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Studying the cell nucleus and its architecture such as the distribution 
and structure of chromatin has gained high importance in biological 
and medical research [1,2]. One fundamental topic in this context is 
questions about the organisation and organisational parameters of the 
nanostructure of genes and other genomic elements [2,3,4]. This aimed 
in an increasing development of new methods for labelling short DNA 
sequences and detecting their exact localization and size within the 
nucleus by advanced microscopic methods [4,5].

The common method of fluorescence in situ hybridisation (FISH) is 
based on labelling DNA by the use of single stranded DNA-probes with 
appropriate markers binding to the counterpart within the genome [6]. 
Originally FISH was performed with DNA biochemical amplified either 
in yeast (Yeast Artificial Chromosome, YAC) or in bacteria (Bacterial 
Artificial Chromosome, BAC). To achieve DNA hybridisation 
using these probes is requiring thermal and chemical treatment for 
denaturation after fixation of the specimen [7,8]. These treatments 
together with the relatively large amount of probe DNA added, lead to 
several changes of the three dimensional nuclear structure resulting in 
a poor reproduction of the chromosomal and chromatin arrangement 
[9]. Furthermore the creation of those probes does not require any 
knowledge about the exact sequence of the desired genomic region but 
only about the specific enzymatic cutting locations within the genome. 
Thus the length of the labelling probes is determined by this enzymatic 
and chemical processes rather than by the target sequence specificity 
of the markers. Nevertheless, FISH is still a standard method [6] used 
with great success in various fields in research and diagnostics and has 
fundamental impact on nowadays medical care.

As mentioned, the conventional FISH method has at least two 
major disadvantages, on the one hand the destruction of the three 
dimensional structure due to denaturation treatment, which is a 
general problem for research in the field of genomic alterations and 
evaluation of the 3D-chromatin structure, and on the other hand the 
fully or correctly targeting labelling which is already a problem for 
labelling probe production itself. Both drawbacks can be overcome by 
the combinatorial design and usage of short oligonucleotide sequences 
which bind specifically to the desired genomic sequence. The design of 
such probes has become possible since the human genome has totally 
been sequenced and since there are methods of automated synthesising 
pre-determined DNA sequences industrially.

The problem of conserving the original chromosomal structure can 
be solved by using triplex forming oligonucleotides (TFOs) of a length 
between 15 and 30 bases, that bind as a third strand into the major 
groove of the double stranded DNA within the nucleus. The usage of 
TFOs avoids denaturation of the specimen and in this way conserves 
the native structure of the chromatin. On the other hand such short 
probes lack uniqueness within the genome. This problem is solved by 
the usage of combinatorial sets of short oligonucleotides which only 
cover the selected region but do not co-localise anywhere else in the 
genome. This method is called Combinatorial Oligo Fluorescence In 
Situ Hybridisation (COMBO-FISH) [10]. It can be used as well with 
the described TFOs as with common double-strand forming probes 
(Watson-Crick binding probes) both composed of DNA or peptide 
nucleic acids (PNAs) [10,11,12].

Schmitt et al. have described the algorithms for designing such 
TFO-probes in ref. [12]. By now this algorithm can also be used to 
identify and design Watson-Crick-binding probes [13]. In the course 
of these algorithms one has to find the first and the last nucleotide of 
the genetic region of interest (ROI) first. With this numbers a set of 
oligonucleotides binding to this genomic ROI with a minimum of 
accessory binding sites and no other co-localisation site within the 
genome is computed. As parameters for this search a minimum and 
a maximum length of the oligonucleotides, the number of probes 
determined and the maximum cluster size of probes which are allowed 
to bind within a sequence of selectable length outside the labelling site 
are to be defined. The algorithms Schmitt et al. [12] created can be used 
as well on the genomic sequence database of the human genome as 
provided by the NCBI [14] as on a self-created database including the 
TFO-binding sites only.

COMBO-FISH probe sets as well triplex forming as Watson-
Crick binding for different genomic regions have been designed and 
successfully applied to different research aims. It has been shown 
that two different approaches of probe sets can be extracted from a 
database: a) combinatorial sets of different probes individually binding 
and b) unique probes multiply binding to a given target. Typical 
examples are centromere 9 [15] and 17 [16], 3q telomere [16] and 
gene regions, e.g., the receptor tyrosine kinase 2 (HER2/NEU) [17,18], 
growth factor receptor-bound protein 7 (GRB7) [18], breakpoint 
cluster region (BCR) [19,20], ABL proto-oncogene 1 (ABL) [19,20,21], 
pseudoautosomal region 1 (PAR1), T-box 1 (TBX-1) [22] and fragile X 
mental retardation 1 (FMR1) [23] have been designed and used.

Additionally it was possible to identify unique oligonucleotides 
marking all ALU sequences [16,24] and as such is useful to visualise 
changes in chromatin structure after irradiation [25]. Using probes 
binding to a trinucleotide expansion region in the promoter region 
of the FMR1 gene [23,26] enabled scientists to do a first step towards 
optical sequencing by the use of COMBO-FISH in combination with 
localisation microscopy [27,28,29].

Diversity of COMBO-FISH has shown that it is possible to create 
specific probes for a large amount of chromatin regions [12] in the range 
of some hundreds base-pairs up to the whole genome. On top studies 
showed that probes can not only be designed for the human genome 
but also for many other sequenced genomes [16]. In combination with 
new and sophisticated microscopy techniques this would open up 
undreamt-of possibilities in structural and functional biology.



Citation: Stuhlmüller M, Hausmann M (2015) Selection of COMBO-FISH Probes for Multi-Purpose Applications. J Theor Comput Sci 2: 131. 
doi:10.4172/2376-130X.1000131

Page 2 of 2

Volume 2 • Issue 3 • 1000131
J Theor Comput Sci, an open access journal
ISSN: 2376-130X

References

1. Rouquette J, Cremer C, Cremer T, Fakan S (2010) Functional nuclear
architecture studied by microscopy: present and future. Int Rev Cell Mol Biol
282: 1-90.

2. Falk M, Hausmann M, Lukášová E, Biswas A, Hildenbrand G, et al. (2014)
Giving OMICS spatiotemporal dimensions by challenging microscopy:
From functional networks to structural organization of cell nuclei elucidating
mechanisms of complex radiation damage response and chromatin repair –
PART B (Structuromics). Crit Rev Eukaryot Gene Express 24: 225-247. 

3. Bohn M, Diesinger P, Kaufmann R, Weiland Y, Müller P, et al. (2010)
Localization microscopy reveals expression-dependent parameters of
chromatin nanostructure. Biophys J 99: 1358-1367.

4. Zhang Y, Máté G, Müller P, Hillebrandt S, Krufczik M, et al. (2015) Radiation
induced chromatin conformation changes analysed by fluorescent localization 
microscopy, statistical physics, and graph theory. PLoS ONE 10: e0128555. 

5. Hausmann M, Hildenbrand G, Schwarz-Finsterle J, Birk U, Schneider H, et
al. (2005) New technologies measure genome domains – high resolution
microscopy and novel labeling procedures enable 3-D studies of the functional 
architecture of gene domains in cell nuclei. Biophotonics Int. 12: 34-37. 

6. Hausmann M, Cremer C, Linares-Cruz G, Nebe TC, Peters K, et al. (2004)
Standardisation of FISH-procedures: summary of the Second Discussion
Workshop. Cell Oncol 26: 119-124.

7. Wolf D, Rauch J, Hausmann M, Cremer C (1999) Comparison of the thermal
denaturation behaviour of DNA-solutions and metaphase chromosome
preparations in suspension. Biophys Chem 81: 207-221.

8. Rauch J, Wolf D, Hausmann M, Cremer C (2000) The influence of formamide 
on thermal denaturation profiles of DNA and metaphase chromosomes in 
suspension. Z Naturforsch C 55: 737-746.

9. Winkler R, Perner B, Rapp A, Durm M, Cremer C, et al. (2003) Labelling
quality and chromosome morphology after low temperature FISH analysed by
scanning far-field and near-field optical microscopy. J Microsc 209: 23-33.

10.	Hausmann M, Winkler R, Hildenbrand G, Finsterle J, Weisel A, et al. (2003)
COMBO-FISH: specific labeling of nondenatured chromatin targets by 
computer-selected DNA oligonucleotide probe combinations. Biotechniques
35: 564-577. 

11. Schmitt E, Schwarz-Finsterle J, Stein S, Boxler C, Müller P, et al. (2010)
COMBinatorial Oligo FISH: directed labeling of specific genome domains in 
differentially fixed cell material and live cells. Methods Mol Biol 659: 185-202.

12.	Schmitt E, Wagner J, Hausmann M (2012) Combinatorial selection of short
triplex forming oligonucleotides forfluorescence in situ hybridisation COMBO-
FISH. JOCS 3: 328-334. 

13.	Kepper N, Schmitt E, Lesnussa M, Weiland Y, Eussen HB, et al. (2010)
Visualization, analysis, and design of COMBO-FISH probes in the grid-based
GLOBE 3D genome platform. Stud Health Technol Inform 159: 171-180.

14.	National Center for Biotechnology Information, Bethesda, MD 20894, USA.

15.	Müller P, Schmitt E, Jacob A, Hoheisel J, Kaufmann R, et al. (2010) COMBO-
FISH enables high precision localization microscopy as a prerequisite for
nanostructure analysis of genome loci. Int J Mol Sci 11: 4094-4105.

16.	Bosiek K (2015) Sequenzbasierte Mustersuche in Genom der Chordata, der
Pilze und der Protisten. 

17.	Zeller D, Kepper N, Hausmann M, Schmitt E (2013) Sequential and structural
biophysical aspects of combinatorial oligo-FISH in Her2/neu breast cancer
diagnostics. IFMBE Proc. 38: 82-85.

18.	Rößler J (2013) Signal-Charakterisierung spezifischer HER2/NEU-Signale der 
kombinatorischen Oligonucleotid Fluoreszenz in situ Hybridisierung (COMBO-
FISH). 

19.	Schwarz-Finsterle J, Stein S, Großmann C, Schmitt E, Schneider H, et al.
(2005) COMBO-FISH for focussed fluorescence labelling of gene domains: 
3D-analysis of the genome architecture of abl and bcr in human blood cells.
Cell Biol Intern: 1038-1046. 

20.	Schwarz-Finsterle J, Stein S, Grossmann C, Schmitt E, Trakhtenbrot L, et
al. (2007) Comparison of triple helical COMBO-FISH and standard FISH by
means of quantitative microscopic image analysis of abl/bcr positions in cell
nuclei. J Biochem Biophys Methods 70: 397-406.

21.	Grossmann C, Schwarz-Finsterle J, Schmitt E, Birk U, Hildenbrand G, et al.
(2010), Variations of the spatial fluorescence distribution in ABL gene chromatin 
domains measured in blood cell nuclei by SMI microscopy after COMBO-FISH 
labelling. Microscopy: Science, Technology, Applications and Education (Eds.
Méndez-Vilas A & Díaz J) FORMATEX, Badajoz, pp.: 688-695. 

22.	Nolte O, Müller M, Häfner B, Knemeyer J-P, Stöhr K, et al. (2006) Novel singly 
labelled probes for identification of microorganisms, detection of antibiotic 
resistance genes and mutations, and tumor diagnosis (SMART PROBES).
Biophotonics 167-230. 

23.	Stuhlmüller M (2014) Lokalisationsmikroskopie von Trinukleotidrepeat-
Expansionen nach spezifischer COMBO-FISH-Markierung.

24.	Sievers A (2015) Intra-und Interspezies-Musteranalyse auf Genom-, Gen- und
Basenpaarebene, Master thesis, faculty of Physics and Astronomy, Heidelberg 
University.

25.	Krufczik M, Hildenbrand G, Theda F, Biswas A, Zhang Y, et al. (2015) Changes 
of nucleosomal arrangements after irradiation and during repair as detected
by super resolution localization microscopy. Int. Congr Rad Res, Kyoto 25: 5.

26.	Stuhlmüller M, Schwarz-Finsterle J, Fey E, Lux J, Bach M, et al. (2015)
Towards the front-end of localization microscopy: In situ optical sequencing
of a trinucleotide expansion region after specific COMBO-FISH labelling. 
Nanoscale.

27.	Lemmer P, Gunkel M, Baddeley D, Kaufmann R, Urich A, et al. (2008) SPDM-
light microscopy with single-molecule resolution at the nanoscale. Appl Phys
B 93: 1-12.

28.	Lemmer P, Gunkel M, Weiland Y, Müller P, Baddeley D, et al. (2009) Using
conventional fluorescent markers for far-field fluorescence localization 
nanoscopy allows resolution in the 10 nm range. J Microsc 163-171.

29.	Cremer C, Kaufmann R, Gunkel M, Pres S, Weiland Y, et al. (2011)
Superresolution imaging of biological nanostructures by Spectral Precision
Distance Microscopy (SPDM). Review Biotech J 6: 1037-1051.

http://www.ncbi.nlm.nih.gov/pubmed/20630466
http://www.ncbi.nlm.nih.gov/pubmed/20630466
http://www.ncbi.nlm.nih.gov/pubmed/20630466
http://www.dl.begellhouse.com/pt/journals/6dbf508d3b17c437,1b76396516230e0f,36cc93cc6de44a10.html
http://www.dl.begellhouse.com/pt/journals/6dbf508d3b17c437,1b76396516230e0f,36cc93cc6de44a10.html
http://www.dl.begellhouse.com/pt/journals/6dbf508d3b17c437,1b76396516230e0f,36cc93cc6de44a10.html
http://www.dl.begellhouse.com/pt/journals/6dbf508d3b17c437,1b76396516230e0f,36cc93cc6de44a10.html
http://www.dl.begellhouse.com/pt/journals/6dbf508d3b17c437,1b76396516230e0f,36cc93cc6de44a10.html
http://www.ncbi.nlm.nih.gov/pubmed/20816047
http://www.ncbi.nlm.nih.gov/pubmed/20816047
http://www.ncbi.nlm.nih.gov/pubmed/20816047
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0128555
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0128555
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0128555
http://www.kip.uni-heidelberg.de/AG_Cremer/sites/default/files/Bilder/pdf_2005/BiophotonicsHausmann.pdf
http://www.kip.uni-heidelberg.de/AG_Cremer/sites/default/files/Bilder/pdf_2005/BiophotonicsHausmann.pdf
http://www.kip.uni-heidelberg.de/AG_Cremer/sites/default/files/Bilder/pdf_2005/BiophotonicsHausmann.pdf
http://www.kip.uni-heidelberg.de/AG_Cremer/sites/default/files/Bilder/pdf_2005/BiophotonicsHausmann.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15371647
http://www.ncbi.nlm.nih.gov/pubmed/15371647
http://www.ncbi.nlm.nih.gov/pubmed/15371647
http://www.ncbi.nlm.nih.gov/pubmed/10535101
http://www.ncbi.nlm.nih.gov/pubmed/10535101
http://www.ncbi.nlm.nih.gov/pubmed/10535101
http://www.ncbi.nlm.nih.gov/pubmed/11098824
http://www.ncbi.nlm.nih.gov/pubmed/11098824
http://www.ncbi.nlm.nih.gov/pubmed/11098824
http://www.ncbi.nlm.nih.gov/pubmed/12535181
http://www.ncbi.nlm.nih.gov/pubmed/12535181
http://www.ncbi.nlm.nih.gov/pubmed/12535181
http://www.kip.uni-heidelberg.de/AG_Cremer/sites/default/files/Bilder/pdf_2003/ComboHausmannBiotechniques.pdf
http://www.kip.uni-heidelberg.de/AG_Cremer/sites/default/files/Bilder/pdf_2003/ComboHausmannBiotechniques.pdf
http://www.kip.uni-heidelberg.de/AG_Cremer/sites/default/files/Bilder/pdf_2003/ComboHausmannBiotechniques.pdf
http://www.kip.uni-heidelberg.de/AG_Cremer/sites/default/files/Bilder/pdf_2003/ComboHausmannBiotechniques.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20809312
http://www.ncbi.nlm.nih.gov/pubmed/20809312
http://www.ncbi.nlm.nih.gov/pubmed/20809312
http://www.sciencedirect.com/science/article/pii/S1877750311000871
http://www.sciencedirect.com/science/article/pii/S1877750311000871
http://www.sciencedirect.com/science/article/pii/S1877750311000871
http://www.ncbi.nlm.nih.gov/pubmed/20543436
http://www.ncbi.nlm.nih.gov/pubmed/20543436
http://www.ncbi.nlm.nih.gov/pubmed/20543436
http://www.ncbi.nlm.nih.gov/pubmed/22407348
http://www.ncbi.nlm.nih.gov/pubmed/21152322
http://www.ncbi.nlm.nih.gov/pubmed/21152322
http://www.ncbi.nlm.nih.gov/pubmed/21152322
http://web1.kip.uni-heidelberg.de/Veroeffentlichungen/details.php?id=3140&lang=en
http://web1.kip.uni-heidelberg.de/Veroeffentlichungen/details.php?id=3140&lang=en
http://link.springer.com/chapter/10.1007%2F978-3-642-34197-7_21
http://link.springer.com/chapter/10.1007%2F978-3-642-34197-7_21
http://link.springer.com/chapter/10.1007%2F978-3-642-34197-7_21
http://www.kip.uni-heidelberg.de/Veroeffentlichungen/details.php?id=2963
http://www.kip.uni-heidelberg.de/Veroeffentlichungen/details.php?id=2963
http://www.kip.uni-heidelberg.de/Veroeffentlichungen/details.php?id=2963
http://onlinelibrary.wiley.com/doi/10.1016/j.cellbi.2005.10.009/abstract
http://onlinelibrary.wiley.com/doi/10.1016/j.cellbi.2005.10.009/abstract
http://onlinelibrary.wiley.com/doi/10.1016/j.cellbi.2005.10.009/abstract
http://onlinelibrary.wiley.com/doi/10.1016/j.cellbi.2005.10.009/abstract
http://www.ncbi.nlm.nih.gov/pubmed/17069891
http://www.ncbi.nlm.nih.gov/pubmed/17069891
http://www.ncbi.nlm.nih.gov/pubmed/17069891
http://www.ncbi.nlm.nih.gov/pubmed/17069891
http://www.formatex.info/microscopy4/688-695.pdf
http://www.formatex.info/microscopy4/688-695.pdf
http://www.formatex.info/microscopy4/688-695.pdf
http://www.formatex.info/microscopy4/688-695.pdf
http://www.formatex.info/microscopy4/688-695.pdf
http://onlinelibrary.wiley.com/doi/10.1002/3527608842.ch4/summary
http://onlinelibrary.wiley.com/doi/10.1002/3527608842.ch4/summary
http://onlinelibrary.wiley.com/doi/10.1002/3527608842.ch4/summary
http://onlinelibrary.wiley.com/doi/10.1002/3527608842.ch4/summary
http://www.kip.uni-heidelberg.de/Veroeffentlichungen/details.php?id=3053
http://www.kip.uni-heidelberg.de/Veroeffentlichungen/details.php?id=3053
http://link.springer.com/article/10.1007%2Fs00340-008-3152-x
http://link.springer.com/article/10.1007%2Fs00340-008-3152-x
http://link.springer.com/article/10.1007%2Fs00340-008-3152-x
http://www.ncbi.nlm.nih.gov/pubmed/19659910
http://www.ncbi.nlm.nih.gov/pubmed/19659910
http://www.ncbi.nlm.nih.gov/pubmed/19659910
http://onlinelibrary.wiley.com/doi/10.1002/biot.201100031/abstract
http://onlinelibrary.wiley.com/doi/10.1002/biot.201100031/abstract
http://onlinelibrary.wiley.com/doi/10.1002/biot.201100031/abstract

	Title
	Corresponding author
	References

