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+qQr st @e3eL$: 6pT!r .. Description METHOD OF CALCULATI NG OCCURRENCE FREQUENCY
‘OF SEQUENCE, METHOD OF CALCULATI NG DEGREE OF | SOLATI ON AND METHOD OF
ESTI MATI NG DEGREE OF ADEQUACY FOR PRI MER Technical Field to which the
I nventi on Bel ongs The present invention relates to a nethod for supporting
primer selection. Background Art Wile many priner design been
proposed in the past, it is currently difficult to design gmm%m mmmmm"ch
is annealed only in one place. By calculating incidences of co lgg@tlons of
all possible alkali arrays having shorter arrays (K-tupples) t ha™an EST
array registered with a database, H&sc Ie, by calculating incidences of
48(65536) kinds of 8-nmer alkali arrays, an array with a high incidence and
an array w METHODORF CALGARAT I QGCURRENCE FREQUENY AF i HBNGE,
di sclosed in "Nucleic Acids Res. 19 3887-3891 (R Giffais, P.M Andre and
M  Thi bon: 1991) METHOD &FaGNLEULARING DEGRER O A TIMNAND EST dat abases
have many simlar arrays contributed by many researchers, incidences of the
arrays cannot METHOBCOESBSTIMATING BEGREENOBr ABEQUACHeFOBNPRIMERNMES
sandwi ching genes , an array in a pronoter region is required. Therefore,
the prinmer cannot r r be designed only with an EST dat abase, which is a
probl em Even though DNA pol ynerase is oligonucleotide with several
m snmat chesred¢hiniSakneyeld hesé N cRotNEEIAGEnERBNDBellOfigENi zed as a pri ner
(refer to "Mol ecular Biology Vol. 28, No. 5, Part | 661-663 (L.B.D
Yachenko, A A GighehesentAhvekbisRPed\ated £b ambaheakeorRépBoring
Bi bil ashvili: 1994")), for exanple. However, priner design nethods proposed
in the past-fifefOtefOSEiGE! genomewi de mi smatch tolerance. Furthermore, in
the past priner design nethods, a m smatch tolerance is searched in a
dat abase after an alkali array of a given priner is determ ned. Therefore,
the search takes tinme, which is another problem It is an object of the
i nvention ique primer design. Disclosure of the Invention
Accordi ng %%Fgﬂg&gﬁéen ron, an incidence of an array with a predeterm ned

length (N rer) gﬂggl@?n%%r{re p¥1ht 42s58H hEEnBAY AdvE PR b gVsdd ikoduct ng

an isol ation de

the past, it is currently difficult to design a primer, which
is annealed only in one place. By calculating incidences of
combinations of all possible alkali arrays having shorter
arrays (K-tupples) than an EST array registered with a
database, for example, by calculating incidences of 4%(65536)
kinds of 8-mer alkall arrays, an array with a high incidence
and an array with a low incidence can be found. This kind of
method is disclosed in "Nucleic Acids Res. 19 3887-3891 (R.
Griffais, P.M. Andre and M. Thibon: 1991)", for example.

However, since several famous EST databases have many
similar arrays contributed by many researchers, incidences of
the arrays cannot be discussed as they are.

In order to design a primer sandwiching genes, an array

in a promoter region is required. Therefore, the primer cannot
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whi ch+i s anot her aspect of array uni queness, as a value for evaluating the
'm snat ch tol erance. The isolation degree is defined as a m ni mrum hamm ng
di stance between arrays, for exanple. By introducing the isolation degree,
t he uni queness of an alkali array can be categorized nore precisely. Mre
specifically, the object of the invention can be 2 T/ Y achieved by a
nmet hod for cal culating an indicator indicating an incidence of an array in
a genone array, the method characterized by the steps of calculating

i nci dences,  of _partial arrays with a_predeterm ned |length in the genone
array, andP %t@??ﬁgn?ﬁe°Pﬁ¥|UéﬁEe@anEQtpﬁﬁapésﬁhewﬁépg'&F & PEPBIRMeh the
predeterm ned length in an incidence table. The step of storing in the

i nci dence tabl e Béanr z’ngﬁa@f‘l%epﬁ-m?réﬁeorﬁ%tPﬁbg?HECQ}?BF&QE "t t he

i ncidence table for partial arrays with the incidence of zero ( 0) and
usi ng secosevenali mismataheshaktngsakount dhate DYA DOLYBCTASEH R ﬁ@hgth
than the predetermned | ength and storing in a second table a position in
t he i nci deneeognbkedods tahriaer direfieraye MohechdaprBielegyi V. [28hgt h

i ncluding the second partial array fromthe beginning. Thus, the nenory
capacity aNd.ps p@EEast g 66iLlFe63alLbB . DédVaeNenkbe dA | atierdhidie, iGwent i on
can be achieved by a nethod for calculating an indicator indicating an

i sol ati on RREEPEk6Y, an.al r'patafeikdcMP@ER ArSHy BitiA amiviad <harsct)er,i zed by
i ncluding the steps of calculating an isolation degree i by which |

nut ati ons) £6f=dx#mple. . Howeveisf priimed Hesign metMeasi propbseédakates) of
each of partial arrays with a predetermned |ength dodoes not appear in the

genome arrgysPut go MHA! | WUPI1d&F €T GeREmbRLEBE MIBKALZTHON t¥f1draaldal i s
appears) in the genonme array; and storing in an isolation degree table the

I sol ation ﬁleg{:ﬁengt %‘Q r¢aPeRk bastNprifel design 1ne|th%rdsa)’% WMildhmdtth

predet er m ne A unique part "can be i1dentified easily in a genone

ooy DY neplchiiBe 18! NN Yidla i tabld %naéggscﬁgn FlkalP Eoidy B

primer can esigned. According to a preferre di ment

it at | ons) & errﬁgiﬁ%p#‘%g%%%%@%?%?oﬁ%ﬁe%% g phe SRR ERRIE e e 0 ¢

g:;ggtgﬂarwé predetg&gggegrhggg%b exists) in the partial array with the

It is an object of the invention to support unique primer

design.

Disclosure of the Invention

According to the invention, an incidence of an array
with a predetermined length (N-mer) in a genome array is
counted and 1is evaluated by introducing an isolation degree,
which is another aspect of array uniqueness, as a value for
evaluating the mismatch tolerance. The isolation degree is
defined as a minimum hamming distance between arrays, for
example. By introducing the isolation degree, the uniqueness
of an alkali array can be categorized more precisely.

More specifically, the object of the invention can be



with reference to an incidence table storing an incidence in a genone array
W th respect to each of the partial arrays with the predeterm ned | ength,
when the k nutations) exist(s), determining k as an isol ati on degree, when
the k nutations) does/do not exist, increnenting k and repeating the step
of judging the presence of the k nutation(s). According to another
preferred enbodi nent, the step of calculating the isolation degree has the
steps of judging, by using second partial arrays having a shorter second
predeterm ned | ength than the predeternmined I ength and with reference to a
Second  aRENLPERRRY & PESPOROROT| FALHRLARLRE AR ANAIRAEOT A NCHEASNG al
arrays wth the predeterm ned I ength including the second partial array
fromthe bagyi ARcdgengieetP®r ahhaART 3t AR GhsPeRPIA BFEa¥ edEher Metd®d engt h
exists) in which k alkalis) at a position away fromthe begi nning of the
parti al archgracterisedphytetie nisteds epfit fadculiatiing tingideneesn®f
predeterm ned length is/are converted, when the k nmutation ( s ) exist ( s
) ( findi ngaathabtrampyd vidhce predeterninedklenghhiionsheagenomne anmayy, Wt h
the predeterm ned | ength, when the m ni num val ue of the hamm ng distance is
k, determ andgtdieing aheaincsddmdevredadrieg tbelsoparthal aitways miirtbhm val ue
is larger than k, repeating the step of increnmenting k and judgi ng by using
the presengge Opréfiet&rmvhedi eyt i aheipeedeheentcabdel.ength and the

m ni rum val ue of the hamm ng di stance. According to another preferred

enbodi ment, the 1 Ra}p 8! MRS AN nStRE 1GcidiiBdEable dPPLRERIE hdsh t he
genone array based on whether the incidence in the genone array Is equal to

or lover tPRE dtepdBR SOELLAE t3d ¥ oragBOin £6 43Y 18E18bntBKaBLE T
genetic array actually appears in a genone array only twice, an isolation

d t t LAG ' t | h
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three or not at1on degree) tal ned. Thus, priner design can

be achi evg,g#e{af. Qﬁ%&@{hﬂiﬁ%t%@ﬁ}w%&x{ﬂ PR EY ilyete times

or bel ow s sim 0 no rarrays in genone array. According
oot g%, B4 Fri00AbpEILa FEUNA He Sl ORI LA
R et AL AT S N T S
the predetermined length including the second partial array
from the beginning. Thus, the memory capacity and processing
time can be reduced.
The object of the invention can be achieved by a method
for calculating an indicator indicating an isolation degree
of an array in a genome array, the method characterized by
including the steps of calculating an isolation degree i by
which j mutation(s) (j=1,2, ..., 1i-1) referring to the
conversion of j alkali(s) of each of partial arrays with a
predetermined length do/does not appear in the genome array
but i mutation(s) referring to the conversion of i alkalis

appear(s) in the genome array:; and storing in an isolation

degree table the isolation degree with respect to the partial



appears in a genone array, and cal cul ating the maxi mum nunber m of parti al
array uniquely included in the partial array and handling the mas an

i ndi cator indicating an isolation degree thereof by considering the mas
the | ower bounds of the isolation degree. The absence of simlar arrays is
assured by the |l ower bound of the isolation degree for priner selection

i nstead of an accurate isolation degree of a longer array (such as a 50-ner
array in a human genone array). For exanple when a | ower bound of the

i sol ation degree | "7 arr 30@6 mlarity or nore do not exi st
in a 50- mePrRP¥AYY ?ﬂushétﬂﬁeg%gg g ﬁng ay having 60%sinilarity or
nore does not have to be proved accurately. The know edge of the absence of
arrays having 90%‘%1%%99& RN Rs edf-’@té%éﬁ&he%%ﬂaﬁ in, g genRre AT ahe
prinmer selection. In _the enbodi nent, the step of judgi ng whet her the
partial arPlyugppdartdieorinpidenge bangéeroraal ‘g?ﬂmt hapd; fore

i nci dence in the genone array is equal to or Iomer than n. The object of

t he i nventushaeenpbimerseancheéededigned.net hod for calculating a first
indicator indicating an eligibility for a prinmer of an array including a
given al kali w thcceshpbnyg tto ahkpriefenresl gembodimenty lbheusshgparfor

i nci dence table created by using the nethod, characterized by including the
st eps of i|idahtulytimggatbandseldaitdonofdeayresy shasictheli ayepheof judyinay i as a
predeterm ned length with respect to each of alkalis included in a genone
array, i dewhéthengormotick dertetic @) Nfefarehod ¥ tHe dasmrdiicad o r ays
with reference to the incidence table, and cal culating the first indicator

based on &k tzaikd1iw) 6f tHe pagdenailf a@ﬁla%n@:tﬁiemﬁesﬁ;ré&t@t&mmédmedd&
i nvention can be al so achieved by a nethod for cal culating a second

I ndi cat or &pfds€ps) Ntn ¥helpHid] Arddy Wi tH ItHY pHleddtenlidied NEnytiHg a
given alkali with respect to alkalis in a genome array by using an

| SO at 10N @Lgh St ol 1RALEI1RE1SHEG ERB1ERL BOFing R AT deiise Dh

i ncl udi ng the steps of 1dentifying a sanme nunbe arrays I ncluding the
al kali as o e uded
in a genome array g'agegtéﬁn% né,}‘.?‘;sgloatglagﬁ 9 tt?lgeﬁggratg%%%‘}éea\’ghwof t he

EHAee e RS AR e e
determining k as an isolation degree, when the k mutation(s)
does/do not exist, incrementing k and repeating the step of
judging the presence of the k mutation(s).

According to another preferred embodiment, the step of
calculating the isolation degree has the steps of judging, by
using second partial arrays having a shorter second
predetermined length than the predetermined length and with
reference to a second table storivng a position, in the
incidence table, of the partial arrays with the predetermined
length including the second partial array from the beginning,
whether the k mutation(s) with the predetermined length

exist(s) in which k alkali(s) at a position away from the

beginning of the partial array with the predetermined length



isol ati on degrees. The object of the invention can be al so achieved by a
hethod for calculating a third indicator indicating an eligibility, for a
prinmer, of an array including a given alkali with respect to alkalis in a
genone array by using an incidence table and isol ation degree table created
by using the method, characterized by including the steps of identifying a
sane nunber of arrays including the alkali as a predeterm ned |length with
respect to each of alkalis included in a genone 7 array, identifying an
incidence relating to each of the identified arrays with reference to the

i nci dence PROR SN BERIGLENINGE (16DFR AT IPVAETF e ot i th%f t he
identified incidences, identifying an isolation degree relating to _each of
t he identi]Fi"E’d:aéritOd‘y(ss)V\F%‘ﬁsFéFgr' kng araabRg Gistanss betvagndheand

cal cul ating a second indicator based on a total sumof the identified

i sol ati on Hegutatior(s)spnd thesarkayhwdsh ithe eaededegmimedslendth.evel in
a genone array can be obtained, and design of a nore unique prinmer can be
support ed. whée dijecmisfimume valuetiof itheal bammimigevddsbangenetsod.
characterized by including the steps of assigning, based on an indicator
obt ai ned bdeterminihg tkéhkdasaadi iselattion Selgreel dhaneofacodredartde Wi th a
val ue or range of the indicator, and creating an inage representing each

al kali i n migomane valngy B arapgennahanhekas stepwedt thgphthye fotep fd
exanple, the display formmy be a color. The object of the invention can
be al so achhev&fleR¥ingPkOanAMFudgidRE B | WEh ig CORBUpeEsbAteCalfCthal iNg an

i ndi cator indicating an incidence of an array in a genone array and bei ng

readabl e byut&€16R(BY! Githt AP RHEAVSING W 1 88gERMAHEC thleO ng iinftinn t he
steps of calculating incidences of partial arrays with a predeterm ned

l ength in §gfuge89n§hgrﬁngiﬁ?ddiggghag.the i nci dences relating to the
partial arrays with the predetermned length in an incidence table. 8 i1

f n The obj ' i '
210y ContAr AR 0 el st U g, s

operating a conputer for c I ndicati ng an 1solation
degree of a0

cear ee o ERGIAAAY i §e85NATIAALLAL AN SBHAR HEACHY B Neb ST
I sol ation based on whether the incidence in the genome array is equal
to or lower than n. When a genome array is not organized or
when a same genetic array actually appears in a genome array
only twice, an isolation degree extended based on whether the
incidence is equal to or lower than three or not (second
isolation degree) is obtained. Thus, primer design can be
achieved for a partial array which appears in a genome array
three times or below but is similar to no other arrays in the
genome array.
According to another preferred embodiment, a method for
calculating an indicator indicating an isolation degree of a
genome array includes the steps of calculating a shortest

partial array by which a partial array starting from the Kkt

letter of a partial array with a predetermined length no longer



degree i by which j mutations) (~=1,2, ..., i-1) referring to the
conversion of j alkali ( s ) of each of partial arrays with a predeterm ned
| engt h dodoes not appear in the genone array but i nutation(s) referring to
t he conversion of i alkalis appears) in the genone array, and storing in an
i sol ation degree table the isolation degree with respect to the parti al
arrays with the predeterm ned |l ength. Brief Description of the Draw ngs
Fig. 1 is a block diagramillustrating an overview of a pri rrer desi gn
support system according to an enbodi nent .o i_nvention is a

di agr am | GRPRERES 4} ﬁgggﬂewae%%%yofa R ipy Lo It Supfe

enbodi nent; and Fi g_ is a diagram for_describing a first indicatqr based
on i nci derB&E PATS LY P§rayoﬁ‘%’gjﬁl‘gﬂ¥&rn%§?rq B SR PRSI &L 47 A grde
according to the enbodi ment. Fi 4 is a flowhart illustrating processing
for an i ncheR@tingdiha mas@n toF t’-BdtiﬁétéﬁEo%IP fefRlaion %ﬁggs%e 5A to
5C are diagrans for describing tables relating to incidences according to

t he enbodi Heereofi §y &dnsidaninghbhe M |ast thei dgwerodewnds o&r theol ati on
degree cal cul ation according to the enbodinment. Fig. 7 is a diagramfor
descri bi ngiselattonodégressi gned in visualization processing according to
the enbodinent. Fig. 8 is a graph showi ng a nmaxi mum hei ght of a human
genone array, wild abssaate uftsinicoorairayd dsa sssooredl doybddiendotweri g. 9
is a flowhart showi ng an overview of processing to be perfornmed in a

desi gn suppouihdaahet isohatnoni degiee tfor pednet sebedtientinsted@ofed Mode
for Carrying Qut the Invention Enbodi nents of the invention will be

descri bed &gl avcurhber é5olamdont degjriec v «r pondg@s. a8y {sushaakl eck
diagramillustrating an overview of a priner design support system

accordi ng §0-R&r eaBP4y Bita Alundle deheiY iiray AS FeWexdinglle] whbn tahe

priner design support system 10 has an inci dence cal cul ator portion 12, an

i sol ation flegepahipld Wrathe PO614PTol Meded IG HGNCEALSQY A IH AP D0RE tabl e
16, a visualization processing portion 18, and a primer creation supporting

portion 20g4 ﬂffaiﬁgﬂ(dc?f‘%:féa Buhé’izoéxi) tirP%h33§ [\El@ECHJ:fE?S afhdéqc't‘i’x"ence of

a partial array predet er mi ned array) in a given

genone arr gy ui £h orfegﬁr% h3vill§ 60% similarity or more does not have

to be proved accurately. The knowledge of the absence of
arrays having 90% simllarity or more 1is enough as an indicator
for the primer selection.

In the embodiment, the step of judging whether the
partial array appears or not may be performed based on whether
the incidence in the genome array is equal to or lower than
n.

The object of the invention can be also achieved by a
method for calculating a first indicator indicating an
eligibility for a primer of an array including a given alkali
with respect to alkalis in a genome array by using an incidence
table created by using the method, characterized by including

the steps of identifying a same number of arrays including the



10 'genone array to be used for priner design. The isolation degree
tal cul ator portion 14 calculates an isolation degree of each partial array
with respect to the genone array as described |ater. The

i nci dence/isol ation degree table 16 stores an incidence and isolation
degree relating to each partial degree. The visualization processing
portion 18 perfornms processing required for visualizing and displ ayi ng the
genonme array with reference to the incidence/isolation degree table 16. The
primer creation supporting gortion 20_perforns processing of selecting an
area to berHEaHl 2855 3 BTRY Qﬁ?Wﬁq%ﬁeigHEEhtU¥§ iFﬁﬁR?%EsE?a?@Ghoﬁfa
screen of a_ display apparatus 24 by the processing by the visualization
processi ngab]&?%f%rg'l%ﬂi‘?‘ﬁ‘? éébéngénPﬁeaaﬁﬁﬂYpLﬂ-%¢g¥ﬁW%rﬁq APFLARSEr at us

(not shown) by a user. The prinmer design support system 10 can be
3

i mpl enent eBebytingt &0 | eagh ofdhgy i dappited ranprans W th cgafarance A€cor di ng
to this enbodinent, a genone array is read froma genone array database (
DB ) 22 ( the igsdicience tableB i gajcbéatdng the € igis¢tkindicatop bassdal
conputer or nmay be loaded in a server spaced fromthe personal conputer. In
the | atteromasetotak gemsofiatheoifjeneifiayl ancedentbks.server over a network
such as a LAN and Internet and refer to data in the genone array DB. Before

descri bi ng procerse ngb Poct hef ptheTeinvkast Pon ScHPWé s avhlidvedd Wy =Ci pl e
of the invention wlll be briefly 11 n a4 n described below. Fig. 2Ais a

di agram f ohe €i86& " ifdirNJcaNeuletLR§ @ SedSRH@NENFICAtorHeiRdigat ExGl &El Y
short genone array, "ATATGGGATC', is used, and 2-mar arrays are considered

as partialepfgfys1ibpresy a primBeVWWE idh Rrday?AncadudifB’ adfiveh alkhli
appears three tinmes 1n the genone array, and a 2-nmer array, "GG', appears

twice in tihprReRAFRGY E8YalkdNES 1%-£ﬂ(aeﬁn{eax§r%§]b%ﬁgﬂ ‘an 1981ata%h " TC')

appear once, and still other arrays (such as " "AC') do not appear.

Ui WedeqilE +2610°BEEAERNCHY HRInGOkhEORIAORR! eIt AYPY 1 oS

each of 2-ner arrays appears (i enc In a genonme array. Next,
o) o SROLEELNL bydealEe hBdoll chaher BrSRghe oLiBeRAE 95ATG 1 o
Lo gesert R omalnl TSR IEL LS Yraaiiualudf Tl S pRd
to each of alkalis included in a genome array, identifying an
isolation degree relating to each of the identified arrays
with reference to the isolation degree table, and calculating
the second indicator based on a total sum of the identified
isolation degrees.

The object of the invention can be also achieved by a
method for calculating a third indicator indicating an
eligibility, for a primer, of an array including a given alkali
with respect to alkalis in a genome array by using an incidence
table and isolation degree table created by using the method,
characterized by including the steps of ldentifying a same

number of arrays including the alkall as a predetermined

length with respect to each of alkalis included in a genome



i,.s defiined herein as a m ni num hamm ng di stance between arrays . In other
twords, the isolation degree of the partial array is "n" where a parti al
array in which alkalis at n positions are replaced by other al kalis appears
in the genone array though a partial array in which alkalis at i positions
(i<n) are replaced by other alkalis does not appear in the genone array. In
the exanple shown in Fig. 3, those resulting fromreplacenent of an al kali
at one position of the partial array 12 "AT" (one rrutation ref er to t he
reference nuneral 302) " AA" "AG' " AC' é T" C

"CT" do no@r%@beaﬂ-dﬁﬁttiﬁé(iﬁgncﬁ% appafeprer éeltqﬂ% F fé*raéa%’ceO’F]ur"rBFm

300). On the other hand, the ones underlined in Fig £ ", "TC, "CGA"
and "GG') blentbEted e3urayag Witdm JF%%%%%nft%fﬂbﬁ kineidence ahdeit i ons
thereof ( two nutations , refer to the reference nuneral 303 ) , that is ,
"TA" , "TQalcula@ring"gAfirstGindicator basgd on 'xohal sum ofpsBgr in
the genone array (refer to the reference nurreral 300). Therefore, the

i sol ati on tdemekfbédt hengixiences ar rixlentAifying " 2in  Sisoillatddion diegreeone

nmut ati on of each of the other partial arrays "TA" , "TG , "GG , "GA" and
"TC' occurselatime tereaeh soff ehhe titentsicliatd areygy edth seferendecdiodi ng to
this enbodi nent, an incidence and an isol ation degree are cal cul ated by

usi ng an lghé&dsolattiion dégréey tdblle cxadd£l cligt iy aSsecdhrdumiddrcaterowi ng
an overvi ew of processing to be perfornmed for cal culating an incidence

accordi ng pRsédi &n caALESE AENEumASE SER¥N1a8ntLB1ed, 1Eb2ati6hdaageeesl.cul at or
portion 12 selects an N-nmer array ( such as an 18-ner array) (step 401) and

scans a genone aé%aysﬂm AHENb MR, A8 RIFatDR2 216k&1ap 14941 Thus,
positions where tthe N-mer arrays appear can be |located in the genone array,

and the ingj %Paaﬁam%aari)éy c@&@*b@edblexiﬁeantam dangd sleeld i unli@e

i nci dence calcu ator portion 12 stores the i nci dence and so on, which

are obt a| t p gt he inci dencell sol ati on degree table 16 by
using a gi ﬁ%fn%%“??aﬁégéoﬁtgpr ocessed as a key ( step 404 ) . The

above- descrl bed %g%%%%l taBFSﬂPgri Q,reqﬁq_o niglc}]ré)@% Qre'ﬁ' H?cor ey (refer

to a step 405). e-tan ve crea n rea ngtothls
gggggir im;gfél?%%agf?é zeargyl\iﬂ@{u&l{rrngyamé/m stthe[gsheo rlacs's egr}lci%é),f bOaJeré) 'On
an indicator obtained by using the method, a different display
form in accordance with a value or range of the indicator, and
creating an image representing each alkali in a genome array
in accordance the assigned display form. For example, the
display form may be a color.

The object of the invention can be also achieved by a
program for operating a computer for calculating an indicator
indicating an incidence of an array in a genome array and being
readable by the computer, the program causing the computer to
perform the steps of calculating incidences of partial arrays
with a predetermined length in the genome array, and storing

the incidences relating to the partial arrays with the

predetermined length in an incidence table.



of the table can be reduced. For exanple, in the exanple shown in Fig. 2A
the table including incidences is originally as shown in Fig . 5A . However
, according to this enbodinent , the size is reduced as shown in Fig . 5B .
The table nay be called "map size table”. Furthernmore ) by limting a part
to be referred in a table, the speed of processing is increased. For
exanple, in the exanple shown in Fig. 2A by using a 2-ner array itself as
a key, a table 501 as shown in Fig. 5B can be obtained. However, in order
to increase the ee f _process b-tabl e 502 may he proyi.ded in

whi chan o kal 0 P RRGF I EF e otiegh %ﬁa*z?&ﬁ@ﬁ%wﬁ@%ﬁv Y hash
size") is used as key as shown in p rOXI te position
Cherenf | rPRRECEBIQE CROIDE LAG A ATPUFHT Bomgaspolnpt GREAR | ed
"hash-size table”. Wien a map-size table for N=18 is used the hash size s
14 desir ab-'f-?di?ﬁFiBSa%‘blje“%‘kPn tdrgnes o Pé‘naHEQYe%nc%I%H%%raﬁﬁﬂytl on 14
cal cul ates the isolation degree by referring to the map-size 14 t abl e and
sub-tabl e ndshelngereagakleiby ke conrutenerths mEeoram dansiqehdd® as a
result of the processing in Fig. 4 correspond to each other. Fig. 6 is a

fl owchart demputéerngoppecdormdhef stdpsi of i aglenlatdhgt aon idedradd.onF r st ,
the isolation degree cal cul ator portion 14 selects an N-ner array first
(step 601)degdeeni thyalwhish "j ‘mutedidoat (g ¢ el Rber. ofi it atelfersing 1
(step 602). Next, another N-nmer array, which is i nutation ( s ) of the
N-nmer arr ayo tiee eeheetrsdonsép #0Bali {6 dSehehi b pdegtiad aprays atidth
portion 14 refers to the hash-size table ( step 604 ) and fudges whether or
not the otagrddetsrminéy lendfth 86/dbee hot dppddelin Bhéayendmd axrdmsh- si ze
| engt h appears in the genone array ( step 605). If No at the step 605 and

i f anot herpit nBrmataéyohs) NgeEevinhl @8( The' SoRVRTsAVR Af 4 H1WA1GRH), the
processing at the steps 603 to 605 is perfornmed on the other N-nmer array.

Alternativ Sﬂt)ileaﬂ §h£npfﬁéeaéﬁoﬂE aPpay" aaﬁa %fto%llagotﬁerad\liwla&&r&vs

having i - tion(s) in the genone array is fudged, (IS |ncrenented ( step
607 ) . L88 AHE e S 1 the
i ncrenment 2%8?]: mut at 1 on( t@'ﬁe iﬁéihﬂﬂgﬁt%(: n?ga'g'%}? r@%?gdtfs%& arrays

havi ng |-ny£§£%ggwi 5 {hg ﬁréggggﬁhgge&olgﬁﬁghable ( steps 603 and 604 )

will be descri ccor I's enbo inreality, at the step
603, an array in a hash-size (hash array) in which 15

Brief Description of the Drawings

Fig. 1 is a block diagram illustrating an overview of
a primer design support system according to an embodiment of
the invention.

Fig. 2A is a dlagram for describing incidences of genome
arrays according to the embodiment; and

Fig. 2B is a diagram for describing a first indicator
based on incidences.

Fig. 3 is a diagram for describing an isolation degree
according to the embodiment.

Fig. 4 is a flowchart 1llustrating processing for an

incidence calculation according to the embodiment.



a predeterm ned nunber of alkalis fromthe beginning in the N-mer array

Sel ected at the step 601 are the sane is identified. Then, an array in
which i alkalis of the alkalis are converted is created, and how many N- ner
arrays including the hash array in the beginning exist is obtained with
reference to the hash-size table and, then, the map-size table. Thus, a
list of the N-nmer arrays can be obtai ned. Next, the isolation degree

cal cul ator portion 14 cal cul ates a hamm ng di stance between each of the
resulting N ner rays.and_ t he N-nmer ray to r Qcess th e

sel ected at the ]’2{%?) 65? ;jt%ngcj L?&'geesgé&ﬂg%'ﬁ'@F %«fn’?ﬁ?ﬁﬁﬁgélégugcagﬁ e
hamm ng di stance is equal ,to i or not step 608 ) ..This is because no

ol cul at | GROTREERG LTS cliebSnries, aBRoFALRRCEa: ARRLAIHARIBERE - o noe 11 of
the listed N-ner_arrays include i-nutation(s) of the NNner array to be
processed. |f jUkiHRd &8s ¥&saatfiouchash dddustratdng oPEﬁcFﬁs%Hé £ e as
the isolation degree of the N-ner array to be processed. On the ot her hand,
i f judged h8ohpthent@degreepcabgulatdonf acrerdingntim thruempdimentami ng
distance is larger than i, ( i+x) nutations (xal ) exist . Thus , i is

i ncrenent ed, andFide Tsiepy ddeyranfesdeserikingced oremién, be @ssdgnedyed
whet her the m ni mnum val ue of the hamm ng di stance between the listed N ner
arrays andimheistakizatiany poobtespingeascdrdingqtel the emboddmentTherefore,
a |large amount of processing time is not required, and the isolation degree
of each of the Neier &risays difaph Ghiowlieng & edsainedn hidligghtt ufald Jatmiaon
processing portion 18 visualizes alkalis in the genone array and creates an
i mge by ugéememé harragi,desciéh SabatcaltilEptea® habbediagr asal ai m@don@n t he
processing in Fig. 4 and Figs. 5A to 5C. The technique will be described
bel ow. Forempaddhéntaccording to this enbodi ment, an indicator relating to
an incidence of each alkali is obtained based on the incidence of the N-ner
array. Fig. 2B igiq & agram1&vb¢r§5f@tgm1alzqrahh@¢eﬁhéal&fllpa:tdd&selmg

i ndi cator of an elenent "A (see the arrow 212)" in a genone array (the

reference pyBY gbridimeiEn ANalsiba! Suppdrt SpptratRil hBabriiaG 8ytHdiCl ude

the elenment "A', and a first indiCator s obtained by calculafing (a total
T "W RO L e B 1 PO 20, 6o ariaye
times, twice, three tines, once, three tines and four
Preferred Mode for Carrying Out the Invention
Embodiments of the invention will be described below
with reference to attached drawings. Fig. 1 is a block diagram
illustrating an overview of a primer design support system
according to an embodiment of the invention. As shown in Fig.
1, the primer design support system 10 has an incidence
calculator portion 12, an isolation degree calculator portion
14, an incidence/isolation degree table 16, a visualization
processing portion 18, and a primer creation supporting
portion 20. The incidence calculator portion 12 calculates
an incidence of a partial array having a predetermined length

(N-mer array) in a given genome array with reference to the
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tdi mes, respectively, in the genone array. Therefore, the indicator to
obtain is (8+2+3+1+3+4)/6. The speed of the indicator cal culation can be
increased by referring to the incidence/isolation degree table. An

i sol ati on degree can be obtained simlarly. A second indicator relating to
an isol ation degree of each alkali can be obtained. Also in this case, the
speed of the indicator calculation can be increased with reference to the
17 i nci dence/isol ati on degree table. For exanple, the visualization
processing _portion_ 18 detern nes olor to be_assigned to eac | kali for
& opl ay ngOBRENGRERBYa EPA P AR T HRrHRPEL ABREPHAL ofthind e b
indicator or a third indicator, which is a conbination of the fjrst

i ndi cat or SRETeRcCALCBhALPRPREEHIT W LALFRPL LSS (3R dstdighefedress the

i nci dence decreases , that is , as the value of the first indicator

decr eases, °f heagBs PRpitiady anraY tHehrresPedht BPnth§ FRBOREKALTAYs B uni que
primer increases . On the other hand, as the isolation degree increases,
that is, té@esonibedoflates.sedthal incidence/iselabien degheepdabillsi 1iGy t hat
the array containing the alkali is a unique prinmer increases. By using

t hese factstoresnap Bacidendeatgndasisdbatvbonedegreqerehaktdngndioc gash

i ncreases where the third indicator=(second indicator/first indicator), the
possi bi | i tpathhalt degaeeay cDhéeaviismgltilzatdldnal processimg qgperpionerl8

i ncreases. As shown in Fig. 7, the visualization processing portion 18

defi nes t hpérfasmshproceseing tdguiredtfomndriniali ooy easkedidplmdiael of
col dness of the color increases while as the value increases, the |evel of

war mess othéhgefiohar arpaiyeaieh. raffeeendel tol thel o clidgendd /Axd1dtion
processing portion 12 defines that , as the value of the second indicator

i ncreases gegbbel £xB81e 0f6 COITHE riert -l 18n | SUP A WP 1 e val ue

decreases, the |l evel of warmmess of the color increases. In 18 accor dance

with the 5§é££89mstﬂl%dés%ﬁid 621 O PE LG T BPeRYd bBNadea 3%Sh PiSinierc ol OF
to each alkali. Apparently, as the value of the third indicator increases,

the level Qitﬁ%é’f@f%rcgér eﬁcﬁ‘%ncﬂng el AL f’%ﬁégﬁﬁ af%ﬁ%eh.”ofi&-di%ﬁ.}d& this

way, when an 1 nage c in consi derati e I ncidence a or

| sol ation gﬁg&g&& % ﬁlé(?%igc%z@[?&gﬁ %g‘&%evf‘éﬁé‘i’iégtéﬁh?ﬁ%dss‘l’hgt he

screen of rspray appara erator can | y prinmer

candi dat esportion 18 in response to a manipulation on an input apparatus

{not shown) by a user.

The primer deslgn support system 10 can be implemented
by installing a design support program to a computer.
According to this embodiment, a genome array is read from a
genome array database (DB) 22. The genome array DB 22 may be
on a hard disk of the personal computer or may be loaded in
a server spaced from the personal computer. In the latter case,
the personal computer may access the server over a network such
as a LAN and Internet and refer to data in the genome array
DB.

Before describing processing by the primer design

support system 10, a principle of the invention will be briefly

11



whi ch .may be nore unique, with reference to the imge. The user can
intuitively find priner candi dates, which nmay be unique, with reference to
the color given to the genone array. The prinmer creation support portion 20
includes a tool for selecting the presence of the formation of a
conplementary chain in an array and/or a nelting tenperature and a too
(program), for avoiding an opti mum GC content, a short repeated array
and/or a palindrome array. Thus, processing required in accordance with an
instruction froma_user can be performed on a priner candi date sel ected by
the user. 9R8FELBRE Peh@Wuser can design a predeternined primer. According
to this enbodinent, alkalis in a genone array can be visualized based on

i nci dences in t Helgendhelsr fadistonam fonydeFeriningcdnciagnsed P€n@ h (N
and an isolation degree of the array with the predetermined I ength with
respect todenemeeRRRAYar r ayHeT@er éfior @xtxemedy cahorht genemee y anm@ywi sual |y
check an array including a nore unique alkali . During 19 the cal cul ation
of an inci UbPAEGGBATAMN, | 36| ansiedn duyl e;mer pavcaysi aget copsidguiededs or t he
visualization is reduced by using the incidence/isolation degree table.

Fur t her norpartial coessysigthersof or Acr shbwngianFigol 24| cn Jewsreanmmaygt i ng to
the array wwth the predeterm ned | ength can be reduced by using a hash

tabl e rel atAmY, t appsansr ehirvet bimeshant ehel gagbhet haral, Andre@-Imer t he
invention is not limted to the enbodi nent, and various changes and

modi fi cat | @ABayRy" dE" Madspadtd) QWi aar Tthagﬂéﬁeﬁbtaﬁréj?i. rigtry seepe of
the invention. It will be understood that the changes and nodifications

fall wthiarifessprrat andgscopeael hha rh¢ent kppeakObn@eadMind sAqqar di ng
to the enbodi ment, both of map-size table relating to an array with a

predet er i gefes eRgEdyE N 5886 BaShakabhaa ehavNdo! fot aBERLE array are

created for a table Telating to incidences. By using them an isolation

degree relating {0 %&ér%%ﬁ?éé%t & ARiier 8Lgd1 heggt %gﬁ&b%? 12

cal cul ated, and/or an 1 nci r creating an i1ndicator T

i denti fi edcaigﬁli%éngghaw "R%ﬁ%f’;tnﬁé}? ggxﬁntyaignzi- gggtag%%@%ggp;%aﬂese

constructions . -S| ze may bé onl rovi ded, rocessi ng

may be per b o-cal l ed binary search. In the enbodi nent, the nap
size is 18zﬁ\£§‘%l}¥%ﬂdf?h% ﬂﬁgﬂmgiigréym. However, the sizes are not

e et Pt o YL SPhSS Fh LD 3R LRSI 8t o1 2o

lim ted reference to the same genome array and 2-mer arrays as those
of the example in Fig. 2A. Fig. 3 1s a diagram for describing
an isolation degree of each of the 2-mer arrays (partial
arrays) with respect to the genome array. An isolation degree
is defined herein as a minimum hamming distance between arrays.
In other words, the isolation degree of the partial array is
"n" where a partial array in which alkalis at n positions are
replaced by other alkalis appears in the genome array though
a partial array in which alkalis at i positions (i<n) are
replaced by other alkalls does not appear in the genome array.

In the example shown in Fig. 3, those resulting from

replacement of an alkali at one position of the partial array

12



t.o the one according to the enbodi ment. The visualization techni que based
bn an indicator is not limted to the one according to the enbodi nent,
either. Wiile a different color is assigned in accordance with an indicator
in the enbodiment , the assignnent is not |imted thereto. A different

| i ght ness of grayscale nmay be assigned. Alternatively, a different display
form may be assigned in accordance with an indicator. Furthernore,
according to the enbodi nent, the priner design support systemincludes the
i nci dence gal gu) ator portion 12 _and t i sol ation degree ator portion
14 and creaftes {ﬂ%m At PG E%%E&Se&'ﬁ&ciesﬁﬁﬁﬁﬁﬁ%"gieé:g""\ﬁsed on
an array fromthe genone array DB 22, The created table is used by the

vi sual i zat18n Pthcesdithg pbFtiront18: Khwefdd "GT1 7 noteAPRPET R th&qui r ed.
For exanple, a table may be created by a systemincluding the incidence

cal cul at or 9pRPREORATERY ahHSERE toolthei Srfgxgnse @&m@ﬁﬁdté%oﬁortK¥W1thﬁ and
the table may be recorded in a recordi ng nedium such as a CD-ROM and a

DVD- ROM | atharshande, the sgnesmndesrhinedelyiBigd i F ot pr'd&E'ssied "porti on
18 may read the recordi ng nedium and i npl enent processing for assigning a
di fferent anflofGEh) aef otliese eregult tmg i fxbr ataplacdnmninef alkaliiemtal kal i,
for exanple. 21 According to the enbodinent, the invention is applied
for supportwogakest ionoftlemifditwounhtatianBCRrpfereto timeedierenoe
invention may be al so applied for design of microarray oligonucleotide,
array desigumépal R¢S), shasyigesrgn, fOreyerecycr eent ngdceandrect ay'aias,i gn
for genone typing. Therefore, the "priner" herein may include an oligoner
array. [Serogt Rmaodtoent hphesir, £n Sehengaibisli Aephyof(dd¥ed n¥entinen will
be described. Before describing a construction and processing of a system

a principl fepbréh8e SRGRELa ENPOF!) e Fhevdfolle, dase i foh P \edied'gd Ng to

the second enbodi nent, a second isol ation degree ( that is , extended

isolation gegrggrtih ¥bigh thencegcepk of an isolation degree is extended
is introduced,” and various” kinds of calculation are perforned by using the

b ofly, and 1 he SEeeety L OPARee bale Tt a el P BE R o e e 1 ¢

briefly, and the secon olation degree 1In e 1solation

ext ended v%kﬁfsl daeffag}ée)ggw SR, ol bR DRRCRC Bod L (the

genone arr aving a For exanp unan genone,
o O 1S SURnL CaBRRY! FnEPRsofaPRER BbgRLLEY 5Eryhher eof T a genome
According to this embodiment, an incidence and an
isolation degree are calculated by using an 18-mer partial
array, for example. Fig. 4 is a flowchart showing an overview
of processing to be performed for calculating an incidence
according to this embodiment. As shown in Fig. 4, the
incidence calculator portion 12 selects an N-mer array (such
as an l1l8-mer array) (step 401) and scans a genome array
obtained from the genome array DB 22 (step 402). Thus,
positions where the N-mer arrays appear can be located in the
genome array, and the incidences can be obtained by counting

them (step 403).

The incidence calculator portion 12 stores the
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E ~ .  'Here, the genone array E is a short array. For exanple, when the
partial array E of the genone array G appears in the genone array G only
once, the isolation degree of "E'" with 22 respect to "G' is the m ninum
val ue of the nunber of m smatched alkalis as a result of the conparison
between "E' and all of the partial arrays of "G' (where the original array
is excluded). As the isolation degree increases, the possibility that E
couples with a wong pI ace (i nappropri ate pI ace) decreases. A partial array

570 AR 0 8 o ol AR 48 12
R U TR L o RS o o

isol (E,G of the rtial arr with respect tothe genone arra Grray be
defi ned as2F&3dY (t@p%?:“?ﬁ%%ﬁ'ﬁ%yésl gpl‘—_"‘gﬂ =1The ab°VﬁGd%%y

E~G-i,i +k-1~~ For exanple, when the genome array S is "ATGCTGCGATCGTA" and
t he genonep’é??%§s#ngsism@@11 RS Ay AL Y DIBREST t he
genone array S and the genone array T is "2". Wen the genone array Gis
the same akotfestePad0%) andThmen ahtapdet can her gyedted.an array "ATGCT"
having the first five elenments of the genone array S, isol (E, G - 2. Next,
t he extended secbmaeadditat,i ancdeding tw [thilscenibedimball, MWhereaentdingr r ays
with the length ~E~ included in the genone array G are sorted in order of
i ncr easi ngNfreem anyaj s welithe thet inckdgrce dbH O Bropasppasringaytie stilze "n"th
array 23 i's n-neighbor of the array E and is witten as nei ghborn(E G .
Here, the sfdhedtablhbatamwbeldegdacedt h&ori exampre £xireiHedexand bé ishowdegr ee
isoln(E, QG is defined as: isol"(E, G - dH (E, neighborn(E, G ) . The

i sol | (E, Qinsride Abpvshdélasdbldachdimald dhdifEmaas Ay dralgatliyasd he
second isol ation degree, a suffix array is used. This wll be descri bed

briefly. Tégown ray Fégl, 5A., Howdvdrd Accordifly ol thPe nisd HfsPE, iy

G(n]=$ is the largest end Ietter anong ot her elenents. The jtn SUffIX of G
i s definedsfge Jd ,redlﬂged B3l anbanMAtE£Y. 38 G lrhe Eﬂﬁlétxﬁéﬁ%&c(aﬂled 1]

is called preflx of . The suffix array SA[1 ,n] is an array
i ncl udi ng gp % pfgiresponding to G. The' prefl Xxes are sorted in
di ctionary order such as 1 n al phabetical order in this exanple). Wen a

LFQ%EQ ?; ~t he l@%ﬁ?& i gES :Egpﬁ&i%ﬂ?ﬁ"a"‘ﬁﬁ?at% b3 O{éf‘&sréd 30 arie,

the speed of processing is increased. For example, in the
example shown in Fig. 2A, by using a 2-mer array ltself as a
key, a table 501 as shown in Fig. 5B can be obtained. However,
in order to increase the speed of processing, a sub-table 502
may be provided in which an alkali array having a shorter
length (which may be called "hash size") is used as a key as
shown in Fig. 5B. Thus, the approximate position thereof in
the table can be located. This kind of sub-table may be called
"hash-size table". When a map-size table for N=18 is used,
the hash size = 14 desirably, for example.

Next, the isolation degree calculator portion 14

calculates the isolation degree by referring to the map-size

14



as: Hgt [ i ] _ ~1lcp ( TgA i] , TSAl i+1 ] Here, Hgt [ 1 ] =0 is defined.
By using this array, a length causing the incidence of the prefix of TSAti~
to be "1" for the first tinme in the string G can be obtai ned as:

maxHgt [i] =1+max{Hgt[i-1],Hgt(i]} where the length is maxHgt[i]. Here,

maxHt g[ 1] =1+Hgt[ 1] . [ Techni que of Cal cul ating |sol ati on Degree] An

i solation degree of the partial array E with respect 24 to the genone
array G can be obtained by scanning G only once. The calculation requires a
period of tine, Og~ G~4('}1~ E ~ log ~ E~%)1~2) . When t he maxi num
nunber k of2PienaPehsvh-taflfen(hash-ghreutabled dinevhiclhy the N-ogy 1-2) .
The i nventors know that the second isolation degree isoln ( E, G) can be
cal cul at ed@¥F28s paid otneidenpes I3 @e@%ﬁéﬂe—ﬁow A dd% human
genone, ~G- has a size of about 3x109. Therefore, nore reduction of the

cal cul ati oh qarresponddiv eagh Fhbert o g+ ifelbna ditawahadnty dieserritbdng

cal cul ate the | ower bound of the isolation degree of a given array E with
respect top®@ogsstnggofi cabeudbtingt ani hgollatliehi degitegrees of short

partial arrays as many as a nenory could hold. [Introduction of D vided
String] A divisibdrstec(Ehle) bSohatihonayddgree denileedaasvra pettbdénpard i al
arrays resulting fromthe division of the array E into msuch that the

| engt hs of séhecparan al-mex ayrsrapre Destini e ¥6 01 X Wist anithalizes Mi” (1)
The it'' partial array is def fined as deci ( E, L) . The inventors found
that, whenimdiataygEtMesSna@hBeR, ok hRutakhensndocquikitad B@l2g .f olNektgi ven
division dec(E L). (2) Furthernore, the systemholds a table of isolation

degr ees I eApdtRér N hirdhyaWrAkh P8V ﬁ\ﬁtfh%'i@h?%)pof tHheol-mér By, and

bel ow. Here, the follow ng equation holds from 25 t he equation above. (3)

where the gguabigikg8a NYpEes P=~Emne m&&faef:b%@agébfegatcm@m&t%iﬁ si de

of the inequality, the foll'owm ng technli que can opted. A function f(E)

s defi nodpasts bt £agelsan i nabicslob! €410 (delsnEok oS Siefauallon

can be obtained, and a [ower boun e 1sdl ati can be

cal cul ate ' [ =P f L» =1 saln L= (where

i =1, d‘ﬁ%&*‘%&ﬁq‘r #g@)@{r%%ggfgl Ter iaf)")ayg;&%aalﬁ(’?ﬁﬁ ?Rﬁ’fﬁ%é 6)1%13:1. .
., p} (a recursi step.where | > y.__sol vi ng_the recurrence_ equation
about an PTGy BEH & R G L SRy Bleniteat e Encslie GRRGeCRF Erf dir e
Furtherrmrf i/\,hen isoln(Etl,i~, G (where i=1, . . . , p) can be calculated
for a cons %Eh *tinme by using a sub-table, which will be described bel ow,
the recurrence eguati on above can be calculated for a period of tine

O( ~E~~P~) [ Sub- T=2bIN9 atntBeqeter £ thang dfcanfthes rmep AFaF haydng

i sol ati on degree of the arr%E, all isolation degrees of partial arrays

havi ng a |edgitptionesl rmaipsdio Rt @isigmiedf) Adde puesassing at

enbodi ment, a suffix array and a height array are used. 26
the steps 603 to 605 is performed on the other N-mer array.

Alternatively, 1f the presence of appearance of all other
N-mer arrays having i-mutation(s) in the genome array is
Judged, i is incremented (step 607). Then, the same processing
(steps 603 to 606) i1is repeated for the incremented i
mutation(s).

Here, a technique of identifying N-mer arrays having
i-mutation(s) and referring to the table (steps 603 and 604)
will be described. According to this embodiment, in reality,

at the step 603, an array in a hash-size (hash array) in which
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F Wi le the maxi num hei ght array maxHgt[i] has been descri bed above, this
can be regarded as a | ength by which the incidence of the ith prefix in the
suffix array is one or belowin the array Gfor the first tine. Extending
the definition of the maxi mum hei ght array, the maxi mum height array is
defined as "a length by which the incidence of the ith prefix of a given
suffix array is k or belowin the array Gfor the first tinme" , maxHgtk[i]
. In order to calculate the nmaxi mum height array, the definition of a

hei ght array_is.extended. as; t k i ~lcp (., Tsat i~ ~ TSAt itk] ) By
Usi g the RePERRSEeRRESHaTRImbEE Ok ATRRHE itn SHS Pesiagng dn chY bb
obt ai ned. paxHgt k(i]=1+pax{[Hgtk[i-j]=j=0, ..., When ta structure is
Goed i n wHCROE IR TAYBeN oot o Rmest b0 Lath THrsase o ddenolaiad | <
witten in_the node, the_ maxi mum hei ght array maxl—gtk can be cal cul ated for
a period ofheRmnoaT&EayY B) WhkGhg Pi"lga?—&ﬁrﬂf dhejatkadippre FOperdEdent ed
manner. However, since 16n bytes are required for storing a suffix tree, a
menory capigianeajfedigangyiew many Nglerear¥ays sinstliudiing §gﬁfh§(5h BEEayf a
human genone array ( 3 (giga)bytes). Since 6 bytes are required for
storing eath mbée begimmistyg téwistinber obtaisedesvitldereférenceetof thiee suf f
iXx treeis limted to 28 or below, 54 Cboytes are required in total. On the
ot her handhadh-s®jzestabke raqgli ridcerf orthe mapfisidzer tableA Miimes, geddst array
(3 §(giga) bytes) can be stored in 12 27 ~, Goytes . Even when a hei ght
array i s sobrehefNrmar| angahrseqanl beoobtalinadr than 28, only 15 Goytes are
required in total. Therefore, a suffix array is desirably used in

consi derati on ofNéde, "ethAY Y icelatilon Bwgiteengcabeulakosupdetidi a4 ay
maxHgt k, a partial array Ewith a length 1 starting froma position i on
the genonecaléaYatednd 1BdmmbRd adioraned etween kdduiHost Mele Hestalt bRy
categorized as: isolk(E,G - O (1<maxHgtk[SA[i]]) - 1 (l=maxHgtk[SA[I1]]) Z
1 (1>maxHopkheA hitayAl dnef &J@N-ﬁ@xﬁtéﬁhfeﬂé egé prebkEEe® (the! medartial

array E having a length ~p~ and bel ow starting fromall positions in the

genome arr gy LU @%h@a%gé’ﬁgit(ﬁ?r aﬁﬁw&ﬁe%ﬂeﬂ%ﬂhg i refindm lvadlde Z

t ~
~ , the is%?(atlon c?egree I a constant tine can be P
bt ai ned f [ ' fEj e |
order to cof aiapeiiind BBtk B At Pt PPUb IR bpl) S g |
E hayi h ~.0.5 be| Lati t b
per formod Sipasefurs " for pabuiationsA{ YeduifEi AF ERePLCRE AT B 0
b it [ ' ti f.1h | cul at i f I b f th
a0l ati on BUEFmEE VARG 1816 s18ee 2t L 4 FBa LS e B Rerce e RS 1 o
t f d, t ~. s desirabl d whi ch the isolati d
S0l k(£ GLaPuEAFLPars b bR the NEBrRoarheY280 BY B2peRangin T and bel ow
substantially agrees with the val ue resultiﬂr)lrg fromthe cat eg&rég above. Fig.

8 is a graph sholf Agdged a8t ftotr o teR P ABmind Sghtored 1onthe hakdh® genone

array. In Fig. 8, the horizontal axis indicates the value of the maxi num
hei ght arra§ We&HgtolRtien draxRe (9f dfheyNdne ayraxdiq P DFOcHsHH-
i ndi cates the nunber of a position in a human %glone array where the

maxi mum hePyHihe otherrhander 1f cipdgsd sisoNot ak tsken 6R8 .grRBHLE the

minimum value of the hamming distance is larger than i, (i+x)
mutations (x=1) exist. Thus, 1 is incremented, and the steps
603 and 604 are repeated. Then, it is judged whether the
minimum value of the hamming distance between the 1listed N-mer
arrays and the N-mer array to be processed is equal to i or
not. Therefore, a large amount of processing time is not

required, and the isolation degree of each of the N-mer arrays
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indicates a proportion of the number of positions in a human genonme array
Wi th the maxi num hei ght equal to or lower than x in the entire arrays.
Referring to Fig. 8 when an array with a length of 16 (16 ner) is selected
in a human genone array, the array may be unique ( that is , the incidence
is one ) with the probability of 22% On the other hand, an array wth a

| ength of 20 (20 nmer) is unique with the probability of 74% Apparently,
using an incidence in an entire array as an indicator indicating uniqueness
t hereof is not_ap e.for arrays with a length of 20 nmer or higher.
Referring SR APY g%fg'ﬁiﬁ{: edrrays congr egate at the maxinmum hei ght of 17
mer. Here, Wnen a |l ength whereby the maxi num height is "2" for the first
time is cal cul at'@éP Fﬁéuﬁéﬂ-?é‘ltﬁ%aﬂ{rms%%“%swié’d‘ a138 b¥isyadilEe s,

| engt h of 18 nmer or nore. A part of those having the isolation degree at
"0" or "1'abimlbR idtc!'—ﬁ‘ﬁaﬂéﬂ?‘“éa@%’&?ﬁt@bﬂ wraadiaf) aRaiPggR. PYHEingdhe 5
desired length ~p~ is achieved when the isol ati on degrees of npbst arrays
havi ng t helhehdemce/psolatior| dlegree " Fabde " 16 reaveltinge frop theig js

the nost suitable for a human genone array. In order to search ~p ~, a
| ower bourprocessinglin &tidy 4ranid§igsi.n5a techCr erthe dmehiniigue witlde range
of 1< ~p ~<( E~ . However, the |ower bound is cal cul ated from maxHgt k

Wi t hout acibeldetiselnd bea balawi. nFotrhexamplal iantasiimer sovthiis embodimgnit ,~p~.
This technique is equivalent to solving the above-described recurrence
equati on bynushagcated! ueXdifidedof @AM Imet@ékcad blf psadir. aThaugh iishe
anount of tine calculation of the lower bound is O (E2), the calculation
speed is spbhfatnédidasdd Th ithes AnTidehdle 0F ehetNeméaCiridp! Fifg.~ 2B about
60 with G109. [Processing Exanple] Fig. 9 is a flowhart show ng an

overvi ew ofgRf &£8§§hﬂ9L1tE1§l§r&?@Iﬁ§’l’af’ﬁﬁéith8dUiecdiéhﬁlatiﬁg% H nRARRARIUS
according to the second enbodi nent. As shown in Fig. 9, a naxi me hei ght

arrays (gl @J)emé%“@.t%'e)e the: ér%fq Elﬁ?" fﬁ"& éidifk idkddie é
support apparatus (step 901). For exanple, Hot | (17) and maxHgt 2(1) can be

obt ai ned ff f&gc%qtdrp%&" chﬁgﬂgw HYhY NA% deﬁgrg_bbe_lql Qv&sWﬂ N refers

to a nmaxinu engt tring (partial array) star romt he

poST10n LeBERtESucLUES ol ik Che ORI e YRG!
pr gg§§ e:jcﬁém: +2%dc3P'cf§aglft(flb]rFtré&Ifa %pot(ﬁ‘?é'z nafmﬁ%it(f%%a%leg?te of a

partial arra haV|ngaIength~p~( such as ~ p ~ =18 ) or below ( step
902 ) . H%’Fl‘é rng t he above- descrl bed recurrence equati on

f(EtI, |~)—|soln(EtI |~G max{f iy

+i s n(Et|_| +~. nG he j‘g’ﬁag“Ple iP} FI{5%9 regﬁrsﬁvé‘eﬁ e#m?e @cCAt he | ower
bound f(E)_is cal cuI at ed step "903)1‘ | ndustrial Applicability The invention
i s appl i cabTECERCSuppBFrErAes” desFEATEET gonGéFEth\l déngr " AFTCRG nFPRERT que
array, for exanple. The unique array can be obtained froma |arge anount of

array i nf ekt ohlnesuckiae hurhire g dilins arangss. thraegitdmamanse fedut ul for

PCR priner design, design of mcroarray oligonucl eotide, array design for
RNAi , arrabimesi grespechdvelve dor dbei raprome aa¥egy des ﬂ‘gﬁrﬁéprgend‘m@
typing. 31indicator to obtain is (8+2+3+1+3+4)/6. The speed of the
indicator calculation can be increased by referring to the
incidence/isolation degree table.
An isolation degree can be obtained similarly. A second
indicator relating to an isolation degree of each alkali can

be obtained. Also in thils case, the speed of the indicator

calculation c¢an be increased with reference to the
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Glains 1. A nmethod for calculating an indicator indicating an incidence of
an array in a genone array, the nethod characterized by conprising the
steps of: calculating incidences of partial arrays with a predeterm ned

| ength in the genone array; and storing the incidences relating to the
partial arrays with the predetermned length in an incidence table. 2. A
nmet hod according to Caiml1, characterized by that the step of storing in
the incidence table has the steps of omtting the storage into the

i nci dence ablg for Ear i al arraés mﬁgh ihe i nci dence of zero (0); and
usi ng secoh@chderres/isetayiondeares EABLeer second predeternined | ength
than the predetermned | ength and storing in a second table a position in
the incidence tdifte e¥anpdepakheaVigppdizafirR PROCEEEADE PATTEET iyt h
including the second partial array fromthe beginning. 3. A nethod for

cal cul at i ndeternhees & eplordicheidnsigned spL3 aé&gaéef@r dsrdaydpg n a
genone array, the nethod characterized by conprising the steps of:

cal cul at i nfhargénenetdanrayid@sssl onbghenfihst imdibeaber (ard )the jserong :
., i-1) referring to the conversion of j alkali ( s ) of each of partial
arrays w tindipatdetear @ bhdrideigdhcabdoeswhixth dgpeacombivatigemdfirdher r ay
but i mutation( s ) referring to 32 s i the conversion of i alkalis
appear ( sfirst indicgeroneamd e secdngdt dndhgatoran Acodredimg tdedihds t abl e
the isolation degree with respect to the partial arrays with the

pr edet er m aavod tiight, s thethbotefceodéetigases Clidiae s, chnrend ealmed by
that the step for calculating the isolation degree has the steps of judging

whet her orofiothk Fuiati @Ralcheber Gebgeh8ekhe theNYRESI1®A 1aft yK tilatalthe) of
the partial array with the predeterm ned |ength exists) in the parti al

array W thathgy Bted fiifid athd anthl 1 & WfitpRNpe imerafinkPehgesce omabl e
storing an incidence in a genone array wth respect to each of the parti al

arrays w t&é%ﬂéﬁ%ﬁﬁ&@%ﬂ@%ﬁaw ddifrde MHAd NS, BHat (1D,

determ ni ng as an 1solation degree;
the value of the second indicator increases, the possibility

that the array containing the alkali is a unique primer
increases. By using these facts, it may be set that, as the
value of the third indicator increases where the third
indicator=(second indicator/first indicator), the
possibility that the array containing the alkali is a unique
primer increases.

As shown in Fig. 7, the visualization processing portion
18 defines that, as the value of the first indicator decreases,
the level of coldness of the color increases while as the value
increases, the level of warmness of the color increases.
Alternatively, the visualization processing portion 12
defines that, as the value of the second indicator increases,
the level of coldness of the color increases while as the value

decreases, the level of warmness of the color increases. In
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when the k nutations) does/do not exist, increnenting k and repeating the
step of judging the presence of the k nmutation(s). 5. A nethod according to
Claim 3 or 4 characterized by that the step of calculating the isolation
degree has the steps of judging, by using second partial arrays having a
shorter second predetermined I ength than the predeterm ned |length and with
reference to a second table storing a position, in the incidence table, of
the partial arrays with the predeterm ned 33 nr Sr length including the

second partial array fromthe beginning, whether the k mutations) with the
predetenﬁ?ﬁﬁp¥é§Eﬁ% @*F§t§reiﬁé%ﬁ¥ﬂ94<Eﬂ%a??§¥aé?zathQiPF8ﬁe 9 rom
the beginning of the partial array with the predeterm ned | ength by a
second pr R EIIR ALd2PEAGRE & SO toneafh atbkadien ARRAReRLLY: iFhdpe
exist(s), finding a hamm ng di stance between the k nutations) and the array
with the prabes @rﬁnthédthéﬁgtimdw\ﬁplf Haoreasesm theutevel 1fe codimess
distance is k, determning the k as an isol ation degree thereof; when the

m ni mum vadfiethe ¢caloperin¢reagkes  epeashaynt he Bigp @f i ncrenenting k and
judgi ng by using the presence of the k nmutations) with the predeterm ned

| engt h and t he nimitimis way uevhen ahelmageriocod odiest Aincmonsideratisimend th
according to Caim3 or 4, characterized by conprising the step of judging

t he appearéne einai ddrec g ermironrisyl dasat degrdetdiereddie alkxalderdce the t he
genone array is equal to or lower than n. 7. A nethod for cal culating an

i ndi cat or géxb@t atgagn iS$0dakplayddrée @hed JEFOOE JL aphet A2 sPRaROd
characterized by conprising the steps of: calculating a shortest parti al

array by VApgdr2t@arbhal adr opbrdtyrl idkh f{@enEey kpbimett @andficatearti al
array with a predetermned | ength no | onger appears in a genone array; and

cal cul ati Reh{ &g e i BBIMITETRE1 dOO] W s eddide ¥b the Yniayes! v Thacl uded
in the partial array and handling the mas an indicator indicating an

5012 on 56 b R0 Y807 AR e (A} ONERBRUBS B 11
unique, with reference to the color given to the genome array.
The primer creation support portion 20 includes a tool for
selecting the presence of the formation of a complementary
chain 1n an array and/or a melting temperature and a tool
(program), for avoiding an optimum GC content, a short
repeated array and/or a palindrome array. Thus, processing
required in accordance with an instruction from a user can be
performed on a primer candidate selected by the user,
Therefore, the user can design a predetermined primer.

According to this embodiment, alkalis in a genome array
can be visualized based on incidences in the genome array of
an array with a predetermined length (N) and an isolation
degree of the array with the predetermined length with respect

to the genome array. Therefore, a user can intuitively and

visually check an array including a more unique alkali. During
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gonprirsing the step of performng the step of judging whether the partial
array appears or not based on whether the incidence in the genone array is
equal to or lower than n. 9. A method for calculating a first indicator
indicating an eligibility for a primer of an array including a given al kal
with respect to alkalis in a genone array by using an incidence table
created by using a nethod according to Caim1l1 or 2, the nethod
characterized by conprising the steps of identifying a same nunber of
arrays incl.uding t al kal i _as_a, predeterm ned_| engt i.th r.espect to each
of aIkaH:;q?uﬁ%hﬁéﬁa$i%Pg%ﬁoﬂ% %ﬁ?gg?n?ﬁeﬁPﬁf9Pn§g82a¥h8pdgﬁggefél3ting to
each of the identified arrays wth reference to lheﬁincidence ta g' and
cal cul at i RFAGRSFING timpyreqdresated bhe rianatizahior {SdaaRd Preq

i ncidences. 10. A nethod for calculating a second .indicator indicating an
el i gi bil i tys¥ng thedngldefcafisalatiomdagrar) terfiqren FAMERSTMAN: Pespect
to alkalis in a genone array by using an isolation degree table created by
usi ng a mRracEssing diime foragyestdngf aw sokatlon degreededatiag to
characterized 35 w by conprising the steps of: identifying a sane nunber
of arrays thebhudiaygeitie thiekpreédatesmpneddiengtimedn kangfedugedby usgagt to
each of alkalis included in a genone array; identifying an isolation degree
rel ati ng ta heesth tabliehareiladdnigf tedanr anyay vwi th rafsdrearicer tlendtd itbalnat i on
degree table; and cal culating the second indicator based on a total sum of
the identiN)jed isolation degrees. 11. A nethod for calculating a third
indicator indicating an eligibility, for a prinmer, of an array including a
given al kali W tAppasdifEly | 0 tlekalinventidngensmenet r ayimytedi e athe

i nci dence table created by using a method according to Claim1 or 2 and an

i sol ati on LRE@adPP! and ¢akeduBYchisn§8s AENBad FAca i dnd0maP wehadae Of
Clains 3 to 8, the nethod characterized by conprising the steps of:

identifyi &méyamrngﬁffraw gie dpchidiang thepal klihadnveRitadet.er i ned
| ength with respect 'to each of alkali's included in a genone array;

rof or ence T ene PRoTaaREaCodh Grat ArEEFlaRbeb nd M L BRI
; g a first 1 ndicator based on a
total Suméﬁthin the spirit and scope of the invention.

For example, according to the embodiment, both of
map-size table relating to an array with a predetermined
length (N) and hash table relating to a shorter array are
created for a table relating to incidences. By using them,
an isolation degree relating to the array with the
predetermined length can be calculated, and/or an incidence
for creating an indicator can be identified, for example.
However, the invention is not limited to these constructions.

A map-size table may be only provided, and the processing may
be performed by a so-called binary search.

In the embodiment, the map size is 18 (N=14), and the
hash size < 14. However, the sizes are not limited thereto.

Apparently, tables relating to arrays having other sizes may
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the identified incidences; identifying an isolation degree relating to each
of the identified arrays with reference to the isolation degree 36 k~ S
tabl e; and cal cul ating a second indicator based on a total sum of the
identified isolation degrees. 12. A nethod characterized by conprising the
steps of assigning, based on an indicator obtained by using a nmethod
according to any one of Clains 9 to 11, a different display formin
accordance with a value or range of the indicator; and creating an i mage
representing each alkali in a genone array in accordance the assigned

di spl ay foP%h ci82t@dnet hod according to O aim 12, characterized by that the
display formis a color. 14. A fro ram for operating a conputer for

cal cul ati ng an iFeFEReBROFR diddatndfcahor faxieack KK 4529t ildmd tedhone

array and bei ng readabl e by the conputer, the program causing the conputer
to perfornt@hthetepg accordingdl hoi thei pmpodimentof Fhet vdisugddzadinn h a
predeterm ned length in the genone array; and storing the incidences

rel ati ng ttecheligaet babedr payamiiindidatqyr edetroti hinlitedgth itheawne

i nci dence table. 15 . A program according to Caim14 , characterized by
causi ng t haccongimertéotper émbodihenst epitherstoring in the incidence table
having the steps of: omtting the storage into the incidence table for 37

n S partial arrayisile td) difEdrenitdendoroiszasoi gRed Brnddtomtaras withparti al
arrays having a shorter second predeterm ned | ength than the predeterm ned

| engt h andagtididihtidr AnSeREEhbERiRet PAtid heBighRehlteis Hidlanea el e, of
the partial arrays with the predeterm ned | ength including the second

partial artpyrétém hha1berant M gHéneds Wfogfr:ﬁ?”bf:aﬂ.eofﬁ&f%é A% s3 gn@FuL er
for calculating an indicator indicating an isolation degree of an array in

a genome akieYrRReiPeiPd 4€a8RPLEchY HISPpEAYPELSM: mbYC bR A=A gnedIing the
conputer to performthe steps of: calculating an isolation dedgree i by

whi ch ~ MiatiPiakcs with an indicator.

Furthermore, according to the embodiment, the primer
design support system includes the incidence calculator
portion 12 and the isolation degree calculator portion 14 and
creates a table indicating incidences and isolation degrees
based on an array from the genome array DB 22. The created
table is used by the visualization processing portion 18.
However, all of them are not required. For example, a table
may be created by a system including the incidence calculator
portion 12 and the isolation degree calculator portion 14, and
the table may be recorded in a recording medium such as a CD-ROM
and a DVD~-ROM. In this case, a system having the visualization
processing portion 18 may read the recording medium and
implement processing for assigning a different color in
accordance with an indicator relating to a given alkali, for

example.
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~=1,.2, . . . ,i-1) referring to the conversion of ~ alkali ( s ) of

éach of partial arrays with a predeterm ned | ength dodoes not appear in the
genonme array but i nmutation ( s ) referring to the conversion of i alkalis
appear( s ) in the genone array; and storing in an isolation degree table
the isolation degree with respect to the partial arrays with the
predeterm ned length. 17 . A program according to Claim116 , characteri zed
by causing the conputer to performthe step for calculating the isolation
degree having the steps of: fudgl mhether or. not k nutationa% ferrlng

to the conversi FCEITIng (kg ithe MRt diteAnKenALan dise rm ned

| ength exists) in the partial array vmth the predetermned length with

ref erence ¥Qr SNPPREtdAGcdesign o8 Prji“??%FHF’prﬁf &FChPrdmsse HRWEVE&home
array with respect to each of the partial arrays with the predeterm ned

| engt h; whehe theventientharspeeal so( appliedefarnidegigne of adcaRargaati on
degree; when the k mutations) does/do not exist, increnenting k and
repeat i ng ehktgenepledtidegianrathdesigncfior RNAL h@nraryudasign(@r gege A
program according to Claim216 or 17 characterized by the program causing

t he conputscréenjmgf and abragtdgsidn Catrcgénomad pisng sdierefoxkegitde havi ng
the steps of judging, by using second partial arrays having a shorter
second pr etet bmet heldetr eyt hay hancli@e pardolegomeedakeagth and with
reference to a second table storing a position in the incidence table of
the partial arrays with the predeterm ned |l ength including the second
partial array fromthe begi nning, whether or not the k nutation ( s ) wth

the predet psddoed rRpedmext$ts) in which k alkalis) at a position away
fromthe beginning of the partial array with the predeterm ned | ength by a

second predeter rﬂé‘ﬁ@'h| ENHebdnd EibSRINELE e WD {Mferit {04 Al 20She

exist(s), finding a hamm ng distance between the k nutations) and the array

e P gﬂg@f%‘%ne L0 fhe%igﬁ[s'bfa,{r‘]tffliﬂo ati or'fx'?ﬂﬁ’l 2 g‘iof&%@?i@x%

di stance is determning the egree theéreof ,
of a system, a principle of the second embodiment will be

described below. According to the second embodiment, a second
isolation degree (that is, extended isolation degree) in which
the concept of an isolation degree is extended is introduced,
and various kinds of calculation are performed by using the
second 1solation degree. Again, an isolation degree will be
described briefly, and the second isolation degree in which
the isolation degree is extended will be described.
[Second Isolation Degree]

"G" refers to a genome array having a length |G| here.
For example, for a human genome, |G| is equal to about 3 Gbp.
A partial array "E" thereof is a genome array having a length
|E|. Here, the genome array E is a short array. For example,
when the partial array E of the genome array G appears in the

genome array G only once, the isolation degree of "E" with
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when the mnimumvalue is |arger than k, repeating the step of increnenting
k and judging by using the presence of the k nutations) with the

predeterm ned | ength and the m ni rum val ue of the hamm ng di stance. 19. A
program according to Claim16 or 17, characterized by causing the conputer
to performthe step of judging the appearance in the genone array based on
whet her the incidence in the genone array is equal to or |ower than n. 20.
A program for operating a conputer for calculating an indicator indicating
an isolation degree of a genone array and being readable by the c uter,
the progr FRRAEE &9 1He Icokpameininpm xalyeRt Wg‘es’t‘\é'ﬁgeﬁqu %QFE‘BFS?‘EHQ a
shortest partial array by which a partial array starting fromthe kth
letter of alkakis As & reyukitt Afathe CRRAR FRY heHRSP ndE | &gealdpBEars in
a genone array; and cal cul ating the maxi mum nunber m of partial array

uni quel y ithe upedtiplt raryawsi of a16¢'ay (Wherpardhre ngrigdnmlaARHRY ndBcat or

i ndicating an isolation degree thereof by considering the mas the | ower
bounds of exEludedht ik thegieelation Aegrey dncueasedi rithe poSsabil2ty
characterized by causing the conputer to performthe step of judging

whet her t hehgar Ei dowliessy wpphraas wromgt plased (imapmtdmpriate placddnce in
the genone array is equal to or lower than n. 22. A conputer-readable
program f clecedsds g a 40 conputer for calculating a first indicator
indicating an eligibility for a primer of an array including a given al kali
Wi th respect to mlgedltinl RrdageEedm an’ ay"by letiteg &8 hactdeficeetablre
created by causing the conputer to performa program according to Claim 14

or 15, thejfaiHdenbabasteayZed PyrattenNdstds G0 MY hrimnit goalkeaiicehe
steps of: identifying a sanme nunber of arrays including the alkali as a

predet er ni d&N0hR Wriby' @FPad {aﬁ a%%BngfT af Kafrettan! wded, (s, a)g9enone

array; identitying an i1 ncidence relating each of the identified arrays

W Lh ref er'ﬂf%z[e%:f&é ,h%4§t 'agﬂflgxgnpﬁ%:tggc%“ﬁﬂ(ﬁlﬂ“ﬁé' Y 3xdedlsdddisGat or

based on a sum o I ncidences. "23. A conput er-readabl e

rogram for operating.a c er for calculating a secqnd indicator
Pndigcati ng anpel‘f*&sbg'l)i tWﬂ%%[&ibr’f r?gll‘;“ldj)f gah'grr’ay ﬁgél uiji nlg a given

al kali with respect to_alkalis_ in a genone arr Y. Usi ng i ion
degree tabl e créatet bf/h%a%g?’ila%?‘ﬁg g‘&%&t%r stogy(pée)’rq)or#latggob’r%%%qtaa&cor di ng
to any one of C ai 16 to 21, chgracterized by cgusing t onpyter to
per f or m t HEFE3% wgg:_h Fﬁﬁﬁf’f’%ﬁﬂg&e %?é’%ﬁﬁé%‘yo '5?¥§§fsraear1f§1'\%jﬁ§ *t he

al kali as a predetermned length with respect to each of al kalis included

in a genone arr ayf0% Jer) THMEIRGE i @l akitdh degree relating to each of the

identified arrays with reference to the isolation degree 41
k=|El, i=1, ..., |G|-k+l, E#G[i,i...k-l]} :

For example, when the genome array S is "ATGCTGCGATCGTA"
and the genome array T is "ATGTTGCGATCCTA", the hamming
distance between the genome array S and the genome array T is
"2". When the genome array G is the same as the array S and
when the partial array E is an array "ATGCT" having the first
five elements of the genome array S, isol(E,G) = 2.

Next, the extended second isolation degree will be
described. When all of arrays with the length |E| included
in the genome array G are sorted in order of increasing hamming

distance with respect to the partial array E, the "n"*" array
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. . table; and cal culating the second indicator based on a total sum of
the |dent|f|ed i sol ation degrees. 24. A conputer-readabl e program for
operating a conputer for calculating a third indicator indicating an
eligibility for a primer of an array including a given alkali wth respect
to alkalis in a genone array by using an incidence table created by causing
the conputer to performa programaccording to Claim14 or 15 and an
i sol ati on degree table created by causing the conputer to performa program
according to any one of Clainms |16 to 21, characterized cau5|n the
conput er t ¥SgEretghkoR of Ehe aFravidnhanfydsyrd ttanag
including the alkali as a predetermned |length with respect to each of
al kal i s i néPH8edthe £ igetallionddgoregi.ndhat | hei déhee exdiendady to
each of the identified arrays with reference to the incidence table;
cal cul ati n§selatien dagreat dsobacdGbnia defimeduasof the identified
i nci dences; identifying an isolation degree relating to each of the
identified arraybsedi(E @)X er ahcd Et, 0 nietighiboal,4Ei, 6 )degree table; and
cal cul ating a second indicator based on a total sumof the identified
i sol ati on degr e€Bhe A=01A(Er, GJr hsnttlsnaboverdesdritpedaiso bat idwe deyee.er 42
r ~" to performthe steps of: assigning, based on an indicator obtained by
causi ng the conpPéErcdDeWba Didgn ther e AL Gt 1oh (de e One sFfAai s 22
to 24, a different display formin accordance with a value or range of the
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Therefore, the inventors invented to calculate the
lower bound of the isolation degree of a given array E with
respect to G by using a sub-table storing isolation degrees
of short partial arrays as many as a memory could hold.
[Introduction of Divided String]

A division dec(E,L) of an array E is defined as a set
of partial arrays resulting from the division of the array E
into m such that the lengths of the partial arrays can be
uniquely Li(where i=1, ..., m).

(1)

The i*" partial array is defined as deci(E,L).

The inventors found that, when an array E was given, the
following equation held for a given division dec(E,L).

(2)

Furthermore, the system holds a table of isolation
degrees relating to partial arrays having lengths p (such as

18 mer) and below. Here, the following equation holds from
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can be calculated for a period of time O(|E||p]|).

£(E[1,1))=1s01,(E(1,1;,G) (where 1i=1, ..., p)

£(E(1,17)=max{£f(E[1,1-41)

+1501n(E[1-941,11.G) | 3=1, ..., p}

(a recursive step where i)>p)

By solving the recurrence equation about an array E, the
isolation degree isol,(E,G) can be obtained. Furthermore,
when 1isol,(E;1,1;,G) (where i=1, ..., p) can be calculated for
a constant time by using a sub-table, which will be described
below, the recurrence equation above can be calculated for a
period of time O(|E||P]|).

[Sub-Table]

In order to calculate the lower bound of the isolation

degree of the array E, all isolation degrees of partial arrays

having a length |p| and below must be calculated. According

to this embodiment, a suffix array and a height array are used.
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h 10 h 10 Wahbe, Maximumdpeiahy qrrapmardqyli] has beenydegcrdbed 10%
U& ()-Y'10% U& ()-Y'10% U& ()-Y 10% U& ()-1 10% U& ()-Y !'10%
u& () -/ / oxeRomRIEFd1FgpeSRe rdarded ¥s1ackangth by whigh she ineddences’ () - Y
10%)U&'()-Y!10%)U¥ ()-01D1S1111dELC 104| /10% U& ()-Y- 10% U& ()- +10%
U&j()_yf)lgﬁ@the i*™ prefix in the suffix array is one or below in the
array G for the first time. Extending the definition of the
maximum height array, the maximum height array is defined as
"a length by which the incidence of the i, prefix of a given
suffix array 1s k or below in the array G for the first time",
maxHgtx[1i]. In order to calculate the maximum height array,
the definition of a height array 1is extended as:
Hgtyx[1]=|1ep(Tsarsy. Tsaraec) |
By using the height array hgty, the maximum height array
maxHgtx[1i] can be obtained.
maxHgtx[1i]=1+max{ [Hgtc[i-3]|3J=0, ..., k)
When a data structure is used in which the number of
elements under each node of a suffix tree is written in the
node, the maximum height array maxHgty can be calculated for
a period of time O(|G|) by making the round of a tree in a
depth-oriented manner. However, since 16n bytes are required
for storing a suffix tree, a memory capacity of 48G bytes is
required for storing a suffix tree of a human genome array (3
G(giga)bytes). Since 6 bytes are required for storing each
node in which the number of leaves under the node of the suffix
tree is limited to 2% or below, 54 Gbytes are required in total.

On the other hand, 4n bytes are required for a suffix array.

A human genome array (3 G(giga) bytes) can be stored in 12
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Gbytes. Even when a height array is stored for a length equal
to or lower than 2%, only 15 Gbytes are required in total.
Therefore, a suffix array is desirably used in consideration
of the memory capacity.

By using the maximum height array maxHgtyx, a partial
array E with a length 1 starting from a position i on the genome
array G and an isolation degree isolyx(E,G) thereof can be
categorized as:

1s0lx(E,G) = 0 (1l<maxHgtx[SA[i]])

= 1 (l=maxHgtx[SA[1]])

= 1 (1l>maxHgtx[SA[i]])

All of the isolation degrees isoly(E,G) of the partial array
E having a length |p| and below starting from all positions
in the genome array G must be calculated. However, for
maxHgt,[SA[i]l]=|p|, the isolation degree is "0" or "1". Thus,
a constant time can be obtained from the maximum height array
maxHgtyx and the suffix array. In order to calculate a maximum
height accurately for all of the partial arrays E having a
length |p| and below, a separate calculation must be performed
separately for maxHgty[SA[1]]<|P|. However, the step can be
omitted in consideration of the calculation of a lower bound
of the isolation degrees.

When the accurate calculation of the maximum height is
not performed, a length |p| is desirably used by which the

isolation degree 1so0lx(E,G) of partial arrays E having the
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length |p| and below substantially agrees with the value
resulting from the category above.

Fig. 8 is a graph showing a distribution of maximum
height Hgt in a human genome array. In Fig. 8, the horizontal
axis indicates the value of the maximum height array maxHgt
while the vertical axis of the solid line graph indicates the
number of a position in a human genome array where the maximum
height is x. The vertical axis of the dotted like graph
indicates a proportion of the number of positions in a human
genome array with the maximum height equal to or lower than
x in the entire arrays.

Referring to Fig. 8, when an array with a length of 16
(16 mer) is selected in a human genome array, the array may
be unique (that is, the incidence is one) with the probability
of 22%. On the other hand, an array with a length of 20 (20
mer) is unique with the probability of 74%. Apparently, using
an incidence in an entire array as an indicator indicating
uniqueness thereof is not appropriate for arrays with a length
of 20 mer or higher.

Referring to Flg. 8, most arrays congregate at the
maximum height of 17 mer. Here, when a length whereby the
maximum height is "2" for the first time is calculated, the
pattern peak may be estimated as being with a length of 18 mer
or more. A part of those having the isolation degree at "O"

or "1" can be accurately calculated by using maxHgtx. Thus,
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a desired length |p| is achieved when the isolation degrees
of most arrays having the length |p| or below are "0" or "1".
Therefore, |p | =18 is the most suitable for a human genome array.
In order to search |p|, a lower bound is calculated by moving
P 1n a recurrence equation in the range of 1< | p| < |E| . However,
the lower bound 1is calculated from maxHgty without accurately
calculating the isolation degrees with the length |p|. This
technique is equivalent to solving the above-described
recurrence equation by using a value obtained from maxHgtx with
p=|E|. Though the amount of time calculation of the lower
bound is O (E?), the calculation speed is sufficiently high
in consideration of the fact that |E| is about 60 with G>10°.
[Processing Examplel

Fig. 9 is a flowchart showing an overview of processing
to be performed in the design support apparatus according to
the second embodiment. As shown in Fig. 9, a maximum height
arrays (maxHgt;(1i), maxHgt,(i), ...) are first calculated in
the design support apparatus (step 901). For example,
maxHgt; (i) and maxHgt,(1) can be obtained from the following
equation. As described above, maxHgty(l1) refers to a maximum
length by which a string (partial array) starting from the
position 1 occurs k times or below in the genome array G for
the first time.

maxHgt,(1)=

max(|lecp(i,1i+1)], |lep(di,i-1)|+1
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1

o

maxHgt,(i)=

max(|lcp(i,1i+2)|, |lcp(i-1,i+1)]|, |lep(i-2,1)|+1

Next, a table is prepared having a calculation result
of the second isolation degree of a partial array having a
length |p| (such as |p|=18) or below (step 902). Then, by using
the above-described recurrence equation,

£f(E(1,1;)=1s01,(E(1,1;,G) (where i=1, ..., p)

£(Eq1,1y)=max{£(E(1,1-3)

+1501,(E(1-441,11,G) |3=1, ..., p}

(a recursive step where idp),

the lower bound £(E) is calculated (step 903).

Industrial Applicability

The invention i1s applicable to support to design
oligonucleotlide arrays using a unique array, for example. The
unique array can be obtained from a large amount of array
information (such as human genome arrays), which may be useful
for PCR primer design, design of microarray oligonucleotide,
array design for RNAi, array design for genetic screening and

array design for genome typing.
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characterized by comprising the steps of:
calculating incidences of partial arrays with a
predetermined length in the genome array; and
storing the incidences relating to the partial arrays
with the predetermined length in an incidence table.
2. A method according to Claim 1, characterized by
that the step of storing in the incidence table has the steps
of:
omitting the storage into the incidence table for
partial arrays with the incidence of zero (0); and
using second partial arrays having a shorter second
predetermined 1length than the predetermined length and
storing in a second table a position in the incidence table
of the partial arrays with the predetermined length including
the second partial array from the beginning.
3. A method for calculating an indicator indicating
an isolation degree of an array in a genome array, the method
characterized by comprising the steps of:
calculating an isolation degree i by which j mutation(s)
(j=1,2, ..., i-1) referring to the conversion of j alkali(s)
of each of partial arrays with a predetermined length do/does

not appear in the genome array but i mutation(s) referring to
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judging whether or not k mutation(s) referring to the
conversion of k alkali(s) of the partial array with the
predetermined length exist(s) in the partial array with the
predetermined length with reference to an incidence table
storing an incidence in a genome array with respect to each
of the partial arrays with the predetermined length;
when the kX mutation(s) exist(s), determining k as an
isolation degree;
when the k mutation(s) does/do not exist, incrementing
k and repeating the step of judging the presence of the k
mutation(s).
5. A method according to Claim 3 or 4 characterized
by that the step of calculating the isolation degree has the
steps of:
judging, by using second partial arrays having a shorter
second predetermined length than the predetermined length and

with reference to a second table storing a position, in the

incidence table, of the partial arrays with the predetermined
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when the k mutation(s) exist(s), finding a hamming
distance between the k mutation(s) and the array with the
predetermined length;
when the minimum value of the hamming distance is k,
determining the k as an isolation degree thereof;
when the minimum value is larger than k, repeating the
step of incrementing k and judging by using the presence of
the k mutation(s) with the predetermined length and the
minimum value of the hamming distance.
6. A method according to Claim 3 or 4, characterized
by comprising the step of judging the appearance in the genome
array based on whether the incldence in the genome array is
equal to or lower than n.
7. A method for calculating an indicator indicating
an 1isolation degree of a genome array, the method
characterized by comprising the steps of:
calculating a shortest partial array by which a partial
array starting from the k'" letter of a partial array with a

predetermined length no longer appears in a genome array: and

calculating the maximum number m of partial array
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considering the m as the lower bounds of the isolation degree.

8. A method according to Claim 7, characterized by

comprising the step of performing the step of judging whether

the partial array appears or not based on whether the incidence

in the genome array is equal to or lower than n.

9. A method for calculating a £first indicator

indicating an eligibility for a primer of an array including

a given alkalli with respect to alkalis in a genome array by

using an incidence table created by using a method according

to Claim 1 or 2, the method characterized by comprising the

steps of:

identifying a same number of arrays including the alkali

as a predetermined length with respect to each of alkalis

included in a genome array:

identifying an incidence relating to each of the

identified arrays with reference to the incidence table; and

calculating the first indicator based on a total sum of

the identified incidences.

10. A method for calculating a second indicator

indicating an eligibility for a primer of an array including

a given alkali with respect to alkalis in a genome array by

using an isolation degree table created by using a method

according to any one of Claims 3 to 8, the method characterized
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identifying an isolation degree relating to each of the
identified arrays with reference to the isolation degree
table; and

calculating the second indicator based on a total sum
of the identified isolation degrees.

11. A method for calculating a third indicator
indicating an eligibility, for a primer, of an array including
a given alkali with respect to alkalis in a genome array by
using an incidence table created by using a method according
to Claim 1 or 2 and an isolation degree table created by using
a method according to any one of Claims 3 to 8, the method
characterized by comprising the steps of:

identifying a same number of arrays including the alkali
as a predetermined length with respect to each of alkalis
included in a genome array:

identifying an incidence relating to each of the
identified arrays with reference to the incidence table;

calculating a first indicator based on a total sum of
the identified incidences;

identifying an isolation degree relating to each of the

identified arrays with reference to the isolation degree
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of:

assigning, based on an indicator obtained by using a
method according to any one of Claims 9 to 11, a different

display form in accordance with a value or range of the

indicator; and

creating an image representing each alkali in a genome

array in accordance the assigned display form.

13. A method according to Claim 12, characterized by

that the display form is a color.

l4. A program for operating a computer for calculating
an indicator indicating an incidence of an array in a genome

array and being readable by the computer, the program causing

the computer to perform the steps of:
calculating incidences of partial arrays

predetermined length in the genome array; and

storing the incidences relating to the partial arrays

with a

with the predetermined length in an incidence table.

15, A program according to Claim 14, characterized by

causing the computer to perform the step for storing in the

incidence table having the steps of:

omitting the storage into the incidence table for
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storing in a second table a position, in the incidence table,

of the partial arrays with the predetermined length including

the second partial array from the beginning.

16. A program for operating a computer for
calculating an indicator indicating an isolation degree of an
array in a genome array and being readable by the computer,
the program causing the computer to perform the steps of:

calculating an isolation degree i by which j mutation(s)
(j=1,2, ..., 1-1) referring to the conversion of j alkali(s)
of each of partial arrays with a predetermined length do/does
not appear in the genome array but i mutation(s) referring to
the conversion of i alkalis appear(s) in the genome array; and

storing 1in an isolation degree table the isolation
degree with respect to the partial arrays with the
predetermined length.

17. A program according to Claim 16, charécterized by
causing the computer to perform the step for calculating the
isolation degree having the steps of:

judging whether or not k mutation(s) referring to the
conversion of k alkali(s) of the partial array with the
predetermined length exist(s) in the partial array with the

predetermined length with reference to an incidence table
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when the k mutation(s) exist(s), determining the k as
an isolation degree;

when the k mutation(s) does/do not exist, incrementing
k and repeating the step of judging the presence of the k
mutation(s).

18. A program according to Claim 16 or 17
characterized by the program causing the computer to perform
the step of calculating the isolation degree having the steps
of:

judging, by using second partial arrays having a shorter
second predetermined length than the predetermined length and
with reference to a second table storing a position in the
incidence table of the partial arrays with the predetermined
length including the second partial array from the beginning,
whether or not the k mutation(s) with the predetermined length
exist(s) in which k alkali(s) at a position away from the
beginning of the partial array with the predetermined length
by a second predetermined length is/are converted;

when the k mutation(s) exist(s), finding a hamming
distance between the k mutation(s) and the array with the
predetermined length;

when the minimum value of the hamming distance is k,

determining the k as an isolation degree thereof;
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the k mutation(s) with the predetermined length and the
minimum value of the hamming distance.

19, A program according to Claim 16 or 17,
characterized by causing the computer to perform the step of
judging the appearance in the genome array based on whether
the incidence in the genome array is equal to or lower than
n.

20. A program for operating a computer for
calculating an indicator indicating an isolation degree of a
genome array and being readable by the computer, the program
causing the computer to perform the steps of:

calculating a shortest partial array by which a partial
array starting from the k™ letter of a partial array with a
predetermined length no longer appears in a genome array:; and

calculating the maximum number m of partial array
uniquely included in the partial array and handling the m as
an indicator indicating an isolation degree thereof by
considering the m as the lower bounds of the isolation degree.

21. A program according to Claim 20, characterized by
causing the computer to perform the step of judging whether
the partial array appears or not based on whether the incidence

in the genome array is equal to or lower than n.

22, A computer-readable program for operating a
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computer for calculating a first indicator indicating an
eligibility for a primer of an array including a given alkali
with respect to alkalis in a genome array by using an incidence
table created by causing the computer to perform a program
according to Claim 14 or 15, the method characterized by
causing the computer to perform the steps of:

identifying a same number of arrays including the alkali
as a predetermined length with respect to each of alkalis
included in a genome array:;

identifying an incidence relating to each of the
identified arrays with reference to the incidence table; and

calculating a first indicator based on a total sum of
the identified incidences.

23. A computer-readable program for operating a
computer for calculating a second indicator indicating an
eligibility, for a primer, of an array including a glven alkali
with respect to alkalis in a genome array by using an isolation
degree table created by causing the computer to perform a
program according to any one of Claims 16 to 21, characterized
by causing the computer to perform the steps of:

identifying a same number of arrays including the alkali
as a predetermined length with respect to each of alkalis
included in a genome array:

identifying an isolation degree relating to each of the

identified arrays with reference to the isolation degree
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A computer-readable program for operating a
computer for calculating a third indicator indicating an
eligibility for a primer of an array including a given alkali
with respect to alkalis in a genome array by using an incidence
table created by causing the computer to perform a program
according to Claim 14 or 15 and an isolation degree table
created by causing the computer to perform a program according
to any one of Claims 16 to 21, characterized by causing the
computer to perform the steps of:
identifying a same number of arrays including the alkali
as a predetermined length with respect to each of alkalis
included in a genome array:
identifying an incidence relating to each of the
identified arrays with reference to the incidence table:
calculating a first indicator based on a total sum of
the identified incidences;
identifying an isolation degree relating to each of the
identified arrays with reference to the isolation degree
table; and
calculating a second indicator based on a total sum of

the identified isolation degrees.

25, A program characterized by causing the computer
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he indicator; and
creating an image representing each alkali in a genome array

in accordance the assigned display form.
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