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SUPPLEMENTARY METHODS

Baysian analysis of metabolite profiles

We consider data in which substances of different known (geno-)typest =1,...,T are
processed under slightly different experimental conditions ¢ = 1,...,C. There are R
replicates of type ¢ under condition ¢. The data for each replicate consist of observations
Yetmr, Where the index for metabolite varies in the range m = 1,..., M.

We suppose that type-metabolite combinations are switched on or off independently
with probability p, and that 7, = 1 or ~y,, = O respectively. If a combination is switched
oft, then the profile mean for that metabolite-type pair takes a baseline value u, while
if it is switched on, the profile has a normal distribution, as outlined below.

The proposed model is the hierarchy
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where N(a,b) denotes the normal distribution with mean a and variance b > 0, and
B(p) denotes the Bernoulli distribution with probability p € (0,1). The parameters
Yt Indicate whether or not each metabolite-type combination is on. If so, then the
profile mean under ideal experimental conditions is #,,,,, which is taken to have a normal
distribution. However the actual experimental conditions will not be ideal, and this will
induce a difference between the ideal profile and that actually observeable. Finally the
value observed 4., is normally distributed around the observeable profile. If ~,, = 0,
then the same hierarchy applies, but with ¢,,, = . Thus the model can be written as

Yetmr = ;u + A."Itrn(etm - ;U) =+ (??cfm — Ttm Sf‘m) + Ectmrs

where the terms in parentheses represent the effects first of the ‘switching on’ of a
metabolite-type combination, and the second represents the effect of the difference
between ideal and actual experimental conditions.

Under this mixture model the marginal distribution of ¥.,,, may be written as

(L =p)N(p, 7y +0%) + pN(p, 73 + 75 + 0%), (1)

and the joint density of the replicates ¥ mr, 7 = 1,..., Ram for a given combination of
condition, type, and metabolite is readily obtained. It is then straightforward to obtain
the joint density of the observations and hence to produce empirical Bayes estimates
of the five parameters p,-p,az',ﬂ?, 72. Notice that data for the same metabolite-type
combination under different experimental conditions are not in fact needed—intuitively
because if R., > 1, then o? may be estimated from the sum of squares for error,

and then ’TT? and 75 are identifiable from the mixture (1). In fact maximum likelihood
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estimation is applied, and yields p = 0.03, fi = 0.05, 3* = 0.18, 77 = 2.2, 77 = 8 for the
data described in the paper. More precise estimates of the variance components could
be obtained by including the data on known deg mutants in the likelihood, assuming
that they are the same genotype but reared under different experimental conditions.

Once the hyperparameters are estimated a Bayesian classification rule can be applied,
as follows. Let y,, denote the data available for a given metabolite m and known type
t, and suppose the corresponding data of unknown type are z,,. Let y and z denote the
totality of the known data and the data to be classified, respectively, and let U =1,...,T
denote the unknown type of the data z. To assign z to one of the known types, we
compute the posterior probabilities

Pr(U=u|zy), u=1...,T,

which equal
[y | U = w)Pr(U = u)

Z?:,:l flz,y | U=uw)Pr(U = .uf)’

We set the prior probabilities Pr(U = u) to be equal, so for the (m,t) metabolite-type
combination we need to compute

f(zwne Yim | U= ?_L) = (1 _p)f(zme Yum | Ttm = U) H f(ytm | Tt = 0) +

t£u,m+£n

pf(zrns Yum | Ytm = ]-) H f(ytm | Ttm = 1)

t£u,m+£n

This can be rewritten as

f(z‘m-yum | Dr = u) = (]‘ _p)Amf(zm | yums ﬁ."'um = 0) +pBi’?1f(z?ﬂ | yums ﬁ."'um = ]‘)

where
Am = Hf(ytm | “fum = 0]7 Bm = H f(ytm | Yum = 1)
t t
are fixed for the mth metabolite.
This computation applied to the data yields the probabilities given in the paper.
We measure the importance of a metabolite-type combination using the log Bayes factor
for comparison of ~,,—1 and 7, = 0, that is,

Bm .

2log Byg = 1

this is also called the weight of evidence. We use the usual (rather crude) scale for this:
0 < 2log Big < 2 (low); 2 < 2log Byp < 6 (medium); 6 < 2log Byg < 10 (high); 10 < 2log Byg
(very strong).
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