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OLIGONUCLEOTIDES



oligonucleotide

• short single stranded structure

• DNA or RNA (also PNA)

• hydroxyl on both ends

(no phosphate on 5-end as usual)

oligonucleotide

synthetic oligonucleotide

PCR primer

orientation!     polymerase!



Aplications of synthetic oligonucleotides

• primers for synthesis of complementary DNA 

PCR, Real-Time PCR

• gene synthesis and recombinant proteins

• hybridisation probes for cloning

• site directed mutagenesis

• sequencing ang genetic profiling

• diagnostics – tests and biosensors

• gene arrays

• blocation of gene expression - antisense oligo

• prospective therapeutics and DNA vaccines

• NMR monitoring of DNA - protein interactions

• structural X-ray analysis of NA



Modifications

• degeneration

• end of sequence

• bases

• phosphate

• carbohydrate

• PNA

* Additional resources for interested https://www.glenresearch.com/ 

https://www.glenresearch.com/


Degenerated oligonucleotides

ACG TAC GTA CGT ACG TAC         non-degenerated

ACG TAM GTA CGT ACG TAC         M = A/C

ACG TAC GTA CDT ACG TAC          D = A/G/T

ACG TAC GTA CGT ACG NAC         N = A/C/G/T



Degenerated

oligonucleotides

M A or C

R A or G

W A or T

S C or G

Y C or T

K G or T

V A or C or G

H A or C or T

D A or G or T

B C or G or T

N G or A or T or C

X G or A or T or C

2-deoxyinosin



Modification on 5´- end

sequencing

fragmenation analysis

gene arrays

Real-Time PCR

postsynthetic modifications
Phosphorylation

Amino group

Thio group

Digoxigenin

Biotin

Enzymes

Psoralen

Acridine

Cholesterole

Fluorescent dyes

Quenchers

2,4- dinitrophenyl

Spacer

Branching

Blocation

* Additional resources for interested https://www.glenresearch.com/ 

https://www.glenresearch.com/


Modifications on 3´- end

derivatized matrix
Phosphate

Thio group

Amino group

Spacer

Acridine

Biotin

Fluorescent dyes

Quenchers

Cholesterole

2,4 dinitrophenyl

* Additional resources for interested https://www.glenresearch.com/ 

https://www.glenresearch.com/


Real-Time PCR

• 2x labeled probe

• REPORTER

• QUENCHER

* Additional resources for interested https://www.glenresearch.com/ 

https://www.glenresearch.com/


Other modifications

backbone

carbohydrate

Phosphorothioates

Phosphorodithioates

H-phosphonates

Methylphosphonates

Modifications in 2´- position

Ribose modification

* Additional resources for interested https://www.glenresearch.com/ 

https://www.glenresearch.com/


Therapeutics Nondegradable by nucleases!

Modification of phosphodiester 

* Additional resources for interested https://www.glenresearch.com/ 

https://www.glenresearch.com/


ANTISENSE oligonucleotide

• oligonucleotide or analogue 

• complementary to segment of RNA or DNA

• inhibition of normal function due to coupling

RNA with

catalytic activity



Peptidonucleic acid

N-(2-aminoethyl)-glycine

• noncharged molecule

• binding with DNA/RNA

PNA DNA



Why PNA

* Additional resources for interested Gambari R. Expert Opin Ther Pat. 2014, 24(3):267-94. 
Peptide nucleic acids: a review on recent patents and technology transfer.

• thermostable

• Tm not depending on salts

• high specificity

• high affinity

• resistant towards enzymes

http://www.ncbi.nlm.nih.gov/pubmed/?term=Gambari%20R%5bAuthor%5d&cauthor=true&cauthor_uid=24405414
http://www.ncbi.nlm.nih.gov/pubmed/24405414


Locked Nucleic Acid

• 2'-O, 4'-C methylene bridge

• supressed flexibility of ribofuranose ring

• structure is locked into rigid C3-endo conformation

• enhanced hybridisation

• outstanding biostability

* Additional resources for interested https://www.glenresearch.com/ 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412486/ 
LNA-based Oligonucleotide Electrotransfer for miRNA Inhibition. Molecular Therapy
(2012); 20 8, 1590–1598

LNA

https://www.glenresearch.com/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412486/


OLIGONUCLEOTIDES

design

synthesis

purification

EXPEDITE 8909



Oligonucleotide Synthesis

• no enzyme

• organic synthesis on solid matrix

• adds new base in cycles

• from 3´-end to 5´-end

• in anhydrous environment



Quality Control

Liquid Chromatography

n-1salts



LC option:

Perfusion Chromatography

classical sorbent       POROS



Maldi-TOF MS                                       CE

Other tools for Quality Control

LC-MS *additional literature for interested
An automated compliance-ready LC-MS workflow for mass confirmation of both modified and unmodified
oligonucleotides, Sep 2020 https://www.waters.com/webassets/cms/library/docs/720006820en.pdf

PAGE

https://www.waters.com/webassets/cms/library/docs/720006820en.pdf


PAGE of long-mers

YIELD



• Sephadex

• RP cartridge

• HPLC

PURIFICATION



OLIGONUCLEOTIDE DESIGN 

• manual

• computer assisted

Main features of good PCR primer sequence

• highly specific

• no dimers and hairpins

• stable duplexes with active sequence

• lightly unstable 3´-end

www.protocol-online.org/prot/Research_Tools/Online_Tools/Oligo_Design/index.html

https://www.sciencedirect.com/science/article/pii/S2001037019300844
*Additional literature for interested

http://www.protocol-online.org/prot/Research_Tools/Online_Tools/Oligo_Design/index.html
https://www.sciencedirect.com/science/article/pii/S2001037019300844


OLIGO 6

OLIGO 7 (from 2008)

• PCR primers

• hybridisation probes

• sequencing primers

• TaqMan probes

• primers for nested PCR

• molecular beacons

• siRNA

http://oligo.net/tutorials.html* Additional resources for interested

http://oligo.net/tutorials.html
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Terminology of PCR primers

forward primer… part of the + string

reverse primer… part of the - string

http://www.oligo.net/tour-starting.html
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Terminology
forward primer… part of the + string 

reverse primer… part of the - string 

polymerase

polymerase

http://www.oligo.net/tour-starting.html
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+

Annealing of PCR primers

http://www.oligo.net/tour-starting.html


▪ 1 ATGGCTTCTG CTCAATCTTT CTACAACCAA AGCTCTGTCT TGAAAATCAA
51 TGTCATGGTT GTGGACGATG ATCATGTTTT CCTTGATATC ATGTCACGCA

101 TGCTTCAACA CTCCAAATAC AGAGGTAATT AAATATTATT ATCATATTAT
151 ATATAATATG TTATTGATTT TTTGTTTGTG ATTTCATTTA GATTTTTATT
201 TCTATGATTT CTTAGCATGA AATACAATTT TTGGAGAAAC AACTAGCAGT
251 TTTAAAAACA AAACTTGAAT TTTGAGAAAT TCAAAGATGT TATATATATA
301 TGTCAAAATT TAACAATTAT TCTTCTAAAT CATCCGGATT CCGTTTACAT
351 GTACACATCT ACAATTTTCA ATTGAGGTAT TCTTGTTTTG ATGCCTTTGA
401 GACGAATAGT TTGATTGATA AAAAAAATTC TAACCAATAT GATATATAAA
451 GTTTATTTTC TTTTTGTCAA ACCATACTTT ATACTATGTA ACTTTTTTAA
501 GAGATTATTG AAAATAGTTT ATTTATAAAA TAGTAACCTA TTGTTGAATT
551 AAAAAAAAAA AAAAAATTGT AAATCGTGTT TGCAAACGAC ATGTGATTTA
601 TCTTAGTTTA AAACTAGCTG ATATTCTTCA AATCGACTGT TCTTATAAGT
651 AATCAACCAA TTAGCATCAA TCACAATAAA TTGTAAACAC TTCAATGAAA
701 ATGGTGATTT TAAAGAATAT GTTTTACTTA TGTTATGAAC TATCTCAAAT
751 TTGTGAAATA TTTCATAACT AATGTGGAAA ACTATATAAC CCCTCCATAC
801 AAAACGTAAG TAAAATTTAT GAAATCCTAT CATTTTTAAA GGTTAAACCA
851 ATCAAAAAGT AATAATTCTT GGTACTTGCA ATATTTTTGT CATTATATTT
901 TAGTTTATTA ATTTTATTTT GATTAAATGG TTTTAGATCC ATCAGTTATG
951 GAGATCGCAG TTATAGCTGT AGACGATCCG AAGAAAGCAT TATCTACTCT

1001 AAAAATTCAA CGAGACAATA TAGATCTCAT AATCACAGAT TATTATATGC
1051 CTGGTATGAA CGGTTTACAA CTCAAAAAAC AAATCACTCA GGAATTTGGA
1101 AATTTACCGG TCTTAGGTAA CATTTTTTGT TCTTTACAAC TTAAATTAAA

3´

+

5´ CTT CTG CTC AAT CTT TCT AC   3´ FORWARD

5´ TGA AGA ATA TCA GCT AGT TT   3´ REVERSE

5´

read from right to left
complementary

read from left to right



http://www.oligo.net/tour-starting.html
http://www.oligo.net/tour-starting.html
http://www.oligo.net/tour-starting.html
http://www.oligo.net/tour-starting.html
http://www.oligo.net/tour-starting.html








Priming Efficiency PE

Score



DIMER intermolecular

HAIRPIN intramolecular

Secondary structures























Additional resources for interested

▪ Computational and Structural Biotechnology Journal 17, 2019, 1056-1065. In-silico Design 

of DNA Oligonucleotides: Challenges and Approaches. includes a list of oligo design tools

https://www.sciencedirect.com/science/article/pii/S2001037019300844

▪ www.protocol-online.org/prot/Research_Tools/Online_Tools/Oligo_Design/index.html

▪ OLIGO 7 Power Point Presentation http://oligo.net/tutorials.html

▪ OLIGO Primer analysis software, Version 7 http://oligo.net/tutorials.html

▪ https://langdalelab.files.wordpress.com/2015/07/degenerate-primer-design.pdf

▪ http://www.genomecompiler.com/tips-for-efficient-primer-design/ (2015)

▪ Nature Methods 2014, 11 (5): 499. Large-scale de novo DNA synthesis: technologies and 
applications

▪ Expert Opin Ther Pat. 2014, 24(7):801-19. Oligonucleotide delivery: a patent review (2010 - 2013).

▪ Laboratory Methods in Enzymology 529: DNA Explanatory Chapter: PCR Primer Design (2013) 

▪ PCR Primer Design; IMBB Workshop, N. Ndegwa (2013)

▪ PCR Primer Design; A. Yuryev (2010)

▪ AAPS Journal 2009, 11(1): 195 - 203. Targeted Delivery Systems for Oligonucleotide Therapeutics

▪ iCODEHOP (COnsensus-DEgenerate Hybrid Oligonucleotide Primer)PCR primer design (2009) 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2703993/

▪ Bioinformatic tools and guideline for PCR primer design. Kamel A. Abd-Elsalam (2003)

▪ Artificial DNA: Methods and Applications; Khudyakov, Y.E., Fields, W.A., Ed. (2003) 

▪ PCR Primer: A Laboratory Manual (2003)

https://www.sciencedirect.com/science/journal/20010370
https://www.sciencedirect.com/science/journal/20010370/17/supp/C
https://www.sciencedirect.com/science/article/pii/S2001037019300844
http://www.protocol-online.org/prot/Research_Tools/Online_Tools/Oligo_Design/index.html
http://www.oligo.net/oligo7presentation.pps
http://oligo.net/tutorials.html
http://oligo.net/tutorials.html
https://langdalelab.files.wordpress.com/2015/07/degenerate-primer-design.pdf
http://www.genomecompiler.com/tips-for-efficient-primer-design/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2703993/


Discovery is not in seeking new landscapes,

but in having new eyes…

Marcel Proust


