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26th Aug 20241st Editorial Decision

Dear Paul, 

Thank you again for the submission of your manuscript entitled "The barley MLA13-AVRA13 heterodimer reveals principles for
immunoreceptor recognition of RNase-like powdery mildew effectors" and for your patience during the review process. We have
now received three reports from the referees, which I copy below. 

As you can see from their comments, all referees considered the work you present to be timely and well conducted; furthermore,
the research question you ask is well-defined and of interest to the readership of The EMBO Journal. That said, referees #2 and
#3 both raise the question of the biological nature of the MLA13/Avr13A-1 heterodimer. Clarification in this direction will require
your attention before your manuscript can be published in The EMBO Journal. 

Based on the overall interest expressed in the reports, though, I would like to invite you to address the comments of all referees
in a revised version of the manuscript. I should add that it is The EMBO Journal policy to allow only a single major round of
revision and that it is therefore important to resolve the main concerns at this stage. I believe the concerns of the referees are
reasonable and addressable, but please contact me if you have any questions, need further input on the referee comments or if
you anticipate any problems in addressing any of their points. If you would like to discuss these reports with me, I would be
happy to talk via Zoom once you have had a chance to reflect on them fully. I would be especially interested in whether you can
add any data that supports the MLA13/Avr13A-1 heterodimer being a intermediate step in resistosome assembly. We could
discuss what data are both feasible to collect and likely to satisfy the reviewers. Please, follow the instructions below when
preparing your manuscript for resubmission. 

I would also like to point out that as a matter of policy, competing manuscripts published during this period will not be taken into
consideration in our assessment of the novelty presented by your study ("scooping" protection). We have extended this
'scooping protection policy' beyond the usual 3 month revision timeline to cover the period required for a full revision to address
the essential experimental issues. Please contact me if you see a paper with related content published elsewhere to discuss the
appropriate course of action. 

When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review
Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process,
please visit our website: https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess  

Again, please contact me at any time during revision if you need any help or have further questions. 

Thank you very much again for the opportunity to consider your work for publication. I look forward to your revision. 

Best regards, 

William 

------------------------------ 
William Teale, Ph.D. 
Editor 
The EMBO Journal 

When submitting your revised manuscript, please carefully review the instructions below and include the following items: 

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

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

3) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point response 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.

4) a complete author checklist, which you can download from our author guidelines (https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/Author Checklist%20-%20EMBO%20J-1561436015657.xlsx). Please insert information in the checklist that is
also reflected in the manuscript. The completed author checklist will also be part of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript.



6) We require a 'Data Availability' section after the Materials and Methods. Before submitting your revision, primary datasets
produced in this study need to be deposited in an appropriate public database, and the accession numbers and database listed
under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public (see
https://www.embopress.org/page/journal/14602075/authorguide#datadeposition). If no data deposition in external databases is
needed for this paper, please then state in this section: This study includes no data deposited in external repositories. Note that
the Data Availability Section is restricted to new primary data that are part of this study.

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

7) When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability
in print as well as on screen:
http://bit.ly/EMBOPressFigurePreparationGuideline

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure. 

8) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to
calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.).

9) We would also encourage you to include the source data for figure panels that show essential data. Numerical data can be
provided as individual .xls or .csv files (including a tab describing the data). For 'blots' or microscopy, uncropped images should
be submitted (using a zip archive or a single pdf per main figure 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 at .

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable
online (see examples in https://www.embopress.org/doi/10.15252/embj.201695874). A maximum of 5 EV Figures can be
typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc. in the text and their respective legends should be included
in the main text after the legends of regular figures.

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

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

11) At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will
contact you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to
upload and organize the files. 

12) 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 PRJNA342805, 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 .

13) In order to increase the reproducibility and reach of your work, The EMBO Journal includes a table of reagents that were
used in the study. Please provide this along with your revisions.

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

Instructions for preparing your revised manuscript: 

Please make sure you upload a letter of response to the referees' comments together with the revised manuscript. 

Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists. 



When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen: 
https://bit.ly/EMBOPressFigurePreparationGuideline 
See also guidelines for figure legends: https://www.embopress.org/page/journal/14602075/authorguide#figureformat 

At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will contact
you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to upload
and organize the files.  

IMPORTANT: When you send the revision we will require 
- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.
- individual production quality figure files (one file per figure)
- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).
- Expanded View files (replacing Supplementary Information)
Please see out instructions to authors
https://www.embopress.org/page/journal/14602075/authorguide#expandedview
- a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide#structuredmethods)

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure. 

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide 

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (24th Nov 2024). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions. Use the link below to submit your revision: 

https://emboj.msubmit.net/cgi-bin/main.plex 

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

Referee #1: 

The paper by Lawson et al. demonstrates the potential of using structural information to guide NLR engineering for new
recognition capabilities. While the study is impressive, several limitations need to be addressed. The underlying mechanisms
involved in the engineering process are not thoroughly explored, and the assertion that the MLA13/Avr13A-1 heterodimer
represents an intermediate state lacks sufficient evidence. Additionally, several figures in the manuscript require significant
improvements in labelling and clarity, and further experiments are necessary to better support the conclusions. Although the
study provides valuable insights, addressing these issues would greatly enhance the paper's conclusions and overall impact.
The conformation of the receptor bound to the effector turned out to be unexpected, as this reveals them as a heterodimer
complex of NLR and effector rather than an assembled resistosome. With this 3D-structure, the authors report this as an
intermediate state/CNL output that is in equilibrium with resistosome formation. For this study, the authors used a triple mutant
(MLA13 K98E/K100E/D502V. As such, the structure is similar to available ZAR monomers (PDB codes 6J5W, 6J5V) with
differences in the details of NB-domain orientation. In addition to this unexpected conformation, the structure also reveals the
details of molecular recognition between the cognate effector and the NLR in this conformation, and also provides a structural
rationale for how host proteins containing the same effector fold are excluded from the recognition and avoid mis-activation of
immunity. Overall, the paper provides new information in the structural understanding of NLR action. 
But the authors need to explain more details on the nature of MLA13 triple mutant and its implication for the accumulation of
heterodimer and absence of resistosomes in this study. This commentary can be included in the introduction part and in
discussion part. 

Detailed comments are provided below. 
Major: 
1. Line 133 and Extended Data Fig. 3
a) Extended Data Fig. 3a showed that GST-MLA13 didn't trigger HR with the presence or absence of its cognate Avr.
Introducing the autoactive D502V mutation into GST-MLA13 also fails to induce HR. These results raise questions of whether



the N-terminal GST tag is interfering with MLA13 function. If so, how does this impact the validity of the reported GST-
MLA13/AvrA13-1 structure? 
2. Extended Data Fig. 6: This figure presents conflicting data that require clarification:
The left panel demonstrates that MLA13L11E/L15E, in comparison to Sr35 L11E/L15E, does not oligomerize in the presence of
its cognate Avr. However, given that MLA13L11E/L15E forms stable heterocomplexes with AvrA13-1, we would expect to
observe a size increase of MLA13 due to effector binding. AvrA13-1-GFP is approximately 40 kDa (as shown in the right panel),
which should result in a noticeable size shift of MLA13 in BN-PAGE upon binding to it. However, this expected size shift is not
evident (left panel, last three lanes). These data thus support the authors' conclusion in one way but conflict in another. The
authors should provide a detailed explanation for:
a) Why is the expected size shift not observed upon AvrA13-1-GFP binding? Please provide the immunoblot results using an
anti-GFP antibody, showing where the AvrA13-1-GFP signal is in BN-PAGE.
b) How this result reconciles with the claim of stable heterocomplex formation.
c) Or whether there are any technical limitations in the assay that might explain this unexpected result.
3. Lines 222-224: The authors' interpretation of the MLA13/AvrA13-1 heterodimer complex as an "intermediate state after
effector binding-induced release of ADP but before ATP binding-induced oligomerisation" requires further validation. Unlike
Zar1, MLA13/AvrA13-1 complex was expressed in the N. benthamiana system that should provide all necessary components
(including ATP) for full NLR activation. It's unexpected that a functional NLR is stuck at an intermediate state but not the final
conformation. The authors should consider alternative explanations, such as the possibility that the observed heterodimers are
fragments of higher-order oligomers that broke down during purification.
To conclusively demonstrate the in vivo state of the MLA13/AvrA13-1 complex and avoid potential artifacts from tags and
purification procedures, the authors should conduct additional experiments:
a) Co-expressing functional MLA13/AvrA13-1 combinations (capable of triggering cell death) in N. benthamiana and analyze
these samples using BN-PAGE without immunoprecipitation. This would allow detecting MLA13/AvrA13-1 in their native state.
Co-infiltration with LaCl3 could be considered to suppress cell death to enhance protein accumulation.
b) Checking whether adding ATP or dATP to the purified MLA13/Avr13A-1 heterodimers triggers oligomerization.
c) Extracting the nucleotide binding to the heterodimers and check its identity by HPLC.
4. Fig.3 and 4 Please include the corresponding interaction analyses, such as co-IP, split-luciferase assay, or BiFC, for all the
residue substitution analyses shown in Figures 3 and 4. These additional tests are essential to verify that the observed loss of
cell death resulting from residue substitutions is indeed due to a disruption in interaction, rather than other potential factors, such
as inhibiting conformational changes.
5. The engineering part: The authors describe how they identified the residues MLA7(L902) and MLA13(S902) as potentially
responsible for the differential recognition between MLA7 and MLA13. They note that the residue-switched variant MLA7L902S
can confer new recognition of Avr13A-1. But the mechanism such as how it works is not well explained. When examining Fig. 4,
I noticed that MLA13(S902) actually contributes little to its recognition of Avr13A-1. Specifically, the mutant variant MLA13S902A
still triggers strong cell death when co-expressed with Avr13A-1 (Figure 4C). This observation raises questions about the
mechanism by which the MLA7L902S swap functions:
a) Does Leu902 in MLA7 cause steric clashes with Avr13A-1, thereby preventing interaction? And the substitution to a smaller
residue like Serine remove this clash and allow recognition?
b) To test this hypothesis, the authors could mutate MLA7(L902) to other small residues with short side chains and assess
whether these variants can recognize Avr13A-1. Additionally, they could explore the effects of substituting MLA13(S902) with
Leu or other large side chain residues, or with other small side chain residues.
c) Finally, it is essential to test the interactions of all these variants, either by co-IP, split-luciferase assay, or by BiFC.

Other comments: 
1. Extended Data Fig. 3 Despite the significant difference in size between myc and GST tags, myc-MLA13 variants in Extended
Data Fig. 3b appear to have similar molecular weights to GST-MLA13 shown in Extended Data Fig. 1. Could the author explain
this and give a bit more detail of how they performed these experiments? Improved descriptions in the legends are necessary for
better clarity and understanding.
2. Fig1a The figure is confusing and requires improvement in labelling and clarity. The authors state that the inserted SDS-PAGE
gel represents "fractions eluted along the black line". However, the placement of the 875 kDa arrow at the end of the black line
suggests that the samples are loaded in reverse order - from large elution volume to small. This contradiction needs clarification.
3. Fig. 2C, D Please provide the prediction scores (pLDDT and PAE plots, pTM and ipTM) for AF3 models.
4. Fig. 3e Data here is expected to provide evidence that MLA13 was expressed among all the panels in Fig. 3C, especially the
combinations losing cell death. The current figure is meaningless. Same issue with Fig. 4e.
5. Fig3a and 4a The separation of interacting residues between the receptor and effector in Fig. 3a (effector side) and Fig. 4a
(NLR side) makes it difficult to comprehend the complete interaction interface. While this approach keeps each figure tidy, it
hinders understanding of which NLR residues interact with specific effector residues. An additional merged figure is
recommended, showing both NLR and effector residues involved in the interaction.

In addition: 
• What is the net molecular weight of the heterodimer used in this structural study in kDa? This has to be included somewhere in
the paper as this is a cryoEM study of intermediate size protein complex.
• Where does K98 and K100 come in the 3D structure of monomeric ZAR1? It is in the CC domain, but the exact location of
these residues and their interactions must be discussed. For example, are these residues lying in the allosteric path that leads to



fold switch of CC domain N-terminal alpha1 helix? Are they interacting with the alpha1 helix in the monomeric ZAR1? These
details will clarify the questions on whether the mutation K98E, K100E impacts the conformational transition required to release
the alpha1 helix after effector recognition and assemble into resistosome in an autoactive MLA D502V mutant. 
• In Line 137, the authors suggest that analogous substitution in NRG1 retains oligomerisation. Although ZAR1, MLA13 and
NRG1 are CNLs, we know that NRG1 forms a phylogenetically different class of RPW8-NLRs, so their resistosome assembly
might be different from that of ZAR1 or MLA13. It is possible that they form similar resisting state structure but have a different
resistosome structure.
• In Line 146-147, the authors suggest that SEC revealed a heterocomplex with size smaller than multimeric MLA13. Since there
is cell death in this triple mutant, it is possible that the multimers are just at very low concentration. Would it be a good idea in
that case, to pull-down the MLA13 effector complex first with MLA's flag-tag and screen in negative stain before going for
second pull-down from effector side? Such negative stain images immediately after first pull-down from crude extract without
SEC may reveal a lower number of existing reistosomes, though not homogeneous.
• In Figure 2, the legend describes as 'electron density map'. The authors know very well that the map from cryo-EM
reconstruction is a 'coulomb potential map' and not electron density map as in X-ray crystallography. This typing mistake has to
be corrected.
• In Line 271 and 275, MLA13 residue 934 is given as F and Y respectively. The atomic model displayed in the Figure 4A, shows
it as Y934. This typing mistake has to be corrected in Line 271.
• Here is a general observation in extended figure 6, left panel. The last but one lane, where MLA13 alone is loaded, runs in the
BN-PAGE near 242KDa, but its molecular weight is around 107kDa for single chain. Such migration of the apoprotein in resting
state is an indication for a dimeric state in resting state as observed for NRC2. Resting NRC2 also migrates near this location in
BN-PAGE since they are dimers. The authors can track down this if they are interested in resolving the resting state of MLA.
• In the Table 1 of extended data, there is no description for 'Energy filter' is given nor mentioned in the cryo-EM imaging
section. Small protein complexes normally benefit from the use of energy filter during imaging. Was there any particular reason
why it was not used in this imaging experiment? If there is any advantage, information along this will be useful for all others
working on this range of molecular size.
• Finally, the heterocomplex structure describes how this NLR is engaging its different parts to recognize its cognate effector.
Does the authors think, the effector position and the recognition areas of NLR change when this heterocomplex at non-canonical
conformation moves to oligomeric, resistosome conformation. Can the initial recognition mode of the effector and its final
position in assembled resistosome be expected to vary? All views of the authors along this will be useful in the discussion on
engineering perspectives.

Referee #2: 

In this study, the authors show the structural basis of MLA13 recognition of AVRA13 and manage to modify the specificity of the
NLR which is very impressive. The description of NLR/effector recognition is well supported and very convincing. 

I have one major point regarding the biological relevance of the MLA13 K98/K100 mutant used in this study. 
Is this MLA13 heterodimer active and does it reflect the function of the WT protein? Does the WT protein exist in vivo as a
heterodimer similar to the one seen here? Do we see higher order oligomers of MLA13 WT in planta following AVR13
recognition? The claim that this dimeric state represents an intermediate step of MLA13 activation is weakly supported by data.
The authors should provide information on the function of MLA13 K98E/K100E compared to WT. Ideally, the authors should
show that the WT protein form higher order oligomers following AVRA13 recognition, that the K98/K100 D502V forms similar
oligomers and determine the structure of the K98/K100 D502V mutant oligomer. Is MLA13 WT also sensitive to calcium channel
inhibitors? At least, the author should provide data on MLA13 K98/100 D502V oligomerization status. 
Please justify the use of the L11/15 D502V mutant for the determination of oligomerization in blue native gels. Why did the
authors use the K98/100 mutant for the structural study instead of the L11/15 mutant? This mutant makes higher order
oligomers similar to active resistosomes. It is unclear in extended figure 6 if the D502V mutation is combined with the L11/15
mutations. Please specify in the caption. 
Please specify in the figures when MLA13 K98/100 mutants are used. This information is essential. 
Where are residues L98/100 used for purifying MLA13? How do they affect MLA13 function? Please provide a view of the
structure with these residues highlighted. Also in figure 1, please indicate the number of amino-acids comprised in the different
domains of MLA13 in the schematic below the structure. 

Another major point. How does the purification process affect the complex retrieved? Do you observe the same SEC profile by



pulling down MLA13? Does AVRA13 interact with oligomeric forms of MLA13 such as the one seen in extended figure 6? If not,
maybe the purification process enriches heterodimers and not full resistosomes? 

Minor point: 
Line 133, figure numbering is off, extended figure 3 is cited before extended figure 1. 

Referee #3: 

This manuscript presents the cryo-EM structure of barley CNL immune receptor MLA13 in complex with its cognate effector
AVRA13-1 as a heterodimer. In contrast to previously reported effector activated CNL pentamers, they propose MLA13-
AVRA13-1 heterodimer as an intermediate state. They validated the importance of the interactions between MLA13-AVRA13-1
for function. They further engineered a single amino acid substitution in MLA7 that enables expanded effector detection of
AVRA13-1 and the virulent variant AVRA13-V2. This study significantly advanced the understanding on barley MLA receptors
and their recognition of effectors. The manuscript is well written. I have a few comments for the authors to improve the
manuscript. 

1, In extended data Fig. 6, BN-PAGE showed the putative oligomer of MLA13L11E/L15E/D502V. Can the authors also purify
MLA13L11E/L15E/D502V and do negative stain of it as they did for Sr35 resistosome? 

2, For Nb cell death images, can the authors please make a mock leaf showing the infiltration settings for readers to better
understand? 

3, In extended data Fig. 1, please run all samples on one gel.



We thank the reviewers for their interest in our work and their constructive 1 
suggestions, which greatly contributed to the improvement of our manuscript. 2 

During the revision of our manuscript, a preprint from another laboratory has 3 
been posted that reports the results of in vitro shuffling of barley Mla genes 4 
(https://www.biorxiv.org/content/10.1101/2024.10.27.619561v1 ). Remarkably, these 5 
authors show that after recombination of Mla7 and Mla13 genes in vitro and 6 
subsequent screening of the resulting library, substitution of the exact same amino 7 
acid substitution in MLA7 that we had engineered based on our structural knowledge 8 
facilitated interaction with AVRA13-1 in yeast and AVRA13-1-dependent and receptor-9 
mediated cell death in planta. Together, this strongly supports the physiological 10 
relevance of our structure-based study for understanding effector-triggered MLA-11 
mediated cell death activation. 12 

13 
Referee #1: 14 

15 
The paper by Lawson et al. demonstrates the potential of using structural information 16 
to guide NLR engineering for new recognition capabilities. While the study is 17 
impressive, several limitations need to be addressed. The underlying mechanisms 18 
involved in the engineering process are not thoroughly explored, and the assertion 19 
that the MLA13/Avr13A-1 heterodimer represents an intermediate state lacks 20 
sufficient evidence. 21 

22 
We appreciate these comments. Due to the unexpected heterodimeric conformation 23 
of the MLA13-AVRA13-1 heterocomplex, we limited our conclusions in the original 24 
manuscript to cautious conjecture, using 'may' or 'might.' Our only conclusions 25 
regarding the MLA13K98E/K100E-AVRA13-1 heterodimer and its activity are limited to26 
structure-guided substitutions at the effector-binding interface that result in a loss of 27 
cell death and a common structural principle for RNase-like effector binding to MLAs. 28 
This is also reflected in the title of our manuscript.  29 

Additionally, Extended Data Figure 7 in the original version of the manuscript 30 
presents SEC profiles of samples with alternative substitutions (i.e., MLA13L11E/L15E) 31 
and MLA13 without the N-terminal GST tag (now reformatted as Figure EV1). These 32 
samples consistently elute at a volume similar to the GST-MLA13K98E/K100E-AVRA13-133 
heterodimer resolved by cryo-EM. This suggests that neither the N-terminal GST tag 34 
on MLA13 nor the MLA13K98E/K100E substitutions disrupt the formation of high-order 35 
complexes, such as a hypothetical pentameric resistosome. This is detailed in line 36 
181 of the original manuscript.  37 

38 
Additionally, several figures in the manuscript require significant improvements in 39 
labelling and clarity, and further experiments are necessary to better support the 40 
conclusions. Although the study provides valuable insights, addressing these issues 41 
would greatly enhance the paper's conclusions and overall impact. The conformation 42 
of the receptor bound to the effector turned out to be unexpected, as this reveals 43 
them as a heterodimer complex of NLR and effector rather than an assembled 44 
resistosome. With this 3D-structure, the authors report this as an intermediate 45 
state/CNL output that is in equilibrium with resistosome formation. 46 

47 
Thank you for the comment. As mentioned in the first paragraph of the discussion of 48 
the original manuscript, our rationale for the MLA13K98E/K100E–AVRA13-1 heterodimer49 
as a possible intermediate state is based on the finding that the receptor 50 

5th Dec 20241st Authors' Response to Reviewers

https://www.biorxiv.org/content/10.1101/2024.10.27.619561v1


conformation is reminiscent of the nucleotide-free, ligand-bound intermediate 51 
complex of ZAR1–RKS1 bound to PBL2UMP (PDB: 6J5V). We conjecture that the 52 
equilibrium between heterodimeric and resistosome conformations may be 53 
differential among different CNLs (i.e. MLA13 versus Sr35). This text section has 54 
been modified and highlighted yellow to emphasise our use of conjecture. We have 55 
also removed the speculative sentence stating that “the equilibrium between 56 
heterodimeric and pentameric resistosomes may be differentially regulated among 57 
sensor CNLs”.   58 

We cannot exclude that a hypothetical MLA13 resistosome disassembles into 59 
receptor-effector heterodimers upon cell lysis and protein purification or is 60 
inaccessible with our purification method. Regardless of whether the MLA13–61 
AVRA13-1 heterodimer results from disassembly of a hypothetical MLA13 62 
resistosome or is a stable ligand-bound intermediate state receptor, the established 63 
receptor-effector interface is necessary for MLA13-mediated cell death. Accordingly, 64 
in the revised discussion we now provide three possible explanations for the 65 
MLA13K98E/K100E–AVRA13-1 heterodimeric conformation. “First, a hypothetical MLA1366 
resistosome may disassemble into receptor-effector heterodimers upon cell lysis and 67 
protein purification or is otherwise inaccessible to our purification method. Second, 68 
the concentration of a hypothetical MLA13 resistosome is too low compared to the 69 
heterodimers to be isolated by our purification protocol, but still sufficient for 70 
receptor-mediated cell death triggered by the effector. Third, the stable 71 
MLA13K98E/K100E–AVRA13-1 heterodimer represents a non-pentameric, novel72 
immunostimulatory output. Of note, regardless of whether the MLA13K98E/K100E–73 
AVRA13-1 heterodimer results from disassembly of a hypothetical MLA13 74 
resistosome or is a ligand-bound intermediate state receptor with immunostimulatory 75 
activity, the observed receptor-effector interface is necessary for MLA13-mediated 76 
cell death.”   77 

78 
79 

For this study, the authors used a triple mutant (MLA13 K98E/K100E/D502V. 80 
81 

Please note that we did not purify and resolve the triple mutant 82 
(MLA13K98E/K100E/D502V; autoactive) as the reviewer stated above. We resolved the 83 
double mutant MLA13K98E/K100E (line 135 of the original manuscript). We have 84 
described this more clearly in the revised text (highlighted yellow) and in Figure 1 of 85 
the revised manuscript.  86 

87 
 As such, the structure is similar to available ZAR monomers (PDB codes 6J5W, 88 
6J5V) with differences in the details of NB-domain orientation. In addition to this 89 
unexpected conformation, the structure also reveals the details of molecular 90 
recognition between the cognate effector and the NLR in this conformation, and also 91 
provides a structural rationale for how host proteins containing the same effector fold 92 
are excluded from the recognition and avoid mis-activation of immunity. Overall, the 93 
paper provides new information in the structural understanding of NLR action. 94 
But the authors need to explain more details on the nature of MLA13 triple mutant 95 
and its implication for the accumulation of heterodimer and absence of resistosomes 96 
in this study. 97 

98 
Please note that we did not purify and resolve the triple mutant 99 
(MLA13K98E/K100E/D502V; autoactive) as the reviewer stated above. We resolved the 100 



double mutant MLA13K98E/K100E (line 135 of the original manuscript). We have 101 
described this more clearly in the revised text (highlighted yellow) and in Figure 1 of 102 
the revised manuscript. In addition, Extended Data Fig. 7 of the original manuscript 103 
provides SEC profiles of samples with alternative substitutions (i.e. MLA13L11E/L15E) 104 
and/or MLA13 without the N-terminal GST tag). These samples consistently elute at 105 
a volume similar to that of the cryo-EM-resolved GST-MLA13 K98E/K100E -AVRA13-1106 
heterodimer or later in the profile, suggesting that the N-terminal GST tag on MLA13 107 
or the MLAK98E/K100E does not disrupt the formation of a hypothetical oligomeric 108 
receptor complex such as a pentameric resistosome. This is explained in line 181 of 109 
the original version of the manuscript. Extended Data Fig. 7 of the original version of 110 
the manuscript was reformatted as Figure EV1.  111 

As mentioned above, we cannot exclude that a hypothetical MLA13 112 
resistosome disassembles into receptor-effector heterodimers upon cell lysis and 113 
protein purification or is inaccessible to our purification method. Regardless of 114 
whether the MLA13–AVRA13-1 heterodimer results from disassembly of a 115 
hypothetical MLA13 resistosome or is a stable ligand-bound intermediate state 116 
receptor, the established receptor-effector interface is necessary for MLA13-117 
mediated cell death. We have added this to the second paragraph of the discussion.  118 

119 
Detailed comments are provided below. 120 
Major: 121 
1. Line 133 and Extended Data Fig. 3122 
a) Extended Data Fig. 3a showed that GST-MLA13 didn't trigger HR with the123 
presence or absence of its cognate Avr. Introducing the autoactive D502V mutation124 
into GST-MLA13 also fails to induce HR. These results raise questions of whether125 
the N-terminal GST tag is interfering with MLA13 function. If so, how does this126 
impact the validity of the reported GST-MLA13/AvrA13-1 structure?127 

128 
Thank you for the comment. Extended Data Fig. 7c,d of the original manuscript show 129 
that when AVRA13-1 is co-expressed and purified with either MLA13K98E/K100E or130 
MLA13L11E/L15E (both receptors without epitope tags; samples purified via C-terminal 131 
Twin-Strep-tag on AVRA13-1), both samples elute at a later elution volume (profile in 132 
red; ~17.5 mL) than that of the resolved heterodimer (~15.5 mL), suggesting that 133 
even when the receptor is expressed and purified without a tag it does not form an 134 
oligomeric complex. This is explained in line 181 of the original version of the 135 
manuscript. Extended Data Fig. 7 of the original version of the manuscript was 136 
reformatted as Figure EV1.  137 

138 
2. Extended Data Fig. 6: This figure presents conflicting data that require139 
clarification:140 
The left panel demonstrates that MLA13L11E/L15E, in comparison to Sr35141 
L11E/L15E, does not oligomerize in the presence of its cognate Avr. However, given142 
that MLA13L11E/L15E forms stable heterocomplexes with AvrA13-1, we would143 
expect to observe a size increase of MLA13 due to effector binding. AvrA13-1-GFP is144 
approximately 40 kDa (as shown in the right panel), which should result in a145 
noticeable size shift of MLA13 in BN-PAGE upon binding to it. However, this146 
expected size shift is not evident (left panel, last three lanes). These data thus147 
support the authors' conclusion in one way but conflict in another. The authors148 
should provide a detailed explanation for:149 



a) Why is the expected size shift not observed upon AvrA13-1-GFP binding? Please150 
provide the immunoblot results using an anti-GFP antibody, showing where the151 
AvrA13-1-GFP signal is in BN-PAGE.152 

153 
We repeated the experiment shown in Extended Data Fig. 6 from the original 154 
manuscript, incorporating additional treatments and independent BN-PAGE analysis 155 
as requested (please see Rebuttal Figures 1 and 2 below). We conducted sequential 156 
immunoblotting with an anti-HA antibody to detect putatively non-oligomerized and 157 
oligomerized forms of the MLA13 receptor, followed by stripping and reprobing of the 158 
blot using anti-GFP antibody to detect the effectors. An AVRA13-1-GFP effector signal 159 
is detected, which corresponds in size to the mobility of the non-oligomerized MLA13 160 
receptor (Rebuttal Figure 1B, arrowhead in lane 4), suggesting effector binding to the 161 
non-oligomerized MLA13 receptor. By contrast, several AvrSr35-GFP effector signals 162 
are detectable only corresponding to the mobility of multiple Sr35 oligomers 163 
(Rebuttal Figure 1B, arrowheads in lane 1), indicating effector-bound Sr35 receptor 164 
oligomers.  165 

In the original Extended Data Fig. 6, the mobility of the non-oligomerized 166 
MLA13-AVRA13 complex overlaps with the mobility of the receptor in the lane 167 
containing MLA13 alone (original Extended Data Fig. 6 lane 5). The mobility of both 168 
Sr35 and MLA13 resting state receptors in BN-BAGE is larger than the expected 169 
molecular weight of the corresponding receptor monomers (each ~120 kDa as 170 
shown by SDS-PAGE in Rebuttal Figure 2A and 2B, lower panels). The reason for 171 
this remains unclear, but makes the separation of unbound and effector-bound non-172 
oligomerized receptors by BN-PAGE difficult.  173 

As requested, we also tried to separate N. benthamiana leaf protein extracts 174 
by BN-PAGE without immunoprecipitation. In these experiments we failed to detect 175 
receptor and effector signals. We note that in the independent BN-PAGE analysis, an 176 
additional Sr35 oligomer is detected at ~900 kDa (see rebuttal Figure 2B below), 177 
which is close to the apparent molecular weight of the Sr35 resistosome (Förderer et 178 
al., 2022). This indicates that analysis by BN-PAGE results in variable Sr35 179 
oligomers in independent experiments, presumably reflecting disassembly of the 180 
Sr35 resistosome when using this method, compared to the stable pentameric 181 
conformation observed when the proteins are passed through a soluble, mobile 182 
phase by SEC (reformatted Appendix Figures S3 and S4).  183 

Owing to variation of multiple Sr35 oligomers detected by BN-PAGE in 184 
independent experiments and consistent undetectable MLA13 oligomerization when 185 
co-expressed with AVRA13-1, we propose to remove Extended Data Fig 6 from the 186 
manuscript. Instead, we would like to highlight the SEC profiles presented in 187 
Extended Data Fig. 7 from the original manuscript, which offer consistent data with 188 
no evidence of heterocomplex disassociation. Extended Data Figure 7 has been 189 
reformatted and is now included as Figure EV1. 190 

191 



Rebuttal Figure 1. Blue Native-PAGE assay testing the oligomeric states of MLA13 
complexes. 

(A) Purified protein samples were analysed by BN-PAGE (left top panel) with subsequent western
blotting with an anti-HA antibody to detect receptors (MLA13 and Sr35). SDS-PAGE analysis of
the input samples (bottom panel) was conducted to test the expression of input proteins. (B) The
membrane was stripped and re-probed by anti-GFP antibody to detect the effectors (AVRA13-1 and
AvrSr35). The position of AVRA13-1 and AvrSr35 is indicated by arrowheads.

Rebuttal Figure 2. Blue Native-PAGE assay testing the oligomeric states of MLA13 
complexes.  

(A) The result from Extended Data 7 of the original version of the manuscript. (B) Independent
experiment was performed with the same design shown in (A).
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b) How this result reconciles with the claim of stable heterocomplex formation.242 
243 

As shown in new Rebuttal Figure 1 (see above), an AVRA13-1-GFP effector signal is 244 
detected, which corresponds in size to the mobility of the non-oligomerized MLA13 245 
receptor (arrowhead in lane 4), suggesting effector binding to the non-oligomerized 246 
MLA13 receptor. This provides independent evidence for the formation of a stable 247 
heterocomplex by BN-PAGE and SEC analysis.  248 

249 
c) Or whether there are any technical limitations in the assay that might explain this250 
unexpected result.251 

252 
As shown in new Rebuttal Figure 1, an AVRA13-1-GFP effector signal is detected, 253 
which corresponds in size to the mobility of the non-oligomerized MLA13 receptor 254 
(arrowhead in lane 4), suggesting effector binding to the non-oligomerized MLA13 255 
receptor. This provides independent evidence for effector binding to the non-256 
oligomerized MLA13 receptor by BN-PAGE and SEC analysis.  257 

We cannot exclude that a hypothetical MLA13 resistosome disassembles into 258 
receptor-effector heterodimers upon cell lysis and protein purification or is 259 
inaccessible to our purification method. Regardless of whether the MLA13–AVRA13-1 260 
heterodimer results from disassembly of a hypothetical MLA13 resistosome or is a 261 
ligand-bound intermediate state receptor, the established receptor-effector interface 262 
is necessary for MLA13-mediated cell death. We have added this to the second 263 
paragraph of the discussion.   264 

265 
3. Lines 222-224: The authors' interpretation of the MLA13/AvrA13-1 heterodimer266 
complex as an "intermediate state after effector binding-induced release of ADP but267 
before ATP binding-induced oligomerisation" requires further validation.268 

269 
Our rationale for the MLA13K98E.K100E–AVRA13-1 heterodimer as a possible270 
intermediate state is based on the finding that the receptor conformation is 271 
reminiscent of the nucleotide-free, ligand-bound intermediate complex of ZAR1–272 
RKS1 bound to PBL2UMP (PDB: 6J5V). We wish to point out our use of cautious 273 
conjecture, using 'may' or 'might.' As stated above, we cannot exclude that a 274 
hypothetical MLA13 resistosome disassembles into receptor-effector heterodimers 275 
upon cell lysis and protein purification or is inaccessible to our purification method. 276 
Regardless of whether the MLA13–AVRA13-1 heterodimer results from disassembly 277 
of a hypothetical MLA13 resistosome or is a ligand-bound intermediate state 278 
receptor, the established receptor-effector interface is necessary for MLA13-279 
mediated cell death. We have added this to the second paragraph of the discussion.  280 

281 
Unlike Zar1, MLA13/AvrA13-1 complex was expressed in the N. benthamiana 282 
system that should provide all necessary components (including ATP) for full NLR 283 
activation. It's unexpected that a functional NLR is stuck at an intermediate state but 284 
not the final conformation. The authors should consider alternative explanations, 285 
such as the possibility that the observed heterodimers are fragments of higher-order 286 
oligomers that broke down during purification. 287 
To conclusively demonstrate the in vivo state of the MLA13/AvrA13-1 complex and 288 
avoid potential artifacts from tags and purification procedures, the authors should 289 
conduct additional experiments: 290 



a) Co-expressing functional MLA13/AvrA13-1 combinations (capable of triggering291 
cell death) in N. benthamiana and analyze these samples using BN-PAGE without292 
immunoprecipitation. This would allow detecting MLA13/AvrA13-1 in their native293 
state. Co-infiltration with LaCl3 could be considered to suppress cell death to294 
enhance protein accumulation.295 

296 
Thank you for the suggestion. In the revised manuscript we have added to the 297 
discussion that we cannot exclude that a hypothetical MLA13 resistosome 298 
disassembles into receptor-effector heterodimers upon cell lysis and protein 299 
purification or is inaccessible to our purification method. It is also possible that the 300 
concentration of a hypothetical MLA13 resistosome is too low compared to 301 
heterodimers to be detected by our purification protocol, but still sufficient for 302 
receptor-mediated cell death triggered by the effector.  303 

As requested, we tried to separate N. benthamiana leaf protein extracts by 304 
BN-PAGE without immunoprecipitation. In these experiments we failed to detect 305 
receptor and effector signals. However, using BN-PAGE of immunoprecipitated 306 
protein, we have verified in Rebuttal Figure 1 effector binding to the non-307 
oligomerized MLA13 receptor.  308 

309 
310 

b) Checking whether adding ATP or dATP to the purified MLA13/Avr13A-1311 
heterodimers triggers oligomerization.312 

313 
As the reviewer has pointed out above, the use of N. benthamiana as an expression 314 
system provides all the necessary molecules, including ATP, for cell death activity 315 
and putative receptor oligomerisation. That said, we previously attempted adding 316 
ATP to the purified heterodimer to enforce oligomerisation of a high-order complex, 317 
however, the samples persistently eluted from SEC at the same elution volume as 318 
the structurally-resolved heterodimer. Importantly, the successful purification of both 319 
Sr35 and Sr50 resistosomes (Extended Data Figs. 4 and 5 of the original version of 320 
the manuscript; Appendix Figures S3 and S4 in the revised version of the 321 
manuscript) using the same protein extraction and purification method verifies that all 322 
necessary components are present in planta for the formation and purification of a 323 
hypothetical MLA13 resistosome and that our method can be used to purify at least 324 
these two sensor CNL resistosomes as pentameric assemblies. 325 

326 
c) Extracting the nucleotide binding to the heterodimers and check its identity by327 
HPLC.328 

329 
We have thoroughly checked the MLA13-AVRA13-1 Coulomb potential map, and it 330 
lacks density in the canonical nucleotide binding site. This finding is mentioned in 331 
line 219 of the original manuscript and is shown in the provided Coulomb potential 332 
map. 333 

334 
4. Fig.3 and 4 Please include the corresponding interaction analyses, such as co-IP,335 
split-luciferase assay, or BiFC, for all the residue substitution analyses shown in336 
Figures 3 and 4. These additional tests are essential to verify that the observed loss337 
of cell death resulting from residue substitutions is indeed due to a disruption in338 
interaction, rather than other potential factors, such as inhibiting conformational339 
changes.340 



Appendix Figure S6. Co-IP assays of AVRA13-1 interface substitution mutants that 
result in a reduced or loss of cell death activity. 

Protein was immunoprecipitated via the Twin-Strep-tag on AVRA13-1. Samples were run on a 
12% SDS PAGE gel. 

We have conducted co-IP experiments to address the point raised by the reviewer. 341 
The results of co-IPs of select AVRA13-1 substitution mutants that result in a loss of 342 
cell death phenotype are shown in new Appendix Figure S6. Immunoprecipitation via 343 
the Twin-Strep-tag on wild-type AVRA13-1 or AVRA22 or four tested high-order AVRA13-344 
1 mutants, robustly coprecipitated with MLA13-4MYC receptor only when co-345 
expressed with wild-type AVRA13-1 (Appendix Figure S6).  346 
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5. The engineering part: The authors describe how they identified the residues372 
MLA7(L902) and MLA13(S902) as potentially responsible for the differential373 
recognition between MLA7 and MLA13.374 

375 
They note that the residue-switched variant MLA7L902S can confer new recognition 376 
of Avr13A-1. But the mechanism such as how it works is not well explained. 377 

378 
We appreciate this comment. We explain how this substitution may gain recognition 379 
of AVRA13-1 and AVRA13-V2 in lines 382-392 of the original version of the manuscript. 380 
However, due to the molecular complexity of the putative MLA7L902S-AVRA13-1381 
interface, a high-resolution structure of the MLA7L902S-AVRA13-1 interface would be382 
necessary to make experimental, evidence-based statements about this interaction. 383 

384 
When examining Fig. 4, I noticed that MLA13(S902) actually contributes little to its 385 
recognition of Avr13A-1. Specifically, the mutant variant MLA13S902A still triggers 386 
strong cell death when co-expressed with Avr13A-1 (Figure 4C).  387 

388 
We only conclude from these data that co-expression of the single substitution 389 
mutant MLA13S902A with AVRA13-1 does not lead to a loss of cell death. This does not 390 



exclude the possibility that MLA13S902 does contribute to the broader receptor-391 
effector interface. In other words, if MLA13S902 was combined with other MLA13 392 
substitutions that result in a loss of cell death (i.e., MLA13R938A), cell death activity 393 
may be further impeded. 394 

395 
This observation raises questions about the mechanism by which the MLA7L902S 396 
swap functions: 397 

398 
Thank you for the comment. We do not claim and the data does not suggest that 399 
MLA7L902S swaps functions, but rather gains cell death activity when co-expressed 400 
with AVRA13-1 and AVRA13-V2 while retaining cell death activity when co-expressed 401 
with AVRA7 variants. 402 

403 
a) Does Leu902 in MLA7 cause steric clashes with Avr13A-1, thereby preventing404 
interaction? And the substitution to a smaller residue like Serine remove this clash405 
and allow recognition?406 
b) To test this hypothesis, the authors could mutate MLA7(L902) to other small407 
residues with short side chains and assess whether these variants can recognize408 
Avr13A-1. Additionally, they could explore the effects of substituting MLA13(S902)409 
with Leu or other large side chain residues, or with other small side chain residues.410 

411 
To address this suggestion by the reviewer, we generated and tested additional 412 
receptor variants. The MLA13S902L variant was co-expressed with AVRA13-1 in barley413 
protoplasts and leaves of N. benthamiana. These data have been added to Figure 4 414 
of the revised version of the manuscript. We also generated MLA7L902A and co-415 
expressed it with AVRA22, AVRA7-1, AVRA7-2, AVRA13-1 and AVRA13-V2 (Appendix 416 
Figure S8 in the revised version of the manuscript). We have added a sentence in 417 
the text of the revised manuscript describing that the MLA7L902A variant phenocopies 418 
MLA7L902S. 419 

420 
c) Finally, it is essential to test the interactions of all these variants, either by co-IP,421 
split-luciferase assay, or by BiFC.422 

423 
We performed co-IP experiments with selected AVRA13-1 substitution mutants that 424 
result in a loss of cell death phenotype with MLA13 as shown above and in new 425 
Appendix Figure S6. 426 

During the revision of our manuscript, a preprint from another laboratory has 427 
been posted that reports the results of in vitro shuffling of barley Mla genes 428 
(https://www.biorxiv.org/content/10.1101/2024.10.27.619561v1 ). These authors 429 
show that after recombination of Mla7 and Mla13 genes in vitro and subsequent 430 
screening of the resulting library, substitution of the exact same amino acid 431 
substitution in MLA7 that we had engineered based on our structural knowledge 432 
facilitated interaction with AVRA13-1 in yeast and AVRA13-1-dependent immune 433 
signalling in planta. This independent study reports yeast interaction data for the 434 
MLA7L902S gain-of-recognition receptor variant with the virulent version of AVRA13-V2 435 
in Fig. 4, which extends and supports the results of our cell death assays in planta 436 
using the equivalent receptor and effector variants shown in Fig. 5 of our manuscript. 437 

We emphasise that, consistent with current models implicating steric clash 438 
with the NBD as conserved activation mechanism for sensor CNLs (Förderer et al., 439 
Current Opinion in Plant Biology, 2022), binding to MLA receptors can be insufficient 440 

https://www.biorxiv.org/content/10.1101/2024.10.27.619561v1


for receptor activation. For example, some Bg AVRAs are able to bind MLAs without 441 
triggering a cell death response (Saur et al., eLIFE 2019; Crean et al., J of 442 
Experimental Botany 2023). 443 

444 
Other comments: 445 
1. Extended Data Fig. 3 Despite the significant difference in size between myc and446 
GST tags, myc-MLA13 variants in Extended Data Fig. 3b appear to have similar447 
molecular weights to GST-MLA13 shown in Extended Data Fig. 1. Could the author448 
explain this and give a bit more detail of how they performed these experiments?449 
Improved descriptions in the legends are necessary for better clarity and450 
understanding.451 

452 
Western blots and CBB-stained gels and western blots throughout the manuscript 453 
were run on gels of different percentages. The same molecule can migrate slightly 454 
differently on gels with differing percentages of polyacrylamide 455 
(https://www.sigmaaldrich.com/DE/de/technical-documents/technical-article/protein-456 
biology/western-blotting/observed-vs-calculated-molecular-457 
weight?srsltid=AfmBOoo1J3Ku90qEtm_W2m11XEn4xJenqSNSrKYB-458 
WdkxLVzJaf0Io7j). The methods used for protein purification and western blotting 459 
are described in the methods section. We have now indicated gel percentages 460 
where possible in the revised manuscript. 461 

462 
2. Fig1a The figure is confusing and requires improvement in labelling and clarity.463 
The authors state that the inserted SDS-PAGE gel represents "fractions eluted along464 
the black line". However, the placement of the 875 kDa arrow at the end of the black465 
line suggests that the samples are loaded in reverse order - from large elution466 
volume to small. This contradiction needs clarification.467 

468 
Thank you for your recommendations. We reformatted Figure 1A and changes to the 469 
figure legend are highlighted in yellow. 470 

471 
3. Fig. 2C, D Please provide the prediction scores (pLDDT and PAE plots, pTM and472 
ipTM) for AF3 models.473 

474 
The requested data is provided in Appendix Figure S5. 475 

476 
4. Fig. 3e Data here is expected to provide evidence that MLA13 was expressed477 
among all the panels in Fig. 3C, especially the combinations losing cell death. The478 
current figure is meaningless. Same issue with Fig. 4e.479 

480 
Figures 3E and 4E in the original version of the manuscript have now been omitted. 481 

482 
5. Fig3a and 4a The separation of interacting residues between the receptor and483 
effector in Fig. 3a (effector side) and Fig. 4a (NLR side) makes it difficult to484 
comprehend the complete interaction interface. While this approach keeps each485 
figure tidy, it hinders understanding of which NLR residues interact with specific486 
effector residues. An additional merged figure is recommended, showing both NLR487 
and effector residues involved in the interaction.488 

489 
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We edited Figure 3A to only highlight residues with atom display that we 490 
experimentally tested in cell death assays. We added a domain architecture 491 
schematic below Figure 4A to make the figure more accessible to the readership. In 492 
addition, we included a figure (Figure EV3 in the revised version of the manuscript) 493 
to show all the experimentally tested interface residues in two views. We hope that 494 
this fulfils the reviewer’s recommendation. 495 

496 
In addition: 497 
• What is the net molecular weight of the heterodimer used in this structural study in498 
kDa? This has to be included somewhere in the paper as this is a cryoEM study of499 
intermediate size protein complex.500 

501 
The calculated molecular weight of the GST-MLA13K98E/K100E-AVRA13-1 heterodimer502 
is ~155 kDa as noted in Figure 1A of the original version of the manuscript. We have 503 
added this to the Figure 1 legend for further clarification. 504 

505 
• Where does K98 and K100 come in the 3D structure of monomeric ZAR1? It is in506 
the CC domain, but the exact location of these residues and their interactions must507 
be discussed. For example, are these residues lying in the allosteric path that leads508 
to fold switch of CC domain N-terminal alpha1 helix? Are they interacting with the509 
alpha1 helix in the monomeric ZAR1? These details will clarify the questions on510 
whether the mutation K98E, K100E impacts the conformational transition required to511 
release the alpha1 helix after effector recognition and assemble into resistosome in512 
an autoactive MLA D502V mutant.513 

514 
The CC domains of MLA13 and ZAR1 are highly polymorphic, making it 515 
unreasonable to draw concrete conclusions from sequence comparisons. Moreover, 516 
the aforementioned stretch of sequence is unresolved in all currently available 517 
resistosome structures, again making it difficult to draw conclusions on the role of 518 
MLA13K98/K100 in a hypothetical resistosome. Nevertheless, although co-expression of 519 
MLA13K98E/K100E with AVRA13-1 results in a loss of cell death, the addition of the 520 
autoactive substitution (MLA13K98E/K100E/D502V) results in a rescue of cell death activity 521 
(Extended Data Fig. 3A of the original version of the manuscript), suggesting that the 522 
substitutions MLA13K98E/K100E do not interfere with the formation of a cell death-523 
inducing conformation (i.e. hypothetical resistosome formation). This is discussed in 524 
lines 130-135 of the original version of the manuscript. Please see Figure EV1 of the 525 
revised version of the manuscript. Discussing the physiological roles of residues 526 
MLA13K98/K100 with the currently available literature and evidence would be 527 
speculative. 528 

529 
• In Line 137, the authors suggest that analogous substitution in NRG1 retains530 
oligomerisation. Although ZAR1, MLA13 and NRG1 are CNLs, we know that NRG1531 
forms a phylogenetically different class of RPW8-NLRs, so their resistosome532 
assembly might be different from that of ZAR1 or MLA13. It is possible that they form533 
similar resisting state structure but have a different resistosome structure.534 

535 
We appreciate the comment and agree with the reviewer that a structure of an 536 
activated RPW8-NLR is needed to clarify whether its oligomeric state and structure 537 
is similar or dissimilar to ZAR1 and MLA13.   538 

539 



Rebuttal Figure 3. Representative negative staining TEM image of the purified 
MLA13

L11E/L15E/D502V
-2S-HA.

The sample was analysed by negative staining TEM directly after the first-step affinity purification 
before SEC analysis. Purification result shown in Expanded View Figure 1A. Black scale bar at the 
bottom represents 100 nm. 

• In Line 146-147, the authors suggest that SEC revealed a heterocomplex with size540 
smaller than multimeric MLA13. Since there is cell death in this triple mutant, it is541 
possible that the multimers are just at very low concentration.542 

543 
We did not purify and resolve the triple mutant, autoactive MLA13 544 
(MLA13K98E/K100E/D502V). We resolved and report the structure of MLA13K98E/K100E-545 
AVRA13-1. This is discussed in line 135 of the original version of the manuscript. 546 

547 
Would it be a good idea in that case, to pull-down the MLA13 effector complex first 548 
with MLA's flag-tag and screen in negative stain before going for second pull-down 549 
from effector side? Such negative stain images immediately after first pull-down from 550 
crude extract without SEC may reveal a lower number of existing reistosomes, 551 
though not homogeneous. 552 

553 
Thank you for the comment. We did not use a flag tag in any of the reported 554 
experiments. As requested, we purified a large-scale sample of autoactive 555 
MLA13L11E/L15E/D502V and analysed the sample by negative staining TEM after a single 556 
step affinity purification only. We did not detect the presence of a high-order complex 557 
or star-shaped particles in this sample (Figure EV1 (SEC profiles) and Rebuttal 558 
Figure 3 (TEM image)). 559 

560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 

In Figure 2, the legend describes as 'electron density map'. The authors know very 583 
well that the map from cryo-EM reconstruction is a 'coulomb potential map' and not 584 
electron density map as in X-ray crystallography. This typing mistake has to be 585 
corrected. 586 

587 
Thank you for your correction. The terminology has been changed throughout the 588 
revised version of the manuscript.  589 



590 
• In Line 271 and 275, MLA13 residue 934 is given as F and Y respectively. The591 
atomic model displayed in the Figure 4A, shows it as Y934. This typing mistake has592 
to be corrected in Line 271.593 

594 
Thank you for your correction. The mistake has been corrected in the revised version 595 
of the manuscript. 596 

597 
• Here is a general observation in extended figure 6, left panel. The last but one lane,598 
where MLA13 alone is loaded, runs in the BN-PAGE near 242KDa, but its molecular599 
weight is around 107kDa for single chain. Such migration of the apoprotein in resting600 
state is an indication for a dimeric state in resting state as observed for NRC2.601 
Resting NRC2 also migrates near this location in BN-PAGE since they are dimers.602 
The authors can track down this if they are interested in resolving the resting state of603 
MLA.604 

605 
Thank you for the comment. In the original Extended Data Fig. 6, the mobility of the 606 
non-oligomerized MLA13-AVRa13 complex overlaps with the mobility of the receptor 607 
in the lane containing MLA13 alone (original Extended data Fig. 6 lane 5). The 608 
mobility of both Sr35 and MLA13 resting state receptors in BN-BAGE is larger than 609 
the expected molecular weight of the corresponding receptor monomers (each 610 
approx. 120 kDa as shown above by SDS-PAGE in Rebuttal Figure 2A and 2B; see 611 
also above). The reason for this remains unclear, but makes the separation of 612 
unbound and effector-bound non-oligomerized receptors by BN-PAGE difficult.  613 

614 
• In the Table 1 of extended data, there is no description for 'Energy filter' is given nor615 
mentioned in the cryo-EM imaging section. Small protein complexes normally benefit616 
from the use of energy filter during imaging. Was there any particular reason why it617 
was not used in this imaging experiment? If there is any advantage, information618 
along this will be useful for all others working on this range of molecular size.619 

620 
We respectfully disagree with the statement that small proteins usually benefit from 621 
the use of an energy filter during imaging. We agree that there is a correlation 622 
between deposited high-resolution structures of small proteins and the use of energy 623 
filters, but believe this to be mainly due to the fact that the first widely used direct 624 
electron detector was often sold with an energy filter. In fact, since the advantage of 625 
energy filters is to remove inelastically scattered electrons, they are more useful for 626 
larger complexes, where the layer of vitreous ice must be thick to fully support the 627 
sample, or for tomography, where the sample must be imaged at higher tilt settings 628 
that increase the cross section of vitreous ice that the beam must pass through. In 629 
the case of this manuscript, an energy filter or its settings were not mentioned 630 
because the microscope used for data acquisition is not equipped with an energy 631 
filter. However, we have shown (Vu H.H., Behrmann H., et al. 2023) that this 632 
microscope is perfectly suitable for imaging a much smaller protein complex of 120 633 
kDa at a resolution of 2.6 Å. 634 

635 
• Finally, the heterocomplex structure describes how this NLR is engaging its636 
different parts to recognize its cognate effector. Does the authors think, the effector637 
position and the recognition areas of NLR change when this heterocomplex at non-638 
canonical conformation moves to oligomeric, resistosome conformation. Can the639 



initial recognition mode of the effector and its final position in assembled resistosome 640 
be expected to vary? All views of the authors along this will be useful in the 641 
discussion on engineering perspectives. 642 

643 
Please note that we lack experimental evidence for a hypothetical, effector-triggered 644 
MLA13 resistosome. To avoid misinterpretation by the readership, we wish to refrain 645 
from discussing whether and how the effector position could change when the 646 
heterodimeric complex transitions to a hypothetical resistosome.  647 

648 
Referee #2: 649 

650 
In this study, the authors show the structural basis of MLA13 recognition of AVRA13 651 
and manage to modify the specificity of the NLR which is very impressive. The 652 
description of NLR/effector recognition is well supported and very convincing. 653 

654 
I have one major point regarding the biological relevance of the MLA13 K98/K100 655 
mutant used in this study. 656 
Is this MLA13 heterodimer active and does it reflect the function of the WT protein? 657 

658 
Thank you for the comment. The purification experiments of several MLA-AVRA 659 
variants (Figure EV1 of the revised manuscript), including untagged MLA13L11E/L15E, 660 
show that all elute at the same volume as the structurally resolved heterodimer or 661 
later in the profile without evidence for the formation of a high-order MLA13–AVRA13-662 
1 complex. We generated interface substitution mutants based on the heterodimer 663 
structure that resulted in a loss of cell death response upon co-expression in both 664 
barley protoplasts and leaves of N. benthamiana. These results suggest that the 665 
interface is biologically relevant. Our findings are further supported by an 666 
independent study from another laboratory that reports the results of in vitro shuffling 667 
of barley Mla genes (https://www.biorxiv.org/content/10.1101/2024.10.27.619561v1 ; 668 
posted during the revision of our manuscript). Remarkably, these authors show that 669 
after recombination of wild-type Mla7 and Mla13 genes in vitro and subsequent 670 
screening of the resulting library, substitution of the exact same amino acid 671 
substitution in wild-type MLA7 that we had engineered based on our structural 672 
knowledge facilitated interaction with AVRA13-1 in yeast and AVRA13-1-dependent and 673 
receptor-mediated cell death in planta. Together, this strongly supports the biological 674 
relevance of our structure-based study for understanding effector-triggered MLA-675 
mediated cell death activation. 676 

677 
Does the WT protein exist in vivo as a heterodimer similar to the one seen here? 678 
Do we see higher order oligomers of MLA13 WT in planta following AVR13 679 
recognition? 680 

681 
We refer to our response to the preceding point raised by the reviewer. 682 
Unfortunately, the oligomeric state of the wild-type MLA13-AVRA13-1 complex in vivo 683 
remains undefined as co-expression of receptor and effector results in a rapid cell 684 
death response and depletion of detectable protein. For this reason, we present 685 
results of cell death-impeding substitutions in MLA13 that allow abundant 686 
resistosome formation of both Sr35 and Sr50 CNLs in N. benthamiana using the 687 
exact same protocol that resulted in purification of the MLA13-AVRA13-1 heterodimer 688 
only (Appendix Figures S3 and S4). In Extended Data Fig. 7 of the original version of 689 

https://www.biorxiv.org/content/10.1101/2024.10.27.619561v1


the manuscript we present purification results of a number of different MLA13-690 
AVRA13-1 substitution and tag combinations along with the positive controls Sr35 and 691 
Sr50 resistosomes. Please see Figure EV1 of the revised version of the manuscript 692 
for a reformatted version of Extended Data Fig. 7 from the original version of the 693 
manuscript. 694 

695 
The claim that this dimeric state represents an intermediate step of MLA13 activation 696 
is weakly supported by data. 697 

698 
Our rationale for the MLA13K98E.K100E–AVRA13-1 heterodimer as a possible699 
intermediate state is based on the finding that the receptor conformation is 700 
reminiscent of the nucleotide-free, ligand-bound intermediate complex of ZAR1–701 
RKS1 bound to PBL2UMP (PDB: 6J5V). Due to the unexpected heterodimeric 702 
conformation of the MLA13-AVRA13-1 heterocomplex, we have limited our 703 
conclusions in the original manuscript to cautious conjecture. We do not make claims 704 
about the physiological function of the heterodimeric conformation. Our conclusions 705 
regarding the MLA13K98E/K100E-AVRA13-1 heterodimer and its biological relevance are706 
limited to structure-guided substitutions at the effector-binding interface that result in 707 
a loss of cell death. There are three possible explanations for the finding of a stable 708 
MLA13K98EK100E–AVRA13-1 heterodimeric conformation, which we have now included709 
in the discussion of the revised manuscript: “First, a hypothetical MLA13 resistosome 710 
may disassemble into receptor-effector heterodimers upon cell lysis and protein 711 
purification or is otherwise inaccessible to our purification method. Second, the 712 
concentration of a hypothetical MLA13 resistosome is too low compared to the 713 
heterodimers to be isolated by our purification protocol, but still sufficient for 714 
receptor-mediated cell death triggered by the effector. Third, the stable 715 
MLA13K98E/K100E–AVRA13-1 heterodimer represents a non-pentameric, novel716 
immunostimulatory output. Of note, regardless of whether the MLA13K98E/K100E–717 
AVRA13-1 heterodimer results from disassembly of a hypothetical MLA13 718 
resistosome or is a ligand-bound intermediate state receptor with immunostimulatory 719 
activity, the observed receptor-effector interface is necessary for MLA13-mediated 720 
cell death.”    721 

722 
The authors should provide information on the function of MLA13 K98E/K100E 723 
compared to WT. Ideally, the authors should show that the WT protein form higher 724 
order oligomers following AVRA13 recognition, that the K98/K100 D502V forms 725 
similar oligomers and determine the structure of the K98/K100 D502V mutant 726 
oligomer. 727 

728 
Although co-expression of MLA13K98E/K100E with AVRA13-1 results in a loss of cell729 
death, the addition of the autoactive substitution (MLA13K98E/K100E/D502V) results in a 730 
rescue of cell death (Extended Data Fig. 3A of the original version of the 731 
manuscript), suggesting that the substitutions MLA13K98E/K100E do not block a cell 732 
death-inducing conformation (i.e. hypothetical resistosome formation). This is 733 
discussed in lines 130-135 of the original version of the manuscript. We have no 734 
evidence for the formation of high-order MLA13-AVRA13-1 oligomers, and therefore 735 
cannot show this. In Extended Data Fig. 7 of the original version of the manuscript 736 
we present purification results of a number of different MLA13-AVRA13-1 substitution 737 
and tag combinations along with the positive controls Sr35 and Sr50 CNL 738 
resistosomes that were purified using the exact same protocol (Appendix Figures S3 739 



and S4). Please see Figure EV1 of the revised version of the manuscript for a 740 
reformatted version of Extended Data Fig. 7 from the original version of the 741 
manuscript. 742 

743 
Is MLA13 WT also sensitive to calcium channel inhibitors? At least, the author should 744 
provide data on MLA13 K98/100 D502V oligomerization status. 745 
Please justify the use of the L11/15 D502V mutant for the determination of 746 
oligomerization in blue native gels. 747 

748 
Thank you for the comment. Effector-triggered MLA13-mediated cell death is indeed 749 
sensitive to LaCl3 inhibition as shown in an earlier publication (Fig. 5A, Crean et al., 750 
2023). We have used MLA13L11E/L15E for BN-PAGE to determine the oligomerization 751 
status of MLA13L11E/L15E/D502V because the corresponding substitutions in Sr35L11E/L15E752 
and Sr50L11E/L15E have been shown to retain the formation of resistosomes (Förderer 753 
et al., 2022; unpublished) and MLA13L11E/L15E forms a stable heterodimer with 754 
AVRA13-1 that is indistinguishable from the MLA13K98E/K100E heterodimer with the 755 
effector (Figure EV1).    756 

We repeated the experiment shown in Extended Data Fig. 6 from the original 757 
manuscript, incorporating additional treatments and independent BN-PAGE analysis 758 
as requested (Rebuttal Figures 1 and 2, shown below). We conducted sequential 759 
immunoblotting with an anti-HA antibody to detect putatively non-oligomerized and 760 
oligomerized forms of the MLA13 receptor, followed by stripping and reprobing of the 761 
blot using anti-GFP antibody to detect the effectors. An AVRA13-1-GFP effector signal 762 
is detected, which corresponds in size to the mobility of the non-oligomerized MLA13 763 
receptor (Rebuttal Figure 1B, arrowhead in lane 4), suggesting effector binding to the 764 
non-oligomerized MLA13 receptor. By contrast, several AvrSr35-GFP effector signals 765 
are detectable only corresponding to the mobility of multiple Sr35 oligomers 766 
(Rebuttal Figure 1B, arrowheads in lane 1), indicating effector-bound Sr35 receptor 767 
oligomers.  768 

In the original Extended Data Fig. 6, the mobility of the non-oligomerized 769 
MLA13-AVRA13 complex overlaps with the mobility of the receptor in the lane 770 
containing MLA13 alone (original Extended Data Fig. 6 lane 5). The mobility of both 771 
Sr35 and MLA13 resting state receptors in BN-BAGE is larger than the expected 772 
molecular weight of the corresponding receptor monomers (each approx. 120 kDa as 773 
shown by SDS-PAGE in Rebuttal Figure 2, lower panels). The reason for this 774 
remains unclear, but makes the separation of unbound and effector-bound non-775 
oligomerized receptors by BN-PAGE difficult.  776 

As requested, we also tried to separate N. benthamiana leaf protein extracts 777 
by BN-PAGE without immunoprecipitation. In these experiments we failed to detect 778 
receptor and effector signals. We note that in the independent BN-PAGE analysis, an 779 
additional Sr35 oligomer is detected at ~900 kDa (Rebuttal Figure 2B shown below), 780 
which is close to the apparent molecular weight of the Sr35 resistosome (Förderer A. 781 
et al., 2022). This indicates that analysis by BN-PAGE results in variable Sr35 782 
oligomers in independent experiments, presumably reflecting disassembly of the 783 
Sr35 resistosome when using this method, compared to the homogenous 784 
conformation observed when the molecule is passed through a soluble, mobile 785 
phase by SEC (Figure EV1).  786 

Owing to variation of multiple Sr35 oligomers detected by BN-PAGE in 787 
independent experiments and consistent undetectable MLA13 oligomerization when 788 
co-expressed with AVRA13-1, we propose to remove Extended Data Fig 6 from the 789 



Rebuttal Figure 1. Blue Native-PAGE assay testing the oligomeric states of MLA13 
complexes. 

(A) Purified protein samples were analysed by BN-PAGE (left top panel) with subsequent western
blotting with an anti-HA antibody to detect receptors (MLA13 and Sr35). SDS-PAGE analysis of
the input samples (bottom panel) was conducted to test the expression of input proteins. (B) The
membrane was stripped and re-probed by anti-GFP antibody to detect the effectors (AVRA13-1 and
AvrSr35). The position of AVRA13-1 and AvrSr35 is indicated by arrowheads.

Rebuttal Figure 2. Blue Native-PAGE assay testing the oligomeric states of MLA13 
complexes.  

(A) The result from Extended Data 7 of the original version of the manuscript. (B) Independent

experiment was performed with the same design shown in (A).

manuscript.  Instead, we would like to highlight the SEC profiles presented in 790 
Extended Data Fig. 7 from the original manuscript, which offer consistent data with 791 
no evidence of heterocomplex disassociation. Extended Data Figure 7 has been 792 
reformatted and is now included as Figure EV1. 793 
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840 
Why did the authors use the K98/100 mutant for the structural study instead of the 841 
L11/15 mutant? 842 

843 
We used MLA13K98E/K100E because MLA13L11E/L15E results in the accumulation of 844 
notably lower protein levels. In Extended Data Fig. 7 of the original version of the 845 
manuscript we present purification results of a number of different MLA13-AVRA13-1 846 
substitution and tag combinations along with the positive controls (Sr35 and Sr50 847 
resistosomes; Appendix Figures S3 and S4) that were purified using the same 848 
method. Co-expression of MLA13L11E/L15E- AVRA13-1 resulted in an elution volume849 
comparable to MLA13K98E/K100E- AVRA13-1. Extended Data Figure 7 has been850 
reformatted and is now included as Figure EV1. 851 

852 
This mutant makes higher order oligomers similar to active resistosomes. 853 

854 
In Extended Data Fig. 7 of the original version of the manuscript we present 855 
purification results of a number of different MLA13-AVRA13-1 substitution and tag 856 
combinations along with the positive controls (Sr35 and Sr50 resistosomes; 857 
Appendix Figures S3 and S4) that were purified using the same method. Co-858 
expression of MLA13L11E/L15E- AVRA13-1 resulted in an elution volume comparable to859 
MLA13K98E/K100E- AVRA13-1. Extended Data Figure 7 has been reformatted and is860 
now included as Figure EV1. 861 

862 
It is unclear in extended figure 6 if the D502V mutation is combined with the L11/15 863 
mutations. Please specify in the caption. 864 

865 
As explained above, we used MLA13L11E/L15E for BN-PAGE to determine the 866 
oligomerization status of MLA13L11E/L15E/D502V because the corresponding 867 
substitutions in Sr35L11E/L15E and Sr50L11E/L15E have been shown to retain the 868 
formation of resistosomes (Förderer et al., 2022; unpublished data for Sr50). Co-869 
expression of MLA13L11E/L15E- AVRA13-1 resulted in an elution volume comparable to870 
MLA13K98E/K100E- AVRA13-1 (Extended Data Figure 7 of the original manuscript,871 
reformatted as Figure EV1 in the revised manuscript. 872 

As explained above, we propose to remove Extended Data Fig 6 from the 873 
manuscript.  Instead, we would like to highlight the SEC profiles presented in 874 
Extended Data Fig. 7 from the original manuscript, which offer consistent data with 875 
no evidence of complex disassociation. Extended Data Figure 7 has been 876 
reformatted and is now included as Figure EV1. 877 

878 
Please specify in the figures when MLA13 K98/100 mutants are used. This 879 
information is essential. 880 

881 
Thank you for the suggestion. We have now provided this information throughout the 882 
revised version of the manuscript. 883 

884 
Where are residues L98/100 used for purifying MLA13? How do they affect MLA13 885 
function? Please provide a view of the structure with these residues highlighted. Also 886 
in figure 1, please indicate the number of amino-acids comprised in the different 887 
domains of MLA13 in the schematic below the structure. 888 

889 



Thank you for your recommendation. We have clarified this in Figure 1 of the revised 890 
version of the manuscript. 891 

892 
Another major point. How does the purification process affect the complex retrieved? 893 
Do you observe the same SEC profile by pulling down MLA13? Does AVRA13 894 
interact with oligomeric forms of MLA13 such as the one seen in extended figure 6? 895 

896 
In Extended Data Fig. 7 of the original version of the manuscript we present 897 
purification results of a number of different MLA13-AVRA13-1 substitution and tag 898 
combinations along with the positive controls Sr35 and Sr50 resistosomes that were 899 
purified using the same method. This resulted in a consistent purification of the 900 
MLA13-AVRA13-1 heterodimer, even when pulling down MLA13 without a second IP 901 
via the effector tag. In addition, the oligomeric form of MLA13 shown in extended 902 
Figure 6 is an autoactive receptor expressed in the absence of AVRA13-1. We never 903 
detect MLA13 multimers using BN-PAGE or SEC analysis when receptor and 904 
effector are co-expressed. Please see an updated version of this figure as Figure 905 
EV1 in the revised version of the manuscript.  906 

907 
If not, maybe the purification process enriches heterodimers and not full 908 
resistosomes? 909 

910 
We agree with this possibility and have included this in the discussion of the revised 911 
version of the manuscript. However, we emphasise that both Sr35 and Sr50 CNL 912 
resistosomes were successfully purified from N. benthamiana in our study using 913 
exactly the same expression and protein purification protocol.   914 

915 
Minor point: 916 
Line 133, figure numbering is off, extended figure 3 is cited before extended figure 1. 917 

918 
Thank you for your correction. We have changed the corresponding figures and 919 
numbering of the figures. 920 

921 
Referee #3: 922 

923 
This manuscript presents the cryo-EM structure of barley CNL immune receptor 924 
MLA13 in complex with its cognate effector AVRA13-1 as a heterodimer. In contrast 925 
to previously reported effector activated CNL pentamers, they propose MLA13-926 
AVRA13-1 heterodimer as an intermediate state. 927 

928 
They validated the importance of the interactions between MLA13-AVRA13-1 for 929 
function. They further engineered a single amino acid substitution in MLA7 that 930 
enables expanded effector detection of AVRA13-1 and the virulent variant AVRA13-931 
V2. This study significantly advanced the understanding on barley MLA receptors 932 
and their recognition of effectors. The manuscript is well written. I have a few 933 
comments for the authors to improve the manuscript. 934 

935 
1, In extended data Fig. 6, BN-PAGE showed the putative oligomer of 936 
MLA13L11E/L15E/D502V. Can the authors also purify MLA13L11E/L15E/D502V and 937 
do negative stain of it as they did for Sr35 resistosome? 938 

939 



Rebuttal Figure 3. Representative negative staining TEM image of the purified 
MLA13

L11E/L15E/D502V
-2S-HA.

The sample was analysed by negative staining TEM directly after the first-step affinity purification 
before SEC analysis. Purification result shown in Expanded View Figure 1A. Black scale bar at the 
bottom represents 100 nm. 

Our revision experiments include the purification and negative staining imaging of 940 
MLA13L11E/L15E/D502V to address the comment of this and the other reviewers (Figure 941 
EV1; Rebuttal Figure 3). Purification and negative stain imaging of 942 
MLA13L11E/L15E/D502V does not result in the elution of a high-order molecule from SEC 943 
or resistosome-shaped particles from negative staining analysis, suggesting that a 944 
hypothetical MLA13L11E/L15E/D502V resistosome is not purified using our method. 945 
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2, For Nb cell death images, can the authors please make a mock leaf showing the 971 
infiltration settings for readers to better understand? 972 

973 
Thank you for your recommendation. We have added leaf ‘maps’ to these figures 974 
and moved them to ‘Source Data’. 975 

976 
3, In extended data Fig. 1, please run all samples on one gel. 977 

978 
Thank you for your recommendation. These gels have now been replaced with those 979 
from the same experiment performed on a different day where the same percentage 980 
of SDS-PAGE gel was used. We did not perform the experiment again as infiltrating, 981 
processing and purifying 200 grams of leaf tissue to simply run the two samples on 982 
the same gel would be an unreasonable use of resources. The revised figure is now 983 
listed as Appendix Figure S2. 984 



14th Jan 20251st Revision - Editorial Decision

Dear Paul, 

We have now received re-review reports from all three referees, which I have included below. As you will see, you have
addressed their concerns satisfactorily. Before I can finally accept the manuscript, there are some remaining editorial points
which need to be addressed. In this regard would you please: 

- include the corresponding authors' email addresses on the manuscript title page,
- select five keywords,
- reformat the reference list to alphabetical order instead of numbered; in the reference section, for longer author lists use the
format of 10 authors + et al.,
- rename the conflict of interests statement the "Disclosure and competing interests statement",
- remove the AC/CrediT section from the text,
- remove the manuscript callout for Supplementary Table 1 (no such table is uploaded), include callouts in the manuscript for
Figure panels 3D, 4A, 4D, 5a, and figures EV1, EV4 and Appendix Figures,
- upload main and EV figures as individual, high-resolution figure files, with their legends included in the manuscript file below
the reference section,
- convert the appendix file to PDF format, include a title page containing "Appendix for The barley MLA13-AVRA13 heterodimer
reveals principles for immunoreceptor recognition of RNase-like" and a table of contents with page numbers of the included
items,
- upload a Tools and Reagents table as an individual file using the template from our guide to authors,
- indicate separate stained membranes and blots (which are currently spliced together) in figure 3D, figure 4D with a black line,
- provide specific URLs for 9FYC, EMD-50863 datasets in the data availability statement,
- provide exact p values in the legends of figures 3B, 4B and 5A,
- indicate the statistical test used for data analysis in the legends of figures 3B and 4B,
- define box plots in terms of minima, maxima, centre, bounds of box and whiskers, and percentile in the legends of figures 3B,
4B, 5A, and
- correct the section order as follows: Title page - Abstract & Keywords - Introduction - Results - Discussion - Methods - Data
Availability - Acknowledgements - Disclosure and Competing Interests Statement - References - Figure Legends - Table(s) -
Expanded View Figure Legends.

We include a synopsis of the paper (see http://emboj.embopress.org/). Please provide me with a general summary image, a two
sentence statement and 3-5 bullet points that capture the key findings of the paper. 

I am looking forward to receiving your revised manuscript. 

EMBO Press is an editorially independent publishing platform for the development of EMBO scientific publications. 

Best wishes, 

William 

William Teale, PhD 
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The EMBO Journal 
w.teale@embojournal.org
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Please check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists. 

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen: 
https://bit.ly/EMBOPressFigurePreparationGuideline 
See also figure legend guidelines: https://www.embopress.org/page/journal/14602075/authorguide#figureformat 
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- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.
- individual production quality figure files (one file per figure)



- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).
- Expanded View files (replacing Supplementary Information)
Please see out instructions to authors
https://www.embopress.org/page/journal/14602075/authorguide#expandedview
- a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide#structuredmethods)

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure. 

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide 

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
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Abridged guidelines for figures

1. Data

The data shown in figures should satisfy the following conditions:
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2. Captions

➡
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➡
➡
➡

➡

➡
➡ definitions of statistical methods and measures:

- 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. 

Materials

Newly Created Materials
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

New materials and reagents need to be available; do any restrictions 

apply?
Yes Methods

Antibodies
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue 

number and or/clone number

- Non-commercial: RRID or citation

Yes Methods

DNA and RNA sequences
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the 

sequences.
Yes Data Availability Section

Cell materials
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession number 

in repository OR supplier name, catalog number, clone number, and/OR 

RRID.

Not Applicable

Primary cultures: Provide species, strain, sex of origin, genetic 

modification status.
Yes Methods

Report if the cell lines were recently authenticated (e.g., by STR profiling) 

and tested for mycoplasma contamination.
Not Applicable

Experimental animals
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex, 

age, genetic modification status. Provide accession number in repository 

OR supplier name, catalog number, clone number, OR RRID.

Not Applicable

Animal observed in or captured from the field: Provide species, sex, 

and age where possible.
Not Applicable

Please detail housing and husbandry conditions. Not Applicable

Plants and microbes
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant, 

unique accession number if available, and source (including location for 

collected wild specimens).

Yes Methods

Microbes: provide species and strain, unique accession number if 

available, and source.
Yes Methods

Human research participants
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex 

and gender or ethnicity for all study participants.
Not Applicable

Core facilities
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in 

the acknowledgments section?
Yes Author list

Design

- common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney tests, can be 

unambiguously identified by name only, but more complex techniques should be described in the methods section;
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if n<5, the individual data points from each experiment should be plotted.  Any statistical test employed should be justified.
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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 
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Study protocol
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the 

manuscript. For clinical trials, provide the trial registration number OR cite 

DOI.

Not Applicable

Report the clinical trial registration number (at ClinicalTrials.gov or 

equivalent), where applicable.
Not Applicable

Laboratory protocol 
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step 

protocols are available.
Not Applicable

Experimental study design and statistics
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical 

methods were used.
Yes Figure legends

Were any steps taken to minimize the effects of subjective bias when 

allocating animals/samples to treatment (e.g. randomization procedure)? 

If yes, have they been described?

Not Applicable

Include a statement about blinding even if no blinding was done. Not Applicable

Describe inclusion/exclusion criteria if samples or animals were 

excluded from the analysis. Were the criteria pre-established?

If sample or data points were omitted from analysis, report if this was due 

to attrition or intentional exclusion and provide justification.

Not Applicable

For every figure, are statistical tests justified as appropriate? Do the data 

meet the assumptions of the tests (e.g., normal distribution)? Describe any 

methods used to assess it. Is there an estimate of variation within each 

group of data? Is the variance similar between the groups that are being 

statistically compared?

Yes Figure legends and methods

Sample definition and in-laboratory replication
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated 

in laboratory.
Yes Figure legends

In the figure legends: define whether data describe technical or biological 

replicates.
Yes Figure legends

Ethics

Ethics
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Studies involving human participants: State details of authority granting 

ethics approval (IRB or equivalent committee(s), provide reference 

number for approval.

Not Applicable

Studies involving human participants: Include a statement confirming that 

informed consent was obtained from all subjects and that the experiments 

conformed to the principles set out in the WMA Declaration of Helsinki and 

the Department of Health and Human Services Belmont Report.

Not Applicable

Studies involving human participants: For publication of patient photos, 

include a statement confirming that consent to publish was obtained.
Not Applicable

Studies involving experimental animals: State details of authority 

granting ethics approval (IRB or equivalent committee(s), provide 

reference number for approval. Include a statement of compliance with 

ethical regulations.

Not Applicable

Studies involving specimen and field samples: State if relevant permits 

obtained, provide details of authority approving study; if none were 

required, explain why.

Not Applicable

Dual Use Research of Concern (DURC)
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check 

biosecurity documents and list of select agents and toxins (CDC): 

https://www.selectagents.gov/sat/list.htm 

Not Applicable

If you used a select agent, is the security level of the lab appropriate and 

reported in the manuscript?
Not Applicable

If a study is subject to dual use research of concern regulations, is the 

name of the authority granting approval and reference number for the 

regulatory approval provided in the manuscript?

Not Applicable

Reporting

Adherence to community standards
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE, 

PRISMA) have been followed or provided.
Not Applicable

For tumor marker prognostic studies, we recommend that you follow the 

REMARK reporting guidelines (see link list at top right). See author 

guidelines, under ‘Reporting Guidelines’. Please confirm you have followed 

these guidelines.

Not Applicable

For phase II and III randomized controlled trials, please refer to the 

CONSORT flow diagram (see link list at top right) 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.

Not Applicable

Data Availability

Data availability
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's 

guidelines (see 'Data Deposition' section) and the respective accession 

numbers provided in the Data Availability Section?

Yes To be included in the Data Availability Section

Were human clinical and genomic datasets deposited in a public access-

controlled repository in accordance to ethical obligations to the patients and 

to the applicable consent agreement?

Not Applicable

Are computational models that are central and integral to a study 

available without restrictions in a machine-readable form? Were the 

relevant accession numbers or links  provided?

Not Applicable

If publicly available data were reused, provide the respective data citations 

in the reference list. 
Not Applicable
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