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Bio Informatics 

Bio informatics is the application of information technology to the management of bio logical data. It is interdisciplinary area of science where mathematics , statistics,and computer science are applied to data produced by experimental work in bio chemistry,cell,biology and genetics. The need for merging of the biological sciences with the world of It and computer science has mainly arisen due to the huge amount of information being produced from the study of genetic material .

KEYWORDS:
Mapping is the process of splitting each chromosome into smaller fragments,which could be propagated and characterized and placed back in correct order on each chromosome. Sequencing is a process of determination of the order of the nucleotides(base sequences) in DNA or RNA molecule,the order of amino acids protein. Genomics refers to the number of genes ,the function of genes the location and regulation of genes.

Role Of Engineers


The IT applications used by various Bio Tech companies and research organizations can be roughly split into three areas.

· The intial data acquisition , mapping and sequencing usually facilitated via modular programs

· The storage and implementation of central data bases containing base sequence information

· The software that allows manipulation of this data.this software can be split into two areas :  


Sequence searc hand retrival programs,and data visualization packages.

The second and third areas together contribute to the data mining.

Data Acquisition ,Mapping And Sequencing:


In data acquisition first the DNA sample of the person has to be retrieved. A DNA sample can be obtained from any tissue, including blood. then the   given DNA sample is ionized using  ESI




Electrospray ionization (ESI) allows production of molecular ions directly from samples in solution. It can be used for small and large molecular-weight biopolymers (peptides, proteins, carbohydrates, and DNA fragments), and lipids. I is a continuous ionization method that is suitable for using as an interface with HPLC or capillary electrophoresis. Multiply charged ions are usually produced. ESI should be considered a complement to MALDI. The sample must be soluble, stable in solution, polar, and relatively clean (free of nonvolatile buffers, detergents, salts, etc.). 
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Laboratories  preprocess the genetic data obtain from the ionization method using a series of modular programs .These are most commonly written in Perl,however other languages that are often used  include Python,XML and JAVA.These preprocessing basically involves the organizing of sequence of data and the checking of data integrity ,after these processes are carried out the data can be imported into a data base.Sequence data comes in the form of base strings.

DATA MINING



Data mining is defined as "exploration and analysis by automatic and semi-automatic means, of large quantities of data in order to discover meaningful patterns and rules". Our conference on 'Data mining for Bioinformatics' will bring together researchers interested in both fields, with the aim of generating new ideas and insights into how to tackle the challenge of floods of data in molecular biology.Data mining include storage and handling of data.
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   Storage And Implementation Of Databases
                 Bio informatics has been overwhelmed with increasing floods of data, both in terms of volume and in terms of new databases and new types of data. We are now entering the post-genomic age, where, in addition to complete genome sequences, we are learning about gene expression patterns and protein interactions on genomic scales. This poses new challenges.

We have implemented our method for storage of millions of data.The millions of data available in the form of images are compressed using Discrete Wavelet Transform and Embedded Decoders , Significance map Decoders and feature detectors are used for proper extraction of the data .We have shown the block diagram of our method.

· 
[image: image3.wmf]BLOCK DIAGRAM FOR DATA STORAGE

SMD = SIGNIFICANCE MAP DECODER

P.S = PRIORITY SCHEDULER

W.T=WAVELET TRANSFORM

Wavelet transforms of data and grid followed by a wavelet-domain feature detection

identifies and ranks contextually significant features. An embedded encoding provides

efficient storage and progressive access via interactive region-of-interest (ROI) selection.
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 Visualization & ssData Representation - interactors for 4D space-time navigation, priority schedules for field/grid fidelity tradeoffs, lifting wavelets on curvilinear grids, wavelet invariance to selected features 

· Coding & Compression - efficient compression of vector fields and grids, embedded coding of significant features, interactive ROI transcoding 

· Grid Generation & Feature Detection - detection/tracking/ranking of significant features through space-time, multi-grid definition of wavelet-domain operators 
HARDWARE ASPECTS:


From the hardware aspect,the rapid increase in sequencing speed over the last few years has lead to the need for huge improvements in processing power and storage capability.The largest of the genome mapping centers now support advanced parallel processing centers,huge RAID memory storage arrays and rapid arciving capabilities.

Function of packages:


Popular sequence search and analysis program like the BLAST,EMBOSS and Staden software packages are based around programs that contain a few common elements:

· Algorithms for pattern recognition and implementation rules

· Data tables containing common sequences of genetic bases

· Details of variations in these sequences for different gene classes

Data  visualization packages



Following the pattern searching software are the data visualization packages.These include structure prediction packages such as THREADER or PHD and molecular imaging/modeling programs.These packages tend to more GUI based than the sequence analysis systems and run on windows and Mac based systems.



For effective data mining purposes which is very much needed in bioinformatics we are proposing the use of ART  NEURAL NETWORKS and we have overcome the some of the drawbacks of this method in Data Mining .


Adaptive Resonance Theory And Artmap Neural Networks

                      ART is a match-based learning system. The major feature of ART is its ability to solve a stability-plasticity dilemma. Too often, learning a new pattern erases or modifies previous learning. This may not be a problem for a fixed set of training vectors, when the network can eventually learn all the patterns if it is allowed to cycle through the training data repeatedly.  Such conditions are rarely met in real world contexts, however, since the network is more often exposed to a changing environment and rarely exposed to same training vector twice.  For example, in a multi-layer perceptron network such as backpropagation, a new training vector added to a previously trained network may have catastrophic side effects, severely disrupting learned weights. This is a serious limitation, since retraining can be computationally expensive or impossible. In contrast to the conventional models, ART networks and models maintain the stability of categorizing previously learned patterns, while remaining plastic enough to learn new pattern categories. ART models form stable recognition categories of optimal size when given analog or binary inputs in a random order.  


ART Neural Networks 

                                  The description of ART networks given below  outlines the essential features of adaptive resonance theory. A minimal ART1 module consists of a two-level network of interconnecting neurons: a comparison level (F1) and a recognition level (F2)). An input signal in the form of a binary vector (F0) presented to F1 is propagated forward to F2. F1 and F2 are connected with both feedforward connections (F1 to F2) and feedback (F2 to F1) connections. Long-term memory in encoded in both these feedforward and feedback connections.  F2 nodes interact with each other by lateral inhibition.  The result is a competitive winner-take-all response producing an F2 activity pattern in which only the node associated with a single category is significantly activated.  The corresponding learned weight vector is then propagated backward to the F1 level where it is compared with the original input vector. If the two patterns are close according to a matching criterion determined by an ART `vigilance' parameter, `resonance' occurs and long-term memory is altered to incorporate the new observation. If the two patterns differ significantly, the ART module enters a search mode. During this phase, the network attempts to find a new category node in the F2 layer for the current input vector A. The present active node in F2 is disabled and a second category node is selected. The new weight vector is then propagated back to the F1 level and compared with the input vector as before. If the two match, then resonance proceeds. If not, the second F2 node is disabled and another attempt is made to find a good match. The process repeats until eventually a matching F2 node is found or a new category is established.

                          The binary ART1 module described above is not an associative memory system. However, a minimal ART1 architecture embedded in a larger system can perform as an associative memory system. Fuzzy ARTMAP  incorporates fuzzy logic  in its ART1 modules and has fuzzy set theoretic operations instead of ART1's binary set theoretic operations.

[image: image4.png]a
MAP FIELD
, [CATEGORYGHOTE |y D oW TP
oy e O > —4 MATCHC'
"/‘\ \\\.T'a_IA/\wj"I ;
Wj‘; § X:‘{ ?)’;‘:lk J o+ l w]a‘ ::
W [marcn
) '/”J" k& RESET | Y
Fla X = y 4. :
A,'/\WJ, .
AA“ g Py _<pD.
. [INPUT ' PREDICTIVE '
F, i ' ERROR
A=(a, &) MATCH |
+ TRACKING !

ART ,

——»[ CATEGORYCHOCE F} :
b b @ .
VY8 =1 w :
X K \ ‘\\ - | b/\wlfl :
] 5 b_ k= '
EW,?,Q ] ?lea\, ot Iwl
P W [warcn J“i?
' () & '
g Pl NS
b biawk & :
4 b
i [INPUT 3
R ' © 5
: i :
! b




. The architecture of fuzzy ARTMAP 

The basic architecture of fuzzy ARTMAP is shown in Figure 2. It consists of a pair of fuzzy ART modules, ARTa and ARTb, connected by an associative learning network called a Map Field.  The other component of this architecture is a controller that uses a minimum learning rule to conjointly minimise predictive error and maximise code compression or predictive generalisation. It enables the system to operate in real time and determine the number of hidden units (or recognition categories) needed to meet the accuracy or matching standards. The `hidden units' in ARTa represent learned recognition categories. In the training phase, ARTa and ARTb modules of the system are presented with a stream of input ap and desired output pairs bp respectively.  The two modules classify the ap and bp vectors into categories and the map field makes the association between ARTa and ARTb categories. A mismatch between the actual bp and predicted bp causes a memory search in ARTa. A mechanism called match tracking then raises the ARTa vigilance by the minimum amount necessary to trigger a memory search.  This can lead to a selection of a new ARTa category that is a better predictor of bp. Between learning trials, the vigilance relaxes back to its baseline value . Match tracking therefore sacrifices only the minimum amount of generalisation needed to correct a predictive error.  Fast learning and match tracking enable fuzzy ARTMAP to learn to predict novel events while maximising code compression and preserving code stability.


Fuzzy ARTMAP Algorithm

The fuzzy ARTMAP algorithm uses a choice parameter, > 0; a learning parameter, ; and a vigilance parameter, . We summarize the fuzzy ART algorithm by describing how procedures including category choice, reset and learning are executed.  The choice function in fuzzy ARTMAP denoted by Tj is defined for each input A and F2 node j as follows: 
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Where the fuzzy AND operator ‘’ is defined by

(PQ)i = min(Pi, Qi),                                                                             (2)

and the norm |.| is defined by
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for any M-dimensional vectors p and q.

When any given time, only one F2 node can be active the system is said to have made a category choice. Let the category choice be indexed by J and let Tj(A) in the above equation be written as Tj for notational simplicity when the input A is fixed.  Then 

TJ = max{Tj, j=1,…,M}.                                                                        (4)

Note that if more than one Tj is maximal, the category J with the smallest index is chosen.  The nodes become committed in order j = 1, 2, 3, . The equation governing the F1 activity vector x is
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Also for the Jth category to be chosen, yJ = 1 and yj = 0 for j J.

Resonance or Reset Operation: Resonance occurs if the match function of the chosen Jth category exceeds the vigilance criterion defined by .  A mismatch reset occurs when  is less than . So long as A remains constant, the same category J that was already selected as a category during search cannot then be selected.

Learning: Once search terminates, the weight vector WJ is updated according to the following equation

WJnew = (AWJold) + (1-)WJold .                                                     (6)

In this equation fast learning corresponds to setting to 1.  

ARTMAP Categories
                              During training, the weights of the  F2 layer of nodes get created and updated as a result of learning. Initially, at the start of training there is no node in the F2 layer. The first input vector will trigger the generation of the first category (F2 node), which represents the properties of input vector. Based on equations 6, each input vector is matched with the existing F2 categories. A new category is created only if no existing category can match the statistics of the input vector based on learning and other parameters. When there is a match, the category satisfying the match function will use the current input vector to refine its weight value in order to incorporate more general (spectral) characteristics for this category. The weight vector refining process can be regarded as broadening the categorization. Matching process will generate more categories and will ensure that the similarity in spectral space is transferred and represented in the category's weight vector. 

Fuzzy ARTMAP may use several categories to represent one class in order to capture the spectral variance in inputs relating to the class. Fuzzy ARTMAP categories represent the inter-class and intra-class variability among classes. To summarize,  (1) each F2 category (or node) in fuzzy ARTMAP extracts and generates common spectral properties from a cluster of input vectors. (2) Fuzzy ARTMAP can represent the intra-class variability since the variance in spectral space of any class will trigger the generation of many categories in weight space. Thus, one class will be represented by several F2 categories. (3). The map field associates the categories with each class. The many-to-one connection facilitates classification. (4). Different F2 categories of same class have certain similarity. Usually, they share the same region in neural network (hyper-dimensional) weight space.

Conclusion:


Bio informatics is a broad multidisciplned area which needs experts in a range of scientific fields. Bio informaticians in the verge of cracking human gene code, which will cure to all the diseases 

that pose threat to humans .Involvement of  IT Engineers in the field of bio informatics will enhance the biologists in this fields development. Data mining technique has posed problems in this field . Hence the use  of ART  Neural Networks  can effectively reduce the complexities involved in data mining  techniques currently encountered  in this field 
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Wavelet transforms of data and grid followed by a wavelet-domain feature detection identifies and ranks contextually significant features. An embedded encoding provides efficient storage and progressive access via interactive region-of-interest (ROI) selection. 
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