgccagttcctggccaagcccagcaacgacc 

C.sp.257-1 4371 gtcgctggacgcgcgcgacg-agatgctgcgccagttcctggccaaacccagcaatgacc 

P.luteoviolaceaS 4378 cccagaagatattcgccaaa-atatgttcgagcaatttatggtgaaaccaagcaacgact 

P.sp.520P1 4377 acctaaacatattcgccaag-agttactagaacaatttatggttaagccgagtaatgatc 

Myxococcus 4372 gccgctcg-cccgcaggagggagatgctggagcagttcatggccctgcccagcaacgacc 

J.L ivDSM1522 4438 tcatcaatgtccgttccagcaccttccactacaaggccaatatcctgctgatcggcgatg 

J.livNBRC12613 4435 tcatcaatgtccgctccagcaccttccactacaaggccaatatcctgctgatcggcgatg 

J.livBP01 4432 tcatcaatgtccgctcgagtaccttccattacaagagcaatgtcctgctgatcggcgatg 

J.M M5 4341 tcatcaatgtccgttccagcgccttccactacaaggccaatatcctgctgatcggcgatg 

J.sp.LM6 4432 tcatcaatgtccgctccagcaccttccactacaaggaccatgtcctgctgatcggcgatg 

J.agaricidamnosu 4429 tcatcaatgtccgctccagcaccttccactacaaggccaatattctgctgatcggcgatg 

Massilia 4431 tcatcaatgtccgctccagcaccttccattacaagagcaatgtcctgctgatcggcgatg 

D.sp.zlp-xi 4435 tgattaatgtccgctccagcaccttccactacaaaggccatgttctgctgatcggcgact 

D.spb2 4431 tcatcaatgtccgctccagcaccttccattacaagagcaatgtcctgctgatcggcgatg 

Collimonas_MPS11 4432 tcatcaatgtccgctccagcaccttccattacaagggcaatgtcttgctgatcggcgatg 

C.vioAB032799.1 4433 tgatcaacgtccgttccagcaccttccactacaagggcaatgtgctgctgctgggcgacg 

C.viocv1192 4433 tgatcaacgtccgctccagcaccttccactacaagggcaatgtgctgctgctgggcgacg 

C.vioLC000628 4434 tgatcaatgtccgctccagcaccttccactacaagggcaatgtgctgctgctgggcgacg 

C.VacciniiXC0014 4433 tgatcaatgtccgctccagcaccttccactacaagggcaatgtgctgctgctgggcgacg 

C.vio 4433 tgatcaacgtccgttccagcaccttccactacaagggcaatgtgctgctgctgggcgacg 

C.sp.257-1 4430 tgatcaacgtccgctccagcaccttccactacaagggcaatgtgctgctgctgggcgacg 



Page 16 

 

P.luteoviolaceaS 4437 taattaatgttcgttcttctaccttccactataaaaacactgcgcttctgattggtgatt 

P.sp.520P1 4436 ttattaatgtgcgctcatctacttttcactataaagataaagccttactgattggcgact 

Myxococcus 4431 tcgtcaacgtccgctccagtaccttccactttcgtgggaacgccttgctgctgggggacg 

J.L ivDSM1522 4498 cggcgcatgccaccgccccgttcctcgggcaaggcatgaacatggcgctggaagacgtcc 

J.livNBRC12613 4495 cggcgcatgccaccgctccgttcctcgggcaaggcatgaacatggcgctggaagacgtcc 

J.livBP01 4492 cggcgcatgccaccgcccccttcctcggacagggcatgaacatggcgctggaagacagct 

J.M M5 4401 cggcgcatgccaccgccccgttcctcggacaaggcatgaacatggcgctggaagacgtcc 

J.sp.LM6 4492 cggcgcatgccacggccccgttcctcggccagggcatgaacatggcgctggaagacagct 

J.agaricidamnosu 4489 cggcgcatgccaccgcccccttcctcgggcagggcatgaacatggcgctggaagacgtcc 

Massilia 4491 cggcgcatgcgaccgcccccttcctcggtcagggcatgaacatggcgctcgaagacgtct 

D.sp.zlp-xi 4495 cggcccatgccaccgcgcccttcctcggacagggcatgaatatggcgctggaagacgtgc 

D.spb2 4491 cggcgcatgcgaccgcccccttcctcggtcagggcatgaacatggcgctggaagacgtct 

Collimonas_MPS11 4492 cggcgcacgccaccgcgccgttcctggggcaaggcatgaacatggcgctggaagatgtct 

C.vioAB032799.1 4493 ccgcccacgccaccgcgcctttcctcggccagggcatgaacatggcgctggaggacgcgc 

C.viocv1192 4493 ccgcccacgccaccgcgcctttcctcggccagggcatgaacatggcgctggaggacgcgc 

C.vioLC000628 4494 ccgcgcacgccaccgcgccgttcctgggccagggcatgaacatggcgctggaggacgcgc 

C.VacciniiXC0014 4493 ccgcccacgccaccgcgcctttcctcggccagggcatgaatatggcgctggaggacgcgc 

C.vio 4493 ccgcccacgccaccgcgcctttcctcggccagggcatgaacatggcgctggaggacgcgc 

C.sp.257-1 4490 ccgcccacgccaccgcgcccttcctcggccagggcatgaatatggcgctggaggacgcgc 

P.luteoviolaceaS 4497 cagcgcatgccacagcaccatttttgggccaaggtatgaatatggcacttgaagatgcat 

P.sp.520P1 4496 ctgcgcatgcaacagcgccatttttaggtcaaggcatgaatatggctcttgaagacgctt 

Myxococcus 4491 cggcacatgccaccgcacccttcctgggccaagggatgaacatggcgctggaagatgcct 

J.L ivDSM1522 4558 acgtcttcgtgtccctgctggaaaagcacggcaatgccctgggccctgccctgtccgaat 

J.livNBRC12613 4555 acgtcttcgtttccctgctggaaaagcacggcaacgccctgggccctgccctgtccgagt 

J.livBP01 4552 atatcttcgtcactctgctggaaaagcacggcaatgcgctggctcccgccctggccgaat 

J.M M5 4461 acgtcttcgtttccctgctggaaaagcacggcaatgccctgggccctgccctgtccgagt 

J.sp.LM6 4552 atatcttcgccacgttgctggaaaagcatggcaatgcgctggcgcctaccctggccgagt 

J.agaricidamnosu 4549 acgtcttcgtttccctgctggaaaagcatggcaatgccctgggccccgccctgtccgaat 

Massilia 4551 acgtcttcatcaccttgctggaaaagcatcgcgatgacctgggcctggtcttgtcggagt 

D.sp.zlp-xi 4555 aggtcttcgtcggcttactggaaaagtatggcaatgcgctggagctggccttgcccgagt 

D.spb2 4551 acgtcttcatcaccttgctggaaaagcatcgcgatgacctgggcctggtcttgtcggagt 

Collimonas_MPS11 4552 atgtgctcacgactttactggacaagcatggcgacgccctcggcctggcactgtccgaat 

C.vioAB032799.1 4553 gcaccttcgtcgagctgctggaccgccaccagggcgaccaggacaaggcctttcccgagt 

C.viocv1192 4553 gcaccttcgtcgagctgctggaccgccaccagggcgaccaggacaaggcctttcccgagt 

C.vioLC000628 4554 acagcttcgtcacgctgctggaccagcactgccatgatcaggagctggccttcgccgaat 

C.VacciniiXC0014 4553 gcaccttcgtcgagctgctggaccgccacaagggtgatcaggacaaggcttttcccgagt 

C.vio 4553 gcaccttcgtcgagctgctggaccgccaccagggcgaccaggacaaggcctttcccgagt 

C.sp.257-1 4550 gcgccttcgtcgaattgctggaccgccatcagggcgaccaggacaaggccttccccgagt 

P.luteoviolaceaS 4557 acgtgttagatactttatttgagcaatatggcgatgactttgacaaggtactgagtgaat 

P.sp.520P1 4556 atgttttatcatgcttatttgataaatatgatgctaatttaagtaaaattttacctgact 

Myxococcus 4551 atgtcctctccaccctgctggacaggcacgcgcatgacctggacgcgacgctcccggagt 

J.L ivDSM1522 4618 tcacgcagcagcgcaaggtgcaggcggacgccatgcaggacatggcgatcgccaactatg 

J.livNBRC12613 4615 tcacgcagcagcgcaaggtgcaggcggacgccatgcaggacatggcgatcgccaactatg 

J.livBP01 4612 tcacgctgcagcgcaaggtacaggcggacgccatgcaggatatggcgatcgccaactatg 

J.M M5 4521 tcacgcagcagcgcaaggtgcaggcggacgccatgcaggacatggcgatcgccaactatg 

J.sp.LM6 4612 tcacgcagcagcgcaaggtgcaggcggacgccatgcaggatatggcgatcgccaactacg 

J.agaricidamnosu 4609 tcacgcagcagcgcaaggtgcaggccgacgccatgcaggacatggcgatcgccaactatg 

Massilia 4611 ttacggggcagcgcaaggtgcaggccgacgccatgcaggatatggcgatcgccaactacg 

D.sp.zlp-xi 4615 tcacccgccagcgcaaggagcaggccgacgccatgcaggagatggcgatcgccaactacg 

D.spb2 4611 ttacggggcagcgcaaggtgcaggccgacgccatgcaggatatggcgatcgccaactacg 

Collimonas_MPS11 4612 tcacccgccagcgcaaggtgcaggcggacgccatgcaagacatggcgatcgccaactacg 

C.vioAB032799.1 4613 tcaccgagctgcgcaaggtgcaggccgacgcgatgcaggacatggcgcgcgccaactacg 

C.viocv1192 4613 tcaccgagctgcgcaaggtgcaggccgacgcgatgcaggacatggcgcgcgccaactacg 

C.vioLC000628 4614 tcaccgcgcagcgcaaggtgcaggccgacgcgatgcaggacatggcgcgcgccaactacg 

C.VacciniiXC0014 4613 tcaccgagctgcgcaaggtgcaggccgacgcgatgcaggacatggcgcgcgccaactacg 

C.vio 4613 tcaccgagctgcgcaaggtgcaggccgacgcgatgcaggacatggcgcgcgccaactacg 

C.sp.257-1 4610 tcaccgcgcagcgcaaggtgcaggccgacgcgatgcaggacatggcgcgcgccaactacg 

P.luteoviolaceaS 4617 tcactgagcttcgcaaaatcgaggcggatgcaatgcaagatatggcgcgtgcaaactacg 

P.sp.520P1 4616 ttacaaccttacgaaaagtagaagccgatgcaatgcaagacatggcaagagcaaattatg 

Myxococcus 4611 tcacccgccttcgcaaggtgcaggcggatgccatgcaggacatgtccatcgcgaactacg 

J.L ivDSM1522 4678 aggcgctgagcaatccgaacctgattttcttcctgcagacgcgctac------------- 

J.livNBRC12613 4675 aagcgctgagcaatccgaatctgattttcttcctgcagacgcgctac------------- 

J.livBP01 4672 aagcgctgagcaatccgaatctgattttcttcctgcagacgcgctac------------- 

J.M M5 4581 aagcgctgagcaatccgaacctgattttcttcctgcagacgcgctacacgcgctacatgc 

J.sp.LM6 4672 aagcgctgagcaaccccagcctgattttcttcctgcagacgcgctat------------- 

J.agaricidamnosu 4669 aagcgctgagcaatccgaatctgattttcttcctgcagacgcgctac------------- 

Massilia 4671 aaatgctgagcaacccgaattttattttcttcctgcaaacccgcta-------------- 

D.sp.zlp-xi 4675 aggtgctgagcaatccgaacttcctgttcttcctgcaggcgcgctat------------- 

D.spb2 4671 aaatgctgagcaacccgaattttattttcttcctgcaaacccgcta-------------- 

Collimonas_MPS11 4672 aggcgctgagcaatcccaatctgattttcttcctgcaaacccgcta-------------- 

C.vioAB032799.1 4673 acgtgctcagctgctccaatcccatcttcttcatgcgggcccgcta-------------- 

C.viocv1192 4673 acgtgctcagctgctccaatcccatcttcttcatgcgggcccgcta-------------- 

C.vioLC000628 4674 acgtgctcagctgctccaaccccatctttttcctgcgcgcccgcta-------------- 

C.VacciniiXC0014 4673 acgtgctcagttgctccaaccccgtcttcttcatgcgggcgcgcta-------------- 

C.vio 4673 acgtgctcagctgctccaatcccatcttcttcatgcgggcccgcta-------------- 

C.sp.257-1 4670 acgtgctcagctgctccaatcccatcttcttcatgcgggcccgcta-------------- 

P.luteoviolaceaS 4677 aagtccttagttgctctgatccaatattctttatgcgagcacgatt-------------- 

P.sp.520P1 4676 aagtattaagttgttcaaaccctattttcttcctaagagccagata-------------- 

Myxococcus 4671 aggtgctgagcaacccccgcttcatcttcttcctgcgggtccaata-------------- 
 

J.L ivDSM1522 4725 -------- ttcacatcggttccttacacaaacttggaagggtaaattaatgaaattctcg 

J.livNBRC12613 4722 -------- ttcacatcggttccttacacaaacttggaagggtaaattaatgaacttctcg 

J.livBP01 4719 -------- tttacatcgattccttacacaaacttggaagggtaaattaatgaacttctcg 

J.M M5 4641 acaagaaattcccccgtgtttatccgccggacatggcggagaa----actgtacttc--- 

J.sp.LM6 4719 -------- tttacatcgattccttacataaacttgggagggtaaattaatgaacttctcg 

J.agaricidamnosu 4716 -------- ttcacatcggttccctacacaaacttggaagggtaaattaatgaacttctcg 

Massilia 4717 ------- cttcacatcggttccctacacaaacttggaagggtaaactaatgaaatcctcg 

D.sp.zlp-xi 4722 -------- ttcacctcggttccttacacaaacttggaagggtaaattaatgaagttctcg 

D.spb2 4717 ------- cttcacatcggttccctacacaaacttggaagggtaaactaatgaaatcctcg 

Collimonas_MPS11 4718 ------- cttcacatcggttccctacacaaactaggaagggtaaattaatgaaattctcg 

C.vioAB032799.1 4719 ------- cttcacgtccgagccgtacacaagatagggagggtcaactgatgaagttctgg 

C.viocv1192 4719 ------- cttcacgtccgagccgtacacaagatagggagggtcaactgatgaagttctgg 

C.vioLC000628 4720 ------- tttcacttccgagccgtacacaaattggggagggtcaactgatgaaatcctgg 

C.VacciniiXC0014 4719 ------- tttcacgtcggaaccgtacacaagataggaagggtcaattgatgaaattctgg 

C.vio 4719 ------- cttcacgtccgagccgtacacaagatagggagggtcaactgatgaagttctgg 

C.sp.257-1 4716 ------- cttcacgtcggagccgtacacaagatagggagggtcaactgatgaagttctgg 

P.luteoviolaceaS 4723 ------- tttcacttcgatgcgttacataaaatagggagaatgaattaatgaagttttag 

P.sp.520P1 4722 ------- tttcacttcaatgaaatacacaaaatagggagattaaattaatgaatttcttg 

Myxococcus 4717 ------- tttcgattccgtcccctacatcggctcggccggatgaactagccgcctccccg 
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     VIO C end  VIO D start 

J.L ivDSM1522 4777 tcatcggcgcaggccccgcaggactgc---tctttgccagt-caaatgaaacaggcccag 

J.livNBRC12613 4774 tcatcggcgcaggccccgcaggactgc---ttttcgccagt-caaatgaaacaggcccag 

J.livBP01 4771 tcatcggtgcaggtcccgcaggactgc---tcttcgccagt-cagatgaaacaggcccag 

J.M M5 4694 acatcggttccttacgatgagtgcagcaactcttcgcagctgcagatgaaacaggcccag 

J.sp.LM6 4771 tcatcggcgcaggccccgctggcctgc---tcttcgccagc-cagatgaaacaggcccgg 

J.agaricidamnosu 4768 ttatcggcgcaggacccgcaggactga---tctttgccagt-cagatgaaacaagcccaa 

Massilia 4770 tcatcggcgccggaccagccggactg---atctttgcaagt-caaatgaagcaagcccaa 

D.sp.zlp-xi 4774 tgatcggcgccggcccggcaggattga---tttttgccagc-cagatgaagcaagcccag 

D.spb2 4770 tcatcggcgccggaccagccggactg---atctttgcaagt-caaatgaagcaagcccaa 

Collimonas_MPS11 4771 ttatcggcgccggaccggcaggattg---atattcgccagt-caaatgaagcaagccagg 

C.vioAB032799.1 4772 tcatcggcgcggggccggccggcctg---gtgttcgccagc-caactgaaacaggcgcgt 

C.viocv1192 4772 tcatcggcgcggggccggccggcctg---gtgttcgccagc-caactgaaacaggcgcgt 

C.vioLC000628 4773 ttatcggcgcgggtccggcaggcctg---gtgttcgccagc-caaatgaagctggcgaag 

C.VacciniiXC0014 4772 ttatcggcgcgggtccggccggcctg---gtgttcgccagc-caactgaaacaggcgcgt 

C.vio 4772 tcatcggcgcggggccggccggcctg---gtgttcgccagc-caactgaaacaggcgcgt 

C.sp.257-1 4769 tcataggcgcggggccggccggcctg---gtgttcgccagc-caactgaaacaggcgcgt 

P.luteoviolaceaS 4776 ttgttggtgcaggcccatcaggcctg---atgttcgcaagt-gaaacaaaaaaattaaaa 

P.sp.520P1 4775 tgatcggtgcaggtccagcaggtctt---atgttttctagt-caaatcaaaaaactaaac 

Myxococcus 4770 ccgacggcgcggcgtccgaggccctg---gcttctcccggc-cccgtcatgcaagcccct 

J.L ivDSM1522 4833 cccggctgggatatcagcattacggaaaaaaacaccccggaagaa---gtgctgg----- 

J.livNBRC12613 4830 cccggctggaatatcagcattacggaaaaaaacaccccggaagaa---gtgctgg----- 

J.livBP01 4827 cccggctggaatatccgcattacggaaaaaaataccccggaagaa---gtgctgg----- 

J.M M5 4754 cccggctggaata--------acgg---aaaacacgccggaagaa---gtgctgg----- 

J.sp.LM6 4827 cccgcctggaatatcagcattacggaaaaaaacaccccggaagaa---gtgctgg----- 

J.agaricidamnosu 4824 ccgggctgggatatcagcattacggaaaaaaataccccggaagaa---gtgctgg----- 

Massilia 4826 cccgcttgggatatcagcgttgcggaaaaaaatacccaggaagaa---gtgctgg----- 

D.sp.zlp-xi 4830 ccaggctgggacatcagtatcgtggaaaaaaacacccaggaagaa---gtgctgg----- 

D.spb2 4826 cccgcttgggatatcagcgttgcggaaaaaaatacccaggaagaa---gtgctgg----- 

Collimonas_MPS11 4827 cctgactggcagatcagcattgcggagaagaatacccaggaagaa---gtactgg----- 

C.vioAB032799.1 4828 ccgctgtgggcgatagacatcgtcgaaaagaacgacgagcaggaa---gtgctgg----- 

C.viocv1192 4828 ccgctgtgggcgatagacatcgtcgaaaagaacgacgagcaggaa---gtgctgg----- 

C.vioLC000628 4829 cccgattggcagatcagcatcgcggaaaagaacgaccccgaggaa---gtggcgg----- 

C.VacciniiXC0014 4828 ccgcagtgggcgatagacatcgtcgaaaagaacgacgagcaagag---gtgctgg----- 

C.vio 4828 ccgctgtgggcgatagacatcgtcgaaaagaacgacgagcaggaa---gtgctgg----- 

C.sp.257-1 4825 ccgcagtgggcgatagacatcgtcgaaaagaacgacgagcaggaa---gtgctgg----- 

P.luteoviolaceaS 4832 ccagagtgggatattcgcgtcattgaaaagaatcaccctgatgcaaacgttgttg----- 

P.sp.520P1 4831 cctgattggcatatcaatattatagaaaaaaataatcaagatgaaa---gtgttg----- 

Myxococcus 4826 tcccttccgccgctcctgcccctccaatggagc --- agcggctacgtgtcctattggtc 

J.L ivDSM1522 4885 gctggggcgtggtgctgccggggcggccgccgcgccatcccgccaatccgctctcctacc 

J.livNBRC12613 4882 gctggggtgtcgtgctgccgggacgcccgccgcgccatcccgccaacccgctgtcctacc 

J.livBP01 4879 gctggggcgtggtgctgccgggacggccgccgcgccatccagccaatcccctctcctacc 

J.M M5 4795 gctggggcgt ----------gacgcccgccgcgccatccggccaatccgctgtcttacc 

J.sp.LM6 4879 gctggggcgtggtgctgccgggacggccgccgcgccatccggccaatccgctctcttacc 

J.agaricidamnosu 4876 gctggggcgtggtgctgccgggccggccgccgcgccatcctgccaatccgctctcctacc 

Massilia 4878 gctggggcgtggtgctgccgggacgcccgccgcgccatcccgccaatccgctgtcctatc 

D.sp.zlp-xi 4882 gatggggcgtagtgctgccgggacggccgccgcgccatcctgccaatcccttgtcttacc 

D.spb2 4878 gctggggcgtggtgctgccgggacgcccgccgcgccatcccgccaatccgctgtcctatc 

Collimonas_MPS11 4879 gctggggcgtggtactgccggggcggccgccgcgccatccggccaatccgctgtcctacc 

C.vioAB032799.1 4880 gctggggcgtggtgctgcccggccggcccggccagcatccggccaatccgctgtcctacc 

C.viocv1192 4880 gctggggcgtggtgctgcccggccggcccggccagcatccggccaatccgctgtcctacc 

C.vioLC000628 4881 gctggggcgtggtgctgcctggccggcccggccagcatccggctaatccgctgtcctatc 

C.VacciniiXC0014 4880 gctggggcgtggtgctgcccggacggcctggccagcatccggccaatccgctgtcctatc 

C.vio 4880 gctggggcgtggtgctgcccggccggcccggccagcatccggccaatccgctgtcctacc 

C.sp.257-1 4877 gctggggcgtggtgctgccgggcaagcccggccagcatccggccaatcccctgtcctatc 

P.luteoviolaceaS 4887 gctggggtgtggtattaccaggccgtgccccgcaccatcctgcgaatcctctgtcttacc 

P.sp.520P1 4883 gttggggtgttgtgttgccaggtagagcaccacatcatcctgcgaatccgctgtcatatt 

Myxococcus 4882 gcccatgcgaggagacgaccagc--tcacgtccggctactgctggttcgactatgcccgc 
 

J.L ivDSM1522 4945 tggagcagtctgaacggctcaatccgcagttcctggaagaattcaagctcgtgcatcacg 

J.livNBRC12613 4942 tggagcagccggagcggctcaatccacagttcctggaagaattcaagctcgtgcatcacg 

J.livBP01 4939 tggagcagccagaacggctcaatccgcagttcctggaagaattcaagctcgtgcatcacg 

J.M M5 4844 tggagcagccggaacagctcaatgcgcaattcctggaagaatttaagctcgtgcatcacg 

J.sp.LM6 4939 tggagcagccggaacggctcaatccgcagttcctggaagaattcaagctcgtgcatcacg 

J.agaricidamnosu 4936 tggagcagccggaacggctcaatccgcagttcctggaagaattcaagctcgtgcatcacg 

Massilia 4938 tggagcagccggaactgctcaacccgcaattcctggaagaattcaagctggtgcaccac- 

D.sp.zlp-xi 4942 tggagcagccggaacggctcaacccgcagtacctggaggaattcaagctggtgcaccacg 

D.spb2 4938 tggagcagccggaactgctcaacccgcaattcctggaagaattcaagctggtgcaccac- 

Collimonas_MPS11 4939 tggagcagccggaacggctgaacccgcaattcctagaggaattcaagctggtgcatcac- 

C.vioAB032799.1 4940 tggacgcgccggagaggctgaatccgcagttcctggaagacttcaagctggtccaccac- 

C.viocv1192 4940 tggacgcgccggagaggctgaatccgcagttcctggaagacttcaagctggtccaccac- 

C.vioLC000628 4941 tggaacatccggagcggctggacccgcagttcctggaggatttcaagctgatccaccat- 

C.VacciniiXC0014 4940 tggacgcgccggaaaagctgaacccgcagttcctggaggacttcaagctggtgcatcac- 

C.vio 4940 tggacgcgccggagaggctgaatccgcagttcctggaagacttcaagctggtccaccac- 

C.sp.257-1 4937 tggaggcgccggaaaggctgaatccgcagttcctggaagacttcaagctggtacatcac- 

P.luteoviolaceaS 4947 tagctaatcatgaaacgctagacgcgcagtacttagaagactttaagctcactcaccat- 

P.sp.520P1 4943 tatctaatcatgaatcattagatgcgcaatacatagaagagtttaagcttacacatcat- 

Myxococcus 4940 gaggtctgccggattgacggtctgttcaatccctcgaaaaggagaagggctaccagctct 

J.L ivDSM1522 5005 ----------accagcccaa-cctgatgagcaccg-gcgttaccctgtg --------- c 

J.livNBRC12613 5002 ----------accagcccaa-tctgatgagcaccg-gcgtgaccctgtg --------- c 

J.livBP01 4999 ----------accagcccaa-cctgatgagcaccg-gcgtcaccctgtg --------- c 

J.M M5 4904 ----------agcagcccaa-tctgatgagcaccg-gcgtgatcctgtg --------- c 

J.sp.LM6 4999 ----------accagcccaa-cctgatgagcacgg-gtgttaccctgtg --------- c 

J.agaricidamnosu 4996 ----------accagcccaa-cctgatgagcaccg-gtgtgaccctgtg --------- c 

Massilia 4997 ---------gaccagccgaa-cctgatgagcaccg-gcgtgacgctgtg --------- c 

D.sp.zlp-xi 5002 ----------accagcccaatc-tgatgagcaccg-gcgtcaccctgtg --------- c 

D.spb2 4997 ---------gaccagccgaa-cctgatgagcaccg-gcgtgacgctgtg --------- c 

Collimonas_MPS11 4998 ---------gaccagccca-acctgatgagcaccg-gcgtcaccctgtg --------- c 

C.vioAB032799.1 4999 ---------aacgagccca-gcctgatgagcaccg-gcgtgctgctgtg --------- c 

C.viocv1192 4999 ---------aacgagccca-gcctgatgagcaccg-gcgtgctgctgtg --------- c 

C.vioLC000628 5000 ---------aacgagccca-atctgatgagcaccg-gcgtgctgctgtg --------- c 

C.VacciniiXC0014 4999 ---------aacgagccca-gcctgatgagcaccg-gcgtgctgctgtg --------- c 

C.vio 4999 ---------aacgagccca-gcctgatgagcaccg-gcgtgctgctgtg --------- c 

C.sp.257-1 4996 ---------aacgagccga-gcctgatgagcaccg-gcgtgctgctgtg --------- c 

P.luteoviolaceaS 5006 ---------aaccaaagtg-cgctcaaaagtaccg-gcgtgacactatg --------- t 

P.sp.520P1 5002 ---------aatgactcag-ccttaactaaaaccg-gcgtcactttatg --------- t 

Myxococcus 5000 ggatgtcggaagtcggcgatgtcactcgaggacagagcctccagaagaaggtcgcctacc 

J.L ivDSM1522 5043 ggcgtcggacgccaggccctggtgcaggcac-tgcgcgccaagtgcgtggcggccggc-a 

J.livNBRC12613 5040 ggcgtcggacgccaggccctggtgcaggccc-tgcgcgccaagtgcgtggcggccggc-a 
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J.livBP01 5037 ggcgtcggacgccaggtcctggtgcaggccc-tgcgcgccagatgcgtggcggccggc-a 

J.M M5 4942 ggcgtcggacgccaggccctggtacaggcct-tgcgcgc --- tgcgtagcggccggc-a 

J.sp.LM6 5037 ggcgtcggacgccaggccctggtgcaagccc-tgcgcgccaaatgcgtggcggccggc-a 

J.agaricidamnosu 5034 ggcgtgggacgccaggccctggtgcaggcct-tgcgcgccaagtgcgtggcggccggc-a 

Massilia 5036 ggcgttggtcggcaagtcctggtgcagg-cgctgcgcgccaaatgcgtggcggccggc-a 

D.sp.zlp-xi 5040 ggcgtggagcggcgcggcctggtgcaggcac-tgcgcgccaaatgcgtggcggccggc-a 

D.spb2 5036 ggcgttggtcggcaagtcctggtgcagg-cgctgcgcgccaaatgcgtggcggccggc-a 

Collimonas_MPS11 5037 ggcgtcgagcgccgggccctggtgcagg-cgctgcgcgccagatgcgtcgccgccggc-a 

C.vioAB032799.1 5038 ggcgtggagcgccgcggcctggtgcacgcct-tgcgcgacaagtgccgctcgcagggc-a 

C.viocv1192 5038 ggcgtggagcgccgcggcctggtgcacgcct-tgcgcgacaagtgccgctcgcagggc-a 

C.vioLC000628 5039 ggcgtggagcggcgcggcctggtgcaggcgc-tgcgcgagcgctgccagtcgctgggc-a 

C.VacciniiXC0014 5038 ggcgtggagcgccgcggcctggtgcacgcct-tgcgcgacaaatgccgctcgcagggc-a 

C.vio 5038 ggcgtggagcgccgcggcctggtgcacgcct-tgcgcgacaagtgccgctcgcagggc-a 

C.sp.257-1 5035 ggcgtggagcgccgcggcctggtgcacgcct-tgcgcgacaagtgccgctcgcagggc-a 

P.luteoviolaceaS 5045 ggtgcagagcgaaagtctatggtgagagaac-ttagacaactttgcgtcagcctagga-a 

P.sp.520P1 5041 ggtgccgagcgtaaatctatggtgcatgaac-ttcgtcaattatgtattggtttaggt-a 

Myxococcus 5060 ggcgcggaacgcccccctccggtgatggcctcttcgcgg-acgtgctcccggaggagcta 

J.L ivDSM1522 5101 tcgccatcc-----gtta--cgaaacgc---cgccggcgga-caaggcg--cagctggaa 

J.livNBRC12613 5098 tcacgatca-----gtta--cgaaacgc---cgccagcgga-caaggcg--cagctggaa 

J.livBP01 5095 tcgccatcc-----gcta--cgaaacgc---cgccggcgtc-ccgggcg--cagctggaa 

J.M M5 4996 tcgacatcc-----gcta--cgaaacgc---cgccgcagga-caaggcg--cagctggaa 

J.sp.LM6 5095 tcgacatcc-----gcta--cgaaacgc---cgccggcgtc-ccgcgcg--cagctggaa 

J.agaricidamnosu 5092 tcgccatcc-----gcta--tgaaacgc---cgccggcgga-caaggcg--cagctggaa 

Massilia 5094 tcacggtc -----------agttacga-gacgccgctggcgagcgtggcgcaactggaa 

D.sp.zlp-xi 5098 tcgcgatca-----gcta--cgaaacgc---cgccggccagccaggcc -- cagcttgaa 

D.spb2 5094 tcacggtc -----------agttacga-gacgccgctggcgagcgtggcgcaactggaa 

Collimonas_MPS11 5095 tcgccatc-----agct--atgaaa ----- cgccgctgcaaagcgtagcgcagctggaa 

C.vioAB032799.1 5096 tcgccatcc-----gct--tcgaatcgc -- cgctgctggagcatggcgagctgccgctg 

C.viocv1192 5096 tcgccatcc-----gct--tcgaatcgc -- cgctgctggagcatggcgagctgccgctg 

C.vioLC000628 5097 tcgccatcc-----att--acgagtcgc -- cgctgctggcgcgcgagcagctgccgctg 

C.VacciniiXC0014 5096 tcgacatcc-----gct--tcgagtcgc -- cgctgctggagcacggcgagctgccgctg 

C.vio 5096 tcgccatcc-----gct--tcgaatcgc -- cgctgctggagcatggcgagctgccgctg 

C.sp.257-1 5093 tcgccatcc-----gct--tcgaatcgc -- cgctgctggagcatggcgagctgccgctg 

P.luteoviolaceaS 5103 ttaccattg-----act--atgaacagc -- cagcccttgaagatgctgaattgctatgc 

P.sp.520P1 5099 tttcgattg-----aat--atgaaaaac -- cggcatcaaaactcgttgacctacaatgt 

Myxococcus 5119 tcaccgttccaggagctgttccttccgcgggcggtgttggtggatgggcatgcgcgccat 
 

J.L ivDSM1522 5148 gccgagtacgacctggtggtggtatcgaatgg ------- cgtcaattacaaatcgctgg 

J.livNBRC12613 5145 gccgagtacgacctggtggtggtttcgaatgg ------- cgtcaattacaaatcgctgg 

J.livBP01 5142 gccgagtacgacctggtggtggtatcgaatgg ------- cgtcaattacaaatcgctgg 

J.M M5 5043 gcgcaatacgacctggtggtggtggcgaacgg ------- cgtcaattacaaatcgctgg 

J.sp.LM6 5142 gccgagtacgacctggtggtggtctcgaacgg ------- cgtcaactacaaatcgctgg 

J.agaricidamnosu 5139 gccgagtacgacctggtggtggtgtcgaatgg ------- cgtcaactacaaatcgctgg 

Massilia 5141 gccgaatacgacctggtcgtggtgtcgaacgg ------- tatcaatcacaaatcgctg- 

D.sp.zlp-xi 5145 gccgagtacgatctggtggtggtcgccaatgg ------- cgtcaaccacaagacgctgc 

D.spb2 5141 gccgaatacgacctggtcgtggtgtcgaacgg ------- tatcaatcacaaatcgctg- 

Collimonas_MPS11 5142 gccgagtacgacctggtggtggtctccaacgg ------- cgtcaatcacaaatcgctgg 

C.vioAB032799.1 5146 gccgactacgacctggtggtgctggccaacgg--------cgtcaatcacaaga--ccgc 

C.viocv1192 5146 gccgactacgacctggtggtgctggccaacgg--------cgtcaatcacaaga--ccgc 

C.vioLC000628 5147 gacgactacgacctgatcgtggcggccaacgg--------tgtcaaccacaaga--cttc 

C.VacciniiXC0014 5146 gccgattacgatctggtggtgctggccaacgg--------cgtcaaccacaaga--cctc 

C.vio 5146 gccgactacgacctggtggtgctggccaacgg--------cgtcaatcacaaga--ccgc 

C.sp.257-1 5143 gccgactacgacctggtggtgctggccaacgg--------cgtcaaccacaaga--ccgc 

P.luteoviolaceaS 5153 aatgactatgatttagtcgtggtctcaaatgg--------tatcaaccacacca--ccac 

P.sp.520P1 5149 aacaaatatgatttagttgttgtttcaaatgg--------tattaatcatacat--caac 

Myxococcus 5179 tccggatgggccttcgtgttg--ggccaccgggcggatatctggaccctcgacaggccac 
 

J.L ivDSM1522 5200 --agttgccgccagcactggcgccacacatcgatttcggccgcaacaaa--tacatctg- 

J.livNBRC12613 5197 --acttgccgccggcgctgacgccgcacatcgatttcggccgcaacaaa--tacatctg- 

J.livBP01 5194 --aattgccgccagcgctggcgccgcacgtcgatttcggccgcaacaaa--tacatctg- 

J.M M5 5095 --acttgccgccggcgctggcgccgcacgtcgatttcggccgcaacaaa--tacatctg- 

J.sp.LM6 5194 --acttgccgccagcactggcgccgcacatcgatttcggccgcaacaaa--tacatctg- 

J.agaricidamnosu 5191 --acttgccgcccgcgctggcgccgcacatcgatttcggccgcaacaaa--tacatctg- 

Massilia 5192 -gaattgccgccggcactggccgcgcaggttgaattcggcaagaacaaa--tacatctg- 

D.sp.zlp-xi 5197 --agctgccgccgtcgctggcgccgcagatcgacttcgggcgcaataaa--tacatctg- 

D.spb2 5192 -gaattgccgccggcactggccgcgcaggttgaattcggcaagaacaaa--tacatctg- 

Collimonas_MPS11 5194 --agttgccgccggcgctgacgccgcaagtcggattcggccgcaacaaa--tatatctg- 

C.vioAB032799.1 5196 ccacttcaccgaggcgctggtgccgcaggtggactacggccgcaacaa--gtacatctg- 

C.viocv1192 5196 ccacttcaccgaggcgctggcgccgcaggtggactacggccgcaacaa--gtacatctg- 

C.vioLC000628 5197 gcacttcaccgaggcgctggcgcccaagctggagtacggcggcaacaa--atacatctg- 

C.VacciniiXC0014 5196 ccacttcaccgaggcgctggcgccgcaggtggactatggccgcaacaa--gtacatctg- 

C.vio 5196 ccacttcaccgaggcgctggtgccgcaggtggactacggccgcaacaa--gtacatctg- 

C.sp.257-1 5193 ccactttaccgaggcgctggcgccgcaagtggattacggccgcaacaa--atacatctg- 

P.luteoviolaceaS 5203 atattatcgtgatgcactaaagccaaaaattgagttcggtaaaaaccg--ctatatgtg- 

P.sp.520P1 5199 gtactataaagaagcattaaagcctaaagttgaattcggtaaaaatcg--ttatatgtg- 

Myxococcus 5237 gcaagacaccgttgcgcttctatctc -------- caggcaggaaccaacgtgctgctcc 
 

J.L ivDSM1522 5255 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcagcaatgagcacgg 

J.livNBRC12613 5252 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcagcaatgagcacgg 

J.livBP01 5249 gtacggcaccacccagctgttcgatcagatgaacctggtgttccgcagcaatgagcacgg 

J.M M5 5150 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcagcaatgagcacgg 

J.sp.LM6 5249 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcagcaatgagcaagg 

J.agaricidamnosu 5246 gtacggcaccacccagctgtttgaccagatgaacctggtgttccgcagcaatgaccaagg 

Massilia 5248 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcgaaaacagcaacgg 

D.sp.zlp-xi 5252 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcagcaatgcgcaagg 

D.spb2 5248 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcgaaaacagcaacgg 

Collimonas_MPS11 5249 gtacggcagcagccagcgcttcgaccagatgaacctggtgttccgcgccaacgacaaggg 

C.vioAB032799.1 5253 gtacggcaccagccagctgttcgaccagatgaacctggtgttccgcacccacggcaagga 

C.viocv1192 5253 gtacggcaccagccagctgttcgaccagatgaacttggtgttccgcacccacggcaagga 

C.vioLC000628 5254 gttcggcaccagccagttgttcgaccagatgaacctggtgttccgcacccacggcaagga 

C.VacciniiXC0014 5253 gtacggcaccagccagctgttcgaccagatgaacctggtgttccgcacccatggcaagga 

C.vio 5253 gtacggcaccagccagctgttcgaccagatgaacctggtgttccgcacccacggcaagga 

C.sp.257-1 5250 gtacggcaccagccagctgttcgaccagatgaacctggtgttccgcacccacggcaagga 

P.luteoviolaceaS 5260 gtatggcacacccaagacatttgatgccatgaacctgatttttaaatcgcattcaaaagg 

P.sp.520P1 5256 gtacgggacgactaaaaagtttgatgaaatgaatttaattttcaaaacgaaagctaaagg 

Myxococcus 5288 gcatggtttcaggca-----acgacccgcagcacgtctcggtgcgtgatttcccca -- a 

J.L ivDSM1522 5315 catattcatcggccatgcctacaaatactcggacacgatgagcacctttatcgtcgag-- 

J.livNBRC12613 5312 cattttcatcggccatgcctataaatactcggacacgatgagcacctttatcgtcgag-- 

J.livBP01 5309 cattttcatcggccatgcctataaatattcggacacgatgagcacctttatcgtcgag-- 

J.M M5 5210 cattttcatcggccatgcctataaatactcggacacgatgagcacgtttatcgtcgagtg 

J.sp.LM6 5309 cattttcatcggccatgcctacaaatactcggacacgatgagcactttcatcgtcgag-- 
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J.agaricidamnosu 5306 gattttcatcggccatgcctataaatactcggacacgatgagcacctttatcgtcgag-- 

Massilia 5308 cgtgttcgccggccatgcctacaaatactcggacacgatgagcactttcatcgtcga--- 

D.sp.zlp-xi 5312 catgttcatcggccatgcctaccggtattcggatacgatgagcaccttcgtcgtcga--- 

D.spb2 5308 cgtgttcgccggccatgcctacaaatactcggacacgatgagcactttcatcgtcga--- 

Collimonas_MPS11 5309 cgtcttcatcggccatgcctacaaatattcggacacgatgagcaccttcatcgtcga--- 

C.vioAB032799.1 5313 cattttcatcgcccacgcctacaagtactcggacacgatgagcaccttcatcgtcga--- 

C.viocv1192 5313 cattttcatcgcccacgcctacaagtattcggacacgatgagcaccttcatcgtcga--- 

C.vioLC000628 5314 tattttcatcgcccacgcctacaagtactccagccggatgagcactttcgtggtgga--- 

C.VacciniiXC0014 5313 catcttcatcgcccacgcctacaagtactcggacacgatgagcaccttcgtcgtcga--- 

C.vio 5313 cattttcatcgcccacgcctacaagtactcggacacgatgagcaccttcatcgtcga--- 

C.sp.257-1 5310 catcttcatcgcccatgcttacaagtactcggacaagatgagcaccttcgtcgtcga--- 

P.luteoviolaceaS 5320 tatttttgtagcacactcttataaatactcaagcactatgagtacattcgtggtcga--- 

P.sp.520P1 5316 tatttttgttgctcactgttataaatattccagtaatatgagtacttttgttgttga--- 

Myxococcus 5340 cctgtccatcgagga ----- gattcccgagcgatgaggcgcaccagcgtccccct--t 

J.L ivDSM1522 5373 ----- aagagacgtacgccagggccgggctggaggcgctgtccgagcgcgatgccgccgc 

J.livNBRC12613 5370 ----- aagaaacgtacgccagggccgggctggaagcgctgtccgagcgcgacgccgccgc 

J.livBP01 5367 ----- aagagacgtacgccaaggccgggctggaggcgctgtccgagcgcgatgccgccgc 

J.M M5 5270 cagcgaagagacgtacgccagggccgggctggaagcgctgcccgagcgcgacgccgccgc 

J.sp.LM6 5367 ----- aagagacgtacgccaaggcggggctggaagcgctgtccgaacgcgacgccgccgc 

J.agaricidamnosu 5364 ----- aagaaacgtacgccaaggcggggctggaggcgctgtccgaacgcgacgccgccgc 

Massilia 5365 ---- gaagagacgtatgccaaagccgagctggaattccgttccgagcgcgacgccgccgc 

D.sp.zlp-xi 5369 ---- gaacaggcatatgcccgggccgagctggaaatgcgctccgagcgcgatgccgccgc 

D.spb2 5365 ---- gaagagacgtatgccaaagccgagctggaattccgttccgagcgcgacgccgccgc 

Collimonas_MPS11 5366 ---- gagcagacctacgccaaggccgagctggagatgcattccgagcgtgaggcagccgc 

C.vioAB032799.1 5370 ---- gaggagacctatgcccgcgcccgcctgggcgagatgtcggaagaggcgtcggccga 

C.viocv1192 5370 ---- gaggagacctatgcccgcgcccgcctgggcgagatgtcggaagaggcgtcggccga 

C.vioLC000628 5371 ---- gaggaaaccttcgagcgcgcgcgcctgggggagatgtcggacgaggcgtcggcgga 

C.VacciniiXC0014 5370 ---- gaggaaacctatgtccgcgcccgcctgggcgagatgtccgacgaagcgtcggccga 

C.vio 5370 ---- gaggagacctatgcccgcgcccgcctgggcgagatgtcggaagaggcgtcggccga 

C.sp.257-1 5367 ---- gaggaaacctatgcccgcgcccgtctgggcgagatgtcggaagaggcgtcggccga 

P.luteoviolaceaS 5377 ---- gaagagacctatcaaaaatccggcctagatgagatgtcagcacaagacgctgaaaa 

P.sp.520P1 5373 ---- gaagaaacgtatataaattcaggtcttgatgaaatgtcgactcaaaatgccgaagc 

Myxococcus 5391 gcttgaggattcgcatggcccccagccgctg ---------------- ggggccggccg- 
 

J.L ivDSM1522 5428 gtacatcgccaaaacgttcaaggccgaactcggtgagcatggactgcagagccaaccggg 

J.livNBRC12613 5425 gtacatcgccaacacattcaaggcagaactcggcgagcacggactgcagagccaaccggg 

J.livBP01 5422 gtatatcgccaaaacgttcaaggccgaactcggcgagcatggactgcagagccaaccggg 

J.M M5 5330 gactgtcgccagcacgttcaaagccgaact--gcgaacacgtgctgcagagccaaccggg 

J.sp.LM6 5422 gactatcgccaaaacattcaaggccgaactcggtgagcacgggttgcagagccaaccggg 

J.agaricidamnosu 5419 gtatatcgcccaaaccttcaaggccgaactcggcgagcacgggttgcagagccaaccggg 

Massilia 5421 ctatatcgccaagacgttcgcgccagaactgggcgaacaccgtctggtcagccagccggg 

D.sp.zlp-xi 5425 ctatatcgccaaggtcttcgaggccgaactgggcggccacgccctggtcagccagcccgg 

D.spb2 5421 ctatatcgccaagacgttcgcgccagaactgggcgaacaccgtctggtcagccagccggg 

Collimonas_MPS11 5422 ctatatcgccaataccttcaaggcagaactcggcgagcacagcctgatcagccagccggg 

C.vioAB032799.1 5426 atacgtcgccaaggtgttccaggccgagctgggcggccacggcctggtgagccagcccgg 

C.viocv1192 5426 atacgtcgccaaggtgttccaggccgagctgggcggccacggcctggtgagccagcccgg 

C.vioLC000628 5427 atatgtggcgggcgtgttccgcgccgagctgggcggccacggcctggtggcgcagcctgg 

C.VacciniiXC0014 5426 atacgtggccaaggtgttccaggccgagctggacggccacggcctggtgagccagcccgg 

C.vio 5426 atacgtcgccaaggtgttccaggccgagctgggcggccacggcctggtgagccagcccgg 

C.sp.257-1 5423 atacgtggccaaggtgttccaggccgagctgggcggtcacggcctggtgagccagcccgg 

P.luteoviolaceaS 5433 gttcatcgcatcagtttttgaagatgacttagacggcaatcctgtaatggcgcaagaagg 

P.sp.520P1 5429 ctttattgcttcagtatttgaagaagagttagacggtcaaacggttatatcaccaaaagg 

Myxococcus 5433 ------cgcgagg ----- cagggagaaccaggcgaaggcacgcaggtgcgtccactcgt 

J.L ivDSM1522 5488 ccagg--gctggcg--caacttcatgaccctcagccacgaccaggcctgcgacggcaagt 

J.livNBRC12613 5485 ccagg--gctggcg--caacttcatgaccctcagccacgaccaggcctgcgacggcaagt 

J.livBP01 5482 ccagg--gctggcg--caacttcatgaccctcagccacgaccaggcctgcgacggcaagt 

J.M M5 5388 ccagg--gctggcg--caacttcatgaccctcagccgcgaccgggccwgcgacggcaag- 

J.sp.LM6 5482 ccagg--gctggcg--caacttcatgaccctcagccacgaccgggcctgcgacggcaagt 

J.agaricidamnosu 5479 ccagg--gctggcg--caacttcatgactctcagccgcgaccgggcctgcgacggcaagt 

Massilia 5481 ccagg--gctggcg--caacttcatgaccctcagccgcgaggtggccagcgacggcaagt 

D.sp.zlp-xi 5485 ccaag--gctggcg--caatttcatgaccctcagtcgtgaacgcgcctgcgagggcaagt 

D.spb2 5481 ccagg--gctggcg--caacttcatgaccctcagccgcgaggtggccagcgacggcaagt 

Collimonas_MPS11 5482 ccagg--gctggcg--caacttcatgaccttgagccacgagcgggcccacgacggcaagt 

C.vioAB032799.1 5486 cctcg--gctggcg--caacttcatgaccctgagccacgaccgctgccacgacggcaagc 

C.viocv1192 5486 cctcg--gctggcg--caacttcatgaccctgagccacgaccgctgccacgacggcaagc 

C.vioLC000628 5487 cctag--gctggcg--caatttcatgacgctgagccacgacaagtcctacgacggcaagc 

C.VacciniiXC0014 5486 cctcg--gctggcg--caacttcatgacgctgagccacaatcgctgccacgacggcaagc 

C.vio 5486 cctcg--gctggcg--caacttcatgaccctgagccacgaccgctgccacgacggcaagc 

C.sp.257-1 5483 cctcg--gctggcg--caacttcatgacactgagccacgaccgctgccacgacggcaagc 

P.luteoviolaceaS 5493 cttaa--agtggcg--taactttatgactcttagccacgaacaagcgtttgatggcaatg 

P.sp.520P1 5489 gctca--aatggcg--taacttcatgacattgagtcatgaacaagcctatagcgataata 

Myxococcus 5481 cctccacgctcgcggccagcatcgcctcctgaagggacgggaggggccacgaa-tcgagc 

J.L ivDSM1522 5544 tcgtcctgctcggcg--atgcgctgcaatcggggcatttttcca--tcggccatggcacc 

J.livNBRC12613 5541 tcgtcctgctcggcg--atgcgctgcaatcggggcatttctcca--ttggccacggcacc 

J.livBP01 5538 tcgtcctgctcggcg--atgcgctgcaatcggggcatttctcca--tcggccatggcacc 

J.M M5 5443 -------gctcggcg--atgcgctgcartcgggrcatttntcca--tcggccanggcacc 

J.sp.LM6 5538 tcgtcctgctgggcg--atgcgctgcaatcggggcatttttcca--tcggccacggcacc 

J.agaricidamnosu 5535 tcgtgctgctcggcg--atgcgctgcaatcggggcatttttcca--tcggccatggcacc 

Massilia 5537 tcgtgctgatcggcg--atgcgctgcaatcgggccacttctcga--tcggccatggcacc 

D.sp.zlp-xi 5541 tcgtcctgatcggcg--atgcgctgcaatcgggccacttctcga--tcggccacggaacg 

D.spb2 5537 tcgtgctgatcggcg--atgcgctgcaatcgggccacttctcga--tcggccatggcacc 

Collimonas_MPS11 5538 ttgtgctgatcggcg--atgcgttgcaatccggccatttctcga--ttggccatggcacc 

C.vioAB032799.1 5542 tggtgctgctgggcg--acgcgctgcagtccggccacttctcca--tcggccacggcacc 

C.viocv1192 5542 tggtgctgctgggcg--acgcgctgcagtccggccacttctcca--tcggccacggcacc 

C.vioLC000628 5543 tggtgttgatcggcg--acgcgctgcagtccggccacttctcca--tcggccacggcacc 

C.VacciniiXC0014 5542 tggtgctgctgggcg--acgcgctgcagtccggccacttctcca--tcggccacggcacc 

C.vio 5542 tggtgctgctgggcg--acgcgctgcagtccggccacttctcca--tcggccacggcacc 

C.sp.257-1 5539 tggtgctgctgggcg--acgcgctgcagtccggccacttctcca--tcggccacggcacc 

P.luteoviolaceaS 5549 tcgcactactcggtg--acgcgctgcagtctggtcacttctcaa--tcggtcacggtaca 

P.sp.520P1 5545 ttgttttactaggtg--atgcactgcaatcaggacatttttcta--ttggtcacggtacg 

Myxococcus 5540 tcgagctgcctgaccgcacgcgctaccg-actgcgcttcctccaagtccgtcgtggcctg 

J.L ivDSM1522 5600 accatggcggtggtggtcgccctgctgttggtcaaaatcct -- caataccgaagacggc 

J.livNBRC12613 5597 accatggccgtggtggcggccctgctgctggtcaatatcct -- caataccgaagctggc 

J.livBP01 5594 accatggcggtggtggcagccctgctgctggtcaaaatcct -- cgacaccgaagccggc 

J.M M5 5492 accatggcggtggtggnngccctgctgntggtcaaraycct -- cnataccgaagncsrm 

J.sp.LM6 5594 accatggcggtggtggcagccctgctgctggtgaaaatcct -- cgataccgaagccggc 

J.agaricidamnosu 5591 accatggcggtggtggcagccctgctgctggtcaagatcct -- ccataccgaagccggc 

Massilia 5593 accatggcggtggtggtggcccagctgctggtgaaaacgctcagc -- gccgaagccggc 

D.sp.zlp-xi 5597 accatggcagtggtgcttgccctgctgctggtgaaaaccctcagcg -- ccgataccgac 
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D.spb2 5593 accatggcggtggtggtggcccagctgctggtgaaaacgctcagc---gccgaagccggc 

Collimonas_MPS11 5594 accatggcggtggtggtcgcgcaattgctggtaaaaaccct---caacacggaagccgac 

C.vioAB032799.1 5598 acgatggcggtggtggtggcgcagctgctggtgaaggcgctgtgc---accgaggacggc 

C.viocv1192 5598 acgatggcggtggtggtggcgcagctgctggtgaaggcgctgtgc---accgaggacggc 

C.vioLC000628 5599 accatggcggtggtggcggcgcagctgctggtgaaggcgctgtgc---gccgaggccagc 

C.VacciniiXC0014 5598 acgatggcggtggtggtggcgcagctgctggtgaaggcgttgtgc---accgaagccgac 

C.vio 5598 acgatggcggtggtggtggcgcagctgctggtgaaggcgctgtgc---accgaggacggc 

C.sp.257-1 5595 acgatggcggtggtggtggcgcagctgctggtgaaggcgctgtgc---actgaggacggc 

P.luteoviolaceaS 5605 accatggcggtggttggtgcacagatcttagtaaaggccgtgtatgataacccagacaac 

P.sp.520P1 5601 actatggctgtagttggcgcacaaatgttagttaaatcggtttacgatcatagtgataat 

Myxococcus 5599 agccagcttctccgagtcgcccagcag ---- ggtggcgccttg--tcgcctcagattcc 

J.L ivDSM1522 5657 a--aggccgccgcactggac-agtttcaatgcgcgtgccgtgcccctggtgcaattgttc 

J.livNBRC12613 5654 a--cggccgccgccctggac-agcttcaatgcccgcgccgtgcccctggtgcaactgttc 

J.livBP01 5651 a--cggccgccgccctggac-agcttcaatgcccgcgccgtgcccttggtgcaattgttc 

J.M M5 5549 anacggcygccgcnctggac-agnttcaatgcncgngccgtgcccctgrtgcaattgttc 

J.sp.LM6 5651 a--cggccgccgccctggac-agtttcaatgcccgcgccgtgcccctggtgcaattgttc 

J.agaricidamnosu 5648 g--cggcggccgccctggac-agcttcaacgcgcgcgccgtgcccctgatgcaattgttc 

Massilia 5650 --acggccgcggccct-ggccagcttcaacgcccgcgcgctgccactggtgcaactgttc 

D.sp.zlp-xi 5654 ccggtg--gccgccctggacaa-cttcaacgcccgcgcgctgcccctggcgcatctgttt 

D.spb2 5650 --acggccgcggccct-ggccagcttcaacgcccgcgcgctgccactggtgcaactgttc 

Collimonas_MPS11 5651 g--gcgccgctgccctcgac-agcttcgccgcccgcgcactgccgctggtgcgcctgttc 

C.vioAB032799.1 5655 gtgccggc-c-gcgct-gaagcgcttcgaggagcgcgcgctgccgctggtccagctgttc 

C.viocv1192 5655 gtgccggc-c-gcgct-gaagcgcttcgaggagcgcgcgctgccgctggtccagctgttc 

C.vioLC000628 5656 gtgccggc-g-gcgct-ggccagcttcgacgcgcgcgcgatgccgttggtcaagctgttc 

C.VacciniiXC0014 5655 gtgccggc-c-gcgct-gcggagcttcgaggagcgcgcgctgccgctggtccagctgttc 

C.vio 5655 gtgccggc-c-gcgct-gaagcgcttcgaggagcgcgcgctgccgctggtccagctgttc 

C.sp.257-1 5652 gtggcggc-c-gcgct-ggagagcttcgaggcgcgcgcgctgccgctggtccagttattc 

P.luteoviolaceaS 5665 gtgcaagc-a-gcatt-aactgacttcaaccagcatgtaatgcctatcatgcgcttattt 

P.sp.520P1 5661 attgctac-g-gcgtt-agaagattttaaccaaaatgtgatgcctgtcatgcaattgttt 

Myxococcus 5652 gtcccacc-atgcgctcgacgagcgtcgactccgcggcgatg-cgctcgcccagcaacca 

J.L ivDSM1522 5714 aaggagcacgccaacaacagccgcctgtggtttg -------- gcgaacgtatcgaactg 

J.livNBRC12613 5711 aaggagcacgccaacagcagccgcctgtggtttg -------- gcgagcgtatcgaactg 

J.livBP01 5708 aaggaccacgccaacagcagccgcctgtggtttg -------- gcgagcgtatcggactg 

J.M M5 5608 aaggascacgccaacrncagccgcctgtggtttgaaagcgtgggcgancgtatcgnrctg 

J.sp.LM6 5708 aaggagcacgccaacagcagccgcctgtggtttg -------- gcgagcgtatcggactg 

J.agaricidamnosu 5705 aaggaccacgccaacagcagccgcctgtggtttg -------- gcgagcgtatcggactg 

Massilia 5707 aaggagcatgccgacgccagccgcctgtggtt -------- cagcgagcgtgtcgggctg 

D.sp.zlp-xi 5711 agggaccatgccaacagcagccgcctgtggtttgct -------- gaacgcatggagctg 

D.spb2 5707 aaggagcatgccgacgccagccgcctgtggtt -------- cagcgagcgtgtcgggctg 

Collimonas_MPS11 5708 aaggaccatgccaaccgcagccgcctgtggtttg -------- gcgagcgcatcggcatg 

C.vioAB032799.1 5712 cgcggccatgccgacaacagccgggtctggttcg -------- aggagcgcatgcacctg 

C.viocv1192 5712 cgcggccatgccgacaacagccgggtctggttcg -------- aggagcgcatgcacctg 

C.vioLC000628 5713 agcgagcatgccaacagcagccgcgactggttcg -------- acgaccgcatgcatctg 

C.VacciniiXC0014 5712 cgcggccatgccgacaacagccgggtctggttcg -------- aggagcgcatgcatctg 

C.vio 5712 cgcggccatgccgacaacagccgggtctggttcg -------- aggagcgcatgcacctg 

C.sp.257-1 5709 cgcggccatgccgacaacagccgcgtctggttcg -------- aggagcgcatgcatttg 

P.luteoviolaceaS 5722 gaccaacatgccactatcagtcgcttatggtttg -------- aagacagaatgcattta 

P.sp.520P1 5718 gatcaacatgcaagtactagccgattatggtttg -------- aagaccgcatgcattta 

Myxococcus 5710 cagggcctgtcc--caaccgcatgcggtggtcgg---------ggggaggcct ---- tg 

J.L ivDSM1522 5765 agcaat--gaagagctgaccgccagcttcgacgccc--gccgcaaggacctac------- 

J.livNBRC12613 5762 agcaat--gaagagctgaccgccagcttcgacgccc--gccgcaaggacctgc------- 

J.livBP01 5759 agcaat--gcagagctgaccgccagcttcgacgcgc--gccgcaaggacctgc------- 

J.M M5 5668 agcaat--gnagagctgaccgccagcttcgacgccc--gccgcaaggacttgccgtcgct 

J.sp.LM6 5759 agcaat--gcagagctgaccgccagcttcgacgccc--gccgcaaggacctac------- 

J.agaricidamnosu 5756 agcaat--gaagagctgaccgccagcttcgacgcgc--gacgcaaggacctgc------- 

Massilia 5758 ggcaa--cgcggagctgaccgccagcttcgatgccc--gccgcaaccatctg-------- 

D.sp.zlp-xi 5762 agcaac--gcggatctgactgccagcttcgatgccc--ggcgcaaggacctg-------- 

D.spb2 5758 ggcaa--cgcggagctgaccgccagcttcgatgccc--gccgcaaccatctg-------- 

Collimonas_MPS11 5759 agcaat--gccgaactgaccgccagcttcgacgccc--gccgccaggacctg-------- 

C.vioAB032799.1 5763 tccagc--gccgagttcgtgcagagcttcgacgcgc--gccgcaagtcgatg-------- 

C.viocv1192 5763 tccagc--gccgagttcgtgcagagcttcgacgcgc--gccgcaagtcgatg-------- 

C.vioLC000628 5764 agcaat--gccgagttcatgcagagcttcgatgccc--gccgcaaggcgctg-------- 

C.VacciniiXC0014 5763 tccagc--gccgagttcgtgcagagcttcgacgccc--gccgcaagtcgatg-------- 

C.vio 5763 tccagc--gccgagttcgtgcagagcttcgacgcgc--gccgcaagtcgatg-------- 

C.sp.257-1 5760 tccagc--gccgagttcgtgcagagcttcgacgccc--gccgcaagtcgatg-------- 

P.luteoviolaceaS 5773 tcacca--ccagaaattgcacagagctttgcagatc--gccgcagcgaactg-------- 

P.sp.520P1 5769 tcaact--cctgagctagcacaaagctttgcgacgc--gcagaaaccaacta-------- 

Myxococcus 5754 acgacccggacgag-gagggccggcccttgaagcgccagccgctgcaccatg -- gcccc 

J.L ivDSM1522 5814 --aagaagcgctgatggccagcctcggc-tacgcgctgggc--cgctaaggga --- gat 

J.livNBRC12613 5811 --aggaagcgctgatggccagccttggc-tacgcgctgggc--cgctaaggga --- gac 

J.livBP01 5808 --aagaagcgctgatggccagccttggc-tacgcgctgggc--cgcta-ggga --- gcc 

J.M M5 5724 ncargaag-gctgatggccagcctnggc-tacgcgctgggc--cgctnaggga --- gnn 

J.sp.LM6 5808 --aagaagcgctgatggccagccttggc-tacgcgctgggc--cgcta-ggga --- gct 

J.agaricidamnosu 5805 --aggaagcgctgatggccagcctcggc-tacgcgctgggc--cgcta-ggga --- gcc 

Massilia 5806 -caggatgcgctgatggccagcctcggc-tacgccctcggc--cgctaagga ---- gac 

D.sp.zlp-xi 5810 -caggatgcgctgatggccagcctgggc-tacgccctgggc--cgttgaggag------- 

D.spb2 5806 -caggatgcgctgatggccagcctcggc-tacgccctcggc--cgctaagga ---- gac 

Collimonas_MPS11 5807 -caggaagcgctgatggccagtctcggc-tacgccctcggcaa--ataagga ---- gct 

C.vioAB032799.1 5811 -ccggaagcgctggcgcagaacctgcgc-tacgcgctgca--acgctgaggag --- gcc 

C.viocv1192 5811 -ccggaagcgctggcgcagaacctgcgc-tacgcgctgca--acgctgaggag --- gcc 

C.vioLC000628 5812 -ccggaagcgctggcgcgcaatctgggc-tatgcgctcga--ccgctgaggac --- gcc 

C.VacciniiXC0014 5811 -ccggaagcgctggcgcagaacctgcgc-tacgcgctgca--acgctgaggag --- gcc 

C.vio 5811 -ccggaagcgctggcgcagaacctgcgc-tacgcgctgca--acgctgaggag --- gcc 

C.sp.257-1 5808 -ccggaagcgctggcgcagaacctgcgc-tacgcgctgca--acgctgaggag --- gcg 

P.luteoviolaceaS 5821 -ccagctgctcttggtca-agcctagag-agagcgct--g--gctc-gtggagagaagta 

P.sp.520P1 5817 -ccgccagcgttaggaca-agccttgaa-aaagcttt--a--gcgc-gaggagaaaagta 

Myxococcus 5810 cccggctgtgctgacgtcaagactccgcctccgcgtagaacgaggcagcggacgtgggcc 
 

J.L ivDSM1522 5865 accatg ----------- ccgacacacgtctccccgccgctgctgccgatgcaatggagc 

J.livNBRC12613 5862 accatg ----------- ccgacacacgtctcaccgccgctgttgccgatgcaatggagc 

J.livBP01 5858 gccatg ----------- tcaatacaagtcgccccgccgctgctgccgatgaaatggagc 

J.M M5 5776 nccatg------------ccrrcmsmcstcnccccgcc ------------ caatggagc 

J.sp.LM6 5858 gccatg ----------- ccgacacactccgccccgccgctgctgccgatgcaatggagc 

J.agaricidamnosu 5855 gccatg ----------- ccgacacacctcgccccgccgctgctgccgctgcaatggagc 

Massilia 5857 gccatg ----------- ccaccgcacgccaccccgccgctgctgccgatgcaatggagc 

D.sp.zlp-xi 5859 ---atg ----------- ccgatgcacaccacgccgcctttgctgccgcagcaatggagc 

D.spb2 5857 gccatg ----------- ccaccgcacgccaccccgccgctgctgccgatgcaatggagc 

Collimonas_MPS11 5858 gccatg ----------- cctgcacacgccacaccgcctttgctgccgacccaatggagc 

C.vioAB032799.1 5863 g-catggaa-------aaccg--ggaa ----- ccgccgctgctgccggcgcgctggagc 
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C.viocv1192 5863 g-catggaa-------aaccg--ggaa ----- ccgccgctgctgccggcgcgctggagc 

C.vioLC000628 5864 g-ccatgacccagcccatccc--gcagtccgcgccgccgctgctgccgcagcagtggagc 

C.VacciniiXC0014 5863 g-catggaa-------aaccg--ggaa ----- ccgccgctgctgccggcgcgctggagc 

C.vio 5863 g-catggaa-------aaccg--ggaa ----- ccgccgctgctgccggcgcgctggagc 

C.sp.257-1 5860 g-catggaa-------aaccg--ggaa ----- gcgccgctgctgccggcgcgctggagc 

P.luteoviolaceaS 5873 a-tatggacctgcaaaaa ----- caaaagcagcgaccaaagctacctactcagtggagc 

P.sp.520P1 5869 a--atgcagtttaataaaata--acaaaagtcgc-tcctttattacctgaacaatggagt 

Myxococcus 5870 g-gtagtca--ggcagcgccg--cga ----- tgcgctccagttccctcagctcttcttc 

J.L ivDSM1522 5913 ag-cgcctatgtttcctactggacgccgatgcaggcggatgaccaggtcacc-tccggct 

J.livNBRC12613 5910 ag-cgcctatgtttcctactggacgccgatgcaggcggatgaccaggtcacg-tccggct 

J.livBP01 5906 ag-cgcttatatatcctactggacgccgatgcaggaagacgaccaggtcacg-tccggct 

J.M M5 5811 ag-cg --- tntytcctactggacrccgatgcaggnggangaccaggtmacn-tccggct 

J.sp.LM6 5906 ag-cgcttacatttcctactggacaccgatgcaggaggacgaccaggtcacg-tccggct 

J.agaricidamnosu 5903 ag-cgcctatatctcctactggacaccgatgcaggaggacgatcaggtcacg-tccggct 

Massilia 5905 ag-cgcctacatctcgtattggtcgccgatgcgggaagacgacgaggtcact-tccggct 

D.sp.zlp-xi 5904 agt-gcctatacctcgtattggctgccgatgcgggaggaagaccagatcacc-tccggct 

D.spb2 5905 ag-cgcctacatctcgtattggtcgccgatgcgggaagacgacgaggtcact-tccggct 

Collimonas_MPS11 5906 ag-cgcctatgtctcctattggtcgccgatgcaggagcaggatcagctcac-ctcgggtt 

C.vioAB032799.1 5907 ag-cgcctatgtgtcgtactggagtccgatgctgccggatgaccagctgacg-tccggct 

C.viocv1192 5907 ag-cgcctatgtgtcgtactggagtccgatgctgccggatgaccagctgacg-tccggct 

C.vioLC000628 5921 ag-cgcctacgtttcctattggtcgccgatgctgcaggacgaccagctcagc-tcgggct 

C.VacciniiXC0014 5907 ag-cgcttacgtgtcgtactggagtccgatgctgccggatgaccagctgaca-tccggct 

C.vio 5907 ag-cgcctatgtgtcgtactggagtccgatgctgccggatgaccagctgacg-tccggct 

C.sp.257-1 5904 ag-cgcctacgtgtcgtactggcgtccgatgctgcaggatgaccagttgact-tccggct 

P.luteoviolaceaS 5926 ac-cagctatgtttcttactggcagcctatgcaaccagaagatcacattaca-tctggtt 

P.sp.520P1 5924 ag-cagttacatttcatattggattcctatgcagcctgacgatgatattact-tcagggt 

Myxococcus 5919 ggtcaacggtgcgtcgggctggcg-cggctccatcaggaggaccagggcgcgctgcatct 

J.L ivDSM1522 5971 attgctggt--tcgactatgc-gcgcaatatctgccgcatcgacggcct ------ gttc 

J.livNBRC12613 5968 attgctggt--tcgactatgc-gcgcaacatctgccgcatcgacggcct ------ gttc 

J.livBP01 5964 attgctggt--tcgactatgc-acgcaatatctgccgcatcgatggcct ------ gttc 

J.M M5 5865 attgctggt--tcgactatgc-gcgcaanatctgccgcatcganggcct ------ gttc 

J.sp.LM6 5964 attgctggt--tcgactatgc-gcgcaacatctgccgcatcgatggcct ------ gttc 

J.agaricidamnosu 5961 attgctggt--tcgactatgc-gcgcaacatctgccgcatcgatggcct ------ gttc 

Massilia 5963 attgctggt--tcgactatg-cccgcgacatttgccgcatcgacggcct ------ gttc 

D.sp.zlp-xi 5962 attgttggt--tcgattatggc-cgcaatatctgccgcatcgacggctta ------ ttc 

D.spb2 5963 attgctggt--tcgactatg-cccgcgacatttgccgcatcgacggcct ------ gttc 

Collimonas_MPS11 5964 attgctggt--tcgactatg-cacgcaatatctgccgcatcgacggcct ------ gttc 

C.vioAB032799.1 5965 actgctggt--tcgactacga-gcgcgacatctgtcggatagacggcct ------ gttc 

C.viocv1192 5965 actgctggt--tcgactacga-gcgcgacatctgtcggatagacggcct ------ gttc 

C.vioLC000628 5979 attgctggt--tcgactacgg-ccgcaacatctgccgcatcgatggcct ------ gttc 

C.VacciniiXC0014 5965 actgctggt--tcgactacga-gcgcgatgtctgtcgcatcgacggcct ------ gttc 

C.vio 5965 actgctggt--tcgactacga-gcgcgacatctgtcggatagacggcct ------ gttc 

C.sp.257-1 5962 attgctggt--tcgactacga-gcgggatgtctgccgcatcgacggcct ------ gttc 

P.luteoviolaceaS 5984 attgctggt--ttgactatac-ccgcaacgtgtgcagaattgacggtct ------ gttc 

P.sp.520P1 5982 actgttggt--tcgattataa-aaaaaatgtttgtcgcattgatggttt ------ attt 

Myxococcus 5978 ccgtcgggtcctcggccgcgaagcgacgcagccg-cgcacgcagggcctcgcgatggtcc 
 

J.L ivDSM1522 6021 aacccctgg-------tcgg----------aaaaggaacatggac-acctgctgt -- gg 

J.livNBRC12613 6018 aatccctgg-------tcgg----------aaaaggaacatggac-acctgctgt -- gg 

J.livBP01 6014 aatccctgg-------ccgg----------aaaaggaacatggac-acctgctgt -- gg 

J.M M5 5915 aanccctgg-------tcgg----------aaaaggaacatggac-acytgctgt -- gg 

J.sp.LM6 6014 aacccctgg-------tcgg----------aaaaggaacatggac-acttgctgt -- gg 

J.agaricidamnosu 6011 aatccctgg-------tcgg----------aaaaggaacatgggc-acctgctgt -- gg 

Massilia 6013 aatccctgg-------tcgg-----------aaaaggagacgggacaccggctct -- gg 

D.sp.zlp-xi 6012 aatccctgg-------tcag-----------aacgggaaaccagacaccggctgt -- gg 

D.spb2 6013 aatccctgg-------tcgg-----------aaaaggagacgggacaccggctct -- gg 

Collimonas_MPS11 6014 aacccctgg-------tcgg-----------aacaggagacggggcaccggctgt -- gg 

C.vioAB032799.1 6015 aatccctgg-------tcgg----------agcgcg-acaccggctaccggctgt -- gg 

C.viocv1192 6015 aatccctgg-------tcgg----------agcgcg-acaccggctaccggctgt -- gg 

C.vioLC000628 6029 aacccgtgg-------tcgg----------aggagg-ataccggctatcggctgt -- gg 

C.VacciniiXC0014 6015 aatccctgg-------tcgg----------agcgcg-acaccggctaccggctgt -- gg 

C.vio 6015 aatccctgg-------tcgg----------agcgcg-acaccggctaccggctgt -- gg 

C.sp.257-1 6012 aatccctgg-------tcgg----------agcgcg-ataccggctaccggctgt -- gg 

P.luteoviolaceaS 6034 aatccatgg-------tctg----------aagaaa-agacaggtcacaggttgt -- gg 

P.sp.520P1 6032 aacccttgg-------tctg----------agaaaa-aaaagggtcacagattat -- gg 

Myxococcus 6037 acgggctgggagtcactcgggaaatagtccagggcggacagcaacaaccgtgggtcctgg 
 

J.L ivDSM1522 6060 atgtcggaaa-tcggcgacgccaggcgcgaacaaagccgcaagcagaaagtggcctacgc 

J.livNBRC12613 6057 atgtcggaaa-tcggcgacgccaggcgcgaacaaagccgcaagcagaaagtggcttacgc 

J.livBP01 6053 atgtcggaaa-tcggcgacgccaggcgtgaacaaagccgcaagcagaaagtggcctacgc 

J.M M5 5954 atgtcggaaa-tcggcgacgccaggcgngarcamagccgcaagcagaaagtggcytacgc 

J.sp.LM6 6053 atgtcggaaa-tcggcgacgccaggcgtgaacaaagccgcaagcagaaagtggcctacgc 

J.agaricidamnosu 6050 atgtcggaaa-tcggcgatgccaggcgcgaacaaagccgcaagcagaaagtggcctacgc 

Massilia 6052 atgtcggaaa-tcggcgacgccaggcgcggacaaagccgcaaacagaaagtcgcttatgc 

D.sp.zlp-xi 6051 atgtcggaaa-tcggcgatgcccggcgcggccagagccacaaggagaaagtggcttatgc 

D.spb2 6052 atgtcggaaa-tcggcgacgccaggcgcggacaaagccgcaaacagaaagtcgcttatgc 

Collimonas_MPS11 6053 atgtcggaaa-tcggcgacgccaggcgtggccaaagccgcaagcagaaagtggcgtatgc 

C.vioAB032799.1 6054 atgtccgag-gtcggcaacgccgccagcggccgcacctggaagcagaaggtggcctatg- 

C.viocv1192 6054 atgtccgag-gtcggcaacgccgccagcggccgcacctggaagcagaaggtggcctacg- 

C.vioLC000628 6068 atgtcggaa-accggcaatgccgccagcggacgcacccgcaagcagaaagtggcctacg- 

C.VacciniiXC0014 6054 atgtccgag-gtcggaaacgccgccagcggccgcacctggaagcagaaggtggcctatg- 

C.vio 6054 atgtccgag-gtcggcaacgccgccagcggccgcacctggaagcagaaggtggcctatg- 

C.sp.257-1 6051 atgtccgag-gtcggcaacgccgccagcggccgcacctggaaacagaaggtggcctatg- 

P.luteoviolaceaS 6073 atgtctgaa-atcatgtaccctgcaactaacgaatctttcaaatcaaaagttgcatatg- 

P.sp.520P1 6071 atgtctgaa-atcatgtaccccagtactgatgaatcatttaaatctaaagtgtcatata- 

Myxococcus 6097 atgtcctccagacgggcggacagccagc-gccgcgaggcgtcttcgagtctggc --- g- 
 

J.L ivDSM1522 6119 aaggcaagcggag--gcggctgg-cgagcagctgcagggcacggc-gctggccgatgagg 

J.livNBRC12613 6116 caggcaggcgcag--gcaactgg-cgagcagctgcagggcacggc-gctggccgacgagg 

J.livBP01 6112 aaggcaagctggg--gcaactgg-cgagcagctgcagggaacggc-gctggccgatgaag 

J.M M5 6013 naggcaagcnnmg--scnnctgg-cgarcagctgcagggcacggc-gmtggccgaygagg 

J.sp.LM6 6112 gaggcaagcacag--gccaccgg-cgagcagctgcagggcacggc-gctggccgatgagg 

J.agaricidamnosu 6109 gaggcaggcgcag--gcaactgg-cgagcagctgcagggcacggc-gctggccgacgagg 

Massilia 6111 cagggaggcggagccggcc -- ggcgtgaagctgtac-gagcgggcgctggccgatgagg 

D.sp.zlp-xi 6110 cagggaaacggtggccgccgaggt -- gcggctgtacgagacggtc-ctgcccgattcgg 

D.spb2 6111 cagggaggcggagccggcc -- ggcgtgaagctgtac-gagcgggcgctggccgatgagg 

Collimonas_MPS11 6112 cagggaagcgg-c--ggccgagggcgtcaagctgtacgagatgg-cgctggcggatgaag 

C.vioAB032799.1 6112 gccgcgagcggac--cgccctgggcgagcagctgtgc-gagcggccgctggacgacgaga 

C.viocv1192 6112 gccgcgagcggac--ccccttgggcgagcagctgtgc-gagcgtccgctggacgacgaga 

C.vioLC000628 6126 gccgcgaggcgat--ggcgtacggcaccgcgctgtgc-gacatcccgctggacgacgaaa 

C.VacciniiXC0014 6112 gccgcgagcggac--tgccgccggcgagcagctgtgc-gagcgtccgctggacgacgaga 
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C.vio 6112 gccgcgagcggac--cgccctgggcgagcagctgtgc-gagcggccgctggacgacgaga 

 

C.sp.257-1 6109 gccgcgagcggac--ggccctgggcgaacagctgtgc-gagcgtccgctggacgacgaga 

P.luteoviolaceaS 6131 gccgtgaacatat---ggacaagcagagcacttttgaagagcaagtcttaaacgacgaag 

P.sp.520P1 6129 cgcggaacgatat---gacaaagacttctgcatttgaagctgcagtattaaatgatgaaa 

Myxococcus 6151 cccgcgaac-gcg--agcatcaggcgggcctcgacccggtctgtccgc--gcccaggccc 

J.L ivDSM1522 6175 tgaccccgttccatg--agctgttcctgc-cgcaggcggtgctgctgga--cggc--ggt 

J.livNBRC12613 6172 tgacgccgttccatg--acctgtttctgc-cgcaagcggtgctggtcga--cggc--agt 

J.livBP01 6168 tgacgccgttccatg--agctgttcctgc-cgcaagcggtgctgcttga--cggt--agt 

J.M M5 6069 tracnccgttccatg--mnctgttcctgcacgcangcggtgctgstnga--cggn--nst 

J.sp.LM6 6168 tgacaccgttccatg--acctgttcctgc-cgcaagcggtgctgctgga--cggg--ggc 

J.agaricidamnosu 6165 tcacgccattccatg--acttgttcctgc-cgcaagccgtgctgctgga--cggc--ggt 

Massilia 6167 tcacgcccttccacg--agctgttcctgc-cgcaggcgatcctgat--cgacggc--gaa 

D.sp.zlp-xi 6166 tgacgcccttccagg--aattgttcctgc-cgcagaccattttggtggat--ggcgcggc 

D.spb2 6167 tcacgcccttccacg--agctgttcctgc-cgcaggcgatcctgat--cgacggc--gaa 

Collimonas_MPS11 6168 tgacgcccttccatg--acttgttcctgc-cacaggcgattctg ------ cgcgacggc 

C.vioAB032799.1 6169 ccggcccgttcgccg--agctgttcctgc-cgcgcgacgtgctgcg --- ccggctgggc 

C.viocv1192 6169 ccggcccgttcgccg--agctgttcctgc-cgcgcgacgtgctgcg --- ccggctgggc 

C.vioLC000628 6183 ccggcccgttccggc--agctgttcctgc-cgcgcgacgtgctggc --- tgcgcatgac 

C.VacciniiXC0014 6169 ccggcccgttcgccg--agctgttcctgc-cgcgcgacgtgctgcg --- ccggctgggc 

C.vio 6169 ccggcccgttcgccg--agctgttcctgc-cgcgcgacgtgctgcg --- ccggctgggc 

C.sp.257-1 6166 ccggcccgttcgccg--aactgttcctgc-cgcgcgacgtgttgcg --- ccggctgggc 

P.luteoviolaceaS 6188 ttgacccgtgccacg--agttaattctaa-cgcaagatgtactcga --- attgtgtgac 

P.sp.520P1 6186 tagacccttgtcatg--aactgatactta-cgcaagatgtattaat --- aacatgcaat 

Myxococcus 6206 ccgccagcgtcgcctccatctggtc -- c-cacgaggccatccccgagaacagccccggg 

J.L ivDSM1522 6228 gcccgtcacgacggccg--ccacaccgtgctgggccgggaggcggacgcctgggtagtcg 

J.livNBRC12613 6225 gcccgtcacgacggcct--ccacagcgtgctgggccgggaggcggacgcctgggtagtcg 

J.livBP01 6221 gcccgtcacgacggccg--ccacaccgtgctgggccaggaggcggacgcctgggtaatgg 

J.M M5 6123 gcccgtcacgacggccg--ccacancgtgctgggccgggaggcggaygcctggrtagtcg 

J.sp.LM6 6221 gcccgtcacgacggccg--ccacagcgtgctgggccgggaggcggacgcctgggtagtcg 

J.agaricidamnosu 6218 gcgcgtcacgacggccg--ccacaccgtgctgggccaggaggcggacgcctgggtagtcg 

Massilia 6220 gcgcgtcatgacggccg--ccacacggtgctgggccaggcggccgacgcctgggtggtgg 

D.sp.zlp-xi 6221 gcgc--catgacggccg--ccacgtcgtgctagggcagtccgccgacgcctgggtggtgg 

D.spb2 6220 gcgcgtcatgacggccg--ccacacggtgctgggccaggcggccgacgcctgggtggtgg 

Collimonas_MPS11 6218 aancgccagggcggccg--ccacaccgtgctaggcatggcggccgatatctggatcgtgg 

C.vioAB032799.1 6222 gcccgccatatcggccg--ccgcgtggtgctgggcagggaagccgacggctggcgctacc 

C.viocv1192 6222 gcccgccatatcggccg--ccgcgtggtgctgggcagggaggccgacggctggcgctacc 

C.vioLC000628 6236 gcgcgctatgccggacg--gcacaccgtgctgggacaggaggccgatgcctggacgtatc 

C.VacciniiXC0014 6222 gcccgcttcatcggtcg--ccgcgaggtgctgggctgcgaggccgacggctggcgttacg 

C.vio 6222 gcccgccatatcggccg--ccgcgtggtgctgggcagggaagccgacggctggcgctacc 

C.sp.257-1 6219 gcgcgccacgtcggccg--ccgcgaggtgctgggccgcgcggccgacggctggcgctacg 

P.luteoviolaceaS 6241 gctcagttccaaggaac--atgcgaggtattagggtttgaagctgatatttggcatttcc 

P.sp.520P1 6239 gcacaatatattggtac--atctaatattctaggtcatgaagttgatgaatggttttttc 

Myxococcus 6262 tcctcgaacatcggacggcccgcgcgcagccaggccgccacgaaggagtctcgccagttc 
 

J.L ivDSM1522 6286 agc-gggcg -- ggcaagccgccatcggtcttttacctggaggccggtggcaaccgcctg 

J.livNBRC12613 6283 aac-ggacg -- ggcaagccgccatcggtcttttacctggaggccggtggcaaccgcctg 

J.livBP01 6279 agc-gggcg -- ggcaagccgccatcggtcttttacctggaggccggcggcaaccgcctg 

J.M M5 6181 agc-srgcg -- ggcaagccgccatckgtcttttacctggagrccggnggcaaccgcctg 

J.sp.LM6 6279 agc-gggcg -- ggcaagccgtcatcggtcttttacctggaggccggcggcaaccgcctg 

J.agaricidamnosu 6276 agc-gtgcg -- ggcaagccgccatcggtcttttacctggaggccggcggcaaccgcctg 

Massilia 6278 agc-ggccg -- ggcaaagccgcctcggtgttctatctccaggccggcggcaatcacttg 

D.sp.zlp-xi 6277 agctggccg --- gccaggcgccgtcggtattctatctccaggctggcggcaactgcctg 

D.spb2 6278 agc-ggccg -- ggcaaagccgcctcggtgttctatctccaggccggcggcaatcacttg 

Collimonas_MPS11 6276 aaa-ggccg -- ggcaaagcaccgtccgccttctacctgcaagccggcggcaatcgcctg 

C.vioAB032799.1 6280 agc-gtccg -- ggcaaggggccgtccacgttgtacctggacgccgccagcggtacgccg 

C.viocv1192 6280 agc-gtccg -- ggtaaggggccgtccacgctgtacctggacgccgccagcggcgagccg 

C.vioLC000628 6294 aga-gagcg -- ggcaagggaccgtccacgctgtatttccaggccggcaccaatctgctg 

C.VacciniiXC0014 6280 agc-gtccg -- ggcaaggggccgtccacgctgtatctggacgccgccagcggcgagccg 

C.vio 6280 agc-gtccg -- ggcaaggggccgtccacgttgtacctggacgccgccagcggtacgccg 

C.sp.257-1 6277 agc-gtccg -- ggcaaggggccgtcgacgctgtatctggacgccgccagcggcgcgccg 

P.luteoviolaceaS 6299 aac-gccccaatggtaaaggtccagccacatattacttcaaagcagataccaatcaactt 

P.sp.520P1 6297 aac-gtcctaatggcaaaggacctgctacttattactttataagtgataccaatcactta 

Myxococcus 6322 tcc-gtc----------gggtgcg-------tgcccctccgctccctcagcg ----- ct 

 VIO E end 

 

J.L ivDSM1522 6342 ctgcgcatggtcac 

J.livNBRC12613 6339 ttgcgcatggtcac 

J.livBP01 6335 ctgcgcatggtcac 

J.M M5 6237 ctgcgcatggtcac 

J.sp.LM6 6335 ctgcgcatggtcac 

J.agaricidamnosu 6332 ctgcgcatggtcac 

Massilia 6334 ctgcgcatggtcac 

D.sp.zlp-xi 6333 ctgcgcatggtcac 

D.spb2 6334 ctgcgcatggtcac 

Collimonas_MPS11 6332 ctgcgcatggtcag 

C.vioAB032799.1 6336 ctgaggatggtgac 

C.viocv1192 6336 ctgaggatggtgac 

C.vioLC000628 6350 ctgcgcatggtcac 

C.VacciniiXC0014 6336 ctgaggatggtgac 

C.vio 6336 ctgaggatggtgac 

C.sp.257-1 6333 ctgcgtatggtcac 

P.luteoviolaceaS 6358 ttaagaatggtcac 

P.sp.520P1 6356 gtacgtatgataac 

Myxococcus 6358 tcgagga------- 
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