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different breeds of dogs.
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http://www.bioedonline.org/lessons-and-more/teacher-guides/complex-traits/. 

Domestic dogs exhibit immense variety in size, shape, coat color and texture, 

and behavior. This variability is a product of selective breeding by humans, 

conducted to yield desirable genetic changes or mutations. Today, there are 

more than 400 distinct breeds of dogs. Complex Traits contains lessons that 

allow students to investigate and learn about modern genetics using the 

domestic dog as a model. The following activities are available.

1. Dogs τA Model for Modern Genetics ςWhat is a phylogenetic tree and how does 
it help determine relationships between dogs and their closest relatives?
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2. Genotyping a Mixed Breed Dog ςWhat characteristics about a mixed-breed dog 
ŘŜǘŜǊƳƛƴŜ ƛǘΩǎ ƛŘŜƴǘƛǘȅΣ ŀƴŘ ŦǊƻƳ ǿƘŜǊŜ ŘƛŘ ǘƘŜ ŘƻƎ ƎŜǘ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ 
(phenotype)?

3. Mapping a Mutation ςWhat is the genetic code, and what process is responsible 
for physical changes in individual?

4. Genes and Phenotypes ςWhat is the difference between genotype and 
phenotype, and what process can change a phenotype?

5. Hair Types in Dogs: Variation in Phenotypes ςHow might coat phenotypes of 
eight different breeds of dogs be categorized?

6. Genetic Testing and Designer Dogs ςDo genetic mutations produce desirable 
characteristics or harmful effects in different dog breeds?

Though originally created for middle school students, activities in this guide also may 
be used with high school students.

Reference
Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image Reference

Dachshund puppies © Sergey Taran. Licensed for use.
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DogsðA Model Organism for Modern 
Genetics

Pekingese

Great Dane

DogsτA Model Organism for Modern Genetics
Activity 1: Slides 2ς10. You will need to project slides 2ς8 during different stages of 
Activity 1. Slides 9-10 are for optional use or viewing.

Overview
Students explore variation among dog breeds, and compare variation within 
domesticated dogs to variation within wolves. Students also determine relationships 
among the dog and its closest relatives using a phylogenetic tree. 

Background
From the tiny, long-haired Pekingese to the tall, short-haired Great Dane, domestic 
dogs show immense variety in their sizes, shapes, coat colors and textures, and 
behaviors. Selective breeding by humans for desirable genetic changes or mutations 
generated this variability. Today, more than 400 distinct breeds of dogs are 
recognized. 

Because of its wide range of characteristics, the domestic dog (Canis familiaris) has 
become an important model for modern genetic studies. However, most of this 
diversity is found only between dog breeds. The characteristics of individuals within a 
particular dog breed are very uniformτgenetically and in appearance. In other 
words, dogs are homogeneous in their appearance (phenotype) and genetic makeup 
(genotype) within breeds, and are phenotypically and genetically heterogeneous 

2



among or between breeds. This pattern of variability, in which particular traits are 
accentuated within breeds, results from inbreeding (breeding of close relatives).

Reference
Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image References
Pekingese © s ͔ͫ͊ͤ͒ͪ͟͡ ˩͔͍ͪͣͦ͊͡. Great Dane © Eric Isselee. Licensed for use.

Key Words
lesson, genetics, life science, biology, gene, genetic, canid, canidae, canine, canis 
familiaris, dog, species, traits, pekingese, great dane, 

Complex Traits © Baylor College of Medicine.
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Would You Have this Animal as a Pet? 

Would You Have this Animal as a Pet?

Background  (cont.)
Dogs are members of the Canidae family of mammals. This group also includes 
coyotes, foxes, jackals, and wolves. The gray wolf is the closest relative of the dog. 
However, the gray wolf (Canis lupus) does not show the wide range of phenotypic 
variability found in the dog. 

Procedure
1. Share with students that they will be starting a unit on modern genetic 
information, using examples from dogs. Show this slide and ask students, Would you 
have this animal as a pet? Why or why not? Allow a few minutes for students to 
respond to your questions. [Animal depicted is a grey wolf.]

Reference
Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image Reference
Mackenzie Valley Wolf © Eric Isselee. Licensed for use.
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lesson, genetics, life science, biology, gene, genetic, canid, canidae, canine, canis 
lupus, wolf, species, traits, gray wolf, mackenzie gray wolf, 

Complex Traits © Baylor College of Medicine.
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Is This Animal Suitable as a Pet?

Lǎ ¢Ƙƛǎ !ƴƛƳŀƭ {ǳƛǘŀōƭŜ ŀǎ ŀ tŜǘΚ

.ŀŎƪƎǊƻǳƴŘ
9ǾŜƴ ǘƘƻǳƎƘ ŘƻƎ ōǊŜŜŘǎ ŀǇǇŜŀǊ ǉǳƛǘŜ ŘƛǎǘƛƴŎǘΣ ǘƘŜȅ ǎǘƛƭƭ ŦǊŜŜƭȅ ƛƴǘŜǊōǊŜŜŘ ǿƛǘƘƻǳǘ 
ǇƘȅǎƛŎŀƭ ƻǊ ƻǘƘŜǊ ōŀǊǊƛŜǊǎΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ŀƭƭ ŘƻƳŜǎǘƛŎ ŘƻƎǎ ŀǊŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ 
ǎŀƳŜ ǎǇŜŎƛŜǎΦ 9ǾŜƴ ǿƛǘƘ ǘƘŜƛǊ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ŀǇǇŜŀǊŀƴŎŜǎΣ ŘƻƎǎ ŀǊŜ ƳƻǊŜ ǎƛƳƛƭŀǊ ǘƻ 
ƻƴŜ ŀƴƻǘƘŜǊ ƎŜƴŜǘƛŎŀƭƭȅ ǘƘŀƴ ǘƘŜȅ ŀǊŜ ǘƻ ƎǊŜȅ ǿƻƭǾŜǎΣ ǘƘŜƛǊ ŎƭƻǎŜǎǘ ǊŜƭŀǘƛǾŜǎΦ 

tǊƻŎŜŘǳǊŜ όŎƻƴǘΦύ
нΦ {Ƙƻǿ ǘƘƛǎ ǎƭƛŘŜ ǘƻ ǎǘǳŘŜƴǘǎΣ ŀƴŘ ŀǎƪΣ ²Ƙŀǘ ŀōƻǳǘ ǘƘƛǎ ŀƴƛƳŀƭΚ Lǎ ƛǘ ǎǳƛǘŀōƭŜ ŀǎ ŀ 
ǇŜǘΚ ²Ƙȅ ƻǊ ǿƘȅ ƴƻǘΚ ¢Ŝƭƭ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǘƘŜ ǎƭƛŘŜ ŘŜǇƛŎǘǎ ŀ ŎƻƳƳƻƴ ŘƻƎ ōǊŜŜŘΣ 
ǎǇǊƛƴƎŜǊ ǎǇŀƴƛŜƭΦ

Reference
aƻǊŜƴƻΣ bΦ (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

LƳŀƎŜ wŜŦŜǊŜƴŎŜ
9ƴƎƭƛǎƘ {ǇǊƛƴƎŜǊ {ǇŀƴƛŜƭ ϭ 9ǊƛŎ LǎǎŜƭŜŜΦ [ƛŎŜƴǎŜŘ ŦƻǊ ǳǎŜΦ

Key Words

4



lesson, genetics, life science, biology, gene, genetic, canid, canidae, canine, canis 
familiaris, dog, species, traits, english springer spaniel, 

Complex Traits © Baylor College of Medicine.
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Dogs and Wolves are Separate Species

MacKenzie 

Gray Wolf

English 

Springer Spaniel

Dogs and Wolves are Separate Species

Background (cont.)
Dogs and wolves, which are separate species, also occasionally do interbreed. 
Normally, the two species maintain separate identities, have different physical 
characteristics and have different evolutionary histories. In addition, dogs and wolves 
usually are isolated reproductively (in natural circumstances, dogs and wolves rarely 
interact or have opportunities to breed). 

Experts believe that the domestication and divergence of dogs from wolf populations 
began about 15,000 years ago. Most modern dog breeds originated within the past 
few hundred years. 

Domestication led to selection for and retention of certain favorable traits, such as 
herding or tracking behaviors, in addition to preferred physical characteristics.

Procedure (cont.)
3. After students have discussed characteristics of the dog, project the next slide, 
which lists examples of wolf and dog phenotypes.

Reference
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Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image References
English Springer Spaniel and Mackenzie Valley Wolf © Eric Isselee. Licensed for use.

Key Words
lesson, genetics, life science, biology, gene, genetic, canid, canidae, canine, canis 
familiaris, dog, canis lupus, wolf, species, traits, english springer spaniel, gray wolf, 
mackenzie gray wolf, 

Complex Traits © Baylor College of Medicine.
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Characteristics: Wolf vs. Dog

Character
(category)

Dog Trait Wolf Trait

1. Ear shape Rounded Pointed

2. Eye color Brown Yellow

3.

Characteristics: Wolf vs. Dog

Background (cont.)
As part of this activity, students examine a diagram that shows the relationships 
among species in the dog family (Canidae) based on molecular genetic information. It 
is important to note that diagrams of this type are not family trees or genealogies. 
Instead, they represent similarities or differences among living (extant) groups based 
on their genetic information. Groups that are found on the same branches (or clades) 
of the tree share unique genetic information and are descendants of the same 
founding or ancestral population. 

A phenotypic characteris a feature (or trait) that can vary from one individual to 
another. Characters that differ between these two individuals include height, fur 
pattern and speed. 

Procedure (cont.) 
4. Create a table at the front of the class or show this slide, which provides samples 
of characters and traits of the wolf and dog shown in the previous slides. Have 
students work in groups of two or four to create similar charts that list characters that 
differ between the wolf and dog shown. Have each group find at least five characters 
that are different for the wolf and the dog. OR conduct a discussion and create a class 
chart. 



Note: ̧ ƻǳ Ƴŀȅ ǿŀƴǘ ǘƻ ŎƭŀǊƛŦȅ ŦƻǊ ǎǘǳŘŜƴǘǎ ǘƘŀǘ άŎƘŀǊŀŎǘŜǊέ ǊŜŦŜǊǎ ǘƻ ŀ ŦŜŀǘǳǊŜ 
ǘƘŀǘ Ŏŀƴ ǾŀǊȅ ŦǊƻƳ ƻƴŜ ƛƴŘƛǾƛŘǳŀƭ ƻǊ ƎǊƻǳǇ ǘƻ ŀƴƻǘƘŜǊΦ ά¢Ǌŀƛǘέ ǊŜŦŜǊǎ ǘƻ ŀ 
specific variation or form of a given feature. For example, hair texture is a 
character. Curly hair and straight hair are two different traits. 

Reference
Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image References
English Springer Spaniel and Mackenzie Valley Wolf © Eric Isselee. Licensed for use.

Key Words
lesson, genetics, life science, biology, gene, genetic, canid, canidae, canine, canis 
familiaris, dog, canis lupus, wolf, species, traits, english springer spaniel, gray wolf, 
mackenzie gray wolf, 

Complex Traits © Baylor College of Medicine.
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Diagram Based on Genetic Information

Â This branching diagrams shows relationships among living species. 

It is a not family tree, nor it does not show ancestors.

Â Groups in the same branch have more gene variations in common.

Â A and B are more closely related to one another than to any 

other groups on the diagram.

Â Similarly, C and D are more closely related to another than to 

any other groups.

Â Species E is the least related to any of the other groups. 

1,2,3,4,5

1,2,3,4,5,6

1,2,3,4,7,8

1,2,3,4,7

1,2,3
Species E

Species D

Species C

Species B

Species A

Diagram Based on Genetic Information

Background
In the diagram above, species A and B are more closely related to each other more 
than to any other species or cluster of species on the diagram. Similarly, species C and 
D are more closely related to each other than to a member of any other group. Of the 
species on the diagram, species E is the least related to any of the other groups. 

This type of diagram, in which groups are defined by shared inherited characteristics, 
usually is called a phylogeny or phylogenetic tree. The term phylogeny comes from 
the Greek words, phylon (tribe or clan) and genesis (origin). 

Procedure (cont.)
5. Explain to students that scientists now can use genetic information to estimate the 
relationships among different groups of species. Species that are more closely related 
share more genetic information. In the slide, the numbers in red represent similar 
versions of genes. Ask, Which numbers are shared by all of the groups? [1,2,3]. Which 
numbers distinguish the branch containing Species A, B, C and D, from the branch with 
Species E? [4]. How are the branches with Species A and B, and C and D different? 

One also can say that Species A and B share a common ancestor, as do Species 
C and D. The entire group of Species shares a more distant common ancestor, 
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which was characterized only by genes 1, 2 and 3.

Reference
Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Key Words
lesson, genetics, life science, biology, gene, genetic, canid, canine, canis lupus, canis 
familiaris, canidae, dog, wolf, species, breed, breeds, gene, species, 

Complex Traits © Baylor College of Medicine.
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The Domestic Dog  
and Related Species

Â This diagram shows 

genetic similarities 

among 31 species 

of the Canidae 

family. Individual 

family members are 

referred to as 

canids.

Â Each branch 

represents a group 

that shares the 

same ancestral 

genetic information. 

The Domestic Dog and Related Species

Note: The boxer dog illustration depicts it with altered ears and tail.

Procedure (cont.)
сΦ DƛǾŜ ŜŀŎƘ ǎǘǳŘŜƴǘ ƻǊ ƎǊƻǳǇ ƻŦ ǎǘǳŘŜƴǘǎ ŀ ŎƻǇȅ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘ ǇŀƎŜΣ ά5ƻƎǎ ŀƴŘ 
wŜƭŀǘŜŘ {ǇŜŎƛŜǎΦέ 9ȄǇƭŀƛƴ ǘƻ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǘƘƛǎ ŘƛŀƎǊŀƳ ǿŀǎ ŎǊŜŀǘŜŘ ǳǎƛƴƎ ǊŜŀƭ ƎŜƴŜǘƛŎ 
information from the different species. Have students interpret the diagram to 
answer the following questions.

ωThe diagram has a reference group of other mammals. Find this group and 
list the members.

ωFind the four main groups of dog relatives, and list the members of each 
group.

ωWhich species is the closest relative to the dog? Explain your answer. 
ωWhich species or branch of species can be considered the least related to 

the dog? Explain your answer. 

Answer Key
1. The diagram has a reference group of other mammals. Find this group and 

list the members.
Black bear, giant panda, northern elephant seal, walrus
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3. Find the four main groups of dog relatives, and list the members of each 
group.

ωRed fox-like Canids (Genus Vulpes: arctic fox, bat-ŜŀǊŜŘ ŦƻȄΣ .ƭŀƴŦƻǊŘΩǎ 
fox, cape fox, corsac fox, fennec fox, kit fox, raccoon dog, red fox, 
wǳǇǇŜƭƭΩǎ ŦƻȄύ

ωSouth American Canids (Genus Lycalopex: bush dog, chilla, crab-
ŜŀǘƛƴƎ ŦƻȄΣ ŎǳƭǇŜƻΣ 5ŀǊǿƛƴΩǎ ŦƻȄΣ ƘƻŀǊȅ ŦƻȄΣ ƳŀƴŜŘ ǿƻƭŦΣ ǇŀƳǇŀǎ ŦƻȄΣ 
Sechuran fox, short-eared dog)

ωWolf-like Canids (Genus Canis: African wild dog, black-backed jackal, 
coyote, dhole, dog, Ethiopian wolf, golden jackal, gray wolf, side-
striped jackal)

ωNorth American Gray Canids (Genus Urocycon: gray fox, island fox)

4. Which species is the closest relative to the dog? Explain your answer. 
Gray Wolf, because it shares the most recent branching point with the 
dog.

4. Which species or branch of species can be considered the least related to 
the dog? Explain your answer. 

The branch containing the gray fox and island fox is the least related 
(most distant branch from dog).

References
1.Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.
2.Wayne, R., and Ostrander E. 2007. Lessons Learned from the Dog Genome. TRENDS 
in Genetics23: 557-567.

Image Reference
Wayne, R., and Ostrander, E. Lessons learned from the dog genome. TRENDS in 
Genetics. 23 (2007):  557-567. Licensed for use March 2, 2016: Elsevier and Copyright 
Clearance Center: License Number 3820930088090. 
http://www.sciencedirect.com/science/article/pii/S0168952507003058#

Key Words
lesson, life science, biology, genetics, canid, canidae, canine, canis familiaris, dog, 
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Domestic Dog

Bat -eared

Fox

Gray Fox

Arctic Fox

Crab-eating 

Fox

Red Fox

Examples 

of the 

Domestic 

Dog and 

Related 

Canids

Examples of the Domestic Dog and Related Canids

Reference
Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image References
1.Arctic Fox © Jason Burrows. Bat-eared Fox © Mike Cilliers. Crab-eating Fox © 
Tambako the Jaguar. Gray Fox © Gary Robertson. Red Fox © Peter Trimming. Photos 
CC-BY-SA 2.0. www.flickr.com
2.Domestic dog (Boxer) © Artman1. Licensed for use.

Key Words
lesson, life science, biology, genetics, canid, canine, canine genetics, canis familiaris, 
dog, domestic dog, canis lupus, fox, foxes, arctic fox, bat-eared fox, crab-eating fox, 
gray fox, red fox, 

Complex Traits © Baylor College of Medicine.
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Bush Dog

African Wild 

Dog

Gray Wolf

Raccoon Dog

Black -backed 

Jackal

Maned Wolf

Examples 

of the 

Domestic 

Dog and 

Related 

Canids

Examples of the Domestic Dog and Related Canids (cont.)

Reference
Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image References
1.Bush Dog © Josh Moore. CC-BY-SA 2.0. Raccoon Dog © Tambako the Jaguar. Black-
backed Jackal © Ray Morris. Maned Wolf © Pascal Vuylsteker. All photos CC-BY-SA 
2.0. www.flickr.com
2.African Wild Dog © Michael Gäbler. CC-BY-SA 3.0. 
https://commons.wikimedia.org/wiki/File:Lycaon_pictus_(Temminck,_1820)_-
_edit1.jpg
3.Gray Wolf © MacNeil Lyons. U.S. National Park Service. 

Key Words
lesson, life science, biology, genetics, canid, canine, canine genetics, canis familiaris, 
canis lupus, wolf, wolves, african wild dog, black-backed jackal, bush dog, gray wolf, 
maned wolf, raccoon dog, 

Complex Traits © Baylor College of Medicine.
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Genotyping a Mixed Breed Dog

Dovekieôs mother, Charlie, is believed to be a purebred golden 

retriever. 

Dovekie as an as a puppy (inset), and as an adult dog.

Purebred Golden 

Retriever

Genotyping a Mixed Breed Dog
Activity 2: Slides 11ς15. 

Overview
{ǘǳŘŜƴǘǎ Ŧƻƭƭƻǿ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ ƻŦ ŀ άƳǳǘǘΣέ ǿƘƻǎŜ ōǊŜŜŘ ƛŘŜƴǘƛǘȅ ƛǎ ǳƴŎƻǾŜǊŜŘ ōȅ ƛǘǎ 
owners through commercial genotyping. In addition, students learn about variation 
within and among dog breeds, and the origins of common breed clusters. 

Background
As described in the previous activity, all dogs are members of the same species (Canis 
familiaris). Even though members of different dog breeds vary physically and even 
behave in different ways, all domestic dogs can interbreed and produce viable 
ƻŦŦǎǇǊƛƴƎΦ ¢ƘŜ ǾŀǊƛŀǘƛƻƴ ŀƳƻƴƎ όƛΦŜΦΣ άōŜǘǿŜŜƴέύ ŘƻƎ ōǊŜŜŘǎ ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǎŜƭŜŎǘƛǾŜ 
breeding over time. In many cases, distinctive traits of particular breeds are the result 
of the crosses between close relatives. Unfortunately, inbreeding also will consolidate 
undesirable traits, such as hereditary diseases. Thus, breeders and owners have 
considerable interest in knowing about the genetic makeup of their dogs. Breeders, 
for example, would like to avoid breeding dogs that can pass on genetic diseases, 
ǎǳŎƘ ŀǎ Ǿƻƴ ²ƛƭƭŜōǊŀƴŘΩǎ ŘƛǎŜŀǎŜ όŀƴ ƛƴƘŜǊƛǘŜŘ ōƭŜŜŘƛƴƎ ŘƛǎƻǊŘŜǊύΣ ǘƻ ǘƘŜƛǊ ƻŦŦǎǇǊƛƴƎΦ 

Several companies now provide genetic tests for many disease-causing mutations and 
common physical characteristics, such as coat color. In addition, genetic testing can 
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provide insights into the ancestry of mixed breed dogs. This information is useful to 
owners, who would like to know if their dog has hidden disease tendencies or has 
ancestors with particular behaviors (such as herding or barking). 

Genetic testing does not examine the entire genome of an individual. Instead, it looks 
for irregularities in the chromosomes themselves, changes in specific sections of DNA 
or even proteins that are associated with a particular trait or disease. The dog 
genome is divided into 78 chromosomes, with 38 pairs of non-sex chromosomes and 
a pair of sex chromosomes. Sex in dogs in determined the same way as in humans: 
ŦŜƳŀƭŜǎ ƘŀǾŜ ǘǿƻ ά·έ ŎƘǊƻƳƻǎƻƳŜǎ όƻƴŜ ŦǊƻƳ ŜŀŎƘ ǇŀǊŜƴǘύ ŀƴŘ ƳŀƭŜǎ ƘŀǾŜ ƻƴŜ ά·έ 
ŀƴŘ ƻƴŜ ά¸έ ŎƘǊƻƳƻǎƻƳŜΦ ¢ƘŜ 5b! ƛǎ ŎƘǊƻƳƻǎƻƳŜǎ ǎǘŀȅǎ ƛƴ ŀ ǘƛƎƘǘƭȅ ǿƻǳƴŘ ƻǊ 
ōǳƴŎƘŜŘ ǎǘŀǘŜΣ ǳƴǘƛƭ ŀ ǎŜŎǘƛƻƴ ƛǎ άǳƴǿƻǳƴŘΣέ ǘƻ ŜƴŀōƭŜ ǘƘŜ 5b! ǘƻ ōŜ ǊŜŀŘΦ 

In this activity, students will learn how one family used genetic testing to uncover the 
ancestry of an unusual puppy. In addition, they will examine the relationships among 
common clusters of dog breeds, and investigate the characteristics of different 
breeds. 

Between vs. Among
DŜƴŜǘƛŎƛǎǘǎ ƻŦǘŜƴ ǊŜŦŜǊ ǘƻ ǾŀǊƛŀǘƛƻƴ ƻǊ ŘƛŦŦŜǊŜƴŎŜǎ άŀƳƻƴƎέ ƎǊƻǳǇǎΦ ¢Ƙƛǎ ƛǎ ŜǉǳƛǾŀƭŜƴǘ 
ǘƻ ǎŀȅƛƴƎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ŘƛŦŦŜǊŜƴŎŜǎ άōŜǘǿŜŜƴέ ǘǿƻ ƎǊƻǳǇǎΣ ōǳǘ ǘƘŜ ǿƻǊŘΣ άŀƳƻƴƎΣέ ƛǎ 
used when more than two groups are being considered. In other words, we can talk 
ŀōƻǳǘ ŘƛŦŦŜǊŜƴŎŜǎ άōŜǘǿŜŜƴέ ǘǿƻ ƎǊƻǳǇǎΣ ŀƴŘ άŀƳƻƴƎέ ǘƘǊŜŜ ƎǊƻǳǇǎΦ 

Procedure
1. Project this slide to the class. Play the NPR radio story found at the link below. Or 
download the transcript and have students read the story. 

Hounded by Doubt, Dogged Owners Probe a Mystery
http://www.npr.org/templates/story/story.php?storyId=127484075

2. Encourage a discussion by asking the following questions, Have you heard about 
genetic testing before? What does genetic testing examine? Do you think they will be 
ŀōƭŜ ǘƻ ŦƛƎǳǊŜ ƻǳǘ ǿƘƻ 5ƻǾŜƪƛŜΩǎ ǇŀǊŜƴǘǎ ŀǊŜΚ Tell students that genetic tests can be 
developed to identify unique hereditary information, and that genetic information 
often is used to understand relationships among different families or groups. Remind 
students that most organisms (including humans and dogs) have two sets of genetic 
ƛƴŦƻǊƳŀǘƛƻƴΣ ǿƛǘƘ ŀ ǎƛƴƎƭŜ ǎŜǘ ŎƻƳƛƴƎ ŦǊƻƳ ŜŀŎƘ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ǘǿƻ ǇŀǊŜƴǘǎΦ ¢Ƙƛǎ 
information is carried on DNA molecules (students will learn more about this process 
in Activity 3).

To view additional images of Dovekie, visit the following web page.
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5ƻǾŜƪƛŜΩǎ 5b! όtŀǊǘ hƴŜύ
http://longhaulpro.org/dovekie1/

References
1.Collison, D., and Meister, E. (2010) All Things Considered. Hounded By 

Doubt, Dogged Owners Probe a Mystery. NPR. 

http://www.npr.org/templates/story/story.php?storyId=127563468
2.Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image References
1.Dovekie © Long Haul Productions. Courtesy of Elizabeth Meister and Dan Collison. 
Used with permission. http://www.longhaulpro.org
2.Golden Retriever © Eric Issilee. Licensed for use.

Key Words
lesson, life science, biology, genetics, canine, canine genetics, canis familiaris, DNA, 
dog, Dovekie, golden retriever, purebred, genetic code, genetic testing, genome, 

Complex Traits © Baylor College of Medicine.
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What Do You See?

Molly, a 

Catahoula 

Leopard Dog, 

with her 

puppies.

What Do You See?

Procedure (cont.)

3. Display this slide of a litter of puppies and their parent (or print copies of the 

slide for students to share). Ask students, What do you observe about the 

puppies in this photograph? Students should notice that several different coat 

colors and patterns of markings are present. In addition, none of the puppies 

has the same markings as the mother. Ask, Where did this variation come 

from? Invite student responsesðthey should identify the parents (through 

genetic information, genes, DNA etc.) as the sources of the observed 

variations in the puppies. 

Reference
aƻǊŜƴƻΣ bΦ (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

LƳŀƎŜ wŜŦŜǊŜƴŎŜ
Catahoula Leopard Dogs. Wikipedia Commons CC-BY-SA 3.0. 

https://commons.wikimedia.org/wiki/File:CatahoulaLitter_wb.jpg

Key Words
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lupus, dog, catalhoula leopard dog, merle, mutation, 

Complex Traits © Baylor College of Medicine.
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Domestic Dogs: More than 190 Breeds*

*In 2016, 190 dog breeds were recognized by American Kennel Club; 199 by the Westminister Kennel Club.

Dogs: More than 190 Breeds

Procedure (cont.)
4. Ask students to identify the ways in which the different kinds of dogs shown differ 
in appearance [body size and shape; head shape; coat length, color and curliness]. 
Tell students that modern dogs provide an interesting model for learning genetics, 
because humans selected desirable dogs to breedτōŀǎŜŘ ƻƴ ǘƘŜ ǇŀǊŜƴǘ ŘƻƎǎΩ 
appearance or behaviors. This process over many generations, and many crosses, led 
to the different kinds of dog breeds. 

Note: In 2016, the American Kennel Club recognized 190 breeds, while the 
Westminster Kennel Club recognized 199 breeds.

Dog breeds are listed below in order from left to right.
ωTop row (L-R): Toy poodle, English Bulldog, English Cocker Spaniel, Schipperke, 
Shetland Sheepdog, and Yorkshire Terrier. 
ωBottom row (L-R): Old English Sheepdog, Weimaraner, Spanish Water Dog, and 
Scottish Deerhound. 

Reference
Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 
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Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image References
English bulldog, English cocker spaniel, Old English sheepdog, Poodle, 

Scottish deerhound, Shetland sheepdog, Spanish water dog, and Weimaraner 

© Eric Isselee. Schipperke © Bonzami Emmanuelle. Yorkshire Terrier © 

Vicente Varcelo Varona. Licensed for use.

Key Words
lesson, life science, biology, genetics, canine, canine genetics, canis familiaris, dog, 
dog breeds, dog breeding, 

Complex Traits © Baylor College of Medicine.
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Dog 

Breed 

Diagram

Dog Breed Diagram

Procedure (cont.)
рΦ IŀǾŜ ǎǘǳŘŜƴǘǎ ǿƻǊƪ ƛƴ ǘŜŀƳǎ ƻŦ ǘǿƻΣ ŀƴŘ ƎƛǾŜ ŜŀŎƘ ǘŜŀƳ ŀ ŎƻǇȅ ƻŦ ǘƘŜ ά5ƻƎ .ǊŜŜŘ 
5ƛŀƎǊŀƳέ όŦǊƻƳ ǘƘƛǎ ǎƭƛŘŜΣ ƻǊ ǇǊƛƴǘ ǘƘŜ ǎǘǳŘŜƴǘ ǇŀƎŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ƎǳƛŘŜύΦ ¢Ŝƭƭ 
students that the diagram represents the complex genetic relationships among 
different dog breeds and was developed using information similar to that used for 
genetic tests ordered for Dovekie. Clarify for students that the circular diagram was 
created from a linear branching diagram like the one in the previous activity (slide 8). 
Have students answer the following questions. Discuss as a group.

ωWhat is the closest ancestor to dogs? [Wolves]
ωHow many major clusters of dog breeds have been identified? [10]
ωWhat is the closest branch to the retriever group? [Newfoundland]
ωWhy are Mastiff-like dogs shown in several different branches of the tree. 

[They contain genetic similarities to several other groups, probably because 
of crosses between groups.]

ωWhich breed clusters might be represented in Dovekie based on his 
appearance? 

References
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Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image Reference
Wayne, R. © UCLA Department of Ecology and Evolutionary Biology. Used with 
permission. Text over listing on right modified by M.S. Young for clarity. 
http://newsroom.ucla.edu/releases/dogs-likely-originated-in-the-155101

Key Words
lesson, life science, biology, genetics, canine, canine genetics, canis familiaris, canis 
lupus, dog, dog breeds, coyotes, wolves, ancient breeds, spitz breeds, toy breeds, 
working dogs, spaniels, scent hounds, toy breeds, working dogs, mastiff-like dogs, 
retrievers, herding dogs, sight hounds, small terriers, 

Complex Traits © Baylor College of Medicine.
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Dovekieôs Heritage

ÂWhat did Dovekieôs owners learn about him?

ÂWhat kind of dog is Dovekie?

ÂWhat does this story tell us about the 

commercial applications of genetic testing?

Dovekie 

and Henry

5ƻǾŜƪƛŜΩǎ IŜǊƛǘŀƎŜ

Procedure (cont.)
6. Play the radio story, The Case of the Mystery Puppy Solved! (Sort Of). The story can 
be found at the link below. Tell students that they should be prepared to discuss the 
following questions after listening to the story. Alternatively, you may download and 
print the transcript and have student read the story.

The Case of the Mysterious Puppy, Solved! (Sort Of)
http://www.npr.org/templates/story/story.php?storyId=127563468

7. Have students work in groups to answer the following questions. Afterward, 
conduct a class discussion about the story and guiding questions. 

ω ²Ƙŀǘ ŘƛŘ Ƙƛǎ ƻǿƴŜǊǎ ƭŜŀǊƴ ŀōƻǳǘ 5ƻǾŜƪƛŜΚ 
ω ²Ƙŀǘ ƪƛƴŘ ƻŦ ŘƻƎ ƛǎ 5ƻǾŜƪƛŜΚ 
ω ²Ƙŀǘ ŘƻŜǎ ǘƘƛǎ ǎǘƻǊȅ ǘŜƭƭ ǳǎ ŀōƻǳǘ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ƎŜƴŜǘƛŎ 
testing?

Dovekie is a mixed breed dog with an unusual appearance. After genetic 
testing by three different companies, his owners learned that he had a mix of 
genetic material from a rare breed (purebred wirehaired pointed griffon) and 
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golden retriever or golden retriever mix. The somewhat different results from 
each lab demonstrate that genetic testing techniques still are being refined, 
and that results, while informative, may need interpretation. 

bƻǘŜΥ ¢ƘŜ ǇƘƻǘƻ ƛǎ ƻŦ 5ƻǾŜƪƛŜ ƳŜŜǘƛƴƎ IŜƴǊȅΣ ƻƴŜ ƻŦ Ƙƛǎ άǇŜƻǇƭŜΦέ ¢ƻ ǾƛŜǿ 
additional images of Dovekie, visit the following web page.

5ƻǾŜƪƛŜΩǎ 5b! όtŀǊǘ ¢ǿƻύ
http://longhaulpro.org/dovekie2/

8. To conclude, have each team of students select a dog breed from the diagram, and 
use resources on the website of the American Kennel Club (www.akc.org) to learn 
more about their assigned or selected breed. Each team should prepare a written 
description of the origin, original purpose, physical characteristics and unique 
attributes of their selected breed. Have students report their findings during the next 
class period. 

Extension
If students have immediate questions about DNA and genes, have them complete the 
online Tour of the Basics found at the Learn Genetics website 
(http://learn.genetics.utah.edu/content/begin/tour/). The tutorial will introduce and 
explain key concepts and terms related to genetics, which also will be introduced as 
they move through this unit. 

References
1.Collison, D., and Meister, E. (2010) All Things Considered. The Case of the 

Mysterious Puppy, Solved! (Sort of). NPR. 

http://www.npr.org/templates/story/story.php?storyId=127563468
2.Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Image Reference
Dovekie © Long Haul Productions. Courtesy of Elizabeth Meister and Dan Collison. 
Used with permission. http://www.longhaulpro.org

Key Words
lesson, life science, biology, genetics, canine, canine genetics, canis familiaris, DNA, 
dog, dog breeding, Dovekie, allele, gene, genetic code, genetic testing, genotype, 
phenotype, chromosome, mutation, 

Complex Traits © Baylor College of Medicine.
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Mapping a Mutation

Â The nucleus of every cell (except for 

red blood cells) contains DNA, which is 

the hereditary material in organisms. 

Â A gene is DNA material that occupies 

a fixed location (section) on a 

chromosome or strand of DNA. 

Â A DNA strand containing a single gene 

also contains various forms of that 

gene, known as alleles.

Â Each gene has a specific influence on 

the characteristics an individual or 

organism (phenotype).

Â A genome is an organismôs complete 

set of DNA. 
In 2005, a complete dog genome was 

sequenced using DNA from a female 

boxer named Tasha.

Mapping a Mutation
Activity 3: Slides 16ς23. 

Overview
Students learn about the genetic code, and how small substitutions within the code 
can lead to physical changes in individuals. Students use authentic data to uncover 
the single nucleotide polymorphism (SNP) responsible for long hair in dogs.

Background
In the previous activity, students were introduced to the wide variety of 
characteristics found across breeds of dogs. They used information produced by 
modern genetics research to learn which breeds of dogs were most related and how 
genetics information is used commercially to help people figure the history and 
possible parentage of mixed breed dogs. These examples represent applications of 
genomicsτa field that offers a new way of thinking about genes and heredity. 

Procedure
1. Introduce the topic of genes and genomes by presenting this slide.

References
1.Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 
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Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

2. Help Me Understand Genetics. Genetics Home Reference. U.S. National 
Library of Medicine. https://ghr.nlm.nih.gov/

Image Reference
Tasha the boxer courtesy of the National Human Genome Research Institute. 

Public domain. https://www.genome.gov/17515860/2005-release-researchers-

publish-dog-genome-sequence/

Key Words

lesson, life science, biology, genetics, canine, canine genetics, canis familiaris, DNA, 
dog, dog breeding, allele, gene, genetic code, genome, genotype, phenotype, 
chromosome, nucleotides, SNP, mutation, adenine, cytosine, guanine, thymine, 
mutation

Complex Traits © Baylor College of Medicine.

16



Message Codes

Person 1: hru?

Person 2: hvhw

Person 1: cul8r?

Person 2: gr8 ttys

Message Codes

Procedure (cont.)
Write or project the following conversation for students to see.

Person 1: hru?
Person 2: hv hw
Person 1: cul8r?
Person 2: gr8 ttys

Ask students, When would you write something like this?[text message on a smart 
phone] Follow by asking, Does the message use symbols that everyone can read? 
[Only people who know how to send text messages in English can understand the 
code.] Have one or more students translate the text messages into full sentences.

Person 1: How are you?
Person 2: Have homework.
Person 1: Call you later?
Person 2: Great. Talk to you soon.

Ask students to share other examples of text messaging codes. Ask, What are the 
advantages of using a code? [A code conveys information in a compact way, but the 
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receiver has to know how to make sense of the code.]

Reference
Moreno, N. (2017) Complex Traits: Using Dogs as a Model for Modern 

Genetics. Baylor College of Medicine: Houston. ISBN: 978-1-994035-08-2.

Key Words
lesson, life science, biology, genetics, canine, canine genetics, canis familiaris, DNA, 
dog, dog breeding, allele, gene, genetic code, genotype, phenotype, chromosome, 
nucleotides, SNP, mutation, adenine, cytosine, guanine, thymine

Complex Traits © Baylor College of Medicine
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Canine Chromosomes

Â The dog genome is 

divided into 78 

chromosomes, with 

38 pairs of non-sex 

chromosomes and 

one pair of sex 

chromosomes. 

Â The paired 

depiction of 

chromosomes is 

called a karyotype. 
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Chromosomes are 

found within the 

nucleus of a cell.

Canine Chromosomes

Background
Traditionally, genetics researchers have focused on identifying single genes, their 
variant forms (alleles) and their functions. Genes are hereditary units that occupy a 
fixed location on a chromosome or DNA molecule. Each gene has a specific influence 
on the characteristics of an individual (phenotype) and provides the instructions for 
creating proteins (technically, certain sections of genes code for strings of amino 
acids or polypeptides). Usually a single gene has various forms, known as alleles. 
Since every individual has two sets of chromosome, each individual also has two 
versions or alleles for each gene. The interaction between the two alleles, and of a 
particular gene with other genes and the environment, determines the phenotype of 
the individual.

Procedure (cont.)
2. Tell students that living cells also use a code, which contains all of the instructions 
for a living organism. This information, which is contained on long DNA molecules, is 
packaged inside the nucleus of every cell. Show the following three-minute video 
created by the BBC (Knowledge Explainer DNA), which provides a general explanation 
of the genetic code in DNA.

http://vimeo.com/60747882#
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