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Table 1 The logic relationships illustrated with Venn diagrams and logic statement
Type Venn diagram Logic function Logic statement

C is present if and only if (if]

1 (.) C=AAB P yirem
A and B are both present
2 @ C=~(A/\B) C is present iff A absent or B is absent
3 @ C=AVB C is present iff A is present or B is present
4 @ C=~(AVB) C is present iff A is absent and B is absent
5 @ C=~A/AB C is present iff A is absent and B is present
6 @ C=~AVB C is present iff B is present or A is absent
7 @ C=~(A-B) C is present iff one of either A or B is present
C is present iff A and B are both present or A
and B are both absent

9 @ C=A/A~B C is present iff A is present and B is absent
10 @ C=AV~B C is present iff A is present or B is absent
11 @ C is present iff A is present
12 @ C is present iff B is present
13 @ =~A C is present iff A is present
14 @ C is present iff B is present
15 @ C is present
16 @ C is absent
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Table 2 Gene logic expression pattern

Type Expression pattern Type Expression pattern
A 1 A 1 0 0
1 B 1 2 B 0 1 0
C 1 C 1 1 1
A 1 1 0 A 0
3 B 0 1 1 4 B 0
C 1 1 1 C 1
A 1 A 0
5 B 0 6 B 1
C 1 C 1
A 1 0 0 A 1 0 1
7 B 1 0 1 8 B 1 0 0
C 1 1 1 C 1 1 1
A 1 0 A 1 0
9 B 0 1 10 B 1 0
C 1 1 C 1 1
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Table 3 The list of 51 oncogenes and cancer suppressor genes
Probe ID GenelD GeneSymbol Probe ID GenelD GeneSymbol
204010 s Ot 3845 k-ras 204748 0t 5743 COX-2
201895 0t 369 Raf 209946 0t 7424 VEGFC
212609 s 0Ot 10000 AKT 212171 x 0Ot 7422 VEGFA
209364 0t 572 BAD 203085_s 0Ot 7040 TGFB
220566 0t 23533 P13K 207334 s Ot 7048 TGFB-RIL
212849 0t 8312 Axin 205386 s Ot 4193 MDM2
209189 0t 2353 Fos 202520 s Ot 4292 MLHI1
221558 s Ot 51176 LEF 202911 0t 2956 MSH6
208351 s Ot 5594 ERK 210947 s Ot 4437 MSH3
222146 s Ot 6925 TCF4 209421 0t 4436 MSH2
216836 s Ot 2064 C-erbB2 216039 0t 5379 PMSI1
209051 s Ot 5900 RalGDS 207004 0t 596 Bcl2
202095_s 0t 332 Survivin 208478 s Ot 581 BAX
208711 s Ot 595 cyclin-D1 209805 0t 5395 PMS2
207839 s Ot 51754 B-Catenin 211300 s Ot 7157 P53
216933_x_Ot 324 APC 209644 x Ot 1029 P16
201130 s Ot 999 E-cadherin 206132 0t 4163 MCC
201693 s Ot 1958 EGR1 209588 0t 2048 EPHB2
204489 s 0Ot 960 CD44 207433 0t 3586 IL-10
210775_x_0t 842 CASP9 207160 0t 3592 1L-12
202763 0t 836 CASP3 205479 s 0Ot 5328 u-PA
206939 0t 1630 DCC 203076 s Ot 4087 SMAD2
206254 0t 1950 EGF 205396 0t 4088 SMAD3
205828 0t 4314 MMP3 202526 0t 4089 SMAD4
203936 _s Ot 4318 MMp9 211551 0t 1956 EGFR(RTK)
211553 x Ot 317 Apaf
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Table 4 The list of lower order logic association genes

Gene C Gene A U(cla) Support
C-erbB2 DCC 0.999 778 0.621 622
MSH6 EGR1 0.754 507 0.756 757
u-PA MSH6 0.698 342 0.864 865
u-PA EGR1 0.584 525 0.756 757
VEGFA CASP3 0.584 525 0.945 946
EGR1 MSH6 0.563 821 0.837 838
CASP9 Fos 0.509 08 0.675 676
u-PA BAD 0.455 651 0.864 865
C-erbB2 Survivin 0.455 651 0.810 811
VEGFA Survivin 0.455 651 0.810 811
VEGFA BAX 0.455 651 0.891 892
u-PA TGFB 0.251 178 0.945 946
VEGFA SMAD3 0.455 651 0.810 811
MSH6 u-PA 0.412 632 0.945 946
C-erbB2 CD44 0.411 853 0.810 811
C-erbB2 E-cadherin 0.37543 0.918 919
C-erbB2 MCC 0.37543 0.891 892
VEGFA E-cadherin 0.37543 0.756 757
EGFR MCC 0.37543 0.891 892
MLHI1 LEF 0.356 784 0.621 622

Gene C Gene A Ul(cla) Support
C-erbB2 AKT 0.316 988 0.864 865
VEGFA AKT 0.316 988 0.945 946
CASP9 APC 0.305 025 0.864 865
MLH1 TGFB 0.305 025 0.918 919
MSH6 TGFB 0.305 025 0.621 622
u-PA LEF 0.292 769 0.648 649
MLH1 Raf 0.282 601 0.810 811
MLH1 EPHB2 0.282 601 0.864 865
MSH6 EPHB2 0.282 601 0.864 865
u-PA Bel2 0.270 98 0.702 703
MSH2 COX-2 0.261 982 0.783 784
SMAD2 COX-2 0.261 982 0.783 784
SMAD3 BAX 0.259 795 0.810 811
BAX SMAD3 0.259 795 0.756 757
CASP3 EGF 0.258 37 0.810 811
EGR1 u-PA 0.258 093 0.864 865
CASP3 VEGFA 0.258 093 0.621 622
C-erbB2 COX-2 0251178 0.945 946
MMP9 APC 0.251 178 0.891 892
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Table 5 The list of higher order logic association genes

Type Gene C Gene A Gene B Ulcla) Ulelb) U(Clf(a,b) Support
3 CASP3 k-ras Survivin 0.239 09 0.249 414 0.563 821 0.918 919
3 CASP3 EPHB2 SMAD3 0.064 709 0.249 414 0.563 821 0.918 919
3 CASP3 Survivin SMAD3 0.249 414 0.249 414 0.563 821 0918919
3 CASP3 RalGDS SMAD3 0.010277 0.249 414 0.563 821 0918919
6 u-PA Axin EPHB2 0.200 732 0.233 031 0.584 525 0918919
6 MMp9 Axin EPHB2 0.200 732 0.233 031 0.584 525 0918919
6 MMp9 Axin EGF 0.200 732 0.186 219 0.510 613 0.891 892
6 MMp9 MDM2 EPHB2 0.233 031 0.233 031 0.510 613 0.891 892
3 MMp9 COX-2 EPHB2 0.216 282 0.233 031 0.510 613 0.891 892
10 VEGFA EGF P16 0.186 219 0.159 813 0.510 613 0.891 892
10 MMp9 EGF P16 0.186 219 0.159 813 0.510 613 0.891 892
3 MMp9 EGF COX-2 0.186 219 0.216 282 0.510 613 0.891 892
6 u-PA MDM2 EPHB2 0.233 031 0.233 031 0.510 613 0.891 892
6 MMp9 ERK VEGFC 0.159 813 0.172 616 0.510 613 0.891 892
7 SMAD4 TGFB-RII MSH3 0.238 194 0.174 724 0.567 435 0.864 865
5 SMAD4 TGFB-RII MSH4 0.238 194 0.174 724 0.567 435 0.864 865
8 MSH2 cyclin-D1 SMAD2 0.174 724 0.238 194 0.567 435 0.864 865
10 SMAD4 k-ras P16 0.208 521 0.192 918 0.509 08 0.837 838
8 MSH2 Survivin E-cadherin 0.106 488 0.067 519 0.509 08 0.837 838
7 MLHI BAD MSH3 0.106 488 0.174 724 0.509 08 0.837 838
3 CASP9 k-ras VEGFC 0.208 521 0.208 521 0.509 08 0.837 838
8 cyclin-D1 Fos SMAD3 0.208 906 0.041 157 0.540 825 0.810 811
3 CASP3 k-ras PMSI1 0.239 09 0.204 024 0.540 825 0.810 811
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KAWL FFE KT 60%. LA B3 Rie.
PRSI RN BE L2 5.
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Modeling Colon Cancer Gene Logic Network With mRNA Microarray Data”
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Abstract Analysis of cellular pathways and networks in terms of logic relations is important to decipher the
networks of molecular interactions that underlie cellular function. A computational approach for identifying lower
and higher order gene logic associations was presented on the base of graph coloring theory and applied it to the
colon cancer mRNA microarray data. Then the logic relationships of 51 oncogenes and cancer suppressor genes
are analyzed and the logic association network of them was constructed. The signal pathway of TGFB from the
network model was found and verified by the colon cancer pathway of KEGG. The model reveals many higher
order logic relationships of cancer genes. These relationships illustrate the complexities that arise in cancer cellular
networks because of interacting pathways. The results show that this method is feasible and is expected to give a

reference to the medical molecular biologist.
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