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TA Info

Yizhen CHEN (Channie)

Office: SHB 1023

Email: yzchen@cse.cuhk.edu.hk
Consultation hour: Tue 14:00-16:00
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Agenda

Course Assessment

Introduction to Bioinformatics

Demonstration on how to do exercise related

to Web tool

Case Study: Mutation and disease (Sickle Cell

Anemia)

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021



Course assessment

Assignments: 40%
Class participation: 5%
Reading presentation: 5%
Mid-term examination: 20%
Final examination: 30%
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What is “Bioinformatics”?

* Biology + Informatics

* For Biology, you will learn / see:
— Some biology terms
— Basic but important biology concepts

— Some medical problems (e.g. find genetic variants that are
related to a disease)

* For Informatics, you will learn / see:
— Some engineering terms

— Large-scale data sets

— Some systematic ways to solve problems and analyze
results

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021



Basic terms in Biology

Bioinformatics

Cell
Chromosome
DNA

RNA

Protein

Amino acid
DNA Replication
Transcription
Translation

Codon

Application of computer science and information
technology to the field of biology and medicine

Basic functional unit of life

Organized structure of DNA and protein found in cells
Carrying genetic information / double helix /A, T, C, G
Single strand /A, U, C, G

A strand of amino acids, folded into a particular
structure

20 common types

DNA = DNA (mitosis and meiosis)
DNA > RNA

RNA = Protein

Specify which amino acid will be translated for each DNA
triplet
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Basic terms in Biology

Coding Strand
Template Strand

Mutation

Transition

Transversion

Synonymous Mutation
Non-synonymous Mutation
Missense Mutation
Nonsense Mutation

Single Nucleotide
Polymorphism (SNP)

Appears the same (except T = U) as the RNA transcribed
Used as the template for RNA synthesis

Change of DNA sequence, e.g. substitution, insertion or
deletion (indel) in some genomic regions

Nucleotide changes within purine (nucleotides with two
carbon rings, i.e., A <> G) or within pyrimidine (nucleotides
with one carbon ring, i.e., C <> T)

Nucleotide changes other than A <> G and C <= T (more
change in size, leading to more drastic consequences)

Different DNA sequences produce the same protein
Different DNA sequences produce different proteins
Change one amino acid to another (Non-synonymous)
Change one amino acid to stop codon (Non-synonymous)

a substitution of a single nucleotide at a specific position in
the genome in a sufficiently large fraction of the population

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021



Central Dogma

I Adenine A P
I Guanine
u Uracil U

Base pairs (o (] Cytosine C

A Adenine T Thymine _ phosphate

R= Ribose

G Guanine CCytosme

Sugar phosphate
backbeone

5%

Protein

Image credit: http://ghr.nlm.nih.gov/handbook/basics/dna, http://www.biologycorner.com/biol/DNA.html, wiki image
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Central Dogma

Coding Strand: Appears the same (except

Template Strand T = U) as the RNA transcribed
\ Template Strand: Used as the template
for RNA synthesis
Coding Strand P
N R
Base pairs
\ . . .
X Transcription Translation
- \JL '
» ; Sugar phosphate
/ backbone
D

Protein

DNA RNA

Image credit: http://ghr.nlm.nih.gov/handbook/basics/dna, http://www.biologycorner.com/biol/DNA.html, wiki image
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Some useful videos

DNA Replication: https://www.youtube.com/watch?v=TNKWgcFPHqw
Transcription: http://www.youtube.com/watch?v=WsofH466Igk
Translation: http://www.youtube.com/watch?v=5bLEDd-PSTQ
Mitosis: https://www.youtube.com/watch?v=f-ldPgEfAHI&t=32s
Meiosis: https://www.youtube.com/watch?v=VzDMG7ke69g

Youtube channel
Amoeba Sisters
https://www.youtube.com/user/AmoebaSisters

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021
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Codon table

Second base

UUU_Phenyl- UCU UAU Twoal uUGU toi
vuc ] alanine ' |uce A UAC]_ yrosine’Y | ;¢ [—Cysteine C
UUA'_L ine I UCA S UAA Stopcodon | UGA  Stop codon
UUC._ sucine: L. 1ueo | UAG Stop codon | UGG \Y}l'ryptophan
CUU™ CCU™ CAU 1 i CGUT
cuc 1. lcce | oo |cactHStdneH lgge )
—Leucine 1. — Proline = — Arginine
CUA CCA b |caa | ceA R
CUG. CCG. CAG_—G'"tam'“GQ CGG._
AUU 7 1 ACU AAU 7 . AGUT '
AUC |-Isoleucine | ACC | Aac JAsparagine | yqi [~Serine §
— Threonine N
AUA _ . ACA T AAA - AGA -
ethionine | ACG _| AAG — Lysine AGG — Arginine
AL 1Vlgart codon = = R
GUU GCU GAU™ Aspartic GGU
Guc | . GCC . GACI acid ) [GGC | gy
— Glycine
GUA [~ Valine V GCA Alamnc;\ BAR ‘Ghitisic. | GOA G
GUG GCG GAG I acid | |GGG-

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021
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Exercise: Transcription and translation

* Given the following coding strand of a DNA:
123456789012345678901234567890
52 -TGTTGCATGAGATATGTACAGAGGTAGTGA-3"

 Work out the pre-mRNA and mature mRNA, if position
from 16 to 21 are intron, and the remaining are exons

 Deduce a protein sequence from the mature mRNA,
and explain briefly how the sequence is deduced

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021
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Answer: Transcription and translation

* Pre-mRNA:
— 5° -UGUUGCAUGAGAUAUGUACAGAGGUAGUGA-3’

* Mature mRNA:

— 5”2 -UGUUGCAUG UAU UAGUGA-3"
* Protein:

* A coding sequence will always start with start
codon (AUG) and end with stop codon (UAA,
UAG or UGA).

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021
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Exercise: Six reading frames

* You are provided with a DNA sequence within
a coding region below:

— Write down the sequence of reverse strand, and

— Deduce ALL possible protein sequences (you may
NOT worry about the start codon and stop codon)

* DNA sequence:
5-AACTTGTTCGTACA-3’

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021
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Six reading frames

Given a sequence of DNA in coding reg
ways to translate the DNA to protein.

ion, we can have 6

UUUT_Phenyl- ., |ucuT UAU : UGU ' 1]
B vuct aianine Fluce | iosing Ung J-rosine Y | &0 -Cysteine C c
UUA:|_L ine’ I UCA S UAA Stopcodon | UGA  Stop codon [aS
uuc ~eueine L juce ] UAG Stop codon | UGG  Tryptophan [(&
W
cuuT ccu CAU:I__ _— cGU u
cuc o I |cce ' cac JHistidine H | o0 . c
[+ —Leucine 1. I—Proline Arginine
E N 9 CUA CCA P [CAA Gutami CGA R AR
Xal I Ip e . & cve- cCG. CAG]‘ U‘am'“b CGG G H
B AuuT I |AcuT AAU | AGUT . g
“ Il AUC [isoleucine | ACC | AAC]'AS""'QQ'{Q‘ Agc J-Sene S g ®
+ Iy AuA ACA "”"';e AAA AGA A
ethionine | ACG T AAG:I—Lysine A(;G:I—Arginine
AuQ Nj:t‘art codon K R K
+ 2 T C S Y GUUA GCUA GAUT_Asparic | GGU U
Guc | . Gaee |, GAC I acid ) |GGC | gy c
Sl cua [Vaine V| ooy Alamne\ GAAT Ghitic. | GGA YClneC i~
GUG. GCG. A |GAGI acid | |GGG N c

+1 N L F V
57 -AACTTGTTCGTACA-3’
3”7 -TTGAACAAGCATGT-5"
K N T C
S T RV

V Q E Y

BMEG3012 Bioinformatics Tutorial Notes | Spring
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Six reading frames

Given a sequence of DNA in coding reg
ways to translate the DNA to protein.

ion, we can have 6

Second base

UUUT_Phenyl- ., |ucuT VAU rosi uGU i u
B vuc " aianine Flyuce e UAc:I_ Ll § uec} Oysteine C [
UUA]—Leucine 1 UCA S UAA Stopcodon | UGA Stop codon [
uuc “ | UCG UAG  Stop codon | UGG Tryptophan G
CUUT ccuT CAUT .. . cGu u
S cuc || e L | CCC i CAc:I'H's“d'"eH cae - c
—Leucine 1. — Proline Arginine
EX a I e . 9 CUA CCcA P CAA:I—GIutamin CGA R WA=
| I Ip . f: cuG ccaG CAG ‘b CGG 2
B AuuT I |AcuT AAU | AGUT . g
*“ I AuC [isoleucine | ACC | Aepereane Acc Jserne S g %
+ il AUA ACA ym]_ AGA:I_ A
ethionine | ACcG ! Lysine Arginine
AUA M tort codon ool kK ([A0S R K
+ 2 T C S Y GUU GCU GAUT Aspartic | GGU U
~ i Gace |, GAC] acid ) |GGC ' c
8 cua [Valine V| ooy —Alanine HAR| ‘Ghiseiic. | G6A G‘YClneG "
GUG | GCG_| A | gac acid | |GGG G

+1

52 {AACFTGTTCGTACA-3?
37 - TTGAACAAGCATGT-5’
K N T C
S T R V
V Q E Y

BMEG3012 Bioinformatics Tutorial Notes | Spring
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Six reading frames

Given a sequence of DNA in coding regi

ways to translate the DNA to protein.

ion, we can have 6

UUUT_Pheny- - | UCUT] VAU rosi uGU i u
B vuc " aianine Flyuce e UAC]_ Ll § uec} Oysteine C [
UUA]—L ine’ I UCA S UAA Stopcodon | UGA Stop codon [
uuc_~teucine L | ycg | UAG Stop codon | UGG w;l’ryptophan G
CUUT ccuT CAUT .. . cGu u
cuc e 1, | CCC i CAc:I"H's“d'"eH cae - c
[+ —Leucine 1. — Proline Arginine
Example: | & e It I - F
p . f: cua ccaG CAG b CGG 2
B AuuT I |AcuT AAU | AGUT . g
& B AUC |Isoleucine |ACC | | Aac Jhsparegine | 5dc T-serne 5 (1§
Threonine N c
Y AUA | ACA 'y AAA]_ AGA:I— A
ethionine | ACG_| ! AAG Lysine AGG Arginine
AU Nj:tlart codon K R K
+ 2 T C S Y GUUT GCU GAUT Aspartic | GGU U
GuC ! Gce ) GACI acid ) |GGC ' c
G - = Glycine
Gua [~ Valine Vv GCA Alamne\ HAR| ‘Ghiseiic. | G6A c B
GUG. GCG | A |GAGI acid | |GGG N

+1 N L F V

57 -AACTTGTTCGTACA-3’

3”7 -TTGAACAAGCATGT-5"
K N T C
S T RV

V Q E Y

BMEG3012 Bioinformatics Tutorial Notes | Spring
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Six reading frames

Given a sequence of DNA in coding regi

ways to translate the DNA to protein.

ion, we can have 6

Second base

UUUT_Phenyl- ., |ucuT VAU Trosi uGU i u
B vuc " aianine Flyuce e UAc:I_ Ll § uec} Oysteine C [
UUA]—Leu dine: 1 UCA g |uaa Stop codon | UGA  Stop codon [
uuc < |uccd UAG Stop codon | UGG \Y;I'ryptophan (e}
CuUT ccuT CAUT . . . cGU u
cuc e 1, | CCC ' CAc:I'H's“d'"eH cGe - c
[+ —Leucine 1. — Proline Arginine
Example: | E e I it I -
p . 4l cuc.| cCG CAG %) cec G
B AuuT I |AcuT AAU | AGUT . g
i B AUC |-Isoleucine | ACC _ AAc:I'AS“"’”’Q'"‘a Aec:l'se""e S K43
—Threonine N c
AU ethionine :gg T :I—Lysine AGA:I—Arginine A
Aua MYjeome . AAG K |AcG Sl G
+ 2 T C S Y GUUA GCUA GAUT_Asparic | GGU U
Guc | . Gace |, GACI acid ) |GGC | gy c
S} cua [Vaine V| oo —Alanine GAAT Ghitic. | GGA YClneG i~
GUG | GCG_| A | gac acid | |GGG G

+1 N L F V

57 -AACTTGTTCGTACA-3’

3”7 -TTGAACAAGCATGT-5"
K N T C
S T RV

V Q E Y

BMEG3012 Bioinformatics Tutorial Notes | Spring
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Six Reading Frames

Given a sequence of DNA in coding region, we can have 6
ways to translated the DNA to protein

Second base

A (c]
UUUT_Phenyl- .. |UCU UAU i UGU .
vuc. alanine E ucc ]—TyrosmeY UGC]—Cystelne C

U Serine UAC
e JLeucine 1 pe G |uAa Stopcodon UGA  Stop codon
uuc « | uce UAG  Stop codon | UGG  Tryptophan
W

CuuT ccu CAUT i cGu
Histidine -
Il CUC || ocine L | €€C | proi CAC]_ CGC | » cini
I R

cua [Leucine Lo | 228 | Ee . Gan [-Arginine
CUG. CcCG CAG]—GIutammb CcGG

Example:
+3 L V R T e e el oo
AUGW:::‘?:(;’;/ T MG]—Lysine K AGG]—ArginineR
+2 T Y awy e e e
C S G ;&%V ggé:|~Alanln<j’\ g:e S;?;ami}i gge:|— ycmeG
+1 N L F V
5 -AACTTGTTCGTACA=3"’
3’ -TTGAACAAGCARGT -5’
-1 K N T C
-2 S T R V

-3 V Q E Y

First base

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021
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Six Reading Frames

Given a sequence of DNA in coding region, we can have 6

ways to translated the DNA to protein

Second base

UUUT_Phenyl- ., | UCUT] UAU ; uGU ;
. UUC]_aIanine Flyce e Uae | rosine Y | BEY -Cysteine C
UUA:I—Leucine I UCA S UAA Stopcodon | UGA  Stop codon
uuc « | UCG UAG Stop codon | UGG w;l’ryptophan
W
CuUT ccuT CAUT .. . cGu
cuc - L |ece ' CAC]_H'S"d'neH cGC iy
(o c —Leucine 1. —Proline Arginine
E I * 2 o <o P |GAA ]— Glutamin g R
Xal I Ip e . 2 i cue. cCG CAG )| cee
2 Auu- I |acu AAU _|aGu .
i B AUC |-Isoleucine | ACC | , AAc]_Asp“'ag'"e Aec]—se”"e S
Threonine N
'Y AuA | ACA T |As AGA
ethionine | AcG_| ! ]— Lysine ]—Arginine
AUG Mga e AAG K |AGG R
+ 2 T C S Y GUUT GCUT GAU Asparttic | GGU
GUC ' Gce ) GACI acid ) |GGC !
G - — Glycine
GUA [~ Valine A\ GCA Alanlne\ BAR Guinsic. |GGA
GUG GCG . A laaGT acid [, | GGG

+1 N L F V
57 -AACTTGTTCGTACA-3’
37 -TTGAACAAGCATGT-5"
K N T C
S T RV

V Q E Y

BMEG3012 Bioinformatics Tutorial Notes | Sprin
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Six reading frames

Given a sequence of DNA in coding regi

ways to translate the DNA to protein.

ion, we can have 6

Second base

UUUT_Phenyl- ., |ucuT VAU Trosi uGU i u
B vuc " aianine Flyuce e UAc:I_ Ll § uec} Oysteine C [
UUA]—Leu dine: 1 UCA g |uaa Stop codon | UGA  Stop codon [
uuc < |uccd UAG Stop codon | UGG \Y;I'ryptophan (e}
CuUT ccuT CAUT . . . cGU u
cuc e 1, | CCC ' CAc:I'H's“d'"eH cGe - c
[+ —Leucine 1. — Proline Arginine
Example: | E e I it I -
p . 4l cuc.| cCG CAG %) cec G
B AuuT I |AcuT AAU | AGUT . g
i B AUC |-Isoleucine | ACC _ AAc:I'AS“"’”’Q'"‘a Aec:l'se""e S K43
—Threonine N c
AU ethionine :gg T :I—Lysine AGA:I—Arginine A
Aua MYjeome . AAG K |AcG Sl G
+ 2 T C S Y GUUA GCUA GAUT_Asparic | GGU U
Guc | . Gace |, GACI acid ) |GGC | gy c
S} cua [Vaine V| oo —Alanine GAAT Ghitic. | GGA YClneG i~
GUG | GCG_| A | gac acid | |GGG G

+1 N L F V
57 -AACTTGTTCGTACA-3’
3’7 -TTGAACAAGCATGT-5"
K N T C
S T RV

V Q E Y

BMEG3012 Bioinformatics Tutorial Notes | Spring
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Exercise: Six reading frames

* Write down the six reading frames of the
following DNA strand:

5’-CACTATCGCTTGTCC-3’

Second base

UUUT _Phenyl- | UCUT UAU : UGuU . U

Y vuctaianine Fluce [ Sariie UAc]_T""’s'“e Y ucsc:l'cy‘°‘te"'e CI

UUAT | cicine T UCA g |uAa Stop codon | UGA  Stop codon .}

uuc |~ -°ucne L juce.d UAG  Stop codon | UGG __ Tryptophan G

CUUT CCU7 CAUT i CGUT U

— Histidine [

C cuc —Leucine 1. ccc — Proline CAC. Lac — Arginine c
o [l CUA CCA P |CAA T qutamine. | CGA AR
& CUG._ CCG._ caG ™ Utam'"b CGG._ G K
B AUU T 1 ACUT AAU 7 AGUT 8
= | : | Qari 7]
" S AuC [-Isoleucine |ACC | | Aac JAsparagine | soo [~Serine S Rl 8

Threonine N C

LY AUA ACA " AAA AGA A

ethionine | AcG_ AAG — Lysine AGG — Arginine

AYE Mstart codon = K = R K

GUU" GCU" GAUT Aspartic | GGUT U

Guc | . . GCC . GACI acd |) |GGC : c

G — — — Glycine
Gua [Valine V| a2y Alamnj\ BAR ‘Ghieic | GBA ey
GUG GCG_ GAGI acid [ |GGG- G

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021




+3
+2
+1

Answer: Six reading frames

L S L V
T I A C
H Y R L S
52 -CACTATCGCTTGTCC-3’
37 -GTGATAGCGAACAGG-5’
V I A Q G
* R K D
S D S T

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021
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Problems of previous exercise

No splicing

The 5’- and 3’-untranslated regions (UTR) are
missing

The protein does not start at “start codon”,
and does not finish at “stop codon”

The protein is too short (usually a protein
should contain several hundred amino acids)

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021 24



Demonstration: Web exercise

* Find a Web tool to perform six-frame
translation on the sequence below:

57 -CACTATCGCTTGTCC-3"

* Remember to record details of tools you used
including the input data, parameters used,
and full screen shots of the outputs of every

step.

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021 25



Step 1: Find tools from Google

(icheq] - O X
G six reading frame web tc X

& Cc 0O ‘ @ Secure | https://www.google.com.hk/search?q=six+reading+frame+web+tool&oq=six+realaqs=chrome.0.69i59j69i57j014.15231j0j4... ® {}‘ v B3 O

- six reading frame web tool o °

All Images Videos News More Settings Tools

L Q i

About 5,540,000 results (0.50 seconds)

Open reading frame - Wikipedia

https://en.wikipedia.org/wiki/Open_reading_frame v

ORF Finder: Tmhe ORF Finder (Open Reading Frame Finder) is a graphical analysis tool which finds
all open reading frames of a selectable minimum size in a user's sequence or in a sequence already in
the database. This tool identifies all open reading frames using the standard or alternative genetic
codes. The deduced ...

Online Analysis Tools - Translation

https://molbiol-tools.ca/Translation.htm v

SITES: A number of excellent sites exist all of which permit translation in all six reading frames. | would
... Simple translation tools - DNA to protein sequences: red_bullet.gif (914 ... TranslatorX - is a web
server designed to align protein-coding nucleotide sequences based on their corresponding amino acid
translations.

(numbers and blanks are ignored). Output format: Verbose ("Met", "Stop”, spaces between residues),
Compact ("M", "-", no ...

Six-Frame Translation - Bioline

www.bioline.com/media/calculator/01_13.html v

This tool is used to translate nucleic acid sequences. Use the “Rare Codon Search” tool to display any

rare codons. For the manipulation of nucleic acid sequences (reverse, reverse/complement, double

stranded) use the "Sequence Utilities” tool. Standard symbols for polymorph nucleotides: ... v

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021 26



Step 2: Describe the tool, ‘ExPASY’

iciien - O X
& six reading frame web tc X / [ ExPASy - Translate tool X
C O ‘ @ Secure | https://web.expasy.org/translate/ ﬁr‘ w B3 O
[ +J A Home | Contact
E‘EXPASV —— Translate

Translate tool

Translate is a tool which allows the translation of a nucleotide (DNA/RNA) sequence to a protein sequence.

Please enter a DNA or RNA sequence in the box below (numbers and blanks are ignored).

Tool: ExPASy
Link: https://web.expasy.org/translate/

Output format: | Verbose ("Met", "Stop”, spaces between residues) v |
Genetic code: | Standard v

| Reset | Or | TRANSLATE SEQUENCE

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021 27



Step 3: State the input and parameters

\Yicoen! - O X
G six reading frame web tc X [% ExPASy - Translate tool X
C {3} | @ Secure | https://web.expasy.org/translate/ v B O
[ 44 " Home | Contact
'.‘ DALY, Translate

Translate tool

Translate is a tool which allows the translation of a nucleotide (DNA/RNA) sequence to a protein sequence.

RNA sequence in the box below (numbers and blanks are ignored).
Input: CACTATCGCTTGTCC

Parameter:
Output Format: Compact (“M”, “-”, no
spaces)
Geneé'c code: Standard
Vi

Qutput format: | Compact ("M", "-", no spaces)
Genetic code: | Standard

v

o n

| Reset | or | TRANSLATE SEQUENCE | NOTE: “M” means start codon, while “-

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021
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Step 4: Show the results

\icher! — O X

G six reading fram: X [ Translate Tool - £ X o SiX read i ng fra mes:

= C () | & Secure | https;//web.expasy.org/cgi... Yr| W (¢

| AR eRASH Transate T4 HYRLS
— +2 TIAC

Translate Tool - Results of translation

Open reading frames are highlighted in fed. Please select one of the _
you will be able to select your initiator and retrieve your amino acid ¢ +3 I— S I—V

5'3' Frame 1 . _1 GQAIV

HYRLS

5'3' Frame 2 . _2 DKR—

TIAC

5'3' Frame 3

. —-3 TSDS
3'S' Frame 1

GQAIV

3'5' Frame 2

DKR-

3'5' Frame 3

TSDS v
4 »

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021 29



Tips for making screenshot

* No extra background

* Good quality of words / figures

e Reasonable size of screenshots

- - T o |

\!/ & Translate Tool - Resultsof x \\ |

€« C' | [) web.expasy.org/cgi-bin/translate/dna_aa

ey \ExPASy Translate

‘4
s
n

Translate Tool - Results of translation

Open reading frames are highlighted in fed! Please select one of the foll
will be able to select your initiator and retrieve your amino acid sequenct

5'3' Frame 1

HYRLS

5'3' Frame 2

3'5' Frame 2
DKR-
3'5' Frame 3

TSDS

Pl d o's ELEGH20_Fal0TT TutoraB2 { ()| el B Documentl - Microsoft Word
o X cu . L ~
) 2 copy - Syreset AaBbceoc | AsBbccDc AaBbCi
o S 2 4 S = _— - Spaci.. Heading1 Change
: o gh
# FeER- 2RRERE. x | O YouTube x { [E3 @) Facebook %/ £8 Transiate Tool - Resuhts o x \ o
| ‘ &
|« b, " = R
- c web.expasy.org, [ =
[ XPASY Home | Cont
F4 LA B Translate ontact
Translate Tool - Results of translation
Open reading frames are highiighted in i8ll Please select one of the following frames - in the next page, you will be able to select your initiator and retrieve your amino acid sequence
1 -
wf]| 53 Frame 1
|
| 53 Frame2
| rin
53 Frame 3
{
1
| 3'5'Frame 1
|
35 Frame 2
35 Frame 3
{
il
2
L —— & Back to the Top
|
|

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021 30



Tools for making screenshot

e For Windows users:

— Press Alt-PrtScn, copy it to Word/PowerPoint,
then crop (Format > Crop)

— Use Snipping Tool to select the desired area

* For Mac users:

— Press Shift+Command+4 to select the desired
area

— https://support.apple.com/en-hk/HT201361

BMEG3012 Bioinformatics Tutorial Notes | Spring 2021
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Tips for submitting assighments

Only accept softcopy for the assignment

Submit your work using the Blackboard System

When you are working with some written problems, you may:
— Type and draw the figures in the computers, or
— Write on paper and scan your work, or

— Write on paper, take a photo and attach the photo in
Word

However, ......
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Case study: Mutation and disease

* Classic example:

Sickle-cell Anemia ’,,, }.

Blood Blood Cells

— Normal red blood cells are /‘

round and flexible, able to carry . P <
oxygen and travel through ¢ e B
o® \

blood vessels ‘/

are compactand
flexible, enabling them
to squeeze through
small capillaries

— People with Sickle-cell Anemia
nave red blood cells that look
ike a sickle and get stuck in
olood vessels

Sickled red blood cells
are stiff and angular,
causing them to
become stuck in small
capillaries

Image credit: http://learn.genetics.utah.edu/content/disorders/whataregd/sicklecell/images/sicklecell.jpg
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Case study: Mutation and disease

Sickle Cell hemoglobm
forms long, inflexible chains

* What went wrong? [ &

ormal hemoglobin

— Hemoglobin molecules, which
are responsible for carrying ’ \
oxygen, form a long chain in JJE‘:& ’Sfi‘idc,....s
affected people

— Why? There is a mutation in ® O < O‘
one of the hemoglobin genes °o® | ,
on chromosome 11 o\

are compactand
flexible, enabling them
to squeeze through
small capillaries

Sickled red blood cells
are stiff and angular,
causing them to
become stuck in small
capillaries

Image credit: http://learn.genetics.utah.edu/content/disorders/whataregd/sicklecell/images/sicklecell.jpg
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Case study: Mutation and disease

 Mutation in DNA causes change in protein

structure

HBB Sequence in Normal Adult Hemoglobin (Hb A):

Nucleotide CTG ACT CCT GAG GAG AAG TCT

Amino Acid Leu Thr Pro Glu Glu Lys Ser
1 | |
3 6 9

HBB Sequence in Mutant Adult Hemoglobin (Hb S):

Nucleotide CTG ACT CCT GTG GAG AAG TCT
Amino Acid Ltiu Thr Pro Valll Glu Lys Selr
3 6 9

A common mutated form of
human hemoglobin that causes
Sickle-cell Anemia

Image credit: Protein Data Bank, entries 4HHB and 2HBS,
http://www.ornl.gov/sci/techresources/Human_Genome/posters/chromosome/Gifs/HBBmutseq_2.gif
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Find the gene that causes the disease

. ) 2 o . ) = O X
G sickle cell anemia - Google Searc X arJ' Sickle cell disease - Genetics Hor X ‘
& Cc 0O & https://www.google.com/search?newwindow=18rlz=1C1GCEU_enHK822HK823&ei=hNg-XNDZFM... ¥ v B ° : ‘
GO gle sickle cell anemia y Q HH
All Images News Videos Books More Settings Tools
About 16,500,000 results (0.54 seconds)
Sickle cell disease is a group of disorders that
affects hemoglobin, the molecule in red blood cells
that delivers oxygen to cells throughout the body.
People with this disorder have atyplcal hemoglobln
molecule
O a sickle, or crescent, shape.

Sickle cell disease - Genetics Home Reference - NIH
https://ghr.nim.nih.gov/condition/sickle-cell-disease

© Aboutthisresult @ Feedback
People also ask
What happens to a person with sickle cell anemia? v
Can a white person have sickle cell anemia? v
How does sickle cell anemia make you feel? v
Is Thalassemia the same as sickle cell anemia? v

Feedback

Sickle cell anemia - Symptoms and causes - Mayo Clinic
https://iwww.mayoclinic.org/diseases-conditions/sickle-cell-anemia/.../syc-20355876 v
Mar 8, 2018 - In sickle cell anemia, the abnormal hemoglobin causes red blood cells to become rigid, -
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Find the gene that causes the disease

: . . ) . — O X
G sickle cell anemia - Google Searc X Ey Sickle cell disease - Genetics Ho X +
c O 8 https://ghr.nim.nih.gov/condition/sickle-cell-disease#genes Yo v B 0
m) U.S. National Library of Medicine
= Genetics A .
(7] Home Your Guide to Understanding
S Genetic Conditions

= Reference

= MENU Q

SiCkle Ce” disease Printable PDF || OpenAll || Close All

» Description

Mutations in the HBB gene cause sickle cell disease.
U

HemogloDit - uounits, typically, two subunits called Related Information

alpha-globin and two subunits called beta-globin. The HBB gene provides

instructions for making beta-globin. Various versions of beta-globin result from What is 2 gene?

different mutations in the HBB gene. One particular HBB gene mutation

produces an abnormal version of beta-globin known as hemoglobin S (HbS). What is a gene mutation and

Other mutations in the HBB gene lead to additional abnormal versions of beta- how do mutations occur?

globin such as hemoglobin C (HbC) and hemoglobin E (HbE). HBB gene Lliss A cmma s datiomm affant 7
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UCSC Genome Browser

G ucsc genome browser - Google - X +
& Cc 0O & https://www.google.com/search?q=ucsc+genome+browser&rlz=1C1GCEU_enHK822HK823&o0q=ucsc+genome+&ags=c... ¢ w
GO gle ucsc genome browser !, Q
All Images Videos News Maps More Settings Tools
About 1.690 000 o 0 4G cacong

UCSC Genome Browser Home

UCSC Genome Browser. ... combine data sources from the Genome Browser database. Gene Sorter
... run the Genome Browser on your laptop or server.
You've visited this page many times. Last visit: 1/9/19

Genome Browser
UCSC Genome Browser assembly
ID: hg38. Sequencing/Assembly ...

Citing Us
Citing the UCSC Browserin a
Publication or Web Page ...

Genome Browser User's Guide
Genome Browser User Guide.
Contents. What does the ...

Genome Browser Mirror Sites
UCSC Genome Browser Mirror Sites.
Sponsored mirrors. In ...

Contact Us
Contact Us. UCSC Genome
Informatics Group UCSC ..

Training
Online training and tutorials. Our
video tutorials address some ..

More results from ucsc.edu »

UCSC Genome Browser - Wikipedia
https://en.wikipedia.org/wiki’lUCSC_Genome_Browser v

The UCSC Genome Browser is an on-line, and downloadable, genome browser hosted by the
University of California, Santa Cruz (UCSC). It is an interactive ...

i 0 @

UcCscC -
Browser o

The UCSC Genome Browser is an on-line,
and downloadable, genome browser
hosted by the University of California,
Santa Cruz. Wikipedia

Description: The UCSC Genome Browser
Primary citation: Tyner & al. (2016)

Research center: University of California
Santa Cruz

People also search for

View 5+

nLaaT AT
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UCSC Genome Browser

G ucsc genome browser - Google © X UCSC Genome Browser Home

C {) @& https//genome.ucsc.edu

NIVERSITY OF CALIFORNIA

X ar

LESINTRDRDL R 7050 Genome Browser

—

- ——~ Drrser Tools Mirrors

Human GRCh38/hg38

el
e CDh27/

Gennm~-

Mouse GRCm38/mm10
Mouse NCBI37/mm?9

Mouse: 16 strains

Other

position=lastDbPos

Downloads My Data Help About Us

Our tools

m Genome Browser
interactively visualize genomic data

H BLAT
rapidly align sequences to the genome
m Table Browser
download data from the Genome Browser database
B Variant Annotation Integrator
get functional effect predictions for variant calls
m Data Integrator
combine data sources from the Genome Browser database
B Gene Sorter
find genes that are similar by expression and other metrics
m Genome Browser in a Box (GBiB)
run the Genome Browser on your laptop or server
B |n-Silico PCR
rapidly align PCR primer pairs to the genome
m LiftOver
convert genome coordinates between assemblies
B Track Hubs
import and view external data tracks
More tools...
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Search on UCSC Genome Browser

. = O X
G ucsc genome browser - Google © X Human hg38 chr1:11102837-112 X +

& CcC 0O & https://genome.ucsc.edu/cgi-bin/hgTracks?db=hg388&astVirtModeType=default@lastVirtModeExtraState=&virtModeTyp... ¢ w “

A Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

move | <<< | << | < | > (>> | >>> oom out 15x| 3x (10x | 100x

chr1:11,102,837-11,267,747 164,911 bp.

Ichr‘l pze.22) (OO & FF W NI

Scale S8 kb { hass
chri: 11,158, 898| 11,2088, 8088| 11,250, 898|
New haplotype seguences to GRCh38 Reference Seguence
J Fatches to GRCh38 Reference Sequence
OMIM A1lelic Variants

J OMIM Alleles | | Il |

4,858 _ 188 vertebrates Basewise Conservation by Fhuylof

cons o0 veres,__atl i LB el Ll L B
-4.5 _
p1e Nucleotide Polumorphisms (cbSNP 151) Found in >= 1% Of Sample:

Common SNPS¢151> 1ML 00MO0I0N DOWUR0 DIRO0IE O 0RO DA I III IIIIII [N AT IIIIIII (1L ATTECTT AR VTNTETO T W (TN TONTTET IIII\IIIIIIIIIIIIIIIIIIIIIIIII]IIIIII (LA TRNT CTTWTT (AT AT CIRTATT I

move start Qllck on a feature for details. Click or drag in the base position track to zoom in. Click move end
< 120 - side bars for track options. Dre_xg side bars or labels up or down to reorder tracks. Drag < o .
1= tracks left or right to new position. Press "?" for keyboard shortcuts. 1= —
track search || default tracks || default order || hide all || add custom tracks || track hubs || configure || multi-region || reverse || resize || refresh
collapse all Use drop-down controls below and press refresh to alter tracks displayed. expand all
Lcomapse a7 | Tracks with lots of items will automatically be displayed in more compact modes. | Sxpanca” |
[ - | Mapping and Sequencing
Base Position GRC Patch Release Alt Map. .. Assembly Centromeres w
= > - Band
dense v full v hide v hide v hide v -
hide v
Clone Ends ® FISH Clones Gap GC Percent GRC Contigs GRC Incident
hide v hide v hide v hide v hide v hide v
Hg19 Diff INSDC LRG Regions Mappability. . RefSeq Acc Restr Enzymes
hide v hide v hide v hide v hide v hide v
Scaffolds Short Match STS Markers
hide v hide v hide v
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View target gene on Genome Browser

G ucsc genome browser - Google © X n Human hg38 HBB UCSC Genom: X +

& CcC 0O @ https://genome.ucsc.edu/cgi-bin/hgTracks?hgtgroup_map_close=08&hgtgroup_genes_close=0

p_phenDis_close.. prg w EH "D :

Known Genes

volved in oxygen transport from the lung to the various peripheral tissues. (from UniProt P68871)
emoglobin subunit beta (from HGNC HBB)

\ - hemoglobin subunit beta (from HGNC HBB)
HBB (ENSTO@099475226 1) at chrl1:5225655-5226823 - hemoglobin subunit beta (from HGNC HBB)

At CIT11.2££003977££00£

HBB (ENST00000647020 1) at chr11 5225464-5227197
206332 i

HBB (ENST 380315.2) at chrl1:5226628-5229395 - Belongs to the globin family. (from UniProt F8W6PS)

HBB (ENST0@0208335295.4) at chrl1:5225464-5227071 - Homo sapiens hemoglobin subunit beta (HBB), mRNA. (from RefSeq NM_000518)

HBD (ENST! 380299.3) at chrl1:5232838-5234648 - Homo sapiens hemoglobin subunit delta (HBD), mRNA. (from RefSeq NM_000519)

RBM17 (ENST 446108.5)_at chrl@:6089346-6117457 - Homo sapiens RNA binding motif protein 17 (RBM17), transcript variant 2, mRNA. (from RefSeq NM_@e114f

RBM17 (ENSTO@@20379888.8) at chrl®:60838987-6116880 - Homo sapiens RNA binding motif protein 17 (RBM17), transcript variant 1, mRNA. (from RefSeq NM_03290°
HBA1 (ENSTO0000320868.9) at chrl6:176680-177522 - Homo sapiens hemoglobin subunit alpha 1 (HBAl), mRNA. (from RefSeq NM_©@@558)

HBA2 (ENST@0000251595.11) at chrl6:172876-17371@ - Homo sapiens hemoglobin subunit alpha 2 (HBA2), mRNA. (from RefSeq NM_©@0517)

HBBP1 (ENSTO0000454892.2) at chrll:5241185-5243533 - hemoglobin subunit beta pseudogene 1 (from HGNC HBBP1)

HBBP1 (ENSTO@P20433329.1) at chrll:524212@-5243537 - Homo sapiens hemoglobin subunit beta pseudogene 1 (HBBP1), non-coding RNA. (from RefSeq NR_001589)
TMEM158 (ENST@P0@00503771.1) at chr3:45224466-45226278 - Homo sapiens transmembrane protein 158 (gene/pseudogene) (TMEM158), mRNA. (from RefSeq NM_015444)

NCBI RefSeq genes, curated subset (NM_*, NR_*, and YP_¥)

NM_0008518.4 at chrll:5225466-5227071
NR_©0158%9.1 at chrll:5241954-5243592

RefSeq Genes

HBB at chrl1:5225464-5227871 - (NM_000518) hemoglobin subunit beta
HBBP1 at chrl1:5241955-5243592 - (NR_001589)

NCBI RefSeq other annotations (not NM_*, NR_*, XM_*, XR_*, or YP_¥)

KRT89P at chrl2:52348997-52354463

Non-Human RefSeq Genes .
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View target gene on Genome Browser

= O X
G ucsc genome browser - Google © X - Human hg38 chr11:5225464-52° X -+

U!

& CcC 0O & https://genome.ucsc.edu/cgi-bin/hgTracks?db=hg388&astVirtModeType=default@lastVirtModeExtraState=&virtModeTyp... ¢ w “

A Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

move | <<< | << | < | > | >> | >>> | ZOOm in| 1.5x | 3x | 10x | base |[zoom out| 1.5x | 3x | 10x | 100x

chr11:5,225,464-5227 197 1,734 bp. ‘ chr11:5,225 464-5,227,197

[E

Ichrll p1s.4) [ IEEDEE NS, 1] 012 [T T TEE BRCIEE | EER22. 1] o
Scale 588 bases| { hess
J chrit: | 5,226, 6686| 5,226,508| 5,227, 668|
New haplotype seguences to GRCh38 Reference Seguence
J Fatches to GRCh38 Reference Sequence
NCODE w29 Comprehensive Transcript Set (only Basic displaded by default)
J HEEB
| ommoAnenes | - | N I — e R I |
4,858 _ cllck hera vertebrates Basewise Conservation by Ph‘;ﬂ
Jcons 188 Verts 8- “"h"*%'-'[rw'"r‘rwrﬂl'lhl‘ fI" ""f”*‘mmlu UHT,T,,T,HFI 'rj T LJ‘ e “1'“"‘1"*[’ hgipe |"T"l‘“'rl" I"’LF"'J'"" T'rn h \._ Mu““l ! 'IL\‘.H il r._'ﬁm',,,.wlllﬂu r "'l‘."-'n"L*r‘lLirhq‘]pl'
e - Simple Nucleotide Folumorphisms (dbSNF 151) Founci in >= 12 of Samples
Common SNPS(151) | | ] | |
move start C_Ilck on a feature for Qetalls. Cllck_ or drag in the base position track to zoom in. Click move end
< 1o . side bars for track options. Drag side bars or labels up or down to reorder tracks. Drag < bo -
L 1= — tracks left or right to new position. Press "?" for keyboard shortcuts. L= 1= —
| track search || default tracks || default order || hide all || add custom tracks || track hubs || configure || multi-region || reverse || resize || refresh
Use drop-down controls below and press refresh to alter tracks displayed.
collapse all : - ; - : = expand all
A Tracks with lots of items will automatically be displayed in more compact modes. ST
[ - | Mapping and Sequencing
Base Position GRC Patch Release Alt Map._.. Assembly Centromeres Chromosome
. - = Band
dense v full v hide v hide v hide v =
hide v
Clone Ends ® FISH Clones Gap GC Percent GRC Contigs GRC Incident
hide v hide v hide v hide v hide v hide v
Hg19 Diff INSDC LRG Regions Mappability. . RefSeq Acc Restr Enzymes
hide v hide v hide v hide v hide v hide v -
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View RNA expression level

G ucsc genome browser - Google © X . Human Gene HBB (ENST000006- X +

& C 1} @ httpsi//genome.ucsc.edu/cgi-bin/hgGene?hgg_gene=ENST00000647020.18&hgg_prot=ENST00000647020.18hgg_chrom... ¥t v B °

.ee

E] RNA-Seq Expression Data from GTEx (53 Tissues, 570 Donors)

Highest median expression: 219386.00 RPKM in Whole Blood
Total median expression: 225307.19 RPKM

ENSG00000244734.2 Gene Expression from GTEx (Release V6 )
["2]
o
3
L
©
['2]
S
=0
<
o
i
n
o
3
O
o
8 o .
g, -0--.--0—-‘--‘--‘--—-A-—O--A--o—-‘--‘--0--A--A--‘--D--A—-l--‘--—-o--h.—*-.--l--‘--‘-—.‘--.--L-A-l-.--.--.--‘--o-J--.--.--o—-‘-j—-.--o--L-h-‘-
g N= 350227 145224133332 11 72 84 117105125114108 94 96 113 67 71 63 214118284 6 & 3766153286247 £ 184218 32 118 320 57 430 304 67 171 103706 280357 B8 104783172323 B3 56 383
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Change settings of Genome Browser

G ucsc genome browser - Google © X Human hg38 chr11:5225464-5. X  [P) rs334 RefSNP Report - dbSNP - | X + - = X
& > C ) & https//genome.ucsc.edu/cgi-bin/hgTracks?db=hg38&!astVirtModeType=default&lastVirtModeExtraState=8virtModeTyp... ¥ w 0
- niage v niae v nige v nige v
show v -
[ - | Comparative Genomics
Conservation Cons 7 Verts Cons 20 Mammals  Cons 30 Primates Primate Chain/Net PILer’maI
> > - = Chain/Net
full v hide v hide v hide v hide v -
hide v
Vertebrate Chain/Net  Chicken Chain/Net
hide v hide v
[ - | Variation
New Common Common Common
SNPs(151) Cmmon SNPs(150) C_ommon SNPs(147) SNPs(146) Cgmmon SNPs(144) SNPs(142)
SN b hide v T hide v T
dense v hide v hide v
Common SNPs(14 All SNPs(150) All SNPs(147) All SNPs(146) All SNPs(144)
hide v Hdé:r 5' hide v hide v hide v
Hiagged Flagged Flagged
SESt142) AlLSNES(141 SNPs(151) SNPs(150) Elagged SNPs(147)  gnpe(146)
ide v hide v = . hide v =
hide v hide v hide v
N
Flagged SNPs(144) Flagged SNPs(142) Flagged SNPs(141) o Muli. Mult. SNPs(150) Mult. SNPs(147)
. . . SNPs(151) ; .
hide v hide v hide v hide = hide v hide v
Mult. SNPs(146) Mult. SNPs(144) Mult. SNPs(142) Mult. SNPs(141) DGV Struct Var
hide v hide v hide v hide v hide v
B Repeats
RepeatMasker Interrupted Rpts RepeatMasker Viz.  Microsatellite Segmental Dups Self Chain
hide v hide v hide v hide v hide v hide v
Simple Repeats WM + SDust
hide v hide v

| refresh
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Change settings of Genome Browser

G ucsc genome browser - Google © X . All SNPs(151) Track Settings X [ rs334 RefSNP Report - dbSNP - 1 X +

C () @& https//genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=707068335_uwhm1yLAnG1AN77tDfiSE6rQGdad&c=chr11&g=snp151 Y w B 0

ﬁ‘ Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

All SNPs(151) Track Settings

Simple Nucleotide Polymorphisms (dbSNP 151) (aAll Variation tracks)

Display mode: pack v | | Submit |
ania observed human alleles in name:
(If enabled chlmp aIIeIe is displayed first, then =", then human alleles).
Show alleles on strand of reference genome reported by dbSNP:
[+] Use Gene Tracks for Functional Annotation
[+] Filtering Options
[-] Coloring Options
SNP Feature for Color Specification: | Function v | | Set defaults
The selected "Feature for Color Spemf catlon above has the selectlon of colors below for each attribute. Only the color options for the feature selected

above WI|| be used to color i hown |f a SNP has more than one of these attributes, the stronger color
and black.

v

Unknown | black v | Locus|black ¥| Coding - Synonymous green ¥| Coding - Non-Synonymous| red
ntranslated black v | Intron| black v Splice Site| black v

View table
Data last updated: 2018-04-19
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Show the non-synonymous mutations

G ucsc genome browser - Google

X

20

. Human hg38 ¢

r11:5225464-52

“~

C O

& https

rs334 RefSNP Report - dbSNP - I X

-~

Genomes Gen

chr11:5,225,464-5,227 197 1,734 bp. ‘ enter position, gene symbol, HGVS or search terms

e Browser

Tools

ault&lastVirtMod

Downloads My Data

rs369452557 | rs397569438 |
rs372081957 | rs33951098 |

‘ [ 99 |
Ichru (p15.4) |
J sScale 86 bases| { ha3s
chrit: | 5,226, 068| 5,226,568| 5,227, 008|
New haplotype seguences to GRCh3S Reference Sequence
J Fatches to GRCh38 Reference Segquence
GENCODE w239 Comprehensive Transcript Set (onld Basic displaved by default)
4 T ey 11111111 L]
ARRRNETRRRT RN RERURARNNIR: - -~~~ R e—
|| HBE L ey ]
OMIM Allelic Variants
J OMIM Alleles | [ | | I I | [ 1/ | I 1l
Vertebrate MUltiz Alignment & Conserwvation (188 Species)
J cons 166 verts NI 0N RRED N0 0 oy NIl IR [ TR e A R e I CIINNL N N Ry
Simple Nucleotide FPolumorphisms (dbSNF 1S51) Found inh >= 12 of Samples
common SNFsS(151) | I |
Simple Nucleotide Folumorphisms (dbSNF 151)
rS1420779556 | rsSE37560694 | rsS193922566 | rsS58554234 | rs576852971 | rs999594627 | rs946957516 | rsS35802695 | rsS11549467 | rsS33956879|  rs63758468 |
rS1224765274 | rsG4240441 | rsS1421375762| rs985372322| rs35920351 | rs187567944 | rs996857953 | rs1S563195| rs11351601 | rs33915112| rs63750953 |
rs5258089939 | rs34467387 | rsS181743523| rs941178618| rs922176223 | rs952327661 | rs7946745 | rs1141376| rs354745860 | rs33931746 |
rS1473799128 | rs35669625| rs911937119| rs1461254966 | rs34214305 | rs532459897 | rsS7450526 | 4 rs1135671 | rs33936254 | rs371164553 |
rsS7S3171158 | rs354926035| rs944935116 | rs773343845 | rsSS53945255| rs985479299| rs373152208| rs3c9 47| rs3S 4 e 564515 |
rs959925447 | rs35825479| rs63758433| rs966818537| rs1316746626| rs765573568| rs974387932| rs33969353 | rs77e452 — 5
rs33985472 | rs54895619| rs193922561 | rs1392052436| rsS92648661 | rs7S30633368| rs365176939| rsS35902963 | rsS1176 rs334 | rs3394
rs63756954 | = 46 | rs1257175417| rs1172356241 | rsi1334704243| rs113152027| rsS35636218 | rs34715174 | rs988! 4 | rs7136846 | rse3y |
rs281864532 | rsS34398674 | rsS12326S1664 | rsO7820713S| rsS00S67SSST | rS928354330 | rs7S1644989| rS3304741S | rST47109 accog
rs35949138 | rs33955406 | rs14689405168| rsS1241261843| rs1250456244 | rsS879578966 | rsT7S9795721 | rsS356167977 | rsS96226667 - -
rs63751128 | rse5756320| rs1489533335 ] rsS54914198|  rs190369720| rsS92820519| rsS368604295 | rs34151786 | rs377447760| rs762692752 | CI |c k o n rs3 34
rs637562685 | rs34158626 | ¥ rs137: 4368 | rsi rS947313556 | rsS13265602435 | rs34974769| rsS3T72775654|  rsS34704828 |
rs339759687 | rs6374951S | rs93505862593 | rs1417673135| rs152729393 | rs375549787 | rsS13563513923 | rs33996253 | rsS369341845 | rs63750628 |
rsS251864985 | rsS33956775| rsS1063796835| rsS69636767| rsS1313875484 | rsST7036437 | rs18768683 | rs33991472| rs773415134 | rs35352549 |
rs1223503616 | rs33916269 | rs1315614741 | rs1427204895 | rS964137778| rsSS65540446| rsS7S6S67445| rs35395625 | rsS375672426 | rs34505195 |
rs34171453 B rs33971634 | rs5338607352 | rs911384715 | rs986950557 | rs1260964959| rs770630716| - = | rs372716225| rs386134236 |
rS1264983767 | rsS33957286| 1rsS1184042209| rsS1337114936| rs1661129219| rsS29931134 | rsST7S382385 | rs33088732 | rs372467642| rs1463214768 |
rs776911771 | rs34139813| rs63751175 | rs63756105 | rsS14705396587 | rsS973955533| rs35614355| rs356094613 | rsST776904725 | rs1415232313|
rs346293596 | rss4sezege| rs12911608651 | rs1194851586 | rs1363355137| rs996361151 | rs1799961 | rs35171933 | rs751015656 | rs921599411 |
rs9681633731 | rse37se822 | rS956857115 | rs14658676654 | rs112406237| rs915743646| 1rs35899682| rs34966334 | rs369168168 | rs954327594 |
rsi rs33925391 | rs1444625545 | rs1485170526 | rsSSE61258571 | rsS9454668715 | rsS63756842| rs34037627| rsS65131043 | rs251564525 |
rs1356489255 | rs34543544 | rs886156115| rsS1456341299| rs1655395965| rs951149711| rs637560283 | rs35165357 |  rs63751676 [l rs34598529 |
rs1223731404 | rs339583276 | rs1811427466 | rs12512866587 | rsS31567967 | rsS1371516847 | rs35921589| rs33969727 | rs41456348 rsS33956857 |
rs745316118 | rs35238473| rs1461634734 | rs1322452679 | rs1454625119| rs1392181924| r= 9591 | rs34676651 | rs41S3985S
rS369181635 | rs33987957| rs16856422581| rs1200755137| rsSS37SS7714|  rs191837579| rs33937395 | rs63756336 |
rs1265565538 | rs34383736 | rs353256827 | rs1340330454 | rs1425276127| rs934286654 | rs339656006| rs556196054 |
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More about the SNP rs334

G ucsc genome browser - Google © X . Simple Nucleotide Polymorphis- X [B) rs334 RefSNP Report - dbSNP - 1 X ‘ +

& Cc O @ https://genome.ucsc.edu/cgi-bin/hgc?hgsid=707068335_uwhm1yLAnG1AN77tDfiSE6rQGdad@c=chr11&I=5225463&r=5... ¥¢ w ﬂ 0

n‘ Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Simple Nucleotide Polymorphisms (dbSNP 151)

dbSNP build 151 rs334

T dbSNP: 1s334 Click here Nucleotide
025227002

Band: 11p15.4 Amino Acid Lys Ser
Genomic Size: 1 '9
View DNA for this feature (hg38/Human)

rand: - bglobin (Hb S):
Observed: A/C/GIT
Reference allele: A Nucleotide AAG TCT
Class single Amino Acid Lys Ser
Validation by-cluster,by-frequency,by-1000genomes '9
Function missense_variant
Molecule Type genomic
Average
Heterozygosity 0.009 +/- 0.065
Weight 1
Submitter 1000GENOMES, AFFY, APPLERA_GI, CGAP-GAI, CLINSEQ_SNP, COMPLETE_GENOMICS, EVA_EXAC, EXOME_CHIP,

GNOMAD, HBVAR, HUMAN_LONGEVITY, ILLUMINA, ITMI, JMKIDD_LAB, LEE, MILLER_NIDDK, NCBI, NHLBI-ESP, OMIM-
CURATED-RECORDS, PERLEGEN, RSG_UW, SEATTLESEQ, SEQUENOM, TOPMED, WEILL_CORNELL_DGM

A 99.471% (125679 / 126348); T: 0.530% (669 / 126348)

Handles

Allele
Frequencies

Miscellaneous pronerties annotated bv dbSNP: M
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Go to dbSNP to view the SNP

G ucsc genome browser - Google © X . Simple Nucleotide Polymorphisn X [J) rs334 RefSNP Report - dbSNP - | X +

C 0O & https://www.ncbi.nim.nih.gov/snp/rs334 g v B 0

U.S. National Library of Medicine

National Center for Biotechnology Information

d bSN P Short Genetic Variations Search for rs

Example: rs268

Reference SNP (rs) Report Loownoad 6 » & @

€ Switch to classic site

Current Build 152
Released October 2, 2018

Organism Homo sapiens Clinical Significance Reported in ClinVar
Position chr11:5227002 (GRCh38.p12) @ Gene : Consequence HBB: Missense Variant
| Alleles T>A/T>C [ T>G Publications 100 citations
(&)
-
m . .
= Variation Type SNV Single Nucleotide Variation Genomic View
11}
[T
Frequency A=0.00342 (842/245928, GhomAD)
A=0.00438 (532/121340, EXAC)
A=0.0116 (360/30968, GnomAD) (+ 1 more) .
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Go to dbSNP to view the SNP

G ucsc genome browser - Google
<« > C1n0

Genomic regions,

’ . Simple Nucleotide Polymorphisr X

transcripts, and products

) rs334 RefSNP Report - dbSNP -1 X 4

& https://www.ncbi.nlm.nih.gov/snp/rs334#variant_details

Prg w n o

Topa ©

Choose placement

GRCh38.p12 (NC_000011.10) W

See rs334in Variation Viewer

) £ NC_000011.10 ~ |

=

226,950 |5.226,960

Find: V]¢¢|Q

|s.226.97@ |5.226,930 |5.226,9%0

i Q i = =

|5.227 @18 |5.227 620

A Tools~ | L Tracks~ & 2 ~
5,227,848 |5.227,050

E rs33a 6 |

< < <
dbSNP Build 151 (Homo sapiens Annotation Release 108) all data Uy o ®

ACTTCTCOTCAGGCA.. I rs63750407 =/GTTT EEWE rs34196559 A/G W rs886039874 -/A
-/CTC m¥E rsG3750928 rs773404655 IR -/TETT rs762692752 W G/T rs1479243758 W F
-/A BXE rs34548294 -/AG DN rs34889882 -/C B rsB3750475 A/G M rs113115948 AR/C/T W rs34704828

-/C EEE rs35699606 -/f BXE rs34058656  rs1201612275 W 6/T  A/C/G M rs34135787  A/G/T W rs63750628
-/TT E¥ rs35497162 -/G BN rs63750898  rs747545656 W A/C/T

76 -/CACCTT I rs63749958 -/A B rs34856846
I rs281864496 -/C B¥A rs35383398
I rs2818648928 A/C W rs35382661 rs766266418 W A/C
I rs34160180 C/T W rs33972047 C/T W rsB3750783

A/C W rs373362317 G/T W rs369865419

R/C/T W rs33977536 -/ B rs35662066 A/T W rs35140348 AT/TC rs193922552 A/G W rs35906307 rs1447873672 W G/T rs1010004981 W A/T
a A/C/T W rs33918474 G/T W rs370075492 R/C/T W rs33974228 -/CR P¥ rs281864519 R/C/T W rs33958358 G/T W rs193922550
33972975 C/T W rs34866629 -/A M rs63749968 A/G/T W rs35799536 -/T B rs63749819 R/C/G/T W rs33949930 rs12392893612 W C/6

JG/T W rs33959855 A/C/G W rs36006214  A/G/T W rs35203747 C/G W rs35198918 | -/G W rs63750729 A/C/G/T M rs33941849 rs772919319 B A/G

R/C/G/T M rs33950893 C/T W rs33962676 A/G/T W rs33947457  C/G/ rs33930165 R/C/G/T W rs33930702
rs33945546 RA/C/T W rs35802118 C/T W rsB3758717 A/C/G m rs34769065 C/T W rs34563008
« 1465 A/C/T W rs358908959 C/T m rs34716011 C/G/T m rs33918131 A/C/C W rs33912272 rs1@35531758 W A/G
'S 8 R/C/G/T W rsB3750840 A/C/G/T M rs33946157 R/C/G/T Il rs3393298 G/T W rsE3750605 rs1337405246 W C/G
< 985 R/C/G/T W rs33986703 C/G/T W rs33926F64  G/T W rs281264509 rs1319747765 W C/G
g 968721 R/C/G/T W rsB3751285 rs1384@5215 W C/T R/G/T W rsB3750720
w 1864899 rs762782573 W C/T C/T W rs34B87455 A/G W rs34126315
E W rs33929459 R/C/G W rs33935445 C/6/T 4948328 A/C/G/T W rs33983205
T W rs281864513 R/C/G/T Il rs334 rs713040 W A/C/G/T

3/T W rs33936254 rs13493842728 W C/T
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Check List

What is “bioinformatics”?

Describe a problem in bioinformatics, with

re
W
W
W

evant data, databases, and algorithms.
nat is Central Dogma?
nat is RNA splicing?

nat is the unit of sequence data?

How can we perform six-frame translation
with a given DNA sequence?
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