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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
> TTTTTTTTITTITTTTTITTT] ¥ DNA template

3 ® 5 i
AGCATTA PCR reverse primer

ATATCGT |
5¢ 3 3 DNA template
Lttt iiiiitl

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).

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

DNA sequences.

® Hairpin loop s GGGAAA——I
(]
= TATCTAGGACCTTA—)
¢ Self-complementary 5' GGGAAAATTCCAGGATCTAT 3°

i Tind
3' TATCTAGGACCTTARRAGGGE 5

Prrimar-primar dimern:

“ Primer-dimer 5 - TACTTATGCTAGATGEATATCARGATCS -
srox T
¥ - TAAATCAGATGTAGCTATATCTAGEATATC 5
tafwsrvenat e com,fapo tioumal diG: =6.63 keal mol
Avifnddfa tab ot 20062 4F P2 Rtend
vt e b P e i i Wi i i
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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.

Mational Canter for

=
—=NCBI |nG_oo7o7a

Bimtmchnology infarmaton

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

RefSeqGene on chromosome 12
NCBI Reference Sequence: NG_007073.2

CanBank Craphics

=hG_807073.2 Homo sapiens glyceraldehyde-3-phosphate dehydrogenase {GAPDH),

RefSeqGene on chromosome 12

TCCTCATCTCCCCTTCCTGCAGACAGCTCC TCTCCTACATCACCAAGGACARGCAGACAGAGAGCCTGET
GOAAAAGCTGTGT CAGEGOTTCCOCACATCCCGGTATGCTGCCCTECC TRAGGGTTCTTTATGLTGAGLG
GOOCCCTGLAGGGGAGAAAGGCC CATCCCTCACCCCTTCAATGLCECCACTGT GLCATCCCTGRGACTGE
GOAGGCTGATGRGGARGGTTCAGCCTTTACTAGCTGCATCTCCCAGTTCCTCACAAMGCCCTTCCTATCT
GCAGAAC TRASCEGEAGCAGCGAGACCTGRGLCTALTGT GTG TCACAGC TGLCCCTCACAGAGLGAGGCT
CCGTAAGATGLT TGACRATTTTGACTGT 1T TRGAGACAAACTG TCAGATGAGT CCATCT TCAGTGETTTT
TTIGTCAGTTGTAGGEAAGCTGLOACGTEEOGLCAAGLCTOAGGGCARGET GAGCAGCACAGGALRCTTCA
ATGCCTGTTHAGT TETGEGCT GOCTAAGACATCTGCCGECCCTROGEAGCATACGGCTCTTREAGTCALT
TTCCCOTCCTCCTTATCCCCAGCTHEGT TOCAAC CAAATTGCCAGAGT GACCTAAGACCAGATETTTGTE
TCCAGTTCTTTTTTTATTACT CCAAARACACAACCAAAGCAGCATCTCATCCAATTCTTGT TTGTTTGTT
TTTAATAGTTTTTATTTTTCAGAGCAGT TTTAGGTT CAAAGCAAAATTGAGCAGAAMGT ACAGGGAGTTL
CCTTCTACCCCTTGLCCCTACACATCACAGLCTTCCCCACCT TCAACATCCTGCACCAGGG TGGEACATT
TGTTACAGCTGAACCTACACT TACACATCATCTCCTAAAGTCATGGTT TACCT TGGAGT TCACTGLALGT
AATGACATGTACCCACCATTGCAGTATCATACAGAAGAGTTTCACTGLCTTACAAATCCCCTGCALTCCA
CCTATTTATCCCTCTCTCCCCACAACCCCTRATCTTIT TACTGT TGCCATCACTT TG TCTTTTCCAGAAT
GTATCATTGGAAT GATCCGGTATGGAGLCTTCTCACCTTGGCTTCT TAGTAATGTGLGT TTAAGGLLTCC
ATGTCTTCCATGGCCTTGTITCTTT T TAATCAGRAGTAACTGTT TTCAGGLCTGCTCTGAATCTLLTTTT
CTCCCTCCAGGLTATAATAGATGAAT TTGAGCAGAAGCTTCGGGLLTGTCATACCAGAGET TTGGATGGA
ATCAAGGABCTTGAGATTGGL CAAGCAGGTAGCCAGAGAGCGCCATCAGCCAAGAAACCATCCALTGGTA
CGTAAGG CAGCLTGOTGLGEOLGAGACCAGALTEOECCCTCCCCTCOTGUAGTGATTTGTTTCTTCTTCTT
TITTAAATCACGT TTTCCTGCCTTT TCTAGGT TCTAGGTACCAGCCTCTOOCT TCTACAGLCTCAGATAA
TGACTTTGTCACACCAGAGCCCCGCCGTACTACCCGTCOGCATCCARACACCCAGCAGCGAGCTTCCAAR
AAGAAACCCAARGTTGTCTTCTCAAGTGATGAGTCCAGTGAGGARGGTATGATGCTCCCGCCTGTTCCLG
GLCGAGARGGCACACAGCTAGGO TECAGAGGGCTGGTT TCCATAGGACCTGCTGCGEGEGECTGAGTGTA
GATGCTCTRCCCCACTGCCGCAGAAGLGCCTCTCCTGTACAGCTTGGATTTTATTTCTTCTGTGLGGTGT
GLGATTGTCTCACTTGTTCTCTGATATCTATT TITTCACCATCT TTGTGACTCAGCTTTTTCTTATTCLT
TTAATTCTTTGCATAGATCTTTCAGCAGAGATGACAGAAGACGAGACACCCAAGAAMMCARCTCCCATTC
TCAGAGCATCAGCTCGCAGGCACAGATC CTAGEAAGT CTGTTCCTGTCCTCCCTOTECAGGRTATCCTET
AGGGTGACCTGGAATTCGAATTCTGTTTCCETTGTAAAATATTTGTCTGTETCTTTTTT TTAAARASAMA

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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] Download Primerd Source Code
Primer3Plus
plck primiers from a DNA sequence Mlalbi Wily
:
This 15 the Iatest version of Primer3Flus with all the new features.
Run Primer3Web
“The lagest version of PrimeriWeh,
Main ~ General Settings  Advanced Setlings  Inlernal Clige  Penalty Weights  Advanced Sequence
Sequence 1d;
Paste lemplate seqaence beiow Or upload sequence file. CrcosuFile na tile sewcte Velnad Fle
‘;;\.‘T’.‘II‘M‘."VI T ACOTCTOT) TCAMAATTOOTARA
| ADTRALAL; =T AT T Teh
{acaren rrIANCE i TCTTCARECC AGCOTECTTEATTETALETAGS 2
[ ATTTOCADT TaOCATAT AMIANTC KTTRO TOETTTCAAAATT AC TOTRENTACTTTOC TARKTHIAC
| CEAATATAATS AT IC AT TEARL TTGETET EIETTMICTTED
i r L ThA TG
EETACATTCTARTOCANEAR T ARSI i
Main Generl Seitings ~ Advanced Setlings Tnternal Oligo Penalty Weights Advanced Sequence
Product Size Ranges  300-800
Primer Size Min: 8 Opt: (20 Mix: 26
Primer Tm. Min; 86 Opt; 88 MK B M T Difference. & 3
Primier GC% lin: o . TR LT Max: oo
Cooeeitmalion of monavalenl ¢ dians; (2] Annealing Oligo Concentrlion,  6o0
Concendration of divalent cations; 15 Concentration of dNTFs: L1
Paird; prmer3
Left Prinser 4 CCCTAATCCTOLAGCALTAD
Starm: 23656 Longih: M bp Ten: S00C GO 800 % Any: 00 End:00 TE: 00 HP:00 ¥ Sab: 26 Penalty: 0034
Right Primier 4:  ATGAEGECAMGGANCHCTE

Pair:  Product Size: 3153 bp

Sand ta Primeribanager  Rese

1 Fasnen

Star: 23970 Lengih Wbp Tm:600C GC:550% Anw 00 End00 TH 100 HE: 339 ¥ Sphd0  Penalts 0033

Any; 0.0 End: 00 TB: 150 Penalty: 0073

Interpretation of the result page

The best primer pair to choose is the one that matches the criteria you had once entered into your search.
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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.
SELF: 3' self-complementary of the primer.

Should be zero or as low as
possible
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Primer-BLAST:
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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 Atool for finding specific primars

Finding primers specific te your PCR lemptlats {using Primerd and BLAST).

| Priemers for tarast on ne femplate | P

Reselpage Save seach paramsters Reinews recenl resfls  Publcation  Tips|

PCR Tempiate
Entar accession, gi, or FASTA sequence (4 rafsaq record is prafarmad) & Clear Range &  Clear
(AT T TTAAAGATEGEGAAG TABCAGACACE CACGE BTGAABBCABGAGAGC CCCARCTAT Eram Ta

GGETGGAAATGE Forward primer
COCCACBAATOETAGECCCAAGTCCTAGCTCCAGACACCCCAGAGCCCTEOACAAG CCAAG
ACTEAGGOAGH Reverse primer

AABCETEASCEAGCAGCSCEESAGTEGEEA
O, upload FASTA file Chease File  na fie sakctod

Primer Parameters

Use my own forward primer i Char
(5=>3"an plus sirand) 3 ‘l
Use my own reverse primer ] Clear

(5>3" on minus strand)

]

PCR product size
# of primers te return
Min Opt Wax Max T difierance
Primar melting tamparatures = (=) i 5 @
(Tm}

Exanfintren selection A ratsen MANA eaquence 85 PLR tamplate put |5 requinad &1 opoans in the secton &

Be
Min 5" medch  Min ¥ match  Wax 3" metch

T 4 ]
WHITITIE] S0 NERIMEl MU o A S BT NSl BNNEal 1 BX0NE SUINE 5 O 3' ke of T [LIMClion &y

Ewon junction span

Exon junctisn match

o prederence

all sequences (within the given sequence ranges) thal ae intanded or allowed largets.

Setect: 41 Nenp Seloctodt

Submt Blmba ot i e sty

‘our PCR template is highly similar o the following sequence(s) from the search daisbase. To increase the chance of finding spacific primers, please review the list below and select

Acgesson lle ldentfy  Algnmentlength  Seq starl | Seq sk
ma sapinas g Aphasp {GAPDH), on 12 100%  10ABO 1 10880
ACOOG0EL 0 Hamo Sapiens 12 PAC RPS-B40J5 (Roswell Park Cantes Insblte Human PAG Libicary] complels ssausnce 100% 10880 84572 57451

ntrom inclusion i} H L
Primer pair must ba separated by &t leas one intron on he comesponding genomic DRA &4 F —— - 3
Intron length range Min Max
Primer Pair Specificity Checking Parameters

Specificity check EB Ensble search for primer pairs Epechic to e infandsd PCR tempiate & 2

Search mode autamatic B

Database e - ‘

Exelusion Exclude prodicted Refseq transcripts [accession with X8, XR profix) | Exciude | I £y

Dvganism

phacieniacnas, ragents), faxonamy id or salec o o suggession fist as you type. £
o T ¥ ekl
Input PCR template Iel[Query_1
Range 1-1pEEa

L e
L= 10887
pecificity of prlmars ARG My ROL LG SEOOE 1S 1 (el PCR SESIHE 68 TBNjEL wers A teatste comaction. M)
et gy
Ohir dopiets S G

' Graphical view of primer pairs

e e T

I~ Detailed primer reports.

Yoo o et tot soec s s by ecreping e of e ursianend Lagets. ook B berfes | e i 156 £r pou scret Beriny g 0t s o 122 spochs et

Primar pair 4

Eogwrytr | &® T Homr Qaeone T F e

= f P Y - e fiam v fawes et 1am
s P g i

| i - sww  |1h_ .y kv gam & “ i oW ne oy

Presductn an irtadded largets

241 (WT1 7 erren napeers glyoerskdenyon 3-gerspham ceampenass (I FIHI, FadSegdenme m dhromomme (2

e T

Saguence (T47] Leagh Stit Smp Tm  GC% 54 complmestanty Salf ¥ comalanantariy
Forwmd pima  AMACAGAOTIGOTTGETION :r P00 Q12T 5SO7 SD0 108 2
Rrverse primer ACGTOETCARGALCTCHCAD % B Gk SR80 600 400 (£
Froduct largth 304
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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)

Use my own reverse primer | | & Claar
{5'->3' on minus strand) ’ z Z

1}
=

Min Max
PCR product size |70 | 1000
# of primers to return im i

Min opt Max Max Tei difference
Primer melting temperatures  [57.0 | 80.0 | [83.0 E) |da
Tm) bt S i B e

R et
Primer Pair Specificity Checking Paramelers

Specificity check Enable search for primer gairs spedific ko the mtended PCR femplate 44
Search mode | Autormatic vl
Database [ne vl
Exclusion [Tl Excluds pradictod Retsag g ion with XM, XR profix) | Exchuds i sample i
Organism | Homa sapiens.

Entar an organism neme (or organism graup mama such as enterobacteriacasas, rodents), taxonomy id or selact from the suggestion fist &3 you type.

| — - —

17 b Sl - WL TTIPY TIPS Dy Y SEATY

Ingwt POR tomplate i
SRR o Y TERT e w i Foulel & b8 AU e Nl [ R OO Gl W B D R

. rimar pats 3 Primer information
Interpretation of the result page o e S S ey S
featrse sromnr MAATEEAE: EPg3 A3E3 A

"“f‘“'“"l" Sachers actn Ing GA (ACTLGA) Famscrpt vanant 3 —:-f-]- Matched organism, gene
e CECTITGNTS 18 - Predicted PCR product

R - Predicted matched positions between
1 AMMATCCACCTTOGEGOCAG 19 =

y 1 each primer and template
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Checking primers specificity using UCSC in-Silico PCR

HHNIH[H” fﬁfi’ﬂ.?iﬂ'o“ T/'< 2 Genome Browser

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

Qur tools

u 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
® Table Browser

download data fram the Genome Browser database

= Variant Annotation Integrator
et functional effect predictions fior variant calls

® Data Integrator

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

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

rapidly align PCR primer pairs to the genome
u LiftOwver

convert genome coordinates between assemblies
® Track Hubs

import and view external data tracks
m REST API

returns datain JSON format
More tools...

Assembly: Forward Primer: Reverse Primer;
Dec. 2013 (ORCh3/Mg 38} H genarm ARACAGCCTTOCTIGCTICO ACGTOCTCAAS ACCTCACAD Sultwrait
Max Product Size: son 2 Mim Perect Match: 15 Min Good Match: 1 Flip Reverse Primer:

UCSC In-Silico PCR

Sghrl2:6530498+6518803 106bp ARACAGCOTTECTTCOTICC ACCTCCTCAAGACCTCACAD
ARACAGCCTTCCTIGCTTCCATEAC AL E Lot LaCoJOEeaAgaRgLatE
gagtgeeacaggaagetggeareac tact teagagaacaaggeeLeetes

totoctogotooagteot aggetat cbqotgtbggocaancat ggaagaa r;
gctattotgtgggcagorccaggga goc tgacagg tggaggaagtoaggy
ctcgcactgggctotgacgotyact gottagtggagotoagootggagot
GAgEEIENgEIICARLLETAITEE J96E L ergeagETUTGAGGTCTTGA

GCACGT

Primer Melting Temperatures

Forward: £1.8 € asscageebtgettgetteg
Reverse: 55.0 C scgtgetcasgaccteaca

The temperature calculations are done assuming 50 mM salt and 50 nM annealing oligo concentration. The code 1o calculate the melting temp comaes from Primerd.

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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