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REACCION EN CADENA DE LA POLIMERASA CUANTITATIVA (QPCR)

Método enzimatico /7 vitro de amplificacion exponencial de una region de ADN determinada
que permite su cuantificacion en tiempo real

Involucra ciclos de desnaturalizacion del molde, apareamiento de cebadores y extension de
estos iniciadores

Los iniciadores empleados (“primers”) hibridan con hebras opuestas y flanquean la region de
interés
e EEE———————————— ]/

Iniciadores = primers = cebadores = oligonucleétidos



1. DISENO DE PRIMERS

2. HERRAIVIIENTAS~BIOINFORI\/IATICAS
PARA EL DISENO DE PRIMERS

3. EFICIENCIA DE AMPLIFICACION
DE PRIMERS




SELECCION DE INICIADORES: ESPECIFICIDAD

Reconocer una SECUENCIA UNICA dentro del ADN molde
FLANQUEANDO la regién de interés

. ATATCGTTGCCTAGTGGTATCGTAAT  ADN molde
S TTTTTTITTITTITTTITTITT T

3 * i
AGCATTA Primer reverse

ATATCGT
5 @ 3

Primer forward

I
TATAGCAACGGATCACCATAGCATTA  ADN molde




Forward

ATGGGAGAACTGGAGCCTTC 5—>3°

ORIGIN
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

gcagagtacc
tttacaaata
gcgtgatttg
tgattatggg

SELECCION DE PRIMERS

tgaaacagga
agaatataca
ataatgacct

agaactggag

Reverse OJO!!!!

TTGGCTCCATATTCAATCGGT
AACCGAGGTATAAGTTAGCCA
ACCGATTGAATATGGAGCCAA

agtattttaa
cttctgctta
aataatgatg
ccttcagagg

tctgttctca
tttcctatga
gaaactatgt
atttggctcc

gttttcctgg
tgaatataga
gaaaactttt
atattcaatc

attatgcctg
tacagaagcg
tgattatgca
ggttagtcta

tactgtgaat
atgaaataaa
ttatgaaatg
tatatggcat

ggatcaatta
tgcaatttat
gtgagaattt
gcatataagt

ataaaacaca
tttttaaata
tgttcactca
gatatgtggt

atattttgaa
ggatgataat
ggttttattt
gtaaaattaa
gcaccattaa
tcatcaaagc
tatgaaccct
catatattta
tgacctatgc
atgggttcat
ttagtgagac
atctttttaa

tcaaatgagt
tggaggcaag
ccagacttca
gcacagtgga
agaaaatatc
atgccaacta
tcacactacc
tgtttcctct
tttaagaagc
ttgatcacaa
aaacgtcctc
aagataccac

3= 5" complementaria
53"

taatagaatc
tgaatcctga
cttctaatga
agaatttcat
atctttggtg
gaagaggtaa
caaattatat
atgggtaagc
ttgcaaacac
taaatgcatt
aatggttatt
aaaatatgca



EL DISENO DE PRIMERS PARA UNA PCR ES FUNDAMENTAL

Caracteristicas a evaluar:

Longitud 18 a 25 nucledtidos (Evitar A o T en 3’ si es posible)

Contenido GC( Entre 40 - 60 % (Evitar repeticiones de mds de 4 nt)

Especificidad Blast

Temperatura de melting (Tm) Entre 55y 65 °C

Complementariedad de secuencias Evitar estructuras secundarias, auto- complementariedad, dimeros de
primers

Amplicones de entre 80 y 150 pb



LONGITUD DEL PRIMER

Asegurar la union estable entre el primer y el ADN molde

La longitud de la secuencia es fundamental para la asociacion (Especificidad)

Muy cortos: falla especificidad

Muy largos: fallas en el annealing (bajo rendimiento)



TEMPERATURA DE MELTING (TM)

Temperatura a la cual la mitad de las moléculas de primer estan apareadas al ADN molde

Depende de la longitud y la composicion del primer. Tm teérica = 2 (A+T) + 4 (6+()

Los primers deben tener Tm similares entre si (menos de 3°C de diferencia)

La temperatura de annealing depende de la temperatura de melting o fusion (Tm) de los primers:
Temperatura de annealing por debajo de la Tm mds baja del par de primers (hasta 5°C por debajo)



| s

TEMPERATURA DE ANNEALING

Bajo rendimiento o
no amplificacion

y

Optima

Inespecificidad

SYBR Green

3-step cycling

Cycles Temp. ‘ Time ‘ Notes
1 *95 °C *2 min Polymerase activation
95 °C .'E S Denaturation
40 60-65 °C **£|'>L—J2=(.) Annealing
72 °C s Extension (acquire at end of step)

2-step cycling

Cycles Temp. ’ Time ’ Notes
1 *95 °C *2 min Polymerase activation
40 95 °C 5s Denaturation
60-65 °C **15-30 s Annealing/extension
(acquire at end of step)




COMPLEMENTARIEDAD DE SECUENCIAS

Intra-primer Inter-primer

El primer se pliega sobre si mismo en una Formacidn de dimeros

estructura doble cadena Disminuye la formacién de producto por competencia

(interfiere con el annealing al ADN molde)

Hairpin Self-Dimer
8 bp Dimer
¥ GGGA.lLﬁ 3' GGGAAAMMTTCCAGGATCTAT s
T el b forweed primer
' TATCTAGGACCTTAARANGGG 3
§ TATCTAGGACCTTAAAAGGG Y

§' TATCTAGGACCTTA-
RRAR
¥ CATGGAAACGTAGGAGAC &

4 bp
3" GGGAAAATTCCAGGATCTAT S' reverse primer

> EY (ARR
i1 4 S' TATCTAGGACCTTAAAARGGG 3

5 TATCTAGGACCTTA-
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DISENO DE PRIMERS

Busqueda de la secuencia de interés en bases de datos

National Center for Biotechnology Information

m National Library of Medicine

NCBI Home

| Gene ~ | \mdr1 canis lupus

All Databases a
Assembly L

Biocollections
BioProject NCBI

Resource List (A-Z)

All Resources

Chemicals & Bioassays

M PRI E—

DNA & RNA
ins & Str

Genomes & Maps

Literature

L

Sequence Analysis

Taxonomy

Training & Tutorials

_|ClinVar

BioSample
Books

Conserved Domains

| Mission | Organization | NCBI News & Blog

“1dbGaP
- dbVar

amit

| Genome
| GEO DataSets

manuscripts

GEO Profiles [ases
GTR

“|HomoloGene t
| ldentical Protein Groups
MedGen
|MeSH
-~ NLM Catalog v
Develop

Use NCBI APIs and code
libraries to build applications

Variation

Download

Transfer NCBI data to your
computer

Analyze

Identify an NCBI tool for your
data analysis task

er for Biotechnology Information advances science and health by providing access to
nomic information.

Learn

Find help documents, attend a
class or watch a tutorial

Research

Explore NCBI research and
collaborative projects

Popular Resources
PubMed
Bookshelf
PubMed Central
BLAST
Nucleotide
Genome

SNP

Gene

Protein
PubChem

NCBI News & Blog

New ClinVar graphical display
30 Aug 2022
Maps clinically significant variants by

gene and position! ClinVar is a freely
arcaccihla nithlic archive nf rennrte nf

Celebrating 1 Year of NCBI Virtual

Qutreach Events
26 Aug 2022

We launched the NCBI Virtual Qutreach

Fuent cariag in tha fall nf 20171 tn aynand



DISENO DE PRIMERS

Busqueda de la secuencia de interés en bases de datos

National Library of Medicine

National Center for Biotechnology Information

Gene

Gene sources

| Gene

v Hmdr‘l canis lupus

Create RSS Save search Advanced

Tabular - 20 per page = Sort by Relevance = Send to: =
Genomic
Categories See ABCB1 (MDR1) ATP binding cassette subfamily B member 1 in the Gene database
Alternatively spliced
Annotated genes
Protein-coding Search results
Sequence content Items: 8
Ensembl . .
RefSeq 0 Showing Current items.
Status clear Name/Gene ID = Description Location Aliases
C t
urren O ABCB1 ATP binding cassette subfamily B member 1 Chromosome 14, NC_051818.1 MDR1, p-gp
o ! ID: 403879 [Canis lupus familiaris (dog)] (13410127..13507439, complement)
eara
3 _ (J ABCB4 ATP binding cassette subfamily B member 4 Chromosome 14, NC_051818.1
Show additional filters ID: 482284 [Canis lupus familiaris (dog)] (13307604..13379530, complement)
(J ABCB5 ATP binding cassette subfamily B member 5 Chromosome 14, NC_051818.1
ID: 482344 [Canis lupus familiaris (dog)] (34525456..34686254)
(J ABCB4 ATP binding cassette subfamily B member 4 Chromosome 14, NC_064256.1

ID: 112674995

(J ABCB11

[Canis lupus dingo (dingo)]

ATP bindina cassette subfamily B member 11

(13312458..13384458, complement)

Chromosome 36, NC 051840.1 Abcb11e,



DISENO DE PRIMERS

Busqueda de la secuencia de interés en bases de datos

“ NCBI Reference Sequences (RefSeq)

Try the new Transcript table

RefSeqs maintained independently of Annotated Genomes

= RefSeqs of Annotated Genomes: Canis lupus familiaris Annotation Release 106 details... &

The following sections contain reference sequences that belong to a specific genome build. Explain

Reference ROS_Cfam_1.0

Genomic

1. NC_051818.1 Reference ROS_Cfam_1.0

Range = 13410127..13507439 complement
Download = GenBank, FASTA Sequence Viewer (Graphics)

mRNA and Protein(s)

1. XM_038685912.1 — XP_038541840.1 ATP-dependent translocase ABCB1 isoform X1

UniProtKB/TrTEMBL | ADASCOLEYS, ADABCOMHYS, F1PHO1
Related  ENSCAFP00845011123.1, ENSCAFT00845014360.1
Conserved Domains (1) summary

PTZ00265 PTZ00265; multidrug resistance protein (mdr1); Provisional
Location:48 — 1269

2. XM_038685913.1 — XP_038541841.1 ATP-dependent translocase ABCB1 isoform X2

Conserved Domains (1) summary

PTZ00265 PTZ00265; multidrug resistance protein (mdr1); Provisional
Location:10 — 1231



DISENO SOBRE ADNc SIN INTRONES

For intron spanning primers the first half of the oligo must hybridize to the 3’ end of one exon
and to the 5’ end of the other exon. In this way only cDNA will be amplified and not gDNA

(fig. 11).

Forward

_

Intron spanning primers

Reverse
-—

Exon 2

Exon 1

— Exon 3

Mo amplification

Forward

—

Reverse
—

Exon 1

Exon 2

Exon 3

l

Amplification

gDNA

cDNA

Figure 11. Intron spanning primers

DNAsa |



DISENO DE PRIMERS

A VEuPathDB rroject

° Release 59
Tr I Tr y p D B W N Site search, e.g. Tb927.11.3120 or *reductase or "binding protein”

Kingtoplastid Informatics Resources My Strategies Searches Tools My Workspace Data" About™ Help "Contact Us y 0 [ > ] @

Guest

Q My Organism Preferences (83 of 83) @D enabled

Search for...

expand all | collapse all

Overview of Resources and Tools

| Y Filter the searches below...

o > (B (=] [=] [=] (&) (w] [

© Genes
Organisms
* Popset Isolate Sequences

Genomic Sequences

Gennmic Seaments

020 BRC

O a8 O NIAID Bioinformatics
Resource Centers

Take a Tour Getting Search Genome Transcriptomic Phenotypic Analyze My Dov
- Started Strategies Browser Resources Data Data
| ———

Getting Started

VEuPathDB is packed with data, tools and visualizations that can help answer your research questions. We
gather data from many sources, analyze according to standard workflows, and present the results for you to
mine in a point and click interface. Here's how to get started:

; (N <& & & 3 '
VDTV P RLOEZT 5O &L
©2022 The VEuPathDB Project Team %) COMMUNITY CHAT




Reizase 59

TriTrypDB ===

Kinetoplastid Informatics Resources

Site search, e.g. Th927.11.3120 or *reductase or "binding protein”
My Strategies Searches Tools My Workspace Data About Help. Contact Us

£ My 0

TcCLB.509153.90

expand all | collapse all

Search section names...

1 Gene models

2 Annotation, curation and identifiers

3 Link outs

4 Genomic Location

5 Literature

6 Taxonomy

7 Orthology and synteny

8 Phenotype

9 Genetic variation

10 Transcriptomics

11 Sequence analysis

12 Sequences

13 Structure analysis

14 Protein features and properties
15 Function prediction

16 Pathways and interactions
17 Proteomics

18 Immunology

expand all | collapse all

R < E<E<E<E<E<B<EE<E<E<N<N<H<N<N-< B

redicted RNA/mRNA Sequence (Introns s@

1566 bp

ATGTCGCTGTTTAAGATCCGCATGCCGGAGACGGTGGCGGAGGGGACACGTCTCGCACTGCGTGCCTTTTCCCTCGTTAT
AGCGGTCGACGAGCACGGCGGCATTGGGEGEACGGGCGETCGATCCCATGGAATGTGCCCGAGGACATGAAGTTTTTCCGGG
ATTTGACAACAAAACTGCGEGGEAAGAACGT CAAACCATCGCCTGCGAAGCGCAACGCCGTTGTGATGGGCCGCAAGACG
TGGGACAGCATTCCGCCCAAATTCCGCCCGCTTCCCGGTCGCCTGAACGTCGTTTTGTCGTCCACCCTCACGACGCAACA
CCTCTTGGACGGCCTGCCAGACGAAGAAAAACGGAATTTGCATGCCGACAGCATTGTGGCGGTAAATGGTGGACTCGAGC
AGGCATTGCGGTTGCTCGCGTCCCCCAATTACACGCCGAGCATTGAGACGGTCTACTGCATTGGTGGCGGETCTGTGTAT
GCGGAGGCCCTTCGCCCGCCGTGCGTTCATTTGCTGCAAGCCATTTACCGCACCACCATCCGCGCCAGCGAGTCTTCTTG
CAGCGTGTTTTTTCGCGTTCCCGAGTCGGGRTACGGAGGCGGLGGCGAGEEATTGAGTGGCAGCGGGAGACAATCTCCGAGG
AGCTCACGTCGGCAAACGGCAACGAGACAAAGTACTACTTTGAGAAGCTCATCCCACGCAACAGAGAGGAGGAGCAGTAT
CTAAGCCTTGTGGATCGCATCATACGCGAGGGGAATGTGAAGCATGACCGCACTGGGGTGGGCACGCTCTCCATCTTTGG
CGCACAGATGCGTTTCTCGCTCCGCAACAATCGCCTACCACTTTTGACAACGAAGCGGGTTTTTTGGCGCGGTGTGTGLG

w Show more

Genomic Sequence
1566 bp

ATGTCGCTGTTTAAGATCCGCATGCCGGAGACGGTGGCGGAGGGGACACGTCTCGCACTGCGTGCCTTTTCCCTCGTTAT
AGCGGTCGACGAGCACGGCGGCATTGGGGEACGGGCGETCGATCCCATGGAATGTGCCCGAGGACATGAAGTTTTTCCGGG
ATTTGACAACAAAACTGCGGGGGAAGAACGT CAAACCATCGCCTGCGAAGCGCAACGCCGTTGTGATGGGLCGCAAGACG
TGGGACAGCATTCCGCCCAAATTCCGCCCGCTTCCCGGTCGCCTGAACGTCGTTTTGTCGTCCACCCTCACGACGCAACA
CCTCTTGGACGGCCTGCCAGACGAAGAAAAACGGAATTTGCATGCCGACAGCATTGTGGCGGTAAATGGTGGACTCGAGC
AGGCATTGCGGTTGCTCGCGTCCCCCAATTACACGCCGAGCATTGAGACGGTCTACTGCATTGGTGGCAGGETCTGTGTAT
GCGGAGGCCCTTCGCCCGCCGTGCGTTCATTTGCTGCAAGCCATTTACCGCACCACCATCCGCGCCAGCGAGTCTTCTTG
CAGCGTGTTTTTTCGCGTTCCCGAGTCGGGETACGGAGGCGGLGGCGLGEGEATTGAGTGGCAGCGGGAGACAATCTCCGAGG
AGCTCACGTCGGCAAACGGCAACGAGACAAAGTACTACTTTGAGAAGCTCATCCCACGCAACAGAGAGGAGGAGCAGTAT
CTAAGCCTTGTGGATCGCATCATACGCGAGGGGAATGTGAAGCATGACCGCACTGGGGTGGGCACGCTCTCCATCTTTGG
CGCACAGATGCGTTTCTCGCTCCGCAACAATCGCCTACCACTTTTGACAACGAAGCGGGRTTTTTTGGCGCGGTGTGTGLG

Copy to clipboard

Copy to clipboard



HERRAMIENTAS DE DISENO DE PRIMERS

0 @ bioinformatics.nl/cgi-bin/primer3plus/primer3pluscai - https://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi

Primer3Manager Help

Primer3Plus

pick primers from a DNA sequence About Source Code

Select primer pairs to detect the given template sequence. Optionally targets and

Task: te jon = included/excluded regions can be specified. | Pick Primers ” Reset Form
etection

.| Cloning
Mai Sequencing
Primer_List

Sequen Primer_C heck

:ttings Advanced Settings Internal Oligo Penalty Weights Sequence Quality

Paste source sequence below Or upload sequence file: | Seleccionar archivo | Ningun archi...seleccionado | Upload File

DETECCION -

SECUENCIACION Y ——
Mark selected region: | <> |@| {} | | Clear ‘
CLONACION - ——
Excluded Regions: < | ‘> —
Targets: [ ]
|

Included Region: {




HERRAMIENTAS DE DISENO DE PRIMERS

. Primer3Manager Help
Primer3Plus
pick primers from a DNA sequence About Source Code
. . Select primer pairs to detect the given template sequence. Optionally targets and : :
Task: |Detection  v| ncludediexcluded regions can be specifiod [ Pick Primers || Reset Form

Main General Settings Advanced Settings Internal Oligo Penalty Weights Sequence Quality

Sequence Id:

Paste source sequence below Or upload sequence file: | Seleccionar archivo ] Ninguno ...hivo selec. Upload File

AGCTCACGTCGGCARACGGCAACGAGACAALGTACTACTTTGAGAAGCTCATCCCACGCARCAGAGAGGAGGAGCAGTAT -~
CTAAGCCTTGTGGATCGCATCATACGCGAGGGGAAT GTGAAGCATGACCGCACTGGGGETGGGCACGCTCTCCATCTTTGG
CGCACAGATGCGTTTCTCGCTCCGCAACAATCGCCTACCACTTTTGACAACGARAGCGGGTTTTTTGGCGCGGTGTGTGCG
AGGARCTGCTGTGGTTTCTACGGGGCGAAACATATGCCARAARGTTAAGTGACAAGGGAGTCCACATATGGGACGACAAC
GGCTCGCGCGCETTTCTTGACAGT CGTGGCCTCACAGAGTACGAGGAGAT GGACCTCGGTCCTGTCTACGGCTTTCAGTG
GCGTCACTTTGGTGCCGCCTACACACACCATGATGCCAACTATGACGGACAGGGTGTGGATCARATCAAGGCAATCGTTG
AAMCGCTAAAGACAMATCCTGACGATCGCCGGATGCTATTCACGGCATGGAAT CCGAGCGCTTTGCCCAGGATGGCCCTA
CCACCGTGCCACCTGCTCGCACAGTTTTACGTGAGCAATGGGGARACTGTCTTGCATGCTCTACCAGCGCTCATGTGACAT
GGGCCTTGGCGTCCCGTTCAACATTGCCTCCTACGCCCTCTTGACCATCCTCATCGCARAGGCGACGGGEGCTGCGGECCEGE
GAGAGTTGGTGCACACCCTTGGTGACGCTCACGTGTACAGCAATCACGT CGAGCCGTGCAATGAGCARCTGARACGTGTG
CCACGTGCCTTTCCGTATCTTGTGTTTCGCCGCGAGCGCGAGTTCCTGGAGGACTACGAGGAGGGT GACAT GGAGGTCAT
TGACTATGCGCCATACCCTCCCATCTCCATGAAGATGGCGGTTTAG

Mark selected region: [ <> H [1 H {} ] [ Clear l Save Sequence

Excluded Regions: <

[
Targets: [ [ l ]




HERRAMIENTAS DE DISENO DE PRIMERS

. Primer3Manager Help
Primer3Plus
pick primers from a DNA sequence About Source Code
Select primer pairs to detect the given template sequence. Optionally targets and | T | ‘ S -

Task: ‘ Detection h | included/excluded regions can be specified

Main General Settings Advanced Settings Internal Oligo Penalty Weights Sequence Quality

Product Size Ranges |150-250 100-300 301-400 401-500 501-600 601-700 701-850 851-1000 ‘

Primer Size Min: Opt: Max:

Primer Tm Min: Opt: Max: Max Tm Difference:

Primer GC% Min: Opt: D Max: Fix the prime end of the primer
Concentration of monovalent cations: Annealing Oligo Concentration:

Concentration of divalent cations: Concentration of dNTPs:

Mispriming/Repeat Library: | NONE v

Load and Save
Please select special settings here: | Default V| (use Activate Settings button to load the selected settings)

To upload or save a settings file from your local computer, choose here:

Seleccionar archivo | Ningun archi...seleccionado ‘ Activate Settings ‘ ‘ Save Settings




HERRAMIENTAS DE DISENO DE PRIMERS

* PrimerdManager Hel
Primer3Plus SN
pick primers from a DNA sequence About Source Code
Pair 1:
Left Primer 1: |F'rimer_F |
Sequence: [TseaccToEETCETETETAS |
Start: 1010 Length: 20 bp Tm: 60.1°C GC: 60.0% ANY: 3.0 SELF: 2.0
Right Primer 1:  [Frimer_R |
Sequence: [TTGocTTEATTTGATCCACA |
Start: 1114 Length: 20bp Tm: 60.0°C GC: 400% ANTY: 40 SELF: 2.0
Product Size: 103 bp Pair Any: 4.0 Pair End: 1.0

| Send to Primer2Manager || Reset Form |

1 ATGTCGCTGT TTRAGATCCG CATGCCGGAG ACGGEIGGECGG

51 TCTCGCACTG CGTGCCTTTT CCCTCGTTGT AGCGGTCGAC

101 GCATTGGGGR CGGGCGGTCG ATCCCATGGLR ATGTGCCCGA GGACATGARG
151 TITITCCGGE ATTTGACRAC ARARCTGCGE GGGRAGRAACG TCARLCCATC
201 GCCTGCGRAG CGCAACGCCG TTGTGATGGE CCGCAAGACG TGGGRCAGCR
251 TICCGCCCRA ATTCCGCCCG CTTCCCGGIC GCCTGRACGT CGTTTIGTCG
301 TCCRCCCTCA CGRCGCRACA CCTCTTGGRC GGCCTIGCCAG ACGRAGRARL
351 BACGGRATTTG CATGCCGRCA GCATTGTGGC GGTARATGGT GGACTCGAGC
401 RAGGCATTGCG GITGCTCGCG TCCCCCRATT ACRCGCCGAG CATTGRGACG
451 GICTACTGCR TIGGIGECGG CTICIGIGIAT GCGGAGGCCC TTCGCCCGCC
501 GIGCGTTCAT TIGCTGCRAG CCATTTACCG CACCACCATC CGCGCCAGCG
551 AGTCTTCTITG CRGCGTGTIT TTTCGCGTIC CCGRGTCGGE TACGGRGGOG
adl GCGGECGGGGA TTGAGTGGCA GCG GRCE ATCTCCGAGG AGCTCRCGTC
a5l GGCRARCGGC ALCGAGRCAAR AGTACTACTT TGRGARAGCTC ATCCCRCGCR
701 LACRGAGAGGR GGRGCAGIAT TRAGCCTTG TGGAICGCAT CATACGCGAG
751 GGGRATGIGR AGCATGRCCG CACTGGGGIG GGCACGCICT CCATCTTIIGG
301 CGCACAGRATGE CGTTICTCGC TCCGCAACALZ TCGCCTACCA CTTTTGACRAR
851 CGRAGCGGGT TITTIGGCGC GGIGIGTGCG AGGRACTGCT GTGGTTTICTA
901 CGGGEGCGARRA CATATGCCAA AAAGTTRAGT GACRAGGGAG TCCACATATG
951 GGRACGACRRAC GGCTCGCGCG CGITICTTGR CAGTCGTIGGC CTCACRGAGT
1001 ACGAGGAGAT GGRCCTCOGGT CCIGTICTAC:E GCITTICAGTG GCGICACTIT
1051 GGTECCGCCT  ACRCACRCCA  TGATGCCAAC TATGACGGAC AGGGTGEIGER
1101 TCRRATCRR GCRATCGTTG ARARCGCTARL GRCRAATCCT CGATCGCC

1151 GGATGCTATT CRCGGCATGG AATCCGAGCG CTTTGCCCAG GATGGCCCTA
1201 CCACCGTGCC ACCTGCTCGC ACAGTITTTAC GTGAGCRATG GGGAACTGIC
1251 TIGCATGCIC TRCCAGCGCT CATIGIGACAT GGGECCITGGC GICCCGITCR
1301 ACRTTGCCTC CTRCGCCCTC TTGACCATCC TCATCGCRRA GGCGROGGGEG
1351 CIGCGECCGE GRGAGTTGGT GCACACCCTT GGIGACGCTC ACGTGTACAG
1401 CRATCACGTC GRGCCGTGCA ATGRGCRACT GRRACGTGTG CCACGTIGCCT
1451 TTCCGTATCT TGTGITICGC CGCGAGCGCG AGTTCCTGGA GGACTACGRG
1501 GRGGEGTGRCA TGGAGGTCAT TGACTATIGCG CCATACCCTIC CCATCTICCAT
1551 GRAGATGGCGE GITTAG

Select all Primers



Herramientas de andlisis de primers
Oligo Analyzer (IDT)

Ol igOAna Iyzer 3.1 https://www.idtdna.com/pages/tools/oligoanalyzer

Instructions | Definitions | Feedback

Sequence 0 Bases Parameter sets ANALYZE
5- Specshest (Default) v

HAIRPIN

SELF-DIMER
Target type DA v
-3 !
P Oligo Conc 025 | pM LS AL
- NCEI BLAST
CLEAR SEQUENCE ADD TOORDER Ma* Conc 50 | mM
Mg Conc o | mM TM MISMATCH

dMTPs Conc o | mM



Sequence FMOD~ INTERMAL= 3 MODw MIXED BASES = Parameter sets

TGGACCTCGGTCCTGTCT AC SpecShest (Default) ~
Target type DHA -
AMNALYZE
# . M
Oligo Conc 025 | M
Na*Conc so [FmEl SELF-DIMER
Try the new batch mode here
Mg“Conc o m HETERO-DIMER
NCBIBLAST
dNTPs Conc o mM

™ MISMATCH

ADDTO ORDER

Results

SEQUENCE 5-TGGACCTCGGTCCTGTCTAC-3
COMPLEMENT 5-GTA GAC AGG ACC GAG GTC CA-3'
LENGTH 20

GC CONTENT &0 %

MELT TEMP 58°C

MOLECULAR WEIGHT 6060 z/mole

EXTINCTION COEFFICIENT 177400 L/{mole-cm)

nmole/0Ds: 5.64

HE/OD s 3416




HERRAMIENTAS DE ANALISIS DE PRIMERS
HAIRPIN

Structures
Structure Name Image AG(kcal.mole?) T, (=C) AH(kcal.mole?) AS(cal. K- mole?) Output
1 0.14 229 -23.4 -79.04 Ct Det
2 0.42 19 -20.5 -70.17 Ct Det
3 0.99 4 -13.1 -47.27 Ct Det
4 1.01 6.2 -15 -53.69 Ct Det
5 __::'. 1.11 4.6 -151 -54.37 Ct Det

La Tm debe ser menor que la temperatura de annealing propuesta para la reaccién.



HERRAMIENTAS DE ANALISIS DE PRIMERS

SELF-DIMER

El valor de AG debe estar entre 0 y -9 kcal /mol

Dimer Sequence:

5- ATGGGAGAACTGGAGCCTTC -3
Maximum Delta G: -358.72 kcal/mole

Delta G: -3.52 kcal/mole Base Pairs: 3
5' ATGGGRAGRACTEGRAGCCTTC

I
3! CTTCCGAGETCRRGRAGGGETA

Delta G: -3.14 kcal/mole Base Pairs: 2
' ATGEGRCGRAACTEGRCZCCTTC

|1
CTTCCOGAGGTCALRGAGCGGTA

il



HERRAMIENTAS DE ANALISIS DE PRIMERS
HETERO-DIMER

Hetero-Dimer Analysis

Primary Sequence:

5% ATG GGA GAA CTG GAG CCTTC

Secondary Sequence:

5%




HERRAMIENTAS DE ANALISIS DE PRIMERS
HETERO-DIMER

Primary Sequence: 5- ATGGGAGAACTGGAGCCTTC -3
Secondary Sequence: - ATGCGTATTAGC -3

El valor de AG debe estar entre 0 y -9 kcal /mol

Maximum Delta G: -358.72 kcal/mole

Delta G: -3.14 kcal/mole Base Pairs?
5' ATGGGAGRARACTGEGGAGCCTTC

I
CGATTATGCGTA

Ll

Delta G: -3.14 kcal/mole Base Pairs2
5' ATGGGAGAACTGGAGCCTTC

I
CGATTATECGTA

(W3]



1. DISENO DE PRIMERS
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3. EFICIENCIA DE AMPLIFICACION
DE PRIMERS




UN 100% DE EFICIENCIA IMPLICA QUE EN CADA CICLO SE DUPLICA
EL NUMERO DE AMPLICONES

USANDO LA ECUACION DE PCR

X, = X,(1 + E)n

X,, = PCR product after cycle n
Xo = initial copy number

E = amplification efficiency

n = cycle number



EFECTO DE LA EFICIENCIA DE AMPLIFICACION

X, = Xo(1+E)"

Caso 1: Eficiencia 90% Caso 2: Eficiencia 80%
X, =100 (1+0.9)* X, =100 (1+0.8)"
— 10
Xn = 23X 10 X, = 4.6 x 10°
Resultado

Una diferencia de 0.1 en la eficiencia de amplificacion
resulta en una diferencia de 5 veces menos producto a
partir de la misma cantidad inicial luego de 30 ciclos



EFICIENCIA DE LOS PRIMERS

A partir de un grdfico de log,, concentracion de molde vs C;,
la eficiencia de una reaccién de PCR puede calcularse a partir de la siguiente
ecuacion:

Curva estdndar con concentraciones de molde conocidas

El molde a usar debe ser idealmente el mismo que se usard para los ensayos

Duplicados o triplicados
NTC



CALCULO DE EFICIENCIA DE PRIMERS

Tube Sample Tube Ct1 Ct2 Promedio CT _ Conc__Log,, Conc ﬂ 3
A Stock cDNA A 16.37 16.4 16.385 1 o =l 30
B 1\10 B 19.78  19.79 19.785 0.1 T

C 1\100 C 23.14 23.1 23.12 0.01 2 Tl >

D 1\1,000 D 2645  26.54 26495 0001 -3 Tl 20
E 1\10,000 E 29.87  29.78 29.825  0.0001 4 s Tl

y = -3,359x + 16,404 15

R2=1 "

| Eff=10C1/s000) -1 |
5
Eff=10(-1/-3.359) -1 = 0.98 = 98% . . X ) . 0

LOG,, CONC

|dealmente, la eficiencia del PCR deberia ser entre 90-110% (ideal slope = 3.32)

Variables que afectan la eficiencia:
» Largo del amplicon

» Estructura secundaria de los primers
» Inhibidores



Eficiencia de los primers

y = -4,0029x + 16,18 20

R2 = 0,9726 19,5

78% 19

18,5

18

17,5

17

16,5

16

-0,8 -0,6 -0,4 -0,2 0 | -1 -0,8

y =-3,3219x + 16,55 20

R2 = 0,998
100%

19,5
19
18,5
18
17,5
17
16,5
16

Mal disefio de cebadores
Concentraciones de reactivos no 6ptimas

Condiciones de reaccidon no dptimas

log,, concentracién

y =-2,7506x + 16,891 20
R2 = 0,9872

131% 19r5

19

18,5

g O
17,5

17
16,5

16

-1 -0,8 -0,6 -0,4 -0,2 0

Inhibidores de |la reaccion (material remanente
en la muestra o cantidades excesivas de ADN/ARN)

Contaminantes comunes: heparina,
hemoglobina, polisacaridos, clorofilas, proteinasa
K, acetato de sodio. O transferidos en el paso de
aislamiento: etanol, fenol y SDS



Validation Before using the AAC+ method for quantitation, perform a validation experiment like
Experiment that in Figure 6 to demonstrate that efficiencies of target and reference are
approximately equal. The absolute value of the slope of log input amount vs. AC+
should be < 0.1.The slope in Figure 6 is 0.0492, which passes this test. Once this is
proven, you can use the AACt calculation for the relative quantitation of target without
running standard curves on the same plate.

If the efficiencies of the two systems are not equal, perform quantitation using the
standard curve method. Alternatively, new primers can be designed and synthesized
for the less efficient system to try to boost efficiency.

Relatuyve EMciency Flot y = 004520 + 30173
c-Myc & GAPDH RY=0.2815

1.9

14

1.3

1.2

ACq
=
I
1

18 .

2.7

2.6

1.5

-2 -1.% -1 -05 0
leg ng Total RHA

Menos del 10%

Figure 6. Plot of log input amount versus AC+
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PFAFFL METHOD

i@ 2001 Oxford University Press Nucleic Acids Research, 2001, Vol. 29, No. 9 00

A new mathematical model for relative quantification in
real-time RT-PCR

Michael W. Pfaffl*

Se usa para calcular la expresidn génica relativa entre dos genes cuyos
primers tienen eficiencias diferentes

(EGOI)ACt GOI
(EHKG)ACt HKG

Gene expressionratio =




é¢Preguntas?




