
Computational methods for Bioinformatics

ASN file format
Compress DNA string in bits, and then convert the bits into hex.
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DNA FILE FROMAT

DNA information is stored in several formats. Two of the most popular are FASTA
and Genbank. The FASTA files are very easy to read and this takes only a few
lines  of  code.  The  Genbank  files  are  considerably  more  involved  and  store
significantly  more  information  beyond  the  DNA  sequence.  They  can  store
identifying  information,  publication  and  author  information,  proteins,
identified repeats and much more. Thus, reading these files requires a bit more
programming. These programs, however, are not complicated.

PCA Principal Component Analysis

Data generated from experiments may contain several dimensions and be quite
complicated.  However,  the  dimensionality  of  the  data  may  far  exceed  the
complexity  of the  data. A  reduction in  dimensionality often  allows simpler
algorithms to effectively analyze the data. The most common method of data
reduction in bioinformatics is principal component analys.

Quite often a single biological experiment can produce a lot of data, but due to
time and costs, only a small number of experiments can be run. So their are few
data vectors that have a lot of elements. The dimensionality of the data is
large, but the dimensionality of the information is not. So, PCA is a very
useful tool that reduces the dimensionality of the data without damaging the
dimensionality of the information.



The logic of PCA (principal component analysis) is to diagonalize the covariance
matrix. In doing so, the elements of the data become independent. If there are
first order relationships within the data then this new representation will
often display these relationships more clearly than the original representation.
Diagonalization of the covariance matrix is achieved through mapping the data
through a new coordinate system.

The protocol for PCA is,
1. Compute the covariance of the data.
2. Compute the eigenvectors and eigenvalues of the covariance matrix.
3. Determine which eigenvectors to keep.
4. Project the data points into the new space defined by the eigenvectors.

The choice of how many eigenvectors to keep is up to the user and that is based
on how sharply the curve bends and how much error the user can allow.

Covariance Matrix

PCA minimizes the covariance within a data set,
and  this  information  is  contained  within  a
covariance matrix. The purpose of the covariance
is  that  it  relates  one  column  to  another.
Basically,  if  the  data  in  two  columns  are
positively correlated (when one goes up in value
so  does  the  other)  then  the  covariance  is
positive. If the data in the two columns are
negatively  correlated  then  the  covariance  is
negative. If the data in the two columns are
independent then the covariance should be zero.

Codon Frequencies 

There are 64 different codons but only 20 different amino acids which means that
many amino acids have multiple associated codons. It is therefore possible that
some genomes favor one codon over another in the DNA when producing a gene. If
this is true then it is possible to classify genomes according to their codon
frequencies. To compute the codon frequencies the number of occurrences of each
codon is obtained and these counts are divided by the total number of codons.



Sequence Alignment



DNA sequences are complicated structures that have been difficult to decode. A
strand of DNA contains coding regions which produce genes and contains non-
coding regions which may or may not have functionality. As systems evolve genes
were passed on sometimes with small alterations or relocations. Since the non-
coding regions are less important in many respects they were often passed on
with more alterations. These similarities allow us to infer functionality of a
gene by relating it to other genes with known function. The main computational
technique for accomplishing this comparison is to align sequences. The purpose
of alignment is to demonstrate the similarity of two (or more) sequences. At
first this sounds like an easy job. Each sequence has only four bases and it
should not be too hard to determine if the sequences are similar.

Indels

This is a serious matter. If the sequences are very long (perhaps thousands of
bases)  then  there  are  thousands  of  locations  where  the  indel  can  occur.
Furthermore, the sequences may have several indels and at one location multiple
indels may need to be considered. For sequences of significant length it is not
possible to consider all possible indels in a brute force computing fashion.

Starting and ending sequence

Given two sequences and the task of global alignment it is still necessary to be
concerned  with  the  beginning  and  ending  of  the  sequences.  The  sequencing
technology tends to have problems calling the very beginning and very end of
sequences. Thus, the actual sequence may be longer than necessary.

Sequence length

Another complicating factor is sequence length. Often the alignment algorithms
are based on the number of matches. Consider a case in which the sequences are
100 elements long and 90 of them align. Consider a second case in which the
sequences are 1000 elements long and 800 of them align. In the second case the
score can be higher since many more elements aligned, but the percentage of
alignment  is  greater  in  the  first  case.  So,  some  algorithms  consider  the
sequence length when producing an alignment score. Since the strings could be
different lengths it is necessary to find the length of the shortest string.

Simple Aligment
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BLOUSUM50 
Is a matrix for protein sequences alignment. It consider how often an amminoacid
change into another. Is also complicated by the fact that some amino acids are
more commonly seen than others. There are several versions depending on the
mathematical methods employed and the evolutionary time step. The most popular
matrices are either PAM or BLOSUM and the number that follows the name indicates
the evolutionary time step. The matrices have some differences but are similar
enough that only one matrix will be used here.

Entropy of Information
Nella  teoria  dell'informazione  l'entropia di  una
sorgente di messaggi è l'informazione media contenuta
in ogni messaggio emesso.
Negli  anni  quaranta  Shannon  riuscì  a  definire
l’equazione  con  cui  calcolare  il  livello  di
imprevedibilità  di  una  fonte  d’informazione,
constatando  che  la  sua  formula  era  praticamente
uguale a quella con cui Boltzmann aveva calcolato

l’entropia di un sistema termodinamico. Per Shannon il problema era misurare
quanta “informazione” contiene un dato messaggio, e quindi, di conseguenza,
quanto costa inviarlo, dato un sistema di trasmissione e le difficoltà che un
canale  di  trasmissione  (in  generale  disturbato  da  “rumore”)  può  trovare.
L’entropia così introdotta nella teoria dell’informazione è quindi misura del
grado di complessità di un messaggio emesso da una sorgente: come dimostrato nel
primo  teorema  di  Shannon,  essa  fornisce  il  numero  medio  minimo  di  simboli
necessari alla codifica del messaggio stesso. In questo contesto l'entropia
misura dunque la quantità d’incertezza o informazione presente in un segnale
aleatorio,  che  può  essere  interpretata  anche  come  la  minima  complessità
descrittiva  di  una  variabile  aleatoria,  ovvero  il  limite  inferiore  della
compressione dei dati.  L'informazione contenuta in un messaggio è tanto più
grande  quanto  meno  probabile  era.  Un  messaggio  scontato,  che  ha  un'alta
probabilità di essere emesso dalla sorgente contiene poca informazione, mentre
un  messaggio  inaspettato,  poco  probabile  contiene  una  grande  quantità  di
informazione. L'entropia di una sorgente risponde a domande come: qual è il
numero minimo di bit che servono per memorizzare in media un messaggio della
sorgente? Quanto sono prevedibili i messaggi emessi dalla sorgente?
L'entropia può essere vista come la casualità contenuta in una stringa, ed è
strettamente collegata al numero minimo di bit necessari per rappresentarla
senza errori.

Protein Production difficulties due to formation of inclusion body

Protein production at low temperatures
not only suppresses the functional activity
of the proteins (enzymes), but also prevents
the proteins to become insoluble (prevents
the formation of inclusion body). Proteins
become insoluble regardless of its type, but
several factors can cause proteins to become
insoluble.

1. High concentration;
concentration of proteins become too high
at some localities within the cell.



2. Differences in intracellular reduction-
oxidation (redox) environment.

3. Lack of protein modification after
translation.

4. I n a p p r o p r iat e i nt e r a c t ion s w it h
molecular chaperones and/or foldase.

5. Nonspecifi c disulfi de binding.

The first factor described above can
be avoided by producing proteins at low
temperatures, as production rate of proteins
slows down at low temperatures. Use of
Rhodococcus is expected to affect factors
1 and 2. Codon usage frequency and the
intracellular environment in Rhodococcus
change the product

RNA-SEQ
With RNA Seq, researchers can detect the fine architecture of the transcriptome,‐
such as transcript isoforms, gene fusions, single nucleotide variants, and other
features—without the limitation of prior knowledge. Because RNA-Seq does not
require predesigned probes, the data sets are unbiased. As a result, RNA Seq has‐
been  shown to  detect a  higher percentage  of differentially  expressed genes
compared to expression arrays, especially genes with low abundance.

To  understand  normal  cell  development  and  disease  mechanisms,  researchers
frequently investigate differential expression during development, in specific
tissues, or in response to varying conditions. RNA Seq is currently being used‐
to  assess  gene  expression  profiles  for  the  study  of  a  number  of  complex



diseases,  including  cardiomyopathy,  sudden  cardiac  death,  and  Alzheimer’s
Disease (AD).

CHIP-SEQ
Chromatin immunoprecipitation sequencing (ChIP-Seq) can leverage NGS
to efficiently determine the distribution and abundance of DNA-bound protein
targets across the genome at base-pair level resolution.

whole-genome bisulfite sequencing (WGBS) - Epigenetics methilation discovery
Aberrant DNA methylation and its impact on gene expression have been implicated
in many disease processes, including cancer, neurological disorders, aging, and
development. 38,39 High-throughput technologies, such as whole-genome bisulfite
sequencing (WGBS), targeted bisulfite sequencing, and methylation microarrays,
are powerful tools for investigating the dynamic state of DNA methylation across
the genome. WGBS leverages the power of next-generation sequencing to provide a
comprehensive view of methylation
patterns across the genome.

expression quantitative trait loci (eQTL)








