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We assembled genomes of three Papaver species, P. somniferum,
P. rhoeas and P. setigerum, and revealed two-round whole genome
duplication (WGD) events and the punctuated patchwork evolution
of morphinan and noscapine biosynthesis pathway based on
comparative genomic analyses of collinearity, phylogenetic tree,
and synonymous substitution rate (Ks) at species level1. Recently,
Zhang et al. reanalyzed our three Papaver genomes based on
the subgenome-phasing analysis by their newly published tool
SubPhaser2. They confirmed the two WGDs we previously detected,
but provide strong evidence that theWGDswere likely allopolyploidy
events. We consider the subgenome-phasing analysis from Zhang
et al. to be an important research development building on our ori-
ginal study1, promoting the illuminating the evolutionary history of
Papaver species.

Although alternative model proposed by Zhang et al. based on
subgenome-phasing analysis further the complicated evolutionary
history of Papaver species, the actual types of WGDs and the true
evolution history ofPapaver species are still openquestions for further
investigation. Both novel computational methods and high-quality
genomes of more species, especially those closely related species for
the subgenomes A, B, C, and D, are required and welcome to further
advance our interpretation of the evolutionary model of Papaver
species, key gene clusters and key genes, like STORR.

Reporting Summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Data sharing not applicable to this article as no new datasets were
generated during the current study.
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Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.
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