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Data mining produces models that capture and represent hidden patterns in the DNA structure. Any
attempt to develop and test new algorithms for data mining in the field of bioinformatics, must begin
with an optimal method by which even the huge FASTA files can be read step by step. The aim of the
GENOMIN software is to provide an open source software platform which can work with large files
like a whole chromosome or genome sequence. We have created an open source template software,
named GENOMIN, for analyzing genetic data of sequences of different sizes downloaded from NCBI
servers. Large NCBI FASTA files which store sequences of individual chromosomes come from
other processing systems like UNIX. Processing these files on other operating systems is difficult due
to different markers which indicate the end of each line. The GENOMIN software, reads the FASTA
files by continuous buffer reading, without taking into account the end of line markers. The result of
this type of reading is a brute, noisy free DNA sequence of the entire file regardless of its size. We
presented three examples to demonstrate how the program can be used in biology: the estimation of
GC content, identification of repetitive elements and search for sequences with different biological
functions (e.g. duplicated regions or potential binding sites for transcription factors). Development of
this open source software is limited only by the researcher programming skills. The results of our
tests have been shown that GENOMIN can perform various tests on large sequences files and can

work with different algorithms used in biology.
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INTRODUCTION

The resulting patrimony of genomic sequence
information stepped into a decade of increasingly
rich sequence databases. The field of
bioinformatics has rapidly developed into an
essential asset for modern biology and powerful
bioinformatics tools have been developed. We
present a new and efficient computational method
to extract, analyze and interpret biological data.
Genomin is an open source platform publicly
available through the World Wide Web. Some
software like TESS, GeneSolve, GENLANG,
Sdiscover, Splign and a variety of online applications
from Pasteur Institute, called “Logiciels pour la
biologie”, can be used for predicting transcription
factor binding sites in DNA sequences, for
analyzing nucleic acid sequence data and to locate
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genes. Sdiscover is a tool for finding motifs in
sequences. Splign is a utility for computing cDNA-
to-Genomic, or spliced sequence alignments.

Public databases provide DNA, RNA and
protein sequences in several file formats. FASTA
is one of these formats which contains a series of
text lines'. The first line of a DNA file (i.e.
sequence header) starts with a “>” symbol. The
following lines have a constant length (usually less
than 80 characters) and represent the DNA
sequence. The end of each line is represented by
line feed (LF) or carriage return (CR) characters in
different operating systems. A CR is the number
13 whereas a LF is the number 10 in the ASCII
table of characters. The end of lines in Microsoft
Windows is represented as CRLF or carriage return
and line feed, which is a CR followed by a LF.
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Researchers prefer FASTA format for the
painless effort in representing, handling and
manipulating the nucleotide or peptide sequences>”
and parse them in different scripting languages like
PHP, Perl, Python, VBS or JS.

A frequent aim in bioinformatics is to find
certain patterns (e.g. in a chromosome or a whole
genome sequence). Different methods can be used
when short DNA sequences (e.g. a gene or a
cluster of genes) are analyzed. Processing large
sequence files requires many hardware resources
and it may be a real problem for some operating
systems4’5.

The aim of the GENOMIN project is to provide
an open source software platform which can work
with large files like a whole chromosome or
genome sequence.

MATERIALS AND METHODS

We begin by writing the “CD” (Character Detection)
function used for detecting the operating system on which the
FASTA file was generated.

1 Function CD(ByVal s As String) As

Then we define and establish the memory allocation for
the global “buff” variable which temporarily stores segments
of data. This variable length is chosen according to the
maximum length of the first line of any sequence from the file.

Next a FASTA file is opened through sequential data
reading with “seek” function. It returns a value specifying the
current read/write position within a file, or sets the position for
the next read/write operation in the same file.

Every time a header is found in this process of reading the
DNA sequence, the amount of information increases twice in
“tmp_dat” variable. This is achieved by joining two buffers
within the same reading cycle. If a new header line is found
within a FASTA file, it is removed from the two joined
buffers. Figure 1 tries to show the reason for which the
minimum length of the “tmp_dat” variable is twice the length
of a buffer, when new contig headers are found inside a
FASTA file.

Through “process DNA” function, raw data from the file
will be filtered, FASTA header line (if any), line feed and
carriage return characters will be removed.

The final step is the filtration of the sequence which is
implemented through “Replace” function. This function
replaces all or just a specified part of a string with another
string, which in our case is returned by “CD” function.

To avoid disruptions in the DNA sequence, we introduce
the Buffer Stream variable, which allows continuity in the
buffer flow, by appending the last sliding window with the
new data coming from the file. GENOMIN software was
developed in Visual Basic 6 and the shorten implementation of
the source code is presented below.

1 Dim buff As Variant

Stfi“? ) 2 Dim Window As Variant
2 Dim LF() As String 3
3 Dim CR() As String 4 Private Sub OpenFASTA Click()
4 . 5 Dim FileNum As Integer
5 LF() = Split(s, Chr(10)) 6 Dim sFile As String
6 CR() = Split(s, Chr(13)) 7 Dim alta secventa As Boolean
7 8 Dim dat As String
8 If UBound(LF) > UBound(CR) Then 9 Dim i As Long
9 CD = Chr(10) 10
10 Else 11 sFile = "path to fasta file"
11 CD = Chr(13) 12 buff = 132
12 End If 13
13 14 FileNum = FreeFile
14 End Function 15 Open sFile For Binary As #FileNum
a) FASTA header S FASTA header So FASTA header | S3
b) Buffer [1] Buffer [2] Buffer [3] Buffer [4] Buffer [5] Buffer [6]
c) tmp_dat [1] tmp_dat [2] tmp_dat [3] tmp_dat [4]

Fig. 1. Representation of correlation between a DNA sequence and “tmp_dat” variable. Section a) represents a FASTA file which
contains three contig sequences, section b) represents the distribution of the buffers in comparison with the FASTA sequence
headers, and section c) represents “tmp_dat” length.
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16 lungime = LOF (FileNum) 70 Function Slide Window (ByVal x As

17 String)

18 dat = String$ (buff, vbNullChar) 71

19 72 For i = 1 To Len(x) - Window Length

20 For 1 = buff To lungime Step buff 73 Window = Mid(x, i, Window_ Length)

21 1: 74 Call Process Window (Window)

22 Get #FileNum, , dat 75 Next 1

23 Seek #FileNum, i + 1 76

24 77 End Function

25 tmp dat = tmp dat & dat 78

26 79

27 If InStr(dat, ">") Then 80 Function Process Window (ByVal Window

28 i =1 + buff As String)

29 alta secventa = True 81

30 GoTo 1 82 Call EXEMPLE 1 (Window)

31 End If 83 Call EXEMPLE_Z(Window)

32 84 Call EXEMPLE_3(Window)

33 Call process DNA (tmp dat, 85
alta secventa) 86 DoEvents

34 tmp dat = Empty 87 End Function

35 alta secventa = False

36

37 Next i Nucleotide Files

38

39 Close #FileNum Our tests were conducted on FASTA files downloaded

40 from NCBI servers. We tested the sequences of all human

41 End Sub chromosomes, human mitochondrial genome, genes associated

42 with obesity and NAIP gene (NG_008724.1, Homo sapiens

43 Function process DNA(ByVal x As NLR family, apoptosis inhibitory protein), NAIP pseudogene
String, (NG_006114, Homo sapiens NLR family, apoptosis inhibitory

44 ByVal alta seq As Boolean)

45 x = LCase (x)

46

47 If alta seq = True Then

48 tmp 1 = Split(x, ">") (0)

49 tmp = Split(x, ">") (1)

50

51 If InStr(tmp, Chr(10)) Then

52 tmp 2 = Split (tmp,
Chr (10)) (1)

53 Else

54 tmp 2 = ""

55 End If

56

57 x = tmp 1 & tmp_2

58

59 End If

60

61 x = Replace(x, Chr(13), ")

62 x = Replace(x, Chr(10), "™M)

63 Buffer Stream = Window & x

64

65 Call Slide Window (Buffer Stream)

66

67 End Function

68

69

protein pseudogene) and the sequences corresponding to
TA278 genome (the prototype of group 1 of Torque teno
virus, 3.8 kb)3’(’,

We created three examples to demonstrate how the
program can be used for different applications in biology: the
estimation of GC content, identification of repetitive elements,
for example dinucleotides, TACAg (Thymine Adenine
Cytosine Adenine) or duplicated regions and search for
sequences with different biological functions (e.g. potential
binding sites for transcription factors). There were a total of
187 tests. Each file has undergone at least three GENOMIN
trials. The GENOMIN software was tested on a computer
equipped with a 2.8GHz CPU, 500MB RAM, 80GB HDD.

Cytosine and Guanine content of a Clean Sequence
(CGCS)

The “clean sequence” term refers to the elimination of
IUPAC characters for nucleic acids (M, S, W, B, U, D, R, H,
Y, V, K, N, — characters). The numerical difference between
the file sizes and the clear sequence produced by GENOMIN,
is due to CR, LF, IUPAC characters and sequence headers
elimination. CGCS correlation is carried out depending on the
length of each chromosome (clean sequence). CGCS is
calculated as follows CGCS = (100/L)xCG, where L is the
length of the clean sequence.
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Table 1
The size of chromosomes from Homo sapiens genome and CGCS (CG content of clean sequence lenght)
Homo GENOMIN GENOMIN CGCS Base composition estimation
sapiens GRCh37 GRCh37 clean (%GC)
Chr. file size sequence Previously GENOMIN
published estimation
data*
Chr 1 230178751 225588139 1.848 42 41.745
Chr2 241763884 238016407 1.690 40 40.243
Chr 3 197580391 194737999 2.038 40 39.695
Chr 4 191380292 188440241 2.029 38 38.25
Chr 5 180285019 177610671 2.224 40 39.516
Chr 6 203700622 194915031 2.070 40 40.359
Chr 7 158266526 155408472 2.622 40 40.754
Chr 8 145059076 142811900 2.813 40 40.176
Chr 9 123265711 120200482 3.458 41 41.31
Chr 10 133597254 131186080 3.170 42 41.587
Chr 11 133246882 131095534 3.171 42 41.572
Chr 12 132397294 130377498 3.130 41 40.81
Chr 13 96955989 95503787 4.033 38 38.524
Chr 14 89550929 88269084 4.632 41 40.888
Chr 15 83396744 81584796 5.172 42 42.198
Chr 16 80062828 78819961 5.682 44 44.789
Chr 17 81053284 79545597 5.724 45 45.537
Chr 18 75829978 74602674 5.333 40 39.786
Chr 19 56913098 55968375 8.637 49 48.343
Chr 20 60457460 59428183 7.426 44 44.132
Chr 21 35690033 34994801 1.167 41 40.851
Chr 22 35393494 34822954 1.378 48 47.991
Chr X 153514546 150844219 2.617 39 39.491
ChrY 26123297 25391744 1.572 39 39.934
* Acording to J. Craig Venter 2001
RESULTS 5 If nucleotide = "a" Then a = a
+ 1
GENOMIN source code and binaries can be 6  If nucleotide = "t" Then t =t
downloaded from: http://genomin.novusordo.ro. It + 1 '
runs on all Windows operating systems, no 7 If nucleotide = "g" Then g =g
. . . + 1
installation required and the complete package has , .
4.28Mb. GENOMIN memory requirements are . i If nucleotide = "c" Then ¢ = c
between 6.9Mb and 8Mb, depending on Windows 9 .
. Next 1
OS version. 10
On average, GENOMIN scanned the human 11 Total CG = (100 / (c + g + t +
genome files in about two hours whereas genes, a)) * (c +g)
viral or mitochondrial genomes were analyzed in 12

several seconds (Table 2).

EXAMPLE 1 — detection of C and G percentage.
The C and G content is plotted for each sliding
window or buffer on the y-axis, as the maximum
and minimum percentage.

1 Function EXEMPLE 1 (ByRef Window
As String)

2

3 For 1 = 1 To Len (Window)

4 nucleotide = Mid (Window, i, 1)

13 par = Picturel.ScaleWidth /
total sequence

14 y = Picturel.ScaleHeight / 100

15 x = par * position_in sequence

16

17 Picturel.Line (x,
y)-(x, _

18 Total CG * y), vbRed

19

20 Linel.X1 = (par *
position in sequence)

Total CG - 1 *

+ 1
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21 Linel.X2 = (par * 18 par = Picturel.ScaleWidth /
position in sequence) + 1 total sequence
22 19 y = Picturel.ScaleHeight / 100
23 DoEvents 20 x = par * position in sequence
24 End Function 21
22 If CG nr buff > 0 Then
EXAMPLE 2 - detection of dinucleotide 23 Global CG nr buff =

Global CG nr buff + CG nr buff
24  GCNT.Caption = "Total (CG)" &
Rep.Text & " ="

repeats in a DNA sequence. The number of
dinucleotide repeats are plotted on y-axis, as the

maximum percentage for each buffer (or sliding o5 s Global CG nr buff
window) separately. As can be seen below, we 26 End If - T~
consider the order and position of each nucleotide 27
from the window content. 28 DoEvents
29
1 Function EXEMPLE 2 (ByRef Window 30 If Rec buff.vValue = 0 Then
As String) B 31 cCall add tmp result ("EXAMPLE 2 -
2 Dim CG nr () As String No. buffer: [" _
3 B 32 & Int(x) & "] - > (GC)<font
4 Rep = 1 size=2>n</font>, n=" _
5 DubleN = “CG” 33 & Rep.Text & " -> percentage:"
6 & Int(Total CG) & "3" & vbCrLf)
7 nucleo test = LCase (DubleN) 34 End If
8 For ye = 1 To Val (Rep) 35
9 rep CG = rep CG & nucleo test 36 Picture2.Line (x, 100)-(x, 100 -
10 Next ye B a Total CG), vbBlue
11 37
12 CG _nr = Split(Window, rep CG) 38 Line2.X1l = (par *
13 CG nr buff = UBound(CG nr) position in sequence) + 1
14 - N 39 Line2.X2 = (par *
15 op = CG_nr buff * (2 * Val (Rep)) position in sequence) + 1
16 Total CG = (100 / Len (Window)) * 40
op - 41 DoEvents
17 42 End Function
Table 2

Results obtained by GENOMIN program after scanning the sequence of all human chromosomes,
human mitochondrial genome and the TTV virus genome

Chromosome GENOMIN Base composition estimation (GC)n Motif
processing (%GC) (TACA)
time Previously GENOMIN n=3 n=5 | n=7 | n=9 | n=12 6
published estimation
Homo sapiens data*

Chromosome 1 9 min 42 41.745 3474 167 | 38 14 3 43
Chromosome 2 8 min 40 40.243 2753 111 | 29 6 1 38
Chromosome 3 7 min 40 39.695 1868 99 24 3 1 20
Chromosome 4 7 min 38 38.25 1708 78 25 7 1 34
Chromosome 5 6 min 40 39.517 1793 96 28 6 1 32
Chromosome 6 6 min 40 40.359 2719 118 | 27 5 0 28
Chromosome 7 5 min 40 40.754 2216 83 19 4 0 34
Chromosome 8 5 min 40 40.176 1727 63 18 5 0 26
Chromosome 9 4 min 41 41.31 1766 84 19 2 0 27
Chromosome 10 4 min 42 41.587 1884 65 12 3 0 28
Chromosome 11 4 min 42 41.572 1841 92 18 1 0 24
Chromosome 12 4 min 41 40.81 1706 82 17 5 1 25
Chromosome 13 3 min 38 38.524 886 39 7 1 0 18
Chromosome 14 3 min 41 40.888 1212 51 11 2 1 21
Chromosome 15 3 min 42 42.198 1269 51 18 2 0 14
Chromosome 16 3 min 44 44,789 1693 56 16 6 0 9
Chromosome 17 2 min 45 45.537 2113 85 17 5 0 13
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Table 2 (continued)

Chromosome 18 2 min 40 39.786 904 48 10 1 0 7
Chromosome 19 1 min 49 48.343 2411 78 11 3 1 15
Chromosome 20 2 min 44 44,132 1146 41 11 2 0 11
Chromosome 21 1 min 41 40.851 537 20 4 0 0 8
Chromosome 22 1 min 48 47.991 1029 29 5 2 0 6
Chromosome X 9 min 39 39.491 1220 72 16 4 0 23
Chromosome Y 1 min 39 39.934 151 8 3 1 0 10
Chromosome MT | 2s 44421 0 0 0 0 0 0
TTV 2ms 48.301 5 0 0 0 0 0
Chromosome

* Acording to J. Craig Venter 2001

Dinucleotide ((XX)n ,where X can be any type
of nucleotide) searching can be done either directly
on the buffer variable or on each sliding window
separately. If the searching of dinucleotide repeats
is performed separately for each sliding window,
then the sliding window size should be larger than
(XX)n (the value of n can be modified by the user)
but can not exceed the maximum length of a buffer
(Annexe 4).

EXEMPLE 3 — Searching of “motif” sequences
in a sequence file. The function begins by
declaring the motif sequence that will be searched
in the current Window variable, provided by the
“Process_Window” function. The sequence of
interest can be the recognition site for
endonucleases, repetitive sequences (like tandem
repetitions), a duplicated exon or a cis-regulatory
element (a binding site for transcription factors). If
a sequence of interest is found, then the flag
variable will take the value 100, otherwise will be
zero. The result is represented on a graph with one
or more vertical lines at the position at which the
motif was found within the chromosome file.

1 Function EXEMPLE 3 (ByRef Window
As String)

2 Dim n motifs() As String

3

4 motif sequence = "aagctt"

5

6 n motifs = Split (LCase (Window),
LCase (motif sequence))

7

8 tmp motif = UBound(n motifs)

9 If tmp motif > 0 Then flag = 100
Else flag = 0

10

11 motif count = motif count +
tmp motif

12 Motif F.Caption = "Total motifs
found: " & motif count

13

14 par = Picturel.ScaleWidth /
total sequence

15

16 Line3.X1 = (par *
position in sequence) + 1

17 Line3.X2 = (par *
position in sequence) + 1

18

19 If flag = 100 Then

20

21 Total CG = flag

22 y = Picturel.ScaleHeight / 100
23 x par * position in sequence
24

25 Picture3.Line (x, 0)-(x, Total CG
* y), &H8000&

26

27 If UTN.Value = 1 Then

28 Picture3.CurrentX = x + 1

29 Picture3.CurrentY = 20

30 Picture3.Font.Size = 8

31 Picture3.Print "M=" & tmp motif

32 End If

33

34 Call add tmp result ("EXAMPLE 3 -
No. motifs found: ["

35 & tmp motif & "] - > Relative
chromosome position:"

36 & position in sequence & "b" &
vbCrLf)

37

38 End If

39

40 DoEvents

41 End Function

Large DNA sequence files are difficult to
manipulate  through  simple  programming
techniques. For example memory necessary for
loading the “hs ref GRCh37 chrl.fa” file (size:
224Mb) is obviously very high. Instead, a
sequential data reading needs less memory and
preserves the computer resources.
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DISCUSSION

Analysis of genomic raw data’, may bring new
features in data handling and better visualization
systems'®'?, which would be difficult to grasp by
using standard software. The main advantage of
GENOMIN program is the power of visualization
and the ability to handle large-scale DNA
sequences. Through GENOMIN, one can develop
user-friendly applications for Hidden Markov
Models’ or for converting DNA sequences into
other types of digital signals®.

In order to use visualization and data mining
techniques for distinguishing relevant DNA
sequences, it is necessary to represent symbolic
sequences by vectors. Thus improves the ability of
other software to identify genes, pseudogenes,
segmental duplication or low complexity
sequences'> '*,

Analysis on a DNA sequence in GENOMIN
can be made on buffers or sliding windows with
lengths established by the user. The ‘“automatic
setting optimization” option adjusts buffer size
based on the analyzed sequence length in an
attempt to optimize the scanning time. Scan results
can be saved in a long (analysis of chromosome 1
sequence can produce a file up to 4.5MB) or short
HTML format. This format helps the user to
publish the results online.

GENOMIN was developed in Visual Basic
programming language. Although Visual Basic
syntax is less common in bioinformatics open-
source applications'”, ensures a greater portability
to all BASIC like programming languages or other
scripting languages (eg. VBS or ASP.NET).
Starting with Visual Basic 6 programming
language'®, the powerful “Splif” function was
introduced, which can operate very easy on string
arrays. This function used in GENOMIN saves the
coding effort of having to set up loops and using
combinations of other basic time-consuming string
functions to perform the equivalent tasks. “Split”
function based on delimiter criterion, creates one-
dimensional array containing a specified number of
substrings.

The “CD” function from our software is run
only once before the process of reading the entire
FASTA file, to determine what data should be
replaced in the buffer (respectively CR or LF
characters).

The limit of 80 characters for each line is
considered for compatibility issues with reference
to other older software. In some old software the

memory preallocation was made for fixed line
sizes which are prone to buffer overflow dangers.
Programming languages commonly associated
with buffer overflows include C++ and C, which
provide no protection for overwriting data in any
part of memory.

The content and distribution of GC into the
genome could have some functional relevance (i.e.
to detect gene promoters). We estimated that the
average G+C content of human chromosomes
sequence ranged between 38,2% (the chromosome
4) and 48.3% (the chromosome 19). The average
G+C content of human genome estimated by us
(41,6% (SD+2,68) is similar with previously
published data (i.e. 40.9-41.5%)"""%,

Prediction algorithms based on nucleotide
sequences increase the number of annotations'’
regarding genes and pseudogenes structure,
alternative splicing sites®’, transcription factor
binding sites’’, CpG islands® or physical
characteristics involve in particular DNA-dependent
processes™. The “sliding-window” method improves
the efficiency of these algoritms to detect these
sites in genomic studies. In addition, the signal
processing methods used by GENOMIN can
improve the identification of isochores and of GC-
poor regions (which can represent deserts of genes).

The chromosome 5 presents multiple segmental
duplications located 5pl4, 5pl3, 5ql3, 5ql5-
5q21**. The duplicated segments mapped 5q13 has
500 kb and contains several duplicated genes
included the NAIP gene and the NAIP pseudogene.
The NAIP pseudogene lacks several exons (eg.
including the first two coding exons, the 5™ exon).
Thus, we tested the presence of sequence corres-
ponding to the 3th exon of NAIP (NG 008724.1,
sequence between 9331-9456) in  human
chromosome 5. GENOMIN found this sequence in
two regions which correspond to NAIP gene and
NAIP pseudogene (Figure 2). The Blast of this
sequence against human genome confirms this
result and the absence of this sequence in other
regions of human genome.

The sequencing of the human insulin gene was
a landmark in the genetic research”. Following
studies demonstrated the complex structure of the
human insulin promoter’® . This gene has been
selected because it known that it is associated both
with Type 1 and Type 2 diabetes®'*>. According to
our view regarding the pathogenesis of diabetes,
the high number of genes associated with this
broad syndrome includes not only the secretory
molecules of the B cells (pre-proinsulin/proinsulin/
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insulin and pre-proamylin/proamylin/amylin) but
also the machinery of their inclusion in the
sophisticated secretory vesicles whose final matu-
ration take place by the close cooperation between
the endoplasmic reticulum / Golgi Apparatus and
the cytoplasmic milieu””*. Only by such cooperation
the secretory vesicles can be not only promptly and
efficiently exocited but also the response will be
also proportional with the level of stimulus.

We used GENOMIN to test the presence of
sequence corresponding to different regulatory
elements like the negative regulatory element
(NRE) (5'GAGACATTTGCCCCCAGCTGT
sequence which lies between -279 to -258
nucleotides) and the E2 motif (GCCACCGG
starting at —239 position) in the sequence of human
insulin gene.

The software indicated the presence and the
order of these sequences in the region between

chromosome 11 (alternative assembly Celera
whole genome shotgun sequence) as was expected.

When in 1973-74 has been reported the first
association between type 1 diabetes with HLA
related genes’’, launched the immunogenetic
hypothesis of this phenotype of diabetes, some
enthusiastic researchers claimed that its cure is
very close, “here over the corner”. The doubt
expressed by one of us™, has been fully confirmed.
In the decades which followed, nothing happened
in this direction. A new hope raised in early ’90,
when genomic sequences begin. First, of
Haemophilus influence (middle of 95) and than,
year by year, for S. Cervisae , E. Coli, C. Elegance,
D. Melanogaster and in 2001 the first draft of
Homo Sapiens. In 2003 and once again in 2010,
this draft has been revised. Meanwhile, at the end
of first decade of the new century, several Genome

2216015 and 2210045 from Homo sapiens Wide Scans (GWS)  studies have been
H GENOMIN: Open a FASTA file ... EI@
Open a FASTA file * Process on buffer i Info & settings
" Process on window M Relative chiomosome position: 1407466490
5 lts .. . -+
ave results G E N O M I N 5 : g::ta;'::ﬁnalse; 4075
[~ Save a short ieport 1.0 http:#/genamin. novusordo. o i i

Buffer Stream:

tegtettgatctectgacottgtgatccaccogectecggootcccaaagtgetgggattacagotgtgagecaccacacctggtccaagaacccaacttttagatctagagtgatgtcagcatga

Total headers found: &

‘window content

[~ Use lines or bars

EXAMPLE T [ Use grd

Clean sequence = 177610671b
Sliding "windows Buffer. 9950

Total CG content: 39.517%
CSLCG: 2191
Chitest: 4.335

Total [CGJT = 1509174

100 % -
7%
50%-
5%

0%-

[~ Use arid

EXAMPLE 2 [ Use lines or bars

Tatal motifs found: 2

Default buffer tize (b): 10000
| e
Default window size [b): (50
il ]

v Use automatic setting optimization

180235013

(6 =Pn-Inputn: 1

100 %

PR AT FRPUPTAPIE WPERVTP T FTSVTPORT I RISV ST N WA L

v BRUN E<aMPLE 1 - Compute C and G percentage
for each window or buffer - ie. a simple reading of
the C ar G content, along the DMA sequence, the
chart shows the mazimumn for each buffer in part,
by a vertical line or by a zpline.

v RUNEXaMPLE 2 - Identification of CpiG in a DMA
sequence - ie. a simple ieading of the CG islands
along the DNA sequence. the chart shows the

wh ot i dilled s b e n

ExAMPLE 3 | Use text notation [nat recommended for small matifs)

Input the motif sequence: | TTCCTTAAATATTTTCTCACTGCTT(

maximum for each buffer in part, by a vertical line or
by a spline

[v RUNEAMPLE 3 - Matif search - ie. a simple
search of matf sequences along the DNA
sequence, the chart shows a werlical ling for each

180285013

b
GENOMIN status

rnotif faund.

File name: ref_GRCh37_chib fa
File size: 180285019 bytes

Start analyze Stop analyze

180285019 Iv Erase graphics at next analysis

Start :5:13:33 PM
File name: ief_GRCh37_chif.fa
File size: 180285019 bytes

Start :5:13:33 PM
Stop :5:21:50 PM
Total 8 Minute(s]

[1] Sequence: gi22451 467 0ref|nt_00B57E.16| homa sapiens chromosame 5 genomic contig, greh37 reference primary assembly
[2] Sequence: gi22451 4819ef|nt_006713.15 homa sapiens chromosame 5 genomic contig, gich37 reference primary assembly -

Fig. 2. The compiled implementation of GENOMIN software for read the Cytosine and Guanine content (the first chart inside the
screen capture), (CG)n (the second chart) and motif sequences (the third chart) along the “ref GRCh37_chr5.fa” file which contains
the DNA sequence of chromosome 5 from Homo sapiens sapiens [3]. The two vertical green lines from the third chart, represent the

3th exon of NAIP gene and pseudogene.
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obtained by various groups of researchers
increasing the number of genes associated not only
with diabetes, but also with obesity or other
metabolic derangements®*>°. It is obvious now that
not the number of genes is important, but their
complex arrangement. Moreover, an alternative
mode of gene expression allows the production of
more than 1 protein from a single gene. In
addition, more than 50% of our genome consists of
short repeated sequences. Within the human
population are millions of single base differences
(SNPs — Single Nucleotide Polymorphisms) making
each human to differ to the next by ~ 1 base pair in
every 1000 or even 500 bp. Here can be found the
identity and unicity of each human being and of
course, of the above mentioned metabolic disorders.

Monthly, maybe daily the international human
genome data base increases, sometimes with brute
information. On the other hand, the full screening
of the SNPs in entire genome is in fact based on
the hypothesis free. That means there is no
assumption on gene or a specific genome region
known to be involved. That is why the
development of new software tools is needed in
order to put order in such unexpected explosion of
information with appearance of chaos.

Unlike other standard bioinformatics tools, in
which software programs are guided by developers
in some limits, GENOMIN platform is limited only
by the researcher programming skills. The results
of our tests have been shown that GENOMIN can
perform various tests on large sequences files and
can work with different algorithms used in biology.
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