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®= The term DNA __Seque-hc‘ihg)refers to is the process of determining the precise order of
nucleotides (A/T/C/G) in a DNA molecule,
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his method reveals the sequence of the genetic code which provides the instructions for building and
maintaining an organism.

DNA Sequencing is fundamental in fields like genetic biology, biotechnology, medical research

Also, DNA Sequencing allows scientists to study genetic variation, mutations, and evolutionary

relationship.
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Sanger Sequencing
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niques were published almost

| ic aci encing tech
= At the end of the 70s the first two rapid nucleic acid sequ g

simultaneously:

Ibert, and
« 1 The Chemical Method of Allan Maxam and Walter Gilbert,

ick Sanger, S. Nicklen,
for the development of DN

and A. R. Coulson.

. A sequencing
« In 1980, Sanger and Gilbert received the Nobel Prize in Chemistry
technology.

" i lar
e improvements have been done over

. | o |
* Without changing the underlying concept of both me"thods,'som prove b sttomation
the years by a?)plging different strategies, by developing various modifications and by
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= The Maxam-Gilbert chemical method starts by obtaining a set of double-stranded DNA molecules labelled at
the 5" end with dNTPs having a radioactive isotope (usually 32P), by the 'cti of polynucleotide kinase.

= Four aliquots of the same sample are then treated under drfferent cdnditions. The chemical treatment

e enerates breaks in a small proportion of one or two of the four nucleotides in each of the four reactions
Rrea . ?G}A+ G, C, C+T). The chemical agents used in each case are:

Jhe \’L@f’ ar L (e | abelhivg 01 32 leke o) Ssm g &SMJ-
SVA D oMsTg .- | i "
d’\\fz). Formic acid (A+G) l,’, a\“‘luﬂh \‘_%__4-),_9;_.) Sevf\C\\v\JW S~ A gamp

(< = Hydrazine (C+ . ‘ i )
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0 Thi? ge?erates a series of fragments, ranging in size from the radiolabelled end to the first “cut” site on each
molecule. ST

" As the treatment is gentle, only one nucleotide per DNA molecule is cleaved, resulting in molecules of different

sizes. The products of the four reactions are separated on a polyacrylamide gel. A radioara hic plate is
attached to observe the radioactive banding pattern formecf = : el
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An example of Maxam-Gilbert

s am -8

Seqlfgncing Technique, showing i - o
SPECI.flC cleavage of DNA backbone 1 : ?; 3
yielding different sized labelled Nomemg it | . § B -
DNA fragments. b d ea ,\ u(nl'\oé .
l > .o - : r-—-
ACTGACTGAA PNAL =2 ¢ fo®
[ ACTGACTGAA NAas P05 e = g f. _,i‘i |
| «-—-‘"N, : 3 -
A+G T+0 Y Clomvr ot ol mucieutein ; :
Voompraa aze o \ =
| TEETIIT gF B¢ : s
' - - : - ; ; "1,__\ :. . v ~“
I - P 4) Ofererdy siand DNA svords \ ; ﬁ .4
e ._ l l l l \ ; - . ‘n;r,-
Y ' — r—- s 2w E) € irophoves.s Prougr ‘\ . r""-':'f.-“” '
https://www.youtube.com/watch?v=_ = ‘ L —

Dr Ala Abuhammad, PhD _ . \/" e > r é )
‘ . \ A " §) Deduoe DNA sequence f /o
e b PRG0S ek —4
T f '\j) - ' o |
Ted® S2= V> Y Wregen

\ . e S \
-f‘f“g\"‘\e“x'S (\,(c\ﬁes\ c&\ c.er%m Su\it’- \> K& S

= The ist widely adopted method for DNA sequencing.
= [t represents the 1st generation of DNA iequﬁencmg methods.

= This method allows the reading of about 160’§e?quence bases.

=  however, it is less commonly used today, due to its complexity and the availability of more advanced
methods.

= |t has been largely replaced by faster and easier methods, like single sequencing or modern next

generation sequencing (NGS) techniques. | '
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" The enzymgtic Sanger chain termination method is based on the
use of ddNTPs. As with the chemical method. four different reaction
Mixtures are made. Each reaction mixture contains:
* DNA to be sequenced plasmid with the * )
asn the "proble f |
PCR product P m" DNA fragment or
" The four dNTPs: dATP, dCTP dTTP SF N e ANV e (JANTP)
8 al\dgG"f“Fl (oke 2 J U OorsSv /' Dideoxynucleotide (ddNTP)
* DNA polymerase| .. ) ~ \‘1 X 5) " Noa (v : e T
. Cao Ry o« ﬁ@"“*” O¥imer |/ /a-fw' - U=
A radi6labelled or fluorescen ly labelled primer: a 17-20 base
oligonucleotide complementary to the DNA fragment to be sequenced. OCH" - I
- ﬁ dd;ITC;)H@t adloﬁv_v_cor_\*c_e%\‘tmration). a dideoxynucleotide, which lacks 3
ee end, so when incorporated int
elongation P INto a DNA strand stops DNA
* For Sanger sequencing ratio of ANTP : ddNTP = 100:1
. \ - \
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dnger sequencng, also known as dideoxy sequencing or chain termination method, identifies the order of

nucleotide bases in DNA. This method relies on chain termination by modified nucleotides called

dideoxynucleotide triphosphates (ddNTPs).

= 1t was the first DNA sequencing method and remains highly regarded for its accuracy and the length of the
reads it produces (~500-1000 bp). |

= The technique involves the incorporation of ddNTPs into 3 growing DNA chain during replication. These
ddNTPs lack a 3" hydroxyl group, which prevents the addition of further nucleotides, thus terminating the
chain. By incorporating fluorescent or radioactive labels, the terminated fragments can be detected and
analyzed to determine the DNA sequence.

* Sanger sequencing was crucial for the Human Genome Project, completed in 2003, marking a significant
milestone in genomics. Today, it remains a fast and cost-effective method for reading small, targeted regions of
the genome. Its applications include testing for known familial variants, validating NGS results, and single gene
sequencing.
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®® ddATP

: a H .
@3 dGTP ) ddATP terminates synthesis

Q Q 0 QO ¢ '® 1 because the 3' H cannot act as
Q | ‘:)'O" 3 o %»\ nucleophile in phosphodiester
| | bond formation.
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‘ | ‘ 1995  First bacterial genome (Haemophilus influenzae) sequenced
)
~ 2001 Firstd__raflofthe human genome published

| P
| \S X8
)\ 0. 9 R ) \ :
- J

Fp.w.j \".. ‘i - (/\j
e . TH] .

. - HUMAN  ©

- CGENOMIE
\ ’ -
’, ” \ //) /
X7

*\\,\ \ N x’

Dr Ala Abuhammad, PhD

CJ
™
M)
&

s ‘%/i‘ l\:’/f\%l:]
M.f’v g KR

The Hashemite Universty

Dec-24

~
10



1. Automatic sanger-

Aspect

Reading Method

Detection of ddNTP

//

Fluorescence /
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@ Fluorescently labelled DONA sample
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based sequencing

‘Manual Sanger Sequencing Automated Sanger Sequencing

User reads all four gel lanes from  Computer reads the bands in
bottom to top. capillary gel.
Identified by the band’s position in Laser excites fluorescent tags, and

a specific lane (corresponding to  a computer detects the emitted
ddNTP). light.

No fluorescence; bands are

. o luorescent tags attached to
detected using radioactive or UV Fir-shenedtabe

light ddNTPs emit distinct light signals.
Automated chromatogram with
Data Output Manual interpretation of gel bands. fluorescent peaks for each
nucleotide.
Efficiency Time-consuming and requires Faster, with less manual input and
manual effort. higher throughput.
J
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2. Next-Generation Sequencing (NGS)

Techniques based on the San
to 1000 bp), using cloning ve

séquencing of larger fra
| gme
(NGS) is used. These are 3 q

gter method are suit.able for sequencing relatively small DNA fragments (up
ctors such as plasmids or directly PCR products. However, for mass

nt " ’
| S, such as the entire genome of an organism, Next generation sequencing
oup of mass sequencing techniques.

Library P b |
. I)f/“ répatat|on DNA is fragmented, and adaptors are attached to the fragments
mplitication: The fragments are amplified using PCR

" Sequencing: The am m m
) .
g plified fragments are read in parallel using platforms like lllumina or lon Torrent.

. D e |
ata Analysis: Bioinformatics toole Interpret the sequences

Watch: httgs:[/wwwloutube,cong[watch?vzCZeN-IgLYCo
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/ = NGS refers to advanced DNA sequencing technologies that allow for the rapid sequencing of large
amounts of DNA. Unlike traditional Sanger sequencing, NGS is high-throughput, enabling the

simultaneous sequencing of millions of fragments.

= Next-generation sequencing (NGS), also known as high-throughput sequencing, is the catch-all term
used to describe a number of different modern sequencing technologies.

= Read lengths typically range, depending on the technology used, between 100 - 600 bp.

Advantages Limitations
- High throughput and scalability - Requires advanced computational resources for
_ Cost-effective for large-scale projects data analysis

_ Capable of sequencing entire genomes, exomes, or - High (initial) costs for instruments

transcriptomes
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= Key Stepsin NGS
1. Sample Preparation
* DNAis fragmented, and adapters are added to the ends for amplification and sequencing
2. Library Preparation
= Fragments are amplified on a solid surface (flow cell) using techniques like bridge amplification
3. Sequencing by Synthesis (SBS)
= DNA is synthesized base-by-base with fluorescently labeled nucleoti

des, and the sequence is recorded.

4. Data Analysis

| " e NOVO.
= The resulting short reads are aligned to a reference genome of assembled d
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Next-Generation Seaquencinag (NGS . chart <unthetic double-<tranded DNA sequence that are attached
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* Key Functions of DNA Adaptors in NGS:

Facilitating Attachment to Sequencing Platforms:

AT T T T — o TN,
" J

Eﬁ- el e e —...,. .‘.---e-i' e N e =Bl — — ‘ )

Afj\"['l’LL-}TS (\th‘,,.‘ '\Pqi_.l(“ﬂﬁ a< Ihf‘:t P“c')h'(‘ the DNA {("".(]'T'IE nts to bind to ” e surface of a ljt-’(l..ﬂ_'l‘{lf!g flow tﬂ("’" (e a In '”ilrll.'n.:l
stquencing) or to beads (e g, in lon Torrent sequencing)
" Priming for Amplification and Sequencing:

* They include sequences recoc

o Jnized by primers for PCR amplification, which generates sufficient copies of each fragment for
séquencing ' .

During sequencing, the adaptors provide binding sites for sequencing primers

* Indexing/Barcoding:

¢ gﬁ?p_zorg often s_n;_‘lkmo iIndex sequences (barcodes) that allow the multiplexing of multiple samples in a single sequencing run
'hese indices enable bioinformatics tools to differentiate reads originating from different samples

= Compatibility with Sequencing Chemistry:

* Adaptors are designed 1o be compatible with the sequencing platform's specific chemistry and workflow. For example, Illumina
adaptors have regions that enable cluster formation on the flow cell
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= [llumina Sequencing is a widely-used next-generation sequencing (NGS) technology that allows for the
high-throughput sequencing of DNA. It uses a method called sequencing by synthesis (SBS), which
iInvoives capturing DNA fragments on a solid surface and incorporating labeled nucleotides one base at a

time.
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400,000,000 DNA fragments X 300 nucleotides

120,000,000,000 nucleotides in 29 hours
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>1000 Scientists
3 years (1990 2003)
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1 Technician
29 hours

~"24,000,000,000 nucleotides
6 = (4)Human genome X 8

120,000,000,000 nucleotides

Human genome X 40
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The Sanger method
remained the primary
technique for the
majority of
sequencing, while
newer techniques,
such as
pyrosequencing and
sequencing by
synthesis (as seen in
lllumina technology),
started to emerge
later and contributed
to genome
sequencing efforts in
subsequent projects.
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Ihe Human Genome Project (1990-2003) was a landmark international research initiative aifned at
mapping and sequencing the entire human genome. The goal was to identify all the genes in human
DNA and understand their function, providing a foundation for advances in medicine and biology.

Scope: Sequenced 3 billion DNA base pairs of the human genome.
Output: Identified approximately 20,000-25,000 genes.

Collaboration: Involved scientists from multiple countries and institutions.

Impact: Revolutionized understanding of genetic diseases, drug discovery, and personalized medicine
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HiSeq X Ten: Single device has 15X capacity of the NextSeq 500

Cost for sequencing of a human genome (at 40X): ~$1000
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'Ummescengg. Ulﬁgct?c \.Efccqtg'?é'c,eu}fe’?" osequencing. It allows the determination of DNA sequences on a large scale, using

" @DNA to be sequenced: single-stranded

"  Primer

" dNTPg

* DNA polymerase

. 3 peynrgzrenes: sulphurylase (and the substrate adenosine 5'-phosphosulphate or APS), luciferase (and the substrate luciferin) and

* The process occurs in successive three-step cycles. In the first step, one of the 4 dNTPs is added. If it is complementary to the
base of the template strand to be copied, it is incorporated into the strand being extended by DNA polymerase, releasing
PPi. This reacts with APS to give ATP, which is used to oxidise luciferase, a process in which it emits light. If the dNTP that has
been added to the reaction medium is not complementary, it is degraded by apyrase before the next dNTP is added. The
emitted light is captured by a camera. The results are plotted as a pyrogram.

® This technique allows the sequencing of small and medium-sized DNA fragments (100 — 500 BP).

Dr Ala Abuhammad. PhD https.//www.youtube.com/watch?v=pollGc5uj7A Dec-24 29
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* Key Features:

Real-time sequencing of single molecules, ———3
* Llong-read capabilities.

" Technologies: "‘MP “f\c‘”‘lﬁm \’\°—J = ()’U

PacBio (SMRT): Long reads, high accuracy \Q ¢ &{ p A/ A
* Oxford Nanopore: Portable and versatile. sl \\ ~ R
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= Key Areas:

= Target Identification: Detect mutations or gene variations linked to disease.
= Biomarker Discovery: Identify genetic signatures for drug response.,

* Pharmacogenomics: Tailoring treatments based on genetic profiles.

= Example: Using sequencing to study tumor genomes for targeted therapies.
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* Current Challenges:

* (ost and data management for large-scale projects.

* Ethical concerns in genomics.
* Future Innovations:

* Integrating Al for data analysis.

* Expanding accessibility to low-resource settings.

" Improving accuracy for clinical applications.
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