
SESSION AT A GLANCE  
 
1. Setting the Stage (5 minutes) ς Greetings 
and outline of class activities. 
2. ExplorationτMatching Embryos and 
Creating Evo-Devo Lego Creatures (25 
minutes)  
3.  Time Travel Gathering (5 minutes) ς
Chalice lighting.  

SESSION 18:  OUR ANCIENT GENETIC INHERITANCE 
 
 

WORDS FOR TEACHER REFLECTION 
 
ά²Ƙŀǘ ƛǎ ōŜŀǳǘƛŦǳƭ ƛƴ ǎŎƛŜƴŎŜ ƛǎ ǘƘŜ ǎŀƳŜ ǘƘƛƴƎ ǘƘŀǘ ƛǎ ōŜŀǳǘƛŦǳƭ ƛƴ .ŜŜǘƘƻǾŜƴΦ  ¢ƘŜǊŜΩǎ ŀ ŦƻƎ ƻŦ 
events and suddenly you see a connection.  It expresses a complex of human concerns that goes 
deeply to you, that connects things that were always in you that were never put together 
ōŜŦƻǊŜΦέ 
Victor Weisskopf 
 

OVERVIEW & LEARNING OBJECTIVE 
 
In the last session, the students learned how the evolutionary tree of life provides information 
about how all species are related 
through common ancestry.  They 
learned that the evolutionary tree 
is a powerful symbol akin to the 
ǎȅƳōƻƭ ƻŦ ŀ ǎǇƛŘŜǊΩǎ ǿŜōΦ  
However, as the web illustrates 
connection, the tree of life 
conveys particular information 
about lines of descent not unlike 
family trees.  Lines of descent ς or 
branches on the tree of life -- show 
how all living organisms are 
connected.  Researchers working in a new field of inquiry are the detectives who find evidence 
of these historical connections.  Evolutionary development biologists have brought the world of 
molecules ς specifically DNA molecules ς into our view.  This uncovered evidence provides a 
picture of how all living species are connected because all share the same genes.  Beginning to 
internalize this powerful message is the objective for this session.  The Seventh Principle of 
Unitarian Universalism calls upon UUs to respect the interdependent web of life.  Recognizing 
that embedded within all living creatures ς from fluke worm to humans ς there resides an 
ancient genetic inheritance provides students with a powerful reason for building this respect.  
This session only attempts to convey this simple ς yet powerful -- message.   
 

TEACHER BACKGROUND 
 
Genome research has shown that humans share about ninety-nine percent of the same set of 
developmental genes with chimpanzees.  Since humans and chimpanzees share many common 
characteristics, one can readily grasp this fact.  However, revolutionary discoveries in the field 
of evo-devo, as the field of evolutionary development biology has become known, indicates 



that humans not only share common genes with our evolutionary cousins, the chimpanzees, 
but mice and humans have nearly identical sets of about 25,000 genes.   
 
Shared genes are not for mice and men alone.  Indeed all living organisms from oaks to 
ǎŀƭŀƳŀƴŘŜǊǎ ŀƴŘ ŦǊǳƛǘ ŦƭƛŜǎ ŎŀǊǊȅ ŀƴ ŀƴŎƛŜƴǘ ƎŜƴŜǘƛŎ άǘƻƻƭ ƪƛǘέ which the first life form on Earth 
ǇƻǎǎŜǎǎŜŘΦ  ¢Ƙƛǎ ŀƴŎƛŜƴǘ άǘƻƻƭ ƪƛǘέ ǎǳǊǾƛǾŜǎ ŦǊƻƳ ǘƘƛǎ ŘŜŜǇ ǘƛƳŜ ƻƴ 9ŀǊǘƘ ǘƻ ōŜ ǳǎŜŘ ŀƎŀƛƴ ŀƴŘ 
again to create and recreate the wonderful forms and structures of living creatures today.  This 
is a revolutionary discovery as Carroll points out, ά¢ƘŜ ŘƛǎŎƻǾŜǊȅ ǘƘŀǘ ǘƘŜ ǎŀƳŜ ǎŜǘǎ ƻŦ ƎŜƴŜǎ 
control the formation and pattern of body regions and body parts with similar functions (but 
very different designs) in insects, vertebrates, and other animals has forced a complete 
rethinkƛƴƎ ƻŦ ŀƴƛƳŀƭ ƘƛǎǘƻǊȅΣ ǘƘŜ ƻǊƛƎƛƴǎ ƻŦ ǎǘǊǳŎǘǳǊŜǎΣ ŀƴŘ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ŘƛǾŜǊǎƛǘȅΧΦƭƻƴƎ ŀǎǎǳƳŜŘ 
that different groups of animals, separated by vast amounts of evolutionary time, were 
constructed and had evolved by entirely different means.  The connection between members of 
some groups ς among the vertebrates for example, or between vertebrates and other animals 
with a notochordτwas well established.  But between flies and humans, or flatworms and sea 
ǎǉǳƛǊǘǎΧƴƻ ǿŀȅΗΦΦώIƻǿŜǾŜǊϐΣ ǘƘŜ ǇǊŜǾŀƭŜƴǘ ǾƛŜǿ ƻŦ ŜǾƻƭǳǘƛƻƴŀǊȅ ŘƛǎǘŀƴŎŜΦΦǿŀǎ ŜǊǊƻƴŜƻǳǎΧέ1 
 
Even when the human eye comes into view, researchers have found that the human eye is the 
result of the complex workings of one gene, the Pax-6 gene, which has the job of conveying 
genetic information during embryonic development.  This gene is also responsible for eye 
development in other all sighted organisms.  Further proof came in 1994 when a scientist 
ƴŀƳŜŘ ²ŀƭǘŜǊ DŜƘǊƛƴƎ ŘƛǎŎƻǾŜǊŜŘ ŀƴ άeyeless ƎŜƴŜέ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŦƻǊƳƛƴƎ ŜȅŜǎ ƛƴ ŦǊǳƛǘ ŦƭƛŜǎΦ  
As an experiment, Gehring Ǉǳǘ ŀ ƳƻǳǎŜϥǎ άeyeless ƎŜƴŜέ ƛƴǘƻ ŀ ŦǊǳƛǘ ŦƭȅΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ƴƻǊƳŀƭ ŦǊǳƛǘ 
fly eyes.  This and other experiments have led scientists to conclude as Carroll does that 
άbŀǘǳǊŀƭ ǎŜƭŜŎǘƛƻƴ Ƙŀǎ ƴƻǘ ŦƻǊƎŜŘ Ƴŀƴȅ ŜȅŜǎ ŎƻƳǇƭŜǘŜƭȅ ŦǊƻƳ ǎŎǊŀǘŎƘΤ ǘƘŜǊŜ ƛǎ ŀ ŎƻƳƳƻƴ 
genetƛŎ ƛƴƎǊŜŘƛŜƴǘ ǘƻ ƳŀƪƛƴƎ ŜŀŎƘ ŜȅŜ ǘȅǇŜΧέ2  Thus, all life shares a common past but each 
species has taken a different path to today guided by the process of natural selection.   
 
Discoveries within the field of evolutionary development biology and embryology continue to 
further understanding of evolutionary processes.  These discoveries help to answer the 
question Darwin discussed in The Origin of Species ςhow is it species can share a common 
ŀƴŎŜǎǘǊȅ ōǳǘ ǎǘƛƭƭ ƘŀǾŜ ŜǾƻƭǾŜŘ ƛƴǘƻ ǘƘŜ άŜƴŘƭŜǎǎ ŦƻǊƳǎ Ƴƻǎǘ ōŜŀǳǘƛŦǳƭέ ǘƘŀǘ ǿŜ ǎŜŜ ǘƻŘŀȅΦ  ¢Ƙƛǎ 
curriculum does not examine this part of the story of evo-devo.  Nor for that matter does this 
curriculum explore the model of natural selection.  Hopefully, this session (and others herein) 
will lead students to explore thesŜ ǘƻǇƛŎǎ ǘƻ ŦƛƴŘ ŎƻƴƴŜŎǘƛƻƴǎ ǘƻ ǎǳŎƘ ǉǳŜǎǘƛƻƴǎ ŀǎ ά²ƘŜǊŜ ŘƛŘ L 
ŎƻƳŜ ŦǊƻƳΚέ  !ǎ /ŀǊǊƻƭƭ ƴƻǘŜǎΣ άL ŦƛǊƳƭȅ ōŜƭƛŜǾŜ ǘƘŀǘ ǘƘŜ ƴŜǿ ƛƴǎƛƎƘǘǎ ŦǊƻƳ 9Ǿƻ 5ŜǾƻ ōǊƛƴƎ ǘƘŜ 
ŜǾƻƭǳǘƛƻƴŀǊȅ ǇǊƻŎŜǎǎ ŀƭƛǾŜ ŀƴŘ ƻŦŦŜǊ ŀ ƳƻǊŜ ƎǊƛǇǇƛƴƎ ŀƴŘ ƛƭƭǳƳƛƴŀǘƛƴƎ ǇƛŎǘǳǊŜ ƻŦ ŜǾƻƭǳǘƛƻƴΧŀƴŘ 
for ŀƴȅƻƴŜ ǿƘƻ Ƴŀȅ ǇƻƴŘŜǊ ǘƘŜ ǉǳŜǎǘƛƻƴ ά²ƘŜǊŜ ŘƛŘ L ŎƻƳŜ ŦǊƻƳΚΣέ ώǘƘƛǎϐ ƛǎ ŀƭǎƻ ŀōƻǳǘ ƻǳǊ 
history, both the journey we have all made from egg to adult, and the long trek from the origin 
of animals to the very recent origin of our species.έ3   
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 Sean Carroll, Endless Forms Most Beautiful 
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 Sean Carroll, Endless Forms Most Beautiful 
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 Sean B. Carroll, Endless Forms Most Beautiful, The New Science of Evo Devo 



 

Evolution is the change in organisms over time that gives rise to new species. Development is 
the process by which a fertilized egg, or embryo, generates the cells, tissues, and organs of a 
new individual and assembles them into their proper form. Evolution produces the body shapes 
of the animal kingdom; development produces the body plan of individuals.  Biologists have 
been making connections between these two processes since the 19th century.  But in the last 
decade, these studies have intensified and even spawned a new field of study: evolutionary 
ŘŜǾŜƭƻǇƳŜƴǘŀƭ ōƛƻƭƻƎȅΧ¦ǎƛƴƎ ƴŜǿ ǘŜŎƘƴƛǉǳŜǎ ƻŦ ōƛƻƭƻƎȅ ŀƴŘ ƎŜƴŜǘƛŎǎΣ ǊŜǎŜŀǊŎƘŜǊǎ ŀǊŜ ƴƻǿ 
investigating development at the molecular level, the genes that regulate and orchestrate the 
unfolding of a new life.  Moreover, the genes not only serve as a construction and operating 
manual, they also contain a record of the evolutionary history of the organism, because many 
ƻŦ ǘƘŜ ǎŀƳŜ ƎŜƴŜǎ ǿŜǊŜ ǳǎŜŘ ōȅ ŘƛǊŜŎǘ ŀƴŎŜǎǘƻǊǎΧϦ9Ǿƻ-devo'' researchers investigate the ways 
that evolution has modified embryological processes, and, conversely, how developmental 
mechanisms have influenced evolution.  Even before Darwin, biologists recognized that species 
that looked quite different as adults often had close similarities as developing embryos.  Many 
four-legged animals go through embryonic stages that have similar features -- gill arches, a 
notochord, segmentation, and paddle-like limb buds -- as they develop into different adults.  To 
Darwin, the embryonic resemblances were strong support for the theory of evolution.  Biology 
now has new tools, from microphotography to molecular biology, with which to examine the 
process of development in embryos.  These new tools reveal that different descendants of a 
common ancestor do indeed usually go through embryonic stages that resemble each other 
and their common ancestor.  The processes that guide embryonic development are conserved 
by evolution and reused again and again.   
 
The development of body plans in all animals is controlled by a remarkably small number of 
genes -- and those genes are virtually identical in all animals. Clues came from instances in 
which the pattern is marred by mutations in these crucial genes. In fruit flies, for example, a 
malfunctioning body-plan gene can produce a fly with legs sprouting from where the antennae 
should be on the head. Or the fly has an extra set of wings -- or no wings at all.  
 
The genes containing developmental instructions for the body plan are known as homeobox-
containing genes. The DNA code in homeobox genes ς or the genetic tool box -- directs the cell 
to make chemical sequences, which in turn regulate still other genes that affect the positioning 
of cells in the embryo. While this sounds complicated, it is a far more elegant and simple 
mechanism than scientists thought could possibly be responsible for the enormous variation we 
see when we survey the animal kingdom. 
 
Excerpt from PBS Evolution, an on-line source of information about evolution at: 
http://www.pbs.org/wgbh/evolution/ 

 
 



MATERIALS FOR ά¢IMING IS EVERYTHINGέ4 
 

*Copy of the student Odyssey of Life Hand-outτone copy per student or per team 
 
Directions: Student are asked to cut out the squares and see if they can correctly match the 
embryos with the animals, placing them in order from earliest to latest stages of development.  
Student can use a chart like the one below to organize the squares.   

 

MATERIALS AND DIRECTIONS FOR EVO-DEVO LEGO GAME  

 

*One bin with the exact same piece of Lego  
*Another bin with a miscellaneous selection of Lego 
*Carpet samples to be placed on the table 
*Index cards ς one for each child 
*Lego bookletτcopy and fold, one for each child  
 
Directions: Create teams of two.  Each team is to receive the same Lego piece.  These similar 
Lego pieces represent the ancient tool box which the first life form possessed.  The small, red 
colored LEGO connector pieces represent genes responsible for turning on eyes, limbs, and 
other structural components of each creature on Earth.  Each team is to then create their own 
organisms.  When each team has completed their organism have come up with a name for the 
creation and ask them to record its habitat. 

 

MATERIALS AND DIRECTIONS FOR BEADING 

 

One bead for each student representing a strand of DNA.   
 
Directions: Place these beads in a basket and put aside until the end of the session.  When you 
are in your worship circle, pass the basket and ask that the students place one bead on their 
Great Story Necklaces.   

 

SETTING THE STAGE 
 
.ŜƎƛƴ ȅƻǳǊ Ŏƭŀǎǎ ǿƛǘƘ ŀ ƎǊƻǳǇ ǉǳŜǎǘƛƻƴΥ άIƻǿ Ŏŀƴ ŀƭƭ ǘƘŜǎŜ ŘƛŦŦŜǊŜƴǘ ƻǊƎŀƴƛǎƳǎ ōŜ ǊŜƭŀǘŜŘΚέ  
Over the years, scientists first grouped certain organisms by how closely their forms and 
structures were similar ς for example, all mammals were grouped together and thought to be 
very different than cold blooded animals.  Invertebrates were separated from vertebrates.  Tell 
the students that new discoveries in science point out that all living organisms are more related 
to each other than initially thought.  Now genome research has shown that humans share 
about ninety-nine percent of the same set of developmental genes with chimpanzees.  Since 
humans and chimpanzees share many common characteristics, one can readily grasp this fact.  

                                                 
4
 Modified from: Odyssey of Life, Part I -- The Ultimate Journey, PBS NOVA Presentation 



However we can now go even further to say that humans not only share common genes with 
our evolutionary cousins, the chimpanzees, but mice and humans have nearly identical sets of 
about 25,000 genes.  Shared genes are not for mice and men alone.  Indeed all living organisms 
ŦǊƻƳ ƻŀƪǎ ǘƻ ǎŀƭŀƳŀƴŘŜǊǎ ŀƴŘ ŦǊǳƛǘ ŦƭƛŜǎ ŎŀǊǊȅ ŀƴ ŀƴŎƛŜƴǘ ƎŜƴŜǘƛŎ άǘƻƻƭ ƪƛǘέ ǿƘƛŎƘ ǘƘŜ ŦƛǊǎǘ ƭƛŦŜ 
ŦƻǊƳ ƻƴ 9ŀǊǘƘ ǇƻǎǎŜǎǎŜŘΦ  ¢Ƙƛǎ ŀƴŎƛŜƴǘ άǘƻƻƭ ƪƛǘέ ǎǳǊǾƛǾŜǎ ŦǊƻƳ ǘƘƛǎ ŘŜŜǇ ǘƛƳŜ ƻƴ 9ŀǊǘƘ ǘƻ ōŜ 
used again and again to create and recreate the wonderful forms and structures of living 
creatures today.  Tell each student that they each possess these ancient genes deep inside 
them ς and these genes they share with all living creatures.   
 
Introduce the Timing is Everything Game by saying: Can you tell a chicken from a fish? How 
about a human from a pig? Sure you can, you say. Chickens have wings, fish have fins, humans 
have arms and pigs have hoofs.  What about when they are just starting to form?  The drawings 
below represent three developmental stages of five different animals. They have been all mixed 
up -- see if you can tell what's what.    

EXPLORATION 

Let the students work individually or in pairs.  Students can use the chart to order their 
answers.  When they are done, discuss their suggested order either in the large group or within 
small groups.  Ask student to discuss why they ordered the drawings in the way you did.  What 
are some similarities among the drawings?  What are some differences?  What, if any, patterns 
do you see as you go from stage 1 to stage 3? 

Students may think that the embryos only look similar. Point out that the backbones and limbs 
of all four-limbed vertebrates are identical in embryonic origin and underlying structure. Even 
though they may differ in final external form and function, the various limbs of the vertebrates 
(arms, legs, flippers, wings) are all built from precisely the same sets of embryonic tissues, are 
supported by the same sets of bones, and are moved by the same sets of muscles. These 
extensive shared characteristics reinforce the scientific understanding that all four-limbed 
vertebrates have descended, with various modifications, from a common ancient, long-extinct 
ancestor. 

EXPLORATION 

Have the students begin their Lego creations.  After enough time has passed, ask the students 
to bring their creatures to the worship circle for discussion.   
 

TIME TRAVEL GATHERING 
 
Ask the teams to gather in your worship circle bringing their creatures.  Place each creature on 
the carpet sample and talk for a minute about them.  If the children have named them ς ask 
ǘƘŜƳ ǿƘŀǘ ǘƘŜƛǊ ƻǊƎŀƴƛǎƳǎΩ ƴŀƳŜǎ ŀǊŜ ŀƴŘ where their organisms might live (habitat).  Ask how 
the creatures are different from each other and how they are the same.  Point out that each 



creature contains the same red Lego piece.  This red Lego piece represents the concept that 
each living organism shares the same developmental genes which are responsible for the 
formation of eyes, appendages, organs, etc in each living creature.  Pass around the bead 
basket.  Here the students can take a bead that is a small replica of a strand of DNA.  Give the 
students time to place this bead on their Great Story Necklaces.  Then move on to your chalice 
lighting.  While lighting the class chalice, use these words of wisdom from the UU hymnal, 
Singing the Living Tradition, to celebrate the end of your time together.  Have students read the 
words in bold print.  
 

Then I was standing on the highest mountain of them all,  
And round beneath me was the whole hoop of the world.  
And while I stood there I saw more than I can tell,  
And I understood more than I saw.   
For I was seeing in the sacred manner the shape of all things of the spirit, 
And the shapes as they must live together like one being.   
And I saw that the sacred hoop of my people was one of the many hoops that make one 
circle, wide as daylight and starlight,  
And in the center grew one mighty flowering tree,  
To shelter all of the children of one mother and one father.   
And I saw that it was holy.  
 
Black Elk, The Sacred Hoop 

 
Note:  Ask students to take apart their Lego creatures at the end of class and place the pieces 
back into the appropriate bins.   



Odyssey of Life ς Student Handout 
(See also Embryos.ppt which is printed below) 
 
 

 
 
 

TeacherΩs Answer Key 

 FISH CHICKEN PIG CALF HUMAN 

STAGE 1 8 2 4 10 3 

STAGE 2 1 7 15 6 11 

STAGE 3 14 9 13 12 5 

 
  



 

Evo-Devo Lego GameτStudent Handout 
 
(See also Evo-Devo.ppt for this printout) 
 
 

  [back]

evo-devoevo-devo

PSK & 

Co.

Evo-DevoLego Kits 

Create your own creature

using an ancient genetic

tool box.  

IFE

VOLUTION

ENES

RGANISMS

[front]

[inside side]

Think about: 

ÅWhere does it live? 

ÅWhat type of body it has? 

ÅHow does it move? 

ÅHow does it eat? 

ÅHow does it protect itself? 

ÅWhat is it called?

[inside side]
Draw your creature:

[inside side]

Web Activities for Kids:  All in the Family: 

www.pbs.org/wgbh/evolution/change/family/inde
x.html

Childrenôs Resources:

DNAby Alvin Silverstein 

Adult Resources:

PBS Evolution: www.pbs.org/wgbh/evolution/ 

Endless Forms Most Beautiful: The New Science 

of Evo-Devoby Sean Carroll

[inside side]



 


