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As we approach the completed sequencing of 1,000 microbial realizes that something has gone awry. Such realizations are now aris-

genomes, the field of microbial genomics is poised at a ing. Here | present some of the underlying problems and myths that |
crossroads. The future holds great promise for far-reaching believe substantially hinder additional growth of the field and, even more
advancements in microbiology as well as in diverse, related importantly, compromise the ability of biologists to use and interpret the
sciences. But realizing that potential will require meeting the available data. Where possible, a solution is proffered, often one whose
challenges that have accompanied the rapid development of implementation will necessitate action by the entire community, includ-

the underlying technology and the exponential growth of data. ing scientific journals, sequencing centers and the funding agencies.

ES - — = “ K
Table 1 Estimating the magnitude of microbial diversity 3_9 16 EIE Zﬁé Bz {Ti: H. Z'ﬁ E Z:jJ
Number of bacteriophages on Earth 1031 %ﬁﬁé%/ﬂ VI_‘ tl

Mumber of microbes on Earth 5% 1030

Mumber of stars in the universe 7 = 1021 2017 ﬁ% ﬁ%ﬁ%ﬂz?’iﬁ 1003

Number of microbes in all humans 6 x 1023 M RG KR E 2 AL B A A
Number of humans 6 x 107 EI(J %%%% Qﬂi‘l"jalj

Number of microbial cells in one human gut 1014

Number of human cells in one human 1013 I}i(ﬁﬁlj %&éﬁ%% éﬂ‘f,‘l“jzu . IE

Mumber of microbial genes in one human gut 3 x 108 L S— FESENETIEN TN
Number of genes in the human genome 2.5x10% E jﬁ ’fT EZ Ei' Ju EEPUF\IH }?‘ EI/(J E QEH
Combined length of all bacteriophages on Earth 108 Ly 1 000%%:[] ’ éEH 30000%%* ’

Diameter of the Milky Way 10° Ly E 1 OO%ﬁP o
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Genomic features of bacterial adaptation to plants

Taxonomic groups
B Bacillales (n = 454)

| Actinobacteria 1(n = 394)
B Actinobacteria 2 (n = 587)
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Dynamic root exudate chemistry and microbial
substrate preferences drive patterns in
rhizosphere microbial community assembly

Kateryna Zhalnina'?, Katherine B. Louie', Zhao Hao 2, Nasim Mansoori'?, Ulisses Nunes da Rocha®*,
Shengjing Shi®, Heejung Cho?¢, Ulas Karaoz©?, Dominique Loqué'*¢7, Benjamin P. Bowen',
Mary K. Firestone?, Trent R. Northen™"™ and Eoin L. Brodie ©%#*

Like all higher organisms, plants have evolved in the context of a microbial world, shaping both their evelution and their con-
temporary ecology. Interactions between plant roots and soil microorganisms are critical for plant fitness in natural environ-
ments. Given this co-evolution and the pivotal importance of plant-rrli:rahial interactions, it has been hypothesized, and a
growing body of literature suggests, that plants may regulate the ¢ tion of their rhizosphere to pr te the growth of
microorganisms that improve plant fitness In a glven ecosystem Here, using a combination of comparative ics and exo-
metabolomics, we show that pre-prog | processes in plants (Avena barbata) result in consistent patterns
in the chemical comg ion of root dates. This chemical succession in the rt e interacts with microbial metabolite
substrate preferences that are predictable from genome sequences. Specifically, we observed a preference by rhizosphere bac-
teria for ption of ar tic organic acids exuded by plants (nicotinic, shikimic, salicylic, ci ic and indole-3-acetic).
The combination of these plant exudation traits and microbial substrate uptake traits interact to yield the patterns of microbial
community assembly observed in the rk phere of an | grass., This discovery provides a mechanistic underpinning for
the process of rhizosphere microbial community assembly and provides an attractive direction for the manipulation of the
e microbi for L ficial outcomes.
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Specialized Metabolic Network Selectively Modulates
Arabidopsis Root Microbiota. Science. 2019
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Toward nitrogen-fixing plants

A concerted research effort could yield engineered plants
that can directly fix nitrogen

Toward nitrogen-fixing plants Science, 2018
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Polyprotein strategy for stoichiometric assembly of
nitrogen fixation components for synthetic biology

Jianguo Yang®®, Xiaqing Xie*"', Nan Xiang®®, Zhe-Xian Tian®®, Ray Dixon%?, and Yi-Ping Wang*"?

4' 2State Key Laboratory of Protein and Plant Gene Research, School of Life Sciences, Peking University, 100871 Beijing, China; ®School of Advanced Agriculture
Sciences, Peking University, 100871 Beijing, China; and ‘Department of Molecular Microbiology, John Innes Centre, Norwich NR4 7UH, United Kingdom

‘ Edited by Caroline S. Harwood, University of Washington, Seattle, WA, and approved July 6, 2018 (received for review March 22, 2018)
=) Re-engineering of complex biological systems (CBS) is an important ~ The main challenge to achieving this goal is balanced expression

goal for applications in synthetic biology. Efforts have been made to  of the many gene products involved in the biological nitrogen
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Extreme bioengineering to meet the
nitrogen challenge

Stefan Burén®, Gema Lc':pez-Torrejéna'b, and Luis M. Rubio
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In the 1970s, investigators were already envisioning Reasons for the need of simplification are plentiful.
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Biosynthesis of the nitrogenase active-site cofactor
precursor NifB-co in Saccharomyces cerevisiae

Stefan Burén?, Katelin Pratt®, Xi Jiang?, Yisong Guo®, Emilio Jimenez-Vicente®, Carlos Echavarri-Erasun®®,
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Control of nitrogen fixation in bacteria that
associate with cereals

Min-Hyung Ryu’, Jing Zhang', Tyler Toth®', Devanshi Khokhani?, Barney A. Geddes 3,
Florence Mus+°5, Amaya Garcia-Costas+*®, John W. Peters*>, Philip S. Poole@®3, Jean-Michel Ané®?2
and Christopher A. Voigt©™
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The Development of C, Rice: Current
Progress and Future Challenges

Single cell C; photosynthesis

Mesophyll cell
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PLANT SCIENCE

Synthetic glycolate metabolism
pathways stimulate crop growth and
productivity in the field
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Table S1. Comparison of the three major biological mitrogen fixation (BNF) systems evaluated and the relative benefits and

challenges of each approach. N. nitrogen: ND. not determined.

System BNF Amount fixed N Advantages Disadvantages Timeline Probability Potential
potential | (kg™ ha™ year) for of success returns
delivery
Endophytic Low to 01-50° Diazotrophs are Nonspecific. low Short to Medium Low to
bacterial medium available now that have | population of endophytes, medinm medium
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