
Reviewers' comments:

Reviewer #1 (Remarks to the Author):

In the manuscript titled “Promoter-proximal pausing mediated by the exon junction complex 
regulates splicing”, Akhtar et al. demonstrate a novel non-canonical function of EJC components in 
Pol II pausing at promoter-proximal regions. By using ChIP-seq and 4sUDRB-seq, authors have 
shown that the EJC core factors, but not peripheral proteins, can pause Pol II but has no 
significant effect on Pol II elongation rate at gene body. Further, artificially tethering EJC core 
components to 5’ of nascent transcripts of a reporter induces Pol II pausing. By protein 
immunoprecipitation, EJC protein, Mago, is shown to interact with pausing Pol II (Ser5P), but not 
elongating Pol II (Ser2P). Knockdown of EJC components increases the association between Pol II 
and Cdk9 and Cdk12, two proteins required for transition of Pol II to elongation. Cdk9 and Mago 
double knockdown partially restores the splicing and photoreceptor defect in Mago knockdown 
flies. Finally, the authors also show that the role of pre-EJC in promoter proximal pausing is 
conserved in human cells.
Overall, the manuscript has provided convincing data in support of their major conclusions 
regarding a novel function of EJC components in pausing Pol II with mechanistic insights. We 
recommend that the manuscript can be “accepted with minor revision” for publication in Nature 
Communications. Specific comments are below.

Major comments:
1. Based on similar effects of individual knockdown of Mago, Y14 and eIF4AIII on promoter-
proximal pausing the authors draw a major conclusion that this function is performed by the "pre-
EJC" assembled from the three factors. However, there is no direct evidence presented that the 
three proteins indeed function in a complex. The authors can address this by comparing the ability 
of an EJC-interaction mutant of Mago with the wild-type protein in rescue of splicing and promoter-
proximal pausing defects (using MAPK as in Figs 1a and S1b).
2. It will be helpful to comment on the "strength" of Pol II pausing caused by the pre-EJC as 
compared to more canonical negative regulators such as NELF and DSIF.
3. Fig 1c, d: metagene plots, it is not clear if confidence intervals for the two plots being compared 
is shown or not. Same applies to some (e.g. Fig 3a, 5a) but not all (e.g., Fig 1e, 1j, 1k) metagene 
plots in the manuscript.
4. It is difficult to compare heatmaps in Fig 2e and 5c to assess differences that the authors are 
trying to show. It will be better if fold-change in knockdown experiments as compared to controls 
are also shown as a heatmap to more clearly show the differences.

Minor comments:
1. Fig S1a: x-axis should include label such as “dsRNA transfected”.
2. Fig S1b, c: splicing patterns seen by PCR seem to be different between b and c for the Mago 
knockdown condition.
3. Fig S1d: From the genome browser screenshot, it is difficult to tell which exons are skipped.
4. Fig S1f and Fig S5d: UpSet plots are difficult to interpret. Consider using Venn diagrams 
instead.
5. Pg10, lines 11-13. “Consistently, the proportion of Mago or pre-EJC-bound genes was higher at 
highly expressed genes (Supplementary Fig. 2f and 5i).”: no information from Fig S2f is used.
6. In Fig S5j. No p-value is shown in the figure despite the legend.
7. Fig S6a, protein labels are switched in western blot. Same in Fig S6g.
8. Fig7i, the quantitation labels under the image are not aligned with gel lanes.

Reviewer #2 (Remarks to the Author):

Exon Junction Complex (EJC) is deposited on RNA co-transcriptionally and functions to control the 



fate of the transcript. EJC's roles beyond this classical model have been proposed in the past. The 
current manuscript by Akhtar et al add a mechanistic view to the non-classical functions of EJC by 
showing that (i) EJC regulates promoter-proximal RNA Pol II pausing by restricting Cdk9 activity, 
and (ii) the pausing-associated function is sufficient to explain the role of EJC in splicing 
regulation.
While the two claims made by the authors are intriguing and interesting, more rigorous 
experimental tests need to be performed in order to substantiate the proposed model. With global 
functions of EJC already known, mechanistic insights must be brought in before arriving at the 
claims authors make. The three critical issues that would require the authors' attention are 
described below:
(1) If EJC association to nascent transcript and Pol II was causally associated with restricting Cdk9 
activity, then EJC will not be expected to bind highly expressed genes. However, authors 
themselves point out that EJC binds irrespective of the expression status. Also, it is not clear how 
EJC 'selects' to bind at certain genes. Both these questions require a deeper understanding of how 
EJC relates to pausing: as a cause or as a consequence. Experiments with specific inhibitors of 
initiation, elongation of Pol II, rather than general Amanitin used in the study, may be able to 
dissect this issue. Using a dynamic expression model of a gene, such as heat-shock genes or 
ecdysone-responsive loci, will help tease apart the role of EJC. Previously published studies have 
already performed ChIPseq of EJC along with polyetene staining to show that EJC binds to Hsp loci 
(PMID: 27879206). What happens to Pol II before/ during/ after heat-shock at these loci in 
absence of EJC will provide an insight. Finally, the experiments describing tethering of EJC to 
nascent RNA of luciferase is important as it takes apart the myriad other roles of EJC. It will be 
very useful if this experiment is repeated using another gene model, preferably at an endogenous 
gene that does not show EJC binding, and does not show pausing (should be identifiable using the 
genomic datasets). The knock-in of EJC binding site will be immensely useful in arguing against 
the hypothesis that EJC knock-down causes a generic activation of Cdk9, not just in a locus-
specific manner.
(2) EJC's proposed role in pausing is not developed in the context of pre-existing regulators/ 
known functions. E.g. could EJC recruit NELF, and thus inhibit Cdk9/ enhance pausing? 
Alternatively, is EJC itself recruited by NELF and both the proteins cooperate to establish pausing? 
This issue is highly relevant as NELF has also been proposed to bind nascent RNA, possibly 
competing or cooperating with EJC. NELF mutants/ knock-down, NELF ChIP with/ without EJC 
function as well as with Cdk9 inhibitors should be able to provide the details linking EJC and 
pausing. Moreover EJC is known to have a role in mRNA capping. How much of this role is relevant 
in pausing? An ideal experiment using mutants that are deficient in capping but not in pausing will 
be useful. But if such mutants do not exist, it will be understandably difficult to delineate the two 
processes. Nonetheless, mRNA capping and pausing have been linked before, and in the context of 
the information about EJC/ capping, it will be important to tease them apart.
(3) The authors suggest that the pausing function explains the splicing regulation by EJC. For this 
claim to be convincing, the authors should use the ectopic recruitment model, with intron-
containing reporter gene/ possibly using an endogenous gene with introns (also to answer the 
issue #2 raised above). The evidence authors use to link pausing and splicing can be explained by 
various other 'global' functions of EJC, and hence local tethering of EJC will be a useful 
experiment.

Other issues that must also be taken care of:
(i) EJC binds promoters in an RNase-sensitive manner has been previously reported (PMID: 
27879206), and the authors should cite these results appropriately in the intro and results. 
Obviously the ChIP-binding observed in this manuscript is not at all unexpected, as authors claim 
(Page 9). On this note, it will be crucial to compare and contrast published dataset of Y14 with the 
binding profile reported in this manuscript. The published data clearly indicated that eIF4AIII 
shows a binding profile quite distinct from Mago/ Y14, based on Polytene. Also earlier results show 
that EJC does not pull down Pol II, unlike what is reported in this manuscript. This discordance 
may stem from biology, and needs to be discussed/ tested.
(ii) In general the graphs in the manuscript are poorly labeled. All axes must be clearly indicated 



(see 1b). Whenever there is 'fold enrichment/ change', it must be made clear what is enriched 
over what in the figure itself (see 1c for example). For showing ChIP-qPCR data, please refrain 
from using fold enrichment, rather use '% of input' or some standard form of quantitative ChIP 
output.
(iii) For metaplots, it is not clear how replicates are dealt with (e.g. 1c/d/e..). Also on page 7, the 
authors indicate 'equal sized quartiles'...It is not clear on what basis the quartiles were made -
based on changes upon knock-down or control values?
(iv) As a key method of genomic analyses, authors have resorted to comparing EJC-bound and 
unbound genes. It must be made sure that the genes being compared have an overall similar Pol 
II profile/ amount before knocking down EJC. Else the comparison may reflect an effect of a global 
change in transcription that depended on starting Pol II levels. Such analyses will then be a mis-
interpretation of the data. In this regard, it will be easier if the authors showed real distributions in 
two conditions, rather than showing ratios/ fold enrichment, which hides the differences in basal 
levels.
(v) Page 9: The degree of overlap between...high (34%). This is not very high if you consider that 
you ChIP'ed three proteins in the same complex! See comment (i) regarding previously reported 
overlap.
(vi) Wrong labeling in S6a.

Reviewer #3 (Remarks to the Author):

The Exon Junction Complex (EJC) has recently been shown to facilitate splicing in flies, but the 
mechanism by which the EJC helps splicing has been elusive.
Akhtar et al., reports that the EJC ensures correct splicing by preventing the premature release of 
RNA polymerase II (PolII) from the promoter.

The following are the major claims of the paper:
1. The depletion of the core EJC factors leads to a decreased PolII occupancy at gene promoters, 
which is a consequence of reduced pausing rather than a decrease in transcription initiation.
2. The core EJC factors, but not the accessory co-factor RnpS1, occupy promoter regions 
independently of splicing, but dependently of the interaction with PolII mediated by nascent 
transcripts.
3. The EJC restricts the recruitment of P-TEFb to the promoter region.
4. A co-depletion of CDK9 or CDK12 rescues the MAPK exon exclusion phenotype and the eye 
development defect caused by EJC depletion.

It is well accepted that splicing occurs co-transcriptionally. But, the mechanism by which PolII 
influences the splicing outcomes remains unclear. It is known that the EJC physically associates 
with other splicing factors including SR proteins. Therefore, it was postulated that the EJC 
facilitates splicing by recruiting splicing factors on pre-mRNA. This work demonstrated that the EJC 
aids splicing at least partially by preventing the release of PolII from the promoter, thus shedding 
light on a previously undescribed function of the EJC. Although the manuscript does not fully 
answer the question of why long-intron-containing genes are more sensitive to the loss of EJC, it 
advances our understanding of how the assembly of PolII elongation complex at the promoter 
influences co-transcriptional RNA processing.
Although some parts need clarification, their claims are overall supported by the data. Therefore, I 
recommend a publication in Nature Communications.
The following are the suggestions for improvement:

Major comments:
1. For all the box plots comparing pre-EJC bound and unbound genes, how were the unbound 



genes selected? Was the expression cut-off comparable to the pre-EJC bound genes? Otherwise, 
that would affect the comparison regardless of the binding status of pre-EJC.
2. The rescue experiments are remarkable. If the depletion of Cdk12 rescues the EJC-KD 
phenotype, do we not expect to see the same when Paf1 complex components are additionally 
depleted because Paf1 complex has been shown to recruit Cdk12 to the paused polII? Can authors 
also show by RT-PCR that the depletion of Paf1 complex in addition to the EJC-KD does not impact 
the MAPK splicing because RT-PCR appears to be a more quantitative measurement than eye 
phenotype?
3. To further strengthen the Author's findings, does the depletion of NELF lead to MAPK mis-
splicing phenotype (and the eye developmental defect)?

Minor comments:
1. Figure labelling needs improvements. They should be understandable without having to read 
legend or method section.
2. Where were Transcription Start Sites taken from?
3. The number of genes in each category should be noted for box plots.
4. Some comparisons lack an assessment of statistical significance, e.g. Fig4a-c.
5. In ChIP-seq tracks such as Fig1b, Y-axis lacks labeling.
6. How is fold change in ChIP-seq experiments calculated in Figs 1 and 2? Is it normalised to the 
total genome mappers divided by the cloning counts of spikes?
7. How were the BoxB-lambdaN constructs made? Were the expression levels comparable? Was 
GFP fused to the nuclear localisation signal in order for it to be comparable to splicing factors?

8. Fig1a: Fold enrichment over what?
9. Fig1b: Isn't it strange to see a complete depletion of PolII signal from the gene body in the 
control KD?
10. Fig1g: What does the x-axis mean?
11. Why is FigS2a so different from Fig1a?
12. Fig4h: Why not showing the same Venn diagram as e-g?
13. Fig6e: The standard deviation may not be calculated from two data points.  



























REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the Author):

In the revised manuscript, the authors have conscientiously addressed majority of comments from 
reviewers. They have now provided more experimental evidence to support their major 
conclusions. However, there are several minor inaccuracies and inconsistencies in the manuscript, 
which should be fixed before publication. We recommend the authors to make changes to address 
the following minor issues:
1. Line 114: the details of splicing changes in Btz depletion are not present in Suppl. Fig. 1h, 
unlike as stated by the authors.
2. Lines 144-145: the Pol II occupancy at TES does not increase upon Y14 depletion in comparison 
to Mago and eIF4AIII depletion (Suppl Fig. 2e). However, the authors incorrectly describe this 
result to be similar to Mago depletion.
3. Lines 156-157: Here is what we understand regarding how the authors performed the analysis 
in Fig. 1h. The four quartiles were defined based on PRR in wild-type conditions. Then the authors 
looked at fold-change in PRR in the four quartiles, and that is what is shown in Fig. 1h. If that is 
the case, "upon Mago KD" should be removed from the sentence on line 156 as it makes the 
wording confusing.
4. Lines 192-194: In the conclusion from the experiment examining the hsp70 during heat shock, 
the authors should clarify what they mean by “maintain pausing” and “initiate pausing”. Also, is 
the increase in Pol II occupancy in HS conditions (in control and Mago KD) simply due to increased 
transcription? If this is the case, this occupancy is distinct from that observed due to pausing (and 
hence the differences seen in no HS or after HS as compared to HS). This should be more clearly 
stated.
5. Lines 221-224: The authors again incorrectly describe their findings from Suppl. Fig. 6g in this 
sentence. There seems to be significant difference in Mago-HA ChIP signal upon Cwc22 KD or 
isoginkgetin treatment as compared to control. The differences are particularly prominent in the 
case of intron-containing genes. Perhaps, there could be some cross-talk between transcription 
and splicing dependent EJC factor recruitment mechanisms.
6. Line 226: It should be Suppl. Fig. 6h and not 5h.
7. Suppl. Fig 7a: The authors should include a sentence on why they see a reduction in Pol II 
occupancy on 3' end of piwi, Crk3 and BBS8 genes but such a change is not see in Luciferase 
construct (Fig. 3h).
8. Suppl. Fig 7b is not referenced in the main text.
9. Suppl Fig. 8b is similar (the same?) as Suppl Fig. S6k. However, the former is labeled to show 
"pre-EJC bound" whereas the latter shows "Mago bound".
10. Line 346: Should the reference be to Suppl Fig. 9c instead of Suppl Fig. 7c?
11. Line 349: Should the reference be to Suppl Fig. 7b instead of Suppl Fig. 6b?

Reviewer #2 (Remarks to the Author):

The authors have thoroughly revised the manuscript and answered all the questions raised. I 
recommend this manuscript to be accepted.

Reviewer #3 (Remarks to the Author):

Authors have answered most of the key questions raised by reviewers. However, I believe several 
points should be made clear for data presentation before publication.

1. It is not conventional to draw error bars from two biological data points. This applies to Figure 
6e and most of meta gene plots comparing control KD and mago(h) KDs. Please display the 
standard deviation as confidence intervals in selected single libraries of each KD condition. Data 



deviation between two replicates should be shown in a different format if necessary.

2. Please provide all the original western blot images in a separate supplementary file.

3. It is still not clear how ChIP-seq data are normalised. How can libraries be normalised both by 
spike-in and input? Please elaborate the method section rather than just mentioning which tools 
were used.

4. Fig. 2a-c and S6a, c: no genome-wide profile of RnpS1-HA ChIP is shown.

5. Please explain what x and y axes indicate and what individual dots represent in Figure S2c.

6. Box plots displaying the polymerase release ratio are difficult to read. Please use the full term 
whenever space is allowed and consider using "paused" and "less paused" with a triangle indicator 
instead of using low to high or quar. 1 to 4.  









 


