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Recap: Lecture 1
1. Cell Theory

1)All organisms are composed of cells

2)Cells are the basic unit of structure and function of organisms

3)Cells come from preexisting cells because cells are self-replicating

2. Domains of life

Prokaryote versus Eukaryote 

did I forget something?

3. Level of sophistication

atoms – molecules –organelles – cells – tissue –organ- organism

organism- population – community – ecosystem - biosphere

4. Scientific Method
 Observation
 Hypothesis
 Experimentation/Data Collection
 Conclusion
 Scientific Theory
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Outline

 Darwin’s Theory of Evolution

 Context: History of 

Evolutionary Thought

 Descend with change from 

a common ancestor 

 Adaptation to a changing 

environment

 The Evidence of Evolution

 Fossil

 Biogeographical

 Anatomical

 Biochemical

 Origin of Life

 Primitive Earth

 Origin of First Cells

 Kingdoms and domains



Evolution, the Unifying Concept      

of Biology 

 Despite diversity, organisms share the 

same basic characteristics 

 Composed of cells organized in a similar 

manner

 Their genes are composed of DNA 

 Carry out the same metabolic reactions to 

acquire energy 

 This suggests that they are descended 

from a common ancestor

5
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History of Evolutionary Thought
 Before Charles Darwin

 View of nature determined by deep-seated beliefs (scala 

naturae, special creation fixity of species)

 Held to be intractable truths

 Carolus Linnaeus – father of taxonomy (classification). 

- Began grouping similar organisms together, larger and 
larger groups

(Dear Kids Play Chess On Funny Green Squares)
- Invented binomial nomenclature: Genus species Ursus americanus

 Biology thought had slowly begun to accept

 Various ideas of evolution

 Similarities between living things reflect recent common 

ancestry

 Dissimilarities between living things reflect ancient 

common ancestry



Work leading up to Darwin
 The discovery of fossils and the notion of extinction

 Cuvier, Hutton, and Lyell – Geology
 - Provided extensive evidence of geologic change

 - Discovered “layers” of fossils representing different time 
periods

 Thomas Robert Malthus (Early 1800) – Limited 
resources

 Jean-Baptiste Lamarck (Early 1800’s) 
 Lamarck’s theory of gradual change (evolution)

 - theory of “use and disuse” leading to “inheritance of 
acquired characteristics

 Darwin and the voyage of the HMS Beagle

 Alfred Russel Wallace reached the same conclusions 
as Darwin AND published them first.
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Voyage of the HMS Beagle

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Galápagos Islands -- Ecuador

 Finches
 Darwin observed many different species of finches on 

various islands

 Speculated they could have descended from a single pair 

of mainland finch

 Heavy beak suited to a diet of large seeds

 Beak of the warbler-finch is suited to feeding on insects 

 Longer beak, somewhat decurved, and the split tongue suited to probing 

cactus for seeds
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Darwin’s Theory of Evolution

 Biogeographical observations:

 The study of the geographic distribution of life 

forms on earth

 Darwin saw similar species in similar habitats;

 Reasoned related species could be modified 

according to the environment
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Natural Selection and Adaptation

 Individuals have heritable variations

 More individuals produced each 
generation than environment can 
support

 Some individuals have adaptive 
characteristics

 Enables increased survival and 
reproduction

 Increasing proportion of succeeding 
generations will have these 
characteristics

 Populations become adapted to their 
local environment through change in 
individuals
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 Organisms Differ in Fitness
 Fitness is the relative reproductive success of an individual

 The most-fit individuals in a population capture a 

disproportionate share of goodies

 Interactions with the environment determine which 

individuals reproduce the most

 Adaptation

 Changes that help a species become more suited to its 

environment

 Product of natural selection  (favorable characteristics 

accumulating over generations)

Natural Selection and Adaptation
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Artificial Selection
 Darwin described artificial 

selection as a model by which 

to understand natural 

selection. 

 Following vegetables are 
derived from one species: 

 Chinese cabbage, brussels 
sprouts, and kohlrabi. 

 Artificial selection of Animals

 All dogs are descended from 

the gray wolf

https://www.youtube.com/watch?v=0jFGNQScRNY

https://www.youtube.com/watch?v=0jFGNQScRNY
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Evidence for Evolution: Fossil 

Record

 Fossil evidence 

 Fossils record the 
history of life from the 
past

 Document a succession 
of life forms from the 
simple to the more 
complex

 Sometimes the fossil 
record is complete 
enough to show descent 
from an ancestor
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Biogeographical Evidence

 Biogeography is the study of the range and 

geographic distribution of plants and animals on 

Earth. 



Anatomical Evidence

 Homologous Structures:
 Anatomically similar b/c they are 

inherited from a common ancestor
 May be functionally similar or not

 Analogous Structures:
 Serve the same function
 Not constructed similarly
 Do not share a common ancestor
 E.g: wing of a bird and wing of an 

insect

 Vestigal Structures:
 Fully-developed anatomical structures
 Reduced or obsolete function (“left over from common 

ancestry)
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Significance of 

Developmental Similarities

Anatomical Evidence

 Embryological 
development

 All vertebrate embryos 
have:

 A postanal tail and 

 Paired pharyngeal (gill) 
pouches



Biochemical Evidence

 Almost all living organisms:

 Use the same basic biochemical molecules

 Utilize same DNA triplet code

 Utilize same 20 amino acids in their proteins

 DNA base-sequence differences:

 When very similar, suggest recent common descent

 When more different, suggest more ancient common descent
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Brief Timeline of Early Events:
(bya = billion years ago, etc.)

 4.6bya - The Earth condenses from a cloud of dust and rock

 At first, there was no atmosphere to burn up the constant 
bombardment

 Collisions create heat – the earth was far too hot for liquid 
water

 3.9bya – Bombardment slows in our solar system (most mass 
in the planets)

 Early atmosphere forms from volcanic gas, dust, ash, and 
LOTS of water vapor; this further reduces cosmic 
bombardment

 Sufficient cooling allows water vapor to condense…  oceans 
form!

 3.8bya – oldest known rocks.  (Some say these indicate early 
life!)

 3.5bya – oldest known fossils (stromalites (prokaryotes))

 2.7bya – emergence of atmospheric oxygen (photosynthesis)

 2.2bya – oldest fossils of eukaryotes



Formation of Organic Molecules

 Following the cooling that occurred as earth acquired 

an atmosphere:

 The atmosphere and the ocean comprise the 

primordial soup from which life emerged: high in 

methane (CH4), ammonia (NH3), N2, H2, CO2, NO, 

N2O, H2S

 There is also evidence that the overall 

environment was REDUCING (adding electrons)



Formation of Organic Molecules

 In 1953, Stanley Miller and 
Harold Urey recreated the 
primordial soup and added 
sparks (to simulate lightening)

 Result - creation of many kinds 
of organic molecules, including 
many aa’s, that are necessary 
for life!

 such an atmosphere on early 
Earth is unlikely

 Instead of forming in the 
atmosphere, the first organic 
compounds may have been 
synthesized near submerged 
volcanoes and deep-sea vents

26.2
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Chemical Evolution at Hydrothermal Vents

© Ralph White/Corbis

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Conditions to Support Life

 Conditions on earth have influenced the evolution of all life

 The formation of a life form, a cell, probably occurred in 

the 4 following stages:

 1) Abiotic synthesis of small organic compounds 

(aa’s, nucleotides)

 2) Joining of small organic monomers to form 

polymers (proteins, nucleic acids)

 3) Packaging of polymers into compartments, probably 

lipid membranes: protobionts or protocells

 4) Self-replicating polymers emerge (eventually 

making inheritance possible)
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Protocell Evolves

 Before the first true cell arose, there would have 

been a protocell or protobiont.

 A protocell would have a lipid-protein membrane 

and carry on energy metabolism. 

 Protocells

 Hypothesized precursors to the first true cells
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Protocell Anatomy

 Protobionts are aggregates of abiotically produced 
molecules surrounded by a membrane or membrane-like 
structure

 Experiments demonstrate that protobionts could have 
formed spontaneously from abiotically produced organic 
compounds
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Origin of the First Cell(s)
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Paleozoic and Precambrian Time Eras
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Cenozoic and Mesozoin Eras



Reconstructing 

the Tree of Life

 Two kingdom system

 Whittaker’s five 

kingdom system, 1969 

---->

 Three domain system

26.21
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Tree of Life Showing The 

Three Domains

common ancestor
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