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Supplementary Figure 1
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Supplementary!Figure!1.!Assay!optimization!and!quality!controls!of!genomeEwide!screen!!

a.!Firefly!luciferase!signal!normalized!to!the!Renilla!signal!of!each!well.!Titration!of!Gal4)DBD)nsl3#

“activator”! plasmid! (see! Fig.! 1).! Data! are! presented! as! mean! value! ±! SEM! of! n=3! technical!

replicates.!!!

b.! Firefly! luciferase! signal! normalized! over!Renilla! signal! per!well! after! RNAi! of!NSL! complex!

members.!Data!are!presented!as!mean!value!±!SEM!of!n=3!technical!replicates.!!!

c.Ef.! Quality! control! plots! of! genome! wide! RNAi! screen! using! cell! HTS2! analysis! software.!

Luciferase!data!was!plate!median!normalized!(see!methods!for!more!details).!For!simplicity!in!c.,!

e.,!f.!only!data!plots!of!replicate!1!are!shown.!!

c.!Distribution!of! luciferase!signal!of!the!positive!(red!line,!GST)!and!negative!(blue!line,!NSL1)!

controls,!obtained!from!kernel!density!estimates.!!

d.!Normal!QuantileWQuantile!plot!(QQ!plot).!Negative!control!(GST)!in!blue,!positive!control!(NSL1)!

in!red,!other!controls!used!(from!left!to!right!in!QQ!plot:!NSL3,!MOF,!GFP,!Diap1)!in!purple.!!

e.!Normalized!luciferase!signal!of!positive!(red,!GST)!and!negative!(blue,!NSL1)!controls!per!384!

well!plate.!!

f.! Boxplots! of! normalized! luciferase! signal! intensities! per! plate.! Boxplots! represent! median!

(centre),! interquartileWrange! (bounds! of! box)! and! minima/maxima! (whiskers)! of! data!

distributions.!

g.!Scatterplot!of!plate!mean!normalized!Renilla!reads!of!the!first!versus!the!second!replicate.!In!

black:! candidates! with! normalized! Renilla! reads! greater! 2! or! smaller! than! 0.5,! which! were!

removed!from!the!candidate!list!for!secondary!assays.!In!purple:!all!candidates!passing!the!Renilla!

filtering!step.!!

h.!Barplot!represents!zWscores!of!NSL!complex!members!as!obtained!from!the!genomeWwide!RNAi!

screen.!

Source!data!for!a,!b!are!provided!as!a!Source!Data!file.! !
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Supplementary!Figure!2.!Functional!interactome!of!the!NSL!complex!

Candidates!passing!primary!and!secondary!screen!criteria!(>!1.5!fold!activation!in!Gal4)DBD)nsl3!

based!assay!compared!to! full! length!Gal4!assay! in!secondary!screen).! Interaction!network!was!

generated! using! the! Search! Tool! for! the! Retrieval! of! Interacting! Genes/Proteins! (STRING)!

database!of!physical!and!functional!interactions!1.!The!thickness!of!the!network!edges!indicates!

the!interaction!confidence.!

! !



Supplementary Figure 3

DMSO

9h iBET

16h iBET

a

b

DMSO

9h JQ1

16h JQ1

d e
JQ1 4h vs DMSO

1e−01 1e+01 1e+03 1e+05
−3

−2

−1

0

1

2

3

Lo
g2

 fo
ld

 c
h
a
n
g
e

up: 205

down: 6404

Mean of normalized counts

NSL1 RNAi vs control
up: 1565

down: 5797

1e−01 1e+01 1e+03 1e+05
Mean of normalized counts

−3

−2

−1

0

1

2

3

Lo
g2

 fo
ld

 c
h
a
n
g
e

c Renilla dBET

0

1

2

3

N
S
L3

G
al
4-

A
D

fused to Gal4-DBD

R
e

n
il
la

 s
ig

n
a

l 
re

la
ti
v
e

 t
o

 D
M

S
O

DMSO

20h dBET

Lo
g2

 f
o
ld

 e
x
p
re

s
s
io

n
 c

h
a
n
g
e

ns
l1 ns

l3
fs(
1)h

cg
15
01
1
tho
2
se
c5 pa

tj py
r

CG
15
78
4

-2

0

2

4

6
NSL1 RNAi qPCR 

NSL1 RNAi RNA seq

NSL3 RNAi qPCR

NSL3 RNAi RNA seq

dBRD4 RNAi qPCR

dBRD4 RNAi RNA seq

L
o
g
2 

fo
ld

 e
x
p
re

s
s
io

n
 c

h
a

n
g
e

-2

0

2

JQ1 1h qPCR

JQ1 1h RNA-seq

JQ1 4h qPCR

JQ4 4h RNA-seq

RT-qPCR validation and RNA-seq

ns
l1
ns
l3
fs(
1)h

cg
15
01
1
tho
2
se
c5 pa

tj py
r

CG
15
78
4

g

h

i

co
nt

ro
l R

N
A
i

dB
R
D
4 

R
N
A
i

N
S
L1

 R
N
A
i

N
S
L3

 R
N
A
i

α NSL1

α MCRS2

α Actin

75

250

37

kDa

1 2 3 4

α NSL3

α MOF

α Rbp3

α H3

α H2A.V

co
nt

ro
l R

N
A
i

dB
R
D
4 

R
N
A
i

N
S
Ll
1 

R
N
A
i

N
S
L3

 R
N
A
i

M
O
F
 R

N
A
i

α dBRD4

*
*

kDa

250

150

37

15

15

150
100

1 2 3 4 5

j

c
o
n
tr

o
l 
R

N
A

i

N
S

L
1
 R

N
A

i

D
M

S
O

1
h
 J

Q
1

1
h
 d

B
E

T

4
h
 J

Q
1

4
h
 d

B
E

T

Pol2 ser2p 1 0.59 1 0.56 0.57 0.68 0.66

Pol2 ser5p 1 0.62 1 0.88 1.04 0.81 0.93

Rpb3 1 0.66 1 0.87 0.86 0.79 0.82

Actin 1 1.24 1 0.98 1.03 1.23 0.94

0

2

4

6

R
e
n
ill

a
 s

ig
n
a
l 
re

la
ti
v
e
 t
o
 D

M
S

O

N
S
L3

K
A
N
S
L3

G
al
4-

A
D

fused to Gal4-DBD

N
S
L3

K
A
N
S
L3

G
al
4-

A
D

fused to Gal4-DBD

N
S
L3

K
A
N
S
L3

G
al
4-

A
D

fused to Gal4-DBD

F
ir
e
fl
y
 s

ig
n
a
l 
re

la
ti
v
e
 t
o
 D

M
S

O

0

2

4

6

Firefly JQ1 Renilla JQ1

Renilla iBET

0

2

4

6

N
S
L3

K
A
N
S
L3

G
al
4-

A
D

fused to Gal4-DBD

Firefly iBET 

F
ir
e

fl
y
 s

ig
n

a
l 
re

la
ti
v
e

 t
o

 D
M

S
O

R
e

n
il
la

 s
ig

n
a

l 
re

la
ti
v
e

 t
o

 D
M

S
O

0

1

2

3

4

5

Firefly dBET 

0.0

0.5

1.0

1.5

2.0

N
S
L3

G
al
4-

A
D

fused to Gal4-DBD

F
ir
e

fl
y
 s

ig
n

a
l 
re

la
ti
v
e

 t
o

 D
M

S
O

n=6000 1.2e-7

n=2288

n=2288

d
B

R
D

4
-L

 R
N

A
i

d
B

R
D

4
 R

N
A

i

N
S

L
1
 R

N
A

i

Welch two sample t-test: 
RNAi gene expression vs control  

number 

of genes

6.0 e-4 7.4 e-4

0.0015 0.035 0.042

0.78 0.78 0.89

RNAi

NSL-bound

NSL non-bound

NSL-bound

f Immunoblot quantification  



!

Supplementary! Figure! 3.! Gene! expression! analysis! following! dBRD4! or! NSL! complex!

depletion!

aEc.!Firefly!(as!in!Fig.!3bWd)!and!Renilla!luciferase!activity!assayed!using!Gal4)DBD)nsl3,!Gal4)DBD)

KANSL3!or! full! length!Gal4!driving!the!expression!of!the!UAS)firefly!reporter!after!DMSO!or:!a)!

5µM!JQ1,!b)!1µM!iBET!762,!c)!100nM!dBET6!inhibitor!treatments.!Data!are!presented!as!mean!

value!±!SEM!of!n=3!technical!replicates,!except!Gal4)DBD)nsl3#activity!after!9h!dBET!treatment!in!

b)!n=2!technical!replicates.!Source!data!are!provided!as!a!Source!Data!file.!

d.,!e.!MA!plots!of!RNAWseq!data,!based!on!DESeq2!analysis.!Red!colour!highlights!all!genes!showing!

a!significant!differential!expression!(adjusted!P!value!<!0.05).!d.!NSL1!RNAi!versus!control!RNAi!

(GST),!e.!4h!JQ1!(5µM)!treatment!versus!DMSO.!Expression!was!normalized!using!synthetic!ERCC!

spikes!(see!methods!section!for!details).!

f.! Table! listing! pWvalues! of! TwoWsided! Welch! Two! Sample! tWtests.! Tests! were! performed! on!

normalized!RNAWseq!counts!of!control!RNAi!vs!NSL,!dBRD4!and!dBRD4WL!RNAi!for!subsets!of!NSL!

complexWbound!or!unbound!genes!(see!also!Fig.!3f).!!

g.,!h.!RTWqPCR!validation!of!RNAWseq!after!g.!1h!and!4h! JQ1! treatment!and!h.!NSL1,!NSL3!and!

dBRD4! RNAi.! RTWqPCRs! were! normalized! to! ATPsynbeta,! sun! and! SP1029! and! are! presented!

relative!to!DMSO!or!control!RNAi,!n=1!independent!biological!replicate!for!RTWqPCR!validation.!

i.!Representative!western!blot!of!nuclear!protein!extracts!showing!RNAi!efficiencies!and!effects!

on!protein! levels!of!NSL!complex!members!and!dBRD4!upon!RNAi.!H2A.V,!H3,!Rpb3!and!Actin!

serving!as!loading!control.!The!same!extracts!were!loaded!for!both!subpanels!in!this!figure.!Blue!

asterisks!indicate!long!and!short!isoform!of!dBRD4.!This!experiment!was!repeated!independently!

one!more!time!showing!similar!results.!!

j.!Relative!quantifications!of!immunoblots,!see!also!Fig.!3h,i.!Numbers!represent!averages!of!two!

biological!replicates.!!

! !
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Supplementary!Figure!4.!dBET!and!NSL!complex!ChIP!analyses!

a.!Representative!western!blot!of!nuclear!extracts!of!control!(GST)!(lane!1),!NSL1!(lane!2),!and!

MOF!(lane!3)!RNAi!in!dBRD4WSWFLAGWBiotin!overexpressing!S2!cells.!For!NSL1!RNAi!efficiency!see!

panel!b.!RNAi!efficiencies!were!tested!for!each!RNAi!experiment.!

b.!NSL1!ChIPWqPCR!of!control!(GST)!RNAi!and!NSL1!RNAi.!Primers!target!the!promoters!and!ends!

of!NSL!complexWbound!genes.!!

c.!Piechart!on!distribution!of!dBRD4WSWBiotin!ChIP!peaks!falling!onto!promoters!(TSS!+/W200bp),!

gene!bodies!and!intergenic!regions.!!

d.!Venn!diagram!of!overlap!of!genes!bound!by!endogenous!dBRD4!antibody!ChIP!2!and!dBRD4WSW

Biotin!ChIP.!Genes!were!considered!bound!if!peaks!called!with!MACS!overlapped!with!+/W200bp!

from!the!annotated!TSS.!!

e.! IGV!browser!snapshots!of!dBRD4WSWBiotin!ChIPWseq!profiles!in!control!(GST),!NSL1!and!MOF!

RNAi!as!well!as! in!WT!untagged!cells.! InputWsubtracted!ChIPWseq!data!(merge!of!two!biological!

replicates)!is!shown!(as!in!Fig.!4c).!!

f.!Expression!changes!after!4h!of!JQ1!treatment!(5µM)!for!genes!assayed!by!NSL1!and!MOF!ChIPW

qPCR!(see!Fig.!4eWg.)!Expression!changes!plotted!are!from!RNAWseq!dataset!(see!Fig.!3e).!

g.!and!h.!MOF!ChIPWqPCR!after!g.! JQ1!(5µM)!or!h.!dBET6!(100nM)!or!DMSO!treatments!for!4h.!

Primers!target!the!promoters!and!ends!of!NSL!complex!and!dBRD4Wbound!genes,!for!expression!

changes!after!4h!JQ1!treatment!of!these!genes,!see!f.!

For!b.,!g.,!h.:!Data!are!presented!as!mean!value!of!n=2!or!n=3!biological!replicates.!Source!data!are!

provided!as!a!Source!Data!file.!

! !
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Supplementary!Figure!5.!NSL!mediated!acetylation!contributes!to!acH4!tail!recognition!of!

dBRD4!

a.!Representative! coomassieWstained! SDSWPAGE! of!bacteria! lysates! for! biolayer! interferometry!

experiments.!Asterisks! indicate!expected!molecular!weight!of!SMT3WdBRD4WS!and!GSTWHP1SWI6!!

respectively.! This! experiment! was! repeated! independently! three!more! times! showing! similar!

results.!

b.! Biolayer! interferometry! (BLItz)! sensograms! represent! qualitative!binding!measurements! of!

SMT3WdBRD4WS! lysates!and!control! lysates!(obtained!from!uninduced!bacteria)!to!modified!H4!

peptides!(aminoacids!1W23).!Data!was!standardized!to!binding!signal!to!unmodified!H4!peptides.!

Two!technical!replicates!are!shown,!the!experiment!was!validated!with!independent!biological!

replicates!(data!not!shown).!!

c.!Values!of!maximum!binding!depth!of!biolayer! interferometry!measurements!are!given.!25%!

dBRD4!lysate!was!obtained!by!dilution!with!control!lysate.!!

d.!Scatterplot!of!dBRD4WSWBiotin!ChIP!signal!and!H4K16ac!ChIP!signal!on!gene!promoters,!signal!

for! all! gene! promoters! is! plotted.! (TSS! +/W200bp! for! dBRD4WSWBiotin! ChIP,! TSS! +500bp! for!

H4K16ac!ChIP).!ChIP!signals!were!normalized!log2!fold!change!over!input.!R2!was!calculated!with!

linear!regression!model.!!

e.!Representative!western!blot!of!H4K16ac!after!panobinostat!treatment!(4h,!200nM)!in!control!

RNAi! (GST,! lanes! 2,! 3)! or! NSL1! RNAi! (lanes! 4,! 5)! cells.! This! experiment! was! repeated!

independently!one!more!time!showing!similar!results.!

f.,!g.!ChIPWqPCR!of!f.!NSL1!and!g.!MOF!after!DMSO!or!HDAC!inhibitor!panobinostat!treatment!(4h,!

200nM)! in! control! RNAi! (GST)! or!NSL1!RNAi! cells.! Primers! target! the! promoters! and! ends! of!

dBRD4! and! NSL! complexWbound! genes.! Data! are! presented! as! mean! value! of! n=2! biological!

replicates.!Source!data!are!provided!as!a!Source!Data!file.!

! !



Supplementary Figure 6
ChIP-seq profiles
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Supplementary!Figure!6.!Characterization!of!Kansl2!KO!mESC!

a.!Heatmaps!and!profile!plots!of!publicly!available!ChIPWseq!data!of!KANSL3,!MCRS11,!MOF!3!and!

BRD4!in!mouse!embryonic!stem!cells!(mESC),!BRD4!in!mouse!embryoid!bodies!(EB)!4!and!BRD4!

in!MLLWAF9!cells!5.!BRD4!profiles!from!mESC!and!EB!were!generated!by!MNase!ChIPWseq.!All!genes!

are!plotted,!clustered!into!two!groups,!clustering!by!kWmeans!based!on!KANSL3!ChIP!profile.!Order!

of!genes!was!maintained!for!all!heatmaps.!!

b.!Representative!western!blot!of!whole!cell!extracts!of!Kansl2!p/p,!CreWERT2!mESCs!with!(Kansl2!

KO)! and! without! (Kansl2! WT)! tamoxifen! treatment! (3! days! 500nM).! Blue! asterisks! indicate!

protein!specific!bands!(KANSL2,!short!and!long!isoform!of!BRD4!respectively).!This!experiment!

was!repeated!independently!one!more!time!showing!similar!results.!

c.!RTWqPCR!analysis!of!Kansl2!p/p,!CreWERT2!mESCs!with!(Kansl2!KO)!and!without!(Kansl2#WT)!

tamoxifen! treatment! (500nM,! 3days),! as! well! as!Kansl2! p/p,! CreWERT2! cells! cultured!without!

tamoxifen,!treated!with!dBET6!(100nM,!4h).!See!also!Fig.!6a.!!

d.!RTWqPCR!analysis!of!wildtype!Black!6!mESCs!with!and!without!tamoxifen!treatment!(500nM,!3!

days).!

e.!ChIPWqPCR!of!BRD4!in!wildtype!Black!6!mESCs!with!and!without!tamoxifen!treatment!(500nM,!

3!days).!!

For!c.We.!Data!are!presented!as!mean!value!±!SEM!of!n=3!biological!replicates.!Source!data!are!

provided!as!a!Source!Data!file.!

!

!

! !



Supplementary Figure 7

Gene Expression KANSL1 +/- patients vs. controls
pooled by genotypea

Controls
KANSL1 +/- patients

b
Gene Expression KANSL1 +/- patients vs. controls by individual 
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Supplementary!Figure!7.!Characterization!KANSL1!+/E!and!control!fibroblast!cell!lines!

a.! RTWqPCR! validation! of! RNAWseq! data! from! fibroblast! cell! lines! of! three! KoolenWde! Vries!

syndrome!(KANSL1!+/W)!patients!and!four!controls!(see!also!Fig.!6c,!d).!Four!biological!replicates!

were!analysed!per! cell! line!and! the!measurements!pooled!according! to!genotype! (KANSL1! +/W

patient!or!control)!Error!bars!represent!SEM!(n=12!for!patients,!n=16!for!controls).!TwoWsided!

Wilcoxon!RankWSum!tests!were!applied!to!test!significance!levels.!!

b.! As! in! a,! but!measurements! are! categorized! according! to! individual! cell! lines! derived! from!

individual!KANSL1!+/W!patients!or!controls.!Error!bars!represent!SEM!of!four!biological!replicates.!!

c.!Scatterplot!of!log2!fold!changes!of!gene!expression!from!JQ1!(1µM,!2h)!versus!DMSO!treated!

MOLT4! cells! 6! and! log2! fold! changes! of! gene! expression! from! KANSL1! heterozygous! patient!

fibroblasts!versus!control!fibroblasts.!!

Source!data!for!a,!b!are!provided!as!a!Source!Data!file.!

!

!
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Supplementary Figure 8
a. related to Figure 3a, i

c. related to Supplementary Figure 3i, j

b. related to Figure 3h

d. related to Supplementary Figure 3i, j
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Supplementary!Figure!8.!Uncropped!western!blots!

a.Eg.)!Uncropped!western!blots!are!shown,!association!to!figures!as!indicated.!!

!
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