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Line
Plant height

(cm)
Branch initiation

height (cm)
First effective

branch number
Silique number

per plant
Silique length

(cm)
Silique seed

number
Thousand-seed

weight (g)

 J9712 167.38±3.56 63.99±2.04 9.27±1.03 340.20±16.88 10.55±0.44 20.80±1.01 4.27±0.05

Bnamkk9 -#5 168.08±4.43 64.77±2.90 9.08±1.16 332.17±20.59 10.59±0.56 20.92±1.16 4.30±0.08

Bnamkk9 -#7 164.46±3.56 62.68±2.57 9.46±1.13 327.69±16.75 10.44±0.44 20.69±1.18 4.31±0.06

Supplementary Table 4 Agronomic traits of the J9712 and Bnamkk9        

Note: Values are means ± SD. A total of 13-15 plants were randomly selected  for each line. 
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Sequence name Sequence No. of mismatching bases
 Putative off-target locus

in Darmor reference
genome

Region No. of lines sequenced (T4) No. of mutations

BnaMKK9-Tgt1 GAGCGTAGAGAGTGTTCTTGTGG BnaA02.MKK9/BnaC02.MKK9
Off-1 GAACATAGAGAATGTTCTTAAGG 4 BnaA09g47620D CDS 2 0
Off-2 GAACATAGAGAATGTTCTTAAGG 4 BnaC08g41990D CDS 2 0
Off-3 GGGCAAAGAGAGTATTCTTGAGG 4 BnaC02g34940D CDS 2 0
Off-4 GGGCCTAAAGAGTGTTCATGGGG 4 BnaA09g18900D CDS 2 0
Off-5 TGTCGTTGAGAGTGTTCTTGAGG 4 BnaCnng08990D CDS 2 0
Off-6 GAGTGTGGAATGTGTTCTTGGGG 4 BnaA09g50420D CDS 2 0
Off-7 GAGCTCACAGAATGTTCTTGCGG 4 BnaC03g06070D CDS 2 0
Off-8 GAGCGGAGGGAGTCTTCTTATGG 4 BnaC02g00110D CDS 2 0
Off-9 GAGCGGAGGGAGTCTTCTTATGG 4 BnaA02g00690D CDS 2 0
Off-10 GAGTTTAGAGAATGATCTTGAGG 4 chrC06:-2219831 Intergenic 2 0
Off-11 GAGCTTGGGGAGTGATCTTGGGG 4 BnaA06g13840D CDS 2 0
Off-12 GAGCTTGGGGAGTGATCTTGGGG 4 BnaC05g15270D CDS 2 0
Off-13 GACCGTAGAGAGCTTTCTTGAGG 3 chrCnn_random:+57263323 Intergenic 2 0
Off-14 GAGCGTGAAGAGGGTTCTTCGGG 4 chrC06:+3916958 Intergenic 2 0
Off-15 GAGCGTGAAGAGGGTTCTTCGGG 4 chrC01:+36276132 Intergenic 2 0
BnaMKK9-Tgt2  CATCCTTCGGGCGCTCGCGGCGG BnaA02.MKK9/BnaC02.MKK9
Off-16 CATCCCTCGAGCGCTTGCAGCGG 4 chrA10:-4096222 Intergenic 2 0
Off-17 TATCCTTCGGTGGCTCGCGTCGG 4 chrC06:-434952 Intergenic 2 0
Off-18 CATACCTCCGGCGCCCGCGGCGG 4 BnaC06g23550D CDS 2 0
Off-19 CATCCTCCGCCGGCTCGCGGAGG 4 BnaC03g36200D CDS 2 0
BnaMKK9-Tgt3 ACGGCAGCTGATGCGAGAGATGG BnaA07.MKK9/BnaC06.MKK9
Off-20 ATGGCATCTGGTACGAGAGAAGG 4 chrC07:+9916222 Intergenic 2 0
Off-21 ATGGCATCTGGTACGAGAGAAGG 4 chrA02:-4217982 Intergenic 2 0
Off-22 TCGGAAGATGATGTGAGAGACGG 4 BnaC04g43320D CDS 2 0
Off-23 TCGGCGGCTGATAAGAGAGAAGG 4 BnaC04g25460D CDS 2 0
Off-24 TCGGCGGCTGATAAGAGAGAAGG 4 BnaA04g03570D CDS 2 0
Off-25 ACGGAAGTTGATGTGAGAGAGAG 3 BnaCnng19760D CDS 2 0
Off-26 ACAGGAGCTTAAGCGAGAGATAG 4 BnaC05g18220D CDS 2 0
Off-27 ACAGGAGCTTAAGCGAGAGATAG 4 BnaA09g30260D CDS 2 0
Off-28 ACGGCACGTGATGCGGGAGTGGG 4 BnaA08g11990D CDS 2 0
Off-29 ACGGCACGTGATGCGGGAGTGGG 4 BnaC03g66880D CDS 2 0
Off-30 ACGGCACCTGCTGCAAGAAATAG 4 BnaA02g11830D CDS 2 0
Off-31 GCGGGAGCTGATGAGGGAGATAG 4 BnaA01g31990D CDS 2 0
BnaMKK9-Tgt4 CCTCCTCAACTCGAAGGACGAGG BnaA07.MKK9/BnaC06.MKK9
Off-32     ACTCCTTAACTCGAAGGGCGAGG 3 BnaC02g22230D CDS 2 0
Off-33 TCTCCTCAAGTCGAAAGACTCGG 4 chrC03:-54638084 Intergenic 2 0
Off-34      CGTCTTCAACTCCAAAGACGTGG 4 BnaC08g35380D CDS 2 0
Off-35 CCTCCTCTACTCAAAAGACCCGG 4 chrA07:-22287937 Intergenic 2 0
Off-36      CCTTCTCCACTCAGAGGACGAGG 4 chrC08:+691761 Intergenic 2 0
Off-37      CCTTCTCCACTCAGAGGACGAGG 4 chrCnn_random:-50767481 Intergenic 2 0
Off-38      CCTCCTCAACAGCAAAGACGTGG 4 BnaC05g44450D CDS 2 0
Off-39     CCTCCTCAACAGCAAAGACGTGG 4 BnaA05g30120D CDS 2 0
Off-40     CCTGATCAACTCCAAGGACGAGG 3 chrAnn_random:+9762623 Intergenic 2 0
Off-41     CCTGCTTAACTCCAAGGATGAGG 4 chrAnn_random:+18909459 Intergenic 2 0
Off-42     CCTCCGCAACGAGGAGGACGAG 4 BnaAnng20150D CDS 2 0
Off-43     CCTGATCTACTCCAAGGACGAGG 4 chrAnn_random:+23122088 Intergenic 2 0
Off-44     CCTGATCTACTCCAAGGACGAGG 4 chrAnn_random:+37206886 Intergenic 2 0
Off-45     CCTGATCTACTCCAAGGACGAGG 4 chrAnn_random:-45807849 Intergenic 2 0
Off-46     CCTGATCTACTCCAAGGACGAGG 4 chrAnn_random:-41533491 Intergenic 2 0
Off-47     CCTGATCTACTCCAAGGACGAGG 4 chrAnn_random:-41441798 Intergenic 2 0
Off-48 CCTGATCTACTCCAAGGACGAGG 4 chrAnn_random:-15066110 Intergenic 2 0
The protospacer adjacent motif (PAM) is highlighted in green color. The mismatched nucliotides of each putative off-target sites  are shown in red color.

Supplementary Table 3  Detection of potential off-target sites  at esch sgRNA target site of Bnamkk9  quadruple mutants (#5 and #7) in T4 progenies
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 df Mean square F value P value 

Replication 1 2.28 0.47 0.49 
Genotype 321 8.25 6.16 <.0001 
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REVIEWER COMMENTS 

 

Reviewer #1 (Remarks to the Author): 

 

The authors have addressed all my concerns, and they have truly performed an incredibly work in
the field of Sclerotinia stem rot resistance, so I would like to recommend the paper for publication. 

 

 

Reviewer #2 (Remarks to the Author): 

 

I have read the revised manuscript provided by the authors and the replies to all reviewers' opinions
in detail. I think the Point-by-point response of the author to the opinions and suggestions of the
three reviewers is detailed, clear and candid. In the revised manuscript, the author made careful
revisions according to the problems found by the reviewers, modified and supplemented some
unclear places in the original manuscript, and added some necessary charts and information to
make the article clearer and more logical. So I think the revisedmanuscript has reached the
publication level. 

 

 

Reviewer #3 (Remarks to the Author): 

 

The authors have responded carefully to the concerns raised in my previous review and in many
cases were able to alleviate these concerns or make appropriate corrections or additions, e.g.
regarding heritability. In principle I still believe themanuscript provides interesting new information
which is worthwhile to publish and gives nice insight into resistancemechanisms of a major
pathogen in amajor global crop. However, no additional data is presented to overcomemy strong
suspicion that the variant conferring resistance (Hap 0) is already very widespread in current
cultivars and probably does not have a particularly high relevance for modern breeding.  

 

Notably, the authors state that all investigated accessions released from the year 2000 onwards
(but in fact only spanning the period from 2000-2011) belonged exclusively to the Asian semi-winter
ecotype, i.e. no recent European winter-type or North American spring-type cultivars were
investigated in the study. Also, the revision provides no new data on haplotype frequencies in
recent winter/semi-winter cultivars. According to Figure 6, 93% of the tested winter-type cultivars
(all pre-2000) contain the resistance haplotype. Given themajor breeding progress in Europe in the



past 23 years, I would be very surprised if a haplotype with such a strong heritability and e ect had
not meanwhile been completely fixed in modern, European winter-type hybrid cultivars. Similarly, in
North America (where breeding progress is fast due to having two cycles per year), the authors
cannot discount a similar strong increase in Hap 0 frequency in Canadian spring-type cultivars
unless they provide data frommodern cultivars released in the the past 23 years. Even for the Asian
semi-winter cultivars, no data is presented from cultivars released in the past 13 years (these are
what I would call "modern", pre-2011 inbred cultivars are no longer competitive with current oilseed
rape hybrids). 

 

Given this shortcoming, I reiterate my assumption that the resistant haplotype is likely already
widespread in modern oilseed rape cultivars. Unless the authors are able to provide evidence
which suggests otherwise (i.e. data showing that most major current cultivars of the di erent
ecotypes, released during the past 5-10 years, do not already contain the resistance haplotype), I
strongly recommend tomodify the language accordingly and refrain from assumptions that the
information can have a "significant impact in breeding". In fact, as the authors acknowledge, this
resistance locus already did have a very strong impact in the previous century (even without
knowledge of the underlying gene), and that impact has most likely continued throughout the past
quarter of a century (without knowledge of the underlying gene). Nevertheless, this resistance
alone has by nomeans the problem of Sclerotinia disease in modern rapeseed crops. 

 

Nevertheless, the identification of a gene with a notable impact on Sclerotinia infection is an
important finding in general for crop production, since this is an important disease in several
oilseed and protein crops. Knowledge of the genetics underlying resistancemechanismsmay help
engineer novel diversity for future breeding. I believe this message would bemore appropriate than
the present conclusions in regard to BnaA07.MKK9 as a "cornerstone" for "informed breeding of
oilseed rape". 

 

Reviewer #4 (Remarks to the Author): 

 

The work presented here is a resubmission that concerns the resistance of oilseed rape (Brassica
napus) against sclerotinia stem rot, caused by the necrotrophic fungus Sclerotinia sclerotiorum. By
performing a genome-wide association study, the authors have identified an important regulator of
sclerotinia resistance in oilseed rape; BnaA07.MKK9, which is a mitogen-activated protein kinase-
kinase (MAPKK) that forms part of a MAPKKKmodule and phosphorylates downstreamMPK3 and
MPK6 proteins of this module. The authors show that the BnaA07.MKK9 protein is a key regulator of
resistance of oilseed rape to the fungus and that natural variation in the encoding gene forms an
important genetic resource for breeding for resistance of oilseed rape. 

The finding that MAPK cascades play a role in resistance of plants to pathogens is not new. There
are numerous examples of already more than 30 years ago showing that these MAPKmodules play



an essential role in resistance of plants to various pathogens and pests. These MAPKs are
important regulators, but are not resistance (R) genes or susceptibility (S) genes and I agree with
Reviewer 3 that “….. in light of these concerns I consider themainmessage and conclusions to be
somewhat exaggerated.” 

The authors responded very well to the concerns of the reviewers and have done a lot of impressive
work. The finding that the BnaA07.MKK9 protein is a key regulator of resistance of oilseed rape to S.
sclerotiorum is very interesting, but not new. The demonstration that natural variation in the
encoding gene forms an important genetic resource for breeding for resistance of oilseed rape is
new, but it could well be possible that this trait is already being used as a result of selection, and
this should be checked for all currently employedmore resistant cultivars of oilseed rape. 
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      plant immune signaling, particularly in the 
context of plant defense mechanisms against necrotrophic pathogens. 
 
Hence, our finding provides new information and valuable insights into resistance 
mechanisms against a significant pathogen in a globally important crop. 
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REVIEWERS' COMMENTS 

 

Reviewer #3 (Remarks to the Author): 

 

It is disappointing that the authors were not able to investigate allele frequencies of the putative
"resistance" locus in recent cultivars, as I am quite sure they would have found that a major gene
variant causing high susceptibility of old cultivars to Sclerotinia would have already been more or
less completely eliminated in modern cultivars of all major rapeseed/canola ecotypes through
simple field selection, given the high levels of Sclerotinia disease in major production areas and
especially China (as stressed by the authors themselves). 

 

In this context, I understand that it can be di icult for researchers in China to obtain seeds from
current North American or European hybrid cultivars. However, it does seem unusual that the
authors were unable to obtain any cultivars released during the past 13 years in China. Without
data from recent cultivars, one can only speculate on what impact the results might have for
rapeseed/canola breeding in China or elsewhere, but unfortunately I strongly suspect that the
impact will not be high. 

 

With this in mind, it is pleasing to see that the authors at least agreed to change the wording in the
manuscript regarding the impact of theirresults for breeding. I will let the editor decide whether or
not the manuscript still has su icient scope or impact for a Nature journal without data
representing the current situation in rapeseed/canola production. 

 

If accepted for publication, I recommend the following minor change in the abstract: "Furthermore,
variations in the coding sequence of BnaA07.MKK9 altered its kinase activity and improved SSR
resistance by ~30% in CULTIVARS CARRYING the advantageous haplotype". 

 

 

Reviewer #4 (Remarks to the Author): 

Again, the authors responded very well to the concerns of the reviewers. The finding that the
BnaA07.MKK9 protein is a key regulator of resistance of oilseed rape to S. sclerotiorum is very
interesting, but not new. I remain with my remark (similar to Reviewer 3) that it could well be
possible that this trait is already being used as a result of selection. However, given the fact that this
concerns an important disease in an important crop plant, this work is still of high relevance.  
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seeds from current North American or European hybrid cultivars. However, it does

seem unusual that the authors were unable to obtain any cultivars released during the

past 13 years in China. Without data from recent cultivars, one can only speculate on

what impact the results might have for rapeseed/canola breeding in China or elsewhere,

but unfortunately I strongly suspect that the impact will not be high. 

With this in mind, it is pleasing to see that the authors at least agreed to change the

wording in the manuscript regarding the impact of their results for breeding. I will let

the editor decide whether or not the manuscript still has sufficient scope or impact for

a Nature journal without data representing the current situation in rapeseed/canola

production. 

If accepted for publication, I recommend the following minor change in the abstract:

"Furthermore, variations in the coding sequence of BnaA07.MKK9 altered its kinase

activity and improved SSR resistance by ~30% in CULTIVARS CARRYING the

advantageous haplotype". . 
 
Response: 
We sincerely express our gratitude to the reviewer for your insightful comments on our

manuscript. As per the reviewer's suggestion, we have made the minor change to the

abstract (line 29). 
 
Responses to comments by Reviewer #4: 
Again, the authors responded very well to the concerns of the reviewers. The finding

that the BnaA07.MKK9 protein is a key regulator of resistance of oilseed rape to S.

sclerotiorum is very interesting, but not new. I remain with my remark (similar to

Reviewer 3) that it could well be possible that this trait is already being used as a result

of selection. However, given the fact that this concerns an important disease in an

important crop plant, this work is still of high relevance. 
 
Response:  
We deeply appreciate the reviewer's recognition of the value in our manuscript and the

thoughtful, insightful comments you have provided.  


