¢ - NCBI Primer-BLAST

An online tool for designing target-specific PCR primer pairs (with internal probes)

https://www.ncbi.nlm.nih.gov/tools/primer-blast/

National Center for Biotechnology Information « National Library of Medicine « National Institutes of Health « Department of Health and Human Services

Scope and Access
Primer-BLAST [1] is a PCR primer design and specificity checking tool from NCBI. It finds unique regions on the input
template, picks primers from those regions using the Primer3 algorithm [2], and uses relaxed settings to BLAST [3]
screen for primers specific to the input template. Similar to other BLAST searches, you can limit a Primer-BLAST search
to specific taxa or a custom set of sequences specified by Entrez queries, or even your own custom sequences not
present in the public databases (subject to size limit). It presents candidate primers along with their alignment to targets.
Primer-BLAST is a web only application accessible through the “Specialized BLAST” section of the BLAST homepage
(https://blast.ncbi.nim.nih.gov/) or directly at https://www.ncbi.nlm.nih.gov/tools/primer-blast/.
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In the Primer Specificity Checking Parameters section (E), you
can select different databases using the pull-down menu (F), restrict S
the search to a different organism by selecting from the suggested list upon typing (G), adjust barley ¥

the stringency of the specificity checking through parameters listed below the database (H), and | tarley (taxa:112509)
check the box (I) to generates primer pairs that amplify all known transcript variants for the same
gene. You can also adjust the search mode (J) to increase the chance of finding specific primers
when the input template is highly similar to other targets in the database, and use the “Custom” | two-rowed barley (taxid:112508)
database (K) option to upload a custom set of sequences (accessions or FASTA) for use as the | ...ieys gaxa-4512)
specificity checking database through the file upload option. More on this at the end.

domesticated barley (taxid:112509)
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Advanced Parameters for Primer-BLAST

Clicking the “Advanced Parameters” link (A) toggles open the section with infrequently adjusted parameters. The first
section (B) contains parameters for BLAST that specify the exhaustiveness of specificity checking. The second section
(C) contains parameters specific to the selected primers and their PCR products (D), such as, the Tm of the PCR
product, the primer length, the primer GC content, and GC clamps at the 3’-end of the primer. It also contains settings on
PCR buffer conditions (E) since they can greatly affect the primer Tm calculation. Note that, in favor of search speed,
Primer-BLAST does not use thermodynamic alignment features by default (F). This section also allows you to instruct
Primer-BLAST to take SNPs mapped to template into consideration during primer picking (Human RefSeq accession
required) by checking the checkbox (G).
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Primer GC content (%) 200 | oo | designing new primers) o /@
| Max targets to show (for pre- | |
SC clamp b e designed primers) 1000 | @
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TH: Max Self [4?0 ' [35.0 | (For thermodynamic ali t model only) "Use new graphic view” (1),
: Max Sel i | 35. | (For thermodynamic alignment model only hecked by default. allows
Complementarity = C .eC e y ’
Any S 3 Primer-BLAST to create a
TH: Max Pair [45.0 | [35.0 ](For thermodynamic alignment model only) visuaIIy informative and
Complementari 5 i . .
TH: l\'n)ax Primer%iairpin 24.0 | (For thermodynamic alignment model only) interactive graphlcal
Primer ~pair summary of the result using
Max Template Mispriming [12.00 | 24.00 ](For old secondary structure alignment model only) the embedded Graphical
_ Ay % : Sequence Viewer [4].
Max Self Complementarity oo | [3.00 | (For old secondary structure alignment model only)
) . Ay ¥ ) Internal hybridization oligo parameters  { H r
Max Pair Complementarity [8.00 [3.00 | (For old second T = o _—
] L Hybridization oligo [ Pick internal hybridization oligo
Excluded regions [ Min ) Opt. ) ‘Max
Overlap junctions l Hyb Oligo Size |18 | 20 | 27
Min Opt Max
5' side overlaps 3’ side overlaps Hyb Oligo tm ‘5I7A0 60.0 63.0
7 | | Mn  Opt  Max
Minimal number of nucleotides that the left or ] Hyb Oligo GC% 1200 50 80.0
Concentration of monovalent [50 0 ! o - g - : -
cations . - g ;
g:t?g::"a"on ot dhvalost [1'5 1 9) \ (Gétm) ) show results in a new window ¥ Use new graphic view @ I
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Current time 23 June 2014, 16:10:54

Time since submission 42 sec
Progress Message

Submitting a Search
Click the “Get Primers” button (J) to submit the search. The browser tracks the progress of the submitted job via an
intermediate polling page, where you can manually check it by using the “Check” link (K). Browser will display the result
when it becomes available.
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Primer-BLAST Results: the Graphical Summary
The Primer-BLAST displays results by breaking them into several sections: the search summary, the graphical overview,
and a tabular list of primer pairs with their properties plus alignments to the annealing sites on different targets. The

summary section (A) reiterates the template, an informational message with additional details on the primers returned, a

Primer-BLAST » JoB ID:VV-KF5ifn7e4iYWMiOyhvvL3sIzf5KuR3g

“Search Summary”
link (B) with detailed

A Primer-BLAST Results @

Range 1 -5176

Specificity of primers

Primers may not be specific to the input PCR template as targets were foun
Messenger RNA Reference Sequences (Organism limited to Homo sapiens)...

Input PCR templaM_ooo«HOA Homo sapiens homeostatic iron regulator (HFE), transcript variant 1, mRNA

ed database:NCBI

pecific primers

search statistics, and
a link to re-run the
search (C, new).

[C > Edtsearch

[Links & Tools)

Primer 6 SNP summary: rs2481576494

ﬁ
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A ACAGCCAAGGTTATCCAGCC Min Tm 57
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Pryj -
B4 Selecta Range Low complexity filter Yes
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‘ [ Set Sequence Origin At Position /" ¥ Tracks shown: 3/23
w1 [[§ SetSequence Origin At Feature P
A H |
A ip Sequence Strands Configure Page %
@ zomin Available Tracks ;7‘ Find Tracks | Custom
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Zoom To Sequence 3 i
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Sels i ] EXAC Release 1 Frequency, dbSNP b157 v2
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Features [[]  In-frame Any, dbSNP p157 v2
Uploaded Data B Live RefSNPs, dbSNP p157 v2
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[7]  Stop Gain or Loss dbSNP b157 v2
B i dbSNP b157 v2
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p2353953 mmmmm— CC/CCCC EZEE[7E45 M V70 rs2481S76590 NN G/R rs1432538644 NN G/A) Unfiltered RefSNPs, dpSNP b157 v2 |
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729 W T/R 51225546896 NI T/R/C rs2, . = _—
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rs781034120 . A/T Variation ID: rs2481576494
Variaﬁou;ve:%‘g.lenml dbSNP 2.0 Build 157 v2 all data based on Homo sapiens A
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n7e4iYWMiOyhvvL3sIz£5KuR3g Y 3 [ Genomic locations] kg
GCF_000001405.40: NC_000006.12 @ 26087482
GCF_000001405.25: NC_000006.11 @ 26087710 @ Remove track(s) Configure Reset tracks Cancel

For the template sequence submitted in RefSeq accession format, NM_000410 in this case, the Graphical Sequence

Viewer provides much more information. Specifically, it displays:

o A clear overview of the results in the context of the target sequence, by showing the exon boundaries of the template
plus its annotated protein product, pulled from the feature table of this record (D);

The candidate primer pairs, their predicted products, and exact locations on the template (E);

The properties of a specific primer pair, viewable in the hover-activated popup (F);

The sequence-level details of the annealing site, through the “Zoom to Sequence” option (G) in the right-click menu;
The highlighted relationship of suggested primers with other features annotated on the template through the

“Configure page” dialog box (H) activated by clicking the “Tracks” button, with the example shown being one of the
known SNPs (I) mapped to the primer annealing site on this human mRNA template.
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Primer-BLAST Results: Primer Pairs and Their Alignment to Targets

— Detailed primer reports The “Detailed primer reports”
section (A) contains the

You can re-search for specific primers by ing some of the uni targets, check the box(es) next to the ones you accept and try again to re-search for specific primers

/ma details for returned primer
pairs. Each primer pair is in
st ol @ its own subsection (B), with a

Primer pair 1 summary of basic properties

s 5> Template strand L Start Stop Tm _ GC% _Self i Sell 3 i ; ; i
Forward primer TgméAGA?TCGCCGTG Ple\:'slp' ¢ zg'gm 195 214 599 5500 600 1.00 _along with alignments to their
Reverse primer  ACAGCCAAGGTTATCCAGCC Minus 20 827 808 60.03 5500 4.00 1.00 intended target (C) and to

Product length 633

) potentially unintended targets
Products on intended targets

[E] >NM_000410.4 Homo sapiens homeostatic iron regulator (HFE), transcript variant 1, mRN« (D) .
E:::::; i::ﬁ:: =1633 TGATCATGAGAGTCGCCGTG 20 In_the example pair of
Template 195  sumemswamasaEeEES 214 primers for human HFE gene
Reverse primer 1  ACAGCCAAGGTTATCCAGCC 20 transcript variant 1
Template 20  asivassbabaiessee s 8 .

s : * (NM_000410) also amplify
Products on potentially unintended templates ~ variants 12 and 13 (D), which
2> NM_001300749.3 Homo sapiens ic iron regulator (HFE), ipt variant2, mRNA are considered as

unintended in automatic
roduct length = 633 i i
gorw::: p:iﬁzr 1 TGATCATGAGAGTCGCCGTG 20 mode. CheCklr_]g them will
Template L — 214 >@ mark them as intended
Reverse primer 1  ACAGCCAAGGTTATCCAGCC 20 targets in re-run through the
Template 827 ssunsesenewesesees 808 aCt'Vated Submlt button (E)

-~

3> NM_001384164.1 Homo sapiens ic iron (HFE), ipt variant 13, mRNA

The result page also allows
e — the saving of displayed
Forward primer TGATCATGAGAGTCGCCGTG 20
Tz:;;atep e ies .......... ? ......... 214 results throth the

) “‘Download primer pairs”
Reverse primer 1 ACAGCCAAGGTTATCCAGCC 20 .
Template 827 essesssivenaTiaYaE 808 button (F, new) in text or
tabular format.

More on “ User g uided” Mode and Primer Pair Specificity Checking Parameters
11 C ustom 'T] Database :P'Ci::c“i:h“:k ¥ Enable search for primer pairs specific to the intended PCR template @)
earch mode User guided )

The “User guided” (G) mode on the search form allows you | patabase @ ar
to instruct Primer-BLAST whether certain targets that are Organism ]
hlghly Similar tO the input template Should be Considered as Enter an organism name (or organism group name such as enterobacteriaceae, rodents),
. . . . taxonomy id or select from the suggestion list as you type. @)
intended target (H) upon job submission.

Primer-BLAST A tool for finding specific primers
The Custom database option (I) allows you Fining primers specific o your PCR emplate (vsing Primers and G1AST)
tO prOVIde your Own |nput dataset for Input PCRler::hle :12;;:.1 HSC38H011 normalized infant brain cDNA Homo sapiens cDNA clone c-38h01, mRNA sequence

nge 1-
specificity checking. System constraints | B e et e
limit the size of sequence files to 300 MB
" Select: All None Selected:0

through file upload. For sequences from L [ccession Tiie dentty | Algnment length Sea st | Seq stop
the NCBI Nucleotlde database’ use thelr E—I :>|:\ NM_002622.5 Homo sapiens prefoldin subunit 1 (PFDN1), mMRNA 97.21% 323 222 544
accessions as input. =3 D) S e e

Technical Assistance

Note: Parameter values that differ from the default are highlighted in yellow
Please send you feedback, questions and bug Brimen Peir Speciiciy Chiecking Earameters
. . Specificity check Enable search for primer pairs specific to the intended PCR template ©
reports to blast-help@ncbi.nim.nih.gov Search mode [iomsic——~ 1@
Datshase [Refseq mRNA v]e

Refe re n ces :‘:::: ::::::;::enmive genomes ;a"im e °
1. Ye), Coulouris G, Zaretskaya I, Cutcutache I, Rozen S, f::':;fw PTRE u (primary assembly only) By onomy id o select from the suggestion s

Madden TL. (2012) Primer-BLAST: a tool to design target- | =™

specific primers for polymerase chain reaction. BMC ihentnnd | re——

Bioinformatics. 13:134.

2.  Rozen, S and Skaletsky, HJ (2000) Primer3 on the WWW for general users and for biologist programmers. In: Krawetz S, Misener S (eds)
Bioinformatics Methods and Protocols: Methods in Molecular Biology. Humana Press, Totowa, NJ, pp 365-386.

3. Altschul, SF, Madden, TL, Schaffer, AA, Zhang, J, Zhang, Z, Miller, W and Lipman, DJ (1997) "Gapped BLAST and PSI-BLAST: a new generation
of protein database search programs." Nucleic Acids Res. 25:3389-3402.

4. The Graphical Sequence Viewer Factsheet: https://ftp.ncbi.nih.gov/pub/factsheets/Factsheet Graphical SV.pdf.

5. NCBI Insight Blogpost: Primer-BLAST now designs primers for a group of related sequences. https://go.usa.gov/xulcg
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