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Abstract: In order to reduce the time complexity of biological networks alignment, an implementation for large scale
biological networks alignment based on Scalable Protein Interaction Network Alignment ( SPINAL) in Message Passing Interface
(MPI) program was proposed. Based on MPI, the SPINAL algorithm combined with parallelization method was applied into
Load balancing

strategy was chosen to assign tasks reasonably. In the processing of large scale biological networks alignment, the experiment

this approach. Instead of serial algorithm, parallel sorting algorithm was used in multi-core environment.

shows that, compared with the algorithm without parallelization and load balancing strategy, this proposed algorithm can reduce

the runtime and improve computation efficiency effectively.

Key words: biological networks alignment; parallel networks alignment; Scalable Protein Interaction Network Alignment

(SPINAL); parallel sorting; Message Passing Interface ( MPT)

0 3%

Az Wy P 4 LR Xof -5 26 g TR AR D) 2 B B T 2 45
FIThREAR e A B K b 2 B i L R R S B EE R
SCRVER, RESHEYFEBFMRE L Z—, H 4 XEH
JEAH H 7€ FH ( Protein-Protein Interaction, PPI) /4% B9 5% &%
SRS IR, Singh 25 6 HIRHIE B BRI 7 s, 5t
o0 £ v 4R 1 R IR (LB RE SO T BB 9 A B AR (B 75 20 A
U4 ; Memisevic %> BF ST A9 5 1k (8 1T 5.0 SR WS b X3 3
L e B8R 9 190 45 5 EL-Kebir 457 F FHHS B H A4S0 55 55
SRR P 45 b X HEAT BT IE ; Xie %5100 BALEE A F
WO 2% LU XTSI TR B IR N T 0H & BRI AR DG 2% 5 AT 9 J
I H [ AH B AE M 48 b X ( Scalable Protein Interaction
Network Alignment, SPINAL) & 3:07 2 g £ R B, X
Bl Lo PR i) R 3 £ A B KA EE — 4 B [ B AT oK . 44
7, BEE A ) 2 ) DR 2 JR R A 4 Do) 4 i | AL S 4 X

75 H 85 :2014-06-05 ; {£[E H #§:2014-08-20,
BE By H (20113108120022) ; RfgHiBHA AR A

SEEEYLERI G S R — 4, Blis AT At Ko AT S Bk
BATETIE], S THERCR ST R TR R X — R R
Wik, GENRARRNE R, AEFTLINGEREE
PEIE 2 T 48 B J7 1 #8 A — € L 3 SPINAL B ¥, 8
1o 7 B AL 33 11 ( Message Passing Interface , MPT) 454 34T HE
7RI B SRRE SLBL T SPINAL 4T

1 A4 W%t

SR A 2% LT, BT E) Ae 4 00 471 il 22 T 1 S 5%
R34 Z AR RS S B o AT X A
WZE 9 B R ELAE NS AT IS 458 SCRR(S - 9]
5 — S 1 B B VR T P46 LEXAR MR AR A T
At Lo

B PPIMY G, = (V,, E),G, = (V,, E,) ,Hp V.V,
REC, G MWEARTNES E SEREKC .6, ANES,
&E%Méﬁthﬂ#@gﬂ%ﬁﬁAu = (Vi Ep) K Hr Ve N

ESWE : FRK HABFES YT H (91330116) ; R AF AR B 2N S LRI S
£ SRR B (11510500300)

EEB N RBIE(1990 - ), B, A LIPS, TEMST m: EYEE2 WL E; HRO957 ), 8, 0WuR T AL #1718

+, CCF &R, EEHE M :
% HMERRITE,;

RTERETTE R B2 TR

BEAEIE (1989 - ), %, WL 2B A, B L0554, FRBFR 1 A5 R
BHL(1971 =) & WL EHEN , BI82 , 1, CCF &R, E BRI : EWE 8% HIERITE,


http://www.joca.cn

3118 3 5L R

%34 %

BT ST EE { (s, }’j> % eV, Y, € Vo b, Vi W 1,
y) TWWRLLTE &M X FEEN (G, 9) e Viy (&,
y') eV # 5 Hy, = v/ Ep AREEHES, 5 ((x,
y,-) AN y,-')) € Ep(x,, yj> e Vp. (x/, yj,> e Vi,
(%,,%,)) € E, H(y;, 5') € Eso

G, 56, MLEL | E, | AERANERRMEERK
AT B AR UL, DT BCTY 5 Ve, T B AR U R B P
PPI [P 2% A 2 78 SCO AR AL, DR abo D e i 50 DA A D g 3 /5,
AR T T > PPL o 4% 2 A5 A D) e B A FH o FE L AR
FECHS ] 4 R E A AR AT Mg AR it R A

S(Ap) =axl Exl+ (1-a) x Y

Y (xlap e Vi

sim(x;, y,-)

(1)
Hesim(x,, 3,) e [0,1]53, € Vi3 5 € Vysa € [0,1];
sim(x;, y;) AREFANE BB AOAELUE , B DUE AT iR
6 BLSEBR R RER A o A5 SO Y sim (s, , ;) SR FH RS A
W T A™ (Basic Local Alignment Search Tool , BLAST) f¥J# 28
HIE— A o AR F o AT 0 S RUE L XA PR e E
WAL ER , FT 456 52 BngE H At AR R 48 BEATIRAR , (5 4240 XY
AR S AR HEAE.

2 SPINAL &3 K 2 AT L,
2.1 SPINAL &%
SPINAL S ¥k B — 18 & = H BAH BAE HI R 4% oA 3
B, H A RER (D) R AARIES 7 S iR RE. TH
s PPL 0 2% LEXT B ERAH LY , HCAE PPL 45 LD 48 i - A AR
A8 43 DA K 2 R A 4R — 3 14 ( Gene Ontology Consistency,
GOC) 1353 J5 TR B 0 D] @ O 3, IR e 45 ST 9% SPINAL
BRI &, X AT I, LU 2 SPINAL Bk
PATLIR:
%14 WA PPN C, .G, AMERE sim, A5 HF
Ao
2% EHEBFAN Ry, Ky e Vi, y e Vo
VIR BB Px,, v;) , HAtE AR (2) :
P(x,y) = ax I deé’cl(xi) -degcz(y,-) |
2 | max(deg(G,)) — max(deg(G,)) |
(1 —a) xsim(x;, y;) (2)
Heridege, (x;) \dege, (y;) BN %y, TE 6.6, THYE;
max(deg(G,)) \max(deg(G,)) srilRFERH 6, .G, TR
o
%3% WERGERSHEEPERZE P EHETFAT
Hx eV €V JHTESRE B NBG({ (x;, y,->} PR
A (3) Kl P, 7)o

+

P'(x, y,')
o dege (x;) % degg (y,)
P(x,, yj) - ax (s pec %€8e e\ +
VI Cl
(1 - a) xsim(sw;, y,-) (3)

LA AL B R B BB fm o e . 4B Jm o3 1]
NBG({(x;, y) | ,F) REETHE,{(x/, 5,0 | WR—5E
WX, e N(x,-)\yj' € N(y,-) ,N(x,-)\N(yj) SR RE
%y, 3 ARFEAT REA B BIAUE B X (g, ) RO
BETR R F(x;, y,) K15 TERFE (contributor) 45 C 2 LN

FETFLHEBER NBC({ (x;, y,) 1 ,P) BB AKIEILRES

4% B P EHZEP FBEGEHEEP TR,
FARWCSPATHE 3 5 T3 5

5% MEKRD K (x, y) WHCREBM P(x,, ¥) H
e NINE K BT ARE D

#6¥F  BMHRTOTE(x, v

7% MiE(x, y) WNBG({<x, )}, P) LAR Tk
FHHEA C¥ CHMITA (uyy,) A Vo

% 8%  HED PEESLEMNIITE 6 2 ikt
AR BIFEN,
2.2 SPINAL &Ei%£3#174

SPINAL 534 BARTE VPN Fa s 7 A B 5, (A2 Y
HA BRI K A B A A T M & E, AR K
RITTERS A, RS I B ALER, A ST MPT %) SPINAL
Biltrairih 256 T MPL RAT R 471 R RT RS AR 1 0 11
S BOR BRI Ml B s AT st ], B T AR

EREESPIT SRS, 3 D PARERNE RIE 5
NOCEL VIV, | ddylog(d,d,) ) , Hod .k i ke d, d,
H GG, PR K, B WA R 25BN T Bk oA 98
SRR . B, A8 30X SPINAL Bk 17 474 1 TAE F
BT PR L BENEARIT A EHRNT

1) FEHBRARIESE A, Witk BS540 56 RF P,

2) TR P A REE R MP ) % 2 HAlS A IR

3) BT R P AEEERI 4L N B, N Buay s N ANiE
2, R A B WAL ST E

4) MPI 924 % #HRRIT R R

5) JUMG P 5 MRS WA WS, WIHRAT 6) 5 B AN Isk,
WHAT2) -

6) HB4E PRI RAA B4R

DL 24 SPINAL B EA AT . BT ER
R, ETEAIFTI N SPINAL B k4 WA H R HEF
FEBT BT 7 b AR K UL B B BN 39 45 1) R, B AR SC I 45 3R I
3.3 W A HEE IR IR, A SCHR IR AT AR O B AT HERR
SR AN B0 BT B SR M
2.2.1 FATHER Fuk

F BRI B E5 0 W B b, FE T sk
BHEA CHTHMEME C PR RERN Y& F15 5
MR R ERTHERF R RESEN . B TRIEAEE X,
S R EE R M HET TR KRR, R E R WE
B, & HBRGHF SR EMFIR . FrRl AR T I
TTHEF TSR, LA/ 45 E R AT BR A THET B L 3R st

AICR 4 1 34T RAEHE R (Parallel Sorting by
Regular Sampling, PSRS) X HE Fi#t 17 H17ib. BEERSHRUT .
B9, 5 P AR TE TR BRI R4, &
HEREARIE A EE B M BARIA T IR HE P 3F B » - 1 MREAR
ERRB R K, R RS R R R A S
BEATIRIEHET ARSI HE P 25 AR n - 1 2N R
A, JERE K SRR A Bk T H A B A, SRR S
M OHET AR IR ARSI TR B E(E < n) BERS
5 kAR, & IR R B B B E AT A Y IR E A
HHF R EIR AR E EHRE B, RS2 A &
SRR, S BIBIFEF S, MRS F SR, I


http://www.joca.cn

#1145

RABARF A T BAR B o o KA 4 M & b xS AT B 3119

WA HT R 1% 2 AR

i P EFRATHER O, GRS A% MPT 2R34T
DS, T B — A B SE AR K HE T AR > B 4h 21t
FEATTEIR, AT B S0 A 2% R A e ik AR A v BT R SR A R
PR (i 1]
2.2.2 AETFHRE

TEFATHE W RS R 0 X T HAT R BT MR
M HEE T REEWAIER . 1E SPINAL 343 bl 2
B4R FEEPEA AR H BEGROEE P LomitH
P SERE B B AR YR LUXT B~ PPT P48 37 R BE R P E
f) o 1 T PPT P 4% v %35 15 BT ARIBE 0 A A3, n 2R Ui
I AT R 2 B 07 S ATAE 45 0 B, AR FT BE S R B
MBI B R A B O T W H BRI TTE B i
B o[BI JEE < F [ A, 24 SO 1 97 3R A SR o TR P R A
25 %053 75 RAEATRAL, I 1 B

* o L

L W2 RN
Bl RBTaRs

PATR 5 BARAE 45 R 43 7 2 -

D) TR EETENEGE P BATSES,
SRIGARYE P A REATS AT R R R /N R AR A4
HEATHET

2) MRS I 75 3 00 A HE R IS AT 4
4L,

i BiR B ERE G IR BB B (L5 B
TR 3 5 240 B 19

RIELL_EHER A S T HATOEA G ST EET
DL Rt B A A AL SR W, SCER SPINAL AR 9 2% He st 344746
Bk BERBNE 2 PR,

T

EE N A o DTl

Y
[ EHENEER P EIMP B E L |

| %n‘&ﬁ*&f&?ﬁ#ﬁﬂ?ﬁ%ﬁﬁ#ﬁﬁﬂ? |

X P AEREAT T IO BB s i EEHE
AR AR T R A AT R R

'
| MPUHZ & R RN PREFFE |

i

A
[ FBHBRE PERTTERHLCRER |

iR
2 SPINALJFMTEEEHE

TR, RGHR B R A R % A%

B P IATHET A8 o Horbr, R 1% R AR P RF
TEBYCGER B PR AT —YORSE , E T H P B, &
SRPERR A7 BEHEAT 2 UG AR, (AR UEE 15 AR A
TSR/ i BT I, L 5@ AR ] S A9 8 P A R BT R i3
BT EAN L, RS R BT o LB BN U, B AT
rRERETEWE P AR L,

3 B 5

3.1 LISIREE

R R B R B GRS A 5R 4000 5L
B, LM 2 AIHET A, B 6 2 ¥ lntel SandyBridge 4£44
i) E5-2690 CPU(2.9 GHz/8-core) ,64 GB PJ7£, 7 & [A] 8 o
56 Gb/s FDR Infiniband % #2, 28 fd A Centos 6. 3 $#21E £
85, C++ RRBEIE S, MPI R4~ MPICH2
3.2 SR

SCE BTSN SR R BERE =)~ PPL AR AR,
P A R VR T ISOBASE™ HOyim P . 45 H4im A2 P 4R L U
&1,

1 PPl MEHREE

BEE REPt 4 UL 4
<R 7518 25635
A& 9633 34327
gs] 5499 31261
3.3 /RS54

3.3.1 KA RSP ERA RBP4 R AT

T IS UEAR SCH BV SR e (97 R, 2 I SR i 41
BT IR 5 6 R 97 B SR 59 25 AR A AT ] AT X
bho AT R B SIS BOR R B AN A 2838 TR W 4 Ee o it
Frocs A 8 MR L IEE ., B3 BREAMEF
iy 4% RERZIB AT (R0 LU TR, A Hp AT M 4% 3 s AT W [ 23 A
Y BB S RE S RAMEZA BN S, B4 EHEH
BB RS ) 25 HEAR B AT AR LUIAT . I 4 AT H 22
WAL , 2% R B B I T AR B 2, i3 AT i A R R AE 5
B/MEZR AR, AT LA B AL SR X 45 5 AL 55
PR R TR IR

320 —

2 300

o

= 290

=

19 260

330

1 2 3 4 5 6 7 8
HEFS

B3 RO SRR RS T

]

=300
s LT
B
}@260
MO TS 1 5 6 7 8
R ES
B4 {0 870k ms R s 1 7 A 1]
3.3.2 FATEE R
Ayt SPINAL B 83k A H AT A6 7 i (3473
LK B ) 5AR R AT IR T B B B AT T L



http://www.joca.cn

3120 3 5L R

%34 %

KB, VR BE MU B B B R ISR FU R 4% L X BE AT
T2 ~ 32 DMHABHATIX B . TREIRINE 5 iR, /]
F H REE AR IR N, ST A SRk S R AR v i
HERBER IR, MPEREGAT] 32 W, BE Hhn R L R
(2.7 4%, ATRSEBIATIAR M RAR R A LB
18
16| |m 37kttt
0 RIFfT bt

2 4

8 16 32
MR
BS  IHTRARER
3.3.3  KABE G KR %Lt
SFIATE L, I A IE 17 R A JE M B R A 45 B ok
SR, AR TERASS B RN AR 8 E
=4 PPl M et AT S8, LR T 2 332 RER
R, B 6 BaRNYZ SPINAL TRkt ., B 7 BB Bk
K21 5RtIE] . M 6 HaTsn, e AR 3 , = 20 W45 L
STBFT I LA R 2R K, B T R MM R,
E TRIE H , BEE SRS, 45 PPL W 4% Hb X6 i (5] AS Wi
s, g At el it i BERE AT A S RI4S LX), 247 Hif B DA
1619 s /3 106 s, Wit HFFI AR KRAE T Loxf iz 17 FERT
BETHESR, BIMEIEE 6 ~7 Fiseshgs ik ol Uk
W, REFAREA N, B BT R R B R — 1
SFFa R B F RS I ELE AT IR D R, D3 A T LA
B H A SO BT AR R 2 W5 SR AR B e e A AR
W, B RIFHITY B,
e
-~ A;‘s-%ﬂ%r//v"“y
ﬂ/ﬂ'
2 4

1

[\

HEL

6

0

8 16 32
HEY
B 6 SPINAL FiT bk inaE

» 16001~

E 1200 K -

= O [ RS |
£ 800 N -~ AE-RE|
SN

~
g 400 WM
0

1 2 4 8 16 32
i
7 SPINAL JfA74L B Bz AT (H

—o— ARt |

4 £iE

ASSCHR Y —FhEE T SPINAL AL W46 U XS B 1 i) MPT 3%
AALSER, TEEA AT (L BUAE bR AT AL HE P LA B s 30T
R AL TT B Xt SPINAL S8 8 AT 4716, Bl b 4e 5 T
L BATIIE 2 T AL ) B B L X T ROR,
BRI T AL Ge A W45 LT Sk e T I R RS s s 5
FERT IR SR
Sk
[1] SINGH R, XU J, BERGER B. Global alignment of multiple protein

interaction networks with application to functional orthology detection

[J]. Proceedings of the National Academy of Sciences, 2008, 105
(35): 12763 —12768.
[2] MEMISEVIC V, PRZULJ N. C-GRAAL: common-neighbors-based
global graph alignment of biological networks[ J]. Integrative Biolo-
gy, 2012, 4(7): 734 -743.
[3] EL-KEBIR M, HERINGA J, KLAU G W. Lagrangian relaxation ap-
plied to sparse global network alignment[ C]// PRIB 2011: Pro-
ceedings of the 6th IAPR International Conference on Pattern Recog-
nition in Bioinformatics, LNCS 7036. Berlin: Springer-Verlag,
2011: 225 -236.
[4] XIE J, ZHANG S, WEN T, et al. A querying method with feed-
back mechanism for protein interaction network| C]// Proceedings of
the 2011 First IEEE International Conference on Healthcare Infor-
matics, Imaging and Systems Biology. Piscataway: IEEE Press,
2011: 351 -358.
[5] ALADAQ A E, ERTEN C. SPINAL: scalable protein interaction
network alignment [ J]. Bioinformatics, 2013, 29(7): 917 -924.
[6] GUO XL, GAO L, CHEN X. Models and algorithms for alignment
of biological networks[ J]. Journal of Software, 2010,21(9) : 2089 -
2106. (FRAH, WHE FRHT. =W R AR 53]
R, 2010, 21(9): 2089 -2106.)
[7] CHINDELEVITCH L, LIAO C S, BERGER B. Local optimization
for global alignment of protein interaction networks [ EB/OL].
[2013-10-10]. http: //psb. stanford. edu/psb-online/proceedings/
psb10/ chindelevitch. pdf.
[8] KUCHAIEV O, PRSULJ N. Integrative network alignment reveals
large regions of global network similarity in yeast and human] J].
Bioinformatics, 2011, 27(10): 1390 —1396.
[9] ZASLAVSKIY M, BACH F, VERT J P. Global alignment of pro-
tein-protein interaction networks by graph matching methods|[ J].
Bioinformatics, 2009, 25(12): 1259 —1267.
[10] ALTSCHUL S F, GISH W, MILLER W, e al. Basic local align-
ment search tool[ J]. Journal of Molecular Biology, 1990, 215(3):
403 -410.

[11] SHI H, SCHAEFFER ]J. Parallel sorting by regular sampling| J].
Journal of Parallel and Distributed Computing, 1992, 14(4): 361
-372.

[12] PARK D, SINGH R, BAYM M, e al. IsoBase: a database of
functionally related proteins across PPI networks [ J]. Nucleic
Acids Research, 2011, 39( Database issue): D295 — D300.

ARG

ANAREE AFH. L "R E, ¥4
BABEH 12, KEABAH6AA, RBHA,
KAPITH, TR THBIABERGEH, L THLESL

BIABLR
WA R T
-4 i
A W B

:62-110

: 33 /M, 44 396 t./12 R

(TN AT (KR K ) 237 1248
(bR ) 4 4535

: 610041

: 028 — 85224283 (803)

. 028 —85222239(816)

(P

(VN H AR 2 B AR TR 8)

AT AT BT 247

: 511609017018150303609

oK
B %
i3 £
B R A
P L
F PR AT
ik 5



http://www.joca.cn

