1 SYSTEM AND PROCESS FOR PROCESSI NG OF TANDEM MASS SPECTRA USI NG

DC- SHI FTED SELF- CONVOLUTION Field of the Invention [0001] The present
invention generally relates to nass spectronetry technol ogies, and nore
particularly to a system and process fof processing of tandem nass spectra
using DC-shifted self-convolution. Background of the Invention [0002] Mass
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charged gas-phase molecules, or ions. These ions are filtered in such a way as to produce
an ordered separation of the ions as they pass through the instrument, ordered from lower
to higher mass-to-charge ratios. The data is typically displayed as a plot of intensity vs.
mass-to-charge ratio. The ionization techniques generally used to ionize sample peptides
in most proteomic analyses are Matrix Assisted Laser Desorption Ionization (MALDI) and
Electrospray Ionization (ESI).

[0003] With the advent of tandem mass spectrometry (MS/MS), the identification
of proteins has become an easier and more accurate process. MS/MS involves two stages
of mass spectrometry analysis of a sample in a single experiment. The first stage filters out
the ions of interest from the sample. These selected ions are then passed into a collision
cell that breaks the ions into smaller ion fragments. The second stage then separates and
detects these smaller ion fragments.

[0004] The seemingly effortless MS/MS experiments have yielded voluminous data
of raw mass spectra, making it impractical to manually analyze and validate the quality of
the raw mass spectra. However, the quality of each mass spectrum from which a protein is
identified is crucial in validating the protein identified by protein identification tools such
as MASCOT and SEQUEST.



quality of mass spectra can be eval uated before subjecting themto
peptide/protein identification tools, increasing the validity of the
pepti des/proteins identified. Summary of the Invention [0006] In one
enbodi ment of the present invention, thgre is provided a process for
evaluating the quality of a M5/ M spectrum of a polypeptide. The process
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convolution plot include the position of the highest peak, the amplitudes of the peaks, and
the ratio between the highest peak and other peaks.
[0009] In another embodiment of the process, the step of performing self-
convolution comprises performing a DC shifted self-convolution according to the
followings: performing the Discrete Fourier Transform (DFT) onto data(n) according to
D()=DFT(data(n)), wherein the data(n) is a mass spectrum; performing the self
convolution in frequency domain, wherein the product of the DFTs is computed and
followed by the inverse DFT of the product according to DD(f) =D( f) x D(f); removing the
near DC components by setting the first 10 points of the DFT to 0 according to DD(1:10)
=0, and IDD(n) = iDFT(DD(f)); and considering only the real part of the inverse DFT, and
normalizing the intensity against the maximum value according to RIDD(n) =
real(IDD(n))), and NRIDD(n) = RIDD(n)/max(RIDD(n)).
[0010] In another embodiment of the process, before the step of performing self-
convolution, further comprising a step of selecting n highest peaks from the MS/MS

spectrum and normalizing the n highest peaks into the same amplitude so that a new mass



performed upon the newy generated mass spectrum [00111 In another
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[0014] In another embodiment of the system, the computer programs perform a DC
shifted self-convolution according to the followings: performing the Discrete Fourier
Transform (DFT) onto data(n) according to D(f)=DFT(data(n)), wherein the data(n) is a
mass spectrum; performing the self convolution in frequency domain, wherein the product
of the DFTs is computed and followed by the inverse DFT of the product according to
DD() =D( f) x D(f); removing the near DC components by setting the first 10 points of the
DFT to 0 according to DD(1:10) =0, and IDD(n) = iDFT(DD(f)); and considering only the
real part of the inverse DFT, and normalizing the intensity against the maximum value
according to RIDD(n) = real(IDD(n))), and NRIDD(n) = RIDD(n)/max(RIDD(n)).
[0015] In another embodiment of the system, before performing self-convolution,
the computer programs further perform a step of selecting n highest peaks from the MS/MS
spectrum and normalizing the n highest peaks into the same amplitude so that a new mass

spectrum is generated, wherein the n is an integral; thereby the self-convolution is

performed upon the newly generated mass spectrum.



[ 0016] The objectives and advantages of the invention wll beconme apparent
from the followi ng detail ed description of preferred enbodi nents thereof
in connection with the acconpanying drawings. Brief Description of the
Drawi ngs [0017] Preferred enbodi nents ggcording to the present invention
will now be described with reference to the Figures, in which |ike
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set. at 7] FIG 10(a) is the resultant plot fromthe application of
DC shi ft@@mspl f- congoluill@frat VhBoW MreAB¥NpdiRtshPthin €XGRPIIE OdurigIus 2
b-ion peaks [0028] FIG 10(b) is the resultant plot fromthe application of
DC shi f t digBenfEtioonvol uti on to the plot shown in FIG 5 except for mnus 2
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b-i on pegdozo] FIG 3 shows a plot of the b-ions and y-ions from peptide sequence
MTDQEAIQDLWQWR processed by equation (8).

[0021] FIG 4 is the resultant plot from the application of self-convolution to the
plot shown in FIG 3.

[0022] FIG 5 shows a plot of the b-ions and y-ions from peptide sequence
MTDQEAIQDLWQWR processed by equation (9).

[0023] FIG 6 is the resultant plot from the application of self-convolution to the
plot shown in FIG 5.

[0024] FIG 7 is the resultant plot from the application of DC shifted self-

convolution to the plot shown in FIG 3
[0025] FIG 8 is the resultant plot from the application of DC shifted self-
convolution to the plot shown in F IG5

~ [0026] FIG 9 is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 5 except for the noise level being set at 25
[0027] FIG 10(a) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for minus 2 b-ion peaks
[0028] FIG 10(b) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 5 except for minus 2 b-ion peaks
[0029] FIG 10(c) is the resultant plot from the application of DC shifted self-

convolution to the plot shown in FIG 3 except for minus 4 b-ion peaks



5 [0030] FIG 10(d) is the resultant plot fromthe application of DC
shifted self- convolution to the plot shown in FIG5 except for mnus 4
b-ion peaks [0031] FIG 10(e) is the resultant plot fromthe application of
DC shifted self- convolution to the plog shown in FIG 3 except for minus 6
b-ion peaks [0032] FIG1 Q(f) is the resultant plot fromthe application of

DC shi ft | f- ion to the plat. sh in FIG.5 t,f ' 6
b1 on pedt®f 033] SR & ErenieRadtr Faf s Selierion B Gop et on of
DC shi f t edns6lufion AY plot thdWh InOFINE eRdept fo AGMEL 4 Bridt feaRs except for minus 8

b-ion peaks [0034] - FIGI| Qh) is the resultant plot fromthe a&plication
of DC shilf@3dl sel f -FIEohUs) it thsnrassltanienlpt drons thswapplisatmrcob R shiftedfssH- ni nus

8 b-ion . | ) e . 0 omthe application
of DC sh%??gﬂu{ég &)ﬁhggir?\% Q |ion)nFItb(S)3 %Jﬁ%pfo Ogﬂl}sl%v\%%nnﬁeﬁ;{é 3 except for mnus
10 b-ion [pes2ks [ 003G 0@ iOthe tesulidin ples fbimthe fpdicati¢ro oY DE shifRldi it i on

of DC shifted self- coglvol ution to_the Fl ot shown in FIG5 except for m nus
10 b- i on 9BYKELPDIpIhe plof shovar Wy FIGSS exgept 05 grinusft bigmspeaks om t he appl i cati on
of DC shi sel f - ' Iy fare no

b-ion pea@sﬁfoow] FI%I@%EICI{@%?% ;t&lngéstg Hée&?‘élgt?‘{"ﬁ\?%bﬁh@?‘g‘%ﬁo?r@ggg Fc%%fl on of
DC shi f t ednsdibifien tocthe plotithawm ind TG expdept fos diws 8 b-idH gsaks except for no b-ion

DTt et SHL ¢ onydiite 105 b tenEsSpHeR WA AT eHBlSaas DD SPHTTHI L 5
y-ion peakavdlBRdPlo thé ot Idvi inl LG HExdepBH:r hfils Pb-An HdagE t he application of

DC shifted self- convolution to the plot shown in FI'G5 except for mnus 2
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[0038] FIG 10(1) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 5 except for no b-ion peaks
[0039] FIG 11(a) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for minus 2 y-ion peaks
[0040] FIG 11(b) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 5 except for minus 2 y-ion peaks
[0041] FIG 11(c) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for minus 4 y-ion peaks
[0042] FIG 11(d) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 5 except for minus 4 y-ion peaks
[0043] FIG 11(e) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for minus 6 y-ion peaks
[0044] FIG 11(f) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 5 except for minus 6 y-ion peaks
[0045] FIG 11(g) is the resultant plot from the application of DC shifted self-

convolution to the plot shown in FIG 3 except for minus 8 y-ion peaks



convolution to the plot shown in FIG 5 except for mnus 6 y-ion peaks
[0045] FIGI | (g) is the resultant plot fromthe application of DC shifted
sel f- convolution to the plot shown in FIG 3 except for m nus 8 y-ion peaks
6 [0046] FIG 11 (h) is the resultant pgot fromthe application of DC
shifted self- convolution to the plot shown in FIG 5 except for mnus 8
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convolution to the plot shown in FIG 3 except for minus 3 b/y-ion peaks
[0054] FIG 12(b) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for minus 5 b/y-ion peaks
[0055] FIG 12(c) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for minus 8 b/y-ion peaks
[0056] FIG 12(d) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for minus 11 b/y-ion peaks
[0057] FIG 12(e) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for minus 14 b/y-ion peaks
[0058] FIG 13(a) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for b-ions peaks reduced by 20%
[0059] FIG 13(b) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 5 except for b-ions peaks reduced by 20%
[0060] FIG 13(c) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 3 except for b-ions peaks reduced by 50%
[0061] FIG 13(d) is the resultant plot from the application of DC shifted self-
convolution to the plot shown in FIG 5 except for b-ions peaks reduced by 50%



[0059] FIG 13(b) is the resultant plot fromthe application of DC shifted
sel f- convolution to the plot showmn in FIG 5 except for b-ions peaks
reduced by 20% [ 0060] FIG 13(c) is the resultant plot fromthe application
of DC shifted self- convolution to the plot shown in FIG 3 except for
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of any gijeoss] M5/ MS KHpetd(e)i e tlaltdXe pibi frb@dtheedpplicaiotd b D@ Bhifle@tssifl n

accordance wiith enbodi nent of the present invention. [0071 OFI G 16(a)
shows a rc@BYolutionsto;the losshavey w1kt excepioy yiions nsakisiegyc “he DC shifted

sel f-con ion pl ' phi.catkan:t o rum of
oo oo o1 Pl ATH ISR IS, o3P SBRg l , SAR 4P
MASCOT preedvaltifi@ntorths plot stafwit indFIGefibxceppfor iy+ismtpedRd feduced by 75%
[0070] FIG 15 illustrates the quantitative measurement of determining the quality
of any given MS/MS spectrum on the DC shifted self-convolution plots in accordance with

embodiment of the present invention.

[0074] FIG 16(a) shows a real experimental MS/MS data.

[0072] FIG 16(b) shows the DC shifted self-convolution plot resulting from the
application to the spectrum of FIG 16(a) that reveals a high mid point peak.

[0073] FIG 17 shows the MASCOT prediction result of the real experiment data
shown in FIG 16(a), confirming the presents of nearly all b and y ions.

[0074] FIG 18(a) shows another real experimental MS/MS data that is of good
quality.

[0075] FIG 18(b) shows the DC shifted self-convolution plot resulting from the

application to the spectrum of FIG 18(a) that reveals a high mid point peak.

[0076] FIG 19 shows the MASCOT prediction results of the real experiment data
of FIG 18(a), confirming the present of nearly all b and y ions.

[0077] FIG 20(a) shows a poor quality MS/MS data.



shown in FIG 16(a), confirmng the presents of nearly all b and y ions.
[0074] FIG 18(a) shows another real experinental MS/MsS data that is of good
quality. [0075] FIG 18(b) shows the DC shifted self-convol ution pl ot
resulting fromthe application to the gpectrumof FIG 18(a) that reveals a
hi gh m d point peak. [0076] FI G 19 shows the MASCOT prediction results of

the real riment .G t he esent of nearly
all b an&&)xlgfons Eg%%]@(qgl o%’ﬁ 3%%)%6 SF)ISSPHV EIRR! Ex‘oﬁﬁ fi}gl f? e[g

[ 0078] Flaﬁaﬁ&@bh t@ﬂﬁ\&pedtﬁml BfFI@E(D(hPﬂlaﬁl%lvéaE@Wbﬂﬁlis@iﬂgﬁl’ﬂ@%ohﬁ%@éﬁ| ng from
t he appllcatlon tqo the spectrumof FIG 20(a) that reveals a | oqw or m ssing

mi d poi nd0%8hk. [ dd¥A3] shogysahe Mé&quh@reMSw%}t@af theirepl expstiment ¢ata  he

| R lity of th |
exper | mot PG R0 iR ning thEpaH i@ £l ARHBEIRORE 1oX (1Y 0% 1008aT
FI G 22( bYosshpws t h&16Q29h) §Hosd mo&quanymsms)ml ot resulting fromthe

G 25" SRS o MASBORBY Bhve hsrDE e b corshtintabiet SHRRELo B r in

of FIG 23 etoolowtobe
signifi cagﬁlcatl[%g%gf]a 3 é%%ogﬁgt%&zﬁgt l%ggérﬁaggﬁt te?/r( M5/ M5 data as shown in

FI G 22(a)oospp084] HIG 231(sh9»ws hwaASﬁIIQSE poddidsionaresulendf peoroqemlity MYYMS ghest

eaks fromFIl G 0085] FI G 24 sho the DC shifted . . ,
et congtam At AER2(ak Spahs sy preaiees Sk 4Rt igp Jo (EBRSIEESHIY i ng i n
Wrong pr ggtisgf i on OfFIGMa)QH%khﬁoéﬁqlﬂmﬂdm&'daﬁ AShSWRWFIG Qz@G 22(b).
[0086] FIG 24(d) shows the DC shifted self-convolution plots the newly

gener at ed008gkct r umiBE 34(@ shopts)a plpboBlHions aadas{cay of ﬁ@@gheﬁtepe@&wﬁrow& pl ot
of data (ﬁhown in FIG 16(a) of Exanple 1. [0088] FIG 25(b) shows the

pl ots of "b-Tons and y-ions of 30 highest peaks from FIG 25(a) according to
the net hgatgsps des®IGRc) shdwathel BCSshifted self-convolution plot of FIG 24(a) that

reveals a false peak, resulting in wrong prediction of poor quality as good quality as shown

in FIG 22(b).

[0086] FIG 24(d) shows the DC shifted self-convolution plots of the newly
generated spectrum of FIG 24(b).

[0087] FIG 25(a) shows the same MS/MS plot of data as shown in FIG 16(a) of
Example 1.

[0088] FIG 25(b) shows the plots of b-ions and y-ions of 30 highest peaks from
FIG 25(a) according to the methods as described in Example 5.

[0089] FIG 25(c) shows the same DC shifted self-convolution plot of FIG 25(a).
[0090] FIG 25(d) shows the DC shifted self-convolution plot of the newly
generated spectrum of FIG 25(b).

[0091] FIG 26(a) shows the same MS/MS plot of data as shown in FIG 18(a) of
Example 2.

[0092] FIG 26(b) shows the plots of b-ions and y-ions of 30 highest peaks from
FIG 26(a) according to the methods as described in Example 5.

[0093] FIG 26(c) shows the same DC shifted self-convolution plot of FIG 26(a).
[0094] FIG 26(d) shows the DC shifted self-convolution plot of the newly

generated spectrum of FIG 26(b).



[ 0089] FI G 25(c) shows the sane DC shifted self-convolution plot of FIG
25(a). [0090] FIG 25(d) shows the DC shifted self-convolution plot of the
newly generated spectrumof FIG 25(b). [0091] FIG 26(a) shows the sane
M5/ M5 plot of data as shown in FIG 18(a) of Exanple 2. [0092] FIG 26(b)
shows the plots of b-ions and y-ions of 30 highest peaks from FIG 26(a)

e samo 1B 1 od 0ot RECTHVB! B ISP IR E Sy a3 Shovfotolic A0 58 )

shows t heExbfaptdd.fted sel f-convolution plot of the newwy generated spectrum
of FIG 26éqb). 9 [0095] FIG 27(a) shows the same M5/ M5 plot of data as
shown i n [#99 20( a) 1B ZERhspves the pload]b-Pnsand (yhions kbi8 highesppesks figm

b-ions a i : i 7{a) according to the
met hods ggG?gg@% ?%ﬁgmi%@eg‘ﬂ%‘?‘éd@&r%ﬁgﬂf?%@%% c5§' shows the sane DC
shifted gedofr} convolRIGi 2¥dc)shotvs tie sahie DT Ghifted s¢1008B]oltion plat(cd FIGRIS. t he DC
shifted sel f-convoISFLCiH g{r}{ | ot of the new generated spectrumof FIG

27(b). DAYl ed De nshepvs He méhtf%le&nsilﬁﬁ%‘fd‘m‘én pleisehthe peehy i on

may be undgl$ic-8Qd.dRiEof ERfbIpy W th reference to the follow ng detailed
descri pt i%gn of c%ﬁtai noeﬁood‘{(n%ants of the invention. [00100] Throughout

this application, where publications are referenced, the disclosures of

t hese publications are hergby.incorpqorated by reference, in their ,
entireties, into this appﬁf%‘éllfag}fsﬁﬁp%?’ﬂ%ﬁ?‘ﬁ}"ﬁﬂ}t@“f ul ly describe the
state of art to which this invention pertains. [00101] In the follow ng
detail ed description, specific details are set forth in order to provide a

t hor ough [@A98kr st andihegresent inzentippanay bhunddssieademord teadilyl withecfensdes otthod by
t hose ski OlI1 i nyention may be

practice V\ﬁg’tgiﬁ‘g@fs %a? g%rgegslcrelé6@%P$%e%a@2$%ﬁdgrﬁe‘ﬁ%8 ﬁ’?ité‘?ve’ ﬁg?'ances, vel | - known
net hods, [go1063edur esThro@ghul ethiss applichtioitwhdira! subladBiontardaefereleedl ithed i n
detail so.,as not to obscure the present invention.
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.
[00101] 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
specific details. In other instances, well-known methods, procedures, components, and
materials have not been described in detail so as not to obscure the present invention.
[00102] The present invention teaches various embodiments of the system and
process that processes MS/MS spectrum data by employing the principles of convolution.
Convolution and fragmentation in principle are well known in their relevant arts; thus for
better understanding of the present invention brief descriptions of convolution and
fragmentation are provided herein.
[00103] Convolution is a very basic but important mathematical operation in the
field of signal processing. Briefly, the convolution of two functions f(#) and g(#) can be

expressed in equation (1) below:

[00104]



[ 00102] The present invention teaches various enbodi nents of the system and
process that processes MS/ M5 spectrumdata by enploying the principles of
convol ution. Convolution and fragnentation in principle are well known in
their relevant arts; thus for better derstandi ng of the present

i nvention brief descriptions of convol ution and fragnentation are provided
herein. [00103] Convolution is a very basic but inportant mathenatical
operation in the field off$ignal processing. Briefly, the convol ution of
two functionsf(th &&J g&tﬂ;eaﬁ ba) exfresse) idhuequat (b (1) bel ow. [00104]
10 h (t) f f (U g (t - «lu -M [00105] where h(t) denotes val ues of
quantity h as a function of tinme (t);f(u) denotes values of quantity f as

a functi ggp1gsy ti netv&ﬂ&e H@fGerids vdheggﬁﬁﬁﬁﬁgyﬁ%1§§ﬁln9 oL (3: f)3endtes

finction of trne [ 00106] Equati Is often wit as equation
(2) bel owaluef 00 m@aﬂnm f hs @ fonctiongpfitinng (W)2dnd §@@) d8jotesheateeshiftquantity)g @ana g(t)
are functd ons of. .ti ﬁ% [ 00109] For discrete tinme series, the
convol ut i'gHee ° £t§§ﬁf tead of an integral as expressed in equation (3)
bel ow [ Q6vhdé)] M hiEquaflod (1) W ofter(Witted 7%l D)pepgre i j and in are
integers. [00112] Sel f-convol ution refers to the convol ution applied onto
the sane [@¥PTles of data. It follows the same principles of the convol ution
as di scussed above. In the present application, self-convolution is
specifically refeiégq:io _as c qutrog oi a function with the 'horizontal
on

flip' of the sane i on. ue sel ol uti of2i s given by equation
[00108] where (%), f{f) and g(¢) are functions of time (t).
[00109] For discrete time series, the convolution is a sum instead of an integral as

expressed in equation (3) below:

[00110]
m
h; = ijgi-j (3
j=0
[00111] where i ,j and m are integers.
[00112] Self-convolution refers to the convolution applied onto the same series of

data. It follows the same principles of the convolution as discussed above. In the present
application, self-convolution is specifically referred to as convolution of a function with
the ‘horizontal flip’ of the same function. Thus self-convolution is given by equation
h(x) = f(x)* g(x) where g(x) is the ‘horizontal flip’ of function f{x).

[00113] Now there is provided a brief description of the convolution theorem for a
better understanding of the present invention.

[00114] Suppose that F' () and G () are the Fourier Transforms (FT) of (x) and g
(x), then equation (4) is as follows:

[00115]
Flw) = 5 / f(z) e™*dz, G (w) = —/ g (z) e dx

, ; 4
/ F(w)e ™ dw, g(z) = / G (w) e ™™ dw.

f(z)



h(x) =f (x) * g(x) where g(x) is the "horizontal flip' of functionAx).
[00113] Now there is provided a brief description of the convol ution
theoremfor a better understanding of the present invention. [00114]
Suppose that F (j and G (_) are the Foyyier Transforms (FT) off (x) and g
(x), then equation (4) is as follows: [00115] OC F (w) f (X) e -wrdx, G

0ol et T S g el ()

[00117] hodpin f (s) g (x-s)dsg (S f (x-s)ds (5 27, 27, [00118]
The first integral in |s called the convolution off (x) and g (x). In other

words, the LFT of Ith FTs islt he™1/ i mes convol ution
of the t 2h!),mt:t % jg] Rﬁor idsrstg—tifme ¢ Pl)d} Tt‘he%)[;*sdﬁéte
Four| er Tr ansfor m‘u d><‘1‘ s defined as equa fr —¢6) below [00120] N-1 Xk

Nk =0)...)N1_(6) n=Q[00121] And the jnverse Di screte_Fourier
Tr ansf or H99138ljef | nekheafirsbHiegralot isoplled dreospnvpbisient /Nx) andrgi)-xan ether £

XkeN n = drds, the WFT o thé Ploduct of two FTs is the 1/27 times the convolution of the two
functions.
[00119] For discrete time series, the Discrete Fourier Transform used is defined as

equation (6) below:

[00120]

N-1 .y

Xp=Y ze "% kp=0,... N-1 ©

n=_0
[00121] And the inverse Discrete Fourier Transform is defined as equation (7)
below:
[00122]

- NZIX e kn n=20 N -1
_ Y. . 7)

[00123] For faster implementation, Fast Fourier Transform can be used.
[00124] Now there is provided a brief description of peptide fragmentation and
resultant mass spectra.
[00125] When a peptide is subjected to fragmentation by collision with neutral gas

molecules, the fragmentation is induced by transfer of kinetic energy from the neutral gas
molecules to the peptide. While the breakage can occur between any bonds in the peptide,
it commonly occurs at the peptide bond. When a peptide is fragmented at a single peptide
bond between the carbonyl and nitrogen, two fragments are formed. In the case where one
peptide fragment retains the positive charge at the C-terminus of the peptide ion, it is called
a y-ion. If the fragment retains the positive charge at the N-terminus, it is known as a b-ion.
A b-ion usually has a complementary y-ion. When a singly charged peptide is fragmented,
the charge is retained only at one terminus and only the fragment containing the charge is
detected while the other fragment is lost as a neutral fragment. Doubly charged peptides

tend to produce two singly charged ions, though sometimes doubly charged ions can also



k= 0 [00123] For faster inplenentation, Fast Fourier Transform can be used.
[00124] Now there is provided a brief description of peptide fragnentation
and resultant mass spectra. [00125] When a peptide is subjected to
fragmentation by collision with neutraljpgas nolecules, the fragnmentation
is induced by transfer of kinetic energy fromthe neutral gas nolecules to

t he pepti,de, Wi l.e.the breakage can.occur betwe an onds in the peptide,
1 ooty CBEe iR B e S B R GEIRE AT B RATD Qe HER B0 |
si ngl e pepticdeondigbss. bet ween t he carbonyl and nitrogen, two fragnents are
formed. In the case where one_peptide fragnent retains the positive charge
at the CI0MREE nus dis shewpdpthlgeli agmentatign aaady eapseavayious bregkpge peints
fragnent r.at.ai : he jti.ve:. t the N-termn itids K . a
b on " AR RSB i ekt Blenlel In SO B lTon - RERSRSc
pepti de iisclidiagaeioheshd z4ds (EhapRmentary phiad)nad cobhy agd x0ne (cempiericataaynd
only the fr gmen% contai ning the charge is. detected while the other

fragment Baus) ysplsgdormeth These ippsgrdptmedoyhen Fragmentaien proyrs dduch-ersiay ¢ o

pr oduce : j et 4 rged ions can
al so 12 %ggdlﬁ gfr?%é célﬂ@]?%%%dgﬁ%%& -eIh%%g %r%aﬁg%faﬁ%e%gy%g OV\ESZ n fragmentation
occurs uneEe7ll ow eNbemgmasopglictra @onstain] MAPS bf AdoshawdbAionsEtHey kan be used

fragnentation nay cause varipus._break ints wthjn eptide,
esul ti ndot PO Fealgnting pag HERRECAtoR. 102 ot ew sremplama MM sprcitysm o8

ions i NGl gHMIATAGCOAGHIE Thé REEh{CMR BIGHIRGLAL % RAbks) and c-ions and
X-ions (conpl enentary Fal rs) are also fornmed. These ions are forned when

f ragment 4001881 occurbén)at [1ilgH-243di5399. 18I 22 FHL 6001 28 dVi2ghidr anounts of
energy ar qui red.t o break.rhese bonds.. .[|00127] When mass spectra contain
mai nl'y of[&v?ﬁons aﬁ eB’Y?I%lhtgf)fhﬁé?m@%ﬁrel%f?}ioé@' for protein sequencing and

i denti fi qeg1een. Fl G510 7632650812834 198/ I8 2906t I8UINals 178.10¢pt i de
AVAGCAGAR. The weights of the b-ions are as follows: [00128] b(n) =
[171. 112490134 299. ifp 493ve she peptide sequenge diom 3hq aboyeGpegunThthewweight s of

_ _ 2 it
505, 75 > ARtk Bebyeh WA iERE nd RV hf itblord E et Blthe S o el - 22

above spealcnland. t Rer eeingdié, from the spectrum above, the weight difference between b, and

bs ions is 71.04 Daltons, which corresponds to the amino acid ‘Alanine’, and the weight
difference between bz and by ions is 57.02 Daltons, which corresponds to the amino acid
‘Glycine’, and so on, thus yielding the final peptide sequence of AVAGCAGAR.

[00132] The inventors of the present application discovered that there is symmetry
in mass spectra data around the mid point of a tandem MS/MS spectrum, where the mid
point equals to (mass-to-charge ratio of peptide) / 2. For example, as shown in FIG 2, the
weight difference between b; and b, is equivalent to that between ys and y; as they
represent the same amino acid ‘Alanine’ at 71.04 Dalton and b, corresponds to ys while b,
corresponds to y;. Likewise, the weight difference between b, and bs is equivalent to that
which is between y; and ye as they represent the same amino acid ‘Glycine’ at 57.02 Dalton
and b corresponds to ys, and so on.

[00133] This observed symmetry proved to be a useful feature that is suitable for the
application of self-convolution. As shown below, the application of self-convolution to
symmetrical MS/MS spectra data can be used to determine the quality of the spectra

generated from the mass spectrometer.



di fferences between the b-ion peaks and the wei ght differences between the
y-ion peaks are calculated. For exanple, fromthe spectrum above, the

wei ght difference between b2 and b3 ions is 71.04 Daltons, which
corresponds to the am no acid ' Al anineyg and the weight difference between
b3 and b4 ions is 57.02 Daltons, which corresponds to the am no aci d

d yci ne 0 t hu i el ding the final de sequ
AVASCACARO 801 32) Ko lues naftelRE tha SSmPan s RERETIGN CHPLBBIEPRY ¢ hat
there is faydtioatdsyit id Fhiffed SvePesdthér fmtAom Ay REFBAvVITuGbPOf e MbssAspeaislem
VB/ M5 spectrum where the md_ point equals to (mass-to-charge ratio of

pept i de) shoyld preduce sherdpghest a@kmmlli the cpimesponding b-iors ajisty-iinf P& prmgreph
bet .
e o ARSI o R TG00 R D, T e g

to y8 whithespetrunchowspORUS 2{ the¥ighdst js&\kzlcﬁ:eurs ahthewRidgoint ik ey £ lyg,e,rs,bﬁg ween
b2 and b3 is e UIV lent to that which is between Y7 and Y6 as

r epr esenty3t ¥e 06 M/ M shscpmgcoregspepd gespectisedyofp ol o b, thbb3b7cé¥rtb% ponds
to Y6, anfg,$p, pg%c}?%ﬂ\% %89‘9 21‘?8 ViddEld. yTlMsoﬁ-fé%Bl% Cre@pdtif
i e appl |

feature that |s or t cation of seflf-convo ut| on. shown
bel ow, t taed gpmibs thattare presént $eh MIME spectrivmnthichighey theehidpoiat péds! M5 spect ra

data can be used tq.dete ne. t he uallt f the spect enera from
the mass [4Y&% r onetld ver ﬁnl’f SbeRatiORS thefolculer arsighes apthe ﬁgsfgrr«a?at ps

expr essespl ReijREawiE g‘%ﬁleﬁ‘t@ﬁr f(ﬁ‘@)e:?ild@ r&@quén'é@ (NPI‘B@)}?&I(DI)L'WQW’R]c hﬁﬁ% QMSL

anot her function, the self-convol'ution of the mass spectra shoul d produce
t he hi ghébgeﬁpé@m"ﬁh@ﬁe@mtsQﬂ”tbe&hlmbmfdlah@orblal ons and y-ions of one graph

are alig -ion b-i,ons of the '"horizontally flipped graph.
For examrgﬁ’q3 f or t SRS g?ﬂl?\?\lln V¥ FI G 2, the highest peak occurs at
the md pegiet) \Aher%(ﬂ)?— 2333910(5918% 47833, 6@592 AR 2065 73D 86! HUMUE,0103esBpNd
respectivel b7 of the 'horizontall y fli pped M5/ M5

spectr umllégrélavl%?’é 5\9@31%%9 651'&6%5 73]hé more corresponding b and y ions that
are pres %]n a N@Qﬁ,ﬁoﬁﬁg&{&# w%pee hi gher the m dpoi nt peak. [00135] To
0 cu

verify t servati ar wei ghts of the theoretical b-ions
and y-i or]ﬂmwr e gety@m)a#e{di688)80 PEY87I T 1482T8NtRIANIDQRAL QB VWINRS9,URi3N & 1VE-
Di gest from The Regents of the Universit of California. [00136] The b-ions
Ohes g g G 34 80 06 361201751
[00140] A time series data(n) is then setup such that the starting mass is 0 Da and the
ending mass is 1819.84, the monoisotopic peptide mass (MH+) generated by MS-Digest,
with an interval of 0.01 Da. The following conditions are used to set the time series data(n)

as equation (8) below:

100 } =b =
[00141] data(n) = if mass = b(n) or mass = y(n) ®
else  (noise level) 1
[00142] FIG 3 shows a plot of the b-ions and y-ions from peptide sequence
MTDQEAIQDLWQWR processed by equation (8).
[00143] The conventional self-convolution is used to compute the output:
m
= s PR
5% o
3=0

[00144] where g is the ‘horizontal flip’ of /.



[00137] b(n) = [233.10, 348.125 476.18, 605.22, 676.26, 789.35, 917.405
1032. 43, 1145.515 1331.59, 1459.655 1645.731. [00138] The y-ions generated
were: [00139] y(n) = [1688.809 1587.765 1472.73, 1344.67, 1215.635 1144.59,
1031.515 903.45, 788.425 675.34, 489.295 361.20, 175.12]. [00140] A tine
series data(n) is then setup such that the starting mass is 0 Da and the

di 181 4. . i te
Vs D1 geod00taBy | o Iknd it U reBfGe Slot Ao HRARRIcR B A S oM ORgIe e Lo ed
to set t r]ﬁ()tts!hﬂﬁfnsiﬁ HES. d@i Hwn 1nque41Lh3}5ﬂoﬁﬂneﬁ@}pe£@$&Yﬁfs 4t Aldhid ?ﬁﬁi &l 100

if mass = b(n) or mass = y(n) (8) else (noise level) 1 [00142] FIG .shows
a pl ot ofsetftponyolusion pled ap- ﬁhsn@-lfmsoﬁbnpelptn @ezsequéﬁcwerwrﬁbg&fad DO

db The convention sel f -canvol Wti o
g 1o Cobittient B v Sp - TDGwpO R ohdibind b s TG0t Sl e
is the ' hﬂé paiaty atadilyl ipcreddes - frobd 0 QB4 Mlipsihtard th%n&&ﬁmé@ﬂ&blrécﬁnforﬁhr@ afrom

the application of self-convolution to the plot shown in FIG 3. shown

in FI G 4triangle delavetke pazks. obbisris netentisdly damagingto e detectionepf ﬂ@o?ﬁ?éiﬁ ution
| ot t t
(F:)o?r eggon cl?éﬂ ﬂlsn&p'(c\(gl %&s %31% s1gn1ﬁc$?rﬁ)n l\%\ée\elﬂe l%n§ %se\% niat | ng 3 Bim of

t he produﬁ\t/belbnahttdy-ﬁdmmaksrmﬁrﬁitsﬁﬁglpéaksl ncreases fromO to the nidpoint

and t hen reduces t her form triangle bel ow the peaks. This is
pot ent i alf48anagi NP S%eltlﬁée f‘ggé&rsmf iggreaying p@é&&evelés@e@t 8f ngis¢ [evebist i deal

cases \/\ln%q()@g%ye;dt&iagglmpm se levels are present, conpounded by [|ow b-ions
and y-ions pea and m ssing peaks. [00146] To determ ne the effects of

bel ov, [ GB0A " dat :zz%a%{ﬁ“ta:gsz’mtfﬁs‘;ﬁrjy’;;’:;yt?ni Y e
[00148] FIG 5 shows a plot of the b-ions and y-ions from peptide sequence
MTDQEAIQDLWQWR processed by equation (9).

[00149] FIG 6 is the resultant plot from the application of self-convolution to the
plot shown in FIG 5. As shown in FIG 6, the self-convolution plot, while the noise level is
only 10% of the ions intensity, has a significantly reduced mid-point peak in comparison to
the increased overall overlapping convolution values. In addition, the other observable
peaks in FIG 4 are also lost in view of the greatly increased overlapping convolution values
due to an increase in noise levels.

[00150] In order to solve this problem, the Convolution Theorem is introduced with
a DC component shift at the transformed time series. By applying the convolution
theorem, the Discrete Fourier Transform (DFT) was first performed onto the data(n).
[00151] D#)=DFT(data(n)) (10)

[00152] To perform the self convolution in frequency domain, the product of the

DFTs is computed and followed by the inverse DFT of the product:

[00153] DD) =D(f) x D(f) ' (11)

[00154] The near DC components are removed by setting the first 10 points of the
DFT to 0:

[00155] DD(1:10) =0 (12)

[00156] IDD(n) = iDFT(DD()) (13)



el se (noise level) 10 [00148] FIG5 shows a plot of the b-ions and y-ions
from peptide sequence MIDQEAI QDLWMR processed by equation (9). [00149]
FIG6 is the resultant plot fromthe application of self-convolution to the
pl ot shown in FIG5. As shown in FIG 6,45 he sel f-convol ution plot, while
the noise level is only 10%of the ions intensity, has a significantly

convol ut BRI nes RN RATAITBR. of 18 iblaret DEBeRil Bopaihéed Boren” Ad $95, 0°

al so | ostiniefsi%i BWothaliAe ag£1ﬁ§ttthé/rﬂaﬂﬁﬁlﬁﬁl$§ldeOVe” appi ng convol ution val ues
due to an increase in noise levels. [00150] In order to solve this problem

t he ConvdP@its8bn The@)[ﬂ%lﬁﬁn)sﬂeﬁi(f%@éd wi t (144 DC conponent shift at the

transfor 6115 WSWDC\EL ) )%g?c;%lf vol ution {a?gorem the Discrete

Fouri er ans orm ( onto the d (n). [00151] D(1)

=DFT( dat g6bvep; ( 10) IEI@)HS?.S] tﬂéormlth@tr pldthzomethle ggpliativhi aMDION shifteduenty
domai n, the praqduct of the IS conputed and foll owed hy the |nverse

DFT of trf@nﬁ?lé‘ﬂ%fo thwé%épwam@@é( iHG3 13dbe repulfant piotdrom tgappliegtionof

Po0na5) Loy Ths ey niph a4 Kbl A EEES PSS WA in IS Py §el
t he real mpaximunf p¢dkent it]m/mli‘t poﬁFIndMHelot}hm obsersalie pedkshsrcomparcAnvitlt FEGS 4
el (1 DO S PETYE0 8Tt SR50EIT SIS DAY BB CIB b 1We] i G
7 is the g8 Wdable é&téﬁhsﬁé’doﬁﬂnkmﬁd %@'Eh 'a“r@%:lbﬁ’ Bf e & Shivddt RI-66hvolution can

convolution to the plot shown in I's the resultant plot from
t he appl iksatsedio ddtect e @hstﬁn@cbfstm cormspMmg bmmamdtth@yp‘bm hegrivem able tFl G 5.

As shown e? FI 7 gnd , ﬁ' beak at tShe d point and the other
obser vabl eﬁglérkes hg g ’88"?%5’? i U %@4 S HiREUPeser ved, so that the
det ri mentad1eef f ect SingtalntRbeembey SVISIME §péstRael é@n@ﬁb&%ct,%stead they suffer
from one or more of the defects including: Noise interference; Lost of b & y ions; and
Diminishing b & y ions. The robustness of the DC shifted self-convolution of the present
invention will be demonstrated hereinafter by hypothetical and real examples.
[00162] Referring to FIG 9, there is provided the resultant plot from the application
of DC shifted self-convolution to the plot shown in FIG 5 except for the noise level being
set at 25. At noise level = 25, the mid point peak is still detectable as shown in FIG 9.
[00163] Referring to FIGS 10(a)-(1), there is provided a panel of 12 resultant plots
from the application of DC shifted self-convolution to the plots shown in either FIG3 or
FIG 5, where each plot shows the effects of progressively randomly removing the b-ions
with noise level 1 and 10 on the mid-point peak. As the number of b-ion peaks decreases,
the relative height difference between the mid-point peak and the rest of the peaks
decreases until eventually the mid point is over taken by the peaks nearer the right of the
plots as shown in FIGS 10(i)-(j) with minus 10 b-ion peaks.
[00164] Referring to FIGS 11(a)-(n), there is provided a panel of 14 resultant plots
from the application of DC shifted self-convolution to the plots shown in either FIG 3 or
FIG 5 where each plot shows the effects of progressively randomly removing the y-ions
with noise level 1 and 10 on the mid-point peak. Like the case of removing b-ion peaks, as

the number of y-ion peaks decreases, the relative height difference between the mid-point



have therefore established a nethod when a region of the DC Shifted

Sel f - Convol ution can be used to detect the existence of the correspondi ng
b-ions and the y-ions, hence be able to determ ne the conpl eteness and
quality of the tandem mass spectra. [04Qg61] In real experinents, MS/ T\4S
spectra data are not perfect; instead they suffer fromone or nmore of the

defects ingl udj e erference;. . Lost X |sh|ng
b ey o itk Bse O B At iorERBtSuinep Phaluce Tt moBitEs 9G8R
present otheyeedkison will be denonstrated hereinafter by hypothetical and
real exanples. [00162] Referring to FIG 9, there is provided the resultant

plot frofdA8 appl Rekirripg to STGBA Amrted dfiereds Provadrgor penddf SoresHtans Psts shown
FIGS5 25,
e o (PR Reb kISR o EYal BRI B n oo G SR 25,

to FIGS plitaheds the dfftetseof ropressiivele damiopiip @bmoving Dothesldddapionglvatisnoike om
the appli cail on of DC shifted self-convolution to the plots_shown in either

FI G 3 or level &og thw&reméhwkpwo%t S Rumber pfdop peakes that gre rﬁff@gﬁ%w%wﬂ is
random y rhenquin feheﬁ 'Hefgi‘x% dlfﬂri HRES&nlRY R ghéaﬁ"ﬁﬂg g?) ve ﬂgil tghgespgf nt

peak. As the nunber of' “b-1%n peaks decr eases,
di ff er endlee pesthweredudehamntil ¢vpaually ek the chutrtber o€ pealaf retﬂwedmksignﬂhanﬁas es

until eventual the Qint .is oyer .taken by the peaks nearer the right
of the pREED %Q‘HBQWP???‘#F@%I%%{%W@“%RG i nus 10 b-ion peaks. [00164]
Ref erri ngog18e)F! GS IRefertifty 16 'F)IGSt ﬁﬁéﬁ(f? Sth&%qy :pﬁﬁﬂi'de% 9?5&%1 0?6 fdulka® pldiant

plots fromthe ai)pl i catron of DC shi f-convolution to the plots
shown in fmm Herappligt®noef D@IS@f&dfﬂ@&r@m@ahMOp It@theslﬂotmhom i tithertld Gol or

progreSS| ando ons. on
Phe i o SoPy "BERHET pE T S Fr ¥iosriSely dmE metiiasy E-Hihoer
of y-ion p@ﬁ&sl@h tHe eliepohs emeAgﬁitab Y dfeexﬁmmgibflf)ﬁpedk@eashﬁé ety e b-

m d-point 16 peak and tﬁe rest of the peaks decreases until eventually the

mi d poi nion Beaky dimipiskes theyrelagiue h@aghbbetwe@k@e njid pews highestoenk ary the rest e
12
api)?l) cga'? |)ﬂ(l) nIg &? . B@uﬁﬁ%@%ﬂg B &qﬁ ? al onvo1 I e&%?tgﬁﬁfﬁ%tptﬁ Q{gﬁo%ghglgvéqﬂﬂw ?501?[ wher e

each pl @ﬁcrsd%e\beydﬂdeheﬁmﬁ@pmﬂtpéakprogreSS| veI y random y renmovi ng both b- and
y-ions mnth noi d- poi nt peak, As t nunber, of |on

peaks t h&{016fle r ew&ﬁgﬁ*ﬂpa dp @é@ésl“(?}-(fo §herﬁéﬁ @@Vﬂ?&ta Pﬁ‘é’? 06 (OHes VD BIQht
di f f er enggnbatgpRcddn &Y 908t d1PVNIbIBER o HRDIHRENERAn Qther FIG 3 or

FIG 5 where each shows the effects of progressively diminishing the intensity of y-ions
peaks on the mid-point peak. As in the case of diminishing b-ion peaks, as the intensity of
y-ion peaks diminishes, the relative height between the mid point highest peak and the rest
of the peaks diminishes proportionally until eventually the peaks to the left of the mid point
increase beyond the mid point.

[00168] Now there is provided a more detailed description of quantitative
measurement of the quality of any given MS/MS spectra in accordance with one
embodiment of the present invention. Referring now to FIG 15, the quantitative
measurement is generally performed by the following operations: (1) first find the
maximum peak in spectrum and determine that the maximum peak occurs at mid point of
the MS/MS spectra (+/- 2 Da, error window for MS/MS fragment ion mass values); (2)
find 5 highest peaks to the left of and 5 highest peaks to the right of the maximum mid
point peak; and (3) calculate the ratio of the maximum mid point peak to the average of the

10 highest peaks to the left and right of the maximum mid point peak.



t he peaks reduces until eventually when the nunber of peaks renoved are
significant enough, the m dpoint peak is no | onger the highest peak.

[ 001661 Referring to FIGS 13(a)-(f), there is provided a panel of 6
resultant plots fromthe application qff DC shifted self-convolution to the
plots shown in either FIG3 or FIG5 where each shows the effects of
progressively di m nishi he intensit f h-jons eaks on the . m d; poi nt
ook, ne Wfisthe cadabl Tl shgvs o eyl the SireBRTsEuftes o 4HbET on
peaks di nbbvshe theokdtiRal Pétiind Of PRkt ke RAVERITBOEAODL WQWR. hi ghest peak
and the rest of the peaks dimnishes proportionally until eventually the
peaks to the right of the md point increase beyond the md point peak.
[00167] Referring to FIGS 14(a)-(f) there is provided a panel of 6
resultant plots fromthe application of DC shifted self-convolution to the
plots shown in either FIG3 or FIG5 where each shows the effects of
progressively dimnishing the intensity of y-ions peaks on the m d-point
peak. As in the case of dimnishing b-ion peaks, as the intensity of y-ion
peaks di m ni shes, the relative height between the md point highest peak
and the rest of the peaks dimnishes proportionally until eventually the
peaks to the left of the md point increase beyond the md point. [00168]
Now there is provided a nore detail ed description of quantitative

measur enent of the quality of any given MS/ M5 spectra in accordance with
one enbodi nent of the present invention. Referring nowto FIG 15, the
quantitative neasurenent is generally perfornmed by the foll ow ng
operations: (1) first find the maxi num peak in spectrum and determ ne that
t he maxi num peak occurs at md point of the MS/MS spectra (+/- 2 Da, error
wi ndow for MS/MS fragnment ion mass values); (2) find 5 highest peaks to
the left of and 5 highest peaks to the right of the maximum md point

peak; and (3) calculate the ratio of the maxi mum m d point peak to the
average of the 10 highest peaks to the left and right of the maximummd
poi nt peak. 17 [001691 Table | bel ow shows the results of the different
scenari os as descri bed above for theoretical spectrum of protein sequence

MIDQEAI QDLWQVWR. 18 Protein Sequence: MIDQEAI QDLWAR



S/ No Description Max md Max m d Average Radio of nmax point point of 10
md point to 10 peak peak h highest peaks value peaks 1 noise level 1
910.92 1.00 0.22 4.52 2 noise level 10 910,92 1.00 0,22 4.47 3 add 10
random peaks, Doise level 1 910.92 1.04g0.24 4.15 4 add 20 random peaks,
Doise level 1 910.92 1.00 0.24 4.14 5 b-ions peaks reduced by 10% noise
level 1 910.92 1.00 0.23 1 4.30 6 1 b-ions peaks reduced by 20% noise

| evel 1 910.92 00 0. 25 4.0/ h-ions neaks reduced by 30% noise level 1
910. 92 1.00 0. Rgogn=rguenss : : 40 '

1.00 0.29 3.4
0.33 3.02 10
2.43 11 b-io

171 noise level 4 o~ - 970.9 00 A . 4.52
reduced by 809 T r%gelévg\{yl 13 b-tons pe Kq\ndggt uceq by 9435 N SAVAS
14 1 y-ions pegKs feduced by 1I0% noiSe | 1T 910792 100 O] 2 E
y-ions eaks reduce|thddio rad@ipedRObBeldegvel 1 910).1(992 1.00.00| 23044 B6 16 y-4teNS
peaks reduced ompedkpnoit vt 1910, 92| 1.90002(, 24 149 PO 024| vy

reduced by 40% S Dveesd 1dbg%0. 92 |l IQ“ 0 ’29\30928%. 99 1%§ y-+0has [peaks e

0/ A uceg °,|?Q|§eQVe fa) ol = NP L bhealce :
e UC e Dy TOF 55n head o oy ok e el 10 0 fo ot [0 14| Y 10T [PEAKS
reauced by I 626hs beaih Taducad by 30%, nbfke level 10|90 o062 (77 19Y | Y 0P PEARS 575

b

U

reduced by 70% bibns. beant Caducdd by 409, noke Idvel 40 |0- AAo.og (20 164 Y- 1098TF [PEAKS 549
reduced by 80% TOf S heaisediucds by 8. ¥rd 1083 DAk 580UCAE, Py B9V§ [NOT S€ Tsaw|
1 23 mnus 2 DP- hONSion Gk Seductidl 6%, dor@bi11 (9101832 [1. 0Q.00] 25041 D6 24 monsis
b-i ons peaks, hoilsb-ibnepeeis reliuc@b7dknode 18010.[27 3. 64 25 m nus 6| bl-i ons peaks
noi se | evel 1 P12 Oions pedk3 re@ucBiby B%]IMise I¥G11mi nus-8 h-i ons peaks, | noi se -l evel 1
910.92 1.00 O. Q1P| jops peaks reduced by 90%, noise level 1 - - - -

D

14 | y-ions peaks reduced by 10%, noise level 1 910.92 1.00 0.22 4.46
15 | y-ions peaks reduced by 20%, noise level 1 910.92 1.00 0.23 4.36
16 | y-ions peaks reduced by 30%, noise level 1 910.92 1.00 0.24 4.20
17 | y-ions peaks reduced by 40%, noise level 1 910.92 1.00 0.25 3.99
18 | y-ions peaks reduced by 50%, noise level 1 910.92 1.00 0.27 3.65
19 | y-ions peaks reduced by 60%, noise level 1 910.92 1.00 0.33 2.99
20 | y-ions peaks reduced by 70%, noise level 1 910.92 1.00 0.44 2.25

21 | y-ions peaks reduced by 80%, noise level 1 - - - -
22 | y-ions peaks reduced by 90%, noise level 1 - - - -

23 | minus 2 b-ions peaks, noise level 1 910.92 1.00 0.25 4.06
24 | minus 4 b-ions peaks, noise level 1 910.92 1.00 0.27 3.64
25 | minus 6 b-ions peaks, noise level 1 910.92 1.00 0.32 3.13
26 | minus 8 b-ions peaks, noise level 1 910.92 1.00 0.48 2.09

27 | minus 10 b-ions peaks, noise level 1 - - - -

28 | minus 2 y-ions peaks, noise level 1 910.92 1.00 0.26 3.79
29 | minus 4 y-ions peaks, noise level 1 910.92 1.00 0.26 3.80
30 | minus 6 y-ions peaks, noise level 1 910.92 1.00 0.30 3.32
31 | minus 8 y-ions peaks, noise level 1 910.92 1.00 0.26 3.80
32 | minus 10 y-ions peaks, noise level 1 910.92 1.00 0.44 2.29

33 | minus 12 y-ions peaks, noise level 1 - - - -




27 mnus 10 b-ions peaks, noise level 1 28 mnus 2 y-ions peaks, noise
level 1 910.92 1.00 1 0.26 3.79 29 mnus 4 y-ions peaks, noise level 1
910.92 1.00 0.26 3.80 30 mnus 6 y-ions peaks, noise level 1 910.92 1.00
0.30 3.32 31 y-ions peaks, noise Ievqul 910.92 1.00 0.26 3.80 32 mnus
10 Y-ions peaks, noise level 1 910.92 1.00 0.44 2.29 33 mnus 12 Y-ions

peaks, ngj |l evel 1 .19 . 0 S iin Table .1, when al] b and.y

i ons pea @%g?]e pr esAérﬁ’?WPHhofa_i’zq 1? ‘gﬁen ‘ﬁ%ﬂﬂé’i inps Resks e PEesl: !hF(fj‘m‘f RE

Aver age offid Qotht MBShuREFaR’ td Shé ARRrdgBUrI® HighRt pdaks’ isAB5P (Riseyleb@in)peaks
reduce in intensity, the ratio drops to 2.25 and 2.09 respectively until
event ual IAs b pley rExPaakel restice i indggnsitsiothe fratimdrogs to 230 cad 27eapechvely natihnd
reduced 80%.0, ions {;see .S/ No to and 3022 in Tabl.e 1)onoSi | ar
{rends. areciidl e it Iofuabned il -90ek pled iohLonfigfieelioe bl bo6r
y peaks Keiny ¢stei SI0ENEELS3 dnd24 & DD in \Iabléel(?. I Sichi e dremds iake bhRrvexwhird
point no | onger exist (see S/no 23 to 27 and 28 to 33 in  Table 1). [00171]
I n addi t FTYAOVINEE Fngplonmegks. ofss thienwpberarhbeery peaks mompvsshidarepsasdbmpEnks

poaks addaney AU R AGmp p RN Bl (@p AT b ETREER IFITEN (e

rati o fofTabkeilge | evel 1 spectrum (4.52). [00172] Simlar trends are

observed i n_anot her theaqretjcal spectrum HNPTSNVLFLGR of as shown in Tabl e
2. 20 PIWZNN seqlrAddtiony SRS RSy T8 SRR E? ShavivirReRTaRdRBPeRkY

Average RdblQaddd bhithe ¥pechl MheRa}itd opﬁae}@a Wi RPAYE 20 BaniBm RERK 2BERK at
hi ghest hi ghest peaks ™ value peaks | noise level 1 677.95 1.00 0.19 5.29 2
noi se | evel5 a@l $1# r&pedtivel)diffep 8nly. Bi@htly from the ratio for noise level 1 spectrum

(4.52).

[00172] Similar trends are observed in another theoretical spectrum

HNPTSNVLFLGR of as shown in Table 2.



3 add 10 random peaks, noise level 1 677.95 1.00 0.19 5.26 4 add 20 random
peaks, noise level 1 677.95 1.00 0.20 4.96 5 b-ions peaks reduced by 10%
noi se level 1 677.95 1.00 0.20 4.95 6 b-ions peaks reduced by 20% noi se
level 1 677.95 1 1.00 0.22 4.61 7 b-ioeps peaks reduced by 30% noise |evel
1 677.95 1.00 0.24 4.22 8 b-ions peaks reduced by 40% noise level 1
677.95 1.00 0.26 3.78 9 b-ions peaks reduced by 50% noise level 1 677.95
1.00 n 40 3.28 10 b-ions peaks reduced by 60% noise level 1 677.95 1.00
0.38 2.61 11 b-ions peaks reduced by 70% noise level 1 677.95 1.00 0.51
1.97 12 b-ions peaks reduced by 80% noise level 1 13 b-ions peaks
reduced by 90% noise level 1 14 y-|ions peaks reduced by 10% noise |evel
1 910. 92 1. adrqteinSeausncy ) j

4.36 16 y-i
1 v-ions Pea
V-ions peaksg
peaks reducs n6€%vel NOI S€ @ 2. 99 V- onsa2Peaks
reduced by 70%:2 [nasesgetfoevel 1 910.92 1.(Q0 @n44 2. 2000 [21 wz3lons peaks.ss
reduced by 80% [noise level 1 22 V-iong peaks|reduced by 90% noise |gvel
1 23 m nus 2 _b-3i|@ees!0 medot geaksngipedavell evel 1 6F7.99%5 1 O I0 19195 32 24 A#hus 4

b-i ons peaks,—¢ 'awofaﬂmmpea'ﬂs ngiErevgs 1 0010 365938181 195 pj Al §-bdonsiPenks,
noi se | evel [ %71“;: 1 ?Q}:bﬂ1°?”°iwafﬁ 1 g%%;; 8 ?m;cnsqﬁraLs, ncia&s evel
- 10 | 1 A e Lo NN 7 P 1 o
L 27 mnus 16 e P S et BT il 2y B peaks b se

eve 95 71,380, are Aadea oo see VTS |4 BroBTS PEafS Hoy|sq Tevet,]
677.95 1. 00 [0- 35 phnOaks akicdiby 4% nscY@NTS [PE@KS5 | 0T 56 | EVELs |1 [677- 95335 PO 1

0.25 1 1 3. | 3% [MidUSaSreedd BV E3% P8@HSa 1 NAT S@77AceVel o7/ 7. B [1.[00 O 334l 2. 95
32 mnus 10 |y 100SonPadk Bducdd 6y BB, nbie\ead! 1 | 677.95 1.00 0.38 2.61
11 | b-ions peaks reduced by 70%, noise level 1 677.95 1.00 0.51 1.97
12 | b-ions peaks reduced by 80%, noise level 1 - - - -
13 | b-ions peaks reduced by 90%, noise level 1 - - - -

14 | y-ions peaks reduced by 10%, noise level 1 910.92 1.00 0.22 4.46
15 | y-ions peaks reduced by 20%, noise level 1 910.92 1.00 0.23 4.36
16 | y-ions peaks reduced by 30%, noise level 1 910.92 1.00 0.24 4.20
17 | y-ions peaks reduced by 40%, noise level 1 910.92 1.00 0.25 3.99
18 | y-ions peaks reduced by 50%, noise level 1 910.92 1.00 0.27 3.65
19 | y-ions peaks reduced by 60%, noise level 1 910.92 1.00 0.33 2.99
20 | y-ions peaks reduced by 70%, noise level 1 910.92 1.00 0.44 2.25

21| y-ions peaks reduced by 80%, noise level 1 - - - -
22 | y-ions peaks reduced by 80%, noise level 1 - - - -

23 | minus 2 b-ions peaks, noise level 1 677.95 1.00 0.19 5.32
24 | minus 4 b-ions peaks, noise level 1 677.95 1.00 0.26 3.81
25 | minus 6 b-ions peaks, noise level 1 677.95 1.00 0.44 2.28

26 | minus 8 b-ions peaks, noise level 1 - - - -
27 | minus 10 b-ions peaks, noise level 1 - - - -

28 | minus 2 y-ions peaks, noise level 1 677.95 1.00 0.22 4.48
29 | minus 4 y-ions peaks, noise level 1 677.95 1.00 0.25 3.96
30 | minus 6 y-ions peaks, noise level 1 677.95 1.00 0.25 3.96
31 | minus 8 y-ions peaks, noise level 1 677.95 1.00 0.34 2.95

32 | minus 10 y-ions peaks, noise level 1 - - - -

[00173] EXAMPLES
[00174] The following examples are for the sole purpose of illustrating the present

invention. It by no means intends to limit the scope of the present invention.



[00173] EXAMPLES [00174] The foll ow ng exanples are for the sol e purpose of
illustrating the present invention. It by no neans intends to limt the
scope of the present invention. 21 [00175] The DC shifted sel f-convol ution
was tested on real MsS/ Ms spectra. The oquality of b-ions and y-ions in
spectra was confirmed by subj ecting the M5/ M5 spectra to Mascot program

(00177 "Bt ) Yool BRGNP RO FerteRdat SIS SRR BY good
qual i ty, dubily oFSiods 8ed {9bnd espb&sd wad QhEfBEd BS sehjeving the MSIMS fkirathe DC

shifted self-convolution plot reveals a high md point peak, indicating of
a good spéesceiirogian aplyzing thapstuahion pepks versusithepieriopl pras.  peaks present .
FIG 17 SE@% t he g%}leof ediction result of the above*real experinent
dat a, rJl ng thé presence of nearly all b and y ions. [00179] Exanple 2

[00180] HKédd748( a) thGW% eaodhosys 4 eal egp@ranenRINME/MSNAE 8 spsctiunabf gsodf
good quality. As shown in FIG 18(b), the DC shifted sel f-convol ution plot
reveal s aluﬁlil‘éfhthﬁ’i was wsed for the£88t. i ndi cating of anther good spectrumwith

nost i f 817 @]l | theA@s’Ho% ﬁrfquyel'dr @;theoﬁél%ﬁf&rd%% nvgllugoﬂ'ﬁ of ?évé@lstahﬁ IJLVASCOT

prediction resul ts of the abo exper 1 nment | rmng t
pr esence noil pmmrpqakairidldmtmgcbfya oo spec0hSd]th xestif aot3al] GR1B24n &dSy264 a)

shows a po ualrt dat a. Wan FI G 20 shrfted
sel f - comPSRERRIBFAl b0 Tasharens VASCHY é@rlﬂ@rerﬁlé Eﬁgwborrégﬁ@ SYRFHERE i ng
of a POQfataS BEAIIHY thE!pfeséhcesiTNegrly B8 bMAPGHngr edi ction results of the

above real “experinent data confi rm ng tQﬁ:@Jpoor quality of the real
exper i meri@01a@sh a. [@@@]eExarrpl e 4 [00184] FIG 22 (a) shows a poor quality

roveal s 0B e° 17 dTGoMe) SRS Bkt Fehgrhemstl SRS Yk o pP BoBbor
qual ity sjpekfyl Um ﬁﬁ)vﬁpﬂﬁFM}liﬁSGbl)ythe DU shiftsd Gélf—cb@v@rﬁh@bﬁﬁl of PevkAlY altighmi@eak
in the center of the spectrum which when convol ut ed sely gives_ a high
md poi ntpoint peak, indicating of anther good spectrum with most if not all the b-ion and y-ion
peaks present. FIG 19 shows the MASCOT prediction results of the above real experiment
data, confirming the presence of nearly all b and y ions.
[00181] Example 3
[00182] FIG 20(a) shows a poor quality MS/MS data. As shown in FIG 20(b), the
DC shifted self-convolution plot reveals a low or missing mid point peak, indicating of a
poor spectrum. FIG 21 shows the MASCOT prediction results of the above real
experiment data, confirming the poor quality of the real experiment data.
[00183] Example 4
[00184] FIG 22 (a) shows a poor quality MS/MS data. As shown in FIG 22(b), the
DC shifted self-convolution plot reveals a false mid point peak, resulting in wrong
prediction of a poor quality spectrum as good quality. This is due to an abnormally high
peak in the center of the spectrum which when convoluted falsely gives a high mid point
peak. FIG 23 shows the MASCOT prediction results of poor quality MS/MS spectrum
showing many ‘predicted’ peaks that are too low to be significant.
[00185] Example 5

[00186] As shown in Example 4, a mass spectra data with poor quality may be

classified as one with good quality in exceptional cases. To alleviate this problem, in one



peak. FI G 23 shows the MASCOT prediction results of poor quality MS/ M5
spectrum show ng nmany 'predicted peaks that are too |low to be
significant. [00185] Exanple 5 [00186] As shown in Exanple 4, a nass
spectra data with poor quality may be oelassified as one with good quality
in exceptional cases. To alleviate this problem in one 22 enbodi nent of

the present, i.nventi.gn, a ak selectio tep i er f or ned or e, supj ecting
spect r umePtpoB R of fpréef R sRGuT uieah e G F weBP S P08 SHRHERE ! he
effects @ped@itod shidictiselfRakvdlitidds M5 spectra affecting the DC shifted
sel f-convol uti on net hod of Fr edi ction, 30 maxi mum peaks of each spectrum

1

is ferref®@8dnd a Aewrdgdeehnmmats therdfecgerihiah audworn peple iir MY/ sgetra
_Ter! : . € e e
Gt an) 2680 B Mgt R R BRI SFRRNAIH, TSR IReal R
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[00190] By picking the 30 highest peaks and giving them a constant value, the

effects of abnormally high peaks in spectra are removed. The number 30 is the number of
b and y ions that is believed to be found in the spectrum, but this number can be increased
without much effect to the prediction method as the proposed method is proven previously
to be robust even when random spurious b or y ion peaks are added. The number should
increase with increasing mass-to-charge ratio of the peptide as a longer peptide with more
b and y ions are expected.

[00191] Example 6

[00192] FIG 25(a) shows the same MS/MS plot of data as shown in FIG 16(a) of
Example 1. FIG 25(b) shows the plots of b-ions and y-ions of 30 highest peaks from FIG
25(a) according to the methods as described in Example 5. FIG 25(c) shows the same DC
shifted self-convolution plot of FIG 16(b). FIG 25(d) shows the DC shifted self-
convolution plot of the newly generated spectrum of FIG 25(b).

[00193] Example 7

[00194] FIG 26(a) shows the same MS/MS plot of data as shown in FIG 18(a) of
Example 2. FIG 26(b) shows the plots of b-ions and y-ions of 30 highest peaks from FIG
26(a) according to the methods as described in Example 5. FIG 26(c) shows the same DC



Example 1. FI G 25(b) shows the plots of b-ions and y-ions of 30 highest
peaks from FIG 25(a) according to the nmethods as described in Exanple 5.
FI G 25(c) shows the sane DC shifted self-convolution plot of FIG 16(b).
FI G 25(d) shows the DC shifted self- cg volution plot of the newy
generated spectrumof FIG 25(b). [0019 ? Exanple 7 [00194] FI G 26(a) shows

shove. 1 et fioor sabromtaEh oL RIS Tt ARB. HpumdterPorstired Sk )
accor di n@oh@liifiéh pret HOES newlydRselatddadedtrunEy R 26(@% FI'G 26(c) shows the
same DC 23 shifted self-convolution plot of FIG 18(b). FIG 26(d) shows the

DC shi ft dep188l f- cdix@siplg$on plot of the newy generated spectrum of FIG
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for receilf'RY the NBCRENESEROMmeniehihe FreseriGRcRtion. WrtdiPapideds Bisigge

medi um i hyWhich NISAVIS QpBEL HatRBH HRMBrofBed BYRRIER shifBE sifReAAAHHAE agr ans
can performthe DC shifted self-convolution on MS/ MS spectra data.. The

syst em f wlesdithed @boys: | Bessyatamoenpuisesrelaetsorfiomeans foutaceivipgathe MYIMingyirag t he
results. [The system be el ectroni,c _devi ge i ncl udi ng PC_ Not ebook,
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[00198] While the present invention has been described with reference to particular
embodiments, it is understood that the embodiments are illustrative and that the invention
scope is not so limited as such. 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.



and scope of the present invention. Accordingly, the scope of the present
invention is described by the appended clainms and is supported by the
foregoi ng description. 24 CLAIMS Wat is claimed is: 1. A process for
evaluating the quality of a M5/ M5 specbyum of a pol ypeptide, said process
conprising the steps of obtaining the W5/ M5 spectrum of a pol ypeptide from
a source; and perform ng self-convol ution upon the M5/ Ms spectrum and then
outputting a self- convolution plot; thereby the quality of the MS/ M5
spectrumis eval uated on paraneters of Aipgs sel f- convolution plot. 2. The
process of claim1, wherein the step of perform ng self-convolution
conprises performng the self-convolution according to the follow ng
equati on: :¥§3 zif X) * g(x) where g(x) is the "horizontal flip" of
funct i onf P51 Mk, ocess’ of claim 1, wherein the paraneters of the

sel f-convolution plot include the position of the highest peak, the
anplitudes of the peaks, and the ratio between the highest peak and other
peaks. 4.1 The Adpesessioseveluaiing the ayakitvepina MEMY epscbpmpedr pelipeniide, said

sel f-con i Y rformng a DC shifted sel f-convol ution
accordinégééﬁiéébééﬁﬁgﬁfﬁgf§Bgerforning the Discrete Fourier Transform
(DFT) onto datobfaiingeeaviSivg spectrudf of Ppsiibehtidafidahd jourvdiandi n t he data(n)
is a mass spectrum  performng the self convolution in frequency domain,
wherei n the pPsHoERIngsekficenvelptien pronhe MY/MP sneqtragy prdiban BytPEi@EiaseHr se
DFT of thn@ﬂggﬁféb@ccording to DD69 =D( J) x D(fi; renoving the near DC
conponents by setting the first 10 points of the DFT to O according to
DD(1: 10) = O,therely tholua)ity-ofOkd MIEIMY speatrdmAS evaloatsd de mparaneter pf thesselfeal

part of tcgrelvélgthr{Slgt.Dl FT, and normalizing the intensity

2. The process of claim 1, wherein the step of performing self-convolution comprises
performing the self-convolution according to the following equation:

h(x) = f(x)* g(x)

where g(x) is the ‘horizontal flip’ of function f{x).

3. The process of claim 1, wherein the parameters of the self-convolution plot include
the position of the highest peak, the amplitudes of the peaks, and the ratio between the
highest peak and other peaks.

4. The process of claim 1, wherein the step of performing self-convolution comprises
performing a DC shifted self-convolution according to the followings:

performing the Discrete Fourier Transform (DFT) onto data(n) according to
D()=DFT(data(n)), wherein the data(n) is a mass spectrum;

performing the self convolution in frequency domain, wherein the product of the
DFTs is computed and followed by the inverse DFT of the product according to DD(f) =D(
D x D(p);

removing the near DC components by setting the first 10 points of the DFT to 0
according to DD(1:10) =0, and IDD(n) = iDFT(DD(})); and



agai nst the maxi mum val ue according to RIDD(n) = real (1DD(n))), and
NRIDD(n) RIDD(n)Imx(RIDD(n)). 5. The process of claim1l, wherein before
the step of perform ng self-convolution, further conprising a step of
sel ecting n highest peaks fromthe MS/ & spectrumand nornalizing the n
hi ghest peaks into the sane anplitude so that a new mass spectrumis

generated, wherei.n the an.inte . ther t he self-conyol.utian is
per f or ned upoﬁo?ﬂ%ermrgeW?? tg%ﬁ%?rl &’Fgo‘%rrfgg éméeﬁ%ecﬁp %n?mgnowlas}%qge erigensity
eval uat i RgainbethdUhiman® vaRieMelc RSP &6 RIBD (RS =2rROIDERRY),dd BRISD (n$¥St em
conprisin means for obtaining the M5/ M5 spectrumfroma source; and

conput er KRB (BIRPGYAge medi um i n whi ch corrputer prograns are enmbedded,
wherein the conputer prograns enable the systemto performself-convol ution
upon the MS/ MS spectrum thereby the quality of the M5/ M5 spectrum of a

pol ypeptisde camehfocesy af ¢ali@dl, wherdinebefyiet th8s@p ofl firfor@ing\gf-edrvolutidn,
conput er prograns performthe 'sel f- convol ution according to the foll owi ng

equat i on:fUkfst)commising a stepxyf Wi@cﬁ@ggle hjghiest pagks Trasm itheo MEMS ppgstrugs and
finmctiont foh)lahz*%?% ey ﬁ%ﬁ&% 'Bers @'tl{g sgfneréi{lﬂﬁﬁée &PH{%‘E 5%%&@@&% @

outputting a conv ifon e conpu prograns performthe
sel f - congeherhiednwh@einthe ndy sh ﬁm:grﬁl theatty the sslfieswiolutiones pasfanmideuponahe t he
sel f-convol uti on ;t)l ot include the position of the highest peak, the _
anpl i t ud&EWert R RS SPefitP™®-he rati o between the highest peak and ot her
peaks. 26 10. The system of claim®6, wherein the conputer prograns perform
a DC shifted self- convolution according to the foll ow ngs: performng the
Di scr et e 6Four ifesysiemrerf evaluatiDg Tthe gualaty detaalds)Macspectdim gftaopolipfeptide, said

=DFT( dat agﬂg% wherel n the data(n) is a nmass spectrum performng the self
convol ut {* oFPE§dency domai n, wherein the product of the DFTs is

c%(rmut ed and faqhé&mcwalﬁlhgtwmms shbckruPh frbfea RuRyahd according to D)9

a computer executable storage medium in which computer programs are embedded,
wherein the computer programs enable the system to perform self-convolution upon the
MS/MS spectrum; thereby the quality of the MS/MS spectrum of a polypeptide can be

evaluated.

7. The system of claim 6, wherein the computer programs perform the self-
convolution according to the following equation:

h(x) = f(x)* g(x)

where g(x) is the ‘horizontal flip> of function f{x).

8. The system of claim 6, further comprising a means for outputting a self-convolution

plot after the computer programs perform the self-convolution.

0. The system of claim 8, wherein the parameters of the self-convolution plot include
the position of the highest peak, the amplitudes of the peaks, and the ratio between the
highest peak and other peaks.



fi x D( )9; renmoving the near DC conponents by setting the first 10 points
of the DFT to 0 according' to DD(1:10) =0, and IDD(n)'= OFT(DD69); and
considering only the real part of the inverse DFT, and nornalizing the
intensity against the maxi num val ue aggording to RIDD(n) = real (IDD(n))),
and NRIDD(n) - RIDD(n)l max(RIDD(n)). 11. The systemof claim®6, wherein

beTore B of S S OOl e O R e RAGE T P e o

pea ectrum
nor mal i zwngvdltmaomadcoglingto theﬁﬂbwmgm t he sarre anplitude so that a new nass
spectrum is r at ed erein I n e ral ; thereb t he
sel f - convol ut 3’8 O g Iy Wﬁﬁ%&ietﬁ rletrht" g apteqdaaEy @ﬁ%@?ﬁjﬁ?

D(f)=DFT(data(n)), wherein the data(n) is a mass spectrum,

performing the self convolution in frequency domain, wherein the product of the
DFTs is computed and followed by the inverse DFT of the product according to DD(f) =D(
D x D@;

removing the near DC components by setting the first 10 points of the DFT to 0
according to DD(1:10) =0, and IDD(n) = iDFT(DD(})); and

considering only the real part of the inverse DFT, and normalizing the intensity
against the maximum value according to RIDD(n) = real(IDD(n))), and NRIDD(n) =
RIDD(n)/max(RIDD(n)).

11.  The system of claim 6, wherein before performing self-convolution, the computer
programs further perform a step of selecting n highést peaks from the MS/MS spectrum
and normalizing the n highest peaks into the same amplitude so that a new mass spectrum
is generated, wherein the n is an integral; thereby the self-convolution is performed upon

the newly generated mass spectrum.



