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Data: 1) Disjoint sets of tips X and Y
2) Empirical value of test statistic R̂
3) Number of simulations nsim
4) Taxonomic condition E (see Equations 3, 4 or 10)
Result: Two-sided p-value denoted q = ξ(X,Y, R̂).
Initialisation;
Form a time-ordered sequence of nodes

U = (u1, · · · , u|DX |+|DY |)|ui ∈ (DX ∪DY ), τ(ui) ≥ τ(ui+1)

Form a corresponding numeric sequence:
Υ = (υ1, · · · , υ|DX |+|DY |) where

υi =


1 if ui ∈ X
−1 if ui ∈ Y
0 if ui ∈ (DX ∪DY ) ∩ I

for k = 1 to nsim do
z ← 0 (simulated lineages through time in clade X) ;
w ← 0 (simulated lineages through time in clade Y ) ;
rsim ← 0 (simulated rank-sum statistic) ;
c← 0 (number of coalescent events simulated) ;
for i = 1 to |DX |+ |DY | do

if υi = 1 then
Account for sample in X: z ← z + 1 ;

if υi = −1 then
Account for sample in Y : w ← w + 1 ;

if Wi = 0 then
Increment coalescent counter: c← c+ 1 ;

Compute probability p̃ = Q̃E(z, w) that next coalescent is in
DX or DY using Equation 3, 4 or 10;

Draw a random uniform variable ω ← Unif(0, 1) ;
if ω < p̃ then

z ← z − 1
rsim ← rsim + c

else
w ← w − 1

end
Record simulated statistic:
Rk ← rsim ;

end
Standardize the statistic:
R̄←

(
R̂− 〈{Rk}〉

)
/σRk

;

Return min(F (R̄), 1− F (R̄)) where F is the standard normal CDF.
Algorithm 1: Algorithm for computing the null distribution and associated
p-value of the test-statistic for cladistic outliers.
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Data: Time-scaled genealogy G
Result: Partition of tips of tree, denoted M .
Initialise ‘active set’ to consist of root node: Ω← {root} ;
Initialise partition: M ← ∅ ;
for u ∈ I (internal nodes) do

Initialise C̃u ← Cu ;
end
while |Ω| > 0 do

Initialise Ω′ ← Ω ;
for u ∈ Ω do

Find biggest outlier descended from u:
v∗ ← argmaxv∈Cu

f(v) = ξ(C̃u \ C̃v, C̃v) (Algorithm 1);

q ← ξ(C̃u, C̃v∗) ;
if q < α then

Ω′ ← Ω′ ∪ v∗ ;

C̃u ← C̃u \ Cv∗ ;

else
No significant outliers, so remove u from active sets:
Ω′ ← Ω′ \ u ;
Add the clade descended from u to the partition:
M ←M ∪ {(T ∩ C̃u)} ;

end
Ω← Ω′.

end
Return M .

Algorithm 2: Algorithm for detecting cladistic outliers.
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Figure S1: The normalised mutual information (NMI) for 100 previously

published simulations (McCloskey and Poon 2017). This describes accuracy of

classification of tips into outbreaks using the treestructure method and CLMP

(McCloskey and Poon 2017). Results on left were based on simulations where

both transmission and sampling rates varied in the outbreak cluster, whereas

simulations on the right only allowed transmission rates to vary.
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Figure S2: The distribution of the test statistic under the null hypothesis with
Kingman coalescent trees simulated with 50 tips. Top: The empirical density of
the standardized test statistic (Z score) across internal nodes in 1,000 Kingman
coalescent trees. Bottom: A quantile-quantile plot of the Z scores from internal
nodes in 1,000 coalescent trees and the standard normal distribution.



Figure S3: Distribution of the standardized test statistic (Z scores) under the
null hypothesis and tabulated by clade size. Each box shows the range (whisker)
and interquartile range (box) of Z scores across 1,000 simulated coalescent
trees and for a particular clade size (number of tips). The red lines show the
interval corresponding to a 95% confidence region. The left part is based on
Kingman coalescent trees, while the right part is based on estimated time-scaled
phylogenies using simulated sequences as described in the text.



Clade sizes: 10 and 200
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Clade sizes: 20 and 200
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Figure S4: Power to discriminate between clades as a function of sample size
and difference in effective population size. Each plot shows the absolute value of
the standardized test statistic of the MRCA of a minority clade. The minority
clade has an effective population size selected to provide various levels of contrast
with the majority clade (see text). The x-axis shows (N1

ew)/(N2
e z) where z and

w are the number of tips in the minority and majority clades, and N1
e and

N2
e are the effective population sizes in the minority and majority clades. The

red line corresponds to 1.96 which is the 95% quantile of the standard normal
distribution. The top, middle and bottom panels are each based on simulations
where the minority clade had 10, 20, and 40 tips respectively, whereas the
majority clade always had 200 tips.



Tree fastbaps
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Figure S5: The output of FastBAPS classification applied to 1102 N.

gonorrhoeae isolates described in the main text. Clades indicated in green have

CFX resistance.
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Figure S6: Estimated effective population size through time for each partition

in the Tennessee HIV-1 phylogeny. Ne(t) was estimated using the skygrowth

method (Volz and Didelot 2018) with precision parameter τ = 1.
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Figure S7: Estimated effective population size through time for each partition

in the Tennessee HIV-1 phylogeny. Ne(t) was estimated using the skygrowth

method (Volz and Didelot 2018) with precision parameter τ = 100.
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