BCH 463 [Practical] Biochemistry Department
Ty Dep

Designing PCR Primers using Primer3, UCSC in-Silico PCR and primer-BLAST

Primers are short sequences of single stranded DNA that mark both ends of the target sequence. Two primers are
utilized, one for each of the complementary single strands of DNA released during denaturation. The forward
primer ( LEFT) attaches to the start codon of the template DNA (the anti-sense strand), while the reverse primer
(RIGHT) attaches to the stop codon of the complementary strand of DNA (the sense strand). The 5' ends of both
primers bind to the 3' end of each DNA strand.

 ATATCGTTGCCTAGTGGTATCGTAAT
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TATAGCAACGGATCACCATAGCATTA

5" PCR forward primer

Designing a primer and making sure that you have the right parameters for it is an important step in securing
results. In order to achieve successful DNA amplification, it’s important to start off with the right primer.

Here are some guidelines for designing your PCR primers:

= Aim for the GC content to be between 40 and 60% with the 3’ of a primer ending in G or C to

promote binding. This is known as a GC Clamp.
v The G and C bases have stronger hydrogen bonding and help with the stability of the primer.

v Be mindful not to have too many repeating G or C bases, as this can cause primer-dimer

formation.

=> A good length for PCR primers is generally around 18-25 bases. Specificity usually is dependent on
length and annealing temperature. The shorter the primers are, the more efficiently they will bind or

anneal to the target.
V' Short primers 2 can tend to find a similar sequence decreasing its specificity.

v’ Long primers > can tend to form more hydrogen bonds making it difficult to denature and
anneal during PCR cycles.
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= Try to make the melting temperature (Tm) of the primers between 50°C and 65°C, and the

maximum difference between the Tm of two primers should be with in 2- 5°C of each other. Because

the Tm is dependent on the length, it’s important to keep primers on the shorter end. The bases also impact

the Tm, G and C result in higher melting temperatures than A and T. If the Tm of your primer is very low,

try to find a sequence with more GC content, or extend the length of the primer a little.

v' Lower Tm 2 can tend to bind to any similar sequence decreasing its specificity.

v Higher Tm > can tend to form loose bonds making it difficult to bind during PCR cycles.

=> Try to avoid regions of secondary structure and have a balanced distribution of GC-rich and AT-

rich domains.

v Avoid intra-primer homology (more than 3 bases that complement within the primer) or inter-

primer homology (forward and reverse primers having complementary sequences).

v' Avoid runs of 4 or more of one base, or dinucleotide repeats (for example, ACCCC

or ATATATAT).

= These circumstances can lead to self-dimers or primer-dimers instead of annealing to the desired

DNA sequences.

© Hairpin loop

= GCGGaAAl
1211 i
TATCTAGGACC "["].‘J!.—J

¢ Self-complementary

5

GGGAAAATTCCAGGATCTAT 3'

Primer-primer dimers:

3' TATCTAGGACCTTAAAMAGGG 5!

® Primer-dimer

h e y
/vl?’l'é/ﬁg_rab/npro t2006.247_F2.htm!

5 —-TACTTATGCTAGATGGATATCAAGATCG-3"

i : LI
3 - TAAATCAGATGTAGCTATATCTAGCATATC -5

dG: —6.63 kcal mol ™’

https:// biowe b.uwlax. edl

imer_design/primer_design.htm

Nora Aljebrin - Emtenan Alkhudair




BCH 463 [Practical]

Designing primers using Primer3Plus:

t

Biochemistry Department

In this lab exercise you are asked to design a set of PCR primers that specifically anneal to human tumor protein
p53 gene (accession number NG_017013.2), To do so,

First, retrieve the DNA sequence of the human p53 gene and copy the full sequence from the GenBank record.

SNCBI

National Center for

NG_007073

Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH),

RefSeqGene on chromosome 12

NCBI Reference Sequence: NG_007073.2
GenBank Graphics

>NG_007073.2 Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH),

RefSeqGene on chromosome 12

TCCTCATCTCCCCTTCCTGCAGACAGCTCCTCTCCTACATCACCAAGGACAAGCAGACAGAGAGCCTGGT
GGAAAAGCTGTGTCAGCGGTTCCGCACATCCCGGTATGCTGCCCTCCCTGAGGGTTCTTTGTGCTGAGCG
GGGCCCTGCAGGGGAGAAAGGCCCATCCCTCACCCCTTCAATGCCCCCACTGTGGCATCCCTGGGACTGG
GGAGGCTGATGGGGAAGGTTGAGCCTTTACTAGCTGGATCTCCCAGTTCCTCACAAAGCCCTTCCTATCT
GCAGAACTGAGCGGCAGCAGCGAGACCTGGCCTACTGTGTGTCACAGCTGCCCCTCACAGAGCGAGGCCT
CCGTAAGATGCTTGACAATTTTGACTGTTTTGGAGACAAACTGTCAGATGAGTCCATCTTCAGTGCTTTT
TTGTCAGTTGTAGGCAAGCTGCGACGTGGGGCCAAGCCTGAGGGCAAGGTGAGCAGCACAGGACACTTCA
ATGCCTGTTGGGTTCTGGGCTGGCTAAGACATCTGCCGGCCCTGGGCAGCATACGGCTCTTGCAGTCACC
TTCCCGTCCTCCTTATCCCCAGCTGGGTTGCAACCAAATTGCCAGAGTGACCTAAGACCAGATCTTTGTC
TCCAGTTCTTTTTTTATTACTCCAAAAACACAACCAAAGCAGCATCTCATCCAATTCTTGTTTGTTTGTT
TTTAATAGTTTTTATTTTTCAGAGCAGTTTTAGGTTCAAAGCAAAATTGAGCAGAAAGTACAGGGAGTTC
CCTTCTACCCCTTGCCCCTACACATCACAGCCTTCCCCACCTTCAACATCCTGCACCAGGGTGGCACATT
TGTTACAGCTGAACCTACACTTACACATCATCTCCTAAAGTCATGGTTTACCTTGGAGTTCACTGCACGT
AATGACATGTACCCACCATTGCAGTATCATACAGAAGAGTTTCACTGCCTTACAAATCCCCTGCACTCCA
CCTATTTATCCCTCTCTCCCCACAACCCCTGATCTTTTTACTGTTGCCATCACTTTGTCTTTTCCAGAAT
GTATCATTGGAATGATCCGGTATGGAGCCTTCTCACCTTGGCTTCTTAGTAATGTGCGTTTAAGGCCTCC
ATGTCTTCCATGGCCTTGTTTCTTTTTAATCAGAAGTAACTGTTTTCAGGCCTGCTCTGAATCTCCTTTT
CTCCCTCCAGGCTATAATAGATGAATTTGAGCAGAAGCTTCGGGCCTGTCATACCAGAGGTTTGGATGGA
ATCAAGGAGCTTGAGATTGGCCAAGCAGGTAGCCAGAGAGCGCCATCAGCCAAGAAACCATCCACTGGTA
CGTAAGGCAGCCTGTGCGGGCGAGACCAGACTGGGCCCTCCCCTCCTGCAGTGATTTGTTTCTTCTTCTT
TTTTAAATCACGTTTTCCTGCCTTTTCTAGGTTCTAGGTACCAGCCTCTGGCTTCTACAGCCTCAGACAA
TGACTTTGTCACACCAGAGCCCCGCCGTACTACCCGTCGGCATCCAAACACCCAGCAGCGAGCTTCCAAA
AAGAAACCCAAAGTTGTCTTCTCAAGTGATGAGTCCAGTGAGGAAGGTATGATGCTCCCGCCTGTTCCCG
GCCGAGAAGGCACACAGCTAGGGTGCAGAGGGCTGGTTTCCATAGGACCTGCTGCGGGGGCCTGAGTGTA
GATGCTCTGCCCCACTGCCGCAGAAGGGCCTCTCCTGTACAGCTTGGATTTTATTTCTTCTGTGCGGTGT
GGGATTGTCTCACTTGTTCTCTGATATCTATTTTTTCACCATCTTTGTGACTCAGCTTTTTCTTATTCCT
TTAATTCTTTGCATAGATCTTTCAGCAGAGATGACAGAAGACGAGACACCCAAGAAAACAACTCCCATTC
TCAGAGCATCGGCTCGCAGGCACAGATCCTAGGAAGTCTGTTCCTGTCCTCCCTGTGCAGGGTATCCTGT
AGGGTGACCTGGAATTCGAATTCTGTTTCCCTTGTAAAATATTTGTCTGTCTCTTTTTTTTAAAAAAAAA

Then open Primer3Plus (_http://primer3plus.com/cgi-bin/dev/primer3plus.cgi) and follow the steps below:

1. Paste the desired DNA sequence in the sequence box.
2. Set the range of the expected PCR product length, go to Product Size Ranges and type 300-500.

3. Adjust the primer size, primer Tm and primer GC% according to the guidelines detailed in this manual.
4. Then finally, click Pick Primers.

—> The results will appear to you as the program nominates different pairs of primers.
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pick primers from a DNA sequence Molbi Wily

Run Primer3Plus 1

This is the latest version of Primer3Plus with all the new features.

Run Primer3Web

The latest version of Primer3Web.

Pl'imel'sPluS Download Primer3 Source Code

Main General Settings Advanced Settings Internal Oligo Penalty Weights

Sequence Id:

Paste template sequence below Or upload sequence file:  Choose File no file selected

Advanced Sequence

Upload File

CTTACAGTCTAATCCAAGAATGTCAGAGCTGCA

Product Size Ranges 300-500

Main General Settings Advanced Settings Internal Oligo Penalty Weights Advanced Sequence

Primer Size Min: 18 Opt: 20 Max: 25

Primer Tm Min: so Opt: 60 Max: 60 Max Tm Difference: s 3
Primer GC% Min: 40 Opt: 500 Max: 60

C ion of cations: 50.0 Annealing Oligo Concentration: 500

Concentration of divalent cations: 15 Concentration of dNTPs: 06

Pair 4: primer.3

Left Primer 4: CCCTAATCCTGCGGCACTAG

Right Primer 4:  ATGAGGGCAAGGAACACCTG

Pair: Product Size: 315 bp

Send to Primer3Manager | Reset Form

Start: 23656  Length: 20bp Tm: 600C GC:60.0% Any:00 End:00 TB:90 HP:00 3'Stab:2.6 Penalty:0.034

Start: 23970  Length: 20bp Tm: 600C GC:550% Any:00 End:00 TB:100 HP:339 3'Stab:4.0 Penalty: 0.039

Any:00 End:00 TB: 180 Penalty: 0.073

Interpretation of the result page

Primer seq.: LEFT and RIGHT primers are highlighted in purple and yellow colors,
respectively.

Start: the position of the 5’ base of the primer. For left primers it is the position of
the leftmost base and for right primers it is the rightmost base.

Length: length of the primer.

TM: melting temperature of the primer.

GC: the percent of G and C bases in the primer.

ANY: self-complementary score of the primer. Should be zero or as low as
SELF: 3' self-complementary of the primer. possible

The best primer pair to choose is the one that matches the criteria you had once entered into your search.
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There are two primary function for primer-BLAST: Designing new primers and checking the specificity of the

designed primers.

1) How to design primers using primer-BLAST

Primer-BLAST

Primers for target on

template
PCR Template

Enter accession, gi, or FASTA sequence (A refseq record is preferred) &)

A tool for finding specific primers

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

GGTGGAAATGG

ACTGAGGGAGA
AAGCCTGAGGGAGGAGCGCCCCAGTCCCCA

Reset page Save search Retrieve recent results Tips|
Clear Range &  Clear
From To

ATTTTAAAGATGGGGAAGTAGCAGACACCCACGCGTGAAGGCAGGAGAGCCCCAACTGT

CCCCAGAATGGTAGGGCCAAGCCTAGCTCCAGACACCCCAGAGCCCTGGAGAAGCCAAG

Forward primer
Reverse primer

Or, upload FASTA file Choose File | no file selected

Primer Parameters

Use my own forward primer © Cloar
(5'->3" on plus strand) o ‘l
Use my own reverse primer ) Clear
(5'->3' on minus strand)
PCR product size
# of primers to return 10
Min Opt Max Max Tm difference
Primer melting temperatures 50 60.0 60 5 o
(Tm)

Exon/intron selection

Exon junction span No preference

Exon junction match Min 5" match  Min 3' match

Intron inclusion

Intron length range Min Max

A refseq mRNA sequence as PCR template input is required for options in the section &

Max 3’ match
7 4 8
Minimal and maximal number of bases that must anneal to exons at the 5 or 3' side of the junction &

~) Primer pair must be separated by at least one intron on the corresponding genomic DNA &

B e

| ( Getprimers ) 3

Specificity check

Search mode

Enable search for primer pairs specific to the intended PCR template &)

Primer Pair Specificity Checking Parameters

Icl|Query_1

Input PCR template
Rang: 1- 10880

Select: All None Selected:1

Automatic Be
Database nr 4@ |
Exclusion " Exclude Refseq with XM, XR prefix) (| Exclude sample @
Organism Homo sapiens
I-EntemwvrgzmmrmrganmmmmmnmJ' rodents), y id or select from the suggestion list as you type. &
g P Y preve-(asTTy T

Your PCR template is highly similar to the following sequence(s) from the search database. To increase the chance of finding specific primers, please review the list below and select
all sequences (within the given sequence ranges) that are intended or allowed targets.

n e

y s px_ps
Query_1: 1..11K (10,880 rt)

°Detailed primer reports

Acces: Identity ~ Alignment length  Seq.start  Seq. stop
ING_007073.2 }(omo ‘sapiens 3- (GAPDH), on 12 100% 10880 1 10880
'AC006064.10 Homo sapiens 12 PAC RP5-940J5 (Roswell Park Cancer Institute Human PAC Library) complete sequence 100% 10880 86572 97451

Submit Show results in a new window
Input PCR template Icl|Query_1
ge  1-10880
‘Specificity of primers. Primers may not be specific to the input PCR template as targets were found in (nt) ( limited to help on
Shectc oriers
Other reports >Search Summary
° Graphical view of primer pairs
Fnd: vea Q@ I Roos- |Fmds- @ 7 -

€9 Tracks shown: 2113

Products on intended targets
>NG_007073.2 Homo

You can re-search for speciic primers by g some. targets, check the box(es) next 1o the ones you accept and try 3gain o re-search for specific primers v
Primer pair 1
Sequence (5'>3") Template strand Length Start Stop Tm GC% Self 3*
Forward primer AAACAGCCTTGCTTGCTTCG Plus 20 9008 9027 5997 5000 3.00 200
Reverse primer  ACGTGCTCAAGACCTCACAG Minus 20 o313 9294 5997 5500 400 1.00
Productlength 306

ehromosome 12

product length = 306

Forward primer 1 AMCAGCCTTOCTTGCTICG 20
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2) How to check primer specificity using primer-BLAST

e Enter your designed primer sequences.
e Adjust the PCR product size and melting temperatures accordingly.
e Change the data base to (nr) = since your primers are DNA-specific
o Ifit was mRNA specific then the chosen database would be (Refseq mRNA)
e Choose the organism of interest 2 Homo sapiens

e Finally, | GetPrimers

Primer Parameters

Use my own forward primer [

(5'->3" on plus strand) ‘ @  Clear

Use my own reverse primer { ] ') Clear
(5'->3' on minus strand) )

Min Max
PCR product size 70 1000
# of primers to return [10 1

Min Opt Max Max Tm difference
Primer melting temperatures |57_0 ‘ IGO‘O 63.0 ‘ ‘ 3 Q
(Tm)

Primer Pair Specificity Checking Parameters
Specificity check Enable search for primer pairs specific to the intended PCR template &
Search mode [Automatic v]e
Database [nr v]e
Exclusion [ Exclude predicted Refseq i ion with XM, XR prefix) L) Exclude i sample @
Organism | Homo sapiens |
Enter an organism name (or organism group name such as iaceae, rodents), id or select from the suggestion list as you type. &

R——————— e =

AST : esut: Job k=f g 203 TRPC_ TV COYS SXSYY

Inget PCR template  none
Specificity of primers  Target tamplates were found in selectad database: Nuckotide collection (nt) (Organism kmited to Homo sapiens)
Other reports » S "

=) Detaded primer reports

. Primes pae 1 Primer information
Interpretation of the result page Sewenee 507 Lengh Tm  Gon Sefcompemenrty 013 camplemeniany
Forward prmer GTGGA 16 18 6005 6111 300 0.00
Reverse prmer AT CAG 19 579 26 300 100

Procucts on target templates X
AN_TH042.2 oo sapens acie the £A ACTLEA) ramserpt arart 3 vt - Matched organism, gene

- 1 ~r-'.’-‘.-\.'r.rrr.(‘;r?mrr. 18 - Predicted PCR product

) - Predicted matched positions between
Ry prmer 1 AMATCCACCTTGOOGCAG 19 .
Tevplte 32 1 each primer and template
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Checking primers specificity using UCSC in-Silico PCR

L NTHERNL it 77T Genome Browser

Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Our tools

m Genome Browser
interactively visualize genomic data

® Coronavirus Data

view SARS-CoV-2 genome and COVID-19-related datasets
m BLAT

rapidly align sequences to the genome
B Table Browser

download data from the Genome Browser database
m Variant Annotation Integrator

get functional effect predictions for variant calls
B Data Integrator

combine data sources from the Genome Browser database
m Genome Browser in a Box (GBiB)

run the Genome Browser on your laptop or server
® In-Silico PCR 1

rapidly align PCR primer pairs to the genome
m LiftOver

convert genome coordinates between assemblies
B Track Hubs

import and view external data tracks

m RESTAPI
returns data in JSON format

More tools...

UCSC In-Silico PCR

enome: Assembly: Target: Forward Primer: Reverse Primer:
Human B Dec. 2013 (GRCh38/mg38) [ genome assembly [ AAACAGCCTTGCTTGCTTCG ACGTGCTCAAGACCTCACAG submit

Max Product Size: soo 2 Min Perfect Match: 1s Min Good Match: 1s Flip Reverse Primer:

UCSC In-Silico PCR

>chrl2:6538498+6538803 306bp AAACAGCCTTGCTTGCTTCG ACGTGCTCAAGACCTCACAG
t t

AAACAGCCTTGCTTGCT
gagtget

g taggctatctgetg 3
getattet t
ctcgcactgggctctgacgetgactggttagtggagetcagectggaget
g ttccagettg 'GTGAGGTCTTGA
GCACGT

Primer Melting Temperatures

Porward: 62.8 C aaacagccttgcttgetteg
59.0 C acgtget tcacag

The temperature calculations are done assuming 50 mM salt and 50 nM annealing oligo concentration. The code to calculate the melting temp comes from Primer3.

Note: The reverse primer is complementary to the the sense strand and pointing back toward the forward
primer at the anti-sense strand. But if your reverse primer sequence is from the same strand, then Flip Reverse
Primer checkbox—must be checked this will reverse complement the sequence of your reverse primer.

= Primers designed by primer3plus and primer-BLAST are already flipped, both forward and reverse

primers are shown in 5' to 3' direction. Hence, no need to check the Flip Reverse Primer checkbox
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