
2011 � 12 � ���Æ����ÆÆ� � 25 � � 2 �

Dec., 2011 COMMUN. APPL. MATH. COMPUT. Vol. 25 No. 2

����� 1006–6330(2011)02–0235–10

�����	
���
�������

��� 1 � � 	 2 � 
�� 1 � 
�� 1

(1. ���Æ�Æ���� 200444;

2. ���Æ������Æ��������Æ�����Æ������ 200031)

�� ���	
�	
��	���	��
����
��

�����
���Æ
�	��
��
��

�������������������
������
�
������	
��	
��
������

�
Æ��������������
������

������������

��������
���������
��
���	
������


�
��� �	
������

������
������
2010 ����� 92-08

����� O242.1 ����� A

Feature-mined of protein-protein interactions

using lifting wavelet
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Abstract The protein-protein interacting features only from the protein’s se-
quence are calculated by using the lifting wavelet. These features then are learned
by the support vector machine to train a model by which the protein-protein in-
teractions are predicted. Numerical results report that, on the principle of bal-
ance between positive dataset and negative dataset, the low-dimensional vector of
features has gained a better performance. Results also report that features are
different among the local protein-protein interaction network of different species.
For making a more accuracy prediction, it is essential to use several methods.
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 !%�"*&��#"� �!�$#$%%&"��&# $'#!'(('
"& �$�))"($**+%,-)!'*+*&',-�"*&$ !% [1−6] , .

/$*!'0.-!#+$$�"*& !%&/#,-(1) [7] , 0% �!.23/
$*1+,-4$ !%�"*&��&203/&'(5#$*$.3&/-0".
062$74&156"7%81$+%2.,-/3"2�(245$93( !%
(:'# (6)) 8;7 !%8:'#84 [8] , )(:'#$%%*9< !%�"*
&$,-9:90 [9−12]. =+5:,; (RRM) &(:;6<><?7 !%6)$,
-&#!';(+-,�8 9=@.$ !%>:/-=?@5: 9=@.$;A
01 [13], 0�"*& !%B<<-,2=�>>�?>,@�A$;A01&/&B
/;A01C5(?62$8@. !%&15C35;(= !%>DD4?# $
;A01(=@AE!'*+B8?C1A !%$0584&BF?7�"*& !
%=)B8?C1A$01$<D!B/# $;A0184&;0DDE2. !%
G$�"*& [14]. 7CH:D=@ [15−16] ?&@ !%�"*&$;A:/(2�*+
8(01AB8 !%6)$584&6 (F)G<IH !%6)$EIFJ7E
GH* !%6)G<(F&/&.KH*FJ7EGL6)$584MFJ7EG(
6)$584J KG(:D=@!'INEL"8( !%6)1M7-IH"$K
G&H�"*& !%$;AOJI4&JLK8&LN@2) (SVM) =J5;A&M
9-2.,;&DD2. !%G$�"*&(

1 ,-./0

1.1 123
RRM &%@�"*&$ 9?N (: !%) 01"M&0?N01B&O?N

-(P;*$P+I<?&157CI&+$6=Q>29"DO$ !%�"*&6
=(6=?Q2P http: //thebiogrid.org/downloads/archives/Published%20Datasets /HC-

BIOGRID-2.0.31.tab, CR> !%)K@S@&�A,L2%1�A-(BQ�CR4
Uniprot 6=D>84EM$ !%L&4S(=*+� 8 224 =9"*�"*&$ !
%&-4+ 2 330 2 !%&'5*279<$(2?76=Q(2�*TI&,-$,
1+&79<T:/� IntAct 6=D>9"*�"*&$=N !%=*2F(26=
QU&)GQCR484EM$6=L&*+ 4 811=�"*&$ !%&(=-4 2 324

2 !%(=@S@&U/H6=> 5 000 =*2M96=&HR2.O6= (3 224 =);

=@=N&BU/#( 3 000 =*2M96=&HR2.O6= (1 811 =).

2�PI+%'V$!8+&CU/VW+6=+%�G$6=*2R=6= (X+

6=). O@)$*>*+$ !%�"*&6=Q>&,(?628JD< (JD<S
QV5 !%�"*& !%$6')  !% (YT2RK !%), .SRK !%K9
U-T)�"*&6=QU>&VF# $;AKW9U=J&4SZU2.'V(2�
LWMN6=>X2 !%$JD<& Yu X [17] :-�6=LW,-&HVW&&/[
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 !%�"*&��Y$MY&;MY>U/ !%=? "X+6=QU&)X+6
=QU>$P2 !%=)B)�"*&6=D>&Z%# $JD<MW+6=QU
>5 !%$JD<�8()7C>&U/MN6=*2R=6=((N&Z)6=P
) !%QU>&/Z)Q=$ !%[(N&LW6=P%@6=LWVW "$6
=QU(
1.2 5Æ6789:5Æ67

=@AE&(:L"8Z$6=7-(7%*&!'R2# &L"8Z6=$,
S&BFH6)8=@,S$*&&[!')B801 —— 80 (=?\F80T@U
?&L$8Z) M60 (=?\F60T@U?&L$8Z) A[Q8Z84 (Y 1). Y 1

> cj SQ[\8Z& cj−1 M dj−1 ?:SQ\F(U?&L&8Z$6084M808
4& ↓ 2 M ↑ 2 ?:SQ “A\0” M “*\0”, H SQ=@$60T@U& G SQ=@
$80T@U(

� 1 ;<=>?@��AB�C

!'HY 1 >860T@U$S],L]2^\9]L$]LP

P (z) =
( H(z)

G(z)

)
=

( he(z) ho(z)

ge(z) go(z)

)
, (1.1)

∼
P (z) =

( ∼
H(z)

∼
G(z)

)
=

( h̃e(z) g̃e(z)

h̃o(z) g̃o(z)

)
. (1.2)

(FVWA& h SQ=@$60T@+66)& g SQ=@$80T@+66)&
# )O-!$=@_-& h(z) M g(z) ?:SQ+6=? "$XY^9]L [18], A

^ e M o ?:SQ6)>$Z6]M[6]& P (z) M
∼
P (z) >$9]L,:A`+P

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

he(z) = g̃o(z−1),

ho(z) = −g̃e(z−1),

ge(z) = −h̃o(z−1),

go(z) = h̃e(z−1).

(1.3)

Daubechies M Sweldens[18] TI�\a]^=@)!'&:D,_?$T&):D,
_>P

hL = h(z) + g(z)s(z), (1.4)
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g̃L =
∼
g(z) +

∼
h(z)

∼
s(z), (1.5)

I'&:D=@$860T@U!'O:A$,- [18] *+P

PL(z) =
( 1 s(z)

0 1

)
P (z), (1.6)

P̃L(z) =
∼
P (z)

( 1
∼
s(z)

0 1

)
, (1.7)

L>& s(z) 2(2XY^9]L(
:D=@B5b`�=@$^a&T-,:A+% [15−16] :

i) O@8&�860TBUG$�>+&_%_<O_[
ii) 12!'DD&[\8Z$=@AE+6`E[8Z&I'BC5bacd`G[
iii) :D=@`aAEOJce&aC5cedEf*b6e![
iv) =@AE!':/-�"*& !%=$6=;A&0:D=@AEB.f=1

M7-g?$cK&OI4Ehb[\8Z84(
1.3 DE9:5ÆFG�9HIJ

i) ?:=Md !%6)ÆbVÆ%ei%=?$"gj6&*+M26<6) A

M B, Z,(Md6)G< (M7-);

ii) ?:=# (c]^:D=@AE&HMd6)O80+60?&2 3k&/ 1>
2 k$8084M6084[

iii) ?:=Xk6=6)*]^hcdAE&*+hcdAE+66)VH=?$�
?6)[

iv) g�fdl5i6>&*+dl5+66)[
v) +%-P(kdef?dR$8gR<&jL:AP

Sk =
max
i∈n

(
C

(i)
k , a <

∣∣P (i)
Ak − P

(i)
Bk

∣∣ < b
)

Ck

, (1.8)

L>& Sk 2=??k$8gR& C
(i)
k 2m k km i 2dl5+6& Ck 2 k kdl5

+6+$L>6& P
(i)
Ak, P

(i)
Bk ?:2 !% A M !% B $�?<& n 2 Ck >EG$

h6& a, b SQ�?K$*A)&7C>?:g?2 4 M 2.

1.4 KL�MN1
(FI&+$ekf^j68fP;G+>gl+>I41>AUC 4 AUC0.5 *?(h

i?iPPt 2HW+6=2.2�"*& !%=$62&Nt 2HX+6=2.2m�
"*& !%=$62&Pf 2HW+6=2.2m�"*& !%=$62&Nf 2HX

+6=2.2�"*& !%=$62&N SQI,07$h6&N = Pt+Pf +Nt+Nf .

5j&;G< Sp = Nt

Nt+Nf
, SQHX+6=2.2X+$n?R&gl< Es = Pt

Pt+Pf
,

SQHW+6=2.2W+$n?R&I412 N = Pt+Nt

Pt+Pf +Nt+Nf
. 2�=jnh$
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2.,;(c(('$eo&?72.'V$k?+&k�� ROC (receiving operator

characteristic) il?7&O5?i� AUC (area under curve), e ROC ilA$jp2
=& AUC l2&,;$2.1V[lN& AUC0.5 B&o;G<=@X@ 0.5% j AUC

$2=(AUC0.5 l2&2.'V!8<l8(7CH&I41> AUC M AUC0.5 (c

2.1V$eof^(
1.5 OP�QRÆSFTU

8&)U=J,-?2. !%�"*&(F?2 3 2'm (Y 2):

 

� 2 VWXY=>Z�X[?\]�^_�<`abc�
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'm( U/;A&+%-M96= (M96=8fjn�"*&$ !%6=——

W+6=M=?$X+6=) $�"*&;A&'(4p&$;A& 3-0d;A [6], 7C
B&8&�:D=@*+$05;A(

'mq 4h SVM $qi6Mqi6$j6&H+%*+$M96=;Ar�+
SVM >&2�4?M9L$2.,;k?%!8&J�ÆUdl*T$,-&eHM9
6=;AZ)E?26=2)�8$ 10 +6=&% 10 +6=>W+6=MX+6=$
62�X&ZoUH# ]2m(+>mq+>ss>mÆ+&tb6?:HH>(+&
*0.6=&H# 9 +*2M96=&\F 10 UM9 – 0.$F4&!'*+ 10 U+
%L$ 10 +eoj6&'L>< ± rm$,L?SQ4S$eo'V(

'mk &M96= "$2.,;2.u.O$*p&�"*&nn$$ !%
=&(0!'nhq$ !%�"*&��(

2 ef.gh

H&st+ (smooth) MoM#2 (vanishing moment) p>$=@M:D=@&:
db4 =@M db4 :D=@&L"M7-IH"$cK)C3I4B/�"*& !%$
;A&157Cv&$&st<O8$ db8 :D=@&U/"gj6 EIIP M IC < [19].

=@(2 !%*&=&tr7CIq$;A:/l4&4S*+�;, 8 201$;
A@2&0�?E& 3-0d;A [6]@2B, 686 2EG(

\F+%*+&S@�"*& !%)Xk8gR$L><)m8@Z)Q= !
%&JL'Z)6=*2X+6=&)LN@2),; [20] (v& C-SVM LN@2)&q
i62 RBF qi6) >?7 !%�"*&;A$[s+(hi&?:+%-S@M9
6= (5 000 =) $05;AM 3-0d;A'4=?X+6=$05;AM 3-0d;A&
nL+%-ÆUdl$Xekf^j6(

S 1 )-�S@ !%=?@05;AM 3-0d;AIB*$X2ekf^j6$
2=()�8$W+6=A&'Z)6==*2R=6=j&H& 3-0d;A!'*+
ON$eo'V&.V YU X6 [17] $'V&(F[/&:V&'LW-J $6=*2
R=6=j&:D=@B/$05;A,ON$eo'V(:D=@B/$05;A=
@\$*DD4R$&)9"*�"*&$ !%-,CN$eo'V&=@5BF%
1G`+',-$�"*& !%Bo,CN$eo'V(.PI 3-0d;A�=@1
w��a$ !%=!'CNEt/(21w����"*& !%=$;A&0B.
p:)K@(21w��>$ !%=&u�"*&[05;AB!'q?8K@(2
1w��>)9"*�"*&$ !%=MB�"*&$ !%=(

BF22$6<$*vT&B89:$�"*&��;AB(0('V[Q=@=
N$ !%�"*&��0u&=N�"*& !%$ 3-0d;A/-W\j6^gF
$LN@2),;0.-?&/&# $05;Ar.WCNE5:-? (S 2). )8&

%@05;A$2.,;2..O6=L*+� 77% '*$2.I41 (S 3).



� 2 � YXO�Y����	
�

������

�	 241

i 1 jk\]�^_�<`a?lmno

�	
� 3-�p
r���x ������x r���x ������x

��s 0.82±0.02 0.802±0.03 0.84±0.01 0.75±0.02

AUC 0.84±0.02 0.82±0.02 0.92±0.01 0.76±0.01

AUC0.5 0.03 0.03 0.02 0.02

i 2 =q\]�^_�<`a?lmno

������x 2 324 w
�� 4 811 x����
��
�	
� 3-�p

��s 0.83±0.03 0.624±0.03

AUC 0.84±0.02 0.67±0.03

AUC0.5 0.01 0.01

i 3 VWZ�=>?r�s�`ano

��s AUC AUC0.5

xt 77.23% 0.78 0.01


s 78.53% 0.79 0.01

4L&K; uniprot6=D>v-� 538 2=N !%& !%6)\FMMQ=B
CRL*2u2.6=Q&(=, [((537+1)*538)/2]=144453=$6=(&M9*+$0
5;A2.,;2.-.S6=>�"*&$ !%&4S*+� 2 045=�"*& !
%(O@1w��>8JD<$ !%-,Æ?45$ 9=wi&:V# -($+%
v Ag&x2��$tu'#YHZJv yA&;0ZU*1U$ 9@.&15&
4?1w��>$.S`z !%'4V# `v$ !%,7mp45$wi().
21w��>&JD<8$ !%2 Q01097(74), P35438(59), Q9CQJ4(31), Q60631(30),

fZ�$625 !%JD<()2.'V>8;�I,V Q01097 M P35438 j\4R

$�"*& !%[=@ Q9CQJ4 M Q60631, )2.$'V>&7CB5yy+�j\
$*4R$VJ�"*&$ !%&8jT2.-�V# ,7w)�"*&`+$ 
!% (S 4).

O@ !%��>z{722 !%{a&:V)quLj>DD||��&B)
Lj�xSqz*K-T4}Tv&2�!'OJD|]vE||��'#&H5%@
RK !% Q01097, P35438, Q9CQJ4, Q60631 $�"*&��'h!$,L~T-?
(Y 3).

h!Y$["&%@6$Ma{,(?y]&.H*M{$w>K,IB8&O@
w>$B8Iz+&ZxYK,(SKG&2{K}=.:KGl|+h!$~v(8
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&5["&?:;M2B8$w> "M2Y}&o.M2Y})Ma{>4Uj&[
z+�h!$Yx(

i 4 =q\]� Q9CQJ4 t Q60631 ?`ano


�� � Q9CQJ4 ����
���� 
�� � Q60631 ����
����
Q9WTX5 |�~ Q9Z1S8 |�~

Q9QWH1 |�~ Q9WU78 |�~

Q9JIA7 yz�~ Q9QYY0 |�~

Q9QZ06 yz�~ Q9JLQ0 |�~

A2AWL7 |�~ Q9H204 |�~

Q8CCI5 |�~ Q9ES52 |�~

Q6P1G2 |�~ Q9EQ32 |�~

Q64028 |�~ Q99PM9 |�~

O35730 |�~ Q99JZ7 |�~

O54833 |�~ Q8R550 |�~

Q5U4D9 |�~ Q62077 |�~

Q3UK78 |�~ Q60992 |�~

Q08639 |�~ Q60749 |�~

O55187 |�~ Q62083 yz�~

O88974 |�~ Q6P9R2 yz�~

P67871 |�~ Q8JZS0 yz�~

P63017 |�~ Q99ML1 yz�~

P61965 |�~ Q9WV55 yz�~

P59178 |�~ Q02384 |�~

P23198 |�~ P98083 |�~

P23798 |�~ P54763 |�~

P25916 |�~ P06800 |�~

P27641 |�~ P35991 |�~

P28574 |�~ P35438 |�~

P30658 |�~ P35329 |�~

O88746 yz�~ P34152 |�~

Q6PIC6 yz�~ P51807 yz�~

Q8R5C8 yz�~ Q06507 yz�~

Q922Q8 yz�~ Q3UK78 yz�~

O09061 yz�~ Q5U4D9 yz�~

Q99PM9 yz�~
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� 3 =quv\]�wx^_�<yz�

3 e {

(F)U=J,-$2.'V&K22E{+8JD<$RK !%$ZU&0H
"F�U$|}&15&C5}=W+6=$'#? "=?$X+6=&;0*+!
8$2.'V()5�B$}~A&7C8&:D=@&; !%$6)84>:/�
 !%G�"*&$05;A&&@�"*&$2.(\F22$6<$*vT& !
%�"*&��KZ79:*p?Q$KG,7B8$;A(=@9"*�"*&$ 
!%&05;A�=@ 3-0dI~W5:&!'*+O8$2.I41&0%O@05
;AIH&$u6I=&#$+%jGK22f�(

=@xS !%�"*&��&)U=J$,-<<B.BF 3-0d;A0.-�
"*&$ !%=&15&)2. !%�"*&j&B.a&U/e($�"*& 
!%6<;A&0C5.!.E=;?$ !%QU(c?7&8&9:,-?U/#
 $;A&JL�,!.#H-OJ!8$2.,;&;0*+O!#$2.'V(

4L&7CH&(2�8<8$=N2.,;&2.�=N!� !%G$�"*
&&#n�(21w�"*&��&Z'h!$,L~T(

|}~�
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