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 2. We say that a leaf i hits the root s when the individual placed on the attachment vertex of the i-th copy of Gm 
places an offspring on s. Similarly, the root s hits leaf i when the individual placed on s places an offspring 
on the attachment vertex of the i-th copy of Gm. We also say that a leaf i hits another leaf j at times (t1, t2) 
with t1 < t2 if leaf i hits the root at time t1 and the root hits leaf j at time t2, and the root is not hit again in the 
interval [t1, t2].

Key idea: The key idea in analyzing the fixation probability on N n
G

( )
m  is to show that as n → ∞, every time the root 

hits a leaf i, or some leaf i hits another leaf j, the involved leaves are homogeneous with high probability. This is 
formally captured in the following two lemmas.

Lemma 1. Consider that at some point the root hits a leaf i. The probability that the i-th leaf is heterogeneous the next 
time the root hits leaf i is O n(1/ ).

Proof Idea. Since the graph Gm of leaf i has constant size, the expected time for leaf i to reach a homogeneous 
state is O(n). On the other hand, the root s will need in expectation Ω(n2) rounds to hit leaf i, as (i) s has n neigh-
bors, and (ii) s reproduces approximately once every N(n) = Ω(n) rounds. The desired result then follows easily 
by applying concentration bounds. We refer to Lemma S1 in the Supplementary Information for the formal 
proof. □

Note that the complementary case of Lemma 1 does not hold, i.e., a heterogeneous leaf i will hit the root 
several times before leaf i becomes homogeneous. However, most of these events have no effect, as an offspring 
placed on the root by leaf i will be replaced by offsprings of other leaves, with high probability. The crucial event is 
the one in which a heterogeneous leaf i hits the root, and subsequently the root hits another leaf j before the root 
is hit again. Consider that leaf i becomes heterogeneous at some time t, and leaf i hits leaf j at times (t1, t2), with 
t1 > t. We call times (t, t1, t2) a heterogeneous hit if leaf i has remained heterogeneous throughout the interval [t, t1]. 
The following lemma states that heterogeneous hits are rare.

Lemma 2. Consider that at some time t the i-th leaf is heterogeneous. The probability of a heterogeneous hit (t, t1, t2) 
is O n(1/ ).

Proof Idea. Note that in order for leaf i to hit leaf j, the following two events need to occur in succession.

 (A) Leaf i hits the root s, and afterwards.
 (B) The root s reproduces before it is hit.

First, we rely on Lemma 1 to conclude that with high probability, the root s does not hit leaf i before the lat-
ter becomes homogeneous. Hence, the probability that leaf i has remained heterogeneous in the interval [t, t1] is 
approximately the probability that the v-lazy generalized Moran process on Gm has not reached a homogeneous 
state.

Since s has n neighbors, the probability of event B happening in each round is O(1/n). Hence, in expectation, 
event A will need to happen Ω(n) times before leaf i hits leaf j. On the other hand, event A occurs with rate 
O(1/n). Thus the expected time required for leaf i to hit leaf j is Ω(n2). Finally, since the graph Gm occupying leaf 
i has constant size, the expected time to reach a homogeneous state is only O(n). The desired result then follows 
easily by applying concentration bounds. We refer to Lemma S2 in the Supplementary Information for the formal 
proof. □

We are now ready to sketch the behavior of the Metastar. The initial mutant arises with high probability in one 
of the leaves, and is placed uniformly at random on one vertex of the corresponding graph Gm. Lemma 1 implies 
that we can focus on that leaf in isolation. Since v is attached to the root s, the corresponding evolutionary process 
on Gm alone is the v-lazy generalized Moran process, and hence the invading mutant fixates in the initial leaf with 
probability ρ(r, Gm, v). From that point on, Lemma 1 and Lemma 2 guarantee that the Metastar behaves like the 
Star, with the exception that

 1. When the root hits a resident leaf with a mutant offspring, the leaf turns mutant with probability approxi-
mately ρ+(r, Gm, v).

 2. When the root hits a mutant leaf with a resident offspring, the leaf turns resident with probability approxi-
mately ρ−(r, Gm, v).

In the case of the Star, both probabilities equal 1, since each leaf consists of a single vertex. Thus, if we focus on 
the ratio of probabilities of increasing the number of mutant leaves by one over decreasing it by one, this forward 
bias is amplified from r2 (in the case of the Star) to r2 · ρ+(r, Gm, v)/ρ−(r, Gm, v). We refer to the SI for the formal 
proof. The following theorem states the fixation probability on the Metastar.

Theorem 1. Let Gm be a fixed graph and v the attachment vertex of Gm. Denote p = ρ(r, Gm, v) and α = ρ−(r, Gm, v) 
and β = ρ+(r, Gm, v). The fixation probability of a single mutant placed uniformly at random on N n

G
( )

m  is
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