
1 
 

Copyright © 2020 College Guild, All Rights Reserved 

 

College Guild 
PO Box 696, Brunswick ME 04011 

 

SCIENCE SAMPLER 
~ Biology ~ 

Unit 5 of 5 
 
In this unit, we will focus on life: the evolution of organisms, their structures and functions, why certain species survive, how some 
species evolved into other species, and, ultimately, how humans evolved. 
 

******************************************************************************************************************************************************* 
 

Part 1. The Living Earth 
 
A walk through the woods or along the shore, the sound of birds in the early morning, and the fragrance of the flowering plants in spring 
are reminders of how our planet teems with life. For all humanity’s cities and roads and technology, the Earth is relentlessly trying to 
replace our human structures with wilderness. 
 
Consider an abandoned house somewhere in the temperate United States. Even 
when occupied it had mildew and lichen growing on its siding, moss in its gutters. 
Crickets chirped in the dark, damp places. There were other insects and spiders. 
After it was abandoned, rodents took up permanent residence, as did squirrels, living 
in the walls and in the spaces between floors. Yellowjackets built a hive. Swifts 
nested in the chimney. Cats came and went, but since no one was leaving food out 
for them anymore, they found better haunts. Eventually a window was broken by a 
tree branch growing into it, so every time it rained outside, it rained a little inside, too. 
Mold grew in the wet areas. Weeds took root in the windowsills. Leaf litter was blown 
in, and slime molds and tiny mushrooms grew. Ants picked away at the grout 
between floor tiles to build anthills. Ovenbirds found their way in. First a skunk, then 
raccoons, got into the basement. Bats roosted in the attic. A portion of the chimney 
fell through the roof, and it rained straight into the house. Rainwater pooled in the 
basement, and all sorts of water bugs thrived. Salamanders ate the springtails and 
worms. The house never fully dried out in the spring and the whole structure quickly 
began to rot. A back door made out of particle board broke loose of its hinges and 
fell into the back entryway. In the early morning, turkey or deer might wander in. In 
the rot beneath the fallen chimney, a pine tree sapling grew. It seemed to be getting 
plenty of light... 
 
1. What forms of life do you find most interesting or inspiring? Describe your choices. 
 
2. What other plants or animals might colonize an abandoned house (besides those described)? 
 
It can be difficult to believe that humans are biologically related to these other life-forms ― racoons, salamanders, trees, slime molds 
― but it is indeed the case. The great story of biology is that all life on earth is made out of the same basic materials. All life is related 
and connected, and it all came from very simple beginnings.  
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Part 2. The Structure of Living Things 
 
In the late 17th century, Dutch scientist van Leeuwenhoek looked through a microscope he invented and saw a host of life-forms too 
small to be seen with the naked eye. In 1665, English scientist Robert Hooke noticed that these life-forms contained “little rooms” he 
called cells. By the early 19th century, it was understood that all life-forms are composed of cells. 
 
Cells are the fundamental units in all living organisms. 
Organisms are either unicellular (consisting of a single cell), 
or multicellular (consisting of more than one cell). Most cells 
are microscopic, but not all ― the yolk of a chicken egg is one 
giant cell! 
 
Prokaryotic cells are the simplest life-forms on Earth. The 
nucleoid of a prokaryote contains DNA ― instructions for how 
the cell grows, functions, and reproduces. The image to the 
right shows the different components of a prokaryotic cell.2 
Most prokaryotes are specialized. Cyanobacteria, for 
instance, are prokaryotes able to convert sunlight into energy, 
a process called photosynthesis. 
 
A waste product of photosynthesis is oxygen. The oxygen 
generated by photosynthesizing cyanobacteria has, over the 
course of hundreds of millions of years, made our atmosphere breathable for all higher animals. 
 
3. Is it surprising that bacteria are responsible for producing the oxygen necessary for Earth’s animal life? Explain your 

answer. 
 
Eukaryotic cells are larger and more 
complex than prokaryotic cells. See 
the image to the right.3 Eukaryotic 
cells contain many of the same 
components as prokaryotic cells, but 
they also contain numerous other 
organelles (miniature organs), such 
as mitochondria, which deliver 
energy to the rest of the cell. 
 
American biologist Lynn Margulis 
proposed that, long ago, organelles 
like mitochondria were free-living 
prokaryotes, “gobbled up” by larger 
cells. The two formed a mutually 
beneficial relationship ― they 
worked together ― leading to the 
development of eukaryotic cells. 
 
 
4. Describe other mutually 

beneficial relationships you 
can think of, especially from the natural world.  
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Eukaryotic cells make up the tissues in our bodies, in the bodies of all other animals, and in the fibers of all plants. There are about 
200 different kinds of specialized eukaryotic cells in the human body, and an adult human body is composed of about 100 trillion 
(100,000,000,000,000) cells. Specialization enables a cell to have a specific function, and different functions are needed in different 
parts of the body. For instance, your red blood cells are specialized to carry oxygen throughout your bloodstream. 
 
5. What do you think might be a responsibility of the cells in (a) the heart, (b) the brain, (c) the skin? 
 
Tissues are organized groups of similar, specialized cells. 
 
To the right are images, taken with a microscope, of tree fiber 
and bone tissue.4 

 
6a. Can you guess which image (a), (b) is which? 
 
6b. What common job do bone tissue and tree fiber have? 

 

Organs are collections of different tissues which, together, 
perform a particular function. Single-cell organisms have tiny 
organs called organelles. Multicellular organisms such as plants and animals have organs. Organs typically have a type of tissue that is 
unique to that organ, plus other supporting tissues. The myocardium in the heart is a specific kind of muscular tissue found only in the 
heart. 
 
7. Name some organs you are familiar with in the human body, such as the heart. Explain briefly 

what their function is. 
 
Though we might not think of plants as having organs, they do. Plants perform many of the same basic jobs 
as animals, including consuming food, removing waste, and reproducing. The main difference is that plants 
perform photosynthesis to make their own food from sunlight, just like cyanobacteria. Since they do not have 
to forage or hunt, plants are typically rooted in place, unable to move about. 
 
8. Assuming only that a plant must collect energy from sunlight and water and nutrients from the 

soil, explain the functions of the three organs listed in the drawing to the right.5 

 
 
Systems of organs are groups of organs working together to perform a function. The central 
nervous system consists of the brain, spinal cord, ganglions, and nerves. The central nervous 
system collects and processes all our sensory information. 
 
 
Organisms are collections of systems operating together. The human body brings together 
many systems. In addition to the central nervous system, these include the respiratory, 
circulatory, immune, digestive, muscular, skeletal, endocrine, excretory, and reproductive 
systems. 
 
9. How many levels of organization, starting with cells and ending with organisms, are 

described in this unit? List them.  
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Part 3. The Chemical Basis for Life 
 
With a powerful enough microscope, it is clear that cells are composed of molecules. This is not surprising ― nearly all matter found on 
Earth is composed of molecules. However, the molecules that comprise plant and animal life are special. They are organic molecules. 
Organic molecules always contain carbon. They may also contain other elements, such as oxygen, hydrogen, phosphorus, and 
nitrogen. There are millions of different organic molecules. 
 
Four types of organic molecules make up all living things. 

● Proteins perform many tasks in organisms and provide structure to tissues. 
● Carbohydrates are sugars, or molecules that can be broken down into sugars, which organisms can then use for energy. 
● Lipids are fats. They also provide energy and structure. 
● Nucleic acids. DNA is an example of a nucleic acid and is described below. 

 
10. Is it surprising that the things we need to eat are also the things the cells in our body use? Explain your answer. 
 
11. Give an example of a food that is high in protein. A food that is a carbohydrate? A food that is high in fat? 
 
DNA (deoxyribonucleic acid) is a 
complex organic molecule found in 
the nucleus of eukaryotic cells and 
in the nucleoid of prokaryotic cells. 
 
DNA is a set of instructions for 
building an organism: what it looks 
like, how it grows and develops, 
how it behaves, and how it 
reproduces. The instructions are 
called genes. Groups of related 
genes are called traits. Each and 
every cell within an organism 
contains all the DNA necessary to 
build that organism. 
 
DNA is built up into large molecular 
structures called chromosomes. 
Organisms have a set of 
chromosomes (humans have 23), 
which get bundled into the nucleus 
of each cell, as shown in the figure 
to the right.7 
 
The double helix structure of DNA was discovered in 1953 by biologists James Watson, Francis Crick, and Rosalind Franklin. The 
structure of an organism’s DNA is called the genome of an organism. Each of us shares about 99.9% of our genome with every other 
human on Earth. Tiny differences (~0.01%) in the genome between one human being and another account for all our biological 
differences as individuals. Taken as a whole, these differences are our genetic variation. 
 
12. As described above, DNA is “a set of instructions for building an organism.” Give another example in which instructions 

are used to build something complex. 
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Part 4. Inheritance 
 
All cells reproduce by dividing into two. One cell simply makes a copy of itself. See the image to the 
right.8 During cell division, the DNA of the parent cell is copied. This way, the new cell inherits the 
genetic information (the DNA) from its parent cell. If the parent cell is a cyanobacterium, the new cell will 
be an identical copy ― a clone ― of that same cyanobacterium. 
 
Cell division happens continuously in higher organisms such as humans. As the tissues of the human 
body age and die, they make copies to replace themselves, keeping the tissues healthy. 
 
13. How are the cells that form our tissues (e.g., muscle, bone, blood) like independent, free-

living, single-cell organisms? How are they unlike free-living, single-cell organisms? 
 
Sometimes a random error occurs during DNA replication and the new cell’s DNA is not quite the same as the parent cell’s. This is 
called a mutation. Mutations occur naturally. Many have no effect. Many, such as cancerous mutations, are harmful. Rarely, a mutation 
might be beneficial, giving the organism a better chance to survive or live longer and reproduce. 
 
14. Describe a DNA mutation that could be beneficial to an organism. 
 
Cell division is a form of asexual reproduction. In asexual reproduction, offspring inherit genetic information from one parent. In addition 
to single-cell organisms, some plants and fungi reproduce asexually. But, for most higher organisms, sexual reproduction is the norm. 
 
In sexual reproduction, two parents contribute equal amounts of genetic information to an offspring. A human child gets 50% of their 
DNA from their mother and 50% from their father. Since DNA determines the traits of an organism ― eye color, hair color, height, etc., 
as well as some personality traits ― we inherit about 50% of our traits from one parent and about 50% from the other. 

 
15. What physical traits do you have in common with other family members? What personality traits do you have in 

common? (You may answer this based on a friend and their family instead, if you prefer.) 
 
Sexually reproducing organisms have two copies of each chromosome in each and every cell, except for specialized reproductive cells 
called gametes, which have only one copy of each chromosome. In the female, the gametes are large cells called eggs, or ova; in the 
male, the gametes are much smaller, self-propelling cells called sperm. When a male sperm fertilizes a female egg, a new cell is 
created, with two copies of each chromosome ― one each from the sperm and egg. This cell then divides repeatedly to become a new 
individual. 
 
In humans, a gamete has 23 chromosomes. All other cells have 46 chromosomes. In these, every gene exists as a pair (23 x 2 = 46), 
but typically only one half of the pair is expressed. 
 
For example, a child inherits a gene for red hair from their mother and a gene for brown hair from their father. If the child’s hair is 
brown, the red-hair gene is still there but is unexpressed ― hidden. When the child matures and has a child of their own, they will 
randomly pass either the red-hair gene or the brown-hair gene to their child. 
 
Austrian scientist and friar Gregor Mendel worked out the rules of inheritance by breeding peas. He used seven characteristics of pea 
plants: plant height, pod shape and color, seed shape and color, and flower position and color. Mendel observed that each 
characteristic had dominant and recessive varieties; for instance, yellow peas are dominant over green peas. In the example in the 
previous paragraph, the child’s hair is brown because brown hair is dominant over red.  
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Part 5. Evolution and Natural Selection 
 
In his 1859 book On the Origin of Species, English biologist Charles Darwin introduced the theory that populations evolve over many 
generations through a process of natural selection. The varieties of life around us have a common origin, which has diverged over the 
course of hundreds of millions of years. Complex organisms evolved from simple organisms. 
 
For the first one to two billion years of life on Earth, the only form of life was ocean-dwelling prokaryotic cells, like bacteria. A prokaryote 
was identical to its parent, unless a mutation had occurred. Some mutations gave the prokaryote an advantage, such as a longer life or 
a greater ability to obtain food or to reproduce, which it then passed along to its offspring. Other organisms were outcompeted (had 
fewer advantages for survival) and died off. 
 
Sexual reproduction arose about a billion years ago. Sexually reproducing organisms change from one generation to the next by mixing 
genes from two parents instead of just one. Random mutations continue to occur, but in sexual reproduction, advantageous traits as 
well as mutations may be passed along to future generations. Over very long periods of time, the process of mutation and trait 
selection resulted in the great variety of different species on Earth. 

 
One example is the evolution of birds. There is substantial evidence that birds evolved from reptiles. See the figure below.9 

 

 
 
All life on Earth is subject to the forces of evolution and natural selection, even humans. There is substantial fossil evidence that 
modern humans evolved from prehuman ancestors who lived in Africa millions of years ago. Similarly, humans and other primates 
(gorillas, chimpanzees, etc.) share a common ancestor who lived about 20 million years ago. 

 
16.  Darwin’s theory assumes that evolution is a very slow process. Do you think this is a valid assumption? Why or why not? 
 
17. Explain what kinds of geological evidence might be necessary to support Darwin’s theory. 
 
18. Natural selection is sometimes called “survival of the fittest.” What do you think is meant by biological “fitness”? Explain 

your answer. 
 
19. Describe three similarities and three differences between humans and nonhuman primates. 
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Part 6. The Tree of Life 
 
A biological tree of life shows how different kinds of organisms are related and in what order they emerged. The following tree 
highlights the three great domains of life: archaea, bacteria, and eukaryotes. 
 

 
 
Notice that all the things we typically think of when we think of life ― all plants, all animals (fish, mammals, reptiles, amphibians, birds, 
insects, mollusks, etc.), even fungi ― are tucked into the upper right corner of the figure. The reason is that plants and animals 
developed much later than the simpler forms of life shown in the figure. Not only are the various types of bacteria and archaea very 
distantly related to us, they are distantly related to each other. 
 
What are some of the other organisms shown in the figure? Let’s look at a few, selected at random. 

● Trichomonads are eukaryotes, typically parasites; they are anaerobic (they do not require oxygen). 
● Slime molds are communities of single-celled organisms you might find growing on dead trees. 
● Thermoproteus can be found in acidic hot springs and water holes; their optimal growing temperature is 185 degrees F. 
● Halophiles can be found in very salty lakes such as the Great Salt Lake in Utah. 
● Aquifex grow underwater, near sources of great heat such as volcanic vents. 
● Proteobacteria are a large family of bacteria, which includes several disease-causing “germs.” 

 
20. The tree of life has one trunk because every organism on Earth has DNA as its fundamental “code.” DNA is the blueprint 

for life. Is this a good enough reason to conclude that all life is interrelated? Why or why not? 
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In the 16th century, Swedish botanist Carl Linnaeus 
began the modern era of taxonomy. Taxonomy ranks 
organisms in the biological hierarchy that is the tree of 
life. To the right is a chart showing a taxonomic rank, from 
domain down to species, using the common red fox as an 
example.10 
 
Notice that the taxonomic chart is like an upside-down 
tree of life. The domain at the top corresponds to the 
trunk and lower branches of the tree of life on the 
previous page, whereas the leaves of the tree represent 
individual species, such as the red fox (Vulpes vulpes). 
 

21. Is it reasonable to say that organisms alive in 
the time of dinosaurs were inferior to the 
organisms alive today? (After all, dinosaurs and 
their kin have mostly died out.) Why or why not? 

 
Part 7. Feedback 

 
Congratulations on completing College Guild’s Science Sampler course! Your feedback is valued. Please take a few minutes to answer 
these last couple of questions. Thank you! 
 
22. What did you particularly like or dislike about this course? 
 
23. Which branch of science are you most interested in? 
 

“Those who contemplate the beauty of the Earth find reserves of strength that will endure as long as life lasts.”  
―American biologist Rachel Carson (1907–1964) 

 

******************************************************************************************************************************************** 
Remember: First names only & please let us know if your address changes 

 
Citations Answers and hints to selected questions 
1. Spotted salamander image: Missouri Department of Conservation 6a. (a) is bone, (b) is tree fiber. 
2. Prokaryotic cell image: Diana Saville 9. Cells→tissues→organs→systems→organisms 
3. Eukaryotic cell image: Diana Saville 18. “Fitness” in evolutionary biology means ability to survive into adulthood 
4. Bone tissue and plant fiber images: ThingLink, ucsb.edu and reproduce. 
5. Plant image: iTutor 
6. Central nervous system image: 124rf (masia8) 
7. Chromosome and DNA image: derived from illustration, Creative Commons 
8. Cell division image: Ask a biologist, Arizona State University 
9. Archaeopteryx image: Houston Museum of Natural Science 
10. Taxonomic rank image: wikipedia.org 
 


