C25 Tracing Phylogeny


C. 25 The History of Life on Earth
First Life?  An abiotic synthesis scenario:

1. Smaller organic molecules formed (like amino acids)

2. Polymers of these formed (like proteins)

3. Protobionts formed– lipid droplets containing these molecules

4. Heredity was formed, probably RNA before DNA

It is thought the early atmosphere was reducing (electron adding) and UV radiation was stronger due to a younger sun.  Scientists have been able to synthesize all 20 aa’s, all 5 nucleotides, and ATP, but have not been able to make a living cell. (Miller & Urey made amino acids from inorganic compounds in 1953.)
Ribozymes – RNA catalysts made of RNA.

RNA is thought to have been the first heredity molecules because:

1. Shorter than DNA

2. It is self-replicating

3. It is autocatalytic

4. RNA is more versatile and can fold into shapes via H bonding

Where life began still debated.  Some think it is deep-sea vents due to common metabolic pathways seen in the Archaea (such as acetyl coenzyme A).  Until recently, shallow water or moist sediments were strongly considered.

Panspermia – organic molecules may have been delivered to Earth via meteorites or comets.
1st ¾ of evolutionary history, organisms were unicellular microbes.

Earth formed about 4.6 billion years ago.  It’s thought that life began a few 100 million years after that.

Stromatolites – banded domes of sedimentary rock containing prokaryotes (bacteria) thought to be 3.5 billion years old.

Endosymbiotic theory – hypothesis that eukaryotes evolved from symbiotic prokaryotes.  Specifically the plasma membrane may have folded to make the endomembrane system (e.r., Golgi, nuclear envelope).  Mitochondria and chloroplasts were formerly prokaryotes living within larger cells.  Secondary endosymbiosis refers to theory that chloroplasts with more than 2 membranes were engulfed again and acquired the third membrane from the engulfer.

Evidence for endosymbiotic theory:

· Endosymbiontic relationships today, ex. pea aphid’s bacteria

· Chloroplasts and mitochondria 

· Size comparable to bacteria

· Enzymes and transport systems similar to plasma membrane of modern prokaryotes

· Reproduce by process much like binary fission

· Contain a genome of circular DNA 

· Ribosomes more similar to prokaryotic ribosomes

· Ribosomal RNA (rRNA) more similar to prokaryotes

Oldest eukaryote fossils are about 1.7 billion years old, but it’s likely they existed earlier. It’s thought that eukaryotes evolved from a colony of prokaryotes. Multicellular fossils appear 1.2 billion years ago.
Fossil record consists of stratified sedimentary rock primarily.  Other fossil types are petrified specimens, casts, prints, amber, pressed or frozen specimens.  Very little organic matter exists in the fossil record.

Relative dating - Uses index fossils and the order of strata to estimate age.

Absolute dating - Gives age in years, but is not perfect.  

· Radiometric dating used most. Unaffected by temperature and pressure.  Isotopes with known half-lives accumulate in living organisms. Ex. C-14 half-life = 5730 yrs., (Good for fossils up to 75,000 years old) U-238 half-life 4.5 billion yrs.  (Also directions of magnetism in different layers aid in dating).
· Racemization uses the ratio of L- and D- amino acids to age specimens.  It is temperature sensitive.

Geologic time scale reflects great change.  Era's, periods and epochs.

Some limits of fossil record:  

· Many species probably left no fossils.

· Many fossils destroyed over time.

· Only a fraction get discovered.

· Slanted in favor of species that existed long time, abundant, widespread, had shells or hard skeletons, lived near aquatic areas.

Pangea- “all land,” plate movements brought Pangea together about 250 million years ago.  Since then, they have shifted apart at about 2 cm per year.  (Australia has been isolated for 50 million years).

Cambrian explosion – when most modern animal phyla became evident during a 10 million year period between Precambrian and Paleozoic eras (phylogenies hard to sort out).  Exact trigger, still unknown, perhaps more atmospheric oxygen.

Extinctions:
The “Big Five” Mass Extinctions:
· Permian extinctions – lost 96% of marine animals and many land organisms; 8 out of 27 insect orders lost.  Pangea brought together during this time (251 million years ago).  Happened in <5 million years.  Many climate shifts, volcanoes, reduced oxygen in oceans.

· Cretaceous extinctions – about 65 million years ago, lost over 50% of marine species and many land organisms, including dinosaurs.  Climate shifted cooler, volcanoes; impact hypothesis supported by iridium (rare element on Earth, but common in meteorites).

· Others (you don’t need to know by name).

· Is the 6th mass extinction under way (man made)?
Exaptation – structure that evolved in one setting and is used later for another function, ex. light bones in some dinosaurs to bird bones.

Heterochrony – evolutionary change in the rate or timing of developmental events.

Allometric growth – difference in the relative rates of growth of various parts of the body.  Helps shape the organism.

Paedomorphosis – Having juvenile structures from evolutionary species appear in adults of another species, ex. some adult salamanders with gills.

Homeosis – Evolutionary alteration of basic body design (where the parts go).  Homeotic genes determine where major parts like legs or wings appear.

Evolution is NOT goal oriented.
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