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ABSTRACT
In this study, the sorption of malachite green, a basic dye onto sea shell was studied by performing
batch kinetic sorption experiments. The equilibrium kinetic data were analyzed using the pseudo-
second-order kinetic model. A comparison between linear least-squares method and non-linear
regression method of estimating the kinetic parameters was examined. Four pseudo-second-order
kinetic linear equations were discussed. Kinetic parameters obtained from four kinetic linear
equations using the linear method differed. Type 1 pseudo-second-order kinetic model very well
represented the kinetic uptake of malachite green by sea shell while Type 4 exhibited the worst fit.
Present investigation showed that the non-linear method may be a better way to determine the

kinetic parameters.

Keywords: malachite green; sea shell; pseudo-second-order, linear method; non-linear method

[1] INTRODUCTION

Adsorption often referred to as passive uptake and physico-
chemical binding of chemical species or ions to a solid
surface, is now widely accepted as an efficient and
economically feasible process for the removal of synthetic
dyes from industrial effluents. The next real challenge in the
adsorption field is to identify the adsorption mechanism.
Therefore an extensive study of the adsorption kinetics is
important since the kinetics describe the uptake rate of
adsorbate which in turn helps to predict the adsorption
mechanism. Several researchers have used different kinetic
models to predict the mechanism involved in the sorption
process. These include pseudo-first-order model, pseudo-
second-order model, Weber and Morris sorption kinetic
model, first-order reversible reaction model, external mass
transfer model, first-order equation of Bhattacharya and
Venkobachar, Elovich’s model and Ritchies’s equation [1].
Literature analysis shows that though several kinetic models
are available, except the pseudo-second-order model, no other
model represents well the experimental kinetic data for the
entire sorption period for most of the systems. In recent years,
linear regression is frequently used to determine the best-
fitting kinetic equation.

An accuracy of a kinetic model is generally a function of the
number of independent parameters, while its popularity in
relation to the process application is an indicative of its
mathematical simplicity. Likewise, linear regression is
frequently used to determine the best-fitting kinetic equation
primarily owing to its wide usefulness in a variety of
adsorption data and partly reflecting the appealing simplicity
of its equations. The linear least-squares method with linearly
transformed kinetic rate equation has also been widely applied
for confirming the experimental data using coefficients of
determination. The kinetic equation giving a coefficient of
determination closest to unity is considered to be the best
fitting. However, during the last few years, a development
interest in the utilization of nonlinear optimization modeling
has been noted. This is mainly because such transformation of
non-linear equations to linear forms implicitly alters their error
structure and may also violate the error variance and normality
assumptions of standard least squares [2]. As a result, one may
obtain different kinetic parameters when using different forms
of a kinetic model for a given sorption process. On the
contrary, the non-linear method for analyzing the experimental
data provides a more complex mathematical method for
determining kinetic parameters and is conducted on the same
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abscissa and ordinate, thus avoiding the drawbacks of
linearization.

With the aforementioned, the present study attempts a
comparative analysis between the linear least-square and non-
linear regression method of the widely used pseudo-second-
order to predict the best sorption kinetics and also to obtain the
kinetic parameters using the experimental data of malachite
green onto sea shell. The present work is aimed at evaluating
the accuracy and consistency in parameter prediction by the
linear and non-linear method, and to familiarize the knowledge
deficiencies regarding non-linearized adsorption kinetics.

[11] MATERIALS AND METHODS
2.1. Adsorbent

Bivalve type sea shells that most commonly wash up on large sandy
beaches were used in this study. The sea shells were collected from
the sea beaches of Puri, Orissa, India. It was pretreated before use by
washing thoroughly with double distilled water and dried at 110 + 1 °C
for 24 h in an oven drier. The raw biosorbent was crushed and ground
using ball mill and sieved to give a fraction of 80 mesh. The biosorbent
was again washed thoroughly with distilled water and dried naturally.
The resulted shell particles were stored in sterile, sealed glass
containers and used in all the adsorption experiments.

2.2. Adsorbate

Malachite Green used in this study was of commercial quality (ClI
42000, FW: 365, MF: CgH2sNoCl) and was used without further
purification. Stock solution (500 mg L") was prepared by dissolving
accurately weighed quantity of the dye in double-distilled water. All
working solutions were prepared by diluting the stock solution with
suitable volume of double-distilled water.

2.3. Adsorption experiments

Adsorption kinetics experiments were carried out using the batch
method for different initial dye concentrations. The experiments were
carried out in 250 mL Erlenmeyer flasks containing a fixed amount of
adsorbent with 100 mL dye solution. Adsorption kinetics was
conducted using the batch method. The initial pH of the solution was
adjusted with 0.1 N HCI or NaOH solutions by using a pH meter. The
flasks were agitated and incubated in an incubator shaker (Model
Innova 42, New Brunswick Scientific, Canada) at 30 + 1 °C until
reaching equilibrium. Samples were taken from the flasks at regular
time intervals for analyzing the concentration of malachite green in the
solution. The residual amount of malachite green in each flask was
investigated using UV/VIS spectrophotometer (Model Hitachi — 2800)
at Amax Of 663 Nm.

2.3. Pseudo-second-order kinetic model

The pseudo-second order kinetic equation was proposed by Blanchard
et al. [3] and is expressed as:

_ kyqglt
4: 1+ k,q.t
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where q; and g, are the amount of dye adsorbed at time t and at
equilibrium (mg.g™") and k; ( g. mg™ min™) is the pseudo-second-order
rate constant for the adsorption process. Eq. (1) can be linearized to at
least four different forms [4]. The different linearized forms of the
pseudo-second-order equation are given in Table-1. The most popular
form used is Type 1 [1].

Table 1: Different linearized forms of the pseudo-second-
order equation

Linear Expression Plot
Regression
Type 1 L: 1 +LZ t/qtvs.t
2
qt k2qe qe
Type 2 i:i.,. 121 1/q,vs. 1/
qt qe kzqe t
Type 3 q, :qe__l 4 q,vs.q,/t
k2qe z
9. _ 2 q,/tvs.qt
Type 4 7 =k,q. —k,q.q,
[11I] RESULTS

In the present study, the coefficient of determination (r’) was
used to determine the best fit equation:

N2
2 (Qe,meas - qe,cal)

= 2 2 &
Z (qe,meas - qe,cal) + (qe,meas - qe,ca/)

7

where  Qemeas and e cal (mg.g'l) are the measured and
calculated adsorbate concentration at equilibrium, and

a(mg.g'l) is the average of oo (mg.g")

Linear regression is frequently used to determine the best
fitting kinetic model, and the method of least squares is used
for finding the parameters of the kinetic models. The pseudo
second-order kinetic constant, q. and k, by a Type 1 pseudo
second-order expression were calculated from the plot of t/q,
versus ¢ as shown in Figure-1. Similarly the pseudo-second-
order kinetic constant, q. and k, were obtained from the plot
of 1/ q, and 1/t, q, and qy/t, q/t and q, for a Type 2, Type 3,
and Type 4 pseudo second-order expressions respectively.
The calculated kinetic constants and their corresponding
coefficient of determination (r”) are given in Table-2. The
experimental q. value is also shown in Table-2. Table-2
shows that q. and k, values obtained from the four linear
forms of pseudo-second-order expressions were different at
all initial dye concentration studied. From Table-2, it was
observed that except Type 1 pseudo-second-order expression,
no other model provided a better fit to the experimental
kinetic data. The very low r* values for Type 2-4 pseudo-
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second-order expressions suggest that it was not appropriate
to use these models to represent the experimental data of
malachite green onto sea shell. Therefore, by linear method, a
theoretical pseudo-second-order model was found to aptly
represent the experimental data based on Type 1 pseudo-
second-order kinetic expression. In addition, the Type 1
pseudo second order expression predicts reasonably the ge
values theoretically for all the range of initial dye
concentrations studied Table-1.

In the case of the non-linear method, the software Origin
version 9.0 was used for determining the pseudo-second-order
kinetic parameters. Pseudo-second-order kinetic parameters

HnHoAB
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obtained by non-linear method are enlisted in Table-2.
Figure-2 shows experimental data and the predicted pseudo-
second-order kinetics using the non-linear method. Very high
r* value suggests that the non-linear pseudo-second-order
kinetic model could be used to represent the kinetic uptake of
malachite green onto sea shell at all initial dye concentrations
studied. By using non-linear method there were no problems
with transformation of non-linear pseudo-second-order
equation to linear form, and also they were in the same error
structures. It is thus logical to use the non-linear method to
represent a kinetic model efficiently and effectively.

10
9 -
8 -
(0] 7 j
E 6 - R% =0.9999
I
g °
E 4 -
T 3
- 2 i
1 -
O 1 | | 1
0 50 100 150 200
t, min

Fig: 1. Type 1 pseudo-second-order kinetics obtained by using the linear method for the sorption of methylene blue onto

sea shell (Co=50 mg L")

[IV] DISCUSSION

In most adsorption studies, the linear method has been widely
used in assaying the quality of fit of a kinetic model to an
experimental data primarily due to its simplicity and
usefulness. However, the different outcomes obtained by
linear regression for the same kinetic model show the real
complexities and problems in estimating the kinetic
parameters by linearization technique.

The different outcomes for different linearized form of
pseudo-second-order models are due to the error alterations
while transforming the data that represents a non-linear
kinetics to a linearized form. The transformation of a non-

linear model to a linear one primarily distorts the normality
assumptions of the linear least square method. In addition, a
different axis setting alters the regression results, thereby
influencing the accuracy as well as consistency, leading to the
violation of theories behind the kinetic models. Moreover, the
linear method does not test the linearity of the data set.
Instead, it assumes that the given data set were linear and gives
a straight line that predicts the goodness of fit of the
equilibrium experimental data. Furthermore, the linear method
is based on the assumption that the scatter vertical points
around the line follows a Gaussian distribution, and the error
distribution is uniform at every value of X-axis. This is rarely
true or practically impossible with kinetics as most of the
adsorption kinetic models are non-linear due to different
mechanisms.
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Table 2: Pseudo-second-order kinetic parameters obtained by using the linear and non-linear methods
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Kinetic Model Parameters Co (mg L'1)
50 100 150 200
Ge.exp (MY 9-1)
46.27 82.55 135.89 152.56
Linear-Type 1 q. (mg g”) 45.67 83.78 137.32 150.98
ka(g mg'min’) 0.0448 0.0540 0.0610 0.0689
2 0.998 0.999 0.990 0.991
Linear- Type 2 ge. (mg g") 4514 85.13 132.52 154.39
ko(g mg'min”) 0.0384 0.0516 0.0602 0.0632
2 0.975 0.972 0.969 0.981
Linear-Type 3 q.(mgg”) 45.02 79.20 130.21 150.47
ko(g mg”'min”) 0.0324 0.0578 0.0592 0.0667
2 0.954 0.963 0.923 0.956
Linear-Type 4 g. (mgg”) 45.36 87.53 129.38 156.62
kz(g mg'min”) 0.0352 0.0521 0.0621 0.0732
2 0.863 0.838 0.762 0.803
Non-linear q. (mgg”) 46.17 82.91 135.42 152.87
kx(g mg'min’™) 0.0578 0.0621 0.0732 0.0771
2 1.000 0.999 1.000 1.000

The linear method considers error distribution only along the
Y-axis irrespective of the corresponding X-axis resulting in the
different determined parameters for the four different types of
linearized pseudo-second-order kinetic model for the same
experimental data. Therefore the linear method is
inappropriate in predicting the best-fit kinetics for a particular
experimental data set and unable for providing a fundamental
understanding of the kinetics of the adsorption systems,
resulting in an improper conclusion. On the contrary, the
drawbacks of linear method can be avoided by adopting the
non-linear method for analyzing the experimental data. This is
because in the non-linear method, the experimental
equilibrium data and the isotherms are in a fixed x and y axis
i.e, the non-linear analysis is conducted on the same abscissa

and ordinate resulting in the same error distribution and
structure.

The present investigation confirms the non-linear method as an
appropriate technique to predict the optimum sorption kinetics.
Ho (2006) conducted a similar evaluation using linear and
non-linear methods to determine the pseudo-second-order
kinetic parameters [5]. He chose cadmium as the adsorbate and
tree fern as the adsorbent. The kinetic parameters acquired
from the four kinetic linear equations using linear method had
discrepancies among themselves. Further, for linear method,
the best fit was obtained by using the Type 1 expression
because the highest coefficient of determination was
calculated from the fitted equation. In contrast to the linear
method, kinetic parameters obtained from the four kinetic

O©ITOAB-India

Vol. 1; Issue 3; 2010



The IIOAB Journal

ISSN: 0976-3104

linear equations were the same when using the non-linear  reliable to interpret adsorption data through a process of
method. Under such conditions, it would be more rational and  nonlinear regression.

60

50

40

30

® Experimental points Non-linear pseudo-second-order

qt (mg/g)

0 T T T T T T

0 20 40 60 . 80 100 120 140
t (min)

Fig: 2. Pseudo-second-order kinetics obtained by using the non-linear method for the sorption of methylene blue onto
shell (Co=50 mg L)
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ABSTRACT

In the year of 2007, avian influenza outbreak which occurred in Indonesia caused mortality of almost 85%
from detected avian influenza cases. Comparing the mortality rate in Indonesia to other countries with avian
influenza outbreak, WHO announced that HPAI H5N1 Indonesia has the highest pathogenicity. Mutations with
either antigenic shift or antigenic drift can influence the pathogenicity of influenza virus. Studies on
hemagglutinin (HA), neuraminidase (NA), and matrix2 (M2) have been carried out because these three
proteins have important roles in the infection process of avian influenza virus. In silico analysis was done by
multiple alignment and phylogenetic tree construction. Hemagglutinin mutation was observed at the
cleavage site and at the active site, while neuraminidase mutation and matrix2 mutation was observed at the
active site. The amino acid character shift from hydrophilic to hydrophobic influenced the virus
pathogenicity. The mutation analysis result was utilized for hemagglutinin cleavage by pro-P prediction, 3-D
structure prediction, molecular docking simulation, and molecular dynamics simulation. Based on mutation
analysis on hemagglutinin cleavage site, a R-X-K/R-R pattern was obtained for H5N1 Indonesia and H5N1
HongKong. Pro-P prediction results showed that the pattern which causes hemagglutinin HPAI H5N1 could
be easily cut by Furin. 3-D structure analysis using molecular docking and molecular dynamics also showed
that hemagglutinin and neuraminidase H5N1 Indonesia bind better with human sialic acid receptor.
Meanwhile H5N1 virus's matrix2 protein gave resistance to amantadine and rimantadine. Results from the
analysis revealed a relation between hemagglutinin, neuraminidase, and matrix2 mutation with the
pathogenicity of H5N1 in Indonesia.

Keywords: H5N1; hemagglutinin; neuraminidase; matrix2; molecular docking

[17 INTRODUCTION

Influenza virus is contagious for humans and a number of
animals with specific contagiousness towards certain species.
That means, if the virus infects one species, it would rarely
infect another species. The general symptoms of this disease
are fever, headache, throat-ache, and cough. Some influenza
cases further caused pneumonia resulting in a number of
deaths [1].

Influenza virus is a part of Mononegavirales order,
Orthomyxoviridae family, which has single segmented
genome. Based on its genus, there are three types of Influenza
virus. They are type A, B, and C. Influenza virus A and B
have 8 RNA segments, while Influenza virus C has 7 RNA
segments. The nucleic acid of influenza virus is translated into

approximately 10 proteins, namely hemagglutinin (HA),
neuraminidase (NA), matrix protein (M1 and M2), non
structural protein (NS1 and NS2), nucleocapsid protein (NP),
polymerase basic (PB1 and PB2), and polymerase acidic (PA)

2].

Influenza A virus is classified based on its hemagglutinin and
neuraminidase antigens, which are located on the viral coats.
Until today, scientists have found 16 types of HA and 9 types
of NA. Influenza virus A H5N1, which is widely known as
avian influenza, is one of the influenza A subtype that could
cause infection of poultry. However, over the course of time, it
could infect humans as well. Only four strains of avian
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influenza A could cause infection in humans. They are H5N1,
H7N7, HIN3, and HON2 [2].

Avian influenza A has two types of pathogenicity: Highly
Pathogenic Avian Influenza (HPAI) and Low Pathogenic
Avian Influenza (LPAI). Pathogenicity means the ability of a
virus to cause disease. HPAI H5N1 is called 'Asian' H5N1,
which attracted worldwide attention, while LPAI H5N1 is
called 'North American' H5N1 [3].

During the 20th century, Influenza A virus became a
frightening pandemic disease. Three occurrences of influenza
pandemic have caused mortality for millions. First pandemic
(Spanish Flu) in 1918-1919 was caused by HIN1 subtype and
caused 50 million deaths. Second pandemic (Asian Flu) in
1957-1958 was caused by H2N2 subtype and caused 1 million
deaths. Third pandemic (Hong Kong Flu) in 1967-1968 was
caused by H3N2 subtype and caused 1 million deaths as well
[1].

The HPAI H5N1 was isolated from a swan ranch in China in
1996. Moreover, HPAI H5N1 has occurred in poultry market
in Hong Kong. Besides that, HSN1 had caused 6 deaths out of
18 infected patients [2].

Since 1997, the HPAI H5N1 virus has caused massive
mortality on poultry and human. The Asian pandemic area of
this virus comprises of Japan (north) and Indonesia (south).
Until now, research has proved that HSN1 infection to human
occurred because of direct contact between human and
infected poultry. Although a few possible human-to-human
transmissions of HSN1 influenza have been reported, there is
still no evidence of efficient person-to-person spread [4, 5].

In the year of 2004, HSN1 virus reached certain proportion as
an Asian pandemic. There are HPAI epidemics in China,
Japan, South Korea, Thailand, Vietnam, Indonesia, Cambodia,
and Laos. The H5N1 epidemic in Indonesia occurred in 2005
for the first time. The epidemiological data have shown that
Avian Influenza A cases have resulted in 141 human
infections in the period 2005-2009. Among them, 115 lead to
certain deaths. Henceforth, WHO has declared that H5N1
virus Indonesian strain is the most pathogenic avian influenza
A virus [6].

The changing infection specificity of HSN1 from poultry to
human was caused by single amino acid substitution on
position of 226 and 228 at hemagglutinin [5]. It could change
the poultry receptor binding site from its specific position of
a-2,3 linked sialic acid for poultry, into specific position on
human of a-2,6 linked sialic acid [4]. This change was caused
by the ability of influenza A virus to mutate by antigenic drift
and shift means. This feature made the virus more pathogenic
and increased its ability to infect human effectively [7].

Intensive research on this disease has been done, especially for
identification, diagnostic development, and prevention. The
results from in silico study on H5NI1 virus from Banten
Province clearly show that there are amino acid substitutions

ISSN: 0976-3104
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and modification of secondary structure. This has been
determined based on several type of HSNI1 virus comparison

8].

This research was conducted for observing whether the
mutation on HA, NA, and M2 are related on its high
pathogenicity on H5N1 virus in Banten, Indonesia, in the year
of 2007.The HA glycoprotein forms spikes at the surface of
virions, mediating attachment to host cell sialoside receptors
and subsequent entry by membrane fusion and the cleavage of
HA is required for viral infectivity and is a critical determinant
of viral pathogenicity [1]. The NA forms knoblike structures
on the surface of virus particles and catalyzes their release
from infected cells, allowing virus spread [1]. The M2 is a
transmembrane protein that forms an ion channel required for
the uncoating process that precedes viral gene expression [1].
These three have important roles in HS5NT1 infection process
and this process develops the pathogenicity of a virus.

The objective of this research is to conduct in silico analysis of
HA, NA, and M2 mutation on H5N1 virus in Indonesia, which
has certain influence on its high pathogenicity towards human.
The general steps are the construction of phylogenetic trees,
HA cut-out prediction by furin, the search for 3D structure,
molecular docking, and molecular dynamics.

[1I] MATERIALS AND METHODS

The following steps were conducted using Microsoft Windows XP
based PC.

2.1. Search and choose the sequences

The hemagglutinin, neuraminidase, and matrix2 from H5N1 subtype
were downloaded from the Influenza Virus Resource database of the
National Center  for  Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov.html). The 37 H5N1 virus genomes that
have HA, NA, and M2 full length sequences were used in this study.

2.2. Multiple alignments

This step was conducted by using ClustalW online program
(www.ebi.ac.uk/Tools/clustralw2/index.html). The alignment result was
interpreted to pinpoint the position of different amino acid on the region
of the receptor binding domain between H5N1 Indonesian virus and
H5N1 virus from other countries. The alignment data will be utilized for
mutation analysis of H5SN1 Indonesian virus.

2.3. Construction of Phylogenetic tree
The construction was meant to find the sequences with high homology

with HPAI. The process was conducted by using CLC Main Workbench
5.0 software, with sequence alignment as its input.
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2.4. HAO cleave cutting prediction by pro-
protein (Furin)

One of the important factors for pathogenicity is the HA cleaving
pattern by furin intracellular protein. The prediction was done by using
pro-protein (furin) online server (http://cbs.dtu.dk/services/ProP).

2.5. Building 3D model

The SWISS MODEL service was utilized to build 3D models for HSN1
virus protein, by finding the exact templates. Chosen 3D structures
were the ones with a sequence homology near 100% compared with
the virus sequences. The PDB files were exposed by using Molecular
Operating Environment (MOE 2008.10).

2.6. Molecular Docking

The found 3D structure was docked with its ligand by using molecular
docking software. Before the docking, preparation steps must be done.
This was done by removing water molecules, addition of hydrogen
atoms and charges. Further minimization was done using MOE
2008.10(MMFF94x). The utilized parameters for analyzing the complex
between protein and ligand are AGo binding and inhibition constant.
They are as follows:

The simulation on protein/ligand complex was done after molecular
docking steps with MOE 2008.10. Before molecular dynamics was
computed preparation steps were done for molecular docking, followed
by inserting the ligand in order to form the protein-ligand complex.
Then, the complex was minimized by force field MMFF94x and
solvable in Born form. The parameters were utilized in accordance with
MOE default, which is ensemble NVT (N, total atom; V, Volume; T,
Temperature) by using the NPA algorithm.

[1I] RESULTS

This research was only focusing on comparing HS5NI1
Indonesian virus strain (A/Indonesia/CDC1047/2007) as
reported to NCBI, with the HSN1 Hong Kong virus strain
(A/Hong Kong/482/97). The reason is to determine the
molecular difference between the two. The alignment was
done twice. First, the Indonesian virus sequence toward the
other 36 viruses. Second, the Indonesian virus sequence
toward the (A/Hong Kong/482/97) virus.

Table: 1. HA Docking data with alpha-2,6 sialic acid

HA (PDB ID) ‘AG (kkal/mol)  pKi Ki (uM)

Indonesia (21BX) -9,22| 6,72 0,19

Hong Kong (2FK0) -84613| 6,16| 0,69

Table: 2. NA Docking data with alpha-2,6 sialic acid

NA (PDB ID) AG (kkal/mol) pKi‘ Ki (uM)

Indonesia (2HTY) -9,1216 | 6,64

5,72

0,23
1,89

Hong Kong (2HUO0) -7,8524

ISSN: 0976-3104
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Table: 3. M2 Docking data with amantadine

M2 (PDB ID) AG (kkal/mol) pKi Ki (mM)
Indonesia (2RLF) -2,8202 2,05 8,79
Hong Kong (2KIH) -5,4129 3,94 0,11

Table: 4. M2 Docking data with Rimantadine

M2 (PDB ID) AG (kkal/mol) pKi Ki (mM)
Indonesia (2RLF) -4,6186 3,36 0,42

Hong Kong (2KIH) -5,1680 3,76 0,17

The protein sequences of HA, NA, and M2 from the influenza
virus were the sequences of HSN1 subtype. HSN1 was chosen
because this subtype caused avian influenza epidemic in
various countries, Indonesia was included from epidemic time
range of 2003-2007 and Indonesian H5N1 had the highest
pathogenicity. The search was conducted by accessing the
National Center of Biotechnology Information website
(http://ncbi.nlm.nih.gov/genomes/FLU/Database.html). It has
influenza database advanced data search in accordance with
the desired influenza virus specification. They are the
influenza type, viral host, the country of origin, type of protein
sequences, and influenza virus subtype. This research used
Influenza A virus with HPAI H5N1 subtype from human host
and H5N1 LPAI from avian host. HPAI HS5NI1 subtype
sequences were selected from Hong Kong, China, Vietnam,
Thailand, Laos, and Indonesia, whereas LPAI H5N1 subtype
sequences were selected from United States and Canada. The
downloaded protein sequences were HA, NA, and M2 full
length.

The downloaded HA, NA, and M2 FASTA sequences were
loaded into ClustalW2 program for Multiple Sequence
alignment process
(http://www.ebi.ac.uk/Tools/clustalw2/index.html). ClustalW?2
was used to align the amino acid sequences, in order to
analyze the occurred mutation on HA, NA, and M2 HPAI
H5N1 Indonesian virus on the last reported case to WHO
(A/Indonesia/CDC1047/2007) with HPAI HS5N1(A/Hong
Kong/482/97) which has been crystallized and deposited at the
Protein Data Bank (PDB). The conducted mutation analysis
between  A/Indonesia/CDC1047/2007 with  A/Hong
Kong/482/97 was limited only to the amino acids with
important role in active site binding, because this is the
determinant factor of the viral intrusion into the host cell. The
role of the active site on HA and NA is to bind the Sia (a-2,6)
Gal, while on M2 it's acting as ion proton channel and the
inhibition target of amantadine and rimantadine. The receptor
binding site of HA are in position 190, 225, 226, and 228
[Table-5]; on NA are in position 118, 152, 276, 292, and 371
[Table-6]; and on M2 are in position 27, 30, 31, 34, 37, and
41 [Table-7]. The positions 226 and 228 are specifically
affected for HA [9].
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Table: 5. HA sequence alignment analysis result

Positions

HA Sequence 190 225| 226 228
donesia/CDC1047/200
7 (2IBX) V L V K
/Hong Kong/482/97
(2FK0) E G Q G

Researchers reported that changes from hydrophilic to
hydrophobic on HA and NA results in an increase stability in
binding to sialic acid. This caused the increasing level of
pathogenicity in H5N1 Indonesian virus. Besides making
alignments toward H5N1 Indonesian virus and H5N1 PDB,
the alignment was done against all the chosen sequences. The
alignment results were used for building phylogenetic trees
[Figures 1, 2, and 3]. It would be useful to determine the
homology relation between Indonesian HPAI HSN1 and HPAI
HS5N1 from other countries [10].

~e A/Thailand/16/2004

999 A/Indonesia/CDC1047/2007
A/Indonesia/CDC1046/2007
A/Indonesia/CDC887/2006
A/Indonesia/CDC523/2006

41
47
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54
A/Indonesia/CDC836/2006
A/Indonesia/5/2005
A/Indonesia/CDC699/2006
L——e A/chicken/Banten/UT6025/2006
ag) 51 A/Shanghai/1/2006

27 E A/Anhui/1/2005

59 A/Jiangsu/1/2007
o) A/Laos/NongKhai

]—o A/Vietnam/HN31242/2007

A/HongKong/483/97
A/Chicken/HongKong/220/97
A/HongKong/156/97
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Table: 6. NA sequence alignment analysis result

Position

A/Indonesia/CDC1047/2007

(2HY) Al S| W| Y| G
A/Hong Kong/482/97

(2HU0) Rf R|] E|] R| R

M2 Sequence

(2RLF)

Allndonesia/CDC1047/2007

Table: 7. M2 sequence alignment analysis result

Position

N
w
w
w
w
NN

A/Hong Kong/482/97 (2KIH)

>
>
zZ
®
T
= |2

A/Indonesia/CDC1032/2007
A/Indonesia/CDC1031/2007

100l A/Indonesia/CDC610/2006
A/Indonesia/CDC326/2006

A/gull/Pennsylvania/4175/83

L—e A/Thailand/676/2005
A/Vietnam/CL105/2005
A/Vietnam/CL115/2005
A/Vietnam/CL119/2005
A/Cambodia/R0405050/2007
A/Cambodia/JP52a/2005

L A/Vietnam/1203/2004
A/Vietnam/1194/2004

L—— A/Thailand/NBL1/2006

0.060

Fig: 1. Phylogenetic tree of HA H5N1

57}_.—‘
100 A/duck/Minnesota/1525/1981
_%E.A/muteswan/Michigan/451072/2006

A/mallard/ON/499/2005
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» A/Indonesia/5/2005
79 A/Vietnam/HN31242/2007
m;hanghai/l/ZOOG

A/Vietnam/CL115/2005
A/Vietnam/CL105/2005
A/Vietnam/CL119/2005
A/Cambodia/JP52a/2005
A/Cambodia/R0405050/2007
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A/Thailand/16/2004
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of

100{ » A/mallard/ON/499/2005
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A/HongKong/156/97
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49¢ A/Indonesia/CDC1031/2007

3046 A/Indonesia/CDC887/2006

66 A/Indonesia/CDC699/2006

A/Indonesia/CDC523/2006

0.080

Fig: 2. Phylogenetic tree of NA H5N1

w

The HA protein is useful for the binding process toward host
cell sialic acid receptor. After proteolitic process activation of
HA precursor into HA1 and HA2, the virus starts to fuse with
host cell. Previous research had shown that the HA cleaving
robustness is an important factor of avian influenza virus
virulence. LPAI has one arginine residue at the cleaving area.
Henceforth, it could only be cleaved by extra-cellular protease
like trypsin. Therefore, viral infection only occurred at the
host cell, while HPAI having poly-basic amino acids could be
cleaved by intracellular protease like furin. This allowed viral
infection to spread systemically to the whole host cell tissue

[11].

The computational results from online server furin pro-protein
clearly show that A/Indonesia/CDC1047/2007 virus has R-X-
K/R-R pattern, which is similar to A/Hong Kong/482/97
[Table-8]. This result clearly grouped Indonesian strain along
with Highly Pathogenic Virus.

The 3D structure search was done by RSCB server
(http://www.rcsb.org/pdb/static.do?p=search/index.html). The
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A/Vietnam/1203/2004

0.250
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21

56}

&

A/gull/Pennsylvania/4175/83

Fig: 3. Phylogenetic tree of M2 H5N1

method of this research utilized homology modeling on HA,
NA, and M2 matrix of H5N1 Indonesian virus by using
SWISS-MODEL workspace server. The process was
conducted by giving sequence file input for browsing the 3D
structure in FASTA format. The chosen mode is automated.

Table: 8. HA cleavage result by Furin

Furin-type Cleavage Site

A/Vietnam/CL115/2005

Sample of H5N1 Prediction
A/Indonesia/CDC1047/2007 (ABM90533) ESRRKKR|GL
A/Hong Kong/482/97 (AAC32100) ERRRKKR|GL
A/Shanghai/1/2006 (BAH10637) RERRRKR|GL
A/mallard/ON/499/2005 (ABQ43787) none

The downloaded 3D structure was utilized to a molecular
docking simulation toward Sia(a-2,6)Gal. Molecular docking
simulation was conducted by using MOE-dock 2008.10
software. Ligand structure was drawn by using MOE2008.10
builder feature. Before starting the molecular docking, ligand
was drawn and prepared. Ligand preparation was conducted
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by using wash function and gas phase MMFF94x (i.e. no
salvation was considered). The default parameters of MOE
were utilized. One of the MOE features utilized was
protonate-3D. It is a feature to solve the macromolecular
protonation state assignment problem by selecting a
protonation state for each chemical group that minimizes the
total free energy of the system. The important parameter for
protonate-3D is the repair of partial charge, which means
substitution of the solvation mode while computing the force
field of the molecule. The repair of partial charge and
hydrogen atom was done to have the optimum state of the
ligand, by using default parameter as well. The optimum state
of the ligand was reached when the optimum minimization
energy of protein-ligand conformation was attained. After the
preparation, the same steps were done for the 3D structures of
HA, NA, and M2. These steps were necessary to secure the
optimum state of HA, NA, and M2 protein. The start
configuration of the HA, NA, and M2 was initiated after the
protonate-3D procedure [13].

The molecular dynamic simulations on HA, NA, and M2 of
H5N1 Indonesian virus from its crystal structure on PDB was
done to validate the interaction between protein and its ligand.
The dynamic simulation was conducted on initialization step.
The protein-ligand complex was optimized with partial
charges and minimized with force field MMFF94x. However,
this solvation was utilizing Esol calculation on the system.
This process was conducted by using solvent.

The utilized statistics for conformation simulation was
computed on the ensemble of structures. It was using MOE
default, which is ensemble NVT with constant temperature of
300K and 101kPa pressure, while using NPA algorithm for
adjusting the whole parameters. The position, velocity, and
acceleration results were saved every 0.5 pico second [13].

“H
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~
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[IV] DISCUSSION

The alignment of HA H5N1 Indonesian virus toward HA of
PDB (2FKO) shows, that mutation is close to HS5NI1
Indonesian virus receptor binding site. It was observed that in
position 190 and 226 a changing amino acid property, from
hydrophilic to hydrophobic, occurred. However, on position
225 and 228, the changed amino acid still retains its
hydrophobicity. The alignment of NA H5N1 Indonesian virus
toward NA of PDB (2HUO) clearly shows that mutation is
imminent on receptor binding site. It was observed, that in
position 118, 276, 292, and 371 occurs a changing property of
amino acid, from hydrophilic to hydrophobic. However, the
mutation on position 152 still retains its hydrophilicity. The
alignment of M2 H5N1 Indonesian virus with M2 of PDB
(2KIH) clearly shows mutation of H5N1 on active site
position. It is occurred on active site position 27. However, the
mutation still retains its hydrophilicity property.

The phylogenetic tree indicated that Indonesian HPAI H5N1
is closer with a HPAI H5N1 branch from other countries. It
could be inferred, that they have a close homology relation.
The close relationship is shown in HA, NA, and M2 sequences
[Figures-1 to 3].

Information for [Table 1-4]: It is a parameter from MOE. The
complete formula which is necessary for comprehending the
table is as follows:

AG =—RTInKp (1)
1
Kp=— )
Ki
Fig: 4. Docking visualization of 2ibx with sialic acid: A is
- lle_225, B is Val_226, Cis Lys_228, D is Arg_232
~ Fig: 5. Docking visualization of 2fk0 with sialic acid: A is
Asn_186, B is Ser_227, C is Lys_232, D is Gly_228, E is
GIn_226, F is Gly_225, H is Lys_193, | is Ser_137
Fig: 6. Docking visualization of 2hty with sialic acid: A is
Lys_245, B is Glu_291, C is Tyr_292, D is Val_247, E is

Glu_248, F is Asp_250

Fig: 7. Docking visualization of 2hu0 with sialic acid: A is
Tyr_347, B is Arg_371, C is Pro_431, D is Arg_152, E is
Asp_151, F is Pro_431, G is Arg_430, H is Thr_439, | is
Arg_118

©ITOAB-India

-
Vol. 1; Issue 3; 2010

22



The IIOAB Journal

HA docking result with a-2,6 sialic acid [Figure-4], [Figure-
5] and respective deltaG data [Table-1] clearly show that HA
H5N1 Indonesian virus has higher binding affinity towards
sialic acid.

HA docking results with alpha-2,6 sialic acid [Figure 6],
[Figure 7] and respective deltaG data [Table 2] clearly show
that NA HSNI Indonesian virus has higher binding affinity
towards sialic acid.

Figi11.

Fig:10.

The visual data from the docking simulation show that HA
and NA from H5N1 Indonesian virus binds better than
crystallized H5N1 virus from PDB. This clearly shows that
H5N1 Indonesian virus has higher infection efficiency
compared with other HSN1. It made the pathogenicity level of
Indonesian H5N1 higher than the others. The M2 visual
docking simulation rimantadine and amantadine show that
H5N1 Indonesian virus has higher resistance toward both
drugs, compared with crystallized H5SN1 virus from Hong
Kong.

The dynamic simulation analysis was done by observing the
protein-ligand complex interaction among their atoms. The
dynamic simulation shows that HSN1 virus has resistance
towards both drugs, because they didn't bind with M2 active
site. However, this step is not conclusive, and requires further
computation (data not shown).

[V]1 CONCLUSION

The phylogenetic tree analysis shows that HSN1 Indonesian
virus has a close relationship with HPAI H5N1 from other
countries. However, it belongs to its own cluster, which differs
by its pathogenicity.

noAB
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M2 docking result with Amantadine [Figure-8], [Figure-9]
and respective deltaG data [Table-3] clearly show that M2
H5N1 Indonesian virus has a lower binding affinity toward
amantadine.

M2 docking result with Rimantadine [Figure-10], [Figure-11]
and respective deltaG data [Table-4] clearly show that M2
H5N1 Indonesian virus has a lower binding affinity toward
Rimantadine.

Fig: 8. Visual Simulation Docking of 2RLF toward
amantadine: A is Ala_30
Fig: 9. Visual Simulation Docking of 2KIH toward

amantadine: A is Gly_34, Bis lle_35

Fig: 10. Visual Docking Simulation of 2RLF toward

rimantadine: A is Ala_30, B is Gly_34

Fig: 11. Visual Docking Simulation of 2KIH
rimantadine: A is His_37, B is Trp_41, Cis Leu_38

toward

The sequence alignment analysis has shown that HA, NA, and
M2 of H5N1 Indonesian virus has amino acid mutation on its
active site, and it is followed with the attribute change from
hydrophilic to hydrophobic. It rendered the HSN1 Indonesian
virus more pathogenic.

The molecular docking analysis shows that HA and NA H5N1
Indonesian virus has a better ability to bind sialic acid
receptor, and the activity of amantadine and rimantadine did
not give any inhibition toward active site of M2 HS5NI1
Indonesian virus. It caused the Indonesian H5N1 to have a
higher pathogenicity.

We suggest conducting further research on molecular
dynamics of HA, NA, and M2 H5N1 mutation.
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ABSTRACT

Four edible aroid species were selected for the study. The genomic DNA of the plants was isolated and
estimated. A part of the genomic DNA was used for analysis using six different primers from Operon
Technologies, USA. The genome size determined for the aroids is in the order of Colocasia esculenta>
Xanthosoma caracu> Xanthosoma sagittifolium > Amorphophallus paeonifolius. Amorphophallus
species was found to be 50% similar to both Xanthosoma caracu and Colocasia esculenta. The
analysis will provide a ground for exploring the vast diversified aroid population of the region.

Keywords: RAPD; aroid; genome size

[11 NTRODUCTION

Corms were important root crops of Asia [1]. India-Myanmer
area is considered as the center of origin for C. esculenta [2].
Assessment of genetic diversity of aroids needs immediate
attention for the improvement of these crops. Few reports are
available on the use of molecular markers to study genetic
diversity in taro such as restriction site variation in rDNA,
mitochondrial DNA [3] and RAPD markers [4]. Reports are
available on unpredictable changes in the chromosomes during
cell division resulting in the lack of uniformity in this crop [5].
They reported chromosome number of aroids to be 2n=
22,26,28,38 and 42 in the plants collected from various
locations. RAPD profiling of Xanthosoma caracu was reported
by Schnell et al. (1999) [6].

The amount of nuclear DNA and size of the genome (C-value)
are two important biodiversity characters, the study provides a
strong unifying element in biology with practical and
predictive uses. The RAPD analyses of aroid species were
important for their identifications and similarity assessment.
The letter ‘C’ of C-value stands for ‘constant’; the constant
amount of DNA which could be a characteristic of a particular
genotype [7]. Hinegardner (1976) described genome size as an
important biodiversity parameter [8]. Till date, flow cytometry
and fuelgen densiometry (densitometry) are the standard
methods for the determination of genome size. But, these
established techniques need sophisticated instruments, which is
not possible in all situations. Although, the flow cytometry
yields almost accurate and reproducible amount of 2C DNA

content of plant species, the problem starts with expeditions to
more distant areas, when the transport and maintenance of the
material become an issue. Moreover, the cost of establishing a
flow cytometry laboratory may be prohibitive in certain areas
[9]. The north eastern region like many other region of the
country, regarded to be the biodiversity hotspot is yet to
establish a flow cytometry laboratory. On the basis of the
above facts, the present investigation has been undertaken to
estimate the genome size using the method described by
Konwar et al. (2007) [10].

[117 MATERIALS AND METHODS

2.1. Plant materials

Four aroid species A. paeonifolius, X. caracu, X. sagittifolium and C.
esculenta were grown in Tezpur University campus. The young tender
shoots of the plants were used for the isolation of genomic DNA. The
primers were obtained from Operon technol. Pvt. Ltd. (USA) with
sequences as follows: OPW-04: 5-CAGAAGCGGA-3; OPW-05: 5-
GGCGGATAAG-3; OPW-08: 5-GACTGCCTCT-3; OPW-10: 5-
TCGCATCCCT-3; OPW-15: 5-ACACCGGAAC-3 and OPW-16: 5-
CAGCCTACCA-3.

2.2. Isolation of Genomic DNA

Genomic DNA was isolated using the method described by Ronning et
al. (1995) [11]. One gram leaf frozen with liquid nitrogen was ground
using mortar and pestle. The extraction buffer 10 ml [100mM Tris-HCI,
pH 8.0; 250mM NaCl; 25 mM ethylenediaminetetraacetic acid (EDTA);
0.1% (v/v) 2-mercaptoethanol; 100 mM diethyldithiocarbamic acid
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(DEDTC); 2% (w/v) polyvinylpyrrolindone (PVPP)] was added and
grinding continued. The tissue homogenate was filtered through four
layers of cheesecloth. Sodium dodecyl sulfate (SDS) was added to a
final concentration of 1.25% the mixture was shaken vigorously and
incubated at 650C for 10 min. Potassium acetate was added to the
final concentration of 1.2 M, again shaken vigorously and incubated at
00C for 20 min, followed by centrifugation at 25,000 g for 20 min at
40C. The supernatant was filtered through two layers of miracloth,
combined with 2/3 volume ice cold isopropanol and precipitated at -
200C for overnight. The DNA was pelleted at 20,000 g for 15 min at
40C. The pellet was dried and resuspended in 400l Tris-EDTA (TE)
pH 7.4. Each DNA sample was treated with ribonuclease A (RNase A,
Bangalore Gene, India) with a concentration of 50 mg mi-1 and
incubated at 370C for 30 min. Organic extraction was performed
adding an equal volume of phenol : chloroform : isoamyl alcohol
(25:24:1) shaked vigorously and then centrifuged at 12,000 g for 10
min. The process was repeated with chloroform: isoamylalcohol. The
DNA was then precipitated by adding NaCl to a final concentration of
0.2 M and two volumes of ice cold 95% ethanol, incubated at -200C for
30 min and centrifuged for 15 min at 12,000 g to pellet the DNA. The
pellet was dried and resuspended in 100 pl TE (pH 7.4).

2.3. Determination of yield and quality of DNA

The yield and quality of the DNA was determined using the method
described by Gallagher (1987) [12]. The isolated DNA 50 ul was
evaporated to dryness using Maxi Dry Plus under 1mbar atm pressure
at 35°C. The dried DNA was dissolved in 1 ml 1X TNE buffer
containing 0.01 M Tris base, 1 mM EDTA and 0.2 M NaCl (pH adjusted
to 7.4 with concentrated HCI). Both blank and samples were analyzed
at 325nm for confirming clean cuvettes. Absorption at 230 nm for
detecting any phenol contamination was also measured. The purity
level of the DNA isolated was estimated from absorption at 260:280
nm. The quantification of the DNA was done putting the absorption
value at 260 nm in the following formulae:

Concentration of dsDNA (ug/ml)=A26,/0.020

Where, Agg- absorption value of DNA in TNE after subtracting
TNE blank absorption

value; ds, double stranded; 0.020- molar extinction coefficient
with a unit of M

cm™.

2.4. DNA amplification

PCR amplification was carried out using RAPD decamer primers
(Operon Technologies, USA). The reaction mixture (25 pl) consists of
100 ng template DNA, 1X reaction buffer (10 mM Tris-HCI pH 9.0, 50
mM KCI and 1.5 mM MgCI2), 100 pyM of each of the dATP, dTTP,
dCTP and dGTP, 5 pM primer and 0.5 U of Tag DNA polymerase
(Bangalore gene, India). Amplification was performed using the thermal
cycler Gene Amp PCR system 9700 (Applied biosystems) with a
heated lid to reduce the evaporation under the conditions of an initial 1
min denaturation at 940C, followed by 45 cycles of 1 min at 940C, 1
min at 350C, and 2 min at 720C, with a final 5 min extension step at
720C. Approximately, 15 pl of the amplified products were loaded on a
2% agarose gel and separated by electrophoresis in TAE (Tris 1.6 M,
acetic acid 0.8 M, EDTA 40 mM) at 100 volts. After electrophoretic
separation for 90 min, the gel was stained with ethidium bromide and
visualized in UV light. A 100 bp ladder (Bangalore gene, India) was
loaded in all gels used as the molecular marker. Following
electrophoresis, the gel was photographed using Geldoc 1000
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(Biorad).The primers used in the experiment were OPW-04, OPW-05,
OPW-08, OPW-10, OPW-15 and OPW-16.

2.5. Genome size determination

Genome size determination was done using the method of Konwar et
al. (2007) [10]. The method can be divided into two broad categories,
(a) determination of leaf tissue and cell volume and (b) genome size
determination.

(a) Determination of leaf tissue and cell volume: Fine transverse
and longitudinal cross sections of the pre-weighted leaf tissue of 1 cm2
size were obtained with a sharp sterile blade and observed under a
microscope (Carl Zeiss microlmaging, Germany) at 10X40x
magnification. The volume of the whole tissue section (1 cm2) was
determined (lengthxbreathxthickness). The length, breath and
thickness of rectangular cells; length and radius of the cylindrical cells
and radius of spherical cells were measured with a micro scale having
400x magnifications. Data generated from five randomly selected cells
of five random sections as well as cell volumes were recorded with the
specific formulae. The intercellular space of the leaf tissue of the aroid
was measured in five small leaf sections of known dimensions by
measuring with a micro scale at 400x magpnification.

(b) Genome size determination: The genome size of the plant species
was determined using the following calculations:

Average volume of a single cell (Ixbxt) = xu3 where,

| = length
b= breath
t = thickness

Volume of a tissue (Ixbxt) =t u3
Volume of the intercellular space = s y3
Actual cell mass = (t-s) = v y3

Total number of cells in the cell mass = v u3/xu3 =y
Now, weight of the tissue section = wg
wg tissue contains =y cells

So, 1g tissue will contain cells = y/w
DNA yield per gram of leaf tissue = d pug
=dx106 pg

So, one cell contains = (dx106)/(y/w) pg
= (dx106)/(y/w) x 978 Mbp

2.6. Data analysis for RAPD

The images were analyzed using Biored software for the estimation of
molecular weight of the bands. The pair wise genetic similarity matrix
between the genotypes was generated using Jaccard’s coefficients.

[IlI] RESULTS
3.1. Yield and quality of the DNA

The absorption readings obtained of the purified genomic DNA of the
four aroids were presented in Table—1. From the absorption values it
can be concluded that the cuvettes were clean and there is no phenol
contamination in the purified DNA [12]. The absorption in 325nm and
230 were taken to confirm phenol free DNA sample and clean cuvette
[Table—1]. All four DNA samples show 260/280 ratio above 1.7
[Table—1], which signifies the high purity of the DNA. The yield
follows the order of X. sagittifolium > A. paeonifolius > C. esculenta > X.
caracu. The X. sagittifolium shows not only high yield but also highly
pure DNA [Table—1].

3.2. RAPD analysis and dendrogram
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As shown in the Figure1 the primer OPW-15 sequences are present
only in the C. esculenta. Figure 1 also depicts the absence of OPW-15
and OPW-16 sequences in the Amorphophallus. paeoniifolius.
Amplification of genomic DNA using six primers yielded 25 reproducible
RAPD loci for an average of 4.16 bands per primer; 21 (84%) of them
were polymorphic and 4 (16%) were monomorphic. Among
Xanthosoma sagittifolium and Xanthosoma caracu only four bands
(16%) were polymorphic with the rest of polymorphism existing
between Colocasia esculenta and Amorphophallus paeonifolius (figure
1) [Table 2]. As seen in the figure 2 the two species of Xanthosoma
genus were more similar as compared to the Colocasia esculenta and
Amorphophallus paeoniifolius. The Amorphophallus paeoniifolius was
more similar to the two Xanthosoma species as compared to the
Colocasi a esculenta.

The primers were selected in view of their polymorphism in Indian
Colocasia esculenta cultivars [5]. The results showed that the both
Xanthosoma sagittifolium and Xanthosoma caracu species are closely
related to each other (66%) as compared to their similarity to
others [Table 3]. Amorphophallus paeoniifolius species was found to
be 50% similar to both X. caracu and C. esculenta but dissimilar to X.
sagittifolium. Hence, it could be concluded that X. caracu and C.
esculenta species are equally distant from A. paeonifolius species
[Table 3]. C. esculenta used in this study might be the same
morphotype M-5 having ID no. TC5 used for RAPD analysis by
Lakhanpaul et al. (2003) [5].

3.3. Genome size analysis

The genome size determined for the aroids are in the order of C.
esculenta> X. caracu> X. sagittifolium > A. paeonifolius. The genome
size of C. esculenta was found to be 14.10 pg and it was in between 2C
and 3C value as given by Bennett and Leitch (2005b) for C. antiquorum

[13]. They also provided 1C value of X. sagittifolium to be 8.8 pg,
which is 0.76 pg higher than that of the present investigation [Table
4].

[IV] DISCUSSION

The study is a preliminary investigation to estimate the genetic
similarity and dissimilarity between the edible species of
aroids. The primers selected for the study were well
established for the C. esculenta of India. In the present
investigation it was observed that primers are also providing

Aroid species 260/280 ‘ DNA pg/gm

leaf
Amorphophallus paeoniifolius 1.735 183.5
Xanthosoma caracu 1.814 159.21
Colocasia esculenta 1.754 175.21
Xanthosoma sagittifolium 1.916 207.24

Table: 1. DNA purity and content of the aroids

nHoAB
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reliable polymorphism in A. paeonifolius. These primers
selected for the study showed 88.9-100.0% polymorphism in
the case of Indian C. esculenta morphotypes, which are also
reported by Lakhanpaul ez al. (2003) [5]. The genome diversity
analyses of aroids with a limited number of genotype are not
enough to prepare a dendrogram. A large scale diverse
morphotypes using more number of suitable primers could be
needed for the same.

The genome size of the edible species was determined using a
comparatively easy and established method than prevalent
expensive methods like fuelgen densiometry and flow
cytometry. The genome size determination was already
established by Konwar et al. (2007) [10]. At present, flow
cytometry is becoming a popular method in determination of
genome size. The method needs the establishment of the
sophisticated costly equipment, flow cytometer. The cost is
indeed prohibitive for most of the organizations and handling
the equipment needs expert man power. On the other hand,
discrepancies are observed in flow cytometry data of a single
sample analysed in different laboratories. Hence, an effort was
made to develop a novel but simple and less expensive method
for the determination of genome size of plants without
compromising the quality of the work. With the collection of
suitable tender leaves from the raised corms of the selected
edible aroids for genomic DNA isolation we could obtain most
of the genomic DNA. The protocol followed in the
investigation could yield quality DNA as evident from the UV-
VIS spectrophotometric absorbencies ratio at 260:280 nm
being 1.735-1.916. Two critical points were taken into account
in this method; firstly, the method for the isolation of genomic
DNA was such that it could isolate almost all the DNA from
the nuclei, and secondly the accurate determination of the
intercellular space in the concerned edible aroids species. The
developing countries on one hand have a vast resource of plant
biodiversity while on the other hand they face the problem of
acquisition and maintenance of flow cytometers [14]. Hence,
present method could be great help for the researcher of
developing country having limited excess to the facilities like
flow-cytometry.

Primers Base pair length (bp)
OPW-04 327a, 571b, 636a, 1264a.
OPW-05 471c, 542c, 610a, 812c.
OPW-08 903a, 924c, 1244a, 1992c
OPW-10 454a, 460c, 1027c, 1047a, 1153a, 473b.
OPW-15 1224c.
OPW-16 297d, 386¢, 461d, 505¢, 1149b, 2043b.

NB: a, A. paeonifolius; b, X. caracu; c, C. esculenta and d, X.
sagittifolium.

Table: 2. Primers and base pair lengths of RAPD generated
markers
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A. paeonifolius X. caracu C. esculenta X. sagittifolium

Amorphophallus paeoniifolius 1

Xanthosoma caracu 0.5 1

Colocasia esculenta 0.5 0.33 1

Xanthosoma sagittifolium 0 0.66 0.33 1

Table: 3. Pair-wise genetic similarity matrix between 4 aroids based on Jaccard’s coefficient

Aroid species ‘ Genome sizein pg (C) Genome size in Mbp (C)
A. paeonifolius 5.04 4929.12
X. caracu 8.21 8029.38
C. esculenta 141 13789.8
X. sagittifolium 8.04 7863.12

Table: 4. Genome size of the aroid species

Fig: 1. RAPD profile of aroid species. 1-6: OPW-04, OPW-05, OPW-08, OPW-10, OPW-15 and OPW-16, respectively. (a) A.
paeonifolius, (b) X. caracu, (c) C. esculenta and (d) X. sagittifolium. L represent kilobase ladder, 100-1000 bp were developed.

T T T T 1
ol11 033 056 078 100

Coefficient

Fig: 2. The dendrogram based on RAPD data (a, Amorphophallus paeoniifolius; b, Xanthosoma caracu; ¢, Colocasia esculenta
and d, Xanthosoma sagittifolium).
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[V] CONCLUSION

The genome size of the species was determined using a new
method. The method did not require costly instruments like
flowcytometry. As mentioned in the discussion the method
provides comparable results with flow cytometry. Reports are
available regarding variations among the flowcytometry results
[7].The amount of DNA in the nucleous is directly proportional
to the chance of survival of a species by not becoming extinct
[7]. The contribution to the genome size research from a
country like India is very little/not representative [7]. In the
light of the discussion above, it can be suggested that
popularizing this type of genome size estimating method will
allow the developing country researcher to contribute more to
the field of genome size. The RAPD analysis of the aroid
species provides information on the genetic similarity and
phylogenetic relation.

FINANCIAL DISCLOSURE

The present method is suitable especially for comparisons of genome
sizes of different species and genus of living forms. The method needs
up gradation and future research to establish it in the field of genome
side estimation.
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