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Complex Traits: Using Dogs as a Model for Modern Genetics was developed
as part of the Gene U project with support from the Science Education
Partnership Award Program Office of the Director, National Institutes of Health
grant 5R250D011134.

Complete instructions for conducting activities, including materials needed,
setup instructions, student sheets and teacher answer keys, are available in
PDF format and can be downloaded, free-of-charge at:
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. Dogst A Model for Modern Geneticg What is a phylogenetic tree and how does
it help determine relationships between dogs and their closest relatives?



2. gengtyping a MiAxed Breed DageratAcharacteristics about a mixdneed dog o
RSGSNN¥AYS AlQa ARSyGAlGE@E FYR FNRY 6KSNB
(phenotype)?

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

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

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

6. Genetic Testing and Designer DagBo 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.
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Image Reference
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Dogs A Model Organism for Modern Genetics
Activity 1: Slides@.0. You will need to project slideg®during different stages of
Activity 1. Slides-Q0 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, longhaired Pekingese to the tall, shdraired 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 @agi¢ familiarishas
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 unifonmgenetically 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



among or between breeds. This pattern of variability, in which particular traits are
accentuated within breeds, results from inbreeding (breeding of close relatives).
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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 woliQanis lupusdoes 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 studféotsd you
have this animal as a pet? Why or why nétldow a few minutes for students to
respond to your questions. [Animal depicted is a grey wolf.]
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Is This Animal Suitable as a Pet?

ddhd.

Qﬁipm]@d Online
La ¢KA ' YAYEFE {dzAdloftS Fa | tSGK
. O1 ANR dzy R
9¢gSy UK2dzAK R23 O6NBSRA& | LIISFN ljdAdS RA&ED
LIKEAAOFET 2NJ 20KSNJ OFNNASNBR® LYy 20KSNJ 62N
al'YS 4LISOASa® 90Sy HAUK UKSANI 6ARS NI y3IS
2yS Fy20KSNJ 3SySiAoltte GKFy GKS& IINB (2
t N2POSRdAzZNE 0602y G 0
HO (K26 GKAE af ARXIW2 RIS KR yng“i\ & 1K=
LISGK 2Ke 2RI SGKAGYREWGIAE (GKIFIG GKS fARS RS

ALINAYIASNI aLI yASt o

Reference
azZNbye@ediIgoempl ex Traits: Using Dogs as a
GenetiBaylor Coll ege of MHM&@&OOU4O0BER. Housto

LYF3S wSFSNByOS
9y I3t AaK {LINAYISNI {LIYASt 6 9NARO LaasStSSo

Key Words



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

Complex Traits © Baylor College of Medicine.



Dogs and Wolves are Separate Species
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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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Characteristics: Wolf vs. Dog

Character

Dog Trait Wolf Trait
(category)
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 informat

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 b3

on. It

1sed

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 characteis 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 samg
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
differ between the wolf and dog shown. Have each group find at least five charag
that are different for the wolf and the dog. OR conduct a discussion and create a
chart.

es

that
ters
class




Note:, 2dz YI & glyd (G2 OfFNATEe F2N addzRSyl
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specific variation or form of a given feature. For example, hair texture is a

character. Curly hair and straight hair are two different traits.
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Diagram Based on Genetic Information
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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. AsWk/hich numbers are shared by all of the groujds2,3].Which
numbers distinguish the branch containing Species A, B, C and D, from the branch with
Species H2]. 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,



which was characterized only by genes 1, 2 and 3.
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The Domestic Dog and Related Species
Note: The boxer dog illustration depicts it with altered ears and tail.

Procedure (cont.)
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information from the different species. Have students interpret the diagram to

answer the following questions.

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

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

w Which species is the closest relative to the dog? Explain your answer.

w Which 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



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

uRed foxlike Canids (Genodulpes arctic fox, baS I+ NER F2E X
fox, cape fox, corsac fox, fennec fox, kit fox, raccoon dog, red fox,
wdzLJLISt £ Qa FT2E0L

oSouth American Canids (Gerlysalopexbush dog, chilla, crab

. f

SFiAy3 F2Ex OdzAf LIS25 51 NBAYyQa F2EZ

Sechuran fox, shoared dog)

wWolf-like Canids (GenuSanis African wild dog, blackacked jackal,
coyote, dhole, dog, Ethiopian wolf, golden jackal, gray wolf-side
striped jackal)

uNorth American Gray Canids (Gewrecycon 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).
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Examples of the Domestic Dog and Related Canids
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Examples of the Domestic Dog and Related Canids (cont.)
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Genotyping a Mixed Breed Dog
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Genotyping a Mixed Breed Dog
Activity 2: Slides X15.

Overview

{ddzRSyGa F2tft2¢g GKS OFasS &addzRé 27F | avydz
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 speans (
familiaris). Even though members of different dog breeds vary physically and even

behave in different ways, all domestic dogs can interbreed and produce viable
2FFALINAY TP ¢KS GFENARIFGAZ2Y FY2y3 O0ADPSPI &0
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,
adzOK | a @2y 2AftfSoONIYRQA RAASIHAS oly AYyK

Several companies now provide genetic tests for many diseassing mutations and
common physical characteristics, such as coat color. In addition, genetic testing can



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 ofs@xchromosomes and

a pair of sex chromosomes. Sex in dogs in determined the same way as in humans:
FSYIFLESa KIFI@S (g2 da-¢ OKNRY2a2YSa o02yS TN
FYR 2yS G, ¢ OKNRBY2a2YS®d ¢KS 5b! Aa OKNRY
0dzy OKSR adGl Sy dzyGAft | aSOGA2y A& dadzy o2 dz

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

DSySGAOAata 2FGSYy NBFSNI G2 SFNRARFGAZ2Y 2 NJ
G2 aleéAay3a GKIFIG GKSNB INBE RAFFSNBYyOSa aoS
used when more than two groups are being considered. In other words, we can talk
Fo2dzi RAFFSNBYOSa ao0SigSSye (g2 INRIzLIAZ

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?storyld=127484075

2. Encourage a discussion by asking the following questitange you heard about

genetic testing before? What does genetic testing examine? Do you think they will be
FofS (G2 FAIAdzNB 2 dzi TellksRderts2hzténatis ©sis cdlbeNB vy (i &
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
AYF2NXYEFGA2YS gAGK  aAy3atsS asSa O2Yay3a TN
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.

11
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http://longhaulpro.org/dovekiel/
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Domestic Dogs: More than 190 Breeds*
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B]_OE d Onllne *In 2016, 190 dog breeds were recognized by American Kennel Club; 199 by the Westminister Kennel Club.
Biology Teacher Resources from Baylor Callsge of Medicine

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 dogsto breed a SR 2y GKS LI NBy
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.

uYop row (ER): Toy poodle, English Bulldog, English Cocker Spaniel, Schipperke,
Shetland Sheepdog, and Yorkshire Terrier.

uBottom row (ER): 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.
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Procedure (cont.)
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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.

w What is the closest ancestor to dogs? [Wolves]

w How many major clusters of dog breeds have been identified? [10]

w What is the closest branch to the retriever group? [Newfoundland]

w Why are Mastiffike dogs shown in several different branches of the tree.
[They contain genetic similarities to several other groups, probably because
of crosses between groups.]

w Which breed clusters might be represented in Dovekie based on his
appearance?
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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?storyld=127563468

7. Have students work in groups to answer the following questions. Afterward,

conduct a class discussion about the story and guiding questions.
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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.

b23SY ¢KS LIK2G2 Aa 2F 52@0S1AS YSSiaAay3
additional images of Dovekie, visit the following web page.

5203S1ASQa 5b! o6t NI ¢g620
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.
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Mapping a Mutation
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Mapping a Mutation
Activity 3: Slides k3.

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
genomics a 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.
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Message Codes
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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 studentsyVhen would you write something like thi$&xt message on a smart
phone] Follow by askinfQoes 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.]
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Canine Chromosomes
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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 thmieete 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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