Appendix A: Comparison of Syntax Dynamics
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syllable j to syllable k under context ¢. The maximum likelihood estimates (mle) of 7 Wklj(c)
are given by /ﬁl(cT;zzc) = nl(cﬁzzc)/ ke (j) nl(cmzc)

Specifically, we have K = {d, m, s,u, z}, where for notational convenience we represent
the state ‘silence’ by ‘z’; K(j) = K for j = {d,m,s,u} but K(x) = {d,m,s,u}; and C =
{UR,FE,AF}. K(z) is different from other K (j)’s, since by the nature of the experiment,
there is no self transition from x to itself.
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Table 1: The transition probabilities (sans the indicators (i, c) for mouse and context).

1 Comparison between Genotypes

The likelihood function under the context ¢ is then given by

(m)

27 m 2 m
({Yz c }mnzl,i:LceCH{ E|j( lc)}mn 1,i=1,c€C,jeK keK (j H H H H H {ﬂ-k\] 10)} k|j(ise)

ceCm=11i=1 jeK keK(j)

For each mouse i from the m' genotype, let the probability of making a transition from
state j to state k under context ¢ be distributed as F; (| ()) That is, Wéﬁgl 0 ~ F k(‘]() ) In Table
1 above, the cells within each column correspond to transitions to that column syllable from

different row syllables, and the cells within each row correspond to transitions from that row



syllable to different column syllables. Our goal is to test if the context-specific transition
probabilities to and from particular syllables differ significantly between the two genotypes
of mice. We formulate these problems as testing the joint null hypotheses
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 for all pairs (j, k) € S

The set S depends upon the syllable and type of transitions (to or from, column or row)
we are interested in. For example, if interest lies in the transition probabilities from the
syllable d to different syllables, we look at the corresponding row and & = {(j,k) : j =
d;k = d,m,s,u,z}. Similarly, if interest lies in the transition probabilities to the syllable
d from different syllables, we look at the corresponding column and & = {(j,k) : j =
d,m, s, u z;k = d}, and so on. Here F) <, F® denotes that F® is stochastically larger
than F. Under H, Klj(c)» When there is no difference between the distributions F,SJ )(C) and

F k(lj)( X the probability of some w,(c‘) (i1 from the first genotype exceeding an 7r,(€|]).( from the
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second genotype will equal the probability of 7T,(jj)1 0 from the second genotype exceeding
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any mouse ¢; of the first genotype and any mouse iy of the second genotype. On the other

7r from the first genotype. That is, Pr(w,i&il’c) > W,(CTJ)(IQ,C)) Pr(7r,(€|j)(l2 o> ﬁ,(glj)(“ o) for

hand, under H, 4., when one of the distributions F; ,5‘])( and F k(‘?j)(c) is stochastically larger
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than the other, Pr(m 5. > m i o) # Pr(miie, o > T o

genotype and any mouse iy of the second genotype.

We used Wilcoxon-Mann-Whitney (WMW) rank sum tests on the ﬂ,(fggc)’s to test the
(m)

hypotheses. Since the actual probabilities Thi(ic) A€ unknown, we follow the usual conven-

) for any mouse i; of the first

tion and work with their mle’s, ignoring estimation uncertainty. Suppressing the suffixes in
favor of cleaner notation, letting Rl(m) denote the rank of the transition probability of the
i*" mouse in the pooled sample, with n; mice of the first genotype and n, of the second, the
WMW test statistic for testing Hy : F) = F®) against H, : FV <, F@ or F® <, F(1
is given by U = Y. R™ — ny(ny + 1)/2. Under Hy, : FO = F®  R"™g will
be evenly distributed among the set of possible values {1,2,...,N = n; + ny}. Under
H : FY <, F® or FO <, FO Rgl)’s will tend be smaller or larger than RZ@)’S, on
average. Small or large values of U thus indicate departure from the null hypothesis.

We combine the p-values returned by the ‘local’ tests Hg ;) to obtain a test for the
joint null Hyy(S) = N¢jkyesHoxljc)- Several approaches of combining local p-values have
been proposed in the literature. See, for example, Fisher (1932), Stouffer, et al. (1949) and
Edgington (1972). We used the truncated product method (TPM) of Zaykin, et al. (2002)
which is more robust to the presence of a few large p-values. Based on L local p-values
P, the test statistic for the global test is defined as T(1) = []-, pg{piq}, where 1{-} is
the indicator function and 7 is a truncation limit. Zaykin, et al. (2002) used 7 = 0.05,
Neuh&user and Bretz (2005) 7 = 0.50 and Neuh&user (2003) 7 = 0.70. Sheng and Yang



(2013) proposed evaluating T'(7) for a set of candidate 7 values and using the minimum
p-value observed at these candidate truncation points. We used a fine grid of 7 values -
{0.05,0.06, ...,0.99,1.00}.

Under the null, the p-values are marginally uniformly distributed. If the dependence
among the local tests is ignored, the null distribution of T'(7) for each candidate value of 7
can be estimated using samples of uniformly distributed p;’s. To account for the dependence
among the local tests, we used a permutation based Monte Carlo procedure instead. Each
local null hypothesis postulates that the two genotypes of mice share a common distribution
for the corresponding transition probabilities. Any evidence to the contrary can be destroyed
by reallocating the mice randomly to the two genotypes. Each such occasion generates a
sample of 24 local p-values for the 24 local WMW tests which can then be combined to
obtain a Monte Carlo sample of the TPM based test statistics for the transition probabilities
to and from the five syllables. For each truncation limit 7, the p-values of the combined
tests are then estimated as the proportions of samples in which the observed T'(7)’s are less
than the resampled T'(7) values.

Tests for differences in the global dynamics, where S = {(j,k) : j € K,k € K(j)}, can
be similarly constructed.

We used R to implement our method. Many other common statistical softwares allow
routine implementation of WMW tests. Estimates of the null distributions of the TPM
based test statistics were based on 10,000 random reallocations of the mice. The p-values
for local tests as well as the TPM based tests for different rows and columns are presented
in Figure 6 in the main paper. See the main paper also for a discussion of these results.

2 Comparison between Contexts

The likelihood function for the genotype m is given by
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Here our goal is to test if the mice from a given genotype m can alter the transition probabil-
ities to and from particular syllables significantly between different pairs of contexts cy, cs.
We again formulate these problems as testing the joint null hypotheses
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, for all pairs (j,k) € S
for some pair (j,k) € S.

Since the comparison here involve the same set of mice from a fixed genotype, we used

Wilcoxon signed rank (WSR) tests on the wéﬁzc)’s, and not WMW tests. The rest of the
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testing procedure is very similar to that described in Section 1 of this Appendix. See also
the main paper for a discussion of the results.
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