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Basic Real-time PCR

n5. atauvia Inarbnsal

PCR édaax'ls
Polymerase Chain Reaction
Polymerase AataulanivinlvitAanissasna DNA via RNA annsafifiagudn
Chain reaction #a U{A3angnTal udasaiilasAuldiFany
PCR fdalfiaseniifinsasoane nucleotide siaiavliZang daldindlumaiia Afinansenu
athaannsanume molecular dousitl 1985 7 Kary Mullis dadufiunn iwsievinliisaunsaiiy
17U DNA ldumemaanndnwuiEuduiiasdniasnalunar’biviy drandnnisdiag

fruilsznauuas PCR

1. template Aadiuaiiuaad DNA Asndadnisastfinauiu

2. primers #a&e DNA #iflu single strand fifud'lddudalauas template viogaddu 1ae
agfignu 3" 1ilu hydroxyl group Aasaunsasiadu nucleotides du'lé

3. polymerase Aalau'lanifiagliiian1ssaqauas DNA

4. nucleotides vi9 4 & (A-adenine, C-cytosine, G- guanine, T-thymine) a1 lisaduiilu
DNA &alnl

5. PCR machine Aatr3asiiafilddvsudiuldauaangilalun

i’?umauﬁug’mmm PCR
UfAzendsznavda 3 dunaundnuasnistiuldauaangiiulihuun 30 &9 40 sau lu
wA3av thermocylcer Aa
Denaturation: faauungfi 95°C flunmsvinaiawusessning nucleotides vinlvians
DNA fishuwndmatifuguanaananduiiudunse 2 &y uaviaaungfifljasesdreqarnanlanily
saudauniinfuazvanaIvug
Annealing: fiaaungfidlszanas 50°-60°C wfiatvi primer lilinnzhiadu template 1ia
w3aufdedusasaguas template
Extension: 7aaugfi 72°C  duafluasugfiimansausanisvinoiuzasiaulani
polymerase #in1#finnsin base @vquisianv@Iu 3’ wa9 primer Taasalii complementary fu
sequence uu template 7 primer u1tn1gliudniuag
vinlvilAinn1sasne DNA sadiacldnamnailunsasouuudinauiuniaa dadrsuain
DNA template snaganaidien afersasiiaas avfianuiu PCR product windiuilu 2 ¢ dousiazqiiia
’udunaunas PCR lusauiduaglé PCR product aanuflu 2° ¢ asunaziiuwuy exponential
16 product u n cycle «ilu 2" g WuAalusaul 30 avfiiruiu DNA windwilusirumuionuade 2°° =
1,073,741,764 ¢
s3s5umfaavl)Asen PCR
Wasanaaauiifvasdiulsznauinesu nufsanzuasljssan PCR luusaznismasauvin
Wiluanuiluaze U§Asenzas PCR MAaduiiiatintbuna product Mufinduun plot waufunaiazlé
dlusdedy S wuuvneasovas desuil 1 suda luzhousa product agifinsnwuazbininiin
B3unii lag phase (1) usifafiiuusnadudesedunile s1udu product FeastRuuuuniaa Fani
exponential phase (2) aunsyiie'laisi polymerase v3a nucleotides widaatj vinlvitunaunasiilussas
#ganin plateau phase (3)
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51 1 ugaviwIuzad product Ainann PCR iadfasensuiiullssaznaivis

Real-time PCR &#aaz'ls
wilapseddldanununaiigadia PCR  TunagnAduiinliuazeq  vinlvaunsadieaan PCR
Tua9 exponential phase 1aatirvwiue goinldgnsiazunala Inadigunisuas PCR ¢uil

X = Xo(1 + E)"

Taa X, Aa Wu1e PCR product 7 cycle 7 n
Xo Aa WsunauBuduuas template
E Aa Amplification efficiency
n #a cycle number

funswmail 15'lidavandnan 1wszedae Real-time PCR wnufiafl software fsasfunisAiuio
Bnalisaguay wesusisdasdinlasssuanduaclifzen uagidnistunsdiaauiAumeneg

ssuneU§asensfiuag  nuensuAludiulseannisiialidiasenflssanaawgegaviniagvin
16 Jvazvirlvinanlagnaaguiuen

AULANGIY51IY Conventional fiu Real-time PCR

u PCR wuusssuan (conventional PCR) i51aglianansaslaintinaylstiusenineme sdag
nzdlsvanananindasliunldauaavgifisay S9avléd product Aiamewasianisasiain uavdasdinng
run gel electrophoresis tiansiagaugILFunauazauinuas product Wadugalfasen uuaeilu
syuu Real-time PCR inaunsafinauglidzan'ldnnseasssninoiiidosiiuag wazanunsaiiviua
aafagAudayaiiainnirngilumandsld uananniuniisigaianagay product 1ETaalids

2 aa

@ melting curve navU{A3eN Tealaidiaviiun run gel dn
iafinidanuav Real-time PCR
o suNsndamuNaldlunaeAAntiuade
o hidavfiffumaunds PCR (Mdnadnsuintiu antananisdwiiau)
e MITYINULGARZIALITNALIEINIUULETTUAN
o Ya'ldanntiuaude 10 i1 (wider dynamic range)
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o

AT NNLAnA19 T U AuLRE 1 Wi

fusaasafiugu product Al Taan1sIiwsied melting point
fanuanwegeiian ‘hiigauas reproducible g

¥ u9umig RNA agldlunadedunas RNA taanindgdeidiude 1000 win
A ldEne L ldunaninnisvin PCR 3en (antiudwasasiia)

7Jiadiaauavy Real-time PCR

fi9'lai ideal &5y multiplexing
ABNAUGaINTITANINUYLATNITETURAUUALA (MNNT1IEEITHALENTian)
AFaviiasAge

il intra- wag inter- variation guowwsein'ldazidan

A9MiAan2iaglu Real-time PCR

51U 2 usmudeyeen fluorescence ann standard u real-time PCR via plot u log scale lu
exponential phase wasUlfAzen azgusam slope tanagusz&ndninw (efficiency) uav

PCR product #fin15 label dnaansi3asuas (fluorophore)
Primer uag probe aanuuuialn'ladfiAzanfnfidss@naain (Efficiency) inniga

ialndeyaailuazg exponential phase uasusiag cycle s plot tu log scale dogdl 2 av
fnsadwin PCR efficiency 6 = [10CY9P9-1] gaswanfiiaesiidufiugiu Lisas
a8 1WzA3as Real-time PCR wsavufinasdl software dan1slviisviua efficiency uag
PCR a3sfidnatii 90- 100% (ideal slope = -3.322 Guiflu 100% efficiency Aan1si'léiuiu
wiudlu 2 copy nnsau uaneinin slope = -3.462, efficiency aswindu 1.95 sfudals 1.95
copy/cycle) §i variable waadifisinasia efficiency was PCR ity aymenIzas amplicon,

secondary structure wagn1saanuwuy primer

darm. Fluara

1004
Slope
-3.322
100% efficient

104]

%5 i "Cyek

#l

PCR ‘L6t

Real-time PCR Chemistries

fruilsznauuniivaanlédlu 2 dnwarlngiqda

1. Generic dye based: li&1s& (dye) Miaunsadudu DNA iqlalle AAflauldds

SYBR Green I
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2. Probes based: 11 probe dtoifluana DNA &uidieniifi sequence Msinuaudrfia
(label) ¢ fluorophore &nmaugsingaduly fnnsaanuuu probe dnwarriiaaninunnune
Waldasansanatnlaudd real-time PCR andiatinoiau

e Tagman/Dual-labelled probes

e MGB Hybridisation probes

e Molecular Beacons

e AmpliFluor probes

e LUX (Light Upon eXtension) probes

e Yin-Yang (Displacement Hybridisation)
e Scorpions

e DNA Invader etc

fmsudnwairaay Probes based # uhasfinnsusulsewmiuniinduiFasqanelivead

fotfunisvinanudinladuddununlitineazia ivinanudinlafudduq lddadu

swvsunauiiduduuuy 2-3 ufiausnazutivaantéily 2 Snwoauelvaiq da
1. Hydrolysis probes (dhatingtdiu Tagman, Beacons, Scorpions)
2. Hybridization probes (d7atingtzdu Light Cycler)

1. Hydrolysis probes: probe &nweauriiiflu dual-labelled probe @a Sfiviasaszdu
deyaurew (quencher fluorophore) uag reporter fluorophore atuu probe t&u
Wiendu  deuasidelafinsuldauuias  (intact) & quencher azgausd
fluorescence uay reporter fluorophore '3 wsiiiafinns amplify target sequence
Windiu polymerase dvfineuauiiiuay 5-exonuclease activity ay hydrolyze
probe vihlviiAnn1suandiInas reporter way quencher fluorophore oty
fluorescence uav reporter fluorophore aggniale Tuszuinvusiazsauuag PCR
cycle wav fluorescence agtnfiuwseda1uiu reporter fluorophore Ailudasy
franunnduizan

2. Hybridization probes: probe &nweuzil probe &undloazdinlisne donor
fluorophore 7 3’ end way probe dnduiifaduasil acceptor fluorophore Ginag
iaesae fluorophore aglndfu (analu 1-5 nucleotide) usviilasaaninuad
donor fluorophore aglinsgeiu (excite) acceptor fluorophore vinlvitAa&uana
fluorescence (FRET-fluorescent Resonance Energy Transfer) faunsa’ia'lé
Tuae annealing phase wazadwsnuag extension phase uas PCR reaction 1u
usiagsauway PCR cycle agfinns anneal Tae hybridization probe inunadiu vin
Wideyeuneu fluorescence windiu

andarzn1s1advu Real-time PCR

wivaan'lédlu 2 dnearlnaiafa

Aslduluideiasiziitsuner (Quantification  analysis)  fiugiuiinisia
fluorescence wavilaouas (fluorophore) uUfAsentuidotfuna azdausaNadiunIsiRNLad
product g lunagifinnsiniuiulunasauseuine PCR (51 S shape uasdaueunanazaaailsng
Windumuinusauivin) uagnisdasevinisia fluorescence luusiazsauluzhronainionviniaald
AaNfmafiiovun dauanaluie exponential phase asduwusAuSunadodiuuag target template
foghatineaae standard 5 anwudinduluzdil 3 Gefiatiiun plot A agléduduaserivinlvin

fnsainuAvaNudndunas unknown 4 amplify Taaldaaizidadule
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51U 3 udndnsiaiuna fluorescence ann standard u real-time PCR wagnsWidunseilé 4o
ugavINMIUsTauLARYAINULdinduaay standard au sintualu exponential phase aavilfAzen

A5 e Melting curve analysis flunisldiviiadtasizd PCR product Aviatiu Tae
Tnagviniuindeainaunis PCR Tan set WifimsiAnaaugfifuiFasgaude 95°C uarindaao
fluorescence maaAIa1 AzWuINAaNMIzAaI anadfIuFadlunsauLunadslA 4 ilasain PCR
product Mflugnaguandliaanaindu 4 DNA ann product usiazufia awfl melting temperature
WWILE AaaTig base pair a9 nucleotide azuanaanaindulszanaadoniozasuuiavioviun vinl
iansanavuadanaainadundun anifu Taaaaungfifazfuduanueniuaziiuna G uay C sl
1u DNA usiazafia dotfuioaunsaldiiiawan PCR product aanain product Aduitiauld dosiacing
Auamolusdil 4 fa software sindeyeynen fluorescence Aim'ldAusazaangfindaulviiilunsn
TEUINY dF/dT Auaanglidulunsauarvuasgyd 4 agleflusl peak & wsu product usiazéa PCR
product Aigndiasiinazuany peak mmmamuﬂuao (‘1mmmvlﬂaumm1 80°C) luaaueil non-specific
product “3a primer-dimer gl peak muwummwmamwmmm'] gorfu melting curve analysis
229 PCR product Seinlivlafiuduiniy product widasnis  vinlwlidaefinns run  gel
electrophoresis nayainn1s PCR
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anAsd
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andaitzaay quantification 1u real-time PCR

Absolute quantification: i known concentration template &9 standard curve wiam
@a1uav unknown, standards giasiinsindzuaatinegndaswiuen 14 66Aun19wn viral load

Relative quantification: flduaradnwar  usudadiuanuldsunlasening
treated Au control sample vi¥adnaruanuildaunassenine calibrator fu unknown wsndnfida
aldnaliudasdrunsldauuias (fold change) Lilarranudinduiuriaze

Comparative quantification (Normalization): (funisifiau target template Au
reference gene lusvuuiiuq 4dvazi3uniiu Endogenous/Internal control 1aeiyliasli
housekeeping gene #flanauasainaua waAsvinnsnadau endogenous control #l&angin
wnngaurIa liinaunsaalaldunnnin 1 2

Multiplexing: Aan1s amplify target unnn31 1 #fialu reaction W@endu deaunsavin'lévie
1u generic dye based uay probes based Taaludnwauzisn tun1sld SYBR green I aglifigidan
different melting points uav target usiazea &rulu probes based Al fluorophore snvqAuRINFY
target wsiagéy (FAM, TET, VIC and JOE) deluilaatiuulasisnoquacsinén Real-time chemistries
finagdisnaasidaalivitaainmisagld donor uag acceptor a'luudniuuay'ls

3s5n1staanladimaiialu real-time PCR

SYBR Green: fifiadaaédali specific sastduriar optimize ,6ia9vin melting point curve
determination, amplicon #13vi114 signal unadiu ,a1avin multiplex ldwnvinsrudu melting point
analysis

‘siarstaaniad SYBR Green Au allelic discrimination assays, multiplex reaction (weiéin
aanuuudiqAaiavinlé we'lidne), n1s amplify rare transcripts, A1sasIav pathogen AfBuna
fiae

Assay Development (n1si5uviiun assay)
e L&an sequence
e L&an primer uag probe
e 1&an quencher dye uay internal reference
e fuAN&MFY thermocycler

Assay Validation

e WnA&au primer pair naafiu probe @i known template (plasmid clone, sSDNA, RNA)

o 14 assay conditions 11asg1u @a 300-400 nM primers, 100 nm probe, 3mM MgCl,

e 14 dilution snvquas template (a1atilu sDNA, sRNA w3a total RNA) lunisaine standard
curve

e Correlation coefficiency uav standard curve asagunnnin 0.99

e i slope way standard curve uas primer pair fififiga Aaisvanea -3.5 Widin MgCl, ilu 5
mM

e #n slope g§9nin -3.6 Witl@au primers (wwse efficiency agiiaunii 0.8957)

oo a

e Assay néngnazsiasll slope = -3.3 (efficiency = 1.0092)

Real-time PCR systems fl2ifuunsuaratuilayiiu
ABI Prism 7900HT Sequence Detection System
BioRad iCycler
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Corbett Research Rotor-Gene 3000

SmartCycler

MJ Research Chromo4

Idaho Technology Rapid Cycler

Roche LightTyper & LightCycler

Stratagene Mx3000P

Stratagene Mx4000 Multiplex Quantitative PCR System

Website iifisyiuamnisian1s design assay
http://www-genome.wi.mit.edu/cgi-bin/primer/primer3 www.cgi

fTsunsu Primer 3 49ih sequence 7is16ia9n15un primers wag probes snuigaaly wén

& setting sinvqigiagnislé viowuu SYBR and dual-labelled probes
http://www.basic.northwestern.edu/biotools/oligocalc.html

luSulaisiisi  Oligonucleotide properties calculator ldFtuaaaauiGiuadans

nucleotides Agasn15'l6 oy primer uag probe
https:// eclipse.epochbio.com/mainmenu.asp

fiTusunsu MGB Eclipse v3.0 doliidmsu design Eclipse MGB probe and primer éiasza
user name, pass word
http://www.artus-biotech2.com/en/framesets/index news.php

fdayafiiudsyaminnunadadfu Real-time PCR
http://www.meltcalc.de/

filusunsugmdu design hybridisation probe &fusyuliae Corbett Research
www.premierbiosoft.com

luiAsinuastusunsuagaslamsu Real-time PCR (wei'lsing)
http://www.invitrogen.com/content.cfm?pageid=11036

fdayamnusiAmdu Real-time wnnunaiuduas uag Invitrogen
http://tib-molbiol.gene-quantification.info/

fdayamnusiAmfu Real-time unnanadniide uae TIB MOLBIOL
http://www.appliedbiosystems.com/support/apptech/#rt pcr

diayatfiedfu Real-time PCR dniztufuuas Applied Biosystems
www.chemicon.com war www.assayarchitect.com

fidiayaiAeiAu Molecular Biology and Bioluminescence foiAendiasdu Real-time PCR
soualdsunsuaanuuy probe uag Millipore wsidiagua user name, pass word

Real-Time PCR Chemistry Suppliers (a13asfisnnvdaiaaniniiluiinus)
* Roche Diagnostics (Thailand) Ltd. www.roche-applied-science.com

«  Amersham Biosciences www.amersham.com

e Applied Biosystems www.appliedbiosystems.com
e Chemicon www.chemicon.com

»  Fisher Biotec www.fisherbiotec.com

e Qiagen Www.giagen.com



http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi
http://www.basic.northwestern.edu/biotools/oligocalc.html
https://eclipse.epochbio.com/mainmenu.asp
http://www.artus-biotech2.com/en/framesets/index_news.php
http://www.meltcalc.de/
http://www.premierbiosoft.com/
http://www.invitrogen.com/content.cfm?pageid=11036
http://tib-molbiol.gene-quantification.info/
http://www.chemicon.com/
http://www.assayarchitect.com/
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http://www.chemicon.com/
http://www.fisherbiotec.com/
http://www.qiagen.com/
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Publications (AgnfAuiugiuuad Real-time PCR uaz chemistries 25111311
"Continuous fluorescence monitoring of rapid cycle DNA amplification." Wittwer
CT, Herrmann MG, Moss AA, Rasmussen RP. Biotechniques 22, 130-131 (1997)
"Product differentiation by analysis of DNA melting curves during the
polymerase chain reaction." Ririe KM, Rasmussen RP, Wittwer CT. Anal Biochem 245,
154-160 (1997).
"Quantification of low-copy transcripts by continuous SYBR Green I
monitoring during amplification." Morrison TB, Weis J], Wittwer CT. Biotechniques
24, 954-958 (1998).
"The LightCycler: a microvolume multisample fluorimeter with rapid
temperature control." Wittwer CT, Ririe KM, Andrew RV, David DA, Gundry RA, Balis
UJ. Biotechniques 22, 176-181 (1997).
"Fluorescence energy transfer detection as a homogeneous DNA diagnostic
method." Chen X, Zehnbauer B, Gnirke A, Kwok PY. Proc Natl Acad Sci U S A 94, 10756-
10761 (1997).
"Detection of Energy Transfer and Fluorescence Quenching." Morrison LE.
Nonisotopic DNA Probe Techniques, Kricka LR, Ed. pp. 311-352 (1992).
"Intracellular oligonucleotide hybridization detected by fluorescence
resonance energy transfer (FRET)." Sixou S, Szoka FC Jr, Green GA, Giusti B, Zon G,
Chin DJ. Nucleic Acids Res 22, 662-668 (1994).
"Detection of PCR products using self-probing amplicons and fluorescence."
Whitcombe D, Theaker J, Guy SP, Brown T, Little S. Nat Biotechnol 17, 804-807 (1999).
"A closed tube format for amplification and detection of DNA based on energy
transfer." Nazarenko IA, Bhatnagar SK, Hohman RJ. Nucleic Acids Res 25, 2516-2521
(1997).
"Real time quantitative PCR." Heid CA, Stevens J, Livak KJ, Williams PM. Genome Res
6, 986-994 (1996)

Applications of Real-Time PCR

SNP genotyping — Allelic Discrimination
“Use of real-time RT-PCR for the detection of allelic expression of an imprinted
gene.” Suda T, Katoh M, Hiratsuka M, Fujiwara M, Irizawa Y, Oshimura M. Int J Mol Med
12(2):243-6 (2003).
“Enhanced allele-specific PCR discrimination in SNP genotyping using 3'
locked nucleic acid (LNA) primers.” Latorra D, Campbell K, Wolter A, Hurley IM.
Hum Mutat 22(1):79-85 (2003).
“Rapid allelic discrimination from real-time DNA amplification.” Sevall JS.
Methods 25(4):452-5 (2001).
"High-throughput SNP genotyping by allele-specific PCR with universal
energy-transfer-labeled primers." Myakishev MV, Khripin Y, Hu S, Hamer DH.
Genome Res 11, 163-169 (2001).
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"Mode of action and application of Scorpion primers to mutation detection."
Thelwell N, Millington S, Solinas A, Booth J, Brown T. Nucleic Acids Res 28, 3752-3761
(2000).

"Seven-color, homogeneous detection of six PCR products." Lee LG, Livak KJ,
Mullah B, Graham RJ, Vinayak RS, Woudenberg TM. Biotechniques 27, 342-349 (1999).

Mutation Detection
Rapid single-tube screening of the C282Y hemochromatosis mutation by real-
time multiplex allele-specific PCR without fluorescent probes." Donohoe GG,
Laaksonen M, Pulkki K, Ronnemaa T, Kairisto V. Clin Chem 46, 1540-1547 (2000).
"Rapid detection of CYP2C9*3 alleles by real-time fluorescence PCR based on
SYBR Green." Hiratsuka M, Agatsuma Y, Mizugaki M. Mol Genet Metab 68, 357-362
(1999).
"Detection of the hereditary hemochromatosis gene mutation by real-time
fluorescence polymerase chain reaction and peptide nucleic acid clamping."
Kyger EM, Krevolin MD, Powell MJ. Anal Biochem 260, 142-148 (1998).

Microdeletion genotypes
“Quantitative real-time PCR for gene dosage determinations in microdeletion
genotypes.” Covault J, Abreu C, Kranzler H, Oncken C. Biotechniques. 35(3):594-6, 598
(2003).

Haplotyping

“Mitochondrial DNA haplotyping revealed the presence of mixed up benign and
neoplastic tissue sections from two individuals on the same prostatic biopsy
slide.” Alonso A, Alves C, Suarez-Mier MP, Albarran C, Pereira L, Fernandez de Simon L,
Martin P, Garcia O, Gusmao L, Sancho M, Amorim A. J Clin Pathol 58(1):83-6 (2005).
“Rapid, long-range molecular haplotyping of thiopurine S-methyltransferase
(TPMT) *3A, *3B, and *3C.” von Ahsen N, Armstrong VW, Oellerich M. Clin Chem
50(9):1528-34 (2004).

Quantitative microsatellite analysis
“Correlation of pathologic features with CpG island methylator phenotype
(CIMP) by quantitative DNA methylation analysis in colorectal carcinoma.”
Ogino S, Odze RD, Kawasaki T, Brahmandam M, Kirkner GJ, Laird PW, Loda M, Fuchs CS.
Am J Surg Pathol 30(9):1175-83 (2006).
“A SYBR green-based real-time PCR method for detection of haemopoietic
chimerism in allogeneic haemopoietic stem cell transplant recipients.” Bai L,
Deng YM, Dodds AJ, Milliken S, Moore J, Ma DD. Eur J Haematol 77(5):425-31 (2006).
“Quantitative microsatellite analysis to delineate the commonly deleted region
1p22.3 in mantle cell lymphomas.” Balakrishnan A, von Neuhoff N, Rudolph C,
Kamphues K, Schraders M, Groenen P, van Krieken JH, Callet-Bauchu E, Schlegelberger
B, Steinemann D. Genes Chromosomes Cancer 45(10):883-92 (2006).
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Reverse-transcription PCR.
"Quantitative reverse transcription-polymerase chain reaction to study mRNA
decay: comparison of endpoint and real-time methods." Schmittgen TD, Zakrajsek
BA, Mills AG, Gorn V, Singer MJ, Reed MW. Anal Biochem 285, 194-204 (2000).
"Retinal VEGF mRNA measured by SYBR green I fluorescence: A versatile
approach to quantitative PCR." Simpson DA, Feeney S, Boyle C, Stitt AW. Mol Vis 6,
178-183 (2000).
"Quantitative detection of reverse transcriptase-PCR products by means of a
novel and sensitive DNA stain." Schneeberger C, Speiser P, Kury F, Zeillinger R. PCR
Methods Appl 4, 234-238 (1995)

Determination of identity at highly polymorphic HLA loci

“Loss of heterozygosity, a frequent but a non-exclusive mechanism
responsible for HLA dysregulation in non-Hodgkin's lymphomas.” Drenou B,
Tilanus M, Semana G, Alizadeh M, Birebent B, Grosset JM, Dias P, van Wichen D, Arts Y,
De Santis D, Fauchet R, Amiot L. Br J Haematol 127 (1):40-9 (2004).

“Association of maternal histocompatibility at class II HLA loci with maternal
microchimerism in the fetus.” Berry SM, Hassan SS, Russell E, Kukuruga D, Land S,
Kaplan J. Pediatr Res 56(1):73-8 (2004).

Microarray validation
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