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August 7, 20221st Editorial Decision

August 7, 2022 

Re: Life Science Alliance manuscript #LSA-2022-01588-T 

Dr. Atlanta G Cook 
University of Edinburgh 
Wellcome Trust Centre for Cell Biology 
Michael Swann Building, King's Buildings 
Max Born Crescent 
Edinburgh EH9 3F 
United Kingdom 

Dear Dr. Cook, 

Thank you for submitting your manuscript entitled "Structure of SALL4 zinc-finger domain reveals link between AT-rich DNA
binding and Okihiro syndrome" to Life Science Alliance. The manuscript was assessed by expert reviewers, whose comments
are appended to this letter. We invite you to submit a revised manuscript addressing the Reviewer comments. 

To upload the revised version of your manuscript, please log in to your account: https://lsa.msubmit.net/cgi-bin/main.plex 

You will be guided to complete the submission of your revised manuscript and to fill in all necessary information. Please get in
touch in case you do not know or remember your login name. 

While you are revising your manuscript, please also attend to the below editorial points to help expedite the publication of your
manuscript. Please direct any editorial questions to the journal office. 

The typical timeframe for revisions is three months. Please note that papers are generally considered through only one revision
cycle, so strong support from the referees on the revised version is needed for acceptance. 

When submitting the revision, please include a letter addressing the reviewers' comments point by point. 

We hope that the comments below will prove constructive as your work progresses. 

Thank you for this interesting contribution to Life Science Alliance. We are looking forward to receiving your revised manuscript. 

Sincerely, 

Novella Guidi, PhD 
Scientific Editor 
Life Science Alliance 

--------------------------------------------------------------------------- 

A. THESE ITEMS ARE REQUIRED FOR REVISIONS

-- A letter addressing the reviewers' comments point by point. 

-- An editable version of the final text (.DOC or .DOCX) is needed for copyediting (no PDFs). 

-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our detailed guidelines for
preparing your production-ready images, https://www.life-science-alliance.org/authors 

-- Summary blurb (enter in submission system): A short text summarizing in a single sentence the study (max. 200 characters
including spaces). This text is used in conjunction with the titles of papers, hence should be informative and complementary to
the title and running title. It should describe the context and significance of the findings for a general readership; it should be
written in the present tense and refer to the work in the third person. Author names should not be mentioned. 

-- By submitting a revision, you attest that you are aware of our payment policies found here: https://www.life-science-
alliance.org/copyright-license-fee 

B. MANUSCRIPT ORGANIZATION AND FORMATTING:



Full guidelines are available on our Instructions for Authors page, https://www.life-science-alliance.org/authors 

We encourage our authors to provide original source data, particularly uncropped/-processed electrophoretic blots and
spreadsheets for the main figures of the manuscript. If you would like to add source data, we would welcome one PDF/Excel-file
per figure for this information. These files will be linked online as supplementary "Source Data" files. 

***IMPORTANT: It is Life Science Alliance policy that if requested, original data images must be made available. Failure to
provide original images upon request will result in unavoidable delays in publication. Please ensure that you have access to all
original microscopy and blot data images before submitting your revision.*** 

--------------------------------------------------------------------------- 

Reviewer #1 (Comments to the Authors (Required)): 

SALL4 is a multi-zinc finger (ZnF) factor that is mutated in Okihiro syndrome; its expression is reactivated in many aggressive
cancers where it has been considered as a candidate therapeutic target. However, its mode of interaction with DNA is not well
understood. Two recent studies, one from this group of authors (Pantier et al Mol Cell 2021) and another investigating liver
cancer (Kong et al Cell Reports 2020) found that the C terminal pair of ZnFs 6 & 7 in SALL4 bind AT rich sequences and are
critical for the function of the protein. 

In this manuscript, the authors describe the structure of the C-terminal ZnF cluster 4 of Sall4 in contact with an AT rich DNA
motif. The paper is a focused study that provides valuable structural information about this important transcriptional regulator,
though the results agree with prior analyses of how ZnFs interact with DNA, somewhat reducing the overall significance of this
work for the field. In addition, I find that the functional analysis of the SALL4 mutants and the studies investigating the
specificity/affinity of the SALL4 binding site are superficial. In my opinion the manuscript will require additional experiments as
outlined below, before publication can be considered. 

Main comments: 

1. The authors restrict their mutagenesis analysis (Figs. 4, S4, S5) to two genetic variants in Znf6 and Znf7 that are likely
causative for Okihiro syndrome. While I agree that these variants are interesting because of disease association, it would be
valuable to do a more comprehensive mutational analysis to test the predictions from their structural studies.

For e.g., the authors state that "two small aliphatic residues, I897 and V925 provide hydrophobic surfaces that interact with
methyl groups at C5 on thymine that point into the major groove. These hydrophobic surfaces likely provide some specificity of
thymine bases within SALL4-associated sequences". Selex could be used to test this possibility by mutating these residues, as
well as other residues guided by the analysis of the protein structure in complex with DNA. 

2. The authors conclude that SALL4 has an expanded specificity for a range of AT rich sequences. Because there are many AT
rich sequences throughout the genome, it is not clear what directs binding to actual target genes. In contrast, the study by Kong
et al used a protein binding microarray to identfy "an AT rich sequence with little degeneracy: AA[A/T]TAT[T/G][A/G][T/A], in
which the WTATB in the center of the motif represents the core sequence." Kong et al also derived an in vivo consensus motif
that agrees with the in vitro determined motif by profiling SALL4 binding across the genome using CUT&RUN. Does the Kong
core or more extended site represent a preferred higher affinity site? This could be tested by EMSA and isothermal titration
calorimetry. If this is the preferred binding site how would this inform their structural data?

3. Fig. 4b shows EMSAs for wild type and mutant SALL4 fragments of ZnF 6 & 7. If I am interpreting the figure correctly, the
bottom of the gel shows free probe next to the label "0.5 µM DNA"; the top of the wild type gel shows the shifted SALL4/DNA
complex next to the label "SALL4/DNA". It looks like less free DNA probe is depleted in the mutants compared with the wild type
protein, consistent with reduced binding. However, it is not clear why there is no visible Sall4/DNA complex at all for the mutants,
at least at the higher protein concentrations.

To rigorously conclude that that these disease associated mutations in Znf 6 & 7 have reduced binding, the authors need to use
EMSA and/or isothermal titration calorimetry to measure the apparent Kd comparing wild type and mutant proteins. This would
also determine if the reduced binding affinity for R900W and G921D really is as strong as the effect of H898R, which is expected
to disrupt the fold of the protein. It would also be reassuring if this result was validated by EMSA in cells with full length proteins-
for e.g. using the SALL4 constructs and cells used for the IF experiments (Fig. 4c). Testing for altered binding of mutant proteins
at some native target genes (based on their ChiP-seq and RNA seq in Pantier et al Mol Cell 2021) would also be valuable to
support the conclusion that the proposed Ohikiro mutants R900W and G921D show reduced binding at functionally relevant
sites. 

4. Western blots to show comparable expression of wild type and mutant proteins should be included to confirm that significantly
lower levels of protein expression do not at account for the apparent different cellular co-localization (overlap or not with DAPI) in



Fig. 4c.

Reviewer #2 (Comments to the Authors (Required)): 

Summary 
SALL4 is a transcription factor responsible for maintaining vertebrate embryonic stem cell identity. It does this by binding a wide
range of AT-rich DNA sequences via its zinc finger domains. Previous work has shown that the c-terminal ZFC4 domain of
SALL4 plays an important role, however, how ZFC4 recognises these motifs was not fully understood. Watson et al present a
crystal structure of ZFC4 bound to AT-rich DNA. This allows the characterization of SALL4 binding to DNA, finding that ZFC4
uses small hydrophobic and polar side chains to provide recognition. Additionally, Watson et al explore the effect of disease-
causing mutations in SALL4, suggesting that these lead to reduced DNA binding but do not affect its preference for AT-rich
sequences. Overall, this manuscript is well written. 
Main points 
Authors find that SALL4 recognises AT-rich DNA sequences through hydrophobic and polar side chains. The structural data in
this paper strongly support this claim allowing identification of the binding residues between ZFC4 and the major groove of the
DNA. However, some changes could be made to strengthen this argument. 
• Authors state that the ZFC4 sequence is conserved in SALL1/3 and 4 and therefore should have an identical DNA binding
specificity. If authors could show this by replicating EMSA or cell data with SALL1/3 this would greatly improve the impact of this
paper by highlighting the general mechanism of AT-rich recognition. It should be noted that although these experiments (3
months) would improve the manuscript, I do not believe they are necessary for publication.
• Authors elegantly use the gnomAD database to highlight the importance of the ZFC4 region in SALL4 function. Could the
authors extend this analysis to SALL1/3 to further support this. For example, is the VdVp ratio/mutations the same in those
proteins?
• Given the structure could the authors discuss why GC rich DNA would not fit?
• Would it be possible to generate a mutant which losses its preference for AT rich DNA such as I897/V925?
Authors find that disease causing mutations in ZFC4 lead to reduced DNA binding not loss of AT-rich affinity. Watson et al nicely
combine in vitro and cellular data to support this claim.
• However, the EMSA data shown appears to show complete loss of binding for DNA compared to HT-SELEX. Could the
authors explain this discrepancy or use another DNA probe for binding.
Minor points
1) This study focuses on ZFC4. However, SALL4 contains 2 other ZFCs. Can the authors clarify what role they play in SALL4
function and whether they contribute to DNA recognition in results paragraph 1?
2) Please could the authors add the other 9 mutations mentioned in results paragraph 2 onto fig 1a.
3) "Kratky analysis of these data indicate that ZFC4 is highly dynamic" Can authors explain Kratky analysis and add a reference.
4) Figure 2 would benefit from a zoom out with the entire structure to help orientate the reader.
5) Green and blue dotted lines need to be clearer in figure 2b.
6) I believe the manuscript would be benefit from combining figures 3 and 4. Both figures deal with how mutations effect binding
to DNA and would make it easier for the reader if these were together.
7) In figure 4 add a wider field of view of the cells. This will allow the reader to gain an appreciation of how the mutations effect
multiple cells.
8) Please add the analysis done in Supplemental figure 4c to figure 4c. This is crucial for the reader to interpret the data.
9) Please clarify the n in experiment supplemental figure 4c. Add number of experiments and number of cells analysed.
10) Fig 5a is a little unclear. Can authors add numbers to the figure to indicate the order of the process?
11) In the methods, can the authors add the objective used on the Zeiss microscope to take the immunofluorescence images.

Reviewer #3 (Comments to the Authors (Required)): 

This manuscript by Watson and colleagues describes the structure, cellular localisation and DNA binding properties of the c-
terminal Zn-finger domain (Zn4) of SALL4, a protein that is involved in vertebrate development. A crystal structure of a Zn4
bound to AT-rich DNA reveals the molecular details of their interface, and is complemented by biochemical and biophysical
analysis of their interaction. Mutations of Zn4 in SALL4 that have been observed in Okihiro syndrome were characterised and
found to disrupt its DNA binding and cellular localisation. 

I can't comment on the value of this work for the field at large, given that i do not work on SALL4 or vertebrate development and
can only judge it technically. In that regard, this is a robust piece of work that spans structural biology, biochemistry, biophysics,
cell biology and genetics. It was easy to read, their data is sound and the interpretation is commensurate with their results. I
have no issues/conflicts with any of their conclusions and so recommend this for publication. My only minor comments/queries
are the following: 
- What are the little grey filled circles on the DNA schematic shown in figure 2b? They are not described in the figure legend.
- Could the specificity of Zn4 for AT-rich DNA might comes from DNA shape/deformability sensing, rather than direct readout of



base edges?



1st Authors' Response to Reviewers         November 28, 2022

Reviewer #1 (Comments to the Authors (Required)): 

SALL4 is a multi-zinc finger (ZnF) factor that is mutated in Okihiro syndrome; its expression is reactivated in 
many aggressive cancers where it has been considered as a candidate therapeutic target. However, its 
mode of interaction with DNA is not well understood. Two recent studies, one from this group of authors 
(Pantier et al Mol Cell 2021) and another investigating liver cancer (Kong et al Cell Reports 2020) found that 
the C terminal pair of ZnFs 6 & 7 in SALL4 bind AT rich sequences and are critical for the function of the 
protein. 

In this manuscript, the authors describe the structure of the C-terminal ZnF cluster 4 of Sall4 in contact with 
an AT rich DNA motif. The paper is a focused study that provides valuable structural information about this 
important transcriptional regulator, though the results agree with prior analyses of how ZnFs interact with 
DNA, somewhat reducing the overall significance of this work for the field. In addition, I find that the 
functional analysis of the SALL4 mutants and the studies investigating the specificity/affinity of the SALL4 
binding site are superficial. In my opinion the manuscript will require additional experiments as outlined 
below, before publication can be considered. 



Main comments: 

1. The authors restrict their mutagenesis analysis (Figs. 4, S4, S5) to two genetic variants in Znf6 and Znf7
that are likely causative for Okihiro syndrome. While I agree that these variants are interesting because of
disease association, it would be valuable to do a more comprehensive mutational analysis to test the
predictions from their structural studies.

For e.g., the authors state that "two small aliphatic residues, I897 and V925 provide hydrophobic surfaces 
that interact with methyl groups at C5 on thymine that point into the major groove. These hydrophobic 
surfaces likely provide some specificity of thymine bases within SALL4-associated sequences". Selex could be 
used to test this possibility by mutating these residues, as well as other residues guided by the analysis of 
the protein structure in complex with DNA. 

Three additional mutations I897S, V925S and a dual I897S-V925S have been tested in both EMSA assays 
and in cell based assays (Fig. 3). These point mutations have more subtle effects than the disease 
mutations. As predicted, mutation of I897S (an aliphatic to polar change) reduces the affinity of SALL4 for 
DNA and shows loss of localisation to heterochromatic foci. We have not carried out SELEX experiments as 
it would not have been possible to do this extended analysis in the time given. We provide both in vitro and 
cell-based data to show the importance of this residue for DNA binding. The double mutation largely 
reflects the behaviour of the I897S mutation. 
Interestingly, the V925S mutation showed similar DNA binding activity to the wild type protein in vitro and 
retained localisation to AT-rich sequences in cells. While this result is somewhat unexpected, it fits with our 
observation that the majority of residues that make up the DNA major groove recognition surface of SALL4 
are small polar residues that support recognition of AT-rich sequences and are at the core of SALL4’s ability 
to recognise a variety of different sequences. Note that the I897S/V925S double mutant behaves much as 
the I897S mutation. This shows that I897 has the greater impact on specificity and affinity. In previous 
work, we demonstrated that a T919D/N922A double mutant substantially decreased DNA binding. All of 
these results are consistent with mutagenic studies in Ru et al 2022 where alanine mutations of I897 (I887 
in Human), N922 (N912 in Human) and T919 (T909 in Human) disrupt DNA binding. The first paragraph of 
the discussion has been expanded to address this point. 

2. The authors conclude that SALL4 has an expanded specificity for a range of AT rich sequences. Because
there are many AT rich sequences throughout the genome, it is not clear what directs binding to actual
target genes. In contrast, the study by Kong et al used a protein binding microarray to identify "an AT rich
sequence with little degeneracy: AA[A/T]TAT[T/G][A/G][T/A], in which the WTATB in the center of the motif
represents the core sequence." Kong et al also derived an in vivo consensus motif that agrees with the in
vitro determined motif by profiling SALL4 binding across the genome using CUT&RUN. Does the Kong core
or more extended site represent a preferred higher affinity site? This could be tested by EMSA and
isothermal titration calorimetry. If this is the preferred binding site how would this inform their structural
data?
We identified ‘ATATT’ as the preferred DNA motif, which agrees with the ‘[A/T]TAT[T/G]’ core motif
identified by Kong et al., and the DNA sequence that we used for EMSA contains this core motif. Similarly, a
recent study (Ru et al 2022 JBC, PMID: 36257403) showed that SALL4 ZFC4 binds to a core ‘TATT’ sequence,
which is also in agreement with our observations.
While ‘ATATT’ is the best motif, our HT-SELEX data (both in Pantier et al, 2021 and in the current study)
indicates that SALL4 ZFC4 is also able to bind to a wide range of other short AT-rich sequences to similar
extents (Fig. S6a). We have added a sentence to the results (page 5 paragraph 2) to indicate how our data
fit with prior observations by ourselves and others.

3. Fig. 4b shows EMSAs for wild type and mutant SALL4 fragments of ZnF 6 & 7. If I am interpreting the
figure correctly, the bottom of the gel shows free probe next to the label "0.5 µM DNA"; the top of the wild
type gel shows the shifted SALL4/DNA complex next to the label "SALL4/DNA". It looks like less free DNA
probe is depleted in the mutants compared with the wild type protein, consistent with reduced binding.



However, it is not clear why there is no visible Sall4/DNA complex at all for the mutants, at least at the 
higher protein concentrations. 
Loss of free probe as DNA is titrated with protein indicates a binding event even when there is no clearly 
shifted band on the gel. The smearing of the signal seen on the EMSAs for the mutant proteins is a common 
observation for proteins that interact weakly with nucleic acids. In these cases, it is likely that the reduced 
affinity of the mutant proteins for the DNA leads to a higher off rate of dissociation. In consequence, DNA-
protein complexes are not stable while separating on the EMSA gel and so a continuum of signal (smear), 
rather than a distinct band, is observed (see PMID: 17703195, Table 3 for a further explanation). We have 
redone the EMSA assays including poly dI/dC to act as a cold competitor for non-specific binding. This has 
reduced the smearing on the gels. 

To rigorously conclude that that these disease associated mutations in Znf 6 & 7 have reduced binding, the 
authors need to use EMSA and/or isothermal titration calorimetry to measure the apparent Kd comparing 
wild type and mutant proteins. This would also determine if the reduced binding affinity for R900W and 
G921D really is as strong as the effect of H898R, which is expected to disrupt the fold of the protein. It 
would also be reassuring if this result was validated by EMSA in cells with full length proteins-for e.g. using 
the SALL4 constructs and cells used for the IF experiments (Fig. 4c). Testing for altered binding of mutant 
proteins at some native target genes (based on their ChiP-seq and RNA seq in Pantier et al Mol Cell 2021) 
would also be valuable to support the conclusion that the proposed Ohikiro mutants R900W and G921D 
show reduced binding at functionally relevant sites. 
We have quantified all EMSA assays to estimate apparent binding constants for interactions (Figure 3c, 4e, 
Table S4). Furthermore, the level of enrichment measured by HT-SELEX (Figure 5b) is proportional to the 
affinity of a transcription factor for a given DNA motif (Jolma et al, 2010). Therefore, we can say confidently 
that G921D/R900W mutants have a significantly lower affinity for AT-rich motifs compared to wild-type 
ZFC4. 
While additional characterisation could be useful, we believe that our experimental data in vitro (EMSA/HT-
SELEX) and in cells (immunofluorescence) demonstrate that R900W and G921D mutations result in 
dramatically decreased DNA binding. We would anticipate that these mutations would show an almost 
complete loss of SALL4 binding genome-wide, similar to the “ZFC4mut” (i.e. T919D,N922A double 
mutation) ChIP-seq data characterised in Pantier et al, 2021, Figure 2.  
As the majority of the SALL4 protein is natively unstructured, carrying out in vitro experiments on full 
length protein are challenging. However, all cell-based experiments are done with full length protein and 
are consistent with the in vitro work on shorter constructs.  

4. Western blots to show comparable expression of wild type and mutant proteins should be included to
confirm that significantly lower levels of protein expression do not at account for the apparent different
cellular co-localization (overlap or not with DAPI) in Fig. 4c.
This is an important technical point, and we thank the reviewer for raising this concern. As cells are
transfected with variable efficiencies, western blot analysis (‘bulk’ levels of SALL4) is not appropriate to
compare expression levels between WT and mutant constructs. To circumvent this problem, we have re-
analysed immunostaining data and show that the level of expression of SALL4 in single cells does not affect
nuclear pattern (Figure S5c of high/low expression of WT and mutant SALL4 at the same
brightness/contrast ratio).

Reviewer #2 (Comments to the Authors (Required)): 

Summary 
SALL4 is a transcription factor responsible for maintaining vertebrate embryonic stem cell identity. It does 
this by binding a wide range of AT-rich DNA sequences via its zinc finger domains. Previous work has shown 
that the c-terminal ZFC4 domain of SALL4 plays an important role, however, how ZFC4 recognises these 
motifs was not fully understood. Watson et al present a crystal structure of ZFC4 bound to AT-rich DNA. 
This allows the characterization of SALL4 binding to DNA, finding that ZFC4 uses small hydrophobic and 
polar side chains to provide recognition. Additionally, Watson et al explore the effect of disease-causing 
mutations in SALL4, suggesting that these lead to reduced DNA binding but do not affect its preference for 



AT-rich sequences. Overall, this manuscript is well written. 
Main points 
Authors find that SALL4 recognises AT-rich DNA sequences through hydrophobic and polar side chains. The 
structural data in this paper strongly support this claim allowing identification of the binding residues 
between ZFC4 and the major groove of the DNA. However, some changes could be made to strengthen this 
argument. 
• Authors state that the ZFC4 sequence is conserved in SALL1/3 and 4 and therefore should have an
identical DNA binding specificity. If authors could show this by replicating EMSA or cell data with SALL1/3
this would greatly improve the impact of this paper by highlighting the general mechanism of AT-rich
recognition. It should be noted that although these experiments (3 months) would improve the manuscript,
I do not believe they are necessary for publication.
Unfortunately, in the timescale given for revisions, it was not possible to generate additional DNA binding
data for SALL1 and SALL3. It should be noted that were we to generate equivalent constructs for in vitro
work, these would be almost identical in sequence to SALL4, with none of the residues interacting with
DNA different between the expressed proteins (see protein alignment in Fig. S2c). Understanding whether
residues outside of the DNA binding site can influence binding affinity or specificity is interesting but would
be outside of the scope of this study.
There is substantial evidence that SALL1 and SALL3 bind to AT-rich DNA. For example Yamashita et al (2007,
doi 10.1111/j.1365-2443.2007.01042.x) showed that SALL1 enriches for AT-rich sequences in vitro and
binds to DAPI foci in mouse cells. Our previous mass spectrometry experiment to search for AT-rich binders
isolated both SALL1 and SALL3 in addition to SALL4 (Pantier et al 2021 doi 10.1016/j.molcel.2020.11.046).
We have added some additional background on SALL1 and SALL3 to the introduction and highlighted how
the sequence similarities in ZFC4 are relevant to SALL1 and SALL3 biology in the discussion.

• Authors elegantly use the gnomAD database to highlight the importance of the ZFC4 region in SALL4
function. Could the authors extend this analysis to SALL1/3 to further support this. For example, is the
VdVp ratio/mutations the same in those proteins?

We have extended the analysis and provided VdVp ratios for SALL1 and SALL3 (Figure S2d). There are some 
common trends between the three proteins but there are also some differences. Note that while SALL4 and 
SALL1 show similar expression profiles and are associated with genetic diseases that have overlapping 
presentations (Townes-Brock syndrome and Okihiro syndrome), SALL3 proteins have an apparently 
different expression profile and affect different organ systems (Parrish et al 2004, PMID: 15282310). It is 
therefore expected that SALL3 would have a different pattern of tolerance for missense mutations 
compared to SALL1 and SALL4.  

• Given the structure could the authors discuss why GC rich DNA would not fit?
We have added a point to the second paragraph of the discussion to address this.

• Would it be possible to generate a mutant which losses its preference for AT rich DNA such as I897/V925?
These mutants have been generated and analysed (see reviewer 1 comments above). These data are in
Figure 3.

Authors find that disease causing mutations in ZFC4 lead to reduced DNA binding not loss of AT-rich 
affinity. Watson et al nicely combine in vitro and cellular data to support this claim. 
• However, the EMSA data shown appears to show complete loss of binding for DNA compared to HT-
SELEX. Could the authors explain this discrepancy or use another DNA probe for binding.
Quantification of EMSA data suggest that DNA binding for R900W is substantially reduced, while the G921D
mutation showed no apparent binding in this assay. As noted above to Reviewer 1, while there is no higher
band on the EMSAs representing the DNA/protein complex with the SALL4 disease mutations, it is unlikely
that there is a complete loss of binding to DNA when the “free” DNA band disappears as the protein is
titrated in e.g. for mutation R900W. As noted above for reviewer 1, HT-SELEX enrichment is dependent on
the binding constant (Jolma et al, 2010). Consequently, the HT-SELEX is still reporting on DNA binding albeit
for very low affinity binders.



Minor points 
1) This study focuses on ZFC4. However, SALL4 contains 2 other ZFCs. Can the authors clarify what role they
play in SALL4 function and whether they contribute to DNA recognition in results paragraph 1?
We have added further background to the function of ZFC1 and ZFC2 in the introduction (paragraph 2). We
have focused on ZFC4 as this zinc finger cluster appears to play a defining role in maintaining identity of
ESCs through its recognition of AT-rich sequences. Ru et al JBC 2022 have shown that ZFC1 binds DNA and
so may contribute to SALL4 function. However, we previously showed that constructs lacking ZFC1 and
ZFC2 show similar phenotypic outcomes to wild type protein in ESCs (Pantier et al 2021), so it is unlikely
that ZFC1 and ZFC2 make major contributions to DNA binding.

2) Please could the authors add the other 9 mutations mentioned in results paragraph 2 onto fig 1a.
We have redone the ClinVar search and added an updated set of variants of uncertain significance (there
are now 12 that do not have an equivalent mutation in gnomAD). These are now mapped in Figure 1a.

3) "Kratky analysis of these data indicate that ZFC4 is highly dynamic" Can authors explain Kratky analysis
and add a reference.
Additional explanation of the Kratky analysis and references have been added to the text (Page 4).

4) Figure 2 would benefit from a zoom out with the entire structure to help orientate the reader.
A zoomed out overview has been added to Fig. 2c.

5) Green and blue dotted lines need to be clearer in figure 2b.
Thicker lines have been added to Fig. 2b.

6) I believe the manuscript would be benefit from combining figures 3 and 4. Both figures deal with how
mutations effect binding to DNA and would make it easier for the reader if these were together.
The original Figures 3 and 4 have been combined into a new figure 4.

7) In figure 4 add a wider field of view of the cells. This will allow the reader to gain an appreciation of how
the mutations effect multiple cells.

We used the 100x objective to obtain high resolution pictures showing nuclear organisation, so a wider 
view is not possible. Additional examples of representative cells are presented in Fig. S5c, and all raw and 
processed microscopy data will be provided on a shared server 
(https://datashare.ed.ac.uk/handle/10283/4011). Furthermore, all transfected cells were analysed and 
quantified in Fig. 4g (formerly Fig. S4c). 

8) Please add the analysis done in Supplemental figure 4c to figure 4c. This is crucial for the reader to
interpret the data.
This has been done, this is now panel Fig. 4g.

9) Please clarify the n in experiment supplemental figure 4c. Add number of experiments and number of
cells analysed.
The number of cells analysed is indicated in the chart above each mutant (Fig. 4g). The legend now clarifies
that each point on the chart is from an independent transfection.

10) Fig 5a is a little unclear. Can authors add numbers to the figure to indicate the order of the process?
This has been done.

11) In the methods, can the authors add the objective used on the Zeiss microscope to take the
immunofluorescence images.
This has been added.



Reviewer #3 (Comments to the Authors (Required)): 

This manuscript by Watson and colleagues describes the structure, cellular localisation and DNA binding 
properties of the c-terminal Zn-finger domain (Zn4) of SALL4, a protein that is involved in vertebrate 
development. A crystal structure of a Zn4 bound to AT-rich DNA reveals the molecular details of their 
interface, and is complemented by biochemical and biophysical analysis of their interaction. Mutations of 
Zn4 in SALL4 that have been observed in Okihiro syndrome were characterised and found to disrupt its DNA 
binding and cellular localisation. 

I can't comment on the value of this work for the field at large, given that I do not work on SALL4 or 
vertebrate development and can only judge it technically. In that regard, this is a robust piece of work that 
spans structural biology, biochemistry, biophysics, cell biology and genetics. It was easy to read, their data 
is sound and the interpretation is commensurate with their results. I have no issues/conflicts with any of 
their conclusions and so recommend this for publication. My only minor comments/queries are the 
following: 

- What are the little grey filled circles on the DNA schematic shown in figure 2b? They are not described in
the figure legend.
These are the methyl groups of the T bases. This has been clarified in the figure legend.

- Could the specificity of Zn4 for AT-rich DNA might come from DNA shape/deformability sensing, rather
than direct readout of base edges?

As shown in Fig. S1b, we observe some compression of the minor groove and opening of the major groove 
in the structure. It is likely that some level of deformability contributes to recognition of AT-rich sequences. 
However, given that there are many direct interactions with bases in the major groove, it seems likely that 
the selection of AT-rich sequences is primarily based on the interactions with small hydrophobic and polar 
amino acids.  
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