




 

NBU Journal of Plant Sciences 

Volume 6 2012 

 

 

Contents 

 

Review Article 

 

Evaluation of tradi1ional rice gennplasms for alluvial zone of West Bengal  

-a review           1-8 

- A. Chakravorty and P.D. Ghosh 

 

Bioinformatics of pathogenic food bacteria                                                                        9-18 

- U.K. Mondal, A. Sen and A.K. Bothra 

 

Research Article 

 

Influence of tungsten and molybdenum on seed germination and early  

seedling growth of wheat - a comparative study      19-24 

- A. Kumar and N.C. Aery 

 

Designing primers to fish auto-inducer synthase gene(s) of the quorum sensing  

system in γ-proteobacteria and their in-silico PCR validation    25-30 

- K.K. Yadav and R. Chakraborty 

                                                                     

 

Bacteriological quality of Mirik lake waters, Darjeeling district, West Bengal  31-34 

- B.C. Sharma, B. Rai, S. Kalikotay, B. Tamang, R. Rai 

 

Polyethylene glycol induced water stress in maize seedlings and evaluation 

of antioxidant defense mechanisms        35-40  

- R. Lama and U. Chakraborty 

 

Root colonization of mandarin plants grown in orchards of Darjeeling hills and  

plains with arbuscular mycorrhizal fungi and their effects on plant growth  41-48 

- S. Allay, U.K. De and B.N. Chakraborty 

 

In-vitro free radical scavenging activities of the leaves of Malva verticillara L.        49-56 

- P.K. Chhetri and P. Mandal 

 

Evaluation of genetic variation among three species of Allium on the basis of 

karyomorphology and SDS- PAGE profiling      57-62                                                                                                                                             

- S.C. Roy and TO Bhulia 

 

ROS production, H2O2 detection and biochemical characterization of water stressed 

wheat (Triticum aestivum L.) varieties       63-70 

- B. Pradhan and U. Chakraborty 

 

Responses of Zn and Cd treatment in soybean and fenugreek                     71-76                                                                              

- NC Aery and S Sarkar 

 

Serological and molecular detection of Macrophomina phaseolina, causing root rot  

of Citrus reticulata                            77-86 

- B.N. Chakraborty, U. Chakraborty, K. Rai, K. Sunar and P.L. Dey 

 

 

 



Efficiency and effectiveness of physical and chemical mutagens in Trigonella  

foenum graecum L.          87-88 

- J.D. Rajkumari 

 

A homology model of 16s rRNA tertiary structure of Frankia    89 

- S. Saha, S. Sur, A. Bothra and A. Sen 

  



Vol. 6, No. I Márch 2012 p.1-8 
ISSN No. 0974 6927 NBU Journal of 

Plant SciIences 
Copyright O 2012, University of North Bengal. All Rights Rexerved 

Evaluation of traditional rice germplasms for alluvial zone of West 

Bengal-a review 

Ashim Chakravorty and P.D. Ghosh* 
Cytogenetics and Plant Brecding scetion. Biotechnology Research Unit, Department of Botany, University

of Kalyani, Kalyani 741235, West Bengal, India 

Abstract 

Fitty one promising landraces of rice cultivars of three districts viz. Nadia, 24 Parganas(N) and 

Murshidabad of West Bengal were taken for characterization, estimation of genetic variability, genetic 
diversity and intermelation among them based on forty six agromorphological characters. The field 
eperiment was caried out at the Zonal Adaptive Research Station, Krishnagar, Nadia, West Bengal 
during Kharif scason of three consecutive years of 2006, 2007 and 2008. The land is mainly gangetic 
allavium plain with neutral pH (pH-6), low availability of nitrogen and phosphate and potash content. 
Obscrvations of various qualitative and quantitative traits were recorded at the different stages of growth. 
Distinctiveness. Uniformity and Stability (DUS) test was done on twenty eight qualitative traits following 
the National test guidelines, supplied by Rice Research Institute, Rajendarnagar, Hyderabad. Mean, 
standand eor of mean, standard deviation, coefficient of variation were calculated for each quantitative 
rait to evplore the variability, if any, among the cultivars (Singh and Choudhury, 1977). Genotypic 
corelations were. in general, higher than the phenotypic correlations and thus suggested that the observed 
relations among the characters were due to genetic factors. Genetic divergence was assessed among 5 
landrace genotypes which were grouped into eleven clusters. Cluster mean was done and the characters 
which contributed maximum towards genetic divergence among the genotypes were culm diameter>culm 
lengthgrain length>Plant height (seedling)>sterile lemma length>grain length/breadth ratio>ligule 

length> flag leaf angle>culm number in the descending order. 

Keywords: Landraces, characterization, DUS test, variability, diversity, D'analysis 

Rice (Ornza sativa L 2n -24) is one of the most 
important cereal crops in the world and also life blood of 

southeast Asia where more than 90 percent of rice is 
produced and consumed. It is also a major source of 
livelihood for than 250 million of households. 

the culm, leaf blade, panicle, hull, apiculus and dehulled 
grain presence or absence of pubescence, grain shape, 
size growth duration, resistance or tolerance to disease 
and insect pests, grain quality etc. will be studied to 
differentiate the land-races from one another for future 

breeding programme. In Asia 92 percent of the world's rice is grown in 

136.642 million hectares and consumed, provides 35-37 
percent of the calories to more than 3 billion Asians. In 

India rice contributes around 45 percent of cereal 
production and is the main food source for more than 60 
percent of the population in the country (Siddiq, 2002) 
covering 44.6 million hectares of total geographical 

History of rice breeding 

Systematic rice breeding was initiated at the beginning 
of the 20h century. Early breeding in tropical Asia was 
aimed at improvement of locally adapted popular 
varieties largely by pureline selection. Selection and 
evaluation process was confined to a single center in 

each region, as breeders then had no idea about the 
significance of multilocation testing and, as a result, a 
very large number of improved varieties were under 
commercial cultivation. Indonesia was the first country, 
where multilocation testing was started with the 
objective of reducing the number of varieties. Its 
successful experience not only prompted many countries 

area 

Green revolution: the beginning of genetic erosion 

The so-called 'green revolution' in rice started in late 
1960s due to cultivation of semi- dwarf cultivars 
carrying Dee-geo-woo-gen. With application of heavy 
dose of fertilizer costs are beginning to rise and rice 
farmers are facing declining profits. Scientists all over 
the world have tried to transfer the desirable genes from 
traditional varieties to modern varieties. The present 
investigation aims at collection, conservation and 

collected 

to follow suit but also made the breeders realize the need 

for improving the method of varietal testing. Whereas 
the use of statistical parameters, such as, variance and 
standard error helped improved field testing technique, 
the application of the principles of randomization and 
analysis of the variance that decide on the field plot 
design enabled evaluations of test entries more 
accurately. Rediscovery around this period of Mendel's 
laws of inheritance, in spite of its potential for unfolding 
new variability, could hardly change breeding-selection 

characterization of germplasms for 
exploitation in breeding program. For this purpose 
morphological and physiological characters with respect 
to growing habit, plant height, shape size and colour of 
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approaches, as breeders relied excessively on pure line 
selection. Nevertheless, it helped to understand the mode 

of inheritance of scores of agro-botanic traits and floral 

biology as well as acquire emasculation-pollination 
skills, which proved valuable when recombination 
breeding assumed importance. 

6, SLO 12 and CH 47 against stem borer. There are 

many more time-tested varieties that came out of 

resistance breeding. In spite of such an impressive 
record of breeding achievements the fact remains that 
the efforts made for yield improvement were of no 

consequence as compared to what had been done for 

catering to other agro-ecological and socio-economic 

needs 
Irrespective of the method of selection, emphasis of 
breeding in the beginning was for improvement of traits 
other than yield. The traditional rice exporting countries, 
like Burma and Thailand, for instance, placed their 
breeding thrust on improvement of grain quality, while 
breeding for resistance to rice blasts, the only killer 
disease known then, reccived importance all over Asia. 
Identification of CO4, a pureline. selection from the 
local variety Anaikomban' found resistance to the 
disease served as the donor to develop the most popular 
variety COS, by hybridization. Breeding for high yields 
was confined to lowland varieties, as breeders believed 
late maturing varieties to yield more. Thus, single 
location selection levaluations under low levels of 

It was immediately after the World War II, when food 

grain supply became far short of the demand and 

threatened the word community, 

Agriculture 
international rice commission (IRC) within the FAO 

frame- work to find ways of increasing rice production. 
The IRC recognized non-lodging habit, fertilizer 

responsiveness, early maturity and wide adaptability as 

the important varietal characteristics for achieving 

higher and stable yields. Accordingly, the FAO launched 
several regional networks projects such as cataloguing 
and maintenance of rice genetic stocks, Indica-Japonica 
Hybridization, cooperative varietal Trials, 
adaptability Test, Variety - fertilizer Interaction in 
indica varieties, Uniform Blast 
International Training Programme in Rice Breeding 
during 1950-1956. 

that Food and 
the Organization (FAO) founded 

Wide nutrient management with emphasis largely on 
improvement of traits other than yield was the general 
breeding practice until the end of the world war II. Nursery and 

Rice breeding in India was started in 1911 at Dacca 
(now in Bangladesh) and in the following year at 
Coimbatore in the old Madras province. Recognizing the 
importance of rice to India's economy, The Indian 
Council of Agricultural Research, founded in 1929, 
sponsored, rice breeding projects in all the major rice 
growing states and as a result the country had as many 
as 82 research stations exclusively for rice research by 
1950. It was around this period that ICAR's land mark 
decision led to the establishment of the central and 

The international cooperative was instrumental in 
cataloging major rice varieties of the world and 
establishing center for maintenance and exchange of 

germplasms. 
hybridization programme launched in 1952 was the 
early international effort to explore the possibilities of 
breaking the yield barrier in indica rices. Relatively 
higher yielding ability of japonicas believed them to be 
due to their non-lodging habit and responsiveness to 
higher levels of fertilize 
formulation and execution of this massive programme in 
Asia. Extensive hybridization programme with CRRI at 
Cuttack as the primary hybridization center and 
countrywide screening of the segregating material 
lasting for ten years proved a major disappointment. 
Except for three varieties viz., ADT 27, an early 

maturing type found suitable for kuruvai season in 
Tamilnadu and two medium late maturing types viz., 
Mahsuri and Malinja identified in Malaysia that became 
widely popular in India and Malaysia respectively, the 

project hardly yielded any good variety combining the 
desirable features of Japonica and Indica. Partial sterility 
and skewed segregation towards parental types have 
been attributed to low frequency of stable fertile 
recombinents. Had the breeders been careful to choose 
tropical japonica parents, instead of temperate japonica 
types like Norin 6, Norin 8, Norin 16, Rikue 12, Asahi 
etc., the genetic hurdle could have been averted. The 
realization that inter subspecific hybridization strategies 
would not yield anything substantial led to the abrupt 

termination of the project, which nearly coincided with 
the advent of the short statured indica variety Taichung 

Native) 1 (T(N)I) and Ponlai varieties (Taichung 
65,Tainan 3 etc). Taichung (native) 1 that heralded the 
era of plant type- based high yielding varieties is a 
derivative of the cross between the spontaneous dwarf's 

The ambitious indicaljaponica 

national Rice Research Institute at Cuttack, in Orissa in 
1946 for addressing problems of national importance. 
More organized breeding research that followed at 
central and state levels led to the release of more than 

was what prompted the 

450 improved varieties all of which, except 27 cross 
bred varieties, were pure line selections from popular 
local varieties. Among varieties that remain popular till 
now, MTU1, MTU15 and HR 19 of Andhra Pradesh; 
Chin 7 of west Bengal; Columba �trains of Maharashtra; 

GEB 24, CO 25 ASD 1 of old Madras Province; T141 
and SR 26b of Orissa; Basmati 370 of Punjab and tl366 
of Uttar Pradesh are important. Breeding for adverse 

growing conditions assigned to problem specific 
regional centers had also led to the development of 
varieties, which have hardly any alternative even today. 
They include among many 
Assam;DWP-1311 of Andhra Pradesh; ADT 17, PTB 15 
and 16 of Madras Province FR 13A and FR 43B of 
Orissa; Hybrid 84 of West Bengal for deepwater and 
flood prone areas; Kalarata 1-24 and Bhurarata 4-10 of 
Bombay Province, SR 26 B of Orissa; Chin13 and Chin 
19 of West Bengal for saline conditions and AKP 1, 
AKP 3, BCP 2 and BCP 5 of Andhra Pradesh; ASD 4, 
ASD18 and PTB18 of Madras Province; BAM 15 of 
Orissa; N22 of Utter Pradesh; Chin 25 and Chin 27 of 
west Bengal for drought prone situations. Resistance 
breeding against biotic stresses led similarly to the 
development of CO25 against blast and MTU 15, TKM 

ARC 353-648 of 
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mutant Dee-Geo-Wu-Gen and Taiwanese tall variety 

Tsai-Yuan-Chung. The early maturing dwarf variety well 

adapted to round- the- year cultivation provided the base 

for developing the "plant type' concept and development 
of a series of high yielding dwarf varieties including the 

miracle yielder IR 8. 

the total productivity by 2-3 times over the late 

maturing, season bound traditional tall varieties. The 

impact of the plant-type based high yielding varieties is 
evident from various indicators. Many chronically rice 
deficit countries have become self sufficient and some 
with sizeable surplus within 10-15 years of their 
introduction. Growth of rice (paddya) production in Asia
has risen to 540.62 million tones by 1997-98 from 
292.17 in the triennium ending 1971, while productivity 
from 2381 kg/ha in 1971 to 3900 kg/ha in the triennium 
ending 1997-98. Yield and production have registered 
from two times increase in India to four times increase 

An important development that accelerated breeding 
research at global level was the establishment of the 
International Rice Research Institutive (IRRI) in the 
Philippines in 1960 by the ford foundation and 
Rockefeller Foundation in cooperation with the 
Government of the Philippines. Breeding activities began 
in 1961-62 with the sole objective of evolving non 
lodging varieties with high yields, which led to the 
release of 1R 8, the widely adopted miracle yielder suited 
to irrigated ecology and IR 5, a semi tall variety bred for 
less favorable environments. It was IR 8 that provided 
the momentum for development of a series of high 
yielding dwarf varieties, which included IRR bred IR 
20. IR 36, IR 42, IR 64, IR 72 etc, besides large number 
by the National Agricultural Reseanch System (NARS). 
Thrust of the breeding research has been changing over 
the years with yield, quality and disease pest resistance 
receiving successively priority attention in the case of 
irrigated rice, while yield maximization and adaptation to 
moisture stress and submergence in rain fed rice, 
involving actively the NARS, most the thrust area 
research programmes were sponsored and coordinated by 
IRRI. The multidisciplinary genetic Evaluation and 
Uilization (GE) programme initiated in 1974 while 
broadening the breeding efforts at IRRI and NARS led 
simultaneously to the launching of global testing network 
called International Rice Testing programme (IRTP). The 
programme, later renamed as International Network for 
Genetic Enhancement of rice (INGER), involving over 
75 countries and no less than 1000 scientists facilitated 

and 

in the countries like Indonesia and Phillipines during the 
corresponding period. Largely development of high 

yielding varieties and their extensive adoption enabled 

many countries in Asia to register high and steady 
production growth. 
As for India, more than 550 high yielding dwarf 
varieties have been released for all the major ecologies, 
the maximum being for irrigated environment. Evolution 
of varieties for different ecologies at such a rapid pace 
has been possible because of the coordinated network 

approach conceived and adopted at national level for 
material generation and multi location testing. The 
realization that the entire growth has been on account of 

top sided attention given to irrigated ríce, prompted at 

national and international levels a shift in breeding 
emphasis towards long neglected rain fed ecologies, 
which account for 50% at global level and 55% in India. 
Rain fed ecology being the most complex and diverse, 
eco-regional models were conceived by IRRI for 
characterizing such ecologies and addressing the 
problems unique of them. The rain fed low land and rain
fed upland Consortia - the multi-country projects are 

close to finding solution to the problems of handicapped 
ecologies in Asia. The impact of this, coupled with 
national initiative, is seen today in the steadily 

increasing productivity 
predominantly rain fed eastern part of India. 

(improved 
unimproved ) among the participant countries by IRRI's 
germlasm bank to an unprecedented scale. This one 
activity not only brought visibility to IRRI but enabled 
NARS to benefit the maximum. Several varieties named 

free exchange of germplasm 
and production in the 

by IRRI were from IRTP/INGER nurseries. In the recent 
years, IRRI, in partnership with NARS and advance 
Research Institutes in the developed world, is engaged in 
strategic research towards achieving food nutrition 
security on a sustainable basis. Search for new yield 
thresholds through hybrid technology, new plant type, 
development and application of Biotechnology- Geneti 
engineering tools for adding value and finding solution to 
still unsolved biotic and abiotic stresses and functional 
genomics are important among them. Continued 
enrichment and maintenance of the gene bank which 
remains the 'gene source', for breeders all over, is the 
most laudable activity of IRRI. 

Ever since the development of the dwarf high yielding 
varieties, breeders all over have been looking for 
technologies that would help raise to further the genetic 
ceiling to yield. Of the two strategies contemplated viz. 
tailoring of physiologically still more efficient plant type 
and exploitation of hybrid vigour, the later has become a 
reality since the development in the late seventies of 
commercially viable hybrid rice technology in China. Its 
extensive adoption over 18 million ha (55% of the rice 
area) has helped China add annually 20 million tones to 
the national rice production making thereby the 
chronically food deficient countries self sufficient. The 
knowledge gained from the experience and material 
support form IRRI and China, proved handy fifteen 
years later for India to develop hybrid technology suited 
to its agro-climatic conditions. The success stories of 
China and India have motivated a few' more countries in 

It is the unique combination of short stature, non- 

lodging habit with profuse tillering and upright foliage, 
photo-insensitivity, high fertilizer responsiveness and the region to initiate hybrid rice research. 
early maturity in the new plant type that has helped break
the centuries long yield barrier of the tropical rices. Short 
duration coupled with period bound maturity has made 
possible to raise 2-3 crops a year and increasing thereby 

Thus the nine decade long history of rice breeding 
comprises three major phases viz., the period of tall 
varieties with slow yield growth till early fifties, the 
period of semi-dwarf varieties breaching the yield
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with the National Core Group Experts for development 
of National Test Guide Lines in crop plants and also 

barrier since mid sixties and the period of hybrid 
technology marking the second yield breakthrough since 
eighties. The current breeding emphasis at IRRI and a 
few other countries like China, Japan and India include 
) tailoring of new plant type varieties capable of 
yielding 15-20% higher than the best variety available 
(ii) engineering future rice varieties with novel genes 
conferring resistance to major insect pests and diseases 
and (ii) improving the nutritional value of rice through 
conventional and molecular breeding approaches. 

with rice crops experts. The National Guidelines for the 

and conduct of Test Distinctiveness, Uniformity 
Stability for rice include descriptors to be observed for 

establishing the distinctiveness, explanation to the 

descriptors (essential, additional and stress related traits) 

procedures to be followed and technical questionnaire. 

Genetic variability of yield and yield attributes, 
character association, heritability and genetic advance 

Development of DUS test guidelines in rice

Globally, India stands first in rice area (44.6m.ha), 
second in production (93.0 m.t) after China and 
contributes to 23.5 % of world rice production. Within 
the country rice occupies 22.8% of total cropped area, 
46.3% of area under cereals and contributes to 42% of 

Burton (1952) has suggested that genetic variability 
along with heritability should be considered to judge the 
effect of selection. Studies on genetic variability 
parameters like GCV, heritability and genetic advance 
and association of diferent traits should be considered 
for identification of suitable genotypes to be used as 

elite cultivars or for the breeding improvement involving 
the selected genotypes. 

total food grain production and continues to play a vital 
role in the national food security, as it constitutes staple 
food for two thirds of the population supplying about 
33% of food calories. Also being the one of the 
secondary centres for the origin of rice the country is 
blessed with a rich diversity with the guess estimate 
being around 1,20,000 accessions of land races, farmers 
varieties and wild relatives. Several among the rich pool 
or rice landraces would come for registration on account 

of their special qualities, pest/disease resistance, quality 
features and medicinal use. Further 714 rice varieties are 
released so far of which 333 varieties are suitable for 
irrigated areas, 101 for rainfed uplands, 131l for shallow 
lowlands, 49 for semi deep and deep water areas, 37 for 
high altitudes, 19 for saline/alkaline and 42 in aromatic 
scented categories. Had the laws of registering our 
varieties existed earlier, the whole episode of Basmati 
patent by Rice Tec, USA would not have arisen, as 
basmati is a unique quality rice endemic to sub 
Himalayan tracts of Indian sub-continent, conserved by 
farmers from a long time and several research efforts 
made by scientists resulted in the release of many 
varieties in India. Now that we made a good headway in 
making our laws many of the breeders varieties and also 
farmers varieties could be protected through PBR, once 
they confirm to the basic Distinctiveness, Uniformity and 
Stability (DUS) test requirements. 

Majumdar et al. (1971) studied the genetic variability in 
respect of different characters in a collection of 10 
varieties of rice. Genetic parameters like genotypic 
coefficient of variation (GCV), phenotypic coefficient of 
variation (PCV), hertitability, and genetic advance were 

computed. The result revealed that a large proportion of 
phenotypic variability was genetic and highly heritable 
for almost all characters like plant height, number of 
effective tillers, length of panicle, grain yield per plant, 
weight of 100 grains and grain size (length breadth 
ratio). They found high GCV values in some characters 
like grain yicld per plant and for plant height which may 
prove the existance of justifiable genetic distance among 
the different varieties, a fact, indicative of the efficiency 
of these strains to be involved in rice improvement 

programme. 

High mean associated with high variability was 
considered as a better index for selection. It was 
reported that high GCV and PCV was revealed for 
panicle length, number of productive tiller per plant 
(Das and Borthakur, 1974; Unikrisnan, 1980; Sukanya, 
1984 and Vijay Kumar, 1990). High heritability coupled 
with moderate genetic advance was observed in all 
population for plant height in rice. This indicated the 
involvement of both additive as well as dominant gene 
action in controlling plant height and hence this trait 
does not offer great scope for improvement by selection 

(Minidas, 1990). 

The first step to implement our PPVFR provisions is 
formulation of National Test Guidelines for conducting 
DUS tests. National Test Guidelines have been 
developed for 35 crops representing harmonized 
approach for the testing of new varieties which will form 
the basis for DUS examination. These contain details on 

Chaudhury et al. (1980) suggested that grain yield could 
be improved by exercising selection for high number of 

spikelets per panicle along with genetic advance were 
recorded for these characters. 

i) subject of guidelines ii) material required ii) conduct 
of tests, iv) methods and observation, v) grouping of 

varieties, vi) characteristics and symbols, vii) table of 
characteristics, vii) explanations 
characteristics, ix) literature 
questionnaire. The characteristics in the table follow the 
botanical and chronological order of recording from seed 

(submitted), seedling, plant (growth habit etc), stem, leaf 
(blade, petiole, stipule) inflorescence, flower and fruit. 

Ghosh et al. (1981) reported that the genotypic 
coefficient of variation was high for grain yield, plant 
height, ear bearing tillers, number of grain per panicle 
and low for days to flowering. 

on table of 
and x) technical 

According to Shumsuddin (1982), heritability was 
highest for total number of spikelets followed by grain 
yield per plant, 100 grain weight and lowest for panicle 
length. Amirthedevarathinam (1983) observed wide 
range of genotypic and phenotypic variation in the 

Directo of Rice Research (Rajendarnagar, 
Hyderabad) has played a key role in developing National 
Test Guide Lines for DUS test in Rice in consultation 
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Mahajan et al. (1993) in their experiment with upland 
rice genotypes indicated that grain yield per plant was 
positively and significantly correlated with straw yield 
per plant and filled grains per panicle and suggested that 
the filled grains per panicle should be considered as a 
most important yield contributing character because it 
exerted a positive direct effect on yield. 

eleven characters considered in the genetical study on 

rainfed rice. 

Rabindranath et al. (1983) recorded the range of 
variation was highest in number of grains per panicle and 
lowest in 100 grain weight. PCV was higher than the 
GCV for all characters. 

In 1984, Chauhan and Tandon experimented with 30 rice 
varieties to measure the extent of genetic variability 
under two cultural environments viz. rainfed upland 
(direct sown) and irrigated (transplanted). Plant height, 
effective tiller per plant and grain yield had high 
heritability and GCV under both the environments. 
However, the magnitude was higher in upland situation. 

Manuel and Rangasamy (1993) reported that the yield 
was positively correlated with the characters like plant 
height, panicle per plant, grains per panicle and dry 
matter production in case of hybrid rice. These results 
were in agreement with the finding of Bhattacharya 
(1981) and Ramalingam et al. (1995). 

Gomathinagasam et al. (1988) observed that plant height 
contributed indirectly to the yield through the all 
characters considered in his experiment except 1000 
grain weight. Loknathan et al. (1991) observed that plant 
height showed high genetic advance and heritability 
which registered its high potentiality for selection which 
contradicted the observation of Minidas, 1990. 

Chaubey and Richharia (1993) provided information on 
heritability, genetic variance and correlation considering 
8 yield components of 80 indica rice varieties and found 
that broad sense heritability was high for all characters 
except harvest index and panicle weight was the highest 
contributor to grain yield, but Marwat et al. (1994) 
reported that the productive tillers, panicle length and 
1000 grain weight had the highest direct effect on grain 

yield per plant. Rahangadale and Khorgade (1988) found 
heritability associated with high genetic advance for the 
characters like 1000 grain weight and plant height in 
their evaluation study with 25 indigenous upland rice 
varieties. 

high 
Abd-E1-Samie and Hassan (1994) observed highly 
positive and significant phenotypic correlation between 
grain yield per hill and number of panicles per hill, grain 
yield per hill also showed positive and significant 
correlation with all the yield components except 100 

grain weight. 

Ruben and Kishanga (1989), recorded that panicle per 
m, mature grain per panicle, panicle weight and panicle 
length were positively correlated with the grain yield. 

Ganesan et al. (1995) observed that grains per panicle, 
grain yield per plant and dry matter production had high 
GCV, heritability, and genetic advance and suggested 
predominance of additive gene effects for the expression 
of these characters. Days to panicle emergence showed 

Panwar et al. (1989) found that spikelet number was the
main component affecting yield directly. 
Bapu and Sundarapandian (1992) observed from the F 
population of the cross between CO-37 and CO-41 and 
its reciprocals that number of productive tillers, panicle 
length and plant height were positively correlated with 
grain yield. 

moderate genetic variability along with higher 
heritability and genetic advance, indicating the extent of 
scope for further improvement through phenotypic 
selection. 

Estimation of GCV, PCV, heritability, genetic advance at 
5% selection index for grain yield and other attributes 

were computed by Rema Bai et al. (1992). In all the 

cases the PCV was higher than GCV indicating 
environmental influence on the characters like plant 
height, flag leaf angle, number of panicles bearing tillers 
per plant, panicle length, number of grains per panicle 
etc. Plant height exhibited a higher value of heritability 
with a moderate value of genetic advance. 

Sawant et al. (1995) reported high expected genetic 
advance, along with high heritability for panicle length, 
grains per panicle and 100 grain weight which indicated 
the predominance of additive gene effects in controlling 
these traits. 

Sawant et al. (1996) and Padmavathi et al. (1996) 
studied character association among yield and yield 
contributing traits and indicated that ear bearing tilers 
per panicle, 1000 grain weight, panicle length and grain 
per panicle were positively and significantly correlated 
with grain yield. 

Yadav (1992) found high heritability for the characters 
like plant height, yield per plant, sterility, harvest index, 
days to 50% flowering, days to maturity, panicle per 
plant and seeds per plant. 

After studying variability, heritability and genetic 
advance, Lokaprakash et al. (1992) suggested that 1000 
grain weight, panicle weight, and number of filled 
spikelets per panicle were important for the breeder to 
construct selection indices as they showed high 
heritability along with high genetic advance for these 
traits. He also found that the variability was higher for 
panicle weight, number of panicles bearing tillers per 
plant and yield per plant but it was low for plant height, 
panicle length and test grain weight. 

Rao et al. (1997) studied genetic variability and 
character association between yield and its contributing 
traits in two environments. Irrespective of the 

environments, high PCV and GCV, coupled with high 
heritability and high genetic advance were found for 
spikelet sterility and leaf area index which indicated the 
predominance of additive gene effects in controlling of 
these traits. Productive tillers number, harvest index and 

dry matter production had positive and significant
correlation with yield in both the environments. 

Rather et al. (1997) reported that days to 50% flowering, 
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1000 grain weight etc. were the important characters 
which may be considered as direct contributors to yield. 
Sarawgi et al. (1997) indicated that grain yield in rice 
had significant positive correlation with number of fertile 

spikelets per panicle, 100 grain weight and harvest index 

number of clusters and clustering was greatly influenced 

by the environments. Genotypic variance was high for 

grains /panicle and culm length. 

Singh et al. (1986) assessed genetic divergence among 

50 cultivars of low land rice and grouped them into 10 

clusters. He also opined that genetic diversity was not 

rclated to geographical distribution. He found that plant 

height, sheath length, kernel length and breadth, test 

weight, panicle length and number of spikelets were 

mainly responsible for genetic divergence. 

etc. 

Luzi-Kihupi (1998) showed that grain yield per hill was 
positively correlated with all the yicld components 

except percentage of unfilled grains and days to S0% 
flowering. Plant height, number of filled grains per 
panicle and grain weight were 
characters. He suggested that mumber of ftilled grains per 

panicle and grain weight could be of use as selection 
criteria for screening high yielding rice lines. Gholipoor 
et al. (1998) observed that positive genotypic correlation 
between yield and 100 grain weight, days to maturity but 
negative signiticant genotypic association with plant 

height and suggested that 100 grain weight could be 
considered for selection of lines with high grain yield. 

highly heritable De et al. (1988) grouped 75 strains of rice into 13 

clusters and found 100 grain weight and number of 
grains per panicle were the highest contributors to D 

values. 

Roy and Panwar (1993) estimated genetic divergence 
between 99 genotypes of rice on the basis of grain yield 
along with 9 related traits and grouped them into 16 

clusters. The results indicated that significant genetic 
divergence was created in the genotypes mainly by 
panicle per plant, grains per panicle, grain yield per 
plant, spikelets per plants. 

Meenakshi et al. (1999) also observed positive 
corelation between yield and harvest index along with 
the characters like tillers per plant, grains per panicle, dry 
matter production. 

Balan et al. (1999) evaluated 20 rice genotypes through 
estimation of genetic parameters under upland condition. 
High heritability combined with high genetic advance 
was observed for grain yield indicating the presence of 
additive gene action for the control of the trait. 

Sawant et al. (1995) carried out divergence study in 75 

genotypes of rice and grouped them into ten clusters on 

the basis of eight yield component characters. He found 

sufficient iter cluster distance and suggested that the 

genotypes in different clusters were diverse from each 

other. 

Gupta et al. (1999) conducted an experiment involving 
95 land races of hill rice for variability analysis of yield 
and its components. The GCV estimate was high for 

grain yield per plant and grains per panicle whereas for 
other characters it was low to moderate in magnitude. In 
general, estimates of PCV were higher than GCV, 
however, the closeness for GCV and PCV for 100 grain 

weight plant height suggested that these characters were 

least influenced by the environmental factors. Grains per 

panicle showed highest estimate of heritability and 

genetic advance. 

Singh et al. (1996) measured genetic divergence among 
40 genotypes of rice on the basis of yield component 
data and grouped them into 6 clusters. Grain yield 
contributed the most, 40.6% of total divergence and 
plant height contributed 16.5%. The genotypes between
clusters having better 
recommended for inclusion in hybridization programme 
as these were expected to produce variable segregants. 

cluster distance were 

Rao and Gomathinayagam (1997) assessed divergence 
among 40 drought tolarent rice genotypes by growing 
them under semi-dry conditions at two different 
locations and found the importance of genotype- 
environment interaction in clustering pattern of the Kaw et al. (1999) took 94 rice genotype (38 japonica 

indica F, 36 indica japonica Fi and 20 parents) for
evaluating genetic variability under 3 cold stressed 
environments. Heritability estimate was highest for plant 
height and lowest for panicle length. 

genotypes. 

Mokete et al. (1998) estimated genetic divergence 
within 25 genotypes of rice on the basis of yield 
component data and grouped them into 5 clusters. The 
genotypes belonging to the clusters revealed substantial 

difference in the means for important yield contributing 
characters. So the genotypes belonging to these clusters 
from ideal 

Genetic divergence 

Singh (1983) estimated genetic divergence of 32 varieties 
of rice and grouped them into 9 clusters. He observed 
that genotypes even chosen from the same eco 

geographical region were found to be scattered in 
different clusters. Plant height contributed maximum role 
in total genetic diversity fol 
grains per panicle. Utilizing the genotypes within clusters 
which are highly divergent, wide spectrum of variability 
may be created through hybridization. 

pairs for planning a hybridization 

programme. 

Kandola and Panwar (1999) studied genetic divergence 
among 52 endogenous and exotic genotypes of rice on 
the basis of 60 agro-morphological and quality 
characters and grouped them into 11 divergent clusters 
and found no association between genetic and 
geographic diversity and concluded that hybridization 
among genotypes drawn from widely divergent clusters 
with high yield potential is likely to produce heterotic 
combinations and wide variability in segregating 

generations. 

wed by sterile grain and 

Pandey and Ghorai (1986) studied genetic divergence 
employing 48 improved varieties of rice grown in 
different geographical regions and observed the 
parallelism between genetic diversity and geographical 
distribution. But these genotypes were grouped into a 
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Abstract
Cholera is a fatal water borne disease caused by Vibrio cholerae. The primary symptoms include profuse 
watery diarrhea, muscle cramps and vomiting of clear fluid leading to rapid dehydration and electrolyte 

imbalance. and death in some cases. The causal organism i.e. Vibrio cholerae was first isolated by an 

Italian anatomist. Filippo Pacini in 1854. With the advent of genome sequencing technology, several Vibrio 

cholerae strains have been sequenced and available in public domain. This provided the opportunity for the 
scientists to study their genome in details. In the present review we have looked into the genetics of food 

pathogen as a whole, with special reference to research on V. cholerae. We have also critically reviewed 
various aspects of Bioinformatics like codon usage patterns, phylogenetic studies, studies on structural
bioinformatics etc. on food borne bacteria. We are confident that the present review will help the 

researchers of food pathogenic biology to obtain valuable information about the present status of 

bioinformatics of food pathogenic bacteria and future outlook of these aspects. 

Keywords: ibrio cholerae, food pathogenic bacteria, codon usage, functional genomics 

Cholera is a fatal disease caused by infection with the 

bacteria Iibrio cholerae (Ryan 2004) which is 
Tansmitted through contaminated water. Prior to the 
discovery of an infectious cause, the symptoms of 
cholera were thought to be caused by an excess 
accumulation of bile in the patient. The disease Cholera 
gets its name from the Greck word choler meaning bile. 
This was consistent with medical thought at the time, 
which held that four liquids or humors controlled health, 
and lead to such medical practices as bloodletting as a 
method of curing illnesses. The bacterium was first 
reported in 1849 by M. Gabriel Pouchet, who discovered
it in stools from patients with cholera. But he did not 
appreciate its significance (William 1979). The first 
scientist to understand the significance of Vibrio 
cholerae was an Italian anatomist Filippo Pacini, who 
published detailed drawings of the organism in 

"Microscopical
deductions on cholera'" in 1854. He went on to publish 
additional papers in 1866, 1871, 1876 and 1880, all of 
which were ignored by the scientific community. He 
coTectly described how the bactleria caused diarrhea, 
and developed treatments that were found to be effective
(Bentivoglio & Pacini 1995). But his findings did not 
influence medical opinion. In 
representatives from 21 countries voted unanimously to 
resolve that cholera was caused by environmental toxins 
from miasmatas, or clouds of unhealthy substances
which float in the air (Howard-Jones N 1984). 

disease appeared regularly in medical journals 

throughoutthe 1950s, 60s, and 70s, (Macqueen 1954; 
Mc-Clure 1955; Gronroos 1957; Cowart & Thomason 
1965; Linde et al., 1966) with fatalities being reported in 
humans and infants starting in the 1970s (Glantz 1970; 
Drucker et al, 1970; Smith & Gyles 1970). Infection
with the bacteria Helicobacter pyoli is the cause of most 
stomach ulcers. The discovery is generally credited to 
Australian gastroenterologists Dr. Barry Marshall and 
Dr. J Robin Warren, who published their findings in 
1983. The pair received the Nobel Prize in 2005 for their 
work. Before this, nobody really knew what caused 
stomach ulcers, though a popular belief was that the 
"stress" played a role. Some researchers suggested that 
ulcer was a psychosomatic illness (Paulley 1975; 
Kellner 1975; Aitken & Cay 1975). Besides, a number 
of food borne pathogens causing bacteria like 
Salmonella (non-typhoidal), Listeria monocyogenes, 
Campylobacter, (Mead et al, 1999) were discovered.
Genomic islands may contain large blocks of virulence
determinants

observations and pathological

(adhesins, invasins, toxins, protein 
secretion systems, antibiotic resistance mechanisms, etc) 
and thus are referred to as pathogenicity islands. 
Pathogenicity islands were first described in pathogenic
species of E coli, but since then have been found in the 
genomes of numerous bacterial pathogens of humans,

animals, and plants (Salmonella, Vibrio, Shigella, 
Yersinia, Listeria, S aureus, etc) (Garcia et al, 1999; 
Lindsay et al, 1998). Pathogenicity islands are believed 
to have been acquired as a block by horizontal gene 
transfer because of their G+C content is significantly
diferent from that of the genomes of the host micro- 
organism and they are often flanked by direct repeats. 
Many scientists are currently beginning to gain 
understanding of the molecular mechanisms involved in 

1874, scientific 

Reports of pathogeníc E. coli appeared in medical 
literature way back in 1947 (Ruchman & Dodd 1947). 
Publications regarding variants of E. coli which cause 
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thought impossible and published the draft sequence of 

human genome (Wade 2000). That was the beginning 
and it opened the flood-gates for other genome 

sequencing projects. Gradually sequences of mouse. rat. 

Worms and yeast were completed (Miller et al., 2004). 

Kyrpides (1999) reported that in the end of the 20th 

century, there were 24 complete genomes that included 

16 bacterial, 6 archaeal, and 2 eukaryotic genomes and 

currently there are more than two thousand genomes 
available in public databases (Kyrpides 1999). The large 

numbers of genomes resulted in the generation of huge 
amount of information concerning the genetic nature of 

biological organisms spanning different kingdoms. 
groups and lineages etc. Bloom proposed that the 
greatest problem appeared with the interpretation of 
underlying information from genomes leading to 
materialization of the new science of bioinformatics. 
Bioinformatics revolutionized the science of biology and 
directed it towards a more holistic approach compared to 
the reductionism visible in molecular biology research in 
the late 20 century (Bloom 2001). Now an organism is 
viewed as a system comprising of the information 
associated with genes and proteins that are responsible
for maintaining day to day functions and networks of 
regulations that spell out how gene expression occur 

(ldeker er al., 2001). In 1995, the publication of the 
complete genome of Haemophilus influenzae marked 
the beginning of another revolution in the field of 
bioinformatics (Fleischmann et al, 1995). Currently 
there are about two thousand bacterial and archacal 
genomes in the public domain. The publication of huge 
amount of sequence data helped in the development of 
high cnd computers, smart computing tools, for large- 
scale annotation, functional classification of the proteins 
(Scarls 2000) and development of specific databases 
(Bimey et al. 
scientific community. As the science of bioinformatics 
developed, computation became chcaper and cheaper 
and was duly complemented with the growth of Internet 
since the late 90s (Percz-lratxeta et al., 2006). FHigh 
throughput tools were also developed by the beginning
of the 21" century as genetic data became a gold mine 
for researchers (Perez-Iratxeta et al, 2006). New 
software started developing for more cfficient and 
comprehensive analysis of the genomes, proteomes and 
proteins. The stage was set and bioinformatics had 
already established itself as the leading science of the 
21 century. 

the action of toxins. The good news is that there are a 
limited number of major toxin families that display 
common structural and biochemical motifs which may 
be exploited for future therapeutic development and 
these may be effective against multiple organisms.

Genetics of food pathogen 

In 1906 the term "genetics" is introduced. Various 
techniques like mutations, deletion mapping, cloning 
vectors etc. have facilitated the identification of genes 
associated with food pathogens. The first genome of a 
food-borne bacterium to be sequenced was that of C. 
jejuni and it led to the discovery of important new 
aspects pertaining to the biology of this organism 
(Parkhill et al., 2000). PAIs were first discovered in 
pathogenic E. coli. Pathogenicity islands of various 
pathogens are cag (H. Pylori), SPI1-5 (Salmonella spp) 
VPI (V. cholerae) etc are responsible for different 
diseases (Hentschel & Hacker 2001). Kim et al., 
designed a method for the Microarray detection of food- 
borne pathogens using specific probes prepared by 
comparative genomics (Kim et al., 2008). 

Research trends in food pathogenic bacteria (FPB) 

The discovery of pathogenic organisms throughout the 
globe, studies concerning their gene products as well as 
the development of molecular biology helped FPB 
research enter a new stage where basic research blended 
well with latest sophisticated techniques. Techniques
such as immune magnetic separation (1MS) and 
polymerase chain reaction (PCR) have paved the way 
for rapid and sensitive detection of food borne 
pathogens, and advances in nano-biotechnology have
allowed for the miniaturization of devices. 
Collaborations between workers in the ficlds of 
engineering, nanotechnology and food science have 

introduced new lab-on-a-chip technologies pemitting
development of portable, hand-held biosensors for food 
pathogen detection. Despite the recent advancements in 
food pathogen detection, there still exist many 
challenges and opportunities to improve the current 

technology 

2002) for availability to the broad 

Beginning of interdisciplinary research and dawn of 
bioinformatics

It was in the year 1986 that the Department of Energy 
(DOE), USA and National Institutes of Health (NIH) 
started the Human Genome Project (HGP). It was one of 
the most happening experiments in the late 20 century. 
The objective of the project was to identify all of the 
genes in humans and craft a database containing the 

information (ldeker et al., 2001). A number of other 
genome projects also started in major industrialized 
countries of Europe and Japan. The scientists were, at 
first, skeptical about the HGP, since huge amount of 
money had to be spent that would hamper basic research

and as the project moved scientists worried about the 
massive amount of data and its interpretation (Bloom, 
2001) In the year 2000, Prof. Collins of the National 
Human Genome Research Institute and Prof. Craig 
Venter of Celera Genomics appeared in a press 
conference and stated that they had achieved what was 

Post genomic era and FPB 

The amalgamation of the knowledge of physiology,
biochemistry, genetics and molecular biology gave idea 
about the understanding of the mechanism of host- 
pathogen interaction in pre-genomic era. The completionof the genomes of Salmonella enterica (McClelland et 
al., 2001), Helicobacter pylori Strain G27 (Baltrus et 
al., 2009)) and sequences for a number of pathogenicbacteria. Pathogenicity islands were first described in 
pathogenic species of E coli, but since then have been 
found in the genomes of numerous other bacterial
pathogens of humans. animals, and plants (Salmonella.
Vibrio, Shigella, Yersinia, Listeria, S aureus, etc) 
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aminoacyl-tRNA and ternary complex conditions. Sharp 
et al. (1993) reported that the preference of some 
synonymous codons were the outcome of translational 
selection i.e., for increasing efficiency and accuracy a 
codon is used that is translated by the abundant tRNA 
species. Rocha (2004) correlated codon usage bias from 
the tRNA point of view. He proposed that co-evolution 
of tRNA gene composition and codon bias in genomes 
from tRNA's point of view concur with the selection 
mutation-drift theory. A number of studies (Sharp et al. 
1993; Carbone et al., 2005) revealed that codon bias is 
influenced by effective population size, translational
selection, mutational pressure, compositional bias and 
genetic drift. Chen et al. (2004) postulated that codon 
bias is first and foremost influenced by mutational 
pressure and then translational selection. Studies on 
translational selection helped in the detection of highly 
expressed genes in genomes (Karlin & Mrazek. 2000). 
Majority of the highly expressed genes are associated 
with cell growth and cell division. It has been found that 
evaluating translational selection is quite difficult in 
genomes with a high or low G+C content owing to the 
consequence of intense levels of G+C content on codon 
usage. Medigue et al., (1991) applied the principles of 
codon usage, cluster analysis and correspondence 
analysis to study horizontal gene transfer mechanisms. 
A number of workers have suggested that codon usage 
and amino acid usage (Goldman & Yang 1994; Nesti et 
al. 1995; Pouwels & Leunissen 1994; Schmidt 1995) 
helps in determining the phylogenetic relationships
between organisms. Besides codon usage, amino acid 
usage has also been studied extensively (Peden 1999). 
Ikemura (1981) was instrumental in reporting good 
corelation between amino acid composition and codon 
bias. Hydrophobicity, aromaticity and amino acid 
charges are testified to be influencial in amino acid 
usage (Lobry & Gautier, 1994). The prediction of open 
reading frames has been performed utilizing the 
information of codon usage (Krogh et al. 1994; 
Borodovsky et al. 1995). Peden (1999) provided some 
classic examples of the utilization of GeneMark 
prediction programme (Borodovsky et al., 1994) for 
identification of coding sequences from shotgun genome 
sequencing projects. 

(Garcia et al, 1999; Lindsay et al., 1998). The first 
genome of a food-borne bacterium to be sequenced was 
that of C. jejuni and it led to the discovery of important 
new aspects (Parkhill ef al, 2000). The studies on the 
genomes exposed new evidences pertaining to evolution 
and structure, interactions between host-pathogen
interactions.

The research on functional genomics and proteomics
with a focus on food pathogenic bacteria has been 
greatly significant in the 21 century. It has become 
necessary to investigate much on the comparati ve codon 
usage patterns, whole proteome analysis and molecular 
phylogeny using bioinformatics tools. Comparative
genomics particularly focusing on codon usage using 
different parameters is expected to provide insight into 
the inherent molecular nature of the genomes of food 
pathogenic bacteria. 

Previous works on codon usage patterns 

In the post genomic era increasing number of genomes 
generated a concept among computational biologists that 
each and every genome has its own story. Since the time 
when the first nucleic acid sequences were obtained 
number of hypothesis on the evolution of genomes have 
been put forward. The genetic code has been one of the 
most interesting aspects of biological science. The code 
is degenerate with multiple codons coding for 
particular amino acid. Groups of codons coding for a 
particular amino acid are synonymous ones. It has been 
reported that these synonymous codons are somewhat 
conserved across species (Peden 1999). The increase i 
sequence information albeit partial in the 1980's 
facilitated the studies concerning the usage of 
synonymous codons in organisms. Majority of work on 
codon usage patterns at that period focused upon Ecoli 
(Peden 1999). Gradually the techniques for codon usage 
were applied on mammalian, bacterial, bacteriophage.
viral and mitochondrial genes (Grantham et al., 1980a; 
Grantham et al., 1981; Grantham et al.. 1980b). On the 
basis of studies conducted on mRNAs from a number of 
prokaryotic and eukaryotic species, Grantham et al. 
(1980a) proposed the 
hypothesized that codon usage pattern of a particular 
genome was an explicit attribute of that organism. 

Grantham et al., (1981) reported that difference in codon 

usage pattern might be associated with the tRNA 
content. More work on the codon usage patterns (Gouy 
& Gautier, 1982) in E.coli regarding codon usage and
tRNA abundance led to the conclusion that highly 
expressed genes exhibited non-random codon usage and 
used a small set of codons that corresponded to abundant 
RNAs. However, it was not clear why specific 
synonymous codons were used preferably. Grosjean & 
Fiers (1982) opined that optimal codon choice is the 
outcome of the necessity imposed by interaction

between codon and cognate tRNA. Ikemura (1981) 
defined optimal codon as one that was translated by the 
most abundant cognate tRNA which he later amended 
(Ikemura, 1985). These optimal codons are under the 
influence of translational efficiency. Kurland (1991) 
reported that translational efficiency is shaped by 
highest turnover of ribosomes, effectiveness of 

'Genome Hypothesis" which 

Sharp and Li (1987) were the pioneers in developing the 
Codon Adaptation Index (CA) to assess the similarity
among the synonymous codon usage of a gene to that of 
the reference set. This particular index has been 
commonly used as a parameter for predicting the highly 
expressed genes in an organism. Besides CAI, a number 
of indices are regularly used to investigate codon usage 
patterns in a number of organisms. Peden (1999) opined 
that two types of indices one evaluating on the whole 
deviation of codon usage from the expected set and the 
other determining bias towards a specific subset of 
optimal codons are used. Indices such as GC content, 
GC3 content (Peden 1999) effective number of codons 
(Nc) (Wright 1990). relative synonymous codon usage 
(RSCU) (Sharp et al., 1986) scaled chi-square and G 
statistic, P2 index (Gouy & Gautier, 1982) measuring 
the codon-anticodon interaction, codon bias index (CBI) 
(Bennetzen & Hall, 1982), Fop (frequency of optimal 
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codons) (Ikemura, 1985) and codon adaptation index are 
ver signi ficant in studies concerning codon usage 
patterns. Besides these indices, correspondence analysis 
(Benzecri, 1992) a type of multivariate statistical 
analysis has also beer 
degree of associations between different genes and 
amino acids. It is a technique that explores non random 
synonymous codon usage. 

pathogenic bacteria. 

Structural bioinformatics of FPB 

High throughput sequencing of a number of eukaryotes 
and a number of bacteria has paved way to the field of 

structural bioinformatics. Structural bioinformatics is 
commonly used to find out the 

This important field of study starved due to the scarcity 
of ophisticated software in the 1980's. The basic 
problem was the integration of different indices into one 
program that would serve the researchers well. The 
foremost software was CODONS (Lloyd & Sharp, 
1992). The GCG package (GCG, 1994) consisted of 
programs for analysis codon usage. CORRESPOND was 
used for performing multivariate statistical analysis 
(Peden 1999). NetMul (Thioulouse ef al., 1995) was 
designed as a subset of ADE software for studying of 
codon usage and multivariate statistical analysis. 
CODON W (Peden 1999) took over the stage and 
became very popular because of its robust nature and 
error free analysis. INCA (Supek & Vlahovicek, 2004) 
is also being used by researchers. Software was also 
developed for codon usage optimization. This involved 
alteration of rare codons in target genes so as to imítate 
the codon usage of host with no modification of the 
amino acid sequence of encoded proteins (Gustafsson et 
al, 2004). GeneDesign (Richardson et al., 2006), 
Synthetic Gene Designer (Wu et al, 2006), Gene 
Designer (Villalobos et al., 2006) are some of the useful 
software packages providing a platform for synthetic 
gene design and codon optimization. There has been a 
number of softwares for estimation of the highly 
expressed genes employing CAI. CODON W (Peden 
1999), JCAT (Grote et al., 2005), CAI CALCULATOR 
(Wu et al, 2005), ACUA (Umashankar et al., 2007) and 
e CAI server (Puigbo et al., 2008) are commonly used. 
However, the e CAI server (Puigbo et al., 2008) has 
proved to be the most powerful and efficient tool for 
estimation of expression levels of the genes. 

expected to give rise to a large number of protein 
structures. The technological benefits of this field are 

already yielding results and have a substantial impact on 

structural biology research for prokaryotes (Burley & 
Bonnano, 2002).Metropolis et al., introduced the Monte 
Carlo technique to the solving of physical equations. It 

described the idea of using random numbers to project a 

representative subset of conformational space, whilst 

using the exponent of the energy as a probability filter 

(Metropolis et al., 1953). Levitt and Warshel simulated 

the folding of the Bovine Pancreatic Trypsin Inhibtor 
(Levitt & Warshel 1975). Case and Karplus work on 

"Dynamics of ligand binding to heme protein" in 1979. 
This is arguably the first simulation of ligand moving 
through the protein. At the early stage, either the protein 
could be made stationary allowing the oxygen to bounce 
around, or let individual sidechains could be allowed to 
hit by the oxygen. Each oxygen atom was simulated for 
3.75 ps. For these pioneers it was a surprise to see that 
the oxygen bounces around the inside of the myoglobin,
without getting too far. Nevetheless, they identi fied 2 
different pathways for the oxygen to travel into the 
binding site (Case & Karplus 1979). Umbrella sampling 
is the most popular method of exploring large 
conformational changes in MD. In 1998 Notthrup et al 
show "Dynamical theory of activated processes in 
globular proteins". In this paper, Karplus and friends 
modeled a rather more modest conformational change: 
the swinging of an aromatic residue sidechain. From the 
simulations, they generated a free-energy sur face, from 
which they calculated a sidechain flipping rate. This 
paper is important not just for simulating the first 
sidechain flip but also for introducing proteins to 
"umbrella sampling" (Northrup et al, 1982). First 
application of normal modes to identify low-frequency 
oscillations using the energy minimum of the molecular
mechanics force-field of a protein was deseribed by 
Brooks& Karplus in 1983 (Brooks & Karplus et. al., 
1983). This is the basic technique to identify domain- 
level motions in a protein. First simulation of a protein 
in explicit waters was done by Levitt & Sharon (Levitt 
& Sharon 1988). Suddenly, acceptable computer 
resources got a whole lot more expensive. Guilbert et. 
al. gave first description of the RMSD potential, a 
powerful method for identifying low-energy pathways in 
the neighborhood of a given static structure (Guilbert et 
al.. 1995). Israelachvili & Wennerström showed that 
water molecules can have structuring effects of several 
Angstroms flagging the importance of using explicit 
water molecules (lsraelachvili & Wennerström 1996). 
The first reported 1 microsecond MD simulation, it was 
a mamoth effort for the late 90's, really pushing the 
technology of parallel clusters, a technology which the 
whole scientific community accepts. They tried to fold a 
tiny protein, the villin headpiece subdoamin, and got 
some of the way (Duan & Kollman 1998). Bernèche and 

Although a lot of work has been performed and is going 
on in codon usage of different microorganisms but very 
little work has been performed on codon usage of food 
pathogenic bacteria. The first species in which codon 
usage was examined in detail, the bacterium Escherichia 
coli (Post & Nomura 1980; Ikemura 1981) and the yeast 
Saccharomyces cerevisiae (Ikemura 1982; Bennetzen & 
Hall 1982), were both found to show strong evidence of 
natural selection on codon usage. All these are just very 
little and a comprehensive work with focus on lifestyle 
patterns is the need of the hour. 

Phylogenetie studies on FPB

Nothing in biology makes sense without evolution. This 
also applies for food pathogenic bacteria too. To 
establish the differentially evolved genes Eswarappa et 
al., compared the phylogeny of the nine potential 
differentially evolved genes with phylogeny of the S. 
eneterica species and with the phylogeny of the five 
pathogenecity island of Salmosella (SP1-1 to SPI-5) 
(Eswarappa et al., 2008). This also applies for other 



Bioinformatics of food bacteria-Mondal et al. 13 

Roux uses umbrella sampling to identify all the 
positions of the K+ ion along the KesA K+ membrane 
channel. They show that the channel for K+ is virtually 
barrierless, hence it is a diffusion controlled process but 
more impressively, they identify two K+ sites just 
outside the channel, which was subsequently identified 
by electron density in a high-resolution structure 
(Bernèche & Roux 2001). 

Rapid developments of technological know how in 
proteomics coupled with the 
bioinformatics tools have resulted in a deluge of 
structural information that guarantees acceleration in 
research. In silico identification of potential therapeutic

targets in Closiridium botulinum by the approach of 
subtractive genomics was carried out by Koteswara e 
al. (2010). Evolutionarily related proteins have similar 
sequences and naturally occurring homologous proteins 
have similar protein structure. It has been shown that 
three-dimensional protein structure is evolutionarily 
more conserved than expected due to sequence 
conservation (Kaczanowski 2010). 

Greer introduced the modeling of variable regions in 
proteins on the basis of equivalent region from 
homologous proteins of known structures. In order to 
construct the homology models of a number of different 
serine proteases, he superimposed the structures of 
trypsin, chymotrypsin and elastase and found many 
equivalent Ca atoms within 1.0 A of one another (Greer 
1980, 1981). The regions comprised of the amino acids 
of these Ca atoms were described as structurally 
conserved regions (SCRs). All of the remaining 
positions corresponded to structurally variable or loop 
regions (VR) where the insertions/deletions were 
located. The main chain of both structurally conserved 
(SCR) and variable regions (VR) were built from the 
fragments of known serine proteases. The side chains 
were modeled according to the conformation found at 
the equivalent positions for those identical side chains in 
the known structures. 

improvement of 

Proteins fulfill several crucial functions, having 
catalytic, structural and regulatory roles in all organisms. 
Knowledge of the three dimentional structure of proteins 
is a basic prerequisite for understanding their function. It 
provides a basis for studies of substrate or ligand 
interactions with a particular enzyme or protein. Three 
dimensional structures of proteins are determined by X- 
ray crystallography and NMR spectroscopy. By 1* June 
2007, more than 40000 sets of atomic coordinates for 
proteins have been deposited in the Protein Databank 

Berman 2008). 

Among the aspartic proteinases, initially models were 
constructed for rennin and rennin inhibitor complexes 
using the 3D structure of the distantly related fungal 
proteinases (1985; Akahane et al., 1985). Later on, the 
homology models for rennin were, built using the 
structures of mammalian aspartic proteases, pepsin and 
chymosin (Fragao et al., 1994; Hutchins and Greer 
1991). Comparison of the rennin models constructed 
from fungal and mammalian enzyme revealed that errors 
in the models arose from the difference in the 
arrangement of helices and strands between the 
mammalian and fungal aspartic proteinases, as well as 
the different variable regions. Nevertheless, the active of 
rennin was modeled reasonably correctly. 
In the early eightes, manual homology modeling was 
facilitated by manipulation of protein molecules on the 
graphics terminal that was made possible by computer 
programs such as FRODO (Jones 1978). Since mid 
1980s, a large number of homology models of proteins 
with different folds and functions have been reported in 
the literature (Johnson et al., 1994; Sali 1995). 

The first modeling studies, carried out in the late 1960s 
and early 1970s, were based upon the construction of 
wire or plastic models. The later studies were performed 
using interactive computer graphics. Browne et al. 
published the first report on homology modeling 
(Browne et al, 1969). The model was bovine a- 
lactalbumine on the known 3D structure of hen egg 
white lysozyme. Later on Warme et al. produced a 
model for a-lactalbumine on the basis of the crystal 
structure of lysozyme (Warme et al., 1974). These 
models were constructed by taking the existing 
coordinates of the known structure, and mutating side 
chains not identical in the protein to be modeled. This 
approach to protein modeling is still employed today 
with considerable success, especially when the proteins 
are similar (May & Blundell 1994). 

The sequence alignment and template structure were 
then used to produce a structural model of the target. 
Because protein structures are more conserved than
DNA sequences, detectable levels of sequence similarity 
usually imply significant structural similarity (Marti- 
Renom et al., 2000). 

The quality of the homology model is dependent on the 
quality of the sequence alignment and template 
structure. The approach can be complicated by the 
presence of alignment gaps (commonly called indels) 
that indicate a structural region present in the target but
not in the template, and by structure gaps in the template 
that arise from poor resolution in the experimental 
procedure (usually X-ray crystallography) used to solve 
the structure. Model quality declines with decreasing 
sequence identity; a typical model has -1-2 A root mean 
square deviation between the matched C" atoms at 70%
sequence identity but only 2-4 A agreement at 25% 
sequence identity. However, the errors are significantly 
higher in the loop regions, where the amino acid 
sequences of the target and template proteins may be 

McLachlan and Shotton modeled a-lytic proteinase of 
the fungus Myxobacter 495 on the basis of the structures 
of the mammalian chymotrypsin and
(McLachlan & Shotton 1971). This was a difficult task 
because the sequence identity between the protein to be 
modeled and the known structures was of the order of 

elastase 

18%. Subsequently, the crystal structure of a-lytic 
proteinase was determined and comparison was made 
between the X-ray structure with the homology model. It 
was found found that although segment of both domains 
of the model were built correctly, misalignment of the 
sequence led to local errors. 
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Borodovsky M, Mclninch JD, Koonin EV, Rudd KE, Medigue 
C & Danchm A (1995). Detection of new genes in a 

bacterial genome using Markov models for 3 gene classes. 

Nucleic Acids Res, 23: 3554-3562. 

completely different. 

Homology modeling can produce high-quality structural 
models when the target and template being closely 
related, which has inspired the formation of a structural 

genomics consortium dedicated to the production of 
representative experimental structures for all classes of 

protein folds (Williamson 2000). Like other methods of 
structure prediction, current practice in homology 
modeling is assessed on a biannual large-scale 
experiment known as the Critical Assessment of 
Techniques for Protein Structure Prediction, or CASP. 

Borodovsky M, Rudd KE & Kounin EV (1994). Intrinsic and 
Extrinsic Approaches for Detecting Genes in a Bacterial 

Genome. Nucleic Acids Res, 22: 4756-4767. 

Brooks B & Karplus M (1983). Harmonic dynamics of 

proteins: Normal modes and fluctuations in bovine 

pancreatic trypsin inhibitor. PNAS, 80:6571-6575 

Browne WJ, North ACT, Philips DC, Brew K, Vanaman TC & 
Hill RC (1969). A possibie three-dimensional structure of 

bovine alpha-lactalbumin based on that of hen's egg-white 
lysozyme, J. Mol. Biol, 42: 65-86. 

Future prospects 

Food pathogenic bacteria research presents a completely 
new outlook in the post genomic era. The wealth of 
information obtained from the genome projects needs to 
be mined. New insights are gained with the discovery of 
novel toxin genes. Bioinformatics, in combination with 
metagenomics as well as metaproteomics based 
approaches, has the potential to give a more detailed 
scenario that underlies the mechanisms of pathogenicity 
as well as diseases. In absence of crysllographic or 
NMR structure Homology modeling will enlighten us 
about three dimensional structure 

Burley, SK & Bonnano, JB (2002). Structuring the universe of 
proteins. Anu Rev Genomics Hum Genet, 3:243-262. 

Carbone A, Kepes F & Zinovyev A (2005). Codon bias 

signatures, organization of microorganisms in codon space 

and lifestyle. Mol Biol Evol. 22: 547-561 

Case DA & Karplus M (1979). Dynamics of ligand binding to 

heme protein. J Mol Biol, 132:343-368. 

Chen SL, Lee W, Hottes AK, Shapiro L & McAdams HH 

(2004). Codon usage between genomes is constrained by 
genome-wide mutational processes. Proc Natl Acad Sci 

USA, 101: 3480-3485. 

and molecular 
dynamics simulation providing newer possibilities for 
exploring the molecular mechanism and activity of that 
toxin. Thus scientific perception will continue to play a 
vital role in creating models that clarify the functions of 
pathogens in improved manner. 

Cowart GS& Thomason BM (1965). Immunofluorescent 
detection of Escherichia coli; incidence of certain 
serogroups suspected of being pathogenic. Am. J. Dis. 
Child. 110: 131-136. 
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Abstract
Fifty one promising landraces of rice cultivars of three districts viz. Nadia, 24 Parganas(N) and MA 
comparative study on the effect of tungsten and molybdenum on seed germination and early seedling 
growth of wheat was carried out. Both W and Mo influenced the seedling growth in similar fashion. W and 
Mo enhanced the germination relative index at lower application. Relative yield increased at lower applied 
doses of W as well as Mo whereas at higher application it decreased. Lower applied doses of W and Mo 

showed maximum index of metal tolerance. Higher applied doses of both metals showed toxic effect on 
plant growth. A highly significant (p= 0.01 in W and p = 0.001 in Mo) increment in grade of growth 

inhibition (GG) at the higher administration of W and Mo was observed. The toxic effect of tungsten on 
wheat was more marked than molybdenum.

Keywords: 1Tungsten, molybdenum, germination, relative yield, tolerance index, GGI 

Tungsten (W) and molybdenum (Mo) are trace elements 
and rank 54h and 53 in natural abundance. Both metals 
are similar in chemical properties, electron negativity
and atomic and ionic radi. The fact that W and Mo can 
perform similar functions in different organisms reflects 
their chemical similarity. Tungsten can compete with 
molybdenum for incorporation into the enzyme complex 
and results in enzyme inactivation. Plants absorb W and 
Mo in the form of WO4" and Mo0 respectively 
(Wilson and Cline, 1966; Mengel and Kirkby, 1996) and 
accumulate it in different plant parts (Acry, 2000). 
Whereas the role of Mo is well studied in plants and 
considered as essential mineral nutrient (Arnon and 

Stout, 1939) W is less studied and generally known to be 
a competitive inhibitor of Mo function in vivo in bacteria 
(Brill et al., 1974), in green alga Chlorella (Cardenas et 
al., 1972) and the higher plants such as spinach (Notton 
and Hewitt, 1972). 

vigour index, index of metal tolerance and grade of 
growth inhibition in wheat. 

Materials and Method 

The experiments were conductedin the month of 
January 
photoperiod was 8 hours day' with a light intensity of 
3600 Lux. Twelve seeds of a certified variety Raj 4037 
of Triticum aestivum L. were placed in each Petri plate 
with filter paper. Five concentrations of tungsten (3, 9, 
27, 81 and 243 ug ml') and molybdenum (0.1, 0.5, 2.5, 
12.5 and 62.5 ug ml) were applied as sodium tungstate 
(NaWO4 2H,0) (E. Merk) and sodium molybdate
(NaMoOa. 2H20) (E. Merk). The concentrations were 
prepared separately by taking corresponding amount 
(calculated on the basis of molecular weight) of 
chemical per liter of water. No other supplement
nutrients were added. Control constituted only distilled
water. A fixed amount of solution was poured in each 
Petri plate to saturate the filter paper. Three replicates 
were used for each concentration. After the start of seed 

under laboratory conditions where the 

Though the biological importance of tungsten has been 
fully proved by the isolation of a number of tungsten 
containing enzymes (L'vov et al., 2002), it has been 
found to be beneficial for plant growth only in some 
instances (Davies and Stockdill, 1956; Kumar and Aery, 
2010b) 

germination, the speed of seed germination was 
observed after every hour. Plants were harvested after 
seven days of treatment and root-shoot length was 
measured. The plant samples were dried at 80°C in an 
oven for 48 hours for the measurements of dry-weight. 

Tungsten and molybdenum are similar in their natural 
abundance. Their physical and chemical properties are 
also almost similar. Tungsten is found as wolframite and 
scheelite in the nearby areas (Aery, 2000). The 
information about the effect of tungsten on seed 
germination and early seedling growth is lacking. A 
comparative study was carried out to explore the relative 
effect of tungsten 

germination, early seedling growth, relative yield, 

Germination Relative lIndex: Germination relative index 
was computed after Sreevastava and Sareen (1972) by 
using the following formula: GRI = X [X, (h - n)] where 
X, is the number of germinants at n" count; h, the total 
number of counts and n, the count number. 

and molybdenum on seed Tolerance Index: Tolerance index of seedlings were 
calculated by using the formula given by Turner and 
Marshall (1972). 

Corresponding author: 
E-mail: ncaery@yahoo.com Vigour Index: Vigour index was calculated by using the 
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Fig: 1. Effect of various concentrations of W and Mo as 
sodium tungstate and sodium molybdate, respectively on 
the germination relative index (GRI) of Triticum aesti- 
Vum L. 

formula given by Dhindwal et al. (1991). 

Grade of Growth Inhibition (GG): Grade of growth 
inhibition was calculated by the. following formula as 
described by Aery (2010): Grade of Growth Inhibition 
(GG) = (Dry weight of control plant Dry weight of 

treated plant/ Dry weight of control plant) x 100. 

0.1 0.5 2.5 12.5 

Mo Concentrations (g m) 
62.5 (B) 

Fig: 2. Effect of various concentrations of W (A) and 
Mo (B) as sodium tungstate and sodium molybdate on 
the root-shoot length of Triticum aestivum L. (Error bars 
denote standard error) 

Results 

Results on the effect of W and Mo on germination 
relative index are shown in Fig. 1. Both W and Mo 
showed stimulatory effect on the germination relative 
index which was observed to be maximum in lower 
applied doses of W (9 ug ml') and Mo (0.5 ug ml'). 
Beyond the above levels, germination relative indexx 
decreased (Fig 1). 

doses of W (9 ug ml') and Mo (0.1 ug ml') and were 

117 and 105, respectively. Higher applied doses of W 
and Mo showed a decrement in relative yield. Minimum 
relative yield was observed at the highest applied doses 
of W (243 ug ml') and Mo (62.5 Hg ml') and were 
respectively, 44% and 62% lower, over the control 

(Table 1). Tungsten and molybdenum showed promotory effect on 
root-shoot length of wheat. Maximum root-shoot length 
was observed in 9 ug ml' and 0.1 ug ml' treatments of 
W and Mo, respectively. The increments over the 
control respectively, for root and shoot length were 
2.32% and 6.42% in tungsten and 15.42% and 5.41% in 
molybdenum treatment. Beyond the above level, root- 
shoot length of seedlings decreased regularly (Fig. 2). 
Minimum root and shoot length was observed at the 
highest applied doses of W (243 ug ml') and Mo (62.5 
Hg m'). 

Vigor index of wheat increased in lower concentrations 
of tungsten and molybdenum. Higher concentrations of 
both these metals resulted in decreased yigour index. 
The decrement was more significant in Mojtreatment (p 
=0.001) than W treatment (p = 0.01) (Fig 3). 

Lower applied doses of W ( ug ml') and Mo (0.1 Hg 
m) positively influenced the index of metal tolerance. 
Beyond the above level index of metal tolerance
concomitantly decreased. Minimum index of metal 
tolerance was observed at the highest applied doses of 
W and Mo (Fig 4). 

Lower applied doses of W (O ig ml') and Mo (0.1 g 
ml') resulted in an increment in relative yield. 
Maximum relative yield was observed at lower applied Lower applied doses of W (9 ug ml') and Mo (0.1 pg 

m') showed minimum grade of growth inhibition. It 
Table 1: Effect of various concentrations of tungsten and 
molybdenum as sodium tungstate and sodium molyb- 
date, respectively on relative yield of T aesthvum 

Table 2: Relationship between applied metal concentra- 
tions and relative yield of T. aestivum 

Regression 
equation 
=95.9673- 
0.2473x 

W Parameter Correlation Significance Relative yield Mo 
Control 

Relative yield 
100 coeff. (r)_ 

-0.7846 
Control 100 RY (W) 104 0.1 105 

117 0.5 99 y=98.0537- 

0.6059x 
RY (Mo) -0.9420 S**

27 64 2.5 93 
81 

243
57 12.5 82 

62.5 
W-W conc. (ug ml"); Mo=Mo conc. (ug ml")

RY=relative yield,y= parameter, x = applied metal concentra-

tions, S* significant at 0.05 probability level, S** = signifi- 

cant at 0.001 level 

44 62 
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Fig: 3. Efect of various concentrations of W and Mo as 
sodium tungstate and sodium nmolybdate, respectively 
on the vigour index of Triticum aestivum L 

Fig: 5. Effect of various concentrations of W and Mo as 

sodium tungstate and sodium molybdate, respectively on 

the grade of growth inhibition of Triticum aestivum L. 

2001 and Weng et al., 2009). In the present study 
increased relative yield of wheat was also observed at 
lower applied doses of W and Mo. It has also been 
reported that sodium tungstate increases the growth rate 
and final yield of algae (Tyagi, 1974). Kumar and Aery 

(2010a, 2010b) reported an increment in dry matter and 
relative yield with the application of W in cowpea. 
Higher concentrations of both these metals resulted in 
decreased dry-matter. This might be due to higher 
accumulation of metals in cell which inhibits cell 
enlargement (Aery and Jagetiya, 2000; Mali and Aery, 
2008) and/ or due to inhibition of cell division in the 
meristematic zone (Powell et al., 1986). The decrement 

in relative yield of seedling was observed to be higher in 
W than Mo treatment (Table 1 and 2). 

O.S y 0.85 - 0.003x 

0.8176| 
P 0.01 

y= 1.00 - d.o08 X 

F0.9324 
p0001 

O.2 

O.0 

o 50 100 150 200 250 o 10 20 30 40 so eo 7o 
The root elongation method developed by Wilkins 
(1978) to quantify the inhibitory effect of metal ions on 
root growth has been used widely in ecological studies 
for testing of tolerance of plants to metals. Jayakumar et 
al. (2008) observed the increment at lower level and 
decrement at higher level in vigour index and tolerance 
index in response to cobalt. In the present study both 
tungsten and molybdenum were found to be inducer for 
vigour and tolerance indices. Vigour index was observed 
to be maximum at lower applied doses of tungsten (9 Hg 

ml") and molybdenum (0.1 g ml'). The increment in 
vigour index indicates the positive effect of both these 
metals on the health of wheat. Minimum vigour index 
was observed at higher applied doses of W and Mo (Fig 

w Concentrations fuo mi") Mo Cencentrationa (ua mi" 
Fig 4. Effect of various concentrations of W and Mo as 
sodium ungstate and sodium molybdate, respectively on 
the iolerance index of Triticum aestivum L. 

was observed to be maximum at higher applied doses of 
W(243 ug ml") and Mo (62.5 pg ml"). 

Discussion 

Tungsten and molybdenum positively influenced the 

seed germination and seedling growth. Both these metals 
showed a simulatory effect on germination relative 
index at lower applied doses whereas higher applied 
doses adversely affected the seed germination and 
resulted in decreased germination relative index. Present 
results are in conformity to the findings of Rout and Das 
(2002) on rice who observed that seed germination rate 
declined at higher concentration (1.6 M) of 

molybdenum. Similar findings have been reported on the 
effect of Li (Surana and Aery, 2005), Si (Mali, 2008), Ni 
(Jagetiya and Aery, 1994), W (Kumar and Aery, 2010a) 
and Mo (Chatterjee and Nautiyal, 2001). Results 
obtained from germination studics indicate that W 
enhances germination relative index more efficiently 
compared to Mo (Fig 1). 

Table 3: Relationship between applied metal concentra- 
tions and root-shoot length of Triticum aestivum L 
Parameter Regression

equation 
Correlation Significance

coeff. (r) 
Tungsten 
RL y-8.17-03x 

y=9.42-.01x 
-0.8207 S 

S** SL -0.9090 

Molybdenum
RL y=7.68-08x -0.9531 S** 

SL y=7.76-02x -0.7994 S* 
The increment in dry-matter with the application of Mo 
to plants is well established (Chatterjec and Nautiyal, 

RL=root length, SL=shoot length, y= parameter, x = applied 

metal concentrations, S° = significant at 0.05 probability, 

level, S** = significant at 0.001 level 
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3). The magnitude of influence in vigour index of wheat 
varied in response to W and Mo. W cultured seedlings 
showed more increment in lower and decrement at higher 
levels, respectively, compared to Mo cultured seedlings. 

ment for higher plants. Plant Physiology 14: 599-602 

Brill WJ, Steiner AL and Shah VK (1974) Effect of molybde 
num starvation and tungsten on the synthesis of nitro- 

genase components in Klebsiella pneumoniae. J. Bacteriol. 

118:986-989. 
A tolerance index of one means that the growth of root in 
the metal solution was the same as that in the reference Cardenas J, Peneque A, Vega JM, Herrera J, Aparicio PJ and 
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fixation. Pl. Cell. Physiol. 13: 175-178. 

solution (Freedman, 1995). In the present study lower 
applied doses of both tungsten (9 Hg ml") and 
molybdenum (0.1 ug ml") showed maximum (more than 
one) tolerance inde 
applied doses of both W and Mo are favorable for plant 
growth. The increment in tolerance index is observed to 
be more remarkable in Mo treated plants compared to W 
treated plants. It reduced concomitantly at higher 
administration of both the metals. Jayakumar et al. 
(2008) and Pugalverndhan et al. (2009) have also 
observed the same results with the application of Co and 
Hg, respectively. An increase in the level of prolines has 
been observed (unpublished work of the authors) which 
may provide protection by chelating the metals in the 
cytoplasm and maintaining the water balance which is 
often disturbed by heavy metals (Xu et al., 2009). 
Alternatively, plants may achieve metal tolerance by 
protecting the integrity of plasma membrane against 
metal damage by the use of heat shock proteins (Lewis et 
al., 1999) or metallothioneins (Grennan, 2011). 

Chatterjee C and Nautiyal N (2001) Molybdenum stress affects 

viability and vigor of wheat seeds. Journal of Plant Nutri- 

tion 24(9): 1377-1386. 
(Fig. 4). It indicates that lower 

Davies EB and Stockdill SMJ (1956) A pasture response to 

sodium tungstate on a New Zealand soil. Nature 178: 866. 

Dhindwal AS, Lather BPS and Singh J (1991) Efficacy of seed 
treatment on germination, seedling emergence and vigour 

of cotton (Gossypium hirsutum) genotype. Seed Res. 19: 

59-61 

Freedman B (1995) Environmental Ecology: The Ecological
Effects of Pollution, Disturbance, and Other Stresses. Aca- 

demic Press, London. 

Grennan AK (2011) Metallothioneins, a diverse protein fam- 

ily. Plant Physiol 155:1750-1751. 

Jagetiya BL and Aery NC (1994) Effects of low and toxic 
levels of nickel on seed germination and early seedling 
growth of moong. Bionature 14(1):57-61.

Jayakumar K, Jaleel CA and Azooz MM (2008) Impact of 
cobalt on germination and seedling growth of Eleusine 
coracana L. and Oryza sativa L. under hydroponic culture. 
Global Joumal of Molecular Sciences 3(1): 18-20. 

Kumar A and Acry NC (2010a) Studies on the effect of tung 
sten on seed germination and early seedling growth of 
cowpea. Proceedings of International Symposium on Natu-
ral Resource Management in Agriculture, held at Agricul- 
ture Research Station, Durgapura, Jaipur, Rajasthan, India, 
December, 2008. 

Both W and Mo influence the grade of growth inhibition 
in the same fashion. A decrement in grade of growth 
inhibition in both W and Mo cultured seedlings was 
observed in lower concentrations. But the minimum 
grade of growth inhibition in tungsten treatment was 
three times than molybdenum treatment (Fig. 5). Higher 
concentrations of W and Mo showed toxic effect on 
seedling growth which resulted in increased grade of 
growth inhibition. Kumar and Aery (2010a) reported that 
application of W decreases the grade of growth inhibition 
at lower level and increases at higher level in cowpea. 

Correlation coefficient between applied tungsten and 
molybdenum concentrations and relative yield and root-
shoot length were also computed. In all the cases the 
negative value of correlation coefficient indicates the 
degree of toxic effect of both W and Mo on overall 
growth performance of wheat (Table 2 and 3). 
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growth, dry-matter production and biochemical constitu- 
ents of cowpea (Vigna unguiculata L). Communication in 
Soil Science and Plant Analysis. (Communicated)
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quorum sensing system in Y -proteobacteria and their in-silico PCR 

validation 
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Abstract 
Quorum sensing is a well known phenomenon in bacteria that control diverse functions including 
colonization and formation of biofilm. The luxl gene, involved in quorum sensing of gram negative 
hacteria. codes tor auto-inducer synthase/ acylhomoserine lactone synthase. As loxI homologues are 

sequence-diversc it is dificult to identify its loci by hybridization technique in different bacteria whose 
whole genome sequence(s) are unknown. We have used diferent bioinformatics tools taking the existing 
genome database into cognizance to design manually suitable degenerate primers for amplifying huxl gene 
homologues from diverse representatives of gamma-proteobacteria. Two primer pairs, DeglF/Deg2R and 
Deg3F/Deg4R, were capable of in- silico PCR amplification from genome sequence() of Halothiobacillus
neapolianus. Acinetobacter baunanii ATCC 17978, Acidiuhiobacillus ferrooxidans ATCC 53993 and 
Pseudomonas aeruginosa PAOI (with first primer pair); Edwardsiella ictaluri, Edwardsiella tarda, 
Enwinia tasmaneinsis, Serratia proteamaculans, Pectobacterium wasabiae, Pectobacterium carotovorum, 
Pectobacterium atrosepticum, Dickeya zeae and Yersinia pestis (with second primer pair). The 
phylogenetic trees derived from sequences of horl homologues and 16S rRNA gene sequences of the 
respective genomes were almost identical showing two distinct clusters. The degenerate primer pairs were 

also found to be cluster specific. 

Keywords: Degenerate primer, in silico PCR, acylhomoserine lactone synthase, Lurl, Seaview4 

Bacteria communicates with each other and can 
collectively form a group with properties not expressed 
when they are alone (Greenberg 2000). Quorum sensing 
is the term used to define and quantify such behavior. 
Actually the individuals in a bacterial population senses 
the quanta of certain chemical signals called autoinducer 
(A) produced by themselves in course of growth (Shaw 
et al 1997). N-acylated derivatives of L-homoserine 
lactone (acyl-HSLs) which are identified as Als are the 

products of acyl-homoserine lactone synthase (Shaw et 

al.,1997). With few exceptions, these 
constitute an evolutionarily conserved family of 
homologues known as the Lurl family of autoinducer 

synthase (Gray and Garey 2001). Al-based sensing 
mechanisms have been widely studied in gram negative
bacteria (Greenberg 2000; Parsek and Greenberg 2000; 
Swift et al.,1999) which in turn control several functions 
like exoenzyme synthesis,
production, luminescence, metal tolerance and biofilm 
formation (Sarkar and Chakraborty 2008). 

hybridization using a single probe would also not be 
possible. The most viable solution to the problem is to 
design degenerate primer set for the amplification of 
such sequences. A PCR primer is called degenerate if 
some of its positions have several bases (Kwok et al, 
1994.) For example in a degenerate primer like bchY 
fwd (5-CCNCARACNATGTGYCCNGCNTTYGG-3*) 
(Yutin et al., 2009) the R, Y and N are degenerate that 
means primer is a mixture in which one contain either 
A/G at position of R, similarly CIT at position Y and A/ 
TIG/C at position N. enzymes 

As the whole genome sequences of many organisms are 
available in public domain it is possible to design gene 
specific primers for PCR amplification. A number of 
computer programs like Amplify (Jarmon 2004), 
simPCR (Rubin and Levy 1996), PCRAna (Nishigaki et 
al., 2000), PUNS (Boutros and Okey 2004), and Virtual 
PCR(Cao et al., 2005; Lexa et al., 2001) are available
on-line which can predict the efficiency of PCR 
amplification with such designed primers. These 
programs however could not predict amplification with 
degenerate primer set (Cao et a., 2005). 

conjugation, antibiotic 

Nucleotide sequence analyses with several alignment 
tools have revealed wide diversity with infrequent short 
stretches of similarity in lurl gene homologues. These 
stretches are too small to design a universal primer for 

ldentifying luxl 
homologues from species (whose complete genome 

not available) by DNA-DNA 

In this work, we took advantage of certain output of 
SeaView version 4 program to manually design 
degenerate primers from the aligned sequences.
SeaView is a multiplatform, graphical user interface for 
multiple sequence alignment and molecular phylogeny 
(Gouy et al., 2010) and is freely available at http:// 
pbil.univ-lyon1.fr/software/SeaView. Another program 

conducting PCR amplification. 

Sequences are 
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Figure. 1. Phylogenetic tree of (A) luxl homologue sequences, (B) 16S ribosomal RNA sequences from gamma proteobacteria. 

Dendogram generated in SeaView version 4 using distance method and BioNJ algorithm (Gascuel 1997). NCBI gene ID given in 

parenthesis. Nucleotide-level distances are observed divergence with Kimura's two-parameter. Bootstrapped to 100 replicates. () 

hxl homologue sequences amplified with degenerate primer pair DeglF/Deg2R, (o) luxl homologue sequences amplified with 

degenerate primer pair Deg3F/Deg4R.
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Figure. 2. Snapshot of SeaView window displaying Clustal W aligned lurl homologue sequences from gamma proteobacteria with 

degenerate letters just below the aligned sequences (A) forward primer, (B) reverse primer. 

called In silico PCR (Bikandi et al., 2004) (freely 
available at http://www.in-silico.com) was used to 

predict the possible luxl homologue amplification using 
degenerate primer pair(s) on template of whole genome 

sequences available in nucleotide databases. 

Materials and Methods 

Retrieval of luxl homologous sequences: Nucleotide 

sequences of luxl gene homologues in gamma- 

proteobacteria were retrieved from NCBI gene data bank 

(Table 1). 
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Table 1. List of gamma proteobacteria having luxl homologue sequences 

Gamma proteobacteria 
Aeromonadales 

NCBI Gene ID 
4994878 

NCBI Gene ID* 
4997900 
4490326 

Aeromonas salmonicida subsp. salmonicida A449 
A. hydrophila subsp hydrophila ATCC 7966 
Pseudomonas syringae pv. tomato DC3000 
Pseudomonas aeruginosa PAO1 
Acinetobacter baumanni ATCC17978 
Ecdwardsiella tarda EIB 202 

4488532 
1185535 Pseudomonadales 1182616 

3240272 
5075456 

881777 
4918338 

Enterobacteriales 8608939 
1175290 

8609999 
1173916 Yersinia pestis CO92 

Yersinia pseudotuberculosis PB1/+ 
Erwinia amylovora CFBP1430 

Erwinia pyrifoliae Epl/96 
Enwinia tasmaneinsis Et 1/99 

6257755 
8912769 

6261415 
8913707 

8538907 
6298833 

8888002 
6299716 

Serratia proteamaculans 568 
Candidatus Hamiltonella defensa 5AT 

(Acyrthosiphon pisum) 
Pectobacterium atrosepticum SCRI1043 
Pectobacterium carotovorum subsp. 

5602840 
7950473 

5603146 
7951350 

2884752 2883438 
8131134 8135146 

Carotovorum PC1 
Pectobacterium wasabiae WPP163 
Sodalis glossinidius str. 'morsitans 
Dickeya zeae Ech 1591 
Vibrio fisheri MJ11 
Photobacterium profundum SS9 
Acidithiobacillus ferrooxidans ATCc 53993 
Halothiobacillus neapolitaus c2 

Coding for Acylhomaserine lactone/ Autoincducer synthase; Coding for 165 Ribosomal RNA 

8532872 8528550 
3868591 3866445 

8118861 8117052 
ibrionales 6808033 6808213 

3119949 3120506 
Acidithiobacillales 6877646 6876510 

Chromatiales 8534107 8535301 

Table 2. Properties of designed degenerate primers 
Degenerate primers 5' to 3' Length Degener TM in °C %GC 

Oligo analysis Oligocalc" acy 
216 DeglF-TCDCCVSAMRTBTGGGA 

Deg2R-CAKNKGBGGRCCARMDCG 
Deg3F-AARGAYMGDCTNCAHTGG 

Dep4R-AAYHYBCCADCcDGADC 
afreely available at www.operon.com/technical/toolkit.aspx, b=feely available at www.basic.northwestern.edu/biotools/ 
oligocalc.html, B=Basic, SA= Salt Adjusted 

58.8 
64.4 
56.8 

42-54(B),47-60(SA) 
46-64(B),51-70(SA) 
41-55(B)47-61 (SA) 
40-57(B),45-62(SA)_ 

58.8 
64.4 18 1152 

18 288 56.8 
17 972 57.1 S7.1 

Multiple Sequence Alignment: Sequences from the 
selected genera were aligned using ClustalW multiple 
alignment program in SeaView 4. 

Using 100% consensus, degenerate sequences (letter 
codes were followed according to the recommendations 
of Nomenclature Committee of the International Union 
of Biochemistry and Molecular Biology) 
constructed from the aligned sequence. 
In silico PCR Amplification: The designed degenerate 
primer pair was fed to the blank primer box followed by 
selection of bacterium (whose whole genome sequence is available in the database) in the interacting page of the 
online software, In silico PCR, for the output. 

Designing Degenerate Primer: A phylogenetic tree of 
luxl sequences was obtained using distance method in 
SeaView 4 software (Figure 1A). This was used as the 
guide tree to select genera of closely related sequences 
for designing degenerate primers. Sequences of each 
cluster in the tree were sep 
in SeaView 4. Most similar stretches of nucleotides 
having minimum 10 A+T+C+G in the multiple 
alignments were tentatively chosen to test the properties 
close to an ideal primer for PCR reaction (Fig.2A & B). 
Fast PCR 

fastpcr.htm) was used to get the complementary 
sequence for making the reverse primer. The primers 
were basically analyzed for melting point, %GC, hairpin, self complementarities and primer dimer check using 
OligoCalc (www.basic.northwester.edu/biotools/ 
oligocalc.html) 
(www.operon.com/technical/toolkit.aspx). Attention was 
also paid to have 3[J GC clamps at 3 end for increasing 
the specificity of the primer (Roucheka et al., 2005). 

were 

tely aligned with Clustal W 

Results and Discussion 

Phylogenetic analysis of the retrieved luoxl homologue
sequences from gamma proteobacteria has revealed two 
distinct clusters (Fig. 1A) which also correlates with the 
phylogenetic tree drawn from their 16S rRNA gene 
sequences (Fig. 1B).

(www.biocenter.helsinki.fi/bi/programs/ 

Two degenerate primer pairs were designed using SeaView 4 and were designated as DeglF/Deg2R and 
Deg3F/Deg4R and their properties are shown in Table 2. 
Using the in silico PCR tool (allowing one nucleotide 
mismatch but in one nucleotide at 3 end) it was found 

and Oligo Analysis Tool 
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the electrophoretic mobility on agarose gel. Further 
information of each amplicon may 

following the corresponding links: DNA sequences, list 
of ORFs that are included in the amplicon, and a link to 
the NCBI site, which displays a map of the chromosome 
around the amplicon (Bikandi et al., 2004). 

Table 3. In silico PCR amplification using degenerate 
primer pair Degl F/Deg2R (*) and Deg3F/Deg4R (#) be obtained 

Organism Amplicon Sequence Name 

Acinetobacter 238 bp* Homoserine 
lactone synthase 
Autoindducer 

baumannii 
Functional ability of the designed primers to amplify the 
target gene(s) could therefore be worked out in silico by 

accessing whole genome sequence (including plasmids 
when available) in the database. In all cases it would be 
mandatory to consider primers have been designed 
correctly, so that they do not form dimers, hairpin or any 

other aberrant structures preventing amplification. 

Acidithiobacillus 225 bp 
synthesis protein 
Acyl-homoserine-
lactonc synthase 
Autoinducer 

ferrooxidans 
Halothiobacillus 228 bp* 
neapolitanus c2 

Pseudomonas 213 bp* 

synthesis protein 
Lasl 

aeruginasa 

Acylhomoserine 
lactone synthase 

Pectobacterium 390 bp# Identification of two clusters in the phylogenetic tree 
constructed with luxl homologues has helped us to select 
the bacterial species for preparing the degenerate 

primers since the task has become easier because of 
lesser degeneracy among sequences of individual 

clusters. The applicability of the degenerate primers 
could be further enhanced if more mismatches are 

atrosepticum 
SCRIIO43 

390 bp# Acylhomoserine 
lactone synthase 
Acyl-homoserine- 
lactone synthase 

Ewinia 
2smaniensis 

Pectobacterium 390 bp# 
carotovorum subsp. 
carotovorum PC1 

Pectobacterium 
allowed under real wet lab conditions. 

observation in-silico PCR amplification with DeglF/ 
Deg2R failed with Aeromonas salmonicida genome 
template (component of Cluster1, Figure 1A) as the 

present version of the software, In silico PCR, did not 

allow more than two mismatches. 

To our 
Acyl-homoserine 
lactone synthase 
AHL synthase 

390 bp# 
wasabiae WPP163 
Ewardsiella tarda 393 bp# 

Edwardsiella 393 bp# Autoinducer 

synthase putative 
Acylhomoserine 
lactone synthase 
Acylhomoserine 
lactone synthase 
Autoinducer 

ictauri 
Dickeya zeae 390 bpt# Hence an exercise to design degenerate primers (when 

necessary in situations like lhxl sequences) for 
amplification of gene homologue of interest with the 
help of a combination of SeaView 4 and In Silico PCR 
programs would be very useful for the researchers in 
real wet lab situations. 

Dickeya dadanti 390 bp# 

Serratia 390 bp# 
synthesis protein 
N-acylhomoserine 
lactone synthase 

N-acylhomoserine 
lactone synthase 

N-acylhomoserine 
lactone synthase 

preteamaculans 568 
Fersinia pestis 390 bp# 

Fersinia 390 bp# 
entercolitica 

Yersinia References 390 bp# 

pseudotuberculosis Bikandi J, San Millán R., Rementeria A, and Garaizar J (2004) 
n silico analysis of complete bacterial genomes: PCR, 
AFLP-PCR, and endonuclease restriction. Bioinformatics. 
20: 798-9. 

All amplicons were of single band 

that the degenerate primer pair, DeglF/Deg2R was 
capable of amplifying lhuxl homologue sequences from 
Acinetobacter baumanii, Pseudomonas aerugin0sa, 
Halothiobacillus neapolitaus, and Acidithiobacillus 
ferrooxidans and Deg3F/Deg4R enabled to amplify luxl 
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Boutros PC and Okey AB (2004) PUNS: transcriptomic- and 
genomic-in silico PCR for enhanced primer design. Bioin- 
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Abstract 
Determining the base number, ploidy level and type of ploidy are important aspects in the cytogenetic
study of a species. Genetic variation among the three species of the genus Allium (A. cepa, A. sativum and 
A. hookeri) has been carried out on the bases of chromosomal karyotype and protein banding patterns on 
SDS-PAGE. Protein profiling was prepared from the observed bands on SDS-PAGE after electrophoresis 
and staining with coomassie brilliant blue. Shoot protein was extracted in phosphate buffer (pH 7.5) and 
run on gel for 3 hours at 20 mA constant current. Band numbers were varies from 31 to 39 in different 
position on the gel according to their Rf value. Bands were scored as binary data and computed in MVSP 
software for dendrogram analysis to examine their genetic relationship using Jaccard's coefficient. Three 
species were grouped into three distinct clusters in the dendrogram. Species cepa and sativum was grouped 
at the similarity coeficient value of 0.53 and species hookeri was placed in separate group at coefficient 
level of 0.40. Genetic variation was also examined on the basis of PCA analysis. The number of 
chromosome were found to be present 16 in Allium cepa,16 in Allium sativum, and 22 in Allium hookeri. 
The shortest chromosome in Allium cepa was 8.75(um) and the longest one was 23.12(um) with the ratio 
of shortest/longest chromosome of 0.37, the mean chromosome length of 15.23(um) and a mean 
centromeric index of 0.16%. The shortest chromosome in Allium sativum was 10.62(um) and the longest 
one was 30.0 (um) with the ratio of shortest/longest chromosome of 0.35, the mean chromosome length of 
17.41(um) and a mean centromerle index of 0.60%. The shortest chromosome in Allium hookeri was 5.62 

(um) with the ratio of shortest/longest chromosome of 0.21, the mean chromosome length of 16.58(um) 
and the mean centromeric index of 0.46%. Allium hookeri is considered to be much more advanced than 
the rest of the species (Allium sativum, and Allium cepa) because karyotype of the A. hookeri was ranges 
from subrmediam to telocentric chromosome, which is evolutionarily advance characters. 
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The genus Allium is widely distributed over the region 
from the dry sub- tropic to the boreal region. Evolution 
of the genus has been accompanied by ecological 
diversification. The majority of the species grow in 
open, sunny, rather dry sites in arid and moderately 
humid climates. The onion is a variety of plants in the 

genus Allium, specifically Allium cepa. Allium cepa is 
also known as the "garden onion" or "bulb" onion. 
Allium cepa is known only in cultivation but related with 
other species occurs in Central Asia. The most closely 
Allium related species include Allium vavilovii (Popov 
and Vved) and Allium asarense (R.M.Fritsch and Matin) 
from Iran. The name Allium sativum is derived from the 

1974). In India, plants of this species are commonly 
found in forest margins and meadows of the Khasi hills 
in Northeastern Himalaya and upper gangetic plains 
(Pandey et al., 2008). Because of characteristic flavor of 
genus Allium and some therapeutic properties, these 
plants are used by the locals, Khasi tribals in particular, 
for seasoning dishes, treating cough and cold, healing
burn injuries and wounds (Kala, 2005). Since leaves and 
fleshy roots of this 
vegetables, it has good marketability in areas of its 
common occurrence (Pandey et al., 2008). Estimates of 

genetic relatedness are important in designing plant 

improvement programmes. 
diversity is also valued for the management of 
germplasm and for designing conservation strategies. 
Molecular markers are the best tools for determining 
genetic relationships between different species of the 

species are also consumed as 

Information on genetic 
Celtic word 'all' meaning burning or stinging, and the 
Latin "sativum" meaning planted or cultivated. Allium 
hookeri, an important member of family Alliaceae 
subgenus Amerallium, is reported in the wild from 
Ceylon, Greece, Yunnan, Southern China, Bhutan, Sri 
Lanka and India (Hooker 1892). Cytological study has 
been carried out by some other workers using different 
Alliums as plant material (Sharma et al., 2011 and Sen, 

same genus. 

The main objective of this present investigation was to 
study the genetic diversity among the three species of 

llium on the basis of plant protein profiling through 
SDS-PAGE polymorphisms in combination with 

karyomorphology. 
Corresponding author: 
E-mail: subhascr@rediffmail.com 
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Table I :Karyomorphological data of Allium cepa 

Chromosome Short Chromosome F Long arm 

um) 
11.25 

Classi- Centromery 
index 

0.61 

Mean arm 
number arm(um) 

6.87 
length(um) 

18.12 
fication ratio 

1.63 
1.63 

37.91 nsm

11.25 6.87 18.1 12 37.9 nsm 0.61 
3 12.5 7.50 20.0 37.5 nsm 0.60 1.66 
4 12.5 7.50 20.0 37.5 nsm 0.60 1.66 

5.0 3.75 8.75 42.85 nm 0.75 1.33 
11.25 7.50 

2.50 
3.75 

18.75 40.0 0.66 1.50 
3.25 
1.33 
1.33 
1.33 

nm 

125 lo.62 23.52 nsm 30 
5. .0 8.75 42.85 0.75 nm 

9 5.0 3.75 8.75 42.85 0.75 nm 

10 5.0 3.75 8.75 42.85 0.75 nm 

11.25 7.50 18.75 40.0 nm 0.66 1.50 
12 10.0 8.75 18.75 46.66 0.87 1.14 nm 

13 10.0 8.75 18.75 46.66 0.87 1.14 nm 

4 8.7 75 2.50 11.25 22.22 0.28 
0.38 

nsm 3.50 
15 16.25 6.25 

6.87 
22.5 27.77 nsm 2.60 

16 16.25 23.12 29.71 0.42 2.36 nsm 

94.36 
Mean= 

Total 159.375 253.73 
15.85 

0.61 1.82 

Table 2:Karyomorphological data of Allium sativum 

Chromosome Long arm 

(um) 
13.75 

Short Chromosome F% Classification Centromery 
index 

Arm 

arm(um) 
6.87 

length (um) number ratio 
2.0 20.62 

14.99 
33.31 
37.49 

nsm 0.49 
2 9.37 5.62 0.59 1.66 nsm 

14 .99 
26.25 

9.37 5.62 37.49 

47.61 
nsm 0.59 1.66 

13.75 12.5 0.90 1.10 nm 

13. .75 12.5 26.2 47.61 0.90 I.10 nm 

17.5 12.5 30.0 41.66 0.71 1.40 nm 
17.5 11.87 29.3 40.41 0.67 1.47 nm 

8 13.75 87 20.62 33.31 0.49 2.0 nsm 
9 7.5 3.12 10.62 29.37 0.41 2.41 nsm 

10 12 5.0 3.12 38.10 0.61 1.62 nsm 

11 12 .75 
.75 

87 31.59 46 2.16 nsm 
12 9.37 13.12 28.58 40 2.49 nsm 
13 8.12 4.37 12.49 34.98 0.53 nsm 1.85 
14 7.5 3.12 10.62 29.37 0.41 nsm 40 
15 6.87 .0 11.87 42.12 .72 nm 1.37 
16 6.87 .0 11.87 42.12 0.7 

o.60 
nm 1.37 

Total 107.46 
Mean 

171.21 278.67 
17.29 

Table 3: Karyomorphological data of Allium hookeri 

1.75 

Material and Methods acid for 10-15 minutes followed by staining with 2% 
acetic-orcein and HCI(IN) mixture at the ratio of 9:1 
and kept for 30 minutes for staining after heated at 60- 
65° C for 30-40 seconds. The stained root tips were 
macerated in 45 % (v/v) acetic acid on a grease free new 
slide. The well spread metaphase plates of each taxon 
were analysed. The camera-lucida drawing was done for 

karyotype and ideogram analysis. 

Plant materials 

Two species of Allium were collected (Allium cepa, and 
Allium sativum) from different places of the NBU 
campus and Allium hookeri from Medicinal plant 
gardens of the Department of Botany, NBU. 

Root tips for Karyomorphology 
Shoot protein for SDS-PAGE electrophoresis Root tips of Allium cepa, Allium hookeri and Allium 

sativum were pre-treated in saturated aqueous solution 
of p-dichlorobenzene at 4°c for 5 minutes, and then 
transferring it at 12-14°c for about 3-4 hours, and 
followed by fixation in 3:1 (v/v) solution of absolute 
ethanol: glacial acetic acid for ovenight at room 
temperature. After that root tips were kept in 45 % acetic 

SDS-PAGE was performed according to Laemmli 
(1970). Shoot tissues were used for the protein profiling 
purposes. One gram shoot tissue was taken from three 
samples Allium cepa, Allium hookeri and Allium 
sativum. Shoot tissues were crushed separately with 3 
ml phosphate buffer (7.5 pH) in ice cold condition. The 
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Table 3: Karyomorphological data of Allium hookeri 

Chromosome Total length 

( m) 
21.87 

Short arm F% Classification Centromery Long 
arm(umn) 

18.12 

Arm 

number ( m) 
3.75 

ratio 
0.20 

ratio 
4.85 17.14 nst 

4.85 
2.5 

18.12 3.75 21.87 17.14 nst 0.20 

18.75 7.5 26.25 28.57 nsm 0.4 
8.12 7.5 15.62 48.33 nm 0.92 1.08 

11.25 

.87 
44.44 0.8 1. .25 5.0 

4.37 
6.25 nm 

36.81 1.71 
1.08 
2.00 
5.01 
4.67 
2.00 

7.5 nsm 0.58 
48.01 15.62 

5.62 
8.12 7.5 nm 0.92 
3. 75 1.87 33.27 nsm 0.49 

11.24 16.63 19 
0.21 
0.49 
0.71 

9 9.37 
8.75 
3.75 

1.87 nst 

10.62 
5.62 
7.49 

10 1.87 17.60 nst 

11 1.87 33.27 nsm 

1.4 
10.41 
2.5 
1.71 
4.67 

41.65 3.12 
1.8 

12 4.37 nm 

13 18.75 20.55 8.75 st 0.09 
14 18.75 7.5 26.25 28.57 nsm 0.4 

15 7.5 4.37 11.87 36.81 nsm 0.58 
16 8.75 1.87 10.62 17.60 nst 0.21 
17 6.25 3.12 9.37 33.29 Ism 0.49 2.00 
18 4.37 3.12 7.49 41.65 nm 0.71 1.40 
19 6.25 5.0 11.25 44.44 nm 0.8 1. 25 

6.25 

18.75 
20 3.12 9.37 33.29 nsm 0.49 2.00 
21 1.8 20.55 .75 st 0.09 10.41 
22 9.37 1,87 11.24 16.63 nst 19 5.01 

219.96 0.46 4.20 83.54 
Mean= 13.79 

Total 303.5 

Table 4: Comparison of chromosome properties of Allium taxa 
Mean Taxa 2n S L S/L MCI MAR TF% D.I HCL 

length 
15.23 A. cepa 6 8.75 23.12 0.37 0.61 1.82 37.18 45.08 127.49 

A. sativum 16 10.62 30.0 0.35 17.41 0.60 1.75 38.56 47.71 140.59 

A. hookeri 22 5.62 26.25 0.21 16.58 0.46 4.20 27.52 64.63 151.75 

2n-Chromosome number; S=short chromosome length; L=long chromosome length; MCI=Mean Centromery Index; MAR=mean 

arm ratio; all measurement are in um 

crude extract was filtered with cotton cloth. The crushed Stastical Package Dendrogram using Multi Variate 
MVSP version 3.2 and Unweighted Pair Group Method 
of Arithematic Means (UPGMA). The numbers of band 
varied from 25-34 among the species, that of the Allium 
sativum was the maximum bands whereas the Allium 

materials were then centrifuged at 10000 rpm for 10 
minutes. Supernatant was collected in 1.5ml eppendorf 
tube. 25 ul 1X SDS sample buffer was mixed with 25 ul 
protein sample in the ratio 1:1. Then sample were heated 
for 3 minutes in water bath. 15 ul each of the samples 
were loaded into the well of the gel by micropipette. 
Electrophoresis was performed at 60-70 volt, 20-30 mA 
current for a period of about 3 hours till the tracking dye 
reach the bottom of the gel. Gel was stained overnight 
with 0.2% Comassie Brillant Blue. The gel was kept in 
destainer solution until clear blue bands were appeared 
on the gel. The gel was viewed over the illuminator, 
photographed for band analysis purposes. 

hookeri was the minimumn band numbers. 
Electrophoregram showing protein banding pattern of 
different species of Allium were given in Figure-1. 

Cluster Analysis 

According to the statistical analysis data of the present 
and absent of each band was used to construct 
Dendrogram based on Jaccard's similarity index. 
Dendrogram showed single cluster showing highest 
similarity between A. cepa and A. sativa at 0.53 
coefficient value (Figure 2). The Allium hookeri was 
placed in the same cluster but at different claude at 0.40 
coefficient value. Principal component analysis (PCAA) 
also showing the same genetic diversity in compare to 
dendrogram in a graphical mode (Figure 3). The protein 
analysis through SDS-PAGE showed the presence of 34 
bands out of which 7 bands were common (in case of 
Allium cepa shoot, Allium sativum Shoot, Allium hookeri 

shool) 

Results and Discussion 

Shoot protein profiling for genetic diversity analysis

Data Analysis

The presence (1) and absence (0) of each band was 
considered in each species of Allium. The binary data 
matrix was used to calculate Jaccard's similarity index 
for genetic diversity analysis. The genetic relationship 
among 3 species were analyzed, and viewed in while the other 27 were polymorphic. 



60 NBU Journal of Plant Sciences Vol. 6, 2012 

Figure 1: Electro- 

phoregram showing 
protein banding pat- 
tern of different spe 
cies of Allium geno- 

types (Lane l:A. cepa 
lane 2:A; sativum and 

iiii lane 3 :4. hookeri) 

liljiiHn UPGMA 
Alium hookeri 
Allium sativum 

elnmini 

Allium cepa 
Figure 4 ldeogram of tllium taxa. top=A cepa: nid- 

dle= sativum bottom= .I hookeri Jaccard's coefficient 

Figure 2. Dendrogram showing the genetic relation-
ships among the 3 species of Allium on the bases of 
SDS-PAGE protein profiling using MVSP software in 
UPGMA algorithm 

PCA case scores 28t 
2.1t 
1 

O.r 

-u. 

-2. 

Axis 1 

Figure 3. Principal component analysis (PCA) show- 
ing graphical representation of the genetic variation 
among the three species of Allium based on SDS- 
PAGE protein profiling 

Dendrogram revealed that the Allium hookeri differ from 
Alium cepa, and Allium sativum at about coefficient 
value 0.40. Nearly 50% similarity was there between the 
Allium cepa and Allium sativum. 

Karyomorphological analysis 
The number of chromosome were found to be 16 in 

Allium cepa,16 in Allium sativum, and 22 in Allium 
hookeri (Figure 4 & 5). Chromosomes of all the 
investigated types were nearly submedian, nearly 
median, nearly sub-terminal, and terminal. Form 
percentage (F %) was recorded maximum (48.0) in 
Allium hookeri. Minimum form percentage (8.75) was 
recorded in Allium hookeri. The shortest chromosome in 

Figure 5: Showing the light micrograph of metaphase 
chromosome complement and free hand cameralucida 
drawing of three Allium sp. karyotype: top=A. cepa, 
middle= A. sativum; bottom= A. hookeri 
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Alium cepa was 8.75(um) and the longest one was 
23.12(um) 

The above finding in the assessment of evolutionary 
tendencies suggested that Allium hookeri was much 
advanced than the rest of species, however Allium 
sativum, Allium cepa were much more primitive than 
Allium hookeri as their chromosome were nearly median 
and submedian type. 

with the ratio of shortest/longest 
chromosome of 0.37, the mean chromosome length of 
15.23(um) and a mean centromeric 
The shortest chromosome in Allium satívum was 10.62 
(um) and the longest one was 30.0 (um) with the ratio of 
shortest/longest chromosome of o.35, 
chromosome length of 17.41(um) and a mean
centromeric index of 0.60%. The shortest chromosome 
in Allium hookeri was 5.62(um) with the ratio of 

shortest/longest chromosome of 0.21, the mean 

chromosome length of 16.58(um) and the mean 
centromeric index of 0.46% (Table 1,2, 3 & 4). 

index of 0.16%. 

the mean 
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Abstract 
Trigonella foemum graecum L was utilized to study the Chlorophyll mutations, mutagenic efficiency and 
effectiveness by physical mutagen gamma rays and chemical mutagen EMS. The frequency of chlorophyll 

mutation in Mi & M: generation were more in gamma treated plants but the mutation spectra ahd 

mutagenic efticiency of EMS was higher than gamma. The most efficient mutagens were 0. 02% EMS, 0. 

06% EMS and 3KR gamma radiation to induce mutation in T. foenum graecum L. 

Keywords: Mutagens, Mutation, Mutation efficiency, mutagenic effectiveness 

Materials and Methods Mutation breeding has been widely used for crop 

improvement by developing new plant types with 

superior genotypes and better adaptive potentiality. 
Induced mutation have contributed a lot for creating 

additional variability and to the development of new 

cultivars (Broertjes and Harten, 1978). Different types of 

physical and chemical mutagens have been successfully 

employed to introduce mutation and more than eight 
undred commercial cultivars have been released 

Seeds of T. foenum graecum L cv. PEB were subjected 
to gamma irradiation and EMS treatment. For gamma 

irradiation 1000seeds of uniform size and moisture 

content 11. 5% were arranged in monolayer and 

subjected to acute dose of IKR, 2KR, 3KR, 4KR &5KR 

at. BBCI, Guwahati, Assam. The source of gamma is 

Cobalt and average energy is 1. 25 Mev. For chemical 

mutagen the seeds were presoaked in distilled water for 

12 hours then treated with freshly prepared aqueous 

solution of EMS (0. 02%, 0. 04 %,0. 06%, 0. 08% &0. 

1%) for 8hrs. Then the seeds were washed thoroughly 
with water to avoid residual effect of mutagen. 

Immediately after treatment seeds were sown in 

randomized block design (30 x7. Scm spacing) with 

three replications to raise M1. M1 plants were harvested 

individually and grown to raise M2 as progeny rows. 

The biological effects of different treatments evaluated 

in 200 plants each of Mi & M2 generations. Seed 

germination, 

percentage of chlorophyll mutation were scored on M1 

plant progeny and M2 population basis. The mutagenic 

(Novak and Micke, 1987). 

Trigonella foenum graecum L. is a small seeded, self 

pollinated annual herb which is having very high 
nutritional and medicinal values. The plant is also 

having insect and pest repellent property (Billaud and 

Adrian, 2001). Being a self pollinated crop the plant is 

having less genetic variability and it can be increased by 

adopting mutation breeding programme. Since the 

frequency of mutation depends on efficiency and 

effectiveness of mutagens, therefore an attempt has been 

made to estimate the efficiency & effectiveness of 

physical mutagen gamma rays and chemical mutagen 
EMS on 7. foenum graecum L. 

seedling survival percentage and 

Table 1: Frequency of chlorophyll mutants (on M, plant progeny & M; population basis), mutagenic efficiency and 

mutagenic effectiveness in treated and control population of T. foemum graecum L. 

M mutant fre- 

quency% 

Mutagenic
efficiency

Mutagenic
effectiveness

M, mutant Total no. of M,/M2 

plants scored 
200/200 

Treatments & 
frequency%dose 

Control 

Gamma rays 
1.75 0.37 .33 11.2 

19.6 
20.8 

IKR 200/200 
2.11 0.4 1.27 

2KR 200/200 
5.5 0.44 0.9 

3KR 200/200 
20.3 2.97 0.37 0.65 

4KR 200/200 
19.4 1.77 0.36 0.5 

5KR 200/200 

EMS 
200/200 3.6 1.52 0.46 22.5 

0.02% 26.3 1.99 
92 

0.58 
0.62 

8.4 200/200 

200/200 
200/200 

200/200 

0.04% 21.7 
9.5 0.06% 1 3.1 .98 0.55 1. 

1.4 
11.6 0.08% 0.56 16.1 

0.10% 12.9 
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Table 2: Frequency & spectrum of chlorophyll muta- 
tions (M, plants progeny basis) in T. foenum graecum L. 

(Table 2) this result supported the findings of Kumar 

and Mani (1997). The present studies revealed that 
efficiency of EMS was markedly higher than the gamma 
rays in spite of gamma treatment recording high 

frequency of mutation than EMS. Higher mutagenic 
efficiency of EMS than gamma rays was reported earlier 
in rice (Kaul & Bhan, 1977). However, efticiency and 

effectiveness of a mutagen is also depends on genetic 
background and intracellular condition of the specimen 
treated. From the present investigation it can be 
concluded that most efficient mutagen doses are 0. 06% 
EMS, 0. 02%EMS and 3KR gamma ray for production 
of mutant in T. foemum graecumL. 

Treatment Chlorophyll mutations 

& dose 
Gamma ray 

Total 
Albino Chlorina Straita % 

IKR 5.2 4.3 1.7 11.2 
2KR 7.1 7.8 4.7 19.6 
3KR 18.6 2.2 20.8 
4KR 16.8 3.8 20.3 
SKR 19.4 19.4 
EMS 

0.02% 2.0 1.2 0.4 3.6 
0.04% 3.1 5.3 8.4 
0.06% 2.4 4.7 2.4 9.5 Acknowledgement 
0.08% 6.2 3.5 1.9 11.6 The author is grateful to University Grant Commission 

for financial assistance. 0.1% 8.9 4.0 12.9 
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