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Manual de Métodos y Aplicaciones 
PCR en Tiempo Real Aplicado a la Detección de Patógenos en Plantas y 

Semillas, I Curso Nacional 

Introducción general 

Los métodos convencionales de ¡dcntif'ic.ldón de patógenos han dependido generalmente de la identificación de 

!Íntomas de la enfermedad, aislamiento y culth'o de 10 5 OI'"ganismos mediante pruebas morfol6gicas y bioquímicas. 

Las mayores Iimitantes de estas estrategias basadas en la morfología de los agentes causantes de la enfermedad, son la 

capacidad del organismo a ser ruhivado, el tiempo requerido y el requerimiento de amplia experiencia taxonómica. 

Además, el diagnóstico de enfermedadc, de plantas puede ser aun más difici l cuando se trata de material de 

propagadon vegetativa asintomático tales como material de vivero a ser utilizado en la producción de injertos en 

árboles frutales o en el caso de tuberculm de papa , estacas de yuca, etc. 

El uso de métodos moleculares puede re:solver muchas de estas dellctenctas. En consecueJlcia . ha habido avances 

signifi cuivos en el área de la detección molecular de fitopa tógenos en las ultimas tres décadas. La llegada de b 

detección basada en anticuerpos, I~ anticuerpos monoclonales y la técnica de ELl SA . fueron un punto de partida 

iml>ortante en virología y bacteriologia . Luego le siguieron las tecnologías basadas en el ADN, tales como la reacción 

en cadena de la I>olimerasa (PC R). la cual re\'olucionó el diagnostico molecular y las ciencias biológicas. 

En la ult ima década, el rango de problemas que pueden ser diagnosticados utilizando PCR diagnostico ha crecido 

enormemente . La alta flexibilidad y variaciones de aplicación espedfica en el tema bás..ico del sistema h.lJl permitido 

el desarrollo de muchas variantes de la PCR adaptadas a un rango amplio de aplicaciones. Adicionalmente , la PCR 

diagnostica ha sido mejorada grandemente por medio de la introducción de la PCR de segunda generación, conocida 

como PC R en tiempo real, en la cual es posible la detección de patógenos por fluorescencia en tubos cerrados y la 

cuantificación durante la amplificación de la PC R (en tieml>O real) , eliminando así la necesidad de etapas labor i~s de 

procesamiento de muestras I>osteriores a la peR, lo que reduce grandemente el riego de contaminación. 

Con el uso de la PCR en tiempo real es posible, no solo detectar la presencia o ausencia del patógeno problema, sino 

que también cuantificar éste en la muestra, permitiendo una evaluación cuantitativa del número de propolgalos en la 

mb ma. La enumeración del patógeno durante la detección es crucial para estimar los riesgos potenciales oon respecto 

al desarrollo de la enfermedad y provee bases utiles para la toma de decisiones en el manejo de la misma . 

Los cultivos pueden ser atacados por muchos patógenos, los cuales adicionalmente, ocurren frecuentemente en 

complejos. Por lo tanto, muchos aplicaciones de diagnostico de enfermedades requieren la detección simultánea)' la 

cuantificación de varios patógenos. Las limitaciones metodológicas, sin embargo, son en muchos casos la raron para 

de5arrollar pruebas diseñadas para poco~ patógenos (Simplex). La tecnología de los Microarrcglos de ADN, 

originalmente diseñada para estudiar expresión génica y generar polimorfismo de perfiles de un solo nuc!cótidos 

(SNP), actualmente es una tecnología emergente para el diagnostico de patógenos, la cual en teoría, ofrece una 

plataforma de capaddad múltiple ilimitada (Multiplex). Esta es vista como una tecnología que fundamentalmente 

crea un cambio en los diagnósticos moleculares. 



El crecimiento rápido de la base de datos generada por investigaciones sobre genomk"J. y biosistemática provee 

oportunidades únicas para el diseño de pruebas moleculares más versátiles, de alto rendimiento, sensibles y especificas 

las cuales podrían resolver las mayores lim itaciones de las tecnologías actuales y beneficiar a la fito patología. 

Sin embargo, mientras la especificidad y sensibilidad en la detección de patógenos se ha mejorado grandemente y la 

detección de los patógenos se ha hecho más simple y rápida, aun existen algunos problemas de naturaleza técnica y 
economica, los cuales requieren ser resueltos para asegurar la emergencia de un sistema de deleccion confiable que 

sirva para aplicaciones rutinarias. 

Este manual presenta una revisión resumida de los principios de la PCR de nueva generaci6n o PCR en tiempo real, 

sus ventajas, desventajas y aplicaciones en la detecci6n de fi topatógenos tales como virus, fitoplasmas y bacterias. 

Como ejem plos de caso de estas aplicaciones, se presenta la metodología básica para la detección del virus asociado 

con la enfermedad del Cuero de Sapo en Yuca (CFSV), la detecci6n del fitoplasma 16SrlIl-L también asociado con el 

cuero de Sapo de la yuca y para la detecci6n de la bacteria Ralsronia solanacearum, causante del marchitamiento en 

plátano. Finalmente, el manual presenta un compilación con más de 1 SO publicaciones científicas en las cuales se 

muestran las diferentes aplicaciones de la tecnología para el diagnóstico y deteccion de fito patogenos de naturaleza 

viral , bacteriana, fungosa )' fitoplasmas, los cuales se espera aporten bases dentíficas importantes para los 

investigadores que trabajan en ésta área y los que deseen incursionar en ella más adelante. 



QPCR PRINCIPIOS Y GENERALIDADES 
(Source: Introduction to Quantitative PCR; Method~ ami Applications Guidc - Strau.gcne") 

Experimenta l design 

The core idea Iha! will guide the development of your experimental design is: "What i ~ the fundamental scientific 

question mal you are trying to ans.wer?". For cach project, mere are a number of considerations that !leed 10 be 

addressed: 

• What is the goal of me experiment? 

• What questions are to be answerecl? 

• What are the syslems being studied? 

• What is the lotal number of genes lo be analrl.ed? 

• What control samples (calibrators) aud genes (normalizers) will be used lo measure lhe changes in 
expression levels? 

• Whal is the source of the target sequence? 

• Are there any limitations to the amount of targc t material 3vailable? 

• Whal is the sensitivity required to obuin the data necessary lo all5wer the experiem ' s fund:tnlental qucslion? 

The answers to these questions will de termine whicn PCR approach Is best lo the re9uiremcnu and objcClives of lhe 

experiments (Figure 1) . 

Fig ure 1. Flowchart showing a lypical 

e"perimenlal dcsign process on (he goab and 

requiremenu of Ihe assay. 
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Methods of Qua ntification 

There are two basic <juant¡J'¡cation mClhods, and cach is suitable for dilTerent applicalions: standard curve and relative 

qualllification. 

Standard Curve 

The mosl dircct alld precise .. pproach for analyzing quantitative data is to use a standard curve th at is prcparcd frOIn a 

dilution series of template of knowll concentradon. This is known as ~standard curve" or "absolutc" quantification. 

The standard curve approach is used whcn i l is illl l>ortant lo lhe experimental design and objective o f thc projcct 10 

mearure the cxact leve! of tempbte in the samplcs (e.g., monitoring lhe viral load in a sample). 

A varicty of w urces can be used as standard tcmpl<ltes . Examples indude a plasmid containing a cloned gene of 

¡nlcrest (GOl), gcnomic D NA, cDNA, synthctic oligos. in vitro transcripts. or total RNA 1Iuch as· Stratagene ' s QPeR 

Human Reference Total RNA. 

Figure 2 describes a basic setup for standard curve quantillcation . Keep in mind the selcction of tcmplate is 

dC: l>cndent upon the application being pursued . The most critica! considcration is that the primer set be optimized to 

work effidc:noy v..-i th the stand.u! and Ole experimental SQurce m aterial or ti$$uc . 
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Fig ure 2. Experirnental l\etup ror 

st .. nd .. rd curve quanlifical ion .. Using a 

known starting con<:c:nll";ltion of 

template from one of a ,·arie ty 01' 

sourccs, a diluLion series b perfonned. 

Thesc: samples are run under the 

standard well Irpe on the !ame plate as 

rour unkno'Vn$. By campadng the CI 

values 01' the unknown$ 10 Ihe CI valuc:s 

ofthc: standards, the slarting template 

<juantities for lhe unknown sarnplc:s can 

k calculate . 

Following ampl¡flcation of the standard di)ution :series, Ihe standard curve is generated by plotting thc lag og the 

initial template copy Ilumbc:r agaimt the e t generated for c:aro dilution . Ir the aliquolting was accurate and the 

c:ffieienC)" of the am pliflcations d~s not cbange over lbe range of template concentrations bcing used, the plot o the...~ 

I>oints should generale a linear rcgreS5ion lineo T his Hile rcprcsents the standard curve. Co mparing lhe e t values 01' 

th c: unkJlo ..... 'Tl samples to ¡his standard curve ... lJows the quantilkalion of initial copy numbcrs (Figure 3) 



Figure l. llustration of me meory behind 

standard curv~ <¡uantiflcation. The !og of the 

initial template quantity 15 p!otted againsl the 

Ct "alues for the standard. By comparing 

the et value~ of the un lmowns lO this 

Standard Curve plot , the initia! template 

quantitics for unknown ~mpl~s can be 

de t~rmin~d . 

IdeaUy. a standard curve will consist of alleasl 4 points, and each concenlration should be ron at leasl in duplicate 

(me more points the better). The range of concentratio ns in me standard curve must covcr ,he cntire range of 

concentrations mal will measure in the assay (this may be several o rders of magnilude) . Conclusions canno t be 

drawn from samples whose calculated initial quantily exceeds the range o f lhe curve . 

In addi tion. the curve musl be linear over Ihe whole concentration range . The Iinearity i5 denoled by me R squared 

(Rsq) value (R2 or Pearson Cocrelation Coeffident) and should be very close lo 1 (2: 0.985) . A linear standard curve 

.lIso implies mat me efficiency of ampliflcation is consistent at Var}1ng lemplale conccntrations. If me standard curve 

becomes non-linear at ver)' low template concentration, it is probably approadling he limil of detection for Ihe aMay. 

Unknown samples mal have CI values mat fal! wimin a non-linear section of me standard curve cannol be accuralely 

quantifled . Ideally. the efficiency ofbolh lhe standard curve and sample reactions should be between 90 and J 100/0. 

O ne hundred pereent efficiency implies pcrfcct doubling of amplicon each cycle. If me efl'iciency is significanlly less, 

this implies lhe reaction is being slowed in some way. either from inhibitors present in Ihe reaction mix or Suboplimal 

primer seis or reaction conditions. Efl'iciencies signiflcanll)' above 100% Iypically indicate experimental error (e.g., 

miscalibrated pipettors, PCR inhibitors, probe degradation, formation of non-specif'ic prooucts, and formation of 

primer dimmers). Primer dimmer formation is typically of grealesl concern with SYBR -' Creen I assays where any 

double-stranded proouct will be detected. DevialÍon in efficiency can .lIso be due to poor serial dilution preparation 

as well as extreme unges of concentrations that eimer inhibil PC R (high lemplate amounts) or exceed the scnsitivily 

of particular assay (very low amounu). T he most importanl aspect is to have the efficiencies of standards and targels 

wilhin abou! 5% of each olher if possible, with both near 100010. 

Once ¡he reactions for ¡he standard curve and me salllples have becn optitllized, CI values can be compared 10 each 

olher and an initial template quanti ly can be estimaled . It is imporlant to rcmember mal for mis IYI>C of 

quantif'ication a standard curve muS! be run on the same plate as the known samples. 

"­• -o 
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Replicales can vary in Cl when run al differenl times or on different plates, and thus are no! directly comparable to 

other runs. Also keep in mind that the "absolute~ quantity obtained from lhe standard curve is only as good as the 

DNA/RNA quantification metJlOds used to measure lhe slandards, so you musl lake care lo use very clean templale 

alld lo perform replicate measurements (whethcr using UV spectrophotometry or nucleic acid binding dyes such as 

RiboGrecn t and PicoGreen'~ dyes). Al least 2-3 no template control (NTe) wells and 2-3 no revcr~e transcriplase 

control weUs (for QRT-peR) runs) should be included . Standard curve analysis is explaincd in later sections. 

Re lative Quantification 

AltJlOugh standard curve (or absolute) quantiflcatioll can be useful in detennining absolute quantities of target, the 

majority of scientific questions regarding gene expression can be at-~uratcly and reproducible an~wered by mcasuring 

tJle relative concentratioll of the gene of interest (GOl) in unknown samples compared to a calibrator, or control 

sample. Here, lhe calibrator is a baseline for lhe expression of a given target gene. Trus can be zero time point in a 

time-course expcriment or an untreated sample that will ~erve a~ a bencbmark to which the other samples can be 

compared. Using trus approach, difTerences in e l value belween an unkllown sample and calibrator are expres;;ed as 

fold -changcs (Le., up- ur down-regulated) relaúve lo the calibrator sample. In addilion to comparing tJle expression 

of tJ1C target gene alone in a control versus experimental sample, it is alwap a good. idea to normalize the results with 

a nomlalizing reference gene or larget, typically a gene w hose expression is constant in bolh lhe control (calibrator) 

alld experimental samples. Tms normalization controb for differences in RNA isolation and the efficiency of lhe 

revcrse transcription reaction from sample to sample and experiment to experiment. Normalizcrs are explained in 

more detail in later sections. 

When designing a comparative <juantillcation experiment, il is not necessary lo run a standard curve on every plate as 

you would for absolute quantilkation. Rather lhe results are expressed as Ihe fold difference belween the urget and 

normalizer in experimental versus calibrator samples. However, it b usually not accurate lo assume Ihal the 

a.mplification efficicncy in any reaction is going to be I{)()O/Q, or that the same <."Oncentrations of lemplate molecules 

will be delecled at a given Ct value each time lhe assay is runo Actual amplification efficiency values for a particular 

reaction Cóln be established via a standard curve measuremcnt during assay design, and multiple standard curve~ 

should be rU I} to verify that this efficiency measurement i~ reproducible (Iypical run-to-run variability is in thc S% 

range). 

QPCR Chemistry Options 

The nuorescent reportcr molecule used in real-time peR reactions can be ( 1) a sequence spccific probe comprised of 

an oligonucleotide labelled with a norescent dye plus a quencher [e.g., TagMan® probes (hydrol)'sis probes), 

Molemlar Beacons and ScorpionsJ or (2) a Ilon-spccific D NA binding dye such as SYBR Creen 1 that fluoresces whcn 

bound 10 double-stranded ONA. The criteria th.at should be used lo select Ihe chcmistry for your QPeR experiment 

ólre based on Ihe followi ng considerations: 

• The levcl of sensitivity and accuracy required for the data analysis 

• The budgel ólvailable to sUPl>ort the project 

• The skill a.nd expericnce of the reseólrcher in designing and optimizing Q PCR assays. 

• The number of targets to be analyzed and whether a multiplex assay is appropríate 



The overall objectivc and rC(Juiremenls of Ihc rcscarch projcct must be cOJlsidcred in dcciding on the mosl 

appropriale detection chcmistry. This guidc will cover Ihe design of experimcnts using the most commonly utilizcd 

chemistries: SYBR Creen lONA binding dye, Taq Man probes, Molecular Beacons, and Scorpion probes. Each 

QPCR chcmistry option has advantagcs and drawbaclr..!. Chemistries such as Amplilluor® primers, LUX primers, 

FRET probe pair! (also known as hybridiz.ation probes), or lnvader® probes ".,'ill work in the Mx syslem, however 

they are beyond Ihe SCO¡>c of Ihis application guide. 

ONA Binding Oyes 

ONA binding dyC!! such as SYBR Creen I are cosl cfTcctive M1d easy lO use, especially for researchers who are new 10 

Q PCR Icchnique5. These facton make SYBR Creen J a common choice for optimizing Q PCR reactions. 

When free in SOIUtiOll, SYBR Creen I displays rdativel)' lo\\' nuorescence, bul whcn bound lo doubles-stranded DNA 

iu nuoresccnce inereases by over lOOO-fold. The mo.-e dO\Jblcd -stranded ONA tha! is present, lhe more binding 

sites are fo.- the dye, so nore5Cence increases proportionalely lo ONA concentration. Trus properLy ofthe dye 

provides !he mechaniSIIl tha! allows il 10 be used lo track the accumulation of PCR producto As the target is 

amplified, Ihe increasing concentration of double-stranded ONA in the soludon can be directly measured by lhe 

increase in nuorescence signal (Figure 4). Compared lo probe-based methods, SYBR Creen I assays are relatively 

easy 10 design and run o AI\ thal is nccc:s5.lry is 10 design a sel of primers" optimize the amplificauon efficiency and 

sl>cdfldl)', and lhe run lhe PCR reaction in the presence ofilie dye. 

Figure 4. SYBR® Creen J detection mcchanism: 

double-slranded DNA in the reaction]s bound by )'h~ 

d)'c, SYBR® Creen I ls IODO-fold more nuorescent 
lhan in Ihe unboulld state. As PCR ampliflcalion 

increases the amoun! of dsDNA presenl, Ih~ 

nuore.cena: signal increasoes proportionally. 

Unbound SYBR· Green 

Fluorescent Bound SYBR· Green 
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Dne limitation of assays based on ONA -binding dye chernistr)' is the inhercnt non-specificity . SYBR Creen 1 will 

increase in fluore~nce when bound to any double-stranded ONA. Therefore the reaction spedfidl)' is determined 

solely by lhe primer. 

Consequenuy, the primen should be designed to avoid non-specifk binding (e.g., primer dimmer formation) . 

OUlerwise, il is possible lhat Ihe mcasufed fluorcsccnce ma)' ind ude signal contamination resulting in artifidally carly 

Ct values, given an inacc..;urale rcprcscntatioll of ule true target concentration. A non -sped lk signal cannot always be 

prevented , but ils prescnce C:ln be easily and reliably dclcclcd by performing melting curve analy!ís on the PCR 

products from every runo 

Following Ihe amplificalion reaction, lhe PCR produclS c;m be slowly melted whilc thc SYBR Green I fluorescence is 

dclected. As the temperal\Jre increases, the ONA melts and lhe fluorescence intensíty deereases. The lemperature 

at which a ONA moleCl.le melts del>Cllds 0 11 ilS Icngth alld sequencej Iherefore, ir Ihe PCR proouCl consist of 

molecules ofhomogeneous length and sequence, a single thermal transition will be detected. On the other hand, the 

presence the more than olle population of PCR products wjll be reflected as multiple thermal tr¡nsitions in me 

fluorescenCt': intensit)' . In this W¡YI thc fluorescence versus teml>crature curve (also k.nOWll as lhe dissociation curve) 

is used to difTerentiate between spedfic and non-spcdfic amplicolIs based 011 the Tm (melting temperature) of the 

reaction end-products. 

ONA binding dyes are oflen used lO initial cxpression validalion screening of mieroarray samples as well as for OUlcr 

gene expression app l ication~ no t requiring exceptional specificity. Oplimi.zation of primers to use with SYBR Creen l 

chemislry is straightforward and provlde~ a high level of QPCR experimental de!ign succeSS. 

Pro be- Based Chemistries 

As compared to non -spcdflc chcmistrics such a$ SYBR Green 1 dye, a highcr Icvel of detection spedfid ty is provided 

by using an internal probc to detcct the QPCR proouct of interest. In Ihe absenC(! of a sl>c;dfic target sequence in ule 

reaction, lhe Il llorescent probc is not hybridized, remains quenched, and does not fluoresce. When me probc 

hybridizes lo lhe largcI seqllcnC(! of intcrest, the reporler dye is no loger quenched, and Ouorescencc will be 

delected . Thc leve! of Ouorcsccnce dctcctcd is directly relaled lo the amount of ampliflcd largct jn each PCR cycle. 

A significant adva/ltage of lIsíng probe-based chcmistry compared lo using ONA binding d)"cs is that multiple probes 

can be labclled wiUl difTerent rcporter dyes and combined to allow deteclion of more Ulól!l Olle: target in a single 

reaction, referred as multiplex QPCR. 

linear Pro bes 

Unear probes (Le., hydrolysis or Taq~'lan probes) are the most widely used and published detcction chemistry for 

QPCR applicAlioll5. In addllion to the PCR primers, mis chemistry indudes a third o ligonudeotide in the reaction 

known AS Ihe probc . A fluorescent reporter d)'e, typically FAMut, is anached to the S'end of thc probc and a 

quencher , hislorically TAMRAn " js attached at the 3'end. Inereasingly, dark <]uenchcrs such as Black Hole 

QuendlCrs® (BHQ) are rcpladng tbe use of TAMRA because the)' provide lower background Ouorescence . As long 

as me two molecules (reporter and quencher) are maintained in clase proximity, lhe Ouorescencc from lhe reporter 

is quenched and no Ouorcscence is detected al the reponer d)'e's emission wavelength. TaqMan probcs use a FRET 

(Fluoresccnce Rcsollallcc Energ)' Transfer) quenching mechanism where quenching can occur over a fairly long 



distance ( IOOA o more, depenrung on the Iluorophore and qucncher used), so that as long as thc qucncher is on the 

same o]¡gomlcleotide u Ihe fluorophorc, qucnching will occur. 

The probe dcsignaled lo anneal lo one stand of the target sequence jusI slightly downstrcam of one of lhe primers. 

As lhe polymerase exlends that primer, il will ellcounter Ule S'cnd of Ihe probe. Taq ONA polymerase has 5'-

3 'nucleOlse activit)'. so when Taq ONA polymerase encounters the probe it displaces and degrades lhe S' end, releasing 

free reporter dye into solution . Following lhc separation of rcporter dyc alld qucncher, fluorescence can be detected 

from the reporter dye (Figure S). 

• " z 
" o 
< 

" < • 
" ~ 
~ 
U 
~ 

• > • < 

~ 
z 
< 

5 
O 

" z o 
Ü o , 
S • 
" z 
~ 

" • , 
o 

" 

Fiuorophore Quencher 

PCR PrirMl" -
1'oIymeri>.o--- ---. 

fluorHCenCe 

-- ----

PCR Products 

" T~~ben. , 

.......-
PCR Prime< 

AmpIitic.ation A.s.say 

'\ , 
...... ---.......-

?robe OIsplac«nent 
aOO Cleavage 

~, 
, 

.... -----.......-
Result 

fluorescence 

, , ....... , -C1eavage Products 

Figure 5. 

mechanism. 

TaqMan '" probc 

Thcse probe$ reir 

chemistrr 

on the 5'-
J'nlldease activlly of Tuq DNA polymerase 10 

deave a dual-Iabclled probe dllring hybridiution 

10 the oomplemeot-ary tuge! seqllcnce. 

In order to optimize probe binding and subsequcnl deavage, il ís critical to adjust the thermal profilc to facilitate both 

the hybridiution of probc and primen, and lhe cleav.lge of the probe. To meel both of these rcquiremenLS, linear 

probe~ will generany use two-slep thermal profilc with a den-aluring SICp (usuaUy al 95"C) and a combination 

annealing-ex tcnsion slep at 60"C, 7- IO"C below thc Tm of the probc. If thc Icmpcrature in Ihe re.action is too high 

when Taq ONA polymerase ex lends through the primer (such as al a standard exlension tcmperalUre of 72"C) thc 

probc: will be strand-displaced ralher tan deaved and no ¡ncrease in fluorescence will be seen. 

TaqMan chcmbtry c.¡n be used for SNP dclcction or mUlation analysis in a multiplex r eaction where a separate probe 

is dClligned for cach allclc and caen probe is labelled with a different fluorophore (e.g., with FAM and HEXnl). Each 



probe is designed so that i5 complementary 10 one allele 5equcnce and /lol the olhero Howevcr , in mese assays, it can 

be challenging lo optimize conditions lo prevenl Ihc probes frorn annei!. ling non-specifically to the wrong allele. In 

general, enhanced spedficily for SNP and allele discrimination analysis is achievecl by using cither one of me structure 

probe chemi5tries described in Úle ~Structure Probes~ secUon (below) or wilh a new type ofTaqMan probe known as 

a Minor Groove Binder (MG B) Ta(IMan probc. The MGB probes are similar lo Ihe slandard TaqMan probcs, but 

Ihey include Ihe addi tioll of a minor groove-binding rnoíety on lhe 3'end Úlat aelS 10 stabilize annealing 10 me 

template. The slabillzing dTeet that me MGB group hu on me Tm of the probe allows for lhe use a much shortcr 

probe (down to - 13 bp). The shorter probc sequence is more susceptible to lhe dcslilbil izing efTects of single 

mismatches, which makes these probcs bclter than standard TaqMall probes for applications that require 

discrimillation of largets wim high sequcnce homology . 

Structures Pro bes 

Structured probes cont.ilin stern . loop structure regíons lhat confer enhanccd larget specificüy ",hen compared 10 

traditional linear probes. This chariletcri$tic enables a highcr levcl of di;scrimination betwccn similar sequellces .md 

makes these chemistrics weH suited for SNR alld allele discrimination applications. 

Molecular Bcacons include hairpin loop structure , where Ihe cen tral loop sequellce is complementi!.ry to each other . 

One elld (Iypically 5') of me stem is modifled with a reporter nuorophore ¡¡nd the omer end carries a quencher. 

Rather Ihan using a FRET-quencing Illechanism simi lar to Ti!.qMan probcs, Molecular Bcacons rely on ground-stale 

or static (IUenching, which requires Ihe nuorophore and q\lenchcr to be in very close proximity for quenching lo 

ocruL Historic"lIy, DABCYL or Mehyl Red ha! been used for this application , bul BHQs are bccoming increasingly 

common. In me ab5ence of I¡rget sequence, lhe stem loop structure is energetici!.lly fayored and this placcs lhe 

nuorophore and quenchcr immediately adjacelll to one ¡nOmer so lh.lI qucnching will ocrur. In the presence of the 

target sequencc, me annealing of Ihe loop sequencc 10 ule target is the preferrcd conformation. when annealed to 

the urget, ÚlC nuorophore and quenchcr ¡re separaled , and Úle reportcr nuorescencc can be detected (Figure 6). 

Molecular 
Beacon 

+ 

Target Hybrid 

figure 6. Molecular Ikacon chemistr)" nll:chanislIl . Tite Molecular Beacon indudes a hairpin-loop structure, wi th thc loop 

complementar)" lo a targel SC<Juena: and lhe stem formed by the addilion of internal complementar)" scquences. When 

hybridi'l.ed to the targel, lhe fluorophore and quenchcr are far cnough apan to allow fluofCscena: to be detecled. 

In me a~ence of Úle spccific target , ule Molecular Bcacon 's thcrmodynamic properties favour the formation of the 

hairpin over mismatched binding_ This prol>crty givcs Molecular Bcacons me increased mismuch discriminuion that 

makes men well suited for application~ such as SN P delection and allcle d iscrimination. 



Since the Molecular Beacon chemislry does not rely on the 5' to 3 ' e xo nuclease activily of Taq DNI\ polymerase, it 

can be. used in a trarutional three-step thermal profiJe . When the thermal cycling ramps up to n "c and the Taq DNA 

polymerase extcnds to ",here Ihe Molecular Beacon probe is annealed, Ihe probe will simply be displaced and iI will 

assume the hairpin loop conformation again. Bccause formation of lhe Molecular Beacon hairpin loop is a reverse 

process, the probe will be rccyele wilh each PCR g·de. 

Careful design of the Molecular Bcacon stem is critical lo ensure optimized pcrformance of the reaclion. If the slcm 

structure ís too stable, target hybridization can be inhibited. In addition, ir lhe Molecular Beacon probe does not fold 

in Ihe expectecl stem loop conformation, il will not quench propcrly. Any Molecular Beacon probe shoulcl be tested 

after synthesis to verify that it is behaving as expectecl before it is used in any QPCR assays. Meh curves can be \Ised 

lo make this determination (Figure 7). By mehing the Molecular Beacon alone, in the presence of its perfcc! 

complement, or a mismatched sequence, the dynamia; of the rcaction can be casily compared and used 10 determine 

lhe optimal temperature fOT Ouore.scentt measurement and mismatch discrimination . 

Figure 7. E:<ample or a Molecul~r Beacon 
mdting cun·e. Temperature 15 decreasing Idt 

to right on Ihe X axis. and fluorescena: 15 

ploued on the Ya:<is. The ",indow bet"'een 

the (WO vertical blue lines repre$Cnl5 a 
suiuble annealing tempcrature 

discriminate two alleles with a 

differena. 

• • 

• • z 
• o 
< 
" < • 
" ~ 
~ 
U 
~ 

• > 

" < 
t 

" z 
< , 
~ 

O 

" z 
O 
Q 
u 
o 
o 
O • 
" z 

" • • , 
o 
~ 

Scorpions probe chemistry functions in a manner somewhat similar to Molecular Beacons, hut rather than having a 

separale probe, the hairpin structure is incorporated onto onc of lhe primen. The Ouorophorc is attached to the 

5' end of the primer and the 3' end is complementary lo the largel and serves as a site for extension initiation. A 

quenchcr is localed between thc primer and probe region of thc oligo , so when lhe probc is in the hairpin 

configuration the reporter dyc is located adjacenl lo the qucnchcr. Following amplifia tion and incorporation of the 

hairpin probe, the newly creatcd strand is able to adort a new structure . The loop sequellce in the hairpin is 

complememary lO the extension product of the probe / primer. During the suhsequenl rouncl of denaturation and 

anne¡ling, the loop sequcnce will anneal to lhe newly formecl complemcnt within lhe same strand of DNA . In this 

oonformation, the Ouorophore is separatcd from the qucncher so f1uorescence is produccd. Thc primer also contains 

a "PCR b locker~ in the hairpin which prevents !he stem -loop structure from being copied during PCR by extension 

from the other primer. 



Since rne annealing of the loop sequence with the <Iownstream PCR proouct b an intramolecular interaction, it is 

kinetically more favourolblc titan prolx! syslems which require two separale molecules to intcract (rne probe and 

template) . For rnis reason, Scorpios t)l>ically resull in highcr nuorescencc signal compared to TaqMan and Molecular 

Beacons. A~ wirn Molccu lar Bcacons, Scorpios also do nol rely on the S' -3' exonudease activity of DNA polymerase, 

so the reaction can be performed using a typical three-step rncrmal profile wi lh the oplimal exlenslon ternperalure 

for rne polymcrasc (72"C). 

One disadvanlage of lhc Scorpios chemistry is Ihal Ihe design and optimization of lhe probe structure b often much 

more challenging thMl with either Molecular Bcacons or TaqMan probes, and, as a result , Scorpios are nOI generall)' 

suggesled for those who arc new to Q PCR. 

Primer and Probe Design 

Primer and probe design ís vicwed as rne mOSI cha llenging step of setting up a new QPCR expcriment. Howe\'er, lhe 

availability of numerous primer and probe design software programs coupled whh a sel of eas)' 10 follow design rules 

makes the process rclativcly simple and rcliablc. 

The first SICp in primer and probe design is 10 aequirc rnc sequcnce of your gcnc of inlerest. Numcrous publidy 

available sequenccs can be found in opcn access dalahases such as NCBI (www.ncbi.nlm.nih.gov). The Ensembl 

genome database (www.ensembl.org) providcs transcript structures allowing ¡dcntification of exon-intron borden, 

enabling lhe: design of uon border sranning primen or probes when worlting wilh cONA. For Ihe design of prímers 

and/or probes for AfTymetrLx microarray validation, the NeIAfI'u,. Analysis Cerlter (www.aff}.metrix.com / analysb) 

is a valuable tool to idcntify GeneChip" array largel regions on a given array. 

Aftcr Ihe se<lucnce b obtained, a primer and probe dcsign software program should be used in order to simplify and 

maximizc success for the design pnxc$s. Designer softwarc packages are available both as freeware 011 lhe Internet 

and through many oligonucleotide vendon. A rcpresentative lisl of primer design resources can be found in rne 

u seful Websiles se.ction of this gulde, or accessed from the MxPro software by se1ecting Q]'CR lnurnft Unlu from rne 

Tools mcnu . 

When using a software prognrn to design primers and probes, it is importanl 10 set the concentration of monovalent 

ions (Na ' IK ' ) and dívalent iom (Mg2') to those lhal are used in your reaction for accurate melting lemperalure 

prediction. (fhe buffer conditions wilJ gcneralJy be in lhe rangc of 50· 100 mM monovalent cation and 1.5-5.5 mM 

Mg2 '.) 

Thc region of rne template sequence to be useJ for detection must be considercd carefully. The region of ¡nterest 

should be compared 10 lhe entire gcnome 10 ensure !hal rne target sequence is unique [e .g., by pcrforming an NCBl 

BLAST database search (w\ .... w.ncbi.nlm.nih.gov/BLAST), and l>Otenóal sccondary structures should be identified and 

avoided [e.g., using thc mfold program (y. y.w ,bLumf().[I), .edu l -wkcrm / rnil f). 

For detection of coding sequence spccific 10 RNA targel$, it is advi~ble lO design the probc to span exon-exon 

boundaries, thus preventing the detection of sequenccs from residual genomic ONA in rne RNA sample. In 

circumstances whcre this is not an option, the RNA sample should be treated wilh DNase prior lO rne rcycrse 

transcription (RT) reaction. l1ui ís an efficicnl approach and resuhs in minimal 1058 of sample when carried out on a 

column-based purificalion system. 



In QRT -PCR, consider the method of cONA synlllc.:sis when designing primers if o ligo dT priming i ~ used. lt is 

generally safe lo assume that tbe RT reaction has lranKTibed between 500-1000 bases from the polyA site with 

qualltitalive linearity,:so it ís best to design lhe assay to tafgct a sequence for amplification towards the 3' end of the 

gene. The presence of SNPs and splice varianu within a sequence should also be considered, as the$C~ must either be 

avoided or targeted as required according lO the goal of the experiment. 

For optimal performance, the regíon spanned by the primen (measured from the 5' end of each primer) should be 
between 70- 150 bp in length for probe-based chemistrie$, and belween 100-300 bp in length if SYBR Green 1 will be 

used. In order to ma:'l:imize lhe efficiency of lhe PCR amplifkation, it is generally best to kecp lhe target length 

relativel}' short . However, wilh SYBR Green [ it is advanlageous to use a slightly longer largct :SO more of tJ1C dye 

molecules can bind lo lhe amplified procluct and produce highcr fluorescence signal. When dcsigning for SY BR Green 

1 with the intenlion of moving 10 a prohe- based chemistry later, keep in mind to use thc lower range (Le., 100-200 

bp) for primer designo 

General rules for primen uS(..-d in aH ehemistries are Ihat eaeh primer should be between 15-30 bp in lenglh and the 

theoretical Tm of the IWO primen should be within 2°C of caen other . 11 is beSl lo Iry to avoid G/C clamps at the 3' 

ends of the primen lo prevent lhek: oligos from folding on themselves or annealing non-specifically. 111e five bases at 

the 5' terminal end generally should contain no more than two guanines and cytosines, ahhough it js acceptable to 

have three in the final S bases if no lWO are adjacenl . Sinee thymirune tends to mis-prime more readily than the other 

bases, a ]' terminal T should be avoided if possible. The S' end or the primers should no l conl.¡in an in verted repeat 

scquence that would allow JI to fo ld on itself 

In general, the Gibbs fr ee entJ1alpy ( D G) of primer dimmer and crOM-primer rumer formation should be grl:.l ter 

than -4 kcal / mol to ensure that primen do not form stable dimers. For multiplex reactions, il may be nece!.Sary to 

loosen the free enlhal py spedl'ieation in order to allow for the design of lhe oligas requíred to work togetJler in the 

same reaction. It is best to restrict the Oc helween each oligo pair to greater than -6 kcallmoJ in a triplex reaction , 

and greater Ihan -8 kcal / mol in a quadriplex reaction. 

Probes should not contain runs of the same base (avoid more than three of the same base), and optimally should 

contain more "C" than "G" nucleolides. Cualúnc is an efTective Iluorescence queneher and should not be adjacent to 

Ihe reporter dye. 

Hislorically, TaqMan prohes were situated 3-12 bp downstream or the primer on the same strand, but recen! 

evidenee suggests that t..he dist.tnce from the upstream pr imer to Ihe probe is less important than previously lhought. 

TaqMan probes are gcneraUy belween 20-30 bp in length . Ideally they should have balanccd CC content, ahhough 

probes with varyíng content (20-800/0 GC) can stiU be efTective. The Tm requirements or Ihe probe will most o ften 

dictate the specirle %GC. 

TaqMan assays are conventionally performed as a two-step PCR reaction consísting or a product mclt at 95°C, 

followed by primer annealing and Taq DNA polyrnerase ex.tension al 60°C (Figure 8). For lheu assays the probc is 

designed with a Tm s-IDoe higher than the primer Tm's. lIsing the higher Tm for the probe ensures hybridization to 

the target before ex.tensiOJl can occur from the primer, so there wi ll always be a corresponding ¡ncrease in 

Iluoresccncc signal for every amplifl.ed copy that is produccd. 

Sincc TaqMan ehemistr )' requircs using Ihe same Ihermal profiJe for each reaetion, primer! shouJd always be dcsigncd 

w¡th a Tm of approximatcly 60°C, and lhe hydrolysis prohe with a Tm around 70°C. O plimiz.nion of the assay is 
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aocomplished by adjusting primer concenlTation rather man optimizing aocording lo anncaling temperatures (this IS 

detailed under the sernon entitk"<.l Primer O ptimiution Guidelines). 

Molecular Beacon probes should be designcd 10 anneal at 7· 1 O°C higher than the primers, 10 allow hybridization 

before primer extension . 

Figure 8. Typical two-step PCR mermal 

profile used for TaqMam: QPCR reactions 

For. Molecular Beaoon, Ihe stem sequcncc should .be designed 10 be 5·7 bp in Jength and should hav~ a similar Tm lo 

Ihe mclting tcmperalUre of Ihe probe regían in Ihe .Ioop. As a general rule, stem sequcnces !ha! are 5 bp long will 

have a Tm of 55_60°C, stcms thal are 6 bp long \ViII have a Tm of60-6SoC, and stem~ tha, are 7 bp long will llave a 

Tm of 6S-70°C. Before having Ihe Molecular 8eacon probe synthesized, it is useful to use an oligo folding program 

[e.g., me mfold program (www .bioinfo.rpi.cdu/-zukerm/ma/)toverifythal Ihe Pi se(luence wi[[ form Ihe desired 

stem-loop stTuClure, using your sl>ecific !\alt condilions and annealing temperature .. Unlikc TaqMan probes, 

Molecular Beacons are. usually designed so Ihal lhe probe is anncalcd doser to I.he miclpoint betwcen ilie two primers, 

railier than adjaeent lo the upslream primer. This \ViII emure thal any low-activity extension by tlle polymcrase at ,he 

annealing tcmperature Will1l01 clispl.ttt ilie probe before the Iluorescence reading is lakcn. 

A Scorpiom proh«: sequcnce should be apprO)(inlaldy 17-30 bp in lenglh . h is best lo place the probe no more ilian 

11 bp upstTeam of the complementary targct scquence. The farther downstream Ihis complementary sequen~ iSt the 

lower the proM efficiency will be. T"he stcm sequenct'; should be about 6 -7 bp in Icngth, aJ)d contain suffident 

pyrimidines so that ilie Tm of lhe stem loop structurc is 5_10°C higher than the Tm of me primer sequence to the 

larget, and me DG value for Ihe stem loop confirmation is ncgal.ive. The more negalive lhe OG vAluc, the more 

Iikcly ilie folding will occur. Similar 10 Molecular Beacons probes, proper folding of the Scorpion.s proM should be 

verified using lile mfold program [isled above. 

When dcsigning prohes, Ihe combination and positioning of reporter dyes and quenchers is important. Make sure th ... t 

lhe chosen quenchcr will efficicntly $uppress the IltLorc~ttnce of yom chosen reporter dye to ensure low background. 

Information on lhe recommencled quenchers for cach Iluorophore ís gcnerally available from Ihe companies that 



synthesize these probes, and general guidelines on lhe choice of dark quenchers are given in .Oye amI Quencher 

Choice section of this guide. 

When deiigning primers and probes for multiplex reactions, adhere to lhe following a<lditional rules: ( 1) all 

amplicolls should be of similar lenglh (±S bp) as well as similar GC contenl (±3%) and (2) lhe primer sel Tm's, as 

weH as the probe Tm's, used in a multiplex assay should be within 1°C of each other. 

For all QPCR reactions, it is a good idea 10 veriry that aH of lhe oligos (primers and probc) lhat will be used logcthcr 

in .the ~e reaction will nol rorm dimers, particularl)' at Ihe 3' ends. The 3' complementarit)' can be dlecked b), 

scanning the sequenl.""Cs manually. Ir you are using primer de~ign software, U1C program itself ma)' run a check 10 make 

sure Ule sequence choiees il pieles are nol com plementary to each olher. 

Probe and Primer Synthesis 

Primers used for QPCR can be synthesized with aBy aligo synUlcsizer or purchased [rom a commercial oligo house . 

Probes will also require the addition of dyc and quencher molecules. Addilionall)', Molecular Beacon and TaqMan 

probcs will need lo be blocked al lhe 3' end lo prevenl Ihem from aCling as primen and prooucing eXlension 

prooucu. An important consideration to take inlo account in the preparalion of the primers and probe is how thcy 

are purified. It is best lo collSuh the primer/probc manufaclurer for guidance on the type and level of purifkation 

required for Ule oligo and application. 

O nce Ule oligonudeotides are received, it is best to aliquot them into smal1er volumes before sloring them al _20°C. 

Multiple freeze-thaw cydes can damage a ligas, and probes wiUl fluorescent tags are especiall)' susceptible to this sort 

of degradation. Primers should be aliquoted in to volumes thal will nOI require that me)' be thawed morc than 20 

times, and probcs should be slored in volumes that wil1 result in no more than five freczc- thaw cydcs. 

Afler the probe has been ordcred, an casy test thal c¡¡n be performed lo ensure thal the probc is quenching properly is 

to read the fluorescence from an alic¡uot of a probe, then perform a nudeasc digestion of that aliquot and t¡¡ke a 

second fluorescence reading. Digesting the probe will free the fluorophore frol11 quenching and )'OU should see an 

incre¡¡se of >5000 counts in thc raw Iluorescence signa!. This digestion Ciln be performed using 100 nM of probe in 

25~llx buffer with IOU DNase or SI Nudease, incuooled al room temperature for 30 minutes. ~ 
;, 
«r 



Dye and Quencher Choice 

Whcn dcsígning a fluorcsccnt probe, it ís ncccssary to ensure tha! lhe fluorophore and quencher pair is compatible, 

gívcn me type of dctection chemisu-y. In addition, whcll designing multiplexcd reactions lhe spcctral averiar 

betwcen the fluoro phores and quenchers for Ihe d¡ffercnl targets should be minimized to avoid possibJe ttosstalk 

issues (Figure 9). 

For TaqMan probes, Ihe mO!!t historically common dyc/ qucncher combinatían is a FAM fluorophore wjth a TAMRA 

qucnchcr. This combination will certainly work well , bul in recen! years dad:. qucnchcrs have become more popular. 

Dark <jucnchers cmit lhe cncrgy they absorh from lhe ftuorophore as hea! rather than light of a differcnt wavelcngth. 

They tcnd lo give results with lower background, and are especially llscful in a multiplex reaction whcre il is 

importanl 10 avoid emitted lighl from Ihe quenchcr giving cross-Ialk signal wilh one of the reporter dyes. The mosl 

commonl)' uscd dark quendlers and Ihe range of emission wavelengths at which they are efficienl are: 

BJack Hole QuendlCn". (Bioscarch Teclmologies): 

BHQ-1 480-580 11m 

BHQ-2 550-650 nm 

BHQ-3620-73011111 

Iowa BlackTM Quel1cher~ 
(Integrated DNA Teclmologies); 
lowa Black-FQ 420-620 nm 
lowa Black-RQ 500-700 nm 

A listing of TaqMan fluorophore and quenchcr combinations ean oc four\d al mosl oligo manufacturer~' websites. 

Molecular Beacom have hislorieally uscd DABCYL qucnchers, which work with a wide range of Iluorophores. 

However, Molecu lar Beacons can also be uscd with Blaek Hole Quenchcrs (BHQs). 

In an Mx system. Ihe choice of dyes will be Jimited by the filters you cllose 10 have installed in lhe instrument. Whcn 

multiplexing. you should ehoose d)'es tIlat are as sptttn.lly distinct from caro other as possible. 1J1 general, for duplex 

reactions tlle mOSI popular combination is FAM and HEX (lOETIo1 NICTlI
) wim ROXTlo1 as an optional reference dye. 

For triplex, FAM , HEX (lOE/V IC), and ClM 5 with ROX as an optional reference dye are suggeste<l. For 

quadriplex , we suggest FAM, HEX (lOE /VIC), Texas Red·':, and Cy5 <lyes. Any Iluorophores tha! have tilde lo no 

spectr¡l overlar are besl suited for mis Iypc of applicalion . 

Tire Mx3005p t system contains five fillers to accommodate lTIultiplexing four targels with lhe refcrence d)'e, 

performing a fivc -target qualitative a.suy, 01' greater dye fl ex ibility belween reactioru. The most common 

combination of four fihers is FAM , HEX, ROX, and CyS (and al! equivalent dyes in thesc fiher SCls). Thc fifth filter 

sct will mO$t oftcn ~ ey3, as oligo manufacturc..." olTer ;¡ever.;r,1 dye cnoices wruch work wel! with this fi her. 

However, due !he small spectral ~para tion betwcen HEX and Cy3 1here can be some signal overlap with mis pairo If 

running all fhe cl)'cs sirnuhaneously, the Alexa FllIor'. 350 (Alexa 350) filler set is comrnonly used instead of Cy3. 

The Alexa 350 fi ller se! is in !he far bluc range of Ihe spcctrum all.d lhus sJx:ctrally distant from all o ther filter seU. 

The two most comrnon dyes used with this filler are Alexa Fluor 350 and AMC (Collmarin Blue). The AMC dye 

olTers the advanlage of being brighter ¡nd thus gcnerating higher fl uorescence signals. 



As menlioncd aboye, d.llrk qucnchcrs an IW! espc<:ially u5Crul whcn multiplexing. TAMRA an be an cffcc\J\'c 

qucneher , but me emission spcClrum for TAMRA d~ h.llve SQnle overlap \\;m omer dyes , ueh .llS ROX, HEX, and 

eyl. Wim Dilrk Quenehers, b4ickground from me quenchers wllI not be an ¡ssuc. 

Filler Sol Ex Wo .. ~n&lh EmWllvelenglh 
'. z I'JelO350 350 440 • o 
< • AM'S'IIR Green 492 516 < • • ~ 
~ IH 517 538 
u 
~ 

• ffXlJOfMC 535 555 > 

" < 
~ CY3 545 568 
" < , 

TAMIlA 556 58J ~ 

c • 
" ROmeo! Red 585 610 2 
u 
u 

Cf5 , 635 665 c 
c • • 640 492 635 " 
~ 

mROX 492 610 • • , 
f ig ure 9. P"r"meters of the M;dOOOP' aOO ¡\h;3005P' o m C\S 492 665 " sy$tem I'lIter seu. FR 640, FR ROXr~ and FR ey" 



Reference Oye Considerations 

A reference dye is a fixed concenlration of inert flu orCSL"enl dyc (U5Uan)' ROX) lhal 15 added al the s.m,e 

concentralion in all lhe s,1mplcs, ugua1ly by inducling it in tbe master mi)( or by adding it 10 lhe buffer stock rolution 

before it is aliquotted ioto lhe individual rcaction tubes. Refercnce dye normalization i ~ performed by clividing the 

ra\\! fluorescence signa] for cach rCl>ortcr <[re al <In)' given cyclc by lhe raw fluorescence signal of the rcfcrence dye al 

thc same cycle and theo drawing Ihe arnplification plot based 00 these ratio values. 

Historicall)', refercncc dye has beCIl used lo corree! for sample lO sample signa] variatiOIl that is nOl duc 10 lhe 

chemistry iLo;elf (e.g., a]¡<!uotting errors or deficicncies in lhe signa] wliformity due lo Ihe instrumcnt optical systcm). 

In the Mx system, the sComning read-head ensures thal aH wells receive the same level of excitation light and have the 

exact same lighl path to the detector ro there is no need lo correct for positional diffcrcnces. AIso. baseline 

correction algoritluns gCllcrally correct for most variation due lo aüquolting errors WitllOut the need for referencc 

dye normalization, whidl make$ lhe use of a rcference dyc optional in the Mx system. 

Running a referencc dye can still have some valuc, because in sorne cases it can result in somewhat cleaner looking 

data. AIro, even ir normali7.ation is nol I>crformed it can be very useful in the troublcshooting process if you see any 

unexpected resul ts in lhe amplific.ltion plou of )'our reporter d)'es. Ir signal is particularly low or high, or if there is 

.lO odd shifl in the fl uoresccll<.'C level, )'ou can check lo see if simil.lr dfects are seen in the referencc d)'e profile, 

which should normall)' run fl ato Wheth<:r effect$ are seen 0 111)' with )'our reporter d)'e or with bom lhe reporter and 

reference dyes C.lll oflen allow )'OU 10 d i~iminate probe problems from potential imtrumen t problems. 

If ROX is used as .1 refcrencc dye, from an instrument standpoinl there is a difference in tl'IC conccntration of 

reference dye that should be used jn the Mx instrument vs. sorne omer systems. lhe white light exciUtion io the Mx 

system and lhe systenú dye-spcdfic fi hcrs will exdle and measure thc fl uorescencc for ROX ver)' effidenúy. 

Stralagelle designcd lhe ROX filcr sel lo be ver)' sellsitive so ,rus d)'e channel can be used for actuaUy detecting 

fluorophores labeled with ROX or Texas Red. In systems that do nol allow excitation at -584 nm (including laser· 

based syslems), ROX is excilcd very ineffidcntly, so a highcr concentration of Ihe refercnce dye is u~d lo 

compcnsate for Ihe low ROX signal. Ir a kit Ihat is dcsiglled for olle of tllese syslems is used in Ihe Mx SystCIll, the 

high concenlration of ROX will create oversaluraled signal Oll the ROX channel and result in Ihe 1l0rmali7.ed data 

containing more lloisc Ihan lhe non -normalized data . In tlle Mx systcm, ROX shou ld be used al a final concentration 

of approxirnalel)' 30 nM of free dye. If a master mix containing a final ROX conccntralion closer 10 300 nM is used, it 

is recomme.nded ,hal the non' llorrnalized baseline·corrected anlplification plOIS (dR) be used for analysis rather than 

the norrnalized baseline-corrected plols (d Rn). 

Sorne master mixes oontain a 500rt oligonucleotide labcled with FAM and ROX that causes ernission from ROX by 

energy transfer or FRET. The pre~nce of th~ oligonucleotides is compatible with fluores«nce delection in tlle Mx 

s)'stem and should not cause any difficuhy in nonnaliz.ation. 



Controls for Quantitatlve PCR Experiments 
,j 

Ultimatdy, thc objectivc of using real-time lJuantitative PCR ex¡>erimcnts is 10 determine the absolute qulmtity of Ihe 

larget sequence prescnt in ,he 5.lmple or 10 monitor me rold changes of genes in response lo experimental oonditions. 

For acrurate data analysu 3nd mcartingful statistics using either of theS<': approaches, the appropriate posll!ve ;lnd 

negative controls must be included with each real-time 3ssay. 

The specific controls tha! are nceded will var), aocording lo lhe experiment type, bul mere are ccrlain control! lhat 

should be includcd in cvery run, such as No Tcmplatc Controls (NT C). The two primar)' types of control! afe 

.posith·c controls and negativc contro l ~. Positivc control samples should always show amplification, and ir they fail lo 

show expected am plifi cation, it indicalcs somc sor! of problem wim the assay or reagents. Negative controls should 

not show any ampliflcation, and ir an intTease in nuorescence is seen it would indicate such things as contamination, 

non-specific PCR product formation, or non-specific probe degradation. For qualitative experiments in particular, if 

your experimental raramelers require that you avoid false positives you should always run negalive control! , and if 

you need 10 ensure !.hal you avoid false negarives you ~hould al\'Va)'s run I>osilive controls. 

Positive Controls 

Positive controls will assisl in identifying fal~e negative~ mal mighl oC(.'ur due lo sample lemplate qua!ity, PCR 

inhibitors, etc., typically associated with heterogeneous samples (e.g., applications such as pamogen detection, GMO 

testing, or mutation detection). In tl1CSe experiments, inclusion of positive control! in all the amplification reactions 

validates me ab~ence of detection of tlle largel of interest as a true negative sample. In reactions where no Ix>sitive 

control is run , if all your unknown samples come up negative, it is impossible lO tell if Ihese are true negatives or if 

sorne problem in your reagents cilused amplifl cation 10 fail. 

Positive controls can be eithcr completely d¡fferent samples !.hat are no! rclaled to your experimental samples 

(referred 10 hcre as exogenous positivc controls), or the)' can be separate largels amplified from me same sample of 

nucleic acid (referred to here as endogenous posilive mntrob). Exacuy wltat Iype or positive control Í$ used will 

control for different types or reaction failure. 

An exogenous positive control ís a source of Ihe Icmplale thal is knowll lo conlain the targel of interest but which is ~ 
independcnt of your experimental samples. EX.lmples would be plasmid containing Ihe gene of inlerest, in vitro RNA M-
transcripu, previou5 PCR proouCls, Human or Mouse QPCR Rcference Total RNA, or DNA or RNA isolated from ti> 
organisms known to contain or expres5 lhe target of imeres!. Controls of this sort are ver)' useful for ju~t verifying :íl 
thal ¡Jle amplification rcal'lion is worbng and me nuoresccncc signal is bcing gCllerated and detected normall)'. TItey 8 
will nOI reveal ¡f mere are PCR ¡nhibitors that are carried alollg with me nucleic acid in any of your unknown samples ~ 

or ir there i~ degradalion or tlle nudeic add in some S.lrnples. ~ 

TIte use o f an endogenous posilive control involves amplifying a ~cond targel from lhe sarne sample as me gene of 

inlerest. This can eimer be run in multiple.x or in a separate tube containing an aliquot of the same template sample. rf 

a normalizer gene is being uscd in ¡J1C experilllent (detailed below in the section on Normali ... alion) mis \viU serve as a 

posítive control of mis sort. Any gene lhal [5 known to be present in me experimental sample (or any RNA known to 

be expressed, in ¡he case of Q RT -PCH.) will \York as a normalizer-type of positive con trol. Endogenous positive 

controls will alert you to general problcms wilh Ihe buffer or polymerase jusI as a I>ositive control sample will, bUI 



since they must use a difIerent primer I probe set tOOn the gene of interesl Ihey cannot be usecl 10 detect problems 

resuldng from those reaction componen!s. 

Controls of the sort described so far will only providc yOIl with a yes/no ans.wer on whether ampliAcation is taldng 

place, and will not detect an RT or PCR inrubitor present in the sample preparation that is causing a low levcl of 

inhibidon, ancl delaying Ct values without preventing amplifieation. AnoUler type of positive control is an exogenous 

targel that is spiked into the tempLtte S.lmplc, sILch as Stratagene's Alien-3' QRT -PCR Inhibitor Alert target RNA . Toe 

Alíen RNA Transeript is spiked into the purified RNA sample prior to reverse tr.mscription and is amplifled using 

Alien transcript-speciflc primt;n. QRT · PCR of Ule Alien control largel is also run alone, in a St!parate tube, 

alongside the sample~ of interest. Measuring amplification of Ult; control target side by side in both samples can be 
used to dt;lt;ct PCR inhibiton that influence the reaction Cu wimout preventing amplification outright. Figure 16 

shows detection of QRT. PCR inhibition by guanidine using Ihe Alíen QRT. PCR inhibitor alcrt kit. Trus sort of 

p<»itive control does not control for RNA isolalion v.u-iances, which Í$ controllcd for u~ing a normalizcr gene. 

Positivc controls can be use<! to provide consístcnt positive rt;ference data I)()ints in a givcn experimento A standard 

curve can be generated by simply performing a dilution serjes on the positive COnlrol material. If a standard curve of 

the gene of interest is performed in a givcn run and the standard template concentrations sr an the range of expected 

unknown samplc t'Oncentrations, the MxPro software can use this to perform absolute quantification of unknown 

samples by plotting the et va}ues of the unKno wns on me standard curve . Som~ examples or appropriate positive 

contro l template~ indude plasmids containing lhe target sequence, purified PCR products, synthetic 

oligonudeotides, and Stratagenc's QPCR Human or Mouse Reference Total RNA . As described later, standArd 

curves can also be used to calculAtc thc exact dTiciency of amplification in your QPCR reaction. A deereased 

amplification effidency or loss of line.arity in lhe standard curve may indicate thal a problem has developed with your 

rcage.nts or that there is a contaminating inhibitor. In this case the stand.lrd curve will provide a uscful indicator of 

whether or not the experimental data is valid, and to wllat dcgree it can be com parcd to samples performed in 

separAte rungo 

Negative Controls 

Negative controls are often overlooked in experimental design, but lhey are one of lhe most important componellts 

of a QPCR.assay. A negative control will typically be missing one of me components esscntial for the reaction to 

proceed, and lhus it is eX I>ected to yield no shift in fluorescence. Depcnding on Ule type of negHive control tmt i5 

run, you can test for problems that might occur in the reaction al multiple difTerent steps. In addition to assay-speciflc 

neg¡¡tive controls, which use template samples from sources that are cxpected not 10 contain the sequence of intereSI, 

o ther comlllon types of negative controls are no template controls (NTC), no reverse transcriptase conlrols (No RT) , 

no ampliJkation controls (NAC), and no probe controls (NPC). 

NTCs provide a mechanism to control for external contamination or othcr factors that can resuh in a non .specific 

illctea.sc in the fluorescence signa!. Ideally, signal amplificiltion mould nOI be observoo in the NTC S.lmplc wells. If 

the NTes do eros! Ule threshold , Uleir Cts should be al ICalil five cycles, and preferabJy more than ten cycles, from 

ule Cu of your leilst coll('l':ntrated samples. If the Cts of Ule NTCs are les! than five cyeles delayed compared lo 

samples containing tcmplate, lhe C ts of those samples should not be considered accurate si nce ..... hatever is causing the 

fluoresccnce shift in the NTC wells could also be affecting thc fluorescence in the unknowll wens. 
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Figure 10. Delection of 

inh¡bition by 10 flM 

guanidine using !he Alíen t­

QRT - PCR Inhibl la .- Alert . 

The up~r panel shows 

ampUfication of Ihe GAPDH 

urge! from human total RNA 

(50 og Stratagenc' QPCR 

Reference Tou,1 RNA . 

Human) in me absence and 

pre~nce of 10 )..1M guanidine 

(final ooncentration in the 

QRT -I'CR reaction). The 

lower panel shOW5 

amplification of the Alien-

RNA t;¡ rgr:t from samples 

rontaining a mixture of 10\ copies of Alien'~ RNA transcript and SO og human total RNA, in me absence and pre~nce of 10 flM 

guanicl ine (final concenlnlion in ,he QRT- PCR re¡ction). In me presence of 10 ).1M guanidine, a deboy of 3 el "alues .... as 

obscrvecl for me GA POI-' urgel . and a delay of S el .. alues was obsen'ed for the AI)en" RNA largel. Experiments were 

pe-rformed using lhe Brill i~nl " SYSI\ " Grecn J-S1cll QRT-PCR M:U I~r Mi,,_ 

No RT oontrols are samples thal are run e"actly as me olher Q RT -PCR reactions, excep' mal me reverse 

transoiptase cnzyme is omilted _ No RT oontrols should show no ampliflcation in me subsequenl PCR slep since 

DNA polyrner,lse canno t amplifY,ln RNA lemplate. AlIlpüflcation ()(;curring in me No RT control well~ indicate5 mat 

mere 1$ oontamin~ting DNA template in me reaction . Ir amplification is observed ¡I) the No RT oolllro l ~ and nol in 

me NTC reaction~, oontaminaling genomic DNA is mos! likdy present in tJ1C RNA sam ple. 

Anomer common negativc control is no ampliflcation controls (NAC) which indudcs all Ihe rcaction components 

except for thc ONA polymerasc. This is lIseful if you slIspect that an increase in nuorcsce.nce in yOllr reaction is duc 

to somcming omer lhan actual ampl¡flcation (e.g. , your probe is degrading). 



No probe rontrols (NPCs) are userul to test ror background Iluorescence 5ignal, possibly due to contamination, but 

are .rarely use<!. When using a prohe-based dlemistfy I¡ke Taqman or Molecular Bc.irons, the Iluorescence signal is 

generated by the Iluorescent dye molecule on the probe. In .reactions lacking probe, you should see the true 

backgrowld fluorescence leve!. . 

When I>crrorming '.Iualilative PCR (i.e., generating a positive or negative determination or whether or not a given t 

sequence is present) , it is necessary 10 indude al lea~n three NTC wells, or Urree dye-specific negative control wells, 

in order to determine slalhtically w!-.ether or nOI real amplificatioll has occurfed. The MxPro sortware bases a 

posítive or negative cal! result on a p-value test, and a mínimum of Urree negalíve dala points are required to produce 

the population that the unknown wells wiJl be compared lO in ordt:r to determine ir they are signific,¡ntly amplífied. 

The p-valut: Í5 lhe probability Iha! t.he mean of one set of sample data is differenl from Ihe mean or another se! or 

sample data. -l1le firs! set oC s.unple data is always the negative control wells in the analy!is sclection . When replic,¡tes 

are being treated índivldually, lhe serond set of Mmple data consísts of a si.ngle well (usually an lInknown well). 

When replicates are being lrea.led .rol1ectively. lhe 5Crolld set or sample data consisU or al! or .the replicales. Ifthe p­

value exceeds the user-spedfied confidence level, the well / dye is called as positive and I signified with a plu! sign 

(+ ). Otherwise, the well is called as Ilegative (i.e., no difference detected) and signified wim a minus sign (-). 

Passive Reference Dye 

Although il is nOI an amplificalion control, it is common practice whell perrorming QPCR 10 indude a reference dye 

in the reaction mixture. The rererence dye is nOI linked to any amplificatioll effect. Thereforc, me fluoresccnce rrom 

this dye should be constant throughoUl the amplification reaction . Provided concenlratiofl and volume are equal in 

every well of the reaction, Ihcoretic,¡lIy me fluorescence -intensily for lhe reference dye should be lhe Mme in every 

sample . The lluoreS<.'Cnce signal for the Iluorophores in the reaction can be normali7.cd 10 Ihe reference dye by 

dividing Ihe raw fluorescence intensity at eaeh cyde for Ihe dye of interest by the fluoresccnce intensity from the 

rererence dyc at the Mme cyele in the same wbe. This will act 10 correct or ftnormalize" an}' signallevd differences 

(c.g., Ihose caUK-d by diO'erences in plasticware transparency .and rcnectivity, or volume diffcrcnce$ due 10 

aliquotting errors). This correction is IIOt re<Juired, bul if a reference dye is designated , it is performed automatically 

by the .MxPro software. Correclw data are designated as Rn or dRIl in the amplification plou and lexl report o The 

most .commollly used rcference dye is ROX. PUTe RQX dye should be used al a final concentradon of 30 nM in the 

Mx system. 

Assay Optimlzation 

T o ensure effident and aCl..'1.lrate qUólntificatíon or me target tempIale, Q PCR aSMys should be optimized and validah:d 

for quandtative range and specifidty. Thi s proceS! rC<juires the use of .an abundanl and quantifiable rontrol template . 

The most commOIl !Ource of control templates is u.rget thal has been doned into a plasmid (Ihe recombinant plasmi.d 

must be linearized ;llld purified), a purified PCR fragQlent, genomic ONA, a synthetic oligonudeotidc, or a slock or 

cONA from cen culture. \Vhen selccling a. rolltrol templatc for assay optimizalioll, lhe goal is to select a material 

that may be obtained in high abundance, which is mosl likc Ihe unkno\\lll samples you intcnd 10 analpe, and !.hat 

contains the sequence or interes!. If a linearized plasmid or oligonudC<ltidc control template is used as thc templale, 

frequently this will require spiking in carrier material such as genomic ONA, yeast tRNA, or glycogcll, 10 replicate 

sample complexity and avoíd sample loss . 



Assa)'s are most easi ly optimized by first evaluating the primer concentrations (forward and rcverse) for a givcn 

template, aa-oss a range of concentrations. This re<Juires the use of a standard curve, or a linear dilution series of 

starting material, to determine assay <Juality InetriC5. These metriC5 indude QPCR efficiency, prccision, sensitivity, 

and spccificity, and can be as:lessed using a standard curve and SY BR Green I detection chemistry. 

Following primer optinlization, it may be necessary to further optimizc lhe probe concentraLion (if the assay uses 

probe-based detection chemistry) and the Mgl+ concentratíon. Completing the initial primer o ptimiz.ation step using 

SYBR Green 1 detection chemistry is generally sufficient to ensure an efficient rcaction for o ther chemistries wbile 

conserving the probe to reduce costo 

Primer Optimization Guidelines 

Depending on the QPeR chemistry being utilized for the assay, dilfcren t ranges of primer conccntrations can be 

tested. For SYBR Green 1, relatively low primer concentrations are used to avoid primer.dimer fonnation. For most 

SYBR Green I applications, primer conccntrations ranging from 50-300 nM are appropriate . 

For se<Juence spccific probe chemistries like TaqMan and Molecular Beacons, a wider nmge of primer concentrations 

needs to be considered . T ypically, primer concentratiotl.'!- ranging from 50·900 nM should be lested. 

However, not 0111 assays require the testing of this entire range of primer concentrations. Starting out with a new 

primer sel for a gene expression experiment, for example, one might try 300 nM of each forward and reverse 

primer, v.ith a typical seríal di lution. Tbis would consist of Ove poinu of a five-fold serial dilution, starting wilh l OO 

ng of total RNA per reaction (or the equivalent cONA amounl). Indusion of a negative control of just lhe primer (al 

each concenlration) in the absence of template (NTC) will yield specifici ty information. A sU(''CC.S$ful assay will llave 

good linear eu versus input amount of template, as indicaled by the metriC5 descr¡bed below, as well a$ a melt curve: 

that prcdicts a single product in template positive samples, and a negative result for the NTC. 

To demonstrate more complex primer optimization strategies, this guide \ViII illustrate lhe optimizatioJl matrix for 

primer concentralions from 50-600 nM. These reactions should be rllil in duplicate with the appropriate: negative: 

controls for each concentration. Ideally, a middle concentration of template (5· 10 ng RNA) should be used to asSCM 

each of these primer concentration pairs with SYBR Green 1 (Figure 14). 

The ideal primer paír will yield the lowest average et , as well as a melt curve that shows a single product for the 

positive template sample and a negative result for the NTe. 
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Primer Optimization with SYBRe Green I 

SYBR Green I is in~xpensive and easy lo use , making it ideal for use in primer opumizalion. Sínce SYBR Green I dye 

b a ONA bindíng dyc, il '""iJI gcnerated ~igna l from both specific ¡¡nd non -spcdfic products. The generation of aH 

producu can be casily visualized on a melt C\lrVC following the amplification r ClIcuan. Thcrcforc; SY BR Grcen 1 dye 

can be used 10 determine both primer performance and primer specificit)' al difTerent concentrations. As a result , me 

entire primer optimiz.llion process can be completed independently befare ordcring the scqucnce-specifk probe. 

This is de.sirable bttause ir the primer;; are no! working it may be necess.ary 10 redesign mem. Sínce this mar al50 

involve redes.igning me probe, il is worthwhilc 10 ftln thb test prior 10 ordering !he probe. 

Primer Optlmization Data Analysis 

Using lhe Mx Pro software, you can analyze clR or dRn. Analysis of dRn is on1y applied ir a pas~ive reference dye 

(e.g. , ROX) is tlsccl in the experiment o h is rccommcnded tha! a passive refercncc dye be used, as il tends lO improve 

data <¡Ualily . Ir no reference dye is used, Ihen analTlc dR . In the following examplcs dRn i ~ uscd. Once me run is 

oomplcted, examine Ihe el alld dRn Lasl v ... lues for each primer combination . Sclect Ihe primer combination tha! 

results in Ihe lowest e l v .. lue and me highcSI dRn Las! valuc. Whcn optimizing primeroS wing SYBR Creen 1, il is also 

crudal 10 analyze me melt curve data rOl" cach primer conccnlr.lllon pair to ensure a single homogenous proouct is 

beLng gCl)cratcd. Ir several primer combinatiolls give \'cry similar results, pick Ihe primer combination with Ihe 

lowest ovcrfill concentration. 
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Fig ure 11. Pr imer opLimiution 

matrjx. For each primer pair, lhe 

et s.hould be determined, and the 

dissociation curve should be 

analF.cd lo verify a single product 

for the lemplate-containing 

samples and no product for the 

no -tempJate controls (NTC:s) . 



Dissociation (Melting Curve) Analysis 

During:J. Meltmg Curve Analysis, all proouClS generated during lhe PCR amplification reaction are melted al 9SoC. 

then anllcaled al 55°C and subjccted lo gradual illCJ"cases in tempc raturc. During the incremental temperature 

incn::ases, fl uoresccncc data are collcctcd unti l thc rcaction rcaches 95°C. 111c rcsuh is a plOl of raw fluorescence data 

units, R, versus tem¡>er;¡turc (Figure 1 J .1). This yiew of Ihe data may appcar difficult 10 interpret al first, bul !he 

rapid linear dccrcase in fluorescence 10 background is whcre the major peR produet mclu lo its single slrandcd 

formo 

Figure 12 shows the melt dala as the negative first derivative of raw fluorescence, R'(f), vs. tempc:.nture. This i5 !he 

easier view lo identify !he Tm of caen product, incl icatcd by the peak in R'(T). In analyzing lhe various combinallons 

of primer in Figure 12, you can see one major peak al 7SoC for me majority of me samplcs, but a few samples h,we 

peaks shifled to 79°C. The distinct mclting peaks may indicale Illultipte PCR products in this aSS3y. A fully optimized 

assay should oontain only a single meh producto Banrnng by agarase gel analy!is o f Ihe PCR product wil! determine if 

!he appearance of more than one Tm indicates more than one product, or rather an artifact of Ihe SYBR dye binding. 

Atternatlve splicc forms, inscrtions, or deletions could create ahernative.ly melting PCR products, from sl>ccific 

priming siles. The Cu from sudl assays should be scrutinizcd, and no meaningful <\uantificatioll should be bascd on 

mese data . 

Two steps are required 10 iruerprel results from a SYBR Creen 1 mell curve an:llysis. The firs t step is lo review mc 

PCR products produccd by the smnples in the reaction. In the exam ple show» in Figure 13 , lhe presence of a single 

homogeneous melt pe.ak for al! sample reactions confirms specific alllplification. The dala from this reaction are 

rel iable and meaningful for analysis and interpretation. The second slep Í$ to evaluale the NTC sample well for Ihe 

presence of prilller-dilllcr forlllation . Slighl, high cyde amplification and a small wide peak al a lowu temperalure by 

melt is an indication of primer-only amplification. It is acceplable lo observe a !Illall amount of primer-dimer 

formation in me NT e wells, but if there is a corresponding peak in the SOImple amplification plots me Cts from these 

wells cannot be trusled as aCC\Ir.lte, 

Choosing the Correct Primer Concentration 

Figure 14 shows an exanlple of a 50 nM-600 nM primer maITU in me presence of a linear hydrolysis probe. Rased on 

CI only. me primer conccntration combination of 150:300 nM (forward: reverse) gives oplimal bul comparable 

results lo other conccntration pairs. [1 is best 10 gCl me 10wesI CI values I>ossible , but it is often as important 10 

reduce me overall primer concentralion if you are plalming to use thi$ as l>arl of a muhiplex assay. When 

multiplexing, Ihe lower me ovcrall concentration, the les5 chance that Ihe reactions will inlcrfere with one anomer . 



Fig ure 12. The ncg.uh·c fl rSI dcrivativc of raw 

lluoreKence plon ed agili l)!! mcrea~ing tempe.rature 

durlng the melt curve. Sample wd l G7 is highlightcd to 

indicate a small amount of primcr -dimcr proouct melting 

in Ihe NTC sampJe. The other plol1l indic,¡te melu at 

78°C and 79°C, inruCilting t ..... o PCR prooucts in some of 

the 5am.ple wdls. 

Figu re 11.1. R;.w nUOl"e~nce signal change ploued as 

a function of increasing lemper,¡ture. Thc highcr trOlces 

showa rapld melt between 82°C and 84-°C. The NTC 

sam ples show a change in plot shOlI>C around noc. 

Figure 1 J. The fint derivative of raw fl uoresce.nce 

plotted agOlins t OIn increOl.se in tel\\perature. The single 

meh peak al 86.5°C indieates ,¡ single PCR product is 

!>Cmg am plified in the.se s,amples. 

After analyzing the ampliflcation 1'10111 . 150 nM forward primer con~ntrat ion and 300 nM revene primer 

COI'lccnlrOltion WOl5 rnose.n becausc this combinalion produced the lowest Ct and highest dRn. Additionally. when 

prinlen are individually optllnh·.ed 011 lhe basis of concentrOltion. there is a greater chOlllcc that they will funetjon 

optÍlllOl lly in a multiplex formal with other primen similar ly optimized. Traditionally. primers could be optim ized by 

ch'U1ging a!lncaling temperalUre i.n the assay thermal profll e, however , this strategy is not appropriale for multiplex 

uaays. Smcc 01 multiplex assay is run al one consistent thermal profile, it is unhkcly that onc optimal annealing 

temperature will be found where all primO' con~ntrations funetlon optimally. Thus, mdlv¡du¡¡1 primer pair 

0pllrn iution on me basill of ooll<:elltnlion U5l11g a constant lhe rmal profile JS favored. 



" u 
~ 

w 
> 

" < 

~ 
" < , 
O 
O r 

" O 
O 
u , 
O 
O • rO 

" 
w 

" w 
< o - < 
w r 
• < , • o r 
- ~ 
~ 

[PrirnuJ M.b'i){ Optlmlzallon .. 
35 

'" 25 

O 20 

'-- ... 
u ; 

/ -::-
./ ...... 

15 __ SOnMforwarcl 
10 ___ ISO 11M Io!ward 

5 300 11M IotwIrd 

O 
__ ' 00 ... lcJrwud 

50 

Figure 15. Probe optimizauon data plotted as cyele 

number YS. dRn lluorelSance. AII probc conccntrations 

generate lhe same el value. However, lhe dRn Lasl 

values are decreased significantly with 100 nM prohe, 

and decreased only slightly wilh 200 nM and 300 nM of 

probe. &sed on mese data, 200 nM of probe would be 

optimal. 

Figure 14. Analysis of Prime optimiz.-.tion malrix 

data. Cts for cach of me primer conocntration pairs 

givcll in Figure 11 are plotted. 

Primer Optimization with Fluorescent Probes 

Ir )'ou prefcr to optimize me assa)' with a Iluorescent probe in each rilase of lhe process, me fiNt slep is ~till 10 

determine thc optimal primer concentratiol1s. A good starting concentration for tincar hyclrolysis probes is 200 nM 

although lower concentrations or lOO nM can be used ir probe quantity is a concern. 

The procedure rOl" perrorming the primer optimiution matrix experiment using probc-based detection is nt2rly 

identical lo that listed ror the SYBR Creen I procedure (see Figure 14). The one major exception in this approacn is 

me thermal profile 10 be used for lhe linear hydrolysis probe experimenl. Linear hydrolysis probcs (faqMan probes) 

use a two-step thermal profile, alld Scorpiolls or Molecular Beacon probe:s use a three-step mermal profile with pre· 

determinw optimal annealing temperatures. Fluorescent probe thermal profiles do IlOl employ a melt curve like that 

ora SY BR Green I a:SSay. 



Primer Optlmlzation Data Analysls 

Analysis of probe-ba.scd primer optimizalíon is similar 10 SYBR Grcen 1 primer optimization analysis. bul does nOI 

indude the mel, curve componen t. Optimal primer combinations are slill dctcnnincd by lhe lowcst el valuc and 

highest dRn Last valuc . 

Probe Concentration Optimlzation Guidel ines 

Aftcr the oplimal primer concenlr¡¡tiO/ls have hecn dClcrmined , it is nece5S.lry lo determine Ihe optimal probe 

concentration for lhe assay. Fluoresccnt probe concenlTations typically range fram 50-300 nM for linear hydrolysis 

probes and Molecular lkacons, while o lhcr Q PCR chcmistries, like Scorplol)$, might require coll(:entrations as high 

a5 S00 nM . 

Probe Optimization Data Analysis 

Analysis of Ouorescent probe optimization is si milar to primer optimizatíon anal)'sis. Using lhe optimal primer 

collcentrations, sclccl Ihe probe combínation Ihal resulls in ,he loweSI e l value and Ihe lúghest <IRn Las! value. If 

several probe colUbinations give very similar results, pick the lowest probe concen tration (Figure 15). 

Standard Curves for Analysls of QPCR 

Assay Performance 

After determining optimal primer and probe oollccll tratiolls for the assay, we reoornmcnd testing tbe overall 

performancc of me Q PCR reaction in ternu of effi cienC)', precision , linear range of quantitalion , ancl sensitivity . Data 

generated from a serial dilution of a positive oontrollem plale (standard curve) are an exccllenl means of determining 

Ú1C overall performance of a QPCR assay. The cli lution series should er)compass a large range of oonccntrations lo 

ensure the reactiOIl pcrforms at equal effidency for high and low concclltrations of slartíng It:rnplate, ideally 

cnoompassing the expected ]evels of targel 10 be encountered with Ihe experimental samples. To acoomplish this 

objective, a {Mee-fold lo ten-fold dilution series over severa] orden of magnitude should be generated in triplicate . 

For example, for gene cxpression experimcnlS, a ' yrical serial dilution would consist of five points of a five-fold serial 

di lution, starting with 100 ng of total RNA l>er reaction (or lhe cONA equivalent amoum). If Ihe assay is intended lo 

<¡uantitate genomic DNA or copy number, such ;u with viral <¡uantitation assays, a starting conccntralion of purified 

plasmid or PCR product in the 10-25 ng rangc b ade<¡uate. Be ¡ware thal nOI al! poínts of a standard curve ",il! 

conform 10 high dala qualily metria; as deK"Tibed below. Often, the high and low conccnlralÍon poílllS ma)" not be in 

range, and elimination of these aberran t ooncentrations from am.lysis may result in a high <¡uality a~y, aeros.'! a 

slightly lower linear quantitative range. 



PCR Reaction Efficiency 

Thc slope of the hne of best fil drawll to thc standard cun'e is used lo determine rcaction effi cic:ncy. The standard 

curve plou the log of starting template vs. PCR cycle nwnber , and is generatcd by me M"Pro roftware . A lincar nt 
with a slo~ between approximately -3.1 and -3.6 , cquiv",lcnt lo c,¡lculated 90· 11 0010 reaction e fficiency, is typically 

acceptable for most app]¡cations requiring accurate quantificuion . Ir lhe anlplifica tion reaction is nol dTicic:nt al thc 

point being used to extrapolate baCK to the amount of starting material (usually the el is used for lhis purpose), lhen 

the calculated quantities may nOI be accurate. Since the PCR reactio[l is based 0 11 exponcntial ampl¡fica tion, ir the 

effi ciency of PCR amplification is ¡()()O/o, thc amount of total templatc: is eXI>ected to double with cadl cycle. This 

assumption allows the rcliable calculation of quantily from Cl, and thus · 100% QPCR effidency needs to be a~sscd 

imd veri lled prior to rwming valuable samples. 

Preclslon 

The standard curve should be run in lriplicate (or al least duplicale) 50 that it is possible to determine Ihe predsion or 

pi pelting, the reproducibility. and Ihe oyerall sensitivity of an assay. Rs<¡ is the 111 of all data 10 lhe standard curve 

plot and can be influenced by accuracy of the di lution series, and overall assay sensitivity. Ir al! the data lie ¡>crfeedy 

on the Hne, the Rsq will be 1.00. As Ihe data faH furlhcr from the line, the Rsq decreases. As dle RS<I clecreascs il is 

more difficult lo determine the exact location of lhe standard curve plol thus decreasing the aocuracy of 

quantification. An Rsq value > 0.985 is aoccptable for most assap. 

Sensltivlty 

TI1C slope and Rsq values of the standard curve help determine the sensitivity of a given assay. Ir the slo(>c of Ihe 

standard curve is lower than · 3.322 ( I()()O/o Efficiency). the Rs<¡ is below 0.985 1, and lhe dala points indica!c an 

upward Irencl in Ihe standard curve plol al the lower template cOllcentrations, this ma)' indicate the reaction is 

reaching Ihe threshold of sensilivity, Le ., more C)'des are r equired to ampHfy ever dccreasing anlounts of template. 

In this case, furthcr assay oplimization or even redesign of lhe primer::¡. and prohe may be neee5sary 10 e)l[tend the 

linear range . Alternativcly, \he points outside the linear range can be culled from the standard curve . However , 

unknown samples in that conccntration range ma)' nol be trusted to give quantitative interpolation from that part of 

the slandard curve, or Cts from that range should not be used in further analysis. 

Standard Curve Examples 

Figures 16 and [7 illuslrate a four · fold dilution series standard curve oyer three order::¡. o f magnitude . In this exanlple 

the data generate a linear standard curve with a slope of ·3.401 (96.8% Effidency) which is wcll within the 

accepu.ble range, and an Rsq value of 1.0. 



Further Optimization 

Ir me assay is still no! pcrforming weU after me probe and primer concentration.'S ilre optimi:red , you can lry ahering 

Ihe MgH concentntion in ,he reagents by adding extra MgCl2 from Stratagene's rore reagents kits. Increuing me 
Mg2 ~ concentration tcnds 10 favor hybricl ization and thcrcforc excessive Mgl. (:an promote Ihe formalion of primer . 

rumers as well as tcmplate spccific priming. \Vhile primer.dimers are nol detccted by sequence spcdl'ic probe 

chcmistries, they can cause Ihe rcactions lo be incffidcnt and therefore less sensilh'c and detect fcwcr positive 

samples. 
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Figure 17. Standard curve gcncralcd 

wilh data from Figure 20, with slope 

and RS<) indicated. 

Figu re 16. Ampl¡flcation plots of standards 

in a four-fold dilution series over thrcc 

orders of magnitudc . 

In mosl experirnellts , it is sufficicnl 10 use a standard con<;entration or MgCI1• depel\ding on the type or QPCR 

chemistry employed in the a&!ay. For linear hydrolysis probes (TaqMan), begin with a flnal conccntrat.ion or up to 5.0 

mM MgCI1 Molecular BeacolI$ use a lower concentration or 3.5 mM. Scorpions use a lowcr oonccntrat.ion o r 1.5 mM 

lo 2.5 mM MgCl¡ . In SYBR Crel'n I a~ays, primer-dimer rormation and detection can con tribute to the overall 

signal. Thererore. for SYBR Creen I assays it is besl lo use 1.5 mM lO 2.5 mM MgCI1 10 avoíd excessive dimer 

rormadon. 



When multiplexing , a Jow standard Mgl' l:onccn lration can .lIso be u~d to avoid eross reactivity of primers and 

probes. 

If the reaetion sliII does not work weH afler complete optimiulion is performed, il may be neccssary to redesign the 

primen and / or Ihe probe . 

Multiplex Assay Considerations 

If the experimental project reqllires many runs o ver time on Ihe same sel of genes (e.g., time <:ourse sludies, 

melastasis progression research), it may be more cast cITective and provide a higher levd of statistical corrdalion lo 

design a multiple¡,: rcaction 10 use for the duration of the sludy. The mu ltiplex approach is partirularly illlportanl 

when the lemplale material is limitcd because this allows the maximuln amount of data to be generated from each 

assay. lt does require- more up fronl c¡,:penditure in lhe form of probes, and more time to design and optimize 

reactions tha! will all work logclher in the same lube , but the long lerm Silvings in reagent costs, plasticware, and 

time from the reduced munber of e¡,:perimental runs can be subslantial. 

Thc primers and probes fOf multiplex QPeR reaeuons are designed the same as they would be for singleple¡,: 

reactions, witb a few e¡,:l.nI considcratiolls. AH of Ihe primers and probes that will be uscd in Ihe same reaction should 

be of similar lenglh, Tm, and Ge conten!. Also, srecial CMe should be given lo ensure tbal nOlle of tbe oligos will 

¡nlenel with one anotber. In a singleple¡,: rcaetion, Ihe 6G value for any tw"o of lhe oligcr.s in Ihe solution should be -2 

or grealer (more pmitive). This suggesls a lower prob.1bility that Ihe Iwo primer oligas will energetically favor 

hybridization, over hybridization 10 me spccific lemplate. This may nOI always be possible for Ihe targe number of 

oligas in a multiplex assay, bul minimally you should try lo achiev~.1G values in Ihe following ranges: 

Singleplex: Grealer !han -2 
Dup.tex: Greater tIlan -4 

Triplex: Greater than -6 
Quadriplex: Creater Iban -8 

When optilni"Úng !he relalive primer conccntratioll5, it is ~spcciaHy importanl wilh a multiplex aSMy lo use tbe 

lowest primer and probe concentralíollS possible . The higher lile oligo concentrations, the greater Ibe chance the 

reactions will inlerfere wilh one another. Standard run·e~ should be run during the assay oplim izalion for all the 

reactions, in both singleplex and multiplex, to ensllre that lhe reactiollS do work logether. The efficiency in tbe 

singleplex reactions and the:: mllltiplex reaction.s should not differ by more man 5%, and lhe el values should nOI 

change by more:: than approxirnalcly 1 e l . 

If the multiplex ass.lys <lo not appeM to be working well together, it may be necessary to ¡dd additional reaction 

componenls lo ensure Ihat reagents Me nOI límiling lO thc mulliple reactions. In thesc:s cases, the Taq ONA 

pol)'merase inCl"ease and dNTP conce.ntrations can botb be lncreased by between 50- IOCI% and me buffer 

concentralion can be inereased from a Ix solution 10 a 1.5x solulion. For lrus purpose, Slralagene offers a Brilüanl 

Mulliplex QPeR Master Mix lhal is optimized for Ihe simultaneous amplif¡cation of multiplc targets. 



QPCR Experiment Data Analysis 

Ensuring Your Ct Values are Accurate 

After the dilta are collccted , il IS besl lo exam ine them carefuJly lo ensurc lhe run \Venl well and lhe ailslgncd el 

values are acrurate before you ~Urt looking al lhe calculated absolule 01' relative qUilntities . Immcdiatcly after Ihe run 

complct~. il is beS! 10 remove t.he ~mple tubes from me instrumcnt ilnd examine thclll. Verify tha! the caps are 

properly in place and thal no loss of ¡¡quid due lo evaporation is noticeabJe. Ir cvaporation has occurred Olny 

anomalous wclls can be cullcd from Ihe analysill. 

Whcn first analy:cing Jour ilmpliflcation plOIS, you should follow thcse SICp s; 

l . Look al Ihe raw nuorcscence values. 

2. Check lhe baseline sCllings. 

3. Check lhe threshold. 

4. Look al the dissociation curves (ir SYBR Creen 1 was used) . 

Dissociation Curves (Only tor SYBR@ Green 1) 

As mentioncd prc \'iomty, when lhe detection chemistry i~ based on double-~tranded ONA detection , such as SYBR 

Green 1, you shou!(1 run a rnclting curve at the end of your arnpliflcatioll reaction known as a dissocialion curve. Thc 

purpo~ of lhe dissocialion curve is to dClemline ir anything othcr lhan lhe gene of interest was amplified in Ihe 

QPCR reaclion. Becausc SYBR Green I will bind any double- stranded product, any non-specific amplification in 

your unknown weUs will ar l ificially increase Iluorescencc and make it impossible 10 acaJralely qualllitate yOUT 

sam ple . 

'1'0 view the SYBR Grcen I dissocial ion cur\'e, selcct the Results lab, and under Area lO Anal)"'l.e go lO 'Dissooatioll 

curve' in the software. The be~ t way ( O analyze the dis.sociation curve results is lO sel the fluorescencc to -Rn'(T), 

although if you have not run a normalizing dye you should Sel this to -R'(T ). In ,rus view, every peak in the curve 

indicates a sl>ccific product mching. Most QPCR producl~ will mel t .somcwhcre in the rangc of 80_90oC, although 

this can \'ary given lhc sizc ,Uld se(luencc of your spccific target. ¡(Ically, )'ou should see a single peak within thill 

teml>crature range, illld the mehing tcm l>craturc should be thc Solme in all thc re.actions where you have amplified the 

same sample. lf an)' sccondary peah or &houlders are $ecn on the peak of interesl, it india. tes that somcthing other 

than your gene of imeres t is prescnt among lhe reaction produL"ts. Sincc thcre is no accurate way to determine how 

much the amplified signal from earo product is contributing lO the Ct, if an)' sccondary peaks are observed Ihe et 

value from that well should not be considere<! ;u,;curate. 

If sccondary peab are sccn, other controls run in the reaction may gh'c you an indicatioll of what is C¡using thb 

problem and how il can be prevemed in the future. If lhesc same sccondary I>cab are prescnt in your NT C wdls, il 

m ay indicate primer dimer formation or lhe preRnce of conl.'\minalion by a !cqucnce thal wa$ also ampliflcd during 

lhe reaction. Since primer rumcrs will typically have a lower mdting tcmperatUTe, the temperature al wmch the peak 

occurs can generally be uscd to ruscriminate peab causcd by primer dimers from peak:! due lo amplicon 

contillnination. In lhe case of primer dimers, re-oplimizing the reaction conditions 1)\;1)' be necessary. O n occasion, it 



may be necessary to re-design lhe primers. If Ihe secondary peaks are nol seen in the NTC wells, il could indicate 

non-specific primer binding or Ule presence of difTerentially splicc:d products. Performing a BLAST search following 

primer design can hdp decrea.sc Ihe incidence of this type of problem. 

Controls 

Prior to moving on lo analysis of the re.suhs, jt is important lo verify Ihat the controls are behaving as expeeled. If this 

is nol the case, the quantilativc rcsults may nol be accurate, and further troubleshooting may be necessary. 

Ideally, none of the nc:gative control wells should cross the threshold; although il is nol uncommon 10 see the 

negalivc controls drift aero!!:! lhe threshold during late cycles. If Ihe negative controls are displaying sigmoid-shaped 

amplificalion curves, the fact mat real amplification of lhe negalive control is taking place would be indicated. Thb 

may be due lo template conlaminalion or excessive primer dimer formation. 

Whether this V.,m afTect the ets of the unknown samples will depend on lhe level of me signal in your negative 

controls. If Ihe ets of the negative control wells are ten '-)'c1es highcr than the Cts of any of the unknown wells. it is 

safe lO assume th.tt these resulu are accurate. If the Cts io Ule negalive control wells are within five cycle~ of any of 

the unknowns, this may callthe validity of the resulu into question. Under u,ese circumSlanl"<:s il may be neccssary to 

troubleshoot lhe reaction to determine Ihe SQurcc of signal in Ihe negative control wells. The type of negative control 

weU from which the signal was detected can provide an important indicalion of lhe source of lhe trouble . A shift in 

Ihe No RT controls would indieate possibJe genomic DNA contaminalion. A shift in the NAC control wells could 

indicate probe degradation and a shift iq Ihe NT C wells may indicale primer dimer formation (when pcrforming a 

SYBR Green I assay), or contami.nalion. Ir the srufl in the negative control wells is due 10 primer dimers, you can 

determine if the primer dimers are also forming in the unknown wdls by looking at the dissociation curves. 

If Ule positive control wd ls are nOI showing lmplifi cation, it will call inlO question whether any of th~ unknown wells 

!hat did nol lmplify are acrually ncgativ~ sample.s or whemer lrus is due to non-spccific faiJure of the PCR rcaction 

(e.g., the presence of an amplificalion inhibitor). In this case, it may be Ilcccssary to troubleshoot the reaction 

conditions (e.g., difTerent waler and/or primer sources). The pre:senee of PCR inhibitors in Ihe templatc can also be 

identified by decreasing lhe amount of templale used. Ir the Ct values tend lo decreasc or remain constant in lhe 

presence of lowcr amounts of template , lhis usually indicates Ihe pre:sence of an amplification inhibitor. 

Repllcate Agreement 

Ir replicate samplcs were run , verify that the replicate wells are tighuy grouped . If any well in a replicate set is an 

obviously anomalous point (e.g., the el is coming up Yery late/not at all, or Ihcre is exccssive spiking) you should go 

back under Anllysis Selection/Setup and ólSsign this wdl its OWll replieale 5ymboJ or deselect it. Tru", will prevent it 

froln interfering with Ihe calculatioll$ for the other replicate wells. Consistently poor rep[icate uniformity l-ould 

indicate possible problems in the ex¡>crimclltal selup and will definitely afTee! thc accuracy of your rcsuh.s. 



Standard Curve Quantification 

After ampliflCltion given Iha! ooth ,he standards and experimental samptcs are amplifying efricient ly . lh~ e l 'S for each 

standard dilution can be detemlinecl and ptoned against lhe ¡nitial tcmplate qUaJllhy. Sample el values can be uscd 10 

cstimatc template qu;m tity by romparing thcm 10 the standard curve. For this estimate 10 be aocurate, ,he standard 

(.urve must be linear across Ihe whole r;¡nge o f Icrnplatc roncenlrations in your assay 3nd lbe m casured cfficicncy of 

amplilkation near 100010. 

A IYrical plate SCIUp for a standard curve can be seCIl in Figure 18 . The el ... al\les from earn standard wel! wil! be 
used to cre .. te ... st.lI1clarcl curve. Figure 28 rcpresents a lypical standard curve constnlctcd Qver three orclers of 

magnitude (40 copies lO 20,000 copies) on an Mx instrument. 

Dala from a standard C\.U"\·c run can be viewed in rnultiple formal:s including: Standard Curve , Inilial T emplate 

Quantily, and Plate SAmple Valucs. 

FIGURE 18 : I NTII.OOUCCJON TO Q UANTI1'A'IIVE PCR • STII.AT AGENE'"' 

Figure 18. Examplc of a standard curve plalc sctup. This two-fo ld dilution series would generate a iO-point stand,¡rd 

curve in triplicate , froln 20,000 copies down 10 about 40 copies. 

In Ihe standard curve vicw, M scen in Figure 19, the efficicncy and linearity w ill ,¡ulomatically be disJ)layed by me 

software using lhe ec¡uatioll: 

Where X. = amplifi ed targcI ar' lount ( target c¡uanLity al cycle n); Xo = 5tarting quantily; E = efficiency of 

amplil"kation; and 11 = number of cycles. Whcn the effidency is pcrfect ( 100% or 1), there is a perfeet doubling of 

target amplicoll every cycle ; a 10· fold amplification should take 3. 32 cycles (2 1
.
11 = 10) . In a plot ofCI versus ule log 

of initial lempl.ilte, Ihe slopc should therefore be clO$e 10 · 3.32 (negalive because a higher Ct mean!! lower template 

amount) .. Because of this relalionship, yotl can catculate Ule efficiency directly from lhe 5101)<: using Ihe equatio n 

bclow: 

Efficiency = 10'-11--1 



[n experimenlS where a standard curve is run, the slope should be in the range of -3. [0 to -3.59, which would 

correlate to a 90- [ 10% efficiency range. The RS<j value for Ule standard curve should be 0.985 or higher. R S<J.uarcd 

indicates how well the data points fil to a straight linc indicating both me agreemenl bctween your replicales and Ihe 

linear range of me assay . [f poinls are dropping off Ule linear al one end of Ihe standard curve, this would indicate 

Ihose concentrations are outside the linear range of dctection for mat assay, and furmer assay optimization may be 

necessary to accurately <juantify sample concentralions in that range. Adjusting the threshold may help improve Ihe 

slope and R S<J.uared lo a certain exlent as well. 
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Fig ure 19. Standard curve 

demonstraling a two-fold dilution series 

from 20,000 lo 40 copies . Al each 

standard dilution a one-cyde change in Cl 

value is observed. This direcl correlation 

between fold-decrease in standard 

concentration and increased CI value 

demonstrates that me doubling efficiency 

of this assay is approximately 100%. 



Real-Time PCR and its appllcation for the detection of pathogens In 
seeds 

Bccause planting seed~ can serve ajl: \'cctors for the survivil l and long distance disscmination of plant pathogens, seed 

health testing is critical for prcvcnting the introouction of non-indigenous organisms, as well as for limiting losscs 

from epidemia initiated by seedboroe illocuJum. Over the ycars, many convention ... l sced hcalth a!&ys have been 

employed and range w¡dely in their Icvels of elTcctiveness , COSI and ease of application. Seed assays mal are \viddy 

employed indude selective media, ELlSA and secdling grow-out, and while Ihe)' have bttn rdied upon heavily; me)' 

have shortcomings that indude lhe !leed for expertise in rccognizing symptoms or morphological or physiological 

characteristics of thc pathogcn(s). Additionally, thcy generally take upwards of a wecK for completion and Jack high 

lcvels of sensitivily. Finally, diffcrent approaches must be used lo delccl multíple l><lthogens in the same seed sample. 

These shortcomings highlighl lhe need for an assay mal is applicable for all pathogcns in all seed typcs. Once such 

assay is real t ime PCR . Likc conventional PCR, real time PCR involves the in vitro amplification of specific 

nudeotide sequences; however, it differs in mat nudeíc acid amplification is coupled lO Ihe rclcase of a fluorescent 

reporter molecule (fluorophore) t.hal Can be monitored as it accumulates in me PCR reaction mixture. Reporter 

molccules can be fluorescent dyes mat inlercalale to the DNA double-strand (e.g., SYBR® C REEN or Elhirnwn 

bromide) or sequcnce-specific probes. Sequcnce-spccific o ligonucleotides labeled at lhe 5' end wim reporter dyes 

(e.g. Ta<¡Man®) and al the 3' cnd with a qucncher molecule (e.g. TAMRA , BHQI) hybridize wit]¡ complementary 

sequences during 1.he annealing SICp of PCR. In this configuration , when cxcited by lighl energy, me lighl fluorophorc 

¡s absorbed by me quencher, hencc no fluoresccnce b produccd. During Ihe ex tcnsion stcp of PCR, the 5' lo 3' 

exonudea;;e activity or Taq polymCTa5e hydrolyzes the dual-labeled probe and releases the fl\l orophore from lhe 

quencher. When excited by [igbt. lile libcrated fl uorophore can then emit energy in a sl>c:cific wavelength that can be 

detected by the real time PCR machine (Figure 20). With each subsequent PCR cyele, morc fluorophore b released, 

resu[ting in an exponenlial jncrcase in fluorescence thal corresponds to increases in newly synthesized ONA 

amplicons. 
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Unbound SIBA' Green 

Fluorescent Bound SIBA' Green 

A 

-----a.. ...... -. 
q. , 

----_ .. ~ ---,-____ ........ 4.'-----' 
....................... -

B ~_ 

Fig u re 20. Reporter molecules 

uscd for real-time peRo A) 

SY BR ' Creen 1 binds lo double-

5tranded ONA, em itting J ,000-

fold greater fluorescencc than in 

the unbound ;;ta1.e. B) Dual­

labcled T aqMan® probe binds 

10 me complementary target 

sequcnce and em iu fluoresccnce 

when cleaved from the 

qucncher molecule (2) . 



Real time PCR is simple, specific, rApid and highly sensitive. AdditionaUy, the moniloring of DNA amplification does 

nOI require post-PCR processcs such as gel elcctrophoresis and/or Southerl) hybridization . Real-time PCR resuhs are 

interpreted by Ihe cycle Ihreshold value (Cl), which is the PCR cycle number al which Ouorescencc surpasses a pre­

delermined Ihreshold value. Sina: this Ct value is negativdy correlaled lo lhe starting amount of target template 

nucleic add, quantification of seedoorne pathogen inoculum is possible using this approach. 

Anomer bcnel'it of real-time PCR is Ihe ability lo easily facilitate rnuhiplcxing (simuhaneous amplification and 

detection of dilTerent target nucleic acids). Currently, a ra.nge of reporter molecules are available (e.g., FAM, Texas 

Red, TAMRA ele.) that vary in their emission spectra (i.e. wavelength of ¡¡ght emitted after excitation). By 

combining nuorophores lbal have distinct light emission $pectra, it i5 possiblc lO simuhaneously delecl fluorescence 

a.ssociated with two independcnt PCR reactions in Ihe same lube (Figure 21). Hence real time PCR can significantly 

improve me design and development muhiplex PCR assays rdative lo convenlional PCR. II should be nOled, 

however ; Ihal atl muhiplex real time PCR assays should be empirically optimize.d as oompctition bclween reactions 

may ¡ead to inhibition an<1 false -negalive resuhs under certain reactlon conditions. 

, • Figure 21. Resulu of multiplex time PCR for two 

targel genes (i.e. two pathogen typcs). Two 

Iluorescen t signals are simultaneously detected l 

amplified in me sam e reaction . 

I ,.. • ... 

l~ / 
• a • ..... 

Secause of me I)()wer of real time PCR, it is widely used for d.iagnostic purposes in many fields including c1inical, 

\'eterinary and food Illicrobiology ( 1, 2, 3). Real time PCR fu lfills many of the requirements for efTective seed health 

testing including speed, spcdficity and sensitivity. Thus, il has great I>olential 10 replace C1.Jrrent seed health assays. 

However, to date, real time PCR-based seed healm testing is undcr utilized in oommcrcial secd tcsting labs. The 

objective of these exercises is 10 provide hands-on experience wilh oonducting real time PCR and immuno magnetic 

separation with real time PCR for the important seedborne pathogcn: Acidovorax OI'enoc subsp. cirrulli me causal agents 

ofbacterial fruil blolch of cucurbits. 
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QPCR Glossary 

E:"pe rimc nt and Ch cmistry Terms 

AlIelc Discrjminatio n (Real-Time) Real-time mcasurcmcnts using ella determine: the: genotype of a DNA 

sample. To achieve discrimi.nation, two probcs are used lo identify me wi ld typc and mutant alleles. A DNA samplc 

genolype is dctermincd by plotting the el valuc specific lo the wild-type allde agaln!t el specific lo me mutant aUele. 

This can ~ performed in !lClhlrate tubes or in rnulti plex ir the di fferen l probes are each laheled w ith spectrally distinct 

dyes. 

Allel e Oiscriminat ion (Platc Rcad) Pbte read me~urements of fluoresccnce are u5ed 10 determine Úlc: ONA 

.s.ample gCIlOlype. To achieve discrimination, two probes labcled w ith two spectrally distinct dyes are: used lO idc:ntify 

the: wild type and mutant allcles. Resulu are analy¡;ed as foUows: ( 1) ifthe fl uoresccnce value ofilie unknown ONA 

sample is high for me wild t)'pe dye and low for the dye identifying me mutan!, me sample is called wild type 

homozygote. (2) If the fluorescent value from the unknown ONA sample is high for the dye identifying !.he mutant 

and low for U1C wild t)'pe dye the sample is callcd mutant homozygote . (3) Ir the sample generates intermediatc 

values for ooth dyes, jt is called heterozygote. 

Compa ra tivc Qu;mtita tion A QPCR analysis method thilt enables cleterm iniltion of rclative gene expression 

compared to a ealibrator (a single stilndard). 11)is ITIcthod is used to establish relative fo ld-increase in cxpre5sion by 

assumiog unehanging rCilction effi ciency. This Illcthod climinates ule re'luircmellt to indude a standard curve with 

eilch reilction . Comparative quantit.Jt ion can be applied to ONA and cONA targcts, and the nlost common appl ieation 

is the comparison of mR NA expression level$ in trcated versus untreated or normal versus ruseased cells or tissue. 

Oissociat iOJl Cun'c A melting curve pro!ocol that reports Ule tcmpcralure on the X.axis, versu.s either 

fluorescence (R, Rn) or thc fint derivative of fluorcsccnce (-R'( I'), -Rn'(T)J on the Y·axis. The analysis is used to 

verify the reliability of results from SYBR Grcen 1 quantitative experimcnu. SY BR Green 1 fl uorescence exhibits il 

large increase upon binrung to double-stranded ONA, and this can be used both to gellerate amplifieation plots real· 

time during the amplil1cation and to obtain !.hermal denaturation profiles of !.he complex nudeic acid mixtures 

generated during PCR amplilleation. Typially, two semi ·discrete populations wi!.h d¡fferent triln$i tiOIl temperatures 

can be iclentified in !.he II rst deri\'aLive plots. Popul.!.lions with a T m of SO"C or rngher correspond to the larger PCR 

products, and are usuall)' assigned to a spccifie ONA producto ONA produru displa)'ing mc!ting tempcrature.s Icss 

!.han 75°C corrcslx)Jld to non· spccifi c ONA produru !hat are not necessari ly homogeneous and ma)': contain 

mulLiple PCR product spedes. 

Oynamic Ra nge The range of Iluorcsccncc signal (from the lowest to the h.ighcst in the experiment) jn which !.hcre 

is a direct linear rc!ationship between actual fluorescence and reported signa!. This range lies bet wcen lhe background 

noise on lhe lower end and the point whcre !.he detector starts to becorne saturated on the higher end. A wide 

dynarnie range in a real· Lime system ronfen U1C ability to detect samples with high and low copy nwnber in !.he san1e 

run o 

M o lec ular Beacon M e lting Curve Aftcr lhe Moleculilr Ikacon is manufactured, the melting characteristics 

should be verilled using a rnelt curve anal)'.sis protocol to determine the Molecular Bearon's targcl spccifici ty, melting 

tempcrature (Tm), and appropriate annca]¡ng temperature for subsequent PCR experiments, The melt curve rusplays 

Ule Molecular Beacon Iluoreseence at various temperaturcs in the prcsenee or absenee of single-stranded 



oligonucleolide target. For aUele discriminiltion aS$3.ys, Ihe mclting curve performcd \Vilh lhe matched and Ihe 

mismatd'ed synlhetic larget defines the optimal temperature for aS$3.y discrhJlilJalion performance. 

Molecular Bcacon Prohcs Hairpin-shaped iluoresccncc-Iabeled probes lhat can be used lo monitor PCR proouct 

formation cither during or after the amp]¡f'¡cation process. The free probe mailltains the hairpin structure and causes 

quenching of lhe Iluorophore. When lhe probe is annealed lo target the Iluorophore is separated from Ihe quendler 

and Iluoreseenee can be detected. 

Platc-Rcacl (Endpoint) Exp eriments A single measurcment of the Iluorcscence taken at the completion of the 

amplif'¡cation rcaction. Results are generally recorded as either a positive or negaUve call on whether amplilkation 

occurred. Quantitation bascd 00 endpoint Iluorescence is generally Ilot as accurate as a real· time quantitative PCR 

as:say. 

Q ualitath'e Dctcction Detennination of the prescnce or abscncc of templale of interest bascd on cither Ct values 

or cndpoint Iluorescence. 

Quantitati\'e PC R Analysis Determination of either the starting concenlration of a tem plale of interest or the 

rebtive ratio of the quantity of a tem plate in Iwo differenl samples. This is based on either product measurement 

;¡fter Ihe PCR reaClion is complete or monitoring fluorescencc inlensily during the PCR reaction at each cycle in a 

doscd-tube systcm. Methods for both RNA and DNA are available lo determine mRNA signal leve!s and/or DNA 

gene qU.lntif'¡cation. S Quantilative PCR analysis software uses absolute standard CUf\'es, reJative standard curves, or 

comp.trativc methods for d .. u ólnal)'sis. 

Qucnchc r A compound used in QPCR experiments thal absorbs the energy of the reporter dye in its excited sute. 

The quencher can emi t ils own Iluorescent signal (e.g. TAMRA) or emit no fluoresccnt signal (e.g. DABCYL, Black 

Hole Quencher). 

Rea l-Time E.xperime nts QPCR- experiments that monitor and repart tbe accumlllation of PCR produCl by 

measllring fl uorescence illtensi!y al each cycle while the amplificalion reac.:tion progresses. Data are collecled at tJ,e 

end of each melt/elongation cyele of the lhermal cyeling. 

Refcren ce Oye Dye used in real· time cxperiment~ for normalizalion of the fluore:scence signal of the reporter 

Iluorophore. The reference dye fluoresces at a constan! level from cycle lo cycle during the reactiOIl, and if the 

rcaction was aliquotted properly it will be al the $aflle conccntration in every sam ple. To nonualize. the Iluorescence 

signal of lhe reporter dye at each cyele is dividcd by the Iluorescence signal of the reference dye in that tube at lhe 

same cycle, and normalized results are dispbyed as a ratio of the signal from the two dyes. ROX is commonly used as 

a refcrencc dye. 

Re porte r Oye The fluorescenl dye used to monitor PCR proouct accumulaUon in a QPCR experimento Thi~ can be 
attached to a probe (such as with Ta<¡Man or Molecu lar Beacons) or free in sohltion (such as SYBR Green 1). Airo 

known.lS the Iluorophore . 

Scn.siti,\'ity o f Oe tect io n 111e leve! at which .1. given .lSSa)' is able to deteCl low copy numbers of lhe produCl of 

inlerest. This is iml>ortant when working with samples that have low expression levels. 

Ta(IMan Probcs Linear FRET Iluorcsccnce-labeled probes used to monitor PCR product formation either during 

or ;¡fter the amplillcation procas. As the DNA polymensc extends tJ,e upstream primers and eneounters Ihe 

downstream probe, lhe S' to 3' nucle.lSe .lctivity of the polymerase cleaves the prob<:.. Following cleavage, Ihe 

reporter fluorophore is rclcased inlo tJ,e rcaetion solution and Iluorescencc is delected. 
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Exercise 1: 

PCR amplification of DNA from Acidovorax avenae subsp. c/trul/l 
-i n WiltCT ilInd waterrnclon sccd wash -

A. SAMPLES: Acidovorax "wcn:tc subSI)' d trulli CEU. SUSPENSION 

1. Six ;¡amples of scril'llly dilutcd Aac in w aler and watcrmdon sced wash. plu~ a positive and ncgative control 

a. 106 CFlI /ml. Aac in water and watcrmelon secd wash 

b. iO'CFU/rnl. Aac in water and watermdon sccd wash 

c. 10' CFU /ml. Aac in water and waterrnclon seed wash 

B. PREPARING REAL TIM E peR SAM PLES 

2. Allow all pe R reagcllu rneh oompletcly 011 crushed ice. Place pe R tubes Oll crushcd ice. 

3. Accorrung to (he ratios liste<! bclow. c.l lculate the volume of each reagen l , and add ilion imo a stcrilc 

microa:ntrif\lge tube. Brien)', vortex 10 Ill ix !he pe R mastermix and men centrifuge lhe lube. 

pe R rc~cnu # of reacciones 

Bioline Master MIX 6.3 X 10 

AACF3 (25 11M) 0.3 X 10 

AACR2 (25 pM) 0.3 X 10 

AAC Probc2 ( 10 )JM) 0.5 X 10 

Sterile PCR-gradc watcr 12.6 X 10 

4. 
s. 
6 . 

7. 

X 10 

Transfcr 20)J I of this PCR rnaslermix ¡n Stcp 2 to each PCR tubc . 

Add 5 )JI of DNA s."Imple or sterile water 10 cad} corresponding tubc. 

Place PCR tubcs In real timc PCR machine 

Click Start Run to slart lhc IlCW run o 

Volurne of each reagcnt ÜIL) 

For the serial di lutioll assay use the followmg real time PCR conditions listed below. 

Stcp 1 95°C 180secopticsoIT 

Stc]> 295°C 15 sec optia off 

Stcp 360°C 40 !!Ce optics on 

Repcal stcps 2 & 3 35 timC$. 



I 

To establish a bascline lhrcshold, run PCR using lhe lenfold serial dilulions of Aac cultures provicled ancl an 

addilional negalive control (water), Based on lhe r esults of this serial dilulion adjust your Utrcshold such 

that the baseline is aboye lhe negative controllluorescence hne bUl below that for thc lowest positive dleck. 

c. RESULTS 

PCR results 

A avenae subsp citrulli 
cell suspcnsion (CFU I mI) Serial di lutions in water Serial dilutions in watcrmclon 

(Ct valuc) scedwash (el value) 

10' 

10' I 
10' 

Posith'c control ( l lf Aae) 

Negative control (DDW) 
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Exerclse 11: 

IMS-PCR with A. avenae subsp. citrulli cell supenslon 

A. SAA\PLES: Acidol'orax uvenae subsp. ritrulli C ELL SUSPENS ION in sccd wash 

l . Two samples or serially di luted Aac in watcrmclon 5ced wash. Plus a positivc and neg.ltivc control 

a. lO' CFU / ml. Aac in \\'3.termelon sced w:uh 

b. lOS CFlI / nll. Aa<; in walennelan sccd wash 

B. IMS o f Acidovora.f Qvenae subsp. citrulli 

2. Acld 250 ~tl anti-Aac coated immullomagnclic beads (IMBs) (Quick Beads, Envirologix Ine.) (supplied) 

¡nlo cach s;unplc tube (Figure 1) . 

Figure 1. Gently add coated IMBs lo sample. 

3 . Incubatc salllplcs for I h on an cnd-ovcr -cnd sample mixer Witll gcntlc agiUtion (30 rpm). (Fig. 2) 



Figure 2 Example of an end-over-cnd mixer. 

4. Remove tubes from sample mixer and place in magnetic prnicle concc:ntrator (MPC) (Figure 3). 

Figure 3. Example of an MPC 

5. lIse the MPC to rime IMBs by removing buffer from caen tube using a slerile Pasteur pipette and adding 8 

mi ofPBS-BSA. Repeat 3 times. 

6. Rinse IMBs a 4th time with 8ml oC sterile deionized water. Resuspcnd IMBs in 500 JlI water and transfer to 

a sterile microcentrifuge tubc. 

7. Place sample tube in MPC and removc excess water without disturbing IMBs. (Figure 4) 



Figure 4. Concentrate samptes in microcentriruge lllbe 

8. Add 20 111 or ' lerHe deioni"lccl waler. 

9. Incubate IMBs (with attachcd bacteria) at 100°C ror 10 mino 

10. Ccntrirugc sampb at 13,000 rpm ror 15 seconds to colled IMBs (Figure 5). Use DNA rdca~cd by Iysis as 

templatc ror PCR. po not t rn ni' rCC IMBs jn'o the PCR C(:ac ljon!!! PCR can be run inHncdiatcly or at 

a later date. Ir PCR will be run Ja ter, DNA 5.lmples must be rrozcn. 

Figure 5. IMBs arter cclls have been IY$Cd by boiling 

C. PREPARING REAL T IME ¡>CR SAMPLES 

11. AJlow al1 PCR rcagenh to mclt complctcly on crushed ice. Place rour peR tubes on crllllhed ice. 



I 

12. Aocording to me ruios listed below, calculate the volume of caen rugent, and add mcm into a steri le 

microcclltrif\lgc tube. Bricny, vortex to mix me PCR maslcrmix and then centrifuge the lube. 

PCR Rea~cnt # of reacciones Volumc of cach rea ent (pL) 

BioRad Master Mix 12.5 x 6 

AACF3 (25 JlM) 0.3 x 6 

AACR2 (25 pM) 0 .3 x 6 

AAC Probe2 (10 11M) 0.5 x 6 

Sterile PCR-grade water 6.' x 6 

x 6 

13. Transfer 20.,.1 ofthis PCR mastermix in Step 2 loeam PCR tube. 

14. Add 5 pi of ONA samplc or sterile water to each corresponding tube. 

15. Centrifuge briel1y ami transfer contents in to PCR plate. Place plale in real time PCR machine 

16. Click Start Run 10 slart lhe ncw rUll . 

For the serial dilution assay use me fo llowing real time PCR conditioJls Usted below. 

Step I 9SoC 180 !ICe optics off 

S1ep 295°C 15 see optics off 

Stcp 3 6QoC 40 see opucs on 

Repcat steps 2 & 3 35 time$. 

To establish a baseline threshold, run PCR using the tenfold serial dilutions of Aae cultures provided and an additional 

negative control (water). & .sed on lhe r esults of this serial dilution adjusl your threshold such tha1 lhe ba.seline is 

aboye the negative control lluorescence ¡¡ne bUI below thal fOI" thc Jowest positi,·c check. 



D. IUSULTS 

A. :r.vr:n:r.r: subsp. otrulhcdl :swpc.nsion (CFlI / ml) 

PCR I>o~i tivc 

conlrol 
PCR Ilcgalivc 

control 

10\ 

I(}I 

106 

DDW 

c r v:r.lur: 

I 

I 

I 



Exercise 111: 

Detection of A. avenae subsp. cltrulll in cucurblt seeds uslng IMS 
PCR 

A. BACTERIAL EXTRACfION FROM SEEDS 

1 . Place sample (5 ,000 seeds) into flaslcs (Figure 1) . 

Positivc control 5,000 clean watermelon scccls wilh infcsted seeds 
Negative control 5,000 d can watermelon sceds 

Figure 1. 5,000 seeds in 1 L flas k 

2. Acld 350 mI of sterile 0.1 M phosphate buffcred Sdline (PBS) (Appendix Al ). 

3. Shakc al 250 rpm for Ihr. 

4 . Pass sced wash through four layer! of cheesedoth . Use a sler ilc funnel to collcct lhe fil trate in a sterile 

500 mi flask (Figure 2). 



'" O 
O 
N 

;;, 
OC¡ 

~ • e 
.2 
u 
~ 

" "-« 
~ 

~ 
15 
,¡; 

" • ~ 
ro 
o 
e 
~ 

" 

Figu re 2. Sceds are collceted u~ing 4 layers of ehecscclolh 

5. Measure the volume of seed wash and add 1/20 of the volume of pcctinae (e.g. ¡fthe vol. of seed wash 

is 200 mI, add 10 mI of l>ectinase) 

6. Shake samples with for 1 hr 

7. Pour seed wash through Whaunan # 1 filler paper into a sterile I L Oask. Filter 30-60 minutes (Figure 

3) 

8. 

Figure 3. Fi ltration of seed wash. 

Colleet approximatcly 50 mi of sced wash and cenlrifuge for 15 minutes at 9,600 rplll (Figures 4 and 

S). 



Fig u re 4. Seed wash after filtralion 

Fig u re 5. Example of centrifuge 

9. Resu$pend pellet in 6 mi O. IM PBS with bovine sc::rum alb\lffim (PBS-BSA) (Appenrux A2). 

B. lMS o f AcidOI'o r ax av('n a(' subsp. cirrulli 

10. Place 6 mi of each secd extract into a sterile 9 mi glass lUbc W\th screw C.lp. 
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JI . Acld 250 ~, I anLi -Aac coated immunomagnetic beads (IMBs) (Quid: Ikads. Eovirologix Ine.) (supplied) 

¡nto caro sample tube (Figll r~ 6). 

12. Additionally, add 250 ),1 anti -Aae (;oalcd IMBs to a positivc control sample with 1 0~ CFU/ ml 

(supplicd) 

Fig ure 6. Gently add coated IM Bs lO sample 

13. Incubate samplcs for 1 h on an end-over-cnd sample mixer with gentle agilalion (30 rpm). (f igure 7) 

14. 

Figure 7. Exarnple of an cnd-over-cnd mixcr. 

Remo."e tubes Relllo."e tubes from samp[e mixer and place in magm:lie partide concentratOl" (MPC) 

(Figure 8). 



I;ig urc 8. Example of an MPC 

15, Use lhe MPC 10 rinse IM.Bs by removing buffer from cach lube using a slcrile PaSlcur pipelle and 

adding 8 mi or PBS-BSA. Rel>eat 3 times. 

16. Rinse 1MB! a 4th lime wilh Sml of sterile deionized wat~r . Ru ullJ>cnd IMBs in SOO p i water and 

Iransfcr 10 a stcrile microcclllrifuge tube. 

17. Place wnple tube in MPC and remo\'e excess water wilhout di$wrbing IM&. (Figure 9) 

Fig u re 9. Concenlratc 5llI1lples in 1l1lCl"occntnfugc tube 

18. Add 20 pI oC stenJc ddonized water. 

19. lllcubatc IMBs (wilh attached bacteria) al 100°C for lO minutes. 



20. Centrifuge samples at 13,000 rpm for 15 seconds 10 collcct JMBs (Figure 10). Use DNA rclcased by 

lyS1S as templa!e for PCR. Do 1\01 lransrcr IMBs inlo lil e pe R rcac tio nm PCR can be rUIl 

lmmedialely or at a laler dalc. IfPCR will be run bter. DNA SJm ples must be frO'l.en. 

Figure 10. IMili afler cells have bcCIl lyscd by boiung 

C. PREPARING REAL TIME VCR SAM PLES 

21. AHow aH PCR reagcnl'l melt completely 00 crushe(1 ice. Pla~ five PCR tubcs on crushcd ice. 

22 . According to Ihe ratios lisled below, calculate!.he volume of each reagcnt. and a<ld them into a sterile 

microccnlrifuge lube. Brieny, vortcx to mix Ihe PCR mastermix and then ccntrifuge Ihe tube. 

Reactivo de PCR # de rcacdoncs Volumen de cada reactivo (l.li) 

BioRad Master Mi.x 12.5 X 6 = 

Primer! (50 ~IM) 0.25 X 6 

Primer 2 (50 11M) 0.25 X 6 

AAC Probe 5 (10 ¡1M) 0.125 X 6 

Slcrilc PCR-grade wáter 6.9 X 6 

X 6 

23. Transfer 20 J.IJ of Ihis PCR ma!!termix in SleJ> 2 to each PCR tube. 

24. Add 5 ,d of DNA 5ample or sterile water to each corre~ponding lube. 

25. Ccntrifuge brieny and transfer contents in 10 a PCR plateo Place plale in real time PCR machíne 

26. Click Sta rt Run to 5tarl!.he new runo 



For the seed sample assay use tlle following real time PCR condi tions. listed below. 

Step 1 95°C 180secopticsoff 

Step 295°C 15 sec optics off 

Slep 362°C 20 sec optics on 

Repeat steps 2 & 3 40 times. 

To establish a baseline tlU'eshold, run PCR using the lenfold serial dilu liom of Aac cultures provided and an additional 

negativc control (water). &sed on the resultl; of trus serial dilution adjust your thresho!d 5ucb that the base!ine is 

above the negative control fluorescencc !ine but be!ow that for the 10wesl positive check.. 

C. RESULTS 

Samples et Valucs 

Posit.i\·e 
5 ,000 clean watermelon seeru with 

infested seeds 

Negative 5,000 d ean watermelon seeds 

IMS positive 
lO' CFU/ ml A. an:nae s\lbsp. 

dtrul li culture 

PCR positivc 
106 CFU / ml A. avenae subsp. 

dtrull i culture 
PCR negalive DDW ! 



Practica 1: 

Amplificación de Acldovorax avenae subsp. citrulli 
-en agua y lavado de sem illas-

A. Mu estras: AcidQvQTaX a ven ae subsp. cit r uJli 

a. l<r CFU/ ml. Aac en agua y lavado de sc:milbs 

b. IOICFU / ml. AOlcen agua y Ja"aJ ode semillas 

c. lO' CFlI/ml. Aae en agua y lavoldo (le semiJ las. 

B. l' rc l,arar los rca c ti,'o s para la pcn 

l . Pennita que todos los reactivos de PC R se descongelen sobre el hielo. 

2. De acuerdo al número de reacciones, multiplique la cantidad de reactivos (Iue debe uti lizar)' adicióne]o al 

tubo marcado como "Oiolin c". 

Reactivo de PC R # or reacciones Volumen de cada reactivo ÜII) 

AACF3 (25 ~lM) 0.3 X 10 

AACR2 (25 )JM) 0.3 X 10 

AAC Probc.2 ( 10 ¡lM) 0.5 X 10 

Slcrilc PCR-grade water 12.6 X 10 

X 10 

~ 3. Transfiera 20 ~d de este coctel a cada tubo parOl el pe Ro 

;;, 
00 4. Añada S !_d de muestra o agua esterilizada a cad ... tubo corre~ l}(mdiente. 

S. Pong" 105 tubos de PC R en la maquina de Real Tjme PC R 

6. Oprima Sta rt Run para em pezar una nueva corrid". 



Practica 11: 

IMS-PCR con suspensión de A. avenae subsp. cltru/ll 

A. Muestras: Suspensión d e Acidovorax avenae su bsp. ci rru.1li e n lavad o de semillas 

a. 10' CFU /m l. Aac en lavado de semil las 

b. 101 CFlI/ml. Aac en lavado de semillas 

B. IMS d e Addovora .t Qvenae subsp . cilrulli 

\ . Añad.;a 250 ~I l de anti-Aac immunomagnetic beads (I MB~) (Quick Beads. Envirologix Ine.) a cada tubo. 

2. IncuM las mucstr.ls I)()f 1 hora en un balandn. 

3. Retire los tubos del balancín y ¡>óngalos en el magnctic partidc ooncenU"alor (MPC). 

4. Utilice el MPC para enjuagar los IMBs removiendo la soluci6n tampón de cad" tul>o con una pipeta 

Pasteur y añadiendo 8 mi de PBS-BSA. Repita 3 veces. 

5. Enjuag\lc los IMBs l>Of cuarta vez utilizando Sml de agua cSlcri lil'Alda . Resuspcnda los IMBs en Soo}.tl de 

agua y transfiera la muestra a un tubo de 1.5 mI. 

6. Ponga cllllbo con la muestra en el MPC, remueva el agua en exceso sin remover los IMBs. 

7 . Añad.a 20 ~I de agua esterilizada. 

8. Incube los IMBs a 100°C por 10 min o 

9. Bre"t;mente centrifugue J.1S muestras pan colectar los 1MB!!. Uti lice el ADN producto de la lisis como 

mut':stra para el pe Ro No t ra ns fi e ra los IMBs a l tubo d e PCR!. El PCR se puede correr 

inmediatamente o conservar las muestras congeladas. 



B. Preparar los react ivo s pa ra el PCR 

l . Permita que todos los reactivo:'! de PCR se descongelen sobre el hielo 

2. De acuerdo al número de reacciones multiplique la cantidad de reactivos que debe utiliz.u 

Reactivo de PCR # oí reacciones Volumen de cada reactivo (~ I ) 

BioRad Master Mix 12.5 X 6 

AACf3 (25 flM) 0.3 X 6 

AACR2 (25 )1 M) 0 .3 X 6 

AAC Probc2 (10 ,1M) 0.5 X 6 

Stcrilc PCR-grade water 6. ' x 6 = 

x 6 

3. Transfiera 20 ~l de este cóctel a cada tubo para el PCR. 

4. Añada 5 ,11 de muestTa o agua esterilizada al tubo correspondiente . 

5. Ponga los tubos de PCR en la maquina de Real Time PCR. 

6. Oprima Start Run para empezar una nueva corrida 



Practica 111: 

Detección de A. avenae subsp. citrulll en semillas de sandla 
utilizando IMS-PCR 

A. E."t racción de bacteria a part ir d e las semillas 

1. Pongol cada muestl"a (5,000 semillas) dentro de un n;tsk de un lit ro. 

2. Añada 350 mi de O. 1 M phosphate bufiered s.tline (PBS). 

3. Agite por 1 hora. 

4 . Pase el lavado de semillas por cuatro capas de gasa utili .. .ando un Oask de 500 mi y un embudo. 

S. Mida el volumen del bvaelo de semillas y molda pectinasa a una proporción 1/20 del volumell total de la 

muestra. (e.g. si el volume dei lavado de semillas es 200 mi, añad.l 10 mI of pectinua) 

6. Agite por I hr. 

7. Pase el lavado de semillas a través de papel fil tro, utilizando Ul) nask y un embudo. 

8. Transfiera aproximadamente 40 mi del lavado de semilla un tubo de centrifugación)' centrifugue por 15 

minutos a 9,600 rpm 

9. Resuspend¡¡ el precipitoldo en 6 mi de O. IM PBS más bovinescrum albumin (PBS-BSA) . 

B. IMS or Acidovorax avenae $ubsp. citrulli 

l . Transfiera 6 mi de cada muestra a un tubo de vidrio esterilizado de 9 mI. 

2. Añada 250 .... 1 de anli-Aae immunomagnetic beads (IM&) (Quick Beads, Envirologix Ine.) a cada tubo. 

3. Adicionalmente, añada 250 ~t l de anti-Aae COdted IMBs a un control positivo con lO' CFU /m l. 

4. Incube las muestras por 1 hora en un balanan. 

5. Retire 10$ tubos del balanan y póngalos en el magnetic partid!:': concentrator (MPC). 

6. Utilice el MPC para lavar los IMl3s, removiendo la soluciÓn lampOn de cada tubo con una pipeta P.lsteur 

y añadiendo 8 mi de PBS· BSA. Repi ta 3 veces. 

7. Lave los IMBs por ruart.l \·cz uti li"l.ando 8ml de agu.l esterilizada. Resuspenda los IM& cn 500 JtI <le agua 

y transfiera la muestra a un tubo de 1.5 mI. 

8. Ponga ellubo con b. mueslr.l en el MPC, remueva el agua en exceso sin remover ni tocar Jos IMBs. 



9. Añada 20 ~ll de ¡¡gua esteriliz.lda. 

JO. IncubeloslMBsa 100°C por IOmin. 

11 . Brevemente centrifugue las muestras para colectar los IMBs. Utilice el ADN producto de la lisis como 

mue5tr;a para el peRo No transfiera los lMDs al tubo de peS! , El PCR se puede correr 

inmediatamente o conservar las muestras congeladas. 

C. Prc l)arar los reactivos para el PCR 

l . Permita que todos los re¡¡ctivos de PCR se descongelen sobre el hielo 

2. De acuerdo al número de re.l.CC1ones multiplique la cantidAd de reactivos que debe utili7.01.r. 

Reactivo de PCR # de reacciones Volumen de cada re;¡ctivo (~I) 

810Rad Master Mix 12.5 X 6 

Prjmcr l (SO ~IM) 0.25 X 6 

Primer 2 (SO tlM) 0.25 X 6 

AAC Probe S ( 10 pM) 0. 125 X 6 = 

Stcrile PCR-grade water 6.9 X 6 

X 6 

3. Transfiera 20 pi de este cóctel a cada tubo para el PCR . 

4. Añada S ¡JI de muestr.l. o agua esterilizada al tubo corresl>Olldiente. 

5. Ponga los tubos de PCR en la máquina de RealTime pe Ro 

6. Oprima Start HUI1 para empezar una nueva corrida 



Pract ica IV: 

Detección de un Fitoplasma del subgrupo 16srlll-L asociado con 
Cuero de Sapo 

Metodologfa para Extracción de ADN Total 
MClOdo según Wiz;¡rd Genomic DNA Purification Ki t (Promcga, Maclison, WI) 

1. Tomar 40 mg de tejido y macerar usando bolsa plástica con malla . 

2. Adicione 600 ~IL de Nudei Lysis Solution. 

3. Incubar a 6S oC por 15 minutos, rc(:upere la mayor cantidad de la solución ( 100 )1L - 200 ).lL 

aproximadamente) con el macerado en la boL<Q )' lnnsfiriendo a lubo de 1.5 mL. 

4. Adicione 3 IlL de RNase Solution y mezcle agitando el tubo 2-5 veces. Incube a 37 °C por 15 minutos y 

luego deje la muestra a temperatura ambiente por S minutos. 

S. Adicione 200 IlL de Proteio Precipitation Solution y homogcnicc en vortex a alta velocidad por 20 segundos. 

6. Centrifugue por 3 minutos a 14()(X) .... p.m. 

7. Cuidadosamente remueva el sobrcnadante el cual contiene el DNA (deje el precipitado de proteínas en el 

tubo) y transfiera lo a un tubo de 1.5 mL con 600 pL de i~opropanol a temperatura ambiente. 

8. Mezcle fuertemente la solucion por inversion. 

9. Centrirugue la mezcla a 14000 r.p.m por 1 minuto a temperatura ambiente . 

10. Elimine el sohrenadante con cuidado. Adicione 600 )JL de etanol al 70% a temperatura vnhiente e invierta 

el tubo varias veces para limpiar el AON. Cen trirugue a J4000 r.p.m I>or 1 minuto a temperatura ambiente. 

11 . Elimine el etanol aspidndolo con una micropipeta o invirtiendo el tubo con cuidado de no perder el pellet. 

Evite aspirar el precipitado con la pipeta. 

12 . Invierta el tubo 50bre una toalla de papel absorbente durante 15 rninuto~ para secar el precipitado de AON. 

13. Adicione 100 pL de ADN Rehydration Solution y resuspenda el precipitado o pelle!. También se puede 

incubar toda la noche a 4 "C. Almacenar el ADN a 2·8 QC 



Metodologfa para Extracción de AON Total 
M¿tooo buffer rm(ato 

l . Tomar 0. 1 g de tejIdo adiCIonar I 011 de buffer fosfato)' maCCfM uSilnclo bolAS p l;l5ti~ (pl:l.SlIC bags with a 

he.ny net.) 

2. Tomar de la bolsa 20 ,.L del macerado y rcalizar diluciones seriadas Iu.~ ta l.x 10' . 

3. [ncubu a 96 Oc I)()r ... minutO! 

4. CoIOCM en luelo I)()f" 2 minutos. 

Tomar 3 'IL cada diluCIón paril QPCR. 



La sonda y cebadores para la detección del f1t oplasma 16Srlll-L asociado con el cuero de 5<11>0 de la yuca, se diseñaron 

baS<l.dos en el gen 'p que codi flca r ara proteínas ribosomales. Este gen es utilb.ado ¡);Ira la clasIficaCIón taxonómica de 

fitoplasmas, debido a que es altamente conscn-ado y tiene una menor ¡Iumero de característica, simlbres con 

lncterias gram positivas y entre los diferentes CodiJotusfiloplasma, lo que o torga una mayor espedfldd .. d a Iil sonda y 

~badores ruseñ .. dO$ (Figuril 1)' Tablil 1). 

P S10 L3 L4 L23 S 19 L>2 L1 6 L29 S I ? L14 

RpIII-PF Amplicon 'S7 bp rpIII-PR 

Figura 1. Ubicación de) .. ~nplioon 87 bp dentro del gen 'p. 

Tabla l . Cebadores y sonda uti liu.dos pard Id dmpl¡fi cación por PCR en tiempo real del fltoplasma 16$rllI -L asociado 

con el cuero de !\,;Ipo de la yuca. 

I rplll-PF 
rplll -PR 
rplll-P 

Nombre 

Procedimiento 

Tm 

56.3 
57.8 
64.9 

Tamaño de amplicon 
(enpb) 

87 

Gen 

Rp 

Fluorocromo 

FAM/ IBFQ 

La totalidad del procedimiento para IMI reacciones de PCR en tIempo real se debe ha~r en I.a dmau de flujo l,uninóIT 

y los reactivos deben mantenerse en hiclo. 

Las condIciones a aplIcar ( rablil 2) para cada reacción PCR con un volumen fi n .. 1 de 25 ~1, 5011 1;15 siguientes: BulTer 

Taq (BIOLASETM ONA Pol)'mer .. se, BIOUNE) IOxNH4 ( I6OmM (NH4)2S04, 67OTrb-HCJ pH 8.0, O . l ~o Tween-

20), a una concentración final de IX /~Lj 0.2 mM de a.da uno de los dNTPs, 30 nM. Referentt dye, 200 nM de 

sonda rrlll-p, 600 nM de ~b;ador rplll -PF, 200 nM de cebador rpIII-PR , 1.5 U Taq PolimeraQ, 3 mM de MgCI2, 3 



~L de ADN total, agua HPLC esterilizada a través de un mtro de membrana de 0.22 lJm de tamaño de poro 

(MILLEX' -GV¡ Mil lipore Products Division, Bedrord , MA) y por autoclave. 

Preparar la mezcla indicada en la Tabla 2, para esto calcule el volumen total teniendo en cuenta el número de 

muestras a procesar, incluyendo un control neg .. tivo que DEBE ser agregado de último y al menos un control positivo 

de una muestra conocida, dando el margen de una muestra adicional, que le permit;\ corregir el error de pipeteo. 

Adicione cada com l>onente en el orden indicado. El cóctel así prepilrado se distribuye en tubos }'Mol QPCR agregando 

a cada uno un volumen de 22 ,.d, luego incube las muestras para su ;unplificaci6n por PCR en tieml>O real, en un 

equipo Slralagene's Mx 300SP programado con el perfil dc amplificación indicado en la Tabla 3. 

Tabla 2. Conccntraciones)' volúmenes de componentes para una reacción de PCR en tiempo real para amplificación 

de una región del gen rp asociada con el fitoplasma 16Srlll-L asociado con el (.u,¡:ro de sal>O de la yuca. 

Reactivo Conccntración Concentración Reacci6n x 1 # de reacciones Volumen de 
inicial final muestra beL) cad .. reactivo 

<"L) 
H2Q destilada estéril 12.3 X 11 

Sond .. rplll -P SOOO nM 200nM X 11 

Cebador rplll-PF IOpM 600nM 1.5 X 11 

Cebador rpllI-PR JO )IM 200nM 0.5 X 11 

ADN 3 

"Volumen Final 25 pL 

' Bioline (Nclson Royeiro & Cia) 
.. De acuerdo al número de reacciones, multiplique la cantidad de reactivos que debe utilizar y adiciónelo al moo 
marcado como "Oio linc". 

Ta bla 3. Condiciones de amplificación del ADN para PCR en ticml>O real de una región del gcn rp del fltopla~ma 

16Srlll -L asociado con el cuero de sapo de la yuca. 

95 
95 

60 

Tiempo 

10 min 

30 seg 
1 min 

No de Ciclos 

40 



Práctica V: 

Detección de Ra/stonla solanacearum causante del moko del 
plátano mediante PCR en Tiempo Real 

La bacteria RtJlstonia solanauarum es el agente causante de b. marchitez. bacteriana del plátano, también conocida como 

moko, enfermedad que limita gravemente la producción de plát,lIlo. El patógeno se caractcriUl por su agresividad, 

facilidad de dispersión y alta nriab¡lidad genética, causando importantes ¡>érdidas económicas . 

Existen diferentes métodos empleados para la detección de la b;¡ctcria en tejido de planta y suelo . Para la deteccion 

de este patógeno, principalmente en suelo, se utiliza la técnica de B10 -PCR, la prueba de hipersensibilidad en tabaco 

y pruebas bioquímicas para la identificaci6n de biovares. 

La técnica (le BIO - PCR oon$iste en el aislamiento de colonias en medio semi- selectivo Sudáfrica (SMSA) (Denny)' 

Haywarcl, 2(01) y loa amplificación con el cebado ... específico O Ll I , j\mto con el cebildor no específico Y2 . .La pruebil 

de hipersensibilidad del tabaco consiste en inoculilr plMltas tilbilCO con lu bacterias aisladas de tejido enfermo. Esta 

metodología pe ... mite identificar cepas de la n17..a. 2, patógen.as pa ... oa el platano (unMlo y Scqueira, 1970). Un tercer 

método consiste en caracterizar biovares a tnvés de pruebas bioquímicas (Dcnny y Hayward, 2001). 

Sin embargo, estas metodologías presentan baja sensibilidad, especificidad y demanda de tiempo para el diagnóstico 

de la enfe ... medad. La detección e identificación de R. sclanacearum mediante qPCR permite la detección en menor 

tiempo sin afectar [a sensibilidad y eSI>eciflcidad, adicionalmente se pod"':' cuantificar la cantidad aproximada de células 

bacterianas, cualidades que optimiun la <letección temprana del patógeno. 

Recolección y conservación de muestras 

El mate ... ial a colectar debe estar conformado po r tejidos jóvenes <Iue p resenten los síntomas típk"Os de la 

enfermedad, como seudotallo, peciolo, raíz y fruto. Los tejidos deben estar en buen estado , preferiblemente con 

sintomu tempranos e intermedios de la enfermedad y no presentar necrosis avanzada o deterioro del tejido. 

En el momento de la colecta, el tejido seleccionado se envuelve en toallas (le papel desechables o en papel haIT, luego 

éste se introduce en una bolsa pl.i.stic-.l y se almacena en nevera sel!.lda de icol>or a ± lOoC, preferiblemente con hielo. 

Estas condiciones deben ser mantenid;¡s ha.st;¡ el momento del an.l lisis; si la mueslTa está húmed;¡ al momento de 

tomarla, primero se scca al ai re y poste ... iormente se en\"Uelve como se mencionó anterionnente, con el fi n de evitar 

d deterioro de ésta, lo que facil ita la detección del patógeno. Bajo condiciones de labo ... ato ... io, las muestras pueden 

permanecerá a 4°C I>or mhimo dos semanas, l>Cro preferiblemente deben ser procesadas inmediatamente . 

Diseño de la sonda 

La sonda TaqMan® e~pccíflca para la dctcccion de R. sclllnauarum en m usáceas se diseño a pa ... ti ... de cepas aisbdas en 

Colombia y con base en la clas.ificación reportada PO'" Fegan y Prior (2005), según la cual co ...... esponde a las cepas de 

moko (filotipo 1I - sequevar 4). La a$OÓación con la región rrs se realizó mediante co ... relación de patogenicidad de las 



cepas y auscncia o presencia de frilgmentos amplificado;; de $c(lucvar 40 Con la región identificada, se utilIz6 el 

programa Primer ExprcS5 ®software v. 2.0 rara el diseñ.o de la sonda TaqMan ® y los primer! forward y reverse. 

Hcfcrcnc i<ts 

Hayward, A. C. 1991. Biology and epidemiology of bacterial wih causcd by P~mlomonas solanauaTum. Annual Revicw 

ofPhytophatology. 29: 64-87. 

Fegan M. and Prior P. 2005. How complex '8 the "P.olSlOnia solanactorum spedes complex"o In ' Boletcrial Wih: The 

Disease and lhe RolsrorJio so!onoctarum species complex ' . (Eds Co ABen, P. Prior, A. C. Hayward) pp. 449-46 1. (A PS 

Press: S1. Paul). 

Procedimiento 

Ao Materiales 

• Tubos o tiras de tuoos pan. <¡PCR. 

• Centrifuga. 

• E<Juipo para Real Time PCR (Lght cydcr machine). 

• H}O grado HPLC estéril y libres de DNAsas. 

• Ta<¡m;m PCR Master Mix (se debe preparar). 

• MkTopipetas y puntds estériles con fil tro. 

• DNA a\Yay. 

B. Detección directa a Ilartir de tejido 

l. M.acerar 0.05 gr de tej ido rresco de seudotallo con sín tomas de la enfermedad el) oolsa plástica con malla, 

adicionando 0.45 mI de buffer rosrato pH 7.2, la suspensi6n se lIe\'a a 96°C en ooño maria durante cuatro minutos, 

seguido dc incul>ación en hielo por dos minutos. El mismo procedimiento se realiza con tejido freS(.:u sano. 

2. La suspensión se trasfiere a un tuoo de l o S 011 Y a I~rti r de este se reali7.an diluciones seriadas en base 10 hasta I O-i, 

luego de cada dilución se toma el volumen requerido para la reacción <¡PCR. 

C. Detección direc ta utiliz.mdo el Wi " ... 1.fd Genomic DNA Purification Kit (Promega®) 

Seguir protocolo $Cgún P.tg 61. 

D. H.eal Time PCR 

l. Inicialmente se calculad las cantidades de cada reactivo para conformar el cóctel (Master mix) I",r" 2 

muestras de plantas con moko, uno control po:>itivo y dos controlllegativos. El volumen final es l),.lra 8 

reacciones (Tabla 1). 



Tabla 1. Conccntracioneg y volúmenes de los reactivos c:¡ue se utilizan para una reacción )'/0 8 reacciones de c:¡PCR 

Reactivos Concentración Concentración Volumen para Volumen para 8 

Stock Final reacción (¡.ti) reacciónes ÜlI) 

Agua PLC 12.1 x 8 

dNTP' s 2mM 200}.lM 2.5 x8 

PCR Buffer* 10X IX 2.5 x 8 

Mus 20F 10p.M 300nM 0.75 x 8 

Mus 20PR lO ~lM 300nM 0.75 x8 

Sonda Mus 20P S~ 120nM 0.6 x8 

MgC¡1* 25 mM I.SmM l.S x 8 

Polimerasa* S U/fU I.S U/ )tl 0.3 x 8 

Volumen final 2 1 

*Bioline (Nelson Royeiro & Cia) 

2. Una vez realizados los cálculos se preparará el cóctel en un vial de 1 mi y se van me7.clando los reactivos a 

medida que se adicionan. Este paso se deben mantener las condiciones de asepsia y esterilidad en cámara de 

flujo laminar, con precaución de no contaminar los reactivos, los cuales deben permanecer en hielo durante 

el tiempo de uso. Es importante evitar la exposición de la sonda a la luz directa debido a que es fotosensible y 

se degrada. 

3. Se adicionan 2 t pi de cóctel en cada vial para qPCR, seguido de 4 )ll de la muestras a evaluar. Como control 

positivo se incluye una dilución previamente cuantificada de R. wlanacearum y 4 )ll de H10 como control 

negativo , el volumen final de cada reacción es 25 )tl. 

4. Finalmente se llevan los tubos de PCR al e([uipo de Real Time PCR . 

Tabla 2. Condiciones de amplificación del ADN de R. wlanacearum mediante <jPCR 

Temperatura (C) Tiempo No de Ciclos 

9S (Denaturación inicial) 4min 

95 (Denaturación por ciclo) 0:30 min 

60 (Apareamiento y ex tensión) 1 min 40 



Anexos: 

1. Diseño de Sondas TaqMane y Cebadores Mediante el 
Software Beacon Designer 7.5 
Parámetros generales PMJ el diseño de sondas TaqMan® y cdnclorcs: 

I..o ngitud del <lmplicon : Para PCR ~n tieml>O real es ideal tener amplicon~ entre 70-200bp. 

Longitud de cebadores: Del><: ser entre 18 y 25bp 

Longitud d e sonda Tac¡Man®: Debe ser entre 18 y 25bp 

Tm uc TaqMan® : Deber cstJf 10°C +/. 5 por enzima de la Tm de los cebadores. 

Tm oC d e ccbadores: Debe estar entre 52 -58 oC. Ccbadores con temperaturas por encima de 6S ~C tienen la 

tendencia a formar un annealing secundario. 

Diferen cias en Tm "c d e los ecbadores: no deben tener una diferencia de Tm superior a 3 "C. 

Contenido d e GC: Debe estar entre 40·60%. 

Distancia e ntre ccbador sen tido y 1.1 sonda : La distancia máxima aceptable es de 10 bp. 

CG Clamp: Mas de 3 bases G o e deben ser evitadas en bs ultimas 5 bases del extremo 3' del cebador. 

Definición d e AG: La energía libre de Cibbs indica la cantidad de energia que se necesita para destruir la fomlación 

de una estructura secundaria. Elllre mas negativo sea este \·a lor indica que la estructura secundilria es mas estable . 

ScJf Oime r de cebadores: Es formado por interacciones intermolecularu en donde los cebadores del mismo 

sentido son homólogos entre si. El óG tolerable para el extremo 3' es de -S K<.·al!mol e internamente un óG 

tolerable de -6 Kcal/ nlOl. 

Sclf Oime r T.a()Man®: Es aceptable un valor máximo de -lO Kca/mol. 

~ Cross Oimer: Es formado por interacciones intennoleculares en donde los cebadores sentido y contra sentido son 

M homólogos entre si. El óG toler.lblc (>ara el extremo 3' es de -S Kcal / mol e internamente un óG tolerable de -6 

as Kcal / mol. 

Kl Hairpins d e ceb;ulores : Es formado 1>01"" interacciones intr.uno lcl"l.llares del ceb.1dor . Los \· .. Iores tolerables de 

8 hairpins en el extremo 3' son <le óG de -2 Kcal/mol y t.\G interno de -3 Kcal/ mol. 

~ 
Hairpins d e sonda TaqMan®: Es ilcept.lble un valor de - 6 kcal/mol. 

Re p eats d e cebadores: Son dinudeotidos que se repiten varias veces y consecutivamente en la secuencia de los 

cebadores. Por ejemplo ATATATAT. Es aceptable un valor de 4 dinudeotios. 

Rcpeats de sonda Ta<IMall®: Un valor de máximo S dinucleotidos es aceptable. 

Runs d e cabadores: Se denomina Runs cuando un mismo nucle6tido se repite varias veces seguidas en un cebador 

por ejemplo: AGCGGGGdATGGGG e$tc cebador tienc un run dc 4. El máximo villor aceptable es de 4. 



Huns d e SOIH.1a Ta<IMan®: Un valor de 5 es aceptable. 

Evit a r la formaci ó n d e estruc turas secundarias e n el amp licon: Cuando los echadores se diseñan sobre una 

región que forma estructuras se(;undarias el producto y lA eficiencia del PCR disminuye. Si el amplicon forma una 

estructura secundaria debe. tener un óG poco negath·o. 

Evitar ho mo logia c ruzada : Se debe.n diseñar cebadores y sonda:s e:spedficos evitando la homologia con secuencias 

afines para lograr una buena especificad. A los cebadores y a las sondas para. Q PCR¡ al igual que los amplicones se les 

debe. revisar la homología utilir..a.ndo la herramienta BLASr. 

Uso del Software: 

J. En la barra de hern mientas busque FILE>NEW> PROJECT dar un nombre al proyecto. Por defecto, el 
programa da opción de guardar en la carpeta del programa pero si lo prefi ere puede guardarlo en otra 

carpeta. 

2. Ltlego ingrese las secuencias. Seleccione FILE>O PEN>SEQllENCE> encontrara cuatro opciones 
dependiendo de la ubicadón de la secuenda: 

• 

• 

• 

• 

• FROM ENTREZ o con click en inmedi.ltamente ingrese el numero de accesión. Puede ingresar 
varios numeros de accesión al mismo tiempo separados por coma:s. 

FRQM db SNP o con click en ,91 inmediatamente ingrese la ID, puede I>oner varia:s ID separadas por 
coma!. 

FROM FILE o con click en 
PC o llSB. 

E:sta opción se usa si tiene la secuencia dentro de un archivo presente en el 

FILE>NEW>SEQ UENCE o con click en D se U5a cuando se desean ingresar secl.lcncia$ en forma de 
texto. Ingrese en SEQ UENCE DEFINITION el nombre de la secuencia y luego pegue la secuencia, 
fina lmente haga click en AD D. 

3. Diseñe sondas y cebadores dependiendo de los objetivos de su investigación. El programa 8eacon Desinger 7 
le permite hacer sondas para discriminaciones alélicas, multiplcx (jPCR y gellotipificación de SN Ps. 

El programa ofrea: varias opciones de $Ondas: Ta(jMan®, Molecular Beacon, McthyUght Ta(jMan®, FRET probe.s, 
Scorp ion~®. Las opciones de sondas y cebadore:s son sugeridas por el programa simultaneamente. 

4. Seleccione la secuencia en la tabla de informadÓn. 

5. Seleccione ANA LYZE>TaqMan® SEARCH>STANDARD o de d ick en '(!J 

6. En el cuadro de Ta<IMan® proLe ~earch se pueden modificar la longitud del am plicon, b Tm y la longitud 
de los cebadores y la sonda. E:s recomendable usar los valores que tiene el programa por defecto. Si se 
modifica alguna opci6n e:sla es guardad para futura:s bús(jue<Jas; se puede retornar a las opciones que tiene el 
programa por defecto escogiendo la 0l>dón DEFAU L T . 

7. La formaCIón de estructuras secundarias y la homología cruzada son evitadas por el programa por defecto. 



A. 

B. 

8. lnide la búsqueda de cebadore~ y sonda hadendo click en Surch. 

9. El progralllale sugerirá varias opciones de sondas y cebadores. Para verlas todas haga die en ALL TaqMan® 
PROBES, observe y analice cada opción de sonda y cebadores tClllendo en cuenta la longitud del arnplicon, 
la Tm, y la fOTmadón de cstnlCturas secundarias. 

10. Si desea ver la representadón granca de lag estructuru secundaria que se forman, seleccione una sonda y 
cebadores y haga click en ALL STRUCfllRES. 

11. Si desea ver la ubiC'll.don de la sonda y cebadores dentro de b secuencia haga dick en REMPLACE. 

12. Observe el valor de RATlNG, ese valor califica la sonda y L'Cbadores escogidos teniendo en cucnta la Tm y 
la cstabilidad dc estructur<lS secundarias formadas por los cebadores y la sonda. 

13. Una vez sc escoja una sonda y cebadores que cumplan con los rc<]uerimientos de la investigadon, se debe 
revisar la estabilidad de las estructuras secundilrias formadas por el amplicon y se debe revisar la homologia e 
identidad mediante la herramienta BLAST. 

14. Para estructuras secundarias formadas por el amplicon seleccione ANALYZE>TEMPLATE STR LlCTlIRES 

SEARCH o de dick en & . El rango de búsqueda de estructuras secundarias dentro de la 5Ccucnda, 
puede ser reduddo solamente al amplicon seleccionando SEQUENCE RANGE. La lempcntura de SS"C es 
aquella a la cual se simula la formadon de estructuras secundarias. 

15. Para re\'isar la homología e identidad seleccione ANALYZE>BLAST SEARCH , a9uí va a encontrar cuatro 
0l>ciones: COMPLF r E SEQ lI ENCE, PRIMER PA IR, AMPLlCON y PROBES. Es reconH:ndable ulihzar la 
herramienta BLAST para C'll.da una de estas opciones. 

16. Seleccione el1 Scareh type la opción nr BLAS'!". 

17. 

18. 

Para gCnCr.lr un reporte seleccione FlLE >GENERATE REPORT o de click en ~ ego imprima. 

Para ex portar los resultados seleccione FILE>EXPORT TaqMan® RESlIL T5 o de click en ~ ,luego 
puede seleccionar los cebadores }' sondas que se van a exportar y puede seleccionar la carpeta a la cual se 
desean enviar los resultados. 

2. Preparación de Buffers y soluciones 

Phosplule bufTered saliue 10M stock $Olution 
Sodium chloride 80g 
Sodium phosphate dibas.ic 2g 
Potassium phosphate monobasic II .Sg 
Dcionized water I L 
Mix a1l ingredienls 
Add looml of 10M stock solution 10 900rnl ofdcionized water to make O.IM PBS. 

PBS wilh Ig/L Bovine serum album in 
After autoclaving, add 19 ofbovine 5erUm albUlllin lo sterile O. IM PBS. 

Store at 4°C. 



c. BulTer fosfato SO mM pH 7.0 
N¡lHPO. 
KHl PO, 
Deiolllzed water 

4.26g 
2.72 g 
IL 

Polyvinylpyrrolidone-4000 M\lff (PV P-40) 5 % (Se debe adlClonar dCSI}ués de autoclavar) 

3 . Equipos y reactivos 

A. Blo Rad Laboratorics. 

IQ supcrmix cal # 170 8862 

a. Dynal, Ine. 
Magnelic ¡>artide concentrator cal # 123.0 1 D 

C . Fish(.r Scientific. 

Bovinc scrum albur~l in fraclion v cal # BP- 1600- 100 
Potassium chlor ide c¡¡ t # BP· 366-1 

Sodiurn phosphate dibask con # BP· 33 1-1 
Poussium phosplute monoooic cal # BP· 362- 1 
Pyrex brand ttlbes ",im screw cap 13 x IOOmm cal # 14-932 · IA 

D. S.gnu-Aldnch Co. 
Pecunase from As~rilllJ$ niger el! # P2736 

E. VWR Imern;lUonal, Ine. 

G\u-col tissuc culture rotator 120V Cól t #6240+-006 

\ 






