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	This chapter begins with an overview of life’s history.  We will then take a closer look at the origin of life.  The conditions on planet Earth and the different hypotheses that attempt to explain this event will be examined. The last section of the chapter introduces the main branches of life while examining the classification and evolutionary relationships among the immense diversity of living things that arose from those early life forms.
If you have any problems – please sign up for extra help after school.
	Chapter 26: 

Early Earth and the Origin of Life.


Chapter 26: Origins of Life
OBJECTIVES:  
Introduction to the History of Life
__1.
Describe the major events in Earth's history from its origin up to about 2 billion years ago. In 
particular, note when Earth first formed, when life first evolved, and what forms of life existed up 
until about 2 billion years ago. 
__2.
Describe the timing and significance of the evolution of photosynthesis. 

__3.
Describe the timing of key events in the evolution of the first eukaryotes. 

The Origin of Life

__4.
Contrast the concept of spontaneous generation and the principle of biogenesis.
__5. 
Describe the four stages of the hypothesis for the origin of life on Earth. 

__6. 
Describe the contributions that A. I. Oparin, J. B. S. Haldane, and Stanley Miller made toward 
developing a model for the abiotic synthesis of organic molecules. Describe the conditions and 
locations where most of these early organic reactions probably occurred on Earth. 
__7. 
Describe the evidence that suggests that RNA was the first genetic material. Explain the 
significance of the discovery of ribozymes. 

__8. 
Describe how natural selection would have worked in an early RNA world. 

__9. 
Describe the key properties of protobionts in the evolution of the first cells. 
__10.
Describe the evidence that suggests that life first evolved on the sea floor near deep-sea vents.
__11.
Describe the endosymbiosis theory as it pertains to the origins of Eukaryotic cells. (pp. 548-552)
The Major Lineages of Life
__12. Describe the basis for R. H. Whittaker's five-kingdom system. 
__13. List, distinguish among, and describe examples from each of the five kingdoms. 

__14.
Compare the three-domain system and R. H. Whittaker's five-kingdom system of classification.



Stanley Lloyd Miller 

(March 7, 1930 – May 20, 2007)
Guided Reading: Chapter 26
1. How old is the planet? _________________________ 
2. How old is the earliest evidence of life on Earth? _________________________

3. How long ago did the human lineage diverge from other primates.? _________________________

4. Use the clock model to note the following events in the life of the planet: origin of the Earth, appearance of prokaryotes, evolution of atmospheric oxygen, occurrence of eukaryotic cells, multicellularity, and life moves onto land. For each event, also label the number of years ago it occurred. 
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5. One current hypothesis on the origin of life suggests a sequence of four main stages. Summarize them in the table below.

	Stage
	Description

	1
	 

	2
	 

	3
	 

	4
	 


6. In your table above, the first stage is the synthesis of organic molecules. Consider the early planet, probably thick with water vapor and stinky with methane, ammonia, and hydrogen sulfide. 
      What gas was missing from this early mix? Why?
7. A. I. Oparin and J. B. S. Haldane hypothesized that the early atmosphere was a reducing environment. What did they suggest was the source of energy for the early organic synthesis?
8. In 1953 at the University of Chicago, Stanly Miller and Harold Urey tested the Oparin- Haldane hypothesis with the apparatus shown to the right. Label the diagram and use it to explain the elements of this experiment, using arrows to indicate what occurs in various parts of the apparatus.
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9. What was collected in the sample for chemical analysis? 
10. What was concluded from the results of this experiment?
11. List and briefly describe some of the other plausible explanations for the origins of the organic ingredients necessary for life.

12. What did Thomas Cech propose was the first genetic material, DNA or RNA? ___________
13. What are ribozymes?
14. Explain the evidence for an early “RNA world.”
15. What are protobionts and what properties of life do they demonstrate?
16. Taxonomy is in flux! When Mr. Collea was in high school, he were taught there were two kingdoms: plants and animals. Then in his college courses, he were introduced to five kingdoms: Monera, Protista, Plantae, Fungi, and Animalia. Now biologists have adopted a three-domain system, which consists of the domains Bacteria, Archaea, and Eukarya. This system arose from the finding that there are two distinct lineages of prokaryotes
Use the diagrams below to help you explain the differences between the Five-Kingdom and Three-Domain system of classifying life on Earth.
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(b) The three-domain system

(¢) How many kingdoms?
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Differences:
	Five-Kingdom System
	Three-Domain System

	 
	 


17. What two domains include all prokaryotes?

18. Which kingdom is made obsolete by the three-domain system? Why?
19. The first eukaryotes did not appear until approximately 2.1 billion years ago. Complete the diagram below which is found on page 549 and use it to explain the evolution of eukaryotes by endosymbiosis.
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Chapter 26: Summary of Key Concepts

INTRODUCTION TO THE HISTORY OF LIFE
· Life on Earth originated between 3.5 and 4.0 billion years ago (pp.511-512, FIGURE 26.2) Earth formed 4.5 billion years ago. The oldest fossils of prokaryotes are 3.5 billion years old.

· Prokaryotes dominated evolutionary history from 3.5 to 2.0 billion years ago (pp. 512-513,  FIGURE 26.4)  The two domains of prokaryotes, Bacteria and Archaea, diversified as a variety of metabolic types living near hydrothermal vents and in shallow water communities that left fossils called stromatolites.

· Oxygen began accumulating in the atmosphere about 2.7 billion years ago (pp. 513-514, FIGURE 26.5) Oxygenic photosynthesis evolved in cyanobacteria. As O2 accumulated in the atmosphere, the reactive molecule posed an environmental challenge for life.

· Eukaryotic life began by 2.1 billion years ago (p. 514) The oldest fossils of eukaryotic cells date back 2.1 billion years. The eukaryotic cell evolved from a prokaryotic ancestor that hosted smaller internal prokaryotes.

· Multicellular eukaryotes evolved by 1.2 billion years ago (pp. 514-515, FIGURE 26.6, 26.7) There are fossils of multicellular algae dating back 1.2 billion years. The oldest fossils of animals are about 600 million years old.

· Animal diversity exploded during the early Cambrian period (p. 515 FIGURE 26.8) Most phyla of animals make their first fossil appearance during a relatively brief span from about 540 to 520 million years ago.

· Plants, fungi, and animals colonized the land about 500 million years ago (pp. 515-516)  A symbiotic relationship of plants with fungi contributed to the move onto land. Herbivorous animals and their predators followed.

Activity26A:  The History of Life
THE ORIGIN OF LIFE
· The first cells may have originated by chemical evolution on a young Earth: an overview (p. 516, FIGURE 26.9) Though life today arises by biogenesis, the first cells may have been products of prebiotic chemistry.

· Abiotic synthesis of organic monomers is a testable hypothesis (pp.516-518, FIGURE 26.10) Laboratory experiments performed under conditions simulating those of the primitive Earth have produced diverse organic molecules from inorganic precursors.

· Laboratory simulations of early-Earth conditions have produced organic polymers (pp. 518-519) Small organic molecules polymerize when they are concentrated on hot sand, rock, or clay.

· RNA may have been the first genetic material (pp. 519-520, FIGURE 26.11) The first genes may have been abiotically produced RNA, whose base sequences served as templates for both alignment of amino acids in polypeptide synthesis and alignment of complementary nucleotide bases in a primitive form of self-replication.

· Protobionts can form by self-assembly (p. 520, FIGURE 26.12) Organic molecules synthesized in the laboratory have spontaneously assembled into a variety of droplets with some of the properties associated with life.

· Natural selection could refine protobionts containing hereditary information (p. 520, FIGURE 26.13)  The molecular aggregates most effective at using resources from the environment and at reproducing would increase their proportions among a population of varying protobionts.

· Debate about the origin of life abounds (pp. 521-522) Researchers continue to debate how and where life originated.

Activity26B:  Tubeworm Video
THE MAJOR LINEAGES OF LIFE
· The five-kingdom system reflected increased knowledge of life’s diversity (pp. 522-523,  FIGURE 26.15)  The traditional five-kingdom system classifies organisms as Monera (prokaryotes), Protista (relatively simple eukaryotes), Plantae, Fungi, and Animalia.

· Arranging the diversity of life into the highest taxa is a work in progress (p. 523, FIGURE 26.16) A three-domain system (Bacteria, Archaea, and Eukarya) and the splitting of the prokaryotes and protists into many kingdoms are two departures from the five-kingdom system.

Activity26C:  Classification Schemes
Chapter 26 - Review Questions

__1)
Earth probably formed _____ years ago, while the first life evolved as early as _____ years ago. 


A) 4.5 billion years...3.9 billion years ago 



C) 6,000 years...6,000 years ago

B) 3.9 million years...2.0 billion years ago 



D) 10 billion years...4.5 billion years ago  

__2) 
The earliest discovered fossils are of ________ dating back to ________ years ago.


A) single-celled eukaryotes . . . 4.5 billion 



C) algae . . . 1 billion


B) prokaryotes . . . 3.5 billion




D) fish . . . 600 million

__3)  
The earliest organisms were most likely -
 
A) eukaryotic.






C)  multicellular. 

B) prokaryotic. 






D) animals. 

__4)
Which of the following was probably NOT present in large amounts in the atmosphere at the time life is thought to 
have originated? 
  
A) water (H2O) 






C) oxygen (O2) 

B) nitrogen (N2) 






D) carbon dioxide (CO2) 

__5)  
Until about 500 million years ago, all living things were -

A) autotrophic. 






C) prokaryotic. 
 
B) aquatic. 







D) unicellular. 

__6)
The origin of life on Earth probably depended on -
  
A) the reducing environment. 


B) the oxidizing environment. 


C) an atmosphere devoid of methane and carbon dioxide. 

 
D) the oxidizing environment and an atmosphere devoid of methane and carbon dioxide. 

__7)
Spontaneous generation -

A) is the belief that living organisms arise from nonliving matter. 

 
B) was proven by Louis Pasteur.  

 
C) was the accepted idea in the late 1800’s.. 


D) states that all life comes from existing life. 

__8) 
The findings of Pasteur and others have established that -

A) living organisms regularly self-assemble (arise spontaneously) from nonliving matter.


B) living organisms do not arise from nonliving matter today, nor did they arise from nonlife in the past.


C) advanced organisms cannot arise from nonliving matter, but simple microbial life often does arise from nonlife.


D) life does not arise from nonliving matter today, but in the conditions of early Earth, such an event could have 

     occurred.

__9)  
Experiments in which electricity was discharged into a vessel containing hydrogen gas, water vapor, methane, and 

ammonia were conducted by __________. The results support Oparin's theory on the origin of life.
  
A) Miller and Urey






C) Meselson and Stahl 


B) Watson and Crick 





D) Collea and Kasack
__10) 
Miller was the first to show that -

A) amino acids and other organic molecules could have formed under conditions thought to resemble those of early 
     Earth.


B) the earliest forms of life were photosynthetic.


C) eukaryotic life evolved from early prokaryotes.


D) the earliest forms of life had an RNA genome.

__11) 
Miller-Urey-type experiments have shown that -

A) simple cells could be produced in the laboratory using a "soup" of small organic molecules.


B) complex organic molecules can be produced by physical processes from inorganic components.


C) living cells could survive in primitive Earth's atmosphere.


D) given the conditions of early Earth, the formation of life would still require additional materials from  meteorites and 
     asteroids.

__12) 
Which highly reactive gas was probably absent from the Earth's primitive atmosphere?


A) methane 







C) O2 (oxygen gas)


B) carbon dioxide






D) water vapor

__13)  
The atmosphere of early Earth probably contained no O2 until the emergence of organisms that -

A) used hydrogen sulfide as an energy source. 


C) were aerobic.

B)  used water as a hydrogen source for photosynthesis. 

D) did none of these. 

__14) 
What was the probable role of oxygen gas in the early stages of life's appearance on Earth?


A) Cellular respiration, which depends on oxygen availability, provided abundant energy to the first life forms.


B) Oxygen promoted the formation of complex organic molecules through physical processes.


C) Oxygen gas tends to disrupt organic molecules, so its absence promoted the formation and stability of complex 

     organic molecules on the early Earth.


D) Abundant atmospheric oxygen would have created an ozone layer, which blocked out ultraviolet light and thereby

     protected the earliest life forms.

__15) 
A current leading hypothesis about the first system of inheritance involves -

A) self-replicating DNA molecules (the "DNA world" hypothesis).


B) self-replicating RNA molecules aided by ribozymes.


C) proteins that served as templates for RNA molecules, leading to the formation of DNA.


D) self-replicating polypeptides aided by ribosomes.

__16)
Protobionts of one sort or another aggregates of abiotically produced molecules—display all but one of the 
following 
properties of living cells. The one property they LACK is a(n) -
  
A) ability to absorb substances from their surroundings.  

C) transmembrane voltage potential. 


B) selectively permeable membrane. 



D) ability to grow and reproduce.
__17) 
Some RNA molecules can function like enzymes. These particular enzymatic RNA molecules are called -

A) enzoRNA. 






C) ribozymes.


B) eRNA.







D) Coenzymes.

__18) 
Which of the following options lists major events in the history of life on Earth in the proper order, from earliest to 
most recent?


A) first prokaryotes; photosynthesis; colonization of land by plants and fungi; first eukaryotes


B) first eukaryotes; photosynthesis; colonization of land by plants and fungi; first prokaryotes


C) first prokaryotes; first eukaryotes; photosynthesis; colonization of land by plants and fungi


D) first prokaryotes; photosynthesis; first eukaryotes; colonization of land by plants and fungi
__19)
How might deep-sea vents have been important in the origin of life? 
  
A) They may have been the source of some of the organic compounds that cells use in energy metabolism. 

 
B)  Sulfides of iron and nickel common in deep-sea vents are excellent catalysts. 

 
C) The high temperatures associated with deep-sea vents were a source of energy for the reactions necessary for the 
     formation of protobionts. 

 
D) All of the above.
__20) 
If all of Earth's history were compressed into an hour, humans would first appear less than -

A) 1 second ago. 






C) 1 minute ago.


B) 10 seconds ago.






D) 10 minutes ago.

__21)
Bacteria were classified as plants for many years because -
 
A) most species are photosynthetic. 



C) bacteria and plants both have flagellated gametes.

B) of their rigid cell walls.  





D) bacteria contain cellulose in their cell walls. 

__22)
In the five-kingdom system of classification, eukaryotic organisms that absorb their nutrients (many are decomposers of 
organic material) are members of kingdom -


A) Monera. 

B) Protista.  

C) Fungi. 

D) Plantae. 

E) Animalia. 

__23)
In the five-kingdom system of classification, unicellular prokaryotes are classified in kingdom -
  

A) Monera. 

B) Protista.  

C) Fungi. 

D) Plantae. 

E) Animalia. 
__24)
Multicellular organisms that ingest their nutrients are classified in kingdom -
 

A) Monera. 

B) Protista.  

C) Fungi. 

D) Plantae. 

E) Animalia. 
___25
Eukaryotic cells probably arose through -
  
A) colonial aggregations of bacteria. 



C) colonial aggregations of protists. 

B) associations between different prokaryotes. 


D) direct descent from protobionts. 

__26)
The endosymbiont theory states that _____________; one piece of evidence supporting this theory is the fact that 

_____________.

A) the first hereditary material was RNA ... mitochondria and chloroplasts have heredity based on RNA.


B) contains the complete genomes of 120 viruses and 10 bacteria.

C) mitochondria and chloroplasts originated as ingested prokaryotes ... mitochondria and chloroplasts have their own 
     DNA.

D) over time, parasites evolve to resemble their hosts ... the DNA of human parasites contains segments of human DNA
__27.
Which of the following is NOT evidence for the role of endosymbiosis in the origin of eukaryote?

A) Chloroplasts have their own DNA.

B) The inner membrane of a chloroplast is similar to prokaryotic membranes.

C) Mitochondria and chloroplasts are surrounded by two membranes.

D) Mitochondria reproduce by binary fission.

E) The DNA in the eukaryotic nucleus codes for some enzymes in mitochondria.
__28)
In the three-domain system, the eukaryotes are represented -

A) only within the domain Eukarya. 



C) only within the kingdom Protista.

B) only within the domain Archaea.




D) in all three domains.
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