
Appendix 

 108 

10. Appendix 

10.1 Acknowledgements 

10.2 List of Figures 

10.3 List of Tables 

10.4 Abbreviations 

10.5 Curriculum Vitae 

10.6 Publications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 

 109 

10.1 Acknowledgement 

 

This dissertation represents the efforts of about three years of work, and would not 

have been possible to be finished without the effective cooperation and great assistance 

of so many people who deserve my acknowledgement. 

I would like to express my highest gratitude to Professor Dr. Hans Lehrach for his 

providing me the opportunity to carry out my Ph.D. program in his department at the 

Max-Planck-Institute for Molecular Genetics, for the guidance and for reviewing this 

thesis. I am indebted to Professor Dr. Gerd Multhaup for being my adviser in Free 

University Berlin and for reviewing this thesis. 

I am exceptionally grateful to my group leader, Dr. Michal Janitz, for inviting me to 

be here, for all his supervision, discussion and supports on my Ph.D. program during the 

last four years, for his correction of this dissertation, for his additional help with my 

family, as well as for his advice on my career development which is of vital importance 

for my future. 

A special thank-you goes to Dr. Anna Guerasimova and Dr. Lajos Nyarsik for their 

stimulating discussions and valuable suggestions, which helped me with understanding 

the technical details, and for giving critical comments on my thesis.  

Biotechnology engineer Regine Schwartz from the group of Dr. Nyarsik deserves 

my thanks for her professional spotting skills, technical assistance and experimental 

work, and for her warm help to find the comfortable apartment for my family and the 

excellent babysitter for my little son. 

Thanks are also due to Sabine Thamm for her daily support and warmth on my 

numerous requests for German translation during my staying in the lab, to Dr. Andrea 

Fiebitz for her kindly translating the summary from English into German and for a lot of 

very generous help, to Andreas Dahl for his encouraging smile, sparkling discussion and 

strong support for my private life, to Irina Girnus for her assistance during the RNA 

preparation step. 

Particular thanks go to Dr. Ralf Herwig and Mario Drungowski for their 

bioinformatic discussion and help during the paper preparation. 



Appendix 

 110 

I am indebted to my colleagues, Dr. Dominique Vanhecke, Dr. Yuhui Hu, Xi Cheng, 

Matthias Lange and some other members for their creating a pleasant working 

atmosphere throughout my project, for their technical supports, valuable discussion on 

projects, for their reagent supply and for their allowing me to use their advanced 

computers. 

Also I would like to thank Hilke Wegwerth, Jeanette Brylla, Johanna Belart, Ulrich 

Barenbrock, and Anna Skotarczyk for their administrative helps on my life here in 

Germany as a foreigner.  

Finally, I want to express my deep appreciation to my families: my parents have 

been providing me with their continuous support over all these years which enable me to 

get this far; my wife Chang Yin, with her love and care, has made my life in the lab full of 

joy and interests as at home; my son Yuchong Liu, with his admiring smile as well as the  

bothering cry during the two-year period of growing up, clears up and fuels my mind 

every time when I stay with him.  

Sequence-verified DNA clones were kindly provided by the RZPD Deutsches 

Ressourcenzentrum für Genomforschung, Germany. This work was supported by the 

European Commission project MolTools, the National Genome Research Network 

(NGFN-2) and the Max-Planck-Society. 



Appendix 

 111 

10.2 List of figures (to be continued) 

 

Number Title Page 

Figure 1 The principle of oligonucleotide fingerprinting 9 

Figure 2 The chemical structures of DNA, LNA and RNA 11 

Figure 3 
Overlap between the fluorescence emission spectrum of the donor 

and the absorption spectrum of the acceptor 
13 

Figure 4 The strategy for detecting DNA hybridisation with iFRET technology 14 

Figure 5 Scheme of the ‘sandwich’ in the droplet experiment set-up 31 

Figure 6 The multichannel print head TopSpot and the Nanowell plate 33 

Figure 7 The two steps of nano-dispensing using the 24X24 nano-well plate 34 

Figure 8 CCD camera with high sensitivity for fluorescence detection 34 

Figure 9 sciFLEXARRAYER 35 

Figure 10 
Cy5-labelled short oligoprobes were hybridised sequentially to 

arrays of immobilised clones (PCR products) with stripping intervals 
37 

Figure 11 Down-sizing of iFRET technology 40 

Figure 12 Electropherogram image of one representative fragmented RNA 41 

Figure 13 
Gel analysis of representative PCR reactions without or with T7 

Gene 6 exonuclease treatment 
42 

Figure 14 
Background comparison of a selected oligoprobe set sharing the 

same 5-mer core sequence 
44 

Figure 15 

Hybridisation of three pooled 7-mer oligoprobes labelled with Cy5, 

Bodipy and ROX fluorescent dyes to two synthetic DNA targets in 

the same cuvette 

46 

Figure 16 

Hybridisation of two pooled 7-mer oligoprobes labelled with Cy5, 

Bodipy or ROX fluorescent dyes to two fullmatch synthetic DNA 

targets 

47 

Figure 17 Quantification of iFRET signals 48 

Figure 18 
Assessment of minimal oligoprobe length suitable for iFRET 

detection 
50 

Figure 19 Monitoring of the hybridisation experiment following heating 51 

Figure 20 
Fluorescence-monitored melting profiles of duplexes formed by the 

same fragmented RNA template with 3 non-modified heptamers  
52 



Appendix 

 112 

10.2 List of figures (continued) 

 

Number Title Page 

Figure 21 
Sequence-dependent hybridisation profiles obtained for six RNAs 

with three 6-mer LNA-modified oligoprobes 
53 

Figure 22 iFRET signals using short ssDNAs as targets 54 

Figure 23 An image of hybridisation in a 24 × 24 nano-well plate 55 

Figure 24 Gel analysis of 20 representative PCR reactions  57 

Figure 25 
Hybridisation comparison of LNA-modified with DNA oligoprobes 

using dsDNA as templates 
58 

Figure 26 Effect of LNA modification number on hybridisation efficiency 59 

Figure 27 Determination of signal detection limit and signal linearity 60 

Figure 28 Re-utilization of the nanoporous membrane slide 61 

Figure 29 
Image of model OFP for eight dsDNA clones using four LNA 

oligoprobes 
62 

Figure 30 
Quantification of hybridisation signal intensities of the model OFP 

for eight dsDNA clones using four LNA oligoprobes 
63 

Figure 31 Dispensing set-up with an example of hybridisation image 65 

Figure 32 
Specificity of hybridisation using two 7-mer LNA-modified 

oligoprobes with one nucleotide difference at 3’-end 
66 

Figure 33 
Comparison of hybridisation signals between purified and 

unpurified PCR products using the same LNA-modified oligoprobes 
67 

Figure 34 Representative image problems 68 

Figure 35 
Receiver Operating Characteristic (ROC) of all 26 LNA-modified 

oligoprobe hybridisation experiments 
70 

Figure 36 
ROC curve comparison of LNA-modified with non-modified 

oligoprobe hybridisations using dsDNAs as templates 
71 

Figure 37 Histogram of coefficients of variations (CVs) 72 

Figure 38 
Hybridisation images of LNA-modified and non-modified 

oligoprobes 
72 

Figure 39 
Oligoprobe positions in the human chromosome Xq28 cosmid 

clone 
74 

Figure 40 Hierarchical clustering of genomic DNA clones 75 



Appendix 

 113 

10.3 List of tables  

 

Number Title Page 

Table 1 
Characteristics of 7-mer LNA-modified oligoprobes used in 

this study 
22 

Table 2 
The 6-mer and 5-mer LNA-modified oligoprobes used in this 

study 
23 

Table 3 The non-modified DNA oligoprobes used in this study 23 

Table 4 The sequences of the synthetic single stranded DNA targets 24 

Table 5 

The length and position ranges for dsDNA sequences 

matching the human chromosome Xq28 cosmid clone 

(GeneBank accession number: AL034384) 

24 

Table 6 
Tms of LNA-modified oligoprobes equivalent to non-modified 

ones with one more nucleotide 
78 

Table 7 
Tm comparison of LNA-modified and corresponding non-

modified heptamers and hexamers 
79 

 



Appendix 

 114 

10.4 Abbreviations 

A adenine 

AUG 

BLAST  

the Area Under the ROC Curve 

basic local alignment search tool 

BODIPY 4,4-difluoro-5,7-dimethyl-4-bora-3,4-diaza-s-

indacene propionic acid  

bp  base pairs 

C  cytosine 

°C  
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dCTP  2'-deoxycytidine 5'-triphosphate 
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DEPC 

dGTP  
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G  

h  
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nt 
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nucleotide 
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OP 

PCR  

oligoprobe 

polymerase chain reaction 
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Receiver operating characteristic 
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