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Aim What is the evidence that supports the theory of 
evolution?

Define Evidence
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Evidence Anything which tends to prove or disprove something
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If someone is trying to prove that certain species evolved from 
another species or is a relative of another species, what types of 
scientific evidence should we find to support this idea?

Structural/Morphological (anatomical similarities/homologies)

Molecular (DNA similarities)

Transitional Forms

http://evolution.berkeley.edu/evolibrary/article/0_0_0/lines_03

http://evolution.berkeley.edu/evolibrary/article/0_0_0/lines_03
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I. Structural Similarities (Homologies)

a) At its core, the theory of Evolution believes that ALL living 
organisms have 1 ultimate common ancestor.  

b) If this is true, then all living things should have certain things in 
common.  

c) The closer our ancestor/relative, the more we should have in common 
with that relative structurally

d) Decent with modification

First let us think about structural homologies... 
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What is the most basic structural homology that all of these organisms share?
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http://www.sciencedaily.com/releases/2012/01/120124113036.htm

http://www.sciencedaily.com/releases/2012/01/120124113036.htm
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Use the fossils in the rock layers to answer questions about Earth's 
history

Fossil Activity
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Proterozoic Stromatolites

Stromatolites, formed from layers of bluegreen algae, are the world's oldest fossils
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Ancient Fossil Bacteria : Pictured above are two kinds cyanobacteria (blue green algae) from the Bitter Springs chert of central Australia, a site dating 
to the Late Proterozoic, about 850 million years old. On the left is a colonial chroococcalean form, and on the right is the filamentous Palaeolyngbya
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Another example of homology is the forelimb of tetrapods (vertebrates with legs). 

Frogs, birds, rabbits and lizards all have different forelimbs, reflecting their 
different lifestyles. But those different forelimbs all share the same set of bones  
the humerus, the radius, and the ulna. These are the same bones seen in fossils of 
the extinct transitional animal, Eusthenopteron, which demonstrates their 
common ancestry.

815,812,8e1, 8e2
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”What could be more curious than that the hand of man, formed for grasping, that of a mole for digging, the leg of a horse, the 
paddle of a porpoise and the wing of a bat, should all be constructed in the same pattern and should include similar bones in 
the same relative positions?”
"Why should similar bones have been created in the formation of a wing and a leg of a bat, used as they are for totally 
different purposes?"

`
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Homologies: comparative anatomy
Organisms that are closely related to one another share many anatomical 
similarities. Sometimes the similarities are conspicuous, as between crocodiles 
and alligators, but in other cases considerable study is needed for a full 
appreciation of relationships. 

Modification of the tetrapod skeleton
Whales and hummingbirds have tetrapod skeletons inherited from a common 
ancestor. Their bodies have been modified and parts have been lost through 
natural selection, resulting in adaptation to their respective lifestyles over 
millions of years. On the surface, these animals look very different, but the 
relationship between them is easy to demonstrate. Except for those bones that 
have been lost over time, nearly every bone in each corresponds to an equivalent 
bone in the other. 
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Snakes have legged ancestors
Some species of living snakes have hind limbbuds as early embryos but rapidly lose the buds 
and develop into legless adults. The study of developmental stages of snakes, combined with 
fossil evidence of snakes with hind limbs, supports the hypothesis that snakes evolved from a 
limbed ancestor
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http://www.pbs.org/wgbh/evolution/library/04/2/l_042_02.html

Homologies: developmental biology
Studying the embryological development of living things provides clues to the evolution of 
presentday organisms. During some stages of development, organisms exhibit ancestral 
features in whole or incomplete form. 

http://www.pbs.org/wgbh/evolution/library/04/2/l_042_02.html
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Individual organisms contain, within their bodies, abundant evidence of their 
histories. The existence of these features is best explained by evolution. Several 
animals, including pigs, cattle, deer, and dogs have reduced, nonfunctional 
digits, referred to as dewclaws. The foot of the pig has lost digit 1 completely, 
digits 2 and 5 have been greatly reduced, and only digits 3 and 4 support the 
body. Evolution best explains such vestigial features. They are the remnants of 
ancestors with a larger number of functional digits. 
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Hoatzin chicks have claws on their wings, as do some chickens and ostriches. 
This reflects the fact that bird ancestors had clawed hands.
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Vestigial Structure Structures found on organisms that are no longer serving any function, 
but provide clues of how the organism used to live (pelvic bone on snake, leg bones on 
whales)
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http://www.amnh.org/education/resources/card_frame.php?rid=1270&rurlid=1185

http://www.amnh.org/education/resources/card_frame.php?rid=1270&rurlid=1185
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Molecular/DNA Evidence If the theory of evolution is in fact accurate, then closer ancestors 
should have fewer DNA differences than more distant ancestors.

http://www.ncbi.nlm.nih.gov/

II.

http://www.ncbi.nlm.nih.gov/
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The molecular level
Different species share genetic homologies as well as anatomical ones. Roundworms, for example, 
share 25% of their genes with humans. These genes are slightly different in each species, but their 
striking similarites reveal their common ancestry. In fact, the DNA code itself is a homology that 
links all life on Earth to a common ancestor. DNA and RNA possess a simple fourbase code that 
provides the recipe for all living things. In some cases, if we were to transfer genetic material from 
the cell of one living thing to the cell of another, the recipient would follow the new instructions as 
if they were its own. 
These characteristics of life demonstrate the fundamental sameness of all living things on Earth 
and serve as the basis of today's efforts at genetic engineering. 
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III. Transitional Species If in fact evolution is true, and one species can evolve
into another, then there must be a transitional species that shares the 
characteristics of both (these are very hard to find).
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Lung Fish
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http://tiktaalik.uchicago.edu/meetTik.html

http://evolution.berkeley.edu/evolibrary/news/060501_tiktaalik

http://tiktaalik.uchicago.edu/meettik.html
http://evolution.berkeley.edu/evolibrary/news/060501_tiktaalik
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http://news.nationalgeographic.com/news/2006/11/061106dolphinlegs.html

http://news.nationalgeographic.com/news/2006/11/061106-dolphin-legs.html


Attachments

Pages from Tiikatik.pdf

use for evidence of evolution chicken wing and evidence.pdf

There are no transitional fossils.wmv

fossil activity.pdf

evol07_vid_fossilev_450.mp4




The Fossil Record    The concept of evolution 
is supported by fossil findings in rock layers from dif-
ferent ages of Earth’s history. In general, fossils that 
more closely resemble today’s life forms are found in 
younger rock layers, while many fossils that only dis-
tantly resemble life today occur in older layers. Based 
on such findings, naturalists proposed that species 
change, or evolve, over time. Natural selection has been 
identified as a driving force behind these changes. Since 
then, scientists have found an overwhelming number 
of fossils in rock layers of different ages that repeatedly 
confirm the changes in life forms that are predicted by 
the theory of evolution. 


DNA Research    Molecular biology and genetics have revealed how evolution works at the 
level of molecules. Unknown when evolution and natural selection were first proposed in 1859, 
genetics has shown that traits are passed from parent to offspring through DNA, a molecule in all 
living things that directs how cells grow and reproduce. DNA studies support findings from other 
branches of science. For example, species that appear to be more distantly related from their positions 
in the fossil record are found to have correspondingly greater differences in their DNA than species that 
appear more closely related in the fossil record. 


TikTaalik


A Case Study in Scientific Prediction


Using the principles of evolution, scientists have been able to predict what new fossils might be dis-
covered. For example, scientists had found fossils of ancient fish that lived in shallow waters in earlier 
times and fossils of four-limbed land dwellers that appeared later in time. What happened in between?


Evolutionary theory predicts that there would be one or more creatures with characteristics of both 
the ancient fish and the later land-dwellers. A team of scientists decided to look in sedimentary rock 
in northern Canada that was deposited about 375 million years ago, about the time these intermedi-
ate species were thought to have lived, based on other evidence from the fossil record.


In 2004, the team found what they had predicted: the fossil of a creature with features of fish 
(scales and fins) and features of land-dwellers (simple lungs, flexible neck, and fins modified to sup-
port its weight). The bones in the limbs of this fossil, named Tiktaalik, resemble the bones in the 
limbs of land-dwelling animals today.


By understanding evolution, scientists were able to predict what type of creature existed and in 
what geologic layer it would be found. The discovery of Tiktaalik fills another gap in the fossil record.


in molecular biology and genetics along with the principles 
of evolution to infer what forms of life existed and predict 
where and what kinds of fossils will likely be found.


• Some creationists claim that certain features of living 
beings are too complex to have evolved through natural pro-
cesses. They claim that structures such as a bacterium’s fla-
gellum (the hair-like part that gives the bacterium motion) , 
the human eye, or the immune system are “irreducibly com-
plex” and must have been created intact by an “intelligent 
designer.” But biologists have discovered that components of 
the flagellum have their own individual functions and also 
have found intermediate forms of flagella. Both of those find-
ings support the idea of the flagellum evolving from existing 
structures over time. Also, the creationist argument that such 
features “must” have been designed is based on their precon-
ceived idea of a Creator, while the scientific position is based 
on observable facts and falsifiable explanations. 


• Some creationists argue based on scripture that the Earth cannot be old enough for the 
diversity of life to have emerged through evolution. Yet measurements from geology, astron-
omy, and other fields have repeatedly confirmed the ancient age of the Earth (approximately 
4.5 billion years).


Because science has no way to accept or refute creationists’ assertions, creationist beliefs 
should not be presented in science classrooms alongside teaching about evolution. Teaching 
non-scientific concepts in science class will only confuse students about the processes, 
nature, and limits of science.


Science and Religion Offer Different Ways of 
Understanding the World


Science and religion address separate aspects of human experience.
Many scientists have written eloquently about how their scientific studies of biologi-


cal evolution have enhanced rather than lessened their religious faith. And many religious 
people and denominations accept the scientific evidence for evolution.


Our education system and our society as a whole are best served when we teach science, 
not religious faith, in science classrooms.


Tiktaalik and other fossil intermediates between fish and tetrapods. These fossils 
represent an assortment of species that lived between 385 and 359 million years 
ago, spanning the evolution of fish to amphibians.


Common Ancestry    There are common 
structures and behaviors among many species. A per-
son writes, a cow walks, a whale swims, and a bat 
flies with structures built of bones that are different 
in detail but also remarkably similar to each other. 
When fossils are compared to one another in struc-
ture and in age, it becomes clear that an ancestral 
species gave rise to an array of successor species  
with the same basic arrangement of limb bones. As 
new findings have repeatedly demonstrated, for any 
two species living today, their evolutionary lines can 
be traced back in time until the two lines intersect in 
a common ancestor. 


The fossil record, DNA research, the evidence that 
species have common ancestors, and other findings 
add up to overwhelming evidence that evolution 
by natural selection is how life on Earth arose and 
became diverse.


 


Creationism Does Not Belong 
in the Science Classroom 


Some people argue that the diversity of life did not evolve through natural processes. They advo-
cate that creation be added to the school science curriculum alongside biological evolution.


But creationism is not science. Creationist arguments are based on beliefs about an entity 
outside the natural world. But science can only investigate naturally occurring phenomena. In 
fact, the many questions about evolution raised by creationists are readily answered by available 
and accumulating scientific evidence. For example --  


• Creationists argue that the theory of evolution is faulty because of gaps in the fossil record 
(creationists identify as gaps those situations where intermediate fossil forms between two related 
species are as yet undiscovered). But an increasing number of intermediate forms have been and 
continue to be found. Even without actual fossils in hand, scientists can use modern techniques 


Electron micrograph of a bacterial 
flagellum.


A near complete skeleton of a transitional bird-like 
fossil that was discovered in China and reported in 
2006.


GTGCCCATCCAAAAAGTCCAAGATGACACCAAAACCCTCATCAAGACAATTGTCACCAGG


GTGCCCATCCAAAAAGTCCAGGATGACACCAAAACCCTCATCAAGACAATTGTCACCAGG


human 


gorilla


chimp 


  A


ATCAATGACATTTCACACACGCAGTCAGTCTCCTCCAAACAGAAAGTCACCGGTTTGGAC


ATCAATGACATTTCACACACGCAGTCAGTCTCCTCCAAACAGAAGGTCACCGGTTTGGAC


human 


gorilla


chimp 


  G


TTCATTCCTGGGCTCCACCCCATCCTGACCTTATCCAAGATGGACCAGACACTGGCAGTC


TTCATTCCTGGGCTCCACCCTATCCTGACCTTATCCAAGATGGACCAGACACTGGCAGTC


human 


gorilla


chimp 


  C


TACCAACAGATCCTCACCAGTATGCCTTCCAGAAACGTGATCCAAATATCCAACGACCTG


TACCAACAGATCCTCACCAGTATGCCTTCCAGAAACATGATCCAAATATCCAACGACCTG


human 


gorilla 


chimp 


A


GAGAACCTCCGGGATCTTCTTCAGGTGCTGGCCTTCTCTAAGAGCTGCCACTTGCCCTGG


GAGAACCTCCGGGACCTTCTTCAGGTGCTGGCCTTCTCTAAGAGCTGCCACTTGCCCTGG


human 


gorilla


chimp 


  C


MBOC5 m7.109/4.74 


Comparison of the human and chimp DNA sequences for the gene that encodes the hormone leptin (which is 
involved in the metabolism of fats) reveals only five differences in 250 nucleotides. Where the human and chimpan-
zee sequences differ, the corresponding nucleotide in the gorilla (shaded bars) can be used to derive the nucleotide 
that likely existed in the common ancestor of humans, chimpanzees, and gorillas. In two cases, the gorilla and 
human nucleotides match, while in the other three cases, the gorilla and chimpanzee sequences are the same. The 
common ancestor of the gorilla, chimpanzee, and human is most likely to have had the nucleotide that is the same 
in two of the three modern-day organisms because this would require just one DNA change rather than two


Paleontologists searched this remote valley in north central 
Canada for a species intermediate between fish and limbed 
animals capable of living on land because they knew the 
sedimentary rocks there were deposited during the period 
when such a transition had taken place.


Nature imposes a direction to evolutionary development. Though dolphins (left) are more closely related to humans 
than they are to sharks, they have evolved bodies adapted to an aquatic environment.


Tiktaalik’s left and right fins had 
a single upper bone (the large 
bone at the bottom of each of 
these drawings) followed by two 
intermediate bones, giving the 
creature an elbow and a wrist, 
as in more recent organisms.  


site of fossils


Humerus


Radius


Ulna


Carpals


Metacarpals


Phalanges


Whale Bird


DogHuman
The bones in the 
forelimbs of ter-
restrial and some 
aquatic vertebrates 
are remarkably 
similar because 
they have all 
evolved from the 
forelimbs of a 
common ancestor.  
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Web Sites
http://www.indiana.edu/~ensi
web/lessons/c.bkgrnd.html
(Source of information on transi-
tional fossils in vertebrates)


www.ucmp.berkeley.edu/help/
topic.html (Source on fossils,
phylogenetics, etc.)


www.ucmp.berkeley.edu/fosrec/
(“Learning from the Fossil Record”
collection of the museum)


www.ZoomDinosaurs.com/
subjects/dinosaurs/ (Site on
fossils, including fossilization,
dating of fossils, and fossils
found on all the continents; 
useful for students as well)


Whale Evolution:
www.neoucom.edu/Depts/Anat/
whaleorigins.htm (Comprehensive
site on Eocene Cetacean evolution
by paleontologist Dr. Hans
Thewissen)


www.ucmp.berkeley.edu/
mammal/cetacea/cetacean.html
(Cetacean evolution)


Geologic Time Scales:
geology.er.usgs.gov/paleo/
geotime.shtml (USGS short 
version of time scale)


Books
Darwin, Charles. The Origin of
Species. New York: The Modern
Library, 1993.


Lewin, Roger. Patterns in
Evolution: The New Molecular
View. New York: Scientific
American Library, 1999.


Moore, John. Science As a Way of
Knowing: The Foundations of
Modern Biology. Cambridge, MA:
Harvard University Press, 1993.


Wade, Nicholas, ed. The Science
Times Book of Fossils and
Evolution. New York: The Lyons
Press, 1998.


Zihlman, Adrienne. The Human
Evolution Coloring Book, Second
Edition. New York: HarperCollins
Publishers Inc., 2000.


Zimmer, Carl. At the Water’s Edge.
New York: Touchstone Books, 1999.


Articles
Berta, Annalisa. “What is a
Whale?” Science 263 (14 Jan.
1994): 180–181.


Blackburn, Daniel G.
“Paleontology Meets the
Creationist Challenge.” Creation/
Evolution 36 (July 1995): 30–31
(back issues available from
National Center for Science
Education/NCSE at ncseweb.org/).


Gingerich, Philip D. “The Whales
of Tehthys.” Natural History
Magazine (April 1994).


Gould, Stephen Jay. “Hooking
Leviathan by Its Past.” Natural
History Magazine (May 1994).


Landau, Matthew. “Whales: Can
Evolution Account for Them?”
Creation/Evolution, (Fall 1982):
14–19. (back issues available
from NCSE)


Novacek, Michael. “Genes Tell a
New Whale Tale.” Nature 361 (28
January 1993): 298–299.


Wilford, John Noble. “How the
Whale Lost Its Legs and Returned
to the Sea” (1994). In The Science
Times Book of Fossils and Evo-
lution, ed. by Nicholas Wade, 1998,
The New York Times: 143–148. 


Zimmer, Carl. “Back to the Sea”
Discover Magazine (January
1995): 82–84.


Software
Timeliner, 5.0 (A program for creat-
ing, illustrating, and printing time-
lines available from Tom Snyder
Productions, 1-800-342-0236)


Fossil Dating
Paleoanthropologists have several ways to determine the age of fossils. 
The simplest, relative dating, relies on the fact that older deposits are found
below more recent geological layers in places where geological activity has
not disturbed the original orientation of the layers. If two objects are found
in the same layer, it is assumed they existed in the same time period. 


Radiometric dating techniques, which are based on the knowledge that
radioactive isotopes break down or decay at a constant rate, can give more
precise and reliable information. The rates of decay are known as half-lives,
the time it takes for one-half of the original isotopes in a sample to decay
into different isotopes. Each different kind of radioactive isotope decays at 
a different, known rate. Since scientists know what isotopes the original 
element will decay into, they can measure the proportion of the original 
isotope in relation to the proportion of the products of decay and then 
calculate the years that have passed. For more information on dating, see
anthro.palomar.edu/time/default.htm (tutorial on fossil formation and 
dating techniques from Palomar College).


Know MoreBackground 


Phil Gingerich and his colleagues have unearthed a drove of fossil evidence
that describes transitional steps in the evolution of whales. Since Gingerich’s
early discovery in Pakistan, a series of transitional fossils have been
found including 55-million-year-old land-dwelling mesonychids, walking
whales called Ambulocetus that could also swim, and Rodhocetus, mostly
aquatic animals that could probably walk a little on land. 


It is very unusual to find transitional fossils because only a small propor-
tion of organisms ever become fossils. For this reason it is very unlikely
that every transition in the evolution of a species will be recovered. Also,
many fossils may represent dead ends in evolutionary branches. Often
what we find are fossils from different branches, “close cousins” in the
family tree. It is very unlikely to ever find the common ancestor, but close
cousins, bearing intermediate traits, suggest a likely path followed by 
a direct ancestor.


In addition to fossil evidence, paleontologists depend on
anatomical evidence to determine evolutionary relationships.
For example, the front fin of a whale shares homologous
structures, including the humerus, radius, and ulna bones,


with the front limbs of other mammals such as humans, wolves, and sea
lions, indicating common ancestry. 


Molecular evidence also contributes to the picture of how whale evolution
and other evolution has occurred. Molecular biologists are able to 
determine and compare the DNA base sequences and the amino acid
sequences of the same proteins from different animals. The less closely
related species are, the more differences there are in their DNA base or
amino acid sequences, as there would be more time for mutations to 
accumulate. Conversely, the more closely related species are, the fewer
differences there are. 


Molecular and anatomical studies have been conducted to determine the
whale’s relationship to other living mammals. The phylogeny determined
by each line of evidence is then compared. Current molecular studies of
DNA sequences strongly suggest that whales are most closely related to
the hippopotamus. This suggested relationship is still being studied as it
doesn’t precisely match the phylogeny created using anatomical evidence.
Just as Darwin presented different lines of evidence to support his theory
of evolution, scientists today rely on finding new and multiple lines of 
evidence—fossil, anatomical, molecular, and biogeographical—to determine
the evolutionary relationships of different species.


pbs.org/evolution 


www.scilinks.org Topic Keyword
fossils EG15A
radiometric dating EG15B
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Take It Further


Online Course for Teachers
Session 3: “What Is the Evidence for
Evolution?”


Evolution Web Features
“Deep Time” 
“All in the Family”


Extensions 
Have students do the “Making Cladograms”
lesson on the ENSI site to learn more about
phylogenetic relationships http://www.
indiana.edu/~ensiweb/lessons/mclad.html


To help students understand deep time, 
do the ENSI “Time Machine” activity 
http:// www.indiana.edu/~ensiweb/
lessons/time.mac.html


Video 3 for


Students


How Do We Know Evolution Happens? 
In this video, students will see how two
lines of evidence, fossil and molecular, 
contribute to our picture of evolution.
Whales provide an excellent opportunity to
examine the transition between species
because so many intermediate fossils have
been found. 


Discussion questions: 
How do fossils give us a picture of change
over time?


What distinguishing feature of the fossil
Pakicetus skull identified it as related to a
whale? Why was this surprising?


Why do scientists seek fossils that are 
intermediate in form and time between
modern forms and their probable earliest
ancestors?


Winging It


Video Resources
“Fish with Fingers”


1. Have students compare the bones in a
baked chicken wing (after cleaning the meat
away from the bones) to the arm and hand 
of a human skeleton. Ask:


What are the similarities and differences? 


Where are the scapula, humerus, radius, 
and ulna bones of each?


2. Show students examples of other vertebrate
forelimbs (bats, dogs, etc.) using the “Fish with
Fingers” video and/or illustrations. Ask:


How does the function of the chicken, 
human, and other vertebrate forelimbs 
differ?


How might natural selection account for 
the development of different uses for 
limbs in different species?


What do these homologous structures tell 
us about evolution?


Teacher’s  Guide Web resources Teacher’s  Guide Web resources


Online Student Lesson 3: What Is the Evidence for Evolution? 
Students explore how scientists gather evidence for a process that is typically
not observable in a human lifetime. Activities


Teacher’s  Guide Web resources


Leaving a Trail of Evidence 


Video Resources
“Becoming a Fossil” 


1. Ask students for examples of the 
“evidence” of their lives for just one day.
Have them make a list of the kinds of evidence
they may have left behind (e.g., dirty laundry,
e-mails, photos, drawings, trash, locker 
contents, etc.).


2. Discuss with students:
What could someone tell about your day 
from the evidence you left?


What can’t someone else know from 
the evidence you have left behind? 
(e.g., sequence, what exactly happened, how
it was done, gaps in the evidence, etc.)


How could the evidence of your life be like 
the fossil record? (e.g., sedimentary layers
in the laundry basket, floor of room, or 
piles of paper on a desk indicate relative 
sequence)


What is an artifact? Give some examples.


What clues could fossil evidence give that 
artifacts might not give?


How do we use inference to make sense 
out of evidence? What are the limitations 
of inference? What would strengthen an 
inference?


A Whale of a Change 


Video Resources
“Whale Evolution”


Handouts
“Whales in the Making”
“Whale Evolution Data Table”


1. Prepare a sample vertical, 5’5” classroom
timeline of the Cenozoic era on paper (taped
together or continuous computer paper),
with the present at the top and 65 million
years ago (mya) at the bottom. Label every
million years, with 1 inch equaling 1 my.
Highlight the Eocene epoch (55–34 mya).
Display in a conspicuous place.


2. Have students work in teams of two to
four to prepare a 21” Eocene epoch timeline
on paper, using the same scale and markings
used in the classroom model.


3. Have each team cut apart the six fossil
boxes from the “Whales in the Making”
handout and gather the data about each 
fossil from resources in the Evolution Library,
the school library, and the Web.


4. Have teams mount diagrams 1 and 2 at
proper levels on their timelines. Point out the
large gap between these two fossils. Then
have students add the remaining fossils, in
numbered sequence, by date of discovery.


5. Discuss:
What typical whale-like traits were 
apparently the earliest to appear? What 
apparently evolved much later?


As each new “missing link” was found, 
how many new gaps were formed? What is 
the relationship between gaps and fossils?


To find fossil evidence to fill the largest 
remaining gap in whale evolution, what 
age of sediments would you search?


What distinguishing traits would you 
expect to find in whale fossils of that age?


Explain why the absence of transitional 
fossils does not mean that evolution didn’t
take place. 


6. Optional: For an extended version of this
lesson, go to http://www.indiana.edu/
~ensiweb/lessons/whale.ev.html 
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In-depth Investigation 


The Molecular Connection 
(adapted with permission from a Beth Kramer ENSI lesson)


Cytochrome c, an enzyme found in virtually all organisms, is needed for the release of ener-
gy from food. The amino acid sequences in this protein are compared for several different
animals, and the number of differences found are used to infer degrees of relationship.
These data are also compared with a cladogram constructed for those same animals based
on their anatomical features, providing an example of independent confirmation of that evo-
lutionary relationship.


Objective:
Students will recognize how comparisons of molecular structure can suggest evolutionary
relationships. They will also understand that if these results are consistent with those
derived from anatomical structures, this provides independent confirmation, strengthening
the scientific inference of relationship.


Materials:
Copies of “The Molecular Connection” handout (see Teacher’s Guide Web Resources)
“Answer Key to the Molecular Connection” (see Teacher’s Guide Web Resources)


Procedures
Preparation: Make copies of the handouts. Read the Answer Key prior to doing the activity.


1. Give students copies of “The Molecular Connection” handout. Have students work in
groups of two to four to:


Find the human, rhesus monkey, kangaroo, snapping turtle, bullfrog, and tuna on the 
“Amino Acid Sequences in Cytochrome-C Proteins from 20 Different Species” chart 
provided as a part of “The Molecular Connection” handout and underline their names.


Compare the human amino acid 
sequence with each animal by 
counting the number of times 
an amino acid in that animal’s 
cytochrome c is different from 
the amino acid in that same 
position of the human sequence.
For example, there are 10 differ-
ences between human and dog. 
(Do several examples not included
in the cladogram to make sure 
students understand how to 
count differences.)


Record the total number of differences for each animal in the polygon below the vertical 
line for that animal in the cladogram.


2. Then have students answer the analysis questions on the handout.


3. After discussing the analysis questions, have each group write a short paragraph 
summarizing what important information can be obtained from cladograms.


See Assessment Rubric on p. 35.


•  
•


•


•


•


to


Tuna     Bullfrog Lamprey
Snapping 


turtle Kangaroo
Rhesus
monkey Human
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