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HEALTHY CELLS

BASE PAIRS

Cancer is a disease of the genome.
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Single Nucleotide Variants (SNVs)

Types of SNVs in a cancer sample:

1. Germline (SNPs)
* Inherited

* Allcells have it

2. Somatic (SSNVs)

* Acquired during cancer progression
* Not present in normal cells
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Intra-Tumor Heterogeneity




Intra-Tumor Heterogeneity




Branched Tree Evolution Model
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Multi-Sample Sequencing
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LICHEelE: Method Overview

Given: SSNV multi-sample variant allele

frequencies (VAFs)

Algorithm steps:

1. Grouping and clustering SSNVs

2. Evolutionary Constraint Network
Construction

3. Lineage Tree Search and Ranking




Perfect Phylogeny Model: Constraints

Mutations do not recur independently in different cells
=> cells sharing the same mutation must have inherited it

from a common ancestral cell




Perfect Phylogeny Model: Constraints

Three SSNV Ordering Constraints:

1. a mutation present in a given set of samples cannot be a successor of a mutation
present in a smaller subset of these samples

2. amutation cannot have a VAF higher than that of its predecessor mutation
(except due to CNVs)

3. the sum of the VAFs of mutations disjointly present in distinct subclones cannot

exceed the VAF of a common predecessor mutation present in these subclones

(1) M1: 010111 (2) | M1:0.2 VAF (3) | M1:0.3 VAF

P = A
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Perfect Phylogeny Model: Constraints

Three SSNV Ordering Constraints:

1. a mutation present in a given set of samples cannot be a successor of a mutation
present in a smaller subset of these samples

2. amutation cannot have a VAF higher than that of its predecessor mutation
(except due to CNVs)

3. the sum of the VAFs of mutations disjointly present in distinct subclones cannot

exceed the VAF of a common predecessor mutation present in these subclones

(1) M1: 010111 (2) | M1:0.2 VAF (3) | M1:0.3 VAF
' 1 TS
W i
M2:011111 M2: 0.4 VAF M2:0.2 VAF M3:0.3 VAF

Goal: find all lineage trees that satisfy the above three constraints




1. Grouping and clustering SSNVs
-> presence patterns across samples

—> VAF similarity




Presence Patterns Across Samples

Germline SNV SSNVs (present in subsets of samples, not in lymph)
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Presence Patterns Across Samples

Germline SNV SSNVs (present in subsets of samples, not in lymph)
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VAF-Based Clustering
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2. Evolutionary Constraint Network Construction
- encodes whether a given cluster of SSNVs could have
preceded another

- valid lineage trees are embedded in this network




Evolutionary Constraint Network
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3. Lineage Tree Search and Ranking
-> search for spanning trees satisfying VAF constraints
within an error margin
-> top tree minimizes the squared deviation from the

cluster centroids




Lineage Tree Search

Algorithm 1 Finding All Lineage Trees (0.35,0.3,0.2)
1 Intialization: [ «- emtpy fat, L o null // stores the last tree 01110

outpent
2. procedure Lineacs Tare Seancw(N) // N & a constraine 3

network rooted at 1
: Tree l\o- 7)"” Tree ’

t.ADDNODE(r .
5 add all edges (r + ) ENw (02' 015)
[ anow(t) : permbine \ 7 -
T: procedure Grow(t, N) , (0.5,0.5,0.5,05,0.5) 01110 VAF constraint
8 if ¢ contains all the nodes in N then viclation
9 Lot
10: output L
0 vive
12 s + emipy st (01,02, 01]
13 b o false
4 while (not b and [ not emgey) do
15 //(-u-u.‘:(.rm -.).ro) 01011 oooo1 (0.1)
16 Edge ¢ + faevovelasy()
v Node v + . T
- et st Loy (0.2, 0.2, 0.15)
19: tADDEpcE{c From —» v)
20: // ret. tree ¥ Egn. (8) i satisfed for node e.From Sample composition
2% il LoupoxCossTRAnT(eFrom) then
22 add sl edges (v »w) wFtto f
23 mcl-h'(e'a:).-etlm! D Lymph
24 crow(t)
25 il sumber of metureed trees > muax trees return
26: lledges (v —»w) wgth ]
27 v prpery e u.)')e" —_ Sample 1
28: t.aesoveEnce(e From — ¢.To) s __
:. .\'.Aunxo(uo;ts.ocz(cfm - ¢.To) N —
s 5. . sy

3. if 3 an edge (v = ¥) $1 & 00t & descendent of v - 01110 Sample 2

in L then
32: b« false
35 clise b + true
34 for all edges ¢ tarting from the end of s do
35 remove ¢ from s, add cto f,addeto N

Sample 3
01011

Vi € samples : E v.VAF; < u.VAF; + ¢ e L1 sample4

v 8.1, (u—=v)eT



RESULTS



LICHeE Runtime DEMO Movie
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ccRCC Study by Gerlinger et. al (2014) ‘
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Gerlinger, M., et al. (2014). "Genomic architecture and evolution of clear cell renal cell carcinomas defined by multiregion sequencing.”

Nature genetics 46(3): 225-233,



ccRCC Study by Gerlinger et. al (2014)
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Method Overview

1. Call somatic SNVs in samples

2. Group SNVs using sample
presence patterns

3. Cluster groups based on VAFs

4. Construct the evolutionary
constraint network: captures all
phylogenetically valid precedence
relationships among cluster pairs

5. Search for valid lineage trees
(applying VAF constraints) and rank
the trees
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