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An overview on DNA sequencing:

e DNA sequencing involves the determination of the

sequence of nucleotides in a sample of DNA.

¢ It use a modified PCR reaction where both normal and
labeled dideoxy—nucleotides are 1Included 1n the

reaction mix.

e Each dideoxy—nucleotides were labeled with different

fluorescent dyes (Each nucleotide has a different

color).
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An overview on DNA sequencing:

These fluorescent-colored nucleotides will be scanned
with a laser detection device, the laser excites the dye,
and the color of fluorescence 1s read by a photocell
and recorded on a computer (inside the sequencer).

Sanger sequencing, also known as the “chain termination

‘ PCR with fluorescen t, 2 Size separation by capillary 3 Laser excitation & detection
chain-terminating ddNTPs gel electrophoresis by sequencing machine
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@ Reaction mixture

» Primer and DNA template

» DNA polymerase

» ddNTPs with flourochromes » dNTPs (dATP, dCTP, dGTP, and dTTP)

Primer
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Template

—— %

ddNTPs
odTTP —@
ddCTP —@
ddATP —@
ddGTP —@

@ Primer elongation
and chain termination
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®@ Capillary gel electrophoresis

Laser

\ Capillary gel

N

Detector

Chromatograph

separation of DNA fragments

@ Laser detection of flourochromes
and computational sequence analysis
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Interpreting Sequencing Results

DNA Sequencers generate

1- A four-color Chromatogram showing the results of
the sequencing run.

2- In addition to a text file of sequence data.

YGXP 210035 loc=GXL 175098 sym=FAML43A| taxid=9606 | spec=Homo

sapienslchrdlcbg-nc 000004 |stx=(+) |start=187065495| end=187066181 | Len=687| comm=Promotar

TTGTTATCCGC TCACAARTTCCACACARAC Region

2 £ Ciid A TAAO0TOCAOOTCTRTAGTATGCAGC TAGATCTAGE GG GARGGACTAATGGTICTOR
TTGACCAGATCCGGGGCTTCATTTTTTAAACCTCATTCGTCCACTCCCCACCCCAGCCTGRTGTGCGCACCCTTTGATGE
(GCOGGGATAGRCGAGATGGTCCTGIGETCTCTGCCTTCTICTGRTGAATTAAAATCCGAT T TGGAAGAGAGAAGGGCA
(CCAGCACCAGTATGCACAGCCCCCGGRCCCCAGAGACCOGGRARGRAGTAGGRAGGCCRRGCCRTGOGCERAGRAGTGGC

fl (GCTGGGTTGRAAACCOGGCCOGGCAGGEACCRGGARGGCGCGCTTTCCCOGAGRTCAROGCRAOGCCA0GRCCERAGE

(GGGGCCCEGAGCGRORATGOGCEGRCECACCORGRATTAGCTGGCEECCCAGRGCRCAGCGCACORACGAGRAGRGAG

q (CRCGCOGGCRCGGRCCEGECCEACGATCTCAGAGGRARGRGGCATCCRAGCCCOGCRRACCCOGRRCGCRCCCRREE

1440, 1920, , 1600, , 1680, .

(GCCTGAGCTGRGCCAGCCGUGCAGCA6GCAC666C6CE66CECEE6CCE66CECE6ECO0TEE0GACC0CACC000
(GGGCOGOGGGGGCGCRTGACCHGCTOICTGENGRGGCCCACACEE
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Interpreting Sequencing Results

* When you obtain a sequence you should proofread 1t
to ensure that all ambiguous sites are correctly
called and determine the overall quality of your
data.

| I|440| 1 | 11520| 1 | 11600| 1 | ‘1680| 1 |

Base Designations

TTGTTATCCGC TCACARTTCCACACARC
128 130 148

° “Y” designation—green peaks

* “G” designation—Dblack peaks | |

* “T” designation—red peaks |

|
| ’
® “C” designation—blue peaks I _Ul 'l,‘ .'|'.||'L['

* “N” designation—peaks that,
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Good sequence generally begins
roughly around base 20.

End of sequence

Interpreting Sequencing Chromatograms

Chromas - 19H7.bin
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File Edit Options Help
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Beginning of Sequence 1

ACGC CCATTHGACTCHCT NHNAGGGCGAATTG GGTAC C
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File Edit DOptions Help
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Open
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Save
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Export

=40
Next

Ere | rﬁd | ——— |=— Sample: H7 |Base 581
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578 588 598 6608

CACAACATAC GANCCGGAAGCATAAAGTGTAAAAG CTGGGGT
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Interpreting Sequencing Chromatograms

With a little practice, you can scan a chromatogram in less
than a minute and spot problems.
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TATCCGC TCACAATTCCACACAACATACGAGCCGGAAGCATAA

J(\ 1

o

An example of excellent sequence. Note the evenly-spaced peaks
and the lack of baseline 'noise'
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Possible Defects Could be Detected during Interpreting
of Chromatograms

1. Background noise

This example has a little baseline noise, but the 'real' peaks are
still easy to call, so there's no problem with this sample

LCTTCCCCGGGTTGCACCACAGACTTGGGGACACGTTTGCGBCTCGECTCTTCTEGGCC

0 270 280 290 300 310
I

A TN LA A RN A LR Lk
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280 290 300 310 320

-

| )

Noise like the above most commonly arises
when the sample itself is too dim.

llA" TGCGCAGTCACGCTGG AATAAAGGAACTGACTGGCGTTCGT CGTACTGATCCT CACT
270
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2. Types of Polymorphisms

a. Transitions: A<> GorC <> T

(purines to purines OR pyrimidines to pyrimidines)
b. Insertions: an extra base is present.

¢. Deletions: a base may be missing.
d. Mis-Called .

(I) Irregular spacing: CT T CAG ACCT TGGC2

Common one for us 1s a G-A ) !

—
=

dinucleotide, which leaves a little

extra space between them. \ N\/\
RS UAY
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d. Mis-Called

(I1) Mis-call a nucleotide:

Sometimes the computer will mis-call a nucleotide when a
human could do better. Most often, this occurs when the base
caller calls a specific nucleotide, when the peak really was

ambiguous and should have been called as 'N'.

|

- ] C CCACNAAGC ] Cc C C C




d. Mis-Called

(III) The real problem comes when the base caller attempts to
interpret a gap as a real nucleotide.

Note the real T peak (nt 58) and the real C peak (nt 60), with the G
barely visible between them. Despite its size, the baseline-noise G peak
was picked as if 1t were real. The clues to spot are (1) the oddly-spaced
letters, with the G squeezed in, and (i1) the gap in the 'real' peaks,
containing a low noise peak.

This 1s a great example of why a weak sample, with its consequent
noisy chromatogram, 1s untrustworthy.

o
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3- Heterozygous (double) peaks:

A single peak position within a trace may have but two
peaks of different colors instead of just one.

Note that the base caller may list that base position as an
'N', or 1t may simply call the larger of the two peaks.

Here's a great example of a PCR

@ C 7T C T CCOCINT T CCT C 7 C
SO ra s

MMV

- /




4. Single-nucleotide polymorphism (SNP).
A single peak position within a trace may have two peaks
different colors instead of just one.

A0 /

ATCGT

A Exon 121673 A>G: Heterozygous genotype (AA>AG)

240

) 20 20
GAGCCACCACACATCAC GAGAGCCACCGCACATCACT

AN Ay (Al

Normal Patient with BrS

B Exon 18 3269 C>T: Heterozygous genotype (CC>CT)

130 140 130
GCCCCTCCGGATTCCAGG, JCCCCTCCGGATTCCAGE

oo

Normal Patient with BrS

~PSA4-102_C01_Si1412_002.ab1 Fragment base #92. Base 92 of 263 +
A T T A T T

Individual 1 Individual 4

chr2 «»+CGATATTCCTATCGAATGTC. .. chr2 + » » CGATATTCCTATCGAATGTC. ..
I e L owas e

copy GCTATAAGGATAGCTTACAG copy, GCTATAAGGATAGCTTACAG ) “A” allele
chr2 ¢+ +»CGATATTCCCATCGAATGTC. . chr2 ¢+ « CGATATTCCCATCGAATGIC. ..
cop? ++ «GCTATAAGGGTAGCTTACAG. .. wp? + + « GCTATAAGGGTAGCTTACAG. ..

Individual 2 Individual 5
chr2 »»+CGATATTCCCATCGAATGTC. .. chr2 + + - CGATATTCCCATCGAATGTC. ..
copyl + + «GCTATAAGGGTAGCTTACAG. .. opyl + + GCTATAAGGGTAGCTTACAG. .. (B) “C” allele
chr2 «»»CGATATTCCCATCGAATGTC. .. chr2 + » - CGATATTCCTATCGAATGTC. .. .
copy? ., .GCTATAAGGGTAGCTTACAG. .. opy? .. GCTATAAGGATAGCTTACAG. .. _— = —

q T T T 1A T T A A
IGGGRGRTICTT]TRTITIRH

Individual 3 Individual 6
chr2 «»+CGATATTCCTATCGAATGTC. .. chr2 + » - CGATATTCCCATCGAATGTC. ..
copl ++ -GCTATAAGGATAGCTTACAG. .. copl ++ GCTATAAGGGTAGCTTACAG. .. (©) /f\/\ “A/C” heterozygote
chr2 «»»CGATATTCCTATCGAATGTC. .. chr2 -+ » - CGATATTCCTATCGAATGTC. .. /\/\'\ jl
copy? ., .GCTATAAGGATAGCTTACAG. .. wpy? .. GCTATAAGGATAGCTTACAG. .. A \H\S_ A u\:| l”\ N AVA — m/ }

T CT CT CCNT I C€C CT C 7T C
SO rg s
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5- Negative samples / No DNA—chromatograms

displaying peaks from which no useable sequence can be
obtained may be due to an absence of DNA. These
chromatograms generally have one or two predominant
colors.

CC CCCACGCGCGCGGCGGCGGC AC
190

BA'RRTY JWVAUI
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6- Loss of resolution later in the gel:

As the gel progresses, it loses resolution. This is
normal; peaks broaden and shift, making it harder to
make them out and call the bases accurately.

, 1440, 1520, 1600, = 1680,

TATCCGGTARCTATCGTCTTGAGTCCAA
TTGTTATCCGC TCACAATTCCACACARC 798 6ae 616
128 138 148
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———
P ——
—
—
b—

p— et
-——
-
—'—__
e ———
R——
P—
R
e —
—_—
-
———
_‘___—_
e ——

Y ||("'H"\|j\ m y\ m /\ :

This is a typical example of data the spacing between the basecall letters

from a very good sample at top is regular, which is often a good
indication of the reliability of the data.

- Y,
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6- Loss of resolution later in the gel:
The sequencer will continue attempting to '""read" this
data, but errors become more and more frequent.

i CCHG TTRACC TT C GNAHHAAR G AGT TGGT
a7a a5a 994

There are only a few base calls that can be considered
reliable. The G at 981 may in fact be two G's, the N could
be a G or an A, and who knows how many A's there are
afterwards.
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7- Non-discrete peaks: these may occur when several
of the same nucleotide appears 1in a row. For example, 1f
the sequence includes the region TAAAAAT, it may be
represented by one wavy peak as opposed to 5 distinct
peaks.

l"l A M "

'I || | ' \' /'\ |
Ill |||| l"-\| |'|(.\|| || |I|||‘,lll| II| ||| II| ||I ll', 'I'I' I| II(.\||| |III IlI ||| ||||
| 'Il |I| |I| |’| ||"ll VooV I|I ||I |‘| I|| Il ||
[\ \"_._ 'u' l'. )-( ,." | |‘l |
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Failed analysis
Ask the Sequencing Service to reanalyze the sequence.

8- Good sequence with bad base calling:
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9- DNA template has a secondary structure:
Secondary structures create a distortion that makes

it impossible for elongation to continue and so the
sequence ends abruptly.

—

ST IIIIIIIIIIII. ______ e

|GC%GCCGCTTGC AGC 'I"C GTHGTEGTE GTGGTGONGCNCNANANNAA A

tg l IE] P00 . 210 220
| ! P

THIIR L (AT VY 1o I

JIV_“M_LJ‘L VAT IR o

The sequence ends after approximately 200 bp




10- DNA contamination:

_1l
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CAATGTGACGTCGGATCTGGGGGCCC TCTACGATCCGCTTCTGTGGCCCGCCTG
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CAGGCCGACAGCCTG TAGGGT TA
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ATTTGGTGGGGCAAGGCCAAGAACATTTTCC
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11- Excess dye peaks at the beginning of the sequence

Cause related to sequencing: Poor removal of
unincorporated dye terminators during the post-
sequencing clean up

MININ 'WWa  & P ﬂ
| | \ 1
| r’ | l i i
“\ 1 | “r" .Hn v
| , I ' ﬂ';"‘.. 1 ,'
i | ll :I: ] 1"--‘ “ . ‘ | ‘
GG U MU Ao i s L,
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12- Sharp peaks in the sequence:

e _§ T T 1T & T 0 B I 0 B T N 1| TI0T o 'I I I N lI
ATTTCTGCC TTATCCTCTACACTGTGG MIGGCTGATTATGAT CTA GAGTCGCOGGCC
40 a0 60 70 a0 a0

e

13- Sequence with "G" dye blob

T CAGACTCAAT T TT GCCAA T CTGOGT TAATGCGAG T T AA
400 410 420

W i 0 vy
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14- Reaction failed, No sequencing data
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Realize, t00, that it's easy for a human
to miss these. If you want to be sure
you've detected all the polymorphic

positions, you should be using a
computer program to scan your
chromatograms!
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Interpreting of FASTA format of the
Sequencing Results

YGXP 210035 loc=GKL 175098 sym=FAM149A| taxid=9606 | spec=Homo
aapiens |che=4|ctg=NC 000004 |str=(t) |start=187065435]end=187066161 | len=687| comn=Promoter

Region
(GACGGGCGTGGAAGGRTCCACGTCTTTAGTATGCATGCTTAGATCTAGCGTTCCTGTTGATGGAGTAATGGTTCTCGCA
TTGACCAGATCCGGGGCTTCATTTTTTAAACCTCATTCGTCCACTCCCCACCCCAGCCTGRTGTGCGCACCCTTTGATGE

(GCGGGGATAGGCGAGATGGTCCTGTGRTTCTCTGCCTTCTTCTGOT GAATTAAAATCCGATT TGGARGAGAGAAGGGCA
(CCAGCACCAGTATGCACAGCCCCCGGCCCCAGAGACCCGUGARGGAGTAGGGAGGCCEGGCCATGCACOGAGGAGTGGC

CGCTGOGTTGRARACCCGRCCCOGCAGRGAGCROGGARGGCGCGCTTTCCCORAGRTCAGOGCARRGCCERAGCCARGGCE
CG6GGCCCGRAGCGGGRATGOECEGECECAGCCAGGATTAGCTGGCGRGCAAGEGCOCAGCGCAGGGAGGAGGAGGGGAG
(CGGCCCCGRCGCOGECGRGECORAGCATCTORAGAGGRAAGGGGCGTGCAAGCCCCGCGRACCCOGRGCECCCORGGE
CGCCTGAGCTGGECCAGCCGLGCGOGRGCECAAGCACAGECACARECGCAMGECRCAGECERATCRGRAGCCCCAGCCCE
(66GCCGCOGERGCGCGTGACCGRCTGTCTGCATGRRGCCCGCGCGE
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1. Determining homology:

In other words, 1s your sequence like any other published

sequences and if so, to what degree?

This can be accomplished using:
BLAST, (Basic Local Alignment Search Tool)

It 1s a program supported by the National Center for
Biotechnology Information (NCBI).

The program compares nucleotide or protein
sequences to sequence databases and calculates the
statistical significance of matches.

This program is accessible at: http://www.ncbi.nlm.nih.gov/BLAST/ (GenBank database;
National Center for Biotechnology Information, National Institutes of health).
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BLAST: Basic Local Alignment Search Tool
blast.ncbi.nlm.nih.gov/
The Basic Local Alignment Search Tool (BLAST) finds regions of

local similarity between sequences. The program compares
nucleotide or protein sequences to ...

Align two or more - Protein BLAST: ***search ... - Nucleotide BLAST
Rat - sequences

Nucleotide BLAST: Search nucleotide databases using a nucleotide ...
blast.ncbi.nlm.nih.gov/Blast.cgi?...blastn... BlastSearch...

No BLAST database contains all the sequences at NCBI. BLAST
databases ...

BLAST - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/BLAST
In bioinformatics, Basic Local Alignment Search Tool, or BLAST,

Is an algorithm for comparing primary biological sequence
information, such as the amino-acid ...

Process - Output - Input - Background

- /
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&  C | & https//blastncbinimnihgov/Blast.cgi

& BLAST: Basic Local Aligni X

m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information

Home

BLAST®

aajj MyNCBI  SignOut

RecentResults  Saved Strategies  Help

Basic Local Alignment Search Tool

compares nucleotide or protein sequences to sequence databases and Mon, 27 Feb 2017 14:00:00 EST

calculates the statistical significance. Learn more

Magic-BLAST 1.2.0 released
BLAST finds regions of similarity between biological sequences. The program A new version of the BLAST RNA-seq mapping tool is now available.

B More BLAST news...

Web BLAST

~ Ogﬂ?P
e 9@ (3 (]')'I ENG TolV/sg/sT

=]
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Nucleotide BLAST: Search nucleotide databases using a nucleotide query

<;3.

Gmail: Email from G...

o

DellisPage Department of Biolo.. Medical University of... Getting Started Latest Headlines 3

() College of Charleston: Web Mail ... J 3 Nucleotide BLAST: Search nucleoti... | €3

NCBI Blast:41 926f1

@ http://blast.nchi.nim.nih.gov/Blast.cgi?’PAGE=Nucleotides&PROGRAM=hlastn&ME ¥ vncbi

CGETCEAGCTETGETTTAATTCEAAGCAACGCEAAGAACCTTACCAGETCTTGACATCCTTTGACCACTC
TAGAGATAGAGCTTTCCCTTCEEEEACAAAGTGACABGTGETGCATGET TETCETCAGCTCOTARTCETGA
GATGTTGGGETTAAGTCCCGCAACGAGCGCAACCCTTATTGTTAGTTGCCATCATTTAGTTGEGCACTCTA
GCEAGACTGCCOETGACAAACCOEAGGAAGETGEGGATGACGTCAAATCATCATGCCCCTTATGACCTGE
GCTACACACGTGCTACAATGGEAACTACAACGAGTCOCTAGACCOCEAGETCATGCAAATCTCTTAAAGC

N AMAAAAMAAYTMAYT YA AASAYT M ASAMY AW M ASAASY AT

I AT AT AT AT ASS Y MM AT S AT A

m From |
. To[
v

Or, upload file I BroavEe . I 9
Job Title [

Enter a descriptive title for your BLAST search &)
|~ Blast 2 sequences

Choose Search Set

Database

Organism

" Human genomic + transcript { Mouse genomic + transcript * Others (nr etc.):

e

I Nucleotide collection (nr/nt)

Click the “Blast!” button at the bottom to submit your

sequence data.

Resetpage  Bookmark
Enter Query Sequence
Enter accession number, gi, or FASTA sequence ¢ Clear Query subrange
41 92651




/’r\ o O NCBI Blast:41 926f1 D\

[

| N 0 o~

i Q] Y fy y é;;] G} @ http://blast.ncbi.nlm.nih.gov/Blast.cgi v O (|Gl nebi

: Gmail: Email from G... DellisPage Department of Biolo... Medical University of... Getting Started Latest Headlines &

L3 College of Charleston: Web Mail ... | €3 BLAST: Basic Local Alignment Sear... | @ NCBI Blast:41 926f1 (]
:.J BLAST . _Myucm EI!

~ Home RecentResuts SavedsStratoges Help

» NCBI/ BLAST/ blastn suite/ Formatting Results - GX4WWS8V01R  [Formatting options]

Sign In] [Register] ‘ Y

Job Title: 41 926f1
Request ID GX4WWSBV01R
Status Searching
Submitted at Mon Nov 3 01:01:00 2008
Current time Mon Nov 3 01:01:03 2008

Time since submission

This page will be automatically updated in 8 seconds

ight | Disclaimer | Privacy | Accessibiiity | Contact | Send feedbach NCBI | NLM IH | DHHS

e A R A R R L R e R R R e R —— . L4 =% m}.i,...m A..LL.... .....

This screen will come up next. Finally (sometimes after a lengthy wait), a new window will

appear showing any “hits” your sequence made. The results will be color coded and annotated

o /




! [Sign In] [Register]
| ———

NCBI/ BLAST/ blastn suite/ Formatting Results - GX4WWSBV01R
Edit and Resubmit Save Search Strategies P Formatting options P Download

41 926f1
Query ID |cl|18695 Database Name nr
Description 41 926f1 Description All GenBank+EMBL+DDBJ)+PDB seguences (but no EST, STS,
Molecule type nucleic acld GSS,environmental samples or phase 0, 1 or 2 HTGS
Query Length 567 sequences)

Program BLASTN 2.2.18+ P Citation

Other reports: PSearch Summary [Taxonomy reports] [Distance tree of results]

¥ Graphic Summary

Distribution of 103 Blast Hits on the Query Sequence o

\Mouse over to see the defline, click to show alignments |

Color key for alignment scores

<40 40-50 5080

auen | I I I I I
0 100 200 300 400 500

e B ’ .
The bars show what places along your sequence are similar to other

published sequences; the colors indicate how many bases were involved in

homology determination.
gy Y.

o
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¥ Descriptions
Legend for links to other resources: m UniGene "~ GEO E Gene E Structure m Map Viewer

Sequences producing significant alignments:
(Click headers to sort columns)

Accesion Descipon E-iF - ATy -
EUS57008.1 | Uncultured bacterium clone C56 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS57006.1  Uncultured bacterium clone C59 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS57004.1  Uncultured bacterium clone C62 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS57001.1  Uncultured bacterium clone C66 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS57000.1  Uncultured bacterium clone C72 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS56999.1  Uncultured bacterium clone C75 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS556998.1 | Uncultured bacterium clone CB0 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS56996.1  Uncultured bacterium clone C99 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EU285587.1  Enterococcus faecalis strain C19315ledSA 165 ribosomal RNA gene, partial s 946 946 98% 0.0 97%
EUS47775.1  Enterococcus faecalis strain 1J-07 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
AB362500.1  Enterococcus faecalis gene for 165 rRNA, partial sequence, strain: NRIC 011 946 946 98% 0.0 97%
EF653454.1 Enterococcus faecalis strain 47/3 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EF608536.1 Uncultured bacterium clone PCD-8 165 ribosomal RNA gene, partial sequenc 946 946 98% 0.0 97%
AMAQ7463 1 Uncultured bacterium partial 165 rRNA aene. isolate BFO001D078 Q4h Q464 QRY, nn Q7%

Clicking on a “gi” link at the beginning of any line will take you to the GenBank
accession page for a sequence showing similarity to yours. There you can find a wealth of

information about the published sequence to which yours showed some homology.

o

/




>[ gb|EU285587.1|

partial segquence
Length=1456

Score =

Identities
Strand=Plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

1
893
60
953
120
1013
180
1073
240
1133
300
1193
360
1253
420
1312
480
1371
535
1431

946 bits (512), Expect

0.0
12/566 (2%)

550/566 (97%), Gaps

CGGTCGAGC-TGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCC

LLLE DL LELELELEEEEEEELL UL EEEELLLL LT

CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCC

TTTGACCACTCTAGAGATAGAGCTTTCCCTTCGGGGACAAAGTGACAGGTGGTGCATGET

TTTGACCACTCTAGAGATAGAGCTTTCCCTTCGGGGACAAAGTGACAGGTGGTGCATGGT

TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATT

LULCELLCLLLEEEELL UL LT ELLL L]

TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATT

GTTAGTTGCCATCATTTAGTTGGGCACTCTAGCGAGACTGCCGGTGACAAACCGGAGGAA

GTTAGTTGCCATCATTTAGTTGGGCACTCTAGCGAGACTGCCGGTGACAAACCGGAGGAA

GGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAAT

LLLCEELCLULEEELELE LU L UL ELLLLL LT L]

GGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAAT

GGGAAGTACAACGAGTCGCTAGACCGCGAGGTCATGCARATCTCTTARAGCTTCTCTCAG

CLLEELLLELEEEEELUL UL LU

GGGAAGTACAACGAGTCGCTAGACCGCGAGGTCATGCAAATCTCTTAAAGCTTCTCTCAG

TTCGGATTGGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGATC

LLLEEELLL LEEELLLLEEEELLLL T UL LU ELLEL L

TTCGGATTG-CAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGATC

AGCACGCCGCGGTGAATACGTTGCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGA

CLLLELLLLULEEEELEELEEE LU TELELEEE UL EEEELELE LT LT

AGCACGCCGCGGTGAATACGTTCCCGGG-CCTTGTACACACCGCCCGTCACACCACGAGA

GTTTGTAACACCCGAAGTCGG-GAGGTACCCTTTT-GGAGC-A-CCGCCTTAGGTGG-AT

CLLLELCCULLEEELLELEE LU TELL EELL LT TEETLL T

GTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTTTGGAGCCAGCCGCCTAAGGTGGGAT

AGATGAT-GGGGTGA-GTTC-TAACA 557

AGATGATTGGGGTGAAGT-CGTAACA 1455

Enterococcus faecalis strain C19315ledSA 16S ribosomal RNA gene,

59
952
119
1012
179
1072
239
1132
299
1192
359
1252
419
1311
479
1370
534
1430
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Translation and Open Reading Frame Search

Regions of DNA that encode proteins are first transcribed
into messenger RNA and then translated into protein.

By examining the DNA sequence alone we can determine
the sequence of amino acids that will appear in the final
protein.

In translation codons of three nucleotides determine which
amino acid will be added next in the growing protein
chain.

It 1s important then to decide which nucleotide to start
translation, and when to stop, this 1s called an open
reading frame.

- /
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Once a gene has been sequenced 1t 1s 1mportant to
determine the correct open reading frame (ORF).

Every region of DNA has three/six possible reading
frames, three in each direction.

The reading frame that 1s used determines which amino
acids will be encoded by a gene.

Typically only one reading frame is used in translating a
gene and this 1s often the longest open reading frame.

Once the open reading frame 1s known the DNA sequence
can be translated into 1ts corresponding amino acid
sequence. An open reading frame starts with an ATG

(Met) in most species and ends with a stop codon (TAA,
TAG or TGA).

o
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For example,

the following sequence of DNA can be read in six
reading frames.

Three in the forward and three in the reverse
direction.

The three reading frames in the forward direction are
shown with the translated amino acids below
each DNA sequence.

Frame 1 starts with the "a", Frame 2 with the "t" and
Frame 3 with the "g". Stop codons are indicated by an
"*'" in the protein sequence.

o
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1

2

;

5 !
atgcccaagctgaatagcgtagaggggttttcatcatttgaggacgatgtataa

A S R A A N ‘S N T
0 cca oac o3 ata g tag g oot i
I L A T A
ooc o ot 0@ fag b agm 000 Oft tte atc att i o
A S A [ I 7

A0 00C 80 Cf0 aat aoc 0t gag gom tC ted ted tE o o b ofa (a
|
t




o

. iésg

3aac e
i
238§




-
Translation:

Each sequence must be translate to its amino acids (aa)
by using

Expasy. translatesoftware
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Translate tool

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

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

3601
3661
3721
3781
3841
3901
3361
4021
4081
141
4201
4261
4321
4381
4441

Reset | or

ARGATACTAG
TCCAGARAGSE
GTTACCGAAG
ARGAGCTICC
CTACTAGGCA
TATCATIGAA
AGGRACATICA
GTGAATTGGA
CCRAACIIAT
TTTCAGATGA
TGGATTCIAA
ACTGCTCAGS
AARCATAACCT
ATGGGAGCCA
ACCTGCGAAR

TTTTGCTGAA
AGAGCTTIAGC
AGGGGCCARG
CTIGCTICCAN
TAGCACCGTT
GAATAGCTTA
CCTITAGIGAG
AGACTTIGACT
GRAGGCATICAG
TOAAGARAAGA
CTTAGGTGAA
GCTATCCTICT
GATAARAGCTC
GCCTICTIARC
TCCAGAACAA

AATGACATTA
AGGAGICCIA
AAATTAGAGT
CACTIGITAT
GCTACCGAGT
AATGACTGCA
GRARCAAART
GCARATACAA
ICTGARAGCC
GGAACGGGCT
GCAGCATCIG
CAGAGTGACK
CAGCAGGAAA
AGCTACCCTIT
AGCACATCAG

AGGAMGTIC
GCCCITICAC
CCTCAGAAGA
TTGGTARAGT
GICIGTICTAA
GTARCCAGGT
GIICIGCIAG
ACACCCAGGA
AGGGAGTIGG
TGGAAGARAA
GGIGTGAGAG
TITTAACCAC
TGGCTGAACT
CCAICATAANG
ARARAAGCAGT

TGCTETTIIT
CCATACACAT
GAACTTATCT
MACAATATA
GAACACAGAS
ARTATTGGCA
CITIGITIICT
TCCTTTCITG
TCIGAGIGAC
TAATCAARGAA
TGIAACAAGC
TCAGCAGAGS
AGAAGCTIGTG
TGACTICTICT
ATTAACTTICA

o

Output format: |Verbose ("Met". "Stop”. spaces between residues) =)
TRANSLATE SEQUENCE

AGCAARAGCG 2]
TTGGCICAGG
AGTGAGGATG
CCITCICAGT
GAGAATTTAT
ARGGCATCTC
TCACAGTIGCA
ATTGGTTCTT
ANGGAATTGE
GAGCAAAGCA
GICTCTGAAG
GATACCATGC
TTAGAACAGC
GCCCTIGAGG
CAGAAAAGTA #|




Strand 1:
1% ORF: 2 stop codons
CGA-GAT-GCC-TAA-ATG-AGT-TGG-CCA-GCA-GAG-CGA-GCA-TGG-ATG-T

R D A 2 M S W P A 2 R A W M ’L}A TCSA b

2™ ORF: 1 stop codons
GAG-ATG-CCT-AAA-TGA-GTT-GGC-CAG-CAG-AGC-GAG-CAT-GGA-TGT-AAT-CAG
f M P K * VG Q Q S E HGC N Q

3™ ORF: 0 stop codons
AGA-TGC-CTA-AAT-GAG-TTG-GCC-AGC-AGA-GCG-AGC-ATG-GAT-GTA-ATC-AG
R L. L N E L A S R A § M D V 1

Reverse complementary strand:

4" ORF: 0 stop codons

CTG-ATT-ACA-TCC-ATG-CTC-GCT-CTG-CTG-GCC-AAC-TCA-TTT-AGG-CAT-CTC-G
T = M 1 A L L A N S F R H L

5" ORF: 1 stop codons
TGA-TTA—CAT-CCA-TGC—TCG CTC-TGC-TGG-CCA-ACT-CAT-TTA-GGC-ATC-TCG
i £ N P g5 LU W PoY H L G 5

G‘ORF 1 stop codons
gfT*TAO-ATC—CAT—GCT—CGC—TCT—GCT—GGC-CAA-CTC-AT'FTAG-GCA-TCT-CG
X 1 u 2 R B A & O L 1} 7 A 5




>Seq3,

MLOMRMKRKR RKKKDVVLDV TLTSCENVTE DTRDPNSVVL TVKDGFRFKT LKVGDKTLEN
VDTGKHTPVK AFKLKHDSEE WEFRLDLHAAQ PKMEFKKKGDK EYSESKFEFETY YDEVLEFKGKS
AKELDVSKFE DPALFTSANE GTGKKYTEFKK DEFKPSKVLEE KKEVGKPNNA KYLEVVVEVG
SDSKKLVKLY YEYTGDSRLK ETYFELKDDK WVOMTQADAN KALNAMNSSW STDYKPVVDK
FSPLAVEFASV LIVEFSSV
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BLAST: Basic Local Alignment Search Tool
blast.ncbi.nlm.nih.gov/
The Basic Local Alignment Search Tool (BLAST) finds regions of

local similarity between sequences. The program compares
nucleotide or protein sequences to ...

Align two or more - Protein BLAST: ***search ... - Nucleotide BLAST
Rat - sequences

Nucleotide BLAST: Search nucleotide databases using a nucleotide ...
blast.ncbi.nlm.nih.gov/Blast.cgi?...blastn... BlastSearch...

No BLAST database contains all the sequences at NCBI. BLAST
databases ...

BLAST - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/BLAST
In bioinformatics, Basic Local Alignment Search Tool, or BLAST,

Is an algorithm for comparing primary biological sequence
information, such as the amino-acid ...

Process - Output - Input - Background

- /
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& BLAST: Basic Local Align: X

& C | & https//blast.ncbi.nim.nih.gov/Blast.cgi

m U.S. National Library of Medicine NCBI National Center for Biotechnology Information

BLAST®

Home

Recent Results

aajj  MyNCBI

Saved Strategies

Sign Out

Help

Basic Local Alignment Search Tool
Magic-BLAST 1.2.0 released

BLAST finds regions of similarity between biological sequences. The program
compares nucleotide or protein sequences to sequence databases and
calculates the statistical significance. Learn more

Mon, 27 Feb 2017 14:00:00 EST

A new version of the BLAST RNA-seq mapping tool is now available.

B More BLAST news...

Web BLAST

BLAST Genomes

Search

A | 7z ) ENG

09:17 Pl
170} E}"

TelV/s




Recent Results  Saved Strategies

» NCBI/ BLAST/ blastp suite
blastn | blastpl blestx | tblastn | tblastx |

BLASTF programs search prcotein databases
Enter Query Sequence

gnter accession number, gi, or FASTA sequence @ Clesr Cuery subrange &
From
To| ]
Or, upload file [ Chocse File ] No file chosen 2
Job Title ‘

Eﬁter a descfipt\rier tlle fbr yoLr BLAST searéh Q,'

(] Blast 2 sequences

Choose Search Set
Database  Non-redundant protein sequences () [v| @
Organism = B e .
Optional tnter organis 1ame or id—completions De sugoeste

Enter organism commor name, binomial, or tax id. Only 20 top taxa will be shown. &

Entrez Query
Opticnal : —
Enter an Entrez query to limit search &

Program Selection
Algerithm ———> @ plastp (protein-prote n BLAST)
0 PSIBLAST (Position-Specific lterated BLAST)
0 PHI-BLAST (Paitern Hit nitizted BLAST)
Choose a BLAST algorithm &

" € BLAST | | Search database nr using Blastp (protein-protein BLAST)
[" Show results in a new window /




NCBI/ BLAST/ blastn suite/ Formatting Results - GX4WWSBV01R

! [Sign In] [Register]
| ———

Edit and Resubmit

Save Search Strategies P Formatting options

P Download

41 926f1

Query ID
Description
Molecule type
Query Length

Icl| 18695
41 926f1
nucleic acid
567

Database Name
Description

Program

nr
All GenBank+EMBL+DDBJ+PDB seguences (but no EST, STS,
GSS,environmental samples or phase 0, 1 or 2 HTGS
sequences)

BLASTN 2.2.18+ P Citation

Other reports: PSearch Summary [Taxonomy reports] [Distance tree of results]

¥ Graphic Summary

Distribution of 103 Blast Hits on the Query Sequence o

\Mouse over to see the defline, click to show alignments |

Color key for alignment scores

‘Done

o

<40 40-50 5080
Query I
| | | | | |
0 100 200 300 400 500

»

The bars show what places along your aa are similar to other published; the

colors indicate how many bases were involved in homology determination.

5

/




¥ Descriptions
Legend for links to other resources: [!J UniGene

GEO E Gene B Structure II] Map Viewer

Sequences producing significant alignments:

(Click headers to sort columns)

M Total ¢ E M
Accesion | pescpton =Nl
EUS57008.1  Uncultured bacterium clone C56 165 ribosomal RNA gene, partial sequence 946 946 Q8% 0.0 Q7%
EUS57006.1  Uncultured bacterium clone C59 165 ribosomal RNA gene, partial sequence 946 946 Q8% 0.0 Q7%
EUS57004.1  Uncultured bacterium clone C62 165 ribosomal RNA gene, partial sequence 946 946 Q8% 0.0 Q7%
EUS57001.1  Uncultured bacterium clone C66 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS57000.1  Uncultured bacterium clone C72 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS56999.1  Uncultured bacterium clone C75 165 ribosomal RNA gene, partial sequence 946 946 a8% 0.0 97%
EUS56998.1  Uncultured bacterium clone CB0 165 ribosomal RNA gene, partial sequence 946 946 Q8% 0.0 Q7%
EUS556996.1  Uncultured bacterium clone C99 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EU285587.1  Enterococcus faecalis strain C19315ledSA 165 ribosomal RNA gene, partial s 946 946 Q8% 0.0 97%
EUS47775.1  Enterococcus faecalis strain 1J-07 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
AB362590.1  Enterococcus faecalis gene for 165 rRNA, partial sequence, strain: NRIC 011 946 946 98% 0.0 Q7%
EF653454.1 Enterococcus faecalis strain 47/3 165 ribosomal RNA gene, partial sequence 946 946 Q8% 0.0 Q7%
EF608536.1 Uncultured bacterium clone PCD-8 165 ribosomal RNA gene, partial sequenc 946 946 Q8% 0.0 Q7%
AMAQ7463 1 | Uncultured bacterium partial 165 rRNA aene. isolate BF0001D078 Q4h Q44 QRY, nn Q7%




>Seq3,

ATGCTGCAAATGAGGATGAAAAGAAAAAGGAGGAAAAAAAAAGATGTTGTTCTCGATGTTACTCTCACTTCATGTGAGA
ATGTAACCTTTGATACTCGCGACCCTAACTCCGTCGTGTTAACTGTCAAGGATGGCTTCCGTTTCAAGACCCTTAAGGT
CGGGGACAAGACCTTATTCAATGTTGACACAGGAAAACATACCCCAGTAAAGGCATTCAAACTTAAGCATGATTCCGAG
GAGTGGTTCAGGCTTGATCTTCATGCTGCCCAACCAAAGATGTTCAAGAAGAAGGGAGACAAGGAATATTCTGAGTCCA
AATTCGAGACCTACTACGATGAAGTCTTGTTCAAGGGAAAATCCGCCAAGGAACTAGATGTTTCCAAGTTCGAAGATCC
AGCTTTGTTCACCTCCGCTAACTTCGGCACTGGAAAGAAGTACATTCTTTAAAAAGGATTTCAAACCTTCCAAAGTTCT
CTTCGAAAAGAAAGAAGTCGGAAAACCAAACAATGCCAAGTATCTTGAAGTTGTTGTCTTTGTCAGTTCTGATTCCAAG
AAGGTCGTCAGACTCGACTACTTCTATACCGGTGACTCAAGGTTGAAGGAGACCTACTTCGAGCTTAAGGACGATAAGT
GGGTGCAAATGTCACAGGCAGATGCAAACAAGGCCTTGAATGCCATGGACCCAGCCTGGTCCTCAGATTACAAACCAGT
TGTCGACAAGTTCTCCCCCCTTGCAGTCTTCGCCTCAGTACTCATCGTCTTCTCATCAGTCCAATCAC

>Seq3,

MLOMRMKRKR RKKKDVVLDV TLTSCENVTE DTRDPNSVVL TVKDGEFREFKT LKVGDKTLEN
VDTGKHTPVK AFKLKHDSEE WEFRLDLHAAQ PKMFKKKGDK EYSESKFETY YDEVLEKGKS
AKELDVSKFE DPALFTSANE GTGKKYTEFKK DFKPSKVLEFE KKEVGKPNNA KYLEVVVEVG
SDSKKLVKLY YEFYTGDSRLK ETYFELKDDK WVOMTQADAN KALNAMNSSW STDYKPVVDK
FSPLAVFASV LIVESSV




Second Generation sequencing

Its Idea:

There are number of different NGS platforms using different

sequencing technologies.

But all NGS platforms perform sequencing of millions of small

fragments of DNA in parallel.

Then Bioinformatics analyses are used to piece together these

fragments by mapping the individual reads to reference genome.

Its Power:

Next generation sequencing (NGS) can be sequenced the human
genome in a single day while sanger sequencing mat require over a

decade to deliver the final draft.

/
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Sanger sequencing and 2nd/Next generation sequencing

The diffrences between

Sanger
Sequencing

Amplification of region

of imterest by PCR
—_—

——
Chain termination PCR using 1
fluorescently labeled ddNTPs

COODESRD
O OGRS
T OODEGOODENGNED ¥

PCR fragments are separated
based on size and the DNA
sequence is read by the order in
which fluorescent signals are
detected

!

'l (' "‘A‘ P‘
| \[1]
JU&‘\.‘\ '\\)\\ -

T & & & "W & T <

genomic DNA

= —

B =

Second Generation
Sequencing

Shearing of genomic DNA
and ligation of adaptors

™

of fragments
to solid surface, followed by
amplification of fragments
to form clusters

o W 1 Fluorescently labeled
@ nucleotides are incorporated|
¥ - -+ while highly sensitive
= \ cameras record the
- SETER X N sequence of lights
Sequence reads can be used 1
for de novo assembly of the
genomic sequence, or be
mapped back to a known
genome and guantitated
e Gene 1 g  Gene 2

\C




Normal

Tumour

Normal tissue

Tumour

tissue

Genomic coordinate. We are looking at a 40 bp window on
chromosome 7 within the BRAF gene

Amino acids encoded by DNA codons

Each bar reprents a sequencing read, in the forward (blue)

or reverse (yellow) direction. The DNA sequence on the

read is the DNA sequence of a single fragment of DNA. The sum
of reads covering a particular base is the sequencing depth in
that position.

Bases that are yellow or blue are “normal’, i.e. the same base

in that particular position is found in the human reference
genome. Red indicates deviation from the reference genome
which can either be due to a mutation or due to a sequencing
artefact. Here, amongst tumour reads at base 140,453,136 on
chromosome 7, the thymine of the human referene genome

has been substituted with an adenine. The codon that the

base belongs to normally encodes the 600th amino acids of
BRAF, a valine (V). The mutation changes this to glutamic acid (E).
The resulting BRAF V600E mutation is one of the first somatic
mutations discovered in human cancer for which a clinically
effective specific drug was developed. Note that the mutation is
present in roughly half of the reads of the tumour, indicating that
it affects one allele, i.e. that it is heterozygous.

Note absence of mutation in normal tissue from the same
individual, demonstrating that the mutation is somatic. The
one mutant base (circle) seen amongst reads of normal tissue
represents a sequencing artefact (a thymine to guanine change,
in this case).

Sanger sequencing trace of the tumour showing the mutation
(green peak = adenine) on top of the normal base (red peak =
thymine)

In normal tissue only the normal base, thymine, is seen.




DIFFERENT
APPLICATIONS OF
DNA SEQUENCING
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1. In Medicine and pharmacy:

a. The spread of disease/ organism through populations

Especially the appearance of new virulent sub—types.

The sub—types of an organism that were responsible
for earlier epidemics can also be determined by PCR

analysis.

b. Detection of Mutation: In case of genetic diseases,
there is a mutation resulting in a detectable change in

the length of the restriction fragment.

- /
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c. Detection of gene defects and their related diseases.

d. Diagnosis of retroviral infection and cancers. Many

forms of cancer involve alterations to oncogenes
e. Prenatal testing.

f. Gene Therapy: helps to monitor the gene 1in gene

therapy

g. Genomic studies: helps to compare the genomes of

two organisms and identify the difference between

them.

- /
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2. Evolutionary studies: The differences in the genomes

of two organisms can be detected. ‘ p QAI k

It plays an important role in phylogenetic analysis.

Minute quantities of DNA from any source such a
fossilized material, hair, bones, mummified tissues can

be amplified using PCR technique.

3. Metagenomics: study of genetic material obtained

from environmental samples (Ecological studies).




4, In Agriculture:

a. Detection of phytopathogens:

The agricultural industry 1S constantly striving to
produce plant propagules or seedlings that are free
of pathogens in order to prevent ecconomic losses

and safeguard health.
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b. Genetically modified organisms (GMO)

e Genetically modified organism (GMO) is a living organism
whose genetic composition has been altered by means of gene

technology.

e The genetic modification usually involves insertion of a piece

of DNA (the insert).

e These smaller pieces of DNA are usually taken from other

naturally occurring organismes.

‘—;; S—————

GENETICALLY MODIFIED
D




b. Genetically modified organisms (GMO)

Genetically modified organism

insecticide gene created
using recombinant
DNA technology
) plasmid

l digestion with

restriction enz=zvmes :

cleaved
vectors
growing plant cells ©
take up insecticide gene
from plasmld wvectors
@
cotact ror

insecticidal cells eoll=s usod

l for plant
PpPropagation

cleaved
DNA

insects that feed on
the plants will die

O© 2012 Encyclopa=dia Britannica, Inc.
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¢. Detection of genetically modified organisms

(GMO:s):
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with my Best Regards and My Best wishes

Amira A. AL-Hosary
E-mail: Amiraelhosary @yahoo.com
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