1 METHOD AND SYSTEM FOR PREDI CTI ON OF ALLERGENI CI TY OF PROTEI NS USI NG MOTI F
TABLE Field of the Invention [0001] The present invention generally relates
to bioinformatics, and nore particularly to a nmethod and systemthat uses

notif table to predl ct the allergenicjyty of a query protein. Background of
the Invention [0002] Allergens induce allergic responses including
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such as antihistamines, corticosteroids or in severe cases, injectable epinephrine. However,

it is well known that allergies can be prevented if an allergen is known to and avoided by
an allergic individual, so the effective way to prevent allergy is allergen avoidance. Itis
even more effective when the allergens are proteins in our food. If any protein in the food
is known as a potential allergen, any allergy induced by the allergic protein can be
prevented by avoiding the consumption of the allergic protein.

[0003] The identification and validation of protein allergens becomes more acute
nowadays because more and more transgenic proteins have been introduced into our food
chains. Currently, there are three main aspects in the assessment of protein allergenic
potential: immunogenicity, cross-reactivity and clinical symptoms. Immunogenicity is
meant the immune response to a particular allergen, normally in the form of either an
immunoglobulin E (IgE) antibody or T-cell response. While animal studies of immune
responses provide the ultimate validation of an allergen, they are too expensive to be
applied to every protein. Therefore, a reliable prediction of potential allergens is
imperative for allocating the money to study the real potential allergens, rather than all

proteins.




that a potential allergenic protein shares sequence simlarities with the
known all ergens. Thus, the potential allergenicity of query proteins can
be predicted by examning their sequence simlarities with known

al l ergens. [0005] Attenpts have been gade to predict allergenicity of a
guery protein by its amno acid sequénces. According to the FAQ WHO
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predicted allergens. In a further improvement attempt, Li et al. clustered the sequences
first, predicted conserved motifs for each of the clusters, built a profile for each predicted
motif, and predicted the allergenicity of a query. See, Li et al., Bioinformatics, 20:2572-
2578 (2004). While it improved the accuracy over the Stadler’s method, it has its own
shortcomings: too complex, and impractical in clustering allergens when the number is

small and they are diversified.
Summary of the Invention
[0006] Therefore, there is an imperative need of a method and system that can

predict the allergenicity of a query protein with high specificity with easy implementation.

The present invention satisfies this need by providing a method and system that uses a




am no aci d sequences of known allergens, identifying a pre-set nunber of
notifs fromthe amno acid sequences of known allergens, constructing a
notif table of the identified notifs, searching for any identified notifs
within the query protein with unknown, allergenicity, and predicting that
the query protein is an allergen if it contains at |east one positive
match with trﬂ%nrmtif, table. In, various enbodinents, the set of amno acid
sequencBWtibfablsiopredict e selgeepisity K€ agner protein.r dhe pisodandsysiemaa bsr
private.gdg f&nteg@nNd the notifs may be identified by any known

al gori tﬁms that can 1dentify nmotifs in nultiple am no acid sequences

i ncl udi [E90Axpect aln ome aprctntlegiresent arventidbpsvidaspnsathod ORORictibm obHihe
enbodi ment, i.n. the step of constructing the notif tabl when the tif
tabl e COMESEFREY of asiucky proteif. (b mehOf AOmPrigRRihe Stops of Providier SetPlr o,
wher ei Nablie ftid §ilehdds BF Rndwh §0&LSns, MMRiARY phese? Alimberl OF rhétifs 3Rfh Waer ei n
the nunber of notifs may be equal to the nun‘gers of columms and rows, all
cel | s i aminveacidtsefudnabs ef &newh nilleigeink ycanstruetingda metifdableyofcibelidénsifigddat ed

by adding.,l each.ti by the followng rul,es:;lining all. notjfs,(i.e., X,
v 20t Bl rag e oo b ASeiisdoioRds MR tae ok pPbrginl By By s
assi gnegiidrenitie anBiprdetidel tAEk the qably ROREl Rla8 flerleh ipdticen@imfat dakt st i f s
(i.e., xy, xz, yz); updating any cell by 1 every tinme when the notjf
conbi nappsitivermaiele svitththecwabf tattle.odnotariohe egdiodithentaridie rsstvoh @B gcidnher ei

he fi nh f th i f i nati i . _
nunber  2PBEs Bt 5Bl ial BrRb AR IR R Dl e QbR TT
assi gnegdnd thenmsaeondy riendentiféd b enidnokvncalpbrithadsi tant carsidehgfyasstifniad t o

the remaining. [0009] In another enbodinent, in the Stﬁ of searching for
any i demultiple aminst acidsequpnass includingerdegtaiemmeximizgtion and kABYS e geni ci ty
the sea i-Nng may 2 Y i [ W t he
al | gl OB qor ¢ Hnors e Ry SRR A OB R pe i el RREE N | 12
pr esent niohif eablé eompriyilg2s3,a..at infcolmmseadidt, )8i ngn- 1y serbvsp whereih tie n
allergenicity of a query protein. The notif table conprises at.|east two
par anet 8pd ¥ Bieiisgers; ?@%nd‘i‘%lﬁ’s? fo 1y 3nd WhirRlp g?enm’t ReT QR Y Bnal

tabl e cg 4G B nuhbefs offcolumns Shdlrowd, SPLUENE éh@&gti?-tab?e ar@initially §Bt hs 0J N
re an n

r ows, inthe nand In are Integers, may be equal to'm_v\7nerein
t he nunbad anf celbisiupdatadpy hddieg U adach tnmethy the fiddlevengfulesc bhingredl mofdfsi(otas; and
in the notif table re.initiall;rl et as% and aﬁwocell

wherein all cells,
iseLShgtxgﬁa @ffg%ﬁiwelal LR IR SHRICHGS: (YHIETHB X ¥t TG Pg BY, NUFIDRE GSIBREY WOy f

sl i) o 1SS0 TIESBTSS Y501 it oy,

al | not ictl byil every sime wizen the motdredmbpeidion meptelreg the combination of the column
and row numbers, wherein the first number of the motif combination may be assigned to be
column number or row number, and when the first number of the motif combination is
assigned, the second number of the motif combination must be assigned to the remaining.
[0009] In another embodiment, in the step of searching for any identified motifs
within the query protein with unknown allergenicity, the searching may be done by any
known alignment algorithm; wherein the alignment algorithm is the Mast algorithm.
[0010] In another aspect, the present invention provides a motif table for being
used to predict allergenicity of a query protein. The motif table comprises at least two
parameters forming a two-dimensional table; wherein the two-dimensional table comprises
1,2, 3, ...n-1, n columns, and 1, 2, 3, ...m-1, m rows, wherein the n and m are integers,

and n may be equal to m; wherein the number of motifs may be equal to the numbers of

columns and rows; and wherein all cells in the motif table are initially set as 0, and any cell
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cell by 1 every tine when the notif conbi nati on matches the conbi nation of
the colum and row nunbers, wherein the first nunber of the notif

conbi nati on nmay be assigned to be colum nunber or row nunber, and when
the first nunber of the notif conbinahion is assigned, the second nunber
of the notif conbination nust be assigned to the remaining. [0011] In yet
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the motif table. In various embodiments, the set of amino acid sequences of known
allergens may be obtained from public resources or private databases; and the motifs may
be identified by any known algorithms that can identify motifs in multiple amino acid
sequences including expectation maximization and Gibbs Sampler.
[0012] In one embodiment, in the step of constructing the motif table, when the
motif table comprises 1, 2, 3, ...n-1, n columns, and 1, 2, 3, ...m-1, m rows, wherein the n
and m are integers, and n may be equal to m, and wherein the number of motifs may be
equal to the numbers of columns and rows, all cells in the motif table are initially set as 0,
and any cell is updated by adding 1 each time by the following rules: lining all motifs (i.e.,
X, ¥, z) found in one allergen in sequence, wherein x, y, z may be any number assigned to
the motifs; finding all possible combinations of all motifs (i.e., Xy, Xz, yz); updating any
cell by 1 every time when the motif combination matches the combination of the column

and row numbers, wherein the first number of the motif combination may be assigned to be




[0013] In another enmbodinent, in the step of searching for any identified
notifs wthin the query protein with unknown allergenicity, the searching
may be done by any known alignnent algorithm wherein the alignnent
algorithmis the Mast algorithm [001 The objectives and advant ages of
the invention will becone apparent from the follow ng detailed description
of preferred enbodi nents t her eof connecti on vmt t he cconpanyi ng
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application’in order to nmore fully describe the state of art to which this
invention pertains. [0021] In the follow ng detail ed description, specific
details are set forth in V] rough understandi ng of the
i nvention. However, it w %ﬁgf‘)és%éﬁ’ws" odggﬁ%grg‘!g]%gge skilled in the rel evant
art that the present invention may be practiced without these 6 specific
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the present invention.

[0017] FIG 2 shows a plot of sensitivity vs motif length for different number of
motifs.
[0018] FIG 3 shows a plot of specificity vs motif length for different number of
motifs.

Detailed Description of the Invention

[0019] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0020] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0021] In the following detailed description, specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by

those skilled in the relevant art that the present invention may be practiced without these
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protein’s allergenicity is drastically improved using a motif table. Without wish to be
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bound by any specific or particular theories, the inventors of the present invention reason
that the motif table makes it possible to identify discontiguous epitopes contained in the
query proteins so that the prediction in accordance with the present invention has a high
success rate.

[0024] As used herein, a “motif” in a sequence context refers to a conserved
pattern of amino acids that is found in two or more proteins. Motifs are represented as
position-dependent scoring matrices that describe the score of each possible letter at each
position in the pattern. Examples of sequence motif databases are the Prosite catalog

(http://www.expasy.ch/prosite) and the Stanford Motifs Database

(http://dna.stanford.edu/emotif/). In the Prosite catalog, a motif is an amino acid pattern

that is found in a group of proteins that have similar biochemical activity, and that often is

near the active site of the protein.




paraneters than the notifs. [0026] As used herein, a "query protein"

i ncl udes any pol ypeptide or protein that has an am no acid sequences,
where the am no acids may be any of the natural ones or nodified ones
known to those skilled in the art. [0027] The present invention provides a
met hod for prediction of the allergenicity of a query protein using a
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generate a notif table; and neans for causig&sa conputer to predict the

al | er geni0828]ly of aAgueadyhgseint ai“guery prrotgint heclndssi dny tnplypeptidther protgin theat

readabl e_pr m . c ns furth i_ncl ude .nean f or usi a_conput er
to stor eh#haglg%rllna ia%gqe,seﬁ%g? e ?rgﬁé? aEne ??lﬂ%fnaﬁgqeaa}nya?ﬁt%fa ﬁlﬁﬁ?alaoé}eﬁgp means
f or causmbgifird eaEgItHosm th thaddkkilled ih@efattnal data; and neans for causing a
conputer to be trained with various known all ergens. The conputer usable

medi um c@fBe a PCrhepresgprication arvpes grmethad futsedictiamef hemberericitéadabl e

pr ogram . . r..proor c rfo
desi gnat (gpdéj ﬁ%ﬁ?’? éotﬁs. Sf%iwgrt?@gpﬁ%gg r%%ﬁ%ngﬁt}é}%laéel%o @18)%/ (E:)Crf%lS f)lts&(g)? ﬁ%llh}[%ﬁe
met hod odxetiingnthe seitiiod in\eecdrdaite wihythe @ridiplds € thedpresnt jhvantidm Mhersthe

provi ding a set of known allergens; generating a set of notifs fromthe
set of KYWSHH SPBYIRSs COYRIET #ablg medin ihavingfoamuaragadable ReoggaRscde ed

rofile f Si LG r Gl qu i.n
Gsing t hoar b iAol hPALBleL AP arS! dibndprofeifl T BRBLEL", |
i |l ust r ateeddbiiepipgrant cedeamearts ihdledpmesenfor caurirend tanputth®ypracwre iartraiiingeans

intended to .llimt the.scope of the invention. [0029] H gh-qualit
r eposi t 0¥t &f @Pwamrﬂwl%eﬁ%gg%ﬁdweéégb?atﬁrr& %PE@@& o ggP?rgYﬁg%HE‘}/fﬁﬁd’f

non-al | efmggR fFl MeBlddhiptofiPM iedsens, MERI§GULaBbihE afBmpulte t(? QREA b bef
notif sets. Amno acid sequences of allergens ncf ngn-al rgens may be

obt ai nedtablepand means dorycaBsinfs & oempueist inpreddit e pllérgenieitynd apyustyi protein

S TR T MR R ey VPN

SWi ss- Pri'ciudihd £co@Puled @8 XtofMMY. (2R3 YinRi Siedidie; and final data, and input data;
means for causing a computer to output the final data; and means for causing a computer to
be trained with various known allergens. The computer usable medium can be a PC, a
computer, a PDA or a notebook. The computer readable program code means may be any
computer program that can perform the designated functions.
[0028] Prior to a more detailed description, the method of the present invention
may be outlined briefly as follows: providing a set of known allergens; generating a set of
motifs from the set of known allergens; generating a motif table based on the generated
profile of motifs; and predicting the allergenicity of a query protein using the motif table.
While specific terms and samples will be used to illustrate the principles of the present
invention, they are in no means intended to limit the scope of the invention.
[0029] High-quality repositories of amino acid sequences of proteinaceous
allergens and non-allergen counterparts provide a prerequisite for the generation of motif

sets. Amino acid sequences of allergens and non-allergens may be obtained from a variety




bin/lists?allergen.txt), Bl FS (ww..iit.edu/- sgendel./fa.htm) , FAR
R P (ww.allergenonline.con), the Allergen Database

(www. csl . gov. uk/al l ergen), the Protall Database

(www. i frn.bbsrc.ac.uk/protall/). [0030k The am no acid sequences of known
al l ergens and non-allergens may be refined before they are used to
generate the noti.f ofile. For exanple, the |ead| signals .y, be

del et ed Bﬁea%ss iz it o 1Cpﬁ?3é_§]%3r§f’ssi wafﬁﬁgg%ﬁ{@%&m BrRSeThe

| eadi ng d&yQBBhentRY OERET B61iS OMRtINMABS T iABA e TOWHG-TUTS! haYer3eR UsRd to

generate the notif profile. In addition, the am no acid sequences from
di f f er enfwwauebesgemyrpdistrhdngs cheisk-daot or AHesgenefndexs (wwivsixpgsylorgfegi-

sequenci and/or data entry. 31] After.a set of | er gens i en,
the_nDtiEgégggggggﬁﬁégchosehB5F3£rgen§wﬁ¥9gu%gfé%%%kgkgﬁgﬁy anﬁﬁ%%ng rrent
avai | abl gy@hvagletidhaBlitdledm iR ARREE Dafbagh QElL RS Mk Sen),| theProfaRUP Of
rel ated sequences. The nobst commonly used algorithns are Miltiple

Expect at Petabagexwnivy.din. bbsr¢.aq.ulipoidl el i ci t ati on (MEME) and G bbs Sanpl er.
Both ne s have n.described in details jin the ljterature so that both
ot hode. ER1° onry “BBE SRS RER. Bl PERRE aliahiiadd bt ShetiinSal | o &
m xt ure refed boforethpe aicdise@ o gdRidtdtheahdt@proBledFOE OxRipl&Mhé fedding signals

bi opol ymers", Proceedi ngs of the Second International = Conference on

I ntel | i giwy bydelciedsbecspsavther atn wually apbpsgsenspn tirgmaigre pramingr Ehesleading| o
Par k, Cali i.a, : | ! " i ni I i ng

p- val ueS%Mcwg%g{a?(’ggfx?"r%%%%nge?Zlg{:]sgrﬁlélg (gr%#(}g %rgélrs fgﬁ{é?ﬁﬂgg%i tﬁ%%n?)ﬁgﬁ Il%gllsfé Vol .
14, pp. HBBadudtion| RHMino afidG3jenddsMrora gliffertaoufcos mdl de oussichgrked forfadyi N a
group of rel ated sequences.is based on Expectation Maxi m zation (EM
aIgorithﬁ¥m$ﬁgﬂmm@ﬂﬁﬁﬂﬁﬁﬂﬁﬁg@“%%é@wﬁ@ﬂWdentify conserved areas in

unal I gnegofyA and Rﬁ%ﬁ&k&%aﬁé@&@ i@%h{géﬂ,t th nRftif sOf fofﬁf&%%@&e%salfeﬁ%engi&f&gc? ed
to have a comobn sequence patteéern; nmaking an 1 nitial guess as t ocation
and si zbe génerdted by By of curndng nesitablernlgartthmsfthdtiaee sapgblernd eléscolaropeahytifs

aligning.the interest sites; and roviding fromthjs alignment .estimte
of base B 4O i SeitaoteaBEnae nT B Mith cPRmasLy usrd aleowfEnERa BRHPEm
consi st SERbedidifort WoixdhBRABen B Mot ElidiERRA @@_E&/mgsaeifduwim' YamplefP Bdth the
expectation step, the colum-Dby-col unm conposition of the site is used to

est i mat emethods pavbbdsinl desgribsfl if idailain theditsiatuze st thabpothaséthbpdmwilhomzde of

t he sequences. ,These . probabilities_are ysed to provi de i nf or i on as
Lo expacTBHIBaSdn dTicks st by TGnERGR of Eiish SBIS TR Srrsitgnep 5
the naxi fazmhizabnSthRscoldanOeWis BloRbEnicdd", PARESIiREs Fthd SEcondakferda@shdli on in

the site found in the step 1 are substituted for the previous set.
Conference on Intelligent Systems for Molecular Biology, pp. 28-36, AAAI Press, Menlo

Park, California, (1994); Bailey and Gribskov, "Combining evidence using p-values:
application to sequence homology searches" Bioinformatics, Vol. 14, pp. 48-54, (1998).

[0032] MEME as a tool for discovering motifs in a group of related sequences is
based on Expectation Maximization (EM) algorithm. The EM algorithm is used to identify
conserved areas in unaligned DNA and proteins: assuming that a set of sequences is
expected to have a common sequence pattern; making an initial guess as to location and
size of the site of interest in each of the sequences; loosely aligning the interest sites; and
providing from this alignment an estimate of base or aa composition of each column in the
site. The EM algorithm consists of the two steps, which are repeated consecutively. Step
1, the expectation step, the column-by-column composition of the site is used to estimate
the probability of finding the site at any position in each of the sequences. These

probabilities are used to provide new information as to expected base or aa distribution for




[ 0033] MEME represents notifs as position-dependent |etter-probability
matrices which describe the probability of each possible letter at each
position in the pattern (a profile). Individual MEVME notifs do not contain
gaps. MEME takes as input a group of ?\IA or protein sequences (the
training set) and outputs as many notifs as requested. MEME uses

statistical deli.ng technj ques.to automatically choose the best w dth,
nunber ofAgtEUMPR iR g? S“ﬁngt‘gbgép? PrXBHZaAn e HPYWW Founty fps Ppseios ai®ihs

sanpl er ahgppdsttdMih %é%i‘@e%ﬁﬂd’inqjg ét@ﬁ eafe {ul'f)g’cﬁhlteh Fortii gg%g[&@%&: The G bbs

sanpl er also searches for the statistically nost pro e notifs and can
find thel003gk i nal WMIVIE wpkseite nmiifhes pofitiomtiéfendent letharipreleability amatrités

it t t.h h. 1 o the fi t dor t iti f
the ot PG IRGUBA U PRBRPiILE gf endenotsine feel aheach et Godisanbes Gre
then ali grsiHeAdMsRAI MENENHRE doiot i:@ﬂtaiﬂt%%ﬁ§. MENTR ARt fiﬂau}-g%r%@fdafec“ ve

of the next step is to find the nost probable pattern como out
sequence DNArma msatetthsequeneesi (ther tipinigssatbamd butphitst dsemsey nentifesy rdgpested.di ng

t hem bac forth unti] the. rati,o.of the notif probabili tg th

backgr ou ngfrio B%ﬁi Efq‘?ttl{}lcflL nﬁ)%eﬁjé% %ﬁ‘?hmqf‘ﬁé r{ot%(’rﬁﬁ%fal?lys ahqﬁ’éﬁ éé‘y iPgsty \éﬂ‘cﬁh’o ut

and the PuMLESS dcBurkéResdbad detiblion R ch@Shege frequencies in each motif do
not chan The nunber of iterations may range fromseveral hundred to

e.
sever al ?Qoﬁﬂiusand. Thod3bbs gmapler algprithn g slightty etiffofenhfroif e M agercecht ed, a

nmotif ta (al er e Jhe moti.f .t abl e desi gned accqrdi ng
to the dgil?g(ﬁ%l%a Ssagjﬁ)zlﬁri%g%a gllgggﬁ for E)hﬁesqglgh%%f irﬂ%ﬁtp?foat{ahg IBB‘i‘%ﬁﬂg C%ﬁn‘fﬁ\ﬁs of a
notif t abpémelepiddsamnt thahimbbeofmbiifssn ehtefitacs eitligratd thiiuph the stepd! . are
updat ed each time when there is a conbination of two notifs in one

al | er genthe igisseiep paandompafptpositionfor the matifds goser feryalbsequenpge byt for onei n
using th i I I ry. el N | LSt alyzed for
any and g\gg%&?gg@gﬁg %c%he@ %\t/?vi at%H Lisﬁg ta#ﬁlgn%lﬂnﬁéﬁ %betslgp g ﬂ?er {)nr?]%? ‘he 'Known

al | er gensbjediivesofithé nexlsteprisnanfind eewnest ptdbabyattyrmuiodiRbmto leAdueagietle t he
notifs one hy any z(?g]x%%%@ al i gnnment al gorjthns common_ one i s

the Moti aE{1ﬁl|b‘f‘3’gt Froft 1grogs |seqygmess) by wﬁéngitherg beé}bgnhf forthgwsit 8i ng
b ol o SAicSHEnESRIAHRACR, L SRNGIE SR SR Rl PR
descri pt baspenasfis defeoarandhe prowtssfis repeged emntl thy redidudrbuentiepitt dachmibtif
searches .a que rot.ei n that tch the notifs. The 10 nptif file can be
the out pfl? n@? C@%bg%NE RO BFE@E?\%?P? magotangs frawy seyqral hupdredto several
thousand.
[0035] After a pre-set number of motifs are generated, a motif table will be
generated. The motif table may be designed according to the designer’s rationales. In one
embodiment, the columns and rows of a motif table represent all the motifs, and the cells
within the table are updated each time when there is a combination of two motifs in one
allergen.
[0036] For prediction of the allergenicity of a query protein using the constructed
motif table, the query protein is first analyzed for any and every possible matches with the
identified motifs from the known allergens. This pair alignment between the query protein
and each of the motifs may be done by any sequence alignment algorithms. The common
one is the Motif Alignment and Search Tool (MAST). MAST is a tool for searching
biological sequence databases for sequences that contain one or more of a group of known

motifs. MAST takes as input a file containing the descriptions of one or more motifs

(generally the MEME output) and searches a query protein that match the motifs. The




appropriate format. MAST out puts three things: The nanmes of the

hi gh-scori ng sequences sorted by the strength of the conbined nmatch of the
sequence to all of the notifs in the group; Mtif diagranms show ng the
order and spacing of the notifs w thiya each matching sequence; Detail ed
annotati on of each matchi ng sequence show ng the sequence and the

| ocati ons. t hs of h h ifs. [0037] After the notif
{1 om t RBSHBL R QPG Bt B6HS MU PR GeovEBnipal f o (e DRG0t | 1
tabl e. dobrafitRIMALD MAST Rfputd &Pl -fﬁ&ﬁ%ﬁ&%ﬂh@l‘ii&h@&fﬁ@ ét’éﬁ{{&k%‘es a

non-zero score in the corresponding cell of the notif table e query
pr ot ei rsorted pyetie strengtiaof thencamhbivedymmatch] @B sed@eanpicesl] pOd8Ahofifsanftid | owi ng

exanpl es_ar rovi ded for the sol urpose of.jllustration of the

o net arelvBibbaghis shwingdud Sidn Bnd BBYe he aHu RGRdEh ARG ¢ he
scope agqhdiRe; PERASN hnddMMRIM dfOch ORARhg Requehtd iHd®iRg tHh@qRERE el tRe Of
performng allergen prediction [0041] 1: T%e positive allergen data is

di vi dedo¢aitops Bndsitengihe of matahas i the mytifst5  al | er gen sequences. [0042] 2. The

first f data, s ussed t he .positive test data.while the r Lhing 4
sets ars[§63g gnbi nedAtt't:f)r #‘Sﬁ%’t{af?ngmtn? gl&nqlbeﬂ Q?Ot?ﬁear%ﬂ%ngliﬁﬁd’stbaﬁ 1rrlecceoslgﬁ‘r’gr}\e he

posi t i wgith @&t meaf MbRJ. €If ahfkeMBinatioh of theshotits fréhThé ferPgaatkinvMalched a dat a.
[0043] 3. The Mene software programis used to find a predeterm ned nunber
of  notiomszesd sqors cthe ergeshonding eeH efhibe mosif tabl the queRepioiin spredisted 28 r act ed
from Nea%'balfe?g(sieﬂlt' [0044] 4. The Mene result fromstep 3 is used to forma
motif tAble as fol | ows: (a) all cells inthe notif table, MI, are
initialized to 0; (b) for a sequence containing 2 notifs, m, ng,
cel I [mMpbossR] is imemgased by one; if a sequence contains 3 notifs: m, ng,
ns, ce[I Iﬂ;][nﬂ] is increased by one; cell[m][nB] is increased by one;

cel | [ nIPP39B] is Thecfollawing expmplgs; arg pyoviided: for theznete prineserof itlpsraigiof tabl e
i s populated ti t. e i st data
and nanf eEF PRIt BreePRum Ao Ryisd BEA5IAREN o B Rhe SeonlIB O TE
Mast pr@ggeatinventidnnd similar notifs in the test data; 11 [0046] 6. Fromthe

Mast result in step 5 nptifs fromeach protein s?quence are tested to
check iP040hey ar eApr es@uiing af theerorsdpme of perierming allereen Biediciefuence i s

consi de[f)&gl]t O 1. The positive allergen data is divided into 5 sets, each containing 115

allergen sequences.

[0042] 2. The first set of data is used as the positive test data while the remaining 4
sets are combined to form the train data. The protein sequences in the positive test data are
randomly shuffled to form the negative test data. ‘

[0043] 3. The Meme software program is used to find a predetermined number of
motifs of fixed length w from the train data. The motifs are extracted from Meme result.
[0044] 4. The Meme result from step 3 is used to form a motif table as follows: (a)
all cells in the motif table, MT, are initialized to 0; (b) for a sequence containing 2 motifs,
ml, m2, cell[m1][m?2] is increased by one; if a sequence contains 3 motifs: m1, m2, m3,
celllm1][m2] is increased by one; cellm1][m3] is increased by one; cell[m2][m3] is
increased by one; (c) in the same manner, the motif table is populated until the last
sequence is processed.

[0045] 5. The test data and the results from the Meme program in step 3 are used as

input for the Mast program to find similar motifs in the test data;




be allergen if at |east one entry is found in the notif table. [0047] 7.
Step 2 to step 6 are repeated wwth the second data set as test data and the
rest of the data constituting the train data. The procedure is repeated
until the last data set is used as t e test set. [0048] B. Construction of
an exenplary notif table [0049] A S|Qple exanple will be used to illustrate
the construction of the Motif table. Table 1 shows an exenplary set of

five (SP04Rbtifs df-dEaretedVas et Hyot ﬂ@tlﬁ%ﬁpm ¢4CHimIPISH yRa8ensere (P1, P2
and P3) te?%d ?J‘&le Eth, 91% éjl?%@efnr AThd RSk faBle! HRYRoteld &gg%ncg%béo%s&leﬁvg%@”pl e of

the noti ound in S sequences I n the - trai otelnMbtifs P113
P245 P3didlerGmSf ht l&"ziseohbentfy s ddainel in theupoi@ftablei n t he fol | ow ng manners:
[0052] 1. Initial the cells in th tif table are set to 0 (FIG1
a). [068%] 2. Fr%rﬁtfﬁ éﬁ%?fﬁp é@ﬁ%ﬁ?&@eww Peq%d taj st afesty talarxdﬁh%; I b);

[ 0054] , t to 1
(Fro 1 o ST ShRhaRMETan dhe PR pRekdntlorcpfas oo dlfa 881
[4,5] isusatasttbeBs{deho counts of [4,5]) (FIGId). [0056] C. Prediction of

all ergenieity of e ar uer roteins [0Q57], Table 2 shows the notifs
i dent ?fﬁ!ah‘gﬁl]f)r/omt e m %’?% f%g’e?‘? {éf%}’\?/??f‘?]"let hree proteins (P4, P5 and
P6) . Prbgynhotifg sihgR &%ﬂp@e Relde [LQQdS?t] ilMRghieake %oﬁﬁﬁfcul% QF el Mogifan

allergen is predicted by conparing the data in the notif table with the
not i f s @hlsc chableel shyyws dneeimatlany rsegelafives (50 matide disesverethinathrethwypotheahl ct i on

f d P6 f.or med | 0059
For P e RePEOFPECEE £ nd Pk e epe plnebdh (8mI0G 4R e P < predt ct e

to be [bsogr gen; Table 1. Example of the motifs found in proteins sequences in the train data

Protein Motifs

P1 1 3

P2 2 4 5

P3 4 4 5
[0051] The Motif table is updated in the following manners:
[0052] 1. Initially, all the cells in the Motif table are set to 0 (FIG 1a).
[0053] 2. From protein sequence P1, cell [1,3] is set to 1 (FIG 1b);
[0054] 3. From protein sequence P2, cells [2,4], [2,5], [4,5] are set to 1 (FIG 1c);
[0055] 4. From protein sequence P3, cells [4,4] is set to 1, [4,5] is set to 3 (two
counts of [4,5]) (FIG 1d).
[0056] C. Prediction of allergenicity of exemplary query proteins
[0057] Table 2 shows the motifs identified from the hypothetical test data with

three proteins (P4, P5 and P6).

Protein Motifs
P4 2 5
P5 1 1 3
P6 1 4
[0058] Whether a test protein is an allergen is predicted by comparing the data in

the motif table with the motifs discovered by the Mast program from the test data. The
prediction for protein sequences P4, P5, and P6 are performed as follows:
[0059] 1. For P4 with motifs 2 and 5, cell[2,5] contains a value 1, P4 is predicted to

be allergen;




[0060] 2. For P5 with notifs 1, 1, and 3,
cell[1,3] contains
with notifs 1 and 4,

_ , cell [1,1] contains O but
1, P5 is predicted to be allergen; [0061] 3. For
cell[1,4] contains O, P6 is predicted to be
non-al | ergen. [0062] D. Validation of{sthe prediction of allergenicity using
ab{m_tlf tabl e L0063} 1. Data generation [0064] The positive data set was
obt ai ne romthe r.gen |i bl i shed.. Bj orkl und. et al,. uper vi sed
| dent i fﬁ8‘§ﬂh on dz‘%qg’égﬁlﬂ!ﬁ@ %Seg ﬂ?‘é‘f?\/‘é@uﬂiﬂt] F{i%tgm?@&’uf ﬁeu@i3l] F%%a tection
O Pot entpsak byedf¥tdBlodRilerdehOt i ns, Bi oi nformatics, 21: 39-50 (2005); the
negative data set was obtal ned by shuffli n<I:; the positive all ergen sequence
rand;)m @D?]There érEO[TEP/fBWpihdn@ﬁlﬁﬁ Isarflidnedd I 4hepntpins thh &6ps Predicied snbe
negative a sets. [0065] 2. Results [0066] The notifs were identified

usi ng I\)%WE‘%L%%GDNAST. See, e.g., ! ©
http://peeg. sd. se Edu/ VEIE®ANWE BS tHeqfrbdittich dtldlkrgeRictty S6iRg htnotifttyble esul ts for
different notif lengths are given in Table 3, where the sensitivity is

defi {1_ed[09§3]'éhfe lpelc@ﬁ‘taeﬁséeréﬁm‘!rue positive over the sunmation of true

posi tive,a al s A I: SON h L Ch iEhmis

r epeat e@ V\‘/ﬁt hr angg%?)ggtgb\%ﬁ@f feg&aﬁ?gﬁg{éﬁ‘%@egﬁ{é‘nglésﬁgeﬁgérfEIEPB‘S‘%E%‘??iﬁéi ty
resul ttSBﬁfrEIuﬁPQ?mLL Supgablised 4denstfraton IO Alegef-ReptogentsticdePeptatesddrilhe
percentage of true negatjve over th i J

osi 1 valliegditertion QiotenalAlLeio frowps dsnmgamaden JhagSDnelgushe | o
sensi ti 1EYivE &R Lo Aol byl ) '

notifs). ™ lé/ correespo%d?ng Spefﬁ@??@dgﬁﬁsgﬁﬂﬂleﬁ su?etdu?g(g%&élgggﬂx pl ot

of IS: _ensil“heréela\t:\%ﬂlSmrsmm segtierfce$ exvhytih tHeqrostive faed eegativeidiersetof notifs is shown
in Figure ile. the plot for specificity versus notif length is shown in
EI gurlg @.OGT]OOG;,]S %aBF@ﬂg. Sensitivity results for different notif |engths
aa a aa a : h e FO9E

ot i fsoﬁ’3§°§174o. egﬁgilgg%ggo%%%oﬁﬁgggh Bhg-M and MAST. See, c..

not i f sOh83HGEAE. EB7.8Q1MeARHBS '

3@ i/the
nmoti fsO, 31 : 480.
! le?flgt %Oaﬁg ggx(l)e%?’llrlla{)abzg %,2

P6

gn13(he sensitivity results for different motif

89

w:l’lgfgéf?c’os%%sitivity is defined as the percentage of true

positive over the summation of true positive and false negative. For comparison, the
prediction algorithm is repeated with randomly shuffled allergen sequences and the
specificity results are shown in Table 4, where the specificity is defined as the percentage
of true negative over the summation of true negative and false positive. Based on the
results below, it can be seen that the best sensitivity result of 0.758 is obtained (25 amino
acid length, 300 motifs). The corresponding specificity prediction result is 0.923. A plot
of sensitivity versus motif length for different number of motifs is shown in Figure 2 while
the plot for specificity versus motif length is shown in Figure 3.

[0067] Table 3. Sensitivity results for different motif lengths

[0068]

5aa
length

15 aa
length

25 aa
length

35aa
length

100 motifs

0.372174

0.6

0.648696

0.633043

200 motifs

0.335652

0.697391

0.735652

0.707826

300 motifs

0.311304

0.704348

0.758261

0.753043

400 motifs

0.318261

0.723478

0.747826

0.754783

Table 4. Specificity results for different motif lengths

5aa
length

15 aa
length

25 aa
length

35 aa
length




400 notifs0.3182610. 7234780. 7478260. 754783 [ 0068] Table 4. Specificity
results for different notif lengths 5 as length 15 as Ilength 25 as

|l ength 35 as length i 13 100 notifs0.9373910.9617390. 9130430. 921739 200
nmot i fs0. 9113040. 940870. 9373910. 9460871}300

nmot i fs0.899130. 9234780. 9234780. 93913 400

noti f sO. 8904350-8956520--93042350-9617390 00691 3 ari son of r edi ct ed
Toeul 1S with EiOBameria bl BAL P PETTToh A1 YPRE ARREEA had ayvetom of the
present i nvent200motifs | We®d 304]l | #9487 Wi.9373P1|s0.946087 cations to al | ergens
w th known epjizoopesifs The. wppéro_@mn enza7glas) obsd|l ned from the SDAP

dat abase ( ht t [pggh/hofs 10.890435 §995GBNT 30455 pOBLFRpe Of the Par | 1

al l ergen, experimenta—data shows that theattergenh contains 4

di sconti nuous epitopes. The proposed algorithmpredicted 4 notifs which
cover tjoesggpi t ope 3r €ginpssonfof phaliPesilienitabxftaitntal fdsilis par anet ers of
notif length = 25, notif nunber =200. Simlar result is obtained using

par amet BBl of not The methgeiand spstem obthe prsem érventsgphastheen yalidated with #ad t he
exper I
o A R R U R g

usi ng ptheBTReARrdatabasd fhttnembtrim atidb. eb@/SDmM)f In tindbease of AROPHrgO7 Alergeredi ct ed

Resul t QETCGT I\N MPCL PFV%—?KIEK SKGCCSGAKR& DGETKTGPORVHACEC ,H;I' AMKTYSDI DGKLVS
E (pos qxpy@sne ata shows that the allergen contains d1scont1nuous epitopes. € propose

Dat aQETHAT RO S Y QRS RRREE R R ¢ TRV e AN Rk P VSE

using parameters of motif length = 25, motif number =200. Similar result is obtained using

parameters of motif length = 25, motif number =300. The predicted and the experimental
results are shown in Tables 6 and 7.
[0071] Table 6: Comparing experimental data of Par j 1 allergen with predicted

epitopes using parameters motif length = 25 bp, motif number = 200

[0072]

Predicted Result | QETCGTMVRALMPCLPFVQGKEKEPSKGCCSGAKRLDGETKTGPQRVHACECIQTAMKTYSDIDGKLVSE
g):; BZ?J QETCGTMVRALMPCLPFVQGKEKEPSKGCCSGAKRLDGETKTGPQRVHACECIQTAMKTYSDIDGKLVSE
gZZilizg)Resun VPKHCGIVDSKLPPIDVNMDCKTVGVVPRQPQLPVSLRHGPVTGPSDPAHKARLERPQIRVPPPAPEKA
(E7x1pt1 gi)ta VPKHCGIVDSKLPPIDVNMDCKTVGVVPRQPQLPVSLRHGPVTGPSDPAHKARLERPQIRVPPPAPEKA
(71:139)

[0073] Table 7: Comparing experimental data of Par j 1 allergen with predicted
epitopes using parameters motif length = 25 bp, motif number = 300

Predicted Result | QETCGTMVRALMPCLPFVQGKEKEPSKGCCSGAKRLDGETKTGPQRVHACECIQTAMKTYSDIDGKLVSE
g))?pst E;Oa) QETCGTMVRALMPCLPFVQGKEKEPSKGCCSGAKRLDGETKTGPQRVHACECIQTAMKTYSDIDGKLVSE
g)r(;iiilizg)ﬂesult VPKHGGIVDSKLPPIDVNMDCKTVGYVPRQPQLPVSLRHGPVTGPSDPAHKARLERPQIRVPPPAPEKA
g):p: g?a)ta VPKHCGIVDSKLPPIDVNMDCKTVGVVPRQPQLPVSLRHGPVTGPSDPAHKARLERPQIRVPPPAPEKA
(71:139)

[0074] For the allergen Jun a 3, experimental data shows that it contains 4 epitopes.

Using parameters of motif length=25bp, motif number =200, the algorithm predicted 2
motifs which coincides with 3 of the 4 epitopes. Using parameters of motif length=25bp,

motif number =300, the algorithm predicted 5 motifs which covers most of the regions of




(pos 1:70) Predicted

Resul t VPKHCG VDSKLPPI DVNVDCKTVGVVPRQPQL PVSL RHGPVTGPSDPAHKARLERPQ RVPPPAPEKA
(71:139) Expt

Dat aVPKHCGE VDSKLPPI DVNVDCKTVGVVPRQPQ4RVSL RHGPVTGPSDPAHKARL ERPQ RVPPPAPEKA
(71:139) [0073] TabI e 7: Conparing experinental data of Par j 1 all ergen

with pr zld g etd Sy el ee%er ttyesﬁrrslpan%athg %r?t}'x osafng}elfglse S(I;]S%IVGS _The pre(ﬁ)lCtCHD ané

number
Ee?ul tQ%Im MM@REM@@S%WFWDGETKT@WMCEG QTAMKTYSDI DGKLVS
pos 1: Expt

(Dat aQETIOOTSI A\ RAL VPR § QG ErErBI G3psdmkriabAET 1of SPOR\HABESIOF AVITAEE OCKL VSE
pos 1:

Resul t\fﬁ%ﬂ&g {'}%&E%%W&%}Plﬁ?@ PR RS SRR AHKARL ERPQI RVPPPAPEKA

( 71: 139redetggrtesult | MARVSELAFLLAATLAISLHMQEAGVVKFDIKNQCGYTVWAAGLPGGGKRLDQGQTWTVNLAAGTASARF

Dat aVP ’

(71: 139 0316@74]

cont ai nrsredétemhmt 0 pﬂmTGcwissAsagemwmbelrssmbAvmtLAEYTbmngm%b@FN|lemHTNAau:m noegr

=200, [EHER4A] gorithmopredicted 2 nptifs which coincides with 3 of the 4

elpi t opeS¥ 288 ng p\/éeegﬁ%?gx?sgngcoﬁ%qqeeoLrng@%wQ%%wosnr?Bﬂquwaﬁ@g F‘A'NP§WCTt he
al gori - i

epitop 3411H9)Wever. the flrst an the fifth rmtlfs are false 003|t|ves The

pr edi ct?‘gg%g‘el t MPAGKABAY GREFHIG CE RGN FE TRRY ECRARBRHCAARN YRXIBNSSP B YBYAPII AT [ 0(J75]
Tabl e By R oSt al—tataof Junr—=a3—attergenmwthpredrcted
epi topegi:43gl ng paraneters notif length = 25 bp, notif nunber = 200

Pr edi cf &gk Data FACASGTDYSIVFCP

Resul t GFASAR
F (pos 1:70) Expt
Dat aMARYSTEIAFL L AAT2ble 81 W@M@WKWWWM@PM MWWF@M@TASARF

Rggﬁl 3 vé%’é&irg‘% %M%@T\%&%ﬂﬂfw&o&%w&vwm PLAI NPTNAQC

T (71: 140) FExpt

' LAAG

Dat a WG AS SRS B S R SR A N AR PY RIS PRV ST POAF KB TNA QT
Expt Data MARVSELAFLLAATLAISLHMQEAGVVKFDIKNQCGYTVWAAGLPGGGKRLDQGQTWTVNLAAGTASARF
(pos 1:70)
Predicted Result | WGRTGGTFDASGKGSCQTGDCGGQLSCTVSGAVPATLAEYTQSDQDYYDVSLVDGFNIPLAINPTNAQCT
(71:140)
Expt Data WGRTGCTFDASGKGSCQTGDCGGQLSCTVSGAVPATLAEY TQSDQDYYDVSLVDGFNIPLAINPTNAQCT
(71:140)
Predicted Result | APACKADINAVCPSELKVDGGCNSACNVFKTDQYGCRNAYVDNCPATNYSKIFKNQCPQAYSYAKDDTAT
(1411:210)
Expt Data APACKADINAVCPSELKVDGGCNSACNVFKTDQYCCRNAYVDNCPATNYSKIFKNQCPQAYSYAKDDTAT
(141:210)
Predicted Result | FACASGTDYSIVFCP
(71:139)
Expt Data FACASGTDYSIVFCP
(71:139)
[0077] In summary, the motifs predicted by the algorithm have been found to agree

with real experimental epitopes data for both allergens Par j1 and jun a 3.

[0078] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.




(71:140) Predicted

Resul t APACKADI NAVCPSEL KVDGGCNSACNVFKTDQYCCRNAYVDNCPATNYSKI FKNQCPQAYSYAKDDTA
T (1411: 210 Expt

Dat aAPACKADI NAVCPSEL KVDGGCNSACNVFKT NAYVDNCPATNYSKI FKNQCPQAYSYAKDDTAT
141: 210 Predi cted Resul t FACASGIDYSI VI (71:139) Expt Dat aFACASGIDYSI VFCP
(71:139) [0076] Table 9: Conparing experinental data of Jun a 3 allergen
with predicted epitopes using paraneters notif length = 25 bp, notif

nunber = 300 Predicted CLAIMS

Resul t MARVSELAFLLAATLAI SLHMQEAGVVKFDI KNQCGYTVWAAGL PGGGKRL DQGOTWIVNLAAGTASAR
F (pos 1:70) Expt

Dat aMVAl E%_érlz LAA ts,dAI SLHMQEAGVVKFDI KNQCGYTVWAAGL PGGGKRL DQGQITMWIVNLAAGT ASARF
(pos 1:

Resul t WGRTGCTFDASGKGSCQT GDCGGQL SCTVSGAVPATLAEYTQSDQDYYDVSLVDGFNI PLAI NPTNAQC
T (71:140) Expt o . o

Dat aWGRILGCTFRABSKGSCoNeatichny SeTalisGrRuRATLARYTIEEDODMMVSIIGEN the AINPTNAQCT
(71:140). Predicted

Resul t APACKADI NAVCPSEL KVDGGCNSACNVFKTDQYCCRNAYVDNCPATNYSKI FKNQCPQAYSYAKDDTA

T (1411: 210) pfeX¥fing a set of amino acid sequences of known allergens;
Dat aAPACKADI NAVCPSEL KVDGGECNSACNVFKTDQYCCRNAYVDNCPATNY SKI FKNQCPQAYSYAKDDTAT

141: 210 Pr edidenéfyimes pre-raonstEDeSmatidp fom thezgyinpasid marerseaSErOVR| VECP
(71: 139%)11%0077] In summary, the notifs predicted by the al gorithm have been
found t %‘?‘née with real experinmental epitopes data for both all ergens Par

j 1 and jun edtruét@piBhotifiable of e ideidtmotifent i on has been described with
reference to particular _enbodinents, it will be understood that the
embodi ment s ggaEching fos emaideidliedmotfsayithin the qusDRfPtesh 28€ope is not so

limted. At ﬁfeﬁ%hhg Bhat %Oﬂjepyﬁlto%eif? fs étpﬁle%e%sﬁ e &&Y}eﬁltoité?ﬁ' cYfithins at least

one positive match with the motif table.

2. The method of claim 1, wherein, in the step of providing the amino acid sequences
of known allergens, the set of amino acid sequences of known allergens may be obtained

from public resources or private databases.

3. The method of claim 1, wherein, in the step of identifying motifs, the motifs may be
identified by any known algorithms that can identify motifs in multiple amino acid

sequences.

4. The method of claim 3, wherein the motif identification algorithms include

expectation maximization and Gibbs Sampler.

5. The method of claim 1, wherein, in the step of constructing the motif table, when
the motif table comprises 1, 2, 3, ...n-1, n columns, and 1, 2, 3, ...m-1, m rows, wherein
the n and m are integers, and n may be equal to m, and wherein the number of motifs may
be equal to the numbers of columns and rows, all cells in the motif table are initially set as

0, and any cell is updated by adding 1 each time by the following rules:




beconme apparent to those having ordinary skill in the art to which the
present invention pertains. Such alternate enbodi nents are considered to
be enconpassed within the spirit and scope of the present invention.
Accordi ngly, the scope of the presenH6invention is described by the
appended clains and is supported by the foregoing description. 15 CLAIM
What is claimed is: 1.0 A nethod for predicting the allergenicity of a query
protein, confHng iﬂi Jotife(ise, &p¥ 2) deundip ove aﬁﬂge%l%%ﬂuweaW%@néeW B&Yuences
of know&:ﬁlHﬁ&ﬁ%?&éihggﬁii%%&ﬂﬂka pre-set nunber of notifs fromthe am no
acid sequegbes 0 i own gllergéns; constructing a notif table of the
identified nimdifigall pesitdihcombihatiorany ail dextitfs flieeckymxt,iyks Wit hin t he query
protein; and edictin at_the query protein is. an allergen if the query
P ot ei n cont WdaEnEanyodl BY oheVpmat FievubHa Lo Mgt THAnREDT Freeshiss 416 T Th

met hod @fmGih&idh &f (N85I ahd) rdWEruRitREs, AfhdERAVInG Gt hiRbENMbN eheAflodf
sequences of known allergens, the set of am no acid sequences of known

al | er gecranbingtidremep thgi assigned taohe poluhincnumebaurcey wemper, eed whaa ko fizés. 3.
The nethodbof

| ai m. erein in the.ste f identipfyving.smtifs.. the
ot o Ao et reaRb o bR o Rensn o oGSl R Rt iR o b ot 1
i n nul t jppbeheaRiipRedasittt reap@ggces. 4. The nethod of claim 3, wherein the
notif identification algorithns include expectation nmaxim zation and G bbs

Sanpler. 5. The nethod of claim11, wherein, in the step of constructing the
motif table, en, t.h [ . rJ _ : SRz s ms,
and 1, 2, 3, Tl\{\@nﬂhfd “?ﬁ’ rl’glr:f owlfg VE’lgs?lgéelfg’e]i%gcﬁgts tlﬁé %sri; Séar{glﬁlnﬁ %%rr %nyi 1&?%19%6 ?sﬁ&gﬂnd n may
be equalvithia théqued @roskia] di Bedritdng tab & dofie bphuyf Bnovayaligneneatjalgbdrithm. t he
nunbers of colums and rows, all cells in the notif table are initially set
as 0, and any cell is updated by adding 1 each tine by the foll ow ng

(U051 22 L1 BRI L, Ut ) 0K Rl 4D,
8. A motif table for being used to predict allergenicity of a query protein, comprising
at least two parameters forming a two-dimensional table; wherein the two-dimensional
table comprises 1, 2, 3, ...n-1, n columns, and 1, 2, 3, ...m-1, m rows, wherein the n and m
are integers, and n may be equal to m; wherein the number of motifs may be equal to the
numbers of columns and rows; and wherein all cells in the motif table are initially set as 0,
and any cell is updated by adding 1 each time by the following rules:

lining all motifs (i.e., X, y, z) found in one allergen in sequence, wherein X, y, z may
be any number assigned to the motifs;

finding all possible combinations of all motifs (i.e., Xy, Xz, yz);

updating any cell by 1 every time when the motif combination matches the
combination of the column and row numbers, wherein the first number of the motif
combination may be assigned to be column number or row number, and when the first
number of the motif combination is assigned, the second number of the motif combination

must be assigned to the remaining.

9. An article of manufacture, comprising:




finding all possible conbinations of all nmotifs (i.e., Xy, xz, yz);
updating any cell by 1 every tine when the notif conbination natches the
conmbi nati on of the columm and row nunbers, wherein the first nunmber of the
notif conbination may be assigned tqg-be col um nunber or row nunber, and
when the first nunber of the notif conbination is assigned, the second

nunber of the notif conbi natiog nmust bﬁ assigned to tcgis renmai ni ng., 6. The
met hod of cl&ilfst ONGHTOPRUET YA! leriBedibgp %‘fm%_ég?‘@ﬂ?eﬁde? I, RPERRADH i e
moti fs m@éﬁshérﬂbéd}ﬁdm%égéi}i foF %&h&ir(l]é glger%&%&?'o@% m}igérfy BRo@fNehd ¥oRpPiteknOWN

al i gnment al gorit The "nmet ho I'ar m 6, ein the alignnent
al gor i tieaddbde priograivbstde mhagos int dand ar8cleAf mpmnfactuabé@nfravingei ng used to predi ct

allergenicity of a query ein, conprisin at least t ar aneters
forming a1 wb- i HHu AP Bl REOLRRIG B e HEr RHE R reTOne © ROpie -
conpri sgg oflamho adid sequéhvds of kno@nWBsengnd 1, 2, 3, ... m1, in rows, wherein
e nandin are integers, and n may be equal to m erein the nunmber o
th d t d b |t wh th nmb f

notifs nmay be equetmpugerirpasableunrberam eside sz ios causing dopnpyeidofetisy & al |

cells in th tif.table.are initiall el as .cell is updated
by ada Hrg 5ot iRt of RO ARG SirgeidelingPothner M CTT ' 7, VB 5
y, z) found in 0n&)rﬁﬂdt&rrgﬁ&bierprﬁgﬁﬁﬁﬁﬁi@mé&ﬁ@f(ﬁicﬁusimg ¥ compiyto ddAs@RY nunber
assigned to the notifs; findig& all possible conmbinations of all notifs

(i.e., xyotikiableofithe ideatfigdigotlity cell by 1 every time when the notif
conbi nati on mat ches L nat : wherein
the first nunber %(fméuﬁgr r&%@%ﬁ?é B %’grrr%ﬁ r?gp? %%%%%@rﬁ%ﬂ%@g%g‘%’%‘%mg?%%ﬁ?um

nunber gy ahpPWentifitbfotifndithih ek dueey priotedt; andunber of the notif combi nation
is assigned, the second nunber of the notif cg}nbi nati on nust be %ﬁél gnhed
to the remmini ng. CONPYEY t5adahle pragramcAts MEART ©F CRBHRE ASORWUT 0 R4 %ast one

conput e@afﬁggglgwﬁgéfﬁ% Q@Iydclggﬁlg RTRYGREy Eﬁﬁ&iﬁ%ﬁaﬁ% QOIRNRO P6siti ERAEN

enbodi e pre rgenicity of a query protein, the
conput etvithrileadatif @bjer ogr am code neans in said article of manufacture
conprising: conputer readable program code neans for causing a conputer to
provide a set of ami no acid sequences of known allergens; conputer

" eadabl o pr O AR GRS AR of AR 90y R SATRY Ao Lihih6Igaistaucdcestufe- set

nunber not | romthe amno acid sequences of known allergens;
known allergens may be obtained from public resources or private databases.

11.  The article of manufacture of claim 9, wherein the motifs may be identified by any

known algorithms that can identify motifs in multiple amino acid sequences.

12.  The article of manufacture of claim 11, wherein the motif identification algorithms

include expectation maximization and Gibbs Sampling.

13. The article of manufacture of claim 9, wherein the motif table comprises 1, 2, 3,
...n-1, n columns, and 1, 2, 3, ...m-1, m rows, wherein the n and m are integers, and n may
be equal to m; wherein the number of motifs may be equal to the numbers of columns and
rows; and wherein all cells in the motif table are initially set as 0, and any cell is updated
by adding 1 each time by the following rules:

lining all motifs (i.e., X, y, z) found in one allergen in sequence, wherein X, y, Z may
be any number assigned to the motifs;

finding all possible combinations of all motifs (i.e., Xy, Xz, yz);




conput er readabl e program code nmeans for causing a conputer to construct a
notif table of the identified notifs; conputer readabl e program code neans
for causing a conmputer to search for any identified notifs within the
query protein; and conputer readabl e _ program code neans for causing a
conputer to predict that the query aBotein is an allergen if the query
protein contains at |east one positive match wth the notif table. 10. The
article of rindatingtagyecedf bx| hiewery, tiggewhsm thenh modidt copbingtiaio magghgs dbquences

of kno [ i fr QH?'iC [ 0 i .

dat abas%@?ﬁ&%foﬁﬁgﬁlaew 8&% %?dt ?rgavplglﬂénc?tegsrtne 0 J:I(rzl |%.1Ie ﬁrg{,%ﬁﬁg?relgfn eh%l%hﬁt ifs
may be doiehihatfonetlabe aRyignddtobe adblgomi ddinertdrabwCiaimbetemid Wemoid fissti n
mul ti pl e am ng acid sequences. 12, The article of mapufacture of claim11,

wher ei nupRer ghthermotifsombination; ip gssigngdy the pesond inyabgrel g mati gomgpation

maxi m ' i dng. 13. The article of manufacture of claim?9,
whereiﬁﬂ%ﬁggﬁ%$g¥ﬁ?ggﬁg§@%ﬁ%¢'ses 1, 2, 3, ...n-1, ncolums, and 1, 2, 3,
...m1, inrows, wherein the n and mare integers, and n nay be equal to

m wherejn the nunber. of tifs_may he ual to the nupber.s .of col ums and
rows; aht whBiesTHClg|of magufactyrg of ﬁléx’ﬁgﬂ"’g&?‘é’tfhés%%rg“%f’ marlfsyné%q queLy 0, and
any cel | i nggi ighife ! the following rules: lining
al | nDt]?Eé?#@gﬁ%ag?agya ) cgﬁﬁglln g%%gg??gggen i n sequence, wherein X, Yy,
z may be any nunber assigned to the notifs; finding all possible

conbi natj ons_of all tif . €., X Xz, yz); 18 updating, any.cel |l by 1
every tHre V\ﬂéer'larﬁﬁl@ oﬁ%@pyfaem?%ﬂ@lpﬁ}ﬁ, PPé‘FE%%é“et gnmglatr%gq{gwd%thgﬁdqsﬁe

col um gpglithgw nunbers, wherein the first nunber of the notif conbination
may be assigned to be col um nunber or row nunber, and when the first
nunber of the notif conbination is assigned, the second nunber of the notif
conbi nation nust be assigned to the remaining. 14. The article of

manuf acture of claim9, wherein the searching of notifs in the query
protein may be done by any known alignnent algorithm 15. The article of

manuf acture of claim 14, wherein the alignnent algorithmis the Mst
al gorithm




