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Supplementary Figure 1 | Samples treated with exogenous ligase
are enriched for “gapped,” or intramolecular chimeric, reads. We
observe enrichment for gapped, or intramolecular chimeric reads, over
most gap sizes in our RPL sample compared to a control sample in
which no T4 RNA Ligase was added. For gap sizes > 495 bases, we ob-
served 627 reads per million analyzed in the (+) ligase sample, versus
25 reads per million analyzed in the (-) ligase sample. This ligase-
dependent enrichment for long gap sizes suggests that the long-
distance ligation products generated RPL are neither a result of gross
mapping artifacts, nor the result of biological artifacts such as RT tem-
plate switching.











	Supplementary Figure 1

	Samples treated with exogenous ligase are enriched for “gapped,” or intramolecular chimeric, reads.

	We observe enrichment for gapped, or intramolecular chimeric reads, over most gap sizes in our RPL sample compared to a control sample in which no T4 RNA Ligase was added. For gap sizes > 495 bases, we observed 627 reads per million analyzed in the (+) ligase sample, versus 25 reads per million analyzed in the (-) ligase sample. This ligase-dependent enrichment for long gap sizes suggests that the long-distance ligation products generated RPL are neither a result of gross mapping artifacts, nor the result of biological artifacts such as RT template switching.
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Supplementary Figure 2 | Mixing of RNA from two species during an
RPL experiment to quantify the extent of non-specific product gen-
eration during the RPL protocol. We carried out, in duplicate and with
matched (-) ligase controls, the RPL protocols for yeast and human cells
separately (1 colony picked for yeast; SE5 GM12878 cells used for
human) and then mixed the two slurries together prior to overnight prox-
imity ligation by T4 RNA Ligase I. Comparing the (+) ligase and (-)
ligase samples, we observe the strongest enrichments for intraspecies,
intramolecular ligations











	Supplementary Figure 2

	Mixing of RNA from two species during an RPL experiment to quantify the extent of non-specific product generation during the RPL protocol.

	We carried out, in duplicate and with matched (-) ligase controls, the RPL protocols for yeast and human cells separately (1 colony picked for yeast; 5E5 GM12878 cells used for human) and then mixed the two slurries together prior to overnight proximity ligation by T4 RNA Ligase I. Comparing the (+) ligase and (-) ligase samples, we observe the strongest enrichments for intraspecies, intramolecular ligations
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Supplementary Figure 3 | RPL signal recapitulates known long-range
base-pairing interactions, and is dependent on exogenous ligase. a.-b)
The distribution of ligation junctions shows enrichment centered at known
secondary structure base-pairs even when only considering long-range liga-
tion junctions. Shown here are distributions for the 5.85/25S rRNA, (a) ex-
cluding all ligation events < 50 bp or (b) excluding all ligation events < 100
bp. Results from a matched (-) ligase control are shown in blue.











	Supplementary Figure 3

	RPL signal recapitulates known long-range base-pairing interactions, and is dependent on exogenous ligase.

	a.-b) The distribution of ligation junctions shows enrichment centered at known secondary structure base-pairs even when only considering long-range ligation junctions. Shown here are distributions for the 5.8S/25S rRNA, (a) excluding all ligation events ≤ 50 bp or (b) excluding all ligation events ≤ 100 bp. Results from a matched (-) ligase control are shown in blue.
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Supplementary Figure 4 | The raw ligation count data is noisy. a.-c)
We randomly sampled 10 (a), 25 (b), and 50 (¢) paired bases from the
5.85/25S rRNA and plotted the distribution of ligation junctions as a
function distance to pairing partner. d-f.) Same as above, but for the 18S
rRNA. We find that the enrichment evident when averaging over all
base-pairs in the molecule (Figure 1b,c¢) is apparent but much nosier.











	Supplementary Figure 4

	The raw ligation count data is noisy.

	a.-c) We randomly sampled 10 (a), 25 (b), and 50 (c) paired bases from the 5.8S/25S rRNA and plotted the distribution of ligation junctions as a function distance to pairing partner. d-f.) Same as above, but for the 18S rRNA. We find that the enrichment evident when averaging over all base-pairs in the molecule (Figure 1b,c) is apparent but much nosier.
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Supplementary Figure S | RPL ligation junctions demon-
strate a slight sequence composition bias. Shown here is a
sequence-logo representation for the five bases upstream and
downstream of observed ligation products. We observe a
slight A/T bias immediately proximal to the ligation junction
in our sequencing products, consistent with kinase and/or T4
RNA Ligase I bias during proximity ligation.











	Supplementary Figure 5

	RPL ligation junctions demonstrate a slight sequence composition bias.

	Shown here is a sequence-logo representation for the five bases upstream and downstream of observed ligation products. We observe a slight enrichment for A/T (~1.2 fold with respect to background frequency) immediately proximal to the ligation junction in our sequencing products, consistent with kinase and/or T4 RNA Ligase I bias during proximity ligation. We compute the background distribution by first calculating the individual nucleotide frequencies of all transcripts with at least one alignment, then calculating a weighted background frequency from these based on the number of reads aligning to each transcript.
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Supplementary Figure 6 | RPL contact probability maps broadly recapitulate
the proximity implied by base-pairing relationships in structurally complex
yeast ribosomal RNAs. a.) RPL contact probability map for the 5.8S/25S rRNAs
mirrored against all interacting 21 nt windows that contain paired bases in the known
structures. b.) Same as above, but for the 18S rRNA. In both cases, high RPL scores
broadly agree with the interacting windows in the known RNA secondary structures.
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Supplementary Figure 6 | RPL contact probability maps broadly recapitulate 

the proximity implied by base-pairing relationships in structurally complex 

yeast ribosomal RNAs. a.)

 RPL contact probability map for the 5.8S/25S rRNAs 

mirrored against all interacting 21 nt windows that contain paired bases in the known 

structures. 

b.)

 Same as above, but for the 18S rRNA. In both cases, high RPL scores 

broadly agree with the interacting windows in the known RNA secondary structures.



	Supplementary Figure 6

	RPL contact probability maps broadly recapitulate the proximity implied by base-pairing relationships in structurally complex yeast ribosomal RNAs.

	a.) RPL contact probability map for the 5.8S/25S rRNAs mirrored against all interacting 21 nt windows that contain paired bases in the known structures. b.) Same as above, but for the 18S rRNA. In both cases, high RPL scores broadly agree with the interacting windows in the known RNA secondary structures.
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Supplementary Figure 7 | 2D RPL contact probability map for the S.
cerevisiae U2 spliceosomal RNA homolog LSRI. Anti-diagonal RPL
scores imply the formation of a long stem in this molecule. This analysis
was carried out using 21 nt window-based RPL scores.
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Supplementary Figure 7 | 2D RPL contact probability map for the S. 

cerevisiae U2 spliceosomal RNA homolog LSR1

. Anti-diagonal RPL 

scores imply the formation of a long stem in this molecule. This analysis 

was carried out using 21 nt window-based RPL scores.



	Supplementary Figure 7

	2D RPL contact probability map for the S. cerevisiae U2 spliceosomal RNA homolog LSR1.

	Anti-diagonal RPL scores imply the formation of a long stem in this molecule. This analysis was carried out using 21 nt window-based RPL scores.
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is predominantly intramolecular. We
tallied ligation counts among and
between the six species analyzed in this
study and normalized them on a
species-by-species basis using the cover-
age normalization procedure used for
intramolecular contact maps (Methods).
We find that RPL signal lies predomi-
nantly along the diagonal (i.e. intramo-
lecular ligation events), although there is
modest signal for intermolecular events
between the 5.8S/25S rRNAs (LSU) and
18S rRNA (SSU), which interact as the
ribosome. Inset: Contact probability
map showing RPL scores computed for
all interacting 21 nt windows between
and within the 5.8S/25S rRNAs and 18S
rRNA (outlined in black).
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Supplementary Figure 8 | RPL signal 

is predominantly intramolecular. 

We 

tallied  ligation  counts  among  and 

between the six species analyzed in this 

study  and  normalized  them  on  a 

species-by-species basis using the cover-

age normalization procedure used for 

intramolecular contact maps (

Methods

). 

We find that RPL signal lies predomi-

nantly along the diagonal (

i.e.

 intramo-

lecular ligation events), although there is 

modest signal for intermolecular events 

between the 5.8S/25S rRNAs (LSU) and 

18S rRNA (SSU), which interact

 

as the 

ribosome. 

Inset

:  Contact  probability 

map showing RPL scores computed for 

all interacting 21 nt windows between 

and within the 5.8S/25S rRNAs and 18S 

rRNA (outlined in black).
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	Supplementary Figure 8

	RPL signal is predominantly intramolecular.

	We tallied ligation counts among and between the six species analyzed in this study and normalized them on a species-by-species basis using the coverage normalization procedure used for intramolecular contact maps (Methods). We find that RPL signal lies predominantly along the diagonal (i.e. intramolecular ligation events), although there is modest signal for intermolecular events between the 5.8S/25S rRNAs (LSU) and 18S rRNA (SSU), which interact as the ribosome. Inset: Contact probability map showing RPL scores computed for all interacting 21 nt windows between and within the 5.8S/25S rRNAs and 18S rRNA (outlined in black).
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Supplementary Figure 10 | Extension of RPL to RNA secondary structures
in mammalian cell culture. a.) Contact probability map for the LSU 28S rRNA
mirrored against interacting windows containing paired bases. b.) Contact prob-
ability map of the SSU 18S rRNA mirrored against interacting windows contain-
ing paired bases. Secondary structures for these molecules were derived from a
cryo-EM structure of the human ribosome. All RPL scores shown here were cal-
culated using 21 nt windows.
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Supplementary Figure 10 | Extension of RPL to RNA secondary structures 

in mammalian cell culture. a.)

 Contact probability map for the LSU 28S rRNA 

mirrored against interacting windows containing paired bases. 

b.)

 Contact prob-

ability map of the SSU 18S rRNA mirrored against interacting windows contain-

ing paired bases. Secondary structures for these molecules were derived from a 

cryo-EM structure of the human ribosome. All RPL scores shown here were cal-

culated using 21 nt windows.



	Supplementary Figure 9

	Extension of RPL to RNA secondary structures in mammalian cell culture.

	a.) Contact probability map for the LSU 28S rRNA mirrored against interacting windows containing paired bases. b.) Contact probability map of the SSU 18S rRNA mirrored against interacting windows containing paired bases. Secondary structures for these molecules were derived from a cryo-EM structure of the human ribosome. All RPL scores shown here were calculated using 21 nt windows.
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Supplementary Figure 10 | Mammalian RPL (-) RNase, (-) Ligase control demonstrates
weak signal for structure-related ligation junctions. a.) A distribution of ligation junctions
centered at known base-pairing partners for the mammalian LSU rRNA displays a weak
enrichment in signal at known pairing partners, in a (-) ligase sample also untreated by
RNases. This suggests that endogenous ligases/RNases may be active to a small degree in
lymphoblastoid cell lines. However, the signal is much stronger in the (+) RNase, (+) ligase
sample. b.) A contact probability map illustrates the extent of noise in these potentially endog-
enous ligations, though certain highly scoring regions do appear consistent with known struc-
tures within the molecule (shown mirrored). RPL scores were calculated using 21 nt windows.
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Supplementary Figure 10 | Mammalian RPL (-) RNase, (-) Ligase control demonstrates 

weak signal for structure-related ligation junctions. a.)

 A distribution of ligation junctions 

centered at known base-pairing partners for the mammalian LSU rRNA displays a weak 

enrichment in signal at known pairing partners, in a (-) ligase sample also untreated by 

RNases. This suggests that endogenous ligases/RNases may be active to a small degree in 

lymphoblastoid cell lines. However, the signal is much stronger in the (+) RNase, (+) ligase 

sample. 

b.)

 A contact probability map illustrates the extent of noise in these potentially endog-

enous ligations, though certain highly scoring regions do appear consistent with known struc-

tures within the molecule (shown mirrored). RPL scores were calculated using 21 nt windows.



	Supplementary Figure 10

	Mammalian RPL (-) RNase, (-) Ligase control demonstrates weak signal for structure-related ligation junctions.

	a.) A distribution of ligation junctions centered at known base-pairing partners for the mammalian LSU rRNA displays a weak enrichment in signal at known pairing partners, in a (-) ligase sample also untreated by RNases. This suggests that endogenous ligases/RNases may be active to a small degree in lymphoblastoid cell lines. However, the signal is much stronger in the (+) RNase, (+) ligase sample. b.) A contact probability map illustrates the extent of noise in these potentially endogenous ligations, though certain highly scoring regions do appear consistent with known structures within the molecule (shown mirrored). RPL scores were calculated using 21 nt windows.
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Supplementary Figure 12 | The Yeast
RPL protocol demonstrates limited
degradation of RNA products follow-
ing PNK treatment. Bioanalyzer gel
representation of purified RNA at three
conditions: 1.) Following PNK treat-
ment; 2.) Following a negative control
incubation at 16°C overnight in the ab-
sence of ligase; 3.) Following incuba-
tion at 16°C overnight in the presence
of T4 RNA Ligase I. RNA Integrity
Numbers (RIN) for the three samples
were 7.0, 7.2, and 7.0, respectively.

258 rRNA —

18S rRNA












	Supplementary Figure 11

	The Yeast RPL protocol demonstrates limited degradation of RNA products following PNK treatment.

	Bioanalyzer gel representation of purified RNA at three conditions: 1.) Following PNK treatment; 2.) Following a negative control incubation at 16°C overnight in the absence of ligase; 3.) Following incubation at 16°C overnight in the presence of T4 RNA Ligase I. RNA Integrity Numbers (RIN) for the three samples were 7.0, 7.2, and 7.0, respectively.


[Type text]
[Type text]
[Type text]


