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An overview on DNA sequencing:

* DNA sequencing involves determining the
linear nucleotide order of a segment of DNA.

* There are several methods of sequencing, but
most are based on the Sanger Method.

* This is an enzymatic method that synthesizes
DNA in vitro.

* It use a modified PCR reaction where both
normal and labeled dideoxy-nucleotides are
included in the reaction mix. Each dideoxy-
nucleotides were labeled with fluorescent dyes
(Each nucleotide has a different color).
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An overview on DNA sequencing:

* Template is single-stranded DNA that you want to sequence.

* Primer is a short fragment of DNA that binds to one end of
the template DNA.

* Deoxynucleotides (ANTPs) extend the primer, forming a DNA
chain. All four nucleotides (A,T,G,C in deoxynucleotide form)
are added to the sequencing reaction.

* Dideoxynucleotides (ddNTPs) are another form of nucleotide
that inhibit extension of the primer. Once a ddNTP has been
incorporated into then DNA chain, no further nucleotides can
be added.

*DNA polymerase incorporates the nucleotides and
dideoxynucleotides into the growing DNA chain.

* Buffer is a solution that stabilizes the reagents and products
in the sequencing reaction.
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An overview on DNA sequencing:

At the end of the sequencing reaction,

Using a polyacrylamide gel (either a big thin slab
gel or a narrow capillary tube filled with gel
solution) that Is scanned with a laser detection
device.

As each band moves past a viewer, the laser
excites the dye, and the color of fluorescence Is
read by a photocell and recorded on a computer.
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Manual reading Vs. Automated reading of
the Sequencing results:

CTAG CTGATAGABTCAG

Q0OGa-0rera0-rd

The pI'OdUCtS of the sequence A computer collects and analyzes this data,

are loaded in four parallel reading the sequence of the DNA. Thus
automated sequencing is much faster and

2342015 lanes on a ge" or. Amira Aporenefficient then manual sequencing. ©



An overview on DNA sequencing:
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Sequencer

lon Torrent

454 GS FLX

PGM HiSeq 2000 SOLiDv4 PacBio Sanger 3730xI
: X ) Applied Applied

Manufacturer SUR .(L|fe SR SUIcHRS Illumina Biosystems (Life |Pacific Biosciences| Biosystems (Life
Technologies) (Roche) : 2

Technologies) Technologies)
S Emulsion PCR Emulsion PCR BT"?'ge. Emulsion PCR Smgle-mo_lecgle; PCR
approach amplification no amplification
Data output per run 100-200 Mb 0.7 Gb 600 Gb 120 Gb 100-700 Mb 1.9~84 Kb
0, (0}

Accuracy 99% 99.9% 99.9% 99.94% S /(O: é>sg)9,9 20 99.999%
Time per run 2 hours 24 hours 3-10 days 7-14 days 2-3 hours e mﬁgﬁ:gs B
Read length 200-400 bp 700 bp 100X102r?§ LR ebrf’ dpa'red 5,500-10,000 bp |  400-900 bp
Cost per run $350 USD s7000usp | 3B000USDEOX| o) 55 ysp | g125:300 usp | B4 USD Gingle

human genome) read/reaction)
Cost per Mb $1.00 USD $10 USD $0.07 USD $0.13 USD $0.20 - $3.00 USD $2400 USD
Cost per instrument | $80,000 USD $500,000 USD $690,000 USD $495,000 USD $695,000 USD $95,000 USD
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1- The Band:

Double bands.
Even faint unspecific bands can negatively impact
sequencing results.

To eliminate the unspecific band, the PCR conditions
must be optimized.

As a last resort use a gel extraction kit to purify the
band of interest. In that case send the gel agarose
picture of the PCR products after the gel extraction
to the sequencing service.

- @& @ —
Required bands.
Only one bright bands.
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Faint bands could result
in low quality sequences.
Reoptimize the PCR.

Unspecific band.
Verify that the band has the
expected size.




Interpreting Sequencing Results

Automated 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.

1IE~EIEI

440 1320 L, 1880 XGKP 210035 loa=GXL 175098 | syn=FAML4%A| taxid=3606 | spec=Homo

sapiens |chr=d|ctq=NC 000004 |stz=(+) |start=187065433| end=187066161 | Lan=687 | com=Promoter
Region

(oRCURG LT ChAR G TCCAC T CT T TAGTA TG AT GCTTAGATCTAGCGT TCCTOT TGAT CGRGTARTGRTTCTCLCA
T GAC A GA T GGG T T CA T T T T AR CC T CAT T LG AL T COCCACCCCAGCCTRGT GTGCGCACCCT TTGATGG
|| (0COGGATAGCGAGRIGGTCCTGTGRT TCTCTGCCTICTTCTGOT GAATTARARTCOGAT T TRGAAGAGRIAAGGRCA
GCCAGCACCAGTATGCACAGCCCOCOGCCCCAGAGALCOGRGAALGAGTAGGHAGHCC HHRCCUTGCMCEEALGARTEEC
CoCTGRGTTCOARACCOOECCCERCAGRGAGCOGGEARGGCGCECTTTCCCRGAGRTCoCGCMHECCERRGCCRHAGEE
Co6aGCCCOGARCHGHRATGOGCRGGCRCARCCRGATTAGCTGGCHAGCHAMGGCOCAGLGCAGGAGGAGGAGGOGAG
(EUEERE REEEREREEEREEEEREELIE WAEEL IR RN (E RN R ER M
CoCCTRAGCTGRGCCARCCGCACRG0GRACACAGGCACHGRLRNLGRCHCHRGCGC0ECHGETRUAGCCCCAGCECE
(GG CLGHACCCRTEACCERCTTCTRCRTGGECCCRCRCEE

TTGTTATCCGC TCACAART TCCACACAHRC
120 130 148

23-4-2015 Dr. Amira A. AL-Hosary 10



Interpreting Sequencing Results

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

| 1.44DI . | 1|52I:I| | 1IEnI:II:I| | 1IE~EEI| . |

-1 : TTGTTRARTCCGC TCACHATTCCACACHATC
* Base Designations 196 19¢ i

* “A” designation—green peaks

* “G” designation—black peaks
* “T” designation—red peaks

* “C” designation—blue peaks

* “N”” designation—peaks that,

for whatever reason, are not clear enough to designate as A,
G, T, or C.
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Interpreting Sequencing Chromatograms

Good sequence generally FEE=RE
begins roughly around base 0?:11 s E:;:rt Pgnit 1-%:1 N:Etl'HHmﬂnPlBiH? Base 20

18 28 38

ACGC CCATTHGACTCHCT HHAGG GCGAATTG GGTAC C

20.
Beginning of Sequence

e

|
E|
14

BN Chromas - 19H7 bin

File Edt Options Help

Sa

=
Cpen

= :
% Pgrﬁtl 1-%?:1 g |—{—i—_H—i-|Sample:H? Base 581

Export Mext
L7 L8a coa i 1]

CACAACATAC GANCCGEAAGCATAAAGTGTAAAAG CTGGEGET
End of sequence

[IEEEEEE

L
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Interpreting Sequencing Chromatograms

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

It is not necessary to read each and every base.

CTOGTGTOGAAATITGTTATCCGC TCACAAT TCCACACAACATACGAGCCGG AAGCATAA
110 120 130 140 150 160

|

IFM | |1!'

U il

An example of excellent sequence. Note the evenly-
spaced peaks and the lack of baseline 'noise’

23-4-2015
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Interpreting Sequencing Chromatograms

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.

 CTTCCCCGBBGTTGCACCACAG ACTTGGBEBGBACACGTTTGCGCTCGECTCTTCETGGBCC
] 270 280 290 300 310

[ I] I| | 1 |

' r| |I
| | LI I| I|

| e . o n
]| | “l

s WALV, LNy NPy 1| I.u'k l..u.‘:'.. et A AR ]
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Interpreting Sequencing Chromatograms

LIA' TGGBCAGT CACGOBCTOO AATAAAGGAACTGOGACTOOCOT TCOGT COGTACTGOAT CT CACT
270 280 290 300 410 320

r |

Noise like the above most commonly arises when
the sample itself is too dim, Contamination with
salts or inefficient primer binding .
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Types of Polymorphisms
1- Transitions: A<> GorC €2 T

(purines to purines OR pyrimidines to pyrimidines)

2-Insertions: an extra base is present when
compared to the Anderson reference sequence.

3- Deletions: a base is missing when compared to the
Anderson reference sequence. \

T T CAG AL T T LA

4- Mis-Called 270 28

(a) Irregular spacing:

Common one for us is a G-A

dinucleotide, which leaves a little
extra space between them. 1

23-4-2015 Dr. Amira A. AL-Hosary Iul .lII. ]




4- Mis-Called

(b) 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'.

v
AGAACCANAAG AACATCCCGC 1

7a 8o




4- Mis-Called

(b) Mis-call a nucleotide:

GTTCAGGCGGGCGCCG TCGTGTTGCTGCCGCG TCCTTGC'.I'CTTT'I'C'r TGGGGG Tnn:\ CiacC CCnanC GGGCC GTGCTG

JA I M ““M W l“l T L —

N LAGC GC TGGGGTTGGGGCCGCCTGCC GGCGCCCC

large peak (Dye Blob)

20 530 550
AGGCACCAAGCTAACA "‘CTG CCGTCCANACA
A

~_ nosse background;
known 3s messy baseline

i g
b"‘
=
”l—
—
p—-—
=
"‘
ow—"——

120 SO ————
=
-
—

—

h -
kS

P y——
.—L“'

P —
p—
|
b_‘_
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4- Mis-Called

(b) 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 it size, the
baseline-noise G peak was picked as if it
were real. The clues to spot are (i) the
oddly-spaced letters, with the G squeezed
in, and (ii) the gap in the 'real' peaks,
containing a low noise peak.

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

23-4-2015 Dr. Amira A. AL-Hosary
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5- Heterozygous (double) peaks:

A single peak position within a trace may have but two peaks
of different colors instead of just one. This is common when
sequencing a PCR product derived from diploid genomic DNA,
where polymorphic positions will show both nucleotides
simultaneously. Note that the base caller may list that base
position as an 'N’, or it may simply call the larger of the two

peaks.

CT CT CT CCNT TCCT CTC

50 70
Here's a great example of a PCR
amplicon from genomic DNA,
with a clear heterozygous ’I b I'
single-nucleotide polymorphism v
(SNP). J\

J |
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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. The sequencer will continue attempting
to "read" this data, but errors become more and more

frequent.

| 1.44|:|I L 1|52EI| | 1IE~|:||:|| | 1IE-EI:I| L

TATCCGGTAACTATCEGTCTTGAGTCCAR

TTGTTATCCGE TCACAAT TCCACACARAT 20R SER 516
126 13H 144
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

WS AL_j,psgyication of the reliability of the daja.

23-4-2015



 CCAG TTACC TT CGHAAARAARG AGTTGGET
97H QGH Q904Q

0oL A A A ‘l’\ ‘

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 in a row.

For example, if the sequence includes the region
TAAAAAT, it may be represented by one wavy peak as
opposed to 5 distinct peaks.

w
TTTAARARATATCTAT T TT GARATHAHGATEHR G
ITTTRRARATATCTAT TTT ORATR BATA b

W i I}
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8- Good sequence with bad base calling:

Failed analysis,

Ask the Sequencing Service to reanalyze the
sequence.

2 |

TC [G A A A CTCC BTTG4 ATTCT ATéA BGGATGCA
L 30 : 40| L 50
] ' ! ! | »

Am, f bt A nww Al Il
J__LM )‘ “{\ i P '\(\}
v AL DAL A D RiAtde A UL Al
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9- Abrupt Truncation: 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.

AR

23-4-2015

GCCHCTAGCAAGCTTCAGTHGT
11E=n}er | 1 T [znn
' | ; ¥ a: K
I | II | I
] 1 |1 I
LU L U

F Y

fGTGGTGGNGCHNCMNANANMNAA A
! 210 220

The sequence ends after approximately 200 bp

Dr. Amira A. AL-Hosary
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10- Gradual truncation: Due to too much
DNA

|w
e
-

-----

! | | § ! | { I
. ! ‘ | | r I {
d ' ‘ |
) | l |
178 'i I | l : : A . I
! : - ' 11} | 1 l 4 } \ il
) | ' ‘ : ' ) ]! , 1] . )
3‘.44 ! | ! I ' | : ] '5 ‘
) ) | ! |
| L1 bl L L RELVAL YRR AL
A A LY L VRN A A TRl AU TR A DA AT TR O A A L SN

AP T ] [

* So please quantitate your template DNA carefully, and use
the recommended concentrations according to your work.
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11- Repetitive regions:

-

.............................................

-_\I"'.. ‘-'
|.«i-@

* The nucleotide composition, as well as the size, of a repetitive region can
play a large role in the success of sequencing through such an area.

* In general, G-C and G-T (often seen in bisulfite-treated DNA) repeats tend
to be the most troublesome, though the newest version of Applied
Biosystems BigDye Terminator v3.1 contains some modifications that

have allowed for some striking improvements in certain previously
difficult templates.
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Methylation-specific PCR (MSP)

bisulfite
l %

MSP used In quantitative PCR  provides
quantitative information about the methylation

state of a given C p G island.
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12- 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
predominnnf colors.

(= d=s 4= O CA O = O s 5 45 s AL
180
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13- DNA contamination:

[

CAATGTGACGTCGGATCTGGEGGGLCC TCTACGATCCGCT TCTGTGGCCCGRCTG

240

1l i i

It

CAGGCCGACAGLC TG TAGGGT TAATT TGGTGGGGLAAGGCCAAGAACATTTTCER

| 110
1

|
o

250

120 !

lil

260

130 l

i A

|
[

270 280

-
k

140 150




14- 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

LG ATOTTAC HNMHNHC TCN RCCHC WA & THCHCCHCC R CGTTTGCCHARNC N TGCHGGAGOGOEOGC AC GADG G AMGEAG AT
o] 1| 8 = 8 7 &= -

T T [ ]

l\ |1|

| |||
| '!Inl Wit ! 1, AT
IO T ke ||| ;|
il\_[gs HIL ll'-L _ ':'_I i I |J.I_.-:_JF|L:. I“.Jl.i. A ||J|J' J“'!" wu ’|||r||II L
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15- Sharp peaks / spikes in the sequence

ATTT TG WAECTCTACACTGTGGﬂfGGCTGATTATGATCTA GAGTOGOGECE
l il il il il 0

i U
— T L W L W W L WL 8| j ﬂ
l A A . . A A - A . A 4 A A i . s - i A - A A " . . i ay
|
. ’ ; p p |
0 OCTOGACTGGO
160 ) 1%
|

They are caused by tiny air bubbles within the liquid
polymer or by small pieces of dried polymer that have
flaked off and entered a capillary.
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16- Dye blobs:

& 4

¥
.............................

a } 3 » A
. [
! . 2 | [ l ! ) :
AR T ‘..". Hhol L A. et ', {mi ¥ 4'

«

Dye blobs are unincorporated dye terminator
molecules that have passed through the cleanup
columns and remain in solution with the purified DNA
loaded into the sequencers. They are most often seen
with samples that have’low sighal strength. &



17- Reaction failed, No sequencing data

B53
— .
[ O3

EEE

EESSEEEESEETE

-'.---Hf'..\"ﬂi,*“:‘:‘.JL-"'*'*'*"W}E"'."“**‘"‘*'W“ -

ey s s e e e B B

(AT TR A B R AR ACTOTT TRCA A TAMCTAAEE AT5 TGTAR AT (OCTG ARCA LGB AT
A0 0 ;M 40 5 60 70 80 90 100 1

EEEHECSSERECSZEREESS
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Realize, too, that it's easy for a human to
miss these. If you want to be sure you've
detected all of the polymorphic positions,
you should be using a computer program

to scan your chromatograms
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Interpreting of Sequencing Results

XGXP 210035 Loc=GKL 175098 | syn=FAK149A | taxid=06.05 | spec=fone

sapiens|chr=4|ctg=NC 000004 |str=(+) |atart=187065435|end=187066181 | len=687 |comm=Promotar

Region
GGACGGGCGTGRAAGGGTCCACGTCTT TAGTATGCATGCTTAGATCTAGCGT TCCTGT TGAT GGAGT AATGGT TCTCGCA
TTGACCAGATCCGGGGCTTCATTTTTTARACCTCATTCGTCCACTCCCCACCCCAGCCTGRTGTGCGCACCCTTTGATGG

GGCEGGGATAGGCGAGATGGTCCTGTGET TCTCTGCCTTCTTCTGRT GAATTAARATCCGAT T TGGARGAGAGAAGGGCA
GCCAGCACCAGTATGCACAGCCCCCAGCCCCAGAGACCCGGGARGEAGT AGGAAGGCCAARGCCETGCGCARAGRAGTGAC

CGCTGRGTTGGAAACCCRRCCCAGCAGRGAGCAGEEAAGECGCGCTT TCCOGRAGRT CoR0GCAE0RCCRAGRCCRRG

CGGEGCCCGGAGCAGEEATGEGCGEE0GCAGCCEGRAT TAGCTGRCGAGCAAGGECACAGCGCAGEGAGEAGGAGEGEAG
GCGGCACCAGECACEERCEAGECCAAGEATCTGAAGRGGEANGAGECATGCGAGCCCCGCARACCCCAGRCACACC0RGAEC

CGCCTGAGCTGGGCCARCCG0GCGECAGACECGG0G0GRG0G0GAGCECAGRCECAGECA6ATERGRAGCCCCAGCCCE
(G66CCGCAGE6RGCE0ATGACCAGCTGTCTGCAT GAGGECC06CGCGE
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Interpreting of Sequencing Results

Determining homology:

In other words, is your sequence similar to any other published
sequences and if so, to what degree?

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

Choose a BLAST program to run.

\

nucleotide blast mearch a nucleotide database using a nucleotide query

Algoritiens: blastn, megahlast, discontiguous megablast

search protein database using a protein query

tein blast
PTOTetn b7d Algorithms: blastp, psi-blast, phi-blast

hlastx | Search protein database using a translated nucleotide guery

thlastn | Search translated nucleotide database using a protein guery

thlastx | Search translated nucleotide database using a translated nucleotide query

23-4-2015 Dr. Amira A. AL-Hosary 40



) ) Nucleotide BLAST: Search nucleotide databases using a nucleotide query ()

<3' @J {E} @ http://blast.ncbi.nim.nih.gov/Blast.cgi?’PAGE=Nucleotides&PROGRAM=blastn&ME ¥ @'ncbi

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

') College of Charleston: Web Mail ... | @ Nucleotide BLAST: Search nucleoti... | NCBI Blast:41 926f1 A X

My NCBI

[Sign In] [Register]

» NCBI BLAST/ blastn suite: BLASTN programs search nucleotide databases using a nucleotide query. more... Reset page  Bookmark

Enter Query Sequence
Enter accession number, gi, or FASTA sequence ¢ Clear Query subrange ¢
241 926£1

TAGAGATAGAGCTTTCCCTTCOEGEACAAAGTGACAGETGETGCATGETTETCETCAGCTCOTGTCETGA

GATGTTEGET TAAGTCCCOCAACGAGCECAACCCTTATTET TAGT TGCCATCATTTAGT TEEECACTCTA
GCGAGACTECCOETEACAAACCOEAGGAAGGTOOEEATFACGTCARATCATCATRCCCCTTATGACCTEE 4 To
GCTACACACGTGCTACAATGEEAAGTACAACGARTCOCTAGACCGCOAGGTCATGCARATCTCTTARAGC v

A AT AT AWM AASY MMAS AT ASAMAAT S AMAAAAMAAYTMAY Y AAASAT S MASAMY AWM AR AASYMAY

Or, upload file I Browse... I 2]

CGETCEAGCTETGETTTAATTCEAAGCAACGCEAAGAACCT TACCABGTCTTGACATCCTTTEACCACTC m From

Job Title |
Enter a descriptive title for your BLAST search &)
|~ Blast 2 sequences
Choose Search Set
Database ¢ Human genomic + transcript  Mouse genomic + transcript  Others (nr etc.):
| Nucleotide collection (nr/nt) v ©
Organism i

Click the “Blast!” button at the bottom to submit
2342015 yoursegquence data.



o OO NCBI Blast:41 926f1

1
L =h - G , . . . A (o
, Q}:} [_"1/ B2 Q @ http://blast.nchi.nim.nih.gov/Blast.cgi Y& nebi

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

@ NCBI Blast:41 926f1

. College of Charleston: Web Mail ... _ BLAST: Bag@cqucvaerlignmgnt Sear...

» NCBI/ BLAST/ blastn suite/ Formatting Results - GX4WWSBV01R  [Formatting options]

Job Title: 41 926f1

Request ID GX4WWSBVO1R

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

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
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NCBI/ BLAST/ blastn suite/ Formatting Results - GX4WWSBV01R

Edit and Resubmit Save Search Strategies P Formatting options & Download

41 926f1
Query ID |cl|18695 Database Name nr
Description 41 526f1 Description All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS,
Molecule type nucleic acid GSS, environmental samples or phase 0, 1 or 2 HTGS
Query Length 567 segquences)

Program BLASTN 2.2.18+ P Cltation

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

¥ Graphic Summary

Distribution of 103 Blast Hits on the Query Sequence g,

[Mouse_o_v_er to see the defline, click to show alignments l

Color key for alignment scores
<40 40-50 50-8¢
S | | | | |
0 100 200 300 400 500
Done » S

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.
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¥ Descriptions

Legend for links to other resources: ['J UniGene

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

GEO E Gene E Structure III Map Viewer

persen | e e RS e =
EUS57008.1 | Uncultured bacterium clone C56 16S ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS57006.1  Uncultured bacterium clone C59 16S ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS57004.1  Uncultured bacterium clone C62 165 ribosomal RNA gene, partizl sequence 946 046 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, partizl sequence 946 946 989, 0.0 979
EUS556099.1  Uncultured bacterium clone C75 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS56998.1  Uncultured bacterium clone C80 165 ribosomal RNA gene, partial sequence 946 946 08% 0.0 97%
EUS56006.1  Uncultured bacterium clone C99 16S ribosomal RNA gene, partizl 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 [J-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 011 946 046 98% 0.0 97%
EF653454.1  Enterococcus faecalis strain 47/3 168 ribosomal RNA gene, partizl sequence 946 946 98% 0.0 97%
EF608536.1  Uncultured bacterium clone PCD-8 16S ribosomal RNA gene, partial sequenc 946 946 989, 0.0 97%
AMAA7463 1 Uncultured bacterium oartial 165 rRNA aene. isolate BFO001D078 Q44 Q4h QRY, n.n 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

sQe homology.

Dr. Amira A. AL-Hosary

44




> gb|EU285587.1| Enterococcus faecalis strain €19315ledSA 16S ribosomal RNA gene,
partial seguence
Length=1456

Score = 946 bits (512), Expect = 0.0
Identities = 550/566 (97%), Gaps = 12/566 (2%)
Strand=Plus/Plus

Query 1 CGGTCGAGC-TGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCC 59

LLLE UL EELLLELELL LU L ELLLL L]

Sbjct 893  CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCC 952

Query 60 TTTGACCACTCTAGAGATAGAGCTTTCCCTTCGGGGACAAAGTGACAGGTGGTGCATGET 119

LULLLEELEELELELEEPEELLEEEL LU LT

Sbjet 953  TTTGACCACTCTAGAGATAGAGCTTTCCCTTCGGGGACARAGTGACAGGTGGTGCATGET 1012

Query 120 TGTCGTCAGCTCGTGTCGTIGAGATGTTGGGTTAAGTCCCGCAACGAGCGCRACCCTTATT 179

LLLEECLULEEEELLL LU LLLEE L L]

Sbjct 1013 TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATT 1072
Query 180  GTTAGTTGCCATCATTTAGTTGGGCACTCTAGCGAGACTGCCGGTGACAAACCGGAGGAA 219

LLLLLEELLLCUL L EEELL L LU L ELE LT L

Sbjet 1073 GTTAGITGCCATCATTTAGTTGGGCACTCTAGCGAGACTGCCGGTGACAAACCGGAGGAA 1132

Query 240  GGTGGGGATGACGTCARATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAAT 299

LLLEELLLLELEELLEE LU LU LU LT EELL L L]

Sbject 1133 GGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAAT 1192

Query 300 GGGAAGTACAACGAGTCGCTAGACCGCGAGGTCATGCAAATCTCTTARAGCTTCTCTCAG 359

IllI|l|||IIHII|||IIIIIII|III|||||lllIIIIIIHIIIIIIII!IIIII!

Sbject 1193 GGGAAGTACAACGAGTCGCTAGACCGCGAGGTCATGCAAATCTCTTAAAGCTTCTCTCAG 1252

Query 360  TTCGGATTGGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGATC 419

LLLEECUL EELLULEELLLCEEELLL LU ELLLL LT

Sbjct 1253 TTCGGATTG-CAGGCTGCAACTCGCCTGCATGARGCCGGAATCGCTAGTAATCGCGGATC 1311

Query 420  AGCACGCCGCGGTGAATACGTTGCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGA 479

CCLLLEEEELLLL L LLLLL EELELLELEL LT L

Sbjct 1312 AGCACGCCGCGGTGARTACGTTCCCGGG-CCTTGTACACACCGCCCGTCACACCACGAGA 1370
Query 480  GITTGTAACACCCGAAGTCGG-GAGGTACCCTTTT-GGAGC-A-CCGCCTTAGGTGG-AT 534

CLLELLCLLLCULEEEEEEE LU L LLELE T LLLLLL TELTTL

Sbjct 1371 GITTGTAACACCCGAAGTCGGTGAGGTAACCTTTTTGGAGCCAGCCGCCTAAGGTGGGAT 1430

Query 535  AGATGAT-GGGGTGA-GTTC-TAACA 557

Sbjet 1431 AGATGATTGGGGTGAAGT-CGTAACA 1455
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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 is important then to decide which nucleotide to
start translation, and when to stop, this is called an
open reading frame.
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Once a gene has been sequenced it is important to
determine the correct open reading frame (ORF).

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

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

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

Once the open reading frame is known the DNA
sequence can be translated into its 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). S



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 segeunce.

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.
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S;tgcccaagctgaatagcgtagaggggttttcatcatttgaggacgatgtataa3'
| afg occ a0 ctg st s ofa oA ooo OE oA bo OEC oA oac ob ot G

bl R LR R

WC Ccd agc U2 ol 0og ot agg oot EEL cat b Cfg a0 acg alg Ll
B e R
Jooqe oo Qb oA fag cof A gog gft Bl atc A @ o0 oo fof ahd
Bl e R R B C

2

23-4-2015 Dr. Amira A. AL-Hosary 50



23-4-2015

Hw HLM o E :e:acc g
O Folar &
isie - e (] .'LT” e
E Gly dre= v Pl ol o
Clukarmic acid GIY m;;:;nlm L L ?'l =iy
Glu e UL bt
L Leudne r - MMty
‘ﬂ' Leu E ?E:'ﬁ'
- oy
¥ = YW N
L Anpartic adad Sarime=
Asp Ser
Hf'l (=]
\¢ A 8
HaC = Elardre Teresine
Ala o ToT  ETIW . L 'ﬁrr
* e = = F L e
[ auca IV Ca n 5 = 1E18 e
Le= e Wallre A lﬂuc‘lL c"uu b FEEE oymeine
N Wal & e L3 Cys
& A Ly c e HA
Arﬂ;m 1111 W o LI':- E o = = Shop -
9 z 210 8 e
Serime e BOR =] A -l; U - Tr
15. Ser 5 T A = a L 13118 P
H 108 o K a C ule Y Acu
E? 14215 [ cu""";.c ‘E.A..:l-l'cI P H
=i 13313 T  Pacuosct H e Lewdne H
'H Lys Mg =3 Q 12818 Leu &
# msaz i,
131 E 1T4IE Frail -
‘».’-"' .;.F F"ri:l-nE -
HzM *? o
Azpar agire &
A=
=
P=rd s e
{:f =21 e Histioire “
PHI H His
Threcrire Ayl
=5
Ho ey VAT
ﬁﬁ et o me Glutarmirs
L] 23] Met Gin
H, H @
= H E c=<q;_{;
HLS Dr. Amira A. AL-Hosary M

51



Translation:

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

Expasy.translatesoftware

23-4-2015 Dr. Amira A. AL-Hosary
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Translate tool

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

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

3601
3&a6l

3
3781
341
3201
38961
4021
4081
4141
4201
4261
4321
5381
1441

ARCATACTRG
TCCRGARAGD
GITACCGRAG
ARERECTTCOC
CTRCTAGGCA
TATCATTZRA
AGGRACATCA
GTERATT A
CCRARCRRAT
TITCAGRTGA
TEEATT Chid
ACTGCICRGSG
ARCATARCCT
AL FEEEARTCA
ACCTECGRAR

ITTTGCTERA
AGRGCTTARGT
AFFEECCRAG
CIECTTOCAA
TAGCACCGTT
GRATARGCTTA
CCTITAGTGAL
AGACTTGACT
ERESCATCAL
TOARAGH
CITAGETERA
GCTATCCICT
FRATAARRECTC
FOCT TOTARL
TCCAGRACAA

HRATGRCATTAR
AZOARGTOCTA
ARATTAGAGT
CRCTTETTAT
GCTACCGEAGT
MATGRCTGCR
CRARACARART
FCARATACRA
TCTGERARGCC

A GGRACGEIECT

ECRGCATCTG
CROAGTGEACR
CAGLAZEARR
AGLITACOUTL
RECACATCAG

AEGEARAGTIC
GLCCTTICRC
CCTCRGARGR
TTEETARRET
GICTGICTRR
ETARCCAGET
GITCTGCIAG
ACRCOCAGER
REGEAETTEE
TEEARAGARRR
EET ETGAGRE
TITTARCCRC
TEELTGARCT
CCATICATIARRE
RARARGOAGT

TGCIGTITIT
CCATRCACAT
GRACTTATCT
ARRCAATRTR
SARACACAGRS
RATATTGECH
CITEITIICT
TCCTTICTIT:
TCIEAGTERE
TRATCARGRR
TERAACRREE
TCAGCAGREGS
AFRAGCTETE
TERCICITCT
ATTARCTICR

Dutput format: I'l.l'lrl:n:t "Mel", "Stog”, spaces bebween

Resel | or

23-4-2015

TRANSLATE SEQUENCE

Dr

rl!IdIJI!:Iﬂ

ACCARARGCC &
IT=aCICRGhH
AGTGAGGATG
CCTTCTCAST
GRGRATTTAT
RRGECATCTC
ICRCAGTGCA
ATTGGTICTT
AAGEAATTSE
nm:-:a.:.m.:a.J
GTCTCTGARS
GATRCCATGC
TTAGAACASC
FULC T TI=RGH
CAGRARAGTA ¥

. Amira A. AL-Hosary
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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 = R A W M ;’)'\A TCSA A

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

3" ORF: 0 stop codons
AGA-TGC-CTA-AAT-GAG-TTG-GCC-AGC-AGA-GCG-AGC-ATG-GAT-GTA-ATC-AG
R C LN E L A S R A S M D VvV |

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
Iy = M 1 A L LA N 858 F R H LU

5" ORF: 1 stop codons
TGA-TTA-CAT-CCA-TGC-TCG-CTC-TGC-TGG-CCA-ACT-CAT-TTA-GGC-ATC-TCG
. e N P o5 Lo W Ry H L G | S

8" ORF: 1 stop codons
-<GAT-TAC-ATC-CAT-GCT-CGC-TCT-GCT—GGC-CAA-CTC—ATT-TAG-GCA-TCT-CG

B 1 H A R 5 A G Q L | ° A S

2342015 Dr. Amira A. AL-Hosary
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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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Basic BLAST

Choose a BLAST program to run.

mearch a nucleotide database using a nucleotide query

ucleotide blast _ . .
L Algoritiens: blastn, megahlast, discontiguous megablast

search protein database using a protein query

tein blast
PTOTetn b7d Algorithms: blastp, psi-blast, phi-blast

hlastx | Search protein database using a translated nucleotide guery

thlastn | Search translated nucleotide database using a protein guery

thlastx | Search translated nucleotide database using a translated nucleotide query
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BLAST

- .
-

RecentResults  Saved Strategies

» NCBI/ BLAST/ blastp suite

blastn blestp | blestx | tblastn | tblastx |

BLASTF programs search protein databases
Enter Query Sequence

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

Enter a descriptve tille for your BLI‘-.ST search &

("] Blast 2 sequences

Choose Search Set
Database ‘Non-redundant protein sequences (1) [~]| ©
Organism - - ]
Optional cnter o ame sfions 5§ :,;._»-, ‘
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 (Pattern Hit nitizcted BLAST)
Choose a BLAST algorithm &

‘ BLAST j | Search database nr using Blastp (protein-protein BLAST)
[ Show results i.Ps-.ﬁsW%é&aU“arY
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Edit and Resubmit Save Search Strategies P Formatting options & Download

41 926f1
Query ID |cl|18695 Database Name nr
Description 41 526f1 Description All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS,
Molecule type nucleic acid GSS, environmental samples or phase 0, 1 or 2 HTGS
Query Length 567 segquences)

Program BLASTN 2.2.18+ P Cltation

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

¥ Graphic Summary

Distribution of 103 Blast Hits on the Query Sequence g,

[Mouse_o_v_er to see the defline, click to show alignments l

Color key for alignment scores
<40 40-50 50-8¢
S I I I I I
0 100 200 300 400 500
Done »

The bars show what places along your aa are similar to other
published; the colors indicate how many bases were involved in
homology determination.
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¥ Descriptions

Legend for links to other resources: m UniGene

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

GEO E Gene E Structure m Map Viewer

Accesion pesepion | [ boel] B ] P | e
EUS57008.1 | Uncultured bacterium clone C56 165 ribosomal RNA gene, partial sequence 946 Q46 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 16S ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
EUS57001.1  Uncultured bacterium clone C66 165 ribosomal RNA gene, partizl 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%
EUS56998.1  Uncultured bacterium clone C80 16S ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
ELUS56006.1  Uncultured bacterium clone C99 165 ribosomal RNA gene, partial sequence 946 946 98%; 0.0 Q7%
EU285587.1  Enterococcus faecalis strain C19315led5A 165 ribosomal RNA gene, partial s 946 946 98% 0.0 97%
EUS47775.1  Enterococcus faecalis strain [J-07 165 ribosomal RNA gene, partial sequence 946 946 98% 0.0 97%
AB362509.1  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, partizl 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 BF00010078 Q45 Q4h nn Q7%
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with my Best Regards and My Best wishes

Amira A. AL-Hosary
E-mail: Amiraelhosary @yahoo.com
Mob. (002) 01004477501
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