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ABSTRACT

India 1s the largest producer of castor, contributing to almost 65% of the world
share. However, wilt caused by Fusarium oxysporum £ sp ricini i the major constrain
for higher production. The molecular bases for the recognition of pathogens by plants
outsde the purview of gene-for-gene systems are still elusive. Therefore, in the
present investigation the role of lipoxygenase gene and polyamines was studied at
molecular and biochemical lkevel in the resistant and susceptible genotypes of castor at
0 days after infection (DAI), S DAI and 10 DAI (30 days after sowing) in wilt
pathogen infected and non infected tissues. The constitutive level of lipid peroxidation
product (MDA content) was higher in susceptible genotypes (VP-1 and VI-9), while
induced level was higher in resistant genotypes (48-1 and SKP-84) at both the stages
of analysis. Polyamine profiling using HPTLC showed higher spermudine and
spermine content in resistant genotypes at 10 DAL Furthermore, spermidine was
detected only in the roots of resistant genotypes at 10 DAL The lipoxygenase (LOX)
and polyamine oxidase (PAO) activities were higher in the incompatible interaction at
all the stages of analysis. Sequencing of 6 LOX genes (LOXI, 2, 3, 4, 5 and DOX)
were performed and results showed that except LOXI, all the genes had more than 90
% identity with LOX genes on NCBI-BLAST. Only LOX5 protein contains
conserved His (Histidine) residues (positions 547, 556, and 715) that are also
observed in other plant LOXs. Expression analysis 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 LOXS5 at 5§ DAI, which is
responsible for defense mechansm. These results suggest the role of high titers of
polyamines, LOX and PAO in disease resistance possibly through HR induction.
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CHAPTER 1

INTRODUCTION




I. INTRODUCTION

Castor (Ricinus communis L.) s the industrially important non edible oilseed
crop belongs to family Ephorbiaceae with chromosome number 2n=20. The major 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 India for
thc year 2009-10 s 7.40 lakh hectares with estimated total production of 9.34 kkh
tornes (Nielsen India estimates). In India Gujarat is leading castor growing state, which
produces 82 percent of total production in hﬁia. The major castor growing states in India
are Gujarat, 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 10 cause severe
yield losses. Castor wilt (Fusarium oxysporum f. sp. ricini), is a serious problem in
Gujarat state and causes heavy losses. Up to 80 per cent wilt incidence was reported in
North Gujarat (Patel er al., 2003). Monocropping has been followed due to its high
economical return, which resulted to the endemic development of wilt and wilt has

become a limiting factor for castor cultivation in the state (Dange et al., 1997).

Cultivars resistant to this fungus are the most practical way to control ths
disease. Both compatible and incompatible 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 recogntion of pathogens by plants outside the
purview of gene-for-gene systems are still elusive. Plants usually recognize pathogen-
associated moleculbr patterns (PAMPs) in the form of chitin, ghican fragments or
pathogen recognition receptor (PRR) proteins. Afiter pathogen recognition, a multitude of
plant resistance-associated reactions are initiated, such as ion fluxes across plant
membranes, the generation of reactive oxygen species (ROS), phosphorylation of

specific proteins, activation of cell wall strengthening enzymes, transcriptional activation
of several defense related genes, induction of phytoalexins, localized cell death at

infection sites (HR response), and induction of systemic acquired resistance in distal
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plant organs (Gupta er al., 2010), Hypersensitive cell death appears to not be the result of
the direct action of released pathogenic factors but is rather under the genetic control of
the host.

One ultimate characteristic of HR is the loss of membrane integrity, and thus
HR is often characterized by an associated electrolyte leakage and lipid peroxidation

accompanid by the enzyme lipoxygenase (LOX). Initiation of HR membrane damage
by LOXs has been suggested as an alternative hypothesis to free radical action, and the

process might be propagated by autoxidation (Rusterucci er al, 1999). Oxylipins and
other products of lipoxygenase play diverse roles in plant biology as signal molecules for

expression of defense related genes or as antimicrobial compounds (Marmey et al,

2007). LOX gene expression was investigated in several plant-pathogen interactions and
LOX transcripts were shown to accumulate in rice plants upon inoculation with the

fungus M. grisea (Peng et al,, 1994), and in the tobacco- Phytophthora parasitica

nicotianae interaction (Veronesiet. al., 1996).

[n addition, polyamine catabolism also contribute to defense responses
throughtwo reaction products : y- aminobutyric acid (GABA), an important metabo lite,
largely and rapidly produced in response to biotic and abiotic stresses (Cona et al., 2006)
and the reactive oxygen species, H,O,, which has a long been recognized to play a key
role in defense (Gechev er al,, 2006). H,03 is a mediator of several phys iological eve nts
such as programmed cell death, lignifications and wall stiffening. It has been suggested
that PAO is important in producing H>O; in vivo in the above mentioned events, during
cell growth and differentiation and host-pathogen interaction (Cervelli ef al., 2001). To
cope with various stress conditions, the expression of stress- associated genes leading to
the formation of a wide variety of low molecular weight metabolites like mannitol,

proline, glycine betaine and polyamines are also implicated. In recent past polyamines

considered as antioxidant molecule and inhibit lipid peroxidation in rat liver microsomes

e

and in phospholipid vesicles. Polyamines have also been reported as direct free radical
scavengers or to function as scavengers by interacting with other molecules (Benavides
et al., 2000). In general, polyamine metabolism has long been known to distort in plant
cells responding to insightful changes in plants interacting with fungal and viral
pathogens (Walters, 2003). The correlation between lipoxygenase and polyamines at
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molecular and biochemical level is still unclear in Castor plants during disease
conditions. Therefore, present investigation s planned to understand the role of
lipoxygenase and polyamines with following objectives.

1. To study the expression of lipo xygenase gene during host- pathogen interaction.
2. To access lipoxygenase enzymes and polyamines during host- pathogen interaction.

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

interaction.






I1. 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 has 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 three

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

2.1 Uses:

Production of castor (Ricinus communis 1., 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 et al., 1991) to supply the entire needs of our domestic
industries. The Unit;:d States is the largest importer and consumer of castor oil in the

world.

[n the United States, castor oil has been used by the military in aircraft lubnicants,
hydraulic fluids, and in the manufacture of explosives. It has also been used in the
synthesis of soaps, linoleum, printer's 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 et al., 1990).

2.2 Floral biology:

Flowers occur most of the year in dense terminal clusters (inflorescences), with

female flowers just above the male flowers. The upper spiny balls (ﬂvaﬁes) 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 bome 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 turn 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 follows

(Lakshminarayana ef al., 1984).

Sr.No. Characters Content

] 100-seed weight 15.2-302 g
2 100-seed volume 15.0-32.5 ml
3 Kernel 64-75%

4 O1l 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 lodine 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 oxysporum 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. Formation 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 formation 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 Guyjarat state duning 1980-81 from Sardarkrushinagar (DOR, 1981).

24 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.

24.1 ENZYME ACTIVITY:
24.1.1 Enzymes related to 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 et 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 et 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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and defense-rclated protein synthesis (Hammond-Kosack and Jones, 1996). One of the
most rapid defense reactions to pathogen attack is the oxidative burst, which leads to the
transient production of large amounts of reactive oxygen species (ROS), including
superoxide (O;’), hydrogen peroxide (H20;), and the hydroxyl radical (*OH). The rapid
generation of O, or its dismutation product H,O, at the onset of the HR has been

documented in many plant-pathogen interactions (Grant and Loake, 2000). ROS

produced in the oxidative burst not only protect against invading pathogens but also

— —

function as signaling molecules to activate Plant_aéfense responseg (Tenhaken 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 glycoproteins, such as the
Pro-rich protein (Bradley et al., 1992), or by directly killing pathogens (Levine et al.,
1994).

2.4.1.2 Lipoxygenase Enzyme (LOX linoleate: oxygen oxidoreductase, EC
1.13.11.12):

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 integnty 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 et 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 Wasternack, 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 ef 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 (Melan et al., 1993), in wheat infected with Puccinia graminis
(Ocampo et al., 1986) and in rice infected with Manaporthe griesea (Ohta et al., 1991).
In most cases, a correlation between induction of LOX activity and resistance of the
plant has been shown (Devi er 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 germinating pigeon pea
Cajanus cajan seedlings, resistant (ICP-8863) and susceptible (ICP-2376) to wilt fungus,
betore 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 udum (Devi et al., 2000).

Lipoxygenase (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 with: 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 al., 2006).
The lipoxygenase activity was characterize in pigeonpea for response to Fusarium udum
infection with four known resistant genotypes, viz. ICP 87119, ICP 8863, BDN 2 and
BSMR 736 have shown consistently higher lipoxygenase (LOX) activity in comparison



to susceptible genotypes viz. Bahar and TTB 7 (Mandal and Sinha, 2009). Mariutto ef
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 BTP1.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,
putida BTPl-inoculated plants before and two days after infection by the fungal
pathogen Botrytis cinereaon causing gray mold disease of leaves. This stimulation is due
to the increase of transcription level of two isoforms of LOX: TomLoxD and TomLoxF,
a newly identified LOX gene. They showed that recombinant TomLOXF preferentially
consumes linolenic acid and produces 13-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 (HzOz) and reducing intracellular PA titers, is polyamine oxidase.
PAOs are localized to peroxisomes and in the apoplast (Moschou et al., 2008). Resulting
H»O; plays a role in mediating a complex array of defense responses to microbial
pathogens. Furthermore, polyamine derived H;O, has been implicated in cell-wall
maturation and lignification during development as well as in wound-healing and cell-

wall reinforcement during pathogen invasion (Takahashi and Jun-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 al., (2003)
demonstrated that polyamines are indeed one of the sources of hydrogen peroxide during
HR. Upon HR induction, polyamines accumulate in apoplasts of tobacco cell and are

degraded by polyamines oxidase. Mosohou et al., (2009) reported increased PAO gene
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and corresponding PAO enzyme activities in wild-type tobacco (Nicotiana tabacum
‘Xanthi’) plants, infected by the compatible pathogen Pseudomonas syringae pv tabaci.
Polyamine homeostasis was maintained by induction of the arginine decarboxylase
pathway and spermine was excreted into the apoplast, where it was oxidized by the
enhanced apoplastic PAO, resulting in higher hydrogen peroxide accumulation.
Moreover, plants overexpressing PAO showed pre-induced disease tolerance against the
biotrophic bacterium P. syringae pv tabaci and the hemibiotrophic oomycete

Phytophthora parasitica var nicotianae.
25 METABOLITES CONSTITUENT:
2.5.1 Malondialdehyde (MDA), a lipid peroxidation product:

Toxic active oxygen species determine 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 initiatinn prupagatiun and termination reactions, in which activated oxygen

transxtmnal metals and lipid hydroperoxides are involved. MDA, a breakdown product

——

of hipid pcromdatmn is the most widely measured indicator of nxidatwe stress (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 malondialdehyde (Costa et al., 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 et a/., 1998).

Antioxidant enzymes and lipid peroxidation were determined 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 et al., 2002).
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Polkowska-Kowalczyk et al., (2004) observed increased lipid peroxidation only
in the Phytophthora infestans resistant Solanum nigrumi genotype. The increase in lipid

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

Mandal et al., (2008) performed an experiment to study the responses of tomato
(Solanum lycopersicum L.) against the invading necrotrophic pathogen Fusarium
oxysporum f. sp. lycopersici. They found 2.6 times higher concentration of hydiogen
peroxide (H,0;) 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 et al., (2010) reported  higher content of GSH in a leaves of downy
mildew resistant genotype (Pps-1) of opium poppy at 12 h after inoculation (hai) but a
transient and highly significant decrease in content of GSH 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 (Jawahar-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 et al., 2011).

2.5.2 Polyamines 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 from
exogenous application of polyamines 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 1s 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 spermidine to levels six to seven times that in healthy leaf tissue.

Walters et al., (1985) showed that the concentrations of putrescine, spermidine
and spermine 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 Ustilago 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

spermidine, and an increase in free and conjugated forms of spermine.

The concentrations of the free polyamines putrescine/agmatine (Put/Agm),
spermidine (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. tritici (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 et al., 1990).

Kuznetsov and shevyakova, (2007) reported that the level of free put, spd and
spm and their conjugates increased markedly on the 4™ 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, ade under the
control of a constitutive promoter of cauliflower mosaic virus, CaMV35S was transfer
eggplant through Agrobacterium-mediated transformation. 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. Hordei and observed change of

polyamines content was concomitant with increased activities of ADC, ODC and
SAMDC, also in wheat leaves infected with black stem rust and observed increased free
and conjugated Put and Spd levels, as weli as enhanced ADC and ODC activities (Xiao-
Ming Pang et al., 2007).

2.6 MOLECULAR BASIS OF DISEASE RESISTANCE:

A cDNA clone of tobacco (Nicotiana tabacum L.) lipoxygenase (LOX) was used
to study LOX gene expression 1n tobacco cell-suspension cultures and intact plants in
response to infection with phytophthora parasitica nicotianae (Ppn). Southemn 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 et al., 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 tuberosum with Phytophthora infestans (Kolomiets et al., 2000).
Marmey et al., (2007) reported that hypersensitive reaction (HR) cell death of cotton to
the incompatible race 18 from Xanthomonas campestris pv malvacearum (Xcm) is
associated with 9S-lipoxygenase activity (LOX) responsible for lipid peroxidation. The
cloning and the sequencing of of cotton (Gossypium hirsutum L.) LOX gene (GhLOX1)
revealed that GhLOX1 was found to be highly expressed during Xcm induced HR.
Sequence analysis showed that GhLOX1 is a putative 9-LOX, and GhLOX1 promoter

contains SA and JA responsive elements patterns in the corresponding immune 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 lipoxygenases and peroxidases, were up regulated at all time
points i.e.1, 6,12,24,48 h post-inoculation (Choi et al, 2008). Oliver et al., (2009)

reported that Pythium irregulare and Pythium debaryanum infection trigger the
expression of CHS, PALand LOX genes, and a slight induction of PR-1 expression in the

moss (Physcomitrella patens) tissues. LOX transcript accumulation starts at 2 h
increasing up to 6-8 h after inoculation. P. patens activated multiple responses against

Pythium irregulare 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 annuum) 9-LOX gene,

CaLOX1, which encodes a 9-specific lipoxygenase, was isolated from pepper leaves.

Recombinant CalLOX1 protein expressed in Escherichia coli catalyzed the
hydroperoxidation of linoleic acid. Expression of CaLOX1 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 CalLOXI in pepper
leaves induced the cell death phenotype and defense responses. CalLOX1-silenced pepper
plants were more susceptible to Xcv and Colletotrichum coccodes infection, which was
accompanmed by reduced expression of defense-related genes, lowered lipid peroxidation,
as well as decreased reactive oxygen species and lowered salicylic acid accumulation.
Infection with Xcv, especially in an incompatible interaction, rapidly stimulated LOX

activity in unsilenced, but not CalLOX]1-silenced, pepper leaves (Hwang and Hwang,
2010).






[Il. MATERIALS AND METHODS

The present investigation on “Characterization of LOX gene and
polyamines in Castor (Ricinus communis L.) during wilt pathogen interaction” was
conducted at the Department of Biotechnology, Navsari Agricultural University,

Navsartl.

3.1 EXPERIMENTAL MATERIAL

The investigation was carried out using the castor genotypes. The seeds of
two resistance genotypes (SKP-84, 48-1) and two susceptible genotypes (VP-1, VI-9) to
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 glasswares required were obtained from Corning, Borosil and
Schott Duran, the disposable plastic wares (centrifuge tubes, PCR tubes, micro tips, etc.)
from Tarsons Ltd. Axygen and Eppendorf

3.1.2 CHEMICALS

All the chemicals used were of analytical reagent grade/molecular grade
and were obtained from Sisco Research Lab. (SRL), LOBA Chemicals, Sigma, H#
Media, E-Merck, Qualigens, Bangalore 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
suspension:

The Fusarium oxysporium f sp. Ricini was wsolated from the root of
castor susceptible genotype (VP-1). 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 transferred with a sterilized pipette, onto the centre of the
agar plate and carefully spreaded on the plate. The unsealed plate was incubated at 25 °C
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for 12-24 hours. The unsealed plate allows some of the surface water to dry out. The
spores were checked within 12 hours and then cvery 24 howrs to establish germination.
Once the spores have germinated a sterilized needle was used to pick up a small piece of
agar containing a spore. In order to establish that the spore is the one desired, and
maintain quality control, a slide was prepared and examined under the compound
microscope. Ten germinated spores were transferred and distributed evenly onto two
PDA plates and incubated at 25 ° C until their colony diameter were about 1 to 2 cm. A

small pece of mycelium with agar was then transferred to another PDA plate and the
culture was checked after few days, if there is no contamination, a pure cuiture has been
obtained. This pure culture was again used to infect susceptible genotype (VP-1 and VI-
9) to prove Koch's postulates. After that culture was stored on the potato dextrose broth
at 4° C (Choi et al., 1999).

The spore suspension of Fusarium oxysporium f. sp. Ricini was prepared
from 7-day-old culture grown on potato dextrose broth and diluted to concentration
approximately 6.5 X 10° spores/ml.

3.2.2 Tray sowing

(Castor genotypes were raised m tray at Department of Biotechnology, N.
M. Coliege of Agriculture, N. A. U, Navsari. Only fine sterilized sand was used for

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 x15 cm)
were kept 20 days after germination. The crop was well irrigated regularly to avoid any

physiological stress and to maintain high relative humidity condition. Highly susceptible
genotypes VP-1, VI-9 and resistant genotypes SKP-84, 48-1 were sown in individual
trays.

3.23 Pot transplanting:

To collect leaf samples for biochemical and molecular analysis. Plants (20
days old) of all the four genotypes were infected with Fusarium oxysporium L 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 1-2 cm were slotted out

and injured roots of castor seedlings were dipped in 1x10°® 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 sterihzed pot containing sterilized soil and sand in 1:1 ratio.
i3 BIOCHEMICAL CHARACTERS

All bwochemical parameters were analyzed at three stages: (i) pre-

infection [20 days after sowing (DAS)] and (i) post-infection [S and 10 days afier
infection (DAI) Le. 30 DAS].

Fresh leaf samples for biochemical and molecubr analysis at all stages
were collected from second upper leaf The lateral roots were collected only at two stage
( 0 and 10 DAI) to remain same plant for sampling at all three stage (0,5 and 10 DAI).
Fresh keaves 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 following

biochemical estimation:
3.3.1 Determination of enzy mes
3.3.1.1 Enzyme related to reactive oxygen species (ROS) generation:

(i) Lipoxygenase (LOX)
(i) Polyamine oxidase (PAO)
33.1.2 Metabolites constituents:

() MDA (Malondialdehyde) content
(ii) Polyamines profiling

34 MOLECULAR CHARACTERIZATION:

() RNA extraction from leaves at regular intervals with and without

infection with fusarium wilts pathogen.
(i1) cDNA synthesis
(iii) Isolation of key genes of LOX
(iv) Sequencing o f genes

(v) Expression analysis of gene(s) using Real Time PCR
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The detail methods applied for various biochemical and molecular parameters are

given below with appropriatc headings:

3.5 Determination of enzy mes:
3.5.1 Enzyme related to ROS generation
(1 Determination of Lipoxygenase (LOX) activity: (EC 1.13.11.12)

Enzyme extraction: The leaves (0.2 g) were homogenized with 2 ml of
0.2 M sodium phosphate buffer (pH 6.5) using a pre-chilled mortar and pestle. The

homogenate was centrifuged at 10,000 x g for 20 min at 4°C. The supernatant was used
as the enzyme source (Mahatma et al., 2011).

Preparation of Substarte: Stock solutions of 10 mM MBTH and 5
mg/ml hemoglobin (100X ther final concentrations) were made by dissolving the

reagents in water. A solution containing 20 mM DMAB and 100 mM phosphate buffer
was prepared by dissolving 330 mg DMAB in 5 ml of | N HCI. This was then diluted to
about 80 ml with water and 1.42 g of Na,HPO4 was added. The pH was adjusted to 6.0
with HCI and the volume brought to 100 ml with water. A 25 mM stock solution was
prepared by adding 155 pl (140 mg) of linoleic acid and 257 pl (280 mg) of tween-20 to
5 mlof water. The mixture was emulsified by drawing back and forth in a Pasteur ppette

and then clarified by z;dding 0.6 mlof 1 N NaOH then after dilution to the final volume
of 20 ml.

Assay: This allowed for a simplified standard assay procedure using two
working solutions prepared from the stock solutions described above. Solution 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 m! of 5 mg/ml hemoglobin, and 19.2
ml water. For the standard two-step assay, the sample, in a volume of 80 to 100 pl was
incubated with 4.0 ml of solution A. After incubation for the specified amount of time
(generally 7 min), 4.0 ml of solution B was added. After an additional 7 min, 1.9 ml of
1% (w/v) sodium lauryl sulfate was added to terminate the reaction. Absorbance at 598
nm was then determined (Anthon et al., 2001).
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(2) Polyamine oxidase:

Enzyme extraction: The leaves (0.1 g) were homogenized with 1 ml of
0.1 M sodium phosphate buffer (pH 6.5) using a pre-chilled mortar and pestle. The
homogenate was centrifuged at 12,000 x g for 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 H,0;
released in enzyme extracts from leaf homogenates was assessed with spermidine or
spermine as substrate. The reaction mixture consisted of 1 ml of0.1 M sodium phosphate

buffer (pH 6.5), 0.05 ml each of 25 mM guaiacol and 1 mg/ml of peroxidase
(Horseradish Type II, Sigma) and 0.1 ml of crude enzyme. After 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).

Reagents:
(1) Solution A: 2% Na;CO; m0.1 N NaOH
(11) Solution B:  (a) 1% CuS04.5H,0 solution

(b) 2% sodium potassium tartarate solution

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

solution B (a) and B (b).

(i) SoluwtionC: Prepared fresh before use by mixing 50 ml of solution A
and 1 ml of working solution of B.

(iv)  Solution D: Folin & Ciocalteureagent(1N) reagent.
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Procedure:

Enzymes extract/protein extract (25 ul) were taken in test tube and
volume was made up to 1 ml with Mill-Q. A tube with | ml of water served as blank.
Five ml of solution C was mixed by vortexing and kept for 10 min. Then 0.5 ml of
solution D (Folin & Ciocalteu reagent) was mixed with vortex and kept it room
temperature for 30 min. Absorbance was recorded at 660 nm. A standard curve was

prepared with bovine serumalbumin in the range of 10-80 pg

3.7 Metabolites constituents
3.7.1 Thiobarbituric acid reactive substances (TBARS) / Malondial dehyde
(MDA) determination

Lipid peroxidation was measured as the amount 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 homogenized in 1.5 ml of
5% thrichloroacetic acid (TCA). 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 for 25 minutes and then quickly
cooled on ice. The contents were centrifuged at 10000 x g for 10 minutes and the
absorbance of the supernatant was measured at 532 nm on Spectrophotometer. The value
for non-specific absorption at 600 nm was subtracted from the 532 nm reading. The

concentration of TBARS was calkulated using an extinction coefficient of 153 mM™ cni
I

OD 532 nm —600nm . 45 « Dilution Factor x 1000

MDA 1 mol/g = 155x L
Where,
155 = Extinction coe fficient
2 = Molecular weight of MDA

L

Path length of the cell ncm
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3.8. Polyamines profiling through HPTLC:

3.8.1 Extraction of Polyamines

Tissues were extracted in 5% cold (Perchloric acid) HCLO;, at a ratio of
about 100 mg/ml HCLO4 and place the extract in an ice bath for 1 hr. Samples were
pelleted at 48,000g X 20 min, and the supernatant phase containing the free polyamines
fraction, was stored frozen at -20°C in plastic vials. HCIQ, extracts were stable for

polyamine analysis by HPTLC for more than 6 mouths 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 HClO, extract were mixed
with 400 pl of dansyl chloride (5 mg/ml in acetone, prepared fresh), and 200 ul 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 pl (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 -20°C. Dansylated extracts were stable for up to |
month. Standards were processed in the same way, and 20 nMol were dansylated for
each, alone or in combinations. TLC was performed on high resolution silica gel 60 F
254.

3.8.3 HPTLC profiling of polyamines:
(i) Sample application:

Extracted samples (15.0 pl) were sprayed as 1x9 mm bands along with
standards (15.0 ul) on TLC Silica gel 60 F 254 plates 20x10 cm (silica gel plates,
Merck) by CAMAG Linomat 5 applicator using nitrogen gas. The plates were activated

at 100°C for 10 min before sample application.
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(ii)  Separation of polyamines:
Solvent system was used as described by Seiler and Wiechmann (1967).

Polyamines were separated by the solvent system chloroform: triethylamine (252, v/v).
Solvent mixture was filled in the CAMAG Twin trough chamber (20x10 cm) and left

overnight for saturation. The plates were placed in tank to separate polyamines until
solvent reached 8 cm from origin.

(i)  Qualitative and Quantitative analysis:

After separation of polyamines, HPTLC plates were photographed using
CAMAG Reprostar 3 system at 366 nm in fluorescent light. Quantitative determination
was carried out using CAMAG TLC Scanner 3 at 350 nm.

39 MOLECULAR CHARACTERIZATION

1. RNA extraction at regular intervals with and without infection with fusarium wilt.
2. cDNA synthesis

3. Isolation ofkey genes of LOX

4. Sequencing

5. Expression analysis of gene(s) using Real Time PCR

3.9.1 Total RNA Isolation:

Total RNA was extracted from the leaves by a modified Trizol method.
Fresh 21 days old leaves (0.1 gm) from each genotype were powdered in liquid nitrogen
using a pestle and mortar. The resulting powder was transferred to a 1.5 ml tight capped
eppendorf tube with 1 ml TRIzol reagent and incubated at room temperature for 5
minutes. Two volume of chloroform (0.2 mi) was added with vigorous shaking for 15
seconds and incubated at room temperature for 2-3 min. Tubes were centrifuged at 12000
X g at 2-8°C for 15 min. Aqueous phase was transferred in another eppendorftube and
0.5 ml of isopropanol was mixed properly. Then eppendorf tubes were kept at room temp

12~
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for 10 min and centrifuged. Supernatant was removed and RN A pellet was washed in 1
ml 75% ethanol at 7500 X g for 5 min at 4° C. Pellets were dried about 1-2 hour then

dissolved in 25-30 ul DEPC treated water and kept at 55-60°C on dry bath for 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 electrophoresis 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/pl. The nitrogenous bases in nucleotides have an absorption maximum at about

260 nm. The RNA samples with the ratio of 1.7-2.0 at OD 260/280 were retained for
RNA fingerprinting.

RNA was separated by denaturing agarose gel electrophoresis. The 1.5%
denaturing gel were prepared in 1.0 X formaldehyde agarose gel buffer (Sambrook and
Russell, 2001). Agarose (1.5 gm) was dissolved in 10 ml 10x Formaldehyde Agarose gel
buffer and volume was made up to 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)
formaldehyde and 2 pl of a 10 mg/ml ethidium bromide form stock solution were added.
Gel solution was mixed thoroughly and poured onto gel support. Prior to running the gel
gel was equilibrated in 1X Formaldehyde Agarose gel running buffer for 30 min, one
volume of 5x loading buffer was added per 4 volumes of RNA sample and incubated for
3-5 min at 65°C, chill on ice, and loaded onto the equilibrated Formaldehyde Agarose
gel. Gel was run in 1x Formaldehyde Agarose gel running buffer at 5-6V/cm till the dye
reaches three fourth of gel. RNA bands were visualized on UV Transilluminator
(GeNei'™) and photographed 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 indicating that no significant degradation of
RNA has occurred.

3.9.2.1 10x Formaldehyde Agarose Gel buffer

200 mM 3-[N-morpholino]propanesulfonk acid (MOPS) (free acid)

23



3.9.2.2

3.9.2.3

3-913

50 mM sodium acetate

10 mM EDTA

pH to 7.0 with NaOH

Ix Formaldehyde Agarose Gel Running B uffer
100 ml 10x Formaldehyde Agarose gel buffer

20 ml 37% (12.3 M) formaidehyde

880 ml RNase-free water

S5x RNA Loading Buffer

16 pl saturated aqueous bromophenol blue solution
80 ul 500 mM EDTA, pH 8.0

720 pl 37% (12.3 M) formaldehyde

2 ml 100% glycerol

3084 pl formamide

4 ml 10 x Formaldehyde Agarose gelbuffer
RNase-free water to 10 ml

Stability: Approximately 3 months at 4°C

¢DNA synthesis:-

Matenials and method's

The cDNA was synthesized by using high capacity cDNA reverse
transcription kit uses the random primer scheme for initiating cDNA synthess. Random

primers ensure that the first strand synthesis occurs efficiently with all species of RNA
molecules present, including mRNA and rfRNA. A master mix for cDNA synthesis was

prepared by following method

24



Table 3.1: Preparation of First Strand cDNA Synthesis:

Component Volume (nl)

Template RNA _, T30 - =

Oligo (dt)18 pnimer ol i
Water, nuclease free 09

Total volume T

Reaction mixture mixes gently, centrifuge briefly and incubate at 650c 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/ul) 01
10 mM dNTP mix 02
M-MuLV Reverse Transcriptase (20u/pl) 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 PCR application or stored at -

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

3.94 Amplification of lipoxygenase gene(s):-

Different sets (6 primers) were designed to amplify each cDNA by RT-
PCR. LOX gene specific sequences of Arabidopsis were obtained at the NCBI data base

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

The PCR amplification of lipoxygenase genes were performed using
different reverse and forward primers 1.e. LOXI, LOX2. LOX3, LOX4, LOX5 and
DOX (Table 3.3). The reaction mixtures composed of Spul 10xPCR buffer, 0.2mM
dNTPs, 1uM each primer, 200ng cDNA template, 2.5 units 7ag DNA polymerase and

sterile deionized water to a final volume of 50pl. PCR programme was as follows: initial
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denaturation at 94°C for Smin, followed by secondary denaturation (94°C, 30 sec),

annealing (65°C, 45 sec), initial extension (72°C, | min), and final extension at 72°C for

5 min with 31 cycles. PCR product was stored at 4°C for future use.

All the PCR amplified products were run on 0.7% agarose gel containing
5 ul ethidium bromide, 1n 0.5X TBE (5X TBE stock, 54g Tris, 27.5¢ Boric acid, 20ml of
0.5M EDTA, pH8.0). Amplitied product (5 pl) was mixed with 1 pl of 5x gel loading
dye and loaded in the well. The electrophoresis was carried out at 60 mA (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.

willin

Primer Sequence
Loxl F 5-GGATTACTACATTCACTCCTGCAAC-3’
Lox1 R 5'-GGCAGATATGCCTTGTTAGTAAAGA-3’
Lox2 F 5’-CAAGATGCAACACAGATACACTTTC-3’
Lox2 R 5-TCTTTCCAACCTTGTTCTTTAAGTG-3’
Lox3 F 5’-GGAATTAGAAAATTGTGCGATAGAA-¥
Lox3 R 5’-CAGAGACTTCTATTCTTCTGCCATC-3’
Lox4 F 5’-ACAGATGACACTAAGGAGTCTCCAG-3’
Lox4 R 5'-TGGAACATTCTTTCTTTGACTTTTC-3'
LoxS F 5-AAGTATTACTCCAATAACCGCTGTG-3'
Lox5 R 5’-CATGGAAGGTAGGTCTTGTTAGAGA-3’
Dox F 5'-GATCTAACGGATGACAAAGAAGCTA-3
Dox R 5-ACTTTCTGTGGTATTCACCCATTTA-3
3.9.5 DNA sequencing :

Cycle sequencing of the PCR product was done using Big Dye
sequencing kit 3.1v, provided by Applied Biosystems. A 250ng of the PCR product was

used for cycle sequencing. To purify the product of cycle sequencing it was first
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ransferred to a 1.5ml tube. Then a master mix | consistimg 10u i Mill-Q H,0 and 2ul of

125mM EDTA per reaction was prepared. 12plof master mix 1 was added to 10pl of the
rcaction and the contents are mixed well. Master mix 11 consisting 2u] of 3M NaOAc

(pH4.6) and 50u] of ethanol per reaction was prepared. 52ul of master mix I was added
to 10ul of the reaction and the contents are mixed well. After the incubation of ths
product at RT for 15min. it was centrifuged at a speed of 12000xg for 20min. at RT.
Supcrnatant was decanted and 250ul of 70% ethanol was added to it Then it was again
centrifuged at RT for 10 rmn.

After drying the pellet 15ul of H+Di Formamide was added to it for
denaturation of DNA. Samples were snap chilled and then 10ul of sample was
transferred to 96-well sequencing plate. Sequencing was done using AB prism
Sequencer, 3130 Genetic Analyzer (Applied Biosystems) with 4 capillaries. Results of
sequencing were analyzed by performing online BLAST sequence homology test.

3.9.6 Expression Analysis of Lipoxygenase Gene(S) By Real-Time (RT)
PCR:

Realtime PCR is one of the most sensttive and reliably quantitative
methods for gene expression analysis. It has been broadly applied to microamay
verification, paﬂnogen.qmmiﬁcatinn. cancer quamntification, transgenmic copy number
determination and drug therapy studies. A PCR has three phases, exponential phase,
linear phase and plateau phase. The exponential phase is the earliest segment in the PCR,
m which product increases exponentially smce the reagents are not limited. The linear
phase is characterized by a linear increase in product as PCR reagents become hmited.
The PCR will eventually reach the plateau phase during later cycles and the amount of
product will not change because some reagents become depleted. Realtime PCR
exploits the fact that the quantity of PCR products in exponential phase s in propo rtion
to the qua ntity of initial template under ideal conditions. During the exponential phase
PCR product will ideally double during each cycle if efficiency is perfect, i.e. 100%. It &
posible to make the PCR amplification efficiency close to 100% in the exponential
phases if the PCR conditions, primer characteristics, template purity, and amplicon
lengths are optimal. Both genomic DNA and reverse transcribed cDNA 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 Tagman 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 performed using a (<100 ng/reaction) 2.5 pl aliquot of the
first strand cDNA in a final volume of 10 pl containing 10 pmol of specific primers
(forward and reverse) for coding region of LOX genes (LOX-2, LOX-3, LOX4, LOX-5
and Dox). As a control, the primer specific to 185 rDNA gene (NCBI accession No. )
was used control to normalize each sample for vanations in the amounts of RNA used.
PCR was carried out using 5ul 2x QuantiFast SYBR Green PCR Master Mix (Qiagen,
Valencia, CA, USA), Primer F and R both are 0.5 ul, Template cDNA 2.5 ul and RNase
free water 1.5 pl to final volume 10 pl in a thermal cycler (ABI-7300) programmed as
follows: an initial denaturation for 5 min at 95°C, 35 amplification cycles [S min 95°C

(imtial denaturation), 10 s at 95°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 determined with the

delta-delta (AA)Ct, according to the following formula (Dussault and Pouliot, 2006)
comparing the data for each gene of interest with the data for mock-inoculated cufn:m]

samples at each time point. The data was normalized by comparison to gene.
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AACt= [(Ct G.O.1 Ctr- Ct Ref. Ctr)- (G.O.] infected- Ct Ref. infected)

where: G.0O.]= Gene of Interest
Ref: reference gene (18s)

Ctr= Contro (non-infected)

Fold increase = 2~ 44
3.10 STATISTICAL ANALYSIS
3.10.1 Biochemical parameters

All the biochemical parameters were analyzed in three replications (one
pot/replication/cultivar). The data obtained by biochemical constituents and enzymes
determination 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 NCBI (National Center for
Biotechnology Information ) to find the similarity between sequences available on
NCBI data base. Multiple sequences of nucleotides 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 interaction” are
presented and discussed in this chapter.

41 BIOCHEMICAL CHARACTERIZATION:

All biochemical parameters were analyzed in infected and non infected plants at
three stages: (i) pre-infection [20 days after sowing (DAS), only non infected plants] and
(ii) post-infection [5 and 10 days after infection (DAI) i.e. 25 & 30 DAS]. Fresh leaf
samples for biochemical and molecular analysis were collected from second upper leaf at

all stages. The lateral roots were collected only at two stage (pre-infection or 0 and 10
DAI) to remain same plant for sampling at all three stage (0, 5 and 10 DALI).

4.1.1 Metabolites constituent:
(1) Malondialdehyde (MDA) content:

Membrane lipid peroxidation was estimated as the content of MDA to observed
membrane damage (Table 4.1). The MDA content was higher in susceptible genotypes
(367-375 pmol g-1 FW in leafand 148-152 pmol g-1 FW in root) (Fig. 4.1) compared to
resistant genotypes (308-311umol g-1 FW in leaf and 107-128 pmol g-1 FW in root)
(Fig. 4.2) at pre-infection (20 DAS) stage. While, after infection (5 and 10 DAI) the
MDA content was increased in infected leaves of resistant and susceptible genotypes as

compared to their non-infected leaves. However, leaves of infected resistant genotypes
had about 1,5-1.7 times more MDA content than infected susceptible genotypes and non-

infected resistant genotypes. The MDA content was decline significantly in infected and
non-infected tissues of both resistant and susceptible genotypes at 10 DAI compared to 5
DAI. However, the MDA content was higher in both leaf and root tissues of resstant
genotypes at 10 DAI as compared to (0 DAI) pre infection.
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Table 4.1: Pre- and post-infectional changes in lipid pe roxi dation product (MDA

MDA constituents (pmol g‘rr“ﬂ_

[ No. and l__—I"raz: infection (0

content) of wilt resistant and susceptible Castor genotypes

Post infection(5
Post infection (10da
name of day) days) ( ys)
genotypes Leaf Root Leaf i Leaf » Root
fI
NI NI NI NI - ni | Frert
VP-l [ 367.65 | 148.09 | 312.35 | 418.15 | 221.23 | 232.74 [ 111.99 | 118.29
VI-9 375.84 | 152.48 | 355.08 | 560.53 | 201.56 | 235.44 | 132.76 | 142.91
45-1 730823 | 107.00 | 45055 | 779.92 | 238.23 | 345.25 | 143.73 | 162.42
SKP-84 311.55 | 128.18 | 512.58 | 85025 | 243.56 | 36222 | 148.70 | 172.93
S.Em. 0.39 1.88 188 | 1.04 | 094 | 069 | 0.69
!
CD.at5% | 22 1.17 | 5.63 263 | 3.12 | 283 | 208 | 208
C.V.% 0.38 ‘ 0.50 080 | 050 | 080 | 056 | 089 | 080

Pre-infection at 20 DAS, Post-infection at 25 and 30 DAS (5 and 10 days after infection
DAI) FW = Fresh weight I= Infected, NI= Non Infected

The rate of lipid peroxidation product increased with Fusarium oxysporum £ sp.
ricini infection in incompatible interaction whereas the rate of lipid peroxidation product
decreased in compatible interaction. The rate of increase was more pronounced than rate
of decrease. These findings are in accordance with results observed by Ge Xiu Chan ef
al., (1998) in rice leaves after inoculation by Magnaporthe gnsea and in grey leaf spot of
maize (Guo ef al., 2003). Infection by Fusarium oxysporum significantly increased kevels
of H,0; and O, production in tomato leaves and its levels increased with increasing the
time of infection (EI-Khallal, 2007). Our results can be correlated with higher
lipoxygenase activity in resistant genotypes in present study and is in good agreement

with lipid peroxidation accompanied by the enzyme lipoxygenase.
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(2)  Polyamines Profiling through HPTLC:

The perusal of data (Table 4.2) revealed the RF of 4 standard polyamines as
detected by HPTLC CAMAG SCANNER 3. Total 3 polyamines (Fig. 4.3) putrescine,

spermidine and spermine were detected in infected and non-infected tissues of all four
castor genotypes VP-1, VI-9, 48-1 and SKP-84.

Table 4.2: Ry value of standard polyamines detected by CAMAG SCANNER 3 at

350 nm
[ “Name of T [ I
Sr. Ne. Polyamines Start Ry Max Ry End R¢ % Area

F 7T o (Cad) 0.63 - 075 0.81 100
2 Putrescine (Put) 0.49 [ 0.56 T 0.67 99.13
3 Spermidine (Spd) | 0.77 0.87 092 96.69
- — 1 )

4 Spermine (Spm) 0.88 0.92 0.95 64.72

Results of polyamines profiling showed the cadaverine was not detected in any
genotype of castor in all the stage of analysis. However, primary diamine putrescine was
not detected in non-infected leaf tissues of susceptible 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 leaf tissues of resistant genotypes at 5 DAI
and almost maintains its level at 10 DAI In the infected leaf tissues of susceptibke
genotypes putrescine, spermidine and spermine was increased at 5 DAI while these
polyamines were decreased in resistant genotypes compared to therr non-infected leaves.
[nterestingly, the kevek of spermidine and spermine was increased in infected kaves of
resistant genotypes at 10 DAI whereas reverse trend was observed in susceptible
genotypes. The resistant genotypes had 2-3 times higher content of spermidine and
spermine. Similar results were observed in an incompatible interaction between barky
and powdery mildew, levels of free spermidine and of conjugated forms of putrescine
and spermidine were found to increase after inoculation (Cowley and Walters, 2002a).
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12. SKP-84 LNI 20. SKP-84 LI
13. SKP-84 RNI 21. SKP-84 Rl
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Figure 4.3: Polyamine profiling of susceptible and resistant castor genotypes using
HPTLC. Polyamines were detected at 350 nm in fluorescent wavelength.
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Furthermore, these results are in agreement with a previous report where the over
expression of a key polyamine biosynthetic gene arginine decarboxylase (adc) in
transgenic eggplant exhibited increased resistance against Fusarium wilt as compared to
wild type seedlings. Similarly, the mtroduction of samdec gene in tobacco conferred
resistance 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 et al, 1998; Takahashi et al, 2003).The levels of PAs,
particularly PA conjugates are known to increase during fungal infections and are
implicated in providing resistance against various plant pathogens. Therefore, high titers
of PAs, in the incompatible interaction suggesting their involvement in fungal resistance.
Remarkably, putrescine was only present in infected roots of resistant genotypes of
castor and these genotypes also had higher percent area of spermidine. The ‘spermine
signaling pathway’ mvolves accumulation of spermine in the apoplast, upregulation of a
subset of defence-related genes such as those encoding pathogenesis-related (PR)
proteins, PR-1, PR-2, PR-3 and PR-5 (Yamakawa et al., 1998) and mitogen-activated
protein kinases, and a type of programmed cell death known as the hypersensitive
response. This response is triggered by spermine-derived H;0O;, produced through the
action of polyamine oxidase (PAO) localized in the apoplast (Kusano et al, 2008,
Moschou er al., 2008). Taken .together, these data indicate double-edged roks of
spermine in cell survival: as a free radical scavenger in the nucleus and as a source of
free radicals in the apoplast, the interaction of spermine with other molecules is mvolved
in the cell death

The observed resuits of PAs are accompanied with the polyamine oxidase (PAO)
activity in susceptble and resistant genotypes in present study. This might be due to
higher PAO activity of resistant genotypes utilized the higher content of polyamines as
substrate at 5 DAL The levels of polyamines in infected resistant genotypes at 10 DAl
were almost similar to the kevel of polyamines in the susceptible genotypes at 5 DAL
Resistant genotypes maintain the PAs and PAO homeostasis in both infected and non-

infected tissues.
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Table 4.3: Polyamines profiling of Castor genotypes at pre-infection (I 0 hours) and
post-infection (II § days) and post-infection (III 10 days) stage (Individual
polyamines and % Area was detected by CAMAG SCANNER 3 at 350 nm)

% Area of Known Polyamines
:;- Genotypes | Stage Polyamines Control Control Treated | Treated
Leaf Root Leaf Root
| Cad s . = -
l VP-1 I Put 3.56 - i -
0Day {Spd 7.44 19.77 . -
Spm -— - - s
Cad - e - -
11 { Put 595 | - 8.96 -
5Day | Spd 16.82 - 23.80 -
Spm 5.7] e 10.56 -
I Cad -— -— -— -
I Put mo 3.52 e
10 Day | Spd 9.59 10.81 6.62 342
Spny 7.45 -— 6.65 -
| Cad -— -— i e
2 V1-9 I Put 9.24 3.07 ~— o
0 Day Spd 23.92 5.21 ~am m—=
“Spm T 1222 = = | -
[ Cad — | - - =
| Put 19.38 e 8.59 -
5Day | Spd 1046 | - 18.70 —
Spm 10.25 - e 17.51 -
Cad e | - I
11 Put -— 2.21 == B
10 Day | Spd 17.99 9.58 7.75 -
Spm 13.54 - 8.38 11.55




Cad -— i b i

48-1 1 Put 8.83 19.31 — —

0Day | Spd 22.34 18.10 - —
Spm 12.78 6.81 o e

| Cad e — | = _

Il Put 10.44 ies 6.44 —
5Day | Spd 30.51 - 21.55 -
Spm 15.75 - 12.40 -—

Cad s - - -

H 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 -— g sy

SKP-84 1 Put 4.97 — — _
O0Day | Spd 16.52 6.25 — —
Spm 775 15 | = —

l Cad - s s —

1 Put 9.05 s 7.65 —
S5Day |[Spd 15.12 s 2.13 -~
Spm 12.30 s 3.56 -

Cad o o - -— o

H Put 3.70 611 | 4.10 5.63
10 Day | Spd 10.43 14.09 25.71 17.15
Spm 15.66 11.34 20.38 —
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42. ENZYMES ACTIVITY

The results of differemt enzymes activity are interpreted and discussed in this
section

4.2.1 Enzymes related to reactive oxygen species generation and metabolism

4.2.1.1 Lipoxygenase (ILOX) activity:

At pre-infection (0 day), LOX activity was higher in the resistant genotypes
(18.32-19.47 Umts min-1 g-1 protein) compared to susceptible genotypes (15.46-15.58
Units min-1 g-1 protein) in leaf (Fig. 4.4) and as same in root (Fig. 4.5) LOX activity
was higher in the resistant genotypes (92.27-93.72 Units min-1 g-1 protein) compared to
susceptible genotypes (81-82 Units min-1 g-1 protein). At post-infection (5 DAI), LOX
activity (Table 4.4) was significantly higher in the infected resistant genotypes (246.14-
284.73 Units mm-1 g-1 protein) but LOX activity lower 1n the non-infected resistant
genotypes up to 0.5-0.7 fold. Infected susceptible genotypes contain (179-185 Units min-
1 g-1 protein) and in non-infected susceptible genotypes (131-139 Units mun-1 g-1
protein) such that LOX activity lowers in the non-infected susceptible genotypes than
infected genotypes up to 0.4-0.6 fold. We observed that after infection increase LOX
activity in resistant genotypes than susceptible at post infection 5 day stage. The LOX
activity was decline significantly in resistant and susceptible genotypes at 10 DAL
Furthermore, LOX activity began to rise at the 5™ day of stress and thereafter LOX
activity be gan to decline significantly.

Increased LOX activity in plant pathogen interaction is well established (Keppler
and Novacky, 1986; Nagarathana ef al., 1992; Jain et al., 2002 and Babitha ez al., 2004).
The increase in lipoxygenase activity suggests its possible involvement in imparting
resstance following Fusarium oxysporum f sp. ricini infection Increase in LOX
enzyme activities s frequently found to be associated with R-Avr gene mediated
incompatdbility (Slusarenko, 1996). The increased LOX may generate signal molecules
such as jasmonic acid, methyl jasmonic acid or lipid peroxides, which co-ordinately
amplify specific responses. Increased LOX activity may also cause ureversible
membrane damage, which would lead to the leakage of cellular contents (Mac Carrone ef
al., 2000).
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Table 4.4: Pre- and post-infectional changes of enzyme activity in wilt resistant and
susceptible Castor genotypes:

{ L LOX attivi-li (Uni?s min' g pr;tein} ) ) |

No. and PrE_i;IfecﬁnE Fﬂst inf:ctiun B Pt;st infﬂfﬁnn

name of | (0 day) | (5 days) (10days)

genotypes Leaf | Root | Leaf ‘J[.eaf" Leaf | Leaf l Root | Root |

e N S I NI | X NI I

Susceptible | D 3 T | B =
g 15.46 | 82.66 { 131.27| 179.70] 6943 | 77.54 | 12.81 | 13.30
— — —J

VI-9 1558 | 81.18 | 139.45 | 185.70 ?2.4'6-4 76.43 | 12.16 | 1544
h_REEI'St;llt l ] l | _-—

"p 1947 | 9227 | 178.48 r246.l4 88.35| 98.78 | 19.69 | 2523
4

: N PR S |

SKP-84 1832 | 93.72 [ 191.80 | 284.73 | 92.86 | 104.48 | 21.44 | 2822
i's.ii:m. 001 1 043 1 120 | 118 | 085 1 087 | 032 [ 024
CD.at5% | 004 | 129 { 360 | 353 | 255 | 260 [ 101 | 073
b = ’ _.i__ | = — |
CV.% 013 | 085 | 1.30 ro.m 182 | 168 | 353 | 2.05 ‘

Pre-infection at 20 DAS, Post-infection at 25 and 30 DAS (5 and 10 days afier infection
DAI) FW = Fresh weight I= Infected, NI= Non Infected

Alternatively, LOX catalyzed reactions can result in the production of toxic
volatile and non-volatile fatty acid derived secondary metabo lites that can directly attack
invading pathogens (Croft et al., 1993). ROS (H,O; and O3) activity is frequently to
cause membrane damage 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
tomato plants with increasing the time of infection (EI-Khallal 2007). Resistant
genotypes of pigeon pea inoculated with Fusarium udum and increased LOX activity at
2-8 day after inoculation as compared to the un-inoculated ones. Increased enzyme

activity was prominent at 4-days and at 6-days increasing trend was maintained although
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there was slight decline in activity at 8 days (Mandal and Sinha, 2009). A higher level of
LOX activity was observed in resistant pigeon pea cultivar than in susceptble cultivar
LOX activity, in the Fusarium udum inoculated resistant cultivar (ICP-8863), increased

progressively starting from 1% day of infection, reached maximum by 4* day and
declined by gradually thereafter. (Devi et al., 2000).

4.2.1.2 Polyamine Oxidase (PAO) Activity:

At pre-infection, PAQO activity was higher in the resistant genotypes (10.30-10.48
Units min-1 g-1 protein) compared to susceptible genotypes (6.42-6.94 Units min-1 g-1
protein) in leaf and same way PAO activity was higher in the in root of resistant
genotypes (22.68-26.44 Units mun-1 g-1 protein) compared to susceptble genotypes
(18.01-19.77 Units min-1 g-1 protemn). PAO activity (Tabk 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
PAQO in resistant genotypes were about 24-69 % higher than the susceptible genotypes.
PAO activity was also higher in infected roots of all genotypes than non-infected roots
(Fig4.7). However, roots of resistant genotypes had significantly higher activity than
susceptible genotypes. Similarly increased activities of the catabolic enzymes DAO and
PAO were observed during HR induction in powdery mildew resistant varieties ofbarky
at 1-3 days after inoculation (Cowley and Walters 2002b). PAO activity was decline
significantly in resistant and susceptible genotypes at 10 DAI but still it was higher
infected leaves as compared to non-infected leaves of 5 DAL 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 resistant and
susceptible Castor genotypes:

. — == ==

PAO acti_vi-ty (Units ni-n" g’ protein) )
No.and | Preinfection | Postinfection | Post infection ___r
name of | (0 daf) | (S days) | (10days)
genotypes | Teaf | Root | Leaf | Leaf | leaf | Leaf | Root | Root
| NI NI | NI [ Lo N | NI I
Susceptible _I 4 j )
o 642 | 19.77 | 53.77 | 7466 | 43.18 | 63.05 | 12.8 | 13.63 4
1 —

Vi-9 1801 | 67.69 | 9653 | 5322 | 74.00 | 1049 | 12.31

Resistant B | R
10.30 26.44 0029 | 12998 | 63.15 91.65 12.50 14.32

48-1
. 1

SKP-84 768 | 8889 | 13362 | 7242 | 9530 | 1337 | 16.22
- - J I

SEm 024 | 081 | 102 | 087 | 087 | 028 | 0.15

C.D. at 5% 072 | 242 | 305 | 261 | 261 | 084 | 044

C\V.% 1.23 192 1.86 162 | 2.60 1.86 ' 4.00 | 1.79 !

Pre-mfection at 20 DAS. Post-infection at 25 and 30 DAS (5 and 10 days after infection
DAT) FW = Fresh weight = Infected, NI= Non Infected

In presemr study hgher aciivity of PAO i resstart genotypes reflects
hemificetions of tissmes. and is spatially and termporally associated with cell wall
stenpthenng reactions mvolving cell wall peroxidases (Rodriguez e al., 2008).
Resistam genotvpes showed the first line of defense against the pathogenic challenge
which is assoc mied with the plamt cell wall, m which certain modsficatons take place
during amack. respecting the rule “the harder the better.” Similarly, Yoda et al., 2003 and
2006 reponied that in Nicotiana tabacum plants resistant to TMV, PAO expression and
PA tmers increased in tissues exhibiting TMV-induced HR. Cell death caused by TMV
mfection or cryplogein. an oo mycete-originated elicitor, was partially mediated by H20;
generaled through PA catabolism Imerestingly, Kusano ez al., 2008 suggested that H,O;
produced by PAO coukd trigger activation of Mitogen Activated Protein Kinases
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(MAPKs). PAO genes in Arabidopsis are upregulated by elicitors, such as flagellin, thus
promoting probably activation of MAPKSs involved in pathogen signal perception. Plants
employ polyamine catabolism-derived HyO; as a defensive tool upon exposure to biotic

stresses has been reviewed by other groups (Walters, 2003.; Cona et al 2006)

The chickpea and soybean genotypes were exposed to water stress, Furthermore,
Put, Spd and Spm began to rise at the 2°“ day of stress and peaked at 4" day in soybean
and on 5'" day in chickpea. Thereafter, polyamines level began to decline significantly
which was accompanied by the accentuated stress injury (Xiao-Ming Pang et al., 2007).
Polyamines were found to accumulate in apoplast of infected tobacco leaves and to be

degraded by polyamine oxidase, releasing hydrogen peroxide that causes hypersensitive

cell death (Yoda, et al.,, 2006).
4.3 Molecular Characterization:
4.3.1 Total RNA Extraction:

Intact total RNA were runona 1.5% denaturing gel which showed sharp 28S and
I8S rRNA bands. The 28S rRNA band should be approximately twice as intense as the
|8S rRNA band and the 2:1 ratio (28S:18S) 1s a good indication that the RNA 1s mntact
(Fig. 4.8).

185

Figure 4.8: Intact total RNA were runona 1.5% denaturing gel
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4.3.2 Amplification of LOX penes and its analysis:

LOX gene specific primers were designed by homology based search at NCBI.
Total twelve lox genes were availabk on the data base out of which 6 Lox gene specific
primers were designed to amplify castor LOX genes ie. LOX1, LOX2, LOX3, LOX4,
LOXS and Dox. All these primers were successfully amplified with the cDNA of castor
resistant and susceptble varieties for wilt pathogen interaction (Fig. 4.9 and 4.10).
Anplified products of resistant genotype 48-1 were purified and then sequenced on
genetic analyzer (Applied Biosystem). The obtained sequences of 6 LOX genes were run
on BLAST search tool available at NCBI. Except the LOXI1, all other genes ie. LOX3,
LOXS, ;uﬂ LOX4 were showed more than 90 % identity with castor LOX genes and

gene Dox gave 97 % identity with unknown gene of Oxidoreductase class. (Appendix 1).
Translation of the unique ope n reading frame present in LOX2, LOX3, LOX4 and LOX5
indicated that they codes for an 900, 837, 868 and 786 amino acid protein with an
estimated molecular mass of 101.90, 95.03, 98.94 and 89.24 kD, respectively. Analysis
of the deduced amino acid sequences of LOX2, LOX3, LOX4 identified conserved LOX
domains for plant LOX-related proteins: the PLAT (for polycystein-1, LOX, a-toxin) or
[H2 (for lipoxygenase homology 2) domain. It consists of an eight stranded beta-barrel
The domain can be found in various domain architectures, in case of lipoxygenases,
alpha toxin, lipases and polycystin; but also as a single domain or as repeats. The
putative function of ths domain s to facilitate access to sequestered membrane or
micelle bound substrates. Analysis of sequences of Lox 5 dentified PLAT/ LH2 domain
of plant lipoxygenase related proteins. The generally proposed function of PLAT/LH2
domains is to mediate interaction with lipids or membrane bound proteins.
Lpoxygenases are nonheme, nonsulfur iron dioxygenases that act on lipid substrates
containing one or more (Z,Z)-1,4-pentadiene moieties. In plants, the immediate products
are involved in defense mechanisms against pathogens and may be precursors of
metabolic regulators. Only LOXS protein contains conserved His (Histidine) residues
(posttions 547, 556, and 715) that are also observed in other plant LOXs and that have
been implicated in iron binding and enzyme catalytic activity. The other genes (LOX 3
and LOX 4) did not contain His residue at conserved position However, LOX 2
contained His residue at 548, 553 and 717 position. The His residues that act as ligands



1000 bp
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Amplified product of 16 controls (RNA) with gene specific primer LOX 2
1000 bp
250 bp
Amplified product of 16 cDNAs with gene specific primer LOX 2
1000 bp
250 bp

Amplified product of 16 cDNAs with gene specific primer LOX 3

Figure 4.9 : Amplification products of cDNA with LOX gene specific primer
1.3.5. 7- Non infected leaf cDNA of VP-1, V1-9, 48-1 and SKP-84 at 5§ DAl

2. 4.6, 8 - Infected leaf cDNA of VP-1, VI-9, 48-1 and SKP-84 at 5 DA
9, 11. 13, 15 - Non infected leaf ¢cDNA of VP-1, VI-9, 48-1 and SKP-84 at 10 DAI
10, 12. 14, 16 - Infected leaf cDNA of VP-1, V1-9, 48-1 and SKP-84 at 10 DAI

M - Molecular weight marker (Fermentas # SM0313), DAI - Days after infection
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250 bp

Amplified product of 16 ¢cDNAs with gene specific primer LOX 4

1000 bp

250 bp

Amplified product of 16 cDNAs with gene specific primer LOX §
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Amplified product of 16 cDNAs with gene specific primer DOX

Amplified product of 16 cDNAs with primer 185

Figure 4.10 : Amplification products of cDNA with LOX gene specific primer

1. 3.5, 7 - Non infected leaf cDNA of VP-1, VI-9, 48-1 and SKP-84 at 5 DAI
2.4, 6,8 - Infected leaf cDNA of VP-1, VI-9, 48-1 and SKP-84 at 5 DAI

9, 11, 13, 15 - Non infected leaf cDNA of VP-1, VI-9, 48-1 and SKP-84 at 10 DA)
10, 12. 14, 16 - Infected leaf cDNA of VP-1, VI-9, 48-1 and SKP-84 at 10 DAI
M - Molecular weight marker (Fermentas # SM0313), DAI - Days after infection
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to the active site mon are highly conserved in LOXs (Prigge ef al., 1996). The Castor

LOX protein contains conserved 1is resklues invo Ived in catalysis, as observed in other

LOXs (Hwang.and Hwang, 2010).

Dendrogram of nucleotide (Fig4.11) and protein (Fig 4.12) sequences of all
1OX genes were constructed online using CLUSTALW programme on the bass of
sequence alignment (Appendix-11 and T1I) of genes, which showed LOX3 and LOX4 was
on sanwe sub-cluster of Cluster-1 while and LOXZ was found on other sub-cluster. LOXS
was totally different and laki on separate cluster. These results imply the distinct function

of LOXS in disease resstance.

4.1.1 Expression analysis of lipoxygenase gene(s):

Expression analysis of lipoxygenase genes in response to wilt pathogen
inferaction was examined in infected anxd non-infected leaves using 4 LOX gene specific
rumers te. LOX2, LOX3, LOX4 and LOXS and one unknown gene of Oxidoreductase
(Table 4.6). Expresswon of LOX2, 3, 4, 5 and DOX were induced 5 and 10 days after
infection. Highest expression of LOX genes were observed (Fig.4.13) m resstant
genotypes at § DAL Resistant genotypes also showed higher gene expressionat 10 DAL

Both resistant genotypes (48-1 and SKP-84) exhibited apprecmbly higher expression of

LOXS. which & responsible for defense mechanism These results of expression amalyss
were further confirmed by sequence analysis of LOXS. The expression of LOX5 was
mainained in 48-1 genotyped at 10 DAI. Expression of LOX2 was also higher m both
resstam genotypes at S DAL LOX2 was laid on separate sub cluster of same cluster m
dendrogram of genes on the basis of sequence alignment and shared maximum higher

similarity with LOXS.



g1l 255556074 ref XM_002519026
gt 255856070 ref XM_002519024
gi 2556544763 ref XM _002513397
gr 256851450 ref XM_002516725

LOX 4

LOX 3

LOX2

LOX 5

96 %
160 %
94 %

95 %

Figure 4.11: Dendrogram of LOX genes on the basis of alignment of nucleotide

sequence on CLUSTALW programme

gi 255556075 ref XP_002519072
gi 255556071 ref XP_002519070
gi 255544764 ref XP_002513443
gi 255551451 ref XP_002516771

LOX 4

LOX 3

LOX2

LOXS

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 (LOX2, 3, 4, 5 and DOX) in
susceptible and resistant Castor genotypes in response to wilt pathogen interaction.

VP-1, VI-9, 48-1, SKP-84 — Genotypes
Note: L= Leaf, R= Root, NI= Non infected, I= Infected
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Table 4.6: mRNA expression relative to infected and non-infected leaves (Fold

variation of LOX gene)

Sample | Sample
- Sample | Sample | Mean | Mean Fold
. Days | Genotypes | Primers | Mean Mean C/18s T/18s | AACT | expression
C T Mean | Mean 2l
C T
5
1 —_— VP-1 8§ Lox2 | 2176 | 23425 | 197 202 | -1.155 2.23
2 Lox3 | 2634 | 2855 | 238 2.47 Y 3.25
3 Lox4 | 2119 | 22375 | 129 152 | -0.675 6.84
4 Lox5 | 1425 | 17535 | 248 245 | -2.775 1.36
5 Dox | 27425 | 2838 1.92 1.93 | -0.445 1.60
6 5 V19 § Lox2 | 20255 | 23.075 | 1.86 194 | -1.82 3.53
DAI
7 Lox3 | 27505 | 29.005 | 253 2.44 0.5 141
8 Lox4 | 2106 | 2286 1.32 1.31 0.8 1.15
9 Lox5 | 14405 | 15605 | 238 2.36 -0.2 2.17
10 Dox 25.89 | 28.01 1.94 192 | -112 1.74
5
11 48-1 R Lox2 | 21895 | 24.34 1.67 1.72 | -1.455 2.74
DAI
12 Lox3 27 .43 33.07 2.09 234 | 4.65 25.11
13 Lox4 | 21485 | 24.77 1.14 152 | -2.295 44.17
14 Lox5 | 14985 | 2144 2.00 1.96 | -5.465 1.42
15 Dox { 26275 | 27.77 1.63 1.75 | -0.505 491
16 : SKP-84 R | Lox2 | 22925 | 26.05 2.05 1.70 | -1.755 3.38
DAI
17 Lox3 29.15 | 33.58 2.61 220 | -3.06 8.34
18 Lox4 | 21501 | 25385 | 1.33 1.19 25 4.06
19 Lox5 15.85 17.04 2.40 1.88 | -0.185 . 1.44
20 Dox | 26845 | 28.745 | 193 1.66 | -0.53 5.66
21 0 VP-1 8§ Lox2 2446 | 25.695 1.95 209 | -1.48 2.79

DAI
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22 Lox3 | 28565 | 30845 | 227 2.50 | -2.525 5.76
23 Lox4 1735 | 18.34 1.31 1.50 | -1.235 4.87
24 Lox5 16.5 18.54 2.10 234 | -2.285 6.73
25 Dox 2634 | 28.845 1.38 149 | -2.75 2.35
10
26 VL9 S Lox2 | 15265 | 19.11 1.36 1.54 | -2.74 6.68
DAI
27 Lox3 | 2128 | 25.29 1.89 204 | -2.905 7.49
28 Loxd | 23105 | 27915 | 135 | 1s8 | 57> 9.88
29 Lox5 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 | 20215 1.41 1.79 | -4.405 21.19
DAl
32 Lox3 | 24165 | 27695 | 2.17 245 | -3.365 10.30
33 Lox4 | 23715 | 2479 1.52 198 | -0.9I 37.66
34 Lox5 | 16935 | 22335 | 249 264 | -5.235 4.10
35 Dox | 27665 | 29.865 | 2.13 2.19 | -2.035 1.88
10
36 SKP-84 R | Lox2 21.06 | 28.08 1.88 230 | -6.025 65.12
DAI
37 Lox3 | 27245 | 29.24 2.43 2.39 1 2.00
38 Lox4 | 21355 | 2305 | 1.30 174 | 07 52.71
39 Lox5 146 | 21315 | 2.01 224 | -5.72 14.98
40 Dox 2252 | 2742 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 LOX & critically invo lved in the defense response. Similarly, 9-LOX
activity and Lox] mRNA expression are induced upon infection by Phytophtora
parasitica var nicotianae in tobacco. Interestingly, both 9-LOX activity and Loxl
mRNA expression appear earlier in an incompatible plant-pathogen interaction than in a
compatible one, thus supporting a rok for this 9-LOX in plant defense against fungal
infection (Rance et al., 1998).

Plant LOXs have been proposed to play a role in responses to wounding and JA,
which triggers gene activation during wound response and necrotrophic fungal pathogen
infection (Blee, 2002). One such pathogen, A.brassicicola, kills host cells at early stages
of infection causing tissue damage (Glazebrook, 2005). Infection with A. brassicicola
resulted in a resistance response in wild-type and CaLOX1-OX transgenic leaves. These
resistance symptoms are consistent with the HR in Arabidopsis Col-0 plants infected by
A. brassicicola (Narusaka ef al., 2003). In contrast, lox] mutants were highly susceptible
to A. brassicicola. The remarkable involvement of CalLOX1 and AtLOXI1 in medating
resistance to pathogen attack suggests that these LOX genes are highly conserved for
disease resistance in plants. In the present investigation higher activity of PAO, lipd
peroxidation, and higher expression of LOXS in resistant genotypes ofcastor plants may

be involved in the H,O; mediated execution of cell death and defense response to wiit

pathogen.
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__ viembrane
O, /HO lipid peroxidation

: autoxidation)
Infection
o

CELL DEATH

Fig. 4.14: Schematic overviews of the hypothetical mechanism for free fatty acid

hydroperoxide production induced by Fusarium oxysporium f. sp. ricini
on Castor and leading to cell death.

Massive free PUFA hydroperoxide formation from membrane PUFAs was shown
to induce HR necrotic symptoms. The production was attributed to the conjunction of an
mncrease 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. Membrane autoxidation, being a minor and late process, was likely
attributed to the effects of PUFA hydroperoxides, rather than to AOS, produced early
during the oxidative burst.
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V. SUMMARY AND CONCLUSION

The prenent investigation on “Chameteriation of LOX gene and polyamings in
Castor (Ricinus communis L) during wilt pathogen interaction” is summarized and

cont luded in this chapter,

Castor (Ricinus communds 1) is the indusirially nportast won edible oilseed
crop and thin crop i aflected by several biotic and a biotic stresses, which affect
successful mikd protisble cultivation of the crop, Among them, diseases are major
comstawin for higher yield. Castor wilt (Fusarium oxysporum € sp. ricini), 18 a serous
praoblem in Gujwrat sate amd causes heavy losses up 1o 80 per cent wilt incidence in

North Qujnral.

All biochemicul purameters were analyzed in infected nnd non infected planis at
three stages: (1) pre-infection [20 days afler sowmng (DAS), only non mntected plants (O
DA and (1) post-infection |5 nid 10 days alter infection (DAI) Le, 25 & 30 DAS].

The constauent of two nmetabolites were analyzd at nbove mentoned different
stingen, The results showed thut MDA content was higher m suscepiible genotypes
compared o reaivtant genotypes at pre- infection singe. While nfter infection, the MDA
content was increaned in infected lkeaves of reaisant and susceptible genolypes as
compured to their non-infected leaves, However, leaves of infected ronistant penotypes
hiad ubout 1,5-1,7 times more MDA conient than intecled suscepuble genotypes anid non-
infected resistnnt genotypes. The MDA content was decline sigmiticantly in infected and
non-infected tisaues of both resistunt and susceprible genotypes at 10 DAL compared 1o §
DAL However, the MDA content was higher in both leal and root tissues of resistant
genotypes at 10 DAL ax compared (o pre infection, The results of polyamines profiling
showed thal cadaverine wis ubxent in say genotype of castor in all the stage of anulys s
In the infected kuf tissues of susceptible genotypes putrescing, spermiding and spermine
was increaned w § DAL while these polyamines were decrensed in resistant gentypes
compared 10 their non-infecied lkeaves. The levels of spermdine wixl spermine was
increased in infected leaves of resistant genotypes at 10 DAI whereas reverse trend was

ohwerved in sumceptible genotypes. The resistant genotypes had 23 times higher content
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of spermidine and spermine. Remarkably, putrescine was only present in infected roots

of resistant genotypes of castor and these genotypes also had higher percent area of
spermidine. Therefore, high titers of polyamines in the incompatible interaction

suggesting their involvement in fungal resistance. Resistant genotypes maintain the PAs
and PAO homeostasis in both infected and non-infected tissues.

The enzymes lipoxygenase (LOX) and polyamine oxidase (PAO) which are
rclated to reactive oxygen species generation were studied, At both pre-infection (0 day)
and post-infection (5 DAI), LOX 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 DAL

Increased LOX activity may also cause rreversible membrane damage, which would

lead to the leakage of cellular contents and conceded with a higher MDA 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, constitutive leveks of
PAO in resistant genotypes were about 24-69 % higher than the susceptible genotypes.
PAO activity was decline significantly in resistant and susceptible genotypes at 10 DAI
but still it was higher in infected leaves as compared to non-infected leaves of 5 DAL
The observed results of the polyamine oxidase (PAO) activity are accompanied with PAs

in susceptible and resistant genotypes in present study.

Molecular characterization of castor for wilt pathogen interaction was done using
Lox gene sequencing and expression analysis, To amplify the cDNA of castor LOX
genes 6 primers were designed ie. LOXI1, LOX2, LOX3, LOX4, LOX5 and Dox.
Amplified products of resistant genotype (48-1) were purified and then sequenced.
Sequences of all these genes were BLAST on NCBI. Results of these sequences showed,
except the LOX], all other genes i.e. LOX3, LOX4, and LOXS were showed more than
90 % identity with castor LOX genes and gene Dox gave 97 % identity with unknown
gene of Oxidoreductase class. Analysis of the deduced amino acid sequences of LOX2,
LOX3 and LOX4 identified conserved LOX domains for plant LOX-related proteins: the
PLAT (for polycystein-1, LOX, a-toxin) or LH2 (for lipoxygenase homology 2) domain.
The putative function of this domain is to facilitate access to sequestered membrane or

micelle bound substrates. Similarly, sequence of LOX 5 aiso shows the presence of
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PLAT/LH2 domain of plant lipoxygenase protein. The generally proposed function of
PLAT/LH2 domains is to mediate interaction with lipids or membrane bound proteins. In

plants, the immediate products are involved in defense mechanisms against pathogens
and may be precursors of metabolic regulators. Only LOXS protein contains conserved
His (Histidine) residues (positions 547, 556, and 715) that are also observed in other
plant LOXs. The dendrogram of nucleotide and protein sequences of all LOX genes
showed LOX3 and LOX4 on same sub-cluster of cluster —I while LOX2 was on another

sub-cluster. LOXS5 was altogether different and was laid on cluster-II.

Expression analysis of lipoxygenase genes in response to wilt pathogen
interaction was examined in infected and non-infected leaves using 4 LOX gene specific

primers 1e, LOX2, LOX3, LOX4 and LOXS and one unknown gene of Oxidoreductase.
Highest expression of LOX2, 3, 4, 5 and DOX were induced at 5 days after infection.
Both resistant genotypes (48-1 and SKP-84) exhibited appreciably higher expression of
LOXS, which 1s responsible for defense mechanism; followed by LOX2. The expression
of LOXS was maintained in 48-1 genotyped at 10 DAI. These results are consistent with
LOX enzyme activity in present study and suggesting that LOX is critically involved in

the defense response.

In conclusion, resistant genotypes had higher content of lipid peroxsdation
product and polyamine content after infection. Constitutive levels of LOX and P AO were
also higher in resistant genotypes and maintained afier infection. These results showed
the levels of MDA and polyamines accompanied with the activities of LOX and PAO,
respectively, Both LOX and PAO plays important function for HR induction during
incompatible interaction. Moreover, the expression level of LOXS was also higher inthe
resistant genotypes which was further confirmed by sequence analysis and showed that

LOXS5 contained all conserved regions of Histidine residues.
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Appendix |

Sequence details

a. Lox2 gene sequence of Castor (Ricinus communis L) Genotype 48-1

TAGGAACAAAGTCCAATCCTTTCATTGTTCCTGGATCATATAGAATTCTCAGA
AGTGAAGGCGTACACGGTTTCGGAAGCGTCTCCTCAGTATTGCATGCATTIGG
TCCCGCAGTAGAGACTGCACTGGTAGACCCTGACCTTGCATTTCCATACTICA
CAGCCATAGATTCTCTATTCAATGAAGGATTCAACTTGCCCTCCACTTAAAG
AAAAAGGTTGGAAAGAA

Max  Total Query E Max

Accession Description
score  scorc  cowrage  yalue ident

XM_002513397.1 Ricinus comnunis lipoxygenase, 298 208 51% 2%-T] 4%

putative, mRNA

}r- ref|XM 002513397.1| Ricinus communis lipoxygenase, putative, mRNA
Length=2703

GENE ID: B274394 RCOM 1576890 | lipoxygenase, putative [Ricinus
communis]

Score = 298 bits (161), Expect = 2e-77
Identities = 188/200 (94%), Gaps = 6/200 (3%)
Strand=Plus/Minus

Quer33 TCTATGAGCTGTGTAGTATGGGAAATGCAAGGTCAGGG-~CGAGAAATGCAAG~CGTCTAA S0

| RLL UG RG] & ERLED EIRNLeleld LA L4 Lt 1 8 4 Bdd Bl § EeLsd
Sbl1040 TCTATG-GCTGTGAAGTAT-GGAAATGCAAGGTCAGGGTCTACCAGTGC~AGTC~TCTAA 985

Quer91 CTGCGGGACCAATGCATGCAATACTGAGTAGACTGTCTTCGCCGAAAACGTGTACTCCTT 150

FEEEETE e e et e et et ey e e e eyt
Sbj 984 CTGCGGGACCAATGCATGCAATACTGAGTAGACTGTCTTCGCCGAAAACGTGTGCTCCTT 925

QuelSl CACTTCTGAGAATTCTTCATCACGAGGAACATAGACGCTGCTGCTTATTGATTCAGAAAG 210

Frrrrrrrrerrenre e er et e e et er e et e eritd
§bj924 CACTTCTGAGAATTCTTCATCACGAGGAACATAGACGCTGCTGCTTATTGATTCAGAAAG 865

Que2ll TGTATCTGTGTTGCATCTTG 230

EERE RN RN N RN
Sbj864 TGTATCTGTGTTGCATCTTG 845



b. Lox3 gene sequence of Castor (Ricinus communis L)Genotype 48-1

CTTTGGGACCCTCTGGAGCCAATACATCGAGCATGGATCATTTGCTGGAGAC
TCCTTGGCGACATCAGCAAAGAATGCTTTATATTTTGACGCGTGCATTICTGTT

TGTCCTGTTGTTCTACAGGCATATGCGATGCTTGTC TCTGAGAATCTTCGAAC
CGTAATACTGAAAAACAAAAGTAAACTCCATGCACGACTGAAAATGTTTTTT
TGATGTACGCCGCCGAAAATACTAAGGTGTCTTCAGCAAATTTTTCATGCCG

ATGTATGTGCCGTGAGACGAAGCACTTTATAGATGGCCAAGAATGTAGTCTC
TGAA

Accession  Description Max  Total Query E Max
score  score  coverage  yalue ident
Ricinus communis lipoxygenase,

putative, mMRNA 21 291 48% 3e-75 100%

AM_002519024.1

Ricinus communis lipoxygenase,

putative, nRNA 29 219 48% 6e-12  98%

XM _002519026.1

}r‘ ref | XM 002519024.1| Ricinus communis lipoxygenase, putative, mRNA
Length=2514

GENE ID: 8278511 RCOM 0837080 | lipoxygenase, putative [Ricinus
communis]

Score = 291 bits (157), Expect = 3e=75
Identities = 157/157 (100%), Gaps = 0/157 (0%)
Strand=Plus/Minus

Quel70 CTGTAGAACTTGGAGGACGTCCAGTTCGACAACGCCTTGGATATGGAAGCATTTCACCTC 229

FEErerensrreerrrrerrrrarerrrrrerer e et reerrrrrrrerberrrnl
Sbj664 CTGTAGAACTTGGAGGACGTCCAGTTCGACAACGCCTTGGATATGGAAGCATTTCACCTC 605

Que230 CTAAAATTGGCCTATTATATTCCATCCCTTTGTCAGGATTTCCCAAGTCTTTATACGTAT 283

PPt ner et errrenrenvertrrerrebrvid
Sbj604 CTAAAATTGGCCTATTATATTCCATCCCTTTGTCAGGATTTCCCAAGTCTTTATACGTAT 545

Que290 CATAGTCATAAATTCTATCGCACAATTTTCTAATTCC 326

PEEERren b et
Sbj544 CATAGTCATAAATTCTATCGCACAATTTTCTAATTCC 508

-

> ref|XM 002519026.1| Ricinus communis lipoxygenase, putative, mRNA
Length=23¢€1

GENE ID: 8279513 RCOM 0937100 | lipoxygenase, putative [Ricinus
communis]

Score = 279 bits (151), Expect = 6e-72
Identities = 155/157 (99%), Gaps = 0/157 (0%)
Strand=Plus/Minus



Quel70 CTGTAGAACTTGGAGGACGTCCAGTTCGACAACGCCTTGGATATGGAAGCATTTCACCTC 229

R RN N AR R R RN R R R NN N R AR RN AR N AR Y
Sbj505 CTGTAGAACTTGGAGGACGTCCAGTTCGACAACGCCTTGGATATGGAAGCATTTCACCTC 446

Que230 CTAAAATTGGCCTATTATATTCCATCCCTTTGTCAGGATTTCCCAAGTCTTTATACGTAT 289
RN R R R R RN R R RN AR RN NN N
Sbjd445 CTAAAATTGGCCTATTATATTCCATCCCTTTGTCAGGATTTCCCAAGTCTTTATACGTAT 386

Que290 CATAGTCATAAATTCTATCGCACAATTTTCTAATTCC 326

8 1 R 08 6 T I N O O R
Sbj385 CATAGTCATATATTCTGTCGCACAATTTTCTAATTCC 349

C. Lox4 gene sequence of Castor (Ricinus communis L) Genotype 48-1

GCCCTCCATCCCCCCGCAGTTATGTGCCGCGCAAGTATGCAATATGAAGATT
GCAAAAGAGCAGATATATCTGTTGGGAAGTTGAAGCGGTGGCTAAAAATCT
AGTTCCTGGTCTAAGAAATGGCTCTATTGAAAGCGATTATATCAAGGAATTC
TCTGAAATTAATCATCTCTATAAAAAGAGGAGTAGTGTTGGAGAAAAGTCAA
AGAAAAGAATGTTCCAAAAGCCTCCTTTTTTTAAAAAAAATGGGGTGGGAGG
TCGGTGAAAACCCTTTAAAAAACTTTTTITAAACGGAAAAAATTTTAGCCCCC
TTCCCCCCCCAAAAATTTTTCTCTITAAACTCGAACCCCCCCCGAAAAAGTTT
AGGGTTTTTGGAAAAAAAAATAGGAGGTGAAAATGTGTGTTTGTTGTTAAAA

TTCTCCCACCCAGTG

Max Total Query E Max
Accession Description -
Ricinus communis lipoxygenase, "
putative, mMRNA 26 326 43% le-85 9T%
r

> ref (XM 002519026.1} Ricinus communis lipoxygenase, putative, mRNA
Length=2361

Score = 326 bits (176), Expect = le-85
Identities = 186/190 (98%), Gaps = 3/130 (2%)
Strand=Plus/Plus

Quer42 ATATGAAGATTGCAAAAGAGCAGATATATCTGTTGGGAAGTTG~AAGCGGTGGCTAAARA 100

COLELERRr e et reberrreenenntn i e vl
Sbj567 ATATGAAGATTGCAAAAGAGAAGATATATCTGTTGGGAAGTTGAAAGCGGTGGCTAARAA 626

QuelOl TCTAGTTCCTGGTCTAAGAAATGGCTCTATTGAAAGCGATTATATCAAGGAATTCTCTGA 160

|||||l|lIIIIIIlII||IlIlllli|llli|II|illlllilllllllllllllllll
Sbj627 TCTAGTTCCTGGTCTAAGAAATGGCTCTATTGAAAGCGATTATATCAAGGAATTCTCTGA 686

Quelél AATTAATCATETCTATAAhHAGAGGAGTAGTGTTGGHGH&AHGTCAHAEHAAAGAATGTT 220

SERRERN RN RN R R RN A AR RN NN RN ARRRRNRRANEY RERRRN
Sbj687 AATTAATCATCTCTATARAAAGAGGAGTAGTGTTGGAGAAAAGTCAAAGAAA-GAATGTT 745



"F
o

Que22]1 CCAAAAGCCT 230

Y ErEy ER)
Sbj746 CCAAAA-CCT 754

d Lox5 gene sequence of Castor (Ricinus communis L.) Genotype 48-1

GCCTATATTTTTCAAAATCAACTTTATGACTGAAGC TGTGTAGCATGGGAGTT
CCTGGCGCTTTTATAATTAGAATACCAATATACCGTTATACCTCAAACAGTA
ACTTTAGAGAGTTCCTGGGCATGGTAGGGTACATTTTGTCTGCAATTCTTGGG
TGTATCCAGCTCATTGTTACAATTATGATCGAGTCTTCTTCTCTAAAAGACCT
ACCTTCCATGAA

Max  Jotal Ouery E  Max

Accession Description
SCOLC  SCore  coverage value ident

Ricinus communis lipoxygenase,
XM _002516725.1 :
putative, mMRNA 2% 276 76% 5e-71  95%

}r‘ ref | XM 002516725.1 | Eﬂ Ricinus communis lipoxygenase, putative,
mRNA

Length=2607

GENE ID: 8261460 RCOM 0677750 | lipoxygenase, putative [Ricinus
communis])

Score = 276 bits (149), Expect = 5e-=71
Identities = 167/175 (95%), Gaps = 3/175 (2%)
Strand=Plus/Plus

Quer53 CTGGCGCTATTATAATTAGAAATC-TCATCATAGACAGTTATACCTCAGAACAGTAACTT 111

LOEE e e eerr reennrrrr terrvaerrer e tverervertd
Sh3335 CTGGAGCTTTTATAATTAGAAATCATCATCATAGCCAGTTATACCTCAAAACAGTAACTT 394

Queil2 TAGCTGATGTTCCTGGGCATGGTAGGGTACATTTTGTCTGCAATTCTTGGGTGTATCCAG 171

SRR A R AR AR RN N R RN R NN RN R RRNCEERAREERARER R
Sbj395 TAGATGATGTTCCTGGGCATGGTAGGGTACATTTTGTCTGCAATTCTTGGGTGTATCCAG 434

Quel72 CTCATTGTTACAATTATGATCGAGTCTTCTTCTCTA-CAAGAC-TACCTTCCATG 224

LOEERRRrenrr et nrnennent rennnd veetiniiiel
Sbj455 CTCATTGTTACAATTATGATCGAGTCTTCTTCTCTAACAAGACCTACCTTCCATG 509



Appendix Il

LOX genes alignment of nucleotide sequence on CLUSTALW programme

CLUSTALW Result

[Dustatw an][clustaiw .dnd)[readme )

CLUSTAL 2.1 Multiple Sequence Allignments

Sequence Type explicitly set to DHA

Sequence Lormal is Pearson

Sequence 1: gl|2555447623{ref|XM_002513397.11 2703 bp
Saquence 2: glI2305560Mzel 1 XM _002519026.1] - 2J61 bp
Sequence 3: Q1255551450 et XM QO2516725.11 2607 bp
Sequence 4: gii235556070 el IXM_002519024.11 2514 bp
Start of Pairwise alignments

Aligming. ..

Sequences |1:2) Aligned. Score: 43,7103
Sequencea {1:3) Migned, Scere: )9,.777%
Sequences (1:4) Alignad. Score: 42.6014
Sequences {2:31) Allgned. Score: 40.7878
Sequences {2:4}) Allgned. Score: 90.4278
Sequenhces {3:;4) Aligned. 3core: 39.7772
Guaicle tree file created: [clustalw.dnd]

Thete ate 3 groups
Start of Multiple Alignment

Aligning...

Group l: Sequencesi 2 Scorezd22%2
Group 2: Sequences: 3 Score;ZB7E%
Group 3: Ssquences: 4 Score:28459

Allgrment Score 51872

CLUSTAL-Alignment file croated iclustalw.aln)

clustalv.aln

CLUSTAL 2,1 multiple mequence alignment

Q11255956074 | ref | XK 002519026, 2 sm=emeccrsccccdsssssssesssesse o cd—desssse e esae
g4 1295556070 ref | XM 002518024, =  cccccmcccmmcesmree oo sssmasmssmss—oo—essseses-o----
gi}255544763 | ref | XM 002511397, ATCTTGAAGE CACAGGTCTACCATC TCGHTCTCCARMAACCCTGTTCTT
Q112555514500 ref | XM Q0251672%, ememsmcmmcmmsce— s mmesesmec oo —esess—mo—usase
gi1255556074 1 raf IXH 002519026, N —— PP P
gii2555560701 ref (XM_002519024, =  ——---ememmemecmmm— e tedmmmcmsoessss s aea s
gi 1255544763 | raf IXM_0025113397. ATTGCCTARMCCC TTCATCCATGAAMIGGAGGC CAMCOCATCTTTCTOG
i 125555149%0 I ref IXM 002516725, R ———————————————EE P PP E E

Qi 1255556074 ) ref [ XM 002519026, ~mmcmmm=mrroc—ssssesmsesco—dcces—eso—sssesasenousss



gi12555560701 ref | Xx_002515024.
gi1255544763 ref | XM_002513397.
9112555514501 rof | XK_002516725.

git255556074( ref | XM_002519026.
gi12555560701 ref I XK_002519024.
gil255544763 1 ref XM 002513397,
gl 12555514501 ref IXM_002516725.

011255556074 1 ref | XM_002519026.
g11255556070( ref | XM_002519024.
11255544763 ( ref | XM_002513397.
gi12555514501 ref | XM_002516725.

gi1255556074 1 ref | XM_002519026.
G 12555560701 xef |XM_002519024.
gl1255544763 ) ref | XM_002513397.
gi12555514501 ref |XM_002516725,

g11255556074 1 ref |XM_002519026.
g112555560701 ref IXM_002519024.
gl1255544763) ref | XM_002513397.
gi12555514501 ref IXM_002516725.

112555560741 ref | XM_002519026.
gi]2555560701 ref | XM_002519024.
911255544763 1 xel | XM_002513397.
g1 1255551450 ref | XM_002516725.

gi 1255556074 rel IXM_002519026.
g11255556070 | ref IXM_002519024.
g1 1255544763 ref | XM_002513397.
gii255551450)1 el | XM_002516725.

gi 1255556074 { ref | XH_002513026.
gi 12555560701 ref | XM_002519024.
gi1255544763| ref IXM_002513397.
9412555514501 ref | XH_002516725.

9112555560741 ref | XM_002519026.
9112555560701 ref |XM_002519024.
g4 1255544763 ref | XM_002513397.
gi 12555514501 ref | XM_002516725.

gi12555560741 ref IXM_002519026.
9112555560701 ref | XM_0025159024.
gi 1255544763 ref IXM_002513197.
g3 12555514501 raf | XM_002516725.

g112555560741 ref | XM_002519026.
i 12555560701 ref | XM_002519024.

""" ~AIGGAAGACGTATTGGARATGCCTTT
TATAAACCAGGGAACGCTACAAGCCATATCAGAAATT ACAGAGAAGCAGCT
TCTGLGLAGCCTAGARATCAGC CAAAC GGCGGCACGGTGACAGAGAGATT

i e S e ke e e e

CRAGLTLA- - - AGATGACAGC TCTAGTCAGT GTCAGGAA - - - ~CACTATG
CRAGTCTACAARAGTGAAACC TATAGTGACT GTGRACAG~ = -~ARCTGTT
TAAGAT CAAAGGARCAGTGLTTITGATGARAGAARAATGT TCTCGACTTCA

R B R B B L B B K B T F T B _E W I ey e R B R R T R P U —

TTITCATTGGGTGGAATCTTTCAGTAAC CT TGGCCAGRAGCACAAGGGTAL
GGAGGGTTCTTGCTCAACCTAGGGATAMTAGAGGACTTGATGATGTTAC
GTGACATTAAAGCTTCATTICTIGATC GAGT TCATGAGT TGCTGGGEAAR

TG~ =TTGI TITGCAACTTGTITACCAACGACATTGATC » ~ = = =CAGGGATG
ITGATITCCTIGGCAAAALCTCTCCTACTCGAGCTTGTCAGTGCTGAGCTTG
GETGITTCTATGCAGC TTATTAGT GCCGTACATCATGACOCAGCGARC AR

AAACCAAAGC TRAG- CAGCGARACTA~ ~CATTAARATGGTCTGATCA-GA

ARACCAAAGCTRAG~-CAGCGARACTA- ~CATTARAATGGTCTGATCA-GR

ATTCCAGGAC T BGGTCGGAGAAGC CAA~CGATTARAGGGTATGCGCACAR

GCTGCGAGGGARGCTTGGRAMAGT GGCTTAC TTGGAGAAAT GGOTGRGAA
i L]

L ] w & - w L ]

GCTTTAA- ~ - ART TGAGGATGAGATGACCAT TTACAANG TCGAATTTATG
GCTTTAR- - -AAT TGAGGATGAGATGACCAC TTACAAAGTCGAATTTATG
GAAGGAT - - - GAAARAGGATCAGA - MATCATATATGAAGCAGAC TTGGAG
GTATTACTCCARTAACCGCTGTGGATACAGT TITCAACATCACTTTITGAC

+ ¥ * v ¥ ¥ - v L LA

GTGGACCC TANCT TCGGAGTAC CAGGAGC GATCACAGTGAT TAGCARALA,
GTGGACCC TAACT TCGGAGTAL CAGGAGE GATCACAGTGAT TAGCAAACA
GTTGAAGGTAGTT TCGGACAAGTGOGTGC CATTC TTGTTGARAATGAGCA
TOGGATGAGAGCATGGGAGTTCCTGGAGC TT TTATAATTAGAAMTCATCA

LR - & B¥¥ vy @ ¥ - W T WP

TCTRAAGGAGT TCTAT TTGGARAGCGTCACT GTTGAAGATGTCATIC - -~
TCTAAAGGAST TC TAT TTGGAAAGCGTCACT GTTGAAGATG TCATTC - -~
TCACAAGGAGATGTTTGTCAAGGATATTGCCCTCGAAGGTT TCATTACA -
TCATAGCCAGT TATACCTCAARACAGTAACT TTAGATGATGTTCCTGGGE

ay = *+e 4 % Yy & # # ® 4% ® ¢ @ -

- ~GGCACTGTCAATAT TTCTTGTAAT TCG TGGGT TCA - - TGCCA-AGAAT
ATGGTAGGGTACATTTTGTCTGCART TCT TGGGTGTA- -~ TCCAGCTCAT

@ &% & d EE X T N R ] ] N

GATCATGCAGGAAAAAGGATCTTT TT TGC TAATAAGGCC TATTTACCTTG
GATCATGC TGAAAAGCGTATC TTT TTTGC TAACARGGCCTATTTACCTTG



gi1255544763 ) ref | XX_002513397.
gi 12555514501 rof | XM_002516725.

i 1255556074 ) ref | XN_002519026.
9112555560701 rof |XM_002519024.
i 1255544763 1 rof | XM_0025132397.
911255551350  rof |XN_002516725.

g3 1255556074 | rof | XH_002519026.
31255556070 raf | XM_002519024.
gi1255544763) xaf | XM_002513397.
9112555514501 ref |XM_002516725,

gi1255556074 | ref IXM_002519026.
gl 12555560701 ref IXM 002519024,
Q1125554476 1 ref I XM_002513397.
@i1255551450 | ref | XM_002516725.

911255556074 | rof [XM_002519026.
g11255556070 | ref | XM_002519024.
011255544763 | ref | XM_002513397,
gi12555514501 ref | XM_002516725.

112555560741 ref | XM_002519026.
112555560701 ref |XH_002519024.
911255544763 ref |3M_002513397,
g11255551450| ref | XX_002516725.

112555560741 ref | XM_002519026.
g11255556070( ref | XN_002519024.
11255544763 ret | XM_002513397.
g1 1255551450 ref | XK_002516725,

g112555560741 ref | ¥M_002519026.
g4 12555560701 et | XK_002519024.
g112555447631 zef |XM_002513397,
112555514501 ref | XM_002516725.

gi1255556074 ) ref |XM_002519026.
g4 1255556070 ref |XM_002519024.
g1 1255544763 ) ref | YM_002513397.
g11255551450] ref |XM_002516725.

g1 12555560741 ref | XH_002519026.
gi1255556070] ref | XM 002519024,
gi[255544763 | ref | XM _002513397.
g112555514501 ref XM 002516725,

gil255556074 1 refl | XM 002519026.
911255556070 ref | XM_002529024.
gi 1255544763 rel | XM 0025113397.

R AR ARG G TAAAAGAGTC TTC TTCGC TAATARG TCATACTTACCATC
T T ACAA T T ATGATC GAGTC TTC TT CTC TAACARGACCTACCTTCCATG

¥ L] L nREN AW BFrYE B0 ® aw ¥ @8 W

TCAARCGCCGC TAGGACTGAMGAGE TTAGAGAMT GGATC TTARGCAAT
AGAGACGC COARTGGATTGAGGAGGT TGAGAGAGCCAGAGE TTGAACTTC
EWMTHMMTETWTMMTT

® ®w ®a LE AR L s 8w

T GAGCGG AN CGGAAGGGGAAT T AGARRATT GTGCOACAGAATATATGAL
TOAGGGCCAACGGAMAGGGAATTACGAAMA TTGTGCGATAGAAT T TATGAL
TACGAGGCAAT GGCAMAGGGGAGC GCARGAARGGCGAGAGGAT ATATGAA
TIWTMWMMWTHTW

] d b &d & » o & Wl Ma & dwhed

TATGATACGTATARAGACTTGGGAAATCC TGACARAGGGAT GGARTATAA
TATGATACGTATAAAGACTTGGGARATCC TGACAPAGGGAT GGAATATAR
TACGAT TT CTATAATGATCTCGGCAATCCAGACAGTGACCCAGACCTCAA
TAI T TRACTACARTGATTTGGGARC TCCAGATARAGGTAAAGAGTATGE

dd & W Bk K& B a dw » deod Lk & L LT

TRGGLCAARTTT TAGGAGG- -~ TGARATGCTT CCATATCCAAGGCGTTSTC
TAGGCCAATTT TAGGAGG =~ - TGAAATGCTTCCATATC CAAGGCGTTGIC
AAGACCOGTGCTC GGCGG~~ ~CAAAGAGAACCCTTACCCTAGACGTTGCA
ACGTCCAGTTCTT GGCCGAAGTGARCAGTAT CCATATCC TCGAAGAGGAR

. Bk o @ e dae ol ] e Ak W=k & - [ ]

HPACTCALGTOCTCCAAGTICTACAGATGACACTA- = =~ ~ AGGAGTCTC
GRACTGEACGTCCTCCAAGTTCTACAGATGACACTA - -~~~ AGGAGTCTC

GAACAGGARGGCC AAGATGCAACACAGAT ~ACAC T === ==~ === =TTCT
GRACTGGTCGGRAAACCGACAAAMACAGACCCCARTTCCGAGRGCAGRTTG
hdwdk 4 - LE L LR - w

CAGCAART GAATCCATGCCGATCTAT GIGLCGAGAGAC GAAGCATATGAA
CAGCAARTGAATCCATGCCGATGTAT GTGCCGAGAGACGAAGCACTTAAR
GAATCART AAGCAGCAGC - -GTCTATGTTCCTCGTGATGAAGAATICTCA
COGCTICTAMATCTAGAT - - ATATATIGTT CCAAGAGATGRACGATTTGOT

& - & sapbdw d@ @ &d Bow L]

GAT TGCAARAGRGAAGATATATC TGTTGGGAA=GTT GAAAGCGGTGGOCTA
GAT GGCAGARGRATAGAAGTCTCT GTC GGAAA-ATTGAAAGCAGLCGTCC
GA-AGTGAAGGAGCACACGTTTTICGGC GAAGACAGT CTACTCAGTATTGC
CACATAAAATT TTCAGATTTCCTAGCCTATGC - TCTGAARTCCGTGCTTC

L] L ] " ® % * ® &% & @&

ARARTC TAGTTCCTGGTC TAAGARAT GCCTCTAT TGAAAGC GATTATATC
GGAATT TAATTCCTGT TCTAAGAAAT GGC TTTGT TARAAGT GATTGTATT
ATGCAT TGGTCCCGCAGTTAGAGACTGCACTGGTAGACCCTGACCTTGCA
AGGTAT TAGTTCCAGAGATCARATCTCTATGTGACAAGACTATTAACGAG

L J v W L] L

AAGGAATTCTCTGAM TTA- ATCATC TC TATAMRAGAGGAGTAGTGITG
ARGGAATT TTC TGAAATTA-ATGGTCTC TATAAGAAGL GAGGAGGCATTG
TTTCCATACTTCACAGC CATAGAT TC TCTAT TCART GAAGGAGTCARCTT
TITWWTGITHTMTCTWTETTMTT

* ™ L L ¥

G~ = ~AGAARAG TCAAAGAAAGAATGT TCCAAAC CT TGTCTCTACCATGT
G- ~AGRARAGTCAMAAACAGAATGT TCGAAML CT TTCCTCTGCCATGT
G~ —=CCTCCAL TTAAAGA-ACAAGGT TGGAARGATAT - - -TCTGCCTAAL



gi12555514500cef | XH_002516725.

gl 1255556074 | ref |XH_00251%026.
gl 1255556070 ref |XM_002519%024.
gl|255544763 ) ref | XM _002513397.
gil255551450) rel | XM 002516725,

gil255556074 1 rof |XM_002515026.
911255556070 ref I WK_002519024.
gil1255549762 1 ref IXM_002513297.
9112553514501 ref IXH_002516725.

gi 12555560741 ref | XX_002519026.
9i 12555560701 raf | XM_002519024.
Qi 1255544763 ) rof | XH_0025123397.
gi 125555149500 ref | XK_002516725.

gi 1255556074 ref 1 XK_002519026.
gi 12555560701 ref IXM_002519024.
gi11255544763 1 ref | XH_002513397.
gif2555514501 ref IXK_002516725.

g112555560741 ref (XM_002515026.
g 12555560701 ref | XM_002519024.
g1 12555447631 ref {XH_002513397.
9112555514501 ref 1XM_002516725.

gi1255556074 1 ref |200_002519026.
g11255556070) ref IXM_002519024.
g11255544763 1 ref 12M_002513397.
11255551450 xref 1 XM_002516725,

9112555560741 rof | XM_002519026,
g1 12555560701 ref |XM_002519024,
0112555447631 ref | XK_002513397,
94 1255551450] ref | XM_002516725.

911255556074 | ref 1 XM_002515026.
g11255556070) ref | XM_002519024.
g11255544763 | ref|XK_002513397,
g11255551450¢ ref | XM_002516725.

gi12555560741 ref | XH_002515026.
gi1255556070) ref | 10M_002519024.
gi12555447631 ret (XM_002513397,
gi12555514501 ref | ¥¥_002516725.

gl1255556074 ret Hﬂi__EDISI 90286,
9112555560701 ref 1XM_002519024.
gl1255544763 ) ref | XM _002513397,
g11255551450 )1 ref IXM 002516725,

ACCCALTGGRACCAMAGCCAC TAAAT TAAGGAAT CGCAT-CCCATGOGAS

ey L . we - -

ATGCTTAGCAA- - -GATTTCGGAGTCCTT CT CACAGATT TACAAATTTGA
ATTCCTRATAA - - TATTTCAGAGTCCTTAT CACAAAT T CACAAATTT AR
CTTATCAAGAC - - - TATTACAGAT GAAGC TARAGAAGTT TT GGCATTIGA
ATGCTCAAGGAAL TTGTTCGTAAT GATGGCGAGC GATTCCTCAAATTCCD

L ¥ i - L] LA L

T TCCTARAGCT AT CCCCCT TTC O COGAAACACC TIGTC TAAGAGATC
TECTCCTARAGCCATCTCCT -~ -~~~ CGARTGTATTATATT TAACGAGACG
CACCCC LA ACAATGGAAR~ - - COGACAGATTTI TT TTGGT TTACGGAT G
AATGCCTGACGTGATCAARL - - ~-ACGACAAGTCTGC TTGGAGGACAGATG

ATGAAT TTCCTCGATTAACACTAAGACGCAT GAACCCTT TAAGCATTGAN
ATGAAT TTGGTCGAT TAACAC TAAGAGGCATGAMCCCTT TAAGTATTGAN
AGGAAT TTGGT COCCARACTCTAGCTGCTCTAAACCCGATGRAGC TTACAR
RAGHGT TTGCACGAGAGATGC TTGCT GGALT CAACCCAGTTATTATCAGT

i TR wFRRK (N L LR L & wasRp * @ w

ALGCTTARGGT CT TTCCACCGOTGAGCARDC TGOAT CCGTCCATCARTGG
ACGCTTARGLGTAT TTCCGCCCLTGRAGCAALC TGLATCCTOGCCATATGLGE
TTIGGICALCGART GLCCTTTARAGAG TGART TGLGAT CCTGAAATCTRIGG
COCCICCAAGALT TTCCCCCOOCARGCAALC TAGAT CCTAAAGARTATGG

] ¥ L] LY LR L] & Fpway LR

ATCACATGAGT OGCCACTCAARGARAGAAC ACATCATAGCCCATCTIAATG
TTCACATGARAT CALCACTCARLGARGAAC ACATCATAGGGCATCTTARTG
GCLCGLCEGART CAGCAATCACCACAGAMTGATT GAGCAGCARATCCGAG
ARACCAGAAAAGT TCAATCACAARRGAGC ACGTT GARAAGAGCATGRALG

L | 1 ah adw [ E - L] Ll ol

G-—-—-AATATCCATACAGCAGGCAC TCHGAAGARCACAMAT TGTTCATACTA
G~ ~=CATGTCCCTACAGCAGGCACTTGAAGRAAACAGATTGCTICATRCTA
GG TTATGACAGT TGAAGACGCTATAAAACARRAGARCCTCTTICATCETT
G=~-TCTCACAGCTAGATCAAGCAATCAGRRAATARCAAGT TCTTTATAITA

] ] ] ] i ik ka o & & ik dha bw 8 L]

AL TATCATGACATI TATCTTCCACATC T GAAACGGATARATGCTUTT R
GACTATCATGACATCTATCTTICCATATCTGGAAC GGAT ARATGCTCTTGR
GALTACCACGAIT TGT TCTTACCATI TOTGAGCARGGT ARGACAGL TT R
GATCATCATGATGCAT TGATGCCATACCTGACGARARTAAA - - =~ CTCAR

i i w 44 +% L ® dasd b # - hd LR ] -

TGATCGAARAG-CTCATGCAACTCGTACAGTATTCT TCTTARCTCCAGCA
TAACCGAAAAG~CCCATGCCACTC GTACAATATTCTACTYGACCCCATTA
ARACACCACAT-TATACGGGTCTCGGACAAT TITCT TCTTAACCCCTGAT
CAACAACAAGGAC TTATGCTACAAGAACAAT CCTTT TACTGCAAGATGAT

¥ L * w & @ dwa & & & -

GGAACATTAAACC CCATTGC TATTGAGC TCACTACTATTCCATCTAAGGA
GGARCATTAAAAC CCATTGC TATTGAGGT OGCTACTGTTCCATCTALGGA
GGCACATTGCGGC CACTAGC TATTGAGCTC - - ~ACTCGCCCGCCGATGGA
GGGACATTGAAGCCATTGGCARTTGAGC TAAG-TCT TCCGCATCCALAAG

e el - i % @ SnbdEd & LR - & W

TTCAAACTCGCCAR- - - -TAAGGCAAGTTCTCACOCCTCCTOTGGATGCC
TTCAAGCT TICCAG- -~ =TTAAGCAAGTTCT CACCT CTCCTGTGGATGCC
COGGAAABCCACALT - =~ - ~GGAAGGAT GC TTACGTAC CAACT TGGCATTCT
GGGAACGTCATGETGC TGTCAGCARMAGTT TTCAC TCCGGCAGAAGATGST



g11255556074 1 ref | XK_002519026.
gl 12555560701 ref | XK_002519024.
gi1255544763) ref | XM_002513397.
911255551450 ref |XM_002516725.

gl 12555560741 ref | XHM_002515026.
gi 12555560701 ref XX Q02519024.
gil255544763 rel | XM 002513397.
gi]255551450 1 ref {XH_002516725.

gl |255556074 1 ref | XM 002519026.
911255556070 ref | XM_002515024.
gi|255544763 ] ref | XM 002513397,
gi]12555514950(refiXM 002516725,

911255556074 1 ref IXX_002519026.
gi 12555560701 ref |XM_002519024.
gil255544763 | rel |XM_002511397.
gi12555514501 ref 1XM_002516725.

g3 1255556074 | raf IXM_002519026.
g3 1255556070 | raf | XM_002519024.
9i 1255544763 ) rof | XM_002513397.
93 12555514501 rof | XX_002516725.

g1 1255556074 | ref | XM_002515026.
gi 1255556070 rof | XM_0025]19024.
gil255544763 ) ref | XM_002513397.
gi 12555514501 ref | XM_002516725.

gi12555560741 raf IXM_002519026.
9112555560701 ref 1XM_002519024.
g11255544763 I ref IXM_002513397.
g3 12555514501 ref [ XM_002516725.

gil255556074 1 ref |XM_002519026.
g112555560701 ref 1XM_002519024,
gil255544763 1 ref 1 XxM_002513397,
gil2555514501ref I1XM_002516725.

gi12555560741 ref | XM_002519026.
g1 12555560701 ref | XM_002519024.
9112555447631 ref |XM_002513397,
gi 12555514501 ref | XM_002516725.

9112555560741 ref | XM_002519026.
gi 12555560701 ref 1XM_002519024.
Ui 1255544763 ref |XM_002513397,
g1 12555514501 ref | XM_002516725.

L E ) L] & & & [ ] - - L X ]

TOCACCTATTGGE TATGGCAAC TAGC CARAGCCCAT GTTTGCTCCAATGA

TGCTGGTGCTCAT CAATTAAT TCATCAL TG TTGCGCGCCCATCCTTGOA
TTCTGGTGCTCATCAACTGATCCATCAC TGGTTGCGCGTCCATGCTTGCA
AN TOOCTATCACCAAL TTAT TAGCCATT GG TIGAAACRCATGCCTTGCA
TICTGGERTACCAT CAGCTTAT TAGCCAC TG TTGRACACAC ATGCTGC TR

= wE BB - ¢ P EERDR LR E R TN ¥

TGGRAGCCGTTTAT TATAGCAGCAALAGGCAAL TAAGCGCARTGCATCCA
CGGAM CGTTAAT CATAGCAGCAAACAGGCAATTAAGC GTAATGCATCCA
CAGAACCATACATAAT TGCAGCCARCCGTCAAL T TAGTG TAATGCATCCG
TAGAGCCGTTTAT TAT TGCCACAAACAGACAGTTAAGTGTACTTCAL CCA

i i ¥ % 4% w * O EFREN ¥ kW ® ®E ¥ & F F 4w

ATTTACAAGCTCCTCAAGCCTCACAT GAGAT ACACATTIGGC TATAAATGE
ATTTACAAGCTCC TCARGCCTCACATGAGAT ACACATTGGC TATAARTGE
ATTTATAGGCTCT TGCACCCT CAT TTCCGATATALAAT GGAGAT CAATGC

ATCTATAACCT TCTCCATCCACAC TTCCGTGATACAATGAACATARATGC

a% EkE% &+ 39N [} i@ mw dy ¥ L ® kW W 'R SERERF

ACAGGCTCGTGRAGTT TTAACCAATGCCAATGGAAT CCTGGAGTCGTGTT
ACAGGCTCGTGRAGTTTTAACCAATGCCART GLGAAT COTGGAGTCGTATT
TTTGGCTCCACAAGCACTAAT CAATGCAGGC GGGAT TAT TGAGTCTTCAT
CTTGOCTAGCAGRTT CTCATCAATGCTCOUGLCCGAT ACT TGAGATARCTG

Ee4%d = i * v WebkdAP AF Ak "« kdw

TG CCTGAARAGT ACTCCATGOGAGATTACTTCATCTGCCTATAARAGAT
T CGCTCCTGAARAGT ACTOCATCGAGATTACTTCATCTGCCTATAARGAT
T T I CTCCTGGARAGT ATTOTCTOGAGATGAGCTCTGTTATT TACGACAMG
T T TCCCAGCCAAAT ATCCCATCCAATTATCTIC TG TGGTT TACAAGAGC

i ad @ *h #h& i w il L L aw -

TGGTGGOGTIT TGACATGGAGGGACT CCCCGOTGAT CTTAT CAGARAGALG
TGGTLGCOTTTTGACATCGAGGGACT CCCCOGLCTGAT CTTAT CAGARAGALA-
CTATGGAGGTT TGALCAACAGGCAAT GCCTCAGGAACT TAT CAGCAGLGG
-=—TGLLT TTTCACTGAGCATGCACT CCCTOCTGAT CTGCT CAAGAGAGE

dah o & = 4 A& & =4 dd s ke Wk &4

ATTGGCAATICCT GACCCGAARCAGCCTCATGOGCTAAGAT TACTCATTEL
ATTGGCARATICCT GACGCGAARCAGC CTCATGGGCTARGAT TACTULATTG
AATGGCTGCTICAAGATCCATC GGC TCCACAT GGTGTAAARL TARGARRTT
RAGTAGCAGTACCAGATTCAAGCCARCGACAT CCTCTGAGRL TTC TGATAL

& & Wb i & & L] s & od kb & = 4 & & p @

ARGACTATI CCTTI TGCAAATGATGGGCTTCT TATATGGTCTGCARTTCAA
ARGRCTRTCCTTT TGCARACGATGGGCTTCT TATATGCTCTGCARTTICAA
AAGACTACCCATT TGCCAGTGATGGACTACT TCTATGGGATGCGARTTAAA
RAGATTACCCTTATGCTGT TGATGGT TTAGARGT CTGETCAGLAATTGAA

bbb & kd w9 & ATk LR R R - & &d@ 4w 4mid &b

GAT TTGGT TAAGACATTIGTTAALC TACTACTATCCTGAACCAAGTCTALT
GAT TTGGT TARGACATATGTTAAC TACTACTATCCT GAAGCAAGTCTAGT
GCTTGGGT AAGTGACTATGTCAATCACTACTATCCAGACCCAAGCCTGAT
ACTTGGGT GATGGAATATTGTGCTITCTACTATCCARCAGATGACTTSOCT

-k k& W - % [ R A R A B B 4 B - &



gi12555560741 ret | XM_002519026.
9112555560701 ref | XM_002519024.
9112555447631 ref | XM_002513397,
g112555514501 ref | XM_002516725.

9112555560741 ref | XM_002519026.
gi1255556070] ref | XM_002513024.
gi12555447631 ret | XM_002513397.
g1 12555514501 ref | XM_002516725.

g11255556074) ref | XM_002519026.
112555560701 ret | XM_002519024.
11255544763 xel | XM_002513397.
gi$255551450) ref | XM_002516725.

gL1255556074 1 rel | XM_002519026,
gl 1255556070 rel IXM_002515024.
gl 1255544763 ) ref | XH_002513397.
Q11255551450 ref | XM_002516725.

gi | 255556074 ref | XM _002519026.
gi)2555560701 ref | XM_0025159024.
g1 1255544763 | rel | XM_002513397.
gi|1255551450 | ref | XM 002516725,

gi1255556074 | ref |XK_002519026.
941255556070  ref |XH_002519024.
gi1255544763 1 ref | XK _002513397.
gi12555514501 rel |XK_002516725.

gi 1255556074 ref | XM_002515026.
@i 1255556070 ref | XM_002519024.
g3 12555447631 ref I XM_0D2513297.
@i 1255551450 ref | XM_0025]16725.

gi 1255556074 | raf | XK_002519026.
9312555560701 rof | XK_002519024.
gi1255544763 | cef | XM_002513397.
i 1255551450 ref |XM_002516725.

@1 12555560741 ref | XH_0025]19026.
12355560701 ref | XM_002519024.
911255544763 ref | XM_002513397.
@i 12555514501 ref | XM_002516725.

911255556074 1 rof | XX_002519026.
@i 12555560701 rof | XM_002515024.
91255544763 ) ref | XM_002513397,
9112555514501 rof |xM_002516725.

CCARTTTGACACTGAGCTTICAGTCCT GGTATAAGGAGTCCATCAATGTAG
COATT TGACACT GAGCTTCAGTCCTGGTAT AAGGAGTCCATCAATGCAS
ATTATCCGAT ARGGANC TCCAGGCAT TTTGGACC GAAGT TCGAACAGTTG
TCGOGATGACACTGAACTTCAATC CTGETGGGCAGAGAT CCGTARTGAGG

s dE FE ww - ] [ R - [ L]

GECATGLCGATGT TICAAATGC TAAT TG TGGCCAAGAC TC TCAACTCCA
GECATGOCGATGT TTCAAATGC TART TGG TCGCCAAGAC TC TCARACTC CA

CTCAIGGT GATAARAMGGATGAAL CCTGG TGGC CTGAGT TGAAMACALCT
GACATGGTGACAAAARMAGATGAAL CATGG TGGCCTGAGATGCAGACAL

* Bae b ] & Y Y Y Y - a8 w

GAGGATCTTATCT CTATACTTAGTACGAT CATC TGGATT GCATCAGCACA
GACGATCT TATCTCTATACTTAGTACGATCATC TGGATTGCATCAGCACA
ARAGALCTGATAGRAATCGTC TCARCAAT TGCATGGGTARC CTCAGGTCA
GCTOATCT TACGCAMEC ATGCACAATCAT CATTTGGATAGC TTCAGCGCT

e *k » L] * LA LN @ aked -

ACATGCAGCAGTCAAT TICGGGCAATATCAL TAT GG TGGGTACETCCCAG
ACATGCAGCACTCAAT TTTGGGCAATATGAC TAT GG TGGGTALGTCCCAR,
CCATGC TGCASTGAAC TITGGACAATATGCGTAT GCGGGCTATTTCCCTA
CCATGCAGCTGTCAAT TTTGGECARTACCCT TATGC TGGCTATCTCCCTA

TTAGGCCACCCAMAT GCGAAGAT TAGTGCCAAT GGANGGT - -GAT --GT
TTAGGCCACCARACATGCGAGAT TAGTGCCAAT GCGAGGT = ~GAT- -GT
ATAGACCTACARCTGC TAGAT TGARAATGCCAAG TGAAGATCCGAL TGAT
ACCGTCCAACCOCTAAGTCGCCGAT TTATGCC TGAGC CAGGA~ ~ -RCC-CC

¥ % L - LA N L L 3 -

GGAGTATGCAART TTCCT -TGCAGRCCCGCAAGGAT AT - TTCYTATCATC
GGAGTATGCAARGTTITCT -TTCAGACCCGCAAGGATAT -TTCTTATCATC
GRAGGT TGGAARATGT TTGCGGAARARC C TGAAGTT GTACT TTTGACAAC
CGAGTATACTGRACTT GA- - GRAAGATCCGAACTTGGCCTTCTTARRAAC

LR * L L L] L] " wW . *

ATTGCCAAGTITTGAGTCAGAC TACTTATT TCATGTC TGT TC TTGATATAL
ATTGCCAAATTTGACT RAAAT TACTTCTT TCATGTCTATTCTIGATTTAL
GTTCCCTTCACAGGTCCAGGCAACAAMAG TGATCGGC TGT TTTAGATGIGCT
AATCACAGCCCAACTACARACTCTCCTCOLTGTT TCCCTAATCGRAGATAT

& ¥ L] L | L] 5 wd |

TTTCGACT CAT TCAGT GGATGAGGAGTACATALG TGC CAGARRAGACCTT
TTTCOGATGCAT TCALTLGAC GAGGAGTACAT AGG TGCTAGARAACGACCTT
TATCAAACCATTCTCC TGATGAAGAATAT AT AGGAG AGAARAAT AGRGCC ~
TATCTAGGCATCCAACTGATGAGGTATACCT TCGOCAGAGAGAT ACALC -

4 ki % kA & ®d WwF & i U LI |

TTARAATGGTCAGGAGAAMACGAAATCAT TGAGGCATTT TACAGATTCTC
TTGALATGGTCAGGAGATAC TGTAATTAC TGAGGCATTT TACAGATTCTC
—--AGCCTGGGC TGAGGATCC TAACATAAAAGCAGCATT TGARARAGTTCGC
-~ AGAATCGACATCAGATCGT GAACCACTAGCAGCATITGAARGATTITC

dh A W Wil . FdwaRE & W L ]

AATGGAAATAATGAAGATAGAGAANGAGATT GAGAAGAGRAATGTTGACC
RATGGARATAATGAAGATAGAGARAAGAGA TT GAGAAAAGAATGTIGACC



FLIZ2555S60T4 1 e IXM_Q02519026,
Q11255556070 verl | X_002519024.
gli2585594763 9z IXHM_002512397,
0112555514950 zef I XM_QO251672%.

112555560741 ref | XX_002519026.
9112555560701 ref I XM_002519024.
91 1255544763 1 sl | XM_002513397,
Qi 1255551450 1 ref i XM_00251672S.

YLIZS555&60T4 1 el I XM_0025619026.
9L 1255556070 ref 1XM_002519024.
TLl1255544763 1 sl 120¢_002513397.
g1125556145601 rof IXM_00251672%,

-y v = [ -

clustalw, dand

{
]

CAARAL TTAAGAATC G TIG TGC TGO TGGAR - = =~ — — ~TTGCGCC TTATGA
CAARAC TTACGAATC G TTGCTGGAGCT GEAR - - = = == T 1GCAC CTTATCA
irammcmr TTCGOS TR < :
A CAGTCAAGCY GCCT TACACC TTACTT

L J - - - - LN

- beow -~ - Teada

ACTGCTITAT TACC+ = == = AAGCTC ~ACATCCALGT CTTACTCG T AGNGG
ALTGCTATI TACC~ == == = = AAGCTC ~ACATCCTYTCOTI GYITAL TGGTAGAGG
CLTITTIGARNGC .~ == ==~ — ATTCTC ~ TEAGC CTGGACT L AC MG TCOAGG
TTTOCTARACALC mmmmrmcmmmm

L - L ) L - & -~ L v 44 = X

GUTGCCTAAT AGCATATCAATGTAA
CCTGCCTAATAGCATATCAMAT GTAAN
ACTTCCATACACT ATC TCRAATITGA
GATTCCCAACACTATATCAATATAA

- L “» - e & = L X X N - >

GL1255544763 1 ref i XM_0025132397.11:0.206725,
git255551450tref 1204_002516725.11:0.31549}

t°-233°3'

gl12555560741 zef1XM_Q02519026.11:0.04256,
112555560701 ref 1 XM_00C2519024.1110.05316} »
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Appendix III

LOX genes alignment of nucleotide sequence on CLUSTALW programme

CLUSTALW Result

[dustatw .ain][dustaiw .dad][readme]

CLUSTAL 2.1 Multiple Sequence Alignmentcs

Sequence type explicitly set to Protein

Sequence format is Pearson

Sequence 1: gl|255544764 el | XP_002513443.11 Q00 aa
Sequence 2: gil255556075 el |XP_002519072.1) 786 aa
Sequence 3: gil2555514511rel|XP_002516771.11 868 aa
Sequence 4: gil255556071)1ref|XP_002519070.11 837 aa
S5tart of Palrwulse alignments

Aligning...

Sequences {1:2) Aligned. Score:; 42,8753
Seguences (1:3) Aligned. Scere: 317.5032
Sequences {l:4) Aligned. Score: 40.6213
Sequences {2:3) Aligned. Score: 40,3669
Sequences {2:4) Aligned. Score: 86,8957
Sequences {3:4) Aligned. Score: 19,0681
Guide tree file created: jclustalw. dnd]

There are 3 groups
Start of Miultiple Align=snt

Aligning, .,

Group l: Sequences: 2 Score:12180
Group 2: Sedquences: 3 Score: 6066
Group 3: Sequences: 4 Scarei€D27

Alignsent Score 14542

CLUSTAL-Alignaaent file created |[cluatalw.aln)

clustalw._aln

CLUSTAL 2.1 multiple sequence aligroment

911255556075 1 ref [XP_002519072, —-—=semmmmemmemeerre e e oo —asmsssssooae
gl1255556071 | ref [XP_QO02519070. --——--svmescascmmssscro—-coo-an- HEDVLEMP FELKMTALVSVR
911255544764 rel | XP_002513443. MLKPOVYQSRSPKTLFLLPKEPIHENGGOTHLSVLSRPSLLKTCQRKIRVE
gi125555145]1 i ref |XP_002516771. e mmse e me = e = MEVECAOPRNQPNGG TVTERFKI KGTVVLMIGMVLD
gi 1255556075 1 ref IXP_002519072, —----se=mmmmmme e mmmr s eemme— s sass oo
gi 1255556071 | ref | XP_002519070, NTMFHWVECT SHLGORHKGTVVLALVIND IDPG- ==~ ——— == == ~———=
gil{255544764 ) raf | XP_ 002513442, YKPGHVOAL SR IT EKOLKSTKVKAIVTVHRTVGGFLSNLGINRGLODVTD
11255550451 Iraf | XP_002516771. PSDIKASFLORVKELLGKGY SMOL 1 SAVHHDPAM-~~- === ~———===

gi 1255556075 rof |XP 002519072, ——---—=mss=em-—- MKPKLSSETTLIWS DS FKIBDENT [ YKVEFMYDP



gi125555607 1 ref IXP_002519070.
gl 12555447641 ref IXP_002513443.
gi 1255551451 1 ref IXP_002516771.

gi12555560751 ref IXP_002519072.
gl 12555560711 ref | XP_002519070.
gi12555447641 ref 1 XP_002513443.
gi 1255551451 1 refIXP_002516771.

g11255556075 1 ref I XP_002519072.
g112555560711 ref |XP_002519070.
gi 1255544764 1 ref IXP_002513443.
g11255551451 1 ref 1XP_002516771.

gi1255556075] ref |XP_002519072.
911255556071 ref (XP_002519070.
g11255544764 | ref |XP_002513443.
g11255551451 | ref |XP_002516771.

gi 12555560751 ref IXP_002519072.
g11255556071 1 ref IXP_002519070.
g112555447641 ref |XP_002513443.
gi1255551451) ref |XP_002516771.

g11255556075 1 ref IXP_002519072.
g11255556071 1 ref IXP_002519070.
g11255544764 1 ref IXP_002513443.
gi12555514511 ref 1 XP_002516771.

gi1255556075] rel |XP_002519072.
9112555560711 ref |XP_002519070.
gil255544764 | ref |XP_0025113443,
gi 12555514511 rel [XP_002516771.

g 12555560751 ref | XP_002519072.
gi12555560711 ref |XP_002519070.
gi1255544 7641 zef |XP_002513443.
941255551451 reL IXP_002516771.

911255556075 ref |XP_002519072.
gi1255556071 ) ref |XP_002519070,
gi1255544764 | ref |XP_002513443,
911255551451 | ref IXP_002516771.

91 12555560751 raf | XP_002519072.
gi 12555560711 ref |XP_002519070.
9112555447641 rof | XP_002513443.
gi 12555514511 rof |XP_002516771.

31255556075 ref IXP_002519072.
i 12555560711 ref | XP_002519070.
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SPOOVGAIL LVENEHHKEMPVKD IALEGE I TG-TVHI SCHSWVHAK - NDNK

SHGVPGAX [ 1 RNHHHSQLYLKTVT LOOVPGHGRVHEVC NSWVYPANCYNY
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GIRIFTANKAYLPCUT PLOLKELREMDLXQLPGNGRG] PXLCDRIYDYDT
ERRIFFANKAYLPCOUTPLGLKE LREMD LXQLRGNGKG] PXLCDR] YDYDT
RKRVEFANKS YLPSETPNGLRRLREAELELLPRIGKGERXNGER] YEYDP
DR-VFFINKIYLPCOT PKPLRXYPEEE LI NLPRIGKCHLEEWD PVYDYAY
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YKDLGHPDKGMEYHRP I LGG - EMLPYPRRCRTGRPPSSTODTKES - PANE
YKDLGHPDKGHEYNRP 1 LGG ~EML PYPRRCRTGRPPSSTDDTKES - PANE
INDLGNPDSRPDLKRPVLGG -KENPYPRRCRTGRARCHNTDTLSES -1888
HDLGSPDKGKEYARPVLGGSEQY FYPRAGRTGRKP TKTDPNSESRLPLL
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SHPHYVPRDEAYEDCKREDI SVGKLKAVAKILVPGLRNGSIESDYIKEFS
SMPHYVPRDEALKDGRR I EVSVGKLKAAVRNLIPVLRNGFVSDCIKEFS
===V YVPRDEERFSEVKENTF SAKTVYSVLHALVPQLETALVDPDLAFPYT
NLDIYVPRDERFGHIKF SDILAYALISVWOVLVPELIKSLCDKT INEPDSF
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EINHLYKKRSSVGEKSKKECSKTLSLP--CHLSKISESFIQIYKFDPPKA
EINGLYKKRGGIGEKSKTECSKIFFLP~-CIPNNISESLSQINKFNRPKG
TAIDSLFNEG~VNLPPLKEQGWKDILP -~WLIKT 1T DEAKEVLAFOTPDT
EDVLKLYEGGIKLPSGTKATKLANRI PWEMLKELVRNDGERFLKF PMPIV
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I PVWGETPCLRDDEFGALTLRGMNPLS IERLKVPPPVSKLDPS INGSHES
1S5WM--VLYLRDDEFGRLTLRGIPLS IERLKVFPPVSKLDPAICGSHES
MERD-RFFWFRDEEFGROTLAGLNPHMS LOLVTEWPLKSELDPELYGPPES
IKED-KSAWRTDEEFAREMLAGVNPVI ISRLQEFPPPSKLDPKEYGNQKS
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ALKEEMIIGHIN-GISIQOALEEHKILFILOYHDI YLPHLKRINALDDRKA
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WOLAKAKVCS NDAGAHQL] HHWLRAHACMES P 1 1 AANMRQLS AMHP I YKLL
WOLAKAHVCSHDSGANGLIHHWLRVHACTEPL L [ AANRQLSVHHP I YKLL
WRLAKAHVLAHESGYHOLI SHWLKTHACTEP Y ! T AANRQLSVHHP I YRLL
WOLAKAYAAVNDSGYHOLI SHWLNTHAAIZPPI IATNRQLSVLHP I YKLL
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KPHMRYTLAI MAQAREVLTNANG I VESCPAPEKYCHE]I TSSAYKDWWRPD
KPHMRYTLAI NAQAREVLTHANG I VBS YPAP EKYCHEI TSSAYKDWWRED



gi 1255544764 1 rof |XP_002513443.
gi 12555514511 ref [XP_002516771.

gi 2555560751 ref IXP_002519072.
gi 12555560711 ref IXP_002519070.
gi 12555447641 ref [ XP_002513443.
gi 12555514511 ref | XP_002516771.

gi 1255556075 | ref |XP_002519072.
gi 12555560711 ref 1XP_002519070.
gi1255544764) ref |Xp_002513443.
112555514511 ref |Xp_002516771.

112555560751 ref | XP_002519072.
gi | 2555560711 ref 1Xp_002519070.
gi1255544764) ref 1XP_002513443.
gi 1255551451 ) ref |XP_002516771.

911255556075 | ref |XP_002519072.
gi 12555560711 ref IXP_002519070.
gi 12555447641 ref 1XP_002513443.
gi1255551451 | ref |XP_002516771.

112555560751 ref 1Xp_002519072.
gi 1255556071 | ref | XP_002519070.
9112555447641 ref 1XP_002513443.
11255551451 | xef |XP_002516771.

g1 1255556075 | ret [XP_002519072.
11255556071 | ref |XP_002519070.
g1 12555447641 ref |XP_002513443.
112555514511 ref (XP_002516771.
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HPHFRYTHE I NALARQALINAGG] IESSPSPGKYCLEXS SV YDKLWRZD
HPFHPRDTHNINALARQI LINAGCI LRI TVPPAKY AMELSSVVYKS -WVFT
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MEGLPADLIRRGLAI PDPKQPHGLRLLIEDY PFANDGLLIWSAIQDLVKT
MEGLPADLIRRGLAI PDAKOPHGLRLLIEDY PFANDGLLIWSAI QDLVKT
QQAMPOEL I SRGHAVQDPSAPHGVKLR I EDY PFASDGLLLWDAL KAWVSD
EHALPADLLKRGVAVPDSSQRHGLRLLIEDYPYAVDGLEVWSATI ETWVME
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FVNYYYPEPSLVQFDTELQSWYKES INVGHADVSNANWWPRLSTPEDLIS
YVHYYYPEASLVQPDTELQSWY KES IRAGHADVSHAMWNPRLSTPODLIS

YVHHYYPDPSLILSCKELQAFWTEVRTYGHGDKXDE PWWPE LKT PKDLLE
WWLMMMSWI RNEGHGDKXDE PWWPENMOTPADLTQ
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ILSTITWIASAQHRAVNFGQYDYGGYVPVAP PKMRRLVPMEG~ -DVEYAN
ILSTIIWLASAQHARILNFGQYDYGGYVPIRP PIMRRLVPMRG- ~DVEYAK
IVSTIAWVT SGHHARVHIGQYAYAGYF PNRPTTARLINPS EDPTDEGHKM
TCT I I TWIASALHAAVNIGQYPYAGYLENRPTVSRRIMPEPG-~TPEYTE
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PLADPOGYFLSSLPSLEQTTYFRSVLDILSTHSVDEEY IGARKDLLEWSG
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FABKPEVVLLITEPSQVQATKVMAVLOVLSNHSPDEBEY G- EKILPAWAL
LEKDPNLAFLXTI TAQLOTLLGVSLIEILSRHPTDEVYLG- EHDTM 3

l; a® ®a& 2w 2 mmmEW ‘i i & W ‘
® ®msd = 2 EEEEA "o H

LLJ

ENEIIEAFYRFSHEIMKIEKE1EXRNVDPKLKNRCGAG IAPYELLLPS S~
DTVITEAFYRFSMEIMKIEKE 1 EXRNVDP KLRNROGAG LAP YELLLPSS-
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DREPLARFERFSERLKE I ENKIMDMNSDHKYKNRIGPVKVPYTLLFPNTS
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911255544764 ref |XP_002513443.1):0.30183,
gi1255551451 | ref |XP_002516771,11:0.31914)

:0.21517,

gi1255556075 | ref [XP_002519072.1/:0.05514,
gi1255556071 1 ref |XP_002519070.1]:0.07590};
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