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Global analysis of expression, maturation and subcellular localization of mouse liver

transcriptome identifies novel sex-biased and TCPOBOP-responsive long non-coding RNAs
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Department of Biology and Bioinformatics Program

Boston University, Boston, MA 02215

Additional Files

Additional File Fig. S1. Schematic outline of the purification of mouse liver RNA from liver
subcellular fractions - From left to right, liver tissue frozen at -80C was homogenized as described in
Methods then centrifuged to separate nuclei from the cellular lysate, which were respectively used to
purify cytoplasmic and nuclear RNA. Nuclei were extracted with urea and high salt to obtain a nuclear
lysate and chromatin pellet, which were used to purify the corresponding two RNA fractions. RNA
isolated from each of the four subcellular fractions (cytoplasm, nucleus, nucleoplasm, chromatin-bound)
was polyA-selected and lllumina RNA-seq libraries then prepared. Additionally, a non-polyA-selected
RNA-seq Library was prepared from the chromatin-bound fraction. Differential expression analysis was
performed using edgeR for the three pairwise comparisons shown at the right: cytoplasm vs nucleus,
nucleoplasm vs chromatin-bound, and chromatin-bound (polyA-selected) vs chromatin-bound (non-
polyA-selected) to identify INcRNA and PCG transcripts significantly enriched in each subcellular
fraction.

Additional File Fig. S2. Transcript maturity across subcellular fractions by analysis of IO/EC
read density ratios. The distribution of IO/EC read density ratios for individual genes, calculated by
dividing the weighted normalized read density of the intronic only (10) reads vs the exonic collapsed
(EC) reads for 1,442 multi-exonic IncRNAs and 13,737 multi-exonic PCGs expressed in vehicle treated
female liver in any fraction (mean of n=3 livers). The number of genes expressed per subcellular
fraction is shown under each column: Cytoplasm (Cyto), Nucleus (Nuc), Nucleoplasm (NP), Chromatin-
bound (CB), Chromatin- bound non-PolyA selected (CBnPAs). Error bars represent the interquartile
range of the distribution from the median (horizontal midline). Black brackets compare IncRNA to PCG
ratios within the same fraction and red brackets compare IncRNA ratios, or PCG ratios, between
fractions (** = adjusted p-value < 0.0001). See Fig. 2 for corresponding results in vehicle-treated male
liver. The underlying data used to generate these graphs are found in Table S1F. (B) and (C) UCSC
Browser screen shot showing BigWig files of minus strand sequence reads for each of the five
indicated subcellular fractions for Xist (Inc15394) and Cux2 in untreated female mouse liver. Extensive
reads seen across the gene body in the chromatin bound fraction are substantially depleted after polyA-
selection (top vs second reads track); however, multiple distinct peaks within intronic regions remain,
most notably for Cux2. BigWig Y-axis scales are marked on the left. Both genes show female-specific
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expression, with many fewer sequence reads in corresponding fractions from male liver (not shown).
DHS, DNase hypersensitivity sites, indicating open chromatin. These same patterns were seen in all
three biological replicates. DHS showing significantly greater accessibility in female liver are marked in
pink, and one male-biased DHS within an intron of Cux2 is marked in blue [101]. Also see Fig. 2.

Additional File Fig. S3. Expression, fold-change and gene length/percent intronic length data for
cytoplasmic versus nuclear fractions. Log2 fold-change versus log10 FPKM of cytoplasmic (positive
y-axis values) versus nuclear IncRNAs (negative y-axis values) (A) and PCGs (B). Data shown is the
same as in Fig. 3A, but presented here as separate graphs for IncRNAs and PCGs to facilitate their
visual comparison (also see Table S2A, columns D and E). Comparison of the cytoplasmic biased
(Cyto), unbiased (UB) and nuclear biased (Nuc) gene lengths (C) and % intronic length (D) (Table S1D,
columns M-Q). A significant difference between the Cyto-biased and Nuc-biased genes was seen for
PCGs, but not for IncRNAs, but only in the gene length comparisons. Error bars represent the
interquartile range of the distribution from the median (horizontal midline). Red brackets compare
IncRNA ratios, or PCG ratios, between sex-biased groups (** = adjusted p-value < 0.0001).

Additional File Fig. S4. Expression, fold-change, transcript maturity and gene length/percent
intronic length for nucleoplasmic versus chromatin-bound fractions. (A) Log2 fold-change versus
log10 FPKM of nucleoplasmic (positive y-axis values) versus chromatin-bound (negative y-axis values)
for IncRNAs (left) and PCGs (right). Data shown is the same as in Fig. S5A, but presented here as
separate graphs for IncRNAs and PCGs to facilitate their visual comparison (also see Table S2B,
columns D and E). (B) Shown are log2 fold-change versus log10 FPKM values, as in A, for 7,719 other
IncRNAs, all expressed at FPKM > 0.1, and which did not meet our stringent criteria of adjusted p-value
< 0.001 for chromatin or nucleoplasmic bias. 7,095 (92%) of these IncRNAs were more abundant in the
chromatin-bound fraction (Table S2B). In many cases, the bias of these IncRNAs for the chromatin-
bound fraction was very strong (y-axis values down to log2 fold-change < -4) but missed our stringent
significance threshold owing to their low expression (~80% at FPKM < 1). (C) Strength of compartment
bias and (D) distributions of FPKM expression levels for IncRNAs and PCGs, grouped based on their
nucleoplasmic (NP) or chromatin-bound fraction bias (CB). (E) Transcript maturity (IO/EC read density
ratio, Table S1F) is graphed for the nucleoplasmic and chromatin-bound compartments for the IncRNAs
and PCGs that show significant nucleoplasmic bias (NP) or chromatin-bound fraction bias (CB), or are
unbiased (UB) with regards to these two compartments. Only multi-exonic genes were included in this
analysis. There was no significant difference between NP, UB or CB IncRNAs between the NP and CB
compartments. (F and G), comparison of the NP, UB, and CB gene lengths (F) and % intronic length
(G) (see Table S1D, columns M-Q). There were no significant differences between three types of
biased genes for either IncRNAs or PCGs with respect to gene length and % intronic length. Error bars
represent the interquartile range of the distribution from the median (horizontal midline). Black brackets
compare IncRNAs to PCGs within the same fraction, and red brackets compare IncRNAs, or PCGs,
between fractions. *= adjusted p-value < 0.05; ** = adjusted p-value < 0.0001.

Additional File Fig. S5. Expression, fold-change and transcript maturity in the chromatin bound
versus chromatin bound non-polyA selected fractions. Log2 fold-change versus log10 FPKM of
chromatin-bound (positive y-axis values) versus chromatin-bound non-polyA selected IncRNAs
(negative y-axis values) (A) and PCGs (B), presented here as separate graphs (c.f., combined graph in
Fig. 4B. Also see Table S2C, columns D and E. Strength of compartment bias data (C) and FPKM
expression level (D) for IncRNAs and PCGs that show chromatin-bound (CB) and chromatin-bound
non-polyA selected (CBnPAs) bias. (E) Transcript maturity data (IO/EC read density ratio, Table S1F) is
graphed in the chromatin-bound and chromatin-bound non-polyA selected fractions for those INncRNAs
and PCGs that are biased for the chromatin- bound (CB) or chromatin-bound non-polyA biased
(CBnPAs) unbiased fraction (UB) or are unbiased (UB). Only multi-exonic genes were included in this
analysis, and only differences between the CB and UB and UB and CBnPAs groups were evaluated for
statistical significance in the PolyA selected fraction. Error bars represent the interquartile range of the
distribution from the median (horizontal midline). Black brackets compare IncRNAs to PCGs within the
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same fraction, and red brackets compare IncRNAs, or PCGs, between fractions (*= adjusted p-value <
0.05; ** = adjusted p-value < 0.0001).

Additional File Fig. S6. Quantification of IncRNA and PCG expression from smFiSH analysis.
Quantification of the numbers of nuclei expressing Inc_7423 (A) and the number of Inc_7423 molecules
per nucleus (B) in two individual female livers and two individual male livers. Mean percentage or
counts are graphed based on five fields of view for each liver, and error bars represent the SEM.
Quantification of the number of nuclei expressing Inc_14770 (C) and the number of Inc_14770
molecules per nucleus (D) in two female livers and two male livers. Mean percentage or counts are
graphed for five fields of view for each liver, and error bars represent the SEM. Relative expression of
Cyp2b10 (E) and Inc_5998 (F) in male or female liver, either untreated (UT) or from mice treated with
TCPOBOP for 51 hr (TCPO). Mean counts are graphed for 5 fields of view for each liver, and error bars
represent the SEM. Asterisks show the significance of student t-tests (p-values: * < 0.05, ** < 0.01, ***
< 0.001, *** < 0.0001).
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