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hogeschool content

— What is a primer?

— Primer classification
— probes

— Probe classification

— Melting curve analysis



L-8 Primer: characteristics
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« Short fragment of single-stranded DNA
(ssDNA)

« Specific for target and delimiting target

« Start for DNA polymerase in PCR

« May be modified for special applications
(stuffer sequence, label, etc)



y W Nucleic acis target; matrix for
gl primer design

phage MS2 genome

GenBank: V00642.1

GenBank Graphics

»gi|15081 emb |V00642.1| phage M52 genome
GEETEEEACCCCTTTCGGGETCCTEGCTCAACTTCCTGTCCAGC TARATGCCATTTTTAATCTCTTTAGCGA
GACGCTACCATGGCTATCGCTGTACGCGTAGCCGGARTTCCATTCCTAGGAGGTTTCGACCTETGCGAGCTTT
TAGTACCCTTCGATACCGAGARCGACARCCTTCGTCCCCTCCETTCEGCETTTACGCEGEGACGETEGAGRCTGAR
GATARCTCATTCTCTTTAARATATCCTTCGAAC TOCGACTCCCGETCETTTTAACTCGACTEGEGECCARAR
CCAAACAGTCOCACTACCCCTCTCCCTATTCACGGEGECGCOTTAACTCGTCACATCCATACGATCAAGETGC

FASTA format: notation 5" = 3’; single-strand
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‘upstream’

annealingsplaats . . :
RNA targets < > | niet-coderende, anti-‘sense’ streng
CDNA; RERRRARARRRERRREER m 5-P

min-streng  3-OH-ATCTTCGOGACCAGGGT TAA

5-OH-TAGAAGOGCTGGTCCCAATT-3-0H - — verlenging van primer d.m.v. DNA-synthese
LIl

(‘forward’) primer 2#

_ (‘sense’)

Primers are < target sequentie 2
complementary (60-30.000 bp) . ,
to target (anti-‘sense’)
primer 1# (‘reverse’)
T T T T T

« «  3-OH-AGCCCATTGCGCCAAGTCCA-5-P

Fasta TCGGGTAACGCGGT TCAGGT-3-0H
from 5.p LU
5103 coderende, ‘sense’ streng ‘downstream’

annealingsplaats

phage MS2 genome: FasTa
5-P-GGGTGGGACCCCTTTCGGGGTCCTGCTCAACTTCCTGTCG-3'0OH
DASE NI e e e e base nr 40
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rules for primer design (g)PCR

« Length primers 16-25 nt: oligonucleotide

 GC-level in primer 45-60%.

 Tm primers between 50°C and 70°C

« Variation of Tm among primers in primerpair, not exceeding 3°C.
« G orC at3'end of primers.

 No more than 2 Gs and/or Cs in the last 5 bases at 3’end.

 No G or C repeats of >3 nt in primer.



* W Influence of mastermix composition on -l
ge=all  primer bindingsite mismatch tolerance TopLab

a0 10

] 150 200 2460

=00

HIV-1 LTR forward primer:

5’-AAGCCTCAATAAAGCTTGC-CO-T-TR®-GR)-AD)-3”




on gPCR efficienc

Mismatch: A-A

nt1(LTR fwd)

nt 2 (LTR rev)

nt 2 (hMPV rev)

nt 3 (hMPV rev)

nt 5 (hMPV rev)
o 2z 4 5 8 W
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12 14
Toename Ct-waarde
Mismatch: C-C
nt 1 ("MPV rev)
nt5 (LTR fwd)
nt 5 (hMPV fwd)
0 2 4 [ 8 10 12 14
Toename Ct-waarde
Mismatch: T-T
nt1 (hMPV fwd)
nt 2 (hMPV fwd)
nt 3 (LTR rev)
nt3 (LTR fwd)
0 2 4 6 8 10 12 14
Toename Ct-waarde
Mismatch: G-G
nt1 (LTR rev)
nt2 (LTR fwd)
nt 3 (hMPV fwd)
nt5 (LTR rev)
[ 2 4 6 8 10 12 14

Toename Ct-waarde

Mismatch: A-C

nt1(LTR fwd)

nt2 (LTR rev)
nt 2 (hMPV rev)
nt 3 (hMPV rev)

nt 5 (hMPV rev)

0 2 4 6 8 10 12 14
Toename Ct-waarde
Mismatch: C-A
nt 1 ("MPV rev)
nt5 (LTR fwd)
nt5 (hMPV fwd)
0 2 4 [ 8 10 12 14
Toename Ct-waarde
Mismatch: T-C
nt1 (hMPV fwd)
nt 2 (hMPV fwd)
nt 3 (LTR rev)
nt3 (LTR fwd)
0 2 4 6 8 10 12 14
Toename Ct-waarde
Mismatch: G-A
nt1 (LTR rev)
nt2 (LTR fwd)
nt 3 (hMPV fwd)
nt5 (LTR rev)
[ 2 4 6 8 10 12 14

Toename Ct-waarde

nt1 (LTR fwd)
nt2 (LTR rev)
nt 2 (hMPV rev)

nt 3 (hMPV rev)

nt 5 (hMPV rev)

nt1 (hMPV rev)

nt5 (LTR fwd)

nt 5 (hMPV fwd)

nt 1 (hMPV fwd)

nt 2 (AMPV fwd)

nt3 (LTR rev)

nt 3 (LTR fwd)

nt1(LTR rev)

nt 2 (LTR fwd)

nt 3 (AMPV fwd)

nt5 (LTR rev)

Influemce of mismatches in the primer binding site

Mismatch: A-G

0 2 4 6 8 10 12 14
Toename Ct-waarde

Mismatch: C-T

0 2 4 [ 8 10 12 14
Toename Ct-waarde

Mismatch: T-G

0 2 4 6 8 10 12 14

Toename Ct-waarde

Mismatch: G-T

[ 2 4 6 8 10 12 14
Toename Ct-waarde
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Preventing underquantification due to

mutations in primers and probes

* Avoid mutations in the last 5 nucleotides of the 3° part of
the primers

— Avoid C-Cll, A-A, G-G, G-A en A-G

* Avoid mutations in the last nucleotide at the 3° part of the
primers

— Avoid T-C,C-TenT-T

« A-C, C-A, T-G en G-T mismatches are relatively well
tolerated




l Rules for primer design in (q)PCR
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« avoid intramolecular complementary bases in
primer (secondary structures).

2ligo, 3 bp (Loop=4), delta G = -0.1 kodm
5! EIEIET N Ry
R
3! TATCTAGGACCTTﬂrJ
Dligo, 2 bp (Loop=3), delta G = 2.1 ko/m

5'  GGGLA—
I A

3! TATCTAGGACCTTErJ

http://bioweb.uwlax.edu/genweb/molecular/seq_anal/primer_desi

gn/primer_design.htm




hogeschool
Leiden

Rules for primer design in (q)PCR

* no intermolecular complementary bases
between primers. Avoid primer-dimers
formation.

4 hp, delta ¢ = —-6.6 ke/m (bad!) [(worst= -36.6)
S' GEGLAAATTCCAGSZATCTAT 3

NE RN RN
3' TATCTAGGACCTTARALALGGG 5

4 bp, delta & = -5.4 ko/m (bad!] [worst= -36.6)
o' GEGAALRTTCCAGEFATCTAT 3

|11
' TATCTAGGACCTTRAAALGEHE 5

http://bioweb.uwlax.edu/genweb/molecular/seq_anal/primer_desi

gn/primer_design.htm




. . . i 1
* W Rules for primer design in (q)PCR assay: l
hogeschoal requirements for the amplicon TopLab

 The shorter the amplicon, the more efficient the PCR. A PCR product
of at least 75 bp is desirable to discriminate between specific product
and primer-dimer (In validation state)

« Rather no templates with long single nucleotide stretches.
* No secundary structures in the (hairpins).
« |f possible; amplicon with 50 — 60% GC-level.
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T, (melting temperature) primer

Definition Tm= temperature at which 50% of primer is
hybridized to target DNA and 50% not

Depends on:
- primer length
- GC level
- mismatches with target?

e Tm=2(A+T) + 4(G+C) (“wild guess”)
e Ta=Tm-5°C (quideline for Ta optim.)




1
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« Optimization of PCR using temperature gradient.

Optimization of Tanneal . A gradient
PCR from 50 to 60°C was
performed. At high temps, no PCR
. WT Primer Pair 2 . product was symthezised. Too low:
R R R . by-products

b In this example, Tanneal optimum:
58°C

Revertant Primer Pair 2

http://www.stanford.edu/group/dahlia_genetics/2008_reports/lab_5/lab_5 met
a.htm
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1 atgcagtttt actatgataa gtgtctccca ggcaacagca ccatgatgaa taattttgat

61 gctgttacca tgaggttgac tgacatttca ttgaatgtca aagattgcat attggatatg

121 tctaagtctg ttgctgcgcec taaggatcaa atcaaaccac taatacctat ggtacgaacg

181 gcggcagaaa tgccacgcca gactggacta ttggaaaatt tagtggcgat gattaaaagg

241 aactttaacg cacccgagtt gtctggcatc attgatattg aaaatactgc atctttagtt

301 gtagataagt tttttgatag ttatttgctt aaagaaaaaa gaaaaccaaa taaaaatgtt

361 tctttgttca gtagagagtc tctcaataga tggttagaaa agcaggaaca ggtaacaata

421 ggccagctcg cagattttga ttttgtagat ttgccagcag ttgatcagta cagacacatg

481 attaaagcac aacccaagca aaaattggac acttcaatcc aaacggagta cccggctttg

541 cagacgattg tgtaccattc aaaaaagatc aatgcaatat ttggcccgtt gtttagtgag

601 cttactaggc aattactgga cagtgttgat tcgagcagat ttttgttttt cacaagaaag

661 acaccagcgc agattgagga tttcttcgga gatctcgaca gtcatgtgcc gatggatgtc

721 ttggagctgg atatatcaaa atacgacaaa tctcagaatg aattccactg tgcagtagaa

781 tacgagatct ggcgaagatt gggttttgaa gacttcttgg gagaagtttg gaaacaaggg

841 catagaaaga ccaccctcaa ggattatacc gcaggtataa aaacttgcat ctggtatcaa

901 agaaagagcg gggacgtcac gacgttcatt ggaaacactg tgatcattgc tgcatgtttg

961 gcctcgatgc ttccgatgga gaaaataatc aaaggagcct tttgcggtga cgatagtctg
1021 ctgtactttc caaagggttg tgagtttccg gatgtgcaac actccgcgaa tcttatgtgg
1081 aattttgaag caaaactgtt taaaaaacag tatggatact tttgcggaag atatgtaata
1141 catcacgaca gaggatgcat tgtgtattac gatcccctaa agttgatctc gaaacttggt

1201 gctaaacaca tcaaggattg ggaacacttg gaggagttca gaaggtctct ttgtgatgtt Forward primer
1261 gctgtttcgt tgaacaattg tgcgtattac acacagttgg acgacgctgt atgggaggtt

1321 cataagaccg cccctccagg ttegtttgtt tataaaagtc tggtgaagta tttgtctgat daagadaada gaaaaccaaa
1381 aaagttcttt ttagaagttt gtttatagat ggctctagtt gttaa

Reverse primer

gaaaataatc aaaggagcct
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Free software to develop primers (and

probes)

« NCBI/ Primer-BLAST

http://www.ncbi.nlm.nih.gov/tools/primer-
blast/index.cgi?LINK LOC=BlastHome

* Primer3(plus)

http://frodo.wi.mit.edu/primer3



l Primer3
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Primer3 .0.4.0) pick primers from a DNA | Checksfor in template. | disclaimer | Primer3 Home |
(v.0.4.0) Pick primers from a sequence. | Primer3plus interface || cautions || FAQ/WIKI |

Paste source sequence below (5'->3', string of ACGTNacgtn -- other letters treated as N -- numbers and blanks ignored). FASTA format ok. Please N-out
undesirable sequence (vector, ALUs, LINEs, etc.) or use a Mispriming Library (repeat library): [ NONE E

™ Pick left primer, ) Pick hybridization probe (internal ™ Pick right primer, or use right primer below
or use left primer below: oligo), or use oligo below: (3' to 3' on opposite strand):

( Pick Primers ) ( Reset Form )

Sequence Id: |  Astring to identify your output.
Tarcets: | | E.g. 50.2 requires primers to surround the 2 bases at positions 50 and 51. Or mark the source sequence with [ and

]: e.g. .. ATCT[CCCC]TCAT.. means that primers must flank the central CCCC.

Excluded E.g. 401,7 68,3 forbids selection of primers in the 7 bases starting at 401 and the 3 bases at 68. Or mark the source
Regions: | | sequence with < and >: e.g. ... ATCT<CCCC>TCAT.. forbids primers in the central CCCC.
Product Size Rang§5| 150-250 100-300 301-400 401-500 501-600 601-700 701-850 851-1000 |

Number To Return | 5 Max 3' Stability 9.0

Max Repeat Mispriming | 12.00 Pair Max Repeat Mispriming | 24.00
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to check primer specificity

« E-value: calculation of frequency of this sequence in databaset
* The smaller, the better (preferabaly < 0.1)

< BLAST My NCBI 7]
Home  Recent Results Saved Strategies Help [Sign In] [Register]
» NCEI ELAST/ blastn sulte: BLASTN programs search nucleotide databases using a nucleotide query. more... Reset page Bookmark
Enter Query Sequence
Enter accession number, gi, or FASTA sequence &) Clear Query subrange &)
From |
To |

Or, upload file geen bestand geselecteerd &)

Job Title

Entera descriptive title for your BLAST search g)

Choose Search Set

Database @ Human genomic + transcript (O Mouse genomic + transcript (O Others (nr etc.):
[ Human genomic plus transcript (Human G+T) H [2]]
Entrez Query
Optioast Enter an Entrez query to limit search g
Program Selection
Optimize for ) Highly similar sequences (megablast)

() More dissimilar sequences (discontiguous megablast)
() Somewhat similar sequences (blastn)
Choose a BLAST algorithm )

~ BLAST ‘ Search database Human G+T using Megablast (Optimize for highly similar sequences)




s W Primerbank; a source for existing
el primers

MASSACHUSETTS % LCIB The Center for Computational HARVARD
GENERAL HOSPITAL © LD ond integrative Biology MEDICAL SCHOOL

Primer Bank

PCR Primers for Gene Expression Detection and Quantification

Home/Search PCR Protocol Primer Statistics Comments Links Citation Policy Help/FAQ

Primer Search

Search for PCR Primers Order Oligos
Search wherel CenBank Accession j You can have primers synthesized and PCR reaction products
sequenced at:

Species I All Species |

DNA Core Facility

For textl Submit | . . _ _ _
Center for Computational and Integrative Biology

You can blast your seguence against the primerbank sequence
DB here.

PrimerBank is a public resource for PCR primers. These primers are designed for gene expression detection or quantification (real-time
PCR}. PrimerBank contains over 306,800 primers covering most known human and mouse genes. There are several ways to search

for primers: GenBank Accession, NCBI protein accession, NCBI Gene ID, Gene Sym bul"‘-'“!, PrimerBank ID or Keyword (gene
description) or you can blast your gene sequence against the primerbank Sequence DpNew!,
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PCR primer classification

”
>
P
”
7
4
pa
>



-8 primers

Leiden

* Primers define the amplified target

« Special primers
— Primers with an extension (lllumina NGS, MLPA)
— Degenerate primers



-8 Degenerate primers
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TTGATTCTTAAGA. . . ... .CCAGTGTAGC
GGATTGTAGGCT. ... ... ACTGAGGAGTTAT
CTGGACTGTTGCCA. . . . . . . CGGGCGGAGTAC
GRAGATTCTECATC -uiuis s .CTAGTGTCGGTAGC
AGACTCTTAAGA.......AGAGAGGAGCTA
AT G '5G§G%AG

5° primer s R e e e PIAEE 7 §




l What does this mean?

Leiden

AWGTYRDCCTA

AAGTCRACCTA
T T G
T

Coding for primer syntheziser.

Randomly choose Aor T; Cor T; Aof G or T at the indicated
positions.

In this example, a “degenerated primer” is desired.



y @ Your primer order: IUPAC
"Rt €O de

o e
EII! li‘ ahl:tp:.Ffwum.bininfnrmatics.nrgfﬁmsz,fiupac.html

Sequence Manipulation Suite:
IUPAC codes

-Combine FASTA
-EMBL to FASTA

-EMBL Feature Extractor .

-EMBL Trans Extractor DNA:

-Filterr DMA

-Filtar Protein 3 - -

A Nucleotide Code: Base:

-GenBank Feature Extractor  =——————e—a——eananananaa —————

-GenBank Trans Extractor

e to Thise Beesnocsnnsansanns Adenine

-Range Extractor DNA s Cytosine
-Range Extractor Protain G Gﬁanine
-Reverse Complement R T

-Spliit Codons : :
Enit FASTA T (OF U)ueuweooenneas Thymine {(or Uracil)
-Three to One = A or G

“Window Extractor DA,

SWindow Extractor Protein e = b i

- - G or C

-Codon Plot

-Codon Usage We e e e e nness= A or T

-CpG Islands

DA Molocular Weight Keceesoesnnnssneead or T

-DNA Pattern Find M. cscwsanososnaassn h or C

-DNA Stats

Fuzzy Search DNA Biceeesonasenansnnna C or G or T
-Fuzzy Search Protein Desvansssnnanssnassadh Oor G or T
-ldent and Sim

-Multi Rev Trans H. ccooswssnassssessasas A or C or T
-Mutate for Digest

“ORF Finder L A or C or G
-Painwize Align Codons Newcsassaenasnassassany base
-Pairwise Align DA

-Pairwise Align Protain O B gap

-PCR Primer Stats
-PCR Products -
Protein GRAVY Protein:

-Protein lsoelectric Paint

-Protein Molecular Weight . . . .
-Pratein Pattern Find Amino Acid Code: Three letter Code: Amino Acid:
-Protein Stats
-Restriction Digest

-Restriction Summary < BAla..cssssassacsssnsas Alanine

Drcamre e Trmme b
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% =l
= Probes for gPCR TopLab

* Detection by fluorescence, labelled on probe

« Specificity of PCR wil be strongly elevated by
using probes.



s W Design of hydrolisation (former
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TagMan) probes

1. Tm probe is 5-10°C higher thanTm primers.

2. Hydroization probes are often used in a 2-step PCR protocol
(annela+elongation), Tm high 60-70°C.

3. <30 nt (physical distance between primer — probe too large (non-optimal
guenching).

4. No G at 5" -end (guanine may quench fluorochrome)
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Channel 1 Channel 2 Channel 3
530 nm G4l mm 710 nm




M fluorophores in qPCR
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Excitation Emission

Fluorophore Alternative Fluorophore

(nm) (nm)
FAM 495 515
TET CAL Fluor Gold 540 * 525 540
HEX JOE, VIC ®, CAL Fluor Orange 560 * 535 555
Cy3 *© NED ¥, Quasar 570 *, Oyster 556 550 570
TMR CAL Fluor Red 590 * 555 575
ROX LC red 610 5, CAL Fluor Red 610 * 575 605
Texas red LC red 610 %, CAL Fluor Red 610 * 585 605
LCred640%  CAL Fluor Red 6354 625 640
Cys© LC red 670 %, Quasar 670 *, Oyster 645 ° 650 670
LCred 705% Cy5.5°¢ 680 710

' CAL and Quasar fluorophores are available from Biosearch Technologies; ™ VIC and NED are
available from Applied Biosystems; "' Cy dyes are available from Amersham Biosciences;
' Oyster fluorophores are available from Integrated DNA Technologies; and ' LC (Light Cyeler)

fluorophores are available from Roche Applied Science. www.molecular-beacons.org/.../marras,mmb06(335)3.pdf
e



<
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« First generation
— TAMRA, DABCYL
— No full quenching, self-emitting
e second generation
— BHQ1,2,3 (Black Hole Quencher), full quenching

5'-FAM Probes 5'-Cy3 Probes 5'-Cy5 Probes
9.0 1 80 1 120 T
1.5 1
60 1 90 1
6.0 1
ﬁ 4.5 1 Erm - aziﬁﬂ '
3.0 4
20 - 30 -
15 -
0.0 4 0 . 0
TAM DAB BHQ-1  BHQ-2 DAB BHQ-1 BHQ-2 DAB  BHQ-2 BHQ-3

3' Quencher 3' Quencher 3" Quencher



r @ Combinations fluorophores
il and guenchers

Figure 1: Spectral Overlap of Dark Quenchers and Fluorescent Dyes

Reporter Dark
Dyes Quenchers

Ideal Range
~————  Useful Range
400 nm

Dabceyl

Cascade Blue (410)
Pacific Blue (455) BHQ-1

Oregon Green (488X) Qys-7
Bodipy FL-X (510) BHQ-2
Fluorescein (520) 5,6 FAM (518)
Oregon Green (524)
TET (536)
Bodipy R6G-X (547) JOE (548)
HEX (556)

Cy3 (570)

Cy3.5 (596)
ROX (605) I
Texas Red-X (614) Bodipy TR-X (617)

Light Cycler 640 (640)
Bodipy 630/650-X (650)
Cy5 (667)

Cy5.5 (694)

700 nm

XZ1IDT
INTEGRATED DNA www.idtdna.com
TECHNOLOGIES, INC.



hogeschool
Leiden

Probe classification
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r ® Hydrolysis of dual-labelled
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*5’-3" exonuclease activity of Taq DNA polymerase
*Hydrolysis proceeds from base to base

3. Cleavage

4. Polymerisation completed
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l MGB Probe
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« Stabilizing oligo-target interaction
 Affinity MGB for MG DNA streng
— Increases T,

* Shorter probes for highly variable
targets (virus diagnostics)

o

AGGCCTTGAGAGATAT MGB

l 3' uiteinde
AGGCCTTG GATAT

GCTACACAGTCCGGAACTCTCTATAGCATCACAC

NFQ
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Molecular
Beacons

Molecular Beacaon

Q-

G Fluorophore
® OQuencher




% Quenching
hogeschool 11 b b |
molecular beacon

Hybridization
Target

Molecular Beacon

spacer §
5 fluorophore Quencher
2 ¥

EDANS DABCYL




% Principle hybridization
g molecular beacon

¥ 3 b
1. Denaturation JF\\ ”

A
é ,_';S A
3. Detection :)«&-‘r-J\J'

<

—_— ¥ .
s TR R TN ERIRNAT! TS

4. Strand Displacement

5. Polymerization; s
Complete, Probe Silent @ £
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SINCE

Design of Molecular Beacons

Tm probe (loop) 5 - 10°C higher than Tm primers

3'and 5’: 4 - 6 basen complementary: produces stem-loop

Used in a 2-step PCR program. Anneal and elongation at 60-70°C
Often used for SNP assay: SNP in middle of probe

Dissociation-energy stem < dissociation-energy of  highly
complementary target,
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. "LC Red 640

Acceptor Probe

3'-fluorescein

Prmar Donar Probe

Two reporters (fluorophors) no quencher

Very useful for genotyping and melting curve
analysis
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Melting curve analysis
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-8 Melting curve
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100 |

g / melt curve T, (midpoint of melt phase)

3

w)

% 80 = melt phase

o

0

N 60

£ pre-melt phase (dsDNA) post-melt phase (ssDNA)

G > <

< 40-

[

=

©

o 20
L } i i i } T } i i i } ¥
78 79 80 81 82 83 84 85 86 87 88 89 a0

Temperature (°C)
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S No template oontrol
— 300 pg
— 3ng

== 30 ng

e during gPCR

S TR DGR R ST '.1-;»:5" o

— SYBR Green
— intercalting in dsDNA PCR
smeltcurve analyse product
e | — fluorescence
| « after PCR

— Slow melting PCR product

— ds DNA (intercal) to ssDNA
(no intercal)

» Analysis: decrease fluorescence
by increasing temp.
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hass screening L

Microarray validation .. .

Multiple target genes / . *

fow sarmples

SNP detecticn . . . -
Allelic ciscrimination . . . e
Pathogen detection . . .. . . e
hultiplex e o - . . w
\iral load quantification . . . . .e
Gene expression # W - w (y o o
Gene copy determination . .. . . .
End point genctyping " .e
In witro quantification . -

or detection

Sigma Life Science



L-8 To0 conclude
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* Primers
— Rules for primer design: target sequence/ amplicon
(length, GC%, hairpins,..)

* Probes
— Rules for probe design
— Fluorescence
— Fluorophore and quenchers
— Dual-labeled probes
— Molcular beacons
— Hybridisatie probes

« Melting curve analysis



