
1

BIO 5099: Molecular Biology
for Computer Scientists (et al)

Lecture 4: 
Some eras and their creatures

http://compbio.uchsc.edu/hunter/bio5099
Larry.Hunter@uchsc.edu

Housekeeping

Problem set answers and discussion
(Raphi and Christiaan)
Center for Computational Biology Certificate program.

Mass Extinction Events

Several times in the history of life, large proportions of 
the species present in the fossil record disappear 
forever. 
These are crucially important in the history of life 
(remember the effects of bottlenecks on allele 
frequencies)      Marine genus-level extinctions
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Causes of mass extinctions

Two classes seem to have happened
– Terrestrial agents 

• Volcanoes
• Climate change
• Environmental change 

– Extraterrestrial agents
• Meteorite impacts
• Cosmic rays?

Periodicity?: Various cycles in extinction data, 
including with 26M and 60M year periods.

Effects of Mass Extinctions

Marine and terrestrial species tend to both be effected 
(since origin of terrestrials).  Impact tends to be worse 
on marine organisms. 
On the land, plants tend to be more resistant  to 
extinctions than animals
Preferential disappearance of tropical forms
Some organisms survived more than one
– Trilobites and ammonoids

Hard to quantify microorganism effects

Precambrian Extinctions

About 2.2Ga (halfway to the origin) the first pollution 
catastrophe struck: Oxygen. 
– Oxygen is a toxic (to them) waste product of many bacteria.  

Early atmosphere was less than 1% oxygen.
– May be related to the origin of Eukaryotes

About 650Ma a huge glaciation wiped out about 70% 
the existing species.
At the end of the precambrian, another large extinction 
wiped out organisms similar to jellyfish, sea pens and 
segmented worms.
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Permian Extinction

The Permian extinction ended the Paleozoic era, about 
250Ma.
Worst in history.  85% of marine species and 70% of 
terrestrial species went extinct.
Cause was likely volcanism.  
– Eruption at just that time in Siberia covered 4M sq. kilometers 

in lava (twice the size of Europe).
– Not just lava, but huge volumes of soot, sulfur dioxide, 

greenhouse gases, etc. 

K-T extinction

The mesozoic era was ended by the 
Cretaceous/Tertiary extinction, which killed the 
dinosaurs.  Second largest extinction, eliminating 
about 80% of all species.
Likely cause was a meteor impact, although also 
significant volcanism at the time
– Iridium layer at the boundary
– Large impact site with good timing in Yucatan, Mexico
– Large eruptions at same time (India/Pakistan border)

Anthropogenic mass extinction

Broad consensus among biologists, but still some 
holdouts.
UN Environment Program report in May '02:
– Current extinction rates are 100x to 1000x the “background” 

rate.  11,000 currently endangered plant and animal species 
– At current rates, approximately ½ of all species on earth will be 

extinct in 100 years.  
– ¼ of all mammals will be extinct in 30 years. 
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Modern Creatures

Recall, taxonomy is the study of all 10M+ extant 
organisms and their relationships
Taxonomy is roughly divided into hierarchical layers.  
An organism is assigned to a taxon:
– Kingdom, Phylum, Class, Order, Family, Genus, Species
– [“Kings Play Chess On Finely Ground Sand”]

Lots of intermediates when necessary 
(e.g. subfamily; “division” for phylum, etc.)
Linnean name is the Latin genus and species.

No Standard Taxonomy

Taxonomy is particularly contested.  
– Differences in names (particularly endings)
– Differences in classes and class structure
– Lots of revision!

Traditionally, taxonomy was argued on the basis of 
morphology (now molecular detail)
Alternatively, Cladistics tries to assign taxonomy 
based on ancestral relationships through shared and 
derived characteristics.

Is it a tree? 

Classic explanation:  
Descent with splitting = tree.  
Maybe lateral gene transfer
is important, esp. in Bacteria
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The Kingdoms

The top level divisions of all living things.
Carl Woese stunned biology in 1977 by demonstrating 
basic split into Prokaryotes and Eukaryotes needed a 
new 
division.
Evidence in morphology
and molecular detail
has supported this 
division

Oh yes, and viruses, too!

Viruses are
– Just nucleic acids, either alone or encapsulated in a protein 

envelope.
– Obligatory parasites, in that they cannot reproduce without a 

host cell to make copies of them
– Evolving, and clearly part of life, but hard to classify since they 

ARE laterally transferred DNA. 

Viruses infect all living things.  Viruses that infect 
bacteria are called phages. 
Many diseases are viral in nature, including perhaps 
15% of human cancer.

Some viral families

Grouped mostly into about 80 families, based on 
morphology, using suffix “viridae” 
Adenoviridae: common cold,
Conjunctivitis, some are
associated with cancer.
Herpesviridae: chickenpox,
herpes, Epstein-Barr, 
Karposi's sarcoma. 
Very large viruses
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More viral families

Retroviridae: AIDS, 
mouse mammary 
tumor virus. 
Potential vector
for gene therapy.

Iridoviridae: infect
mostly invertebrates
turning them 
impressive colors.

Coat has 
icosahedral 
symmetry

Archaea

Extremophiles: grow in extremely salty, hot, acidic, 
alkaline and other weird environments, including deep 
earth oil deposits and termite gut, although also as 
ocean plankton.
Look like bacteria under a microscope, hard to culture 
in a laboratory...
Most major difference is the chemistry of their cell 
membranes.  Unlike Prokaryotes and Eukaryotes, 
Archaeal membranes are made of isoprenes (not fatty 
acids). 

Archeal characteristics

Most are very small (< 1), some have odd shapes 
(even triangular and square).
Chemically very unusual. 
Chemical evidence suggests >3.5Ga !
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Prokaryotes

Bacteria are a majority of the world's biomass! 
Occupy every niche from 20 miles beneath the earth's 
surface to 20 miles above. 
Some cause disease, but others are crucial to food 
production (e.g. cheese) and digestion
In ideal conditions, can double every 20 minutes. 
(1,000,000x population in 5 hours).
Can sense their environment and swim directionally.

Characteristics of Bacteria

All single celled organisms 
(although can grow in colonies).
The least complex organisms
– No internal cellular structure 

(just a cell membrane and cytoplasm; no nucleus). 
– Single circular chromosome

About 1500 recognized species, although this is almost 
certainly less than 1% of the total
1,000,000,000 in one gram of fertile soil. 
Unique metabolisms (e.g. nitrogen fixing)

Bacterial taxonomy
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Some interesting bacteria

Cyanobacteria
– great ecological importance in global carbon, oxygen and 

nitrogen cycles 
– Quite similar to universal ancestor

Spirilla
– Some have magnetosomes and can navigate magnetically
– Includes Helicobacter pylori, cause of most stomach ulcers

Lithotrophs
– Live entirely on inorganic compounds, using H2 for energy

Enterics
– Like Escherichia coli, lives in the intestines of animals

Eukaryotes

All the plants and animals you are familiar with, and 
many you probably aren't
Complex cellular organization
– Nucleic acids segregated into a nucleus
– Cytoplasm is structured by a cytoskeleton and contains many 

specialized components called organelles.  

Three familiar phyla are animals, green plants and 
fungi.  The rest are single celled Eukaryotes, 
traditionally lumped together as protists

Protists (or Protozoans)

Traditionally (although grossly) grouped into
– Flagellates
– Amoebae
– Algae
– Parasitic Protists 

Lots of changes in taxonomy based in molecular 
analyses
– Now about 60 classes recognized
– Patterson, D. J. 1999. The diversity of eukaryotes. American 

Naturalist 154 (suppl.):S96-S124. 
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Fungi: 
Finally, some familiar creatures

Mushrooms, yeasts, molds, some pathogens.
About 70,000 identified species, estimates of 1.5 
million more.
Produce digestive enzymes (like animals) but have no 
stomachs.  They grow on their food.  
Large ones can be as nearly as large as the biggest 
plants or animals.  
Small ones are microscopic.

5 ½' 625 lb basidiocarp at the Kew Gardens

Contain chlorophylls a and b, photosynthize starch 
inside the double-membrane-bounded chloroplasts, 
and have cellulose cell walls.
Two major subdivisions
– 1000s of species of green algae (mostly

microscopic, but also some seaweeds)
– 100,000s of land plants

• Non-seed: liverworts, mosses, ferns...
• Seed: flowering plants, conifers... 

Plants

Angiosperms

Flowering plants, dominant land plants (230,000 
identified species).  Other Spermatopsida (seed plants) 
include conifers, ginkos and about 20 other families.
8-10 subfamilies, including water lillies, laurels, and 
magnolias, as well as the traditional division into 
– Monocotyledons (seeds with one part), including grasses (all 

grains), palm trees and orchids (20,000 species)
– (Eu)dicotyledons (seeds with two parts), including, cacti, beets, 

carnations, roses, foxglove, carrots, mint, etc.  
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Metazoa (multicellular animals)

Bilateria 

Bilaterally 
symmetrical 
animals with 
three germ 
layers  (endo-,  
meso-, and 
ecto-derm)

Deuterostomia
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Chordata

Animals with 
nerve cords 
running down 
their backs. 
1600 species of 
Tunicates e.g.
sea squirts
Amphioxus are
rare (20 species)
and Yunnanozoon
are extinct

Craniata

Animals with skulls.  Split into hagfish (most jawless 
fishes) and vertebrates.
Vertebrates include lampreys
(the other jawless fish) and
gnathostomes, or the jawed
vertebrates.
Jawed vertebrates split into 
Chondrichthyes (sharks), 
Actinopterygii (rays) and
Sarcopterygii (bony fishes and land animals)

Stegocephalians:
Terrestrial vertebrates

Pretty much synonymous with tetrapoda (four feet).  
Exceptions are all extinct.
Vertebrates with limbs and digits (not fins)
About 21,100 extant species
Some unique shared features:
– muscular tongues
– parathyroid glands (control calcium concentrations)
– loss of bones linking skull to body (allowing for flexible necks)

Amphibia (frogs, newts) and Amniota
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Amniota

Mammals, reptiles, 
& birds 
– Birds & Crocodiles

(& Dinosaurs) 
– Lizards & snakes 
– Turtles
– Mammals 

Birds are closely 
related to certain 
dinosaurs (T. rex & 
velociraptor ).

Mammals

Three families: 
– monotremata 

(egg laying)
– marsupial 

(pouch bearing)
– placental 

Take home messages

There is a lot of variety to modern life forms
Most life forms are outside human experience
Microorganisms are tremendously diverse
Taxonomy contains a great deal of information about 
evolutionary history and relatedness

Next week: Previous eras and their creatures at the 
Museum of Natural History.


