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Abstract In protein 2-DE image analysis, the
accuracy of spot-matching operation which identifies the
spot of the same protein in each 2-DE gel image is
intensively influenced by the errors caused by the
various experimental conditions. This paper proposes an
efficient method to find more accurate spot-matching
patterns based on multiple reference gel images in
spot—-matching pattern analysis in protein 2-DE image
analysis. Additionally, in order to improve the reduce the
execution time which is increased exponentially along
with the increasing number of gel images, a “partition
then extension” framework is used to find spot-matching
pattern of long length and of higher accuracy. In the
experiments on real 2-DE images of human liver tissue
are used to confirm the accuracy and the efficiency of the
proposed algorithm.

Key words : 2-DE image, spot-matching, image

analysis, partition, frequent pattern

1.ME

ol A 8 Proteomics)[ 1] §-AA o 93] LdEH=
GMASS R Roz gwhde Ay BEe ¥
4] gg T3 7] Wl AW Adol XEA A
ure] I3 ERE 5 @A 28 4 stk ol
EAQ gl AR sjez 22 A7) 952-DE)2]#
H-2at A7) G5 B4 WBdle] de AHEHR Q)
th HZo] 7)&e) wAew Qsle “dH ZZrlETeY
= AFEAGINLC/MS) Y “TAdA 7t A5 g
(ICAT)AY “BA1%F 7|8 A% el(MCAT)'E AHS:
3k Hl-23H4] "] 4% J1Eol Eso) AMEET Q)
Ak ) ¥)g, BN AaFHE A7 5 FAZ Q3
ob7] @Wol AMEEHT YA otk WE 2-DEEA Wy
AP vBo2 £33 o) DEte @lAL FAl &
HHog R E4xle] APl 2dle] AP =
FEA ALY doe F AHE 7R3 A7) gE
of o A7HE}L, daE AEHR sle 7leclth gt
A AZ o] d B¢ 2-DE o|v|A B4e 93 o
g Jled LZEAI} &R Z AEHT ATH56].

99 2-DE 712 & MEo) Solgle ddES
A7 F89S pHtH A sl 4 53
3} £FAoz EPAYR2]. wald 2-DE o|v]|AdlA
232 JiNe] @ Ag oJulsts] M2 thE 2-DE o}
A el EAzte 2L 9¥EE afFoR Fohe
Ro] 2-DE oJn|A ¥4 7]&9 FHxolth 2-DE ojv]
A B4 AZEJE A ‘2% 4 #E” W7.8]
o oAl Wy 7w wWhg9,10]02 Urn Axe
AEd 2% FRE AMESY FzomAet Unix] o]
U EL QPN FAE oNES WPAA FY



552 AR =ER AFEY A4 2 dE A 16 9 A 5 (0105

g 232 7HAE shle spHolulAE s Ao
2 Y ©HAL Fopinh F oY BT Fol
gtk A A wFL 27) 9T “An HE79)
AA AYHD 31 YRE sow AN AL o
AANI7) Ag ‘2% WA o] IPHLHIL], Wi F
z ojulAe dg B oA YIH PP 2]
TP wol=d] we o) Ak FAlY Ae, 2%
Ay} o)A ARE FelshA %1 F AP L T
N sty gl “olu]A] WY FHPo] AIH ul Lol
B3 24 23 doid 9Te o2l

olelg ZAHL Qs $ste o] ERANE “2

X AZ el 228 vyE 2% ARE A}
&3l 1) A4#AH olulA EF HTE A8, oy
2 £4 Az osle ddd gz Fzx omASL
AHgste 7EE 2% w3 solewol2eA 2) Wk
§ 2% o)¥ Hee gagosH wNa 2-DE oln
2 2o AT A7 St

. 2H "9

g 2 oY Y PN BAlC] tE FE
AW el E 19 e 715 E A8,

£ 173 A9
25 A% S = {sy,52 " s}
ojulz] Hg G ={g1,82 " gm), & = {Sa,5p " sk}

ojmlz] &4l AHS-® HA olujx] ARF-E Sk
31, S& 2E ouAe 2%g TFSRT it oln]A
S GE 3, GOl 2FE Yol ovA ge =%
A7 Sl e @ A ol 2Re TP E=F S
A & 2L FAo] Mz o2 ouAd X3E 5§
th &, gNg=b(i=j & 1<ij<m)e] 2AE WEsof st

QIU‘!UN

A~ e e v

iﬁlill]lﬁl

. P (X X3

P s - -
e N »» g v

2% 1 99 olnlx] ‘A% W)Y 7

I8 1& ‘23t 4 HEMAM AR xR
AR E BAFE Aoz oviA 49 74 e d
WE 2%s dEpdth ARARs 2% W3S I
st} ole| AN & shie] FzolvAE At
o}, deg Fxelu|A| 9] 7 A% 16 dgas FE
olmxle] g 2o “oi sHo"E P vy 2
o] B4gt.

Aol 1 WA #Hof

oA 3t G={gigz gnlWAH gi& FZolW|AZ
S 4 g9 2% st EFNA g9 2% 5,9
g-sshke #AE 7HATE o3 #ol(s,s)E FA3M
2E WA Holo AFE PlgignE FAITT

B sl T 2ge N2 T ouAdA £
Rolm, RWAl ke FzolvAs 2oz TuA
sge BEoluAe A%E uigch E@ @ Fxol
A ARe SEluANA B @ A9 2%t WA
Sog Yse, g FxolrlA A3t vy o} &
wel Age Ao 25t Lol MABANLE FARC

A 2 wjyFeYgx

W Holo] AFE Plgig)olM 2% si& 3=
ZE "4 sloje 2% IFL ‘MASFU2AL I
Clsx)={sxl(sx,sy) € Plgig)} 2 FEAIFL

WS 2e] ¥3dE BRE 2%S FUT @A
vehle, gl s 22 g3EHLE e
Aol @l 2-DE o|vjA] 4o A4 Exaa & &
stk 28y 2-DE 48L& 84 uzgsith 53] 9y
A A9 B4, AsFH A FHARE R U3t
olul |7t i 4= U3, e A% #AE:H 23t HH
& B3 47 mAFHoz ] dEd HEE
2% X3E o)z wie AF=rt B& 2% wA
ARg AAshed ool EAg ojld EARS
Hagdy] d3te tF Fx oWAE AEToEA
ohe] Al 7EA] Ao &3t olulA] §4o] vAE
FEE A2AANAY L8 A7 P
1) Fzolu|r] dge] @ P thEe F=Z onAE
Moz Age] FHHA Mgo] Ay F
t 3L AR
olulx] g o d3k FAo] & F=xolwAe
T sidelE 7 REdE HME g2 43299 9
7] Qo] I 295 M2 dE Az ouAE
o gata] 43 BeEA Pk
3) 23 AZ A ZFH xol2d) o3 J3 A, F

7] g 2E xolRE oHlA WE Az tZj

Ueiry] di&e mi S A4 @A ¢

& Fg2 Jehdr

3. 0§ Z0] A% 0HE IHE EA WY

AREr} e 2% 93 AE gALS dstd $4
AEE 0% Rzo|nlNEE AM8sle] onlA B4 SW
g Foio obld ¥ 2% 0% ARE FAs A%

2

=



Tl 2-DE oujA] #4elA A 2% wfA sjE A4S 9 A I

wjd woleldols DE AAFT. 23 w3 dojE
ol Dol AA FEATLE 23 J§ Sof Psin,
Soll X3 7t 2%e FEo] At shig 2%
HAE E3td] AAE EE HEdEE FEA AT
3o, REL F4d FEHEE 7Y e A% oA
o fjste} Y FEL $YY WANEE G Z
FEAA Fxolnial 234 HFste 5SS ==
ojztx stz FEoIPA Agte] P FEFS H
FgEolZtn gtk A3t oA dolHulolx DA R
A sk A FE5He W= AYgET 22 F
o Aol A% oA HHo Ak A% wjy dHolH
Hlo]l& DellA HojZolo] AL Gty At o
I e F UAR APk

194: dolguo]2 &
cHojeiujo] el £ £

2% o3 sojgue]xos 7 Ed
2o P37 HE o] 22 GAUTE /MR
52 AME & FES ZFY 5 gk
< Az dE AUEE IAE ERYH 1544 2
A 3hte] gg3le FEL JHAHE, & 532 IR X
et Sl 2E 2 bistd gAvsd ulssie
REZEg A9@T ol¥A Ay FZEZ FAY o
olejujo] 29 7t HEHE 4 shie] wjAEYx2 7
AE FES9 APtk 11 2& oI Wd o
o dlojejulo]2E £dshe A S MEAeR BRAFE,

2
2
de re
=2

hER RS
e,

as
X a2
a3 e — 9

e Qi

Ds o—o—o—o——ao—

P e A G+ 1)
y b2

by | ——tm—t—b—————y  Fe~o-
: i

L*

Ct
z Cz
C3 ———

(a) tjoliuo]22]

s | wy
X ai
H az
y bt
b2
f—

iz Ci
{ C2

-~
A 3

Latastasi | (segeai] 16}4’%5% i
(b) JEJAe] 423 2g
a9 2 dojewelx £

553

a9 2a)lAx 2ol e AT U gwAS
Jehdch B2 ald o2& @AM Es x¢ ERYAa
FA4 Mz g2 fAFgages B BF F
U3 “deEldi"E ggEHAYt 23e fANES vy
EWAR T84 bUEL b2 &3t iAo ug
3 BAZ Qstd Mz diy @i &3ke 2%E
sty Xgstxm 917l wjEejvh
« SjE|AY 3 23 2 FzoEHA 44

23 o3 dojejuo]2dd ERYHY Zo|E
A7) Asted 5 28] ot APY 7 ByA
Fzolux] 2% I3 FES 71FLE £Yo =2
Pty siguEldS A% 4 selTeae 2R
2L o Iz SRR U FEIRE EFHsH
"ot 3 geldo] kg stegEdez REHAS 7
S, FEo HE Hoje 4f ol 1/kE ZAHATh
F3 FzEE27 FAY FEggds A4

a9 200 I¥ 2@9 “FEHAE A e 59
se]da shte] Fxejdes Esle AL RAE
o} gede] dEse FHzoulx] 2md ysts 3
Z%ES Yehiy 7 4 dEL 2R Fxon)A
250 g FESL TYSHA TS UL
HojZoh olgf “FzAE|dre 2T
TAE JEAYS ¢ 5 Ut V1S9 9 e
7] 93 ¢uEEFEL e Holrl ZUE u), 43
Alzto]l F73] Figith wieba] sjEe] ZHolg s}
sk Aol 2 A%E &7 4% F¥% Wyt ®
& FRESAN EE FeAo] “FElAi+1)'7 Zol
598 ddz 749 FEIPEE FHHE Ao
ole}, AAze 2% WA A 2sid “mElA
i"g} 2ol &8 wi gz F3he JEHER FAE
Fute)) Qitk, whelr 7 2ghe ¥ Pg g Hgolk

to B>

= 5 =
F2YEEEY

s
=

=

297: Huj do] g g4
< SHQITHElE o HbagE g4

1g7eM A48 Fzdeidst 4 seggde 7
2 7)E9 WEgE g ¢nIEs ARgste] Hd 9l
W FERE gtk
< Ho NegEA &7

RYE gL Fao 7 ssisEde 4z e
HA Ho EFgEHTS A4Ah geps 43 diE
2l AdFEFEE 2 g 98 ddxuEz
FzIE A Y48 I EATE AP

¥ 3& ¥ 2(b)9] SiTEAA gad ey
% RS Fzrdeie ML EIgs 7122 &34
€ A3E RdET addA HL 4 33T A=
TEAoA BAE LS gl



554 ARAFH=EA HFE

EE ?;El*iizl ]Tm

a4 3 FA=xdeld syt Ay nedE 33

L

%
5
ARAIEE

% o o] B 3t wlolEulo|2E £
g FEAES gHaPesN iAol
% 4=
Ade 9 ARFNF LS AFE 5 Aok
A ﬂﬂﬂ AN doleuielag BUHA et
e At £ A BdHE FR
‘Q"%’E Q?—‘: o 2rrh R AeH 3] AreH
olmjA ¢} Aol wely rjFFsrHez /g A

nr (o

u X

AT F A7 HEel FH R

z
=
)
4
kel
Ll
°]

‘?i A SANA Ho NEgE §8 g8 olf
-DE ol¥]A] 23 WAdAe HUd Zeol7t 24
g7l 2 43 G898 2 Ao 39 AE
Z BAd o #4835 AMggk =3 Adivag

Fgozx RE UEE FEIFYE EF A
7t 7] R A8 £52 FYAY & Utk

4. A ¥

ARME 50709 AT YEE YT 2-DE
olojA g AHEEH 7 olWA} THBIE e 2%
4= 100070914 30007 Apel2 HAP} wfe a9 Z
o)mlAE MEZ T2 £F9 Jd2ig e Juez 9
Hol itk AgdMe F=x opnixMg e FHAAS
A7l gstd 7 olmlApt XL Qe 2% +E
olv]x] 4 #Adg 9% Iz = ALEEgon], FAc
EL A9 10749 olulAE HEsle 109 B&%X—-}ﬂ
2% QAL Fao] 23 gF dolElel2~E TE3}
Kok g2A FxAEAY 4 552 9 107114 Iz
FEozg FAHY & EMJ}EW_S HAgz 2749 F
z323 g7e EXIES ETHEA =y § gEde
5749] g e bz REEAT

Agx "z APolxde PDB14]d FEE 40719
aulde] sFete vASFY2LE Hdgsied, 448
W) S 20l FEE(precision)$ AL (recal) S AHE:-
st A& vuddtk BREE ALY mAFH2
FgE A vnd Agy HES vepllzn, AEE
& AA YL 2% F oiE ARE A S
T3d FEt 299 6lgg Jepath

oﬁw—lﬂ—ﬂ

e 4o 2xorr
lfONIO.u.

Hel A4 2 HE A 16 A A 5 5(20105

0.2 -

“Emafia S partition ~single

1 6 i1 16 21 26 31 36

(a) A=

—B~mafia ~*Fpatition single
T .

1 6 11 18 21 26 31 36

(b) AEE
a3 4 WA EgE B v

3% 4@ “mafia’[13]¢ 28 EF S AHESI(H&
AAZ=05) A48 Hjgols whisjdg Ty,
“partition”& o] =EIA T WHoR AHGE &
g o Ao EIAFE Al HAAAE=05). gL
“single” & & Fzo|n|AE AMEE A WASH
28 Uit x22 g AF vjAFere WIS
RAFn y2e ztzt Agxo AFLS Yepdrh 28
T & F AUEe], AL e I “single”
Bo} =4 USAE ‘mafia” Boe W o9} Wiz
a3 Ab)lXE Ag whie] AFEL “mafia” YL
2RO =3 “single”Brhe Wtk 24L& Z+ 389
A HAAAE oFty] FEEC] AAHUY WE
olth, webrd Agte W AdeEH FI=5 FHHE
A zdgozn  HolE FAFAEAM FTAd AFEE
Z7M4 4 Sith

a¥ 5ellMeE AL ST F oY AngE ge
S e ¢3dE “mafia”@ “apriori”e] A¥ AILS
Hwatgeh F a2gze x&E HAAARE vehin
(A PG E FARER HEAAR), yEFS 4
8 AHE$z)E Jepdoh ALE “partition"TH
ag 5(@)¢ 2¥ 5(b)A BEF “mafia” ‘,’-3 “apriori”}.
th & A%5S Jehde & 5 g AL A i
He dolHuo]2E BEsld A WA Ho



@A 2-DE ]| A EX4A P& 2% oY A 308 A% A I 555

700 W —O~— apriori
—B— Mafia
—k— partition

600 -

500

400 A

300 A

200 A

0.25 0.38 0.50 0.63 0.75 0.88 1.00

(a) oJvA & = 24

J —6— apriori
1400 -8B Mafia
1200 4 —&— partition

1000 A

800 1

600 1

400 4

200 1

0.25 0.38 0.50 0.63 075 0.88 1.00

(b) °]u]A] 4= = 36
™ 5 A% AR vw

FES 27 7o ANFAE9 Hole] JF, F o|n|X]
o TS @ ] ol AW vz 7 59
HeAqAM A4 VEgES o) Fgsed Aes
At w7 olgAE AN & Zoz ZoERE
SAT “mafia” Brhe 3} F2 4% e

5.4 &

o] EEoldE Tz 2-DE olvlx| AN @ F
Z OUIAS ASF 2% i) FuHE 2ANG 3
Zehust BEe Fz onAE AgFeEA 1) 2%
AN HARE BAG 9P 2RE Az,
2) olmlA AT Y JYE $5 LHEE Hgo
o, 3) FE o)A Mo JF 9¥L Had xS
st T BgEst we A3 AU ATAAL =
& 4 “2E D BIPYS ASFOIA oln)A] ol
WE 49 A FHES ARHoZ PaAAY £
AYNNE A Az AEY 2-DE olu)AE AHgse]
ALY ) AL ASTSU,

A 2% SH AFE Mo e ANEL
100%9] 2% WARE olmAelN Y 2%e P&
she )¢ SEE 83 Utk geb SR e 9%
A% Waez oo SFPezH Lol o A
AREI} AR aTFAY BESE 2% o3 e
2 RE ATE A&kl 1YY ol

228

[1] Goérg A, Obermaier C, Boguth G, Harder A,
Scheibe B, Wildgruber R and Weiss W, "The
current state of two-dimensional -electrophoresis
with immobilized pH gradients,” Electrophoresis,
21, pp.1037-1053, 2000.

[2] OFarrell PH, "High resolution two-dimensional
electrophoresis of proteins, Journal of Biology and
Chemistry,” 250, pp.4007-4021, 1975.

[3] Cagney G. and Emili A., "De novo pepe
sequencing and quantitative profiling of complex
protein mixtures using mass-coded abundance
tagging,” Nat. Biotech., 20, pp.163-170, 2002.

[4] Mann M, Hendrickson RC and Pandey A., "Analysis
of proteins and proteomes by mass spectrometry,”
Biochem., 70, pp.437-443, 2001.

[5] Senthilkumar D. and Richard AR, "Minimizing
variability in two-dimensional electrophoresis gel
image analysis,” OMICS: A Journal of Integrative
Biology, 11(2), pp.225-230, 2007.

[6] Spyros G., Gert L. and Michael F., "Limitations of
current proteomics technologies,” Journal of Chro-
matography A, 1077, pp.1-18, 2005.

[7] Piers M. and Paul D.: Quantitative and reproducible
two-dimensional gel analysis using Phoretix 2D
Full, ELECTROPHORESIS, 22(10), pp.2075-2085,
Jun 2001.

[8] Appel RD, Palagi PM, Walter D, Vargas JR,
Sanchez J, Ravier PC and Hochstrasser DF,
"Melanie II —- a third generation software pack-
age for analysis of two-dimensional electrophoresis
images: LFeautures and user interface,” Electro-
phoresis, 18(15), pp.2735-2748, 1997.

[9] Arsi TR, Jussi MS, Tero A, Jan W, Riitta L,
Tuula AN and Olli SN, "Comparison of PDQuest
and Progenesis software packages in the analysis
of two-dimensional electrophoresis gels,” PRO-
TEOMICS, 3(10), pp.1936-1946, Jul 2003.

[10] Karp NA, Feret R, Rubtsov DV and Lilley KS:
Comparison of DIGE and post-stained gel electro—
phoresis with both traditional and SameSpots
analysis for quantitative proteomics, Proteomics, 8,
pp-948-960, 2008.

[11] Angelika G, Walter W and Michael JD, "Current
two-dimensional electrophoresis technology for pro-
teomics,” Proteomics, 4, pp.3665-3685, 2004.

[12] Clark BN and Gutstein HB, "The myth of auto-
mated, high-throughput two-dimensional gel ana-
lysis,” Proteomics, 8(6), pp.1197-1203, Mar 2008.

[13] Burdick D., Calimlim M., Flannick J., Gehrke J., Yiu
T., "MAFIA: a maximal frequent itemset algorithm,”
IEEE Transactions on Knowledge and Data En-
gineering, 17(11), pp.1490-1504, 2005.

[14] http://www.pdb.org/ (accessed on Sep lth, 2009)



