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ABSTRACT

Quorum sensing is a mechanism of intercellular bacterial communication in
which specific signal molecules called autoinducers regulate the expression of genes for
the production of secondary metabolites. Bacterial cells constitutively produce and
respond to the autoinducers, depending on the bacterial density. In Gram-negative
bacteria, autoinducers of quorum sensing systems are N-acylhomoserine lactones
(AHLs). The AHL-based quorum sensing system was found for the first time in a
marine bioluminescence bacterium Vibrio fisheri. This type of quorum sensing contains
two main components. AHL synthase (usually known as Luxl or Luxl homologue) is
responsible for AHL synthesis. The second component is a regulatory protein (usually
known as LuxR or LuxR homologue) which binds to AHL and promotes transcription of
the target gene.

Violacein, a purple pigment produced by several species of terrestrial and marine
bacteria, is a secondary metabolite that possesses various biological properties, such as
antibacterial, antiviral, antitrypanosomal and antitumor activities. These bioactive
properties offer the possibility to use violacein for medical applications.

It has been reported that the violacein production of Pseudoalteromonas sp. 520P1
is regulated by N-acylhomoserine lactone-mediated quorum sensing. The gene cluster
responsible for violacein biosynthesis in Pseudoalteromonas sp. 520P1 has also been
characterized. However, the luxl gene and luxR gene in strain 520P1 have not been
identified so far. Identification of these genes is crucial to extend our knowledge of the
whole regulatory mechanism of the violacein biosynthesis in Pseudoalteromonas sp.

520P1. In this study, we investigated the protein components (Luxl and LuxR



homologues) of AHL-dependent quorum sensing system in Pseudoalteromonas sp.

520P1 and expressed the cloned luxl in Escherichia coli.
PART-I

Cloning the luxI gene from Pseudoalteromonas sp. 520P1 by degenerate PCR

Degenerate PCR method has been widely used to amplify DNA when only protein
sequences of the genes of interest are identified, or the isolation of similar genes from
related organisms is intended.

It has been reported that the LuxI family proteins (AHL synthases) have been
found in more than 150 species of Proteobacteria. There is a great diversity among the
AHL synthases in their production of AHLSs. The sequence conservation between any two
members of the AHL synthase family is typically greater than 40% similarity.

In this study, we used degenerate primers to amplify the partial of luxl gene of
strain 520P1 based on the nucleotide sequences deduced from the conserved protein
sequences between Luxls from different bacterial strains.

The result of degenerate PCR indicated that the partial regions of luxl gene
homologue in Pseudoalteromonas sp. 520P1 could not be amplified using degenerated
primers. The reason for this failure might come from the low homology of Luxls at
nucleotide level. Therefore, to identify and characterize the luxl gene homologue in strain

520P1, it is essential to sequence the whole genome of Pseudoalteromonas sp. 520P1.
PART-I11

Genome Sequencing of Pseudoalteromonas sp. 520P1 No. 412
The genome of strain 520P1 No. 412 was sequenced on an Illumina Hiseq 2000

system and one luxl and five luxR homologues were identified. Based on the amino acid



sequences, we characterized one Luxl and five LuxR protein homologues in
Pseudoalteromonas sp. 520P1 named Pall and PalR1 to PalR5, respectively. The
properties of Pall and five PalRs provided the basis for understanding the components of
N-acylhomoserine lactone-dependent quorum sensing system in this marine bacterium.

We compared the amino acid sequence of Pall with those of Luxl homologues
from different bacterial species. Based on the structure of Esal, an AHL synthase
well-defined using X-ray crystallography, we identified six amino acid regions that share
significantly conserved homology in all aligned sequences. The results suggest that Pall
is an AHL synthase and has a close relationship with Luxl from Pseudoalteromonas
atlantica T6c among Luxl homologues in Pseudoalteromonas.

We identified five LuxR homologues (PalR1 to PalR5) in the genome of the strain
520P1, in which one pair of Pall and PalR3 were located adjacently on the scaffold 19.
When compared with LuxRs from other Pseudoalteromonas species, all sequences
shared low homology in the AHL-binding domain (N-terminus) but retained some
conserved amino acid sequences in the DNA-binding domain (C-terminus). The
divergence of N-terminal regions in LuxR homologues of strain 520P1 was consistent
with the general characteristics of LuxR family proteins from different species, including
Pseudoalteromonas species.

Among LuxR homologues of strain 520P1, we found PalR5 shared 74 % and
77 % homology with LuxRs from Pseudoalteromonas citrea DSM8771 and
Pseudoalteromonas luteoviolacea, respectively. On the other hand, phylogenetic analysis
showed that other LuxR homologues of strain 520P1, PalR1, PalR2, PalR3 and PalR4,
were not in the same branch with PalR5 and phylogenetically separated from each other.

The reason for this could be explained when we assume that palR genes have been



acquired from different sources during the evolutionary process of Pseudoalteromonas sp.
520P1 probably by horizontal gene transfer. Since the cognate Luxl homologues of these
PalRs except PalR3 have not been identified, it is most likely that they are LuxR solos. In
the strain 520P1, these LuxR solos might respond to endogenous and exogenous signals

produced by neighboring bacteria and then control a set of genes.
PART-111

Cloning and expression of the Pall gene from Pseudoalteromonas sp. 520P1 in E.
coli

To examine whether the pall gene product indeed has AHL synthase activity, we
tried to clone this gene and express in E. coli BL21 (DE3). We successfully cloned the
pall gene and expressed in E. coli BL21 (DE3). Using AHL bioassay coupled to TLC
plate, two types of AHL were detected in the extract of the expression culture of
recombinant E. coli harboring pall gene. Two spots of AHL on the TLC plate were
similar in mobility to those of strain 520P1 No. 412.

Bioassay of AHL on a TLC plate in this study demonstrated that Pall can produce
in E. coli two types of AHL similar to those in strain 520P1. Therefore, possible
involvement of Pall in the regulation of violacein synthesis in strain 520P1 is suggested if

we can assume that Pall is the only AHL synthase in strain 520P1.
PART-1V

Genome sequencing of a variant of Pseudoalteromonas sp. 520P1
Pseudoalteromonas sp. 520P1 No. 423, a variant strain that was isolated from the
culture of strain 520P1, has an ability of highly stable production under agitated culture

conditions. In the previous study, it was also hypothesized that a mutation in the upstream



promotor region of violacein gene cluster in strain 520P1 No. 423 led to the production of
violacein under agitated culture conditions. However, nucleotide sequencing showed that
the upstream sequence of violacein gene cluster of strain 520P1 No. 423 was identical to
that of the original strain 520P1 No. 412. Therefore, no mutation occurred in the upstream
region of violacein gene cluster of strain 520P1 No. 423. To clarify the difference of pall
and palR genes between strain 520P1 No. 412 and No. 423, we performed the genomic
sequencing of strain 520P1 No. 423.

The results of partial genomic analysis between strain 520P1 No. 412 and No. 423
showed that no mutation existed in the nucleotide sequences of the pall and its promoter,
five palRs and their promoters, violacein gene cluster and its promoter. Therefore, unique
properties of strain 520P1 No. 423 in violacein production should be ascribed to the gene
mutation that is not relevant to pall, palRs and violacein gene cluster.

To reveal the difference between strain 520P1 No. 412 and No. 423, we need to
consider other possible reasons. One of them is the mutation in the sequences of
AHL-degrading enzymes in strain 520P1 No. 423. There are two group of
AHL-inactivating enzymes; AHL lactonases which hydrolyze the lactone ring in AHLs
and AHL acylases which hydrolyze N-acyl bond and release a free homoserine lactone
and a fatty acid. We suggest that the identification of these enzymes might clarify the
ability of producing violacein under agitated culture conditions of strain 520P1 No. 423.

Keywords: Pseudoalteromonas; violacein; N-acylhomoserine lactone; quorum sensing
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CHAPTER |

General Introduction

1.1 Basics of the Quorum Sensing System

Quorum sensing is a mechanism of intercellular bacterial communication in
which specific signal molecules called autoinducers regulate the expression of genes for
the production of secondary metabolites. Bacterial cells constitutively produce and
respond to the autoinducers, depending on the bacterial density. This communication
mechanism has been found in various bacterial strains. Autoinducers are produced in
parallel with the growth of bacteria and then excreted by diffusion to the outside
environment.

When the concentration of autoinducers reaches a critical level (usually
mentioned as threshold level), they bind to receptor proteins to become the complexes of
autoinducer and receptor protein. These complex then bind to specific DNA region that
located very near the region of corresponding target genes. Consequently, this interaction
results in the transcription of target genes and helps bacteria to respond to the changes of
their living environment (Miller and Bassler 2001; Ng and Bassler 2009; Galloway et al.
2011).

It has been proven that bacteria use quorum sensing to control certain types of
phenotypic effects such as biofilm formation, virulence, and antibiotic resistance etc.
Quorum sensing is not just a control mechanism involving many functional processes in
the cells of bacteria, it also occurs between bacteria of the same species and between
different species of bacteria.

Autoinducers of quorum sensing systems derive from different sources. In general,

signaling molecules are oligopeptides in Gram-positive bacteria, N-acylhomoserine
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lactones (AHLs) in Gram-negative bacteria, and autoinducer-2 (Al-2), a new group of
autoinducers recently identified and characterized, in both Gram-negative and
Gram-positive bacteria (Miller and Bassler 2001).

1.2 Quorum Sensing in Gram-negative bacteria

1.2.1 LuxIl/LuxR quorum sensing systems

In Gram-negative bacteria, signal molecules of quorum sensing systems are
N-acylhomoserine lactones (AHLS) (McClean et al. 1997; Morohoshi et al. 2010).

The AHL-based quorum sensing system was found for the first time in a marine
bioluminescence bacterium Vibrio fisheri (Miller and Bassler 2001). This type of
quorum sensing contains two main components. The first is an AHL synthase (usually
known as Luxl or Luxl homologue) is responsible for AHL synthesis. Luxl catalyzes
the enzymatic reaction to form AHLs using acyl-CoA derivatives as the main acyl chain
donor and S-adenosylmethionine (SAM) as the source for the homoserine lactone
moiety via an acyl carrier protein (Hanzelka et al. 1996; Williams 2007; Churchill and

Chen 2011; Decho et al. 2011).

NH,
</N ‘ SN
A Q.0 N N/)
o 8
S—{ ACP + +
HaN~ "8 0
| SAM
OH OH
l Luxl
NH,
N
H § ¢y
N J N 4']
w T *
O O = g 0 ‘ + HS—CACPD
AHL OH OH MTA

Fig.1 Enzymatic reaction catalyzed by Luxl (Fast and Tipton 2012)
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The second component of AHL-based quorum sensing systems is a regulatory
protein (usually known as LuxR or LuxR homologue) which promotes transcription of
the target gene.

Luxl and LuxR homologues have been found in various Gram-negative bacteria
with a diversity of different AHLs. In general, luxl and luxR homologue genes exist in
cognate pairs in which LuxR only bind to AHL molecule synthesized by cognate LuxI
(Lerat and Moran 2004; Galloway et al. 2011).

At present, more than 70 different Gram-negative bacteria have been reported to
possess the Luxl/LuxR-type quorum sensing system (Czajkowski and Jafra 2009).

1.2.2 AHL synthase

Biosynthesis of AHLSs has been found in more than 90 bacterial strains. AHLs are
synthesized by enzymes known as AHL synthase. These enzymes are divided into three
separate groups, including Luxl, HdtS, and LuxM-type protein families.

The LuxlI-type proteins are common group of AHL synthase and have been
widely studied in many different microorganisms. Until now, Luxl-type proteins have
been identified in more than 150 species of Proteobacteria.

In general, each AHL molecule is composed of a homoserine lactone ring (HSL)
with an acyl chain. The structures of AHLs were shown in Fig. 2. AHLs produced by
different bacteria differ in the length of the R group (the difference in the length of acyl
side chains and the oxidation or hydroxylation at C3 position). The number of carbon

atoms in the acyl side chains generally varies between 4 and 16 carbons.
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Fig.2 Structures of AHLs
(https://en.wikipedia.org/wiki/N-Acyl homoserine lactone;
http://www.nottingham.ac.uk/quorum/AHLs.htm )

o 3-oxo-C14-HSL

Some bacterial strains such as V. fischeri and Agrobacterium tumefaciens
synthesize a single type of AHL, 3-ox0-C6-HSL for V. fischeri or 3-oxo0-C8-HSL for A.
tumefaciens, respectively (Table.1). These microorganisms usually contain a single AHL
synthase gene that is responsible for the production of a certain type of AHL. In addition,
analysis of bacterial genomes has revealed that some bacteria may have more than one
AHL synthase gene. Therefore, these bacteria are able to produce a mixture of AHLSs.
Pseudomonas aeruginosa, for example, has two Luxl-type AHL synthases, Lasl and RhlI.

These enzymes synthesize 3-0xo-C12-HSL and C4-HSL, respectively.
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Table 1. LuxI-type AHL synthases and AHL signals”

Luxl Vibrio fischeri 3-0x0-C6-HSL

Esal Pantoea stewartii 3-0x0-C6-HSL

Tral Agrobacterium tumefaciens 3-0x0-C8-HSL

Lasl Pseudomonas aeruginosa 3-0x0-C12-HSL

Phzl Pseudomonas fluorescens 3-hydroxy-C6/C8-HSL
RhlI Pseudomonas aeruginosa C4-HSL

Cvil Chromobacterium violaceum C6-HSL

Bmall Burkholderia mallei C8/C10-HSL

Cerl Rhodobacter sphaeroides 7-cis-C14-HSL

*Churchill and Chen 2011

The secondary structure of AHL synthase family has also been determined. These
enzymes have a single domain of approximately 205 amino acid residues in length. The
degree of sequence conservation between any two members of the AHL synthase family
is usually larger than 40% similarity. Despite the low degree of similarity, there remains a
typical sequence motif of entirely conserved amino acid residues that validates the
LuxI-type AHL synthase family.

In general, the N-terminus of Luxl-type AHL synthases contains the most
conserved amino acids (amino acid residues 1-100). In this region, eight invariant
residues critical for AHL synthesis were identified. They are Arg24, Phe28, Trp34, Asp45,
Asp48, Arg68, Glu97, and Argl00 (the number of amino acid residues is based on the
structure of Esal (PDB ID: 1KZF), a well-studied AHL synthase from Pantoea stewartii
subsp. stewartii and Lasl (PDB ID: 1RO5) from P. aeruginosa) (Fig.3). The high degree

of sequence conservation in the N-terminus suggested an important role in catalytic
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process and in the binding of SAM. In contrast, the C-terminus of AHL synthases is less
conserved and appears to be less important for activity in some types of AHL synthase
such as Rhll in P. aeruginosa. The role of C-terminus is not really clear and need to be
studied further. Nevertheless, this region is involved in recognition of the most variable
region of the acyl-ACP substrate, the acyl chain, which elucidates the higher degree of
variability in this region. As a consequence, Luxl-type AHL synthase family share similar

structures and mechanisms of AHL synthesis (Churchill and Chen 2011).

Fig.3 Structure of the AHL synthases Esal and Lasl (Churchill and Chen 2011)
A, Esal from Pantoea stewartii subsp. stewartii; B, structure of Lasl from
Pseudomonas aeruginosa; C, close-up view of the Lasl active site residues; D, close-up
view of the Lasl acyl-chain binding pocket.

1.2.3 Transcriptional receptor protein LuUxR

In AHL-based quorum sensing systems, AHLs are recognized by two types of
receptors. The first type is LUxR and its cognate AHL, components of the quorum sensing
mediated bioluminescence in V. fischeri. The LuxR-type proteins promote transcription

17



of target genes by forming direct contact with DNA sequences in the vicinity of the
promoter region of target genes. This DNA binding activity is regulated by AHLs.

In the second way, membrane-bound sensor kinases such as LuxN and LuxQ of
Vibrio harveyi are responsible for the binding with AHLs and promote the transcription of
target genes by means of a phosphorelay mechanism.

Until now, LuxR-type proteins are found more common and form a family of
LuxR protein. LuxR family proteins are consisted of approximately 250 amino acid and
have two main functional domains. The N-terminal domain (NTD) is responsible for

binding with AHL. The C-terminal domain (CTD) is responsible for the DNA binding.

a
LuxR
3 Q|3 & A \ “:) | ‘Cb N )»LQ%“L\“ N
AN N D \e)

i
|
|

\ Il |
Amino-terminal domain Carboxy-terminal domain

Fig.4 Functional domains of LuxR family proteins (Fuqua and Greenberg 2002)
Residues labeled with an asterisk are conserved in most members of the LuxR
protein family; residues involved in interactions with the relevant AHL are in red;
residues involved in DNA binding are in blue; residues involved in transcription
activation are in green.

The LuxR-type proteins can be transcription activators in which when binding to
the target DNA region, the complex of LuxR-type protein and AHL promotes the
transcriptional activation of the target genes. The properties of the transcriptional receptor
LuxR-type proteins have been studies in LuxR (V. fischeri, in bioluminescence),
LasR/RhIR (P. aeruginosa, virulence factor expression and biofilm formation), and TraR

(A. tumefaciens, oncogenic Ti plasmid replication and conjugal transfer).
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However, a few LuxR-type proteins are known to have transcriptional repression
activity. Among them, EsaR (Pantoeastewartii, in exopolysaccharide production) binds
to the target DNA region of the promoter region in the absence of AHLs, which results in
the repression of target genes. The precise mechanism of EsaR has not yet been
elucidated. However, it is believed that the presence of AHL has changed the DNA
binding domain of EsaR thereby inhibiting the expression of the target gene (Whitehead
et al. 2001; Bottomley et al. 2007; Churchill and Chen 2011).

1.2.4 Extra LuxR-type proteins

A typical AHL-dependent quorum sensing system commonly contains two
components, Luxl and LuxR protein families.

In general, the location of cognate luxl and luxR genes are usually adjacent to each
other in the genome. However, the analysis of complete genome sequences in different
microorganisms has revealed that various strains possess LuxRs that do not have a
coupled Luxl protein. These LuxRs have been considered as individual LuxRs or LuxR
solos. LuxR solos are present widely both in species of Proteobacteria group that
possesses a complete AHL-mediated quorum sensing system and in species that do not.
In addition, it has been reported that several bacterial genomes contain more than one
LuxR solo (Case et al. 2008; Patankar and Gonzalez 2009; Subramoni and Venturi 2009).

LuxR solos generally possess the typical protein structure of LUuxR-type protein
family. However, there are considerable variations in the length of amino acid sequence
and some proteins lack conserved amino acids within the AHL-binding domain (Fugua
and Greenberg 2002).

It has been reported that Sinorhizobium meliloti, Rhizobium leguminosarum bv.

viciae and Pseudomonas aeruginosa contain LuxR solos, ExpR, BisR and QscR,
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respectively. The role of these LuxR solos in relation with AHL-binding ability and
quorum sensing mechanism of bacteria still remains to be clarified (Subramoni and

Venturi 2009; Oinuma and Greenberg 2011).

Table 2. Orphan LuxR homologues in Gram-negative bacteria”

Organism Orphan LuxR homologue Cognate Luxl/LuxR pair
Pseudomonas aeruginosa QscR Lasl/LasR
Sinorhizobium meliloti ExpR Sinl/SinR
Rhizobium leguminosarum BisR Cinl/CinR
bv. viciae
Agrobacterium tumefaciens TrIR Tral/TraR
Salmonella enterica SdiA none
E. coli SdiA none
Brucella melitensis VJbR, BIXR none
Burkholderia pseudomallei BpmR4, BpmR5 Bmil/BmiR

Bpml2/BpmR

*Patankar and Gonzalez 2009

1.2.5 AHL-degrading enzyme

In many pathogenic bacteria, the quorum sensing controls virulence factor
synthesis. It has been proven that the inactivation of the quorum sensing is controlled by
AHL-degrading enzymes.

Interference in the quorum sensing mechanism can be achieved in different ways.
First, many natural substances can disturb the signal perception by imitating AHLSs
structure. The AHL analogues block the AHL receptor (regulator) protein and then
prevent activation of the target gene expression (Czajkowski and Jafra 2009).

Until now, AHL-degrading enzymes have been found in different bacteria. The
structure of AHLSs suggests four different ways for degrading AHLs. As shown in Fig.5,
positions 1 and 2 are for the degradation of the homoserine lactone ring catalyzed by

lactonase or decarboxylase. Positions 3 and 4 are the locations where acylase or
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deaminase degrades AHL into a homoserine lactone and a free fatty acid moiety (Dong

and Zhang 2005).

Fig.5 The possible ways of enzymatic degradation of AHLS
(Czajkowski and Jafra 2009)

1, lactonase; 2, decarboxylase; 3, acylase; 4, deaminase
There are two main groups of AHL-degrading enzymes well characterized,
including AHL lactonases (EC 3.1.1.81) and AHL acylases (EC 3.5.1.97).
AHL lactonases hydrolyze the lactone ring in the homoserine moiety of AHLS,
while AHL acylases hydrolyze the amide bond between the acyl side chain and the

homoserine lactone to release the free fatty acid and the homoserine lactone.

Table 3. AHL-degrading enzymes in various bacterial species”

Organism AHL-degrading protein Enzymatic activity
Pseudomonas aeruginosa PvdQ, QuiP AHL acylase
Agrobacterium tumefaciens AttM, AiiB AHL lactonase
Bacillus sp. AiilA AHL lactonase
Bacillus thuringiensis AiilA AHL lactonase
Arthrobacter sp. AhID AHL lactonase
Rhodococcus erythropolis QsdA AHL lactonase
Ralstonia eutropha AiiD AHL acylase
Anabaena sp. AiiC AHL acylase

*Czajkowski and Jafra 2009

1.3 Violacein production and AHL-dependent quorum sensing
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Violacein, a purple pigment produced by several species of terrestrial and marine
bacteria, is a secondary metabolite that possesses various biological properties, such as
antibacterial, antiviral, antitrypanosomal and antitumor activities (Hoshino 2011; Duran
and Menck 2001; Duran et al. 2012). These bioactive properties offer the possibility to
use violacein for medical applications.

Until now, it has been reported that violacein can be produced by various
Gram-negative bacteria, including Chromobacterium violaceum (Duran and Menck
2001), Janthinobacterium lividum (Pantanella et al. 2007), Pseudoalteromonas
luteoviolacea (Yang et al. 2007), and Pseudoalteromonas sp. 520P1 (Yada et al. 2008).

Studies on the biosysthesis of violacein have been conducted to reveal the
components involved in the biosynthetic pathway. It has been reported that five
enzymes, VIioA to VioE, are responsible for the production of violacein in
Chromobacterium violaceum (August et al. 2000; Morohoshi et al. 2010). These
enzymes are encoded by five genes, vioA to vioE (Momen and Hoshino 2000) that form
a single operon, VioABCDE (August et al. 2000). VioE is demonstrated to play an
important role in synthesizing the molecular skeleton of violacein (Hirano et al. 2008).

In recent studies, Wang et al. (2008) reported that the production of violacein by
Pseudoalteromonas sp. 520P1, a Gram-negative marine bacterium isolated from the
Pacific coast of Japan, was also under the regulation of an AHL-dependent quorum
sensing. The gene cluster responsible for violacein biosynthesis in Pseudoalteromonas
sp. 520P1 has also been characterized (Zhang and Enomoto 2011). A cluster of five
ORFs (vioABCDE) of the length of 7, 383bp has been cloned. However, the luxl gene
and luxR gene in strain 520P1 have not been identified so far. Identification of these

genes is crucial to extend our knowledge of the whole regulatory mechanism of the
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violacein biosynthesis in Pseudoalteromonas sp. 520P1.
In this study, we investigated the protein components (Luxl and LuxR
homologues) of AHL-dependent quorum sensing system in Pseudoalteromonas sp.

520P1 and expressed the cloned luxl in Escherichia coli.
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CHAPTER II

Cloning the luxI gene from Pseudoalteromonas sp. 520P1
by degenerate PCR

2.1 Introduction

Degenerate PCR method has been widely used to amplify DNA in situations
where only protein sequences of the genes of interest from closely related organisms are
identified, or where the aim is to isolate similar genes from a variety of species. Generally,
instead of using specific PCR primers with a given nucleotide sequence, degenerate PCR
use mixed PCR primers designed by aligning the protein sequences of related strains to
find the most conserved amino acid regions. Based on the conserved amino acid
sequences, a set of degenerate PCR primers were designed using the International Union
of Pure and Applied Chemistry (IUPAC) system for degenerate bases (Iserte et al. 2013).

It has been reported that the Luxl family proteins (AHL synthases) are the most
widespread and best understood. Identifiable Luxl homologues have been found in more
than 150 species of Proteobacteria. There is a great diversity among the AHL synthases in
their production of AHLs. The sequence conservation between any two members of the
AHL synthase family is typically greater than 40% similarity (Churchill and Chen 2011).

In this study, we used degenerate primers to amplify the partial of luxl gene of
strain 520P1 based on the nucleotide sequences deduced from the conserved protein
sequences between Luxls from different bacterial strains.

2.2 Materials and Methods
2.2.1 GenBank/DDBJ accession numbers
The accession numbers of Luxl family protein sequences in

DDBJ/EMBL/GenBank used in this study were P54656 (Esal, Pantoea stewartii subsp.
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stewartii), ABG38892 (Luxl, Pseudoalteromonas atlantica T6c), ERG18256 (Luxl,
Pseudoalteromonas citrea DSM8771), WP_046355763 (Luxl, Pseudoalteromonas
luteoviolacea), YP_206882 (Luxl, Vibrio fischeri ES114), WP_005423459 (Luxl,
Aliivibrio fischeri), AAQ61751 (Civl, Chromobacterium violaceum ATCC 12472),
P33907 (Tral, Agrobacterium fabrum str. C58), P54291 (Rhll, Pseudomonas aeruginosa
PAO1), P33883 (Lasl, Pseudomonas aeruginosa PAO1L).
2.2.2 Baterial strains and reagents

Genomic DNA of Pseudoalteromonas 520P1 No. 412 (NBRC 107704) and Vibrio
sp. 402W9 were used as DNA template for PCR amplification.

Ex-taqg DNA polymerase for PCR amplification was purchased from Takara (Otsu,
Japan).
2.2.3 Homology comparison of Luxl family proteins

Homologous sequences were multiply aligned using Clustal X2 (Larkin et al 2007).
Conserved regions and gaps were determined through alignment of amino acid sequences
of LuxI families.
2.2.4 Design of degenerate primers

Based on conserved amino acid regions between Luxl family proteins, the
degeneracy of each amino acid and their codons was determined using the IUPAC system
for degenerate bases (Appendix 1). Then, the nucleotide sequences of conserved amino
acid sequences have been deduced. Degenerate primers were designed using the

degeneracy code found in the reference IUPAC table.

Table 2.1 Degenerate bases used for PCR amplification

IUPAC nucleotide code Base
Wi AorT
R AorG
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Y CorT
AorC
K GorT

<

2.3. Results
2.3.1. Divergence of LuxI family protein

In the previous study, Churchill and Chen (2011) reported that the most conserved
part of the Luxl family proteins is the N-terminal region (amino acid residues 1-100).
This region contains invariant residues which are essential for enzymatic activity of AHL
synthase. The high degree of sequence conservation in N-terminus suggested a role in
catalysis and in the binding of the common substrate S-adenosylmethionine (SAM).
Conversely, the C-terminus of Luxl is less conversed overall and appears to be less
important for activity of AHL synthase. In addition, this region is involved in recognition
of the most variable part of the acyl chain. Thus, the C-terminus of LuxI family proteins
have the higher degree of variability than the N-terminus.

We collected the amino acid sequences of several Luxl family proteins including
three Luxl homologues from Pseudoalteromonas strains (P. atlantica, P. citrea and P.
luteoviolacea). The homology comparison of these sequences was performed. The result
of amino acid sequence alignment showed that all Luxl homologue sequences share a low
degree of homology, except several conserved amino acid residues in the N-terminus (Fig.

2.1).
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Fig.2.1 The divergence of amino acid sequences of Luxl family proteins

2.3.2. Conserved domain in LuxI family protein

The homology comparison of Luxl homologues from P. atlantica and P. citrea was

performed. The result of amino acid sequence alignment showed four regions with high

degree of homology. These regions were indicated as box numbers 1, 2, 3 and 4,

respectively (Fig. 2.2).
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Fig.2.2 Amino acid sequence alignment of Luxl homologues.
PA: Luxl from P. atlantica; PC: LuxIl from P. citrea
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The homology comparison of Luxl homologues from Pseudoalteromonas group
and Cvil from Chromobacterium violaceum was performed. The result of amino acid

sequence alignment showed low homology between Luxl homologues of

Pseudoalteromonas strains and Cvil in the four conserved regions (Fig. 2.3).
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Fig.2.3 Amino acid sequence alignment of Luxl homologues.
PA: Luxl from P. atlantica, PC: Luxl from P. citrea, PL: Luxl from P. luteoviolacea;
Cvil: Luxl homologue from C. violaceum.

The homology comparison of Luxl homologues from Pseudoalteromonas strains
and Vibrio strains was performed. The result of amino acid sequence alignment showed
higher degree of homology between Luxl homologues of Pseudoalteromonas and Vibrio

strains in the four conserved regions (Fig. 2.4).
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Fig.2.4 Amino acid sequence alignment of Luxl homologues.
PA: Luxl from P. atlantica, PC: Lux| from P. citrea, PL: Luxl from P. luteoviolacea, AF:
Luxl from A. fischeri, VF: LuxI from V. fischeri

2.3.3. Degenerate PCR

Based on the amino acid sequence alignment between Luxls from P. atlantica and

P. citrea, we designed four pairs of degenerate primers to amplify four partial nucleotide

sequences of luxl gene homologue in strain 520P1. The detailed information of

degenerate primers and PCR conditions were shown in Table 2.2 and Table 2.3.

Table 2.2 Synthetic degenerate oligonucleotide primers

For amplification of luxl gene homologue in strain 520P1 No. 412

Region Primers Sequences

Fw-1-2 5-AAACTGCGCWRYRAMGTGTTT-3’

1103 Rv-2-2 5*-CGCAAAGCGGCTAATTTCCMRAAT-3’
Fw-1-2 5-AAACTGCGCWRYRAMGTGTTT-3’

lto4 Rv-3-2 5*-CACGCCCAGAWWGCGCAGAWWGCGTTC-3’
Fw-2-2 5> TATATGCTGAAAGATAYYTTTCCG-3’

2104 Rv-3-2 5*-CACGCCCAGAWWGCGCAGAWWGCGTTC-3’
Fw-3-2 5> ATTYKGGAAATTAGCCGCTTTGCG-3’

3to4 Rv-3-2 5*-CACGCCCAGAWWGCGCAGAWWGCGTTC-3’

For amplification of luxl gene homologue in strain Vibrio sp. 402W9

Fw-V1-1 5’-ARMCTGCGCWRYSARGTGTTT-3"

lto3 Rv-V3-1 5’-CGCAAAGCGGCTMAKTTCCMMAAT-3’
Fw-V1-1 5’-ARMCTGCGCWRYSARGTGTTT-3"

lto4 Rv-V4-1 5’-CACKYYMAKRYRKYKCAGAAWGCGTTC-3’
Fw-V2-1 5’-TATATGCTGAAARMYRTKTTTCCG-3’

2104 Rv-V4-1 5’-CACKYYMAKRYRKYKCAGAAWGCGTTC-3’
Fw-V3-1 5’-ATTKKGGAAMTKAGCCGCTTTGCG-3’

3to4 Rv-V4-1 5’-CACKYYMAKRYRKYKCAGAAWGCGTTC-3’
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Table 2.3 PCR conditions for amplifying the partial sequences
of luxl gene homologue in strain 520P1

Temperature (°C) Time Cycles
95 5 min 1
95 15 sec
40 30 sec 45
72 30 sec
72 5 min 1
4 00 1

Due to high homology in the four conserved amino acid regions between LuxIs
from Pseudoalteromonas and Vibrio strains, we decided to choose genomic DNA of the

Vibrio sp. 402W9, a bioluminescent bacterium, as a positive control for degenerate PCR.

520P1 402W9 520P1
14 24 34 M 14 24 34 24 M 34

Gel extraction
and PCR check R

A B
Fig.2.5 The analysis of degenerate PCR products on agarose gel 1.8%

M: DNA marker (200 bp)
14: region 1 >4 (expected size: 411 bp); 24: region 2 >4 (expected size: 246 bp)
34: region 3 >4 (expected size: 183 bp)
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The results in Fig. 2.5.A showed that there were two positive DNA bands in lanes
24 and 34 of samples from strain 520P1. The sizes of these band were approximately 246
bp and 183 bp, equivalent to the expected sizes of nucleotide sequences in theory between
regions 2 to 4 and 3 to 4 of luxl gene homologue in strain 520P1. No positive DNA bands
with expected size appeared on the lanes of samples from positive control Vibrio sp.
402W9.

Then, two putative DNA fragments of lanes 24 and 34 from strain 520P1 were
extracted by gel extraction kit and checked again by PCR. The analysis of the PCR
products on agarose gel electrophoresis showed that these DNA bands are not specific
and contain several other DNA fragments (Fig.2.5.B).

2.4. Discussion

Although the Luxl family proteins of Pseudoalteromonas strains share several
conserved amino acid regions, the result of degenerate PCR indicated that the partial
regions of luxl gene homologue in Pseudoalteromonas sp. 520P1 could not be amplified
using degenerated primers. The reason for this failure might come from the low
homology of Luxls at nucleotide level.

Therefore, to identify and characterize the luxl gene homologue in strain 520P1, it

is essential to sequence the whole genome of Pseudoalteromonas sp. 520P1.
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CHAPTER 111
Genome Sequencing of Pseudoalteromonas sp. 520P1 No. 412

3.1 Introduction

In a previous study, Wang et al. (2008) reported that the production of violacein by
strain 520P1 was regulated by quorum-sensing mechanisms using an N-acylhomoserine
lactone (AHL). In Vibrio fischeri, two essential components in quorum sensing-regulated
bioluminescence, namely AHL synthase (Luxl) and AHL receptor protein (LuxR), and
their genes (luxl/luxR) have been revealed. However, homologous genes for luxl and luxR
in strain 520P1 have not been reported so far. Identification of these genes is pivotal to
understand regulatory mechanisms of quorum sensing and the nature of AHL(s) involved
in violacein production.

Due to the low homology of LuxIs at nucleotide level, we could not to identify the
luxl gene homologue in strain 520P1 by degenerate PCR. Therefore, we sequenced the
whole genome of Pseudoalteromonas strain 520P1 No.412 (NBRC 107704) to identify
the luxl and luxR genes.

3.2. Materials and Methods
3.2.1. GenBank/DDBJ accession numbers

The accession numbers of protein sequences in DDBJEMBL/GenBank used in
this study were P54656 (Esal, Pantoea stewartii subsp. stewartii), ABG38892 (Luxl,
Pseudoalteromonas atlantica T6c), ERG18256 (Luxl, Pseudoalteromonas citrea
DSM8771), WP_046355763 (Luxl, Pseudoalteromonas luteoviolacea), YP_ 206882
(Luxl, Vibrio fischeri ES114), WP_005423459 (Luxl, Aliivibrio fischeri), ABG38890
(LuxR, P. atlantica T6c), ERG18412 (LuxR, P. citrea DSM8771), CCQ09547 (LuxR, P.

luteoviolacea B, ATCC 29581), P35327 (LuxR, Vibrio fischeri ES114) and ACH63788
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(LuxR, Vibrio fischeri MJ11).
3.2.2. Sequencing of the whole genome of strain 520P1 No. 412
Genomic DNA of strain 520P1 No. 412 was purified using a QIAGEN Genomic

DNA kit with a Genome-tip 100/G column (Qiagen KK, Tokyo, Japan). The genome was
sequenced on an Illumina Hiseq 2000 system by Macrogen Japan (Tokyo, Japan). Atotal
of 5,740,346 reads were assembled using SOAPdenovo Assembly into 67 scaffolds with
an Nso length of 136,339 bp (Luo et al. 2012). The assembled draft genome sequence was
approximately 5.25 Mb long with a total coverage of 110-fold and a G+C content of
34.96%. A total of 4,899 protein-coding regions and 99 RNA-coding sequences were
detected using the GLIMMER system and RAST Server respectively (Delcher et al.
2007; Overbeek et al. 2014).
3.2.3. Phylogenetic analysis

Homologous sequences were multiply aligned using Clustal X2 (Larkin et al.
2007). Conserved regions and gaps were determined through alignment of amino acid
sequences of LuxI and LuxR families. Phylogenetic trees were constructed based on the
neighbor-joining method (Saitou and Nei, 1987) using Clustal X2.
3.3. Results
3.3.1. luxI and luxR gene homologues in the genome of strain 520P1

Genome analysis and annotation of ORFs in 67 scaffolds of Pseudoalteromonas sp.
520P1 No. 412 revealed the presence of at least one luxl homologue and five IuxR

homologues in the genome of strain 520P1 No. 412.

Table 3.1 BLAST search of luxl and luxR homologues

luxl homologues luxR homologues

Scaffold 1 orf00001 (palR1)
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Scaffold 15 orf00056 (palR2)

Scaffold 19 0rf00203 (pall) 0rf00201 (palR3)
Scaffold 51 0rf00116 (palR4)
Scaffold 56 0rf00026 (palR5)

The results of genomic analysis also indicated that a pair of luxl/luxR homologues
was located on the scaffold 19 of the whole genome of strain 520P1 No. 412 (GenBank:

DF820557.1). The distance between luxl and luxR in scaffold 19 is 1021 bp.

luxR

Browse Genome: Pseudoalteromonadaceae Pseudoal&rumonas Pseudoalteromonas sp. 520P1 (304208.3)
Location Focus .Uoload List +3 ‘

D fig]304208.3.peg.1002 2 -y - |
Contig scaffold19 “ e —
Type CcDS
Function  Autoinducer synthesis protein
LuxI = <
Subsystem - none - 2 ’

Start 202702
Stop 202085 h CDS Feature fig|304208.3.peg.1002

cDs

Length 618

scaffold19

Start 202702

evidence page Stop 202085

Length 618bp

Function  Autoinducer synthesis protein Lux
export table clear all filters Subsystem - none -

zoom to sequence || details page

luxl|

Fig.3.1 Location of luxl/luxR genes on scaffold 19
The genome sequence of strain 520P1 No. 412 has been deposited in
DDBJ/EMBL/GenBank under the accession number BBIN01000000 (Dang et al. 2014).
The luxl and five luxR gene homologues identified in strain 520P1 were named
pall and palR1 to palR5 after the name of genus Pseudoalteromonas. The nucleotide
sequences of pall and five palR genes were deposited in DDBJ under accession
numbers LC081974, LC081975, LC081976, LC081977, LC081978 and LC081979,

respectively.
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3.3.2. Homology comparison of LuxI family proteins in strain 520P1 and reference
strains

Among AHL synthase proteins of Pseudoalteromonas strains, three Luxl family
proteins from P. atlantica T6c, P. citrea DSM8771 and P. luteoviolacea have been
determined.

Another Luxl homologue, Esal (PDB code: 1KZF), produces a
3-oxo0-hexanoyl-homoserine lactone, which contributes to the quorum sensing regulation
of pathogenicity in Pantoea stewartii subsp. stewartii (Beck von Bodman and Farrand
1995). The structure of Esal was determined using X-ray crystallography and is refined at
a resolution of 1.8 A. Six amino acid regions (region | — V1) in Esal have been determined
to play an important role in the activity of AHL synthase (Watson et al. 2002; Chakrabarti
and Sowdhamini 2003).

Protein sequences of AHL synthase superfamily (Esal, Luxl homologues from P.
atlantica, P. citrea and P.luteoviolacea) were employed for comparison of the protein
sequence deduced from the nucleotide sequence of pall (luxl homologue) of scaffold
19.

The result of amino acid alignment showed that the sequences of Luxl family
shares the six motifs of short amino acid sequences that were found in the structure of

Esal (Fig. 3.2).
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Fig.3.2 Alignment of amino acid sequences of Luxl family.
PA, P. atlantica T6c; PC, P. citrea DSM8771; PL, P. luteoviolacea; Esal, Luxl
homologue from Pantoea stewartii;
520P1, Pall of scaffold 19 from Pseudoalteromonas sp. 520P1;

The alignment between amino acid sequences of Luxl family revealed that the
lowest score of 19 % homology between the Luxl homologue of P. citrea and Esal. The
highest score of 45 % homology was obtained between the Pall protein in strain 520P1

and the Luxl homologue in P. atlantica (Fig.3.3).

PA PC PL |520P1 | Esal
PA 100 41 37 45 21
PC 41 100 39 38 19
PL 37 39 100 37 28
520P1 | 45 38 37 100 24
Esal 21 19 28 24 100

Fig.3.3 Matrix of protein homology comparison of LuxI family.

PA, P. atlantica T6c; PC, P. citrea DSM8771; PL, P. luteoviolacea; Esal, Luxl
homologue from Pantoea stewartii; 520P1, Pall of scaffold 19 from Pseudoalteromonas

sp. 520P1
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Phylogenetic analysis of the amino acid sequences of LuxI family proteins was
performed. As shown in Fig. 1B, the phylogenetic tree indicated the relationship between
strain 520P1 and P. atlantica (Fig. 3.4).

B
PA

520P1

PC

VF

AF

0.1 PL
substitution/site

Fig.3.4 Phylogenetic analysis of Luxl family.
PA, P. atlantica T6c; PC, P. citrea DSM8771; PL, P. luteoviolacea; 520P1, Pall of
scaffold 19 from Pseudoalteromonas sp. 520P1; VF, V. fischeri ES114; AF: A. fischeri.

3.3.3. Homology comparison of LuxR family proteins in strain 520P1 and reference
strains

As described in previous part, the results of genome analysis and annotation
revealed the presence of five luxR gene homologues (palR1 to palR5) in the genome of
strain 520P1 No. 412. The genes palR1, palR2, palR3, palR4, palR5 were located on

scaffolds 1, 15, 19, 51, 56, respectively. The amino acid sequences of PalR proteins were

37



also deduced from their nucleotide sequences.

In the previous structural studies of LuxR proteins, Fuqua et al. (1994) indicated
that the C-terminal domain is sufficient for DNA binding and transcriptional activation.
They also found that the sequence from residues 190 to 200 contains a helix-turn-helix
motif with similarity to the DNA-binding regions of several other transcription factors. In
addition, other studies showed that a LuxR fragment harboring only the C-terminal region
is still active and unaffected by AHLs (Hanzelka et al. 1997). This indicates that the
C-terminal domain includes essential sites for LuxR-DNA and LuxR-RNA polymerase
interactions (Choi and Greenberg 1991; Finney et al. 2002; Waters and Bassler 2005).

Alignment of amino acid sequences of PalR proteins of strain 520P1 and LuxR
protein homologues in reference Pseudoalteromonas strains was conducted. The result of
homology comparison showed that they generally share low homology of amino acid
sequences. However, several conserved positions could be observed in the C-terminal

regions of all sequences (Fig. 3.5).
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LuxR_PL LIRIREDY¥PS- - ---LPIA SVVs GFIPKASSSD

LuxR_PalR5 PGND GLIRIRE --LPIA ISVVS ALGFIPKSLS

LuxR PalR4 I Rrxxsmxs c LNEIEPKSLVIKGKASIESNNLEILVIPINGVG- - -

............... 100.......110.......120.......130.......140.......150.......160

LuxR_PA NAQMFCHTFATIL RYVLLEISA.DE.—QIRRE KR LECLFWAgIgKTA

LuxR_PalR3 NIQLQAQVIAP IKIINYKAKEILS
LuxR*PalRl IMCNALTRLL FNKEEIAKFEDAPVEPVN- -
LuxR_PalRZ AFSYLLKSNKASISPSNSITGKSVFPT
LuxR_PC IKDKVSGLEIADKEVAQQV:

LuxR_PL K QVANI DKELAQQV:
LuxR_PalRS VNQL EVKVATQV.

LuxR_PalR4

* %

LuxR_PA QHAVALAIKKGIIKPNI- - -
LuxR PalR3 QHSVAKALLNGLIQPKF - - -

LuxR:PalRl IELLSWAQHN- - - IPNELR-
LuxR PalR2 I IlWILQSSGHLDAAIN-
LuxR PC TQAVLIASKLQLE-P
LuxR_PL TOQAVLIASKLQLE-PIEPSI
LuxR_PalR5 TQAVLIASKLQLESP i
LuxR PalR4 IVKCALNGHLLV-----
....... 250.......260..

Fig.3.5 Alignment of amino acid sequences of LuxI family.
PA, P. atlantica T6c; PC, P. citrea DSM8771,
PL, P. luteoviolacea; PalR1 — PalR5, LuxR homologues from Pseudoalteromonas sp.
520P1.

The alignment also demonstated that PalR5 and LuxR homologues from P. citrea
DSM8771 and P. luteoviolacea share 74 % and 77 % of homology, respectively. In
addition, LuxR homologues from P. citrea DSM8771 and P.luteoviolacea showed close

homology of 82 % (Fig.3.6)
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PalR1 | PalR2 | PalR3 | PalR4 | PalR5 | PA PC PL
PalR1 | 100 44 41 22 27 21 25 25
PalR2 | 44 100 17 24 30 36 28 33
PalR3 | 41 17 100 31 30 40 31 22
PalR4 | 22 24 31 100 16 35 20 18
PalR5 | 27 30 30 16 100 34 74 77
PA 21 36 40 35 34 100 27 34
PC 25 28 31 20 74 27 100 82
PL 25 33 22 18 77 34 82 100

Fig.3.6 Phylogenetic analysis of LuxR family.

PA, P. atlantica T6c; PC, P. citrea DSM8771; PL, P. luteoviolacea; PalR1 — PalR5, LuxR

homologues from Pseudoalteromonas sp. 520P1.

Phylogenetic analysis of the amino acid sequences of LuxR family was performed.

The phylogenetic tree indicated the close relationship between LuxR family protein of

three strains, including PalR5 of strain 520P1 No. 412, and LuxR homologues of P. citrea

DSM8771 and P. luteoviolacea (Fig. 3.7).
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Fig.3.7 Phylogenetic analysis of LuxR family.
PA, P. atlantica T6c; PC, P. citrea DSM8771; PL, P. luteoviolacea; VF1, V. fischeri
ES114; VF2, V. fischeri MJ11; PalR1 — PalR5, LuxR homologues from
Pseudoalteromonas sp. 520P1.

3.4. Discussion

In the present study, we characterized one Luxl and five LuxR homologues in
Pseudoalteromonas sp. 520P1. These homologues were named Pall and PalR1 to PalR5,
respectively. The properties of Pall and five PalRs provide the basis for understanding the
components of N-acylhomoserine lactone-dependent quorum sensing system in this
marine bacterium.

We compared and analyzed the amino acid sequence of Pall with Luxl
homologues from different bacterial species. Based on the structure of Esal, an AHL
synthase well-defined using X-ray crystallography, we identified six amino acid regions
that share significantly conserved homology in all aligned sequences. The results suggest

that Pall is an AHL synthase and has a close relationship with Luxl from P. atlantica T6c
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among Luxl homologues in Pseudoalteromonas.

In the most common quorum sensing system in Gram-negative bacteria, Luxl and
LuxR generally exist in cognate pairs. Luxl homologue in the pair produces a specific
AHL required to activate the corresponding LuxR protein. In most cases, cognate luxI and
luxR genes are located adjacently to each other (Gray and Garey 2001; Lerat and Moran
2004). However, the sequencing of many bacterial genomes has revealed that many
proteobacteria only contain LuxRs that do not have a cognate Luxl protein associated
with them. These LuxRs have been called orphans and more recently solos. LuxR solos
are found to be widespread in proteobacterial species that possess an N-acylhomoserine
lactone-dependent quorum sensing system as well as in species that do not. Genomic
analysis of 265 bacterial strains revealed that 68 strains have at least one LuxI and one
LuxR homologue (Case et al. 2008). Notably, 45 of these 68 strains have more than one
LuxR solo. This finding indicates that these bacterial genomes probably contain one or
more LuxR solos. In addition, SdiA, the LuxR solo of E. coli and Salmonella enteric, has
beenproved to have an ability to respond to exogenous AHLs synthesized by other
bacteria (Michael et al. 2001).

In recent study, it has been reported that LuxR-family proteins usually differ in
their length and are made up of two domains; the N-terminus containing an AHL-binding
domain and the C-terminus possessing a helix-turn-helix DNA-binding domain.
Remarkably, LuxRs share low similarities (18-25%) even if they respond to structurally
similar AHLs (Vannini et al. 2002; Subramoni and Venturi 2009; Brameyer et al. 2014).

In this study, we identified five LuxR homologues (PalR1 to PalR5) in the
genome of the strain 520P1, in which one pair of Pall and PalR3 are located adjacently on

the scaffold 19. When compared with LuxRs from other Pseudoalteromonas species, all
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sequences share low homology in the AHL-binding domain (N-terminus) but retain some
conserved amino acid sequences in the DNA-binding domain (C-terminus). The
divergence of N-terminal regions in LuxR homologues of strain 520P1 is consistent with
the general characteristics of LuxR family proteins from different species, including
Pseudoalteromonas species.

Among LuxR homologues of strain 520P1, we found PalR5 shares 74 % and
77 % homology with LuxRs from P. citrea DSM8771 and P. luteoviolacea, respectively.
On the other hand, phylogenetic analysis showed that other LuxR homologues of strain
520P1, PalR1, PalR2, PalR3 and PalR4, were not in the same branch with PalR5 and
phylogenetically separated from each other. The reason for this could be explained when
we assume that palR genes have been acquired from different sources during the
evolutionary process of Pseudoalteromonas sp. 520P1 probably by horizontal gene
transfer. Since the cognate Luxl homologues of these PalRs except PalR3 have not been
identified, it is most likely that they are LuxR solos. In the strain 520P1, these LuxR solos
might respond to endogenous and exogenous signals produced by neighboring bacteria
and then control a set of genes that overlaps the set regulated by PalR3.

Although the precise manner by which each of PalRs in the strain 520P1 is
regulated has yet to be elucidated, these findings contribute to clarify the components of
N-acylhomoserine lactone-dependent quorum sensing system in the marine bacterium

Pseudoalteromonas sp. 520P1.
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CHAPTER IV

Cloning and expression of the Pall gene from Pseudoalteromonas sp.
520P1 in E. coli

4.1 Introduction

In the previous work, the pall gene coding for AHL synthase in
Pseudoalteromonas 520P1 was identified to exist in pair with the palR3 in the scaffold 19.
The production of violacein by strain 520P1 has been reported to be regulated by
quorum-sensing mechanisms using an N-acylhomoserine lactone (AHL) (Wang et al.
2008).

To examine whether the pall gene product indeed has AHL synthase activity, we
tried to clone this gene and express in E. coli BL21 (DE3).

4.2. Materials and Methods
4.2.1. Bacterial strains, growth conditions and plasmids

Genomic DNA of Pseudoalteromonas 520P1 No. 412 (NBRC 107704) was used
to sequence the whole genome and the cloning of the pall gene. Agrobacterium
tumefaciens NTL4 (pZLR4) was used as a reporter strain to detect AHLS according to the
method of Wang et al. (2008).

Plasmid pUC18 and Escherichia coli DH5a were purchased from Takara Bio
(Otsu, Japan). Plasmid pET28a (+) and E. coli BL21 (DE3) were purchased from
Novagen (Darmstadt, Germany). KOD-plus DNA polymerase for PCR amplification was
purchased from Toyoba (Osaka, Japan). Restriction enzymes, a DNA ligation kit (Mighty
Mix), X-gal and IPTG were purchased from Takara Bio. Ampicillin (100 pg/ml) and

kanamycin (50 pg/ml) were used for the selection of recombinant E. coli.
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4.2.2. Cloning of pall gene of strain 520P1 No. 412

Based on the sequence of the pall gene in strain 520P1, two pairs of primers were
designed and used to amplify the DNA region containing this gene by nested PCR. In the
first PCR, the genomic DNA of Pseudoalteromonas sp. 520P1 No. 412 was used as a
template. The DNA fragment containing upper and lower regions of the pall gene was
amplified using the forward primer S5190203-ex-Fw
(5>-TTGGGTACAAGATAGTTTGTTATA-3’) and the reverse primer S190203-ex-Rv
(5’-TAGCGATAAAGAATGCTTAATATA-3"). Then, PCR product was purified and
used as a template for the second PCR. The reaction was carried out with the forward
primer Ndel-Fw-19203 (5’-CGCCATATGATGAATCTCTATAAC-3’) and the reverse
primer HindI11-Rv-19203 (5’-GCGAAGCTTTAAACAACCAATAAG-3’). The product
of the second PCR containing restriction enzyme sites on both ends of the pall gene was
named Ndel-pall-HindIll. The gene Ndel-pall-Hindlll was digested with Ndel and
Hindlll and cloned into the multiple cloning sites of pUC18 plasmid to create the cloning
plasmid pUC18-Ndel-pall-Hindlll. Then, the recombinant plasmid was transformed into
competent E. coli DH5a by heat shock method. All PCR were performed with fidelity
KOD-Plus DNA polymerase. PCR products were purified using a PCR purification Kit or
a gel extraction Kit (Qiagen KK, Tokyo, Japan).

4.2.3. Construction of the expression plasmid for E. coli

To examine the AHL production by the cloned pall gene, a recombinant
pET28a(+) expression plasmid containing the pall gene was constructed.
PCR-amplified Ndel-pall-Hindlll from pUC18-Ndel-pall-Hindlll was digested by Ndel
and Hindlll, and cloned into the cloning sites of the pET28a(+) vector to produce a

recombinant plasmid pET28a-Ndel-pall-Hindlll. The recombinant vector was
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constructed in E. coli DHS5a and then transformed into E. coli BL21 (DE3) for
expression. DNA sequencing of the insert in the pET28a(+) vector was performed using
the dye-terminator method by Bio Matrix Research (Nagareyama, Japan).
4.2.4. Expression of pall gene

A single colony of E. coli BL21 (DE3) harboring the recombinant plasmid
pET28a-Ndel-pall-Hindl1l was inoculated into 200-ml flasks containing 50 ml of fresh
LB medium. The flasks were incubated on a shaker at 37°C until the optical density at
600 nm (ODgqo) of the cultures reached 0.9- 1.0. Then, 0.5 mM IPTG was added to the
flasks and the culture for AHL production was carried out at 20°C with shaking (180
rpm) for 24 h. AHLs were extracted from the culture supernatant and detected as
described below.
4.2.5. Extraction of AHLs

The culture supernatants (100 ml each) were harvested by centrifugation at 8,000
rpm (11,800 x g) for 30 min. Then, AHLs in the supernatants were extracted with the
same volume of ethyl acetate in a separating funnel. The ethyl acetate phase was
recovered and evaporated to dryness. The dried samples were dissolved in 1.0 ml each of
ethanol. The extracts were stored at —20°C until use. AHL was also extracted from strain
520P1 No. 412 after 72 h of static culture as described above.
4.2.6. Plate assay of AHLs

Agrobacterium tumefaciens NTL4 (pZLR4) was cultured in AB medium
containing 0.2 % glucose and 1 pg/ml gentamicin on a shaker at 200 rpm at 28°C. An AB
minimal agar plate containing 0.2 % glucose and 40 mg/ml of X-gal was overlaid with 3
ml of molten soft agar containing 40 mg/ml of X-Gal and 200 ul of overnight culture of A.

tumefaciens NTL4 (pZLR4). After the soft agar was solidified, paper discs (8 mm in
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diameter) filled with 20 pl each of AHL extracts were laid on the surface of the plate.
Following incubation for 24—48 h, the plate was examined for zones of blue pigmentation
(Fugua and Winans 1994; Wang et al.2008).
4.2.7. TLC assay of AHLs

Reverse-phase (RP)-TLC plates were used to analyze AHLs. The AHL extracts
were spotted on a TLC plate (Silica Gel 60 RP-18F,5,S Merck, Darmstadt, Germany),
and the plate was developed in a solvent system of methanol:water (60:40, v/v). After
chromatography, molten soft agar containing X-gal and A. tumefaciens NTL4 (pZLR4)
was poured over the surface of the TLC plate as describe above, and the TLC plate was
incubated at 28°C for 24-48 h in a closed plastic container (Shaw PD et al. 1997; Wang et
al. 2008).
4.3. Results
4.3.1. Cloning of pall gene from strain 520P1

Genomic DNA isolated from 520P1 No. 412 was used as a template for the
amplification of pall by two steps of PCR with specific primers. The size of the product
of the first PCR including upper and lower regions of the pall is 738 bp. Then, this
amplified fragment was used as a template for the second PCR in which restriction
enzyme sites were added to the both ends of the PCR product. The size of the product of
the second PCR is 636 bp in which the full length of the pall is 618 bp. After that, purified
DNA fragment of the second PCR was cloned into pUC18 plasmid and subcloned into
pET28a(+) plasmid for protein expression. The results of DNA sequencing of the inserted
DNA showed that the determined nucleotide sequence was identical to the designed one

and correctly orientated in the expression plasmid (Fig. 4.1).
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Lac operator Stop codon

Ndel Hindlll

T7 terminator

T7 promoter

pall gene

pET28a(+) vector

pET28a(+) vector 618 bp

Fig.4.1 Schematic diagram of the pall gene in pET28a(+) vector.

To examine whether the protein encoded by the cloned pall gene has AHL
synthase activity, the expression of pall gene was conducted in an E. coli strain which
does not produce AHLSs.

4.3.2. Expression of cloned pall gene in E. coli and detection of AHL activity

AHLs as signaling molecules play an important role in the quorum sensing
mechanism. Therefore, various bacterial biosensors of AHLSs, which do not produce
AHLs by themselves but respond to exogenous AHLS, have been developed to detect
AHLs. In this study, AHLs were extracted from culture supernatant and detected by plate
assay of AHL using Agrobacterium tumefaciens NTL4 (pZLR4) as an AHL-reporter
strain.

A. tumefaciens NTL4 (pZLR4) contains pZLR4 plasmid which confers resistance
to gentamicin. pZLR4 includes a traG/lacZ fusion gene and traR, a LuxR homologue in A.
tumefacience. When AHL is added to strain NTL4 (pZLR4), it binds the TraR protein,
and the complex of Tra/AHL promotes transcription of the traG/lacZ fusion gene. Thus,
B-galactosidase activity expressed by traG/lacZ fusion gene can be used as an indicator of
AHLs (Fuqua and Winans 1994; Miller and Bassler 2001; Farrand et al. 2002; Steindler
and Venturi 2007). In quantification plate assay, the soft agar containing overnight culture
of A. tumefaciens NTL4 (pZLR4) was overlaid on the AB minimal agar plate. Then, the

paper discs filled with AHL extracts were laid on the surface of the plate.
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Fig.4.2 shows the detection of AHLs extracted from the culture of recombinant E.
coli after 24 h of culture in the presence of 0.5 mM IPTG. An AHL standard
(3-0x0-C8-HSL) was used as a positive control. A signal of AHL from the recombinant E.
coli was obtained as a blue halo on the indicator plate, while no activity was observed

when the extract of control E. coli harboring pET28a(+) without pall gene was used.

Fig.4.2 Bioassay of AHL activity in the culture supernatant of recombinant E. coli.
Spot 1, AHLs produced by the recombinant E. coli (10 ul extract, 24 h of culture); spot 2,
extract from E. coli containing pET28a without the insert (negative control, 10 ul extract,
24 h of culture); spot 3, AHLs produced by strain 520P1 No. 412 (100 pl extract, 72 h of
culture); spot 4, standard 3-oxo-C8 HSL (0.1 ng); spot 5, ethanol (negative control, 100

ul)
4.3.3. Analysis of AHLs by TLC

In the previous studies, based on the data of TLC and LC-MS, Wang et al. (2008)
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reported that 3-oxo-C8-HSL and C14-HSL were present in the culture supernatant of
strain 520P1. This data suggests that the strain 520P1 can produce several types of AHL
autoinducers.

As shown in Fig.4.3, the analysis of the AHL extracts by TLC plate demonstrated
that two spots appeared on the lane of the extract from E. coli (lane 3), in which the two
spots were similar in mobility to those of AHLs from strain 520P1 No. 412 (lane 1). This
result indicates that the pall gene of scaffold 19 in strain 520P1 is able to express at least

two types of AHLSs in E. coli.

Fig.4.3 Analysis of AHLs on a reversed phase TLC plate.
lane 1, AHLs extracts from strain 520P1 No. 412 (60 ul extract); lane, 2, standard
3-0x0-C8-HSL (0.1 ng); lane 3, AHL extract from the recombinant E. coli (10 pl extract)

4.4. Discussion

We successfully cloned the pall gene and expressed in E. coli BL21 (DE3). Using
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AHL bioassay coupled to TLC plate, two types of AHL were detected in the extract of the
expression culture of recombinant E. coli harboring pall gene. Two spots of AHL on the
TLC plate were similar in mobility to those of strain 520P1 No. 412.

In the previous study, Wang et al. (2008) reported two spots of AHL on a TLC
plate, corresponding to 3-0x0-C8-HSL and C14-HSL. From this observation, it was
considered that two Luxl homologues could be present and each Luxl homologue
produced corresponding AHL molecule. However, bioassay of AHL on a TLC plate in
this study demonstrated that Pall can produce in E. coli two types of AHL similar to
those in strain 520P1. Therefore, possible involvement of Pall in the regulation of
violacein synthesis in strain 520P1 is suggested if we can assume that Pall is the only

AHL synthase in strain 520P1.
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CHAPTER V
Genome sequencing of a variant of Pseudoalteromonas sp. 520P1

5.1 Introduction

In the previous study, strain 520P1 was found to produce violacein under static
culture conditions but hardly to produce violacein with agitated culture conditions. From
a culture flask of strain 520P1, Zhang (2010) isolated a variant strain with an ability of
highly stable production under agitated culture conditions. This variant strain probably
generated by natural mutation was named strain 520P1 No. 423, while a strain with
original phenotypic features in the same culture flask was called strain 520P1 No. 412.
The variant strain 520P1 No. 423 produced much amount of AHLSs than strain 520P1 No.
412. Therefore, it was considered that overproduction of AHLs by the strain 520P1 No.
423 led to the production of violacein under agitated culture conditions.

These properties of the variant strain in producing violacein have provided an
advantage to use strain 520P1 No. 423 for a large scale production of violacein.

In the previous study, it was also hypothesized that a mutation in the upstream
promotor region of violacein gene cluster in strain 520P1 No. 423 led to the production of
violacein under agitated culture conditions. However, nucleotide sequencing showed that
the upstream sequence of violacein gene cluster of strain 520P1 No. 423 was identical to
that of the original strain 520P1 No. 412. Therefore, no mutation occurred in the upstream
region of violacein gene cluster ofstrain 520P1 No. 423.

To clarify the difference of pall and palR genes between strain 520P1 No. 412 and

No. 423, we performed the genomic sequencing of strain 520P1 No. 423.

52



5.2. Materials and Methods

Genomic DNA of strain 520P1 No. 423 was purified using a QIAGEN Genomic
DNA kit with a Genome-tip 100/G column (Qiagen KK, Tokyo, Japan). The genome was
sequenced on a PacBio RSII system by Macrogen Japan (Tokyo, Japan).

5.3. Results

5.3.1 Whole genome analysis of strain 520P1 No. 423

Atotal of 111,839 reads were assembled using HGAP3 into 2 contigs with an N50
length of 13,115 bp. The assembled draft genome sequence was approximately 5.39 Mb
long. A total of 4,855 protein-coding regions, 122 tRNA and 34 rRNA genes were

detected using the Prokka for the rapid annotation of prokaryotic genomes.

The draft whole genome of strain 520P1 No. 423 has been deposited in

DDBJ/EMBL/GenBank under the accession number BBZB01000000.
5.3.2 Comparison with the genome of strain 520P1 No. 412

Homology comparison between partial genomic sequences of strain 520P1 No. 412
and No. 423 was performed (Appendix 2). The results showed that no mutation was
detected in the nucleotide sequences of the pall and its promoter, five palRs and their
promoters, violacein gene cluster and its promoter. Therefore, unique properties of strain
520P1 No. 423 in violacein production should be described to the gene mutation that is

not relevant to pall, palRs and violacein gene cluster.
5.4. Discussion

With the results of partial genomic analysis, to identify the difference between
strain 520P1 No. 412 and No. 423, we need to consider other possible reasons. One of

them is the difference in the sequences of AHL-degrading enzymes in strain 520P1 No.
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423. In the previous studies, enzymatic degradation of AHL autoinducers has been
described (Czajkowski and Jafra 2009). There are two group of AHL-inactivating
enzymes have been identified including AHL lactonases which hydrolyze the lactone ring
in AHLs and AHL acylases which release a free homoserine lactone and a fatty acid. We
suggest that the identification of these enzymes might clarify the ability of producing

violacein under agitated culture conditions of strain 520P1 No. 423.
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CHAPTER VI

Conclusions

The whole genome of strain 520P1 No. 412 and No. 423 have been sequenced and
deposited in DDBJ/EMBL/GenBank.

The pall gene in scaffold 19 was cloned and expressed in E. coli.

AHL activity was detected in the extract from recombinant E. coli by bioassay.

Five palR genes were identified in different scaffolds of strain 520P1 No. 412, in
which palR3 exist as a pair with pall in scaffold 19.

Phylogenetic analysis revealed the high homology between PalR5 in scaffold 56 of
strain 520P1 No. 412 with LuxR from P. citrea DSM8771 and P. leuteoviolacea. This
finding contributes to the explanation of the evolutionary history of LuxR family of

Pseudoalteromonas strains.
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ABBREVIATIONS

Name Abbr.
N-acylhomoserine lactone AHL
N-(3-oxooctanoyl)-homoserine lactone 3-0x0-C8-HSL
N-tetradecanoyl-homoserine lactone Cl14-HSL
5-bromo-4-chloro-3-indolyl-D-galactopyranoside X-Gal
Isopropyl-B-D-thiogalactopyranoside IPTG
TLC Thin Layer Chromatography
Ampicillin Amp
Kanamycin Km
Gentamicin Gm
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APPENDIXES

Appendix 1: IUPAC nucleotide code

TUPAC nucleotide code

Base

A

Adenine

C

Cytosine

aQ

Guanine

=
9
S

Thymine (or Uracil)

AorG

CorT

GorC

AorT

GorT

AorC

CorGorT

AorGorT

AorCorT

AorCorG

Z[<[Z[C[=[Z[R[Z[=[<[7

any base
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Appendix 2: Partial genomic analysis of strain 520P1 No. 412 & No. 423

* Violacein gene cluster
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gd4l2 vio
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-GAAGCTAATAGCTACATTACCCCTATCATTATATTTTGGGTGATTGGTTTCATTAGCAA

TGAAGCTAATAGCTACATTACCCCTATCATTATATTTTGGGTGATTGGTTTCATTAGCAA
kkkhkhkkhkhkhkkhkhhhhhhhkhhkkhkkkkkhhkhhkkhkkhkhhkkhkkkkkkkhkhkkkkk k¥

CCAAATAACCGAGGGATTTCGTGCTTCAGGAAATCCAAAAGCGATGATGCAGGTACTATC

CCAAATAACCGAGGGATTTCGTGCTTCAGGAAATCCAAAAGCGATGATGCAGGTACTATC
hhkhkkhkkhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhkhkhkhkkkkhk

AACAGCTTCAATTCTCAACATCATTTTAGATGCGTTGTTTATATTTGTATTTGAATGGGG

AACAGCTTCAATTCTCAACATCATTTTAGATGCGTTGTTTATATTTGTATTTGAATGGGG
D R g e

CATAGCTGGTGCTGCTTGGGCAACGATAATTGCAATTACACTAGGTTTATTAATGGCTAT

CATAGCTGGTGCTGCTTGGGCAACGATAATTGCAATTACACTAGGTTTATTAATGGCTAT
B R T T T T

GCAATTACAGAAAAAAGGGGAAAGCGCGGTAAGATTTAGCTGGTGTAAGCTTATTAGCCC

GCAATTACAGAAAAAAGGGGAAAGCGCGGTAAGATTTAGCTGGTGTAAGCTTATTAGCCC
L T T T T T T

AATAAAGTTTCACCTAAAAATATTAGGTTTAGGATTGCCTGTATTATTATCCCACGGTGG

AATAAAGTTTCACCTAAAAATATTAGGTTTAGGATTGCCTGTATTATTATCCCACGGTGG
e e ok e v e e ke ko ok ok ok e ok e ok ok ok ok ko e o ok ok ok o ok o ok ok ok ok ok ok ok o ok ek ek ok ek ke

TTTTTCAGTGACGCTTGCAGTAACCGTTTATTCTATTTCAACTGTATTTATAGGTGTATC

TTTTTCAGTGACGCTTGCAGTAACCGTTTATTCTATTTCAACTGTATTTATAGGTGTATC
R R R R R R R R

AGAGCCGTTAATCGCTGCACATGGCATATTAATAAGGTGCTTTATGTTCTTGTTTTTACC

AGAGCCGTTAATCGCTGCACATGGCATATTAATAAGGTGCTTTATGTTCTTGTTTTTACC
e e e e ek ek ke ok ok ok ok ek ok ok ko e o ok ok ok o ok ok ok ek ko ko e ok e ok ek ek ek ek ke

AATAATAGGCATGATGGTTGCCCTGCAAACCTTATCTGGATATAACTATGGCGCAGGTAA
AATAATAGGCATGATGGTTGCCCTGCAAACCTTATCTGGATATAACTATGGCGCAGGTAA

kdkkdkkdkkdkkdkhdkhdbdhdbdhdbdhdbdhdkhbdkddddhkdhhdbhkdbhbhbhhdhdhdhdhdkhhhdhhhhdk

ATACCATAGGGTAAAACAGGCTTACTTTGTCGCTATTGCAACGAGTACTATTTGGGGCGC

ATACCATAGGGTAAAACAGGCTTACTTTGTCGCTATTGCAACGAGTACTATTTGGGGCGC
T T T T T

AATTGTAACATTCATTTTATGCTTCAATTCAGACTGGTTACTTACCATGTTTACAGATGA

AATTGTAACATTCATTTTATGCTTCAATTCAGACTGGTTACTTACCATGTTTACAGATGA
L L L T

TATAGAGGTTATTGAACTTGGTAGTGAGCTAGCACCAATTTGTTTTGCTGGATTCATTAC
TATAGAGGTTATTGAACTTGGTAGTGAGCTAGCACCAATTTGTTTTGCTGGATTCATTAC

khkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhkhkhhhhhhhkhhhhhhkhhkhhhhkhhhhhhhhbhhhhhdhhhd

AGCGAGTTTTTGTATGATGTCTAGTGGACTATTTCAAGGTTTAGGTCGAGCTTTACCGGC

AGCGAGTTTTTGTATGATGTCTAGTGGACTATTTCAAGGTTTAGGTCGAGCTTTACCGGC
Fkkkkdkkdkkdkk ok ok kk ko dkkk ko kkkkk ok h ko dkkhk ko ko dkkkkhkhkhk

AACATTATTAGATGCAGCTAGAACCTATGTATTACTTTTACCATTGATGTACTTTTTACC

AACATTATTAGATGCAGCTAGAACCTATGTATTACTTTTACCATTGATGTACTTTTTACC
L L T T
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AAGTCTGATTGGCGAACAAGGCGTTTGGTTTGCATTTCCTATCGCCGATTTAGCAGGAGG

AAGTCTGATTGGCGAACAAGGCGTTTGGTTTGCATTTCCTATCGCCGATTTAGCAGGAGG
ek ko vk o ok ok ok ok o ok ok o ok ok ok ek ok ok ok ke ke ok ok ko ko ok ek ok ke ko ok

ACTATTTGCAGTTTCTTTTTCTTTATTTCATTTAAATAAACTAACAAAAGAAACGAAATA

ACTATTTGCAGTTTCTTTTTCTTTATTTCATTTAAATAAACTAACAAAAGAAACGAAATA
B R L L T T T T s

CTAGATCGTCATAAAAGATTCATATTCCCACATTTATAAAAATACGCCTTTTCTCGATTG

CTAGATCGTCATAAAAGATTCATATTCCCACATTTATAAAAATACGCCTTTTCTCGATTG
L Ty

TCTTTTGTTTAAGGCAATCGAGATCTTTTAATGAAATAACACCTTCATTTCTTATACAAC

TCTTTTGTTTAAGGCAATCGAGATCTTTTAATGAAATAACACCTTCATTTCTTATACAAC
Fkdkkkkkk ko kkk ko dkkkk ok k ok kdkkdkkkkkk ko k ok kkkkkkkkkhkhkkkk*k

CTTCATTGTTAAACGCCGTAACATCAACCCATAACAATAAAAAGCACAATAAAAAACACA
CTTCATTGTTAAACGCCGTAACATCAACCCATAACAATAAAAAGCACAATAAAAAACACA

ek ded dedk deodk dedk deodk d ke gk gk gk ke ok ko ok ok ok ok ok ok dk ok ok ke ok ok ok ok ok ok e ok ek ek ek

ATAAAAAACAATGCAATAAATATTTAAAATCCGATGTAACATTAATATTAATTCAGGATA

ATAAAAAACAATGCAATAAATATTTARAATCCGATGTAACATTAATATTAATTCAGGATA
R e T T e

GATATATTTAAATAACTTTAAAGTTCAGGCTAATAAACTTATTTATATAGTCAAAAAAGT

GATATATTTAAATAACTTTAAAGTTCAGGCTAATAAACTTATTTATATAGTCAAAAAAGT
e e e e 3k e ok ok ek ok e ok ok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ke ok ok o ook ok ok ok ok ke ok ko ek ek ok

ACCTTAGTTTTAATACTCAATAATCTCTTTTATATAAAGATACAAAAATAGTACTAATTA

ACCTTAGTTTTAATACTCAATAATCTCTTTTATATAAAGATACAAAAATAGTACTAATTA
B R T L T T Y

CACCCCTCTATTCCCTATTATAGGAACATATGTTAATTTACATTCGTTTACACGAGTACC

CACCCCTCTATTCCCTATTATAGGAACATATGTTAATTTACATTCGTTTACACGAGTACC
B L T T Ty

TCTTTTGGGGTCTTGTATTTTACAGGGGTAAACAACAAGCCATTTAAAATTTTTCAGGGA

TCTTTTGGGGTCTTGTATTTTACAGGGGTAAACAACAAGCCATTTAAAATTTTTCAGGGA
e e e e 3k e ok o ke ok e ok ek ok ok ok ok ok ok o ok ok ok ok sk ok ok ok ok ok ke ok ok o ook ok ok ok ok ke ok ko ek ek ok

vioA
ACATGACA TCGAATCAAGAAAATACTATATCCATTGTAGGGGCTGGAGTTTCAGGG
ACATGACA! TCGAATCAAGAAAATACTATATCCATTGTAGGGGCTGGAGTTTCAGGG

kkkkkkhkhkhkhkhkhkhkhkhkhhkhhhhhhhhhhhhhhhhhhhdhhhhhhhhhhhhkhhhhhdhhdhdhdhdd

ATTATGTGCGCGCTTACGCTCGCTAATTTCCATCTAGGTAGCAAAAAAGTAATTAAAGTT

ATTATGTGCGCGCTTACGCTCGCTAATTTCCATCTAGGTAGCAAAAAAGTAATTAAAGTT
kkkkkkkkkhkhkkhkkkkkhhkhkhkkhkhkkkkkkkkkkhhkkkkhhhkhkhkkkkkkkk*k

TTTGAACATAAAAAACGTGTCGGCGGCAGAGCGCATGCAATTAAAGTTCAAGAACAGTTT

TTTGAACATAAAAAACGTGTCGGCGGCAGAGCGCATGCAATTAAAGTTCAAGAACAGTTT
dhkkhkkkhhkhhkhhhhhhhhhhhhhhhhhhhhhhhrhhhrhhkhhhkhhhkhrhkhhkkhd

ATTGATCTTGGGGCTGGTCGATTTTCACCACAACTTCATARAAATATTAATGAATTGATA

ATTGATCTTGGGGCTGGTCGATTTTCACCACAACTTCATARAAATATTAATGAATTGATA
B L T T R R

GCACATTTTAATATTGAACATGAAAGTTTTCCTTTTACACAATTAACACGACCACAAGAA

GCACATTTTAATATTGAACATGAAAGTTTTCCTTTTACACAATTAACACGACCACAAGAA
Tk kkhkkkkkhkhkkkkk ko khkkkkkkhkkkkkkkkkkkkkhkkkkhhkhkkkkkkkkkkk
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CTTCATAGTGAATTAAAGGAGATTTTAAACAAATTAAAGCCTTTGTGTGCTGAACACAAA
CTTCATAGTGAATTAAAGGAGATTTTAAACAAATTAAAGCCTTTGTGTGCTGAACACAAA
hkkkkkhkkkhkkkhkkkhkkkkkkkhkkkhhkkkkkkhkkkh ok kk ko k ok kk ko kok &

GATGAATCCTTTTTGGATTTTTTAACCTCTTATTTAGGTGAAGAACAAAGTAAAGATATT

GATGAATCCTTTTTGGATTTTTTAACCTCTTATTTAGGTGAAGAACARAGTAAAGATATT
e e e 3 e 3k e 3k e ok e ok e e ok ok ek e ek e ok e ok ok ok ok e ok o ok ok ok ok ok ok ok o ok ek ok ok ek ke o

ATCAATGCGCTTGGATATGATTCTTTATCCTTGCCATTTATCACCCCCAATATTGCTTAC

ATCAATGCGCTTGGATATGATTCTTTATCCTTGCCATTTATCACCCCCAATATTGCTTAC
hhkkkkhkhhhhkhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhkhhhhkhhkkhhkkhk

GATATTATTGAAAAGCACCCTGAGATCCAAGGGTTCTCTGATAACGCGGGATATACATGG
GATATTATTGAARAAGCACCCTGAGATCCAAGGGTTCTCTGATAACGCGGGATATACATGG
Kk dkkkkkhkkhkhhhhhkhhkhkhkhkhkhkhkhhhhkhkhkhkhhhdkhdkhdkhkhhhhhrkr

CGAAACCTTAAGGCCGGATTTTGCACTTTACCTCAAATCTTATATAAAARAGCAGTTGAA

CGAAACCTTAAGGCCGGATTTTGCACTTTACCTCAAATCTTATATAAAAAAGCAGTTGAA
hhkkkkhkhkhhhhhkhhhhhhkhhkkhhkkkhkhkhkkkhkkkhkhkhkhkhkhkkhkhh

TTAGGTGTTGAGTTTCATTTTGATTATGAGCTTATTACAATTGATACCCATATAAAAAAA

TTAGGTGTTGAGTTTCATTTTGATTATGAGCTTATTACAATTGATACCCATATAAAAAAR
hkkkkkhkhkkkkkhkhkhkkdkhkhkhhhhkhhhkhkhkkkh ok hkhkkkhkhkhkkkkdkkk

CCGGCTTTAACTTTAAAAAATAGTGATGATGAGATTATTCGAATAACCCAAGGGGATATG

CCGGCTTTAACTTTAAAAAATAGTGATGATGAGATTATTCGAATAACCCAAGGGGATATG
L L T

ATCGTCACATTGCCACCAACAGCAATGAGCAGGCTCAATTGTAACTTTCCGCAAGATTGG

ATCGTCACATTGCCACCAACAGCAATGAGCAGGCTCAATTGTAACTTTCCGCAAGATTGG
e e e e v e e e ok e ok e e o e ok ke ok ke ok ok ke e ke ok ok ok ok ok ok ok ok ok ke ok ok ok e ok ok ok ok ok ok ke ko ok ok ke ok ok ok o

ACCCATTATACTTATGGTTCTATTCCTCTCTTCAARAGGTTTTCTTTTCTACGATACATCA

ACCCATTATACTTATGGTTCTATTCCTCTCTTCAAAGGTTTTCTTTTCTACGATACATCA
Kk dkkkkkhkhhhkhhhhhhhkhhhhhkhhhkhhhhhhhkhkhkhhhhhhhkhkhkhkhk

TGGTGGCAAGAATTATCATTAACAGATCATGTCATCATCACCAATAACCCAATACGAAAG

TGGTGGCAAGAATTATCATTAACAGATCATGTCATCATCACCAATAACCCAATACGARAAG
L T e

CTGTACTTTAAAGATAATAGATACATCTTTTTTTACACTGATAGTGAATACGCTAATTTC

CTGTACTTTAAAGATAATAGATACATCTTTTTTTACACTGATAGTGAATACGCTAATTTC
hkhkkkhhkhkhhhhkhhhhkhhhkhhhkhhkkhhhkhhkhkhhhkhhhkhhhkhhhkkhdhkkkhk

TGGCAAGAAACCAGTCAACATGGCGAAGAACATTACTTAAAAACAGTAAAAGAATTGATG

TGGCAAGAAACCAGTCAACATGGCGAAGAACATTACTTAAAAACAGTAAAAGAATTGATG
L T T T

GCTGAAGCAATTCAGTGCCACATAGATCAAATTCCAGATCCAATTGAACAGACTCATAAA

GCTGAAGCAATTCAGTGCCACATAGATCAAATTCCAGATCCAATTGAACAGACTCATAAA
e e e ek e e ok e e e e e ek e de e e e ek ke ok ok ke ke ke ke ok ek ek ke ke ko

TATTGGATACATGGTGTTGAATTTTCCAAAGAGTGTAGTCCAACCCACCCTCTGAGTTTT

TATTGGATACATGGTGTTGAATTTTCCAAAGAGTGTAGTCCAACCCACCCTCTGAGTTTT
P R R R R R R R R R R R E L L g g R R

GTACACAAAAAAAGTAAAATAATTTCCGCTTCTGATGCTTATACACCCCACTGTGGTTGG

GTACACAAAAAAAGTAAAATAATTTCCGCTTCTGATGCTTATACACCCCACTGTGGTTGG
dhkhkkkhkhkdkkkkhhhkhkkkdkhkhkhhhhkhhhhkhkhkh ko hhkhkhkhkhkhkhkkkkdkkk

ATGGAAGGAGGCATTATGGCTGGTAAAAGTGCGGCCTTAAAACTTCTAAAACGGATTGAA

ATGGAAGGAGGCATTATGGCTGGTAAAAGTGCGGCCTTAAAACTTCTAAAACGGATTGAA
hkkkhkhkhhhhhhkhkhhhhkhhhkhhkhkhhhhhhhkhhhkhhhkhhhkhhhkkhhhkkhkhkhk

67



g4l2 vio
g423 contigl

g4l2 vio
g423_contigl

g412 vio
g423 contigl

g4l2 _vio
g423 contigl

g4l2_vio
g423 contigl

g4l2 vio
g423 contigl

g4l2 vio
g423 contigl

g4l2 vio
g423 contigl

g4l2 vio
g423_contigl

gd4l2 vio
g423 contigl

g4l2 vio
g423 contigl

g4l2 vio
g423_contigl

g4l2 vio
g423_contigl

g4l2 vio
g423_contigl

g4l2 vio
g423 contigl

v

GCTGAAGAAGAAAGCATGACCGATAGTCATg::E%%AAGTTAAAGAAAATGACAAAAATA
AR

GCTGAAGAAGAAAGCATGACCGATAGTCAT AAGTTAAAGAAAATGACAAAAATA
e e e s

vioB
GGAAATTACAT GTATTCTCGATTTTCCACGAGTTCATTTTAAAGGTGTGGCGC

GGAAATTACAT GTATTCTCGATTTTCCACGAGTTCATTTTAAAGGTGTGGCGC
e g ek e e ke ek ek ok ko ek ke ek ek ek ek ek ke e ek ek ek ke ek ko ke ok ok

GTGTTAACGTGCCAACAGCAAACAGAAATATCAATAATACACTCGATATAACAACAAATA

GTGTTAACGTGCCAACAGCAAACAGAAATATCAATAATACACTCGATATAACAACAAATA
hkkkhkkkkhkkkhkkhk ko k ko k ke kkkkkkkkkhkhkkkkkkkkkhkhkkkkk ok

CTGTTTTACAAAATGGTGCAGCTTTTGATTTAAAACAACACCCAAGTAAATGTCATGAAT

CTGTTTTACAAAATGGTGCAGCTTTTGATTTAAAACAACACCCAAGTAAATGTCATGAAT
e vk v 3k sk e ke ok e ok ke ok ok ko ko ok ok ok ok ok ke ok ok e ok ok e ke ko ok ke ok ek ke ke ke

ATTTAAAAGCTTTTGAACCTAAATTCAATGCGCAAGGCCAAGAAGATAAAGCAGGACAAT

ATTTAAAAGCTTTTGAACCTAAATTCAATGCGCAAGGCCAAGAAGATAAAGCAGGACAAT
e e e T T T

TTAATCATGTTACTGGTTATAACATGATAGGTAATAACCATTTTTCTTGGGAGAATACTT

TTAATCATGTTACTGGTTATAACATGATAGGTAATAACCATTTTTCTTGGGAGAATACTT
Kk kkkkkkkk ko k ek k ok k ok ko k ok kkhh ok kkkkkkkhkhkkk ok

TTGTCACATCGGTTCAATTAAAACATGGCAGTTACCAAACAGATGATCCGCTGGTAGGTA

TTGTCACATCGGTTCAATTAARAACATGGCAGTTACCAAACAGATGATCCGCTGGTAGGTA
hkkkkkkkkhkkhhkhkhhkhkhhhhhhhhhkhhhkhhhhkkhkhhkkhkhkdkhhkdhkkkhkkx

GTAAATTGGCATTATGGGGTCATTATAATGAGTATTTAAGGACATCTTTTAATCGTGCTC

GTAAATTGGCATTATGGGGTCATTATAATGAGTATTTAAGGACATCTTTTAATCGTGCTC
e e T e

GGTGGGTTGATAACGATCCAACTCGACGAGATTCGGCATTAATATATGCTGGGCAATTAA

GGTGGGTTGATAACGATCCAACTCGACGAGATTCGGCATTAATATATGCTGGGCAATTAA
khkkkkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhkhhkkhk

CTATTAGTGATGGAGATGCGAGTGCGAATACCGCTCATATATTATCTTCAGATATAGATT

CTATTAGTGATGGAGATGCGAGTGCGAATACCGCTCATATATTATCTTCAGATATAGATT
B T T T T

GCACTCACGGTGTGCGCTGGCTAAACCCAGGGTACATTGTTAATAAGCCAAAACATTTCA

GCACTCACGGTGTGCGCTGGCTAAACCCAGGGTACATTGTTAATAAGCCAAAACATTTCA
e e 3k e 3k 3k vk ok e ok ok ok ke ok ok ok ook ok ok ok ok ok ok ok ke ok ok ok ok ok ok ok ke ek ok ko ok ke ke ok

TGCAAGATGAAATGGCTGAAGCAAGGTTATTTCAATTTTCAGTGAGTAAAGACAATGAAA

TGCAAGATGAAATGGCTGAAGCAAGGTTATTTCAATTTTCAGTGAGTAAAGACAATGAAA
hhkkkkhkkhhhhkhhhhhhhkhhhkhhhhhhhhhhhhhhhhhhhhhhhhkhhhkhkkkhkkhk

ACTTTATATTTAATCAGCTTAATATTGATTCAGCATTCTTAGAGCAGTTAAAGATTACAC

ACTTTATATTTAATCAGCTTAATATTGATTCAGCATTCTTAGAGCAGTTAAAGATTACAC
Ihkkkkkkkkhkkhhhkhhhkhhhkkhhhkhhkhkkkhhkkkhkhkhkkhkhhkhkhkhkhhkhhkkkkkkkx

TTGAAGATCCTGAGGTACTAGGCTTAACAGTTCAGTACTGTATTTCTAATTTATCTCCCC

TTGAAGATCCTGAGGTACTAGGCTTAACAGTTCAGTACTGTATTTCTAATTTATCTCCCC
khkkhhhkkhkkhkhkhhhhhhhkhkkkhhhkhhhkkkhkkk ko ko kkkkkkkkkkkhhk &

CCAGCCAACCAGATACCCCTGTATTTTGTGATTTACAAGGCACTATCAGTGTGTGGCGTA

CCAGCCAACCAGATACCCCTGTATTTTGTGATTTACAAGGCACTATCAGTGTGTGGCGTA
Ikdkkkkokkkhkkhkkkhkhkhhkhkkkkhhhdkhdhhhkkkhkhkhhhhhhhkkkhkhdhkhkhkkhk
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AACAAGATATGGCAACCAGCCCTACTGGCAGGATCCTACAACCAGATGATACCTCTCAAT

AACAAGATATGGCAACCAGCCCTACTGGCAGGATCCTACAACCAGATGATACCTCTCAAT
hhkkkhkk kR kkhhkkhhkkk ke kk ke ke ke k ko kkkhkkk ko kk ko k ok kk ko kok &

TTTCACCAATAGCGGTAAAAATAAAAGATAATTGGGTCAGTTTTAATATGCCCATTAGCA

TTTCACCAATAGCGGTAAAAATAAAAGATAATTGGGTCAGTTTTAATATGCCCATTAGCA
e v ok e ok e ok e 3 3k 3k ok ok ok e ok ok 3 ok ok ok ok o ok ke ok e ok ok ok ok e ok ke ok ok o ook ok ok ok e ok ko o

TTCCATATCAAAGTTATGCTGAGGTGTTGCCAGTTCAAAGCGGTCTGCCGCCAAAACTAA

TTCCATATCAAAGTTATGCTGAGGTGTTGCCAGTTCAAAGCGGTCTGCCGCCAAAACTAA
hhkhkhkhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhhhhhhhhhhrhhhdhkhdhkht

CCCACAAAGCCGCTCTTGGTGATTTAATATTAAAATCAGATTCAGGAAAAACGCTCGCTG

CCCACAAAGCCGCTCTTGGTGATTTAATATTAAAATCAGATTCAGGAAAAACGCTCGCTG
hhkkkhkkkhkkkhkkkhkhkk ke kk ke ke ko kkhhk ko bk kkkhkh ko kkkkk ok kk &

TTTTACCTGAATCCGTATACCAACAAGCCAATAACAGTACTGGTGTATTTGATGTGCCTT

TTTTACCTGAATCCGTATACCAACAAGCCAATAACAGTACTGGTGTATTTGATGTGCCTT
khkkhkkhhkdkhhhhhhhhhhhhhhdhkhdhkrdohhhhhhhhhhkorhhhhkhdhkhdhkhd

TACTCGTTAATGATGCGCAACTAGAAACGCAATCACTCAGTTTACAGTCAAATCAGCATA
TACTCGTTAATGATGCGCAACTAGAAACGCAATCACTCAGTTTACAGTCAAATCAGCATA
L L L L ey

ACTGGCATGAAACTGATTGGCACATACAAGCTGAACAGCACATCATCGCAATTGAATCGG

ACTGGCATGAAACTGATTGGCACATACAAGCTGAACAGCACATCATCGCAATTGAATCGG
Kk kkkhhh ko dkkhkkkhh ko khkhkhkhkh ke hkkhhkhkhhkhhhkhkhkhhhkhk

CAAATCCTAAATCTGATTATAAAAGTACACACGCTATCGATGTATTTAGTTATTTCAGAG

CAAATCCTAAATCTGATTATAAAAGTACACACGCTATCGATGTATTTAGTTATTTCAGAG
L L e T

GTAAACCCCACCCTATTAATAAATTAATTCCTAATATAACAACGCCTAACAATTTACGGT

GTAAACCCCACCCTATTAATAAATTAATTCCTAATATAACAACGCCTAACAATTTACGGT
vk sk e ok e ok ek 3k ok ok ok e ok ok ke ke ok ok ok ok ok ok ke o ke o ook ok ok e ok ke ok ok o ook ok ok ok ok e ok ko ok

GTGATGTTTATATCGAAACTGATAAAAGTGGTAGAGGTCAACTCAATATTGAAAGCTTAG

GTGATGTTTATATCGAAACTGATAAAAGTGGTAGAGGTCAACTCAATATTGAAAGCTTAG
R L R e e e e e

CGCCTGGTAGCGGTGAATTGTTTTTAGGTGAGCACCATAGCCCAGTACAAGTTCGCATAC

CGCCTGGTAGCGGTGAATTGTTTTTAGGTGAGCACCATAGCCCAGTACAAGTTCGCATAC
T e

TCAGTGATGATTGGTCTTTACTCGATGTCGCAGATGAAAATGTAGATTATGATTTCCTTT
TCAGTGATGATTGGTCTTTACTCGATGTCGCAGATGAAAATGTAGATTATGATTTCCTTT
dkkkkk ko kkk ok k ko ke ok ok khkh ko kkkkkkhk ok kkkk ok kkkhkh ok ok

ATCATAATGTAATGGGCTATTACGAACTACTTTATCCTTTTATGGCTGACAAAGTATTTA

ATCATAATGTAATGGGCTATTACGAACTACTTTATCCTTTTATGGCTGACAAAGTATTTA
hkkkkhhkkdkokhkkhkkhhkhhhdkhhhkhkhhhkhhhhdhkdhhhkhkhhdhhhdhkhkhkhkkhk

GTATGGCCGATAAGTGTAAATGTGAGACTTATGCCCGTTTAATGTGGCARATGTGCGACC

GTATGGCCGATAAGTGTAAATGTGAGACTTATGCCCGTTTAATGTGGCARATGTGCGACC
hhkkkkhkhhhkhkhhhkhhhkhdhkhdhkhdhhhdhhhdhhhkhhhhkhkhkhkhkhkkhd

CTARAAACCGCGACAAAAGTTATTACATGCCTAGTACTCGAGARATGTCCTCGGTTAAGT

CTAAAAACCGCGACAAAAGTTATTACATGCCTAGTACTCGAGAAATGTCCTCGGTTAAGT
o e e v ok e ok ok ok e ok ok ok e ok ok ok ok ok ke ok ok e o ok ok ok ok ok e ok vk o ke ok ok e ke ok ok ok ok ok ke ok ok ok ok ok ok ok e ok ke ok ek ke ke

CACATTTATTTCTGAAATATTTAAGTAATGTTGAGCAATCAGCAATGCCTAAAGAGCTAC

CACATTTATTTCTGAAATATTTAAGTAATGTTGAGCAATCAGCAATGCCTAAAGAGCTAC
hhkkhkkkhhhkhhhkhhhkhhhkhhhkhhhkhkhhkhhhkhhhkhhhhkhhhkhkhkhkhkhk
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CGCCATTAGAGCCCCAGTTTACTGCGCAAGGTAGTATTAAAACTAAAGCTCAGTTAATAA

CGCCATTAGAGCCCCAGTTTACTGCGCAAGGTAGTATTAAAACTAAAGCTCAGTTAATAA
dkkkkkkkhkkkkkkkhkkkkkhkkhkkkkkkhkhhkhkkh ko ko kkkkhkhhkkkkkkhkk

GCAAGCTACGTGATGCGGTAGATTTAGAGTTATCGATTATGTTGCAATATCTTTATAGCG

GCAAGCTACGTGATGCGGTAGATTTAGAGTTATCGATTATGTTGCAATATCTTTATAGCG
ek 3k ke A e vk vk vk ok ke ke ok ko ok ok ke ok ke ke ke ko ok ok ok ok ok ok ok ok ok ok o ok ok o ok ok ok ok

CCTATTCGTTACCTACCTATGCTGCAGGGGAGCAATATGTAGAGTCAGAACGTTGGACAC

CCTATTCGTTACCTACCTATGCTGCAGGGGAGCAATATGTAGAGTCAGAACGTTGGACAC
L e e T e ey

AAGCTCAGTTAGAGTTAGTTAACGGTTCCAAGGAAAGGCGAAARAACAGTGGTTGGCGAG

AAGCTCAGTTAGAGTTAGTTAACGGTTCCAAGGAAAGGCGAARAAAACAGTGGTTGGCGAG
e e sk e e ok ke e ok ok ok ok ok ok ok ok ok ok ok ok ok e ok o e ke ok o ok ok ok ok ok ok ok ok ok ok e ok ok ok ke ke ke ke

GTGCTATTTTAGAGATCGCCCATGAAGAAATGATACATTATTTGGTCATCAATAATATCT

GTGCTATTTTAGAGATCGCCCATGAAGAAATGATACATTATTTGGTCATCAATAATATCT
e e e e 3k e ok e ok ok e ek ok ke ok e ok ok ke ek ok ok ok ok e ok ok e ok ok ok ok ok ek ok ok ok ke ok ke e ek ek ok

TGATGTCTCTAGGTGAGCCTTTCTACCCTGGAGAGCCTGTTTTTGCACAAGCCGCCARAG

TGATGTCTCTAGGTGAGCCTTTCTACCCTGGAGAGCCTGTTTTTGCACAAGCCGCCAAAG
Fkdkkkkkkhkkdkhkh ko kkkkhkhkhk ko khk ko kkh ko ke kkkkhkkhhhkhhkhkkh

AGAAGTTTGGCTTAGATACTGAATTTTCTTTTGAGCCTTTTTCTGAGCATATTATTGCTA

AGAAGTTTGGCTTAGATACTGAATTTTCTTTTGAGCCTTTTTCTGAGCATATTATTGCTA
kkkkkkhkhkhkhkhhhhhhhhhhhkhhhhkhhhhkhhhhhhhkhhkhkhhhkhhkhkkhkhkhkkrk

AGTTTGTCCGCTTTGAATGGCCTCATTTCTTTCCTTCTGTTGGTAAGTCGATAGCCGATT

AGTTTGTCCGCTTTGAATGGCCTCATTTCTTTCCTTCTGTTGGTAAGTCGATAGCCGATT
D R R L g

TTTATAACGAAATTCGTATTGCTATCAACGAAATACCCGACTTATATACCCAAGACATGA

TTTATAACGAAATTCGTATTGCTATCAACGAAATACCCGACTTATATACCCAAGACATGA
dkhkhkhkhkkhkhkhhhhkhkkhhhkhhhhhkkkhhhhhhhhhkhkhhhkkkhhkhkkhhkkdkkhk*

ATAAGCAAGGTGGTGAACATCACTTATTTTTAAACGAAATAATAAACCGTGCTTATCCTA

ATAAGCAAGGTGGTGAACATCACTTATTTTTAAACGAAATAATAAACCGTGCTTATCCTA
kkkkkhkhkkkhkhkhhhkhkhkhhhhhkhhhhkhhhhhhhkhhkhkhhkhkhhhkkhhhkkkhkkkhkkhk

ATTATCAGTTTGAAGTTTATGATAAAGAAACTGCATTATTTGCTATCGACTTTGTTACCG

ATTATCAGTTTGAAGTTTATGATAAAGAAACTGCATTATTTGCTATCGACTTTGTTACCG
Fkkkkkkkhkkdkhkkkkkkkk ok ke kk ko khhhh ko kkh ko ke kkhkhkhhhkhkhkhkkh

AGCAAGGTGAAGGCGCTAGTGCTGATTCTCCACAATTTGAACATAGCCATTTTAACCGCT

AGCAAGGTGAAGGCGCTAGTGCTGATTCTCCACAATTTGAACATAGCCATTTTAACCGCT
dekdek ko kk ek kk ko k ok ko ko kk ko ko kk ke ko ke ko hkkk

TAAGATCTATATCTAAAAACCTCACTCTTAGCGACATTCCTTTTGAACCTGCTTATCCCG

TAAGATCTATATCTAAAAACCTCACTCTTAGCGACATTCCTTTTGAACCTGCTTATCCCG
e e e e 3k e ok e ok e ok ke ek ok ke ok ke ke ok ok ok ke o ek ok ok ok ok ok ok ok ok ok ok ke ok e ok ook ok ke ok ok ok ok ke o ke ok ek ke ok

TTTTAAAAAATCCAGTGATAAGTCAGCGAGCAGGGTGCAATGTTGTTACAAACCCGAATG

TTTTAAAAAATCCAGTGATAAGTCAGCGAGCAGGGTGCAATGTTGTTACAAACCCGAATG
dekkkkkkk ok h ok kkkkkkkkhhhkkk ko kkkhkkkh ke kkkkk ke dkkkkkkkk*

CCAGAGCTTTAATGACGCTTTATCAAGGTTGTCATGAACTGATGTTTAAAATGATGATGC

CCAGAGCTTTAATGACGCTTTATCAAGGTTGTCATGAACTGATGTTTAAAATGATGATGC
L T T T T
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AACATTTTGCACAAACTTCAAAAGGGAGTATGCGTCGATCTCGATTAATGAATGCCGCTA

AACATTTTGCACAAACTTCAAAAGGGAGTATGCGTCGATCTCGATTAATGAATGCCGCTA
khkhkkhkkhkhhkhhkhhkhhkhhkhhhhkhhhhkhhhhkhhhkhhhkhhhkhhhkhhhkhhkkkhkkkhk

TAGATTTAATGACAGGTATTTTAAGGCCTTTATCAGTGCACCTTATGACTTTACCGTCTG

TAGATTTAATGACAGGTATTTTAAGGCCTTTATCAGTGCACCTTATGACTTTACCGTCTG
D L g g e

GAACTGCAGGTCGAAATGCAGGTCCCCCACTACCTCAAGCTATTAAATTTAAAGCGACAT

GAACTGCAGGTCGAAATGCAGGTCCCCCACTACCTCAAGCTATTAAATTTAAAGCGACAT
T e T T T T Y

CAAATTACGAAAAAGGCTGCCTTGCATTAGCGCAAGCGTGTAAAGAACTTGCTGARACAG

CAAATTACGAAAAAGGCTGCCTTGCATTAGCGCAAGCGTGTAAAGAACTTGCTGARACAG
hkkhkhkhkkdkhkhkhhhhkhkhhhhhhhhkhkhhhkhkhhhkhkhhhkhkh kb khkhkhkkdhh*

CCAAAGAAATAAAAGCAACCCCACCAGAAACACAAATAGAATTACTTGAGTTTTATCAAA

CCAAAGAAATAAAAGCAACCCCACCAGAAACACAAATAGAATTACTTGAGTTTTATCAAA
**********************************************I** * ke d dk ko ok ok

vioC

AACARATGACTGAACTCGCAACAAATAAATTATCAAGGGAAGGT|TAA|T:

AACAAATGACTGAACTCGCAACAAATAAATTATCAAGGGAAGGTTAAT
Fkkkkkkk ko k ko k kA hkhhkkkkk ko k ok kk ok ke h ke kkkkkkkk

AATCCTTGTTGGCGGCGGTCTAGCTGGCAGTCTTACAGCAATATTTTTAGCGAGAAAAGG

AATCCTTGTTGGCGGCGGTCTAGCTGGCAGTCTTACAGCAATATTTTTAGCGAGAAAAGG
e v e e e e ke ke vk ok ok ok e ko ke o ok ok ok ok ok ok o ok ok ok ok ke ok o ok ek ek ok ok e e ek ok

ACTCGAAATTCATGTTATTGAAAAGCGAGGAARATCCTTTACTCGATCAAAGTGATTACAT

ACTCGAAATTCATGTTATTGAAAAGCGAGGAAATCCTTTACTCGATCAAAGTGATTACAT
e e v e ke e e ok v v ok ke ok ok ok ok ok ko ek ok ok ok ok ok ok ok ok ok ok ok ok ke ok o ok ok ok ok ok ok ok ok ok ke ok o ok ok ok ook ek ok

AGACCAAGTTAGCTCAAGGGCAATAGGTGTCAGTATGACTGTCCGTGGCATAGAGGCTGT

AGACCAAGTTAGCTCAAGGGCAATAGGTGTCAGTATGACTGTCCGTGGCATAGAGGCTGT
Fkkkkkkdkhkkkkhkhhkhhkhdkhdkhkhkhhhhhdhkhhkhkhhkhhkhkhdhkhhhhhhhhkhhk

TGTTGAAGCTGGCATTCCACTTAAAGAGCTTCAAGCCTGTGGTATAGAAGTATCAGGTAT

TGTTGAAGCTGGCATTCCACTTAAAGAGCTTCAAGCCTGTGGTATAGAAGTATCAGGTAT
L L T L L T Y

GTCTTTATTTGTTGCCGGTAAAAATAAAATAAGAGAACTCCCTCCATTAGATAAGTTAAA

GTCTTTATTTGTTGCCGGTAAAAATAAAATAAGAGAACTCCCTCCATTAGATAAGTTAAA
e e v e e e e ke kv ok ke ok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ke ok ok ook ok ek ok ok ok ok e ok ok ek ok

ACCATTGTCTCTTAGTCGCAGTGCTTTTCAGTTATTACTCAATAAATATGCAGAAAAAGC

ACCATTGTCTCTTAGTCGCAGTGCTTTTCAGTTATTACTCAATAAATATGCAGAAAAAGC
L T T T e

AGGCGTTAATTACCATTACAACCAGCGCTGCATTGAAGTTAATTTAAATAAATGTCACCT

AGGCGTTAATTACCATTACAACCAGCGCTGCATTGAAGTTAATTTAAATAAATGTCACCT
e e v ke e e ok e ke v ok ok ok ok ok ok ok ok ke o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke ok

GTTAACTAAAGATTTAAATGATAATTTTATTGAGCACTCAGGTGACTTATTAATTGGTGC

GTTAACTAAAGATTTAAATGATAATTTTATTGAGCACTCAGGTGACTTATTAATTGGTGC
T T T T T s

GGATGGCGCACGCTCTTGTGTAAGAGATGCCATGCAAACTCACTGTCGACGATTTGAATT

GGATGGCGCACGCTCTTGTGTAAGAGATGCCATGCAAACTCACTGTCGACGATTTGAATT
Fkkdkkkkdkhkdkkkkkkk ko khdkkkkk ok ko ko kkkkkhkh ko ko kkkkkkhkhkhkkkk*

TGAGCAAACATTTTTTAAACATGGGTATAAAACCTTAGTTATTCCAGATGCTAAARAAGT

TGAGCAAACATTTTTTAAACATGGGTATAAAACCTTAGTTATTCCAGATGCTAAAAAAGT
D T T T 2
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CGGCTTAAGGCCTGATCTTTTACACTTTTTTGGCATGGACTCTCATGGTCAATTTGCAGG

CGGCTTAAGGCCTGATCTTTTACACTTTTTTGGCATGGACTCTCATGGTCAATTTGCAGG
3 o d % vk ok vk ok ok ok ok ok ok ok ok e ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok ok ok ko ok ok ok ok ek ok ok

TAGGGCAGCAACGATCCCTGATGGCAGTATCAGCTTCGCGGTTTGCCTACCCTTTAAAGG

TAGGGCAGCAACGATCCCTGATGGCAGTATCAGCTTCGCGGTTTGCCTACCCTTTAAAGG
Kkkkhkkhkhhkhdkhhkhdkhkhkhdkhkhhhkhhhkhdkhkhdkhkhdkhhkkkhhhkhhkkhhdkhhkk

AARAGTAAGTCTACATACAGATGATAAAGTCGCCATGCGAGAATTTTTTGACCGATATTA

AAAAGTAAGTCTACATACAGATGATAAAGTCGCCATGCGAGAATTTTTTGACCGATATTA
dek ko dkkkok ok ko dkdkkkdek ok ke k ok ko ko ok ok ko ok ko ok ok ok ke ek ek ek ko ke ke ok ke ke

CTCTATGGTACCTAAACATATTCGCCAAGAGTTACTAGAACAATTTATGGTTAAGCCGAG

CTCTATGGTACCTARACATATTCGCCAAGAGTTACTAGAACAATTTATGGTTAAGCCGAG
3 % vk e ok vk ok ok ok ok ok ok o ok e ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ok o ok ok ok ko ok

TAATGATCTTATTAATGTGCGCTCATCTACTTTTCACTATAAAGATAAAGCCTTACTGAT

TAATGATCTTATTAATGTGCGCTCATCTACTTTTCACTATAAAGATAAAGCCTTACTGAT
L R R T R T T

TGGCGACTCTGCGCATGCAACAGCGCCATTTTTAGGTCAAGGCATGAATATGGCTCTTGA

TGGCGACTCTGCGCATGCAACAGCGCCATTTTTAGGTCAAGGCATGAATATGGCTCTTGA
e T T

AGACGCTTATGTTTTATCATGCTTATTTGATAAATATGATGCTAATTTAAGTAAAATTTT

AGACGCTTATGTTTTATCATGCTTATTTGATAAATATGATGCTAATTTAAGTAAAATTTT
kkkkkhkhkhkhhhhkkhhhhhhkhhkhdkhhhkhhkdkkkhkhkhhkhkkhkhkhkhhkkkhkhk

ACCTGACTTTACAACCTTACGAAAAGTAGAAGCCGATGCAATGCAAGACATGGCAAGAGC

ACCTGACTTTACAACCTTACGAAAAGTAGAAGCCGATGCAATGCAAGACATGGCAAGAGC
dkkkkkhkkhkhkhkkkhhkhhhhkhkhdkhhkkhkhhkhkhhhkkkkkkh kb khkhkkhhhhkhkhkkk

AAATTATGAAGTATTAAGTTGTTCAAACCCTATTTTCTTCCTAAGAGCCAGATACTTACG

AAATTATGAAGTATTAAGTTGTTCAAACCCTATTTTCTTCCTAAGAGCCAGATACTTACG
khkhkhhhkhhhkhhhhkhhhhkhhhhkhhhkhhhkhhhhhhhkkhhhhkhhhkhhkkhhkx

TTATATGGGTCAAARACTTCCAAAGCTTTACCCGCCAGATATGGCAGAGAAATTATATTT

TTATATGGGTCAAAAACTTCCAAAGCTTTACCCGCCAGATATGGCAGAGAAATTATATTT
kkkhkkhkhkkhdkhhkokdkdkhkhdkhkhhhkhhhkhdkhkkdkhkkdkhkkkkhhdkkhhdkhhkkhkkk

CACTTCAATGAAATACAGCAARATTAGACACTTTCAACAAARACAAAATGTTTGGTACAA

CACTTCAATGAAATACAGCAAAATTAGACACTTTCAACAAAAACAAAATGTTTGGTACAA
dkkkhkhkkkhkhkkkhhkhkhhdhhhkhdkhhkhkhhkhkhhhkkkkkhkhkhkhkkkhhhhkhk k&

vioD
AATAGGGAGATTAAATT. TATTCTTGTGATCGGTGCAGGTCCAGCAGGTCTTATG

AATAGGGAGATTAAAT) TGAATATTCTTGTGATCGGTGCAGGTCCAGCAGGTCTTATG
Kkdkkkhkkkkkkkhdkhkhhkhh ko dkkkkhhkdkdkkkkkkkkhhkhkhhhhhhhkhkhx

TTTTCTAGTCAAATCAAAAAACTAAACCCTGATTGGCATATCAATATTATAGAAAAAAAT

TTTTCTAGTCAAATCAAAAAACTAAACCCTGATTGGCATATCAATATTATAGAAAAAAAT
T T

AATCAAGATGAAAGTGTTGGTTGGGGTGTTGTGTTGCCAGGTAGAGCACCACATCATCCT

AATCAAGATGAAAGTGTTGGTTGGGGTGTTGTGTTGCCAGGTAGAGCACCACATCATCCT
¢ o 3k ok 3k e 3k e ok ek ok ok e o ok ok ok ok ok ok ok ok ok ok ok ok ok e ok ok ok ek ok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok

GCGAATCCGCTGTCATATTTATCTAATCATGAATCATTAGATGCGCAATACATAGAAGAG

GCGAATCCGCTGTCATATTTATCTAATCATGAATCATTAGATGCGCAATACATAGAAGAG
dhkkkkhkkkkhkkkhhkhhkdkhkkhkhhkhkhhkhkkkkkkkhhkhkhhhkhkhkhhkkhkkhkkk
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TTTAAGCTTACACATCATAATGACTCAGCCTTAACTAAAACCGGCGTCACTTTATGTGGT

TTTAAGCTTACACATCATAATGACTCAGCCTTAACTAAAACCGGCGTCACTTTATGTGGT
khkhkkkhkhkkhhkhkhhkhhkhhkhhhhkhhhhhhhkhhhhhhhhhhhhhhkhhhhhkhkhkkkhkkkk

GCCGAGCGTAAATCTATGGTGCATGAACTTCGTCAATTATGTATTGGTTTAGGTATTTCG

GCCGAGCGTAAATCTATGGTGCATGAACTTCGTCAATTATGTATTGGTTTAGGTATTTCG
L L L T g S

ATTGAATATGAAAAACCGGCATCAAAACTCGTTGACCTACAATGTAACAAATATGATTTA

ATTGAATATGAAAAACCGGCATCAAAACTCGTTGACCTACAATGTAACAAATATGATTTA
hkkdkkdkhkkdkhhkkdkhkhkkdkhhkkkkkhhkkkkhkkkkkkkhkkhkkkhkkkkkkhkkdkhkk

GTTGTTGTTTCAAATGGTATTAATCATACATCAACGTACTATAAAGAAGCATTAAAGCCT

GTTGTTGTTTCAAATGGTATTAATCATACATCAACGTACTATAAAGAAGCATTAAAGCCT
khkhkkhkhkhhkhhkhhkhhkhhhhhhhhkhhhhhhhhhhhhhhhhhkhhhkhhhhhhkkkhhkkhhhk

AAAGTTGAATTCGGTAAAAATCGTTATATGTGGTACGGGACGACTAAAAAGTTTGATGAA
AAAGTTGAATTCGGTAAAAATCGTTATATGTGGTACGGGACGACTAAAAAGTTTGATGAA
L L T L T P T T T

ATGAATTTAATTTTCAAAACGAAAGCTAAAGGTATTTTTGTTGCTCACTGTTATAAATAT

ATGAATTTAATTTTCAAAACGAAAGCTAAAGGTATTTTTGTTGCTCACTGTTATAAATAT
hkkkhkhkkdkhkdkhkkhhhkhkhdkhkhkhhkhkhkhkkkkkhkhkkkhhkkkhhhkkhkhkkhkhkk

TCCAGTAATATGAGTACTTTTGTTGTTGAATGTAGTGAAGAAACGTATATAAATTCAGGT

TCCAGTAATATGAGTACTTTTGTTGTTGAATGTAGTGAAGAAACGTATATAAATTCAGGT
R T T

CTTGATGAAATGTCGACTCAAAATGCCGAAGCCTTTATTGCTTCAGTATTTGAAGAAGAG

CTTGATGAAATGTCGACTCAAAATGCCGAAGCCTTTATTGCTTCAGTATTTGAAGAAGAG
khkhkkhhkhkhhkhkhhhhhhhhhhhdhhhhhdhhhhhhhhhhkhhhkhhhhkhhhdkhhhdhhdk

TTAGACGGTCAAACGGTTATATCACCAAAAGGGCTCAAATGGCGTAACTTCATGACATTG

TTAGACGGTCAAACGGTTATATCACCAAAAGGGCTCAAATGGCGTAACTTCATGACATTG
hkkkkkkkkkkk ko k ke kk ke ko ko ke kkk ko khkhkkkkkkkkkhkkkk kX

AGTCATGAACAAGCCTATAGCGATAATATTGTTTTACTAGGTGATGCACTGCAATCAGGA

AGTCATGAACAAGCCTATAGCGATAATATTGTTTTACTAGGTGATGCACTGCAATCAGGA
ke e ke ok e vk ok ok ke ok o o ok ok o ok ok ok ke ok ok o o ok ke ok ok ok ok ok ok ok ok ko ke

CATTTTTCTATTGGTCACGGTACGACTATGGCTGTAGTTGGCGCACAAATGTTAGTTAAA

CATTTTTCTATTGGTCACGGTACGACTATGGCTGTAGTTGGCGCACAAATGTTAGTTAAA
L g g e T T T

TCGGTTTACGATCATAGTGATAATATTGCTACGGCGTTAGAAGATTTTAACCAAAATGTG

TCGGTTTACGATCATAGTGATAATATTGCTACGGCGTTAGAAGATTTTAACCAAAATGTG
L T T T T T T s

ATGCCTGTCATGCAATTGTTTGATCAACATGCAAGTACTAGCCGATTATGGTTTGAAAGC

ATGCCTGTCATGCAATTGTTTGATCAACATGCAAGTACTAGCCGATTATGGTTTGAAAGC
kkhkkkkhkkhkhkhhkhhkhhhhhhhhkhhhkhhhhhhhhhhhhhhhkhhkhhhhhhhhhkhkhkhkx

GTAGAAGACCGCATGCATTTATCAACTCCTGAGCTAGCACAARAGCTTTGCGACGCGCAGA

GTAGAAGACCGCATGCATTTATCAACTCCTGAGCTAGCACAAAGCTTTGCGACGCGCAGA
khkhkkhhkhkkhhkhhhhhdhhhdhhhdhhh kb hhhhhhhhhhhkhhhkhhhkhhhhhrhkhhk

AACCAATTACCTCCTCTACCGCCAGCGTTAGGACAAGCACTTGAAAAAGCTTTAGCGCGA
AACCAATTACCTCCTCTACCGCCAGCGTTAGGACAAGCACTTGAAAAAGCTTTAGCGCGA
hhkkdkhdhkdkhhkhdkhdhhhdbddddbhddhdhdddddbhddhbdbdhdbdhddhddhdhhhdhddkd
1vioE
GGAGAAAACEgﬁ_EQCAGTTTAATAAAATAACAAAAGTCGCTCCTTTATTACCTGAACAA

GGAGAAAAGTAAATGCAGTTTAATAAAATAACAAAAGTCGCTCCTTTATTACCTGAACAA
hkkkkkkhkhkkhkkhkhkkkkhhh ko hkhhhkkkkkkdhhhkhkkkkhkk ke hkhkk k&
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g412 _vio
g423 contigl

g4l12 _vio
g423 contigl

g412_vio
g423 contigl

g4l2 vio
g423 contigl

g4l2 vio
g423 contigl

g412_vio
g423 contigl

g4l2 vio
g423 contigl

g4l2 vio
g423_contigl

g4l2 vio
g423_contigl

g4l2_vio
g423 contigl

g412_vio
g423 contigl

g4l2 vio
g423 _contigl

g4l2 vio
g423 contigl

g4l12 vio
g423 contigl

g4l2 vio
g423 contigl

TGGAGTAGCAGTTACATTTCATATTGGATTCCTATGCAGCCTGACGATGATATTACTTCA

TGGAGTAGCAGTTACATTTCATATTGGATTCCTATGCAGCCTGACGATGATATTACTTCA
hkkkkhkkkkhkhkkhhkhkhhkhkkhkhkkhhkhkhkkkhkkkhhkkhkkkhhkkhkkkhkkkk k&

GGGTACTGTTGGTTCGATTATAAAAAAAATGTTTGTCGCATTGATGGTTTATTTAACCCT

GGGTACTGTTGGTTCGATTATAAAAAAAATGTTTGTCGCATTGATGGTTTATTTAACCCT
sk 3k ke e ek ok ok ok ok ok ok ok ke ek ok ok ok ok ok ok ke ke ok ke ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ek ek ok

TGGTCTGAGAAAAAAAAGGGTCACAGATTATGGATGTCTGAAATCATGTACCCCAGTACT

TGGTCTGAGAAAAAAAAGGGTCACAGATTATGGATGTCTGAAATCATGTACCCCAGTACT
hhkkkhkkkkhkhhhhhhhhhhhhhhhhhhhhkhkhkhhhkhkkkhhkkhkkkkkkkkkkkk %

GATGAATCATTTAAATCTAAAGTGTCATATACGCGGAACGATATGACAAAGACTTCTGCA

GATGAATCATTTAAATCTAAAGTGTCATATACGCGGAACGATATGACAAAGACTTCTGCA
hhkkkkhkkkkhkkkhhkkkhhkkkhkkhkkkkkkkkkkkkkkkkkkkkkhkkkkhkkkkkkk*

TTTGAAGCTGCAGTATTAAATGATGAAATAGACCCTTGTCATGAACTGATACTTACGCAA

TTTGAAGCTGCAGTATTAAATGATGAAATAGACCCTTGTCATGAACTGATACTTACGCAA
ek ke ke ok ok ok ok ke ke ek ke ok ok ok ok ke ok ke ke ke ke ko ok ok ko ke ko ok ko ok ok ko ke k ok

GATGTATTAATAACATGCAATGCACAATATATTGGTACATCTAATATTCTAGGTCATGAA

GATGTATTAATAACATGCAATGCACAATATATTGGTACATCTAATATTCTAGGTCATGAA
hhkkkkhkkkhkhkkkkkhkkkkkkkkhkkkkkkkkkkkkkkkkhkkkkkkkhhkkkkkk k&

GTTGATGAATGGTTTTTTCAACGTCCTAATGGCAAAGGACCTGCTACTTATTACTTTATA

GTTGATGAATGGTTTTTTCAACGTCCTAATGGCAAAGGACCTGCTACTTATTACTTTATA
hhkkkkkkkkhkhkkkkkkhkkkhkkkhkkkkhkkkhkkkhkkkhkkkhkkkkkkkkkkkk &

AGTGATACCAATCACTTAGTACGTATGATAACCGGAGATCCAAAAGTACAGGCGTCAGTA

AGTGATACCAATCACTTAGTACGTATGATAACCGGAGATCCAAAAGTACAGGCGTCAGTA
Fdkkdkkkkkkk ko k ko k ok kkk ok kkkkkkkkkkkkkk ko ko kkk ok

AGAGACTTTCCAAACTTCAATACTTATAAAATTTCTCAAAAAACATTTCAACCTGAACCC

AGAGACTTTCCAAACTTCAATACTTATAAAATTTCTCAAAAAACATTTCAACCTGAACCC
hdkkdkkkkk ko kk ko k ok kk ko kkk ko kkkkkk ko kkkk ko ko kk ok ko

TTAAAT. AAGGTGGCATGTGACAGCCATTAAGTTTAATAATGGCTGTTTTTAAACGT

TTAAAT. AAGGTGGCATGTGACAGCCATTAAGTTTAATAATGGCTGTTTTTAAACGT
Sk ek ok ke ek sk ek ok ok ke ke dk ok ke ek ke ke sk ke ok ko ko ko ko ko ko ko ke ko ok ok ke ok

AAAAGCAAAGTTGTATTTCAGAATAAATTTAATCCAAAAGCTGATTTAACACGCTGAGAG

AAAAGCAAAGTTGTATTTCAGAATAAATTTAATCCAAAAGCTGATTTAACACGCTGAGAG
sk e e sk ok ek ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok ok ke ok ok ok ok

ACGGCCTGAGTTTGTTGGTTTGCCAGCTCAGTTCCAGATTTAAGAATAGAAATGAGTTCT

ACGGCCTGAGTTTGTTGGTTTGCCAGCTCAGTTCCAGATTTAAGAATAGAAATGAGTTCT
dkkkkkkkkkkk ko ko kdkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkkkkk ok

GCTTTATCAGCTAAGTAACGCTCTCTCTTAGCTCTGATCGGTGTGATTAGATTAATTAAA

GCTTTATCAGCTAAGTAACGCTCTCTCTTAGCTCTGATCGGTGTGATTAGATTAATTAAA
Fohkkkkkkkkkkk ko khhkkkhkkk ko kkhkhkhkkkkkkkhkkkkkkkkkkkkkkkkhkk

CAATCACTTAAAATACCTTTTAATTTACTGTCCCCTAACCCACCAGATGCATAATGGTTT

CAATCACTTAAAATACCTTTTAATTTACTGTCCCCTAACCCACCAGATGCATAATGGTTT
Fkkkkkkkkkkk ko kkhkkkhkkkkkkkhkkkkkkkkkkkk ko kkkkkkkkkkkkkkkk*

TTAAGTTGTGCGATATAGGTTTTATCTTCATGAAAAGCATCTAAATAAGTAAATACAACA

TTAAGTTGTGCGATATAGGTTTTATCTTCATGAAAAGCATCTAAATAAGTAAATACAACA
ok kk ok kkkkk ko kk ok k ok kkkkkhkhkkkkkkkkkkkhkkkkkkkkkkkkkkkkkk ok
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g4l2 vio
g423 contigl

g4l2 vio
g423 contigl

g4l2 vio
g423 contigl

g4l2 _vio
g423 contigl

g412_vio
g423 contigl

g4l12 vio
g423 contigl

TTACCTTCTACTTGCCCAGGATCGTCTACTCTTAAGTGATTTGAATCGGTATACATAGCG

TTACCTTCTACTTGCCCAGGATCGTCTACTCTTAAGTGATTTGAATCGGTATACATAGCG
kkhkhkkhhkhkhhhkhhhhkhhhkhhhkhhhkhkhhhhhkhkhkhkhhhkhkhhhkkhhkkhk

CGAACAGCTTTTACTATCATGTCATCACTACTACCAAAAGTAATCACATTACCCAGTGAT

CGAACAGCTTTTACTATCATGTCATCACTACTACCAAAAGTAATCACATTACCCAGTGAT
B R R R R R R d R g

TTAGACATTTTAGCTTTACCATCTACACCCGGTAATCTAGGTGTATCACTCAATAATGGT

TTAGACATTTTAGCTTTACCATCTACACCCGGTAATCTAGGTGTATCACTCAATAATGGT
e e e e e e e ke ok ke ok ke ok ok ok ok ok ok ok ok ok b ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok ke e ek e

TTCGCTTCAATTAAAACAGGCTGCTGTGCAATATTGTTTAATTTTCTTACTATTTCATTG

TTCGCTTCAATTAAAACAGGCTGCTGTGCAATATTGTTTAATTTTCTTACTATTTCATTG
Fdkddkdkkdkdkhdkkdkkkkk ko kkkkdkk ko kkkdkkkk ok kk ok dkkkkkhk ok kk ko kk ok

GTAATTTCTATCATAGGTAACTGATCATCGCCAACAGGAACTAAAGTCGCATCAAAAGCT

GTAATTTCTATCATAGGTAACTGATCATCGCCAACAGGAACTAAAGTCGCATCAAAAGCT
B R R R R R R R R d R

GTAATATCGGCAGCTTG— == == == == == = == — = — e e e

GTAATATCGGCAGCTTGGCTAATTGGGTAACTAAAAAAACCAGCAGGAATAGAGTTACCA
kkkkhkkhkhkhkhkkkk
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* pall and its promoter

g423_contigl
g412 scaffoldl?9
pall

g423_contigl
g412_scaffoldl9
pall

g423_contigl
g4l2_ scaffoldl9
pall

g423_contigl
g4l12_scaffoldl9
pall

g423_contigl
g412_scaffoldl9
pall

g423_contigl
g412_scaffoldl9
pall

g423_contigl
g412_scaffoldl9
pall

g423_contigl
g4l1l2_scaffoldl?9
pall

g423 contigl
g4l2_scaffoldl9
pall

g423_contigl
g4l2 scaffoldl9
pall

g423_contigl
g412_ scaffoldl9
pall

g423_contigl
g4l2_scaffoldl?9
pall

g423 contigl
g4l2_scaffoldl9
pall

TTCCAAAAACTTGTTTTTTGAACACCTGATACATCTGACAGCAATTCCATTATTTAAACA
TTCCAAAAACTTGTTTTTTGAACACCTGATACATCTGACAGCAATTCCATTATTTAAACA

TTAATAAATTTCAGATACACATTAAAAACACTACTTAACAGATACTTAAGTTTAATTTTA
TTAATARATTTCAGATACACATTAAARACACTACTTAACAGATACTTAAGTTTAATTTTA

AGAACTTTAATCARATAAGAATTTGGAAGGTTTTTTAAATATAGATAAARACAAAARAGATA
AGAACTTTAATCAAATAAGAATTTGGAAGGTTTTTTAAATATAGATAAAACAAAAAGATA

CCCTGTAACTTTTTACAGGTTTTGGGTACAAGATAGTTTGTTATAGTGATTTARAAGAAA
CCCTGTAACTTTTTACAGGTTTTGGGTACAAGATAGTTTGTTATAGTGATTTAAAAGAAA

TGTAAATCAGAATAATTATTAATGAATCTCTATAACAATCAACTCTCATCTATTGATAAA
TGTAAATCAGAATAATTATTAATGAATCTCTATAACAATCAACTCTCATCTATTGATAAA

————————————————————— ATGAATCTCTATAACAATCAACTCTCATCTATTGATAAA
e 3 e e 3k e ke ko ok ok ok e ok ok o ok 3 ok ok ok ok o ok ok ok ok ok o ok ok e ok ok

AGTAAAATTATTGCAATGCACCAATTAAGAGAAAAGGCTTTTTATARACGCTTAAAATGG
AGTAARATTATTGCAATGCACCAATTAAGAGAARAGGCTTTTTATARACGCTTAAAATGG

AGTAAAATTATTGCAATGCACCAATTAAGAGAAAAGGCTTTTTATAAACGCTTAARATGG
e ok ek ke ke ok ke ok ke ok ke ok ke ok ke ok ke ok ok ok ke ok ke ok ok ok ke ok ok ok e ok ok e ok ko ok ok e ok ok ok ok ok e ok ok ke ke ok

CAAGTAGATAGTTTTAATGGTATGGAAAAAGATAAATTTGATAATATTTACTCTTCATAT
CAAGTAGATAGTTTTAATGGTATGGAAAAAGATAAATTTGATAATATTTACTCTTCATAT

CAAGTAGATAGTTTTAATGGTATGGAAAAAGATAAATTTGATAATATTTACTCTTCATAT
kkhkhkhkhkhhhkhhhhhhhhhhhhhhhhhkhhhhhhhhhhhkhhhhhhhhhhkhhkhhkhhhhk

TTACTTGTCARATCTCAATCAAATGAAGTAATAGGTTGTGCTAGATTAATTCCTACTGAT
TTACTTGTCARATCTCAATCAAATGAAGTAATAGGTTGTGCTAGATTAATTCCTACTGAT

TTACTTGTCAAATCTCAATCAAATGAAGTAATAGGTTGTGCTAGATTAATTCCTACTGAT
hkkkkkkkkkhhkkkkkhkkhkkkkkkhhkkkkkhkkhhkkkkhkhkkkkkhkkhkkkkkk ok

CAAGATTACATGTTTAAAAACATATTTTCAGAACTTGCTAGAAATGAAGAAATCCCAGAA
CAAGATTACATGTTTAAAAACATATTTTCAGAACTTGCTAGAAATGAAGARATCCCAGAA

CAAGATTACATGTTTAAAAACATATTTTCAGAACTTGCTAGAAATGAAGAAATCCCAGAA
Fddkdkdkddkkkkh ko k ok kdkkkkkkk ok ok ko ko k ko k ok ok ko k ok k ko kok ko k ko

AAATCAGATGTATGGGAAATAAGTCGATTTACATTAGATCGTACATTTGAACGAAACTAC
ARATCAGATGTATGGGAAATAAGTCGATTTACATTAGATCGTACATTTGAACGAAACTAC

AAATCAGATGTATGGGAAATAAGTCGATTTACATTAGATCGTACATTTGAACGAAACTAC
e ok ek ke ke ok ke ok ke ok ke ok ke ok ke ok ke ok ok ok ke ok ke ok ko e ok ok ok e ok ok ek sk ok ke kR ok ek ok ok ko ko

GATAATGGTGTAAGTAATATTACAAAAGAGATGTTTTCAGCTCTATACGAGTTTGCTATT
GATAATGGTGTAAGTAATATTACAAAAGAGATGTTTTCAGCTCTATACGAGTTTGCTATT

GATAATGGTGTAAGTAATATTACAAAAGAGATGTTTTCAGCTCTATACGAGTTTGCTATT
khkhkhkhkhhhhhhhhhhhkhhhhhhhhhhhhhhhhhhhhhhkhhhhhdhhhhhhkhhkhhhhk

GCARATTCAATCAATAATTTTGTCCTTGTAACTACAGTATCCTGTGAACGAATATTACGA
GCAAATTCAATCAATAATTTTGTCCTTGTAACTACAGTATCCTGTGAACGAATATTACGA

GCAAATTCAATCAATAATTTTGTCCTTGTAACTACAGTATCCTGTGAACGAATATTACGA
B e T

TTATTAGGTATTCCAACTCGACGCTTTGGGGATGGAATGTCAAGTARACTAGGAAAAGTA
TTATTAGGTATTCCAACTCGACGCTTTGGGGATGGAATGTCAAGTAAACTAGGAARAGTA

TTATTAGGTATTCCAACTCGACGCTTTGGGGATGGAATGTCAAGTARACTAGGAAAAGTA
dkkkkhkhkhkhkhhhhhhkhkhkhhhkhhkhhhkhkkhkkhhkkkkhkhhkhhkhkkhhhkhkkk*
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g423 contigl
g41l2 scaffoldld
pall

g423_contigl
g412_ scaffoldl$
pall

g423_contigl
g41l2 scaffoldld
pall

GATTCTGTAGCATTATGGGTTGATATAAATGACTCTTATAAACAAGCCGTAAATTGCAAA
GATTCTGTAGCATTATGGGTTGATATARATGACTCTTATAAACAAGCCGTAAATTGCAAR

GATTCTGTAGCATTATGGGTTGATATARATGACTCTTATAAACAAGCCGTAAATTGCAAA
R e e e a s e

AAAATCAGTAATAATCAATATCTTATTGGTTGTTTATAAAAATTTGGACTGAGCCCAAGA
AAAATCAGTAATAATCAATATCTTATTGGTTGTTTATAAAAATTTGGACTGAGCCCAAGA

AARAATCAGTAATAATCAATATCTTATTGGTTGTTTATAA-——————==—=——=========
kkkkkkkhkhkkhhkkkhhkhkhhkhkkhhkhhkhkkhhkhhk

TAATTTCACAAAAAATATATTAAGCATTCTTTATCGCTAATTTTATATATTTAGAATCGG
TAATTTCACAAAARATATATTAAGCATTCTTTATCGCTAATTTTATATATTTAGAATCGG
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* palR1 gene and its promoter

g423 contigl
g412_scaffoldl
palRl

g423 contigl
g4l2 scaffoldl
palRl

g423 contigl
g4l2 scaffoldl
palRl

g423 contigl
g4l2_scaffoldl
palRl

g423 contigl
g4l2 scaffoldl
palRl

g423 contigl
g412_scaffoldl
palRl

g423_contigl
g4l2 scaffoldl
palRl

g423 contigl
g4l12 scaffoldl
palRl

g423 contigl
g412_scaffoldl
palRl

g423 contigl
g4l2 scaffoldl
palRl

g423 contigl
g4l2 scaffoldl
palRl

g423 contigl
g4l2 scaffoldl
palRl

GTCGTAATGAATTGTAATGAAGATGGTGGTCAAACGGTATATCACATCCACCTTCATATG
GTCGTAATGAATTGTAATGAAGATGGTGGTCAAACGGTATATCACATCCACCTTCATATG

CTTGCAGGTAAAGAAATGGGCTGGCCGCCATATACAAATAATAAAAAAGTATTAATTTAA
CTTGCAGGTAAAGAAATGGGCTGGCCGCCATATACAAATAATAAAAAAGTATTAATTTAA

AAATAAATTAAAATAAAAGCAGCAAAAGAAACCCTAAAGTATTAGTTGAAACAAAAAACT
AAATAAATTAAAATAAAAGCAGCAAAAGAAACCCTAAAGTATTAGTTGAAACAAAAAACT

AATACTAAGGGTGTTATTTCTATGTTAAAGTTAGCCCTAATTTGAAATTTAGATACCTAT
AATACTAAGGGTGTTATTTCTATGTTAAAGTTAGCCCTAATTTGAAATTTAGATACCTAT

TTGAAGACAACGAACAAATAGGTAAGGGTAATTAACATGAAAAGTACTGCTTTTATTCTA
TTGAAGACAACGAACAAATAGGTAAGGGTAATTAACATGAAAAGTACTGCTTTTATTCTA

------------------------------------ ATGAAAAGTACTGCTTTTATTCTA
dkhkkdkkhkhkhkdkhhkhkhkhkdkkhkhddkdkdkhk

CAAGAACCTAATCCAATTAATGATATAAGCTTAGATGTACTAGCGCCTTTATTAAAAACC
CAAGAACCTAATCCAATTAATGATATAAGCTTAGATGTACTAGCGCCTTTATTAAAAACC

CAAGAACCTAATCCAATTAATGATATAAGCTTAGATGTACTAGCGCCTTTATTAAAAACC
e e o e ok e ok e e e ok o ok ok ok ke ok ok ok ok ke ok ke ke ok ok ke ok ke ok ok ok ok ke ok ke ke ok ok ok ok ke ok ok ok ke ok o ok ok ok ok ok ok ok

CAAGGATTGGAAGTTAAAAGTAGTACAGATACATCTGATATCCCTACTAATACTCGACTG
CAAGGATTGGAAGTTAAAAGTAGTACAGATACATCTGATATCCCTACTAATACTCGACTG

CAAGGATTGGAAGTTAAAAGTAGTACAGATACATCTGATATCCCTACTAATACTCGACTG
s e e e ke e e ok e e ke e e ke e e e e ke e e sk ek e sk ek ok ke ke ok ke ok ke ek ok ke ek ek ek ek e ok

TTGTTTATTGAATCAGGTGAAGAAARATGCATGGGAGAAATTGCAAGCGAAAGTAGCTGCA
TTGTTTATTGAATCAGGTGAAGAAAATGCATGGGAGAARATTGCAAGCGAAAGTAGCTGCA

TTGTTTATTGAATCAGGTGAAGAARATGCATGGGAGAAATTGCAAGCGAAAGTAGCTGCA
e e e ke e e ke e e ek e e e e e e e ke e e ke ek ek ek ok ok ok ok ok ok ok ke ke ke ke ek ek ek e ok

CTTACTTTTGAATGTGATATCGTATTATTTAATATTAGCCAAAATACTGAGCTTGCAAAT
CTTACTTTTGAATGTGATATCGTATTATTTAATATTAGCCAAAATACTGAGCTTGCAAAT
CTTACTTTTGAATGTGATATCGTATTATTTAATATTAGCCAAARATACTGAGCTTGCAAAT

khkhkkhkkhhkhkkhhkhhhkhhkhhkhbhkhkhkhhhhhhhbhhhhhhbhhkhhhhhhkhkhbhbhhbhhhhhbdkhhd

CGTGCACTATTAAGTGGTATCCGAGGTGTATTTTATGCCAATGATAATGCTGATGTATTA
CGTGCACTATTAAGTGGTATCCGAGGTGTATTTTATGCCAATGATAATGCTGATGTATTA

CGTGCACTATTAAGTGGTATCCGAGGTGTATTTTATGCCAATGATAATGCTGATGTATTA
hhkhkkhkhkhkkhhkhkhkhhhkkhhkhhhkhkhhhkh ke ko ke ke k ke kkkkkhkkkh ¥

ATGAAAGGTATCCGATTATTACTTGAAAACCAACTTTGGTACCGAAGAGATATTATGTGC
ATGAAAGGTATCCGATTATTACTTGAAAACCAACTTTGGTACCGAAGAGATATTATGTGC

ATGAAAGGTATCCGATTATTACTTGAAAACCAACTTTGGTACCGAAGAGATATTATGTGC
hkkkkkkkkkkkhkhhkhhkhk ke kkk ko ko ko ko k ke h ke kkk ke kkk ke k k&

AATGCCTTAACTCGGTTATTACACTTTAATAAGGAAACAATCGCTAAGTTTACAGATGCG
AATGCCTTAACTCGGTTATTACACTTTAATAAGGAAACAATCGCTAAGTTTACAGATGCG

AATGCCTTAACTCGGTTATTACACTTTAATAAGGAAACAATCGCTAAGTTTACAGATGCG
LR Ty T
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g423 contigl
g41l2 scaffoldl
palRl

g423 contigl
g412 scaffoldl
palrRl

g423 contigl
g412_scaffoldl
palrRl

g423 contigl
g4l2 scaffoldl
palRl

g423 contigl
g41l2 scaffoldl
palRl

CCTGTAGAACCAGTGAACTTAACAAAGCGTGAACGTGCAATCATAACCTTGATGAGTACA
CCTGTAGAACCAGTGAACTTAACAAAGCGTGAACGTGCAATCATAACCTTGATGAGTACA

CCTGTAGAACCAGTGAACTTAACAAAGCGTGAACGTGCAATCATAACCTTGATGAGTACA
ey

GGCAGTAAAAATAAAGAGATCGCCGACAAGTTAGATATCAGCCCTCATACAGTAAAAACA
GGCAGTAAAAATAAAGAGATCGCCGACAAGTTAGATATCAGCCCTCATACAGTAAAAACA

GGCAGTAAAAATAAAGAGATCGCCGACAAGTTAGATATCAGCCCTCATACAGTAAAAACA
Feddddekkd ko ddk ok gk dkk ok ko dk ko kk ok ok k ko ko k ok k ko ko ko k ok k ok

CACTTATATAGTGCTTTTAGAAAAACAAAATGCCGCAATAGAATCGAGCTATTATCATGG
CACTTATATAGTGCTTTTAGAAAAACAAAATGCCGCAATAGAATCGAGCTATTATCATGG
CACTTATATAGTGCTTTTAGAAAAACAAAATGCCGCAATAGAATCGAGCTATTATCATGG

khkhkkhkhkhkdkhkhkhkhkddkhhkhhrdhhhkdbhrhhhdhhrdhkhrrhhbddbhrhhkbrdhrhbddbdrhdrrdhhddx

GCACAACATAACATTCCTAATGAATTAAGATAGTAATAAAATAAAAACCAGCTTTAGCTG
GCACAACATAACATTCCTAATGAATTAAGATAGTAATAAAATAAAAACCAGCTTTAGCTG

GCACAACATAACATTCCTAATGAATTAAGATAG-——========= === == mm e mmmm
khkkkhkkhkhkhkdkhkdkdkhkdkhhdddkdhkdrhrhrhdhhdhdd

GTTTTTTATATCTACAACTTTATATAAAACCTTTGCCATACCAATTCTATTAAGCTAATT
GTTTTTTATATCTACAACTTTATATAAAACCTTTGCCATACCAATTCTATTAAGCTAATT
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* palR2 gene and its promoter

g423 contigl
g412_scaffoldl5
palr2

g423 contigl
g412_scaffoldl5
palR2

g423 contigl
g412_scaffoldl5
palR2

g423 contigl
g412 scaffoldl5
palR2

g423 contigl
g412_scaffoldl5
palR2

g423 contigl
g412_scaffoldl5
palR2

g423 contigl
g412_scaffoldl5
palR2

g423 contigl
g412_scaffoldl5
palR2

g423 contigl
g412_scaffoldl5
palR2

g423_contigl
g412 scaffoldl5
palR2

g423 contigl
g412_scaffoldl5s
palR2

g423 contigl
g412 scaffoldl5
palR2

TTTAATGAAAGCTGAATATATTTTAAGTTTATTTAATTAAAAATAATTAGATGAATTTAT
TTTAATGAAAGCTGAATATATTTTAAGTTTATTTAATTAAAAATAATTAGATGAATTTAT

TAAATGAGAGCTTTTGAATGAATGTAATTTTTGTTTTTTATTAAATGCTGAATTGATTAT
TAAATGAGAGCTTTTGAATGAATGTAATTTTTGTTTTTTATTAAATGCTGAATTGATTAT

CTATTTTATGGGAGTGCGCTGATTTATACGAAAAATTGATTTAATTAAAGTATAGACACT
CTATTTTATGGGAGTGCGCTGATTTATACGAAAAATTGATTTAATTAAAGTATAGACACT

ARAACCCATAAGGGGTACATTTGTAATCACTGGATTACAATTAGGTTAGTGACAAATTAA
ARAACCCATAAGGGGTACATTTGTAATCACTGGATTACAATTAGGTTAGTGACAAATTAA

CAAAGGAAGCTTATGATCTCTACAGCAACAATAAATACAGCTTATATTGTTACATCAGAT
CAAAGGAAGCTTATGATCTCTACAGCAACAATAAATACAGCTTATATTGTTACATCAGAT

———————————— ATGATCTCTACAGCAACAATAAATACAGCTTATATTGTTACATCAGAT
Fekdedek ek ko kk ko dedk ko ko ko ko ko ko ko ke ko ek ok ko

GAGACTCTGCATAGCAGCTCTCATAAGGTAGCTTTAACTAGCTTTATCGGTTTAATAGCA
GAGACTCTGCATAGCAGCTCTCATAAGGTAGCTTTAACTAGCTTTATCGGTTTAATAGCA
GAGACTCTGCATAGCAGCTCTCATAAGGTAGCTTTAACTAGCTTTATCGGTTTAATAGCA

dkkdkkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhbdhdhdbdhdhdddhhhhhhhhhhhhhhhhhhhhdhk

ACCTGTTCAAATAAGGTCCTCAAACAGAATAAGAGTGTTGATAATCAGTTTAATAAAATT
ACCTGTTCAAATAAGGTCCTCAAACAGAATAAGAGTGTTGATAATCAGTTTAATAAAATT

ACCTGTTCAAATAAGGTCCTCAAACAGAATAAGAGTGTTGATAATCAGTTTAATAAAATT
3 e e e vk ok e ok ek e ok ok ok ok ke ok ok ke o e ek ok ko ok ko ok ek ok ko ko ok ek ke ke ok

GATGGAATATATTTTATTGATTTATTTTATTGTAATTGGAACAACAAAATACCTGATGAT
GATGGAATATATTTTATTGATTTATTTTATTGTAATTGGAACAACAAAATACCTGATGAT

GATGGAATATATTTTATTGATTTATTTTATTGTAATTGGAACAACAAAATACCTGATGAT
Hedkdedk g ded ek ek ek ek ke e ek ek ke ko ok ke ko ko ok ke ke ke ok

ATTTTACAGTTAGCACAAAGGTCAAAAATTGTTTTATTTAATGTCCAAAATGACCAGTTA
ATTTTACAGTTAGCACAAAGGTCAAAAATTGTTTTATTTAATGTCCAAAATGACCAGTTA
ATTTTACAGTTAGCACAAAGGTCAAAAATTGTTTTATTTAATGTCCAAAATGACCAGTTA

dkkdkkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhbhdddhddbdhdhdbhhhhhhhhbhhhhbhhhhhhhdd

TGCGAAAAAAATTTATTGTTAGCGGGTTTTGAAGGTATTTTTTACCTTTCAGATAGACCC
TGCGAAAAAAATTTATTGTTAGCGGGTTTTGAAGGTATTTTTTACCTTTCAGATAGACCC

TGCGAAAAAAATTTATTGTTAGCGGGTTTTGAAGGTATTTTTTACCTTTCAGATAGACCC
L R R L T T e

GATCTTATATTAAGAGGGTTAAACCAAATTAAAAATAATGAACGTTGGTTTAAACGCTCA
GATCTTATATTAAGAGGGTTAAACCAAATTAAAAATAATGAACGTTGGTTTAAACGCTCA

GATCTTATATTAAGAGGGTTAAACCAAATTAAAAATAATGAACGTTGGTTTAAACGCTCA
T T e

TCAATGAATAATGCTTTTTCATATTTACTAAAGTCAAATAAAGCTTCAATATCACCTTCC
TCAATGAATAATGCTTTTTCATATTTACTAAAGTCAAATAAAGCTTCAATATCACCTTCC

TCAATGAATAATGCTTTTTCATATTTACTARAGTCAAATAAAGCTTCAATATCACCTTCC
hkkkhkkkhkhkhhhhhhkhhhhhhhh bk khhhhhhhhkhhhkhhhkhkhhhkh ke hhhkk
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g423 contigl
g41l2 _scaffoldl5
palR2

g423 contigl
g412 scaffoldl5
palr2

g423 contigl
g4l2_scaffoldl5
palr2

g423 contigl
g41l2 scaffoldl5
palR2

g423 contigl
g4l2 _scaffoldl5
palR2

AATAGCATCACAGGAAAATCTGTATTTCCAACGCTTACTAAACGTGAAAATACAATTATT
AATAGCATCACAGGAAAATCTGTATTTCCAACGCTTACTAAACGTGAAAATACAATTATT

AATAGCATCACAGGAAAATCTGTATTTCCAACGCTTACTAAACGTGAAAATACAATTATT
e

AAATTAGTGACAAAAGGGTCTCAAAATCAAGAAATAGCTGATCAACTAAATATAAGTACA
AAATTAGTGACAAAAGGGTCTCAAAATCAAGAAATAGCTGATCAACTAAATATAAGTACA

AAATTAGTGACAAAAGGGTCTCAAAATCAAGAAATAGCTGATCAACTAAATATAAGTACA
e e 3k e ok e ok ke e e vk ke ok ok ok ek ek ok ook ek e ok ek o ook ook ek ek ke ke ko ok ek ek ok

AATACGGTTAAAACCCATATTTATAGTATTTTTAGAAAGACTAAATCACGAAATCGTATT
AATACGGTTAAAACCCATATTTATAGTATTTTTAGAAAGACTAAATCACGAAATCGTATT

AATACGGTTAAAACCCATATTTATAGTATTTTTAGAAAGACTAAATCACGAAATCGTATT
B R R R

GAATTAATTACTTGGTCTTTACAATCATCAGGCCATTTAGATGCAGCCATTAATTAAATT
GAATTAATTACTTGGTCTTTACAATCATCAGGCCATTTAGATGCAGCCATTAATTAAATT

GAATTAATTACTTGGTCTTTACAATCATCAGGCCATTTAGATGCAGCCATTAATTAA---
I e s T2

TTAAAGTAGCAACTAAATGCTACTTTTAATCTCGCTTATTTATATTGGTTATGATGTAAA
TTAAAGTAGCAACTAAATGCTACTTTTAATCTCGCTTATTTATATTGGTTATGATGTAAA
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* palR3 gene and its promoter

g423 contigl
g412 scaffoldl9
palR3

g423 contigl
g412 scaffoldl9
palR3

g423 contigl
g412_scaffoldl9
palR3

g423 contigl
g412_scaffoldl9
palR3

g423 contigl
g412_scaffoldl9
palR3

g423 contigl
g412_scaffoldl9
palR3

g423 contigl
g412 scaffoldl9
palR3

g423 contigl
g412_scaffoldl9
palR3

g423 contigl
g412 scaffoldl9
palR3

g423 contigl
g412_scaffoldl9
palR3

g423 contigl
g412_scaffoldl9
palR3

g423 contigl
g412_scaffoldl9
palR3

TCTAAAGCGCTTTTAACTCCCGTTGAATGGGAAGTTAATTAGTACAATTGGCATAACTTA
TCTAAAGCGCTTTTAACTCCCGTTGAATGGGAAGTTAATTAGTACAATTGGCATAACTTA

AATTAATAAATCACATCTTGCTTATCTAAAACTTCTATAAAATTAGAATACCTTTTTTTT
AATTAATAAATCACATCTTGCTTATCTAAAACTTCTATAAAATTAGAATACCTTTTTTTT

GAATTAATATTTTATATAGAATCAATAAATTATAAATATTGTATTAGTAATTAAAATGTT
GAATTAATATTTTATATAGAATCAATAAATTATAAATATTGTATTAGTAATTAAAATGTT

ATTTAAACGTAAATAACACTGTTAAGAAAATCGTTTTTAGGTACAATAATGATAGCGCTG
ATTTAAACGTAAATAACACTGTTAAGAAAATCGTTTTTAGGTACAATAATGATAGCGCTG

TCATTTCTGTGGCGCTAGTCTTATATTGAAGATAATAAAAGGGTTATATAAAATAATGCA
TCATTTCTGTGGCGCTAGTCTTATATTGAAGATAATAAAAGGGTTATATAAAATAATGCA

GTACAGTTGGTTAAATGGAATTATTGAAGGAATTAAACAAAGTAAAAATATAGACGATAT
GTACAGTTGGTTAAATGGAATTATTGAAGGAATTAAACAAAGTAAAAATATAGACGATAT

GTACAGTTGGTTAAATGGAATTATTGAAGGAATTAAACAAAGTAAAAATATAGACGATAT
dekk ko kh ko ko ko ke ke ko bk kb ko bk ko ko ko ko ko ke ok

AAAATCTCAATGTGAAGCAATATGTCGTGCATTAGAAATTGATTTTTATTCGTTTGTAAT
AAAATCTCAATGTGAAGCAATATGTCGTGCATTAGAAATTGATTTTTATTCGTTTGTAAT

AAAATCTCAATGTGAAGCAATATGTCGTGCATTAGAAATTGATTTTTATTCGTTTGTAAT
hkkkhkkhhhhhhhhhhhhhhhhhkhhhkhhhkkhhhkhhhhhkh ko hkkhhhkkhkkk

TAGGATACCAAGTTCACTTTTTAGCCCCGAAATTATTACATTATCTAATTACCCTCAATT
TAGGATACCAAGTTCACTTTTTAGCCCCGAAATTATTACATTATCTAATTACCCTCAATT

TAGGATACCAAGTTCACTTTTTAGCCCCGAAATTATTACATTATCTAATTACCCTCAATT
hkkkhkkhkhkhkhhkkhhkhhhkhhhhhhhhhhh ko kkhhhkhhhkhkh ke khkkk ok

ATGGCAAGAACATTATTTTTCTCAAGAGTTTATGAGTTTAGACCCTGTTATAGCGTATAG
ATGGCAAGAACATTATTTTTCTCAAGAGTTTATGAGTTTAGACCCTGTTATAGCGTATAG

ATGGCAAGAACATTATTTTTCTCAAGAGTTTATGAGTTTAGACCCTGTTATAGCGTATAG
B L R R L L L e

TCAACAACATATAACTCCAGTAAATTGGAGTGACTTAACTAACTATACTGACTTCAATTC
TCAACAACATATAACTCCAGTAAATTGGAGTGACTTAACTAACTATACTGACTTCAATTC

TCAACAACATATAACTCCAGTAAATTGGAGTGACTTAACTAACTATACTGACTTCAATTC
hkkkhkhkhhhhhhhhhhhhhhkhhhhhhhhhkhhhkhhhkhhhkhhhkhhhhhhhhhkhhhkk

CCCAAAAAAATTAACGGTGTTAAAAGAGGCAAAAACTTATGGGTTATGCACTGGGGTCAG
CCCAAAAAAATTAACGGTGTTAAAAGAGGCAAAAACTTATGGGTTATGCACTGGGGTCAG

CCCAAAAAAATTAACGGTGTTAAAAGAGGCAAAAACTTATGGGTTATGCACTGGGGTCAG
Fkdek ok kkkdk ok dkdkkkk ok k ko ko dkkkkkk ko ko kh ko k ko hkhk ok dkdkkok

TATTCCACTTAAAGCTCCAACAGGTGAAATGAGTGTTTTTAGTTTGTCTTCGACGTCTCA
TATTCCACTTAAAGCTCCAACAGGTGAAATGAGTGTTTTTAGTTTGTCTTCGACGTCTCA

TATTCCACTTAAAGCTCCAACAGGTGAAATGAGTGTTTTTAGTTTGTCTTCGACGTCTCA
3¢ e e e ok vk ok e ok ok ok o ke ok ok ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok ok o ook ok ok ok ke ok o ok ok ok ke ke ke ok ke ok
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g423 contigl
g4l2 scaffoldl9
palR3

g423 contigl
g4l2 scaffoldl9
palR3

g423 contigl
g41l2 scaffoldl?9
palRr3

g423_ contigl
g4l2 scaffoldl9
palR3

g423 contigl
g41l2_scaffoldl?9
palR3

g423 contigl
g4l2 scaffoldl9
palR3

AAGGTGTGTGATAACTGAGTGCCAGATAAATATACAATTACAAGCGCAAGTGATTGCTCC
AAGGTGTGTGATAACTGAGTGCCAGATAAATATACAATTACAAGCGCAAGTGATTGCTCC

AAGGTGTGTGATAACTGAGTGCCAGATAAATATACAATTACAAGCGCAAGTGATTGCTCC
kkkkkkkkkk ko k ok ko k ke kkkkk ko hkkkkk ko khkhkkkkk k&

ATATCTTCATGAAGCCATTAAAATAATTAATTATAAGGCAAAAGAGATACTGAGCCATGA
ATATCTTCATGAAGCCATTAAAATAATTAATTATAAGGCAAAAGAGATACTGAGCCATGA

ATATCTTCATGAAGCCATTAAAATAATTAATTATAAGGCAAAAGAGATACTGAGCCATGA
R T e

TGAGGTTAAAATAACTAATAGGGAAGAGGAGTGCTTATTGTGGGCCTGTGAAGGGAAAAC
TGAGGTTAAAATAACTAATAGGGAAGAGGAGTGCTTATTGTGGGCCTGTGAAGGGAAAAC

TGAGGTTAAAATAACTAATAGGGAAGAGGAGTGCTTATTGTGGGCCTGTGAAGGGAAAAC
e e e e vk e vk e ok e 3k 3k ok ok ok ok ok e ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ek ek ok

AAGCTGGGAGATTTCTAAAATAATAGGTATATCTGAAAGAACTGTGCTTTTTCATTTAAA
AAGCTGGGAGATTTCTAAAATAATAGGTATATCTGAAAGAACTGTGCTTTTTCATTTAAA

AAGCTGGGAGATTTCTAAAATAATAGGTATATCTGAAAGAACTGTGCTTTTTCATTTAAA
Fdkkkdkdkkkdkkkkdkdkk ko ko kok ok ko k ko ko ko ke ko ke ok

TAATGTAAGCCAAAAAGTAGGGGGTGTAAATAGGCAACACAGTGTAGCTAAAGCCCTTTT
TAATGTAAGCCAAAAAGTAGGGGGTGTAAATAGGCAACACAGTGTAGCTAAAGCCCTTTT

TAATGTAAGCCAAAAAGTAGGGGGTGTAAATAGGCAACACAGTGTAGCTARAGCCCTTTT
dkdkkkkkhkkhkhdkhhkhhhhhkkkkhdhhhdhhhhhhhhhhhhdhkhkhkhdhhhhkhhkhkkkhk

AAATGGACTTATTCAGCCTAAGTTTTAATGAATTGTTATCGTTTTATTTAAAATACCTTT
AAATGGACTTATTCAGCCTAAGTTTTAATGAATTGTTATCGTTTTATTTAAAATACCTTT

AAATGGACTTATTCAGCCTAAGTTTTAA —— == == == == === m = m = mm e e e e
khkhkkhkkkhkhkhkhkhkhkhkhkdhkhkhdhkhkhhdhhkhddh
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* palR4 gene and its promoter

g423 contigl
g412 scaffold51 Rv
palR4

g423 contigl
g412 scaffold51 Rv
palr4

g423 contigl
g412 scaffold51 Rv
palr4

g423 contigl
g412 scaffold51 Rv
palR4

g423 contigl
g412 scaffold51 Rv
palR4

g423 contigl
g412 scaffold51 Rv
palR4

g423 contigl
g412 scaffold51 Rv
palR4

g423 contigl
g412_scaffold51 _Rv
palR4

g423 contigl
g412 scaffold51 Rv
palRr4

g423 contigl
g412 scaffold51 Rv
palr4

g423 contigl
g412 scaffold51 Rv
palr4

g423 contigl
g412 scaffold51 Rv
palR4

CAGATAATGTGACTTTTATGTGATTTTCATAAAAGTCATATCGTTATTATTGTTTTATGC
CAGATAATGTGACTTTTATGTGATTTTCATAAAAGTCATATCGTTATTATTGTTTTATGC

TTTTATTTATTTAAAGTTATTCCTGTTTTTATTAAATATTTATAGGGTGCAACAAATAAT
TTTTATTTATTTAAAGTTATTCCTGTTTTTATTAAATATTTATAGGGTGCAACAAATAAT

GAAATCATTAAATTTATTAATAATTTTAACTGCAGTTTTTACAATGAACTTAGTTTTACT
GAAATCATTAAATTTATTAATAATTTTAACTGCAGTTTTTACAATGAACTTAGTTTTACT

AGATTCTATTTTAATCTCTGAAACAGATTCTATTTCTCCTTTTAGTGTTTGTAAGATATT
AGATTCTATTTTAATCTCTGAAACAGATTCTATTTCTCCTTTTAGTGTTTGTAAGATATT

AGATACATGCAAAAAGGAAGGGTAATTCTTAAAATTTGTGAGTTGGGGTTAACATGCAGT
AGATACATGCAAAAAGGAAGGGTAATTCTTAAAATTTGTGAGTTGGGGTTAACATGCAGT

% % % % % % %k

ACATCGAAAGCTTAATTAAAGAAATTAACTGTATTGATTCTAAAGAGCAGTTAGTTTTAT
ACATCGAAAGCTTAATTAAAGAAATTAACTGTATTGATTCTAAAGAGCAGTTAGTTTTAT

ACATCGAAAGCTTAATTAAAGAAATTAACTGTATTGATTCTAAAGAGCAGTTAGTTTTAT
L L T T T

TCTTTGAAAAAGTAACTGATTTATTTAATTATAAATGGTCTGGTTTAGTCATTTTCAAAC
TCTTTGAAAAAGTAACTGATTTATTTAATTATARATGGTCTGGTTTAGTCATTTTCAAAC

TCTTTGAAAAAGTAACTGATTTATTTAATTATAAATGGTCTGGTTTAGTCATTTTCAAAC
B g T T T T T e T

CAAAATTGAATAATAAATATGAAGTGAGTGTTCTTGGTAATATACCTATAAACATGCAAG
CAAAATTGAATAATAAATATGAAGTGAGTGTTCTTGGTAATATACCTATAAACATGCAAG
CAAAATTGAATAATAAATATGAAGTGAGTGTTCTTGGTAATATACCTATAAACATGCAAG

e Je ok e de de o de e ok ok ek ko ok e ok ok ko ok ok v e ok ok e ok ok ok e ok ok o e vk e o ke vk e o e ok e e ke ke ek ok e ke

AAAGAATAAAAAAAAGCATAGATATAAGTGATTATTGTTTAAATGAGATAGAACCAAAAT
AAAGAATAAAAAAAAGCATAGATATAAGTGATTATTGTTTAAATGAGATAGAACCAAAAT

ARAAGAATAAAAARARGCATAGATATAAGTGATTATTGTTTAAATGAGATAGAACCAAAAT
e ek e 3k e ok ok ok e ek ok ok ok e ok e ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ko ke o ok ke ek ek ok

CTTTAGTTATTAAAGGTAAAGCATCAATTGAAAGTAATAATCTTGAAATTTTGGTTATAC
CTTTAGTTATTAAAGGTAAAGCATCAATTGAAAGTAATAATCTTGAAATTTTGGTTATAC

CTTTAGTTATTAAAGGTAAAGCATCAATTGAAAGTAATAATCTTGAAATTTTGGTTATAC
L L T T T T L™

CTATTAACGGTGTGGGATCTGAATTTGCTTGTTTAACTTTTTTATTAAACTCAGAAAAAC
CTATTAACGGTGTGGGATCTGAATTTGCTTGTTTAACTTTTTTATTAAACTCAGAAAAAC
CTATTAACGGTGTGGGATCTGAATTTGCTTGTTTAACTTTTTTATTAAACTCAGAAAAAC

khkkkhkhkhkhkhkhkhkhhhkhkhhkhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhkhhhhhhhhkk

AAAGAGGGTTGGTAGTTGAAAAAATAGGCTGGTTTTGGCTAATGTTATCTTCATTTATCT
AAAGAGGGTTGGTAGTTGAAAAAATAGGCTGGTTTTGGCTAATGTTATCTTCATTTATCT

ARAAGAGGGTTGGTAGTTGAAAAAATAGGCTGGTTTTGGCTAATGTTATCTTCATTTATCT
Fkdkkkkkkkkkhkkkkdkkkkkkhkkkhkkkkkhkkkhhhkkdkkdkkkhhkhdkhdkhkdkdhkhkhkhdx
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g423 contigl
g412 scaffold51 Rv
palR4

g423 contigl
g412 scaffold51 Rv
palr4

g423 contigl
g41l2_scaffold51 Rv
palR4

g423 contigl
g412 scaffold51 Rv
palR4

g423 contigl
g41l2_scaffold51 Rv
palR4

ATAATAAATACAAARAAAGAAATAGCAGATGATAGTCATAAAATGACTAAAAGAGAATTGG
ATAATAAATACAAAAAAGAAATAGCAGATGATAGTCATAAAATGACTAAAAGAGAATTGG

ATAATAAATACAAAAAAGAAATAGCAGATGATAGTCATAAAATGACTAAAAGAGAATTGG
L L T T Y

AATGTATTAAATGGGCCTCAGATGGCAAAACTTCATGGGAAATTAGTCAGTTATTGTCTA
AATGTATTAAATGGGCCTCAGATGGCAAAACTTCATGGGAAATTAGTCAGTTATTGTCTA

AATGTATTAAATGGGCCTCAGATGGCAAAACTTCATGGGAARATTAGTCAGTTATTGTCTA
e e o e ok e ok ek ok ok ok e ok e ok ek ok ok ok ok ok ok ok ok o e ok ok ok ok ok ke ok ok o ok ok ok e e ok ke ok o

TCAGTCAAAGAACTGTTGATTTTCATTTAGCTAACTGCATAGTAAAAACAGATAGTATTA
TCAGTCAAAGAACTGTTGATTTTCATTTAGCTAACTGCATAGTAAAAACAGATAGTATTA

TCAGTCAAAGAACTGTTGATTTTCATTTAGCTAACTGCATAGTAAAAACAGATAGTATTA
hhkhkkhkhhhhkhhhhhdhhhhdhhhhhhhkhhhhhhhhhhhhhhhhdhhhdhhhdhhkhkdokhdsk

ACCGACAGCAAGCAATTGTTAAATGTGCTTTAAATGGTCATTTATTAGTATAGCTAAAGT
ACCGACAGCAAGCAATTGTTAAATGTGCTTTAAATGGTCATTTATTAGTATAGCTAAAGT

ACCGACAGCAAGCAATTGTTAAATGTGCTTTARATGGTCATTTATTAGTATAG -~ ----~
hkkhkkkhkhkhdkhhkhhhhhhhhhhhhhhhdkhhkhhhhhdhkhhhrhhhdhkdokhk

GCATTAAGCTAAAGCAAGTAATTGTTTTAGCTTTATTATTTTATGATAACTATGCATTAG
GCATTAAGCTAAAGCAAGTAATTGTTTTAGCTTTATTATTTTATGATAACTATGCATTAG
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* palR5 gene and its promoter

g412 scaffold56
contigl 1264000_1267000
palR5

g412_scaffold56
contigl 1264000_1267000
palR5

g4l2_scaffold56
contigl_1264000_1267000
palR5

g4l2_scaffold56
contigl_1264000_1267000
palR5

g412_scaffold56
contigl 1264000_1267000
palR5

g412_scaffold56
contigl_1264000_1267000
palR5

g412_scaffold56
contigl 1264000_1267000
palR5

g412_ scaffold5é
contigl 1264000_1267000
palR5

g4l2_scaffold56
contigl_1264000_1267000
palR5

g4l2_scaffold56
contigl 1264000_1267000
palR5

g412_scaffold56
contigl_1264000_1267000
palR5

g412_scaffold56
contigl 1264000 1267000
palR5

GCCCAATTGCATCGCCAGATATGATCCAATGGTCACCTGGTTTACCAAAAACCCGCTCAG
GCCCAATTGCATCGCCAGATATGATCCAATGGTCACCTGGTTTACCAAAAACCCGCTCAG

GTAAGATTATGCGTCGTATTTTACGTAAAATAGCTGCAAATGAACATCAACAATTAGGTG
GTAAGATTATGCGTCGTATTTTACGTAAAATAGCTGCAAATGAACATCAACAATTAGGTG

ATACTTCAACACTTGCAGATCCTACGGTAGTTGAAGAGTTAATTGAAAACCGTCTTAATC
ATACTTCAACACTTGCAGATCCTACGGTAGTTGAAGAGTTAATTGAAAACCGTCTTAATC

GTTAATAGCTTGCTTAAGTATTAATTAAATGAGTAGTATAATGGCTGTTGTCTAACTGAG
GTTAATAGCTTGCTTAAGTATTAATTAAATGAGTAGTATAATGGCTGTTGTCTAACTGAG

ATAACAGCCATTTTTTTAGGAGTAAACTATGAGCAAGTTTTTGATAGCGGATGATCACCC
ATAACAGCCATTTTTTTAGGAGTARACTATGAGCAAGTTTTTGATAGCGGATGATCACCC

———————————————————————————— ATGAGCAAGTTTTTGATAGCGGATGATCACCC
e e de g ok ok vk ke g e e g ok o ok ok ok ok ok ok ok ok ok ke ke ek ke ok

TTTATTTCGTGAAGCATTAAAAGGAGCGCTTCAGAACGCTTTTAGTGAGCTGGCTGTATT
TTTATTTCGTGAAGCATTAAAAGGAGCGCTTCAGAACGCTTTTAGTGAGCTGGCTGTATT

TTTATTTCGTGAAGCATTAAAAGGAGCGCTTCAGAACGCTTTTAGTGAGCTGGCTGTATT
ek gk ok ek ke ke ek ko ko ok ko ke ko ok e ko ok ok ek ke ko ok ko ko

TGAGTCCGATAACTTCAAATCCACCCTTGAAATTTTAGCAAAAGAAGATGATCTAGATAT
TGAGTCCGATAACTTCAAATCCACCCTTGAAATTTTAGCAAAAGAAGATGATCTAGATAT

TGAGTCCGATAACTTCAAATCCACCCTTGAAATTTTAGCAAAAGAAGATGATCTAGATAT
e e ok e ok e e ok ok ok ok ok ok ok ok ke ok ke ok e ok ok ok ok ok ok ke ok e ok o ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke

CTTATTGTTAGATCTACATATGCCGGGTAATGATGATTTATATGGCTTAATTAGGATCCG
CTTATTGTTAGATCTACATATGCCGGGTAATGATGATTTATATGGCTTAATTAGGATCCG

CTTATTGTTAGATCTACATATGCCGGGTAATGATGATTTATATGGCTTAATTAGGATCCG
D R T L L L

TGAAGATCACCCAGAACTGCCTATTGCAGTGGTATCAGGCAGTGAAGAAATCAGTGTTGT
TGAAGATCACCCAGAACTGCCTATTGCAGTGGTATCAGGCAGTGAAGAAATCAGTGTTGT

TGAAGATCACCCAGAACTGCCTATTGCAGTGGTATCAGGCAGTGAAGAAATCAGTGTTGT
B L T T

ATCTAAAGTGATGGCATATGGCGCATTGGGTTTTATCCCTAAATCCTTATCATCGGTAGA
ATCTAAAGTGATGGCATATGGCGCATTGGGTTTTATCCCTAAATCCTTATCATCGGTAGA

ATCTAAAGTGATGGCATATGGCGCATTGGGTTTTATCCCTAAATCCTTATCATCGGTAGA
B T L

GATTGCTGTTGCAATTAATGAAATATTAGAAGGCGAAACTTGGTTACCTGARACAATGAA
GATTGCTGTTGCAATTAATGAAATATTAGAAGGCGAAACTTGGTTACCTGARACAATGAA

GATTGCTGTTGCAATTAATGAAATATTAGAAGGCGAAACTTGGTTACCTGARACAATGAA
dkkhkkkhkkkhkhhhkhkkhkhhkkkhkkhhkkkhkkkhkkkkhkhkkkkkhkkkkkk ko

AGATAAGGTCAATCAATTATCAGGAGATGAAGTTAAAGTGGCGACACAAGTTGCATCTTT
AGATAAGGTCAATCAATTATCAGGAGATGAAGTTAAAGTGGCGACACAAGTTGCATCTTT

AGATAAGGTCAATCAATTATCAGGAGATGAAGTTARAGTGGCGACACAAGTTGCATCTTT
E L L e
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g412_scaffold56
contigl_1264000_1267000
palR5

g412_scaffold56
contigl_1264000_1267000
palR5

g4l2 scaffold56
contigl_1264000_1267000
palR5

g412_scaffold56
contigl_ 1264000_1267000
palR5

g41l2 scaffold56
contigl_1264000_1267000
palR5

AACACCACAACAATATAAAGTGTTGAGTTATTTGCATGAAGGTCTATTGAATAAACAGAT
AACACCACAACAATATAAAGTGTTGAGTTATTTGCATGAAGGTCTATTGAATAAACAGAT

AACACCACAACAATATAAAGTGTTGAGTTATTTGCATGAAGGTCTATTGAATAAACAGAT
deddddkkhkh ke kdkkkdkk ko dkk ko kk ko kk ke dk ko sk ko ke kokk

TGCATATGAATTAAATATCTCTGAAGCAACGGTTAAAGCGCATATTACTGCTATTTTCAG
TGCATATGAATTAAATATCTCTGAAGCAACGGTTAAAGCGCATATTACTGCTATTTTCAG

TGCATATGAATTAAATATCTCTGAAGCAACGGTTAAAGCGCATATTACTGCTATTTTCAG
ke o ok ok ek ke ok ok e ok ok ok ok o ok ok e ok ok ok ok ok ok ok ok ok ke ok ok ok ok ko ke ko ok ok

AAAGTTAGGTGTTTATAATCGCACTCAAGCGGTATTGATTGCCTCTAAGTTACAATTAGA
AAAGTTAGGTGTTTATAATCGCACTCAAGCGGTATTGATTGCCTCTAAGTTACAATTAGA

AAAGTTAGGTGTTTATAATCGCACTCAAGCGGTATTGATTGCCTCTAAGTTACAATTAGA
dekdkdkkkkkhkdkdkh ko ko ke kk ko khkk ko khkh ke kkhkkk

ATCGCCAGTAGAGGCTTAAARAATGTGCTAAAGTTTAATTATCCCCGAACTGTAATCGGGG
ATCGCCAGTAGAGGCTTAAAAATGTGCTAAAGTTTAATTATCCCCGAACTGTAATCGGGG

ATCGCCAGTAGAGGCTTAA ~ == === === == == === === m e e e e
Je Je e o ok o ok o de e ok ke ok ke ok ke ke ok

ATATGTTTATTACATTCTCTTACTTAAACACTACCGTTTTATTACCATTAACAAACAGTC
ATATGTTTATTACATTCTCTTACTTAAACACTACCGTTTTATTACCATTAACAAACAGTC
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REAGENTS PREPARATION

Name of medium, reagent Composition
Tryptone 10.0 g/L
Yeast extract 5.009/L
LB medium NaCl 10.0 g/L
(pH 7.0) Agar 15.0 g/L
Polypeptone 2.0 g/L
PPES-11 medium Proteose Peptone 1.09/L
(pH 7.8) No.3
Soytone Peptone 1.09/L
Yeast Extract 1.0g/L
Ferric Citrate 0.1g/L
AB minimal Solution 1 K2HPO4 60.0 g/L
medium * (S1) NaH2PO4 20.0 g/L
S1: 50 mi NHaCI 20.0 g/L
S2: 50 mi MgSOa - 7TH20 6.0 g/L
S3: 10 ml Solution 2 KCI 3.09/L
H.0: 890 ml (S2) CaClz - 2H20 0.2 g/L
*. 81, 82, S3 are FeSO4 - 7H20 0.05 g/L
autoclaved Glucose Glucose 20%
separately (S3)
Ampicillin stock solution Ampicillin 59
100 mg/ml
(filter-sterilized, stored at -20 °C) Distilled water to 50 ml
Kanamycin stock solution Kanamycin sulfate 25¢
50 mg/ml
(filter-sterilized, stored at -20 °C) Distilled water to 50 ml
Gentamicin stock solution Gentamicin sulfate 5.0 mg
5 mg/mi

(filter-sterilized, stored at -20 °C) Distilled water to1lml




