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Abstract

With the completion of t he Human Genome
devel opment of t he Model Organi sm Genome
sequence data have been generated. Scientif
sequence dpartcamontoet tohnel ydevel opment of bioi nf
and technologies, but also have broad appli
di agnosi s, treatment and new drug devel opme
Situationsan Hefwf ¢mt iguevegr aphi c expression ¢
the similarity and evolutionary relationsh
topic in bioinformatics.

This dissertation mainly studies the grarg
s milarity analysis of bi ol ogi cal sequence
phyl ogeneetmiachimbéi evaermendwsmmari zed as bel ow:

Firstl ycourtvlee RHZ new graphical expressior
i ntroduced. By hceaenfaitnicrad tmampee ngnat a gene
transformed inttto phoves-civdn yrectt h@rslJyZ hav o

l i mi tations associated with crossing and c
i nformation 0f gene sequences

Secondl yt,r uwcet caonmrsew characteristic matri >
study the sequence comparability based on
the J/J charact erfciugtviec cmant rdiexs clra veed thre X e

andhet biol mgifdalancea g of " fhkee examupatesn
similarities/dissimilarities ambgbobhe cod
genaidffepenites 1l lustrates the utility of

Thirdly, basedepnathekdgdrctbhbmteni nlge basi

graph theory for constructing phylogenetic

met hod, we build phyl ogenetic trees and d
bet ween the sequences. Megamcwhisli @ertshea hal go
bet ween cl asses, but also considers the sin
of the results. The phyl ogenetic x®lhati ons|

ofa-gl obin genktf opeoliles NAnhK1 btéthpeuences of av



influenza virus illustrate that algorithm |
KeywormDdNA: sequence,; Graphic representation
sequence; Graphic representatiomrtrQlcdr ant er

al gorithm
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Chapter 1. I ntroduction

Chapter 1. Introduction

1.1 Research Background, Purpose and

With the continuous development of vario

X @

oad application background in the fields

o T 0O Qo
-

rug devel opment of human dmnseabets alhnsio maj
he rise and devel opment of bi oi nformat
i oinformatics is a new discipline formed

cience, information science ande apops$st ed

@ uw m ~

enome era, the extraction and data analys
i mportant research ldlirection in bioinforma
Data mining is a new scientific computin

recent yearsef ¢éxtriracti pgobedden informatio

do not know in advance but are potentially

noi sy, fuzzy and random dat a.
|t is difficult to say how valuable da

conemmce i s, but it has benefited mankind g

~+

o T S

he functional research on b3:d1l ogical dat a

~+

Wi tthhe growth of gene dat a, the tradit.i
i ol ogi cal data can no | onger meet peopl e’
rasp of |l ong sequences. Because graphics

hol agsapdoptrepresentation to describe b

—

Xpression, graphic representation can bet

o ®© O uw « T
(@]

5

novative research methods and opens up a

vel opment of mod el di @& mdgastmea gaeme me n @ @3

ponentially. Scientific analysis and res

f biological data mining architecture, th

n

|
|
(

r

t

I

he essence and evolution of [|ife, but al s
ew therapies and drugs. Therefore, how to

ioogi cal data information analysis is curre

C

graphical representation is its strong

rainfilmndshef gene sequence similarity an
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process of understanding and anal ysing |
represent &t ishhmrh@aosmgamms such as | oop and |
Therefore, how to give an effective graphic

i n biology at present.
Sequence similarity reldNA prrobet hesdgqgene:

similar to another sequence. There are two
One is to obtain similar structures or si
Anot her purpose is to judge the evolutiona
theimilarity of sg@eunemet heert alunct uhe podt f ul
i nformation of the new sequence can be i nf e

bet ween the newly determined sequence and
funchnitomeiannotated database, By comparing
me conserved domai ns of di fferent speci

|l ati onshiop of speci es. By comparing t h

_.‘
® O Q

guences amnamplad hogewmaemrcces, fpauawbdgemew ger
ugs can be developed. Therefore, sequer

> O »n
-

cessary step for gene function confirmat
ngitudinal espéait € ® na dtdrragres@dedrina(odrt alt he s

,_.._
- O O

me, it has a wide application background

5

ew drug devel opment of human di seases and
i mil arity anadryédi gerny iampboarstiant research

oinformatics. The accuracy of its anal ys

o uw T un

pecies classification, biological evol uti
f new dr ugasp eantdi cn eswc tehmeees, et c. Which has

=]
(o

i oinformatics, so sequence simfll arity |
Phyl ogeny studies the evolutionary rel at
ference isedofinen hexpgroesn of an evolution
understand the | aws of sdspéteeamde@vodits a,n.
A reliable phylogenetic inference is i mpor
't i s heltpHalsdapueamrcveadf hbnal gHhiceagmlr oeeslisu toi
constructing phyl ogenetic trees. It i's hel
dynamics through the hidden phylogenetic r
the histoatyoandeetnahi sm of bi ol ogi cal evol

evolution tree is also very critical to sol
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s u

c h

asegmudnde alignment, protein structur

desi g/l Tedftemr e, the reconstruction of phyl

I mportant issue in modern molecul ar evol ut |

1.

t h
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Research Status and Devel opment

st century is an era of |life science a
HuemaoonmeG Pr oj ect , the sequence and str.
ei ns ar e i ncreasing exponentially. Fa
rative to use computers to manage dat a
ess. Sofncehe hedo&hd, bi oi nformatics hac
arch results not only play a great rol
have a great i mpact on industries suc|
eforetsgofVevameaus countries attach gr
t of money to set up corresponding res
ed States and Japan have successively
as ttihoenalS Oeant er of Bi otechnol ogy I nf
er of Genome Resopeae BNGGRH dcrutheei(EBI ) ,
@afgamter of |l nf ormation Biology (Cl B
cul ar Bi olBoNgeyt )Ne twharckh (iEsSM domi nated by
ently the | argest international resear
cul ar bi ol ogy information. Meanwhi | e,
rmation tecmfnord magtyi, osushparshitdgreway and
I nternet, the United States, Japan ar
blished numerous bioinformatics networ
e dat abase ueo pe amcuMalEMBNeotl o Net wo
ected 22 natiscmdle rbdddsogamcdl8 cloamrpgue i ng
| argest bi b%lMboemaatnidc smomreet woatkol ars p:
ribing gene sequences by graphlit expre
model s have emerged in the research ¢
mori and J. Rwsuklivienf 1988, pwbpobede &l i zec
ession of gene sequencerverid$ha b5Dr st
esentation, it does not have the advant

g and Mogent haler pguwttifoor wdr dD NAD sgrgaiem
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on orthogonal [dbpridlhnehei syshemearliest 2D
of gene and has the advantage of visualiza
they cannot describe bnoilwgliygalJefnffroeymapi @
graph representation methYdwhasddconrespos
sequence to a gr aph srtevuecahumrsegaartidse ved egeand
in the fields of genomge Cawnaly$igs pculhrc\vhed & nvia C i
t helodr vy, YWwhit8 h initiated a new field of ana
by geometric methodscuHwoevevert habhetdefects
to avoid | oops, LwaondBa sedi es hef §'¢paphifor
23] Based on the 3D graphic representation
t hecuZz ve proposed by Acaedeumivcei apnr oZphoasnegd hyu t
Xi zh%ho!l ved the degr aedlalt i aonnd pahveoniodreedn otnh ew i n
caused by overlap and intersection in grap
t he research on graphic representation of
devel opment space.

Sequence simil afi theamalty sipotissione he ap
in biology. Gibbs in 1970 sraoapesearthesdots
similarity analysis algorithm. The basic ic¢
seqguences at etyhearseaneet ttihree,i nther secti on po
colored dot matrix method to compare the s
Needl eman and Wunsch proposed a globally o
in 1%720and Smithpropdo®watdemmaocal ly opti mal
algorithmliThhelgi8dlea of these two algorithms
algorithm all ows matching, mi smatching and
complexity requirendotareuivtealyl éni gdr, dvdoti @ha 3 «
o f heuristic algorithms have emerged, amo
algorithm proposed byl?BlngmBhASAdaPgar sohmigp
by Al tschi®l Tihrere9%8 e doakgsrdof himmpfovethes

[30l ' n 2000, Randi and others put forward
sequences by matrix for the first ti me, w b
basic idea is to construdt aanseagpupernacper i aatned
consider the invariants of these biologica
sequences is transformed into the comparis

matri cel$Elf Ecmatei x, M/ M maalli«d D/D matri x)

4
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order matrix and compressed matrix, which F
of E/ E matri xstredpguesetnancthebet ween poi nt
di sadvantages are that thesel emestequahuoes]|
When the sequence is too | ong, the matrix
conducive to | ater data processing; M/ M Ma
can effectively correct the dgwWw MprMmllre m; ell/e
matrix is based on M/ M matrix to normalize
than 1;-ofder hmghrix is a 0,1 matri x, whi ch
exXxisting matrix invariantest heceonml ofletthleel maxy
(small est) rows, the average of the sum of
trace of the matrix and sondex llm20mdantLi
oved {4 maexAlLBvariant i's cll amef tmattrhiex ma

-~

merically, but the calcalat20o@6amdbangi ¥L

nsidered the Inv invaril@®tandcpoovedopha

(@] (@] 5 O

> 9 O C

|l cul ati on amount of | mwndexr\VCahrfuinaLnitZ ilshvbe
valt?fparnooposed by Zhang Xizhen is simple i

Xi mum eigenvalue invariant of matrix thar

nw 9

ed the cur vigidsr ea onfe wgrianpvhaircisant i ttyo ofo mp a
eatures, which greatly reduced [t%Ale comp
al cul ated the center pocumntwsve (X FesZ)i bée

stribution of t he seqgquence. However,

OQ_OOCB
-

ata&rization and comparison of biological

o =

S'S of s ome structur al i nformati on, whi c

ol ogical sequences. In 2006, Nandy et al
fteresults by compldfliammdtarealapydoed tmeadth otdh

o T

is that these methods only consider the pos
ut do not consi der the correlation betwe

i glhoal significance such as base mutation

b
b
consider the evolutionary distance of or ga
codon usage preference and ot her indicato
0

r ganii’s ms

In 2006, LlitdleedBoteansaitive closure metho
construct Evolutionary Trees i nl5flhiesierd 2D a
graph theory into fuzzy clustercdommnedtacsf f c
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graph with weights, and applied classical

spanning tere®leyt itchmar yi st,r ees. Based on the
sequences, Lil°faopgpobsedgaemethodttyhantatmegar c
of sequences as the fuzzy matrix of fuzzy

met hod to construct biological Evolutionar
avoids the disadvantage of hi g huscleoasiurge c
calculahasnthadadvantages of simpPilcity a
i ntroduced a fuzzy clustering algorithm ba
system tree. This algorithm calcaguenesg t he
as sample vector s, and classifies similar

obtains the system tree of mol ecul ar seque
1.3 Contribution of the Thesis

Based on the background of 3Di @ixmpfrersmatoinc
met hod of DNA sequence and the constructio
is as foll ows:

(1) Typical graphic expression methods of

di mensi odhiathengihoreeel mandi ongh exprreisesfiloyn met

i ntroduced, and the advantages and disadyv
met hods are pointed out. I n order3dDto over
expression of DNA seqBence is proposed in

(2) Based on tld DINAI seagiueyncasalpyoip®sed |
eigenvalues of the matrix are used to cha
verified by the gene sequence experiment o
Chapter 4, which iofadeél atei aeldy dneswi mgtuh &
sequeAteasd,new algorithm description for <co
introduced based on the fuzzy similarity m
two virus databases,cltube eadadmgtoage honf ctahe l

evolutionary tree and the | abels of the da:
(3) The similarity analysis method and t
tree are introduced in detail, and wvarious

compared with those 3erxrpatesdi bnomft IDNAN &
Chapter 5.
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(1) A new graplifc®INAr epd ecgamoe@pt iiosn pr opos
By defining mat hemati cal mappi ng, a gene s
cur,vewhi ch proves that the curve not only
but also retains the obriiogionga lc aDN A hsaerqaucet necrei

(2) The feature matr ibxtwfeesni MNIAdXsietqu eme &
matrsx condgthred cdmadao mixi n etdh ewi Jt 4y r cowrpv en ot onl y
describes the chemical properties of seque
significance of gene sequences. Through t he

of the fimbgtobubnnofenbeof 11 organisms, t

~—+

hat t he tshiemiDNeA icteyy udefea ce®i mpl gsnahgrs etihect i v
asitsheoflJZrgpaphbentati omBc dmbdirned wi th

(e

(3) A fuzzy clusbeaeriandg aal gdhriotrlymilsa pad pc

evolutionary tree. Clustering anal ysi s of
evolutionary trees and determine the evolu
constructing the phylegqgemectei coft rtehee offi rtshe
gl obulin gene ofthelNAsagrunersdallavdr uée

experi ment al results show the effectivenes:

1.4 Structure Arrangement of the The:

Based on the backgrosngamwmdéer bstouacif ®s ma thie
represent atiiNAr smeeqtaieahdc ese construction of €

The full text mainly includes 5 chapters,
as foll ows:
Chapter 1 I ntroductioahuceGhatphher sdurmei,n |

background and significance of this thesis,
at home and abroad, the research content a

Chapter 2 provides t heirngl eowma irte cleintt e rdaetviet
in the field of bioinformatics and differ el

ChapterhseBmilsarity analysis bas@®®#dAon gr arg

sequentaeasthis chapter, a new @ONaAp kiegalle nrcep
JZ curve set, i's proposed, and the charact
the graphical curves of 11 species gene se

characterdbhdimamaitxj xfor med®NAr seguenmebai



Chapter 1. I ntroduction

(@]

onstructed and applied to the coding sequ
similarity analysis. Fi dandd tyr,i xe xpaem i snemp ky
ef f ecaniaviteyhsye s ionfi | DENAqtuye nces .

Chapter 4 inbhasedcevsolguapbmary tree const
an algorithm of constructing evolutionary

theory is proposed. Then, by clustkring th

gl wlbin gene of 11 organism and the sequenc
evolutionary tree IS constructed and t he
seqguences is determined. Experi ment al resul

Chapter me giomed usdd ng remar ks about the w¢

plans to further i mprove the introduced r e:



ChaptTéhreo2x.et i c al background and Literature Revi ew

Chapter 2. Theoretical background and Literature Review

2 . Blri ef of bi oinformatics

The main task o&adnbaiypypprboematancd stsudy var

i nformation contained in DNA sequence dat
compari son, protein structureonopommat esahan
evolution and comparative genomi CcS- sequert

based drug dékign and so on

2.1.1 Nucleic acid and Protein

Nucl ei ¢ adkiimenssi analnepol ymer c¢chain, which
each of WwWekdcmuicé$eotal de. Nucl eic acids carr
mainly expressed in the sequence of nucl eo
nucl eoti des, nucl eic acids are divided DNA
consi st o&cpthosgboxrxycibose or ribose and b
nucl eotides are divided into purine and pyr
(A) and guanine (G), both of which are con:
refers totbymbeeneT)IChnnQly tuorsaicnd exU)sts in D
thymine only exists in DNA, and wuracil onl
mai n materi al basis for storing, replicat.i

RNA plays aol empar pantein synthesis.

2.1.2 Variation

Variation refers to the alteration of S 0

bi ol ogical evolution. Variations can be cl @

(1) Substitution: Sehsencethbpnaondt oare b
of Dbiological evolution.

(2) l nsert or del et e: Adding or del etin
bi ol ogical evolution.

( 3) Rearrangement : Some segments of a D
change in thekseduenog ®ynthesis. For exam
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i ATCGATO GG en t heATs@A@WTeSEaends for a simple r

to the original sequence.

Variation plays a very important role in
onl yegagsnetic variation and disease, but ¢
2.2 Sequence Alignment
2.2.1 Overview of Sequence Alignment

I n scientific research, comparison i s o0ne
find the similarities sanodr dtiof feireacesr bth
characteristics of objects, we usually wuse
comparisons are the alignment of multiple

originated from the theengesf aeeolhetriyosi mi:

inferred that the two sequences may have t

compil ation process of their ancestors thr
del eti on andl nr eaadrdriatnigoenme ntehned sfturnucct i on of a
seqguence can also beldagfnimemdh dusihikeg caagae
proteins are transcribed, each protein wil
Therefore, seqguence aligmmenstrauanr ube appd
functional domain recognition of proteins .

A G CTTT CGATCTCA A G CTTZ CGATCTZ CA

AGCTTCGCEA AbcTTed! &l

(a) (b)
cdrafitomr odfole

Fi gurMatxZ.hing before aha) i ars

Sequence alignment is to use a specific
out the maxi mum matching base numbédr bet we
i n two or more string sequences to achieve
Forxepl e, Figure 2.1 shows t he sequence
AGCTTCGCGMEBAGCTTCGEKIAguUT r(ea)2tada ns 8 mdame bas
Figure 2nk (1®) saommet diases.

Compared with the method of not i nsertior
mat ches. |t camhbe BBBaeartiowgsrwaddancceys sar y,
process also reflects thbaepreaéeésgzaviobiofo
al i gnmegemner ally depends on a mathemati cal n

may reflect different c hfaurac# red n esdaadrlgywst iod s

10
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relationship. It is difficult to judge whe
whet ha mat hemati cal mo d el i's right or Wr

characteristics of a sequence from a cert al

2.2.2sbdMgluence Alignment

Whil e ismgmelhtcie, awegomepntse a iqgiuiSeeuijEige t
2. 1:
- 3! BRI (2.1)
whe reepresents a set of symbols for mul ti
ot ¢ t@gepresents finite set of symbols, wl
¢ ! hiseARA R AR b h FORRMBMBIF O (each el ement repr e
di fferent base forming the protetg), and

i (each el ement represents a dif-ferent &

means a space which wil/l be inserted duri n

Smeans t he tsoe quee nxlei sreed. The unmodul at ed
original and untranscribed sequence) of pr
amino acids. DNA sequence alignment is that
the sequence Y "V pRf8H ,different.

Vo5 8C pltlBr, where m equals todtlke thmember
.base inVeenga@esce he useagqubnote. the

Arepresents to & Fee ¢ +. nlant rtilxe result mat
repres stequteme e, and each | l i sts of the 1
compari s Uibaseth®Ehe base sequence in the
bef ore and after alignment.

Ois a set opecal ET OODMAAI ADFAAwhi ch i s
the operation of ins&r.tion and del etion of

Fis the algorithm of alignment in order

i nsertion and del etion.

2.3 Vacancy Penalty

I n t he fprsoecgeusesncoe al i gnment, in order to
alignment more in |ine with certain expect:
i's compensated by introducing vacanci es. H

11
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indefiniteé ythetheswl ts wil]l | ack biol ogi ce
insertion of spaces, the usual met hod i s t
The deduction score is a penalty score, wh
thealpeynw scor eTldr evfaccoabntcagebsgngnce alsi gnment
the total score of masbbuhdpbe&wpenal wp Se
into congli Aemrdattihdms ki nd of alignment met hec
reswlttweeln t wo sequences taking biological

SuppVvarVYare used to represen’v anVv seqguen
are used to represent the result of alignn
alignment. Generally, there are three Kkind:
2.3.1 Vacancy Penalty

The simplest penalty rule is thertwvadancy
into a sequence,7CasfgkxednpefRaltyhscwhel e s
bl ank penalty score 2@®ukguplited bhW/Q haspehae
for each!®acancy

Vacancy penalty points, dsoo niott iasd d heex tsriampr
rulHoswever, in biology, for practical reaso
On the one hand, t he parti al similarity
phenomenon; On the othernthamdy kheadngobet ger
of a single |l ong gap. Therefore, the conn
favoured than multiple scattered short gaps
the concepesawmd), gap expaendsiton tdare sadring s
gap opening score is wusually higher than t|
2.3.2 Constant Vacancy Penalty

This penalty rule is not for every space,
space is called a vacdmcy.d Tome tphen avlatcya nsceyo
sequence, and the penalty 7Q@%0 eThef spwern f i
operation is as foll ows:

Assuming whether matched or ,7o0twe thhmerescoc
| K o , o m

The sepra&ti on of alignment score becomes:

12
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B , VOV Q & "Qbdni (2.2)
whegapepresents the n@mhedsof ovataecpoan
base on this DNA sequence.

Constant space penalty capnaVoyd bbe dhbe,

many connected spaces are inserted, this pe
to the splitting of sequence segments by cc
rule which is closely ndndelsatpedatt & yt se€ olr @en glto
depend on the I ength of the space, but al s

2.3.3 Affine Vacancy Penalty

The rule divides the peiPhlotpenofvacanaiycye
and extendedy . WNiadanhy pematw i 9ft hdepoemalanyg y:
of the opowinsvekengegnal ty scor e7 iof tthe teottalr
penalty s w N @wenso we can have the form
alignment score:

B ,VdY N o NQOA w0 {AO00Qi (2. 3)
whegeaeps the number of space and spaces r ¢

I n practical bi ol ogy research, the proba
vacancies connecitredi Pysmalvlacaneyt he affine

more biological significance.

2.3.4 Scoring Matrix

I n sequence alignment, a matrix i s wusua
variation, which becomes the scmotr ewinalt rbec.
di fferent i f different scoring matrices ar e
matrix, also known as a sparse matrix. Usin

the bases of corresponding, saneésthetsseeme s
same bases are 1, and the differences are
identity of bases, has great | imitations.
I n order to better reflect the biologica
optimi zed xs.c oRgidti g{t maatcrcie)d ttésl tmue attii osnt wi de
opti mal matrix. A PAM indicates that 1% of

evolutionary wunit of wvariation. Generally,

13
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matrix, wbesewsehQubow similaFbrtythse maghe
we first need to observe the replacement ev

mut ati onO matanisxtAe number of amino acid i |

jThe mugradbami | ity matrix M c0 imebaen sf utrhtener
empirical frequelmeiyngofr eapntiancoe da cbiyd ami no a«
percentage of observable mutations, PAM, i

represents the time required for an expect e
chains. The PAM250 mathexmobbaioedpbypybpboct
to the power of 250 is a suitable time uni
bet ween di s006inmeapnrsottehiants.a pol ypeptide seq
amino acids has under gbwrei ngg vériicdhhd nofa ma wn
Substitution events have occurred.

Besides PAM ma(thrlioxc k sBLsOSbUsMt*maut i an i matad is
wi dely used. BLOSUM matrices also use numbe
matrices, where ndmberdingtimgumasimltyhea sei mi
For exampl e, BLOSUM62 matrix 1 s generally
proportion of sequences. So, the wuse of BL«
of PAM Hmart rBIXOSUM ma™whkx¢chweshahe number of

[ and | pai r s iTnh esne gwee nhcaev ea | p rgonpreerntti.on or

amino an "NiBr"™rsand the expected frequency

aminon n -B n,he reason f or -itshet heante rvgheenrc et
protein sequences have ] pairing with e:
probability of exactly getting i is only h
amino ab(@¢© qr‘?r‘]hg'fgﬂs 2 appears because for any
cases, i is divided into a sequence or i i
matri x el emei ¢l T —dewWhinehd iass the ratio bet\

of occceuranredn t he frequency of expectation.
2.4 Classic Alignment Al gorithms

At present, many seqgquence alignment al

programming algorithm, considering differe

14
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l go
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Th
his
equ
ert
den
I ne

Th

equ

age space. d&leqaireintchremsalh agwmenesnéever al di f
ods. According to the number of al i gnme
ded into double sequence alignment and
he range of s ecgeuealcieg nanheingtn meanrt , b es edjiueir

ence alignment and | ocal sequence ali gl
1 Gl obal Sequence Alignment and Local :

al sequence alignment considers the |
ead metahdd atosfmndarmpity regions of S

ment is mainly applied to protein seql

e whole coaguaemreces, tWki sh milarity of s

c
h
n
ogically significant than complete seqg!
h
e Gl obal sequence alignment I's mainly
e

nces and the structure and function o

N

-Deoquibd rece Al i gnment

ubl e sequencetali gpmamemumi simol arndy ma:
or protein sequences. The search proce
i pl e seqguence alignment and sequence
ence alignment . At presesrtquebhbe @ambbsgr

rithms are | attice graph method and dy.|
2.1 Lattice Graph Method

e simplest double seqguence alignment al

met hod, the sequenac etdiome bei amadalgneldanrn
ence 1 s placed horizontally on the to
ically on the | eft of the plane. A poi
tical bases of the tiwot segaralcles]. tFo ntah

constitutes the rlds$lult of two sequenc
e | attice graph method can visually d

ences, and all mat ched base sequences

efleytlealtti ce graph. However, since the se

t

s unrealistic to use all/|l the | attice ¢

15
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seqguence because when calculating the si mi

i n which each sequence is several Gb at | e
wi | | be a huge matrix generated, consideri.|
will face infinite need for calculuaeron carg
so other alignment methods wil/l be more us.

2.4.2.2 Dynamic Programming Al gorithm

Dynamic programming algorithm was first
and has been widely wused and i mproved. It
i mprtant theoretical foundations in comput a
programmi ng al gor-WdmsaslhgardW Kane g o @@ th m)
Smi-Weht er man (&IW oarligtdfhm Alhim) gl obal ali gnment
based dmgoNWt &am, whil e SW algorithm is i mp
mai nly applied to |l ocal sequence alignment.
dynamic programming al gorithm.

Given si—gmi*ncethe |l ength of whighy.are m
i p81yand p8Tp T alp T ¢ represent prefix sub
separdcraeni'y Aahd the ali gmiwenrntt aieni p8'h atf of
ani p81 which is a recursive relationship.

From this r el ateinontshhaitp,t hiet ocpatni nbael ssol ut i
i's the premise of solving the global alignr
relati on, the opti mal value of the whol e s
alignment resud totfaitrhed steyguleanackt riacki ng t |
opti mal wvalue.

The basic step of dynamic programming al
store the similar scores of two sequences,
sequences tahcec csrcoirregs tion t he matirainiarA&s s ume

compared by wusing dynamic programming alg

respectivel y. Firstl-gdg) mawesineeal tmatcroinsst wiut
a p & p . The 0@ nm € ahlm C & in the matrix
represents the highest alii p8tmmi p8Tiore of i

The ratio of prefi %0 sulkxepqeesrseca a nt douaic a
0O of the matriindi.t i TaH e rvaeafl awwrees, otfhd he el ement s

16
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O it T (2. 4)
O B ,i G p Ta (2.5)
bmQ B , H C p C ¢ (2.6)

By analyzing thi p8hafi p8isubdeqeemag be t
cases tptigmald Axeomwe

(1heTsum of the ali “aami Mandcbhe beodoweebet
the subi p8C pmmmi p8™C™ p whi cd © phC p;

(2) The sum of thei "aingln medmakcodahree bed we
bet ween the p8C pani p8Trwehi cd O pht)

(3) The sum of thei Taingln nettsimabccdolr @ DHed we
bet ween thel p8ilasni p8C p:whicd @ p . AMnd it
Sshownw b(eRimg2 . 1) :

M[i—1,j— 1] M[i —1,j]

a(s,[il, 52 [/ o(s,[il,—)

Mi—1,j] a(=s: 0D » M[i,j]

Fi gu2Seou2.ce of Matri x EIl ement s

Thus, the recursive relation is obtained
O CphCp , i T T

0 "AQ avdw O T phQ , i p C ap T & (2.7)
b @ p , H T

Using the upper formula, the values of e

in order from left to right and from top t

in the last iHoyw, iesl ecmdnctul ated, the best
seqgusenxle and s2 is obtained.

After obtaining the optimal score, we UuUsSEe
comparison record. That i s, starting from
i .e. the position of theaetrast wel umbhriospelb:
path to get the value until reaching col ui
corresponding to the intersection points i
resul t.

17
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When using dynamic proguemme ngl iad gme n tt ,h
necessary to calcuiddatmensaoma p € pr ol a t
i ze. l'ts tiOhenmaha@mmslpeaxiet YO Oimp ) Tehxe thya c kst r a c k
rocess is from the | ower eriaghtaygf ptahses ianrgr 8
m+al)ement s, so i tOf mttinpeen dc otnpe reex iitsy noe addi

ver head. Therefore, the basic dynamic pr oq

w o — T u»

pace to solve the probl eemowlfe dpwtb | feo rswaruc n

mproved algorithms.

2.4. 2 .-BeqMwdnae Alignment

The generalization of dosuebd uee nsceeq ueaelnicgen nael r
to extend the alignment problem from two sc¢
the method to solve the double sequence g
sequenncnee nal,i gbut the number of alignment s
problem more compl ex. Mur ata has successf
algorithm to the alfl'Jhiment betatbheeeéhsealeéeng
|l ong and t hes slparcge ,r eiqtuiiredalimost i mpossib
three sequences alignment. Generally, the
used isnegmuelntcie alignment. Basically, heuris
partition algAmobhgmthem, uslkdre are many Kkin
such as star alignment algorithm, progress
met hod and so on.

1. Star Alignment Al gorithm

Star alignment algorithm imuldifpd®t skegurein
alignment probl ems. 't needs to find a cen
established by comparing the central seque
algorithm follows a rule, &abatmust bae &adde
the central seguence continuously so that

can reach t he maxi mum number of mat ches.

cannot be removed, and al ways hrag mdihre icre ntthe
sequence and the ordered sequence are ali gl
2. Progressive Alignment Al gorithm

Anot her simple and effective heuristic

18
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al gorithm. The basic i1idea of progressive
pr ogramming algorithm to iteratively align
sequences are aligned first, and then the
sequences ar e added. However, di fferent z
compari son Thes elftor e, the key of progressiv
determine the sequence of alignment. Gener e
similar sequences, and then proceeds to the

Progrdssginmena algorithm mainly consi sts

(1) Computation of the distance matri x;

(2) Construction of guidance tree;

(3) Alignment of the sequences according

Nowadays, the most widelyedsee psofl eassia
It gives a set of schemes of dynamic sel ect
olves the problem of parameter selection
coring matrix and refl ectda vteh é | saenlke gpteinan t py
f comparison parameters, and it is hoped

o O u o

chieve the desired results.
2.4.3 Graphic representation of gene seque.]

Because the original sequence boyf foorugani s
ases (A, G, T, C), it is relatively diffic¢
equence itself, Sso we can observe the bio

b
s
graphics to represent the ordgidad efgusesnc
g

raphic representation I S first, t he s e
representation, and t hen a matr i X i s co
representation, and the similarity of bi ol

invariants related to the matrix (for examj
average value of el ement s, etc.). Here we

representations of DNA sequences.
2.4.8utve6é -canrdv eH

Il n 1983, E. HKamofirandedprBReased DNA sequce
-gcurvescuwurndesiHr vé i s-Damknsdoofhl S5space repr e

19
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which four coordinate directions are four
onerepresents tulte eposdei om ®MNANnsequence, b u
realize V&5 Talei faotuirordirections of the two
four nudfBNWtnadeshWWSEs qut TwiddSEnért hTdast )

SWsput wesatn)d t hen dtshérmhedipwésinhucl eoti des. A

curve becamene nas itomrade spaceCucrwrev.e, which i s
2.4.3.2 CGR Graph

CGR (chaos game representation) proposed
graphic and mat hEem®dNiAcasleqerprcessi dmi e met.l
Chaos Theory and corresponds the sequence
structure. Different DNA sequences show di:
corals, etc.) inltkerd grametritcahdy Beaen hap)

in dealing with glk®flome analysis probl ems
2.4.3.3 Graphic e preese ntnatli e oo fdithwawd e axe

In 1986, M. A.. Gatesdipmempoisemalt her &@hil ¢ ersa
[88%lor ttheyemex | ocus, if the base on this | o
extend at ttikexhyg remcd i womi tof And for the bas:é
t he di r-%-acx.i Aanidof Faarxiys unrietp rvebscetrtmst i s
uni t rveepcrtedshenndt st he coordinates can be il | usH

In 1994, A. Ndmeysgaowmela gtrvagd kil ctaxXepr esen
uni t rveepcrteosréGn-X-a X ba semietp rveesoina raXbmiste vect or
represent s¥amai sse umrietp rveescefnars base

I n 1995, P. M. Leong and S. Mioi r ngeemst i hoan ael r
graphic reptié seexXtsatunoietp avsescetnX4#sx baseniAt vect
represe@ttsaxbiasseunti ¢ prveesceaftrsayrades e uni t vect

represdents base

20
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Gates

Nandy Leong

Fig@®BEBhree coordinates of two di mensional

G

c \. .

A T G G T G C A C C
e

Fi gu4Ga a.hi cal representation of a simple seque
rectangles (dots) denote the bases makin

Each of the three representations takes t
vector accomdidmngettodi omefgirveach additional
2.3 and 2.4. For example, the graphs of GC,
to distinguish wunder gates representation
GGAGA undér rNgmrdeyslelntbaet idoinf fwiicul t to di sti ng

In order to avoid the degradatio®8 of t he
i mproved the above coordinate vector so th

X and Y axas memsi oeat w&€artesian coordinate

the four nucleotides in binary numbers: A
a DNAI’hh hi ao Bo al s o -dirneprossieadn asle vgerraap h it owor e
[21] which well solved the degradation probl

21
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2.4.8udvEg

Zcurve theory is a geometric representat
by academiciangZhbathgi €hant intuitive tool f
DNA sequence. A given DNA s equdeinnteen scioornraels p
space. The-cpurmropo oplensf up a new field for a
sequences by déYmetric methods

Consider a single strandedcbDNAe sequieaices
series ©f Opéol mnghet correspondodmds hoor di nat
0, 1 &N2
@ o O 0
W 0o O 0 Y whof ¢[-N, N] ,2éNO0, 2, 8) (
o o Y @)

The number of times that the four bases :
represenDedari¥, respectively.

The three components ®dl Zsicgmivfei danwvee cl e

(lrepresents the distribution of puri ne
along the sequence. When the number> of puri
O; ot hoes wd;sewhen bwt hO.are equal,

(2)denotes the distribution of amino (A
sequence.

When the number of amino b@aseOi sombee wi B¢
w< 0; when ho%t h0O.are equal,

(3)denotes the distogbot bondof Astr dhg/ hwe
bond (G + C) bases along the sequence. Whe
bases is more than that ¢ G;t rwmagn htylde orgemt
weak hydrogen bonding Gpaledr ogeh eBaesndihmg b:
0; when the number of weak hydrogen bondin

bondi ngi=b®ses,
243 . 5 Ot-berveéd

Randic assigned the fourl-lb)aAs el§l-Xxho vector

22
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G,
re
di
(0
to
24]

di

of

mo
ma
Ra

di
di
t h

or

-1{40+1 ) C, GH1D T, t hus pr opdoisneedn s mo ntaHr egr ap

presentation of DNA slkfquéencehamd-gprvet ai
meos al graphil@2?lreposeseneatoonrém@present at
,FAC,0)(M0GO0, QT Jli,dlo) Bo et al . assigned di ffe

the four bases, andemrsopnsudd ga dPdiriices epf
which generate the same type of curves
fferent par ametserass ofnorXxmuM aan2d. 8 a

And albD athbdec3@r ves cont D lgputae hti@ atlh e erpe e s3
DNA sequence i nD tdiinse ntshieosniasl. aAnidg ntnheent3

troduced briefly in the next chapter.

. Ma4ri x i1 nvarfi aGrtapansal ysi s o

.4Chafiacteristic matrix of graph

The graphic representation of DNA sequen

re intuitively, and the information of DI
kes it easier for us to extract sequence
ncdb!! Her e weditmekmesiaonalo graph as an exampl
@ar@poi nw,)r am@) .
E matri x i s t he matri x whose el ement [
rresponding poicmursvee.f two bases on the

O ; W W W W (2.9)
And the el ement of M/'M matrix is the ra
rresponding points of two bases on the cu
em.

a — (2.10)
L/ L matri x, also called D/ D matri x, i ts

stance of the corresponding points of twc

stance nmgttwheens utmtheof the [ ength of | ine s
e curve). The main diagonal el ement of L/
equal to 1
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seqguences.erHowaver somé structur al i nf or mat
met hods describe and compare biological se:ft
find a biological graphic representation

compare biol ogi malsuvgegerecenaoweosthy of further
2.5 Conclusion

In this <chapter, bi ol ogi cal data mining
met hods are reviewed. I n bioinformatics, t
DNA sequence. Thi £eshapteercomicreptt iamidr adews e
bi oinformatics, and then discusses the Dba:
technology and biodata mining in bioinfor
expression of sever al ngvweairei asnetq uaemeacleyss iasn dmett

on the graphic expression are summari zed s

This chapter mainly introduces the graphi
NandAGGT) (graph,GGatgegrsapti Adnd LeongGTand moge
rapapresentation, and i ntroduces peopl e
represented by string into the DNA sequenc
out a path for future generations to study
conveniemar g oamcdmexplain the similarity o
i ntersections or overlaps in the graph, tha
of cad l ed multilateral or circle, the most
uni quelpyondorntroesa gr aph, but a graph does n
sequence, In this way, the results of grapt
t he 3D graph prcouprovsee)d, bhye Zhhaasn gf(uZr t her I mpr o
graph mebbvenedhat is, the direction given
from the original coordinate axi s, whi ch
crossover or overl ap. From the initial 2D

represented iboyn Lpiraogpoasnd Chi

Il n a word, there are many Kkinds of graph
Here are just a few typical met hods. The:
consideration and thinking about shoome t o i mj
more accurate graphical representations as
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Chapter 3.Similarity Analysis Based on Graphical

Representation of DNA Sequences

3.1 I ntroduction

With the gre®edqbence,getnhee graphic expres
sequence has become an i mportant means to
description of gene sequence by graphic ex
classification of gerere®l andon heelamtail yrss Isi [
resear cher s -chiamesn sgiowleamme inw oho redsl meonrs i fom ad or

even -Hi gbeasi onal graphical r € p8le sPermotnagt i o n s
t hem, Academician Zhang Chubtisegd' ong egree me
met hods has made a series of priége%sns in

addition, Nanddy®%@HRSo0ndipcopbsabd-basedoldi hatre
DNA sequence, 3D graphic exgpiresandngt maer ¢ he
Bo has given a vari et yl?2F Tghreaspeh i ecx perxepsrsei sosni

have overcome the unfavourable factors exi ¢

of gene information or tdhieomemfer@nampmms of Atl
time, the concept of geometric center is i
constructed for similarity compagiesenaterd
graphic expression. I nitami L hamagpidmuneb axge &

and LaogrBipohic expression M8t hadsewi ghapghir
expression met h-d & uafvegeagme upe guwsempae posed.

graphic curve nodoéegeneéryahthraigetgiodsd,r altointe al so f
the biological-cuwermhwaeg.acAtertilsd icasme ft iZme, t hi s
similarity as the research object, and coc
measurement betweadn DMNMA/YG exqna €Trheex sIlc ombi ne d
JZurve group not only describes the chemic
extracts the biological significance of ge
of the coding sequencen gl oblué imi genheex dmeort
results show that the similarity of DNA seq

on the basis of JZ curve group combined
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3.2 Graphical representation of DNA

3. 2ANew Gr aphisealt aRENANeSe@ fqgiuJeZzn c e v e

The DNA sequence consi s,tIGsC.ofAcfcourdi kign d s
chemical properties of the four kinds of b
+ T), amino (A + C) /| ketone (G + T), stron
bonding (G + C), Academiciansghbargc€huntbont
center point of a certain spatial regul ar
the-segmence, and thus est ab'li-csthrelde®;t’?hle spat
whi ch viad emgquit o t he gene dedquenden.f olrhmea td uvornv
sequence. The Z curve has achieved very go
caused extensive influence in the worl d. H
al so has certain shortcomimglsgsd hian tilse svea
artene fsmamet he inptthesequerwge&enbr meansaelbeap!
two sequences are apparemtl yvidiehivad @mts forf C
seqguences are the same whharhadtse ruinsatbil es twe Id

t o Itehsemifol ogi cal®8 n Auonddneart itoni s circumstance

can obtain from these two sequences tend
sequences put into the atgori homolkbogaoals. bA
is the shortcoming when we do the alignment
come from different spicies. I n dealing wi
| oop, Dr. Liao Bo proposé®R ausdr iaess ioft refd
par ameter menmappdi magh dmertul ad . In this article

met hod of gleA erivwse qoureonpcoes ed on the basis of
Chunting's Z curve and t he grpaaprhainte teexrpsr.e sTshi
curve preserves the biological significanc
brought by the §%0op at the same ti me
Assumsel ngtlreanded DRWAQQO@B®N,cest arttheng fr om
first base, tmedsiemgutewmrcre, ianéxa@amliy one base
t h€hi bals,e ZA,iiinvestnijgpambe,r tohfe odAcTc,ua@@ nme s
t hs sbequentteb fironr espect iov,éloyaniGedpr &sent ed b
0 O Q. We transfor mOtiQQQQ{Ey@ nien tsoeeteu esmpa@ae i al
curves, JZ JZ1)a,atdinZo d(e2 )c oaorddi nates correspor
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groups are respectively defined as foll ows
®w a0 a’Y €0 €0

x -p d W €0 &Y &0 ao
O ao0F¥Q & 'YrQ &£0OrQ ¢orQ
w a0 a0 &Y €0
« -C d, w €0 &6 a’Y a0 (3.1)
O ao0FfQ & oF¥Q ¢&OrQ ¢ "'YrQ
®w G0 a0 &0 &Y
* .0, W €0 €0 &Y ao
O ao0FQ &£°YYQ & 'OrQ ¢orQ
Where m, n are positive numbers. At he s
and JZ (3) curves corresponding to the sam
groups. Wb mpa-t eheveZ mentioned I n Chapter 2
coefficient to each base -camveowliel & hien Iséehr
property of simplification of the sequence
3.2.2 Features of New Graphics
Property ilgowuel yZ acwmve set corresponding
Proof :®m Mek ehf o Mo jo ho ) he
coordinates of the posithen JUZ cirvieeggoanp
w G0 a’%Y €0 €0
« -p d w €0 &Y a0 4o (3. 2)
O aofQ a "'YfQ &OrQ ¢071Q
w a0 a0 &Y €0
« -C d, w €0 &6 a4y a0 (3. 3)
O aofQ aorfQ ¢&£OrQ ¢"Y1Q
w G0 a0 €0 &Y
« -0 d, W €0 €0 &Y 4o (3.4)
O aofQ &£°'YIQ a OfrQ ¢071Q
gwandare rational nwmbegs in the form of
Rewrite the above formula to:
®w [ 0 Y O 0 ¢ (3.5)
w 5 O 0« 0o "Yg (3.6)
(o — - a — - & (3.7)
w [ O0 0 a Y O¢ (3. 8)
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@ 5 O Ya b 8 ¢ (3.9)
S R N — ¢ (3.10)
@ 5 6 Oa & Y& (3.11)
@ 5 Y 54 o6 0% (3.12)

a 07Q OrQ « YIQ  0¥Q ¢ (3.13)
Addi ng 3 dr, mufl@ar5mu Ifa r7mu lfad r8mu | fa rlMu laan d
formula gi ve8sl4 oasnufl@al | ows :
B ® [ B & {5 @ Y &6 04

o0 O 6 “Y¢ (3.14)
c0O Qa ¢

Since the coordinate valdetseronii nne,d,n tared
number of times of base A at the i posi ti ol
(5.6).

Formula 3.15 is obtained by adding for mul
by adding formula 3.8 and5b3. hadi amgd ffoo mmu ls
and 3.11, namel y:

W 5 W [ 0 Oa ¢ (3.15)

W 5 O 5 0 Y& ¢ (3.16)

W 5 W 0o 0 a ¢ (3)17
In the same way, from the formula 3.15,
the total number of occurrences of the bas
seqguence can be known, and the sequence ¢c:

grqupdghuar antees the uniqgueness of correspo
Property2 There are no rings in the JZ ci
Proof: S$bhppesés a rithgseodnbeéram@&pdpobint
anpo it According to thewcaeghvceght gof ring,

(@ gl gl ) = (0, 0, 0) .osdowwswet, s assur
ded , whoht can be expr es Seds bfyoltlhews or mul a
WGy aoN e g m
AN N ad add n (3.18)
aNa IFQ a o¥Q £rQ £ dYQ m
Since the parameter m, n are positive nu
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y "= 0 z' 5=180 tdcen foew neudtaabhas hied, there
curve JZ(1l), thus avoiddegenkbealeoprapeéerha
By the same token, it can be proved that
JZ (3) curves.
To sum up, it 1 s ipargoviend JtZhvattu ctiiheemngern aigsp JnZo
curve is reliable when transforming sequen:
each base |like. A, T,C,G into curves

Based on the twolZprcouprevret i gerso uapb ocveent ai ns

bi ometrical features:
The new gr atpwo i pdrreonditeearss nm,n=n; , t he gr arg
the foll owing biological characteristics o1

(i gure JZ (1) shows the distribution of

along the sequence. When the number of pur
w> 0, obhe&r wi se

(2) Figure JZ (2) shows the YdibBasedbudli @mmg
the sequence. When the number ofwo ambODpo ba

ot hewwirs e
(3Mi gure JZ (3) shows the distribution o
hydrogen bond (G+C) bases aleohngotnigehyedgogre
bond bases is more thar eabtohgwdwbgen bond
(4) In the figures Jz (1), Jz (®), JzZ (3
(51)n the graphs JZ a(rle)p,r esZ2nt 3) udrdegrn oMms

inde® &, @ Q owhere a, ¢, g, t are the fre
appearing in the sequence), Wwhy cthhd ssicminlsa
definition of the |l arger the index is, t h
compl eflxhi s i ndex can measure the heterogene
DNA sequences and wuswually has i mportant bi «

3.2.3 JZ Curve Group Graph of 11 Species G
3.2.3.1 Experimental Dat a

As there ised damambaseg fusr testing DNA s
used I D,-Bhgr &phi c al goriutrtvras aanmdd otthher Z g

representation algorithms, thgl DNAlsSagqyeme
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of 11 species from tehce aANLBdx mpartiamhearstea lwada tod
dat abase, we can more intuitcwuevyg aee ohlke
al gorithms on sequence alignment. Tabl e 3.
11 species. These siege @mod.a.i agrneoiwse naenrccyomarey
docurnméfAt®ave adopted these sequences for ¢

sequences.
3.2.3.2 Experimental Results and Analysis

We can obtain different graphschyveassign
group. Therefore, it i's very important t o
drawing the appropriate figure. I n this ar
(3) curves obtained by the m=5 amdom+i¥)1l1 (

are given as Figure 3.1, Figure 3.2 and

sequence curve, it is found that tanhe curve
show the trend of extemwdhiicél iimi tphey saommp Ildii
withat all these sequenAestheesédmemtime, sit
that the curves of Chi mpanzee. are obvious|

t his i1 s becausshee @hnil nyp aonv}i gpeaar nodu st hsep eocti heesr 10
similar (all wviviparous born and share a si
are very similar in graphics. Based on gr a
the similarity of genes tohfe wvsarmiduasr i ¢ |ye chiee
sequences of different speci 887omdrynobty be
primarilytlkempgarciumges. We need to extract
parameters framagphephdeqgurevdreentfweseinmidiafrfietrye nt
sequences. The calcul ation of matri x 1 nval

described in detail in the next section.
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Based on

Table 3. 1: DNA SéaGuebakiaof GErenofl &t

Sequence coding

ATGGTGCACTGACTCCTGAGGAGAAGTTCTGCCGTTTAC(
GGTGAACGTGGATTAAGTTGGTGGTGGTGAGGCCCTGG(

ATGCTGACTGCTGAGGAGAAGGCTGCCGTCACGGGCTT (
AAGT GGATGAAGTTGGTGCTGAGGCCCTGGGCAG

ATGGTGCACTTGACTTCTGAGAAGAACTGCATGAATGT ACC
GTGCAGGTTGACCAGACTGGTGGTGTGAGGCCCTTGGC

ATGGTGCACTGGACTGCTGAGGAGAAGCAGCTCATCAC(
GGTCAATGTGGCCGAATGTGGGGGCCGAAGCCCTGGCCA

ATGACTTTGCTGAGTGCTGAGGAGAATGCTCATGTCACT
GTGGATGTAGAGAAAAGTTGGT GEEIEXAEHGCCTT

Mo use

ATGGTTGCACTGACTGATGCTGAGAAGTCTGCTGTTCT(
GGTGAACCCGATGAAGTTGGTGGTGAGGGCCTGGGCAG(

Rabbi

ATGGTGCATCTGTCCAGTGAGGAGAGTCTGCGGTCACT(
GGTGAATGTGGAAGAAGTTGGTGGTGGTGAGGCCTGGG(

Rat

ATGGTGCACCCTAACTGATGCTGAGAAGGCTACTGTTARG
GGTGAACCTGATAATGTTGGCGCTGAGGCCCTGGGCAG

Goril

ATGGTGCACTGACTCCTGAGGAGAAGTTCTGCCGTTTAC(
GGTGAACGTGGATGAAGTTGGTGGTGGTGGAGGCCTGG(

Bovin

ATGCTGACTGCTGAGGAGAAGGCTGCTLGMTEEEGACHSAGGT]
AGTGGATGAAGTTGGTGGTGGTGAGGGCCCTGGGCAG

Chi mp
(11)

ATGGTGCACTGACTCCTGAGGAGAAGTTCTGCCGTTTAC(
GGTGAACGTGGATGAAGTTGGTGGTGGTGGAGGCCTGG(
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3.3 Sequence Similarity Analysis of

Eviout i onMPhtohledosr yt hat i f there is sufficie
sequences, it is speculated thatl*flhley may
bi oinformatics, seque#rae edieri, | awhiitcyh amaagl yse
t hceomposition of base sequences, structure
can be used f orl®& L aGetnietraatlilvye asncaolryisnigs mat r i
t he-ttowoo compari son of sequences, and the
constructing scoring matri x.

Recently, the matrix invariant method ba:
used to analyze the dt8hilltasriitdeafi s DNoA tsrea
seqguences i nto S 0ome graphi cmail e sreenptraetsi eonntsa t
construct matri ces, and then use matrix i
maxi mum r ow Sums, trace of matrices, et c.)
seqguences.

3.3.1 A Feature Matrix Based on JZ Graphic
Accor diengc hteor atcht ecui ¢ i gsowp, JZhi s paper
characteristic matrix, J/J matrix, based o
sum of two parts. The first part I's the r
corresponxjng paxess of the two bases on t|
di stance betw8B8erQ hReonr d prhesent s the sum o
segment distances mdt wdencuhe et wal puil mtt  d( i
exami nes alheprcohpeemitci es of the base. The s
Euclidean distance of the corresponding po
the graph theory di sBt ad & b emrweseenn ttsh etmh e wsh
of Iline asrgemenbhetdwseén two points (i,j) of t
which characterizes the biological signi fi
traditional matri x, the J/J matrix not on
sequencetbates, ekamines the biological Ssi gl
describe the characteristics of the sequen:

0 A0 _ (3.19)
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3.3.2 Si misliar iAttyyoAndlhyn of Gene Sequences o0
The basic idea of similarity analysis of
of DNA sequences is to construct vector o]
matri ces. I f t wo DNAmaslelgaire ntclees EBu cel isd el adi,
t heir corresponding two vectors. Il n order
similarity anadymsmessi waeatomwsettocs ®Hith reg
( &) , wher e N i's t hpes niumbteme od¢ ornrued ppoont d
sequence.
The Eucl i dean di stance cal cul ati on for
regul arization parameters of different cur
(oF _h _h _h_h _h _f (3.20)
Description of Similarity Anal ysi
l nput: 11 gene sequence coding fi
Qutput: Similarity Distance Matr
Begin
for (se=1; se<= num; se++) /1 nU
speci es
Converting dequwencne oc hlaZr accur v e
to formula 3.1
for (k=1; k<=3; k++)// For =eac
for (i =1; i <=n; I ++) [/ n is |
for (j=i+l; j<=n; |j++)
Calculate J/J matrix, L/
formula 2.11
end
end
Calculating the maxi mum ei gef
Regul ate th@ parametric
end
end
According to the formula 3.20, t
di stance matrix iIs constructed.
END
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3.3.3 Experimental Results and Anal ysi s

This paper | istss tdhfe (em9p2T,i me=m3)alamdkesurmt!
maxi mum eigenvalues of the regularization
on the JZ curve group (m=29, n=3) are sho\
comparison data bet wenenTalbll es (Be c3i, e sa nadr el adb te
the similarity comparison data between eac
obtain Table 3.5, which can simply judge ¢t}
species and ot her srpiezce de sma xBiansuend eoing et nhvea | ruee

matrix and the J/J matrix of the J Z cu
then obtain the similarity comparison dat a
3. 8. Finally, thetaibmtlvaeedn ye accohmpsap e csioens daan
are added to obtain Table 3.9, which can si

a species and other species.

Table 3.2: regularized maximum eigenvalues based
sets (m=29, n=3)

_ Humg GoaOpo|Gal [Lem|Mou|Rab| RatGor |[BoviChi

- /0.60.6|0.5/0.6/0.6/0.6|0.6|0.6/0.6{0.64{0.6
L/|_ |[0.6]0.6|0.5/0.5/|0.6(0.6|0.6|0.6|0.6|068¢0. 6

- /0.5!'0.5|0.5(0.5/0.5|0.5|0.5(05240.5{0.5]0.5

- /0.8/0.8/0.7/0.8/0.8/0.7|0.8|0.7|0.8|0.81(0. 8
J/|l_ |0.9(0.8/0.8/0. 8|0, 8|0.8|0.9|0.8(0.9|0.9]0.9

- /0. 70.7|0. 7|0. 7/0.8|077490. 7|0. 7|0. 8|0. 74{0. 7

The similarity distance matrix (Tabl e 3. :

on the JZ curve group can be found that F
Chim. (0.0083), Hu man and Gorilla (0.0132
smal | exntcedii infdeerxe indicating, tlwaichheyg dwue
these speciaame pPhrarmeat elcalnlclest and Opos have

di fference index with other species, I ndi c
simil ars ptecictsherwhi ch i s basically consi ste
dat a) . This shows that JZ curve group can
i nformation and is effective.

However, through observing tabhe 8cBuahl
situati on. For example, the difference ind:¢

38



ChaptSearmid arity Analysis Based on Graphical Repr e

(0.0069), and the difference index between
(0.0463) is roughly the same. It wmawnw be th
the sequence i s converted into a graph, [
extracted by the matrix i s not complete enc
similarity between species, WRich has been

At the same time, observing the table 3.5
on the matrix L/L is greater than the sum
Gallus i s-mamemabnispecoes among the dtl speci
mammal species. Many |l iteratures have al so

with t¥%d fact

Table 3.3: calculates similarity distance matric
matrices(m=29, n=3)
Humg Goa Opo|Gal e Mou|Rab| Rat
Humg O 0.0(0.0|0.0 0. 0.
Go a 0 0.1/0. 0
Opo 0O (0.0
Gal 0
Lem 0
Mo u 0
Rab 0
Rat 0
Gor i 0
Bovi 0
Chi

>

o
=
OO0 |OC|O |0 N

o

oO|lo|o|o|o|Oo|r|O|O|<

o|lo|o|o|r
rlo|lolo|g

o|Oo|O | O
oO|o|Oo|O | O

oO|o|Oo|o | O
||, |, |O|O

o|jlojlo|lo|lo|O|O
o|jlolo|lo|lo|lo|O

o|jlojlolojlo|lo|lo|Oo|®
oO|jlojlolo|lo|lo|O|O

O|lo|l0ojojo|ojlo|jo|o |

oO|lojlojlojlo|lOo|O|Fr,|O|O

o

Table 3. 4: calcul ates the sim di stance ma

matri x(m=29,
Humig Goa Opo|Gall e o] Rab
Huma| O |(0.0|0. 1/0.1 0.
Go a 0O (0.1|0.0
Opos 0O |0. 1

Gal | 0

I —
—
<

5 =

o ww
= N~ =
>

Py
@
o

O|lr|O|O|O|rR|FRP|O|O|<

olo|o|o|r
r|lo|lolo|g
o|lo|o|lo|o]|=z

O, |O|FL,|O|C

Lemu 0
Mo u s 0
Rabb 0
Rat 0
Gor i 0

oO|lo|Oo|O | O
O|O|Rr |, |O|O
o|jlolojlo|lo|O|O

oO|lOoO|lO|Rr|O|F|O

o|jlololo|lo|lo|lo|o|®
O|lOo|lO|O |k, |F|F|O

o|lo|o|o|o|o|o|o|o|w
o|lo|lo|o|o|o|o|olo|n

o|jlololo|O|FR,|O|F|O
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Bovi 0 (0.0

Chi n 0

Frdarme similarity distance matri x obtaine
t hat Human and Gorilla (0.0113), Human an
(0.0229) have the small est di fference 1 nde
di fference I ndex wi t h ot her Slpiexli @i, c awhi
signifwkiankei s already | ab)e.l | el fofne rtehnet dfartoe

3.2,1i fttherance i ndexnMbestweél. BIdMah has been
i ncrwewhselth8i5s 5d %, i whieenesley t he def ect sAtof t h
the same time Human and Rat whifc¢keriesnc@&@9i A8
i ncr eausned etrhaly Lmmah ri arger than the differe
Mouse (0.0564) whibb bsomoge.cigAt Istihgea isvainoe n
observing the table 3.5, It is found that
Gal bod ot her organisms based on the J/J m
di fference indexes 19.. BV 8i)n orf e dpe st. h a nw hti Icd

is closer to theiThibs oprogvealt ke fvalitdiony -

Tabl 8: 3Sum of Similarities between 11Species ¢

Humg Goal/Opo|Gal |[Lem|{Mou{Rab| Rat/Gor iBoviChi

L/|0. 4¢0.5]0.9(0.9]0.4{0. 4]0. 440.5{0.340.41%0. 3!

J/|0.640.941.041.240. 710. 7/0.6]0.810.6((0. 810. 6]

Table 3. 6: regularized maxi mum eigenvalues bas
curve sets(m=5, n=1/11)
_ Humgq Goa/Opo|Gal [Lem/Mou|lRab| RatjGor [BoviChi

- |0.6J0.5|/0.6/0.5/0.6|0.6|0.5|0.6|0.6|0.6|0.6

L/|_ |0.6105670. 5|0.6|/0.6|0.6(0.6|0.6|/0.6|0.6)0.6
- |0.440.5|0. 4|0. 4/0.5|0.5|0.4/0.5|0.4|0.5]0.5
- |/0.8/0.7|0.8/0. 7/0.7|0.8|0.7|0.7|0O.8|0. 7]0. 8

J/ 0.840.7|0. 7/0.8/0.8/0.8/0.8|0.8|0.8|0.81{0.9
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Table 3. 7: Based JZz Curve Group and L/ L Matr
Species(m=5, n=1/11)

Hum¢ Goa Opo|Gal [Lem/Mou|Rab| RatGor {Bovi

>

Humal O |0.0(0.0|0.0]0.0|0.0|0.0 0. 0. 0

Go a 0O |0.1(0.0

0.0
Opos 0O |0.0|0.0
Gal | 0 (0.1

0
. 0
1
0

o |OoO | O | o

Le mu 0

0
0
0.
0
0

O[O |k |, | O
oO|lo|lo|lo|o|oOo | o

Mo u s 0

oO|lo|OoO|(kFr, |O|O| O

Rabb 0

o|jlo|lo|lo|oOo|r | O|O

0
0
0
0,
0
0
0

Rat 0

oO|jlo|lo|o|jo|oOo|o | o
o|jlo|lo|o|O|Fr || O

Gor i 0

o|lo|o|o|o|o|o|o|o|o]|n
olo|o|o|o|o|o|lr|o|o

Bovi 0

Chi n 0

Looking at table 3.7, we found that the
on L/L matrix has the above similar probl e

and Mouse (0.0079) is too small, and the d
i sigshtly smaller than the difference i ndex
time, observing the table 3.8, it is found
Opos. and other species (1.0322) i n the L
diefrfence i ndexes between Gallus and other s

t hbei ol ogi ca.l Tdheef-menh tvieomesd pr obl ems can be w
the J/J matrix. The differemwbhechnidex 10f1. HdY
i nceebBan undéeirasL /bleematsriigxn, ficantly i mpr o\
i ndex of Human and Rat has been increased t
index (0.0600), of Rat and Mouse, which is
ti meobserving the table 3.9, it is found t6F
the J/J matrix Gallus and other species (1.
i ndexes between Opos andalsectoherob a gseutlistesst hel .
generated f.rofmhily hahmawd e xJ/ J matri x appliedo
can simply and effectively analyse the simi
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Table 3.8: calculates the similarityandsd/ahce ma
matrix(m=5, n=1/11)

Hum¢ GoaOpo|Gal |[Lem/Mou|Rab| RatiGor |[BoviChi
Huma/ 0 (0.0/0.21/0.1/0.0|0.0(0.0|0.0|0.0|0.010.O0
Go alt 0 (0.1/0.0/0.0(0.1/0.0|0.1/0.0]|0.010.1
Opos! 0 0.1/0.1/j0.0/0.12|0.0|0.12(0.14{0.1
Gal | 0 (0.1/0.1/j0.1|0.1(0.1{0.140.1
Lemu 0 (0.0|0.0|0.0|0.0|0.0j0. O
Mo u s 0 |(0.0|0.0|0.0|0.01]0. 0
Rabb 0 [0.0/0.0{0.0J0. O
Rat 0O (0.0j0.1(0.0
Gor i 0 0.0(0.0
Bovi 0 0.0
Chi n 0

Table 3.9: Sum of similarities between 11 s

Humeg GoalOpo|Gal [Lem|{Mou{Rab| Rat/Gor iBovi Chi

L/|0.430.541.0§1.0]0.5]0.410.5]0.6(0.470. 440. 47

J/|0.630.941.0]12.3(0.640. 7]0.6]0.9/0.6¢(0.870. 61

I n recent yearmycrheseae chhee sbmeharity r
bet ween spaéddsipeesc.i eTsa3kilm @Tsa bane eX alMp llei,s tTsa btl he
targets of athhesr adddmpheentasngd t he ©Opms| arity
Gal |l us andl?6tBl fwes pceaat &f ssridnitlhaarti tty bet we en
and other species exists in general. The m
similarity effectively, and ltmhmethesuablse 0d.
the A1 column is ér@iAd hBMaAdIDoicxunelndt mrt aibg f r
document(Lt/ablMaABi B¢ ol umn i s f r(odm Jt hMa tdroicxu)m
A4 column is from ithle MaoBuimenltummabilse f3r.adm t
["labl ed4d @GB2h,anly YcComumhe ildt@bmerdau(rvie )z D
column is fr b°ilabhlee 4d o(cauDmpZnt E column is frc
[77t abl ed@Wand Jcolumn iléd%abbmi Bandaghment
this tabl e, o n lwyh i cconl vammne Aulg daened 9AN3@t meas bl kK ) t

sum of s i moiall darmislt i etsheafhd9 ampmeaipPs oxi mat el
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di f f eerheaanc et he one of Opossum, whil e other
negative di f f0e.rCe3n% 6t @t eh fremcontrary to b
which Opossum i s mammal while Gallus is th
S ea es.
Table 3.10: Sum of similarities between Gall
Al Al A3 | A4 B C D E F

Gallus/l1.2]0.931.3|12.0]0.270.040.9|164|2. 87

Opossuitl. 0|0.9¢1.7@B|1.030.430.1¢0. 9| 183|3. 17

Di fferen
(Gal lus/ Q

3.4 Summary

This chapter presents a new graphical re
curve and Liao Bo's 3D graphical express
characteridetgiemerati oonwhile retaining the
gene sd&quesrncef all, by assigning different
sequence, we can convert the character codi
and there is a unigque JZ curve group <corre
provetdhehati s no ring and degeneration phe
the JZ curve group contains some biologica
the JZ curve set for thea PINAb sleignegpere oden d
species.

Our graph can bring visual observation of
seqguence similarity, we need to further st
graph. This chapter presents a method to r

Comparwi th the method based on character

account the character encoding information
of sequences at the visual graphic | evel

mul ti peaceeglignment, and can accurately |
seqguences. Throughout the tests on the DNA

results from othebD @raphkilesaluisgmme-ott halr g dBr
di mensi onalcegemen sheagvweenvi suali zation chara

feature matrix to easily calculate and rea
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the generation of featbyr-2 -hAatamidx ,evea dbdamg
di mensi onal stadnecd, canddfi ta glealel skegmuef i t |

gene sequence.
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Chapter 4. Evolutionary Tree Construction Algorithm

4.1 I ntroduction

It i s a veriyni mpdetanmolssukar evolution
the evolutionary history of organi sms accgc
species diversity. Since the evolution rat
qguite differentre,l atth e nesvho lpu tbiednveeren or gani s
be studied by these genes or DNA fragments.

This chapter briefly introducké%® theemeth
main steps of construcitmnghalaned 4£4.2p.h2y | og

Then nfewmz zy hierarchical clustering algori
on the basis of sequence graph repiresentat
i ntroidnuccehdapter 4. 2. 3

And the resul texpaemnrd meinstcsu i 8n seft s of dat
4. 3.

4.2 Construction of Biological Phyl o
Clustering Transfer Al gorithm of Spe:¢

4. 2.1 Spectrum Theory

The idea of the edrftbomses 6 paomtt tmanr tagmt it chn

t heory. I't is assumed that Jeiam ht Wat@r sa@ampl :
t he edges E bet ween vertices are assigne
bet ween samples, thus obtainVMhg Bh ubdsedc
sample similarity. InléhehgrgphpbaGtisti dnki

B subgr amphse=(owhhere, and the formula 4.1 is
graph partitioning, that ©o$neict i oaquwiei ghtt

subgraph and the minimization of the edge

h h

Véa B. B 0¥ (4.1)
®oom B, B, U

& Q& & o o

Where cut (A,B) is the edgekdbdgewéangsesnobg
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sét*From formula (4.1), we can see that the
smal | similarity between samples of di ffe
smilarity between samples of different <cl as

Due to the essence of graph partitioning
the optimal solution [8% Agrogaopohd psaaltuttiicom i mey
consider the comt iofuadwths®®PpealBpxatnirard fgaraph t

to use matrix theory and |inear allgébra t he
491 The graph partition problem is converte
similarity matatirx xor Thap!| asi, ahhe eigenvect
K mi ni mum eigenval ues, The realization o
partition criterion is called that®°it repr

Compared witbnallhefuazagisi milarity matri x,
spectrogram theory not only considers the

considers the compactness degree of t he s

evolutionargeniseq@aumercdetand I mprove the ac
The similarity between N elements in the
foll ows:
o Qan —— (4.2)
Whereihd) ( is the Euclideanhdaestdanhe bet
calculation formula is shown in (6.1), W m

affinity matri x.

The theoretical analysis of spectrogram i
which was Ppirofflétered 958. Theara drael|l mch aatna md t
and standard Laplacian matrices, which are

0 0O w (4. 3)

S 0 0 Teo T (4.4)
DAQ w QX O 'HQ O Q0

Among ©hematriagormala matri x formed by ad
el ementss méatrtihe to obtain degree values of
call ed degree matri x.

The ei genvvwacd8hdreorresponding to the fir
eigenvalues torffi x her atftie niltayplmaci an matri X

X = 8 o i s conRdsaaxn elde s h ehvag o thoevere
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ei genvecdmtr sareplretsi on of tlif2%PYest graph de

ScotlftGes w@Wi mgpnKioos vectrepresent N el eme
partition problem and calcul ates the cosi ne
be the similarity between the n el ements.

A3 B
cos(A,B):—|A|3 B (4.5

The el ement values of the new ma¥rix bas
(88 e betflweeld ,[ and the closer the el ement
di fference degree between the correspondi n
same time, compared with the oridibasedf fin
on the graph theory considers the graph pa
the <cost function (formula 4.1). Therefor.
similarity of the same kind, bunhda) sandedu

has better clustering resolution.
4. 2.2 Transfer Al gorithm of Fuzzy Clusterir

The gener al steps of fwuzzy <clustering ne
relatioml| )r O@tween <classifi ed oonbjdedgrseet o
bet ween classified species, then establish
to the fuzzy similarity relatiom mp(r) an
to obtain the equival ent cruyt, swehti cohf itsh eb afsue
|l evel of equivalent [CHhisnls ingatreshét smmet N
clustering based on equivalence thought n
equivalence relation on thesbasiysmmet rf oz ma
satisfying reflexivity, symmetry and transi
met hegban find the minimum el ement of the tr
that is, t(r) through esomiiauoty maktcukat
the working time of transitive closure met.

the calculation time of the whole fuzzy

efficiency is | ow.

The transfer ayl gwur iFfutbeaadpir @ ® stelde bpur pose
analysis directly from fuzzy similarity ma
| evyveh the basis of fuzzy similariitysmatri x

47



Chapit eEvol utionary Tree Construction Al gorithm

obtained as follows: cluster analysis is di
matri x by set tByngs ethhta dlgeayvwet hlee vierlans mi ssi on
directly obtains clustering rassiutlitvse fcrloons U ri
met hod must synthesize fuzzy similarity mat
t((r)and then clashkerdeie el hitednv, ® luvghha t i's the
bet ween thamei’dIinehtrlbiugh maashemiamgcdlol | owi r
conclusions are proposed and proved: under
results obtained by the transitive method

equi valent to each other for fuzzy similar]
4. 2.3 A Nawm Pkgori ption for Constructing E\

The gene sequence consists of four char
clustering algorithm requires that the ini
the next step of bazezyr rciladteut ngmyf tcam tomé yr
of the gene sequence is completed. Graphi

numer i cal processing method.
4. 2.3.1 Graphic Representation and Extract

Graphic repressaettaéenoe 0o$§ genumeri cal pro
the JZ curve group proposed in chapter 3 1 ¢
used to reflect the characteristics of gen
groups of genhbesbgskesackteracenstructing evol

According to the formula 3.1, each gene
JZ curves, I . e. Jz (1), JeZr i(Lt) i, ¢ nmat r(i309 e ¢
be constructed from each curve of the f or mu
_N ( htearkee,es t he maxi mum eigenvalue of the n

and the characteristic iamf dremadteisc -i dfe dt the

Al gorithm 1: Description of Nun
Sequence

(1) Converting each gene sequenc
formula 3. 1;

(2) Calcul ate thetd/d gmaphxacoonrn

(X)al cuhat eegul ari zed mat_N:x i nva
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di mensional vector composed of the corresp:

4. 2.3.2 Constructs a New Clustering Matri X

According to incomplete statistics, t he
simrl tyl®Matirti xis generally believed that th
has good clustering resolution. Based on
decomposition of fuzzy similarity matri x i
sed r al decomposition, and the distance be
construct a new distance matri x. Compared
the new clustering matrix is a solution me

conssi ddehre di spersion degree between cl asse:
degree of the same <cl ass, which can bett el
sequences and has better clustering resol u:
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Al gorithm 2. Constr uxc tBsa sae dNeowm Qltd

1. Construct Laplacian Matri x

()construct a simoO&bitepf dNstsprecd
fornBubka. I f that el ement valwue of {
similarity of epeeiesrsa. higher, an

(2)uibl d a fuzzywsibmi Itérei tfyo rmeaitl rai x

phQ 0

0 — fip @hbdet el emenftuzzay usismiolfg
bet ween 0O and 1.

Bronstruct & debrehli mgtomiax mat i
each row of el ements of the degree
values as diagonal el ement s;

4)oncetts a standarddzaedchoangiagi &od

2. Calculating eigenvectors of La
matri X
(1) obtain the eigenvector X corr

of LaphacianlLm

2prthogonalizes the X matrix and
mat b i x
(3)ecral cul ates the similarity, mand

new clustdring matri x

4. 2.3.3 Transfer IAlgtoernitmgn Amal yVauizg yHiCer ar ¢

Generation of Evolutionary Tree

@Pick Cut Set

In this article, the el ement valwues of cl
cut_sebhMh _ _ E _, and different classifi
when taking differenWh-ematiedarmseca, | eadd!| s pe
classified into the sameakupd, thaepg wrehct he
coarse to fine I_etlel all aspgetipral Wgrehehassi

and formed an evolutionary tree.
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@2Yransfer Al gorithm of Fuzzy Clustering
The basic idea of [§Pdsz ztyo tirnatnrsofdeurc ea | cgoonrfiitc
the basis of ft&%'2ygedi mihlearciotnymomatsi mi | ar it
cluster analysis is directly carried out f
horizont al peopl e. The transfer met hod r e

directly fromtfruxzy Coimpialr&di wy trhat he tran:
clustering results of the two methods are
complexity of the transfer method are far |
Theref or e, ptthsi st hpea pterr a nasdfoe r al gorithm of f

generate evolutionary tree.

Al gorithm 3. Description of Tr

Hi erarchical Generation Evolutiona
1. Select Cut Set

(1Sl ects the different el ement

set _hMhL _ _ E h, n is the size

2. Generating Evolutionary Tree

(1Q hoQ'Q phd™Q p

(2) Take the _condidince | evel

(3) Initializé tcyehwBlhust er sampl

(4) Jakehk =61"Q »n, AmM =

(5) Find out that al lwitshenocti mb éus
sampl es; | f tchieth® ,0 €©@=0n"Q +cs, a MApAI=a3 A +

( BNh eAAIl s n o tt aekmdpAtRyl, AA=ARAuUNp to

(7) When AA is empty, theoRQewiutl K
confidencdie & eve;l

(8) I'f X is not empty, k=k+I1, ju

(9) When &=ik, empbktyclustering sa

_ardet 6p E 087

(10 #Faf 2 i=i+l, jump to (2);
(11)o | fo, output clustering r e saQt®
OO the cl uskt®@rdO Qr esul t is
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4. 3 Experiment al Results and Discuss

I n order to test the effectiveness of f uz
speotrram theory in constructing biological
of data were uded fadd Sx perismert sewipaer i ment
Mat |l ab.

4. 3.1 ClustersnQlhoebuHiirnstGebxeonofofll Speci es
Phyéeongtic Tree

4.3.1.1 Experimental Dat a

I n order to compare the difference betweer
algorithm and the fuzzy clustering transfe
constructing biologccdingveégueoaoalrgftthes
gl obulin gene 0f3i Bl takeni as iex peha pmeearnt al d

to construct evolutionary trees respectivel

4.3.1.2 Experiment al Results and Discussi o

Here, the graphic representation propose:
JZ curve group, and the parameter m= 5 and
3. 3. Then, the similarity matrix of the se
proposed 3anmdchapt ercgul ar i z/aN,i oans mahowmn iimyv
3. 7. The transfer algorithm of traditional
matrix as shown in table 4.1, t o ssalrect pa

shown in table 4.3, and figure 4.1, which ¢
constructed according to the transfer algo

basis of fwuzzy similarity matmrmicxordi ngwt ol
algorithm 2. See Table 4. 2, for parameter
Tabl e 4 . 4, and Figure 4. 2, whi ch gi ve t he

constructed based on the new clustering ma:
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Table 4.1: GomstponuctyFMaryix of 11 Speci

Humg Goa]Opo|Gal [Lem/Mou|Rab| Rat/Gor iBoviChi
Humg 1 0.1f0.0(0.0(0.3/0.2/0.2(0.2/0.8]0.140. 7
Go a 1 60.0|0.1/0.1(0.0(0.140.0]0.1(0.12%0. 0
Opo 1 60.0/0.0(0.1/0.0(0.1(0.010.0¢0. 0
Gal | 1 0.0/0.0|0.0|0O.0(0.0(0.0]0.0
Lemi 1 0.1(0.1)]0. 1|10. 4(0. 1¢(0. 2
Mo u ¢ 1 0.1{0.1(0.110. 1(0. 2
Rab| 1 0.1/0.2{0. 3j0. 2
Rat 1 0.1(0.040.1
Gor i 1 0.14{0. 4
Bovi 1 0.1
Chi 1

Table 4. 2: ConstrudtGla bNdw nClGesnteesr oMa tlrli XSpefci es

Theory

Humg GoalOpo|Gal |Lem|/Mou{Rab| RatGor iBoviChi
Humg 1 -0.0-0.0-0.00.0-0.00.1-0.00.9/-0.12(0.9
Goa 1 |-0.0-0.00.0/-0.00.0/-0.0-0.0/-0.0/-0.0
Opo 1 0.0/0.0/-0.0/-0.00.0/-0.00.0(-0.0
Gal 1 0.0/0.0/0.0/0.0/-0.0/-0.0/-0.0
Lem 1 0.0/0.12/0.0[{0.3/0.0|0.0
Mo u § 1 0.0/0.0-0.0/-0.0/-0.0
Rab 1 0,0/0.1{0.9|0.1
Rat 1 -0.0/-0.0/{-0.0
Gor i 1 0. 0/0.9
Bovi 1 0.1
Chi 1

Table 4.3: (QlGlsabeul iRes@dnes ooff 11 Species Based

confidenc, Clustering results
0. 0650.51833| { 1| 2 3 4 5 6 7 8 9 1011}
0.14@58B51({4) {1 2 5 | 6 7 8 9 | 10[/11)
0.15@5763|{4){2){1 3| 5| 6 7 8 9 | 10[/11)
0.1666 |[{4){2)1{3){1 5| 6 7 8 9 | 10[/11)
0.1685531|{4)]{2]1{3]{8]){1] 5 6 7 9 [10]/11)}
0.23P4262|{4)]{2]{3]{8){6] {1 5 7 9 1011}
0.3164336({4){21{3)J{8)]{6]{7/10} {1 5 9 |11
0.4000 ({4){2}{3){8)J{6]{7){10]{5] 1 9 |11
0.4302774|{4){2)1{3]{8)]{6){7){10/{5] {1] 9 |11
0.8724 [{4){2){3]){8){6]{7){10/{5){11] {19}
1 {4}3{2]{3){8}{6}{7]{10[{5]{11/{1]{9]
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Gallus (4)

Goat (2)

Opossum (3)

Rat(8)

Mouse (6)

Rabbit (7)
Bovine (10)

Lemur (5

Chim (11)

Gorilla (9)

Human (1)

Figure 4. 1: Phyl ogenettglcobuleien oppemeé neadf byl cd pesdie
similarity matrix

Observing figure 4.1, it I's found that
evolutionary species, indicating that Gal
consistent with the fanatmmathat n Gdl Ibuol| oigs C
(Human, Gorilla, Chim.) these pairs of cr
evolutionary species, i ndicating that they

n evolutionary history.t hTehirse siud ft Isa sgiecnaelrlay
hapt etrh 88 haimndl @myii fovdndiachrhc e s( | abel l ed i n the
f manually gener aHoewde veew gl uGoiaotn awa/s tgem®gr. a

um value of Goat 1is 0. 94%0 whaclte tQpaots sQpno

c
0
evolutionary tree beftohhe rOpwsl, t wiltnhcdihhaest ero
s
farthest rel ated spéei easbowfe, ma mmaclasn. bFer osn
h

i erarchical clustering based on fuzzy mat

Tabl e 4. 4s:ulQlsusotfée glllB &Swleicn eGenes Based on New CI

confidence Clustering results
-0. 259838047 | {1 2 4 5 6 7 8 9 10(11]
0.006-D100609|{4] {1 2 5 6 7 8 9 10(11]
0.0138B9B203|{4]{3]{1 2 5 6 7 8 9 10(11]
0. 02507.70370|{4]{3]{2] {1 5 6 7 8 9 10(11]
0. 05001.906920|{4]{3]{2]{8] {1 5 6 7 9 10(11]
0.10632477|{4]{3]{2]{8]{6] {1 5 7 9 10(11]

0.3804 {41{3]{2]{8]{6]{7/120} {1 5 9 |11]
0.77809244|{4]{2]{3]{8]{6]{7/{10/{5] {1 9 |11]

0.9274 {41{2]{3]{8]{6]{71{10/{5]{1]11}4{ 9]
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0.9550 {111}

NN

w | W

oo | 00

)
NN
)
[~
)
| ~—
(2N e)
[~
O | ©

{6j{7]{10
{6]

1 {71]{10 {1]{11

Gallus (4)

Opossum (3)

Goat (2)

Rat(8)

Mouse (6)

Rabbit (7)

Bovine (10)
Lemur (9

Human (1)

Gorilla (9)

Chim (11)

Figure 4.2: Generates PBybbglkinetGendseef b¥y1CSEpst

New Clustering MatriXx

Looking at figure 4.2, it is found tha
volutionary tree, whi chl uiss icso ntghisgesntoenhlty wniotnl
n 11 biological cl ocks. { Human, Gorill a,
eparated from sever al evolutionary speci e

n genetic relationsrhiipg ibnase wall Utyi ocnoanrsyi shi
eality. At the same ti me, comparseod awviedh f
rom the evolutionary tree before Goat, w h
arthest mammal iiasn csophed isdessut twi. f Fomenchapt e
bove, it can be seen that the transfer me

an effectively correct this error, and t h
3.2 Clusters 11 HI1NIlatWw rPuhsy | NoAg eGeenteisc tTor eGee

3.2.1 Experimental Dat a

Thi s group of experi ments wer e carried
http:// www. ncbi.nlm.nih.gov/) Download 11
umber, access number, laaregtsth,ownearn amadIl \wi |
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4.3.2.2 Experimental Results and Discussi o
I n this article, the JZ curve group is co

proposed in the third chapter, and the JZ

parametexsl m=dZ (1) curve, JZ (2) curve an

4.3, Figure 4.4 and Figure 4.5 respectivel
the transfer method of fwuzzy clustering ba
clusmatirmg constructed based on the graph

parameters C=0.02 and K=5 are selected, an:
4. 7. Finally, the structure diagram of the
newl ustering matrix of 11 HI1IN1 virus NA ger
4 6.

Table 4.5: 11 H1N1 Virus N A Gen
No| AccesgslLeng Yeal Virus Name
1 |CY0220| 105 197 Infuenza A virus (A/ swin

I nfuenza A virus (A/ swi.t

|
2 |AM7778| 105 200 (H1N1))

Infuenza A virus (Al swin

3 |AM7778| 105| 200 (H1N1))

Infuenza A virus (A/swin
4 |AM7778| 105 200! (H1N1))

Infuenza A virus (A/swin
5 |AM7778| 105 200 (HIN1))

' Infuenza A virus -33&/8wD
6 |GQ1503 105 200 (HIN1))

I nfuenza A virus -JR&46%D

7 1GQ3694| 105| 200! (HIN1)

8 |CY0223| 105| 197 I nfuenza A virus (A/ swin

9 | CY0223| 142| 198 I nfuenza A virus (A/ swi

I nfuenza A

viru
(H1

s -ARARE XD
1))

100GQ3694 105| 200!

i
N

| nf uk nziar us ( A/ swine/ Cot
N

111]AM7778| 105 200 (HIN1) )
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Table 4.6: Conusttreudtnga Mdeawi x of 11 HIN1 Viruse:

1 2 3 4 5 6 7 8 9 10 11
1 1 o0.00.0/|0.0(0.0(0.0|-0.0(0.970.170.0(¢0.0
2 1 /0.110.990.940.0|0.190, 0(0.0¢0.0171-0.1
3 1 0.170.210.0|0.0940.0(0.0(0.070. 9]
4 1 0.990.0{0.1¢0.0(¢(0.0|0.04-0.1
5 1 0.0]0.1¢0.0(0.0(0.043-0. 0
6 1 0.9¢0.0¢0.0|1.0¢(¢0.0
7 1 -0. 0|0.0§0.9¢0. 03
8 1 -0.1{0.0¢0. O
9 1 -0.0|-0.0
1 1 0.0
1] 1

Table 4. 7: Cluster Results of 11 H1N1 Virus

confi denq( Clustering results

-0.120168¢ {1 2 3 4 5 6 7 8 9 10|11}

0.090042| {1| 8 |97 | {2] 3| 4 | 5 | 6 | 7 | 10]/11)

0.1628809( {1/8} [{9} (2| 3| 4|5 | 6 | 7 | 10l11}

0.2163| {18} [{9} (2| 3| 4 | 5 |11} {6| 7 |10}

0.0608.1¢69 {1 |87 ({9} {2]| 4 |57 | {311} {6] 7 |10}

0.97217| {1 (8% |[{9} {2] 4 |57 | (3|11} {6]10}{7}

0.9736[{17Y [{8Y{9} {2 4 |5} [{37 [{11] {6]10}{7}

0.998489{{1} [{8}{9} (2| 4 |5} [{3} {11 {6|10}|{7}

0.9992/{1} [{8}{ 9} {247 [{5}{3} {11 {6]10){ 7}

0.9997|{1} [{8}{ 9} {R;{4Y {S}{3}{12 {6]10}{7}

1 {1y ({8}{9}{2}b" [{S}{3}{12{6}{10{7}
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— A/Swine/Tennesséd/1976(HIN1)

—— A/Swine/Mmnesota/27/1976(HIN1)

A/Swine/lowa/17672988(H1N1)

A/Swine/Cotes d'Armd®8574/2001(H1N1)

A/Swine/Cotes d'Armd802932001(H1N1)

—— A/Swine/Cotes d'Armadd2272005(H1N1)

—— A/Swine/Cotes d'Armdd160072005(H1N1)
A/Swine/Cotes d'Armdd020072006(H1N1)

— A/swine/AlbertéOTH-33-8/2009(H1N1)

— A/swine/AlbertéOTH-33-22/2009(H1N1)

A/swine/AlbertdOTH-33-24/2009(H1N1)

Figure 4.6: is an evolutionary tree generated L
clustering matri x.

In this group of experi mehthl Nl itrmfel upmyzlac

neur ami ni dases onMA) ugemrels Observing the fi Q¢
found that in the first branch of the phyl o
in the 20 century and the H1N1 influenza
and the udddqNa vimdd {2,3,4,5,6,7,10,11} 1in

i nto one group, which i s consistent wi t h

changes greatly every ten years. At the sal
1976 yeamfHULUNDhza virus {1, 8} begin sepa
H1N1 i nfluenza virus {3, 11} after the

virus {2, 4} after the threshold 0.9992,
aftee threshold 0.9717, which shows that ¢t
hi gh homol ogy, whpathh pilsb fgcgotn siiss,t etnhte wniatthur a l
virus is sl ow, and the same year vVvitrus has
the transfer algorithm of fuzzy <clustering

constructing biological phyl ogenetic trees.
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4. 3.3 Clusters 8 H1IN1 virus NA gene seqguent
4.3.3.1 Experimental Dat a

Thi s gr experofment s wer e downl oaded from

(http://www. ncbi.nlm.nih.gov/) which is a
sequence number, access number, I ength, yec:
4. 8.

4. 3.3.2 ExperimengsailorResults and Discu

Here, JZ curve group is constructed by wusir
third chapten=s, AddgndJ para)metad (2), JZ (3) ar
group graphs, whi ch ar 4 7r,e sfipi8gcdag dévied y4 .s%h;o wn
Then, the evolutionary tree iIis constructed
based on the atlas theory, wherein the new
atlas theory is shown in the tablKe44 ., 9 ,ands
clustering results are shown in the table

phyl ogenetic tree generated by clustering ¢

matrix is given, as shown in Figure 4. 10.
Table 4. 8ru% MWMANDewe seqguence
No Access Speci| Yea Virus Name
1 cCYy0223 swinel1l97, (A/ swinel/ Minnesot
2 cCYy0223 swinel198 (A/ swinel/l owal/l/ 176
3 Cy0229 Sswine 198 (A/ swine/l owa/ 314
. (A/ swine/ Ratchabu
4 AB4342 swine 200 (HIN1) )
5 GQ2478 duck | 200 (A/duck/ I taly/l 14
6 GQ1503 swine 200/ ( A/ swine/ AA8Bk£208a8 O
. (Al swine/ A3 ér 2af
7 GQ36914 swine 200 (HIN1) )
8 GQR3513 human| 200 (A/ Hkomgg/ 2369/ 200
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FigurlzZ 4.28) Curve of 8 H1IN1 Virus Sequ
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