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Fig S1: Spatial enrichment of coding sequence downstream of 
all promoters (shown in black) and when strati�ed by 
evolutionary history. Lines show the proportion of each 250 bp 
window upstream and downstream from the TSS (arrow) which 
overlap coding sequence from NCBI RefSeq models. 
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Fig S2: Relating evolutionary history to contemporary selective constraint on human promoters. (a) The relative 
rate of rare (red; derived allele frequency <1.5%) and common (blue; >5%) derived alleles for human transversion 
polymorphisms across all promoters (top panel) and promoters strati�ed by evolutionary history (lower panels). 
Rates are normalised to the -4 to -2 kb upstream of the TSS, indicated as the neutral proxy (N.proxy) region and 
calculated as the rolling average of 250 bp  windows. 95% bootstrap con�dence intervals are indicated by light 
outer curves. The number of polymorphisms contributing to the red and blue curve for each analysis are indicated. 
(b-c) As for (a) but showing derived human insertion and deletion polymorphisms respectively. (d) Summary odds 
ratios for rare versus common derived alleles in promoter regions compared to the N.proxy. Positive values have a 
relatively higher rate of rare than common polymorphisms indicative of negative (purifying) selection in promoter 
regions. Symbols are coloured black where a statistically signi�cant difference is found in the rare to common ratio 
between the promoter and N.proxy regions (Bonferroni corrected pcor < 0.05; con�dence intervals shown are 
99.7%, the equivalent of 95% after correcting for n=15 tests).



selection
negativepositive

Log2-odds

Subs.
Insertions
Deletions

Substitutions
Insertions
Deletions

-1.5 0 1.5

-1.5 0 1.5

99.7% C.I.

Fig S3: Summary odds ratios for rare 
versus common derived alleles in 200 bp 
windows upstream from core promoter 
regions compared to the N.proxy. Positive 
values have a relatively higher rate of rare 
than common polymorphisms indicative of 
negative (purifying) selection in promoter 
regions. Symbols are coloured black where 
a statistically signi�cant difference is found 
in the rare to common ratio between the 
promoter and N.proxy regions (Bonferroni 
corrected pcor < 0.05; con�dence intervals 
shown are 99.7%, the equivalent of 95% 
after correcting for n=15 tests).�

All promoters

Conserved

Expression turnover

Human inserted

Mouse deleted



n=379,578
n=40,349

Substitution
 polymorphisms

Rare
Common

Po
ly

m
or

ph
is

m
 r

at
e 

re
la

ti
ve

 t
o 

N
-p

ro
xy

(r
el

at
iv

e 
ra

te
)

-4 -2 0 2 4-4 -2
N.proxy

0.8

1.0

1.2
All promoters

n=2,962
n=1,717

Derived insertion
 polymorphisms

Rare
Common

-4 -2 0 2 4-4 -2
N.proxy

0.5

1.0

1.5

n=6,333
n=2,396

Derived deletion
 polymorphisms

Rare
Common

-4 -2 0 2 4-4 -2
N.proxy

0.5

1.0

1.5

n=382,008
n=38,1510.8

1.0

1.2

R
el

at
iv

e 
ra

te

Conserved

n=3,128
n=1,7830

1

2

n=6,516
n=2,4150

1

2

n=394,767
n=41,7380.8

1.0

1.2

R
el

at
iv

e 
ra

te

Expression turnover

n=2,909
n=1,7180

1

2

n=6,406
n=2,3850

1

2

n=382,385
n=48,6840.8

1.0

1.2

R
el

at
iv

e 
ra

te

Human inserted

n=3,177
n=1,9960

1

2

n=6,870
n=2,7510

1

2

n=377,780
n=46,345

-4 -2 0 2 4-4 -2
N.proxy

0.8

1.0

1.2

R
el

at
iv

e 
ra

te

Mouse deleted

n=3,024
n=1,965

-4 -2 0 2 4-4 -2
N.proxy

0

1

2

n=6,506
n=2,622

-4 -2 0 2 4-4 -2
N.proxy

0

1

2

selection
negativepositive

-1.5 0 1.5

Subs.
Insertions
Deletions

-1.5 0 1.5

Distance from transcription start site (kb)

Log2-odds

Substitutions

Insertions

Deletions
_ 99.7% C.I.

a b c d

Fig S4: Relating evolutionary history to contemporary selective constraint on human promoters. (a) The relative 
rate of rare (red; derived allele frequency <1.5%) and common (blue; >5%) derived alleles for human substitution 
polymorphisms across all promoters (top panel) and promoters strati�ed by evolutionary history (lower panels) 
using down-sampled 1,000 genomes data. Rates are normalised to the -4 to -2 kb upstream of the TSS, indicated 
as the neutral proxy (N.proxy) region and calculated as the rolling average of 250 bp  windows. 95% bootstrap 
con�dence intervals are indicated by light outer curves. The number of polymorphisms contributing to the red and 
blue curve for each analysis are indicated. (b-c) As for (a) but showing derived human insertion and deletion 
polymorphisms respectively. (d) Summary odds ratios for rare versus common derived alleles in promoter regions 
compared to the N.proxy. Positive values have a relatively higher rate of rare than common polymorphisms 
indicative of negative (purifying) selection in promoter regions. Symbols are coloured black where a statistically 
signi�cant difference is found in the rare to common ratio between the promoter and N.proxy regions (Bonferroni 
corrected pcor < 0.05; con�dence intervals shown are 99.7%, the equivalent of 95% after correcting for n=15 
tests).



Fig S5: Relating evolutionary history to contemporary selective constraint on human promoters. (a) The relative 
rate of rare (red; derived allele frequency <1.5%) and common (blue; >5%) derived alleles from the 1,000 
genomes African super population (AFR) for substitution polymorphisms across all promoters (top panel) and 
promoters strati�ed by evolutionary history (lower panels). Rates are normalised to the -4 to -2 kb upstream of the 
TSS, indicated as the neutral proxy (N.proxy) region and calculated as the rolling average of 250 bp  windows. 
95% bootstrap con�dence intervals are indicated by light outer curves. The number of polymorphisms contributing 
to the red and blue curve for each analysis are indicated. (b-c) As for (a) but showing derived human insertion and 
deletion polymorphisms respectively. (d) Summary odds ratios for rare versus common derived alleles in promoter 
regions compared to the N.proxy. Positive values have a relatively higher rate of rare than common 
polymorphisms indicative of negative (purifying) selection in promoter regions. Symbols are coloured black where 
a statistically signi�cant difference is found in the rare to common ratio between the promoter and N.proxy regions 
(Bonferroni corrected pcor < 0.05; con�dence intervals shown are 99.7%, the equivalent of 95% after correcting 
for n=15 tests).
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Fig S6: Relating evolutionary history to contemporary selective constraint on human promoters. (a) The relative 
rate of rare (red; derived allele frequency <1.5%) and common (blue; >5%) derived alleles from the 1,000 
genomes Admixed American super population (AMR) for substitution polymorphisms across all promoters (top 
panel) and promoters strati�ed by evolutionary history (lower panels). Rates are normalised to the -4 to -2 kb 
upstream of the TSS, indicated as the neutral proxy (N.proxy) region and calculated as the rolling average of 250 
bp  windows. 95% bootstrap con�dence intervals are indicated by light outer curves. The number of 
polymorphisms contributing to the red and blue curve for each analysis are indicated. (b-c) As for (a) but showing 
derived human insertion and deletion polymorphisms respectively. (d) Summary odds ratios for rare versus 
common derived alleles in promoter regions compared to the N.proxy. Positive values have a relatively higher rate 
of rare than common polymorphisms indicative of negative (purifying) selection in promoter regions. Symbols are 
coloured black where a statistically signi�cant difference is found in the rare to common ratio between the 
promoter and N.proxy regions (Bonferroni corrected pcor < 0.05; con�dence intervals shown are 99.7%, the 
equivalent of 95% after correcting for n=15 tests).
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Fig S7: Relating evolutionary history to contemporary selective constraint on human promoters. (a) The relative 
rate of rare (red; derived allele frequency <1.5%) and common (blue; >5%) derived alleles from the 1,000 
genomes East Asian super population (EAS) for substitution polymorphisms across all promoters (top panel) and 
promoters strati�ed by evolutionary history (lower panels). Rates are normalised to the -4 to -2 kb upstream of the 
TSS, indicated as the neutral proxy (N.proxy) region and calculated as the rolling average of 250 bp  windows. 
95% bootstrap con�dence intervals are indicated by light outer curves. The number of polymorphisms contributing 
to the red and blue curve for each analysis are indicated. (b-c) As for (a) but showing derived human insertion and 
deletion polymorphisms respectively. (d) Summary odds ratios for rare versus common derived alleles in promoter 
regions compared to the N.proxy. Positive values have a relatively higher rate of rare than common 
polymorphisms indicative of negative (purifying) selection in promoter regions. Symbols are coloured black where 
a statistically signi�cant difference is found in the rare to common ratio between the promoter and N.proxy regions 
(Bonferroni corrected pcor < 0.05; con�dence intervals shown are 99.7%, the equivalent of 95% after correcting 
for n=15 tests).
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Fig S8: Relating evolutionary history to contemporary selective constraint on human promoters. (a) The relative 
rate of rare (red; derived allele frequency <1.5%) and common (blue; >5%) derived alleles from the 1,000 
genomes European super population (EUR) for substitution polymorphisms across all promoters (top panel) and 
promoters strati�ed by evolutionary history (lower panels). Rates are normalised to the -4 to -2 kb upstream of the 
TSS, indicated as the neutral proxy (N.proxy) region and calculated as the rolling average of 250 bp  windows. 
95% bootstrap con�dence intervals are indicated by light outer curves. The number of polymorphisms contributing 
to the red and blue curve for each analysis are indicated. (b-c) As for (a) but showing derived human insertion and 
deletion polymorphisms respectively. (d) Summary odds ratios for rare versus common derived alleles in promoter 
regions compared to the N.proxy. Positive values have a relatively higher rate of rare than common 
polymorphisms indicative of negative (purifying) selection in promoter regions. Symbols are coloured black where 
a statistically signi�cant difference is found in the rare to common ratio between the promoter and N.proxy regions 
(Bonferroni corrected pcor < 0.05; con�dence intervals shown are 99.7%, the equivalent of 95% after correcting 
for n=15 tests).
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Fig S9: Relating evolutionary history to contemporary selective constraint on human promoters. (a) The relative 
rate of rare (red; derived allele frequency <1.5%) and common (blue; >5%) derived alleles from the 1,000 
genomes South Asian super population (SAS) for substitution polymorphisms across all promoters (top panel) and 
promoters strati�ed by evolutionary history (lower panels). Rates are normalised to the -4 to -2 kb upstream of the 
TSS, indicated as the neutral proxy (N.proxy) region and calculated as the rolling average of 250 bp  windows. 
95% bootstrap con�dence intervals are indicated by light outer curves. The number of polymorphisms contributing 
to the red and blue curve for each analysis are indicated. (b-c) As for (a) but showing derived human insertion and 
deletion polymorphisms respectively. (d) Summary odds ratios for rare versus common derived alleles in promoter 
regions compared to the N.proxy. Positive values have a relatively higher rate of rare than common 
polymorphisms indicative of negative (purifying) selection in promoter regions. Symbols are coloured black where 
a statistically signi�cant difference is found in the rare to common ratio between the promoter and N.proxy regions 
(Bonferroni corrected pcor < 0.05; con�dence intervals shown are 99.7%, the equivalent of 95% after correcting 
for n=15 tests).
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Fig S10: Log2-transformed odds ratios of genomic overlap of all 
promoters relative to permuted genome-wide intervals for a range 
of molecular QTLs. Odds ratios above 0 indicate a greater 
frequency of QTLs in promoters relative to the genome-wide 
expectation. Vertical lines indicate the estimate of the odds ratio. 
Horizontal lines indicate the 95% con�dence interval from the 
Fisher's exact test used to calculate the odds ratio. The number of 
promoters overlapping each class of molecular QTL and their 
percentage contribution to the total number of promoters are shown 
in parantheses next to the axis label.  
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Fig S11: Distribution of derived beta coef�cients for molecular QTLs of various types which overlap each class of promoter as de�ned by their 
evolutionary history. 
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Fig S12: Median fold changes across all 
sets of QTLs for promoters of each 
evolutionary history relative to 
conserved promoters. A median fold 
change of 0 would therefore represent 
equality between the conserved and 
tested sets of promoters. 
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Fig S13: Log2-transformed odds ratios of genomic overlap 
of all promoters relative to permuted genome-wide intervals 
for eQTLs across a range of tissues as reported by the 
GTEx consortium. Odds ratios above 0 indicate a greater 
frequency of eQTLs in promoters relative to the genome-
wide expectation. Spots indicate the estimate of the odds 
ratio, with different symbols used to represent different 
tissue types as shown in the legend. Horizontal lines 
indicate the 95% con�dence interval from the Fisher's exact 
test used to calculate the odds ratio. 



0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 A

di
po

se
 - 

S
ub

cu
ta

ne
ou

s

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 A
di

po
se

 - 
Vi

sc
er

al
 (O

m
en

tu
m

)

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 A

dr
en

al
 G

la
nd

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 A
rte

ry
 - 

A
or

ta

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 A

rte
ry

 - 
C

or
on

ar
y

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 A
rte

ry
 - 

Ti
bi

al

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

R
eg

re
ss

io
n

in
 B

ra
in

 - 
A

nt
er

io
r c

in
gu

la
te

co
rte

x
(B

A
24

)

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 B
ra

in
 - 

C
au

da
te

 (b
as

al
 g

an
gl

ia
)

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 B

ra
in

 - 
C

er
eb

el
la

r H
em

is
ph

er
e

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 B
ra

in
 - 

C
er

eb
el

lu
m

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 B

ra
in

 - 
C

or
te

x

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 B
ra

in
 - 

Fr
on

ta
l C

or
te

x 
(B

A
9)

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 B

ra
in

 - 
H

ip
po

ca
m

pu
s

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 B
ra

in
 - 

H
yp

ot
ha

la
m

us

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 B

ra
in

 - 
N

uc
le

us
 a

cc
cu

m
be

ns
(b

as
al

 g
an

gl
ia

)

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 B
ra

in
 - 

P
ut

am
en

 (b
as

al
 g

an
gl

ia
)

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 B

re
as

t -
 M

am
m

ar
y 

Ti
ss

ue

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
 in

 
C

el
ls

 - 
E

B
V-

tra
ns

fo
rm

ed
 ly

m
ph

oc
yt

es

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n 

in
C

el
ls

 - 
Tr

an
sf

or
m

ed
 fi

br
ob

la
st

s

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 C
ol

on
 - 

S
ig

m
oi

d

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 C

ol
on

 - 
Tr

an
sv

er
se

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
 in

E
so

ph
ag

us
 - 

G
as

tro
es

op
ha

ge
al

Ju
nc

tio
n

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 E

so
ph

ag
us

 - 
M

uc
os

a

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 E
so

ph
ag

us
 - 

M
us

cu
la

ris

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 H

ea
rt 

- A
tri

al
 A

pp
en

da
ge

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 H
ea

rt 
- L

ef
t V

en
tri

cl
e

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 L

iv
er

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 L
un

g

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 M

us
cl

e 
- S

ke
le

ta
l

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 N
er

ve
 - 

Ti
bi

al

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 O

va
ry

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 P
an

re
as

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 P

itu
ita

ry

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 P
ro

st
at

e

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n 

in
S

ki
n 

- N
ot

 S
un

 E
xp

os
ed

(S
up

ra
pu

bi
c)

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 S
ki

n 
- S

un
 E

xp
os

ed
(lo

w
er

 le
g)

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n 

in
S

m
al

l I
nt

es
tin

e 
- T

er
m

in
al

 Il
eu

m

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 S
pl

ee
n

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 S

to
m

ac
h

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 T
es

tis

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 T

hy
ro

id

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 U
te

ru
s

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 R
eg

re
ss

io
n

in
 V

ag
in

a

-1

-2

-3

1

2

3

0

D
er

iv
ed

 F
P

K
M

 re
gr

es
si

on
in

 W
ho

le
 B

lo
od

-1

-2

-3

1

2

3

*

**

* *

*

**
*

Fig S14: Distribution of derived beta coef�cients for all signi�cant eQTLs which overlap each class of promoter across each tissue as reported by the GTEx consortium. * indicates a p-value < 0.05 and ** a p-value < 0.01 for Mann-Whitney tests comparing evolutionarily volatile promoters to those with conserved expression. 
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Fig S15: Distribution of log2-transformed coef�cients of variation for genes across each tissue reported by the GTEx consortium. * indicates a p-value < 0.05, ** a p-value < 0.01 and *** a p-value < 0.001 for Mann-Whitney tests comparing genes with evolutionarily volatile promoters only (muted boxes, x-axis "-") to those with at least one conserved and one evolutionarily volatile promoter (solid boxes, x-axis "+"). Red stars indicate reduced variation while green stars indicate increased variation in the genes with at least one conserved promoter relative to their counterparts with 
only volatile promoters.  
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Fig S16: Percentage of promoters of different evolutionary histories overlapping various classes of phenotype-associated variants. Error bars represent the 95% con�dence intervals from 1,000 samplings of the data with replacement. The dashed white lines represent the same con�dence interval for genome-wide permuted promoter positions. 
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