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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 4: How is DNA sequenced, and what can we learn? 
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Video: The Sanger Method of DNA Sequencing
The Sanger Method of DNA Sequencing

This is a short animation detailing the steps involved in the original Sanger Method of DNA Sequencing. I hope you enjoy :) Also please note a mistake I made, DNA synthesis occurs in 5' to 3' direction!!

#dna_sequencing_sanger_method
#Sanger_Sequencing
#dna_sequencing
#Biology
#Biochemistry
#dna_sequencing_methods
#sanger_sequencing_animation
#sanger_method_of_dna_sequencing
#sanger_dna_sequencing
#sanger_sequencing_of_dna
#genomics
#fred_sanger
#rna
#life_sciences
#genetics

http://www.youtube.com/watch?v=FvHRio1yyhQ
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• What kind of genetic difference do you think separates bitter 
taster and nontaster alleles?

• We will use DNA analytic software to explore this difference.

What underlies the ability to taste bitter things?
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• 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

Activity: Finding TAS2R38 differences
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Tutorial: How to use NCBI BLAST
EPM BLAST Tutorial .mp4

http://drive.google.com/file/d/1BQmK9kgxAMYpXWUchjBF2dEb1_hbg56-/view
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How to use BLASTn

• Navigate to blast.ncbi.nlm.nih.gov

• Click on “Nucleotide BLAST”

http://blast.ncbi.nlm.nih.gov
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How to use BLASTn

• Click on “Align 2 or more sequences”

• Enter these GenBank DNA 
accession numbers:

– PTC taster: AY258597

– PTC nontaster: AF494231

AY258597

AF494231

• At the bottom of the page, select 
“Show results in a new window,” then 
click on the “BLAST” button
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How to use BLASTn

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

• Your sequence alignment will 
appear in a new window
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How to use BLASTn

Slider

Nontaster 
sequence

Zoom to 
sequence

Taster 
sequence

Single nucleotide 
variant (SNV)

Navigate through your nucleotide sequence alignment
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How to use BLASTn

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

• Record your findings on RM 4.1.

Video–Zoom to sequence, move slider, identify SNVs.mov

http://drive.google.com/file/d/13sTp_DTYD-6rJ6YideSUAV9J2D2CUzSz/view
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How to use BLASTp

• Navigate to blast.ncbi.nlm.nih.gov

• Click on “Protein BLAST”

http://blast.ncbi.nlm.nih.gov
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• Click on “Align 2 or more sequences”

How to use BLASTp

• This time, enter these GenBank 
amino acid accession numbers:

• At the bottom of the page, select 
“Show results in a new window,” 
then click on the “BLAST” button

– PTC taster: AAP14666

– PTC nontaster: AAM19322

AAM19322

AAP14666
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How to use BLASTp

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

• Your sequence alignment will 
appear in a new window
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How to use BLASTp

• Under the “Coloring” menu, select 
“Frequency-Based Difference”

• Amino acid substitutions will be visible as 
vertical red lines

Slider

Nontaster sequence

Zoom to sequence

Taster sequence

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

How to use BLASTp

Video–Zoom to PROTEIN sequence, move slider, identify substitutions.mov

• Record your findings on RM 4.1.

http://drive.google.com/file/d/1Huemyot1dG9sevXUAEBWKJwGXxP4u2s3/view
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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

557

785

886

CAGATTAAA

GCAGCCACT

TGTGCTGCC

AGCCGTCCT

GCAGGCACT

CAGAATAAA

AGCCATCCT

TGTGTTGCC
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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

186

262

296

QIK

QPL

CAA

AVL

QAL

QNK

AIL

CVA
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• 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

What are single nucleotide variants (SNVs)?
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• 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

SNPs vs. SNVs: What’s the difference?
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To understand, you need to learn how proteins fold

How do amino acid substitutions affect proteins?
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Videos: How proteins fold

GET HUGE!!! Protein Structure and Organisation

Mr. Dundon explains the structural organisation of proteins, structure of amino acids, unique folding due to R groups and links to previous tutorials.

►Become a FREE SUBSCRIBER to JAMES DUNDON now:
https://www.youtube.com/user/mrjamesdundon

-----------------------------------------------------------------------------------
My Links:

►Facebook  http://facebook.com/anytimeeducation

►Twitter  http://twitter.com/james_dundon

►Web  http://www.anytimeeducation.com
---------------------------------------------------------------------------------

Protein Structure and Folding

After a polypeptide is produced in protein synthesis, it's not necessarily a functional protein yet! Explore protein folding that occurs within levels of protein structure with the Amoeba Sisters! Primary, secondary, tertiary, and quaternary protein structure levels are briefly discussed. Video also mentions chaperonins (chaperone proteins) and how proteins can be denatured.

Table of Contents:
00:00 Intro
0:41 Reminder of Protein Roles
1:06 Modifications of Proteins
1:25 Importance of Shape for Proteins
1:56 Levels of Protein Structure
2:06 Primary Structure
3:10 Secondary Structure
3:45 Tertiary Structure
4:58 Quaternary Structure [not in all proteins]
6:01 Proteins often have help in folding [introduces chaperonins]
6:40 Denaturing Proteins

*Further Reading Suggestions*

Related to Protein Misfoldings:

https://www.nature.com/scitable/topicpage/protein-misfolding-and-degenerative-diseases-14434929
https://www.scientificamerican.com/article/misfolded-proteins-travel-in-huntington-s-disease/

Learn About "The Protein Folding Problem":
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2443096/

Factual References:

OpenStax, Biology. OpenStax CNX. Jun 1, 2018 http://cnx.org/contents/185cbf87-c72e-48f5-b51e-f14f21b5eabd@11.2.

Reece, J. B.,  Campbell, N. A. (2011). Campbell biology. Boston: Benjamin Cummings / Pearson.

The Amoeba Sisters videos demystify science with humor and relevance. The videos center on Pinky's certification and experience in teaching biology at the high school level. For more information about The Amoeba Sisters, visit: 
http://www.amoebasisters.com/about-us.html

We cover the basics in biology concepts at the secondary level. If you are looking to discover more about biology and go into depth beyond these basics, our recommended reference is the FREE, peer reviewed, open source OpenStax biology textbook: https://openstax.org/details/books/biology

⭐We have a menu of our resources that complement our videos! Visit https://docs.google.com/spreadsheets/d/1b3kmAzFEjWgoMKCrkeNCKFYunWk04IuLY93jI4OY0gY/edit?usp=sharing

Support Us? https://www.amoebasisters.com/support-us

Our Resources:
Biology Playlist: https://www.youtube.com/playlist?list=PLwL0Myd7Dk1F0iQPGrjehze3eDpco1eVz
GIFs: https://www.amoebasisters.com/gifs.html
Handouts: https://www.amoebasisters.com/handouts.html
Comics: https://www.amoebasisters.com/parameciumparlorcomics
Unlectured Series: https://www.amoebasisters.com/unlectured

Connect with us!
Website: http://www.AmoebaSisters.com
Twitter: http://www.twitter.com/AmoebaSisters
Facebook: http://www.facebook.com/AmoebaSisters
Tumblr: http://www.amoebasisters.tumblr.com
Pinterest: http://www.pinterest.com/AmoebaSister­s
Instagram: https://www.instagram.com/amoebasistersofficial/

Visit our Redbubble store at https://www.amoebasisters.com/store

TIPS FOR VIEWING EDU YOUTUBE VIDEOS:
Want to learn tips for viewing edu YouTube videos including changing the speed, language, viewing the transcript, etc? https://www.amoebasisters.com/pinkys-ed-tech-favorites/10-youtube-tips-from-an-edu-youtuber-duo

MUSIC:
Our intro music designed and performed by Jeremiah Cheshire.

End music in this video is listed free to use/no attribution required from the YouTube audio library https://www.youtube.com/audiolibrary/music?feature=blog

COMMUNITY:
We take pride in our AWESOME community, and we welcome feedback and discussion.  However, please remember that this is an education channel. See YouTube's community guidelines and how YouTube handles comments that are reported by the community. We also reserve the right to remove comments.

TRANSLATIONS:
Hindi Subtitles Credit: Alisha Aggarwal

While we don't allow dubbing of our videos, we do gladly accept subtitle translations from our community. Some translated subtitles on our videos were translated by the community using YouTube's community-contributed subtitle feature. After the feature was discontinued by YouTube, we have another option for submitting translated subtitles here:  https://www.amoebasisters.com/pinkys-ed-tech-favorites/community-contributed-subtitles We want to thank our amazing community for the generosity of their time in continuing to create translated 
subtitles. If you have a concern about community contributed contributions, please contact us.

http://www.youtube.com/watch?v=5TZ1ZvjSgbY
http://www.youtube.com/watch?v=hok2hyED9go
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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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• 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

What happens if a SNP alters a protein’s folding?
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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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• 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

Does every SNP affect protein structure or function?
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Sequence around the difference

(4 nucleotides before and 4 nucleotides after)

Position of the difference PTC taster allele PTC nontaster allele

The TAS2R38 SNP at nucleotide 145

145 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

GCAGCCACT
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Side-by-side comparison of proline and alanine

Proline Alanine
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How the R groups of proline and alanine differ

Proline Alanine

R group is a 
ring. Can’t fit 
in an ⍺ helix

R group is a 
methyl 
group. Can 
appear in 
either an ⍺
helix or a β 
pleated 
sheet
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Location of the important SNPs of TAS2R38
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What about the single nucleotide variant at position 557?

• 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

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/
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Two alleles of the TAS2R38 receptor have different structures

The TAS2R38 receptor 
protein is expressed on 

the surface of sensory cells 
within a taste bud

T
Dominant allele: 

Can taste PTC

t
Recessive 

allele: Cannot 
taste PTC

Papillae with 
taste buds

(Receptor shape for 
schematic purposes only!)

A taste bud

Wild-type

Mutant
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Activity: Reading DNA chromatograms

Record your results on RM 4.2
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Review: RM 4.2

• Where does the DNA sequence start to look 
“good?”
– Starting around nucleotide 22

• What nucleotide is at position:
– 36?

• G
– 104?

• T
– 129?

• A
• Are there any positions which might be 

heterozygous?
– Position 157



4.38

Activity: Explore the DNA chromatogram of a weak PTC taster
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• TAS2R38 is on Chromosome 7. What must the 
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?

Review: RM 4.3
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• 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?

Review: RM 4.3 (continued)
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Read “Exploring the 
Differences in Our DNA” in 
your Student Guide

Before the next lab
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