
 

Scientists study organization of life on a
planetary scale
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This graph represents the biosphere, ecosystems and individual organisms'
biochemistry as connecting molecules participating in shared reactions. It reveals
that various scaling laws are common across different levels of biological
organization. Credit: Hyunju Kim

When we think of life on Earth, we might think of individual examples
ranging from animals to bacteria. When astrobiologists study life,
however, they have to consider not only individual organisms, but also
ecosystems, and the biosphere as a whole.

In astrobiology, there is an increasing interest in whether life as we know
it is a quirk of the particular evolutionary history of the Earth or, instead,
if life might be governed by more general organizing principles.

If general principles exist that can explain properties common to all life
on Earth, scientists hypothesize, then they may be universal to all life,
even life on other planets. If a "universal biology" exists, it would have
important implications for the search for life beyond Earth, for
engineering synthetic life in the lab, and for solving the origin of life,
enabling scientists to predict at least some properties of alien life.

Previous research in this area has primarily focused on specific levels of
organization within biology such as individual organisms or ecological
communities. These levels form a hierarchy where individuals are
composed of interacting molecules and ecosystems are composed of
interacting individuals.

An interdisciplinary team of researchers at Arizona State University
(ASU) has gone beyond focusing on individual levels in this hierarchy to
study the hierarchy itself, focusing on the biosphere as a whole. The
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results of their study have been recently published Science Advances.

"To understand the general principles governing biology, we must
understand how living systems organize across levels, not just within a
given level," says lead author Hyunju Kim of ASU's Beyond Center and
the School of Earth and Space Exploration.

Through this study, the team found that biochemistry, both at the level
of organisms and ecosystems, is governed by general organizing
principles. "This means there is a logic to the planetary-scale
organization of biochemistry," says co-lead author Harrison Smith of
ASU's School of Earth and Space Exploration. "Scientists have talked
about this type of logic for a long time, but until now they have struggled
to quantify it. Quantifying it can help us constrain the way that life arises
on a planet."

For this research, the team constructed biochemical networks using a
global database of 28,146 annotated genomes and metagenomes and
8,658 catalogued biochemical reactions. In so doing, they uncovered
scaling laws governing biochemical diversity and network structure that
are shared across levels of organization from individuals to ecosystems,
to the biosphere as a whole.

"Quantifying general principles of life—not restricted to a domain on
the tree of life, or a particular ecosystem—is a challenge," says Smith.
"We were able to do that by combining tools from network science and
scaling theory, while simultaneously leveraging large genomic datasets
that researchers have been cataloging."

The research team, led by Kim and Smith under supervision of Sara
Walker of the ASU School of Earth and Space Exploration and the
Beyond Center, also includes Cole Mathis of the Beyond Center and the
ASU Department of Physics (now at the University of Glasgow), and
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Jason Raymond of the School of Earth and Space Exploration.

"Understanding the organizing principles of biochemistry at a global
scale better enables us to understand how life operates as a planetary
process" says Walker. "The ability to more rigorously identify universal
properties of life on Earth will also provide astrobiologists with new
quantitative tools to guide our search for alien life—both in the lab on
other worlds"

  More information: Hyunju Kim et al, Universal scaling across
biochemical networks on Earth, Science Advances (2019). DOI:
10.1126/sciadv.aau0149

Provided by Arizona State University

Citation: Scientists study organization of life on a planetary scale (2019, February 5) retrieved 25
April 2024 from https://phys.org/news/2019-02-scientists-life-planetary-scale.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

http://dx.doi.org/10.1126/sciadv.aau0149
http://dx.doi.org/10.1126/sciadv.aau0149
https://phys.org/news/2019-02-scientists-life-planetary-scale.html
http://www.tcpdf.org

