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Abstract After the Human Genome Project finished the sequencing of a human DNA sequence,
the concerns on protein functions are increasing. Since the structures of proteins are conserved in
divergent evolution, their functions are determined by their structures rather than by their amino acid
sequences. Therefore, if similarities between two protein structures are observed, we could expect
them to have common biological functions. So far, a lot of researches on protein structure alignment
have been performed. However, most of them use RMSD(Root Mean Square Deviation) as a similarity
measure with which it is hard to judge the similarity level of two protein structures intuitively. In
addition, they retrieve only one result having the highest alignment score with which it is hard to
satisfy various users of different purpose. To overcome these limitations, we propose a novel protein
structure alignment algorithm based on MRPD(Maximum of Residue Pair Distance) and SG (Similarity
Graph). MRPD is more intuitive similarity measure by which fast filtering of unpromising pairs of
protein pairs is possible, and SG is a compact representation method for multiple alignment results
with which users can choose the most plausible one among various users’ needs by providing multiple
alignment results without compromising the time to align protein structures.
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7% ¥% RMSD7} 04290122 5 /9 Y Az
2L FAIRE e Aoz HuHA|WN AdA=ZE X
o] Ae7t AlZHog o fA) Bk I olfE A
AR Z HAF ARE AGF o] HFH =T Alolg
A F HAUg 107 0509 FIFE o) w7 HE
ojtt. ols} o] RMSDE HFgolmz Hxte] 7S
083+ 1.02] A&7t d2 s dd EFAM A%
#dd 2771 42 & ik ol#F BEAL no] €4
£ B2 AsA vl APl Jdoh asEs, & @
WA pzo AANHY FAEE A@Hoz Wosr)
Yse RMSDRTH " 27 Atold] Ay FolA
o AFE FAE NEE AL Aol HE vz
stk o2 BAL uigo R B =EL A2 FAE
¥ MRPDE ol o] Aeogch

A9 9. MRPD

MRPD(S*,5%)=max,

KR 5=l

Zoj7k ngd ¥ el wua 7z sts sPr gEy
o] gl& W MRPDE AEH &7) Alo]g) A FojjA
743 & oz AR Uy, F awAe Fx7 5
A3ty 159 MRPDE (o] ®©r} (£, MRPD(S?, %)
= Q). O

MRPDE A%zl fsids RMSD slrix=
5 wld pxzst ZAEEH glojorrt k. ey,
MRPDE A 13 A 28 T4 HEgA ¥& 4
HolMe Fdg ZAxte] MRPDY} oW gtwch 22 3
£z vg #ddg 5 Jut gEA FAI=Z MRPDE
olg3td Az HFL FYA Fux FE ZA3e
MRPD7} 9A3 g2 Y& oiad 7xo &2 A
F 307] 2o RMSDE ARS8t ol HisiA A=

£57) war)

A7 1. F 9wd 72§49 $Br 247 £ 9] &
712 FAHY T, A7) Atele] Azt 2 A PP g
38k ek 1* - 1 > 24 2" MRPD(TiS®, SB) <

dg TEFAe 8E Tie EA3K g O
9 1.
‘‘‘‘‘‘ e S

ux FLsEe 5 A9 ddd Fx F Holt 2
Fz2 P8 s Fe RS S s = P > A
ojty. o} w S*s} $P2 FEH Fo] MRPD7} dB T}
7] gaiMe sPY ¥ B H@NE FHoE wAE
o] dl T O O IHE o $9 a3 zo)
TS % A@7DE 22 OHES} O 933
of @tk wWeA olEd TS &Alsly] YsiAe
TiS*e Zel(=1M7t 7 Aol 74 7k A=Y
P-2drc} Aok gty =2 1 - 1P| > 248 wEd)
£ ASoE oty 4. 13 o} I*e % P-adeg &
7] Wl&¢] MRPD(TS?, SP) < d& 9&3l= T} &
AsHA etk

1 - 1% > 2d
& B-1*>2d
o P -2d¢>1" M

O

A 2. 8%} %7} nAle] A7l FAS Yz s°
o z A7) RA% RotAtele] Alg 1A, aelx SPe
zZt 7] R Rea"Abolel AdE Pm @ o
1212248 B&EFE= ro] 17] o] &AslW MRPD
(TS, SB) < d2 I=sl= |48 TiE A3 g&
=3 [}
Zzw 2. MRPD(T:S?, S%) < d 7} AQsl7] $i3td
= AEE EE 7Y # Alel9] Azl dE EA ¥
ofek @tk 2 e 1o] A IA-17>2de W
3l ro] 17 o] EAISE FHojx &} o]ite] 7
9 & Alold) Agle d Byl =zt wetA Ay 28 vt
Z3}. O
A 17 A= 28 FiAM 99d F2E FHeA
%& AejolM= MRPD7F 99l9] EAg Bt A
& 44 $EE & vk o}§ 0|43 CAMRPDE v
3 zro] FHoJdt}. o] F CAMRPDS w& &% ujg}
A gld pz #Ae AAz AYEA A FS$A 9
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g®HE & < ok

A¢] 10. CAMRPD

CAMRPD(S®, SB, MRPD1rechort) = true (if 37T,

MRPD(T:S*, SB)<MRPD rhreshota)
= false (otherwise)

CAMRPD7} trueql 7$olle et SPel 28 7)1 3
o) F3t AP A 24 MRPD7} MRPD1nreshold
g 9 2 32 2k ALS vlac O

6. M& 12lFE

a9 62 £ =&%A Atele dWAd x4 ¢
12E9 Mdzeldh 1) HA FHIPHEe d9E QS9}
TS Fx FRE |83l fAEI} 1 I4d 3
Zleto g2 FAHE CFP(Continuous Fragment Pair) &%
et} 2) &2 CFPES dEsM CFPHEY fAl==
GRe AiEz e AVEE ¥FE= SPP(Super
Position Pair)E& 2eth 3) 22 SPPES $3o=
ALgElA AEE FRE A3 ASP(Aligned Sub-
structure Pain)&& AAshs 4L nExog 4§
gtk 4) mlAgte g wE PP AAEZE o] &s SGE A
gt

6.1 CFP &7]

AEe Wizt He 23S 27 A8 ?4_75} MRPD
g ¥x @ 2E 5559 555 g ol &
. aAg BE 5554 55™e A&} 7—}2} @%-1)
3 @T-1)0)7) WBe] FA sb5d 7] B 2Fe
Mg @B-Dx@T-DAel dey =2E 7] %
of s MRPDE 7& 3% AE Alztel L8 2

£ 2

olg g AL A HelA THE 28A=E
etk 213 EA ‘a'lﬂ AEE ZBVIE Alolol
(Gap)e] EAIEHA & 3 CFPE & #HAo|

FPE 7] % °‘:_1‘J~?47“° &g & 19 71&%
A YAl E d%E 7‘}7)§“¥ TAE RE 3
olg3A d&d RE P& ZT
deole) {Ag MRPDCFP‘E‘ “]'&3}““‘1 Aol ¢
Fz9] #9 CFPE ZI=tHZE 2-6). o|2A &
FPE2 Zol7} 24} 37 go] FEHoT FAIY
£ e A7) BET P Yo oA
12 CFPE€ AE3l9 49 CUTOFFcre

2

EO

JN

of & i
O He

o
o

m\i-iélrlrﬂkggl;m‘é-lr
&ror
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A
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Continuous
Fragment
Pairs

T8

a9 6 A

Super
Position
Pairs

gud 7= 33 403
el CFPRte FHO2 AHGHTHE 7-8).

gueEE 1. CFPZE7]
1 CFPSET = @ /* set of sub-structure pair */
2 for each(SS*° that consists of continuous
residues in $%)
for each(SS;™
residues in ™)
if(CAMRPD(SS®, SS;™, MRPDcrp))
CFP = pair of (SS%, S8™)
insert CFP into CFPSET
sort CFPSET by length
CFPSET = select CUTOFFcep of CFP from
CFPSET

w

that consists of continuous

o ~1 & U

6.2 SPP #7|

S+ Ao Zold CFPe d&dH %
o] Atk wetA o] dAlAE A4F ]'ZT %% e
sl SHY SPPE Feth dutdoz owid
28 3FF AAE <R, R, R, Ris™, R,
R2x%>, <Rs™, Rs™, Re"™, Rz, Ru'>, R2is >
ol °]"}34 {}7] 2 7457 H‘:}‘C <R:%, Rs™,
Re™, Rie™, Rir™, R2s™>, <Riz', Ru'> Rlsﬁ,
Ris'™, Rig™", R2x'°>%} o] BExoz ddd v
2 ARG uEhd E =R ¢ M Fohd
CFPZEAA #ALGE W8 TE A8l A2 AE Jbs
3 CFPE& d4s) SPPE AAdsich

SPPE 7] ¢sixe ZE CFP 3ty 34 715

5& CAMRPDE &3 &Qsflot gtk apA% CFP/A
7} mQ A% CFPe x§9] 7l CFPE 27) 2%
G A wCe, 378 27T AF oCs, -, mA ZHE 7
F oCnd BF HF Re| 522 F 2"-1-m)ojtk. w
A BE ZHS ZArEeEE ue B Azte] ZAdh

o] EAFE& dddr] 98 £ =8& BE A9
Z8o] 3] FAABEA ¥3 CFPE 270¥ =33 Ax
e AT F o] AHE o183 =T NFE B
AA e WE AHESY 337 dde ad
78 2ol (@D, @, @19 CFP7F 2§ 7Hs3lr] fsiA
= {0, @} (@, B}, {Q, Ot =% 7Ieslofk =
Aotk o2 dEE FaA CFPE 2714 =9% 2

‘ ASP
Aligned

Sub—structure
‘ Pat

hshe wHd T2 PP LS AdE
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S5:554
A AN

¥ 7 CFPE #33l9 Sppg wt=e o

o2

g o8 oz sie} CFPE FA®E SPPE #&
4= 9lth. o] W SPPE Z#= olE oM A Ze=a
(Maximal clique)§ &= WHED0, 21, 22, 231+ &
A S 5 Stk A7 FElae agEy BE =
=7t M2 29 B8 =2 HoHy Ao EYa
 oud & ZYIdx A v ZYaz A9
"ok dE B9 28 794 (O, @), {®, B, (B,
@), {©, @, @& Z7 Fgzaoxw 24 (D, @,
@)gtol Al Zel=c)

CFPE 2714 Xdgsjx CAMRPDE ZHAlstz] $18
dugEL dxnelE 20) 71&HTh WA BE CFPE
A M2 g8 5 9 CFP$ CFRE AH3tHE
3-4). 2% 9 CFP9 CFPE 7437 A= QSY
EE W7EE TP Az RE 7= P8 4
FHE 5). L Yoz R YHITHE 6). B4
g 5%} 57} MRPDsppd] fALEE BE3hex]9)
BE CAMRPDE ©l&3) #AcHE 7). CAMRPD

BEs= 39 CFP9 CFPE k=2 AAsto o
58 oAz dAd aYP=ZE AHIFIHE 8-9). o] F
A gag #Fu, FYAE FA43IE= CFPES o%
814 SPPE FAHE 10-11). viA=o.z Zojr} 2t
£ SPPE AIA37) 1814 SPPES ZolE AEslo
¢ CUTOFFspp/l9] SPPRHE ZHo g AN E
12-13).

notn &

&a1elE 2. SPP2Y)

1 SPPSET = @ /* set of sub-structure pairs */

2 GRAPH = @ /* graph #/

3 for each{(CFP; in CFPSET)

4  for each(CFP; in CFPSET)

5 §'% = CFPSUCFP®

6 s'™ = CFP"UCFP"™

7 if(CAMRPD(S’®®, '™, MRPDsep))

8 construct nodes and an edge using CFP;
and CFP;

9 insert them into GRAPH

10 find maximal cliqgues from GRAPH

11 insert maximal cliques into SPPSET

12 sort SPPSET by length

13 SPPSET = select CUTOFFspp of SPP from
SPPSET

6.3 ASP &7|

SPPE SHOZ A 72 £ EAE 238
= gl 23 FASEE Holg s w8 TS 2
< & 9k QSE T'S B3l W F TS FHsA
SPPE Fdske A7jEer ol 1 99 Ay =3
AFd TIFoTHN ¢ £ HE AWE 4L F Aok
ojgigt AUIEL EEFoZH SPPE  ASP(Aligned
Sub-structure Pair)® 33 vzich

A8 245 g337] 93AM & =8& MRPDE %
ZHAAZFEAM Ao Fel 7bEd )9 A 71EY
AE Ao TIAIIE S AR old o)
Z7}A171= MRPD9 #7}4k& ITERMRPDE 3%
MRPDE %7}r71% 34& ITERCOUNTE 3tk o)
9 ITERMRPD$} ITERCOUNTS®] Z3< o274 s
7t waka g4 Aalel F9) &L=} ARFA) F
o' SPP¢] MRPD7} 05A¢Y o, MRPDE 1.0A7HA
38 ASPE FASe WHe 27HAE e $ doh
1) #4 MRPDE 05A°A 10AZ wg F3gshs 7
27} glch 2) ol @l 05A0A 06A, 074, 0.8A,
094, L0AH Zo] o W9 7 @AE AXEA
4 = Aok FA7E AR vsiN o F2 An
EL 42 e Wi F 9AE o3 o AR
2X A7 A|7to] 2 HHALL

B E2RoA AMgste 2 gnEEe duE 39
A&t WX FFse #AES] MRPD' S 73t
MRPD'& #3479 #A1£< MRPD$} ITERMRPDE
YA AFFHE 6). 22]3 ASPE ol&sl|A HFHd
AR WS T'S FetHE 7. 29 98 28 T8
olgsld s¥g T's¥z wegsth(= 8). T'S¥g &'
o] 2E I7|E vlms)r] MRPD'E @A @e I7E
< FJHEM AEE ASP'E 2EHZE 9-10). F
ASP'E o &l ALE3E7] S8 ASPSET o &
74ETHZ 11). o] #AL ITERCOUNTZE urEZo
2 F935te HE A ASPE et

dnEF 3. ASPE7]

1 ASPSET = SPPSET /* set of sub-structure
pair */

2 iter =0

3  while(iter < ITERCOUNT)
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4  ASPSET’ = @ /* set of sub-structure pair */

5 for(ASPi in ASPSET)

6 MRPD’ = MRPD of ASP; + ITERMRPD

7 T’ = transformation of ASP;

8 T'S% = structure transformed from S by T’

9 ASP’ = extended sub-structure pair of ASP
whose MRPD is not over MRPD'

10 insert ASP’ into ASPSET’

11  ASPSET = ASPSET’

12 iter = iter + 1

AFHoZ ASPES ol§3lel 499N AWE SGE
FA G,

7. &g

B BodMe £ =&dA Al uid 1z Y
duTEY BEA4E IS 4E9ES BN AFP.

7.1 8 A

A8E 981 20063 6¢ PDBI24]23RE ohe e
PDBEA)9] tuld 7z dolgls A4l 38 2
#Z AT fAMEE SG-Scoreold LHE Z0)7] 9
A v} A¥eich 100084 AAF FFE AHEsTh
Aol AEY 4 24GHz CPUS 1Gbytee] w <)
Hmelg zZe S=dolE AM8-5™ Fedora Core 5&
TGA A E ALESIR

7.2 oi2lo|g| A

£ =FA AMgsHE #etnles MRPDere, CUT-
OFFcrp, MRPDspp, CUTOFFspp, ITERCOUNT, ITER-
MRPDe|tt. o] %44 ITERCOUNT$} ITERMRPD&
A3z} dAA AHgshe FElvjElolng 2 vl
HE 2% 238 F 3 A¥ch. =% CUTOFFcrrs}
CUTOFFspp= 2t x81E9] viAdt ©@A|d A ALEH
© AE9 JiFpolBR Fo] €45 & FH vt
A MRPDerp$d MRPDspp2 2R 28L A
Y ol CUTOFFcrpret CUTOFFsppE ARSIT
upA=to 2 ITERCOUNTSF ITERMRPDE ZA %),

FAREL o} AV @ il Fxo) 45L =

# 1 MRPDcrp$} MRPDsppe] WH3}ol] ©E SG-Score

FrHE A3 48 YA FA=r) ol
=AY @2 @9AES FFde A FdevEe @
o] F@3A FEZFHI} vldy] wEe|d. oA s
gulelg 2437 4% 718 2 doles fdEvg
Wl Tze F3% F=] FAEE JiXEe d@E 7
ZEo|t} o]g Y3 g o wE EF WAl
SCOP(Structural Classification Of Proteins)[25]9] €]
A ERTE S =@0(Domain) Bt AL}
HAn FHADE(Super-family) Bt SAME7 2 o
Y& (Family) E2 FAIEE zte wwid 7z %
£ A3 AHE3Th

A3 1. MRPDcrr9} MRPDspr 9] 273

MRPDcre9t MRPDsppS X871 Y314 914 CUT-
OFFcrp} CUTOFFspr, ITERCOUNT, ITERMRPDE
83 2AY e g 27 500, 300, 200, 0.1A L=
A74% F MRPDcrpe 0.2A 58 1.2A7FX] MRPDspp
T 04A%E 24A7A WAzt 49 A 2 19
#o] MRPDcrp$} MRPDspp7} 242} 0.4A 3 16A Y o)
718 & SG-Score 0.59F AUt WA o]E AY
ol MRPDcrr$d MRPDsprE 212} 0449 1.6A 8 A}
B3t

A4 2. CUTOFFcrr¥} CUTOFFspprE 23

o2 CUTOFFcrr3} CUTOFFsprS ARSI 43S
8% AAE {20 EAY. olw] MRPDepet
MRPDspp, ITERCOUNT, ITERMRPD® k2 Ztzt
04Ast 16A, 200, 0.1A & AME¥TE & 2004
CUTOFFcre® CUTOFFser7t 2b2ZE 200, 404 doiA
W 33 2477t AY 22 AL & F Ytk olAe
CFP} SPP] 7i4=7} Z2 2008 40€ ¥ Fde o

¥ 2 CUTOFFcrp® CUTOFFsppe] 31 whe SG-Score

CUTOFFspp

CUTOFF\CF? 20 410 60 80 100
100 0550 | 0550 | 0550 | 0550 | 0550
150 0546 | 0558 | 0558 | 0558 | 0558
200 0.557 | 0.566 | 0.566 | 0.566 | 0.566
250 0551 | 0.563 | 0.563 | 0566 | 0.566
300 0.539 | 0562 | 0566 | 0566 | 0.566

MRPDspp
MRPDerr 04A 0.8A 1.2A 1.6A 2.0A 24A
0.2A 0.370 0.497 0.536 0.538 0.533 0.483
0.4A 0.363 0.520 0.577 0.590 0.585 0.556
06A 0.453 0.522 0.567 0.582 0.581 0.568
08A 0.482 0.501 0.539 0.574 0.576 0.568
1.0A 0.499 0.507 0.560 0.572 0.574 0.566
12A 0.498 0.505 0.541 0.559 0.567 0.558




406 RS =g A

22 CFPS} SPPE AHg3ltlsl: o] £2 3 24 E
27) ojgtie A& ougitt wEld o)F HFeMe
CUTOFFcre® CUTOFFsppE ZH2} 20034 400.2 EA
g}

A% 3. ITERCOUNTS} ITERMRPDE 24

% 719 z&uly ITERCOUNTS ITERMRPD:
Mz d4dsiA dasle] gtk ITERCOUNTZF A,
ITERMRPD7} 28 o) 718 £ A4 2A#AE 4L +
gt} &}x|%F ITERCOUNTZF AR E g AE Ak
713l mekA 3E A AR Efolz=ex
(tradeoff)E& T 3A 7S et ® 4904 ITER-
COUNT7Z} 713l wel AY Azl A¥Hez F
7¥sH, # 394 ITERCOUNTZ} 303] ©]43, ITERMRPD
71 1.2A o4 ®f SG-Scored Zrigko] A4S ¢
+ sl et % dYeHE= ITERCOUNTS
ITERRPDE zt7z} 307} 12A 2 AMg-&uh

¥ 3 ITERCOUNTS} ITERMRPDS] W3lo] M2 SG-

tloletilo] 2 A 34 @ Al 5 F(2007.10)

=

ehdch 3E g @A sidele 2% d9siA A
934t & 59 AE ¥ RMSD ©E N& vlug 2
#, CES Bludted Adgd whalo] 20749 B2 2+ &
oM 27E A1 67he 22 JUmA 127060 o g
28 RS ¢ F U

% 5 IATP(E)®} cAMP-protein kinaze #28E o}&
g A4 Ay

i 1 ¢
1APM A 350 Domain 033 336 798 336 0.93
1CDK E 350 Domain 0.38| 336 79 336 0.92
1YDR [3 350 Domain 046 336 79 336 0.92
1CTP E 350 Domain 150} 303 74 316 0.81
1PHK _ 298 Family | 150| 255 7.2 255 0.76
1KOA _ 491 Family 270 | 258 7.1 274 0.51
1KXOB A 387 Family 278 | 260 71 280 0.56
1ADS A 438 Family | 253| 237 70 250 048

1CK A 317 Family | 275| 260 6.9 260 0.59

1CSN 208 Family 242 | 248 6.8 249 0.60
1ERK 364 Family | 260 254 63 267 0.53
1FIN 298 Family 225] 253 6.8 257 058
1GOL 364 Family 260 | 254 6.8 265 0.52

»h P

>

sy 298 | Family | 245] 253 | 67 ["251 | 057
Score IRK | _ [ 306 | Family [ 331] 244 | 65 [ 256 | 046
1FGK | A | 310 | Family | 350] 251 | 62 | 255 | 052
ITERCOUNT} 20 30 40 50 IPMK | _ | 452 | Family | 282] 245 | 62 | 251 | 045
ITERMRPD IWFC | _ | 366 | Family | 306] 240 | 56 | 256 | 047
04A 0.378 | 0.498 | 0.550 | 0.571 | 0578 IKNY | A | 253 - 429| 112 | 39 |10 | 009
084 0.459 | 0559 | 0577 | 0582 | 0583 [me ] .Toel - Taw]lselss [so]os |
1.2A 0.509 { 0572 | 0.580 | 0.581 | 0.581
16A 0535 | 0576 | 0579 | 0.579 | 0.579 % 63 7¢ ©E WA HdES d9stA A8
20A 0549 | 0575 | 0.577 | 0577 | 0577 % CES) vz A% Aol q_ E 59 T B =

¥ 4 ITERCOUNT$} ITERMRPD®| wW3le] @& 3

A1z
ITERCOUNT
[TERMRPD 10 20 30 40 50
04A 0.434 | 0.722 | 1.039 | 1.349 | 1.618
0.8A 0.490 | 0.767 | 1.025 | 1.273 | 1510
12A 0474 | 0.768 | 1.078 | 1.345 | 1.642
16A 0.506 | 0.760 | 0.999 | 1.230 | 1.385
2.0A 0.426 | 0658 | 0.885 | 1.113 | 1.334

7.3 CEQ{9] MY 1} Hiw ¥

Agtsts ZigdME e Y dnE 27 HE
o 3htel AE AFws Fe g =879 HAHPFHY
vZE ojych W4l 22 RMSDE zZE 4$9 ¥
g 2719 AL NS vnge sy g es s
£ ¥ag 4 it

¥ 5,6, 72 CEAA AANG 38 AR} £ =7
A Aerg WbHel AE ARE v Aot A
Similarity level® 38 dlge o9wd Fx 49
SCOP¥4o] W& FAF FE& YEepdlal CES Pro-
posedE z}Z CE$} A¢HE daaZe A ARAE

BollA Ate el iy
A7t Y 2S¢ & AJ\D}'

7.4 O] FAIT 2o w2 SG-Score

32& SG-Scored] 848 #HE3] A F A
o] gla x Z=(Fold) Ubiquitin-like? Protein
kinaze liked] thdle SCOP £5F Walol w2l Tw
oNDomain), MY (Family), 773 HE&)(Super-family)
Alol9] SG-Score® FA3) Rtk FIE =HL,
g, 39 Aol £33 e 99F F2ES vlag
Ay 22} 0.916~0.505, 0.754~0.415, 0,441 ~0.271H %

Ao CERT AH¥

¥ 6 IMZN(A)9} NTF2-like e BB 2H

[ “Famity | 071 7 | 122 | 0872

A

A Family | 0.29 Y 125 | 0926
A Family | 036 . 126 | 0863
A Family | 029 125 | 0932
A family | 077 123 | 0907
A Family | 071 ) 121 | 0897
A Family | 143 . 120 | 0782
A Family | 145 120 | 0745
A Family | 169 Y 116 | 0696
8 Family | 180 . 11| 0682
A

Family 192 1 110 0.643
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X 7 INKS(A)$} Nuclear receptor ligand-binding
domain SEE)7HE B3ES A7

Eé.z i g &,

tis baad
1sgn A Family
1sr7 A | 258 Family 195) 207 | 68
1a28 A 256 Family 202 | 210 6.7
Uz A 126l Family L77) 203 | 66
3ert A | 261 Family 248 201 | 65
3erd A | 261 Family 200 210 | 68
15j0 A | 248 Family 189} 161 | 63
igwg | A [ 248 Family 185| 207 | 68
1gkm | A | 255 Family 226| 205 | 66
12 A 271 Family 197 | 192 6.2
17g | A | 287 | Femily | 2487 218 | 62
1s9q A 251 Family 1.56| 183 6.8
1tfc A | 251 Family 165| 210 | 69
1kvb A 230 Family 1581 208 70

9] SG-Scored) WHYE RYL =, vwitele @A
T2 A9 Azt 3 dge], Wl =Hd &2
2 Fold4E SG-Score’t EolEE & 4 Utk o E
B3] SG-Score7} A¥He @A Fx9 fAEES
AR 5 e AEE AR F dS5E A 5 vk

7.5 Azt 3 Al

vpREto 2 whild Fz] Zolo) mE FY AL
AP ¥ 2182 delgle 59 A2 &
e o 4 FAA AFEA HdddE RE
4319, 1Y 85} 2o} CE4l Proposed 4] =%
gl did Tz Aoyt AFAFE HE Allo|
AYoz Z/gE & £ Adrh 2 Agtste WA
Me e 39 29E ANFelT B, FE A
e @A shiel FE AA{NE AASe CES A9
vs:ghs & 471 ok

o o

ent Time(Sec)

N (The number of vesiduc}

a9 8 wua 729 Yol hE FY A7

8. &E

Aqzo] wA" wAEe 7|5E AZde A& A9
FEAA w$ Fosich mEpx FHZe @A 7)Fs
frshed AHEE g2 98l 72 JE dudd
o] BEFct Aut 7)E2] WHA AMREHE fA
=71 AA AE AR A A= F RSk i
HAZFHoz shte] HE ARTE F7] @i AR
o BEEE Folud AV UAXRT wEA B =8
olyF 71& e FAHEL Al YsiA o
I 2L 3714 S A

AA, N2L A= &7 942 MRPDE Akstdl
ok, Ak MRPDE ohd9 2714 FHEE Ze=d D
RMSDe} HIBIA A AXEE A@Ho2 o)ajd = 3l
o} 2) B3 A Po| HA| & oA Fojd Tl ¢
ZE9 MRPD7} vlg] XA " dA z& d=x9 %
E WEE £ Qo) 38 ALE 3A 722aANE = Ut

A, ded 38 AAES e aHdEE {53
o FAske SG aH=T TF whalyg oo 7Nk 41
% SG-ScoreE A|¢t3lHTt AT SG= 1) AE Aol
of wiety FE ANE BHH] W] 2z BF
< B84 aA 2279 AAHA FAEE Fhedl
getd 5 vk 2) aH=e] V& 7E BElA A A
3 Zols AR Bok 44 #98 & AEE Ik
3) MRPD®%t oljg} RMSDE HIE£F T E fAIRE
% SGE FAEEY o188 F o} FFAel =t

npAgte 2 MRPDS} SGE ol&3te Azg vl
Tz Ad gudEg AUdsgch Aad duEHe
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