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ABSTRACT 

- . . -

India is the largest producer of castor. contrbuting to almost 65% of the world 

share. However, wilt caused by Fusarium oxysporom {sp ricini is the major constrain 

ror higher productioll The trolecular bases for the recognition of pathogens by plants 

outsile the purview o f gene-ror-gene systems are slill elusive. TheretOre, in the 

JKesent investigation the role of lip:n<ygemse gene aoo po lyatnin;:s was studied at 

rrolecular and biochemical level in the resistant and susceptible genotypes of castor at 
• 

o days after infuetion (DAI), 5 DAI and 10 DAI (30 days after sowing) in wilt 

pathogen infected and non infected tissues. The coostitutive levefoflipid peroxidati:>n 

producl (MDA content) was higher in susceptible geoolypes (VP-I and VI-9), while 

induced level was higher in resistant geoolypeS (48-1 and SKP-84) at both the stages 

of analysis. Polyamine profding using HPTLC showed higher spermidine and 

spermine content in resistant genol}pCS at 10 OAt Furtherrrore, spermidine was 

detected only in Ihe roots ofresistanl genotypes al 10 DAT. The lipoxygenase (WX) 

and polyamine oxidase (PAD) activities were higher in the incolTl'atible interaction at 

aU the stages of analysis. Sequencingof6 WX genes (WXl . 2, 3, 4.5 and DOX) 

were perforrnod and results showed that except WXl, all the genes had tDJre than 90 

% ileJ1ity with WX genes on NCBI·BLAST. Only WX5 protein contains 

conserved His (Histidine) res idues (positions 547, 556, and 715) that are also 

observed in other plant WXs. Expression analys is was carried out using RT-PCR 



with LOX2, 3, 4, 5 and DOX gene specific primers. Resistant genotypes (48-1 and 

SKP-84) exhibited appreciably higher expression of LOXS at 5 DAI, which is 

responsole for defense IlEchantim. n.:se results suggest the ro~ of high titers of 

polyamines. LOX and PAO in disease resistance possibly through HR induction 
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Ust of Abbreviations: 

~I 

11M 
~m 

Bp 
BSA 
BLAST 
em 
DAI 
DAS 
eTAB 
DNA 
dNTP 
EC 
EDTA 
GABA 
G 
H 
hai 
HPTLC 
M 
mega- Ill: 

• mm 
m! 
mM 
NCB! 
ng 
nm 
OD 
PCR 
ROS 
'I'm 
rRNA 
RT 
RTPCR 
S 
TBE 
TBARS 
TeA 
ThfV 
Tris 
U/g 
UV 
FAGR 
DEPC 
AOC 

MicroJilre 
Micromolar 
Micrometer 
basqur(s) 
Bovine serwn aJbwnin 
Basic local alignment search 1001 
Centimeter 
Days after infection 
Days after sowing 
Cetyl trimethylammoniwn bromide 
Deoxyribo nucleic acid 
2' -dcoxynuc Ieot ide-5 'triphosphates 
Enzyme classification 
Ethylene diamine tetra acetc acid 
y- aminobutyric acid 
Gram 
hour(s) 
hour after inoculation 
High performance Thin layer chromatography 
Mobr 
Microgram 
minute(s) 
Milliliter 
Millimole 
National cenb"<: for biotechnology infurmation 
Nanogram 
Nanometer 
Optical density 
Polymerase chain reaction 
Reactive oxygen species 
revolutions per minute 
Ribosomal Riborucleic acid 
Roo m tellip! rature 
Real Time Polymerase Chain Reaction 
second(s) 
Tris Boric acid 
Yhiobarbituri: acid reactive substar¥:e5 
Tricarboxylic acid 
Tobacco mosaic virus 
Tri. (hydroxymethyl) amino methane bumor 
Units/gram 
Uhm violet 
Forrruklehyde "l9Imsc b",1 bulTer 
Dicthyl pyrocuri>onlltc 
Arginine decarboxylase 



SAMDC 
PEG 
HCA 
PAMPs 
PRR 
Put 
Cad 
Spd 
Spm 
MJ 
ISR 
SA 
NOX 
AOs 
PAs 
ODC 
W 
w/v 
e 

. S- adeoosylmethionine decarboxylase 
Polyethylene glyeol 
Hydroxycinnamic acid 
pathoge~associated rrolecular patt.erns 
pathogen recognition receptor 
Putrescine 
Cadaverine 
Spermidine 
Spermine 
Methyl jasrronate 
Induced systemic resistance 
Salicylic Acid 
NADPH oxidase 
Amine oxidases 
Polyamine. 
Ornithine decarboxylase 
Watt 
we ight/vo lurne 
Enzyrre coefficient 

________ C" . ~ • 

Net. : The full furms of several rarely used abbreviations have been described within 

the text . 
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I. INTRODUCTION 

Castor (Ricinus communis L.) ~ the irklustrially important non edible oilseed 

crop bebngs to family Ephorbiaceae with cIYomosorre number 2TF-20. The nBjor castor 

growing countries are India, China and Brazil and Russia. India ranks first with respect 

to area and second with respect to productivity. Total area under castor crop in Irdia fOr 

the year 2009-10 is 7.40 Ialch hectares with estimated total prod"'tion of 9.34 Ialch 

tonnes (Nielsen India estimates). In lrdia Gujarat is leading castor growing state, which 
• 

produces 82 percent of total producton in India. The major castor growing states in I fdia 

are Gujara~ Rajasthan. Andhra Pradesh, Karnataka , Orissa and Tamil Nadu. Castor crop 

is affected by several biotic and a biotic stresses, which affect successful and profitable 

cultivation of the crop. Among them, diseases play an important role to cause severe 

yield losses. Castor wilt (Fusarium oxysporum { sp. ricim). is a serious problem in 

Gujarat state and causes heavy losses. Up to 80 per cent wilt incideoce was reported in 

North Gujarat (Patel el al., 2003). Monocropping has been fullowed due to its high 

economical return. which resulted to the endemic developrrent of wilt and wilt has 

becorre a limiting fuctor fur castor cultivation in the state (Dange el al., 1997). 

Cultivars resistant to this fungus are the most practical way to control thfi 

disease. Both compatible and incol11'atible responses induce alterations in plant 

metabolism; only in the latter the plant is able to efficiently block pathogen penetration 

without suffering excessive damage. 

The molecular bases for the recogniion of pathogens by plants outside the 

purview of gene-far-gene systems are still elusive. Plants usually recognize pathogen­

associated trolecuhr panern< (PAMPs) in the furm of chitin. giucan fragrrents or 

pathogen recognition receptor (PRR) proteins. After pathogen recognition. a multitude of 

plant resistaoce-associated reactions are initiated. such as ion fluxes across plant 

menbranes, the generation of reactive oxygen species (ROS), pho'l'horylation of 

specific proteins. activation of cell wall strengthening enzymes, transcriptional activation 

of several delCnse related genes, ind",t.,n of ph)loalexins. localized cell death at 

infection sites (HR response), and induction of systemic acquired resistance in distal 

•• 
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plant organs (Gupta etJ1I.JQIQ) .. Hypersensitive cell death appears to rot be the result of -.-
the direct action of re~ased pathogenic mctors but is rat~r under the geB!tic control of 

the host 

One ultimate characteristic ofHR is the loss ofmerrbrane integrity, and thus 

HR is often characterized by an associated electrolyte leakage and lipid peroxidation 

accol11lanied by the enzyme lipoxygenase (LOX). InitiatKln of HR mermrane damage 

by LOXs has been suggested as an alternative hypot~is to free radk:al actDn, and the 

process might be propagated by autoxidation (Rusterucci e/ al .. 1999). Oxylipins and 

other products of lipoxygenase play diverse roles in plant biology as signal rrolecules for 

expressDn of defense related genes or as antimicrobial c0rllloums (Marmey el al., 

2007). LOX gene expression was investigated in several plant-»>tbogen imeractions and 

LOX trallScripts were shown to accumulate in rice plants upon inoculation with the 

fungus M. grwea (peng e/ al .• 1994). and in the tobacco- Phytophthora parasitica 

lJicotianae interaction (Veronesi el. ai., 1996 r 
In addition, polyamine catabolism also contrbute to defense responses 

through two reaction products: y- aminobutyric acid (GABA). an important metabolite. 

largely and rapidly produced in re'-ponse to biotic and abiotic stresses (Cona e/ al .. 2006) 

and the reactive oxygen species, H202. which has a long been recognized to playa key 
• 

role in defunse (Gechev e/ al .• 2006). H,O, "a mediaur of several phys iological events 

such as programmed cell death, Iignifications and wall stiffening. It has been suggested 

that PAO t; important in producing H20 2 in vivo in the above mentioned events, during 

cell growth and differentiation and host-pathogen internction (Cervelli et al .. 2001). To 

cope with various stress cotxiitions. the expression of stress- associated genes leading to 

the fOrmation of a wide variety of low molecular weight metaholites like mannito~ 

proline, glycine betaine and polyamines are a~o implicated Tn recent pasqXJlyamines 

conside~d as antioxidant trolecule and inhibit lipid peroxidation in rat liver microsomes 
. . . _. . 

and in phospholipid vesicles. Polyamines have al<o been reported as direct free rndical 

scavengers or to function as scavengers by interacting with other mok:cules (Benavides 

e/ al .• 2000). In genernl polyamine metabolism has long been known to distort in platll 

cell< responding to insightful changes in plants interncting with fungal and viral 

pathogens (Walters. 2003). The correlation between lipoxygenase and polyamines at 

• 
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m:>lecular and biochemical level is still unclear in Castor plants during disease 

corditcns. Therefore, present investigation i'> planned to understand tl-e role of 

lipoxygenase and polyamines with tOUowing objectives. 

I. To study the expression of lipoxygenase gene during host~ pathogen intcractiort 

2. To access lipoxygeoase enzymes aM polyamines during host· pathogen interactiJn. 

3. To establish correlation between lipoxygenase and polyamines during host· pathogen 

interaction 

• 
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II. REVIEW OF LITERATURE 

2. The castor plant: 

Although commonly referred to as a "bean/ ' castor is not a legume, It belongs to 

family Ephorbiaceae and the chromosome number of castor is 2n==20. The plant haii also 

been called the "castor oil plant." Castor oil, one of the oldest commercial products, was 

used in lamps by the Egyptians more than 4,000 years ago, and seeds have been found in 

their ancient tombs. Castor is considered by most authorities to be native to tropical 

Africa, and may have originated in Abyssinia (Weiss. 1971). Castor was in production as 

early as the mid·1850s in the central part of the United States, and over twenty ,hree 

crushing mills reportedly were operational at that time (Zimmerman, 1958). 

2.1 Uses: 

Production of castor (Ricinus communis L., Euphorbiaceae) is needed in the 

United States to supply castor oil for the hundreds of products using this versatile 

chemurgic raw material. Forty to forty five thousand tonnes of castor oil and derivatives 

are imported each year (Roetheli el al .• 1991) to supply the entire needs of our domestic 

industries. The United States is the largest importer and consumer of castor oil in the 

world. 

In the United States, castor oil has been used by the military in aircraft lubricants, 

hydraulic fluids , and in the manufacture of explosives. It has also been used in the 

synthesis of soaps, linoleum, printers ink, nylon. varnishes, enamels, paints. and 

electrical insulations. Textile scientists have used sulphonated castor oil in the dyeing 

and finishing of fabrics and leather. The most infamous application of castor oil may 

have been as a purgative popular for the treatment or prevention of many ailments in the 

first half of the twentieth century (Oplinger el al .• 1990). 

2.2 Floral biology: 

Flowers occur most of the year in dense tenninal clusters (inflorescences). with 

female flowers just above the male flowers. The upper spiny balls (ov"'"!es) with red, 
• 
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star-shaped stigmas are the female flowers. The lower male buds open into whitish­

yellow clusters of stamens. The wind-pollinated flowers have no petals. 

The flowers of castor bean are borne near the top of the plant in panicles. But 

lacking petals they are not especially noteworthy. As the seed mature, the three-celled, 

spiny capsules tum bright red on foot long panicles and make an interesting distraction to 

the bold foliage (Gerald, 2002). 

Table 2.1: Proximate composition of Castor Seed. 

The proximate physico-chemical composition of castor seed is as foHows 

(Lakshminarayana ef at., 1984). 

Sr.No. Characters Content 

I 100·seed weight 15.2-30.2 g 

2 lOO-seed volume 15.0-32.5 ml 

3 Kernel 64-75% 

4 Oil 46.0-51.8% 

5 Protein 17.1- 24.4% 

6 Crude fiber 18.2-26.5%, 

7 Ash 2.1-3.4% 

8 Oil characteristics, acid value 1.0-2.9 

9 Saponification value 176.2-183.7 

10 Iodine value 81.4-88.1 

11 Hydroxyl value 159.2-167.1 

12 Ricinoleic acid content varied from 87.4% to 90.4% 

2.3 WILT: 

In India, castor wilt was recorded for the first time in 1974 from Udaipur 

(Rajasthan) by Nanda and Prasad (1974) and causal organism was established as 

Fusarium oxysporom f. sp. ricini. The pathogenicity was proved by soil inoculation 

around the roots of 4 to 6 weeks old castor seedlings. They observed wilt symptoms after 

10 days of inoculation and plants died seven days later. They also described the 

symptoms on leaves as yellowing, sickly appearance and marginal necrosis. which later 

• 
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advance to interveinal areas and cover them completely. Leaves shrivel and first lower 

leaves drop down leaving few top leaves, which is followed by irreversible wilting of the 

plant leading to sudden death. Transverse and longitudinal section of the affected roots 

revealed presence of fungus in vascular tissue and in xylem parenchyma. Fonnation of 

tyloses was also observed in infected roots. Plants were susceptible at all growth stages. 

However, disease generally appears in the months of October to November, when the 

crop is about three to four months old and become more prominent during February to 

March when the crop is in seed fonnation stage. Initially the disease generally appears in 

patches in the field. 

Andreeva (1979) from Krasnodar, U.S.S.R., reported occurrence of wilt of castor 

and causal organism was identified as Fusarium oxysporum f. sp. ricini based on the 

morphological characters and narrow host specialization. The disease was later recorded 

from Gujarat state during 1980-81 from Sardarkrushinagar (DOR, 1981). 

2.4 BIOCHEMICAL BASIS OF DISEASE RESISTANCE: 

Plants have developed elaborate mechanisms to defend themselves against attack 

by pathogens. Only a small number of pathogens are able to provoke disease in a certain 

species or cultivar . (compatible response), whereas most potential aggressors are 

recognized and blocked in their penetration by plant defenses (incompatible response). 

Plants possess physical barriers, such as the cuticle and cell wall and a number of 

biochemical and molecular mechanisms to counteract pathogen attacks. 

2.4.1 ENZYME ACTMTY: 

2.4.1.1 Enzymes related 10 reactive oxygen species (ROS) generation 

The production of reactive oxygen species (ROS) is a key event in HR. Several 

enzymatic systems have been proposed to be responsible for the oxidative burst 

characterizing HR (Gara ef al., 2003). Reactive oxygen species (ROS) are versatile 

molecules mediating a variety of cellular responses in plant cells, including programmed 

cell death (PCD), development, gravitropism, and hormone signaling (Kwak ef al., 

2006). Upon recognition of pathogens, plants activate a battery of defense responses, 

including the oxidative burst, the hypersensitive response (HR), cell wall fortification, . 
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function as signaling molecules to activate plant defense response~ (Tenhakcn et al .. 

1995). During the defense response in plant cells, ROS can inhibit pathogens by 

strengthening host cell walls via the oxidative cross-linking of giycoproteins, such as the 

Pro·rich protein (Bradley el al .. 1992), or by directly killing pathogens (Levine 01 al., 

1994). 

2.4.1.2 Lipoxygenase Enzyme (LOX linole.te: oxygen oxidoreductase, EC 

1.13.\ 1.12): 

Lipoxygenase plays a role in the membrane degradation observed during 

senescence, wounding and the hypersensitive response to pathogen attack or upon 

treatment of plant and cell cultures with elicitors (Skorzynska·polit and Krupa, 2003) . 
• 

Some product of LOX metabolism is required to induce the HR, which is a pathogen-

induced cell death process at the site of infection in an incompatible interaction that 

limits pathogen growth. The HR is characterized by the loss of membrane integrity and 

closely related to the generation of lipid peroxides and active oxygen species. It has been 

postulated that LOX mediated lipid oxidation is important in causing membrane damage 

during the HR (Porta and Rocha-Sosa, 2002). The increase in H,O, level may cause 

pathogen destruction or is involved as a second messenger in the systemic signal network 

of plant cells (Alvarez el al., 1998). 

The hydroperoxy polyunsaturated fatty acids, synthesized by the action of various 

highly specialized forms of lipoxygenases, are substrate of at least seven different 

enzyme families. Signaling compounds such as jasmonates, antimicrobial and antifungal 

compounds such as leaf aldehydes or divinyl ethers and a plant specific blend of volatiles 

• • 
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including leaf alcohols are among numerous products (Feussner and Wastemack, 2002). 

They are involved in diverse processes of plant growth and development. 

Increased lipoxygenase activity has been reported in dicots and monocots after 

infection with pathogenic microorganisms and viruses e.g., in tobacco infected with 

tobacco mosaic virus (Ruzicska et al .. 1983), in potato infected with Rhizoctonia soloni 

(Reddy et al .. 1992), in tomato infected with powdery mildew (Kato et al .. 1992), in 

Pseudomonas syringae - inoculated bean (Croft et al.,1990), tomato (Koch et al .. 1992) 

and Arabidopsis thaliana (Metan et al., 1993), in wheat infected with Puccinia graminis 

(Ocampo el al .. 1986) and in rice infected with Manaporlhe griesea (Ohta el al .. 1991). 

In most cases, a correlation between induction of LOX activity and resistance of the 

plant has been shown (Devi et al., 2000). Rusterucci et al., (1999) investigated lipid 

peroxidation in relation with the hypersensitive reaction in cryptogein-elicited tobacco 

leaves. A massive production of free polyunsaturated fatty acid (PUFA) hydroperoxides 

dependent on a 9-lipoxygenase (LOX) activity was observed during the development of 

leaf necrosis. The process occurred after a lag phase of 12 h, was accompanied by the 

concomitant increase of 9-LOX activity, and preceded by a transient accumulation of 

LOX transcripts. Lipoxygenase (LOX) activity was measured. in gCtlllinating pigeon pea 

Cajanus cajan seedlings, resistant (lCP-8863) and susceptible (lCP-2376) to wilt fungus, 

before and after infection with Fusarium udum. LOX activity was significantly higher in 

the resistant than in the susceptible cultivars of pigeon pea and was enhanced further in 

response to infection with Fusarium udllm (Devi et al., 2000). 

Lipoxygcnase (LOX) activity in seedlings of pearl millet genotypes resistant and 

susceptible to downy mildew pathogen Sclerospora graminicola was recorded. An 

increase in LOX activity was observed during the incompatible host-pathogen interaction 

whereas the activity decreased in compatible ones. Resistant pearl millet seedlings 

exhibited a 2.4-fold increase in LOX activity after inoculation wit!. the pathogen. The 

enzyme activity was maximum at 18 h after inoculation. The enzyme activity was 

maximum in shoot portion of resistant genotype after inoculation (Babitha et aI. , 2006). 

The lipoxygenase activity was characterize in pigeonpea for response to Fusarium udllm 

infection with four known resistant genotypes, viz. ICP 87119, ICP 8863, BON 2 and . , 

BSMR 736 have shown consistently higher lipoxygenase (LOX) activity in comparison 

, 
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to susceptible genotypes viz. Bahar and TIB 7 (Mandai and Sinha, 2009). Mariutto et 

al .. (2011) analyzed the activities of phenylalanine ammonia-lyase (PAL) and 

lipoxygenase (LOX), key enzymes of the phenylpropanoid and oxylipin pathways 

respectively. in tomato treated or not with Pseudomonas putida BTPl .The bacterial 

treatment did not stimulate PAL activity and linoleate·consuming LOX activities. 

Linolenate-consuming LOX activity. on the contrary, was significantly stimulated in P. 

pUlida BTPI-inoculated plants before and two days after infection by the fungal 

pathogen Botrytis cinereaon causing gray mold disease of leaves. 1bis stimulation is due 

to the increase of transcription level of two isofonns of LOX: TomLoxD and TomLoxF, 

a newly identified LOX gene. They showed that recombinant TomLOXF preferentially 

consumes linolenic acid and produces I3-derivative of fatty acids. After challenging with 

B. cinerea, the increase of transcription of these two LOX genes and higher linolenic 

acid-consuming LOX activity were associated with a more rapid accumulation of free 

13-hydroperoxy-octadecatrienoic and 13-hydroxy-octadecatrienoic acids, two antifungal 

oxylipins, in bacterized plants. 

2.4.1.3 Polyamine oxidase (PAO) EC 1.5.3.3 

The best-known enzyme that catabolizes higher polyamine (Pas), generating 
• 

hydrogen peroxide (H20 2) and reducing intracellular PA titers, is polyamine oxidase. 

PAOs are localized to peroxisomes and in the apoplast (Moscholl et at.. 2008). Resulting 

H2Ch plays a role in mediating a complex array of defense responses to microbial 

pathogens. FurtheIlllore, polyamine derived H202 has been implicated in cell-wall 

maturation and lignification during development as well as in _ w~und·healing and cell· 

wall reinforcement during pathogen invasion (Takahashi and lun-Ichi , 2010). 

Increased activities of copper·containing amine oxidases or polyamine oxidases 

were reported in barley (Hordeum vulgare) seedlings during HR in response to powdery 

mildew (Cowley and Walters, 2002). Using Tobacco (Nicotiana tabacum) mosaic virus 

(TMV) and intact tobacco cultivars carrying the resistant (N) gene, Yoda et 01 .. (2003) 

demonstrated that polyamines are indeed one of the sources of hydrogen peroxide during 

HR. Upon HR induction, polyamines accumulate in apopl.sts of tobacco cell and are 

degraded by polyamines oxidase. Mosohou et 01 .. (2009) reported increased PAO gene 

• 
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and corresponding PAO enzyme activities in wild-type tobacco (Nicotiana tabacum 

'Xanfhi') plants, infected by the compatible pathogen Pseudomonas syringae pv tahaci. 

polyamine homeostasis was maintained by induction of the arginine decarboxylase 

pathway and spellJline was excreted into the apoplast, where it was oxidized by the 

enhanced apopiastic PAO, resulting in higher hydrogen peroxide accumulation. 

Moreover, plants overexpressing PAO showed pre-induced disease tolerance agaim~t the 

biotrophic bacterium P. syringae pv tabaci and the hemibiotrophic oomycete 

Phytophthora parasitica var nicotianae. 

2.5 METABOLITES CONSTITUENT: 

2.5.1 Malondialdehyde (MDA), a lipid pcroxidation product: 

Toxic active oxygen species detennine metabolic alterations in cellular 

membrane systems as a consequence of the peroxidation of the lipid layer of the 

membrane. Lipid peroxidation is the symptom most easily ascribed to oxidative damage . 
• 

It occurs via initiation, propagation and telillination reactions, in which activated oxygen - . .. . _ . 
• • • 

transitional metals, and lipid hydropero~ides ;rre invoJved. MDA, a breakdown product . . . , . -
• • • 

of lipid peroxidatiqn, is the most widely measured indicator of oxidative shess, (Zhang 
• 

and Kirkham, 1996) . .oxidative stress induces the degradation of a variety of biologically 

important molecules such as amino acids, proteins and carbohydrates, with the 

consequent release of malon dial de hyde (Costa ef at., 2002). 

Malondialdehyde in rice leaves increased after inoculation by Magnaporthe 

grisea. The rate of lipid peroxidation in the incompatible interaction increased 

progressively during the first 5 days after inoculation. While, lipid peroxidation in the 

compatible interaction increased at lower rate (Ge Xiu Chan ef at., 1998). 

Antioxidant enzymes and lipid peroxidation were detennined in roots and stems 

of Fusarium wilt resistant (WR 315) and susceptible (JG 62) genotypes of chickpea. In 

roots, infection by the pathogen increased lipid peroxidation and catalase and superoxide 

dismutase activities, although such responses occurred in the incompatible compared 

with the compatible interactions. In stems, infection by the pathogen increased lipid 

peroxidation in the compatible interaction (Garcia-Limones ef at., 2002). 
• • 
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Polkowska-Kowalczyk el al .. (2004) observed increased lipid peroxidation only 

in the Phylophthora infestans resistant Solanum nigromj genotype. The increase in lipid 

peroxidation in S. nigrum leaves was coincided with enhanced LOX activity. 

Mandai el al .. (2008) perfonned an experiment to study the responses of tomato 

(Solanum /ycopersicum L.) against the invading necrotrophic pathogen Fusarium 

oxysporum f. sp. Iycopersici. They found 2.6 times higher concentration of hydlOgen 

peroxide (H,O,) at 24 h post-inoculation (hpi) and 4.4 times higher content of lipid 

peroxidation at 72 hpi in the extracts of inoculated roots than in the control. 

Dubey el al .. (2010) reported higher content of GSH in a leaves of downy 

mildew resistant genotype (Pps-I) of opium poppy at 12 h after inoculation (hai) but a 

transient and highly significant decrease in content of aSH and increase in content of 

MDA was observed at 24 hai in comparison to control plants of same genotype and also 

in comparison to inoculated plants of susceptible genotype (lawahar-16). 

Lipid peroxidation product (malondialdehyde content) was recorded higher in 

compatible interaction with downy mildew pathogen at pre-infection stage while it was 

increased in incompatible interaction at post-infection stage in pearl millet leaves 

(Mahatma el al .• 2011) . 
• 

2.S.2 Polyamine, Profiling 

Polyamines such as Put, Cad, Spd, and Spm are synthesized in almost all 

biological systems, including higher plants and their possible role in various growth and 

physiological processes in plants, microbial, and animal systems has been deduced ITom 

exogenous application of poJyamines as well as from changes in their endogenous 

biosynthesis and content. Polyamines have been implicated in a variety of plant growth 

and developmental processes involving cell proliferation and differentiation, 

morphogenesis, development and stress tolerance. Additionally, there is accumulating 

evidence that infections of various pathogenic fungi and viruses bring about dynamic 

changes in polyamine metabolism not only in the infected cells but also in other regions 

of the host plants (Terakado-Tonooka and Fujihara, 2008). 

• • 
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Greenland and Lewis, (1984) were the first to show that polyamine levels are 

altered by pathogen infection. Using barley infected with the biotrophic fungal pathogen 

puccinia hordei, they found that rust infection resulted in an increase in the con­

centrations of spennidine to levels six to seven times that in healthy leaf tissue. 

Walters et al .. (1985) showed that the concentrations of putrescine, spcllnidine 

and spennine increased in barley leaves infected by the powdery mildew fungus 

Blumeria graminis f. sp. hordei. In work on the interaction between sugarcane and the 

smut fungus Uslilago scitaminea, Legaz et al., (1998) showed that in infected leaves, 

there was a decrease in the concentrations of free and conjugated forms of putrescine and 

SPCllllidine, and an increase in free and conjugated fonns of speililine. 

The concentrations of the free polyamines putrescine/agmatine (Put! Agm), 

spennidine (Spd), and spermine (Spm)were determined in three near-isogenic lines of 

the wheat cultivar Prelude differing in their resistance to the wheat stem rust fungus, 

Puccinia graminis f. sp. trifid (Pgt) race 32, over entire infection cycles. in highly 

resistant wheat plants, no changes in polyamine contents were detected. In moderately 

resistant and fully susceptible plants, Spm concentrations remained unchanged, while 

Put! Agm contents were increased over control plants between 3 and 7 days after 
. 

inoculation. Spd concentrations in both interactions started to rise 3 days after 

inoculation, reaching a maximum at day 6 then declining in susceptible plants 

(Machatschke el a/., 1990). 

Kuznetsov and shevyakova, (2007) reported that the level of free put, spd and 

spm and their conjugates increased markedly on the 4,h day after treatment with methyl 

jasmonate in the barley leaves, which was accompanied by increased resistance to 

powdery mildew and also Polyamines increase survival of various plants under salt 

stress, chilling stress, osmotic, acidic stresses, radiation-induced oxidative stress and 

other stresses. A key polyamine biosynthetic gene arginine decarboxylase, adc under the 

control of a constitutive promoter of cauliflower mosaic virus, CaMV35S was transfer 

eggplant through Agrobacterium-mediated transfonnation. Polyamine-accumulating 

transgenic plants exhibited an increased tolerance levels to multiple abiotic stresses such 

• 
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as salinity, drought, low and high temperature) and heavy·metal and resistance against 

fungal wilt disease caused by Fusarium oxysporium. ( Prabhavathi and Rajam, 2007). 

The barley leaves were infected with fungal pathogen Puccinia hordei. which 

surround the infection sites of rust and powdery mildew fungi, Spd level in this tissue 

were enhanced 6-7 fold compared to healthy control. The barley was infected by 

powdery mildew fungus Blumeria graminis f. sp. Horde; and observed change of 

polyamines content was concomitant with increased activities of ADC, ODe and 

SAM DC, also in wheat leaves infected with black stem rust and observed increased free 

• and conjugated Put and Spd levels, as welt as enhanced ADC and ODC activities (Xiao­

Ming Pang el al., 2007). 

2.6 MOLECULAR BASIS OF DISEASE RESISTANCE: 

A cDNA clone of tobacco (Nicoliana ,abacum L.) lipoxygenase (LOX) was used 

to study LOX gene expression in tobacco cell-suspension cultures and intact plants in 

response to infection with phytophthora parasitica nicotianae (Ppn) . Southern blot 

analysis of tobacco DNA indicated that only a small number of LOX genes hybridize to 

this probe. These genes were not constitutively expressed to a detectable level in control 

cells and healthy plants. In contrast, a rapid and transient accumulation of transcripts 
• 

occurred in cells and plants after treatment with elicitor and inoculation with zoospores 

of Ppn. respectively. In the infection assays, LOX gene expression and enzyme activity 

were observed earlier when the plants carried a resistance gene against the race of Ppn 

used for inoculation. (Veronesi el aI., 1996). Induction of genes coding for 9-LOX were 

also shown on other plant-pathogen interactions. The POTLX-3 was induced during the 

HR of Solanum luberosum with Phylaphlhara in/eslans (Kolomiets el al., 2000). 

Marmey e/ al .. (2007) reported that hypersensitive reaction (HR) cell death of cotton to 

the incompatible race 18 from Xanthomonas campestn"s pv malvacearum (Xcm) is 

associated with 9S-lipoxygenase activity (LOX) responsible for lipid peroxidation. The 

cloning and the sequencing of of cotton (Gossypium hirsulum L.) LOX gene (GhLOXI) 

revealed that GhLOX I was found to be highly expressed during Xcm induced HR. 

Sequence analysis showed that GhLOXI is a putative 9-LOX, and GhLOXI promoter 

contains SA and JA responsive elements patterns in the corresponding immWle and 
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susceptible reactions. The study of differentially expressed defense-related that no single 

gene was up regulated at every time point of post-inoculation, classes of genes encoding 

oxidizing enzymes, such as Jipoxygenases and peroxidases, were up regulated at all time 

points i.e.l, 6,12,24,48 h post-inoculation (Choi et al .. 2008). Oliver €I al. , (2009) 

reported that Pythium irregulare and Pylhium debaryanum infection trigger the 

expression of CHS, PALand LOX genes, and a slight induction of PR-I expression in the 

moss (Physcomilre/Ja patens) tissues. LOX transcript accumulation stans at 2 h 

increasing up to 6-8 h after inoculation. P. patens activated multiple responses against 

Pylh;um irreguJare and Pythium debaryanum, including the reinforcement of the cell 

wall. 

Lipoxygenases (LOXs) are crucial for lipid peroxidation processes during plant 

defense responses to pathogen infection. A pepper (Capsicum annullm) 9-LOX gene, 

CaLOXI, which encodes a 9-specific lipoxygenase, was isolated from pepper leaves. 

Recombinant CaLOXI protein expressed in Escherichia coli catalyzed the 

hydroperoxidation of linoleic acid. Expression of CaLOXI was differentially induced in 

pepper leaves not only during Xanthomonas campestris pv vesicatoria (Xcv) infection 

but also after exposure to abiotic elicitors. Transient expression of CaLOXI in pepper 

leaves induced the cell death phenotype and defense responses. CaLOX I-silenced pepper 

plants were more susceptible to Xcv and Collelolriclzum coccodes infection. which was 

accompanied by reduced expression of defense-related genes, lowered lipid peroxidarion, 

as well as decreased reactive oxygen species and lowered salicylic acid accwnulation. 

Infection with Xcv, especially in an incompatible interaction, rapidly stimulated LOX 

activity in unsilenced, but not CaLOXI-silenced, pepper leaves (Hwang and Hwang, 

2010). 

• • 
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m. MATERIALS AND METHODS 

The present. investi~tion on "Characterization of LOX gene and. 

polyamines in Castor (Ricinus communis L.) during wilt pathogen interaction" was 

conducted at the Department of Bioteclmology, Navsari Agricultural University. 

Navsari. 

3.1 EXPERIMENTAL MATERIAL 

The investigation wa~ carried out ming the castor genotypes. The seeds of 

two resistaoce genol}1lCS (SKP-84, 4S-1) and two susceptible geoot}lles (VP-I, V1-9) 10 

castor wilt were procured from the Main Castor and Mustard Research Station, Sardar 

Patel Dantiwada Agricultural University. Sardar Krushinagar, Dantiwada. 

3.1.1 LABORATORY WARE 

All the g1asswares required were obtained !rom Coming, Borosil and 

Schott Duran. the disposable plastic wares (centrifuge tubes, PCR tubes, micro tips, etc.) 

!rom Tarsons Ltd, Axygen and Eppendorf 

3.1.2 CHEMICALS 

AU the chemicals used were of analytical reagent grdde/molecular grade 

and were obtained fi"om Sisco Research Lab. (SRL), LOBA Chemicals, Sig"", H~ 

Media, B-Merck, Qualigens, Bangahre Genei, Fermentas and QIAGEN. 

3.2 PREPRATION OF FUNGAL SUSPENTION AND RAISING OF 

CASTOR CROP 

3.2.1 Isolation of Fusarium oxysporium f. sp. ricini and preparation of 

suspensioo: 

The Fusarium oxysporium ( sp. Ricini was isolated &om the root of 

castor susceptible genotype (vp·l). Few spores from infected root were mixed in 

sterilized Milli-Q water to prepare spore suspension The prepared homogenous spore 

suspension (6 drops) was then Intnsferred with a sterilized pipette, onto the centre of the 

agar plate and carefully spre.ded on the plate. The unsealed plate was incubated at 25 'C 
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fOr 12~24 hours. The unsealed plate allows som: of the swface water to dry out. The 

spores were checked within 12 hall'S and then every 24 holl's to establish germination. 

Once the spores have germinated a sterilized needle was used to pick up a sman pi::ce of 

agar containing a spore. In order to establish that the spore is the one desired, and 

maintain quality contro~ a slide was prepared and examined under the c01'T1'ound 

microscope. Ten germinated spores were tran.o;;ferred aOO distributed evenly onto two 

PDA plates and incubated at 25 0 C Wltil their cok.lRY diarreter were about I to 2 em A 

small piece of mycelium with agar was then transferred to another PDA plate and the 

culture was checked after rew days, if there is no contamination, a pure culture has been 

obtained. Th~ pure culture was again used to inrect susceptible genotype (VP-I and VI-

9) to prove Koch's postulates. After that culttre was stored on the potato dextrose broth 

al4' C (Choi ef aI., 1999). 

The spore suspension of Fusarium oxysporium f. sp. Ricin; was prepared 

from 7-day-okl cuhure grown on potato dextrose broth and diluted to concentration 

approximately 6.5 X 10' spores/m!. 

3,2.2 Tray somng 

Castor genotypes were raised in tray at Department of Biotechnology, N. 

M. College of Agr;;ulture, N. A. U, Navsari. Only fine sterilized sand was used lOr 

sowing of seeds of castor genotypes. Seeds were sown on the surface of the sand and 

then covered with a 2 cm layer of sand. Twenty plants in each tray (90 x 60 xl5 em) 

were kept 20 days after geTmination. The crop was well inigated regularly to avoMi any 

physiobgical stress and to maintain high relative humidity condition. Highly susceptible 

genotypes VP-I, VJ-9 and resistant genotypes SKP-84, 48-1 were sown in individual 

trays. 

3,2.3 Pol transplanting: 

To collect leaf samples for biochemical and IDJlecular analysis. Plants (20 

days old) of all the four genotypes were infected with Fusarium oxysporium ( sp. ricini 

by mechanical method. Plants were pulled out gently from the sand and roots were 

washed with distilled water and roots from terminal sites about ) .. 2 em were slotted out 

and injured roots of castor seedlings were dipped in I xlO·6 fungal suspension for 10-15 

• 
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min. while for control treatment the injured roots were dipped in distilled water and 

transplant in fresh sterilized pot containing sterilized soil and sand in 1:1 ratio. 

3.3 BIOCHEMICAL CHARACTERS 

All biochemical panurctc~ were anatyzcd at tlttc stages: (~ pre­

infection [20 days after sowing (OAS)] and (ii) post-inrection [5 and 10 days after 

infection (OAI) Le. 30 OAS]. 

Fresh leaf sa"1'les for biochemical and rrolecunr analysis at aU stages 

were collected from second upper leaf. The lateral roots were collected only at two stage 

(0 and 10 OAf) to remain same plant fur sampling at all three stage (0,5 and 10 OAl). 

Fresh leaves and roots were washed twice with tap water and then with Milli-Q water. 

Infected and uninfected leaves without mid rib were analyzed in triplicate for tbllowing 

biochemical estimation: 

3.3.1 

3.3.1.1 

3.3.1.2 

3.4 

Determination of enzymes 

Enzyme related to reactive oxygen species (ROS) generation: 

(~ Lipoxygenase (LOX) 

(ii) Polyamine oxidase (PAD) 

. 
MetaboUles constituents: 

(0 MDA (Malondialdebjde) content 

(ii) Polyamines profiling 

MOLECULAR CHARACTERIZATION: 

(i) RNA extraction from leaves at regular intervals wth and witho.Ul 

infection with fusariwn wilts pathogen 

(ii) eDNA synthesis 

(iii) Isolation of key genes of LOX 

(iv) Sequencingofgenes 

(v) Expression analys i'l of gene(s) w;ing Real Time peR 
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The detail methods app lied for various biochemical and molecular param:ters are 

given below with appropriate headings: 

3.5 Deler,qnat ion of enzymes: 

3.5.1 Enzyme related to ROS generation 

(I) DelErmination of Lipoxygena.e (LOX) activity: (EC \.13.11.12) 

Enzyme extraction: The leaves (0.2 g) were horrogenized with 2 ml of 

0.2 M sodium phosphate buffer (PH 6.5) using a pre-chilled mortar and pestle. The 

honngenate was centrifuged at 10,000 x g for 20 min at 4°C. The supernatant was lLSed 

as the enzyme source (Mahatma ef aI., 2011). 

Preparation of Subotarte: Stock solutions of 10 mM MBTH and 5 

mlYml hemoglobin (iOOX their final concentrations) were made by dissolving the 

reagents in water. A solution containing 20 mM DMAB and 100 mM phcsphate buffer 

was prepared by dissolving 330 mg DMAB in 5 mI ofl N HCI. This was then diluted to 

about 80 mI with water and 1.42 g ofNa,HPO, was added. The pH was adjusted to 6.0 

with Hel and the volume brought to 100 ml with water. A 25 mM stock solution was 

prepared by adding 155 ~ (140 mg) of linoleic acid and 257 ~I (280 rng) oftwee ... 20 to 

5 mlofwater. The mixture was emulsified by drawing back and forth in a Pastcw- pipette 

and then clarified by adding 0.6 ml of I N NaOH then after dilution to the final volume 

of20 m!. 

Assay: This allowed ror a simplified standard assay procedure using two 

working solutions prepared from the stock soiutx)tls deserbed above. Soluti:>n A was 

prepared by mixing 10 ml of the 20 mM DMAB, 100 mM phosphate buffer solution (PH 

6), 0.4 ml of the 25 mM linoleic acid stock, and 9.6 mL of water. Solution B was 

prepared by mixing 0.4 ml of 10 mM MBTH, 0.4 mI of 5 mglml hemoglobin, and 19.2 

mI water. For the standard two-step assay, the sample, in a volume of80 to 100 ~ was 

incubated with 4.0 ml of solution A. After incubation fur the specified allDunt of time 

(generally 7 min), 4.0 rnl of solution B was added. After an additional 7 min. 1.9 ml of 

1% (w/v) sodium Iauryl sulfate was added to terminate the reaction. Absorbance at 598 

nm was then determined (Anthon ef al., 2001) . 

• 
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(2) Polyamine oxidase: 

Enzyme extraction: The leaves (0.1 g) were holTlJgenized with I ml of 

0.1 M sodium phosphate buffer (pH 6.5) using a pre-chilled rrortar and pestle. The 

horoogenate was centrifuged at 12,000 x g ror 10 min at 4°C. The supernatant was used 

as the enzyme source (Kaur-Sawhney et al., 1981). 

Enzyme Assay: PAO activity in leaves was determined by 

Peroxidase/guaiacol method. The rate of peroxidative oxidation of guaiacol by H202 

released in enzyme extracts from leaf hormgenates was assessed with spernmine or 

spermine as substrate. The reaction mixture consisted of 1 mI of 0.1 M sodiwn phosphate 

buffer (PH 6.5), 0.05 ml each of 25 mM guaiacol and I mg/ml of peroxidase 

(Horseradish Type n, Sigma) and 0.1 ml of crude enzyme. Afu:r preincubation of 

mixture at room temperature for 2 min, 0.02 ml of 10 mM spermine or spermidine was 

added and at 470 nm was measured (Smith, 1972). 

3.6 Estimation of protein: 

Protein concentration of each enzyme extract was estimated by the 

method of Lowry et al., (1951 ). 

ReaQtnts: 

-

(i) Solution A : 2%Na,CO,inO.INNaOH 

( ii) Solution B: (a) 1% CuSO.,5H,O solution 

(b) 2% sodium JX)tassium tartarate solution 

Working solution of B: Prepared fresh befOre use by mixing equal volume of 

solution B <a) and B (h). 

(iii) SoitlionC : Prepared fresh befOre use by mixing 50 ml ofsolulion A 

and I ml of working solution ofB. 

(iv) Solution D : Folin & Ciocakeu reagent(1 N) reagen!. 
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procedurl!: 

Enzym:s extract/protein extract (2S ... 1) were taken in test tube and 

volwne was made up to I ml with MiII-Q. A tUoe with I ml of water served as blank. 

Five ml of solution C was mixed by vortexing and kept fur to min. Then 0.5 ml of 

solution D (Falin & Ciocalteu reagent) was mixed with vortex and kept it room 

terTflerature for 30 min. Absorbance was recorded at 660 nm. A standard curve was 

prepared wrh bovine serum albumin in the range of 10-80 Il& 

3.7 Metabolites constituents 

3.7.1 Thlobarbituri< acid reactive substances (TBARS) I Malondialdehyde 

(MDA) determination 

Lipid peroxidation was measJ.Ued as the atrount of thiobarbituric acid 

reactive substances (TBARS) determined by the thiobarbituric acid (TBA) reaction 

(Heath and Packer, 1968). Leaves of both stages (0.2 g) were bomogenized in 1.5 ml of 

5% thrichloroacetic acid (TeA). The homogenates were centrifuged at 13,000 x g for 20 

minutes. The aliquot of 1.0 ml supernatant was added with 2 ml of 20% TCA containing 

0.5% (w/v) TBA. The mixture was heated at 95' C fur 25 minutes and then quickly 

cooled on ice. The CORents were centrifuged at 10000 x g lOr 10 minutes and the 

absorbance of the supernatant was measured at 532 nm on Spectrophotometer. The value 

fur non-specific absorption at 600 nm was subtracted from the 532 run reading. The 

concentration afTBARS was cakulated using an extinction coefficient of 155 mM-1 em­
J 

OD 532 nm - 600 run x 72 x Dilution Factor x 1000 
MDA ~mollg= 155xL 

Where, 

155 - Extinction coefficient 

72 Molecular weight ofMDA 

L - Path length of the cell incm 

• 
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3.8. Polyamines profiling through HPTLC: 

3.8.1 Extraction of Polyamines 

Tissues were extracted in 5% cold (Perchloric acid) HCL04 at a ratio of 

about 100 mg/ml HCLO. and place the extract in an ice bath for I hr. Samples were 

pelleted at 48,OOOg X 20 min, and the supernatant phase containing the free polyamines 

fraction, was stored frozen at -20°C in plastic vials. HCI04 extracts were stable for 

polyamine analysis by HPTLC for more than 6 months under these conditions. 

3.8.2 Sample preparation 

The method of Seiler and Wiechmann (1967) was adapted for plant 

tissues with some modifications. The quantity of 0.2 ml of HeIO" extract were mixed 

with 400 ~I of dansyl chloride (5 mg/ml in acetone, prepared fresh), and 200 ~l of 

saturated sodium carbonate. After brief vortexing, the mixture was incubated in darkness 

at room temperature for overnight. Excess dansyl reagent was removed by reaction with 

100 III (100 mg/ml) of added proline. and incubated for 30 min. Dansyl polyamines were 

extracted in 0.5 ml benzene and vortexes for 30 seconds. The organic phase was 

collected and stored in glass vials at _20DC. Dansylated extracts were stable for up to I 

month. Standards were processed in the same way, and 20 nMol were dansylated for 

each) alone or in combinations. TLC was perfonned on high resolution silica gel 60 F 

254. 

3.8.3 HPTLC profiling of polyamines: 

(i) Sample application: 

Extracted samples (15.0 Ill) were sprayed as lx9 mm bands along with 

standards (15.0 Ill) on TLC Silica gel 60 F 254 plates 20xlO em (silica gel plates, 

Merck) by CAMAG Linomat 5 applicator using nitrogen gas. The plates were activated 

at lOODC for 10 min before sample application. 

• • 
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(ii) Sepantion of polyamines: 

Solvent s}'tem was u'ed as described by Seiler and Wieclumnn (1961). 

polyamines were separated by the solvent system chloroform: triethylamine (25:2, v/v). 

Solvent mixture was filled in the CAMAG Twin trough ehanbe, (20xlO em) and left 

overnight for saturation. The plates were placed in tank to separate polyamines until 

solvent reached 8 em from origin. 

(iii) Qualitative and Quantitative analysis: 

After separation ofpolyamines, HPTLC piates were photographed using 

CAMAG Reprostar 3 system at 366 nm in fluorescent light. Quantitative determinati>n 

was carried out using CAMAG TLC Scanner 3 at 350 om. 

3.9 MOLECULAR CHAR ACTERIZA nON 

I. RNA extraction at regular intervals with and without infection with fusariwn wilt 

2. eDNA synthes;; 

3. Isolation of key genes of LOX 

4. Sequencing 

5. Expression anal}' is of genets) using Real Time PCR 

3.9.1 Total RNA Isolation: 

Total RNA was extracted from the leaves by a rrodified Tri2Xl1 method. 

Fresh 21 days old leaves (0.1 gm) from each genotype were powdered in liquil nitrogen 

using a pestle and rrcrtar. The resuhing powder was tramlCnred to a 1.5 mI tight capped 

eppendorf tube with I ml TRlml reagent and incubated at room temperature fur 5 

minutes. Two volume of chloroform (0.2 mI) was added with vigorous shaking for 15 

seconds and incubated at room teIll1erature fur 2~3 min. Tubes were centrifuged at 12000 

X g at 2-8'C fur 15 milt Aqueous phase was transferred in another eppendorftubc and 

0.5 mI of isopropanol was mixed properly. Then eppendorftubes were kept at mom teIr!' 
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lOr 10 min and centrifuged. Supernatant was re!roved and RNA pellet was washed in I 

m115% ethanol at 7500 X g fOr 5 min at 40 C. Pellets were dried about 1.2 hour then 

dissolved in 25-30 ~I DEPC treated water and kept at 55-60°C on dry bath lOr 10 min. 

The extracted RNA was loaded on 1.5% agarose gel. 

3.9.2 Quantification and quality check of RNA 

The quality of RNA was checked by agarose gel electtq>hocesis and 

quantification was carried out by Nano Spectrophotometer. The RNA absorbs UV light 

very efficiently making it possible to detect and quantify either at concentrations as low 

as 2.5ng/~. The nitrogenous bases in nucleotides have an absorption maximum at about 

260 nm The RNA sal1l'les with the ratio of 1.7-2.0 at OD 2601280 were retained lOr 

RNA fingeIprinting. 

RNA was separated by denaturing agarose gel electropooresis. The 1.5% 

deoaturing gel were prepared in 1.0 X formaldehyde agarose gel buffer (Sambrook and 

Russell. 2001). Agarose (1.5 gm) was dissolved in 10 ml lOx FOlllaldehyde Agarose gel 

buffer and volume was made up 10 100 ml with RNase-free water. Agarose was boiled in 

microwave oven and cooled to 65°C in a water bath. Then 1.8 ml of 37% (12.3 M) 

lOrmaldehyde and 2 ~I ofa 10 mg/ml ethidium bromide lOrm s"'ok solution were added. 

Gel so lution was mixed thoroughly and poured 0"", gel s~port. Prior", running the gel, 

gel was equilibrated in 1 x Forrmldehyde Agarosc gel running buffer for 30 min. one 

volume of5x loading buffer was added per 4 volumes of RNA sal1l'le and incubated tOr 

3-5 min at 65 °C, chill on ice, and loaded on", the equilibrated Formaldehyde Agarose 

gel. Gel was run in I x Formaldehyde Agarose gel running buffur at 5-6V/cm till tbe dye 

reaches three fourth of gel. RN A bands were visualized on LN Transillumina",r 

(GeNei'M) and pho",graphed under Gene Genius Imaging System from Syngene. 

When resolved by electrophoresis the 28S and 18S RNA should exhibit at 

near 2:1 ratio on ethidium bromide staining indK:ating that no significant degradation of 

RNA has occurred. 

3.9.2.1 10. Formaldehyde Agaroso Gel boffor 

200 mM 3-[N-moIpbolino]propanesulfonic acid (MOPS) (free acid) 

'. 
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3.9.Z.Z 

3.9.Z.3 

SO mM sodiwn acetate 

10 mM EDTA 

pH 10 7.0 with NaOH 

Ix Formaldehyde Agar ... Get Running Buff .. 

tOO ml tOx Formaldehyde Agarose gel buffer 

20 ml37% (12.3 M) fonmldehyde 

880 ml RNase-free water 

5. RNA Loading Buffer 

16 f1l saturated aqueous bromophenol blue solution 

80 f1l500 mM EDT A. pH 8.0 

720 f1l 37% (12.3 M) 101 " .. Idehyde 

2 ml 100% gJycero I 

3084 f1l formamide 

4 mllO x Formaldehyde Agarose gelbulfer 

RN ase-free water to 10 ml 

Stabi~ty: Approximately 3 months at 4°C 

3.9.3 cDNA synthesis:-

The eDNA was synthesi=! by using high capacity eDNA reverse 

transcription kit uses the random primer scheme fi>r initialing eDNA synthesis. Random 

primers ensure that the first strand sytthesis OCCUrli efficieotly with aU species of RNA 

molecules presen~ including mRNA and rRNA. A master mix lOr eDNA synthesis was 

prepared by lOUowing method 
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Table 3.1: Preparation of First Strand eDNA Synthesis: 

Component Volume (Jil) 

Template RNA 2.0 

Oligo (dt)IS primer 01 

Water, nuclease free 09 

Total volume II 

Reaction mixture mixes gently. centrifuge briefly and incubate at 6S0c for 5 min. Chill on 

ice, spin down and place the viaL Add the following component in the indication order. 

5X reaction Buffer 04 

RibolockTM RNase Inhibitor (20u/,,1) 01 

10 mM dNTP mix 02 

M-MuL V Reverse Transcriptase (20u/,,1) 02 

Total Volume 20 

- Mix gently and centrifuge. 

-Incubate for 5 min at 25·C followed by 60 min at 37"C. 

_ Terminate the reaction by heating at 70·C for 5 min. 

The reverse transcription reaction product directly used in peR application or stored at -

20'C for less than one week. For longer storage, -70·C was used. 

3.9.4 Amplification of Iipoxygenase gene(s):-

Different sets (6 primers) were designed to amplify each eDNA by RT­

PCR. LOX gene specific sequences of Arabidopsis were obtained at the NCB I data base 

and gene specific primers were designed using primer 3 software (Table 3.3). 

The PCR amplification of Iipoxygenase genes were performed using 

different reverse and forward primers i.e. LOXI, LOX2, LOX3, LOX4, LOX5 and 

DOX (Table 3.3). The reaction mixtures composed of 5,,1 10xPCR buffer, 0.2mM 

dNTPs, I"M each primer, 200ng cDNA template, 2.5 units Taq DNA polymerase and 

sterile deionized water to a final volume of 50,,1. PCR programme was 36 follows: initial 

• 
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denaturation at 94°C for Smin. foHowed by secondary denaturation (94"C, 30 sec), 

a.nnealing (65°C, 45 sec), initial extension (72°C, 1 min), and final extension at 72°C for 

5 min with 3 J cycles. peR product was stored at 4°C for future use. 

All the peR amplified products were run on 0.7% agarose gel containing 

5 ~l ethidium bromide, in O.SX TBE (SX TBE stock, S4g Tris, 27.Sg Boric acid, 20ml of 

O.5M EDTA, pHS.O). Amplified product (S ~l) was mixed with I ~l of Sx gel loading 

dye and loaded in the well. The electrophoresis was carried out at 60 rnA (constant) to 

separate the amplified bands. The standard DNA marker (DNA logic ladder, 100 bp) was 

also run along with the samples. The single band were seen under UV light and 

photographed by Gel documentation system and analyzed by Gene tool. 

Table-3.2: Sequence of Primers used in present study. 

Primer 

Loxl F 

Loxl R 

Lox2F 

Lox2 R 

Lox3 F 

Lox3 R 

Lox4 F 

Lox4 R 

LoxS F 

LoxS R 

Dox F 

DoxR 

3.9,5 

Sequence 

5' -GGA TT ACT ACA TTCACTCCTGCAAC-3' 

S' -GGCAGATATGCCTTGTTAGTAAAGA-3' 

S'-CAAGATGCAACACAGATACAC['I'[C-3 ' 

S' -TC ['[' l'CCAACCTTGTTC ['[' l'AAGTG-3' 

S' -GGAATTAGAAAATTGTGCGATAGAA-3' 

S' -CAGAGACTTCTA TTCTTCTGCCA TC-3 ' 

5' -ACAGA TGACACT AAGGAGTCTCCAG-3 ' 

S' -TGGAACA TTC n '[ crn GAC IT n C-3' 

S' -AAGT A TT ACTCCAA T AACCGCTGTG-3' 

S' -CA TGGAAGGTAGGTCTTGTT AGAGA-3 ' 

5' -GA TCTAACGGA TGACAAAGAAGCT A-3' 

S'-AC[TlCTGTGGTATTCACCCA[ ITA-3' 

DNA sequencing: 

Cycle sequencing of the PCR product was done using Big Dye 

sequencing kit 3.1 v, provided by Applied Biosystems. A 2S0ng of the PCR product was 

used for cycle sequencing. To purify the product of cycle sequencing it was first 
• • 



tran;fClled to a I.5ml tube. Then a IIBSU:r mix I consisting 10..1 MilJi.Q H, O and 2.u of 

125mM EDTA pcr ",action was prepared. 12,,1 of mastor mix I was added 10 10,,1 of the 

reaction and the contents are mixed well. Master mix D consisting 2~1 of 3M NaOAc 

(pH4.61 and 50,,1 of ethanol pcr resetion was prepared. 52,,1 of rmster mix n was added 

to 1 ~I of the reaction and the co runts are mixed weU. After the Uxooati>n of tbis 

product at RT for 15min. it was centrifuged at a speed of 12000'g for 20mi. at RT. 

S~rnatant WlIS decanted and 250,,1 of70% ethaool was added 10 it Then it was again 

centrifuged a! R T fur 10 min 

After drying the pcDet 15,,1 of H>Di Formamide was added 10 i lDr 

dena lura lion of DNA. Samples were snap chilled and then 10,,1 of saIq>le was 

transfeiled to 96~wen sequeocing plate. Sequencing was done using AB prism 

Seque=r. 3130 Geneti: Analyzer (Applied Bios~u:ms) wilh 4 capillaries. Results of 

sequencing were analyzed by performing online BLAST sequence homology ""t 

3.9.6 Expression Analysis of llpoxygenase Genc(S) By Rul-TI"", CRT) 
PCR: 

Rea'time peR is one of tbe roost sensitive and reliably quantitatM: 

methods ror gene expression .nalysis. It has be<n broadly apptied 10 mi:roamoy 

verification, pathoge n quantification, cam::er quatti.ficatnD, transgeoic cq>y DWWU 

deU:llllination and drug therapy studi:s. A peR has tlDee phases, exponenlial phase, 

linear phase and plateau phase. The exponential phase is tbe earliest segmenl in the peR, 

in which product increases exponemiaUy since the reagents are not limited. Tbe tinear 

phase is chal'1lcteri.zed by a lirrar increase in product as peR reagents become: limited 

The PeR will evenluaDy reach the plateau phase during later cyeles and tbe aroount of 

product will nOI cbange because som: reagents be<ome depleted. Rea'time peR 

exploits the fael tbal the quattity of peR ,..oducts in exponertial phase is in ,..opo rtion 

10 tbe qua ntity of initial template \Older ideal conditiolli. Dtring the exponelltial phase 

peR ,..oduct will ideaUy double during each cyele if efficiency is perfec~ i.e. 100%. It is 

po,.;ible 10 make the peR amplification efficiency clo .. 10 100% in tbe <xponettial 

phases if the PeR coodition>, primer characterisli:s. u:mplate purity. and aIq>tieon 

lengths are optimal. Botb genomic DNA and rever.;e tra=ribed eDNA can be used as 
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templates for real-time PCR. The dynamics of PCR are typically observed through DNA 

binding dyes like SYBR green or DNA hybridization probes such as molecular beacons 

(Strategene) or Taqman probes (Applied Biosystems). The basis of real-time PCR is a 

direct positive association between a dye with the number of amplicons. 

Real-time PCR data are quantified absolutely and relatively. Absolute 

quantification employs an internal or external calibration curve to derive the input 

template copy number. Absolute quantification is important in case that the exact 

transcript copy number needs to be determined, however, relative quantification is 

sufficient for most physiological and pathological studies. Relative quantification relies 

on the comparison between expression of a target gene versus a reference gene and the 

expression of same gene in target sample versus reference samples. 

3.9.7 Quantitative RT-PCR analysis: 

PCR was then perfonmed using a (:::100 nglreaction) 2.5 111 aliquot of the 

fi rst strand eDNA in a final volume of 10 111 containing 10 pmol of specific primers 

(forward and reverse) for coding region of LOX genes (LOX-2, LOX-3, LOX4, LOX-S 

and Dox). As a control, the primer specific to 18S rDNA gene (NCBl accession No. ) 

was used control to normalize each sample for variations in the amounts of RNA used. 

PCR was carried out using 5,,1 2x QuantiFast SYBR Green PCR Master Mix (Qiagen, 

Valencia, CA, USA) , Primer F and R both are 0.5 "I, Template cDNA 2.5 ,,1 and RNase 

free water 1.5 111 to final volume 10 "I in a thennal cycler (ABI-7300) programmed as 

follows: an initial denaturation for 5 min at 9S' C, 35 amplification cycles [5 min 9S,C 

(initial denaturation), 10 s at 9S' C (denaturation), 30 s at 60' C (annealing)}. 

Each sample was tested in triplicate for all primers. Melting curve 

analysis was performed on all samples to ensure amplification of a single product with 

the expected melting temperature and the absence of primer-dimers. The products of 

each primer set were tested by agarose gel electrophoresis to verify that a single product 

of the expected size was produced. Relative RNA quantities were deteIIllined with the 

delta-delta (~~)Ct, according to the following fonmula (Dussault and Pouliot, 2006) 

comparing the data for each gene of interest with the data for mock-inoculated co~trol 
• 

samples at each time point. The data was nonnalized by comparison to gene . 
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MCt= [(et G.O.1 Ctr- Ct Ref. Ctr)- (G.O.! infected- Ct Ref. infected) 

Where: G.O'!~ Gene oflnterest 

Ref: reference gene (18s) 

C~ Contro (non-infected) 

Fold increase = 2" Mel 

3.10 STATISTICAL ANALYSIS 

3.10.1 Biochemical parameters 

All the biochemical parameters were analyzed in three replications (one 

poVreplication!cultivar). The data obtained by biochemical constituents and enzyme3 

detennination were subjected to simple completely randomized design for the 

significance of various data using ' F' test (Gomez and Gomez, 1984). 

3.10.2 Sequence Analysis: 

Sequences obtained by different gene specific primers were BLAST 

(Basic Local Alignment Search Too) online on NCB I (National Center for 

BiotecMology Information ) to find the similarity between sequences available on 

NCB 1 data base. Multiple sequences ofnuc1eotides and proteins were align using online 

CLUSTLW programme and phylogenic tree of sequences were constructed. 

• • 
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IV. RESULTS AND DISCUSSION 

The results of the present investigation on "Characterization of LOX gene and 

polyamines in Castor (Ricinus communis L) during wilt pathogen irreractiOD" are 

presented and dis<u<sed in tbis chapter. 

4.1 BIOCHEMICAL CHARACTERIZATION: 

All blx;hemical parameter.; were analyzed in infected and ron infected plants at 

three stages: (ij pre-inICction [20 days after sowing (DAS). only non infected plants] and 

(ii) post-infection [5 and 10 days after infection (DA[) i.e. 25 & 30 DAS]. Fresh leaf 

san'1'les fOr biochemical and molecular analysis were collected from second upper 1eafat 

aU stages. The lateral roots were collected only at two stage (pre-infection or 0 and 10 

DAl) to remain same plant fur sampling at aU three stage (0, 5 and \0 DAl). 

4.1.1 Metaboilles constituenl: 

(I) Malondialdehyde (MDA) conlenl: 

Mermrane lipid peroxidation was estimated as the conten! of MDA to obsern:d 

mermrane damage (Table 4.1). The MDA content was higher in susceptille genotypes 

(367-375 fURol g-I FW in lear and 148- [52 "mo[ g- [ FW in root) (Fig. 4.1) compared to 

resistant genotypes (308-3"11 J1I11ol g-I FW in lear and 107-128 J1I11ol g-I FW in root) 

(Fig. 4.2) at pre-infection (20 DAS) stage. While, after infection (5 and 10 DAl) the 

MDA content was increased in infected leaves of resistant aoo susceptible genotypes as 

cOJf1)ared to their oorrinfected leaves. However, leaves of infected resistant geootypes 

had about [ .5- [ .7 times more MDA content than infected susceptible geROtype s and non­

infected resistant genotypes. The MDA colUnt was decline significantly in infected and 

oo(}oinfected tissues of both resistant and susceptille genotypes at [0 DAl compared to 5 

DAr. Howe""r, the MDA content was higher in both leaf and root tissues of resistant 

genotypes at 10 DAl as compared to (0 DAI) pre infection 

• 



900,000 
, 

800,QOO ---

700000 -
[ 
- bOO.OOO .. 
::;: 
-5 500000 .. .., 
~ 

DDsy ... 
400.000 .. 

~ - 5 Days 

10 Days " 300.000 

" -.. 
::;: 

200.000 

100 000 

0,000 

VP_I lNI VP_I U VI-9 LNI VI-9 LI 48-1 tNI 48·1 LI SKP 84lNI SKP84Li 

Fig. 4.1: MDA constituent in Leaf at 0, 5 and] 0 days after inrection 

VP-I, VI-9, 48-1, SKP-84 - Genot ypes 

Note : L= Leaf, R= Root, NI= Non infected, 1= Infected 
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Fig. 4.2: MDA constituent in Root at 0 and 10 days after infection 
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Note: L= Leaf, R= Root, N1= Non infected, \= Infected 



Table 4.1: p",- and J>OSt-infectional change. in lipid peroxldation product (MOA 

content) of wilt resistant and susceptible Cutorgenotypes 

MDA constituents (I'mol g" FW) 

No. and Pre infection (0 Post infection(5 

namcof day) day.) 
Po.t infection (IOday.) 

genotypes Leaf Root Leaf Leaf Root 
Leaf I Leaf 1 Roo. 1 

NI NI NI NI NI 

VP-I 367.65 148.99 312.35 418.15 221.23 232.74 111.99 118.29 

V1-9 375.84 152.48 355.08 560.53 201.56 235.44 132.76 142.91 

48-1 308.23 107.09 450.55 779.92 238.23 345.25 143.73 162.42 

SKP-84 311.55 128.18 512.58 850.25 243.56 362.22 148.70 172.93 

S. Em. 0.74 0.39 1.88 1.88 1.04 0.94 0.69 0.69 

CO. at 5% 2.22 1.17 5.63 2.63 3.12 2.83 2.08 2.08 

C.V.-/. 0.38 0.50 0.80 0 .50 0.80 0.56 0.89 0.80 

Pre-infec.ion a.20 OAS, Post- .infec.ion at 25 and 30 OAS (5 and 10 day.; afler inrectim 

OAI) FW - Fresh weight 1- Inrected, NI= Non Inrected 

The rate of lipid peroxidation product increased with Fusarium oxysporum t.: sp. 

ricini infection in incorqJatible interaction whereas the rate of lipid peroxidation product 

decreased in cO"1'atible interaction The rate of increase was ITl)rc pronounced than rate 

of decrease. These findings are in accordance with results observed by Ge Xiu Chan et 

a/., (1998) in rice leaves after inoculation by Magnapor/he grisea and in grey le.fspot of 

maizl: (Guo e/ ai., 2003). Infection by Fusarium oxysporum significantly increased leve~ 

of H,O, and 0, production in tomato leaves and its levels increased with increasing tbe 

tim: of infection (EI-KhaIl.~ 2007). Our results can be correlated with higher 

lipoxygenase activity in resistant geootWes in present study and is in good agreement 

with lipid peroxidation accolT!'anied by tbe enzyme 1ipoxygenase. 
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(2) Polya mine, ProfHlng through HPlLC: 

The perusal of data (Table 4.2) revealed the RF of 4 standard polyamines as 

detecled by HPTLC CAMAG SCANNER 3. Total 3 polyamines (Fig. 4.3) putrescine, 

spermidine and spermine were detected in infected and oon-infected tissues of all fuur 

castor genotypes VP-I, V1-9, 48-1 and SKP-84. 

Table 4.2: RFvaJue of standard polyamine. detected by CAMAG SCANNER 3 at 

350nm 

Name of 

Sr. No. Polyamines Start RF MaxRF EndRF %Area 

I Cadaverine (Cad) 0.63 0.75 0.81 100 

2 Putrescine (put) 0.49 0.56 0.67 99.13 

3 Spermi:line (Spd) 0.77 0.87 0.92 96.69 

4 Spermine (Spm) 0.88 0.92 0.95 64.72 

Results of polyamines profiling showed the cadaverine was not detected in any 

genotype 0 f castor in all the staile of analys is. However. primary diamine putrescine was 

not detected in non-infected leaft;;sues ofsll'lceptible genotypes at 10 DAI (Table : 4.3) 

while it was present in root tissues of same genotypes. On the other hand, putrescine 

percent area was increased in non-infected ~aftissues of resistant genot)p!s at 5 DAI 

and ahnost maintains its level at 10 DAI. In tbe infected leaf t;;sues of susceptible 

genotypes putrescine, spermidine and spermine was increased at 5 DAI while these 

polyamines were decreased in resistant genotypes corq>ared to their non-infected leaves. 

Interestingly, tbe levels of spermidine and spermine was increased in infected leaves of 

res;;tant genotypes at 10 DAI whereas reve"e trend was observed in susceptible 

genotypes. The resistant genotypes bad 2-3 times higber content of spermidine and 

spennine. Similar results were observed in an inoorrpatDle interaction between bari!y 

and powdery mildew, levels of free spermi:line and of conjugaled IOrms of putrescine 

and spermi:line were round to increase after iooculation (Cowley and Walters, 2002a) . 
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Figure 4.3: Polyamine profiling of susceptible and resistant castor genotypes using 
HPTLC. Polyamines were detect cd at 350 om in fluorescent wavelength . 
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Furthermore, these results are in agreement with a previous report where the over 

expressnn of a key polyamine bi>synthetic gene arginine decarboxylase (adc) in 

transgenic eggplant exrubited increased resistance against Fusariwn wilt as COllpared 10 

wik1 type seedlings. Similarly. the introduction of sam de gene in tobacco conferred 

resEtance against Fusarium and Verticillium wilts (Waie and Rajam 2003). Higher 

content of spermine plays a role as a mediator in defence signalling against plant 

pathogens (Yamakawa e/ al., 1998; Takahashi ef al., 2003).The levels of PAs, 

particularly PA conjugates are koown to increase during fungal infectionli arxl are 

implicated in providing resistance against various plant pathogens. Therefore, higb titers 

of PAs, in the incorq>atible interacti>n suggesting their involvement in fungal resistance. 

Remarkably, putrescine was only presenl in infected roots of resistant geootypes of 

castor and these genotypes a1so had higher percent area of spermidine. The 'spermine 

signaling pathway' involves accumulation of spermine in the apop1ast, upregulation ofa 

subset of defunce-related genes such as those encoding pathogenesis-related (PR) 

proteins, PR-I, PR-2, PR-3 and PR-5 (Yamakawa el al., 1998) and mitogen-activated 

protein kinases, and a type of programmed cell death known as the hypersensitive 

response. This response is U"iggered by spermine-derived HzOz, produced through the 

actiln of polyamine oxidase (PAO) localized in the apoplast (Kusano ef al .. 2008; 

Moschou ef 01., 2008). Taken .together, these data indi:ate double-edlJ!d roles of 

spermine in cell survival: as a tree radical scavenger in the nudeus and as a source of 

free radicals in the apoplast, the interacti>n of spermine with other rrnlecules is involved 

in the cell deatlt 

The observed results of PAs are accompanied with the polyamine oxidase (PAO) 

activity in susceptible and resistant genotypes in present study. This might be due to 

higher PAO activity of resistant genotypes Ulilized the higher content of po lyamines as 

SWslrate at 5 DAI. Tbe levels of polyamines in infected resistant geootypes at 10 DAI 

were almost similar to the level ofpolyamines in the susceptible genotypes at 5 DAI. 

Resistant genotypes maintain the PAs and PAO homeostasis in both infected and non­

infected tissues. 
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Table 4.3: Polyamines prof"ding of Castor genotypes at pre-infection (I 0 hours) and 

post-infection (II 5 days) and post~infection (III 10 days) stage (Individual 

polyamines and % Area \ws detected by CAMAG SCANNER 3 at 350 nm) 

0/0 Area of Known Polyamines 

Genotypes Stage Control Control Treated Treated 
No. Polyamines 

Lear Root Lear Root 

Cad -- -- -- --
I VP-I I Put 3.56 -- -- --

ODay Spd 7.44 19.77 -- --
Spm -- -- -- --
Cad -- -- -- --

II Put 5.95 -- 8.96 --
5 Day Spd 16.82 -- 23.80 --

Spm 5.77 -- 10.56 --
Cad -- -- -- --

III Put -- 3.52 --
10 Day Spd 9.59 10.81 6.62 3.42 

Spm' 7.45 -- 6.65 --
Cad -- -- -- --

2 VJ-9 I Put 9.24 3.07 -- --
o Day Spd 23.92 5.21 -- --

. 

Spm 12.22 -- -- --
Cad -- -- -- --

II Put 19.38 8.59 ----
5 Day Spd 10.46 -- 18.70 --

Spm 10.25 17.51 ----
Cad + ---- ----

III Put 2.21 -- ----
10 Day Spd 17.99 9.58 7.75 --

Spm 13.54 -- 8.38 11.S5 

• 
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Cad -- -- -- --
3 48-1 1 Put 8.83 19.31 -- --

ODay Spd 22.34 18.10 -- --
Spm 12.78 6.81 -- --
Cad -- -- -- --

II Put 10.44 -- 6.44 --
5 Day Spd 30.51 -- 21.55 --

Spm 15.75 -- 12.40 --
Cad -- -- -- --

111 Put 3.25 2.86 2.89 2.66 

10 Day Spd 13.07 15.71 17.00 18.76 

Spm 13.83 -- 16.55 --
Cad -- -- --

4 SKP-84 I Put 4.97 -- -- --
ODay Spd 16.52 6.25 -- --

Spm 7.75 2.75 -- --
Cad -- -- -- --

II Put 9.05 -- 7.65 --
5 Day Spd . 15.12 -- 2.13 --

Spm 12.30 -- 3.56 --

Cad -- -- -- --
III Put 3.70 6. II 4.10 5.63 

10 Day Spd 10.43 14.09 25.71 17. I 5 

Spm 15.66 11.34 20.88 --

-



4.2. ENZl'MES ACTIVITY 

The resuhs of different enzymes activity are inteiPi eted and discussed in this 

secuon. 

4.2.1 Enzymes related to reactive oxygen species generation and metabolism 

4.2.1.1 Lipoxygenase (LOX) activity: 

At pre-infection (0 day), WX activity was higher in the resistant genot}llCs 

(18.32-L9.47 Units min-L g-L protein) compared to susceptibk! genotypes (L5.46-L5.58 

Units min-l g-L protein) in !eaf(Fig. 4.4) and as same in root (Fig. 4.5) WX activity 

was higher in the resistant genttypes (92.27-93.72 Units min-l gol protein) corrparcd to 

susceptible genotypes (81-82 Units min- L g- L protein). At post-infection (5 OAl), WX 

activity (TabLe 4.4) was significantLy higher in the inrected res istant genotypes (246.14-

284.73 Units min-I g-1 protein) but LOX activity lower in the non-infected res5tant 

genotypes up to 0.5-0.7 full Inrected susceptible genotypes contain (179- L 85 U nits min­

L g-L protein) and in non-infected susceptible geootypes (13L-139 Units min-L g-L 

protein) such that WX activity Lowers in the non-infected susceptible genotypes than 

infected genotypes up to 0.4-0.6 fuld. We observed that after infection increase WX 

activity in resi;tant geootypes than smceptiblc at JUt infection 5 day stage. The LOX 

activity was decLine signi ficantly in res;;tant and s=eptible genotypes at 10 OAI. 

Furtherm<re, WX activity began to rise at tbe 5'h day of stress and tbereafter WX 

activity began to decline significantly. 

Increased WX activity in plant pathogen interaction;; weU established (Keppler 

and Novacky, 1986; Nagarathana el ai., 1992; Jain .1 ai., 2002 and Babitha el ai., 2004). 

The increase in lipoxygenase activity suggests its possible involverrent in imparting 

resfitance following Fusarium oxysporum { sp. ricinj infection Increase in LOX 

enzyme activities is frequently bUDd to be associated with R-Avr gene nrdiated 

incorrpatibitity (Slusarenko, 1996). Tbe increased WX may generate signal molecules 

su::h as jasrronic acid, methyl jasrronic acid or lipid peroxKles, which co-ordinately 

a"1'lilY specific responses. Increased WX activity may a\;o cause irreversibl: 

meOTbrane damage, which would lead to the leakage of cellular contents (Mac Carrone el 

al., 2000) . 
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Table 4.4: Pre- and post-infectional changes of enzyme activity in wilt resistant and 

susceptible Castor genotypes: 

WX activity (Units min-' g-' protein) 

No. and Pre infection Post infection Post infection 

nameof' (0 day) (5 days) (IOdays) 

genotypes Leaf Root Leaf Leaf Leaf Leaf Root Root 

NI NI NI I NI I NI 1 

+ Susceptible 
15.46 82.66 131.27 179.70 69.43 77.54 12.81 13 .30 

VP-I 

V1-9 15.58 81.18 139.45 185.70 72.46 76.43 12.16 15 .44 

Resistant 
19.47 92.27 178.48 246.14 88.35 98.78 19.69 25.23 

48-1 

SKP-84 18.32 93 .72 191.80 284.73 92.86 104.48 21.44 28.22 

S. Em 0.01 0.43 1.20 1.18 0.85 0.87 0.34 0.24 

CD. at 5% 0.04 1.29 3.60 3.53 2.55 2.60 1.01 0.73 

C.V.% 0.13 0.85 1.30 0.91 1.82 1.68 3.53 2.05 

Pre-infection at 20 DAS, Post-infection at 25 and 30 DAS (5 and 10 days after inkction 

DAI) FW = Fresh weight 1= InJected, NI= Non Infucted 

Ahernatively, LOX catalyzed reactions can result in the production of toxic 

vo Iatile and noo-mlatile fully acid derived secondary metabolites that can directly attack 

invading pathogens (Croft et al., 1993). ROS (H,O, and 0 ,) activity is frequently to 

cause m:JJ'brane darmge through peroxidation of fatty acids. which conceded with a 

high activity of lipoxygenase in tomato leaves as the results of Fusarium oxysporum 

infection. Levels of MDA and LOX activity gradually increased in leaves of infected 

tormto plants with increasing the time of infection (EI-Kballa~ 2007). Resistant 

genotypes of pigeon pea inoculated with Fusan·urn udum and increased LOX activity at 

2-8 day after iooculation as corq>ared to the un-iooculated ones. Increased enzyme 

activity was prominent at 4-days and at 6-days increasing trend was rmintained although 
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there was stight decline in activity at 8 days (Mandai and Sinha. 2009). A higher level of 

WX activity was observed in res~tan1 pigeon pea cu1tivar than in susceptible cultivar 

WX activity. in the Fusarium udum inoculated resistant cultivar (ICP-8863), increased 

progressively starting from 1st day of inrecttoTl, reached maximum by 4th day and 

declined by gradually thereafter. (Devi ., al .. 2000). 

4.2.1.2 Polyamine Oxidase (PAO) Activity: 

At pre-infection, PAO activity was higher in the resistant genot)pes (10.30-10.48 

Units min-I g-I protein) compared to susceptible genotypes (6.42-6.94 Units min-I g-I 

protein) in leaf and sam: way PAO activity was higher in the in root of resistant 

genotypes (22.68-26.44 Units min-I g-I protein) compared to susceptible genotypes 

(18.01-19.77 Units min-I g-I protein). PAO activity (Table 4.5) was drastically 

increased in the infected leaves of both resistant and susceptible genotypes as compared 

to their non-infected leaves at 5 DAI (Fig.4.6). But at this stage. constitutive levels of 

PAO in resistant genotypes were about 24-69 % higher than the susceptible genotypes. 

PAO activity Was also higher in infected roots of all genotwes than oon-- lnfected roots 

(Fig.4.7). However, roots of resistant genotypes had significant1y higher activity than 

suscepf.ib~ geootypes. Similarly increased activities ofthc catabolic enzymes DAO and 

PAO were observed during HR induction in powdery mildew resistant varieties ofbar1ey 

at 1-3 days after inoculation (Cowley and Walters 2002b). PAD activity was decline 

significantly in res~tant and susceptible genotypes at 10 DAI but still it was higher in 

infected leaves as compared 10 non-infected leaves of 5 DAI. This decline in PAO 

activity might be attributed due to age of plant. 
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Table 4.5: Pre- and post-infectional changes of enzyme activity in wilt nlbtant and 

susceptible Castor genotypes: 

PAO activity (Units nan" g" protein) 

No. and Pre infection Post infection Post infection 

name of (0 day) (5 days) (I0days) 

geno~1lE's Loaf Root Loaf Loaf Loaf Loaf Root Root 

NI NI Nt I NI I NI I 

Sus«pc; .... 
6.42 19.77 53.77 74.66 43.18 63.05 12.18 13.63 

\"P·I 

\l.q 6.~ 18.01 67.69 %.53 53.22 74.00 10.49 12.31 

Resista .. 
10.30 16.44 90.29 129.98 63.15 91.65 12.50 14.32 

4S-1 

S",.-S4 10.48 12.68 88.89 133.62 72.42 95.30 13.37 16.22 

So [II' 0.()6 0.14 0.81 1.02 0.87 0.87 0.28 0.15 

CD. at S04 0.18 0.72 2.42 3.05 2.61 2.61 0.84 0.44 

C\'.04 1.23 1.92 1.86 1.62 2.60 1.86 4.00 1.79 

PIe·infection 8I 20 DAS. POSI-infuctjon aI 25 ao;I30 DAS (5 ao;IlO days after inb-tion 

DAr) FW = Fresh _i2bt 1= Inb-1<d NI= Non Inb-ted -
In pr=Il! stud)" higher activity of PAO in r","tall !!"notYJlCs ref'o:cts 

hgnifications of tissues.. and is spatially aro tetJ:4XIrally .&SOCiated with cell wall 

<ten81lr:lling rcactVns iDvohing cen wall ptloxidase. (Rndriguez el al., 2008). 

R<:simll! !!1"lOtype. sbowed tIr: lim line of dernse 'g;iinst tlr: patbo!!"nic challenge 

which is "SOClated with tIr: plall! cen wall, in which certain IJJOdificatcns take place 

dUl iug .""cl<.. respecling tIr: rult: "the harder the better." Similarly, Yoda el al., 2003 and 

2006 reponed that in NicotimJo labacum plants resiIilaDl 10 ThiV, PAO expression and 

PA lite" inclease<l in tissues e><bbiting ThiV-ind\red HR Cell death c,"seA by TMV 

mfeetiOD Of cryplOgem an ooat)'C"te-origimted elicitor, was partially mediated by H,O, 

!!"Dtrated tbrongb PA catabolism /merestingly, Kusano el al., 2008 sugge,ted lhal H,O, 

prod\£ed by PAO couk! \rigger activation of MilOgen Activated Protein Kina"" 
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(MAPKs). PAO genes in Arabidopsis are upregulated by etieitors, such as fJagellin, thus 

prorroting probably activation ofMAPKs involved in pathogen signal perception. Plants 

eJl1)loy polyamine catabolism-derived H20 2 as a defensive tool upon exposure to biot;: 

stresses has been reviewed by other groups (Walters, 2003.; Cona el a12006) 

The cb.ickpea and soybean genotypes were exposed to water stress, Furthermore, 

Put, Spd aod Spm began to rise at the 2nd day of stress and peaked at 4th day in soybean 

aOO on 51h day in chickpea. Thereafter, polyamines level began to decline significantly 

which was accoD1>anied by the accentuated stress injury (Xiao-Ming Pang et 01., 2007). 

Polyamines were round to accumulate in apoplast of infected tobacco leaves and to he 

degraded by polyamine oxidase, releasing hydrogen peroxide that causes hypersensitive 

ce ll death (Yoda, el aL, 2006). 

4.3 Molecular Characterblltion: 
• 

4.3.1 Total RNA Extraction: 

Intact total RNA were run on a 1.5% denaturing gel which showed sharp 28S and 

18S rRNA bands. The 28S rRNA band should be approximately twice as intense as the 

18S rRNA band and the 2:1 ratio (28S:18S) is a good indication that the RNA is millet 

(Fig 4.8). 

~28S 

18S 

Figure 4.8 : Intact total RNA were run on a 1.5% denaturing gel 
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4.3.2 Amplillcation .fLOX genes and Its analysis : 

LOX ~ne specific prlme~ were designed by horrology based search at NeBI. 

Taal twelve lox gen:s were available on the data base oli of which 6 Lox gene specific 

primers were designed to ampUty castor LOX genes ie. LOXI, LOX2, LOX3, LOX4, 

LOXS and Dox. All these primers were successfully amplified with the eDNA of castor 

resistant and susceptble varieties for wilt pathogen interaction (Fig. 4.9 and 4.10). 

A"l'iified products of resistant geootype 48-1 were purified and then sequenced on 

genetic analy",r (Applied Biosystem). The obtained sequences of6 LOX genes were run 

on BLAST search tool available at NCBI. Except the LOXI, all other genes ie . LOX3, 

LOXS. :nd LOX4 were showed rmre than 90 % ide ntity with castor LOX genes and 

gene Dox gave 97 % identity witb unknown gene of Oxidoreductase class. (Appendix I). 

Tramlation oftbe unique open reading frame present in LOX2, LOX3, LOX4 and LOXS 

indicated that they codes fOr an 900, 837, 868 and 786 amino acid protein with 'n 

estimated molecular mass of 101.90, 95 .03, 98.94 and 89.24 kD, respectively. Analys;; 

of the deduced amino acid sequences ofLOX2, LOX3, LOX4 identified conserved LOX 

domains fOr plant LOX-related proteins: the PLAT (fOr po lycystefn.I , LOX. a-toxin) or 

IR2 (for tipoxygenase homology 2) domain. It consists of an eight stranded beta-barrel 

The domain can be found in various domain architectures, in case of I~xygenases. 

alpha toxin, lipases and polycystin; but also as a single dOlmin or as repeats. The 

putative function of this domain is to facilitate access to sequestered merrbrane or 

micelle hound substrates. Analysis of sequences of Lox 5 identified PLAT! LHl domain 

of plant Upoxygenase related proteins. The generally proposed function ofPLAT!IR2 

domains is to rrediate interaction with lipds or rrembrane boWld proteins. 

Lipoxygenases are nonherre, oo[l;wfur iron dioxygenases that act on lipid substrates 

containing one or rmre (l,Z)-1.4-pentadiene Jll)ieties. In plants, the immediate prcxlucts 

are involved in defense ....-.:chanisms against pathogens and may be precursors of 

metaholic regulators. Only LOXS protein contains conserved His (Histidine) residues 

(postions 547, 556, and 715) that are also oboerved in other plant LOXs and that have 

been implicated in iron binding and enzyme catalytic activity. The OIber genes (LOX 3 

and LOX 4) did not contain His residue at conserved POSitiOlL However, LOX 2 

contained His residue at 548, 553 and 717 position. The His residues that act as ligands 

• 



Amplified product of 16 controls (RNA) with gene specific primer LOX 2 

Amplified product of 16 cDNAs with gene specific primer LOX 2 
• 

Amplifi ed product of 16 cONAs with gene specific primer LOX 3 

Figure 4.9: Amplification products of cDNA with LOX ~e n e specific primer 
I. J . S. 7· Non Inf« l("d Itl"'ONA of VP· I, VI·9, 48-- 1 I nd SK P·84 I I S OAI 
2. 4, 6,8 . Inrw«l ltd(" ONA orVp· l . VI·9. 43-1 Ind SKP.84 II 5 OAI 

• 

9. 11 . 13. IS . Non infttftd lu h J)NA orVp- l . VI·9, 48--1 I nd ~K I·.s4 1110 OA I 
10, 12. 14. 16 . In rKI«I lur("D"lA orVp· l . VI·9.48--1 I nd SKP-84 11 10 OAI 
M • M olttull r '" ("I,hl mlrl!tr ( F ("rnl("n 1M Ii 5 .\1 OJ I J), OA I • OI)'lI Ifltr in r« lkln 
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- 1000 bp 

bp 

Amplifil.."f.I product of 16 cONAs with gene specific primer LOX 4 

Amplified product of 16 cUNAs with gene specific primer LOX S 

1000 bp 

- ""bp 

Amplified product of 16 eDNAs wilh gene specific primer DOX 

Amplified product of 16 eDNAs with primer 18S 

Figure 4.10 : Amplification products of eDNA with LOX gene spedfic primer 
I, J,!, 7 _ Non Inrec:t~ Inf tDNA of VP- I, VI·9. 43-1 a nd SKP-IW I' 5 DA 1 

• 

2. 4, &. 8 - In(<<red luf cONA of VP- I, VI·9, 43- 1 and SKP-84 III !Ii 1M I 
9. II . 13. 15- Non inr«I«II~.r c DNA of VP- I, VI·9, 48-1 and SK P-~4 It 10 DAI 
10, 12. 14. 16 - In(<<led ICif cDNA of VP_I. VI·9. 48-1 Ind SK P-84 II 10 OAI 
M · \1o!«u llr wtight marwr (rtrm"nl~ jj SM03 I3). OAI - DIYs .ntr inr«lkm 

b, 



tn the active site iron are highly comcrved in LOXs (Prigge el al., 1996). The Castor 

l.OX IVlltein contain-; conllerved lIi~ re~;idue" involved in catalyss, a,. observed in other 

LOX, (lIw"ng."ntl IIWIlng. 2010). 

11t-I.ru~1ll of nUl"leolide (Fig.4.II) and protein (Fig.. 4.12) sequeoc.es of all 

ttlX genes were clm"lructcd online lLo;;ing CLUSTALW programme on the 005 .. of 

l'eq\Je'n"~ alignment (Appendi,,- II and I II) of genes, wmch showed LOX3 a nd LOX4 was 

nn ~n .. ,"uh-clu"ter ofC'luster-1 while 8nd LOX2 wa,. foun:.l on other Sub-clU6tcr. LOXS 

W;\S tumlty diffcrcn!AllIJ lad on separate clu.c;tcr. TheM: results impJy the di;tinct function 

ofLOX5 in dfilcase resistance. 

E'lYession anatys~ of lipoxygenasc genes in response to wilt patoogen 

intcit'l,,'tkln wali' examined in infected and non- infected ieaves ~ing 4 WX gene specific 

lTin..,rs ie . LOXl, LOX), LOX4 and WX5 and one IDlknown IlI'ne of Oxidoreductase 

(Table 4 .6). Exprc"ion of LOX2, 3, 4, 5 and OOX were induced 5 and 10 days after 

infC1:tkm. Highest cxprc..~ion of W X genes were observed (Fig.4.13) in res6taJt 

gcootypcs at 5 OAI. Resistant llI'ootypcs also showed higher gene e"Pressionat 10 OAI. 

&ch "",iSla'" gcoot}Pes (48-1 and SKP-84) exhibited appreciably higher ."Pression of 

LOXS. whicb ~ responsible ror defense mechanism These results of e,.;pressDD amlysis 
• 

\\oe further confirmed by sequence analys is of WX5. The e"Pression of WX5 was 

maim_ined in 48-1 geoot}tled at 10 OAI. Expression ofWXl was _1;0 higher in both 

fCS5ta.r1 gemypes at 5 DAI. WX2 was laid on separate sub cluster of same cluster in 

dcndJOgram of genes on the basis of sequence alignment and shared maximum higher 

similarity with WX5 . 



• 

I gi 255556074 ref XM_002519026 LOX4 96% 

I I gi 255556070 ref XM _002519024 LOX] 100% 

gi 255544763 ref XM _002513397 LOXl 94% 

gi 255551450 ref XM_002516725 LOXS 95% 

Figure 4.11: Dendrogram of LOX genes on the basis of alignment of nucleotide 
sequence on CLUSTALW programme 

gi 255556075 ref XP _002519072 LOX4 

L...gi 255556071 ref XP _002519070 LOX] 

-gi 255544764 ref XP _002513443 LOXl 

L....-gi 255551451 ref XP _002516771 LOX5 

Figure 4.12: Dendrogram of LOX genes on the basis of alignment of protein 
sequence on CLUSTALW programme 
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Fig: 4.13 Comparative real time PCR results expressed in fold increase of lipoxygenase genes (LOXl, 3, 4, 5 and DOX) in 
susceptible and resistant Castor genotypes in response to wilt pathogen interaction. 

VP-I , VI-9, 48-1 , SKP-84 - Genotypes 

Note: L= Leaf, R= Root, N1= Non infected, 1= Infected 



Cf?ssu[ts aruf tDiscussion 

Table 4.6: mRNA expression relative to infected and non-infected leaves (Fold 

variation of LOX gene) 

Sample Sample 

Sr. 
Sample Sample Mean Mean Fold 

No. 
Days Genotypes Primers Mean Mean C/18, T/18, MCT expression 

C T Mean Mean 2 -MCT 

C T 

5 
I VP·I S Lox2 21.76 23.425 1.97 2.02 -1.155 2.23 DAI 

2 Lox3 26.34 28.55 2.38 2.47 -1.7 3.25 

3 Lox4 21.19 22.375 1.29 1.52 -0.675 6.84 

4 LoxS 14.25 17.535 2.48 2.45 -2.775 1.36 

5 Dox 27.425 28.38 1.92 1.93 -0.445 1.60 

5 
6 VI-9 S Lox2 20.255 23.075 1.86 1.94 -1.82 3.53 DAI 

7 Lox3 27.505 29.005 2.53 2.44 -0.5 1.41 

8 Lox4 21.06 22.86 1.32 1.31 -0.8 1.15 

9 Lox5 14.405 15.605 2.38 2.36 -0.2 2.17 

10 Dox 25.89 28.01 1.94 1.92 -1.12 1.74 

5 
11 48-1 R Lox2 21.895 24.34 1.67 1.72 -1.455 2.74 

DAI 

12 Lox3 27.43 33.07 2.09 2.34 -4.65 25.11 

13 Lox4 21.485 24.77 1.14 1.52 -2.295 44.17 

14 LoxS 14.985 21.44 2.00 1.96 -5.465 1.42 

15 Dox 26.275 27.77 1.63 1.75 -0.505 4.91 

5 
16 SKP-84 R Lox2 22.925 26.05 2.05 1.70 -1.755 3.38 

DAI 

17 Lox3 29.15 33.58 2.61 2.20 -3.06 8.34 

18 Lox4 21.501 25.385 1.33 1.19 -2.5 4.06 

19 LoxS 15.85 17.04 2.40 1.88 -0.185 . 1.44 

20 Dox 26.845 28.745 1.93 1.66 -0.53 5.66 

10 
21 VP-I S Lox2 24.46 

DAI 
,5.695 1.95 2.09 -1.48 2.79 

• 
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22 Lox3 28.565 30.845 2.27 2.50 -2.525 5.76 

23 Lox,4 17.35 18.34 1.31 1.50 -1.235 4.87 

24 Lox,5 16.5 18.54 2.10 2.34 -2.285 6.73 

25 Dox 26.34 28.845 1.38 1.49 -2.75 2.35 

10 
26 VI-9 S Lox2 15.265 19.11 1.36 1.54 -2.74 6.68 

DAI 

27 Lox3 21.28 25.29 1.89 2.04 -2.905 7.49 

28 Lox4 23.105 27.915 1.35 1.58 
-3.72-

9.88 
05 

29 Lox,5 15.19 19.6 2.38 2.36 -3.305 2.54 

30 Dox 26.8 29.25 2.05 2.26 -1.345 13.04 

10 
31 48-1 R Lox2 15.645 20.215 1.41 1.79 -4.405 21.19 

DAI 

32 Lox3 24.165 27.695 2.17 2.45 -3.365 10.30 

33 Lox4 23.715 24.79 1.52 1.98 -0.91 37.66 

34 Lox5 16.935 22.335 2.49 2.64 -5.235 4.10 

35 Dox 27.665 29.865 2.13 2.19 -2.035 1.88 

10 
36 SKP-84 R Lox2 21.06 28.08 1.88 2.30 -6.025 65.12 

DAI 

37 Lox3 27.245 29.24 2.43 2.39 -I 2.00 
• 

38 Lox4 21.355 23.05 1.30 1.74 -0.7 52.71 

39 Lox5 14.6 21.315 2.01 2.24 -5.72 14.98 

40 Dox 22.52 27.42 1.90 1.89 -3.905 1.62 

Note: DAI- Days after infection, S- Susceptible, R- Resistant . 

• • 
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These results are consistent with LOX enzyme activity in present study and 

suggesting that WX io; critically involved in the defense response. Similarly. 9-LOX 

activity and Loxl mRNA expression are induced upln infection by Pllytophtora 

parasilica var nicolianae in tobacco. Interestingly. both 9-LOX activity aDd Loxl 

mRNA expression appear earlier in an lnco"1>3.tble plant-pathogen irteraction than in a 

cOlJl)atible one. thus supporting a role for th5 9-LOX in plant defense against fungal 

infection (Rance et 01., L 998). 

Plart LOXs have been proposed to playa role in responses to WOunding and JA, 

whi:h triggers gene activation during wound response and necrotrophic fungal pathogen 

infection (Blee, 2002). One such pathogen, A.brassicicola, kills host ceUs at earLy stages 

of infection causing tissue damage (Glazebrook. 2005). Infection with A. brassidcola 

resulted in a resistance response in wiLd-type and CaLOXL-OX transgenic leaves. These 

resis tance symptoms are consistent with the HR in Arabidopsis Co~O plants infected by 

A. brassicicola (Narusaka et 01., 2003). In comrast. Ioxl muta~ were highly susceptible 

to A. brassicicola. The remarkabLe invoLvement ofCaLOXL and AtLOXI in mediating 

resistance to pathogen attack suggests that these LOX genes are highLy conserved ror 

disease rcs5tance in plants. In the present investigation higher activity of PAO, lipo 

peroxidation, and higher expression of WX5 in resistant genotypes of castor plants may 

be invoLved in tbe H, O, ""diated execution of ceIL death and defense response to wilt 

pathogert 
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Fig. 4.14: Schematic overvie'M5 of the hypothetical mechanism for free fatty acid 

hydroperoxi de production induced by Fusarium oxysporium f. sp. ricin; 

on Castor and leading to ceO death. 

Massive free PUFA hydroperoxide formation from membrane PUFAs was shown 

to induce HR necrotic sYlliptoms. The production was attributed to the oonjunction of an 

increase in LOX and putative lipase activities. Transient accumulation of LOX mRNA 

transcripts was described, and it was proposed that JA is likely involved in the regulation 

of this process. Merrorane autoxidation, being a minor and late process, was likely 

attributed to tbe effects ofPUFA hydroperoxides, ratber than to ADS, produced early 

during the oxidative bursL 
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v. SIIMMAI{V ANI) CONCLlISION 

1'1"" prc:Itt'lli illwlitiwtliun un ',(,hIiIltCh!·ri:mlion of U)X ~nc Rntl (lUIYhmi~1i in 

('1Il.It)f (Hidnw~ c'm"""",l,' L) during will flnlhu~n im"rB(,tino" Iii liummllrizcd Hilli 

l·m .. ~ h"l['d illlhbt \.'Iu'lller. 

("'SIl)!, (R;t'i'm.~ t 'Olll"II",I,\' L.) iii Ihe ioollillrllllly ImPl)rtunt linn !!dible oil!k:cll 

CftlJl lind thili crup I" IIIlt-cl(':d by Ntlveml biotic lind fI b~lic IilrtlUtl8. which undel 

succes"lhl !tIki 11mtilllhk CUltlVlllkHl of Ihe crop. An.lng thent, diseases flr~ IlVijm 

cHlllilmin ")1' hi1&l~r yitdd. ClUllor will (Fu,\'tlI'iw" ox)'.VpOI1lI11 f. lip. rid"O, iii It seril.)us 

pmh~111 in GujllriU "lttle lind causes hellYY InHses up to HO pel' cent wilt incidence in 

N unh a lljll rttl. 

All bklcl~micill p"mmeters were """IY1rd ill inlb.:It:d IllId unn infeckd planls 111 

rhree IihlQC'.it: (i) pre·jnft!clklll (20 tbt.ys Ilner Muwing ~DAS), (mly 11011 inlecfed plUlllii (0 

OAI )lulttJ «ii) 110Ji'~ iuted inn IS" ud In dtt y« tiller infeCI iun «nA I) id. 2S & ]0 DAS J. 

Tt", con.;ldUctll of two l1k!tllbulileRi Wtm: IInrlly~d 1\1 Ilbu~ loonl"ulCtl tlift~r~l~ 

Idll~M , TI~ results "howetl IJUt! MOA cunhml WRil hiWlcr in jUllc~pe ihle ~OOI~M 

conl'lIrcd It) rc!/'tk(11t1l1 ~lllll~TH111I1t Jlre~inll:clion lilllgfl . While: Itller inlel!tion, II~ MDA 

COnld"! WUH lncrellfied in Infected IeI1Yeri of reliitttltlil IIUI.I liuiiceptible genolypcli It/,, 

COllllllfCd to Iheir oon- infected Ie 11 YeM, However, l"UYeM of inlecwll I'''MI'''I.IIni gtootype" 

luuluboul I 's-1.7 timel'i more MOA content dum inti:ctcd .lilJ.'jCelllihle genotypes 111111 0011-

infech:d feli iSI" nl J:tC luH weN. The M D A conte nl WUiJ declim: signi ficlll1lly in infected It nd 

IIlUl-intecleo 11s1iUt:,; nfhulh reilililunt nnd iiusce~llihlc yenlllypeli 11110 DAI compilred to' 

DAI. Unwovcl', the MDA content Willi hil~her ill bUlh ieltf und fl.,1 titiliuel'1 ofre/j~lnlll 

~'kJtYJlCti Itl 10 DAllIli conl1ltr~d 101He- infection. TJk: ~liul'" ufpolyumillCli protilinl:: 

lihuwed IJuti cUdltVC!l'ine Willi ubliem in IIny b'C!llIJlypt' ufcnlillJr in nllihe l!ill'~ 0""111">",11. 

In the in fe\:h:d leu f t i""'K!s 0 f ti\lljccpl ible ge ootypcs put reliC inc, lipl:rmitl inc Ilfltt spermine 

WitS incn:llliled III S DAI whil~ Ihc~ (lulyominelJ WClf( d(CfCltlk!d in rcHilsUlIlI ~nt)I~)e" 

cnnlllucd It) Iheir 1~\I)-il1lected Icnwli. Tlli: levelH Ill' lillcnuiltin", UI~ sperl11in~ Willi 

increoscd in inl~clcd ICllveN ol'reliilitont genotypcs ul J() DAJ wherculK rcVCl~e (rend WIlS 

t~"cl'ved in tiUMccpla,lc l:l.el1(lt~'" TllCll'cHIHIltnt gCIUII~H hltd 2·3 lin~!i higher contenl 
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of spermidine and spermine. Ren'llrkably. putrescine was only present in infected roots 

of re..o;;istant genotypes of castor and these genotypes also had higher percent area of 

spermidine. T~refure. high liters of polyamines in the incof11laloie interaction 

suggesting their involvem:nt in fungal resistance. Resistant gcootypes maintain the PAs 

and PAO homeostasis in both infected and non-infected tissues. 

The enzymes lipoxygenase (WX) and polyamine oxidase (p AO) which are 

related to reactive oxygen species generation were studied. At both pre-infecti:m (0 day) 

and post-infection (5 OAI), WX activity was higher in the infected and non-infected 

resistant genotypes compared to susceptible genotypes in leaf as well as roots. The LOX 

activity was decline significantly in resistant and susceptible genotypes at 10 OAI. 

Increased LOX activity rmy also cause irreversible membrane darmge. wheh woukl 

lead to the leakage of cellular contents and conceded with a higher MOA content 

Similarly. at pre-infection, PAO activity was higher in the resistant genotypes compared 

to susceptible genotypes in leaf and also in root At 5 DAI stage, comtitutive levels of 

PAO in resistant genotypes were about 24-69 % higher than the suscept.,le genotypes. 

PAD activity was decline significamly in resistant and susceptble genotypes at to DAt 

but still it was higher in infected leaves as cOl1l'ared to non·infected leaves of 5 DAI. 

The observed results of the polyamine oxidase (PAO) activity are accolll'snied with PAs 

in susceptible and resistant genotypes in present study. 

Mo Iecular characterization of castor for wilt pathogen interaction was done using 

Lox gene sequencing and expression analysis. To amplify the eDNA of castor LOX 

genes 6 primers were designed Le. WXI, WX2, WlO, LOX4, WX5 and Dox. 

A"1'Ufied products of resistant genotype (48-1) were purified and then sequenced. 

Seq",nces of all these genes were BLAST on NCB!. Results of these sequences showed, 

except the WXI , all other genes Le. WX3, LOX4, and WX5 were showed more than 

90 % identity wilh castor WX genes and gene Dox ~ve 97 % identity with unknown 

gene of Oxidoreductase class. Analysis of the dedoced amino acid sequences of LOXl. 

WlO and WX4 identified conserved WX dorm ins for plant WX-related proteins: the 

PLAT (ror polycysteir>-I, LOX, a-toxin) or LH2 (for lipoxygenase homology 2) domain. 

The putative function of this domain is to facilitate access to sequestered m::mbrane or 

micelle bound subsrrates. Similarly. sequence of LOX 5 also shows the presence of 

• 



Summary ana Conc[usion 

PLA T/LH2 domain of plant lipoxygenase protein. The generally proposed function of 

PLA T/LH2 do rmins is to mediate interaction with lipids or membrane bound proteins. In 

plants, the immediate products are involved in defense mechanisms against pathogens 

and lTDy be prcclD'SOrs of metabolic regulators. Only LOX5 protein contains conserved 

Hi<> (Histidine) residues (positions 547, 556, and 715) that are alc;o observed in other 

plant LOXs. The dendrogram of nucleotide arxJ protein sequences of all LOX genes 

showed LOX3 and LOX4 on same sub-c1ll5ter of cluster -I while LOX2 was on another 

sub-cluster. LOXS was altogether different and was laid on cluster-II. 

Expression analysis of Jipoxygenase genes in response to wilt pathogen 

interaction was examined in infected and non-infected leaves using 4 LOX gene specific 

primers ie. LOX2, LOX3, LOX4 and LOXS and one unknown gene of Oxidoreductase. 

Highest expression of WX2, 3, 4, 5 and DOX were induced at 5 days after inrection 

Bot h resistant genot}lles (48-1 and SKP-84) exhibited appreciably higher expression of 

WX5, which is responsible fur derense mechanism; fullowed by WX2. The expression 

of WX5 was maintained in 41>-1 genotyped at 10 DAt These results are consistenl with 

WX enzyme activity in present study and suggesting that LOX is criticaUy involved in 

the derense respoose. 

In conclusion, resistant genotypes had higher content of lipid peroxKtation 

product and polyamine content after infection Constitutive levels of LOX and P AO were 

a~o higher in resistant genotypes and maintained after infection. These resuks showed 

the levels ofMDA and polyamines accorqJanied with the activities of LOX and PAO, 

respectively. Both WX and PAO plays important function for HR induction during 

incorrpatble interactKm Moreover, the expression level ofLOXS was also higher in the 

resistant ge11Q(ypes which was ftuther confirmed by sequence analysis and showed that 

WX5 contained a II conserved. regions of Histidine residues. 

-
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Appendix I 

Sequence detai~ 

• 

8. Lox2 gene sequence of Castor (Ricinus communis L.) Genotype 48-1 

TAGGAACAAAGTCCAATCCTTTCATTGTTCCTGGATCATATAGAATTCTCAGA 
AGTGAAGGCGTACACGG T n CGGAAGCGTCTCCTCAGT A TTGCA TGCA TTGG 
TCCCGCAGTAGAGACTGCACTGGTAGACCCTGACCTTGCATTTCCATACTTCA 
CAGCCATAGATTCTCTATTCAATGAAGGATTCAACTTGCCCTCCACTTAAAG 
AAAAAGGTTGGAAAGAA 

XM 

Acccnion Dt-Jcrlpt1on 

001513397. 1 Ricin~5 comrmnis lipo:lt)'genl.se, 
putatIVe, mRNA 

Max lOla] OUtry }; Mil 
"ore seR[I: (owng$' yaiMe !elml 

298 SI% 2e-n 94"_ 

>r- reflXM 00251 3391. 11 Ricinus communis lipoxygenase, putative, mRNA 
Length- 2703 

GENE IO: 8274394 ReOM 1576890 I lipoxygenase, puta tive [Ricinus 
communis] 

Score - 298 bits (161), Expect - 2e-77 
Ide ntities = 188 / 200 (94\), Gaps - 6 / 200 (3 \) 
Strand-PlUs/Minus 

Ouer33 TCTATGAGCTGTGTAGTATGGGAAATGCAAGGTCAGGG-CGAGAAATGCAAG-CGTCTAA 90 
1111111111111111111111111111111 1111 I I I III II I 11111 

Sbl040 TCTATG-GCTGTGAAGTAT-GGAAATGCAAGGTCAGGGTCTACCAGTGC-AGTC-TCTAA 985 

Ouer91 CTGCGGGACCAATGCATGCAATACTGAGTAGACTGTCTTCGCCG~CGTGTACTCCTT 150 
11111111111 11111111111111111111111 1111111111111111111 11111 1 

Sbj 98 4 CTGCGGGACCAATGCATGCAATACTGAGTAGACTGTCTTCGCCGAAAACGTGTGCTCCTT 925 

QUe151 CACTTCTGAGAATTCTTCATCACGAGGAACATAGACGCTGCTGCTTATTGATTCAGAAAG 210 
111111111111111111111111111111111111111111111111111111111111 

Sbj924 CACTTCTGAGAATTCTTCATCACGAGGAACATAGACGCTGCTGCTTATTGATTCAGAAAG 865 

Que2 ll TGTATCTGTGTTGCATCTTG 230 
111111 11 1111 111 11111 

Sbj864 TGTATCTGTGTTGCATCTTG 845 

• 



b. 1..013 gene sequence ofCastor(Ric;nuscommuniS' L.)Genorype 48 ... ) 

C II I GGGACCCTCTGGAGCCAA TACA TCGAGCATGGATCATTTGCTGGAGAC 
TCCTTGGCGACA TCAGCAAAGAA TGCTI 'I AT ATTl I GACGCGTGCA TTCTGTT 

TGTCCTGTTGTTCTACAGGCATATGCGATGCTTGTCTCTGAGAATCTTCGAAC 
CGTAATACTGAAAAACAAAAGTAAACTCCATGCACGACTGAAAATGTTTTTT 
TGATGTACGCCGCCGAAAATACTAAGGTGTCTTCAGCAAATTIIICATGCCG 
ATGTA TGTGCCGTGAGACGAAGCAC I 1'1 ATAGA TGGCCAAGAA TGTAGTCTC 
TGAA 

Acctssion bescripdon 

Ricmus comlTlJnis lipoxygenase. 
XM 002519024.1 . RN 

putattve, m A 

Ricinus comnt1nis lipoxygenase, 
XM 002519026.1 . RN 

putatIVe, m A 

Mal TOIlI QUSD' 

SCOrr scyre cOYeuge 

291 48'10 

279 48'10 

£ Mn 
value i"rnt 

6e-72 98"A. 

>r- retlXM 002519024 . 11 Ricinus co~~un1S lipoxygenase, putative, mRNA 
Length-2514 

GENE ID: 8279511 RCOM 0937080 I 1ipoxygenase , putative (Ricinus 
communis) 

Score - 291 bits (157), Expect - 3e-75 
Identities - 157 / 151 (100%), Gaps - 0/157 (0\) 
Strand-Plus / Minus 

QuellQ CTGTAGAACTTGGAGGACGTCCAGTTCGACAACGCCTTGGATATGGAAGCATTTCACeTC 229 
1111111111111111111111111111111111111 11 111111111111111111111 

Sbj664 CTGTAGAACTTGGAGGACGTCCAGTTCGACAACGCCTTGGATATGGAAGCATTTCACeTC 605 

Que230 CTAAAATTGGCCTATTATATTCCATCCCTTTGTCAGGATTTCCCAAGTCTTTATACGTAT 289 
111 11111111 111111111111111 11 111111 1111 111 111 1 11 111 111 111 1111 

Sbj604 CTAAAATTGGCCTATTATATTCCATCCCTTTGTCAGGATTTCCCAAGTCTTTATACGTAT 545 

Que290 CATAGTCATAAATTCTATCGCACAATTTTCTAATTCC 326 
1111111111111111111111111111111111111 

Sbj544 CATAGTCATAAATTCTATCGCACAATTTTCTAATTCC 508 

>r reflXM 002519026 . 11 Ricinus communis 1ipoxygenase, putative, mRNA 
Length-2:361 

GENE 10: 8279513 ReOM 0937100 I 1ipoxygenase, putative (Ricinus 
communis) 

Score - 279 bies (151), Expect - 6e-72 
Identities _ 155 / 151 (99\), Gaps ; 0/157 (0\) 
Strand-Plus/Minus 

• 



, ~ , " 
~ 

Que170 

SbjSOS 

Que230 

Sbj445 

CTGTAGAACTTGGAGGACGTCCAGTTCGACAACGCCTTGGATATGCAACCATTTC1I.CCTC 
1111111111111111111111111111111111111111111111 1 11 1 11 111I11II 
CTGTAGAACTTGGAGGACGTCCAGTTCGACAACGCCTTCGATATGGAAGCATTTCACCTC 

CTAAAATTGGCCTATTATATTCCATCCCTTTGTCAGGATTTCCCAACTCTTTATACGTAT 
1111111 111 111 11111111 1111111 1111111111111 111'1 1" 11 111"11\1 
CTAAAATTGGCCTATTATATTCCATCCCTTTGTCAGGATTTCCCAACTCTTTATACGTAT 

Que290 CATAGTCATAAATTCTATCGCACAATTTTCTAATTCC 326 
1111111 111 11111 11111111111111111 111 

Sbj38S CATAGTCATATATTCTGTCGCACAATTTTCTAATTCC 349 

c. Lox4 ge ne sequence of Casto r (Ricinus communis L.) Ge notype 48·1 

229 

44. 

2'9 

3" 

GCCCTCCATCCCCCCGCAGTTATGTGCCGCGCAAGTATGCAATATGAAGATT 
C~AAAAGAGCAGATATATCTGTTGGGAAGTTGAAGCGGTGGCTAAAAATCT 

AGTTCCTGGTCTAAGAAATGGCTCTATTGAAAGCGATTATATCAAGGAATTC 
TCTGAAATTAATCATCTCTATAAAAAGAGGAGTAGTGTTGGAGAAAAGTCAA 
AGAAAAGAATGTTCCAAAAGCCTCCI 'II n IIAAAAAAAATGGGGTGGGAGG 
TCGGTGAAAACCCTTTAAAAAACTTT n I AAACGGAAAAAA TTTTAGCCCCC 
TTCCCCCCCCAAAAA TTTTTCTCTTT AAACTCGAACCCCCCCCGAAAAAG III 
AGGGTT II I'GGAAAAAAAAA TAGGAGGTGAAAA TGTGTGT n GTTGTTAAAA 
TTCTCCCACCCAGTG 

Ma, Total O uen' £ 1\1&1: 
Ac(tsuoa Ot~cripri 011 

scuu uor!' CQwrecc value i"n( 

lIM 002SI9026,\ 
Ricinus comlTtlnis lipoxygenllse, 
putlltive, mRNA 

. 326 43% I c~8S 91% 

>r- reflXM 002519026.11 Ricinus communis lipoxygenase , putative, mRNA 
Length- 2361 

Score - 326 bits (1761. Expect ~ Ie-aS 
Identities - 186/ 190 (98\), Gaps - 3/ 190 (2\) 
Strand-Plusl PlU:5 

Quer42 ATATGAAGATTGCAAAAGAGCAGATATATCTGTTGGGAAGTTG-AAGCGGTGGCTAAAAA 100 
11111111111111111111 11111111111 11 11 1111 111 1111111 111111111 

Sbj561 ATATGAAGATTGCAAAAGAGAAGATATATCTGTTGGGAAGTTGAAAGCGGTGGCTAAAAA 626 

Que101 TCTAGTTCCTGGTCTAAGAAATGGCTCTATTGAAAGCGATTATATCAAGGAATTCTCTGA 160 
1111111111111111111111 111111111111111111111111111111111 11111 

Sbj621 TCTAGTTCCTGGTCTAAGAAATGGCTCTATTGAAAGCGATTATATCAAGGAATTCTCTGA 686 

Que161 ~ATTAATCATCTCTATAAAAAGAGGAGTAGTGTTGGAGAAAAGTCAAAGAAAAGAATGTT 220 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1,1 I I I I I I I I 

Sbj687 AATTAATCATCTCTATAAAAAGAGGAGTAGTGTTGGAGAAAAGTCAAAGAAA-GAATGTT 745 

• • 



Oue221 CCAAAAGCCT 230 
II1I11 I I I 

Sbj146 CCAAAA-CCT 154 

d. loiS gene sequente ofCastor(RicinuscQmmUnLf L) Genotype 48-1 

'JI.- ,,_ -

GCCTATATTIIICAAAATCAACII'IATGACTGAAGCTGTGTAGCATGGGAGTT 
CCTGGCGCI'II'IATAATTAGAATACCAATATACCGTTATACCTCAAACAGTA 
ACT II'AGAGAG IICCTGGGCATGGTAGGGTACA II'ITGTCTGCAATTCTTGGG 
TGTATCCAGCTCATTGTTACAATTATGATCGAGTCTTCTTCTCTAAAAGACCT 
ACCTTCCATGAA 

AC(~Sllon Dtscrlpdon 

XM 0025 16725 , ' Ricin~s comlT1Jnis lipoxygenase. 
putatrve. mRNA 

Max TOIa] OU~ry I; Mil 
s('ore score CQ\cra¥c yalue iTA I 

276 76% Se-71 95-1. 

>r reflXM 002516125.11 
mRNA 

Ricinus communis lipoxygenase, putacive, 

Lenqth-2601 

GENE 10: 8261460 RCOM 0617150 I lipoxygenase, putative [Ricinus 
cOlM\unis) 

Score - 276 bits (149), Expect - 5e-11 
Identities = 167/175 (95\), Gaps - 3/115 (2' ) 
Strand-Plus / Plus 

Ouer53 CTGGCGCTATTATAATTAGAAATC-TCATCATAGACAGTTATACCTCAGAACAGTAACTTIll 
1111 III 111111111111111 111111111 1111111111111 11111111111 

Sbj335 CTGGAGCTTTTATAATTAGAAATCATCATCATAGCCAGTTATACCTCAAAACAGTAACTT 394 

Quel12 TAGCTGATGTTCCTGGGCATGGTAGGGTACATTTTGTCTGCAATTCTTGGGTGTATCCAG 171 

II I II I I " I " " " I II " II I I II " " " I " " II II I II II II I " I II II I I 
Sbj39S TAGATGATGTTCCTGGGCATGGTAGGGTACATTTTGTCTGCAATTCTTGGGTGTATCCAG 454 

Oue112 CTCATTGTTACAATTATGATCGAGTCTTCTTCTCTA-CAAGAC-TACCTTCCATG 224 
111111111111111111111111111111111111 111111 111 11111111 

Sbj455 CTCATTGTTACAATTATGATCGAGTCTTCTTCTCTAACAAGACCTACCTTCCATG 509 

• 

• 



Appendix II 

LOX genes alignment of nucleotide sequence on CLUSTALW programme 

CLUSTALW Result 

[dustlllw .• InJ( dustllw .dnd)(rea dme) 

!I.quem:. type ellpl1cltly let to DAA 
Sequence tOl'llWlt h P .. non 
Sequence 1: 9112~SS447'3tr.fIXM_002S1139'.11 
Sequence 2: 9112S!o~!o'O'?41 ret 004_00251902'.11 
Sequence 3: qlI2SSSSHISOlr.UXM 002516725.11 
'.qu.ne. 4: qlIUS5S6070tr.fIXM_002S190H,ll 
SUrt ot P.lIVlle .11~nu 
A.l191:\tn1j' ••• 

S'q\lUlCel t 1 : 2) Aliqned. 
Sequence ... 11: 1) All+,d. 

SequVlc"" t1: " All+wd. 
Sequence, 12: 3) Al19l.d. 
Sequences 12: .1) A.ll", ad. 
Sequomc •• Ul') Altqn .... 

Guide ,~. tUe <:r •• t.-d: 

Then- Ue 1 qroup. 
Stelt at MUltiple Allyl' 

AlI91' In9··· 
Group 1: Sequence.: 2: 
Group 2: Seq\lancel: ] 
Group ]: Seq\lefleel: .. 
All"", Tnt Sc:ore S18'72 

eluatalv .• ln 

Score: U. nO] 
Scor .. : 39. ''7'75 
Scar .. : 42.60U 
Score: 40.18"'111 

Score: 90.42"/8 

Score: 39. "1'772 

Ic:lultdw. dndl 

"' 
Sc:ore:U252 
Seore:211'765 
Scor .. :2eUII 

ctUSTAL 2.1 IIII.IlUple aequen.::e d19nment 

2"/03 tip 
- 2J61 tip 

2607 bp 
2!oH bp 

911255556074IrerIXH_o02519026. 
qlI255556070IrerIXH_00251902t. 
91125554476]1 ref IXM_ 00251])97. 
91125555HSOIrd I XH _ 002516725. 

--------------------------------------------------

ViI255556074IrafIXK_002519026. 
9iI25555'070IrafIXH_00251902~. 

vi 12S5544715)1 raf IXM_00251l397. 
viI255S51450IrafIXM_002516725. 

• 

--------------------------------------------------

--------------------------------------------------

--------------------------------------------------
--------------------------------------------------

--------------------------------------------------

--------------------------------------------------



ViI2SSSS6070IrefIXH_002S19024. 
qiI2SSS441~JlrefIXH_002S1J19l. 

qiI2SSSS14S0IrefIXH_002S1612S. 

Vil2SSSS6014Ir.CIXK_002S19026. 
ViI2SSSS6010IrefIXK_002S19024. 
viI2SSS4476Jlrefl~002S1JJ91. 

viI2SSSS14S0IrefIXH_002S1G12S. 

Q1125SS56014IrefIXK_002S19026. 
viIZSSS56070Ir.fIXH_002S19024. 
qlIZSSS4416Jlr.fIXM_002S13J~1. 

viIZSSSS14S0IrefIXK_00251612S. 

911ZSSSS60741retlXH 002519026. -911ZSSSS6070Iz.tIXK_002S19024. 
g112S5544'63Ir.fIXM 002513397. -q1IZS55Sl450IretIXK_002S16'2S. 

qil2SSSS60741retlXM 002519026, -qiI255S56010IretIXH_002S19024. 
q1125S54.76JII.tIXH_00251JJ~7. 

q112SSS514S0lretlXH 0025161Z5. -
qiI25S5S6074IretIXK_002519026. 
ViI255S56070IretIXM_002519024, 
gil255S44161lreflXM 00251JJ9? -91125SSS14501:efIXM_002~1612S. 

9il2SSSS60741reflXM 002519026. -9112SSS560701retIXM_00251902t. 
9i1255S447611reCIXM_00251JJ97, 
gil255SS1450lreCIXM 002516?25, -
9il2S5S5607tlretlXM 002519026. -giI2S5S56070Iref IXM_002S19024. 
gjI25SS4416Jlr.tIXM_002S1l397 . 
9jl2S5S51450lretlXH OOlS16?25. -

QjI2SSSS6014Ir.fIX"_002519026. 
QjI25S5S'070It.fIXH_002S19024 • 

• 

--------------------------------------------------

--------------------------._----------------------
- - nn n _________ h -- - __ Ar~ACGTA.T'T'GGM.A.TGCC i , 1 

TAr ......... v:::c.NilGGNl:.GTN:M.OCCA:rl\TC'G .... "TTMWOA.G/IN:iOD:.'t 
TGTGC<OQ-.GCC~CA"AC:~CCGI'C·CM>~GNd\TT 

--------------------------------------------------
CAAGCTCA---~CAGCTCT~TCAGTGTt~----CACTATG 

CAAGTCTA TATAGTQ.CTGTC;AA.CA.G----AACTCTT 
TAAGA.T~CAGTGGT'lTrGATQ..t,G"""'MTCT1I::TCG.\.c:TI'CA 

--------------------------------------------------
TTTaTTGGGrGCaP .. '-TGt'l'TCN;;TMCCTTtA.CCAo--AGC.'£A.a.Gr.GfAC 
GGAGGGTTcrrG1'c:,y._-.ccr~AAATA~~TGATGTrAC 

G:rGN:ATl' .. _ .. _ .. ..GCTTCAtTtC'l"f'GAl'CGlU:T~tGC'fGGGGI.M. 

-----------------------------------------------A.TG 

TGoo -T'l'Gl'TTtGCA\C 1 iGi"tJI.GCA'CGPoCATf'GIoTC- - ---o.GGGAl'G 
TGf\TTtGC'I'TGGC:MMC'l'C'rCCTACTCOoC-..t LGlCAGfGC lGN;C fiG 

GGl'Gt'tlCTArGC.IIGC~GCCGT~GACc::a.GCGA .. r a. ... 

I'IMCCAN.CA.TAAG-CAOCGAAN;TA- -QlJTAAAATGGTC1'GJt.TCA-CiA 
AAACC»oAGCTAAV-CA~TA--CAtT~TGGrcTG.\TCA·CiA 

"'11CC,l..GGN:T~~-CGA.nAM.GGGTATGCGCN:M 

GCTGCGN:iGGAAGCTl'~GGCTrAt:TTGGA.GAAA:fGGG'1"GAGM. 

• • •• • • • • • 

GCT'M'AA ___ MT~TGoJIr..p.'J'Q.CCl\l'T'fACAAAG'K:GM.TTTATG 
GCTT1'AA ___ Nl.T~~CCACnACAAAG1'CGAATrI'ATG 

GM.GGAT--- -MTCJU'Au..~-.c;cl,C'~CrTGGAG 

G'I'ATTACTCCM'I'AACCGCIG~ACAGTTtTCMc~TCACTT'TT'GAC 

• • • •• • • • • •• 

G'I'GGACCCTAAC'I''l'CGGAG1'ACCAOC--AOCGA'l'CAC.A.GT'GM'TAGCA~''CA 

G'l'GGACCCTMCT'l'CGGAGTACCAClQOCGATQ.CAGTGA'I'TAGCAAACA 

GTTGoV.GGTAG'I"I''I'CGGA.C:.\AGTGGlGTQ:CAt'TCTTGTTGAAAATGi\OCA 
T~T~1'GGGAG'M'CCTQ'"-AtX'TT'I'TATMtTlGiI..U.:re.UCA 

•• • • • • • •••• • • • ••• 

TCTA1t1..GGiI.G'rl'CTAT'I"1'GGAAAGCGTCACTGTTGAAG~'I'G'l'CA'tTC· -­
TCT»AGG.AG'lTCTATTTGGA.V.GCG'l'CACTGTTGUGiI..'I'G1'C.ATTC--­

TCJ.CA.~"G~'I'GTTTGt'CMGGATATTG«CTCGM£;G'l'TTCA'l"TACA­

TCATIGCCAG1TATACCTCN-»k.Jr.GT1tN:TTTAQ'l'GA'I'GTTCCTGGGC 

• • • •••• • • . - ..... . • 

___________ -ATTTTTCCTCCCATTCT 'J'GGCTCCAATCATCAC,,»AT 

________ ----"'Tn i rCCTGeJlAT'l'CT'ICGo\T«AA.TCC'tCGC»..U.T 

_~ACTGfCAATAT'rCrIGTAAT'tCCTCGCTTCA-- TGCCA-AGA4~ 

A.TGGT~N:.AT'M'TG'I'CTCCAATKTl'CCGTcorA---TCCAGC'l'CAT 

•• • • •• •••••••• • • .. 
GATCATOC~TCTTT'ITTQCTAATAA.GGCCTATTTACC'lTG 
GATCATGCTGAA.VlX:.GTATC'M'r'ITT«T,ucvr;t;CCTATTTACC'lTG 
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q112555447631retIXM_002S1J3~'. 

qiI2SS5S1450IretIXM_00251€72S . 

qiI25S5S6014IxefIXM_002S19026 . 
qiI25SSS6070IrefIXK_00251902i . 
q112S5S44"31,.f IXM_002S13391 . 
giI155SS14501Ief IXM_OO1Sl6125 . 

911255556074Iref IXM_OO2519016 . 
giI2~S5S~70Ir~tIXK_00251902 •. 
9iI255~.41'11IefIXM_001SIJ1~7. 

giI2~SS514S01refIXH_002S16'25. 

gii255556074 I retIXK_002519026 . 
9iI2555~6070IretIXM_00151901 • • 
9iI255544"llretIXH_00251J)9' • 

• 

C)c."'O"JGC~T""'Mr;KiCii .. TtCQCT.u.TAACttATA.CTTACOt.tc 
TGTT.cu.nATGATCCOACrC:ncn: C 1 .. 1.\\'" ... '0 N"CTACC'f1'Cl:a.TG . . . ...... .......... ... . 
TOA\(.GCCOC1.~C'AOCTT"'OC· ...... tCCATCTT.Vcc..u.T 
TC'J'.'ACCCCCCTAtNc\t"T'AAMC'OCTTN1O.C.M.Tcc;.,TCTT).VC_v..T 
"'CiP.CI.cOCCGAATGCA.~.(;1'TCAr,c,I\Ca::"G. OCT'TGA)rCt'fC 
CCAGACACCTMOCCTTTACCCAAATAT.C'C ... r-MG·OCTMTCAATT 

• •• •• • ..... '0 .. 

T~ClGIU.G(;!X;MTT·Ct..t.AATlGTCO"CJltAATA1'A1G:.C: 
TGAGCGCX:l'ACm~1I.\TT·C'''''TTCTCCG''T,,,"V.TTT;'TCAC. 
TN:.CI~Xr.~t:AI:;(NXQQ*~"'S.Nit:A.J:.~A.l;.:rt;M 

TOCGTGCi'IM.TCilGAA..U.GCiC»rJXT"G"~N;N;;tGTA.tQJ 
.. ...... 0" •• •• •• •• • ••••• 

TA1'Go\TN::G'!j\TMAGAC~".l.TCCTGP,CA.M.CiCGM'GGMncrM 

TK!GI\TN::GTAT.\MGACIIGGC'A· ... TCC~GCJUt..TM'M 

TN::G.\fTTCTM.v.TGo\.",lCGGCAATCCPGN:;N:;rGACCCJ.GltCCTCM 
TKlGCllAcr TCCAG1JAMGGT~ 
.0 •• • ••• o.. ..0. ... ... . .. 
TJilGCCCAA i t l1AGG.s.GG- - -fQ.A)r.rocnCCAT1r.TCCI-.AGGCGIIctC 
T 1.G(;CCMTTT'lAGGN:i(;-- -lGiV..:I..1« I ICCAYATCCA1.GGCGTTG'tC 
~CCGTGCTCGGCtiG"'°-CA~CXTT1r.CCCTAGo\CCTTCCA 

ACGIC~ t Ie 11 GGCGQ.H;IQ,.-CD,GTATCCATATCCTCCAVn;Q., 
••• • 0.0 •• .. . •• •••• • • • 

GN.CNGI\O:;[CCTCCAN;l"IC'tAc:1.GIaGJ.CN:TA-----~ 

~CI'G(i\~~tAGI\TQ,CK;TA---·-AGCACrCTC 

GMQ.GGAAGGGCA .. r...a,]'G(.MC~t:l.GlJ°ACN:T- - - - -- - - 0 0 -TteT 

•• ~.o.. . • •••• ... 
CAGCAAllrGAA:rCCATGCCGAr<iTATGTGCCClC I CVGMGCATATGAA 

CNOiCAAAtGMl'CCATGCC'~MG'Tti-CCc.aC·CIloCGol..1.GC.crrAM 

GMTCMr».eacc.AGC-o"TCTATGTl'CCTCG~liC'lCA. 

CCGC'lTCTAAA'KTKoAfo-ATAT1JGTT~CGATTTG<iT 

•• •..••.• o. .o.. •.• . 

A"ltTGTTGGGi\A-G'I'l'GAMGCGGTGGCTA Go\rT<iCM 
Q%'GGCAGAAGM.T~TGTCGUA""'·A'I'l'GN.N:zCN:iCC'crcC 
GA- GI I l1CQA:~v;-ca.GrC'TACTC.AGTAn"GC 

CN:M». .... UT.1TCAGo\j i IC(v.GCCTATGC · TCtGAAAI'CCGTGGt (c 

• • •• • • • • .o. 
~TAGITOCTGGTCTMG~A-.:rGGCTCT,,~c;,..tT,uATC 

GGAAl'flAAtTCCTGi IC T}.1c,.,..uGGC 1 t rul tMJ+.J.GTCll.TTGT,uT 

,,~CC(j(N;TTAr~r""CTGCACTGGT1tGN:.CCTGo\CC'!"fGCA 

~TAT'l'AGIrCt"W;W;U'CA'\7CTcv.roTGAC»IW:rAn'~ 

• • •• • • • 

MCGM'hC!CTG.»~1'T)'.ATQJCTCTAl'~AC!Gl IC 

J.1ICGU]'[ [ICrol-UTTA·AT'OGTCTCT.:r ..... G ..... UCK.GAGGUnc 

TTTCCAtACTiCJaoCCCArIJ:.AT'lt'l'CTAT1'CAA1'GoU.GG\GTc.\AC'T1' 
TTTQ.CAGCTT:l'G)._v~-lGl'i C"M'.UGoCTCTAI'GoVoGC,croTATTA.Ut.tf 

• • ... • • • 

G-__ AAM-.MoG1'CA .... 1G .... .J,cUl'G'I'TCc.u.. .... \CCJ'roTC1CT""~T 

G-- _N'-n..'*lfITC»>~r.,u.TGII'CGol..U:N:C1'T'TCCTC1'GCCA%(;r 
G-_-CC1CCACT!' .. ..uCA,_~TGO.tf-r-ArAT··_1CfGCC1'.u.c 

• 
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v112SSSS60141,.fIXK_002S19026. 
9112SSSS607011.fIXK_OD2S19024. 
91125SS4476lr,.trXK 002513397. -qiI2555 S1450".trXK_00251612S. 

q112555S'O'tlt.rIXX_002~lfOZ6. 

qiI2SSSS'OlOI'.tIXM_002~19024. 

qiI255544")lt.fIXM_OD2~lJJ9' . 

qiI2SS5S1tSOlr~rIXM_002~1~12S . 

• 

• • •• • • 

A'roCTI'IIGCM- - -Ca1'!'f'C~T(cnCtCAC:'CU'1'l'''Q-"1 i tG.l. 
ATfectMT,u,- • - TAl i laG \G1'CCTTuc.a.c-M'l'TC.ACI\AA.T'M'M 
crrAI'CU'C"'---T~GUCCT.\."'·C'MPT1'rrGGO.TrTGA. 

A~'lTGTTCGTAATGIo.~G1.TTCCTc.u .... TT'CCC 
•• ••• • • •• 

TCCTCCT.A.Y.GCTATCCCc CT1'rCrr.q;c; .... • CACCl'l'GTCTAAc "C~TG 
TCG'l'CCTAAl.cn"A.1'CttCT --- ---CCAATctATrATATTTMnCN'G 
CACCCCCG,"CAC"A'ffiQJIA-- -C-m'C"C41T1'lTnGCTTT~TG 

AATGCCTGACG'roATO-..v.t;--_AO:;&Cv.GTCT«T'1'(;~.c .. r_nG .. . .. • • ••• 

ATGAAT'lTc.GTCGA.TTA"C~T.MGACGCATGM.CCCTTTJV'.C'<ATrGAA 

ATGAAT'M'GGTCGATT»I:ACTAACM:.GCATQI.J C<:CTfTANO'rAn'GAA 
A(;c&.A1'T!'GCt~TAGCTGCTc:tAAACC:C:CA.'TGAGC:T!'N'M 

AAG"CrTl'CCM:.GNA· ...... TCCTTGCT~C»cc:CN:.TTATTATC:A.G1' . ... .... .. • •• •• •••••• •• • 

ACGCTT!MI:iGr~TKCAI:~TGGA.TCCG1'CCATCAA.rGG 

AGGCTTAA.CGTA.TTT'Cc:cceCCTCJ\C-c».oc:TQ;A.TCCTCX:CATA~GC 

T~GCJU.TGGCC iii AAM "CTGA,A.T1'GGA.TCI;TGll-MTCTAtoc 
CGCCTCCMCWTTKCC.ceccc..ucc.u.ocT,\CA.TCCT»AC·A'TAT1:OG 

• • • •• •• • •• •••• .. 
~TDATG 

~A1'CTl1\ATG 

GCCGC<CJ<:Nt.KNX»..TCN:CN;N;AII.II..T'GIJTQ.J;(;NXN.A.KCGAG 

MA Gl:N'GTTColN ... t;;AGCATGN.CG 
• • •• ••• ... • • • • 

C---AAVt.TCcxr~TCQ,.·Gs.$U('~"'Tt'GTTCA.V.Cu.. 

G---<:AroTCCcr~TTGAAG1\,I-_"_·.~TTGl'TCAVltTA 

GGlli~~o.."_".'CMO:t'GTTQ.f'GCTT 

G---TC'ICN:.ltGl:NiA.Tf:.AAGCM"!CAQ,AATAAt;;.AJ>Gtt'GTTTA!'AI'TA 
• • • • • ••• • •• •• •••• •• • 

• 

GN:.TATQ\TGN:.ATT1'AlC lICCltCATCTGI'.'lN:o;.;I.t'AA,I\.TGCTCT'TGA 
t:;H;TATQ\~TC'rA!'CTTct:I\TATCTQGMCGGoVAA,I\.TGCTCTTGA 

GN:.TACCACGATr'roTTC'rfM:CAI t Nl~N.GACAGC~ 
GMCATCATGA:lGCATTGM'(;CCAl'ACCTG1\CGAY_~AN.- - --CTCAA 

•• ••••• • • • •• •• .. . .. . 
TGi\'ttGAa.A.at:.-<::TC.ATGCAACTCGrACAGtAI'l'CI IC rTI!N:TCCNiCA 
TMC(;GN.Nt.G-CCCAl'GC'CAC'TC~I3TCTACTTGI£CCCA.I'tA 

MACA.CCN:AT-TMAJ;GGGTCTCOC .... C .. s..tTTTt'TTCTTN£CCC.~ 
CAAc}O.AC~'rfAr<iCrAc .. ·r-l.~CAA'fC(;t'iTt~1'GM' 

• • • • • • •••• • • • 

GGAACATrMACCCCA1'T'GCTAI"rGl.GCTCAC'tACTArTC'CIJCTI!N.NA 
GG~1\C1I.!'t.'l..YXCCATTCCT~ACTGTTCCA.%'Ct~ 
GGCJ\CA.'iTGC<iClCCA.CTAGCTA~TC·--N:TO:;CO::~ 
GIT~CMTCJ.N:lCCA ~TtTKCGCM'CCA.CMG .. ..... •• • ••••••••• •• • •• 

T1CAAACrCGCCAA- • - -TMGGCMGt'fCTCN:OCCTCCTGTGGA.1'GCC 
T'lCP'.AGCl I lCCAG-- ---TfAAtTUiJI iCtCN:CTCTCCT~C 
CGG1NDCa.a.cT·---~GCTTACGTN:c.AACTTGCCA'iCt 
GGGAACGTCATGGTGCrolc:AGC.l.AA.GTTTT~~C~T 

c· 



• 

-
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qiI2SS551450IrefIXM_00251672S. 
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qiI25554476llrefIXM_00251J397. 
qiI255551450IrefIXM_002516725. 

qiI255556074IrefIXJf_002519026 . 
qiI255556070IrefIXM_002519024. 
qiI2555~~76JlrefIXH_002513397 . 

qiI255SSl450IrefIKK_002516725 . 

qiI2S5S56074IrefIXM_002519026, 
qiI2555S6070It4fIXM_002S19024. 
qiI2SSS~47'3IrefIKK_00251J397, 

qiI2555S1450It.fIXH_00251672S. 

• 

•• • • • •• 

Tt::CH:CT"TfGGCTNrGGC:MCV.GC~GfT'l'GCTCCM'tCA 

..-.cx:N:Cl'''TTGG1'TA'f~TnGCo.u~ "''''''GC'''",,,, .. 
i I iGQi",GCTfGC~Cr<:CT~ 

GTr~'I"GTC~UJ.GCTro\TGCTGCCc;r~ .. . .... .. .. . .... • •• '0" 

TGCTGG'l"GC't'CMCAATrAA:tKATCAC1'CGnGCGCGCC03CCTrGCA. 

T'I'CTGGTGC'1'CATCAAC'!'CA.TCCA.TCACtCG'l'TGCCCGTCCATGCTTGCA. 
ATCTGGCT.uo.cc.u.cTTATTAGCCAtTGG rrGCA 
TTCTGGATN;CA'l'c:AGCTr A'l'TAGCCACl'CiG TA 

•••• .. .. . ... .. . ...... • 

.. .... ....... .......... .............. . 
ATTTACAAGCTCC~GCCT~C~G&G~AC&C"TTGGCTA~ 

ATTT~TCC~·GOCTC·C~GAG~Ar&C~T7GGCTAT~ 

AT1'TATAGGCTCT'l'GCACCCTCATnCCGATMII.CU1'~TCAATGC 

ATCTA.TAAGCTTCTGCAtcorACTrCCG'l'GATacaATGAA.CATAAATCC .. " . ... . ..... . . .. .. .. •• • •••• 

AC~TCGfGAAGTT'tTAACCAAT'GCCAATOG.U.TCCT~AGTCGiGi i 

AClWGCTCGl"COIW:>i i j iAACCAATGCCAATGCO.'I.l.TCc;rr:;c..v;ttc;r .... TT 
TTTCGCTCCACAltGCACTAATc:MTeCIoGQCtjCCATTATroAGlCIICAT 

CTrGCCT;..c:c;cN; .... nC'tCA.TCAA~TN:TTCtu;'TAACTG 
••••• • • • •••••• •• •• • ••• 

TCGCTCCT~ACTCCATOG,"c"nACTT'C.ATC'TGCCT;"T~GAT 

TCCCTCCT~ACTGCATCC'C""nN:.T"f'O.Tc:TG(CTA.TAAf'GAT 

TnCTCCT~AT r"'i'CTCCivATCAGCTCTCTl'ATTTACGN"~ 

TTTTCCCAGCc.,l.I'-ATATCCCATmAA.TD.Kne:TGTCOGTTTACNC,v:.c 
• ••• •••• •••• • • • .. . 
TGGT?GCGTTTTGAril..~CTcct:~TCTTATCAC-V.c/!t.GG 

TGGTCGCGTTT'I'GAC.\~t:Ct:c«TGATCT'TAT~"'(jC 

CTATGGAGCTT'i'GACep..M:M:.CCAATGCt:TCAGC;AACTTAT~ 

---TGGGTTTTCACTGII.GCATCCACTCCCTGCrGATCT<OCTc;.;.N~C-AGG 

••• •• • • • • • • •• •• ••• ••• • 

ATl'GGCAATTCCTGACCCGAAA.CA.GlCCTCArGGGCTA,;I,GM'TACTOJ'IG 
ATl'GGCAATTCC'TGACCCGoVJl.CAGCCTCAtGGGCTAAGATTACTCAI'TG 
AATCCCTGTT'CAAGATCCAT'CGGCtt"CN:.JlUGC'l'c;rNVtH:.TAAGJo."JTG 

AGTHiQII;TACCAGI\TTC.AAGCCAACGN:X!GCTCTGAGH:.TTCTGPJAG . .. , .. " . • ••••• ••• • " . 
..... v "£TAtCCTTl''t'GCAMl'GA't'GGl.A. i 1 C i TATJlJGCTCTGCAATl"CAA 

A.V'CTATCCnTTGCAAA.CGAl"GO.XTTCTTATATGGTCTGCMl"l'CAA 
~TACCCATI' c:rTCTIII~GATTAAA 
P-N~H:.CCTTATGCTGTT'GI\l'GGT~CTGGTC:i\OC1"'T'J'Gi',A 

•••••••••••• ..... .. • • •• .. ..... 
GATTTCGTTAABCA:t i IGi iMCTACtA.CTAl'CCTCM.fX.P.H;TC TAGT 
GA1'TTGG"i'TANiACATAIGi iAN:.TACTJ\.CT~C't'CAAOCNoCTCTAGT 
GCTTGGGTAAGTGACT.Al'G'fCMTCACTACT.ArCCAGAC~CTGAT 
ACTTGGGl'GI\1'QGN.TAtTGTGCTnC'V.C'TAtt"CA .. ".cAGiUGACTrGGT ....... • • ••••••••• • • 



9112SSS~'O'4IterIXK_OOZSl9026. 
9tI2SSSS6010Ir.rIKK_OOZSl9024. 
9tI2SS~4t'61Ir.rIKM_002S1)1~'. 
9112SSSSl4S0Ir.C,XK_002S16'2S. 

~jI2SSSS601tlr.rIXM_002S17026 . 

qiI2SSSS6010'reCIXM_002S19024. 
qiI2SSS441"'r.CIXK_002S1JJ97. 
91 ,2SSSS14S0,r.t,XM_002S16'25. 

q112SSSS6014Ir.tIXM_002S190Z6. 
qiI2SSSS6010Ir.C,XK_OOZ519024. 
q112SSS44 161IrerIXK_o02S13197. 
qiI25SS51450Ir.fIXM_o02516725. 

91125S5S6074Ir.rIKK_o02S19026. 
91125555'070IcefIXM_002S19024. 
qiI255S~~761IcetIXM_002S11l97. 

qiI25SS51~SOlcerIXM_oo2S16725. 

q1125555607~lc.tIXM_002519026. 

qlI255556070IcetIXM_002S19024. 
qiI255544761Irct IXM_oOZSll197. 
q11255551450IretIXK_002S1672S. 

qi12555S60741ret1XK 002519026. -~iI2555S60701,etIXK 002519024. -qiI255544761tretIXM_oo2511197. 
qiI2~5551450IretIXM_002516725. 

q11255556074I tef IXM_002519026. 
qiI25S5S6070lrefIXM_002519024. 
qiI25SS44761IrefIXM_002511197. 
qiI15SSS14S0IrefIXK_002S1672S. 

qiI2SSSS6074Ir.tIXK_002S19016. 
qiI255SS6070IrofIXK_o02519014. 
9iI15S5~.761IrofIXK_o02511397. 

qiI25S5S14S0Ir.fIXK_00251672S. 

qiI2SSS5'0'4Ir.fl~_o02519026. 

QillS5S5'0'Olr.fl~_002519024. 

~125S$ •• 76)lrofl~_002S1l197. 
QiI2SS5S1450IrofIXH_o0251'12S. 

~12S5556074IrofIXK_00251902'. 

~125555'070IfOfIXM_00251902 •• 
Q31255544763If.fIXM_002S13397. 
0112S555145011.fl~_001516125. 

• 

CCAAt'J'TGACACT~croorMIIN;GN;ICtATCMTGtIo/; 
CCM.ntGllCACT~C'tGGrATMCQ.CrCC-'TC.M'fGCAG 
A!'tATCOCOA]' 1TI'GC~eGNL[ tCGN.CIrCITG 
1'CCiG(;,A CTc.G iGC'oGO~TCCGTAATGI.GG ... .0.... .. . .. • • • 

GOCATCOCCGATG'M'"KAAATGCTAA1"J'(;GlGGeC»CN:.TC~MCTCCA 
GGCAT'CCCGAT~MTTGGf\:NCa.!+GJ.CTC'KMCTCCA 

CTCATGGl'CiI\T~CCTGG1I:#G;eTQGTTGAAAAC.N:CT 

~GA CATGGTl:iGCC1'CAG.\~GA 
• •••• •• • •• • ••••••• • •• • 

G1\GGI\TCTTATCTcrATI.CTfI>mN:.GATCAttToc.a.rr~ 

GN;;G.1t.TCTTATCTCTATw:rrN;TN:.GATCAttTOCA1'TGC~ 

.'"AS.Gi\CcrGATAG."..':ATCGTC~Tl"C'.CA.TGGGt1lN:.C'IO.GGTO. 

GCTGATCTTACOCMACA.T<iCACAA'fCATCATT'fGGArNXTT<:AGCGCT 
••••• • • •• •••• • •••• • 

ACATGOGCAGTCAAT'%TCGGGCAATATCN:tATGGTOGGTACGKCCJ>,G 
AJ:.A~TCAATT'M'GGGC.U.T"'~TATGCT<:GGl'ACG'I'CCCAA 
CCATGCTGCJ.G~TTl'~C"TA'tGCGTATOCC«lCT'At'l:KCCTA 

CCATGCAGCTG1'C.U.T1'TJ'GGGC.Ul'ACCCTTATOCTGGCTArCKCCTA 
•••••• 0 •••••• 0 ••••• •••• •••• • ••• 

TTAG<'iCCACCo..ou.."..TOCG.V.GAT'I'AGfCCCAATOG.v.OGT -.ca:r --G'I' 
TTAGGCc:.\Cc..u.'\C:ATGCGI!.· r-»"TTAGTGCCM.TOCGNiOr _ -GAT- -GT 
AT1IQII:CTN!.VIC'l'GC1'A.GATTca.·..u.~Ta.Mr-M:CCGA.CTGA1' 

AOCGTCc.u.rCGTAllrlGl'CGCCGAT'M'AtGCC:TG."OC~·· -A£C-CC 
• o. • • •••• •• • 

GOCYA'l'GC.UATTTCCT-TGCJ:G'C(:~AI-IICI tATCATC 

COoG1'A1'GC.U.J4I..1 lit: 1-YTCAGP£.CCGCAII.GGA1'Al-nC'M'~TC 
~'J'GGA.AAATGT'M'GC~CTGA\CTtcrN:1' 1 i .cx= .... ~ 
C<aGT~CTTGA.- - GU."Ga..TCCGAIo( r l'GGCC 1 l e i 1~1C. 

•• • • • • • • • • • • 

AT'l'GCCAA.GTT1"GAGTCAGA.CTACTrA"M'~'It:TG i I'Cl'T'Q%MAC 
ATrGCo»'''M'TCACT,,»ATTACTtCTTTCAf'GTCTATTCnGATTTAC 
G"M'CCCTI'CN:}IC.GTCCNiGCAIoCU..uGTGATGOCTGTTrTAGAICIGt 
AAT~CAACTAC~~f'CTccttGGTCTrTCCCTAATCC;AGATAT 

• • • . . . ... . 
TT'l'CGACTCATTCAGTGGATGACCACT AJ:AT Atr.NCCAA"'f>,.-\'iLC"~CTT 
TT1'CGATGCAT1CACTCG.l.CGAGGACTAJ:ATK.r.~Ac.u.-\CGACCTT 

TATCA~CAT1t:TCCTGA.TGMG·"T"TATNN.,.,pt;a,.U.A""G~C­

TATCT.vx;tATCCAACTGATGAGGTATAJ:CTTGGCX"C;AC~TACN:.C-

• ••• •••• o. ••• '0 ••• • • 

TT-"'AA'l"GGT'eAGC"aU'ACCJ.I»..TCAT'r'GACCCATTTTAQa"TT(.TC 
TTG.IC ,'fGGTCP,GGAGATACTCTAAnAC'rGNXCAT1'TTAc:.\cna. TT(.TC 
--AC;oCCMGGC'rGAGGATCCTMC'T""·~ i j ICJN;.J,j I'CCC 
--AC.U.'ro(ioIoC~TCN"~TCC"TCAA.CCACT~1 t I~A¥-AI 1'1 IC 

••• • •• . ........ .. . 
AATGGA.U.TAA~TM*W"IIIt.I!oM'M'W'CYC·.a"""TGT"tCACC 
AA~TAA""""'G",TMIUj""MCa.'ITQG·oUAc-·*V,TGTtQr,C"C 

~~Tm.'KGo\Tc.MA~TC 
Ar:-»-N:.OCI~~c»..V.tt~CA1GV.CAG1'GACA 

• • • • •• •• •• •• • • 

. . -





Appendix III 

LOX genes alignment of nucleotide sequence on CLUSTALW programme 

CLUSTALW Result 

[dustatw .aln}[dustalw .dnd](readme J 

CWSTAL 2.1 MUltiple Sequence Alignments 

Sequence type explicitly set to Protein 
Sequence ror.m.t IS Pearson 
Sequence 1: qlI25S544164,relIXP_002S13443.11 
Sequence 2: 91125SS5601SltetlxP_002S19072.11 
Sequence 3: qlI2SSSS14S1IretIXP_002S16771.11 
Sequence 4: 9112SSSS6071IretlxP_002S19010.11 
StArt or pairwi,e all~nts 
A1 1901nq. -, 

Sequence" 11: 2) Aliqned. Score: 42.8753 
Sequence, 11: 3) Aligned. Score: 37.9032 
Seq\lences 11: 4) Aligned.. ScoJ:e: 40.6213 
Sequences 12:ll Aligned. Scote: 40.9669 
Sequence, 12: 4) Aligned. Sco.!: .. : 86.89.57 
Sequence, 13:" ) Aligned. Score: 39.0681 

Guide tcee tILe created: I clwo t .. l '" . dlI.dJ 

There are 3 qroup. 
Start of HU1tlple All~t 

Aligning ••• 
Group 1: Sequenee~: 
Group 2: Sequence~: 
Group 3: Sequence~: 
A1iq.uent SeOle U.942 

2 , 
• 

S<;Ole:12180 
S<;o*,e: 6.066 
S=*,,,:6027 

• 

CLUSTAL-Alio<;INMnt file erO<llted (cllatlllv.dn) 

clU!ltolv.aln 

CLUSTAL 2.1 IIII.Iltiple sequence alig .... ent 

900 "'''' 
786 aa 
tl68 ~ 
837 M 

qiI2~S556075Ir~IXP_002~19072. 

9112~S5~6071Irerlxp_002519070. 

qiI2~S544764IreIIXP_00251J44J. 

qiI255551451IrerIXp_002~16771. 

--------------------------------------------------

QiI255556075IrofIXP_002519072. 
9i1255556071IrofIXP_002519070. 
qiI255544764IlofIXP_00251J44J. 
qiI255551451IrofIXP_002516771. 

• 

______________________________ HEDVLEMPYKLKMTALVSVR 

KI.KPOVYQ.SRSPlC'I'LFLLPKl'FIHIJIGGQTKLSVLSRPSl.1.k"l'QRKIAVG 
______________ ~PRHQPNGG'J'VT£JU"KlKG'lVVUOOOlVLII 

--------------------------------------------------
NTKrHWVECrSNLGQKHKCrVVLQLV3HDIOPG----------------­
YIG'GlNQA.I S B IT ttCQLKSTK'V1<A.IVTVlIp:TV(jGrLSJO.,GINl'GLO'tNTO 
FSOlKASrLORVHELLGKGVSHOLlSAYHHOPAN----------------

_______________ KKPKLSSET~OOSrKIBOtHTIYKVZFMVDP 



oiI2SSSS'0711~ef I X'_002S19010. 
oiI2SSS441'41~efIX'_002SI)44]. 
qlI25SSSI4S1Ireflx'_002S16~11. 

q1'25S556075'ret'X'_0025190~2 . 
qlI2SSSS6071,ref'K._002SI9010 . 
qi'2SSS44164,reflX,_002SI3443 . 
q1,2SSSSL4S1,refIX,_D02S16711 . 

qiI25SSS601S l ref lx,_D02519072. 
qi'2S5SS6011Iret'X._u02519010. 
qiI2SSS44'64Iret'X._D02513443 . 
qiI255S51451Ir.fIX,_002516111. 

q1,2SSS5607Slr.r'XP_o02519072. 
q1'25555607I,,~rIX'_00251901D. 
q1125S544164Ir~tlxP_00251)44). 

9112S5S51451'retIX'_D02516~11. 

q1125S556Q7Slrttlx,_002S19012. 
91,255S56071Iret'X'_002519070. 
q11255544164Ir~f I XP_00251)44). 

q1125S551451,~~r I Xp_00251"11. 

911255556015 I rd IX' _ 002519072 . 
911255SS6011IrttIX._002519010 . 
91125SS44164Ir.fIX._002S1J44J. 
911255S514S11'~f I XP_002S16111 . 

91'25S55'015'~e[ J X'_00251go12 . 

911255556011' rd I X, _ 00251!HI10. 
9iI2S5S441641'~fIX'_002511t4). 

9illS5551'Sllr~['XP 002516171 . -
91 12555560751 refIX'_002519012. 
9111S5556011IrefIXP_002519010. 
91 ,2555 •• ,64,rcf'X._00251J443. 
91,25555 U511 "ef , X. _002516171. 

9111S5SS'0751'~t'XP_002S19072. 

9il2SSS56071lref,XP 002519010. -9i '255544164IrefIX'_00251144J . 
9iI2S55514S1'r~fJXP_002S16111 . 

qi'2555S6015Ir.f'X'_002519012. 
qiI2SS55601'Ir.t,x'_002SI9010 . 
qiI255SU"4'nr,xp 002513443. -qiI255S51451'ref'X'_002~1"11. 

qi ,25555'015 1 ref I X. _002519012. 
qiI2SSS56011tr.fIXP_002519070 • 

• 

---------------MKPKL!'~T~DQSrKlIC~YKVE~ID' 

LLGx:rt.LLEL"'A!~"'TC;SEKPTIKt;YNOOaIrJ«i,! 11 I 'l'U.Z)lZIIBC 
---------- -- -~GtCLGkVAYLlKWVl'''' ITl'l'tAVDTVrII ITt DIlX 

• • : : : : 

N!'GVP<"..N. TVI'toa.JCl,MLaSYTV8OYI K- - - - -~DSWO"~ 
N~TV('KHLXtrYLI'VTVBDV1K-----FSCM'.10'SOHD~ 
SI'GQVGoU Lvmq;tofmtl'VKDlALBC;rl'ro-M'lSCIISW\I1V\J( -NOtn( 

S»:;'VPG,V I I R.'CHKIUOL'!LI<TVTLDO"IJ'CtlG«IIKFVCIISWV'I'PMC nrr 
•• .. • •• • • • • •• 

.. ...... . .. .. ... .... . • • ••• • • • •• , 
GtGtI f'nIJOIAYLPC'OT PLGLKZUD<DUlQLI':CI j OdIG! PJa.Ct)1U 'J p. OJ 
£tal:I f1'~.m"':n.pc:CtTPLGLKZUD«)LXQ~l PJCiA;tIIU llI'roI" 
RKRVf"nooGn.p'n.m;LULRt.A.ELl:t.t.p.QIQ(Ct~~!leftlr 
D"'-V!""'Jf~PC;OT Pt<PLRXntBELJ m.P.(;lol~r.w'I'DJ''''I . .. ~ . . . . . . . .. . . . . . .. . ..... . . .. . ... ... . • • · .. .... • • • 

'tJCDLGtlPDKCMz;n1fl PllGC- EHLP'YPIUICItTGRPP SSTDDTK!S - PA.Ilt 
¥KD~IPDKGKr;YHRPIlGC-~P¥PRRCRTGJP'SSTDOTK!S ·'~~ 

'iNDLGllPDSI)PDtJ<:P.PII1.,GC- KEHPYPIUICRTCAARCNTDrLSB' _I '" 
"fflDLGSPDKGI<EYAAPVLGGS~"tPYPRPQTGRI(pTKTDPN'ESP.Lpt.L 
': ...... .. : ...... . ... 

• .. • 
.. 

• 

SHPHYVPIUlVt. no<: ICJIIUI SY~YJUOILVPGl.RIIGS I ESD't 11(!.P'S 
'HPKYVPIUlV.LKDGMIrNSVQqA~VlUfLIPVlJUICrvJaOC:IJI%P'S 

---V"tVPRDE.!I"'EVlI%Kl'rSN<TV'tsvuw.vPCIu:t"ALVD'D~'YP 
NIJ)IYYPRll~lU'GMucr'DnA'tAIJCSWQVLVPU)C!LCDKrIH!'05r 

••••••• • • • • • • •• •• • . . .... . ... .. 

EllrKL'tKKItSSVCQ(SKl<EC SKTL'LP- -OQ,SKl S~ P"5QIYN'OPP)(J. 
E! tIGL'ilCKRCGICEJ(SKnC SKTrPLp·· Cl PIOII S£SLSQ IKKf1tP.ftcG 
TAl DSLFNT.G-vwt.PPLJaOGWl<DI Lp· -IILI f(1' ITOUJ<!lVl»OTPDT 
EDVLIQ,nGGIKLPSGTKM'I<LIWP.IP1fDCL)(U.~l'KPfN 

• • • • •• • • •• •• . . . .. .. . . 
I PVl«OETfClJU)OEf"GklTLtlQ lIlPLS t EIUJCllPPPVSICLDPS ING.SKU 
ISWN--VL¥LRDDEf'CALTLJlCMIP'UIEIUJM'PPVSICLD'AICGSKIS 
KERD-RJ"f'Wf'RDI:Ef'GAC)TUGLNPKSLQLVTEWPUCSILDPI!.IYGPlPIS 
I KBD-IlS :"lrmTD!eFMlPJ.O "lOVt1P'VI I SAIO" PPPSKLDPtaI"tCMQICS 
• • 

~ . .... .. . . ... . . . . . ~ ... .. .. .. .. . 

ALI<E&Hl IGHUf-CUI 00:.,' E!HXLFI LO'{}U)l YLPl{J.Ja:tlJQ.LDDIUOI. 
ALKEEJII I GKU'·CKSVoo:.,l '£lIRLFI LOYllDI YLP¥UR.lll~ 
AlTT2Ml BOOt RCI')ft'Vt.UI kQKJ<lJ'KLO'(HOLPLlPfVSI<VRQIDtn L 
SlTKElM)(SMN-ca.TVDQAlItln.JKLI'tL~YLTK1IlSTTT"-T 

• • •• • • • • , . • • • • •• •••• •• • ••••• • • ••• . .. .. ..... . . . .... . 
HA7RTVFFLTPAGTL)lnAIBL1TJPSKDSHS·PIRQVLTPPYnUTYolL 
HMRTIPYLTPLGTlJCPlAlIVATVPSTDSS,-,VKQVLrsPYDA.Tt'VVl. 

'tGSRT (FFLTPDGfLRPUl EL TItP'- )(I)Q(P-OWKIlAWP'lWKSTGV'oIL 
'tJ3:RT I l.LI.QllOCOTlJ(PJAI ILSLPKPQGtRHGAVSK'VPT'-UDGY'tG'N · ...... . -~ ~ ..... . • • • • ... .. • .. ... .. • • 

WOt...NOHllC5NW-r-AJtOLTH~'IIAAJIfIQLSMKPI'tKLL 
WQLA.1o(.J:IMVC5nDSc:;;.,t\JtQLI tulWLRVKACTUt.11 AAJIJIOL5vtOtP I 'iICLL 
~LAHZ$CVHQLISHWLKTHAC:Tr;p'ttT~OLSVKJfPIYRLL 

WOLAKA'tAA'IlIDSG'flIQLI SHWWTMAAI U' 1 J ATNROL5VLMP I '(1(1.t. · : .... : . .. .. .... ... . ~ ..... . ....... . ..... .. . . .. .. . . . . . 
KPlaoat'f'tl.lJIOOMIVLnlAHCIVUC'~&tc'I'Q(tIT'SA"t""""~rc 
KJlKHR vn..t.1 HAQAAlVL nlAHGTVls VPAR EIC'I'Q(!1 T55" vrcc,(J(I.FD 



911255S44764Ir.fIKP_OO2S1J443. 
vi 1255S5145l1 ref I XP _002516771. 

viI2555S607Slr.fIX,_002519072 . 
viI25S5S6011Ir.fIX,_002519070, 
qiI255S44164IrefIXP_002511441. 
9'l 12S555145l1 rer I X, _00251"71 . 

qiI25S5SG015IrefIX'_002519012. 
9iI255S56071Ir.fIX,_002519070. 
qiIZSSS44764Ireflx,_002S11441, 
qiIZSSS514S1Ir@fIX,_D02516771. 

QiI2SSS5607Slr@fIX,_002519072. 
qi 12555560111 ref IX'_ OOZ519010. 
qiIZSS544164Ir.flx,_OOZ511443. 
qiI2SSS514SII!@f IX,_002S16771. 

QiIZSSS5607Slreflxp_002519072. 
qiIZSSSS6011Ir@flxP_002519010. 
QiI2SS544164Ir.fIXP_OOZ511443. 
QiI2555SL451IzefIXP_002516171. 

HPHI'llYnU.1 JUt -RQALIIIA.CCIIIS5PSPGKYCLZMSSVI YDtCJ)ltRPD 
HPHI'llVllWl It-; ..Il.~Q I LINA.CCI LIITVrPAKY M1LSSVV'ttc5 -WVrT 
••••• •. ••• •• • • •• to , . ••• • • • • • • •• · . . . .. . .... .. 
HlGL'ADLI~POPKQPHCLkLLI!OY'~OGLLIVSAIODLVKT 

H!GL'ADLIRRCLAJPDAKOtHGLkLLIEDyprANOGLLI~IQOLVKT 

~'()Q£LlSI\GMAVOOP~ltOnrASOGt.U.VDAltWNSO 

tHALPADLLK)GVAV'DSSO~LkLLll0YPYAVDCLlYVSAltTWVKt .. .. . ...... ............... ..... . ... . . . ..... . .., 

rvtfYY't'B"LwnntLQSYYI<I:SIfNQ4ADVS~L5TnDLls 

Y\nIYYYPIASLVQPDTtLQSVYKESI~S~RLST'DDLIS 

'(VJlH'tYPDP5t.I LSOtQ;I.(IA!'WnVRTVGHGDKKDB ,WPbLtCl"t<DLIt 
rcMYYPTDtlLVRDDTl14SWN:IPJftGHGDKKD!P'WP!HQTIVoDLTQ 
· ... .. ........ ... . ...... . . . .. .. .. . . .. . .. . 
I loSTI rwIASAQHM.VHrGQ'tOYG(;'NVVPJI P101JIJU.VPKBG'- ·O'VtYi\l1 
ILSTlrwIASAQHMUlrGQ'tOYGGYV,llUtpr4iPJu.viMRG--OV!:YAJ( 
IVSTI»NTSGHHMvt.rwv.YNi'rfPm'n.MI'~K3bDPTD!QI1(M 

TCTIIIWIA:IALHAAvtlrGQ'if'tAGTLPNP.PTV3MmtPC·-TPEYTt . . .... ~.............. . . . . . .. ,. ... . . . 
FLADPQGYrLS3LPSL!QTTYTlC5VU)JL31HSVD!t'1'IGMKDLLXWSG 
FLSDPQGYrLS3LPllI.TKIT3FK31lDLL3MH3Vt18t'1'tGAAN'DLLTWSG 
FA8KP8VVLLIrfPSQVQAI~VLDYL3NHSPDBtyt~EKltP~ 

LtKDPNtAnJ(TITAQLqt'LLGVSLttILSRHPTO!VYLG- QROTA!:WTS 
• • • • •• • • •• •• • • • • • 

.. ....... . .... ...... . ... • • • 

x,.. v. 

QiI2S55S6075Ir.fIX,_002519012. 
91IZ5555601ll:.fIX,_002519070. 
qiI25554416.I:efIX,_00251l443. 
q1IZ5~5S1451IJ~tIX'_002516111. 

tHBIIBMlRf'SKEltUQtt<Blt.KNNOPKLKKP.OG..\GW'reLLLPSS­
IlNI T!MYRf'SKEltUQ!il<!] t.KNNOPKLPMRc::GAGW'reULP5S­
D'Nl~~RLKtLEGIIOtpij~PSL~rvPrr.LLKPrS· 

DRB'LMnIU"5!IU.KE.I DOO MDJt1SotIKYlQ(p.lGPV1('{PYTLLf"ilH'I"S 
• • 

.. ." .... . ... ,... ...... . 
• • •• •• • • • • •• • 

qiI25S55601Slr~f I X'_D02S19072. 

911255S560;1Ir~flxP_002S19070. 

q1IZ555447641:~tlxP_002513443. 

9112S555 14511 ret I x, _ 002516111. 

-- - -HPGVTGRGVPHSISH 
• ··-KPGIITGRGVPIISISH 
····r.PGVT~YSI5I 

OF.SRQGGL TGKGI PHSl S 1 
.. ........ .. 

• •••• • ----------------------_ ... _ .... .. . " ... . _._., .. - ._- - ._.,. 

cluse.lv.ctnd 

I 
I 
qiIZS5S.4764Ir.f IX,_D0251344 3.11:0.J0183, 
q112S55S14S1Ir~fIX'_002516111.11:0.J19141 

:0.21511, 
qillS5556015Ir.fIX,_002519012.1 1:0.DS514, 
9i /255S560111 r~f IX' ... 002519070.11 : 0 .015S101 : 
," - .. " . _ .... - -_. __ .. _ ... _. , . - ... - ,~-.. - - ---,"-" . 

Select tree menu Exec 

• 

,-_. - -.- , ..... --- , H ·· , . ..... _ 
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