Number of pairs

0.6-
2
=0.4-
C
)
a
0.2-
O- 1 1 1 1 1
1x10? 1x10° 1x10% 1x10° 1x108
Gene size (bp)
B
3.2%
(417)
19.7%
(2584)
. 5.2%
(392)
19.4%
(1468)
Location
I Exon [ Exon/Intron | Intron
Orientation
Il same ff) Opposite

C

Y B

200 2
@
2 100-
(o]
o}
s
100- € f
2 50
. ("7} o
¥S s S & S S &
SO L£F 75 FLs s L5 &5
_(:,%Z,Q’ & Y& ¥ 3@@0 CE N
DS Q\.Q\o‘?
S N)
. Ml same
Orientation

f/) Opposite

Qp -

e
%

@)
Q‘,[.

O

Number of pairs

1.
_ 0.75-
Annotation
[] Al =
2 0.50-
] Host 8
I:' Nested
0.25-
0.
1x102 1x10° 1x10* 1x10° 1x108
Gene size (bp)
/n\ 3000-
4000-
14
g 2000- Orientation
©
5 Il same
e} ' .
2000 E 1000- f/J Opposite
z
0- 0-
¥S 85 &S B 28,885 &S Is
BSGENE S SEENE &S
& N &K N
T C
§ §
500
\ )
2 400
(0]
(@]
3
% 300
[0
C
-
© 200
(0]
Q
S
3 100
0 I . H i ahk I-Ii I¥Y TR AN [ Y T )
250
. s
& 200
[e)]
pe]
[0
@ 150
(0]
c
S
2 100
()]
o)
§
3 50
0 I kDl e L inJ i) ..IJ T AT
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Total number of introns
st 2nd 3rd 4th 5th 6th 7th .8th .gth .10th
Intron

b
POSTION ¢4 Ml120 M13" M14" M15" M16" M1 7" Ml1g" M 1" M 20"



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.



A

Regulation of establishment of cell polarity 1

Brain morphogenesis -

Postsynaptic specialization organization -

Negative regulation of actin filament depolymerization A
Adherens junction organization -

Actin filament depolymerization A

Regulation of dendritic spine development 4
Regulation of postsynapse organization 4

Negative regulation of protein polymerization A
Negative regulation of actin filament polymerization 4
Regulation of actin filament depolymerization A

Negative regulation of protein depolymerization - o

Negative regulation of cytoskeleton organization -
Regulation of dendrite morphogenesis A (]
Regulation of dendrite development -
Postsynapse organization A

Morphogenesis of a polarized epithelium -
Establishment of tissue polarity 1

Establishment of planar polarity -

Negative regulation of axonogenesis A

Host genes

D

-log10(adj p—value)

Count
e 20 9
® 40 6
@ 60
@ 30 3

2.25

lonotropic glutamate receptor signaling pathway
Protein localization to microtubule

Ligand—gated ion channel signaling pathway
Glutamate receptor signaling pathway
Regulation of protein localization to synapse
Maintenance of synapse structure

Positive regulation of cardiac muscle hypertrophy
Ventricular system development

Adherens junction organization

Positive regulation of muscle hypertrophy
Postsynaptic density organization

Cell junction maintenance

Postsynaptic specialization organization

Protein localization to synapse

Focal adhesion assembly

Protein localization to microtubule cytoskeleton
Cell-substrate junction assembly

Regulation of cardiac muscle hypertrophy
Regulation of alternative mRNA splicing, via spliceosome
Protein localization to cell surface

25 2.75 3.0

Observed/Expected

Y

® -log10(adj p—value)
Count

® 20
@30

.......
NWPArOO

3 3.5 4.0
Observed/Expected

mRNA trans splicing, via spliceosome

mRNA trans splicing, SL addition

Formation of quadruple SL/U4/U5/U6 snRNP
Spliceosomal tri—snRNP complex assembly
Spliceosomal snRNP assembly

miRNA-mediated gene silencing

ncRNA-mediated post-transcriptional gene silencing
Post-transcriptional gene silencing
Ribonucleoprotein complex assembly
Ribonucleoprotein complex subunit organization

RNA splicing, via transesterification reactions with bulged adenosine as nucleophile
mRNA splicing, via spliceosome

RNA splicing, via transesterification reactions
RNA-mediated gene silencing

Ribonucleoprotein complex biogenesis

RNA splicing

mRNA processing

Sensory perception of bitter taste

mRNA 5'-splice site recognition

mRNA metabolic process

Nested genes

Count
e 200
® 400
@ 600

t

300
200
100

35

4.0

4.5

Observed/Expected

Cellular response to forskolin

Negative regulation of skeletal muscle cell differentiation
Response to forskolin

miRNA-mediated gene silencing

ncRNA-mediated post-transcriptional gene silencing
Post-transcriptional gene silencing

Cellular response to estrogen stimulus
RNA-mediated gene silencing

Long-term synaptic potentiation

Cellular response to leukemia inhibitory factor

mRNA trans splicing, via spliceosome

mRNA trans splicing, SL addition

Formation of quadruple SL/U4/U5/U6 snRNP
Response to leukemia inhibitory factor

Spliceosomal tri—snRNP complex assembly
Spliceosomal snRNP assembly

mRNA 5'-splice site recognition{ e

Cellular response to amino acid stimulus
Cellular response to acid chemical{ e
Ribonucleoprotein complex assembly

Count
® 100
@ 200
@ 300
@ 400

e B

-log10(adj p—value)

-log10(adj p—value)

90
60
30

3

3.5

4.0

4.5

5.0

Observed/Expected



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 p. (B) Correlation between the T index and Spearman’s rank correlation coefficient across all
host nested gene pairs. (C) Heatmap showing p 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 p 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 AL709954.1/CST8, R=0.29 and
RNASET1/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 AL163795.3/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.
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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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