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GIGCCTA ATACATGCAA GTCGAGLGAR CGGA=====C GAGRAGLILG CTICTCT=== == GATGITAG
GTGCCTA ATACATGCAA GTCGAGCGAA CAGA=====C GAGGAGCIG CTCCICT=== == GACGITAG

6T

BTG

CT6C G

CTGG

[CTA ATACATGCAA GTCGRACGET TCTTTCCTCC CGAGTGLTTG CACTCAATTG GAARGAGGAS
GTGCCTA ATACATGCAA GTAGAACGCA CAGGATGCAC CGTAGTTTAC TACACCGTA- -TTCTGIGAG
CTA ATACATGCAR GTCGAGCHGR CTTGATG==- =GAGTGCTTS CACTCCT=-= ~GARGGTTAG
C“ Gt C““CTGFL‘“A MCACATGCAA GTCGAGCCAG AGGA------ --GITCCTTC GGGAAC---- --ARATCTAC
RAGGCCTA ACACATGCAA GTCGAGCCGR TGRAG====A GAG=--C17= G-CTCICT-= =GAT--TCAC
SCAGGCTTA ACACATGCAA GTCGAGCGGE GGA-G----A T7G---CT7C G-GTAATT-- -GAC--CTAG
CTGGC GRCAGGCTTA ACACATGCAA GTCGAGCCGE GGAAG----G TAG---CIT- G-CTACTG-- -GAC--CTAG

CTGGC CECAGCCCTA ACACATGCAA GTCCAACCGT AACAG----G AAGAAGCTTC C-TTCITT-- -GCTGACCAG
CTGGC GGCATGCTTT ACACATGCAA GTCGAACGGC AGCGG====G GTAGTGCTTG CACTACTG== =TCCGGCGAG
CTG6C GETGTGOTTA ACACATGCAA GTCGAACCGT AMGG-=-==C C-==-=C17T CGGGGGT--- --AC=ACGAG T
GGCGTGCTTA ACACATGCAA GTCGAACGAT GRAG==-=-G CTCCTGCTIG CGGGGGT=== == TGGATTAG
CTEGE GGCCTGCTTA ACACATGCAA GTCGAACCCT GAAGms===( (T==GGCTTT TGITEGG=== ==TGGATGAC
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CGGCEEACGGE GTGAGTAACA
CGGCGGACGG CTGAGTAACA
TEGCEGACGG GTGAGTAACA
TIGCRAACGG CTGAGTAACG
CRGOGGACGG CTGAGTAACA
CEGCHEACE CTGAGTAACA
CGOCEOACGE GTGAGTAATG
CCGCGEACGG GTGAGTAATA
CAGCGOACGE CTGAGTAATG
TGGCGGACCE CIGAGTAATG
TGGCGAACGG GTGAGTRATA
TGGCGRACGG GTGAGTAACA
TCGCGAACGS CTGAGTAATA
TCGCGAACGG CTGAGTAACA
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Sequence to analyze:
YETTYGGTTYGGETYGEGT TTTGEETAGGRAGEEYGETAGY FET TTYGEEETAGAGCGAGGETTGEGETT

Relative light units
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Staphylococcus aureus
Staphylococaus epidemidis
Enteracoccus foecalis
Streptocaccus constellalus
Poenibarills sp
Clostricum sp.
Preudomancs shufzeri
Acinefobacter p.
Aciretobacler sp.

Shigello boydii

Eikenelo comodsrs
Propionibatcierium sp.
Arcanobaclerium sp.
Actinomyees odontolyticus
gic,

n i - L 1
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5 1] 15 2] L] a3
CpG ol A 55 KendlS 5 o 55 0 gz SIUT-Y 02
a Cytosine Uracil 5-methylcytosine
NH2 N
HsC,
l =y + HO Eﬂ-\\‘u 3\E§\N
T | 1
- NH
N o 2 N N (o]
H H H
b

ACTTG*CGGAAAAAC > AUTTG"CGGAAAAAU —> ATTTGCGGAAAAAT

PCR

ACTTGCGGAAAAAC =——mm—— AUTTGUGGAAAAAU —— ATTTGTGGAAAAAT

Bisulphite conversion il -A S

£



YFAA Ol 5 lee O o)la O Al

LAY osled 0505 sl ter Ll e (9D JS5) PF3
OF) as Lt

DNA i & G 450 Ve Ol add g 558wl
pubw}wO{ﬁAﬂ@‘Jﬂicy~d>f.%S§A€@J

wlsl g ol pu o ek 5 Quinol Jglos 55 5 oslizul
Ly e ged o jo ol 31 ey oSl Sl i, 055
So M el s s e andls ool 5B 5 s S spin
BLSISDS O 5w 3l 0313 5 pe s MQBO 05 5 WLl
Sl g Bl Gl 3sd e Bl Syl Al e 3 el

JB Kl sy b 5 bter K03 ¢l
55 55 TO00E Ligr el )+ USE ool il
B ) Lo gde (6 ke 4 i 45 a3 e 0L |, BRAF
O3 WT & bgs 0 55,m A ppdd 2500 (s
SIS S b 0 S5 B el BRAF
o w bas 2 Ssm C nsal BRAF O 5
S 3 s 0L ) b 05 e sSSlsese
ST oA & T as sy ol Ko slr a0 55550 5
boyg T Gy K o5 Ko e 2

OF) clsds i)l Kdlas

9 ol nu&‘J}U\jCﬂu‘ﬁﬁyfj‘mkzdhﬂ
BLSI L) PCR ool (g 1 ocal oz & gl o
-0 osls L8 Bl gles ps cell ¥ e 4 (TE 03 8

O s

S A S P 03 i e b e bl (f
© S5 Ll s & cwls 5, 1085, DNA
5> S50 DNA iS50, 08 1 b 5 Ly sl
S5 03 ek 65 das e i ) 05 Ol e
S Gy S ewe 3 (g3le o U 4 mve oS DNA
Sl B e o Dol Julss 5l (S5 LIS
w0l (s 5l s Oh) S5 slapasis 3
@ Oy a0 e BRCAL 03 53 g Jbe Ol g
PCR L.y KRAS 03V o)l 05551 .(VY) 55
R O SLETL & cul W 501Y opled ol s 35
s PFL S56T LO9A JS2) el sl Jls aiise
LAY 0008 g b igr Ll e Seilla
Sb Llg e PF2 S5kl (OB S8) as il
S5l .OC IS2) a8 pluls 15 1Y 0508 sla i

aRs eSS wlebs
Cisis o5 als LS5 L (Human Papillomavirus)
G s osdie Jme a3l o i il ol 5168
TAQ 1 G ol o b OF 3l g Yoo L5 058

HPV s

sl s ol bes e el sl
Osk HPV oy s g5 3 Voo K 53 .(00) ssd
5 dlds Ll ( SSB Sl estizal b 5 SSB 5l esliza
a ool cudy B pass 4 LSy 00y ke
HPV-31 asps b S5 5 HPVET2 sy alubis

() s e 0L |y SenilSis o oy Lo s

g Sl el f‘jlﬂ g Jdbw (_ng)\j'_élﬁJ.}
51 LS NY S s 48 Wl and SreilSs

.Qw‘MJaﬂJCfi

A e — PCR

—- - Biotinylated primer
— —s?
KRAS E 1 -

St Codans 12 and 13
atgactgaat ataaacttgt ggtagttgga gcoctggtggeg CaggCcaagas tgoottgaog

tactgactta tCatttgaaca cocatcaacct cgaccacogs atcogttoto acggaactgo

B. C. D.

HRAS-PF1 KRAS-PF2
- _—
-Ectjstgﬁcg WT s&tﬂ:-g_qsg WT

Sciggtgges WT
gotgatgges Muc gobgatgacg Mut

gctagtgges Mut 3
gotgttggeg Mutc Cocttgtgges Muc ET:StEFtc‘:! Mut
T =

gotgetggeg Muc ctogtggeg Muc EC_th‘FEEG Mut
Detects: Detects: Detects:

codon 12 gat. gtt, got codon 12 agt. tgt, cgt codon 13 mutations

Sl sy b 55 KRAS 05 5 s g lulis o -4 S

sY



VWA Ol 5 lee O opled O Al (o) Ol pl i s alime

FPyrogram position 1 =2 3 - E=1 s 4 E-1 2 10 11

WO bty e - -
WRABZO8 e

o e A & - A e o aooT Lo o a I - G A A A T T
| = B — B m BB m B =
HEetSrozy QoS mastant B R
— Elet==Y EE=T=1
= " "
Y zl'll
| |
- FATAS MYRTRY;
B. c A o - A o & A T c T N G TA B A A A T © T

= -H = E = B 82 B =B
Homozygous mutant S L = ¥
—y WWVRAZD ER =T}
= ilﬂ' I'nll
i 2 i i h
o = a o - O T FO R r's - . a A A L c

N S
——— - -;m;mkdm:j\r;pme\m,
R T S S A e A A A e S A A SRR
b - ;—;P\-i?z Sﬁql;umdb)' GP5+ primer with SSB

T c G < A G T AC T Az T S TArc T & ™ G T A C T
— 1

=

EPWV-31 (FIPV-31/80073) ced by a se 3 pool SSEB

A hp Y " -
— LN LN LY L W ¥ SR L U N L U R G R G
[ S "R S R S A S R A A A A A T S SN S-S S S S A S A A A S A A A A O T
HPV-31 (HEV-31/40/73) sequenced by a seven-primer pool with SSB
G A T AC T AC A T3 A4 GTA G T A2 T4 A3 G e o T A =

- . — — — I
e e e e e Mo ek

I S S s ISR S R R RS TR E

Sl g g5 g5 s s oo 55 2lolbd - s

Methhwl Primmer Express'® Softvware WWorkkifloww

I Import Sequence I

 — Y

Sar = -
Cerstorri—— I Find Cpa Islands E S===i =l Qf@
X . >

Wrerify Recormmmerded =
Sequence

i B

s =
— = I e e — P Select primer hype
Setrirags e = e o >

Sl s Sl el b g lle 1Y S

)‘f"(;’ )\ B J}J‘;o annotate)]é..v.})}d ;5”_9; cMJ-J: ‘AJJS J)b b J]a.v..«\.d DNA Jl": ‘.l:;\ ‘)\Jﬁ‘rj L«"L‘ L;"b
S Iy i Gl 1 CPG ol B 55 o azul > Farh 0308 4 mgiay ST bl ol e

i



YFAA Ol 5 5lee O opled F A

OS5 sl 5 okd G by il (sl Slakd o3l
Ol o oo orl 3w AL LS 55 585 sl
A dS b pl e se 5SS 5 05 JUsl s
Sl Sk Gl s oS L5 4 05 Jlal )

LS 8 bl sy 5 e sy

chlagh (Y Jalp J Sl Sa) Gle el o Y
i OAY AYVY . Sledb|

alf,\is 3 K53 Ja.]a.a.» a:‘}:.!} 5 e S (SO -y
o VIV ATAY 05 o8l ool jLisl (e 5) I Sk

4-Sabbaghi A, Soleimani M. An Overview of DNA
Sequencing Methods (First Generation, Second
Generation and Third Generation). Paramedical
Sciences and Military Health. 2016;11(2):48-60.

5-Fernandez-Fernandez A, Esteller M. DNA
Methylation Analysis by Bisulfite Sequencing
(BS)(PROT34). The EPIGENOME Network of
Excellence, Madrid, Spain. 2007.

6-Ahmadian A, Ehn M, Hober S. Pyrosequencing:
history, biochemistry and future. Clinica
chimica acta. 2006;363(1):83-94.

7-Langaee T, Ronaghi M. Genetic variation analyses
by Pyrosequencing. Mutation
Research/Fundamental and Molecular
Mechanisms of Mutagenesis. 2005;573(1):96-
102.

8-Cummings PJ, Ahmed R, Durocher JA, Jessen A,
Vardi T, Obom KM. Pyrosequencing for
microbial identification and characterization.
Journ of visualized experiments: JoVE.
2013(78).

9-Delaney C, Garg SK, Yung R. Analysis of DNA
methylation by pyrosequencing.
Immunosenescence: Methods and Protocols.
2015:249-64.

(o) OLpl (ol 5 ales

‘)J\::’.‘UAASJQJ)J@MQ)M)>‘Q5}‘)J&Q)\M
b s oo Sl SHET g Ul g bl 5 035
spd b e ST

S S 4o

Sose bl wey ps &S placs iy 4 g L
5 sy ol syl & el oyl el s S
cL.c

.

Lskoly o DL ardlas OLS)le (s Oliela g 3l b 33 )

Sl Ohles 55 Oty Ol U (HPV) - Sl s

Ol Sy Ay ekl ST o8l Sy p oo aalllad
FVY (O Y Y

10-Clark SJ, Statham A, Stirzaker C, Molloy PL,
Frommer M. DNA methylation: bisulphite
modification and analysis. Nature protocols.
2006;1(5):2353-64.

11-Moore LD, Le T, Fan G. DNA methylation and
its basic function. Neuropsychopharmacology.
2013;38(1):23.

12-Mahdieh N, Rabbani B. An overview of mutation
detection methods in genetic disorders. Iranian
journal of pediatrics. 2013;23(4):375.

13-Ogino S, Kawasaki T, Brahmandam M, Yan L,
Cantor M, Namgyal C, et al. Sensitive
sequencing method for KRAS mutation
detection by Pyrosequencing. The Journal of
molecular diagnostics. 2005;7 Y\ -¥\¥:(v)

14-Spittle C, Ward MR, Nathanson KL, Gimotty
PA, Rappaport E, Brose MS, et al. Application
of a BRAF pyrosequencing assay for mutation
detection and copy number analysis in
malignant melanoma. The Journal of molecular
diagnostics. 2007;9(4):464-71

15-Gharizadeh B. Method development and
applications of Pyrosequencing technology:
Bioteknologi; 2003.

Pyrosequencing and its application in biological science
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Abstract

DNA sequencing is one of the most important techniques in determining for sequences of
nucleic acids. Regarding remarkable advances in the field, pyrosequencing technique was
invented, with several applications in addition to determining the sequence of DNA. The
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technique is applied use of this in medical sciences and biotechnology, especially in the field of
single nucleotide polymorphism (SNP), the identification of pathogenic and non-infectious
microbes, DNA methylation, the identification of mutations in the major disease genes. This
technique is based on synthesis and the enzyme system used in this method consists of four
unique DNA Polymerase Klenow, ATP sulfurylase, Luciferase and Apyrase enzymes.
Releasing of light produced by the enzyme luciferase determines the type of nucleotide present
in the DNA chain, and the peaks of each nucleotide appear in the Pyrogram. The primer used in
this method is flexible, and this unique feature has led to its high performance.Without using
expensive materials, incontracontrast the other sequencing methods, is another advantage of this
method.

Key words: Pyrosequencing, Methylation, Single Nucleotide Polymorphism (SNP), klenow
enzyme
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