
Chapter 3 
Materials and 

3.1.0 THE STUDY AREA 

Sikkim, the 22"d tiny Himalayan State 

of India is located between 28° 07' 48" 

and 27° 04' 46" N and 88° 00' 58" and 

88° 55' 25" E (Anonymous 1998, 

1982). It is situated on tbe flanks of tbe 

Eastern Himalayas, and is bordered by 

tbe Tibetan plateau in tbe north, Nepal 

in the west, Bhutan in the east and 

Darjeeling district of West Bengal 

(India) in the south (fig. 3.1) 

The State constitutes a mountainous 

terrain spread over 7,096 sq km 

(Anonymous, 1998) is quit known 

landforms of resplendent floral and 

faunal aggregation. The state 

predominantly is mountainous virtually 

with no plain land. The altitudes above 

mean sea level (amsl) varies from 

1000ft. in the south Sikkim to 25,800ft. 

in tbe north. The world's third highest 

mountain Mt. Khangchendzonga 

(28,373 .40ft.) adorns tbe state with its 

Methods 
beautiful snow covered mountain 

range. Available rainfall data shows 

that the mean annual rainfall of tbe 

state ranges from 82 mm to 3494 mm 

(http://sikkim.nic.in/sws/ 

sikk_geo.html) and is the drainage 

basin of river Teesta. Variation in 

altitude from south to north in less than 

100 km has resulted in micro-climatic 

changes. Thus the different climatic 

conditions encountered in Sikkim are 

sub-tropical (1000ft.-4500ft. amsl), 

temperate ( 4500-8,900ft. amsl), sub

alpine (8900-12,900ft. amsl) and alpine 

(above 12,900ft. amsl). 

However, tbe study area (fig. 3.1 and 

fig. 3.2), is popularly known as Lachen 

Valley, falls in tbe north district of 

Sikkim, which lies between 27° 46' 31" 

and 27° 42' 30" north latitude and 88° 

30'00" and 88° 35" 00" east longitude 

and approximately 130 km away from 

the state capital, Gangtok. 
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The sea buckthorn growing in Lachen 

Chu (river) watershed broadly includes 

Yunga, Dozam, Zema I, Zema II, 

Lachen and Chaten. Yunga in the 

North and Chaten in the South bind the 

study area, approximately 27 km away 

from the nearest sub-division town of 

Tchungthang. The bank of river Teesta 

from Dozam up to Chaten has been 

selected for the present study. Lachen 

valley constitutes the block of the study 

area. 

3.2.0 SURVEY OF STUDY AREA 

Extensive survey of the study area has 

been done for three consecutive years 

keeping in mind the objective of the 

work. 

The geo-coded, 1:50000 scale Indian 

Remote Sensing (IRS) 1D LISS III 

False Colour Composite (FCC), 

January 2002 data along with Survey 

of India (SO I) 1:50000 scale topo

sheets (78A/5, 78A/6, 78A/9 and 

78A/l0) were used for the general land 

classification and mapping with the 

help of ERDAS ver. 9.0 imaging and 

Arc map ver. 8.3 software. The images 

were geometrically corrected and geo

coded to the Universal Transverse 

Mercator (UTM) co-ordinate system, 

using 1:50000 scale approximately 20 

evenly distributed ground control 

points (ground truthing points) were 

selected from the image and verified on 

the ground through field visit. These 

ground-truthing points were used to 

spatially resample the images using a 

nearest neighbour algorithm, which 

takes the value of the pixel in the input 

image that is closest to the computed 

co-ordinate. This method is fast and 

does not alter the original pixel values. 

The transformation had a root mean 

square (RMS) error of between 0.4 and 

0.7 pixel, indicating that the image 

rectification was accurate to within one 

pixel. After registration the TIF 

imagery is converted into image format 

imagery which describes all the 

information of the image like scale, 

resolution, projection etc. 

The density of the plants was estimated 

by eyes and in some of the doubtful 

areas in the satellite imagery, during 

interpretations the data were correlated 

with the ground truth data. Using the 

remote sensing satellite data, the GIS 

software and ground truthing, different 

ecological maps were created of the 

study area viz. land use and land cover 

map, slope map, aspect map and 

elevation map (may refer at fig. 4.1) to 

determine the total actual ecological 

conditions of the Hippophae salicifolia 

growing area ofLachen Valley. 
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1 KALEP 2 TALAM 3 lHONGU 
4 ZEMA 5 LAC HEN 6 RHABOM 

Figure 3.1: The study area showing the map of India with a small spot depicting the map of Sikkim, 
which is enlarged. The shaded area in the map of Sikkim is the study area, which is further enlarged 
to a bigger watershed area starting at the top from Kalep to Rabong. The sea buckthorn (Hippophae 
salicifolia.) plant is very scantly found in these areas and densely located in the areas of Lachen, 
Zema and its adjoining areas 
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3.3.0 E N V I R 0 N M E N T A L 

STUDIES 

The literature regarding sampling 

intensity was not found to study H. 

salicifolia. For this study, directions 

from different taxonomists including 

Prof. A. P. Das, University of North 

Bengal, Dist. Darjeeling (India) were 
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Figure 3.2: Land cover map of the study site using geo-coded Indian Remote Sensing LISS III satel
lite data (1:50000 scale) and GIS ERDAS 

solicited. 

A total of 20 different quadrates 

throughout were laid out to study 

different geophysico-chemical 

parameters. The plant morphology and 

important taxonomic data of the genus 

were recorded in a prescribed format 

(fig.3.3). 

The quadrates were named as per the 

socioeconomic information from the 

local people. The quadrates laid out in 

these areas were namely, Zema ill, 

Zema ll, Zema ll+, Zema ITA, Zema 

liB, Zema llC, Zema liD, Below 

Dozam, Dozam+, Zema lA, Zema m, 

Puchi, Chako River (first river from 

Lachen towards south-east, below the 

road), below Chaten, Chaten, above 

Chaten, Lachen River (Below Lachen 

towards East), Lachen River (other side 

of the river towards west), below 

Lachen (other side of the river) and 

Chako River (first river from Lachen 
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SAMPLE NO: ....................... . DATE: ....... : .................... . 
GENERAL INFORl\'L<\. TION: 
(i) Collection site: .............................................. . 
(ii) Scientific name: .............................................. . 
(iii) Nodules: Present/ Absent. 
(iv) Nodules collected: Yes/No. 
(v) Root collected: Yes/No. 
(vi) Seeds collected: Yes/No. 
(vii) Soil Collected: Yes/No. 
(viii) Twigs collected: Yes/No Hard wood/Soft wood. 
(ix) Leaves.collected: Yes/No Male plani/Female plant. 
(x) Fruits collected: Yes/No. 
(xi) Barks collected: Yes/No Male plani/Female plant. 
(xii) Any other collections: .............................................. . 
(xiii) Aerial temperature: .............................................. . 
(xiv) Humidity: .............................................. . 
A. HABIT AND HABITAT 
(a) Tree/Shmb/Herb 
(b) Flowering period: 
(c) Rainfall season: 
(d) Altitude: 
(e) Latitude: 
(I) Topography: 
(g) Aspect: 
(h) Topogmphy: 
(i) Vegetation type: 
(j) Management: 
(k) Associated species: 
(I) Site cover: 
B. SOIL TYPE: 
(i) Soil texture: 
(ii) Soil pH: 
(iii) Soill temperature 
(iv) Soilmoisture: 
(v) Soil colour: 
(vi) Drainage: 
C. NODULES 
(a) Location: 
(b) Growth fonn: 

........................ Longitude: .......................... .. 

Swamp/Hilly!Riverine!Nonriverinefmounlain/others. 
Natural forests/Road side/social forests/other 
Cutting!Buming/Natural!Prcserved/plantation/others. 

Bare/Up to 20%nl-40%/41- 60%/61-80%/81- 100% 

Sandy/Loumy/Clayey!Rockcy/others. 

Red/ Y cllow/Brown/R!ack/Grey 
Flooded/Poorly drained/well drained/ 

Crown area/tap root/aerial root/main root. 
Clumped/scaltered 

COLLECTED BY: NAME: ..................................................... SIGNATURE. 

Figure 3.3: Sample datasheet used for collection of gennplasm and recording field data. 

towards south-east, above the road), 

which is collectively called the Lachen 

Valley, under Tchungthang Sub

Division of North Sikkim (table 4.5; 

Fig 3.1). One quadrate was studied for 

each site. 

Each quadrate of 20m x 20m for trees, 

within which two Sm x Sm for shrubs 

and three lm x lm quadrates for herbs 

were laid out in different places 

comprising riverside, torrents, 

landslide areas and non-river side 
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areas. Different geo-physico-chernical 

parameters like altitude, latitude, 

longitude, aspect were recorded by 

Global Positioning System (GPS) 

(Garrnin ETrex Vista H). Other data 

such as aerial temperature and 

humidity, were recorded using digital 

thermometer (Multi thermometer, CE 

make), huniidity meter (Model LR,; 

Mignon AA, England make), soil pH 

and moisture were determined using on 

the spot tester soil pH and moisture 

meter (Takemura, Japan make, model 

DM-15) and the soil temperature with 

soil thermometer standard field 

equipment. Soil quality, colour, 

topography, site cover, vegetation type, 

Circumference at Breast Height (CBH) 

in centimeters at the basal area of the 

tree species, management and species 

association were also studied in each of 

the 20 quadrates. 

Phyto-sociological characterization of 

vegetation with reference to H. 

salicifolia (table 4.6) was prepared to 

study species richness and association 

of different species in the study area 

from the 20 nos. of quadrates. The 

calculations of each tree species was 

converted to per hectare and placed in 

the tabular form using GIS ERDAS 

software format of calculations. 

Calculations were made to study 

Importance Value Index (lVI) of 

different species associated with 

Hippophae salicifolia following the 

methodology of Coroi et a[. (2004). 

The parameters were calculated as 

follows: 

!.Abundance (A)=Total number of 

individual species in all the 

quadrates. 

2.Density (D)=Tree density of 

individuallha 

3.BA= Total basal area of each tree 

species!ha 

lmpcn-tmu:e II alue !nder (IV"/)= HlJ +Hi'+ HJJom 

The Importance Value Index (lVI) (i.e. 

Structural role) of each species was 

calculated by summing up the 

observations of relative density (RD), 

relative frequency (RF) and relative 

dominance (RDom). All the data and 

sociability recorded were fed in a 

computer as experimental attempts at 

rapid analysis using Microsoft Excel 

software. 
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3.4.0 R 0 0 T N 0 D U L E 

QUANTIFICATION 

Root nodule quantification of H. 

salicifolia was carried out by randomly 

selecting 20 plants each ranging from 2 

-7 years of varying height from riverine 

(river-side) and non-riverine (non-river 

side) in different localities of the study 

area. The vegetation around the plant 

of interest was cleared and soil was 

dug to reach the nodules in the roots. In 

some areas there were Alnus sp. 

growing along with H. salicifolia in the 

same cluster, so care was taken to 

avoid confusion and trace only the 

Hippophae nodules. Parameters like (a) 

Mean inter-nodular distance, in inches, 

per plant using standard measuring 

tape, (b) All nodules count per plant 

and, (c) Nodule weight per plant using 

pan-top balance (Docbel, Brawn 

make), were taken into consideration 

and recorded in the field. Other bio

physical data like (i) Plant age, which 

was determined optically based on 

dendrochronology by counting annular 

rings of the lower branch of the species 

and corresponding its age with the 

rings present in it following the process 

of Oremus (1979). (ii) Plant height, 

determined by Laser range finder/ 

hypsometer model-400XLIXT/LH 

(Range-up to 400+yards passive 999 

yards reflective) (iii) Canopy width in 

feet using standard measuring tape on 

the ground, (iv) Tillering (number of 

branches from the base), (v) average 

leaf width and pedicel length measured 

in centimetre from 100 leaves per plant 

from different regions, (vi) average 

inter branch distance measured in 

inches per plant, using standard 

measuring tape, were also recorded to 

find out whether these factors had any 

impact on nodulation rate. All the data 

were tabulated (table 4.8, 4.9a & 4.9b) 

and graphically illustrated (fig. 4.4 ). 

3.5.0 GENDER 

DIFFERENTIATION 

Gender differentiation morphologically 

could be differentiated at the flowering 

and budding stage. On the basis. of 

floral and bud characters, gender could 

be distinguished. About 20 male and 

female plants were randomly selected 

and tagged during the month of 

December-January, April-May and 

September-October so as to confliTll 

the gender of the tree and also to see if 

there were any cases of alternate or 

irregular fruit bearing characteristics 

and other morphological features. 

3.6.0 GERMPLASM COLLECTION 

The germplasm for carrying out 

experiments based on the objectives of 
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this work was collected from various 

locations and altitudes of Lachen 

valley based on the format at fig. 3.3. 

Ripe fruits were collected during the 

month of December, stored in a 

polythene bag and brought to the 

laboratory, after which it was dried to 

separate seeds with the dried fruit pulp 

for germination performance. 

Leaves and barks from both male and 

female plants were also collected at the 

same time for antioxidant studies. 

Along with these hard wood and soft 

wood cuttings of 1-2 inches diameter 

and 6-8 inches length were also 

collected for propagation performance. 

Apart from study of nodulation rate, 

root nodules were also collected from 

various locations for isolation of 

Frankia-DNA and Frankia m pure 

culture using different media 

compositions. During collection of 

nodule samples, whitish or creamy 

coloured nodules were chosen because 

Frankia at this stage are reported to be 

active. 

Percentage of nodulations were 

calculated by the following formula 

(Raman & Elumalai, 1991) 

Nwnber of plants with 110dules 
Percenlaoe (%)of 110dulation = umb f !ants b d X 100 

N era p o serve 

All the nodules collected from different 

localities were stored in plastic bags 

separately containing moistened tissue 

paper to maintain favorable water 

potential and kept in an ice-box with 

ice to slow down the growth of 

contaminants and limit tissue 

deterioration. Soil samples collected 

for study of essential nutrients and 

nodules in plastic bags were brought to 

the laboratory and placed in deep 

freeze at -20°C. nodules which, were 

chosen for isolation purpose were kept 

at room temperature as suggested by 

Dr. Luis Tisa of UNH, USA and 

wasting no time they were put into 

media following different protocols as 

described later. 

3.7.0 SOIL ANALYSIS 

Essential data like soil temperature, 

soil moisture, pH, aerial temperature, 

humidity, altitude, aspect, nodulation, 

soil texture & color were studied from 

the different quadrates of the study area 

and noted down. 

The soil collected from different layers 

at a depth of 8-10 inches below the 

surface (after removing the topmost 

soil) were stored in a Jam bottle tightly 

capped, labeled and brought down to 

the Tea Board, Government of India, 

approved Soil Testing Laboratory 

University of North Bengal, for 

chemical analysis using their standard 
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protocol. Different parameters of the 

soil like pH, Electronic Conductivity 

(EC), Organic Carbon, Nitrogen, 

Potassium, Phosphorous, Sulphur, 

Chloride, Silt, Clay, and Sand were 

tested (table 4.7). 

3.8.0 AGROTECHNIQUES 

3.8.1 Seed germination performance 

Frequent and extensive surveys on 

occurrence of the plant and 

morphological studies were carried out 

in different seasons i.e. flowering 

season (February-March), fruit 

ripening season (November-February) 

and vegetative growth season (April

July). In the month of June, the 

specimens of the plant parts were also 

collected from different areas and 

herbarium were prepared for further 

studies and records. Study on 

propagation of the plant was carried 

out in the laboratory and hardening 

shed of Sikkim State Council of 

Science and Technology, Gangtok, at 

4700ft. 

Propagation of seeds was taken up 

using freshly collected matured fruits 

from the natural habitat in the month of 

January-February. Juice was extracted 

from the fruits, dried for 15-20 days, 

washed thoroughly in plain water, 

again dried for 2-3 days and stored dry 

m room temperature. With some 

modifications to the process opted by 

Rongsen, (1992) and Subedi and 

Adhikari (200 1 ), seeds were soaked 

overnight. The imbibed seeds were 

then divided into three parts to see the 

germination performance in different 

soil based media (table 4.10). 

Germination performance using 

physiologically active substances (table 

4.11) and response of chemicals in 

germination of sea buckthorn seeds 

were also studied (table 4.12). 

The germination performance in 

different soil based media was done in 

raised beds with different soil types/ 

soil compositions like black, brown, 

perlite and sandy soils without any 

chemical or hormonal treatments. 

Timely watering and weeding was 

done to all the beds, and data like 

number of days for initial germination, 

number of days · taken for 50% 

germination, number of days taken for 

total germination percentage and 

average growth in centimeter per 

month was recorded, from the day 

when sprouting was observed in 

individual beds. 

Study of germination performance 

using physiologically active substances 

was carried out following Soyler and 

Khawar (2007), with some 
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modifications. The already imbibed 

seeds were treated separately with 

different concentrations (600ppm, 

700ppm, 750ppm and 800ppm.) of 

Gibberellic Acid (GA3) for 5 hours and 

grown in a petridish on Watman filter 

paper No. I, labeled separately for each 

set of treated seeds. A control (without 

any treatment) was also placed just in 

distilled water to see the marked 

difference due to treatment on seeds. 

Apart from root and shoot growth in 

centimeters, Critical Difference (CD) 

was also calculated. 

The third kind of experiment (table 

4.12) on seed germination was carried 

out to see the response of chemicals in 

germination of sea buckthorn seeds. In 

this case also the seeds were 

germinated in Petri dishes after treating 

them with different concentrations of 

chemicals like Sulphuric Acid (H2S04) 

(1.5N), GA3 (700ppm), Indole Butyric 

Acid (IBA) (lppm), Napthelic Acetic 

Acid (NAA) (5ppm) and control (only 

distilled water). 

3.8.2 Propagation through cuttings 

Both hard wood and soft wood cuttings 

of the size of 21-28cm were taken 

from matured (approximately 4-6 

years old) trees from the natural 

orchard, bundled together, wrapped in 

a moistened muslin cloth and 

transported to the trial plot. Before 

treatment, the cuttings were again cut 

at the base to expose the fresh tissue 

and were pretreated overnight by 

dipping the lower portion of the wood 

in the solutions bearing different 

concentrations (table 4.!3) of IBA, 

NAA and Indole Acetic Acid (IAA). 

Except the lower dipped part, rest 

exposed or cut portions of the cuttings 

were waxed to prevent dehydration. 

The treated cuttings were planted into 

separate nursery bed of 0.5 x 0.5 sq. m 

within 15 em spacing (fig. 4.7). The 

soil composition was maintained as 

sand: soil: compost at 70:20:10. 

Watering was done as per the climatic 

conditions and requirement. Twenty 

cuttings were used at a time for 

treatment with each concentration of 

50ppm, 55ppm & 60ppm. of IBA, 

300ppm, 350ppm and 400ppm of NAA 

and 50ppm, lOOppm and 200ppm of 

IAA. The result was recorded and 

tabulated accordingly (table 4.!3). The 

whole process was carried out in a 

controlled condition in a polyhouse. 

3.8.3 Layering 

Air layering was carried out in the 

month of April in 20 numbers of 

approximately 4-6 years old tree 

branches (2-3 year old) mostly from 

plants facing south east . aspects. 
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Layerages were prepared by covering 

the nodal portion of the branch using 

local moss and soil mixture wrapped 

by transparent polythene strips and 

tying the whole structure. It was left 

untouched for three months and 

collected in the month of August. The 

layerages were transferred to the trial 

plot ( 4 700ft.) for its propagation 

performance. 

3.9.0 ANTIOXIDANT ANALYSIS 

3.9.1 Chemicals and reagents 

Following chemicals were used for the 

study of presence of antioxidant in 

different parts of Hippophae 

salicifolia. 

2,2-diphenyl-1-picryl-hydrazyl 

(DPPH), Quercetin, Sodium Nitrite 

(NaN02), Trichloroacetic acid (TCA), 

Ascorbic acid, Ferric chloride (FeCb), 

Gallic acid were procured from HI 

Media Laboratories Pvt. Ltd, Mumbai, 

India. 

Potassium di-hydrogen phosphate 

(KH2P04), di-Potassium hydrogen 

phosphate (K2HP0 4), Sodium 

hydroxide (NaOH), Gallic acid, 

Potassium ferricyanide (K2Fe(CN)6), 

Sodium carbonate (Na2C03), Hydrogen 

peroxide (H202) and Methanol were 

obtained from Merck, Mumbai, India. 

Polin- Ciocalteau reagent from Sfsco 

Research Laboratory, Mumbai, India. 

Aluminum chloride (AlCl3) was 

obtained from SD fine Chemicals Ltd., 

Mumbai, India. 

All chemicals and solvents were of 

analytical grade. 

3.9.2 Plant material and extraction 

Both male and female barks and leaves 

of Hippophae salicifolia were collected 

from different locations of the sacred 

forests of Lachen valley of North 

Sikkim during June 2010. The leaves 

and barks collected were dried in 

shade. 10 g each samples were taken, 

ground and extract solutions prepared 

using Soxhlet apparatus at boiling 

temperature for 6 hours, with 80% 

aqueous methanol, double distilled 

water (DDH20) and acetone 

separately, at a ratio of 1:15 w/v plant 

material: solvent. All the extracts were 

evaporated at a pressure of 50°C to 

make their weights constant. Later 

these extracts were individually 

dissolved in DDH20 of desired 

concentration, before using for 

experimental purpose. 

3.9.3 Determination of plant extract 

yield 

Based on dry weight, the yields of 

extracts were calculated using 

following equation: 



MATERIALS AND METHODS s6 

Yield (gj100gof dry plant material)= (W1 X 100)/IV2 

Where, Wl=the weight of the extract 

after the solvent evaporation and, 

W2=the weight of the dry plant 

material. 

3.9.4 Determination of total phenolic 

content 

The method of Singleton and Rossi 

(1965) using Folin-Ciocalteau reagent 

was opted to determine the total 

soluble phenols in the extracts. Using 

Thermo make UVI-Vis 

spectrophotometer, the absorbance of 

the blue color that developed was read 

at 7 60 nm. Gallic acid was used as a 

standard. The concentration of total 

phenolic compounds in Gallic acid was 

determined in 1-1g of Gallic acid 

equivalent using an equation obtained 

from the standard Gallic acid graph. 

3.9.5. Determination of total 

flavonoid content 

In this case quercetin was used as 

standard in mg QE. With some 

modifications, method opted by Goyal 

et al. (2010) was opted for the total 

flavonoid contents of the extracts with 

Aluminum Chloride (AICh). Here the 

absorbance was recorded at 510 nm 

and all the experiments were carried 

out in triplicates. 

3.9.6 Antioxidant properties of 

extracts in vitro 

3.9.6.1 Free radical scavenging activity 

(DPPH method) 

Based on the scavenging effect of the 

stable DPPH free radical, anti-oxidant 

activity of all the standards and extracts 

were determined following the 

methods of Hasan et al. (2006). 

Spectrometric absorbance of each 

solution was determined at 517 nm 

after taking blank reading. The 

remaining DPPH scavenging activity in 

percent was calculated using the 

formula: 

DPPH sf.Tlflenaing acti'uily (%) = ~ - A1 X 100 
Ao 

Where A0=the absorbance of the 

control and, A1 =the absorbance in the 

presence of the sample. To scavenge 

50% free radical, IC50 value 

concentration of the sample was 

required 

3.9.6.2 Reducing power assay 

The method of Oyaizu (1986) was 

followed to determine the reducing 

power of the extracts. The absorbance 

was measured at 700 nm and compared 

with standards. Indication of increased 

reducing power could be assessed by 

increase in absorption value of the 

reaction mixtures. 
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3.9.6.3 Scavenging of hydrogen 

peroxide 

. The scavenging ability of the extracts 

in this experiment was determined 

following the methodology of Ruch et 

al. (1989). The scavenging activity 

percentage was calculated using the 

formula: 

• • • Abs ( rontroO-Abs (standard) 
H101 st:a11engms arlivily (%) = Abs (control) X 100 

Where, Abs (control) is the absorbance 

of the H20 2 (2 mM) as control and Abs 

(standard) is the absorbance of the 

extract/standard. 

3.9.7 Statistical analysis 

Experiments as mentioned above were 

conducted in triplicates. Results were 

calculated as the mean ± SD (standard 

deviation) for each sample. Graph Pad 

Prism, Version 4.0 (Graph Pad 

Software, San Diego, CA, USA) was 

used for statistical analysis; the 

correlation coefficient (R2) was 

determined for showing correlations'. 

A significant difference was adjudged 

at a level of p < 0.05. 

3.10.0 I S 0 L A T I 0 N 

ENDOPHYTE 

3.10.1 Washing 

OF 

Nodules were collected as mentioned 

in germplasm collection section above 

(3.6.0). Nodules were washed 

thoroughly with running tap water to 

remove excess soil and organic debris. 

After cleaning for some time, the lobes 

were separated from nodules and 

further cleaned by washing several 

time with water and mild detergent like 

Extran (E Merck, India Cat No. 

MA02). The nodule lobes were further 

washed with sterile single and double 

distilled water many times and brought 

near the laminar air-flow. Frankia, 

being slow growing organism, it was 

necessary to surface sterilize the 

nodule lobes to overcome 

contamination in pure culture by other 

soil borne and fast growing nucro

organisms (Lechevalier, 1994). 

3.10.2 Surface sterilization 

Nodules were collected from the 

rhizospheric region of the plant. 

Therefore, along with soil attached to it 

many other microorganisms are likely 

to adhere on the nodule surface that 

may infect slow growing Frankia in 

pure culture at the later stage. To 

overcome this, different surface 

sterilization procedures and chemicals 

were tried carefully. They are: 

Nodules were treated with 0.1% 

Mercuric Chloride (HgCh) (E Merck 

India CatNo.l7524) for 7 Minutes and 

washed 7-8 times with sterile double 

distilled water. Nodules were then 
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treated with 30% Hydrogen Peroxide 

(H202) (E Merck India Cat No. 

1.07209 .0250) for 30 minutes and 

washed with double distilled water 

several times. Nodules were now 

treated with 4% Sodium Hypochlorite 

solution (E Merck India Cat No. 

618420) for 7 minutes and washed 

several times with sterile double 

distilled water. At the end the lobes 

were treated with 70% Ethyl Alcohol 

(C2H50H) (E Merck Germany Cat No. 

K29824783) for 2 minute and washed 

thoroughly several times with sterile 

double distilled water (Bqse and Sen, 

2006). 

Nodules were treated with 0.1% 

Mercuric Chloride (HgCh) for 2 

minutes, washed 7-8 times followed by 

treatment with 4% Sodium 

Hypochlorite solution for 7 minutes; 

washed with sterile double distilled 

water 7-8 times. 

Nodules were treated with 30% 

Hydrogen Peroxide (H20 2) for 30 

minutes, washed thoroughly followed 

by treatment with 98% Ethyl Alcohol 

(C2H50H) for 2 minute and washed 

thoroughly several times with sterile 

double distilled water. 

Thoroughly washed nodules were 

treated with 30% Hydrogen Peroxide 

(H20 2) for 30 minutes and washed 

thoroughly. They were then peeled off 

in Laminar Air Flow (LAF) 

(Klenzaides make) using sterile forceps 

and needles. Further, nodules were 

treated with 70% Ethyl Alcohol 

(C2H50H) for 2 minute and washed 

thoroughly for 7-8 times with sterile 

double distilled water. 

All the above mentioned processes 

were carried out in the laminar air flow 

(LAF) cabinet to avoid contaminations. 

All the sterilants were prepared using 

sterile double distilled water in LAF. 

Since H20 2 is photosensitive, surface 

sterilization using this chemical was 

carried out in dark. 

3.10.3. Isolation of Frankia m liquid 

culture 

After proper surface sterilization of the 

nodules, isolation was done using 

following techniques: 

3.10.3.1 Technique 1 

Few nodule lobes were taken in a 

sterilized mortar and pastel, crushed 

along with little amount of sterile 

medium and homogenate prepared. 

The nodule homogenate obtained was 

inoculated in culture flask/tubes 

containing about 20m! of liquid media. 

3.10.3.2 Technique 2 

Surface sterilized nodules were washed 

for 8-10 times with sterile double 
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distilled water and were aseptically 

transferred into the flask containing 

liquid medium. The nodules were then 

crushed with sterile borosilicate glass 

rod and properly plugged. 

3.10.3.3 Technique 3 

The properly washed, separated and 

sterilized nodules lobes were cut into 

smaller sections and placed in the 

liquid medium. 

3.10.4 Media for isolation 

Among range of Frankia isolation 

media, different media were tried to 

find out the best medium among all 

(Media composition at Appendix 1). 

3.11.0 POST ISOLATION TASK 

3.11.1 Incubation and sub-culture 

After the inoculation, the culture flasks 

were sealed with Para film M sealer . 

(GMBH, Germany, Cat No 7016 11) 

and were transferred to the BOD 

incubator (Remi make, India) at 28°C. 

The culture flasks were incubated for 

50-60 days for initial development of 

Frankia colony. Routine inspections 

were done to verify any contaminations 

or growth in cultures. 

The slow growing Frankia colony was 

aseptically withdrawn from the flask, 

stained with Methylene Blue, mounted 

on a slide with Glycerin and observed 

under the microscope (Olympus CX41, 

model U-DA 8Fl8837) to observe the 

subsurface sporangia or presence of 

vesicles. Vesicles and sporangia were 

measured with the help of ocular (100 

x=lj.!m) and stage meter (0.01 j.!m) 

(Erma, Tokyo, Japan). Photography of 

vesicles and sporangia were done with 

the help of 10 mega pixel camera 

(Olympus). 

Further sub-culturing was done to 

remove minor contaminations and to 

get pure culture of the strain for other 

experiments. 

3.11.2 Maintenance of culture 

Active cultures were maintained by sub 

-culturing after every 2-5 months by 

homogenizing the culture to break 

apart the hyphae and promote rapid 

growth, during transfer. 

3.11.3 Decontamination 

Though sterilization was tried to do 

with perfection, still contaminants were 

seen in the culture tubes due to the 

slow growing nature of Frankia. Hence 

different anti-microbial chemicals were 

tried. For example 500mg/ml of 

Cyclohexamide (Actidione, Sigma, 

USA. Cat. No. C-2609) was used for 

removing fungal contaminants. 

Actidione inhibits protein biosynthesis 

m eukaryotic cell by binding 80S 
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ribosome. Frankia being Gram +ve 

bacteria, lOmg/ml of Nalidixic acid (1-

Ethyl -1, 4 dihydro-7-methyl-4oxo-1,8 

-naphthydrine-3-carboxylic acid) 

(Sigma Chemical Co. USA. Cat. No. 

3143) was used. For Frankia N2 free 

medium like DPM was used and 

subsequently plating was done. 

3.11.4 Nodulation test 

In vitro infectivity experiment was 

conducted following the principles of 

Robert Koch (1843-1910). During this 

process, the dry seeds collected from 

ripe fruits were washed thoroughly, 

surface sterilized with 30% H20 2 for 

10 minutes in LAF followed by 

washing thoroughly with double 

distilled water and put into .sterile 

bottles containing different 

concentration of nitrogen . free 

Hoagland's media (refer Appendix for 

composition) solution (1/4, 1/8 and 

1116) on a paper bridge, in a sterile 

condition. After a weeklong of 

incubation, 100111 of 45 days old pure 

culture isolate of Frankia was 

inoculated to the germinating seed with 

some rooting to see the infectivity of 

Frankia to its host. Twenty H. 

salicifolia seedlings were used in this 

process. They were allowed to grow in 

the growth room with controlled 

conditions of 26°C with 11000 lux 

illumination. 

3.11.5 Plant infectivity test 

Plant infectivity was done m ex situ 

condition. The seeds were sterile as 

explained above and germinated m 

earthen pots containing sterile soil m 

the hardening shed. All together there 

were 1 00 pots containing single 

seedlings per pot. After 30 days of 

intense care and watering, freshly 

collected root nodules were crushed 

with sterile water and about 20ml of 

the crushed solution were inoculated 

per pot at the base of the plant so it 

reaches the root of the seedlings. The 

plants were kept and allowed to grow 

in a controlled condition of 24-28°C 

with 80-90% humidity. 

3.12.0. ISOLATION OF GENOMIC 

DNA 

3.12.1 Isolation of genomic DNA from 

the root nodules: 

The nodules were collected from all the 

20 quadrates for the study of genetic 

diversity. Out of these, 11 sites with 

different geographic, climatic and 

ecological conditions were chosen for 

isolation of Frankia DNA. The DNA 

isolated from the root nodules of these 

sites were subjected to PCR 

amplification and the products 

sequenced commercially along with 
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PCR-RFLP as described below 

The nodules collected from each plant 

in different locality were numbered. 

All these samples, after transporting 

from the study area to the University of 

North Bengal (laboratory), were 

washed to remove excess soil and other 

debris and stored in deep freeze at -20° 

C for further use. 

After cleaning, all these samples were 

taken for PCR based diversity studies. 

Considering various factors like 

phenols, size of nodules, etc., method 

of Bajwa et al. (2005) was opted, with 

slight modifications. Isolation of DNA 

from the root nodule was carried out 

with following procedures: 

Few nodule lobes (2g) was washed 

thoroughly in tap water and later with 

distilled water. They were then dipped 

in 2% activated charcoal (E Merck, 

India Cat No. 102183) and stored at 4° 

C for overnight to get rid of phenolic 

compound from the nodules. 

The nodule lobes were thoroughly 

washed with plain water and later with 

double distilled water; they were 

surface sterilized with 30% Hydrogen 

Peroxide (H20 2) for 15 min, washed 

with autoclaved double distilled water; 

dried under the normal room 

temperature for about one hour and 

crushed m sterile refrigerated mortar 

and pastel with liquid nitrogen. 

Simultaneously, another technique was 

also opted, where thoroughly washed 

nodule lobes were dipped in absolute 

ethanol (E Merck Germany Cat No. 

K29824783) for 1.5 hrs to dehydrate; 

dried for 15-20 min at room 

temperature and crushed. But nodules 

crushed with liquid N2 gave desired 

results. 

The crushed nodules were transferred 

to 30ml pre-warmed (for 10 minutes at 

65°C in water bath) Oakridge tubes, 

containing 5ml of DNA extraction 

buffer (Please refer Appendix for 

composition) with 1% PVP 

(Polyvinylpyrrolidone) (Sigma Cat No. 

PVP 40-500G) and 0.2% or 10 J.ll 2-

mercapto-ethanol (Sigma Cat No. 

M3148). The whole mixture (solution) 

was again incubated in a water bath at 

65°C for 1 hr. The solution was 

intermittently shaken and swirled 

carefully to ensure proper mixing for 

reactions to take place properly. This 

solution was carefully removed from 

the water bath after 1 hour and equal 

volume of Chloroform: Iso-amyl 

alcohol (C: I) in the ratio of 24:1 

(Merck Cat No. 6024450500 and 

Merck Cat. No. 8189691000 

respectively) was added, mixed gently 
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phenols mixed with DNA pellets); 

supernatant was transferred in fresh 

micro tubes. Each sample was mixed 

with 1/lOth volume of 3M sodium 

acetate and double volume of chilled 

ethanol and stored overnight at -20°C 

for DNA to precipitate. 

The DNA samples were centrifuged at 

7000Xg for 30 minutes at 4°C. The 

supernatant was discarded; the pellets 

were washed with 80% ethanol and 

completely dried as described above. 

The completely dried pellets were 

dissolved in lOOf!l IX TE buffer and 

stored at -20°C for quantification. 

3.13.0 QUANTIFICATION 

DNA quantification as well as quality 

was done with UV vis

spectrophotometer (Themo Electro 

Corporation, England). Spectrometer 

for DNA measurement was set to the 

wavelength 260nm (the wavelength of 

light absorbed by DNA) and 280nm, as 

under: 

600f!l TE (Tris-EDTA) Buffer (pH 8.0) 

was taken in a clean cuvette as blank 

for zeroing. Six f!l of TE Buffer (pH 

8.0) was pipetted out from the cuvette, 

replaced by 06 f!l DNA sample to be 

quantified, mixed thoroughly and 

quantified at optical density (OD) at 

260nm (OD26o) and 280nm (ODzso). 

For all the samples reading was taken 

in triplicate. 

Ratio of OD26o/OD28onm was 

calculated to assess the purity of the 

sample (OD ratios resulting between 

1.8-2.0 is reported to denote absorption 

of UV due to nucleic acids). A ratio 

> 1.8 indicates the presence of proteins 

or other UV absorbers. A ratio <2.0 

indicates that the samples may be 

contaminated with chloroform or 

phenol. In either case ( <1.8 or >2.0) re

precipitation of DNA using P:C:I 

(25:24:1) and C:I (24:1) again, helped 

in purifying the impurities. It is 

considered that if sample OD at 260 

nm reading is I, it has 50f!g/rnl DNA. 

The amount of DNA concentration of 

samples free of RNA was quantified in 

nanogram ( ng) using the formula: 

I -OD~l!ll_x 1_00_..:0 (:..._dilu_tio_..:n f:..._act_or!...) X_SO.:.:Pfl:._ml 
DNA collCenlration (n9 m! ~ 

1000 

[1 f!g=1000 ng] 

Therefore, DNA Concentration or 

Quantification (ng/rnl) =OD26o x 5000. 

3.14.0 POLYMERASE CHAIN 

REACTION AMPLIFICATION 

Polymerase Chain Reaction (PCR) was 

performed following the methodology 

of Bajwa et al. (2005) with some 

modifications. 
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3.14.1 Primer: 

For studying genetic variation, a pair of 

primers [FGPS 989ac 

(5#GGGGTCCGT AAGGGTC3#, 

(Bosco et al., 1992) and FGPL 

2054' (5#CCGGGTTTCCCCATTCG 

G3#, Simonet et al., 1991)] were 

initially chosen. The primers were 

kindly suggested by David Myrold, on 

personal communication. However, 

when we applied this primer pair for in 

silico PCR amplification of Frankia 

reference strains like ACN14a, Ccl3, 

EANl pee etc. the primers produced no 

amplification. We therefore modified 

the primers and ultimately designed a 

pair of degenerating primers, which 

worked for all the strains mentioned 

above. To make the primer pair a 

Frankia specific one, we tried to 

amplify genomes of several 

phylogenetically related actinomycetes 

with no amplification. The 

degeneration primers we designed are 

as follows 

Forward primer 

. 5'GGGGTCCKTARGGGYY3' 

Reverse primer 

5'CCGGGTTTCCCCATTCGG 3' 

3.14.2 The primer stock: 

The newly designed primers were 

synthesized commercially by Imperial 

Life Sciences (P) Limited, #463 Pace 

City II, Sector-37, Gurgaon-122001, 

Haryana, India (www.imperialls.com). 

Both the primers (forward and reverse) 

were desalted having 25 nmol scales. 

The forward primer 

(5'GGGGTCCKTARGGGYY3') had 

16 mer length with 68.8% GC content, 

molecular weight 4974g/mol and OD 

4.1. Its concentration was 23 .9nmol 

(119!!1). Ultra-pure (pyrogen free) 

water (Merck India) was mixed to the 

stock making the final volume to 239!!1 

(24pmoll!ll). The melting temperature 

(Tm) was 56.9°C. 

The reverse primer FGPL 

2054' (5'CCGGGTTTCCCCATTCGG 

3') had 18 mer length (Simonet et al., 

1991). The GC content of it was 66.7% 

with molecular weight of 5443g/mol 

and OD 4.3. Its concentration was 

24.9nmol (136!!1). Like forward 

primer, Ultra-pure (pyrogen free) water 

was mixed to the stock making the 

final volume to 249!!1 (25pmoll!ll). The 

melting temperature (Tm) was 60.5°C. 

Both the stocks were labeled properly 

and stored at -2o•c for further use. 

Working solutions of 25!!1 of both the 

primers were taken in a fresh I m1 

micro tube, labeled properly and stored 

at -2o•c for frequent use. 
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35 CYCLES 

3min. lmin. 2 min. 7 nUn. 

lmin. 

Figure 3.4: Graphical representation of temperature and duration calibrated during performing PCR 

3.14.3 Annealing temperature: 

In the present case annealing 

temperature (Tm) for forward and 

reverse primer was provided by the 

primer synthesizing company (Imperial 

Life Sciences (P) Ltd., India), which 

was 56.9C and 60.5C respectively. 

Therefore, annealing temperature was 

calculated as follows: 

. ~mafFDrHardPrmt r,o{Rmrse~ 
bmaling ~era!Jue= -5 

2 

(
56.9HO.S) 

Annealing temperature = 
2 

- 5 = 53.7 

In the present experiment after various 

experimentations, annealing 

temperature of 54 was standardized. 

3.15.0 PCR REAGENTS: 

Bangalore GeNei TM DNA 

Amplification Kit (supplied in ice 

pack) with marker for 50 reactions (cat 

No. 105548) was obtained and stored 

at -20°C. Following materials were 

provided in the kit. 

• 1. Taq DNA Polymerase 

• 2. dNTPs 

• 3. lOX Assay Buffer with 15mM 

MgCh 

• 4. lOX Assay Buffer without MgCh 

• 5. 25mM MgCh 

• 6. Control DNA and primers to 

perform 10 tests. 

Table 3.1: Concentration of different chemical constituents used for making PCR 
IlllX 

SI. Constituents Quantity for one Master mix for 12 
No. sample (25"1) samples ("I) 
I. Ultra-pure pyrogen free H20 19.7 236.4 

2. lOX Assay Buffer with 15mM 2.5 30 

MgCI, 
3. Forward Primer 0.5 6.0 

4. Reverse Primer 0.5 6.0 

5. dNTPMix 0.5 6.0 

6. Taq DNA Polymerase 0.3 (01 Unit) 3.6 

7. TOTAL REACTION VOLUME 24fll 288"1 



MATERIALS AND METHODS 66 

• 7. DNA Marker 

• 8. Instruction Manual 

Of the above reagents, only lOX Assay 

Buffer with 15mM MgCh, 

Deoxyribonucleotide (dNTP) Mix, Taq 

DNA polymerase and DNA marker 

were used during the experiment. 

3.15.I Taq DNA polymerase and 

assay buffer 

Total of 0.6rnl of lOX Assay Buffer 

bearing Lot No. I2030 (IOmM Tris

HCl (pH 8.8) with I5mM MgCb) was 

supplied in a small vial. This was 

stored in -20°C. 

3.15.2 Deoxyribonucleotide 

triphosphate (dNTP) mix 

IOmM concentration of 

Deoxyribonucleotide or dNTP nnx 

(Lot No. 231030) was supplied m a 

liquid form. The quantity of the 

solution in the vial was 2f.1mole with 

0.2rnl volume. The solution was kept 

along with all the working solutions at 

-20°C. 

3.I6.0 DNA DILUTION: 

30-50ng/f.1l DNA concentration was 

taken for PCR work. I-2f.ll DNA was 

taken from the quantified sample and 

serially diluted by adding IX TE buffer 

to bring down the DNA concentration 

to 30-50ng/f.1l for PCR. 

3.17.0 PCR MIX: 

Per sample total volume of PCR 

mix=25 fll, number of 

samples= II+ 1=12 (one control). 

The total volume of PCR master mix 

(288f.ll) was divided into 12 equal parts 

i.e. 24fll each, in PCR tubes; lfll each 

diluted DNA template from different 

samples' was added to each 11 PCR 

tubes making the volume to 25fll. In 

one PCR tube with mixture Ifll of 

Ultra-pure pyrogen free H20 was 

added to set it as a control for negative 

control (please refer table 3.1). 

3.18.0 PROGRAMME FOR PCR 

AMPLIFICATION: 

PCR was performed in thermal cycler 

(Applied Biosystems make, 2720 

Thermal Cycler). Amplification 

programme consisted of one initial 

cycle of denaturation at 94°C for 3min, 

followed by denaturation temperature 

at 94°C for I minute, annealing 

temperature at 54°C for 1 minute, 

extension temperature at 72°C for 2 

minutes and final extension 

temperature at 72°C for 7 minutes. 

Total of 35 cycles were run for 

amplification of I6S-23S rRNA from 

the root nodules of Hippophae 

salicifolia of Sikkim (fig. 3.4). 
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3.19.0 AGAROSE GEL 

ELECTROPHORESIS: 

To check the efficiency, 1110 of PCR 

product was examined through 

electrophoresis on horizontal gel 

containing 1.5% (w/v) agarose (Sigma 

cat No A9414) gel and ?f.!l Ethidium 

bromide (3,8-Diamino-5-ethyl-6-

phenylphenanthridinium bromide) 

(Sigma cat No. El510). 

Agarose (!.5g) was dissolved in 100 

ml of 0.5X TBE buffer and warmed 

until agarose powder got dissolved 

completely. After few minutes, ?fll of 

EtBr was added to it and mixed gently, 

then it was poured over the gel casting 

tray with comb inserted to it. After the 

gel was solidified, the comb was 

removed and the gel was shifted to the 

gel loading tray (Tarsons) containing 

0.5X TBE (Tris Borate EDTA) buffer. 

DNA (3f.ll) marker (ladder) of lOOObp 

supplied with the PCR kit (Bangalore 

GeNei TM DNA Amplification Kit, Cat 

No. 105548) was loaded in the first 

well of the gel. Simultaneously, 5f.!l of 

PCR products were mixed with 2f.!l of 

Bromophenol Blue solution 

individually in all 12 (11 +!control) 

samples, mixed thoroughly and loaded 

gently in the individual wells of the 

gel. Negative control was loaded in the 

last well. The power pack (Bangalore 

GeNei ™) was set at 600mA and timer 

was set to 1.5 hours. 

3.20.0 GEL PHOTOGRAPHY: 

The gel was placed over the 

transilluminator (Bangalore GeNei ™) 

and photograph was taken using the 

camera Canon power shot (SX 210 IS, 

14.1 mega pixel, Japan make) for 

observation and further studies (fig. 

4.12). 

3.21.0 RESTRICTION FRAGMENT 

LENGTH POLYMORPHISM 

The PCR products were subjected to 

restriction digestion with 4 different 

restriction digestion endonucleases, 

viz., AZul, Haem, Mspl and HpaiT, all 

4-base cutters. The lists of 

endonucleases (enzymes) with their 

cutting sites are given in the table 3.2. 

The restriction digestion process was 

carried out in the following process. 

Restriction digestion mixture of 20fll 

per sample was taken containing 

following components for each sample: 

• Restriction enzyme buffer 2fll 

• Pyrogen free water to make up the 

volume. 

• Enzyme 5 units 

• PCR product 5f.!l. 

The restriction digestion mixture for 

total of 11 PCR products were prepared 
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with basic combinations stated above, 

mixed thoroughly and distributed to 11 

parts. 

In each part 5f1l of PCR product was 

added and incubated at 37°C for I hour. 

The restriction digestion product was 

separated in 2% ('NN) agarose gel 

with ethidium bromide solution (O.Sflg/ 

ml) and run in IX TBE buffer (pH-8). 

Gel loading dye 6X (5!11 was mixed 

with 20111 of restriction digestion 

product. 

The samples were loaded and 

electrophoresis was carried out at 50V 

for 2hrs. 

The gel was visualised in UV 

transilluminator (Genei make, Cat# 

107161) and photographed with canon 

shot (21S, 14.1 mp) camera. DNA 

marker (lkb ladder) (Genei, Cat# 

1 05998) was used as molecular marker. 

3.21.1 PCR-RFLP data analysis: 

The markers were scored as diploid 

data. Each polymorphic band was 

regarded as a binary character and was 

scored as 1 (presence) or 0 (absence) 

for each sample and assembled in a 

Restriction Cutting sites Temp. 

data matrix. A similarity matrix on the 

basis of band sharing was calculated 

from the binary data using Dice 

coefficient (Nei and Li, 1979). 

Similarities were graphically expressed 

using the group average agglomerative 

clustering to generate dendrogram. The 

POPGENE freeware (Yeh et al., 1997) 

was used to partition genetic diversity 

among the 11 isolates of Frankia. The 

same software was used to calculate 

genetic distances and similarities 

between populations and to draw a 

dendrogram based on Nei's (1972) 

genetic distances using the UPGMA to 

show the genetic relations between the 

different isolates. Graphical 

representation of the results was done 

on the basis of these studies. 

3.22.0 NUCLEOTIDE 

SEQUENCING: 

All the amplified products of expected 

size were directly sent for sequencing 

to Chromous Biotech Pvt. Ltd., #842, 

II, Floor, Shankar Bhawan, A Block, 

Shankar Nagar, Bangalore-5600092. 

(www .chromous.com). 

Total of 100111 of PCR product for each 

Units 
Table 3.2: Restricenzymes 

A lui AG~CT 37°C --"'?'==-----:-:::-:-:=-----::-=::-:::-----:5:---- tion enzymes show-

H;,\m GG~CC 37°C 
'. M:d>l qCGG 37°C ., 

S ing their respective 

5 cutting sites 

Hpaii qcGG 37°C 5 
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sample along with 20j..tl each of 

Forward and Reverse primers were 

pipetted into PCR tubes separately, 

labeled properly and sealed with 

parafilm and sent for sequencing. 

for Biotechnology Information (NCBI) 

web site (http://blast.ncbi .nlm.nih.gov/ 

Blast.cgi). 

3.24.0 SEQUENCE SUBMISSION 

TO GENE BANK: 

3.23.0 SEQUENCE BLAST : Total o f 22 parti a l 16S rRNA 

sequences were submitted online to 

E u ro pean M o l ec ular B io lo gy 

Laborato ry (E MBL) nuc le o tid e 

All the 22 ( ll forward and ll reverse) 

result sequences received from the 

Chromous Biotech, Bangalore, were 

ind ividually compared with the 

equivalent sequences from a range of 

other Frankia sp. present in sequence 

banks using Basic Local Al ignment 

Search Tool (BLAST) (Altschul et al. , 

1990) obtained from National Centre 

e q u e n c e d a t aba se 

(http:\\.www .ebi .ac.uk/emb l) with 

proper annotation and descriptions, 

after registering to the web site (fig . 

3.5). The procedure of the web site was 

fo llowed during the submission process 

E~'BL lBI ::· t~ H. 1r1 ~ ..... tt.' • 

(I tf.t[ j,t t' i <H•I· f'(t• .t'.tllt• Tr.unlfl1l lndu.ll; "-floulll. th·lp · Sl t: 
• U Det311< 

• ~UDrni~StOnS HOrne 

•''•"" Sub-rntlsion 
• u <:uomas.s•ons. 
• PfOJ•ct Regtstr~11ons 

- up~•• E .. sbno Enll) 
• Contac t Hetf)deak 

W hot k ind o f aeque nce(o) o re y ou oubmlnlng? 

Please select a subm4sston type from the menu below If none of the submissiOn types are 
a~pnate fo< your d ata please nlect 'Olhef For a uttlance please clock tho 'Contact Help 
desl<' lmk tn the ltf\·stde m enu 

Pre-toanattftd t emplat e qykte 

Two Aew remp&atea retea.sect: (1) ' Sing .. cos genonlk: DUA'. Thls template ahoukt be used tor aang .. 
exon (non-seomentedl oenes I rom pr-oluuyouc. plasmid. nUClear or oroa-.encOded OtiA. The 
cOdlnO _.,.e. can be complete or pat11aL ThiS template can noc be u- lor -men ted o•n•• or 
otrelchea of OtiA with multl,,e cOding region a. ('2) ' !;[ngle CDS mRIIA'. This template ahould be u
lor ~with a ~odtng sequence. pen>al or complete, clel'lve<ll'rom prokaryotic, ptosmltl, nuc ... r or 
orga-.eneocled DHA. 11 a- roo to annouote untranatatecl ~·· tile co<hno region ancl any 
pofyA featur-es. Ptea .. pnwtde faoed~ck at the end ol your aubml.sseon oa your e x.penence With ltt•• 
template. 

~Fj§M1 ;. II i.HJU· • fid· .11. · 

0 COl oene 

e S<ngle CDS mRNA 

0 Sinole cos 
oenomte OtAA 

0 EST 

rRt..IA ge ne 

0 IT S regton 

0 Other 

r Ne-.s 

Uploa d pra.prepara d EMBL format Illes 

Upload EMBL formllt mu With .. qvence and ennotatJon produced vs•ng Attemos or sequ1n Please 
cheek 1~ you ha-. .. vahd.ated the files before upload and QPOfted on EMBL format 

atd.!l$. ffiW? b 

Figure 3.5: EMB L format used for submission of 16S rRNA sequence from root nodules of Hippo
plwe salicifolia 
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and sequences were submitted in 

PASTA format. The accessions 

numbers of the sequences were 

received and have been illustrated in 

chapter IV. The data is also accessible 

through NCBI GenBank. 

3.25.0 PHYLOGENETIC 

ANALYSIS: 

The sequences were then subjected to 

phylogenetic analysis. For this multiple 

alignment was carried out using the 

software MEGA ver. 4 (Tamura et al., 

2007). Neighbor joining method 

(Saitou and Nei, 1987) was used to 

construct phylogenetic tree to infer 

evolutionary history and genetic 

diversity of Frankia strains obtained 

from the root nodule isolates of H. 

salicifolia. Various 16S rRNA 

sequences from other Frankia strains 

along with that of closely related 

actinomycetes members were also 

considered for phylogenetic tree 

construction (fig 4.13). The bootstrap 

consensus tree inferred from 1000 

replicates was taken to represent the 

evolutionary history of the taxa 

analyzed. The percentage of replicate 

trees in which the associated taxa 

clustered together in the bootstrap test 

(1000 replicates) is represented next to 

the branches. 


