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Sivaguru et al. (submitted) Nature Reviews Urology
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National Academy of Science (2014, 2019) Convergence

Fouke and Murphy (2016) Art of Yellowstone Science
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1) Initiate Curiosity

6) Modify, Rethink and
Re-Initiate Curiosity

2) Reason, Plan and
Hypothesize

3) Experiment

4) Synthesize, Interpret and
Discuss Results

5) Communicate Results

Fouke and Murphy (2016) Art of Yellowstone Science
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» 4) Synthesis, Interpret and
Discuss Results

5) Communicate Results

Fouke and Murphy (2016) Art of Yellowstone Science

Overview
* Evolution of the Tree of Life

* Professor Carl R. Woese established the first
scientific and quantified Tree of Life, and in the'
process a New Biology for the 21t Century

* Expansion of Microbial Diversity and the Ever
Evolving Tree of Life.

1/27/20



Antonie van Leeuwenhoek 1632-1723
Dutch textile merchant who developed single lense microscopes:
spherical lense mounted on a screw-threaded needle between brass plates
First to observe microscopic life, thus known as the Father of Microbiology
analyzed everything from lake water to tooth plaque, textiles, baker’s
yeast, sperm, beer and blood
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https://ucmp.berkeley.edu/history/leecuwenhoek.html

Carl Linneaus 1707-1778

Swedish scientist who established a systematic taxonomic approach
to describing and classifying living organisms

Known as the Father of Taxonomy, his treatise Systema Naturae
established the Animalia, Vegetablia and Lapideum
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https://ucmp.berkeley.edu/history/linnaeus.html
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Alexander von Humboldt 1768 -1865

Renowned German explorer, artist and scientist,
responsible for the grand modern synthesis
of the sciences and biogeography

HUMBOLDTS
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Wolfe, A. (2016) The Invention of Nature

https://www.humboldt-foundation.de/web/home.html

Ernst Haeckel 1834-1919

German artist and scientist, coined the phrase
“ontogeny recapitulates phylogeny”

First to add microbes (Monera) to Tree of Life
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Haeckel (1899) Art Forms in Nature

Edouard Chatton 1883-1947
French biologist who proposed that all of life could

be organized into two great “Empires”
Distinguished between “Prokaryotes” and “Eukaryotes”

Eukaryotes

(Nrcks de Zodk Bl e G i {

@
| Origin of Life

https://en.wikipedia.org/wiki/%C3%89douard Chatton Fouke and Murphy (2016) Art of Yellowstone Science
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Robert H. Whitaker 1920-1980

Completed his Ph.D. at the University of Illinois
Urbana-Champaign and professor at Cornell University

Established the Five Kingdom Tree of Life based on
community ecosystem biochemistry and ecology

Plantae Fungi Animalia

Monera

Whitaker (1969); Barton et al. (2007)

Bruce W. Fouke, Coursera Emergence of Life
Lecture 2.1. The Scientific Inquiry of Carl R. Woese

1/27/20



1/27/20

arl R. Woese 1928-2012

American microbiologist and bioph
at the University of Illinois Urbana

Established Three Domains of Life “Bacteria”,
“Archaea 1 “Eucarya” using 16S rRNA gene
sequence molecular phylogeny

Woese et al. (1990

10



New Frontier Roadmaps

Stiles (1837) map in Washington Irving’s The
Rocky Mountains: Scenes, Incidents and
Adventures in the Far West

Structure of the 16S rRNA Gene Sequence
Applied and Environmental Microbiology (2019)

Fouke and Murphy (2016) Art of Yellowstone Science

¥
Contributions of Carl R. Woese °

Chemical Nature of the Genetic Code
£
' Prebiotic RNA World; Nature of the Pre-Cellular World

Phylogenetic-Comparative RNA Structure Analysis

rRNA Sequence-Based Tree of Life

Discovery of Archaea

Rejuvenation of microbial ecology because of the
newly envisioned Tree of Life

V
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Eukaryotes Bacteria Archaea Eucarya

Prokaryotes

Side View

Tree of Life Side View

Tree of Life

®
Origin of Life LUCA

Fouke and Murphy (2016) Art of Yellowstone Science

Bacteria
Archaea

LUCA
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Top View
Tree of Life

Fouke and Murphy (2016) Art of Yellowstone Science
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Bruce W. Fouke, Coursera Emergence of Life
Lecture 2.4. How Didi Life Emerge
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Fouke and Murphy (2016) Art of Yellowstone Science
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An Ever Evolving Tree of Life:

1. New Samples
2. New Techniques

Bacteria

Seitz et al. (2017)

Castelle and Banfield (2018)

Lake (2015)
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