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MeTon «TepMMHaATOPOB»

4 NpobMpKN: B KaXXOon eCTb BCe 4 Tuna HyKneotngos M 1 TN TEPMUHUPYIOLLMX HYKNEOTUOO0B B
HebOomnbLLIOM KONMUYecTBe (MPUCOEAUHMBLUMCL K pacTywen uenu monekynol OHK, oHn mewatoT
npucoeguHeHU0 nocnenyrwmx Hykneotngos). B npobupke, roe Haxoantcss TEPMUHUPYIOLNKA
HykneoTua A, CUHTE3 Kaxgown Hosow monekynbl OHK moxeT obopsatbca B niobom mecTte, rge
OOSMKHa BeTaTth A, U T. 4. Ha renb HaHOoCAT 4 opoXKU. YTOBbI yBMAETHL NONockl, 1 Hykneotug (A, T, G
nnn C) MeETUTCA pagnoakTnBHbIMK n3oTtornamu. Kopotkne mornekyrnbl “yberatot” Bnepen, a AnnHHbIE

OCTaloTCA Ha cTapTe. Takum
obpa3omM MOXHO onpenennTb

nocrnenoBartesibHOCTb HYKJI1eoTUAO0B.

Strand to be sequenced
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W © THE SANGER METHOD: Single-stranded DNA is
e’ mixed with a primer and split into four aliquots, each

containing DNA polymerase, four deoxyribonucleotide triphos-
phates and a replication terminator. Each reaction proceeds until a replication-terminating
nucleotide is added. The mixtures are loaded into separate lanes of a gel and electrophoresis is used to
separate the DNA fragments. The sequence of the original strand is inferred from the results. (See p. 40
for an illustration of a high-speed DNA sequencer.)




o-
'O—$=0
0
'0—$=0
0
'O—A=O
1se 6 Base
¢
OH H
Deoxyribonucleoside
(ANTP) #

Base

U
7

B e
o)

Dideoxyribonucleoside
triphosphate
(ddNTP)

ase

Chain-terminating
4 (dideoxy) nucleotides

. I_L Cannot form a
phosphodiester band with

5 DNA strand next incoming dNTP

TTAGACCCGATAAGCCCGCA
GCGT
DNA polymerase |
+ 4 dNTPs Labeled
+ ddATP primer

TTAGACCCGATAAGCCCGCA
+
ATTCGGGCGT

H
H>
+
H ATCTGGGCTATTCGGGCGT
H>
+
AATCTGGGCTATTCGGGCGT

H
H
(b) DNA
=" | abeled
DNA polymerase | :
+4dNTPs+ || e L]
Ir 1l 1l 1l
ddATP ddTTP ddCTP ddGTP
¢ ¥ ¢
—_— ;4]
— E
—— A
— G
— A
— C
—_— C
—_— (=4
—_— G
Acrylamide —— A
gel — 5
— A
— A
—_— G
— (&
— C
—_— C
—r G
—_— c
—_— A
DNA sequence

of original strand|

CAGTCGAT




OcCHOBHbIe 3Tanbl

NFrMRvpadldiiNnNnRAdiina

depmMeHTaTUBHO
®parmeHTnposanue JHK

YnbTpa3ssykom
+agantepsbl
Mbpuansauma c npavimepaMn Ha TB.NOBEPXHOCTH
MupP
CyuTtbiBaHME CUrHana CekBeHUpOBaHue

VHTepenpertauuna pesyabrara

JTtanbl



KnoHanbHaa amnnudukauuma

CeKBeHupyeMbIixX (hparMeHTOB B MeToAax
NGS
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A - ona nnamgpopm «GS FLX», «SOLID» u «PGM» ucnonvzyemcs amynovcuonuas I[P na nosepxnocmu
mukpouwtapukos. Kascowiu opacmenm J[HK ¢ obeux xonyos umeem aoanmepul. Ha nosepxnocmu xascootu

MUKpOCGhepbl npuKkpenien 00uH U0 NPpatumMepos, KOmopwvle KOMHIEMEHMAapHbl OOHOMY U3 A0anmepos Ha
KoHuax ppaemenmos JIHK;

b — mexnonoeus «Solexa» ucnonvzyem knacmepuyro I[P Ha noonosicke, no8epxHoCmb KOMOpOou
NOKpbIBAOmM Npaimepvl 08YX MUN08, COeOUHeHHble C Hell uepe3 aunkepsl. [Ipodykmul amnaugurxayuu,
npoucxoosuue om 1106020 00uHouHo2o ppaemenma JITHK u3z bubnuomexu, ocmaromcs 10KaabHO
PACHONONCEHHBIMU OKOJIO MeC A CUHME3d U CHOBA AMNIUDUYUPYIOMCS NO COCEOCMEB).




K q) pa ™ e HTa M p nwin Ba |'OTCF| Products are bound to Streptavidin coated magnetic particles
1
Ha 2 KOMMJ1eMEeHTapHbIE LIETN. \?.@

“B" adaptor Biotin on 5" end
% g Isolate AB -
2 fragments only
Q7 { A
« 1. AHK dpparmeHTnpyetcs,
OJIMroHyKNneoTnabl-«agantepbl»;
doparmeHTbl JHK pasoenstoTcs a
* 2. KKaxgon bycuHke . - g -
I-Ipl/lerrl'”;lI-OT(-':ﬂ no 1 Anneal sstONA Emulsify beads and Clonal amplification Bn;,ak microreactors,

oprouenoueiron AHK. Moer el B
OTaenbHble OYCUHKM Beads miroreactors
3aKnoyaTCcsa B Kannu . R ———

& 200,000 roads obtained in paralol
= A single cloned amplified sstDNA
bead is doposited per well

OKPY>X€HHbl€ MacrioM.
B pesynbrate amynbcnoHHou MNLP
KOSIM4EeCTBO MOJIeKyn Ha OycuHke
MHOIOKPaKTHO yBenunymMBaeTcH.

* 3. 3Mynbcua pasdbmeaeTcs, u Lenu
NHK-dparmeHTOB,
obpasoBaBLUMeCSd B pesynbsrare
al'lUP, pasgensatotcs. bycuHkn,
HecyLue ogHoLEeno4YeYHbIe KOMnu
dparmenHTa JHK, nomewatorca
No 1 B KaXKOyHo NYHKY.

https://www.youtube.com/watch?v=bFNjxKHP8Jc

peakuUMOHHOM CMecH, %7_ <13




[lnpocekBeHnpoBaHKe

MeTon nnpoceKkBeHUPOBaAHNA OCHOBAH Ha onpeaerieHuun
nupodocdaTta, 06pasyrowerocst Npu CUHTE3e KOMMNJIeMeHTapHoON Lenu
AOHK. B 1988 r. E.Hyman BnepBbie NpeanoXxun Ucnosfib3oBaTtb 3TOT
MeTopA Anf ceKBeHupoBaHus. B 1996 r. P.Nyrén u M.Ronaghi 3aBepLiuvnu
AeTanbHY pa3paboTKy AaHHOro metoaa.
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CEeKBEHHPOBAHUE HA MOJIEKYJIAPHBIX KJIACTEPAX C UCITOJIb30BAHUEM
(bIyopeclieHTHO MEUEHHBIX IPE/IIIeCTBEHHUKOB.

[Ilumina

7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND BASE

1. PREPARE GENOMIC DNA SAMPLE 2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION

Laser |
= . 3 o 2 First chemistry cycle: toinitiate the first After laser excitation, capture the image of Second chemistry cyde: to initiste the
Rendomly fragment genomic DNA Bind single-stranded fragments randomly to Add unlabeled nudeotides and enzyme to sequending cyde, add ol four labeled bl emitted fi from each duster on the next sequencing cyde, add all four labeled
and Egste adapters to both ends of the the inside surface of the flow cell channels. initiste solid-phase bridge amplification. terminators, primers and DNA polymerase flow cell. Record the identity of the first base reversible terminators and encyme to the
fagments. enzyme to the flow cell. for each duster. flow cell

4. FRAGMENTS BECOME DOUBLE 5. DENATURE THE DOUBLE-STRANDED 6. COMPLETE AMPLIFICATION

STRANDED MOLECULES 10. IMAGE SECOND CHEMISTRY CYCLE 11. SEQUENCE READS OVER MULTIPLE 12. ALIGN DATA
- CHEMISTRY CYCLES
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The enzyme incorporates nudeotides to Denaturstion leaves single-stranded Several million dense dusters of double-

bud b bré 5d (e 7 2 = After laser excitation, collect the image data Repeat cycles of sequending to determine Align data, compare to a reference, and
h s wrided iges on the c to-the ced D are generated in each channel as before. Record the identity of the second the sequence of bases in 2 given fragment identify sequence differences.
ikl of the flow cel. base for each duster. a single base at time.




CGKBGHI/IpOBaHI/IG Ha MOJICKYJEIPHBIX KJIACTCPAX C UCITIOJIb30BAHUCM
(IyOpECIIEHTHO MEYEHHBIX MPEIIECTBEHHUKOB.

http: //www.youtube.com/watch?v=HMyCqWhwBS8E

JInnHa eqUHUYHOrO (pparMeHTa
JIHK, cexBeHMpyeMOTO JaHHBIM
MeTonoM, nocturaet 300 m.H.
TOYHOCTBIO 99 Y. ITocnennss
BBIITYIIICHHAS KOMIIAHUEH
«[llumina» cucrema
cekBeHupoBanusa — «HiSeq X» 3a
OJMH IIUKJI CIIOCOOHA
CEKBECHHUPOBATH J10 16 MOIHBIX
T€HOMOB 4uejioBeka ¢ 30-KpaTHbIM
nepekpbiTieM (1600 mipa. .H.) u

KOHCEHCYCHOU TOYHOCTBIO 110
99,999 %




I_[I/IKJ'II/I‘ICCKOC JINTA3HOC CCKBCHHUPOBAHUC.

SOL1D

(1) Hauano 1 paynoa: oobasnenue npaimepa
ONUHBL N U MU HYK1eOMUOHO20 30HOA,
JUSUPOBaHue ux opye ¢ Opy2om, OemeKkyus
@yopecyenyuu.

(2) Paspezanue 30H0a, 0c600601cOenue om
MEemKU.

(3) 5 nocneoosamenvruoix yuxnos 1 payunoa
(noemop cmaouii (1) u (2)).

(4) Hauano 2 paynoa: oobasnenue npaimepa
onunwvl N-1 u 8mu HyK1€0MUOH020 30HOq,
JUSUPOBaHue ux opye ¢ Opy2om, OemeKyus

@yopecyenyuu.
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HI/IKJ'II/I‘ICCKOG JINTA3HOC CCKBCHHUPOBAHUC.

Jl1vHa eIMHUYHOTO (pparMeHTa
JIHK, cexBeHupyemMoro
METOJIOM JIMTUPOBAHMS,
JIOCTUTAET 75 I.H. ¢ TOUHOCTH
10 99,99 %. BeinymieHHbIN
xomnanuen «Applied
Biosystems» npu6op «5500xl
SOLiD System» criocobeH 3a
OJIMH ITUKJI CEKBEHHUPOBATh 3
IIOJIHBIX TeHOMa 4ejioBeka ¢ 30-

KPaTHBIM OKPBITHEM 1
TOYHOCTHIO 99,9999 O



Cpasnureannan xapakrepucruka NGS n NNGS cexsenaropos (snsape 2014 1)

Mopenu cekseHaropos

NGS NNGS
s i GS Junior | FLX Ti+ | MiSeq | HiSeqX | 5500xI | lonProton | PGM PacBio RS
Roche [llumina Life Technologies Pacific Biosciences
JlanHa cAMHIYHOTO «NPOSTCHUAY, ILH. 450 300 300 150 650 200 400 83500
[poaom&HTEABHOCTE ITANA CCKBCHHPOBAHNA, D42 042 03 3 7 0,17 0,3 0,1
T
Y110 CCKBCHUPYCMBIX HYKICOTH/I0B 38 UMK, 0,035 1 15 1600 180 10 2 6
MIAPIL. ILH.
CronMocTs 0aHOMO uHKaa (63 NPHIroTORICHNA 0,8 8 0,7 12 R 1,3 0,5 0,1

ouGanorex), Tuic. $*




CekBeHMpoBaHUe eAUHUYHbIX MOJIEKYJ1 B peanibHOM
BpeMeHM!.

CekBeHnpoBaHue B peanbHOM BpeMeHN OQHOHUTEBBLIX pparmeHToB [HK
anvHom ao 10000 n.H. u bonee ¢ nomouwbio AHK-nonumepasbl. Ha aHo
cneumarbHbIX S4E€EK, PacnofOXEHHbIX Ha MPO3payYHOM CTEKIEe,
NpuKpennsaTcs oanHovHble Monekynsl JHK- nonumepasbl. Obnactb BOKpyr
3aKpenneHHoro goepmMeHTa NPoCBeYMBaAETCHA C NOMOLLLIO CrielunasribHOro
nasepa. B kaxagyto a4uenky 0obaBnaoT HyKNeoTUabl BCEX YETbIPEX TUMOB,
NOMEYEHHbIE pa3HbIMUK CBETALMMUNCA Mapkepamn. ObracTtb, KOTOPYHO
aHanu3unpyeT fnasep, CToSIb Marna, YTo MeYeHble HyKneoTuabl He
3aep>XMBaOTCS B HEW JOCTATOYHO AONro, YTOObI X cBeYeHUe bbIno
3adukcmpoBaHo npubopom. Ecnu xe HK-doparmeHT yoepxusaetca
nonumMmepasoun, To BO BpeMSA AOCTPOUKN ero KoMniieMeHTapHoOU Lenu curHarn
OT KaXxgoro I'Ipl/ICOG,EI,l/IHBI/IBLLIeI'OCFI HyKneoTuga PUKCnpyeTcs B CKaHMpyeMoun
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CeKBeHI/IpOBaHI/Ie €AVNHNYHbIX MOJ1EKYIT B pealJibHOM BPEMEHMN.

[Mpnbop «PacBio RS», OCHOBAHHbIN HA 3TON TEXHOSTOMMN, UMEET BbICOKYIO
COBCTBEHHYHO CTOMMOCTb, HO B TO XK€ BPEMS 9KCMPECCHYH0 NPO60NOAroToBKY,
BbICOKYI CKOPOCTb U HU3KYI0 CTOMMOCTbL cekBeHnpoBaHua HK



HaHonopoBoe cekBEHUPOBAHUE

HaHonopy MukobakTepun nomectunu B MembpaHy,
OKpY>XeHHY0 pacTBopom KCl. [ina cosgaHna TekyLero
NOTOKa MOHOB  MpuKnagbiBaetca  Hebonbluoe
HanpskeHne. CurHatypa 9nekTpuyeckoro ToKa
M3MEHAETCHd B  3aBUCMMOCTM OT  HyKIeotuaa,
npoxogsawlero 4Yepe3 HadHonopy. Kaxgbim 13
HykneoTtuaoB OHK - C, G, A n T — reHepupyeT ocobyto
CUrHaTypy.
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OnekTpuyeckue curHatypbl Hykneotuaos OHK npu
NX NPOXOXAEHUN Yepes HAaHOMOopY.

OpHouenovedHaa [OHK, npoxogswasi 4epes HaHonopy,
NCMonb3yemyto Ans ee CEKBEHNPOBAHUS.



