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Fig. 1 Active subnetwork in human protein interaction network with HIV-1 expression profile
(a) Corresponding to initial network. (b), (c), (d), (¢) Corresponding to active subnetworks after step 1, step 2, step 3, step 4. As shown in the figure, four
active subnetworks are derived in sequences. (a) Whole human protein interaction network, with 8545 proteins. (b~ ¢) Active subnetwork search in
previous network, i.e., network (b) is searched in network (a), (c) is searched in (b). In (e), the non-differentially expressed but functional important
genes CDT1, MCM6, MCM2, MCM 10 are green colored.
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Table 1 Scores of active subnetwork in each iteration step

Iteration step i Nt R (G, Riy(€) Riun(€) R(6) R (6)
1 8 545 2 440 126.71 85.90 46.16 107.13 80.55
2 2 440 961 66.14 78.10 25.54 88.96 40.59
3 961 350 33.13 57.40 13.47 67.69 19.66
4 350 94 15.12 33.40 5.24 4597 9.88

. NN net QX 6 Lk Ve 2 A E S VB BE

W 2 Fis, T RIS E R (G) ik S, Zend 100 PR EIEMEL, IR O %

S, I BB R (GRS R (G Rt
Fep B, I IR IR0 77 6 2 4 i
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90

60

30

2 4 6 8 10
Iterations/10%(step 1, |V,,|=2440)

opli

2 4 6 8 10
Iterations/10°(step 3, |V,,|=350)

22401 I, PR BREEATR, B TRE
giaL.

2 4 6 8 10
Iterations/10%(step 2, |V,,|=961)

2 4 6 8 10
Iterations/10%(step 4, |V ,,|=94)

Fig. 2 Score and temperature versus number of iterations

Simulated annealing was performed for the network and expression profile shown in Figure 2, with parameters N=10° Nyn=1, Ney=0.01. Annealing

temperature (left vertical axis; solid blue trace) decreases geometrically over consecutive iterations. By the end of the run, scores for each of the five

top scoring subnetworks have increased to a local maximum (right vertical axis; green trace = total network score(RMve), lightblue = network correlation

score(R ), red = network difference score(R:;T)).
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FeT HIV-1 7515 TAH AR R 429, geit
WO W B HIV-1 9 55 2 A7 7R 4% 8 A2 A
HAEHIE R E AL, ki 2 2R AR
MW, WK 2. FEREMRIINEE 94 N E
LSRS0S 1 W, CARE 10 B B R) 45 5% 2

HIV-1 R 8 AR EE A LA 30 4, A&

H T 32%.  E 29 & HIV-1 Ji§ 8 1 Tat. Env
SESCHRE S I 1 F I

Table 2 The number of human proteins interacting with
HIV-1 proteins in active subnetwork in each iteration step

All Interacting with HIV-1 Percentage
8545 1029 12%
2440 406 17%

961 199 21%

350 86 25%

94 30 32%
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Fig. 3 Term enrichment of GO biological process in active subnetwork versus whole interaction network using BINGO™!
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Fig. 4 Active subnetwork in human protein interaction network with HIV-1 expression profile using Ideker method

There are 60 genes in the active subnetwork with 47 genes are also included in the subnetwork by our method (Figure 1e). In these genes, 15 genes are

non-differentially expressed with P > 0.001 (green).

FHORPEFRPR, S22 Rl T a5 2 e RIA %
S ERR, WK 3. WK 4 R, Ideker il
T A0 R DRI 2 S 4 P A8 1 g Al ] LA SCREHRR
oy Dy Re N AR RIS 22 5 W N, T el T LR
PRI ARFH RIEACPAH O EE B, HAfA—Em
Jri PR

Table 3 Comparison between different methods

for identifying active subnetwork

Percentage of non-differentially
Number of genes
expressed genes(P > 0.001)
15(25%)

36(40%)

Ideker /514 60
AT 94
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Discovering Active Subnetwork in Protein Interaction Network®
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Abstract Traditional analysis of gene expression data focused on identifying differentially expressed and
co-expressed genes, which didn’t take known interactions into consideration. In recent years, many methods have
been developed to identify active subnetwork by integrating protein interaction networks with gene expression
profiles. Current approaches failed to take full account of both difference and correlation in gene expression that
may lead to false positive results. A new algorithm is proposed for identifying active subnetwork by considering
both difference and correlation of gene expression profile. The algorithm is employed in the process of gene
expression profiles of human immunodeficiency virus infection. The results showed that the algorithm can identify
the active subnetwork that has extremely high biologically functional connectivity with human immunodeficiency
virus, and effectively avoid the bias introduced by considering differences of gene expression profiles only, i.e.,
genes less differentially expressed are also included due to high correlations in gene expression.
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