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Genomic sequencing timeline
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DNA polymerases require
both a primer (a short
oligonucleotide strand), to
which nucleotides are
added, and a template
strand to guide selection of
each new nucleotide.

In cells, the 3’-hydroxyl
group of the primer reacts
with an incoming
deoxynucleoside
triphosphate (dNTP) to form
a new phosphodiester bond.



Dideoxynucleoside triphosphate (ddNTP) analogs

The Sanger sequencing

procedure uses

dideoxynucleoside

triphosphate (ddNTP) analogs 0 0 O
to interrupt DNA synthesis. : '
(The Sanger method is also
known as the dideoxy method.) -
When a ddNTP is inserted in H H
place of a dNTP, strand - LR
elongation is halted after the

analog is added, because it

lacks the 3’-hydroxyl group

needed for the next step.




DNA Sequencing

1)

2)

3)
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i€ 5 GCATATGTCAGTCCAG 3 } double-stranded
¥ CGTATACAGTCAGGTC 5 | DNA
A DNA primer is annealed to the
desired DNA. Nnaled peimes
d _3 single-strandod
¥ CGTATACAGTCAGGTC 5' pya
DNA polymerase extends to primer, s~ =
and labeled nucleotides g'llf
incorporate in the newly made '
« AT o OdTTR « gdC TP « ddGTF
DNA + DNA polymerase l' DMNA polymerasa ¢+ DNA polymerase + DNA polymorase
GCAT - GCAT 7 - \TGTC IBEEN -G
.2” 3'-dideoxynucleotides are = ,._\ : = - -_I : :‘L =d: =
incorporated and stop DNA |
synthesis in four test tubes, with l ‘ |
each tube containing one l
dideoxynucleotide such as ddATP, “P -
ddGTP, ddCTP, and ddTTP. For i — ;
example, ddATP will stop DNA o 15 |
synthesis wherever an adenine — - B
nucleotide needs to be inserted. F— ,
— R ll L. |
— i :
Each resulting strand is a different S s _S”
length, and is separated by A T € G
E|Eth‘Dphﬂl’EEi5. DNA sequence reading directly from the bottom af the gel upward, is

ATGTCAGTCCAG
dhiantika.staffugm.ac.id L 5



faj = DA, s rand a Figure 11-18 The dideony ssquencirg method. (@) A labsied
1 1 T =T=T11 primer idesigned from the Nanklng wctor ssquenoee) 1S wsed b
TTAGAGCCEOATARARGCCO EA Inltlate DMA syMEhes]s. The addiion of  four differsrt dideoxy
rdcleatides (ddaTP 1S shosyn Rere) randomily arrests synthes)s.
(B The resultirg fragments are separabssd sleckrophoretically

Labeled primer ard subjected b0 aukoradiography. The Inferred sequence |s
DA polymerass | shown at the right (o) Sanger sequencing g2l [Partsa and b
I:'d":;:’ from J. O 'Watson, M. Gliman, J.Witkowsk, and M. Zoller.

Recombineant 04, 2d ed. Copgright 1992 by Sclkendfic American
Eooks: part © s fnom Lolda EscolouC arlson. |

T T &S & OO OO ATASMM GCC OO C A
-+ |:|:] Z T & C
Hee T 999 %959 1 —
H ol = =_
+ --__-_
i e T s s e O s s i W —_—
o S& ° -
+ = o
., AATCTEAAGCTATTCGAGCGET == _/3
= -—'_._= ;
——— ¥
— T
(] (a] TN - T
T A
—
oA pohymerass | L::_IEE":'C = _\\';
-+ 4 dRTFS 4 I F ‘ —
—
| | | | _—
ddaT ST ST A TF -_—____
1 1 1 —
T —
— & T ST
—— T - —
—— " Fc] .
ey T ., i e
— :3 - “_—
P a = = =
— ) ] —
e C ] ——
Acryamide i - —
= EFErrT ca. I — a5l
— - _Ih. e
— i i) e ———
— :3 =
— i E i -
— a ] -
—— " ] ampe
— | i e
[ '
rifemred A sEgueEnoe

SEQUSTEE oT orginal strand
B igeed



* DNA sequencing is readily automated by a
variation of Sanger’s sequencing method in
which the dideoxynucleotides used for each
reaction are labeled with a differently colored
fluorescent tag.

* This technology allows DNA sequences
containing thousands of nucleotides to be
determined in a few hours
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