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A) C)

dbi = max(dod- dae, dve- dae,1)
di=max(3-2,2-2,1)=1
dio =dpe- di=3-1=2

Jie=dhe-dni=2-1=1

Figure 3: Editing the reconstructed B cell lineage tree by adding unobserved internal nodes. Unobserved
internal nodes might represent unobserved sequences that were not sampled or disappeared during the affinity
maturation When the distance between two sister nodes is smaller or equal to the distance to their parent (dotted
line in A), we add an unobserved internal node as the common ancestor of the two sister nodes (node i in B). C
shows how to update edge weights (in red).
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Figure 4: Editing the reconstructed B cell lineage tree to reduce the depth of the tree while keeping
its overall cost. In this example, we transform tree (A) in tree (B) by performing a detach/attach operation.
Note that the total cost of the tree, or the sum of edge weights, remained the same while the depth of it has been
reduced. Edge weights represent the Hamming distance between sequences.



Sequences

>r
AAAA
>a
AACA
>Db
ACAA
>C
AAAC
>d
CAAA

Node pair(i,j) | Ancestral in T; | Ancestral in T, | MRCA(i,j)
c, d a b 2/4
C, a a r 1/4
C,r r r 0
c, b r b 1/4
d, a a r 1/4
d, b r b 1/4
d, r r r
a, r r r 0
a, b r 0
b, r r r 0

> MRCA(i,j) 6/4

O MRCAT, Ty) = ZMEGAGD _ 84 _ 15

Figure 5: An example of MRCA calculation. A) Let’s T; and Ty be two comparable trees, and Sequences a
fasta file containing nucleotide sequences associated to each node in both trees. B) For each pair of nodes (i,5) € T}
and (7, 7) € To, we find its most recent ancestral in both tree, and computed MRCA(i,j) as the normalized hamming
distance bteween ancestral sequences. C) MRCA (T}, T5) is the average of MRCA(i,j) of all pair of nodes.



A
) Sequences
>r
AAAA -
=>a CAAA
AACA >e
>b ACCA
ACAA  >f
\|>cC CCAA
LN \ I| AAAC
CRORORGIORORORC
B) Scoring matrix 0 1 2
pi=dar d a r
pj=dfr ol d | 0 | 2| -1

C) Cij = maz{(Ci_1; + GT),(Ci j—1+ GL),(Ci—1,j-1+ Mi—1,-1)}

Dynamic programing matrix

d a r
0 1 2 3

GT = —inf GL=0

r
ACiy+GT = —inf+0=—inf

0| O | -inf|-inf|-inf | > maz {€—Cyy + GL = —inf +0 = —inf
d|{1|-inf| 0 #0 fﬂ/ Y Ci14+M1=0-3=-3
fl2] -inf 4ﬁf -3 ’*i2 |
r{3| -inf -iﬁf -inf \3

Figure 6: An example of COAR calculation for a given leaf (see the algorithm below) A) Let’s T} and T5
be two comparable trees, and Sequences a fasta file containing nucleotide sequences associated to each node in both
trees. Let’s dotted paths p; and p; represent comparable paths in 71, and Tb, respectively. B) Paths to be compared
and the scoring matrix containing negative hamming distances for each pair of sequence S; € p; and S; € p;. C) We
align paths with Needleman-Wunsch alignment algorithm, by using the scoring matrix computed in B, and special
gap penalties: -inf for gap top (GT), and 0 for gap left (GL). Each element of the dynamic programming matrix is

computed by the formula C; ;, see an example for cell Cy 2. The COAR for the leaf 7 is 1:% = C%;’ = :—g
7



