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Abstract: Artificial neural networks (ANNs) have become a popular tool in the analysis of remotely sensed data.
Remotely sensed images are major sources of data and information that are used in various fields such as environmental
studies, forest management, and urban change detection etc. Although significant progress has been made in image
classification based upon neural networks, a number of issues remain to be resolved. This paper reviews remotely
sensed data analysis with neural networks. First, we present an overview of the main concepts underlying ANNS,
including the main architectures and learning algorithms. Then, the main tasks that involve ANNs in remote sensing are
described. The limitations and crucial issues relating to the application of the neural network approach are discussed. A
brief review of the implementation of ANNs in some of the most popular image processing software packages is
presented. Finally, we discuss the application perspectives of neural networks in remote sensing image analysis.
Remotely sensed images are major sources of data and information that are used in various fields such as environmental
studies, forest management, and urban change detection etc. So far many efforts have been performed to extract
information from remotely sensed images and various methods have been developed in this field. One of the main
approaches is quantitative analysis (digital interpretation). Among digital techniques, classification is a common and
powerful information extraction method, which is used in remote sensing. There are two techniques that are used for
classification in pattern recognition such as Supervised Classification and Unsupervised Classification. In supervised
learning technique the network knows about the target and it has to change accordingly to get the desired output
corresponding to the presented input sample data. Most of the previous work has already been done on supervised
classification. In this study we are going to present the classification of satellite images using Unsupervised
classification method of ANN.

[Dharmbeer Singh, Gaurav Sharma, Garima Bhardwaj. Application of Artificial Neural Network to Satellite Images

Classification. Academia Arena, 2012;4(4):1-4] (ISSN 1553-992X). http://www.sciencepub.net. 1
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variety of engineering and scientific disciplines such

I INTRODUCTION as biology, psychology, medicine, marketing,

Artificial Neural Networks are the computing
models that are inspired by biological neural network
and provide new directions to solve problems arising
in natural tasks. In particular, it is hoped that neural
network would extract the relevant features from the
input data and perform a pattern recognition task by
learning from examples without explicitly stating the
rules for performing the task.

Currently most of the neural networks models are
severely limited in their abilities to solve real world
problems. For problems such as speech recognition,
image processing, natural language processing and
decision-making, it is not normally possible to see a
direct mapping of the given problem on to a neural
network model. These are natural tasks, which human
beings are good at, but we still do not understand how
we do them. Hence it is a challenging task to find
suitable neural network models to address these
problems.

Automatic recognition, description, classification
and grouping of patterns are important problems in a

computer vision, artificial intelligence and remote
sensing. In the most pattern recognition problems,
patterns have a dynamic nature and non-adaptive
algorithms (instruction sets) will fail to give a realistic
solution to the problem. So in these cases, adaptive
algorithms are used and among them, neural networks
have the greatest hit. For example, the defense
applications very frequently need to record, detect,
identify and classify images of objects or signals
coming from various directions and from various
sources- static or dynamic. There are many
applications in remote sensing like deforestation,
effects of natural and manmade disasters, migration in
the path of river due to dynamic nature of earth plates
where study of dynamic data is needed.

Artificial Neural Networks (ANN) can play a role
in such applications because of their capability to
model nonlinear processes and to identify unknown
patterns and images based on their learning model, or
to forecast certain outcomes by extrapolation. On the
basis of properties like steepness of slopes, local relief
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(the maximum local difference in elevation), cross
sectional forms of valley and divides, and texture of
the surface material etc. considerable foresight can be
achieved regarding temporal changes in land patterns.
The land pattern of landform differences is strongly
related in the arrangement of such other features of the
natural environment as climate, soils, and vegetations.
In the present work we wish to classify satellite
images wusing ANN’s pattern recognition and
classification  capabilities. =~ The  Unsupervised
Classification approach uses self organizing feature
map to classify the patterns. The Self-organizing
feature maps (SOFM) transform the input of arbitrary
dimension into a one or two dimensional discrete map
subject to a topological (neighborhood preserving)
constraint. The feature maps are computed using
Kohonen unsupervised learning. The output of the
SOFM can be wused as input to a supervised
classification neural network such as the MLP.
This network's key advantage is the clustering
produced by the SOFM which reduces the input space
into representative features using a self-organizing
process. Hence the underlying structure of the input
space is kept, while the dimensionality of the space is
reduced.

II. ARTIFICIAL NEURAL NETWORK

The ANN is usually implemented using electronic
components (digital or analog) and/or simulated on a
digital computer. It employs massive interconnection
of simple computing cells called ‘neurons’ or
“processing elements (PE)”. It resembles the brain in
two ways :

e Knowledge is acquired by the network through
learning process,

e Inter neuron connection strengths (synaptic weights)

are

responsible for storing the knowledge.

The way the synaptic weights change is what makes
the design of ANNs. An ANN works as follows:-

A neuron receives inputs from a large number of
other neurons or from an external stimulus. Weighted
sums of these inputs are fed into a nonlinear activation
function. The output of this function is fanned out
(distributed) to connections to other neurons. The
topology of neuron connections defines the flow of
information in the network. The way the weights are
adjusted in the network constitutes the learning
process. Thus the three essential components of an
ANN computational system are- activation function,
architecture, and, the learning law. Due to the
differences in these three components, different ANN
structures are explored for various applications and
these structures differ in their computational
complexities and requirements.

The main attributes of neural processing are its
nonlinear and adaptive learning capability, which
enables machines to recognize possible variations of a
same object or pattern and/or to identify unknown
functions and mappings based on a finite set of
training data, which can be noisy with missing
information. Based on this ‘Training by example’
property with strong support of statistical and
optimization theories, neural networks are becoming
one of the most powerful and appealing nonlinear and
adaptive data analysis tools for a variety of signal
processing applications[1].

III. SELF ORGANIZING FEATURE MAP

The Self Organizing Maps developed by Teuvo
Kohonen in 80’s has now become a well known tool,
with established properties. A  Self-Organizing
Map(SOM) or self-organizing feature map (SOFM) is
a type ofartificial neural network that is trained
using unsupervised learningto produce a low-
dimensional (typically two-dimensional), discretized
representation of the input space of the training
samples, called amap. Self-organizing maps are
different from other artificial neural networks in the
sense that they use a neighborhood function to
preserve the topological properties of the input space.
The Self Organizing Feature Maps have been
commonly used since their first description in wide
variety of problems as classification, feature extraction,
pattern recognition and other related application.

Self-organizing feature maps (SOFM) learn to
classify input vectors according to how they are
grouped in the input space. They differ from
competitive layers in that neighboring neurons in the
self-organizing map learn to recognize neighboring
sections of the input space. Thus, self-organizing maps
learn both the distribution (as do competitive layers)
and topology of the input vectors they are trained
on[5].

The neurons in the layer of an SOFM are arranged
originally in physical positions according to a topology
function. Distances between neurons are calculated
from their positions with a distance function.

The Kohonen Self Organizing Feature Map can be
defined as an Unsupervised Classification Algorithm
from the artificial neural network paradigm.

IV. SOFM TO CLASSIFY THE SATELLITE IMAGES

In the present work self-organizing feature map
network identifies a winning neuron using the same
procedure as employed by a competitive layer.
However, instead of updating only the winning neuron,
all neurons within a certain neighborhood of the
winning neuron are updated using the Kohonen rule.
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The weights of the winning neuron (a row of the input
weight matrix) are adjusted with the Kohonen learning
rule. Supposing that the ith neuron wins, the elements
of the ith row of the input weight matrix are adjusted
as shown below.

iIW1,1(q) =ilW1,1(g-1) + a(p(q) —iIW1,1(g-1))

The Kohonen rule allows the weights of a neuron to
learn an input vector, and because of this it is useful in
recognition applications. Thus, the neuron whose
weight vector was closest to the input vector is
updated to be even closer. The result is that the
winning neuron is more likely to win the competition
the next time a similar vector is presented and less
likely to win when a very different input vector is
presented. As more and more inputs are presented,
each neuron in the layer closest to a group of input
vectors soon adjusts its weight vector toward those
input vectors. Eventually, if there are enough neurons,
every cluster of similar input vectors will have a
neuron that outputs 1 when a vector in the cluster is
presented, while outputting a 0 at all other times. Thus,
the competitive network learns to categorize the input
vectors it sees.

Finding the negative distance between input vector
p and the weight vectors and adding the biases b
compute the net input. If all biases are zero, the
maximum net input a neuron can have is 0. This
occurs when the input vector p equals that neuron's
weight vector. After this computation all neurons
within a certain neighborhood Ni*(d) (2) of the
winning neuron are updated using the Kohonen rule.
Specifically, we adjust all such neurons as follows.

iIW1,1(q) =iIW1,1(g-1) + op(q) — iTW1,1(g-1))

or

iw(q) = (1-a)iw(q-1) + ap(q)

Here the neighborhood Ni*(d) (2) contains the
indices for all of the neurons that lie
Within a radius " d " of the winning neuron i* (1).

Ni(d) = {j,dij<d}

Thus, when a vector is presented the weights of the
winning neuron and it's close neighbors move toward.
Consequently, after many presentations, neighboring
neurons will have learned vectors similar to each
other[6].

V. UNSUPERVISED CLASSIFICATION

Unsupervised Neural networks are one of the most
fascinating topics in the neural network field. Such
networks can learn to detect regularities and
correlation in their input and adapt their future
responses to that input accordingly. The neurons of
competitive networks learn to recognize groups of
similar input vectors. Self-organizing maps learn to
recognize groups of similar input vectors in such a
way that neurons physically near each other in the
neuron layer respond to similar input vectors[7].

Learning vector quantization (LVQ) is a method for
training competitive layers in a supervised manner. A
competitive layer automatically learns to classify input
vectors. However, the classes that the competitive
layer finds are dependent only on the distance between
input vectors. If two input vectors are very similar, the
competitive layer probably will put them in the same
class. There is no mechanism in a strictly competitive
layer design to say whether or not any two input
vectors are in the same class or different classes.
Self-organizing feature maps (SOFM) learn to classify
input vectors according to how they are grouped in the
input space. They differ from competitive layers in
that neighboring neurons in the self-organizing map
learn to recognize neighboring sections of the input
space. Thus, self-organizing maps learn both the
distribution (as do competitive layers) and topology of
the input vectors they are trained on.

The neurons in the layer of an SOFM are
arranged originally in physical positions according to a
topology function. Distances between neurons are
calculated from their positions with a distance function.

An unsupervised classification is experimented on
a IRS/1D L3 Image of a Banasthali region. This
image of size 2340*2511 consists of 3 bands 0.52 -
059 microns (B2), 0.62 - 0.68 microns (B3), 0.77 -
0.86 microns (B4) and 1.55 - 1.7 microns (B5). The
aim of the classification is to distinguish between
vegetation, fallow land, water body, grazing land, open
scrub and salt effected area of the Image. Features are
the characteristics of the image like statistical features
(e.g. mean, minimum, maximum, variance, covariance,
co relation, and std. deviation), band ratio and
difference between to images of the same area (i.e.
taken at difference of time span). Mean is used as the
statistical feature. A Three-by-Eight Neural Network
that consists of 24 nodes with hexagonal topology has
been used in this work. There is no bias in the SOFM
neural network. Weights initially are kept at the
intermediate value of the minimum & maximum gray
of the image pixels.

The following images (A) and (B) are the
input and the classified images respectively using self
organizing feature map
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I

VI. CONCLUSION

work

In the present the classifications for
multispectral satellite images using self organizing
feature map have been done. The classification
difference taken over a period of time can be used for
trend analysis using SOFM. Such techniques can
indeed be applied for a variety of purposes such as
deforestation, archeology, urban planning and
development, damage assessment, defense intelligence,
and environmental monitoring, weather forecasting etc.
The work is executed using the Image Processing and

2/25/2012

Neural Network toolboxes of MATLAB because of
the definite advantage of flexibility and expandability.
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Figure 5 Probability distribution of the conduction current and the flow of transport current at room temperature
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Simulation Study of the Resistivity and Electron Transport In the Conductive Medium
Yang Fa-cheng

Company of Ruida Centre in Xinjiang
15 Hongxing Street, Kalamayi, Xingjiang 834000, CHINA

Abstract: The usual temperature conditions (20 °C), a conductive medium (metal conductor ) as the object of study,
from the microscopic and mesoscopic scale through pure resistance circuit in the current thermal effects and the
resistance rate of the simulation study, found resistivity with unit volume conductor free electronic charge the
amount of closely associated examine directional migration. From one-dimensional electronic chain point of view,
the conduction current was macro-state pulsating directional migration. To this end, the authors further from the
microscopic, mesoscopic, and the concept of energy band theory of conductors from room temperature tolow
temperature transition, as well as ultra-low temperature superconductivity, the analysis so as to arrive, there are two
currents-and conduction current and the flow of transport current in the metal conductor at room temperature in the
conduction current in the metal conductor, low-temperature environment, the metal conductortransport stream
current, the current in the metal conductor almost wholly transport stream current in the superconducting state .

(M&E R BIERS S5 B FEarEIFSE. Academia Arena, 2012;4(4):29-38] (ISSN 1553-992X).

http://www.sciencepub.net/academia. 5

Key words: Resistivity; one-dimensional electronic chain; lattice planes; conduction current; transport stream
current

4/4/2012

38



Academia Arena, 2012:4(4) http://www.sciencepub.net

The Production Of Tempeh-Like Food Product Using African Breadfruit Seeds (ZTerculia africana)
N. Maduka, H. O. Njoku and N.N. Odu
Food and Industrial Microbiology Division, Department of Microbiology, University of Port Harcourt, East-West

Road, P.M.B. 5323, Choba, Port Harcourt, Nigeria
henrynjoku@yahoo.com

ABSTRACT: Breadfruit tempeh was prepared by fermenting African breadfruit seeds with Rhizopus oligosporus
(NRRL 2710) and later used as filler to formulate breadfruit pie. Sensory evalution was carried out on this food
product. During the fermentation process, physicochemical changes and proximate analysis of breadfruit tempeh
were monitored at 12 hour interval until 60 hour. Crude fiber content decreased from 14% to 1.07% and
carbohydrate content from 28.57% to 24.57%. The protein content increased from 7.86% to 10.94%, nitrogen
content from 1.26% to 1.75%, ash content from 0.7% to 0.9%, lipid content from 5.60% to 8.60% and moisture
content from 48.60% to 55.70% which later reduced to 53.80%. Reducing sugar was not detected. P" decreased
from 6.55 to 5.71 while temperature increased from 29°C to 45°C and later declined to 39°C. The fermenting
breadfruit tempeh was harvested at 36hr and a portion of it was deep- fried, some oven dried and the remaining
portion were steam- boiled and they were used as fillers in different combinations to formulate breadfruit pie. Oven-
dried breadfruit tempeh plus meat pie fillers had the highest protein content of 28.88% while meat pie fillers had the
least protein content of 13.42%. Deep-fried breadfruit tempeh mixed meat pie fillers was the preferred among all the
filler used to formulate breadfruit pie.

[N. Maduka, H. O. Njoku and N.N. Odu. The Production Of Tempeh-Like Food Product Using African
Breadfruit Seeds (Terculia africana). Academia Arena, 2012;4(4):39-43] (ISSN  1553-992X).
http://www.sciencepub.net/academia. 6

KEY WORDS: Fermentation, Physicochemical, Proximate analysis, Rhizopus oligosporus, Tempeh.

1. INTRODUCTION digestive disorders (Kenth and Bisping, 1994;
African breadfruit (Treculia africana) is a Babu et al., 2009). Tempeh can serve as meat foe
tropical forest tree that produces highly protenious vegeterians (Nouts and Kiers, 2005; Liem et al.,
seeds (Aminigo and Obot, 2004). Among people of 1997). The objective of this study is to determine
southern Nigeria the seeds are usually eaten after the suitability or otherwise of African breadfruit
boiling, roasting or frying. It can also been used to seeds as an alternative tempeh.
make breadfruit flour and vegetable milk like soy
milk from soybean (Onwezulo and Nwakalor, 2009). 2. MATERIALS AND METHODS
Proximate composition of raw breadfruit seeds Freshly dehulled African breadfruit
reveals that it contains 73% carbohydrate, 12% seeds were obtained from Mlie 3 market Port
proteins, 8% moisture, 1.62% crude fiber, 2.2% ash Harcourt, Nigeria using polythene bags and were
and 4.23% lipids (Osabor et al., 2009). Soybean and immediately taken to the laboratory. Rhizopus
African breadfruit seeds are legumes. oligosporus strain (NRRL 2710) was gotten from
Tempeh is produced by species from Rhizopus the Department of Biological Science University
fermenting cooked, dehulled together by dense non- of Agriculture Abeokuta, Nigeria.
sporulated mycelium by Rhizopus sp. It has clean
yeasty odour with meat-like flavor devoid of beany 2.1. PREPARATION OF BREADFRUIT
flavor in whole soybean which is disliked by so TEMPEH
many people. Apart from soybean, other substrates A method similar to the used for the
such as melon seeds, bambara groundnut, barley and production of tempeh using melon seeds were
African yam bean has been used to produce tempeh adopted (Amadi et al., 2003). Two hundred gram
(Feng, 2006; Amadi et al., one third of total food (200g) of dehulled breadfruit in seeds were
consumption by human beings worldwide (Kanwar et soaked in tap water (1 at: 6 breadfruit seeds to
al., 2007). water w/w) for 24 hours 30°C. The soak water
The consumption of tempeh is still unpopular in was drained and fresh water added to the seed
Nigeria despite the abundance of soybean (Aderigbe which were cooked for 1 hour which was the
and Osegboun, 2006). Tempeh contains vitamin B, cooking time predetermined using the method
and its consumption is linked to decreased risk of adopted by Njoku et al. (1989) and Nwabueze
heart diseases, strokes, osteoporosis, cancer, and Nwokenna (2006). The seeds were allowed to
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cool to room temperature (25-30°C) and were later
inoculated with 2ml spore suspension of a 7 day old
to culture of Rhizopus oligosporus grown on potatoe
dextrose agar which contains 1.8 x 10° cfu/ml. It was
homogenously mixed and tightly packed asceptically
in a perforated plastic container and kept at room
temperature. After 36-48hrs, the fermenting
breadfruit tempeh was harvested. A portion of it was
sliced and sprinkled with little salt, curry, and maggi
before it was deep- fried ion groundnut oil for 3-5
minutes using Kenwood Electric Deep fryer set at
160°C. Another portion of the freshly harvested
breadfruit tempeh was oven-dried in hot air oven at
160°C for 7-10 minutes while the remaining portion
was steam-boiled for 10-15 minutes.

2.2. FORMULATION OF PIE PRODUCTS

Deep-fried, oven-fried and steam boiled
breadfruit tempeh was used as fillers to formulate
breadfruit pie similar to the conventional meat pie.
Also, 4g of chopped beef was separately added to 4g
portion of all differently prepared breadfruit tempeh
and used as filler to prepare breadfruit pie. All the
formulation was prepared on line by a commercial
meat pie producer. The procedure involves mixing
flour, margarine, egg, and baking powder together.
The mixture was divided into small portions and
dough was kneaded. The different fillers were each
incorporated into the dough and baked in hot air oven
at 150-200°C for 20-30 minutes.

2.3. PHYSICAL CHARACTERISTICS

The method used by Amadi et al. (1999)
was adopted to subjectively describe the colour,
texture, flavor, surface coverage by mold mycelia,
compactness and sliceability of breadfruit.

24. PROXIMATE
ANALYSIS

Moisture content was determined using hot
air oven method (AOAC). Furnace methjod of
Osborne and Voogt, (1978) was used to determine
ash content, the Soxhlet extraction method as
described by Fishwick and Wright, (1977) was used
to determine total lipids. The Micro-Kjeldah method
was used to determine nitrogen and crude protein
content. The crude fiber content was determined
using Osborbe and Voogt, (1978) method. The
difference method as described by Onwezulo and
Nwakalor, (2009) was used to determine
carbohydrate content. D initrosalicyclic acid (DNSA)
reagent method of Miller, (1959) was used to
determine reducing sugar content.

AND CHEMICAL
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2.5. TEMPERATURE AND pH

pH and temperature were determined as
described by Aderibigbe and Osegboun (2006)
and Njoku et al. (1990) respectively.

2.6. SENSORY EVALUATION

The method used was as described by
Aderibigbe and Osegboun, (2006) and Njoku et
al. (1990). A seven member panel who are
unfamiliar with the product evaluated the taste,
texture flavor, appearance, aroma, and overall
acceptability of different breadfruit pie
formulations using Nine Hedonic Scale. The
descriptive terms and their rating were as follows:
like extremely (9), like very much (8), like
moderately (7), like slightly (6), no preference
(5), dislike slightly (4), dislike moderately (3),
dislike very much (2), dislike extremely (1). The
judges were asked to rinse their mouth with water
before tasting each sample.

2.7. STATISTICAL ANALYSIS

Analysis of variance (ANOVA) and
correlation was used to analyze data obtained
from the sensory evaluation of the food product.
Tables and bar chart were also used to represent
data obtained from proximate and chemical
analysis carried out on fermenting breadfruit
tempeh and breadfruit pie.

3. RESULTS ANALYSIS

The result show that a tempeh-like food
product could be obtained from African
breadfruit seeds by fermenting it with Rhizopus
oligosporus. Mycelia of the fungi began to
develop after 24 hours from the start of
fermentation binding the breadfruit seeds
together. The seeds became softer as fermentation
progressed and the characteristic smell of cooked
breadfruit seed was greatly reduced and almost
eliminated. This observation was similar to that
of Njoku et al, (1990). Also, moisture was
noticed under the cover of the plastic container
containing the fermenting breadfruit tempeh.
Also, the back of the plastic container was warm.
After 48 hours, black spores started forming on
the seeds. Table 1 shows the physicochemical
changes during fermentation of african breadfruit
tempen by Rhizopus oligosporus.
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Table 1: Physicochemical Changes during Fermentation of African Breadfruit Tempen by Rhizopus

oligosporus
Fermentation Time (hr)

Parameters 0 12 24 36 48 60
Carbhydrate (%) 22.726+2.64 29.3143.62  28.57+1.76  24.76+1.27  24.09+1.67  24.69+1.32
Moisture (%) 48.60+0.91 50.40+0.85  52.40+1.94  55.70+0.78  55.60+0.72  53.80+1.44
Protein (%) 7.86+1.06 8.31+0.41 7.00+0.10 10.94+1.16  9.63+0.51 10.94+0.95
Crude fiber (%) 14.46+0.59 5.49+0.62 4.93+0.10 1.80+0.18 1.08+0.14 1.0740.10
Ash (%) 0.70+0.01 0.7040.11 0.80+0.04 0.90+0.04 0.90+0.10 0.90+0.06
Lipid (%) 5.60+0.01 5.80+0.14 6.30+0.03 5.90+0.08 8.7040.18 8.60+0.40
Reducing sugar (%) Nil Nil Nil Nil Nil Nil
Nitrogen (%) 1.26+0.14 1.3340.07 1.12+0.10 1.7540.21 1.54+0.04 1.7540.04
pH (%) 6.70+0.14 6.55+0.03 6.50+0.01 6.40+0.03 6.00+0.06 5.71+0.03
Temperature("C) 27 29 31 44 45 39

During the fermentation process, moisture
content increased from 48.60% to 53.80% which was

Reducing sugar was not detected in the
fermenting breadfruit tempeh. Temperature

similarly reported by sanni et al., (1991). This could
be attributed to metabolism and breakdown of
carbohydrate in the breadfruit seeds by the fungi.
Lipid content increased slightly from 5.60% to
8.60% and nitrogen content from 1.26% to 1.75%.
The increase in nitrogen also reported by Njoku et
al., (1990) could be attributed to proteolysis. Protein
content increased from 7.86% to 10.94% which
Arawande et al, (2009) attributed to dehulling of
breadfruit seeds. Odunfa (1985), Njoku et al. (1990)
and Fadahunsi and Sanni (2010) also reported an
increase in protein content during fermentation of
food substrates.

The decrease in crude fiber content from
14.46% to 1.07% could be linked to treatment
conditions such as soaking andf boiling of the seeds.
A similar result was reported by Fadahunsi and Sanni
(2010). The carbohydrate content decreased from
29.31% to 24.69%. Njoku et al. (1990) who reported
a similar result attributed it to breakdown of
carbohydrate by carbohydrase produced by some
microorganisms into simple sugars for energy.

increased from 29°C and peaked at 45°C and later
reduced to 39°C. Related research carried out by
Njoku et al. (1990) Amadi et al., (1999) and Nout
and Rombouts (1990) reported similar result. This
could be attributed to metabolic activity of the
fungi. The reduction in p" during fermentation of
breadfruit tempeh from 6.55 to 5.71 might be as a
result of acidification by acetic acid fermentation
of breadfruit which reduces the chance of
microbial spoilage.

Sensory evaluation of the food product
was carried out by 7 man panel. Based on their
assessment, a correlation of the following
attributes: appearance, taste, texture, aroma, and
texture on the overall acceptability of breadfruit
pie is 67.85%, 64.9%, 54.5% and 43.1%
respectively. It could be inferred that the overall
acceptability of these food product greatly depend
on taste and least on texture. Table 2 shows the
sensory panels mean score of breadfruit pie
prepared using different combinations of filler
and overall acceptability

Table 2: Sensory Panels Mean Score of Breadfruit Pie Prepared Using Different Combinations of Filler and

Overall Acceptability
Sample Taste Texture Appearance Aroma  Overall Acceptability
Steam-boiled breadfruit tempeh 5.57° 6.29° 7.71° 7.86° 7.00°
Deep-fried breadfruit tempeh + meat 8.00° 7.00° 7.86° 7.86° 8.57°
Meat pie filler 7.29° 7.57° 6.57° 6.57° 7.00°
Stem-boiled breadfruit tempeh + meat 7.00° 7.43° 7.86° 6.43° 8.00°
Oven-dried breadfruit tempeh + meat 7.14° 8.00" 8.00° 7.29° 8.007
Deep-fried breadfruit tempeh 6.86" 6.71° 7.86° 7.57° 8.14°
Oven-dried breadfruit tempeh 6.71° 7.29° 6.29° 7.14° 6.71°

Keys: Means within each row which do not have the same superscript are significantly different (P< 0.05).Mean
score were based on a nine hedonic scale: 9 = like extremely; 8 = like very much; 7 = like moderately; 6 = like
slightly; 5 = neither like nor dislike; 4 = dislike slightly; 3 = dislike moderately; 2 = dislike very much; 1 = dislike
extremely.
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4. CONCLUSION

Based on overall acceptability, deep-fried
breadfruit tempeh mixed with beef used as filler to
prepare breadfruit pie was the most prteferred among
the 7 man panel. This could be as a result of the
seasoning such as maggi, salt, curry sprinkled on the
freshly prepared breadfruit tempeh before frying.
Generally, breadfruit pie prepared using breadfruit
tempeh as filler is highly acceptable like the
conventional meat pie.
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Abstract: Four Populus species studied by using gel electrophoresis of DNA molecules based on five primers, and
the obtained results apparently cleared that there were similarity grade among the four Populus species where the
similarity was the highest value of 90.53 between the P. deltoides and P. euroamericana, followed by P. nigra and
P. deltoides who register 81.19, followed by P. nigra and P. euroamericana record of 79.17, followed by P.
euroamericana and P. alba who record 75.862, followed by P. deltoides and P. alba where recorded 73.91, after
that the lowest value was between the P. nigra and P. alba which recorded 68.82. It means that P. deltoides and P.
euroamericana were much more similar.

[M. M. Mansor, M. S. Shehata and 1. M. M. Barakat. Taxonomical studies on some Populus species based on DNA
polymorphism as fingerprinting. Academia Arena, 2012;4(4):44-57] (ISSN 1553-992X).
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1. Introduction sequences in DNA do not use synonymous codons with
Using selective genotype linkage analysis, two equal frequencies within and between organisms
rapid amplified polymorphic DNA (RAPD) markers, (Grantham et al., 1980; Lu et al., 2005). Previous
OPAI17-1550 and OPAI13-900, were shown to be  studies have shown that codon usage is a modulator of
linked to resistance locus (Zeng et al., 2004). Two the gene expression because of the high correlation
cDNA libraries viz. L145-72 and L69-72 were between codon usage, tRNA abundance, and the level of
constructed on the basis of anti disease cDNA fragments  gene expression (Holm 1986; Liu et al., 2003). Highly
obtained by fluorescent differential display reverse  expressed genes have shifted their codon usage toward a
transcription polymerase chain reaction (DDRT-PCR) more restricted set of preferred synonymous codons
using ready-to-use kits and pathogen-inoculated poplar  than other less highly expressed genes. Apparently, the
leaves of 1-69 and I-45, and two clones either extremely  analysis of codon usage of species that express
resistant or susceptible to black spot disease in poplar  exogenous genes provides a guide for increasing the
(Zhang et al., 2002)and two lipoxygenase genes were  expression efficiency of exogenous genes.
cloned in P. deltoides (Cheng et al., 2006). However, Populus has tremendous economic and ecological
the global responses of host to pathogen are not known. values, which has several advantages, such as rapid
In the 1970s, P. deltoides cv. ‘Lux’ (I-69/55) that  growth, prolific sexual reproduction, ease of cloning,
has a natural distribution in North America was small genome, and strong correlation between the
introduced in China as a promising genetic resource for ~ physiological traits and the biomass productivity.
improving resistance of poplars to M. brunnea f. sp.  During the last 20 years, there have been several reports
multigermtubi. Microarray technology has become a  about the genetic transformation in different poplar
useful tool for analyzing the transcription abundance of  species including the resistance to herbicide, insect,
thousands of genes in parallel. Recently, several disease, and salinity (Zhang et al., 2006). It is important
successful studies of gene expression profiles to improve the understanding of the mechanism of
responsive to environmental stresses have been reported  codon distribution and variation in different poplar

in poplars (Smith et al., 2004; Christopher, 2004). species for increasing the expression efficiency of
Sixty-four codons are found in the universal exogenous genes in transgenic poplar plant.
genetic code, which encode 20 different amino acids in Interspecific =~ Populus  hybrids  are  the

the organism world. Owing to the degeneracy of the  fastest-growing trees in the temperate zone and have
genetic code, each amino acid may be coded by two or  been recognized as an important source of pulp, lumber,
more codons (synonymous codons). However, coding and biofuel (Zsuffa et al., 1996; Tuskan, 1998). The
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positional cloning of genes controlling important traits
in Populus, and other forest trees, has been difficult
(Stirling et al., 2001; Zhang et al., 2001), in large part
because of their long generation time (4—10 years) and
poorly known genomes. If there is substantial synteny
and collinearity between the genomes of Populus and
Arabidopsis, comparative genomics could provide a
powerful alternative approach to gene discovery and
isolation in Populus, given that the complete DNA
sequence of the Arabidopsis genome is known (The
Arabidopsis Genome Initiative 2000) and rapid progress
is being made toward a functional understanding of all
Arabidopsis genes (Somerville and Dangl, 2000).

The cpDNA genome has been extensively studied
in poplar using both the RFLP and the PCR approach
(Smith and Sytsma, 1990; Mejnartowicz, 1991; Rajora
and Dancik, 1992, 1995a,b,c; Sabsch, 1992; Vornam et
al., 1994; Heinze, 1998a,b). Initial interest was directed
at the development of species-specific markers and
whereas (Smith and Sytsma, 1990) found no
interspecific variation, several others demonstrated
interspecific variation between P. nigra and P. deltoides
(Vornam et al., 1994; Rajora and Dancik, 1995a,b,c;
Heinze, 1997; Krystufek, 2001; Krystufek et al., 2002).
Intraspecific variation was also detected in P. nigra, as
well as in several other poplar species (Sabsch, 1992;
Rajora and Dancik, 1995a; Heinze, 1998a; Krystufek,
2001). In many cases this intraspecific variation was
dependent on the geographic origin of the maternal line
of the tested material. The maternal inheritance of
cpDNA in poplar was first demonstrated in controlled
crosses by (Mejnartowicz, 1991), and this mode of
inheritance was later confirmed by (Rajora and Dancik,
1992). However, in a later paper (Rajora and Dancik,
1995¢c) questioned the finding that cpDNA is entirely
maternally inherited in poplar. The variants found in the
P. euramericana hybrids that were studied had not been
detected in any P. deltoides, which had previously been
studied. This finding did not fit with the belief that this

species had acted as the maternal parent of these hybrids.

( Rajora and Dancik, 1995a) suggest that this represents
evidence that cpDNA is not entirely maternally
inherited in poplar and that there may be parental
recombination in P. euramericana hybrid clones. This is
an important consideration, as it would render the
c¢pDNA molecule unsuitable for phylogenetic studies in
poplar. This phenomenon has been detected in other
species but not in any other studies involving poplar.
Heinze (1998D) is skeptical that these results do indeed

http://www.sciencepub.net/academia
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present evidence of cpDNA paternal leakage. Instead,
he suggests that the results may be due to the existence
of undetected cpDNA variants in P. deltoides or to probe
contamination. In addition, Heinze (1998b) points out
that as these results are confined to one particular probe
which covers a region which is known to be a mutation
hotspot in other species and as these results were
detected in hybrids they may reflect sequence instability
in hybrids rather than evidence of paternal leakage of
cpDNA. Therefore, taken in its entirety, the balance of
evidence indicates that cpDNA in P, nigra is maternally
inherited and therefore variation in the cpDNA molecule
has been used in this paper to study postglacial routes of
colonisation.

Although no detailed data exist on the distribution
of cpDNA variation in black poplar such information
exists for Alnus glutinosa L. (black alder), which is also
a wind pollinated tree species of riparian and
waterlogged habitats (King and Ferris, 1998). Alder is
common in Europe and the Mediterranean and extends
as far as the mountains of Turkey and North Africa. The
cpDNA results show that most of northern Europe was
colonised from a refuge in the Carpathian region
(Hungary and Romania), although two further refugia in
Spain and Turkey are suggested.

2. Materials and Methods

2.1. Randomly amplified polymorphic DNA (RAPD)
In this study, RAPD was used for the identification

of the four Populus species according to Lu et al.,

(1996).

2.1.1. DNA isolation procedure

Young and fresh leaf (Cut leaves from the top
branches of developing studied species of the leaves
number 3 to number 5) samples were collected
separately from 4 trees for each Populus species.

The bulked DNA extraction was performed using
DNeasy plant Mini Kit (QIAGEN). Isolation protocol of
DNA was as follows:

1- Plant tissues were ground using liquid nitrogen
to a fine powder, then, the powder was
transferred to an appropriately sized tube.
Then, 400 pl of buffer AP1 and 4 pl of RNase
a stock solution (100 mg/ml) were added to a
maximum of 100 mg of ground plant tissues
and vortexed vigorously.

Mixture was incubated for 10 min at 650C and
mixed 2-3 times during incubation by inverting

2.
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tube. Table 1. List of the primer names and their nucleotide
4- Then, 130 pl of buffer AP2 was added to the  sequences used in the study for RAPD procedure.

lysate, mixed and incubated for 5 min on ice.

5- Lysate was applied to the QIA shredder spin No. Name : Sequence :
column sitting in a 2 ml collection tube and 1 OP-A10 5  CTGCTGGGAC 3
centrifuged for 2 min at maximum speed 2 OP-A12 5" TCGGCCATAG 3°
(10.000 rpm). 3 OP-C09 5" CTCACCGTCC 3

6- Supernatant from step 5 was transferred to a 4 OP-DO1 5" ACCGCGAAGC 3
new tube without disturbing the cell-debris S OP-D07 5" GGACCCAACC 3°
pellet.  Typically, 450 pl of lysate was
recovered. 2.1.3. Polymerase chain reaction (PCR) condition

7-  Then, 0.5 volume of buffer AP3 and 1 volume stock solutions

of ethanol (96-100%) were added to the A-5X Tris-borate (TBE), pH 8.0
cleared lysate and mixed by pipetting.

8- Then, 650 pl of the mixture from step 7 was Tris-base 540 g
applied through DNeasy Mini spin column Boric acid 275¢
setting in a 2 ml collection tube. Then, 500 mM EDTA, 8.0 029 ¢
centrifuged for 1 min at 8000 rpm and H,0 (d.w) up to 100.00 ml

flow-through was then discarded.
9- DNeasy column was then placed in anew 2 ml B Ethidium bromide

collection tube.  Then, 500 ul buffer AW was The stock solution was prepared by dissolving 1 g
adde(.i onto the. DNeasy column and  4f ethidium bromide in 100 ml distilled water and
centrifuged for I min at 8000 rpm. mixed well with magnetic stirrer. Transferred to a dark

10- Then, 500 pl buffer AW was added to DNeasy  pottle and stored at room temperature.
column and centrifuged for 2 min at maximum

speed (10.000 rpm) to dry the column (. Sample loading dye (5x)

membrane.

11- DNeasy column was then transferred to a 1.5 Na-EDTA, pH 8.0 (500 mM) 2.00 ml
ml microfuge tube and 100 pl of preheated Glycerol (100%) 5.00 ml
(650C) buffer AE was pipetted directly onto Bromophenol blue (2%) 075 ml
the DNeasy column membrane. Then, H,0 (d.w.) 1,50 ml

incubated for 5 min at room temperature and
centrifuged for 1 min at 8000 rpm to elute.

12- Elution was repeated once as described. A
new microfuge can be used for first elute.

PCR was performed in 30-pl volume tubes
according to Williams ef al. (1990) that contained the

. . following:

Alternatively, the microfuge tube can be reused
f(l)rt the second elution step to combine the dNTPs (2.5 mM) 3.00 ul
crutes. MgCl, (25 mM) 3.00 pl
2.1.2. Randomly amplified polymorphic DNA-PCR B“.ffer (10 x) 3.00 pl
(RAPD-PCR) procedure Primer (10 pmol) 2.00 pl
PCR reactions were conducted using five arbitrary |19 DNA polymerse (SU/ul) 0.20 pl
10-mer primers. Their names and sequences are shown Template DNA (25 ng) 2.00 pl
in table (1). H,O (d.w.) 16.80 pl

The DNA amplifications were performed in an
automated thermal cycle (model Techno 512)
programmed for one cycle at 94°C for 4 min followed
by 45 cycles of 1 min at 94°C, 1 min at 36°C, and 2 min
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at 72°C. The reaction was finally stored at 72°C for 10
min.

2.1.4. Gel preparation procedure

1- Agarose (1.40 gm) was mixed with (100ml) 1 x
TBE buffer and boiled in microwave.

2- Ethidium bromide (5ul) was added to the
melted gel after the temperature became 55°C.

3- The melted gel were poured in the tray of
mini-gel apparatus and comb was inserted
immediately, then comb was removed when
the gel become hardened.

4- The gel was covered by the electrophoretic
buffer (1 x TBE).

5- DNA amplified product (15 pl) was loaded in

each well DNA ladder (100bp + 2Kbp + 3Kbp)
mix was used as standard DNA with molecular
weights of 3000, 2000, 1000,900, 800, 700,
600, 500, 400, 300, 200 and 100 bp. The run
was performed for about 30 min at 80 V in
mini submarine gel BioRad.

3. Results and Discussion
3.1. Primers descriptions

Genetic polymorphism in the four Populus species
studied was investigated by RAPD-PCR analysis using
five primers. All primers generated reproducible and
informative amplified products that were used to
illustrate the genetic distance among the studied species.
A total of 63 DNA bands were detected among of them
29 polymorphic bands, 26 monomorphic bands and 8
unique bands. The number of amplified bands of each
primer will be illustrated as follow:-

3.1.1. Primer: OP-A10

In our analysis for the four Populus species (Table
2), the total number of bands scored within this primer
was 16; with a molecular weights ranged from 160 to
1100 bp, number of polymorphic bands was 8 which
represented about 50% from the total bands scored.
These bands were number and M.Wt bp («3,950»
4,880> <6,800> <7,660> <8,450> <9,370> <12,260»
«14,190»).

Number of monomorphic bands scored in this
primer was 5 which represented about 31.3% of the
total scored bands. This bands were number and M.Wt
bp (<1,1100» «2,10005 <11,280> <13,220> <16,160»).

Three unique bands were detected in P. alba, these
bands were used as positive specie specific marker. This
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bands were number and M.Wt
bp(<5,8505¢10,329>¢15,170>) also it had 4 polymorphic
bands present in all species except it this bands were
number and M.Wt bp («3,950> <8,450> <12,260>
<14,1905).

The highest value recorded by P. deltoides where
content 13 bands followed by P. alba where content 11
bands and P. euroamericana where content 11 bands but
do not as P. alba in then lowest value recorded by P,
nigra content 10 bands, so it can be used this primer as
a significantly differences between P. deltoides and P.
nigra but cannot used as a significantly differences
between other species P. alba and P. euroamericana.

Genetic distance (GD) was measured as the
difference between four studied Populus species. In this
primer the highest genetic distance was detected
between P. alba and P. nigra species which represents
0.3317. followed by genetic distance between P. alba
and P. euroamericana and also between P. alba and P.
deltoids which represents 0.2828, and the intermediate
recorded between P. mnigra and P. deltoides and also
between P. nigra and P euroamericana which
represents 0.1732, On the other hand, the lowest
distance was 0.1414 between P deltoides and P
euroamericana species (Table 3). These results show
that, there’s a great variation among these four Populus
species in genetic content.

1000bp
200bp
Br0bp
Ta0hp

S00bp
500bp
anchp

300bp

200hp

100bp

OP-A10

Figure 1. DNA polymorphism of four Populus species
amplified with primer OP-A10. Lane M: DNA size
marker, Lanes 1 to 4: 1- P. nigra, 2- P. alba, 3- P.
euroamericana, and 4- P. deltoides.
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Table 2. Scoring sheet for the polymorphism RAPD reactions resulted by primer OP-A1

P. nigra P. alba

Band No. M. Wt

P. euroamericana

P. deltoides
Polymorphism

Band score Band score

Band score Band score

Ju—

1100 1 1

1 1 Monomorphic

1000 1 1

1 1 Monomorphic

950 1

1 Polymorphic

880

Polymorphic

850

Unique

800

Polymorphic

660

Polymorphic

450

Polymorphic

O of Qf N || B W

370

Polymorphic

—
(=]

329

Unique

—
—

280

Monomorphic

—
[\

260

Polymorphic

—
w

220

Monomorphic

14 190

Polymorphic

15 170

Unique

16 160

Monomorphic

Total band score

Species

P. euroamericana P. deltoides

P. nigra

P. alba

P. euroamericana

P. deltoides

3.1.2. Primer: OP-A12

The total number of bands scored within this
primer was 8; with a molecular weight ranged from 180
to 600 bp, number of polymorphic bands was number
Iwith M.Wt 600bp were found in all species except P
alba which represented about 12.5% from the total
bands scored also can be used as negative specie
specific marker. Number of monomorphic bands scored
in this primer was 6 which represented about 75% of the
total scored bands this bands was number and M.Wt bp
euroamericana which all both content as 7 bands all
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(«3,460> <4,400> <5,360> <6,320> <7,200> <8,1805). One
unique band number 2 with M.Wt 540 bp was detected
P nigra specimen representing 12.5% this can be used
as positive specie specific marker (Table 4).

After this show we can resulted that result can be
used as a significant differences between P nigra and
P. alba where P. nigra have all bands and P. alba have 6
bands all bands except numberl with M.Wt 600 bp
and number 2 with M.Wt 540 bp , but cannot used as
a significant differences between P. deltoides and P.
bands except number 2 with M.Wt 540 bp.
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In this primer the highest genetic distance was
detected between P. alba and P. nigra species which
represents 0.1414. followed by genetic distance between
P nigra and P. deltoides also between P. nigra and P,
euroamericana also between P alba and P

euroamericana also between P alba and P. deltoides
which represents 0.1000. On the other hand, genetic
distance was absent between P delfoides and P
euroamericana species since they were close to each
other (Table 5).

3 4

OP-A12

Figure 2. DNA polymorphism of four Populus species amplified with primer OP-A12. Lane M: DNA size marker,
Lanes 1 to 4: 1- P, nigra, 2- P. alba, 3- P. euroamericana and 4- P. deltoides.

Table 4. Scoring sheet for the polymorphism RAPD reactions resulted by primer OP-A12.

P. nigra P. alba
Band No. M.Wt

P. euroamericana P. deltoides
Polymorphism

Band score Band score

Band score Band score

1 600 1 0

1 1 Polymorphic

540 1 0

0 0 Unique

460

Monomorphic

400

Monomorphic

Monomorphic

320

Monomorphic

200

Monomorphic

2
3
4
5 360
6
7
8

180

Monomorphic

Total band score
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Table 5. Genetic distance between different samples detected by primer OP-A12.

Species

P. euroamericana P. deltoides

P. nigra

P. alba

P. euroamericana

P. deltoides

3.1.3. Primer: OP-C09
Total number of bands scored within this primer

was 11; with a size ranged from 100 to 1050 bp, number
of polymorphic bands was 7 which represented about
63.6% from the total bands scored. This bands number
with M.Wt bp was («1,1050> «2,1000> <3,940> «4,860>
<5,760> <6,500> <11,1005). Number of monomorphic
bands scored in this primer was 4 which represented
about 36.4% of the total scored bands. This bands
number with M.Wt bp was («<7,420> «8,360> <9,200>
<10,150»). Unique bands were not detected within this
primer (Table 6). P. euroamericana content all bands
Followed P mnigra which content 9 bands i.e. all bands
except number 3 with M.Wt 940 bp and number 4 with
M.Wt 860 bp. In the intimidate ~ founded P. deltoids
which content 8 bands all bands except number 2 with
M.Wt 1000 bp and number 3 with M.Wt 940 bp and
number 11 with M.Wt 100 bp this band do not fond in
this species only so can be used it as a negative specie
specific marker. And the lowest value recorded by P.
alba where had 6 bands only number and M.Wt bp of
this band as followed (<3,940> <7,420> <8,360> <9,200>

M 1
3000bp

2000bp

1000bp
200bp
800bp
700bp
600bp
50Cbp

400bp

300bp

200bp

100bp
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<10,150> <11,1005) and  P. alba content three negative
specie specific markers this markers them band number
1 with M.Wt 1050 bp and number 5 with M.Wt 760 bp
and number 6 with M.Wt 500 bp which do not found in
it only and founded in other species. These results
cleared significant differences in value of primer
OP-C09 among four Populus species.

In this primer the highest genetic distance was
detected between P. euroamericana and P. alba species
which represents 0.2449. Followed by genetic distance
between P. alba and P. nigra also between P. alba and P.
deltoides which represents 0.2236. The intermediate
value recorded between P. euroamericana and P. nigra
also between P. euroamericana and P. deltoides which
recorded 0.1732. On the other hand, the lowest distance
was 0.1414 between P. deltoides and P. nigra species
(Table 7). The highest number of bands was scored at P
deltoides species and the lowest number of bands was
scored at P. alba species (Table 6). These results show
that there’s a great variation between these species in
genetic content.

2

3

OP-CO08
Figure 3. DNA polymorphism of four Populus species amplified with primer OPC-09. Lane M: DNA size marker,

Lanes 1 to 4: 1- P, nigra, 2- P. alba, 3- P. euroamericana and 4- P. deltoides.
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Table 6. Scoring sheet for the polymorphic RAPD reactions resulted by primer OP-C09.

P. nigra P. alba

Band No. M.Wt

P. euroamericana P. deltoides

Band score Band score

Polymorphism

Band score Band score

—_

1050 1 0

1 1 Polymorphic

1000 1 0

1 Polymorphic

940

0
0 Polymorphic

860

Polymorphic

760

Polymorphic

500

Polymorphic

420

Monomorphic

360

Monomorphic

2
3
4
5
6
7
8
9

200

Monomorphic

—_
S

150

Monomorphic

11 100

Polymorphic

Total band score

Species

P. euroamericana P. deltoides

P. nigra

P. alba

P. euroamericana

P. deltoides

3.1.4. Primer: OP-D01

Total number of bands scored within this primer
was 15; with a size ranged from 608 to 2030 bp, number
of polymorphic bands was 7 which represented about
46.7% from the total bands scored; This bands number
and M.Wt bp was («<1,2030> <4,1560> <§,1119> <11,894»
<13,750> <14,691> «15,6085). Number of monomorphic
bands scored in this primer was 8 which represented
about 53.3% of the total scored bands; This bands
number and M.Wt bp was («2,1830> 3,1664> <5,1540>
<6,1340> <7,1250> <9,1020> <10.945> <12,8205). P. nigra
recorded highest value which content 14 bands (all
bands except number 1 with M.Wt 2030 bp); followed
by P. euroamericana which content 13 bands also bands
except number 4 with M.Wt 1560 bp and number 15
with M.Wt 608 bp, the intermediate of value recorded
represents 0.2646. Followed by genetic distance
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by P. deltoides which content 12 bands all bands except
number 4 with M.Wt 1560 bp and number 8 with
M.Wt 1119 bp and number 11 with M.Wt 894 bp the
last of two bands did not founded in P. delfoides only
and be used as a negative specie specific markers, the
lowest value recorded by P. alba which had 11 bands all
bands except number 1with M.Wt 2030 bp and number
13 with M.Wt 750 bp and number 14 with M.Wt 691 bp
and number 15 with M.Wt 608 bp. The number 13 and
14 did not founded in P. alba only and used as a
negative specie specific markers. Unique bands were
not detected within this primer (Table 8). This result
cleared significant differences among four Populus
species by primer OP-DO1.

In this primer the highest genetic distance was
detected between P. deltoides and P. alba species which
between P. alba and P. euroamericana also between P.
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nigra and P. deltoides which represents 0.2000. On the  detected between P. euroamericana and P. nigra as well
other hand, the lowest distance was 0.1732 between P as between P. deltoides and P. euroamericana (Table 9).
alba and P nigra. Also, this genetic distance was

M 1 2 3 4

3000bp
2000bp

1000bp

OP-DO1
Figure 4. DNA polymorphism of four Populus species amplified with primer OP-D0O1. Lane M: DNA size marker,
Lanes 1 to 4: 1- P. nigra, 2- P. alba, 3- P. euroamericana and 4- P. deltoides.

Table 8. Scoring sheet for the polymorphic RAPD reactions resulted by primer OP-DO1.

P. nigra P. alba P. euroamericana P. deltoides
Band No. M.Wt Polymorphism
Band score Band score Band score Band score

—_

2030 0 0 1 1 Polymorphic

1830 1 1 1 1 Monomorphic

1664 1 1 1 1 Monomorphic

1560 Polymorphic

1540 Monomorphic

1340 Monomorphic

1250 Monomorphic

1119 Polymorphic

O oof Qf N | B W

1020 Monomorphic

—_
(=]

945 Monomorphic

—_
—_

894 Polymorphic

—_
[\

820 Monomorphic

—_
w

750 Polymorphic

—_
N

691 Polymorphic

15 608 Polymorphic

Total band score
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Table 9: Genetic distance between different samples detected by primer OPD-01.

Species

P. euroamericana P. deltoides

P. nigra

P. alba

P. euroamericana

P. deltoides

3.1.4. Primer: OP-D07

Total number of bands scored within this primer
was 13; with a size ranged from 90 to 1600 bp, number
of polymorphic bands was 6 which represented about
46.2% from the total bands scored. (<1,1600> <2,1500>
4,700>  5,660> <7,400> <13,90>). Number of
monomorphic bands scored in this primer was 3 which
represented about 23.1% of the total scored bands. This
bands was number and M.Wt bp («9,300> «11,240>
<12,2705). Four unique bands were detected P. nigra
specimen representing 30.7%. These bands were
number and M.Wt bp (<3,960> <6,480> «8,350> <10,280»)
(Table 10). The resulted recorded P. nigra content 10
bands with the highest value  four bands from them
unique with it only this bands can be used as a positive
specie specific markers specie specific markers and
three monomorphic with other species and three
polymorphic them number 5 with M.Wt 660 bp and
number 7 with M.Wt 400 bp and number 13 with M.Wt
90 bp and the other polymorphic did not founded in it
only also can be this as a negative specie specific
markers. P. alba content 8 bands three with other
species monomorphic and five polymorphic number
and M.Wt bp of them (<1,1600> <2,1500> 4,700 <7,400>
<13,90>)followed by P deltoides which recorded 7
bands three with other as monomorphic and four with
polymorphic number and M.Wt bp of them («1,1600>
<2,1500> <4,7005 <5,660>) the lowest value recorded by P.
euroamericana which had 6 bands three with other as
monomorphic and three with polymorphic number and
M.Wt bp of them («1,1600> <2,1500> <4,7005) this
resulted can be used as significant differences between
four Populus species by primer OP-D07.

In this primer the highest genetic distance was
detected between P. euroamericana and P. nigra
samples which represents 0.3162. Followed by genetic
distance was detected between P. deltoides and P. nigra
samples which represent 0.3000 and followed by
genetic distance was detected between P alba and P,
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nigra  samples which represents 0.2828 and
intermediated by genetic distance between P. alba and
P deltoides which recorded 0.1732 also between P
alba and P. euroamericana which represents 0.1414. On
the other hand, the lowest distance was 0.1000 between
P deltoides and P. euroamericana. Also, this genetic
distance was detected between P. euroamericana and P.
as between P deltoides and P.
euroamericana (Table 11).

From the previous results, genetic diversity among
the four species of Populus was evaluated, using five
primers. All primers generated polymorphism among
different species. In total, 63 bands were produced, 29
of which were polymorphic. Primer OPA-10 produced
the highest polymorphic bands. The percentage of
polymorphic bands ranged from 12.5% to 63.6% with
an average of 46%. The average number of polymorphic
bands produced was 5.8 per primer. Only the amplified
DNA fragments ranging in size between 90 to 2030 bp
were used for statistical analyses. Number of
monomorphic bands range from 3 to 8 with average 5.2
per primer. Number of unique bands ranged from 1 to 4
with an average of 1.6 per primer, it was observed that
most of unique bands scored at P. nigra sample. All
primers generated unique bands except primers OPC-09
and OPD-01. Size range of bands, No. of polymorphic
bands, No. of monomorphic bands and number of
unique bands scored within this study by each primer
are illustrated in (table 12).

Genetic distance between samples ranged from
0.000 to 0.3317. Cluster analysis based on the presence
or absence of bands was performed by dice similarity
coefficient, based on Unweighted Pair Group Method
with Arithmetic Averages (UPGMA). Genetic similarity
ranged between 68.82 and 90.53. Similarity matrix
showed that there’s a great variation between species
specially, between P. alba and P. nigra samples (Table
13). Dendrogram shows a high similarity between P.
deltoides and P. euroamericana samples (Fig. 6).

nigra as well
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3000bp
2000bp

1000bp

OP-DO7

Figure.5. DNA polymorphism of four Populus species amplified with primer OP-D07. Lane M: DNA size marker,
Lanes 1 to 4: 1- P, nigra, 2- P. alba, 3- P. euroamericana and 4- P. deltoides.

Table 10. Scoring sheet for the polymorphic RAPD reactions resulted by primer OP-D07.

P. nigra P. alba P. euroamericana P. deltoides
Polymorphism

Band score Band score Band score Band score

0 1 1 1 Polymorphic

0 1 1 Polymorphic

Unique

Polymorphic

Polymorphic

Unique

Polymorphic

Unique

O oof A N | B W[

Monomorphic

—_
o

Unique

[
—_

Monomorphic

—
[\

Monomorphic

13 90 Polymorphic

Total band score
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Table 11. Genetic distance between different samples detected by primer OP-DO07.

Species P. euroamericana P. deltoides

P. nigra

P. alba

P. euroamericana

P. deltoides

Size range No. of No. of No. of ) ]
Total No.|| Polymorphism | Monomorphism

Primer | of Products | polymorphi | monomorphic | unique
of bands (%) (%)

(bp) ¢ bands bands bands

OPA-10| 160-1100 3 16 50 313

OPA-12|| 180-600 1 8 75

OPC-09| 100-1050 11

OPD-07| 90-1600 13

0

OPD-01| 608-2030 0 15
4
8

Total bands scored 63

Table 13. Similarity among different species using Dice Coefficient method.

Species P. euroamericana P. deltoides

P. nigra

P. alba

P. euroamericana

P. deltoides

P. alba
—P. deltodes
P. eura
P. nigra

1
70 75 80 85 an a5 100

Percent Similarity

Figure 6. Dendrogram obtained by cluster analysis based on presence/absence matrix for DNA.
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Abstract: The present study was planned in three natural ponds of Morni hill, Panchkula, Haryana (India). Direct
contact as well as scan sampling methods was followed for the present study. A total numbers of 27 wetland birds
species belonging to four orders and seven families were recorded from these three natural ponds of Morni Hills.
The dominant wetland birds species in habiting in study area included, Common Teal (4nas crecca), Eurasian
Wigeon (Anas Penelope), White capped Water Redstart (Chaimarrornis leucocephalus), Red Wattled Lapwing
(namely, Vanellus indicus, Hoplopterus indicus, Lobivanellus indicus, Lobivanellus goensis), Plumbeous Water
Redstart (Rhyacornis fuliginosa), Comb Duck (Sarkidiornis melanotos), Curlew Sandpiper (Calidris ferruginea),
White Wagtail (Motacilla alba), Stilt (Himantopus himantopus mexicanus), Shoveller (Anas clypeata), Northern
Pintail (4nas acuta), Gadwall (dAnas strepera), Forest Wagtail (Dendronanthus indicus), Little Cormorant
(Microcarbo niger), White Breasted Water hen (Amaurornis phoenicurus), Black Winged Stilt (Himantopus
himantopus), Citrine Wagtail (Motacilla citreola),Yellow Wagtail (Motacilla flava), Grey Wagtail (Motacilla
cinerea), Spot-billed Duck (Anas poecilorhyncha), Mallard (Anas platyrhynchos), Common Pochard (Aythya
ferina), Tufted Pochard (Aythya fuligula) and Red-Crested Pochard (Rhodonessa rufina). Order Anseriformes
observed to belongs maximum numbers (11 species) of wetland species while order Pelecaniformes belongs to
minimum (1 species). Similarly, observed 27 wetland species, varied from minimum in family Scolopacidae (1
species) species to maximum in family Anatinae (11 species). The paper presents an over view of abundance,
residential and conservational status and major threats to wetland fauna of study area.
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1. Introduction: The Indian subcontinent has a great
Birds are the most charming creatures of wealth of birds, including the humming bird,
nature. These are warm-blooded, bipedal and which is not bigger than man thumb and the ostrich
oviparous vertebrates characterized by bony beak, which stands as high as a pony. It comprises more
hollow  light bones, feathers and wings. than 1250 species of birds (Woodcock, 1980).
Historically, the birds originated from reptilian According to Ali and Ripley (2001), there are 1260
ancestors in the Jurassic period of the Mesozoic era species of birds and 1299 species of birds
about 150 million year ago and dominated from (Inskipp et al., 1998) in Indian subcontinent. It
Cretaceous epoch in Tertiary period of the Cenozoic accounts for about 13-14% of the world total number
era. They are distributed from Arctic circle to of bird species but out of these species
Antarctic seas and from desert of middle East to the approximate 10% are at risk (Dewar, 1915, 1923;
highest elevation of the Peruvian Andes. The avian Baker, 1922-30; Ali, 1941; Ali and Ripley, 1987;
diversity of the world is noted for its remarkable Kaul, 1995).
variation in features and numbers depending upon Wetlands are among the most productive
the zoo-geographical, climatic and physiographic ecosystems in the world and their functions include
conditions (Forshaw, 1998). Avian fauna is flood control, aquifer recharge, nutrient absorption,
distributed in six major regions of the world. They and erosion control. A great variety of species depend
are: Nearctic (North America) — 750 species of on wetlands. Most of these wetlands are essentially
birds, Palearctic (Europe and Asia) - 1206 natural ecosystems stabilized over the years, and
species of birds; Neotropical (Central and South have retained their natural characteristics. The
America) - 2929 species of birds; Ethiopian (Africa) predominant wetland types in India include flood
- 1750 species of birds; Oriental (South-East Asia) - plains of major rivers, estuaries, saline expanses,
9250 species of birds and Australian (Australia and freshwater lakes, backwaters, mangroves, tanks,
New Guinea) 906 species of birds (Udvardy, 1975; marshes, swamps, jheels, beels, terai and man-made
Welty, 1982). Each faunal region has its water bodies like reservoirs. These wetlands are
characteristic bird species (Blackburn et al., 1996). under threat due to encroachment, silting, weed
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infestation, pollution, and indiscriminate
development of aquaculture. The combined threat of
these factors has given rise to problems such as
decrease in biological diversity, deterioration of
water quality, sedimentation and shrinkage in area. It
has also led to decrease in migratory bird
populations, fish and other faunal productivity and
prolific growth of invasive aquatic weeds.

Scanty information are available on various
aspects on wetland birds species. However, such
studies are lacking in the state of Haryana, in
particular. Therefore, present study was planned in
three natural lakes in the study area namely, “Bada
tikkar taal”, “Chhota tikkar taal” and “Sherla taal” of
Morni Hills, district Panchkula, Haryana (India).

2. Materials and methods:

The present studies “Wetland birds
Fauna of Morni Hills of district Panchkula,
Haryana (India)” has been carried out with the view
to explore the extent of diversity of birds in the three
natural lakes in the study area namely, “Bada tikkar
taal”, “Chhota tikkar taal” and “Sherla taal” unique
Morni hills (30° 41' 39.15276" North, 76° 51'
38.034" East) located in Panchkula district of state
Haryana (27° 39’ and 30° 55’ N latitude, 74° 27’ and
77° 36" E longitude) (Fig.1 and 2). Morni hills are
located at a distance of 35 Kms East of Panchkula,
connected with a good metalled road with Panchkula
and Chandigarh. The Morni Hills are spread over an
area of approximately, 9227.62 hectare, out of this,
2564.73 hectares are used for agriculture and 6662.89
hectares are protected forests. It is interesting to note
that Morni hills are actually extension of Shivalik
ranges of Himalayas which run in two parallel ranges
and separated by River Ghaggar. Morni village is
located at a height of 1200 m. There is an old Fort,
which has now been developed by Govt. of Haryana
as a Tourist Resort. It lies very close to Morni village
on a hill top. Morni village is actually the pivotal
point of all human activities in the entire complex of
Morn-Hills.

Among the spurs of hills, there are three
natural lakes in the Morni hills namely, “BADA
TIKKAR TAAL” and “CHHOTA TIKKAR TAAL”
and one natural “SHERLA TAAL”. As these names
indicate, larger one is about 150 meter long and 460
meters broad and smaller one is 365 meter either
way. Two lakes are divided by a dwarf hill, but there
is some hidden channel between the two lakes, as the
water level of two lakes remains same throughout the
year. These lakes are good source of water for local
people to use in irrigation and for there animals.
Bada-Tikkar is developed as a tourist place by Govt.
of Haryana. Chhota Taal is used for fisheries as well
as duck breeching center. An adventure park has also
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been developed over hear. This place attracts the
tourists due to its scenic beauty, rich biodiversity and
fauna. Morni to Tikkar Taal slope is very steep and
tourists occasionally used sub-ways by trekking
rather than by mortable road.

Direct contact method (Barwar, 1971) and
Scan sampling (Altman, 1974) methods were used
for counting the numbers of wetland birds in Morni
hills, Panchkula, Haryana (India). In order to
generate data on avian diversity of Morni Hills,
Camera Zenith, 1986 Model with Tele-lens80-
120mm was extensively used. In all, 30 rolls were
exposed with the help of zenith camera and tele lens.
In addition, digital camera was also extensively used
for determination of avian diversity (Sony DSC 80
Cyber Shot, DSC H9 SONY). This data, so collected
was, computed and analyzed and its subsequent
segregation under “Orders” and “Families” in the
light of consultations of literature and various books
including, Ali and Ripley (1996), Inskipp et.al (1996)
and Grimmet e/ al. (1998). The collected data was
later statistically analysed to estimate the numbers of
species in studied area.

3. Results and discussion:

Humans have known of the link between birds
and wetlands for thousands of years. Prehistoric
people drew pictures of birds and wetlands on cave
walls, scratched them onto rocks, and used them in
the design of artifacts; and Native American lore
provides accounts of bird hunts in wetlands.
Wetlands are important bird habitats, and birds use
them for breeding, nesting, and rearing young. Birds
also use wetlands as a source of drinking water and
for feeding, resting, shelter, and social interactions.
Some waterfowl, such as grebes, have adapted to
wetlands to such an extent that their survival as
individual species depends on the availability of
certain types of wetlands within their geographic
range. Other species, such as the northern pintail or
the American widgeon, use wetlands only during
some parts of their lives (Bellrose, 1977). Because of
the great variety of wetlands, bird adaptation to and
use of wetland environments differs greatly from
species to species. Birds' use of wetlands during
breeding cycles ranges widely. Some birds depend on
wetlands almost totally for breeding, nesting, feeding,
or shelter during their breeding cycles. Birds that
need functional access to a wetland or wetland
products during their life cycle, especially during the
breeding season, can be called "wetland dependent".
Other birds use wetlands only for some of their
needs, or they might use both wetland and upland
habitats. Of the more than 1900 bird species that
breed in North America, about 138 species in the
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conterminous United States are wetland dependent
(American Ornithologists' Union, 1983).

Wetland birds play a significant cultural and
social role in local communities as well as being an
important component of wetland ecosystem. In India,
total numbers of 310 wetland species present. Out of
310 Indian wetland species, 130 (c. 42%) are
migrant, 173 resident; however the status is unknown
for seven species. Of the migrants, 107 are winter
migrants, six have some passage population, 13 are
summer migrants, and the remaining four are purely
passage migrants. Out from, 173 resident species, 53
are completely resident, 38 are part resident and part
winter migrant, and 50 undertake local movements
chiefly depending on water conditions. In terms of
abundance, Indian wetland birds can be categorized
as Very Common (four species), Common (26),
Locally Common (115), Un-Common (45), Rare
(67), Very Rare (five), Vagrant (47) and Probably
Extinct (one) (Kumar et al, 2006).

Approximately, 12% of Asian birds are
globally threatened with extinction. Many species
are edging close to extinction through disturbance or
habitat loss as well as intensive hunting pressure. An
analysis of threatened wetland birds indicates that of
a total of 242 species, 82 species are in Asia and 39
in India. Of the 310 wetland bird species in India, 51
(ca. 16%) are threatened of which 34 are globally
threatened (four critical, seven endangered, 23
vulnerable); 16 near threatened (NT) and one data
deficient (DD). Of the 51 threatened species, 39 show
a declining popula-tion trend, while three are
increasing, five are stable, and the trends of three
species are indeterminate. = The remaining one
species, Pink-headed Duck Rhodonessa
caryophyllacea globally threat-ened, has probably
disappeared from India. Eight of the 34 species are
listed under Schedule-I of the WL (P) Act, while 22
are relegated to Schedule-IV; two species, Masked
Finfoot, Heliornis fulica and Indian Skimmer,
Rynchops albicollis (with an estimated total
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population for the South Asian region of 5 000 birds
each), are not included under the WL (P) Act at all.
Similarly, two of the most highly threatened Indian
Waterbirds, Sarus Crane Grus antigone and Black-
necked Stork Ephippiorhynchus asiaticus, are again
listed under Schedule-IV with threshold populations
of 90 and four respectively (BirdLife International,
2003).

The present study was planned in Morni hills
of district Panchkula, Haryana (India). A total
numbers of twenty seven wetland birds species were
recorded from the study site. The dominant wetland
birds species in habiting in study area (District
Panchkula) are Common Teal (d4nas crecca),
Eurasian Wigeon (4nas Penelope), White capped
Water Redstart (Chaimarrornis leucocephalus), Red
Wattled Lapwing (namely, Vanellus indicus,
Hoplopterus  indicus,  Lobivanellus  indicus,
Lobivanellus goensis), Plumbeous Water Redstart
(Rhyacornis fuliginosa), Comb Duck (Sarkidiornis
melanotos), Curlew Sandpiper (Calidris ferruginea),
White Wagtail (Motacilla alba), Stilt (Himantopus
himantopus mexicanus), Shoveller (Anas clypeata),
Northern Pintail (4dnas acuta), Gadwall (4nas
strepera), Forest Wagtail (Dendronanthus indicus),
Little Cormorant (Microcarbo niger), White Breasted
Water hen (Amaurornis phoenicurus), Black Winged
Stilt (Himantopus himantopus), Citrine Wagtail
(Motacilla citreola),Yellow Wagtail (Motacilla
flava), Grey Wagtail (Motacilla cinerea), Spot-billed
Duck (d4nas poecilorhyncha), Mallard (A4nas
platyrhynchos), Common Pochard (Aythya ferina),
Tufted Pochard (Aythya fuligula) and Red-Crested
Pochard (Rhodonessa rufina) (Table-1). The species
are completely shown in plate 1, 2 and 3. The total
numbers of 27 wetland birds species belong to order
wise, anseriformes (11), followed by passeri forms
(7), charadriiformes (8) and pelecaniformes (1),
(Fig.3). similarly, these species belongs to 7 family
that varied from minimum in scolopacidae (1 species)
to maximum in family Anatinace (11) (Fig.4).
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Fig. 1 Morni hills in district Panchkula of state Haryana, India.

Fig. 2 Detail Map of Morni hills showing Fourteen administrative zones (Bhoj’s).
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Table 1 Total numbers of wetland birds in Morni hills of district Pachkula, Haryana (India).

S.N. | Local name Scientific name Order Family

1 Common Teal Anas crecca Anseriformes Anatinae

2 Eurasian Wigeon Anas Penelope Anseriformes Anatinae

3 White capped Water | Chaimarrornis leucocephalus | Passeriformes Muscacipidae
Redstart

4 Red Wattled Lapwing Vanellus indicus Charadriiformes Charadriidae

5 Red Wattled Lapwing Hoplopterus indicus Charadriiformes Charadriidae

6 Red Wattled Lapwing Lobivanellus indicus Charadriiformes Charadriidae

7 Red Wattled Lapwing Lobivanellus goensis Charadriiformes Charadriidae

8 Plumbeous Water Redstart Rhyacornis fuliginosa Passeriformes Muscacipidae

9 Comb Duck Sarkidiornis melanotos Anseriformes Anatinae

10 Curlew Sandpiper Calidris ferruginea Charadriiformes Scolopacidae

11 White Wagtail Motacilla alba Passeriformes Motacillidae

12 Stilt Himantopus mexicanus Charadriiformes Recurvirostridae

13 Shoveller Anas clypeata Anseriformes Anatinae

14 Northern Pintail Anas acuta Anseriformes Anatinae

15 Gadwall Anas strepera Anseriformes Anatinae

16 Forest Wagtail Dendronanthus indicus Passeriformes Motacillidae

17 Little Cormorant Microcarbo niger Pelecaniformes Phalacrocoracidae

18 White Breasted Water hen Amaurornis phoenicurus Charadriiformes Charadriidae

19 Black Winged Stilt Himantopus himantopus Charadriiformes Recurvirostridae

20 Citrine Wagtail Motacilla citreola Passeriformes Motacillidae

21 Yellow Wagtail Motacilla flava Passeriformes Motacillidae

22 Grey Wagtail Motacilla cinerea Passeriformes Motacillidae

23 Spot-billed Duck Anas poecilorhyncha Anseriformes Anatinae

24 Mallard Anas platyrhynchos Anseriformes Anatinae

25 Common Pochard Aythya ferina Anseriformes Anatinae

26 Tufted Pochard Aythya fuligula Anseriformes Anatinae

27 Red-Crested Pochard Rhodonessa rufina Anseriformes Anatinae
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Anas crecca

Vanellus indicus

D A h- -

Lobivanellus goensis Rhyacornis" fuliginosa Sarkidiornis melanotos
Plate 1 Wetland birds species in Morni hills of district, Panchkula (Haryana).

63



Academia Arena, 2012:4(4) http://www.sciencepub.net

Motacilla aba

Anas clypeata Anas strepera

. L A 3 {1l

Dendronanthus indicus Microcarbo hljer Amaurornis phoenicurus
Plate 2 Wetland birds species in Morni hills, of district Panchkula (Haryana).
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Motacilla citreola Motacilla f/dva

el e}
Anas poecilorhyncha

Aythya ferin Aythya fuligulal Rhodonessa rufina
Plate 3 Wetland birds species in Morni hills of district Panchkula (Haryana).
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Fig. 3 Order wise numbers of wetland birds species in Morni hills, Panchkula (Haryana).
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Fig. 4 Family wise numbers of wetland birds species in Morni hills, Panchkula (Haryana).
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78.389573008384002 9987 35125 Palygon | 2886524 534302200200000 9596 219413603183300

263,788096452870020 214 36398 Polygon | 530211 451648243930000 3834 201396096433500

4= 175.150195409690010, laa 36327 Polygon | 592483 880100723930000 4354 B4252024189700

462.023744156980000, 07 36492 Palygon | 1126569 622565893900000 460011 7825692100400

= o 1.637700373340300 168 36349 Palygon_{ 20036037.004336998000000 | 42707 944667 130003000

= 356.32597 1615660020 164 36347 Polygon |  475831.329445120010000 750 742649523293500

Eﬁﬂ 7.4888473333980000 107 36289 Polygon | 645728 305566550000000 786 54257 3170993800

=T b 140134560000, 062 36245 | Pelygon |~ 255662 532936670030000 2124.190351008700100

= = B 450151307550020 915 38273 Palygon | 2091505 760152800000000 6705 494956604159700

722975364180000 2960 38329 Polygon | 5253553 788389200300000 | 16065 980825674000000

286301046229990 5083 30639 Polygon | 5430540.373403499800000 | 16992 167224077333000

2713208071 70000 8132 30702 Polygon | 29866551.139436000000000 | 10193 161051831333000

£6.899283282860010 5358 30984, Polygon | 5387375.148183800300000 | 17997 417724401333000

I:FE 18,9757 77826360000 5265 30864, Polygon | 3776257.047440100000000 14443 415500934000000

= 72:890732340509999 5063 30609 Polygon | 9750070.202084599600000 | 28547 494940788001000

q 482 /7B 000 6071 3061 Palyaon 0229 541377230335000 1371,510419661500000

291455581516999 8521 30170 Palygon | 2017372 213388000000000 9920 595 760402000500

919306458193998 5004 30524, Palygon 22946 300938645001000 740 330500664710000

F[;Tﬁi =) 245417746192999 5593 262 Palyaon 18032 748712062335000 738.125211528460000

3= 705591339769001 8697 38 Polygon | 405425 443408483980000 2706 83341 3615233800

EE f 547108290832002 572 404 Palygon | 1640457 B50334300000000 6660 424955 167500200

725503304535001 597 476 Palygon | 1221514 562366500000000 5201 B57548562699700

!@‘@ o 361790398808999 593 430 Polygon | 3162781 742635400000000 12361 816101586339000

=He 76E8245035562003 Bl 30679 Palygon 17426431 415654000000000 | 32412 44561 7516001000

@!EE[% ALl S 587 30350 Palyaon 279 477395004263390 733929660541 06555

@.’fﬂ@ 775048261774938 B84 31548 Palygon 253571397008510010 74.854713469906937

\[EE A57675316569997 456 31092 Palygon 1838.528175104393500 336 207426484210010

@@ﬁ, = 3435025104007 635 31562, | Palygon 1548.186386976700000 193.937723426543330

m@@@\ HAIThA0 138, 6370, 30398, | Pelygon 1743.1451675554001 00 180.094384005510000

ST i 51 91221 32200010, 5758, 30180 | Pelygon 211.616710573430000 72 20592951 6018004

3 %@@' 7408329140000, LER 31723, | Pelygon 672838703679440020 121.148186721800000

5 b‘ Lt e £82930072985000 5827 30267, Polygon 7B0.676209151733950 134 510403765803350

0,9 E@m 124304 14803000 izl 20932 | Polygon 11033 5481 87530000000 2101 7385154042010

\%ﬁ“! E 65857 75225724007 B304 30812 Palygon 2336.643392992293900 362 259006 008355550

=55 43.518671876727997 578 31233 Palygon 272 8370336964633701 67 220482065558004

=

== | <

FIGURE 1. The connection of graphic data and attribute data
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Next i
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j=0

For aa =1 To maxno

Fori=1 To indexal (2,ss)

resultl = bl (indexal (1,ss) —i+ 1)
sl =cl (indexax (1,ss) —i+ 1) + result (2,ss)
If yc(resultl) = True Then GoTo 200
If yed(resultl) = True Then

If rsl(resultl) >= s1 Then

rsl (resultl) = sl

result(1,resultl) = ss
result(2,resultl) = sl

GoTo 200

Else

GoTo 200

End If

End If
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Figure 2. Overall map displays
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Figure 3. The shortest path display
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Figure 4. The path between A and B
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