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Abstract— The analysis of gel electrophoresis images is
very crucial for molecular biologists to compreheand
interpret their experimental results. Thus, enhagci
current mathematical methods and developing new
accurate ones is very important and challenging tés
bioinformaticians. For example, enhancing the comiyno
used mathematical method in gel analysis known as
"Fitting method estimation" and proposing a nevicéht
method entitled "Ruler estimation" for preprocesgsia
given image and detecting lanes and bands autoaibtic
Both mathematical methods implemented in our newly
developed software. Three mathematical models ryamel
linear, quadratic and cubic fitting are tested fdine
accuracy of detecting the bands and lanes in thie ge
image to determine the best fitting model. A frigndser
interface is developed for this new program usingTB

GUI to extract useful bimolecular information acately
and automatically. The new software has the abiiity
manually add or delete any band(s) and estimatesthe

of any unknown band(s) on the gel. Moreover, the
similarity and (dis)similarity between lanes "saegil are
estimated based on comparing the numbers and sizes
bands to generate a phylogram tree.

Keywords— Clustering, Electrophoresis (GE), Fitting

Data, Gel I mage Preprocessing, MATLAB.

I.  INTRODUCTION
Gel electrophoresis (GE) is an important technifpre
many molecular biology analysis's. DNA and protgéi
images [1, 2] are obtained through the gel eletimogsis
separations techniques of DNA and protein fragments
The separation of the polymorphic bands is basethen
sizes of the negatively charged DNA fragments nogni
from the negative cathode toward the positive anode
Each Image has some vertical lanes; each lane
corresponds to one sample and has a number obhtalz
bands. The band's position in a lane represents the
molecular length/sizes of each band which resudts fits
speed of immigration on the gel [2].The basic ppleof
band distribution in the gel image is that the dargieces
are run slower than smaller ones and staying irufiper
position of the lanes [3]. Meanwhile, the smaller
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fragments migrate faster through the gel and ocdbpy
lower position of the lanes.

There are many factors that could affect the image
quality, such as voltage, field strength, time riexttation
angle, agarose type, and concentration, the buffer
chamber temperature, etc..... [4]. Image quality d@oul
affect the accuracy of extracting right informatirom
these images. Thus, the need for enhancing angizamal
software the images is essential for biologist. The
available Commercial softwares are very expensivé a
most free softwares are very complicated with kit
options. The most famous softwares are the molecula
imager Gel Doc XR, Imaged and PyElph. For instance,
the molecular imager Gel Doc XR is fairly easy flius

not free beside thatit has limited options (e.g tiser
can't get build a phygram trees based on the gajém
data) [5]. On the other hand, ImageJ is famous éqgen
source software [6]that depends on the user toctete
lanes and bands manually; which also do not allbev t
user to build or get trees from the image dataddition,
PyElph is a free software [7]to analyze DNA gel ges
but the user does not have the privilege add ateeny
band manually.

In the current research work we tryingto introduze
software program that avoids the drawbacks of preyi
softwares(e.g. easy to use, draw phygram trees,oadd
delete any band manually or automatically, usingv ne
mathematical algorithms and MATLB GUI) [8, 9],to
extract useful molecular in formation automaticdigm

gel images. The newly developed program, "Image
Analyzer", analysis is based on new bands matheatati
calculation method in gel analysis known as "Fiftin
method estimation" and proposed new efficient netho
entitted "Ruler estimation". In addition, two new
mathematical methods to determine molecular weddght
DNA were described. Moreover, three mathematical
models were testéd to identify marker weights from
evaluating coefficient of determination R2, residua
values and RMS values for each band to deterthi@e
best fitting model. The Implantation of Gel analyfiew
chart is described and perspectives are presented.
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II. BIOLOGICAL DATA BACKGROUND
Some DNA gel images were used to apply the new
software analysis.[10].All the selected gel imagestain
a marker lane in the far left side of the imagdofekd by
different DNA samples as outlined on (Figurel)

A) Marker  SampleA SampleB SampleC SampleD SampleE  SampleF  Sample G
 E— e— | S— | S—  S—, S— S— S—

Fig.1: An outline of gel image shows. A) One oséhe
lanes which are called Marker (M) and followed bpés
of the samples. Marker lane is usually contairiiagds
of known size that are used to measure and contpare
sizes of sample's bands. B) An example of Gel image
contains a range of sizes in the marker lanes dffdrdnt
samples.
The distribution and immigration of the band on tje is
based on the size. The larger fragments run slakser
the smaller fragments on the gel as outlined ogufé 2).
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Fig.2: The amplification and immigrations of barals
the gel. A) Amplified fragments with different size
produced by biological experiments. B) Smaller
fragments run faster than the larger fragmentstmgel.

. GEL ANALYZER METHODOLOGY
There is much important information for biologistat
can be extracted from gel images. The accurachaxfet
information is depending on the accurate detectbn

WWwWw.ijaers.com

some parameters. The current proposed program
implemented many mathematical methods to analyze an
image. The user has the ability to make the aralysi
through five key steps starting with Image enharergm
preprocessing followed byLane detection, Band dietec
&Length estimation, Lanes comparison& determination
of Bands type and drawing a Phylogram tree (Figure3
Many samples of DNA gel images were used in this
analyses in which mostly contain a marker lane anhd
least a five different lanes with different samples

Five Key Steps to analyze an image

! Step 5

Step 4

Step 3

Step 2

Lane detection

Step 1

Fig.3: The methodology of gel analysis outlinehef five
key steps of the analysis.

I mage Enhancement Preprocessing

Enhancement of an Image is very important to make a
information extraction easier. The original Gel gea
passes through many preprocessing steps to enliance
.For example, if the image is very small, it must b
enlarged without missing important information. In
current work, the tested image was cropped to leel us
and MATLAB toolbox was used to Convert RGB image
to gray scale, which result of measuring the iritgnsf
light at each pixel. Then, background was subtchtte
extract object recognition.
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Fig.4: The original test image to go through enhament
preprocessing.

The mathematical algorithms for Background subimact
procedure can be indicated as [11]:
Background estimation:

Background(x,y) = (feB)(x,y) V (x,y) € F
Background subtraction:

f'(x,y) = f(x,y) — Background(x, y)(x,y)

=(f-(feB))(xy) V(xy)€EF

Where, B is a size image of structuring elementcivhis
computed as in Ref. [12, 13], f(x, y) is a raw irnand f.
B is a dilation.
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The image filtering processes are applied on infage
using Gaussian low pass filter(3x3) to make image
smoothing, approximate out of focus blur and to ceen
the different types of noise that are either pregenhe
image during capturing or introduced into the imag
Moreover, Image deblurring is used ordinary filter
refer to the procedures, which attempts to redheebtur
amount in a blurry image to be clearer and shaipér
15, 16].The erosion of (f) by a flat structuringrelent (B)

at any location(x, y)is the set of all points in the image,
where the structuring element fits into, the originthe
structuring element at every pixel location in theage is
placed. The erosion is the minimum value of(f) fraih
values of (f) in the region of (f)coincident(B). isHknows
as the morphological transform to extract detaisnf the
image [17].The following figure shows the resulting
histogram from enhancing an image (Figure5a). Tapss
of the processes is illustrated in the followingwithart
(Figure5b)

2000 1500

The flow chart Pre-processing

A /| Comertimspens | | Subtracthackgremmdi Gansiian Filer |
/D a Gray image |“‘| removing Makes '_"|
/ | S
by ,_C.
1 £”m_“t“.‘ le—| Dieblure the image wsing
/ / | ditk structing elemeat erdinary filser
AT

Fig. 5: The steps for erosion and deblurring imagg.
The histogram of results to enhancing image. b)
Flowchart illustrating the processes of Enhancement

Lane Detection

There are many approaches to handle the lane ietect
problems. Troy, Z .et al described a general exgsafor
band mapping that uses background banding patterns
facilitate lane calling and size calibration withothe
detection of individual background bands and withou
requiring the presence of dedicated marker langghi8
was achieved by detecting local maxima of intensity
profiles formed by vertically integrating pixel wals
over, either a set of horizontal sectors or thé&eimhage,
using Gel Buddy which is a practical PC and Madahto
computers tools. Also, Akbari, A. et al in Ref. J19
applied low-pass filter followed by equivalent widt
algorithm to locate and separate the lanes in DNA g
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images and to enhance the image followed by an edge
preserved noise filtering algorithm that is basedtioe
one dimensional signal obtained by averaging the
intensity for each column in the gel image into the
horizontal axis.

In this research, the previous two strategies irfsRe
[18,19] were applied by using Wiener Low pass ffilte
[20]which is called Minimum Mean Square Error
(MMSE) or Least-Square (LS) filtering as generlérf

to detect lanes for any type of gel image to ghe best
reconstruction of the original image. Then, Nominal
spacing §) [21, 22]is estimated between lanes in the
following steps:

1- Compute the mean for every column in the image,

2- Determine the auto-covariance to the mean profile ,
3- Calculate the difference between auto-covariance
profiles to get the location of the peaks in theek
and get the mean for difference between these
centers §). So the boundary of the first lane from 1

to 8 column and the second lane frénto 26 and
so on as shown in Figure 6[ a, b& c].

Vertical pratile

280

200

a)

ﬂ . I/J\//\/” ‘/\‘

b)

c)

Meamborevryolumn | ot o

Nomim| spacing (8)=
meanfor Differenceprofile

Fig. 6: Lane Detection from a gel. a) Vertical glefthat
shows lanes with blue color and the spacing between
them with vertical pink line for the number of larie the
image. b) Lane's detection using winner filter.Fipw
charts presenting the steps for detecting lanes.
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The number of lanes is computed by using the fallgw
equation:
number of lanes

(number of the image's columns)
= roun

1)
= Real number

Bands Detection

A band is an area of high density of pixels on bieary

image ((starting from left and from right)) with rse

rectangular shape. Caridade, C.M.R. et al [23] qoriesd

the band as a local maximum in the histogram foncti

obtained for the number of pixels on a line (foedane).

This function is calculated using only the cenfi@of the

lane’s width. A margin of 1/6of the lane width ised at

both sides of the lane. In this research, the image

divided into sub images and every sub image ise.la

For every lane:

1- Convert the gray enhancement image into binary
enhanced image.

2- Labeled every white region [24].

3- Locate centers of every labeled region, these cente
detect the bands.

Figure 7[a& b] shows the band detection.

Locate center of
every labeled region
(detect bands)

Fig. 7: Detect the bands in the image. a) Horizdnta
profile for the number of bands in each lane inithage.
b) Flow charts presenting the steps for detechiagds.

Length Estimation

The DNA molecular weight markers[25] is known as a
set of DNA fragments of known molecular sizes thia
used as a standard to determine the sizes of umknow
fragments. During the experiment, the user hahtmse
one of the lanes to load his molecular marker. Mark
bands are pieces of DNA with known sizes that aedu

to identify the approximate size of other paraleinds
that runs on the same gel during the same time of
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electrophoresis  [26].Thus, Molecular weight is
proportional to migration rate through a gel matrix
comparing to the marker. In this software, deteatiim

of DNA molecular weight markers of unknown bands is
estimated by two different methods entitled "Fdtin
estimation" and "Ruler estimation".

From these methods will get the type of every band
(mono, poly or unique) which the term Polymorphism
(poly) in biology happens when two or more obvigusl
dissimilar phenotypes exist in the same populatbra
species. In other words, the occurrence of more tre
form or morphs [27]. In same regards,
monomorphism(mono) means having only one form and
Dimorphism means having only two forms. However,
uniqgue morph means that there is only single iniial
have a distinct phenotype from his population. &ms
manner, the same concepts can be applied in gilsema
Polymorphic bands mean that the bands existence is
different between different lanes (samples.).Thisans
that the bands (markers) could present in an iddali or
some individuals but is absent in another indivi(h)a
Monomorphism means having only one band with the
same size in all the samples and unique band i@ Wwith

a unique size that only can be found in this lazmple)

as shown in figure 8 [10].

Frimer A+B Pramer C  Primes A+C  Primer B+C Primer A+B+C
L ] ] [ [ ] ] ] [ [ 1

LUnique

— — < Polymorphic
I
I

Monomorphic

Fig.8: The type of bands mono, poly or unique

Fitting Estimation

Advanced fitting method estimation is a famous rodth
that is used in many papers to estimate unknowm’'san
size .It is based on band's position. It doesret osly
linear equation but also use non linear regressimuh,
E.A [28] was used linear equation to get unknownd=
size, but Istvan, L. [29] was applied four curvepdy
(Linear, Quadratic, Linear log and exponential) fbe
fitting process to be chosen the best fit. In thaper,
advanced fitting method is used non linear regoessi
(cubic equation) for all proteins and DNA gel image
detect the size of the unknown bands inside theslafihe
band of DNA gel is analyzed to obtain relative aliste
(xgp) Values for each band in the gel. The relative
distance is defined as the migration distance filoentop
of the gel, loading well, of band of interest maasuwith

Page | 142



International Journal of Advanced Engineering Research and Science (IJAERS)

[Vol-3, Issue-7, July- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

reference to a marker DNA lane or to a tracking dye
the bottom of the gel.
Relative distance xgp) of the DNA gel standards is

calculated as follows:

_ distancemigratedbyDNAgel
XRD™

distancemigrated by dye
If dye line is not found in gel image, relative tdisce

(xgp) can be computed from this equation:
position of the unknowen band

XRD = number of the rows in the gel image

Then, relative distance is used to calculate thge db

unknown band’s size from cubic equation as follows:
Viog=&Rrp"> + bxgp® + cxgp + d

Where y,,, is alog of the unknown size xgp is the

Relative distance of a chosen band ant,cad are

coefficients .

Plotting the results from first order to ten order

polynomials with the actual DNA molecular weight

marker. Then, the cubic equation is chosen to estirihe

unknown band weights as shown in figure 9[a & b].

36

+  datal

34rF linear

a) 32f Ty

— quadratic
cubic

Loy rmarker

L L L L L L L L L
o o1 0z 03 04 04 06 o7 08 o9 1
Relative distance

b) [

The flow chart of Fitting Estimation ]

{ Unknown band's Relative Distance (xzp) || log (Y):aXRD3+bXRD2+CXRD+d

'

{ Unknown band size = 101°5 @) ]

Fig. 9: Comparison of models with given data. agTh
relative distances between linear, quadratic andicu
b) Flow charts presenting the steps of Fitting Estiion

The Following tables shows the mathematical conspari
between those linear, quadratic and cubic modeshdov
the best model for identifying unknown bands of DNA
molecular weight marker.

Table 1 shows the predicted molecular weights predu
by linear, quadratic and cubic models and known
molecular weights of bands, where,

xi the position of the band in the lane

xgp IS the relative distance

Vex IS the exact value of marker’s weights

Yiog _exiS @ log of the marker’s weights

$1iniS approximate values from the linear equation
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Yiog _1iniS l0g Of the weights from the linear equation.
Yquis approximate values from the quadratic equation.
Yiog _quiS l0g of the weights from the quadratic equation.
V.u IS approximate values from the cubic equation

Yiog _culS l0g of the weights from the cubic equation.

Vex iS the mean for the exact valugs,{
Table 1: Comparison of linear, quadratic and cubic
models for every band with known molecular weight.

#band

1 25

J‘:RD ygx
0.0965 | 1500

2 58 | 0.2239 | 1000
3 66 | 0.2348 | 900
4 77 | 0.2973 | 800
5 89 | 0.3436 | 700

,Vlog _eu ?cu

3.1783 | 1507.8
2.9958 | 9904
2.9553 | 902.2
29015 | 797.0
1.8447 | 6994
2.7761 | 597.2
17046 | 506.5
2.6025 | 400.5
2479 | 301.7
22957 | 197.6
2.0016 | 1004

ylog _qu ?qu

3.1539 | 14254
3.0022 | 1005.1
19649 | 9224
29133 | 819

1.8566 | 718.7
27850 | 609.5
27079 | 5104
25957 | 394.1
14618 | 280.6
12746 | 188.2
2.0201 | 104.7

,Vlog lin ﬁ!in

3.1673 | 1470.1
3.0054 | 10124
2.9661 | 924.9
20121 | 816.8
2.8532 | T13.2
2.779 | 602.0
2.7010 | 5024
2.5881 | 3874
24556 | 285.5
22740 | 187.9
2.0335 | 108

ylog _ex
3.1761
3.0000
29542
2.9031
1.8451
27782
2.6990
21,6021
24711
2.3010
2.0000

§ 104 | 0.4015 | 600
7 120 | 0.4633 | 500
8
9

143 | 0.5521 | 400
170'| 0.6564 | 300
W 1207 0.7992 | 200
125 | 0.9884 | 100

To measure the errors of the obtained results, moEdn
squares of errors (RMS) are calculated such as[30]:

RMS of errors :{\/@]

Residual &;(Absolute error) = |§; — y;l

wherey; is the obtained approximate solution (predicted
value) while yi is the exact (observed value) sohutand

n is the number of bands.

Table 2: Calculating the root mean square of errors
(RMS) and absolute errors for three models

No. of bands 2 2 2
ngl(%—yi) Jz() JEF:I(TH;H—%)
n n n
1 9.0207 22.5064 2.3407
2 3.7436 1.5333 2.8873
3 7.5049 6.7461 0.6663
4 5.0544 5.7363 0.9066
5 3.9712 5.6455 0.1738
6 0.5900 2.8785 0.8567
7 0.7162 3.1329 1.9597
8 3.8066 1.7652 0.1359
9 4.3731 3.1416 0.5233
10 3.6409 3.5637 0.7339
11 2.4151 1.4247 0.1141
RMS 44.8367 58.0741 11.2983

There are three regression formulas [31]:
1- The measure of explained variation (Regression sum
of squares),

SSR = Z?zl(Yex - }_’ex)z-
2- The measure of explained variation (Error sum of
squares),
SSE = Zinzl(Yex _3\7)2'
3- The measure of total variation(Total sum of squares
SST =SSR + SSEELL (Yex — Vex)*-
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. . SS SS .
DeterminationR? = 1 —2E =R g
SSp  SSt

computed for three models, wher@? > 0.

Coefficient of

Table 3: Calculating Error sum of squares SSE
and R? for linear, quadratic and cubic models.

Gie 7o) (e ~Fin)” (g ~Fa)” Gie —F)’
745870 895.0990 55719 60.2694
132230 1541585 259 91,7019
69500 6195612 5006 48831
26780 2810192 3620 9.0408
4050 1734751 3506 03321
1320 38288 911 80726
18500 5.6423 1080 12.2461
55870 1593939 343 0.2031
113140 2103603 1086 30127
190310 1458155 1397 5.9250
267690 64.1610 3 0.1433

_ @ 2 2 2
552 05 | By = ) Outa) | SSeau= )00 F) | 8550 = D 0n5)
= = = =

= 1645500 27125 =7314.9 = 225.8302

R Riy= 09984 | g2 —09956 B2, =09999

Table 4: Calculating Regression sum of squares SSR
and R? for linear, quadratic and cubic models.

(e~ Foe? Giin~Ton)? (P T) FruTe)?
745870 695090 622510 759340
132230 141420 135960 125360
69500 §3250 81800 70670
26780 32540 33370 25800
050 5900 6780 3980
1320 1130 720 1540
18600 17950 15870 16860
55870 62000 58670 55650
113140 123110 120260 111980
190410 201100 200870 192540
287690 279160 282640 287280
= = = -

$50= ) O Tl | SSuga= ) 0uTe® | S5ugy= ) G T | 0= ) G- Foc)
=1 i=1 i-1 =1

= 1643500 = 1642700 = 1559400 = 1651000

R R, = 09983 Ry, = 09477 R, = 10034

Residuak;=|y; — ¥;l.
Table 5: Estimate the residual errors for three misd

é; 1Yos = Frinl |yxg _fqul [y
é, 29.9182 74.6453 7.7633
é, 12.4161 5.0852 9.5761
é; 24.8910 22.3742 2.2098
é, 16.7636 19.0252 3.0068
és 13.1710 18.7240 0.5763
&g 1.9567 9.5469 2.8412
é; 2.3753 10.3908 6.4997
ég 12.6251 5.8544 0.4506
€y 14.5038 10.4195 1.7357
€10 12.0754 11.8193 2.4341
n g8.0101 4.7251 0.3785

From figure 9 and tables 1 to 5, show that the cubi
model is to be the best fitting and it is used denitify
unknown bands of DNA molecular weight marker. Cubic
model is best because:

1- Coefficient of Determination R2 is near than 1.

2- Get smaller residual values

3- RMS<1.053013102.
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Table 6: Final approximated marker weight of unknow
bands using cubic model.

A B C D E F G
1M lanel lane2 lane3 laned lane5
2 1500 365(Unigu 376(Unigu 350{Unigu 448{Unigu 597(Unigue)
3 1000 0 292(Unigu 244(Unigu 357(Unigu 396(Unigue)
a 900 0 218{Unigu 198(Unigu 262{Unigu 259(Unigue)
5 800 0 159(Unigu 161(Unigu 0 168({Unigue)
6 700 0 0 0 0 o
7 600 0 0 o 0
8 500 0 0 0 0 ]
9 400 o 0 o o o
10 300 0 0 o 0 o
1 200 0 0 1] 0 o
12 100 0 0 0 0 0

From table 6, cubic model is used to estimate the
unknown bands weight and is very useful to gettype

of every band that is mono, poly or unique.

Table 7: The bands converging in distance takestdmae
values in different lanes.

A B C D I F G

1M lanel lane2 lane3 laned lanes

A 1500 366(Poly) 366(Paly) 358(Poly) 448(Uniqu597(Unique)
3 1000 0 292(Unigu 244{Uniqu 358(Poly) 396(Unique)
! 900 0 218(Unigu 198(Unigu 261(Poly) 261(Poly)

5 800 0 160(Unigu 164(Poly) 0 164(Poly)

6 700 o 0 0 o 0

7 600 ] 0 0 ] 0

8 500 0 ] ] ] ]

9 400 0 0 0 o 0
10 300 o o o o o
11 200 o 0 0 o 0
12 100 0 0 0 0 0

From figure 7 and table 7, the software programte&e
the same values of bands converging in distanch wit
different lanes.
Example 1:
From cubic model,
Yiog=8gp® + bXpp? + cxgp +d
where: a, b, ¢, d are coefficients such that @.8387, b=
1.2457, ¢ =-1.7636,
d= 3.3377.
1- At x =149 is the position of the unknown band (the
first unknown band in the second lane),
2- Since the number of rows in the gel image is 259

3- Then compute relative distamc@Dzﬁzo.WSS.
log of band's

4- Calculate ylog = then

Viog=2.5757

5- So unknown band's lengtht025757 = 376.440E
376 bp as seen in table 6.

length,

Ruler Estimation

It's a new method applied to evaluate unknown bands
between any two marker’s bands respectively. Fooma
equal marker's sizes distances between bands aegord
to their length in the marker, we have found thedsa
closer to the top are wider than those closer édoibttom
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of the image. So a new ruler scale is applied betwe
every two respective bands based on changing thie sc
between bands in the marker by using this equation:

b—
Scale =>—=, wb > wa, da > db.

Where
wa, da are the length and centered of the band a
respectively, and wh, db are the length and ceditefr¢he

band b respectively

Let Wc is the weight of the unknown band and dthés
position of the unknown band, then the below equzit
introduced to evaluate the weight of the unknowndba

We =wa + (da — dc) = scale

Or, we can write:
We = wh — (dc — db) = scale

Table 8: Application of a ruler scale between tvemts
respectively.

da db wa wib Scale

58 25 1000 1500 15.1515
66 58 9200 1000 12.5000
7T 56 S00 9200 9.0909
89 s FOoOo |00 8.3333
104 89 600 FOoO 6.6667
120 104 500 500 6.2500
143 120 400 500 4.3478
170 143 300 400 3.7037
207 170 200 300 2. 7027
256 207 100 200 2.0408

Example 2:

Let the position of the unknown band dc =149. Co@pu
the weight marker of this unknown band Wc.
Solution:

By using the scale equation :
w b—wwa

da—db

scale =

We can get the values of da, db, wa and wb frore b
Then da =170, db =143, wa =300 and wb =400 .
Applying equation Scale = (400-300)/(170-143) =037.
Then, the weight marker of unknown band is found:
Wc =300 + (170 —149)* 3.7037=377.777 378 or

> 378

Wc =400 — (149-143)*3.7037=377.777
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Table 9: Final approximated marker weight of unknow
bands using ruler model estimation.

A B C D E F G

1 |mM lanel lane2 lane3 laned lane5

2 1500 367(Unigu 378{Unigu 352(Unigu 448{Unigu 600(Unigue)
3 1000 0 292({Unigu 249(Unigu 359(Unigu 396(Unigue)
4 900 0 222(Unigu 200{Unigu 265(Unigu 262{Unigue)
5 200 0 165(Uniqu 167{Unigu 0 173(Unigue)
6 F00 o ] o o ]

7 600 o ] o o ]

3 S00 o o o o o

) 400 o ] o o ]
10 300 o o o o o
11 200 o ] o o ]
12 100 0 0 1] 0 0

Ruler estimation based on making a scale betweeryev
two marker's weight bands respectively. From ta®le
ruler estimation is very important to get the tydesvery
band that is mono, poly or unique.

Table 10: The bands converging in distance takesainee
values in different lanes

A B C D E F G

1 |m lanel lane2 lane3 lanea lanes

2 1500 368(Poly) 368(Poly) 360(Poly) 448(Uniqu 600{Unigque)
3 1000 0 292{Unigu 249(Unigu 360(Poly) 396{Unique)
4 900 0 222{Unigu 200{Unigu 264(Poly) 264({Poly)

5 200 0 166(Unigu 170{Poly) 0 170({Poly)

(=] F00 o o o o o

7 600 o o o o o

8 500 o o o o ]

9 400 o o o o ]
10 300 o o o o o
11 200 o o o o o
12 100 0] 0] 0] 0] o]

From figure 7 and table 10, the software can tdie t
same values of bands converging in distance with
different lanes as similar to fitting method.

[ The flow chart Ruler Size Estimation J

Unknown band = low band‘s
weight + distance between
unknown band and low band

Get every position
of unknown band

New scale between
every two marker's

positions *scale

Fig. 10: Flow charts presenting the steps of Ruler
Estimation

IV.  Phylogenetic tree
The similarity/ dissimilarity between the DNA lanes
(samples) were computed and used to generate a tree
based on the number and sizes of band in each Téaie.
kind of estimation is very useful for molecular and
population genetics studies [32].
Both the ruler and fitting could be used optionatty
generate the tree with merely similar results anse
figure 11.
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-

L ' s s 1 L L ' L
450 400 350 300 250 200 150 100 50

Fig. 11: Two mathematical methods to prod
Phylogram tree a) Proposed Phylogram based on r
method b) Phylogram tree based on the Fittinghod

Different distance measures are integrated in tbgram
to generate phylogram trees by pairwising dist:
between lanes. The choice of distance sure should be
based on the application area. Calculation of iktaxce
between two clusters is based on the pairwise rdiet
between members of the clusters. Pairwise dist
between two sets of observations (vectors)xs =,
...,Xsn), xt = (xt1, ...xtn) as shown in figure 12 a

1- Euclidean distance: .
It measures absolute differences between ve

a)

dst =\ i(xsi _Xti)z

Rulerphyogenetic ree using eucldean distance Fiting phyogeneic s using sucldean distance

4‘:4 J
: “j[l

2
.

W 0w 20 2 %

= a0 ®0 W0 %0 W0 B0 M0 5 o

Manhattan distan

n
dsr = E |xs_;l' _xr_;l'|
i=1

Ruler phyogenstic e usig citblock distance

2- Cityblock distance (=

Fiting phyogenstic s using cyblock dstance

b)

=

w0 0 &0 w0 w0 20 0

W0 70 0 A0 4w 0 om0

Chebyshev distance : The distance equals tc
maximum coordinate differee of the attributes.
used if the worst case must be avoi /J/p

d, (x,x) =lim} 3|, -x,
=L

‘ p

www.ijaers.com
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T —— Fitong smpogeont e

4- Minkowski distal... -dimensions: It is a
generalization of Euclidean Distat

ol »
]
dst = |Z|xs_;l' - xt_;l'

NI
p = 2 gives Euclidean distar
p = 1gives cityblock distanc

p= =gives Chebyshev distae

et phyogantic e sing mirkousii dstace

Zitng phyogere:c e usng inkansk: dtence

d)

—

I I
]

—

5- Cosine distance:One minus the cosine of
included angle between points (treated as vec

T
Eizlxﬂ' X Xy

L I L L L
L] I

L L L L L L
4500 40030 0 % A0

d. =

gt

1—

[
| 2 p
N|E?=1(xs=-} X E?=1(xrz'}

Fittig phyogeretic tree Lsing cosine cisiance

o] | i

]‘3 025 H‘Z ]‘15 ﬂ‘\ ﬂ‘ﬂE 0 ﬂ‘} ﬂ‘ZS U‘Z n‘ﬁ*]“ [‘US
6- Correlation distance:One minus the san
correlation between points (treated as sequenc

values) . It measures trends/relative differer

XX )(x - X 1 1
=1- %)t %) wherefgz—Zxﬂ and %, = -

\u'lf (xs - fsj z\"lf (xr - ftjz n

Rulr phyogenetic ree sing corlaion dtarce

t
i

Fiting ghyagenetic e using conelaticn distanze

nzx“

[
f 4

[‘Z [‘25 ﬂ‘Z 3‘16 H‘W 05 0
7- Spearman distance:One minus the sar
Spearman's rank correlation between observa
(treated as sequences of valu
- —— —_—
L Fe— e T — T
d — 1 _ v S}- t I.‘}

. = ————— ~ — =
& e T :"'S}r-.l.' (re—Fel (re—7) rwhere
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T -. 5 B AR O it X
=fis the rank of " =i taken ove™ 1 *"s2j* sy,

xrn_;l'

Ttjis the rank of 7 taken over“t1j * Fe2s =

Tzanct are the coordinate wise rank vector<*sand*¢
and

_ _1 _m#1) _ 1 __ (n¥1)
Ts = nzi T =73 7 nzj Tei =

-
r

’

Ruler pjogenst c tree 1sing speamen distarcs Fiftng phyogenstc te2 Lsing spezmman distance

2

—
L

[
| L

g) : ;

8- Hérhming distance:lt is used for number of diffet
attributes values.It is the percent of coordinates
that differ.

dsr = (# I:'xs'_;l' + xr}-jfn]

Ruler phyagenetic tree using hamming distance

L L L L L L L
05 04 0B 03 0% 02 06 00 0E 0

Fiting phyogenetic tree using hamming distance

Eh) 1

| -

0® 0% od 02 03 028 USRI T S LX)

9- Jaccard distance:One minus the Jaccard coeffi
it is the percentage of nonzero coordinates
differ.

_ #[[xsj + xr}-j ]l (x_.i.}- = 0) ijr}- = 0)]
B #[(x,; # 0) U)x,; # 0)]

Ruler phyogeneiz tree usirg accard distance

|

d

st

Fitirg phyogenet c tre using jeccard distance

I—z

I—w

]

—{]

L L L L L
i TE o i 1 0% 09 13 03

Figure 12: Different distance measures are use
generate phylogram trees. a)Euclidean distanci
Cityblock distance. ¢) Chebyshev distance. d) Minko
distance. e) Cosine distance. f) Correlation dis&rg)
Spearman distance. h) Hamming distance. i) Jac
distance.

V. EXPERIMENTAL RESULTS AND
EVALUATION
Databases of 30 random gel electrophoresis imhave
been tested for the analysis. However, only 22 &n
could be analyzed automatically and the other 8
images were poor quality, so user can detect b
manually to get the data. The following figures st®w
and example for the software results:

WWwWw.ijaers.com

Enter the gel image file» open (extension to file jp
jpeg, tiff, png or bmp).

To show number of every lane in the gel image,kcli
Detect lanes.

Select the lane of marker from the drop down [igten,
you can save final gel imay

Click: Detect bads, you can make right click to add
delete any band manually.

Click: Length Estimation to estimate the Ilength
unknown bands

Write the length of the marker in table, then sefezm
the two options fitting estimation or ruler estiiat to
estimate unknown band.

You can save the data from fitting estimation ankén
estimation in excel sheet.

You can save the data in zeros and ones after dhle of
the convergence of the distances bands in difféases.

Phyogram tree can be gener:

!
"
I

BYescaanaiaey
File Analysis  Help

|- Marker's lane number—
Detect Lanes ; Y 1
| -

U BE

i
i

|

Bl £qGeltnalyzer
File Analysis Help

|— Markers lane number-
Detect Lanes p -

1
Detect Bands

Size Estimation

Momber of lanes = & Lanes except marker

1

TR T

W
!

gi
I
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i

Page | 147



International Journal of Advanced Engineering Research and Science (IJAERS)

[Vol-3, Issue-7, July- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

B £5Gelaniyzer
File  Analysis  Help
Nomber of lanes = § Lanes except marker
’—‘7 umber of Markers lane : .
Detect Lanes - L
—_—
Detect Bands E
—
—
Length Estimation, i
Size of Marker's bands - — ———— |
- oo r—
T 8 9 10 1 - e —
B )0 800 00 1000 1s0q] — |
|
A b -
e - |
Fhtng Estimaton ' | -o——
Ruler Estimation 5 ) |
................ — 5 Lanus wxcepl marker
—
| — | h- ——
: _ | —
3 . —
p——
- = e
Ruler Eatimation
£ 000 -
= 5
& oo e -
3 -
‘‘‘‘‘‘‘‘
P ———)
T —— S Fizinyg Biregenete wes
- — — = =
~ = = = = =
» [ mames Ganes> lanc= Amca  tames
= 2zoo o o o o o
= rooo o o o o =
= =soo = o o = =
= = s 8) = 2 = =
= Soo o © © o o
EEN Hzo a ° ° o o
Evs o= a a = = =
e =co o = = o =
a= 2ca o ° © Es a
=o === o E ° o o
== 1= o o o B a
== 1o o o a = =
== 100 o =y = = o
r Fitting Estimation
Ruler Estimation
C 1

e | B3|l

°61 376 30 448 597
426 202 244 36T

385 218 198 262 9)
159 181 170

M 5§ L2 3 L4 L5
563 388 360 448 600
426 292 249 380 398
36 222 200 264 264
0 186 170 173 173

0 0 0 0 0 0

0
0
7 0

0
v 0
0 0
0 0

0
0
0
0

Fig. 13: All the data and images generated in each
and every step referred to in the progr

VI. CONCLUSION
In this work, new gel analyzer software with n
mathematical methods were generated to fateand
analyze DNA or Protein gel image. The new gel ared
software extractmany biological data from an image (&
number of lanes, detect its bands, estimate unkr
band's length and determining type of the bandhi

WWwWw.ijaers.com

lane). MATLAB GUI is presentedto solve faint bands
problems and enhancing the quality of gel figu
Determination of DNA molecular weight markers
unknown bands is estimated by two methods: fit
estimation and ruler estimation. The cubic mode
presented a best model in cone with the linear and
guadratic models to determine approximate me
weights from evaluatingaefficient of determination R
residual valueand RMS values for each band. The ct
model shows naignificant difference with ruler mod
estimation for preprocessing a given image and dete:
lanes and bands automatically to approximate mi
weight of unknown bands.

The program can be downloaded from the i
ftp://ftpserver.zu.edu.eg/

The future work on the current program will incl
regular enhancements to deal with multiple in thee
time images. Moreover, adding more options to $elex
appropriate filter for an image and which matheoa
modeling will be applied for analysis and compani
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