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1st Editorial Decision 25th Aug 2020

Dear Dr. Klingenspor,

Thank you for the submission of your research manuscript to our journal, which was now seen by
three referees, whose reports are copied below.

My apologies for the delay in getting back to you, it took longer than anticipated to receive the
referee reports.

We concur with the referees that proposed role of Ctcflos IncRNA in regulation of brite
adipogenesis is in principle very interesting. However, referees also raise important concerns that
need to be addressed to consider publication here. In particular,

1. Additional controls for ASO mediated Ctcflos depletion is required (ref #1 point1, ref #2 standfirst
and 1st major point).

2. More support for the proposed effect of Ctcflos on Prdm16 splicing and the claim that Ctcfloc
acts in cis is necessary (ref #1 points 2 and 3).

3. The epistasis between Ctcflos and Prdm16 needs to be strengthened (ref #1 point 4).

[ find the reports informed and constructive, and believe that addressing the concerns raised will
significantly strengthen the manuscript.

Given these positive recommendations, we would like to invite you to revise your manuscript with
the understanding that the referee concerns (as in their reports) must be fully addressed and their
suggestions taken on board. Please address all referee concerns in a complete point-by-point
response. Acceptance of the manuscript will depend on a positive outcome of a second round of
review. It is EMBO reports policy to allow a single round of revision only and acceptance or rejection
of the manuscript will therefore depend on the completeness of your responses included in the
next, final version of the manuscript.

We generally allow three months as standard revision time. As a matter of policy, competing
manuscripts published during this period will not negatively impact on our assessment of the
conceptual advance presented by your study. However, we request that you contact the editor as
soon as possible upon publication of any related work, to discuss how to proceed. Should you
foresee a problem in meeting this three-month deadline, please let us know in advance and we may
be able to grant an extension.

*** Temporary update to EMBO Press scooping protection policy:

We are aware that many laboratories cannot function at full efficiency during the current COVID-
19/SARS-CoV-2 pandemic and have therefore extended our 'scooping protection policy' to cover
the period required for a full revision to address the experimental issues highlighted in the editorial
decision letter. Please contact the scientific editor handling your manuscript to discuss a revision
plan should you need additional time, and also if you see a paper with related content published
elsewhere ***

IMPORTANT NOTE: we perform an initial quality control of all revised manuscripts before re-review.
Your manuscript will FAIL this control and the handling will be DELAYED if the following APPLIES:



1. A data availability section providing access to data deposited in public databases is missing
(where applicable).

2. Your manuscript contains statistics and error bars based on n=2. Please use scatter plots in
these cases.

Supplementary/additional data: The Expanded View format, which will be displayed in the main
HTML of the paper in a collapsible format, has replaced the Supplementary information. You can
submit up to 5 images as Expanded View. Please follow the nomenclature Figure EV1, Figure EV2
etc. The figure legend for these should be included in the main manuscript document file in a
section called Expanded View Figure Legends after the main Figure Legends section. Additional
Supplementary material should be supplied as a single pdf labeled Appendix. The Appendix includes
a table of content on the first page with page numbers, all figures and their legends. Please follow
the nomenclature Appendix Figure Sx throughout the text and also label the figures according to
this nomenclature. For more details please refer to our guide to authors.

Please note that for all articles published beginning 1 July 2020, the EMBO Reports reference style
will change to the Harvard style for all article types. Details and examples are provided at
https//www.embopress.org/page/journal/14693178/authorguide#referencesformat

When submitting your revised manuscript, please carefully review the instructions that follow below.
Failure to include requested items will delay the evaluation of your revision.

1) a docx formatted version of the manuscript text (including legends for main figures, EV figures
and tables). Please make sure that the changes are highlighted to be clearly visible.

2) individual production quality figure files as .eps, tif, jpg (one file per figure).

3) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part of the EMBO Press transparent editorial process, the point-
by-point response is part of the Review Process File (RPF), which will be published alongside your
paper. For more details on our Transparent Editorial Process, please visit our website:
https//www.embopress.org/page/journal/14693178/authorguide#transparentprocess

You are able to opt out of this by letting the editorial office know (emboreports@embo.org). if you
do opt out, the Review Process File link will point to the following statement: "No Review Process
File is available with this article, as the authors have chosen not to make the review process public
in this case."

4) a complete author checklist, which you can download from our author guidelines
(<http//embor.embopress.org/authorguide>). Please insert information in the checklist that is also
reflected in the manuscript. The completed author checklist will also be part of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript (<https://orcid.org/>). Please find instructions on how to
link your ORCID ID to your account in our manuscript tracking system in our Author guidelines
(<http//embor.embopress.org/authorguide>).

6) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are
collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be
cited as 'Figure EV1, Figure EV2" etc...in the text and their respective legends should be included in
the main text after the legends of regular figures.



- For the figures that you do NOT wish to display as Expanded View figures, they should be
bundled together with their legends in a single PDF file called *Appendix*, which should start with a
short Table of Content. Appendix figures should be referred to in the main text as: "Appendix Figure
S1, Appendix Figure S2" etc. See detailed instructions regarding expanded view here:
<http//embor.embopress.org/authorguide#expandedview>.

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc.
Legends have to be provided in a separate tab in case of xls files. Alternatively, the legend can be
supplied as a separate text file (README) and zipped together with the Table/Dataset file.

7) We would also encourage you to include the source data for figure panels that show essential
data.

Numerical data should be provided as individual xIs or .csv files (including a tab describing the data).
For blots or microscopy, uncropped images should be submitted (using a zip archive if multiple
images need to be supplied for one panel). Additional information on source data and instruction on
how to label the files are available <http//embor.embopress.org/authorguide#sourcedata>.

8) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets
that were re-used and obtained from public databases. Data citations in the article text are distinct
from normal bibliographical citations and should directly link to the database records from which the
data can be accessed. In the main text, data citations are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/identifiers and a resolvable link to the landing page from which the data
can be accessed at the end of the reference. Further instructions are available at
<http//embor.embopress.org/authorguide#datacitation>.

9) Please make sure to include a Data Availability Section before submitting your revision - if it is not
applicable, make a statement that no data were deposited in a public database. Primary datasets
(and computer code, where appropriate) produced in this study need to be deposited in an
appropriate public database (see <httpJ//embor.embopress.org/authorguide#dataavailability>).

Please remember to provide a reviewer password if the datasets are not yet public.

The accession numbers and database should be listed in a formal "Data Availability " section
(placed after Materials & Method) that follows the model below. Please note that the Data
Availability Section is restricted to new primary data that are part of this study.

# Data availability

The datasets (and computer code) produced in this study are available in the following databases:
- RNA-Seq data: Gene Expression Omnibus GSE46843
(https/www.ncbinlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)

- [data type]: [name of the resource] [accession number/identifier/doi] ((URL or
identifiers.org/DAT ABASE:ACCESSION)])



*** Note - All links should resolve to a page where the data can be accessed. ***

10) Regarding data quantification, please ensure to specify the name of the statistical test used to
generate error bars and P values, the number (n) of independent experiments underlying each data
point (not replicate measures of one sample), and the test used to calculate p-values in each figure
legend. Discussion of statistical methodology can be reported in the materials and methods section,
but figure legends should contain a basic description of n, P and the test applied.

Please note that error bars and statistical comparisons may only be applied to data obtained from
at least three independent biological replicates.

Please also include scale bars in all microscopy images.

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics
llustrator in designing a cover.

Ilook forward to seeing a revised version of your manuscript when it is ready. Please let me know if
you have questions or comments regarding the revision.

Yours sincerely,
Deniz Senyilmaz Tiebe

Deniz Senyilmaz Tiebe, PhD
Editor
EMBO Reports

Referee #1:

In the manuscript the authors study the functions of Ctcflos, a previously unstudied IncRNAs in the
biology of adipogenesis. The authors show a phenotype in cells where Ctcflos has been perturbed,
then show the molecular signature of loss of Ctcflos is related to that of loss of Prdm16, and that
some changes in alternative splicing are also potentially involved, possibly indirectly. Overall, the
discovery of a IncRNA functioning in adipose cell biology is of interest to researchers interested in
brite adipogenesis. Beyond the molecular consequences of differentiation, the insight into what
Ctcflos actually does is quite limited, and some of the conclusions do not appear to be supported by
significant changes in the data or are somewhat over-interpreted. Specifically, whether Ctcflos
affects splicing Prdm16 is not clear. Overall the conclusion that "our findings emphasize the
mechanistic versatility of IncRNAs acting at several independent levels of gene expression for
effective regulation of key differentiation factors to direct cell fate and function." is not really
supported, as it is not clear what Ctcflos affects directly (it could just regulate one gene), and
certainly not clear if it is indeed affecting multiple different layers. The work could benefit by
additional experiments supporting the findings and more careful data interpretation.

Major comments
1. The presented results on Ctcflos loss-of-function are based on of the use of ASOs, which are a



valid tool for perturbing INncCRNAs, but also suffer from potential off-target or toxicity effects.
Therefore it is usually required to show similar results using another technique, such as CRISPR
editing, CRISPR interference of even just another ASO targeting the same isoform. This is
important for showing that the observed molecular phenotypes are indeed robust. Also, if the
authors think that the IncRNA is not acting in cis, then they can try to rescue the phenotype by
over-expressing the INncRNA. If such a rescue experiment is technically particularly challenging that
should be mentioned/discussed.

2.1t is not clear how strong is the effect of loss of Ctcflos on Prdm16 splicing. When changes in
expression levels are involved, it is difficult to obtain convincing changes in splicing. The authors rely
on some quantification from an agarose gel (Fig. 6K), which is noisy and not really quantitative, and
also prone to the challenges of different expression levels. In the RNA-seq data, what does splicing
of Prdm16 look like? Is there a significant change observed there? The authors must show what
the read coverage in this region looks like in their RNA-seq data to show whether Ctcflos inhibition
indeed substantially affects splicing of Prdm16.

3. The evidence that Ctcflos does not act in cis is not really shown. Can the authors show RNA-seq
read coverage for the whole locus to show that Ctcflis indeed not expressed in their cells? For
Pckl, which is a suspect target because it is a gene involved in metabolism, the data for its down-
regulation in Ctcflos should be explicitly shown (e.g., from the RNA-seq data the authors have), as
should be shown the data that Pckl knockdown does not affect Ucpl expression, which is now
only mentioned in the paper (lines 320-321).

4.The claim of an epistasis between Ctcflos and Prdm16 based on figure 5H is quite weak. The
differences seem to be small, and it appears that the experiment is not really powerful enough to
show that the combination of Ctcflos ASO1 and siPrdm16 gives an effect similar to just one of
them. Can the authors rescue the phenotype of Ctcflos ASO1 by over-expressing Prdm16? That
would be far more convincing. Otherwise, they should provide evidence that there is a significant
similarity between siPrdm16+Ctcflos ASO1 and the individual KDs of Ctcflos and Prdm16. Also, why
is knockdown of Prdm16 so inefficient? (Fig. 5J)

5. Throughout the paper there are various changes shown, and for some of them its not clear if
they are significant or not, although they seem to be treated as such. For example Fig. 4L,4S

Minor comments:

1.Line 173: The finding that IncRNAs are differentially expressed does not support the “initial
hypothesis about their regulatory involvement”. Genes can be differentially expressed yet be
completely univolved in regulation / non-functional. T his statement should be toned down. Same for
line 193: "substantiated the involvement of positively regulated INcCRNAS in the browning process".
2.Is there any evidence that Ctcflos is conserved in human? This should be mentioned/discussed.

Referee #2:

The authors propose the IncRNA Ctcflos as a regulator of adipose browning, and perform an
impressive number of experiments and analysis to characterize its function within this context.
Their results suggest that the main role of Ctcflos in browning is through regulation of expression
and alternative splicing of Prdm16, a well known regulator of brown adipocyte development.

This work is a part of the important but gigantic task of characterizing the function of non-coding
RNA in the mammalian genome. Although several efforts have been made to establish function for
non-coding RNA at a genome wide level, it is becoming increasingly clear that these efforts need to
be complemented by deep studies of individual loci in specific cellular contexts. The authors present



here one example of this laborious but much needed work.

The manuscript also illustrates the difficulties involved in determining non-coding RNA function.
These transcripts are usually lowly expressed, unstable, and may exist in many unannotated forms.
Designing appropriate knock-down or over-expression experiments is not an easy task and there
are many pitfalls.

The manuscript is clear and easy to follow. Most conclusions are supported by data but there is a
design flaw in the ASO experiments: relying on only one ASO per isoform when knocking down
Ctcflos. I detail my concerns below.

Major:

* A design flaw in the study is that only one ASO was used for knock-down of each isoform of
Ctcflos. When using oligo based knock-down (ASOs, shRNA, siRNA etc) it is widely recommended
to use multiple independent oligos targeting the molecule of interest, in order to minimize the risk
that the observed effects of the knock-down wholly or partly result from off-target effects rather
than the actual knock-down. In the current study, a better design would have been to use at least
one more ASO per isoform in parallel, in order to exclude this possibility. The problem is somewhat
mitigated in some experiments where two different isoforms ("tr1" and "tr3") are knocked down by
different ASOs ("ASO1" and "ASOZ2" respectively), and it is promising that the two different ASOs
seem to yield (mostly) similar results. However, for many experiments the authors abandon this
approach and rely solely on results using ASO1. That leaves the possibility that some of the
following observations are due to off-target effects. Best would be to redo these experiments with
a different ASO, but at the very least, text should be added to the manuscript that clearly
discusses the possibility that some of the ASO knockdown results may be due to off-target effects.

* The authors conclude from their experiments tha Ctcflos has a dual function: modulating the
transcription levels as well as isoform ratios of Prdm16. But whereas possible mechanisms through
which Ctcflos may influence the splicing machinery are discussed at length in the Discussion
section, no similar suggestions for how Ctcflos may regulate transcript levels are introduced in the
manuscript. In fact, the experiments are entirely consistent with a less complicated explanation:
that altered transcription levels follows from altered splicing. Unless evidence is presented that
there are two distinct mechanisms (or at least extensive discussion detailing this reasoning), it
seems unwarranted to put so much emphasis on this dual function hypothesis.

Minor:
* In Fig 1B, I don't understand the meaning of the legend: what is "Contrib" and "Condition"?

* Fig 4J KL, the results regarding lipid droplet size: are any differences between NC and ASO1 KD
significant? If not, these figures and corresponding text could be dropped or moved to supplement.

* Fig 5E, what was used as the background gene set in GO analysis? All genes, or all genes
expressed in adipose tissue, or something else?

* Fig 5F, it is not easy to understand how to understand how to interpret the "Path Visio" figure and
what it actually tries to visualize.

* Fig 6A, why did these terms not show up among terms discovered in Fig 5E? Or Fig 5E only



contains a selected set of GO terms? Please clarify.

* As far as | can see, Fig. 6 lis not referred to in the text.

Referee #3:

Bast-Habersbrunner et al. introduce the IncRNA Ctcflos as novel regulator of brite adipogenesis in
vitro. Using big data analysis of IncRNA-expression profiles of adipose tissues from several inbred
mouse strains with varying degrees of adipose browning Ctcflos emerges as a candidate of
interest. Ctcflos is shown to affect adipocyte differentiation on the levels of transcription and
alternative splicing, exemplified by Ucpl and Prdm16 mRNAs. Furthermore, the authors
demonstrate altered adipocyte function upon knockdown of Ctcflos.

The research is novel, technically sound and the manuscript is very well prepared. To my opinion,
this manuscript has no major weaknesses.

Minor Points:

1. This work originates from the study of inguinal white adipose tissue, which is an adipose depot
that readily undergoes adipose browning. Hence, it is logical that the authors chose to study the
role of Ctcflos in what they refer to as brite adipocytes. However, in the end, the data also allow
drawing the conclusion that also in classical brown adipocytes, e.g. derived from the interscapular
depot, Ctcflos is expressed, regulated and has functional impact. To my opinion, this could be
highlighted better.

2. The references to Figure S4P&Q in lines 316-323 is missing.

3. Figure 6B shows a decrease of Ucpl mRNA per Fabp4 upon isoginkgetin: it would be nice to also
show the levels of both genes in comparison to a housekeeping gene.

4.In line 807 it appears that blocking was done with TritonX-100 and not "TiritonX-100"

5. The legend in Figure 1B (not the figure legend) does not explain well what is actually shown in
that PCA plot.

6. In Figure 4F please specify the loading control of the Western Blot shown in the figure legend.
7. The panels in Figure 6C should be enlarged for better visibility.



1st Authors' Response to Reviewers 7th Apr 2021

Answers to the Referee comments
Referee #1:

In the manuscript the authors study the functions of Ctcflos, a previously unstudied IncRNAs
in the biology of adipogenesis. The authors show a phenotype in cells where Ctcflos has been
perturbed, then show the molecular signature of loss of Ctcflos is related to that of loss of
Prdm16, and that some changes in alternative splicing are also potentially involved, possibly
indirectly. Overall, the discovery of a IncRNA functioning in adipose cell biology is of interest
to researchers interested in brite adipogenesis. Beyond the molecular consequences of
differentiation, the insight into what Ctcflos actually does is quite limited, and some of the
conclusions do not appear to be supported by significant changes in the data or are somewhat
over-interpreted. Specifically, whether Ctcflos affects splicing Prdm16 is not clear. Overall the
conclusion that "our findings emphasize the mechanistic versatility of IncRNAs acting at
several independent levels of gene expression for effective regulation of key differentiation
factors to direct cell fate and function." is not really supported, as it is not clear what Ctcflos
affects directly (it could just regulate one gene), and certainly not clear if it is indeed affecting
multiple different layers. The work could benefit by additional experiments supporting the
findings and more careful data interpretation.

Major comments

1. The presented results on Ctcflos loss-of-function are based on of the use of ASOs, which are
a valid tool for perturbing IncRNAs, but also suffer from potential off-target or toxicity effects.
Therefore it is usually required to show similar results using another technique, such as CRISPR
editing, CRISPR interference of even just another ASO targeting the same isoform. This is
important for showing that the observed molecular phenotypes are indeed robust. Also, if the
authors think that the IncRNA is not acting in cis, then they can try to rescue the phenotype by
over-expressing the IncRNA. If such a rescue experiment is technically particularly challenging
that should be mentioned/discussed.

We thank the reviewer for this comment and completely agree that it is of prime importance to
convincingly show that the described effects of Crcflos knockdown (KD) on Ucpl gene
expression and the resulting phenotype do not occur as a consequence of an off-target effect of
the applied antisense oligonucleotides (ASOs). As suggested by the reviewer we therefore
repeated the knockdown of Ctcflos with another four ASOs, two ASOs targeting Cicflos
isoform 1 (ASO 3, 4) and two ASOs targeting isoform 3 and 4 (ASO 5, 6). Comparable to the
previously presented effects of ASOs 1 and 2, knockdown of Ctcflos by the four new ASOs
also led to an impairment of Ucp/ gene transcription (Figure below) (revised manuscript Fig.
4 C-E).
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Figure legend-Knockdown of Ctcflos transcript 1, 3 and 4 by further LNA Gapmer ASOs. (A, B) Efficiency of



Ctcflos KD (A) by new ASOs 3 and 4 alongside previously shown ASO1 targeting Ctcflos transcript 1 and (B) by
new ASOs 5 and 6 alongside previously shown ASO2 targeting Crcflos transcript 3 and 4. (C) Impact of Ctcflos
KD on Ucpl gene transcription including new and previously characterized ASOs.

As proposed by the reviewer, a rescue experiment by Ctcflos overexpression would indeed be
a valuable strategy to demonstrate that Ctcflos acts in trans. Overexpression of Ctcflos is
however challenging as our RNA sequencing data do not entirely match with the published
annotations of Ctcflos transcripts. Reads mapping outside annotated exon boundaries hint
towards prolonged transcript 3’ends as likewise predicted by de novo reconstruction of the
thﬂos transcripts based on our RNA sequencing data (Figures below).
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Flgure legend-Read mapping to the Ctcflos locus in differentiated brite adipocytes. Reads mapped to the thflos
locus in RNA sequencing of three biological replicates of brite adipocytes at day 3 of differentiation. Red boxes
highlight read mapping outside of Crcflos exon boundaries proposing prolonged 3’ transcript ends. Genomatix
Software Suite.
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Figure legend-Annotated and de novo reconstructed Ctcflos transcripts. Comparison of Ensembl annotated Ctcflos
isoforms and Ctcflos transcripts predicted from RNAseq read mapping using StringTie de novo reconstruction.
Red boxes highlight prolonged 3’ ends of Ctcflos exons.

Also for Ctcflos isoform 1 (ENSMUSTO00000144256.1; AK041254), which would be the
favored isoform for overexpression, de novo reconstruction questions the Ensembl annotation.
Although we could confirm by PCR that exon 1 and 2 are correctly annotated, our data predict
a prolonged exon 3. 3’ rapid amplification of cDNA ends (3’RACE) could not yet provide
reliable information about the 3’ end of the transcript. Due to these uncertainties, plasmid-based
gene transfer might not achieve to deliver the correct and functional Ctcflos transcript that is
present in brite adipocytes. In order to overexpress the brite cell characteristic Ctcflos
transcripts, will therefore prefer to use a CRISPR activation (CRISPRaSAM) system in future
that aims to enhance the expression of the endogenous target gene by guide RNA-mediated
recruitment of deactivated, transcription activator coupled Cas9 protein to the target gene
promoter (Lundh ef al, 2017).

A rescue experiment would aim to reverse the observed ASO-mediated Ctcflos knockdown
phenotype by parallel or proximate overexpression of Ctcflos. To avoid that the Ctcflos
transcripts produced by overexpression are also affected by the ASOs, this would however
require the overexpression of a mutated version of Crcflos that cannot be targeted by the ASOs
but remains its functionality. Since we are both, unsure about the annotation of Ctcflos and do
not know which part of the Crcflos transcript conveys its functionality, this is particularly
challenging for the current MS. These thoughts are included in the revised manuscripts
discussion lines 527-531.



2. It is not clear how strong is the effect of loss of Ctcflos on Prdm16 splicing. When changes
in expression levels are involved, it is difficult to obtain convincing changes in splicing. The
authors rely on some quantification from an agarose gel (Fig. 6K), which is noisy and not really
quantitative, and also prone to the challenges of different expression levels. In the RNA-seq
data, what does splicing of Prdm16 look like? Is there a significant change observed there? The
authors must show what the read coverage in this region looks like in their RNA-seq data to
show whether Ctcflos inhibition indeed substantially affects splicing of Prdm16.

As depicted in the reviewer’s comment, we observe two overlaying effects on Prdmi6 gene
expression, (1) reduced Prdm16 gene transcription and (2) altered Prdm 16 pre-mRNA splicing.
The change in the overall expression level of Prdm16 renders it indeed more difficult to deduce
the effect on Prdm16 alternative splicing. The Ctcflos KD effect on Prdm16 transcription is
quantified in the RNAseq data and by qPCR (Fig. 5 F and Fig. S5 G). Total Prdm16 transcript
levels are strongly reduced directly (24 hours) after the knockdown and remain to be diminished
after 72 hours.

To analyze the Ctcflos KD effect on alternative splicing of Prdm 16, we applied two approaches,
(1) a more qualitative analysis by PCR that allows a direct comparison of the relative Prdm16
short and long isoform abundances through visualization and (2) a quantitative analysis by
qPCR that provides information on the effect strength.

We agree that quantification from an agarose gel picture is problematic and should not be used
to estimate the effect size of splicing changes. Nevertheless, PCR analysis provides the
advantage that both isoforms can be amplified and distinguished using the same primer pair.
Both, short and long isoforms are thus amplified with the same efficiency, allowing a direct
comparison with each other. In this respect, the agarose gel visualizes that signal strengths of
Prdm16 short and long strongly differ (clearly stronger signal for Prdm16 short) in the control
cells, while this difference is weakened in the Ctcflos KD cells (Figure below B) (Fig. 6 K, M).
Despite the overlaying effect on Prdm 16 transcription, this change in the signal strengths of the
two isoforms relative to each other demonstrates a shift in alternative splicing away from
dominant Prdmi6 short to a more balanced splicing of both isoforms. In case of a mere
transcriptional impact on Prdm 16 without alternative splicing changes, both signals (short and
long) would be equally reduced by the KD. The PCR analysis however reveals, that only the
Prdm 16 short signals but not the Prdm 16 long signals decrease.

To exclude the imprecisions of the agarose gel and to quantify the KD impact on Prdmi6
alternative splicing, we repeated the analysis by qPCR using specific primers for each isoform
(Figure below A) (revised manuscript Fig. 6 J), 24 hours and 72 hours after Ctcflos KD (Figure
below C-E and H-J) (revised manuscript Fig. 6 O-Q and T-V). Analogous to the observation in
PCR analysis, despite overall reduction of Prdmi6 expression, the impact on Prdm16 short is
stronger than on Prdm16 long: 24 hours after Ctcflos KD by ASO 1 there is a mean fold change
(NC/ASO 1) of 4.90 of Prdm16 short, which is significantly higher than the mean fold change
(NC/ASOT) of 1.87 of Prdm16 long (Figure below F) (revised manuscript Fig. 6 R). Similarly,
72 hours after Ctctflos KD by ASO1 the mean fold change (NC/ASO1) for Prdmli6 short is
significantly greater than for Prdm16 long, 1.83 vs. 1.08, respectively (Figure below K) (revised
manuscript Fig. 6 W).

To further strengthen these results we repeated the experiment using ASO 2 (Figure below C-
E, G, H-J, L) (revised manuscript Fig. 6 O-Q, S, T-V, X). Although there is just a non-
significant trend 24 hours after the KD by ASO 2 for a greater impact on Prdm16 short, we
likewise observe a stronger reduction of Prdm 16 short compared to long 72 hours after Ctcflos
KD (mean fold change (NC/ASO2) 2.55 and 1.44 for Prdmli6 short and long, respectively.
These data thus further support that Ctcflos KD by ASO1 and ASO2 provokes a shift in the
Prdm16 alternative splicing profile, the strength of which can be extracted from the qPCR data.
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Figure legend-Impact of Ctcflos KD on Prdm16 alternative splicing evaluated by PCR and qPCR. (A) Splice graph
of Prdm16 and resulting Prdm 16 long and short isoforms. Primers used to amplify both Prdm16 isoforms at once
by PCR are displayed in orange. Primers used to amplify specifically Prdm16 short and long isoforms in qPCR
are displayed in blue. (B) Gel picture of PCR products using exon 16 spanning primers to detect Prdmi6 long
(upper band (348 bp)) and Prdmi6 short (lower band (173 bp)) comparing Ctcflos trl (ASO 1) KD and control
samples. (C-L) Effect of Ctcflos KD on Prdml6 isoform expression evaluated by qPCR. (C-E) Relative Prdml16
total, short and long transcript levels after 24 hours in response to Ctcflos KD by ASO1 and ASO2 compared to
nontargeting controls. (F, G) Comparison of fold changes after 24 hours between control and Ctcflos KD cells ((F)
KD by ASOI, (G) KD by ASO 2) for Prdm16 short and long isoform, respectively. (H-J) Relative Prdm16 total,
short and long transcript levels after 72 hours in response to Ctcflos KD by ASO1 and ASO2 compared to
nontargeting controls. (K, L) Comparison of fold changes after 72 hours between control and Ctcflos KD cells
((K) KD by ASO1, (L) KD by ASO 2) for Prdm16 short and long isoform, respectively. Mean values + SD, n=3-
4, unpaired t tests, n.s. p>0.05, *p<0.05, **p<0.01***p<0.001.

The search for confirmation of Ctcflos-dependent Prdm16 alternative splicing in the RNA seq
raw data (24 hours after Ctcflos KD), as proposed by the reviewer, is a reasonable suggestion.
As the mapped reads originate from both isoforms and there is again the overlaying impact on
total Prdm16 expression it is, however, difficult to directly draw a conclusion on the KD effect
on Prdml6 alternative splicing. Regarding the entire Prdmli6 locus the reduction of total
Prdm16 transcript levels is visible (Figure below A upper panel). Zooming into the area of the
alternatively spliced exon 16, which is present in the long and absent in the short isoform, the
same can be observed (overall less reads map to this region in Ctcflos KD samples) again due
to overall reduction of Prdm16 transcription (Figure below A lower panel). In order to draw
conclusions on the abundances of short and long isoforms, respectively, intron-spanning reads
that protrude beyond exon boundaries need to be extracted from the data. Reads spanning from
exon 15 into exon 17 originate from Prdmi6 short, while reads spanning from exon 15 into
exon 16 or from 16 into exon 17 support the long isoform. In Figure B below the depicted
numbers count how many reads support the respective splice event (in control versus KD
samples 4, 1 and 5 reads versus 2, 3 and 4 reads support the excision of exon 16 (short Prdm16),
while 0, 0, 0 versus 0, 2, 1 reads support the splicing of exon 16 to exon 17 (long Prdm16)).
Overall the number of reads supporting either Prdm 6 short or long is very limited and does
not allow a quantitative evaluation. The sequencing depth of the RNAseq experiment was
unfortunately too low to draw information on Prdml6 splicing. Deeper sequencing of the
Prdm16 locus to investigate the phenomenon in future would indeed be valuable. The example
of Insulin receptor, however, which is also Ctcflos dependently spliced and for which RNAseq
and PCR analysis provide the same results, support that the experimental evaluation of Ctcflos-
dependent alternative splicing is reliable. Additionally, the effect on Prdmli6 splicing was
observed by two independent experimental settings (PCR and qPCR) using different primer
pairs, further supporting the reliability of the results.
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of control (upper three lines) and Ctcflos KD (ASO1) cells (lower three lines). Numbers above or below the bended
lines specify the amount of intron-spanning reads that support the depicted splice event. The red box highlights
splice events involving exon 15, 16 and 17 and thus discriminating Prdm 16 short and long isoforms.

3. The evidence that Ctcflos does not act in cis is not really shown. Can the authors show RNA-
seq read coverage for the whole locus to show that Ctcf] is indeed not expressed in their cells?
For Pckl, which is a suspect target because it is a gene involved in metabolism, the data for its
down-regulation in Ctcflos should be explicitly shown (e.g., from the RNA-seq data the authors
have), as should be shown the data that Pckl knockdown does not affect Ucpl expression,
which is now only mentioned in the paper (lines 320-321).

Below we show RNAseq read mapping to the locus of Crcflos including its neighbor genes
Ctcfl and Pckl in preadipocytes (lines 1-3) and differentiated brite adipocytes (lines 4-6)
(Figure below A). Ctcflos and Pckl are, as expected, upregulated in the course of differentiation
(note automatically adapted scales for each track). Compared to Ctcflos and Pckl, Ctcfl seems
to be negligibly low expressed as no exon hitting reads are detected within its locus in the given
scale ranges. Nevertheless, zooming into the Crcfl specific region revealed that also Crcfl
expression is slightly upregulated during brite adipogenesis, with a low number of reads
mapping to its locus in the differentiated state (Figure below B). Therefore, we tested by PCR
whether we can detect Ctcfl experimentally at three different time points (in the preadipocyte
state, at dayl and day 7 of differentiation) using two different primer pairs (spanning exon 8
and 9, or exon 10 and 11, respectively). Applying a high number of cycles (38) we observed a
light upregulation of Ctcfl expression in the course of differentiation in accordance with the
transcriptome analysis (Figure below C). At day 1 of differentiation, the time point at which we
perform the Ctcflos KD, however, Ctcfl is very low expressed, though detectable. Also in deep
RNA sequencing 24 hours after Crcflos KD, Ctcfl was detected at low level (26-55 reads)
(Figure below D, upper three lines). These data additionally predict that Crcflos KD affects
Ctcfl expression, being almost completely blunted in the absence of Ctcflos (Figure below D,
lower three lines and E). This downregulation of Ctcfl might be an artefact of very low transcript
abundance and rarely of biological relevance, nevertheless, we experimentally checked the
impact of Ctcflos KD on Ctcfl expression and performed Ctcfl knockdown by a Dicer Substrate
short interfering RNA (DsiRNA) to make sure that Czcfl does not play any role in Ucpl gene
expression. QPCR analysis of Ctcflos KD revealed no significant impact on Ctcfl gene
expression levels (Figure below F) (revised manuscript Fig EV2Q) and knockdown of Crcfl did
not significantly affect Ucp/ gene expression (Figure below G, H) (revised manuscript Fig
EV2R and S), excluding Ctcfl as downstream mediator of the Ctcflos effects on Ucpl gene
expression. These results are included in the revised manuscript in lines 328-336.
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Figure legend-Regulation of Ctcfl gene transcription and its implication in the regulation of Ucp/ gene expression.
(A) Read mapping to the Citcflos locus and its neighbor genes Ctcfl and Pckl in preadipocytes (upper three lines)
and differentiated brite cells (lower three lines). (B) Read mapping to exons 6-11 of CtcfI in preadipocytes (upper
three lines) and differentiated brite cells (lower three lines). (C) Gel picture of PCR products using Ctcfl specific
primers amplified from proliferating and differentiating brite adipocytes (day 1 and day 7 of differentiation). (D)
Read mapping to exons 6-11 of Ctcfl in control (upper tree lines) and Ctcflos KD (ASO1) cells (lower three lines).
(E, F) Ctcfl expression in control and Ctcflos KD (ASO1) cells (E) in deep RNA sequencing data and (F) assessed
by qPCR. Mean values + SD, n=3, unpaired t tests, n.s. p>0.05, *p<0.05. (G) Efficiency of Ctcfl KD by dsiRNA.
(H) Impact of Ctcfl KD on Ucpl expression assessed by qPCR. Mean values + SD, n=3, unpaired t tests, n.s.
p>0.05, *p<0.05. Genomatix Software Suite.

Gene expression of Pckl, the downstream neighbor of Cicflos, is downregulated in Ctcflos
deficiency (Figure below A, B), knockdown of Pckl, however, does not affect Ucpl
transcription (Figure below C, D), excluding also Pckl as mediator of the Ctcflos KD effect in
brite adipogenesis. The data supporting this are shown in the supplement data (previous Fig. S4
P-R) (revised manuscript Fig. T-V).
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Figure legend - Regulation of Pckl gene transcription and its implication in the regulation of Ucpl gene
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4. The claim of an epistasis between Ctcflos and Prdm 16 based on figure SH is quite weak. The
differences seem to be small, and it appears that the experiment is not really powerful enough
to show that the combination of Ctcflos ASO1 and siPrdm16 gives an effect similar to just one
of them. Can the authors rescue the phenotype of Ctcflos ASO1 by over-expressing Prdm16?
That would be far more convincing. Otherwise, they should provide evidence that there is a
significant similarity between siPrdm16+Ctcflos ASO1 and the individual KDs of Ctcflos and
Prdml6. Also, why is knockdown of Prdm16 so inefficient? (Fig. 5J)

We thank the reviewer for the suggestion to perform a rescue experiment by Prdml6
overexpression in Ctcflos KD cells to strengthen our hypothesis that Prdm16 plays a role in the
mediation of Ctcflos function in brite adipogenesis. We followed this advice, conducted Crcflos
KD in Prdml6 overexpressing cells, and compared the resulting phenotype to that of non-
Prdm16 overexpressing control and Ctcflos KD cells. We observed that Prdm 16 overexpression
in Ctcflos deficiency could rescue Ucpl gene expression, reaching or exceeding Ucp! transcript
levels of control cells (see Figure below). Prdm 16 was overexpressed by lentiviral infection in
proliferating primary iWAT cells (using multiplicity of infection (MOI) ratios of 500 to 800).
GFP lentivirus overexpressing (GFP) cells (A-C) served as controls. To avoid that variations in
differentiation between the treatment groups distort the analysis, we normalized the gene
expression data by adipocyte differentiation marker fatty acid binding protein 4 (FABP4). In an
alternative experiment Prdml6 overexpressing cells were compared with uninfected (untr)
controls, providing similar results (D-F). Overall, the observation that Prdm 16 overexpression
abrogates the impact of Crcflos KD on Ucpl gene expression in independent experiments
supports the epistasis between Ctcflos and Prdm16. Nevertheless, we do not want to claim that
the function of Ctcflos in brite adipogenesis relies entirely on Prdm 16 but is most likely more
complex. With its impact on Prdml6 transcription and alternative splicing, Ctcflos however
modulates a key factor in brite adipogenesis, which, as supported by the presented data, most
likely contributes to a large extend to the observed Ctcflos KD phenotype.
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Figure legend (data now included in Fig. 5 K-M and Fig. EV3 F-H) — Prdm16 overexpression rescues the effect
of Ctcflos KD on Ucpl gene transcription. Primary iWAT cells were either untreated, infected with Prdm16- or
turbo green fluorescent protein (GFP)-expressing viral particles at the second day of proliferation. This was
followed by reverse transfection at the first day of differentiation using nontargeting control (NC) or Ctcflos-
targeting ASO1. Gene expression was analyzed 72 hours later by qPCR. Mean and individual values. Each graph
presents pooled data from two experiments slightly varying virus titers. RM One-way ANOVA (Tukey-test), n.s.
p>0.05, *p<0.05, **p<0.01, ***p<0.001, ***p<0.0001.
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Flgure legend M1croscop1c images of differentiating brite adipocytes after lent1V1ral infection and Ctcflos KD or
respective control treatments.

Additionally, as proposed in the reviewer comment we analyzed the combined Prdm16-Ctcflos
KD experiment for equivalence between single and double knockdown of Ctcflos and Prdm16.



For this purpose we performed a TOST test, assuming that two groups are equivalent if their
difference is small enough to not exceed upper and lower bounds of equivalence that we set
based on the multiplicative gene interaction model according to (Costanzo et al, 2019). The
effect size that would be expected for the double knockdown, if Ctcflos and Prdmi16 would
work completely independent of each other, thereby results from the multiplication of the single
knockdown effects (effect size of single KD Ctcflos on Ucpl gene expression=0.36; effect size
of single KD Prdml6 on Ucpl gene expression=0.51; theoretically expected effect size of
double KD, assuming independent activities for Ctcflos and Prdmi6 = 0.36x0.51 = 0.18;
measured effect size of double knockdown = 0.26). If the difference between single and double
knockdown does not exceed 0.36-0.18 = 0.18, this would argue for a dependency/epistasis
between Ctcflos and Prdml6. Based on this, the upper and lower bounds of equivalence in the
TOST test were set to 0.18 and -0.18, respectively. At a significance level of a=0.1 (but not
0=0.05) it can be rejected that the difference between single (Ctcflos) and double
(Ctcflos+Prdm16) knockdown is large enough to be considered, or in other words, that there is
a significant similarity between the two groups (Figure below A and Figure EV3 I). In a
corresponding analysis, comparing single knockdown of Prdm 16 with the double knockdown,
there is no significant similarity (at a=0.05 or 0=0.1) (Figure below B), neither was there a
significant difference between the groups (Fig. 5 H).

Equivalence b.ounds :0-18 and 0.18 Equivalence bounds -0.33 and 0.33
TOST: ml)lwzag | d‘;":;;“ﬁ G_BQ 1. ificant Mean difference = 0.25
NHET. 800 ml oot 1951 significant TOST: 80% CI [-0.361:0.861] non-significant
: [0.002;0.198] significan NHST: 90% CI [-0.628;1.128] non-significant
= =
T T T T T T T
02 0.1 00 0.1 02 05 00 05 10
Mean Difference Mean Difference

Figure legend-Equivalence test for single and double Knockdown of Citcflos and Prdmli6. Paired TOST-
Equivalence test comparing Ucp! transcript levels of (A) Ctcflos single with Ctcflos+Prdm16 double KD and (B)
Prdm16 single with Ctcflost+Prdm16 double KD. Significance level alpha is set to 0.1. Equivalence bounds were
set based on the multiplicative gene interaction model.

In summary, investigating the epistasis between Ctcflos and Prdm16 in the regulation of Ucpl
gene expression we made the following observations:

I) The Ctcflos knockdown effect on Ucp 1 expression can be rescued by Prdm 16 overexpression,
indicating that the Ctcflos pathway in brite adipogenesis involves Prdmi6 as downstream
mediator.

I) Ucpl expression is similar (at a=0.1) between Ctcflos single and Ctcflos+Prdm16 double
knockdown cells, supporting the absence of a considerably large additive effect of the combined
knockdown, further supporting that the Ctcflos pathway in brite adipogenesis involves Prdm16
as downstream mediator.

IIT) There is neither a significant similarity nor a significant difference between
siPrdm16+Ctcflos ASO1 and the individual KD of Prdmi6. The lack of similarity between
these two groups actually provides a notable hint towards a broader, more complex regulatory
activity of Ctcflos in brite adipogenesis that includes but also goes beyond the regulation of
Prdmli6. The by trend, though not significantly, stronger impact of the double KD points
towards additional mechanistic activities of Ctcflos, which is in accordance with its parallel
implication in alternative splicing modulation.



Together, these observations strengthen the epistasis between Ctcflos and Prdmli6, pointing
toward a complex regulatory function of Crcflos that partially depends on transcriptional
modulation of Prdm16 and entails further mechanistic routes.

5. Throughout the paper there are various changes shown, and for some of them its not clear if
they are significant or not, although they seem to be treated as such. For example Fig. 4L, 4S
We thank the reviewer for this note and addressed it by clarifying the significance of all
displayed changes. In the first version of this manuscript all significant changes were indicated
by stars, the lack of stars indicated a non-significant change. We agree that this might raise the
question whether there was statistical testing or not. To clarify this, we now indicated all non-
significant changes by the abbreviation “n.s.”. Accordingly we included indications of
significance in graphs Fig. 3 E, Fig. EV 1 M (previously Fig. 4 L), Fig. 4 O and P (previously
Fig. 4 R and S), Fig. 6 B, L, M, P, U (previously Fig. 6 B, J, K, Fig. S 7 C and F), Fig EV1 O
(previously Fig. S 3), Fig. EV 7 D, F, G (previously Fig. S 7 K, M, N).

The changes in previous Fig. 4 L (Fig. 1 M in the revised manuscript) are not significant. To
make this more clear we rephrased lines 266-271 in the following way: “Knockdown of Ctcflos
tended to shift cell morphology towards reduced brite characteristic multilocularity, with
slightly lower lipid droplet numbers (Fig. EV 1 J). The observed trend for increased lipid
droplet sizes was not significant (Fig EV1K-M). Crcflos deficient cells maintained the ability
to differentiate into lipid loaded adipocytes, as indicated by the lack of significant reduction in
Oil red O staining (Fig EVIN and O).” (lines 272-275 in the revised manuscript)

Due to the lack of a significant effect on lipid droplet size and according to the suggestion of
Referee #2 we moved the figure panel to the supplement (Fig. EV 1 K-M in the revised
manuscript; previously Fig. 4 J, K, L).

The changes in the lipolysis rates (previously Fig. 4 S; Fig. 4 P in the revised manuscript) in
Ctcflos control and KD cells, are also not significant. This is stated in the results part of the
manuscript: line 285 in the revised manuscript: “Since lipolysis was not reduced in
isoproterenol-stimulated Ctcflos deficient cells...”.

Minor comments:

1. Line 173: The finding that IncRNAs are differentially expressed does not support the "initial
hypothesis about their regulatory involvement". Genes can be differentially expressed yet be
completely univolved in regulation / non-functional. This statement should be toned down.
Same for line 193: "substantiated the involvement of positively regulated IncRNAs in the
browning process".

We agree with the reviewer that differential expression of a gene during differentiation does
not necessarily mean that it is functionally involved in the regulation of this process. We
therefore rephrased the sentence ... supporting our initial hypothesis about their regulatory
involvement in the process of brite cell differentiation” into: ... demonstrating their
transcriptional regulation during brite cell differentiation. Among them there might be
IncRNAs that are functionally involved in the regulation of this process.” (lines 160-162 in
the revised manuscript)

The sentence “This further substantiated the involvement of positively regulated IncRNAs in
the browning process” was changed to *“, proposing a similarly important role of this group
of IncRNAs in the browning process.” (lines 180-181 in the revised manuscript)

2. Is there any evidence that Ctcflos is conserved in human? This should be
mentioned/discussed.

In order to examine whether murine IncRNA Citcflos is conserved in the human genome, we
searched for IncRNA annotations located between Crcfl and Pckl, the up- and downstream
neighbor genes of Citcflos in the murine locus. FANTOM (Functional Annotations of the



Mammalian Genome) predicted one human IncRNA upstream of Pckl (Figure below).
Alignment of the human IncRNA sequence against all murine Ctcflos transcripts, however, did
not show considerable matches (Analysis performed by Dr. Juan Carlos Higareda Almaraz). Similarly,
alignment of the murine Crcflos transcript sequences against the human genome and
transcriptome by ensemble BLAT and BLASTN, respectively, did not reveal alignments of
considerable lengths. Based on these results we conclude that Crcflos is not conserved in human.
We included this information in the manuscript (lines 232-233 in the revised manuscript): “The

lack of human orthologs of the four murine Ctcflos transcripts indicates that it is not
conserved in human.”

Crcfl
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Referee #2:

The authors propose the IncRNA Ctcflos as a regulator of adipose browning, and perform an
impressive number of experiments and analysis to characterize its function within this context.
Their results suggest that the main role of Ctcflos in browning is through regulation of
expression and alternative splicing of Prdm16, a well known regulator of brown adipocyte
development.

This work is a part of the important but gigantic task of characterizing the function of non-
coding RNA in the mammalian genome. Although several efforts have been made to establish
function for non-coding RNA at a genome wide level, it is becoming increasingly clear that
these efforts need to be complemented by deep studies of individual loci in specific cellular
contexts. The authors present here one example of this laborious but much needed work.

The manuscript also illustrates the difficulties involved in determining non-coding RNA
function. These transcripts are usually lowly expressed, unstable, and may exist in many
unannotated forms. Designing appropriate knock-down or over-expression experiments is not
an easy task and there are many pitfalls.

The manuscript is clear and easy to follow. Most conclusions are supported by data but there is
a design flaw in the ASO experiments: relying on only one ASO per isoform when knocking
down Ctcflos. I detail my concerns below.

Major:

1. A design flaw in the study is that only one ASO was used for knock-down of each isoform
of Ctcflos. When using oligo based knock-down (ASOs, shRNA, siRNA etc) it is widely
recommended to use multiple independent oligos targeting the molecule of interest, in order to
minimize the risk that the observed effects of the knock-down wholly or partly result from off-
target effects rather than the actual knock-down. In the current study, a better design would
have been to use at least one more ASO per isoform in parallel, in order to exclude this
possibility. The problem is somewhat mitigated in some experiments where two different
isoforms ("tr1" and "tr3") are knocked down by different ASOs ("ASO1" and "ASO2"
respectively), and it is promising that the two different ASOs seem to yield (mostly) similar
results. However, for many experiments the authors abandon this approach and rely solely on
results using ASOI. That leaves the possibility that some of the following observations are due
to off-target effects. Best would be to redo these experiments with a different ASO, but at the
very least, text should be added to the manuscript that clearly discusses the possibility that some
of the ASO knockdown results may be due to off-target effects.

We thank the reviewer for this valuable comment and clearly agree with the recommendation
to use multiple different antisense oligos (ASOs) to knockdown a target molecule in order to
exclude or reduce the risk of off-target effects. We therefore repeated the knockdown of Ctcflos
trl with four further ASOs, two targeting Ctcflos trl (ASO 3 and 4) and two targeting Ctcflos
tr3-4 (ASO 5 and 6). Comparable to ASO 1 and 2 Ctcflos knockdown by the four new ASOs
comparably resulted in impaired brite adipogenesis as shown by reduced Ucp! gene expression
(Figure below) (revised manuscript Fig. 4 C-E).
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For the key experiments of the study, including Ucpl gene expression, brite adipocyte marker
gene transcription, global transcriptome analysis, lipolysis rates and brite cell respiration, we
used two antisense oligos (ASO 1 and ASO 2). To complete this and to reduce the risk of off
target effects of using only one antisense oligo, we further repeated the analysis of Ctcflos-
dependent alternative splicing of Prdmi6 with ASO 2 mediated Ctcflos KD, providing similar
results as using ASO 1 (Figure below) (revised manuscript Fig. 6 O-X).
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2. The authors conclude from their experiments that Ctcflos has a dual function: modulating the
transcription levels as well as isoform ratios of Prdm16. But whereas possible mechanisms
through which Ctcflos may influence the splicing machinery are discussed at length in the
Discussion section, no similar suggestions for how Ctcflos may regulate transcript levels are



introduced in the manuscript. In fact, the experiments are entirely consistent with a less
complicated explanation: that altered transcription levels follows from altered splicing. Unless
evidence is presented that there are two distinct mechanisms (or at least extensive discussion
detailing this reasoning), it seems unwarranted to put so much emphasis on this dual function
hypothesis.

As the reviewer pointed out, in the first version of the manuscript we described Ctcflos to exert
a dual functionality in brite adipogenesis by modulating transcription and alternative splicing.
Characterizing Ctcflos KD adipocytes revealed altered transcript levels as well as shifted
splicing patterns of several genes of the thermogenic program, mitochondrial function and lipid
metabolism. For both, the regulation of alternative splicing and the regulation of transcription,
several putative mechanisms have been described how IncRNAs can be involved: LncRNAs
can interact with the pre-mRNA itself, RNA binding proteins or splicing factors to modulate
the splicing process. By interaction with chromatin modifiers, transcription factors or cofactors
to guide them to or hijack them from their sites of transcription IncRNAs can regulate
transcription of one or several target genes.

Since altered transcription and splicing occur in parallel as direct consequence of the
knockdown and we do not have information on the detailed mechanistic activity and direct
target of Crcflos that mediates altered transcription and splicing, it is indeed difficult to
disentangle the causal chain of cellular changes that occur in response to Ctcflos KD. It is of
course possible that altered splicing, especially of key browning factors such as Prdmi6, can
entail extensive transcriptional changes as observed in the present study. On the other hand the
Ctcflos KD dependent transcriptional modifications could likewise be causal for the splicing
changes (e.g. by transcriptional changes of the splicing machinery and of splicing factors). In a
third scenario altered transcription and alternative splicing might occur in parallel, not
necessarily mediated by two independent mechanistic activities of Ctcflos but maybe rather as
a co-regulated process. Our data provide some hints that favor this third scenario: First, the
Ctcflos KD-induced changes in transcription and alternative splicing occur synchronously after
the KD. In our two-time point RNA sequencing strategy that was intended to help distinguish
cause and consequence, transcription and splicing changes both occurred 24 hours after Ctcflos
KD. If one would occur as consequence of the other they should appear in chronological
succession. Further arguing for a co-regulation of the two processes is the fact that
transcriptional and splicing changes do not strictly target entirely distinct sets of genes but
several genes are both, changed in transcription level and alternative splicing pattern as
showcased by Prdm16. In fact, transcription and splicing are tightly associated processes that
are spatially and temporally coordinately regulated in the nucleus. Prior studies described that
transcription factors and RNA polymerase II can directly or indirectly (through cofactors (such
as PGCla)) interact with splicing factors to concomitantly modulate the transcription rate and
splicing profile of a target gene. (Auboeuf et al, 2004; Cramer et al, 1999; Das et al, 2007,
Monsalve et al, 2000). Interestingly, nuclear speckles that function as storage, assembly and
modification compartments of transcription and splicing associated factors play a major role in
the coordination of both processes and can be regarded as kind of a common denominator of
transcription and splicing regulation. Phosphorylation and dephosphorylation cycles of splicing
factors, transcription factors and cofactors by kinases and phosphatases within the speckles
coordinate their activity, assembly to higher order complexes and translocation to the site of
transcription/RNA processing. These processes in turn can be regulated by IncRNAs (as
previously shown for MalatI (in human cells)) (Tripathi et a/, 2010). The increased number of
nuclear speckles in Ctcflos deficiency that might argue for an impaired translocation of
activated transcription and splicing associated factors out of the speckles to their site of action
suggest the involvement of Ctcflos in this regulatory process. An interaction of Ctcflos with
transcription factors, coregulators, splicing factors or kinases and proteases within nuclear



speckles to modulate their phosphorylation (and thus activity) states, their translocation or
assembly to complexes could be envisioned but still awaits experimental exploration. To further
clarify this hypothesis subnuclear localization of Ctcflos (e.g. by RNA FISH) and Ctcflos
interaction partners shall be identified in future analyses.

Conclusively, due to the lack of any clear evidence of cause and consequence and the hint
towards Ctcflos-dependent nuclear speckle function, we would prefer to describe the
transcription and splicing changes as parallel occurring effects of Ctcflos KD and would like to
rise the hypothesis that Crcflos coordinates these processes as component of the nuclear speckle
machinery where transcription and alternative splicing factors are commonly regulated.

As pointed out by the reviewer this is clearly not sufficiently discussed in the manuscript. The
discussion was adjusted to make this point more clear (lines 601-623 in the revised manuscript).
Also, the term “bi-functionality” was revised as it might be misleading to the impression that
Ctcflos works through two independent mechanisms for which we do not present any evidence
and which we did not intend to indicate (lines 40, 478, 492, 653). We rather aimed to describe
that Ctcflos exerts an impact on two levels of brite gene expression, on transcription and
alternative splicing.

Minor:

* In Fig 1B, I don't understand the meaning of the legend: what is "Contrib" and "Condition"?
The term “Condition” in the figure legend of principal component analysis refers to the two
different groups of samples, undifferentiated (‘“undiff”) and differentiated (“diff”’) adipocyte
samples of the five mouse strains, respectively. To clarify this, we renamed it “stage of
adipocyte differentiation”. The term “Contrib” that also discriminates between “undiff” and
“diff” 1s redundant and does not provide further information. We apologize for this mistake and
changed the figure legend (Fig. 1 B).

* Fig 4]J,K,L, the results regarding lipid droplet size: are any differences between NC and ASO1
KD significant? If not, these figures and corresponding text could be dropped or moved to
supplement.

The lipid droplets of Ctcflos KD adipocytes only show a trend towards reduced sizes but are
not significantly changed, we therefore moved, as suggested, the figure panel to the supplement
(previous Fig. 4 J, K, L are now Fig. EV 1 K, L, M).

Additionally, to make more clear that there is no significant effect, we rephrased lines 271-275
in the following way: “Knockdown of Ctcflos tended to shift cell morphology towards reduced
brite characteristic multilocularity, with slightly lower lipid droplet numbers (Fig. EV 1 J). The
observed trend for increased lipid droplet sizes was not significant (Fig. EV 1 K-M).
Despite this, Ctcflos deficient cells maintained the ability to differentiate into lipid loaded
adipocytes, as indicated by the lack of significant reduction in Oil red O staining (Fig. EV 1 N,
0).”

* Fig SE, what was used as the background gene set in GO analysis? All genes, or all genes
expressed in adipose tissue, or something else?

The background gene set for GO-term analysis by InCroMap software included all murine
genes.

* Fig SF, it is not easy to understand how to understand how to interpret the "Path Visio" figure
and what it actually tries to visualize.

The Path Visio figure visualizes the Ctcflos knockdown induced transcriptional changes of the
components of the core thermogenic gene expression program. The figure summarizes



important transcription regulatory events that drive precursor cell commitment into
thermogenic preadipocytes as well as early and late differentiation into mature thermogenic
adipocytes. In the commitment phase, PRDM16 in collaboration with Euchromatic histone-
lysine N-methyltransferase 1 (EHMT1) or C-Terminal Binding Protein 1 (CTBP1) and further
histone modifying enzymes represses the transcription of muscle and white fat selective genes.
In a complex with PPARy, TATA-binding protein associated factor 7L (TAF7L) and
transcription factor IID (TFIID), PRDM16 is further involved in the transcriptional activation
of thermogenic adipocyte-selective genes to drive cell fate into the thermogenic direction.
During early differentiation transcription factors, including CEBPB, EBF2, PPARY together
with its coactivator PGCla as well as ZFP516 bind to enhancer and promoter elements of
thermogenic genes. Prdm 16 associates with these factors and recruits the Mediator complex to
drive transcription of the targeted genes. Similarly, Ucp! gene transcription is mediated in the
late differentiation phase by the interplay of several transcription factors and coactivators,
giving rise to functional thermogenic adipocytes. Fig. 5 F summarizes these events and shall
introduce those readers not familiar to thermogenic adipogenesis with the most important
players in this procedure. Additionally, it provides information about the influence of Ctcflos
on the transcription of these factors. The color code visualizes the log2 fold change of genes 24
hours (left part of box) and 72 hours (right part of box) after Ctcflos KD. Several transcription
factors and cofactors are transcriptionally downregulated at one or both time points, indicating
that Crcflos KD affects the core thermogenic transcription regulation program. Importantly, the
discrimination between early (24 hours) and later (72 hours) KD induced changes provides
significant information on the sequential order of Ctcflos KD events, revealing more proximal
(Prdml6, Ebfl, Ppary, Nfia) and more distant (Pgcla, Ppara, Thrf, Cebpfl) mediators of the
Ctcflos KD impact on Ucpl gene transcription.

* Fig 6A, why did these terms not show up among terms discovered in Fig SE? Or Fig 5E only
contains a selected set of GO terms? Please clarify.

Figure 5 E presents the GO term analysis of genes that were DOWN-regulated 72 hours after
Ctcflos knockdown, while Figure 6A shows the GO term analysis of genes that were UP-
regulated 24 hours after Crcflos knockdown as well as the corresponding GO-terms in the
analysis of UP-regulated genes 72 hours after Ctcflos knockdown. Different sets of regulated
genes (up vs. down regulated) were thus subjected to the analyzes in Figures 5 and 6, explaining
why there is no overlap in the overrepresented GO terms in both Figures. We stated that more
clearly in the revised Manuscript line 393.

Figure 5 E and Figure 6 A (genes regulated 24 hours after KD) list the top GO terms, ranked
by the strength of overrepresentation. The top ranking GO terms of the 24 hours regulated genes
in Figure 6 A were extracted from the 72 hour analysis for comparison. The actual ranking
position of the GO terms within the 72 hour analysis is stated by the number right next to the
bar of the (—log 10) p-value.

* As far as I can see, Fig. 6 I is not referred to in the text.
We thank the reviewer for the note that we missed to refer to previous Figure 6 I (revised
manuscript Fig 6K) in the text. We added the reference to the figure in line 424.



Referee #3:

Bast-Habersbrunner et al. introduce the IncRNA Ctcflos as novel regulator of brite adipogenesis
in vitro. Using big data analysis of IncRNA-expression profiles of adipose tissues from several
inbred mouse strains with varying degrees of adipose browning Ctcflos emerges as a candidate
of interest. Ctcflos is shown to affect adipocyte differentiation on the levels of transcription and
alternative splicing, exemplified by Ucpl and Prdm16 mRNAs. Furthermore, the authors
demonstrate altered adipocyte function upon knockdown of Ctcflos.

The research is novel, technically sound and the manuscript is very well prepared. To my
opinion, this manuscript has no major weaknesses.

Minor Points:

1. This work originates from the study of inguinal white adipose tissue, which is an adipose
depot that readily undergoes adipose browning. Hence, it is logical that the authors chose to
study the role of Ctcflos in what they refer to as brite adipocytes. However, in the end, the data
also allow drawing the conclusion that also in classical brown adipocytes, e.g. derived from the
interscapular depot, Ctcflos is expressed, regulated and has functional impact. To my opinion,
this could be highlighted better.

We greatly thank the reviewer for this comment and agree that the effect of Crcflos in brown
adipocyte differentiation and function can be strengthened in the manuscript. At different points
in results and discussion we emphasized that Crcflos, beside its function in brite adipocytes,
also regulates classical brown adipogenesis:

e line 306-307: “Together, our data validate Crcflos as an essential component in the
specific control of thermogenic programming in brite and brown adipocytes.”

e line 496-497: “Consistent with this pivotal role in the thermogenic gene program,
Ctcflos likewise presents a significant component in classical brown adipogenesis.”

e line 523-525: “Eliminating Ctcflos during this early phase in the thermogenic
differentiation program induces severe impairments of brite and brown adipocyte
development as evidenced on transcriptional and functional levels.”

e line 646-648: “Conclusively, our comparative transcriptome analyses of diverging
IWAT browning propensities among inbred mouse strains uncovered adipose tissue
enriched IncRNA Cicflos that orchestrates early gene programming towards brite and
brown adipogenesis.”

e line 653-654: “As versatile regulator, Ctcflos accomplishes an essential role in brite and
brown fat cell differentiation, mitochondrial biogenesis and thermogenesis.”

2. The references to Figure S4P&Q in lines 316-323 is missing.

We apologize for the mistake. We included the references to previous Fig. S4 P (revised
manuscript Fig. EV2 T) in line 332 and previous Figure S4 Q (revised manuscript Fig. EV2 U)
in line 333

3. Figure 6B shows a decrease of Ucpl mRNA per Fabp4 upon isoginkgetin: it would be nice
to also show the levels of both genes in comparison to a housekeeping gene.

Showing the levels of Ucpl and Fabp4 relative to the housekeeper Gtf2b, respectively would
indeed be further informative (Figure below B and C). We therefore included the following data
in the manuscript as Figure 6 C and D in the revised manuscript.
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4. In line 807 it appears that blocking was done with TritonX-100 and not "TiritonX-100"
We corrected that spelling mistake in line 804 in the revised manuscript. TiritonX-100 was
replaced by TritonX-100.

5. The legend in Figure 1B (not the figure legend) does not explain well what is actually shown
in that PCA plot.

We apologize for the lack of clarity concerning the PCA legend. The term “Condition” refers
to the two different groups of samples, undifferentiated (“undiff”) and differentiated (“diff”)
adipocyte samples of the five mouse strains, respectively. To clarify this, we renamed it “stage
of adipocyte differentiation”. The term “Contrib” that also discriminates between “undiff”
and “diff” is redundant and does not provide further information. We apologize for this mistake
and changed the figure legend.

6. In Figure 4F please specify the loading control of the Western Blot shown in the figure
legend.

We specified -Act (B-Actin) as loading control within previous Figure 4 F (revised manuscript
Fig. 4 G) and also included this information (“Actin-3 as loading control”) in the figure legend
for Figure 4 G and also for Figure 4 Q in the revised manuscript.

7. The panels in Figure 6C should be enlarged for better visibility.
We enlarged the panels in previous Figure 6 C (revised manuscript Fig. 6 E).
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1st Revision - Editorial Decision 20th Apr 2021

Dear Dr. Klingenspor,

Thank you for submitting your revised manuscript. it has now been seen by two of the original
referees.

As you can see, the referees find that the study is significantly improved during revision and
recommend publication. Before | can accept the manuscript, | need you to address the points below:

* We note that Grant # LI3716/1-1 is missing from the manuscript submission system (eJP).
Moreover, in the manuscript text, the funding information should only be listed in the
Acknowledgements section.

» We noticed that Figures 6F )N and Fig EV1P are currently not called out in the text.

* Please convert Table EV1 into a Dataset file. Also, its legend needs to be removed from the word
article file and added into the dataset file.

* Please merge the source data into a single file.

* Please rename the 'Methods' section as 'Materials and Methods'.

Thank you again for giving us to consider your manuscript for EMBO Reports, | look forward to your
minor revision.

Kind regards,

Deniz Senyilmaz Tiebe

Deniz Senyilmaz Tiebe, PhD

Editor

EMBO Reports

Referee #1:

The authors have addressed the comments from the previous round of review in a satisfactory
manner. | now recommend publication in EMBO Reports.

Referee #3:

The authors have clarified all my points and - to my opinion - also to the other reviewers' points.
Great job!



2nd Authors' Response to Reviewers 21st Apr 2021

Prof. Dr. Martin Klingenspor | Technische Universitat Miinchen |
LS Mol. Erndhrungsmedizin | Gregor-Mendel-Str. 2| 85354 Freising

Freising, 21.04.2021
Dear Dr. Deniz Senyilmaz Tiebe,

we greatly thank you for informing us about the reviewers positive feedback on our revision.
As specified below, we tried to fulfill your additional requests and changed the manuscript, the
files and the submission form accordingly. We were not completely sure about your request to
convert Table EV1 into a dataset. Please let us know if there is still need for change.

*  We note that Grant # LI 3716/1-1 is missing from the manuscript submission system (eJP).
Moreover, in the manuscript text, the funding information should only be listed in the
Acknowledgements section.
=>» The Grant LI 3716/1-1 was now correctly included in the submission system
=>» The extra Funding section was deleted in the manuscript, funding information are now

only mentioned in the Acknowledgement section.

e We noticed that Figures 6F,N and Fig EV1P are currently not called out in the text.
=>» We added the reference to Fig 6F in line 412, the reference to Fig 6N can be found in line

443, the reference to Fig EV1P can be found in line 297.
e Please convert Table EV1 into a Dataset file. Also, its legend needs to be removed from the
word article file and added into the dataset file.
=> The excel file of Table EV1 has been renamed into Dataset EV1 and is added as a dataset
file into the submission system. In the manuscript text “Tab EV1” was replaced by
“Dataset EV1”. The data summarized in the table originate from the following dataset
(Array Express E-MTAB-8344, 2019) that is included in the reference list. We added the
reference to this Dataset in line 185-186 where Tab. EV1 is named to clarify this.
We hope these changes fulfill your request.

=>» We removed the dataset legend from the Manuscript_Text word file. The legend is
included in the Dataset EV1 excel file.

e Please merge the source data into a single file.
=>» All source data have been merged into one jpg file
=>» Alternatively, all source data files have been merged into a single .zip file

Both versions are now included in the submission form

* Please rename the 'Methods' section as 'Materials and Methods'.

=>» The Methods section has been renamed into ‘Material and Methods’

We are looking forward to hearing from you.

Sincerely,

h\ (L P IS

Prof. Dr. Martin Klingenspor

Technical University of Munich

TUM School of Life Sciences
Weihenstephan

Chair of Molecular Nutritional Medicine

EKFZ — Else Kroner-Fresenius Zentrum fiir
Erndhrungsmedizin

ZIEL — Institute for Food & Health



2nd Revision - Editorial Decision 22nd Apr 2021

Dear Prof. Klingenspor,

Thank you for submitting your revised manuscript. | have now looked at everything and all is fine.
Therefore, lam very pleased to accept your manuscript for publication in EMBO Reports.

Congratulations on a nice work!
Kind regards,

Deniz Senyilmaz Tiebe
Deniz Senyilmaz Tiebe, PhD
Editor

EMBO Reports

Please note that under the DEAL agreement of German scientific institutions with our publisher
Wiley, you could be eligible for free publication of your article in the open access format. Please
contact either the administration at your institution or our publishers at Wiley
(emboreports@wiley.com) for further questions.

At the end of this email I include important information about how to proceed. Please ensure that
you take the time to read the information and complete and return the necessary forms to allow us
to publish your manuscript as quickly as possible.
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

=> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
iustified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
>

a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

>
>
>
>
>
>
>

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

http://1degreebio.or;

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov

http://www.consort-statement.or;

http://www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tumc

http://datadryad.org
http://figshare.com

http://www.ncbi.nlm.nih.gov/ga|

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/
jil-biochem.sun.ac.za

‘oba.od. ov/biosecurity/biosecuri
http://www.selectagents.gov,

documents.html|
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text once you press return)

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

For each experiment it was aimed to include at least three to four biological replicates.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

No animal study was performed for the current manuscript. The manuscript includes data gained
from previous mouse studies (RNAseq data from iBAT of cold exposed C57BL/6) mice (GSE119452)
and qPCR gene expression data from iWAT of cold exposed C57BL/6) mice housed at different
temperatures). These mouse studies were designed as pilot studies with a limited number of 3-7
animals. Due to the small sample size no power calculatuion was conducted.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

Generally, sample exclusion was avoided for all analyses. Sample exclusion was only tolerated
\when extreme data outliers could be clearly deduced to technical problems during sample
processing. Concerning the previously conducted animal studies, animal wellbeing was continously
assessed using score sheets to evaluate the need for study exclusion. No animal needed to be
excluded according to this criterium.

3. Were any steps taken to the effects of subj; bias when all i imals/samples to treatment (e.g. For cell culture experiments in a multi-well format, allocation to the different treatment groups

randomization procedure)? If yes, please describe. was either performed randomly or according to cell culture plate symmetry, to avoid influences of
varying plate position-dependent growth conditions between treatment groups. For gene
expression analysis in adipose tissues of cold exposed mice, the mice were allocated to the
treatment goups by age and weight matching.

For animal studies, include a about r evenifnor was used. Mice were allocated to the respective treatment groups based on age and weight matching.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

For immunfluorescent picture analyses two independent investigators were recruited for blinded
evaluation. All other analyses (like gene expression analysis by gPCR and RNA sequencing,
respirometry, isoform profiling) are highly standardized and therefore less prone to subjective
bias.

4.b. For animal studies, include a statement about blinding even if no blinding was done

The treatment groups of mice were blinded during tissue harvesting and sample processing.

5. For every figure, are statistical tests justified as appropriate?

Dependent on the experimental design statistical analyses were performed by paired or unpaired
two-tailed Student’s t test for single comparisons, one-way or two-way ANOVA for comparison of

two or more groups with Sidék post hoc test for multiple comparisons. Correlations are given with
Pearson correlation coefficients.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Where appropriate, and dependent on sample size, Gaussian distribution was assessed by
D'Agostino-Pearsson omnibus normality test, Shapiro-Wilk normality test or Kolmogorov-Smirnov
test.




Is there an estimate of variation within each group of data?

Variation within each group of data is presented by error bars representing standard deviation.

Is the variance similar between the groups that are being statistically compared?

Yes

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

\Western Blot: UCP1-antibody: rabbit anti-UCP1, reacts with mouse/rat, Abcam AB23841, 1:10000,
(COX4-antibody: rabbit anti-COX4, reacts with mouse and other species, Cell Signaling 4844
Technology, 1:5000, housekeeper B-Actin-antibody: mouse anti-Actinb, reacts with mouse and
other species, EMD Millipore MAB1501, 1:5000. Fluorophore conjugated secondary antibodies:
goat anti-rabbit IRDye 800CW, donkey anti-mouse IRDye 680, Licor Biosciences, 1:20000.
Immunocytochemistry: SC35 antibody: mouse anti-SC35, reacts with mouse, rat human, Abcam
ab11826, diluted 1:100, Ucpl antibody: rabbit anti-UCP1, Abcam, diluted 1:200, Fluorophore
coupled anti-mouse or anti-rabbit secondary antibodies: Alexa Fluor 647 donkey anti-mouse IgG,
Life Technologies or Alexa Fluor 546 donkey anti-rabbit IgG, Life technologies, both diluted 1:500.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

no cell lines were used in the current study. All cell culture experiments were performed on
primary adipocytes isolated from inguinal WAT or interscapular BAT of specifically pathogen free

mice of the 129SvEv strain.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
and husbandry conditions and the source of animals.

Male 129S6sv/ev, A/J, AKR/J, SWR/J, C57BL6/J and 12951/SvimJ mice (UCP1-KO mice and wild-type|
littermates) were bred at the animal facility of Technical University of Munich and kept at room
temperature (23°C + 1°C), 55% relative humidity, 12h:12h light: dark cycle and ad libitum access to
water and food (regular chow diet V1124-3 M-Z; ssniff Spezialdidten GmbH, Germany)

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

All animal experimentation was conducted according to the German Animal Welfare based on
approved licenses. Al sacrificed animals were reported to the local authority (Regierung von
Oberbayern).

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

We confirm compliance with these guidelines.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. NA
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [NA

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD0O00208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

A data availability section is provided at the end of the Material and Methods part: RNA
sequencing data of control and Ctcflos depleted adipocytes harvested 24 or 72 hours after
antisense oligonucleotide mediated knockdown are deposited in the Gene Expression Omnibus
(GEO) database (GSE169150) (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE169150).
Deep RNA sequencing data of Ctcflos KD and control cells 24 hours after knockdown are available
at GEO (GSE169151) (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE169151).
Previously published RNA sequencing datasets referred to in this manuscript:

Transcriptomes of iBAT of cold exposed mice are available at GEO (GSE119452)

Transcriptomes of primary adipocytes derived from iWAT of the five mouse strains 129S6sv/ev,
A/), AKR/J, SWR/J, C57BL6/ are available at ArrayExpress (https://www.ebi.ac.uk/arrayexpress/):
(E-MTAB-8344).

19. D 1 is strongly rec for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

The table of IncRNAs regulated during brite adipogenesis is provided as Table EV1 in .xIsx data
format.

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

The manuscript does not include human clinical or genomoc datasets.

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

The manuscript does not include novel computational models. All computational models used in
the manuscript had been published before and are cited accordingly.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.
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