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Gel Image Matching Using Hopfield Neural Network
Yukhuu Ankhbayar’ - Hwang Suk-Hyung™ - Hwang Young-Sup™

ABSTRACT

Proteins in a cell appear as spots in a two dimensional gel image which is used in protein analysis. The spots from the same protein
are in near position when comparing two gel images. Finding out the different proteins between a normal tissue and a cancer one is
important information in drug development. Automatic matching of gel images is difficult because they are made from biological
experimental processes. This matching problem is known to be NP-hard. Neural networks are usually used to solve such NP-hard
problems. Hopfield neural network is selected since it is appropriate to solve the gel matching. An energy function with location and
distance parameters is defined The two spots which make the energy function minimum are matching spots and they came from the
same protein. The energy function is designed to reflect the topology of-spots by examining not only the given spot but also neighborhood
spots.

Key Words : Protein, Gel Image, Hopfield Neural Network, Spot Matching

BN

= N
o
XN

i
L o 2 2
Irrin

h
fo ¢
i
_O’

AR AT qAEe A Gy

o
Az A2 471AY AR S
Al o

Ky, £2 s
w2 ro
)

N

o K
2 r
o
o U
o

LR LS B e e L I

’

qoog
= ox 3o

il
N
—-
B
o

\I—T‘Né
S

m
s U

3

o
rr ol

o

2

=
2
x>

=
i
d

i
4
H1 vo oXll =0

° ®
A ta

>,
=

%R ATE BTG 547 2ATR0I-2003-000 0860-0)A oz &

R fN

BN

Aoy
o
2
~
of
offt
A
ol

b
fo

<
LI

ot
2
gj =

(U
d
o

of

X

3 A AEYgn AFHYRE
A MEggn AR
A dEdea AR R
T 02000 109 289, AJA)bgts

o
!
gy
o

fu

>
g,

-z e o

i

5

o

ol
0o Iy

L

=

o

)

ol
ot
X
2
o
ol
sl
o
2
of
X

i

12006K1 5¥ 18Y

i

xo,
iz
st
lo
o9t
=
. flo N
[
N
il
N
>
QTL
B3
o
1=

2]

o why AgE o] A QAo

A



Fobi Al 2 Aol

~

Al

=

=

- ®
ek A3 A3t 3dd) oo, 248

dolx 2xz HHo &

A=

I
s

NP-hard

As E71 A

Al

=

[l

o XI3=(2006.6)

o

o )

h=3

1& F9ddH2, 101
5}

=]

EXIB [13B
Aol A717E St

ks
e

b}, et

[

[

=5
7t

=

[=13
[

H2Me

Sy

324

=}
LU

o0
)

<l

u|
£ (]

o B

< E
ﬂvl ko)
o

N o &)

et

ke

foF

9|

A ad

1
bol 7+ wbgol Mz 7b7te] glulets o

=}

kel

Zo]t}.

R

T

L

g

&

[
Axe e A

ol-&

Panek$} Vohradsky
£ AA = dvH4].

a

™
)

g 9
o1
L =

=

H

[e]

12

of (19 4
)

w1 % 74k

=
= =
[e]

A

T

=

u/ikjl

ojth. 4

(488.3, 1219.9), (4880, 1219.7)
wgolq 470 wrdo] ohuth. wehA

RO o7 @1
<J KH 71
Ul 3 ar
a M 3
o oju 30

A

N

Al
=

AN

Aol

oA §rE A

L

T

1.

s

ol A gheel mjAf W

]_

9

B il 2 g s =

=
=

=2

. AZEY
to] w¥l oA 7 Hivt 5

o v Age vz

=i

=3

A7} 7}

ol

gl

o] 9419} 87)o|t}. Delaunay UlES] 7]9F
7

1. Ak Az

2
2 A
g

=]
g

i
Aol

FolA
5 %
o 4

18
H

k<

>~
- T

3

2

Bo

Jo) Wlde) EZ g2 v

5]

WAz

—
N

il
i

woeldA] ot A
9,]

]

&
=

731

7_]—

o] &8
1

go

‘N‘_alr

ﬂ
W
E%ﬁrﬂ
o R Ry



(28 2)% wE Alel9 ddS Holgth 234 (, ) Xe F 9y Aol diajA F A WnE drh A A
T A HA Ao F kgl (k, D T WA e Al Ade Xéfé}ﬁ}ﬂi]b A G RS G, D Atele Al A
dbdolt, Vs Ve vbd A () k9 (G, HE Jehle o g g F AgEe F oA fH7) 7te] 9o
A otk Vi wHel gto] lojw uha 9} vbd k&= A 2 wHAgN & 9Hd stsyol EeE olgdH. T
g Aolx, F owkdE 7 o A4 Aotk A vl ADE oA AR Aeleh koM xbol e A
W= Wi 7 w3 Visk Vi Alolel 992 ZEE UE 2l a5 yerdth F 74 49 B2 FA wdixe A
drk wd Aoz A (W) 00lt}h ol ol & 7F vlstE T g Alolddle AJE vheAe] #5& 1
e AT duAe ohg AHE FAYgr g3ty A9} Be A+B=19} 1?4% Aot WAy g

Ce +13 -1 Aol A A3 ARE AT A e
E:_liiiimﬂmﬂ 3 il v, 71%;0111 Axg AAsta, A %M aw e A% 29
25T Tk (1) & A Hol dAsA AF A%-5 ZAA3 A4 Fho) Fo

A o+loA 12 AHE FEyA HaeE oz g o

A (DAAM L wde] 27 d8olrh vl Vi AH e dof 2 ? FA B} o xFS At e 24
RS AV olvA] ®gt AE & Yozt gto] Suke 4@ AHE 2ATY 4 DF FH&
ol oA A wel an g3 2
N, A,
AE, __{ZZVVM/[V/I[M:IAV:I( ) AR NN
il =
! E:_EZ;ZZ(C””’ 5{, 5/(1)Vsz,z ZZ‘(‘,N/I/( A )
i 7 1

: &4 ] God Qoltt misFAR =
d e e RS T kol Gg=10l3L, 18] ¢o™ golt}, F &l Apolo] o
A BAEE Wig= (G~ 8- SZ A3

e A Wk o Al oAya] mats doin

N
2.
NN
N, N, _
V=191 { szkﬂVﬂ*’IikJ<O AEM_{ZZ( w0 )V 2187 28

N, e =

zn/ikle/»/'F[ikjl:O 2] (3) o] ¥l (2)9F Zuh mE 4 (9o Foin §9

7 At met b gy ’3'5“7} o7 N7
shatgd 4 (8)2 g4 &) "t}

o 7
=

A=
o

N,

N,
ZZ wi 0y = )V,,+2 <0

!

N,
z =0, =6 W, +2|>0

|
i
s

IR

I
2 (4) N, ]
Y(Co=8, -8, W, +2]=0 2O
A @AM R WA &L B G o9 (Dol drhy ! .
dAshe AE e, = w3 A WA e g
o) whglo) shbe wbgswt AX A S 101 HF 2A 3. &g Axn
S BB o) ouiAE Relstw ouxst Hast
S gelA swte e 2A 2 Aotk 4% Y=g WA delElE 7] 18 S, granaticolore] ok 44 A
gHE C= g3} A9 2 wAg 5ol FRIIA e A g4 olgdT. A gy BH sl
PDQuest[9]& ol &3l whd& HAst 4FS 7k +
L ) @ dolele 7 whdel AEsh dolBolrh AT Hope A
I+e’" 1O gt A% Ade AEse] gne doHEg Tadr
A4 A Qo] UR AM e ARg 2EE ud 4
A = fomz (19 Il A Gae AR wan
Al ol E z/i \?-]‘ JArle = gArre
X:AlAd|+B‘AD| A (6) Zﬂ E” ] 1"] RH [o3e] 2927H, e E‘_-]}ZH 0/?3
B 3027} whzdol Quh. whiel Af7h wobAW A3 A|zho]



326 ZEXME|=t2l=ZAI B M13-B# H3z=(2006.6)

g g=2712 Adqrh 7 F5 g2 Ade o3 =
d, Folzl FA whel A @3S Asor AAste WUy
= shte] Afdadelth
<E 1>& HAge 289 dbde #x B0y, (I 4e
zt Ao AE 2xdo s RoErh R WA Ay 74
4 s 5 s 9] 89 whEe v sirto] dA 2
< g A7 whdo] ot} L A e e
FR7FA o] H (1E 4)of At g ZAH o] it
(1% 5) 7 dAME A4 ZF o] of9A ¥
e AE HolFEt. I¥ES Ay Ayt ke 99X
. o] wbdo] AHUHt A gulE Aoz niyof v
BAL B 4 9l
. _ B}
(E 1) M8 HolH
(T2 3) M galo] dRE MESIH M3g i M 2as ¢
Al =22 ARolM 20| Hale] Ho| EoX|T & A A 2 TAARY | R
No.
O|£7|' E%H:I'. ¢ X v X y Y
o rol e sl ., 1 132.15 601.66 186.24 640.66 Y
z = 2 =2 3] i=3
e i . 1] °*}‘:Eje ;L"M]Ojt’ﬂ ;Hu 2 361.33 647.13 406.33 697.59 Y
Z Q. o] vbAdL8 X =] Al E A &
o 2 FelA As 1248 e dEstel Al }OZ 3 | 30350 74118 43334 7927 v
Ado AlL3 BlAde AT E <R A (
o Al A ol 2 <E 1> 2 “J“’_( - 4| 50967 895.86 540 948,91 Y
49 oja¢d = A (18 HFE HHEW AT
= ﬁ/\]fﬂ BEa Azt QAT AFHA Be wES 5 489.94 1014.85 518.85 1067.38 Y
Abgre HA Lol 4 k. ATHAL A shtel whA 6 4616 11767 488.03 121968 Y
(A (9)9] NE 9oy MEsth a8ln 7 Aot HE k2 7 488.34 121085 513.45 1257.98 Y
A Ao sld 9A FHoAM deE Hegcr o u 8 205.8 11738 33354 12139 Y
- W 0 3 Jo = K = Agsk
AR A olxd deR & JlIAE gAY 9 | 19342 141131 231.46 1441.45 Y
WA wa Aol atth W ZA AAsWE Hmd
g€ vlel AAsfor A WA % ]_ dgstd 10| B8 171135 367.22 1745.95 Y
ol Holz A Hxrb webdv w3 A At =l
wae Age] H7] olgons mes Mat gk o | 11 483.94 1975.08 48573 2003.42 Y
T oulRizbx] o g MAHEitt A=04, B=06, A=7.0 L 12 4037 1900.94 41148 1931.05 Y
2500
1500 ’ i3]
o BN L 2
1000 0:-
i
o N 0’
500
0
0 100 200 300 400 500 600
(702! 1) X tHmy GAre| (488.34, 1210.85) BIMIF T I HAko| (488,03, 1219.68) WS T 7HZUH| LIRISHK|2H FH HHKo| Ht
S TEE M (488.34, 1210.85) HHEE (4616, 1175.7) UHMT} HateElg o £+ 1, Ol <& 1> 2H SZ*OJQ £ ACk




SEC NEAUE Ol H g4 ¥y 327
000000000000 J0C00000NR000 000000000000 000000000000 00000000000C 000000000000
OOHOO0O00C000  JO0CO0000C000 000000000000 000000000000 000000000000 0oCo00000000
I8 0 O O O 0 O I
ODOONOO000ND  0OD00000C000 - DON00O000000 000000000000 J0D000000000  D000o0o0ooon
000000000000 00ONOON000000  CON000000000 000000000000 500000000000 000000000sen
ODDOmO0D0000 DCOOmMDD0C000 CODOMOD000CO DODOmR000CO0D0 COOOMO0000000 DODODmOnonsn
COONODO0000D00D 0O000O0N00CO00 - CoD00D0000000  D0O000000000  ODNOD0000000 000000000000
000000000000 CCOOO0D0OCCO0 DODO0O000000 DOCO00000000 COOCO0000000 Do00o0no0noD
000000000000 OO0NDO0000O00  OOD0O00000000 000000080000 CONCOo0omM0000 0O0000om000n
NOO0000CO0000 CoOO00SCOOD0 CODOD0O000CO 000000000000 COO0D0CCORCO 00000000000
IDO0O0COD0000 COOO00CCO00d  DoDO00000000 D00000oCo00Dd 0O0COO0COO0000 D500000000e0
0 5 O 3 1 o 5 o o o
epoch 1 epoch 2 epoch 3 epoch 4 epoch 5 epoch 6
OOOCCOD0DI0C mCO00000000D MO0O00CCOO00D e000D000000D mO0O00O0rDon a00coooo0oon
CONCINDO000C. DOUUCKINDOND CRCONOGEO000  Je0DNoo000000  DR0DO0000000  OmM0o00000000n
OOOCOOD0D000  DOD0DJ00000D D0D00CO00000  JOmM000000000 OORONODD0000  OomOo00000000
ODOOoODOD0OC D0OD0000D000D 000000000000 000000000000 DOOmOO00Uo00D  0ooe0ooo000n
OOCOoOOONnos 000000000000 000000000000 MNN00cOoD0000 DODN0O0000COD  DODOMoooncn
(ODOMOD0D00C0 D0DOMO0000000 COOOmCOCR0000 COo0ORCO00000 DOnDm0o000000  Doo0Denoooonn
0OCO0O00000C DoOO00ONMI0Nn0 000000000000 Eo00000O0N00E D0C00000N0O0D . DO0Doooonoon
OO0O0000000C DOOORNIO0D000N . 000000000000 DOOO0NHo0o0000 00CO0C000000D  DO0Dooaononn
0 (O (O O e o
OO0000000mo0D  0OOO0000Denn]  00000000oe0D  DOoOnnonNoens 00oo00noOoeoD  Do00oooonDesn
0000000000OmD DO00000000OeC COO000CO00OeD  DO0OoOOnOrmED 000000D000oeD  DO000ooonoan
OOOOOCa0nnmm . OODCoCoDooOs 00000000000Om - CrcrcodoocoR 0O0CcOo0C0O00d000  COon0rnoooom
epoch 7 epoch 8 epoch § epoch 10 epoch 11 epoch 12
10 Y O O 0 o Y o
OMOOD0000rD  OM0D0CO0000JC OmMd0OJCO00000 Oe00cO000CcO  OmMCOoCoo0oon
OOmMO000000CD OOmMOOCOODI0C  DOMCO0000000 DOmMO0COO00000n . COne00o0n0o0g
O O O o o o [
CONOmO0000DCD DO00ecOD000oC 0oOCeCODO000 OUOOm0000CCD DOCOmeornnon
OODONeOo0CCD D000Om00000C  000Oe000000 OO00CMO00CCO DOCoomo 1 mnon
UND0O00000C00  D00000R0000C  00000Cm00000 OO000Om0n0nT 0ocooroeoonoon
MOOOCNHO0O0000 DO0OODI00000C 0000JCOMO00D O00oCOoDmo0co DonnnROm0oon
I A 0 O A O I B0 OO000E00Oecon 00000COOmorn
I G o [ T [
D0O0O0O000N0 DO00J00000eE COOnsorDnrren roonnoooCcoeD. DO0Doco00omn
OOOCnonoocom  UUDTO0o0000e  0000OCO0000e CooCoononnnm 0oo00CuO0oom
epcch 13 epoch 14 epoch 15 epoch 16 epoch 17
(38 5) 2t ElY woiol A (1, ) RIS AIZEE2 A M Fake| M HiED £ R HMe| B grMo| Metz= XIE E
AlEiC 2 Moz RAF ALZIE0| HEE Z{0|1, Ul AjZfEe HEEX| 22 MEjolr
4.8 B OWN)e A7t BREE 74, w#le] A57t F7h8] o
gt Asol "olglo] Huxu vk wepa] 4 8l sfejA
A GAe AE 2 dlAS PG E T893 T F Al oz A gie wHdE BT A e oy
oA Qe MEe 9was ZAWG. g Budds  BAv v ¥ 97 2%E vgor F o 44 B
Y WS T A G B RS 4 94 Bael A HAS dd #d HolHE oe Ao agow
gt gty A4 4 2zEdE Aol 4 2 IFvT FBE AAWE olgse] 4¥L Adee
Fol §hE ddo] AAs|FH 317 WRolrh 2 ¢l 2 A S AT Fo 9
HollAl A e T A gellA HluA AsE w9 o
o fxsc}. whEe 3= w4y wWale] Aot} o= I
A FEE Adske Aol AETA AE AAYE 19s
A ogdsit vy wigte] Axz MHES AdEE A [1] Pennington, S. R. and Dunn, M. J., ‘Proteomics, from protein
& AFEF BSREE M o Aotk o) A sequence to function’, BIOS, Scientific Publishers, 2001.
g Fod A3 2= NAGS 8o e HIR [2] Akutsu T. and et. al., “Matching of spots in 2D electro—
AE =9 T AAEE A ogate] mE Ao A& phoresis images. Point matching under non-uniform distor-
g £ QEE F2E AASY JJuURAE NE Ayl tions,” Lecture Notes in Computer Science. Vol.164,
AUz e Fodkdo) 1012 A3 As" o Hxv) pp.212-222, 1999.
HeE AAYL A e wrdoldets SnlE e [3] Josef Panek and Jiri Vohradsky, “Point pattern matching in
o] obd £ glowmm o] s Mo HHEE &Y the analysis of two-dimensional gel electropherograms,”
D]». —2‘17 _IT—__ 03/})]’ /\]—O}Q] 13_]_’@ ,%]_9} 7‘]3]9] f(]—O]Q,}- Q_‘% Og }\0]_ Ele(:troph()resis, VOIZO, pp3483*3491, 1999,
el whd el Aee #ole o] fahe] oA d4E 7 [4] Pleissner et. al, “New algorithmic approaches to protein spot
oSt Ad A A FE@ ud dolge o ga detection and pattern matching in two-dimensional electro-
4% A% FRe AAGe 7 wAs s AR phoresis gel databases,” Electrophoresis, Vol.20, pp.756-765, 199,
B} - [5] Dowsey, AW., Dunn M. J. and Yang, G. Z., “The r
2 FE9= A4%e MY Fae Age] 94 ! J g G. Z, “The role of



328 SEME|<R=EXIB M13-BT X3=(2006.6)

bicinformatics in two-dimensional gel electrophoresis,”
Electrophoresis, Vol.3, pp.1567-159%, 2003.

[6] Hopfield, J. and Tank, D.W., “Neural computation of
decisions in optimization problems,” Biological Cybernetics,
Vol52, pp.141-152, 1985.

[7] Nasrabadi, N. M. and Choo, C.Y., “Hopfield network for
stereo vision correspondence,” IEEE Transactions on Neural
Network, Vol.3, pp.b-13, 1992.

[8] Jan Bobek, Petr Halada, Jakub Angelis, Jiri Vohradsky, and
Karel Mikul, “Activation and expression of proteins during
synchronous germination of aerial spores of Streptomyces
granaticolor,” Proteomics, Vol.4, No.12, pp.3864-3880, 2004.

[9] Rosengran, R.T. and et. al., “Comparison of PDQuest and
Progenesis software packages in the analysis of two-
dimensional electrophoresis gels,” Proteomics, Vol.3, pp.
1936-1946, 2003.

[10] Tatsuy Akustsu, Kyotetsu Kanaya, Akira Ohyama, and
Asao Fujlyvama, “Point matching under non-uniform
distortions,” Discrete Applied Mathematics, Vol.127, pp.
5-21, 2003.

{11] J. Barrett, P.M. Brophy, J.V. Hamilton, “Analysing proteom
data,” International Journal for Parasitology, Vol.35, pp.543-
553, 2005.

[12] Rond D. Appei, et. Al, “Melanie II-a third-generation
software package for analysis of two-dimensional electro-
phoresis images : . Features and user interface,” Electro-
phoresis, Vol.18, pp.2724-2734, 1997.

[13] Rond D. Appei, et. Al, “Melanie II - a third-generation
software package for analysis of two—dimensional electro—-
phoresis images : II. Algorithms,” Electrophoresis, Vol.18,
pp.2735-2748, 1997.

[14] James I Garrels, “The QUEST system for quantitative
analysis of two-dimensional gels,” The Journal of Biological
Chemistry, Vol.264, No.9, pp.5269-5282, 1989.

{15] Babu Raman, Agnes Cheung, and Mark R. Marten,
“Quantitative comparison and evaluation of two commer-
cially available, two-dimensional electrophoresis image
analysis software packages, Z3 and Melanie,” Electro-
phoresis, Vol.23, pp.2194-2202, 2002.

S35 OlSHiof

e-mail : ankhaa_s@yahoo.com

(34
20008~ FA HEUE AFEAR Y
CREE

4] 5o} : bioinformatics neural network

2 N
e-mail : shwang@sunmoon.ac.kr
19919 st A=A e (o] 84}
1994 42 A Ea fshel

AR F I A

1997~ A A
00 ~AA =

20013 ~@ A 4 OGIS-RI Co. LTD. Certified UML
Engineer
BAo: ARG ALEY 0] Al~gY AT D Aol L
UML, Design Pattern, Adaptive Programming 718,
Formal Method &

g gy

e-mail : young@sunmoon.ac.kr

1982 ~1989d A& st #HFElF 83t
(8hah)

19974 ~20024 3+ AHEA 2 79
20023 ~AA MERSw AFE TG 2us

ol vlol o EuE s, WA, JYHY, BAAA

g



