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So why do we use PCR to amplify a
DNA fragment?

» To clone a gene into a vector — Molecular biotechnology
» For diagnostic purposes — Medicine
» To find out how the gene 1s expressed through quantitative PCR — Genetics

» To discover novel DNA sequences — Genetics/genomics



PCR Primers
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* PCR primers are short, single-stranded :‘
segments of DNA that are designed to

be complementary to the target DNA  ATAGTCTAGOTACCTCA. - - CTCATGATCAGGATACTCA
sequence that will be amplified. l

* InaPCR, it is the primers that TATCAGATCCATGGAGT. . -GAGTACTAGTCCTATGAGT
command exactly what sequence of fIILILL L)L
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In a PCR experiment, there are two types of primers use in PCR,

forward and reverse primers. designed to match to the segment

of DNA you want to copy.

One primer attachics to the top strand at one end of your segment of

interest, and the other primer attaches to the bottom strand at the other

end.
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Remember the second primer (reverse) is the
reverse complement of your stand

* Ex:

5’ CTCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCCGCCTGAACGCCGTGGCGCGT
GGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGLTTCGGGTGGACCCGGTCAACTTCAAGCTCCTAAGCCACTGLCTG
CTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGCACGLCTCCCTGGACAAGTTCCTGGLCTTCTGTGAGCACCGTGLTGACCTC

CAAATACCGTTAAGCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCACCCGT 3

* Forward primer: CACAGACTCAGAGAGAACC

* Reverse primer: GTCAGCACGGTGCTCACA

* So how you get the reverse primer??

* Take the complement for the selected second primer, then reverse it:

* The selected sequence for the second primer is: TGTGAGCACCGTGCTGAC
* The complement s : ACACTCGTGGCACGACTG
* Reverse complement is : GTCAGCACGGTGCTCACA



Steps for the reverse primer design:

Length = 23 nucleotides

Tm =59.1°C - Sequence considered for
GC =52% | reverse primer

| 1
AGAAGGGAGGAAAGGCTGGAGGACGGAAGAGGAAGTAA K

ITCTTCCCTCCTTTCCGACCTCCTGCCTTCTCCTTCATT IF¥
Original sequence

(w/o complementation or reverse 5’ [ GINSENOEERNGAGEANGIAN 3

complementation)

l Complementation

" GACCTCCTGCCTTCTCCTTCATT

Writing sequence
in reverse order

~ TTACTTCCTCTTCCGTCCTCCAG



\' Designing primers for PCR

* Successful amplification
of the desired target DNA
with PCR relies on well-
designed oligonucleotide
primers. The
effectiveness of PCR
primers can be improved
by adhering to a few
primer-design guidelines:




Basics or parameters
of PCR Primer Design
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to 24 base long primer

1. Primer Length:

* The optimal length of PCR
primers is 18-24 bases.

* Shorter primers may lead to
non-specific PCR
amplification

* Longer primers are more Loop
specific however they -
contain secondary structure GC-rich

such as hairpin loops. hairpin




. Primer Melting Temperature:

The temperature at which one half of the DNA duplex will dissociate and
become single stranded DNA.

The optimal melting temperatures of primers range from 52-60°C.
Primers with melting temperatures above 65°C have a tendency for
nonspecific amplification (secondary structure).

The guanine-cytosine (GC) content of the sequence gives a fair

indication of the primer Tm.



There are many formula can be used to
calculate the melting temperature for a primer

Methods to here are two examples:
calculate the 1. (Wallace Formula)
] Tm = [4(G+ C) + 2(A + T)] °C
melting i =iiger L+ 2+ T -
e.g., primer composition
temperatu re ‘GACTGCGTTAGGATTGGC; count the number

of G+C and A+T and enter into the formula.

Hence, Tm = [4 (10)+ 2 (8)] °C = (40+16) °C =
56°C

/
7’




2. Nearest-Neighbor Model:

AH

— 273.15
AS +RInC

Tm

" |n this modle, Each base pair (e.g., A-T or G-C) contributes to the
stability of the DNA duplex.

= The contribution !s not just from the base pair itself but also from the
identity of the adjacent base pair—hence the term “nearest-neighbor

* Since the calculations are complex, tools like OligoAnalyzer (IDT) and ,
Primer3 use the nearest-neighbor model automatically.



Wallace Rule Nearest-Neighbor
Model

Accuracy Low (good for short High (good for all

primers) primers)
Considers GC content? Yes Yes
Considers base stacking effects? B)\[e) Yes
Considers salt concentration? No Yes
Considers mismatches? No Yes

Best for primer length < 20 bases Any length



3. Optimum Annealing
temperature (T, Opt):
R * The temperature at which

— primer dimer the maximum amount of
nrimer is bound to its target.

* The annealing temperature
should be 5°C lower than

primer melting temperature.

* Low annealing temperature
leads to unspecific product.

Nonspecific band ——p

Specific bond =——>p ¢— Specihic bend

4— Nonspecitic bond

Nonspecific bond ——p

Nonspecific bands



4. GC Content:

The GC content (the number of G's and C's in the primer as a

GO =

percentage of the total bases) of primer should be 40-60%. ( G4 )

5. GC Clamp:

In primer design, avoiding repetitive C and G at the 3' end is generally
recommended, as the presence of C and G can increase the likelihoed
of forming secondary structures such as hairpins. However, in sume
cases, a few G or C bases at the 3' end can be beneficiai for primer

stability, especially when you want a strong binding for a specific target.

Forward primer 5' TAGCAATGTTCAGGCTGT(GG]3” ¥ SC clamp:

_Primers end in at
least two G or C
nucleotides

Reverse primer 5'GGAATCAAACGGAATGACICG)3

v GC content: 50% (highlighted in red)



6. Avoid Secondary structure:

« Secondary structures are formed if the primer has regions of self-
homology or inter-primer homology.

« Secondary structures such as hairpin structure or primer dimer

* The stability of these template secondary structures depends largely on
their free energy (AG )and melting temperatures(T,,).

+ |t is better to avoid secondary struciures as the primers are unable to
bind to the template and the vield of PCR product is significantly
affected.

3 CTACGTCGACTCTGATAGCTACG &

Hairpin

I—GTGT Cross Dimer S TGTGATGCAGCATCACGCACAC 3
A

- TGCAGCAT



7. Avoid Repeats and runs:

A primers with long run of a single base or repeated sequences of four or
more nucleotide should be avoided because they can misprime.

For example: AATAATAATAAT nucleotide repeats

For example, AGCGGGGGATGGGG has runs of base 'G' of value 5 and 4.
A maximum numkber of runs accepted is 4 bp.

no runs of at least 5 for same base: 4 points

5\-CAACATARMKACGACAACACTAGA-3 \
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Websites and tools for primer design:
There are many online tools and software's for designing

primers and for checking the quality of the designed primers:

Primer-BLAST (Online tool)

* Primer3 (software and web : primer3web & primer3plus)

* GenScript Pcr Primer Design (Real-time PCR Primer Design

online tool )

* Eurofins Genomics’ Primer Design Tools (Online tool )




Primer-BLAST

 Primer-BLAST was developed by NCBI and utilizes the
Primer3 platform in combination with the BLAST
algorithm.

« It gives you an informative visual output for where the
primers will bind on the target sequence.
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Type NCBI in your browser

National Library of Medicine & delveen.ibrahim@u...

National Center for Biotechnology Information

| All Databases v

NCBI Home ~ Welcome to NCBI Popular Resources
Resource List (A-Z) The National Center for Biotechnology Information advances science and health by providing access 10 PubMed
All Resources biomedical and genomic Information "
Chemicals & Bioassays Aboul the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software BLAST
DNA & RNA Submit Download Learn N
DOITE S ach s Deposit data or manuscripts Transfer NCBI data 1o your Find heip documents, attend a S
Genes & Expression into NCBI databases computer class or watch a tutorial SNP
Genetics & Medicine Gene
Protein

Genomes & Maps

PubChem
Homology

Literature

Proteins NCBI News & Blog

Sequence Analysis RefSeq Release 217

Develon Analvze Research



National Library of Medicine

National Center for Biotechnology Information

Search NCBI |

Results found in 9 databases (1 error) Accession no.: NM 001261419

NUCLEOTIDE SEQUENCE

Homo sapiens interleukin 1 receptor type 2 (IL1R2), transcript variant 3, mRNA

Homo sapiens
1,158 bp mMRNA sequence

NM_001261419.2

FASTA Gene

BLAST Download

Literature Genes Proteins

Bookshelf 0 Gene o Conserved Domains 0

MeSH 0 GEO DataSets 0 Identical Protein Groups o



Chose Pick Primers, which represents Primer-
BLAST

National Library of Medicine & delveen.ibrahim@u...

National Center for Biotechnology Information

Nucleotide Nucleotide v || m

Advanced Heip

GenBank « Send 10 -

Change region shown »

Homo sapiens interleukin 1 receptor type 2 (IL1R2), transcript variant 3, mRNA

NCBI Reference Sequence. NM 001261419.2

+[ADNK

Customize view s

Analyze this sequence

2010 v Run BLAST
———
LOCUS NM_001261419 1158 bp mRMA  linear PRI 22-JAN-2023 QK p,,,@
DEFINITION Homo sapiens interleukin 1 receptor type 2 (IL1R2), transcript —
variant 3, mRNA. Highlight Sequence Features

ACCESSION NM_001261419
VERSION NM_001261419.2
KEYWORDS  RefSeq. Show In Genome Data Viewer
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; vertebrata; Euteleostomi; R T T
Mammalia; Eutheria; Euarchontoglires; Primates; Waplorrhini; Articles about the IL1R2 gene

Fassamahliad s Uaslaldaas Uama Masrannsd Cwnennminm al CTUA ian Mranilans

Find in this Sequence




Primer-BLAST A 1ol for finding specific primers

Finding primers specific to your PCR template (using Primer3 and BLAST).

Primers for target on one template Primers common for a group of sequences

Retrieve recent results  Publication  Tips for finding specific primers | Save search parameters | [ Resetpage
PCR Template B
Jof,.gi, or FASTA sequence (A refseq record is prefered) (7] Range © @

NM_001261419.2

Or, upload FASTA file [Choose Fie | No file chosen

Primer Parameters
Use my own forward pa ‘["'_'—-—
(5->3 on plus
Use my own imer (5- [
>3 on minus strand)
Min Max
PCR product size [ 70 | | 1000 |
# of primers to retumn
Min Opt Max Max T, difference
Primer meltingtemperatwes [ 570 | [600 | [&0 | [3 |@
(To)
Exon/intron selection A refseq mRNA sequence as PCR template input is required for options in the secton @
Exon junction span | No preference v.@
Exon junction match Min 5 match  Min 3'match  Max 3 match

L7 | [4_] [8 ]
Minimal and maximal number of bases that must anneal t0 exons atthe 5 or 3 side of the junction 7]

Intron inclusion @r must be separated by at least one intron on the comesponding ;em@

Intron length range Min Max
(000 ] [7000]@




Exonvintron selection AmmmmuPCanpmmnnqwmmmnmme

o et gpen [No preference v]0
Exon junction match MinSmatch Min¥match Max 3 match

17 | [ [m

Minimal and maximal n mi«hﬂdmmﬂme
Intron inclusion
Intron length range Min

[1000 | [1000(]@

Note: Parameter values that differ from the default are highlighted in yellow

Primer Pair Specificity Checking Parameters
Specificity check (2 Enatie search for primer pairs specific to the ntended PCR template ©
Sich o LAsomatc v |@
o RefseqmAla V1@
Exclusion | Exeiuds preicred Refseq vanscripts (sccession witn XM, R prefc) || Exchude uncutured/anronmental samps sequences ©
Organiem (9606 (%64 organism)
Enter 80 0rganism name (0 OTGENS group Name Such 25 enterobactenaceae. rodents), taxonomy id o select from the suggeston list 25 you type @
Entrez query (optonal) [ (7]

Primer specificity SYIOgENCY primer must have ot east [ 2 Jotalmismatches o unintended trgets, induding
atleast[ 2 v | mismatches withinthelast [ 5_v |bpsatthe3end. @
Ignore targets that have | 6 v_] or more mismatches to the primer. @

Max target amplicon size [2000 |@

Allow splice variants (] Alow primer 1o ampify mRNA splice variants (requires refseq mRNA sequence as PCR template input) ©

m_\ ﬂwmﬂshun-iﬂn Use new graphic view 0
—
—

&
TLATILIRTA TITTmAaAANTTT™




Graphic view of the primers sets

& delveen. ibrahim@u

Primer-BLAST » 108 10:g4idvm67vxNEXIMs_kzXHoRXxiypRNOXgA

Primer-BLAST Resulta 0

Input PCR template NM_001261419.2 Home sapiens interleukin 1 recepter type 2 (ILIRD), transcript variant J, mRNA
Range 1-1138

Specificity of primers  Primar pairs are specific 1o input template as no other targets wers found in selected datadbase; Rafsag MANA (Organiem limited 10 Momo sapiens)
Other reports » Sggrct Sumepr

== Graphical view of primer pairs _
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10 Sets of Primers will show off , usually the first
set is the best one, but we must check them using
specific software's

-
Primer pair 1 [
Sequence (3--1) Termplate strand Length S Sop Tm Gc Serl? Complementaty Self § complementarnty
Forward pramer ac Pl 20 N 10 5850 3500 200 200
Reverve pruree Minys 0 =" =] nn 3500 100 200
Product length :
Total inwon sze 1243 (detween poa 102016031 ana 102024330 on NC_D000OZ 12
Products on intended Largets
#NM_DO1261415 2 Momo sepeens imtadeuiin 1 seceptor type 2 (ILTRZ) trenscrgt vnant ) mllNA
product length « 518
forward primer 1 TGCCOTTCATCTCATALCCG v
Template s11 . coup ‘o sw
Reverde priser 1 TCTCAACAGAAGALCC TGO 2o
Template s . . cisi 1wy
Primer pair 2
Tequence (3-=7) Template strang Torgnh Thant Taop = [ Tell compiena tam Tell 7 complementarty
Forward prener ACCOCTGTGTCCTGACATTT Pius o] L7 44 Tée 90w 6.0 200
Reverse prirmws AAGAGCOAAACCCACAGATT tArea o] 1048 1039 W 200 100
Product length 2
Totad nwron size 4657 (Detween pos 1020150012 and 102024530 oa NC_000002 12
Products on intended Largets
M CO1201419 2 Homo sapens imterteukin | secepnse type 2 (ILTR2) traasergt varame ) mllNA
progduct length = 322
torward priser 1 ACCOCTGTGTCCTGACATTT 29
Template Y R J4n
Reverse priser 1 AGAMCGAMECCACAGALT 29
Template e . . .t s
Primer pair 3
Sequence (¥.-T) Temgilate strand Lenge Stant Stop Tm [ Self complementanty Sell T complesnentasity
Foreard prenes AGCAATOTTOCOCTTGTACO Plys o0 "0 - 0.1 %0.00 00 200
Reverse prmer ArAGOAAGAGCGAAACCCACA Mhnye a1 105 1033 60.13 62 20 000
Product length 944
Total inwen size 13200 (between pos 102008642 ang 102024333 on NC O 2
Products on intended Largets
HM_C01261419 2 Momo sapens imtereutin 1 secegtor type 2 (ILTRZ) trenscrgt vanam 1 mliNA
product length » Sd4 -
| nheard nrimer 1 AOCAMTGITW G IIGIA G 0




» PCR primer analysis (quality): There are many software to analysis the
primers quality for your PCR reaction
you can use OligoAnalyzer tool (IDT) for more detailed analysis

») QUICK ORDER (2) DELVEEN IBRAHIM

m IDI Q Search for Products, SKUs, Part #

INTEGRATED DNA TECHNOLOGIES

Products & Services Explore Solutions Support & Education Tools Company Contact Us
OligoAnalyzer

Instructions | Definitions | Feedback

ANALYZE
Sequence Parameter sets
I!A'l( T]( ll( ](rf.s( I(:()I(:(J "l""fk‘h""f [
é SELF-DIMER %
- Kocasarflsstadt ool .7
Target type DNA b 2
HETERO-DIMER
Oligo Conc o3 [ M
Bases 22 CLEAR SEQUENCE 8 NCBI BLAST
Na‘ Conc w0 mM T™M MISMATCH

— " ™, Live Chat
ry the new batch mode here . mM ADD TO ORDER

Mg"* Conc



Task 1:
Use the following accession no. N M_0007003 for

designing a primer :

1: To which gene does this accession no. belongs.

2: Provide 10 sets of primers that shows good parameters
3. Select the best set based on the parameters that you
learned from the lecture.

See the video for revision https://youtu.be/1rBWi5yKG88




