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Figure S1. Plot of mean background probe log intensities by GC category and
associated central 95% confidence interval on a whole-transcript GeneChip. On the real
scale, the variability of non-specific hybridisation within GC categories is very large.
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Figure S2. Plots showing the means and variances of log PM intensities of single-
matching probes against the means and variances of PM intensities of multi-match
probes. Each point represent one of the 33 arrays in the Affymetrix human Gene 1.0
ST array tissue mixture data set. Both the means and variances are consistently higher
for multi-match probes, supporting the assumption that the contribution to the signal
from each transcript is additive.
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Figure S3. Speed-up from parallel computations. A human Gene array analysis
was carried out with MMBGX three times using 1, 2, 3, 4, 5, 6, 7 and 8 cores on an
8-core machine. The average speed was recorded and a speedup graph plotted. The base
of 2 hours 45 minutes was reduced to only 22 minutes using 8 cores, a speedup of 7.36.
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Figure S4. We ran MMBGX on a human Gene 1.0 ST array discarding (masking)
probes that match to multiple gene-probesets. The two scatterplots show that the stan-
dard errors of the log expression measure for probesets without multi-match probes are
not affected by the masking while the errors for multi-mapping probesets with at least
one single-match probe increase as a result of the masking. The histogram of standard
errors for multi-mapping probesets with no single-match probes is mostly within the
range of single-mapping probesets (standard error < 1.5), indicating that the expression
of genes that are completely eliminated by masking can be well estimated by MMBGX.
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Figure S5. Full representation of the 2309 multi-mapping probesets on the human
Gene 1.0 ST array. Red dots represent probesets while black dots represent probes.
Small groups of two or three probesets are near the periphery of the figure, while more
complicated structures appear in the centre.
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Figure S6. Histogram of the proportion of multi-match probes in each transcript-
targeting probeset on the human Exon 1.0 ST array. About half the probesets are made
up of 90% or less multi-match probes.
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Figure S7. Scatterplots showing the performance of MMBGX on simulated Exon
array data. MMBGX recovers the signal very well for probesets with less than 90%
multi-match probes. There is increased variability and some shrinkage when the pro-
portion of multi-match probes exceeds 90%, but the error in the estimates increases
commensurately: 95% central credible intervals from the posterior distributions contain
the true simulated value about 95% of the time (not shown).
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Algorithm S1. A fully Bayesian model of αc, the mean of the prior on log(σ2
gc),

exhibited slow mixing of the MCMC sampler, making reliable inference computationally
inefficient. We therefore developed an Empirical Bayes algorithm that estimates αc very
accurately prior to making inference on the other parameters. Before MCMC sampling,
the algorithm proceeds once as follows:

1. For each k, c, r

(a) Set γ̂kcr to the empirical mean of the logarithm of background probes in
affinity category k, array r and condition c.

(b) Set δ̂2kcr to the empirical variance of the logarithm of background probes in
affinity category k, array r and condition c.

2. For each j, c, r

(a) Sample log Ĥjcr from N(γ̂k(j)cr, δ̂
2
k(j)cr)

(b) If PMjcr− Ĥjcr > 1, then Ŝjcr := PMjcr− Ĥjcr. Otherwise, return to step a.

3. For each g, c

(a) µ̂gc := (|R(c)| · |J(g)|)−1 ·
∑
R(c)

∑
J(g)

log
dSjcr

|G(j)|

(b) σ̂2
gc := (|R(c)| · |J(g)| − 1)−1 ·

∑
R(c)

∑
J(g)

[
log

dSjcr

|G(j)|

]2

− (|R(c)| · |J(g)|/(|R(c)| ·

|J(g)| − 1)) · µ̂gc
2

4. For each c

(a) αc := G−1
∑
g

log σ̂2
gc

(b) β̂2
c := (G− 1)−1 ·

∑
g

log
[
σ̂2

gc

]2
− (G/(G− 1)) · α2

c ,

where J(g) indexes the set of probes matching transcript g, R(c) indexes the set of
replicates in condition c, and G is the total number of transcripts. In step 2a, we
capture the uncertainty in the true intensity of non-specific hybridisation by sampling
from the GC-specific empirical distribution, N(γ̂k(j)cr, δ̂

2
k(j)cr). For a given GC category,

the lower the value of PMjcr, the more likely it is that the true Hjcr is located near the
leftmost support of its prior distribution. The algorithm captures this property through
resampling, essentially truncating Ĥjcr to a maximum of PMjcr.

All parameters other than αc are estimated using MCMC samplers. In order to speed
up convergence, we set the starting values for the samplers to the estimates Ŝjcr, Ĥjcr,
µ̂gc, σ̂2

gc and β̂2
c .
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Note S1. Primers for PCR were designed in exons flanking spliced exons for Cd97,
B4galt5, Clec5a, Rac1, Csf2rb2 and Slc23a2 with the following primer sequences (5’-3’):

mCD97-F gagttacacctgcgtctgtaacc
mCD97-R2 ttccagccttgacgacagatgc
mCD97-R3 aagtagggaacggtggctcttg

mB4galt5-F1 catgacgtcgatcacatacctg
mB4galt5-R1 cttcctcagcagagcgtacctg

mClec5a-F1 agaaagagatcagatccctgaatc
mClec5a-R1 agtgtggatccttgtgttgcac

mRac1-F1 ctatgggacacagctggacaag
mRac1-R1 catccctaagatcaagcttcgtc

mCsf2rb2-F1 tcagtgtcctgtgagctcagtg
mCsf2rb2-F2 aagcattgaaggttctgtggc
mSlc23a2-F1 tcactacattgctgcagacaac
mSlc23a2-R1 cttctatcagtgaggacatgatga
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Note S2. Despite the gene-level focus of the Gene arrays, Affymetrix has assigned a
small number of their probesets to alternative isoforms of the same gene. In these cases,
the probe signal captures the expression of multiple alternative isoforms and should be
split appropriately.

In the human arrays, a small number of probesets interrogate assemblies other than
the reference genome. For example, in the human Gene 1.0 ST arrays, there are probesets
that interrogate alternative haplotype assemblies of the chromosome 6 MHC region,
the chromosome 22 region containing the CYP2D6 gene or the chromosome 5 region
containing the SMN1 gene. In these cases, probes target different versions of the same
transcript, and hence their signals should not be split. We therefore discard the probesets
mapping to alternative haplotypes and focus on probing only the reference genome.
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Table S1. MMBGX and Gardina workflow results for genes that tested negative
for differential splicing by RT-PCR in Gardina et al..
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Table S2. COSIE results for genes the 12 positively validated for which gels were
provided and the 36 negatively validated genes in Gardina et al.. Transcript clusters or
probesets which were filtered by the method are indicated with “NA”.!"##$%

&'(#)%

*+!,-

.#/# &01'23#

4*56% 789:;%< 789:;7= 8><=-0=8 5?@- 5?@-

45&AB< A7C8C=9 A7C8C9< A>;8-0=7 D4E!- 5?@-

F*E 7A8A=C% 7A8A%A; %>:C-0=7 D4E!- 5?@-

*4EG% 7=A88<8 7=A897A %>9C-0=< 5?@- 5?@-

!E*74A 7777C%% 64

*+E947 A9=87A% A9=87;9 %>8<-0=8 5?@- 5?@-

*556 777;88A 777;8;: :>;%-0=A D4E!- D4E!-

D6% A8:;A9% A8:;7A% %>7C-0=A D4E!- D4E!-

5&H% 78:C77; 78:C7;A <>A8-0=7 D4E!- 5?@-

*G<< 77A9978 77A9C%% 8>%%-0=A D4E!- D4E!-

,5.B< 7C78%8% 7C78A=; 64

?4*% A:;:=8= A:;:=9; 64

B56E7 A;<<;;; A;<<;:= A>;;-0=A D4E!- D4E!-

*4B,6% 7:7:C=C 64

-6+!D% 7C:8;99 7C:8:AA ;>=8-0=7 D4E!- 5?@-

D4H<<B A;;C977 64

D45 AC:C7:7 AC:C<%= A>8%-0=7 D4E!- 5?@-

D6% A8:;A9% A8:;7A; :>A;-0=7 D4E!- 5?@-

.B4 A<7CA=8 A<7CA7A %>=7-0=A D4E!- 5?@-

E?&; A<%7A=7 64

6H-A 7CA9:9= 64

&DI& 7A7A7<: 7A7A7:% A>7<-0=7 D4E!- 5?@-

&5I:E A9C9==: 64

?4G8% 78:==;9 78:==:9 A>CA-0=7 D4E!- 5?@-

!D?!A 7CC%;== 64

!5IA8 A9=CA9A 64

D,&%E% ACACAA9 ACACA78 %>=:-0=A D4E!- 5?@-

&E4@ 7A8A=79 7A8A=8< %>%7-0=7 D4E!- 5?@-

&5IC A:=C9C% 64

?46 7<7;=AC 7<7;=7% 8>99-0=< 5?@- 5?@-

5-6!% 7=<:8AA 7=<:9A% %><%-0=7 D4E!- 5?@-

56! A8::%87 A8::A%A :>77-0=< 5?@- 5?@-

*4!&< 77;:AC7 77;:A:; %>8%-0=% D4E!- D4E!-

*GJ%% 79:<98C 79:<CAC 8><:-0=7 D4E!- 5?@-

*+E%%4% A<A8C89 A<A8;7C %>%7-0=7 D4E!- 5?@-

*!5A 7:=%7;C 64

I,44%%:: 79=<%<C 64

H@*< A<A8C89 A<A8;7C %>%7-0=7 D4E!- 5?@-

64*4 7<8;=:C 64

6H-% 7CA9:7< 7CA9:<A %>98-0=% D4E!- D4E!-

&!G 77=<7=% 64

F-.D A:=;%C: A:=;%;= <>7A-0=< 5?@- 5?@-

6*4H% 77<:A:7 77<:79< %>%=-0=A D4E!- 5?@-

!,4JB&% 7%8C;%C 64

H!5%? A9C<:%: A9C<:8; 7>9A-0=7 D4E!- 5?@-

D.D?7 AC%8=%9 64

D,?H4

.#/# &01'23#

4*56% 789:;%< 789:;7= %>8;-0=< D4E!- 5?@-

5K,L &M,L
?#M32$)NDG?)O>AP)
'2Q"'R=>==%=A8A8CS

?#M32$)NDG?O>7SP)
'2Q"'R=>=%A<8:;9S

5K,L &M,L
?#M32$)NDG?)O>AP)
'2Q"'R<><CC<#0=8S

?#M32$)NDG?O>7SP)
'2Q"'R)=>==7%C;%=%S
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Table S3. FIRMA results for genes the 12 positively validated for which gels were
provided and the 36 negatively validated genes in Gardina et al.. Transcript clusters or
probesets which were filtered by the method are indicated with “NA”.

!"##$%

&'(#)*

+,-./

0#1# &23'45#

/678% 9:;<=%> 9:;<=9? %@:=A2?> +/B!A 7-CA

/7&*D> *9E:E?; *9E:E;; *@::A2?9 +/B!A 7-CA

F6B 9*:*?E% 9*:*%*= ;@>9A2?; 7-CA 7-CA

6/BG% 9?*::>: 9?*:;9* %@>>A2?> +/B!A 7-CA

!B69/* 9999E%% 9999E%E =@==A2?% +/B!A +/B!A

6HB;/9 *;?:9*% *;?:9=; ;@*=A2?9 +/B!A +/B!A

6778 999=::* 999=:=< 9@=9A2?9 +/B!A +/B!A

+8% *:<=*;% *:<=9*% E@>EA2?9 +/B!A +/B!A

7&.% 9:<E99= 9:<E9=* %@*?A2?* +/B!A +/B!A

6G>> 99*;;9: 99*;E%> :@:*A2?* +/B!A +/B!A

,70D> 9E9:%:% 9E9:*?= 8/

-/6% *<=<?:? *<=<?;= 9@?EA2?* +/B!A +/B!A

D78B9 *=>>=== *=>>=<= *@=EA2?* +/B!A +/B!A

6/D,8% 9<9<E?E 9<9<E9< ;@?*A2?9 +/B!A +/B!A

A8H!+% 9E<:=;; 9E<:<** 9@>:A2?* +/B!A +/B!A

+/.>>D *==E;99 *==E;>= %@*9A2?9 +/B!A 7-CA

+/7 *E<E9<9 *E<E>>< >@%:A2?* +/B!A +/B!A

+8% *:<=*;% *:<=99? =@=*A2?> +/B!A 7-CA

0D/ *>9E*?: *>9E**9 %@?>A2?% +/B!A +/B!A

B-&= *>%9*?9 *>%9*%= 9@?>A2?> +/B!A 7-CA

8.A* 9E*;<;? 9E*;<E% 9@;=A2?* +/B!A +/B!A

&+I& 9*9*9>< 9*9*9;: :@E=A2?9 +/B!A +/B!A

&7I<B *;E;??< *;E;?%= 9@%?A2?9 +/B!A 7-CA

-/G:% 9:<??=; 9:<??<; >@:%A2?9 +/B!A +/B!A

!+-!* 9EE%=?? 9EE%=%? ;@?:A2?9 +/B!A +/B!A

!7I*: *;?E*;* *;?E*E= 9@><A2?9 +/B!A +/B!A

+,&%B% *E*E**; *E*E*9: *@E?A2?9 +/B!A 7-CA

&B/C 9*:*?9; 9*:*?:% *@%;A2?> +/B!A 7-CA

&7IE *<?E;E% *<?EE?E %@<>A2?> +/B!A 7-CA

-/8 9>9=?*E 9>9=?99 <@;:A2?> +/B!A 7-CA

7A8!% 9?><:** 9?><;>9 %@=EA2?9 +/B!A 7-CA

78! *:<<%:9 *:<<**: ;@?EA2?9 +/B!A +/B!A

6/!&> 99=<*E9 99=<9%E *@<9A2?* +/B!A +/B!A

6GJ%% 9;<>;:E 9;<>E?9 9@<=A2?> +/B!A 7-CA

6HB%%/% *>*:E:; *>*:=:? ;@%:A2?; 7-CA 7-CA

6!7* 9<?%9=E 9<?%9<= *@%<A2?> +/B!A 7-CA

I,//%%<< 9;?>%>E 9;?>*%9 %@?<A2?> +/B!A 7-CA

.C6> *>*:E:; *>*:=:? ;@%:A2?; 7-CA 7-CA

8/6/ 9>:=?<E 9>:=?<= %@<9A2?* +/B!A +/B!A

8.A% 9E*;<9> 9E*;<:E E@9=A2?9 +/B!A +/B!A

&!G 99?>9?% 99?>9?; %@E=A2?9 +/B!A 7-CA

FA0+ *<?=%E< *<?=%<* %@*<A2?9 +/B!A 7-CA

86/.% 99><*<9 99><*<; 9@E;A2?> +/B!A 7-CA

!,/JD&% 9%:E=%E 9%:E=*E :@**A2?9 +/B!A +/B!A

.!7%- *;E><%< *;E><>; >@9*A2?* +/B!A +/B!A

+0+-9 *E%:?%; *E%:?>: >@E*A2?* +/B!A +/B!A

7K,L &M,L
-#M54$)N+G-)O@*P)
'4Q"'R>@>EE>#2?:S

-#M54$)N+G-O@9SP)
'4Q"'R)?@??9%E=%?%S
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