MNonunmepasHana uenHaa peakuus - NUP

7 Yto Takoe NMUP?
] KomnoHeHThI MNMLUP
J MpvHuun MUP

1 cTtopunyeckada nepcnekTuea:

passutue MNUP
N npumMmeHeHns Tag-nonumepasol

1 TexHun4yeckue acnektbl NUP

| «Bapwauuu Ha Temy ILP»
pa3rinyHble NpoToKornbl Ha 6a3se MNLUP
konuyectBeHHbIN MNP B peansHOM BpeMeHMU
(real time quantitative PCR)



UTto Takoe NLUP?

MeTtoauka ana «ycuneHus» (Nony4eHUs1 MHOrouYMUCIieHHbIX
konuu) cneumdunyeckoro yyactka asyxuenoyHou OHK.

B xope lNLUP-peakunn obpa3syrotcsa B O0onbLUMX KONM4YecTBax ABa
amrnnumepa — y4actka [JHK, 3agaHHoro reHa.

NMpun pacnnasneHnn JHK gBa npanmepa npuKpennsroTca K
KOMMNJIMMEHTapPHbIM y4yacTKamMm Temnneuta. TepmocrtabunsHasa OHK-
nonumMmepasa us Thermus aquaticus (Tag-nonnmepasa)

CUHTEe3MpPYyeT KOMMJIMMEHTapHbIe Y4aCTKM aMmnnumepa, HaumHas ot
npanmMepa.

Kaxabin umkn BknovaeTt HarpeB ana geHartypauuu AHK n yactunyHoro
oxraxxgeHve Ans BO3MOXHOCTU NPUKpPENSIeHUs npamMepoB K
TEMMNEeUTy, C KOTOPOro CHMUMaeTCH KOMuUS.

Npn yacTnyHom oxnaxpgeHuu Takxke Tag-nonnmepasa CUHTeE3NpyeT
KOMUIO reHa Unu ero 3agaHHoro yvyacrtka. Kaxabin umkn yaBanBaeT
konu4yecTtso AHK ao uukna.



KomnoHeHTbI NLUP

1 OHK-TemnnewnT, HanpumMmep, rpyobIn KNEeTOYHbIN 3KCTPAKT,
obwana reHomHaa OHK, nnaamumaHaa OHK v 1.4. (HaHOrpammbl)

(1 1Ba ONIUrOHYKNeoTUAHbIX Npanmepa
o6bI4yHO 20 HykneoTnaoB (20-mer), (bbiBaeT 18-30!)
(a.6. OguHakoBou Temnepartypbl nnasneHna Tm of ~ 60°C)

1 dNTPs — geokcuHykneosuna-tpucocdarol
(dATO, dUTP, dI'TP, dTTD)

1 OHK-nonumepa3sa (n 6ydocphep)
oobIyHO Taq-AHK-nonumepa3sa

1 NLUP-6yddep, 06b14HO ¢ Mg?*



%ﬂﬂ”"tﬂbﬂ q*“‘w % . Step 1 : denatura
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PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :

1 1 minut 94 °C
| | I
| I

3' Step 2 : annealing
3 step e
45 seconds 54 °C

forward and reverse
5' primers !!!

3 < o ST
NI I 59 T Step 3 : extension [}

- 4 . \ /
ey | : - 2 minutes 72 °C
only dNTP's

(Andy Vierstrazie 1999)




4th cycle

wanted gene —1
—< 3thcycle

S <

e { 2nd cycle
Isteyele e P 35th cycle
template DNA C— s
= R —
2’ = )= Y= A
4 copics 8 copies 16 copies 32 copies 2 =68 billion copies

(Andy Vierstracte 1999)




"I UlcTopuyeckasn nepcnektusa |

ImeToA ObIN npensioXeH B 1983 rpynnown,

pabotatowen B Kopnopauum Cetus.
Kapu Mynnu3s cyumaemcs pa3pabomyukom (naypeam

Hobenesckou npemuu rno xumuu 1993 200a).

_IBnepBble onybnnkoBaHo:

1 Saiki et al., (1985) Enzymatic amplification
of beta globin genomic sequences and
restriction site analysis for diagnosis of
sickle cell anemia. Science 230: 1350-1354.

/B Hayane npoBoagunacb B BAHHO4YKaxX C
ropsiuMm pacTBOPOM pPa3HOM TeMnepaTypbl —

cendac ato genatot NLUP-mawwuHbl

/dPepMeHT: dparmeHT KneHosa [HK-nonmmepasbl
E. Coli. Bbina HeobxoanmocTb A00aBrNeHnsa CBeEXero
doepMeHTa nocrie KaXxgoro Uukna geHartypauum

Kapu Mynnu3s



Enzymatic Amplification of B-Globin
Genomic Sequences and Restriction Site
Analysis for Diagnosis of Sickle Cell Anemia

Randall K. Saiki, Stephen Scharf, Fred Faloona. Kary B. Mullis
Glenn T. Homn. Henry A. Erlich, Norman Amheim

Recent advances in recombinant DNA
technology have made possibic the mo-
tecular analysis and prenatal diagnosis of
severnl human genetic discases. Fetal
DNA obtained by aminocentesis or cho-
donic villus sampling can be analyzed by
restriction enzyme digestion, with subse-
quent electrophoresis, Southern trans-
fer, and specific hybridization to cloned

This discase results from homozygosity
of the sickle-cell allele (B%) at the B-
globin gene locus. The S allele differs
from the wild-type allcic (B*) by substi-
tution of an A in the wild-type toa T at
the second position of the sixth codon of
the @ chain gene, resulting in the replace-
ment of a glutamic acid by a valine in the

gene or oligonucleotide probes. With

expr d protein. For the prenatal diag-
nosis of sickle cell ancmia, DNA ob-

Abstract. Two new methods were used 10 establish a rapid and kighly sensitive
prenatal diagnostic test for sickle cell anemia. The first invoives the primer-mediated
enzymaric amplification of specific B-globin targel sequences in genomic DNA,
resulting in the exponential increase (220.000 times) of rarget DNA copies. In the
second technique. the presence of the B* and B° alleles is determined by restriction
endonuclease digestion of an end-labeled oligonucleoride probe hybridized in

solution to the amplified B-globin sequences. The @-globin genmorype

can be

determined in less than | day on samples containing significantly less than [

microgram of genomic DNA.

polymorphic DNA markers linked ge-
netically to a specific disease locus. seg-
regation analysis must be carmied out
with restriction fragment length poly-
morphisms (RFLP’s) found to be infor-
mative by examining DNA from family
members (1, 2).

Many of the hemoglobinopathies.
however. can be detected by more direct
methods in which analysis of the fetus
alone is sufficient for diagnosis. For ex-
ampie, the diagnosis of hydrops fetalis
(homozygous a-thalasserma) can be
made by documenting the absence of any
a-globin genes by hybndization with an
a-globin probe (3-5). Homozygosity for
certain B-thalassemia alleles can be de-
termined in Southern transfer cxperi-
ments by using oligonucieotie probes
that form stable duplexes with the nor-
mal B-globin genc sequence but form
unstable hybrids with specific mutants
6. M.

Sickle cell anemia can also be diag-
nosed by direct analysis of fetal DNA.
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tained by is or chorionic vil-
lus sampling can be treated with a re-
striction endonucicase (for example.
Dde 1 and Mst [I) that recognizes a
sequence altered by the §* mutation (8-
11). This generates 8- and B%-specific
restriction (ragments that can be re-
solved by Southern transfer and hybrid-
ization with a 8-globin probe.

We have developed a procedure for
the detection of the sickle cell mutation
that is very rapid and is at least two
orders of magnitude more scasitive than
standard Southern blotting. There are
two special features to this protocol. The
first is a method for amplifying specific
B-dobinDNAseqoenceswilhtheuseof
oligonucleotide primers and DNA poly-
merase (12). The second is the analysis
of the B-globin genotype by solution hy-
bridization of the amplificd DNA with a
specific oligonucleotide probe and sub-
sequent digestion with a restnction en-
donuclease (/3). These two techniques
increase the speed and semsitivity, and

! the lexity of pr | diagno-
sis for sickle cell anemia; they may alsor
be generally applicable 1o the diagnosis
of other genetic discases and in the use.
of DNA probes for infectious disease
diagnosis

Sequence by polymerase
chain reaction. We usc a two-sLep proce-
dure for determining the B-globin geno-
type of h ge ic DNA pl
First, a small portion of the B-giobin
gene sequence spanning the polymorphic
Dde I restriction site diagnostc of the g*
allele is amplificd. Next, the presence o
absence of the Dde [ restricuon site in
the amplified DNA sample is determined:
by solution hybndization with an end-
labeled complementary oligomer fol-
lowed by restriction endonucicase diges-
tion, clectrophoresis, and autoradiogra-
phy.

The B-globin gene segment was ampli-
fied by the polymerase chain reaction
(PCR) procedure of Mullis and Falcona
(12) in which we used two 20-base oligo-
nucleotide primers that flank the region
to be amplified. One primer. PCO4, is
complementary to the (+)-strand and the
other, PCO3, is complementary to the
(=)-strand (Fig. 1). The annecaling of
PCO4 to the (+)-strand of denatured ge-
nomic DNA followed by extension wilh
1he Klenow fragment of Escherichia coli
DNA polymerase | and deoxynuclcotide:
triphosphates results in the synthesis ofx
(=} d fi i the target
sequence. At the same tume. a simalar
reaction occurs with PC03, creating a
new (+)-strand. Since these newly sya-
thesized DNA strands arc themsclves
template for the PCR pnmers, repeated
cycles of d ion. pamer aling.,
and ex i It in the exp neial
accumulation of the 110-base pair regioa
defined by the primers.

An exampie of the degree of specific
gene amplification achieved by the PCR
method is shown in Fig. 2A. Sampies of
DNA (1 ug) were amplificd for 20 cycles
and a fraction of cach sample. equivalent
to 36 ng of the original DNA, was. sub-
jected to alkaline gel clectrophoresis and
transferred to a nylon filter. The filtef
was then hybridized with a “P-labeled
40-base oligonucleotide prode, RS06.

hich is pt ary to the targel
sequence (Fig. 1A) but’ not to the PCR
primers. The resuits. after a 2-hour auto-

ic exposure, show that a fra§
ment hybridizing with the RS06 prode
P te

Huss2
r'l'\- authors are e Dwuu‘;‘ F‘ﬁr‘n"

Street, Emerywile,
address for N.A, i of
caces. Unsversity of Southorn Calfornsa.
les 00890371,




UcTopunyeckana nepcnektuBa li

1 U3onauua Taq-AHK-nonumepasbl

VictouHUK: Thermus aquaticus
KntoyeBoe CBOMUCTBO: TEPMOCTAOUNBHOCTb

_INpumeHeHne Taq B NLIP 6bino Brnepsblie onnucaHo:

1 Saiki R. K et al., (1988) Primer-directed enzymatic

amplification of DNA with a thermostable DNA polymerase.
Science, 1988 239:487-91.

439Ta Haxoaka pesortoumoHusupoana lNLUP, cenyac ato
OCHOBHOW 0ePMEHT B OOSIbLUMHCTBE NPUIOXEHUN Ha
ocHose [1LP
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Primer-Directed E

nzymatic Amplification of DNA

with a Thermostable DNA Polymerase

Ranparr K. Saik:, Davip H. GELFAND, SUSANNE STOFFEL,
STEPHEN J. ScHArF, RusseELL HigucHl, GLENN T. HORN,
KAry B. MuLLis,* HENRY A. ERLICH

AMDNApobymnwuoedinmmvaNAuuphﬁaoon

procedure, the polymerase chain reaction. The isolated from Therrmwses

cus, greatly simplifies the procedure and, by cnabling the reaction to be
at peratures, Iy impr the specificity, yicld, sensitiv-

ity, and length of that can be genomic were

segments up to 2000 base pairs were readily

In addition, the method was

used to amplify and detect a target DNA molecule present only once in a sample of 10%
cells.

HE ANALYSIS OF SPECIFIC NUCLEO-
ude sequences, fike many analytic
pmdmuo&cnhmw‘cdbvdw
exty matenial or by the
mwhsnullmavuhbleﬁxm
nation. We have recently described a meth-
od, the polymerase chain rcaction (PCR),
thar overcomes these limitations (J, 2). This
rechnique is capable of producing a sclective
enrichment of a specific DNA sequence by a
factor of 107, greatly facilitating a varnicty of
subsequent amalvtical manipulations. PCR
has been used in the examinarnion of nucikeo-
tide sequence variations (3-5) and chromo-
somal rearrangemeonts (6), for high-cfficen-
< cloning of genomic sequences (7), for
direct sequencing of mitochondrial (8) and
genomic DNAs (9, 10}, and for the detec-
tion of viral pathogens (11).

PCR amphﬁcam involves two ol
cdootide primers thar flank the DVA -
ment to be lified and rep d cycles of
tudaxmmtwoofl.thVA,mncalmgof
the primers to their complementary sc-
quences, and extension of the anncaled
prmswnhDNApo&mrue These prim-

o opposite strands of the
nrg«s:qucnccandammmdsob\l\
synthesis by the polymerase proceeds across
doubhng the amount of that DNA segment.
Moreover, since the extension products are
also complementary o and capable of bind-
ing primers, cach successive cvcle cssentially
doubles the amount of DNA synthesized in
dnprcmnmk This resuks in the expo-

lason of the specific rarget

DNA polymerase with a thermostable DNA
polymerase purificd from the thermophilic
bacterium, Thermues aguaticns (Tag), thas
can survive extended incubation at 95°C
(12). Since this heat-resistant polvmerase 1s
relatively unaffected by the denaturation
step. it docs noc need to be replenished at
cach cycle. This modification not oaly sam-
plifics the procedure, making it amenable 1o
automatnon, & also substantally Improves
the overall performance of the reacnon by
umvreasing the speaficity, yiclkd, seasitivity,
and length of targets that can be amplificd.
Sampics of human genomic DNA were
subjecred 1o 20 to 35 cycles of PCR amplifi-

Sﬂ.s.SlSthtletpub.GTl!on\ls B
MIL.&IM Dieparzment of
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CA Set08.

D H Geifand and §. Seofficd, Coramn Corpoeation, De-
mam Geneocs, 1400 Fufty - Thand Streer,

*Prescon addeess: Xysroowx, 6555 Nancy Kidge Drive,
Suite 200, San Diucgo, CA 92121
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TexHun4yeckue acnektbl NLUP

@ OuzaiiH nparimepoB

® Temnepartypa peHaTypauum (oTxura)
© MNpepoTBpalleHune 3arpA3HeHNA

@ Yucno NUP-uuknos

® KoHueHTpaumm Mg?*

® Bbi60p nonumepasbl



€@ Ousaiin npaitmepos

/cbannaHcMpoBaHHaA Touka nnaeneHus T  Ans obomx
npanmMeposB.

T =(A+T)x2+(G+C)x 4
IBbICOKasi KOHCEpPBATUBHOCTb 3'-KOHLA — CYLLIECTBEHHbIN

doaKkTop

[)xenaTteneH y4yacTokK, oboraweHHbIn [ unu Ll Ha 5’-koHue; aTo
NoBbILLAET CTabUNbHOCTb

[In3deraHme KOMMNANMEHTaAPHOCTU MeXOy Npanmepamm, 4yto
CHMXaeT obpasoBaHMe AMMEPOB M3 ABYX NpanMepoB

ln3beraHue nocnepnoBartesibHbIX NOBTOPOB [ U1 LI, 4TO CHWXKaeT

BEPOSATHOCTb 06pa3oBaHNA raprnmMHOB

1 NCBI primerBLAST — ogHa 13 nydwmx nporpamMmm ang gusamnHa
npanmMmepos



® TemnepaTypa peHaTypauum (oTKura)

JoObIYHO Ha 5 rpaaycoB HUXe TeMnepaTypbl NraBneHus
AaHHbIX npanmepoB (5°C)

bonee BbicOKkas TemnepaTypa peHatypaumn
| bonee BbicoKaga «stringency» — akkypaTHOCTb
CBA3bIBaHUS (Bbllle Tpebyemasa KOMMSIMMEHTAPHOCTD)

Bonee HU3Kaa TemnapaTypa peHaTypauuu -
| bonee H13kaga «stringency»



® MNpepoTBpalleHne 3arpsasHeHUN

JKoHTpOnb peareHTOB
- UCNorb3yeTcs TONbLKO CTePUsibHad OeNOHNU30BaHHas
nnn QUCTUNNMpoBaHHasa Boda

lcTepunbHas nyacTUKoBasi nocyaa m
Henpocpo4YeHHble peareHTbl

ao3aTopbl (aBTOMaTU4YeCKUE NUNETKN), KoTopble
ucnonb3ytotcs ana NUP 6onblue HUrge He
UCNONb3YHTCA B nabopartopumn

JotpenbHasn NMNUP-kabuHeTbI



@ Yucno NUP-uuknos

1C yBenn4vyeHuem kon-sa NUP-uuknos
© + pacrtert kosi-Bo (“ypoxan”) QHK
=) - pacTyT owmnbkn B nocnenosartenbHoctn HK
= - eClin UCNonb3yeTca cMecCb TEMNJIEUTOB, TO

yBeNnnyiMBaeTCcs BEPOATHOCTb 0DpasoBaHUs Xxumep (rnpu
cMeuwleHuUU riocriedoeameribHocmeu 08yx memriietimos)



® KoHueHTpauusa Mg?*

[JyBenuyenue [Mg?*] npuBoguT K:

] NOBbILUEHUIO CTPUHIETHOCTU
(4eTKoCTU rMbpuamnsaunmn)

] CHMXEHUIO KoNn-Ba cuHTe3npyembix HK

(BCNeacTBME YacTUYHOW MHAKTUBALMK MoNnMmepas
nog gevncrevem Mg?*)

[IpekoMeHayemMasi KOHLeHTpaLuums:
1.5-3 MM MgCl,



® BLi6op nonumepassbl

] Tag-nonumepasbl :
[peumyuwiecmea:
© Bblcokun «ypoxan» (Bbixog HK)
© Tag-nonumepasa gobaenseTt A (ageHo3nH) Ha 06omx KoHuax
cuHtesnpyemon HK, 4yto obneryaeT KNoHMpoBaHNE B Tak-Ha3biBaeMbix TA-
BEKTOpax

Hedocmamku:
= Bblcokasi cteneHb owMBOK, OTCYTCTBME Tak-Ha3bIBAEMOro npydpuavHra
(NnpoBepku, pegakummn) cuHtesnpyemom HK

| AnbTepHaTUBHbIE NonMMepasHble CUCTEMbI:
Bce obnapgatot npydpuanHrom (proof-reading): 3" - 5°-3k30HyKNeasHOU
aKTUBHOCTbLIO
Pwo (Pyrococcus woesei),
Vent (Thermococcus litoralis)
Pfu (Pyrococcus furiousus)
© BbICOKWM YPOBEHb TOYHOCTHU (CoBNaaeHus)
=) 0DpasyloTs NPOoAYKThI C TynbiMu KoHUamu Blunt-ended products
= HU3Has NPON3BOOUTENBHOCTb

HanbGonee yacto nccnegoBaTtenu UCNosib3yrOT KOMOUHaLMK (hepMEHTOB:
Hanpumep «Expand» (cmecb Tag n Pwo)



TA-knoHupoBaHue NLUP-npoaykToB

- 2/71a8HOe€ fnpeumMyuw,ecmeo 3amo rnpocmoma u dewesu3Ha,
mak kak mpebyemcsi eace2o oOHa pecmpucma3sa u
Hebonbwolu Habop dpyaux ghepmMeHMoe8 u Memoou4ecKux
amanos:
Tag-nonumepasHbIn
NUP-npoaykr (OHK)

AU 2

"T" pobaBneH

2ubpudu3ayus u "cwueaHue

TpaHcdepason nod delicmeuem nu2asbl
Tynble KOHLbI Ha 06a KoHua
pecmpukmasa, +2ddTT®
darowas mepMuHanbHas
mynbie KOHUbI mpaHcgepasa
y u paHceep BEKTOp C
EE— —_—D> BKIIOYEHHLIM

NMUP-npoaykrom




\

MoBTOpeHUue: «KXUMUA» HYKITEMHOBbLIX OCHOBAHWMW:

[TypuHBI
NH, 0
P //O’/
s e, O NN N ~en-H
0 @O-—P/ ~p OcHoBaHue & Iis/ﬂ G, |§3/;)\
© 1S\ s S NN Nk,
O O 0 rMUKO3WbHas CBSA3b
© ALEHVH 'yaHuH
[MnpuMugnHbl
-------- HyKneosug ------ Nkl o & [ O 1
7 3 7
-HyKneoTtng MmoHogocgpar -+ |54\3N EEEN %La,\j
6 2 8 2 6, 2
- VN $)\> T/&O
|

-HyKneotng gugocdar  ----------i

"""" HyKneoTna Tpudgocgat --------- LinTosuH Ypauun TUMUH

CokpallueHus ansa HyKNemHoBbIX OCHOBAHUMN:

A — A: AOeHuH;

G — I': 'yaHuH;

C — U: Lnto3uH;

T — T: TumuH (5-meTunypauun), Tonbko B JHK;
U—Y: Ypauun, Tonbko B PHK.



Bapuauuun Ha Temy INLUP: npousBoaHble NPOTOKONbI

@ MNLUP n3 PHK — npu nomoLum o6paTHO TpaHCKpUnTasbl
® KnonuposaHue MLP-npogykToB
® «Lluknunyeckoe» MLIP-cekBeHnpoBaHue
@ MNLP-dUHrepnpuUHTUHT 1 co30aHNe reHeTUYeCcKnX KapT
® OntummsmposaHHoe MLP:

Hot-start I'NLP

Nested NLP

Touchdown INUP

Long INUP
® Oetekunsa MHOXeCTBEHHbIX reHoB — MynbTunnekcas MLP
@ KonnyecTtBeHHasa 1 koHkypeHTHas MLIP
© Nokanunsaumsa caitos akcnpeccun reHos — MLP in situ



MNMUP npu noMmowmn o6paTtHON TPAHCKPUNTA3bI (rRT-PcR)

5 | [AAAAAAA 3" MPHK
00 < TTTTTTT 5’ Iedglaal=ls

CunHTE3 NepBou

Lieno4Ku B O6pamHasi mpaHckpunmasa
(1 kQHK (konung)

5 | AAARAAAR 3" MPHK
3’ I, o ol k[ HK

MuUP * B2 Taqg-dHK-nonumepasa

50 [TGCTAT 1 3° (][]
3’ I —

o TTTTTIT 5 dsDNA

Llnknbl obbivHom TMLIP



RT- PCR (reverse transcriptase PCR)

O6nacTu npuMeHeHus:

"NMNo3Bonsiet noNiyvynTb noarBepxapeHume T1oro, 4To Ol'lpeneﬂeHHbIVI reH
JKCnpeccupyeTcs, npum ToM Aaxe ecrin 3Kkcnpeccmnsa o4eHb HU3Ka

"IMoxeT ObITb UCNONb30BaHa ANsl NnoAcyYeTa 3KCNpeccumn reHoB BO
BpeMeHN B 3aBUCUMOCTHU OT pa3nnYHbIX AeUCTBYHOLWMNX (paKTOPOB U
ycnoBuu (Hanpumep, ataka natoreHoOB, 3aCOfIeHNe UIIN akTuBaLus
onpepneneHHbIX NporpamMm pa3BuUTUA — LiBETEHUE, 3aKrnagka CeMsH,
OnocunHTe3s (peHOoNbHbLIX NPOU3BOAHbLIX, MOpdOoreHe3 u T.4.)

ICpaBHeHUe YPOBHSA 3KCMpPeCcCU reHa no OTHOLLIEHUIO K KOHTPOMIO
(Mpu reHeTUYECKMX MaHUNYNALUAX)

HepocTtaTkum:

_ IMoxeT ObITb NCNONb30BaHa TONbLKO ANA N3BECTHbLIX NFeHOB
. IHeo6x0AMMOCTb BbICOKOU cneuncpnyHOCTM NpanmMepos

_Mpob6nema KOHTpPONA — 3KCNPeccus BCeXx reHoB U3MeEHSIeTCsl BO
BPeMeHMU, faxe KOHTPONbHbIX



Ontumusauus MNUP

| Hot-start NMLUP (ropsuun ctapr)
Peakunsa yoepxusaetca Ha «[HK-geHaTtypupytoulen temneparype o
nobasneHnsa bepMEHTOB U HYKITEOTUOOB:
- NpegoTepallaeT oopmMmpoBaHMUE AUMMEPOB NpanmMepos
- CHMXXaET YPOBEHb MUCTpaMnNHra (HenpaBubHOro NPUcoeauHeEHNs
npanmeposB)
] Chou et al., 1992 Nucl. Acids Res. 20, 1717-1723.
| Nested lNUP (rHe3gosoun MNLP)
nepsoe npumeHeHne — [JHK B-rnobynunHa — cHa4yana ycuneHne 6onsLoro
ydyacTka, NoTOM Doree KOpoTKoro (2 Habopa npanmepoB)
Mullis & Faloona, 1987 Meth. Enzymol. 155,335-350.

[] CrtyneHuartas NUP (Touchdown PCR) — anst ymeHbLUeHMs BNMSIHUS Hecneundgunyeckoro

CBSA3bIBaHUSA NpanMepoB. [lepBble LUMKIbl MPOBOAAT NpU TeMNepaType Bbllle onTuMaribHOM
TemMnepartypbl OTXXuUra, 3aTeM Kaxble HECKOMNbKO LMKNOB TeMnepaTypy OTXXura NoCTENEHHO CHMXarT
A0 onTuMaribHOW. OTO AenaeTcs ans Toro, Ytobbl Npanmep rmbpmnamMsoBasrnca ¢ KOMMNIEMEHTaApPHOM
Lenbio BCeW CBOEW OJSIMHON; TOrda Kak npy onTumMarbHOW TeMneparype oTXura, npammep 4acTU4HoO
rmopnansyeTca ¢ KoMnneMeHTapHou uenbto. YactuyHas rmbpmngnsaums npammepa Ha reHomHon OHK
NpPUBOAUT K Hecrneuudunyeckon amnnudunkaumm, ecrim y4acTkoB CBA3bIBAHUSA A1 npanmepa
AOoCTaTouHO MHOro. B BonblunHCTBE cny4vaes, nepsble gecatb [NLUP unknos, MoXXHO NnpoBoanTb Npu
Temneparype oTxura B 72-75°C, a 3aTem cpasy CHU3UTb 40 ONTUManbHoOn, Hanpumep 0o 60-65°C. [
Don et al., 1991 Nucl. Acids. Res. 19, 4008.



OnTumusmnposaHue NLUP

_| Long PCR (npopomxutensHas lNLP)
Tag-OHK-nonnumepasa obbl4HO orpaHnyeHa cuHte3om 5000 ocHoBaHWUM
NO3TOMY ee KOMOUHUPYIOT C Apyrum pepmeHToM, Hanpumep, Expand,
Pfu, koTopbin moxeT amnnuduympoatb Ao 30000-40000 ocHoBaHUM
'] Cheng et al., 1994 PNAS (USA) 91, 5695-5699.

Btopas nonumepasa ucnosnb3yeTcs AN KOPPEKTUPOBKU ownbokK Taq-
nonmmMmepasbl, Kotopasa octaHaBnuBaeT cuHTe3 [JHK B cnyyae
AobaBreHnst HEKOMMMEeMeHTapHOro Hykneotuaa (ero ynansert Bropas
nornvmepasa).

Cwmecb nonumepas: 50:1 nnu 100:1, T.e. Tag-nonnmepasbl B 25-100 pa3
OonbLlue no oTHoweHur K Pfu-nonumepase.



[JeTtekumsa MHoxecTBeHHbIX reHoB: Multiplex PCR
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Fig. 06.10. Multiplex PCR

1 Chamberlain et al., (1988) Nucl. Acids Res. 16,11141-11156



KonunyectBeHHbIn aHanu3 HK npu nomowum MNMLUP

_IMHOrouncneHHble «kHeTOYHOCTU» AenaloT npoLecc
konuyectBeHHoro N P-aHann3a npobnematuyHbIM

13 noaxopa:

a) KoHkypeHTHas NLUP: ¢ ncnonbsoBaHnem
KOHTponbHon [JHK n3secTtHoOM KOHUEHTpaLUNM B Ka4ecTBe
BHYTPEHHEero craHgapra.

6) caysepH-6noT + JHK-30H4 (rnbpmnansaumnoHHas
npoba)

B) Real Time (c donyopecueHTHOW AeTeEKUMEN) —
Hanborsiee LWMPOKO NCMNOoNb3yeMbl cenvyac MeToa.

1 CmoTpute pgon. uHdopm.: Applied Biosystem’s Real time PCR page



MUP in situ

[MUP BHYTpU KneTku

OObIYHO 3TO (PUKCUPOBAHHbLIN
Ha NnpeaAMeTHOU CTeKne
KNeTOYHbIU 3KCTPAKT




KonunyectBeHHbIU MNLUP — aHann3 agaHHbIX

B ocHoBe nexuTt donyopecueHUuus, Bo3pacTtaroLwiasa no xoay
NMLUP-akcnepunmeHTa:

 C uncnonb3oBaHueM pnyopecueHTHOro kpacutena SYBR
green, KOTOpbIU (pnyopecumpyeT sipye TONbLKO B
npucytctBumn ds-[1HK. SYBR green moxeT ObITb NPOCTO
AobaBneH B peakuumoHHyo cmechb MNMLUP-peakuun, a ero
Bo3pacTarouwasn nyopecueHums oyaet
CBUAETEeNbCTBOBATbL O POCTE KOHUEeHTpauuu aMnyiukoHa.

 [naBHbIX HEQOCTATOK: eCriu NpanMepbl OOpa3yroT ANMEpPbLI
B OONbLUOU KOHUEHTpauuu, To pesynbTaTbl ABNAKOTCA
aptedakTom.



Quantitative real time PCR — more details
-2
*Use of Tagman probes relies on a third primer (called the probe)
labelled at the 5’ end with a fluorescent molecule and a quencher
(inhibitor of fluorescence at the 3’end). During PCR the probe is
degraded by Taqg polymerase and the fluor is separated from its
qgquencher and an increase in fluorescence is detected
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Jlioboun n3 metonoB gact
3KCNoHeHuMarnbHble KPpUBbIe pOCTa
MHTEHCUBHOCTU donyopecueHLnmn
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* MOXXHO nepeBeCTU UHTEHCUBHOCTbL (priyopecueHUnU B
norapucgpmuyecknn macwutad, YTo obneryaeTt ganbHeMWA aHanNu3

* IMHEMHbIU HAKIOH (3KBUBANEHT 3KCNOHEeHUMaribHOro pocTa)
oTpaxaeT 3I(PpPeKTUBHOCTb peaKkLuuun U ero yrosmn He AOSKeH
3aBuceTb oT KonnyectBa [1HK, oTKNoHeHUA yKa3biBalOT Ha
3arpsisaHeHna Unu gumepusauumio npanmepoB
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MeToAabl HOpManusauumn

*OObIYHO 3TO HoOpmanu3sauma amnnmkoHa AHK nnn mPHK
OTHOCUTESNIbHO reHa-cTtaHpgapTa

Hanpumep, korga Tpedbyetca noacumtatb MPHK (kak
kOHK-npoaykT), MCNonb3yrTCA reHbl akTUHA UMK
TYyOYyrnuHa, KOTOpPble UMEIOT BbICOKYHO 3KCNpPeccuio B
He3aBMCUMOCTHU OT YCJIOBUMN.

*OTCYTCTBYHOT naeanbHble reHbI-CTaHAapPTbl U
XenaTtesfibHO UCNOSb30BaTb AOMNOSNIHUTESIbHbIE MeToAbI
AeTekuumn (Hanpumep, HO3epH-610T), YTOOBLI NOKa3aThb,

4YTO 3KCMpeccus reHa-ctaHgapTa He U3MeHseTcs B Xxoae
3KCnepuMeHTa.

OTHOCUTeNnbHLIN YpoBeHb = ypoBeHb MPHK B TecTte
(oTHOWeEHue ) ypoBeHb MPHK B KOHTpone




e YpoBHu [JHK n PHK TecTupyemoro reHa MmoryT ObITb
BbIYUCNEHbl OTHOCUTESNIbHO ABYX pPa3fNU4YHbIX YCIOBUN
(Hanpumep, B KOHTPOME U NpU cTpecce) unu
OTHOCUTENbHO reHa-cTaHpgapTa.

X =2 ACt (target control — target test)

*Since values also have to be normalised the same
calculation is done for the reference gene, eg. actin
to give a value X

X = 2 ACt (actin control — actin test)
C



X
X

C

The final test versus control level of a DNA or
MRNA molecule normalised for a reference
gene can be put together as a
ratio........cooeeenettt, (see Pfaffl 2001)

2 ACt (target control — target test)

ﬁ ACt (actin control — actin test)

This number assumes an efficiency per cycle of
100% = a doubling of PCR product (fluorescence
value at every cycle). This is not always so




CYCLE

AMOUNT OF DNA
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AMOUNT OF DNA

AFTER N CYCLES:
fold increase =
(efficiency)"



Cycle efficiency (E) for a primer pair can be
calculated from the log of the slope and this can
be included in

calculations....................L L (see
Ramakers etSI %003
X E ACt (target control — target test)
; E ACt (actin control — actin test)
C

All of this can now be automated and roboticised such
that many genes can be assayed at once.

For example, the expression of 1400 transcription factor
genes have been assayed simultaneously in Arabidopsis
(model plant species) see Czechowski et al 2004
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