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Abstract

The strains worked with in this project (MMS5 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 CO, 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
MMS 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 MMS5 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 g/ml), polymixin (100t g/ml), Neomycin (20 pg/ml), and Ampicillin
(20 pug/ml). MMS 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 MMS5 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 1 dette prosjektet (MMS 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 & veere EPS og violacein. J. Lividum
assosieres med bade menneske- og amfibiehud, og er antatt a vaere 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 & leve pa de forhgyede CO; konsentrasjonene som finnes pa amfibiehud. Disse
nevnte egenskapene gjor bakterien til en interessant kandidat som probiotika 1 oppdrettsnarin-
gen, for eksempel som en metode for a bekjempe eggsporesoppen Saprolegnia, som kan vere

et problem i ferskvannstadiene av laksens livssyklus.

Hovedmalene med dette prosjektet var a identifisere vekstforhold som promoterer violacein
produksjon i MMS5 og 3.116, og a studere evolusjonen av violacein operonet ved fylogenetiske
analyser. Veksten til stammene ble studert ved & lage vekstkurver, antibiogramer og mikroskoper-
ing. Generasjonstiden til MM5 og 3.116 ble beregnet til & vaere henholdsvis 1.5 og 0.88 timer.
En test av mottakelighet for antibiotika, viste resistens mot kanamycin (50 pg/ml), polymixin
(100t g/ml), neomycin (20 pg/ml), og ampicillin (20 pg/ml) for begge stammene. MMS5 viste
lilla kolonier, som indikerer violacein produksjon pa flere mediumer. Inkubasjonstemperatur
(28 °C) og redusert agarkonsentrasjon (1%) sa ut til a 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
pa disse agarplate mediumene. Violacein operonet har blitt observert hos proteobakterier, som
representerer delta, beta og gammaproteobakterier. Mesteparten av violaceinoperonet til MMS5
ble sekvensert. PCR-amplifiseringen feilet for 3.116 sitt operon, noe som tyder pa 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 genoverfgring 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

EM - Erlenmeyer

EPS - Exopolysaccharides

HGT - Horizontal gene transfer

J. Lividum - Janthinobacterium Lividum

LB/LA - Luria-Bertani (Agar)

ML - Maximum Likelihood

MMS - 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 MMS5, 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 MMS5.

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



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 [S)]. 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 [4,16]. 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
[4,16]. The seawater stage usually lasts for two years, until the salmon weighs above 2kg before

the fish are harvested [4]].



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 1s 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



some cases give high mortality, both in farmed and wild salmon [/]. 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,



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



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 um wide and 2.5 to 3 um 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
[305134,132]]. 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} 142, 44]]. The results from these studies suggest



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 CO; concentrations are heightened due to their ability to respire through
their skin [45] 146]. 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 MMS5 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)[4']]|, Duganella sp.[48l], Collimonas sp.[49l], Pseudoalteromonas,
microbulbifer[S0], lodobacter[S1], and J. Lividum[S2]. These bacteria do all belong to the pro-
teobacteria phylum, and the class, order, and family of the mentioned bacteria are shown in
Table[I] 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 [353]. 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



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[3§]]
and antioxidizing[39] properties. A study [S7] 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[S7]. 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[S8]. 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[39, 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]].



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]
Todobacte | 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} 160]. 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 [/5]. 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 pg/ml [60].



1.6 The violacein operon

An operon is a unit consisting of genes with related properties and regulatory sequences [/6].
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 [/7]. The regulatory sequences of the operon are called operator and promoter [/6].
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].
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1.7 Aims

The first major aim of this master thesis is to identify growth conditions for violacein production
Janthinobacterium strains, 3.116 and MMS5, 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 MMS5 and 3.116 strain on general media.
* Examine potential antagonistic effects of MMS5 and 3.116 on other bacteria.

* Isolate and sequence the violacein operon of MMS5 and 3.116.
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2 Material and Methods

2.1 Characterization of the growth of MMS 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 MMS and 3.116

To find the growth rate of MMS5 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 MMS5, and two
flasks were inoculated with 3.116. The flasks were incubated at 22 °C and 120 rpm. ODgg
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

MMS and 3.116, OD data from the exponential phase was used (Eq. [T]and Eq. [2).

. ln0D2 — ll’lODl
N h—1h

(D

In2
Generation Time = e 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
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 MMS and 3.116 with other bacterial strains

To examine the potential antagonistic properties of the Janthinobacterium strains, MMS5 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 E[) For MMS5, two (different)
agar plate media were used (R2A 2% Glycerol and LB, see Appendix [A). The Janthinobac-
terium isolates, MMS5 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 [T} 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, MMS5 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. MMS5 and 3.116 were
grown in 13 ml growth tubes with 3ml LB medium at 28°C overnight. Of the overnight cultures,
100 ul 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 i (on large disks) or 25 u (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 pg/ml
Ampicillin 100 50 25
Kanamycine 50 25 125
Chloramphenicol | 25 125 6.5
Polymixine 100 50 25
Neomycine 50 25 125

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 MMS5 and

3.116.

2.2 Isolation and amplification of DNA
2.2.1 Isolation of DNA

DNA of 3.116 and MMS5 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 [Bl 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 MMS and 3.116 genes, PCR
was conducted. The previously isolated DNA of MMS5 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/uLL for MMS and 4.0 ng/uL for 3.116. The template was added to a 24 uL
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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 MMS5 templates and 53°C for
3.116 templates. The PCR was carried out in a T100”™ 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 uL of mastermix for PCR-reaction.

Component Supplier Amount x1 (uL)
PCR-grade water 16,6
5x Phusion buffer HF (7,5 mM MgCl2 | Phusion Kit [llumina 5,0
Rev primer (10mM) Sigma-Aldrich 0,75
Fwd Primer (10mM) Sigma-Aldrich 0,75
dNTP (10mM each) VWR 0,5
MgCl, (50mM) 0,25
Phusion Hot Start DNA polymerase Phusion Kit I1lumina 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 + VioC | 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
EUB8SF+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 2.5uL 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 (4uL) mixed with 1uL. 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 [Cl The purified PCR product (S5uL) were mixed with
5uL 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 ACGTCN C VIOE
VioE-7335.R | TCA GGT GTT GCA AGA CGT AAA GACG | VIOE
Eub8F AGA GTT TGA TCM TGG CTC AG - 16s IRNA
805R ATT ACC GCG GCT GCT GG 16s IRNA
1492R TAC GGY TAC CTT GTT ACG ACT T 16s IRNA

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 L. PCR product
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mixed with 5 uLL 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 MMS 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 TRNA 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 MMS5 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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VioA-1.F

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.

VioD-7071.R

VioA-1207.R  VioB-1311.F VioB-2840.F VioB-2896.R VioB-4322.R VioC-4336.F VioC-5617.R VioD-5622.F VioE-6752.F
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) )

7335 bp

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 [83]].
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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 AEQ016825.1
ATCC 31532 Chromobacterium Violaceum LC000628
cv1192 Chromobacterium Violaceum CP024028
— Chromobacterium Violaceum AF172851
—_ Chromobacterium Violaceum AB032799
MPSI11ES8 Collimonas sp. FJ965838
B2 Duganella sp. GQ266676
ZLP-XI Duganella sp. KJ131413
BHSEK Janthinobacterium Agaricidamnosum CP033019
BPO1 Janthinobacterium Lividum EF063591
DSM1522 Janthinobacterium Lividum DQO074977
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 MMS5 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]].
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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

MMS

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 EUBSF, 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 MMS5 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 EUBS8F 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 TRNA sequences of MMS5 and 3.116 can be seen in Appendix
[El

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 MMS5 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 MMS 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 MMS5 and 8 non-matching bases for 3.116.

The alignment can be seen in Appendix
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Figure 3: Pictures of electrophorese gels with amplified 16s rRNA gene of the two Janthinobacterium
strains, MMS5 and 3.116. Gel a) contains PCR product amplified with EUBSF 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 MMS and 3.116 strains cultivation in liquid LB medium

Using the nutritional rich LB medium, growth curves of the two strains, MMS5 and 3.116,
characterized as Janthinobacterium) was made. ODggq of two replicate cultures of each strain
was measured during 53 hours (Figd)). For 3.116, exponential growth took place approximately
between eight and fourteen hours. While for MMS5 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 MMS5 was calculated to be 1.50 hours.
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Figure 4: Growth curves for the averages of the MMS5 strain and the 3.116 strain in LB medium. ODgq
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 MMS5 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. [3]
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Figure 5: Photographs of MMS5 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 MMS5 and 3.116 by using antibiograms

Resistance towards antibiotics can be used to make selective media for bacterial strains. To
examine the susceptibility of MMS5 and 3.116 towards selected antibiotic types, an antibiogram
test was conducted. MMS5 showed resistance towards all tested concentrations of kanamycin
(50 pg/ml) and polymixin (100 g/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 MMS5. 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 ptg/ml. Resistance
is marked with -, and inhibition is marked with a +. Multiple + signs indicate more inhibition.

Concentration in gg/ml | MMS5 | 3.116

Kanamycin

50 | -

25 | -

12,5 | -

Ampicillin

100 | +++

b

25\++

+

20 | -

25 | +++

+++

12,5 | ++

6,5 | ++

Neomycin

50 | +

25 | -

125 | -

Polymixin

100 | -

50 | -

|
|
|
|
|
|
|
Chloramphenicol ‘
|
|
|
|
|
|
|
|

25 | -

|

|

|

|

|

|

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

3.3 Various media and conditions tested for violacein production by MMS

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 MMS5 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, MMS5 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 [§). 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 MMS5 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
MMS5 was observed to be slimier and more sticky. Fig. [/| 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|/c 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

Table 8: Showing results for growth of MMS5 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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(c) @

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. ¢) MMS5 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 MMS5 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 MMS 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 MMS 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. [§] 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 MMS5 to examine potential antagonistic effects of MMS.
The agar plate with cross-streaking shows no indication of growth inhibition.

3.5 Sequence analysis of the violacein operon of MMS and 3.116

Growth of the two Janthiobacterium strains, MM5 and 3.116 on different medium gave purple
colonies for MMS5 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.

29



3.5.1 Amplification of the violacein operon of the MMS5 and 3.116 strains

To obtain the DNA sequences for the MMS5 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 MMS5 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 MMS5 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 (Ob), 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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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 MMS5,
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 MMS5 and 16s rRNA gene sequence of MMS5 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 |§[ The class, order, and family for these bacterias are
shown in table[T} 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. [I0] 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 tamily. The Chromobacterium seems to have slightly
fewer matching bases and conserved regions. The Janthinobacterium strain MMS5 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]

W Areas of significant similarity (window length 100 bases)

J.LivDSM1522 | | I N R
J.1ivNBRC12613 1 N R E—
J.1ivBPO1 | | I N R
J . MME 1 - N N ——
J.sp.LMe | | I N R
J.agaricidammo:st i N R —
Massilia L ____________________________________________________________________________________________! ' | ]
D.sp.zlp-xi . ___________________________________| | [ [ 5]
D.spb2 L ____________________________________________________________________________________________! ' | ]

eaa B T TR R L —————————————
C.vioRABO32789.1 — - T S R ——

C.viocvllsz — I T S e ——
C.vioLC00O062E — - - S S e S N S -
C.VacciniiXCO0O014 — i - e N Y N e E—
C.vio — I T S e ——
C.sp.257-1 — I - I ) W—
P.luteoviolaceas . . L L e
P.sp.520P1 . .

Myxococcus —— - S 1

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 MMS 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 ‘ DQO074977 ‘ 85
Janthinobacterium Lividum ‘ LC000630 ‘ 85
Janthinobacterium sp. ‘ CP019510 ‘ 84
Duganella sp. ‘ GQ266676 ‘ 83
Duganella sp. | KJ131413 | 79
Collimonas sp. | F1965838 | 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 NIJ tree for violacein indicates that the pseudoalteromonas are more closely related to
Chromobacterium, than the 16s rRNA tree (Fig[I1b] and [IId). This may indicate horizontal
gene transfer (HGT), therefore an unrooted tree for the violacein operon was made (Fig. [T1é).
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.

Fig. 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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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. ¢) 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, MMS5 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 (EUBSF 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 MMS5 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 MMS 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 MMS5 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 MMS5 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 MMS 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 MMS5 (1.5 hours), MMS 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
MMS5. 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 ODggp 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 MMS5 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 MMS5 and 3.116 to five
types of antibiotics. Both MMS5 and 3.116 was inhibited by all tested concentrations of ampi-
cillin (100 ug/ml) and chloramphenicol (25 pg/ml). In addition, the highest concentration
of neomycin (50 pg/ml) seems to cause slight inhibition of growth for both strains. 3.116 and
MMS5 were resistant towards all tested concentrations of polymixin (100 ttg/ml) and kanamycin
(50ug/ml). Previous studies with J. Lividum and ampicillin showed an increased production
of violacein for concentrations up to 200 pg/ml [52, 160]]. 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 pg/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 MMS5 and 3.116 were resistant towards kanamycin, which
corresponds with these results. However, MMS5 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 MMS5 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 MMS 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, MMS5 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 [/4]], 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 MMS35, 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 MMS 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 MMS5 and 3.116

To examine the potential antagonistic properties of the two Janthinobacterium strains MMS 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 MMS nor 3.116. These
results might indicate that neither MMS5 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 MMS5 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 MMS5 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 MMS5, 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
MMS5, 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.
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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. and
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 [12l], 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 TRNA gene of MMS5 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 MMS5 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 MMS5 and 3.116, growth curves based
on ODggy were generated. The generational time of MMS5 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 ptg/ml), polymixin (100 pg/ml),

Neomycin (20 pg/ml), and Ampicillin (20 pg/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 MMS5 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 MMS 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 MMS5 was amplified, however, for 3.116 amplification of the
violacein operon failed indicating a lack of a functional operon. Based on the phylogenetic
analysis, MMS5s’ 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 Sg
Tryptone 10g
NaCl S5g
Agarl| 15g
Glycero 2%

Brain heart infusion (BHI)
BHI Broth 18,5¢
Agar 15¢

Cooked meat broth (CMB)
CMB 57¢
Agar 15¢

R2
Casein yeast Pepton 0,5¢
Bacteriological tryptone | 0,5g
Yeast extract 0,5g
Soluble starch 0,5g
KH,>PO4 0,3g
NaPyruvate 0,3g
MgSO4-7H,0 0,024¢
Agar! 15¢g
Glycerol 2 1%, 2%, 5%
Nutrient Broth
Nutrient Broth 8,0g
Agar 15¢
Glycerol? 1%
EPS-Sucrose-Medium

Sucrose 30,00g
Casein yeast peptone 5,00g
MgSO4-7H50 1,33¢g
KH,PO4 (83,5g/1) 20,0ml/1
CaCl, -2H,0 (50g/1) 1,00 ml/1
Vitamin solution’] 2,00 ml/1
Trace elements solution® | 1,00 ml/l

To 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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B Appendix - DNeasy® PowerSoil® Kit (Qiagen) protocol

Protocol: Experienced User

Important points before starting

® Perform all centrifugation steps at room temperature (15-25°C).

e [f Solution C1 has precipitated, heat at 60°C until precipitate dissolves.

e 2 ml Collection Tubes are provided.

Procedure

1. Add 0.25 g of soil sample to the PowerBead Tube provided. Gently vortex to mix.

2. Add 60 pl of Solution C1 and invert several times or vortex briefly.
Note: Solution C1 may be added to the PowerBead tube before adding soil sample

3. Secure PowerBead Tubes horizontally using a Vortex Adapter for 24 (1.5-2.0 ml) tubes
(cat. no. 13000-V1-24).

4. Vortex at maximum speed for 10 min.
Note: If using the 24-place Vortex Adapter for more than 12 preps, increase the vortex
time by 5-10 min.

5. Centrifuge tubes at 10,000 x g for 30s.

6. Transfer the supernatant to a clean 2 ml Collection Tube.
Note: Expect between 400-500 pl of supernatant. Supernatant may still contain some
soil particles.

7. Add 250 pl of Solution C2 and vortex for 5 s. Incubate at 2-8°C for 5 min.
Note: You can skip the 5 min incubation. However, if you have already validated the
DNeasy PowerSoil extractions with this incubation we recommend you retain the step.

8. Centrifuge the tubes for 1 min at 10,000 x g.

9. Avoiding the pellet, transfer up to 600 pl of supernatant to a clean 2 ml Collection Tube.

10. Add 200 pl of Solution C3 and vortex briefly. Incubate at 2-8°C for 5 min.

DNeasy PowerSoil Kit Handbook 05/2017 11
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12.
13.
14.

15.
16.
17.
18.

19.

20.

Note: You can skip the 5 min incubation. However, if you have already validated the

PowerSoil extractions with this incubation we recommend you retain the step.
Centrifuge the tubes for 1 min at 10,000 x g.
Avoiding the pellet, transfer up to 750 pl of supernatant to a clean 2 ml Collection Tube.

Shake to mix Solution C4 and add 1200 pl to the supernatant. Vortex for 5 s.

Load 675 pl onto an MB Spin Column and centrifuge at 10,000 x g for 1 min. Discard
flow-through.
Repeat step 14 twice, until all of the sample has been processed.

Add 500 pl of Solution C5. Centrifuge for 30 s at 10,000 x g.

Discard the flow-through. Centrifuge again for 1 min at 10,000 x g.

Carefully place the MB Spin Column into a clean 2 ml Collection Tube. Avoid splashing
any Solution C5 onto the column.

Add 100 pl of Solution C6 to the center of the white filtler membrane. Alternatively, you
can use sterile DNA-free PCR-grade water for this step (cat. no. 17000-10).

Centrifuge at room temperature for 30 s at 10,000 x g. Discard the MB Spin Column.

The DNA is now ready for downstream applications.
Note: We recommend storing DNA frozen (-20°C to —~80°C) as Solution Cé does not
contain EDTA. To concentrate DNA, see the Troubleshooting Guide.

DNeasy PowerSoil Kit Handbook 05/2017



C Appendix - QIAquick ® PCR Purification Kit (Qiagen)

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

B Add ethanol (96-100%) to Buffer PE before use (see bottle label for volume).

B All centrifugation steps are carried out at 17,900 x g (13,000 rpm) in a
conventional tabletop microcentrifuge at room temperature.

B Add 1:250 volume pH indicator | to Buffer PB (i.e., add 120 pl pH indicator | to
30 ml Buffer PB or add 600 pl pH indicator | to 150 ml Buffer PB). The yellow color
of Buffer PB with pH indicator | indicates a pH of <7.5.

B Add pH indicator | to entire buffer contents. Do not add pH indicator | to buffer
aliquots.

B [fthe 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 pl of Buffer PB to 100 pl 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 pl of 3 M sodium acetate, pH
5.0, and mix. The color of the mixture will turn to yellow.

3. Place a QlAquick spin column in a provided 2 ml collection tube.

4. To bind DNA, apply the sample to the QlAquick column and centrifuge for 30-60 s.

5. Discard flow-through. Place the QlAquick 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 QlAquick column and centrifuge for 30-60 s.

7. Discard flow-through and place the QlAquick 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.

QlAquick Spin Handbook 03/2008 19
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10.

Place QlAquick column in a clean 1.5 ml microcentrifuge tube.

To elute DNA, add 50 pl Buffer EB (10 mM Tris-Cl, pH 8.5) or water (pH 7.0-8.5) to
the center of the QlAquick membrane and centrifuge the column for 1 min. Aliernatively,
for increased DNA concentration, add 30 pl elution buffer to the center of the QlAquick
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 pl
from 50 pl elution buffer volume, and 28 pl from 30 pl 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.

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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D Appendix - QIAquick® Gel Extraction Kit and QIA quick®
PCR Gel Cleanup Kit protocol

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
e Safety Data Sheets: www.qiagen.com/safety

® Technical assistance: support.qgiagen.com

Notes before starting

® This protocol is for the purification of up to 10 pg 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.

e 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.

00000
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. Excise the DNA fragment from the agarose gel with a clean, sharp scalpel.

. Weigh the gel slice in a colorless tube. Add 3 volumes Buffer QG to 1 volume gel
(100 mg gel ~100 pl). The maximum amount of gel per spin column is 400 mg.
For >2% agarose gels, add 6 volumes Buffer QG.

. 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 pl 3 M sodium acetate,

pH 5.0, and mix. The mixture turns yellow.

. Add 1 gel volume isopropanol to the sample and mix.

5. Place a QlAquick spin column in a provided 2 ml collection tube or into a vacuum

manifold. To bind DNA, apply the sample to the QlAquick 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 QlAquick column back into the same tube.
For sample volumes >800 pl, load and spin/apply vacuum again.

. IF DNA will subsequently be used for sequencing, in vitro transcription, or microinjection,
add 500 pl Buffer QG to the QlAquick column and centrifuge for 1 min or apply vacuum.
Discard flow-through and place the QlAquick column back into the same tube.

. To wash, add 750 pl Buffer PE to QlAquick 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.

. Place QlAquick column into a clean 1.5 ml microcentrifuge tube.

. To elute DNA, add 50 pl 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 pl 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 QlAquick PCR & Gel Cleanup Kit. Also added
additional product’s related cat. nos.

Scan QR code for handbook.

For upto-date licensing information and productspecific disclaimers, see the respective
QIAGEN kit handbook or user manual.

Trademarks: QIAGEN®, Sample to Insight®, QlAquick® (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 TRNA gene of MMS5

CTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCACGGAGCTTGCTCTGGTGGCG
AGTGGCGAACGGGTGAGTAATATATCGGAACGTACCCTGGAGTGGGGGATAACGTAGCGAAAGTTACGCTAA
TACCGCATACGATCTAAGGATGAAAGTGGGGGATCGCAAGACCTCATGCTCGTGGAGCGGCCGATATCTGAT
TAGCTAGTTGGTAGGGTAAAAGCCTACCAAGGCATCGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACAC
TGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTG
ATCCAGCAATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTTGTCAGGGAAGAAACGGTGAG
AGCTAATATCTCTTGCTAATGACGGTACCTGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTTTGTAAGTCTGATG
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TGAAATCCCCGGGCTCAACCTGGGAATTGCATTGGAGACTGCAAGGCTAGAATCTGGCAGAGGGGGGTAGAA
TTCCACGTGTAGCAGTGAAATGCGTAGATATGTGGAGGAACACCGATGGCGAAGGCAGCCCCCTGGGTCAAG
ATTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGAT
GTCTACTAGTTGTCGGGTCTTAATTGACTTGGTAACGCAGCTAACGCGTGAAGTAGACCGCCTGGGGAGTAC
GGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGAT
GCAACGCGAAAAACCTTACCTACCCTTGACATGGCTGGAATCCTCGAGAGATTGAGGAGTGCTCGAAAGAGA
ACCAGTACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCSTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGG
GGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGTACATACAGAGCGCC
GCCAACCCGCGAGGGGGAGCTAATCGCAGAAAGTGTATCGTAGTCCGGATTGTAGTCTGCAACTCGACTGCA
TGAAGTTGGAATCGCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCG
CCCGTCACACCATGGGAGCGGGTTTACCAGAAGTAGGTAGCTTAACCGCAAGGAGGGCGC

DNA sequence of Violacein operon of MMS, where n is filled in as missing bases

TGGGGCGGCATCGGCGGCCTGACCTGCGCCAACCACCTGATCCATCCCGCCGGCAACAGGAAGCTGCGCATC
CGCGTATTCGACCTCAATCCCGCTGTCGGCGGCCGCATCCAGTCGCACAAAATAGATGGCGAGGAAATCGCC
GAACTCGGCGCCGCCCGCTACTCGCCGCAACTGCATCCACATTTCCAGCAACTGATGCAGGGCAGCGGCCTG
CCGCATGCGGTCTACCCGTTCACCGAGGTGGTTTCCCACGATAGCGTGCTGGCAGAGCTGAAGGCCACGCTG
GACGAGCTGAACCCGATGCTGAAAGCCCATCCGAACCACTCTTTCCTCGAGTTCGTCAGCCATTACCTGGGC
GCCGACAAGGCGACCCACATTCATCAAGGCCACCGGCTATGACGCCTTGCTGCTGCCGATGGTGTCGGCTGC
CATGGCCTACGACATCATCAAGAAGCACCCGGAAACGCAGCACTTTACGGAAAACGCCGCCAACCAGTGGCG
CTATGCCACCGACGGCTATCACGAGCTGCTGTGCCGCTTGCAGCACCAGGCACAGGCCGCCGGCGTCGAATT
CCAGCTCGAACATTGTCTGCTGTCCGTGAAAAAATCGGGCGCCGACCACGTGCTCGCCTTCAGCCACCTGGG
CGACACGCAGATGCACCGGACACGCCACCTGGTGATGGCCATCCCGCCGTCCGCCATGCCGCGCCTGAACCT
GGATTTCCCGCACGCCTGGAGTCCGTTCCAGTATGACTCGCTGCCCCTGTTCAAGGGCTTCCTCACCTTCGA
CACGGCTTGGTGGGACGGGCTGGGGCTGACCGACAAGGTGCTGATGGCGGCAAACCCGCTGCGCAAGATCTA
CTTCAAGGGGGATAAATACGTGCTGTTCTATACCGACAGCAAAAGCGCCACCTACTGGCGCGACAGCCTGGA
ACTCGGCGAAGACGTGTACCTGGGAACGTGTCCGCAGCCACCTGGAAGAAGTCCTGCCCCTCGATGGCCGGC
CGCTGCCGCGCATCAAGGCGCACTTCCACAAGTTCTGGSCGCATGGCGTCCRARTTTTGCGTGGAGCCGGAA
GCCGAGCACCCGGCCGTGCTGCTGCACCGGGACGGCATCATCTCCTGTTCGGnnnnnnnnnnnnnnnnnnnn
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNINNNNNNNNNNNNNNNNNNNNNNNNNNNNN
nnnnnnnnCGCATCGCCTGGTGGCCGAAGACAGTCCCTACATCTCCTTTTCCGCCGCCGGCCAGGGTTTTAT
TGCCACCGTTGAAGAAAGCGCCGCCCTCAAGGCCCGCGCCAGGGCCATCCGCGACGAGCTCGTGTATCSCTT
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SMTAMCCGCTTCAATGCCGAAGGCAAGCCCGATCCGGACGGCATCTTCAGCCAGGCGGCAGGCTACAATTTT
GGCGGCAATAATCATTTCTCGTGGGAGAACGCGCGGATCACGGGCGTCCAGCTTGGCGCTGGCGAGGTCGAC
ACGCAGGATGCACTGGTGGGCGCCAGGCTGGGCCTGTGGGGCCACTACAACGAATACCTGCGCACCACGTTC
AACCGCGCCAGGTGGATCGACAACAACCCCGCCGCGCCCGACACCACGCTGATCTACGCCGGCCAGTTCACC
TTGAGCGACAAGCTGGCCACGCCCAACACGCCCACCTTGTTCACGGCCGACATCGCGCAGGCGCACTCGGTG
CGCTGGCTCGGCAGCGGCCATATCATGGAACGCAGCGGGCATTTCCTGGACGAGGAATTCGGCCGCGCCAGG
CTGTTSCAGTTYTCGGTGGCCAAGCAGGACMCGCATKTCCTGTTCAATGMGGACCTGCCGYTGCCGGSCAGC
ATGCAGRCCTTGCGGCACGCCCTGKCYGACGACGACGTGCTGGGCCTGACGGTGCAGTATGCCTTGTTCAAT
ATGTCGACGCCGCTCAAACCGGACTCGCCCGTGTTCTACGACCTGGCCGGCAGCATCGGCCTGTGGCGGCGC
GGCGAGCTGGCCACCTATCCGGCCGGCCGCCTGCTGCAGCCGCGCCAGCAGAGCCTGSGGCCGRTGCTGGTG
CAAGTGCACGCGGACCGGGTCGCGTTCAWCATGMCGACCGYCGWTGCCTTCACCACGCGCGGCGAGGGCGCC
GTTTCGGAACAGCATCCCACGCATGCACTGGGCGGCAAGCAGGCGCTCGGCGACCTGCTGCTGCACGACGGC
ACCGGCACCTTGCTGGCGCGCATACCCGAGCAGCTGTACCGCGACCACTGGCGCCATCACGGCGTTTTCGAC
GTGCCGCGGCAGCACGCTGGCGACGCTACCGGTTCGCTGAGCCTGGGCAGCGCGCAAGCGCAGTGGGAAGAA
GCGGACTGGGTGCTGCAATCGGACAGCAACCAGTTGTACCTGGAAGCGCCGAACCGCAACAAGCATGAGCAA
TTTCCGCAGACCATCACCGTGCAAAGCCGCTACCGCGGCGCGCTGGCGGCGCCGCCTCCCCTGTCGGCGCAG
GCCGAGGACGGCGTGCTGCTGGGCGTGGAACAGCAGCCATCACCGCTGGGGCCTGGCTACACGATGCTGATn
NNNNNNNNNNNNNNNNNNNNNINNINNNNNINNINNNNINNNNNNNNNNNNNNNNINNNNNNNNNNNNNNNNNNNNNND
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNINNNNINNNNNNNNNNNNNNINNINNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNINNNNNNNINNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnTCGTGTA
TCCCTTCATGTCGGACAGGTCTTCAGCCTGGCGGACCAGTGCAAATGCGAAACGTATTCGCGCCTGATGTGG
CAGATGTGCGATCCGCGCAACCGCGACAAGAGCTACTACATGCCCAGCACCCGCGAACTGTCGCTGCCAAAG
TCGCGCCTGTTCCTCAAATACCTGACCCAGGTCGAGGCGACGGCCGCGGCCAGGGCGGCGGTGCCGGAAGCG
GCCTTGCCGCCTGTCATYGGCAGCAAGGCCGGGCTGATCGAGGAACTGAAAAAGGCCATCGACCTGGAACTG
TCGCTGATGCTGCAATACCTGTACGCCGCGTATTCGATTCCCAACTATGCGCAGGGGGCGGCGCTGGTGCAG
GCCGGCCGCTGGCTGCCTGCCGAGCTGGCGCTGGCCTGCGGCACCGAAGACCGGCGCCGCGACAGCGGTACG
CGCGGCGTGCTGCTGGAAATCGCGCATGAAGAAATGATTCACTATTTATTGGTCAACAATGTGCTGATGGCG
CTGGGCGAAGGGTTTTACAGCGGCACACCGCTGCTGGGCCAGCAGGCGCGCCAGCGTTTTGGCCTGGACACG
GAATTTGCGTTCGAGCCATTTTCCGAACACGTGCTGGCGCGCTTCGTGCGTTTCGAATGGCCCGACTACCTT
CCCACGCCGGGCAAGTCGATTGCCACCTTCTATATCGCAATCCGCCAGGCCCTGGCCGATCTGCCCGGCCTG
TTTGACAGCGGCGGTGGCAAGCGCGGCGGCGAACACCATTTGTTCCTGAAAGAACTGACCAACCGCGCCTAC
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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
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TGTTCCGCAGCAATGAGCACGGCATTTTCATCGGCCATGCCTATAAATACTCGGACACGATGAGCACGTTTA
TCGTCGAGTGCAGCGAAGAGACGTACGCCAGGGCCGGGCTGGAAGCGCTGCCCGAGCGCGACGCCGCCGCGA
CTGTCGCCAGCACGTTCAAAGCCGAACTCGGCGAACACGTGCTGCAGAGCCAACCGGGCCAGGGCTGGCGCA
ACTTCATGACCCTCAGCCGCGACCGGGCCWGCGACGGCAAGTTCGTCCTGCTCGGCGATGCGCTGCARTCGG
GRCATTTNTCCATCGGCCANGGCACCACCATGGCGGTGGTGGNNGCCCTGCTGNTGGTCAARAYCCTCNATA
CCGAAGNCSRMANACGGCYGCCGCNCTGGACAGNTTCAATGCNCGNGCCGTGCCCCTGRTGCAATTGTTCAA
GGASCACGCCAACRNCAGCCGCCTGTGGTTTGAAAGCGTGGGCGANCGTATCGNRCTGAGCAATGNAGAGCT
GACCGCCAGCTTCGACGCCCGCCGCAAGGACTTGCCGTCGCTNCARGAAGCGCTGATGGCCAGCCTNGGCTA
CGCGCTGGGCCGCTNAGGGAGNNNCCATGCCRRCMSMCSTCNCCCCGCCGCTGCTGCCGMTGCAATGGAGCA
GCGCNTATNTYTCCTACTGGACRCCGATGCAGGNGGANGACCAGGTMACNTCCGGCTATTGCTGGTTCGACT
ATGCGCGCAANATCTGCCGCATCGANGGCCTGTTCAANCCCTGGTCGGAAAAGGAACATGGACACYTGCTGT
GGATGTCGGAAATCGGCGACGCCAGGCGNGARCAMAGCCGCAAGCAGAAAGTGGCYTACGCNAGGCAAGCNN
MGSCNNCTGGCGARCAGCTGCAGGGCACGGCGMTGGCCGAYGAGGTRACNCCGTTCCATGMNCTGTTCCTGC
ACGCANGCGGTGCTGSTNGACGGNNSTGCCCGTCACGACGGCCGCCACANCGTGCTGGGCCGGGAGGCGGAY
GCCTGGRTAGTCGAGCSRGCGGGCAAGCCGCCATCKGTCTTTTACCTGGAGRCCGGNGGCAACCGCCTGCTG
CGCATGGTCACNGGCAANGACCCGCAGCACCTNTCGGTACGCGACTTTCCCAACCTGTTTGTCNGCGACATT
CCGGACAGCGTCTTTACGTCTTGCAACA
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F Appendix - Type strain alignment of MMS and 3.116

12 May 2020

Alignment:
Parameters:

Reference molecule:
Number of sequences to align: 3
Total length of aligned sequences with gaps: 1430 bps

Settings:

Alignment Results

Global DNA alignment against reference molecule
Scoring matrix: Linear (Mismatch 2, OpenGap 4, ExtGap 1)

J.Lividum(T), Region 1 to 1429

Similarity significance value cutoff: >= 60%

Summary of Percent Matches:
Ref: J.Lividum(T)

2: J.MM5
3: J.3.116

.Lividum (T)
.MM5
.3.116

agq

J.Lividum (T)
J.MM5
J.3.116

.Lividum (T)
.MM5
.3.116

[y

.Lividum(T)
.MM5
.3.116

aqgq

J.Lividum (T)
J.MM5
J.3.116

J.Lividum (T)
J.MM5
J.3.116

.Lividum (T)
.MM5
.3.116

aqgq

.Lividum (T)
.MM5
.3.116

Qg

J.Lividum (T)
J.MM5
J.3.116

J.Lividum (T)
J.MM5
J.3.116

J.Lividum (T)
J.MM5
J.3.116

J.Lividum (T)
J.MM5
J.3.116

J.Lividum (T)
.MM5
.3.116

aq

61

61

121
121
121

181
181
181

241
241
241

301
301
301

361
361
361

421
421
421

481
481
481

541
541
541

601
601
601

661
661
661

1 to 1429 ( 1429 bps) _—
1 to 1428  ( 1428 bps) 99%
1 to 1429  ( 1429 bps) 99%

ctcagattgaacgctggcggcatgecttacacatgcaagtcgaacggcagcacggagcett
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agq

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

.Lividum (T)
.MM5
.3.116

781
781
781

841
841
841

900
900
901
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G Appendix - Antibiogram results

(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.

XVI



(b) Antibiogram for 3.116 with chloramphenicol

N

(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.

XVII



H Appendix - Agar-plates

(a) MMS5 and 3.116 growing on an agar-plate with (b) MMS and 3.116 growing on an agar-plate with
EPS-sucrose with 1% agar incubated at 28 °C EPS-sucrose with 1.5% agar incubated at 28 °C

showing purple colonies for MMS. showing purple colonies for MMS.

(c) MMS and 3.116 growing on an agar-plate with
LA medium with 1% agar and 2% glycerol incu- (d) MMS5 and 3.116 growing on an agar-plate with
bated at 28 , showing slightly purple colonies for R2ZA medium with 1% agar incubated at 28 °C
MMS. showing tendencies of purple growth for MMS.
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I Appendix - Cross-streaking

W 'v’fr‘.ﬁ?"s‘;t';oss V) WWW

linjer, 96 blad bla g 4

(a) Cross-streaking of MM5 with (c) Cross-streaking of 3.116 with
Arthrobacter, Pedobacter, and (b) Cross-streaking of MMS5 with Arthrobacter, Pedobacter, and
Psychrobacter on R2A 2% glyc- Arthrobacter, Pedobacter, and Psychrobacter on R2A 2% glyc-
erol agar-plates. Psychrobacter on LB agar-plates. erol agar-plates.

'''' RELEL ¥

(f) Cross-streaking of 3.116
(d) Cross-streaking of 3.116 with (e) Cross-streaking of 3.116 with with Arthrobacter, Pedobacter,
Arthrobacter, Pedobacter, and Arthrobacter, Pedobacter, and and Psychrobacter on BHI
Psychrobacter on NA agar-plates. Psychrobacter on LB agar-plates. agar-plates.

Cross-streaking of MMS 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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J Appendix - Alignment of violacein operon

J.L ivDSM1522
J.1ivNBRC12613
J.1livBPO1l

J.M M5

J.sp.LM6
J.agaricidamnosu
Massilia
D.sp.zlp-xi
D.spb2
Collimonas_MPS11
.vioAB032799.1
C.viocv1192
C.vioLC000628
C.VacciniiXC0014
C.vio
C.sp.257-1
P

P

M

e}

.luteoviolaceas
.sp.520P1
yxococcus

J.L ivDSM1522
J.1ivNBRC12613
J.1livBPO1

J.M M5

J.sp.LM6
J.agaricidamnosu
Massilia
D.sp.zlp-xi
D.spb2
Collimonas_MPS11l
.vioAB032799.1
C.viocv1192
C.vioLC000628
C.VacciniiXC0014
C.vio
C.sp.257-1
P

P

M

Q

.luteoviolaceas
.sp.520P1
yxococcus

J.L ivDSM1522
J.1ivNBRC12613
J.1ivBPO1

J.M M5

J.sp.LM6
J.agaricidamnosu
Massilia
D.sp.zlp-xi
D.spb2
Collimonas_MPS11
.VioAB032799.1
C.viocv1192
C.vioLC000628
C.VacciniiXC0014
C.vio
C.sp.257-1
P

P

M

e

.luteoviolaceas
.sp.520P1
yxococcus

J.L ivDSM1522
J.1ivNBRC12613
J.1livBPO1

J.M M5

J.sp.LM6
J.agaricidamnosu
Massilia
D.sp.zlp-xi
D.spb2
Collimonas_MPS11
.vioAB032799.1
C.viocvl1192
C.vioLC000628
C.VacciniiXC0014
C.vio
C.sp.257-1
P

P

M

[

.luteoviolaceaS
.sp.520P1
yXococcus

J.L ivDSM1522
J.1ivNBRC12613
J.1ivBPO1l

J.M M5

J.sp.LM6
J.agaricidamnosu
Massilia
D.sp.zlp-xi
D.spb2
Collimonas_MPS11
.vioAB032799.1
.viocv1192
.vioLC000628
.VacciniiXC0014

[eNeKeKe]

VIOA start

1 gccggcataggaggcttgacttgcgccaacaacctgatcgacgeecgee —-- gececggcag
1 gccggcataggaggcectgacttgegeccaatcaactgatcgacgecgee gccagcag
1 gccggcatcggaggcttgatttgecgeccaaccgectgatecgacgecgee gccaacag
1 ggcgg--wcggcggectgacctgegecaaccacctgatccatcecgee ggcaacag
1 gccggcataggcggettgacttgegeccaaccgectgategacaccgee gccagcag
1 gccggcataggcggectgacttgegecaatcggetgatecgacggegee gceggecag
1 gcaggcatagggggcctcagttgtgcgacccagttgatcaacgeccgec----geccgge——
1 gccggcattggtggtttgacctgegegaccegtttgatcaacgecggectaggecage—

1 gcaggcatagggggcctcagttgtgcgacccagttgatcaacgecgec----gecgge—-
1 gccggcatcggeggactcacatgcgegaccegectgatcagegee —-—- -gctgtcg
1
1
1
1
1
1
1
1
1

gccggeatcageggectgacctgegecagecatetgctegacteg-ce - cgettgecg
gccggcatcageggectgacctgegecagecatetgetegatteg-ce -- cgettgecg
gccggaatcagcggcttgagectgecgegacgtatttgectggaatecg-cc -- cgectgecg
gccggcatcagcggectgacttgecgeccagcaatttgectegacteg-cec -- agectgteg
gccggcatcagcggcecctgacctgcgecagecatctgetecgacteg-cc -- cgettgecg
gccggeatcageggectgacctgegecagecacctgetggactecg-ce - cgectgecg
gcgggcatttcaggtatcatttgecge--gctaac-gttag---ca-aa -- atcaaatga
gctggagtttcagggattatgtgecge--gcttac-gctecg---ct-aa -- tttccatct
gcgggaatcggagggctcacctgtgegtecec---cggetegecacctee -- cggetga-g

-gaacctgcgcatccgegtattcgacctgaatgccaccgtaggeg
gaagctgcgcatccgegtattegacctgaacgccaccgtecggeg
-gaacctgcgcatccgggtattcgacctgaatgccagegtaggeg
-gaagctgcgcatcegegtattecgacctcaatcecgetgteggeg
gaagctgcgcatccgggtcttegacctgaateccaccgteggeg
-gaagctgcgcatccacgtattcgacctgaatgccaccgteggeg
—-aagaatttacggatcagggtgttcgacatggatacgacggtgggcg
---acttgcgcatccgggtattcgatgtgaatggtttcgtgggeg
-aagaatttacggatcagggtgttcgacatggatacgacggtgggcg
—-caaacacctgecgecattecgggtattcgacctgaacgeccactgcaggeg
ttcgacatgcagcaggaggcgggceg
ttcgacatgcagcaggaggcgggceg
ttcgacatgcagacggaggcggggyg
ttcgacatgcagcaggaagcgggag
ttcgacatgcagcaggaggcgggeg
ttcgacatgcagcaggaggccggeg
aacacaaaaatcgcgtcggtggeeg
aggtagcaaaaaagtaattaaagtttttg aacataaaaaacgtgtcggcggcag
54 caac------- aagctgcgcatcecgegte ----- tttgatttgaacacccacgtgggeg

101 gccgecatccagtcgecggaaaatagatggecgaggaaatcgecgaactecggegecgeceget
101 gccgcatccagtcgecggaaaataaacggcgaggaaattgccgaactecggegetgeeceget
101 gccgcatccagtcgeggaaaatagatggagaggaaatcgecgaacteggegecgeccget

99 gccgeatccagtcgecacaaaatagatggcgaggaaatcgccgaactcggegecgeecget
101 gccgcatccagtcgecggaaaatagatggcaaggaaatcgeccgaactcecggegecgeccget
101 gccgcatccagtcgecggaaaatagatggecgaggaaatcgeccgaactgggegecgeceget
101 ggcgcatccagtcgcataaagtagacgaggaggaaatcgccgaacteggegecgeccget
101 gccgcatccagtcgecgcaaaatcgatg-- aggaagtcgccgaactcggtgetgectget
101 ggcgcatccagtcgcataaagtagacgaggaggaaatcgeccgaactcggegecgeccget
101 gccgecatccagtcgagaaaaatcgacggcgatgaaatcgeccgagectcecggegecgeccget
101 gccgecatcegetcgaagatgectggatggcaaggegtcgatagagetgggegeggggegat
101 gccgcatcegetcgaagatgctggatggcaaggecttcegatagagectgggegeggggegat
101 gacgcatccgctcgaaaaacctggacggcaaggccgcgatagagetgggtgecggecget
101 gccgcatacgctcgaaaaagctggacggcaaggctgcgatcgagectgggegecggacggt
101 gccgecatcegetcgaagatgctggatggcaaggegtcgatagagetgggegeggggegat
101 gccgecatcegttccaagacgctggacggcaaggeggcggttgagctaggegecggggeget
105 agcacatgcgataaaagtcaatgatcatta-- - tgtcgatctgggtgcaggacgct
105 agcgcatgcaattaaagttcaagaacagtt --— - tattgatcttggggctggtcgat
101 gtcgcatcectgtcgaageggcetecactgeggagaaatcacggaactaggagecgegeget

161 actcgccgcagetgecatccgecatttccagcaactc-atgcagggcageggettgeecgeat
161 actcgcegeagetgcatcegeattteccagcaactg-atgcagggcageggactgecgeat
161 actcgcegecagetgcatcegeatttceccagcaactc-atgcagggcagecggactgeecgeat
159 actcgccgcaactgcatccacatttccagcaactg-atgcagggcageggectgeecgeat
161 actcgccgecagetgcatecgecatttccagcaactg-atgcagggcageggactgeecgeat
161 actcgccgcagetgcatccgecattteccagcaactc-atgcagggtageggattgecgeat
161 actcgcecgcaactccatcegeatttcgagcaactc-atgcaggaatgegggetggegeat
158 attcgccacagctccateegettttccaggagetc-atggaggacageggtetgeecgeac
161 actcgccgcaactccatccgecatttcgagcaactc-atgcaggaatgegggetggegeat
161 attcaccgcagctgcatccgetgtteccagecagetec-atgcaaggcageggactgte———-
161 actccccgcagetgcacccgecatttecca-gagegegatgeca-—-gca--ttacageccagaa
161 actcccegeagetgcaccegeatttecca-gagegecgatgca-—-gca--ttacagccagaa
161 actcgcegcaactgcaccegecagttcca-gagegtgatgca-—-aag--ctacagccageg
161 attcgccgecagttgcatcegecatttcca-gagecgecgatgca-—-gca--ttacagccaaaa
161 actcccecgecagetgeaccegecatttcca-gagecgecgatgca--gca--ttacagccagaa
161 tttccecgecagetgcaccegecatttecca-caaggcgatgtc--gca--ctacagccagaa
158 tttcttcagggcttcatcataatgtcaaagagcaagtgaaa--tcc -- ttaaacttgge
158 tttcaccacaacttcataaaaatattaatg---aattgata--gcacattttaatattga
161 actcaccgcaactccatcecegettecaggegetc-atgaactgetteccaacacecteca-

220 gcg----gtctacccgttcaccgaggtcatcte --- ccacgatagcgtgctggaagage
220 gtctacccgttcaccgaggtcatcte ccgcgatagcgtgectggaagage
220 gtctaccccttcaccgaggtegtete ccacgatagcgcgctggaagagc
218 gtctacccgttcaccgaggtggttte ccacgatagcgtgctggcagagce
220 gtctacccgttcaccgaggtcatcte ccacgatagcgtgctggaggagce
220 gtctacccgttcaccgaagtcatcte --- ccacgatagcgtgctggaagagce

220 acctaccctttcacccaggtggtgt - cgctcgatcaggcgcaggagaaac
217 gtctacccgttcactgaagtggtatce - ccaggagcgcgagcagcaagagt
220 gcg----acctaccctttcacccaggtggtgt --- cgctcgatcaggcgcaggagaaac
216 gcacgctgtctaccctttcacacaggcggtatt --- cggtgagcgcgtgcaggaaaaac
216 gagcgaggtgtatccgttcacccagctgaaatt caagagccatgtccagcagaagc

216 gagcgaggtgtatccgttcacccagttgaaatt --- caagagccatgtccagcagaage
216 cagcgaacgctatcccttcacccagctgaaatt --- caagaaccgcgtccagcaaacgce
216 gagcgaaatctacccgttcacccagctgaaatt --- caaaaaccatacccagcaaaagc
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216 gagcgaggtgtatccgttcacccagctgaaatt --- caagagccatgtccagcagaage
216 gagcgaggtgtaccccttcacccagctgeggtt —-- caagaaccatgcccagcaaacgce
213 ctatgaaaaattcccttttacacaactaaagcgcccacaagcat —-- tgcataaaagtt
213 acatgaaagttttccttttacacaattaacacgaccacaagaac --- ttcatagtgaat
219 ---tgaagcctacccattcacccatgccatctt --- ccaggacggcatgagggggcage

272 tgaaggcaacgctggatgagctg-agcccgatgectgaaaatgcatccgaacgactectte
272 tgaaggcaacgctcgatggcctg-agcccgatgetgaaagagcatccgaacgactectte
272 tgaaggcaacgctggatgagctg-agtccgatggtgaaagagcatccgcaagactectte
270 tgaaggccacgctggacgagctg-aacccgatgctgaaageccatcecgaaccactettte
272 tgaaggcaacgctgcatggcctg-agcccgatgetcaaggagcatccgaacgactectte
272 tgaaggcaacactggatgacctg-agcccgatgctgaaagagcatccgaatgactectte
272 tgaaggcaactctgctgagcctg-agtgcgatgctgaaaaaacatccgaacgattectte
269 tgaaggataccctgctcagecttgcageccaatg-tgaaagagcatccagaggaatectte
272 tgaaggcaactctgctgagcctg-agtgcgatgctgaaaaaacatccgaacgattectte
272 tgaaggcaaccttgctcggectg-agttccatgctgaaggagcatccggaagattectte
272 tgaagcgggcgatgaacgagttg-tcgcccaggctgaaagagcatggcaaggaatecttt
272 tgaagcgggcgatgaacgagttg-tcgcccaggctgaaagagcatggcaaggaatecttt
272 tgaaaagcgcgatgcgcgagctg-tcgecgecggetgaaggagcatggcaaggaatectte
272 tgaagcgggcgatgagcgagetg-teccccaggectggaggagecatggcaaagagtecttt
272 tgaagcgggcgatgaacgagttg-tcgcccaggctgaaagagcatggcaaggaatecttt
272 tgaaacgggcgatgagcgagttg-tctccgecggectgaaagaacacggcaaggagtectte
269 taaagagtattctgaaaaacttg-aaacctttgtgtgacgagcatgcgcatgactcattt
269 taaaggagattttaaacaaatta-aagcctttgtgtgctgaacacaaagatgaatccttt
272 tgcggacaaccctgcectcggectg-cgctccaagetggagaaacatcectetgacteatte

331 ctcgagttcgtcagecattacctgggegecgecaaggecagecacat-catcaaggecgac
331 ctcgegttettcagecattacctgggegecgecagggecacccagat-catcaaggcaac
331 ctcgagttcttcagecattacctgggcgccaccaaggccacccacat-catcaaggcgac
329 ctcgagttegtcagecattacctgggecgeccgacaaggcgacccacattcatcaaggecac
331 ctcgaatttttcagccattacctgggtgccgeccaaggccaccecacat-catcaaggecgac
331 ctcgegttegtcagecattacctgggegecgecaaggccacccacat-catcaaggecgac
331 cttgaattcgtcagccagtacctgggcgccgeccgaagecgacccgcat-gatcaaggecgac
328 cttgatttcgtcagccattatctgggtacagacgaagccctccgcatcecc-caaggecac
331 cttgaattcgtcagccagtacctgggegecgecgaagecgaccegeat-gatcaaggegac
331 ctcgatttcgtcageccactacctgggecceccgecgaagecaccegecat-catcatggegac
331 ctccagttcegtcagecgetaccagggccatgacagegeggtgggcat-gatecgetecat
331 ctccagttegtcagecgetaccagggeccatgacagegeggtgggcat-gatecgetecat
331 ctcaatttcgtcagccgctaccagggcatggacagecgecgatcggcat-gatcaagtecat
331 ctccagttegtcagecgctatcagggcaaggagagcgeggteggcat-gatecgetegat
331 ctccagttcegtcagecgetaccagggeccatgacagegeggtgggcat-gatecgetecat
331 ctgcaattcgtcagccggtttcagggcagggacaacgcggtgggcat-gateccgetecat
328 gaggagtttttaacgatttacgtaggcggaagtcaggcccgagaaat-gataaacgcact
328 ttggattttttaacctcttatttaggtgaagaacaaagtaaagatat-tatcaatgcgct
331 ctggatttcgtcagtcactacctgggggcgaccgaggcccggcgaat-catcaaggeect

390 cggctatgacgccectgetgetgecgatggtgteggeggecatggectacgacatcatcaa
390 cggctatgacgccttgctgectgecgatggtatcggeggeccatggectacgacatcatcaa
390 cggctatgacgccttgatgectgecgatggtgtecggeggeccatggectacgacatcatcaa
389 cggctatgacgccttgctgetgecgatggtgteggetgeccatggectacgacatcatcaa
390 cggctatgacgccctgetgetgecgatggtgtecggeggecatggectacgacatcatcaa
390 cggctatgacgcattgctgctgecgatggtgtecggeggtcatggectacgacatcatcaa
390 cggttacgacgccttgctgectgecggtggteteggcagegatggectacgacatcatcaa
387 cggctacgacgcgctgcaactgecgatcgtcacggecgecgtggettacgacatcattaa
390 cggttacgacgccttgetgetgecggtggtetecggecagecgatggectacgacatcatcaa
390 cggctatgacgecttgctgctgecgatagtcteggecagecatggettacgacatcatcaa
390 gggctacgacgcgetgttectgeccgacatecteggecgagatggectacgacategtegg
390 gggctacgacgcgetgttectgeccgacatcteggecgagatggectacgacatecgtegg
390 gggctacgacgcgetgttcctgeccaacatctecgecgagatggectacgacategtegg
390 gggctatgacgccttgttecctgecggacatcteggecgagatggettacgacategtegg
390 gggctacgacgcgctgttecctgeccgacatcteggecgagatggectacgacategtegg
390 gggttatgacgcattgttcctgeccgacatcteggeccgagatggettatgacategtegg
387 gggttatgactccctatcattaccaaacattacgccacatattgctttcgatatcattga
387 tggatatgattctttatccttgeccatttatcacccccaatattgettacgatattattga
390 ggggtatgacgccctecttctecccategtetecgegeccatggegtacggecatecteaa

450 gaagcacccggaaacgcagcactttacggaaaacgccgccaaccagtggcactacgecac
450 gaagcatccggaaacgcagcactttacggaaaacgccgccaaccagtggcactatgecac
450 gaagcatccggaaacgcagcactttacggaaaacgccgccaaccagtggegetatgecac
449 gaagcacccggaaacgcagcactttacggaaaacgccgccaaccagtggegetatgecac
450 gaaacatccggaaacgcagcacttcacggaaaacgccgccaaccagtggegetatgecac
450 gaaacacccggaaacgcagcactttacggaaaacgccgccaaccagtggcactatgcgac
450 aaagcacccggaaacacaaagctttaccgaaaacgccgccaacgagtggegetatgecac
447 aaagcacccggaaacgcaaaactgcaccgagaacgctggtaacgaatggcgctatgeccac
450 aaagcacccggaaacacaaagctttaccgaaaacgccgccaacgagtggcegctatgecac
450 gaaacacccggaaacgcaaaatttcaccgagaacgccggcaaccagtggctctacgcetac
450 caagcacccggaaatccagagcgtgaccgataacgacgccaaccagtggtte—--g----
450 caagcacccggaaatccagagcgtgaccgataacgacgccaaccagtggttc—--g-
450 caagcatccggaaatccagagcttcaccgagaacgacgccaaccagtggttt---t
450 caagcatccggaaatccagagcgtgaccgacaacgacgccaatcagtggttt—--t-
450 caagcacccggaaatccagagcgtgaccgataacgacgccaaccagtggtte---g-
450 caagcatccggaaatccagagcgtgaccgacaacgacgccaaccagtggttt---t
447 gaaacatcccgaaatccaaggtttttccgacaatgcaggttatgagtgg--t---t-
447 aaagcaccctgagatccaagggttctctgataacgcgggatatacatgg--c---g-
450 gaaccacccggagacccaaggactgattgagggtgaaggcaaccagtggcgetatg-

510 cgacggctaccacgaattgctg--tgccagtt-
510 cgacggctaccacgcgttgctg--tgccagtt-
510 cgacggctaccacgaattgcta--agccagtt-
509 cgacggctatcacgagctgctg--tgccgett-
510 cgacggctaccacgcgctgctg--tgccaget—
510 cgacggctaccacgcgttgctg--tgccagtt-
510 cgacggctacagcgagctgctge--gtcagtt- -gcagc --- gccaggcccagga
507 cgatggttatggccagctgctg--gtccagctgcaacggea -- ---ggctcaggc
510 cgacggctacagcgagctgctge--gtcagtt------ gcagc --- gccaggcccagga
510 cggcgg---ctacgcccagctgctggegcaattgcagag —— - ccacgcgcaggc
503 cggcggaaacg--ggctttgcg--ggcctgatc-cagggcatcaaggccaaggtcaagge
503 cggcggaaacg--ggctttgcg--ggectgatc-cagggcatcaaggccaaggtcaagge
503 ccgcegtggat--ggettcgac--ggcctgatc-gecgeggatgaaggacaaggtcaagge
503 cggcggagcag--ggcttcgac--ggcctgatc-cagcagatcaagaccaaggtcaagge
503 cggcggaaacg--ggctttgcg--ggecctgatc-cagggcatcaaggccaaggtcaagge
503 ctgcggaaacc--ggctttgtg--gggctgatc-cagggcatcaaggccagggtcaagge
498 taacctaaaagaagggttttct--gctctaccc-gagegtttatatgagcaagetttage

-gcagca --- ccaggcccaggt
ccaggcccagge
caaggcccagge
ccaggcacaggc
ccaggcccagge
ccaggcccagge
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498 aaaccttaaggccggattttgec--actttacct-caaatcttatataaaaaagcagttga
506 cgccgga ----ggggtacggc--cggctgetggeacggettcagtgtcaggcacaggee

558 cgccggggtggaattcaggctcgaacacegettgetgtecgttgaaaaatcgggegecga
558 cgccggggtggaattccggetecgaacaccgettgetgtecgttgaaaaatecggegecga
558 cgccggggtggaattccagettgaacategtttgetgtecgttgaaaaatccggegeaga
557 cgccggegtcecgaatteccagetecgaacattgtetgetgtecgtgaaaaaatcgggegecga
558 cgccggggtggaatteccgectggaacaccgettgetgtecgttgaaaaatccggegecga
558 cgccggggtggaattcecggectcgaacategtetgetgtecgttgaaaaatcecggegecga
558 cgccggegtggaattecggetggggecategettgetgteggttgaaaagtccggcacega
555 cgcecggggtggagttecgtectegaacaccgettgetgteggtggaaaagtccggegecga
558 cgcecggcgtggaatteccggetggggcatcgettgetgteggttgaaaagteccggecaccga
558 cgggggcgtcgaattccagatggaacgececgtctgetgteggttgaaaaatccggegatga
558 tgccggegegegettecagectgggttaceggetgetgteggtgaggacggacggegacgg
558 tgccggegegegettecagectgggttaceggetgetgteggtgaggacggacggecgacgg
558 gggcggcgecaagttcagectgggetttegectggegteggtggagegegaccaggatgg
558 cgccggegeccgettecagectgggetategectggttteggtecgaggeccgacggecgatgg
558 tgccggegegegcettcagectgggttaccggetgetgteggtgaggacggacggecgacgg
558 ggcgggcgcgegtttcagectgggectaccgectgetgteggtggeggeggatggegacgg
555 ccacggcgttgaatttcactttggccacgagttaatcaaaatagatgctgac--agcaac
555 attaggtgttgagtttcattttgattatgagcttattacaattgatacccat--ataaaa
559 agccgcgtcegag-ttecggatggaacaccacctgetctecatcetegegattegtgaaggg

618 ccatgtgctcgecttcagecaccatggcgacacgcagatg--caccgcacgcgecatetyg
618 gcatgtgcttgecttcageccaccacggcgacacgcatatg--caccggacacgccatctg
618 ccatgtgctcgecttcagccaccatggcgacacgcagatg--caccgcacacgccatctg
617 ccacgtgctcgecttcageccacctgggegacacgcagatg--caccggacacgccacctyg
618 ccatgtgctcgecttcagccaccagggcgacacgcagatg--caccgcacgegecacctyg
618 gcatgtgctcgecttcageccaccatggcgacacgcagatg--caccgcacacgecatetg
618 ccatgtcctecgecttecgecatatgggegatactcagatg--caccgggegegecatgtyg
615 ccacctgctggecttcagecatcacggtgaagtccagatg--cagegtgegegecatgtg
618 ccatgtcctcgecttecgecatatgggegatactcagatg--caccgggcgegecatgtyg
618 ccacatgctcgecttcagccataagggcgatacgcagatg--caccgcacgcgecacctg
618 ctacctgctgcaactcggcgacgacggctggaage--tggaacaccggacccgecatetg
618 ctacctgctgcaactcggcgacgacggctggaage--tggaacaccggaccegecatetyg
618 ctatcgactggcgetgggggatgacggetggcage--tgacgcatcacgecceggcacctyg
618 ttaccggctgcaactcggtgacgacggctggaage--tggagcaccgecgeccgecacttyg
618 ctacctgctgcaactcggcgacgacggctggaage--tggaacaccggaccegecatetyg
618 ctaccggctgcagttcggcgacgacggctggaage--tggagcatcgegegeggecatetyg
613 actccgacgctgactttcaaccaacag--gaagtca--ccattaacg-a-aggtgagatg
613 aaaccggctttaacttttagtgatgat--gagattattcgaataaccca-aggggatatg
618 atacatcctcgecttcageccacaaggg--aaacacccagatacatcgagegegtcaccte

676 gtgatggccatccecgecgtecgecatgecgegectgaacctggatttecccgaacgectgg
676 gtaatgaccgtccegecgtecgecatgecgegectgaacctggattttccaaacgectgg
676 gtgatgaccatccegecgtecegecatgecgegectgaacctggatttececgaatgectgg
675 gtgatggccatccegecgteegecatgecgegectgaacctggatttecegeacgeetgg
676 gtgatggccatccegecgtecgecatgecgegectgaacctggatttteccgaacgectgg
676 gtgatggccatccegecgtecgecatgecgegectgaacctggatttececgecacgectgg
676 atcacgaccctcececgecgaccgccatgaagegectgaacatggattttececggecgectte
673 atcctggccgttcecgeccactgecatggegggattgaacctggatttececegtectgectgg
676 atcacgaccctcccgecgaccgecatgaagegectgaacatggatttteeggecgectte
676 ctaatggccattccgccatcggcgatggcgegectcaacctggattteccecggecagetgg
676 atcctggccattcctecgteggegatggecgggetcaatgtegactteccccgaggegtgg
676 atcctggccattcectecegteggegatggecgggetcaatgtegacttccccgaggegtgg
676 atcctggccattcegeegteggegatggecgggetcaacctggacttececggeggectgg
676 attctggcggtccegecgteggegatggetgggetcaacgtcaattttecccgaggegtgg
676 atcctggccattccteecgteggegatggecgggetcaatgtegactteccegaggegtgg
676 atcctggcgattccgecgteggegatggeggggectggacgteggttttecccgagtectgg
667 attttaacttttccaccaactgcaatgagtaagctcaattgcggctttcecgcaagattgg
670 atcgtcacattgccaccaacagcaatgagcaggctcaattgtaactttccgcaagattgg
676 atcctggccatccececectecgegatgacacggctcaatctegacttteccgeccactgg

736 agtccgttccaatacgactcgectgeccctgttcaagggattecttcacgttecgacacagee
736 agcccgttccagtacgactecgetgeccctettcaaaggattettcacgttecgacacggee
736 agtccgttccagtacgactcgetgeecctgttcaagggattectecacgttegacacggee
735 agtccgttccagtatgactegetgececctgttcaagggettectecacettegacacgget
736 agtccgttccagtacgattcgetgeecctgttcaagggattectcaccttegacacggee
736 agtccattccagtacgactcgectgececctgttcaagggettectgacgttegacacggee
736 agtcccttccagtacgattccctgectttgttcaaaggattecctgaccttcgaaacagee
733 ggcccattccagtacgactccctgectttgttcaagggettectgacgttcgagaaaage
736 agtcccttccagtacgattcectgectttgttcaaaggattectgaccttegaaacagee
736 agcccttaccagtacgactcectgeccttgttcaaaggecttectgaccttegacacagee
736 agcggcgcgegetacggcetegetgecgetgttcaagggtttectcacctacggecgageca
736 agcggcgcgegetacggetegetgecgetgttcaagggtttectcacctacggecgageca
736 ggccattccegttatggctegetgecgetgttcaagggttttctgtcttatgacgageeg
736 agcggcgcgegetacggetegetgeegetgttcaagggtttectgacctatagecgageece
736 agcggcgcgegetacggetegetgeegetgttcaagggtttectcacctacggegageca
736 ggcggcgcgegttacggetecttgecgetgttcaagggttttttgacctatgacgageece
727 agtaactatacatacggttcgattccectgttcaagggetttttattctatgatacacct
730 acccattatacttatggttctattcctctcttcaaaggttttcttttctacgatacatca
736 agccecttgcagtatggetcactgeccttgttcaagggggtectgaccttegacagegee

796 tggtgggatgcgctggggctgaccgacaaggtgctgatggecggcaaatececctgegecaag
796 tggtgggacgcgctggggctgaccgacaaggtgctgatggcggcaaatcctetgegcaag
796 tggtgggatgcgctcgggectgaccgacaaggtgctgatggetgeccaatccectgegecaag
795 tggtgggacgggctggggctgaccgacaaggtgctgatggecggcaaaccecgctgegcaag
796 tggtgggaagcgctggggctgaccgacaaggtgctgatggeggccaatcecctgegecaag
796 tggtgggacgcgctcgggctgaccgacaaggtgctgatggeggcaaatececctgegecaag
796 tggtgggacgcgctcgggctgaccgacaaagtgectgatggeccgataatcectettecggaaa
793 tggttcgagtgcatgggtctgaccgacaaaatgctcatgtccagcaatcctetgegecaag
796 tggtgggacgcgctcgggctgaccgacaaagtgctgatggecgataatectetteggaaa
796 tggtggcaagagctcggcctgaccgacaaggttttgatggectgataatccgetgegecaag
796 tggtggctggactacaagctggacgaccaggtgctgatcgtcgacaaccecgetgcgcaag
796 tggtggctggactacaagctggacgaccaggtgctgatcgtcgacaaccegetgecgcaag
796 tggtggcgcgactacaagctggaagatcaggtgectgatcgtcgacaacccgetgegecaag
796 tggtggctggattacaagctggaagaccaggtgctgatcgtcgacaacccgectgegcaag
796 tggtggctggactacaagctggacgaccaggtgctgatcgtcgacaaccegetgegcaag
796 tggtggctggattacaagctggacgaccaggtgctgatcgtcgacaacccgetgegecaag
787 tggtggcaagacttggatttagcagatcacgttgtaattgcaaataacccaatcagaaaa
790 tggtggcaagaattatcattaacagatcatgtcatcatcaccaataacccaatacgaaag
796 tggtggcatgactgtcacctgacggacaaggtcctggtggtcaacaatceccttgaggaag
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856 atctacttcaagagcgacaaatacgtgctgttctacaccgacagcaaaagcgccacctac
856 atttacttcaagggcgacaagtacgtgctgttctataccgacagcaaaagcgccacttac
856 atctacttcaagagcgacaagtatgtgctgttctacaccgacagcaaaagtgccacctac
855 atctacttcaagggggataaatacgtgctgttctataccgacagcaaaagcgccacctac
856 gtctacttcaagagcgacaagtatgtgctgttctacaccgacagcaaaagcgccacctac
856 atctacttcaagagcgacaaatatgtgctgttctataccgacagcaaaagcgccgectac
856 atctacttcaagggcgacaaatacctggtgttctacaccgacagcgeccagegecacctat
853 atctacttcaagagcgataaatacctgctcttctataccgacagccaaagcgeecctcetat
856 atctacttcaagggcgacaaatacctggtgttctacaccgacagcgccagegecacctat
856 atctacttcaagagcgataaatacctgctgttctataccgacagcgagagcgeccagetat
856 atctacttcaagggcgacaagtacctgttcttctacaccgacagcgagatggccaattac
856 atctacttcaagggcgacaagtacctgttcttctacaccgacagcgagatggccaattac
856 gtctacttcaagggcgacaagtacgtgttcttctataccgacagcgaaatggecggettac
856 atctacttcaagggcgacaaatacctgttcttctacaccgacagcgaaatggecgattac
856 atctacttcaagggcgacaagtacctgttcttctacaccgacagcgagatggccaattac
856 ctctacttcaagggcgacaaatacctgttcttctacaccgacagcgagatggccaatcac
847 ctgtattttaaagacaaccggtatgtatttttttataccgatagtgactacgctaacttt
850 ctgtactttaaagataatagatacatctttttttacactgatagtgaatacgctaatttc
856 atctacttcaaggacgagaaatacgtacagttctacaccgacggcgacaacgcaacctat

916 tggcgggacagcctggagettggtgaagacgtatacctgg-agegtgtecgecageecacct
916 tggcgcgacagectggagettggtgaagaggtgtacctgg-agegtgtecgecagecacct
916 tggcgggacagcctggaactcggtgaagacgtgtacctgg-agegtgtecgecagecacct
915 tggcgcgacagectggaactcggecgaagacgtgtacctgggaacgtgtcecgecagecacct
916 tggcgggacagcctggaactcggtgaagacgtgtacctgg-agcgegteecgecgecacet
916 tggcgggacagcctcgagctcggtgaagacgtgtacctgg-agegtgtececgecagecacet
916 tggcgggagtacctggagcaaggggaagacgtttacctgg-accgggtecgecatcacct
913 tggcgggacagcgtggagcagggcgaagagatttacctgg-agegtgtgegecgeecacct
916 tggcgggagtacctggagcaaggggaagacgtttacctgg-accgggteecgecatcacet
916 tggcgcgacagtctcgagcaaggtgaagaagtctacctgg-agegtgtgegecaattgect
916 tggcgcggctgcgtggecgaaggagaggacggctacctgg-agcagatecgeacceatet
916 tggcgcggctgcgtggecgaaggagaggacggctacctgg-agcagatecgecacceatet
916 tggcgcgcctgegtegecgacggecgaggacggctatectgg-aacaggtgegegtecatet
916 tggcgcggctgegtggcggaaggcgaggacggctatctgg-agcagateecgecacceatct
916 tggcgcggctgegtggeccgaaggagaggacggctacctgg-agcagateecgeaccecatet
916 tggcgcggcgcgctggcagagggcgaggagcattatectgg-cgcaggtgegeggecatcet
907 tggcgtgacgccacgttaaaaggtgaagcacattacttac-aaacagttaaagaactgat
910 tggcaagaaaccagtcaacatggcgaagaacattacttaa-aaacagtaaaagaattgat
916 tggcgggactgtctggagcaaggtgaagatgtctatttga-acagggtcecgegectgeat

975 ggaagaagtcctgcecgetegatggecagectetgecgcaga---tcaaggegeactteca
975 ggaagaagtcctgccgctcgatggeccagecgetgecgecga
975 ggaagaagtcctgccgctcgatggeccagecgetgecgcaga
975 ggaagaagtcctgcccctecgatggecggecgetgecgegea
975 ggaagacgtcctgccgetcgatggecagecgetgecgecga tcaaggcgcacttcca
975 ggaagaagtgctgccgctegacggtcagecgectgccacaga-—--tcaaggcgcacttteca
975 gaaagaagtgctgccgctgaacggtcagecgectgccgcag---atcaaggcgeattttta
972 ggaagaagcattgccgctcaacggcaagccgctgccaccg---atccagtcgecatttcta
975 gaaagaagtgctgccgctgaacggtcagecgetgecgcag---atcaaggegecattttta
975 gcaacaggcgctgecgcetcaacggectgecgetge--cagac-atcaagggacattttta
975 ggccagegegetgggeategttegegagegeattececagececte---geccatgtgea
975 ggccagcgegetgggeategttegegagegeattecccagececte---geccatgtgea
975 ggccgeggegetgggcatecggggeggccagcattccgecagecaage---cagcatgteca
975 ggccagcgcgetgggcatecgeccgegagegcatteccccagectege gtccacgtgca
975 ggccagcgcgetgggcategttegegagegecattceccagececte---geccatgtgea
975 ggccggegegetgggeategecgecgaacgcatececgcagecccge---tegecatetgea
966 ggcagatgctttaaagtgtcatgttagtcagctcecctgaaccatct acacacaccta
969 ggctgaagcaattcagtgccacatagatcaaattccagatccaatt---gaacagactca
975 ggagcaggtgctcececteggtggcaagtce---cteececgtecatcaaggaccactteca

1032 caagttctggccgecatggegtcg-agttttgegtggageccggaagecgaccacceggeca
1032 caagttctggccgecatggegtceg-agttttgegtggageccggaagecgagecateceggecg
1032 caagttctggccgecatggegtcg-agttttgegtggageccggaagecgagecaccecggecyg
1032 caagttctggscgcatggegtecrarttttgegtggageccggaagecgagcaccecggecyg
1032 caagttctggccgecatggegtcg-agttttgegtggaaccggaagecgagcaccecggecyg
1032 caagttctggccccatggegteg-agttttgegtggageccggaageccgagcacccggecy
1032 caagcactggccgecatggegtc-gagttcagectggagcecggaagecgagecatccagcaa
1029 caagcactggccgcacggcgtcg-agttttacctggaacccgaagccaagcatcectgetyg
1032 caagcactggccgcatggcgtc-gagttcagectggageccggaagccgagecatccagcaa
1032 caagcactggccgcaaggcgt-cgagttctgectggageccggaagecgaacaccctgecg
1032 caagtattgggcgcatggecgt-ggagttctgecgegacacgatatcg-accatcecgtecyg
1032 caagtattgggcgcatggcgt-ggagttctgecgecgacacgatatcg-accatcececgteecg
1032 caagtactgggcgcacggcgt-cgagttttgccaggacgcggecggcggaccgccecgecgg
1032 caagtactgggcgcacggcgt-cgaattctgeccgggacacggcatcg-accaccecgtecyg
1032 caagtattgggcgcatggcgt-ggagttctgecgegacacgatatcg-accatcecgtecyg
1032 caagtactgggcgcacggggt-cgaattctgecgecgacacgacatag-gccatcecctecg
1023 caaacactgggtccatggtgt-tgaattttcacaagagtctagccccaatcatccaaaaa
1026 taaatattggatacatggtgt-tgaattttccaaagagtgtagtccaacccaccctctga
1032 caaacactggccccatggcgt-ggagttctcgetcgaatccacggecacgcageccaccy
VIO A end VIO B start

1091 tcctgcectgca-ccgggac---ggcatcatctectgeteggagetegececeeccgettecaac
1091 tgctgctgca-ccgcgac---ggcatcatctectgeteggagettgeceecegettecaac
1091 tcctgcectgca-ccgggac---ggcatcatttectgetecggagettgecececegettcaac
1092 tgctgctgca-ccgggac ggcatcatctcctgtteggegettgetacecegettcaat
1091 tcctgetgca-ccgggac---ggcatcatctcttgeteggagettgeccececgettcaac
1091 tcctgctgca-ccgggac---ggcatcatttectgtteggagettgececeegtttcaat
1091 ccctgctcca-ccgega---cggcatcatctectgeteggagettgeteeccaggttegat
1088 ccctggtgcatccgag ---cggcatcatcgcctgttcggagectgeccgeecgegettcaat
1091 ccctgctceca-ccgecga---cggcatcatctectgcteggagettgeteccaggttegat
1091 cgctgctgca-cccgga---cggcatcatcgectgeteggagetggeccegaggttcaat
1090 cgctcagcca-ccgecgacagcggcatcatcgectgttecggagetggggecgegtttegge
1090 cgctcagcca-ccgcgacagcggcatcatecgectgttcggagetggggecgegtttegge
1091 ccttgctgaa-ccgcgacagcggcatcatcgectgttecgaactgggtecgecatttegac
1090 cgctgagcca-ccgcgacagcggcatcategectgeteggagetgcageecgegtttegge
1090 cgctcagcca-ccgcgacagcggeatcategectgttecggagetggggecgegtttegge
1090 cgctgagcca-ccgcgacaacggcatcatcgectgttecgagetgecageecgegettegge
1082 cattagagca-taaaaagtcacatattatctcaacctcggaaatgggctctaaatttaat
1085 gttttgtaca-caaaaaaagtaaaataatttccgcttctgattttgaacctaaattcaat
1091 ccttgcttca-tcg --cacgggtgtcattgectgctecggagetggegeccegattegac

1147 gcacagggcaagcccgatccggacggcatcttcageccaggecgacaggectataatttttge
1147 gcacagggcaagcccgatccggacggcatcttcageectggecggcaggecacaattttggt
1147 gcaaagggcaagcccgatcctgacggeatcttcagettggeggecaggetataatttttge
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1148 gccgaaggcaagcecgatccggacggcatcttcageccaggeggcaggetacaattttgge
1147 gcaaagggcaagcccgatccggacggcatcttcagecectggeggcaggecacaatttttge
1147 gcggagggcaagcccgatccggacggcatcttcageccaggeggcaggetataatttttgt
1147 gcggcgggcaagccggatccggagggcatcttcagecgaggeggecggetacaatttttge
1144 gccgccggcaagececgatccggaaggcatcettcagecaggetgegggetacaacteetge
1147 gcggcgggcaagcecggatccggagggcatcttcagecgaggeggecggetacaatttttge
1147 gccgecggcaageccgatccggaaggagtattcagecaggtggecggttacaatttttge
1149 ctggacggccgggctgacccggaagggccgttcagectggecgagggetacaacgeggee
1149 ctggacggccgggetgacceggaagggecgttcageectggecgagggetacaacgeggee
1150 agcgagggcaagcctgeccgacgacggegtettcagettggegetgggecacaacgecaac
1149 ctggacggccggcctgatccggaggggecgtteggectggeggaaggctacaacgeggee
1149 ctggacggccgggctgacccggaagggccgttcagectggecgagggectacaacgeggee
1149 ttggacggccggccagacccggcagggecgttcagectggecgaaggetataacgecgge
1141 gcacaagggcaaattgacgaagccggtgagtttaacctcgetgetggttataacatgegt
1144 gcgcaaggccaagaagataaagcaggacaatttaatcatgttactggttataacatgata
1147 gcggaagggagaccggactccgagggagtcttcagecgaggecgetggecacaacttegge

1207 gggaacaaccatttctcgtgggaaaacgcgcggatcacgggegtccagttgegtgatgge
1207 gggaataatcatttctcgtgggaaaacgcgcggatcacgggcgtccagectgegegaggge
1207 ggaaacaatcatttctcgtgggaaaacgcgaggatcacgggcgtccagetgegegatgge
1208 ggcaataatcatttctcgtgggagaacgcgcggatcacgggcegtccagettggegetgge
1207 gggaacaatcatttttcgtgggaaaacgcgaggatcacgggcgtccagetgegegatgge
1207 ggcaacaatcatttctcgtgggagaacgcgaggatcacgggcgtccagectgegegatgge
1207 ggcaacaatcacttttcgtgggaaaacgccaggatcaccggegtccagetgegegatgge
1204 ggcaataatcacttttcctgggagaacacccgcattaccggegtccagettggggegggg
1207 ggcaacaatcacttttcgtgggaaaacgccaggatcaccggcgtccagetgegegatgge
1207 ggcaacaaccatttttcctgggaaaacgccaggatcaccggggtccagetggacgacgge
1209 ggcaacaaccatttctcctgggagagecgecaccgtcageccacgtgcagtgggatggegge
1209 ggcaacaaccacttctcctgggagaacgccaccgtcageccacgtgcagtgggattgegge
1210 ggcaacaaccatttctcctgggaaggcgeggtggtgaccgeggtggageccgagggecgge
1209 ggcaacaaccatttctcctgggagaacgtcaccgtcageccacgtgcagetggacggegge
1209 ggcaacaaccatttctcctgggagagcgecaccgtcagecacgtgcagtgggatggegge
1209 ggcaacaaccatttttcctgggaaaacgcgaccgtcagccacgtgga---gctaggcgge
1201 ggcaacaaccatttcagttgggaaaatacgcttgtcacttctgttcagttacgcccaggt
1204 ggtaataaccatttttcttgggagaatacttttgtcacatcggttcaattaaaacatggce
1207 ggcaacaaccacttctcctgggagaacgtccgagtcacgggcgtgcaacgggccgaagga

1267 gaggtcgatacccaggacgcgctggtgggegecaagetgggectgtggggecactacaac
1267 gaggtcgatacgcaagacgcgctggtgggcgccaagectgggactgtggggeccactacaac
1267 gaggtcgatacgcaggacgcgctggtgggcgeccaagetgggectgtggggecactacaac
1268 gaggtcgacacgcaggatgcactggtgggcgeccaggetgggectgtggggecactacaac
1267 gaggtcgatacgcaagacccgctggtgggecgeccaagetgggectgtggggecactacaat
1267 gaggtcgatacgcaagacgcgctggtgggcgeccaggectggegetgtggggecactacaac
1267 gaggtcgataccgaggacgcgctggtcggegeccaagetggecctgtggggacattacaac
1264 ggcgtggataccggggatgccctggtecggtgeccaagetggecttgtggggecactacaat
1267 gaggtcgataccgaggacgcgctggtceggegecaagetggecctgtggggacattacaac
1267 gaggtcgacacggaagacaacctggtgggagccaagectgggcttgtggggacactacaac
1269 gaagcggaccgcggcgacggectggtecggegecaggetggegetgtgggggcattacaac
1269 gaagcggaccgcggcgacggectggtecggegecaagetggegetgtgggggcattacaac
1270 gcggccgaggcecgacgacagectgateggtgcgaagetggecttgtggggacattacaac
1269 gagccggaccatggcgacggcectggteggagecaggetggegetgtgggggeattacaac
1269 gaagcggaccgcggcgacggcectggteggegecaggetggegetgtgggggcattacaac
1266 gggccggaccgcggcgacggactggtceggegecaagetggetttatggggecactacaac
1261 gagtacatttttgatgataagctcgtcgggaataaactgtctttgtggggacattataac
1264 agttaccaaacagatgatccgctggtaggtagtaaattggcattatggggtcattataat
1267 gccgtcgacacggaggacagcctggtceggggectegttggegetectggggtcactacaat

1327 gagtacctgcgcacgacgttcaaccgcgcaaggtggatcgacaacaacccggcgcagece
1327 gagtacctgcgcacgacgttcaaccgecgeccaggtggatcgacaacaatccggecgcaaccyg
1327 gagtacctgcgcacgacgttcaaccgecgeccaggtggatcgacaacaacceccgeccagece
1328 gaatacctgcgcaccacgttcaaccgecgeccaggtggatcgacaacaacceccgeecgegece
1327 gagtacctgcgcacgaccttcaaccgecgeccaggtggatcgacaacaaccecggecccagecyg
1327 gagtatctgcgtacgacgttcaaccgcgeccaggtggatcgacaacaaccecggcgcagecyg
1327 gactatctgcgcaccacggtcaaccgegeccagatgggtcgacaacaacceccgecgagecyg
1324 gactatctgcgcaccacgttcaaccgtgcccgetgggtggacaataatcecggeccagecce
1327 gactatctgcgcaccacggtcaaccgcgccagatgggtcgacaacaaccccgecgagecy
1327 gactatctgcgcaccaccttcaaccgecgecaggtgggtegacaacaatcecgecgageee
1329 gattacctgcgcaccaccttcaaccgecgegegetgggtggacagcgacceccaceccgecge
1329 gactacctgcgcaccaccttcaaccgecgegegetgggtggacagcgaccccacccgecga
1330 gaatacctgcgcacctcegttcaaccgegegegetgggtggacaatgatceccacceggecyg
1329 gactacctgcgcaccactttcaaccgegegegetgggtggacaacgatcccacecegecge
1329 gattacctgcgcaccaccttcaaccgecgegegetgggtggacagecgacceccaccecgecge
1326 gactacctgcgcaccaccttcaaccgegegegetgggtggacagcgacccgacgcggega
1321 gaatatctaagaacctcatttaatcgcgcacgctgggttgataatgatcctacaaggega
1324 gagtatttaaggacatcttttaatcgtgctcggtgggttgataacgatccaactcgacga
1327 gactacctccgcacgaccttcaatcgegeccagatgggtggacaacaacccgagcaggece

1387 gacaccacgctgatctacgcgggceccagttcaccttgagcgacaagectggecacg--ccca
1387 gacaccacgctgatctacgccggecagttcaccctgagecgacaagectggeccacg--ccca
1387 gacaccacgctgatctacgccggccagttcaccttgagcgacaagctggeccaca--ccca
1388 gacaccacgctgatctacgccggceccagttcaccttgagcgacaagetggecacg--ccca
1387 gacaccacgctgatctacgccggccagttcaccttgagcgacaagectggecteg--cecca
1387 gacaccacgctgatctacgccggcecagttcaccttgagecgacaaactggeccacg--ccaa
1387 gacaccaccctcatttacgcgggccagttcacgectcagcggcaagcaagccacg--ccca
1384 gataccacgctgatttacgccggacagttcacgctgagcggcgage--gecgeccgggecca
1387 gacaccaccctcatttacgcgggccagttcacgctcagcggcaagcaagccacg--ccca
1387 gacaccacattgatctatgccggccagttcaccctgagecggcaagcaagccacgg--cca
1389 gacgcggcgcagatctacgecegggcagttcacgatcage--ccggecggegecggaccgg
1389 gacgcggcgcagatctacgecegggcagttcacgatcage--ccggecggegecggaccgyg
1390 gatgcggtgcagatctacgccgggcagttegtcatttcec--cecgecccggegecgecgece
1389 gacgcggtgcagatctacgccggecagttcaccatcage--ccggecggegccgggccygy
1389 gacgcggcgcagatctacgecegggcagttcacgatcage--ccggecggegecggaccgg
1386 gatgccgegcagatctacgeccggecagttcaccatcage--ccggecggegecggtecgg
1381 gattcagccttaatttatgcaggtcagctcactattaca--gatcctaattcgtcageta
1384 gattcggcattaatatatgctgggcaattaactattagt--gatggagatgcgagtgcga
1387 gacaccaccttgatctatgcagggcagctgaccctgagec--gacaagcacgccacgectc

1445 atacgcccacgctgttcacggeccgacat --- cgcgcaggcgcactcggtgegetggete
1445 acacgcccaccttgttcacggccgacat --- cgcgcaggcgcactcggtgegetggete
1445 acacgcccacgctgttcacageccgacat --- cgcgcaggcgcactcggtgegetggete
1446 acacgcccaccttgttcacggccgacat cgcgcaggcgcactcggtgegetggete
1445 acacgcccacgctgtttaccgecgacat --- cgcgcaggcgcactcggtgegetggete
1445 acacgcccaccttgttcaccgecgacat --- cgcgcaggcgcattcggtgegetggete
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1445 acacaccgagcctgttcagcgecgatat --- cgggcaggcgcattcggtacgetgggte
1442 acacgccgagcctgttcagtgccgagat --- cggacaggcgcattcggtgecgatggetg
1445 acacaccgagcctgttcagcgecgatat --- cgggcaggcgcattcggtacgetgggte
1445 atacgccgacgctgttcacggccgacat cccgcaagegcacteggtgegetgggte
1447 gcacgccctggetgttcaccgecgacat --- cgacgacagccacggcgecgegetggacg
1447 gcacgccctggcetgttcaccgecgacat --- cgacgacagccacggcgcgegetggacy
1448 acgcgcccagcctgttcaccgecgacat cgaccaggcccacggcgcgegetgggtg
1447 gcacgccctggctgttcaccgecgacat cgacgacagccacggcgcgcgctggacg
1447 gcacgccctggetgttcaccgecgacat cgacgacagccacggcgcgegetggacg
1444 gcacgccttggctgttcaccgecgacat cgaagatggccacggcgcacgctggaca
1439 atactgcccatatactttcagcagatat agactgcacgcatggtgttegetggeta
1442 ataccgctcatatattatcttcagatat--- agattgcactcacggtgtgcgectggcta
1445 acacgccgtcecttgectcacggecgagtattccgegtgegecagee --- tgtcegetgggte

1501 ggcagcggccacatcacggaacgcagecgggcatttecctggacgaggaatteggeegetee
1501 ggcagcggccacatcacggaacgcagegggcatttcctggacgaggaatttggecgeteg
1501 ggcagcggccatatcaaggaacgcagegggcatttcctggacgaggaatteggecgetee
1502 ggcagcggccatatcatggaacgcagecgggcatttectggacgaggaattecggecgegee
1501 ggcagcggccatatcacggaacgcagcggacatttcctggacgaggaatttggecgetee
1501 ggcagcggccatatcacggaacgcagcgggcatttectggatgatgaatteggecgetece
1501 ggcagcggccatatcagcgagegcagegggcattttectegacgatgaatteggecgttee
1498 ggcaacggccatatcaccgagcgcagecggcecattttctggacgaggaattecggecgeteg
1501 ggcagcggccatatcagcgagecgcagegggcattttctecgacgatgaatteggeegttee
1501 ggcagcggccacatcacggagcgcageggecatttecttgacgaggaatteggecgetey
1503 cgcggcggecacatcgecgagegeggeggecatttectggacgaggagtteggectggeg
1503 cgcggeggecacatcgecgagegeggeggecatttectggac gagttcggcctggeg
1504 ggcggcgggcatgtectgegagegttcaggecactttectggacgacgattteggeecgggtyg
1503 cgcggeggecatgtggecgagegeggeggecatttectggatgaggagtteggecacggeg
1503 cgcggcggecacatcgeccgagegeggeggecatttectggacgaggagtteggectggeg
1500 cgcggcggecatgtggcggagaaaagegggcactttttggatgatgaatteggectggte
1495 aatagcggttatatcgaagaaccaataaaccattttctctatgaagaaatgagcgaaget
1498 aacccagggtacattgttaataagccaaaacatttcatgcaagatgaaatggctgaagca
1501 aggacagggcacatcgtcgagcgeggegaccatttectecgecgaggagtteggeecgegea

1561 aggctgttccagttttccgtggeccaagcaggaccegeatttectgttcaatcec--ggace
1561 cggctgttccagttttccgtgeccaagcaggaccegeatttectgttcaatge--ggace
1561 aggctgttccagttttccgtggcgaagcaggaccegeattttetgttcaatge--ggace
1562 aggctgttccagttttcggtggccaagcaggaccegeatttectgttcaatge--ggace
1561 aggctgttccagttctccgtgtccaagcaagaccegeatttectgttcaatge--ggage
1561 aggctgttccagttttccgtggcaaagggggaccecgecatttectgttcaatgec--ggacce
1561 aggctgttccagttttccgtggcgaagectcgateegeatttectecttcaat--ccggaca
1558 cggctgttccagttttcgectcgeccaagcaggececegeactttetgttcaaccecec--gagg
1561 aggctgttccagttttccgtggcgaagectcgatcegeatttectecttcaat--ccggaca
1561 cggctgttccagttttccgtgtccaagcacgatcegeatttectgttcaacgec--gaca
1563 cggctgttccagttcteggtgeccaaagaccatecgecacttectgtteccac-cecggggece
1563 cggctgttccagttcteggtgeccaaagaccatcegeacttectgtteccac-cecggggee
1564 cgggtgttccagttttccttgecccaagagecgateegtatttectgttcaat-ctgggega
1563 cggctgttccagttttccgtgeccaagagecatecegeatttectgttecat-cccaggea
1563 cggctgttccagttcteggtgecccaaagaccatcegeacttectgttecac-cecggggee
1560 cgtctgtttcagttttccgtgecccaagageccatecegeacttectgttecat-cecgaggea
1555 cgactgtttcaattcacagtgagcaaagacagtaaagactttatactcaac-caacttgg
1558 aggttatttcaattttcagtgagtaaagacaatgaaaactttatatttaat-cagcttaa
1561 cggctgttccaattctccgtgtcgaagcaggacgeggagttcccactegagtcccaagee

1619 tgccgctgccggccagtatg-- catgccttgcagcaagccctggeccgacgacgaggtge
1619 tgccgctgccggccagcatg-- catgcecttgcagcaagccctggeccgacgacgacgtge
1619 tgccgctgccggccagcatg-- catgcecttgcagcaagccctggacgacgacgaggtge
1620 tgccgctgccggccagcatg-- caggcecttgcggcacgeccctggecgacgacgacgtge
1619 tgccgttgccggccagtatg-- cataccttacagcaagccctggccgacgacgaggtge
1619 tgccgctgccggccagcatg-- catgecttgcagcaagccctggecgacgacgaggtge
1619 caccgctgccggccagcat-- gcgcgecttgcaagaggegettgecgacgaggatgtge
1616 tgccgctgccggeccagectgtg-- cgcecttgcagcaagecttggeccgaagaggatgtge
1619 caccgctgccggccagcat-- gcgcgecttgcaagaggegettgecgacgaggatgtge
1619 cgccgctgcccgecagcat-- gcgcgecctgcagcaagegetggeggecgaggatgtge
1622 attcgattccg--aagcctggcgcagge--tgcagctggcgctggaggacgacgacgtge
1622 gttcgattccg--aagcctggecgecagge--tgcagctggegetggaggacgacgacgtge
1623 tgacggctcgg--cgacgctgcaggege--tgcagegggecgctggaagacgacgacgcge
1622 gttcgattccg--aggcctggegcagge--tgcaactggcgctggaggacgacgacgtge
1622 attcgattccg--aagcctggegcagge--tgcagetggegetggaggacgacgacgtge
1619 gcttgattccg--ccgectggegegect--tgcagcaggegttggaggatgaggacgtgt
1614 tttagattctg--agtttttaactgaat--taagaaataaacttcaaaacccagctgtaa
1617 tattgattcag--cattcttagagcagt--taaagattacacttgaagatcctgaggtac
1621 gccecttececc--tggectg-cgggecce--tgecggcaggcgectgcacgacgaggagatac

1676 tgggcctgacggtgcaatactgectgttcaatatgtcgacgeccgcaaaaacccgattege
1676 tgggcctgacggtgcagtactgectgttcaatatgtcgacgecgectaaaacccgactege
1676 tgggcctgacggtgcagtattccctgttcaatatgtcgacgecgcaaaaacccgactege
1677 tgggcctgacggtgcagtatgecttgttcaatatgtcgacgecgetcaaaccggactege
1676 tgggcctgacggtgcagtattgectgttcaatatgtcgacgecgeccaaaaccggactege
1676 tgggactgacggtgcagtattgcctgttcaatatgtccacgeccgcaaaaacccgactege
1676 tggggctgacggtccagtatgecgetgttcaatatgtcgacgecgcagaaacccgattege
1673 tgggattgacggtccagtacgccectgttcaatatgtcgacgecgetgaageeccgatgege
1676 tggggctgacggtccagtatgcgetgttcaatatgtcgacgecgcagaaaccecgattege
1676 tggggctgacggtgcagtacgcectgttcaacatgtcgacgecgcaaaagecggattege
1678 tcggcctgacggtgcagtacgegetgttcaatatgtcgacgecgecgcaacccaactege
1678 tcggcctgacggtgcagtacgegetgttcaatatgtcgacgecgecgcaacccaactege
1679 tgggactgactgtccagtacaccttgttcaacatgtccacgccgeggcagecggacacge
1678 tcggcctgacggtgcaatacgecgetgttcaatatgtcgacgecgecgcaacccaattege
1678 tcggcctgacggtgcagtacgegetgttcaatatgtcgacgecgecgcaacccaactege
1675 tgggtctgtcggtgcagtatgecgetgttcaatatgtccacceecgecgecageccaattege
1670 aaggcctgcttattcagtactgtgtaagcaacttgtctccacccaaagecgectaatatge
1673 taggcttaacagttcagtactgtatttctaatttatctcccecccageccaaccagatacce
1676 agggactgacggtccagtacgccttgttcaacatgtcgacaccccgaggcgeggactcac

1736 ccgtgttctacgacctggeccggecagcatcggectgtggeggegeggegagetggecacct
1736 ccgtgttctacgacctggccggcagcatcggectgtggecgacgegacgagetggecacct
1736 ccgtgttctacgacctggccggcagecattggectgtggecggegegacgagetgaccacct
1737 ccgtgttctacgacctggccggcagcateggeetgtggeggegeggegagetggecacct
1736 ccgtgttctacgacctggccggcagcatcggectgtggeggegegacgagetggecacct
1736 ccgtgttctacgacctggccggcagecatcggectgtggeggegegacgagetggecacct
1736 cggtgttctacgacctggccggeggcatcggectgtggegecgegacgagetggecacct
1733 cggtgttctatgacctggcgggectgcatecgggetgtggegecgggatgagetggecaacct
1736 cggtgttctacgacctggccggcggcatecggectgtggegecgegacgagetggecacct
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1736 cggtgttctacgacctggccggcagcatcggectgtggegecggecatgaactggecacct
1738 cggtgttccacgacatggtcggcgtggtcggectgtggeggegeggegaactggecaget
1738 cggtgttccacgacatggtcggcgtggtecggectgtggeggegeggtgaactggecaget
1739 cggtgttctacgacatggtcggcacggtgggecgtatggecggegegacgagetggecaget
1738 cggtattccacgacatggtcggcgtggtecggectgtggeggegeggegagetggecaget
1738 cggtgttccacgacatggtcggecgtggtcggectgtggeggegeggegaactggecaget
1735 cggtgttccacgacatggtcggegtggtcggettgtggeggegeggegagetggecaget
1730 ctgtcttttgtgacttgcacggcactataggtttatggcacgaagacgatatggacactt
1733 ctgtattttgtgatttacaaggcactatcagtgtgtggcgtaaacaagatatggcaacca
1736 ctgtcttctatgacctgatgggcaccctgggectgtggtgtcggecacgaactggagacee

1796 atccggccggecgcectgectgecageecgegecagggecagece —-- tggggeeggtgetggtg
1796 atccggctggccgectgectgcageecgegecaggecagee tggggccggtgectggeg
1796 atccggccggecgcectgetgcagecgegecagggcagee tgggaccggtgctggtg
1797 atccggccggecgectgetgecageecgegecagecagagee --- tggggecggtgetggtg
1796 atccggccggecgectgetgcagecgegecaggecagee tgggaccggtgctggtg
1796 atccggccggecgectgetgecagecgegecagggcagee tggggccggtgetggta
1796 atccggccggecgtttgetgetgecgegecagagecagee tggggccggtactggtg

1793 atccagccgggcgcttgetgetgecgegecagggcagee tggggccggtgetggtg
1796 atccggccggecgtttgetgetgecgegecagagecagee tggggccggtactggtg
1796 atccggccggecgectgetgetgecgegecaggecagee --- tgggaceggtgetggtg
1798 acccggccggecggctgectgegteecgegecageececggge —-- tgggcgatctgacgetg
1798 acccggccggecggctgetgegteecgegecageeceggge —--- tgggcgatctgacgetg

1799 atccggceggecggcetgctgecageec-cgcaggegegggee —- tggggecgetgacgetyg
1798 atccggccggecggttgctgaggeecgegecaacceggge — tgggcgatctgacgectg
1798 acccggccggecggcetgectgegteecgegecageececggge — tgggcgatctgacgctg
1795 atccggcgggcagactgttgeggeecctgecaggecggee --- tcggecgacctgacgetg
1790 gccctactggcagaatcttaagaccagataacggcgaacaatatgcaccaatcgect-ta
1793 gccctactggcaggatcctacaaccagatgatacctctcaattttcaccaatagegg-ta
1796 atccagcagggcgcctgctgetgeccegecagteeggee —-- tggggectgtegtggtg

1852 aaagtgcatgcggaccgcgtctegttcaacatgecgaccgecatececttcaccacgege
1852 caagtgcatgcggatcgcgtcgegttcaacatgeccgacggecateceecttcaccacgege
1852 aaattgcatgcggaccgcgtctegttcaacatgeccgaccgecatteecttecaccacgege
1853 caagtgcacgcggaccgggtegegttcaacatgecgacecgecgttgecttcaccacgege
1852 caagtgcatgcggaccgcgtegegttcaacatgeccgacecgecatececcttecaccacgege
1852 aaagtacatgcggaccgcgtctcegttcaacatgecgaccgecattceecgttcaccacgege
1852 aaggtgcatgcggaccgggtgtcggtgaatatgeccgacggecatcececgttcaccacgege
1849 aaagtgcatgcggaccgggtttcgctgaatatgeccgaccgecatteegttcaccaccege
1852 aaggtgcatgcggaccgggtgtcggtgaatatgeccgacggecatcececgttcaccacgege
1852 aaggtccatgcggaccgcgtcectcgetcaacatgecgacagegatteeccttcacgaccege
1854 cgcgtaaacggcggcecgegtggegetgaatctggectgegecatteegttetecacecegg
1854 cgcgtaagcggcggcecgegtggegetgaatctggectgegecatteecgttetecaccegg
1855 cagatccgcgatgaccgggtgtcgectgaatttgtgegeggegetgecgttcactacacge
1854 cgcgtgggcggeggecgegeggegetgaatctggectgegegatecegttttecacecege
1854 cgcgtaagcggcggecgegtggegetgaatctggectgegecatteegttetecaccegg
1851 agcgcgcegegatggecgggecategttcaatctegectgegegattecttteteccacgegg
1849 tcaataagaggtaactggttaagtctaaataccgctattagtttacc--ccaccagcgat
1852 aaaataaaagataattgggtcagttttaatatgcccattagcattcc--atatcaaagtt
1852 aaagtgcagtcggaccgggtgtccctcaacatgecgaccgecgtgectttcacgaccecga

1912 gacgcgggcgecgtctcggaacagecat -- cccacgcatgecttgggeggcaagcaggeyg
1912 gacgcgggcgccgtctcggaacageat -- cccacgcatgcgectgggecggcaagcaggcyg
1912 gacacgggcgccgtctcggaacagcat -- cctacgcatgccctgggecggcaagcaggeg
1913 ggcgagggcgccgtttcggaacagecat -- cccacgcatgcactgggcggcaagcaggcg
1912 gacgcggacgccgtctecggaacagecat -- ccaacgcatgccctgggcggcaagcaggcy
1912 ggcacgggcgccgtctecggaacagecat -- ccgacgcatgcecttgggcggcaagcaggeyg
1912 gaggccggcgccgtgtccgaacageca-- tcctacccatgegetgggeggcaagettgeg
1909 gcggccggegecgttteccgagecageat -- ccgacgcatgegetgggcgaccagcaggey
1912 gaggccggcgccgtgtccgaacagca-- tcctacccatgecgetgggeggcaagettgeg
1912 cacgccggcgecgtttccgagtcgeat -- ccgacgcatgeccctgggeggcaagetggeg
1914 gcggcgcagec-gtcecgeg--ccggacaggctgacgeccgatcteggggecaagetgecg
1914 gcggcgcagee-gtcecgeg--ccggacaggctgacgeccgatcteggggeccaagetgecg
1915 gcgeegegeat-cgacgag--ccgggccggctgacgecacgegeteggecccaagetggeg
1914 gcggcgectgec—-gteccgeg--ccggacaggcccacgecggeteteggegecaagetgecg
1914 gcggcgcagec-gteccgeg--cecggacaggctgacgececgateteggggecaagetgecg
1911 gcggegtggec-gtcegtg--cecggacaggeccgacgcecgatectgggeggcaagetgeeg
1907 atgaagaagcc-ataccagttgacaatggcatgccgccaaaact--cagtgaaaaagtag
1910 atgctgaggtg-ttgccagttcaaagcggtctgeccgeccaaaact--aacccacaaagcecg
1912 agcgcccatcccgtctcggetcagecac -- cccacccatcacctcggecggaaagcagee—

1969 --ctgggcgacctgctgetgcatgacggecgecggecaccgttcectggegeggattececgage
1969 --ctcggcgacctgcetgetgecatgatgacacaggcaccttgetggecaggatteecggaat
1969 --ctcggcgatctgetgetgecatgacggecgecggeaccttgetggeccggatteececgage
1970 --ctcggcgacctgctgetgcacgacggcaccggcaccttgetggegegecataccecgage
1969 ctcggcgacctgctgectgcatgacggcgeccggcaccttgetggeccgecattecggaac
1969 --ctgggcgagctgttgetgcatgacggcgecggecaccttgetggeceggatteeccgage
1969 --ctgggcgatctcatgctgcacggtgccaccggcaagctgatcgececgecatecececgeaac
1966 t--tgggcgacctgcggctggaggatggecgegggcagggtgettgeccatatecececgga—--
1969 --ctgggcgatctcatgctgcacggtgeccaccggcaagctgategecegecateeccgcaac
1969 --ctgggcgacctcatgectgcatggegectetggecaccctgetagecaggatteeccgaac
1971 --ttgggcgacctgctgectgegecgacgaggacggegegt tgectggegegggtgeecgecagg
1971 --ttgggcgacctgctgetgegegacgaggacggegegttgetggegegggtgecgecagg
1972 --ctgggcgacctgcectgectgaaggatcgeggeggegecctggtegegeggatteecgeage
1971 ctgggcgacctgctgctgcgcgacgaggacggcgcgectgttggegegggtgeecgecagg
1971 --ttgggcgacctgctgctgecgcgacgaggacggcgegttgctggecgegggtgecgcagy
1968 --ctgggcgatttgctgectgcgecgacgaggacggegegt tgctggegeggetgecgecagy
1964 atcttggcaacctatatttaaagtcaagtaatggtcaagtgatcgccatcataccaaaag
1967 ctcttggtgatttaatattaaaatcagattcaggaaaaacgctcgetgttttacctgaat
1968 -cctgggagacctcgtgetecgegacctgtecggegcacggattgecaacatcececcgag—

2027 a--gctgtaccgcgactactggcgeccatcacggegtcettegacgtgecgetgecagecacge
2027 c--gctgtaccgcgaccactggcgeccatcacgggatcttecgacgtgecgetgetgecacge
2027 a--gctgtaccgcgactactggcgccatcacggegtettegatgtgecgetgecagecacge
2028 a--gctgtaccgcgaccactggcgccatcacggegttttecgacgtgecgeggcagcacga
2027 c--gctgtaccgcgaccactggcgccatcacggegtettecgacgtgecgetgcaacatge
2027 a--gctgtaccgcgactattggcgccatcacggegtcttecgatgtgecgetgcaacatge
2027 a--gctgtacctcgactactggcgecatcatggtgtcttegatgtgeegetgetecacce
2022 agcgcetgtatctcgattattggegecatcatggagtgecttgacgtgeecgetgecaggatge
2027 a--gctgtacctcgactactggcgecatcatggtgtettegatgtgeecgetgetccacce
2027 --agctctacctggatcattggcgecaccatggegtattcgacctgecgetgeggtecge
2029 c--gctttaccaggattactggacgaaccacggcatcgtcgacctgecgetgetgegega
2029 c--gctgtaccaggattactggacgaaccacggcatcgtcgacctgeccgetgetgegega
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2030 a--ggcctgectggattattggegtaatcacggcatcgtcgacgtgeecgetgetcaatee
2029 c--gctgtaccaggattactggacgaaccacggcatcgtcgacctgecgetgetgegega
2029 c--gctttaccaggattactggacgaaccacggcatcgtcgacctgecgetgetgegega
2026 c--gctgtaccaggattattgggccaatcacggcatcgtcgacgtgecgetgetgegega
2024 acagctatctaaataatgcaacaaa--ttctgggataattgacatcccgcttccagagtt
2027 cc--gtataccaacaagccaataacagtactggtgtatttgatgtgcctttactcgttat
2026 -aggctttacctcgaccattggecgecatcacggcatectegacgtgececctgetgagece

2085 ggcgccaggctegetcagectgggcagegegecaggegcategtgtatececttecatgtegg
2085 ctcg---ggttcgctcagactgggcagegegecaggegcategtgtatcecttecatgtegg
2085 ggccececgggategetcagectggacagegegecaggcacategtgtateecttecatgtegg
2086 cgctaccggttcgectgagectgggcagegegcaagegcategtgtateecttecatgtegg
2085 cgccgcaggttcgetcagectgggcagegegcaggcacategtgtaccecttcatgtegg
2085 ctecg---ggttecgectcagectgggcagegegecaggegecategtgtacececttecatgtegg
2085 ggcctegggttegetcagcatgtccagegegecaggegecatggtetatececttecatgtegg
2082 ggccgecggtacgetgegtetgtgcagtgegetgggacategtttatececttecatggegg
2085 ggcctegggttegetcagcatgtccagegegecaggegecatggtetateecttecatgtegg
2085 agctacagcggegetcagectgagcagtgegecaagegeatgetgtatecattecatgtegg
2087 gcccaggggctcgetgacgetgtccagegagetggecgatggtetaccegttcatgteeg
2087 gcccagtggetegetgacgetgteccagegagttggecgatggtetaceegttcatgtecg
2088 gcecgcagggetegetgtegetgtecgagegaattggegegtggtetatececttecatgtegg
2087 gcccaagggctegetgacgetgtccagegaactggeccgatgatectacecegttecatgtegyg
2087 gcccaggggctcgetgacgcetgtccagegagetggecgatggtetacecegttcatgteeg
2084 gccaaagggcgcgctgacgctgtcecagegagetggecgatgatttacececttecatggeeg
2082 cgaacaacaatcattgaagttatgctccgagcgtcatactattttatccatttatgaccg
2085 agaaacgcaatcactcagtttacagtcaaatcagcataatactttatccttttatggctg
2085 cgccaccgggtegetectectgacgggtgaagacgegettgetetaccecttecatgtegg

2145 acaaggtcttcagcctggcggaccagtgcaagtgcgaaacgtattcgegectgatgtgge
2142 acaaggtcttcagcctggcggaccagtgcaagtgcgaaacgtattcgegectgatgtgge
2145 acaaggtcttcagcctggcggaccagtgcaagtgcgaaacgtattcgegectgatgtgge
2146 aca-ggtcttcagcctggeggaccagtgcaaatgcgaaacgtattcgegectgatgtgge
2145 acaaggtcttcagcctggcggaccagtgcaagtgcgaaacgtatgegegectgatgtgge
2142 acaaggtcttcagcctggcggaccagtgcaagtgecgaaacgtattcgegectgatgtgge
2145 acaaggtgttcagcctggcggaccactgcaagtgecgaaacctattcgegectgatgtgge
2142 acaaggtgttcagcctggcggaccagtgcaagtgcgaaacctatgegegectgatgtgge
2145 acaaggtgttcagcctggcggaccactgcaagtgcgaaacctattcgegectgatgtgge
2145 acaaggtgttcagcctggcggaccactgtaaatgcgaaacctattcgegectgatgtgge
2147 acaaggtgttcagcctggccgaccgctgcaagtgecgagacctacgeccaggctgatgtgge
2147 acaaggtgttcagcctggccgaccgectgcaagtgecgagacctacgeccaggetgatgtgge
2148 acaaggtgttcagcctggccgaccgetgcaagtgecgagacctacgecccggetgatgtgge
2147 acaaggtgttcagcctggccgaccgectgcaagtgecgagacctacgccagactgatgtgge
2147 acaaggtgttcagcctggccgaccgctgcaagtgecgagacctacgeccaggctgatgtgge
2144 acaaggtgttcagcctggcggaccgctgcaagtgecgaggectacgecaggetgatgtgge
2142 aagccgtatttagcatggcggataaatgtaagtgtgaaacctatgcccgtttaatgtgge
2145 acaaagtatttagtatggccgataagtgtaaatgtgagacttatgccegtttaatgtgge
2145 acaaggtcttcagcctggcggaccgctgcaagtgecgaaacatattcceggetgatgtgge

2205 agatgtgcgatccgcagaaccgcgacaagagctactacatgcccagcacccgegaactgt
2202 agatgtgcgatccgcaaaaccgcgaaaaaagctactacatgecccagcacccgecgaactgt
2205 agatgtgcgatccgcagaaccgcgacaagagctactacatgecccagcacccgecgaactgt
2205 agatgtgcgatccgcgcaaccgecgacaagagctactacatgeccagcacecgegaactgt
2205 agatgtgcgatccgcaaaaccgcgacaagagctactacatgeccagtacgegecgaactgt
2202 agatgtgcgacccgcagaaccgcgacaagagctattacatgcccagcacccgecgaactgt
2205 agatgtgcgatccgcagaaccgggacaagagctattacatgeccgagcacgegtgaactgt
2202 agatgtgcgatccgcaaaaccgcgacaagagctattacatgeccgagcacgegecgaactgt
2205 agatgtgcgatccgcagaaccgggacaagagctattacatgeccgagcacgegtgaactgt
2205 agatgtgcgatccgcagaaccgcgacaaaagctattacatgcccagcaccegegagetgt
2207 agatgtgcgatccgcagaaccggaacaagagctactacatgcccagcaccegegagetgt
2207 agatgtgcgatccgcagaaccggaacaagagctactacatgcccagcaceccgegagetgt
2208 agatgtgcgatccgcaaaaccgcgacaaaagctactacatgcccagcaccecgegagetgt
2207 agatgtgcgatccgcagaaccgcggcaagagttattacatgeccagcacececgegagetgt
2207 agatgtgcgatccgcagaaccggaacaagagctactacatgcccagcacecegegagetgt
2204 agatgtgcgacccgcegcaatcgeggcaaaagctattacatgeccagcaceccgegagetgt
2202 aaatgtgcgaccctaaaaatagggataaaagttattacatgccaagtacgcgtgaaatgce
2205 aaatgtgcgaccctaaaaaccgcgacaaaagttattacatgectagtactcgagaaatgt
2205 agatgtgcgacccgctcaaccgggacaagagctattacatgeccagcacccgggaactet

2265 cgctgccaaagtcgegectgttectgaaatacctgacgcaggtcgaggecggcagecgegg
2262 cgctgccaaaatcgcgectgttectgaaatacctgacccaggtcgaggcggcagecgecgg
2265 cgctgccaaagtcgcgectgttcectgaaatacctgacacaggtcgag ———--- gcagcgg
2265 cgctgccaaagtcgegectgttectcaaatacctgacccaggtcgaggecgacggecgegg

2265 cgctgccaaaatcgcgectgttcectgaaatacctgacgcaggtcgag —----- gcaaagg
2262 cgctgccgaagtcgcgectgttectgaaatacctgacgcaggtcgag —----- gcaaagg
2265 cgctgccgaaatcgcgectgttectgaaatacctgacccaggtega ———---— agcggccg
2262 cgcagccgaaagcgcgectgttectgaaatacctgacccaggtagaagectgecgeccaaga
2265 cgctgccgaaatcgcgectgttectgaaatacctgacccaggtecga ———-— agcggccg
2265 cgctgccgaaatcgecggttgttectgaagtacctgacgcaggtecga ———--— agcagccg
2267 cggcgcccaaggccaggctgttectcaaatacctggeccatgtcgagyg - gc-cagg
2267 cggcgcccaaggccaggctgttectcaagtatctggtecatgtegagyg - gc-cagg
2268 cgcggcccaaggccggactgtttctgaaatacctggccaatgtegage - gc-gcgg
2267 ccgcgcccaaggccaggctgttectcaaatatctggeccatgtegagg cc-gagg
2267 cggcgcccaaggccaggctgttcectcaaatacctggeccatgtecgagg - gc-cagg

2264 ccgcgcccaaggccaggctgttectcaaatacctggeccatgtecgagg ---- cc-gagg
2262 cggccgcacacgcacaattatttttaaaatacctatgcaatgttgagcagtctge-catg
2265 cctcggttaagtcacatttatttctgaaatatttaagtaatgttgagcaatcagc-aatg
2265 ccctgcccaagtccaagetgttectgaagtatctggtgcacctega ----- agg-cagc

2325 ccaaggcgg--
2322

-cggcaccggaa-- ccggccgcgecgcatgecatecggeggcaa
-cggtgccggaa -- gcggccccgecgectgtcatecggcagecaa

2319 -cggtgcccgaa-- ccggcggcgeccgcatgecateggetgcaa
2325 -cggtgccggaa -- gcggecttgecgectgtcatyggcagcaa
2319 -cggtgcecggeca -- ccggccacgccgcacgccatcggcagcaa
2316 -cgctgeccgcaa -- ccggcggcacagcatgtcatcggeggcaa
2319 tccacgcttectcaageggtcgcaccgecatgtcateggetgecaa
2322 ccggggtggt --ggcgtcecgggecagegecggegecgggcatcggcagecaa
2319 ccaag -- tccacgcttectcaagecggtcgcaccgcatgtcatecggectgecaa

2319 ccaagg -
2321

-cctecgetgecggageecgagegeggcagegecgatcagetgeaa
-cagggccgec -- gccggecgggccggcgegcatcgagagcaa

2321 -cagggccgcec -- gccggctgggecggcgegcatcgagagcaa
2322 -ccgccccgat -- ggcggc-gcgccggcgcggatcgagaaccg
2321 -cagggcegec -- gccggccggaccggcgcgeatcgagageaa

2321 c-caggctg-------- cagggcegec -- gccggccgggecggcgegcategagageaa
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2318 c-caagctg-------- cagggccgec---gcctgecttgececcgaccgecatcgegagecaa
2321 cccagtatcttgccagccaaaggcaca---gattagtg-gcaa ---- tataaaaacaaa
2324 c------- ctaaagagctaccgcccca-- gtttactgcgcaaggtagtattaaaactaa
2318 tccagg --------- acatcttctcccaagacgcgtggaccaccgcccatcacctgcaa

2374 ggcggagttgatcgacgagctgaaaaaagccatcgatctggaactgtcgectgatgetgeca
2371 ggccgagctgatcgacgagctgaaaaaggccatcgacctggaactgtegetgatgetgea
2368 ggcggagttgatcgacgagctgaaaaaggccatcgacctggaactgtegetcatgetgea
2374 ggccgggctgatcgaggaactgaaaaaggccatcgacctggaactgtecgetgatgetgea
2368 ggcggaactgatcgacgagctgaaaaaggccatcgacctggaactgtcegetcatgetgea
2365 ggcggagctgatcgacgagctgaagaaggccatcgacctggaattgtegetgatgetgea
2368 ggccgagttgatcgccgagectgaaaaaggcgatcgacctggaactgtegetcecatgetgea
2371 gaccgaactggtcgaggagctgaaaaagaccatcgacctcgagttgtecgetcatgetgea
2368 ggccgagtggatcgecgagectgaaaaaggcgatcgacctggaactgtegetcatgetgea
2368 gggcgaattgatcgaggaattgaagaaggccgtcgacctggaattgtegetcatgetgea
2369 ggcccagectggecggecgagetgegcaaggeggtggatctggagttgteggtgatgetgea
2369 agcccagctggeggcecgagetgecgcaaggecggtggatetggagetgteggtgatgetgea
2370 cgcccaactggtggaagcgectgaagacggcggtggatctcecgagetgtecatcatgetgea
2369 ggtggagctggcggccgagetgecgcaaggecggtggatctggagetgteggtgatgetgea
2369 ggcccagetggcggcecgagetgegcaaggeggtggatectggagttgteggtgatgetgea
2366 ggttgaattgatagaccagctgcgcaaggcggtggacctggaactgtecggtgatgetgea
2372 agcacagctcattaacgcattaaaagatgccgtagatcttgagetctegattatgttgea
2374 agctcagttaataagcaagctacgtgatgcggtagatttagagttatcgattatgttgea
2368 ggtccatctcgtcgaggegetecggaaggcagtegacctggagetgtegetgetecteca

2434 atacctgtatgccgegtattcgattcccaattatgecgcagggggeggegetggtgecagte
2431 atacctgtatgccgcgtattcgattcccaattatgecgcagggggaggegetggtgecagge
2428 atacctgtatgccgcgtattccattcecccaattatgecgcagggggaggcactggtgcagge
2434 atacctgtacgccgegtattcgattcccaactatgegcagggggeggegetggtgecagge
2428 atacctgtatgcagcgtattccattcccaattatgcgcagggggecggegetggtgcagge
2425 atacctgtatgccgcgtattcgattcccaattacgecgcagggggeggegetggtgeggge
2428 gtacctgtacgccgcgtatgccattcecccaactatgegcagggagtgaaactggtcgagge
2431 gtacctgtatgccgectactecattecccaactatgagcaaggectgecagetggtggetge
2428 gtacctgtacgccgegtatgccattcccaactatgecgcagggagtgaaactggtcgagge
2428 gtatctgtatgccgectattcgattcccaattatgaacagggacagaagectggtggacag
2429 gtacctgtacgccgectattccattcccaattacgecccagggeccagcagegggtgegega
2429 gtacctgtacgccgcctattccattcecccaattacgecccagggeccagecagegggtgegega
2430 gtacgtctacgccgcctattccattccgaattacgecgcagggecgagcaattggegecaate
2429 gtatttgtacgccgectattccattecccaattacgecccaaggccagcagegegtegetga
2429 gtacctgtacgccgectattccattecccaattacgecccagggeccagcagegggtgegega
2426 gtatctgtacgccgectattccatccccaattacgcccagggeccagcagegggtggecga
2432 atatatctacagtgcctattcgttacctaactatgctattggtgaacactttgt-atcga
2434 atatctttatagcgcctattcgttacctacctatgectgcaggggagcaatatgt-agagt
2428 gtatctgtacgccgcectattccattcecccaaccatgaacaaggecctccagcaggtecgeg—

2494 cggc-cgttggctgecggeccgagetggagetggectgeggegecgaagaccggegecgea
2491 cggc-cgetggectgecggecgagetggagetggectgeggegecgaagaccggegecgea
2488 cggc-cgctggectgecggeccgagetggagetggectgeggegecgaagaccggegecgea
2494 cggc-cgectggetgectgecgagetggegetggectgeggcaccgaagaccggecgecgeyg
2488 gggc-cgctggctgccggeccgagetggagetggectgeggegecgaagaccggcgecgea
2485 cggc-cgectggectgecggecgagetggaactggectgeggeggcgaagaccggegecgea
2488 cggc-cgctggctgecggacgagetggagetggectgeggecaccgaggaccggegecgea
2491 cggg-cgttgggaggccggcgagectggagectggeccaacggeggcgecggaccggegecgea
2488 cggc-cgctggectgecggacgagctggagetggectgecggcaccgaggaccggegecgea
2488 cggc-cgctggcaggcggaggagctggaactggcatgecggegecgaggaccggeggegea
2489 cggcgegt-ggacggcggagcagetgcagetggectgeggcageggegaccggegecgeg
2489 cggcgegt-ggacggecggagcagetgcagetggectgeggeggeggcgaccggegecgeyg
2490 aggcgcgt-ggagccaggagcaactggagetggectgeggecggecggegacaggeggegeg
2489 cggcgcat-ggacgccggagcagetgcetgt tggectgecggaagcggagaccggegecgeyg
2489 cggcgegt-ggacggcggagcagetgcagetggectgeggcageggegacecggegecgeg
2486 gggcgcgt-ggacagecggagcaactgcaactggettgeggeggeggggacecgecgecgeg
2491 tgggccgttggagtgagcaacaactcgagttagttaacggcggcgaagataggcgecttaa
2493 cagaacgttggacacaagctcagttagagttagttaacggttccaaggaaaggcgaaaaa
2487 cgggccattggcgggtggaggagetcgagetggegtgeggetecgaggacaggegtegea

2553 acagcggcacgcgeggcgegetgetggaaatcgeccatgaagaaatgattcactacttat
2550 acagcggcacgcgeggcgegetgetggaaattgegcatgaagaaatgattcactacttat
2547 acagcggcacgcgcggcgegetgetggaaatecgeccatgaagaaatgattcactacttat
2553 acagcggtacgcgeggcgtgctgetggaaatcgecgcatgaagaaatgattcactatttat
2547 acagcggcacgcgcggcatgttgetggaaatcgeccatgaagaaatgattcactatttgt
2544 acagcgggacgcgcggcgcgctgectggaaatcgeccatgaagaaatgattcactacttat
2547 acagcggagcgcegtggegecctgetecgaaatcgeccatgaagaaatgattcactacctga
2550 acagcggtgcgegeggcaccectgetggaaatcgeccacgaggaaatgattcactacctge
2547 acagcggagcgcgtggegecctgetecgaaatecgeccatgaagaaatgattcactacctga
2547 acagcggtgcgegeggcgecttgetggaaatctecccatgaggagatgatceccattatctac
2548 acggcggcatccgegecgegetgetggagatcgeccacgaggagatgatccattacctgg
2548 acggcggcatccgegeegegetgetggagatecgeccacgaggagatgatccattacetgy
2549 acggcggectgecgeggegegatectggagatageccacgaggagatgatcecactacctgg
2548 acggcggcatccgegecgegetgetggagatecgeccacgaggagatgatecactacctgg
2548 acggcggcatccgegecgegetgetggagatcgeccacgaggagatgatccattacctgg
2545 acggcggcatccgegecgegetgetggagategeccacgaggagatgatccactacctgg
2551 acagcggatggcegtggegegttactcgaaatagecccatgaagagatgatccattatttgg
2553 acagtggttggcgaggtgctattttagagatcgcccatgaagaaatgatacattatttgg
2547 acagtggcatgcgeggcacgttgectggagattgcacatgaagagatgattcattacctgg

2613 tggtgaacaatgtattgatggcgcttggcgaaccgttttacagcggtacccegetgetgg
2610 tagtgaacaatgtgctgatggcgctgggegagecgttttacageggcacgeegetgetgg
2607 tggtgaacaatgtattgatggcgctcggecgaaccgttttatageggtaccecegetgetgg
2613 tggtcaacaatgtgctgatggcgectgggcgaagggttttacageggcacaccgetgetgg
2607 tagtcaacaatgtgctgatggcgcttggcgaaccgttccatagaggecgececeggtgetgg
2604 tagtcaacaatgtgttgatggcgctgggcgaaccgttttatageggcacceceggtgetgg
2607 tggtcaacaatgtgctgatggcgectecggegageegttectacgeecggegececeggegetgg
2610 tggtcaataacgtgctgatggcgctcecggegagecgttectacgecggacgteecgetgetgg
2607 tggtcaacaatgtgctgatggcgectcecggegagecgttectacgeecggegecececggegetgg
2607 tggtgaacaatgtgctgatggcgctgggcgageccttetacgeeggegecacegetgetgg
2608 tggtcaacaacctgctgatggcgctgggcgagecgttectacgeecggegtgecgetgatgg
2608 tggtcaacaatctgctgatggcgctgggcgagecgttctacgeecggegtgecgetgatgg
2609 tggtcaacaacctgctgatggcgctgggegageccttecacceeggegeggcgegggtgg
2608 tggtgaacaatctgctgatggcgectgggcgagecgttttacgecggegtgecgetgatgg
2608 tggtcaacaacctgctgatggcgctgggcgagecgttectacgecggegtgecgetgatgg
2605 tggtcaataatctgctgatggcgectgggecgagecgttetacgeecggtgtgecgeggatgg
2611 ttgtaaataaccttctaatggcacttggtgagccgttttaccctggtaagectatacttyg
2613 tcatcaataatatcttgatgtctctaggtgagecctttctaccctggagageectgtttttg
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2607 tgatgaacaacctgctgatggccctgggcgaaccctteccatceceggecacceccaggtggyg

2673 gccagcaggegegecagegt tteggectggacacggaatttgegttegaaccattttecg
2670 gccagcaggcgegecagegtttecggectggacacggaatttgegttegageegtttteeg
2667 gccagcaggcgcgecagegtttcggectggacacggaatttgcattcgaaccatttteeg
2673 gccagcaggcgcegecagegttttggectggacacggaatttgegttecgagecatttteeg
2667 gccagcaggcgcegecagegttteggtctggacacggaatttgecattecgagecattttecyg
2664 gccagcaggcgcegecagegttteggectggacacggaattegecttecgagecatttteeg
2667 gagaacaggcgcgccagcgcttecggectggacacggaatttgecttegaceetttttecg
2670 gcgagcaggcgcgecagegettegggectggacacggaatttgecttegaacegttttecyg
2667 gagaacaggcgcgccagegetteggectggacacggaatttgecttegaceetttttecg
2667 gagaacaggcgcggcagcgctteggectggacaccgaatttgecttecgaacegtttteecg
2668 gcgaggcggegeggcaggegtteggectggacaccgaattegegetggagecgtteteeg
2668 gcgaggcggcgeggcaggcgtteggectggacacecgaattegegetggageecgtteteeg
2669 gggacgaggcgcggcgcgegtteggectegacaccgagttttecttegageegtttteeg
2668 gcgaggcggcgeggcaggcgtteggectggacaccgagttegegetggageegttttegg
2668 gcgaggcggcgeggcaggcgtteggectggacaccgaattegegetggageecgtteteeyg
2665 gcgaggcggcegeggcaggcettteggectggacaccgagttegegetggagecgttttcag
2671 gggaagaagccaaaaacaaatttggacttgataccgagttttcttttgagectttctetg
2673 cacaagccgccaaagagaagtttggcttagatactgaattttecttttgagectttttetg
2667 gagtccaggcgeggcgcecacttegggttggacaccgagttectecttegageecttetegyg

2733 aacacgtgctggcccgettegtgegttttgaatggececcgactacattecccacgecgggea
2730 aacacgtgctggceccgettegtgegettcgaatggeecgactacattceccacgecgggea
2727 aacacgtgctggccegettegtgegttttgaatggeccgactacattecccacgecgggea
2733 aacacgtgctggcgcegettegtgegtttecgaatggecccgactacctteccacgecgggea
2727 aacacgtgctggcccgettegtgegtttcgaatggeccgactacattecccacgecgggea
2724 aacacgtgctggcccgcettegtgegtttcgaatggeccgactatatteccacgecgggea
2727 agcatgtgctggccagattegtgegtttcgagtggeccgactatectteccacgeceggta
2730 aacatgtgctggccegettegtgegettcgaatggeccgattacctgeccacgecgggea
2727 agcatgtgctggccagattegtgegtttcgagtggeecgactatecttecccacgeceggta
2727 aacatgtgctggccaggttegtgegtttcgaatggeccggactatattecccactecceggea
2728 agtcgacgctggcgegettegtecggetggaatggeecgecacttcatcecctgegecgggea
2728 aatcgacgctggcgegettegteecggetggaatggeecgcacttcatteccegegecgggea
2729 aatacgtgctggccegettcatcaagectggaatggeccgegttcattecttegecggeca
2728 agtcggcgetggegegettegteecggetggaatggecgeatttcatccecggegecgggea
2728 agtcgacgctggcgegettegtecggetggaatggecgecacttcatececectgegecgggea
2725 agtccgegetggegegettecatececggetggagtggecgecatttcatecettegeceggta
2731 aacatatcattgcgaagtttgtgcgetttgagtggectgecattttttccaactgttggga
2733 agcatattattgctaagtttgtccgectttgaatggectcatttetttecttetgttggta
2727 agcatgtgctcgeceggttecattegtctcgaatggectgggcacctegecgteccecgggaa

2793 aatccatcgccaccttctatatcgecgatccgecaggecctggecgagetgececggectgt
2790 aatcgattgccaccttctatatcgecgatccgecaggecctggecgggetgeeccggectgt
2787 aatcgattgccaccttctatatcgegatccgecaggetetggecgagetgeeecggectgt
2793 agtcgattgccaccttctatatcgcaatccgeccaggecctggecgatectgeceggectgt
2787 aatcgattgccaccttctatattgcgatccgeccaggecctggecgagetgeececggectgt
2784 aatccatcgcgaccttctatacggcgatccgeccaggecgtggecgagetgeceggectgt
2787 aatcgatcgccaccttctatgecggcgatcecgecaggecgtggecgatectgececgatetgt
2790 aatcggtggcgactttctatgeggcgatcaggactgecctggecgacctgecgcagetgt
2787 aatcgatcgccaccttctatgecggegatecgecaggecgtggecgatetgececgatetgt
2787 aatcgatcgccaccttctacacggcgatccgecaggecctggecgagetgecggaactgt
2788 aatccatcgccgactgctacgecgecatecgecaggectttetegatetgeecgacctgt
2788 aatccatcgccgactgctacgecgecatecgectggectttctegatetgecggatetet
2789 agtccatcgecgecttctacgegtecateecgecaggetttecgaggaattgeeccgacctgt
2788 agtccatcgecgatttctacgeccgegateccgecaggecttectegatetgeccgacetgt
2788 aatccatcgccgactgctacgeccgecatcececgecaggectttectegatctgeececgacctgt
2785 agtccatcgecgatttctacgeccgecateccgecaggectttetegatetgeccgatetgt
2791 ggtctatcgcagacttttacgatgacattactaaagctattgaacaaatacccgatttat
2793 agtcgatagccgatttttataacgaaattcgtattgctatcaacgaaatacccgacttat
2787 actccatcgecgacctctacagcteccattecgecaggggectgagagacattectgagetgt

2853 tcgaaagcggcggcggcaagegeggeggcegagcaccacctgttectgaaagaactgacca
2850 tcgagagcggcggcggcaagegeggcggcgaacaccatttgttectgaaagaactgacca
2847 tcgagagcggcggcggcaagcgceggtggecgaacaccacctgttectgaaagaactgacca
2853 ttgacagcggcggtggcaagegecggeggcegaacaccatttgttectgaaagaactgacca
2847 tcgagagcgacggcggcaagegeggcggcgaacaccatttgttectgaaagaactgacca
2844 tcgagagcggcggcggcaagcgeggeggcgaacaccacctgttectgaaagagetgacca
2847 tcgacgccgacggcggcaaacgcggcggcgagcaccacctgttectcaaagagetcacea
2850 tcgaaggcggaggcggccagcgcggcggcgaacaccatctettettgaaggaattgacca
2847 tcgacgccgacggcggcaaacgcggcggcegagcaccacctgttectcaaagagectcacca
2847 tcgaagccggtagcgagaagegtggcggcegaacaccatcetgttectgaaagaactgacca
2848 tcggcggcgaggccggcaagegeggcggegagcaccacttgttectcaacgagetgacca
2848 tcggcggcgaggccggcaagcgcggcggcgagcaccacctgttectcaacgagetgacca
2849 tcgacggcgcggcgggcaagegeggcggcgagcaccatctgttectcaatgagetgacca
2848 tcgacggcgaggcgggcaagcgcggcggcgagcatcacctgtttectcaacgaactgacca
2848 tcggcggcgaggcecggcaagegeggeggcegagcaccacttgttectcaacgagetgacea
2845 tcgacggcgaggccggcaagegeggeggcegagcaccatetattectcaacgagetgacea
2851 ttagtgaaaagcgaatcaaactcggcggtgagcaccacttatttttaaatgaaattatca
2853 atacccaagacatgaataagcaaggtggtgaacatcacttatttttaaacgaaataataa
2847 tcgacacccgccccggaaagcgcggcggagagcatcatctettectggatgagetgacee

2913 accgcgcctatccecgge-taccagectggaagtatccgaccgecgacagegegttgttegee
2910 accgcgcectatccecgge-taccagetggaagtgtecgaccgegacagegecttgttegee
2907 accgcgcctatccecgge-taccagectggaagtatccgaccgcaacagegegetgttegee
2913 accgcgectaccccgge-taccagctggaagtatccgaccgegacagegegetgttegee
2907 accgegectatceccgge-taccagetggaagtgtccgacegegacagegegetgttegee
2904 accacgcctatccecgge-taccagetggaggtgtccgaccgegacagegegetgttegee
2907 accgcgectatccec-gectatcagetggaagttagecgaccgegacagegegetgttegeg
2910 accgtgcctatccegec-taccagectcgaagtgagegatcgecgacagegecactgtttgeg
2907 accgcgectatcecc-gectatcagetggaagttagecgacegegacagegegetgttegeg
2907 accgcgectatcecegge-tatcagetggaagtcagegaccgegacagegecttgttegee
2908 accgcgcccatcececgge-taccagetggaggtgttecgatcgegacagegegetgttegge
2908 accgcgcccatccecgge-taccagetggaggtgttcgaccgegacagegegetgttegge
2909 accgcgcgtttececgge-taccagetggaagtcttecgaccgegacagegegetgttegge
2908 accgcgcgaatcececgge-taccagettgaggtgttcgaccgtgacagegegetgttegge
2908 accgcgcccatceccgge-taccagetggaggtgttcgatcgecgacagegegetgttegge
2905 atcgegecaaccecgge-tatcagetggaagtgttcgacegegacagegegetgttegge
2911 atcgtgaatatccecggt-tatcaattcgaggtgtacgacaaagaaacagcactatttgeg
2913 accgtgcttatcctaat-tatcagtttgaagtttatgataaagaaactgcattatttget
2907 a-caagctgttcececggegtatcagetggaggtetttgaccgggacagegegetettetee

2972 atcgatttcgtcacggaacagggcgaaggcgtggecgtcecgattegecgeatttegectee
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2969 atcgatttcgtcacggaacagggcgaaggcgtggecgtegattegecgeatttegecteg
2966 atcgacttcgtcaccgaacagggggaaggcgtggccgtcgattegecgeatttegectet
2972 atcgacttcgtcacggaacagggcgaaggcgtggecgtegattegeecgeatttegecgeg
2966 atcgacttcgtcaccgagcagggcgaaggcgtggecgtegattegeegeatttegecteg
2963 atcgacttcgtcaccgagcagggagaaggtgtggctgtcecgattegecgeatttegecteg
2966 ctcgacttcgtcaccgaacagggcgaaggggtggcggtggaatcgecccatttegeegtyg
2969 atcgacttcgtcaccgggcagggggagggcgtggegettgattegecgeatttetecace
2966 ctcgacttcgtcaccgaacagggcgaaggggtggcggtggaategecccatttegeecgtg
2966 atcgatttcgtcaccgggcagggagaaggcgtggecgtegattetceecgeatttegectee
2967 atcgccttegtcaccgaccagggegagggcggggcgctggactegecgeattacgageat
2967 atcgccttegtcaccgagcagggcgagggeggegegetggactegeecgeattacgageat
2968 atccgcettcgtcaccgaacagggcgagggcggcgcgectggattegecgecacttegaacat
2967 atcgccttecgtcaccgaccagggcgagggcggggcgctggactegecgecactacgageac
2967 atcgccttcgtcaccgaccagggcgagggeggggcgctggactegecgeattacgageat
2964 atcgccttcegtcaccgatcagggcgagggecggggcegetggattegecgeattacgageat
2970 attaactttgttacagagcaaggtgaaggtgttgctgctgactcaccacaatttgaagtc
2972 atcgactttgttaccgagcaaggtgaaggcgctagtgctgattctccacaatttgaacat
2966 atcgacttcgtcacccgeccagggagaaggectcgegetegececeeccecgacagtgaatee

3032 tcgcacttccagcggctgegegecatcgecggcaggtttt —
3029 tcgcacttccagcggctgecgcaccgtecgecggcaagtttt -

-- cggcctgcgacaag

3026 tcgcacttccagcggctgcgegecatcgecggcaagtttt —---- cagcccgcgacaaa
3032 tcgcatttccagecgectgegecagegtcgecaggcaagtacyg - ccgcctgeggcaaa
3026 tcgcacttccagcggctgegegecgtegecggcaagttet —---- ccgectgeggcaag
3023 tcacatttccaccgcctgegtgecgtegecggecaggtttt ——---- ccgectgegacaag
3026 tcgcatttccagcggctgegegecctggecggecgettt — tcggcacgcgaaaaa
3029 tcgcatttcaaccggctgcgegecctggecaggecagtttyg ----- cagcgcgecgacaag
3026 tcgcatttccagcggctgegegecctggecggecgettt ----- tcggcacgcgaaaaa
3026 tcgcacttccagcggctgcgegecatggecggecaggttt ——---- geggegegegegaag

3027 tcgcatttccageggetgeggg-agatgtcggecaggatcatggegecagtecegeg-----
3027 tcgecatttccageggetgegeg-agetgteggeccggatcatggegecageececgeg—
3028 tcgcatttccagegectgegca-gectggecggcaggetgatggegecageecgget -
3027 tcccattteccageggetgegeg-aactggeggeccggatcatggecgcageeccgeg—
3027 tcgecatttccageggetgcggg-agatgtecggecaggatcatggegecagtecgeg—
3024 tcccatttccageggetgegeg-agttggeggeccgecatcatggegecageecggeg—

3030 agtcactttaatcgcctgagag-cgatctcaaaatctctaa ---- caaatagcgacatt
3032 agccattttaaccgcttaagat-ctatatctaaaaacctca - ctcttagcgacatt
3026 tctcacttccagcgactgcgec-gcatggectegegettca ---- gecgecctegegaag

3086 ccgttcgaaccggegctgecggegectgaagaatcececgtgetggaageg-cgegeggactg
3083 ccgttcgagecggegetgecggegetgaagaatececegtgetggaageg-cgegecgactyg
3080 ccgttcgagecggeggtaccggegectgaagaateccggtgetggaageg-cgegeggactyg
3086 ccgttcgagecggegetgecggegectgaagaateccecgtgetggaagca—-cgegeggactg
3080 ccgttecgageecggegetgecggegectgaagaateccggtgetggaageg-cgggeggactg
3077 ccgttecgagecggecectgecggegectgaagaatcecgtgetggaageg-cgegeggactyg
3080 ccgttcgaaccggcegtgeccggegetgaaaaatceggtactega-cccacgegecgactyg
3083 cccttecgaaccggecttgecggegetgaagaatececttgatcgaggegg-gecgeggaagg
3080 ccgttcgaaccggccgtgecggegetgaaaaateceggtactega-cecacgegecgactyg
3080 cccttecgaaccggecgteccgtcecctgaaaaaccecggegectggaageg-cgececggactg
3081 ccgttecgagecggegttgecggegetgegcaacceggtgetggacgagtecgec-gggetg
3081 ccgttcgagecggecttgecggegetgegcaacceggtgetggacgagtcgac-aggetg
3082 ccgttcgagecggegetgecggegttgaagaacgeggtgetgg-cgecgecgegagggctyg
3081 ccgttcgaaccggegetgecggegetgegcaatececggtgetggacgaggagec-gggetg
3081 ccgttecgagecggegttgecggegetgegcaaccecggtgetggacgagtecgec-gggetg
3078 ccgttcgaaccggecttgeccggegetgegcaateccggcactggacgaaacgec-gggcgg
3084 ccgttcgaacctgcttacccagtactaaaaaatccggtgtttgaaccaagaacgggt-tg
3086 ccttttgaacctgcttatccegttttaaaaaatccagtgataagtcagecgagcaggg-tg
3080 ccgttcgagectgecgtgecagecctgaggaateccgagectgga-geccegggaggactyg

3145 cagcgtg---gtgaccgatcagaaggcgcgcgcgctg--atgcagetgtatcagggetge
3142 caccgtg---gtgaccgatcacaaggcgcgcgcgectg-—-atgcagectgtatcagggetge
3139 caccgtg---gtgaccgaccagaaggcgcgcgcgcetg--atgcagetgtatcaaggetge
3145 caccgtg gtgaccgaccggaaggcgcgcgecgetg--atgcagetgtatcaaggetge
3139 cacggta gtgacggatcaaacggcgcgcgcgctg--atgcagectgtatcaaggetge
3136 cagcgtg gtgaccgacccgaaggcgcgegegetg--atgecggetgtatcaggggtge
3139 caccgtg gtgaccgatcccaaggcccgttcgetg--atgcagectctaccagggetge
3142 ctgccag gtgaacgatgccaatgcgctcgecttg--atgecggectgtaccagggegge
3139 caccgtg---gtgaccgatcccaaggcccgttecgetg--atgcagectctaccagggetge
3139 ---cacgcgggtgaccgatcccaaggcgcgetcgetg--atgcagectataccaaggetge
3140 ccagcgcegtggcggacggacgggcgcgegegetg--atggegetgtaccagggegtyg
3140 ccagcgcgtggcggacagacgggcgcgegegttg--atggecgetgtaccagggegtg
3141 caatctggtgaccgagccgcaggecccgegegetg--atgegectgtaccagggegge
3140 ccagcgcgtcgaagacgagcgggcgecgggcgetg--atgggettgtaccagggegtyg
3140 ---ccagcgcgtggcggacggacgggcgcgegegetg--atggegetgtaccagggegty
3137 ---cgagcgggtgagcgaggagaacgcgcgggcgctg--atggegetgtaccagggtgtyg
3143 taaccttgttacaaatcccgcageccgtagagectt--atgcagttttataaaggetgt
3145 ---caatgttgttacaaacccgaatgcc--agagctttaatgacgctttatcaaggttgt
3139 tgcccaggtegtg---gacgagggagcccgggcgectg--atgggcttgtaccagggatgt

3200 tatgaactgaccttcctgatgatggcgcaccattttgegcagcageecgetg -- ggcage
3197 tacgaactgaccttcctgatgatggcgcaccatttcgegcagcageecgetg -- ggcage
3194 tacgaactgaccttcctgctgatggcgcaccatttecgegecageggeecgetg -- ggcage
3200 tacgaactgaccttcctgatgatggcacaccatttcgecgecagcageecgetg -- ggcage
3194 tacgaactgaccttcctgctgatggcegcaccatttcgegecageggeegetyg —- ggcage
3191 tacgaactgaccttcctgctgatggcgcaccatttecgegecagcagecgetg -- ggcage
3194 tatgaactgaccttcgcgctgatggcgcaccacttcgegcaaaagecgetyg -- ggcage
3197 tacgaattgacctttctgctgatggcccatcatttecgecgcaaaageecgeg —- ggcage
3194 tatgaactgaccttcgcgctgatggcgcaccacttcgegcaaaageecgetg -- ggcage
3194 tatgaactgaccttcttgctgatggcgcaccatttcgegcaaaagecget -- cggcage
3195 tacgagctgatgttcgcgatgatggcgcagcacttcgeggtcaageecgetg -- ggcage
3195 tacgagctgatgttcgcgatgatggegcagecacttegeggtcaageegetyg —- ggcage
3196 tatgaattgatgttcgcgatgatggcgcagcatttcgeggegcageecggeg -- ggcage
3195 tacgagctgatgttcgcgatgatggcgcagecatttcgegatcaagecgetg -- ggcage
3195 tacgagctgatgttcgcgatgatggcgcagcacttcgeggtcaagecgetg -- ggcage
3192 tacgagttgatgttcgcgatgatggcgcagcacttcgeggtgaagecgetyg —- ggcage
3198 cacgaactgatgtttcagctcatgatgcaacacttcgccattcaacctctg -- ggcage
3200 catgaactgatgtttaaaatgatgatgcaacattttgc -- acaaacttcaaaagggagt
3194 catgagctgatgttctccctgatggctcatcacttcgegecagaggeegetyg —- ggcage

3257 ctgcgecgetegegectgatgaacgegtccatcgacatcatgacaggectgttgegeeee
3254 ctgcgccgetcegegectgatgaacgectccatcgacatcatgaccggectgttgegteece
3251 ctgcgeegetegegectgatgaacgectccatecgacatcatgacecggectgttgegtece
3257 ctgcgeegttegegectgatgaacgegtccatecgacatcatgacgggectgttgegtece
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3251 ctgcgecgetegegectgatgaacgectceccatcgacatcatgaccggectgttgegeeceg
3248 ctgcgccgetegegectgatgaacgectecgatcgacatcatgaccggectgttgegtece
3251 ctgcgeegetegegectgatgaatgecteccatecgacatcatgacecggtttgetgeggeee
3254 ctgcgecgetegegtetgatgaacgectecgatcgacatcatgaccggegtgcetcaggece
3251 ctgcgecgetecgegectgatgaatgecteccatcgacatcatgacecggtttgetgeggece
3251 ctgcgtegttegegectgatgaacgetteccatcgacatcatgaccggactettgeggeecg
3252 ctcaggcgctcgeggetgatgaacgeggcgatcgacctgatgaccggectgetcaggecyg
3252 ctcaggcgctecgeggetgatgaacgeggecgatcgacctgatgaccggectgetcaggeecg
3253 ctcaggcgcetcgeggetgatgaacgeggcgatagacctgatgaccggectgetgeggeeg
3252 ctceggegttegeggetgatgaacgeggegatcgatctgatgaccggectgetteggecg
3252 ctcaggcgcetcegeggetgatgaacgeggegatcgacctgatgaccggectgetcaggecyg
3249 ctcaggcgatcccggetgatgaacgecgeccatcgacttgatgaccggectgetgeggecg
3255 atgcgecgetetegtttaatgaatggcgecatagatttaatgaceggtattttaaggeca
3257 atgcgtcgatctcgattaatgaatgecgectatagatttaatgacaggtattttaaggect
3251 ttgcgeegetegegettgatgaatgegteccatcgacatcatgacgggectgetgegeect

3317 ctgtcggeggecctgatgaacatgecgtecggectgectggecgecatgetggacecgeece
3314 ctgtcggecgecctgatgaacatgeecgteccggegtgececggecgecatgegggaccgece
3311 ctgtcagcecgecctgatgaacatgeccatccggettgeccggecgeccaggegggaccgeee
3317 ctgtcagccgecctgatgaacatgeccatcgggegtggecggecgecatgeggggeecgeece
3311 ctatcggcggcecctgatgaacatgccatcgggegtgececgggecgecacgcgggaccgeece
3308 ctgtcggcggecctgatgaacatgececgtecggettgeeccggecgeccacgegggaccgece
3311 ttgtcggcecgegetgatgaacatgecgteccggegtacccgggcgcaacgeccggaccgcee
3314 ttgtcggeggegetgatgaatatgecgtecggectgecgggeegecaatgecggeecgeca
3311 ttgtcggecgegetgatgaacatgecgtecggegtaccegggegcaacgecggaccgece
3311 ttgtcggeggecttgatgaacatgeecgteccggectgeececggecgcaacgecggeccgece
3312 ctgtcctgcgegetgatgaacctgecgtegggecatecgecggacgcaccgecgggecgecy
3312 ctgtcctgegegetgatgaacttgeegtecgggecatecgecggacgcaccgecgggccgecyg
3313 ctgtccaccgegetgatgaacttgecgtecggegtgecggggeggaacgecgegecgecy
3312 ctgtcctgcgegetgatgaatctgeecgtecgggecagegecggacgcaccgecggeccgecy
3312 ctgtcctgegegetgatgaacctgeecgtegggecategecggacgcaccgecgggecgecyg
3309 ctgtcctgegetttgatgaacctgeecgtcaggegtecgecgggegcaccgecgggccgecyg
3315 ttatcagtcttaataatgaccttaccatcaggtacgctgggcagaaatgctggtccacce
3317 ttatcagtgcaccttatgactttaccgtctggaactgcaggtcgaaatgcaggtceceeca
3311 ctgtccatcaccctgatgaaccttcegtecgggtctgeececgggegecacggegggteeceee

3377 gtgcccgagecggtcagcagecgggtcagecagegac
3374 gtgccagcgcccgtcagcageccgggtcagcagegac
3371 gtgcccgagecggtcagcagecgecgtcagcagegac
3377 gtgcccgagecggtcagcagecgggtcagcagegac

tacagcctgggctgcgacat
tacagcctgggctgcgacat
tacagcctgggctgecgacgt
tacagccagggctgcgacat

3371 gtgcccgaaccggtcagcagccaggtcagcagtgac tacagcctgggctgcegacat
3368 gtacccgagccggtcggcagecgggtcagcagegac tacagcctgggctgegacat
3371 gtgcccgggecggcecgacaccgccatcagecagtga --—- ctacagectgggatgegaget
3374 ctgccggtgccgeccgecaccacggtcagegecgac —-— ttcagcgagggttgtgegea
3371 gtgcccgggeccggccgacaccgccatcagecagtga -—- ctacagectgggatgegaget

3371 gtgccggaaccggtcagecgeccaggatcagegeega —--- ctacagccagggttgtgaaat
3372 ctgccggggecggtggatacccg-- cagctacgacga-ctacgcgctgggctgecggat
3372 ctgcecggggccggtggataccecg-- cagctacgacga-ctacgcgctgggttgecggat
3373 gtgccggceggeggecgactgcaa-- ggtattcgacga-ttacagcttgggatgceccagat
3372 ttgcccggecccggtggacaccecg-- cagctacgacga-ctacgcgctgggctgecggat
3372 ctgccggggecggtggatacccg-- cagctacgacga-ctacgcgctgggctgecggat
3369 ctgccggggccggtggatacgecg-- cagctacgacga-ctacgcgctgggctgecgeat
3375 gtaccagaaccaat-cgaaacac-- acgtatttccagacttagagcaagggtgtatggc
3377 ctacctcaagctat-taaattta-- aagcgacatcaaattacgaaaaaggctgccttgce
3371 gtgcccgagceccatcgagggaca-- actcgaccgaga-ctacgccacgggatgcecgget

3433 gctggegeagagatgectggegetgge-gecagtacgecgegcagectggagagegatgec—
3430 gctggcgcagaaatgccaggecgetgge-gcagtacgecgegcagecttgagagegatgee—
3427 gctggcgcagaaatgectggegetgge-gcagtacggeccgcagecttgagagegatgte—
3433 gctggcgcaaaaatgectggcactgge-gcagtacgegegcagecttgagagegatgec—
3427 gctggcgcagaagtgectggegetgge-gcagtacgegegcagectggagagegatgte—
3424 gctggcgcagaaatgectggegetgge-gcagtacgegegcecagecttgagagegatgte—
3427 gctggcgcagaaatgcctggccctgge-gcagtacgegegcagectg ———-— gaggccg
3430 gctggcgcagaaatgectggegetgge-gegetatgggecgcagectggaaaccggeg—--
3427 gctggcgcagaaatgcctggecctgge-gcagtacgegegcagectyg ——--- gaggcecg
3427 gctggcgcaaaaatgectgacccttge-gcagtatgegegeggect--tgaggccgg---
3428 gctggegeggegetgegagegect-getggagcaggegtcgatgetg--gagecggget -
3428 gctggegeggcgetgegagegect-getggagcaggegtecgatgetg--gageecggget -
3429 gctggccaagcgctgecaagegect-ggcggatgaggecggecggectg--gagecggget —
3428 gctggcgeggegetgecgageggect-gectggagcaggegtegatgetg--gageecggget -
3428 gctggegeggegetgegagegect-getggagcaggegtcgatgetg--gagecggget -
3425 gttggcgeggegetgegagteget-getggegecaggegtecgatgetg--gagecggget -
3431 tatatcagtacagtgtaaaaagcttgcagatatgggcagagc-tatg--gtctgtgcaa-

3433 attagcgcaagcgtgtaaagaacttgctgaaacagccaaaga-aa ---- taaaagcaa-
3427 gectggeccagcaatgectgacgetggegeggeggggecgega-cetg--ggggegggee—
VIOB End

3491 atcggcatg
3488 atcggtatg -
3485 atcggcatg -
3491 atcggcatg--

-gcgccgatagaaatgttggagttttttaatcagcaacttaccgatt
-gcaccgatagaaatgttggacttttttaatcagcaacttaccgatt
-gcgccgatagaaatgttggagttttttaatcagcaacttaccgatt
--gcgccgatagaaatgttggagtttt-——-—-—--—-—-——-—————
3485 atcggcatg ----gcgccgatagaaatgttggagttttttaatcagcaacttaccgatt
3482 atcggcatg ----gcgccgatagaaatgttggagtttttcaatcagcaacttaccgatt
3480 aggtggccagcacggcgcagatcgacatgttggagttctttaatcagcaactgaccgatt
3486 --- tggtcggcctggegecgatcgaaatgetggagttttttaatcagcagttgaccgatt
3480 aggtggccagcacggcgcagatcgacatgttggagttctttaatcagcaactgaccgatt
3481 -ggtgcttggcccggegecgatagaaatgttggaattttttaatcagcaactgacecgatt
3484 ggctgcccgac --gcgcaaatggaactgctggatttctaccgccggcagatgetggatt
3484 ggctgcccgac --gcgcaaatggaactgctggatttctaccgccggcagatgetggatt
3485 gggtggcggac --gcgccgaaggagttgctggegttctactgeecggcaactgatggatt
3484 ggctgcccgac --gcgcaattggagctgectggatttctaccgeccggecagatgetggact
3484 ggctgcccgac --gcgcaaatggaactgctggatttctaccgeccggcagatgetggatt
3481 ggctgccggec --gcgcaatgggagctgctggatttttteccgteggcagatgetggatt
3487 aacctccaaca --acacaaattgagttattagagttttttcaaaatcagatgcatgaaa
3486 ccccaccagaa --acacaaatagaattacttgagttttatcaaaaacaaatgactgaac
3483 tcgtcggcgeg --gcgcaggtagagatgttggagttcttccatcgacaactgetggace

3546 tatctcggggaaagatgtcaagagaggcttga-aatgcataaaatcattatcgtcggegg
3543 tatctcggggaaagatgtcaagagaggcttga-aatgcataaaatcattatcgtcggegg
3540 tatctcggggaaagatgtcaagagaggcctga-aatgcataaaatcattatcgtecggegg
3525

3540'téEctcggggaaagatgtcaagagaggcctga—aatgcataaaatcattatcgtcggcgg
3537 tatctcggggaaagatgtcaagagaggcctga-aatgcataaaatcattatcgtecggegg
3540 tatctcggggaaagatgtcaagagaggcctg--aatgcacaaaatcatcatcgtgggegg
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3543 tatctcggggaacgatgtctagagaggcttga-aatgcataaaattatcatcgtcggegg
3540 tatctcggggaaagatgtcaagagaggcctg--aatgcacaaaatcatcatcgtgggegg
3540 tatctcggggaaagatgtcaagagaggcttga-aatgcacaaaatcatcatcgtcggegg
3541 tggcttgtggaaagctttctagagaggcctga-aatgaaaagagcaatcatagtcggagg
3541 tggcttgtggaaagctttctagagaggcctga-aatgaaaagagcaatcatagtcggagg
3542 tggcttgtggaaagcttacaagagaggcctga-aatgcagaaagcgattattgtcggagg
3541 tggcttgtggaaagctttctagagaggcctga-aatgaaaaaagcaatcatagtcggagg
3541 tggcttgtggaaagctttctagagaggcctga-aatgaaaagagcaatcatagtcggagg
3538 tggcttgtggaaagctttcaagagaggcctga-aatgaagagagcaatcattgtcggagg
3544 tcgcaactggcaaactttcaagggaagcttaatcatgaagaaaataatcgtcattggegg
3543 tcgcaacaaataaattatcaagggaaggttaataatgaaaaaaataatccttgttggegg
3540 tggcccaagggaacgtctccagggaggecctg—aatgcacaaagccatcatecgtgggegg
VIO C start

3605 aggcctggcaggcagectcagegecatttatectggegcaacgggggcacgatgteccacgt
3602 aggcctggcaggtagectcagegecatttatctggecgcaacggggacacgatgtccacgt
3599 aggcctggcaggtagecttagegecatttatctggegcaacggggacacgacgtccacgt
3532 catttatctggcgcaacgcggacacgatgtccacgt
3599 aggcctggcaggtagectcagegecatttatctggegcaacgggggcacgatgteccacgt
3596 aggcctggcaggtagectcagegecatttatectggegcaacggggacacgatgteccacgt
3598 cggcectggcgggcagectgaccgecacttatctggegcagegeggacatgaggtccacgt
3602 cggcctggcaggcagectggetgecatctatectggegecagegeggacacgatgtecatgt
3598 cggcctggegggcagectgaccgecacttatctggecgcagegeggacatgaggtecacgt
3599 cggcctggcgggtagectgagegecatctatetggecccagegtggacacgatgtecacgt
3600 cgggctcgeccggegggctgaccgecatectacctggecgaagegeggectacgaggtecacgt
3600 cgggctcgeccggegggctgaccgecatctacctggecgaagegeggectacgaggtecacgt
3601 ggggctcgegggeggectgactgecatttacctggcaagacggggctacgaggtecatgt
3600 cgggctcgecggeggtttgacecgecatctacctggecgaagegeggectacgaggtecacgt
3600 cgggctcgecggegggctgaccgecatctacctggecgaagegeggetacgaggtecacgt
3597 cgggctcgeccggtgggctgaccgecatttacctggecgeggegeggetacgaggtecacgt
3604 cggtctagccggtggectgacageccatatacttagcaaaacgtggatacgatgtacacat
3603 cggtctagctggcagtcttacagcaatatttttagcgagaaaaggactcgaaattcatgt
3598 tgggctggcgggcagectgaccgecatctatectegegegecacgggtacgacgttegtgt

3665 tgtcgaaaagcgcggcgatccgetgectggagaatgecgcaaacgeccgaccccgtcaacte
3662 tgtcgaaaagcgcggcgatccgectgectggaaaacgcggcaaacgccgacccggtcaacte
3659 agtcgaaaaacgcggcgatccgctgcagaaagcttccgcaaccgecgatceggtcaacte
3568 tatcgagaaacgcggcgatccgetgetggacactgecgeccaacgecgatecggtcaatte
3659 ggtcgaaaaacggggcgatccgetgcagaaagcgtcecgcaaccgecgatceeccgtcaacte
3656 tgtcgaaaaacgcggcgatccgetgectggagaatgccgcaaacgeccgacceggtcaacte
3658 tatcgaaaagcgcggcgatcecgetgegggeggagtcagecaacgecgateeggtcaacte
3662 gatcgaaaagcgcgccgatccgetgce. aacccctgccaacgccgaccecgtecagete
3658 tatcgaaaagcgcggcgatceecgetgegggeggagtcagecaacgecgatecggtecaacte
3659 ggtcgaaaaacgcggcgacccactgcaggaaagttcagcatccgecgatecgeteggtte
3660 ggtggaaaagcgcggcgacccgetgegggacctgtettectacgtggatgtggtcagete
3660 ggtggaaaagcgcggcgacccgctgcaggacctgtettectacgtggatgtggtcagete
3661 ggtcgagaagcggggcgateccgetgcaggatectgtegtectacgtcgacgeggtecagete
3660 ggtggaaaagcgcggcgaccegetgcaggatttgtegtectacgtggacgtggtecagete
3660 ggtggaaaagcgcggcgacccgctgegggacctgtettectacgtggatgtggtecagete
3657 ggtggagaagcgcggcgatccgetgcaagacctgtegtectatgtggacgtggtcagete
3664 catagaaaaacgtggaaaccccctacagagccaggccgactatattgaccaagttagete
3663 tattgaaaagcgaggaaatcctttactcgatcaaagtgattacatagaccaagttagcte
3658 catcgagaaaagaaggaaccccctgagcaacagcgectectecttggacatgecceeccte

3725 gcgegecatcggegtgagecatgacggtacgeggecatcaaggecgtectggecgeecggeat
3722 gcgegecatcggegtgagcatgacggtgecgeggcatcaaggecgtectgggagegggeat
3719 gcgegecatecggegtcaccatgaccgtgegeggegtcaaggcagtgetggacgecggeat
3628 gcgegecatcggegtgagecatgacggtgecgeggcatcaaggecgtgetggecageggacat
3719 gecgegecatcggegtcaccatgacecgtgegeggegtcaaggecgtgetggeggeeggeat
3716 gcgcgecatcggegtgagecatgacecgtgegeggecatcaaggecgtectgggageecggeat
3718 gecgegecattggegtgagcatgaccgtgegeggcatcaaggcagtgetggeggecggea—
3722 acgcgccatcggegtcagcatgaccgtgegeggcatcaaggeggtgetggeggegggeat
3718 gcgegecattggegtgagcatgaccgtgegeggcatcaaggcagtgetggeggeecggea—
3719 gcgegecatcggegtcagecatgaccgtgegeggeatcaaggeggtgetggeggecggea—
3720 gcgggcgataggcgtcagcatgaccgtgegeggecatcaagteggtgetggeggeeggeat
3720 gcgggcgataggcgtcagcatgaccgtgegeggcatcaagtcggtgetggeggecggeat
3721 gecgegecatcggegtcagcatgacggtgegeggcatcaaggeggtgetggeggcaggeat
3720 gcgggcgataggcgtcagcatgacggtgegeggcatcaagtcggtgetggecgecggeat
3720 gcgggcgataggegtcagcatgacecgtgegeggcatcaagteggtgetggeggecggeat
3717 gcgggcgataggegtcagcatgacggtgcgeggecatcaaggeggtgetggecgeeggeat
3724 acgcgccattggtgtaagtatgacagtaagagggattgaagccgttgtegetgeggggat
3723 aagggcaataggtgtcagtatgactgtccgtggcatagaggectgttgttgaagetggecat
3718 gcgegecatcggegtcaccatgaacgtccggggcatcaaggeggtgt tgaaggececgggat

3785 -cagcaagcaggagctcgaccagtgcggcgaacccategteggcatggecattcagegtgg
3782 -cagcaagcaggaactcgaccagtgcggtgaacccatcgtecggcatggecttcagegtgg
3779 -cagcaggcaggagctggagcaatgcggcgaacgcatccttggcatggegttttecgteg
3688 -cagcaaacaggagcttgacctgtgcggcgaacccategteggecatggecttttgegtgg
3779 -cgacaggcaggagctggagcggtgcggecgaacgcatecctgggcatggegttttecgteg
3776 -caataaacaggagctcgaccagtgcggegageccategteggeatggegttcagegtgg
3777 tcagcaaggaggagctcgatcggtgeggecgaaccggtegteggecatggecatttteggteg
3782 -cagcaaggaggagctgtaccagtgcggcgaaccegtggttggecatggegttttecatee
3777 tcagcaaggaggagctcgatcggtgeggegaaccggtegteggeatggeatttteggteg
3778 tccccaagegcgaactggagcaatgeggegaagecategteggecatggegttttegatee
3780 tccgegege-ggagetggacgectgeggegaacccategtggegatggegttttecgteg
3780 tccgegege-ggagectggacgectgeggecgaacccategtggegatggegtteteggteg
3781 tccgegege-ggaactggaccagtgeggegaacccategteggecatggegtttteggtgg
3780 tcecgegege-ggagetggaggectgeggegageccategtggegatggegtteteggteg
3780 tccgegege-ggagetggacgectgeggecgaacccategtggegatggegtttteegteg
3777 tccgegege-ggagetggaggectgeggcgaacccategtggegatggegtttteegteg
3784 ccctgttga-ggaattacaagcatgtggcgttgaagtatctggtatgtcattttttatca
3783 tccacttaa-agagcttcaagectgtggtatagaagtatcaggtatgtetttatttgttg
3778 tgccectecg-ggaactggagcaatgeggcgagceccattgecggecatggecttetecateg

3844 gcggccggcaccggatacgecgagetgaccecgetcgaaggectgttececeetgtegetgg
3841 gcggccggcaccggatacgcgaactgactcececgetcecgaaggectgttececectgtegeteg
3838 gcggcacattcaaggtgcgcgaactggagcagecgcgaaggectgttecegetgtegetgg
3747 gcggccggcacaggatacgcgagectgaccececgetcgaaggectettececectgtegetgg
3838 gcggcaaattcaaggtgcgecgaactgagccagegcgaaggectgtttecgetgtegetgg
3835 gcggecggecaccggatacgcgagetgacccegetcecgaaggectgtttecectgtegetgg
3837 gcggcggeccacaaggtgegegaactgaccecegetecgaaggettgttteecttgtegetgg
3841 gcggccagtacaaggtacgcgagctgcaccegettgaaggettgttgecgetgtecctga
3837 gcggcggccacaaggtgcgecgaactgaccecegetcecgaaggettgttteecttgtegetgg
3838 gcggccagtacaaggtgegtgaactgacgececgetggaaggettgttteccactgtegetgg
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3839 gcggccagtaccggatgcgggagectcaagecgetggaggattteecgecegetgtegetga
3839 gcggccagtaccggatgcgggagctcaagecgetggaggatttecgececgetgtegetga
3840 gcggcaagttccgcatcecgegagetgcageecgetggaaggectgtegeecgetgtecctga
3839 gcggccagcaccggatgeggecgttgaagecgetggaggattteecgtecgetgtegetea
3839 gcggccagtaccggatgcgggagectcaagecgetggaggatttecgecegetgtegetga
3836 gcggccagtaccgcatgecgggagectgaagecgttggaggatttecgececttgtegetga
3843 aaggtgagcctaaaacacgtgagctgccgeccacttgataagctaaaaccattgtcattaa
3842 ccggtaaaaataaaataagagaactccctccattagataagttaaaaccattgtctctta
3837 ggggaaagtacaagattcgcgagctcacgccactcgaggggatatcceecgetgteectga

3904 accgcaccgccttccagecgectgetgaaccggcatgecgecctgecacgaggtgaagtatt
3901 accgcaccgecctteccagecgectgetgaaccggcatgecgecaagcacgaggtgaaatatt
3898 acaggtccgecttccagegectgttaaacacctacgccgecaggcacgaagtgaaatact
3807 accgcacggcctteccagegectgetgaaccggcatgecgtcaagecacgecgtgaaatatt
3898 accggtccgegttceccagegectgttaaacacctacgeccgeccaggcacgaagtgaaatact
3895 accgcacggccttccagegectgectgaaccggcatgecgtcaagcacgaggtgaagtatt
3897 accgcaccgcgttccagegectgectgaacaagtacgececgtcatgcacaaagtgaactatt
3901 accgcaacgccttccagecgectgectcaaccagtatgeggteccggcaccaggtgaagtact
3897 accgcaccgcgttccagegectgectgaacaagtacgecgtcatgcacaaagtgaactatt
3898 accgcaccgcgttccagegectgectcaacagatacgeccgeccatgcacaaggtgaagtatt
3899 accgcgcggegtttcagaagectgectgaacaagtacgccaacctggecggegtecgetact
3899 accgcgcggegtteccagaagectgectgaacaagtacgeccaacctggecggegteegetact
3900 accgggccgectttcageggctgetgaaccgeccacgeccaaccggaacggegtecgetace
3899 accgcgcggegtteccagaagctgetgaacaaatacgeccaatctggecggegtecgetact
3899 accgcgeggegtttcagaagetgectgaacaagtacgccaacctggeccggegtecgetact
3896 accgcgcggegtttcagaagetgectgaacaagtacgeccaatctggecggegttegttatt
3903 gcegecagegecatttcaagttttactcaataaatacgcagaactagcaggegttcattace
3902 gtcgcagtgcttttcagttattactcaataaatatgcagaaaaagcaggcgttaattacc
3897 accggctggegttceccagaaactgttgaacacgcacgccacccatcacggecgtgaagtatyg

3964 actttgagcataaatgcctggatgtcgacctggaaagaaagatcgtgctgatccagggee
3961 actttgagcataaatgcctggatgtcgacctggaaagaaagatcgtgctgatccagggte
3958 acttcgagcataaatgcctcgatgtcgacctggaacgaaaagtcgtgetgatccagggee
3867 actttgagcataaatgcctggatgtcgacctggaaagaaagatcgtgectggtacaggace
3958 actttgagcataaatgcctggatgtcgacctggaaaggaaggtcgtgectgatccagggge
3955 actttgagcataaatgcctggatgtcgacctggaaagaaagagcgtactgatccaggecce
3957 acttcgagcataaatgcctggacctggacctggacaagaaatccgtgetgatccagggee
3961 cgttcgagcagaaatgcctggacgtcgacctggagecgcaaagtegtgetggtecagggge
3957 acttcgagcataaatgcctggacctggacctggacaagaaatccgtgetgatccagggee
3958 actttgaacataagtgcctggacctcgacctggaacagaagtcggtgetgatccagggge
3959 acttcgagcacaagtgcctggacgtggatctggacggcaagtecggtgectgatccagggea
3959 acttcgagcacaagtgcctggacgtggacctggacggcaagtecggtgetgateccagggea
3960 acttcgagcacaaatgcctggatgtcgatctggaaggcaagtcggtgetgatccagagea
3959 acttcgagcacaaatgcctggacgtggatctggacggcaagtcggtgectgatccagggee
3959 acttcgagcacaagtgectggacgtggatctggacggcaagtcggtgectgatecagggea
3956 acttcgagcacaaatgcctggaggtggacctggagggcaagteggtgetgeteccagagea
3963 actatgaccagcgttgtattgaagt-taacttagacagcagctcagtcatgaccaaagac
3962 attacaaccagcgctgcattgaagt-taatttaaataaatgtcacctgttaactaaagat
3957 acttcgagtgcaggtgectgagcgtecgacctggagaagaagteccgtectegtecaggeca

4024 cggacggcgccttgca-gaagctgcatggegacctggtecattggegecgacggegeccac
4021 cggatggcgccttgca-gcaactgcatggcgacttggtcattggtgecgacggegeccac
4018 cggacggcgccctgca-gcacctgcatggecgacctgatcatcggegecgacggegeccat
3927 cggacggcgccgtgca-gcagetgcatggegacctggtcattggegecgacggegegeac
4018 aggacggcgccgtgca-gcagctacatggecgacctgatcatcggtgecgacggegeccat
4015 cggacggcgecgtacg-gcagetggatggegacctgatcattggegecagacggegeccac
4017 cggacggcgecttgeg-gcatctgcaaggecgacctgatcatcggggecgacggegeccac
4021 cggacggcaccctgca-gaatctgcagggcgacctgatcatcggegecgacggegeccac
4017 cggacggcgecttgcg-gecatctgcaaggcgacctgatcatcggggecgacggegeeccac
4018 ctggcggcgecctgca-gcatctgcagggegacctgatcatcggegecgacggegeccac
4019 aggacggccagccgca-gcgcttgcagggegatatgatcatcggegecgacggegegeac
4019 aggacggtcagccgca-gcgcttgcagggegatatgatcatcggegecgacggegegecac
4020 aggacggccagctgca-gcgectgcaaggcgatatggtcatcggegecgacggegegeat
4019 cggacggccagccgca-gcggctgcagggcgacatgatecgtecggegecgacggegegeat
4019 aggacggccagccgca-gcgcttgcagggegatatgatcatcggegecgacggegegeac
4016 aggacggccagtcget-gecggctggecggegacatgatcatcggegecgacggegegcac
4022 agtaataacaactttgtgacccacaaaggtgacttattgatcggcgetgatggegegegt
4021 ttaaatgataattttattgagcactcaggtgacttattaattggtgcggatggecgcacge
4017 aggacggcaaggtcca-tcaccatccecggggacctegtecatecggggeggatggegegeac

4083 tctgccgtgeggegegecatgcaaageggcatgegecgtttecgagttcaggcaaagttac
4080 tcggccgtgeggegegecatgcaaageggcatgegecgtttcgagtteccggcaaagttac
4077 tccgecgtgeggegegecatgcagageggcatgeggegetttgagttcaagecagagette
3986 tcggccgtgeggegegecatgcaaageggegtgegecgtttecgaattcaggcaaagetac
4077 tcecgeggtgeggegegecatgcagageggcatgeggegettegagttcaagcaaagette
4074 tccgcagtacggecgtgeccatgcaaageggegtgegecgetttgagttcaggcagagttac
4076 tccgecgtgeggegegecatgcaagecggecatgeggegettecagttegaacaatectte
4080 tcggcggtgeggegegecatgcagggtggecatgeggegettegaattcaagecagagtttt
4076 tccgecgtgeggegegecatgcaagecggecatgeggegettecagttecgaacaatectte
4077 tccgeggtgeggegegecatgcaaageggcatgegecgettegaattegggecagagette
4078 tcggcggtgcggcaggcgatgcagagegggttgegecgettecgaatteccagecagacttte
4078 tcggcggtgcggcaggcgatgcagagegggttgegecgettegaatteccagecagacttte
4079 tcggcggtgecgeccaggcgatgcaaageggcatgegecgtttecgaattccagcaaacctte
4078 tcggcggtgcggcaggcgatgcagageggectgegecgtttecgaatteccagecagacctte
4078 tcggcggtgcggcaggcgatgcagagegggttgegecgettecgaatteccagecagacttte
4075 tcggcggtgecggcaggcgatgcagageggettgegecgettegaattecagecagtecttt
4082 tcatgtgttcgcgaggccatgcaatcaaactgtcgecgetttgagttccatcaatettte
4081 tcttgtgtaagagatgccatgcaaactcactgtcgacgatttgaatttgagcaaacattt
4076 tccgeggtgegecagtceccatgcagagcaactcacggcgettecgagttcaaacagacatte

4143 ttcegecacggctacaagacgetggtgttgccgaacgeggeggatetgggtttcaggaag
4140 ttccgeccacggectacaagacgetggtgttgeccgaacgeggeggatectgggtttcaggaag
4137 ttccgecatggectacaagaccctegtgetgeccaaatgeggagggectgggtttcaggaag
4046 ttccgccacggctacaagacgctggtgttgecgaatgeggecgacctgggttteccggaag
4137 tttcgccatggectacaagaccctegtgttgecgaatgeggagggectgggtttcaggaag
4134 ttccgecatggectacaaaaccttggtgttgecgaacgecggecggacttgggattcaggaag
4136 ttcecgecacggctacaagaccctggtactgecgaacgeccgegggactgggettecgecaag
4140 ttccgecacggctacaagacgatggtgectgccgaatgeccgaagegetgggettecgecaag
4136 ttccgecacggctacaagaccctggtactgecgaacgeccgegggactgggettecgecaag
4137 ttcegecacggectacaagacgctggtgetgecgaatgeccgecgageteggtttcaggaaa
4138 ttccgecacggectacaagacgctggtgectgecggacgegecaggcgetgggetaccgecaag
4138 ttccgecacggctacaagacgetggtgectgecggacgecccaggegetgggetaccgecaag
4139 ttcecgecacggetacaagacgctggtgectgeccgacgecgaggcgetgggetaccgcaag
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4138 ttccgecacggctacaagacgctggtgectgecggacgecccaggegetgggetaccgecaag
4138 ttcegecacggetacaagacgectggtgectgecggacgecgcaggcgectgggectaccgcaag
4135 ttcegecatggetacaagacgetggtgttgecggacgecgeggegetgggetategecaag
4142 ttcaagcatggttacaaaacgctcgtggttcctgacgectcaaaagtgggtttacgtaaa
4141 tttaaacatgggtataaaaccttagttattccagatgctaaaaaagtcggcttaaggect
4136 ttccgeccacggctacaagacgectggtecctatccaatgecgeggaactgggectacecggaag

4203 gatttgctgtacttcttecggcatggattccaagggectgtttgecggecgegeggecace
4200 gatttgctgtacttcttcggcatggattccaagggectgtttgecggecgegeggecace
4197 gatttgctgtatttcttcggcatggcttcaaagggccagtttgecggecgegecgecace
4106 gatttgctgtactttttcggcatggattccaagggectgtttgecgggegegecagecace
4197 gatttgctgtatttcttcggcatggactccaagggccagtttgecggecgegcagecace
4194 gatttgctgtacttcttcggcatggattccaaggggectgtttgecggecgegeggecace
4196 gatctgctgtatttcttcggcatggattccaagggccagtttgeccggecgegecagecace
4200 gacctgctgtacttcttecggcatggattccaggggegagtttgecggecgegecgecace
4196 gatctgctgtatttcttcggcatggattccaagggeccagtttgecggecgegecagecace
4197 gacttgctgtactttttcggaatggattcccagggeccagttcgecggecgegeggecace
4198 gacacgctgtatttcttcggcatggactccggeggectgttegecggecgegecgecace
4198 gacacgctgtatttcttcggcatggactcecggeggectgttecgecggecgegecgecace
4199 gacctgctgtacttcttcecggcatggattccggeggectgttecgecggecgegeggecace
4198 gacacgctgtactttttcggcatggattccggeggecagttegecggecgegecgecace
4198 gacacgctgtatttcttcggcatggactccggeggectgttegecggecgegecgecace
4195 gacacgctgtactttttcggcatggattcecggeggectgttcgecggeecgegecgecace
4202 gacttactctacttctttggtatggattctggtggccaatttgcaggccgagcagecace
4201 gatcttttacacttttttggcatggactctcatggtcaatttgcaggtagggcagcaacyg
4196 gacttgctctacttttttggaatggactccaagggcttgttcgecggtecgtgeggcaace

4263 atcccggacggcagcatcagetttgecctgtgectgecctacaccggcacgecccagectyg
4260 atcccggacggcagcatcagetttgeccctgtgectgecctacaccggcacgecccagectyg
4257 attccggacggcagcgtcagettegtcatttgectgecctactccggcacgeccagectg
4166 attccggacggcagtatcagetttgcectgtgectgecctacacgggcacgeecagectyg
4257 atcccgaacggcagcatcagettegtcatttgectgecctactececggcacaccgagettyg
4254 attccggacggcagcatcagetttgeccctgtgectgeectacaccggcacaccgagectyg
4256 atcccggacggcagcatcagettegecctetgectgecctacaccggcacgeccagectyg
4260 atcccggacggcagcatcagettegegatectgectgecgtacacecggegegeccagtetyg
4256 atcccggacggcagcatcagettegeectetgectgecctacaccggcacgeccagectyg
4257 atcceccgacggcagcatcagettegecatetgectgecctattcecggcacgeccagectyg
4258 atcccggacggecagcegtcagcategeggtetgectgeegtacageggecageecccagectg
4258 atccecggacggcagcegtcagcatecgeggtetgectgecgtacageggcagecccagectyg
4259 atccecgacggcagegtcagcategecgtetgectgecgtatgaaggcacgeccagectyg
4258 attccggacggcagcgtcagcategecatetgettgecctacageggcagecccagectyg
4258 atcccggacggcagcegtcagcategeggtetgectgeegtacageggcageecccagectg
4255 atccecggacggcagcgtcagcategeggtetgectgecttatagecggaagecccagectyg
4262 atacctgatggcagtattagttttgecggtgtgcttaccttatacaggacaagtgagectta
4261 atccctgatggcagtatcagettegeggtttgectacectttaaaggaaaagtaagtcta
4256 atcccgggagacagcatcagettegegetetgectgeecctacgegggeccectcagectyg

4323 ggcacgctcaaccgcgaagcc--- atggccgatttcttcagccgctactteggcacceet
4320 ggcacgctcaaccgcgaagcc--- atggccgacttcttcagccgectacttceggcacect
4317 aacacgctgaaccgggaaacc--- atggcggccttcttcgaccgctactacgacaaget
4226 ggcacgctcaaccgggaagcc— atggcggacttcttcagcecgctactteggcaactt
4317 aacacgctgaaccgggaaacc--- atggcggccttcttcgaccgctattacgacaaget
4314 ggcacgctgaaccgcgaagcc--- atggccgacttcttcagccgctacttceggcagect

4316 gccacgcgcgaccgcgccgec - atgggggagtttttcagccgctacttcggcatcect
4320 cacacccaagaccgcgaagtc--- atggccggtttcttcgggegttactteggcaatet
4316 gccacgcgcgaccgcgecgec--- atgggggagtttttcagecgetactteggecatect
4317 acgacccacaaccgcgaagcc--- atggaagctttcttcagccgctatttcecgecagect
4318 acca ---ccaccgacgagccgacgatgcgegectttttcgacecgttactteggeggect
4318 acca ---ccaccgacgagccgacgatgcgegectttttcgacegttactteggeggect
4319 gcca cccaggaccgccaggcgatgaaggcgttttteccagegetattteggecageet
4318 acca ---ccaccgacgagccgacgatgcgcgecttcttcgaccgttactteggeggget
4318 acca ---ccaccgacgagccgacgatgcgegectttttegacegttactteggeggect

4315 aaca ccaccgacgagccgacgatgcgegecttecttegacecgetacttegecaaget
4322 caca gtgatgacagcactgcgatgcgagcatttttcgaccagtactaccctatggt
4321 cata cagatgataaagtcgccatgcgagaattttttgaccgatattactctatggt

4316 gcga ---cgaccgacggagacaccctccgtggettcttcgaccattacttegggggget

4379 gcecgecggaccgtecgcaagg-aaatgetggaccagttcatggegetgeccagcaacgace
4376 gccgecggagegecgcaagg-agatgctggaccagttecatggegetgeccagcaacgace
4373 gcecggeggccagecggcaag-agatggtgaaccagttcatcgecctgeccagcaacgace
4282 gcecgecggaccgccgcaagg-acatgetggaccagttcatggegetgeccagcaacgace
4373 gccggeggecagecggcaag-agatggtgaaccagtttatecgecctgeccagcaatgace
4370 gccgecggagcatcgcaagg-agatgctggaccagttecatgacgctgeccagtaacgace
4372 gccaccggccagccgggaag-agctggtgaatcagttcatcgegetgectagcaacgace
4376 gccgcaggccagccgecgaggaac-tggtcaaccagttectegegetgecgagcaatgace
4372 gccaccggccagecgggaag-agctggtgaatcagttcatecgegetgectagcaacgace
4373 gcegecggcecagecgactgg-agatgetgaaccagttcatggegetgeccagcaacgace
4374 gccgecgggacgecgegegacg-agatgectgegecagttectggccaageccagcaacgace
4374 gccgcgggacgegegecgacg-agatgetgegecagttectggeccaageccagcaacgace
4375 gtccgacgcggtgcgggagg-agatgctggaacaattectggtaaagcccagcaacgact
4374 gccgcagaacgcgegegagg-aaatgetgegecagttectggeccaageccagcaacgace
4374 gccgecgggacgcgegegacg-agatgectgegecagttectggeccaageccagcaacgace
4371 gtcgctggacgcgegegacg-agatgctgegecagttectggeccaaacccagcaatgace
4378 cccagaagatattcgccaaa-atatgttcgagcaatttatggtgaaaccaagcaacgact
4377 acctaaacatattcgccaag-agttactagaacaatttatggttaagccgagtaatgatc
4372 gccgetcg-ceccgecaggagggagatgctggagecagttecatggecctgeccagcaacgace

4438 tcatcaatgtccgttccagcaccttccactacaaggccaatatcctgetgatcggegatyg
4435 tcatcaatgtccgctccagcaccttccactacaaggccaatatcctgetgatcggegatg
4432 tcatcaatgtccgectcgagtaccttccattacaagagcaatgtcctgectgatcggegatg
4341 tcatcaatgtccgttccagegecttccactacaaggccaatatectgetgatecggegatg
4432 tcatcaatgtccgectccagcaccttceccactacaaggaccatgtectgetgatcggegatyg
4429 tcatcaatgtccgctccagcaccttceccactacaaggccaatattctgetgatcggegatyg
4431 tcatcaatgtccgctccagcaccttccattacaagagcaatgtcctgectgatcggegatyg
4435 tgattaatgtccgctccagcacctteccactacaaaggccatgttetgetgateggegact
4431 tcatcaatgtccgctccagcacctteccattacaagagcaatgtecctgetgatcggegatyg
4432 tcatcaatgtccgctccagcaccttccattacaagggcaatgtcttgectgatcggegatg
4433 tgatcaacgtccgttccagcaccttccactacaagggcaatgtgctgetgetgggegacy
4433 tgatcaacgtccgctccagcaccttceccactacaagggcaatgtgetgetgetgggegacyg
4434 tgatcaatgtccgctccagcacctteccactacaagggcaatgtgetgetgetgggegacyg
4433 tgatcaatgtccgctccagcaccttccactacaagggcaatgtgetgetgetgggegacyg
4433 tgatcaacgtccgttccagcaccttceccactacaagggcaatgtgetgetgetgggegacyg
4430 tgatcaacgtccgctccagcacctteccactacaagggcaatgtgetgetgectgggegacg
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4437 taattaatgttcgttcttctaccttccactataaaaacactgegettcectgattggtgatt
4436 ttattaatgtgcgctcatctacttttcactataaagataaagccttactgattggegact
4431 tcgtcaacgtccgetccagtaccttecactttegtgggaacgecttgetgetgggggacyg

4498 cggcgcatgccaccgececccgttectecgggcaaggcatgaacatggegetggaagacgtee
4495 cggcgcatgccaccgeteecgttectegggcaaggcatgaacatggegetggaagacgtee
4492 cggcgcatgccaccgcccecttectecggacagggcatgaacatggegetggaagacaget
4401 cggcgcatgccaccgecccgttecteggacaaggcatgaacatggecgetggaagacgtee
4492 cggcgcatgccacggecccgttecteggecagggcatgaacatggegetggaagacaget
4489 cggcgcatgccaccgeccecttectecgggcagggcatgaacatggecgetggaagacgtee
4491 cggcgcatgcgaccgeccecttecteggtcagggcatgaacatggegetcgaagacgtet
4495 cggcccatgeccaccgcgeccttecteggacagggcatgaatatggegetggaagacgtge
4491 cggcgcatgcgaccgeccecttecteggtcagggcatgaacatggegetggaagacgtet
4492 cggcgcacgccaccgegecgttectggggcaaggcatgaacatggegetggaagatgtet
4493 ccgcccacgecaccgegectttecteggecagggcatgaacatggegetggaggacgege
4493 ccgcccacgecaccgegectttecteggecagggcatgaacatggegetggaggacgege
4494 ccgcgcacgccaccgegecgttectgggecagggcatgaacatggegetggaggacgege
4493 ccgcccacgccaccgcgectttecteggeccagggcatgaatatggegetggaggacgege
4493 ccgeccacgecaccgegectttectecggeccagggcatgaacatggecgetggaggacgege
4490 ccgcccacgecaccgegeccttecteggecagggcatgaatatggegetggaggacgege
4497 cagcgcatgccacagcaccatttttgggccaaggtatgaatatggcacttgaagatgcat
4496 ctgcgcatgcaacagcgccatttttaggtcaaggcatgaatatggctcttgaagacgett
4491 cggcacatgccaccgcacccttcctgggeccaagggatgaacatggegetggaagatgect

4558 acgtcttcgtgtcecctgetggaaaagcacggcaatgececctgggecctgeectgtecgaat
4555 acgtcttcegtttcecctgetggaaaagcacggcaacgeccctgggecctgeectgteecgagt
4552 atatcttcgtcactctgctggaaaagcacggcaatgecgectggetcecccgecctggecgaat
4461 acgtcttcegtttccctgectggaaaagcacggcaatgcecctgggecctgeectgtecgagt
4552 atatcttcgccacgttgectggaaaagcatggcaatgecgetggegectacectggecgagt
4549 acgtcttcgtttcecctgetggaaaagcatggcaatgecctgggeccegecctgtecgaat
4551 acgtcttcatcaccttgctggaaaagcatcgcgatgacctgggectggtettgteggagt
4555 aggtcttegtecggettactggaaaagtatggcaatgegetggagetggecttgeccgagt
4551 acgtcttcatcaccttgctggaaaagcatcgecgatgacctgggectggtecttgtecggagt
4552 atgtgctcacgactttactggacaagcatggcgacgccctcggectggcactgtecgaat
4553 gcaccttegtcgagetgetggaccgeccaccagggcgaccaggacaaggectttcecegagt
4553 gcaccttegtcgagetgetggaccgccaccagggcgaccaggacaaggectttecccgagt
4554 acagcttcgtcacgctgctggaccagcactgeccatgatcaggagectggecttegecgaat
4553 gcaccttcgtcgagctgetggaccgeccacaagggtgatcaggacaaggettttececegagt
4553 gcaccttcgtcgagectgectggaccgccaccagggcgaccaggacaaggectttececgagt
4550 gcgecttegtecgaattgetggaccgecatcagggecgaccaggacaaggectteccegagt
4557 acgtgttagatactttatttgagcaatatggcgatgactttgacaaggtactgagtgaat
4556 atgttttatcatgcttatttgataaatatgatgctaatttaagtaaaattttacctgact
4551 atgtcctctccaccctgetggacaggcacgcgcatgacctggacgecgacgctcecccggagt

4618 tcacgcagcagcgcaaggtgcaggcggacgccatgcaggacatggecgatcgecaactatg
4615 tcacgcagcagcgcaaggtgcaggcggacgccatgcaggacatggegatcegecaactatg
4612 tcacgctgcagcgcaaggtacaggcggacgccatgcaggatatggcgatcgecaactatg
4521 tcacgcagcagcgcaaggtgcaggcggacgccatgcaggacatggcgatcegecaactatg
4612 tcacgcagcagcgcaaggtgcaggcggacgccatgcaggatatggcgatcgecaactacyg
4609 tcacgcagcagcgcaaggtgcaggccgacgccatgcaggacatggcgatcgccaactatg
4611 ttacggggcagcgcaaggtgcaggccgacgccatgcaggatatggcgatcegecaactacg
4615 tcacccgccagegcaaggagcaggccgacgccatgcaggagatggecgatcgecaactacyg
4611 ttacggggcagcgcaaggtgcaggccgacgccatgcaggatatggcgatcgeccaactacyg
4612 tcacccgccagegcaaggtgcaggcggacgccatgcaagacatggecgatcgecaactacyg
4613 tcaccgagctgcgcaaggtgcaggccgacgcgatgcaggacatggecgecgegecaactacg
4613 tcaccgagctgcgcaaggtgcaggeccgacgcgatgcaggacatggegegegecaactacyg
4614 tcaccgcgcagcgcaaggtgcaggeccgacgcgatgcaggacatggegegegecaactacg
4613 tcaccgagctgcgcaaggtgcaggeccgacgcgatgcaggacatggecgegegecaactacyg
4613 tcaccgagctgcgcaaggtgcaggccgacgcgatgcaggacatggcgegegecaactacg
4610 tcaccgcgcagcgcaaggtgcaggeccgacgcgatgcaggacatggegegegecaactacg
4617 tcactgagcttcgcaaaatcgaggcggatgcaatgcaagatatggcgegtgcaaactacg
4616 ttacaaccttacgaaaagtagaagccgatgcaatgcaagacatggcaagagcaaattatg
4611 tcacccgccttecgcaaggtgcaggecggatgeccatgcaggacatgtccatcgegaactacyg

4678 aggcgctgagcaatccgaacctgattttettectgecagacgegetac—
4675 aagcgctgagcaatccgaatctgattttettectgcagacgegetac—
4672 aagcgctgagcaatccgaatctgattttecttectgecagacgegetac—--
4581 aagcgctgagcaatccgaacctgattttcttcctgcagacchctacacgcgctacatgc
4672 aagcgctgagcaaccccagectgattttettectgcagacgegetat——
4669 aagcgctgagcaatccgaatctgattttettectgecagacgegetac—
4671 aaatgctgagcaacccgaattttattttcttcctgcaaaccecgeta—---
4675 aggtgctgagcaatccgaacttcctgttcecttectgecaggegegetat ——
4671 aaatgctgagcaacccgaattttattttcttcctgcaaacccgeta
4672 aggcgctgagcaatcccaatctgattttettecctgcaaaccecgeta--
4673 acgtgctcagctgctccaatcccatettettcatgegggecegeta——
4673 acgtgctcagctgctccaatcccatecttecttcatgegggeccgeta
4674 acgtgctcagcetgctccaacceccatctttttectgegegeeegeta-—
4673 acgtgctcagttgctccaacccegtettettcatgegggegegeta-—
4673 acgtgctcagctgctccaatcccatcttettcatgegggecegeta
4670 acgtgctcagctgctccaatcccatcttettcatgegggecegeta—-—
4677 aagtccttagttgctctgatccaatattctttatgcgagcacgatt-—
4676 aagtattaagttgttcaaaccctattttcttcctaagagccagata
4671 aggtgctgagcaaccccegettcatettettectgegggteccaata—-—

-ttcacatcggttccttacacaaacttggaagggtaaattaatgaaattctcg
-ttcacatcggttccttacacaaacttggaagggtaaattaatgaacttctcg
tttacatcgattccttacacaaacttggaagggtaaattaatgaacttctcg
4641 acaagaaattccceccgtgtttatccgeccggacatggecggagaa----actgtactte—--
4719 -- -tttacatcgattccttacataaacttgggagggtaaattaatgaacttctcg
-ttcacatcggttccctacacaaacttggaagggtaaattaatgaacttctcg
cttcacatcggttccctacacaaacttggaagggtaaactaatgaaatccteg
-ttcacctcggttccttacacaaacttggaagggtaaattaatgaagttcteg

4717 cttcacatcggttccctacacaaacttggaagggtaaactaatgaaatcctcg
4718 cttcacatcggttccctacacaaactaggaagggtaaattaatgaaattctcg
4719 cttcacgtccgagccgtacacaagatagggagggtcaactgatgaagttctgg
4719 cttcacgtccgagccgtacacaagatagggagggtcaactgatgaagttctgg
4720 tttcacttccgageccgtacacaaattggggagggtcaactgatgaaatcetgg

tttcacgtcggaaccgtacacaagataggaagggtcaattgatgaaattctgg
- cttcacgtccgagccgtacacaagatagggagggtcaactgatgaagttctgg
- cttcacgtcggagccgtacacaagatagggagggtcaactgatgaagttctgg
tttcacttcgatgcgttacataaaatagggagaatgaattaatgaagttttag
-tttcacttcaatgaaatacacaaaatagggagattaaattaatgaatttcttg
4717 —===--- tttcgattccgtcecectacatcggectecggecggatgaactagecgectececcg
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4777 tcatcggcgcaggccccgcaggactge-—--tectttgeccagt-caaatgaaacaggcccag
4774 tcatcggcgcaggccccgcaggactge---ttttcgecagt-caaatgaaacaggceccag
4771 tcatcggtgcaggtcccgcaggactge---tcttecgecagt-cagatgaaacaggeccag
4694 acatcggttccttacgatgagtgcagcaactcttcgcagectgcagatgaaacaggcccag
4771 tcatcggcgcaggecccgetggectge---tecttecgecage-cagatgaaacaggccecgyg
4768 ttatcggcgcaggacccgcaggactga---tctttgccagt-cagatgaaacaagcccaa
4770 tcatcggcgecggaccagecggactg---atctttgcaagt-caaatgaagcaagcccaa
4774 tgatcggcgecggeccggcaggattga---tttttgeccagec-cagatgaagcaagceccag
4770 tcatcggcgeccggaccagecggactg---atctttgcaagt-caaatgaagcaagcccaa
4771 ttatcggcgeccggaccggcaggattyg atattcgccagt-caaatgaagcaagccagg
4772 tcatcggcgeggggccggecggectyg gtgttcgccagc-caactgaaacaggcgegt
4772 tcatcggcgeggggccggecggecty gtgttcgccagc-caactgaaacaggcgegt
4773 ttatcggcgegggtcecggcaggectyg gtgttcgeccage-caaatgaagctggecgaag
4772 ttatcggcgegggtcececggecggectyg gtgttcgeccage-caactgaaacaggcgegt
4772 tcatcggcgecggggccggecggectyg gtgttcgeccagec-caactgaaacaggcgegt
4769 tcataggcgecggggccggecggecty gtgttcgeccage-caactgaaacaggecgegt
4776 ttgttggtgcaggcccatcaggcctg---atgttcgcaagt-gaaacaaaaaaattaaaa
4775 tgatcggtgcaggtccagcaggtctt---atgttttctagt-caaatcaaaaaactaaac
4770 ccgacggegeggegtecgaggecctg-—--gettetecegge-cecgtecatgcaagecect

4833 cccggectgggatatcagcattacggaaaaaaacaccccggaagaa---gtgetgg-
4830 cccggctggaatatcagcattacggaaaaaaacaccccggaagaa gtgctgg-
4827 cccggctggaatatccgecattacggaaaaaaataccccggaagaa---gtgetgg—
4754 cccggctggaata
4827 cccgcctggaatatcagcattacggaaaaaaacaccccggaagaa
4824 ccgggctgggatatcagcattacggaaaaaaataccccggaagaa---gtgctgg-
4826 cccgcttgggatatcagecgttgcggaaaaaaatacccaggaagaa---gtgetgg—
4830 ccaggctgggacatcagtatcgtggaaaaaaacacccaggaagaa gtgctgg-
4826 cccgcttgggatatcagegttgcggaaaaaaatacccaggaagaa---gtgctgg-
4827 cctgactggcagatcagcattgcggagaagaatacccaggaagaa---gtactgg-
4828 ccgctgtgggcgatagacatcgtcgaaaagaacgacgagcaggaa gtgctgg-
4828 ccgctgtgggcgatagacatcgtcgaaaagaacgacgagcaggaa---gtgctgg-
4829 cccgattggcagatcagcatcgcggaaaagaacgaccccgaggaa---gtggegg—
4828 ccgcagtgggcgatagacatcgtcgaaaagaacgacgagcaagag gtgctgg-
4828 ccgctgtgggcgatagacatcgtcgaaaagaacgacgagcaggaa gtgctgg-
4825 ccgcagtgggcgatagacatcgtcgaaaagaacgacgagcaggaa---gtgctgg-
4832 ccagagtgggatattcgcgtcattgaaaagaatcaccctgatgcaaacgttgttg—
4831 cctgattggcatatcaatattatagaaaaaaataatcaagatgaaa---gtgttg-
4826 tccctteccgecgetectgecccteccaatggage --- agecggctacgtgtectattggte

4885 gctggggegtggtgctgeceggggeggecgeegegecateccgecaatecgetetectace
4882 gctggggtgtcgtgctgeccgggacgcccgecgcgecateccecgecaaccecgetgtectace
4879 gctggggegtggtgctgeccgggacggecgecgecgecateccagecaatececcctetectace
4795 gctggggegt -—-------- gacgceccgecgegecatecggecaateegetgtettace
4879 gctggggegtggtgectgeccgggacggecgecgegecateccggecaateecgetetettace
4876 gctggggcgtggtgctgeccgggecggecgecgegecatectgecaateecgetetectace
4878 gctggggcgtggtgctgecgggacgcccgecgegecatececcgecaateecgetgtectate
4882 gatggggcgtagtgctgccgggacggecgecgegecatectgecaateecttgtettace
4878 gctggggcegtggtgectgeccgggacgeccgecgegecateccecgecaatecgetgtectate
4879 gctggggegtggtactgeccggggeggecgeecgegecateecggecaatecgetgtectace
4880 gctggggcegtggtgctgeccecggeecggeccggecageateecggecaateecgetgtectace
4880 gctggggcgtggtgctgecccggecggeccggeccagcateccggecaatecgetgtectace
4881 gctggggcgtggtgctgectggecggeccggccagcatecggetaatecgetgtectate
4880 gctggggcgtggtgetgecccggacggectggeccagecatceggeccaateegetgtectate
4880 gctggggcgtggtgctgcececggeecggeccggecagecatecggecaatecgetgtectace
4877 gctggggcgtggtgctgeccgggcaageccggecagecatcecggecaateecectgtectate
4887 gctggggtgtggtattaccaggccgtgccecegcaccatectgegaatectetgtettace
4883 gttggggtgttgtgttgccaggtagagcaccacatcatcctgecgaatccgetgteatatt
4882 gcccatgcgaggagacgaccage--tcacgtccggetactgetggttegactatgecege

4945 tggagcagtctgaacggctcaatccgcagttecctggaagaattcaagectegtgcatcacyg
4942 tggagcagccggagcggctcaatccacagttecctggaagaattcaagectegtgcatcacyg
4939 tggagcagccagaacggctcaatccgcagttecctggaagaattcaagetegtgcatcacyg
4844 tggagcagccggaacagctcaatgcgcaattecctggaagaatttaagetegtgcatcacyg
4939 tggagcagccggaacggctcaatccgecagttectggaagaattcaagectegtgcatcacg
4936 tggagcagccggaacggctcaatccgcagttectggaagaattcaagetegtgecatcacyg
4938 tggagcagccggaactgctcaacccgcaattecctggaagaattcaagetggtgcaccac—
4942 tggagcagccggaacggctcaacccgcagtacctggaggaattcaagetggtgcaccacg
4938 tggagcagccggaactgctcaacccgcaattecctggaagaattcaagetggtgcaccac—
4939 tggagcagccggaacggctgaacccgcaattecctagaggaattcaagetggtgcatcac—
4940 tggacgcgccggagaggctgaatceccgcagttectggaagacttcaagetggtecaccac—
4940 tggacgcgccggagaggctgaatceccgcagttectggaagacttcaagetggteccaccac—
4941 tggaacatccggagcggctggacccgcagttectggaggatttcaagetgatccaccat-
4940 tggacgcgccggaaaagctgaacccgcagttectggaggacttcaagetggtgcatcac—
4940 tggacgcgccggagaggctgaatcecgecagttectggaagacttcaagetggtecaccac—
4937 tggaggcgccggaaaggctgaateccgcagttectggaagacttcaagetggtacatcac—
4947 tagctaatcatgaaacgctagacgcgcagtacttagaagactttaagctcactcaccat—-
4943 tatctaatcatgaatcattagatgcgcaatacatagaagagtttaagcttacacatcat-
4940 gaggtctgccggattgacggtctgttcaatccctcgaaaaggagaagggctaccagetet

5005 --accagcccaa-cctgatgagcaccg-gcgttaccctgtg
5002 --accagcccaa-tctgatgagcaccg-gcgtgaccctgtg
4999 --accagcccaa-cctgatgagcaccg-gcgtcaccctgtg
4904 -agcagcccaa-tctgatgagcaccg-gcgtgatcctgtg
4999 --accagcccaa-cctgatgagcacgg-gtgttaccctgtg
4996 ---accagcccaa-cctgatgagcaccg-gtgtgaccctgtg
4997 -gaccagccgaa-cctgatgagcaccg-gecgtgacgetgtg
5002 --accagcccaatc-tgatgagcaccg-gcgtcaccctgtg
4997 -gaccagccgaa-cctgatgagcaccg-gcgtgacgctgtg
4998 -gaccagccca-acctgatgagcaccg-gcgtcaccctgtg
4999 -aacgagccca-gcctgatgagcaccg-gegtgetgetgtg
4999 -aacgagccca-gcctgatgagcaccg-gegtgectgetgtg
5000 -aacgagccca-atctgatgagcaccg-gcgtgctgetgtg
4999 -aacgagccca-gcctgatgagcaccg-gegtgetgetgtyg
4999 -aacgagccca-gcctgatgagcaccg-gegtgetgetgtg
4996 -aacgagccga-gcctgatgagcaccg-gegtgetgetgtg
5006 -aaccaaagtg-cgctcaaaagtaccg-gcgtgacactatg
5002 - --aatgactcag-ccttaactaaaaccg-gcgtcactttatg --

5000 ggatgtcggaagtcggegatgtcactcgaggacagagectecagaagaaggtcegectace

5043 ggcgtcggacgeccaggecctggtgcaggcac-tgegegecaagtgegtggeggecgge-a
5040 ggcgtcggacgeccaggccctggtgcaggecc-tgegegeccaagtgegtggeggecgge-a
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5037 ggcgtcggacgccaggtectggtgcaggecc-tgegegecagatgegtggeggecgge-a
4942 ggcgtcggacgccaggccctggtacaggect-tgegege —--- tgcgtageggecgge-a
5037 ggcgtcggacgccaggecctggtgcaagecc-tgecgegecaaatgegtggeggeegge-a
5034 ggcgtgggacgccaggecctggtgcaggect-tgegegecaagtgegtggeggeegge-a
5036 ggcgttggtcggcaagtectggtgcagg-cgctgegegecaaatgegtggeggecgge-a
5040 ggcgtggagcggcegeggectggtgcaggecac-tgecgegecaaatgegtggeggecgge-a
5036 ggcgttggtcggcaagtecctggtgcagg-cgctgecgegeccaaatgegtggeggeecgge-a
5037 ggcgtcgagegecgggcecctggtgcagg-cgectgegegecagatgegtegecgeecgge-a
5038 ggcgtggagcgecgeggectggtgcacgect-tgegegacaagtgecgetegecaggge-a
5038 ggcgtggagcgecgeggectggtgcacgect-tgegecgacaagtgececgetegecaggge-a
5039 ggcgtggageggcegeggectggtgcaggege-tgegegagegetgecagtegetggge-a
5038 ggcgtggagecgecgcggectggtgcacgect-tgecgegacaaatgecgectegecaggge-a
5038 ggcgtggagcgecgeggectggtgcacgect-tgegegacaagtgecgetegcaggge-a
5035 ggcgtggagegeegeggectggtgcacgect-tgegegacaagtgecgectegecaggge-a
5045 ggtgcagagcgaaagtctatggtgagagaac-ttagacaactttgecgtcagectagga-a
5041 ggtgccgagcgtaaatctatggtgcatgaac-ttcgtcaattatgtattggtttaggt-a
5060 ggcgcggaacgeccccctecggtgatggectettegegg-acgtgetccecggaggageta

5101 tcgeccatce-----gtta--cgaaacgc---cgccggcgga-caaggcg--cagctggaa
5098 tcacgatca- gtta--cgaaacgc---cgccagcgga-caaggcg--cagctggaa
5095 tcgeccatcec-----gcta--cgaaacgc---cgccggcgtc-ccgggeg--cagctggaa
4996 tcgacatcc-----gcta--cgaaacgc---cgccgcagga-caaggcg--cagctggaa
5095 tcgacatce- gcta--cgaaacgc---cgccggcgtc-ccgecgeg--cagetggaa
5092 tcgecateec-----gcta--tgaaacgc---cgccggcgga-caaggcg--cagctggaa

5094 tcacggtc -
5098 tcgcgatca
5094 tcacggtc -

agttacga-gacgccgctggcgagcgtggcgcaactggaa
-gcta--cgaaacgc---cgccggccagecaggee -- cagcttgaa
agttacga-gacgccgctggcgagegtggegcaactggaa

5095 tcgccatc----- agct--atgaaa----- cgccgctgcaaagcgtagcgcagetggaa
5096 tcgccatcce -gct--tcgaatcgec-- cgctgctggagcatggcgagetgecgetg
5096 tcgccatcc-----gct--tcgaatcge-- cgctgctggagcatggcgagectgecgetyg
5097 tcgccatcc-----att--acgagtcgc-- cgctgctggcgcgcgagcagetgecgetg
5096 tcgacatcc -gct--tcgagtcge -- cgctgctggagcacggcgagetgeecgetg
5096 tcgccatcc-----gct--tcgaatcge-- cgctgctggagcatggcgagctgecgetyg
5093 tcgccatcc-----gct--tcgaatcge-- cgctgctggagcatggcgagectgecgety
5103 ttaccattg -act--atgaacagc-- cagcccttgaagatgctgaattgctatge
5099 tttcgattg-----aat--atgaaaaac-- cggcatcaaaactcgttgacctacaatgt

5119 tcaccgttccaggagetgttecttececgegggeggtgttggtggatgggecatgegegecat

5148 gccgagtacgacctggtggtggtatcgaatgg - -- cgtcaattacaaatcgctgg
5145 gccgagtacgacctggtggtggtttcgaatgg cgtcaattacaaatcgctgg
5142 gccgagtacgacctggtggtggtatcgaatgg cgtcaattacaaatcgctgg

5043 gcgcaatacgacctggtggtggtggcgaacgg

5142 gccgagtacgacctggtggtggtctcgaacgg

5139 gccgagtacgacctggtggtggtgtcgaatgg

5141 gccgaatacgacctggtcgtggtgtcgaacgg

5145 gccgagtacgatctggtggtggtcgeccaatgg —
5141 gccgaatacgacctggtcgtggtgtcgaacgg -
5142 gccgagtacgacctggtggtggtctccaacgg
5146 gccgactacgacctggtggtgctggccaacgg--
5146 gccgactacgacctggtggtgctggccaacgg—-
5147 gacgactacgacctgatcgtggcggccaacgg-
5146 gccgattacgatctggtggtgctggccaacgg--
5146 gccgactacgacctggtggtgctggccaacgg—-
5143 gccgactacgacctggtggtgctggccaacgg- cgtcaaccacaaga--ccgc
5153 aatgactatgatttagtcgtggtctcaaatgg-- tatcaaccacacca--ccac
5149 aacaaatatgatttagttgttgtttcaaatgg-------- tattaatcatacat--caac
5179 tceggatgggecttegtgttg--ggccaccgggeggatatctggacecctecgacaggecac

cgtcaattacaaatcgctgg
cgtcaactacaaatcgctgg
cgtcaactacaaatcgctgg
tatcaatcacaaatcgctg-
-- cgtcaaccacaagacgctgc
-- tatcaatcacaaatcgctg-
cgtcaatcacaaatcgctgg
--cgtcaatcacaaga--ccgc
cgtcaatcacaaga--ccgc
tgtcaaccacaaga--cttc
cgtcaaccacaaga--cctc
cgtcaatcacaaga--ccgc

5200 --agttgccgccagcactggcgccacacatcgatttcggecgcaacaaa--tacatctg-
5197 --acttgccgccggegetgacgecgcacatcgatttecggecgcaacaaa--tacatctg-
5194 --aattgccgccagegetggegecgecacgtegatttecggecgcaacaaa--tacatctg-
5095 --acttgccgeccggegetggegecgcacgtegat ttecggecgcaacaaa--tacatctg—
5194 --acttgccgccagcactggcgecgcacatcgatttcggecgcaacaaa--tacatctg-
5191 --acttgccgceccgegetggegecgcacatecgatttecggecgcaacaaa--tacatctg-
5192 -gaattgccgccggcactggecgegecaggttgaattcggcaagaacaaa--tacatctg-
5197 --agctgccgecgtcgetggegecgcagatecgacttecgggegcaataaa--tacatetg-
5192 -gaattgccgccggecactggecgegecaggttgaattcggcaagaacaaa--tacatctg—
5194 --agttgccgccggegetgacgecgcaagtcggattcggecgcaacaaa--tatatctg-
5196 ccacttcaccgaggcgctggtgccgcaggtggactacggccgcaacaa--gtacatctg-
5196 ccacttcaccgaggcgctggcgecgcaggtggactacggeccgcaacaa--gtacatctg-
5197 gcacttcaccgaggcgctggcgeccaagectggagtacggcggcaacaa-—-atacatctg-
5196 ccacttcaccgaggcgctggcgecgcaggtggactatggecgcaacaa--gtacatctg-
5196 ccacttcaccgaggcgctggtgccgcaggtggactacggeccgcaacaa--gtacatctg-
5193 ccactttaccgaggcgctggcgecgcaagtggattacggeccgcaacaa--atacatctg-
5203 atattatcgtgatgcactaaagccaaaaattgagttcggtaaaaaccg--ctatatgtg-
5199 gtactataaagaagcattaaagcctaaagttgaattcggtaaaaatcg--ttatatgtg-
5237 gcaagacaccgttgcgcttctatcte-—------- caggcaggaaccaacgtgctgctcc

5255 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcagcaatgagcacgg
5252 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcagcaatgagcacgg
5249 gtacggcaccacccagctgttcgatcagatgaacctggtgttecgcagcaatgagcacgg
5150 gtacggcaccacccagctgttcgaccagatgaacctggtgttcecgcagcaatgagcacgg
5249 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgcagcaatgagcaagg
5246 gtacggcaccacccagctgtttgaccagatgaacctggtgttccgcagcaatgaccaagg
5248 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgecgaaaacagcaacgg
5252 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgecagcaatgegcaagg
5248 gtacggcaccacccagctgttcgaccagatgaacctggtgttccgegaaaacagcaacgg
5249 gtacggcagcagccagcgcttcgaccagatgaacctggtgttccgegecaacgacaaggg
5253 gtacggcaccagccagctgttcgaccagatgaacctggtgttecgcacccacggcaagga
5253 gtacggcaccagccagctgttcgaccagatgaacttggtgttccgcacccacggcaagga
5254 gttcggcaccagccagttgttcgaccagatgaacctggtgttcegcacccacggcaagga
5253 gtacggcaccagccagctgttcgaccagatgaacctggtgtteccgcacccatggcaagga
5253 gtacggcaccagccagctgttcgaccagatgaacctggtgttecgcacccacggcaagga
5250 gtacggcaccagccagctgttcgaccagatgaacctggtgttecgcacccacggcaagga
5260 gtatggcacacccaagacatttgatgccatgaacctgatttttaaatcgcattcaaaagg
5256 gtacgggacgactaaaaagtttgatgaaatgaatttaattttcaaaacgaaagctaaagg
5288 gcatggtttcaggca----- acgacccgcagcacgtctcecggtgegtgatttecccca --a

5315 catattcatcggccatgcctacaaatactcggacacgatgagcacctttatcgtcgag--
5312 cattttcatcggccatgcctataaatactcggacacgatgagcacctttatcgtcgag--
5309 cattttcatcggccatgcctataaatattcggacacgatgagcacctttatcgtcgag--
5210 cattttcatcggccatgectataaatactcggacacgatgagcacgtttatcgtecgagtyg
5309 cattttcatcggccatgectacaaatactcggacacgatgagcactttcategtecgag--
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5306 gattttcatcggccatgecctataaatactcggacacgatgagcacctttatcgtcgag--
5308 cgtgttcgccggeccatgectacaaatactcggacacgatgagcactttcategtega—--
5312 catgttcatcggccatgectaccggtattcggatacgatgagcaccttegtegtega—---
5308 cgtgttcgccggeccatgectacaaatactcggacacgatgagcactttcategtega
5309 cgtcttcatcggccatgectacaaatattcggacacgatgagcaccttcatcgtcga—---
5313 cattttcatcgcccacgectacaagtactcggacacgatgagcaccttcategtecga---
5313 cattttcatcgcccacgectacaagtattcggacacgatgagcaccttcategtega
5314 tattttcatcgcccacgcctacaagtactccageccggatgagcactttegtggtgga
5313 catcttcatcgcccacgectacaagtactcggacacgatgagcaccttegtegtega
5313 cattttcatcgcccacgectacaagtactcggacacgatgagcaccttcatcegtega
5310 catcttcatcgcccatgecttacaagtactcggacaagatgagcaccttegtegtcega
5320 tatttttgtagcacactcttataaatactcaagcactatgagtacattcgtggtcga
5316 tatttttgttgctcactgttataaatattccagtaatatgagtacttttgttgttga

5340 cctgtccatcgagga ----- gattcccgagcgatgaggcgcaccagegteccect--t
5373 ----- aagagacgtacgccagggccgggctggaggcgectgteccgagegegatgecgeecge
5370 - aagaaacgtacgccagggccgggctggaagegetgtecgagegegacgecgecge
5367 - aagagacgtacgccaaggccgggctggaggcgctgteccgagegecgatgecgecge

5270 cagcgaagagacgtacgccagggccgggctggaagcgectgeeccgagecgecgacgccgecge

5367 ----- aagagacgtacgccaaggcggggctggaagcgctgtccgaacgegacgecgeege
5364 ----- aagaaacgtacgccaaggcggggctggaggcgctgtccgaacgecgacgecgeege
5365 ---- gaagagacgtatgccaaagccgagctggaattccgttecgagegegacgecgecge
5369 gaacaggcatatgcccgggccgagctggaaatgcgctccgagecgegatgecgecge
5365 ---- gaagagacgtatgccaaagccgagctggaattccgtteccgagegecgacgecgecge
5366 ---- gagcagacctacgccaaggccgagctggagatgcattccgagegtgaggcageecge
5370 gaggagacctatgcccgcgeccgectgggegagatgtcggaagaggegteggecga
5370 ---- gaggagacctatgcccgecgeccgectgggecgagatgtcggaagaggegtecggecga
5371 ---- gaggaaaccttcgagcgcgecgegectgggggagatgtecggacgaggegtecggegga
5370 gaggaaacctatgtccgecgeccgectgggegagatgteccgacgaagegteggecga
5370 ---- gaggagacctatgcccgcgeccgectgggecgagatgtcggaagaggegtecggecga
5367 ---- gaggaaacctatgcccgcgeccgtctgggegagatgtecggaagaggegtecggecga
5377 gaagagacctatcaaaaatccggcctagatgagatgtcagcacaagacgctgaaaa
5373 ---- gaagaaacgtatataaattcaggtcttgatgaaatgtcgactcaaaatgccgaagc
5391 gcttgaggattcgcatggcccccagecgetg ——=——=—=—======—--- ggggccggecg-

5428 gtacatcgccaaaacgttcaaggccgaactcggtgagcatggactgcagagccaaccggg
5425 gtacatcgccaacacattcaaggcagaactcggcgagcacggactgcagagccaaccggg
5422 gtatatcgccaaaacgttcaaggccgaactcggcgagcatggactgcagagccaaccggg
5330 gactgtcgccagcacgttcaaageccgaact--gcgaacacgtgctgcagagccaaccggg
5422 gactatcgccaaaacattcaaggccgaactcggtgagcacgggttgcagageccaaccggg
5419 gtatatcgcccaaaccttcaaggccgaactcggcgagcacgggttgcagageccaaccggg
5421 ctatatcgccaagacgttcgcgccagaactgggcgaacaccgtctggtcagecageecggg
5425 ctatatcgccaaggtcttcgaggeccgaactgggecggccacgccctggtcagecageccgg
5421 ctatatcgccaagacgttcgcgccagaactgggcgaacaccgtectggtcagecagecggg
5422 ctatatcgccaataccttcaaggcagaactcggcgagcacagcctgatcageccagecggg
5426 atacgtcgccaaggtgttccaggecgagetgggeggecacggectggtgagecagecegg
5426 atacgtcgccaaggtgttccaggecgagetgggeggccacggectggtgagecagecegg
5427 atatgtggcgggcgtgttecgegecgagetgggeggecacggectggtggegcagectgg
5426 atacgtggccaaggtgttccaggecgagetggacggccacggectggtgagecageeegg
5426 atacgtcgccaaggtgttccaggeccgagectgggeggccacggectggtgagecageccgg
5423 atacgtggccaaggtgttccaggecgagetgggeggtcacggectggtgagecageeegg
5433 gttcatcgcatcagtttttgaagatgacttagacggcaatcctgtaatggcgcaagaagg
5429 ctttattgcttcagtatttgaagaagagttagacggtcaaacggttatatcaccaaaagg
5433 ------ cgcgagg ----- cagggagaaccaggcgaaggcacgcaggtgcgtccactegt

5488 ccagg--gctggcg--caacttcatgaccctcagccacgaccaggecctgcgacggcaagt
5485 ccagg--gctggcg--caacttcatgaccctcagccacgaccaggcctgcgacggcaagt
5482 ccagg--gctggcg--caacttcatgaccctcagccacgaccaggcctgcgacggcaagt
5388 ccagg--gctggcg--caacttcatgaccctcagccgecgaccgggeccwgcgacggcaag-
5482 ccagg--gctggcg--caacttcatgaccctcagccacgaccgggcctgcgacggcaagt
5479 ccagg--gctggcg--caacttcatgactctcageccgecgaccgggectgecgacggcaagt
5481 ccagg--gctggcg--caacttcatgaccctcagecgegaggtggecagegacggcaagt
5485 ccaag--gctggcg--caatttcatgaccctcagtcgtgaacgcgectgecgagggcaagt
5481 ccagg--gctggcg--caacttcatgaccctcagccgecgaggtggccagecgacggcaagt
5482 ccagg--gctggcg--caacttcatgaccttgagccacgagcgggcccacgacggcaagt
5486 cctcg--gctggecg--caacttcatgaccctgagccacgaccgctgccacgacggcaage
5486 cctcg--gctggcg--caacttcatgaccctgagccacgaccgctgeccacgacggcaagce
5487 cctag--gctggcg--caatttcatgacgctgagccacgacaagtcctacgacggcaagce
5486 cctcg--gctggcg--caacttcatgacgctgagccacaatcgctgccacgacggcaage
5486 cctcg--gctggcg--caacttcatgaccctgagccacgaccgctgeccacgacggcaage
5483 cctcg--gctggeg--caacttcatgacactgagccacgaccgctgeccacgacggcaagce
5493 cttaa--agtggcg--taactttatgactcttagccacgaacaagcgtttgatggcaatg
5489 gctca--aatggcg--taacttcatgacattgagtcatgaacaagcctatagcgataata
5481 cctccacgcetcgeggecageategectectgaagggacgggaggggccacgaa-tegage

5544 tcgtcctgetecggeg--atgegetgcaatcggggcatttttecca--teggeccatggecace
5541 tcgtcctgeteggeg--atgegetgcaateggggcattteteca--ttggeccacggcace
5538 tcgtectgeteggeg--atgegetgcaateggggcatttectecca--teggecatggeace
5443 ———---— gctcggeg--atgegetgecartegggrecatttntcca--tecggeccanggcace
5538 tcgtcetgetgggeg--atgegetgcaateggggcatttttecca--teggeccacggcace
5535 tecgtgetgeteggeg--atgegetgcaateggggecatttttecca--teggecatggecace
5537 tcgtgctgatcggeg--atgegetgcaatecgggecacttectecga--teggecatggecace
5541 tcgtcctgatcggeg--atgecgetgcaatecgggecacttctecga--tecggeccacggaacyg
5537 tcgtgctgatcggeg--atgegetgcaatecgggecacttectecga--teggeccatggecace
5538 ttgtgctgatcggeg--atgegttgcaateccggecatttectecga--ttggeccatggecace
5542 tggtgctgctgggeg--acgcgctgcagtecggecactteteca--teggecacggcace
5542 tggtgctgctgggeg--acgcgetgcagtecggecactteteca--teggeccacggcace
5543 tggtgttgatcggeg--acgcgetgcagtecggecacttectecca--tecggeccacggecace
5542 tggtgctgctgggeg--acgcgetgcagtecggecacttetecca--teggecacggecace
5542 tggtgctgctgggeg--acgcgctgcagtecggecactteteca--teggecacggcace
5539 tggtgctgctgggeg--acgcgetgecagtecggecactteteca--teggecacggcace
5549 tcgcactactcggtg--acgcgectgcagtetggtcacttctcaa--tcggtcacggtaca
5545 ttgttttactaggtg--atgcactgcaatcaggacatttttcta--ttggtcacggtacg
5540 tcgagctgectgaccgcacgegectaccg-actgegettectccaagteegtegtggectg

5600 accatggcggtggtggtcgeccctgetgttggtcaaaatcect —-- caataccgaagacgge
5597 accatggccgtggtggcggecctgetgectggtcaatatect -- caataccgaagctgge
5594 accatggcggtggtggcagcectgectgetggtcaaaateet cgacaccgaagccgge
5492 accatggcggtggtggnngccctgetgntggtcaaraycct -- cnataccgaagncesrm
5594 accatggcggtggtggcagccctgetgetggtgaaaatcct -- cgataccgaagccgge
5591 accatggcggtggtggcagcectgetgetggtcaagateet -- ccataccgaagcegge
5593 accatggcggtggtggtggcccagetgectggtgaaaacgctcage -- gccgaageccgge
5597 accatggcagtggtgcttgccctgectgectggtgaaaaccctcageg -- ccgataccgac
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5593 accatggcggtggtggtggeccagetgetggtgaaaacgctcage---gccgaagccggce
5594 accatggcggtggtggtcgegcaattgetggtaaaaaccct---caacacggaagccgac
5598 acgatggcggtggtggtggecgecagetgetggtgaaggecgetgtge--—accgaggacggce
5598 acgatggcggtggtggtggcgcagetgetggtgaaggegetgtge accgaggacggc
5599 accatggcggtggtggcggegecagetgetggtgaaggecgetgtge---gccgaggecage
5598 acgatggcggtggtggtggcgcagetgetggtgaaggegttgtge---accgaagecgac
5598 acgatggcggtggtggtggcgcagetgetggtgaaggegetgtge accgaggacggc
5595 acgatggcggtggtggtggecgecagetgetggtgaaggcgetgtge---actgaggacggce
5605 accatggcggtggttggtgcacagatcttagtaaaggccgtgtatgataacccagacaac
5601 actatggctgtagttggcgcacaaatgttagttaaatcggtttacgatcatagtgataat
5599 agccagcttctccgagtcgeccagecag---- ggtggcgecttg--tcgectcagattee

5657 a--aggccgcecgcactggac-agtttcaatgegegtgecgtgecectggtgcaattgtte
5654 a--cggccgecgecctggac-agettcaatgecegegecgtgeccetggtgecaactgtte
5651 a--cggccgecgecctggac-agettcaatgececgegecgtgeecttggtgecaattgtte
5549 anacggcygccgenctggac-agnttcaatgencgngecgtgeccctgrtgcaattgtte
5651 a--cggccgcecgecctggac-agtttcaatgececgegecgtgececctggtgcaattgtte
5648 g--cggcggccgecctggac-agettcaacgegegegecgtgeeccctgatgcaattgtte
5650 --acggccgeggecct-ggecagettcaacgeccgegegetgecactggtgcaactgtte
5654 ccggtg--gccgecctggacaa-cttcaacgeccgegegetgecectggegeatetgttt
5650 --acggccgcggccct-ggccagettcaacgececgegegetgecactggtgcaactgtte
5651 g--gcgcegetgecctegac-agettegecgecegegecactgecgetggtgegectgtte
5655 gtgccgge-c-gcgct-gaagcgettcgaggagegegegetgeecgetggtecagetgtte
5655 gtgccgge-c-gecget-gaagecgettcgaggagegegegetgeegetggtecagetgtte
5656 gtgccgge-g-gecget-ggccagettecgacgegegegegatgeecgttggtcaagetgtte
5655 gtgccgge-c-geget-gecggagettcgaggagegegegetgecgetggtecagetgtte
5655 gtgccgge-c-gecgect-gaagegettcgaggagegegegetgecgetggtecagetgtte
5652 gtggcggc-c-gcgct-ggagagcttcgaggegegegegetgecgetggtecagttatte
5665 gtgcaagc-a-gcatt-aactgacttcaaccagcatgtaatgcctatcatgegecttattt
5661 attgctac-g-gcgtt-agaagattttaaccaaaatgtgatgcctgtcatgcaattgttt
5652 gtcccacc-atgcgetcgacgagegtcgactccgeggegatg-cgctcgeccagcaacca

5714 aaggagcacgccaacaacagccgcctgtggtttg -------- gcgaacgtatcgaactg
5711 aaggagcacgccaacagcagccgcctgtggtttg —— -- gcgagcgtatcgaactg
5708 aaggaccacgccaacagcagccgcectgtggtttg —— -- gcgagcgtatcggactg

5608 aaggascacgccaacrncagecgcectgtggtttgaaagegtgggegancgtategnretg

5708 aaggagcacgccaacagcagccgcctgtggtttg - - gcgagcgtatcggactg
5705 aaggaccacgccaacagcagccgcectgtggtttg - - gcgagcgtatcggactg
5707 aaggagcatgccgacgccagccgectgtggtt ——--— cagcgagcgtgtcgggetg
5711 agggaccatgccaacagcagccgcctgtggtttget - gaacgcatggagctg
5707 aaggagcatgccgacgccagccgectgtggtt —-—— cagcgagcgtgtcgggetg
5708 aaggaccatgccaaccgcagccgectgtggtttg - - gcgagcgcatcggcatg
5712 cgcggccatgccgacaacagccgggtetggtteg - - aggagcgcatgcacctg
5712 cgcggccatgccgacaacageccgggtcetggtteg - - aggagcgcatgcacctg
5713 agcgagcatgccaacagcagccgcgactggtteg - - acgaccgcatgcatctg

5712 cgcggccatgccgacaacageccgggtectggtteg ——
5712 cgcggccatgccgacaacagccgggtcetggtteg ——
5709 cgcggccatgccgacaacagccgegtctggtteg —

aggagcgcatgcatctg
aggagcgcatgcacctg
aggagcgcatgcatttg

5722 gaccaacatgccactatcagtcgcttatggtttg -- aagacagaatgcattta
5718 gatcaacatgcaagtactagccgattatggtttg --— -- aagaccgcatgcattta
5710 cagggcctgtcc--caaccgcatgcggtggtegg——— --ggggaggcct ----tg

5765 agcaat--gaagagctgaccgccagcttcgacgeccc--geccgcaaggacctac--
5762 agcaat--gaagagctgaccgccagcttcgacgeccc--geccgcaaggacctge
5759 agcaat--gcagagctgaccgccagcttcgacgecge--geccgcaaggacctge--
5668 agcaat--gnagagctgaccgccagcttcgacgeccc--geccgcaaggacttgecgteget
5759 agcaat--gcagagctgaccgccagcttcgacgeccec--geccgcaaggacctac—-— -
5756 agcaat--gaagagctgaccgccagcttcgacgecge--gacgcaaggacctge-—
5758 ggcaa--cgcggagctgaccgeccagettecgatgecec--gecgcaaccatctg---
5762 agcaac--gcggatctgactgccagecttcgatgeccc--ggcgcaaggacctg—
5758 ggcaa--cgcggagctgaccgeccagettecgatgecec--gecgcaaccatctg—
5759 agcaat--gccgaactgaccgccagettcgacgeccec--gecgeccaggacctg—
5763 tccagc--gccgagttecgtgcagagettcgacgege--geccgcaagtcgatg—
5763 tccagc--gccgagttecgtgcagagettcgacgege--geccgcaagtcgatg—
5764 agcaat--gccgagttcatgcagagcttecgatgecc--geccgcaaggcgetg—
5763 tccagc--gccgagttcgtgcagagettcgacgecec--gecgcaagtcgatg—
5763 tccagc--gccgagttegtgcagagettecgacgege--gecgcaagtcgatg—
5760 tccagc--gccgagttecgtgcagagettecgacgecc--gecgcaagtcgatg—
5773 tcacca--ccagaaattgcacagagctttgcagatc--gccgcagcgaactg-
5769 tcaact--cctgagctagcacaaagctttgcgacgc--gcagaaaccaacta—- -
5754 acgacccggacgag-gagggccggcccttgaagegeccageegetgecaccatg -- geecee

5814 --aagaagcgctgatggccagcectcgge-tacgegetggge--cgectaaggga ---gat
5811 --aggaagcgctgatggccagecttgge-tacgegetggge--cgectaaggga —---gac
5808 --aagaagcgctgatggccagccttgge-tacgecgetggge--cgecta-ggga
5724 ncargaag-gctgatggccagcctngge-tacgcgctgggc--cgctnaggga
5808 --aagaagcgctgatggccagecttgge-tacgegetggge--cgcta-ggga
5805 --aggaagcgctgatggccagectcgge-tacgecgetggge--cgecta-ggga
5806 -caggatgcgctgatggccagcctcgge-tacgeccctecgge--cgectaagga -
5810 -caggatgcgctgatggccagectggge-tacgeccctggge--cgttgaggag
5806 -caggatgcgctgatggccagectcgge-tacgecctegge--cgctaagga —
5807 -caggaagcgctgatggccagtctcgge-tacgeccctecggcaa--ataagga -
5811 -ccggaagcgctggcgcagaacctgcege-tacgegetgca--acgctgaggag
5811 -ccggaagcgctggcgcagaacctgcge-tacgegetgca--acgectgaggag
5812 -ccggaagcgctggcgcgcaatctggge-tatgegetcga--cecgetgaggac
5811 -ccggaagcgctggcgcagaacctgcge-tacgegectgca--acgctgaggag
5811 -ccggaagcgctggcgcagaacctgege-tacgegetgca--acgctgaggag
5808 -ccggaagcgctggcgcagaacctgege-tacgegetgca--acgectgaggag ---gcg
5821 -ccagctgctcttggtca-agectagag-agagcgect--g--gctc-gtggagagaagta
5817 -ccgccagegttaggaca-agecttgaa-aaagecttt--a--gcgc-gaggagaaaagta
5810 cccggetgtgcetgacgtcaagactecgectecgegtagaacgaggcageggacgtgggee

5865 accatg -
5862 accatg
5858 gccatg
5776 nccatg-
5858 gccatg
5855 gccatg
5857

--ccgacacacgtctccecgecgetgetgecgatgcaatggage
-ccgacacacgtctcaccgecgetgttgecgatgcaatggage
-tcaatacaagtcgccccgecgetgetgecgatgaaatggage
ccrrcmsmcstcncceegee —— -- caatggagc
—-ccgacacactccgececcgecgetgetgecgatgcaatggage
-ccgacacacctcgcecegeegetgetgecgetgecaatggage
—--ccaccgcacgccacceccgecgetgetgecgatgcaatggage

5859 --ccgatgcacaccacgccgcctttgetgecgcagcaatggage
5857 -ccaccgcacgccacccegeegetgetgecgatgcaatggage
5858 --cctgcacacgccacaccgectttgetgecgacccaatggage

5863 g-catggaa------- aaccg--ggaa----- ccgcecgectgetgecggcgegetggage
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5863 g-catggaa------- aaccg--ggaa----- ccgccgetgetgecggegegetggage
5864 g-ccatgacccagcccatccc--gcagtccgegecgecgetgetgeecgecagcagtggage
aaccg--ggaa----- ccgeegetgetgeeggegegetggage
- ccgcegetgetgecggegegetggage
- gcgcegetgetgecggegegetggage

5873 a-tatggacctgcaaaaa----- caaaagcagcgaccaaagctacctactcagtggage
5869 a--atgcagtttaataaaata--acaaaagtcgc-tcctttattacctgaacaatggagt
5870 g-gtagtca--ggcagcgccg--cga----- tgcgctccagttccctcagetettette

5913 ag-cgcctatgtttcecctactggacgeccgatgcaggecggatgaccaggtcacc-teegget
5910 ag-cgcctatgtttectactggacgeccgatgcaggecggatgaccaggtcacg-teegget
5906 ag-cgcttatatatcctactggacgccgatgcaggaagacgaccaggtcacg-tecegget
5811 ag-cg ---tntytcctactggacrccgatgcaggnggangaccaggtmacn-tcecgget
5906 ag-cgcttacatttcctactggacaccgatgcaggaggacgaccaggtcacg-tcecgget
5903 ag-cgcctatatctectactggacaccgatgcaggaggacgatcaggtcacg-tecegget
5905 ag-cgcctacatctcgtattggtcgecgatgecgggaagacgacgaggtcact-tecegget
5904 agt-gcctatacctcgtattggctgecgatgecgggaggaagaccagatcacc-teegget
5905 ag-cgcctacatctegtattggtcgecgatgecgggaagacgacgaggtcact-teegget
5906 ag-cgcctatgtctectattggtcgecgatgcaggagcaggatcagectcac-ctegggtt
5907 ag-cgcctatgtgtcgtactggagtccgatgetgecggatgaccagetgacg-teegget
5907 ag-cgcctatgtgtcgtactggagtccgatgetgeccggatgaccagetgacg-teegget
5921 ag-cgcctacgtttectattggtecgecgatgetgcaggacgaccagectcage-teggget
5907 ag-cgcttacgtgtcgtactggagtccgatgectgecggatgaccagectgaca-tecegget
5907 ag-cgcctatgtgtcgtactggagtecgatgetgecggatgaccagetgacg-teecgget
5904 ag-cgcctacgtgtecgtactggegtecgatgetgcaggatgaccagttgact-teegget
5926 ac-cagctatgtttcttactggcagcctatgcaaccagaagatcacattaca-tctggtt
5924 ag-cagttacatttcatattggattcctatgcagcctgacgatgatattact-tcagggt
5919 ggtcaacggtgcgtecgggctggeg-cggcteccatcaggaggaccagggegegetgecatet

5971 attgctggt--tcgactatgc-gcgcaatatctgccgcatcgacggect ——-----
5968 attgctggt--tcgactatgc-gcgcaacatctgccgecatcgacggect -
5964 attgctggt--tcgactatgc-acgcaatatctgccgcatcgatggect -
5865 attgctggt--tcgactatgc-gcgcaanatctgccgcatcganggect -
5964 attgctggt--tcgactatgc-gcgcaacatctgccgcatcgatggect ———----
5961 attgctggt--tcgactatgc-gcgcaacatctgccgcatcgatggect ——----
5963 attgctggt--tcgactatg-cccgcgacatttgeccgecatcgacggect -
5962 attgttggt--tcgattatggc-cgcaatatctgccgcatcgacggetta
5963 attgctggt--tcgactatg-cccgcgacatttgeccgcatcgacggect ——-----
5964 attgctggt--tcgactatg-cacgcaatatctgccgcatcgacggect ——-----
5965 actgctggt--tcgactacga-gcgcgacatctgtcggatagacggect -
5965 actgctggt--tcgactacga-gcgcgacatctgtcggatagacggect
5979 attgctggt--tcgactacgg-ccgcaacatctgccgcatcgatggect ——-----
5965 actgctggt--tcgactacga-gcgcgatgtctgtcgecatcgacggect ——-----
5965 actgctggt--tcgactacga-gcgcgacatctgtcggatagacggect -
5962 attgctggt--tcgactacga-gcgggatgtctgccgcatcgacggect -
5984 attgctggt--ttgactatac-ccgcaacgtgtgcagaattgacggtcet ——-----
5982 actgttggt--tcgattataa-aaaaaatgtttgtcgcattgatggttt —-—----
5978 ccgtcgggtecteggecgegaagegacgcagecg-cgecacgcagggectegegatggtee

6021 aacccctgg-------tcgg---------- aaaaggaacatggac-acctgctgt --gg
6018 aatccctgg: --aaaaggaacatggac-acctgctgt --gg
6014 aatccctgg- aaaaggaacatggac-acctgctgt --gg
5915 aanccctgg- aaaaggaacatggac-acytgctgt --gg
6014 aacccctgg------- --aaaaggaacatggac-acttgctgt --gg
6011 FEEEEEEge——————BEgg————————— aaaaggaacatgggc-acctgctgt --gg
6013 aatccctgg: aaaaggagacgggacaccggctct --gg
6012 aatccctgg: aacgggaaaccagacaccggcetgt --gg
6013 aatccctgg: aaaggagacgggacaccggctct --gg
6014 aacccctgg: aacaggagacggggcaccggcetgt --gg
6015 aatccctgg------- --agcgcg-acaccggctaceggetgt --gg
6015 aatccctgg- agcgcg-acaccggctaceggetgt --gg
6029 aacccgtgg- aggagg-ataccggctatcggetgt --gg
6015 aatccctgg- agcgcg-acaccggctaccggetgt --gg
6015 aatccctgg- agcgcg-acaccggctaccggetgt --gg
6012 aatccctgg- agcgcg-ataccggctaccggetgt --gg
6034 aatccatgg- aagaaa-agacaggtcacaggttgt --gg
6032 aacccttgg------- g --agaaaa-aaaagggtcacagattat --gg
6037 acgggctgggagtcactcgggaaatagtccagggcggacagcaacaaccgtgggtectgg

6060 atgtcggaaa-tcggcgacgccaggcgcgaacaaagcecgcaagcagaaagtggectacge
6057 atgtcggaaa-tcggcgacgccaggcgcgaacaaagccgcaagcagaaagtggettacge
6053 atgtcggaaa-tcggcgacgccaggcgtgaacaaagccgcaagcagaaagtggectacge
5954 atgtcggaaa-tcggcgacgccaggcgngarcamagccgcaagcagaaagtggeytacge
6053 atgtcggaaa-tcggcgacgccaggcgtgaacaaagccgcaagcagaaagtggectacge
6050 atgtcggaaa-tcggcgatgccaggcgcgaacaaagcecgcaagcagaaagtggectacge
6052 atgtcggaaa-tcggcgacgccaggcgcggacaaagccgcaaacagaaagtegettatge
6051 atgtcggaaa-tcggcgatgcccggegeggeccagagccacaaggagaaagtggettatge
6052 atgtcggaaa-tcggcgacgccaggcgecggacaaagccgcaaacagaaagtegettatge
6053 atgtcggaaa-tcggcgacgccaggecgtggccaaagccgcaagcagaaagtggegtatge
6054 atgtccgag-gtcggcaacgccgccagcggecgcacctggaagcagaaggtggectatg—
6054 atgtccgag-gtcggcaacgecgeccageggecgcacctggaagcagaaggtggectacg -
6068 atgtcggaa—-accggcaatgccgccagecggacgcaccecgcaagcagaaagtggectacg-
6054 atgtccgag-gtcggaaacgccgccageggccgcacctggaagcagaaggtggectatg-
6054 atgtccgag-gtcggcaacgccgeccageggecgecacctggaagcagaaggtggectatg—
6051 atgtccgag-gtcggcaacgccgeccageggecgcacctggaaacagaaggtggectatg—
6073 atgtctgaa-atcatgtaccctgcaactaacgaatctttcaaatcaaaagttgcatatg-
6071 atgtctgaa-atcatgtaccccagtactgatgaatcatttaaatctaaagtgtcatata—-
6097 atgtcctccagacgggcggacagccage-gccgcgaggegtettegagtetgge —--g-

6119 aaggcaagcggag--gcggctgg-cgagcagctgcagggcacgge-gctggecgatgagg
6116 caggcaggcgcag--gcaactgg-cgagcagctgcagggcacggc-gctggccgacgagg
6112 aaggcaagctggg--gcaactgg-cgagcagctgcagggaacggc-gctggecgatgaag
6013 naggcaagcnnmg--scnnctgg-cgarcagctgcagggcacggc-gmtggeccgaygagg
6112 gaggcaagcacag--gccaccgg-cgagcagctgcagggcacgge-gctggecgatgagg
6109 gaggcaggcgcag--gcaactgg-cgagcagctgcagggcacggc-gctggecgacgagy
6111 cagggaggcggagccggcc-- ggcgtgaagctgtac-gagcgggcgectggecgatgagg
6110 cagggaaacggtggccgccgaggt -- gcggctgtacgagacggtc-ctgcccgattcgg
6111 cagggaggcggagccggec-- ggcgtgaagctgtac-gagcgggcgectggecgatgagg
6112 cagggaagcgg-c--ggccgagggcgtcaagetgtacgagatgg-cgetggeggatgaag
6112 gccgecgageggac--cgecctgggcegagecagetgtge-gageggecgetggacgacgaga
6112 gccgcgageggac--ccecttgggegagecagetgtge-gagegtececgetggacgacgaga
6126 gccgcgaggcgat--ggcgtacggcaccgegetgtge-gacatceccgetggacgacgaaa
6112 gccgecgagcggac--tgccgecggcgagecagetgtge-gagegtccgetggacgacgaga
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6112 gcc g c--c cct g gc- ag c a c a
6109 gccgegageggac--ggecctgggcgaacagetgtge-gagegteecgetggacgacgaga
6131 gccgtgaacatat---ggacaagcagagcacttttgaagagcaagtcttaaacgacgaag
6129 cgcggaacgatat---gacaaagacttctgcatttgaagctgcagtattaaatgatgaaa
6151 cccgcgaac-gcg--agcatcaggecgggectcgaccecggtetgtecge--geccaggece

6175 tgaccccgttccatg--agctgttectge-cgcaggcggtgetgectgga--cgge--ggt
6172 tgacgccgttccatg--acctgtttcetge-cgcaageggtgetggtcga--cgge--agt
6168 tgacgccgttccatg--agctgttcectge-cgcaageggtgetgettga--cggt--agt
6069 tracnccgttccatg--mnctgttcctgcacgcangcggtgectgstnga--cggn--nst
6168 tgacaccgttccatg--acctgttcctge-cgcaageggtgetgetgga--cggg--gge
6165 tcacgccattccatg--acttgttcctge-cgcaagecgtgetgetgga--cgge--ggt
6167 tcacgcccttccacg--agectgttectge-cgcaggcgatectgat--cgacgge--gaa
6166 tgacgcccttccagg--aattgttcctge-cgcagaccattttggtggat--ggegegge
6167 tcacgcecttccacg--agetgttectge-cgcaggcgatectgat--cgacgge--gaa
6168 tgacgcccttccatg--acttgttcctge-cacaggcgattetg ------ cgcgacggce
6169 ccggccegttecgecg--agetgttectge-cgegegacgtgetgeg ccggetgggce
6169 ccggccegttegecg--agetgttectge-cgegegacgtgetgeg —-- ccggectggge
6183 ccggcecgttececgge--agetgttectge-cgegegacgtgetgge --- tgcgecatgac
6169 ccggcecegttegecg--agetgttectge-cgegegacgtgetgeg --- cecggetggge
6169 ccggccegttecgecg--agetgttectge-cgegegacgtgetgeg --- cecggetggge
6166 ccggccegttcgeccg--aactgttectge-cgegegacgtgttgeg --- cecggetggge
6188 ttgacccgtgccacg--agttaattctaa-cgcaagatgtactcga --- attgtgtgac
6186 tagacccttgtcatg--aactgatactta-cgcaagatgtattaat --- aacatgcaat
6206 ccgccagcgtcgcctccatctggte-- c-cacgaggccatccccgagaacagccccggyg

6228 gccegtcacgacggecg--ccacaccgtgetgggecgggaggeggacgectgggtagteg
6225 gcccgtcacgacggect--ccacagegtgetgggecgggaggeggacgectgggtagteg
6221 gccegtcacgacggecg--ccacaccgtgctgggeccaggaggcggacgcectgggtaatgg
6123 gccegtcacgacggeccg--ccacancgtgctgggecgggaggeggaygectggrtagteg
6221 gccecgtcacgacggccg--ccacagegtgctgggecgggaggeggacgectgggtagteg
6218 gcgcgtcacgacggccg--ccacaccgtgctgggecaggaggecggacgectgggtagteg
6220 gcgcgtcatgacggecg--ccacacggtgctgggecaggeggecgacgectgggtggtgg
6221 gcge--catgacggccg--ccacgtegtgctagggcagteccgecgacgectgggtggtygg
6220 gcgcgtcatgacggeccg--ccacacggtgctgggecaggeggecgacgectgggtggtgg
6218 aancgccagggcggccg--ccacaccgtgctaggcatggeggecgatatctggategtgg
6222 gccecgecatatcggecg--cegegtggtgetgggcagggaagecgacggctggegetace
6222 gcccgecatatcggecg--cegegtggtgetgggcagggaggecgacggetggegetace
6236 gcgcgctatgccggacg--gcacaccgtgctgggacaggaggccgatgectggacgtate
6222 gccegettcatecggteg--ccgecgaggtgetgggetgecgaggecgacggetggegttacy
6222 gcccgecatatcggecg--cecgegtggtgetgggcagggaagecgacggetggegetace
6219 gcgcgecacgtcggecg--ccgegaggtgetgggecgegeggecgacggectggegetacy
6241 gctcagttccaaggaac--atgcgaggtattagggtttgaagctgatatttggeatttee
6239 gcacaatatattggtac--atctaatattctaggtcatgaagttgatgaatggtttttte
6262 tcctcgaacatcggacggcccgecgegecagecaggecgecacgaaggagtetegecagtte

6286 agc-gggcg --ggcaagccgccatcggtcecttttacctggaggecggtggcaaccgectg
6283 aac-ggacg --ggcaagccgccatcggtcttttacctggaggecggtggcaaccgectg
6279 agc-gggcg --ggcaagccgccatcggtcttttacctggaggecggeggcaaccgectyg
6181 agc-srgcg --ggcaagccgccatckgtcttttacctggagreccggnggcaaccgectyg
6279 agc-gggcg --ggcaagccgtcatcggtcttttacctggaggecggeggcaaccgectg
6276 agc-gtgcg --ggcaagccgccatcggtcttttacctggaggecggeggcaaccgectyg
6278 agc-ggccg --ggcaaagccgccteggtgttctatctccaggecggeggcaatcacttg
6277 agctggccg ---gccaggcgecgteggtattetatecteccaggetggeggecaactgecty
6278 agc-ggccg --ggcaaagccgccteggtgttctatctccaggecggeggcaatcacttg
6276 aaa-ggccg --ggcaaagcaccgtccgecttctacctgcaagecggeggcaategectg
6280 agc-gtccg --ggcaaggggccgtccacgttgtacctggacgecgecageggtacgecg
6280 agc-gtccg --ggtaaggggccgtccacgctgtacctggacgeccgeccageggecgagecyg
6294 aga-gagcg --ggcaagggaccgtccacgctgtatttccaggecggcaccaatectgetg
6280 agc-gtccg --ggcaaggggccgtccacgctgtatctggacgecgeccageggecgagecg
6280 agc-gtccg --ggcaaggggccgtccacgttgtacctggacgecgecageggtacgeeg
6277 agc-gtccg --ggcaaggggccgtcgacgctgtatctggacgecgecageggegegecyg
6299 aac-gccccaatggtaaaggtccagecacatattacttcaaagcagataccaatcaactt
6297 aac-gtcctaatggcaaaggacctgctacttattactttataagtgataccaatcactta
6322 tcc-gtc gggtgcg tgccectccgeteectcageg —---- ct
VIO E end

6342 ctgcgcatggtcac
6339 ttgcgcatggtcac
6335 ctgcgcatggtcac
6237 ctgcgcatggtcac
6335 ctgcgcatggtcac
6332 ctgcgcatggtcac
6334 ctgcgcatggtcac
6333 ctgcgcatggtcac
6334 ctgcgcatggtcac
6332 ctgcgcatggtcag
6336 ctgaggatggtgac
6336 ctgaggatggtgac
6350 ctgcgcatggtcac
6336 ctgaggatggtgac
6336 ctgaggatggtgac
6333 ctgcgtatggtcac
6358 ttaagaatggtcac
6356 gtacgtatgataac
6358 tcgagga-------
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