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What’s the Right Medicine?

Is My Sense of Taste Controlled by my Genes?
Exploring Our DNA

How Is DNA Sequenced, and What Can We Learn?
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Chapter 4: How is DNA sequenced, and what can we learn?

CAGCCGGCTTTTCCTGCATGGACTGCTGTTCCTGAGTGCTATCCAGCTTACCCACTTCCAGAAGT TGAGTGAACCACTGAACCACAGCTACCAAGCCATCATCATGCTATGGATGATTGCAAACCAAGCCAACCTCTGGCTTGCTGC
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Exploring Precision Medicine: AMGEN Biotech Experience
Activities

Scientific Discovery for the Classroom

Sample Sequence
Our Own DNA | Analysis

Ta

Is Taste

Genetic? " Restriction

Enzyme Digest

UNDERSTANDING PRECISION MEDICINE
In this module, we explore the genetics of the ability to taste bitter
substances. It turns out that even small differences in our DNA—our
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
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.
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Video: The Sanger Method of DNA Sequencing
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http://www.youtube.com/watch?v=FvHRio1yyhQ

What underlies the ability to taste bitter things?

What kind of genetic difference do you think separates bitter
taster and nontaster alleles?

We will use DNA analytic software to explore this difference.
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Activity: Finding TAS2R38 differences

« Learn how to use NCBI BLAST

« Align a taster and nontaster DNA sequence
of TAS2R38

* Look for single nucleotide variants
« Record differences on RM 4.1

* Repeat, this time with a taster and nontaster
amino acid sequence
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Tutorial: How to use NCBI BLAST

m National Library of Medicine Login

Natronal Center for Biotechnology information

Home Recent Results Saved Strategles Help

Important update
The ClusteredNR database is now the default Protein BLAST database. Learn more about ClusteredNR

Basic Local Alignment Search Tool

S Mon, 21 Jul 2025
BLAST finds regions of similarity between biclogical sequences. The §  Hero are a faw highlights in our fatest BLAST+ release:

program compares nucieotide or protein sequences to sequence \

databases and calculates the statistical significance. Leam more & Download BLAST+ 2.17.0 now! More BLAST hews
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http://drive.google.com/file/d/1BQmK9kgxAMYpXWUchjBF2dEb1_hbg56-/view

How to use BLASTn

- Navigate to blast.ncbi.nlm.nih.gov

- Click on “Nucleotide BLAST”

457 At | po wi’ V8

Basic Local Alignment Search Tool
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http://blast.ncbi.nlm.nih.gov

How to use BLASTn

« Click on “Align 2 or more sequences”

- Enter these GenBank DNA
accession numbers:

— PTC taster: AY258597

— PTC nontaster: AF494231

- At the bottom of the page, select

“Show results in a new window,” then

click on the “BLAST” button

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) © ciowr

AY258597

Or, upload file

Choose File | No file chosen

nber & descriptive titke for your BLAST saarch
(&4 Align two or more sequences &3

Enter Subject Sequence

Enter accession number(s), gis), or FASTA sequence{s) &
[

AF494231

Or, upioad file Chaose File | No fle chosen

Program Selection
Optimize for ® Highty similar sequences (megablast)
More dissimilar saquences (discontiguous megablast)
Somewhat simidar saquences (blasin)

Choose & BLAST algantten
I

ch nucleotide sequence using Megablast (Optimize for highly similar sequences)
ihow results in a naw window
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How to use BLASTn

- On the new page, click “MSA
Viewer” next to “Other Reports”

< Edit Search Save Search Search Summary v

Job Title gb|AY258597|
RID CVOP2SDD114 Search expires on 09-21 00:20 am Download All v
- Your sequence alignment will Progam  Blast2 sequences  Gilalion v

Query ID AY258597.1 (nucleic acid)

Query Descr Homo sapiens PTC bitter taste receptor (PTC) gene, PTC .
Query Length 1002

Subject ID AF494231.1 (nucleic acid)

appear in a new window

Subject Descr  Homo sapiens candidate taste receptor TAS2R38 gene, .
Subject Length 1002

Other reports
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How to use BLASTn

Navigate through your nucleotide sequence alignment

Alignment Slider Zoom to

Single nucleotide
sequence variant (SNV) Link To View |

650 800

Find: A Tools = E Columns g:j Rows ¥ Download » ?g’ Coloring «
Sequence 1D 800 900 1002  End Organism

|consensus 1,002

' 1,002 Homo sapiens.

1,002 Homo sapiens

Taster Nontaster
sequence sequence
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How to use BLASTn

- Zoom to sequence and move the slider to identify the
position and sequence of SNVs.

m National lerary of Medicine
orp Netesse Nires

FOLLOW NCBI

- Record your findings on RM 4.1.
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http://drive.google.com/file/d/13sTp_DTYD-6rJ6YideSUAV9J2D2CUzSz/view

How to use BLASTp

- Navigate to blast.ncbi.nlm.nih.gov

- Click on “Protein BLAST”

D el e ]

Basic Local Alignment Search Tool

SLART Can mgpina cf trmiarsy Desoass. g sarsaces. The ot s et AR
P Cormowe kst Of e o is sagatcs
AR pbcysb sl o [om—
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http://blast.ncbi.nlm.nih.gov

How to use BLASTp s

Entor accession number(s), gi{s), or FASTA sequence(s) © ciar
AAP14666

« Click on “Align 2 or more sequences”

Or, upload file Choose File | No file chosan L2

[ AAP14666:PTC bitter taste receptor [Homo sapiens]

- This time, enter these GenBank i B i SAST s ©
amino acid accession numbers: Sy S—

Enter accession number(s), gi(s), or FASTA sequence(s) ©

— PTC taster: AAP14666
— PTC nontaster: AAM19322 ;,.u,,.o..,f...

Choose File | No fle chosen

Program Selection

- At the bottom of the page, select Mo | @ Mg i reieBLAST

Chooss & BLAST siganthen ©
“Show results in a new window,”
. arch protein sequenca using Biastp (protein-protein BLAST)
then click on the “BLAST” button WD o
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How to use BLASTp

Job Title gb|AAP14666.1|

- On the new page, click “MSA RID 7
Viewer” next to “Other Reports” [

. Your sequence alignment will sipa ML
appear in a new window T A TR

Subject Length
Other reports
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How to use BLASTp

¥ Dowelst » Pl Comnrg e D

180 | En NLOGUMES

T EEE! MOBUNGE
= KR MLOSUM
v Conservaton

Codurmm Quariy score - Protin

- Under the “Coloring” menu, select

“Frequency-Based Difference”

Memonne preterence
Rasrmol Amerey fod Colors
Supety Ao Aod Colors

Sl sy

- Amino acid substitutions will be visible as

vertical red lines i

Zoom to sequence

Tooks = | [l Coumne W Rows ¥ Downicad s Coloring =
”~ : o

1 2 4 L 80 100 120 140 160 180 : 2 24 260 2 300 320 333 End Qroanisny
—————— )

:
[ e e B el e e S S

| 44— Amino acid substitutions i 333 HOMO sapiens
! ! 333 Homo sapiens

Taster sequence Nontaster sequence
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How to use BLASTp

- Zoom to sequence and move the slider to identify the
position and sequence of amino acid substitutions.

m) National Library of Medicine Login
I~ Yo emoe Notmy

NCI MEA Viewer 1.20.0 (0

FOLLOW NCBI

- Record your findings on RM 4.1.
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http://drive.google.com/file/d/1Huemyot1dG9sevXUAEBWKJwGXxP4u2s3/view

Review RM 4.1: What nucleotide differences did you find?

Sequence around the difference
(4 nucleotides before and 4 nucleotides after)
Position of the difference PTC taster allele PTC nontaster allele
145 GCAGCCACT GCAGGCACT
557 CAGATTAAA CAGAATAAA
785 TGTGCTGCC TGTGTTGCC
886 AGCCGTCCT AGCCATCCT
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Review RM 4.1: What amino acid differences did you find?

Sequence around the difference
(1 amino acid before and 1 amino acid after)
Position of the difference PTC taster allele PTC nontaster allele
49 QPL QAL
186 QlK QNK
262 CAA CVA
296 AVL AlL
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What are single nucleotide variants (SNVs)?

- Changes in single nucleotides at the same position in a gene
between individuals are known as single nucleotide variants, or
SNVs

- SNVs arise due to errors in DNA replication during cell division, or
from mutagenesis

- Some SNVs result in changes to a gene’s amino acid sequence
(missense) while others do not (synonymous)

- SNVs are only heritable if they occur in germ cells
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SNPs vs. SNVs: What’s the difference?

* SNVs = Single Nucleotide Variants
* SNPs = Single Nucleotide Polymorphisms
* SNPs are SNVs that occur in a population at 1% frequency or greater

* |If single nucleotide substitutions change amino acids, they can alter
the shape and function of proteins
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How do amino acid substitutions affect proteins?

To understand, you need to learn how proteins fold
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Videos: How proteins fold

(B PROTEIN FOLDING,._...
sTRUCTURE | o ={ W)
TERTIRY ] O 7 —

‘smucrua ‘m N XSO D

‘OUATERA "
STRUCTURE

Protein Structure and Folding
with the Amoeba Sisters
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http://www.youtube.com/watch?v=5TZ1ZvjSgbY
http://www.youtube.com/watch?v=hok2hyED9go

What is the relationship between certain SNPs and
protein shape?

* A SNP that changes an amino acid may change protein folding
« Different R groups have different polarity and affinity for water

* This causes variant amino acids within the protein to bind
differently to each other

* Result: potential change to both secondary and tertiary structure
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What happens if a SNP alters a protein’s folding?

* A protein’s function depends on its 3D structure
» |If the structure changes, its function may change

 For example, a mutant receptor may no longer accept a ligand
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Are SNPs the only mutations that affect gene function?

- Other mutations can affect gene function:
— Insertions
— Deletions

- Larger chromosomal rearrangements may disable a gene:
— Translocation

— Duplication
— |Inversion
— Deletion
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Could SNPs have health consequences?
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Does every SNP affect protein structure or function?

« Some (“silent”) mutations don’t change amino acid sequence

« Other SNPs may occur in noncoding, regulatory regions

— These can affect level/location of protein expression
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The TAS2R38 SNP at nucleotide 145

Sequence around the difference
(4 nucleotides before and 4 nucleotides after)

Position of the difference PTC taster allele PTC nontaster allele

145 GCAGCCACT GCAGGCACT

Sequence around the difference
(1 amino acid before and 1 amino acid after)

Position of the difference PTC taster allele PTC nontaster allele

49 QPL QAL
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Side-by-side comparison of proline and alanine

Alanine
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How the R groups of proline and alanine differ

R groupisa
methyl
group. Can
appearin
eitheran a
helixora
pleated
sheet

R groupis a
ring. Can’t fit
in an a helix

Proline Alanine
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Location of the important SNPs of TAS2R38

TAS2R38 G Protein-
Coupled Receptor

PTC binds to the
TAS2R38 receptor

PTC Binding Site

Cell Membrane

Signal is transmitted--
produces a bitter taste!

4.32

PTC does not bind to
the TAS2R38 receptor

Signal is not transmitted--
no bitter taste!
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What about the single nucleotide variant at position 5577

- Found at low frequency in populations
- Not associated with a change in taster phenotype

- Although there is an amino acid substitution, it must not affect the
binding of PTC to the TAS2R38 receptor protein
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How PTC might bind to the TAS2R38 bitter taste receptor

“Model of the transmembrane
region of hTAS2R38 predicted here”
from Insights into the Binding of
Phenylthiocarbamide (PTC) Agonist
to Its Target Human TAS2R38 Bitter
Receptor by Biarnés X, Marchiori A,
Giorgetti A, Lanzara C, Gasparini P,

Carloni P, et al., is licensed under CC
BY 4.0
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012394
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012394
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012394
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012394
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012394
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012394
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Two alleles of the TAS2R38 receptor have different structures

+IDEeW.

Dominant allele:
Can taste PTC

Receptor shape for
schematic purposes only!)

The TAS2R38 receptor :
protein is expressed on Recessive
the surface of sensory cells allele: Cannot

within a taste bud taste PTC
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Activity: Reading DNA chromatograms
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Review: RM 4.2

*  Where does the DNA sequence start to look
“good?”
— Starting around nucleotide 22 ¥ B il M v
* What nucleotide is at position: Lot 4' W ‘J""U.MhMM‘uJL." [
— 36?7
e G
— 1047
e T
- 129?
e A
e Are there any positions which might be
heterozygous?
— Position 157
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Activity: Explore the DNA chromatogram of a weak PTC tas

INTERPRETING A HETERQIVEOUS
DIRA SEQUENCE

GCAAAC
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ACTIVITY: Explore the DMA chromatogram of 3 weak FTC
taster
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Review: RM 4.3

- TAS2R38 is on Chromosome 7. What must the AT SNPSIN A WEAKTASTER.
genotype of a weak taster be?

- Tt

- What nucleotide sequence(s) do you expect to see
at each of the 3 diagnostic SNPs in a weak taster?
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Review: RM 4.3 (continued)

- Did you observe the predicted heterozygous positions in the DNA
chromatogram?

- If you could isolate and sequence the TAS2R38 protein from taste
bud cells of a weak taster, what would you expect to see?

— Half of the protein will be the P-A-V haplotype
— The other half will be the A-V-I haplotype

- How do you explain an intermediate phenotype?
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Before the next lab

READING: Exploring the Difierences In Our DNA
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