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B AF ERF T %07 %, CASPS By 13 N SK B B Ar e, A 1 B A 2 AN EARE TN 4 RAEE cASPS
AT EE R, 7 MELFET 10 45 CASP9 # 20 MK EM B Ax R & P R LR P A 20 Nt
N\ Server ZLHYH] 10 4, AL 1 A 11 DHENET 10 4. A X E R B 2N F 0 = & 24
SHATHER, TUESMBENRAREGROITET L. AR, EREZRELZIT AR L RK
WE-O kA IR AT, X TR AF A R S AR R SR O A ] RER A R — R TR B i

X EARER AXTFN ZFaRfTg: FOHE BAREE

jilll3

1 5]

BRI =gk e T H A ThRE, MR AR AT B e B S AR s RERG. PRI, R
FHVHS 00 T BN e 25 10— 4E G546 O THE AR 2 I B RS  — . W B S AL TR0 75 724
P LA B RIJEPE AT 23 A RS 2 TR K S (templete based modeling) 15 F AR (free
modeling, FM). FM 415 ) H b5 7510 [RVETER T 30%, B L08R a0 = 445k f5 11, PRIk SRR A
Mk (de novo) TIMI. 5K TR, Aff e B 1 T 402 R A IR 25 R T 0 2 520 3R [l
BN, 20 AT B B A A R B v e B R E A B BT, R B A
TOOIN HAT CARFIRR 2 R S U A SR T A 1R AR Fe ORI R s — e S R4, SRR A
AR OU R, B85 /N b BB SR 14T 0000 HE R B TR S0 IR T 4, O i A R T
PR FE 1) 23 1R %
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TEWN A — B I 8 (A 45 M 0 Al K2y CASP (critical assessment of techniques for protein struc-
ture prediction)® HH ST S HAT PRk E. CASP 75 HH: FE50 Rl P B 1 0 &5 0 T AR BEA T VT AN,
PEAT 2 o B A A @R VA e ) 5 R B, BERR A AR AN R T AU ) BaE 4. il ¥ CASPY
1E 2010 4 8 H5E. 7EJi)m CASP tb#&H, David Baker /N[ Rosetta Fl Zhang Yang /N
I-TASSER/Zhang-Server ¥4 5 IR, AU EHTE CASP1~6 " 7 6% # J5 & 7E CASP7~9 HUhZ%
A FAT =44, Rosetta KH Monte Carlo SR K Jy v, i B A2 16 5 A 18 5E 3 0 B U 48,
SR G4 JR T A0 A A3 21 5 RS P IR AR T % 1670 T T-TASSER 1 46K Hi 287772 (threading) £
I ZE () 3 iR AR A R, SR 5 S J) A 45 R 4 2R 1 UMY B, S5 A D 22 YK Monte Carlo X 282K
HUL BT 44, 189,

AV SHALRLIERE R R B RAIFAT TF A R BOURAT , SRAIIFAT T SRR T £ 1 i 2R o —
T E ARG FE. SCHR [10] SEIL T4 Rosetta BTN 00 2 3CHIAAZ #8451 OpenMP 73 BOIFATHI TS
%, IR 4 AR BTN S5 R, SCER [11] o T H— AN RA s oH SRS R TN £ 1 ST S5 A K 7
%, 0P T 2 A BIES T IHAT TR SRR, SCER [12] R OTAT P AR RIB 25 /) 1) 5%, E 65536
A CPU BB RINTAISEER T4 CASPT FUlll H AR, _LaRix 4877 2 (5 s 8T S —
AR CPU KL, AT FIF5AT U IAT 0N B3 FR 22 e, AT FOUIIKS B2 bt A7 A ot .

— R, B TGRS T A P AN G HE L 2T — o LA L R ORL R DG R
SR, HATHRe R B AN HERD; — . REBATH TP ARAE R R B R, BRI R A ]
ER. BB —ANHE R, AR ST R4 M2 U B D 2R P ) RS AR A o 22 H AR AR AL ). SCHR (13, 14]
SR T R R PR 2 H AR 7, 48 3 AR RE B IUE A 3 AN/ MU H bR R, X
CASPS8 1] 4 NEEIFEAT TINK. 277 = H 2% &R G T AR RE I, JHRA % B 2 R R AR
R R R

AICINHy, Al R ESR AR R E 1 TR SR TN i) 50 A R R v BE R4, AN Rosetta ) RE 5 R
K, B SCERUEWIOU B e e A, Y ARAS B 28 ORI . LR, TR G A B SR AN [ (1) e
TEAANFTERE, /EIHATHHREIF 6 L, AT RG22 A R BRSO AT . B, ASCEgi
T ) AT RS 2 FE R IR SUE A, BE R R B R A Rosetta "I 2SR R RREL. AL
¥ Rosetta 12 A B8 A EUH AT UM LTS, L ACO (ant colony optimization) %% [19:16]
VR FEARTE R AR, Wil FISEEL T 384T ACO 57k pacBackbone (parallel ant colonies for backbone
prediction) KM 1 TUR AL, LA A 0 A 1 ek E Rl N AR AR T, AR e U R B A Rl R IR RE
AR ZJTIEAE CASPS/9 3t 42 A FM L4 LTI, BUS TRt gs 4L

2 (o) RRYEAR

B H 0 1k, FrA R A BES A AL T VAL Anfinsen B (4 by (4, ST TG [ 8 A L
— MU TR BT B, DA SK TR 1 B AR T 17 S0 8 ) e gl AN A 2R 2 [ AT 9 b 5 Ay T T4

ASTC K TN AL 28 A5 1) AT C S M IR TR 3 Be. R R B MK I 5 28
SN (0 8 5 B ORI TN bR = 4G, PR PP A bR v A b e I AR IR 45
Hey (6071 O Ik o e B B A B oK T Robetta 7R TR 5525 L8], BEXHEEASTI0IN H bR AERC T 3
WIS 9 BRIEWA T BUE Fs Al Fy. Robetta i BB PTAE I 2 AR CA I G50 Bt e, 228 B BU%
R A P T T H AR R [ AR A R AT DG . MO AN I SR, T aRE I P B2 (1 i
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D, w] LUK 2 ST R X CASP8/9 i) FM Tt H Ax /& R I&E A 11,

— AT IR AN R S5 R oA 3 ORI, B 1 FONIRTE (helix); 25 2 NPT S (sheet); FRIRTE
5918 2 AMOHAL — R AR AR (loop). TEASCH 3 H, E Al L KRR, B UE 22451
KH—H 1 AP IRIE. o LA A BN R B N T MU TCAH (¢, ¢, w, ss), HH ¢, 9, w 23l ik i
BRI 3 AN IR, ss RONFRIEN RS HIRREE. R, B R BRI DA SRR T A N, BAIY
TR HIE . SEEr b A B N ke (e A 2R 2 ) 48 Ay B T 2R 2 ), i o 2 s
(2B T OAE B i G B BR T Bk 7 I Fy Ab, SERERX R B, ASGEARL T 1 3R B
P Fr. BTV 1 BRI BUEE, R 3 FRIER 9 BRI BeR G OO B B 1 B B ANEE
— R F BUEE, A B A i B S 0 H BRBE AR . P LA A v BT DL —
MHITCHVIREZR f = {(d, 0, w,58,10)1,-.., (0,0, w,85,m)s}, Terh o IARUEME, 76)5 30K bk
KEVERE RAE; s Rom B, ZEARSCHON 1, 3 A1 9. X 48 BRI @ Shk3E, A4 Bi
HA R, H F; RRXER R BUES. W T —NKEN n BREEPY), iAo n A F MO B F.

B e T A BB AL, AEAS R B AN [R] 6 BE 5 e BO3EA T PR, AT PR 28 ot i e 1 1)
ety 5. feit R — M R B G LU R A RIMHEF I IEEER S BRIEEER . gtz md
WA BRI S ERESE . HEBREFII AR RN RS (6], Rosetta 3.x RS0 19 [ MK TN R (5 29 R v
T 5 MNEeE RS scorel, scorel, score2, score3, scoreb, ‘EAITANMEE T IR REETN, 1HEE &I
HIRLFE AN, Rosetta A SKTIGINELVESEMUFAE T score0 5 scorel, SR AL score2 5 scoreb, i
J5 H score3 X AEHATAAL. ASCRIX 5 NS R EE A A SO0 IR U 24 B ARk £, (A5 U0
ST, TR AR BRI, A ST ) 5 07 T R R 1 B .

S, R TR AR 1) R 2R A L A T e AR 2 H AR A A )

3 FHITWERAATE
3.1 BB

ASCHE T4 R AL, R ACO SLH7E I B ] 8 2 B (A AL 4 Pl B 4
AL 1 TR,

B 1 55 2 AT Initialize() 0L EGIATRIMA L, BUAEE (1RIF] S WIS (RIS M, %
AT B OB = A — T £ A B —150°, 150° FI 180°, —ZREHIRRAE ss BB N L. WIHEILA
R Moy T M.

Fvk 18 3 AT B pac W BUREE AL 5 4 4T IRRER by BURErh gAY
FIXE A, pant PP UBCRED I /8, FORE R — AN B 5 5 A7 AR BR 4 WA
Fogs B R B B T AT 1 P BN, pce FE) T8 AN B A 1 VK

Fvk 1 6 4TI 3 RIE ST B Ty 5k 0 BRIESTEREE o thIEEE ARk M B F SR
ek

f:{ Fy. if q < g0, "

Fg, otherwise,

Ferp g o [0,1] ZIE AR ANBENLEL, 0 S8 —AHELL T AIERE Fs 5 Fy B
SV 1S T AT AT I OB E — MEAGLE. B A n KIERE A B T [n/9] Ik
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Bk 1 BCREEE AC(S, n, F3, Fo, T, E)

1: TInput: &K fasta J¥I S, MAFKSEE n, 3 BRI BUE 73, 9 BIL T BUE Fo, [ R FMFE T, lEEME B
2: Initialize();

3: for gen =1 to n*p_ac do

4: for j=1to n+p.ant do

5: for it =1 to n * p_cc do

6 RAE 2 (1), W BUE Fa 8l Fo, N F;

7 BEMLILESE —MIREEALE o, N F b, e N3 « A BREES Fis

8 MRS (2) PR £

9

M SubstituteF(f;-‘, M;);
10: end for
11:  end for
12: My, « argming(E(M1),. .., E(Mnsp_ant));
13: M, < LocalOptimization(Myp);
14: UpdatePheromone(M,);
15: if E(M;p) < E(Mps) then
16: Mps < Myp 5
17: then
18: end for
19: My, < LoopRebuild(Mps).
20: Output: WML My,

9 7 Betli A T LLSE B IR T AT B 1 . (EURE i Tk Fr B 81 5 H AR e 1 BAT RIS AH B, i
AR AHSE, BT ATRA X B Sl B s il A5, BVREN U E AL &, H ARV o
B 1 8 AT IR BUE F AR AT B £, IEFRIKTE N

@ B .
argmaxg. NTiq il lf < ]_7
I —{ & fJGFl[ J] [77]] q9xq @)

random pick up a f; from Fj, otherwise,

Ho By R B oy A5 R, ngy &S8R, BATHIRAR 4,5 70 500 RS ¢ 5 RT3
e F; W BR S s 8 o B B o FHR TIOR8 b B4 JEL 3R (B AR, B 15 U
AT LA R 5 2 H T WA K ML g O [0,1] Z I AR BRI, S0 g1 R LA R B
W5 2Bl M A AR 6 B L R

530 1 35 9 4T SubstituteF(f7, M) KBt f7 TR AR A RIBR B AN R M 0SB
BEAL T A BERIBRAS. 55 12 4T3 WSO rh a5 — N BE R B IR S A A AR B S My,

9% 1 55 13 47 LocalOptimization (M) J&7F 5N S8 B 4636 J5 HEAT IR R4, KI5t
AR KA S 7575, 0 TR R — A BULE, AR B & rh kit — A Re g i 24 i e
BRI B BOKAEAN. “BEAL 2 MetropolisiO) BEIIRFE .

5% 1 % 14 17 UpdatePheromone() K& T MMASPY [f) 4 Jai{a B 22 58 Bt ). 1k BeIkAR s if
fFREATAE B EH. Briffs B o, tHRE Ak

[

Tij (1 - p)Tij + PATij, (3)
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HP 24 p € 0,1) MERBEHERREG Any = QEEM)). B TREEM 5812, Frlithe el
E(M) FTE R Q W B —AMFEE 1 IX IR, &30 @ R R R VI R%L.

B 15 1517 ATR AL AR R My, B2 RS My,s.

Jr, 59k 1 %8 19 47 LoopRebuild(My,) £1%F Mys HI loop XBEATRIERILAL. T L 45#0%¢ H
FE BAERR) A R, DAE B s A T v 5 4 R M. AR SCRRIE A 10 7 R Fy AR BRI RE
JEAN Fy 5RIEETBUE. R Monte Carlo #2454 Metropolis MU, 78 7y R RN L
(1 1 3R B, B BRI A R i AR e A

3.2 FHITWEHRIT 5]

FLEAE B PSR E — R AR AR AT ACO S 22 AT I 2 AU 3L = —ME R R
B, ASE AN AT DAAT AN [R] PR 48 28 SR H bR e . 2 I IR AN e (5 R B R, AN O n DA )25 AT
AR, JLIR A EAF IR H AR B AL, 35 AR R s T 22 i DS FH 2% TSP, Bayes
W3] 281 i HP P8 )l 24 f QAP |

AU OpenMP AERXHN AT IR SEHLEE ey o, SR NSUREAR SIS ATE % H R RAE T, BRfE S
AP LA KA H AL, A T REATAR B AT 2 AR, A SO TR AN JE R A M R U I AN &
P, A SRR AN A2 (0 SR RN LA L3R AT DL SE 5 B 22 MU ) R A R 5

FkHh, pacBackbone YR p > 4 DMHATIIBHELLFE AC, (score0), ..., AC,(score3). HI 4 MEEFLEM
WCHE> 1 score0, scorel, score2, scoreb $& FAEREAUM. HARTIBHELL score3 A5 F. pacBackbone
RIARFALE T IAT IR L = AME R AR 7. WO P (A P S A (R e s AR /) AN T
. B, AR ISR L 2 [/ ] — R e B4R 3 R B R, i EL A ISUREEAN [ 1) e R B
S NHIE B AR T 1) BRI 3R

3.3 EZE decoys

1T IUAT O BE s BN RE 1, T LA, BeAIRRE 5 AR e R b de I R ARG K. Tl FR A B 73 02
FEAE AT G5 AR S A, IXANME A WFR N decoys. JBIEXT decoys H 45 #4 2% TRIAHALLYE: S 44 1) 5%
B, R B AR M AL, DABAE D TI00 1) e 4 G546 CASP ZESR RGN 0 B A TR H AR 4228 5
ANGER, FRIX 5 ASGRFE TN U ARSI, 9500 1 ISk (RROuREEY 1) ol 2 i+
WAL “d A Hifly, XA CASP S EEIIPAE XS A

Rosettad.x H RN 19 JEF-25#) RMSD (root mean square deviation) AHLLE, I-TASSER [f]
FE MY SPICKER 6 SR F] TM-score (template modeling score) #4755, T HK I L&A L
B BEAEARARLIE FRUBE (R PRt 25 55 il B eR BRI ) BRI R AT D¢ 7)) T LU A R 900 e, A%
SCR T PIRAS R SR 2R D7 10, 6T 90000 H AR £k S 25 (R M) T 4 T+ RMSD AHALEE K] Rosettad.x
TR TR T AELL R HEET AL GDT_TS (global distance test total score) [f] AP (affinity
propagation) #3577k 28],

AP FERFPIE A HBCH B IR, W I H AR AR AL B LL B R . i T AR SCR AT
R B bR A5 L e ke 2 T PR JR A (0, e DA, T AT 82 1) 45 R 3 R Tl H A it (%14 CASPS
H bR T482-D1 ), fig it REU K IR ZZEER L8 ATV EIXFIE DL N, MR K A& 22 7 KK
I, B E AT SRR AL, AT E AR — AN Erp. D, FRATTRT EERHY 5 2 ) KA DU AR B
R 22 SRR T B BE. 556, AL GDT-TS kAT, o M5 @ Ml j ZIRIRARBURE 2 &5,
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BATRIS o5 6 F 5 Z A RER 2 AE,;, P
AEU

Wiy =
Zp,qedecoys AEp,

N HEREALE, JLADBOR, XF &, MRRSTEOR. 22 i —AE B, BIE R BUEE w); = & —wy, P N
& decoys HFTAT L IR gy AP SREREARIAMBLE R ¢ = &;(1 + w)).

4 X CASP8/9FM HrEIIFEN
4.1 MR FaFNiRE

AL CASPS H brFiill it FH I RE R854 4 B8 XK 64 A7 1.6 GHz Power (gr) CPU 1) IBM
pServer, It LAFRAT I B IFATERREANE p = 8. CASPO H bR TUIN BT 1 (R 1E R 35 04 BE O i P RE AR RE, 0,
20 > 4 B AMDS347 IRYFEVUAZ AL BLER I o S A, SR 320 ML TT, B DL B AT 4R
A p = 16.

ARIFATU SR IV R BCR T Rosetta $2AEIRE R R 5L, Hh 4 MRS HIKH score0,
scorel, score2, scoreb, HAERFEAT K score3; 15 REBLALIY B, T TR KM score3. ZAKik
Frh, TR ERBNSE, K Rosettad.x FIEEREIT R VAL radius E N 3.0 (5 CASPS)
A1 7.0 (6 CASPY), AP INBEREZE P RIS AR BN BRI median. CASP8 I REAN HFRFATTA 18 T
800 4~ decoys, CASP9  {{IFEA HARRATAEL T 1600 4™ decoys. HRHRLK:, ik 1 3 ASH T4
PRI IRBIIZEL p_ac, p_ant T p_cc 73 HBEH 0.6, 0.6 F1 6; 20 (1)~(3) HFINSEL a, B, q0, q1 Fl p B
AR 1.0, 1.0, 0.6, 0.8 F1 0.01.

CASP8 H 13 4~ FM HFx, CASP9 F 29 A~ FM HFx, FE4Ikr515S W CASP Mk B oA 7
AN FAELR SIY . ASCLLX AT H Ax ok MR LE.

XTSI 8 s PR R, CASP B R W4Ek GDT_TS 1 RMSD %%. GDT.TS &
KRBT HIRIRGE R ATEL, RMSD Bk/INE IR 5 R IR GE R ARBL. Ok T 25 G230 J AR AN [F) VR AN Fa b
FRTIRE S, A SCK GDT-TS, Qshort A1 Qiong 2 1E4 CASPS Tl H AR VFMFE 4%, 5 RMSD 1E
i CASPY TGl H br ) PEIAE bR, S92 b, B 2800 VPl A B 2 — AN R IRE IR o), 2200 5.2 /NS
VTS, i s, ATAHDRERAZHETF. 9, o T8— FM Hix, BANEHH T
pacBackbone 5% [F)¥E BE S HAHXT T AT CASP ZVE RS M4 . (ERm Jy i, A4 1y FM H bR
PR 25 A HE.

CASP HFEH &S FEATTLAS> A Server 1 Human P2, BT 20 cHHLES S HEAT TN, 44T
WL R AT AR L KN B 58 2 flas Bt B ar LS NS L RN LT 518 5.
SCHTIESRE A AT 7, WA B I NBAN & A8, Bt AASCIPEREVENTE Server 14T,
CASP8 5 122 4™ Server #41, CASP9 £ 139 /> Server 41 51, A 45 B CASP B 7 A A i 45 3
AT T A,

4.2 % CASP8 FM it EEAY4E R ELE

AT M 70 CASP8 1 13 /> FM HFRHITNGS R, VEA1EE R 2 WA ARG A 78 b kLR S2

1) ARSCIEATIIFE R S SEE B . R85 WM = 20 HEE P, mT BAM http://ckest20.suda.edu.cn:8080/pacBack-
bone2 %’%f%ﬂc
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140 ‘ ®)
120 i
100 | 4
80 | g
60 |
40 1 T
20 1 1 1
0 Y N 1T Vv
1
4 9 949 3983 3 949 3 3 3 39 3 3
WoOE K K K OE K OE R OE K U owu
e S S = B2 B 2 & I »®» B o= ~
o T S S S N AN A DN O of
i>AvENvENvENvEEvE v v v A v AR v BN v R
Best GDT_TS in all groups GDT_TS of mode Count of all groups == Count of server groups =

Best GDT_TS in sever groups === Best GDT_TS in decoys=— Rank inall groups + Rank in server groups <

1 pacBackbone 5§ CASP8 FiFRRX &R LIIER
Figure 1 The comparisons between pacBackbone and all other submitted results of CASP8. (a) GDT TS of CASP8 FM
target; (b) rank of pacBackbone model 1

2 B#F T416-D2(a) B4R T443-D1(b) MM BZRIBMLILEER: RALEH (L&), CASP8 F
Server KJRIFLEM (HER) FAITNE (HE)

Figure 2 The superposition comparison with the native structures (red), predicted modell (yellow) and the best predicted
modell of the CASP8 Server group (blue) for proteins T416-D2 (a) and T443-D1 (b)

(WLE5 1039 TTRAIVE 1)). K 1 A H T XHEA BARmdab i B e, DLAHEA LR B 1(a) Hakt
O MR SR A Server AT R GDT_TS Wil (& K) fi. LEOARER
pacBackbone FTTN A 1 () GDT_TS 734, L 2 DN HAR (T416-D2, T443-D1) ) GDT_TS 7
HBolo T SR A U H. 5 EAEAR R pacBackbone F=E ) decoys A GDT_TS 4344,
A 5 ANHIRET A SR D BAE, 11 8 AN HARTE Server 41 IR, 0K RS 5 (ORI EL
B, pacBackbone AT decoys, {EL R T 2R VRN RAR EE R 3 HE R 1 IE ANt o, i
RRJFHIREAL 1 3 BUR BB AL T A, B 1(b) " ELEE T pacBackbone Y 1 [ GDT_TS 4%k
TETAZ A Y Server T HIFFA G, LMK I /NI EL, SO FRIC 4 pacBackbone
EFTA /NP IHES; W0k Server NIIANEL, A hRic A pacBackbone 7E Server /N IHES .
pacBackbone 17 7 A~ HARTE Server 247 40HT 10 44, Frfa Hish HAG—/>HAs T482-D1 HELE Server
MW G, Hax 12 DR E .
2 iz A pacBackbone fEZ 55— HAr T416-D2 5 T443-D1 S INFAREH I LAY ()
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PyMOLEBY 1),

FAh, BIN4NTT CASPS [f) 13 A FM HARI GDT_TS 4075 #7112 WA SCAEZe kb 78 8L S2
(JLE5 1039 TLRAIVE 1)).

GDT_TS &P T HI 55 1 = 4 gl b bt ids, BURAE B @ i o iz, (28
TRATAE JRy B G5 A IR /MR 22 25 5 S | RS VPAN 0 B B K 22 (1 i) . @ 4 29 S BT /N g5 M TR Y
TP RS I LR, NAREE B T IR rh B L Ca AR AT R Ca Z [AIIRIPE B, 1R L ik
G T FHN SR, BT LLASCI: T 48 GDT_TS BT HE AL, I8 Qunore (BRIEXTAHEE N T 20
1 Q 7480 5 Quong FRIEXAHBG KT 20 1) Q 7350) 7 HOHAT A HARII 2 #T. pacBackbone AHXf T
IR RS EA RS TR T B S WA SCAE SR FE A B S3 (LA 1039 TUIE 1)).

o, FARYE 2-score K # %% pacBackbone #£ CASPS [T 13 A FM H AR HUIN K25 51 BE.
CASPS &L trHE 42 L Z-M1-GDT_TS W filcHE T (EELF), st SRl 5 ArpiAl 1
1] z-score. ASCKFIX 13 > FM Tl H#55 ZhangServer A1 Rosetta PIAN/NH LAY, g5 anPd 3 Fiow,
TEM AR A S WA SCHE L AN B RL R S3 (WLEE 1039 T 1)).

3 PO 5 AR  ZhangServer 5 Rosetta [F) Z-M1-GDT_TS 3%, ZLEAE4AN
pacBackbone % 1 [ Z-M1-GDT_TS 734, HHH 7 NHIREMILT XK N4 A
K (1255 080 Z-M1-GDT_TS K&, pacBackbone FITEAELL 0.03 HITHYY ZEBH KT Rosetta, LA 2.45
(A KA A5 T ZhangServer. {EAF B2, XA/ NILAE CASPS 1) Server 1 HE4 4 25— RIS
=

4.3 ¥ CASP9 FM it EHI &L R LR

CASP9 - 2010 4F 5 7 24 HAi 75— DTN H AR, B TAEH KA 3 A HAR, B4 HAxA] L
H 72 AT A]. pacBackbone LA LenServer N4 SN 7T Server 41 ELEE, XA 118 /Nl
H bR L322 588 N L. AT FREAS CASP9 FM H b KM T /N T —T/it CPU [T 5 %2,
SRR HARAE R 717 AMEIESSH. IX LB IEAHN T ROBETTA 1) Blue Gene FZHEAL, AL+
JI/NEFTF B D230 A G BRI, R W, £ CASPY B 7 A LLFE4 B LenServer £
AT 78 ANHAT FM TR Server 2H 4 4rHE4 26051, HA P FM H ¥R T0555-D1 Fi1 T0604-D3, 43
AT T R =4 XMW HARK GDT 0l 4 k.

4 e 24k pacBackbone 4558, [A GDT B{E T CA 5 1# LEA B 2.5 T ZhangServer (W
1) 5 Rosetta (Zrth) [M45R.

KT REAER A Y I TSRS, AR pacBackbone SVETINNRS . CASPY F& )G FAT I R T
T0555-D1 15 T0604-D3 Z AN 27 A FM HAR#EAT T HAL, @A T RAS HFRRITHE A, 54> H AR
(1) decoys i Hik %] 1600. %} CASP9 FM HArEKTHE N A 51 RMSD HHEAEOLE 5 s, TH4l
B LA S WA AR LA M RER S4 (WL 1039 IV 1)).

5(a) & CASP9 % FM H#x pacBackbone 5 Server 41 (fz/)) RMSD b, W Atk
#& Server 417 RMSD HIiRAL(E, 415 S LR 5 72K 7R pacBackbone #5711 5 decoys H IRl
RMSD. K 5(b) #& pacBackbone fE Server 41[MHEA L, 2L Ok AAZ Server AN, 2k (abrid St
Fric 53l & pacBackbone #5715 decoys W HIEAAL AL HEA . pacBackbone JIT Tl [¥] decoys "
A RA 20 MENT Server AMIHT 10 4. LK EHIEHIEIAL 1 ThA 11 NS HAF (B4 T0555-D1
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Figure 3 The Z-M1-GDT_TS comparison between pacBackbone and the leaders of CASP8. (a) CASP8 FM target
z-score(GDT TS); (b) sum of z-score
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Figure 4 The GDT.TS plots of T0555-D1 and T0604-D3 predictions for all submitted modells. (a) T0555-D1;
(b) T0604-D3
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A parallel ant colonies approach to de novo prediction of
protein backbone in CASP8/9

WU Honglie '3, LV Qiang '2*, WU JinZhen !, HUANG Xu !, LUO XiaoHu ! & QIAN PeiDe 2
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Abstract Predicting the three-dimensional structures of proteins from amino acid sequences with only a few
remote homologs, or de novo prediction, remains a major challenge in computational biology. The de novo
modeling of the protein backbone is the prerequisite stage of a protein structure prediction process. Using a
parallel ant colony optimization based on sharing one pheromone matrix, this paper proposes a parallel approach
to predicte the structure of a protein backbone. The parallel approach combines various sources of energy functions
and generates protein backbones with the lowest energies jointly determined by the various energy functions. All
the free modeling targets in CASP8/9 are used to evaluate the performance of the method. For 13 targets in
CASPS8, two out of the predicted modells selected by our approach are the best of the published CASPS results,
and seven out of the modells are ranked in the top 10. For 29 targets in CASP9, 20 out of the best models
from our predictions are ranked in the top 10, and 11 out of the modells are ranked in the top 10. The solution
described in this paper mimics the nature behavior of native protein folding by simultaneously minimizing the
values of multiple energy functions. It also provides a general framework to combine different search strategies in
parallel platform, which is a novel approach to solving the similar optimization problems with non-deterministic

algorithms.

Keywords protein backbone, de novo prediction, protein folding, parallel algorithms, heuristic algorithms
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