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Supplementary Figure 1. Host/nested genes pairs in mouse and human shows similar 

characteristics. (A) Distribution of the genes’ size for host genes, nested genes, and all genes. A 

base-10 log scale was used for the gene size. (B) Distribution of the locations of nested genes 

within their host genes according to their orientation to each other. (C) Detailed location of the 

nested genes when fully contained inside an exon. (D) Detailed location of the nested genes when 

fully contained inside an intron. (E) Total number of nested genes within the intron of their host 

gene relative to their 5’>3’ position. This was performed for host genes containing 2-20 introns. 
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Supplementary Figure 2. Conservation of host and nested gene pairs between human and 

mouse genomes. (A) Host and nested gene conservation between mouse and human genomes. 

(B) Screenshots of the UCSC genome browser for an example of a host/nested genes pair 

conserved between mouse and human. 
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Supplementary Figure 3. Host/nested genes pair’s biotypes, functional enrichment analysis 

and expression dispersion. (A) Number of host and nested genes associated with each biotype 

according to their orientation in pairs. Both refers to genes involved in multiple pairs with different 

relative orientation. (B) Proportion of host, nested and all genes that are associated with a CpG 

island (CGI) promoter. (C) Proportion of host, nested and all gene transcripts that are associated 

with a CGI promoter across all biotypes examined.  
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Supplementary Figure 4. Host/nested gene pairs functional enrichment analysis. (A) Gene 

sets enrichment analysis for host gene lists. Only the top 20 (according to the observed/expected 

ratio) significant biological processes are represented. (B) Same for nested genes.  
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Supplementary Figure 5. Distribution of the expression of host/nested genes in ENCODE 

RNA sequencing datasets. (A) Distribution of standard deviation between the normalized counts 

across tissues Across 1000 matched size random samples, application of a Kolmogorov–Smirnov 

test to these distributions always resulted in a p<0.05. The figure shows one representative 

matched sample comparison. (B) Distribution of the expression of all, host and nested genes for 

protein coding genes across tissues, in human and mouse transcriptomes (C) Distribution of the 

expression of all and nested genes for biotypes unique to nested genes, in human and mouse 

transcriptomes.  
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Supplementary Figure 6. Expression correlation between host and nested genes and its 

association with tissue specificity and conservation. (A) Distribution of Spearman’s rank 

correlation coefficient between pairs according to their orientation and depending on the range 

of ρ. (B) Correlation between the τ index and Spearman’s rank correlation coefficient across all 

host nested gene pairs. (C) Heatmap showing ρ between conserved host/nested gene pairs and 

then, between pairs of genes that were conserved but were only host/nested in one species. (D) 

Difference in ρ between human and mouse, for conserved host/nested gene pairs and then, 

between pairs of genes that were conserved but were only host/nested in one species. Levene 

Test was used to determine differences in variance across the values, p-values indicated above 

the graph.  
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Supplementary Figure 7. Host and nested genes with high coexpression in testis can exhibit 

dynamic coexpression patterns during spermatogenesis. (A) Distribution of the Spearman’s 

rank correlation coefficient values between expression of the host and nested genes across testis 

single cells (B) Scatter plots showing examples of host and nested gene expression and 

Spearman’s rank correlation across single cells in testis for  AL109954.1/CST8, R=0.29 and 

RNASE11/AL163195.2 R= 0.25 (C) Schematic representation of the filtering methodology applied 

to single cells to determine proportion of cells which co-express a host and nested gene pair, or 

only express one of the partner. In this randomised mock example, host (0.875) and nested (0.5) 

gene expression thresholds were used to calculate that 46% of single cells co-express the gene 

pair. (D) Scatter plots showing examples of host and nested genes coexpression in the different 

testis cell types for the pair AL163195.3/AL163195.2 (E) Percentage of cells co-expressing host and 

nested gene pairs or expressing only one of the partners across spermatogenesis for the 34 pairs 

with tissue specific expression in testis and robust expression data in the scRNA-seq. 
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Supplementary Figure 8. Profiles of host and nested genes expression during 

spermatogenesis. (A) Proportion of cells which only express host or nested gene across 

spermatogenesis. Four distinct coexpression profiles were determined by k-means clustering. (B) 

Line plot showing the profile of expression for the IGSF11/IGSF11-AS1 gene pair calculated using the 

method detailed in Supplemental_Fig_7C.  

 

  



Te
st

is

N
er

ve
 -

 T
ib

ia
l

B
ra

in
 -

 S
pi

na
l c

or
d 

(c
er

vi
ca

l c
-1

)
B

ra
in

 -
 H

yp
ot

ha
la

m
us

B
ra

in
 -

 C
er

eb
el

lu
m

E
so

ph
ag

us
 -

 M
us

cu
la

ris

E
so

ph
ag

us
 -

 G
as

tr
oe

so
ph

ag
ea

l J
un

ct
io

n
C

ol
on

 -
 S

ig
m

oi
d

A
dr

en
al

 G
la

nd

B
ra

in
 -

 C
au

da
te

 (
ba

sa
l g

an
gl

ia
)

B
ra

in
 -

 P
ut

am
en

 (
ba

sa
l g

an
gl

ia
)

B
ra

in
 -

 S
ub

st
an

tia
 n

ig
ra

B
ra

in
 -

 H
ip

po
ca

m
pu

s

B
ra

in
 -

 A
m

yg
da

la

B
ra

in
 -

 N
uc

le
us

 a
cc

um
be

ns
 (

ba
sa

l g
an

gl
ia

)

B
ra

in
 -

 A
nt

er
io

r 
ci

ng
ul

at
e 

co
rt

ex
 (

B
A

24
)

B
ra

in
 -

 F
ro

nt
al

 C
or

te
x 

(B
A

9)
B

ra
in

 -
 C

or
te

x 

M
us

cl
e 

- 
S

ke
le

ta
l

B
ra

in
 -

 C
er

eb
el

la
r 

H
em

is
ph

er
e

P
an

cr
ea

s

K
id

ne
y 

- 
C

or
te

x
H

ea
rt

 -
 A

tr
ia

l A
pp

en
da

ge

C
ol

on
 -

 T
ra

ns
ve

rs
e

K
id

ne
y 

- 
M

ed
ul

la

C
er

vi
x 

- 
E

ct
oc

er
vi

x

E
so

ph
ag

us
 -

 M
uc

os
a

C
er

vi
x 

- 
E

nd
oc

er
vi

x

S
ki

n 
- 

S
un

 E
xp

os
ed

 (
Lo

w
er

 le
g)

S
ki

n 
- 

N
ot

 S
un

 E
xp

os
ed

 (
S

up
ra

pu
bi

c)

B
la

dd
er

Va
gi

na

M
in

or
 S

al
iv

ar
y 

G
la

nd

P
ro

st
at

e

H
ea

rt
 -

 L
ef

t V
en

tr
ic

le

S
m

al
l I

nt
es

tin
e 

- T
er

m
in

al
 Il

eu
m

A
rt

er
y 

- 
C

or
on

ar
y

W
ho

le
 B

lo
od

C
el

ls
 -

 E
B

V
-t

ra
ns

fo
rm

ed
 ly

m
ph

oc
yt

es

Li
ve

r

C
el

ls
 -

 C
ul

tu
re

d 
fib

ro
bl

as
ts

U
te

ru
s

S
to

m
ac

h

A
rt

er
y 

- A
or

ta

T
hy

ro
id

A
rt

er
y 

- T
ib

ia
l

F
al

lo
pi

an
 T

ub
e

A
di

po
se

 -
 V

is
ce

ra
l (

O
m

en
tu

m
)

S
pl

ee
n

Lu
ng

B
re

as
t -

 M
am

m
ar

y 
Ti

ss
ue

A
di

po
se

 -
 S

ub
cu

ta
ne

ou
s

O
va

ry

MGAM - Host gene

OR9A4 - Nested gene

AC116612.1 - Nested gene

P
itu

ita
ry

Te
st

is

Te
st

is

N
er

ve
 -

 T
ib

ia
l N
er

ve
 -

 T
ib

ia
l

B
ra

in
 -

 S
pi

na
l c

or
d 

(c
er

vi
ca

l c
-1

)

B
ra

in
 -

 H
yp

ot
ha

la
m

us

B
ra

in
 -

 H
yp

ot
ha

la
m

us

B
ra

in
 -

 C
er

eb
el

lu
m

E
so

ph
ag

us
 -

 M
us

cu
la

ris

E
so

ph
ag

us
 -

 G
as

tr
oe

so
ph

ag
ea

l J
un

ct
io

n
C

ol
on

 -
 S

ig
m

oi
d

A
dr

en
al

 G
la

nd A
dr

en
al

 G
la

nd

B
ra

in
 -

 C
au

da
te

 (
ba

sa
l g

an
gl

ia
)

B
ra

in
 -

 P
ut

am
en

 (
ba

sa
l g

an
gl

ia
)

B
ra

in
 -

 P
ut

am
en

 (
ba

sa
l g

an
gl

ia
)

B
ra

in
 -

 S
ub

st
an

tia
 n

ig
ra

B
ra

in
 -

 S
ub

st
an

tia
 n

ig
ra

B
ra

in
 -

 H
ip

po
ca

m
pu

s

B
ra

in
 -

 H
ip

po
ca

m
pu

s

B
ra

in
 -

 A
m

yg
da

la

B
ra

in
 -

 N
uc

le
us

 a
cc

um
be

ns
 (

ba
sa

l g
an

gl
ia

)

B
ra

in
 -

 N
uc

le
us

 a
cc

um
be

ns
 (

ba
sa

l g
an

gl
ia

)

B
ra

in
 -

 A
nt

er
io

r 
ci

ng
ul

at
e 

co
rt

ex
 (

B
A

24
)

B
ra

in
 -

 F
ro

nt
al

 C
or

te
x 

(B
A

9)

B
ra

in
 -

 F
ro

nt
al

 C
or

te
x 

(B
A

9)

B
ra

in
 -

 C
or

te
x 

M
us

cl
e 

-
S

ke
le

ta
l

B
ra

in
 -

 C
er

eb
el

la
r 

H
em

is
ph

er
e

P
an

cr
ea

s

K
id

ne
y 

- 
C

or
te

x

H
ea

rt
 -

 A
tr

ia
l A

pp
en

da
ge

C
ol

on
 -

 T
ra

ns
ve

rs
e

K
id

ne
y 

- 
M

ed
ul

la

K
id

ne
y 

- 
M

ed
ul

la

C
er

vi
x 

- 
E

ct
oc

er
vi

x

E
so

ph
ag

us
 -

 M
uc

os
a

C
er

vi
x 

- 
E

nd
oc

er
vi

x

S
ki

n 
- 

S
un

 E
xp

os
ed

 (
Lo

w
er

 le
g)

S
ki

n 
- 

N
ot

 S
un

 E
xp

os
ed

 (
S

up
ra

pu
bi

c)

B
la

dd
er

B
la

dd
er

Va
gi

na

M
in

or
 S

al
iv

ar
y 

G
la

nd

P
ro

st
at

e

P
ro

st
at

e

H
ea

rt
 -

 L
ef

t V
en

tr
ic

le

H
ea

rt
 -

 L
ef

t V
en

tr
ic

le

S
m

al
l I

nt
es

tin
e 

- T
er

m
in

al
 Il

eu
m

A
rt

er
y 

- 
C

or
on

ar
y

W
ho

le
 B

lo
od

C
el

ls
 -

 E
B

V
-t

ra
ns

fo
rm

ed
 ly

m
ph

oc
yt

es

C
el

ls
 -

 E
B

V
-t

ra
ns

fo
rm

ed
 ly

m
ph

oc
yt

es

Li
ve

r

C
el

ls
 -

 C
ul

tu
re

d 
fib

ro
bl

as
ts

C
el

ls
 -

 C
ul

tu
re

d 
fib

ro
bl

as
ts

U
te

ru
s

U
te

ru
s

S
to

m
ac

h

A
rt

er
y 

- A
or

ta

T
hy

ro
id

A
rt

er
y 

- T
ib

ia
l A
rt

er
y 

- T
ib

ia
l

F
al

lo
pi

an
 T

ub
e F
al

lo
pi

an
 T

ub
e

A
di

po
se

 -
 V

is
ce

ra
l (

O
m

en
tu

m
)

S
pl

ee
n

Lu
ng

B
re

as
t -

 M
am

m
ar

y 
Ti

ss
ue

A
di

po
se

 -
 S

ub
cu

ta
ne

ou
s

O
va

ry

O
va

ry

P
itu

ita
ry

0.00
0.02
0.04
0.06
0.08

0.0 0.16 0.36 0.58 0.84 1.1
TPM

B
ra

in
 -

 A
m

yg
da

la

B
ra

in
 -

 S
pi

na
l c

or
d 

(c
er

vi
ca

l c
-1

)

B
ra

in
 -

 C
au

da
te

 (
ba

sa
l g

an
gl

ia
)

B
ra

in
 -

 C
or

te
x 

B
ra

in
 -

 A
nt

er
io

r 
ci

ng
ul

at
e 

co
rt

ex
 (

B
A

24
)

B
ra

in
 -

 C
er

eb
el

lu
m

B
ra

in
 -

 C
er

eb
el

la
r 

H
em

is
ph

er
e

M
in

or
 S

al
iv

ar
y 

G
la

nd
P

itu
ita

ry
C

ol
on

 -
 S

ig
m

oi
d

S
ki

n 
- 

N
ot

 S
un

 E
xp

os
ed

 (
S

up
ra

pu
bi

c)

S
ki

n 
- 

S
un

 E
xp

os
ed

 (
Lo

w
er

 le
g)

C
ol

on
 -

 T
ra

ns
ve

rs
e

B
re

as
t -

 M
am

m
ar

y 
Ti

ss
ue

A
rt

er
y 

- A
or

ta
S

to
m

ac
h

H
ea

rt
 -

 A
tr

ia
l A

pp
en

da
ge

E
so

ph
ag

us
 -

 M
us

cu
la

ris
W

ho
le

 B
lo

od
Va

gi
na

T
hy

ro
id

S
pl

ee
n

S
m

al
l I

nt
es

tin
e 

- T
er

m
in

al
 Il

eu
m

P
an

cr
ea

s
M

us
cl

e 
- 

S
ke

le
ta

l

Li
ve

r

Lu
ng

K
id

ne
y 

- 
C

or
te

x
E

so
ph

ag
us

 -
 M

uc
os

a

E
so

ph
ag

us
 -

 G
as

tr
oe

so
ph

ag
ea

l J
un

ct
io

n

C
er

vi
x 

- 
E

nd
oc

er
vi

x

C
er

vi
x 

- 
E

ct
oc

er
vi

x

A
rt

er
y 

- 
C

or
on

ar
y

A
di

po
se

 -
 V

is
ce

ra
l (

O
m

en
tu

m
)

A
di

po
se

 -
 S

ub
cu

ta
ne

ou
s

A
di

po
se

 -
 V

is
ce

ra
l (

O
m

en
tu

m
)

A
di

po
se

 -
 S

ub
cu

ta
ne

ou
s

HMX1 - Host gene

0.000
0.005
0.010
0.015
0.020

0.0 0.021 0.043 0.065 0.087 0.11
TPM

Te
st

is

N
er

ve
 -

 T
ib

ia
l

B
ra

in
 -

 H
yp

ot
ha

la
m

us

A
dr

en
al

 G
la

nd

B
ra

in
 -

 P
ut

am
en

 (
ba

sa
l g

an
gl

ia
)

B
ra

in
 -

 S
ub

st
an

tia
 n

ig
ra

B
ra

in
 -

 H
ip

po
ca

m
pu

s

B
ra

in
 -

 N
uc

le
us

 a
cc

um
be

ns
 (

ba
sa

l g
an

gl
ia

)
B

ra
in

 -
 F

ro
nt

al
 C

or
te

x 
(B

A
9)

K
id

ne
y 

- 
M

ed
ul

la

B
la

dd
er

P
ro

st
at

e

H
ea

rt
 -

 L
ef

t V
en

tr
ic

le

C
el

ls
 -

 E
B

V
-t

ra
ns

fo
rm

ed
 ly

m
ph

oc
yt

es

C
el

ls
 -

 C
ul

tu
re

d 
fib

ro
bl

as
ts

U
te

ru
s

A
rt

er
y 

- T
ib

ia
l

F
al

lo
pi

an
 T

ub
e

O
va

ry

B
ra

in
 -

 A
m

yg
da

la

B
ra

in
 -

 S
pi

na
l c

or
d 

(c
er

vi
ca

l c
-1

)

B
ra

in
 -

 C
au

da
te

 (
ba

sa
l g

an
gl

ia
)

B
ra

in
 -

 C
or

te
x

B
ra

in
 -

 A
nt

er
io

r 
ci

ng
ul

at
e 

co
rt

ex
 (

B
A

24
)

B
ra

in
 -

 C
er

eb
el

lu
m

B
ra

in
 -

 C
er

eb
el

la
r 

H
em

is
ph

er
e

M
in

or
 S

al
iv

ar
y 

G
la

nd

P
itu

ita
ry

C
ol

on
 -

 S
ig

m
oi

d

S
ki

n 
- 

N
ot

 S
un

 E
xp

os
ed

 (
S

up
ra

pu
bi

c)

S
ki

n 
- 

S
un

 E
xp

os
ed

 (
Lo

w
er

 le
g)

C
ol

on
 -

 T
ra

ns
ve

rs
e

B
re

as
t -

 M
am

m
ar

y 
Ti

ss
ue

A
rt

er
y 

- A
or

ta

S
to

m
ac

h

H
ea

rt
 -

 A
tr

ia
l A

pp
en

da
ge

E
so

ph
ag

us
 -

 M
us

cu
la

ris

W
ho

le
 B

lo
od

Va
gi

na
T

hy
ro

id
S

pl
ee

n

S
m

al
l I

nt
es

tin
e 

- T
er

m
in

al
 Il

eu
m

P
an

cr
ea

s
M

us
cl

e 
- 

S
ke

le
ta

l

Li
ve

r

Lu
ng

K
id

ne
y 

- 
C

or
te

x

E
so

ph
ag

us
 -

 M
uc

os
a

E
so

ph
ag

us
 -

 G
as

tr
oe

so
ph

ag
ea

l J
un

ct
io

n
C

er
vi

x 
- 

E
nd

oc
er

vi
x

C
er

vi
x 

- 
E

ct
oc

er
vi

x

A
rt

er
y 

- 
C

or
on

ar
y

0.0 0.5 1.0

0.0
0.1
0.2
0.3

0.0 0.55 1.4 2.7 4.7 7.9
TPM

0.000

0.005

0.010

0.0 0.012 0.024 0.036 0.048 0.060
TPM

ENST00000548136.1

ENST00000620571.1
ENST00000490593.1
ENST00000495045.1
ENST00000465654.5

ENST00000497673.5
ENST00000497554.1
ENST00000475668.6
ENST00000549489.6
ENST00000485078.1

ENST00000400677.4

ENST00000435291.1

ENST00000506970.2

A B



Supplementary Figure 9. Host and nested genes coexpression is correlated with regulation 

of isoform diversity. (A) Profile of expression of the different isoforms (rows) of the 

MGAM/OR9A4 pair in different tissues (columns) from the GTEx portal data on isoforms expression 

(https://gtexportal.org/home/). Isoform and tissue were ordered by hierarchal clustering using the 

Euclidean distance and average linkages. Tissues where coexpression is happening are in red. (B) 

Profile of expression of the different isoforms (rows) of the HMX1/AC116612.1 pair in different 

tissues (columns) from the GTEx portal data on isoforms expression 

(https://gtexportal.org/home/). Isoform and tissue were ordered by hierarchal clustering using the 

Euclidean distance and average linkages. Tissues where coexpression is happening are in red. 
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Supplementary Figure 10. Host genes display a higher number of isoforms. (A) Profile of 

expression of the different isoforms (rows) of the HNF4A/AL117382.2 pair in different tissues 

(columns) from the GTEx portal data on isoforms expression (https://gtexportal.org/home/). 

Isoform and tissue were ordered by hierarchal clustering using the Euclidean distance and average 

linkages. Tissues where coexpression is happening are in red. (B) Scatter plot showing the 

correspondence between the gene size and number of isoforms. A base-10 log scale was used for 

the number of isoforms and the gene size. The correlation was determined by Spearman's rank 

correlation. 
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