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DNA sequencing The technique by which the precise order
of nucleotides in a DNA segment can be

determined.
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DNA sequencing:
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« Simply, Sequencing DNA means determining the order of the four chemical building
blocks called "bases" ,that make up the DNA molecule using laboratory technique.

* Inthe DNA double helix, the four chemical nucleotide or bases always bond with
the same partner to form "base pairs.“

* These bases are Adenine, Cytosine, Thymine, Guanine.

» Adenine (A) always pairs with thymine (T); cytosine (C) always pairs with guanine
(G).

* So, therole of DNA sequencing is to understand and interpret the genetics code to
all biological life on earth as well as to understand and treat genetic diseases.
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Sanger Sequencing

£, First method to read ONA, Slow
but accurate, used for virus DNA.

i

Automated Sequencing

{ Mochines sped up Sanger
sequencing, making DNA studies
eqser.

DNA Sequencing Developments

Next-Generation Sequencing

¢ Faster, cheaper technology to
read multiple DNA pieces
simultaneously.

llumina Sequencing

# Popular NGS method, accurate
and offordable for ONA studies.

Nanopore Sequencing

X Portable device enabled real-
time DNA analysis anywhere.

Cheap Genome Sequencing

} Entire human genome
sequencing costs dropped below
$1000, boosting research and
medicine,




DNA Sequencing methods: there are many methods
which are using different mechanisms for sequencing

DNA sequencing by synthesis Single molecule DNA sequencing
Polymerase-based DNA sequencing

Sanger DNA sequencing Massively parallel DNA sequencing Nanopore DNA sequencing
Sequence 500 - 700 DNA bases per reaction Sequence 100 - 5,000 DNA bases per reaction Sequence 10 thousand to 4 million DNA bases per pore
16 reactions per gel 10 thousand to 10 billion reactions per slide 40,000 - 250,000 pores per device
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Sequence 10,000 DNA bases per gel “equecr 2 trillion DNA bases per slide Sequence upwards of 200 billion DNA bases per device



1. Basic methods:

Category

Basic
Methods

Method

Maxam-Gilbert
Sequencing
(1977)

Sanger
Sequencing
(1977)

Key Features

Uses chemicals
to cut DNA at
specific bases.

Uses special
bases to stop
DNA copying
at different
points.

Advantages

High accuracy
for short
DNA

Reliable and
accurate

Limitations

Labor-
intensive,
toxic
chemicals
Slow,
expensive for
large genomes



2. Advanced methods:

Category Method Key Features = Advantages
Advanced Automated Uses Faster than
Methods Sanger (1986) fluorescent manual

labels and Sanger

machines for

faster reading.
Pyrosequencing  Detects light  Faster than
(1996) signals as Sanger

DNA bases are

added.

Limitations
Still costly for

large-scale
sequencing

Works best for
short
sequences



3. Next Generation Sequencing:

Category
|Next-
Generation
Sequencing

(NGS)

Method

[llumina
Sequencing
(2007)

lon Torrent
Sequencing

(2011)

Key Features

Uses fluorescent
signals to read
short DNA
fragments.
Detects pH
changes when
bases are added.

Advantages = Limitations

High accuracy, Short read
widelyused  lengths

Faster and Less accurate
cheaper than  for long reads
[llumina



Category Method

Key Features

Third- PacBio (SMRT Reads long
Generation Sequencing, DNA fragments
Sequencing  2010) In real time.
Nanopore Uses tiny pores
Sequencing to read DNA as
(2014) It passes
through.

Note: Long reads and short reads refer to the length of DNA

Advantages

Long reads,
real-time
sequencing
Portable, real-
time, long
reads

sequences that a sequencing method can read at a time

Limitations

High error
rate,
expensive
Higher error
rates



Due to the advanced methods used in DNA sequencing the
cost also has been reduced tremendously which make it more
affordable, see the figure below

Cost per Human Genome

Moore’s Law

National Human Genome
Research In




0

Sanger (Cha | N o make multiple copies att?cha add tofour‘
term | na tIO n me thO d) iksdons of a segment primer polymerase solutions
. 4 - ‘_: T
using heat 1 - =
* This method include many steps starting with ¥ J :
DNA extraction, purification , PCR, fragment } } - } 1
separation , detection and data analysis. See . ) U
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the provided video in Moodle.

* But mainly this process depend on DNA
Polymerase and Dideoxynucleotides
(ddNTPs): DNA polymerase, the enzyme

0 0 0

growcomplementary ~ denaturatethe  electrophorese the

responsible for synthesizing new DNA strancs, chains until terminationdye  grown chains four solutions
is then introduced along with a mixture of o | \:j EJ  k L k R
standard deoxynucleotides (dNTPs) and small SR04 .

amounts of modified nucleotides called 4-‘_' 3 9 3 1; '
dideoxynucleotides (ddNTPs). These ddNTPs 14144

lack a 3'-OH group, which is necessary for DNA
strand elongation. So, after involving one of
the ddNTPs, termination occur.
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Modern Sanger sequencing

Sanser Sequencins

By Capillary Electrophoresis

Read Length:
| 600 bp

Automated
Sample Loading

€ 96 Samples




Sanser Seguenc'ma
wh3 Use Sanser Seguencina Todaa?

Sanger Sequencing

4
9.9 % 99 - 999 %

< 20 Samples > 20 Samples

Fast Slow

Slow Fast

15 -~ 20 % | %

s

| Read/Sample Billions of Reads/Sample
(300 - 850 bp) (Up to 16 Th)




Retrieving nucleotide
and protein sequence
using NCBI

Practical / Lab 3




Finding Nucleotide sequence by using accession number, or key
words such as the gene name and organism by searching the
Nucleotide section in NCBI

On left upper side select
Nucleotide. Type
accession number,
name of gene or gene
symbol and organism
name
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Type gyrA (gyrase subunit A ) for example, you will get the window below.
Click on the first option, you will get the GenBank and you can do copy the

complete gene or the CDS just like before

Nukoide  [Rockowte ] quA|

Create alet  Advanced ——
Species Summary » 20 perpage » Sort by Defaull order « Senc
Anamals (34 . : :
i Mycobacterium tuberculosis strain UKR100 GyrA (gyrA) gene, complete
Fungi (32 S&’WHM%W GenBank: MGSE190 1
Protits (70 gyra reference sequences Transcript (1) Proten (1)
Bacledia (1220512 SN FASTA (Graphics PopSet
Archaea (3035
Viruses (152 Items: 1 to 20 of 1333124 Golo @
Customee Page [1 ] of00087 Next> |
B ' - | o 005 MES9S1% Bt O linesr ST 23-4R-2018
———w— Mycobacterium tuberculosis strain UKR100 GyrA (gyrA) gene. complete cds ep  DEFINITION Mycobacteriue tuberculosis strain IKR10D Gyrd (gynd) gene, complete
genomic DNARNA (12328201 1. 2517 bp linear DNA ds.
x:j‘ Accession MGS190 1 GL 1373737658 ACCESSION  MG9351%0
3 Prolen  Taxonomy
Co — —F—T— :‘:‘RSIGt M6295199.1
Source databases SOURCE Mycobacterium tuberculosis (Mycobacterium tuberculosis variant
INSOC (GenBank) (370 980 T Mycobacterium tuberculosis strain UKRYS GyrA (gyrA) gene complete cds tuberculosis)
RefSeq (274 580 2 2517 bp linear DNA ORGWISM Mycobacterium tubercylosis
Cuslomie Accession MG395183.1 GI 1373737656 Bacteria; Actinomycetota; Corynebacteriales; Mycobacteriacese;
s Profen  Taxonomy Mycobacterium; Mycobacterium tuberculosis complex.
Nucleotide (1.332.102 GenBank FASTA Graphics PogpSet REFERENCE ;”(nas:s 1 to£17} .
EST 14 AUTHORS yb.T. @nd Rodrigeez, ..
ess ) Myoobacterium bercuiosis svain UKRB GyrA (qyrA) gene complete ofs el i1 o V-
3 2517 bplinear DNA Resistance-Conferring Mycobacterium tuberculosis Genes from
f‘""‘ ™ Accession MGSSS188 1 Gt 1373737654 (linical Isolates 1n the Ukraine

JORNAL 1. (lin. Microbiol. (2018) In press



What are the prefix means in accession numbers?

. NM : Refers to mRNA sequences (messenger RNA).

. NP _: Refers to protein sequences (tranciated products of
mRNA).

NG : Refers to incomplete genomic regions (usually gene-
specific loci).

. NC stands for Non-redundant Curated sequence
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National Center for Biotechnology Information
Protein v| CCR5

NCBI Home Welcome to NCBI Popular Resources
it 20 The National Center for Biotechnology Information advances science and health by providing access to PubMed
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software BLAST
DNA & RNA Submit Download Learn -

Genome
Domains & Structures Deposit data or manuscripts Transfer NCBI data to your Find help documents, attend a
Genes & Expression into NCBI databases computer class or watch a tutorial SNP
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88  Bg GoogleTranslate G gmail - Google Sear... () SABIS® Digital Platf.. () Facebook @ Syllabus for Microbi.. (J} Email - pppsardam-.. @8 My Account Download Movies... » | [3 AllBookmarks

Custom range... [ s — ] [ ont ] [ G m” I Database: | Select v

Molecular weight
Custom range... . ’ "
New - Visualize gene across multiple species
Release date
i Search details -
Revision date CCRS[ALL Fields]
Custom range... RefSeq Sequences +
Clear all
V.
=
TR—— ltems: 1 to 20 of 15792  Search Sea hois...
frst <prev Page1 | of790 Next>  Last>>
() ccrS [Homo sapiens] Recent activity a
1. 352 aa protein TumOf Clear
Accasion: MB5'Z‘93.1 Gl: 2104520 Q CCRS (15792) .

Identical Proteins FASTA Graphics
B Homo sapiens BRCA1 DNA repair
associated (BRCA1), transcript varia Nucieotde

() CCRS, partial [Homo sapiens]

2. 166 aa protein B Homo sapiens BRCA1 DNA repair
Accession: ADC94815.1 GI: 289466095 associated (BRCA1), RefSeqGene Nucleolide
Nucleotide Taxonomy H breast ca m’gy proteln
GenPept Identical Proteins FASTA Graphics lsofonn %IJ %@Em? Protein

B Homo saplens chromosome 17

() CCRS partial [Rattus rattus] GRCh38.p14 Primary Assembly  Nucleotide




B An official website of the United States government Here's how you know v

National Library of Medicine A delveen.ibrahim@u...

National Center for Biotechnology Information

Protein ' Protein v @

Advanced Help

GenPept » Sendto: v
Change region shown .
ccrd [Homo sapiens] Customize view v

GenBank: AAB57793.1

Identical Proteins FASTA  Graphics

Analyze this sequence

Golo (v Run BLAST
DEFINITION ccr5 [Homo sapiens].
ACCESSION AAB57793 Highlight Sequence Features

VERSION AAB57793.1

, Find in this Sequence
DBSOURCE  locus HSU95626 accession U95626.1 q

KEYWORDS
SOURCE Homo sapiens (human) e
ORGANISM Homo sapiens Protein 3D Structure s

Eukar‘yclata; Hetazc')a; Chordata; Cr?nlata; Yer‘tebrata; Eute%ec.Jstoml; - NMR solution structure of
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; monomeric CCL5 in complex |




Tasks.

You will be given different tasks in the lecture



