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1st Editorial Decision 11th Mar 2020

Dear Helen,

Thank you for the submission of your manuscript to EMBO reports. | apologize again for the delay in
handling your manuscript. As | already informed you, we have meanwhile received two reports on it
but are still waiting for the third report from the structural biology expert. Since the two reports we
have already received are in agreement and since both referees support a revision for EMBO
reports, we have decided to invite you to begin revising your study along the lines suggested by the
referees. As soon as we will receive the final report on your manuscript, we will forward it to you as
well.

As you will see, the referees acknowledge that the findings are potentially interesting. However,
referees 1 and 2 also point out several technical concerns and have a number of suggestions for
how the study should be strengthened. Referee 1 considers the prediction and testing of FANCI
and FANCD2 mutants in a cellular context important. Experiments along these lines should be
added if not too time-consuming. Referee 1 further recommends testing for the effect of residual
DNA on ubiquitination and DNA binding. Referee 2 suggests testing the DNA affinity of the
FANCIUb-FANCD2 complex. Upon further discussion of this point with referee 2, s/he indicated that
the experiment should be straightforward as you have all materials at hand but also stated that
"..since this is such an obvious experiment the authors might have a good reason why this did not
or will not work. In that case I would be fine with this as long as they provide this reasoning”. Thus
either address this point experimentally or discuss it in the text.

Given these constructive comments, we would like to invite you to revise your manuscript with the
understanding that the referee concerns (as detailed above and 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.

Revised manuscripts should be submitted within three months of a request for revision; they will

otherwise be treated as new submissions. Please contact us if a 3-months time frame is not
sufficient for the revisions so that we can discuss the revisions further.

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 is missing.

2) Your manuscript contains error bars based on n=2. Please use scatter blots showing the

individual datapoints in these cases. The use of statistical tests needs to be justified.

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.

When submitting your revised manuscript, we will require:

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) You have currently five figures and your study will thus be published in our Reports section. This
requires that you combine the Results and Discussion section and please keep our character limit
of 25,000 (+/- 2,000) characters in mind (excluding references and materials and methods).

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

Please download our Figure Preparation Guidelines (figure preparation pdf) from our Author
Guidelines pages

https//www.embopress.org/page/journal/14693178/authorguide for more info on how to prepare
your figures.

4) 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.

5) a complete author checklist, which you can download from our author guidelines (). Please insert
information in the checklist that is also reflected in the manuscript. The completed author checklist
will also be part of the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript (). Please find instructions on how to link your ORCID ID to
your account in our manuscript tracking system in our Author guidelines

0

7) 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 (including page numbers). 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:

- 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 xIs files. Alternatively, the legend can be
supplied as a separate text file (README) and zipped together with the Table/Dataset file.

8) Before submitting your revision, primary datasets (and computer code, where appropriate)
produced in this study need to be deposited in an appropriate public database (see <
https//www.embopress.org/page/journal/14693178/authorguide#dataavailability>).
Specifically, we would kindly ask you to provide public access to the cryo-EM data.

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 (see also <
https//iwww.embopress.org/page/journal/14693178/authorguide#dataavailability>). 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=GSE4684 3)

- [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. ***

9) 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 .

10) 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 .

11) 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.

IMPORTANT : Please note that error bars and statistical comparisons may only be applied to data
obtained from at least three independent biological replicates. If the data rely on a smaller number
of replicates, scatter blots showing individual data points are recommended.

- Graphs must include a description of the bars and the error bars (s.d., s.e.m.).

- Please also include scale bars in all microscopy images.

12) As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes
online a Review Process File to accompany accepted manuscripts. This File will be published in
conjunction with your paper and will include the referee reports, your point-by-point response and
all pertinent correspondence relating to the manuscript.

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."

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.

Kind regards,
Martina

Martina Rembold, PhD
Editor
EMBO reports
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Referee #1:

The paper by Walden and colleagues describes a function of FANCD2 and FANCI in stabilization of
protein that depends on ubiquitination and DNA binding. Overall these are interesting data but
would benefit by attention to a few additional details as listed below. In addition, some cell biology
correlates would be helpful to assure confidence. For example, can any prediction by made and
subsequent FANCI or FANCD2 mutants expressed that would have functional effects in cells?
Technically, ubiquitination and deubiquitination depend on DNA binding, and the retained DNA may
have some effect on assessment of downstream effects, such as DNA affinity. A benzonase
treatment should be inserted to account for this to remove DNA and then proceed to DNA binding
experiments to assure the fidelity of the results presented. | could not find any statement in the
text to this effect. In addition, it may not be possible to assess the behavior of isolated D2 as in
many hands appears to form aggregates.

From an interpretation point of view, one can argue that the cryoEM suggests that the ID2-ub
complex closes against the DNA which is present during the ub reaction. This would seem to be an
alternative explanation to that suggested by the DNA binding reactions in Fig 1.

For the de ub assays, again the question of DNA being present or not is important. Recent reports
are suggestive that it is, and this the variable of DNA binding should be assessed. While DNA was
added, it is unclear if as a control DNA was omitted. Again, benzonase may have to be used as a
pre treatment to ensure DNA is absent prior to addition/omission of DNA for the reaction.

Minor

The manuscript needs editing for awkward constructs, grammar, etc; see abstract

Referee #2:

This manuscript by Rennie et al. describes the biochemical characterization of the role of
ubiquitination of the FANCI-FANCD?2 (ID2) complex. While this posttranslational modification has
long been known to activate the FA-pathway that repairs DNA interstrand crosslinks, the
biochemical function of ubiquitination has remained a mystery. This has been in part due to the fact



that it has proven difficult to purify the ubiquitinated form of the ID2 complex. The Walden lab was
one of the first labs to be able to do this, although other labs (e.g. Passmore, Deans and Pavletich)
are also reporting on this. The authors purified the unmodified ID2 complex, the complex with site-
specific ubiquitinated FANCD?2, or ubiquitinated FANCD2 and FANCI, and determined their DNA
binding affinities. They show that ubiquitination enhances the affinity up to ten-fold. They then
performed cryoEM on the FANCI-FANCD2Ub and the FANCIUb-FANCD2Ub complexes. While the
resolution if the cryoEM maps is low, aided by modeling they show that ubiquitination (on one or
both subunits) induces a structural rearrangement to a closed complex encompassing DNA. They
hypothesize that this new conformation may be important for ID2 ubiquitination, and that a patient
mutation (R1285Q), that is positioned close to the new ID2Ub interphase and may disrupt it, could
affect modification. Subsequently they demonstrated that this FANCI mutant does not affect
FANCI ubiquitination but reduces FANCD2 ubiquitination. Moreover, the affinity for DNA is not
enhanced in the FANCIR1285Q-FANCD2Ub as much as in the FANCI-FANCD2Ub compared to the
non-ubiquitinated complexes indicating this mutation prevents the formation of the new closed
conformation. Finally, since FANCI ubiquitination does not seem to be required for enhanced DNA
binding they investigate its role in deubiquitination by USP1-UAF1. As was indicated previously,
they show that deubiquitination is inhibited in the FANCIUb-FANCD2Ub complex compared to the
FANCI-FANCD2Ub complex. Using ubiquitin mutants that are known to affect interaction with other
proteins the show that specific ubiquitin residues are required to promote the resistance to
deubiquitination, likely through interaction with FANCD2.

This is an elegant study containing a series of well executed experiments. The mechanism in which
the ubiquitins on FANCIl and FANCD2 have to different biochemical functions that lead to the same
result, the stabilization of the ID2 complex on DNA, is very interesting and of major interest to the
field. Although the findings in this study should be published, | have a few issues with the
conclusions that should be addressed.

First, an obvious complex that is not studied is the FANCIUb-FANCD2 complex. Although the
FANCD2 ubiquitination seems to precede FANCI ubiquitination in bulk assays, it is not unlikely that
this complex can also form. Would this complex induce the same structural rearrangements and
enhance the affinity for DNA? If that is the case the role of the ubiquitination of FANCland FANCD2
would not be as separate as the authors suggest. This needs to be resolved.

Second, the authors state that the closed conformation is important for ubiquitination of FANCD2
by exposing the target lysine that is buried in the open conformation. If this is the case, this would
also be true for FANCI. However, FANCI ubiquitination does not seem to be affected by the R1285Q
mutations (Fig. 3d) that supposedly inhibits the closed confirmation. The authors should explain
why.

Finally, there is a 5 to 20-fold difference in ID2 - DNA affinities between the EMSA and PIFE
measurements (Fig. 1 and 3). The authors should explain why this is the case.



Additional correspondence 6th Apr 2020

Dear Helen,
we have now received the report from the structural biology expert, referee #3.

As you will see, also this referee is very positive and supports publication of your
manuscript. Referee #3 suggested to test the conformational change and the FANCI
R1285Q mutation using SAXS analysis. Given that this report was delivered with a
delay, given the current situation, given that several related manuscripts have
already been published and given that referee 3 indicated that this experiment is a
suggestion to strengthen your otherwise convincing dataset, | suggest to address
only the other concerns from this referee and maybe discuss potential further
experiments in the text.

| am looking forward to receiving your revised manuscript.

Kind regards,
Martina

Martina Rembold, PhD
Editor
EMBO reports
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Referee #3

Rennie et al report the effect of mono-ubiquitination of FANCI (I) and FANCD2 (D2)
in the ID2 complex results in a conformation change that forms a novel C-terminal
interface between | and D2. This interface enhances overall DNA binding affinity of
the complex which may play a regulatory role in localizing the complex on DNA
during DNA damage repair. Further, ubiquitination of FANCI protects the
ubiquitination on FANCD2 against USP1-UAFL1. Interestingly, the pathogenic
mutation on FANCI R1285Q which is located on the C-terminal interface causes
decrease in the DNA binding affinity.

ID2 complex is at the nexus of the interstrand crosslink (ICL) DNA damage repair
involving Fanconi anemia pathway. The ubiquitination of ID2 is a key event that
connects the recognition, initiation to the downstream repair processes of ICL
damage. In this article, by using recombinant proteins with ubiquitin modification in
cryogenic electron microscopy with modest resolution over 10 A, author have shown
that there is a novel C-ter interface formation upon ubiquitination of ID2. These
observations are in agreement with the recent two high-resolution studies published
from Paveltich (Nature 2020) and Passmore (NSMB 2020) groups. Further, their
observation on enhanced DNA binding upon ubiquitination is also supported by one
more contemporary article from Deans (Elife 2020) group. All the statements in this
article are supported by their data from elegant biochemistry experiments with no
major concerns. However, the should consider the following points.



1) The hypothesis is that the pathogenic mutation R1285Q in FANCI disrupts the C-ter
interface formation which may cause the decreased DNA binding of the overall ID2
complex. Since authors have unique capability to make recombinant mutant FANCI and
Ub-FANCD2, and the conformation change is significant for the C-ter interface formation,
why not test this? They should be able to test this with solution-based techniques such as
SAXS. This is not only a key data for the current paper, but also will make this study unique
from other recently published similar papers. This is a suggestion only.

Minor points-

1) In figure 3F, although there is a fitting curve but no data points are given for ID2 WT

2) Although PIFE experiments seems to be done in replicates the error bars on data points
in the figures are missing (Figure 1B, 3F, EV2B)

3) There are typos in the article- e.g. Figure 3 legend has R1286Q instead of R1285Q, in
the abstract, interphase instead of interface...



1st Authors' Response to Reviewers 9th Apr 2020

As you will see, the referees acknowledge that the findings are potentially interesting.
However, referees 1 and 2 also point out several technical concerns and have a
number of suggestions for how the study should be strengthened. Referee 1
considers the prediction and testing of FANCI and FANCD2 mutants in a cellular
context important. Experiments along these lines should be added if not too time-
consuming. Referee 1 further recommends testing for the effect of residual DNA on
ubiquitination and DNA binding. Referee 2 suggests testing the DNA affinity of the
FANCIUb-FANCD2 complex. Upon further discussion of this point with referee 2,
s/he indicated that the experiment should be straightforward as you have all
materials at hand but also stated that "...since this is such an obvious experiment the
authors might have a good reason why this did not or will not work. In that case |
would be fine with this as long as they provide this reasoning”. Thus either address
this point experimentally or discuss it in the text.

kkkkkkkkkkkkkhkhkhkkkkkkkhkik

Referee #1.:

The paper by Walden and colleagues describes a function of FANCD2 and FANCI in
stabilization of protein that depends on ubiquitination and DNA binding. Overall these
are interesting data but would benefit by attention to a few additional details as listed
below. In addition, some cell biology correlates would be helpful to assure
confidence. For example, can any prediction by made and subsequent FANCI or
FANCD2 mutants expressed that would have functional effects in cells?

We agree that cell-based experiments would be useful. We have thus requested cell
lines for FANCI and FANCD2 knockouts to perform these, as we are not a cell
biology lab. Unfortunately, due to the COVID-19 situation we are unable to give a
timeframe for completing these experiments and therefore request you consider the
manuscript without them. We have included some discussion on future cell-based
experiments in the text.

Regarding the confidence on our results, three groups have now published work
where each independently observes enhancement of ID2-DNA-binding due to
FANCD?2 ubiquitination.

Technically, ubiquitination and deubiquitination depend on DNA binding, and the
retained DNA may have some effect on assessment of downstream effects, such as
DNA affinity. A benzonase treatment should be inserted to account for this to remove
DNA and then proceed to DNA binding experiments to assure the fidelity of the
results presented. | could not find any statement in the text to this effect.

The reviewer correctly points out that DNA is required for ID2 ubiquitination in vivo
and in vitro. However, in our lab we use a different approach to ubiquitinate FANCD2
and FANCI. We perform ubiquitination reactions with isolated FANCI or isolated
FANCD2 and do not use DNA to enhance the reactions. Instead we use an
engineered Ube2T (Arkinson et al 2018, Chaugule et al 2019, Chaugule et al 2020 —
refs 25,26, and 32). We have added relevant words/sentences in our text to make it
clear that we ubiquitinate FANCD2 and FANCI separately, and in the absence of
DNA.

We also note that our purification of FANCI and FANCD?2 is similar to other groups
that have looked at binding to DNA and we perform a benzonase treatment during
purification of FANCI and FANCD?2 (following cell lysis). All protein material used had
a 260/280 ratio <0.8 (generally around 0.6-0.65) suggesting these are essentially
DNA-free. We have updated the text to describe this.



To further support this we show below control ubiquitination reactions of FANCI or
FANCD?2 in the presence or absence of benzonase and observe no difference
(Figure R1), which we are happy include in the paper if the reviewer considers it to
be necessary.
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Figure R1. Ubiquitination of purified FANCI or FANCD2 was performed at 1 yM
substrate, 0.05 uM Ubal, 1 yM Ube2Tv4, 1 uyM FANCL'**3"> 8 uM ubiquitin, 2.5 mM
ATP, 2.5 mM MgCl,. Ubiquitin and reaction components lacking ubiquitin were
separately treated with 12 U/uL benzonase (Expedeon BaseMuncher) for 30 min at
room temperature, and then mixed to initiate each reaction.

In addition, it may not be possible to assess the behavior of isolated D2 as in many
hands appears to form aggregates.

During our purification of D2y, minimal aggregation is observed (Chaugule et al 2019
— ref 26). We would argue that our observation that FANCI is required for
enhancement of DNA binding upon FANCD2 ubiquitination remains valid whether or
not D2, aggregates in the absence of FANCI.

From an interpretation point of view, one can argue that the cryoEM suggests that
the ID2-ub complex closes against the DNA which is present during the ub reaction.
This would seem to be an alternative explanation to that suggested by the DNA
binding reactions in Fig 1.

We believe that the cryoEM data is consistent with the DNA binding reactions,
whereby the closed conformation is accessed when ID2 binds DNA and is stabilized
via ubiquitination of FANCD2. We note that we did not include DNA during
FANCI/FANCD2 ubiquitination (as mentioned above) and hence all FANCI/FANCIy;
and FANCD2/FANCD2y, samples (used for reconstitution of ubiquitinated 1D2p,
lunD2yp or ly,D2up-DNA complexes) were essentially free of DNA. DNA was added
only for reconstitution of the Iy,D2,,-DNA complex assessed by cryoEM.

For the de ub assays, again the question of DNA being present or not is important.
Recent reports are suggestive that it is, and this the variable of DNA binding should
be assessed. While DNA was added, it is unclear if as a control DNA was omitted.
Again, benzonase may have to be used as a pre treatment to ensure DNA is absent
prior to addition/omission of DNA for the reaction.

We have previously shown the effect of removing DNA from ID2y,-DNA and ly,D2p-
DNA complexes on FANCD2/FANCI deubiquitination (Arkinson et al 2018 — ref 32).
There we showed that benzonase treatment made Iy,D2y,-DNA complexes more
susceptible to USP1-UAF1 deubiquitination.



Minor

The manuscript needs editing for awkward constructs, grammar, etc; see abstract
We thank the reviewer for highlighting this. We have carefully been through the text
and re-worded the appropriate sentences.

Referee #2:

This manuscript by Rennie et al. describes the biochemical characterization of the
role of ubiquitination of the FANCI-FANCD?2 (ID2) complex. While this
posttranslational modification has long been known to activate the FA-pathway that
repairs DNA interstrand crosslinks, the biochemical function of ubiquitination has
remained a mystery. This has been in part due to the fact that it has proven difficult
to purify the ubiquitinated form of the ID2 complex. The Walden lab was one of the
first labs to be able to do this, although other labs (e.g. Passmore, Deans and
Pavletich) are also reporting on this. The authors purified the unmodified 1D2
complex, the complex with site-specific ubiquitinated FANCD2, or ubiquitinated
FANCD2 and FANCI, and determined their DNA binding affinities. They show that
ubiquitination enhances the affinity up to ten-fold. They then performed cryoEM on
the FANCI-FANCD2Ub and the FANCIUb-FANCD2Ub complexes. While the
resolution if the cryoEM maps is low, aided by modeling they show that ubiquitination
(on one or both subunits) induces a structural rearrangement to a closed complex
encompassing DNA. They hypothesize that this new conformation may be important
for ID2 ubiquitination, and that a patient mutation (R1285Q), that is positioned close
to the new ID2Ub interphase and may disrupt it, could affect modification.
Subsequently they demonstrated that this FANCI mutant does not affect FANCI
ubiquitination but reduces FANCD2 ubiquitination. Moreover, the affinity for DNA is
not enhanced in the FANCIR1285Q-FANCD2Ub as much as in the FANCI-
FANCD2Ub compared to the non-ubiquitinated complexes indicating this mutation
prevents the formation of the new closed conformation. Finally, since FANCI
ubiquitination does not seem to be required for enhanced DNA binding they
investigate its role in deubiquitination by USP1-UAF1. As was indicated previously,
they show that deubiquitination is inhibited in the FANCIUb-FANCD2Ub complex
compared to the FANCI-FANCD2Ub complex. Using ubiquitin mutants that are
known to affect interaction with other proteins the show that specific ubiquitin
residues are required to promote the resistance to deubiquitination, likely through
interaction with FANCD2.

This is an elegant study containing a series of well executed experiments. The
mechanism in which the ubiquitins on FANCI and FANCD?2 have to different
biochemical functions that lead to the same result, the stabilization of the ID2
complex on DNA, is very interesting and of major interest to the field. Although the
findings in this study should be published, | have a few issues with the conclusions
that should be addressed.

First, an obvious complex that is not studied is the FANCIUb-FANCD2 complex.
Although the FANCD?2 ubiquitination seems to precede FANCI ubiquitination in bulk
assays, it is not unlikely that this complex can also form. Would this complex induce
the same structural rearrangements and enhance the affinity for DNA? If that is the
case the role of the ubiquitination of FANCI and FANCD2 would not be as separate
as the authors suggest. This needs to be resolved.

We agree that the Iy,D2 state is important to test for completeness sake and also
because our reconstitution setup readily allows this. We have included DNA binding
assays with 1,,D2 and find an intermediate DNA-affinity between ID2 and ID2y,



(Figure EV5). Given that the unmodified ID2 interface partially blocks this site, we
expect some structural changes, which would result in the partially enhanced affinity.
We have updated the text to incorporate this.

Second, the authors state that the closed conformation is important for ubiquitination
of FANCD2 by exposing the target lysine that is buried in the open conformation. If
this is the case, this would also be true for FANCI. However, FANCI ubiquitination
does not seem to be affected by the R1285Q mutations (Fig. 3d) that supposedly
inhibits the closed confirmation. The authors should explain why.

Indeed we did not observe any major effect of FANCI R1285Q mutant on FANCI
ubiquitination (within an ID2 complex) in our assays. We do not currently know why
this occurs. However, we think that this may be due to an enhanced FANCIR!#%Q
ubiquitination (relative to FANCI"") when FANCD2 is ubiquitinated (see preliminary
data in Figure R2).

ID2,, complex
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Figure R2. ID2y, complexes were reconstituted using either wild-type (I"") or mutant

(I?1%°Q) Hise-FANCI, and FANCI ubiquitination progress was observed by western
blotting using a FANCI antibody. Ubiquitination was performed at 1 uyM substrate,
0.05 uM Uba1, 1 uM Ube2Tv4, 1 uM FANCL***3"> 8 uM ubiquitin, 2.5 mM ATP, 2.5
mM MgCl,.

Nevertheless, we think the minimal FANCI ubiquitination we observe in Fig 3D is not
physiologically relevant, since no FANCI/FANCD?2 ubiquitination is observed in vivo

for this mutation, and that some other mechanism is at play for FANCI ubiquitination
not captured in our assay setup.

Moreover recent in vitro studies have shown that when FANCI is mutated to
R1285Q, FA-core complex ubiquitinates FANCI/FANCD2 slower, whereas USP1-
UAF1 deubiquitinate FANCI/FANCD?2 faster. We thus replaced the relevant section
in our manuscript with the following sentences:

“‘Nevertheless, the FANCI mutation resulted in an apparent reduction in FANCD2
ubiquitination in the ID2 complex (Figure 3D), consistent with previous results
[20,21,28]. Under our assay conditions we did not detect a significant change in
FANCI ubiquitination in the ID2 complex due to the mutation. Nevertheless, the
FANCI R1285Q mutation was recently shown to result, not only in a reduction of FA-
core catalysed FANCI and FANCD2 ubiquitination within an ID2 complex [14], but
also in faster deubiquitination of the ubiquitinated complex [28]. This slower
ubiquitination and faster deubiquitination may explain the nearly complete absence of
ubiquitinated FANCD2/FANCI seen in cells having the FANCI R1285Q mutation [7].”

Finally, there is a 5 to 20-fold difference in ID2 - DNA affinities between the EMSA
and PIFE measurements (Fig. 1 and 3). The authors should explain why this is the
case.

We indeed observed large differences in DNA-affinities measured with these two
techniques. Unlike PIFE, EMSASs operate under non-equilibrium conditions and the



low ionic strength of the electrophoresis buffer likely increases the apparent affinity.
To support this, we have added PIFE and EMSA assays at varied salt concentrations
of the sample buffer and find that affinities determined by EMSAs are relatively
unaffected by the sample salt concentration, unlike PIFE (Figure EV1). As protein-
DNA interactions are generally dependent on ionic strength, we have focussed on
PIFE for determining and comparing dissociation constants. We have updated the
text to describe this. Additionally, we removed relevant graphs showing binding
affinities/dissociation constants determined by EMSA (Fig 1 & Fig 3), since these
may be confusing to the reader and less relevant (than PIFE data) for the salt
conditions under which the experiments were conducted.

Referee #3

Rennie et al report the effect of mono-ubiquitination of FANCI (I) and FANCD2 (D2)
in the ID2 complex results in a conformation change that forms a novel C-terminal
interface between | and D2. This interface enhances overall DNA binding affinity of
the complex which may play a regulatory role in localizing the complex on DNA
during DNA damage repair. Further, ubiquitination of FANCI protects the
ubiquitination on FANCD2 against USP1-UAFL1. Interestingly, the pathogenic
mutation on FANCI R1285Q which is located on the C-terminal interface causes
decrease in the DNA binding affinity.

ID2 complex is at the nexus of the interstrand crosslink (ICL) DNA damage repair
involving Fanconi anemia pathway. The ubiquitination of ID2 is a key event that
connects the recognition, initiation to the downstream repair processes of ICL
damage. In this article, by using recombinant proteins with ubiquitin modification in
cryogenic electron microscopy with modest resolution over 10 A, author have shown
that there is a novel C-ter interface formation upon ubiquitination of ID2. These
observations are in agreement with the recent two high-resolution studies published
from Paveltich (Nature 2020) and Passmore (NSMB 2020) groups. Further, their
observation on enhanced DNA binding upon ubiquitination is also supported by one
more contemporary article from Deans (Elife 2020) group. All the statements in this
article are supported by their data from elegant biochemistry experiments with no
major concerns. However, the should consider the following points.

1) The hypothesis is that the pathogenic mutation R1285Q in FANCI disrupts the C-
ter interface formation which may cause the decreased DNA binding of the overall
ID2 complex. Since authors have unigue capability to make recombinant mutant
FANCI and Ub-FANCD?2, and the conformation change is significant for the C-ter
interface formation, why not test this? They should be able to test this with solution-
based techniques such as SAXS. This is not only a key data for the current paper,
but also will make this study unique from other recently published similar papers.
This is a suggestion only.

We agree further solution based evidence for conformational changes would be
useful. Unfortunately we do not have the resources available at the present stage
due to the COVID-19 however we have updated the text to discuss further potential
experiments.

Minor points-

1) In figure 3F, although there is a fitting curve but no data points are given for ID2
WT

Curves from WT are transferred from Figure 1A, which were performed identically to
the mutant. We decided not to include the WT data points here to avoid data



duplication. We have edited both the figure and corresponding figure legend to
highlight this further.

2) Although PIFE experiments seems to be done in replicates the error bars on data
points in the figures are missing (Figure 1B, 3F, EV2B)

Most PIFE replicates were performed with different starting ID2 concentrations for
two-fold serial dilutions. All data points from different experiments are plotted in the
graphs and used together for Kd determination. We have now included the raw data
for PIFE with the manuscript.

3) There are typos in the article- e.g. Figure 3 legend has R1286Q instead of
R1285Q, in the abstract, interphase instead of interface...

We thank the reviewer for pointing these out. We have carefully been through the
text and corrected these and other typos.



1st Revision - Editorial Decision 13th May 2020

Dear Helen,

Thank you for the submission of your revised manuscript to EMBO reports. The revision was
evaluated by referee 1 and 2 and we have now received their reports (copied below).

Referee 2 is very positive about the study and supports publication. Referee 1 also considered the
revision adequate but noted the absence of cell-based experiments. Given that we had agreed
that these experiments are not essential for publication in EMBO Reports at this point, lam happy
to inform you that we can proceed with publication after a few editorial things have been addressed
as follows:

- Please provide up to five keywords.

- Please add a Conflict of Interest statement to the article.

- Please update the callout to "Table S1" on page 15 to "Appendix Table S1"

- Could a scale bar be inserted in Fig. EV2?

- lattach to this email a related manuscript file with comments by our data editors. Please address
all comments and upload a revised file with tracked changes with your final manuscript submission.
In case quantification is based on less than 3 independent experiments, please display the data as
scatter blots instead of bar graphs. The use of statistical tests needs to be justified in such a case.
- Finally, EMBO reports papers are accompanied online by A) a short (1-2 sentences) summary of
the findings and their significance, B) 2-3 bullet points highlighting key results and C) a synopsis
image that is 550x200-400 pixels large (width x height) in .jpng format. You can either show a model
or key data in the synopsis image. Please note that the size is rather small and that text needs to
be readable at the final size. Please send us this information along with the revised manuscript.
We look forward to seeing a final version of your manuscript as soon as possible.

Kind regards,

Martina

Martina Rembold, PhD

Editor
EMBO reports
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Referee #1:

Cell biology would greatly enhance this paper. The authors have not done additional work, which
may be understandable in the present climate. If the editors feel that the current climate does not
allow the proper experiments to be done, then the paper has been adequately revised.



Referee #2:

The revised version of the manuscript by Rennie et al. contains several new experiments and
addresses all the points Iraised in my review. In shows that the IUb-D2 complex has an
intermediated binding affinity between the ID2 and ID2Ub complexes indicating some structural
rearrangement. Furthermore, it provides more detail regarding the FANCI R1285Q mutant and how
this could be defective in FANCI and FANCD2 ubiquitination. Finally, elegant data is provided that
explain the differences in Kd's measured by the EMSA and PIFE assays. Kd's are now only provided
based on the PIFE assay which makes the data easier to understand.

I have no further reservations and recommend publication of this nice piece of work in EMBO
reports.



2nd Revision - Editorial Decision 15th May 2020

Prof. Helen Walden
University of Glasgow

RI Mol, Cell, Systems Biol
University avenue
Glasgow G12 8QQ
United Kingdom

Dear Helen,

Il am very pleased to accept your manuscript for publication in the next available issue of EMBO
reports. Thank you for your contribution to our journal.

At the end of this email | 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.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunction with your paper and will include the referee reports, your point-by-point
response and all pertinent correspondence relating to the manuscript.

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default [contact:
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."

Should you be planning a Press Release on your article, please get in contact with
emboreports@wiley.com as early as possible, in order to coordinate publication and release dates.

Please note that under the DEAL agreement of Jisc Member institutions with our publisher Wiley
your paper might be eligible for open access publication in a way that is free of charge for the
authors. Please contact either the administration at your institution or our publishers at Wiley
(emboreports@wiley.com) for further questions.

See also https://authorservices.wiley.com/author-resources/Journal-Authors/open-access/affiliation-
policies-payments/jisc-agreement.html

Thank you again for your contribution to EMBO reports and congratulations on a successful
publication. Please consider us again in the future for your most exciting work.

Kind regards,
Martina

Martina Rembold, PhD
Editor
EMBO reports
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THINGS TO DO NOW:

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to
our Production Office; you should return your corrections within 2 days of receiving the proofs.

Please inform us if there is likely to be any difficulty in reaching you at the above address at that
time. Failure to meet our deadlines may result in a delay of publication, or publication without your
corrections.

All further communications concerning your paper should quote reference number EMBOR-2020-
50133V3 and be addressed to emboreports@wiley.com.

Should you be planning a Press Release on your article, please get in contact with
emboreports@wiley.com as early as possible, in order to coordinate publication and release dates.
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http://www.antibodypedia.com

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
justified
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.

LA 2 X 2 X X X 7

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
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http://figshare.com

http://www.ncbi.nlm.nih.gov/ga
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Please fill these boxes

(Do not worry if you cannot see all your text once you press retur!

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

All experiments used for quantification were performed at least twice, with good agreement in
trends between each repeat.

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

No animal studies were performed

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

Across all PIFE experiments, two individual fluorescence measurements were deemed to be
outliers, having a signal greater than 3 standard deviations from the remaining data of the
relevant concentration series. These two data points were not included in model fitting.

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

PIFE experiments were performed in no particular order.

For animal studies, include a statement about randomization even if no randomization was used.

No animal studies were performed

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.

Data were generally analysed together

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

No animal studies were performed

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

For all PIFE experiments (Figures 1A, 3B, 3E, EV1A, EV3B, EV5) the single site binding model is a
standard model for fitting to binding data.

Because means of more than two samples were to be compared in Figure EV3, a one-way ANOVA
test was deemed the most appropriate for this comparison. To eliminate the possibility that any of
the observed changes were by chance, a Bonferroni correction was additionally applied.

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

The single site binding model is in good agreement with the experimental data in all cases where
binding was concluded, as judged by calculated R-squared values.

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

For all those cases where protein binding was concluded, R-squared values were >0.93 for DNA-
protein interactions and >0.87 for protein-protein interactions.




Is the variance similar between the groups that are being statistically compared? For all PIFE experiments the variance was similar.

C- Reagents
6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |Anti-V5 (66007-1-Ig) antibody was purchased from ProteinTech.
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., Anti-FANCD2 (sc-28194) and anti-FANCI (sc-271316) antibodies were purchased from Santa Cruz
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right). Biotechnology
7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for sf21 cell lines were used for protein production

mycoplasma contamination.

* 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 |No animal studies were performed
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |No animal studies were performed
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure [No animal studies were performed
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.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. No human subjects or samples were used

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments No human subjects or samples were used
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. No human subjects or samples were used
14. Report any restrictions on the availability (and/or on the use) of human data or samples. No human subjects or samples were used
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. No human subjects or samples were used

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |No human subjects or samples were used
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 [No human subjects or samples were used
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 A "Data Availability" section is provided in the manuscript listing the EMDB accession IDs for both
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, cryoEM reconstructions used in this study.
Proteomics data: PRIDE PXD000208 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

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the We have included PIFE measurements as Source Data
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).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting|No clinical or genomic datasets were used
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).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a |No computer source code was generate
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.

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 We believe the study does not fall under dual use research restrictions
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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