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allergies include the administration into an infected individual of pharmaceutical chemicals
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. It is
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 i)rotein. Therefore, a reliable prediction of potential allergens is
imperative for allocating the money to study the real potential allergens, rather than all

proteins.



t he accunul ati on of hundreds of proteins as known allergens, it is
reasonable to assune that a potential allergenic protein shares sequence
simlarities with the known allergens. Thus, the potential allergenicity
of query proteins can be predicted by exam ning their SEQUﬁ% 9
simlarities with known allergens. [0005] Attenpts have bee ﬁﬁ@éﬂQo
predict allergenicity of a query protein by its am no acid sequences.
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mgtlf generated from the known allergens. While the improvement over the FAO/WHO
guidelines is shown, their prediction is still not very useful (with ~1 true allergen in 10
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



[0007] In one aspect, the present invention provides a nethod of prediction
of the allergenicity of a query protein. The nethod conprises the steps of
providing a set of amno acid sequences of known allergens, identifying a
-pre-set nunmber of notifs fromthe amno acid sequences of Kt 27 | er gens,
constructing a notif table of the identjfied notifs, searching for any
identified notifs within the query protein with unknowmn allergenicity, and
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16 MAR ZQ;RJ mol%ifs; 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.
[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 alighment 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



I s updated by adding 1 each tinme by the followng rules: lining all notifs
(i.e., x, y, z) found in one allergen in sequence, wherein x, y, z may be
any nunber assigned to the notifs; finding all possible conbinations of
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nmay be ashé @iif tablebeIn 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



5 16 MAR 2007 colum nunber or row nunber, and when the first nunber of
the notif conbination is assigned, the second nunber of the notif
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[0016] FIGS 1la-1d illustrate the construction of a motif table in accordance with
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



[ 0022] As discussed above, an allergen can elicit allergic immunoresponses
within an individual because the allergen contains one or nore epitopes,
where the epitopes can be recogni zed by specific T- and B- cells. So far,
the all ergenic epitopes have been assunmed as short contiguous am no acid
sequences (notifs) in all the avail able thods of predictiorg pir 2007
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allergenicity has been investigated but found that it generates too high rate of false

positives to be satisfactory. The present invention provides that the prediction of a query
protein’s allergenicity is drastically improved using a motif table. Without wish to be
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.



[ 0025] As used herein, a "notif table" means that notifs identified in a
set of known protein allergens are arranged in a colum and row nmanner.

For exanple, as discussed in detail hereinafter, both the colum and row
represent the notifs. It is to be appreciated that the cquHns and rows
are not necessarily equal and may have qt her paraneters tha btMA8 1Bt i f s.

[ 0026] As used herein, a "query protein"/includes any pol ypeptide or
protein that has an am no acid sequences, where the am no acids may be any
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L el ont GBS Bleih BHEHhO R P h e % EE Lt o Fop? BYetige. B GLATIALS, as
i nvent i on didcagserif i@ shereisafik SHdth Ahe c&ﬁﬁ&%d%vmﬁregﬁ{thﬁ@rﬂoaf@%% fapce

with the principles of the present invention, where the systemconprises a
conput er @BIsCiatede that) theh eolumps cowdprovesr ancaadatscessarilygequal @odienaynkawesother

enbodi ed re. fo redi ct.bng the allergenicity of a query protein. The
conput er &ggggg%F§m§}@5W8ﬁ¢Code nmeans i nclude nmeans for causing a conputer

to procur gogze} I ai Ni NG used thefin, kMR Pf&téihﬂ iflhdRE aﬁa{z PolypBatite drfroalang a
conputer to generate a profile of notifs fromthe known protei'n allergens;
nmeans for haa@siamine agidrasaaances, ovhpse sheramino anids thay betang of shel naturah onesoer

causing a dpct the allergenicity of a query protein using
the notif #agiggtgeﬁté&%‘%ﬁngouﬁgﬁe %@?fg“ﬁ'ltge %&'ogr am code neans further include
means fonooeausi ng ahe hefveftich fofideda risthét R lpredidtiodl JTRHE all@geraeiey

final data, and input data; neans for causing a conputer to output the
final dat &f adRennRIRIN psing Gametif table. c The nresenttinvention alsei prevides & lsystemifous
known al | iLum.can P , PDA
Ko o R B BRTALRorBRE A TR LN 630 ol Bu o Ry IR S

conput er pysigmaconirises @asongitéroisablemeditm Bavihg Gofpatsrireadabld PRgEm Rodor to
a nore detail ed descriptign, the method of the present invention may be
outlined BR%2E$ FR aélefiél?qrﬁ%erz prsdistingthgyallergenicigy oka aupryprtsinye Ahe coBRERRL i ng
a set of ' o Oﬁ%‘anﬁl ; ' Lf -1 abl e
based on tr %Hgaglfg?é{)%@gﬁdmg r‘%’?ﬁi’f g{ctlj@rmtl sf’?legér]llg&grae%?%tﬁgbBﬂ%&zﬁ??tgragné{rlﬁci ty
of a quer yetpoiokmiwn psiteig dlleegemsy nfeahs fdrecausidli 4 eompwtes to geteratera prodils afipl es
will be u%}epcéi. tgr i It{hu%r ate the principles 2(1; the present invention, they
are in no Ml Tom e kpewn prpteip Hleraeps meags Eorsrusinga CORRBRIET Kreeneri@motit

H gh- qual i T SROSELR 1 : ' L0 S S : | :

al ler genslt%mhed non- S%I%efroggﬁegé% r?tég)?h arétn(sjto ogi?gg%aalgr%@{elggfg?? 3%? igfprtoheén
gener at i omsing themotif tabld. sSTheAcomputerieddatde peogean cofle alehws fyether awkihde means

non-al | ergens may be obtained froma vari.et . .
& causm% a computer to sgore tlcm)e o?igma{, mte}'/medlate, 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



8 16 MAR 2007 of sources including private and public databases, published
articles, and in-house developnent. The public databases include WHO- 1 U S
allergen list (ww.allergen. or /list.htn), Swiss-Prot's Allergen |Index
(www. expasy.or /cgi- bin/lists?alter en.txt) , Bl F S

(Wwmn. iit.edu/-saendel/fa.htn) , FARR (www. al | ergenonl i né. MR t he
Al | ergen Dat abase (www. csl.gov.uk/allergen , the Protall Database

(www. i frn. bhbsrc. ac. uk/ protal | /)5IBLOOBQ] The ami no acid sequences of known
al | er gens YAntPUsLsS- Beludings peivatgyansk publi¢ jdatabatrst publishedyartictesy erdl indouse

generate tfag hEaorofirl e. [ €X t he | eadi &gmgj_ s aay. be,.

del et ed becaﬁggmt1 %‘y arghgsdgﬁ%lhyc nggﬁlpt)’?%essen{nﬁ%&t h tgggé pla!)lteégﬂis. hﬁ'ue
| eadi ng  Sivwnaledlergen garpdlist kts RS wisKPeitrall 1ferp@t iThdex f(Wie¥xsgotg@d t o
generate the .nofif profile. In addition, the amno acid sequences from
di ff erent Mﬂé@i@%@)&: cros&dh8cked prwiitgdu/ssgendel/fahim),ng fFR

Idh edu/ RP
sequenci NGwARM : : set of all ens J S chosen,
the ot i1 2aneplirebtiinBbi. tie AtteerDhgtec8 (R8in Gl elr ufBHEREN, T PRI
avai | abl e Ldtapasé (dww.ifrhdbsreme.ukapedally. of di scovering nmotifs in a group of
rel at ed sgﬂ% nces. gﬁg nost comonly used al gorithns are Miltiple

Expect at i xi m z ARG Ackbssquedsasqftimomwraltergavs)and monealiskgensanay) oy

Bot h t ' ' Is ' t ' . bot h

ot hods wi by aeféte 885 hed 688 gl ERRiEhrotfe, B il ILEadis BBl D01 0

m xt ure muehyl bdogeleted dbecaise threy arexisuillahdtqitesent i the avilire Prbichis. iThe leading

bi opol yners" .. Proceedi neqs of the %ié:ond, I,?t ernational Conference. on

I nt el || gerftEP&S MAEENPISIC s ndesiratle Blogif they arouseddo eonemate freamatif vefileo

Park, Cal i gaditiga, thd 88 acféﬁéé&%nég ol i‘?ﬁi‘éhvsodégﬁfméoﬂ%é‘&oﬁs}lé}fé@@defovﬂy{}g
ches I ol N ol .

p-values: application to sequence honoblogy sear ormati cs,
14, pp. 48rer arsingdB)m sequefdnp ahvdvEdats eatry.ool for di scovering notifs in a

group of ed se nces, i based qn Expectatjon Mxim zatign (E
al gorit A P ARt llepeeg 1 ehosefe e gt sebfRrdhe EROSSR. Fob thay
unal i gned bDNenaaRd D Hn§i T SurrdsSvai1ale bRkitkns Bl AF capIe amcav%ringmé ed

to have a_ comon sequence pattern; nmaking an initial guess as to Focation
and sizelbf greupifirglased sequsness. Theono$t @immomly susgd ealgesthmisoarsMigltiple

al i gni ng LD .Si.tes: an royi ding f I s alignnent .an estinmate
of base O?Qggét%%g\gﬁl?%@%gp %’églﬁlogglel\g’r‘fﬁaﬁl% l(@p’léyta&d aéhli’gs or | %‘hn
consi sts afetlidde Have bedre@scribdti MdMiB ihARE BicBARAISREUWItY BethodSivER only bd he
expectation step,. the colum-by-col unmm conposition of the site is used to

estimat e disqusssfoBabriefi t $ewfBeileydand Elken,siFittingta mviytupo siadebibyi expeetotionf
the sequepgesnizIfiiH discover motifs in biopolymers", Proceedings of the Second International

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



probabilities are used to provide new information as to expected base or as
distribution for 16 MAR 2007 9 each colum in the site. Step 2, the
maxi m zation step, the new counts for bases or as for each position in the
site found in the step 1 are substituted for the previous setg uhO9®3] MEME
‘represents notifs as position-dependent |letter-probability matrices which
descri be the probability of each possibl@ | etter at each position in the
pattern (a Brofile). | ndi vi dual MEME notifs do not contain gaps. MEME

t akes as i¢ashicolumyr mipe site. Biep 2o thepmartimiization Gtepnthe et doantsrfad brsegorsat for and

out puts as . i fs a egyest ed MEME uses atistical nodelin
t ecﬁni queseat%ggéﬂﬂgm %831%? gf"@ﬁb‘b Stapel ¥8§’t‘bWH?‘E£°r the BIBPUSEL. o c cur ?ences,

and descripo3apn for REME FBrbdentd BOGHA] oMo ¥ '
slightly different fromt Egé El\slnappr oacaﬁ%lltf?gb%%gﬁ?ﬁgg&n%f g}roq,g?%lgh?eatar%gﬁes

for the stWhichideseriteytharnsobabilityaifl eachyossiblealetiercatreakhpobition imphe pattermi(alt h

and the n o] | 1S\ 4 ach.sequence, .It iter hr ough two steps.

In the f?ﬁ@ﬁfe&t i%ﬂgltd}‘%%ﬁﬂ@?%@{"gﬁs %%B?&%O&F?HF gips, (PN 195 & BRucksrorB ot ai |

sequences DDNA bﬂpro%lﬁ-seqﬂ'éiﬂés?(tﬁ@%?rﬁﬁ%%e?}ra?ldt&ﬁﬁu@laggﬁ%ﬁﬁ" ﬁBHfs%ﬁ‘éq&é&té;%d
)

an initial guess of the notif. The objecCtive of the next step is'to
t he nost |usep statistienl coadaling: tscheiques tn agtompetically chaost the hdse widtht

iteration sequences. sl j di t hem back and forth until
the rati él%r?oe?hgo%t‘olp%? eﬁ?%@a‘%ﬁ?rfp[%{?n%’ ?aﬁb“?)‘g&kgr ound probability is a
maxi mum  Tbesd] t he neRbe Gy uamMpRr iaSgdrithih i9Wighihd dithGeR MG e EM 5@9@@&@

until the es'%ge frequencies in each nmotif ~do not change. The nunber of
iterati ons’hﬁsfjfﬂ S 5738pler e seapches fortthe setistically swstprabable nwtidaard. capd0@53he

After a pr t'ﬁﬁﬂvﬂ&tﬂ?ﬁ | f 2 generated, a.noti able wll be
gener at ed.ogp'llhe not | {15 %‘HPrrt;ael;rl oglg%élgssiigfﬁg SeuEn eyl erf‘{?s %}H u@e@f"gﬁﬂe@r& In
rati onal eshe first step a mnbadistenpositionefoe e BT AMhobétiVor afl squbabdslbut 38 dhe.
repr esent ﬁﬁl‘?lé?t he notifs, and . the cells wthin the table are updated each

ti me when gequengescyfrthemaligredoand wesdntsr find anriniad guess| off Germotih0The For

redictio : I | £ f e Ln._using th onstructed
ot 1t abp ey CBL e ERORER Kb Vil oAt e b e S R RAE RS ARBEET ) ¢
mat ches wi(and emthe regtremfioresdomtitdfitse SequondebEbik sl tHehEb4aRMnd f3rth Gntilahé

al i gnnent _bet n the ery.protein _and each of the notifs nay be done b
any ’ sequeht® gf i mmpqﬁkﬁ%k‘gﬁﬂ the barkeroupthpsrbabiite is & mawimwn: Themthegrerent d
and Sear CRequRfite {sNEY but adBE grceds 1sA8pedtH uRfiFhe Msiite frequencies in each motif

do not change. The number of iterations may range from several hundred to 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



bi ol ogi cal sequence dat abases for sequences that contain one or nore of a
group of known notifs. MAST takes as input a file containing the
descriptions of one or nore notifs (generally the MEME out put) and
searches a query protein that match the notifs. The 1 n MAR 2007 10 notif
file can be the output of the MEME notif discovery tool or &nyiARil0é in the
approprlate format. MAST outputs three1 hi ngs: The nanes of the

hi gh-scorin equences. sorted by the strength of the conmbi ned match of the
sequence Mt aﬁsl ¢ eAn b dhenoutmuy anthehMEl‘gEompnf Mixcotenyi gl anmng hiilei ingthehe

order an t . match guence; Detail ed

annot at i g‘r’ﬁre ?ﬁ %tgg?'uﬁﬁr%t (E)EA gg%{sl%gﬁ Wg\QM é’gﬁl?ehd@bs%?ﬁ’&gtsﬁ ences

| ocat | onsomdjbys theestanbth @ﬁthﬁ&bﬁibﬂfedtlﬁaﬁch%f TR kéq%enc[eolg:ﬁ]] offtht @lotithien tHRL i f S
fromthe protein are identified, they are conpared wth the notif

t abl e. |Sf y g5y phayying the ordet md $paoingtaf ehepmetifs wlun@m matchings a
non 26" Os8filhée: kil SR0GRSR 3P U nGRn O el Bl nd AR sEucbRC R |

protein ’S pred icte

exanpl eslcmaeormrmdls&engthgﬁfmhlehé‘s(ibﬂlemlbﬁﬁse Of ' | lustration Of t he
principles_of the present invention. It by no neans intends to limt the
scope of [ORE presédieriths, met f&aﬁom[@)emqerYAprmn|armleot1ﬁ¢daéhqyr Ye cqumerag

perform e T

i vi ded | ang SEARIRESE Gy Qb of we R Caly AR BBU'S 11
first sehowkzerdatareiis thesedregsoniding qeﬁmf&he/motxﬁﬁlbledﬂie uwyl préteinrie prediciédasng 4
sets are cglgbl ned to formthe train data. The proteln sequences in the
positive®BsHeHhta are randonly shuffled to formthe negative test data.
[0043] 3. The Mene software programis used to find a predeterm ned nunber
of moti fqy f fixeg l{’)‘ﬁﬁ%h w fromthe train data. The notifs are extracted
fromMme sult f( 4. The Mene result fromstep 3 is used to forma

motif t aLdOGQ]aS f o| Thegolldwihg egirhples biesproRided forntt isbletpaBlose of/iﬂlus&ét@on of
initiali edto égé}gor a sequence contalnlnngmtlfs

cel I[m]} P~°n SRIgSeBY “B’ﬁ@“mif Itzby; ae meaas intepisdp dimig %%qopg of the np,
n8, cel ﬂt[lm?e]n I ncreased by one; cell[mM][nB] is increased by one;
cel I [ n2] |ncreased by one; (c) in the same manner, the notif table
i s popul EﬂOé@l unt i | A.he IOasline of the procedure of performing allergen prediction

[0041] 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,
cell[m1][m2] is increased by one; celllm1][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;



sequence i s processed. [0045] 5. The test data and the results fromthe
Menme programin step 3 are used as input for the Mast programto find
simlar notifs in the test data; 11 1 o MAR 2007 [0046] 6. Fromthe Mast
result in step 5 notifs fromeach protein sequence are tested to check if
they are present in the notif table. Thﬁz protein sequence is ¢§naRdedied to
be allergen if at | east one entry is fdlnd in the notif table. [0047] 7.
Step 2 to step 6 are repeated with the second data set as test data and the
rest of H%¥6Hata cén&remdhs Mpst resultrinistepdtmotifs Heomp cacte protain issqueapeateed

until th arget is used as the test, set. [.0048] B., Construgction of
an exerrp?%slrteslst% ?‘#k ltfg‘ﬁ'émi Brﬁﬁeéﬂ? lﬁ%imr%?féa@ﬁa ?Bm\’\%q‘ pe n‘ffs‘éﬁmfsb‘&qr?qctﬁst rate
the consbeallérigemifol IdakeonbRhiry is foakdl t thAE tbishows an exenpl ary set of

five (5) notifs discovered in three hypothetical training proteins (Pl1, P2

and P3) [RP4The Men¥. Piepgriarsiepr anctrpeatedawith thet secofjdOdBDbet Batdse ddta amk thepl e of
the noti in. proeteing sequences.in the train data ..Protei Mtifs P1
1S "By by bR odp B e BRGT Srelbrochfp S £ehsad Ruil R S BHSE ovi 1o
manner s: i @823 thktedtgétt i al ly, all the cells in the Motif table are set to O

(FIGIla). £0053] 2. Fromprotein sequence P1, cell [1,3] is set to 1 (FIG
1b); [008WMER. Fr oB-pr oCensirustignefse exmplamyiatifitabld] | [2, 5], [4,5] are set

to 1 (Fl @a&) ; 005 ratein sequence P3, cells [4,4] .15,S to
1, [4,( 5] EB|0§1§1?5et Eo%ghp\i/\l%e@é‘gﬂ]ﬁﬁgﬂo?e t‘%%St?)lﬁFT&—Ta& ﬁif)c.‘mf{%@k’j“ %ﬂthﬁi\é?ﬂct i on
of al | er gzhie. cCTable afshewe apleRéniplatiesst o Fivt €5 molififiscbvdra i tided Rthdiias
notifs identified fromthe hypothetical test data with three proteins (P4,

P5 and PEMNIGE Reksing Rb+F% and F%) by the Memeiprogram firgm thetrain data.

[0050] 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
Pé 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;



[ 0058] Whether a test protein is an allergen is predicted by conparing the
data in the notif table with the notifs discovered by the Mast program
fromthe test data. The prediction for protein sequences P4, P5, and P6
are perforned as follows: [0059] 1. For P4 with notifs 2 and 5, cell][2,5]
contains a value 1, P4 is predicted to12be allergen; 12 10 NARDW?%{]{]%[O%O]
2. For P5 with notifs 1, 1, and 3, cell’™1,I] contains O but cel , 3]
contains 1, P5 is predicted to be aller [0061] 3. For P6 with notifs 1
and 4, cefopgol 4] coﬁtF@rﬁ’é vvthm@tlfsSl,pisenﬁgmﬂ[ﬂd]bentammaxtpdl[ééhcor{t@osz] D.

Val i datlo f. f allergenicity using a notif table [0063]

1. Data ggr?éra Figh e{agtgé%] h%%gg’posi tive data set was obtained fromthe

al ' ergen joost] publ i kles Pewithi mbtifsungndl, &li[1,4Pupmthits B P6l id Fc)hc{tbd?fﬁ bieln of
otentially

Al |l ergen- Repr esentative Peptides For In Silico Detection

Al | ergem@lﬁ@&qnns Bi oi nformatics, 21: 39-50 (2005) the negative data
set was ned bypshuf en se n1y
There ar ZBE% pr ot eID?] se{é%ﬁec{nbggé%gg% Sf%&ﬁétf% gflﬁg Wéty %glg%{fﬁe\[/begdat a

sets. [00/0643]2. ResuIDsta[geﬁﬁﬁﬂloﬁl'he notifs were identified usi ng MEME and
MAST. See, e.g., p: //mene. sdsc. edu/ nene/ websi te/intro. htm b‘%@g
sensi t i vi 0964 esul tsTIbePOﬂFlVF slatmsetnies pbtainadgfram Hheeallgrgen lishpydl an
wher e theB L.J Ys p;(?) E& ’i&éhgﬁgﬁ{iﬁ—‘ JICAf Ef’i‘ﬂ&p sehtalife P eE'P\é? Iﬁver
t he sunnat on rve an se neg 'Ve. “FOr comnpari son,

predi cti oBiliad @Btectlbmfsl’dtamﬁﬂyeﬂdlengédi\c Pronelng)iBlotlferhdaties) 2t B%QQ@O(ﬁemhences
and the specgificity results, are s }w&m I n_Tabl e, 4, rﬁ/}nere t he speC|f| ity is
defined aRegaH¥e datactshWaseobtained hyeshidting the Rﬁ?glfvet‘h‘ Uhseduenss Bndemiy
negative I t el <t Can be seen

t hat the tgrs%esr?glﬂt?%ilnt%?&?eélgg? f“?g1 gmlvé%% nllggld SSeﬂgm no acid

| engt h, 3mos&1nt i fs)2. Rb&ultsorrespondl ng specifici ty prediction result is
0.923. A Igo of s Si tl’é“i;t

nmotifs is wn in \égreisd%?’ﬂgv‘%llbscmg Mﬂéc?’?‘?c@ﬁg §€Flsmbe{’| 19f

length i Shtié.!ﬁi'ﬁ{@mer&dgd Qd-ﬁ’/ﬁe?ne/\{/%ﬁ&]intﬂ@f?ﬂnﬂ 3l"he%@ﬁ’s’fﬁﬁrl‘t})’ Felsiitd P diffeverit Motif
different notif Tengths baa I5aa Z5aa 3b5aa | ength length length

lengths are given in Table 3, where the sensmvny 1s deﬁned as the percentage ol 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]

S5aa

length

15aa
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

35aa
length

length




100 notifs 0.37217 0. 0.648696 0.633043 200 notifs 0.335652 2 0.697391

0. 735652 0.707826 300 notifs 0.311304 0.704348 0.758261 0.753043 400
motifs 0.318261 0.723478 0.747826 0.754783 [0068] Table 4. Specificity
results for different notif |engths 5aa 15aa 25aa 35aa length length
length length 13 16 M 4R 2007 100 notifs 0.937391 0.961739 0].599,&%@
0.921739 200 notifs 0.911304 0.94087 01937391 0.946087 300 notifs 0.89913
0.923478 0.923478 0.93913 400 notifs 0.890435 0.89565 0.930435 0.961739
[0069] 3. Conpal0Gmotits| poamae aosiysdl 0919043 csaIgBPrent al results [0070]

The met hod and | 30Gietiqf 01304 ©Rohog7NGORYIAN (\ksoRFen validated with its

applications to r-ggns P e perinental data was
obtai ned from i?g:}n% i 08013 0 8. bﬁgﬁ i buB,Sﬁ” edu/ SDAP/). In the

case of the Pat e %9 435 D 395654 0934350109613 t hat the al | er gen
contains 4 discontinuous epitopes. The proposed algorithmpredicted 4

notifs ' cover ' j ons._of. the experinental. data using

par anet m&o not i f§'@r?§%kl{5§£§g}?r%§%?l fresrxixgtﬁ%&m 255l o ega%eflg’fs result is

obt ai ned [e070Ng  pafTaswiethed aid syBtdnt of @8 Pidtern iAbentivRltiab bBsRtidated Wath ilhe
predicted and the experinmental results are shown in Tables 6 and 7. [0071]
Tabl e 6: 3PBHGFHPRTY & et kmovw epitapes.pahe pxperiénsalglara whs obtpinedifremed

epi t opes SD&PP@J’(%E% it %f&.i.ﬁt%é&/@%%/fpln {RUale SR Yar 71280072

Predi ct ed Res

?ETCGIWWWEEWM&E@@%&M@E&WYS% ipEafloNesE
pos 1:

QETCGTWRlﬁ_% #%é@m’é&&@éﬂkmmml ofsthevrapesimranigl datse
Vrrioc VISR BRI ol hOHE lsneshr Aot aberctin, il s i s

(71: 139) pEreptetdbavfimotif length = 25, motif number =300. The predicted and the experimental

\7/EKT?C,I93 V?éﬁhfﬂegﬁymgﬁé\fﬁ%w& RHGPVTGPSDPAHKARLERPQ RVPPPAPEKA

[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
gﬁt BZtoa) QETCGTMVRALMPCLPFVOGKEKEPSKGCCSGAKRLDGETKTGPQRVHACECIQTAMKTYSDIDGKLVSE
f’pr(;fiilgg)ﬂesult VPKHCGIVDSKLPPIDVNMDCKTVGVVPRQPQLPVSLRHGPVTGPSDPAHKARLERPQIRVPPPAPEKA
gx:pt: §:a:ta VPKHCGIVDSKLPPIDVNMDCKTVGVVPROPQLPVSLRHGPVTGPSDPAHKARLERPQIRVPPPAPEKA
[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 | QETCGTMVRALMPCLPFVOGKEKEPSKGCCSGAKRLDGETKTGPQRVHACECIQTAMKTYSDIDGKLVSE
(pos 1:70)

Expt Data QETCGTMVRALMPCLPFVQGKEKEPSKGCCSGAKRLDGETKTGPQRVHACECIQTAMKTYSDIDGKLVSE
(pos 1:70)

Predicted Result | VPKHCGIVDSKLPPIDVNMDCKTVGVVPRQPQLPVSLRHGPVTGPSDPAHKARLERPQIRVPPPAPEKA
(71:139)

Expt Data 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



[0073] Table 7: Conparing experinental data of Par j 1 allergen with

predi cted epitopes using paraneters notif length = 25 bp, notif nunber =
300 Predicted Result

QETCGTMWRAL MPCL PFVQGKEKEPSKGCCSGAKRL DGETKTGPQRVHACEC! QT AI\/KTYSDH %Iq\ﬁﬁ
(pos 1:70) Expt Data A
QETCGT M/RALI\/PCLPFVQG(EKEPSKGCCSGAKRLDG%‘KTGDQQVI—MCECI QTAMKTYSDI DGKLVSE os
1:70) Predl cted Result

VPKHCG vE®id smopeaNdewawes e ficrand tst fifionvifsrephisdositizrr Phryra Rz

Z/I%Kﬁ?é%l %@%MW@%MM%M&SDPAHMRL ERPQ) RVPPPAPEKA

(71:139) [4096174] FoTablees:alofpafifig xperinéhtal IRLES NN 3lalld dicteat it
contains 4 epitopes. Using paraneters of notif |ength=2 i f nunber
=200, thépléfmjérusmrﬁap&r@mr@mnleengtbﬁzrssbpmot;ﬁnmanrrﬁ 2 wi t h 3 of the 4

epltopeﬁm RSB EF A AT HMbE RNAAGLP BGGHRLDHE G PTVNLART T HSAR
al gori t hxeprredi ct d 5 m)tlfs WhICh covers m)st of t e regl ons of 1b K v | M7
14 the 3 Eéo‘;p‘i{ataopes MWMM@-WPE@W@?&WQG@MM@HRGWWO,&QWNW(F@@\RF
posi ti Ves g SRR : EXRPERTE: Fechlt e aros dy

8 and 9, (ffiﬁa) STS tl'ag’FhTG?FdéonGSbo ng experi et al dat a of

with proa?xpcma@d e

nunber #* d._Result

NARVSEL/S:%%%%' S R SR e PR B A RACT AP os

1: 70) EXEkptBdAl 8 | APACKADINAVCPSELKVDGGCNSACNVFKTDQYCCRNAYVDNCPATNYSKIFKNQCPQAYSYAKDDTAT
I\/ARVSELAFIM MTL Al KN\ )

a ergen
3wtaEm?@$l=ms<aK@gcqxwoam:mwsmmmmmsngmvsm)dmELAme'tNAﬁCT

(71: 140 (fn‘:xq@x Dat &
V\G?TGCFFDASG(GSCQFGDCGGQ_SCFVSGAVPATLAEYTQSDQDYYDVSLVDGFNl PLAI NPTNAQCT
(71: 140) [doredi ct ed TRBRW:t Co ex erimental data of Jun a 3 allergen with predicted
APACKADI NAVCPSEL KVDGGCNSACNV YVDNCPATNYSKI FK QAYSYAKDDTAT
(1411: 216pitepeptusing parameters motlf length 25 bp, motif number = 300

APACKADI NAVCPSEL KVDGGECNSACNVFKTDQYCCRNAYVDNCPATNYSKI FKNQCPQAYSYAKDDTAT

141: 210 | Predicted Result | MARVSELAFLLAATLAISLHMQEAGVVKFDIKNQCGYTVWAAGLPGGGKRLDOGQTWTVNLAAGTASARF
(pos 1:70)

Expt Data MARVSELAFLLAATLAISLHMQEAGVVKFDIKNQCGY TVWAAGLPGGGKRLDAGQTWTVNLAAGTASARF
(pos 1:70)

Predicted Result | WGRTGCTFDASGKGSCQTGDCGGQLSCTVSGAVPATLAEY TQSDQDYYDVSLVDGFNIPLAINPTNAQCT
(71:140)

Expt Data WGRTGCTFDASGKGSCQTGDCGGALSCTVSGAVPATLAEYTQSDQDYYDVSLVDGFNIPLAINPTNAQCT
(71:140)

Predicted Result | APACKADINAVCPSELKVDGGCNSACNVFKTDQYCCRNAYVDNCPATNYSKIFKNQCPQAYSYAKDDTAT
(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.



“wi beco

Predi cted Result FACASGIDYSI VFCP 71: 139 Expt Dat a FACASGIDYSI 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 Result MAR AR 2007
VSELAFLLAATLAI SLHMQEAGANKFDI KN(XIGYTVV\AAGT?CII}(RLD(X-ZQTV\TVNLAAG'} ggA&lz (pos

1: 70) Expt Data MAR

VSELAFLLAATLAI SLHVMQEAGAKFDI KNQCGYTVWAAGL PGGGKRL DQGATWIVNLAAGTASARF  ( pos
1: 70) Predicted Result

WGRT GCTFDASGKGSCQT GDOCGEQL SCTVSCAVPAT LAEXTRDQADYYDVSLVDGENN PLAI NPTNAQCT
(71:140) Expt Data _
WGRTGCTFDASGKGSCQT GDCGGEQL SCTVSGAVPATLAEYTQSDQDYYDVSLVDGFNI PLAI NPTNAQCT

(71:140) edi cted Result

APACKADI r\ﬁ@@g@ RPSAEENSACNVFKTDQYCCRNAYVDNCPATNYSKI FKNQCPQAYSYAKDDTAT
(1411: 210) Expt Data -
APACKADI NAVCPSEL KVDGGCNSACNVFKTDQYCCRNAYVDNCPATNYSKI FKNQCPQAYSYAKDDTAT
(141: 210) 1Pr edAcmetholRdeupredFeAiGa S BYSEMECR of 7 udiIProfexptcoMptising the steps
FACASGIDYSLVFCP  71:139 [0077] In summary, the notifs predicted by the
al gorithmo ave been found to agree w th real experinental epitopes data

for both al | e 6eRRiiRes skt dr afiflo héll séudneds M ERbwNMiibgedhe present i nvent i on
h ular e

has been described wth reference to partic odinments, it will be
under st ood t hatdentifyingrhque-setnnwmnbereofi btifst freh ithe agmb adidtseteacesi ofvlemtvimon
scope is Qﬂérgén% limted. Alternative enbodi nents of the present invention

ne®apparent to those having ordinary skill in the art to which

the present i nvemstruting Heiotifltdbie ofSHE Mealitied ARtif; embodi ments are consi der ed
to be enconpassed within the spirit _and scope of the present invention.
Accordingly, tpRrdiegorsny idratified satifs withiathe auery roteissand bed by t he

appended cl ai ”Breﬂ{wink%hascl{ﬂ@aﬁé@%raxinti@%nfaﬁérigr?gﬂﬁe aﬁé&rﬂrgtteino&ntajn?s MB:£007

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:



15 CLAIM5 What is clainmed is: 1. A nethod for predicting the
allergenicity of a query protein, conprising the steps  of: providing a set
of am no acid sequences of known allergens; identifying a pre-set numnber of
notifs fromthe am no acid sequences of known all ergens; conﬁtr uct mg a
notif table of the identified motifs; seggrching for any i dent i1Pi'88 Tt £ s
within the query protein; and predicting that the query protein is an
allergen if the query protein contains at |east one positive match with
the motif tabl zl.m .al¥ﬁ@tﬁ%£%édxmf= @ fausd in oppefleigan in gequgrces whgredt X, , z
provi di ng rﬁe{}eo@dﬂ'?,r}ﬁn%}gs CRHRD GRSmofifs: known al [ ergens, the set of amno
aci d sequences of known alTergens nay be obtained from public resources or
private dat abadedingll fidssibie¢dmisinationslofiathniotifyueas. ekn,.xzi #z)f he step of
identifying nmotifs, the meﬁ}iEng may be  identified by any known al gorithns
that can ident iP§atR& AR% § |t iSyPw Smendvhseithe melEy eorabigation efrgthiod

of claimg3 i6} i A i, T ' I ' d .
xpoctati on paeenol 08 Stih SSRGS R R L TR HARHCRL the ot
wher ei n, icambination epayobe assignadutot bergoluhm mhbdr drabivepumbenand Wdemulid first abl e
conprises_ 1, .2 el .ncolums, and 1, 2, 3, ... , mrows, wherein
the n and WFEO\SWFéﬁ%t&sc,on&ﬂ?janr?nﬁﬁﬁs%eaqﬁ’&lse‘{"é‘drﬂung’ﬁﬁg%/\]%‘é RatH combinatinper

of notifs nimybe RSIGRER tHeGetminpgimbers of colums and rows, all cells in
the notif table are initially set as 0, and any cell is updated by addi ng
1 each time by the following rules: '16 16 MAR 2007 lining all notifs '

(e.g9., X, o, Z)f | e allergen in, sequence, wherein x, Vv, be
any numerdass?%hr?ce}ﬂgtg 8a '?) ﬁgﬁ%f’i’f_ ,egtflfl’n'&iqhﬁs POt Serrehipg éorcwflf;é{ﬁeéﬁgot al |
noti fs (e.vgthin e quezy piptein, thskakdhige MAY be Abohe BY ady BMR Y alldnfRntMIeHithie not i f
conbi nati on matches the conbination of the colum and row nunbéers, wherein
the first nunber of the notif conbination may be assigned to be colum

nunber or 7 ow FElELhRBEINREE, WG e (e blignment algorithm is the Mast algorithm.

8. A motif table for being used to predict allergenicity of a query protein, comprising
at least two motifs 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 (e.g., 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 (e.g., 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:



nunber of the notif conbination is assigned, the second nunber of the notif
conbi nation nust be assigned to the remaining. .6. The nethod of claim1,
wherein, in the step of searching for any identified notifs wthin the
guery protein, the searching may be done by any known ali gnrr]en&‘ Writhm
7. The nethod of claim6, wherein the aljrgnment al gorithmi s & PR 4085 ¢
algorithm 8. A notif table for being used to predict allergenicity of a

guery protein, cEnpri Si n% at Ieaﬁ twg, notifs formng a two-di mensional
tabl e; wher ei nat A&t RBS FOmMIsTorsaPler Byslivm bayipg i cogputer readable prograum code
colums, agndnd. : [ : ke 0 ar J rs,
and n may be géc? ﬁdﬁg tr%er%if P feip?]ec{lﬂ‘g%n 3%%&3& tr(r)g%l ﬁg%ﬂo%éfégeug?[ﬂkggfhe
number s ofreaslabla pregramcode wsesanaindsahaticlerof abdnufaeturs comptidisg:nmot i f tabl e are
initially set as 0, and ané/ cﬁl S updated by adding 1 each tinme by the
fol lowing rules: |iSPREUEK readablerogrampode meas for caysiams comRPEFIC RM4dGan i n
sequence, s¥fiIaglifo &id)éequ’encé@dfl&%wﬁ%’le foer assigned to the notifs;
finding all possible conbinations of a motifs (e.g., Xy, Xz, yz);
updating any cel | byomputesreadablegprogrem dode means for comdmgatomputered ideatifyt e

combi natign_of the colu d row nunbers, wherein the first nunber of the
motif co ?'gettnlmonﬁ)e {fngﬁfsﬁcgp&ee%np8 agid seayeRnes 30 A5FETEBY nunber, and

when the first n_Umé@ﬁmp@fertr&ﬁlaﬁlétﬂrf)gtﬁ&r@d@%daﬁ@fdr%aﬁs?ﬁ%g@@ﬂput&pf_% RRGARY
nunber of the notif conbination nust be assigned to the remaining. 9. An
article ofmetiipbleofithe idewifindimptify: 1 6 MAR 2007 17 ‘at | east one conputéer
usabl e nedi um havin t a |l e program code neans enbodied therein
for predicting all e%&feﬁ Fgge:ﬂtrgg%a?fea&a%%ea& C%&ofnglmﬁs, quhcé‘UEIBgrﬁu?o pu? etgcfg%rlcg

pr ogr am cdoeanyddesified metifd veithin deayuefy profeif;agd ur e conpri si ng: conput er
readabl e program code neans for causing a conputer to provide a set of

am no aci d sequenceSOBPUS Jhrablq miogeas codemepnselor cansing pCORPYIE AqrPredins
nmeans for ' ' ' .- : : om
the. am no iy Qe pRATREL Bl phdeb AR brfproRif oB P WAL off pOBICHch O
means for votude mpt taddeput er to construct a notif table of the identified
notifs; conputer readabl e program code neans for causing a conputer to
search :

10.  The article of manufacture of claim 9, wherein the set of amino acid sequences of

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 (e.g., 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 (e.g., Xy, Xz, y2);



for any identified notifs within the query protein; and conputer readable
program code neans for causing a conputer to predict that the query
protein is an allergen if the query protein contains at |east one positive
match wth the notif table. 10. The article of manufacture of clai®|9,
wherein the set of amno acid sequences jgf known allergens ﬂé&MMbm bt ai ned
frompublic resources or private databases. 11. The article of manufacture
of claim9, wherein the nnﬁi%i may be identified by any _known al gorithns
that can i dent "P§AtHS: PR% G° |k iyPR Hmenyharithe seQfifesrakination enithg cl e
of manufag ha blumihaigekdn t Il i fd i a i

i ncl ude exggl?'gﬁ] g?{)%?fra%g m zat i or(11 gdr}hé %ﬂbﬂgg %h%%‘?%é ﬂfgltah geralrjg:ﬁ{?l ltélggf
manuf act urcembinatipminmyobe whségreidntot bee cotoinf nunstier @r cowpminstes, dnd &hen Bhe first n- 1,

n colums,_ and 1,.2, ..Ml i.n rows, erein the n and in _are |ntegers,
and n  may BoRldF niogffﬁfﬁkhﬁf@}lé’ms iR e secopd HBTDPLON g MR CQUAITAtoN ¢ he
nunber s ofm@@byggg%ne@{mth@qgﬁ'ai@@. wherein all cells in the notif table are

initially set as O, and any cell is wupdated by adding 1 each tine by the
following rules: lining all notifs (e.g., x, y, z) found in one allergen in

sequence, er ehn z be . nunber assignedq.to the .notifs;

i ng sl podtbatod s frnlRane of fisf B HBeRhe drgthing of mes e uesy 1
MAR 2007 m@i@trhé}gb@dbhe@'dnyh&m%n%{@hmehiﬁgormn the notif conbi nation

mat ches the conbination of the colum and row nunbers, wherein the first
nunber of the notif conbination nay be assigned to be col um nunber or row
nunber, and wh i e . 1 ti.f ,conbination is assiqned,

t he secon(r}(ghurrbqlrehF3 tagtfc 1% %ﬁltr‘}no | ?ﬁ%eoéﬁ)cﬁ%gjt ?‘g W%Fﬁﬁ‘&he@ SHOERT %?‘Ptﬁ%‘ it ﬂ’g%ﬂasg
remai ni ng.algogithiihe article of manufacture of claim9, wherein the searching
of notifs in the query protein may be done by any known alignnent
algorithm 15. The article of manufacture of claim 14, wherein the
alignnent algorithmis the Mast algorithm




