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Sample sizes and number of experiments of staining experiments 

 

Sample Size 

Co-staining N (# of experiments) # of cells # of foci 

HD vs G* 5 751 2560 

HD vs NY* 4 725 3738 

HD vs NH* 4 739 4086 

 

Statistical data. Significance and p-values for unpaired t-test 

 

HD + G* (N=5)  HD + NY* (N=4)  HD + NH* (N=4) 

 p-value  p-value  p-value 

HD 
* 

0.0110 
HD 

ns 

0.2331 
HD 

* 

0.0486 

G* 
ns 

0.8907 
NY* 

ns 

0.3561 
NH* 

** 

0.0036 

 



 

Oligo name Sequence (5’ → 3’) 

o2994 TATACATATGGTGAGCAAGGGCGAGGAG 

o2995 AGCGTAGTCCGGAACGTCG 

o2079 ATTAACTACCCGTACGACGTTC 

o2080 GGCGCGCCCAACTTTGCGTTT 

o2071 AAACGCAAAGTTGGGCGCGCCAACCATGACCAGGAATTTGACC 

o2072 GAACGTCGTACGGGTAGTTAATAAGAGGAAGTGAGTTTTGAG 

o2733 GAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACGCGTTACATAACTTACGGTAAATGG 

o2734 AGCAGCGCAAAACGCCTAACCCTAAGCAGATTCTTCATGCGCTTACTTGTACAGCTCGTCC 

o2038 CCCTTCTTCTGGCTCTTTGCCAATGTGGTGGCCATGGGCG 

o2039 CCATGGCCACCACATTGGCAAAGAGCCAGAAGAAGGGGCG 

HSF1-Bgl1-Fw TTTAAGTAGATCTGATCTGCCCGTGGGCCCCGG 

HSF1-Bgl1-Rv TTTAAGTGTCGACCTAGGAGACAGTGGGGTCC 

Oligo name Sequence (5’ → 3’) 

o2166 GGTCTCGCTATCGCCAGCGGCGGCGGCAAG 

o2167 GCCGCCGCCGCTGGCGATAGCGAGACCTC 

o2168 GCTATCGCCAGCGGCGGCGGCAAGCAAGCG 

o2169 TTGCTTGCCGCCGCCGCTGGCGATAGCCAC 

o2142 CATGGCCTGACTCCGGACCAAGTGGTGGCTATCGCCAGCGGAGGCGGGAGACCC 

o2143 TCGAGGGTCTCCCGCCTCCGCTGGCGATAGCCACCACTTGGTCCGGAGTCAGGC 

Oligo name Sequence (5’ → 3’) 

SatIII-Pyro-Fw GGAATGGATTCAACTTGAATG 

SatIII-Pyro-Rv TTCCATTCCATTCCTATACT 



 

Oligo ID Description Sequence (5’ → 3’) 

o1691 VAIANN*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACAATGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1692 VAIANQ*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACCAGGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1693 VAIANH*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACCATGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1694 VAIAND*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACGATGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1695 VAIANE*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACGAAGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1696 VAIANS*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACAGCGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1697 VAIANT*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACACCGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1698 VAIANY*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACTATGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1699 VAIANK*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACAAAGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1700 VAIANR*GG 
TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACCGTGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1701 
VAIANW*G

G 

TTTTCCATGGCCTGACCCCGGACCAAGTGGTGGCTATCGCCAACTGGGGC

GGCAAGCAAGCGCTCGAAACGGTGCAGGAG 

o1746 Reverse primer TTTTCTCGAGGGTCTCCTGCACCGTTTCGAGCGCTTG 

 

Oligo ID Description Sequence (5’ → 3’) 

o3541 fw VAIANY*GG GCTATCGCCAACTATGGCGG 

o3542 rv VAIANY*GG CCGCCATAGTTGGCGATAGC 

o3553 fw VAIANH*GG CCGCCATGGTTGGCGATAGC 

o3554 rv VAIANH*GG GCTATCGCCAACCATGGCGG 

 

Oligo ID Description Sequence (5’ → 3’) 

o476 Unmethylated 
TGGATTCCCACTCTTCAGCCCCAGCGTTACAGCATCTTCAGTGGCTTCTT

CCACCGTGAGCTCTTCCGTTTCCACATCC 

o465 Methylated 
TGGATTCCCACTCTTCAGCCCCAGCGTTACAGCATCTTCAGTGGCTTCTT

CCACCGTGAGCTCTTCNGTTTCCACATCC    N= 5mC 

o1892 Reverse oligo XGGATGTGGAAACGGAAGAY             X= Cy5, Y= Cy3 



Oligo ID Description Sequence (5’ → 3’) 

o1899 Unmethylated TTTTGTCGACTCTTCCGTTTCCACATCTACTAGTTTTT 

o1900 Unmethylated AAAAACTAGTAGATGTGGAAACGGAAGAGTCGACAAAA 

o2520 Mehtylated TTTTGTCGACTCTTCNGTTTCCACATCTACTAGTTTTT    N= 5mC 

o2501 Mehtylated AAAAACTAGTAGATGTGGAAANGGAAGAGTCGACAAAA   N= 5mC 

 

Oligo ID Description Sequence (5’ → 3’) 

o3552 Unmethylated CCAATGGAACGGAACGGAATGGAATG 

o3545 Methylated CCAATGGAANGGAANGGAATGGAATG   N= 5mC 

o3547 Reverse CATTCCATTCCGTTCCGTTCCATTGG 

o3546 Reverse NCATTCCATTCCGTTCCGTTCCATTGG             N=Cy5 
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TALE_1c (for DNaseI Footprinting Assay, assembled in pAni521) 
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TALE_1c (for Luciferase Assay, assembled in pcDNA3.1-GoldenGate-VP64) 
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TALE_0 (For site-directed methylation, assembled in pÁlM1285 and pÁlM1560) 
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5-methylcytosine (5mC) is a fundamental epigenetic modification in mammalian genomes 
involved in development, cell differentiation and genomic imprinting. In addition, aberrant 
DNA methylation patterns are responsible for the pathogenesis of many diseases including 
neurodegenerative disorders, cardiovascular affections and cancer. In this thesis, we describe 
the development of a novel method for image-based analysis of 5mC using pairs of fluorescent 
Transcription Activator Like-Effectors (TALEs). These DNA binding proteins can recognize 
specific sequences of canonical or epigenetically modified DNA via modular repeats that 
interact with nucleobases in a one-to-one correspondence. We employed fluorescent TALE pairs 
that differ only in the repeat responsible for recognizing cytosine (C) at CpG dinucleotides and 
the fluorophore fused to them (either eGFP or mCherry). By using the 5mC selective repeat HD 
in one of the TALEs, we can detect differences in methylation level, while the universal binder 
repeat G* in the other TALE is not responsive to 5mC and allows to detect local changes in 
chromatin compaction. This way it is possible to analyze 5mC independently of potential 
differences in target accessibility.  We applied our method using recombinantly expressed and 
purified TALE pairs in cellular stains to image SatIII DNA. This pericentromeric DNA is the 
origin of nuclear stress bodies (nSBs), exhibits aberrant methylation in several cancers and 
remains challenging to study by conventional methods due to its highly repetitive nature. We 
proved the applicability of our method to study 5mC differences in user-defined repetitive 
sequences with single nucleotide and strand resolution. Furthermore, we correlated the 
methylation status of SatIII with the presence of heat shock factor 1 (HSF1) at its recognition 
sequence after stress, revealing a role for 5mC in HSF1 recruitment as initial step of nSB 
formation in a subpopulation of cells. Finally, we constructed and screened a library of size-
reduced TALE repeats to identify potential 5mC binders. We found that RVD NH* binds 
selectively to 5mC, but not C and its application in combination with HD TALEs allows for 
improved imaging with higher dynamic range. These studies offer a promising imaging tool for 
studying 5mC function in repetitive sequences and its interplay with other imageable 
chromatin-interacting proteins with nucleotide, strand, locus and cell resolution.  
 

Álvaro Muñoz López 
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