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CHAPTER |

INTRODUCTION

In molecular bioclogy, many new techniques have been used to study the
diversity of target genes in environment. Most frequently used technique is Polymerase
Chain Reaction (PCR) which can amplify a specific region of DNA such that enough
copies of that region are available to be adequately tested or sequenced [1]. In order to
use PCR, one must know the exact sequences which lie on either side of the DNA region
of interest. These sequences are used to design a set of nucleotide sequences called
primers, complement to each strand of the DNA and lying on opposite side of the target
region. The effectiveness of the technique depends on choosing the primer sets. Primer

design must be used to fit specific genes.

When some of the sequence positions contain several possible bases [2] at the
exact position, this type of primer sequence is referred as degenerate. For example, in
the primer GA{A,G}T{C,G,T}C, the third position is either A or G and the fifth is either C,
G, or T. The IUPAC illustration will be GARTBC as shown in Table 1.1. The degeneracy
of a primer is the number of unique sequence combinations it contains. For example, the
degeneracy of the above primer is six. Degenerate primers can accommodate all

possible codons of all amino acid residuals [3].

To design sets of primers that cover diversity of genes and fortunately a new
gene, one should obviously use primers that have high degeneracy. On the other hand,
in order to reduce the probability of amplifying unrelated genes, the degeneracy must
be bounded. This contradictory nature of the degenerate primer design problem has led

to definition of several variants of this problem, all of which are NP-complete [4].

Refer to related works about degenerate primer design; Rose et al. (1998)
proposed COnsensus-DEgenerate Hybrid Oligonucleotide Primer (CODEHOP) strategy,
which consists of a short 3' degenerate region and a longer 5 consensus region.

CODEHOP method has been proved positive by many researches [5]. This technique is



fixed region technique that suitable for low diversity gene study. In the other hand, for
high diversity gene study, Linhart and Shamir (2002) implemented technique for design
highly-degenerate primer call HYDEN, which uses approximation algorithms for solve
the various simplified problems [4]. This technique requires complicated processing.
The other technique used for degenerate primer designing is applying flexible region
length primer to identify and clone a large group of gene. For this technique, Pan et al.
(2007) reported PaBalLiS strategy for design hybrid partially degenerate primers which

consisted of three flexible primer regions [6].

Table 1.1: IUPAC nomenclature of mixed bases

IUPAC nucleotide Base
A Adenine
C Cytosine
G Guanine

T (or U) Thymine (or Uracil)

R AorG
Y CorT
S GorC
w AorT
K GorT
M AorC
B CorGorT
D AorGorT
H AorCorT
\ AorCorG

N any base




In this thesis, appropriate features will be proposed along with thermodynamic
approach for hybrid degenerate primer design that contain the flexible region of
degenerate and consensus sequence regions for yielding high performance in term of
accuracy and mismatch acceptance. To evaluate our features and system for hybrid
degenerate primer design, the proposed system result was compared with existing
universal primer for bacterial DNA and specific degenerate primer of cellulose genes.
For the proposed techniques, the input is alignment sequence that contains part of
target sequence. Dynamic Pattern Matching (DPM) algorithm is proposed as a new
technique to handle problems of having non-specificity in choosing genes and better

running time.

This thesis is organized as follows. The second chapter explains the related
works, thermodynamic approach and degenerate primer designing techniques which
are applied. The third chapter shows the proposed method. The fourth chapter is about
experimental results and discussion. The last chapter is conclusion. Some parts of this
work contain the details which were already proposed in the proceeding of the 7th

International Symposium on Health Informatics and Bioinformatics 2012 (HIBIT2012).

1.1 Objectives

The main objective of this study is developing primer designing system for

specific gene biodiversity study.

1.2 Scope

In this study, the primer designing system is constrained as follows:

1. Input sequences are any DNA or amino acid sequence.

2. Alignment sequence is allowed in .aln format.



1.3 Research methodology

In order to achieve the objectives, the following tasks will be stated. The detail of

the work in each task is described below.

® Study related literatures: In this task, the similar works are studied. Existing
works were compared with each others for getting the new idea which is the

proposed method.

Define problem: According to the previous task, the new idea was defined

then we stated the objective and scope of the work.

Design the system: After the problem was stated, the programing steps were

begun.

Prepare the database: The sequences for testing were taken from the
Genbank database (URL: http://www.ncbi.nim.nih.gov/) and Carbohydrate-
Active enZYmes Database (CAZy, URL: http://www.cazy.org/).

Do the experiment

Conclude the results for the manuscript submission and thesis

Table 1.2: Task schedule

Month sequence
No. Task
O |« [N

1 Study related literatures
2 Define problem
3 Design the system
4 Prepare the database
5 Do the experiment
6 Conclude the results




1.4 Expected outcomes

1. Computer based system for design degenerate primer that can be
used for specific gene biodiversity.
2. New technique for design degenerate primer based on

thermodynamic parameter.



CHAPTER I

LITERATURE REVIEW

Primer designing system is the challenge issue for bioinformatics field. 10-20
primer criteria must be optimize. Many researcher study in this field and develop the
new techniques for optimize those criteria. Thermodynamic is the core of most programs

however there are another 2-3 theory can use to select the best primer sets for PCR.
2.1 Thermodynamic approach for primer design

Many techniques were used for design primer sets within some criteria. The
basic one is string matching algorithm that apply the basic computer problem to use for
solve biological problem. String matching algorithm can show the good running time but
it cannot handle the complexity of genetic sequence such as amino acid sequence. For

more accurate, thermodynamic concept was used as core of most systems.

The important design considerations described below are a key to specific
amplification with high yield. The preferred values indicated are built into all our

products by default.

2.1.1. Melting Temperature (T,) by definition is the temperature at which
one half of the DNA duplex will dissociate to become single stranded and indicates the
duplex stability. Primers with melting temperatures in the range of 52-58 °C generally
produce the best results. Primers with melting temperatures above 65°C have a
tendency for secondary annealing. The GC content of the sequence gives a fair

indication of the primer T .

2.1.2. Primer length is generally accepted that the optimal length of PCR
primers is 18-22 base pairs. This length is long enough for adequate specificity, and

short enough for primers to bind easily to the template at the annealing temperature.



2.1.3. The GC content is the number of G's and C's in the primer as a

percentage of the total bases of primer should be 40-60%.

2.1.4. Single repeat is an occurrence that primer has long runs of a
single base should generally be avoided as they can generate the secondary structure.
For example, AGCGGGGGATGGGG has single repeat of base 'G' of value five and four.

A maximum number of single repeat accepted is 4 base pairs.

2.1.5. Di-repeat is an occurrence that primer has long runs of a pair base
should generally be avoided as they can generate the secondary structure. For
example: ATATATAT. A maximum number of di-nucleotide repeats acceptable in an

oligo is four di-nucleotides.

2.1.6. Presence of the primer secondary structures produced by
intermolecular or intramolecular interactions can lead to poor or no yield of the product.
They adversely affect primer template annealing and thus the amplification. They greatly

reduce the availability of primers to the reaction.

2.1.6.1. Hairpins: It is formed by intramolecular interaction within
the primer and should be avoided. Optimally a 3' end hairpin with a AG of -2 kcal/mol

and an internal hairpin with a AG of -3 keal/mol is tolerated generally.

2.1.6.2. Self-Dimer: A primer self-dimer is formed by
intermolecular interactions between the two (same sense) primers, where the primer is
homologous to itself. Generally a large amount of primers are used in PCR compared to
the amount of target gene. When primers form intermolecular dimers much more readily
than hybridizing to target DNA, they reduce the product yield. Optimally a 3' end self-
dimer with a AG of -5 kcal/mol and an internal self-dimer with a AG of -6 kcal/mol is

tolerated.

2.1.6.3. Cross-Dimer: Primer cross dimers are formed by

intermolecular interaction between sense and antisense primers, where they are



homologous. Optimally a 3' end cross-dimer with a AG of -5 kcal/mol and an internal

cross-dimer with a AG of -6 kcal/mol is tolerated generally.

2.1.7. Primer Pair Tm Mismatch Calculation, the two primers of a primer
pair should have closely matched melting temperatures for maximizing PCR product

yield. The difference of 5°C or more can lead no amplification.
2.2 Primer designing system

Many programs were developed for some specific propose of PCR technique for
example high GC content region amplification, high degeneracy genes amplification
and primer designing large number of sequences. In this topic explains advantages and

disadvantages of each technique and highlight of each program.
2.2.1 CODEHOP and iCODEHOP

Rose et al (1998) presented a new primer design technique for PCR
amplification of unknown targets that are related to multiply-aligned protein sequences.
Each primer consists of a short degenerate core region and a longer consensus clamp
region. Only 3-4 highly conserved amino acid sequences are necessary for design of
the core, which is stabilized by the clamp during annealing to template molecules.
During later rounds of amplification, the non-degenerate clamp permits stable annealing
to product molecules. This COnsensus-DEgenerate Hybrid Oligonucleotide Primer
(CODEHOP) strategy has been implemented as a computer program that is accessible
over the World Wide Web (http://blocks.fhcrc.org/codehop.html) and is directly linked
from the BlockMaker multiple sequence alignment sites for hybrid primer prediction

beginning with a set of related protein sequences.

Rose et al. (2003) prove that CODEHOPs can be used in PCR amplification to
isolate distantly related sequences encoding the conserved amino acid sequence. The
primer design software and the CODEHOP PCR strategy have been utilized for the

identification and characterization of new gene orthologs and paralogs in different plant,



animal and bacterial species. In addition, this approach has been successful in

identifying new pathogen species.

Staheli et al. (2009) reported that CODEHOP have proven to be a powerful tool
for the identification of novel genes. The CODEHOPs approach has been used to
identify novel pathogens by targeting amino acid motifs conserved in specific pathogen
families. They initiated a program utilizing the CODEHOPs approach to develop PCR-
based assays targeting and further improved a computer program and website to
facilitate the design of CODEHOPs PCR primers. They detail the method for the
development of pathogen-specific CODEHOPs PCR assays using the papillomavirus
family as a target. Papillomaviruses constitute a diverse virus family infecting a wide
variety of mammalian species, including human and non-human primates. We
demonstrate that our pan-papillomavirus CODEHOPs assay is broadly reactive with all
major branches of the virus family and show its utility in identifying a novel non-human

primate papillomavirus in cynomolgus macaques.

Staheli et al. (2011) studied about genes that are supposed to be distantly
related to a known gene sequence, such as homologous genes in different species,
paralogs in the same genome, or novel pathogens in diverse hosts, often turns into the
proverbial search for the needle in the haystack. PCR-based methods commonly used
to address this issue involve the use of either consensus primers or degenerate primers,
both of which have significant shortcomings regarding sensitivity and specificity. They
have developed a novel primer design approach that diminishes these shortcomings
and instead takes advantage of the strengths of both consensus and degenerate primer
designs, by combining the two concepts into a Consensus—-Degenerate Hybrid
Oligonucleotide Primer (CODEHOP) approach. During the initial PCR amplification
cycles, the degenerate core is responsible for specific binding to sequences encoding
the conserved amino acid motif. The longer consensus clamp region serves to stabilize
the primer and allows the participation of all primers in the pool in the efficient

amplification of products during later PCR cycles. They have developed an interactive
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web site and algorithm (iCODEHOP) for designing CODEHOP PCR primers from multiply

aligned protein sequences, which is freely available online.

2.2.2 GeneFisher and GeneFisher-P

Giegerich and F. Meyer (1996) proposed GeneFisher program for study about a
family of genes from closely related organisms is known, there is a certain chance to
extract the corresponding gene from the genome of another related organism. This can
be done by polymerase chain reaction, provided that a pair of suitable primers can be
designed. In contrast to primer design for a single, known target sequence, systematic
primer design for an unknown target given a group of homologues can by no means be
done manually. GeneFisher is a software tool which automates this task, and takes
special care to make the impact of the manifold design parameters transparent to the

user.

Lamprecht et al. (2008) describe the popular tool GeneFisher and explain its
recent restructuring using workflow techniques. They apply a service-oriented approach
to model and implement GeneFisher-P, a process-based version of the GeneFisher web
application, as a part of the Bio-JETI platform for service modelling and execution. They
show how to introduce a flexible process layer to meet the growing demand for
improved user-friendliness and flexibility. Within Bio-jETI, model the process using the
JABC framework, a mature model driven service-oriented process definition platform.
They encapsulate remote legacy tools and integrate web services using JETI, an
extension of the JABC for seamless integration of remote resources as basic services,
ready to be used in the process. Some of the basic services used by GeneFisher are in
fact already provided as individual web services at BiBiServ and can be directly
accessed. Others are legacy programs, and are made available to Bio-jETI via the JETI
technology. The full power of service-based process orientation is required when more
bioinformatics tools, available as web services or via jETI, lead to easy extensions or
variations of the basic process. This concerns for instance variations of data retrieval or

alignment tools as provided by the EBI. The resulting service- and process-oriented



11

GeneFisher-P demonstrates how basic services from heterogeneous sources can be
easily orchestrated in the Bio-JETI platform and lead to a flexible family of specialized

processes tailored to specific tasks.

2.2.3 PaBalis

Pan et al. (2007). report a novel and successful selection strategy for the design
of hybrid partially degenerate primers for use with RT-PCR and RACE-PCR for the
identification of unknown gene families. The technique (named PaBaLiS) has proven
very effective as it allowed us to identify and clone a large group of mRNAs encoding
neurotoxin-like polypeptide pools from the venom of Agelena orientalis species of
spider. Their approach differs radically from the generally accepted CODEHOP
principle first reported in 1998. Most importantly, our method has proven very efficient
by performing better than an independently generated high throughput EST cloning
programme. Their method yielded nearly 130 non-identical sequences from Agelena
orientalis, whilst the EST cloning technique yielded only 48 non-identical sequences
from 2100 clones obtained from the same Agelena material. In addition to the primer
design approach reported here, which is almost universally applicable to any PCR
cloning application, our results also indicate that venom of Agelena orientalis spider
contains a much larger family of related toxin-like sequences than previously thought.
With upwards of 100,000 species of spider thought to exist, and a propensity for
producing diverse peptide pools, many more peptides of pharmacological importance
await discovery. They envisage that some of these peptides and their recombinant
derivatives will provide a new range of tools for neuroscience research and could also

facilitate the development of a new generation of analgesic drugs and insecticides.

2.2.4 HYDEN

Linhart and Shamir (2002, 2005) study the problem of designing a pair of
primers with prescribed degeneracy that match a maximum number of given input

sequences. Such problems occur when studying a family of genes that is known only in
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part, or is known in a related species. We prove that various simplified versions of the
problem are hard, show the polynomiality of some restricted cases, and develop
approximation algorithms for one variant. Based on these algorithms, They implemented
a program called HYDEN for designing highly-degenerate primers for a set of genomic
sequences. They report on the success of the program in an experimental scheme for
identifying all human olfactory receptor (OR) genes. In that project, HYDEN was used to
design primers with degeneracies up to 10" that family, tripling the number of OR genes

known at the time.
2.2.5 UniPrime and UniPrime2

Bekaert and Teeling (2008) report UniPrime that is an open-source software
(http://uniprime.batlab.eu), which automatically designs large sets of universal primers
by simply inputting a gene ID reference. UniPrime automatically retrieves and aligns
homologous sequences from GenBank, identifies regions of conservation within the
alignment and generates suitable primers that can amplify variable genomic regions.
UniPrime differs from previous automatic primer design programs in that all steps of
primer design are automated, saved and are phylogenetically limited. They have
experimentally verified the efficiency and success of this program by amplifying and
sequencing four diverse genes (AOF2, EFEMP1, LRP6 and OAZ1) across multiple
Orders of mammals. UniPrime is an experimentally validated, fully automated program
that generates successful cross-species primers that take into account the biological

aspects of the PCR.

Boutros et al. (2009) report UniPrime2 web server which is a publicly available
online resource which automatically designs large sets of universal primers when given
a gene reference ID or Fasta sequence input by a user. UniPrime2 works by
automatically retrieving and aligning homologous sequences from GenBank, identifying
regions of conservation within the alignment, and generating suitable primers that can
be used to amplify variable genomic regions. In essence, UniPrime2 is a suite of

publicly available software packages (Blastn, T-Coffee, GramAlign, Primer3), which
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reduces the laborious process of primer design, by integrating these programs into a
single software pipeline. Hence, UniPrime2 differs from previous primer design web
services in that all steps are automated, linked, saved and phylogenetically delimited,
only requiring a single user-defined gene reference ID or input sequence. They provide

an overview of the web service and wet-laboratory validation of the primers generated.

2.2.6 Greeene SCPrimer

Jabado et al. (2006) presented a method for designing such primers based on
tree building followed by application of a set covering algorithm, and demonstrate its
utility in compiling Multiplex PCR primer panels for detection and differentiation of viral

pathogens

2.2.7 PerlPrimer

Marshall (2004) proposed PerlPrimer that is a cross-platform graphical user
interface application for the design of primers for standard, bisulphite and real-time
PCR, and sequencing. The program incorporates highly accurate melting-temperature
and primer—dimer prediction algorithms with powerful tools such as sequence retrieval
from Ensembl and the ability to BLAST search primer pairs. It aims to automate and

simplify the process of primer design.

2.2.8 MAD-DPD

Najafabadi et al. (2008) introduced minimum accumulative degeneracy, a
variant of the degenerate primer design problem, which is particularly useful when a
large number of sequences are to be covered by a set of restricted number of primers.
A primer set, which is designed on a minimum accumulative degeneracy basis,
especially helps to reduce nonspecific PCR amplification of undesired DNA fragments,
as fewer primer species are present in PCR. A Boltzmann machine is designed to solve
the minimum accumulative degeneracy degenerate primer design problem, called the

MAD-DPD Boltzmann machine. This algorithm shows great flexibility, as it can be
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determined either to solve the problem with strict fidelity to covering all input sequences
or to exclude some input sequences if it results in less degenerate primers. This
Boltzmann machine is successfully implemented in designing a new set of primers for
amplification of antibody variable fragments from mouse spleen cells, which theoretically

covers more diverse antibody sequences than currently available primers.

2.2.9 Primique

Fredslund and Lange (2007) presented primique, a new graphical, user-friendly,
fast, web-based tool which solves the problem: It designs specific primers for each
sequence in an uploaded set. Further, a secondary set of sequences not to be amplified
by any primer pair may be uploaded. Primers with high sequence similarity to non-target
sequences are selected against. Lastly, the suggested primers may be checked against
the National Center for Biotechnology Information databases for possible mis-priming.
Results are presented in interactive tables, and various primer properties are listed and
displayed graphically. Any close match alignments can be displayed. Given 30

sequences, the running time of primique is about 20 seconds.

2.2.10 Primaclade

Gadberry et al. (2004) presented Primaclade which is a web-based application
that accepts a multiple species nucleotide alignment file as input and identifies a set of
polymerase chain reaction (PCR) primers that will bind across the alignment. Primaclade
iteratively runs the Primer3 application for each alignment sequence and collates the
results. Primaclade creates an HTML results page that recaps the original alignment,
provides a consensus sequence and lists primers for each alignment area, with primers

color-coded to reflect the level of degeneracy in the primer.

2.2.11 Amplicon

Jarman (2004) presented Amplicon which is a program for designing PCR

primers on aligned groups of DNA sequences. The most important application for



15

Amplicon is the design of ‘group-specific’ PCR primer sets that amplify a DNA region
from a given taxonomic group but do not amplify orthologous regions from other

taxonomic groups.

2.2.12 PAMPS

Najafabadi et al. (2008) presented PAMPS, the method presented in this work,
usually results in a 30% reduction in the number of degenerate primers required to
cover all sequences, compared to the previous algorithms. In addition, PAMPS runs up
to 3500 times faster. Due to small running time, using PAMPS allows designing
degenerate primers for huge numbers of sequences. In addition, it results in fewer

primers which reduces the synthesis costs and improves the amplification sensitivity.

2.2.13 PCR-RFLP primer design using genetic algorithm

Yang et al. (2010) proposed the new technique for performing PCR-RFLP for
SNP genotyping, a feasible primer pair, which must observe numerous constraints, and
an available restriction enzyme for discriminating a target SNP, are required. Here, we
propose a method which uses a genetic algorithm (GA) to search for optimal natural
PCR-RFLP primers and employs the core of SNP-RFLPing to reliably mine available
restriction enzymes. The in silico simulation of the proposed method in the SNPs of the
SLCBA4 gene showed that it is able to stably to design natural PCR-RFLP primers which

most fit the common primer constraints and provide available restriction enzymes.

2.2.14 Optimus Primer

Brown et al. (2010) presented program Optimus Primer (OP) that automatically
takes into account all these variables, and can generate primers with no need to provide
genome coordinates. More importantly however, OP, unlike other primer design
programs, uniquely utilizes Primer3 in an iterative manner that allows the user to
progressively design up to four iterations of primer designs. Through a single interface,

the user can specify up to four different design parameters with different stringencies,
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thus increasing the probability that a functional PCR primer pair will be designed for all
regions of interest in a single pass of the pipeline. To demonstrate the effectiveness of
the program, we designed PCR primers against 77 genes located in loci associated with
ulcerative colitis as part of a candidate gene re-sequencing experiment. We achieved
an experimental success rate of 93% or 472 out of 508 amplicons spanning the exonic
regions of the 77 genes. Moreover, by automatically passing amplicons that failed
primer design through three additional iterations of design parameters, we achieved an
additional 170 successful primer pairs or 34% more in a single pass of OP than by
conventional methods. With only a gene list and PCR parameters, a user can produce
hundreds of PCR primer designs for regions of interest with a high probability of
success in a very short amount of time. Optimus Primer is an essential tool for
researchers who want to pursue PCR-based enrichment strategies for next-generation

re-sequencing applications.

2.2.15 GC-rich primer design strategy

Li et al. (2011) established a primer design method for amplification of GC-rich
DNA sequences. A group of 15 pairs of primers with higher T(m) (>79.7°C) and lower
level AT(m) (<1°C) were designed to amplify GC-rich sequences (66.0%-84.0%). The
statistical analysis of primer parameters and GC content of PCR products was
performed and compared with literatures. Other control experiments were conducted
using shortened primers for GC-rich PCR ampilifications in this study, and the statistical
analysis of shortened primer parameters and GC content of PCR products was
performed compared with primers not shortened. A group of 26 pairs of primers were
designed to test the applicability of this primer designing strategy in amplifications of
non-GC-rich sequences (35.2%-53.5%). All the DNA sequences in this study were
successfully amplified. Statistical analyses show that the T(m) and AT(m) were the main
factors influencing amplifications.This primer designing strategy offered a perfect tool

for amplification of GC-rich sequences. It proves that the secondary structures cannot
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be formed at higher annealing temperature conditions (>65°C), and we can overcome

this difficulty easily by designing primers and using higher annealing temperature.
2.2.16 Primer3

Rozen and Skaletsky presented Primer3 is a computer program that suggests
PCR primers for a variety of applications, for example to create STSs (sequence tagged
sites) for radiation hybrid mapping, or to amplify sequences for single nucleotide
polymorphism discovery. Primer3 can also select single primers for sequencing
reactions and can design oligonucleotide hybridization probes. In selecting oligos for
primers or hybridization probes, Primer3 can consider many factors. These include oligo
melting temperature, length, GC content, 3’stabi|ity, estimated secondary structure, the
likelihood of annealing to or amplifying undesirable sequences (for example
interspersed repeats), the likelihood of primer—dimer formation between two copies of
the same primer, and the accuracy of the source sequence. In the design of primer
pairs Primer3 can consider product size and melting temperature, the likelihood of
primer—dimer formation between the two primers in the pair, the difference between
primer melting temperatures, and primer location relative to particular regions of interest

or to be avoided.

From reviewing, there are many other researchers that do not mention about the
mismatch of adjacent nucleotide that is the key of degenerate primer design. Hybrid
primer concept such as PaBaLiS, CODEHOP and iCODEHOP are the most acceptable
program. However, that program is the fixed region hybrid primer; mean that primers are
separated into 2-3 regions for decrease degeneracy value. But in fact, degenerate
primer algorithm such as Primer3 run without separation and also can found the good
primer. In this work, we want to implement the new technique that can apply the hybrid

concept without separation of primer that will be mentioned in the next chapter.



Table 2.1: Comparison of present primer designing programs (Biological view)

System properties

System Design from
Ref. Thermodynamic | Degeneracy Multiplex Hybrid Mismatch Special
name amino acid
criteria using control PCR primer primer acceptance feature
seqguence
2 phases
CODEHOP | [5][7][8][9] Yes Yes No Yes Yes Yes
primer
GeneFisher [10][11] Yes No No No Yes Yes -
3 phases
PaBaLiS [12] Yes Yes No Yes Yes Yes
primer
HYDEN [4][13] No No Yes No Yes No -
UniPrime [14][15] Yes Yes No No Yes No -
Greene
[16] No Yes Yes No Yes No -
SCPrimer
PerlPrimer [17] Yes No No No Yes No -
MAD-DPD [18] No Yes Yes No Yes No -
Primique [19] Yes Yes No No Yes Yes -




Table 2.1 (cont.):

Comparison of present primer designing programs (Biological view)

System properties

Design from
System name | Ref. | Thermodynamic | Degeneracy Multiplex Hybrid Mismatch
amino acid Special feature
criteria using control PCR primer primer acceptance
sequence
Only conserved
Primaclade [20] N/A Yes No No No No
region found
Group-specific
Amplicon [21] N/A Yes No No N/A No
primers
PAMPS [22] No Yes Yes No Yes No -
PCR-RFLP
[23] No Yes No No Yes No SNP genotyping
primer design
Human exonic
Optimus Primer | [24] No No No No Yes No
region spacific
GC-rich primer | [25] Yes No No No No No GC-rich
Primer3 [26] Yes No No No Yes No




Table 2.2: Comparison of present primer designing programs (Computational view)

System properties

System name Ref.
Algorithm Running Time Graphical Freeware | Open source | Database connection

CODEHOP [51[718][9] Heuristic N/A No Yes No Yes
GeneFisher [10][11] Heuristic N/A No Yes Yes No
PaBaLiS [12] N/A N/A No No No No
HYDEN [41013] Heuristic N/A No Yes No No
UniPrime [14](15] N/A N/A No Yes Yes Yes
Greene SCPrimer [16] Greedy O(n3) No Yes No No
PerlPrimer [17] N/A N/A No Yes Yes No
MAD-DPD [18] Heuristic N/A No Yes No No
Primique [19] N/A N/A No Yes No Yes
Primaclade [20] N/A N/A No Yes Yes Yes
Amplicon [21] Heuristic N/A No Yes No No
PAMPS [22] Heuristic N/A No Yes No No
PCR-RFLP primer design [23] Genetic O(n7) N/A No No Yes
Optimus Primer [24] N/A N/A No Yes No No




Table 2.2 (cont.): Comparison of present primer designing programs (Computational view)

System properties

System name | Ref.
Algorithm | Running Time | Graphical | Freeware | Open source | Database connection
GC-rich primer | [25] N/A N/A N/A N/A N/A N/A
Primer3 [26] N/A N/A No Yes Yes No




In this thesis, the technique called Dynamic Pattern Matching (DPM) is proposed
for designing degenerate primer. The proposed system consists of three steps: data

reformation, primer design, and property filtering. Figure 3.1 shows the proposed

system process.

CHAPTER III
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Figure 3.1. Process of the proposed degenerate primer designing system
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3.1. Data reformation

In this step, an aligned sequence is transformed to probability of having each
nucleotide base at each position by using a two dimensional arrays called a Nucleotide

Matrices (NM), as expressed in Eq. (1) and Table 3.2

Kk
Zlmn,i,j
N =2 1
i K (1)

where n represents nucleotide base (A, T,C,G), I indicates the position of nucleotide in

an aligned sequence, N, ; is the probability of having nucleotide n at position 1, Kk is

i
the number of sequences and m,; . is the number of nucleotide base n at position 1 in
sequence . If n is any other degenerate code or nucleotide then the probability of
having nucleotide base n in that code is used instead. For example, a degenerate code

B has a probability of being C, G or T equal to 0.33.

Table 3.1: Example sequences

Position 1 2 3 4 5
Seq. 1 A T C G A
Seq. 2 A T C A T
Seq. 3 A T C A C

Table 3.2: Nucleotide Matrices (NM) generated from sequences in Table 3.1

Position 1 2 3 4 5

A 1.00 0.00 0.00 0.67 0.33

0.00 1.00 0.00 0.00 0.33

T
C 0.00 0.00 1.00 0.00 0.33
G 0.00 0.00 0.00 0.33 0.00
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The system then uses NM to generate an antisense strand DNA and transform it

to an Anti-Nucleotide Matrices (ANM) by taking complement of Nn,-

; of each base pair

and reversing the position, | as expressed in Eq. (2) and Table 3.3

An,i = Nr?,imax—i (2)

where imax represents the last position of each sequence.

Table 3.3: Anti-Nucleotide Matrices (ANM) generated from NM in Table 3.2

Position 1 2 3 4 5
A 0.33 0.00 0.00 1.00 0.00
T 0.33 0.67 0.00 0.00 1.00
C 0.00 0.33 0.00 0.00 0.00
G 0.33 0.00 1.00 0.00 0.00

Next, the system uses NM and ANM to compute a Degenerate Matrices (DM)
and an Anti-Degenerate Matrices (ADM) which will be used to generate a degenerate
sequence DM can be computed from Eq. (3) and Table 3.4

1

Dn,i =10;
0, Nn,i :0

N,; >0
— @)

where n represents nucleotide base (A, T,C,G), D. . is the probability of having

n,i
nucleotide n at position 1, @, is the number of nucleotide base at position I whose

N

ni i greater than O.

Table 3.4: Degenerate Matrices (DM) generated from NM in Table 3.2

Position 1 2 3 4 5
A 1.00 0.00 0.00 0.5 0.33
T 0.00 1.00 0.00 0.00 0.33
C 0.00 0.00 1.00 0.00 0.33
G 0.00 0.00 0.00 0.5 0.00
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On the other hand, ADM can be computed from ANM as expressed in Eq. (4)
and Table 3.5

—_, i >0
Mni =10 A (4)

0, Ai=0

where p; is the number of nucleotide base at position 1 whose A, ; is greater than 0.

Table 3.5: Anti-Degenerate Matrices (ADM) generated from ANM in Table 3.3

Position 1 2 3 4 5
A 0.33 0.00 0.00 1.00 0.00
T 0.33 0.5 0.00 0.00 1.00
C 0.00 0.5 0.00 0.00 0.00
G 0.33 0.00 1.00 0.00 0.00

Then a Consensus Matrices (CM) and an Anti-Consensus Matrices (ACM), which
will be used to generate a consensus sequence, are generated from NM and ANM,
respectively. CM is the probability of having the most probable nucleotide at each
position 1, as expressed in Eq. (5) and Table 3.6

—, N> X
Cri=1h —~—u (5)

0, N,Li <X

where n represents nucleotide base (A, T,C,G), C_ . is the probability of having

n,i

consensus nucleotide at position I for CM, x; is the maximum value of N ; at position
I and h; is the number of nucleotide base with N ; that is greater than or equal to X

at position 1.



Table 3.6: Consensus Matrices (CM) generated from NM in Table 3.2
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Position 1 2 3 4 5
A 1.00 0.00 0.00 1.00 0.33
T 0.00 1.00 0.00 0.00 0.33
C 0.00 0.00 1.00 0.00 0.33
G 0.00 0.00 0.00 0.00 0.00

Next, ACM can be computed from ANM as expressed in Eq. (6) and Table 3.7

o CTi’ Az Y, (6)
0, A <Y,

where y; is the maximum value of A, ; at position I and g; is the number of nucleotide

base with A, ; that is greater than or equal to y at position i .

Table 3.7: Anti-Consensus Matrices (ACM) generated from ANM in Table 3.3

Position 1 2 3 4 5
A 0.33 0.00 0.00 1.00 0.00
T 0.33 1.00 0.00 0.00 1.00
C 0.00 0.00 0.00 0.00 0.00
G 0.33 0.00 1.00 0.00 0.00

Next, a degenerate sequence, DS, can be generated by selecting IUPAC code
that covers all possibilities where Dn,i is not equal to O, whereas an anti-degenerate
sequence AS can be generated by selecting IUPAC code that covers all possibilities
where Mn,i is greater than 0. A consensus sequence, CS, can be generated by
selecting IUPAC code that covers all possibilities where C, ; is greater than 0 and an
anti-consensus sequence, RS, can be generated by selecting IUPAC code that covers

all possibilities where R . is greater than 0 as expressed in Table 3.8

n,i
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Table 3.8: Sequence generated from ANM in Table 3.3

Position 1 2 3 4 5

Seq 1 D Y G A T

3.2. Primer design

First, forward primers are generated from CM and DM based on nearest-
neighbor thermodynamic parameters of matched and mismatched nucleotide
sequences. The primers are generated from 3’ to 5 and the Gibbs Free Energy of
duplex formation (AG) with ANM is calculated. This AG is then used to select the best
nucleotide for each position of a sequence from either a degenerate sequence or a
consensus sequence at that position using our proposed technique called Dynamic

Pattern Matching (DPM), as expressed in Eq. (7)-(8).

Z; = InaX(Gc,i 7Gd,i) (7)
CS, CS, =z,

Si — i i ZI (8)
DS,, DS =z

where G_; is AG of consensus nucleotide binding with an antisense strand DNA at
position 1, Gd,i is an average AG of all possibilities of degenerate nucleotide binding
with an antisense strand DNA at position 1, z; is the maximum of the two values, CS;,
DS;, and S, are a consensus sequence, a degenerate sequence, and a primer

sequence at position 1, respectively.

By using DPM technique, a user can start generating a primer sequence from 14
nucleotides where all necessary properties of this initial sequence are stored. When a
user wants to generate a longer primer sequence, the DPM takes advantage of various
coherence properties of a sequence; i.e., the technique only needs to calculate the
unknown values for the extended sequence and to reuse previously stored properties
such as AGs of the existing primer sequence without recalculating them. The length of a

primer sequence can be in the range of 14 — 30 nucleotides. After the length of the
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sequence reaches 30, DPM technique starts to find the next primer sequence by shifting

to the next position in CS and DS and repeating the process until the end of ANM.

. | = DNA-DNA formation value calculate and store
= = Reusable DNA-DNA formation value
lll = Rest DNA-DNA formation position

CEbbi i b bl ) The first round

M The second round

=

= ==—=———— [l] =) Continue to last position

Figure 3.2 Dynamic Pattern Matching (DPM) work flow
After primer design process is completed, the primers are ranked according to
two main criteria. First, AGs of the first five sequences of 3’ are ranked in increasing
order and if there are two or more AGs with the same value then AGs of the whole
primer sequences are used to rank the sequences. The proposed method can also be

used to generate reverse primers from ACM, ADM, and NM.

3.3. Property filtering

In this last step, our proposed method provides a user with options to include
additional criteria. All primer sets are checked by user's setting properties, such as
GC%, 3'GC%, melting temperature, primer length, degeneracy, single repeat and di-

repeat. Any primers that meet all users’ criteria are returned as results.



CHAPTER IV
EXPERIMENTAL RESULTS AND DISCUSSION

4.1. PCR primer evaluation

In the experiment, the sequences that have been used for test are collected from
Genbank database (URL: http://www.ncbi.nim.nih.gov/) and Carbohydrate-Active
enZYmes Database (CAZy, URL: http://www.cazy.org/). The sequences are collected in

FASTA format and saved in .txt file by notepad. The example of FASTA format is shown

in Figure 4.1.

| Campylobacter - Notepad |= | = S
-

File Edit Formal  Veew Help
~Lampy lobacrer_hyolntestinalis
TATGHAGAGTTTGATCE THAC TCAGAGTRALT GE TGO GGCGTGLC TAATAC ATGRC AAGTC GNAC GRAGT
AT TAAGAGAGE T TG THTNT TAATAL T TAGT G GLAM GGG T GAGTAATGTATAGT TAATC THLLC TALA
CTGOAGGAT AACAGTTAGAAATGAC THC TNATAL TCC ATAC TOC TTC TTAM ATAMGTTAMGTTGAGAAA
GEVYT T TCGG T TAGGATGAGAL TATAT TG TATCAGS TAGT TG TAAGGETAATREC T TALLAAGGL TATG
ACGCATAA TOOTC TGAGAGGATGATC AGTE AC AC TGRAAC TRAGAC ACGGTCC AGAL TCC TAL GAGAGG
CAGCAGTAGGEGAATATTGL TCAATGGEEEAANCCCTEAAGCAGE ANC GCCGLATGEAGEATGACACTTTT
CGTRAGE G TAASL TOLTTT 0T TGGGEAAGANCL A TRAL G TALCLAM GAA T AMGE AL GHE THAL TCCG
THOCAGE AGE R GETAATAD GRAGGETRE AAGE GTTAL TCGRANTE AL TGHGE GTAAAGGAL G GTARS
CGGATTATCASGTCTTT TG TRAMA TE TAALAGE TCAM TGT TARME THE T THARAAM TGN TALTC TAR
GTGAGGGAGAGGE AGATGOAAT TG TG TGTAGGGGTALAATOC GTAGAGATC ACC AGRAATACCCATTG
CAAGGUGA TO TG TRAAT TEAM TRALGL TAATGLGTGAMAGLG T HhHGEAGEALM AGRAT TAGATAL
CCTRGTAGTCCACGECE THAM GATGTATAL TAGT TG TTRE TETHE TAGTC ACGGC AGTAATGL ACC TAA
CGGAT TAMGT AT AL G T GO T AL GG TOGEAMEAT TAAAAL TUAANGEAN T AGAL GHEGALLCEA
CAAGCCGTCEANNNGETCOT T TAATTCGANNNTAC GO CANCAACE TTACC TOOOC TTCATATCC TAATAS
CATCTTAGAGATAAGATAGTELTTGT T TACAAGAAATTAGTGACAGE TG TGEACGRETGTEGTCAGETC
GIGTCGTGAGATET TGGLT TAAGTLLCGL AN GAGLGLANCCLALGTATT TAGT TGL TAMLAGT TCGELT|
GAGEACTE TAANTAGAT TEHEC TTE GTAMGAGEAGRAAGETE TERAL GAC GTC AMGTC ATCATRGOCCTT
BTG A A AL AL G TG TALAA T G AT A TAC AL TGAGALGLAATATLGLGALATHEAGLALATT
TATAAANTATGTOCCAGTTEGRATTGT TC TE TGE AM TCGAGAGE ATGAAMCCGRAATCGE TAGTAATCG
TAGATCAGLCATEL TACGETGAATACGT TLCCGRGTCT TGTAL TEALCGLUCGTC AL ALCATGLGAGT TG
ATTTCAC TC GANGTOGRAATON TAAATTAGE TACCGOCCAC AGTRRAATC AGE GAC TRGGG

Figure 4.1. Example of a sequence in FASTA format

After collection, sequences are aligned by using ClustalX 2.0 [27] to prepare .aln
file that is used as input for the proposed system. First, sequences are selected

randomly for alignment and after that the sequences that show more similarity are

chosen for the next alignment.

The experiment is separated into two parts. In the first part, degenerate primers
are designed from 16s rRNA genes of difference genus bacteria and compared with

accepted universal primers, as shown in Table 4.1. The second part, degenerate
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primers are designed from Glycoside Hydrolase Family 45 and compared with the

primer set that has been proven positive in laboratory [28], as shown in Table 4.2.

Table 4.1: 26 universal primers for comparison results from the proposed system

Primer name Sequence (5 to 3) Reference
27F AGAGTTTGATCMTGGCTCAG [18]
337F GACTCCTACGGGAGGCWGCAG [19]
341F CCTACGGGAGGCAGCAG [20]
357F CTCCTACGGGAGGCAGCAG [21]
530F GTGCCAGCMGCCGCGG [21]
515F GTGCCAGCMGCCGCGGTAA [22]
785F GGATTAGATACCCTGGTA [23]
928F TAAAACTYAAAKGAATTGACGGG [21]
968F AACGCGAAGAACCTTAC [24]
1100F YAACGAGCGCAACCC [19]
1114F GCAACGAGCGCAACCC [21]
1406F TGYACACACCTCCCGT [21]
336R ACTGCTGCSYCCCGTAGGAGTCT [19]
342R CTGCTGCSYCCCGTAG [21]
518R GTATTACCGCGGCTGCTGG [20]
519R GWATTACCGCGGCKGCTG [22]
534R ATTACCGCGGCTGCTGG [20]
805R GACTACCAGGGTATCTAATC [25]
907R CCGTCAATTCCTTTRAGTTT [21]
926R CCGTCAATTCMTTTGAGTTT [20]
1100R GGGTTGCGCTCGTTG [21]
1392R ACGGGCGGTGTGTRC [21]
1401R CGGTGTGTACAAGACCC [24]
1492R TACGGYTACCTTGTTACGACTT [21]
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Table 4.1 (cont.): 26 universal primers for comparison results from the proposed system

Primer name Sequence (5’ to 3) Reference

U1492R GGTTACCTTGTTACGACTT [22]

1525R AAGGAGGTGWTCCARCC [21]

Table 4.2: Degenerate primer for GH 45 [28]

Primer name Sequence (5’ to 3')

Cel45F ACNMGNTAYTGGGAYTGYTG

Cel45R AANRYNCCNAVNCCNCCNCCNGG

4.1.1 Bacterial universal primer designing

In this experiment, we separate it into seven sub-experiments. Each experiment

contains different amount of sequences and different optional setting values.
4.1.1.1 The first experiment

In the first experiment, we use 44 sequences of different bacteria genus in 16s

ribosomal RNA, as shown in Table 4.3.

Table 4.3: 16s rRNA genes of 44 organisms for system testing (first experiment)

Organism name Accession number
Acyrthosiphon symbiont M27040
Azospirillum brasilense FR745918

Borrelia burgdorferi GQ478290
Brachyspira hyodysenteriae U23035
Campylobacter hyointestinalis M65010
Chlorobium chlorovibrioides NR044918
Citrobacter freundii AB210978
Dermacoccus nishinomiyaensis NR044872




Table 4.3 (cont.): 16s rRNA genes of 44 organisms for system testing (first experiment)

Organism name Accession number
Desulfosporosinus hippei NR044919
Enterobacter cloacae JNG44498
Escherichia coli FJ950694
Fangia hongkongensis NR041041
Gluconobacter cerinus NR041048
Hippea maritima NR044940
Hymenobacter chitinivorans NR044945
Hyphomicrobium methylovorum NR026430
Hyphomonas jannaschiana M83806
Ignicoccus islandicus NR044910
Klebsiella variicola JNB44499
Leptospira interrogans DQ840043
Lishizhenia caseinilytica AB176674
Lysobacter koreensis NR041014
Macrococcus bovicus NR044928
Microbulbifer variabilis NR041021
Myroides pelagicus NR041042
Myxococcus fulvus AJ233917
Nannocystis exedens AJ233946
Neisseria gonorrhoeae X07714
Nocardia anaemiae NR041010
Novosphingobium naphthalenivorans AB684349
Pelotommaculum schinkii NRO044877
Polyangium cellulosum M94282
Providencia rettgeri JN644501
Pseudomonas aeruginosa FN645737
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Table 4.3 (cont.): 16s rRNA genes of 44 organisms for system testing (first experiment)

Organism name Accession number
Rhizobium leguminosarum HQ218437
Serpulina hyodysenteriae M57741

Serratia marcescens AY566180
Shewanella colwelliana AYB53177
Skermanella parooensis NR044876

Sphingomonas haloaromaticamans NR044902
Starkeya koreensis AB166877
Stenotrophomonas maltophilia JNB44502
Thioreductor micantisoli NR041022
Treponema denticola AR621358

By using the proposed system with default setting criteria without optional primer
properties checking as shown in Figure 4.2, we have found that the system can design
4085 forward primers and 4085 reverse primers. After AG and 3’AG filtering, most of the
primers are removed. After compared with the universal primer in Table 4.1, no universal

primers are found, as shown in Table 4.4.
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Figure 4.2. The first experiment criteria setting

Table 4.4: The first experimental results

System progress Number of forward primer | Number of reverse primer
Designing step 4085 4085
AG filtering (> -9 kcal/mol) 1348 1471
3'AG filtering (> -5 keal/mol) 1095 1282
Universal primer found 0 0

According to the results, universal primer cannot be found, and it is found that
AG and 3'AG filtering caused the number of forward primers and reverse primers to be
dramatically deceased at 73.19% and 68.62%, respectively. From raw output of the
system, most AG and 3’AG values of primers are lower than -9 kcal/mol and -5 kcal/mol,
respectively. These results indicate that the technique used for calculating AG may have
error. And we have also found 3 sequences that are not similar to the other ones as

shown in Figure 4.3.
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Figure 4.3. The first aligned sequence experiment

According to Figure 4.3, the three highlighted rows are the sequences that are
not similar to the other ones (Borrelia burgdorferi, Hyphomonas jannaschiana and

Leptospira interrogans). So in the second experiment, these 3 sequences have been

removed from the test set and are aligned again.

4.1.1.2 The second experiment
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In the second experiment, we use 41 sequences of different bacteria genus in

16s ribosomal RNA, as shown in Table 4.5.

Table 4.5: 16s rRNA genes of 41 organisms for system testing (second experiment)

Organism name

Accession number

Acyrthosiphon symbiont M27040
Azospirillum brasilense FR745918

Brachyspira hyodysenteriae U23035

Campylobacter hyointestinalis M65010
Chlorobium chlorovibrioides NR044918
Citrobacter freundii AB210978
Dermacoccus nishinomiyaensis NR044872




experiment)

Table 4.5 (cont.): 16s rRNA genes of 41 organisms for system testing (second

Organism name

Accession number

Desulfosporosinus hippei NR044919
Enterobacter cloacae JN644498
Escherichia coli FJ950694
Fangia hongkongensis NR041041
Gluconobacter cerinus NR041048
Hippea maritime NR044940
Hymenobacter chitinivorans NR044945
Hyphomicrobium methylovorum NR026430
Ignicoccus islandicus NR044910
Klebsiella variicola JN644499
Lishizhenia caseinilytica AB176674
Lysobacter koreensis NR041014
Macrococcus bovicus NR044928
Microbulbifer variabilis NR041021
Myroides pelagicus NR041042
Myxococcus fulvus AJ233917
Nannocystis exedens AJ233946
Neisseria gonorrhoeae X07714
Nocardia anaemiae NR041010
Novosphingobium naphthalenivorans AB684349
Pelotomaculum schinkii NR044877
Polyangium cellulosum M94282
Providencia rettgeri JN644501
Pseudomonas aeruginosa FN645737
Rhizobium leguminosarum HQ218437

36
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Table 4.5 (cont.): 16s rRNA genes of 41 organisms for system testing (second

experiment)

Organism name Accession number
Serpulina hyodysenteriae M57741
Serratia marcescens AY566180
Shewanella colwelliana AYB53177
Skermanella parooensis NR044876
Sphingomonas haloaromaticamans NR044902
Starkeya koreensis AB166877
Stenotrophomonas maltophilia JNB44502
Thioreductor micantisoli NR041022
Treponema denticola AR621358

By using the proposed system with minor changes in setting criteria without
optional primer properties checking as shown in Figure 4.4, we have found that the
system could design 9051 forward primers and 9051 reverse primers. After AG and
3'AG filtering, some primers have been removed. After comparing with the universal
primers in Table 4.1, we have found 6 universal primers, as shown in Table 4.4 and

Table 4.5.
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Figure 4.4. The second experiment criteria setting

Table 4.6: The second experimental results

System progress Number of forward primer | Number of reverse primer
Designing step 9501 9501
AG filtering (> -29 kcal/mol) 9117 8889
3'AG filtering (> -10 kcal/mol) 8610 8453
Universal primer found 3 3
Table 4.7: Universal primers designed in the second experiment
Primer name Primer sequence Reference
341F CCTACGGGAGGCAGCAG [31]
1114F GCAACGAGCGCAACCC [32]
968F AACGCGAAGAACCTTAC [35]
518R GTATTACCGCGGCTGCTGG [31]
534R ATTACCGCGGCTGCTGG [31]
1100R GGGTTGCGCTCGTTG [32]
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According to the results, after designing step, we have found 132.58% increase
in primer output because of three sequences that have less similarity have been
removed. Thus, AG and 3’AG filter are more effective. Only 4.04% forward primers and
6.44% reverse primers have been removed. Six universal primers have been found, AG

and 3’AG of these 6 universal primers are shown in Table 4.8.

Table 4.8: AG and 3'AG of universal primer output from the second experiment

Primer name | AG (kcal/mol) | 3’AG (kcal/mol)
341F -21.92 -6.44
1114F -20.94 -6.48
968F -16.39 -3.69
518R -18.87 -5.71
534R -17.18 -5.71
1100R -13.88 -4.07

According to Table 4.8, AG and 3’'AG are lower than the optimum values [37].
But in this thesis, the thermodynamic values are used for predicting and comparing
stability purpose, not for finding the exact value. Thus, we set AG and 3'AG values as -
29 kcal/mol and -10 kcal/maol respectively in the next experiment, and we have found
four sequences that are less similar to others (Rhizobium leguminosarum,
Pelotomaculum schinkii, Hippea maritime and Ignicoccus islandicus). In the third

experiment, these four sequences are removed from the test set and are aligned again.
4.1.1.3 The third experiment

In the third experiment, we use 37 sequences of different bacteria genus in 16s

ribosomal RNA, as shown in Table 4.9.



Table 4.9:

16s rRNA genes of 37 organisms for system testing (third experiment)

Organism name

Accession number

Acyrthosiphon symbiont M27040
Azospirillum brasilense FR745918
Brachyspira hyodysenteriae U23035
Campylobacter hyointestinalis M65010
Chlorobium chlorovibrioides NR044918
Citrobacter freundii AB210978
Dermacoccus nishinomiyaensis NR044872
Desulfosporosinus hippei NR044919
Enterobacter cloacae JN644498
Escherichia coli FJ950694
Fangia hongkongensis NR041041
Gluconobacter cerinus NR041048
Hymenobacter chitinivorans NR044945
Hyphomicrobium methylovorum NR026430
Klebsiella variicola JN644499
Lishizhenia caseinilytica AB176674
Lysobacter koreensis NR041014
Macrococcus bovicus NR044928
Microbulbifer variabilis NR041021
Myroides pelagicus NR041042
Myxococcus fulvus AJ233917
Nannocystis exedens AJ233946
Neisseria gonorrhoeae X07714
Nocardia anaemiae NR041010
Novosphingobium naphthalenivorans AB684349
Polyangium cellulosum M94282
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Table 4.9 (cont.): 16s rRNA genes of 37 organisms for system testing (third experiment)

Organism name Accession number
Providencia rettgeri JN644501
Pseudomonas aeruginosa FN645737
Serpulina hyodysenteriae M57741
Serratia marcescens AY566180
Shewanella colwelliana AYB53177
Skermanella parooensis NR044876
Sphingomonas haloaromaticamans NR044902
Starkeya koreensis AB166877
Stenotrophomonas maltophilia JN644502
Thioreductor micantisoli NR041022
Treponema denticola AR621358

By using the proposed system with minor changes in setting criteria without
optional primer properties checking as shown in Figure 4.5, we have found that the
system could design 10397 forward primers and 10397 reverse primers. After AG and
3'AG filtering, some primers were been removed. After comparing with the universal
primers in Table 4.1, we have found seven universal primers, as shown in Table 4.10

and Table 4.11.
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Figure 4.5. The third experiment criteria setting

Table 4.10: The third experimental results

System progress Number of forward primer | Number of reverse primer
Designing step 10397 10397
AG filtering (> -29 kcal/mol) 9861 9771
3'AG filtering (> -10 kcal/mol) 9248 9326
Universal primer found 4 3
Table 4.11: Universal primers designed in the third experiment
Primer name Primer sequence Reference
357F CTCCTACGGGAGGCAGCAG [32]
341F CCTACGGGAGGCAGCAG [31]
1114F GCAACGAGCGCAACCC [32]
968F AACGCGAAGAACCTTAC [35]
518R GTATTACCGCGGCTGCTGG [31]
534R ATTACCGCGGCTGCTGG [31]
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Table 4.11 (cont.): Universal primers designed in the third experiment

Primer name Primer sequence Reference

1100R GGGTTGCGCTCGTTG [32]

According to the results, after designing step, we have found 9.43% increase in
primers output comparing with the second experiment because of four sequences that
have less similarity have been removed. AG and 3'AG filter are more effective, only
11.05% forward primers and 10.30% reverse primers have been removed. From aligned
sequence as shown in Figure 4.6, we could group the sequences that have more

similarity and use them for experiment 4.
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Figure 4.6. The third experiment aligned sequence

According to Figure 4.5, we have found 10 sequences that have more similarity
to each other. Thus in the fourth experiment, these 10 sequences have been removed

from the test set and are aligned again.



4.1.1.4 The fourth experiment
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In the fourth experiment, we use 10 sequences of different bacteria genus in 16s

ribosomal RNA, as shown in Table 4.12.

Table 4.12: 16s rRNA genes of 10 organisms for system testing (fourth experiment)

Organism name

Accession number

Brachyspira hyodysenteriae U23035
Chlorobium chlorovibrioides NR044918
Citrobacter freundii AB210978
Enterobacter cloacae JNG644498
Escherichia coli FJ950694
Macrococcus bovicus NR044928
Providencia rettgeri JN644501
Pseudomonas aeruginosa FN645737
Rhizobium leguminosarum HQ218437
Sphingomonas haloaromaticamans NR044902

By using the proposed system with minor changes in setting criteria without

optional primer properties checking as shown in Figure 4.7, we have found that the

system could design 17052 forward primers and 17052 reverse primers. After AG and

3'AG filtering, some primers have been removed. After comparing with the universal

primers in Table 4.1, we have found seven universal primers, as shown in Table 4.13

and Table 4.14.
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Figure 4.7. The fourth experiment criteria setting

Table 4.13: The fourth experim

ental results

System progress Number of forward primer | Number of reverse primer
Designing step 17052 17052
AG filtering (> -29 kcal/mol) 15878 16163
3'AG filtering (> -10 kcal/mol) 14954 15488
Universal primer found 5 4
Table 4.14: Universal primers designed in the fourth experiment
Primer name Primer sequence Reference
785F GGATTAGATACCCTGGTA [34]
357F CTCCTACGGGAGGCAGCAG [32]
341F CCTACGGGAGGCAGCAG [31]
1114F GCAACGAGCGCAACCC [32]
968F AACGCGAAGAACCTTAC [35]
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Table 4.14 (cont.): Universal primers designed in the fourth experiment

Primer name Primer sequence Reference
518R GTATTACCGCGGCTGCTGG [31]
534R ATTACCGCGGCTGCTGG [31]
1100R GGGTTGCGCTCGTTG [32]
805R GACTACCAGGGTATCTAATC [36]

According to the results, after designing step, we have found 64.01% increase in
primers output comparing with the third experiment because of these ten sequences
that have more similarity. AG and 3'AG filter remove 14.03% forward primers and

10.10% reverse primers.

According to experiment 1-4, we can prove that the system can design the
acceptable primers (in term of coverage) in the real PCR experiment. The accuracy of

primer designing cannot be tested because it depends on the user criteria setting.

4.1.2 GH45 specific primer designing

In the this experiment, we use five amino acid sequences of species in

Glycoside Hydrolase Family 45, as shown in Table 4.15.

Table 4.15: Amino acid sequence of 5 organisms for system testing

Organism name Accession number

Cellvibrio japonicus ACE82688

Fusarium oxysporum AAAGB5589

Humicola grisea AAES5435
Humicola grisea BAA74957
Humicola insolens AAE16508

By using the proposed system with minor changes in setting criteria without

optional primer properties checking as shown in Figure 4.8, we have found that the
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system could design 7973 forward primers and 7973 reverse primers. After AG and

3'AG filtering, some primers have been removed. After comparing with the GH 45

primers in Table 4.2, we have found a forward primer, as shown in Table 4.16.
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Figure 4.8. Specific primer designing experiment criteria setting

Table 4.16: Specific primer designing experimental result

System progress Number of forward primer | Number of reverse primer
Designing step 7973 7973
AG filtering (> -29 kcal/mol) 3566 3399
3'AG filtering (> -10 kcal/mol) 2651 2458
Specific primer found Found Not found

According to the results, we have found the exact forward primer sequence at

the first test. For reverse primer results, we cannot find the exact reverse primer

sequence because of primer Cel45R (5 AANRYNCCNAVNCCNCCNCCNGG 3)

designing and manual method modification, but we can find some primer that almost

similar to Cel45R. In this system, the modification method is not included but we can find
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some primers that may be used in the real PCR experiment because it can is almost

similar to the primer that have already been proved positive in laboratory.

According to experiments 4.1 and 4.2, the system can design the primers that
have already been proved in laboratory and a large amount of primers that probably

work in laboratory too.
4.2. Computational complexity evaluation

The system processes aligned sequences in three steps: data reformation,

primer design, and property filtering.

The first step is data reformation; using normal linear indexing in two dimensional
array for calculating probability of nucleotide, running time depends upon the number of
sequences and the length of aligned sequences, or O(nm), where m is the number of

sequences and n is the length of each sequence in sequence alignment.

Step two is potentially the most time consuming step. Primer design by using
DPM technique starts the first iteration at 3’ of NM. Each position of the first iteration is
used to calculate the stability with ADM and ACM as the second iteration. Each selected
seqguences are used to calculate the other properties that use another iteration. Running
time tends to have O(na) complexity, where n is the length of each sequence in

seqguence alignment.

The last step is to filter a primer with user's setting properties suitable for
amplifying specific PCR conditions. Using brute force strategy, this step can be

completed in linear time.



CHAPTER V

CONCLUSION

Degenerate primers are used to study gene diversity; the designing of
degenerate primer becomes a popular issue for scientists in this field. Although many
techniques have been proposed and implemented, especially the hybrid primer
technique, this technique can optimize degeneracy value for handle the conflict of

coverage and specificity [4][13].

This thesis proposes the new technique for designing a simple hybrid
degenerate primer by using Dynamic Pattern Matching (DPM) algorithm. According to
the experiment results, the tests of universal bacteria primer with DPM technique are
suitable for degenerate primer designing system. From the first results, our proposed
system can design nine accepted universal primers from a set of difference genus
bacterial sequences. From the second experimental results, the tests of degenerate
primer design for amino acid sequences, we have found that the proposed system

given the specific primer of the endocellulase gene in GH family 45.

It can be concluded that the proposed system can be used to design
degenerate primer within polynomial time. In addition, the degenerate primers that are
designed through the system can be modified by user by using optional function in this
program. Therefore, the objective of developing primer designing system for specific

gene biodiversity study is satisfied.

The following tasks are not built into the proposed system. The first one is
selection of primer pairs for nested PCR and multiplex PCR. The second one is
calculation of stability of secondary formation such as primer dimer, self-priming and
hairpin formation. We exclude secondary formation calculation feature because of the

error of thermodynamic value calculation that will cause error in this feature too.
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There are three advantages of this system compare with others. The first one is
Dynamic Pattern Matching (DPM) algorithm that can reduce complexity into polynomial
time at O(ns). The second one is mismatch concept with thermodynamic for degenerate
primer design that is not included in any system. The last one is flexible styles of user

criteria setting that can be applied according to user’s experience.
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Appendix A

Sequences of 16s rRNA gene of 44 bacteria species
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These are 44 nucleic acid sequences of 16s rRNA gene of bacteria. All are listed

in FASTA format. Accession number of each species id located at the end of each

species name.

>Acyrthosiphon symbiont M27040
AAATTGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAAGCCTAACACATGCAAGTCGAGCGGC
AGCGAGAAGAGAGCTTGCTCTCTTTGTCGGCAAGCGGCAAACGGGTGAGTAATATCTGGGGATCTACCCA
AAAGAGGGGGATAACTACTAGAAATGGTAGCTAATACCGCATAATGTTGAAAAACCAAAGTGGGGGACCT
TTTGGCCTCATGCTTTTGGATGAACCCAGACGAGATTAGCTTGTTGGTAGAGTAATAGCCTACCAAGGCA
ACGATCTCTAGCTGGTCTGAGAGGATAACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGG
AGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCTATGCCGCGTGTATGAAGAAGGC
CTTAGGGTTGTAAAGTACTTTCAGCGGGGAGGAAAAAAATAAAACTAATAATTTTATTTCGTGACGTTAC
CCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCAG
AATTACTGGGCGTAAAGAGCGCGTAGGTGGTTTTTTAAGTCAGGTGTGAAATCCCTAGGCTCAACCTAGG
AACTGCATTTGAAACTGGAAAACTAGAGTTTCGTAGAGGGAGGTAGAATTCTAGGTGTAGCGGTGAAATG
CGTAGATATCTGGAGGAATACCCGTGGCGAAAGCGGCCTCCTAAACGAAAACTGACACTGAGGCGCGAAA
GCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGTCGACTTGGAGGTTGTT
TCCAAGAGAAGTGACTTCCGAAGCTAACGCATTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGCTAAA
ACTCAAATGAATTGACGGGGGCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAAAAC
CTTACCTGGTCTTGACATCCACAGAATTCTTTAGAAATAAAGAAGTGCCTTCGGGAGCTGTGAGACAGGT
GCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATC
CCCTGTTGCCAGCGGTTCGGCCGGGAACTCAGAGGAGACTGCCGGTTATAAACCGGAGGAAGGTGGGGAC
GACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGTTTATACAAAGAGAAGC
AAATCTGCAAAGACAAGCAAACCTCATAAAGTAAATCGTAGTCCGGACTGGAGTCTGCAACTCGACTCCA
CGAAGTCGGAATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACAC
CGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAGCAGGTATCCTAACCCTTTAAAAGGAAGGCGCTTA
CCACTTTGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTAACCGTAGGGGAACCTGCGGTTGGATCAC
CTCCTTA

>Azospirillum brasilense FR745918
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCATGCCTAACACATGCAAGTCGAACGAAGGCTTCG
GCCTTAGTGGCGCACGGGTGAGTAACACGTGGGAACCTGCCTTTCGGTTCGGGATAACGTCTGGAAACGG
ACGCTAACACCGGATACGTCCTTCGGGAGAAAGTTTACGCCGAGAGAGGGGCCCGCGTCCGATTAGGTAG
TTGGTGGGGTAATGGCCCACCAAGCCGACGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATCGGACAATGGGGGCAACCCTGATC
CAGCAATGCCGCGTGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTCGCACGCGACGATGATGACGGT
AGCGTGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCGAGCGTTGTTC
GGAATTACTGGGCGTARAAGGGCGCGTAGGCGGCCTGTTTAGTCAGAAGTGAAAGCCCCGGGCTTAACCTG
GGAACGGCTTTTGATACTGGCAGGCTTGAGTTCCGGAGAGGATGGTGGAATTCCCAGTGTAGAGGTGAAA
TTCGTAGATATTGGGAAGAACACCGGTGGCGAAGGCGGCCATCTGGACGGACACTGACGCTGAGGCGCGA
AAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCTAGACGCTGG
GGTGCATGCACTTCGGTGTCGCCGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGCCGCAAGGTTAA
AACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGA
ACCTTACCAACCCTTGACATGTCCATTGCCGGTCCGAGAGATTGGACCTTCAGTTCGGCTGGATGGAACA
CAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
CTACCGCCAGTTGCCATCATTCAGTTGGGCACTCTGGTGGAACTGCCGGTGACAAGCCGGAGGAAGGCGG
GGATGACGTCAAGTCCTCATGGCCCTTATGGGTTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGG
ATGCGAAGTCGCAAGATGGAGCCAATCCCCAAAAGCCGTCTCAGTTCGGATTGCACTCTGCAACTCGGGT
GCATGAAGTTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACA
CACCGCCCGTCACACCATGGGAGTTGGCTTTACCCGAAGGTGGTGCGCTAACCGGCAACGGAGGCAGCCA
ACCACGGTCAGGTCAGCGACTGGGGTGAAGTCGTAACAAGGTAGCCGT



>Borrelia burgdorferi GQ478290
TCTTTTCTTTTGATAAAAGAGTTTTTAAAGTCAGTGTTATTTTTTTAAGGTTAATAGAAATTTATGTATT
AAGCTTTTTATTAATGATATTAAAGCGCTCTATTAATTTTAGATCATTTTGGGGGTTTAGCTCAGTTGGC
TAGAGCATCGGCTTTGCAAGCCGAGGGTCAAGGGTTCGAGTCCCTTAACCTCCATTTGGCATGTGTCTTA
RATTGTGATTAAGCATGTTTTCAAGAACTTTGTTAAAGTAATTATTTAAAGATGAAACAGAGGAAGTTAG
AATTTCTAGGGTAAGGGTGGAATCTTTTAATGCTAAGAAGAATGTCTAGGAGTAAAAGCAAACCCTTTAT
AAAAATTTGCGTTGTATCACTAAATATAAGGATTAAACAGGATTGCATTTTCCAGTATCCTATTCTATAG
ACGACCTACATTAATTCCTAAATAAAAGTCCATAATGAATGTGGATTGTTAAGCGTGATGTCTGGGTGGC
AAGTTTTGTAACGAGTCGCAACCCTTGTTGTCGTTACCACCACGTAACGACAGGGATTTGCATAAGTCCT
TAGGTTATAAGTAGAAGGGTAAGGGTTGTGTCTGAGTCGTTTCTTTTATGTTCTAGGGTTACGCGCTTGC
TATAATGGCCTTTACAAAGCTAAGAGAAATAGTGATGTGAATCAAAAGCTTAAATCGGGTCTCAGCATGG
ATTGCATTTTGAAATTCGACTTTATGAAGTTGTAATCGCTAGTAATCGTATATCGGAATGATACAGTGAA
TGCGTTCTCAGTCCCTGTACACACTCGCTCGTTACATCGTCCGAGTATGGGGGGATGCCCGAAGTATTAT
TCTAACCCATAAGGGAGGAAGGTATTTTAAGGTATGTTTAGGGAAGGGTTTGAAGTAGTAATAAGACGAT
AGTACTTTCCAGCATGGCTAGATTGGTCTCTTTTTAATAGAAAGATAAATTAAGGCTAATTTTATTGATT
ATTCTTTGTGCTTTTATTTTTATTAAAAAGTTTTTTAAATCAAGGTAAATTTTTAGTTTAAAATTTAGAA
AAAATAAACCTTTAGTAAGTGTTTAGTAGTATTTAGCTTCAGCTTCATATTTAATTAAGCTTTGTTTGTA
AGTAGAATTTTAGATTTTAGGGTGAAGGGGTTTTATATTATTAATTATAAATTTTAAATCCAATGGAACG
AGAATTATCTCTATTAAAAATTAAAATTACATATTGTAATGCAAGTAGGTCTCAATATAGAGATTGAATA
ATTTTTAATTCTCATTAATTATAGCTTAAAGCAGTACTGCCGTACTTAAAACAACGAAATGCATTGGGAC
CAGGATGAGTTGAACATCCGACCTCAGGTTTATCAGACAAA

>Brachyspira hyodysenteriae U23035
CGTTGGCGATGCGTCTTAAGCATGCAAGTCGAGCGGGCTTATTCGGGCAACTGGATAAGTTAGCGGCGAA
CTGGTGAGTAACACGTAGGTAATCTGCCGTAGAGTGGGGGATAACCCATGGAAACATGGACTAATACCGC
ATATACTCTTGCTACATAAGTAGAGTAGAGGAAAGGAGCAATCCGCTTTACGATGAGCCTGCGGCCTATT
AGCCTGTTGGTGGGGTAACGGCCTACCAAAGCTACGATAGGTAGCCGACCTGAGAGGGTGACCGGCCACA
TTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGCTGAGAATCTTCCACAATGGACGAAAGT
CTGATGGAGCGACATCGCGTGAGGGATGAAGGCCTTCGGGTTGTAAACCTCGGAAATTATCGAAGAATGA
GTGACAGTAGATAATGTAAGCCTCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGAGGCAAACG
TTGCTCGGATTTACTGGGCGTAAAGGGTGAGTAGGCGGACTTATAAGTCTAAGGTGAAAGACCGAAGCTC
AACTTCGGAAACGCCTCGGATACTGTAAGTCTTGGATATTGTAGGGGATGATGGAATTCTCGGTGTAGCG
GTGGAATGCGCAGATATCGAGAGGAACACCTATAGCGAAGGCAGNCATCTGGGCATTTATCGACGCTGAA
TCACGAAAGCTAGGGGAGCAAACAGGCTTAGATACCCTGGTAGTCCTAGCCGTAAACGTTGTACACTAGG
TGCTTCTATTTAAATAGGAGTGCCGTAGCTAACGTCTTAAGTGTACCGCCTGAGGAGTATGCCCGCAAGG
GTGAAACTCAAAGAAATTGACGGGTCCCCGCACAAGTGGTGGAGCATGTGGTTTAATTCGATGATACGCG
AAAAACCTTACCTGGGTTTGAATTGTAAGATGAATGATTTAGAGATAAGTCAGACCGCAAGGACGTTTTA
CATAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC
CCTCACCCTTTGTTGCTACCGAGTAATGTCGGGCACTCTTAGGGGACTGCCTACGTTCAAGTAGGAGGAA
GGTGGGGATGATGTCAAGTCCTCATGGCCCTTATGTCCAGGGCTACACACGTGCTACAATGGCAAGTACA
AAGAGAAGCAAGACCGCGAGGTGGAGCAAAACTCAAAAAAGTTGCCTCAGTTCGGATTGGAGTCTGAAAC
TCGACTCCATGAAGTTGGAATCACTAGTAATCGTAGATCAGAACGCTACGGTGAATACGTTCCCGGGGAT
TGTACACACCGCCCGTCACGCCATCGGAGTTGGTTTTACCTGAAGTCGTTAGCCTAACCGCAAGGGGGGC
GGCGCCGAAGGTGGGACTGATGATGAGGGTGAAGTCGTAACAAGGCAGNCGTACCGGAAGGTGTG

>Campylobacter hyointestinalis M65010

TATGNAGAGTTTGATCCTGGCTCAGAGTGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGNACGGAGT
ATTAAGAGAGCTTGCTNTNTTAATACTTAGTGGCGCACGGGTGAGTAATGTATAGTTAATCTGCCCTACA
CTGGAGGACAACAGTTAGAAATGACTGCTNATACTCCATACTCCTTCTTAACATAAGTTAAGTTGGGAAA
GTYYTTTCGGTGTAGGATGAGACTATATTGTATCAGCTAGTTGGTAAGGTAATGGCTTACCAAGGCTATG
ACGCATAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGG
CAGCAGTAGGGAATATTGCTCAATGGGGGAAACCCTGAAGCAGCAACGCCGCGTGGAGGATGACACTTTT
CGGAGCGTAAACTCCTTTTGTTGGGGAAGAACCATGACGGTACCCAACGAATAAGCACCGGCTNACTCCG
TGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTACTCGGAATCACTGGGCGTAAAGGACGCGTAGG
CGGATTATCAAGTCTTTTGTGAAATCTAACAGCTCAACTGTTAAACTGCTTGAGAAACTGATAATCTAGA
GTGAGGGAGAGGCAGATGGAATTGGTGGTGTAGGGGTAAAATCCGTAGAGATCACCAGGAATACCCATTG
CGAAGGCGATCTGCTGGAACTCAACTGACGCTAATGCGTGAAAGCGTGGGGAGCAAACAGGATTAGATAC
CCTGGTAGTCCACGCCCTNAACGATGTATACTAGTTGTTGCTGTGCTAGTCACGGCAGTAATGCACCTAA
CGGATTAAGTATACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATAGACGGGGACCCGLCA
CAAGCGGTGGANNNGGTGGTTTAATTCGANNNTACGCGAAGAACCTTACCTGGGCTTGATATCCTAATAA
CATCTTAGAGATAAGATAGTGCTTGTTTACAAGAAATTAGTGACAGGTGCTGCACGGCTGTCGTCAGCTC
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GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCACGTATTTAGTTGCTAACAGTTCGGCT
GAGCACTCTAAATAGACTGCCTTCGTAAGGAGGAGGAAGGTGTGGACGACGTCAAGTCATCATGGCCCTT
ATGCCCAGGGCGACACACGTGCTACAATGGCATATACAATGAGACGCAATATCGCGAGATGGAGCAAATC
TATAAAATATGTCCCAGTTCGGATTGTTCTCTGCAACTCGAGAGCATGAAGCCGGAATCGCTAGTAATCG
TAGATCAGCCATGCTACGGTGAATACGTTCCCGGGTCTTGTACTCACCGCCCGTCACACCATGGGAGTTG
ATTTCACTCGAAGTCGGAATGCTAAATTAGCTACCGCCCACAGTGGAATCAGCGACTGGGG

>Chlorobium chlorovibrioides NR044918
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCATAACACATGCAAGTCAAAGGATAGTTTNT
TCGGANACAAGTACTTGGCGCAAGGGTGAGTAAGGCATANGTAATCTGCCCTTTGGACTGGGATAACCCC
GAGAAATCGGGGACAATACCAGATGATGCAGCGGAACCGCATGGTTATGTTGTTAAATGATTTATCGCCA
AAGGATGAGCCTATGTTCCATCAGGTAGTTGGTAAGGTAACGGCTTACCAAGCCAACGACGGATAGGTGG
TCTGAGAGGATGATCAGCCACATTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGAGGA
ATATTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGGATGATGAAGTTCTTCGGAATGTAAAA
TCCTTTTGCTGGGGAAGAATAGGTCGGCTTGCCGACTCTGACGGTACCCGGCGAATAAGCCACGGCTAAC
TCTGTGCCAGCAGCCGCGGTGATACAGGGGTGGCAAGCGTTGTCCGGATTTACTGGGTGTAAAGGGTGCG
CAGGCGGACTGATAAGTCGGGGGTTAAATCCATGTGCTCAACACATGCACGGCTTCCGATACTGTCAGTC
TTGAGTCTCGAAGAGGAAGATGGAATTTCCGGTGTAACGGTGGAATGTGTAGATATCGGAAAGAACACCA
GTGGCGAAGGCAGTCTTCTGGTCGAGTACTGACGCTCAGGCACGAAAGCGTGGGGAGCAAACAGGATTAG
ATACCCTGGTAGTCCACGCCGTAAACGATGAATACTAGATGTTGGTCATATTGATCAGTGTCGCAGCTAA
CGCATTAAGTATTCCACCTGGGAAGTACGCCCGCAAGGGTGAAACTCCAAAGAATTGACGGGGGCCCGCA
CAAACGGTGGATCATGTGGTTTAATTCCATGCAACNCGAAGAACCTTACCTAGGCTTGAAATGTTAGCTA
AAGCTCCTGAAAGGGAGTGTCCTTCGGGGANTTAGCACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCG
TGAGATGTTGGGTTAAGTCCCNCNACGAGCGCAACCCGTACAATTAGTTANTAACAGGTTAAGNTGAGGA
CTCTAATTGAACTGCCTACGCAAGTANAGAGGAAGGAGGGGATGACGTCAAGTCNTCATGGCCCTTACGC
NTAGGGCCACACACGTGATACAATGGCGACTACANAGGGCAAACCCNCGAGGNAANGGAAATCCCTTAAA
AGTCGTCTCAGTCCGGATNGGAGTNTGCAACTCGACTCCGTGAAGTTGGAATCGCTAGTAATCGCAGATC
ANCATGCTGCGGTGAATGTGTTCCCGGGCCTTGTACACACCGCCCGTCAAGTCATGGAAGTCAGGAGTAC
CCAAAGACGCTCGCACGTTTAAGGTAAGACTGGTAANTGGGACTATGTCTTANCTAGGTNNCCGTA

>Citrobacter freundii AB210978
TTAGTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAACGGTAGCACAGA
GGAGCTTGCTCCTTGGGTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCCGATGGAGGGGG
ATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCT
TGCCATCGGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTA
GCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGT
GGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTG
TAAAGTACTTTCAGCGAGGAGGAAGGCGTTGTGGTTAATAACCGCAGCGATTGACGTTACTCGCAGAAGA
AGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGG
CGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCC
GAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATC
TGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACARAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAG
CAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGC
GTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGA
ATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTAC
TCTTGACATCCAGAGAACTTAGCAGAGATGCTTTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGG
CTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGC
CAGCGGTTCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGTCAAG
TCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCG
AGAGCAAGCGGACCTCATAAAGTATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGG
AATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCA
CACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATT
CATGACTGGGGGAGGGTCGTAACAAGGAACCGGG

>Dermacoccus_nishinomiyaensis NR044872

CTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCACCAGCTTGCTGGTGTGGATTAGTGGCGAA
CGGGTGAGTAACACGTGAGTAACCTGCCCCTCACTCTGGGATAAGCCTGGGAAACTGGGTCTAATACTGG
ATACGACCGATTTCCGCATGGAGTGTTGGTGGAAAGTTTTTGTGGTGGGGGATGGACTCGCGGCCTATCA
GCTTGTTGGTGGGGTAATGGCCTACCAAGCCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACL
TGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCC
TGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCACCAGGGACGAAGCTA
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ACGTGACGGTACCTGGAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCG
AGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTTGTAGGCGGTCTGTCGCGTCTGCTGTGAAAGACCGGG
GCTTAACTCCGGTTCTGCAGTGGGTACGGGCAGACTAGAGTGTGGTAGGGGAGACTGGAATTCCTGGTGT
AGCGGTGAAATGCGCAGATATCAGGAGGAACACCGATGGCGAAGGCAGGTCTCTGGGCCATTACTGACGC
TGAGAAGCGAAAGCATGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGTTGGGCGC
TAGGTGTGGGACTCATTCCACGAGTTCCGTGCCGCAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACG
GCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGA
TGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAATCATGCAGAGATGTGTGCGTCTTCGGAC
TGGTGTACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTCGTTCCATGTTGCCAGCACTTCGGGTGGGGACTCATGGGAGACTGCCGGGGTCAACTCGGAG
GAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGTCTTGGGCTTCACGCATGCTACAATGGCCGGT
ACAGAGGGTTGCGAAACCGTGAGGTGGAGCTAATCCCAAAAAACCGGTCTCAGTTCGGATTGGGGTCTGC
AACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCAAGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCTAACCCTTGTGG
NGGGAGCCGTCGAAGGTGGGACTGGCGATTGGGACTAAGTCGTAACAAGGTAGCCGTACCGGAA

>Desulfosporosinus_hippei NR044919
AACACATGCAAGTCGAACGCTTAGTGGCGGACGGGTGAGTAACGCGTGGGTAACCTACCCATAAATCCGG
GACAACCCTTGGAAACGAGGGCTAATACCGGATAATCTTCGAGCTTGGCATCAAGCTTGAAGGAAAGATG
GCCTCTGAATATGCTATCGATTATGGATGGACCCGCGTCTGATTAGCTAGTTGGTGGGGTAAAGGCCTAC
CAAGGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTGGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGTATGA
TGAAGGTCTTCGGATTGTAAAGTACTGTCTTTGGGGAAGAACGGTCGATTTGAAAATATTGAGTCGACAT
GACGGTACCCAAGGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGGGCAAGCG
TTGTCCGGAATTATTGGGCGTAAAGGGCGCGTAGGCGGATTATTAAGTCTGGTGTGAAAGATCAGGGCTC
AACCCTGAGAGTGCATCGGAAACTGGTGATCTTGTGGACAGGAGAGGAAAGTGGAATTCCACGTGTAGCG
GTGAAATGCGTAGATATGTGGAGGAACACCGGTGTCGAAGACGACTTTCTGGACTGTAACTGACGCTGAG
GCGCGAAAGCGTGGGGAGCACACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGG
TGTAGAGGGTATCGACCCCTTCTGTGCCGCAGTTAACACAATAAGCACTCCGCCTGGGGAGTACGGCCGL
AAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAA
CGCGAAGAACCTTACCAAGGCTTGACATCCTACGAATCCATAGGAAACTAGGGAGTGCCCTTCGGGGAGC
GTAGAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCCTGTATTTAGTTGCTAACGCGTAATGGTGAGCACTCTAGATAGACTGCCGGTGATAAACCGGA
GGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGTCTTGGGCTACACACGTGCTACGATGGCCGG
TACAGACGGAAGCGAAGCCGCGAGGTGAAGCAAATCCGAGAAAGCCGGTCTCAGTTCGGATTGCAGGCTG
CAACTCGCCTGCATGAAGTCGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCACACCACGAAAGTCTGCAACACCCGAAGCCGGTGAGGTAACCCGTAAGG
GAGCTAGCCGTCGAAGGTGGGGCCGATAATTGGGGTGAAGTCGTAACAAGGTGGCCGTATCGGAAGGTGC
GGCTGGATCACCTCCTTTCGGG

>Enterobacter cloacae JN644498

TTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAACGGTAGCACAGAGA
GCTTGCTCTCGGGTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAA
CTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCC
ATCAGATGTGCCCAGATGGGATTAGCTAGTATGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTG
GTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGG
AATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAA
GTACTTTCAGCGGGGAGGAAGGTGTTGTGGTTAATAACCACAGCAATTGACGTTACCCGCAGAAGAAGCA
CCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTA
AAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCGAAA
CTGGCAGGCTGGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGA
GGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAA
CAGTATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTGGAGGTTGTGCCCTTGAGGCGTGG
CTTCCGGAGCTAACGCGTTAAATCGACCGCCAGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTG
ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTT
GACATCCACAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTGTGAGACAGGTGCTGCATGGCTGT
CGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGC
GGTCCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGTCAAGTCAT
CATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCGCATACAAAGAGAAGCGACCTCGCGAGAG
CAAGCGGACCTCATAAAGTGCGTCGTCGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATC
GCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACC
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ATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATTCATG
ACTGGGGGTGAAGTCGTAACAT

>Escherichia coli FJ950694
CGCCCTGATTGACGGCTATACACATGCAAGTCGAACGGTAACAGGAAACAGCTTGCTTCTTTGCTGACGA
GTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTA
ATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCGGATGTGCCCAGATGG
GATTAGCTAGTAGGTGGGGTAACGGCTCCATCCCTAGGCGAGCCGAATCCTTAGCCTGGTCTGAGAGGAA
TGACCAGCCACACTGGGACTGAGAACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCAC
AATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAG
CGGGGAGGAAGGGAGTAAAGTTAATACCCTTTGCTCATTGACGTTACCCGCAGAAGAAGCACCGGCTAAC
TCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACG
CAGGCGGTTTGTTAAGTCAGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCTGATACTGGCAAGC
TTGAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCG
GTGGCGAAGGCGGCCCCCTGGACGAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAG
ATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAG
CTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCC
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCAC
GGGAAGTTTTCAGAGATGAGAATGTGCCTTCGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCT
CGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTCCGGC
CGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGTCCAGGTCATCATGGCC
CTTACGAACCAGGGCTACACACGTGCCTACAATGGACGCATCCAAAGAGAGAGCGAACCCTGCCCGCGAG
AGCAAGCGGACCTCATAAAGTGCGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAA
TCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACA
CCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGGATGCGA
GG

>Fangia hongkongensis NR041041
AGAGTTTGATCCCTGGCTCAGATTGAACGCTGGTGGTATGCTTAACACATGCAAGTCGAACGGACTTGTT
AACCTGCTTGCAGGTTAACGGTTAGTGGCGGACGGGTGAGTAATGCATAGGAATCTGGCTTATGGTGGGG
GACAACAGTTGGAAACGGCTGCTAATACCGCATATTATCTAATGATGAAAGGTGCCTTAGGGTGTCGCCA
TGAGATGAGCCTATGTTAGATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCTGCGATCTATAGCTGT
TCTGAGAGGAAGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
ATATTGGACAATGGGGGCAACCCTGATCCAGCAATACCATGTGTGTGAAGAAGGCCTTAGGGTTGTAAAG
CACTTTAGTCGCTGAGGAAGGCTATTAGGTTAAGAGCTAGATAGTTTGACGTTAGGCGAAGAATAAGCAC
CGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
AGGGTTCGTAGGTGGATAGATAAGTCAGATGTGAAATCCCTGGGCTCAACCTAGGAATTGCATTTGATAC
TGTTTATCTAGAGTTCACTAGAGGATTGGGGAATTTCCGGTGTAGCGGTGAAATGCGTAGAGATCGGAAG
GAACATCAATGGCGAAGGCAACAATCTGGGGTTGAACTGACACTGAGGGACGAAAGCGTGGGTAGCAAAC
AGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGAGTACTAGCTGTTGGAGTCGGTGAAAAGGCTT
TAGTGGCGCAGCTAACGCGTTAAGTACTCCGCCTGGGGACTACGGCCGCAAGGCTAAAACTCAAAGGAAT
TGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACCC
TTGACATCCTAAGAAGAACCGAGAGATTGGTTTGTGCCTTCGGGAACTTAGAGACAGGTGCTGCATGGCT
GTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTTTTAGTTGCCA
TCATTAAGTTGGGCACTCTAGAGAGACTGCCGCTGATAAGGCGGAGGAAGGTGGGGACGACGTCAAGTCA
TCATGGCCCTTACGGGTAGGGCTACACACGTGCTACAATGGGCACTACAGAGGGCTGCGAAGGAGCGATC
TGGAGCGAAACTCACAAAGGTGTTCTAAGTCCGGATTGATCTCTGCAACTCGAGATCATGAAGTCGGAAT
CGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACAC
CATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACTTCGGAGGGCGCTTACCACTTTGTGATTCATGA
CTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGCTG

>Gluconobacter cerinus NR041048

AGCGAACGCTGGCGGCATGCTTAACACATGCAAGTCGCACGGATCTTTCGGGATCAGTGGCGGACGGGTG
AGTAACGCGTAGGGATCTATCCATGGGTGGGGGACAACTCCGGGAAACTGGAGCTAATACCGCATGATAC
CTGAGGGTCAAAGGCGCAAGTCGCCTGTGGAGGAACCTGCGTTCGATTAGCTAGTTGGTGGGGTAAAGGC
CTACCAAGGCGATGATCGATAGCTGGTTTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAG
ACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGT
GTGAAGAAGGTCTTCGGATTGTAAAGCACTTTCGACGGGGACGATGATGACGGTACCCGTAGAAGAAGCC
CCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGCTCGGAATGACTGGGCGTA
AAGGGCGCGTAGGCGGTTTATGCAGTCAGATGTGAAATCCCCGGGCTTAACCTGGGAACTGCATTTGAGA
CGCATAGACTAGAGGTCGAGAGAGGGTTGTGGAATTCCCAGTGTAGAGGTGAAATTCGTAGATATTGGGA
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AGAACACCGGTGGCGAAGGCGGCAACCTGGCTCGATACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAA
CAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTGTGCTGGATGTTGGGTAACTTAGTTACTCA
GTGTCGAAGCTAACGCGCTAAGCACACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTG
ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAGGACTT
GCATGGGGAGGACGTACTCAGAGATGGGTATTTCTTCGGACCTCCCGCACAGGTGCTGCATGGCTGTCGT
CAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCTTTAGTTGCCAGCACT
TTCAGGTGGGCACTCTAGAGAGACTGCCGGTGACAAGCCGGAGGAAGGTGGGGATGACGTCAAGTCCTCA
TGGCCCTTATGTCCTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGGAAGCTACATGGCGACATGG
TGCTGATCTCTAAAAGCCGTCTCAGTTCGGATTGTACTCTGCAACTCGAGTACATGAAGGTGGAATCGCT
AGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATG
GGAGTTGGTTCGACCTTAAGCCGGTGAGCGAACCGCAAGGACGCAGCCGACCACGGACGGGTCAGCGACT
GGGGTGAAG

>Hippea maritima NR044940
GAACGCTGGCGGCGTGCCTAACACATGCAAGTCGTGGGAGAAAGTCTCCTTCGGGAGACGAGTAAACCGG
CGCACGGGTGAGTAACACGTGGGTAACCTGCCCTGAAGTCCGGGATAACCCACCGAAAGGTGGGCTAATA
CCGCATAGTTCCCCTGCACTTATCTTAGAATACAAGAGGATGGTAGAAGAGGTTATGTGTTTTGTCCTTT
ACCTCTTTTACTCTTTTAATTCTCTGTGTTTTAAGATAAGTGCAGGGGGGAAAGGTGGCCTCTGCTTGCA
AGCTATCGCTTCAGGATGGGCCCGCGGCCTATCAGGTAGTTGGTGGGGTAACGGCCTACCAAGCCTACGA
CGGGTAGCTGGTCTGAGAGGATGGTCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGC
AGCAGTGGGGAATATTGGGCAATGGGGGAAACCCTGACCCAGCGACGCCGCGTGGAGGATGAAGGCCTTC
GGGTCGTAAACTCCTGTCAGAGGGGAAGAAGGTGCGAGGGCTAATACCCCTTTGCACTTGACGGTACCCT
CAGAGGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTTCGGAAT
CACTGGGCGTAAAGCGTGCGTAGGCGGGCCTGTAAGTCCAACGTGAAAGCCTTGGGCTCAACCCAAGAAC
TGCGTTGGATACTGCAGGTCTTAGAGTGCGGGAGAGGTGAGCGGAATTCCCGGTGTAGGGGTGAAATCCG
TAGATATCGGGAAGAACACCGGTGGCGAAGGCGGCTCACTGGAACGCAACTGACGCTGAGCACGAAAGCG
TGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGACGCTGGGTGTCGGGAGGT
ACTCTTCCCGGTGCCGTAAGCTAACGCGTTAAGCGTCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACT
CAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAAGAACCT
TACCTGGGCTTGACATGCTGGTGGTAGTGAACCGAAAGGGGAACGACCCTTACCTTCGGGTGAGGGAGCC
AGCACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA
ACCCTCGCCCTTAGTTGCTAACGGTTCGGCCGAGCACTCTAAGGGGACCGCCAGGGATAACCTGGAGGAA
GGTGGGGATGACGTCAAGTCATCACGGCCCTTATGCCCAGGGCTACACACGTGCTACAATGGGGTGGACA
AAGGGTTGCAAACCCGCGAGGGTGAGCTAATCCCAAAAACCATCCCCCAGTTCGGATTGCAGTCTGCAAC
TCGACTGCATGAAGCCGGAATCGCTAGTAATCGCAGGTCAGCTACACTGCGGTGAATACGTTCCCGGGCC
TTGTACACACCGCCCGTCACACCATGGGAGTCGATTCTACCGGAAGACGGTGGGCTAACCCCTTTTGGGG
AGGCAGCCGTCCATGGTAGGGTCGGCGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGAGAACCT

>Hymenobacter chitinivorans NR044945

AGAGTTTGATNNTGGCTCAGGATGAACGCTAGCGGCAGGCCTAATACATGCAAGTCGAACGCAGGGTAGC
AATACCTTGAGTGGCGCACGGGTGCGTAACGCGTAACCAACCTACCTACATCTGGGGGATAGCCCGCCGA
AAGGCGGATTAATACCGCATAACCCAACAGTGTGGCATCACACAATTGGTAAAGATTTATTGGATGTAGA
TGGGGTTGCGTGCCATTAGCTAGTTGGCGGGGTAACGGCCCACCAAGGCGACGATGGCTAGGGGACCTGA
GAGGGTGATCCCCCACACTGGCACTGAGATACGGGCCAGACTCCTACGGGAGGCAGCAGTAGGGAATATT
GGGCAATGGGCGAGAGCCTGACCCAGCCATGCCGCGTGCCGGATGAAGGCCTTCTGGGTTGTAAACGGCT
TTTCTCAGGGAAGAAAAAGGGGATGCGTCCCAAACTGACGGTACCTGAGGAATAAGCACCGGCTAACTCC
GTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTGTCCGGATTTATTGGGTTTARAAGGGTGCGTAG
GTGGCCCGTTAAGTCCGGGGTGAAAGCCCACTGCTCAACAGTGGAACTGCCCTGGATACTGACGGGCTTG
AGTCCAGACGAGGTTGGCGGAATGGATGGTGTAGCGGTGAAATGCATAGATACCATCCAGAACCCCGATT
GCGTAGGCAGCTGACTAGGCTGGTACTGACACTGAGGCACGAAAGCGTGGGGAGCGAACAGGATTAGATA
CCCTGGTAGTCCACGCCGTAAACGATGGATACTCGTTGCTAGCGATACACAGTTAGAGACTTAGCGAAAG
TGTAAGTATCCCACCTGGGGAGTACGCTCGCAAGAGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GTGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCTAGGCTAGAATGCGCGTGACCGG
CTCAGAGATGAGCCTTTCCTTCGGGACACAAAGCAAGGTGCTGCATGGCCGTCGTCAGCTCGTGCCGTGA
GGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTACTGTTAGTTGCCAGCGGATTATGCCGGGGACTC
TAATAGGACTGCCTGCGCAAGCAGTGAGGAAGGCGGGGACGACGTCAGGTCATCATGGCCCTTACGCCTA
GGGCTACACACGTGCTACAATGGACGGTACAGAGGGTCGCTACACAGTGATGTGATGCCAATCTCACAAA
GCCGTTCTCAGTTCGGATCGGAGTCTGCAACTCGACTCCGTGAAGCTGGAATCACTAGTAATCGCGTATC
AGCAATGACGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAAGCCATGGAAGTTTGGTAGA
CCTGAAGCTGGTGCTCGTCACAGAAGCCAGTTAGGGTAGAACAAGTAACTGGGGCTAAGTCGTAACAAGG
TAGCCGTACCGGAAGGTGCGGCTGGATCACCTCCTTT
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>Hyphomicrobium methylovorum NR026430
GAACGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAACGCCCCGCAAGGGGAGTGGCAGACGGGTGA
GTAACGCGTGGGAACCTTCCCTATGGTACGGAATAACTCGGGGAAACTTGGAGTAATACCGTATACGCCC
GAGAGGGGAAAGAATTTCGCTATAGGATGGGCCCGCGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCAC
CAAGGCGACGATCCTTAGCTGGTTTGAGAGAACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGAGTGA
TGAAGGCCTTAGGGTTGTAAAGCTCTTTTGCCGGGGACGATAATGACGGTACCCGGAGAATAAGTCCCGG
CTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGACTAGCGTTGTTCGGAATCACTGGGCGTAAAGC
GCACGTAGGCGGATTTATAAGTCAGGGGTGAAATCCCGGGGCTCAACCTCGGAACTGCCTTTGATACTGT
GAATCTTGAGTCCGATAGAGGTGGGTGGAATTCCTAGTGTAGAGGTGAAATTCGTAGATATTAGGAAGAA
CACCGGTGGCGAAGGCGGCCCACTGGATCGGTACTGACGCTGAAGTGCGAAAGCGTGGGGAGCAAACAGG
ATTAGATACCCTGGTAGTCCACGCCGTAAACGATGGATGCTAGCCGTCGGATAGCTTGCTATTCGGTGGC
GCAGCTAACGCATTAAGCATCCCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGG
GGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCAGCTCTTGACAT
TCACTGATCGCCTGGAGAGATCCGGGAATTCCAGCAATGGACACTGGGACAGGTGCTGCATGGCTGTCGT
CAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCATTAGTTGCCATCATT
TAGTTGGGCACTCTAATGGGACTGCCGGTGATAAGCCGGAAGAAGGTGGGGATGACGTCAAGTCATCATG
GCCCTTACGGGCTGGGCTACACACGTGCTACAATGGCGGTGACAATGCGCAGCCACCTAGTAATAGGGAG
CTAATCGCAAAAAGCCGTCTCAGTTCAGATTGAGGTCTGCAACTCGACCTCATGAAGTCGGAATCGCTAG
TAATCGCGCATCAGCATGGCGCGGTGAATACGTTCCCGGGCCTTCTACACACCGCCCGTCACACCATGGEG
AGTTGGTCTTACCCTAAAACGGTGCGCTAACCGCAAGGAGGCAGCCGGCCACGGTAAGGTCAGCGACTGG
GGTGAAGTCGTAACAAGGTA

>Hyphomonas jannaschiana M83806
AACTTGAGAGTTTGATTCTGGCTCAGAACGAACGCTGGCGGYAGGCCTAACACATGCAAGTCGAACGAYA
TAGTGGNNGACGGGTGAGTAACGCGTGGGAACGTACCTTTCGCTACGGAATAGCTCTTGGAAACGAGTGG
TAATACCGTATACGCNNTTCGGGGGAAAGATTTATCGGCGAAAGATCGGCCCGCGTTAGATTAGGTAGTT
GGTGGGGTAATGGCCTACCAAGCCNNCGATCTATAGCTNGTCTGAGAGGATGATCAGCCACACTGGGACT
GAGACACGGCCNNGACTCCTACGGGAGGCAGCAGTGGGGAATCTTGCACAATGGGCGAAAGCCTNATGCA
GCCATGCCGCGTGAATGATGAAGGCCNTAGGGTTGTAAAATTCTTTCGCCAGGGATGATAATGACAGTAC
CTGGNNAAGAAGCCCCGGCTNACTTCGTGCCAGCAGCNGCGGTAATACGAAGGGGGCNAGCGTTGTTCGG
AATTACTGGGCGTAAAGCGCACGTAGGCGGACTTTTAAGTCAGATGTGAAATCCCGGGGCTCAACCTCGG
NACTGCATTTGAAACTGGAAGTCTGGAGTTCAGGAGAGGTTAGCGGAATACCGAGTGTAGAGGTNAAATT
CGTAGATATTCGGTGGAACACCAGTGGCGAAGGCGGCNAACTGGACTGATACTGACGCTGAGGTGCNNAA
GTGTGGGGAGCAAACAGGATTAGATACCCTNGTAGTCCACACCGTAAACGATGACAGCTNGTTGTTGGCA
GGCATGCCNGTCGGTGACGCASSTAACGCATTAAGCTGTCCGCCTGGGGAGTACGGCCGCAAGGTTAAAA
CTCAAAGAAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAANNAACGCGCAGAAC
CTTACCTACCCTTGACATCCCGATCGCGGNTTCCAGAGATGGATTCCTTCAGTTAGGCTNGATCGGNGAC
AGGTGCTGCATGGCNGTCGNCAGCTCGTGTCGTGAGATGTNGGGTTAAGTCCCGCAACGAGCGCAACCCT
CATCCTTAGTTGCCATCACGTTTGGGTGGGCNCTCTAAGGAAACTGCCGGTGGCAAGCCGGAGGAAGGTG
GGNATGACGTCAAGTCCTCATNNNCCTTACGGGTAGGGCTACACACGTGCTACAATGGCAGTGACAATGG
GATAATCCCAAAAAGCTGTCTCNGTTCAGATTGTCCTCTGCAACTCGAGGGCATGAAGGTGGAATCGCTA
GTAATCGTGGATCAGCATGCCACGGTNAATACGTTCCCNNNNNNNGTACACACNGNNCGNNACATCATGG
GAATNNGCTCTACNNGAAGACGCTNTGCTNACTTNGGAGG

>Ignicoccus_islandicus NR044910

CGGACCCGACCGCTATCGGGGTAAGGCTAAGCCATGGGAGTCGAACGCCCGCCGCCGCGGGCGTGGCGGA
CGGCTGAGTAACACGTGGCTAACCTACCCTCGGGAGGGGGATAACACCGGGAAACTGGTGCTAATCCCCC
ATAGGGGCGGTGGCCTGGAAGGGTACCGCCCCGAAAGGGGGAGGCGGGGGTTATCGCCGCCTCTCCGLCCC
GAGGATGCGGCTGCGCCCTATCAGGTAGTTGGCGGGGTAACGGCCCGCCAAGCCTAAGACGGGTAGGGGC
CGTGGGAGCGGGAGCCCCCAGATGGGCACTGAGACAAGGGCCCAGGCCCTACGGGGCGCACCAGGCGCGA
AAACTCGCCAATGCGGGCAACCGTGACGGGGTTACCCCGAGTGCCCCCATTACGGGGGCTTTTCCCCGCT
GTAAACAGGCGGGGGTAATAAGCGGGGGGCAAGTCTGGTGTCAGCCGCCGCGGTAATACCAGCCCCGCGA
GTGGTCGGGACGTTTATTGGGCCTAAAGCGCCCGTAGCCGGCCTGGTAGGTCCCCTCCTAAAACCCGGGG
CTCAACCCCGGGGGTGGAGGGGAAACCACCAGGCTAGGGGGCGGGAGAGGCCGAGGGTACTCCCGGGGTA
GGGGCGAAATCCGATAATCCCGGGAGGACCGCCAGTGGCGAAGGCGCTCGGCTGGAACGCGCCCGACGGT
GAGGGGCGAAAGCCGGGGGAGCGAACCGGATTAGATACCGGGTAGTCCCGGCTGTAAACGATGCGGGCTA
GGTGTTGGGTGGGCTTCGAGCCCGCCCAGTGCCGCAGGGAAGCCGTTAAGCCCGCCGCCTGGGGAGTACG
GCCGCAAGGCTGAAACTTAAAGGAATTGGCGGGGGAGCACCACAAGGGGTGGCAGGTGCGGCTTAATTGG
AGTCAACGCCGGGAACCTCACCGGGGGCGACAGCAGGATGAAGGTCAGGCTGAAGACCTTACCTGACGCG

62



CTGAGAGGAGGTGCATGGCCGTCGCCAGCTCGTGCCGTGAGGTGTCCGGTTAAGTCCGGCAACGAGCGAG
ACCCCCACCCCTACTTGCTACCCGGGGCTCCGGCCCCGGGGCACAGTAGGGGGACTGCCGCCGTATAAGG
CGGAGGAAGGAGGGGGCTATGGCAGGTCAGCATGCCCCGAAACCCCCGGGCTGCACGCGGGCTACAATGG
CGGGGACAGCGGGTTGCGACCCCGAAAGGGGGAGCAAATCCCTCAAACCCCGCCGAGGTTGGGATCGAGG
GCTGCAACTCGCCCTCGTGAACGCGGAATCCCTAGTAACCGCACGTTAGCATCGTGCGGTGAACACGTCC
CTGCTCCTTGCACACACCGCCCGTCGCTCCACCCGAGGGGACGGGTNNNNAGGCCCCCGTAGGGAAACTC
CCGGGTATCCTCGAACTCCCTCCTCTCGAGGGGGGAGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTG

>Klebsiella variicola JN644499

AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAGCACAG
AGAGCTTGCTCTCGGGTGACGAGCGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGA
TAACTACTGGAAACGGTAGCTAATACCGCATAATGTCGCAAGACCAAAGTGGGGGACCTTCGGGCCTCAT
GCCATCAGATGTGCCCAGATGGGATTAGCTGGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAG
CTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTG
GGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGT
AAAGCACTTTCAGCGGGGAGGAAGGCGGTGAGGTTAATAACCTCATCGATTGACGTTACCCGCAGAAGAA
GCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGC
GTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCG
AAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCT
GGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGC
AAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGATTTGGAGGTTGTGCCCTTGAGGCG
TGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAA
TTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGT
CTTGACATCCACAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTGTGAGACAGGTGCTGCATGGC
TGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCC
AGCGGTCCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGTCAAGT
CATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGA
GAGCAAGCGGACCTCATAAAGTATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGGAGTCGGA
ATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC
ACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATTC
ATGACTGGGGTGAAGTCGTAACAAGGTAACC

>Leptospira interrogans DQ840043
ATGAGCACTCACTTCTCATTAAAAAGTGCATCAGTTATAACAGATTATTTATTTAAATTTCGAATTTTTT
CTCTTCCAGCCATTTGTTGGATTTGTTCAACTTTAATAGGTTTTGGTACTGTAAATGGACGCCTTTCTTT
ATTTGTTATCGGATTGTCTTTTATAATCAGTATTTTTTTATTAAAAAATATAAAGTGGAATATCTCTTCA
ACTTTTTCTTTTTTATTAGTTATTTCTTTTTTATTAGCTTATTTCTTTTTCTATAAAACTCCAAATATGC
CTCAACATTTGGATGGTAAGTTAAATCCTATACTTTACGTGTTTAAGGCGTTTCCTACTTTATTTTCATT
TTTTATTATTTTTGCACTTCCAAGTTTAAAACAAAAAAAGCTCTTTTTTATAGGAATTGCTTTGGGAATG
TTTGTATTTGCAATTATCAATTCCATTGCAACCTTAGTTTATTTAGAACCCCCTTATTATGGAAAAGCGT
ATCACTTCTTTTATAAAATGGAATATAATTCGCCTGGAATTACCATTTTGGCTAGTATGCTACCTATCGT
TCTTTTTTGTTTTAACGGTTATCTTTTGAAAATAGATAAAAAACTAAACTGGCAAAATGTATTTTTTATA
TTGGTTTTCCGGATTAGCATTTCCATTTCATTTTTATTTAGTGCACGAACCCTTTTTTTTCTGATCATTG
CAAATATAATTATATTAGTTTTGATTCGATTGGGGAAAATCTACTCGACTCCTAATAAAGGGATACATTA
CAAATTTATTATTGGATTTCTGATCTTGTCTGTCTCGTGTTCTCCTATTTATTTTTTCTTAAAAGAAACA
TACATTGGTCAGAGAACTATGAACGGAATTTATTCCGAAAAATTAAATCATCATGTTGATTATTGGAACA
CGATTAAAAAAGATTTTTTTATATACCCTAAAATTACAATTGGATCTGAATATACTTTTTGGTATCATAA
TATTTTTTTTGATTCGCATAAAACTTCCGGTCCTATCACCGCTTTGATATTGGATAATTATTCGGTTTTT
ATTTTTTTAATTGCATTAAAAAAATCTTTAAAAAGAGATTATAGATCGTTCCGATATTTTCATTTCTATA
TTTGTTTTATTCCCTATTTAATGACAACAATACCTTGGGAATCCTCAGAGTCTCAAATGGTAGCATTGTT
TGCGGGTTTAGGGGCTTTGATCACAACTGTAGATGATCAAACTCCTGAAATGTAG

>Lishizhenia caseinilytica AB176674

AGAGTTTGATCCCGGCTCAGGATGAACGCTAGCGGCAGGCCTAGGCCTACACATGCAAGTCGAGGGGCAG
CGGAGAAAAGCTTGCTTTTCTGCCGGCGACCGGCGAACGGGTGCGTAACGCGTATACAATCTGCCTTGTA
CAGGAGGATAGCCCGGAGAAATTCGGATTAATACTCCATAGCATTATCGAATCGCATGATTTGATTCTTA
AAACTTCGGTGGTACAAGATGAGTATGCGTCCTATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAA
CGATAGGTAGGGGGTCTGAGAGGATTATCCCCCACACTGGTACTGAGACACGGACCAGACTCCTACGGGA
GGCAGCAGTGAGGAATATTGGTCAATGGACGAAAGTCTGAACCAGCCATGCCGCGTGCAGGAAGAATGCC
CTATGGGTTGTAAACTGCTTTTATTTGGGAAGAAACCTTCTTACGTGTAGGAAGCTGACGGTACCAAACG
AATAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTATCCGGAATCAT
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TGGGTTTAAAGGGTCCGCAGGCGGGCGTATAAGTCAGTGGTGAAATCTCTCGGCTCAACCGAGAAACTGC
CATTGATACTGTATGTCTTGAATTCGGTCGAAGTAGGCGGAATGAGTAGTGTAGCGGTGAAATGCATAGA
TATTACTCAGAACACCGATAGCGAAGGCAGCTTACTAGGCCTGGATTGACGCTGAGGGACGAAAGCGTGG
GGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATTACTCGATATCAGCGATATAC
TGTTGGTGTCTAAGCGAAAGTGATAAGTAATCCACCTGGGGAGTACGATCGCAAGGTTGAAACTCAAAGG
AATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCAG
GGCTTAAATGCAGAACGACCGGTCTGGAAACAGACCTTTCTTCGGACGGTTTGCAAGGTGCTGCATGGCT
GTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCTTTAGTTGCTA
GCAGGTAATGCTGAGGACTCTAAAGAAACTGCCAGCGCAAGCTGAGAGGAAGGCGGGGACGACGTCAAGT
CATCACGGCCCTTACGTCCTGGGCCACACACGTGCTACAATGGTCAGTACAGAGGGCAGCTACCTAGCGA
TAGGATGCGAATCTCGAAAGCTGATCTCAGTTCGGATTGGAGTCTGCAACTCGACTCTATGAAGCTGGAA
TCGCTAGTAATCGCGTATCAGCCATGACGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAA
GCCATGGAAGCTGGGGGTGCCTGAAGTCGGTAACCGCAAGGAGCTGCCTAGGGTAAAACTAGTAACTGGG
GCTAAGTCGTAACAAGGTAGCCGTACCGGAAGGT

>Lysobacter koreensis NR041014
CCCCGTCGAGTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAACGGCAGCACAGTAAGAGCTTGCT
CTTATGGGTGGCGAGTGGCGGACGGGTGAGGAATACGTCGGAATCTGCCTATTTGTGGGGGATAACGTAG
GGAAACTTACGCTAATACCGCATACGACCTACGGGTGAAAGCGGAGGACCTTCGGGCTTCGCGCAGATAG
ATGAGCCGACGTCGGATTAGCTAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTCTG
AGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATAT
TGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACT
TTTGTCCGGAAAGAAAAGCACTCGGTTAATACCCGGGTGTCATGACGGTACCGGAAGAATAAGCACCGGC
TAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTARAAGCG
TGCGTAGGTGGTTTGTTAAGTCTGATGTGAAAGCCCTGGGCTCAACCTGGGAATGGCATTGGATACTGGC
AATCTAGAGTGCGGTAGAGGGGTGTGGAATTCCCGGTGTAGCAGTGAAATGCGTAGATATCGGGAGGAAC
ATCTGTGGCGAAGGCGACACCCTGGACCAGCACTGACACTGAGGCACGAAAGCGTGGGGAGCAAACAGGA
TTAGATACCCTGGTAGTCCACGCCCTAAACGATGCGAACTGGATGTTGGGAGCAACTAGGCTCTCAGTAT
CGAAGCTAACGCGTTAAGTTCGCCGCCTGGGAAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGG
GGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGCCTTGACA
TGTCGCGAATCCTTGAGAGATCGAGGAGTGCCTTCGGGAACGCGAACACAGGTGCTGCATGGCTGTCGTC
AGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGCCAGCACGT
AATGGTGGGAACTCTAAGGAGACCGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCAT
GGCCCTTACGGCCAGGGCTACACACGTACTACAATGGTAGGGACAGAGGGTCGCAAACTCGCGAGAGCCA
GCCAATCCCAGAAACCCTATCTCAGTCCGGATCGGAGTCTGCAACTCGACTCCGTGAAGTCGGAATCGCT
AGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCAT
GGGAGTTTGTTGCACCAGAAGCAGGTAGCTTAACCTTCGGGAGGGCGCTTGCCACGGTGTGGCAGATGAC
TGGG

>Macrococcus_bovicus NR044928

AGAGTTTGATNNGGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGACGA
GGTGCTTGCACCTCTGAAGTCAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTGTAAGACTGGG
ATAACTTCGGGAAACCGGAGCTAATACCGGATAATATTTTCCACCTCATGGTGGAATAGTGAAAGACGGT
TTTGCTGTCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGAC
GATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAG
GCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGTCT
TCGGATCGTAAAACTCTGTTGTAAGGGAAGAACAAGTACGTTAGTAACTGAACGTACCTTGACGGTACCT
TACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAA
TTATTGGGCGTAAAGCGCGCGTAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAG
GGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAATTCCATGTGTAGCGGTGAAATGCG
CAGAGATATGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGTAACTGACGCTGAGGTGCGAAAGC
GTGGGGATCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTGGGGGG
TTTCCGCCCCTCAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAA
CTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAAC
CTTACCAAATCTTGACATCCTCTGACAACTCTGGAGACAGAGCGTTCCCCTTCGGGGGACAGAGTGACAG
GTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTA
TCTTTAGTTGCCATCATTCAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGA
TGACGTCAAATCATCATGCCCCTTATGATTTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCAG
CAAAACCGCGAGGTCAAGCAAATCCCATAAAACCATTCTCAGTTCGGATTGTAGTCTGCAACTCGACTAC
ATGAAGCTGGAATCGCTAGTAATCGTAGATCAGCATGCTACGGTGAATACGTTCCCGGGTCTTGTACACA
CCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGCCGGTGGAGTAACCTTTACAGGAGCTAGCCGTC
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GAAGGTGGGACAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACC
TCCTTT

>Microbulbifer variabilis NR041021
ATAGAGTTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGCGAAAG
TTCTTCGGAATGAGTAGAGCGGCGGACGGGTGAGTAACGCGTGGGAAATTGCCCAGTAGTGGGGGACAAC
ATTCGGAAACGGATGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGATCTTCGGACCTTGTGCTA
TTGGATATGCCCGCGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCAACGATCCGTAGCTGG
TCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
ATATTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCTCTAGGGTTGTARAAG
CACTTTCAGTAGGGAGGAAGGCCTTAAAGTTAATACCTTTGAGGATTGACGTTACCTACAGAAGAAGCAC
CGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
AGCGCGCGTAGGCGGTTAGTTAAGCTGGATGTGAAAGCCCCGGGCTCAACCTGGGAACTGCATTCAGAAC
TGGCTGGCTAGAGTACGAGAGAGGGTAGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAG
GAACATCAGTGGCGAAGGCGACTGCCTGGCTCGATACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAAC
AGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCTACTAGTCGTAGGGTTCCTTGAGGACTTTG
TGACGCAGCTAACGCAATAAGTAGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGA
CGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGGCTTG
ACATCCTCGGAAGTCTGCAGAGATGCGGATGTGCCTTCGGGAACCGAGTGACAGGTGCTGCATGGCTGTC
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTGCCAGCA
CGTAATGGTGGGAACTCTAGGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGTCAAGTCAT
CATGGGCCTTACGTCCTGGGCTACACACGTGCTACAATGGTTGGTACAGACGGTCGCTAAGCCGCGAGGT
GGAGCTAATCCGAAAAAACCAATCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATC
GCTAGTAATCGTGAATCAGAATGTCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACC
ATGGGAGTGGGTTGCTCCAGAAGTGGCTAGTCTAACCTTCGGGGGGACGGTCACCACGGAGTGATTCATG
ACTGGGGTGAAGTCGTAACAAG

>Myroides _pelagicus NR041042
GAGTTTTGATCCTGGCTCAGGATGAACGCTAGCGGCAGGCCTAACACATGCAAGTCGAGGGGTATAATTA
GCTTGCTAATTAGAGACCGGCGCACGGGTGAGTAACGCGTATGCAACCTACCTATTACAGGGGAATAGCC
AGAAGAAATTCTGATTAATGCTCCATGGTTTACTTGAATGGCATCATTTGATTAATAAAGATTTATCGGT
AATAGATGGGCATGCGTGTCATTAGCTAGTTGGTATGGTAACGGCATACCAAGGCAACGATGACTAGGGG
TCCTGAGAGGGAGGTCCCCCACACTGGTACTGAGACACGGGACCAGACTCCTACGGGAGGCAGCAGTGAG
GAATATTGGTCAATGGAGGCAACTCTGAACCAGCCATGCCGCGTGCAGGATGACGGTCCTATGGATTGTA
AACTGCTTTTGTACAGGAAGAAATGTTACTACGTGTAGTAATTTGACGGTACTGTAAGAATAAGGATCGG
CTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATCCGAGCGTTATCCGGAATTATTGGGTTTAAAGG
GTTCGTAGGCGGTTGGATAAGTCAGTGGTGAAATCTCATAGCTTAACTATGAAACTGCCGTTGATACTGT
CTGACTTGAATAGTATGGAAGTAACTAGAATATGTAGTGTAGCGGTGAAATGCTTAGATATTACATGGAA
TACCAATTGCGAAGGCAGGTTACTACGTACTTATTGACCGCTGATGAACGAAAGCGTGGGTAGCGAACAG
GATTAGATACCCTGGTAGTCCACGCCGTAAACGATGGATACTAGCTGTTCGGACTTCGGTTTGAGTGGCT
AAGCGAAAGTGATAAGTATCCCACCTGGGGAGTACGTTCGCAAGAATGAAACTCAAAGGAATTGACGGGG
GCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCCGATGATACGCGAGGAACCTTACCAGGGCTTAAATG
TAGATTGACAGGTTTGGAAACAGACTTTTCTTCGGACAATTTACAAGGTGCTGCATGGTTGTCGTCAGCT
CGTGCCGTGAGGTGTCAGGTTAAGTCCTATAACGAGCGCAACCCCTATTGTTAGTTACCAGCGCGTTAAG
GCGGGGACTCTAGCAAGACTGCCGGTGCAAACCGTGAGGAAGGTGGGGATGACGTCAAATCATCCACGGC
CCTTACGTCCCTGGGCTACACACGTGCTACAATGGCAAGTACAGAAAGCAGCTACCTGGCAACAGGATGC
GAATCTCCAAAGCTTGTCTCAGTTCGGATTGGAGTCTGCAACTCGACTCTATGAAGCTGGAATCGCTAGT
AATCGGATATCAGCCATGATCCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAAGCCATGGA
AGCTGGGGGTACCTGAAGTCGGTGACCGCAAGGGAGCTGCCTAGGGTAAAACTAGTGACTGGGGCTAAGT
CGTAACAAGGGTAACC

>Myxococcus_fulvus AJ233917

GTTTGATCCTGGCTCAGAGCGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGCGCGAATAGGGGCA
ACCCTTAGTAGAGCGGCGCACGGGTGCGTAACACGTGGATAATCTGCCTGGATGCTCGGGATAACCAGTC
GAAAGATTGGCTAATACCGGATAAGCCCACGGTTTCTTCGGAGACTGAGGGAAAAGGTGGCCTCTGTATA
CAAGCTATCACAACCAGATGAGTCCGCGGCCCATCAGCTAGTTGGCGGGGTAATGGCCCACCAAGGCAAC
GACGGGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAG
GCATCAGTGGGGAATTTTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGTGTGATGAAGGTCT
TTGGATTGTAAAGCACTTTCGACCGGGAAGAAAACCCGTTGGCTAACATCCAACGGCTTGACGGTACCGG
GAGAAGAAGCACCGGCTAACTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTGTTCGGAAT
TATTGGGCGTAAAGCGCGTGTAGGCGGCGTGACAAGTCGGGTGTGAAAGCCCTCAGCTCAACTGAGGAAG
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TGCGCCCGAAACTGTCGTGCTTGAGTGCCGGAGAGGGTGGCGGAATTCCCCAAGTAGAGGTGAAATTCGT
AGATATGGGGAGGAACACCGGTGGCGAAGGCGGCCACCTGGACGGTAACTGACGCTGAGACGCGAAAGCG
TGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGAACTAGGTGTCGTGGGAG
TTGACCCCCGCGGTGCCGAAGCTAACGCATTAAGTTCTCCGCCTGGGAAGTACGGTCGCAAGACTAAAAC
TCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGCAGAACC
TTACCTGGTCTTGACATCCTCGGAATGCCTCAGAGATGAGGCGGTGCCCGCAAGGGAGCCGAGAGACAGG
TGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGC
CTTTAGTTGCCACGCAAGTGGATCTCTAGAGGGACTGCCGGTGTTAAACCGGAGGAAGGTGGGGATGACG
TCAAGTCCTCATGGCCTTTATGACCAGGGCTACACACGTGCTACAATGGCCGGTACAGAGCGTTGCCAAC
CCGCGAGGGGGAGCTAATCGCATAAAACCGGTCTCAGTTCAGATTGGAGTCTGCAACTCGACTCCATGAA
GGCGGAATCGCTAGTAATCGCAGATCAGCACGCTGTGGTGAATACGTTCCCGGGTCTTGTACACACCGCC
CGTCACACCATGGGAGTCGATTGCTCCAGAAGTCACTTCACCAAGAGGTGCCCAAGGAGTGGTCGGTAAC
TGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGGTGGATCACCTCC

>Nannocystis exedens AJ233946
TTTGATCCTGGCTCAGAGCGAACGTTTGCGGCGGGCCTAACACATGCAAGTCGAACGGGCTAGCAATAGT
CAGTGGCGCACGGGTGCGTAACACGTAGGTAATCAACCCCTTGGTTCGGGATAACGTTCTGAAAGGAGCG
CTAATACCGGACGCGTCTTCGGGAGCTTCGGCTCTTGTCGAGAAAGACCCGCAAGGGTTGCCGAGGGACG
AGCCTGCGGCCCATCAGCTAGTTGGCGAGGTAATAGCTCACCAAGGCGAAGACGGGTAGCTGGTCTGAGA
GGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGC
GCAATGGGCGAAAGCCTGACGCAGCCACGCCGCGTGAGCGATGAAGGCCTTCGGGTCGTAAAGCTCTGTG
GGGAGAGACGAAGAAAGCCTGTGAAGAGCAGGCCTTGACGGTATCTCCTTAGCAAGCACCGGCTAACTCC
GTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAACGTTGCTCGGAATCATTGGGCGTAAAGCGCACGTAG
GCGGCGGCGTAAGCGGGATGTGAAAGCCCAGGGCTCAACCCTGGAAGTGCATCCCGAACTGTGTCGCTTG
AATCTCGGAGGGGGACAGAGAATTCCCGGTGTAGAGGTGAAATTCGTAGATATCGGGAGGAATACCAGTG
GCGAAGGCGCTGTCCTGGACGAAGATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATA
CCCTGGTAGTCCACGCTGTAAACGATGAGTGCTGGACGGTGGAGGATTTGACCCCTTCGCTGTCGAAGCT
AACGCGTTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTAAAACTCAAAGGAATTGACGGGGGCCCG
CACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGCAGAACCTTACCTGGGTTAAATCCACTGGA
ACCTGGCTGAAAGGCTGGGGTGCCCTTCGGGGAGCCGGTGAGAAGGTGCTGCATGGCTGTCGTCAGCTCG
TGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCGCCAGTTGCCACCATTGAGTTGG
GAACTCTGGCGAGACTGCCGGTCTAAAACCGGAGGAAGGTGGGGACGACGTCAAGTCCTCATGGCCCTTA
TGCCCAGGGCTACACACGTGCTACAATGGCTGGTACAAAGAGCCGCAAGCCCGCGAGGGTGAGCAAATCT
CAAAAAACCAGTCTCAGTTCGGATTGCAGTCTGCAACTCGACTGCATGAAGCTGGAATCGCTAGTAATCG
GAGATCAGCACGCTCCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTCGG
CTGCTCCAGAAGTAGGAACCTCAACCGCAAGGAAAGGCCCTACCAAGGAGCGGTCGGTGACTGGGGTGAA
GTCGTAACAAGGTTGCCGTAGGGGAACCTGCGGCTGGATCACCTC

>Neisseria gonorrhoeae X07714

TGAACATAAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGGACGG
CAGCACAGGGAAGCTTGCTTCTCGGGTGGCGAGTGGCGAACGGGTGAGTAACATATCGGAACGTACCGGG
TAGCGGGGGATAACTGATCGAAAGATCAGCTAATACCGCATACGTCTTGAGAGGGAAAGCAGGGGACCTT
CGGGCCTTGCGCTATCCGAGCGGCCGATATCTGATTAGCTGGTTGGCGGGGTAAAGGCCCACCAAGGCGA
CGATCAGTAGCGGGTCTGAGAGGATGATCCGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGA
GGCAGCAGTGGGGAATTTTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGTCTGAAGAAGGCC
TTCGGGTTGTAAAGGACTTTTGTCAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC
TGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGA
ATTACTGGGCGTAARAGCGGGCGCAGACGGTTACTTAAGCAGGATGTGAAATCCCCGGGCTCAACCCGGGA
ACTGCGTTCTGAACTGGGTGACTCGAGTGTGTCAGAGGGAGGTGGAATTCCACGTGTAGCAGTGAAATGC
GTAGAGATGTGGAGGAATACCGATGGCGAAGGCAGCCTCCTGGGATAACACTGACGTTCATGTCCGAAAG
CGTGGGTAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAATTAGCTGTTGGGCA
ACTTGATTGCTTGGTAGCGTAGCTAACGCGTGAAATTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAA
CTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAGAAC
CTTACCTGGTTTTGACATGTGCGGAATCCTCCGGAGACGGAGGAGTGCCTTCGGGAGCCGTAACACAGGT
GCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTC
ATTAGTTGCCATCATTCGGTTGGGCACTCTAATGAGACTGCCGGTGACAAGCCGGAGGAAGGTGGGGATG
ACGTCAAGTCCTCATGGCCCTTATGACCAGGGCTTCACACGTCATACAATGGTCGGTACAGAGGGTAGCC
AAGCCGCGAGGCGGAGCCAATCTCACAAAACCGATCGTAGTCCGGATTGCACTCTGCAACTCGAGTGCAT
GAAGTCGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGTCTTGTACACACC
GCCCGTCACACCATGGGAGTGGGGGATACCAGAAGTAGGTAGGGTAACCGCAAGGAGTCCGCTTACCACG
GTATGCTTCATGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGGATCACCTCCT

66



TTCT

>Nocardia anaemiae NR041010

ATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGTAAGGCCCTTCGGGGT
ACACGAGCGGCGAACGGGTGAGTAACACGTGGGTGATCTGCCCTGTACTTCGGGATAAGCCTGGGAAACT
GGGTCTAATACCGGATATGACCACGGGATGCATGTCTTGTGGTGGAAAGATTTATCGGTGCAGGATGGGC
CCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTAGCCGACCTGAGAGGG
TGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACA
ATGGGCGGAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCGAC
AGGGACGAAGCGTAAGTGACGGTACCTGTAGAAGAAGCACCGGCCAACTACGTGCCAGCAGCCGCGGTAA
TACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTTGTAGGCGGTTCGTCGCGTCGATC
GTGAAAACTGGCGGCTCAACTGCCAGCTTGCGGTCGATACGGGCGGACTAGAGTACTTCAGGGGAGACTG
GAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGGTCTCTGGG
AAGTAACTGACGCTGAGAAGCGAAAGCGTGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGT
AAACGGTGGGTACTAGGTGTGGGTTTCCTTCCACGGGATCCGTGCCGTAGCTAACGCATTAAGTACCCCG
CCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATG
TGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGTTTGACATACACCAGAAACATCCAGAGATGGG
TGCCCCCTTGTGGTTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAA
GTCCCGCAACGAGCGCAACCCTTATCTTATGTTGCCAGCGCGTTATGGCGGGGACTCGTGAGAGACTGCC
GGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCCAGGGCTTCACACAT
GCTACAATGGCCGGTACAGAGGGCTGCGATACCGTGAGGTGGAGCGAATCCCTTAAAGCCGGTCTCAGTT
CGGATCGGGGTCTGCAACTCGACCCCGTGAAGTTGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGG
TGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGTCGGTAACACCCGAAGCCGGTG
GCCTAACCCCTTGTGGGAGGGAGCCGTCGAAGGTGGGATTGGCGATTGGGACGAAGTCGTAACAAGGTAG
CCGTACCGGAAGGTGCGGCTGGATCACT

>Novosphingobium naphthalenivorans AB684349
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAGACCTTCG
GGTCTAGTGGCGCACGGGTGCGTAACGCGTGGGAATCTGCCCTTGGGTTCGGAATAACAGTGAGAAATTA
CTGCTAATACCGGATGATGTCTTCGGACCAAAGATTTATTGCCCAAGGATGAGCCCGCGTAGGATTAGCT
AGTTGGTGGGGTAATGGCCTACCAAGGCGACGATCCTTAGCTGGTCTGAGAGGATGATCAGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGA
TCCAGCAATGCCGCGTGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTTACCAGGGATGATAATGACA
GTACCTGGAGAATAAGCTCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGAGCTAGCGTTGT
TCGGAATTACTGGGCGTAAAGCGCGCGTAGGCGGTTACTCAAGTCAGAGGTGAAAGCCCGGGGCTCAACC
CCGGAACTGCCTTTGAAACTAGGTGACTAGAATCTTGGAGAGGTCAGTGGAATTCCGAGTGTAGAGGTGA
AATTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCGACTGACTGGACAAGTATTGACGCTGAGGTGC
GAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATAACTAGCTGTC
CGGGCACATGGTGTTTGGGTGGCGCAGCTAACGCATTAAGTTATCCGCCTGGGGAGTACGGTCGCAAGAT
TAAAACTCAAAGGAATTGACGGGGGCCTGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGC
AGAACCTTACCAGCGTTTGACATCCTGATCGCGAATAGCAGAGATGCTTTTCTTCAGTTCGGCTGGATCA
GTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA
ACCCTCGTCCTTAGTTGCCATCATTTAGTTGGGCACTCTAAGGAAACTGCCGGTGATAAGCCGGAGGAAG
GTGGGGATGACGTCAAGTCCTCATGGCCCTTACACGCTGGGCTACACACGTGCTACAATGGCGGTGACAG
TGGGCAGCGAGCACGCGAGTGTGAGCTAATCTCCAAAAGCCGTCTCAGTTCGGATTGTTCTCTGCAACTC
GAGAGCATGAAGGCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCAGGCCTTG
TACACACCGCCCGTCACACCATGGGAGTTGGGTTCACCCGAAGGCGTTGCGCTAACTCGCAAGAGAGGCA
GGCGACCACGGTGGGCTTAGCGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGG
ATCACCTCCTT

>Pelotomaculum_schinkii NR044877

TGGATAACCTGCCTTAATGACCGGGATAACGCCGGGAAACTGGCGCTAATACCGGATACGCTCACGGAAA
ACACATGTTTGGGTAAGGAAAGGAGCAATCCGCATTAAGATGGGTCCGCGTCCCATTAGCTAGTTGGAGG
TGTAAGAGACCCCCAAGGCGACGATGGGTAGCCGGCCTGAGAGGGTGGACGGCCACACTGGAACTGAGAC
ACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAAC
GCCGCGTGAATGAAGAAGGCCTTCGGGTTGTAAAATTCTGTCTTCAGGGAAGAAGAAAGTGACGGTACCT
GAGGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAAAACGTAGGGGGCGAGCGTTGTCCGGAA
TTACTGGGCGTAAAGGGCGCGTAGGCGGTTTACTAAGTCTTATGGTGAAAACTATCGGCTCAACCGGTAG
CGTGCCTGAGAAACTGGTAGACTTGAGGGCAGGAGAGGGGAGTGGAATTCCCAGTGTAGCGGTGARAATGC
GTAGATATTGGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCTGTTACTGACGCTGAGGCGCGARAAG
CGTGGGGAGCGAACGGGATTAGATACCCCGGTAGTCCACGCCGTAAACGATGGGTGCTAGGTGTAGGAGG
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TATCGACCCCTTCTGTGCCGTAGTTAACACAATAAGCACCCCGCCTGGGGAGTACGGCCGCAAGGTTGAA
ACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGAAGAA
CCTTACCAGGGTTTGACATCCTCTGACAGCCTATGAAAGTAGGTTTTCTATCTTCGGATGGACAGGGAGA
CAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
CTACGTTTAGTTGCTAACGCGTGAAGGCGAGCACTCTAGAGGAACTGCCGTTGACAAAACGGAGGAAGGT
GGGGATGACGTCAAATNATCATGCCCCTTATGTCCTGGGCTACACACGTGCTACAATGGCCGGTACAAAG
GGAAGCGAAGTCGCGAGGCGGAGCGAATCCCAAAAAGCCGGTCTCAGTTCGGATTGCAGGCTGCAATTCG
CCTGCATGAAGTCGGNATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGT
ACACACCGCCCGTCACACCACGAAAGCTGACAACACCCCGAAGCCGGTGACTTAACCTGCAAAGGAGAGN
GCCGTCGAAGGTGGGGTTGGTGATTGGGGTGA

>Polyangium cellulosum M94282
NTTAACTGGAGAGTTTGATCCTGGCTCAGAACGAACGTTAGCGGCGCGCTTAACACATGCAAGTCGAGCG
AGAAAGGGCTTCGGCCCCGGTAAAGCGGCGCACGGGTGAGTAACACGTAGGTAATCTGCCCCCAGGTGGT
GGATAACGTTCCGAAAGGAGCGCTAATACAGCATGAGACCACGTCTTCGAAAGAGGATGAGGTCAAAGCC
GGCCTCTTCACGAAAGCTGGCGCCAGGGGATGAGCCTGCGGCCCATCAGCTAGTTGGTAGGGTAATGGCC
TACCAAGGCGAAGACGGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCNAGA
CTCCTACGGGAGGCAGCAGTGGGGAATCTTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCGTGAG
TGATGAAGGCCTTCGGGTTGTAAAGCTCTGTGGAGGGGGACGAATAAGGGTTGGCTAACATCCAGCTCGA
TGACGGTACCCCTTTAGCAAGCACCGGCTAACTCTGTGCCAGNAGCCGCGGTAAGACAGAGGGTGCAAAC
GTTGTTCGGAATTACTGGGCGTAAAGCGCATGTAGGCGGTTCGTAAAGTCAGATGTGAAAGCCCTGGGCT
TAACCCAGGAAGTGCATTTGAAACTCACGAACTTGAGTCCCGGAGAGGAAGGCGGAATTCTCGGTGTAGA
GGTGAAATTCGTAGATATCGAGAGGAACATCGGTGGCGAAGGCGGCCTTCTGGACGGTGACTGACGCTGA
GATGCGNAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGGGTGCTAG
GTGTCGCGGGCTTTGACTCCTGCGGTGCCGTAGCTAACGCATTAAGCACCCCGCCTGGGGAGTACGGCCG
CAAGGCTAAAACTCAAAGGAATTGACGGGGGCCNGCACAAGCGGTGGAGCATGTGGTTCAATTCGANNNA
ACGCGCAGAACCTTACCTGGGCTAGAAAATGCAGGNACCTGGTTGAAAGATCGGGGTGCTCTTCGGAGAA
CCTGTAGTTAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAG
CGCAACCCCTATCGTTAGTTGCCAGCGGTTYGGCCGGGCACTCTAGCGAGACTGCCGATATTTAAATCGG
AGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGTCCAGGGCTACACACGTGCTACAATGGGCG
GTACAGACGGTCGCGAACCCGCGAGGGGAAGCCAATCCGAAAAAACCGTCCTCAGTACGGATAAGAGTCT
GCAACTCGACTCTTTGAAGTTGGAATCGCTAGTAATCCCTGATCAGCAGGCAGGGGTGAATACGTTCCCG
GGCNTTGTACACACCGCCCGTCACACCATGGGAGTCGATTGCTCCAGAAGTGGCTGCGCCAACCCGCAAG
GGAGGCAGGCCCCCAAGGAGTGGTTGGTAACTGGGGNNNNNNNGTAACAAGNNNNNNNNNNNNNNNNNNN
NNNNNNGATCACCTCCTTTCT

>Providencia rettgeri JN644501

CTGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAACAGG
GGAAGCTTGCTTCCCGCTGACGAGCGGCGGACGGGTGAGTAATGTATGGGGATCTGCCCGATAGAGGGGG
ATAACTACTGGAAACGGTAGCTAATACCGCATAATCTCTCAGGAGCAAAGCAGGGGAACTTCGGTCCTTG
CGCTATCGGATGAACCCATATGGGATTAGCTAGTAGGTGAGGTAATGGCTCACCTAGGCGACGATCCCTA
GCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT
GGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCCTAGGGTTG
TAAAGTACTTTCAGTCGGGAGGAAGGCGTTGATGCTAATATCATCAACGATTGACGTTACCGACAGAAGA
AGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGG
CGTAAAGCGCACGCAGGCGGTTGATTAAGTTAGATGTGAAATCCCCGGGCTTAACCTGGGAATGGCATCT
AAGACTGGTCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATG
TGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAG
CAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGATTTGAAGGTTGTTCCCTAGAGGA
GTGGCTTTCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGA
ATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTAC
TCTTGACATCCAGAGAATTTAGCAGAGATGCTTTAGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGG
CTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGC
CAGCGATTCGGTCGGGAACTCAAAGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGATGACGTCAAG
TCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCGTATACAAAGAGAAGCGACCTCGCG
AGAGCAAGCGGAACTCATAAAGTACGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGG
AATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCA
CACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATT
CATGACTGGGGTGAAGTCGTAACAAGGTA

>Pseudomonas aeruginosa FN645737
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CACGGATCCAGGACTTTGATTCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGC
GGATGAAGGGAGCTTGCTCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGT
GGGGGATAACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGATCTTCGGA
CCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGAT
CCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCA
GCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCG
GATTGTAAAGCACTTTAAGTTGGGAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACA
GAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTA
CTGGGCGTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAACTG
CATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAG
ATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTG
GGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTT
GAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCA
AATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTA
CCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTGCTG
CATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTA
GTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACG
TCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAG
CCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCGACTCGACTGCGTGAA
GTCGGAATCGCTAGTAATCGTGAATCAGAATGTCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCC
CGTCACACCATGGGAGTGGGTTGCTCCAGAAGTAGCTAGTCTAACCGCAAGGGGGACGGTTACCACGGAG
TGATTCATGACTGGGGTGAAGTCGTAACAAGCTAGACCGTAAGCTTCAC

>Rhizobium leguminosarum HQ218437
TGCAGTCGAGCGCCCCGCAAGGGGAGCGGCAGACGGGTGAGTAACGCGTGGGAATCTACCCTTGACTACG
GAATAACGCAGGGAAACTTGTGCTAATACCGTATGTGTCCTTCGGGAGAAAGATTTATCGGTCAAGGATG
AGCCCGCGTTGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCATAGCTGGTCTGAGA
GGATGATCAGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTGGGGAATATTGG
ACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTC
ACCGGAGAAGATAATGACGGTATCCGGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATA
CGAAGGGGGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCACGTAGGCGGATCGATCAGTCAGGGGT
GAAATCCCAGGGCTCAACCCTGGAACTGCCTTTGATACTGTCGATCTGGAGTATGGAAGAGGTGAGTGGA
ATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAGGAACACCAGTGGCGAAGGCGGCTCACTGGTCC
ATTACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAATGTTAGCCGTCGGGCAGTATACTGTTCGGTGGCGCAGCTAACGCATTAAACATTCCGCCTGG
GGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT
TAATTCGAAGCAACGCGCAGAACCTTACCAGCCCTTGACATGCCCGGCTACTTGCAGAGATGCAAGGTTC
CCTTCGGGGACCGGGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTC
CCGCAACGAGCGCAACCCTCGCCTTAGTTGCCAGCATTAAGTTGGGCACTCTAAGGGGACTGCCGGTGAT
AAGCCGAGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTACGGGCTGGGCTACACACGTGCTAC
AATGGTGGTGACAGTGGGCAGCGAGCACGCGAGTGTGAGCTAATCTCCAAAAGCCATCTCAGTTCGGATT
GCACTCTGCAACTCGAGTGCATGAAGTTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATAC
GTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTGGTTTTACCCGAAGGTAGTGCGCTAAC
CGCAAGGAGGCAGC

>Serpulina hyodysenteriae M57741

GAGTATGGAGAGTTTGATTCTGGCTCAGAGCGAACGTTGGCGATGCGTCTTAAGCATGCAAGTCGAGCGG
GCTTATTCGGGCAACTGGATAAGTTAGCGGCGAACTGGTGAGTAACACGTAGGTAATCTGCCGTAGAGTG
GGGGATAACCCATGGAAACATGGACTAATACCGCATATACTCTTGCTACATAAGTAGAGTAGAGGAAAGG
AGCAATCCGCTTTACGATGACNTGCGGCCTATTAGCCTGTTGGTGGGGTAACGGCCTACCAAAGCTACGA
TAGGTAGCCGACCTGAGAGGGTGACCGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGC
AGCAGCTGAGAATCTTCCACAATGGACGAAAGTCTGATGGAGCGACATCGCGTGAGGGATGAAGGCCTTC
GGGTTGTAAACCTCGGAAATTATCGAAGAATGAGTGACAGTAGATAATGTAAGCCTCGGCTAACTACGTG
CCAGCAGCCGCNGTNATACGTAGGAGGCAAACGTTGCTCGGATTTACTGGGCGTAAAGGGTGAGTAGGCG
GACTTATAAGTCTAAGGTGAAAGACCGAAGCTCAACTTCGGAAACGCCTCGGATACTGTAAGTCTTGGAT
ATTGTAGGGGATGATGGAATTCTCGGTGTAGCGGTGGAATGCGCAGATATCGAGAGGAACANCTATAGCG
AAGGCAGTCATCTGGGCATTTATCGACGCTGAATCACGAAAGCTAGGGGAGCAAACAGGCTTAGATACCC
TGGTAGTCCTAGCCGTAAACGTTGTACACTAGGTGCTTCTATTTAAATAGGAGTGCCGTAGCTAACGTCT
TAAGTGTACCGCCTGAGGAGTATGCCCGCAAGGGTGAAACTCAAAGAAATTGACGGGTNCCCGCANNAGT
GGTGGAGCATGTGGTTTAATTCGATNATACGCGAAAAACCTTACCTGGGTTGAATTGTAAGATGAATGAT
TTAGAGATAAGTCAGACCGCAAGGACGTTTTACATAGGTGCTGCATGCCTGTCGTCAGCTCGTGTCGTGA
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GATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCACCNNTTGTTGCTACCGAGTAATGTCGGGCACTC
TTAGGGGACTGCCTACGTTCAAGTAGGAGGAAGGTGGGGATGATGTCAAGTCCTCATGGCCCTTATGTCC
AGGGCTACACACGTGCTACAATGGCAAGTACAAAGAGAAGCAAGACCGCGAGGTGGAGCAAAACTCAAAA
AAGTTGCCTCAGTTCGGATTGGAGTCTGAAACTCGACTCCATGAAGTTGGAATCACTAGTAATCGTAGAT
CAGAACGCTACGGTGAATACGTTCCCGGGNATTGTACACACCGCCCGTCACGCCATCGGAGTTNGTTTTA
CCTGAAGTCGTTAGCCTAACCGCAAGGGGGGCGGCGCCGAAGGTGGGNCTGATG

>Serratia marcescens AY566180
AGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAGCGGTAGCACAG
GGGAGCTTGCTCCCTGGGTGACGAGCGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGG
GATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTC
TTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAATGGCTCACCTAGGCGACGATCCCT
AGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTT
GTAAAGCACTTTCAGCGAGGAGGAAGGTGGTGAGCTTAATACGCTCATCAATTGACGTTACTCGCAGAAG
AAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGG
GCGTAAAGCGCACGCAGGCGGTTTGTTAAGTCAGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATT
TGAAACTGGCAAGCTAGAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGARAATGCGTAGAGAT
CTGGAGGAATACCGGTGGGCGAAGGCGGCCCCCTGGACGAAGACTGACGCTCAGGTGCGAAAGCGTGGGG
AGCAAACAGGATTAGATACCCTGGGTAGTCCACGCTGTAAACGATGTCGATTTGGGAGGTTGTGCCCTTG
AGGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAA
ATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTAC
CTACTCTTGACATCCAGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGC
ATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTG
TTGCCAGCGGTTCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGT
CAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCGTATACAAAGAGAAGCGACCT
CGCGAGAGCAAGCGGACCTCATAAAGTACGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAG
TCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCC
GTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGT
GATTCATGACTGGGGTGAAGTCGTAACAAGGTAACC

>Shewanella colwelliana AY653177
ATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAACAGGAATTAGCTTGCTAATTTGCTG
ACGAGCGGCGGACGGGTGAGTAATGCCTAGGGAACTGCCCAGTCGAGGGGGATAACAGTTGGAAACGACT
GCTAATACCGCATACGCCCTACGGGGGARAAAGAGGGGACCTTCGGGCCTTCTGCGATTGGATGTACCTAG
GTGGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACGATCCCTAGCTGTTCTGAGAGGATGAT
CAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGG
GCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGG
AGGAAAGCTTAAGCGTTAATAGCGTTTAGGTGTGACGTTACTCGCAGAAGAAGGACCGGCTAACTTCGTG
CCAGCAGCCGCGGTAATACGAGGGGTCCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTACGCAGGCG
GTTTGTTAAGCGAGATGTGAAAGCCCCGGGCTCAACCTGGGAACTGCATTTCGAACTGGCARAACTAGAGT
CTTGTAGAGGGGGGTAGAATTTCAGGTGTAGCGGTGAAATGCGTAGAGATCTGAAGGAATACCGGTGGCG
AAGGCGGCCCCCTGGACAAAGACTGACGCTCATGTACGARAAGCGTGGGGAGCARAACAGGATTAGATACCC
TGGTAGTCCACGCCGTAAACGATGTCTACTCGGAATTTGGTGTCTTGAACACTGGGTTCTCAAGCTAACG
CATTAAGTAGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACA
AGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAATT
CGCTAGAGATAGCTTAGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTG
TGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTATTTGCCAGCACGTAATGGTGGGAA
CTTTAGGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTACGA
GTAGGGCTACACACGTGCTACAATGGCAAGTACAGAGGGTTGCGAAGCCGCGAGGTGGAGCTAATCTCAC
AAAGCTTGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTGG
ATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGCTG
CACCAGAAGTAGATAGCTTAACCTTCGGGAGGGCGTTTACCACGGTGTGGTTCATGACTGGGGTGAAGTC
GTAACAAGGTAGCCCTAGGGGAACCTGG

>Skermanella parooensis NR044876

TNTGATCCTGNCTCAGANCGAACGCTGGCGGCATGCCTAACACATGCAAGTCGANCGAGGCCTTCGCCCC
TAGTGGCGCACGGGTGAGTAACNCGTGGGAACCTCCCCTGTGGTACGGAATAACTCCGGGAAACTGGAGC
TAATACCGTATGTGTCCTGTGGGACAAAGATTTATCNCCATGGGATGGGCCCGCGTAGGATTAGCTTGTT
GGTGGGGTAACGGCCTACCAAGGCTTCGATCCTTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCA
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ACAATNCCGCGTGAGAGATGAAGGCCTTCGGGTTGTAAAGCTCTTTCGCACGCGACGATGATGACGGTAG
CGTGAGAAGAAGCCCCGGCTAACATCGTGTCANCACNCCCGGTAATACGAAGGGGGCTATCGTTCTTCGG
AATTACTGGGCGTAAAGGGCGCGTAGGCGGTACTTCAAGTCAGGCGTGAAAGCCCCGGGCTCAACCCTGG
AACCGCGCTTGAGACTGGAGAACTAGAGTTCGGGAGAGGATGGTGGAATTCCCAGTGTAGAGGTGAAATT
CGTAGATATTGGGAAGAACACCGNTGGCGAAGGCAGCCATCTGGACCGACACTGACGCTGAGGCGCGATT
GCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGACGTTGGGG
GCCTTAGGCTTCGNTGTCGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGGCGCAAGGTTAAAA
CTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAAC
CTTACCAGCCCTTGACATGGGCGTCGCGGGCTCAGAGATGAGCCTTTCGGTTCGGCCGGACGNCGCACAG
GTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCCA
TCTTCAGTTGGCAGCATGTNATGGTGGGCACTCTGGGAGAACCGCCGGTGACAAGCCGGAGGAAGGCGGG
GATGACGTCAAGTCCTCATGGCCCTTATGGGCTGGGCTACACACGTGCTACAATGGTGGTGACAGTGGGC
AGCGAGATCGCGAGATCGAGCCAATCTCCNAAAGCCATCTCAGTTCGGATCGCACTCTNCAACTCGGGTG
CGTGAAGTTGGAATCGCTAGTAATCGCGGATCAGCACNCCGCGGTGAATACGTTCCCGGGCCTTGTACAC
NCCGCCCGTACACACCATGGAGTTGGTTTTACCCGAAACCGGTGGGCTAACCTCAAGGAGNCAACCGACC
ACGGTCAGNTCAACGACTGGGTCC

>Sphingomonas_haloaromaticamans NR044902
GCTCAGAACGAACGCTGGCGGCATGCCTAACACATGCAAGTCGAACGAAGGCTTCGGCCTTAGTGNCGCA
CGGGTGCGTAACGCGTGGGAATCTNCCCTTGGGTTCGGAATAACAGTGAGAAATTACTGCTAATACCGTA
TGATGTCGCGAGACCAAAGATTTATCTCCAAAGGATGAGCCCGCGTAGGATTAGCTAGTTGGTGGGGTAA
AGGCCCACCAAGGCGNCGATCCTTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGC
GTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTTACCCGGGAAGATAATGACTGTACCGGGAGAATA
AGCCCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGGGCTAGCGTTGTTCGGAATTACTGGG
CGTAAAGCGCACGTAGGCGGCTTGGTAAGTTAGAGGTGAAAGCCCGGAGCTCAACTCCGGAATAGCCTTT
AAGACTGTCTCGCTTGAACGTCGGAGAGGTGAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGATATT
CGGAAGAACACCAGTGGCGAAGGCGGCTCACTGGACGACTGTTGACGCTGAGGTGCGAAAGCGTGGGGAG
CAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATAACTAGCTTGTCCGGGCACTTGTGC
TTGGGTGGCGCAGCTAACGCATTAAGTTATCCGCCTGGGGAGTACGGTCGCAAGGTTAAAACTCAAAGAA
ATTGACGGGGGCCTGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAAC
GTTTGACATCCCTATCGCGGTTAGTGGAGACACTTTCCTTCAGTTCGGCTGGATAGGTGACAGGTGCTGC
ATGGCTGTCGCCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTTTAG
TTGCCATCATTAAGTTGGGCACTCTAAAGGAACCGCCGGTGATAAGCCGGAGGAAGGTGGGGATGACGTC
AAGTCCTCATGGCCCTTACGCGTTGGGCTACACACGTGCTACAATGGCAACTACAGTGGGCAGCGAACTC
GCGAGGGTGAGCTAATCTCCAAAAGTTGTCTCAGTTCGGATTGTTCTCTGCAACTCGAGAGCATGAAGGC
GGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCAGGCCTTGTACACACCGCCCGT
CACACCATGGGAGTTGGATTCACCCGAAGGCGCTGCGCTAACCGCAAGGGAGGCAGGCGACCACGGTGGG
TTTAGCGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGG

>Starkeya koreensis AB166877

TAAACGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAACGCACCGCAAGGTGAGTGGCAGACGGGTG
AGTAACACGTGGGGATCTGCCCAATGGTACGGAATAGCTCCGGGAAACTGGAATTAATACCGTATGTGCC
CTTCGGGGGAAAGATTTATCGCCATTGGATGAACCCGCGTCGGATTAGCTAGTTGGTGTGGTAAAGGCGC
ACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGAC
TCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGAGT
GATGAAGGCCTTAGGGTTGTAAAGCTCTTTCGCCGACGAAGATAATGACGGTAGTCGGAGAAGAAGCCCC
GGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGTTCGGAATCACTGGGCGTAAA
GCGCACGTAGGCGGATTGTTAAGTCAGGGGTGAAAGCCTGGAGCTCAACTCCAGAACTGCCCTTGATACT
GGCAATCTCGAGTCCGGAAGAGGTAAGTGGAACTGCGAGTGTAGAGGTGAAATTCGTAGATATTCGCAAG
AACACCAGTGGCGAAGGCGGCTTACTGGTCCGGTACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACA
GGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGGAGGCTAGCCGTTGGTGAGCATGCTCATCAGTG
GCGCAGCTAACGCATTAAGCCTCCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACG
GGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAGCCTTTGAC
ATGTCCCGGAATTGGATCAGAGATGGACCAAGCTCTTCGGAGCCGGGAACACAGGTGCTGCATGGCTGTC
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCCTTAGTTGCCATCA
TTCAGTTGGGCACTCTAGGGGGACTGCCGGTGATAAGCCGAGAGGAAGGTGGGGATGACGTCAAGTCCTC
ATGGCCCTTACGGGCTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGGAAGCGAACCCGCGAGGGT
GAGCAAATCTCCAAAAGCCGTCTCAGTTCGGATTGCACTCTGCAACTCGAGTGCATGAAGTTGGAATCGC
TAGTAATCGTGGATCAGCACGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCAT
GGGAGTTGGTTTTACCCGAAGGCGCTGCGCTAACCCGCAAGGGAGGCAGGCGACCACGGTAGGGTCAGCG
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ACTGGG

>Stenotrophomonas maltophilia JN644502
GAACGCTGGCGGTAGGCCTAACACATGCAAGTCGAACGGCAGCACAGGAGAGCTTGCTCTCTGGGTGGCG
AGTGGCGGACGGGTGAGGAATACATCGGAATCTACTTTTTCGTGGGGGATAACGTAGGGAAACTTACGCT
AATACCGCATACGACCTACGGGTGAAAGCAGGGGACCTTCGGGCCTTGCGCGATTGAATGAGCCGATGTC
GGATTAGCTAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAG
CCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCG
CAAGCCTGATCCAGCCATACCGCGTGGGTGAAGAAGGCCTTCGGGTTGTAAAGCCCTTTTGTTGGGAAAG
AAATCCAGCTGGCTAATACCCGGTTGGGATGACGGTACCCAAAGAATAAGCACCGGCTAACTTCGTGCCA
GCAGCCGCGGTAATACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTC
GTTTAAGTCCGTTGTGAAAGCCCTGGGCTCAACCTGGGAACTGCAGTGGATACTGGGCGACTAGAGTGTG
GTAGAGGGTAGCGGAATTCCTGGTGTAGCAGTGAAATGCGTAGAGATCAGGAGGAACATCCATGGCGAAG
GCAGCTACCTGGACCAACACTGACACTGAGGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGG
TAGTCCACGCCCTAAACGATGCGAACTGGATGTTGGGTGCAATTTGGCACGCAGTATCGAAGCTAACGCG
TTAAGTTCGCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAG
CGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGCCTTGACATGTCGAGAACTTT
CCAGAGATGGATTGGTGCCTTCGGGAACTCGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTG
AGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGCCAGCACGTAATGGTGGGAACT
CTAAGGAGACCGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCC
AGGGCTACACACGTACTACAATGGTAGGGACAGAGGGCTGCAAGCCGGCGACGGTAAGCCAATCCCAGAA
ACCCTATCTCAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGCAGAT
CAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTTGTTGC
ACCAGAAGCAGGTAGCTTAACCTTCGGGAGGGCGCTTGCCACGGTGTGGCCGATGACTGGGGTGAAGTCG
TACAAG

>Thioreductor micantisoli NR041022
AGTGAACGCTGGCGGCATGCCTAACACATGCAAGTCGAACGAGAACGGATCTAACTTCGGTTAGATTGTC
AGCTAAGTGGCGCACGGGTGAGTAACACGTAGTTATCTGCCTCACAGTCTGGGATAACAATTGGAAACGA
TTGCTAATACCGGATATACCCCACGGGGGAAAGCTTTAGTGCTGTGAGATGAGACTGCGACGTATCAGCT
AGTTGGTAGGGTAAGAGCCTACCAAGGCTAAGACGCGTAACTGGTCTGAGAGGATGATCAGTCACACTGG
AACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGAGGAAACTCTGA
TGCAGCAATGCCGCGTGGAGGATGACGGATTTCGGTCTGTAAACTCCTTTTATATAGGAAGATAATGACG
GTACTATATGAATAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAC
TCGGAATCACTGGGCGTAAAGAGCGCGTAGGCTGGTTTGTAAGTTAGAAGTGAAATCCCCCAGCTCAACT
GTGGAACTGCTTCTAAAACTGCAGACCTAGAATTTGGGAGAGGTAAGTGGAATTCCTGGTGTAGGGGTGA
AATCCGTAGAGATCAGGAGGAATACCGAAAGCGAAGGCGACTTACTGGAACAATATTGACGCTGATGCGC
GAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGACACTAGTCGTT
GCTATAAAGCAGTGACGCAGCTAACGCGATAAGTGTCCCGCCTGGGGAGTACGGTCGCAAGATTAAAACT
CAAAGGAATAGACGGGGACCCGAACAAGCGGTGGAGCATGTGGTTTAATTCGAAGATACGCGAAGAACCT
TACCTAGGCTTGACATCCCAAGAATCTTTCAGAGATGAGAGAGTGCCTGCTTGCAGGAACTTGGTGACAG
GTGCTGCACGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTG
TTGTTAGTTGCTAACAGTTCGGCTGAGCACTCTAACAAGACTGCCTGGGTAACCAGGAGGAAGGTGGGGA
CGACGTCAAGTCATCATGGCCCTTATGCCTAGGGCGACACACGTGCTACAATGGTTAGGATAAAGAGACG
CAATACCGCGAGGTGGAGCAAATCTCTAAACCTAATCCCAGTTCGGATTGTAGTCTGCAACTCGACTACA
TGAAGTTGGAATCGCTAGTAATCGTGGATCAGCCATGCCACGGTGAATACGTTCCCGGGTCTTGTACTCA
CCGCCCGTCACACCATGGGAGTTGAGTTCACCCAAAGCGGGGATGCCAAATTGGCTACCCTCTACGGTGG
GCTCAGCAACTGGGGTG

>Treponema_denticola AR621358

AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGCGTCTTAAGCATGCAAGTCGAACGGTAAGGGAG
AGCTTGCTCTCCCCTAGAGTGGCGGACTGGTGAGTAACGCGTGGGTGACCTGCCCTGAAGATGGGGATAG
CTAGTAGAAATATTAGATAATACCGAATGTGCTCATTTACATAAAGGTAAATGAGGAAAGGAGCTACGGC
TCCGCTTCAGGATGGGCCCGCGTCCCATTAGCTGGTTGGTGAGGTAAAGGCCCACCAAGGCAACGATGGG
TATCCGGCCTGAGAGGGTGAACGGACACATTGGGACTGAGATACGGCCCAAACTCCTACGGGAGGCAGCA
GCTAAGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCGACGCCGTGTGAATGAAGAAGGCCGAAAGGT
TGTAAAATTCTTTTGCAGATGAAGAATAAGAAGAAGAGGGAATGCTTCTTTGATGACGGTAGTCATGCGA
ATAAGCCCCGGCTAATTACGTGCCAGCAGCCGCGGTAACACGTAAGGGGCGAGCGTTGTTCGGAATTATT
GGGCGTAAAGGGTATGTAGGCGGTTAGGTAAGCCTGGTGTGAAATCTACGAGCTCAACTCGTAAACTGCA
TTGGGTACTGCTTGACTTGAATCACGGAGGGGAAACCGGAATTCCAAGTGTAGGGGTGGAATCTGTAGAT
ATTTGGAAGAACACCGGTGGCGAAGGCGGGTTTCTGGCCGATGATTGACGCTGATATACGAAGGTGCGGG
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GAGCAAACAGGATTAGATACCCTGGTAGTCCGCACAGTAAACGATGTACACTAGGTGTCGGGGCAAGAGC
TTCGGTGCCGACGCAAACGCATTAAGTGTACCGCCTGGGAAGTATGCCCGCAAGGGTGAAACTCAAAGGA
ATTGACGGGGGCCCACACAAGCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGAAACCTTACCTGG
GTTTGACATCAAGAGCAATGACATAGAGATATGGCAGCGTAGCAATACGGCTCTTGACAGGTGCTGCATG
GCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTACTGCCAGTTA
CTAACAGGTAAAGCTGAGGACTCTGGCGGAACTGCCGATGACAAATCGGAGGAAGGTGGGGATGACGTCA
AGTCATCATGGCCCTTACGTCCAGGGCTACACACGTGCTACAATGGTTGCTACAAATCGAAGCGACACCG
CGAGGTCAAGCAAAACGCAAAAAAGCAATCGTAGTCCGGATTGAAGTCTGAAACTCGACTTCATGAAGTT
GGAATCGCTAGTAATCGCACATCAGCACGGTGCGGTGAATACGTTCCTGGGCCTTGTACACACCGCCCGT
CACACCATCCGAGTCGAGGGTACCCGAAGTCGCTAGTCTAACCCGTAAGGGAGGACGGTGCCGAAGGTAC
GTTTGGTAAGGAGGGTGAAGTCGTAACAAGGTAACC
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Appendix B

Amino acid sequences of glycoside hydrolase family 45
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These are 5 amino acid sequences of species in Glycoside Hydrolase Family 45.

All are listed in FASTA format. Accession number of each species id located at the end

of each species name.

>Cellvibrio japonicus ACE82688
MNLLSGWVRPLMLGCGLLGAALSAGSIQAAVCEYRVTNEWGSGFTASIRITNNGSSTINGWSVSWNYTDG
SRVTSSWNAGLSGANPYSATPVGWNTSIPIGSSVEFGVOGNNGSSRAQVPAVTGAICGGQGSSAPSSVAS
SSSSSSVVSSTPRSSSSSVSSSVPGTSSSSSSSVLTGAQACNWYGTLTPLCNNTSNGWGYEDGRSCVART
TCSAQPAPYGIVSTSSSTPLSSSSSSRSSVASSSSLSSATSSSASSVSSVPPIDGGCNGYATRYWDCCKP
HCGWSANVPSLVSPLQOSCSANNTRLSDVSVGSSCDGGGGYMCWDKIPFAVSPTLAYGYAATSSGDVCGRC
YOLOQFTGSSYNAPGDPGSAALAGKTMIVQATNIGYDVSGGQFDILVPGGGVGAFNACSAQWGVSNAELGA
QYGGFLAACKQQLGYNASLSQYKSCVLNRCDSVEFGSRGLTQLOQGCTWFAEWFEAADNPSLKYKEVPCPA
ELTTRSGMNRSILNDIRNTCP

>Fusarium oxysporum AAA65589
MRSYTLLALAGPLAVSAASGSGHSTRYWDCCKPSCSWSGKAAVNAPALTCDKNDNPISNTNAVNGCEGGG
SAYACTNYSPWAVNDELAYGFAATKISGGSEASWCCACYALTFTTGPVKGKKMIVQSTNTGGDLGDNHED
LMMPGGGVGIFDGCTSEFGKALGGAQYGGISSRSECDSYPELLKDGCHWRFDWFENADNPDFTFEQVQCP
KALLDISGCKRDDDSSFPAFKGDTSASKPQPSSSAKKTTSAAAAAQPOKTKDSAPVVQKSSTKPAAQPEP
TKPADKPQTDKPVATKPAATKPAQPVNKPKTTOQKVRGTKTRGSCPAKTDATAKASVVPAYYQCGGSKSAY
PNGNLACATGSKCVKQONEYYSQCVPN

>Humicola grisea AAE55435
MRSSPLLRSAVVAALPVLALAADGKSTRYWDCCKPSCGWAKKAPVNQPVEFSCNANFQRLTDFDAKSGCEP
GGVAYSCADQTPWAVNDDFAFGFAATSIAGSNEAGWCCACYELTFTSGPVAGKKMVVQSTSTGGDLGSNH
FDLNIPGGGVGIFDGCTPQFGGLPGOQRYGGISSRNECDRFPDALKPGCYWRFDWEKNADNPSESEFRQVQC
PAELVARTGCRRNDDGNEFPAVQIPSSSTSSPVGQPTSTSTTSTSTTSSPPVOPTTPSGCTAERWAQCGGN
GWSGCTTCVAGSTCTKINDWYHQCL

>Humicola grisea BAA74957
MOLPLTTLLTLLPALAAAQSGSGRTTRYWDCCKPSCAWPGKGPAPVRTCDRWDNPLFDGGNTRSGCDAGG
GAYMCSDQSPWAVSDDLAYGWAAVNIAGSNERQWCCACYELTFTSGPVAGKRMIVQASNTGGDLGNNHED
TAMPGGGVGIFNACTDQYGAPPNGWGQRYGGISQRHECDAFPEKLKPGCYWRFDWCVSLFPPLSLSLPPG
TGQTMGRSCVFFPLSAN

>Humicola insolens AAE16508
MRSSPLLPSAVVAALPVLALAADGRSTRYWDCCKPSCGWAKKAPVNQPVEFSCNANFOQRITDFDAKSGCEP
GGVAYSCADQTPWAVNDDFALGFAATSIAGSNEAGWCCACYELTFTSGPVAGKKMVVQSTSTGGDLGSNH
FDLNIPGGGVGIFDGCTPQFGGLPGOQRYGGISSRNECDRFPDALKPGCYWREDWEFKNADNPSEFSEFRQVQC
PAELVARTGCRRNDDGNFPAVQIPSSSTSSPVNQPTSTSTTSTSTTSSPPVQPTTPSGCTAERWAQCGGN
GWSGCTTCVAGSTCTKINDWYHQCL
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Appendix C
Installation of CUPrimer program.

In fact CUPrimer program is .jar program as the portable version that no need to
install on your desktop computer. But before use the CUPrimer program we need to
prepare the system which is Java Runtime Environment, is also referred to as the Java
Runtime, Runtime Environment, Runtime, JRE, Java Virtual Machine, Virtual Machine,

Java VM, JVM, VM, or Java download.

1. Download the file by go to URL: http:/java.com/en/download/index.jsp and

click Free Java Download.

DRACLE
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2. System will automatically detect installed Java version on your computer.

]
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3. System will select the suitable version for your desktop computer and click

Agree and Start Free Download.
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4. Click on Run button to start the installation process.
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5. Click Install and wait for 2-3 minutes for download and installation process,

after finished installation, click close button to exit the program
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Welcome to Java?

Jova provides safe and secure access to the world of amazing Java content
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Mode. Mo personal imtgemabon 13 gathered as par ol our mstall process:
Chek hisre 86 pitand infarmatdn on what we do collec

Click bngtall 1o accapt tha hicanss aqrasmant and intiall Jav now

™ Changs deststicn iokdes t‘m.:dl Iatsl =

|
|
|
|



Dewnloading IntiaBar Estimated tima bo& | min 11 sac
LTI !

adenva i found inerewhisn = on mobile phones, diskiop computers, Blu-rey
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Visitus at java com

%" You have successfully installed Java

Jeva updatas will suiomatically be downloaded to provide you with the
Intest feabaes and secuity impaovamanis

To changs this, see hip. oo com/ autgupdate
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Appendix D
CUPrimer program manual guide.

CUPrimer program manual is separate into 5 main steps; input alignment file,
inform alignment file, set main primer properties, set optional primer properties and

program running step.

S\ 7/,
1. Double click CUPrimer. \Q’opéjwéé)/a@’ m.
\;%_, ™\ /'Z/’a




2. Click Browse button and choose the alignment file that you want to design

primer.
s =@ %
Step 1 Insertyour alignmentfile {.aln) .
| £ Open “
LookIn: l[ﬁ' Documents |vJ W E ? _E E

B C.japon.aln

Hymenobacter_10.aln
B ProfessionalPlus.exe

File Name: Hymenobacter_10.aln
=

Files of Type: [AII Files
sider primer)

Cancel

3. After choosing the alignment file it will show the file name on the text box

L]

Step 1 Inzed your allgnment Mle (ain) Si=p 7 npiaied
[ monse ]

Lo serswearis\Documents\Hymenobadtar 10.aln
4. Select sequence type and enter amount of sequence in alignment file.

Step 2 : Inform your alignment file .
Selecttype of sequences
(_) Amino
(®) Nucleotide

Sequences in file



5. You can set the primer properties at step 3. If you skip this step then default

8.

values are used.

Fep 3° Gefng main primsar propanies
Setup the value (dafault values are alraady filled in the box)

Whale PramesTemplale Gibb's energy [ kcalimol ) ] 1]

F PrirmncTomplale Gibb's energy [ kealimal ) L] o

You can use check box for select primer filter system at step 4. If you leave it
blank that criteria is skipped. Text box at the end of each property can use for

set the values of that property.

Stop 4 Balling oplional prinsar propoifias

Selact propanies and setup the value (el Dlank chidk Dox. Thal property is not used 1o COREIder pamar)

B 66 contenls (%) 40 a0
[ | ¥GCoonents (%) 60 - | 100

|| Meiting Temperature (*C) | 50 - 55

[of) Primes length (Bp) | 13 ] 23

(&) Mamum Cegeneracy 1024
] Masimiuen Single repeat acceptanon { b ) _-1-_

| Maxmum Dv-repeat acceptance (di-bp ) 4

Click Run for start degenerate primer designing system.

3tep o Kun and Ged your primers Fun |
—_—

After finish degenerate primer designing, it will show the degenerate primers

and their properties in text box below.

Step 5: Run and Get your primers

3253 A
After 3G filter reward

Fosition : 1066 Sequences . TTCGCGTTGCATCGAAT

FPosition : 714 Sequences . AGTWTCCAATGCAGTTCCRGGGTTGAGCCC

FPosition : 492 Sequences . TCABTCACGCGGCGT
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