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Learn.Genetics & Teach.Genetics
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Welcome to the beta preview of the new Teach.Genetics website!

Here you'll find a wealth of resources and information aimed at helping educators
bring genetics, bioscience and health alive in the classroom. A companion to the PRINT-AND-GO™ LESSON PLAN INDEX
popular Learn.Genetics website, Teach.Genetics offers additional tools and
resources to support your curriculum, all free of charge.

Learn.Genetics”

> = Our activities are designed to support and
GENETIC SCIENCE LEARNING CENTER extend student learning of topics on
Learn.Genetics. Downloadable PDFs
include complete instructions, student
worksheets, overhead masters, and answer

keys.

En Espafiol |A Since this is a beta version, remember to keep checking back periodically and see
what we're adding.

TOUR THE BASICS

le confused by all the talk
‘:’b:»:?;::‘.:ned(gcnu? Try our animated
tour!
DNA TO PROTEIN oy s

Learn about DNA, protein synthesis, and
examples of protein functions.

INTRODUCTION TO HEREDITY

Five easy-to-implement clasroom activities teach the basics of heritable traits.

Three take-home activities help students share what they're learning with their -

families. EPIGENETICS:
SUPPLEMENTAL MATERIALS

Integrating the Epigenetics curriculum

VARIATION BUILD A Sign up for our email list from Learn.Cenetics and Teach.Genetics
J into your classroom is a breeze! Our
TS SELECTION & TIME MOLECL Find out about the latest news on Learn.Genetics and Teach.Genetics as well activ?ries questions, |
HEREDITY & TRA! N S Find out h as Summer Institute and workshop announcements, objectives, background information, and
Take a tour of genetic traits and see how netics is shedding light AG,C, a ideas from other teachers will help you get
s from one generation to the next. gene of natural DNA mole Sign up now started
they pa ::' :::.::“c” SR K
AMAZING CELLS
Take a look inside the dynamic world of the v y .
cell. m
|
THE NEW et k 1
PIGENETICS OF ADI AMAZING CELLS:
ABS B
« | GENETIC TECHNOLOGY VIRTUAL L SUPPLEMENTAL MATERIALS
. See cells like you've never seen them
GENE THE before! Print-and-Co activities,
background information, and a module
MCELLS . See how thi " ;
5 ial these undifferentiated cells bring to genes into tour will help you integrate the Amazing
See the poﬂ"lﬂm and tesearch, Cells curriculum from the Learn.Genetics
disease treatme and Teach.Genetics website into your
classroom.
TRANSGE 2 page : 7:24.08
CLONING { Learn how | 383 Colorow o, Sait Lake City, Utah 84108, (801) 585-34 Disclaimer Permissions Privacy Policy Cite this page

nd
Clone a mouse online! Learn about the facts, myths, a
risks behind creating genetic carbon copies.

Cite this page

Disclaimer Privacy Policy Permissions
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Getting In and Out
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http://learn.genetics.utah.edu/content/begin/cells/insideacell/
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http://learn.genetics.utah.edu/content/begin/cells/scale/
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It would take nearly 5,000 strands of DNA laid side
by side to equal the width of a human hair. At the
magnification shown here {(about 7 million X), an
average human chromosome would be roughly 621
kilometers (385 miles) long, or roughly the distance
between San Francisco and Los Angeles, CA.

See the size of a nucleotide as compared to other
objects
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http://learn.genetics.utah.edu/content/begin/dna/builddna/
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Gene Control



http://learn.genetics.utah.edu/content/epigenetics/control/



http://learn.genetics.utah.edu/content/begin/cells/signals/
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http://learn.genetics.utah.edu/content/epigenetics/rats/
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http://learn.genetics.utah.edu/content/variation/newtricks/
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http://learn.genetics.utah.edu/content/addiction/drugs/mouse.html
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RCT Studies on GSLC Modules

 Amazing Cells vs. standard instructional materials,
iIncluding microscope lab (n=135)
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RCT Studies on GSLC Modules

* Epigenetics vs. NOVA scienceNOW; both
multimedia & hands-on model (n=137)
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« Studies on 8 other GSLC modules (n=400-500
students/module)

» Students showed significant learning gains
(p<0.01 or p<0.001, depending on module)



Teacher Implementation Study

Online surveys about Amazing Cells, Cloning, &
Epigenetics

* 1,024 educators, grades 4-12 & postsecondary
« HS teachers most common; 1/5% outside US

* Almost all LCD projector & student computers
 Used Learn & Teach materials together

» Used Interactive Explore activities most

» Used activities giving general overview most

» Used materials to supplement instruction



Teacher Implementation Study

Interactive Explore activities typically projected to
whole class

>1/2 of teachers adapted Print-and-Go activities
to fit students’ needs (reading level or student
knowledge)

Some teachers used Print-and-Go activities
independent of online Learn materials

Constraints:

* Time to explore modules
 Fitting state standards
» Appropriate difficulty level for students
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Welcome to the beta preview of the new Teach.Genetics website!

Here you'll find a wealth of resources and information aimed at helping educators
bring genetics, bioscience and health alive in the classroom. A companion to the PRINT-AND-GO™ LESSON PLAN INDEX
popular Learn.Genetics website, Teach.Genetics offers additional tools and
resources to support your curriculum, all free of charge.

Learn.Genetics”

> = Our activities are designed to support and
GENETIC SCIENCE LEARNING CENTER extend student learning of topics on
Learn.Genetics. Downloadable PDFs
include complete instructions, student
worksheets, overhead masters, and answer

keys.

En Espafiol |A Since this is a beta version, remember to keep checking back periodically and see
what we're adding.

TOUR THE BASICS

le confused by all the talk
‘:’b:»:?;::‘.:ned(gcnu? Try our animated
tour!
DNA TO PROTEIN oy s

Learn about DNA, protein synthesis, and
examples of protein functions.

INTRODUCTION TO HEREDITY

Five easy-to-implement clasroom activities teach the basics of heritable traits.

Three take-home activities help students share what they're learning with their -

families. EPIGENETICS:
SUPPLEMENTAL MATERIALS

Integrating the Epigenetics curriculum

VARIATION BUILD A Sign up for our email list from Learn.Cenetics and Teach.Genetics
J into your classroom is a breeze! Our
TS SELECTION & TIME MOLECL Find out about the latest news on Learn.Genetics and Teach.Genetics as well activ?ries questions, |
HEREDITY & TRA! N S Find out h as Summer Institute and workshop announcements, objectives, background information, and
Take a tour of genetic traits and see how netics is shedding light AG,C, a ideas from other teachers will help you get
s from one generation to the next. gene of natural DNA mole Sign up now started
they pa ::' :::.::“c” SR K
AMAZING CELLS
Take a look inside the dynamic world of the v y .
cell. m
|
THE NEW et k 1
PIGENETICS OF ADI AMAZING CELLS:
ABS B
« | GENETIC TECHNOLOGY VIRTUAL L SUPPLEMENTAL MATERIALS
. See cells like you've never seen them
GENE THE before! Print-and-Co activities,
background information, and a module
MCELLS . See how thi " ;
5 ial these undifferentiated cells bring to genes into tour will help you integrate the Amazing
See the poﬂ"lﬂm and tesearch, Cells curriculum from the Learn.Genetics
disease treatme and Teach.Genetics website into your
classroom.
TRANSGE 2 page : 7:24.08
CLONING { Learn how | 383 Colorow o, Sait Lake City, Utah 84108, (801) 585-34 Disclaimer Permissions Privacy Policy Cite this page

nd
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Learn.Genetics & Teach.Genetics

* Over 18 million visits in 2012
* 900,000 visits in 2001 (NIH funding began)
* QOver 47 million page views in 2012

* Intop 99.995 percentile of most used websites
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Stem Cells

STEM CELLS

-' i‘ = ;ﬁ ﬁ

THE NATURE OF STEM CELLS
Stem cells play many important roles in our bodies from embryonic development through
adulthood.

tial for treating diseases.

2

NIRrACTive explore
GO, GO, STEM CELLS
Send activating signals to stem cells and watch them get to work!

STEM CELLS IN USE

Stem cell therapies have been curing diseases for decades,
UNLOCKING STEM CELL POTENTIAL
Researchers are dvor‘vong ON NEW Ways 10 ten etass = -
medicine,

sarn more pLOOD STEM CELL NICHE
THE STE!
New devel
about sten

eneration, relies

Supported by the National Institutes of Health

SEPA SCIENCE EDUCATION
u PARTNERSHIP AWARD //

dwrkgedblod cells.
"o the red blood cels:

toll on har
akes
Girculation tal cl k‘ o circuls
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SCORE

| scenarzo 1 oF 7

sperm taken from a male goat is combined with () CORRECT

: i i di Lting [
a female's eqg in @ petr dish. The rasl'u S
emhbrya is jmplanted into the famale's uterus to | L |

develop.

CLONING

THE CLONE ZONE
Explore the history of cloning

’S fT CLON‘I\\G? OR NO1 cLTNGI N‘OTI
Test your cloning savvy with ' =

WHAT IS CLONING ?
An introduction to cloning and how it's done.

WHY CLONE ?
Evaluate the reasons for using doning technologies.

CLONING MYTHS

- egg cub
steisciive exolore : Separating the facts from the fiction.
CLICK AND CLONE
Try it yourself in the mouse cloning laboratory. WHAT ARE THE RISK  —— — -

N ~

The predictions and res

WHAT ARE SOME IS
Consider some import
ADDITIONAL RESOURCES technologies.

Links to current news and in-depth information about cloning.

acknowledgmaents

SEP A SCIENCE EDUCATIO i B
PARTNERSHIP AWARD b

Supported by the National Institutes of Health




GENE THERAPY: MOLECULAR BANDAGE ?

WHAT IS GENE THERAPY ?

TOOLS OF THE TRADE
The what and why of gene therapy research,

Explore the methods for delivering genes into calls,

CHOOSING TARGETS FOR GENE THERAPY T | / '."\
See how researchers cecide which disorders are appropriate for ‘ o Bk | "g
gene therapy. [ Y vour chole ot ¢
GENE DELIVERY: THE KEY TO GENE THERAPY nteractive explore
5 3 SPACE DOCTOR
Putting therapeutic genes into cells is easier said than done. Find \ ,
out why You are the doctor! Design and test gene tt “eh ailing aliens.

Gene Therapy Case Study: m

Cystic Fibrosis er cystic fibrosis and the

|tial treatment,

' FROM RESEARCH TO TRIALS
since all of the cells 0

y X 5 '
e How long does it take? Follow a gene the
defective protein,

large quantities of

thick, sticky mucus CHALLENGES IN GENE THERAPY
AT build up throughout .
the lungs and other _ Why isn't gene therapy a smashing suce
This results in )
2&23‘521‘,_,&), of __ rmation about gene : 2
AP SR < NEW APPROACHES TO GENE THE
tients. ’ - §
Re Examine some up-and-coming technig
small ’J garn mo
intestines EARJARACAICAIT. ACAE TUCDADV

—m iﬁﬂ—\ -'.1 : _
e —‘b SCIENCE EDUCATION
U PARTNERSHIP AWARD *)

Supported by the National Institutes of Health




Personalized Medicine

PERSONALIZED MEDICINE (PHARMACOGENOMICS)

Why do people vary in their responses to prascribed medications, both with

respect to how well it works and adverse reactions to it? . ’_
(6 = ] { 3

Researchers think the answer lies in our genes. ‘“. .'\ i}

Scientists, physicians and the pharmaceutical industry are actively developing PUS POPPIN FROGS

ways 1o customize medical treatments 1o suit our unique genetic signatures. You are the researcher] Use single nucleotide polymorphism (SNP) data to

The study of how genetic variations interface with drug response and disease prescribe medications for frogs with bad skin,

risk is called pharmacogenomics.

E

o

N\ & 9
YOUR DOCTOR'S NEW GENETIC TOOLS iy \ch,r. .‘Nm )

Investigate a pharmacogenetic test that is being used in the clinic today.
—STARTQVER |

DRUG DEVELOPMENT TODAY AND TOMORROW
Consider how pharmacogenetics might remake the drug development process.

.‘MJ N l ore M \ ADD
See how tiny variations in a person's DNA make-up can help predict drug Link
response or disease risk. phar

cowt

ackr

Knowing which genetic variant
of TPMT that Latrice has will
influence her treatment
fremendously. To determine the
dosage of Purinethol that Latrice
will need, her doctor takes a
DNA sample from her blood

and sends it o o lab.

SEPA SCIENCE EDUCATION
PARTNERSHIP AWARD | Pr

Supported by the National Institutes of Health
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DNA Extraction Virtual Lab

raction

SEPA SCIENCE EDUCATION
u PARTNERSHIP AWARD //

Supported by the National Institutes of Health =



The New Science of Addiction

The New Science of Addiction: Genetics and the Brain

addiction is a chronic disease characterized by changes in the brain
result in a compulsive desire to use a drug. A combination of many factors inch

cLeRRiFusT 3tea

Drug

whicl

genetics, environment and behavior influence a person’s addiction risk, making it an
incredibly complicated disease. The new science of addiction considers all of these f:
- from biology to family - to unravel the complexities of the addicted brain.

Brain Imaging Technologies

Modern braln Imaging techniques like PET and MRI (Magnetic Resonance Imaging) are becoming
ndispensible to researchers studying addiction and Its effects on the brain. That Is because addiction
-esearch reguires looking Inside the brain at areas where both drugs and natural chemicals act.
iesearchers can now determine how guickly drugs reach
‘eceptors In the brain and how long they stay there. Or, view
:hanges In braln activity after long-term drug use, during craving

Beyond the Reward Pathway hways Exist in the Brain

nsible for driving our feelings of

Brain region 2

Brain region 3

What | rain Pathway? wior.

atls a B a at ay 3 withdrawal, er following varicus treatments

You can think of a brain pathway as a power line that ‘or drug abuse and addiction.

connects two brain reglons. Brain pathways are made Learn More

up of interconnected neurons along which signals are B vt Take @ Closer Look \ -‘h :

transmitted from one brain region to another. e W LPRer LW \
Interconnected neurons form brain pathways which allow 1 ~Nnoosing a C 0mpo Und
communication between different brain regions. on The Other Brain Cells

jefore a PET scan begins a patient Is given a safe dose of

| radioactive compound. If the purpose of the PET scan is
o study brain activity, doctors and sclentists choose FDG
flucrodeoxyglucose), which is a modified glucose |
nelecule. |

The Dopamine Pathways

Dopamine Is the neurotransmitter used by the
reward pathway (also called the mesolimbic
pathway, which is closely associated with the

mesocortical pathway). But there are two other
Important pathways In the brain that utilize
dopamine: the nigrostriatal pathway and the
tuberoinfundibular pathway. Generally, drugs that
affect dopamine levels in the brain affect all three
of these dopamine pathways.

| k
-~
o~

A

Nigrostriatal pathway

Substantia Nigra to Striatum

. Motor control

. Death of neurons in

| this pathway can resultin
Parkinson's Disease

O

Tuberoinfundibular pathway
Hypothalamus to Pituitary gland
Hormonal regulation
_ Maternal behavior (nurturing)
- Pregnancy
Mesolimbic and Mesocortical pathways - Sensory processes
Ventral Tegmental Area to Nucleus
Accumbens, Amygdala & Hippocampus,
and Prefrontal Cortex
- Memory
- Motivation and emotional response
- Reward and desire
Addiction
. Can cause hallucinations and schizophrenia
if not functioning properly

The Few Rule the Many

Dopamine and another neurotransmitter called Serotonin
are released by a small number of neurons in the brain. But
each of these neurons connects to thousands of other
neurons. For this reason, dopamine and serotonin have a
great deal of Influence over complex brain processes.

The Serotonin Pathways

MNrisme ABar tha Drain'e Dawavd Dadk

NIDA

NATIONAL INSTITUTE

ON DRUG ABUSE

Slucose Is a type of sugar, and it Is the main energy
ource for the brain. The Injected or inhaled FDG will
snter the person's blocdstream, where It can travel to the
srain. If a particular area of the brain Is more active,
nere glucose or energy will be needed there. The more
jlucose Is used, the more radioactive material Is
ibsorbed.




Amazing Cells

AMAZING CELLS

CELLS ARE COMPLEX & DYNAMIC

The cell's interior is structured in a way that
streamlines cell function.

interactive explore
INSIDE A CELL
See the parts of a call in action.

FIC: HOW VESICLES

GO
s called vesicies carry materials

BANIZE CELLULAR

2 for organized and efficient

CELLS IN PERSPECTIVE

sperm

60 x5 pm
@ tyenyes
CELLS COMMUNICATE X chvomosome 1 =
Cells communicate through signals, aided by pathways made mostly of @ redblood cel \
A cell's response depends on the signal itself, as well as the cell type. ' §v

AN EXAMPLE OF CELL COMMUNICATION:
THE FIGHT OR FLIGHT RESPONSE

When the brain detects danger or a threat, call
signaling machinery springs into action,
producing a variety of responses throughout the
body.

HOW CELLS COMMUNICATE DURING THE
FIGHT OR FLIGHT RESPONSE

An in-depth look at one axis of cell
communication during the fight or flight
response.

In 1665, Robert Hooke coined the term cell 1o describe the structures he could see in cork with some of the
first microscopes. Since then, technology has given us an increasingly complex view of the basic unit of life.

interactive explore

CELL SIZE AND SCALE

How big are cells compared with other objects,
molecules and atoms?

THE EVOLUTION OF THE CELL
The endosymbiotic theory explains how relatives

of anclent bacteria ended up in modem-day cells.

b o skin cell

interactive axpliore

DROPPING SIGNALS

Cell signals travel through the body, coming in
contact with many cell types. The response
depends on the type of cell the signal reaches.

WHEN CELL COMMUNICATION GOES
WRONG

Cell communication can be disrupted in a number
of ways, § —~'~a= raauilting in disease.

THE INS
COMML
How sig Cell Membrgne

Lipid Bilayer
'SCause thay hayg yp
il ique chemica) 4
.’r"‘:',’"ﬂm, lipid moleculag naty, | (14
98 themsalves intg g g Y.
dual - layerey e spherical

REAL CELL VIDEOS
Links 10 real cell videos and IMS onthe
Internet.

SEPA SCIENCE EDUCATION
PARTNERSHIP AWARD

Supported by the National Institutes of Health
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EPIGENETICS

WHAT IS EPIGENETICS?

The development and maintenance of an organism is orchestrated by a set of chemical
reactions that switch parts of the genome off and on at strategic times and locations.
Epigenetics is the study of these reactions and the factors that influence them,

ntroductor

THE EPIGENOME AT A GLANCE

An introduction to the epigenome and how it instructs DNA.

nteractive expiore
GENE CONTROL
Change the level of gene expression in a cell with the turn of a dial!

earn more

TUE Erime— =

High Nurtured

Low Nurtured

GR.gene

lﬁ

Brain cell

\J

@

Adult UP

i mes are highly [| Aubio
i inbred rats, so their geno
from a long line ofinl

for their pups very differently. Lick 2 rat pup:
co!

These mothers come
similar. But they caré

. SEPA

Supported by the National Institutes of Health

EPIGENETICS & THE ENVIRONMENT
The genome dynamically resp - - -
behavior, toxins and other fac
regulate gene expression,

ATGTTGCCTACATCG
', R CATGTAGC

xplore

INSIGHTS FROM IDENTICAL
Why do the physical characteris ™ cewirrsGIVErge as
they age? Follow the interaction of the environment and the
genome in a pair of twins over time.

LICK YOUR RATS
What kind of mother are you? Care for a rat pup and shape its
epigenome.

NUTRITION & THE
What you eat can ch

EPIGENETICS & T
Epigenetic mechan!
function and in me
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NHGRI DNA Day Presentation Materials

Current research: Mapping out the timing and location

of gene expression

| Genomics Research Will Not Yield "Designer Babies”

DNA Microarray Technology Protein Expression Analysis
Allows scientists to determine which genes Allows scientists to determine which proteins
are “on" or "off” in a particular cell type are present in a particular cell type

“We’ll get closer to perfect kids from
caring families and good education
than we’ll ever get from genetics.”

- Francis S. Collins, M.D., Ph.D., Special Volunteer
and Former Director, NHGRI

The human genome contains about 3 billion
nucleotides

@ Most traits are controlled by many
genes and the environment
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3 billion nucleotides would fill
about 200 1,000-page phone books
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| All of the cells within an individual contain the exact
same genetic information ‘ DNA fragments

of different sizes 2 Apply an electrical current
across the gel. Negatively
charged DNA moves toward
the positive electrode.
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1 Put DNA samples
into wells at the

top of the gel 3 DNA fragments move

through the gel at
different speeds.

Larger fragments
move more slowly

——— Smaller fragments
move more quickly
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