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IHoaumepasnas nennas peakuus (IILIP)

— OMOXMMUYECKUI METO/, MO3BOJISIONINI MOJIYyYUTh OOJIBIIIOE KOJUYECTBO KON HHTEPECYIOIIETO
¢parmenta [JHK. ITLP ucnonb3yeTcs 71 KaYeCTBEHHOTO U KondecTBeHHoro anainu3a JJHK Bo MHorux
o0nacTsx OMOMEIUIIMHCKUX UCCIIEIOBAaHUM, B Ta0OPATOPHON AMArHOCTUKE NH(PEKIUNA, MEIUKO-
TEHETUYECKOM aHaJn3€e, B KpUMUHAIUCTUKE U T.]I.

Pemmuxanus JHK — nponecc coznanus apyx godepaux monekyn JJHK Ha ocHOBE poanTEIIbCKOW MOJICKYITBI

JIHK. C noMo1pio ciennanbHbIX (EepMEHTOB J1BOIHas ciinpaib marepunckoil JJHK pacreraercs na aBe HuTH,

Ha KaX/10i1 00pa30BaBIIECS HUTH JOCTPAaWBaETCs BTOpask HUTh, 00pa3ys JBE UICHTUYHBIX JOUYCPHUX MOJIEKYIbI
JIHK, xoTopsI€ 3aT€M CKpYUYMBAIOTCS B OTAEIIBHBIE CIIUPAIIN.
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Cxemarndeckoe n300paxeHHe Mmpolecca permkanuu, nudpamu orMedeHsl: (1) 3ama3apiBaroiias HUTh, (2) TUIUpYIOIas HATh,
(3) AHK-nonmmepasa (Pola), (4) AHK-nurasa, (5) PHK-npaiivep, (6) npaiivasa, (7) dparment Oxazaku, (8) JAHK-nonumepasa
(Pold), (9) xenuka3za, (10) 6enku, cszpiBatonme onnonenodeunyo JIHK, (11) Tononzomepasa

HUcrtounuk: https://ru.wikipedia.org/wiki/Penmkanmsa JIHK



https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A-%D0%BF%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%B3%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D0%B9%D0%BC%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D0%B9%D0%BC%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%B3%D0%BC%D0%B5%D0%BD%D1%82_%D0%9E%D0%BA%D0%B0%D0%B7%D0%B0%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%A5%D0%B5%D0%BB%D0%B8%D0%BA%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8,_%D1%81%D0%B2%D1%8F%D0%B7%D1%8B%D0%B2%D0%B0%D1%8E%D1%89%D0%B8%D0%B5_%D0%BE%D0%B4%D0%BD%D0%BE%D1%86%D0%B5%D0%BF%D0%BE%D1%87%D0%B5%D1%87%D0%BD%D1%83%D1%8E_%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BF%D0%BE%D0%B8%D0%B7%D0%BE%D0%BC%D0%B5%D1%80%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BF%D0%BB%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F_%D0%94%D0%9D%D0%9A
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B xoae IIIP npoucxoaur konupoBanue (ammianpurkanus) pparMmeHra
JAHK, onpeaeiseMoro nogo0paHHbIMU NpaiiMepamMu
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XapakrepHbie QuyopecueHTHble «kpuBbie» ITIIP-PB
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Ci — Koimm4uecTBO ananmzupyemont JJHK B
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morapum xoHeHrparrH JJHK

KanubOpoBounasi kpusas,
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(I)aKTOpI)I, B/IMAKOIINEC HA PE3yJbTaTbl

MLP:

- KagectBo mpobupox

- PaBHOMEpHOCTH TEMIIEpaTYPHBIX
YCIIOBUH pa3HBIX MPOOUPOK

- [Ipumecu B aHanm3upyeMbIx mpobdax

- [lorpemnocTr 103UpOBaHKS
KOMIIOHEHTOB PEaKIUU

- JInnna nparimepa
- Hucrora marpuunon JJHK

- Hu3kue koHUEeHTpauuu MaTpU4HON
JIHK

- UucToTa ¥ moCIe0BaTeIbHOCTD
npanMepa

- Temnieparypa otkura peakuu I11{P
-Konuenrtpanus Mg2+

-JloOaBkH, Takue Kak
aumetuicynbokeun (JMCO)

Clinical Chemistry 67:6
829-842 (2021)

Review

Efficiency Correction Is Required for Accurate
Quantitative PCR Analysis and Reporting

Jan M. Ruijter,” Rebecca J. Barnewall,® lan B. Marsh,® Andrew N. Szentirmay,“ Jane C. Quinn,><
Robin van Houdt, Quinn D. Gunst,® and Maurice J.B.van den Hoff**

BACKGROUND: Quantitative PCR (gPCR) aims to mea-
sure the DNA or RNA concentration in diagnostic and
biological samples based on the quantificaton cycle
(Cy) value observed in the amplification curves. Results
of qPCR experiments are regularly calculated as if all
assays are 100% efficient or reported as just Co A(:‘I’ or

AA(:‘I values.

cONTENTS:  When the reaction shows specific amplifica-
tion, it should be deemed to be positive, regardless of
the observed C,. Because the C_ is highly dependent on
amplification efficiency that can vary among targets and
samples, accurate calculation of the target quantity and
relative gene expression requires that the actual amplifi-
cation efficiency be taken into account in the analysis
and reports. PCR efficiency is frequendy derived from
standard curves, but this approach is affected by dilution
errors and hampered by properties of the standard and
the diluent. These factors affect accurate quantification
of clinical and biological samples used in diagnostic
applications and collected in challenging conditions.
PCR efficiencies determined from individual amplifica-
tion curves avoid these confounders. To obtain unbiased
efficiencycorrected  results, we recommend  absolute
quantification with a single undiluted calibrator with a
known target concentration and efficiency values de-
rived from the amplification curves of the calibrator and
the unknown samples.

Real-Time PCR Experiments (MIQE) guidelines check-
list should be extended to require the methods that were
used (1) to determine the PCR efficiency and (2) to cal-
culate the reported target quantity and relative gene ex-
pression value.

Introduction

Amplification of DNA in PCR can be monitored in real
time with fluorescent DNA-binding dyes or sequence-
spcciﬁc pmbcs (1, 2). The term “real-time PCR” was
originally introduced and is still used in PCR-based
microbial diagnostics (3). To avoid confusion about the
abbreviaton RT, it is recommended to use the terms
gPCR for quantitative real-time PCR measuring DNA
and R7-gPCR for measuring RNA levels after reverse
transcription (4). In this review, qPCR is used to de-
scribe PCR experiments or diagnostic assays regardless
of the input nucleic acid.

Although several studies provide information on
how to design (5), standardize (6, 7), and report QPCR
experiments (4), they fail to adequately address the im-
pact of differences in PCR efficiency among assays,
standards, and samples. Most qPCR reports provide

only qua.miﬁcation Cyc]c ((;I) values as the result of a
DD e eaccnscases caed S b DD OB oo
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HMcxonHble KOMIIOHEHTDI ITpomexxyTOYHBIE
NPOAYKTHI
IBoiinass ~ Onumounsie IIpaiiMeps IlepBuyHbIe peakuun
nerns JJHK ~ wmemu IHK xFuF’ ky ky
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KuHeTnka KOMIIOHEHTOB peakiuu B TeueHue ogHoro nuknia [1{P:

dZF =k C,C, +k Cy—k,C,Cp —k,C,C,

dipr — kC,C, +k Cy +k,C,Cp+k,CiCy

% —kC,C, —k Co—k,C.C, —k,C,C, —k,,C,
% = k,C,.C, +2k,C,C, +k,C,C,

dCp _ Vo

CS
da K, +Cs

C, — KOHIIEHTpalKst KOMIIOHEHTa A B MOMEHT BpEMEHHU t
k; — KOHCTaHTa CKOPOCTH PEeaKIuu

Vax» Ky — IapameTpsl peakuuu (pepMEeHTaTUBHOIO CUHTE3a



«IIposiBka» pesyiabraroB I1LIP-PB ¢ noMomb0 HHTEpKAJINPYOLIAX
kpacuresien (UK)

(A) ethidium bromide

Bcerpansanue UK B neyxuenouenyro JJHK
NPUBOJUT K yBenndeHuto dayopecuennuu UK
Ha HECKOJIBKO MOPSIIKOB.

(B) the mutagenic effect

I[OCTOI/IHCTBaMI/I SABJIAKOTCS IMIPOCTOTA U HU3KAs 7 ‘

CTOMMOCTB JaHHOI'O crmocoba ITPOsIBKH.

ethidium
bromide

Figure 16.14 Introduction to Genetics (© Garland Science 2012)




[Iepecuer konnuecTBa JIHK B HHTEHCUBHOCTH (hJTyOpPECIIEHTHOTO

curgaia UK

Mogens cBsi3bIBaHUA JUTaHAa ¢ cyOcTpaToM

MakI u-pon-Xumnmnesns:

n
G G-y (1-ng)

Cona  Kq C, , G\
(1 ~ 1 Cona ¥ CDNA)

. C;, C, — KOHLIEHTpauuu Beero u csizanHoro MK
. Cpna — KoHLeHTpanus JJHK

. n - pa3mep caiiTa CBSI3bIBAaHUS

. K4 — KoHCTaHTa TUCCOIMAITNN

. Ilepecuem xonuuecmea /IHK 6o ¢hnyopecuenmmuutii
cucnan UK no mooenu MakI'u-gpon-Xunnens ne oan
a0eKeammnozo coomeemcmeus

IKCnepumenHmaibHbim OaHHBIM.

Hepecqu Ha OCHOBC BBLIPAXCHHA IJISI KOHCTAHTBI

JIUCCOLUAIY OUMOJIEKYJIIPHON PEaKIIUu:

P+[e Pl

— peakuus cBs3biBanusa Monekyasl MK ¢ JIHK.

_ Cowa * G
1=—
Gy
— KOHCTAHTa JUCCOLMALMHU JUIA JaHHOW peakuuu
(Cs—necsazannbiii UK; Cp= C; - Cy).
* Torma xoHuenrpanus ceazanHoro MK ¢ yuérom

BBEJIEHHBIX I MOAEIA 0003HAUYEHHUN:

) (Cp, +Cp,) €y
~ Cp, +Cp, +Kg

Gy



MOJIEJIBHASA DOKCITEPUMEHTAJIBHAA TIIP-PB
TECT-CUCTEMA

Ananus reHa Fc pparmenta IgG nmmyHorno0yimHoBoro penenropa Illa
yenoBeka (FCGR3A4, GenBank NG 009066.1)

[TocinenoBarenbHOCTH: NpsIMOU TTpauMep Fc up
CACATATTTACAGAATGGCAAAGG; obpaTHblii nipaiiMep Fc low
CTGAAGACACATTTTTACTCCCAA;

Konmnentparus npaiimepos Cp (0) =2-107 M, dbepmenta — 1 en.
NuTepkansauuonnsil kpacutenab — SYBR Green 1, 0.3 MmxM.



dnyopecueHIus, OTH.EJ.

dnyopecueHIus, OTH.E/I.

Mopenbnblie u 3kcriepumenTanbibie [IIIP-PB kpuBbie
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KuHeTtuka donyopecueHTHoro curHana UK (0) n HakonneHust Konum

Function values, a.u.
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