Exploring Precision Medicine

Chapter 1: What's the Right Medicine?

Chapter 2: Is My Sense of Taste Controlled by my Genes?

Chapter 3: Exploring Our DNA

Chapter 4: How Is DNA Sequenced, and What Can We Learn?
Chapter 5: Restriction Enzyme Digestion of TAS2R38 PCR Products
Chapter 6: Gel Electrophoresis and Genotyping

Chapter 7: SNPs and Drug Metabolism
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Chapter 3: Exploring our DNA

.
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Video: How Does Your Body Process Medicine?

HOW DOES

YOUR BODY
PROGESS

MEDIGINE?
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http://www.youtube.com/watch?v=uOcpsXMJcJk

Why are we extracting our DNA and what are we looking for?

- Precision medicine studies variation in genes associated with particular
phenotypes.
We will look at a receptor gene associated with the ability to taste bitter foods.
- The bitter-taste phenotype is easy to test.

« This gene is a stand-in for medically relevant genes.
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Exploring Precision Medicine:

AMGEN Biotech Experience
Activities
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Mahieddanh
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S Use bioinformatics
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the bitter taste gene
and how genotypes
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distinguished.

Take a sample of E—
cheek cells, 1solate
DNA, and amplify a
short sequence of the
2 bitter taste gene.

o
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" Restriction
Enzyme Digest

Is Taste
Genetic?

Begin to explore a trait UNDERSTANDING PRECISION MEDICINE o
(taste) and investigate : : e . Use restriction enzyme
whether people In this module, we explore the genetics of the ability to taste bitter di etstron, to brepare to
experience it substances. It turns out that even small differences in our DNA—our e
differently g yp

genotype—can lead to major differences in traits—our phenotype.
All of our genes have such individual differences, and some lead to
changes in medically important traits. Advances in DNA sequencing
£y and bioinformatics have made it much easier to discover these
£/ differences. Similarly, understanding how each of us metabolizes
medications differently allows doctors to practice precision

== medicine—medicine based on each individual’s genotype.
Medical
Mystery

Explore the idea that

i Gel
Investigate )
Genetics of Electrophoresis

Drug Metabolism Use gel electrophoresis

Investigate the genetics to determine our bitter
of drug metabolism and L85t SehULyas:
consider how

people respond
differently to
medications and
consider the possible
reasons.

genotyping can aid 4
medical treatment. g



Read “Using Cheek Cells to Collect DNA” in your Student Guide

Figure 3.2: Mlowchart for cheek coll DNA extraction

FLOWCHART: Using Cheek Cells to Collect DNA

Figere 3.1: Materials for chiek cell DNA extraction

PROCEDURE
MATERIALS [
/4 your mouth

For each student:
\ )
it on glaves, with teathpick

A pale of glovesy )/ —ls
: setitronerc A/ Ny @
for W) sec
ﬁ ? ' | g 30 sec
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=d Swir toothpick

For each team:

In tha chapter, you wil perform » process that madical kborsturies use to coliwdt, solrie, smplify,
pod examine 3 patient’s ONA 1o detenmine which medication might be most etfective for them

ACTIVITY: Using Cheek Cells to Collect DNA

Your task 15 10 extract genoemic DNA from the nuclkei of your cheet cels, The procedure desanbed
belaw ang arernatively shown v the flowcharnt that folows this table (Fgure 3.2], wil aliow you to
tese (brwok cpan] the cheek coly, remove other colider companents, and aakeie (ust the ONA from
the cell.
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o hin is the Cheles extraction from your cheek oy, which will provide the Template ONA for
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For each team:

1 P20 micrappette and tips
1 hine.point permasent marker
Microfuge tube rack

P20 micrappetie
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For the class:
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M { 30 sec
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U Y the waste
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Discussion questions: “Using cheek cells to collect DNA”

- What happens when you heat up your sample?
— Heating the sample breaks open the cells’ nuclei and lets the DNA out

« What does the Chelex do?

—  The Chelex binds metal ions which allow DNAses to degrade damaged DNA.
We want our DNA whole!

«  Why do you centrifuge the sample after incubating?

— Spinning the sample collects all the “garbage” at the bottom of the tube
(broken-down cell components, etc.)
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Collecting cheek cells: What you’ll need

USING CHEEK CELLS TO COLLECT DNA

MATERIALS

For each student:
A pair of gloves Fat toothpick 0-_2‘"’,?;"-&’,"':"“'

For each team:

P20 micropipette Permanent Microfuge tube rack
and tips waterproof marker

For the class:

g PCR machine Waste
Microcentrifuge or heat block contalnar

P

PROCEDURE

Fut on
gloves

Swirl toothpick
n the tutie with
Chelex beads
for 30 saconds

4

Incubate the
Cholex boad
tube at 9°C
for 10 -
minutes @ 10 min
7

Set your P-20
pipette to 20 pl
and add a clean
tip.
10 200uL

Store your —
template tube I ;
-20°C 1o be 0
used in the
13

next lab, —

Turm on heat
block ar PCA
machina, and
set it to 99

Cap tube tightly
and Label with
your initials

Spirt at
4,800 g foe
1 menute,

Transfer 20 yb of
the supernatant
fram the Chelex
bead tube 10
your template
1u

Gently swab
the Inside of
your mauth
with toothgpick
for 30 sec
3

Dispose of
the toothpick
in the waste

container.

Labed a0.2-mL

tube with your

Intials and the
letter T

Descard used
tip and tibe In
the waste
contasnes
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Video: Collecting your cheek cells
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http://drive.google.com/file/d/1MwwCD0RjyV_bCHau4ZunA7ibxy2YUbLe/view
http://www.youtube.com/watch?v=wNROIYJO_Jc

Collecting and Extracting DNA (Figure 3.2, Steps 1-6)

PROCEDURE

Gently swab B N

the inside of

’ ’ Turn on heat
44 block or PCR
7 your mouth
b |

Put on
gloves.

machine, and with toothpick

set it to 99°C. =
' for 30 sec. 30 sec

3

2

Swirl toothpick
Dispose of

in the tube with :
Chelex beads Cap tube tlghtly the toothpick
container.

for 30 seconds. o
T your initials.

30 sec 6

4
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Collecting and Extracting DNA (Figure 3.2, Steps 7-13)

Incubate the
Chelex bead
tube at 99°C

for 10 2 X\
minutes. 10 min

7

Spin at
4,800 g for
1 minute.

Set your P-20
pipette to 20 pL
and add a clean

tip.
10

Transfer 20 pL of
the supernatant
from the Chelex
bead tube to
your template
11 tube.

3.11

Labela 0.2-mL

tube with your

initials and the
letter “T”.

%

T

Discard used
tip and tube in
the waste
container

12

Store your
template tube
-20°C to be
used in the

next lab.
13
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Make sure to pipette the supernatant without disturbing
the Chelex beads at the bottom of the tube!

Supernatant,
containing
the DNA

Chelex
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http://drive.google.com/file/d/1DrXE7Av3bmG9MTJI-nvuKJOv6wIHxpM8/view

Program your thermocycler

“Copy That DNA” Program for thermocycler

Step Number of Temperature Time (s)
cycles

Initial
Denaturation

Denaturation
Annealing
Extension

Final Extension
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What you need to set up your PCR

For each team:

COPY THAT DNA

Fine point P-20 micropipette Cup of crushed ice
permanent marker and tips

MATERIALS
)
For each student:
: 0.2-mL microfuge tube 0.2-mL microfuge tube
A pair of gloves 0.2- "‘Lf‘emplg‘e containing 12. S%L PCR  containing 12 pL TAS2R38
microfuge tube master mix, labeled "MM”*  primer mix, labeled “P"

’ ’ labeled “T" (must be kept on ice) (must be kept on ice)
LY - _ =

For the class:

Microcentrifuge Thermocycler Computer, Chromebook, or tablet

(if necessary)

0.2-mL microfuge tube 0.2-mL 0.2-mL microfuge tube 0.2-mL microfuge tube
containing 3 &L C+ microfuge tube _containing 12.5 uL PCR  containing 12 uL TAS2R38 In therm OCYC' er,
control template containing 3 pL master mix, labeled "MM™  primer mix, labeled “P”
sample d 8 (must be kept on ice) (must be kept on ice) rea dy for PCR

P-
- ad
H20

Your template DNA, Iabeled with
your initials PCR Master  primer mix

Mix
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Procedure for PCR amplification

PROCEDURE

Label the top of the
master mix (MM)
tube with your
initials or assigned
number.

Keeping the MM
tube onice, add
10 pL of the primer
mix into the MM
tube. Gently
pipette up and
down 3X to mix.

3

\/

v

Transfer 2.5 pL
from your
template tube (T)

and down 3X to
mix.

into your MM tube. [
Gently pipette up HQ\

Ensure that the
tube is capped
tightly.

Centrifuge tubes
for 5-10
seconds. Place
tubes onice
until all samples
are ready.

6

Once the “Copy That DNA” program is
finished, open the lid of the thermocycler
and leave it for 15-30 seconds to cool
before removing the tubes from the PCR
machine. If you will be proceeding with
restriction digestion within a few days, store
the samples at 4°C; otherwise, store sample
tubes in the freezer at -20°C.

v

thermocycler(s). _z~
Run the “Copy
That DNA” ~ /L]
program. S

Add all sample 3
tubes to the ]}

p

Stop here and allow your
teacher to complete the
remaining step of the
procedure.

3.15
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While the PCR is running.. ..

«  What reagents are required for PCR?
« Template DNA
« Primers
«  Nucleotides
« DNA Polymerase
- Buffer

«  What are the 3 main stages of PCR?
« Denaturation
« Annealing
« Extension

«  Why is PCR necessary?
« To make numerous copies of a DNA sequence of interest
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While the PCR is running . . ., continued

How many cells did you scrape from your mouth?

Thousands

How can PCR “find” the right DNA sequence in a sample of genomic
DNA?

Primers hybridize only to that exact DNA sequence.

Can you use cells from just any human tissue to extract your template
genomic DNA for PCR?

The cells must have a nucleus (diploid).
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While the PCR is running . . ., continued

Why did we use PCR controls C+ and C-?
C+ contains template DNA. It shows that the PCR worked.

C- is only water. Nothing should show up except “primer dimers.” It
demonstrates that the Master Mix is not contaminated with DNA.
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KNOouout experments (Buler poims)

Knockout experiments (table}

Inbartance

Location

Netative vire of amplfied DNA oo gol ["Smal,” "Medum,” “Larps,” “Tatrs Large.”] pla
chramodamal band saeSocaton on cheomosome

NOTE: You may want to cross out the cells in the recording table wihere powr gene & nor located
Tris will help vou eliminste gossbitties snd make It sasier to entsy the cormect sngwer |

READING: How Is DNA Sequenced?

Toe human genome contalns approximately 3 Bilion base pairs in 0w 23 pars of pOrOsones!
How do we know thih? Technodogy hae sllowed scientists 10 determine the sequence of hase pain
In our DNA. Although there are now muttiple technologies used to sequence DNA, one of the carly
methcds was Sang: yuanciag {mamed after Fradanick Sanger, who developed the method with
hi colleagues s 1977). The Muman esame Praject {1990-2003)~ & lirge, collaborative,
insecnational project that generated the first full sequence of the homan genome —used Sanger
sequencing

Seguensing reders 1o the process of detarmineng the order of aucotides n & ruclic 2cd smple
DA serves 252 Dluegent for making proteins and RNAS, soch 3¢ mARNA and LRMA, For proteins, our
wlular machinery deciphers the ONA cote and uses thes, along with KNAS, 10 minulacture the
proteiee we need. Snce 2003, when the resuts of the humas gerame project were publshed, DTNA
sequencing technalogy hes become mucs lmter, cheaper, and mare resdly scoosslile. Howover,
schentists are stil working to understand precisely which regions of the human genome do waat and
ungar what circumstasnces, By anslyzing ang comparning thousands of gencomes with sophisticated
softwary, we hope to enlock more of DNA's socrats i the yours to come.,

Sargey sequenting Is now used 1o quichly identify the ceder of nedlectides in a segmant of genetic
materal Senper sequescing coasists of three major phases: chan tarmisation POR, g2e separation
by g slectrephormin, and Gver ian

CHAIN TERMINATION PCR

Sanges sequanciag beging by Mamessing the power of PO 10 & standand golymerase chaen reaction,
DNA polymerase 3dds nacleotises in an order desermines by 2 template DNA strand. Sanger
sequencing feeds some specially modfied nucfeotides into the reaction at random & addition 10
norma nedectdes. These modifed nucleotides h Twn apectal propecties: they lack an ouygen
Broun, end they sew a0 abie 1o fluotece. When coe of these luerescent modfied nuckotides is
D3ded to & strand of temalate DNA, the chemical difference jams the polymecase and stops it from
rephcating the rmaingar of the strand, moch ke 2 stuck spper. The fragment will now hawe 2
gowing muclentide ot its teraninug (ens), which can be detected by o computer. The grocess
repeaty, crmating numsrous fragments of varpng lengths, sach ensing o & lusrescent suclectide

SIZE SEPARATION 8Y GEL ELECTROPHORESIS

In this nast phaye of Senger sequencing, the new fragments are sorted by s2e 2o help determing
e ordar of the nutheotides. Jn the past this wis done by hand wuing tradnionsd gol dectroghorness,
but geks can now 5o be ren automazically withis modem sequencing machines

To sort the fragments by size, the DNA Is loaded nto a pel and an electrical charge & run through
B g 10 wparate the fragments. The smaleat, mat itreambned poce wif trav the farthest
Brovgh the gel, wharess the largest, Sulkiest paces will travel the shartest datance. Decaute ONA
pulpmerase only synthesizes i the 5° 1o & Slrecton, e sriadlesl fragment wil cortesgend with the
first nucleatide at the 5' end of the target strand The next smadest fragment will end with the
second muclegtide from the 5° end, the third smalet with the thrd nuclootide, and so on

LASER EXCITATION AND DETECTION

In the lisal phase, the gl reults ane aither andyzed by Sand of within & sequencing machme

Figurs 1.71 A chromatogram

" ' oW

Al

RN
||‘"“,l v

Il“ n'
LRI

In automated mechines, 4 lewet ustes the Nuoswcent nacdestides of the sod of sach fragment
Each nudeotide—A, T, C and G—emis a unque type of Iight, which the computer can detect and
Imerpret The computer comples the Information aboot the sudlectdes ot the ead of cach
fragment, sorts the fragments into the correct order, and generates an tutpet caled 2

rematogram (e Figure 3.7). A chromatogram duploys the nucleotides at sach pastion and
Inficates the level of Museeicence emiited By each rucleotide in the sequente. Mgher peaks (en
the left v the image) indicate stronper signals, wheeeas lower paaks (on the right] indcate weaker
signals and bess curtainty.

Read “How Is DNA Sequenced?” in your Student Guide
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