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INCIDENCE OF MAJOR FOLIAR FUNGAL DISEASES OF (MEDIC INAL
PLANT) MULBERRY DURING DIFFERENT SEASONS IN RELATIO N TO
ENVIRONMENT FACTOR

RABIN CHANDRA PARAMANIK & ACHINTO PARAMANIK
Sigma Bioscience, Research Center,Indiranagar, &argg
Email:robinparamanik@gmail.com

Abstract

Kanakapura is one of the most important and lead#thgks in Bangalore Rural District of
Karnataka State practicing Sericulture. A two ygduly 1995 to June 1997 ) intensive survey
for the incidence of three major foliar fungal dises of mulberry ( leaf spot caused by
Cercospora moricola rust caused byPeridospora moriand powdery mildew caused by
Phyllactina corylea ) in twenty villages was undken at monthly intervals. The meteorological
data during the survey period were also recordedisineously. The incidence of leaf spot was
found to be maximum in the months of November, g/itiwas minimum in the month of May.
Incidence of leaf rust was maximum in the monthsNalvember and June, while it was
minimum in the months of February and May. Incidemmt powdery mildew was maximum
during July to November, while it was minimum fraitme month of December up to April.
Relative humidity for leaf spot, rainfall for leafist, maximum temperature and rainfall for
powdery mildew had significant negative relatiopshiith the incidence, whereas temperature
and rainfall for leaf spot, temperature and reathumidity for powdery mildew showed non-
significant negative relationship.

Key words : Disease, incidence, mulberry, powdery mildaystrspot .

Introduction

Assessment of the incidence and intensity of des@&asagricultural crops, is essential to avoid
economic loss (Gunashekaran and Govindaiah, 1998Iperry is affected by leaf spot, rust and
powdery mildew diseases during different seasohes& disease causes 10-30 percent loss in
leaf yield in terms of destruction of leaf laminmmature leaf fall and depletion in nutritive
value (Sastry, 1994; Sundareswaedral.,1988; Senguptat al., 1990 ). The incidence of these
diseases depends upon many factors like seasopetature, humidity and mulberry varieties
(Krishnaprasad and Siddaramaiah, 1979; Sikdar amshita Swami, 1980; Sukumar, 1980;
Sukumar and Ramalingam, 1990).

Leaf spot disease caused by the fung@atcospora moricola is one of the most destructive
diseases of mulberry resulting in an extensive dgntgy reducing the nutritive vaiue of leaf and
yield ( Siddaramaiah et al., 1978). It causes 8% laf yield loss during July-December. Rust is
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another important fungal disease of mulberry cadseBeridiospora moriresulting in 10-30%
leaf yield loss particularly of mature leaves. Pewdmildew disease also caused by a fungus
phyllactinia coryleahas been reported to occur during September tehMiartropical region (
Krishnaprasad and Siddaramaiah, 1979 ). Of theetha¢hogens, the powdery mildew and rust
causing fungi being “biotrophs” cause heavy dantagée crop. Hence an attempt was made to
survey these important disease on mulberry (M5etgriin Kanakapura Taluk for a period of
two years.

Materials and methods

The incidence of leaf spot, rust and powdery mildigseases in 20 villages of Kanakapura taluk,
Bangalore District of Karnataka state was survepedwo years ( July 1995 to June 1997 0O at
monthly intervals by fixed plot method Chandrakal895 . The villages selected for survey
were : Harihara, Bhoovahally, Kadahally, Murlethiamma doddi, Boregowdanadoddi, Sathanur,
Sasalapura, Dhalimba, kabbalu, kalegowdanadodditahially, Nayakanahally, Doddaalahally,

Krishnaiahna doddi, Settekere doddi, Subkere, @hatrungani, Hanumanahally and Harohally.

In each village, four mulberry gardens ( M5 or KaRwariety ) were chosen ( 1 gunta standard
= 1089 sq.ft.) and in each mulberry garden, fivermplots were prepared ( four in corners and
one in the middle of the garden ). Twenty plantsenrandomly selected in each micro plot for
observation of disease incidence ( 20x5=100 plgatslen ). The incidence of disease was
calculated by using the following formula:

Percentage of disease incidence (PDI) = Totaldllinfected plants

Total No. of plants

Atmospheric conditions (i.e. temperature, rainfatl relative humidity ) that existed during the
course of survey was also recorded simultaneotslgorrelate their influence on the incidence
of foliar fungal diseases. The data obtained waatstically analyzed using ‘F’ test ( Asthana
and Srivastava, 1967 ).

Results

The notable findings observed in the field surveyiacorporated in Figures 1 to 9 . The results
indicated that the weather data when the leaf djgatase incidence was maximum ( 28.88% )
i.e., in the month of September 1995 was as follonaximum temperature = 3C , minimum
temperature = 22C, rainfall = 24mm, relative humidity = 63% . Slenly the weather data for
the month of November 1996 ( 24.05% ) was as falowmaximum temperature = 2€,
minimum temperature = 81C, minimum temperature = 49C, rainfall = 0 mm, relative
humidity = 46%. Similarly, in the month of May 199hen the disease was at its lowest
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expression ( 7.24% ) the weather data was followsximum temperature = 3€, minimum
temperature = Z4C, rainfall = 12 mm, relative humidity = 50% ( Eig 1-3 ).

The weather data when the leaf rust disease inc&demas maximum ( 35.91% ) in the month of
November 1995 was as follows : maximum temperatudd’ C, minimum temperature = 2&,
rainfall = 9mm, relative humidity = 49%. Similarlthe weather data for the month of June 1997
( 28.53% ) was as follows : maximum temperature1&3 minimum temperature = 2Z,
rainfall = 11mm, relative humidity = 51% in the ntbrof February 1996, when the disease
incidence was less ( 3.34% ), the weather dataasdsllows : maximum temperature =°33,
minimum temperature = 24, rainfall = Omm, relative humidity = 48%. Sintilg in the month

of May 1997, when the disease was at its lowestesgmon ( 13.35% 0, the weather data was as
follows ; maximum temperature = 8Z, minimum temperature = 21C, rainfall = 12mm,
relative humidity = 50% ( Figure 4-6 ).

The weather data when the powdery mildew diseagdance was maximum ( 12.5% ) i.e., in
the month of July 1995 was as follows : maximumgenature = 31C, minimum temperature =
23 C, rainfall = 10 mm, relative humidity = 54%. Sianly, the weather data for the month of
July 1996 ( 17.20% ) was : maximum temperature £@1, minimum temperature = 2T,
rainfall = 17mmm, relative humidity = 44%. In theonth of May 1996, when the disease
incidence was minimum ( 0.68% ), the weather dada @as follows : maximum temperature =
36° C, minimum temperature = 3€ , minimum temperature = 2€, rainfall = 12mm, relative
humidity = 50% ( Figure 7-9).

The correlation coefficients between the incideotckeaf spot, rust and powdery mildew disease
and the physical factors of the environment vemperature ( maximum and minimum ),rainfall
and relative humidity are presented in Table 1.

Relative humidity had significant negative relagbip with the incidence of leaf spot where as,
there was non-significant negative relationshipMeen incidence and temperature and rainfall.
Rainfall had significant negative relationship wttke incidence of leaf rust disease, where as
there was non-significant negative relationshipwieein the incidence and temperature and
relative humidity. Maximum temperature and rainfadid significant negative relationship with
the incidence of powdery mildew disease.

Discussion

Among the three major foliar fungal diseases thdbemy the incidence of leaf spot disease
usually commenced during early monsoon seasonJuee, July and reached peak in September
and November while it was minimum in the month obvimber and June, while it was
minimum during July to June.The Powdery mildew dgse was maximum during July to
November, While it was minimum during December toriA Earlier workers observed that in
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Karnataka state, leaf spot disease usually comrdedigeng early monsoon season i.e., June-
July and reached peak in September, October wrabér Igradually decreased December
onwards and prevailed up to January ( Patel andakai®49 ). Leaf rust disease is one of the
major fungal disease of mulberry. The occurrenas severe during November to January and
gradually disappeared during March ( Gunashekarah Govindaiah, 1993 ). In Bangalore,
Kolar and Tumkur districts, the occurrence of leadt disease was less severe ( 5-10% ) in
Bangalore during January and February months andolar and Tumkur during February (
Chandrakala,1995 ).

Powdery mildew is a common and destructive disedsaulberry. It was prevalent during the
winter months i.e. from November to February, redgcboth the quantity and quality of
mulberry leaves ( Noamaseit al., 1970 ). Occurrence of mildew in Kolar district wagticed
from July to February with the incidence rangingnir0.7% to 7.5% and peak was in December
( Benchamiret al, 1997 ).
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Table 1.

Correlation coefficient for incidence of leaf spotrust and powdery mildew diseases with
weather factors on mulberry during the survey peria ( July 1995- June 1997 ).

Maximum Minimum Rainfall Relative
temperature temperature humidity
Incidence of leaf| -0.4076 -0.1414 0.1499 -0.4076
spot disease (%)
Incidence of| -0.2949 0.2546 0.5164* -0.2949
rust disease (%)
Incidence of| -0.4821* 0.373 4869* -0.4821*
Powdery
mildew disease
(%)

*---- Significant at 0.1 level

** .- Significant at 0.001 level
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Alpinia galangal Leaves Extracts Wound Healing Actvity

RABIN CHANDRA PARAMANIK & ACHINTO PARAMANIK
Sigma Bioscience, Research Centere, Indiranagagdiare.
Email:robinparamanik@gmail.com

Abstract

The Present work was carried to explore the wouedlimg activity of ethanolic extract of
Alpinia galangal leaves in albino wistar rats. Theract was tested for wound healing activity
by excision wound model. 10 g of petroleum jellydam5 g extract was taken to produce 5 %
low dose extract. The 10% High dose extract wapgyeal by stirring 10g of Petroleum jelly
with 1.0g of ethanolic extract of Alpinia galangdlhis 5% and 10% ointment was used for
topical application. The extract showed significeggponse in both the wound types tested when
compared with the control group. On the basis ef rsults it can be said that the extract of

Alpinia galangal possess wound healing activity.

Key words:, Excision, Alpinia galangal leaves, Wound healingsion,
Introduction

A number of drugs ranging from simple non-expensialgesics to complex and expensive
chemotherapeutic agents administered in the maregeofi wound affect healing either positively or
negatively (Prasad and Rao, 1995). Aspirin, indteh, cytotoxic agents and immunosuppressants
have been proved experimentally to affect healiegatively (Lee, 1968, Rao et al, 1991 Raju and
Kulkarni, 1986, Holla et al, 1988).

Wounds are the visible results of cell death or a@gen which can be classified on the basis of site,
depth and causation like surgery, accident or tory failure (Charde et al, 2010).

The objective in wound management is to heal thandoin the shortest time possible, with minimal
pain, discomfort, and scarring to the patient. ddition to this a flexible and fine scar with higinsile

strength is also desired. Hence understandingehénlyg process is critical to successful management
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wound. Wound healing is the process of repair fiblédws injury to the skin and other soft tissu€his
process consists of integrated cellular and biodtedrevents leading to the re-establishment ofcstinges
and functional integrity and regaining strengthiaf injured tissue (Gupta and Jain, 2010).

Although many indigenous tribes around the worldehiang been suspected that this ubiquitous, annual
herbaceous plant might have medicinal wound hegliogerties, it has not really got the attention of
orthodox medical practitioners as a potential sewfca healing agent which may prove to be useful i
the treatment of wounds. Therefore the presentysiteds planned to explore thound healing activity

of Alpinia galangal leaves.

Materials and methods

Plant material and preparation of herbal extract

Alpinia galangal leaves were purchased from GKVKyridultural University, Bangalore and
authenticated by its morphological characteridfitgans, 2002)

Thoroughly washed leaves of A.galanga were driedhiade for five days and then powdered
with the help of Warring blender. 25 g of shadeedrpowder was filled in the thimble and
extracted successively with five solvents in Sokbbdractor for 48h. The solvent extracts were
concentrated under reduced pressure and presdrgé@ a airtight bottle until further use.

For the preparation of various extracts from thpinia galangawere shade dried at room
temperature and powdered by mixer. Petroleum etAegtone, chloroform, Ethanol and
methanol extract were obtained by successive didragnethod by Soxhlet apparatus and
aqueous extract by maceration method. All the etdravere concentrated under reduced
pressure by rotary vacuum evaporator (&ial, 2007).

Chemicals

White Petroleum Jelly — (Central Drug house (P), Ndw Delhi).

In vivo studies

Experimental animals

Male albino Wistar rats (150-200 g) used in thespm¢ study were procured from the small
animals breeding station, Mannuthy, Kerala, Indibey were housed in polypropylene cages
(38 x 23 x 10cm) with not more than six animals page and maintained under standard
environmental conditions (14h dark /10h light cgcléemp 25+2°C; 35-60% humidity, air

ventilation) and were fed with standard pellet dMfs. Hindustan Lever Ltd., Mumbai, India)
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and fresh watead libitum The animals were acclimatized to the environnfentwo weeks
prior to experiment use. Animals were fastedrawght before the experimental schedule, but
have free access for watsd libitum

Wound healing activity

Preparation of Ointment:

To 10g of Petroleum jelly 0.5g of ethanolic extrat®lpinia galangawas added and stirred to
produce the 5% Low dose extract. The 10% High dodect was prepared by stirring 10g of
Petroleum jelly with 1.0g of ethanolic extract Alpinia galangal.This 5% and 10% ointment

was used for topical application (Mohammed Moidetal., 2011).

Excision Wound model

The rats were divided into four groups of six arlsr@ach (n=6). Group | served as induced and
Group Il as standard which was topically appliedhwiyramycin for 21 days after the wound
excision. Groups Il and IV were topically appliedth 5% and 10% (w/w) ointments prepared
using the ethanolic extract and petroleum jellyZardays. Wounds were created at the back of
each animal of Groups | — IV. An area of about 4dg0cm is marked out. The marked area is
excised with sharp knife and scissors under ethestaesia (Sainuddin and Haneefa, 2010). The

length and breadth of the wounds were measure2ilifdiays using a vernier caliper.

Wound area was measured by tracing the wound onillameter scale graph paper. The

percentage of wound contraction was calculatedrigimral wound size (500 mmz2) for each

animal on predetermined days i.e., 3, 6, 9, 12atfl 18th days of post wounding for final

analysis of results (Kumar and Gupta, 2009). Angnakere closely observed for any infection

and those which showed signs of infection were rsépd and excluded from the study and
replaced. Sacrificed by cervical dislocation anduma areas from each animal were removed
carefully.

Selection of dose and treatment period

International Science Congress Association
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Alpinia galangal 10% ointment was used for topegaplication in excision wound models. The
treatment period was 12 days for excision wound eteodlhe day of infliction of wound was

considered as day ‘0.

Results

Wound healing is the primary response to tissuerynyith different phases like contraction,
granulation, epithelisation and collagenation which mainly achieved by connective
tissuematrix synthesis (Pieree and Mustoer, 198&yd#s and Mukherjee, 2003).

The ethanolic extract of Alpinia galangal leave8%ilw/w) ointment of high dose had produced
significant increase in wound contraction (83.1,694and 99 %) after 12 th day, 15th and 18th
day of treatment as compared with Induced (61.29% 99.92) (Tablel) (figurel-4) .Similarly
a significant increase in wound contraction wasnsea 15th day was observed more, as
compared with (Tablel) (figure 1- 4). The wound tcaction and strength of experimental
ointment under test were in close proximity witargtard antibiotic Lyramycin.In our study, in
excision wound model, the ethanolic extract of iAlp leaf extract (10% w/w) ointment has
produced significant increase in wound contracidter 15th ,18th, 21st day of treatment as
compared with induced group. This suggests thatold have either enhanced contractile
property of myofibroblasts or increased the numifemyofibroblasts recruited into the wound
area. The wound breaking strength is determinethéyate of collagen synthesis and more so
by the maturation process where there is covaleiig of collagen fibrils through inter and
intramolecular cross linking (Shanbhag et al, 2006}he present study a significant increase in
wound contraction on 15th day was observed ingesip as compared with induced group.
Conclusion

The results of the study suggest that the leafaekinas significant wound healing activity in
excision wound model and it could possibly be made of clinically, in healing of open
wounds. However, implementation of these resuledngell designed clinical evaluation. The
ethanolic extract of Alpinia galangal leaves appltepically, effectively increased (87%) the
contraction of open wound, after 15-18 days.
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Table-1

Alpinia galangal activity of ethanol Extract

Induced Standard Low Dose

High Dose

Length Breadth Length Breadth Length Breadth

Length Breadth

0" day
3% day
6" day
9" day
12" day
15" day
18" day

21% day

10.52+0.15 10.50+0.15 10.44+0.20 1044+0.20 11.80+0.62 10.91+0.72 11.23+0.61 10.74 £ 0.57

10.32+0.12 10.43+0.15 8.16+0.16 8.22+0.10 10.99+0.68 10.49+0.85 10.60+0.18 10.16 + 0.89

9.72+0.04 962+0.15 6.06+0.04 61+004 10.23+0.24 10.39+0.38 9.81+0.43 9.92+0.44

848+0.16 859+0.14 424+0.08 4.13+0.07 873+041 891+058 7.69+097 7.17+051

6.47+0.22 656+022 214+0.09 212+0.07 570+0.22 558+0.32
428+0.10 439+0.23 086+0.03 086+006 359+035 3.37+0.31
285+0.12 2.83+0.13 Wound healed 230+0.18 230+0.18

0.99+0.14 0.99+0.14 Wound healed 1.03+0.07 1.08+0.07

471+£0.12 4.33+0.26

254+0.13 256+0.10

1.10 + .08 1.10+0.08

Wound healed

Values are expressed as mean = SD (n=6).
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Induced group Standard group

12th day

18" day 21hday 18" day 21 day

Fig-3 Fig-4
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High dose group
Low dose group

6" day

0 day 6™ day 0 day

"

12h day 12 day

f ‘,I i

18" day 21" day

18" day 21hday
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ALPINIA GALANGA (L.) ANTIBACTERIAL ACTIVITY AND PH  YTOCHEMICAL
ANALYSIS

RABIN CHANDRA PARAMANIK & ACHINTO PARAMANIK
Sigma Bioscience, Research Centere,Indiranagagdene.
Email:robinparamanik@gmail.com

Abstract:

Acetone extracts have shown excellent anti bat¢taciavity towards all the pathogens with plant
extract ranging from 5-25mg/ml and size of zone jmemnged 8-26 mm (12.5 mg) concentration
and 8-35 mm (25 mg), respectively. The antibaatectivity of Alpinia galanga (L.) Willd. leaf
extracts prepared from methanol,acetone, chlorgf@thanol, petroleum ether extracts of
Alpinia galanga were checked against pathogensteml from wound isolates like Burn,
Accident, Skin, Abscess, trauma etc viz. Bacillusbtdis ,Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Salmonellaniyphm, Staphylococcus aureus and
Streptococcus sps, Proteus sps, Staph aureus, Agargwell diffusion method.The ethanolic
extract contained the highest concentrations ddl tphenolic compounds (92.40 + (8%
TAE/g) and flavonoids (13.78 mg TAE/g) and Tann#&80 + 0.88ng TAE/g). The LC-MS
analysis of methanol extracts have yielded compdikad 1-acetoxy chavicol Acetate which
could be responsible for its broad spectrum agtivit

Keywords:

Extract, disc diffusion, , LC - MS, 1"-acetoxycdwid acetate,Alpinia galanga, antibacterial
activity

Introduction:

Alpinia galanga has been used as food additivEhimiland and other countries in Asia for a
long time. The rhizome is used against rheumatlsaw, breath and ulcers, whooping colds in
children, throat infections and fever. 1-Acetoxydbal acetate, a component of A. galanga, was
found to have very good antimicrobial activity §hivkanya, I. Nitin et al, 1990). The essential
oil of A. galanga rhizome has been found to havhibitory activity against certain
dermatophytes, filamentous fungi and yeast (J. Gatararee et al, 2006). Suganya and Sombat

have reported that the higher potential in antiartdand antimicrobial activities of A. galanga
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oil was supposed to be due to the composition ofaice constituents viz. 1, 8-cineole, 4-
allylphenyl acetate and-bisabolene within the essential oil V. Vudhakubef2007).

Several plant materials have been investigatedpademt source of antioxidants. Antioxidants in
herbs and spices include: vitamins; phenolic comgsuincluding flavonoids and phenolic
acids; tannins and volatile compounds. In the priestudy antibacterial activities of the crude
leaf extracts of Alpinia galanga were investigafed the aim of discovering the medicinal
potential of the plant against various microorgarsis The essential oils of the leaves, stems,
rhizomes and roots of the medicinal plant Alpingdagmga from South India were investigated by
LC-MS. The major constituents of the leaf oils frahe same locations were: alpha-pinene
(6.6% and 6.3%, respectively), camphene (5.0% ab% 5respectively), (3-pinene (21.5% and
23.5%, respectively), 1, 8-cineole (34.4% and 30Q.Té@spectively) and camphor (7.8% and
12.8%, respectively). Natural antioxidants fromnpéahave attracted significant interest because

of their safety and potential nutritional and thperatic effects.

Materials and methods:

Plant Material: The collected plants were washed with running wateed, homogenised to a
fine powder and stored in air tight bottles 8t@The fresh plants of Alpinia galanga were
collected and taxonomical identification of themilavas confirmed by Dept of Biotechnology
G.K.V.K, Bangalore.

Preparation of Plant Extract:

For the preparation of various extracts from th@idih galanga were shade dried at room
temperature and powdered by mixer. Petroleum etAeetone, chloroform, Ethanol and
methanol extract were obtained by successive dxiragnethod by Soxhlet apparatus and
agueous extract by maceration method. All the etdravere concentrated under reduced
pressure by rotary vacuum evaporator (Jain et2@Dy7). These extracts were resuspended in
Acetone, Chloroform, Ethanol, methanol and Petmoleather to yield 100 mg residue 100 ml
solvent ( Gugulothu et al., 2011). Thoroughly welleaves of A. galanga were dried in shade
for five days and then powdered with the help ofriitg blender. 25 g of shade-dried powder
was filled in the thimble and extracted succesgiwveth five solvents in Soxhlet extractor for
48h. The solvent extracts were concentrated unel#uced pressure and preserved at 5°C in

airtight bottle until further use.
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Collection of wound pus samples:

Pus swabs were obtained from wound sites. The me@civas collected on sterile cotton swab
without contaminating them with skin commensald. sdmples were collected from in around
Namakkal and surrounding area hospitals and prypjedoelled indicating the source and age of
patients. The samples were transported to the dédyyr soon after being obtained. In the
laboratory, the specimens were registered and swadye cultured on nutrient broth and
incubated at 37°C for 24 hrs.

Antibacterial activity of plant extract against wound infecting bacteria.

Each plant extract was dissolved in respectiveest/ such as Acetone, Chloroform, Ethanol,
Hexane, and Petroleum ether tested they were dedldar each bacterium. The antibacterial
activity of the plant extract was determined by mesng the diameter of the inhibition zone.

Antibacterial activities of crude plant leaf extiaere examined by the well diffusion method.

Experimental procedure

Well diffusion method (zone of inhibition)

This method depends on the diffusion of the variextsacts from a cavity through the solidified
agar layer of Petri dish to an extract such thatmn of the added microorganism is prevented
entirely in circular area or zone around the cawiytaining the extracts (Cote and Ghemal
1994). The plant materials extracts were testedafdimicrobial activity by the well diffusion
method (Chung et al., 1990). Using micropipetter@l of each of the leaf broth containing 10-
5-10-6 cfu/ml test organisms were incubated onfolee plates of solidified agar and spreaded
uniformly with a glass spreader. Then four well gveut out in the agar layer of each plate with
an aluminium bore of 5 mm diameter to contain Ol%extract, standard drug. All the work was
carried out in freeze for one day. After additido allow diffusion of the solution in to the
medium and then incubated for 37° C for 24 hoursftibacterial activity .After the incubation
period the mean diameter of the zone of inhibitiatnmm obtained around the well was

measured. Ampicillin was used as standard drugritibacterial activity.

Phytochemical Screening of Alpinia galangal leaf éract
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The leaf extract of Alpinia galanga, were analyZed the presence of Saponins, Phenolic
compounds, Alkaloids, Flavonoids, Glycosides , @talPhenols and Tannins, Carbohydrates,
proteins and Amino AcidsSteroids & Sterols Table-2

Determination of total phenolics and tannins contets

Ten microlitre aliquots of the extracts (10mg/2mBre taken in test tubes and made up to the
volume of 1 ml with distilled water. The total platic content was determined according to the
method described by Siddhuraju and Becker (200BenT0.5 ml of Folin-Ciocalteu phenol
reagent (1:1 with water) and 2.5 ml of sodium cadie solution (20%) were added sequentially
in each tube. Soon after vortexing the reactiontuné the test tubes were placed in dark for 40
min and the absorbance was recorded at 725 nmshgam reagent blank. The analysis was
performed in triplicate and the results were exggdsas gallic acid equivalents. Using the same
extracts the tannins were estimated after treatmetit polyvinyl polypyrrolidone (PVPP)
(Siddhuraju and Manian, 2007). One hundred milhggeof PVPP was weighed into a 100x12
mm test tube and to this 1 ml distilled water anent1 ml of the sample extracts were added.
The content was vortexed and kept in the test tatbd°C for 4h. Then the sample was
centrifuged (3000 rpm for 10 min at room temper{uand the supernatant was collected. This
supernatant has only simple phenolics other thamina (the tannins would have been
precipitated along with the PVPP). The phenolictenh of the supernatant was measured as
mentioned above and expressed as the content eanam phenolics (tannic acid equivalents)
on a dry matter basis. From the above resultstatti@in content of the sample was calculated as
follows:

Tannin (%) = Total phenolics (%) — Non-tannin phezso(%)

Determination of total flavonoid contents

A 0.5ml aliquot of appropriately (10mg/2ml)

diluted sample solution was mixed with 2ml of diet water and subsequently with 0.15ml of
5%NaNO2 solution. After 6 min, 0.15 ml of 10% AlG38lution was added and allowed to stand
for 6 min, and then 2ml of 4% NaOH solution wasexditb the mixture. The flavonoid content
was determined by the use of a slightly modifietbemetry method described previously by
Zhishen et al. (1999).Immediately, water was adaelring the final volume to 5ml, and then

the mixture was thoroughly mixed and allowed tadtéor another 15min. Absorbance of the
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mixture was determined at 510 nm versus water bl@hk analysis was performed in triplicate

and the results were expressed as rutin equivabdrie-3

LC-MS Predictions

The instrument was set as per the chromatograpbiditon as prescribed and the
chromatogram was recorded and calculations wemedaout. The LC-MS profile showed the
presence of peaks. LC-MS Analysis were carriedvatit Thermo-Accela 1250, equipped with
Quaternary pumps, Auto injector, Column Oven wilbAPDetector supported by LC- quan
Software . Identification and peak assignment of ikolated compound was based on
comparison of its Retention time with correspondi@tandards. The compound 1-acetoxy
chavicol Acetate was obtained. This suggests that dompound identified may possibly

contribute to the anti oxidative and other Pharrntagioal Activities. Table-4.

Results and discussion:

Among the 5 types of solvents extract acetone (88B@wed highest antibacterial activity.
Alpinia galangaleaf extracts in solvents of different polarity wesgvaluated for antimicrobial
activity against Gram-positive and Gram-negativetéda. Second most chloroform showed
(64.2%) and followed by p.ether (28.5%), ethanddb¥8). In this study no activity was observed
from methanol extract.

Chloroform extract

The highest antibacterial activity of Chloroformaagst to burn and trauma wound isolates
(77.7%) followed by abscess wound isolates (75%i mfection and post operative (50%). In
percentage wisB.vulgariswere highly suppressed by chloroform extract lame to number of
P.aeruginosawas resistance to chloroform extract.

Methanol extract
In this studies no antimicrobial activity were oh&al from methanol extract. All wound isolates

were resistance to methanol extract.

Acetone extract
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Acetone extract showed antibacterial activity agiaiburn, accident, skin infection, abscess,
Trauma and post operative wound isolates. Among thighest activity accident wound isolates
(85.7%), particularlyP.aeruginosawas highly suppressed by acetone extract but dame
E.coli was resistance to acetone extract.

Ethanol Extract

The highest antibacterial activities of ethanolrast against burn wound isolates (14.8%).
Among the 7 isolate&.pneumoniaeonly suppressed by ethanol extract. The inhibizome
ranged from 13-26 mm was observed.In this curnewestigation MIC value also observed by
all 5 plants extracts. The plant extracts ranges f6mg, 12.5mg and 25mg. The inhibition zone
was started from 12.5mg concentration and sizeoné Zmm) ranges from 8 to 26mm, in same
time all isolates were inhibited by 25mg concemragtind inhibition zone (mm) ranges from 8-
35mm.

Petroleum ether extract
The highest antibacterial activities of Petroleutimee against accident wound isolates (35.7%).
Among the 7 isolate§.aureuandS.pyogenewas highly suppressed by p.ether extract.

Conclusion:

The activity leaf was found to be quite comparakith the standard antibiotics screened under
similar conditions. From the above experiment ih g seen thaf. galangaleaf acetone
extracts showed significant activity against Gramsifive and Gram-negative bacteria. So the oll
can be used as an external antiseptic in the ptieweand treatment of bacterial infections
caused by various pathogenic bacteria. As thedeafone extract is found to be active against
Pseudomonas aeruginosend chloroform extract againBroteus vulgaris and their activities
are comparable with the standard antibiotics thay be used for the treatment of bacterial
infections. The activity of the leaf extracts wdbetone onP.aeruginosavas higher (85.7%) .
However, the activity of leaf chloroform extracta&mst Proteus vulgariss slightly greater than
that of. As the leaf extract exhibited pronouncetivay, essential oil from leaves into the drug
formulations is recommended.
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Table-1

Antibacterial activity shown byAlpinia galangal

Zone of inhibition (mm in diameter) 25 mg/ml
Organism
Extract ) P. Proteus Strept
E.coli | K. pneumoniag _ S. aureus
' aeruginosa sps pyogenes

Acetone 35 15 30 15 11 12
Chloroform 11 12 11 17 15 12

Ethanol - 26 - - - -

Methanol - - - - - -
Petroleum ethe - - - 11 - 12
Ampicillin 28 25 25 17 19 15
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Table-2
Primary Phytochemical Screening
Phyto Name of
] Presence/ Absence
constituent test

Alkaloids Wagner’s test +
Lead acetate test +
Flavonoids Shinoda te: +
Honey comb test +
Saponins Foam tes +
Lead acetate te +

Ferric chloride

_ test
Phenols & Tannins i
Sodium

hydroxide test

Fehling's test +
Carbohydrates
Benedict's te: +
Biuret test +
Protein & Aminoacids

Ninhydrin tes -
Steroids & Sterols Salkowshi’s test +
Glycosides Glycoside test +

Note: “+”-Presence of compoundts - Absence of compounds
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Table-3

Total content of phenol, tannin and Flavonoid.

Constituents Content

Total Phenolics

(mg TAE/g extract) 92.40+0.83
Flavonoid

(mg RE/g extract) 1.17+0.03

Total Tannin 48,80+ 0.63

(mg TAE/g extract)

Values are means of three independent analység eftract + standard deviation (n = 3).

TAE — Tannic acid equivalent; RE — Rutin eqlevéa

Component Name: 1-acetoxy chavicol acetate
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329ppb-REP-1 - TIC RT: 0.00-5.00 NL: 3.37E4

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
100 .
100 RT:1.43
103.21
907
90
807
80
70— 103.21
70
> 103.20
g 607 2
e a 60
£ 8
50 103.20 £
Q 50
® 40 103.21 3
= 103.20 [5]
x40
_ 103.20
30 103.20 30 0.93 2.08 2.95
0.26 3.68 4.02
207 20
107 10
0 | 0
103204 103.206 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
329ppb-REP-1 Unknown Tuesday, December 06, 2011 8:45:56 PM 1- acetoxy 1-acetoxy chavicol 236274 N/A 150.470 N/A
chavicol acetate acetate
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1-acetoxy chavicol acetate

329ppb-REP-2 - TIC RT: 0.00-5.00 NL: 3.26E4

F. +pESI SRM ms2 257.110 [103.199-103.209] F:+p ESISRMms2 257.110 [ 103.199-103.209]
100 103.21
100 RT:1.43
907
90
807
80
— 103.20
70 70
2
% 60— 103.21 >
S 103.20 @ 60
IS 103.21 o
507 =
2 © 50
o 103.20 =
& 40 k-
103.20 103.21 @ 40
307
30 0.95
: 3.86 4.42
2o 0.44 220 265 3.08 4,4
20
10 10
103.20
0 T 0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
329ppb-REP-2 Standard Tuesday, December 06, 2011 8:51:47 PM 1- acetoxy 1-acetoxy chavicol 238101 156.000 151.893 -2.63

chavicol acetate

acetate
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#411 RT: 1.43 NL: 3.91E3
F: + p ESI SRM ms2 257.110 [103.199-103.209]

100—
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1-acetoxy chavicol acetate

329ppb-REP-3 - TIC RT: 0.00-5.00 NL: 2.94E4
F:+p ESISRM ms2 257.110 [ 103.199-103.209]

103.21 100 RT:1.43
- 10320 103.20
90 103.21 90
80—
80
- 103.21
70 103.20 70
2
2 60—
g ‘5 60
IS 103.21 9]
- =
g 50 103.20 - 50
kS 103.20 S
(] <
@ - 7]
40 x 40
30—
30 1.93
0.96 :
0.63 2.54 318 365 ,, 445480
20— '
20
10— 10
0 0
103.200 103.202 103.204 103.206 103.208 m/z 05 1.0 15 20 25 30 35 4.0 45
Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
329ppb-REP-3 Unknown Tuesday, December 06, 2011 8:57:37 PM 1- acetoxy 1-acetoxy chavicol 282233 N/A 186.260 N/A

chavicol acetate

acetate

International Science Congress Association

28



InternationalE — Publication
WwWw.isca.co.in , www.isca.me

Component Name: 1-acetoxy chavicol acetate
#412 RT: 1.43 NL: 9.60E3 658ppb-REP-1 - TIC RT: 0.00-5.00 NL: 5.15E4
F: +pESI SRM ms2 257.110 [103.199-103.209] F:+pESISRMms2 257.110 [ 103.199-103.209]
_ 103.20
100 100 RT: 1.43
907
90
103.21
807
103.20 80
707
70
> 103.21
% 60 103.20
2
g % 60
- c
£ 8
— [
237 10320 @ 50
= 103.21 =
& a0- 3
103.20 103.21 x40
307 30
o 20 0.94
0.32 ' 1.92 3.11 3.92 4.65
10— 2.57
10
0 0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
658ppb-REP- 1 Unknown Tuesday, December 06, 2011 9:03:27 PM 1- acetoxy 1-acetoxy chavicol 443533 N/A 311.874 N/A
chavicol acetate acetate
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1-acetoxy chavicol acetate

#414 RT: 1.44 NL: 1.14E4 658ppb-REP-2 - TIC RT: 0.00-5.00 NL: 5.22E4
F. +pESI_SRM ms2 257.110 [103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
100 .
100 RT: 1.44
103.20
90
90
807 103.20
80
— 103.20
70 70
2
Q 60 2
K} a 60
£ 2
50 103.20 103.21 £
2 103.20 ¢ 50
% . 103.21 %
x 40 x40
307 103.21 30
207 20
0.27 0.87 219 261 3.01 3.48 3.90 424 4.65
10— 10
0 0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
658pph-REP- 2 Standard Tuesday, December 06, 2011 9:09:17 PM 1- acetoxy 1-acetoxy chavicol 467993 313.000 330.922 5.73
chavicol acetate acetate
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#414 RT: 1.44 NL: 1.13E4
F: +p ESI SRM ms2 257.110 [103.199-103.209]

1-acetoxy chavicol acetate

658ppb-REP-3 - TIC RT: 0.00-5.00 NL: 5.17E4
F:+p ESISRM ms2 257.110 [ 103.199-103.209]

103.21
100 .
100 RT:1.44
90
90
80
103.20 80
70
103.21 70
2 60 >
S 2 60
z 103.20 103.21 2
o 50 =
= o 50
© 103.20 =
¥ 5
@ 40 103.21 & 40
30
103.20 30
20 20
0.23 0.87 2.16 2.78 3.31 368 402 451
10
10
0 0
103.200 103.202 103.204 103.206 103.208 m/z 05 1.0 15 20 25 3.0 35 40 45
Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
658pph-REP-3 Unknown Tuesday, December 06, 2011 9:15:07 PM 1- acetoxy 1-acetoxy chavicol 488609 N/A 346.977 N/A

chavicol acetate

acetate
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Component Name: 1-acetoxy chavicol acetate

#414 RT: 1.44 NL: 1.26E4
F: +p ESI SRM ms2 257.110 [103.199-103.209]

1316ppb-REP-1 - TIC RT: 0.00-5.00 NL: 8.85E4
F:+p ESISRM ms2 257.110 [ 103.199-103.209]

103.21
100 .
100 RT: 1.44
90
103.21 90
80 80
103.20 103.20
70
103.21 70
£ 60 103.21
% ’ 2 60
- c
< 103.20 g
50 =
2 © 50
< =
g a0 5
(0]
x 40
30 30
20 20
10 10 0.86
0.21 2.26 297 333 3.89 425 461
0 0
103.200 103.202 103.204 103.206 103.208 m/z 05 1.0 15 20 25 3.0 35 4.0 45
Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
1316ppb-REP- 1 Unknown Tuesday, December 06, 2011 9:20:56 PM 1- acetoxy 1-acetoxy chavicol 845675 N/A 625.044 N/A

chavicol acetate

acetate
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Component Name: 1-acetoxy chavicol acetate
#410 RT: 1.43 NL: 1.21E4 1316ppb-REP-2 - TIC RT: 0.00-5.00 NL: 9.17E4
F: +p ESI SRM ms2 257.110 [103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
00— 103.21
100 RT: 1.43
90—
103.20 90
80—
103.20 103.21 80
70—
70
P 103.21
2 103.20 >
c 60 % 60
2 c
£ 8
50— IS
2 © 50
< 2
E 40 g
= [}
@ 40
30 30
20— 20
10— 10
0.61 0.96 2.63 3.27 3.65 3.99 4.40
0 0

103.200 103.202 103.204 103.206 103.208 m/z 05 10 15 20 25 30 35 40 45

Time (min)
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File Name Sample Type Acq Date Sample ID Component Nam e Area Specified Calculated % Diff
Conc Conc
1316ppb-REP-2 Unknown Tuesday, December 06, 2011 9:26:45 PM 1-acetoxy 1-acetoxy chavicol 858522 N/A 635.049 N/A
chavicol acetate acetate
Component Name: 1-acetoxy chavicol acetate
#411 RT: 1.43 NL: 1.18E4 1316ppb-REP-3 - TIC RT: 0.00-5.00 NL: 9.13E4
F: +pESI SRM ms2 257.110 [103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
100 103.21
103.20 100 RT: 1.43
_ 103.20
90 90
80 103.20 103.21
80
103.21
707
70
2
g 60 2
I a 60
£ 2
507 =
2 o 50
o =
g 40 8
™~ jo]
@ 40
30 30
207 20
10 10 0.93 2.30
0.25 3.09 3.42 4.03 4.40
0 0
103.204 103.206 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
1316ppb-REP-3 Standard Tuesday, December 06, 2011 9:32:35 PM 1- acetoxy 1-acetoxy chavicol 856240 625.000 633.272 1.32

chavicol acetate

acetate
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1-acetoxy chavicol acetate

2632ppb-REP-1-TIC RT: 0.00-5.00 NL: 1.63E5

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+pESISRMms2 257.110 [ 103.199-103.209]
_ 103.20
” RT: 1.43
103.21 100
907
90
807 80
103.20 103.21
707
103.20
103.20 70
2 _ 103.20 >
g 60 G 60
= 103.21 I3
50— £
2 o 50
2 g
§J] o «©
@ ] 7]
4 @ 40
307 30
207 20
107 10
0.37 0.94 2.55 311 357 4.29
0 0
103.204 103.208 05 1.0 15 20 25 3.0 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
2632ppb-REP-1 Unknown Tuesday, December 06, 2011 9:38:25 PM 1- acetoxy 1-acetoxy chavicol 1553254 N/A 1176.076 N/A

chavicol acetate

acetate
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1-acetoxy chavicol acetate

2632ppb-REP-2 - TIC RT: 0.00-5.00 NL: 1.67E5

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
100 103.21
100 RT: 1.43
103.21
907
90
80 103.20
80
_ 103.20
70 70
> 103.20 103.21
g 60 2
2 @ 60
£ 2
50 IS
2 o 50
= 103.20 =
& 407 8
x40
307 30
207 20
10— 10
0.27 091 211 284 342 401  4.454.78
0
0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
2632ppb-REP- 2 Standard Tuesday, December 06, 2011 9:44:15 PM 1- acetoxy 1-acetoxy chavicol 1577290 1250.000 1194.794 -4.42
chavicol acetate acetate
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1-acetoxy chavicol acetate

2632ppb-REP-3 - TIC RT: 0.00-5.00 NL: 1.59E5

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
100 103.21
103.20 :
100 RT: 1.44
907
90
103.20 103.21
80 103.20 80
— 103.20
70 103.21 70
2
‘G 607 2
5 103.20 @ 60
E g
507 =
.g o 50
o 2
& 10 8
1 (0]
x 40
307 30
207 20
10 10
. 0.29 0.95 2.13 282 324 364 430 473
0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
2632ppb-REP-3 Unknown Tuesday, December 06, 2011 9:50:05 PM 1-a cetoxy 1-acetoxy chavicol 1540967 N/A 1166.507 N/A

chavicol acetate

acetate

International Science Congress Association

37



Component Name:

#431 RT: 1.50 NL: 9.88E2

InternationaE — Publication

WWW.isca.co.in , www.isca.me

1-acetoxy chavicol acetate

Methanol-00001_111206215555 - TIC RT: 0.00-5.00 NL: 7.41E3

F: +pESI SRM ms2 257.110[103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
103.21
100 0.92
100 ’
103.21
907
90 1.63
80
80
103.20 0.35 4.76
— 3.08 4.19
70 70 2.34 267 4.58
> 2.05
£ 60 103.20 > 0.66 381
& 103.20 @ 60
£ I}
507 =
g o 50
g 2
s <
24 ] [}
40 g 10
307 30
207
103.20 20
107 10
103.20 103.21
0 | 0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Methanol-00001 Unknown Tuesday, December 06, 2011 9:55:55 PM Blank- 00001 1-acetoxy chavicol N/A N/A NC N/A

111206215555

acetate
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#431 RT: 150 NL: 1.01E3
F: +pESI SRM ms2 257.110 [103.199-103.209]
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1-acetoxy chavicol acetate

Methanol-00001_111206220145 - TIC RT: 0.00-5.00 NL: 6.41E3
F:+p ESISRM ms2 257.110 [ 103.199-103.209]

| 103.21
100 100 1.63
103.20 0.92
90 2.23
90
80 0.24
1.40
80 3.38
103.21 3.83 4.77
707
70 2.56 2.90 3.66
g‘ 607 2
] @ 60
= 103.20 g
o 507 =
= o 50
o =
E 40 3
| jo]
@ 40
307 30
103.20
207 20
107 10
103.20 103.21
0 | |
1 | | 0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Methanol-00001 Unknown Tuesday, Decem ber 06, 2011 10:01:45 PM Blank- 00001 1-acetoxy chavicol N/A N/A NC N/A

111206220145

acetate
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Component Name:

#463 RT: 1.61 NL: 4.48E5
F: +pESI SRM ms2 257.110 [103.199-103.209]
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1-acetoxy chavicol acetate

Alpina-EXP-1-REP-1 - TIC RT: 0.00-4.99 NL: 4.07E6

F:+p ESISRM ms2 257.110 [ 103.199-103.209]

_ 103.20
103.20 103.21 100 RT: 1.61
103.20 103.21
90 | 103.20
90
8077
80
707
70
Fy 60
Q ] 2
5 G 60
£ 8
5077 =
; o 50
§ =
i o ks
o — 9]
4 x 40
30 30
207 20
107 10
0 o 022 059 111
103.204 103.206 05 10 15 20 25
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area
Alpina-EXP-1-RE Unknown Tuesday, December 06, 2011 10:07:35 PM Alpina-EXP-1- RE 1-acetoxy chavicol 45828024
P-1 P-1 acetate
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1-acetoxy chavicol acetate

Alpina-EXP-1-REP-2 - TIC RT: 0.00-5.00 NL: 4.09E6

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
_ 103.20 103.20
100 103.20 100 RT: 1.61
10320 103.21
¥ ) 103.21
103.21 90
80
80
707
70
2
‘G 60
§ g‘ 60
£ 8
50 =
; o 50
i =
; ks
] = (0]
40 x 40
30 30
20 20
107 10
0.37 1.12 3.93 4.40 4.77
0 0
103.202 103.208 0.5 1.0 15 2.0 25 3.0 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Alpina-EXP-1-RE Unknown Tuesday, December 06, 2011 10:13:25 PM Alpina-EXP-1 -RE 1-acetoxy chavicol 45874946 N/A 35691.866 N/A

P-2

41

pP-2
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1-acetoxy chavicol acetate

Alpina-EXP-2-REP-1 - TIC RT: 0.00-5.00 NL: 4.28E6

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
100 103.21
RT: 1.62
103.20 100
103.20 103.21
] 103.20 103.20 10321
90
80
80
707
70
2
‘G 60 2
15 G 60
£ 8
50 =
; o 50
i =
i g
.o ™) [0
40 ¢ 1
30 30
20 20
107 10
0 0.20 0.56 1.11 3.76 4.25 4.73
0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Alpina-EXP-2-RE Unknown Tuesday, December 06, 2011 10:19:15 PM Alpina-EXP-2 -RE 1-acetoxy chavicol 48640139 N/A 37845.277 N/A
P-1 P-1 acetate
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1-acetoxy chavicol acetate

Alpina-EXP-2-REP-2 - TIC RT: 0.00-5.00 NL: 4.28E6

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+pESISRMms2 257.110 [ 103.199-103.209]
_ 103.21
100 103.21 c 1.
103.20 10320 103.21 100 RT: 1.61
— ' 103.21
90 103.20 90
103.20
807
80
707
70
= 60
7 —
<°C~’ 5 60
£ 2
50 =
i o 50
§ =
) 40 K
] . (0]
x40
307 30
207 20
107 10
0 0.27 0.60 1.13 3.75 414 456
0
103.208 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Alpina-EXP-2-RE Unknown Tuesday, December 06, 2011 10:25:05 PM Alpina-EXP-2 -RE 1-acetoxy chavicol 49228847 N/A 38303.736 N/A

P-2

P-2

acetate
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#463 RT: 1.61 NL: 4.32E5
F: +pESI SRM ms2 257.110 [103.199-103.209]
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1-acetoxy chavicol acetate

Alpina-EXP-3-REP-1(Pre spike-1) - TIC RT: 0.00-5.00 NL: 4.08E6
F:+p ESISRM ms2 257.110 [ 103.199-103.209]

_| 103.20 103.21 103.21
100 103.21 100 RT: 1.61
103.20 1
- 103.20
90 90
807
80
707
70
Fy 60
= —
5 g o
= 8
507 =
; o 50
§ =
i o 8
o — [}
4 x 40
30 30
207 20
107 10
0 0.18 0.59 1.11 3.25 3.80 4.45 4.78
0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Alpina-EXP-3-RE Unknown Tuesday, December 06, 2011 10:30:55 PM Alpina-EXP-3 -RE 1-acetoxy chavicol 46937197 N/A 36519.100 N/A

P-1(Pre spike-1)

P-1(Pre spike- 1)
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1-acetoxy chavicol acetate

Alpina-EXP-3-REP-2(Pre spike-1) - TIC RT: 0.00-5.00 NL: 4.08E6

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+pESISRM ms2 257.110 [ 103.199-103.209]
103.20
10077 103.20 103.20 103.21 100 RT: 1.62
’ 103.21
901  103.20
90
8077
80
707
70
2
‘G 60 2
15 G 60
£ 8
507 =
i o 50
§ =
i o k&
.o =] (0]
4 x 40
30 30
2077 20
107 10
0 0.200.53 1.13 3.20 3.79 419 451
0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date S ample ID Component Name Area Specified Calculated % Diff
Conc Conc
Alpina-EXP-3-RE Unknown Tuesday, December 06, 2011 10:36:45 PM Alpina-EXP-3 -RE 1-acetoxy chavicol 46758424 N/A 36379.879 N/A

P-2(Pre spike-1)

P-2(Pre spike- 1)
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Component Name:

#463 RT: 1.61 NL: 4.88E5
F: +pESI SRM ms2 257.110 [103.199-103.209]
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1-acetoxy chavicol acetate

Alpina-EXP-4-REP-1(Pre spike-2) - TIC RT: 0.00-5.00 NL: 4.27E6
F:+p ESISRM ms2 257.110 [ 103.199-103.209]

_ 103.21
100 .
103.20 103.21 100 RT: 1.61
— : 103.20
% 103.20 103.21
90
807
80
707
70
2 60
7 —
c
[ ? 60
£ g
) 507 =
i o 50
s 2
Lo 407 %
x40
307
30
207
20
107
10
0 0.35 0.90 3.85 4.48 4.83
0
m/z 103.208 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5
Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Alpina-EXP-4-RE Unknown Tuesday, December 06, 2011 10:42:35 PM Alpina-EXP-4 -RE 1-acetoxy chavicol 49395126 N/A 38433.227 N/A
P-1(Pre spike-2) P-1(Pre spike- 2) acetate
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Component Name: 1-acetoxy chavicol acetate
#464 RT: 1.62 NL: 4.58E5 Alpina-EXP-4-REP-2(Pre spike-2) - TIC RT: 0.00-5.00 NL: 4.28E6
F: +pESI SRM ms2 257.110 [103.199-103.209] F:+p ESISRM ms2 257.110 [ 103.199-103.209]
| 103.21
100 103.20 103.21 100 RT: 1.62
103.20 103.21
| 103.20 103.20
90 90
807
80
707
70
=z 60
7 ] >
15 G 60
£ I}
50 =
; o 50
; =
; k&
o 1 [9]
40 ¢ x
30 30
207 20
1077 10
0 0.42 3.14 3.65 4.09 441 484
0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Alpina-EXP-4-RE Unknown Tuesday, December 06, 2011 10:48:25 PM Alpina-EXP-4 -RE 1-acetoxy chavi col 49149375 N/A 38241.847 N/A
P-2(Pre spike-2) P-2(Pre spike- 2) acetate
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1-acetoxy chavicol acetate

Alpina-EXP-5-REP-1(Post spike) - TIC RT: 0.00-5.00 NL: 2.36E6

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+pESISRMms2 257.110 [ 103.199-103.209]
_ 103.21
100 100 RT: 1.62
907
103.20 103.20 103.21 90
80— 103.20 103.21
103.20 80
707
70
2 60 -
7 —
£ 2
50 =
; o 50
i =
i 8
] . [}
40 ¢ a0
307 30
207 20
107 10
0 0.30 0.94 355 3.93 4.45 4.80
0
103.202 103.208 0.5 1.0 15 2.0 25 3.0 3.5 4.0 4.5
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Alpina-EXP-5-R Unknown Tuesday, December 06, 2011 10:54:16 PM  Alpina-EXP-5 -REP 1-acetoxy chavicol 27367658 N/A 21279.201 N/A
EP-1(Post spike) -1(Post spike) acetate
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1-acetoxy chavicol acetate

Alpina-EXP-5-REP-2(Post spike) - TIC RT: 0.00-5.00 NL: 2.42E6

F: +pESI SRM ms2 257.110 [103.199-103.209] F:+pESISRMms2 257.110 [ 103.199-103.209]
100 103.21
103.20 100 RT:1.62
90 103.20 103.20 103.21 103.21 %
80— 103.20
80
707
70
2
‘@ 60 2
§ @ 60
£ 2
50 £
i o 50
i 2
) 40 k&
] ™) jo]
@ 40
3077 30
207 20
107 10
0 0.34 0.94 336 3.74 4.35 473
0
103.204 103.208 05 10 15 20 25 30 35 40 45
m/z Time (min)
File Name Sample Type Acq Date Sample ID Component Name Area Specified Calculated % Diff
Conc Conc
Alpina-EXP-5-R Unknown Tuesday, December 06, 2011 11:00:05 PM  Alpina-EXP-5 -REP 1-acetoxy chavicol 27969907 N/A 21748.206 N/A

EP-2(Post spike)

-2(Post spike)

acetate
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Fig-1 Calibration Curve

1-acetoxy chavicol acetate
Y = 43056.1+1284.1*)R"2 = 0.9955 W: 1/X"2
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Int.E.Publication, Vol.1 (I* Issue), Pp 51-68, (2013) ISBN No0.:978-93-83520-21-3

EFFECT OF SEWAGE IRRIGATION ON MULBERRY CROP
RABIN CHANDRA PARAMANIK & ACHINTO PARAMANIK
Sigma Bioscience, Research Centere,Indiranagagdiane.

Email:robinparamanik@gmail.com

Abstract

The chemical analysis of sewage water revealedpHaEC, N, P, K, Fe, Zn, Mn and Cu were
found higher in sewage water (T1) compared to ek water (TO). Similarly soil pH, EC, F,
K, Fe, Zn, Mn and Cu were also found increased Incompared to TO plot. In general,
agronomical morphological traits such as plant higigjiumber of shoots/plant, number of
nodes/meter length, leaf yield, should yield anoldgical yield/plant; physiological traits, i.e.
photosynthetic rate, transpiration rate, water effieciency and total chlorophyll content;
biochemical traits, i.e. total protein, sugar, giaand amino acid contents in both the varieties
were found to increase in T1 compared to TO. Howelvetween two mulberry varieties , S36
exhibited superior performance in both TO and Trlalbthe characters studied. A bioassay study
with hybrid silkworm race (NB4D2) showed improverhen silkworm growth and cocoon
parameters in T1 as compared to TO. An overviewhefstudy revealed that domestic sewage
water irrigation improved the soll fertility statyslant growth and leaf quality traits of mulberry
varieties. The present investigation was condudtedanalyze the effect of sewage water
irrigation on the growth and leaf quality traitstafo mulberry varieties3-36 and S-1R

Keywords: Physio-biochemical., mulberry growth, leaf qualigilkworm growth, Mulberry,
Sewage.

Introduction
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Use of sewage water for irrigation in various pndjoms improved the organic matter, soil
fertility status and metabolic activity of soil morganisms (Yadael al., 2002; and Malleet

al., 2007). Sewage water irrigation significantly inged plant growth and yield of several
crops such as fodder, groundnut, spinach, beatiflcaer, cabbage and leafy vegetable (Yadav
et al.,2002, Banyal and Bhardwaj, 2003, Ratédral.,2005, Bashir Ahmedt al.,2006 and Zeid
and Abel Ghate, 2007). Also the rate of biosynthedi chlorophyll a and b. Photosynthetic
activity and total carbohydrate content in leavksesrenhanced in sewage water irrigated plants
compared to control (Zeid and Abouel Ghate, 208@)eral scientists have reported that use of
sewage water in the short run may not be harmftlirbothe long run after some years, it may
cause phyto-toxicity to the plants (Bashir Ahnegtdal., 2006 and Malleet al., 2007). Sewage
water is being used for irrigation, for nearly 1@¥the world's crops, according to the first ever
global survey of waste water irrigation (Scettal.,2004). This is a largely hidden practice and
is outlawed in many countries. However, many fasnespecially those in urban areas, use
sewage water because it is abundantly availablen elwring drought. Sewage water contains
full of nitrates and phosphates, which acts as féatcteve fertilizer to plants. It provides the
farmers nutrient rich water supply, with a reliabled inexpensive means of waste water disposal
(Rattanet al.,2005).

The earlier authors have not studied in detail aliba effect of sewage water on the soil
nutrients, quantiative and qualitative trait of erry and its impact on silkworm rearing. In
mulberry, very few reports are available on the afssewage water irrigation (Surendranath
al., \1997 and Bongale and Krishna 2000).Therefore, teegnt investigation was carried out
with the following objectives 1) to study the chealianalysis of domestic sewage water used 2)
to analyze the effect of sewage water on soil ptegseand 3) to estimate the effect of sewage
water on morpho'-ogical, physiological and biocheahiraits of mulberry. Further, to confirm

the results a bioassay study was also done withidhgbkworm race NB4D2
Materials and methods

The leaf yield in sewage after irrigated plot wasirfd high compared to bore well water
irrigated plot. The leaves from sewage water tekg@iets were used for silkworm rearing and
cocoon crops were successfully harvested for tsiefiee years. This has made us to study the

chemical analysis of sewage water and its effecsa@hproperties and also its impact on leaf
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quality traits of mulberry. An experiment was coothd in the mulberry garden of Budiguppe
village kanakapura taluke The S-36 and S-13muflgarden of was established during the year
2011 and some of the mulberry plots, which are heéne domestic sewage channel were often

irrigated with sewage water.

For the study, S-36 (10003rand S-13(1000 fjy mulberry garden were selected and one half of
these (500 m ) plots were maintained with sewagemmaigation (Tl) and other half plots were
maintained with bore well water irrigation (TO) footh the genotypes. In each of 106ahS-

36 and S-13 mulberry plots a total of 2730 planits whe wider spacing (150cm + 90 cm) * 60
cm was maintained. Before conducting the experimeater samples of domestic sewage water
and bore well water were collected and analyzedpférand electrical conductivity (EC) by
following the method of Jackson (1973) and macneents (N, P and K) and micronutrients (Fe,
Zn, Mn and Cu) were estimated by following the noelthas described by Tandon (1993).

Initially, the plants were pruned 30 cm above theugd level and irrigation was done once in a
week for all the mulberry plots. Cultural operatenmd application of FYM /fertilizers were done
as per the norms of CSR&T1, Mysore (Krishnaswa®@r,8). After 60 days of pruning, 20 plants
were randomly selected in TO and Tl mulberry plotss-54 and M5 and morphological traits
such as plant height (cm), number of shoots/ plamtber of nodes /meter length, leaf yield /
plant (g), shoot yield/ plant (g) and biologicaklg/plant (g) were recorded for five crops. Soil
and leaf samples were collected from two sourcegightions (TO and TI) for five crops. The
average of five crops data on leaf yield and yagtdbuting characters were recorded in TO and
Tl and statistically analyzed. From the sewage &fgl bore well (TO) water irrigated mulberry
plots, soil samples were collected, processed aatized for pH, EC, Organic carbon (OC),
macronutrients (available P and K) and micronutsadfe, Zn, Mn ao.d Cu). Fresh leaves were
also collected (12 - 14th leaf from top) from TO and T1 plots,analyze biochemical (leaf
quality) traitsi.e., Leaf Moisture Content (LMC %) and Moisture Retenti®apacity (MRC %)
after 6 hrs from harvest, by following the method\bjayan et al., (1996). Leaf samples
collected from TO and Tl plots were dried at 60°pOwdered and analyzed for total protein
content by following Lowry et al, (1951), total amiacid content by adopting ninhidrin method
using leucine as standard (Spies, 1955). Nitrogement was estimated by micro-kjeldahl

method (Jackson, 1973). Sugar and starch conteoitsh(e carbohydrate) were estimated by the
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method of Duboist al.,(1956) and MC. Creadget al.,(1961) respectively. The physiological
parameters like photosynthetic rate, transpiratete were measured using the photosynthetic
system (LI-COR, model 6200; Licor Instrument Ins.SA). Water use efficiency
(Photosynthesis/ Transpiration) was calculated tatal chlorophyll content (mg/of. wt.) was
estimated by adopting the procedure of Hiscox amdelistam (1979). Further, to confirm the
effect of sewage water on leaf quality traits, aalssay study was conducted at three different
seasons (summer, rainy and winter) with the hybkiikivorm race,NB4R2. For the bioassay
study, only S-13 leaves from sewage (Tl) and bakt (WO) irrigated plots were used separately
for feeding the silkworm until spinning. The avesagf three seasons rearing data on larval
duration (days: hours), weight of 10 mature lar¢ge the effective rate of rearing (ERR) by
number and by weight (g), single cocoon weight ¢g)gle shell weight (g) and shell (%) were
recorded for TO and Tl separately and analyzedsstatly (Snedecor and Cochran, 1967).

Results and discussion

1. Chemical analysis of domestic sewage & bore welhter.

The pH of borewell water (TO) and sewage water (@torded was 7.43 and 7.87 respectively,
which are considered as within the permissibletlifihe pH value ranging from 6.5 - 8.5 was
considered as suitable for drinking water and dtsoirrigation to plants (Indian Standard
Institution, 1983). The chemical analysis such Bs BC, macronutrients (N, P and K) and
micronutrients (Fe, Mn, Zn and Cu) was done in hoed (TO) and in domestic sewage water
(TI). The analysis was repeated four times by tgldamples after 15 days interval. The average
of these four repeats was recorded in TO and Tprissented in Table 1.The electrical
conductivity (EC) is one of the important charastéo evaluate the purity of water. The EC was
found low in TO (0.36m hos/cm) and high in Tl (In2&0s/cm). The results revealed that both
the water samples are within the permissible limitse macronutrients such as, N, P and K in
water were found high inTl (4.17, 1.23 and 9.56 pamd low in TO (1.44 ,0.17 and 5.62 ppm
respectively). It was reported that the sewage m@atains more macronutrients compared to
the ground water source (Kakaradt, 2006). The micronutrients viz., Fe, Zn, Mn and Cerev
found high in Tl (0.033,0.041,0.014 and 0.006 ppmj low in TO (0.002,0.004,0.002 and 0.002
ppm respectively). Sewage water proved to be a goadcce of micronutrients (Huma and Khan,
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2003). According to Kakaet al., (2006) recorded the range of micronutrierds, Fe = 0.55 -
.OO ppm, Zn = 0.08 -0.21 ppm, Mn = 0.14 - 0.28pand Cu = 0.03 - 0.07ppm in different
sewage waters. In the present study significaférdihce was observed between the TO and Tl

with regard to macro and micronutrients (Table 1).
2. Effect of sewage and bore well water irrigatioron soil characters:

The soil pH recorded in TO and Tl are 8.06 and 8e&pectively. Significant difference in the
soil pH was not observed between the two treatmdrite marginal increase in soil pH was
observed in Tl compared to TO, this might be dueh® influence of sewage water, which
contains high organic matter, nutrients, phosphat#stes and microorganism (Herman and
Emanuel, 1987). The mulberry plots selected fordhkperiments were irrigated once a week
with bore well water (TO) and sewage water (Tl)asegely. After a period of one year the soil
characters.e.,pH, EC, OC, available phosphorus and potassiurmaocbnutrients (Fe, Zn, Mn
and Cu) were recorded in the soil of TO and T1géotd are presented in Table II.

The EC is one of the important attributes, whictiuences the soil stability, soil structure and
water availability to plants. The EC was found lowTO (0.32m hos/cm) and high inTl (0.41

mhos/cm). It was reported that EC levels in sailged from 0.1 to 1.0 mhos/cm, which is within

the permissible limit and if it is above 1.0 mhos/at may cause problem to soil as well as to
plants (Charman and Murphy, 1991). The OC influsrtbe physical structure of the soil, water
holding capacity and supply of nutrients. In thegent study OC was found high in Tl (0.92%)
and low in TO (0.82%). Most of the sewage watesugable for irrigation as they possess high
EC ranges from 0.9 to 3.2 mhos/cm and OC rangmm ft.24 to 1.78% (Dubest al.,2006).

The available phosphorus and potassium were fougidih Tl (48.66kg/ha and 222.66 kg/ha)
and low in TO (40.44 kg/ha and 210.48 kg/ha respelg). The macronutrients of soil increased
significantly with prolonged sewage water irrigatiMallaet al.,2007 and Khalil Gardeet a!.,
2009). The soil micronutrienis., Fe, Mn, Znand Cu were also found high in (16.34,56.22
and 1.77 ppm) and low in TO (9.05, 1.44, 50.44 &b ppm respectively). The sewage water
which is rich in macro and micronutrients gets aclated in the soil and this in turn increase

the native nutrients present in the soil (Dubéewl.,2006).
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3. Effect of sewage water irrigation on physiologa characters of mulberry leaves:

The photosynthetic rate in TO and Tl was high in (28.16and22.42 umol 1hS?), whereas it
was low in S-54 (15.54 and 15.980 umol’i&* respectively). The physiological traits such as
photosynthetic rate, transpiration rate, water e$ciency and total chlorophyll content
estimated in S-36 and S-13 varieties are presemtedable IllLA marginal increase in
photosynthetic rate was observed in TI comparetdan both the varieties. It was reported that
application of sewage water positively affected Hyathesis of photosynthetic pigments and
photosynthetic activity in bean (Zeid and Abouela@h 2007). The transpiration rate in TO and
Tl was found slightly high in S-54 (8.65 and 8ufol mi?S™) compared to M5 (7.82 and 7.85
umol m? S* respectively). In the present study, a significdiference in photosynthetic rate
was observed between the varieties but not betwleerreatments. Whereas, with regard to
transpiration rate, significant difference was Ineitobserved between the varieties nor between
the treatments. The water use efficiency was fdaugt in M5 (TO = 3.39 and Tl = 3.42) and
lowin S-54 (TO = 2.62 and Tl = 2.63). High pheyothetic rate and water use efficiency in M5
indicates the superiority of the variety (Sarkdral., 2000). The total chlorophyll content was
found high in M5 in TO and Tl (2.66 and 3.11 rn§/gvt), compared to S-54 (2.22 and 2.33
mg/g.f. wt. respectively). It was reported thatachphyll content increased with the application
of sewage water irrigation (Zeid and Abouel Gha@®)7). In both the varieties high chlorophyll
content was observed in TI, which clearly indicattes photosynthetic efficiency of mulberry
variety (Sujathamma and Dandin, 2000). Whereasdbolerophyll content in TO indicates that
bore well water may not possess all the requirettiemis for the normal growth and

physiological activities of plants.
4. Effect of sewage water irrigation on morphologial traits of mulberry:

The increase in leaf yield was due to increaseiftérdnt yield contributing traits. Higher leaf
yield in S-13 compared to S-36 variety was prinyadle to its. High photosynthetic rate and
water use efficiency (Sarkat al., 2000). The average of five crop data recorded fiferént
guantitative characters of two varieties, S-36 &3 are given in Table IV. In both the varieties
leaf yield /plant was found high in Tl (0.86 andl8kg/plant) and low in TO (0.80 and 1.15
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kg/plant respectively). However, leaf yield andatsibutes were high in S-13 compared to S-36
variety.In general, morphological traits were iefhced by physiological traits such as
photosynthesis and water use efficiency (Singdtahl., 2000). Increased growth and vyield

attributes in Tl were mainly due to the influendesewage water, which not only contains a high
concentration of macro and micronutrients but ateatains several microorganisms, which
secretes hormones, growth promoting substancestired nutrients needed for plant growth.

Sewage water irrigation enhances the yield andl\adtibuting characters significantly in many

crops (Rattart al.,2005, Bashir Ahmeaet al.,2006, Zeid and Abouel Ghate, 2007).

5. Effect of sewage water irrigation on leaf quali traits of mulberry :

In general all the leaf quality traits recordedwo varieties were found to increase in Tl when
compared to TO (Table V). In S-13 variety, LMC ad&C were found high in Tl (73.66 and
81.35%) and low in TO (72.55 and 78.61% respect)veédimilarly, in S-36 , these two traits
were high in Tl (74.05 and 82.95%) and low in TA.65 and 78.34% respectively). The
production of quality cocoons depends on feedinggodd quality mulberry leaves to the
silkworm. Therefore, it is most imperative to arrydifferent leaf quality traits such as leaf
moisture content (LMC), moisture retention capac{fyRC), protein, amino acids and
carbohydrate contents. The LMC and MRC are two mgmd factors, which determine the
nutrition levels of mulberry leaves (Sujathamma &wahdin, 2000) and are closely associated
with the growth of silkworm larvae (Paet al.,1992). In the present study, margin improvement
was observed in MRC in Tl compared to TO in both tlarieties. This may be due to the
influence of sewage water which is rich in nutregr@nhance the soil fertility status and moisture
availability in the soil rhizosphere, thereby impireg the growth, water uptake and other

metabolism in plants.

The protein content obtained from the leaves asWithin the dietary protein level range (20 -
25%) as reported by Horie (1980) and thus sufficien the normal growth of silkworm. In
mulberry leaves, carbohydrates are available intpland it was reported to be the main source
of energy for silkworm (Horie, 1978). The quantitfycarbohydrate is determined based on the
guantity of total sugar and starch available irvésa(Bose and Bindroo, 2001). In S-13, sugar
and starch contents were higher in Tl (14.11 and2P®) and low in TO (13.66 and 11.28%).

Similarly in S-36, these two traits were found highTl (13.66 and 11.42%) and low in TO
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(12.44 and 10.92% respectively). In both the ggmegycarbohydrate contents were found high
in Tl, which clearly indicated that sewage wated paonounced influence on the biosynthesis of
carbohydrates in the leaves. The total amino amndents in TO and Tl were found high in S-13
(252.52 and 271.22 mg/g. Dry/wt .) Compared to S-3832.2 and 246.8 mg/g dry wt
respectively). However, margin improvement was olesin T! Compared to TO in both the
varieties. It was reported that varieties possgshigher nitrogen and amino acid contents in
leaves are nutritively superior and positively tethto growth and development of silkworm

(Suryanarayana and Shivashankar, 2002).
6. Effect of sewage water irrigation on silkwornrearing:

In general, marginal improvement in growth and cocearameters was observed in Tl as
compared to TO. This clearly suggests that sewaagerwwhich are rich in organic carbon
contents; macro and micro nutrients; and microdsgansecretes many hormones and other
nutrients (Duueyet at.,2006), that helps to improve the growth, metabolemd physiological
activity of the host plants, with the result leafatity might have been improved and thus
feeding on such quality leaves improved normalwsiin growth and cocoon characters
(Bongale and Krishna, 2000).The domestic sewageerwgtigation (TI) exhibited better
performance compared to borewell water irrigatib@Y in terms of enhancing the soil fertility
status, growth and leaf quality traits of mulberitywas observed that silkworm growth and
cocoon parameters were improved when the leav8s1& from Tl plot were used for rearing. It
is also understood from the literature that cortirsiuse of sewage water deteriorates the soll
fertility condition in the long run. Hence, withgper management or treatment of sewage water,
it can be used regularly (Rattah a!., 2005; Dubeyet al., 2006 and Bashir Ahmed, 2006).
Therefore, it is concluded from the study that dsicesewage water irrigation can be done to
the mulberry garden only when water scarcity aoisbetter to use alternatives to the bore well

water irrigation.
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Table I.

Chemical analysis of domestic sewage water & boreell water.

Macronutrients . :

EC/CE Micronutrients (ppm)
Treatment pH (Pp)

(m hos/cm)

P K Fe Zn Mn Cu

BW1 (TO) 7.43 0.36 144 0.17 5.62 0.002 0.004 0.0@2002
SW1 (T1) 7.87 1.26 417 123 956 0.033 0.041 0.004006
Slgnlflcant “t” NS ** *% * ** *%* *%* ** *

EC: Electrical conductivity
BWI: Bore well water irrigation
SWI : Sewage water irrigation
NS : Non-Significant

* Significant at 0.05% level

** Significant at 0.01% level
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Effect of bore well and sewage water irrigation onrmacro and micro nutrients & soil pH.

rosman | o] | o e [ ame [ Mot
BWI (TO) 8.06 | 0.32 0.82 44.27 210.48 9.05 1/44 50.4.66
SWI (T1) 8.44 | 0.41 0.92 48.66 222.66 16.86 2,61 25%6.1.77
Significant ‘" | NS | * R * * * INS

OC: Organic Carbon

BWI: Bore well water irrigation

SWI: Sewage water irrigation

NS: Non-Significant
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Effect of bore well sewage & water irrigation on plysiological traits of S-36 & S13 Variety.
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Variety | Treatment Phot%s;r:hetic Tran;;;i:stion \;sz::ei; rl]JCs; C@EE{EE{II
(mg/gf.wt)
S-36 BWI (TO) 15.54 ©.37 8.65 +0.07 2.62 4#0.04 2.22 4.14
SWI (T1) 15.80 40.29 8.76 40.10 2.63 40.07 2.33 40.17
S-13 BWI (TO) 22.64 0.43 7.82 40.09 3.31 40.06 2.66 40.04
SWI (T1) 21.42 +0.38 7.85 +0.14 3.42 #.10 3.11 +0.07

CD 5% 2.15 NS 0.23 0.14

NS = Non significant
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Table IV.
Effect of sewage & bore well water irrigation on Maphological triats of S-36 & S-13
Variety.
No. of . .
Variet | Treat- Plant No. of Nodes / S.hOOt Leaf Yield Blo.loglcal
. Shoots / Yield / yield /
y -ment Height Meter / Plant
Plant Plant Plan
Length
S-36 BWI 133.37.+ | 8.4+0.07 146 + | 0.72+1.14| 0.86 +0.67 1.44 +
(TO) 0.09 0.17 0.83
SWiI 142.28 + | 8.8 +0.26 152+ [0.81+1.21| 0.86 +0.72 155+
(T1) 0.14 0.22 0.93
S-13 BWI 146.40 + | 9.6 +0.17 17.1+ | 1.02+1.92| 1.15+0.62 2.11 +
(TO) 0.14 0.24 0.91
SWiI 166.70 + | 10.8+0.23| 18.1+ |1.24+2.03| 1.48+0.57 2.62 +
(T1) 0.26 0.38 0.87
CD 5% 5.2 0.27 0.45 0.09 0.16 0.20
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Effect of sewage & bore well water irrigation on laf quality traits of S-36 & S-13 Variety.

Moisture Total
. Leaf ) Total Total Total Amino
Variet | Treat- . Retention ) :
_ment Moisture After 6 Protein Sugar Starch Acid
y Content hrs Content Content Content (Mg/g.
' dry wt.)
S-36 BWI 71.55+3.14| 78.27+ | 21.6640.8 12.44 10.42 + | 232.246.5
(TO) 3.51 1 +0.14 0.15 7
Swi 74.05+3.75| 82.95 + 22.61 + 13.66 + 11.42 + 246.8 +
(T1) 3.83 0.62 0.17 0.28 7.85
S13 BWI 72.55+3.53| 78.61+ | 24.1140.7 13.66 11.22 + | 252.248.6
(TO) 3.67 1 +0.25 0.21 3
SwWi 73.66 +4.02| 81.35+ 24.55 + 14.22 + 10.72 + 271.22 +
(T1) 4.17 0.75 0.36 0.23 9.05
CD 5% NS 0.73 026 0.35 NS 8.72

NS = Non Significant
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Table VI. Effect of sewage & bore well water irrigdion on Silkworm Growth & Rearing
Parameters (Avg. of three seasons).

Silkw Larval Weight Vield / Yield /
orm . of 10 10,000 | Single Single Shell
.| Treat- | Duratio 10,000 .
Hybri _ment " Da mature larve b larvae cocon Shell Ratio
d o Y | larvae v Y1 bywt. | Wt | W@ | n)
Race ' @) ' (Kg)
NB4D | BWI 23.08 52.66 8148 17.282 1.744 0.43 22.4
2 (TO)
SWI 23.08 53.01 8285 17.494 2.016 0.46 22.1
(T1)
Signifi NS NS NS NS NS NS NS
cant
“t"

NS = Non Significant
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USE OF MOLECULAR MARKER IN EVALUATING GENETIC
DIVERSITY OF INDIAN MUCUNA GENOTYPE

RABIN CHANDRA PARAMANIK & ACHINTO PARAMANIK
Sigma Bioscience, Research Centere,Indiranagagdiane.
Email:robinparamanik@gmail.com

Abstract

India is one of the hot spot center of the origimesal varieties. Very scant reports are available
regarding genetic diversity relationships of Mucwaaieties of Indian subcontinent. The genetic
diversity and relationship of Mucuna varieties premising prospects for their multiple uses
namely green manure, food crop and all the vasdiave revealed the presence of L-Dopa ( L-
3, 4 dihydroxyphenylalanine ) an important non gmotamino acid that help in neurotransmitter,
dopamine, used in the treatment of Parksions dés@d®e present investigation was carried out
to study the molecular markers in 22 Mucuna vagetiThe Wards Euclidean distance
dendrogram based on the RAPD showed 22 accessiatos 3 clusters Out of 40 amplified
products, 25 showed polymorphism (65.12%) and arame of 5.6 bands were amplified per
primer The DNA samples extracted from 22 varietiese found to be relatively pure with the
purity index (OD260/0D280) value of 1.805 to 1.75Phe cluster ‘A’ consists of three
accessions and cluster ‘B’ of two and C The levegenetic variability within the Mucuna
Varieties/ accessions with RAPD analysis suggdsit it is a reliable, efficient, and effective
marker technology for delineating genetic relatiops among genotypes and estimating genetic
diversity, thereby enabling the formulation of agmiate strategies for improvement of
medicinal crop plant

Key words: Mucuna Genotype,Genetic diversity, RAPD
Introduction

Many varieties and accessions of the wild legumeciha are in great demand in food and
pharmaceutical industries. Nutritional importandeMucuna seeds as rich source of protein
supplement in food and feed has been well docurddi@eldhuraju et al 2000, Siddhuraju and

Becker 2001 a, Bressani 2002). In view of ruraledepment, it is necessary to give importance
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for the unconventional legume, Mucuna as a soufdeanl, feed and pharmaceutically valued
compounds. The genus Mucuna belongs to the fanaibaéeae (leguminoceae) includes about
150 species of annual and perennial legumes ofggaoél distribution. Mucuna is also being
extensively used as cover crop and to control weedsgriculture. Mucuna is grown as a minor
food crop by tribals and ethnic groups of Asia aifdca (Dako and Hill 1977, lyayi and
Egharevba 1998). Mucuna pruriens has been exténsised as cover crop for enhancemait
water infiltration, softening the soil, improvemeot soil fertility and to suppress the weeds
{Acanthospermum hispidum, Euphobia hirta, Senesaigaris, Oxygonum sinuatum, Schkuria
pinnata, Richardia brasiliensis, Bidens pilosa, chos Oleraceae} (Osei-Bonsu et al 1994,
Mwangi et al 2006).

The alkaloid screening resulted in the confirmatodrthe presence of 5-methoxytryptamine in
all the samples tested and serotonin confinedeghfteaves and stems (Szabo 2003). All parts of
Mucunaplant are known to possess high medicinal valugiu& 1989, Warrier et al 1996).
Mucuna prurienshas been reported to contain several useful phgtoals (Morris 1999).
Various compounds present in pods, seeds, leawksamtis ofMucunaincludes: bufotenine,
choline, N, N-dimethyltryptomine, 5-oxyindole-S-glamines, indole-3-alkylamine and B-
carboline (Ghosal et al 1971). Gupta et al (19®ported the antiepileptic and antineoplastic
activity of methanol extract dflucuna pruriengoots. Roots oMucunaare used in Ayurveda
and in indigenous medicines to relieve constipatiogphropathy, strangury, dysmenorrhoea,
amenorrhoea, elephantiasis, dropsy, neuropathysuooption, ulcers, helminthiasis, fever and
delirum. The leaves are aphrodisiac, anthelmintid aseful in treating ulcers, inflammation,
helminthiasis, cephalalgia and general debiMwucunapod hairs are blended with honey anel
used as vermifuge. The paste prepared from pod aggralso used as stimulant and mild vesicantr{Sas
and Kavathekar 1990Mucuna birdwoodianaseeds are also used to treat joint pain and il@egu
menstruation (Ding et al 1991). Seeds Miicuna are prescribed as powder to treat leucorrhoea,
spermatorrhoea and wherever aphrodisiac actionireshyNadkarni 1982). Seeds possess anabolic,
androgenic, analgesic (pain-relieving), anti-inflaatory, anti-Parkinson's, antispasmodic, antivenin,
aphrodisiac, febrifuge (fever reducing), hormondlypocholesterolemic (cholesterol lowering),
hypoglycemic, immunomodulator, nervine (nerve bailag), neurasthenic (nerve pain relieving),
antilithic (kidney stones preventing or eliminafin@ntiparasitic, cough suppressant, blood cleanser

carminative (gas expelling), central nervous syswimulant, diuretic, hypotensive (blood pressure
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lowering), menstrual stimulant, uterine stimulandavermifuge. There are a number of value-added
phytochemicals oMucunaseeds of medicinal importance (e.g. alkaloidsylatkines, arachidic acid,
behenic acid, betacarboline, beta-sitosterol, leuafae, cystine, dopamine, fatty acids, flavones,
galactose, gallic acid, genistein, glutamic acittaghione, glycine, histidine, hydroxygenisteiry, 5
hydroxytryptamine, methionine, 6-methoxyharman, wmatline, mucunain, mucunine, myristic acid,
niacin, nicotine, prurienidine, prurienine, ribofia, saponins, serine, serotonin, stearic acidpktmine,
threonine, trypsin, tryptamine, tyrosine, valinernolicac\d).Mucunaseeds produce hypoglycemic effect
and the fruits possess a weak neuromuscular bigaiiiect in rats but not in alloxan-treated ratssfi
and Pant 1970). Presence of bioactive alkaloidd siscnicotine, physostinginine and serotonin in the
Mucunaseeds has been reported by Duke (1981). Mucumineynadine, prurienine and prurieninine are
the additional four important alkaloids isolatedrfr seed extracts (Mehta and Majumdar 1994). In view

of these medicinal properties, there is a neediltif’ation and conservation of these plants.

Almost all the species are reported to contain4-e8hydroxy phenylalanine (L-DOPA), a non- protein
amino acid that acts as a precursor for the namstnitter dopamine used in the treatment of
Parkinson's disease(Manyam 1995). In addition, Macis also traditionally used in various other
applications like dye (Stanley and Steyermark.,6)94reatment of pain and numbness of joints and
irregular menstruation (Ding et al., 1991).The advef recombinant DNA technology heralded a
completely approach to define potentially polymacddNA sequences. This new technology promises to
revolutionize some areas of plant genetics andt fdameding. The molecular markers based on DNA
sequences have introduced a new dimension to thelogement of genetic maps and mapping of
agronomically and physiologically important chaeast Molecular marker techniques are at present
powerful and valuable tools used in analysis ofegiendiversity of cultivated and wild plants. Sealer
DNA markers have been successfully employed tosase genomic stability in regenerated plants
including those with no obvious phenotypic altelorad (Rahman and Rajora, 2001). Among the markers,
random amplified polymorphic DNA (RAPD) and amg@idi fragment length polymorphism (AFLP) are
most favored. Randomly amplified polymorphic DNAARD) analysis utilizes single, arbitrary decamer
DNA oligonucleotide primers to amplify regions dfet genome using the polymerase chain reaction
(PCR; Williamset al., 1993). Priming sites are thought to be randomdyritiuted throughout the plant's
genomes and polymorphism results in differing afigalion products (Williamset al., 1993). The
technigue is cheap, simple, requires no sequefigariation and a large number of putative loci may b
screened (Newbury and Ford-Lloyd, 1993).

The Amplified Fragments Length Polymorphisms (AFLRethod, which is a molecular marker

techniqgue equally applicable universally, is highigproducible, and reveals very high level of
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polymorphisms. AFLPs have proven to be extremealfigient in revealing diversity at below the specie
levels (Karp and Edwards, 1995). Molecular markeitl therefore, provide a classification dfucuna
accessions, which will also allow fuller use torbade of the genetic resources of this species. Sty
was undertaken to investigate the genetic divemsitielvet bean and determine the relatedness aifteong

accessions.
Materials and methods

1. Collection and Conservationof germplasm of Mucuna seeds: The Accessions used
study were collected from Indian Institute of Houlture Research, Hessaraghatta,
Bangalore The Mucuna accessions used for divestityy arel EC144443, 2 EC25334,
3 MP17, 4 1C33243, 5 MP10, 6 1C832928, 7 1C21998&:817827, 9 EC252342, 10
MP14, 11 MP3, 12 IC16993A, 13 IC21997, 14 I1C25315 1C2533A, 16 MP5, 17
EC202069, 18 1C2199, 19 1C253412, 20 C-1, 21 EC38B2 and 22 NC1178The
seeds of Mucuna were collected from different paftsindia and were grown and
conserved the germplasm in a garden.

RAPD ANALYSIS

DNA Amplification: Polymerase chain reaction (PCR) amplification padormed in a
volume of 20 ul comprising 1.5 units ofTaqg DNA pailgrase. 1x Taq assay buffer ( 10
mM Tris-Hcl, 1.5 mM Mgcl2, 50 mM KCI and 0.01% ggeig pH 9.0), 200 uM of
primer, 250 uM of dNTPs and 50 ng of DNA templaeplification will be performed
in thermocycler. The optimized PCR condition forttbhdRAPD and AFLP will be
determined. The amplified products will be sepatdig electrophoresis on 1.25-1.5 %(
w/v) agarose gels for 75-100 volts in 1x TBE buff&ris-Borate-EDTA buffer). After
completion of electrophoresis, gels will be staimgth ethidium bromide solution. The
amplified products in get will be visualized andopdgraphed using gel documentation
bioprofile image analysis system. The size of tmapldication products will be
determined by comparisons to lambda DNA/ EcoRI-Hihdlouble digest DNA ladder.
PCR reactions will be repeated at least twice &ckhhe reproducibility of the banding
patterns.

AFLP analysis

AFLP was performed according to Voslet(d995) with slight modification.AFLP core

reagent and starter primer kits will be purcha§dw technique involves 3 steps. These
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are restriction of the DNA and ligation of oligoheatide adapters, selective
amplification of subsets of restriction fragmentsd aanalysis. Polymorphisms will be

detected in AFLP analysis as the absence or presg#riands due to restriction sites.

Results

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-2

The genomic DNA of 22 varieties ®éflucuna prurienswas amplified with the oligonucleotide primer
OPA-2.The distant and abundant RAPD fragments weosrded. The total number of bands are
generated were found to be 140 .The size of theDRA&nd were placed in between 300 to 5000 bp
length .the primer produced distinct banding patte The number of bands per primer is 6.36 as
expected in sexually reproducing bands .The RAPBd&aistributed in 21 varieties of Mucuna are
known to important for plant breeding. The numbérRAPD bands produced to reveal Mendelein
inherited character and number scoring revealed camtcerous properties. The banding patterns are
important and distinct in Mucuna varieties. The RAPanding patterns showed high polymorphism,
were useful in distinguishing mucuna varieties haligh diverse elements such as diploid and other
characters revealed as many as RAPD bands. Théficktion of RAPD bands in 22 varieties of
Mucuna is important because of differentially dizited L-DOPA derivatives .The marker distribution
revealed both polymorphic and mono morphic chara@eme of the Varieties revealed 2 bands each

where as other varieties showed more than 2 bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-1

The genomic DNA of 21 varieties dflucuna pruriens was amplified with the oligonucletide primer
OPA-1.The distant and abundant RAPD fragments wewdrded.The total number of bands are
generated were found to be 90.the size of the RB&Ml were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternsie iumber of bands per primer is 4.09 as expeaoted i
sexually reproducing bands .The RAPD bands digiibun 21 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&nds produced to reveal Mendelein inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importast an
distinct in Mukuna varieties. The RAPD banding eats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although divertaments such as diploid and other characters redeal
as many as RAPD bands. The identification of RARIMds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and mono morphic character. Varietie®,21and 22 revealed 2 bands each were as other

varieties showed more than 2 bands.
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RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-3

The genomic DNA of 22 varieties dflucuna prurienswas amplified with the oligonucletide primer
OPA-3.The distant and abundant RAPD fragments weoerded. The total number of bands are
generated were found to be 104 .the size of theRBd&hd were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternbe mumber of bands per primer is 4.72 as expéoted
sexually reproducing bands .The RAPD bands digiibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&nds produced to reveal Mendelein inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importatht an
distinct in Mucuna varieties. The RAPD banding @ats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although diversarents such as diploid and other characters redgeal
as many as RAPD bands. The identification of RARDds in 22 varieties of Mucuna are important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and monomorphic character. Varieties@ 15 have not revealed RAPD bands each Where
as other varieties showed more than2bands as simofigure one. How ever the #2has revealed one
band.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-4

The genomic DNA of 22 varieties ®éflucuna prurienswas amplified with the oligonucleotide primer
OPA-4.The distant and abundant RAPD fragments weosrded. The total number of bands are
generated were found to be 82.the size of the RB&Ml were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternbe Mumber of bands per primer is 3.72 as expeéoted
sexually reproducing bands .The RAPD bands dideibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&nds produced to reveal Mendelein inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importatht an
distinct in Mucuna varieties. The RAPD banding @ats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although diversarents such as diploid and other characters redgeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and mono monomorphic character. Vag#fi2, 18, and 22 revealed 3 bands each where as

other varieties showed 2 bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-6
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The genomic DNA of 22 varieties dflucuna prurienswas amplified with the oligonucletide primer
OPA-6.The distant and abundant RAPD fragments weosrded. The total number of bands are
generated were found to be 73.the size of the RB&Ml were placed in between 300 to 5000 bp length
.the primer produced distinct banding patterntie iumber of bands per primer is 3.3 as expeacted i
sexually reproducing bands .The RAPD bands digiibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&ndls produced to reveal Mendelian inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importatht an
distinct in Mucuna varieties. The RAPD banding @ats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although diversarents such as diploid and other characters redgeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and monomorphic character. Varietie®,21and 22 revealed 2 bands each were as other

varieties showed more than2bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-5

The genomic DNA of 22 varieties ®éflucuna prurienswas amplified with the oligonucleotide primer
OPA-5. The distant and abundant RAPD fragments weoerded. The total number of bands are
generated were found to be 86 .the size of the RB&M were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternbe mumber of bands per primer is 3.90 as expeéoted
sexually reproducing bands .The RAPD bands digiibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&nds produced to reveal Mendelian inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importatht an
distinct in Mucuna varieties. The RAPD banding @ats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although divertaments such as diploid and other characters redeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and mono monomorphic character. Varietgvealed 1 bands each were as other varieties

showed more than 2 bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-7

The genomic DNA of 22 varieties dflucuna prurienswas amplified with the oligonucletide primer

OPA-7.The distant and abundant RAPD fragments weosrded. The total number of bands are
generated were found to be 101.the size of the RB&M were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternie iumber of bands per primer is 4.59 as expeaoted i
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sexually reproducing bands .The RAPD bands dideibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&nds produced to reveal Mendelian inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importast an
distinct in Mucuna varieties. The RAPD banding @att showed high polymorphism, were useful in
distinguishing mucuna varieties .Although diversarents such as diploid and other characters redgeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and mono monomorphic character. Vari@®yrevealed 2 bands each w here as other

varieties showed more than3 bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-8

The genomic DNA of 22 varieties dflucuna prurienswas amplified with the oligonucleotide primer
OPA-8.The distant and abundant RAPD fragments weoerded. The total number of bands are
generated were found to be 102 .the size of theRBdhd were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternbe Mumber of bands per primer is 4.63 as expéoted
sexually reproducing bands .The RAPD bands dideibuin 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&nds produced to reveal Mendelian inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importaat an
distinct in Mucuna varieties. The RAPD banding @ats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although diversarents such as diploid and other characters redeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and monomorphic character. Varieties143 15 and 20 21b and 22 revealed 2 and 3 bands

each where as other varieties showed more thandsba

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-10

The genomic DNA of 22 varieties ®éflucuna prurienswas amplified with the oligonucleotide primer

OPA-10. The distant and abundant RAPD fragmentsewecorded. The total number of bands are
generated were found to be 93.the size of the RB&Ml were placed in between 300 to 5000 bp length
.the primer produced distinct banding patterndie iumber of bands per primer is 4.22 as expeaoted i
sexually reproducing bands .The RAPD bands dideibin 22 varieties of Mucuna are known to

important for plant breeding. The number of RAPa&nds produced to reveal Mendelian inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importasht an
distinct in Mukuna varieties. The RAPD banding eats showed high polymorphism, were useful in
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distinguishing mucuna varieties .Although divertaments such as diploid and other characters redeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and mono morphic character. Varietidsahd 21 have not revealed RAPD bands each

where as other varieties showed more than 2 bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-11

The genomic DNA of 22 varieties dflucuna prurienswas amplified with the oligonucletide primer
OPA-11.The distant and abundant RAPD fragments wecerded. The total number of bands are
generated were found to be 107 .the size of theRBdhd were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternbe Mumber of bands per primer is 4.86 as expénted
sexually reproducing bands .The RAPD bands digiibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&8nds produced to reveal Mendelian inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importast an
distinct in Mucuna varieties. The RAPD banding @ats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although divertaments such as diploid and other characters redeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both

polymorphic and mono monomorphic character. Vagteti, to 22 revealed more than 2 bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-9

The genomic DNA of 21 varieties dflucuna prurienswas amplified with the oligonucletide primer
OPA-9.The distant and abundant RAPD fragments weoerded. The total number of bands are
generated were found to be 52 .the size of the RB& were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternke mMumber of bands per primer is 2.36 as expeated
sexually reproducing bands .The RAPD bands didiibuin 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&nds produced to reveal Mendelein inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importasht an
distinct in Mukuna varieties. The RAPD banding eats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although divertaments such as diploid and other characters redeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and mono morphic character. Varietidsahd 22 have not revealed any bands each where
as other varieties showed more than2bands.
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RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-12

The genomic DNA of 22 varieties dflucuna prurienswas amplified with the oligonucletide primer
OPA-12.The distant and abundant RAPD fragments wecerded. The total number of bands are
generated were found to be 88 .the size of the RB&M were placed in between 300 to 5000 bp length
.the primer produced distinct banding patterndie iumber of bands per primer is 4.00 as expeaoted i
sexually reproducing bands .The RAPD bands digiibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAP&nds produced to reveal Mendelein inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importasht an
distinct in Mucuna varieties. The RAPD banding @ats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although diversarents such as diploid and other characters redgeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and mono monomorphic character. Varig®y revealed 1 bands each where as other

varieties showed more than2bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-13

The genomic DNA of 22 varieties ®éflucuna prurienswas amplified with the oligonucleotide primer
OPA-13.The distant and abundant RAPD fragments wecerded. The total number of bands are
generated were found to be 105 .the size of theRBdhd were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternbe Mumber of bands per primer is 4.77 as expéoted
sexually reproducing bands .The RAPD bands digiibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAP&ndls produced to reveal Mendelein inherited
character and number scoring revealed anti cansgnmperties. The banding patterns are importatht an
distinct in Mukuna varieties. The RAPD banding eats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although diversarents such as diploid and other characters redgeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and monomorphic character. Varieties dnd 16 have revealed 2 bands each where as

other varieties showed 3 bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-14

The genomic DNA of 22 varieties dflucuna prurienswas amplified with the oligonucletide primer
OPA-14.The distant and abundant RAPD fragments wecerded. The total number of bands are
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generated were found to be 90 .the size of the RB&M were placed in between 300 to 5000 bp length
.the primer produced distinct banding patterndie iumber of bands per primer is 4.09 as expeaoted i
sexually reproducing bands .The RAPD bands digiibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&nds produced to reveal Mendelein inherited
character and number scoring revealed anti cansgmmperties. The banding patterns are importast an
distinct in Muuuna varieties. The RAPD banding @ats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although divertaments such as diploid and other characters redeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and mono monomorphic character. Va#e, 5, 6, 10, 15, 17 and 21 revealed 2 bands each
where as other varieties showed more than 3 bands.

RAPD ANALYSIS OF 22 VARIETIES OF MUCUNA AMPLIFIED WITH PR IMER OPA-15

The genomic DNA of 22 varieties dflucuna prurienswas amplified with the oligonucleotide primer
OPA-15.The distant and abundant RAPD fragments wecerded. The total number of bands are
generated were found to be 67 .the size of the RB&M were placed in between 300 to 5000 bp length
.the primer produced distinct banding patternsie iumber of bands per primer is 3.0 as expected in
sexually reproducing bands .The RAPD bands digiibun 22 varieties of Mucuna are known to
important for plant breeding. The number of RAPa&nds produced to reveal Mendelian inherited
character and number scoring revealed anti cansgmmperties. The banding patterns are importast an
distinct in Mucuna varieties. The RAPD banding @ats showed high polymorphism, were useful in
distinguishing mucuna varieties .Although divertaments such as diploid and other characters redeal
as many as RAPD bands. The identification of RARIds in 21 varieties of Mucuna is important
because of differentially distributed L-DOPA detivas .The marker distribution revealed both
polymorphic and mono monomorphic character. Varge, 12 and 20 revealed 2 bands each where as

other varieties showed more than 2 bands.

Significance of the study:

Protein-energy deficiency has been recognized esnibist common form of malnutrition in developing
countries. Livestock production, animal husbandrg enaintenance of soil fertility play importanteah
rural development and in turn the economy of depialp countries. Livestock nutrition is also onetlod
critical constraints to increase animal producgivih developing countries and perpetual gap persist
between the demand and supply of digestible crudieip and total digestible nutrients to livestaok
Asian continent. Unconventional legume likkicunais a promising source of food and providing food
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security in developing countriesucunaseedconsistof high protein and the seed are consuming by
tribal and ethnic groups of Asia and Africa. Apfrdm this nutritional property Mucuna is also usisg
animal feed and cover crop. All partshficunaplant are known to possess high medicinal valguc
1989, Warrier et al 1996Mucuna prurienshas been reported to contain several useful phgtoals
(Morris 1999). Mucuna plant is also a source of &pA which is potential drug for Parkinson disease.
There is a lot of confusion in the taxonomy of Maauln view of all this there is a need for conaéion,

propagation and genetic analysis of these econdiyniagronomically and medically important plants.
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Abstract

The present study was undertaken to find the degfrpelymorphism within the varieties using Random
Amplified Polymorphic DNA (RAPD) technique. Mulbgr{Morus spp)plants are dioecious in nature,
reproductive cycle and prone to morphological t&tawithin the species due to environmental impact
Due to these reasons it is difficult to differeteidbetween the varieties/cultivars of Morus spd.8
cultivars of mulberry were evaluated for varialililsing a set of 16 random 10 mer oligonucleotide
primers and 4 ISSR primers. The number of markeneted per primer ranged from 0 to 6. 61 RAPD
and 43 ISSR bands which are polymorphic in natweeviormed. The genetic distances between each of
the varieties were analyzed by generating dendnogvehich shows phylogenetic relationships between

them.
Key words: Mulberry, Polymorphism, RAPD, ISSR, Phylogeneétationships.
Introduction:

Different schools of thoughts suggest the multietigin of mulberry (Jin Hou, 1994). Howeverst i
believed that mulberry trees originated on the loglepes of the Himalayas bordering China and India
At present, mulberry trees are widely distributedAsia, Europe, Latin America, Africa and are mginl
cultivated in East, Central and South Asia. MulpdBenusMorus) is an economically important plant,
as it serves as the only food crop for the domatstit silk wormBombyx mori L.which produces silk.
Besides, a few species of mulberry are also vafoedheir edible fruits . alba,M. indica and M.

laevigata)and timber 1. laevigata and M. serrata).

There exists a considerable difference of opiniorihie classification of species oforals by several
systematics based on morphological characterigticsaeus, 1753; Koidzumi, 1917 and 1923; Hotta,
1958; Katsumata, 1972 and Airyshaw, 1973).
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These are mostly dominant markers, though occadbjonafew of them exhibit co-dominance. An
unlimited number of primers can be synthesized Vfarious combinations of di-, tri-, tetra- and
pentanucleotidestc. with an anchor made up of a few bases and can fileiexd for a broad range of
applications in plant species (Souframanien andataépishna., 2004; A.B. Danget al., 2006; Basha

and Sujath2007).

RAPD and ISSR have been demonstrated to be wtddsior use in plant and animal breeding program,
population genetics and for estimating genetic ditee and relatedness in plant populations or cait
(Howard et al., 1992: Jain et al., 1994: Yu and Yqul1994: He et al., 1994), J. ldual.,2003, Dongre
etal., 2006, Souframanien and Gopalakrishna., 2084h8 and Sujatt2007.

Materials and methods:

The first 2-4 leaves from the tips were collected aised for DNA extraction.Leaf samples of 18
mulberry species/varieties namely MOULAI , PAPU NEBWUNEIA , LONAWALE, RFS-135, C-20,
CHINA WHITE, C-1724, T- 10, MI-0556, T-8, T-12, MS- SRDC-1, M. ALBA L., C-763BIRDS
FOOT, S-13, ZIMBABWE-1 were collected from the g@tasm maintained by the Department of

Sericulture, Bangalore University, and Bangalore.

Isolation and purification of total genomic DNA veecarried out according to the protocol suggested b
Porebskiet al, (1997) with slight modifications. 2g of freshafaissue was grinded using liquid nitrogen
and then transferred to a tube containing 12 néxbfaction buffer (3% CTAB, 100 mM Tris, 20 mM
EDTA, 1.4 M NacCl, 2% PVP and 1%mercaptoethanol) preheated to 65°C and maintaatetthis
temperature for 1 hour with intermittent shakingpeTcentrifuge tube was brought to room temperature,
spun at 7,000 rpm for 15 min at 4°C and collettedsupernatant to which 6 ml of chloroform arad is
amyl alcohol (24:1) were added. The contents warednwell by inverting the tube gently 25-30 times,
and then spun at 7,000 rpm for 15 min at 4°C. Tingematant was transferred to a fresh tube and
repeated the same step thrice. Supernatant was¥keptight at 4°C to precipitate DNA by adding helf
volume of 5 M NaCl and equal volume of iso-proparidle DNA was pelleted by centrifuging at 12,000
rpm for 20 min and the pellet was washed with 7@k&mol. The dried DNA pellet was resuspended in
1ml TE buffer. 20ul RNase was added and incubaie@® min at 37°C. The DNA was further purified
by treatment with an equal volume of phenol followey an equal volume of phenol: chloroform (1:1)
and finally with an equal volume of chloroform. TD&IA was precipitated by the addition of one volume
of iso-propanol and spun at 12,000 rpm for 20 ni#°&€. Finally pellet was dissolved in 300 ul Tiche
DNA concentration was determined using UV-Visibestrophotometer at 260 nm and 280nm and the
quality verified by electrophoresis on a 0.8% agargel.
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ISSR:

PCR amplification was carried out according to Kiewicz et al. 1994 ISSR analysis of genomic DNA

of 45 accessions was carried out using 8 sele&8R Iprimers (UBC- 807, 809, 810, 811, 812, 820, 825
828), obtained from the University of Columbia, ¢anver, Canada.. The reaction was set up in a total
volume of 20 pl in a 0.2 ml PCR tubedescribed below:

30ng Template DNA, 30 pmol Primer, 100 uM dNTP&WTaq DNA polymerase(Hi-Media), 10mM

Tris HCI (pH 8.4), 50mM KCI, 1.5mM MgGI The amplification reaction was carried on Corbett
Research PCR machine (CG1-96). The thermal psdfited was : Initial denaturation of 94°C for 5min,
45 cycles of Denaturation at 94 °C for 1 min , Aalitey at Tm for 1 min, Extension at 72°C for 2 min

and Final extension at 72°C for 5 min. The P@®ldied samples were analyzed on a 1.5% Agarose

gel.

Binary coding was used to score gel and each bapdmer was scored of 20 varieties and 9 primers
with 100 to 1000 base pairs marker level pair wiSquared Euclidean distance was calculated and
utilizing these distances, species were clustesdovfing Ward’'s method. The Statistica version 8.0

computer application was used to generate dendrogising squared Euclidean distance and Ward's

method.

RAPD

The basic protocol reported by Williamet al., (1990) for PCR was followed with slight
modifications. Amplification reactions were carriedt in 25 pl reaction mixture containing
template DNA (30 ng), 10 pmol of primer ( Operooheologies USA, Inc.), 1.5 mM Mg&hb0
mM KCI, 10 mM Tris-HCI, 1 UTaqDNA polymerase (Hi-media) and 200 uM of each dSTP
(Hi-media). Amplification was performed on the CettoResearch PCR machine (CG1-96) for
35 cycles after an initial denaturation at 94°C7#anin. In each cycle, denaturation for 1 min at
94 °C, annealing for 1 min at 35 °C and extens@i2fmin at 72 °C was programmed with a
final extension step at 72 °C for 5. Amplified DNAagments were separated out on 1.4%
agarose gel stained with ethidium bromide. Runrooffer containing Tris-buffer, Boric acid
and EDTA (pH 8.0) was used for electrophoresisfangreparing gels. Wells were loaded with
25 ul reaction volume and 5ul of loading buffer ¢Bxse, Bromophenol blue and Xylene cyanol)
together. Electrophoresis was conducted at 70 ¥oit8 hours and the gel photographed under
UV light using a gel dock system (Herolab).

Table showing the list of mulberry accessions usddr the present study.
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Serial SMGS Name Donor Name Donoi | Country/ | Origin
No Acc-No State
Id.No.
1. | ME-0003 MOULAI RSRS, Kodath 131 BUR Collection
2. | ME-0052 PAPU NEW | CSR&TI, Mysore | 31& PAF Collectior
GUNEIA
3. LONAWALE
4. | MI-004¢ RFS&-13E CSR&TI, Mysore | 214 UPR Clonal
selection

5. C-2C

6. | ME-0042 CHINA WHITE | CSR&TI, Mysore | 104 CHI Collection

7. | MI-024¢ C-172¢ CSR&TI, -- WBL Polyploic
Berhampore

8. | MI-0224 T-10 CSR&TI, - WBL Polyploic
Berhampore

9. | MI-055¢

10. | MI-023: T-8 CSR&TI, -- WBL Polyploic
Berhampore

11 | MI-023Z T-12 CSR&TI, -- WBL Polyploic
Berhampore

12. | MI-0004 MS-5 CSR&TI, Mysore | 22€ UPR Selectiol

13. | ME-014¢ SRDC-1 CSR&TI, Mysore | 40¢ Unknow | Collection
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n

14 | ME-0121 M. ALBA L. CSR&TI, -- BUR Collectior
Berhampore
15 C-76:
16. | MI-007¢ BIRDS FOO1 CSR&TI, Mysore | 16€ KAR Collectior
17. | MI-001z S-13 RSRS, Kodathi -- KAR OPH
selection
18 | ME-0127 | ZIMBABWE-1 | KSSRDI ZIM Collection
Bangalore

Table 2 : List of the primers used.

Serial Primer Sequence(5°-3)

1 OPA-0 1 CAGGCCCTTC

2 OPA-03 AGTCAGCCAC

3 OPA-13 CAGCACCCAC

4 OPA-18 AGGTGACCGT

5 OPB-17 AGGGAACGAG

6 OPC-01 TTCGAGCCAG

7 OPC-02 GTGAGGCGTC

8 OPC-08 TGGACCGGTG

9 OPC-10 TGTCTGGGTG

10 OPC-12 TGTCATCCCC

11 OPD-11 AGCGCCATTG

12 OPD-13 GGGGTGACGA

13 OPE-07 AGATGCAGCC

14 OPE-19 ACGGCGTATG

15 OPF-07 CCGATATCCC

16 OPF-17 AACCCGGGAA

17 UBC-807 AGAGAGAGAGAGAGAGT

18 UBC-809 AGAGAGAGAGAGAGAGG

19 UBC-810 GAGAGAGAGAGAGAGAT

20 UBC-811 GAGAGAGAGAGAGAGAA

International Science Congress Association
88




InternationalE — Publication
WWw.isca.co.in , www.isca.me

Table 3: List of the RAPD primers used.

Serial ori Total number of | Total number of polymorphic
No et bands bands
1 OPA-01|5 4

2 OPA-03 | 4 4

3 OPA-13 | 6 6

4 OPA-18 | 5 4

5 OPB-17 | 4 4

6 OPC-01| 5 0

7 OPC-02| 4 3

8 OPC-08| 4 3

9 OPC-10| 6 5

10 OPC-12| 3 2

11 OPD-11| 5 4

12 OPD-13| 6 6

13 OPE-07| 4 4
14 OPE-19| 4 3

15 OPF-07| 5 4

16 OPF-17| 5 5

Table 3: List of the ISSR primers used.

i ) Total number of | Total No of polymorphic

Serial No | Primer
bands bands

1. UBC-807 5 5

2. UBC-809 6 6

3. UBC-810 7 6

4. UBC-811 6 6
Results

The selected 16 primers were used for the screafingrieties / accessions of mulberry (OPA-01, ©GPA
03, OPA-13, OPA-18, OPB-17, OPC-01, OPC-02, OPCARC-10, OPC-12, OPD-11, OPD-13, OPF-
17, OPE-07, OPE-19 and OPF -07), which generatedistihct markers. In this study, a total of 120
arbitrary decamer, single stranded primers (OP®RF with 16 primers in each group) were utilized to
screen the genomic DNA of mulberry genotypes. Amibregn, 16 primers on an average gave 4.6 bands.

The amplification conditions were optimized in éopexperiment to get high quality, intense, repbh
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banding patterns, varying concentrations of?Migns, primer and template DNA. An increase in the
concentration of Mgprimers gave clear, intense bands. But the increeB¥NA concentration had no

effect at least till 50ng/25ul.

Both monomorphic and polymorphic bands were comsitlfor the precise calculation of genetic
diversity. Fig.1land 2 shows a representative DNWydrprint generated by the RAPD and ISSR primers-
809, UBC-807, UBC-810, UBC-and UBC-811 and tablar®l 3 and 4 gives the list of random primers

used for the present study. A dendrogram basedaml®Vand UPGMA method of analysis (Fig. 2,).
DNA polymorphism among the genotypes

On the basis of the DNA markers generated by tiragus, considerable genetic diversity was
observed among the varieties. The bands profilagrgéed by the 16 RAPD primers out which
OPD-11 gave 75 RAPD bands, at which 6lbands argmuophic and 14 bands are
monomorphic revealed clear variability (Fig. 1).eb bands are laid in between 300 — 5000bp
with an average of 4.6 bands per primer with the@r sequence AGCGCCATTG. The number
and size of the amplification products varied dejieg on the sequence of random primers and
mulberry accessions. The primers resulted in rdistboth monomorphic and polymorphic
banding patterns. Further, the isolation and thke pgefiling system showing variation in
amplification because of the primer sequence. Mezage number of bands number of bands
per primers is 4.6 and the percentage of polymarpiais 81.3%.

Genetic similarity among the 18 mulberry varietigsre estimated on the basis of the ISSR
banding profiles generated by each primer withgé&eomic DNA of the mulberry varieties. The
genomic DNA of these mulberry varieties was amgidifivith oligonucleotide primer UBC - 809
generated a total number of 43 ISSR bands. Théeauwf ISSR is specific to each mulberry
varieties are showing differential distribution gal profile. The size of the amplified product
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ranged from 0.5-1.0kb. Out of these 43 bands, li@nds were recorded in varieties such as 10,
16, 17, 18 respectively. However, varieties suxb,a4, 9, 11, 14, 18, recorded three bands each
respectively. Even though the genomic DNA of mulpevarieties such as 2, 12, 18 amplified
with primer UBC — 809 revealed two bands only. whs also noted that only one band was
recorded in variety 6. The data showed very hi§8R banding pattern to distinguish in
mulberry varieties as a diverse character the ifileation of ISSR banding pattern is important
because it follows Mendelian inheritance charactespite, some the varieties such showed thin
ISSR banding patterns on gel profile. Despite sofmie genomic DNA of mulberry varieties
revealed less ISSR banding pattern in varietieh s 2,6,7,12,14, The data clearly indicate
diverse distribution of ISSR banding pattern on psifile, therefore it is useful to correct
mulberry identity to one another as an additiomall to support RAPD molecular system as
shown in Fig.2. Out of 4 ISSR primers UBC-809, 8aD, and 11 clearly revealed such
variability among the genotyp€Eig. 2. The 4 ISSR primers generated a total of 43 barfds, o
which 42 were polymorphic. Generating 97.6 % payphism among the 18 mulberry
genotypes.

DNA polymorphism within the genotype

The analysis of the DNA extracted from eighteedbmiury genotypes, from each variety with 4 selected
ISSR primers (UBC- 807, 809, 810, 811,), and Sixtegmers RAPD such. OPA- 1, OPA-3, OPA-13,
OPA-18, OPB-17, OPC-01, OPC-02, OPC-08, OPC-10, ®BCOPD-11, OPD-13, OPE-07, OPE-19,
OPF-07, and OPF-17 showed DNA polymorphism amorg arieties of the genotype. Hence, for

further studies, DNA from a single plant was usadefach genotype.
Genetic similarity among genotypes

The genetic similarity coefficients among genotypsmatecn the basis of Nei and Li (1979) varied

from 0.986 to 0.534 with an average genetic siitylarf 0.760 in RAPD markers. The same was in the
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range of 0.922 and 0.531 with an average of 0.T2/SER. The Dice coefficients (Sneath and Sokal
1973) among the genotypes also showed considevalikgion. In RAPD it varied from 0.460 to 0.373

and in ISSR it was between 0.475 and 0.362. Thiasity coefficient among the genotypes estimated o

the basis of Jac (1901) was between 0.842 and 0v@&83 an average Of 0.587 in RAPD and 0.922,
0.443 and 0.682 in, ISSR, and in the pooled datRRA ISSR markers, revealed 0.923, 0.632 with an
average of 0.727 and 0.472, 0.374 with an averd@4@3 and 0.832, 0.232 with an average of 0.532
respectively. The Pearson's cortion coefficientsvbeen different matrices subjected to Mantel test

(Mantel 1967) were found to be highly significént 0.435-0.998p = 0.000).

The dendrograms realized from the above matricé®IR and ISSR, and the pooled data from both
markers using Wards methods of Euclidean distamce BPGMA method grouped the 18 mulberry
genotypes into three, clusters (Fig. 2,). The degédm of the both RAPD and ISSR data revealed @genet
diversity and relationships of eighteen mulberryiaties using the UPGMA method. The dendrogram of
RAPD of eighteen mulberry showed three clusterg dlibster one included varieties suchviBULAI ,
PAPU NEW GUNEIA , LONAWALE S-13, ZIMBABWE-1 M. AL BA L., C-763, BIRDS FOOT
which is not related with each other, where asetim$Moulai showed a relationship witRapu New
The varietyZimbabwe-1 showed a relationship wit813; where as other varieties are diversified with
one another (Fig.2). The varietipapu new. Showed relationship witMoulai whereas other varieties

revealed diversity between each other (Fig. 2).

The dendrogram of ISSR data 18 mulberry varietgsaled that China white, C-1724, T-18, T-10, MI-
0556, M5 and SRDC-1lare related with each otheg.2i In dendrogram The RAPD and ISSR data
revealed thatRFS-135, C-20 and T-1&re interrelated with other ( Fig.2). Futher rdedathat all the
varieties interrelated with other except few vaeigt Another important point notice from the demptean
is the high genetic distance enjoyed in some muobearieties from the others while the genotypes of
other varieties showed closer relationships. The tekts (Mantel 1997) between cophenetic corralatio
and its corresponding similarity matrix were fourigh. Significant(r = 0.535-0.842p = 0.000) for the

dendrogram .

The dendrogram of the both RAPD and ISSR data tedegenetic diversity and relationships of
eighteen mulberry varieties using the UPGMA methidie dendrogram of RAPD of eighteen mulberry
showed three clusters. The cluster one includeigties such aMoulai, Papu new guneia, Lonawale S-

13, Zimbabwe-1 M. alba |., C-763Birds foot, which are related with each other, where as vaset
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China white,showed relationship with C-1724. The variety T-8whd a relationship with T-10, whereas
other varieties are diversified with one anotheg.(2). The dendrogram based on RAPD data revealed
that MI-0556, M5 and SRDC-1 are related with eattten( Fig. 2). Similar Observation was made on

ISSR data (Fig. 3,).
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Table 4. Summary of the RAPD AND ISSR marker pgimorphism

Marker RAPD ISSR
Total number of primers 16 4
Total number of bands amplified 75 43
Average number of bands per primer 4.6 5.3
Total number of polymorphic bands identified 61 42
Percentage of total bands which were polymorp8ic3 97.6
Percentage of total bands which were polymorp8ic3 97.6

12 3 45678 9 10 11 12 1415161718

Fig 1.Gel profile of Mulberry genotypes amplifiedthvprimer OPE -07
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Fig 2. Dendrogram showing the relationship between the varieties 3S

MOULAI
PAPU_NEW
LONAWALE
S 13
ZIMBABWE
M_ALBA
C_763
BIRDS_FO
CHINA WH
C 1724

T8

T 10
MI_0556
MS_5
SRDC_1
RFS_135
C_20

T 12

Fig 3 Gel profile of Mulberry gegpes amplified with ISSR primer UBC-809

Discussion:

Although ISSR primers unraveled more polymorphisgrant RAPD primers, both RAPD and ISSR
primers generated almost similar types of genefitionships among the genotypes and their resgecti
varieties.The present investigations clearly denratesthe usefulness of RAPD and ISSR to delindste
interrelationships among varieties/ genotypes ofrilberry varieties present in Karnataka India.ngsi

ISSR primers, high genetic variability has beereckeid among closely related cultivars and (or)etes
International Science Congress Association

Ward's method
Euclidean distances

Linkage Distance

12 3 45 6879 10 11 12 13 1415161718

94




InternationalE — Publication
WWw.isca.co.in , www.isca.me

in many other crop plants (Tsumugaal 1996, Borneet al 2002). Similarly, Vijayan and Chatterjee
(2003) also obtained high genetic divergence anidnglosely related local cultivars of mulberry with
ISSR primers. Likewise, Bhattacharya and Ranadél(@nd Chatterjee et al. (2004) demonstrated the
suitability of RAPD primers in unraveling the geigatelationships among a few genotypes of mulberry
indigenous to India. However, there was no repdrene molecular markers were used to address the
problems pertaining to taxonomic identificationsnmulberry. Therefore, this is the first attemptthis
direction and the data presented in this reporgesigthe possibility of using DNA markers to resolv
some of the problems associated with the taxondnsleasification in mulberry. Furthermore, in this
investigation, we have used three different algomi to estimate the genetic similarities among the
genotypes and their corresponding varieties. Aled¢htypes of matrix and their corresponding
dendrograms showed more or less similar resultsveder, from the dendrograms it is clear that the
coefficients of Nei and Li (1979) generated treéhweep and distinct nodes. Hence, coefficientseif

and Li (1979) could be of much use in the mulbéonphylogenetic studies.

Regarding the genetic relationships of varietigerotypes, the pairwise estimation of genetic sirtyl
coefficients and subsequent clustering of the ggmest revealed close genetic similarity among the
varieties / genotypes dflorus. The grouping of genotypes 6f13 and T-12 is a separate cluster indicated
its greater genetic divergence from other speaiaskties, further, analyses with average gendte d
tances among the genotypes under each specieseaisaled considerable genetic similarity among
varieties These varieties /genotypes together made an aitgroup in all the dendrograms obtained in
this study. This close similarity among these \t@ge/genotypes strongly supports the findings io&hb
(1977 and 1982) that the protein and isozyme mofdfM. alba, M. latifolia,and M. bombycisare so
close that these species should be joined togaettdar one species. Furthermore, it is to be ndtatdthe
genetic variation at the DNA level is much morerpiteent than that at the protein level because ®f th
codon degeneracy. Approximately 29% of mutatiormuaing at the nucleotide level cannot be detected

by amino acid changes (Nei 1987). An additionalr3®s of amino acid substitutions cannot be detected
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by ordinary protein electrophoresis because of tapance of net protein charge. In total, the detect
genetic variation via allozyme is expected to bé&ast five to six fold less than at the DNA leydki
1987).Similar findings of Das and Krishnaswan®%) on M. Indica, M. alba, M. latifoliaandM.
bombycis supports the fact that these species should edrdated as separate species, as the very
definition of species defined by Darwin (1859) emgiies reproductive isolation of species.
Furthermore, in most of the conventional methodsla$sifications, floral characteristic plays a onaj
role in deciding the varieties identity of Texasoweéver, in mulberry, Mukherjee (1965) found a gi@du
reduction in one of the sexes on bisexual floweesling to unisexuality. Likewise, Das and Mukherjee
(1992) and Tikader et al. (1995) observed sex savampon hormonal application or pruning of bramsche
of the plant. Minamizaw (1963) reported that higimperature, long day, and full daylight favored
femaleness in mulberry. These reports thus clearfjgest that floral characteristics cannot be tasen
the sole diagnostic character for identification splecies in mulberry. Therefore, it is clear thHat t
classifications based on morphological, anatommagven biochemical characters alone do not ifjenti
the varieties accurately in a highly heterozygolamiplike mulberry. Hence, it is essential to unake
detailed studies of this genus, using both biochaimgenetic, and morphofloral characteristicsesotve

the confusion associated with species identity iberry.

The population structure analyses further demotesirdhe genetic difference of eighteen mulberry
varieties and the closer relationships the totaedoeygous within the population (Ht) and between
populations(DST) and the genetic differentiation coefficients (Gagre much higher than the same
between other varieties. These values clearly stgndigher genetic divergence of S AND T varieties
from the other varieties. This is further evidendesim the low gene flow (Nm) from some of the
mulberry varietiesto the other. The exchange of genes between popwatimmogenizes allele

frequencies between populations and determineselhéive effect of selection and genetic drift. Hig

gene flow between populations precludes local adapt and will also impede the process of spedaiatio

(Barton and Hewitt 1985). In population geneticsyadue of gene flow (Nm) < 1.0 (fewer than one
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migrant per generation into a population) or egleintly, a value of gene differentiation {5 > 0.25 is
generally regarded as the threshold quantitiesrmkydhich significant population differentiation ars

(Slatkin 1987) (Table 5,6,7,8,9, and 10).

The position of mulberry varieties in relation tinver varieties needs special mention, as this odet8-
13, T-8,T-10 and T-12 comprising was found to have an intermediate genelationship between the
other group comprising RFS-135 and C-20 and TWRen the total genotypes were analyzed
individually, all varieties together into a separatuster.These findings, along with the resultthef

present investigation, suggest that as indicatelentdrogram 3,4,5,6,7, and 8.

The separate identity of mulberry varieties urdiferent clusters as indicated in Figs. And Shd &-

8, T-10 and T-12 varietiemre quite obvious from this study, as in all anedysexhibited higher genetic
distance from the other varieties. This is not gsipg, since most of the genotypes reported under
different ploids (Das 1961). However, in this studye used diploid genotypes to avoid the differance
pertaining to ploidy level. The floral characteidstof different mulberry varietiesere also found to be
different from others, as the length of the catkims mulberry varieties varied from 4.1 to 7.2 cm,
whereas that of the other varieties was in thegarid..7 to 2.4 cm (Daat al 1970, Tikadeet al 1995).
Similarly, controlled hybridizations between mulhewvarietiesfailed to develop some fertile seeds
(Anonymous 1994). These results, together withfitidings of our study, clearly show that S-13 and T
8, T-10 and T-12 varietiege genetically different from other mulberry varietiand should continue to

be considered a separate cluster

The very low Nm present in S varietiggther, reflects the reproductive isolation it d®lfrom other
varieties / genotypes of mulberry. A similar olvsg¢ion was made by (Darwin 1859) since reproductive
isolation is one of the important criteria consatkfor species recognition (Darwin 185@)n be treated
as a separate species under the gbtarsis. Thus, from the overall studies, it can be condutiat the

mulberry varieties / genotypes boundary is not végid in mulberry; identification of tax based on
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morpho floral characters alone often generateseanifshg results. The result presented in the prestedy
demonstrated the utility of using RAPD and ISSR kees to characterize genetic diversity among 18
promising varieties /cultivars /genotypes of mulpeDifferential polymorphism was noted in 18
cultivars of mulberry showing variation in perceggaof polymorphic bands from 81.3% to 97.6% in
using 16 primers RAPD and 4 ISSR primers. The ofeskhigh proportion of polymorphic loci reveals
profound intraspecific variation among the mulbecpjtivars. Significant genetic variations by RAPD
and ISSR markers have also been reported in gbleeies at the cultivar level (Colomkobal. 1998, Das

et al. 1998, Huanget al. 2003). Wide genetic distances determined by NBise and Jaccad genetic
distance reveals relatively high genetic variatmmong 18 mulberry cultivars. The observed intraifigec
differences among 18 mulberry cultivars could berided to the fluctuating micro and macro climatic
conditions of habitat. Nei's Dice and Jaccad aimlgé RAPD and ISSR data also reveals that all
mulberry cultivars belonging to the state of Kaakatare genetically closer and diversified othantthe
cultivars originally belonging to the distant haliin the state of Karnataka. The greater sertsitivi
RAPDs and ISSR obtained from the results of mujbeuttivars, diversity may be derived from the dapi
evolution of non-coding, repetitive DNA sequencesedted by RAPD and ISSR. This hypothesis has

been corroborated from Plomion et@l995).
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Abstract

Mulberry (Morus spp)plants are dioecious in nature, reproductive cyaid prone to morphological
variation within the species due to environmentapacts. Due to these reasons it is difficult to
differentiate between the varieties/cultivars ofrispp. The present study was undertaken to fiad t
degree of polymorphism within the varieties usingnBom Amplified Polymorphic DNA (RAPD)
technique. 18 cultivars of mulberry were evaluated variability using a set of 16 random 10 mer
oligonucleotide primers and 4 SSR primers. The remad markers generated per primer ranged from 0
to 6. 61 RAPD and 43 SSR bands which are polymorphnature were formed. The genetic distances
between each of the varieties were analyzed byrgéng dendrogram, which shows phylogenetic

relationships between them.

Key words: Mulberry, Polymorphism, RAPD, SSR, Phylogenegiationships.

Introduction

Mulberry (GenusMorus) is an economically important plant, as it seraesthe only food crop for the
domesticated silk worrBombyx mori L.which produces silk. Besides, a few species dberty are also
valued for their edible fruitsM. alba,M. indica and M. laevigataand timber 1. laevigata and M.
serrata). Different schools of thoughts suggest the multieerdgrigin of mulberry (Jin Hou, 1994).
However it is believed that mulberry trees origgthon the lower slopes of the Himalayas bordering
China and India. At present, mulberry trees areelyidistributed in Asia, Europe, Latin America, ish

and are mainly cultivated in East, Central and Bdéuia.
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There exists a considerable difference of opiniorihie classification of species oforals by several
systematics based on morphological characterigticsmaeus, 1753; Koidzumi, 1917 and 1923; Hotta,
1958; Katsumata, 1972 and Airyshaw, 1973). Trad@iomethods of genetic analysis based on
morphological characteristics are time consumingdemor-prone due to environmental variations (Wang
and Tanksley, 1989).

Amplification of genomic DNA using a random sequeradigonucleotide primers became very handy
and is being widely used although it was discoverely recently (Williamset al., 1990; Welsh and
McClelland, 1990). Random Amplified Polymorphic DNRAPD) is useful method where little or no
sequence data is available for extensive backgraaadarch. Genetic analysis with RAPD and SSR

markers is more rapid and simpler than RFLP armbssd requires smaller amounts of DNA.

Simple Sequence Repeats (SSR) are a technique wililctes primers based on microsatellites to
amplify inter-SSR DNA sequences on SSR (Zietjiewatzal 1994) Here, various micro satellites
anchored at the 3' end is used for amplify genddWA which increases their specificity. These are
mostly dominant markers, though occasionally a feiwthem exhibit co-dominance. An unlimited
number of primers can be synthesized for varioushioations of di-, tri-, tetra- and pentanucleaside
etc.with an anchor made up of a few bases and cangieitd for a broad range of applications in plant

species (Souframanien and Gopalakrishna., 2004; Pageretal., 2006; Basha and Sujatk@07).

RAPD and SSR have been demonstrated to be wtdldsiair use in plant and animal breeding program,
population genetics and for estimating genetic it and relatedness in plant populations or caitt
(Howard et al., 1992: Jain et al., 1994: Yu and Ygul1994. He et al., 1994), J. [dtal.,2003, Dongre
etal., 2006, Souframanien and Gopalakrishna., 2084h8 and Sujatl2007.

Materials and methods

Leaf samples of 18 mulberry species/varieties namdULAI , PAPU NEW GUNEIA , LONAWALE,
RFS-135, C-20, CHINA WHITE, C-1724, T- 10, MI-055B:8, T-12, MS-5, SRDC-1, M. ALBA L., C-
763, BIRDS FOOT, S-13, ZIMBABWE-1 were collectecorft the germplasm maintained by the
Department of Sericulture, Bangalore University &angalore. The first 2-4 leaves from the tipsaver

collected and used for DNA extraction.
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Isolation and purification of total genomic DNA veecarried out according to the protocol suggested b
Porebskiet al, (1997) with slight modifications. 2g of freshafaissue was grinded using liquid nitrogen
and then transferred to a tube containing 12 nméxbfaction buffer (3% CTAB, 100 mM Tris, 20 mM
EDTA, 1.4 M NacCl, 2% PVP and 1%-mercaptoethanol) preheated to 65°C and maintaatetthis
temperature for 1 hour with intermittent shakingpeTcentrifuge tube was brought to room temperature,
spun at 7,000 rpm for 15 min at 4°C and colletkedsupernatant to which 6 ml of chloroform arad is
amyl alcohol (24:1) were added. The contents warednwell by inverting the tube gently 25-30 times,
and then spun at 7,000 rpm for 15 min at 4°C. Tiypgematant was transferred to a fresh tube and
repeated the same step thrice. Supernatant waskeptight at 4°C to precipitate DNA by adding helf
volume of 5 M NaCl and equal volume of iso-propafidie DNA was pelleted by centrifuging at 12,000
rpm for 20 min and the pellet was washed with 7@k&amol. The dried DNA pellet was resuspended in
1ml TE buffer. 20ul RNase was added and incubaie@® min at 37°C. The DNA was further purified
by treatment with an equal volume of phenol follow®y an equal volume of phenol: chloroform (1:1)
and finally with an equal volume of chloroform. TB&IA was precipitated by the addition of one volume
of iso-propanol and spun at 12,000 rpm for 20 nhid°€. Finally pellet was dissolved in 300 ul Tiche
DNA concentration was determined using UV-Visibestrophotometer at 260 nm and 280nm and the

quality verified by electrophoresis on a 0.8% agargel.

RAPD

The basic protocol reported by Williamet al., (1990) for PCR was followed with slight
modifications. Amplification reactions were carriedt in 25 pl reaction mixture containing
template DNA (30 ng), 10 pmol of primer ( Operooheologies USA, Inc.), 1.5 mM Mg&b0
mM KCI, 10 mM Tris-HCI, 1 UTaqDNA polymerase (Hi-media) and 200 uM of each dSTP
(Hi-media). Amplification was performed on the CettbResearch PCR machine (CG1-96) for
35 cycles after an initial denaturation at 94°C7#anin. In each cycle, denaturation for 1 min at
94 °C, annealing for 1 min at 35 °C and extens@i2fmin at 72 °C was programmed with a
final extension step at 72 °C for 5. Amplified DNFagments were separated out on 1.4%
agarose gel stained with ethidium bromide. Runrioffer containing Tris-buffer, Boric acid
and EDTA (pH 8.0) was used for electrophoresisfangreparing gels. Wells were loaded with
25 ul reaction volume and 5pl of loading buffer ¢&se, Bromophenol blue and Xylene cyanol)
together. Electrophoresis was conducted at 70 ¥@it8 hours and the gel photographed under
UV light using a gel dock system (Herolab).

SSR:
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PCR amplification was carried out according to dmwicz et al. 1994SSR analysis of genomic DNA of
45 accessions was carried out using 8 selected [8igfers (UBC- 807, 809, 810, 811, 812, 820, 825,
828), obtained from the University of Columbia, ¢aover, Canada.. The reaction was set up in a total
volume of 20 plin a 0.2 ml PCR tube as describaldvo:

30ng Template DNA, 30 pmol Primer, 100 uM dNTP&W0Taq DNA polymerase(Hi-Media), 10mM
Tris HCI (pH 8.4), 50mM KCI, 1.5mM MgGI The amplification reaction was carried on Corbett
Research PCR machine (CG1-96). The thermal psdfiged was : Initial denaturation of 94°C for 5min,
45 cycles of Denaturation at 94 °C for 1 min , Aalitey at Tm for 1 min, Extension at 72°C for 2 min
and Final extension at 72°C for 5 min. The P@®pldied samples were analyzed on a 1.5% Agarose

gel.

Binary coding was used to score gel and each bapdroer was scored of 20 varieties and 9 primers
with 100 to 1000 base pairs marker level pair wiSquared Euclidean distance was calculated and
utilizing these distances, species were clustesoving Ward’'s method. The Statistica version 8.0
computer application was used to generate dendrogising squared Euclidean distance and Ward's
method.

Table 1. showing the list of mulberry accessions ed for the present study.

Serial SMGS Name Donor Name Donoi | Country/ | Origin
No Acc-No State
Id.No.
19. | ME-0003 MOULAI RSRS, Kodati 131 BUR Collection
20. | ME-0052 PAPU NEW| CSR&TI, Mysore | 31% PAF Collectior
GUNEIA
21 LONAWALE
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22, | MI-004¢ RFS-13E CSR&TI, Mysor¢ | 214 UPR Clonal
selection

23. Cc-2C

24, | ME-0042 CHINA WHITE | CSR&TI, Mysore | 104 CHI Collection

25, | MI-024¢ C-172¢ CSR&TI, -- WBL Polyploic
Berhampore

26, | MI-022¢ T-1C CSR&TI, -- WBL Polyploic
Berhampore

27. | MI-055¢

28 | MI-023: T-8 CSR&TI, - WBL Polyploic
Berhampore

29. | MI-023Z T-12 CSR&TI, -- WBL Polyploic
Berhampore

30. | MI-00C4 MS-5 CSR&TI, Mysore | 22€ UPR Selectiol

31 | ME-0142 SRDC-1 CSR&TI, Mysore | 40¢ Unknow | Collectior

n

32, | ME-0121 M. ALBA L. CSR&TI, -- BUR Collectior
Berhampore

33 C-76:

34. | MI-007¢ BIRDS FOQOT CSR&TI, Mysore | 16€ KAR Collectior

35, | MI-001z S-13 RSRS, Kodatt - KAR OPH

selection
36. | ME-0127 ZIMBABWE-1 | KSSRDI ZIM Collectior
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Bangalore

Table 2 : List of the primers used.

Serial Primer Sequence(5'-3")
1 OPA-0 1 CAGGCCCTTC
2 OPA-03 AGTCAGCCAC
3 OPA-13 CAGCACCCAC
4 OPA-18 AGGTGACCGT
5 OPB-17 AGGGAACGAG
6 OPC-01 TTCGAGCCAG
7 OPC-02 GTGAGGCGTC
8 OPC-08 TGGACCGGTG
9 OPC-10 TGTCTGGGTG
10 OPC-12 TGTCATCCCC
11 OPD-11 AGCGCCATTG
12 OPD-13 GGGGTGACGA
13 OPE-07 AGATGCAGCC
14 OPE-19 ACGGCGTATG
15 OPF-07 CCGATATCCC
16 OPF-17 AACCCGGGAA
17 UBC-807 AGAGAGAGAGAGAGAGT
18 UBC-809 AGAGAGAGAGAGAGAGG
19 UBC-810 GAGAGAGAGAGAGAGAT
20 UBC-811 GAGAGAGAGAGAGAGAA

Table 3: List of the RAPD primers used.

Serial
No

Primer

Total number of
bands

Total number of polymorphic
bands

OPA-01

OPA-03

OPA-13

OPA-18

OPB-17

OPC-01

OPC-02

OPC-08

OO NOOA~WINF

OPC-10

NSNS N

olw|wlo|s|so|s®
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10 OPC-12| 3 2
11 OPD-11| 5 4
12 OPD-13| 6 6
13 OPE-07| 4 4
14 OPE-19| 4 3
15 OPF-07| 5 4
16 OPF-17| 5 5

Table 4: List of the SSR primers used.

) ) Total number of | Total No of polymorphic

Serial No | Primer
bands bands

5. UBC-807 5 5

0. UBC-809 6 6

7. UBC-810 7 6

8. UBC-811 6 6
Results

The amplification conditions were optimized in éopexperiment to get high quality, intense, repbh
banding patterns, varying concentrations of?Migns, primer and template DNA. An increase in the
concentration of Mgprimers gave clear, intense bands. But the increaf¥NA concentration had no

effect at least till 50ng/25ul.

In this study, a total of 120 arbitrary decamengi stranded primers (OPA to OPF with 16 primars i

each group) were utilized to screen the genomic DilAulberry genotypes. Among them, 16 primers
on an average gave 4.6 bands. The selected 16 rpriwere used for the screening of varieties /
accessions of mulberry (OPA-01, OPA-03, OPA-13, aBAOPB-17, OPC-01, OPC-02, OPC-08, OPC-
10, OPC-12, OPD-11, OPD-13, OPF-17, OPE-07, OPEfid OPF -07), which generated 70 distinct
markers. Both monomorphic and polymorphic bandsewsonsidered for the precise calculation of
genetic diversity. Fig.1land 2 shows a represemddNA fingerprint generated by the RAPD and SSR

primers-809, UBC-807, UBC-810, UBC-and UBC-811 aaldle-2 and 3 and 4 gives the list of random
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primers used for the present study. A dendrograsedan Ward's and UPGMA method of analysis (Fig.

2).

DNA polymorphism within the genotype

The analysis of the DNA extracted from eighteenbmiry genotypes, from each variety with 4 selected
SSR primers (UBC- 807, 809, 810, 811,), and Sixtg@mers RAPD such. OPA- 1, OPA-3, OPA-13,
OPA-18, OPB-17, OPC-01, OPC-02, OPC-08, OPC-10, 0PCOPD-11, OPD-13, OPE-07, OPE-19,
OPF-07, and OPF-17 showed DNA polymorphism amorgy Warieties of the genotype. Hence, for

further studies, DNA from a single plant was usadefach genotype.

DNA polymorphism among the genotypes

On the basis of the DNA markers generated by thmegps, considerable genetic diversity was
observed among the varieties. The bands profilasrgéed by the 16 RAPD primers out which
OPD-11 gave 75 RAPD bands, at which 6lbands argmuophic and 14 bands are
monomorphic revealed clear variability (Fig. 1).e8k bands are laid in between 300 — 5000bp
with an average of 4.6 bands per primer with theg@r sequence AGCGCCATTG. The number
and size of the amplification products varied dejeg on the sequence of random primers and
mulberry accessions. The primers resulted in rdistboth monomorphic and polymorphic
banding patterns. Further, the isolation and thke pgefiling system showing variation in
amplification because of the primer sequence. Megage number of bands number of bands
per primers is 4.6 and the percentage of polymomais 81.3%

Genetic similarity among the 18 mulberry varietigere estimated on the basis of the SSR

banding profiles generated by each primer withg&eomic DNA of the mulberry varieties. The

International Science Congress Association
109



InternationalE — Publication
WWw.isca.co.in , www.isca.me

genomic DNA of these mulberry varieties was amgidifivith oligonucleotide primer UBC - 809
generated a total number of 43 SSR bands. The eunfbSSR is specific to each mulberry
varieties are showing differential distribution gal profile. The size of the amplified product
ranged from 0.5-1.0kb. Out of these 43 bands, lfi@nds were recorded in varieties such as 10,
16, 17, 18 respectively. However, varieties suxcb,a4, 9, 11, 14, 18, recorded three bands each
respectively. Even though the genomic DNA of mulpevarieties such as 2, 12, 18 amplified
with primer UBC — 809 revealed two bands only. whs also noted that only one band was
recorded in variety 6. The data showed very hi@R Sanding pattern to distinguish in
mulberry varieties as a diverse character the ifileation of SSR banding pattern is important
because it follows Mendelian inheritance charaatespite, some the varieties such showed thin
SSR banding patterns on gel profile. Despite sofrae genomic DNA of mulberry varieties
revealed less SSR banding pattern in varietieb s8c2,6,7,12,14, The data clearly indicate
diverse distribution of SSR banding pattern on pedfile, therefore it is useful to correct
mulberry identity to one another as an additiomall to support RAPD molecular system as
shown in Fig.2. Out of 4 SSR primers UBC-809, 80Fand 11 clearly revealed such variability
among the genotypg§ig. 2. The 4 SSR primers generated a total of 43 bandshath 42
were polymorphic. Generating 97.6 % polymorphémnong the 18 mulberry genotypes.

Genetic similarity among genotypes

The genetic similarity coefficients among genotypstmatecon the basis of Nei and Li (1979) varied
from 0.986 to 0.534 with an average genetic sintylarf 0.760 in RAPD markers. The same was in the
range of 0.922 and 0.531 with an average of 0.TRBBR. The Dice coefficients (Sneath and Sokal
1973) among the genotypes also showed considevalikgion. In RAPD it varied from 0.460 to 0.373

and in SSR it was between 0.475 and 0.362. Thdasityicoefficient among the genotypes estimated on

the basis of Jac (1901) was between 0.842 and 0v@&88 an average Of 0.587 in RAPD and 0.922,
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0.443 and 0.682 in, SSR, and in the pooled datalRAFSSR markers, revealed 0.923, 0.632 with an
average of 0.727 and 0.472, 0.374 with an averd@4@3 and 0.832, 0.232 with an average of 0.532
respectively. The Pearson's cortion coefficientsvben different matrices subjected to Mantel test

(Mantel 1967) were found to be highly significént 0.435-0.998p = 0.000)

The dendrograms realized from the above matricédR and SSR, and the pooled data from both
markers using Wards methods of Euclidean distamce BPGMA method grouped the 18 mulberry
genotypes into three, clusters (Fig. 2,). The deg@m of the both RAPD and SSR data revealed geneti
diversity and relationships of eighteen mulberryieties using the UPGMA method. The dendrogram of
RAPD of eighteen mulberry showed three clusterg dlbster one included varieties suchiviBULAI ,
PAPU NEW GUNEIA , LONAWALE S-13, ZIMBABWE-1 M. AL BA L., C-763, BIRDS FOOT
which is not related with each other, where asetim$Moulai showed a relationship witRapu New
The varietyZimbabwe-1 showed a relationship wit813; where as other varieties are diversified with
one another (Fig.2). The varietipapu new Showed relationship witMoulai whereas other varieties

revealed diversity between each other (Fig. 2).

The dendrogram of SSR data 18 mulberry varietiesaled that China white, C-1724, T-18, T-10, MI-
0556, M5 and SRDC-lare related with each otheg.2i In dendrogram The RAPD and SSR data
revealed thatRFS-135, C-20 and T-12re interrelated with other ( Fig.2). Futher rdedathat all the

varieties interrelated with other except few vagigt

Another important point notice from the dendrogr@énthe high genetic distance enjoyed in some
mulberry varieties from the others while the gepetyof other varieties showed closer relationsfips.
Mai tests (Mantel 1997) between cophenetic coimaand its corresponding similarity matrix were

found high. Significanfr = 0.535-0.842p = 0.000) for the dendrogram .

The dendrogram of the both RAPD and SSR data redegdnetic diversity and relationships of eighteen
mulberry varieties using the UPGMA method. The degthm of RAPD of eighteen mulberry showed
three clusters. The cluster one included varietigsh asMoulai, Papu new guneia, Lonawale S-13,
Zimbabwe-1 M. alba I., C-763 Birds foot, which are related with each other, where as vagé&thina
white, showed relationship with C-1724. The variety T-8whd a relationship with T-10, whereas other

varieties are diversified with one another (Fig. ™)e dendrogram based on RAPD data revealed that M
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0556, M5 and SRDC-1 are related with each otheg.(&. Similar Observation was made on ISSR data
(Fig. 3,).

Table 5. Summary of the RAPD AND SSR marker polyorphism

Marker RAPD SSR
Total number of primers 16 4
Total number of bands amplified 75 43
Average number of bands per primer 4.6 5.3
Total number of polymorphic bands identified 61 42
Percentage of total bands which were polymorp8ic3 97.6
Percentage of total bands which were polymorp8ic3 97.6

12 3 45673811112 13 1415161718

Fig 1.Gel profile of Mulberry genotypes amplifiedthvprimer OPE -07

International Science Congress Association
112



InternationalE — Publication
WWw.isca.co.in , www.isca.me

Fig 2. Dendrogram showing the relationship between the varieties 3S
Ward's method

Euclidean distances

MOULAI :
PAPU_NEW '
LONAWALE

S 13 , =

ZIMBABWE I

M ALBA ——
C 763 |—— |

BIRDS_FO | ]
CHINA WH

C 1724
T8

T 10

MI_0556 }_'— ]
MS_5

SRDC_1

RFS 135 —
cC20pb— |

T 12 |

Linkage Distance

12 3 45 6879 10 11 12 13 1415161718

Fig 3 Gel profile of Mulberry gegpes amplified with SSR primer UBC-809
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Discussion

The present investigations clearly demonstrateudefulness of RAPD and SSR to delineate the in-
terrelationships among varieties/ genotypes of Lierry varieties present in Karnataka India. Altbb
SSR primers unraveled more polymorphism than RARDgrs, both RAPD and SSR primers generated
almost similar types of genetic relationships amtirey genotypes and their respective varieties. dJsin
SSR primers, high genetic variability has beenalettamong closely related cultivars and (or) vise

in many other crop plants (Tsumuegal 1996, Bornekt al 2002). Similarly, Vijayan and Chatterjee
(2003) also obtained high genetic divergence anidnglosely related local cultivars of mulberry with
SSR primers. Likewise, Bhattacharya and Ranadel{280d Chatterjee et al. (2004) demonstrated the
suitability of RAPD primers in unraveling the geigatelationships among a few genotypes of mulberry
indigenous to India. However, there was no repdrene molecular markers were used to address the
problems pertaining to taxonomic identificationsnmulberry. Therefore, this is the first attemptthis
direction and the data presented in this reporgesigthe possibility of using DNA markers to resolv
some of the problems associated with the taxondnsieasification in mulberry. Furthermore, in this
investigation, we have used three different algomi to estimate the genetic similarities among the
genotypes and their corresponding varieties. Aled¢htypes of matrix and their corresponding
dendrograms showed more or less similar resultsveder, from the dendrograms it is clear that the
coefficients of Nei and Li (1979) generated treéhweep and distinct nodes. Hence, coefficients eif

and Li (1979) could be of much use in the mulbéonphylogenetic studies.

Regarding the genetic relationships of varietigerotypes, the pairwise estimation of genetic sirtyl
coefficients and subsequent clustering of the gemst revealed close genetic similarity among the
varieties / genotypes dflorus. The grouping of genotypes 6f13 and T-12 is a separate cluster indicated
its greater genetic divergence from other speciagkties, further, analyses with average genete d
tances among the genotypes under each specieseaisaled considerable genetic similarity among
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varieties These varieties /genotypes together made an aitgroup in all the dendrograms obtained in
this study. This close similarity among these \t@ge/genotypes strongly supports the findings io&hb
(1977 and 1982) that the protein and isozyme mofdfM. alba, M. latifolia,and M. bombycisare so
close that these species should be joined togetidar one species. Furthermore, it is to be ndtatthe
genetic variation at the DNA level is much moremiment than that at the protein level because &f th
codon degeneracy. Approximately 29% of mutatiorsuming at the nucleotide level cannot be detected
by amino acid changes (Nei 1987). An additionalr3®s of amino acid substitutions cannot be detected
by ordinary protein electrophoresis because of tapance of net protein charge. In total, the detect
genetic variation via allozyme is expected to béast five to six fold less than at the DNA leydki
1987). Thus, the close relationships observe antioege mulberry varieties is the true reflectiorthaf
genetic similarity present even at the DNA levehu$, the taxonomists working on this aspect of
mulberry should give serious thought in this dil@tty undertaking more detailed work to resolve th
ambiguity over the separate species/varieties usstaf these genotypes. Similarly, the high feytilit

(>90%) obtained in controlled hybridization among;

Similar findings of Das and Krishnaswami (1968) ll. Indica, M. alba, M. latifoliaandM. bombycis
supports the fact that these species should notelhéed as separate species, as the very defimifion
species defined by Darwin (1859) emphasizes reptoduisolation of species. Furthermore, in most of
the conventional methods of classifications, flochlaracteristic plays a major role in deciding the
varieties identity of Texas. However, in mulbefikherjee (1965) found a gradual reduction in ofie o
the sexes on bisexual flowers leading to unisetudlikewise, Das and Mukherjee (1992) and Tikaster

al. (1995) observed sex reversal upon hormonalicgimin or pruning of branches of the plant.
Minamizaw (1963) reported that high temperatureglalay, and full daylight favored femaleness in
mulberry. These reports thus clearly suggest thatlf characteristics cannot be taken as the sole
diagnostic character for identification of spedieulberry. Therefore, it is clear that the cléisations

based on morphological, anatomical, or even bioatencharacters alone do not identify the varieties
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accurately in a highly heterozygous plant like neaifp. Hence, it is essential to undertake detatadies
of this genus, using both biochemical, genetic, mrudphofloral characteristics to resolve the coiofus

associated with species identity in mulberry.

The position of mulberry varieties in relation tinver varieties needs special mention, as this odet8-

13, T-8,T-10 and T-12 comprising was found to have an intermediate genelationship between the
other group comprising RFS-135 and C-20 and TWRen the total genotypes were analyzed
individually, all varieties together into a separatluster. However, when we analyzed the varietal
variability, showed closer to the othgmoup. Cross hybridization of different varietie€fsMorus showed
producel a high percentage (>80%) of fertile seeds, wheaea®ss between some of mulberry varieties
failed to develop some fertile seeds (Das and Keastvami 1965, Anonymous 1994). These findings,
along with the result of the present investigatsuggest that as indicated in dendrogram 3,4,58d 8.
The similar observation made by Gururajan (1966hsaering the morphological features ™.alba
and M. laevigata, suggested thaWl. indica and M. alba are one species. Our findings on eighteen
mulberry varieties with the molecular markers esdahis view to a certain extent, but considerhmg t
small number of varieties/ genotypes used for déimalysis, it is desirable to undertake a detaitedys
with a greater number of genotypes to resolve #éxertomic position of this very important mulberry

species.

The separate identity of mulberry varieties undiferent clusters as indicated in Figs. And Shd &-

8, T-10 and T-12 varietiemre quite obvious from this study, as in all anedysexhibited higher genetic
distance from the other varieties. This is not gaipg, since most of the genotypes reported under
different ploids (Das 1961). However, in this stude used diploid genotypes to avoid the differance
pertaining to ploidy level. The floral charactedstof different mulberry varietiesere also found to be
different from others, as the length of the catkims mulberry varieties varied from 4.1 to 7.2 cm,
whereas that of the other varieties was in theearid..7 to 2.4 cm (Daat al 1970, Tikadeet al 1995).

Similarly, controlled hybridizations between mulhewvarietiesfailed to develop some fertile seeds
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(Anonymous 1994). These results, together withfitieings of our study, clearly show that S-13 and T
8, T-10 and T-12 varietiege genetically different from other mulberry varietiand should continue to

be considered a separate cluster

The population structure analyses further dematesir the genetic difference of eighteen mulberry
varieties and the closer relationships the totaerdeezygous within the population (Ht) and between
populations(DST) and the genetic differentiation coefficients (Gagre much higher than the same
between other varieties. These values clearly stgndigher genetic divergence of S AND T varieties
from the other varieties. This is further evidendesim the low gene flow (Nm) from some of the
mulberry varietiesto the other. The exchange of genes between popuatimmogenizes allele
frequencies between populations and determinesethtive effect of selection and genetic drift. Hig
gene flow between populations precludes local adapt and will also impede the process of spedaiatio
(Barton and Hewitt 1985). In population geneticsyadue of gene flow (Nm) < 1.0 (fewer than one
migrant per generation into a population) or eqgintly, a value of gene differentiation {g> 0.25 is
generally regarded as the threshold quantitiesrmbydhich significant population differentiation ars

(Slatkin 1987) (Table 5,6,7,8,9, and 10).

The very low Nm present in S varietigther, reflects the reproductive isolation it d®lfrom other
varieties / genotypes of mulberry. A similar olvsg¢ion was made by (Darwin 1859) since reproductive
isolation is one of the important criteria consetefor species recognition (Darwin 18%3)n be treated
as a separate species under the gbtarsis. Thus, from the overall studies, it can be condutiat the
mulberry varieties / genotypes boundary is not végid in mulberry; identification of tax based on
morpho floral characters alone often generatesemnifihg results. Thus, an approach integrating
morphological, biochemical, and genetic and (or)lenglar parameters is required to resolve the
problems pertaining to the taxonomic positions aktrof the presently designated varieties / gerastyp
in mulberry. Furthermore, S and T varieties arteomulberryarieties can be considered a separate

group of mulberry, while the other varieties mayjdieed together and treated as separate group etc.
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The result presented in the present study demaedtthe utility of using RAPD and SSR markers to
characterize genetic diversity among 18 promisiragieties /cultivars /genotypes of mulberry.
Differential polymorphism was noted in 18 cultivaof mulberry showing variation in percentage of
polymorphic bands from 81.3% to 97.6% in using titnprs RAPD and 4 SSR primers. The observed
high proportion of polymorphic loci reveals profalnntraspecific variation among the mulberry
cultivars. Significant genetic variations by RAPBdaSSR markers have also been reported in other
species at the cultivar level (Colomeb al. 1998, Daset al. 1998, Huanget al. 2003). Wide genetic
distances determined by Nei's, Dice and Jaccadtiigeadistance reveals relatively high genetic véoiat
among 18 mulberry cultivars. The considerable polyhism detected in the present study also
illustrated the genetic diversity among mulberryticars of the same origin as reported among coffee
cultivars (Serat al. 2003). The observed intraspecific differences agrt® mulberry cultivars could be
ascribed to the fluctuating micro and macro climatnditions of habitat. Nei's Dice and Jaccad\aigl

of RAPD and SSR data also reveals that all mulbeuttivars belonging to the state of Karnataka are
genetically closer and diversified other than thiiwars originally belonging to the distant habiita the
state of Karnataka. The greater sensitivity of RARIDd SSR obtained from the results of mulberry
cultivars, diversity may be derived from the rapiblution of non-coding, repetitive DNA sequences

detected by RAPD and SSR. This hypothesis hasdmenborated from Plomion et [.995).
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Abstract

Algae collected from the Bangalore ruraétland ecosystem, by using a RAPD method. Inrtieshod,

the Expressed Sequence database was used as dgimalogenomic information for identification of
polymorphic sites. Primers OPW-01 RAPD is desigaed the amplified PCR products are then directly
sequenced. Random amplified polymorphic DNA (RAR®}he most abundant molecular markers in
plants and animals and can be more relevant thar otutral markers mentioned above due to the high
occurrence of RAPD in their functional genomic mw. Because of the potential for higher genotyping
efficiency, data quality, genome-wide coverage, andlytical simplicity, RAPD have been used as
molecular markers in evolutionary and ecologicaldis of a wide range of organisms in the current
study, we report the characterization of 10 speofeBesmids All sequences obtained are aligned to
search possible RAPD altering the restriction ere/mecognition sites. At last, the method is used t
genotype of these RAPD markers in large populatamples of the Desmids species complex.The
physico-chemical parameters like phosphate andteigxhibit a positive correlation with the dynasnic
of Desmids The results showed that 46 RAPD barelsiseful for genetic diversity studies of Desmisls a

they showed geographical discrimination.

Key words: Genetic diversity; Desmides RAPD; strains; gapgical region

Introduction
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The morphology alone is not able to recognize msraiwhich have various shapes in diverse
environmental conditions and the cryptic speciage (tb recent speciation) with similar morphological
traits however they are different genetically [Blgae are one of the most useful natural resoutitats
can be used to produce different bioactive compswwugth as vitamins, proteins, unsaturated fatysaci
antioxidants and carotenoids, including astaxantiduring the past two decades, scientists have
discovered that Desmids species unicellular grdgaeais the best source of organisms that produce
astaxanthin, the most powerful naturally occurramgioxidant. Astaxanthin can be used as a prewentiv
medicine, by being able to slow down degeneratigeates and cardiovascular problems, having anti-
cancer and anti-immunological disease propertigsfimally, its ability to stimulate the proliferatn of
neural progenitor cells to recover stem cell fumt{il-4]. Morphological traits observed through ligét
microscope have been traditionally used to detegntiie species and the diversity of Desmsp@cies,
which has a complex life cycle with different mogbdgical stages affected by environmental cond#ion
Molecular and genetic characters are affected tleems the morphological characters by environmental
conditions, hence they are more stable [6]. Intémidio the necessity of the morphological stubtgre is

a need for the molecular study of organisms in otdedifferentiate them geographically [7]. The
combination of molecular and morphology provideobust way to determine the organisms with lower
mistakes. Biotechnological methods and molecularkera are great promising tools for improvement
and enhancement of biomass production, and toleramcstress in Desmids. Most of the molecular
marker tools are valuable methods to investigafiladion genetic and diversity which were developed

quickly over the three past decades [8]. There haem some studies

on algae using Random Amplified Polymorphic DNA (RB) molecular markers [9-12], however, there

have been none thus far on Desmids

Therefore, this study was conducted for the fiirsietwith the aim of remedying this situation. RAPD
markers are reliable, highly polymorphic, low castl less laborious, need only a small amount of DNA

and are very fast when compared to most other mlaemarkers [13]. And RAPD do not require DNA
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sequence data and in terms of reproducibility, RA*D technique has wide applications in breeding,
genetic evolution, gene mapping and population iehand is able to produce many markers with low
cost and high speed. Although the reproducibilftiRaPD technique is low and is dominant, it is afe
the important molecular markers.[15]. The ISSR mége is a dominant marker too but its
reproducibility is higher. Molecular and genetiadyt of any organism needs pure and cultures whereas
the growth of Desmidss very difficult due to their sensitivity to contamaition. The pH of medium is
neutral and other algal species, bacteria or fugagily can dominate and make a culture fail. The
molecular markers are able to distinguish othexirsérof Desmids with desirable properties from masi
parts of the world. The objective of this study wadind out the genetic diversity of the greencatiular
alga, Desmids by using RAPD markers. There is detiecy to depend on the culture collection instifute
that represents a limitation for scientists. Thépehdency on culture collections can deprive rebess
from access to new species and strains with divelnseacteristics and various bioactive compounds
which can be found in other habitats. Four newirsdrevere isolated from different cities of Irandrder

to examine their diversity and to uncover theifediénces with CCAP (Culture Collection of Algae and
Protozoa) strains, using molecular markers. Ifulsbe new strains isolated from Iran water bodiasld

be deposited in culture collections in order ta@mthe gene reserves.

Materials and methods

The 10 Desmides species of Algae sucRlasterium acutuniLyngb) Breb, C. gracile, C. ehrenbergii
menegh, C. parvulum Nag., Closterium aceros{grhrank)Ehreno, C. lunula(Mull.) Nitzsch, C.
remarginatum, C. subtrigosum, Cosmarium quadiumd. V. minusNordst, C. Protruberans which
were collected from the different region of Gubkiimained at the Department of Botany, Siddaganga

first Grade College of arts, science and commdddd,Road, Tumkur
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DNA Extraction

The 10 Desmids species of Algae were collectediaimdediately kept in ice to reduce
the nuclease activity. It was brought to the labmsg weighed (2 gms each), and frozen
in liquid nitrogen and stored at -70°C till furthese. The DNA was extracted using the
CTAB method (Porebslgt. al, 1997) with certain modifications. 2gms of Algaaterial
was ground into a fine powder using liquid nitrog&€he powder was then transferred to
sterile centrifuge tubes and 12ml of extractionféaufvas added, mixed thoroughly and
incubated 65°C in a water bath for one hour witiermittent shaking. The tubes were
brought to room temperature and centrifuged at 8Gfi@ for 10 min at 4°C. The
supernatant was transferred to new tubes, 6 mhlof@form: isoamyl alcohol (24:1) was
added and mixed thoroughly. The tubes were ceg&duat 8000 rpm for 10min at 4°C.
The supernatant was transferred to new tubes grehted the same steps twice. The
DNA was then precipitated by adding half volume5df NaCl, an equal volume of
chilled propanol and incubated at 4°C over nightlADwas pelleted by centrifuging at
20,000 rpm for 12 min at 4°C. The pellets werediaéer adding 70% ethanol and 1mi
of TE buffer was added to which 20 ul of RNase added. This was incubated at 37°C
for one hour and added 300 pl of saturated phéinwls mixed, centrifuged at 8000rpm
for 10 min at 4°C. The supernatant was transfawexhother tube and repeated the same
process by adding phenol: chloroform and chlorofoespectively. The supernatant was
treated with equal volume of isopropanol and intetbaat 4°C for overnight. The DNA

was pelleted by centrifuging at 12000 rpm for 20nTihe pellet was washed with 70%
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ethanol and dried. Around 300 pl of TE buffer wdded to dissolve the pellet and stored
at -20°C for further use.

Data Analysis

DNA binding patterns generated by RAPD were sca®d 1 ' for the presence of band
and '0' for its absence. All RAPD assays were peréal twice and only the reproducible
bands were scored. A similarity matrix was generatesing a dendrogram was
constructed based on distance matrix data setgpplyiag Wards method for cluster
analysis using 'STATISTICA' 5.0

Table.1Sequence information of RAPD oligonculeotide prisnased for amplification

and polymorphism study in 10 Desmides speciedgde

OPW121C

CTCAGTGTCC

GTGAGGCGT(

GGGGGTCTT!

CCGCATCTAC

GATGACCGCC

GAACGGACTC

GTCCCGACG/

TGGACCGGTC

CTCACCGTCC

TGTCTGGGTC
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Results and discussion

The genomic of 10 Desmides species of Algae sa€Hasterium acutunfLyngb) Breb,

C. gracile, C. ehrenbergii menegh, C. parvulum N#&gjosterium acerosunischrank)
Ehreno, C. lunula(Mull.) Nitzsch, C.remarginatum, C. subtrigosum, Cosmarium
quadrumLund. V.minusNordst, C. Protruberans were subjected to RAPD analysis
using Primer OPW- 01 The genomic DNA of 10 Desmspecies of Algae was
amplified with decamer oligonucleotide primers sasl©®PW- 01 and as shown in Fig
1. The distinct and abundant RAPD fragments wemnded. The total numbers of
bands were generated 46 RAPD gel profiles. Thessiuf the RAPD bands were placed
in between 300 — 5000bp in length. The primer poed distinct polymorphic banding
pattern in all the plant medicinal plant specibég humber of RAPD bands per primer
were 4.6 as expected IN Algae. The RAPD bandsiloigéd in the Algae is important to
know the value of breeding patterns in Algae. Tamber of RAPD bands was produced
to reveals Mendelian inherited characters, and mursboring revealed characters. The
banding patterns are important and distinct in Algd@he polymorphism was very high
and RAPD values were useful to distinguish betw#®n Algal species, apparently
diverse elements species character. The ideridicaf RAPD is very unique in Algae,
because chemical value revealed heterozygous ¢baraln the present data the Algae
like 1 showed 6 bands and remaing was reveled 12 RAPD bands respectively.
Further, 1 and 2 showed 6 and 10 RAPD bands daengification of primer with the
genomic DNA of these Algae species. However, it whserved that some of the Algae

viz., 9 and 10 were recorded 2 and 0 bands indigativerse character compared to other
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Algae. Polymorphic distribution as far as genevfis concerned revealed high or low
speciation. This has been used for various otlacutations of Algae breeding
programs. Therefore, amplification of genomic DNfAleese Algae revealed moderate

diversity among them.

The results presented in Fig. 1 indicate the pohghisms among the studied Desmidgains It should

be noted that the molecular weights of the bandge@ from This table depicts the total number ofdsa

produced, their polymorphism, sequence and anmp&dimperature for OPW-01 primers. Most of the
primers produced bands that were 100% polymorphictheir annealing temperature varied from 45 °C
to 67 °C. Maximum bands were obtained by more pohghic bands of RAPD and it can be more
powerful tool to investigate biodiversity. The héghannealing temperatures will provide the higher
reproducibility and specific attachment of the s to the template. Depicted that the maximum

annealing temperature RAPD primer was 45 °C an@bigSpectively
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The value of the average Shannon’s indices for RARB 0.509 with a standard deviation of 0.144. The
AMOVA tests for the bands generated by the RAPDnprs were 74% within the populations and 26%
among the populations (p < 0.01). On the other vibasked on the common loci investigated only 26% of

the total variation in theDesmides speciesay be attributed to variation among the strains.

The algal strains belonging to the different gepbieal populations clustered separately. The demdmg
constructed using the UPGMA method based on Jacandiilarity matrix showed the genetic variation
among the tefesmidesstrains studied. The species 2 showed high gedetarsity using the RAPD
technique, even between strains from same bloon. [IRAPD is a quick, produce sufficient
polymorphism and reliable fingerprint method totidiguish potato cultivars [17]. The regression and
association between the genetic diversity and ggdbgcal locations were visible in many cases [I8F
dendrogram distinctly separated the algae intoetlotasters based on the 0.74 reference line, \uigh t
strains from Iran making up two clusters, Finlame @luster, Switzerland one cluster and USA another
clusters of Algae belongs to other group , theeeftte dendrogram successfully grouped all the
Desmides speciebased on their geographical origins (Figure The results of the UPGMA and Wards

methods dendrograms

whether based on the RAPD marker data separatatg (bt shown) or the combined (pooled) RAPD

markers were generally similar and supported ormthan with minor differences. For example, the

RAPD dendrograms distinguished clearly betweentéme species however in the RAPD data based
dendrogram, the Finlandl, 2 were clustered withrdue major group. This small difference could e d

to the different primer attachment sites of the marker systems in the algal genome.

Figure 1 and showed the analysis where strain®esmidedrom different Bangalore rurakvetland
ecosystem were grouped in four separate placesarfitm the results of dendrogram. The Switzerland
strain was grouped in the major branch of USA arisl inore similar to the USA strain. The diversity

different strains ofDesmideswas high, based on RAPD molecular markers. Bhall f@Sorted that
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RAPD markers were more informative than ISSR markehilst others have reported that RAPD
[13,20,22]. Similar investigation of Noroozi Mofda Hishamuddin Omar Soon Guan Tand Suhaimi
Napis According to this study, RAPD markers ftaematococcus pluvialistrains were more diverse as
they produced more polymorphic bands with highereating temperature however its results were the
same as the RAPD results confirming each other srithll differences. It is important to find diffete
species of Desmides to discover the source of gefies and desired characteristics such as aclin
wall or high growth rate species living a commoeaaor near to each other have genetic relationsinigs
genetic exchanges during sexual reproduction, wiixplains the Wards results illustrated by the
dendrogram clusters of strains according to thedggaphical location. The massive genetic diveisity
the organisms provides scientists with good oppities to find new bioactive compounds. Although
morphological characteristics are useful for theection the species and genetic diversity, theyeddp
on environmental conditions and vary under divexaditions and they are not precise enough to tletec
the strains and populations, hence the use of #hECRmolecular marker have proven to be more

powerful methods to distinguish species geogratlgic
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Abstract

Molecular genetic fingerprints of medicinal specrasre developed using Randomly Amplified
Polymorphic DNA (RAPD) marker to elucidate the gendiversity among the 18 species. DNA
was isolated using CTAB methotihe amplification was accomplished by using 10 prsrand
the specific PCR working progranThree decamer-primers generated 250 RAPD fragmeht
which 232 fragments were polymorphic with 96.84%poalymorphism. Some of the RAPD
markers were useful for species discrimination eteshtification. Most of the RAPD markers
studied showed different level of genetic polymasph Amplified fragment sizes ranged from
300 to 5000 bp. Pair-wise Nei and Li's similarityedficient value ranged from 0.00 to 0.72 for
18 species of medicinal plants . A dendrogram wassttucted based on the unweighted pair
group method using arithmetic averages. Clustetysisaof data using UPGMA algorithm
placed the 18 species of medicinal plants into fguaups that are somewhat congruent with
classification based on morphological charactersp@sed by earlier works. This analysis
grouped all species in to different clusters arehit differentiated of medicinal plants into
separate groups. This method of analysis can Efuheh selecting diverse parents and give
broadness to the germplasm base of medicinal pea&sling programs in the future.

Key words: Medicinal plants, RAPD, Genetic Diversity
Introduction

World is endowed with rich wealth of medicinal glerHerbs have been the principal form of
medicine in ancient India. White herbs lost theiportance due to pharmaceutics-d revolution.
They are also becoming popubkspeople strive to live healthy in the face of chemstress and
pollution and to treat illness with medicines thatrk in concert with body’s relied defense.
Medicinal plants play a crucial role in the livédsroral people, in remote parts of developing

countries with limited facilities for health car@éuyrohit and Prajapati, 2003).

Around 70,000 plant species, from lichens to flangrtrees have been used for medicinal
purposes. Many species are used in herbal mediame$s used in unrefined or semi-processed
form, often as mixtures, which may also contain-botanical ingredient. A few species are the
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sources of defined compounds used in the pharmeakindustry. There is international trade in
medicinal plants used for herbal medicine and e rtlanufacture of pharmaceuticals. There is
also a growing interest in obtaining samples ohplaaterial and traditional knowledge about
the uses of plant and also to explore commerciaicmeal products. The scale of international
trade in medicinal plants is difficult to assesscduse of paucity of reliable statistics and trade
secrecy. Ancient Indian literature incorporates raall definition of medicinal plants and
considers "all* plant entities to be potential s®sr of medicinal substances. While all plant
entities are potentially medicinal, only those pdaare considered 'medicinal’ whose medicinal
use has already been discovered for human or amajppdication. Such an application can neither
be in the western biomedical system nor in homdgpat any of the traditional systems of
medicine like Ayurveda, Unard, Siddha and Swa-Rigpal folk medical traditions, which are
eco-system and ethnic community specific (Shankar deda, 2003).Traditionally medicinal
plants have been used for human, veterinary and pélth. There are medical texts thatleal
with the treatment of cows; horses, elephants, l@nds, there are also texts on subjects like
Vriksh Ayurveda and Krishi Sastra that deal withe ud plants for controlling pests, treating

plant diseases and as biofertilizers.
Conservation of Medicinal Plants

A taxon is Endangered * when it is not criticallpdangered but is facing a very high risk of

extinction in the wild in the near future (Ravikunzend Ved, 2000).

RAPD, markers behave as dominant genetic markezanimg that in a segregating population
the homozygote of the parental type from whichwve@iRAPD, ISSR and SSR band is amplified
cannot be distinguished from the heterozygote, imethe heterozygote also produces a RAPD,
band.The only unambiguously assigned genotypeeishttimozygote of the other parental type
(no RAPD band). The segregating F2 population nierefore be scored as follows band
present: AA or Ab; band absent: bb. Remembering fdct, it is easy to select the populations

best suited for the construction of genetic mapgh WAPD markers:

Materials and methods

The materials required and methodology of the preserk is carried out at Department of
Biotechnology, Acharya Institute of Technology, Kataka and Plant molecular biology
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laboratory, Department of Horticulture, HulimavuoBichnology Centre, Govt of Karnataka,
Bagalore, India. In the year 2010-2012.The mateuakd and methods followed in the study are
presented herdzresh, young, disease free leaves of 18 mediciaatgHemigraphis colorata,
Marjorana hortensis, Artemisia vulgaris, Artemisigallens, Ocimum sanctum, Ocimum
basilicum, Ocimum hratissimum, Mentha piparita, lhen citrate, Mentha spicata, Acorus
calamus, Centella asiatica, Bacopa moninierii, Pipgngum, Piper nigrum, Clitoria ternatea,
Aloe vera, Stevia rebaudianavhich were collected from the germplasm maintaia¢dhe

different regions of Karnataka as medicinal plaggemplasm conservation.

DNA Extraction

Fresh, young and disease free leaves of 6 diffaretticinal plants were collected and
immediately kept in ice to reduce the nucleaseviigtilt was brought to the laboratory,
weighed (2 gms each), and frozen in liquid nitroged stored at -70°C till further use.
The DNA was extracted using the CTAB method (Pddebs al, 1997) with certain
modifications. 2gms of fresh medicinal plants leaéterial was ground into a fine
powder using liquid nitrogen. The powder was thrangferred to sterile centrifuge tubes
and 12ml of extraction buffer was added, mixed alighly and incubated 65°C in a
water bath for one hour with intermittent shakifghe tubes were brought to room
temperature and centrifuged at 8000 rpm for 10 atird°C. The supernatant was
transferred to new tubes, 6 ml of chloroform: isghmcohol (24:1) was added and
mixed thoroughly. The tubes were centrifuged at8@Pm for 10min at 4°C. The
supernatant was transferred to new tubes and expdia¢ same steps twice. The DNA
was then precipitated by adding half volume of BIICI, an equal volume of chilled
propanol and incubated at 4°C over night. DNA wabkeped by centrifuging at 20,000
rpm for 12 min at 4°C. The pellets were dried aftdding 70% ethanol and 1ml of TE
buffer was added to which 20 pl of RNase was adilkbis. was incubated at 37°C for one
hour and added 300 pul of saturated phenol. It wiagadn centrifuged at 8000rpm for 10
min at 4°C. The supernatant was transferred tohendube and repeated the same
process by adding phenol: chloroform and chlorofoespectively. The supernatant was

treated with equal volume of isopropanol and intetbaat 4°C for overnight. The DNA
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was pelleted by centrifuging at 12000 rpm for 20nTihe pellet was washed with 70%
ethanol and dried. Around 300 pl of TE buffer wdded to dissolve the pellet and stored
at -20°C for further use.

Data Analysis

DNA binding patterns generated by RAPD, were sca®d 1 ' for the presence of band
and '0' for its absence. All RAPD assays were peréal twice and only the reproducible
bands were scored. A similarity matrix was generatesing a dendrogram was
constructed based on distance matrix data setgpplyiag Wards method for cluster
analysis using 'STATISTICA' 5.0 computer program.

Table.1.
Sequence information of RAPD oligonculeotide primes used for amplification and
polymorphism study in 18 medicinal plants

SI.No RAPD Primers Sequence (5’-3")
1 OPC -7 GTCCCFACGA
2 OPL -11 ACGATGAGCC
3 OPO - 08 GCTCCAGTGT
4 OPAH - 15 CTACAGCGAG
5 OPAM - 20 ACCAACCAGG
6 OPAN - 01 ACTCCAGGTC
7 OPAO - 01 AAGACGACGG
8 OPAP - 20 CCCGGATACA
9 OPAN - 05 GGGTGCAGTT
10 OPAP - 10 TGGGTGATCC
11 OPAA - 01 AGACGGCTCC
12 OPAB - 01 CCGTCGGTAG
13 OPAB - 05 CCCGAAGCGA
14 OPAB - 14 AAGTGCGACC
15 OPAH - 13 TGAGTCCGCA
16 OPAF - 02 CAGCCGAGAA
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17 OPAJ- 19 ACAGTGGCC

18 OPX - 20 CCCAGCTAGA
19 OPA - 08 GTGACGTAGG
20 OPD - 13 GGGGTGACGA

Table 2. Showing the thermal profile used for RAPD

Temperature Time Steps
93°C 2min Initial denaturation
45 cycles of 1 min Denaturation
93°C
35°C 1 min Annealing
72°C 2 min Extension
72°C 7min Final extension
4°C # Hold
Results

The genomic DNA of 18 medicinal plants vizHemigraphis colorata, Marjorana
hortensis, Artemisia vulgaris, Artemisia pallens;i®um sanctum, Ocimum basilicum,
Ocimum hratissimum, Mentha piparita, Mentha citrdéentha spicata, Acorus calamus,
Centella asiatica, Bacopa moninierii, Piper longuRiper nigrum, Clitoria ternatea,
Aloe vera, Stevia rebaudiavere amplified with oligonucleotides primers

RAPD analysis of medicinal plants using Primer OPAB 05
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The genomic DNA of 18 medicinal plants was amptifigith decamer oligonucleotide
primers such a®©PAB-05 and as shown ifrig 1. The distinct and abundant RAPD
fragments were recorded. The total numbers of dameregenerated 51 RAPD gel
profiles. The sizes of the RAPD bands were plaondaetween 300 — 5000bp in length.
The primer produced distinct polymorphic bandintgtgra in all the plant medicinal plant
species, the number of RAPD bands per primer weB & expected sexually
reproducing plants. The RAPD bands distributeth plant is important to know the
value of breeding patterns in medicinal plants. mmber of RAPD bands was produced
to reveals Mendelian inherited character, and numdmoring revealed medicinal
characters. The banding patterns are importantdistthct in medicinal plants. The
polymorphism was very high and RAPD values werdulge distinguish between the
medicinal plant species, apparently diverse elementh as diploid and other exortic
species character. The identification of RAPD Bryvunigue in plants, because
medicinal value and coupled with highly cross —lipated and revealed heterozygous
character. In the present data the pints likedivsldl one band and remaing was revaled
7 to 3 RAPD bands respectively. Further, 1 and&liminal plants showed 1 and 3
RAPD bands due to amplification of primer with tgenomic DNA of these plant
species. However, it was observed that some opldrgs viz., 11 to 12 were recorded 7
bands indicating diverse character compared ta gilamts. Polymorphic distribution as
far as gene flow is concerned revealed high or $peciation. This has been used for

various other calculations of medicinal plant bregd programes. Therefore,
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amplification of genomic DNA of these medicinal pis revealed moderate diversity
among them.

RAPD analysis of 18 medicinal plants using Primer ®AB — 14

The data obtained in the present investigationaledea total numbeof 111 RAPD
bands. The genomic DNA of 18 medicinal plants afiepl with OPAB —14 revealed
both monomorphic and polymorphic RAPD bands. Thstirdt and abundant RAPD
fragments were recorded. The total number of bayetwerated lie in between 300 —
5000bp in length. The primer produced medium lavd &igh resolution of RAPD
bands. The number of bands per primer was recordedmum of 6.1 bands. However
four bands were recorded in plants like 1 to 1®eesvely. Despite, the plants revealed
a totalnumber of 111 bands, therefore the distribution of banding pagere common,
and one of the plants as revealed six RAPD bandsta the amplification of genomic
DNA with primer OPAB —14 . However, amplification showed very clear and idcdt
bands, and some of the medicinal plants like 1 & hhve revealed four bands
repectively. From this data it is possible to idfgnspecies specific band for medicinal
plants for selection, in turn it helps for the ardtion of medicinal plants. The RAPD
banding techniques is useful for selection multgtiion and introgression of certain traits
for breeding of medicinal plants as shown in Fig2.

RAPD analysis of 18 medicinal plants using Primer ®AH -13

The data obtained in the present investigation alegea total numbeof 88 RAPD
bands. The genomic DNA of 18 medicinal plants aimepl with OPAH -13 revealed

both monomorphic and polymorphic RAPD bands. Thstirdt and abundant RAPD
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fragments were recorded. The total number of bagetwerated lie in between 300 —
5000bp in length. The primer produced medium lavd &igh resolution of RAPD
bands. The number of bands per primer was recardedmum of 4.8 bands. However,
four bands were recorded in plants like 1 to 1®eesvely. Despite, the plants revealed
a totalnumber of 88bands, therefore the distribution of banding patteare common,
and one of the plants as revealed five RAPD baméstd the amplification of genomic
DNA with primer OPAH -13. However, amplification showed very clear and idet
bands, and some of the medicinal plants from 1 ka3 revealed 8 bands repectively.
From this data it is possible to identify specipsdfic band for medicinal plants for
selection, in turn it helps for the cultivation ofedicinal plants. The RAPD banding
techniques is useful for selection multiplicationdaintrogression of certain traits for
breeding of medicinal plants as shown in Fig 3.

Discussion

Genetic resources available for medicinal plantsramement are abundant within plant
species. Even though a few species of mediciraitploccur naturally in India, many
cultivated medicinal plants species do find theigio with in the country especially
India. Almost all the cultivated and naturaly ocowg medicinal plants and which are
classified under different family and species, srpsllinate with each other and produce
fertile offspring showing no signs of sexual incanbility characteristic of medicinal
plants species. This fact suggests a close geoetion genetic relationship among the
medicinal plants. The present study involving 18dimi@al plants with molecular

characterization, of RAPD, analysis for furthepgorts this viewRAPD analysis of
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medicinal plants using Primer OPAB— 05 The results of the present investigation on
genomic DNA of 18 medicinal plants viAHemigraphis colorata, Marjorana hortensis,
Artemisia vulgaris, Artemisia pallens, Ocimum santt Ocimum basilicum, Ocimum
hratissimum, Mentha piparita, Mentha citrate, Mem#picata, Acorus calamus, Centella
asiatica, Bacopa moninierii, Piper longum, Pipegnim, Clitoria ternatea, Aloe vera,
Stevia rebaudiawere amplified with oligonucleotides prime@PAB— 05 revealed
total of 51 RAPD bands (Fig 1- 4). Similar observations were recorded ®yish Naik
and Dandin 2006, Souframani and Gopalakrishna, 2804ilar observations have also
made in other species at cultivars level (Colombal.e 1998, Banerjee et al., 1999, Das
et al., 1998,).RAPD analysis of 18 medicinal plants using Primer ®BAB — 14 were
amplified with OPD-07 revealed tatal of 111 RAPD bands. With an averagef 6.1
bands per primer, all the 18 medicinal plants exhibited 18H®D bands respectively.
Whereas the some of the medicinal plants suchrégnisia vulgarisMentha citrate and
Piper longumhave expressed more than 10 RAPD bands perpriaseshown iffrig 2-

5. Further, similar observation was made by Awasthi.e (2004) Basha, S.D and Sujatha,
M. 2007 in mulberry and medicinal planBAPD analysis of 18 medicinal plants using
Primer OPAH -13 . It is known from the literature that the moleculaarkers in
medicinal plants is important observations (GirNNaik and Dandin 2002, ). The
genomic DNA of 18 medicinal plants was amplifiedtwprimer sequence of OPL -11
produced 3.5 bands pprimer. A total of 63 RAPD bands discrete amptifigroducts
were generated with the primer OPL — 11. Out eséh63 RAPD bands of the medicinal

plants, the medicinal plant such Asorus calamus revealed 10 RAPD bands. OPL —
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11 have revealed 7-8 RAPD bands respectively asrshofig 3-16.The Primer OPO —

0O8. revealed dotal of 88 RAPD bands Out of these 8®RAPD bands indicating both
monomorphic and polymorphic character in the medicplants like 1, 7, 8, 13, 15 and
18, significance of cross pollination is slow iredle plants and out crossing is less as far
as population genetics is considered. This studgceordance with (Balakrishna et.al,
2000, Aswathi et. al, 2004; Suryanarayan et.al22@hikkaswamy et.al, 2007) Fig 3-6.
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Figl. Gel profiles of 18 medicinal plants amplifiith RAPD Primers —OPAB-05

Fig2. Gel profiles of 18 medicinal plants amplifizith RAPD Primers —OPAB-014
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Fig3. Gel profiles of 18 medicinal plants amplifieith RAPD Primers —OPAB-05

Tree Diagram for 18 VVariables of Medicinal Plant
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Fig 4. Dendrogram of 18 medicinal plants amplifieith RAPD primer- OPAH-13
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Tree Diagram for 18 Variables of Medicinal Plants
Unweighted pair-group average
Euclidean distances
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Fig 5. Dendrogram of 18 medicinal plants amplifigith RAPD primer- OPAB-14
Tree Diagram for 18 VVariables of Medicinal Plants
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Fig 6. Dendrogram of 18 medicinal plants amplifieith RAPD primer- OPAH-13
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Abstract

Genetic relationships between eighteen medicina¢ wssayed with Random Amplified
Polymorphic DNA (RAPD) markers, which distinguistdividuals, as well reflect the inherent
variation and interrelationships among the mediqgatents. 13 decamer RAPD primer primers
were used in the present study. Over 77.23 repibldusands were generated by RAPD

primers, out of which, 77.23 polymorphic bands wdemntified, conferring 97.6%

polymorphism. All the primers produced typical bargdin each of the medicinal plants,
suggesting the applicability of this test in medaiplant identification. Most of the individuals

of the test exhibited to have unique molecular ¢gre Population genetics structure analysis of
these species further revealed high genetic diftexeon coefficients (Gst), the heterozygosity
among populations (Ht) showed with the low gena/f{blM) when the 1st cluster was paired
with other medicinal plants On the basis of them@ameters and the results of cluster analysis. It
is concluded that three species can be consideracgeparate group of medicinal plant, whereas
the other four clusters may be grouped separaefiendrogram was constructed using
Euclidean distance methods. Based on the numbsnafs the of the medicinal plants were
grouped to form1-4 clusters.

Key words: RAPD, Molecular marker,Genetic Diversity,relatiomstMedicinal plants

Introduction

Recent advances in molecular genetics techniquietoals over the past decade have provided
considerable impetus to research in this direcfl@thniques using molecular markers based on
DNA polymorphism are coming up at a rapid rate. M@l plants are a living and irreparable
resource, exhaustible if overused and sustainfbked with care and wisdom. The importance
of medicinal plants has been overlooked in the, pjestever, at present medicinal plants are
looked not only as a source of affordable healtk bat also as a source of income. Around
70,000 plant species, from lichens to flowering$rbave been used for medicinal purposes.
Many species are used in herbal medicines ancei$ insunrefined or semi-processed form,
often as mixtures, which may also contain non-botdrngredient.Medicinal plants play a
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crucial role in the lives of rural people, in remgtarts of developing countries with limited
facilities for health care (Purohit and Prajap2fi03). Medicinal plants have curative properties
due to complex chemical substances of differentpmsition, found as secondary plant
metabolites in one or more parts of these plarite.lant metabolites, according to their
composition, are grouped as alkaloids, glycosidegjcosteroids, and essential oils and so on. A
few species are the sources of defined compouretsinghe pharmaceutical industry. There is
international trade in medicinal plants used irbaémedicine and in the manufacture of
pharmaceuticals. There is also a growing interesbtaining samples of plant material and
traditional knowledge about the uses of plantsalad to explore commercial medicinal
products. The scale of international trade in mediglants is difficult to assess, because of the
paucity of reliable statistics and trade secrecglddular markers have particularly been
suggested to be useful for confirmation of genfédielity in micro propagated tree species,
where lifespan is quite long and performance ofronpropagated plants could only be
ascertained after their long juvenile stage irdfigbnditions. In India also, studies have been
conducted and research projects funded for resedrele lack of polymorphism shown through
the use of molecular markers has been used togefegtic fidelity.However, molecular marker
study of these medicinal plants was carried oypieyious researchers with sporadic reports. and
molecular marker studies in these medicinal plartdsealed a large gap, in view of the above
the present investigation was undertaken on sdrtieeanedicinal plants sudhemigraphis
colorata, Marjorana hortensis, Artemisia vulgar&itemisia pallens, Ocimum sanctum, Ocimum
basilicum, Ocimum hratissimum, Mentha piparita, Mencitrate, Mentha spicata, Acorus
calamus, Centella asiatica, Bacopa moninierii, Pifmagum, Piper nigrum, Clitoria ternatea,
Aloe vera, Stevia rebaudianidpwever the present investigation was carried auttadies on
molecular characterization using molecular RAPDrkees in some medicinal plants.

Materials and methods

The materials required and methodology of the mteserk is carried out at the Department of
Biotechnology,Acharya Institute of Technology, Katielka and Plant molecular biology
laboratory, Department of Horticulture, HulimavwRBichnology Centre, Govt of Karnataka,
Bagalore, India.The materials used and methodsviel in the study are presented here.Fresh,
young, disease free leaves of 18 medicinal plaetsigraphis colorata, Marjorana hortensis,
Artemisia vulgaris, Artemisia pallens, Ocimum santt Ocimum basilicum, Ocimum
hratissimum, Mentha piparita, Mentha citrate, Mem#picata, Acorus calamus, Centella
asiatica, Bacopa moninierii, Piper longum, Pipegnim, Clitoria ternatea, Aloe vera, Stevia
rebaudianawhich were collected from the germplasm maintaiaethe different regions of
Karnataka as medicinal plants germplasm consenvatio

DNA Extraction
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Fresh, young and disease free leaves of 18 diffenedlicinal plants were collected and
immediately kept on ice to reduce the nuclear #gtivt was brought to the laboratory,
weighed (2 gms' each), and frozen in liquid nitroged stored at -70°C till further use.
The DNA was extracted using the CTAB method (Pddebs al, 1997) with certain
modifications. 2gms of fresh medicinal plant leadtarial was ground into a fine powder
using liquid nitrogen. The powder was then transférto sterile centrifuge tubes and
12ml of extraction buffer was added, mixed thordugind incubated 65°C in a water
bath for one hour with intermittent shaking. Thbds were brought to room temperature
and centrifuged at 8000 rpm for 10 min at 4°C. $hpernatant was transferred to new
tubes, 6 ml of chloroform: isoamyl alcohol (24:1asvadded and mixed thoroughly. The
tubes were centrifuged at 8000 rpm for 10min at 49 supernatant was transferred to
new tubes and repeated the same steps twice. Thevws then precipitated by adding
half volume of 5M NaCl, equal volume of chilled pemnol and incubated at 4°C over
night. DNA was pelleted by centrifuging at 20,0@0nr for 12 min at 4°C. The pellets
were dried after adding 70% ethanol and 1ml of THdr was added to which 20 ul of
RNase was added. This was incubated at 37°C fohomeand added 300 pl of saturated
phenol. It was mixed, centrifuged at 8000rpm forrhid at 4°C. The supernatant was
transferred to another tube and repeated the samecegs by adding phenol: chloroform
and chloroform respectively. The supernatant wasatéd with equal volume of
isopropanol and incubated at 4°C for overnight. DINA was pelleted by centrifuging at
12000 rpm for 20min. The pellet was washed with ##@anol and dried. Around 300 pl
of TE buffer was added to dissolve the pellet aondesl at -20°C for further use.

Data Analysis

DNA binding patterns generated by RAPD, were sca®d1 ' for the presence of band
and '0' for its absence. All RAPD assays were peréal twice and only the reproducible
bands were scored. A similarity matrix was genefratesing a dendrogram was
constructed based on distance matrix data setspplyiag Wards method for cluster
analysis using 'STATISTICA' 5.0 computer program.

Table.1.
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polymorphism study in 18 medicinal plants.

S.No RAPD Primers Sequence (5'-3")
1 OPC -7 GTCCCFACGA
2 OPL -11 ACGATGAGCC
3 OPO - 08 GCTCCAGTGT
4 OPAH - 15 CTACAGCGAG
5 OPAM - 20 ACCAACCAGG
6 OPAN - 01 ACTCCAGGTC
7 OPAO - 01 AAGACGACGG
8 OPAP - 20 CCCGGATACA
9 OPAN - 05 GGGTGCAGTT
10 OPAP - 10 TGGGTGATCC
11 OPAA - 01 AGACGGCTCC
12 OPAB - 01 CCGTCGGTAG
13 OPAB - 05 CCCGAAGCGA
14 OPAB - 14 AAGTGCGACC
15 OPAH - 13 TGAGTCCGCA
16 OPAF - 02 CAGCCGAGAA
17 OPAJ- 19 ACAGTGGCC
18 OPX - 20 CCCAGCTAGA
19 OPA - 08 GTGACGTAGG
20 OPD - 13 GGGGTGACGA

Results
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Genomic DNA of 18 medicinal plants viHemigraphis colorata, Marjorana hortensis,
Artemisia vulgaris, Artemisia pallens, Ocimum sanct Ocimum basilicum, Ocimum
hratissimum, Mentha piparita, Mentha citrate, Mem8picata, Acorus calamus, Centella
asiatica, Bacopa moninierii, Piper longum, Pipegnim, Clitoria ternatea, Aloe vera,
Stevia rebaudiawere amplified with oligonucleotides prime@¥$D-13 revealedotal of
172 RAPD bands however, the medicinal plants suchfasemisia vulgaris, Artemisia
pallen Mentha piparita, Mentha citrate Bacopa moninieaind Stevia rebaudishave
showed 9 RAPD bands respectively. Further, oligteaicles primers OPD -13 have
showed 8-9 RAPD bands in each medicinal plant. arnhplified products were generated
by primers showing polymorphic banBgy 1 and 4. The genomic DNAwere amplified
with OPD-07 revealed @tal of 104 RAPD bandswith an averagef 6 bands perprimer
with the primer sequence of TTGGCACGGG..All the m@dicinal plants exhibited 10
RAPD bands respectively. The number and size ofatmglification products varied
depending up on the sequence of random primersraaticinal plants. The size of the
amplified products ranged from 300-5000bp with awerage of 9.5 bands per
primer.Whereas the some of the medicinal plantd agArtemisia vulgarisMentha
citrate and Piper longurhave expressed more than 10 RAPD bands. Shotig iand

5. The primer OPL-11 shown 63 RAPD bandsAn Out of these 63 RAPD bands of
the medicinal plants plant such as Acorus calamu isevealed 10 RAPD bands.
Whereas other medicinal have revealed 7-8 RAPD da@spectively as shown fig 3
and 6. The genomic DNA of medicinal plants were amplifiedh the primer sequence
OPO - 08 revealedtatal of 89 RAPD bands Out of these 89RA PD bandsindicating
both monomorphic and polymorphic character wittaeerageof 4.9 per primer.
Discussion

Almost all the cultivated and naturaly occurringdizenal plants and which are classified
under different family and species, cross pollinaith each other and produce fertile
offspring showing no signs of sexual incompatipiltharacteristic of medicinal plant
species. Genetic resources available for medigptaht improvement are abundant

within plant species. Even though a few speciemefdlicinal plants occur naturally in
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India, many cultivated medicinal plant species ol ftheir origin within the country
especially India.This fact suggests a close germetivon genetic relationship among the
medicinal plants. The present study involving 18dimi@al plants with molecular
characterization, of RAPD, analysis for furtheppaorts this viewRAPD analysis of 18
medicinal plants using Primer OPD-13The results of the present investigation on
genomic DNA of 18 medicinal plants vi-Hemigraphis colorata, Marjorana hortensis,
Artemisia vulgaris, Artemisia pallens, Ocimum santt Ocimum basilicum, Ocimum
hratissimum, Mentha piparita, Mentha citrate, Mem8picata, Acorus calamus, Centella
asiatica, Bacopa moninierii, Piper longum, Pipegnim, Clitoria ternatea, Aloe vera,
Stevia rebaudiawere amplified with oligonucleotides prime@D-13 revealedotal of
172 RAPD bands (Fig 1-4). Similar observations were recorded by Girish Narid
Dandin 2006, Souframani and Gopalakrishna, 200#il&i observations have also been
made in other species at a cultivars level (Colorabal., 1998, Banerjee et al., 1999,
Das et al.,, 1998,). RAPD analysis medicinal plants using Primer OPD-OAvere
amplified with OPD-07 revealed tatal of 104 RAPD bands. With an averagef 6
bands per primer, all the 18 medicinal plants exhibited 18H® bands respectively.
Whereas the some of the medicinal plants suchrégnisia vulgarisMentha citrate and
Piper longumhave expressed more than 10 RAPD bands per mpriageshown in Fig 2-
15. Further, a similar observation was made by Alwast al., (2004) Basha, S.D and
Sujatha, M. 2007 in mulberry and medicinal plaR8PD analysis of medicinal plants
used Primer OPL-11.1t is known from the literature that the molecutaarkers in
medicinal plants is important observations (GirNNhik and Dandin 2002, ). The
genomic DNA of 18 medicinal plants was amplifiediwihe primer sequence of OPL —
11 produced 3.5 bands paimer. A total of 63 RAPD band discrete amplifigabducts
were generated with the primer OPL — 11. Out es&h63 RAPD bands of the medicinal
plants, the medicinal plant such A&sorus calamus revealed 10 RAPD bands. OPL —
11 have revealed 7-8 RAPD bands respectively asrshofig 3-6. The Primer OPO —
08. Revealed dotal of 89 RAPD bands Out of these 89RAPD bandsindicating both

monomorphic and polymorphic characters in the mediglants like 1, 7, 8, 13, 15 and
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18, significance of cross pollination is slow irefle plants and out crossing is less as far
as population genetics are considered. This studyccordance with (Balakrishna et. al,
2000, Aswathi et. al, 2004; Suryanarayan et.al, 220CGhikkaswamy et.al, 2007
(Souframanien and Gopalakrishna (2004), Srivastaha; 2004, Vijayaret.al,), The
similar observation was made by (Colombo et.al81®as et.al, 1998;This hypothesis
has been corroborated from Plomion et al. (1998)similar observation was made by
(Colombo et.al, 1998; Das et.al, 1998 (Akito Kagal, 1996, Bennett 1987, Bennett
and Smith 1991 Similar data have been reported by (Darokar.M.P81&nd Das et.al,
1998 Das et al. 2001).The Primer OPD- 07. The data obtained in the present
investigation was similar with respect to the otleesp plants reported by (Hormaza
1995), Olive (Fabbri et al, 1995), Walnut (Neiseat, 1998) The genomic DNA of 18
medicinal plants was amplified with decamer oligdeotide primers such a8PD- 13
and is shown ifrig 1-6. The distinct and abundant RAPD fragments were cemhr The
number of bands per primer was recorded maximugi®bands. However, three bands
were recorded in plants like 1 to 18 respectiveBlants like 1 to 8 and 11 to 1-6 have
revealed nine bands respectively as shown in FegThis data are corroborated by the
findings of (Krammer et al., 1992) and (Kolleragt1993) in Apple plants. In the present
investigation revealed 1to 4 clusters indicated ¢mme flow in different medicinal plant
species belonging to different family as reportgdabStebbins in evolution of other
group of plants.
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Fig.1: Gel profile Of RAPD Primar OPD-13
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Fig.2: Gel profile Of RAPD Primar OPD-07

Fig.3: Gel profile Of RAPD Primar OPL-11
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Fig.4. Dendrogram of RAPD primer OPD- 13
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Fig.5. Dendrogram of RAPD primer OPD- 07
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Fig.6 Dendrogram of RAPD primer OPL-11
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