Oligonucleotide Primers

PRIMER DESIGN
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Pimer self-dimer

Pimer heterodimer

Partial extension by DNA polymerase

Pimer self-complementarity
(hairpin structures)

Full extension by DNA polymerase
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Web-based primer design service

Gene Fisher (http://bibiserv.techfak.uni-bielefeld.de/genefisher/)

GeneWalker (http://www.cybergene.se/primerdesign/)

Web Primer (http://genome-www?2.stanford.edu/cgi-bin/SGD/web-primer)

Primer 3 (http://www-genome.wi.mit.edu/cqi-bin/primer/primer3 www.cqi)

CODEHOP (http://mwww.blocks.fhcrc.org/codehop.html)

Net Primer
(http://www.premierbiosoft.com/netprimer/netprlaunch/netprlaunch.html )

....... and many others
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More... Source Code

Primer3Plus

pick primers from a DNA sequence Help About
Load server settings: | Default hd Selzct primer pairs to detect the given
[ Activate Settings ] template sequence. Optionally targets and | Pick Primers | [ Reset Default
Task: | generic " | included’excluded regions can be specified
Main General Settings Advanced Settings Internal Oligo Penalties Advanced Seq.

Sequence 1d: | |

Paste templaie sequence below or upload sequence file: | Choose File | No file chosen Load Example

Primers3 pllju

Mark selected region: [ < Excluded = ] [ [ Target ] ] [ { Included } ] [ Clear ] [ Regions from Seq. Save Sequence
Excluded Regions: = | =

Targets: [ 1

Included Region: {

Primer overlap positions: -

Pair OK Region List:

11/2/2025 31



Google ncbi

All Images Videos News Shortvideos Forums Web

See detailed insights & Compare multiple related Papers for : “nchi”

» National Institutes of Health (.gov)

hitps:/fwww.ncbi.nlm.nih.gov :

National Center for Biotechnology Information

More ~ Tools ~

Compare insights [4

Welcome to NCBI. The National Center for Biotechnology Information advances science and health

by providing access to biomedical and genomic information. About ...

Primer-BLAST

>

Account - Enable search for primer pairs specific to the intended ... professionals alike, offering a wide range of data
and services to support their work. )

Gene N
Gene. Gene integrates information from a wide range of species. A ... Related questions:
BLAST What specific databases does NCBI host?

>
Access keys NCBI Homepage MyNCBI Homepage Main ...

How does NCBI support bioinformatics ép
; h?

Nucleotide N researe

>

X ¥ & Q N s |

&P sider ®)

© sider Fusion GPT-5

PSR LALIS RN A LA ML P eArLeLar e 1RS48 RISl 1 IS AariiLan L e

genomic information. It is part of the NIH and
provides access to databases and
bioinformatics tools. NCBI's mission is to
advance science and health. It is a valuable

source for researchers and healthcare

3
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Gene Gene v |gapdh e |

Create RSS  Save search  Advanced Help

Gene sources Tabular » 20 per page » Sort by Relevance = Send to: = Hide sidebar >>
Genomic
Plasmids

Filters: Manage Filters

See detailed insights & Compare multiple related Papers for : L -
Categories . N Compare insights [£ =
9 gapdh Results by taxon

Alternatively spliced
Top Organisms [Iree

Annotated genes
MNon-coding Homo sapiens (783)

- . Rattus norvegicus (137} -
Protein-codi 3
pseu:gr,;;eﬂn: ? Mus musculus (127) \8

) - . Saccharolobus solfataricus (12)

Sequence content GENE Was this helpful? . Arabidopsis thaliana (17)

ccDs All other taxa (1466)

Encembl GAPDH — glyceraldehyde-3-phosphate dehydrogenase More...

RefSeq Homo sapiens (human)

RefSeqG - -

erseqzene Also known as: G3PD, GAPD, HEL-5-162eP Find related data .

Status clear Gene ID: 2597 Database: |Select v

+ Current
[ RefSeq products. ] [ Orthologs ] [ Genome Data Viewer ]
Clear all

Show additional filters

New - Visualize gene across multiple species Search detaile

gapdh[All Fields] AND alive[prop]

[x]
RefSeq Sequences +
P
See more..
Search results
Items: 1 to 20 of 2524 Page E of 127 | Mexi= | Last== Recentactivity —
Turn Off Cl
@ see also 1545 discontinued or replaced items. - e
Q, gapdh AND (alive[prop]) (2524) “
Mame/Gene ID Description Location Aliases MIM o L
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GAPDH - glyceraldehyde-3-phosphate dehydrogenase (e

Homo sapiens

Summary Transcripts and proteins Orthologs Gene ontology

Transcripts and proteins

rA
Download » Select columns 6 Transcripts .

[] Geneld Symbol Transcript Length (nt) Protein Length (aa) Proteinna  Action
0O 2597 GAPDH NM_001256799.3 1386 NP_001243728.1 293 glyceralde  :
0O 2597 GAPDH NM_001289745.3 1377 NP_001276674.1 335 glyceralde  :
0O 2597 GAPDH NM_001289746.2 1525 NP_001276675.1 335 glyceralde  :
0O 2597 GAPDH NM_001357943.2 1231 NP_001344872.1 317 glyceralde  :
0O 2597 GAPDH NM_002046.7 (D 1285 NP_002037.2 335 glyceralde ¢
0O 2597 GAPDH NR_152150.2 763 :

FOLLOW NCBI
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Nucleotide Nucleotide ||

|

Advanced Help
GenBank - Sendto: » B
Change region shown S
Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH), transcript Cusiomise vi
. ustomize view 2
variant 2, mRNA
NCEBI Reference Sequence: NM_001256799.3
FASTA  Graphics Analyze this sequence e
Run BLAST
[] save %2 Chat with paper Pick Primers
Go to- Highlight Sequence Features
. Find in this Sequence
Lacus NM_e81256799 1386 bp mRNA linear PRI 29-APR-2825
DEFINITION Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH), Show in Genome Data Viewer
transcript variant 2, mRNA.
ACCESSION NM_e81256799
WVERSION NM_@81256799.3
KEYWORDS RefSeq. Articles about the GAPDH gene =
SOURCE Homo sapiens (human) Human protein interaction networks of ancestral

ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Ewarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFEREMNCE 1 (bases 1 to 1386)
AUTHORS Jeon,H.Y¥., Lee,A.J., Moon,C.H. and Ha,K.S.
TITLE Regulation of AMPK and GAPDH by Transglutaminase 2 Plays a Pivotal
Role in Microvascular Leakage in Disbetic Retinas
JOURNAL  Diabetes 73 (1@8), 1756-1766 (2824)
PUBMED 39824127
REMARK GeneRIF: Regulation of AMPK and GAPDH by Transglutaminase 2 Plays a
Pivotal Role in Microvascular Leakage in Diasbetic Retinas.
REFERENCE 2 (bases 1 to 1386)
AUTHORS Sum,X., Ye,G., Li,J., Yuan,L., Bai,G., Xu,Y.J. and Zhang,J.
TITLE The tumor suppressor Parkin exerts anticancer effects through
regulating mitochondrial GAPDH activity
JOURNAL  Oncogene 43 (44), 3215-3226 (2824)

and variant SARS-CoV-2 in [Nat Commun. 2025]

EndoMAF.v1 charts the structural landscape of
human early endosome complexa:s [Nature. 2025]

The solute carrier superfamily interactome.
[Mol Syst Biol. 2025]

Seeall...

Reference sequence information

RefSeq alternative splicing
See 5 reference mRNA sequence splice variants
for the GAPDH gene.

More about the GAPDH gene e

[

@0
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Nucleotide Nucleotide v | |
Advanced Help
FASTA - Sendto: » B
Change region shown S
Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH), transcript Cusiomise vi
. ustomize view >
variant 2, mRNA
NCEBI Reference Sequence: NM_001256799.3
GenBank  Graphics Analyze this sequence e
Run BLAST
[] save %2 Chat with paper Pick Primers
>NM_@0@1256799.3 Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GA™™"" snscript Show in Genome Data Viewer
variant 2, mRNA Ask %
TCCGGATGCTGCGCCTGCGGT AGAGCGGCCGCCATGT TGCAACCGGGAAGGAAAT GAATGGGCAGCCGT
AGGAAAGCCTGCCGGTGACTAACCCTGCGCTCCTGCCTCGATGGGTGGAGTCGCGTGTGECGEGEAAGT
AGGTEGAGCGAGGC TAGCTGGCCCGATTTCTCCTCCGGETGATGCTTTTCCTAGATTATTCTCTGATTT Articles about the GAPDH gene =

GTCATATTEEGCGCCTGETCACCAGGGCTGCTTTTAACTCTGGTAAAGTGEATATTGT TGCCATCAATG
ACCCCTTCAT TGACCTCAACTACATGGTTTACATGT TCCAATATGATTCCACCCATGGCAAATTCCATGG
ACCGTCAAGGCTEAGAACGEEAAGCTTGTCATCAATGGAAATCCCATCACCATCT TCCAGGAGCGAGAT
CCTCCAAAATCAAGTEGEGCEATGCTGRCGCTGAGTACGTCATGGAGT CCACTGGCGTCTTCACCACCA
GEAGAAGGCTGGEGCTCATTTGCAGGGREEAGCCAAAAGEGTCATCATCTCTGCCCCCTCTGCTGATGC
COCATATTCGTCATGRGTGTGAACCATGAGAAGTATGACAACAGCCTCAAGAT CATCAGCAATGCCTCC
GCACCACCAACTGCTTAGCACCCCTGGCCAAGGTCATCCATGACAACTTTGGTATCGTGGAAGGACTCA

GACCACAGTCCATGOCATCACTGCCACCCAGAAGACTGTGEATGGCCCCTCCGEGAAACTGTGGCGTGA
GECCGLAGEECTCTCCAGAACATCATCCCTGOCTCTACTGGLGCTGCCAAGGCTGTGEGCAAGGTCATC
CTGAGCTGAACGGEAAGCTCACTGGCATGECCTTCCGTGTCOCCACTGCCAACGTGTCAGTGGTGGACC
GACCTGCCATCTAGAAAAACCTGCCAAATATGATGACATCAAGAAGGTGGTGAAGCAGGCGTCGGAGGG
COCCTCAAGGGCAT CCTGGECTACACTGAGCACCAGETGETCTCCTCTGACTTCAACAGCGACACCCAC
CCTCCACCTTTGACGCTGGEACTGGCATTGCCCTCAACGACCACTTTGTCAAGCTCATTTCCTGGTATG
CAACGAATT TGGCTACAGCAACAGGGTGETGGACCTCATGGCCCACATGECCTCCAAGGAGTAAGACCC
TEEACCACCAGCCCCAGCAAGAGCACAAGAGLRAAGAGAGAGACCCTCACTGCTEGEEAGT CCCTGCCAC
CTCAGTCCCCCACCACACTGAATCTCCCCTCCTCACAGT TGCCATGTAGACCCCTTGAAGAGGGGAGGG
CCTAGGGAGCCGCACCTTGTCATGTACCATCAATAARAGTACCCTGTGCTCAACCA

Human protein interaction networks of ancestral
and variant SARS-CoV-2 in [Nat Commun. 2025]

EndoMAPv1 charts the structural landscape of
human early endosome complexes [Nature. 2025]

The solute carrier superfamily interactome.
[Mol Syst Biol. 2025]

See all...

Reference sequence information =

RefSeq alternative splicing
See b reference mRMNA sequence splice variants
for the GAPDH gene.

More about the GAPDH gene =

This gene encodes a member of the
glyceraldehyde-3-phosphate dehydrogenase
protein family. The enceded protein has been
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Search results

Items: 1 to 20 of 10416 Page [1_|of521 MNext> Lasts=
@ sce also 3230 discontinued or replaced items.
Mame/Gene |D Description Location Aliases MIM
O BAX BCL2 associated X, Chromosome 19, NC_000019.10 BCL2L4 600040
1D: 581 apoptosis regulator [Homo (48954875..48961798)

Q) Related Papers

%3 Chat with paper

[ Bax
ID: 12028

Q) Related Papers
%3 Chat with paper

[ Bax
ID: 24887

Q, Related Papers

%3 Chat with paper

O BAX
1D: 280730

Q, Related Papers
3 Chat with paper

O BAX
ID: 100355675

), Related Papers

3 Chat with paper

[ bax
ID: 948089

sapiens (human)]

BCLZ-associated X protein
[Mus musculus (house
mouse]]

BCL2 associated X,
apoptosis regulator [Rattus
norvegicus (Norway rat)]

BCL2 associated X,
apoptosis regulator [Bos
taurus (domestic cattle)]

BCL2 associated X,
apoptosis regulator
[Oryctolagus cuniculus
(rabbit}]

putative glycoside hydrolase

Chromosome 7, NC_000073.7
(45111124.45116332,
complement)

Chromosome 1, NC_086019.1
(105076472..105081906,
complement)

Chromosome 18, NC_0373451
(55530787..55534997)

Chromosome 18, NC_091449.1
(8289697..8295953,
complement)

NC_000813.3

Bax [Escherichia coli str. K-12  (3736353..3737177,

b3570, ECK3558

See more...

Recent activity

Turn Off  Clear

Q, bax AND (alive[prop]) (10416)

B Homo sapiens glyceraldehyde-3-phosphate

Gene

dehydrogenase (GAPDH), transcript variar Nucleotide

Homao sapiens glyceraldehyde-3-phosphate

dehydrogenase (GAPDH), transcript variar Muciesti "3

B
Q, gapdh AND (alive[prop]) (2524)
B

The Role of Lipids and Lipoproteins in
Atherosclerosis - Endotext

See more...

Gene
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Full Report Send to: ~ Hide sidebar >>

Table of contents e

BAX BCL2 associated X, apoptosis regulator [ Homo sapiens (human) ] Summary

Genomic context

3 Ask Copilot: Save time, read 10X faster with Al
Genomic regions, transcripts, and products

[ save Biases or Limitations Points Discussed Evidence/Examples Used Summarize Purpose Key Takeaways Expression
Bibliography
Gene ID: 581, updated on 23-Aug-2025 Phenotypes
Variation

4 Download Datasets [EETIYR .

(=] summary [2)(7] Pathways frem PubChem
Interactions
Official Symbol BAX provided by HGNC General gene information
Official Full Name BCL2 associated X, apoptosis regulator provided by HGHC Markers, Homology, Gene Ontology

Primary source HGNC:HGNC-959
See related EnsemblENSG000000870388 MIM:600040; AllianceGenomeHGMNC:959
Gene type protein coding MCEI Reference Sequences (RefSeq)
RefSeq status REVIEWED
Organism Homo sapiens
Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Additional links

General protein information

Related sequences

Catarrhini; Hominidas; Homo
Also known as BCL2L4

Summary The protein encoded by this gene belongs to the BCL2 protein family. BCL2 family members form hetero- or homodimers and act as anti- Genome Browsers =
or pro-apeptotic regulators that are invelved in a wide variety of cellular activities. This protein forms a heterodimer with BCL2, and Genome Data Viewer
functions as an apoptotic activator. The association and the ratio of BAX to BCL2 also determines survival or death of a cell following an
apoptotic stimulus. This protein is reported to interact with, and increase the opening of, the mitochondrial voltage-dependent anion
channel (VDAC), which leads to the loss in membrane potential and the release of cytochrome c. The expression of this gene is Variation Viewer (GRCh38)
regulated by the tumor suppressor P53 and has been shown to be involved in P53-mediated apoptosis. Multiple alternatively spliced

Variation Viewer (GRCh37.p13)

E bl
transcript variants, which encode different isoforms, have been reported for this gene. [provided by RefSeq, Dec 2019] nsem
Expression Ubiquitous expression in colon (RPKM 24.0), spleen (RPKM 21.8) and 25 other tissues See more ucsc
Orthologs mouse all :
m Try the new Gene table ({.})

Related information

Try the new Transcript table
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= Links to other resources
QECEEEEEECPEE RO B B B | > > = > b
HGNC
ENSHRBREEEZEEEET
EnsTeeopostzzs5] I Ensembl
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[
Nucleotide Nucleotide v] |

Advanced Help

FASTA Send to: -

Homo sapiens chromosome 19, GRCh38.p14 Primary Assembly

NCEI Reference Sequence: NC_000019.10
GenBank  Graphics

3 Ask Copilot: Save time, read 10X faster with Al

[ save Key Takeaways Purpose Conclusions Biases or Limitations

>NC_P0@e19.10:48954875-48961798 Homo sapiens chromosome 19, GRCh38.pl4 Primary Assembly

GCGCTECEECOGCCCECECEGACCCGECGAGAGECEGCGGLGEEAGCEAGCGETAEATEGEACGEETCCGGEGE
AGCAGCCCAGAGGLGRGOGTGAGGLGEGAGGLAGACGGECEGEAGLAGGECGAGCCCCCTCGOCGOCCCG
TCCGEEATCCTTCCTACCGECCTGEGECTGTGCEATCTCCAAGCACTGAGGGEGCAGARACTCCCGRATCG
GECGECTACCAGCCTCCAGTCOCCTCCGTCCTCARAGGTTCCTGGCTCTCTGATCCCCGTGTCOCGATCCC
TECCTCTCTGOCECTCTCGEACCCTCEAGAACCAGOGGATCTCGGAAGCCAAGCCCCCOGGELAGGECCGG
GCTTETCGCCOGCACCACTTCCTGCCTCTGGECACTGATGGEAGGGGCEGETCTCGCCTCTGCCCCCTCAG
GCCAGGGGTCTGEATGCATATAGCGTTCCCCTAGCCTCTTTCOCCGGGGAGAATGTAGGATACAGGCCCA
GCCTCCTGRCCTTTCTCCATCAGGRACTCAGT TGTCTEOECCCCCCCGTCACTTTATCTGCTAGGOTCCC
AGAAGTCCAGGETCCCCAGCTCTGTCCTCCCTCAGGGGLCATEGAGTCTCCACAGTCTCCTGATCCCCTAG
AACCCAAGAGTCCAGETACCTCTTCCCTTCCTTTCTCCTCTAGGGCCCACCAGCTCTGAGCAGATCATGA
AGACAGGEECCCTTTTGCTTCAGGOGTGAGT TTGAGGTCTGATTATTGTGGCACAGAT T TEGAGGAGTGAC
ACCCCATTCTGATTCTGCACCCTCACTCCATCCCCACTCTAGTTTCATCCAGGATC GAGCAGGGCGAATG
GEGGEEEAGGCACCCEAGCTGACCCTEEACCCGETECCTCAGEATGCGTCCACCAAGAAGLC TGAGCGAGT
GTCTCAAGCGCATCGOGOACGAACTGEACAGTAACATGRAGCTGCAGAGETGTGEGCCCCTRAGGACCCA
GAAGTCCAGCCACTGEGCTCCTTCAGGACACAGGACTCTCAGCCCCACATTCTCCTCCTCCCCTAAGAAC
TAGGAGTCTGEGCCCCACAACTCAGCGCAAACATTCCGEACTCCCAGCCCTCCTCTCTGCCAGRATCTTA
AAACCCTCCTTCAGGRAGTCATTTT TCCCACCTTCCTAAATEGTCTGTCTTGTCCCCTTCCCTTGTCCOCC
GTTGECCTGTTGCTTTTCATTTCAGCCTGGCTTGGGECTCAGTCTCCTTATCTTTAGTGTGCGGTGGATG
CEGGAATTTTCCACCATCAGCCTEATECCTGCTCCOCGECACTGGTTCTCCTCTCTCCTGCAGRATGATT
GCCOCCaTEEACACAGACTCCCCCCGAGAGGTCTTTTTCCRAGTGGCAGCTGACATGTTTTCTGACGGCA
ACTTCAACTGEEECCGGETTGTCGCCCTTTTCTACTTTGCCAGCAAACTGGTGCTCAAGGTGGECAGCTG
CAGGECAGTGAGCCCAGGGATAGCTCCCCCTCAGATCTGTGAGEACCTGGEGEATCGTGGTATCAACCCCCT
GCAGTEGCCCAGTGACCACAGAGGOCATGOAGAGAGATEGLTGTGCACTEGETATCTGLTCCTTCTTTTA
TTCATTCAACAAGCATTTACTGGACCTGCTATGTGCOCAGGCCTATACCTGGCACCT GGRACACAGCACTG

Evidence/Examples Used

Change region shown

O Whole sequence
® Selected region

from: 48954875  |to: 489617968

Customize view

Analyze this sequence
Run BLAST

Pick Primers

Related information
Assembly

BioProject

Protein

PubMed

Taxonomy
Components (Core)
Full text in PMC

Gene

|dentical GenBank Sequence

PubMed (Weighted)
RMNA

@0
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= More... Source Code
Primer3Plus
pick primers from a DNA sequence Help About
Load server settings: | Default hd Select primer pairs to detect the given
| Activate Settings | template sequence. Optionally targets and _ Reset Default
Task: generic v| included/excluded regions can be specified.

Main General Settings Advanced Settings Internal Oligo Penalties Advanced Seq.

Sequence Id: | |

Paste template sequence below or upload sequence file: | Choose File | No file chosen Load Example

Mark selected region: | < Excluded > | | [ Target | | | {Included } | | Clear | | Regions from Seq.

Excluded Regions: = | =

|
[ 1
Included Region: £ |}
|
|

Targets:

Primer overlap positions: -

Pair OK Region List:

Pick left primer [ Pick hybridization probe Pick night primer
or use left pimer below. {(internal oligo) or use oligo below. or use right primer
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Primer3Plus More... Source Code

pick primers from a DNA sequence Help About

Load server settings: | Default hd Select primer pairs to defect the givern

| Activate Seftings | template sequence. Optionally targets and I Pick Primers | | Reset Default
Task: generic v| included/excluded regions can be specified.

Main General Settings Advanced Settings Internal Oligo Penalties Advanced Seq.

Sequence Id: | |
Paste template sequence below or upload sequence file: | Choose File | No file chosen Load Example
CCCCATGTTCGTCATGAGTGTGAACCATGAGAAGTATGACAACAGCC TCAAGATCATCAGCAATGCCTCC -

TGCACCACCAACTGCTTAGCACCCCTGECCAAGGTCATCCATGACAACTTTGATATCOTGOAAGGACTCA
TEACCACAGTCCATOCCATCACTGCCACCCAGAAGACTATGEATGECCCCTCCOOGAAACTGTEGCGTGA
TGGCCGCEOGECTCTCCAGAACATCATCCCTGCCTCTACTGGCGCTAGCCAAGGCTGTOGECAAGGTCATC
CCTEAGCTOAACGOOAAGCTCACTGACATOECCTTCCGTOTCCCCACTGCCAACGTATCAGTGETGRACT
TOACCTOCCOTCTAGAAAAACCTGCCAAATATOATOACATCAAGAAGGTOOTGAAGCAGECGTCGGAGEE
CCCCCTCAAGGOCATCCTGAGCTACACTGAGCACCAGGTGGTCTCCTCTGACTTCAACAGCGACACCCALC
TCCTCCACCTTTGACGCTGEGECTGECATTGCCCTCAACGACCACTTTGTCAAGCTCATTTCCTGGTATG
ACAACGAATTTOGC TACAGCAACAGEGTGETGEACCTCATGGCCCACATGGCCTCCAAGGAGTAAGACCC
CTOEACCACCAGCCCCAGCAAGAGCACAAGAGOAAGAGAGAGACCCTCACTGCTOOOOAGTCCCTGCCAL
ACTCAGTCCCCCACCACACTGAATCTCCCCTCCTCACAGTTGCCATATAGACCCCTTOAAGAGOGGAGGD
GCCTAGEEAGCCGCACCTTGTCATGTACCATCAATAAAGTACCCTGTGCTCAACCA

Mark selected region: | < Excluded = | | [ Target ] | | {Included } | | Clear | | Regions from Seq.

4 G

s

Excluded Regions: = | =

|
[ I
Included Region: {] |}
|
|

Targets:

Primer overlap positions: -

Pair OK Region List:

Pick left primer [ Pick hybridization probe B Pick right primer
or use lefi pimer below. (internal oligo) or use oligo below. or use nght primer
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= More... Source Code
Primer3Plus
pick primers from a DNA sequence Help About
Load server settings: | Default hd Select primer pairs to detect the given
| Activate Settings | template sequence. Optionally targsts and | Pick Primers | | Reset Default
Task: | generic v| included excluded regions can be specified.

Main General Settings Advanced Settings Internal Oligo Penalties Advanced Seq.

Product Size Ranges |51]1—EUEI &601-700 401-500 701-850 851-1000 1001-1500 1501-3000 3001-5000 401-500 301-400 2{|

Pemer Sze om ] Mmm |
Primer Tm m: |58.0 Opt: Max: Max Tm Difference:

Opt[70 | Max[100 |  Aucoive Temp (520 |
Opf0 ] Max[@ |

Concentration of monovalent cations: ANNEATING Oligo Concentration:

Concentration of dNTPs:  [06 |

Primer Bound%o

Primer GC%

EFFE

=%
L =]

Not the concentration of
oligos in the reaction mix!

Concentration of divalent cations:

DMSO Concentration: Formamide Concentration:
DMSO Factor:

Mispriming/Repeat Library: | NONE v|
Load and Save

To upload or save a settings file from vour local computer, choose here:
Load only Settings from file: | Choose File | Mo file chosen

| Save only Settings | | Save Everything || Save as Primer3 input | | Save Primer3Plus results

Primer3Plus ~ Primer3-GitHub - GEAR-Genomics - Contact - Datenschutzerkldrung - Impressum Supported by EMBL
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Pl‘ilIlﬁl'3PlllS More... Source Code
pick primers from a DNA sequence Help About
Load server settings: |Default v Select primer pairs to detect the given
| Activate Settings | template sequence. Optionally targets and | Pick Pmers | | Reset Default
Task: |generic < included/excluded regions can be specified
Main General Settings Advanced Settings Internal Oligo Penalties Advanced Seq.
Max Poly-X: Table of thermodynamic parameters: | Santalucia 1998  +|
Max #N's: Salt correction formula: | SantaLucia 1998 v|
CG Clamp: Use Thermodynamic Pnmer Alignment: Activates Settings Starting with TH:
Max End GC- Use Thermodynamic Template Alignment: [ Activates TH: Settings-VERY SLOW
Number To Return: Max End Stabality:
3 Prime Junction Overlap: 3 Prime Junction Overlap:
Min Left Primer End Distance: Min Right Primer End Distance:
Max Self Complementarity: Max Pair Complementarity:

TH: Max Self Complementarity: | 47.00

Max End Self Complementarity:
TH: Max End Self Compl -

TH: Max Hairpin:
Max Template Mispriming:

47.00

—

T . . wa ol el |~ . o
{} !II {} NII iii !II iil NII !ii NII ‘ii NII !II IiI NII [:] {] II\
= = =] =]
= =}

2.00

TH: Max Template Mispriming;

TH: Max Pair Complementarity:

Max Pair End Complementarity:

TH: Max Pair End Complementarity:

Pair Max Template Mispriming;

TH: Pair Max Template Mispriming:

7.00

7.00

]

{W{‘{} NII ‘il !II ‘il Iii Iii Iii Iil {“ii
= = =)
= = =
=

4.00

Max Library Mispriming; 12.00 Pair Max Library Mispriming; 24.00

Primer Must Match 5 Prime: Primer Must Match 3 Prime:

Left Primer Acronym: Internal Oligo Acronym:

Right Primer Acronym: Primer Name Spacer:

Product Tm Min: |-1000000.0 Opt: | 0.0 Max: |1000000.0 Show Secondary Structures

11/2/2025
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Primer3Plus More... Source Code

pick primers from a DNA sequence Help About
Load server sethings: | Default hd Select primer pairs to detect the given
| Activate Seftings | template sequence. Optionally targets and [ Pick Primers ] | Reset Default
Task: | generic v| neluded’exeluded regions can be specified.

Main General Settings Advanced Settings Internal Oligo Penalties Advanced Seq. Results

(] Select all Primers | Send Selected Primers to Primer3Manager | | Go to Primer3Manager

First Primer Pair || Previous Primer Pair | Next Primer Pair || Last Primer Pair |

Pajr]:|gapdh |

Left Primer 1: | TCCTCCGGGTGATGCTTTTC |

Start: 172 Length:20bp Tm:600C B:94.722% GC:550% Anv:00 End: 00 TB:7.0 HP:0.0 3 5tab:23 Penalty: 0.035

Right Primer 1: |AGTGATGGCATGGACTGTGG |

Start: 723 Length: 20bp Tm:600C B:94655% GC:550% Anyv:38 End:00 TB:80 HP:00 3 Stab:42 Penalty: 0.035
Self Any Secondary Structure:

Tm: 3.8°C dG: -5919 cal/mol dH: -44200 cal/mol dS: -123 cal/mol*K
5' AGTGATGGCATGGACTGTGG 3°

3" GGETOTCAGETACGETAGTGA 5'

Pair: Product Size: 552 bp Tm: 88.5C Any: 0.0 End: 00 TB:15.0 Penalty: 0.070

First Primer Pair || Previous Primer Pair || Next Primer Pair || Last Primer Pair

1 GTCCGGATGC TGCGCCTECE GTAGAGCGGC CGCCATGTTG CAACCGGGAR
51 GGARATGAAT GGGCAGCCGT TAGGAARAGCC TGCCGGETGAC TAACCCTGCG
101 CTCCTGCCTC GATGGGETGEEA GTCCGCGTGTGE GCGGEGAAGT CAGGTGGAGC
151 GAGGCTAGCT GGCCCGATTT CTCCTCCGGE TGATGCTTTT CCTAGATTAT
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Left Primer 6:

| ATCACTGCCACCCAGAAGAC

Start: 718

Hairpin Secondary Structure:

Tm: 44.6°C dG:

5' ATCACTGCC,

I A

3' CAGAAGACCCH

-536 cal/mol dH:

Length: 20bp Tm:59.7C B:93.949%

-2238@ cal/mol ds:

GC:550% Anyv:00 End:00

-78 cal/mol*K

TB:70 HP:-446 3'Stab-3.0

Right Primer 6: |ACATGGCAACTGTGAGGAGG

Start: 1308

Hairpin Secondary Structure:

Tm: 37.6°C dG:
5" ACATGGEC

-24 cal/mol dH:

)

3" GEAGGAGTGTCAA

Pair: Product Size: 391 bp

Compl Any Secondary Structure:

Tm: 18.8°C da:

-5518 cal/mol dH:
5" ATCAC---TGCCACCCAGAAGAC 3'

3' GEAGGAGTGTCAACGGTACA 5°

-1238@ cal/mol ds:

Tm:91.6C

-61988 cal/mol dS:

-4 cal/mol*K

Length:20bp Tm:600C B:94526% GC:550% Any:00 End:00 TB:7.0 HP:37.6 3'Stab:43

Any: 108 End: 0.0 TB: 140

First Primer Pair || Previous Primer Pair || MNext Primer Pair || Last Primer Pair

51
101
151
201
251

GTCCGEGATGC
GGAAATGAAT
CTCCTGCCTC
GAGGCTAGCT
TCTCTGATTT
CTGGTAAAGT

TECGECCTGECE
GEGCAGCCGT
GATGEGGETGGA
GGCCCGATTT
GETCGTATTG
GEATATTGTT

GTAGAGCGGEC
TAGGARAGCC
GTCGCGETGTE
CTCCTCCGGG
GECGCCTGEET
GCCATCAATG

-182 cal/mol*K

CGCCATGTTG
TECCGETGAC
GCGGEGGAAGT
TEGATGCTTTT
CACCAGGGCT
ACCCCTTCAT

CAACCGGGAR
TAACCCTGCG
CAGGTGGAGC
CCTAGATTAT
GCTTTTAACT
TGACCTCARC

Penalty: 0.326

Penaity: 0.037

Penalty: 0.364
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More... Source Code

Primer3Plus

pick primers from a DNA sequence Help About

Load server settings: | Default hd Select primer pairs fo defect the given

| Activate Settings | template sequence. Optionally targets and | Pick Primers I | Reset Default
Task: | generic v| included exeluded regions can be specified.

Main General Settings Advanced Settings Internal Oligo Penalties Advanced Seq. Results

Sequence Id: | gapdh |

Paste template sequence below or upload sequence file: | Choose File | No file chosen Load Example

GTCCOOATOCTOCAGCCTOCOOTAGAGCGGCCACCATGTTOCAACCOGOAAGEAAATGAATOOECAGCCOTTAGGAAAGCCTGCCOGTOAL -~
TAACCCTGCGCTCCTECCTCGATGGGTGEAGTCGCGTGTEGCGEG0AAGTCAGGTGEAGCGAGOCTAGCTGGCCCOATTTCTCCTCCGGE
TOATGCTTTTCCTAGATTATTCTCTGATTTGATCGTATTOOGCGCCTGOTCACCAGGOCTOCTTTTAACTCTOOTAAAGTGEATATTGTT
GCCATCAATGACCCCTTCATTGACCTCAACTACATGGTTTACATGT TCCAATATGATTCCACCCATEGCAAATTCCATGGCACCGTCAAG
GCTEAGAACGGOAAGCTTATCATCAATGEARATCCCATCACCATCTTCCAGRAGCGAGATCCCTCCAARATCAAGTGOOGCEATOCTOGEC
GCTEAGTACGTCOTGEAGTCCACTGGCGTCTTCACCACCATGRAGAAGOCTGGGECTCATTTECAGEEGGGAGCCAAMAGGETCATCATC
TCTECCCCCTCTOCTEATGCCCCCATGTTCATCATGOGTOTGAACCATOAGAAGTATOACAACAGCCTCAAGATCATCAGCAATGLCTCC
TOCACCACCAACTACTTAGCACCCCTGECCAAGGTCATCCATGACAACTTTGGTATCGTOOAAGGACTCATGACCACAGTCCATGCCATC
ACTECCACCCABAAGACTATEEATGOCCCCTCCGOGAAACTATEOCATEATGGLCGCOGOGCTCTCCAGAACATCATCCCTOCCTCTACT
GECECTECCAAGGCTETGEECAAGGTCATCCCTGAGCTEAACGEGAAGCTCACTGECATGGCCTTCCGTATCCCCACTGCCAACGTGETCA
GTGGTEGACCTGACCTGCCATCTAGA [ AAAACCTECCAAATATGATGACATCAAGAAGGTGOTGAAGCAGECGTCGGRAGGGCCCCCTCAA
GGECATCCTGEACTACACTGAGCACCAGGTGATCTCCTCTGACT TCAACAGCGACACCCACTCCTCCACCTTTGACGCTGGGGCTAGCAT

Mark selected region: | < Excluded = | | [ Target ] | | {Included } | | Clear | | Regions from Seq.

Excluded Regions: < | |2:?
Targets: [ [927.318 11
Included Region: { | |}

Primer overlap positions: - | |

Pair OK Region List: | |

Pick left primer [ Pick hybridization probe ® Pick right primer
or use left primer below. (internal oligo) or use oligo below. or use right primer
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351
401
451
501
331
€01
€51
701
751
801
831
301
951
1001
1051
1101
1151
1201
1251
1301
1351

Link to the results (valid 3 days): hitps://'www primer3plus com/index html?UTUID=52c5c2e6-1480-4eba-ad2e-6al 5 Tcad2 598

CACCGTCAAG
CCATCTTCCA
GCTGAGTACG
TGGEGGCTCAT
CTGCTGATGC
ARCAGCCTCA
ACCCCTGGCC
TGACCACAGT
TCCGGGARAC
TGCCTCTACT
ACGGGAAGCT
GTGGETGGACC
CARGARGGTG
GCTACACTGA
TCCTCCACCT
CAAGCTCATT
TGGACCTCAT
AGCCCCAGCA
TCCCTGCCAC
TGCCATGTAG
TCATGTACCA

GCTGAGARCE
GGEAGCGAGAT
TCETGEAGTC
TTGCAGGGEE
CCCCATGTTC
AGATCATCAG
AAGGTCATCC
CCATGCCATC
TETEECGTGA
GECECTGCCA
CACTGGCATG
TEACCTGCCGE
GCTGAAGCAGE
GCACCAGGTG
TTGACGCTGE
TCCTGGTATGE
GGCCCACATGE
AGAGCACARAG
ACTCAGTCCC
ACCCCTTGARM
TCAATAARGT

GEAAGCTTGT
CCCTCCAMARR
CACTGGCGTC
GAGCCAADRAG
GTCATGGGETG
CARTGCCTCC
ATGACRARCTT
ACTGCCACCC
TEECCGCEEE
AGGCTGETGEGEE
GCCTTCCGETG
TCTAGAALRR
CETCGGEAGGE
GTCTCCTCT G
GGCTGGCATT
ACARCGAATT
GCCTCCAAGE
AGGAAGAGAG
CCACCACACT
GAGGGGAGGEGE
ACCCTGTGCT

CATCAATGGA
TCALCTCGEGEGE
TTCACCACCA
GGTCATCATC
TGAACCATGA
TGCACCACCA
TEETATCGETG
AGALGACTGT
GCTCTCCAGA
CAAGGTCATC
TCCCCACTGEC
CCTGCCAARAT
CCOCCTCARG
ACTTCAACAG
GCCCTCAACG
TGGECTACAGT
AGTAAGACCC
AGACCCTCAC
GAATCTCCCC
GCCTAGGGAG
CARCCA

ARTCCCATCA
CGATGCTGGE
TEEAGARGET
TCTGCCCCCT
GAAGTATGAC
ACTGCTTAGC
GAAGGACTCA
GEATGGCCCC
ACATCATCCC
CCTGAGCTGA
CAACGTGTCA
ATGATGACAT
GECATCCTGE
CGACACCCAC
ACCACTTTGT
ARCAGGGETGGE
CTGGACCACC
TGECTGEEEAG
TCCTCACAGT
CCGCACCTTG

Statistics:
Left Primer- considered 4160, GC content failed 2577, GC clamp failed 283, low tm 513, hugh tm 291, high hairpin
eft Primer: stability 1. long poly-x seq 2. ok 481
Right Primer: considered 569, GC content failed 342, GC clamp failed 38, low tm 78, high tin 36, high hairpin stability 2,
) ok 71
Primer Pair: considered 815, unacceptable product size 796, primer in pair overlaps a primer in a better pair 346, ok 19
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Primer-BLAST

A tool 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

PCR Template
Enter accession, gi, or FASTA sequence (A refseq record is preferred) @ Range ©@
From To
Forward primer | | | |
. Reverse primer | | | |
Or, upload FASTA file Choose File | No file chosen
Primer Parameters
Use my own forward primer CTGCCACCCAGAAGACTGTG (Clear)
(5'->3" on plus strand) | | © (o)
Use my own reverse primer (5- " AGGGGTCTACATGGCAACTG @
>3' on minus strand)
Min Max
PCR product size [ 70 | [ 1000 |
# of primers to return
Min opt Max Max Ty, difference
Primer melting temperatures [ 57.0 | [ 60.0 | [ 63.0 | [3 | @

(Tm)

Primer Location Preference
Exon/intron selection
Exon junction span

Exon junction match

Intron inclusion

Intron length range

D Prefer primers at 3 side of the template (7]

A refseq mRNA sequence as PCR template input is required for options in the section (7]

| No preference v |®

Min 5'match  Min3'match  Max 3' match
i | e | [8 |
Minimal and maximal number of bases that must anneal to exons at the 5' or 3' side of the junction @

E] Primer pair must be separated by at least one intron on the corresponding genomic DNA (2]
Min Max

[ Save search parameters | [ Reset page |

|® 0|
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Minimal and maximal number of bases that must anneal to exons at the 5 or 3’ side of the junction Y

Intron inclusion D Primer pair must be separated by at least one intron on the corresponding genomic DNA (2]
Intron length range Min Max
[1000 | [ 10000 |@

Primer Pair Specificity Checking Parameters

Specificity check Enable search for primer pairs specific to the intended PCR template @

Search mode | Automatic v | (7]

Database RefsequNAve

Exclusion | RefseqmRNA .e uncultured/environmental sample sequences @ 2
Organism Refseq representative genomes @

Genomes for selected eukaryotic organisms (primary assembly only) e T e e e ettt e e e

Entrez query (optional) HEE

Refseq RNA (refseq_rna)

Primer specificity stringen ) . ; -
P ity gency Custom (use your own sequence accession, assembly accession, etc.) |including

nt
Ignore targets that have or more mismatches to the primer. @
Max target amplicon size |4000 | =
Allow splice variants D Allow primer to amplify mRNA splice variants (requires refseq mRNA sequence as PCR template input) (2]
m | D Show results in a new window Use new graphic view e Q‘
®

== Advanced parameters

FOLLOW NCBI

(*)
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Primer-BLAST » JoB ip;javacyB3LdsK4TikooQT 1kCfAuRtBn5bA

Primer-BLAST Results @

Input PCR template none
Specificity of primers Target templates were found in selected database: NCBI Messenger RNA Reference Sequences (Organism limited to Homo sapiens)
Other reports pSearch Summary

Edit search

== Detailed primer reports

Download primer pairs v

Primer pair 1

Sequence (5'->3') Length Tm GC% Self complementarity Self 3' complementarity
Forward primer CTGCCACCCAGAAGACTGTG 20 60.60 60.00 3.00 2.00
Reverse primer AGGGGTCTACATGGCAACTG 20 59.38 55.00 4.00 2.00

Products on target templates
>NM_002046.7 Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH), transcript variant 1, mRMA

product length = 585
Forward primer 1 CTGCCACCCAGAAGACTGTG 2@

Template = 648
Reverse primer 1 AGGGGETCTACATGGCAACTG 28
Template 1215 e 1196

=NM_001256799.3 Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH), transcript variant 2, mRNA

product length = 585
Forward primer 1 CTGCCACCCAGAAGACTGTG 2@
Template F22 e 741

Reverse primer 1 AGGGGTCTACATGGCAACTG 2@

@0

o8
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