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ISOseq

Check also 2020 NGS review at  https://www.nature.com/immersive/d42859-020-00099-0/pdf/d42859-020-00099-0.pdf

https://www.nature.com/immersive/d42859-020-00099-0/pdf/d42859-020-00099-0.pdf


From: Next-Generation Sequencing Technology: Current Trends and Advancements
https://www.mdpi.com/2079-7737/12/7/997

https://www.mdpi.com/2079-7737/12/7/997






Methyl-CpG (5'—C—phosphate—G—3‘)-binding domain (MBD)















ParClip PhotoActivatable Ribonucleoside-enhanced CrossLinking ImmunoPrecipitation

In one variation on this technique, known as 
PAR-CLIP, cells are incubated with 
a light-reactive nucleoside analog, 
4-thiouridine?(U), that becomes 
incorporated into RNA. Irradiation 
with UV light crosslinks RNA-protein 
complexes, which are then isolated 
from cell lysates using antibodies. 
RNA located outside the protein binding 
pocket is degraded, and the remaining 
sequence is transcribed to DNA, a process
 that leads to a characteristic T to C 
mutation wherever the nucleoside 
analog incorporates.























Gibbs sampling

APPLEPEACHBANANAPEARLEMONORANGEMELONKIWIGRAPELEMON

GAUDAEDAMLEERDAMPANAMATILSITBRIECHAMANBERTROQEFORT

BAMANAOPELBWMTOYOTAHYUNDAIMAZDAFIATRENAULT FERRARI

Find location AND description of commonly occuring substrings

Start with random positions for substrings

“co-regulated genes”:



Gibbs sampling

APPLEPEACHBANANAPEARLEMONORANGEMELONKIWIGRAPELEMON

GAUDAEDAMLEERDAMPANAMATILSITBRIECHAMANBERTROQEFORT

BAMANAOPELBWMTOYOTAHYUNDAIMAZDAFIATRENAULT FERRARI

Pick one sequence

Step 1a:

Find location AND description of commonly occuring substrings



Gibbs sampling

APPLEPEACHBANANAPEARLEMONORANGEMELONKIWIGRAPELEMON

GAUDAEDAMLEERDAMPANAMATILSITBRIECHAMANBERTROQEFORT

BAMANAOPELBWMTOYOTAHYUNDAIMAZDAFIATRENAULT FERRARI

Get statistics of all other substrings

_A__E_

Step 1b:

Find location AND description of commonly occuring substrings



Gibbs sampling

APPLEPEACHBANANAPEARLEMONORANGEMELONKIWIGRAPELEMON

GAUDAEDAMLEERDAMPANAMATILSITBRIECHAMANBERTROQEFORT

BAMANAOPELBWMTOYOTAHYUNDAIMAZDAFIATRENAULT FERRARI

match description to all locations in sequence

_A__E_

Step 2a:

Find location AND description of commonly occuring substrings

_A__E_



Gibbs sampling

APPLEPEACHBANANAPEARLEMONORANGEMELONKIWIGRAPELEMON

GAUDAEDAMLEERDAMPANAMATILSITBRIECHAMANBERTROQEFORT

BAMANAOPELBWMTOYOTAHYUNDAIMAZDAFIATRENAULT FERRARI

Pick new location in sequence (probabilistic)

_A__E_

Step 2b:

Find location AND description of commonly occuring substrings



Gibbs sampling

APPLEPEACHBANANAPEARLEMONORANGEMELONKIWIGRAPELEMON

GAUDAEDAMLEERDAMPANAMATILSITBRIECHAMANBERTROQEFORT

BAMANAOPELBWMTOYOTAHYUNDAIMAZDAFIATRENAULT FERRARI

 A A A

Repeat steps 1 and 2 until convergence:

Find location AND description of commonly occuring substrings

b  n n









Transfer RNA (tRNA)



Ribosomal RNA (rRNA)

16S-rRNA (orange), proteins (blue)



rRNA+tRNA in Ribosome

By Bensaccount at en.wikipedia, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=8287100



Parallel Analysis of RNA Structure (PARS)
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A) Hi-C detects chromatin interaction both within and between chromosomes by covalently crosslinking protein/DNA 
complexes with formaldehyde. B) The chromatin is digested with a restriction enzyme and the ends are marked with a 
biotinylated nucleotide. C) The DNA in the crosslinked complexes are ligated to form chimeric DNA molecules. D) Biotin is 
removed from the ends of linear fragments and the molecules are fragmented to reduce their overall size. E) Molecules with 
internal biotin incorporation are pulled down with streptavidin coated magnetic beads and modified for deep sequencing. 
Quantitation of chromatin interactions is achieved through massively parallel deep sequencing. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3874846/

Overview of Hi-C technology





Hi-C data visualization and analysis
A) A heatmap of interactions between all 1 Mb bins along chr1 
for GM06990 cells. The intensity of red color corresponds to the 
number of Hi-C interactions. B) A “4C profile” derived from one 
row of the Hi-C heatmap (blue box in A) showing all interactions 
between a fixed 1 Mb location at 190 Mb on chr1 and the rest of 
chr1. CTCF and H3K4me3 tracks from a similar cell line are 
displayed below as examples of other genomic datasets that can 
be compared with such an interaction profile. C) The log10 of 
the Hi-C interaction counts of each pair of bins along chr1 is 
plotted versus the log of the genomic distance between each 
pair of bins. The median value of datapoints in the graph is 
indicated by a blue line while the 5% and 95% confidence 
intervals are shown as thin black lines. The slope of the median 
line from 500 kb to 10 Mb is -1, following the relationship 
expected for a fractal globule polymer structure of the 
chromatin. D) Red and blue “plaid” patterns show the 
compartmentalization of chr1 in two types of chromosomal 
domains. The data from A were transformed by first finding the 
observed interactions over the expected average pattern of 
decay away from the diagonal and then calculating a Pearson 
correlation coefficient between each pair of rows and columns. 
Regions highly correlated with one another in interaction are 
colored red and are likely to be classified by principle 
components analysis into the same compartment as shown 
above (black bands = open chromatin compartment; light grey 
bands = closed chromatin compartment). The compartment 
assignments correlate with the gene density profile, shown 
above the compartment profile (high gene density = black; low 
gene density = white). E) Whole chromosome interaction 
patterns show that longer chromosomes (chr1-10, chrX) are 
more likely to interact with one another and not with shorter 
chromosomes (chr14-22). 





ChipSeq Exercise:  tool installation 

#install PeakAnalyzer
cd ~/tools
wget  http://www.bioinformatics.org/ftp/pub/peakanalyzer/PeakAnalyzer_1.4.tar.gz
tar xzf PeakAnalyzer_1.4.tar.gz
 
#install MEME
cd ~/tools
wget http://meme-suite.org/meme-software/5.0.2/meme-5.0.2.tar.gz
tar xzf meme-5.0.2.tar.gz
cd meme-5.0.2
./configure --prefix=$HOME/meme --with-url=http://meme-suite.org --enable-build-libxml2 --enable-build-libxslt
make install

# add line below to ~/.bashrc 
export PATH=$HOME/meme/bin:$PATH

cd ~/meme/bin
wget http://hgdownload.cse.ucsc.edu/admin/exe/linux.x86_64/bedGraphToBigWig
chmod u+x bedG*

# get and start Exercise 
cd ~/tools
wget https://genomics-lab.fleming.gr/fleming/uoa/vm/ChIP-seq.zip
unzip ChIP-seq.zip
cd ChIP-seq/
evince 20121016_ChIP-seq_Practical.pdf &

#build bowtie index (~15min)
bowtie-build bowtie_index/mm10.fa bowtie_index/mm10

https://genomics-lab.fleming.gr/fleming/uoa/vm/ChIP-seq.zip


ChipSeq Exercise

# alignment, direct output to sorted bam
 
bowtie -p 4 -m 1 -S bowtie_index/mm10 gfp.fastq | samtools view -bS -  | samtools sort -o - -  > gfp.bam
samtools index gfp.bam
 
bowtie -p 4 -m 1 -S bowtie_index/mm10 Oct4.fastq | samtools view -bS -  | samtools sort -o - -  > Oct4.bam
samtools index Oct4.bam

macs -t Oct4.bam -c gfp.bam --format=BAM --name=Oct4 --gsize=138000000 --tsize=26 --diag --wig
 
 
New instructions replacing page 12 to 15:
 
slopBed -i Oct4_summits.bed -g bowtie_index/mouse.mm10.genome -b 20 > Oct4_summits-b20.bed
fastaFromBed -fi bowtie_index/mm10.fa -bed Oct4_summits-b20.bed > Oct4_summits-b20.fa
~/meme/bin/meme Oct4_summits-b20.fa  -o meme -dna
firefox meme/meme.html 



Choose your paper for presentation at: https://tinyurl.com/52u2rv5a (contains URLs to papers) 

https://tinyurl.com/52u2rv5a
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