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Sanger F., Niclein S., Coulson A.R. DNA sequencing with chain-terminating
Inhibitors, Proc. Natl. Acad. Sci. USA, 1977, v. 74, p. 5463
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Maxam A.M., Gilbert W. A new method of sequencing DNA, Proc. Natl. Acad.
Sci. USA, 1977, v. 74, p. 560-564.



32
(PTecacTTeARCGCATGET

Lane for base Chemical
A oon the gel

32
e @-lTGCAE'ITGMCGC TGCT

32
- ®-ITGEAC1TGA [caCcATGET

e 37
@TG&CHG ACGCATGCT

32
- @-[Tc;c CTTGAACGCATGCT

e ClECITOpHOresis

]
t 1 - T C G &

Fadioactive Unlabelled 1 ::j - f— The sequence is read

fragments fragments 15 — frorm bottom to top
.15 — 1 1
14 p— S TGCACTTGRAACGCATGLETA
13 ||
iz |
11 ]
10 —-— L
3 — Direction of _
g f— electraphoresis
7 | —
g | —
5 —
4 [ |
3 |
2 |

&) q | —




NGS-cekBeHUpoBaHue

{3
£ ;;@?é
i Iﬂll ﬂ]ﬂﬂ[ﬂ]ﬂ] ﬂﬂ[fﬂm ""[fu” hw h

uulu'|" |1||l|]'|[I [lll|[lll[| u||ln'|”

=
_C}g

iib

Boipalwmsanue kononnn HK nocpeactsom lNLP
A) B amynbcum (anga nmpocekseHnposaHus, SOLID);
B) Ha ctekne (bridge PCR, anga lllumina)

http://oftalmic.ru/technology ngs.php



http://oftalmic.ru/technology_ngs.php

(b)

Existing DNA strand

+

~® / T
@ Diphosphate released,

NupocekBeHupoBaHue

energy used for synthesis

Tiphowtew 4

Tere

A



:
.

|||Umina K -
& 3 2 -3 ”'g =

o
. '\ .
L'l |
&% «
. "
o

DOVIIONE DOWIOS

S AL nucieoides g Image array ACd tresh
- and polymerase b remove labed nucleatides and
a 8 ana lerminator polymerase

- :

o oo

. . B
—~ _ 40 milHion clusters per flow cell
i - B .- » > - £ [ LA L8

b
. B _ . EY

-
-/_ > spots of DNA
—~s being sequenced cycle 2
E Fy !Iasel .
(b) /y

cross-section through flow cell at third cycle

. T A c
A c G
c G G T
c T T c
c A G
¢ i G G c
o T 1 G A
G A AT c-, '
_ AT T-A T : L.l
TN G C CG G- C i cycles




Color-Space Coding

. Second base
S O L I D Interrogation Probes A CGT
© @

A
3 5 -n
TTnnnzzz =
,O (o}
3FTnnnzzzs"C).._.--—-— G Q-;
@
3 nnnzzz o_/‘ T
ATnnnzzz
Cleavage Site
Emulsion Bead Ligase
O nzllo
l 3 Primer n _P“_Trr\‘—%\’\'\—(
A IllIlIIlIIlIllIIlIIlllllllIlIIlIIlIIllllllllllllIlIIIll
P1 Adapter TA
Template
cleavage
*111
Primer n ATnnn
STITTTTTTI T P
B IIlIIIIlIIIIIlIIllIlllllllIlllllIllllllllllllllllllllll
P1 Adapter TA
. Template
Ligase
3 Primer n AT TTnnnzzz o
c lllllllllllllllIlIIlllllllllllllllllllllllllllllllllIll
P1 Adapter TA AA
Template
¥ Primer n AT TY GT TT CA GC
D NN NN NN NN NN NN NN NN NN
P1 Adapter TA AA CA AA GT cG 3
§ g Template
3 Primer n-1 AAnnnGinnnzzz 1*)
e rrerrrrrrerrrrrrreerenrnnd
E Lo nnonnnnpnenen o R RO RO ORELYY
P1 Adapter 3

T CA
T T Template

Second interrogation of base



OpgHOMONEKYyNapHOe CeKBeHUPOBaHUE B peasibHOM
BpemMeHMU

Pacific Biosciences — Real-time sequencing

Phospholinked hexaphosphate nucleotides

INtensity

Epifluorescence detection
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MOHHOEe nonynpoBOAHUKOBOE CeKBeHnpoBaHue

,( dNTP Polymerase ,( ;

Template Strand

The nucleotide does not compliment the template - no release of hydrogen. .
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The nucleotide compliments several bases in a row - multiple hydrogen ions are released.



AnvHa npouteHus

Single-molecule real-

time sequencing 30,000 bp; >100,000
(Pacific Biosciences)
lon semiconductor
(lon Torrent 0o 600 bp
sequencing)
Pyrosequencing 700 bp

(454)

MiniSeq, NextSeq: 75-

300 bp; MiSeq: 50-600
bp; HiSeq 2500: 50-500
bp; HiSeq 3/4000: 50-
300 bp; HiSeq X: 300 bp

Sequencing by
synthesis (Illumina)

Sequencing by
ligation (SOLiD
sequencing)

50+35 mnum 50+50 bp

Nanopore Mo 500 kb
Sequencing
Chain termination 400 to 900 bp

(Sanger sequencing)

TouHocTb (Ha 1

npoyteHue)

87%

99.6%

99.9%

99.9%
(Phred30)

99.9%

~92-97%
1 npoyteHune

99.9%

Bpems
CENE
3anyckK

LleHa per 1
MJIH nap
OCHOBaHMit

Mpenmyliecrtsa

30 MUH- BbicTpo
20 4acos $0.05-$0.08 [detektnpyet 4mC,
5mC, 6mA.l
bbicTpo
24 »1 [eweso
244 $10 BbicTpo
BanHHbIE NpoyTeHUA
1_11, $0.05 - $0.15 BbicoKnmn Bbixos
OHeWn CEKBEHMpPOBaAHUA
7-14
et S0.13 [Jeweso.

1 MUH-48 $500-999 3a 1 [INUHHbIE NPOYTEHUSA

Yyacos AYENKY MopTaTuBHbIN
20 MUH — LLnpoko
$2400 >
3 vaca ncnonbsyerca

HepoctaTtku

[Loporoe obopyaosaHue

OwnbKn B cnyyae
roMonoMMepoB

Joporoe o6opynoBaHue
OwunbKkn B cnyyae
roMonoaMMepoB

Jdoporoe obopyaoBaHue
TpebyeT BbiCOKOM
KOHUeHTpaumun AHK

MepneHHo. OWNBKKU Ha
NoSIMHAPOMAX

Hu3kas
NpPoOn3BOAUTENBHOCTb
To4yHOCTb

Joporo
Tpynoemko



3alaHne K npakTnyeckon pabote No3
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Ncnonb3ysa gaHHble CEKBEHMPOBAHUA, HANULLNTE ONpeaenaemyto
nocneposatenbHocTtb AHK.

Mpwu peweHnn 3agaum obpaTMTe BHUMAHUE Ha HaNpaBAEeHUE ABUKEHUA
dparmeHToB [AHK npu anektpodopese.

A) 5’-

B) 5'-



