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1 Metabolic networks

2 Protein-protein interaction networks
3 Gene-protein interaction networks
4 Structural features

5 Hub nodes

6 Network connectivity

7 Functional features

8 Theory-based modeling



S5 dlw, doddio

Sgazs | (Sdglio (gl e 5l (g0g05me olaad b Sy (g5l Joe 4 LS Lo, ol 5l eolizu
Dyl sss oo

(Selplio (aaSed (ilwand o (Seelus b (o e sloae ) oslitul lie o
Sged o)Lal Wigd oo ke Ll Cl> jo &5 (g egS gl sla o oslical & Ol s
gz gy plo sy oad zihae lagilly 4 azg b (Cudgame p (e g5loJae)
S aycdale glm g 00,8 st By, nl )0 DYseeme go8 whlise dlge clald aule
ez Wlg e (Sdnlie slaased 5 ok, Gle g9 cnl Deb e hros o 2Ty Sl 65500
PR L e pooad B S e s sl STy 51 e e e 5l 6y Ol S
Jol STl Joe 50 35290 sl iiSTy (5 yegeS sl Yogons 090 4185 )15 a0 L <>
dogys byl ls olpen 4y sle (nl @8ly 15 005 o0 s (S JLs 202 Sl
s albslensl U5 4 by LS o a5 Llacysgioe adlol s Tl (iiSTy 5 bayetig
sladoe pb L aS ates oad giluil (Sdplie laaSil 3L, ol wsdoe w8
Sloslizl s (Ssbie sloased 3lusl 5l Glsise igd oo bt T uliiiepgiy (Selsilie
ld Can) )3 (535 50 y9mme S lsie 4 wlidiepgi) (Sl slaae cale o o]
ilge Jelos b 5 VYT AMFB) (Sl JLo Jedow 5,5 )5 0 b VY] 05 ol slalsls
@) S5 (iledindin i Bus gb Sy arass 5 Y] TFBA) L
aly ilize b Llos o Jsbo Slaal Koo bs (Jobo 6551 b G5eST Srae (gluoares
e azg b aS Wl o 0smg oll 5l Buas Al 0929 4 5L ols ploil o Jow ol alws
SYgpeme Sl 5l Jgene jsb 4y S¥olas slasd (Jome lyie 4 ool (Syme g alies
o (5w game S im0 S5 | Y pmeg 8 ad Y olre olKiws S 5 009y yiaS
Cedgilbio s )0 (alislesT glaosls 5l eigds Glyz godgams (el Cusay 5 o (glad
25T dae ol ol 51000 wiz 0 e ealitial ML o b glaodls (pizen
Div-vol ol

(Contextualization of High-Throughput Data) YU pz> b sbeosls (g5lw sogeie @

1 Metabolic pathways

2 Constraint-based modeling

3 Gene-protein-reaction relationship

4 Genome-scale metabolic models

5 Metabolic flux analysis (MFA)

6 Flux balance analysis (FBA)

7 Underdetermined system of linear equations
8 High throughput data
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! COnstraint-Based Reconstruction and Analysis
2 Biomarker identification

3 Selective drugs

4 Drug resistance
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! Medical symptoms

2 Warburg effect

3 Mitochondrial oxidative phosphorylation
4 Aerobic glycolysis

5 Broad-spactrum antibiotics
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3 Irritable bowel syndrome

4 Inflammatory bowel disease

5 Narrwo-spectrum antibiotics

6 Metabolic alterations

7 Aerobic glycolysis

8 Oxidative phosphorylation

9 Warburg effect
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! Glutaminolysis pathway

2 Glycolysis

3 Lipid synthesis pathway

4 Branched-chain amino acid metabolism
5 Serine synthesis pathway

6 Pentose phosphate pathway

7 Ketone bodies
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10 gynthetic lethal drugs
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2 Virulence factors

3 Essential genes or essential reactions
4 Lethal genes or lethal reactions
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a) SearchWithinSeedspace:
1: function SearchWithinSeedspace (model, maxCardinality, SeedSpace, Cutoff,
grRate)
2: Input: model: metabolic model,
maxCardinality: maximum cardinality for this level
SeedSpace: seed space of the model
Cutoff: the cut off threshold for lethality
grRate: the growth rate corresponding to the model

3: Output: lethal sets, non-lethal sets and the growth rate corresponding to non-
lethal sets of the model

4: Identify Candidates ## The list of single reactions that should be
removed from the mutant

5: Initialize lethals and nonLethals ## Each is an empty list
5: for i = 1 : maxCardinality
6: forj=1:the number of cases in Candidates

7. Compute mutantStrain ## The upper and lower bounds of all reactions in set
Candidates(i) are set to zero

6: grRate = FBA (mutantStrain) ## It returns the maximum growth rate
related to the mutant strain

)


https://github.com/CSBLaboratory/RapidSL

7. if grRate < Cutoff

8:  Add Candidates(i) to lethals

9: else

10:  Add Candidates(i) to non-lethals

11: Update Candidates ## Update the list of reaction sets that should be removed
in the next iteration

12: Identify trivialSolution ## The list of Candidates that are supersets of the
identified lethal sets

13: Candidates = Candidates — (Candidates N trivialSolution)
14: end of for
16: end of for

17: Return lethals, nonLethals

b) RapidSL

1: function RapidSL (model, maxCardinality, Cutoff, eliList)

2: Input: model: metabolic model,
maxCardinality: maximum cardinality for this level.
Cutoff: the cut off threshold for lethality.

eliList: the set of all reactions that should be excluded from the
lethality analysis.

3: Output: Synthetic lethal sets of the strain
## The next four lines defines the first step and calculates the SeedSpace and grRate

4: grRate = FBA (model) ## 1t returns the maximum growth rate related to
the mutant strain.

5: Flux = FBA (model, grRate) ## It returns the taxicab solution corresponding

ay



to grRate.

6: Identify Jnz ## The list of reactions with non-zero fluxes in
the strain.

7: SeedSpace = Jnz N eliList

8: Run SearchWithinSeedspace (model, maxCardinality, SeedSpace, Cutoff, grRate)
to get Lethals and non-Lethals

9: if stopping conditions are met
10: define SLs as an empty variable
11: else

12: Identify mutantStrains ## the upper and lower bounds of all reactions in
set are changed to zero

13: for set in nonLethals:

14:  Run RapidSL (model, maxCardinality, Cutoff, eliList) to obtain SLs ##
Branching of the Depth first search algorithm

15: end of for
16: SLs = SLs U Lethals

17: Return SLs
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https://github.com/CSBLaboratory/SelectiveDrugTargets/blob/main/Supplementary
data/Supp Data_S1.xlsx
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https://github.com/CSBLaboratory/SelectiveDrugTargets/blob/main/Supplementary
data/Supp Data_S2.xIsx
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Microorganisms State In Each Case

T: Targeted, N: Not Participated and C:

Number Of Potential Solutions Found

Fourth Step

Number Of Potential Solutions Found

Fifth Step

Conserved
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Case 1 T|T|T|T|T|T 31 196 731 1033 31 196 731 1033
Case 2 T|T|T|T|T|N 50 198 756 1115 50 198 756 1115
Case 3 T|T|T|T|T|C 19 2 25 82 19 0 1 31
Case 4 T|T|T|T|N|T 31 210 784 1590 31 210 784 1590
Case 5 T|T|T|T|N|N 50 212 809 1674 50 212 809 1674
Case 6 T|T|T|T|N|C 19 2 25 84 19 0 1 31
Case 7 T|T|T|T|C|T 0 14 53 581 0 0 7 3
Case 8 T|T|T|T|C|N 0 14 53 583 0 0 7 3
Case 9 T|T|T|T|C|C 0 0 0 2 0 0 0 0
Case 10 T|T|T|IN|T|T 31 196 731 1021 31 196 731 1021
Case 11 T|T|T|N|T|N 51 198 756 1103 51 198 756 1103
Case 12 T|T|T|IN|T|C 20 2 25 82 20 0 1 31
Case 13 T|T|T|IN|IN|T 31 210 784 1578 31 210 784 1578
Case 14 T|T|T|N|N|N 51 212 811 1676 51 212 811 1676
Case 15 T|T|T|IN|N|C 20 2 27 98 20 0 1 34
Case 16 T|T|T|IN|C|T 0 14 53 581 0 0 7 3
Case 17 T|T|T|N|C|N 0 14 53 583 0 0 7 3
Case 18 T|T|T|IN|C|C 0 0 0 2 0 0 0 0
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Case 19 T|T|T|C|T|T 0 0 0 0 0 0 0 0
Case 20 T|T|T|C|T|N 1 0 0 0 1 0 0 0
Case 21 T|T|T|C|T]|C 1 0 0 0 1 0 0 0
Case 22 T|T|T|C|N|T 0 0 0 0 0 0 0 0
Case 23 T|T|T|C|N|N 1 0 2 0 1 0 0 0
Case 24 T|T|T|C|N|C 1 0 2 0 1 0 0 0
Case 25 T|T|T|C|C|T 0 0 0 0 0 0 0 0
Case 26 T|T|T|C|C|N 0 0 0 0 0 0 0 0
Case 27 T|T|T|C|C]|C 0 0 0 0 0 0 0 0
Case 28 T|T|N|T|T|T 34 209 780 1253 34 209 780 1253
Case 29 T|T|N|T|T|N 53 211 805 1337 53 211 805 1337
Case 30 T|T|N|T|T|C 19 2 25 84 19 0 1 33
Case 31 T|T|N|T|N|T 68 126 221 261 68 126 221 261
Case 32 T|T|N|T|N|N 88 128 246 282 88 128 246 282
Case 33 T|T|N|T|N|C 20 2 25 21 20 0 1 0
Case 34 T|T|N|T|C|T 34 70 141 113 34 25 17 27
Case 35 T|T|N|T|C|N 35 70 141 113 35 25 17 27
Case 36 T|T|N|T|C|C 1 0 0 0 1 0 0 0
Case 37 T|T|N|N|T|T 34 209 783 1246 34 209 783 1246
Case 38 T|T|N|N|T|N 54 212 806 1338 54 212 806 1338
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Number Of Potential Solutions Found
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Case 39 T|IT|N|IN|T|C 20 3 24 95 20 1 0 43
Case 40 T|IT|N|N|N|T 68 128 237 248 68 128 237 248
Case 41 T|I|T|N|N|N|N 89 134 291 299 89 134 291 299
Case 42 T|IT|N|IN|N|C 21 6 46 51 21 1 2 18
Case 43 T|IT|IN|IN|C|T 34 72 152 113 34 27 28 16
Case 44 T|I|T|N|N|C|N 35 72 155 118 35 27 31 18
Case 45 TIT|IN|IN|C|C 1 0 3 5 1 0 2 2
Case 46 T|T|N|C|T|T 0 0 2 7 0 0 1 7
Case 47 T|T|N|C|T|N 1 1 1 13 1 1 1 13
Case 48 T|T|N|C|T]|C 1 1 0 9 1 1 0 8
Case 49 T|T|N|C|N|T 0 2 15 18 0 2 14 18
Case 50 T|T|N|C|N|N 1 4 19 29 1 3 17 29
Case 51 T|T|N|C|N|C 1 2 5 14 1 1 2 13
Case 52 T|T|N|C|C|T 0 2 13 12 0 2 13 1
Case 53 T|T|N|C|C|N 0 2 16 17 0 2 16 3
Case 54 T|T|N|C|]C|C 0 0 8 5 0 0 2 2
Case 55 T|T|C|T|T|T 3 16 49 234 3 12 27 16
Case 56 T|T|C|T|T|N 8 16 49 236 3 12 27 18
Case 57 T|T|C|T|T]|C 0 0 0 2 0 0 0 2




TM;?;L%?”&”SO??;?J;E;ZZ gﬁ;ec: Number Of Potential Solutions Found Number Of Pott_antial Solutions Found
Fourth Step Fifth Step
Conserved

|l |l=12 |

212112122l e | 9| 2| % |e| 9| = |%
CaseNo. |4 | 13l< |5 || & & = = =1 s = =

N[ 2| o @ ) @ S| @ = ) S

o0 w ol |Z o = =

©

Case 58 T|T|C|T|N|T 37 72 144 133 37 25 61 41
Case 59 T|T|C|T|N|N 38 72 144 133 38 25 61 41
Case 60 T|T|C|T|N|C 1 0 0 0 1 0 0 0
Case 61 T|T|C|T|C|T 34 70 138 109 34 24 11 9
Case 62 T|T|C|T|C|N 35 70 138 109 35 24 11 9
Case 63 T|T|C|T|C]|C 1 0 0 0 1 0 0 0
Case 64 T|T|C|N|T|T 3 16 52 240 3 12 28 22
Case 65 T|T|C|N|T|N 3 17 51 248 3 13 28 30
Case 66 T|T|C|N|T|C 0 1 0 11 0 1 0 10
Case 67 T|T|C|N|N|T 37 74 158 136 37 25 63 56
Case 68 T|T|C|N|N|N 38 75 160 147 38 26 66 65
Case 69 T|T|C|N|N|C 1 1 3 14 1 1 2 11
Case 70 T|T|C|N|C|T 34 72 149 109 34 24 12 10
Case 71 T|T|C|N|C|N 35 72 152 114 35 24 15 11
Case 72 T|T|C|N|C|C 1 0 3 5 1 0 2 1
Case 73 T|T|C|C|T|T 0 0 2 7 0 0 1 7
Case 74 T|T|C|C|T|N 0 1 1 13 0 1 1 13
Case 75 T|T|C|C|T]|C 0 1 0 9 0 1 0 8
Case 76 T|T|C|C|N|T 0 2 15 18 0 0 2 18
Case 77 T|T|C|C|N|N 0 3 17 29 0 1 5 27
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Case 78 T|T|C|C|N|C 0 1 3 14 0 1 2 11
Case 79 T|T|C|C|C|T 0 2 13 12 0 0 1 1
Case 80 T|T|C|C|C|N 0 2 16 17 0 0 4 2
Case 81 T|T|C|C|C|C 0 0 3 5 0 0 2 1
Case 82 TIN|T|T|T|T 48 183 778 1374 48 183 778 1374
Case 83 T|IN|T|T|T|N 69 183 818 1586 69 183 818 1586
Case 84 T|IN|T|T|T|C 21 0 42 212 21 0 23 110
Case 85 TIN|T|T|N|T 49 197 863 1943 49 197 863 1943
Case 86 TIN|T|T|N|N 70 197 907 2174 70 197 907 2174
Case 87 TIN|T|T|N|C 21 0 46 231 21 0 24 121
Case 88 TIN|T|T|C|T 1 14 85 629 0 0 7 3
Case 89 TIN|T|T|C|N 1 14 89 648 0 0 7 3
Case 90 TIN|T|T|C|C 0 0 4 19 0 0 0 0
Case 91 TIN|T| N|T|T 48 183 783 1374 48 183 783 1374
Case 92 T|IN|T|N|T|N 70 183 823 1586 70 183 823 1586
Case 93 TIN|T| N|T|C 22 0 42 212 22 0 23 110
Case 94 TIN|T|N|N|T 49 197 868 1943 49 197 868 1943
Case 95 T|IN|T|N|N|N 71 197 912 2174 71 197 912 2174
Case 96 TIN|T|N|N|C 22 0 46 231 22 0 24 121
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Case 97 TIN|T|N|C|T 1 14 85 629 0 0 7 3
Case 98 TI{N|T|N|C|N 1 14 89 648 0 0 7 3
Case 99 TIN|T|N|C]|C 0 0 4 19 0 0 0 0
Case 100 TIN|T|C|T|T 0 0 0 0 0 0 0 0
Case 101 TIN|T|C|T|N 1 0 0 0 1 0 0 0
Case 102 TIN|T|C|T]|C 1 0 0 0 1 0 0 0
Case 103 TIN|T|C|N|T 0 0 0 0 0 0 0 0
Case 104 TI{N|T|C|N|N 1 0 0 0 1 0 0 0
Case 105 TIN|T|C|N|C 1 0 0 0 1 0 0 0
Case 106 TIN|T|C|C|T 0 0 0 0 0 0 0 0
Case 107 TIN|T|C|C|N 0 0 0 0 0 0 0 0
Case 108 TIN|T|C|C|C 0 0 0 0 0 0 0 0
Case 109 TIN|N|T|T|T 53 191 855 1625 53 191 855 1625
Case 110 TI{N|N|T|T]|N 74 191 899 1855 74 191 899 1855
Case 111 TIN|IN|T|T]|C 21 1 44 230 21 1 25 118
Case 112 TIN|N|[T|[N|T 98 57 121 230 98 57 121 230
Case 113 TI{N|N|T|N|N 125 64 133 266 125 64 133 266
Case 114 TIN|N|T|N|C 27 8 12 36 25 8 12 36
Case 115 TIN|IN|T|C|T 45 23 58 90 44 17 15 42
Case 116 TI{N|N|T|C|N 51 30 65 118 50 24 20 51
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Case 117 TIN|[N|T|C|C 6 7 7 28 4 7 5 9
Case 118 TIN|N|N|T|T 53 192 867 1641 53 192 867 1641
Case 119 TIN|N|N|T|N 75 193 909 1879 75 193 909 1879
Case 120 TIN|[N|N|T|C 22 2 43 241 22 2 24 128
Case 121 TIN|N|N|N|T 99 60 149 267 99 60 149 267
Case 122 TIN|N|N|N|N 132 95 236 363 132 95 236 363
Case 123 TIN|[N|N|N|C 33 27 61 91 30 15 27 90
Case 124 TIN|N|IN|C|T 46 26 70 97 45 20 27 32
Case 125 TIN|N|N|C|N 54 39 95 169 52 33 45 69
Case 126 TIN|N|N|C|C 8 13 25 72 5 13 16 37
Case 127 TIN|N|C|T|T 0 0 14 24 0 0 7 18
Case 128 TIN|N|C|T|N 1 1 13 30 1 1 7 24
Case 129 TIN|N|C|T|C 1 1 0 9 1 1 0 8
Case 130 TIN|N|C|N|T 1 3 29 40 1 3 22 34
Case 131 TIN|N|C|N|N 4 14 46 90 3 10 40 84
Case 132 TIN|N|C|N|C 3 11 18 53 2 7 16 52
Case 133 TIN|N|C|C|T 1 3 15 19 1 3 15 2
Case 134 TIN|N|C|C|N 8 9 33 63 2 9 28 30
Case 135 TIN|N|C|C|C 2 6 18 44 1 6 11 28
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Case 136 TIN|C|T|T|T 5 16 79 274 5 13 28 29
Case 137 TIN|C|T|T|N 5 16 83 292 5 13 31 37
Case 138 TIN|C|T|T|C 0 1 4 18 0 1 3 8
Case 139 TIN|C|T|N|T 49 25 59 100 49 16 27 53
Case 140 TIN|C|T|N|N 55 32 66 127 55 23 30 66
Case 141 TIN|C|T|N|C 6 8 7 27 4 8 3 13
Case 142 TIN|C|T|C|T 44 23 55 86 44 14 8 19
Case 143 TIN|C|T|C|N 50 30 62 113 50 21 11 24
Case 144 TIN|C|T|C]|C 6 7 7 27 4 7 3 5
Case 145 TIN|C|N|T|T 5 17 92 291 5 14 31 38
Case 146 TIN|C|N|T|N 5 18 95 315 5 15 34 52
Case 147 TIN|C|N|T|C 0 2 4 27 0 2 3 16
Case 148 TIN|C|N|N|T 50 28 84 119 50 16 33 76
Case 149 TIN|C|N|N|N 58 42 108 196 57 30 49 121
Case 150 TIN|C|N|N|C 8 15 25 80 5 15 14 47
Case 151 TIN|C|N|C|T 45 26 67 93 45 14 11 21
Case 152 TIN|C|N|C|N 53 39 92 164 52 27 24 45
Case 153 TIN|C|N|C|C 8 13 25 71 5 13 11 24
Case 154 TIN|C|C|T|T 0 0 14 24 0 0 3 14
Case 155 TIN|C|C|T|N 0 1 13 30 0 1 3 20
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Case 156 TIN|C|C|T|C 0 1 0 9 0 1 0 8
Case 157 TIN|C|C|N|T 1 3 29 40 1 0 6 30
Case 158 TIN|C|C|N|N 3 10 46 90 2 7 19 62
Case 159 TIN|C|C|N|C 2 7 18 53 1 7 11 34
Case 160 TIN|C|C|C|T 1 3 15 19 1 0 3 2
Case 161 TIN|C|C|C|N 3 9 33 63 2 6 13 21
Case 162 TIN|C|C|C|C 2 6 18 44 1 6 8 19
Case 163 T|C|T|T|T|T 17 8 76 377 9 5 31 16
Case 164 T|C|T|T|T|N 19 8 115 528 11 5 31 35
Case 165 T|C|T|T|T]|C 2 0 41 151 2 0 1 17
Case 166 T|C|T|T|N|T 18 8 108 389 9 5 49 28
Case 167 T|C|T|T|N|N 20 8 151 557 11 5 49 50
Case 168 T|C|T|T|N|C 2 0 45 168 2 0 1 20
Case 169 T|C|T|T|C|T 1 0 32 48 0 0 0 0
Case 170 T|C|T|T|C|N 1 0 36 65 0 0 0 0
Case 171 T|C|T|T|C|C 0 0 4 17 0 0 0 0
Case 172 T|C|T| N|T|T 17 8 76 383 9 5 31 19
Case 173 T|C|T|N|T|N 19 8 115 534 11 5 31 38
Case 174 T|C|T|N|T|C 2 0 41 151 2 0 1 17
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Case 175 T|C|T|N|IN|T 18 8 108 395 9 5 49 31
Case 176 T|C|T|N|N|N 20 8 151 563 11 5 49 53
Case 177 T|IC|T|N|N|C 2 0 45 168 2 0 1 20
Case 178 T|IC|T|N|C|T 1 0 32 48 0 0 0 0
Case 179 T|C|T|N|C|N 1 0 36 65 0 0 0 0
Case 180 T|IC|T|N|C]|C 0 0 4 17 0 0 0 0
Case 181 T|C|T|C|T|T 0 0 0 0 0 0 0 0
Case 182 T|C|T|C|T|N 0 0 0 0 0 0 0 0
Case 183 T|C|T|C|T]|C 0 0 0 0 0 0 0 0
Case 184 T|C|T|C|N|T 0 0 0 0 0 0 0 0
Case 185 T|C|T|C|N|N 0 0 0 0 0 0 0 0
Case 186 T|C|T|C|N|C 0 0 0 0 0 0 0 0
Case 187 T|C|T|C|C|T 0 0 0 0 0 0 0 0
Case 188 T|C|T|C|C|N 0 0 0 0 0 0 0 0
Case 189 T|C|T|C|C|C 0 0 0 0 0 0 0 0
Case 190 T|IC|IN|T|T|T 19 9 108 423 11 7 35 18
Case 191 T|{C|N|T|T|N 21 9 151 590 13 7 35 39
Case 192 T|IC|IN|T|T|C 2 1 43 167 2 1 0 19
Case 193 T|C|IN|T|N|T 30 14 20 68 21 10 10 28
Case 194 T|C|IN|T|N|N 37 21 31 104 28 11 10 28
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Case 195 TIC|IN|T|N|C 7 8 11 36 5 2 0 0
Case 196 TICIN|T|C|T 11 7 4 25 10 5 1 14
Case 197 TIC|N|T|C|N 16 14 11 53 15 6 1 14
Case 198 TICIN|T|C]|C 5 7 7 28 3 1 0 0
Case 199 TICIN|N|T|T 19 9 120 434 11 7 37 23
Case 200 T|I|C|N|N|T|N 21 9 163 601 13 7 37 44
Case 201 TICIN|N|T|C 2 1 43 167 2 1 0 19
Case 202 T|I|C|N|N|N|T 31 15 33 89 22 10 14 37
Case 203 T|C|N|N|N|N 42 36 77 164 31 16 35 55
Case 204 T|IC|N|N|N|C 11 20 39 75 7 4 12 18
Case 205 TIC|N|N|C|T 12 8 5 33 11 5 3 16
Case 206 T|C|N|N|C|N 19 21 27 100 16 8 11 29
Case 207 TIC|N|N|JC|C 7 13 22 67 3 3 8 13
Case 208 T|IC|N|C|T|T 0 0 12 7 0 0 2 2
Case 209 T|C|N|C|T|N 0 0 12 7 0 0 2 2
Case 210 T|IC|N|C|T|C 0 0 0 0 0 0 0 0
Case 211 T|C|N|C|N|T 1 1 14 13 1 0 4 2
Case 212 T|C|N|C|N|N 3 7 29 52 1 2 16 20
Case 213 TIC|N|C|N|C 2 6 15 39 0 2 12 18
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Case 214 T|IC|IN|C|C|T 1 1 2 8 1 0 2 2
Case 215 T|C|IN|C|C|N 3 7 17 47 1 2 10 15
Case 216 T|IC|IN|C|C|C 2 6 15 39 0 2 8 13
Case 217 T|C|C|T|T|T 2 2 35 55 2 2 5 0
Case 218 T|C|C|T|T|N 2 2 39 71 2 2 5 2
Case 219 T|C|C|T|T|C 0 1 4 16 0 1 0 2
Case 220 T|C|C|T|N|T 12 9 7 30 12 5 4 10
Case 221 T|C|C|T|N|N 17 16 14 57 17 6 4 10
Case 222 T|C|C|T|N|C 5 8 7 27 3 2 0 0
Case 223 T|C|C|T|C|T 10 7 4 25 10 3 1 9
Case 224 T|C|C|T|C|N 15 14 11 52 15 4 1 9
Case 225 T|C|C|T|C|C 5 7 7 27 3 1 0 0
Case 226 T|IC|C|N|T|T 2 2 47 60 2 2 7 2
Case 227 T|C|C|N|T|N 2 2 51 76 2 2 7 4
Case 228 T|IC|C|N|T|C 0 1 4 16 0 1 0 2
Case 229 T|C|C|N|N|T 13 10 20 41 13 5 8 12
Case 230 T|C|C|N|N|N 20 23 42 107 18 8 15 20
Case 231 T|C|C|N|IN|C 7 14 22 66 3 4 7 8
Case 232 T|IC|C|N|C|T 11 8 5 33 11 3 3 11
Case 233 T|C|C|N|C|N 18 21 27 99 16 6 8 19
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Case 234 T|IC|C|IN|C|C 7 13 22 66 3 3 5 8
Case 235 T|C|C|C|T|T 0 0 12 7 0 0 2 2
Case 236 T|C|C|C|T|N 0 0 12 7 0 0 2 2
Case 237 T|C|C|C|T]|C 0 0 0 0 0 0 0 0
Case 238 T|IC|C|C|N|T 1 1 14 13 1 0 4 2
Case 239 T|C|C|C|N|N 3 7 29 52 1 2 11 10
Case 240 T|C|C|C|N|C 2 6 15 39 0 2 7 8
Case 241 T|C|C|C|C|T 1 1 2 8 1 0 2 2
Case 242 T|C|C|C|C|N 3 7 17 47 1 2 7 10
Case 243 T|C|CcC|C|C]|C 2 6 15 39 0 2 5 8
Case 244 N|T|T|T|T|T 55 195 710 982 55 195 710 982
Case 245 N|T|T|T|T]|N 88 195 147 1068 88 195 147 1068
Case 246 N|T|T|T|T]|C 33 4 25 82 33 0 1 31
Case 247 N|T|T|T|N|T 59 211 764 1541 59 211 764 1541
Case 248 N|T|T|T|N|N 92 211 801 1629 92 211 801 1629
Case 249 N|T|T|T|N|C 33 4 25 84 33 0 1 31
Case 250 N|T|T|T|C|T 4 16 54 583 4 2 8 5
Case 251 N|T|T|T|C|N 4 16 54 585 4 2 8 5
Case 252 N| T|T|T|]C]|C 0 0 0 2 0 0 0 0
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Case 253 N|T|T|N|T|T 55 195 710 954 55 195 710 954
Case 254 N|T|T|N|T|N 114 231 802 1057 114 231 802 1057
Case 255 N|T|T|N|T|C 59 40 80 99 48 6 1 31
Case 256 N|T|T|N|N|T 59 211 768 1516 59 211 768 1516
Case 257 N|T|T|N|N|N 119 247 907 1716 119 247 907 1716
Case 258 N|T|T|N|N|C 60 40 127 184 48 6 7 34
Case 259 N|T|T|N|C|T 4 16 58 586 4 2 12 7
Case 260 N|T|T|N|C|N 5 17 88 643 5 3 36 9
Case 261 N|T|T|N|C|C 1 1 30 57 0 0 0 0
Case 262 N|T|T|C|T|T 0 0 0 0 0 0 0 0
Case 263 N|T|T|C|T|N 26 36 49 15 16 11 0 0
Case 264 N|T|T|C|T]|C 26 36 49 15 15 6 0 0
Case 265 N|T|T|C|N|T 0 0 4 3 0 0 4 0
Case 266 N|T|T|C|N|N 27 36 95 61 16 11 11 0
Case 267 N|T|T|C|N|C 27 36 91 58 15 6 3 0
Case 268 N|T|T|C|C|T 0 0 4 3 0 0 4 0
Case 269 N|T|T|C|C|N 1 1 34 58 0 0 4 0
Case 270 N|T|T|C|C]|C 1 1 30 55 0 0 0 0
Case 271 N|T|N|T|T|T 58 208 759 1201 58 208 759 1201
Case 272 N|T|N|T|T|N 91 208 796 1289 91 208 796 1289
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Case 273 N|T|N|T|T]|C 33 4 25 84 33 0 1 33
Case 274 N|T|N|T|N|T 102 130 198 196 102 130 198 196
Case 275 N|T|N|T|N|N 143 145 237 230 143 145 237 230
Case 276 N|T|N|T|N|C 41 19 25 30 41 13 1 8
Case 277 N|T|N|T|C|T 44 75 143 102 44 30 17 22
Case 278 N|T|N|T|C|N 52 90 143 109 52 42 17 29
Case 279 N|T|N|T|C]|C 8 15 0 7 8 10 0 6
Case 280 N|T| N|N|T|T 58 208 765 1181 58 208 765 1181
Case 281 N|T|N|N|T|N 133 222 846 1311 133 222 846 1311
Case 282 N|T|N|N|T|C 75 18 70 129 51 7 2 50
Case 283 N|T|N|N|N|T 103 128 221 149 103 128 221 149
Case 284 N|T|N|N|N|N 294 209 394 576 294 209 394 576
Case 285 N|T|N|N|N|C 191 104 232 322 97 25 34 22
Case 286 N|T|N|IN|C|T 45 77 162 89 45 32 28 25
Case 287 N|T|N|N|C|N 158 155 279 297 99 53 48 53
Case 288 N|T|N|IN|C|C 113 88 175 247 41 21 25 14
Case 289 N|T|N|C|T|T 0 0 5 13 0 0 4 13
Case 290 N|T|N|C|T|N 42 14 44 51 19 9 6 33
Case 291 N|T|N|C|T]|C 42 14 40 41 18 7 2 15
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Case 292 N|T|N|C|N|T 1 2 22 31 1 2 21 31
Case 293 N|T|N|C|N|N 151 92 204 260 63 29 58 65
Case 294 N|T|N|C|N|C 150 92 201 257 56 24 32 18
Case 295 N|T|N|C|C|T 1 2 21 27 1 2 13 15
Case 296 N|T|N|C]|C|N 106 85 178 247 39 23 33 47
Case 297 N|T|N|C|C|C 105 85 175 245 33 20 25 13
Case 298 N|T|C|T|T|T 3 16 49 235 3 12 27 17
Case 299 N|T|C|T|T|N 3 16 49 237 3 12 27 19
Case 300 N|T|C|T|T]|C 0 0 0 2 0 0 0 2
Case 301 N|T|C|T|N|T 43 77 146 124 43 30 61 38
Case 302 N|T|C|T|N|N 51 92 146 131 51 45 61 45
Case 303 N|T|C|T|N|C 8 15 0 7 8 13 0 6
Case 304 N|T|C|T|C|T 40 75 140 99 40 29 11 6
Case 305 N|T|C|T|C|N 48 90 140 106 48 41 11 13
Case 306 N|T|C|T|C]|C 8 15 0 7 8 10 0 6
Case 307 N|T|C|N|T|T 3 16 55 244 3 12 31 26
Case 308 N|T|C|N|T|N 18 18 57 269 18 13 34 48
Case 309 N|T|C|N|T|C 15 2 3 28 3 1 2 17
Case 310 N|T|C|N|N|T 44 79 167 112 44 30 70 43
Case 311 N|T|C|N|N|N 171 159 286 319 109 55 101 72
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Case 312 N|T|C|N|N|C 127 90 175 249 41 22 31 19
Case 313 N|T|C|IN|C|T 41 77 159 89 41 29 12 21
Case 314 N|T|C|N|C|N 153 155 279 297 89 52 46 51
Case 315 N|T|C|N|C|C 112 88 175 247 36 20 25 14
Case 316 N|T|C|C|T|T 0 0 5 13 0 0 4 13
Case 317 N|T|C|C|T|N 15 2 7 36 3 1 6 33
Case 318 N|T|C|C|T]|C 15 2 3 26 3 1 2 15
Case 319 N|T|C|C|N|T 1 2 22 31 1 0 9 31
Case 320 N|T|C|C|N|N 120 87 178 250 39 24 47 61
Case 321 N|T|C|C|N|C 119 87 175 247 33 21 29 18
Case 322 N|T|C|C|C|T 1 2 21 27 1 0 1 15
Case 323 N|T|C|C|C|N 105 85 178 247 34 22 33 47
Case 324 N|T|C|C|C]|C 104 85 175 245 28 19 25 13
Case 325 N|IN|T|T|T|T 77 182 751 1323 77 182 751 1323
Case 326 N|IN|T|T|T|N 116 177 791 1535 116 177 791 1535
Case 327 N|N|T|T|T]|C 39 0 42 212 39 0 23 110
Case 328 N|N|T|T|N|T 86 198 837 1897 86 198 837 1897
Case 329 N|N|T|T|N|N 126 192 884 2125 126 192 884 2125
Case 330 N|N|T|T|N|C 40 0 46 231 40 0 24 121
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Case 331 N|N|T|T|C|T 9 16 86 631 8 2 8 5
Case 332 N|N|T|T|C|N 10 16 90 650 9 2 8 5
Case 333 N|N|T|T|C|C 1 0 4 19 1 0 0 0
Case 334 N|{N|T|N|T|T 77 182 756 1331 77 182 756 1331
Case 335 N|{N|T|N|T|N 148 231 887 1594 148 231 887 1594
Case 336 N|{N|T|N|T|C 71 54 133 263 58 6 23 110
Case 337 N|{N|T|N|N|T 86 198 846 1908 86 198 846 1908
Case 338 N|{N|T|N|N|N 160 253 1057 2343 160 253 1057 2343
Case 339 N|{N|T|N|N|C 74 61 211 440 60 12 32 121
Case 340 N|{N|T|N|C|T 9 16 90 634 8 2 12 7
Case 341 N|{N|T|N|C|N 12 18 166 825 11 4 74 46
Case 342 N|{N|T|N|C|C 3 2 76 191 2 1 2 0
Case 343 N|N|T|C|T|T 0 0 0 24 0 0 0 0
Case 344 N|N|T|C|T|N 32 54 85 73 20 11 0 0
Case 345 N|N|T|C|T]|C 32 54 85 49 19 6 0 0
Case 346 N|N|T|C|N|T 0 0 4 27 0 0 4 0
Case 347 N|{N|T|C|N|N 34 57 157 236 21 14 6 1
Case 348 N|{N|T|C|N|C 34 57 153 209 20 8 2 0
Case 349 N|{N|T|C|C|T 0 0 4 3 0 0 4 0
Case 350 N|{N|T|C|C|N 2 2 76 175 1 1 6 1
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Case 351 N|N|T|C|C|C 2 2 72 172 1 1 2 0
Case 352 N|N|N|T|T|T 82 190 836 1562 82 190 836 1562
Case 353 N|N|N|T|T|N 121 185 883 1792 121 185 883 1792
Case 354 N|N|N|T|T|C 39 1 44 230 39 1 25 118
Case 355 N|N|N|T|N|T 149 62 88 151 149 62 88 151
Case 356 N|N|N|T|N|N 233 82 115 211 233 82 115 211
Case 357 N|N|[N|T|N|C 84 24 22 53 58 21 17 42
Case 358 N|IN|[N|T|C|T 67 31 58 73 66 25 14 35
Case 359 N|N|N|T|C|N 112 54 70 108 95 44 23 51
Case 360 N|IN|[N|T|C|C 45 23 12 35 17 17 9 15
Case 361 N|N|N|N|T|T 82 193 845 1541 82 193 845 1541
Case 362 N|N|N|N|T|N 172 204 977 1893 172 204 977 1893
Case 363 N|N|[N|IN|T|C 90 17 130 342 61 8 29 152
Case 364 N|IN|N|N|N|[T 156 73 122 165 156 73 122 165
Case 365 NIN|[N|IN|C|T 74 39 82 106 70 33 24 66
Case 366 N|IN|[N|C|T|T 0 2 15 20 0 2 12 20
Case 367 N|N|[N|C|T|N 51 18 95 119 23 11 17 63
Case 368 N|IN|[N|C|T|C 51 16 81 102 22 7 5 32
Case 369 N|N|N|C|N|T 7 11 33 82 5 11 32 82
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Case 370 N|{N|N|C|C|T 7 9 29 73 4 9 15 43
Case 371 N|N|C|T|T|T 5 16 85 291 5 13 34 38
Case 372 N|{N|C|T|T|N 5 16 89 309 5 13 37 46
Case 373 N|N|C|T|T]|C 0 1 4 18 0 1 3 8
Case 374 N|{N|C|T|N|T 63 33 58 101 62 24 26 58
Case 375 N|{N|C|T|N|N 107 56 70 135 95 46 34 78
Case 376 N|{N|C|T|N|C 44 24 12 34 17 21 8 19
Case 377 N|N|C|T|C|T 58 31 55 70 57 22 7 15
Case 378 N|{N|C|T|C|N 102 54 67 104 85 41 14 27
Case 379 N|N|C|T|C|C 44 23 12 34 16 17 7 11
Case 380 N|{N|C|N|T|T 5 19 97 288 5 16 46 45
Case 381 N|{N|C|N|T|N 23 21 108 350 23 17 57 94
Case 382 N|{N|C|N|T|C 18 3 12 71 3 2 8 40
Case 383 N|{N|C|N|N|T 70 43 83 121 67 31 42 103
Case 384 N|{N|C|N|C|T 65 39 79 106 61 27 8 56
Case 385 N|{N|C|C|T|T 0 2 15 20 0 2 12 20
Case 386 N|{N|C|C|T|N 18 4 22 70 3 3 17 63
Case 387 N|{N|C|C|T]|C 18 2 8 53 3 1 5 32
Case 388 N|{N|C|C|N|T 7 11 33 82 5 8 20 80
Case 389 N|{N|C|C|C|T 7 9 29 73 4 6 3 41
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Case 390 N|C|T|T|T|T 22 9 70 377 10 5 31 16
Case 391 N|C|T|T|T|N 27 8 109 528 12 5 31 35
Case 392 N|C|T|T|T]|C 5 0 41 151 2 0 1 17
Case 393 N|C|T|T|N|T 27 9 102 390 11 5 49 28
Case 394 N|C|T|T|N|N 33 7 146 557 14 4 49 50
Case 395 N|C|T|T|N|C 6 0 45 168 3 0 1 20
Case 396 N|C|T|T|C|T 5 0 32 48 1 0 0 0
Case 397 N|C|T|T|C|N 6 0 36 65 2 0 0 0
Case 398 N|C|T|T|C|C 1 0 4 17 1 0 0 0
Case 399 N|C|T| N|T|T 22 9 70 407 10 5 31 19
Case 400 N|C|T|N|T|N 33 27 145 592 17 5 31 38
Case 401 NI C|T|N|T]|C 11 19 77 185 5 0 1 17
Case 402 NI C|T|N|[N|T 27 9 102 420 11 5 49 31
Case 403 N|C|T|N|N|N 40 32 226 736 20 7 52 53
Case 404 N|C|T|N|N|C 13 25 126 319 7 2 4 20
Case 405 N|C|T| N|C|T 5 0 32 48 1 0 0 0
Case 406 N|C|T|N|C|N 7 1 78 182 3 0 0 0
Case 407 N|C|T|N|C|C 2 1 46 134 2 0 0 0
Case 408 N|C|T|C|T|T 0 0 0 24 0 0 0 0
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Case 409 N|C|T|C|T|N 6 19 36 58 3 0 0 0
Case 410 N|C|T|C|T]|C 6 19 36 34 3 0 0 0
Case 411 N|C|T|C|N|T 0 0 0 24 0 0 0 0
Case 412 N|C|T|C|N|N 7 21 78 175 4 1 0 0
Case 413 N|C|T|C|N|C 7 21 78 151 4 0 0 0
Case 414 N|C|T|C|C|T 0 0 0 0 0 0 0 0
Case 415 N|C|T|C|C|N 1 1 42 117 1 0 0 0
Case 416 N|C|T|C|C]|C 1 1 42 117 1 0 0 0
Case 417 N|C|N|T|T|T 24 10 110 410 12 7 35 22
Case 418 N|C|N|T|T|N 29 9 154 577 14 7 35 43
Case 419 N|C|N|T|T|C 5 1 43 167 2 1 0 19
Case 420 N|C|N|T|N|T 47 20 14 50 27 14 6 26
Case 421 N|C|N|T|N|N 89 29 30 83 38 14 6 26
Case 422 N|C|N|T|N|C 42 11 16 34 9 2 0 0
Case 423 N|C|N|T|C|T 23 12 3 19 15 9 0 12
Case 424 N|C|N|T|C|N 60 22 15 47 23 10 0 12
Case 425 N|C|N|T|C|C 37 10 12 28 6 1 0 0
Case 426 N|C|N|N|T|T 24 12 115 404 12 7 41 23
Case 427 N|C|N|N|T|N 38 14 200 643 19 7 44 59
Case 428 N|C|N|N|T|C 14 4 84 227 5 1 3 31
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Case 429 N|C|N|N|N|T 53 28 25 97 31 18 20 46
Case 430 N|C|N|IN|C|T 29 18 10 66 18 13 2 21
Case 431 N|C|N|C|T|T 0 2 9 2 0 0 6 2
Case 432 N|C|N|C|T|N 9 5 50 56 3 0 9 17
Case 433 N|C|N|C|T|C 9 3 41 54 3 0 3 12
Case 434 N|C|N|C|N|T 6 9 10 47 4 5 8 13
Case 435 N|C|N|C|C|T 6 7 8 47 3 5 2 9
Case 436 N|C|C|T|T|T 2 2 41 70 2 2 5 4
Case 437 N|C|C|T|T|N 2 2 45 86 2 2 5 6
Case 438 N|C|C|T|T]|C 0 1 4 16 0 1 0 2
Case 439 N|C|C|T|N|T 20 14 5 39 15 9 0 12
Case 440 N|C|C|T|N|N 56 24 17 66 23 10 0 12
Case 441 N|C|C|T|N|C 36 11 12 27 6 2 0 0
Case 442 N|C|C|T|C|T 18 12 3 19 13 7 0 8
Case 443 N|C|C|T|C|N 54 22 15 46 20 8 0 8
Case 444 N|C|C|T|C|C 36 10 12 27 5 1 0 0
Case 445 N|C|C|IN|T|T 2 4 48 58 2 2 11 2
Case 446 N|C|C|N|T|N 5 4 57 88 2 2 14 19
Case 447 N|C|C|IN|T|C 3 1 9 36 0 1 3 14
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Case 448 N|C|C|N|N|T 26 22 12 72 19 13 8 20
Case 449 N|C|C|N|C|T 24 18 10 66 16 11 2 16
Case 450 N|C|C|C|T|T 0 2 9 2 0 0 6 2
Case 451 N|C|C|C|T|N 3 2 14 22 0 0 9 17
Case 452 N|C|C|C|T]|C 3 0 5 20 0 0 3 12
Case 453 N|C|C|C|N|T 6 9 10 47 4 5 8 12
Case 454 N|C|C|C|C|T 6 7 8 47 3 5 2 8
Case 455 C|T|T|T|T|T 19 5 0 17 19 3 0 17
Case 456 C|T|T|T|T|N 33 3 4 17 33 2 0 17
Case 457 C|T|T|T|T]|C 14 2 0 0 14 0 0 0
Case 458 C|T|T|T|N|T 23 7 1 19 23 5 1 18
Case 459 C|T|T|T|N|N 37 5 5 19 37 4 1 18
Case 460 C|T|T|T|NJ|C 14 2 0 0 14 0 0 0
Case 461 C|T|T|T|C|T 4 2 1 2 4 2 1 1
Case 462 C|T|T|T|C|N 4 2 1 2 4 2 1 1
Case 463 C|T|T|T|C]|C 0 0 0 0 0 0 0 0
Case 464 C|T|T|IN|T|T 19 5 0 1 19 3 0 1
Case 465 C|T|T|N|T|N 58 39 53 16 48 10 0 1
Case 466 C|T|T|IN|T]|C 39 38 49 15 28 6 0 0
Case 467 C|T|T|IN|N|T 23 7 5 6 23 5 5 2
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Case 468 C|T|T|N|N|N 63 41 86 96 52 12 7 2
Case 469 C|T|T|N|N|C 40 38 77 86 28 6 0 0
Case 470 C|T|T|N|C|T 4 2 5 5 4 2 5 1
Case 471 C|T|T|N|C|N 5 3 35 60 4 2 5 1
Case 472 C|T|T|N|C]|C 1 1 30 55 0 0 0 0
Case 473 C|T|T|C|T|T 0 0 0 0 0 0 0 0
Case 474 C|T|T|C|T|N 25 36 49 15 15 8 0 0
Case 475 c|T|T|C|T]|C 25 36 49 15 14 6 0 0
Case 476 C|T|T|C|N|T 0 0 4 3 0 0 4 0
Case 477 C|T|T|C|N|N 26 36 79 61 15 8 4 0
Case 478 C|T|T|C|N|C 26 36 75 58 14 6 0 0
Case 479 c|T|T|C|C|T 0 0 4 3 0 0 4 0
Case 480 C|T|T|C|C|N 1 1 34 58 0 0 4 0
Case 481 c|T|T|C|C]|C 1 1 30 55 0 0 0 0
Case 482 C|T|N|T|T|T 19 5 0 18 19 3 0 18
Case 483 C|T|N|T|T|N 33 3 4 18 33 2 0 18
Case 484 C|T|N|T|T]|C 14 2 0 0 14 0 0 0
Case 485 C|T|N|T|N|T 29 9 3 21 29 5 0 21
Case 486 C|T|N|T|N|N 50 22 7 28 50 17 0 28
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Case 487 C|T|N|T|NJ|C 21 17 0 7 21 13 0 6
Case 488 C|T|N|T|C|T 10 4 3 3 10 2 0 0
Case 489 C|T|N|T|C|N 17 19 3 10 17 12 0 7
Case 490 C|T|N|T|C]|C 7 15 0 7 7 10 0 6
Case 491 C|T|N|N|T|T 19 5 3 9 19 3 3 9
Case 492 C|T|N|N|T|N 74 16 47 41 51 10 5 23
Case 493 C|T|N|N|T]|C 55 15 40 32 31 6 2 7
Case 494 C|T|N|N|N|T 30 9 11 27 30 5 8 27
Case 495 C|T|N|N|N|N 200 99 186 326 119 30 49 38
Case 496 C|T|N|N|N|C 170 96 177 277 76 24 27 18
Case 497 C|T|N|IN|C|T 11 4 11 26 11 2 0 14
Case 498 C|T|N|N|C|N 123 90 180 248 58 23 37 25
Case 499 C|T|N|IN|C]|C 112 88 175 247 40 21 25 14
Case 500 C|T|N|C|T|T 0 0 3 8 0 0 3 8
Case 501 C|T|N|C|T|N 41 13 43 40 18 8 5 22
Case 502 C|T|N|C|T]|C 41 13 40 32 17 6 2 7
Case 503 C|T|N|C|N|T 1 0 8 26 1 0 8 26
Case 504 C|T|N|C|N|N 150 91 177 248 62 27 37 28
Case 505 C|T|N|C|N|C 149 91 175 247 55 23 27 17
Case 506 C|T|N|C|C|T 1 0 8 26 1 0 0 14
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Case 507 C|T|N|C|C|N 106 85 177 246 39 22 32 19
Case 508 C|T|NJC|C]|C 105 85 175 245 33 20 25 13
Case 509 C|T|C|T|T]|T 0 0 0 1 0 0 0 1
Case 510 C|T|C|T|T|N 0 0 0 1 0 0 0 1
Case 511 C|T|C|T|T]|C 0 0 0 0 0 0 0 0
Case 512 C|T|C|T|N|T 6 4 3 4 6 2 0 4
Case 513 C|T|C|T|N|N 13 19 3 11 13 15 0 11
Case 514 C|T|C|T|N|C 7 15 0 7 7 13 0 6
Case 515 c|T|C|T|C|T 6 4 3 3 6 2 0 0
Case 516 C|T|C|T|C|N 13 19 3 10 13 12 0 7
Case 517 c|T|C|T|C]|C 7 15 0 7 7 10 0 6
Case 518 C|T|C|IN|T|T 0 0 3 8 0 0 3 8
Case 519 C|T|C|N|T|N 15 1 6 25 3 0 5 22
Case 520 C|T|C|IN|T|C 15 1 3 17 3 0 2 7
Case 521 C|T|C|IN|N|T 7 4 11 26 7 2 8 26
Case 522 C|T|C|N|N|N 133 91 180 250 54 23 41 32
Case 523 C|T|C|IN|N|C 126 89 175 249 40 21 27 18
Case 524 C|T|C|IN|C|T 7 4 11 26 7 2 0 14
Case 525 C|T|C|IN|C|N 118 90 180 248 49 22 35 23
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Case 526 C|T|C|IN|C]|C 111 88 175 247 35 20 25 14
Case 527 c|T|Cc|C|T|T 0 0 3 8 0 0 3 8
Case 528 C|T|C|C|T|N 15 1 6 25 3 0 5 22
Case 529 c|T|CcC|C|T]|C 15 1 3 17 3 0 2 7
Case 530 C|T|C|C|N|T 1 0 8 26 1 0 8 26
Case 531 C|T|C|C|N|N 120 86 177 248 39 22 37 28
Case 532 C|T|C|C|N|C 119 86 175 247 33 20 27 17
Case 533 c|T|jc|Cc|C|T 1 0 8 26 1 0 0 14
Case 534 c|T|C|C|C|N 105 85 177 246 34 21 32 19
Case 535 c|T|jCc|C|C]|C 104 85 175 245 28 19 25 13
Case 536 CIN|T|T|T|T 22 5 0 17 22 4 0 17
Case 537 C|IN|T|T|T|N 40 0 0 17 40 0 0 17
Case 538 CIN|T|T|T]|C 18 0 0 0 18 0 0 0
Case 539 CIN|T|T|N|T 30 7 1 19 30 6 1 18
Case 540 CIN|T|T|N|N 49 2 1 19 49 2 1 18
Case 541 CIN|T|T|N|C 19 0 0 0 19 0 0 0
Case 542 CIN|T|T|C|T 8 2 1 2 8 2 1 1
Case 543 C|IN|T|T|C|N 9 2 1 2 9 2 1 1
Case 544 C|IN|T|T|C]|C 1 0 0 0 1 0 0 0
Case 545 CIN|T|IN|T|T 22 5 0 1 22 4 0 1
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Case 546 CIN|T|N|T|N 71 54 85 50 59 8 0 1
Case 547 CIN|T|N|T|C 49 54 85 49 36 6 0 0
Case 548 CIN|T|N|N|T 30 7 5 6 30 6 5 2
Case 549 CIN|T|N|N|N 82 60 158 215 69 14 7 3
Case 550 CIN|T|N|N|C 52 58 153 209 38 9 2 0
Case 551 CIN|T|(N|C|T 8 2 5 5 8 2 5 1
Case 552 CIN|T|N|C|N 11 4 77 177 10 3 7 2
Case 553 CIN|T|N|C]|C 3 2 72 172 2 1 2 0
Case 554 CIN|T|C|T|T 0 0 0 0 0 0 0 0
Case 555 CIN|T|C|T|N 31 54 85 49 19 8 0 0
Case 556 CIN|T|C|T]|C 31 54 85 49 18 6 0 0
Case 557 CIN|T|C|N|T 0 0 4 3 0 0 4 0
Case 558 CIN|T|C|N|N 33 56 157 212 20 10 6 1
Case 559 CIN|T|C|N|C 33 56 153 209 19 7 2 0
Case 560 CIN|T|C|C|T 0 0 4 3 0 0 4 0
Case 561 CIN|T|C|C|N 2 2 76 175 1 1 6 1
Case 562 CIN|T|C|C]|C 2 2 72 172 1 1 2 0
Case 563 CIN|N|T|T|T 22 5 4 25 22 4 0 25
Case 564 CIN|N|T|T|N 40 0 4 25 40 0 0 25
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Case 565 CIN|N|T|T]|C 18 0 0 0 18 0 0 0
Case 566 CIN|N|T|N|T 44 12 4 30 44 11 1 29
Case 567 CIN|N|T|N|N 101 23 9 37 80 22 6 36
Case 568 CIN|N|T|N|C 57 16 5 7 31 13 5 6
Case 569 CIN|N|T|C|T 22 7 4 5 22 7 0 0
Case 570 CIN|N|T|C|N 61 23 9 12 40 19 4 7
Case 571 CIN|N|T|C]|C 39 16 5 7 13 10 4 6
Case 572 CIN|N|N|T|T 22 5 12 12 22 4 8 12
Case 573 CIN|N|N|T|N 90 15 93 126 62 8 13 46
Case 574 CIN|N|N|T|C 68 15 81 99 39 6 5 24
Case 575 CIN|N|N|N|T 50 16 16 79 48 15 15 78
Case 576 CIN|N|N|C|T 28 11 16 75 25 11 0 43
Case 577 CIN|N|C|T|T 0 0 8 8 0 0 8 8
Case 578 CIN|N|C|T]|N 50 15 89 101 22 8 13 45
Case 579 CIN|N|C|T]|C 50 15 81 93 21 6 5 24
Case 580 CIN|N|C|N|T 6 5 14 73 4 5 14 73
Case 581 CIN|N|C|C|T 6 5 14 73 3 5 0 43
Case 582 CIN|C|T|T|T 0 0 4 8 0 0 0 8
Case 583 CIN|C|T|T]|N 0 0 4 8 0 0 0 8
Case 584 CIN|C|T|T]|C 0 0 0 0 0 0 0 0
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Case 585 CIN|C|T|N|T 14 7 4 13 13 7 1 12
Case 586 CIN|C|T|N|N 52 23 9 20 30 22 6 19
Case 587 CIN|C|T|N|C 38 16 5 7 12 13 5 6
Case 588 CIN|C|T|C|T 14 7 4 5 13 7 0 0
Case 589 CIN|C|T|C|N 52 23 9 12 30 19 4 7
Case 590 CIN|C|T|C]|C 38 16 5 7 12 10 4 6
Case 591 CIN|C|IN|T|T 0 0 12 11 0 0 8 11
Case 592 CIN|C|N|T|N 18 1 20 52 3 0 13 45
Case 593 CIN|C|N|T|C 18 1 8 44 3 0 5 24
Case 594 CIN|[C|N|N|T 20 11 16 78 17 11 15 75
Case 595 CIN|[C|N|C|T 20 11 16 75 16 11 0 41
Case 596 CIN|C|C|T|T 0 0 8 8 0 0 8 8
Case 597 CIN|C|C|T|N 18 1 16 52 3 0 13 45
Case 598 CIN|C|C|T]|C 18 1 8 44 3 0 5 24
Case 599 CIN|[C|C|N|T 6 5 14 73 4 5 14 71
Case 600 CIN|C|C|C|T 6 5 14 73 3 5 0 41
Case 601 C|C|T|T|T|T 3 1 0 0 1 0 0 0
Case 602 C|C|T|T|T|N 6 0 0 0 1 0 0 0
Case 603 c|Cc|T|T|T]|C 3 0 0 0 0 0 0 0
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Case 604 C|C|T|T|N|T 7 1 0 0 2 0 0 0
Case 605 C|C|T|T|N|N 11 0 0 0 3 0 0 0
Case 606 C|C|T|T|N|C 4 0 0 0 1 0 0 0
Case 607 c|c|T|T|C|T 4 0 0 0 1 0 0 0
Case 608 C|C|T|T|C|N 5 0 0 0 2 0 0 0
Case 609 c|c|T|T|C]|C 1 0 0 0 1 0 0 0
Case 610 C|C|T|IN|T|T 3 1 0 0 1 0 0 0
Case 611 C|C|T|N|T|N 12 19 36 34 4 0 0 0
Case 612 C|C|T|IN|T|C 9 19 36 34 3 0 0 0
Case 613 C|C|T|IN|N|T 7 1 0 0 2 0 0 0
Case 614 C|C|T|N|N|N 18 23 78 151 7 2 0 0
Case 615 C|C|T|IN|NJ|C 11 23 78 151 5 1 0 0
Case 616 C|C|T|IN|C|T 4 0 0 0 1 0 0 0
Case 617 C|C|T|IN|C|N 6 1 42 117 3 0 0 0
Case 618 C|C|T|IN|C]|C 2 1 42 117 2 0 0 0
Case 619 c|c|T|C|T|T 0 0 0 0 0 0 0 0
Case 620 cC|C|T|C|T|N 6 19 36 34 3 0 0 0
Case 621 c|c|T|C|T]|C 6 19 36 34 3 0 0 0
Case 622 C|C|T|C|IN|T 0 0 0 0 0 0 0 0
Case 623 C|C|T|C|N|N 7 21 78 151 4 1 0 0
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Case 624 C|C|T|C|N|C 7 21 78 151 4 0 0 0
Case 625 c|ic|T|Cc|C|T 0 0 0 0 0 0 0 0
Case 626 C|C|T|C|C|N 1 1 42 117 1 0 0 0
Case 627 c|ic|T|C|C]|C 1 1 42 117 1 0 0 0
Case 628 C|IC|N|T|T|T 3 1 4 7 1 0 0 4
Case 629 C|C|N|T|T|N 6 0 4 7 1 0 0 4
Case 630 C|IC|N|T|T]|C 3 0 0 0 0 0 0 0
Case 631 CIC|N|T|N|T 15 6 2 9 6 4 0 4
Case 632 C|C|N|T|N|N 50 8 7 9 9 4 0 4
Case 633 C|IC|N|T|N|C 85 3 5 0 3 0 0 0
Case 634 C|IC|N|T|C|T 12 5 2 2 5 4 0 0
Case 635 C|C|N|T|C|N 44 8 7 2 8 4 0 0
Case 636 C|IC|N|T|C]|C 32 3 5 0 3 0 0 0
Case 637 CIC|N[N|T|T 3 1 9 3 1 0 4 0
Case 638 C|IC|N|N|T|N 15 3 50 78 4 0 7 15
Case 639 C|IC|N|IN|T|C 12 3 41 60 3 0 3 12
Case 640 CIC|N|[N|N|T 20 10 8 52 9 7 4 13
Case 641 CIC|N|IN|C|T 17 9 8 49 7 7 0 9
Case 642 C|IC|N|C|T|T 0 0 5 0 0 0 4 0
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Case 643 C|C|N|C|T|N 9 3 46 54 3 0 7 15
Case 644 C|C|N|C|T]|C 9 3 41 54 3 0 3 12
Case 645 C|C|N|C|N|T 5 5 6 47 3 4 4 13
Case 646 C|C|N|C|C|T 5 5 6 47 2 4 0 9
Case 647 c|c|Cc|T|T|T 0 0 4 7 0 0 0 4
Case 648 c|C|C|T|T|N 0 0 4 7 0 0 0 4
Case 649 c|c|c|T|T]|C 0 0 0 0 0 0 0 0
Case 650 C|C|C|T|N|T 8 5 2 9 3 4 0 4
Case 651 C|C|C|T|N|N 39 8 7 9 5 4 0 4
Case 652 C|C|C|T|N|C 31 3 5 0 2 0 0 0
Case 653 c|c|c|T|C|T 8 5 2 2 3 4 0 0
Case 654 c|Cc|C|T|C|N 39 8 7 2 5 4 0 0
Case 655 c|c|jc|T|C|C 31 3 5 0 2 0 0 0
Case 656 C|C|C|IN|T|T 0 0 9 3 0 0 4 0
Case 657 C|C|C|IN|T|N 3 0 14 20 0 0 7 15
Case 658 C|C|C|IN|T|C 3 0 5 20 0 0 3 12
Case 659 C|C|C|IN|N|T 13 9 8 52 6 7 4 12
Case 660 C|C|C|IN|C|T 13 9 8 49 5 7 0 8
Case 661 c|c|jc|Cc|T|T 0 0 5 0 0 0 4 0
Case 662 c|c|CcC|C|T|N 3 0 10 20 0 0 7 15
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Case 663 c|c|c|jc|T|C 3 0 5 20 0 0 3 12
Case 664 C|C|C|C|N|T 5 6 47 3 4 12
Case 665 c|jc|c|jc|c|T 5 5 6 47 2 4 0 8
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alanine and aspartate metabolism 92 | 63 | 18 | 21 | 16 | 63 | 18 | 21 | 76 0 0 0

alginate biosynthesis 8 0 0 0 1 0 0 0 7 0 0 0
alternate carbon metabolism 208 | 106 | 239 | 268 | 63 | 60 | 62 | 63 | 145 | 46 | 177 | 205
anaplerotic reactions 64 | 56 | 136|184 | 4 | 28 | 63 | 61| 60 | 28 | 73 | 123
arginine and proline metabolism 80 | 42 | 94 | 72 | 5 8 |48 | 41| 75 | 34 | 46 | 31

aromatic compounds degradation 1 0 0 0 1 0 0 0 0 0 0 0
cell envelope biosynthesis 278 | 264 | 298 | 351 | 63 | 63 | 63 | 63 | 215 | 201 | 235 | 288
cofactor and prosthetic group biosynthesis 282 | 92 | 99 | 211 | 63 | 27 | 45 | 54 | 219 | 65 | 54 | 157

cysteine metabolism 0 43 | 47 | 10 | 0 [ 33 |35 | 5 0 10 | 12 5
extracellular exchange 104 | 9 2 32 |10 | 2 2 | 16 | 94 7 0 16
fatty acid biosynthesis 0 56 | 82 | 69 | O |56 |5 |5 | O 0 26 | 13

fatty acid metabolism 0 8 32 | 32| 0 8 |32]32]| 0 0 0 0
folate metabolism 76 | 70 | 133 | 21 |31 |17 | 63| 9 | 45 | 53 | 70 | 12

formaldehyde metabolism 0 1 0 0 0 1 0 0 0 0 0 0

gluconeogenesis 0 1 0 1 0 1 0 1 0 0 0 0
glutamate metabolism 31 9 24 | 39 | 31| 5 |24 |24 | O 4 0 15
glycerophospholipid metabolism 248 | 252 | 222 | 202 | 63 | 63 | 63 | 63 | 185 | 189 | 159 | 139
glycine, serine and threonine metabolism 0 24 | 38 | 81 | 0 |11 | 35|60 | O 13 3 21
glycolysis / gluconeogenesis 48 | 80 | 248 | 317 | 3 | 4 | 63 | 63 | 45 | 76 | 185 | 254
glyoxylate and dicarboxylate metabolism 0 38 | 34 |124| 0 |16 | 16 |44 | O 22 | 18 | 80
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histidine metabolism 48 | 60 | 104 | 44 | 3 |60 | 60 | 36 | 45 | O 44 8
inorganic ion transport and metabolism 74 0 4 4 | 15| 0 1 1 | 59 0 3 3
inorganic polyphosphates metabolism 0 0 16 | 32 | O 0 |16 ]|32]| 0 0 0 0
iron uptake and metabolism 4 5 5 5 1 3 5 5 3 2 0 0
lipopolysaccharide biosynthesis 142 | 72 | 56 | 32 | 63 |41 | 16 | 32 | 79 | 31 | 40 0
lysine metabolism 0 16 | 16 | 16 | 0 | 16 | 16 | 16 | O 0 0 0
membrane lipid metabolism 63 | 204 | 256 | 339 | 63 | 63 | 63 | 63 | 0 | 141 | 193 | 276
methionine metabolism 76 | 49 | 43 8 | 31|40 |40 | 8 | 45 9 3 0
murein biosynthesis 120 32 | 32 | 32 | 31| 1 1 189 | 31 | 31 | 31
murein recycling 0 32 132|132 |0 1 1 1 0 31 | 31 | 31
nitrogen metabolism 0 0 8 0 0 0 8 0 0 0 0 0
nucleotide salvage pathway 185 | 244 | 283 | 2563 | 63 | 63 | 63 | 63 | 122 | 181 | 220 | 190
oxidative phosphorylation 32 | 57 [191 (216 | 1 |29 |63 |59 | 31 | 28 | 128 | 157
pentose phosphate pathway 48 | 160 | 275 (337 | 3 | 63 | 63 | 63 | 45 | 97 | 212 | 274
phas metabolism 0 32 |32 |32 |0 |32]32]32)| 0 0 0 0
phenylalanine tyrosine tryptophan biosynthesis 0 1 0 0 0 1 0 0 0 0 0 0
purine and pyrimidine biosynthesis 140 | 120 | 110 | 56 | 63 | 63 | 25 | 20 | 77 | 57 | 85 | 36
purine metabolism 1 49 | 44 | 32 | 1 [ 49 (28|16 | O 0 16 | 16
pyrimidine metabolism 0 35 1 1 0 |32 1 1 0 3 0 0
pyruvate metabolism 0 28 | 69 | 58 | 0 | 5 |21 |27 | O 23 | 48 | 31
riboflavin metabolism 32 0 0 0 1 0 0 0 | 31 0 0 0
sulfur metabolism 0 0 0 1 0 0 0 1 0 0 0 0

\YY




All 665 cases 63 cases 602 cases
o ° °
Pathways | 9|8 |2|l9o|3F|8|le|o|F]|8
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s | S| |2 | |2 | |8 |3 || |7
tca cycle 0 | 92 |108| 90 | O |16 |21 |33 | O | 76 | 87 | 57
threonine and lysine metabolism 94 | 0 16 8 |31]| 0 1|4 63| 0 15 | 4
transport 2 | 45 | 24 |28 |2 |17| 7 [16]| O | 28 | 17 | 12
trna charging 16 0 0 0 1/0|]0|0|15| 0 0 0
tyrosine, tryptophan, and phenylalanine metabolism 31 | 0 | 35 | 67 | 31| 0 |34|49]| O 0 1 18
valine, leucine, and isoleucine metabolism 0 3 47 | 99 | 0 | 2 | 28|33 | 0 1 19 | 66
vitamin b12 metabolism 2 0 0 0 1/0]0]O0 1 0 0 0
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S 15 039, poi S gio] Colon adenocarcinoma COAD
Slie 9,0 <8l b Bladder Urothelial carcinoma BRCA
) poiu S giol Lung adenocarcinoma LUAD
OS5 Jolwgila ol Liver hepatocellular carcinoma LIHC
4, wgelSul Jolw oyl Lung squamous cell carcinoma LUSC
0>y 10 o)les oyl Uterine Corpus endometrial carcinoma UCEC
O 9 g wgalSl glo ol oyl s Head and neck squamous cell carcinoma HNSC
sdxe pgiew S giol Stomach adenocarcinoma STAD
als slas Jelo oyl Kidney renal clear cell carcinoma KIRC
Sling g pginm )5 gio] Prostate adenocarcinoma PRAD
S Cdgeg,S Kidney chromophobe KICH
Ay o e Thyroid carcinoma THCA
A5 6 DL Jobo poiw IS Kidney renal papillary cell carcinoma KIRP
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B,z (Syas oanis alaw eoras oaris algo eguasoniis | Sl | ol
10559 5226 6888 5211 3291 2539 6120 10991
55907 5226 6888 5211 3291 25796 6120
5476 5226 6888 5211
2720 5226 6888 5211
2588 5226 6888 5211 COAD
4758 5226 6888 5211
9583 5226 6888 5211
7355 5226 6888 5211
11046 5226 6888 5211
10559 5226 6888 5211 1841
55907 5226 6888 5211 10840
5476 5226 6888 5211 387775
2720 5226 6888 5211
2588 5226 6888 5211 BRCA
4758 5226 6888 5211
9583 5226 6888 5211
7355 5226 6888 5211
11046 5226 6888 5211
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scenarios. Lastly, utilizing the obtained solutions, a seven-member set of targets
capable of encompassing a significant portion of all cases is introduced.

In the final step, the exploration of strictly selective drug targets is pursued using
tissue-specific genome-scale models. Strictly selective targets refer to those
exclusively affecting cancer cells while sparing various normal tissues. To address
this, tissue-specific models of 13 different cancerous cells, along with their
corresponding normal cells, were reconstructed and analyzed. For each cancerous
model, double, triple, and quadruple synthetic lethal sets were identified using the
Rapid-SL method. The results indicate that with an increase in the cardinality of
synthetic lethal sets, the potential for achieving highly selective solutions also rises.
In other words, higher-order synthetic lethal sets can propose targets that solely impact
cancer cells while minimizing adverse effects on normal cells from different tissues.
The findings of this study present a novel approach for laboratory-based research in
the fight against cancer.

Keywords: Systems biology, genome-scale metabolic models, constraint-based
modeling, selective drug targets, cancer, synthetic lethal sets.



Abstract

A systematic study of behavior changes in metabolic networks with applications
in the treatment and diagnosis of diseases

By
Mehdi Dehghan Manshadi

Systematic examination of the metabolic alterations in cancer cells and metabolic
functions of pathogens provides the opportunity to develop specific therapeutic
methods for targeting these cells while minimizing adverse effects on healthy cells.
However, attacking essential single genes as drug targets faces various challenges,
such as drug resistance and a lack of accessible targets. The concept of synthetic
lethality could provide an alternative approach to address these issues. Synthetic lethal
sets (SLs) consist of targets that do not significantly impact a cell when attacked
individually but disrupt the cell's function when eliminated simultaneously.
Computational systems biology offers an effective approach to address biomedical
questions by analyzing complex interactions within biological networks. This study
utilizes this approach to identify synthetic lethal sets as potential drug targets. Due to
the complexities involved in reconstructing and utilizing human cell models, the
methods were initially developed and validated using models of pathogenic and non-
pathogenic bacterial prokaryotic cells. Therefore, specific drug targets were identified
for the selective targeting of distinct bacterial groups. In the final step, the developed
methods were applied to identify drug targets for combating cancer cells, leading to
the introduction of the concept of "strictly selective" drug targets for the first time.
This research is structured in three steps. In the first step, a method named Rapid-SL
is developed to identify higher-order synthetic lethal sets within genome-scale
metabolic models. The results demonstrate that Rapid-SL significantly reduces the
number of optimization problems required to obtain synthetic lethal sets compared to
previous methods. Furthermore, thanks to the utilization of recursive functions and a
depth-first search algorithm, Rapid-S is capable of executing parallel computations
and targeted enumeration within specific sections of the search space. This capability
enables the identification of substantial portions of desired solutions by exploring only
a small fraction of the search space.

Moving to the second step, employing the developed approach, double, triple, and
quadruple synthetic lethals were identified for a set of six microorganisms. Various
combinations of these microorganisms were examined across 665 different scenarios
to identify potential drug targets with selectivity, aiming to preserve desired
microorganisms while eliminating target microorganisms. The results unveil those
pathways associated with cell wall synthesis and DNA replication—common targets
of existing antibiotics—are under attack by the identified solutions across all studied
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