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Neighbor Joining Algorithm Spring 2020

Neighbor Joining Algorithm:
Given: An n× n distance matrix D
Find: Unrooted Phylogenetic T with branch lengths. If D is additive, then dT (i, j) = D[i, j]
for all 1 ≤ i, j ≤ n. Otherwise, dT (i, j) ≈ D[i, j]

Terminology Given n× n distance matrix D:

• Define ui =
∑n

k=1D[Ci, Ck]

• Define SD(Ci, Cj) = (n− 2)D[Ci, Cj ]− ui − uj

Algorithm Sketch

Initialization:

• Form n clusters {C1, C2, ..., Cn}, one for each species.

• Define tree T to be the set of leaf nodes, one per species.

Iteration: (D is currently m×m)

• Pick Cx, Cy = argmini,jSD[Ci, Cj ]

• Merge Cx and Cy into new node (Cx, Cy) in T .

• Assign length 1
2(D[Cx, Cy] + 1

(m−2)(ux − uy)) to edge (Cx, (Cx, Cy))

• Assign length 1
2(D[Cx, Cy] + 1

(m−2)(uy − ux)) to edge (Cy, (Cx, Cy))

• Remove rows and columns from D corresponding to Cx and Cy.

• Add row and column to D for new vertex (Cx, Cy).

• Set D((Cx, Cy), Cz) = 1
2(D[Cx, Cz] +D[Cy, Cz]−D[Cx, Cy]) for all remaining clusters Cz.

Termination:

• When two clusters Cx and Cy remain, join them with an edge of length D[Cx, Cy]
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Practice: Use the Neighbor Joining Algorithm to build the tree for the following distance
matrix:

A B C D

A 0 3 4 3

B 3 0 4 5

C 4 4 0 1

D 3 5 1 0


