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Modified after Richard E. Ballermann  

from resverlogix.com 

Enzymes that add  

histone / DNA modifications 

Enzymes that remove 

histone / DNA modifications 

Proteins that bind to 

histone/DNA modifications  

and alter gene activity and  

protein production 

Methylcytosin 

Hydroxymethylcytosin 
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Major biochemical mechanisms in 

neuroepigenetics 
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Sweatt, Neuron  

2013 

Zaidi et al., Mol. Cell. Biol. 2010 
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Bisulfite conversion 
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Illumina MiSeq 

   Max throughput with MiSeq Reagent Kit v3: 25 Mio 

  reads (15 Gb with 600 cycles) 

 

   Diagnostics: 

    BRCA1/2 

    BRCA + 

    HNPCC, FAP 

    Gene panels for: 

     - Hearing loss 

     - ID, mental disorders, ASD 

     - connective tissue disease 
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Hypothesis driven BS analysis – Why? 
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BiSulfite Amplicon Sequencing (BSAS) 
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Masser et al., 2013 
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    Costs: BiSulfite Amplicon Sequencing vs PyroSeq 1/2 
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BSAS PyroSeq PyroSpecs to 

meet BSAS 

Sequencing 

depth 

(sensitivity) 

1000x (recomm.) 

easy to increase  

100x 

difficult  to 

increase 

(multiple tech. 

Replicates) 

10 technical 

replicates to 

achieve BSAS 

coverage/sensitivity 

(1000x) 

read length > 300bp PCR-product 

- average: 400bp 

only limited by BS 

conversion (0,5-1kB) 

< 140bp (new 

chemistry, 

algorithms) 

> 3 assays to cover 

400bp of target 

region 

plex-level for 

1 sample 

Alexis: 23 assays Not possible 23 seperate Pyros 

Summary 1 sample (23 assays à 

400bp with 1000x 

coverage) 

690 Pyro-Rxn 

> 7 plates à 96 wells 

… and we got 12 samples in our 1st run = 8280 Pyro-Rxn (86 plates) 
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Costs: Bisulfite Amplicon Sequencing vs PyroSeq 2/2 
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PyroSeq BSAS 

PSQ 96 Pyrogold 

Reagent Kit 96rxn 

451,34€ - 

MiSeq Reagent Kit v2 

(300cycle) 

- 908,92 € 

Nextera XT DNA 

Sample Prep Kit 24rxn 

- 

 

734,83€ 

Nextera XT Index Kit 

(24rxn) 

- 249,90€ 

Summary (costs per 

run) 

451,34€ (1 x 96-well 

plate) 

 

1893,65€ 

extrapolation on same 

data output of 1xBSAS 

run 

38.815,24€ 

(451,34€ x 86 plates) 

1893,65€ 

 

without Qubit/BioAnalyzer reagents (BSAS) and Sepharose beads etc. (PyroSeq) 
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1553-12 PCR-pools 

1553-12 Nextera + Index PCR 

924-08 PCR-pools 

924-08 Nextera + Index PCR 

Sirt6 -/- pmHep PCR-pools 

Sirt6 -/- pmHep Nextera + Index PCR 

Sirt6 +/+ pmHep PCR-pools 

Sirt6 +/+ pmHep Nextera + Index PCR 

Kcnk9 +/- PCR-pools Kcnk9 -/- PCR-pools 

Kcnk9 -/+ Nextera + Index PCR 

QC 
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Complete workflow 
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DNA isolation 
Bisulfite 

conversion 
(Zymo) 

Bisulfite PCR 
(FastStart; 

Roche) 

Library 
preparation 

(Nextera XT) 

Sequencing 

MiSeq V2 300 

cycles 

Wet lab 

Bioinformatics 

Reference 

genome 
FASTQ reads FASTQC Bismark 

R script for 

visualization 

Bismark 
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exemplary results 
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 Mean methylation of patients suffer from: 

 Angelman-Syndrom (IC SNRPN 

hypomethylated) 

 

 Silver-Russel-Syndrom (IC H19 

hypomethylated) 

 

 

Pyrosequencing confirmed 
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exemplary results 
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exemplary results 
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BSAS: Conclusions 

 

 

19 

 Less costly than Pyrosequencing and 454 Pyrosequencing 

 

 Lot more throughput than 454: 4,5Gb (15 Mio reads) vs. 0,035Gb (0,1 Mio Reads; Junior) or 

        0,7Gb (1 Mio reads; FLX) 

 

 Workflow relative simple and streamlined  compared to Roche 454 Pyrosequencing  

           (Würzburg, Essen, Saarbrücken with Amplicon BS Sequencing on Roche) 

 

 reliable results on methylation level of imprinted genes in somatic tissue 

 

 Critical to gain experience with Nextera XT also for other NGS applications (RNAseq etc.) 
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BisPCR2 – Alternative to BSAS 
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Bernstein et al.  

Epigenetics & Chromatin  

(2015) 8:27 
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QC 
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QC 
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QC 
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Murine Cerebellum DNA methylation Igf2r 
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Murine Cortex DNA methylation Igf2r 
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Murine Hippocampal DNA methylation Igf2r 
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BisPCR2: Conclusions 
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 Less costly than Pyrosequencing, 454 Pyrosequencing and BSAS 

 

 Lot more throughput than 454: 4,5Gb (15 Mio reads) vs. 0,035GB (0,1 Mio Reads; Junior) or 

        0,7GB (1 Mio reads; FLX) 

 

 Workflow relative simple and streamlined  compared to Roche 454 Pyrosequencing  

           (Würzburg, Essen, Saarbrücken with Amplicon BS Sequencing on Roche) 

 

 reliable results on methylation level of imprinted genes in somatic tissue 

 

 Library preparation is less costly compared to BSAS by waiving Nextera XT 

 

 Epialleles could be reconstructed (no fragmentation of BS-PCR amplicons) 
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Allele-specific RNAseq 
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Ryan M. Smith; Golden Helix Webinar October 27th, 2010 
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Allele-specific RNAseq 

 ASE is a complex phenomenon caused by 

a variety of mechanisms including: 

 imprinting  

 X-chromosome inactivation  

 modulating transcription factor binding affinity or 

 post-transcriptionally by changing splicing patterns 
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Sweatt, Neuron  2013 

Areas with epigenetic mechanisms implicated 

in human nervous system function 
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• reduced fetal activity and 
reduced suckling at 
newborn age due to 
hypotonia 

• weight gain between the 
ages of one and four due 
to hyperphagia 

• short stature, 
hypogonadism 

• distinctive facial features 

• learning difficulties, mild 
intellectual disability 

• Diabetes and 
cardiovascular disease at 
adult age 

Clinical characteristics of Prader-Willi 

syndrome (PWS) 
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PWS is caused by loss of paternal gene 

expression on chromosome 15q11-q13 

 

 

  

Necdin (NDN) gene:  maternally inherited allele normally silenced  

  paternally inherited allele normally expressed  → deletion → PWS   

Parental genomic 

imprinting 
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Necdin deletion KO mouse model (+m/-p) 

 

 

  

Rieusset et al., 2013, PLoS Genet 

Question: 

Does this inter-individual 

variability in severity among 

Ndn+m/−p mice result from 

a “stochastic” activation of 

the putatively silent maternal 

allele of Ndn? 
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Survival difference between 

+m/-p and -/- Necdin KO mice 

 

 

  

Rieusset et al., 2013, PLoS Genet 
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Maternal Necdin expression (loss of silencing) 

from E12 to adult stage in +m/-p mice 

 

 

  

Rieusset et al., 2013, PLoS Genet 
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KCNK9 mutation accounts for the „Birk-Barel 

mental retardation dysmorphism syndrome“ 

maternally inherited 

→ paternally silenced gene 
 

Clinical symptoms: 

- mental Retardation 

- hypotonia 

- elongated face  
 

KCNK9-mutation c.770G>A 

(p.Gly236Arg) prevents channel 

current in KCNK9-Homodimers as 

well as in Heterodimers with KCNK3 
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Minor expression of the paternal Kcnk9 

allele in some brain areas 

Allele-specific expression in wild-type-(B6mat x Castpat)F1-mice 
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AS-RNAseq - workflow 
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RNA isolation 
(C57/B6J  
x Cast/Ei 

cDNA 
synthesis 

PCR 1 
Gene-specific 

(Exon-
bridging) 

PCR 2 
sample 

barcoding 

Sequencing 

MiSeq V2 300 

cycles 

Wet lab 

Bioinformatics 

(artificial) 
Reference 

transcriptome 
FASTQ reads FASTQC ALEA 

Visualization 

IGV 
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Meg3 – maternally expressed gene 3 

 

 

♀ 

♂ 
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Peg13 – paternally expressed gene 13 
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♀ 

♂ 
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