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It was over half a century ago when the overwhelming array of chemicals found in plants was postulated to be more than
just by-products of primary metabolism. Ever since, extensive research has been conducted on plant secondary metabolites
which are now known to be the end points of sophisticated survival mechanisms that plants have developed as a response
to various kinds of stressegréss, defined by its negativdegft on the growth and development of an individual, can be
internal (metabolic or genetic), external (biotic or abiotic), permanent or #owtepe, aganisms must develop tolerance,
resistance or avoidance mechanisms. Isoprenoids, often released as volatiles from plants, constitute the most diverse
groups of natural products and play an essential part in plant defense systems, both directly (as emitted volatiles) and
indirectly (the principle of inviting friends to feast on foes). Research over the last decade has resulted in a significant
improvement in our understanding of the isoprenoid biosynthesis but there remains much to learn about the complex
regulatory network controlling the various steps of these pathways and their dynamic co-ordination. Here we identify
novel plant proteins and provide a putative role for them in isoprenoid based stress responses, along with insights into
future perspectives for research.
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Intr oduction

For thousands of years natural products have beernteraction of plants with the environment [1-Bhe
harvested for their medicinal properties in d@oref  classification of isoprenoids is based on the number
that is now called Bioprospectinghe astonishing  of five carbon units they havéhe important classes
chemical diversity of biologically active substances of isoprenoids are hemiterpenes)@nonoterpenes

in various oganisms reflects an equally staggering (C,,), sesquiterpenes (g, diterpenes (&),
diversity in function. Isoprenoids represent one of triterpene (G,) and tetraterpenes {g. Isoprene, the
the most varied class of natural compounds in allsimplest isoprenoids having a singleg Uit is a
organisms but their lgest structural diversity occurs volatileproduct significantly released by some plants.
in plants where their roles range from primary The emission of isoprene by plants is an important
metabolism with functions in photosynthesis, component of atmospheric biochemistisoprene-
respiration, regulation of growth and development emitting plants are better able to resist thermal and
to secondary metabolism such as role in ecologicaloxidative stress as compared to hon-emitting plants
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[4]. Monoterpenes are the major constituent of all isoprenoids derive from the universal C
essential oil responsible for plant originated flavors precursors, isopentenyl pyrophosphate (IPP) and its
and fragrances. In addition to being component ofisomer dimethylallyl diphosphate (DMAPP)he
essential oils, many sesquiterpenes are reported tdundamental pathway of terpenoid biosynthesis has
act as phytoalexin, antibiotic and feeding deterrentthree distinct stage$he first stage in the pathway
that may help plants in defense and communication.results in formation of the basic, Goprene units.
The diterpenes are pharmacologically mostimportantThis stage proceeds via two alternative, spatially
class of isoprenoids that include anticancerous taxolseparated pathways, the classical cytosolic mevalonic
and forskolin (glaucoma treatmerithe triterpenes  acid (MVA) pathway and the recently discovered,
and tetraterpenes include some vital primary mevalonate independent, plastidic, methyl-erythritol
metabolites such as brassinosteroids, phytosterols anghosphate (MEP) pathway as shown in Fig. 1.
carotenoids that are essential and usually evident [3]Interestingly it was through bioinformatics and
computational genomicsfefts that the enzymes of

Despite the diversity in function and structure, the MEP pathway were first elucidated [5This
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Fig. 1: Diagrammatic depiction of Isoprenoid Biosynthesis epresenting M\A and MEP pathway. (Left) cytosolic mevalonate (M\A) pathway:
AACT, Acetoacetyl-CoAthiolase; HMGS, 3-hydroxy-3-methylglutaryl coenzymeA synthase; HMG-CoA, 3-hydioxy-3-methylglutaryl
coenzymeA; HMGR, 3-hydr oxy-3-methylglutaryl coenzymeA reductase; M\A, mevalonate; MVK, mevalonate kinase; MVP
mevalonate phosphate; PMK, phosphomevalonate kinase; MVPMnevalonate diphosphate; MPD, mevalonate diphosphate
decarboxylase; DMAPR dimethylallyl diphosphate; IPP, isopentenyl diphosphate; Penyl-PP, prenyl diphosphate; (Right)The plastidic
MEP pathway: GAP, glyceraldehyde 3-phosphate: DXS, 1-deoxy-D-xylulose-5-phosphate synthase; DXRieoxy-D-xylulose-5-
phosphate; DXR, 1-deoxy-D-xylulose-5-phosphateductoisomerase; MEPmethyl-erythritol phosphate; CMS, 2C-methyl-D-erythritol-
4-phosphate cytidylyltransferase; CDP-ME, 4-Diphosphocytidyl-2-C-methyl-D-erythritol; CMK, 4-(cytidine 5'-diphospho)-2-C-methyl-
d-erythritol kinase; CDP-MEP, 4-diphosphocytidyl-2-C-methyl-D-ewthritol 2-phosphate; MCS, 2-C-methyl-D-elythritol 2,4-
cyclodiphosphate synthase; ME-CPPmethyl- erythritol 2,4-cyclodiphosphate; HDS, hydioxy-2-methyl-2-(E)-butenyl 4-diphosphate
synthase; HMBPPR (E)-4-hydroxy-3-methyl-but-2-enyl diphosphate; HDR, 4-hydoxy-3-methylbut-2-en-1-yl diphosphate eductase.
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pathway is also a strong candidate for the discoveryremain unanswered, thereby making the exploration
of novel antimicrobial and fungicidal drug candidates of this acclimatization process and its regulation a
since it is absent in humans but essential for viability complex and potentially rewarding field of study
in several major pathogens, like the malarial parasiteSuch a study is particularly relevant in an era when
Plasmodium falciparum [6]. One of the major the complete sequences of severdédit oganisms
breakthroughs in the immune response to microbialare now becoming available for the first time. Recent
pathogens came when an intermediate of the MEPadvances in genomics make it possible to identify a
pathwaynamely (E)-4-hydroxy-3-methyl-but-2-enyl large number of genes as candidates for involvement
diphosphate (HMB-PP), was identified as the mostin particular processes. For example, a computational
potent activator known till date of the gammadelta genome wide analysis of functional linkages led to
T-cells [7]. The second isoprenoid biosynthetic stage the identification of 27 novel pathways in bacteria
is the condensation of two or threg its to form [9]. A large number of genes encoding enzymes that
C,,C,50r G, prenyl diphosphates (PDPs), catalyzed synthesize volatile compounds have been reported.
by short chain prenyl transferases. PDPs such a§his well studied area is ideal for applying systems
geranyl diphosphate (GDP), farnesyl diphosphatebiology and for investigation of evolution not only
(FDP) and geranylgeranyl diphosphate (GGDP) areof the enzymes individually but also of the pathways
the immediate precursors to mono-, sesqui- and di-as a wholeln this report, we attempt to integrate
terpenes respectivelffhe second stage involves recently gained knowledge from our ongoing work,
condensation of two or three, @nits to form G, with previously unknown aspects in this area, to place
C,sor G, prenyl diphosphates (PDPs), catalyzed by newly identified proteins on the isoprenoid based
short chain prenyl transferases. In the final stage ofstress response map.

terpene biosynthesis, these PDPs are converted to end
products by a lare family of unique enzymes called Methods

the terpene synthases (TPSs). In the final stage obata Compilation

terpene biosynthesis, these PDPs are convertedto end ) _

products by a lage family of unique enzymes called This step involved a comprehensivegarscale
the terpene synthases (TPSs). One of the mosEompilation of data, including genes, proteins,

outstanding properties of these enzymes is theirreg_ulators, as WeI_I as interactions inyolved in the
ability to make multiple products from a single Various events during terpene metabolism. Sequence
substrate. and $ructural data was compiled for both systems

under focus, namely the M\and the MEPathways.

Most of the work in characterization of the MEP protein/Genetic Interaction data and mRNA
pathway has been done witkcherichiacoli proteins  expression values in addition to regulatory data were
including the crystal structure of many of its collected fromYeast Gaccharomyces cerevisae)
component enzymes. By contrast only limited (http://www.ncbi.nlm.nih.gov/genome/15),
knowledge is available about the catalytic properties Arabidopsis Arabidopsis thaliana) (http://www.
of plant enzymes. Several experiments involving ncbi.nim.nih.gov/genome/4) and Rie@r{za sativa)
terpenoid production have suggested that a significanihttp://wwwncbi.nim.nih.gov/genome/10jhe most
coordination exists between both the MEP and thecomprehensive interaction data available to date is
carotenoid pathways through the control of for S cerevisiae at the BIOGRID website [10JVe
expression of key genes [&ithough enzymes of  also used STRING [, and RIR databases [12] for
isoprenoid biosynthesis have been elucidated andhis analysis. Expression profile analyses were carried
extensively studied through enzymology and out using PRIMe [13], MPSS [14],
crystallography [5] and considerable knowledge hasGENEVESTIGAOR [15] andVIRTUAL PLANT
been gained over the last two decades, there ar¢16]. Protein Evolutionary rates and abundance
several questions on physiological stress responsegeasures for both the systems were extracted and
in plants involving individual proteins and genes that collected from literature through PUBMED. Gene
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Ontology Data and Sub cellular localization data was house FORRAN and perl programs and UNIX
extracted and compiled for the two systems from scripting. For structural and cavity architectural
TAIR [17] and public databases. Homologues of analyses, we have made use of Discovdndi®
various genes and enzymes involved in theA\d version 3.0,VOIDOO [24], SCWRL[25], R
MEP pathways were identified by a comparative packagesyMD [26] and PyMOL][27].
analysis of available genomic and proteomic data.

. . : . Results
Specific sequence motifs and catalytic residues were
identified for functional annotation of pathway Evolution
uncharacterized proteins. Genomic information was _
compared with 3D structural data wherever possibleAn attempt to understand the evolution of the two

to enhance the predictive accuracy pathways revealed that the mevalonate pathway
(MVA) enzymes all have archaebacterial ancestors,
Computational Analyses and show very frequent horizontal gene tran3teis

Pairwise sequence alignment were carried out usingPathway is widespread in archaea. In contrast, the
BLAST [18], and the PHYLIP suite of programs [19], MEP or non-mevalonate pathway is completely

EMBOSS [20] and CLUSALW [21] were used for ~ absent in archaea and the pathway enzymes show
phylogenetic analyses. Network analysis was carriedvaried ancestries. For example, the enzyme 1-deoxy-
out in Cytoscape [22], Pajek [23], R packages, in- D-xylulose-5-phosphate synthase (DXPS) appears to
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Fig. 2: Phylogenetic tee forthe (a) 1-deoxy-D-xylulose-5-phosphatesductoisomerase (DXR)
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Fig. 2: Phylogenetic tree for the (b) 1-deoxy-D-xylulose-5-phosphate synthase (DXPS) enzymes of the Non-mevalonate pathway showing
their varied ancestral decent. Geen branches epresent plants, otherrepresent lowertaxa such as poteobacteria (black), Chlamydia
(cyan), Actinobacteria (purple), Cyanobacteria (red), and Firmicutes (orange). Note that plant DXR forms a sub-clustewithin the
cyanobacterial branch in this lineage, while the DXPS enzymes in plants appears to have evolveahira-proteobacteria (Gram
negative organisms having dierent shapes)

have evolved frona-proteobacteria while 1-deoxy- major controversy regarding the MEP pathway is its
D-xylulose-5-phosphate reductoisomerase (DXR) much debated cyanobacterial origiime alternative
from cyanobacteria as shown in Fig. 2 (a & B2  hypothesis advocates the post-plastidial origin of this
methylerythritol-4-phosphate cytidyltransferase pathway via horizontal gene transfdte last
(MCT) and 4-(cytidine-5'-diphospho)-Z- comprehensive study for these pathways was
methylerythritol kinase (CMK) have chlamydian performed over a decade earlier and it included just
ancestors, whereas 2-C-methylerythritol-2,4- about 14 ayanisms [28].The current analysis, for
cyclodiphosphate synthase (MECPS) has reveals anthe first time, includes information from more than
aquifex ancestrySeveral complexities are associated 300 taxa, enabling much better sampling of sequence
with these two pathways, which make them very space and refinement of evolutionary inferences, than
difficult to analyse, the most important being the previously reported.

nomadic behaviour of the enzymes involvéte
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Network Analysis and | nterpretations aspects and processes involved in plant stress
. . responseThe network analysis is based upon graph
using an mtegrateq systems approach that enable?rleory and our superimposition included data from
assessment of multlple.datasets. termer than. sequence annotation, functional characterization,
one source of data.at a_tlme, the |r_1format|on Comp”edgene architecture, protein-protein interaction, genetic
for th.e |soprgn0|d biosynthetic pat.hway.s Was interactions, mMRNA expression, regulatory
supen.mposed in order to reduce da}ta d'mens'on_a“tyinteractions of transcription factors, gene ontology
enabling a systems-level analysis of the Vanous;,formation and sub-cellular localization data. In this
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Fig. 3: Network Analysis of the mevalonic acid pathway showing integration of data &m various souces as described in texiThis model
network of interactions was used to identify putative transcription factors which may be involved in theegulation of the isopenoid
pathways. Each cicle in this figure represents a gene and each edgepresents an interaction. Both physical (blue edges) and genetic
(mint edges) interactions have been depictedellow circles denote transcription factors while magenta cales represent pathway
enzymes. Sub-cellulatocations ate also depicted, whezver known.
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mannera systems level understanding of the enzymesinteraction data was classified as the steroidogenic
involved in the pathways was facilitated as an acute regulatory protein{&R)-related lipid transfer
isoprenoid biosynthetic network shown in Fig. 3. (START) domain, a protein domain spanning ~210
Orthologs of the widely characterized yeaSt ( residueghat has been known to bind and transport
cerevisiae) MVA genes and their reported interactors lipid molecules to the inner mitochondrial membrane
were searched in the available plant genomic datain mammals [29]This domain functions in a variety

In case ofA. thaliana, this search resulted in a set of of distinct mammalian physiological processes, such
putatively interacting ‘Interlog pairs’. Preliminary as lipid transfer between intracellular compartments,
verification of predicted Interlog pairs was done by lipid metabolism and modulation of signaling events.
sub-cellular location data as well as mRNA Mutation or misexpression of 8RT proteins is
expression levels, wherever available. In cas8 of linked to pathological processes, including genetic
cerevisiae, 156 interactions have been reported for disorders, autoimmune disease and cancer [30].
the eight genes of MV pathway For each of these However the precise function of this domain in plants
156, a study of the predicted. thaliana interlogs has remained obscure despite the recognition that it
was carried out to identify novel molecular players is highly amplified in plant genomes [31]. Sequence
in the isoprenoid network that may have a role to data from recently completed Plant Genome Projects
play in regulation or cross-talk between the two showed thatitisvinifera has 26 such domains, while
pathways. Populus and Physcomitrella patens subsp.Patens
have eight and 20 domains respectiva&tabidopsis

has 35 homologs of this domain in its genome and
several of these domains are presentin homeodomain
transcription factors (HD-SART), suggesting a role

in regulation of key cellular processes [32]. Fig. 4
shows an alignment of these domains with the closest
structural counterparts depicting the secondary
structural segments as well as the consensus regions.
The identification of two of these domains in the
transcription factors associated with the isoprenoid
network of Arabidopsis implies their role in
recognition of terpene based signals, possibly terpene
based activation and downstream regulation of stress

In addition to the interaction data, the isoprenoid responses in planfshe domain may be hypothesized
network described above contained expression dat@&s a ligand-binding module that regulates
also A preliminary scan of th&rabidopsis genes was  transcription factor activitysince a few HD-SART
carried out to identify gene families enriched for transcription factors have been reported to play key
induction during isoprenoid biosynthetic pathway roles in plant cell development of disease resistance
expressionAmong these, it was interesting to note [33]. Other domains that are frequently found to be
that genes of enzymes in both the mevalonate andssociated with this domain are bZip_1, MEKHLA,
non-mevalonate pathways were found to co-express”H, DUF1336 and RPN2 (26S proteasome regulatory
with several members of the lectin superfamity ~ complex component) [31].
order to better understand these lectins and their roles
in stress, we studied this superfamily in greater detail,
as explained in the penultimate section.

This analysis revealed the involvement and
existence of novel genes, proteins and putative
transcription factors. For example a total of twelve
transcription factors were identified among the
hydroxy-methyl glutaryl CoA synthase (HMGS)
interlogs inArabidopsis, of which two belonged to
the type-Ill HD-ZIP family and contain a unique
domain hitherto functionally uncharacterized in
plants. Since HMGS is one of the key enzymes in the
pathway we studied this domain further in order to
understand its possible implications, and the details
are presented in the next section.

The mammalian SART domains have a
conserved ‘helix-grip’ fold that forms an inner tunnel
wide enough to accommodate hydrophobic lipids
such as cholesterol or ceramides [24jhough the
identity of the lipids that bind each SRT domain
The candidate plant domain identified from s known for only a few members of the familyis

I nteraction Data and the Start Domain



Fig. 4:

1EM2 A|PDBID

229Z_A|PDBID

229Z_A|PDBID
gi|332657038
gi|332659099
gi|222423025
gi|332646640
gi|332656526
gi|332008796
gi|332659674
gi|332198190
gi|332191531
gi|332197328
gi|3831459
gi|332193611
gi|332005030
gi|332640397
gi|332658537
gi|332008060
gi|332195204
gi|332641765
gi|332196157
gi|332009079
gi|332643192
gi|31376367
gi|330253013
gi|222424068
gi|332658730
gi|332007885
gi|227202528
gi|332193111
gi|330253918
gi|332009984
gi|222424857
gi|31711762
gi|332003746
gi|332659870
1EM2_A|PDBID
gi|57222140

1EM2 A|PDBID

2297 _A|PDBID

2292 A|PDBID
gi|332657038
gi|332659099
gi|222423025
gi|332646640
gi|332656526
gi|332008796
gi|332659674
gi|332198130
gi|332191531
gi|332197328
gi|3831459

gi|332193611
gi|332005030
gi|332640397
gi|332658537
gi|332008060
gi|332195204
gi|332641765
gi|332196157
gi|332009079
gi|332643192
gi|31376367
gi|330253013
gi|222424068
gi|332658730
gi|332007885
gi|227202528
gi|332193111
gi|330253918
gi|332009984
gi|222424857
gi|31711762
gi|332003746
gi|332659870
1EM2_A|PDBID
gi|57222140

Alignment of the 35Arabidopsis START domain proteins with their mammalian counterparts, depicting the placement of secondgrstructural elements and the high conservation in
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believed that identification of the ligand can help in would fit the small plant SART cavities, by
assigning distinct physiological and pathological roles employing various strategies like expression patterns,
to different SART-domain-containing proteins. For sub-cellular localization patterns, roles of other
this, it would be essential to study the inner tunnelsdomains attached to these domains, and
of the respective domains, which aids, or severelycomputational dbrts like molecular docking
restricts the correct substrate by virtue of its shape,approaches. Further progress requires molecular
size and chemical propertidszcordingly, structural docking eforts for analysis of enzyme substrate
modelling of the ligand binding tunnel/pocket was complexes with the goal of explaining and ultimately
carried out for a few of thArabidopsis SART predicting the stereo-specificity and substrate
domains.This involved mutational analysis of the specificity of these enzymes.

domains with vertebrate 8RT proteins serving as
a template to probe the function of the planART
domain as a regulatory molecule. Detailed structural_ectins have been known to be synthesized and
analysis of full models as well as chimeras generatedaccumulated after microbial attack and related
frominsilico mutations of residues known to be lining  sjtuations and their roles in the natural defense
the active site cavities (as per crystal structure dataynechanism of plants have been well documented
revealed that in contrast to thedarcholesterol  [35]. Upon binding to carbohydrate or carbohydrate
binding tunnels of mammalian domains, most plants containing proteins, and after being ingested by
domains may have small and/or medium sized herbivores, lectins bind to epithelial cell lining of the
cavities (Fig. 5)A detailed study of steric constraints digestive tracts and interfere with nutrient absorption
in the plant protein pockets revealed that pla®tfSIT  [36]. Our finding that the isoprenoid biosynthetic
domains may be a novel class of previously unknownpathways are co-induced with specific lectins led us
lipid translocators with regulatory functions (GY to further investigate this superfamily across known
unpublished data)This prediction requires plant genomes. Due to the huge diversity in sequence
experimental verification that is being presently and carbohydrate specificity of lectin domains across
addressed and has shown highly promising resultsjifferent oganisms, the first obstacle in a
(KS, personal communication to GYhe next step  comprehensive analysis was the lack of methods that
is to identify the possible terpene based ligands thatcould improve glycoprotein detection, and/or

Expression Data and the Lectin Connection

Fig. 5: Structural modelling of START domains from A. thaliana. The mammalian template domain (left) and plant model domain (right) ae
shown, depicting the conspicuous diérence in cavity achitecture, size and volume despite similarity in overall sequence as observed
in multiple alignments in Fig. 4. Note that the mammalian cavity (white mesh; left) is much larger than the plant cavity (white mesh;
right), which sterically cannot accommodate a cholestet molecule (with an appox spatial volume of 7004). We believe this is due to
specific residues that block the SART tunnel extension aea in plants.All tunnels are depicted in mesh epresentation, domains
helices ae magenta while the beta sheet and turnegions ae depicted in yellow and cyanespectively
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prediction of their sugar binding specificiQur first
effort therefore, was to develop an algorithm for
identification, annotation and assignation of broad
substrate specificity to plant lectin domains, using
amino-acid information, and based upon a rigorous
analysis of evolutionary relationships between several
hundred characterized polypeptide sequences o
lectin domains with known specificities, followed by
optimization of all parameters for building accurate
profile Hidden Markov Models (HMMs) [37A
comparison of our results with those obtained from
general protein annotation databases like PFam,
Smart-db and Pantheb, revealed that our algorithm
(PLecDom) performed better than any of these
programs. Encouraged by the success of our
approach, and its ease with handlingéescale input,

we applied the program to genomic, protein as well
as EST data from over fifty plant genome sequencing
projects currently underway [37]. In order to make
the program accessible to researchers in the area, w
converted the algorithm into an online automated
server with a very simple user friendly interface, and
help pagesThis server is available freely to the
scientific community athttp://www.nipgr.res.in/
plecdom.html.

NUMBER OF LECTIN GENES POSITIVELY AND
NEGATIVELY CORRELATED WITH ISOPRENCID

PATHWAY

NUMBER OF LECTIN GENES POSITIVELY AND
NEGATIVELY CORRELATED WITH ISOPRENOID

PATHWAY

More than 7000 plant lectins were identified in Fig
this efort, and the specific domains identified in
network analysis were analysed for their possible
roles in the isoprenoid biosynthetic pathway
regulation and/or induction, by comparing detailed
expression profiles across tissues, developmental
stages and stress conditions in bathhaliana and
O. sativa. The results are depicted in Fig.A& can
be seen in Fig. 6a, the expression profiles of
isoprenoid pathway enzymes are positively correlated
with several lectin genes in the MvVand MEP
pathways ofArabidopsis. In all, we have identified
38 lectins that are upregulated during Mpathway
induction inArabidopsis, and 58 lectins whose
expression is negatively correlated with MV
pathway genes. Furtheve have identified 42 lectins
whose expression profiles are upregulated during
MEP pathway induction and 39 lectins that were
downregulated with respect to the MEP pathway in
Arabidopsis. Similarlyin case of the rice, expression
profiles of 61 and 90 lectins were found to correlate

Lectin correlation with MVA and MEP Pathway in A. thaliana
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. 6(a&b): Lectin correlation with the enzymes of isopnoid

biosynthetic pathway (MVA and MEP) in (a) A. thaliana
and (b) O. sativa. In this figure each barrepresents the
number of lectin genes positively and negatively coetated
with cytosolic Mevalonic Acid (MVA) and plastidic 2-C-
Methyl-D-Er ythritol 4-Phosphate (MEP) Pathway Green
bars represent plastidic MEPpathway whereas blue bars
correspond to M\A pathway in A. thaliana. In case ofO.
sativa, red bars denoteplastidic MEP pathway and yellow
bars correspond to M\A pathway. In each case, positivy-
axis represents genes that arpositively correlated wheeas
negative Y-axis represents the numberof genes that ae
negatively correlated. Note that GNA-elated and Legumes
are the major correlates among all lectin families indicating
the vital role of these two lectin superfamilies in isognoid
based stess esponse. Lectins a classified by theirsequence
based families, namelyGalectin (galactose-binding lectin);
Jacalin [lectin found in Artocarpus integrifolia (jackfruit)
seed]; Hevein (N-acetyl-D-glucosamine specific lectin found
in the latex of Hevea brasiliensis); Legume (sugar binding
lectins found in plants of Leguminosae family); Calnexin
(membrane bound lectin found in endoplasmiceticulum);
LYSM (lectins having LysM domain first described in
lysozyme); Nictaba [The tobacco Nicotiana tabacum)
agglutinin]; GNA (Galanthusnivalisagglutinin relatedlectin
family)
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Table laLlist of accession numbers of lectin genes found to be cefated with isoprenoid biosynthetic pathway (M\A) in A.
thaliana. The first column lists accession numbers of lectin genes found to be positively aated with MVA pathway of A.
thaliana. Second column shows, foeach lectin gene, the name of the sequence based lectin family to which it belomgs.third
and fourth column represents the accession numbers and families of lectin genes found to be negativelyetated with MVA
pathway of A. thaliana, respectivelyAs mentioned aleady, lectins are classified by theirsequence based family names that is
Galectin (galactose-binding lectin); Jacalin (lectin found iPA. integrifolia (jackfruit) seed); Hevein (N-acetyl-D-glucosamine
specific lectin found in the latex oHevea brasiliensis); Legume (sugar binding lectins found in plants of Leguminosae family);
Calnexin (membrane bound lectin found in Endoplasmic Reticulum); ¥SM (lectins having LysM domain first described in
lysozyme); Nictaba (The tobaccoNicotiana tabacum) agglutinin); GNA (G. nivalis agglutinin relatedlectin family).

Accession no. of lectins Lectin name Accession no. of lectins  Lectin name
+vely correlated with M¥ -vely correlated with M¥X

AT1G02360 Hevein domain AT1G05850 Hevein domain
AT1G05850 Hevein AT1G08450 Calreticulin/Calnexin
AT1G09210 Calreticulin/Calnexin AT1G11340 GNA
AT1G11280 GNA AT1G11350 GNA
AT1G21880 LysM lectin AT1G21880 LysM
AT1G27120 Galectin AT1G34300 GNA
AT1G45130 Galectin AT1G55000 LysM
AT1G52060 Jacalin AT1G61420 GNA
AT1G52070 Jacalin AT1G61460 GNA
AT1G53070 Legume AT1G61610 GNA
AT1G56340 Calreticulin/Calnexin AT1G63090 Nictaba
AT1G56680 Hevein AT1G65390 Nictaba
AT1G74800 Galectin AT1G65790 GNA
AT1G77630 LysM AT1G65800 GNA
AT2G02230 Nictaba AT1G67520 GNA
AT2G28470 Galectin AT1G73040 Jacalin
AT2G33070 Jacalin AT1G77630 LysM
AT2G39310 Jacalin AT1G78820 GNA
AT2G43590 Hevein AT1G78860 GNA
AT2G43610 Hevein AT2G02360 Nictaba
AT3G13750 Galectin AT2G19130 GNA
AT3G16390 Jacalin AT2G23770 LysM
AT3G16430 Jacalin AT2G33580 LysM
AT3G16440 Jacalin AT2G37710 Legume
AT3G16450 Jacalin AT2G43570 Hevein
AT3G16460 Jacalin AT2G43620 Hevein

(Table 1a contd ...)
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(Continuation of Table 1a)

Accession no. of lectins Lectin name Accession no. of lectins  Lectin name
+vely correlated with M¥X -vely correlated with M¥X
AT3G16470 Jacalin AT2G43730 Jacalin
AT3G52840 Galectin AT3G04720 Hevein
AT3G53000 Nictaba AT3G08870 Legume
AT3G53380 Legume AT3G12500 Hevein
AT3G54080 Legume AT3G16390 Jacalin
AT4G01700 Hevein AT3G16460 Jacalin
AT4G21060 Galectin AT3G16530 Legume
AT4G36360 Galectin AT3G52840 Galectin
AT5G01090 Legume AT3G53000 Nictaba
AT5G20710 Galectin AT3G53380 Legume
AT5G55830 Legume AT3G53810 Legume
AT5G56870 Galectin AT3G54420 Hevein
AT3G59700 Legume
AT4G01700 Hevein
AT4G02410 Legume
AT4G04960 Legume
AT4G11900 GNA
AT4G19840 Nictaba
ATA4G27300 GNA
AT4G28350 Legume
AT4G29050 Legume
AT4G32300 GNA
AT5G01540 Legume
AT5G01550 Legume
AT5G03350 Legume
AT5G18470 GNA
AT5G35370 GNA
AT5G56870 Galectin
AT5G60270 Legume
AT5G60900 GNA
AT5G62620 Galectin

AT5G63800 Galectin
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Table 1b: List of accession numbers of lectin genes found to be calated with isoprenoid biosynthetic pathway (MEP) inA.
thaliana. The first column lists accession numbers of lectin genes found to be positively adated with MEP pathway of A.
thaliana. Second column shows, foeach lectin gene, the name of the sequence based lectin family to which it belomgs.third
and fourth column represents the accession numbers and families of lectin genes found to be negativelyetated with MEP
pathway of A. thaliana, respectivelyAs mentioned aleady, lectins are classified by theirsequence based family names that is
Galectin (galactose-binding lectin); Jacalin (lectin found irA. integrifolia (jackfruit seed); Hevein (N-acetyl-D-glucosamine
specific lectin found in the latex ofH. brasiliensis); Legume (sugar binding lectins found in plants of Leguminosae family);
Calnexin (membrane bound lectin found in Endoplasmic Reticulum); ¥SM (lectins having LysM domain first described in
lysozyme); Nictaba (The tobacco N. tabacum) agglutinin); GNA (G nivalis agglutinin relatedlectin family)

Accession no. of lectins Lectin name Accession no. of lectins  Lectin name
+vely correlated with M¥ -vely correlated with M¥X
AT1G05850 Hevein AT1G11280 GNA
AT1G08450 Calreticulin/Calnexin AT1G12710 Nictaba
AT1G09210 Calreticulin/Calnexin AT1G34300 GNA
AT1G11300 GNA AT1G56340 Calreticulin/Calnexin
AT1G11330 GNA AT1G56680 Hevein
AT1G11350 GNA AT1G61370 GNA
AT1G12710 Nictaba AT1G61550 GNA
AT1G19715 Jacalin AT1G67520 GNA
AT1G45130 Galectin AT1G74800 Galectin
AT1G51940 LysM AT1G78860 GNA
AT1G55000 LysM AT2G02230 Nictaba
AT1G65790 GNA AT2G26820 Nictaba
AT1G65800 GNA AT2G33070 Jacalin
AT1G74800 Galectin AT2G43580 Hevein
AT1G78820 GNA AT2G43610 Hevein
AT1G78860 GNA AT2G43690 Legume
AT2G02360 Nictaba AT3G04720 Hevein
AT2G32810 Galectin AT3G21380 Jacalin
AT2G37710 Legume AT3G45420 Legume
AT2G39310 Jacalin AT3G51710 GNA
AT2G43620 Hevein AT3G53000 Nictaba
AT3G04720 Hevein AT3G53380 Legume
AT3G08870 Legume AT3G53810 Legume
AT3G13750 Galectin AT3G54080 Legume
AT3G16390 Jacalin AT3G54420 Hevein
AT3G16450 Jacalin AT4G03230 GNA

(Table 1b contd ...)
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(Continuation of Table 1b)

Accession no. of lectins Lectin name Accession no. of lectins Lectin name
+vely correlated with M¥X -vely correlated with M¥X

AT3G16460 Jacalin AT4G04960 Legume
AT3G16530 Legume AT4G21060 Galectin
AT3G52840 Galectin AT4G21390 GNA
AT4G02410 Legume AT5G03700 GNA
AT4G02420 Legume AT5G06740 Legume
AT4G11900 GNA AT5G18470 GNA
AT4G19840 Nictaba AT5G38540 Jacalin
ATA4G27300 GNA AT5G38550 Jacalin
AT4G29050 Legume AT5G55830 Legume
AT5G01090 Legume AT5G59260 Legume
AT5G01540 Legume AT5G61790 Calreticulin/Calnexin
AT5G01550 Legume AT5G62620 Galectin
AT5G03350 Legume AT5G63810 Galectin
AT5G56870 Galectin

AT5G60900 GNA

AT5G63800 Galectin

positively with MVA and MEPpathway enzyme responses list of the identified lectins given along
genes respectivelyvhereas 69 and 54 lectins were with their family classification is provided ifable
negatively correlated with pathway enzyme 1 (forA.thaliana) andTable 2 (forO. sativa). Efforts
expression profileshis is interesting in view of the  to further characterize these roles for each lectin
fact that none of the pathway enzymes in eitheridentified are currently underway in our laboratory
pathway has any direct interaction with lectins.
Overall, the data shows thsabidopsis has 68 genes
from eight family of lectins upregulated with As mentioned earlietthe vast amount of publicly
isoprenoid biosynthetic pathway during various available data éérs a unique opportunity to translate
expression studies, while in case of rice; 1-deoxy-D- genomic information into useful new biological
xylulose 5-phosphate synthase (DXRgyme of  knowledge for understanding terpene biosynthetic
the MEP pathway has the maximum number of diversity its regulation, and the molecular basis of
positively correlated lectins among all the enzymes scent emission, using sequence and structural data,
of these pathwaysThis enzyme has also shown background biological knowledge and novel
upregulation in various biotic stress conditions as inference techniques, that could eventually provide
suggested by MPSS data analysis (data not shown)experimentally testable predictions of mutations
In summarythe data suggests that it is Benivalis leading to the precise production of specified
agglutinin (GNA) related lectins and Legumes that isoprenoid end producfhe molecular mechanisms
play substantial roles in isoprenoid related stressby which specific isoprenoids influence stress

Conclusion
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Table 2a: List of accession numbers of lectin genes found to be aglated with isoprenoid biosynthetic pathway (M\A) in Oryza
sativa. The first column lists accession numbers of lectin genes found to be positively aated with MVA pathway ofO. sativa.
Second column shows, foeach lectin gene, the name of the sequence based lectin family to which it belomgs.third and fourth
column represents the accession numbers and families of lectin genes found to be negativelyetaied with MVA pathway of

O. sativa, respectivelyAs mentioned alieady; lectins are classified by theirsequence based family names that is Galectin (galactose-
binding lectin); Jacalin (lectin found in A. integrifolia (jackfruit) seed); Hevein (N-acetyl-D-glucosamine specific lectin found in
the latex ofH. brasiliensis); Legume (sugar binding lectins found in plants of Leguminosae family); Calnexin (membrane bound
lectin found in Endoplasmic Reticulum); LYSM (lectins having LysM domain first described in lysozyme); Nictaba (The tobacco
(N. tabacum) agglutinin); GNA (G nivalis agglutinin relatedlectin family)

Accession no. of lectins Lectin name Accession no. of lectins  Lectin name
+vely correlated with M¥ -vely correlated with M¥X
LOC_0s01g18400 Hevein LOC_0s01g06500 Nictaba
LOC_0s01g24710 Jacalin LOC_0s01g18400 Hevein
LOC_0s01g25280 Jacalin LOC_0s01g25280 Jacalin
LOC_0s01g48040 GNA LOC_0s01g47900 GNA
LOC_0s01g57560 GNA LOC_0s01g48040 GNA
LOC_0s01g65030 GNA LOC_0s01g57560 GNA
LOC_0s01g66610 GNA LOC_0s01g65030 GNA
LOC_0Os01g66680 GNA LOC_0s01g66610 GNA
LOC_0s01g72810 GNA LOC_0Os01g66680 GNA
LOC_0s02g12730 Galectin LOC_0s02g19530 Legume
LOC_0s02g48200 Legume LOC_0s02g42780 Legume
LOC_0s02g48210 Legume LOC_0s02g48200 Legume
LOC_0s02g52850 GNA LOC_0s02g48210 Legume
LOC_0s02g56750 Nictaba LOC_0s02g52850 GNA
LOC_0s02g56820 Nictaba LOC_0s02g56750 Nictaba
LOC_0s03g04060 Hevein LOC_0s02g56820 Nictaba
LOC_0s03g06940 Galectin LOC_0s03g02550 Nictaba
LOC_0s03g12150 GNA LOC_0s03g04060 Hevein
LOC_0s03g60810 Legume LOC_0s03g12150 GNA
LOC_0s04g01310 GNA LOC_0s03g30890 GNA
LOC_0s04g03579 Legume LOC_0s03g56160 Legume
LOC_0s04g09390 Hevein LOC_0s03g60810 Legume
LOC_0s04g15580 GNA LOC_0s04g01310 GNA
LOC_0s04g23760 GNA LOC_0s04g03579 Legume
LOC_0s04g28780 GNA LOC_0s04g15580 GNA
LOC_0s04g34390 GNA LOC_0s04g23760 GNA
LOC_0s04g41620 Hevein LOC_0s04g28780 GNA
LOC_0s04g41680 Hevein LOC_0s04g34250 GNA
LOC_0s04g42740 GNA LOC_0s04g34270 GNA

(Table 2a contd ...)
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(Continuation of Table 2a)

Accession no. of lectins Lectin name
-vely correlated with M¥X

Accession no. of lectins Lectin name
+vely correlated with M¥

LOC_0s04g44900 Legume LOC_0s04g34290 GNA
LOC_0s04g44910 Legume LOC_0s04g34390 GNA
LOC_0s04g49480 Legume LOC_0s04g41620 Hevein
LOC_0s04g53998 GNA LOC_0s04g41680 Hevein
LOC_0s04g54180 GNA LOC_0s049g42740 GNA
LOC_0Os05g04690 Hevein LOC_0s04g44900 Legume
LOC_0s06g17490 Legume LOC_0s04g44910 Legume
LOC_0s06g22290 Legume LOC_0s04g53998 GNA
LOC_0s06g37750 GNA LOC_0s04g54130 GNA
LOC_0s06g40030 GNA LOC_0s04g54180 GNA
LOC_0s06g51050 Hevein LOC_0s05g04690 Hevein
LOC_0s06g51060 Hevein LOC_0s05g07300 GNA
LOC_0s07g09670 Galectin LOC_0s05¢g13770 Legume
LOC_0s07g36570 GNA LOC_0s05g42210 GNA
LOC_0s08g03020 Legume LOC_0s06g06960 GNA
LOC_0s08g03070 Legume LOC_0s06g22290 Legume
LOC_0s09g27890 LysM LOC_0s06g37750 GNA
LOC_0s09g28180 GNA LOC_0s06g40030 GNA
LOC_0s09g37600 LysM LOC_0s06g51050 Hevein
LOC_0s09g37834 GNA LOC_0s07g03860 Legume
LOC_0s10g04270 Jacalin LOC_0s07g03870 Legume
LOC_0s10g06680 GNA LOC_0s07g03880 Legume
LOC_0s10g18400 Galectin LOC_0s07g09670 Galectin
LOC_0s10g39680 Hevein LOC_0s07g36570 GNA
LOC_0Os1g03860 GNA LOC_0s08g03020 Legume
LOC_Os11g05240 GNA LOC_0s08g03070 Legume
LOC_0s1g39530 Jacalin LOC_0s08g05480 Nictaba
LOC_0s12g03594 Nictaba LOC_0s09g28180 GNA
LOC_0s12g03740 Nictaba LOC_0s10g04270 Jacalin
LOC_0s12g12720 Jacalin LOC_0s10g06680 GNA
LOC_0s12g30180 Nictaba LOC_0s10g39680 Hevein
LOC_0s12g44320 GNA LOC_Os11g03860 GNA
LOC_Os11g05240 GNA
LOC_0Os1g39530 Jacalin
LOC_0s12g03594 Nictaba
LOC_0s12g03740 Nictaba
LOC_0s12g12720 Jacalin
LOC_0s12g14440 Jacalin
LOC_0s12g30180 Nictaba
LOC_0s12g44320 GNA
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Table 2b: List of accession numbers of lectin genes found to be calated with isoprenoid biosynthetic pathway (MEP) inO.
sativa. The first column lists accession numbers of lectin genes found to be positively alated with MEP pathway ofO. sativa.
Second column shows, foeach lectin gene, the name of the sequence based lectin family to which it belomgs.third and fourth
column represents the accession numbers and families of lectin genes found to be negativelyetated with MEP pathway of O.
sativa, respectivelyAs mentioned aleady;, lectins ate classified by theirsequence based family names that is Galectin (galactose-
binding lectin); Jacalin (lectin found in A. integrifolia (jackfruit) seed); Hevein (N-acetyl-D-glucosamine specific lectin found in
the latex ofH. brasiliensis); Legume (sugar binding lectins found in plants of Leguminosae family); Calnexin (membrane bound
lectin found in Endoplasmic Reticulum); LYSM (lectins having LysM domain first described in lysozyme); Nictaba The tobacco
(N. tabacum) agglutinin); GNA (G nivalis agglutinin relatedlectin family)

Accession no. of lectins Lectin name Accession no. of lectins  Lectin name
+vely correlated with M¥ -vely correlated with M¥X
LOC_0s01g06500 Nictaba LOC_0s01g06240 GNA
LOC_0s01g18400 Hevein LOC_0s01g18400 Hevein
LOC_0s01g24710 Jacalin LOC_0s01g24710 Jacalin
LOC_0s01g25280 Jacalin LOC_0s01g25280 Jacalin
LOC_0s01g36550 LysM LOC_0s01g48040 GNA
LOC_0s01g47900 GNA LOC_0s01g57560 GNA
LOC_0s01g48000 GNA LOC_0s02g12730 Galectin
LOC_0s01g57480 GNA LOC_0s02g39330 Hevein
LOC_0s01g57560 GNA LOC_0s02g48200 Legume
LOC_0s01g65030 GNA LOC_0s02g48210 Legume
LOC_0s01g66250 GNA LOC_0s02g52850 GNA
LOC_0s01g66610 GNA LOC_0s02g56750 Nictaba
LOC_0s01g66680 GNA LOC_0s02g56820 Nictaba
LOC_0s01g72810 GNA LOC_0s03g02550 Nictaba
LOC_0s02g12730 Galectin LOC_0s03g06940 Galectin
LOC_0s02g19530 Legume LOC_0s04g01310 GNA
LOC_0s02g39330 Hevein LOC_0s04g03579 Legume
LOC_0s02g45320 Nictaba LOC_0s04g09390 Hevein
LOC_0s02g48200 Legume LOC_0s04g2130 Nictaba
LOC_0s02g48210 Legume LOC_0s04g23760 GNA
LOC_0s02g52850 GNA LOC_0s04g28780 GNA
LOC_0s02g53000 LysM LOC_0s04g34390 GNA
LOC_0s03g02685 LysM LOC_0s04g42740 GNA
LOC_0s03g04060 Hevein LOC_0s04g44900 Legume
LOC_0s03g0410 LysM LOC_0s04g44910 Legume
LOC_0s03g06940 Galectin LOC_0s04g49480 Legume

(Table 2b contd ...)
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(Continuation of Table 2b)

Accession no. of lectins Lectin name Accession no. of lectins Lectin name
+vely correlated with M¥ -vely correlated with M¥X
LOC_0s03g12150 GNA LOC_0s04g54180 GNA
LOC_0s03g30890 GNA LOC_0s05g04690 Hevein
LOC_0s03g56160 Legume LOC_0s06g17490 Legume
LOC_0s03g60810 Legume LOC_0s06g22290 Legume
LOC_0s04g01320 GNA LOC_0s06g37750 GNA
LOC_0s04g03579 Legume LOC_0s06g51050 Hevein
LOC_0s04g09390 Hevein LOC_0s07g09670 Galectin
LOC_0s04g15580 GNA LOC_0s07g36570 GNA
LOC_0s04g22120 Legume LOC_0s08g03020 Legume
LOC_0s04g23700 GNA LOC_0s08g03070 Legume
LOC_0s04g34250 GNA LOC_0s08g03160 Legume
LOC_0s04g34270 GNA LOC_0s08g05480 Nictaba
LOC_0s04g34290 GNA LOC_0s09g27890 LysM
LOC_0s04g41620 Hevein LOC_0s09g28180 GNA
LOC_0s04g41680 Hevein LOC_0s09g37600 LysM
LOC_0s04g53998 GNA LOC_0s09g37780 GNA
LOC_0s04g54002 GNA LOC_0s09g37834 GNA
LOC_0s05g04690 Hevein LOC_0s10g04270 Jacalin
LOC_0s05g13770 Legume LOC_0s10g06680 GNA
LOC_0s05g42210 GNA LOC_0s10g38040 LysM
LOC_0s05g43170 CAL LOC_0s10g39680 Hevein
LOC_0s05g43240 Jacalin LOC_Os1g03860 GNA
LOC_0s06g06940 GNA LOC_0Os1g05240 GNA
LOC_0Os06g06960 GNA LOC_Os1g39530 Jacalin
LOC_0s06g17490 Legume LOC_0s12g03594 Nictaba
LOC_0s06g22290 Legume LOC_0s12g03740 Nictaba
LOC_0s06g37560 Galectin LOC_0s12g30180 Nictaba
LOC_0s06g37750 GNA LOC_0s12g44320 GNA
LOC_0s06g40030 GNA

LOC_0s06g51050 Hevein

LOC_0s06g51060 Hevein

(Table 2b contd ...
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(Continuation of Table 2b)

LOC_0s06g51360 LysM
LOC_0s07g03790 Legume
LOC_0s07g03830 Legume
LOC_0s07g03840 Legume
LOC_0s07g03860 Legume
LOC_0s07g03870 Legume
LOC_0s07g03880 Legume
LOC_0s07g03900 Legume
LOC_0s07g03930 Legume
LOC_0s07g04040 Legume
LOC_0s07g18230 Legume
LOC_0s07g38250 Legume
LOC_0s07g38800 Legume
LOC_0s07g38810 Legume
LOC_0s08g02996 Legume
LOC_0s08g03020 Legume
LOC_0s08g03070 Legume
LOC_0s08g03160 Legume
LOC_0s08g05480 Nictaba
LOC_0s09g27890 LysM
LOC_0s09g37600 LysM
LOC_0s09g37834 GNA
LOC_0s09g37890 GNA
LOC_0s10g04270 Jacalin
LOC_0s10g39680 Hevein
LOC_0s1g10290 GNA
LOC_0Os1g39420 Jacalin
LOC_0s1g39530 Jacalin
LOC_0s12g03594 Nictaba
LOC_0s12g14440 Jacalin
LOC_0s12g30180 Nictaba
LOC_0s12g34320 GNA

LOC_0s12g44320 GNA
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responses in plants are not clearly understobis biotechnological, pharmaceutical and economic
work was carried out with the aim to integrate applications.

information at the level of genes, proteins, their
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