AKTyanbHble 3agayn COBPEMEHHOU reHETUKA
MeToaonorus n ctpatermm peLeHmns

M3YUYEHE
BEJIOK-BEJIKOBBIX
ONPENENEHUE  B3AMMOJIENCTBHIA
PEI'YJISTOPHBIX AHAJIN3 AHCAMBJIE#
3JIEMEHTOB B3AUMOJENCTBYIOIIUX
I'EHOB
BbIAIBJIEHME ACIIOJIb30BAHUE
3000PM MOJIEJBHBIX
MPHK A MOJIEJTUPOBAHUE
OBBEKTOB
CTPYKTVYPHAJ
AHAJIN3 BA3 TAHHBIX
'EHOMUKA a

®YHKLMOHAJILHAS
[EHOMHURA  gIOMHO®OPMATHUKA

I'EHHbLIE CETH




Pl

Bo3moskHbie BapuaHThl n30gopm MPHK
TMIOTETHYECCKOT0 I'eHAa

P2
caiitr mosiu-A | caiiT mou-A
NN ]
]

NN

moau-A

NN [

IOJIu-A

N I

HOoJInu-A



N30DPOPMbI vPHK

HozepH-rudpuausanus

MO3BOJIAET onpeaenuTh pazmep nzopopm MPHK, sxcipeccupyromumxcs ¢
JOCTATOYHOM JJISI 3TOTO METOJIa ACTEKIIMH 3P(DEKTUBHOCTHIO U, TAKUM
00pa3oM, COCTaBUTh CUCOK BCEX MaKOpHBIX n30popM MPHK
HCCJIETyeMOT0 I'eHa

OT-IIIIP

MO3BOJISIET N30MpPaTEIbHO aMITU(UIIUPOBATh
OTHOCUTEJIbHO HeOoJbIiue gpparmMmeHTsl PHK

RACE-IIP (rapid amplification of cDNA ends )

METOJ MO3BOJISIET BOCCTAHOBUTH CTPYKTYpY nosHopasmepHort MPHK rena
no kJIHK, coorBeTcTBYyIOMIEH (PparMEeHTyY 3TOr0 IreHa.



TEXHOJIOT U IIOJIYYEHU S ITIOJTHOP ASMEPHOM MPHK

Poly A* RNA
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Template switching
and extension by RT
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PEI'YJATOPHDBIE JIEMEHTbBI

cTpaTerusi penopTe PpHbLIX CUCTEM
MO3BOJISIET U3yYaTh PETYJISITOPHYIO (PYHKIINIO KJIOHUPOBAHHOTO (PparMeHTa
110 U3MEHEHUIO AKTUBHOCTH IMPOJAYKTA PEMTOPTEPHOTO I'€HA IO CPABHEHUIO C
KOHTPOJIEM

rejb-mu@rT (EMSA-electrophoretic gel mobility shift assay)
ITO3BOJIACT 11O UISMCHCHHUIO ITOABUKHOCTHU KOMIIJIICKCOB 6€HOK-IH‘IK I10
cpaBHeHUIO ¢ pparmeHToM JJHK cyauThs 0 Haau4yuu caiTOB CBA3bIBAHUS
TPAHCKPHUIIIIMOHHOTO ()aKTOpa B PETYISATOPHOM BJIIEMEHTE

GYyTHPUHTHHT

II03BOJIACT JIoKaan3oBarh ydactok JJHK, HemocpeacTBeHHO
B3aHMOCHCTBYIOIINM ¢ OSIIKOM, ITyTeM CPaBHCHUS IPOAYKTOB HEIIOIHOIO
pacmiemuieaus JJHK u JIHK B kommnekce ¢ 6enkomM
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BEJOK-BEJKOBBIE B3AUMOJIEUCTBUS

KPOCC-CIIUBKA

MTO3BOJISIET BBISIBUTH HEMIOCPEICTBEHHBIC IIOBEPXHOCTHBIE KOHTAKTHI MEXKIY
OeIKaMu IMyTeM KOBAaJICHTHOM CIIMBKH O€JKOB-cOceIei
OM(PYHKIIMOHATBHBIMA XUMUYECKUMH ar€HTaMM (IUUMUAA03(UPHI)

KOUMMYHOIPEUNUT AU A

CO3JJaHUE UMMYHOKOMILJIEKCA: aHTUTEJI0-U3BECTHBIN OCJIOK-HEU3BECTHBIN MapTHEP
MIO3BOJISET BBISBUTH WJIM MOATBEPAUTH O€JIOK-0EJIKOBBIC B3aUMOICH CTBUSI

ABYTHOpUIHAA CHCTEMA

ITIO3BOJISICT BBISAIBUTD 66HKI/I-HapTH€pBI, HCIAOCTATKOM MCTOHAa ABJISICTCA 4aCTOC
IMPUCYTCTBUC JIOKHbBIX CUT'HAJIOB, MCTO/ TpeGyeT JOITOJIHUTCJIBHBIX I/ICCJIGI[OBaHI/Iﬁ

Macc-CIIeKTPOMETpHU sl

(bU3UUECKUM METO/I, TO3BOJISIONIMM KaK pa3AcsTh KOMILICKCHI

B3aMMOJICHCTBYIOIINUX OCIKOB, TaK U MOBOJUTH X ITOJHOE
CEKBEHUPOBAHUE



beJsiok-0e/IKoOBbIC B3aUMOAeCTBUSA
baktepuanbpHas ABYrHOpHUIHAS CUCTEMA

/"-‘@\ A

haitj pBT Vector e.l Iarget‘ pTRG Vector %

Aoperator m His3 Strep’

STRATAGENE COM.



ObIJAA CXEMA MACC-CIIEKTPOMETPA

Detektor
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[TPUHIINUIT AHAJIN3A ITOJIVHEHHOI'O CIIEKTPA

N-koHI1ieBble HOHBI  (C-KOHIIEBBIE MOHBI



BbIXO/IHBIE JTAHHBIE MACC-CIIEKTPA

mass’

185.
256,

403.
518.

605.
718.

850.
921.

1050.
1151.

1264.

i W o = O OO h Onn ) o =

S-P-A-F-D-5-1I-M-A-E-T-L-K
(protonated mass 1410.6)

b-ions

S

P
SPA

SPAF
SPAFD

SPAFDS
SPAFDSI

SPAFDSIM
SPAFDSIMA

SPAFDSIMAE
SPAFDSIMAET

SPAFDSIMAETL

E—iuns

PAFDSIMAETLK

AFDSIMAETLK
FDSIMAETLK

DEIMAETLK
SIMAETLK

IMAETLE
MAETLK

AETLK
ETLK

TLK
LK

K

masst

1323.

1226.
1155.

1008.
893.

806.
692.

561.
490,

361.
260.

147 .
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AHCAMBJIHA COT'JIACOBAHHOU
SKCIIPECCUU

o,

%= IBYMepHbIH dj1ekTpodopes 0ejkoB B ITAAT

pazjensieT OCIKH 10 IBYM OCHOBHBIM XapaKTePUCTHKAM OCJIKOBOM
MOJIEKYJIbI: MOJIEKYJIAPHOU MAaCCE U U30JIEKTPUUECKON TOUYKE

‘) . JHK-Muxposppon
(g depeHInaIbHOE UCCIIEJ0BAHUE TEHHOM SKCIIPECCUU Ha SKCIIPECCUOHHBIX
MUKpOUYHIIAX (€Xpression microarray)
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RNA fragments with fluorescent tags from sample to be tested

RNA fragment hybridizes with DNA on GeneChip
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Dideoxy sequencing method
Sanger, F., Nicklen, S. & Coulson, A. R. DNA sequencing with chain-terminating
inhibitors. Proc. Natl Acad. Sci. USA 74, 5463-5467 (1977)
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Ribonucleoside Deoxyribonucleoside Dideoxyribonucleoside
triphosphate triphosphate triphosphate
(NTP) (dNTP) (ddNTP)

The dideoxynucleotide structure (note 3’H) is the key to dideoxy DNA sequencing



Dideoxy sequencing method
Manual sequencing using radiolabeled primer (or nucleotide)

Fig. 5.14-19 DNA sequencing
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Dideoxy sequencing
with fluorescent dye incorporated in dideoxynucleotides

TCGTAACGCTAGTC
SEQUENCE

Prober, J. M. et al. A system for rapid DNA sequencing with fluorescent chain-terminating
dideoxynucleotides. Science 238, 336—341 (1987)



Fig 3 5 . 14- 19 {a) Primer extension reactions:
AUtO matE'd ddA reaction: 4dC reaction:

TACTATGCCAGA ————————— TACTATGCCAGH
= —_——— AT —_—— ATGEATAR
DNA sequencing
ddG reaction: ddT reaction:
TACTATGECLCAGA ———— TACTATGCCGAGH
ATGATACE — —— ATGAD
(b Electrophoresis:
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Peakuus, pPEBOJTIOLNOHN3NPOBaBLAA MOJIEKYJTAPHYHO ovonoruto:

Polimerase (Taq, Pfu) Chain Reaction (PCR; INLP)
for specific DNA amplification
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Kapu Mannwuc, nsobpetarens lNLP
Hobenesckas npemua rno xumum 1993 roga



Pa3BuTtne HoBOro noagxoaa K CeKBEHNPOBAHNIO

Ha OCHOBE AeTekuunn nupodocdaTa, BbICBODOXKOAAEMOIO NMpu CUHTE3E
NHK

(pyro-sequencing protocol)
Bains, W. & Smith, G. C. A novel method for nucleic acid sequence determination.

J. Theor. Biol. 135, 303-307 (1988)

Nyren, P., Pettersson, B. & Uhlen, M. Solid phase DNA minisequencing by an
enzymatic luminometric inorganic pyrophosphate detection assay.

Anal. Biochem. 208, 171-175 (1993)

Ronaghi, M. et al. Real-time DNA sequencing using detection of pyrophosphate release.

Anal. Biochem. 242, 84—89 (1996).



«Genome sequencing in microfabricated high-density picolitre reactors»
[Margulies' et al., Nature. 2005, 437(7057):376-80]

»The apparatus uses a novel fibre-optic slide of individual wells and is able to

sequence 25 million bases, at 99% or better accuracy, in one four-hour run

»To achieve an approximately 100-fold increase in throughput over current Sanger
sequencing technology, we have developed an emulsion method for DNA amplification
and an instrument for sequencing by synthesis using a pyro-sequencing protocol

optimized for solid support and picolitre-scale volumes

»The 0,58x10° bases Mycoplasma genitalium genome, sequenced on one 60x60 mm
fibre-optic slide (1.6x10° wells, diameter/depth — 44/50 um) required 1.6 ml of emulsion.
A human genome (~3x10° bases), over sampled ten times, would require approximately

3,000 ml of emulsion (1875 times more)

1454 Life Sciences Corp.
20 Commercial Street, Branford, Connecticut 06405, USA



«Genome sequencing in microfabricated high-density picolitre reactors»
[Margulies et al., Nature. 2005, 437(7057):376-80]

CrieBa cxeMa OCHOBHOTO OIIBITA: a) NOPAOOK 3MeliKOl CBEPXy CJIeBa, HAIPaBO, BHU3, HANICBO — 1) ciiyuaiiHas ¢pparMenTanus reHomHo# JJHK
(c moMotpI0 MUKPO(OPCYHKH) U CIIMBaHWE KOHIIOB ¢ ajaantepamu (A u B, cm. cned. puc.) gna TP u cexBeHUpoOBaHUs, JeHATypalus
¢parMeHToB, ii) yJaBJIMBaHUE WHIMBUAyabHOTO omHouenodeyHoro JJHK-¢pparmenta MukpouacTurieil ¢ KOBaJCHTHO CBS3aHHBIM MpailMepoM,
KOMIUIeMeHTapHbIM agantepy B, u TIIP-ammmudukanus B kamisix SMyJbCUU B Maclie, 1i1) 3arpy3ka MUKpPOYACTUIl ¢ aMIUM(UIMPOBAHHBIM
matpuuabM pparmenrom [IHK B sueitku cnaiima u3 ontoBoJjiokHa (6 X 6 ¢M) U 1v) 3arpy3ka B SYE€HKA MHKPOYACTUIl C aJACOPOMPOBAHHBIMHU
bepmeHnTaMu U cyOcTpatamMu, HeoOXoqUMBIMH 1 “‘mupodochaTHOro» cekBeHupoBaHus;, b) MukpodoTorpadus d3MyIbCUU C KaIUIIMH,
CBOOOJHBIMU M COJEPIKAMMMHU MUKpOUYacTHIly ¢ MatpudHbiM (parmentom JIHK; ¢) ckanupyromas 31eKTpoHHAss MUKPOCKOIMS y4yacTKa claiiia
13 ONTOBOJIOKHA (siUelika B momnepeuHuke 44 MkM, NyOHUHa 55 MKM, pacCTOSIHUE MEXIy IIEHTpaMHU COCEIHUX TUE€EK 55 MKM)

CropaBa cxeMma anmapaTtypbl Il CEKBEHUPOBAHUS: a) CUCTeMa MPOTOYHOU MOJa4u peareHToB, b) mpoTouHas kamepa cO BCTaBJICHHBIM B HEE
craiiiom u3 ontoBoJiokHa, ¢) CCD-kamepa (Charge Coupled Device), cencop n3o0pakeHus, HHTETpUPOBaHHAsI CXeMa, BKJIIOYAIOIIAsh PEIIECTKY
CBSI3aHHBIX CBETOUYBCTBUTENBHBIX DJJIEKTPUUYECKUX KOHJCHCATOPOB, M KOMIBIOTEP, 0OECIEUYMBAIOIIUN HEOOXO MMMBIA MOJI30BATE IbCKUH

uHTepdeiic U KOHTPOJIb anmnapaTypshl.



«Genome sequencing in microfabricated high-density picolitre reactors»
[Margulies et al., Nature. 2005, 437(7057):376-80]

"3anonupoBaHHbIR" (C TYNbIMW KOHLaMW)
n dhochopunmposaHHbin AHK-thparmeHT reHoma
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PCR ASeq B
Cxema ucnosnb3oBaHua agantepoB A U B ana BbligeneHna (¢ nocnegywouwen amnnndgukaumen B MNMUP wn
CeKkBEHMpPOBaHVMEM WHOMBUAOYAlNbHbIX OAHOLLENOYEYHbIX (parMeHTOB reHomMa: KOMMJIEMEHT CTPYKTYpbl B
caMOM  HWXHEW 4YacTu  puc.), NaHKMpOBaHHbLIX  creundgunyeckon nocrnegoBaTeNibHOCTbIO A,
KoMnnemeHTapHon npanmepam ana MNLP v cekBeHnpoBaHus, n cneymdunyeckon nocriegoBaTesisHOCTLIO B,
BKrtovatowen npammep ana MUpP.




«Genome sequencing in microfabricated high-density picolitre reactors»
[Margulies et al., Nature. 2005, 437(7057):376-80]

The lucifirase reaction takes place in two steps:
luciferin + ATP — luciferyl adenylate + PPi
luciferyl adenylate + O, — oxyluciferin + AMP + light

The reaction is very energy efficient: nearly all of the energy input into the reaction is transformed
into light. As a comparison, the incandescent light bulb loses about 90% of its energy to heat

ATP sulfurylase (activation of sulfate):
SO,%* + 2H* + ATP — APS + PP, {APS — adenosine phosphosulfate}

“Picolitre reaction” in genome sequencing:

Content. (ATP sulfurylase + APS) + (lucifirase + luciferin) + PP, [from sequencing reaction]
Steps:

APS + PPi — SO,2* + 2H* + ATP

ATP + luciferin — luciferyl adenylate + PPi

luciferyl adenylate + O, — oxyluciferin + AMP + light



J. D. Watson

Research team at Baylor College of Medicine has published the first complete DNA sequence and analysis
of an individual human diploid genome (the person was Dr JD Watson, co-discoverer of the DNA structure ).

The association of genetic variation with disease and drug response, and improvements in nucleic acid
technologies, have given great optimism for the impact of 'genomic medicine'. However, the formidable size

of the diploid human genome, approximately 6 gigabases, has until now prevented the routine application
of sequencing methods to deciphering complete individual human genomes.

The extent to which this limitation has been overcome can be seen from the fact that the sequence
was completed in only two months using massively parallel sequencing systems (454 Life Sciences) in picolitre-
size reaction vessels at approximately 1/100 of the cost of traditional capillary electrophoresis methods.

Dr Watson, after consultation with a genetic counsellor, chose to make the sequence data publicly available,
omitting only the Apo E gene and the neighbouring sequence associated with Alzheimer’'s Disease.

The sequence data have since been available online to researchers worldwide at
www.jimwatsonsequence.cshl.edu

Ref. Wheeler, DA et al. Nature 2008 Apr 17; 452(7189): 872-6.



