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

Lecture 5: 
Some eras and their creatures

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

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)
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Bacterial taxonomy

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
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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. 

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, photosynthesize 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
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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.  

Metazoa (multicellular animals)

Bilateria 

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

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)
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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

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 
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Take home messages

There is a lot of variety to modern life forms
– Don't forget about this when doing molecular analyses, where 

the underlying unity is much clearer.
Most life forms are outside human experience
Microorganisms are tremendously diverse
Taxonomy is a key source of information about 
evolutionary history and relatedness (useful in many 
other sorts of analysis).

Recall Prior Eras

Precambrian: Origin of life 
+ 3.3 billion years 
(~ 7/8 of the history of life)
Paleozoic: 500Ma – 250Ma.  
Cambrian Explosion to 
Permian Extinction.
Mesozoic: 250Ma – 65Ma.  
Permian to K-T extinctions
Cenozoic: 65Ma – now. 

Precambrian organisms

Fossils are poor, especially in early precambrian
– No hard body parts, rocks very ancient
– Just stromatolites, chemical fossils & bacterial microfossils

First 2 billion years or so, just cyanobacteria and other 
prokaryotes.
May have been relatively little diversity, or fossil 
record may just not show it.
Oxygenation of atmosphere and oceans at about 2.2Ga.
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Precambrian Protists

Very little fossil evidence of early Eukaryotes. 
First possible evidence 1.8Ga
First reliable evidence is Beck Spring Dolomite (Death 
Valley,
CA) about 1.3Ga
Bitter Springs Chert, 
850Ma has impressive 
diversity of Eukaryotic 
fossils.

Multicellular 
Precambrian Organisms

About 650Ma (Vendian Era), the first evidence of 
multicellular organisms appears
– Ichnofossils (burrows, impressions, tracks)
– All softbodied.  Some like jellyfish, sponges, worms & ??

The Cambrian Explosion

First appearance of almost every metazoan phylum 
with hard parts (also most without). Many novel 
bauplans. No new ones since!.
First appearance of burrows and predators (tiny 
conodonts), then shelled creatures and trilobites.
Spectacular fossils
– Burgess Shale (see S.J. Gould's Wonderful Life)
– Also in House Range near Delta, Utah.
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Early Cambrian Creatures

Ichnofossils show worm
burrows, tracks.  Oldest
evidence of multicellular
life. Defines Cambrian onset
Archaeocyaths: Simple sponges
basis of early reefs.  Widespread
but died out quickly (530-515Ma)
First appearance of shelly 
fauna and of conodonts, the 
first evidence of predation

Trilobites

Found throughout the Paleozoic (300M years)
Arthopods (like insects and crustaceans)
Big phylum, many orders.
Lived on the sea floor, could 
burrow, probably
scavengers ichnofossil

Ordovician Creatures

Cambrian ended without major extinctions, but a vast 
new radiation.   Origins of many of today's marine 
organisms and first land plants
Sponges, corals, brachiopods, snails, clams, squid-like 
animals, and clear vertebrate fish
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Sillurian creatures

Oldest known coral reefs.  Radiation of fish (jawed, 
freshwater, sharks).  First clear land plants.  First 
scorpions; 10' horseshoe crabs

Devonian Creatures

First land animals, insects 
(millipede-like), seed-bearing 
plants, first trees and forests, 
many new kinds of fish.
Dunkleosteus:
20' long, 
4' jaws, 2” 
sharpened 
armor plate
(no teeth)

Carboniferous Era

“Carboniferous” is after the fact that much of these 
fossils are found in coal deposits.
Key innovation: amniotic egg - hard shell and 
amniotic fluid inside made possible animal 
reproduction on land. (see Amniota, above).  First 
Amniote was a lizard-like creature  
Pangea: all land in one continent.  Mild climate
End of the trilobites, beginning of swampy forests.  
Ferns, huge trees, 
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Permian era

Last of the Paleozoic.  Amphibians well established 
(think giant newts), and first reptiles (e.g. Dimetrodon) 
are succeeding. 
These Pelycosaurs
looked a lot a like,
but are distinguished
by widely differing
teeth, showing diets
of fish, plants and
land animals.

Part of Yale's Zallinger mural

Mesozoic

Age of Dinosaurs (or Cycads).  
But also the origin of 
flowering plants, mammals. 
Divided into the 
– Triassic (origin of dinosaurs)
– Jurassic (origin of birds & mammals)
– Cretaceous

(T. Rex & origin of
flowers, bees, 
ants, etc.)

Cenozoic

Tertiary (65Ma to 1.8Ma) and Quaternary
After K-T extinction, almost no large land animals.  
10M later, large mammals dominate
Paleocene (first era of cenozoic)
– Origin of primates, carnivorous 

and large herbivorous mammals.
Miocene (middle cenozoic)
– Origins of kelp forests and grasslands
– More or less modern continental positions
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Quaternary

Defined by hominids.  Pleistocene 1.8M to 11,000 
years ago
In many ways, quite similar to now
Some interesting creatures now extinct:
– Mammoths
– Saber tooth cats
– Teratorn birds (carnivorous 

with 25-foot wingspans)


