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Nature 
The water lily genome and the early evolution of flowering plants  
The genome of the tropical blue-petal water lily Nymphaea colorata and the transcriptomes from 19 other Nymphaeales 
species provide insights into the early evolution of angiosperms. 
Liangsheng Zhang, Fei Chen & Haibao Tang 
Abstract 
Water lilies belong to the angiosperm order Nymphaeales. Amborellales, Nymphaeales and Austrobaileyales together 
form the so-called ANA-grade of angiosperms, which are extant representatives of lineages that diverged the earliest from 
the lineage leading to the extant mesangiosperms1,2,3. Here we report the 409-megabase genome sequence of the blue-petal 
water lily (Nymphaea colorata). Our phylogenomic analyses support Amborellales and Nymphaeales as successive sister 
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lineages to all other extant angiosperms. The N. colorata genome and 19 other water lily transcriptomes reveal a 
Nymphaealean whole-genome duplication event, which is shared by Nymphaeaceae and possibly Cabombaceae. Among 
the genes retained from this whole-genome duplication are homologues of genes that regulate flowering transition and 
flower development. The broad expression of homologues of floral ABCE genes in N. colorata might support a similarly 
broadly active ancestral ABCE model of floral organ determination in early angiosperms. Water lilies have evolved 
attractive floral scents and colours, which are features shared with mesangiosperms, and we identified their putative 
biosynthetic genes in N. colorata. The chemical compounds and biosynthetic genes behind floral scents suggest that they 
have evolved in parallel to those in mesangiosperms. Because of its unique phylogenetic position, the N. colorata genome 
sheds light on the early evolution of angiosperms. 

  Article | 04 December 2019  
RGF1 controls root meristem size through ROS signalling  
RITF1, a newly identified plant transcription factor, links signalling through the peptide hormone RGF1 to the balance of 
reactive oxygen species and thereby enhances the stability of another transcription factor, PLETHORA2, a master 
regulator of root stem cells. 
Masashi Yamada, , Xinwei Han & Philip N. Benfey 

The stem cell niche and the size of the root meristem in plants are maintained by intercellular interactions and signalling 
networks involving a peptide hormone, root meristem growth factor 1 (RGF1)1. Understanding how RGF1 regulates the 
development of the root meristem is essential for understanding stem cell function. Although five receptors for RGF1 
have been identified2,3,4, the downstream signalling mechanism remains unknown. Here we report a series of signalling 
events that follow RGF1 activity. We find that the RGF1-receptor pathway controls the distribution of reactive oxygen 
species (ROS) along the developmental zones of the Arabidopsis root. We identify a previously uncharacterized 
transcription factor, RGF1-INDUCIBLE TRANSCRIPTION FACTOR 1 (RITF1), that has a central role in mediating 
RGF1 signalling. Manipulating RITF1 expression leads to the redistribution of ROS along the root developmental zones. 
Changes in ROS distribution in turn enhance the stability of the PLETHORA2 protein, a master regulator of root stem 
cells. Our results thus clearly depict a signalling cascade that is initiated by RGF1, linking this peptide to mechanisms that 
regulate ROS. 
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Kustatscher, G. et al. Co-regulation map of the human proteome enables identification of protein functions. Nat. 
Biotechnol. 37, 1361–1371 (2019). 
A protein co-regulation database facilitates proteome-wide functional annotations. 
Gene co-expression profiling is a well-established method to predict protein function. These analyses are often carried out 
at the transcript level, but this may lead to inaccurate results when mRNA and protein levels do not correlate. 
Juri Rappsilber and colleagues at the University of Edinburgh used quantitative proteomics to perform large-scale co-
expression screens directly at the protein level and built a database of co-regulated proteins. These data reveal protein 
associations and functional connections independent of mRNA co-expression, physical protein interactions or 
colocalization. 

The researchers combined their own and published isotope labeling mass spectrometry data to quantify the cellular 
proteome response to 294 biological conditions. To identify proteins with similar quantitative trends across these 
conditions, Rappsilber and co-workers used unsupervised machine learning, which is shown to be more robust and 
selective than Pearson correlation analysis or related metrics. They also provided evidence that machine-learning-derived 
protein co-regulation scores are more informative than mRNA co-expression analysis, although transcriptomics still has 
distinct advantages with regard to gene coverage. 

The protein co-regulation scores form the basis of the ProteomeHD resource, which complements existing protein 
association databases such as STRING and BioGRID. The Rappsilber team shows that ProteomeHD can reveal proteins 
with dual cellular functions and provide functional insights that are difficult to obtain by other proteomics approaches. For 
example, they find the peroxisomal protein PEX11β is co-regulated with several mitochondrial proteins, and confirm in 
follow-up experiments that PEX11β contributes to peroxisome-mitochondria contacts. ProteomeHD is available as an 
interactive and functionally annotated map at www.proteomeHD.net, bringing functional genomics one step closer to the 
protein level. 
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Computational design of a modular protein sense-response system 
Anum A. Glasgow…..,Tanja Kortemme1,2,3,4,6,7,# 
Science  22 Nov 2019: 
Vol. 366, Issue 6468, pp. 1024-1028 
DOI: 10.1126/science.aax8780  
Sense and respond 
Many signaling pathways start with cellular proteins sensing and responding to small molecules. Despite advances in 
protein design, creating a protein-based sense-and-respond system remains challenging. Glasgow et al. designed binding 
sites at the interface of protein heterodimers (see the Perspective by Chica). By fusing each monomer to one half of a split 
reporter, they linked ligand-driven dimerization to the reporter output. The computational design strategy provides a 
generalizable approach to create synthetic sensing systems with different outputs. 
Science, this issue p. 1024; see also p. 952 
Abstract 
Sensing and responding to signals is a fundamental ability of living systems, but despite substantial progress in the 
computational design of new protein structures, there is no general approach for engineering arbitrary new protein 
sensors. Here, we describe a generalizable computational strategy for designing sensor-actuator proteins by building 
binding sites de novo into heterodimeric protein-protein interfaces and coupling ligand sensing to modular actuation 
through split reporters. Using this approach, we designed protein sensors that respond to farnesyl pyrophosphate, a 
metabolic intermediate in the production of valuable compounds. The sensors are functional in vitro and in cells, and the 
crystal structure of the engineered binding site closely matches the design model. Our computational design strategy 
opens broad avenues to link biological outputs to new signals. 
 
Nature Methods 
Article | 25 November 2019  
Bottom-up structural proteomics: cryoEM of protein complexes enriched from the cellular milieu  
An approach combining cryo-electron microscopy and mass spectrometry analysis of protein complexes enriched directly 
from cells enables structure determination of unknown complexes at atomic resolution. 
Chi-Min Ho, Xiaorun Li[…] & Z. Hong Zhou 
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E-life 
GC content shapes mRNA storage and decay in human cells 
Maïté Courel, Yves Clément ... Dominique Weil 
The GC content of human mRNAs is key to P-body localization and protein yield, and has a major impact on their post-
transcriptional control. 
The GTPase Nog1 co-ordinates assembly, maturation and quality control of distant ribosomal functional centers 
Purnima Klingauf-Nerurkar, Ludovic C Gillet ... Vikram G Panse 
Misfolded proteins bind and activate death receptor 5 to induce apoptosis during unresolved endoplasmic reticulum stress 
Mable Lam, Scot A Marsters ... Peter Walter 
 
Plant Cell 
Matrix Redox Physiology Governs the Regulation of Plant Mitochondrial Metabolism through Post-Translational Protein 
Modifications 
Ian Max Møller, Abir U Igamberdiev, Natalia V. Bykova, Iris Finkemeier, Allan G. Rasmusson and Markus 
Schwarzländer 
Plant Cell 2020 tpc.19.00535; Advance Publication January 6, 2020; doi:10.1105/tpc.19.00535 
http://www.plantcell.org/content/early/2020/01/06/tpc.19.00535.abstract 
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Overexpression of BUNDLE SHEATH DEFECTIVE 2 improves the efficiency of photosynthesis and growth in 
Arabidopsis 
Florian A. Busch, Jun Tominaga, Masato Muroya, Norihiko Shirakami, Shunichi Takahashi, Wataru Yamori, Takuya 
Kitaoka, Sara E. Milward, Kohji Nishimura, Erika Matsunami, Yosuke Toda, Chikako Higuchi, Atsuko Muranaka, 
Tsuneaki Takami, Shunsuke Watanabe, Toshinori Kinoshita, Wataru Sakamoto, Atsushi Sakamoto, Hiroshi Shimada 
Version of Record online: 26 December 2019  
Significance Statement  
Catalytic properties of RuBisCO are susceptible to oxidation of its thiols, but the underlying process resulting in a change 
in RuBisCO activation has been largely elusive. Here we identify BSD2, known as a chaperone for RuBisCO assembly, as 
a protein that takes an essential role in the redox homeostasis of mature RuBisCO. We show that overexpression of BSD2 
improves RuBisCO carboxylation efficiency through manipulating the redox potential. 
 
Topologies of N6‐adenosine methylation (m6A) in land plant mitochondria and their putative effects on organellar gene 
expression 
Omer Murik, Sam Aldrin Chandran, Keren Nevo‐Dinur, Laure D. Sultan, Corinne Best, Yuval Stein, Carina Hazan, Oren 
Ostersetzer‐Biran 
Version of Record online: 22 December 2019  
Significance Statement  
Our study focuses on N6‐methyladenosine (m6A) in plant mitochondria. The significance of m6A‐RNA modifications is 
under investigation, but it is widely accepted that m6A mediates structural switches that affect RNA stability or activity. 
Biochemical and RNA‐seq analyses indicate that m6A targets all types of mtRNAs, including coding regions, introns, 
untranslated regions (UTRs), as well as transcribed intergenic species. While non‐coding‐RNAs undergo multiple 
modifications along the transcripts, in coding‐genes m6A is predominantly positioned around start codons and may 
modulate mitochondrial RNA translatability. 
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Abstract 
Mammalian mitochondrial ribosomes are unique molecular machines that translate 11 leaderless mRNAs; however, it is 
not clear how mitoribosomes initiate translation, since mitochondrial mRNAs lack untranslated regions. Mitochondrial 
translation initiation shares similarities with prokaryotes, such as the formation of a ternary complex of fMet-tRNAMet, 
mRNA and the 28S subunit, but differs in the requirements for initiation factors. Mitochondria have two initiation factors: 
MTIF2, which closes the decoding center and stabilizes the binding of the fMet-tRNAMet to the leaderless mRNAs, and 
MTIF3, whose role is not clear. We show that MTIF3 is essential for survival and that heart- and skeletal muscle–specific 
loss of MTIF3 causes cardiomyopathy. We identify increased but uncoordinated mitochondrial protein synthesis in mice 
lacking MTIF3, resulting in loss of specific respiratory complexes. Ribosome profiling shows that MTIF3 is required for 
recognition and regulation of translation initiation of mitochondrial mRNAs and for coordinated assembly of OXPHOS 
complexes in vivo. 
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