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Flavor and its perception

Flavor is an important attribute of the fruit trettracts humans along with
other frugivores. It was one of the chief concetrat initiated domestication of fruit
plants (Tanksley 2004; Aharoni et al, 2004), whitkecological terms could be seen
as a plant adaptation to human preferences. Framahwevolution point of view,
perception of flavor evolved as a complex procesatich taste, mouth feel, vision,
olfaction, the trigeminal system, and even audigignals contribute to the complete
appreciation of the food (Visschers et al, 2006)e @nay relate such a complexity to
the multifarious nature of flavor. Indeed, flavar a complex commodity and it is
evident from the definition and perception thatisita function of myriad chemical
and physical entities. However, it can be definedthe simplest way as ‘a

combination of three characters, aroma, tasteextidre’ (Fig 1).

Aroma
General odor impression
(orthonasal+ retronasal)

Taste a

Gustatoric impression
(may contribute to
retronasal aroma)

Fig 1. Constitution and perception of flavor (partly takeom Stephan et al, 2000).



Sensory impressions of the three flavor chara@ssma, taste and texture is
often studied by making humans, a part of the exprtation system. Such a group
of people is called a sensory panel (of tastejsdges). Their perceptions of the type,
intensity, amenability and detection threshold ed flavor characters are critically
recorded, and are tested for statistical signifiearThese panelists can be trained or
untrained depending upon the availability, necgssiid relevance (O’Mahony, 1995;
Noble, 2001; Frank, 2002; Delwiche, 2003). Althougls a conventional method, it
remains the most accepted one, till date, obviobslyause the end user itself is the
model system for the experimentation that ensiresandid application.

In most of the fruits, aroma is the most influehtidaracter. This is mainly by
the virtue of human olfactory system that is exegnsensitive and even detects parts
per trillion (ppt) quantities as compared to the¢ahat our taste buds can detect least,
at parts per hundred concentrations (Christenseh, @007). Secondly, aroma has a
dual activity; the orthonasal aroma constituted/biatile emissions, forms pre-eating,
sheer olfactory impression, whereas the retronasaha composed of certain taste
components themselves or in conjugation with clbkevaolatiles, also makes post-
chewing olfactory impact from the oral cavity (Ropil982). In addition, the
orthonasal components if fed retronasally creatiergint impression, as both these
channels have different processing systems (Heinaauwd Hummel, 2004).

All these features of aroma especially, of theomdsal one often alter the
perception of taste (Stevenson et al, 1999). Abegad (2004) partitioned the taste
and aroma of tomato using nose clips for the sgnsanel members to demonstrate
such an effect. Their regression models were mtfecteve at predicting sensory
descriptors when taste descriptors were partitiotieah when they were not

partitioned. Vis-a-vis, they found the aroma dgstoris more pronounced when



following taste perception than when provided siamgously with taste descriptors.
These types of effects were found most prominens\ieeet taste and relevent flavors
mainly those of fruits. However, this property weagloited to reduce the bitterness
of the nutritional solutions containing branche@iohamino acids (Mukai et al, 2007)

Similar to that of taste, the feel of texture iscaknown to be altered by
aroma. In yogurt, Saint-Eve et al (2004) found flastty aroma enhanced the feel of
thickness whereas the green one reduced it andedreafeel of smoothness. In
addition, mixture of aroma components made the stdgbe perceived as thinner but
more persistent and mouthcoating. Such influencaroima on the texture was also
demonstrated by Elmore et al (1999) and Kora ¢2@D3). Hollowood et al (2002)
and Visschers et al (2006) further studied the ssroedality of texture and aroma
perception to reveal that aroma intensity decreadisthe increase in firmness of the
food matrix. Visschers et al (2006) also found tineise effects were independent of
the ortho- or retronasal mode of aroma administnati

Obviously, aroma being such an influential chanacéenains decisive in the
market success of any fruit. It has been therefarsubject of extensive research;
especially, for its composition and biosynthesis.
Flavor detection and measurement

Sensory descriptions indicated that the composidiceroma must be complex
and this task requires technological assistancea #snsequence of the development
in this field, the techniques such as gas chromaptty (GC) and mass spectrometry
(MS) really proved to be a boon for the aroma asialyThese two techniques, in
combination enabled the efficient separation, detecand identification of volatile
constituents (Maarse and Visscher, 1996). Thesknigges, improved with high

resolution, vast and ‘real time- accessed’ compdilmdries generated unprecedented



pace in the flavor research. Sniff detectors empedehis research to elucidate the
perceptions of different aromas (Guadagni, et 8661 Dravnieks and O'Donnell,
1971). Furthermore, the discrimination of compouadsodor active and odor non-
active was made possible by the techniques likactify GC (GCO) (Rothe and
Thomas, 1963; Acree, 1993; Varming et al, 2004)GIO, the effluent of the GC
column is split, with one portion of the eluted atiles flowing to the instrument
detector and the remaining to a sniff port where ¢ldour-active compounds are
identified and described. Most important informati@CO revealed was thabt all
the volatiles are flavour-active and thus the mabundant volatiles are not
necessarily the most important contributors todlavNote that although this concept
of odor-active volatiles has gripped up rapidlyregdy mechanistic qualitative and
guantitative profiling of complex flavors is stdl very much a state of the art, unless
the perception of flavor is completely revealed ahd synergistic as well as
antagonistic interactions between various constigiare indisputably epitomized.
Parallel advancement occurred in aroma isolatiath sampling procedures.
Steam distillation and/or solvent extraction (Tésanand Kint, 1993), the classical
techniques, were extensively employed; howeves there prone to qualitative and
guantitative modification of the aroma profile (8atp and Dirinck, 1982). Addition
of internal standards minimized the demerits of thiethod and enhanced the scope;
nevertheless, these methods remained labor-intandetherefore, inapplicable for
high-throughput use. For better identification au@ntification of aroma ingradients
purge and trap headspace sampling method was &sbdrGp and Dirinck, 1982;
Teranishi and Kint, 1993). In this method, volatdemponents were trapped and
concentrated on a solid phase and were later fireed the trap by heating for the

analysis by GC-MS. The only drawback this method wee low relative sensitivity
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due to which the trace compounds were missed out the complex profiles. This
problem was further solved by cryofocusing (conrdn at ultra low temperatures)
of static headspace volatiles (Teranishsi and Ki#93). Solid phase micro extraction
(SPME) is another sampling technique in which, tilels get adsorbed on a fiber-
coated probe that is inserted in headspace ofatmgle. Later this fiber is injected in
to the GC, where these volatiles are released doctiiumn by means of heating
(Arthur et al, 1990 and 1992; Louch et al, 1992rdBar et al, 1995).
Flavor constituents

As a result of this technological advance, volatibenpositions of a plethora
of flavors were revealed within a span of few ye#@mong these, the flavors like
mint and vanilla turned out to be simple. Mint mipally contained menthol
(Lawrence, 1981, Croteau et al, 2005; Wildung g2@05), whereas vanilla contained
vanillin (Walton et al, 2003). Nonetheless, thaitfflavors like those of apple, mango
and strawberry found to be extremely complex, dairtg hundreds of volatile
compounds. Apple aroma was found to be a mixturesbérs, aldehydes, ketones,
alcohols that ranged near 200 in few cultivars (Bkvand Hoskin, 1983; Lo Scalzo
et al, 2001; Fuhrmann and Grosch 2002). Unlikegpplngo aroma turned out to be
a mixture dominated by terpenoids (Idestein ande&eh1985; MacLeod and Snyder,
1985; Olle et al, 1997 Pino et al, 2005; Lalelle803). Strawberry flavor also came
out to be a mixture of about 350 compounds withmpnent esters and furanones
(Latrasse, 1991; Zabetakis and Holden, 1997; BoodZabetakis, 2002).

Simultaneously, floral fragrances and leaf aromasgevalso profiled, wherein
the striking similarities were observed in the dative composition of these
fragrances and fruit flavors. Principally, greemflevolatiles (Noordermeer, 2001;

Feussner and Wasternack, 2002; Casey and Hugh&$) 20d terpenoids (Paré and
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Tumlinson 1999; Pichersky and Gershenzon, 2002]l Bhal, 2004; Aharoni et al,
2005; Franceschi et al, 2005; Keeling and BohIm&006; Schmidt and Gershenzon,
2008) were found to be the common constituentssTdwiously, the curiosity was
raised about the multitude ecological function lefse chemicals and consequently,
the research on their biosynthesis and its regulatjained momentum. Initially,
these compounds were thought to be the superflunatabolic wastes or the
secondary metabolites but once their numerous ifumtwere revealed, their status
was upgraded as specialized metabolites. Stofyi®promotion is built on numerous
exciting discoveries about their temporal and sppaiccurrence.

Does temporal and spatial emission of flavor relatéo its function?

Methyleugenol emission i€larkia breweriwas observed to be restricted to
petals and stigma tissues; it was also punctualkingathe precise receptivity of the
flower for pollination (Raguso and Pichersky, 199%%ang and Pichersky, 1998). This
ascertained an essential function for these matabpltthe pollinator attraction’. It
was further supported, as the pollination trickQyhrys sphegodwas discovered;
flower of this orchid was found to mimick the femaee Andrena nigroaenéain
appearance as well as in its pheromonal emissiomzining C21- C29 streight chain
alkanes and alkenes. Most stunning part of thizodisry was that these pre-
pollination cues were attractive to the male bedsreas the post-pollination ones
mimicked the emission of unwilling bees, farnesgkanoate. This deterred them to
avoid the damage and also to direct them to thingiflower (Schiestl et al, 1999;
Schiestl and Ayasse, 2001).

On damage,4)-3-hexenyl acetate and other aliphatic ester dévgs of 7)-
3-hexen-1-ol, the green-leaf volatiles emitted dlyaicco were found to deter female

Heliothis virescensnoths from laying eggs specifically, on injured i Diurnal
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fluctuation in the quantities of emission was noiddch suggested that the blend of
volatiles, rich in F)-3-hexen-1-ol esters, emitted at night was mogeltent to the
nocturnalH. virescensThis interesting phenomenon also served as thiedkample
of involvement of plant volatiles in direct defenkater on, experiments on few other
systems also added to this view (Kessler and Baldid01; Vancanneyt et al, 2001).

Though the direct defense using volatile weapors discovered recently, the
smart role of these chemicals in the indirect defewas already better characterized,
wherein plants attract the natural enemies of kerbs by emitting certain volatile
chemicals. For example, damagBrhssica oleracea@mits the volatiles that enable
the predatory mite Gotesia rubeculpto find the herbivorous spider mitéiéris
rapae), its host (Maeda et al, 2002). Volatiles inducgan egg laying by herbovire,
attracted parasitoids of those eggs (Meiners atkeHi2000). Similarly, parasitoid
Oomyzus gallerucaevas attracted by the plant using terpenoids arebrgteaf
volatiles upon oviposition of the elm leaf beet(&anthogaleruca luteojaon the elm
Ulmus minor(Wegener et al, 2000). These interactions areoptitic and so broaden
the scope of function of these volatiles.

In case of fruit, the smells of these chemicals lavewn to advertise the
exhibitionist fruits since antiquity and therefoadprementioned discoveries have just
added the dimensions to their functionality. Newelgss, it has successfully
broadened human views on them. For example, indeawing forces the plant to
release volatiles; we experience the genuine afiaiits only after biting them. It
suggests that plant is probably not investingasources and machinery differentially
in its organs, leaf, flower and fruit. Secondlyrtaen volatiles have been proved to
have antibacterial and/ or antifungal propertiemsidering the nutritious nature of

the fruit, these properties are far relevant fahén to any other plant organ. Finally,
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as mentioned earlier, most of the chemicals useth®omultiple functions by plants
and their organs remain the same.

Thus, the basics of volatile production and relesgpear to be understood.
All this research gives an impression that thesentbals have their own,
multidimensional metabolomic network that is unddhy interwoven with the other
essential as well as specialized networks (Fign2prmation from any remote part of
this supernetwork would be applicable for probihg bther areas. It includes the
information about metabolites themselves (as dmtadlbove), the genes responsible

for their sinthesis and the technical skills regdito mine this information.

Phenyl, id!
Mesifuran Furaneol Sugars enylpropanotds
4 P 4 .
Chorismate Benzenoids
\ 4 4
HMMEF € Fructose-1,6- » Pyruvate : : ,
bisphosphte - Amino acids
v : \ 4
- y 4
DMAPP ~=—. [PP <= Acetyl-CoA Alcohols
FPP GPP ' Esters
¥ v Fatty acids Aldehydes
Sesquiterpens ~ Monoterpnes 2 . 4
——— Lactones Hydroperoxides
'< v
G Oxidized Methylated
Terpenes >
Terpenes Terpenes

Fig 2. Key metabolic routes in the biosynthesis of vigalavor compounds. | = Primary metabolites

(precursors). = Intermediates, = Volatile products]

Molecular basis of flavor biogenesis
Fundamental and the most useful methods that aptoged to understand the

molecular basis of flavor biogenesis are the orsesiuo track the differential gene
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expression (Liang and Pardee, 1992; Liang et a®3]1®iatchenko et al, 1996;
Bachem et al, 1996). In these techniques, mRNA pooh the experimental tissue
can be easily compared with that of the controsus to make out the cDNA
fragments that are present in only one of the éissurhis comparison may be
polymerase chain reaction (PCR) based or hybridzabtased depending upon the
availability and suitability. Beauty of these te@ues is that they can easily highlight
the novel genes, for which the classical techniqused to take indefinite time and
efforts. Plenty of reports can be named in the esgstory of these techniques (Hui et
al, 2003; Voelkel and Baldwin, 2003; Eckey et &02; Moyano et al, 2004).

It was realized that the sequences of aroma relggeees were strickingly
similar to each other, in spite of them being fasloait from the different plants and
organs (Bohlman et al, 1998; Gang, 2005). Congidetihe most useful feature of
molecular biology, the complementarity of nucleeidthese gene sequences formed
the excellent tools to probe the desired genes frem systems. Indeed, this attribute
was thoroughly exploited, as the concept of degdaeprimers was countlessly
applied. Most relevant to mention, the gene resptsmdor the synthesis of the
multifunctional volatile, linalool was isolated fro Artemisia by the cDNA
amplification with degenerate primers (Jia et &899). Among the numerous, the
most recent and relevant study includes the gemrethé synthesis of the precursors
of terpene synthesis, isoprenyl diphosphates, whiete isolated fronPicea abies
using degenerate primer approach (Schmidt and €ezsin, 2007 and 2008). The
interesting outcome of this discovery was thateéhgsnes turned out to influence the
production of multitude of metabolites.

The second approach that proliferated was to @iffieslly probe the cDNA

libraries of experimental and control tissues. Mengene synthase gene from
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Arabidopsiswas probed out from the cDNA library of jasmonatduced plants
(Bohimann et al, 2000); this experimentation inelddboth, the differential
expression tracking as well as its downstream psisn. Similarly, Snapdragon
monoterpene synthase gene was isolated from pBtdAdibrary (Dudareva et al,
2003); in this case the spatial expression wasetady In case of other volatiles
isolation of almond hydroperoxide lyase (HPL) cae imentioned, which was
performed by cDNA library screening (Mita et al,08). In all these studies, the
major advantage of using the cDNA library was tmadst of the clones represented
the complete reading frames of the desired gendsttaus, efforts in their further
characterization were negotiated.

For other approaches, the methods to obtain theledenfunctional sequence
frames of the isolated genes were parallely deeeloRapid amplification of cDNA
ends (RACE) was the most successful of these. Msgsguiterpene synthase gene
was characterized with the ‘expressed sequenceragid amplification of cDNA
ends’ (EST- RACE) approach (Schnee et al, 2000 20@6). Similarly, banana
alcohol acyl transferase (AAT) gene was charaadriasing cDNA RACE method
(Beekwilder et al, 2004).

Although there are literally, infinite studies t@rmate the success of these
techniques, these basic methods have contributedntae to the transcriptome
mining than the single gene discovery. Microarragdm the most industrious
application yielded by the long molecular biolodiexperimentation. It provides a
high throughput means for systematically studying expression profiles of large
subsets of genes from different tissues under Bp@tiysiological and environmental
conditions. Initially, this technology proved itowh in the transcriptome mining of

the model plantArabidopsisand was later used in innumerable systems (Scheala e
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1995; Ruan et al, 1998). Restricting to the gemesafoma biosynthesis, the most
fruitful discovery was of Strawberry AAT gene (Abar et al, 2000). Microarrays
also helped to reveal the evolution of strawberlgvdr with respect to the
domestication of this fruit (Aharoni et al, 2004nh fact, the other part of this
discovery showed the dual substrate specificitgtcdwberry sesquiterpene synthase,
which allowed it to produce monoterpene along wiith original sesquiterpene
product. This was probably the most significantiing in the scope of fruit flavor
research.

Thus, today countless genes are available to yottie production dynamics
of aroma if they are studied collectively. Indedustway, researchers have been
successful in elucidating the entire biosynthetathpvays for several groups of
compounds (Bohlmann et al, 1998, Pichersky and G20@0; Noordermeer, 2001,
Chappell, 2002; Schwab, 2003; Dudareva et al, 20@)nsequently, it also brought
out different modes of regulation of this syntheaisd the cross-talks between
different pathways (Aharoni et al, 2004; Dudaretvale 2005). This phase seems to
have significantly uncovered the basics of volabilesynthesis and the ecological
dimension of it. Eventually, the biosynthesis ofetHlavor compounds of lemon
(Lucker et al, 2002, Shimada et al, 2004), minto(€au and Martinkus, 1979;
Croteau et al, 1984; Colby et al, 1993; McCaskiltl &Croteau, 1995; Lange et al,
2000), strawberry (Aharoni et al, 2000; Lavid et2802; Beekwilder et al, 2004) and
vanilla (Walton et al, 2003) was revealed and gmaficient methodological inroads
were made available in the biological manufactooiefavor.

Mango: The king of fruits
At the other corner of this development, appliaatand/or market oriented

aspects gripped up, as this science was spedfficalevant to the flavor and
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fragrance industries. It was also supportive to thaeries and breweries.

Biosynthesis of flavors of fresh fruits became aifethe major thrust areas, as it
promised the solution to the non-uniformity of frguality, which was due to the

environmental impact. Apple (Flath et al, 1967; ilghi et al, 2005; Mehinagic et al,

2006), banana (Shiota, 1993; Medina-Suarez et%7;1Wyllie and Fellman et al,

2000), kiwifruit (Gilbert et al, 1996), melon (Hagaet al, 2003; Albuquerque et al,
2006), Orange (Kealey and Kinsella, 1978; Nispé&lasriedo' and Shaw, 1990),

pineapple (Moyle et al, 2005; Tokitomo et al, 2086jer et al, 2006) and strawberry
(Morton and MacLeod, 1990; Zabetakis and Holder§719Bood and Zabetakis,

2002) remained few of the major interests. In W@we, mango was also analyzed for
its flavor. This research remained largely unnatiogay be for being limited to the

perception and analytical investigation and secgridl being in parts.

Collective look at the data on mango flavor indésathat it contains myriad of
compounds, belonging to various classes, alcolaghgde, benzenoid, ester, ketone,
lactone and terpenoid, the number touching 400eddd the studies on African
(Sakho et al, 1985), Australian (Bartley and Schayd®87; Bartley, 1988; Lalel et al,
2003a), Brazilian (Andrade et al, 2000), Colomb{&uijano et al, 2007), Cuban
(Pino et al, 2005), Floridean (MacLeod and Snyd€85), Indian (Engel and Tressl,
1983; Idstein and Schreirer, 1985), Thai (Tamuraakt2000) and Venezuelan
(MacLeod and Troconis, 1982) cultivars presentedgoagermplasm as probably the
largest and most diverse pool of free volatilesadigition, about 150 volatiles were
also found in the glycosidically bound forms by Aldg et al (1992), Koulibaly et al
(1992), Sakho et al (1997), Olle et al (1998) aatkeLet al (2003b). It is interesting to
note that no other fruit has such a diversity @@ compounds. Thus, mango has a

lot to offer to biochemists, molecular biologistsdathe manufacturers of flavor and
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fragrance, who always look for natural sourceslimirate the hazards of chemical
synthesis and to improve the hygiene.

Based on the aroma profile, mango cultivars arssdiad as Indian and Indo-
Chinese. Indian type mangos possess intense ardraeeas the Indo-Chinese have
mild one. It has already been noted that the peaptaistomed to the later type,
perceive the Indian type as medicinal or havingeduatine flavor (Lizada, 1993).
Indeed, some commercial Indian cultivars have higimcentration of volatiles,
especially terpenoids (Gholap and Bandyopadhyay,/1&ngel and Tressl, 1983;
Idstein and Schreirer, 1985), which seems to hakert its toll on the group of
dispersal agents within mere 4000 years of donegiit (De Candolle, 1884). Other
way round, we can see the human selection inflagnt¢he domestication and
ultimately the evolution of mango.

It is relevant to mention here that, India is atoef origin as well as centre
of diversity for mango (De Candolle, 1884; Gangdatyal, 1957; Subramanyam et al,
1975). Presently, India harbors a pool of more th@60 cultivars. Till date, the
studies have hardly covered a statistically sigaifiti number from this pool.
Secondly, the analyses for elucidating the divgiaitd cultivar relationships based on
the flavor profiles have not been performed (inecak Indian as well as non-Indian
cultivars). In such a condition mango remains aub#ttended system and presents a
healthy resource to renew our knowledge on flavotwgion.

Most of the available literature suggested that goaaultivars differ from
each other by qualitative as well as quantitati@gation in individual flavorants. In
the similar way, these cultivars also differ in thessession of different chemical
classes. Furthermore, each cultivar has been dubdry have one quantitatively

dominant compound (Lalel et al, 2003a). Few otltediss have also reported such
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basis of diversity in mango (Pino et al, 2005; M#&drzatawee et al, 2006; Pino and
Mesa, 2006; Lebrun et al, 2007; Quijano et al, 2007

A few efforts have been made to unveil the gerditiersity among the mango
cultivars. Already, a range of DNA markeviz. AFLP, DAMD, ISSR, ITS and
RAPD have been used for exploring the diversitythaf global mango germplasm
(Schnell et al, 1995; Bally et al, 1996; Lopez- &stuela et al, 1997; Eidthong et al,
1999; Chunwongse et al, 2000; Ravishankar et &0 2Bemanth Kumar et al, 2001;
Karihaloo et al, 2003; Ravishankar et al, 2004y&&tava et al, 2005). These analyses
have put forth several facts about mango. Importanhote here are 1) mango
cultivars have not diverged too much on the geneiale 2) mono- and
polyembryonic mangos have different genetic bases 3 mangos from different
geographical zones differ genetically. As we haweissed in context of flavor, here
too such a divergence might be a result of seleatiodomestication process and
more imperatively, in this selection process aramhaersity and genetic diversity
must have had substantial toll on each other. Wmhately, such conclusions remain
a step away from proved, as the sampling not adelyueepresenting the global
mango pool, did not cover significant variabilitydaa large number of cultivars
pertaining to their centre of diversity, India, whiprobably have a better chance to
uncover the history, again remain unexplored.
Alphonso: The most popular mango

Among thousands of mango cultivars, Alphonso is thest popular one
(Tharanathan et al, 2006). Aroma of this cultivaian appropriate representative of
the vast diversity that we have discussed, asntatos volatile members of almost all
the chemical classes (Engel and Tressl, 1983;ifdated Schreirer, 1985). This fruit

is also blessed with attractive color, ample, sweet fiber containing pulp and long
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shelf life to suit its fresh use. Ripe Alphonsatslare popularly used in the processed
and canned foods. Similarly, the raw fruits of Adplso are also used in the food
products like pickles, tarts, curries and saladskiSgly, such an ideal fruit is not
uniform in its quality over the widespread cultieat localities in India. Therefore, its
cultivation is concentrated in Kokan (or Konkarmg 700km long, narrow coastal belt
of western India (Fig 3). Even within this belt, rtieern, central and southern
Alphonso mangos taste and smell different. It isvin that the post-harvest treatment
to these mangos is the same throughout Kokan, wh#rey are packed in hay and
are immediately transported for ripening to thg ot Mumbai, an export hub. Thus,
what differs here is the pre-harvest environmenthef cultivation zones. It is clear
from this fact that the environment that reignsimtyithe fruit development, sows for
the alteration in the quality of ripe fruit. Similahenomenon has also been reported
in Australian, Kensington Pride mangos (Hofmanlefi®97) and several other fruits

(Paull and Chen, 2000).
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Fig 3. Kokan, the 700km narrow coastal belt, with conet Alphonso cultivation.
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Genesis of thesis and its organization
This information suggests that for mango, espsacidllphonso, there is
enough commercial pressure as a driving force tadgot aforementioned studies.
Secondly, it demands a comprehensive experimengreir the difference in the
zonal microclimates and respective fruit qualitvedl be assessed concurrently. On
the positive side, the genotype (Alphonso) beinmesahrough all the localities,
complexity of the system is automatically negotiat8uch an approach would surely
uncover the secrets underlying the complex biokgprocesses and the biological
interactions with environment. It will also providew source of flavorants along
with a lot of information on their biosynthesis.
Present thesis discusses many of these concerit$) ladve been organized in
the following manner
Chapter 1: General Introduction and review of literature
Chapter 2: Genetic diversity in Indian and non-Indian mangticars assessed using
inter simple sequence repeat (ISSR) markers
Chapter 3: Gas chromatography- mass spectrometry based divalitmd quantitative
diversity analysis of flavorants in mango cultivars
Chapter 4: Profiling of major flavorants through the developmh&nd ripening of
Alphonso fruit
Chapter 5: Isolation of various flavor and non flavor genesnfir Alphonso mango and
profiling their expression through the developmamd ripening of fruit
Chapter 6: Summary, conclusions and future prospects

Bibliography
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CHAPTER 2

Genetic Diversity in Indian and Non

Indian Mango Cultivars Assessed Using

Inter Simple Sequence Repeat (ISSR)
Markers

Work described in this chapter has been published in
Current Science (Pandit et al, 2007).
Part of this work has been communicated to BMC
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Introduction

Mango originated in the Indo-Burmese region durthg earlier period of
Cretaceous era (De Candolle, 1884; Gangolly et387; Subramanyam et al, 1975)
and gradually spread to the tropical and subtrépegions around the world. India is
thought to be the primary center of diversity alomigh its status as the center of
origin for mango. Presently India harbors more tH&0 mango cultivars and
represents the biggest mango germ pool in the waidtralia, China, Florida, Israel
and Thailand are the other regions that also maiat&ealthy germplasm of mango.

Over the various mango growing regions, mango hngeattempts are always
on for creating better cultivars. Precise informaton the genetic relationships within
such germplasm diversity is always needed for @agryout efficient breeding
programs. In order to assess the genetic diversityango, PCR based DNA markers
are considered be the best tools (Joshi et al,)1999range of DNA markersiz.
AFLP, DAMD, ISSR, ITS and RAPD have been used fqlering the diversity of
the global mango germ pool (Schnell et al, 1993tyB# al, 1996; Lopez- Valenzuela
et al, 1997; Eiadthong et al, 1999a and b; Chunser al, 2000; Ravishankar et al,
2000; Hemanth Kumar et al, 2001; Karihaloo et 802 Ravishankar et al, 2004;
Srivastava et al, 2005). Among these, inter simpixjuence repeat (ISSR)
(Zietkiewicz et al, 1994)s a reproducible semi arbitrary primed PCR mettaat
uses simple sequence repeats as primers, combmosj of the advantages of
microsatellites and amplified fragment length pobyphism (AFLP), to the
universality of randomly amplified polymorphic DNERAPD) (Gemas et al, 2004).
ISSRs offer more probability than any other PCRkmasystem in the repeat regions
of the genome, which are the most potent regiomspfoducing cultivar specific

markers. Automated PCR base makes ISSRs the markelm®ice for screening the
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genotypes. Here, ISSR marker system has been asesgess the diversity among 70

mango cultivars.

Materials and methods
Cultivar selection

For the present study, 60 elite Indian cultivargevselected on the basis of
their consistency in behavior for the last 30 yeatrstheir growing region, their
promising features for breeding and their plaugibilo race in the global market.
Among these 60, 38 are south Indiaumtivars including ‘Villai Kolumban’, as the
only Indian polyembryonic cultivar in the set anél dre north Indian cultivars. Eight
promising Indian cultivars with the undecided soultkian or north Indian origin
(designated as Indian throughout the analysis) \ats®@ included in order to reveal
their parentage or at least their alliance in tlago cultivar cladogram. Among these
60, Alphonso, Badami, Baramahi Hapus, Banarasi Blagnd Kala Hapus real are
suspected to be synonymous to each other and elexees] especially for confirming
their status. Ratna is;Fprogeny cultivar of the Neelum Alphonso crosswhile
Sindhu is the outcome of Ratna- Alphonso backcrées. non-Indian cultivars were
included in this analysis to test the assumpticat thver the centuries, selection
criteria for the world market have been signifidpuiifferent than those for the Indian
market and under such differential selection pressghie non-Indian cultivars may
show isolation from the diversity pool of Indian ngw. These ten include five
Floridian cultivars, three Israeli and one Austaali(‘Kensington’ as non Indian
polyembryonic cultivar) and Taiwanese cultivar eathe list of cultivars along with
their origins is given in Table 1. The two aboventigned polyembryonic cultivars,

Villai Kolumban and Kensington were included as ttlese outgroup’ taxa in the
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study. Nothopegia colebrookian8lume. (Anacardiaceae), a distant relative of the
genusMangiferal, which is available in the local forests, wakested as the ‘distant
outgroup’.

Plant material

Flushing leaves from 70 mango cultivars (Table Erewvcollected from the
experimental orchards at the Regional Fruit Re$ed®tation (RFRS) of Dr.
Balasaheb Savant Kokan Krishi Vidyapeeth [(DBSKK{Dr. Balasaheb Savant
Kokan Agricultural University)], Vengurle, Maharasd, India and those oN.
Colebrookianawere collected from the forest of Amboli, Maharaah All leaf
samples were frozen in liquid nitrogen for transgon to the laboratory and
subsequently stored at <80until processed.

DNA extraction

DNA was extracted as described by Doyle and Doyl89Q). DNA
concentrations were determined by the comparisah thie intensity of standard
DNA (A DNA, Bangalore Genei, India) after electrophorasisethidium bromide
stained 0.8% agarose gel.

DNA amplification

A set of 100 ISSR primers, procured from UniversifyBritish Columbia
(UBC, Vancouver, USA), was used for amplificatidrpant DNA.

Initially all 100 UBC primers were screened witlm tmango cultivars wherein
at least one cultivar represented each geogragigion along with one out-group.
The primers that generated polymorphism were ugethe final experiment with all
the 70 cultivars along with one outgroup.

Polymerase chain reaction (PCR) was carried o@bipl volume as detailed

by Deshpande et al (2001). The amplified produasewseparated on 2.0% agarose
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gel in 0.5 X TAE buffer and bands were detectedetiydium bromide staining as
suggested by Deshpande et al (2001). The sizecbf feagment was estimated with
reference to a DNA size mark@X 174/Haelll digest (Bangalore Genei, India).

The band pattern obtained by each ISSR primer veased by visual
inspection and the bands were recorded as preksgior @bsent (0). From the band
patterns obtained with each primer, the cultivagc#ic bands (if any) along with
their sizes were recorded.

Statistical analysis

Similarity estimate ‘D’ was calculated as 2Nab/ Nd+for each primer and
also collectively for all 33 primers (Wetton et dl987). The probability that a
fragment in one cultivar is also found in another &ll pairwise comparisons
(Fingerprintingpotential of a marker) was then calculated for gacimer as [(%%)"]
where, X% represents the average similarity index for aitygge comparisons and n
is the average number of bands amplified by thegri(Ramakrishna et al, 1995).
[(Xp)"] was also calculated considering the data fror8&brimers together.

The binary score data from ISSR amplification waeedlly fed to the
multivriate statistical package (MVSP) (Kovach, 2pGor Principal Co-Ordinate
analysis (PCO).

The genetic distance matrices were generated by\timelist’ software option
from the Winboot package (Yap and Nelson, 1996)hwidice and Jaccard
coefficients. Bootstrapping (Felsenstein, 1985) ware by ‘Winboot’ software to
construct the dendrograms using unweighted paiugrmethod with arithmetic
averages (UPGMA) algorithm with 500 replicates.

Entire analysis from the tissue collection to thatistical data analysis was

repeated twice.
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Table 1. Mango cultivars used in the ISSR analysis withrthregion of cultivation

Sr Name of Region of  Sr. Name of Region of
no. Cultivar cultivation no.  Cultivar cultivation
1 13-3 Israel 36 Keitt Florida
2 Alphonso South India 37 Kent Florida
3 Badaigol India 38 Kensington Australia
4 Badami South India 39 Kesar North India
5 Banarasi Batli North India 40 Kingphone Taiwan
6 Banarasi Hapus South India 41 Ladaio South India
7 Bangalore Goa South India 42 Langra North India
8 Baramahi Hapus India 43 Lili Israel
9 Baramasia South India 44 Mahalanjeo South India
10  Bengali pairi North India 45 Maharaja of South India
Mysore
11 Bekurad India 46 Makaram India
12 Bombay green South India 47 Maya Israel
13 Borsha North India 48 Mulgoba South India
Kalamshar
14  Chandrama South India 49 Musharad South India
15 Chinna South India 50 Naliaro South India
Suvarnarekha

16  Chittur Badami South India 51 Neelum South India
17  Creeping South India 52 Osteen Florida
18 Dadamio North India 53 Pairi South India
19  Dasheri North India 54 Palmar Florida
20  Devrukhio South India 55 Pau India
21  Dilpasand South India 56 Police India
22  Dudh peda South India 57 Rajapuri North India
23  Fakira North India 58 Rangar India
24 Fernandin South India 59 Ratna South India
25  Gadhemar South India 60 Roos South India
26  Goamankur South India 61 Rumani South India
27  Gopta of NavasariNorth India 62 Sabja South India
28  Hamlet South India 63 Saleem South India
29 Hathizool North India 64 SB Chausa North India
30 Jamadar North India 65 Sindhu South India
31 Kajalio South India 66 Tankij- amadi India
32 Kala Pahad North India 67 Tomy-Atkins Florida
33  Kalahapus real South India 68 Totapuri Southalnd
34  Karanjio South India 69 Vanraj North India
35 Karelia North India 70 Villai Kolumban  South iad

71 Nothopegia South India

colebrookiana
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Results
ISSR profiles in mango cultivars

Out of 100 ISSR primers, 40 showed amplificatiorLingenotypes that were
used for the initial screening. Of these 40, 33mprs generated reproducible
polymorphic DNA amplification patterns in all thel genotypes. Twenty-seven of
these 33 primers belonged to the anchored di-ntidecepeat class; remarkably, 15
of these 27 belong to either ‘AG repeat’ classt®complementary ‘CT repeat’ class
(Table 2).

Table 2 explains the performance of the each oB®#SSR primers with 71
genotypes. These primers yielded a total of 420atte bands on amplification and
their sizes ranged between 200 bp to 2000 bp. Tumeber of scorable bands
generated by the individual primers ranged betwssaren (UBC 864) and 18 (UBC
809 and UBC 852). Out of 420, 408 bands (97.14%pvp®lymorphic and only 12
bands (2.86%) were monomorphic. Most of the prin{@ds of 33= 67%) exhibited
100% polymorphism while the least polymorphism {8 b loci= 72.72%) was shown
by UBC 810. The average number of bands amplifiethfthe pool of 71 genotypes
by UBC 889 was 2.28 and that by UBC 812 was 8.3Beroprimers produced
average number of scorable bands within the rahgeese two values.

Cultivar specific bands

Twelve different cultivar specific bands were ob&d from the amplification
profiles with eight ISSR primers (Table 3). Tomytkihs stood out to be a unique
cultivar with maximum of five specific bands proauacby various primers. Primer
UBC 813 produced three specific bands for Vanrakinga three as the highest

number of specific bands that any primer has preduc UBC 852
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Table 2.Performance of various ISSR primers in the gerditiersity analysis of mango.

UBC Primer no. Primer sequence Bands No. of polymorphic Polymorphism Average no. of bands produced  Average similarity Probability of identical
scored bands (%) in 71 genotypes (n) [(X) o] £ SD match by chance [(%)"]
807 (AGYT 16 16 100 6.01+1.43 0.70+0.13 1.25¢ 10"
808 (AG)C 18 18 100 6.21+1.43 0.75£0.11 1.68 10"
809 (AG)YG 08 08 100 5.23+1.12 0.81+0.15 3.3% 10"
810 (AGYT 11 08 72.72 6.15+ 1.09 0.83+0.11 3.24x 10
811 (GAXC 13 12 92.30 4.69+1.17 0.76+0.13 2.90x 10*
812 (GA}A 15 14 93.33 8.33+1.58 0.76+0.11 1.09x 10*
813 (CTyT 09 09 100 3.88+0.49 0.92+0.13 7.27 10"
815 (CT)G 10 10 100 3.38+1.38 0.64+£0.17 2.30x 10"
830 (TG}G 11 11 100 2.35+1.26 0.75£0.18 5.15< 10"
834 (AGYYT 12 12 100 4.94+1.47 0.71+0.17 1.96x 10*
835 (AGY)YC 16 15 93.75 3.91+1.18 0.82+0.10 4.67 10*
836 (AGYYA 15 13 86.66 8.18+1.22 0.83+0.08 2.18< 10"
840 (GARYT 16 16 100 6.18+ 1.27 0.77£0.11 2.06x 10*
844 (CTyRC 13 13 100 3.88+1.59 0.64+0.15 1.87% 10*
845 (CTYRG 13 13 100 6.42+ 2.04 0.62+0.15 5.10¢ 10?2
848 (CARRG 10 09 90.00 3.71+0.81 0.84+0.12 5.33 10"
852 (TCRA 18 18 100 3.76+1.30 0.86+0.10 5.74x 10*
855 (ACEYT 17 17 100 5.47+1.28 0.66+0.13 1.0% 10*
856 (AChYA 16 15 93.75 6.49+ 1.26 0.79+0.10 2.30¢ 10"
857 (ACkYG 14 14 100 3.70+1.91 0.72+0.14 3.01x 10"
859 (TG)RC 08 08 100 3.97+1.24 0.70+0.16 2.44x 10*
862 (AGC) 08 08 100 5.83+0.56 0.95+0.15 7.58< 10+
864 (ATG) 07 06 85.71 3.32+£0.95 0.77+0.14 4.19% 10"
866 (CTC) 11 11 100 459+ 134 0.79£0.13 3.5 10"
876 (GATAR(GACA), 14 14 100 4.39+1.52 0.65+0.13 1.54x 10*
878 (GGAT) 11 10 90.90 5.49+ 1.30 0.77+0.12 2.40¢ 10*
881 GGG(TGGGGNG 09 09 100 4.73+1.06 0.73£0.16 2.27x 10"
884 HBH(AG) 14 14 100 7.78+1.75 0.68+0.13 5.00x 102
886 VDV(CT) 16 16 100 7.28+1.59 0.78+0.12 1.7% 10*
887 DVD(TC) 16 16 100 547+ 1.1 0.80+0.11 3.14x 10"
889 DBD(ACY 08 08 100 2.28+1.32 0.70+0.18 4.54x 10"
890 VHV(GT) 15 15 100 6.46+ 1.31 0.79+0.12 2.20¢ 10"
891 HVH(TG) 12 12 100 3.22+1.64 0.79+0.12 4.70< 10*
Total no. of primers: 33 Total Total polymorphic Average % Mean average no. of bands 0.76+ 0.06 2.54x 10*

bands: 420 bands: 408

Polymorphism:

97.14%

produced by 33 ISSR primers:

5.08+ 1.58
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produced one specific band each in SB Chausa ang/-TAtkins and was the only

primer that could produce specific bands in twdedént cultivars.

Table 3. Cultivar specific bands obtained with various ISSR prinjBesds specific to the outgroup

(N. colebrookianpare not mentioned here.]

Name of the Primer producing specific band(s) Size of the spdat band
cultivar (bp)
Fakira UBC 878 500
Gadhemar UBC 836 2000
Neelum UBC 884 500
S B Chausa UBC 852 400
UBC 811 300
UBC 834 700
Tomy- Atkins UBC 852 1000
UBC 866 1400
UBC 866 1500
UBC 813 1000
Vanraj UBC 813 400
UBC 813 300
Total no. of No. of primers generating cultivar Total no. of cultivar
cultivars: 6 specific bands: 8 specific bands: 12

Fingerprinting potential of ISSR primers

The probability of matching DNA fingerprints of anwo mango cultivars
[(Xp)" was 2.54 10" when calculated for the entire 33 primer set &RJ420 loci)
(Table 2). When calculated for each primer it rahbetween 1.09 10 (UBC 812

and UBC 855) and 5x1107 (UBC 845) (Table 2).
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PCO analysis

Separation of non-Indian cultivars from the Indiuitivars was revealed in
the PCO (Fig 1). Foreign cultivars were placedhe first and the fourth quadrants
with the close cluster of Floridian cultivars inding the Israeli cultivar Maya
(cultivar no. 47; Table 1). However, Tomy-Atkinsuliivar no. 67; Table 1), the
Floridian cultivar was placed distantly in the fluguadrant from the pool of mango
cultivars. 13-3 (cultivar no. 1; Table 1) was pkhantrally to the clusters of Indian
and foreign cultivarsN. colebrookiana(outgroup no. 71; Table 1) was placed
completely aloof in the fourth quadrant. All thedian cultivars were observed to be
grouped together closely. However, seven Indiativeus Badaigol (cultivar no. 3;
Table 1), Badami (cultivar no. 4; Table 1), Banamatli (cultivar no. 5; Table 1),
Banarasi Hapus (cultivar no. 6; Table 1), Barantddwpus (cultivar no. 8; Table 1),
Baramasia (cultivar no. 9; Table 1), Chandramati¢@r no. 14; Table 1) and Chittur
Badami (cultivar no. 16; Table 1) were not placedywclosely to the cluster of Indian
cultivars and 13-3 (cultivar no. 1) was placed witase cultivars.

No geographical separation was revealed betweemdit® Indian and the
south Indian cultivars by any of these statistamhbinations.
Cluster analysis

Both UPGMA dendrograms drawn using Dice (Fig 2a apdcnd Jaccard
coefficients, showed highly similar grouping of toers. Both showed high bootstrap
separation of outgroup (100%) from the mango cladd that of Tomy- Atkins
(average 95 and 94%, respectively) from the bigstelu of 69 mango cultivars.
Though non-Indian cultivars grouped separately frmwst of the Indian cultivars,
eight Indian cultivars grouped with the foreign tdrs. Congruence in the

composition of small clusters [3- 5 operationalotaemic units (OTU)] or OTU pairs
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was remarkable in both the dendrograms; howevernfost of the clusters Dice
coefficient produced higher bootstrap values thesé of Jaccard coefficient (Fig 2a

and b).
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Fig 1. Principle coordinate analysis based on the ISSR markerfdatd0 mango cultivars (Indian as
well as foreign) along wittiNothopegia colebrookianahe outgroup. Numbers denoting the plotted

data points represent respective mango cultivars ad listTable 1.

Separation among the Indian cultivars was seen leith bootstrap values;
however, the cultivars those were suspected to yim®nymous, opted different
subgroups. Villai Kolumban subgrouped with Karehgthin the group of Indian
cultivars in both the trees. Similarly, Kensingtgnouped with the non Indian
cultivars. Six cultivars with the unknown origin wefound scattered over the
dendrograms. Among these, Badaigol remained inefgat Indian cultivars that

grouped with the foreign cultivars. Remaining fisebgrouped with various south
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Indian cultivar clusters; Bekurad with Bombay greand Chinnasuvarnarekha;
Makaram with Mahalanjeo and Maharaja of Mysore; &mstly, Pau, Police and
Rangar with Naliaro and Pairi.

Integrity of smaller clusters or OTU pairs was rekadle in both the
Dendrograms. Sixteen clusters, including sevenspagre observed in both these
dendrograms (Table 4). First cluster was the biggessisting nine non Indian and
eight Indian cultivars. Ratna and Sindhu clustergth Neelum in both these

analyses.

Table 4. Conserved clusters of mango cultivars extracted from different UPGMA clustering

analyses performed using Dice and Jaccard similarityicgefts, respectively.

No. Cultivars of the conserved clusters

1. Keitt, Kent, Lili, Maya, Palmar, Osteen, Kingphoi&nsington, 13-3 ,
Badaigol, Banarasi Hapus, Banarasi Batli, BadarmaraBiasia,
Baramahi Hapus, Chittur Badami, Chandrama

2. Dadamio, Devrukhio, Dudhpeda, Gadhemar, Gopta obala Fakira

3. Bengali pairi Bekurad, Bombay Green, Chinna Suvarnarekha

4. Tankij-amadi, Totapuri, Vanraj

5. Bangalore Goa, Creeping, Hamlet, Mulgoba

6. Naliaro, Pairi, Pau, Rangar

7. Kajalio, Kala Pahad, Kalahapus Real, Karanjio

8. Roos, Sabja, Saleem

9. Neelum, Ratna, Sindhu

10. Alphonso, Dilpasand

11. Langra, Musharad

12. Rajapuri, Rumani

13. Goamankur, Hathizool

14. Kesar, Ladaio

15. Karelia, Villai Kolumban

16. Mahalanjeo, Maharaja of Mysore
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Fig 2a. UPGMA dendrogram for 70 mango cultivars and the distant oupgrdrawn using Winboot

software and Dice similarity coefficient, showing Idhserved clusters.
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Similarity estimates of Neelumx Alphonso progeny

Similarity estimates for the group of Alphonso,eNen, Ratna and Sindhu are
given in Table 5. Similarity between Alphonso aneeNim was 0.581, which was the
lowest among those values produced by these 4sardti The highest similarity was

noted between Neelum and Sindhu (0.678).

Table 5. Similarity estimates between Alphonso, Neelum theiprBgeny cultivar Ratna and Sindhu,

the progeny of backcross between Ratna and Alphonso.

Alphonso Neelum Ratna Sindhu

Alphonso | 1

Neelum | 0.581 1

Ratna 0.595 0.678 1

Sindhu | 0.587 0.614 0.628 1

Discussion

To the best of our knowledge there are only twoorep(Eiadthong et al,
1999Db; Srivastava et al, 2005), where the genetersity in mango is assessed by
ISSR markers. The report by Eidthong et al (199@mginly dealt with the
amplification in Thai cultivars by seven ISSR prism®f which four were anchored
dinucleotide repeat primers. Srivastagt al (2005)have also used seven ISSR
primers which include two anchored dinucleotideespprimers. Here, 100 ISSR
primers have been screened to find that the mgjafitanchored ISSR primers
(>80%) that can produce multilocus amplifications imango, belong to the
dinucleotide repeat class. It indicates that thegoagenome is likely to be rich in the
dinucleotide repeat regions. Eidthong et(H99b)also reported variability in the
band patterns in order to distinguish any two gats, which could not be obtained in

the current set of cultivars. Indian cultivars slkeowhigher homogeneity in the ISSR
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targeted regions; it was also true for the seledtedign cultivars. Based on the
present study including the highest number of eaits, number of primers as well as
the number of loci scored, it can be postulated tha variability observed by
previous researchers could be because of smalllsasige used and such variability
might get eliminated with the increase in the sangize and rule out the possibility
that ISSRs can become a direct and comprehensidemsystem in mango cultivar
identification. Nonetheless, we report cultivar gfie bands from the present set of
cultivars (Table 3). It should be noted that thepecific bands are more in case of
two most diverged cultivars Tomy Atkins and VaniBjese two probably define the
either extremes of the dendrograms in the pressnofscultivars as the similarity
between them calculated using all Dice as wellaasard similarity coefficients was
the lowest of all the pairwise cultivar comparisqfss04 and 0.337 respectively).
Rest of the cultivar pool is considerably homogentar the ISSR targeted genomic
regions, which is evident from the ‘close’ pairwseilarity values. Srivastava et al
(2005) reported the RAPD and DAMD bands that werecic to cultivar Neelum
and its hybrid descendents; no such bands coultbired in Alphonso, Neelum,
Ratna and Sindhu group with the ISSR marker sysidoneover, the present analysis
revealed some interesting information about thaugrof cultivars, wherein Neelum
emerged as a genetically close parent for RatngoriSungly, Sindhu, which is a
backcross between Ratna and Alphonso, was alsedlamser to Neelum than
Alphonso (Table 3 and 4). ISSR’s property to tamggteat regions might be one of
the causes of such grouping.

Various markers that have been used to asses®ti@igdiversity in mango
have proved to be successful in various dimensiBA2D markers in case of mango

could resolve the monoembryonic and polyembryonidtivars clearly (Lopez-
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Valenzuela et al, 1997; Karihaloo et al, 2003). ISacdifferentiation has not been
reported by AFLP, ISSR or any other system. Kentsm@nd Villai Kolumban, the
two polyembryonic cultivars might have diverged dsse outgroup taxa for the
present set of cultivars as per theori assumption if ISSRs would have had that
resolution power. Present data is strong enougitai® that no such differentiation
has taken place in the SSR regions of mango gensewandly, Lopez-Valenzueéd

al (1997)and Schnell et al (1995) mentioned the geograplticstering of cultivars
with the RAPDs, which we have also obtained quiéarty and consistently with the
ISSRs. Considering the extent of genomic regiorensed by the ISSRs and the
RAPDs, this phenomenon can be quoted as an evidendke initiation of spatial
isolation in the global mango germ pool. Isolatieithin Indian cultivars as North
Indian and South Indian has also been reported agihKloo et al (2003) and
Ravishankar et al (2004), (Dendrogram as well a® P€sults) using the RAPDs.
This grouping was observed to be dissolved by asmein the sample size
(Ravishankar et al, 2000) and by the change ircmlecultivar set (Chunwongse et
al, 2000). ISSRs in the present study completelygméoth the groups. This was
clearly evident from the high probability to findhet shared bands among two
cultivars, the scatter plot as well as from the lmotstrap values in the dendrograms.
This could be because of the cultivar spreadinthenrecent past and higher rate of
new cultivar generation in India. While clusterirggnall conserved groups that were
observed instead of major lineages also supportptistulate of recent history. In
order to obtain a better picture, such studies lshbe carried out with the larger
sample size, which will span the vast diversity loflian cultivars and also with

different types of markers, each in statisticaiigngicant number. India being the
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center of origin and the primary center of diverdiir mango, such a study holds

worth scientific importance.
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CHAPTER 3

Gas Chromatography- Mass Spectrometry

Based Qualitative and Quantitative

Diversity Analysis of Flavorants in Mango

Cultivars

Work described in this chapter has been communicated

to Journal of Agricultural and Food Chemistry.




Introduction

Mango is one of the oldest cultivated tropical uit is popularly known as
‘The King of Fruits’ (Tharanathan et al, 2006) aisda delicious and widely
cultivated fruit for a fresh market use. India I tlargest mango producer and
contributes 63.2% of total 15 million tons of glbbaango production. India
exports 50,000 tons mango annually to differenin¢ees including Middle East,
Europe and United States, and the demand is inogeall the time. Thus mango
plays a vital role in foreign exchange earnings emeéme generation particularly
in rural areas of India (FAO, 2002).

India also possesses a large diversity of mangivard with an estimated
number exceeding one thousand. Each cultivar istified by the characteristic
combination of properties such as the plant archite, fruit size, color, taste,
flavor etc. This diversity of characters, with anttouous variation in each one,
creates extreme complexity in the identificatiord aslassification of cultivars.
Although, morphological and molecular diversity bBsas have helped
significantly in cultivar identification (Naik an@Gangolly, 1950; Ravishankar et
al, 2000; Hemanth Kumar et al, 2001; Karihaloolgf@03; Srivastava et al, 2005;
Pandit et al, 2007), the use of biochemical featutke actual desired traits, is
necessary to supplement this task and confer difunat¢ dimension. The volatile
component of flavor, the aroma, presents a gooctraxgntal system for such
endeavor as it includes array of chemicals fromouar classes such as alcohol,
aldehyde, ester, ketone and terpene. Secondly, ishithe component that
principally affects the market success of any frkibr mango, the work in this
direction has been previously dobg Lebrun et al (2007), Pino et al (2005),

Mahattanatawee et al (2006), Pino and Mesa (2068) Quijano et al (2007).
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Most of the cultivars considered in these studiesewnon-Indian; thus a large
number of cultivars pertaining to their centre a¥edsity, India, still remain
unattended.

Paucity of information in case of large number wnflian cultivars can be
mainly attributed to their absence at the commematform. This absence was
because of the technological dearth that held tealeds in negotiating the
perishability of these fruits (Lizada, 1993). Howev considering today’s
technological advance, these cultivars serve agnefcent reservoir to present
new and attractive cultivars to the world. Suchtadg is also set to help the
breeding attempts that aim towards producing a esnpr cultivar for the
international market. In this background, requiraie assess these cultivars for
the diversity and relationships among them alwagssipts. Therefore, in the
present work, 27 mango cultivars that include Indis well as non-Indian ones,
[as stated in chapter 2] have been analyzed basdbdeoaroma profiles of their
ripe fruits. An attempt has also been made to as$les diversity and the
relationship among these cultivars, based on @i as well as quantitative
presence of compounds. In addition, this study éreebled us to peep into the
aroma bank of Indian mangos and also to portrayfl#wer discrepancies among

the cultivars.

Materials and methods
Plant material

Mature fruits of all the cultivars used in the mesanalysis were collected
from the orchards at Vengurle (Maharashtra, Indexgept Makaram, Musharad and

Sabija, all the North and South-Indian cultivarsevelnosen based on their popularity

43



at international and/or local markets; similarlpnAindian cultivars were chosen for
their success in the international markets.

All the fruits were incubated at 28 for ripening. Ripe fruits were snap frozen
in liquid nitrogen and were stored at *8Qill further use.

Volatiles extraction

Volatile extraction procedure for the fruits of &f cultivars was the same.
Tissue was ground to fine powder in liquid nitrog®olatiles were extracted from
10g tissue for 1hr at 28°C using 40ml dichloromeé&haOpg nonyl acetate was added
as an internal standard. The supernatant was dategdwith anhydrous sodium
sulphate and was concentrated to 1ml using vacuganyr evaporator. These extracts
were incubated overnight at -20°C and were cegifuat 10,000 rpm at 4°C for 15
min to pellet out high molecular weight lipids.

Gas chromatography- Flame ionization detector (GC-B) and Gas
chromatography- Mass spectrometry (GC-MS) analyses

Clarus 500 (Perkin Elmer, USA) gas chromatographipgeed with Rtx-5MS
(Restek, USA) capillary column (30m x 0.32mm i.d025um film thickness) was
used for all the analyses; column temperatures \wesgrammed from 40°C for 5
min, raised to 220°C at 10°C/min and held isothéforad min. Injector and detector
temperatures were 200 and 250°C, respectivelyuhielvas used as carrier gas at a
flow rate 1 ml/min.

Mass spectra were obtained using Clarus 500 (Pdgkiner, USA) gas
chromatograph- mass spectrometer at 70 eV wittaa 8me of 0.2 sec for m/z 30-
300 under the GC conditions same as those applie@dQ-FID analysis. Using a
series ofn-paraffins (G- Cyp), retention indices were determined for all thekse

Compounds were identified by comparing acquired snggectra with those of

44



authentic external standards and those storedS$TNWBS mass spectral library. To
confirm the annotation, the retention indices oé tpredicted compounds were
compared with those of authentic external standardsalso with those reported in
NIST mass spectral library (USA) (data version NIBI[ software version, 2.0d).

Quantification was carried out by internal standandethod, where
concentrations of different volatiles were normadiavith that of nonyl acetate.
Statistical analysis

All the data used for the present analysis wereegdad from triplicate
experiments. All statistical analyses except Ppakicoordinate analysis (PCO) and
Principal components analysis (PCA) were perform&idg Systat statistical software
(version 11, Richmond, CA, USA). Significance ofrigéion in quantity of each
volatile with respect to different cultivars wasassed by ANOVA. Least significant
differences (Fisher’'s protected LSD) were calcdate level p<0.05 following a
significant F-test. PCO and PCA were performed lo@ quantitative data, using
multivariate statistical package 3.13 (MVSP) (Kdva2002). PCO was performed
using Euclidean distance measure and with all tbessr subjected to leg
transformation. PCA was conducted in standardizestlen(using a correlation
matrix). In order to investigate which attribute$ the character (quantity or
uniqueness) are influencing the ordination, PCO R8& were also carried out with

the transposed data.

Results
Eighty-four different volatile constituents weretected from the blends of 27
cultivars (Table 1, 2a and 2b). Aroma of cultivaipiAonso contained the highest

number of volatiles (35), whereas Pairi fruits @med the lowest number (16).
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Different cultivars contain different amounts of vdatiles

Comparison between the based on the total amourdlafile content present
per gram of tissue cultivars is given in Fig 1. &hon this comparison, Langra
showed the highest amount of volatiles (2495jtyfgllowed by Alphonso (1201ug
g") and Dudhpeda (1133ug'y Lowest concentration of volatiles was found in
Chandrama (15.6ug'1g Most of the cultivars (21) showed odorant corticdion
below 5009 @.
Relative abundance of volatile classes in the aronwd different cultivars

These volatiles were contributed by different chehiclasses namely,
alcohol, aldehyde, monoterpene hydrocarbon, oxyigenmaonoterpene, sesquiterpene
hydrocarbon, oxygenated sesquiterpene, lactone,on&et and non-terpene
hydrocarbon. 4-ethoxy ethylbenzoate and an unifietiticompound were placed
under ‘miscellaneous’ category in the present aislyAroma blends of cultivars
Makaram, Sabja and Sindhu contained volatiles fadinthese classes (miscellaneous
compounds not considered), whereas aroma blendotapliri was represented by

only four chemical classes.
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Fig 1. Bar graph showing the comparison among 27 cultivartofal amount of volatiles (ug
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Table 1. List of aroma compounds detected from the set of 27 mango cultivarstee gy [in
NIST/ EPA/ NIH mass spectral library (USA) (datarsien NIST 05, software version, 2.0d)] and

calculated (Kla9 (RTX-5 MS) Kovat's indices as well as the odor dgstahs of these compounds are

also given.
No. Compound name Khep Kl cac Odor descriptions

1 Toluene 773 760 Pungent, caramel, ethereal,
synthetic, fruity, rubbery,
solvent-like

2 2-Hexanol 800 807 Mushroom, green, ripe, berry,
astringent, metallic

3 4-Hydroxy-2-pentanone 826

4 (E)-2-Hexenal 854 861 Apple-like, fruity, strawberry,
cherry, green, almond-like,
herbal, leafy

5 (2)-3-Hexen-1-ol 857 864 Powerful odor of fresh green
grass

6 1-Hexanol 871 876 freshly mowed grass

7 vy-Butyrolactone 915 921 Sweet, aromatic, caramel

8 «a-Pinene 939 937 Harsh, terpene-like, minty ®,
harsh, terpene-like, coniferous

9 Camphene 954 952 Sweet, fruity, camphoraceous,
pine, oily, herbal

10 a-Methylbutyrolactone 973 959

11 Sabinene 976 977 Fresh, citrus note, spicy,
sweet, woody

12 B-Pinene 979 980 Musty, green, sweet, pine,
resin, turpentine, woody

13 3-Methyl-3-cyclohexen-1- 986

one

14 B-Myrcene 991 994 Metallic, musty, geranium,
sweet, fruity, ethereal, soapy
lemon, spicy, woody

15 «-Phellandrene 1003 1008 Fruity, minty, herbaceous,
citrus, lime, pepper

16 o-3-Carene 1011 1013 Floral, mango leaf like, mangp
peel, tropical, spicy, fresh,
pepper

17 p-Cymene 1023 1029

18 Limonene 1029 1034 fresh citrus, orange-like

19 (2)-Ocimene 1050 1043 Citrus-like, herbaceous

47



No. Compound name Khep Kl cac Odor descriptions
20 (E)-Ocimene 1037 1054 Herbaceous, mild, citrus,
sweet, orange, lemon
21 pB-Terpinene 1071 1064 Citrus-like, terpeny,
herbaceous, fruity, sweet
22 y-Hexalactone 1056 1064 Coumarin-like, sweet odor
23 Mesifuran 1065 1067 Sweet, fruity "sherry” like
odor; xeres wine-like note
24 Terpinolene 1089 1067 Sweet, citrus, pine-like odor
25 Furaneol 1060 1082 Fruity, caramelized pineapplg
strawberry odor & taste
26 4-Carene 1084 1092
27 Nonanal 1101 1104 Fatty-floral-rose, waxy odor;
citrus taste in dilution
28 od-Hexalactone 1101 Coumarinic odor; coconut,
cream, chocolate notes
29 1,3,8p-Menthatriene 1110 1118 Sulfury, terpeny
30 (E)2,6-Dimethyl-1,3,5,7- 1134 1136
octatetraene,
31 3,4-Dimethyl-2,4,6- 1110 1135
octatriene
32 allo-Ocimene 1142 1135 Fresh, grassy
33 Unidentified monoterpene 1 1135
34 transp-2,8-Menthadien-1- 1123 1142
ol
35 transLimonene oxide 1142 1145 Fresh, citrus-like, mild green
36 Unidentified monoterpene 2 1162
37 p-Mentha-1,5-dien-8-ol 1170 1168
38 Borneol 1169 1175 Camphoraceous, musty
39 p-Cymen-8-ol 1183 1195
40 Naphthalene 1181 1193 Strong, mothball odor
41 Dodecane 1200 1201
42 o-Terpeneol 1189 1199 Peach-like, anise, oily, fruity,
floral, minty, toothpaste
43 (2)-2,6-Dimethyl-3,5,7- 1201
octatriene-2-ol
44 (E)-2,6-Dimethyl-3,5,7- 1209 1213
octatriene-2-ol
45 trans-Carveol 1217 1228 Caraway-like, green, oily,
46 Tridecane 1300 1300
47 vy-Octalactone 1261 1268 Caramel-like
48 5-Octalactone 1268 1296 Coumarin-like, sweet odor ar

taste; creamy note
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No. Compound name Khep Kl cac Odor descriptions
49 o-Longipinene 1353 1363
50 Copaene 1377 1387 Woody, earthy
51 Longicyclin 1373 1385
52 Tetradecane 1400 1396
53 pB-Elemene 1397 1402 Waxy, herbaceous
54 a-Gurjunene 1410 1423 Earthy, mango-like
55 Longifolin 1408 1421
56 p-Caryophyllene 1428 1434 Musty, green, spicy, woody,
terpene-like, fruity, sweet
57 Unidentified sesquiterpene 1442
1
58 a-Guaiene 1440 1450 Sweet-woody, balsamic,
peppery
59 Geranyl acetone 1453 1453 Fresh, floral, rosy-green, fruit
odor
60 vy-Gurjunene 1473 1464
61 Humelene 1454 1469 Oily, fruity, woody
62 Decalactone 1467 1485 peach like fruit aroma
63 Germacrene D 1485 1498 OQily, green, woody
64 p-Selinene 1485 1503 Herbaceous
65 o-Decalactone 1520 Creamy, peachy, fatty odor;
cream-like taste
66 Ledene 1487 1511
67 Unidentified sesquiterpene 1512
2
68 4-Guaiene 1505 1521 Oily
69 o¢-Cadanine 1523 1536
70 4-Ethoxy ethylbenzoate 1543 fruit-like
71 o-Panasinsen 1518 1535
72 Elemol 1550 1552 Sweet-woody, mild, weak
floral, green
73 Germacrene D-4-ol 1576 1567
74 1,2-Longidione 1583
75 Hexadecane 1600 1600
76 Caryophyllene oxide 1606 1629 Sweet, fruity, sawdust,
herbaceous
77 Unidentified compound 1600
78 Unidentified oxygenated 1658
sesquiterpene
79 t-Muurolol 1641 1659
80 a-Cadinol 1653 1673 Green, waxy, woody
81 o4-Cadinol 1674 1696

~
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No. Compound name Khep Kl cac Odor descriptions
82 Unidentified sesquiterpene 1700
3
83 Octadecane 1800 1799
84 Hexadecanal 1819 1820

Degree of representation of various chemical ckagséhe aroma composition
of different cultivars is depicted in Fig 2. In ahe 27 cultivars, mono- and
sesquiterpene hydrocarbons dominated the aromaldlérhese two classes were
represented in all the cultivars; however, twoigattgroups were observed based on
the relative dominance of these two types of vigatin them. Twenty cultivars
formed the first group (Fig 2a) in which, monoterpehydrocarbon concentrations
were higher than those of sesquiterpene hydrocarhorthis group (a), contribution
of monoterpene hydrocarbons ranged between 51%t)keid 95% (Kesar). In the
second group (b) of seven cultivars (Fig 2b), ieewersed condition, sesquiterpene
hydrocarbon concentrations were higher, rangingvéen 41% (Pairi) and 73%
(Goamankur).

Aldehydes were also represented in the entire lsmtiever their quantities
were low in most of the cultivars. Relative concatibns of aldehydes ranged
between 0.03% in Kesar and 14.36% in Pairi. Membérson-terpene hydrocarbon
class were also detected in all the cultivars; ¢hass contributed to the volatile blend
least in Musharad (0.03%) and most in Keitt (13.33&kcohol was the next class on
the basis of qualitative dominance; except in @hiBadami, Keitt, Kesar, Mulgoba,
Musharad, Pairi, Rajapuri, SB Chausa and Totapugimbers of this class appeared
in 18 cultivars. Among these cultivars, the relatiotumulative concentrations of
alcohols ranged from 0.02% (Alphonso) to 1.64% fBat Nineteen cultivars

contained ketones, among these Sindhu showed ghedtirelative amount (9.95%).
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Table 2a. Volatile compounds and their quantities (1Y) i the ripe fruits of first 14 from the current set of marultivars (£ Alphonso; 2 Badami; 3 Chandrama;#
Chittur Badami; 5 Dasheri; & Dudh peda; # Goamankur; 8 Gopta of Navasari;=9Keitt; 10= Kent; 1= Kesar; 12 Langra; 1% Lili; 14= Makaram). Concentration
values followed by the same alphabet are not significanfigreint from each other at 0.05% level of significanchemwall 27 cultivars were compared with each other,

separately for the concentration of each compound.

Compound name 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Aldehydes

(E)-2-Hexenal 0.532 0.048° o0 o 0* 2.186 0.040° 0 0 0.149 o0 0 0.068° 0.262b
Nonanal 6 0? 0.194 0? 0? 0? 0? o o (08 (08 (0a (0 (0
Hexadecanal 0.821 057 0596 0.74F 2267 1776 1.27° 1356° 0304 0493 0.228 4.834 0* 0.51%
Alcohols

2-Hexanol 0.280  0.23f° 0* 0.326 0.218 0 0* 0.209 o 0 0 0* 0.197 0.28%
(2)-3-Hexen-1-ol ) o o 0* 0.026° 0.924 0.043° 0.16% 0 0.158 0* 1.224 0.059° 0.473
1-Hexanol 6 0? 0? 0? 0? 0? (08 o o (08 (08 (0a 0*  0.160
Monoterpene hydrocarbons

o-Pinene 3.983 7.43% 0.163° 4.394 1.954° 5409 0277 1.92F° 054f° 0.465° 2518 252Ff 0.67F° 4.79F
Camphene 0.3t o 0* 1.03¢ o o o 0 0 o0 o0 o o o
Sabinene ) 0* 0247 0.44F° 0* 7.84f 0208 7.858 2.60F 0.47%° o 0* 0.109 1.854°
B-Pinene 1174 0.22° 0.124° 0.286° 0.084° 3.689 0.174° 3.109 0.847 0* 0.716° 051% 0.09 1.579°
B-Myrcene 8.93 077F 2012 1402 4438 8528 0618 1614 0.7F 1.27F 125F 67.67° 2465 2.664
a-Phellandrene D o0 o0 0* 0.957 o 0* 0.178 g 0* 0.15% 2143 0642 0
3-3-Carene 0.046 (02 0 1579 0* 13.88 (02 0* 4.919° 1797 0* 2046 89.7 0.526
p-Cymene 1.40% 2416 0976 3177 0* 3916 1.199° 1.188° 1.167° 1.419° 1.157° 6.528 1.506° 1.568
Limonene 0.58% 0* 0.28F° 3615¢ 3114 528f 0273° 2438 1.415° 1.246° 0.546° 7429 3.523° 1.765°
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Compound name 1 2 3 4 5 6 7 8 9 10 11 12 13 14
(2)-Ocimene 1055 3.442 4.73% 1312 0* 93.0% 7.395° 2264 0.858 1.58F 598.3 14.8%5° 3554 9.209°
(E)-Ocimene 36.01 2034 0297 1.549° 4.944> 7.268> 0256 1224 0578 0* 5657 35Y 1.744° 1286
B-Terpinene ) 0 0* 0.884 0 0 0 o * 1.184 0* 2426 0156 0.37
Terpinolene i] 0? 0? (08 (08 (s 0? o (i (08 (08 (0 (0a (0a
4-Carene ] 0 0* 5.716° 0* 4.507° 0 o * 1.606° 0* 1023 6.644 1.804°
1,3,8p-Menthatriene V] (08 (08 (08 (08 (08 (08 (0 (0 (s (s 0* 0.249 (0
(E)-2,6-Dimethyl-1,3,5,7-octatetraene ap 0* 0.276° o 0* 5.546 0.596° o o o o o 0® 0.55%*
3,4-Dimethyl-2,4,6-octatriene 20 0? 0? 0? 0? 0? 0? o o 0*  4.346 (0a (0 (0
allo-Ocimene 4.95% (08 (08 (08 (08 (08 (08 (08 (08 (08 (08 0? 0? 0?
Unidentified monoterpene 1 a0 (08 (08 (08 (08 (s (s (0 (0 (08 (08 (0a 0* 1.684
Unidentified monoterpene 2 20 ? ? ? ? ? ? o o ? ? (0a (0a (0a
Sesquiterpene hydrocarbons

a-Longipinene 0 0? 0? 0? 0? 0? (08 o o (08 (08 (0a (0 (0
Copaene 1.065 (0 (0 (0 (0 0* 0.174 0.977F (0 0* 0.994 2.219 0* 0.548
Longicyclin (g (08 0* 7551 1.134 5579 (08 (0 (0 (08 (08 (0a (0a (0a
B-Elemene §] ? ? ? ? 0* 1.859 o o ? ? (0s (0a (0a
a-Gurjunene ] 0*  1.957 0 o 0* 362 0 0 2179 0 0 0*  4.979
Longifolene 0.46% 0 0* 4523 4644 34.4% 0 0 0 0* 0378 1734 0.80%° 0
B-Caryophyllene 2389 10770 1469 19.99 1567 21.8° 6.63F° 4944 1.78° 844f 16.8F 43.04 3537° 5.134°
Unidentified sesquiterpene 1 20 ? ? ? ? ? ? o o (0 (0 (0s (0a (0a
a-Guaiene 0 (0 (0 (0 (0 (0 (0 (0 (0 (0a 0* 5.178 o o
y-Gurjunene §] ? 0? 0? ? 0* 0.638 o o 0? 0? (0a 0* 2.832
Humelene 13.04 5127 0.322° 10 807 1237 33%F 2411 1.012° 4288 8.706° 2157 1.866 0
Germacrene D 0.981 (0 (0a 0* 2703 1.84% 0* 14.76 (0 (0a 0* 8.73¢ o o
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Compound name 1 2 3 4 9 10 11 12 13 14
B-Selinene ® 7.107 * 19.47F o * 25624 * 3536 4.663 o o 0* 1626
Ledene 0® ? ? ? ? ? ? o o ? ? (0a (0a (0a
Germacrene B 0 0? (08 (08 (08 (08 (08 (0 (0 (08 0 972 (0 (0
5-Guaiene i) ? ? ? ? 0? ? o o ? 0 11.2¢ (0 (0
§-Cadanine V] (0 (0 (0 (0 (0 (0 0 0 (0 0 6.478 (0 (0
a-Panasinsen %0 0? 0? (0 (0 0*  2.264 o o? 0? 0? (0 0* 7.42f
Unidentified sesquiterpene 3 20 ? ? ? ? ? ? o o ? ? (0a (0a (0a
Oxygenated monoterpenes

trans-p-2,8-Menthadien-1-ol D 0? 0? 0? 0? 0? (08 o o (08 (08 0* 0.28¢ (0
trans-Limonene oxide ] ? ? 0* 0.222 ? (0 o? o? (0 (0 (0 (0 (0
p-Mentha-1,5-dien-8-ol D 0? 0? 0? 0? 0? 0? o o 0? 0? 0® 0.22¢ (0n
Borneol 0* (0 (0 (0 (0 (0 (0 0 0 (0 (0 (0 (0 (0
p-Cymen-8-ol 6 ? ? ? ? 0? ? (0 (0 ? ? 0* 0.598 (0
a-Terpeneol §] 0? 0? 0? (08 0? 0? (0 (0 (0a (0a o o o
(2) 2,6-Dimethyl-3,5,7-octatriene-2-ol 0.641 0 022 0 0* 7.599 0.356° o o 0* 0.133° 0 0* 0.303°
(E) 2,6-Dimethyl-3,5,7-octatriene-2-ol 0.341 o o o o o o o o 0* 0.08% o 0® 0.586
trans-Carveol §) ? ? 0*  0.227 0? 0? (0 o 0? 0? (0 (0 (0
Oxygenated sesquiterpenes

Elemol 0? (0 (0 0? (0 0? 0? (0 o? 0? 0? (0 (0 (0
Germacrene D-4-ol 0 ? ? ? ? ? ? o o ? ? (0a (0a (0a
1,2-Longidione 4] 0? 0? 0? 0? 0? 0? (04 (04 0? 0? (0n o7 o7
Caryophyllene oxide 0 ? 0? 0? ? 0? 0? o o 0? 0? (0a (0a (0a
Unidentified oxygenated sesquiterpene a0 (0 0* 1.622 (0 (0 (0 (0 (0 (0 (0 (0n o o
1-Muurolol (03 (0 (0 ? (0 (0 (0 o? o? (0 (0 (0 (0 (0




Compound name

a-Cadinol

§-Cadinol

Lactones
v-Butyrolactone
a-Methylbutyrolactone
v-Hexalactone
8-Hexalactone
y-Octalactone
8-Octalactone
y-Decalactone
8-Decalactone

Ketones
4-Hydroxy-2-pentanone
3-Methyl-3-cyclohexen-1-one
Mesifuran

Furaneol

Geranyl acetone
Non-terpene hydrocarbons
Toluene

Naphthalene

Dodecane

Tridecane

Tetradecane

Hexadecane

1
4} (08

4} ?
1.17%  0.166
0.185 0
2.0f7 (08
2.278 ?
2.2%6 o
1.66 o
ki) (08
0.195 0
20 0?

20 0
17.83  6.383
6.849 ?
0 0?
1.456  0.29%
ki) ?

i) 0

§] ?
0.282% 0.28F°
v 0.617

RR}IIIIIIIII

I I
I I

RIIIII

0

2.298
3.646

QI

1.352

QI
QI
QI

o
[y
R332 33 33 3
R 2 Q3233 9 g
R 2 Q3233 3 g
o
g
R 23338 91333 33 3 3

QL II

0.58F 0.395°

2.162

Oa

4.186

0

RIS

1.592

(0

0.615°

Oa
Oa

1.025 0.257°

Oa
(0
Oa

1.23  0.499°
1.237

RRIIIIIIIII

R IIII




Compound name 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Octadecane 0.184 0526 0.51F 0* 0505 0978 0.54F 0.317° 0.18f° 0* 0644 1554 0.54F 0554
Miscellaneous

4-Ethoxy ethylbenzoate 0.273 0*  0.08¢ o o o o 0 0* 05335 0.19¢ 0 0.09% o
Unidentified compound 8.497 0? 0? (08 (08 (s 0? o (i 0* 3.109 (0 (0a (0a

Table 2b. Volatile compounds and their quantities (1§ im the ripe fruits of next 13 from the current setr@ngo cultivars (5 Maya; 16 Mulgoba; 1% Musharad; 18

Neelum; 1& Osteen; 28 Pairi; 2= Rajapuri; 22 Ratna; 28 Sabja; 24 SB Chausa; 25Sindhu; 2& Totapuri; 2% Villai Kolumban). Concentration values followed by

the same alphabet are not significantly different frowheather at 0.05% level of significance, when all 27 cultivaere compared with each other, separately for the

concentration of each compound.

Compound name 15 16 17 18 19 20 21 22 23 24 25 26 712
Aldehydes

(E)-2-Hexenal 0.115ab 30 o o o o 0* 0279  1.054 0 0.239 o o
Nonanal 8 o o o o o o 0* 0.074 0 o o o
Hexadecanal 6.189 1.23%° 15 1.992° 1112 12,04 0.83% 1.614° 450P 0.67F 2536° 0.26F 3.7¢
Alcohols

2-Hexanol 6 ? 0*  0.267 0.262 (0a (0 0*  0.399 o (0a (0 0?
(2)-3-Hexen-1-ol 0.91%8 0 0 0* 0.803 0 0 1681 1.106 0*  0.390 0  2.208
1-Hexanol 8 0 0 0 0 0 0 0233 o o 0 0*  0.366
Monoterpene hydrocarbons

o-Pinene 7.03% 1366 0.499° 6757 4258 1147 214¢ 1218  0.129 0. 202 1413 3.214°
Camphene D 2.33F 0*  0.369 o 0® 0913 0277 0 0 0*  0.20% 0
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Compound name 15 16 17 18 19 20 21 22 23 24 25 26 7
Sabinene v 0*  1.238 0*  8.079 0 0 0 o 0*  0.438° 0 0
B-Pinene 0.75%  13.14 054 0568 3.414 0* 1.84¢ 1.378° o 0 0479 1644 0.268°
B-Myrcene 5102 6803 180.5 30.33° 8.28F 1496° 1217 3.156 5019 0109 0.688¢  102.9 8.61°
a-Phellandrene 1.554 (08 (08 0.133 3.016 0? (08 (08 (08 0.069 0? 0? 2.332
3-3-Carene 163%9 4.179° 0* 5.128° 2397 4.85% 13.8 2298  0.272  1.299 0.18 0* 2367
p-Cymene 2.24%  2.708° 0* 1.833%¢ 3.06F 1685 2.317 233 1257 1607 1.176° 1.307° 5507
Limonene 6.561  4.84% 0* 1.383° 1539 1.038° 3413 1493 038" 0247 0517 0669° 11.87
(2)-Ocimene 1568 89.1F 27.78° 027 1723 6.926° 13.97° 526FP  1.93¢ 0.07 1958 5893 1334
(E)-Ocimene 0931 1049° 4.746° 0258 1328 0487 1.619° 2.404° 0.904 0 0684 3737 0
B-Terpinene 010 1.787 0* 0.10f° 0.978 0 0.8%  0.33f 0*  0.018° 0* 0129 0713
Terpinolene ] 0 0 0 0 0 o o 0* o0.8P 0 0 0
4-Carene 1133 3.504° 0* 3.00F° 287F 2.684° 5097 1.71%° * 3.35f° 0 0* 2388
1,3,8p-Menthatriene V] 0? 0? 0? (0a (0 (0 (0 o o (0a 0*  3.959
(E)-2,6-Dimethyl-1,3,5,7-octatetraene ap 0° 0.928 0 0 0 o 2772 o 0* 2.058 0° 0.819
3,4-Dimethyl-2,4,6-octatriene 20 (08 (08 (08 (0a (0a (08 (08 (0 (0 (0a (0a (08
allo-Ocimene 0 (0s (0s (0g 0? 0? (0g (08 ? (08 0? 0? (08
Unidentified monoterpene 1 20 0? 0? ? (0a (0 ¢ 1.31f o 0 0.87% (0 0?
Unidentified monoterpene 2 20 ? 0? (08 (0 (0a (0 (0 o o (0a 0 1.608
Sesquiterpene hydrocarbons

a-Longipinene ) o0 o0 o0 o (i (g (g 0 0172 0 0 0
Copaene D 00 2763 0*  0.648 o o 0 1513 0 0*  1.007 o
Longicyclin ¢ o 0*  2.64¢ 0* 1894 4697 0.92¢ 0*  1.042° 0 o 0
B-Elemene 0 (0 (0 (0 o (0n (0 (0 (0 (0 (0n (0n (0
o-Gurjunene ) 0 0 0* 1524 0 g 0 o o 0 0 0
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Compound name 15 16 17 18 19 20 21 22 23 24 25 26 7
Longifolene 6 29.29 0*  14.68 0* 108 3484 8516 2.006  5.147 0 0 0
B-Caryophyllene 4643 2343 1262 3.009° 9.67F 147 7.946 4.7%8 70.8  2.036° 4.424° 6.36%° 2.718°
Unidentified sesquiterpene 1 a0 0*  6.742 (0a o o (0 (0 (0 (0 o o (0
o-Guaiene ) ? ? 0.57 0 0 g 0 2.6938 08 0*  0.84% o
y-Gurjunene i] (08 (08 (08 (0a (0 (08 (08 (0 (0 (0 (0 (08
Humelene 2.007 11.6f 0* 1.674° 4554 8114 387Ff 229P° 3406 1.33%° 2.304° 3.016° 1.216°
Germacrene D ki) 0*  88.94 0 o o o 0* 2254 0.22 o o 0
B-Selinene 25.82 0* 2376 0*  3.896 0*  0.12% 0 0 0 0*  1.568 0
Ledene 0*  2185% o o 0 0 g g (08 (05 0*  1.06¢ o
Germacrene B D 0 0 0 0 0 0 0 9.397 o 0 0 0
5-Guaiene ) o 0* 1764 o o (g 0* 5.37% o 0 1.97¢ 0
3-Cadanine ) 0 3165 1.25@ o o (0a 0* 5.70f ® 0379 1502 0
a-Panasinsen 0 0? 0? 0? (0a (0 (0 (0 o o (0a (0 (08
Unidentified sesquiterpene 3 a0 (0 (0 (0 (0a o (0 (0 0 0.54% o o (0a
Oxygenated monoterpenes

trans-p-2,8-Menthadien-1-ol D 0? 0? 0? 0? (0n ? ? (08 o (0n 0? 0?
trans-Limonene oxide v] 0? 0? ? (0a (0 (0 (0 o o (0a (0 0?
p-Mentha-1,5-dien-8-ol ki) ? 0? (08 (0 (0a (0 (0 o o (0a (0 0?
Borneol 0? 0 0* 038P 0 0 0919 0 o o 0 0 0
p-Cymen-8-ol 0 0 0 0 0 o o 0 0 0 0* 3282
o-Terpeneol (02 0 0.274 (i 0 0.734 0 0218 0 o o o
(2 2,6-Dimethyl-3,5,7-octatriene-2-ol 20 ? 0? ? (0 (0a 0*  1.945 o 0®  2.388% (0 0?
(E) 2,6-Dimethyl-3,5,7-octatriene-2-ol a0 0? 0? 0? 07 07 ? ? (04 (0a 0.258 (0n 0?
trans-Carveol V) (08 (08 (08 (0a (0a (0a (08 (0 (0 (0a (0a (s
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Compound name 15 16 17 18 19 20 21 22 23 24 25 26 7
Oxygenated sesquiterpenes

Elemol 0® ? ? ? (0a (0a (0 0  0.604 o (0a (0a (s
Germacrene D-4-ol 0 0 0 0 0 0 g 0 0.632% o 0 0 0
1,2-Longidione 0 0? 0? ? (0a (0a (0 (0 0* 0.142b 6 (0a (08
Caryophyllene oxide ki) o0 o0 o0 o o o 0* 0918 0.072 0.149 o o
Unidentified oxygenated sesquiterpene a (08 0*  2.363 (0a 0 0.232 (08 0  0.156 (0a (0 (08
7-Muurolol ¢ o o o o o (g 0 2.29% o 0 0 0
a-Cadinol ¢ 0 4719 o o o o 0 2224 e o o 0
3-Cadinol ¢ 0.5F * 0372 o 0* 0528 o o o o o 0
Lactones

y-Butyrolactone 0 0.326 ? 0*  0.144 0 0192 0233 0.299 0*  0.09G 0* 0.167
a-Methylbutyrolactone ] (08 0? (08 (0a (0 (08 (0 (0 (0 o o (0
y-Hexalactone ® o o0 o o o 0 0 0* 1.08%  0.559 o 0
3-Hexalactone ® (02 (02 (02 (i o (0a (03 o 0 0.70P 0 o
y-Octalactone ] (08 (08 (08 (0a (0a (08 (08 (0 (0 (0a (0a (08
3-Octalactone ] ? ? ? (0a (0a (0 (0 0* 0.266 (0a (0a (s
y-Decalactone ki) 0? 0? ? (0a (0 (0 (0 o o (0a (0 0?
5-Decalactone D 0? ? ? (0 (0 (0 (0 o o (0 (0 ?
Ketones

4-Hydroxy-2-pentanone 3 0* 5102 2514 0513 0 o o 0 0* 0.450° 0 0
3-Methyl-3-cyclohexen-1-one 20 (0 (0 (0 o o (0 (0 (0 (0 o 0*  0.08¢
Mesifuran @ 0 0* 1514 0.232 o o o *  0.642° 3.8T o 0
Furaneol 0.468 0 0 0 0 0 g 0 0134 o 0 0 0
Geranyl acetone 3 0 0 0 0 0 g 0 o 0 0813 0 0

58




Compound name 15 16 17 18 19 20 21 22 23 24 25 26 7
Non-terpene hydrocarbons

Toluene 047 1.877 0172 0.343° 0.463° 0419° 0.449° 0788 1.729  0.108 0.263° 0.349° 0.308°
Dodecane ® 0663 0 0 0 0 0 1.268 0* 0.51P 0 0.126 0
Tridecane b 0616 ? ? 0.4T 0 0* 1419  0.168 ¢ 1.193 0 o
Tetradecane » 2251 0 0 0 0 0 3.072 0* 0.2635° 0.874 0.8 0.62%°
Hexadecane v 1616 0* 063 0217 0866 0697 1.437F ¢ 0077 0172 0.93  0.442°
Octadecane 1.324 1.255 (08 0.509 0? 0.69 (0g 0 0.268 ? 0? 0? 0.699
Miscellaneous

4-Ethoxy ethylbenzoate 0.143 o0 o0 0*  0.626 0*  0.167¢ 0 0 0 0 0*  0.082
Unidentified compound 0 (08 (08 (08 (0a (0a (0a (08 o (0 (0a (0a (08
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The highest relative concentration of lactones m@ed in SB Chausa (6.38%); these
compounds were present only in 18 cultivars, wiieeg occupied less than 1% of the
blend in 15 of them. Oxygenated mono- and sesqutess were detected in 14 and
10 cultivars, respectively. Their highest relato@ncentrations were measured from
Villai Kolumban (10.38%) and Neelum (3.27%), redpesy.
Principle aroma components

We found that in the aroma blends of many cultv@8), only one or two
compounds occur in major quantities (Table 3); @rened these volatiles as principle
aroma components. Furthermore, these compounds atdeast three folds higher
than any other constituents. These principle comgsuvere chiefly monoterpene
hydrocarbons. We found that non-Indian cultivarsanmbly hadé-3-carene as a
major constituent, whereas Indian cultivars hagtacimene and3-myrcene. Two
group b cultivars, Goamankur and Makaram Regklinene as a major component;
five of the group b cultivars did not show cleanminence of any compound(s).
Ordination and cultivar relationships

In the PCO drawn using Euclidean distances, fivet &xes covered more than
70% variation, whereas in PCA this much variatiaswovered by the first four axes.
Grouping seen in PCO was obscure as all the cdtiveere almost evenly spaced
through the scatter plot (Fig 3a); while, in PCA& trouping was clear (Fig 3b). PCA
pointed that five non-Indian cultivars form a segtargroup from the scattered Indian
cultivars. These cultivars were placed in the sdapradrant with high positive scores
on both the PCs. North-Indian cultivar Langra wk® glaced in this group of non-
Indian cultivars. Though, such a compact arrangémes not observed in PCO, all

non-Indian cultivars showed uniform negative scameshe first axis. However, with
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PCO, another North-Indian cultivar SB Chausa waseqd within this scatter instead

of Langra.

Alphonso

Dasheri

Mulgoba

Chandrama Chittur Badami
m)35]

w138
743
4.96

/ w341
W54
m57.20

Kesar Keitt

Rajapuri

[0 Monoterpene hydrocarbons
[ Sesquiterpene hydrocarbons
[ Oxygenated monoterpenes
[l Oxygenated sesquiterpenes
[l Non-terpene hydrocarbons
[l Alcohols

[] Aldehydes

[ Lactones

B Ketones

B Miscellaneous

<

W

m 3252
m 0.56
m 148
m (.11

0.26

\: 0.15
61.97

w238
—®1333
114
=701

m 51.58

Fig 2a. Pie diagrams showing relative abundance of different atednslasses in 20 monoterpene

dominant cultivars.
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Goamankur Gopta of Navasari Makaram

Musharad

[ Monoterpene hydrocarbons
[l Sesquiterpene hydrocarbons
[ Oxygenated monoterpenes

[l Oxygenated sesquiterpenes
[l Non-terpene hydrocarbons
SB Chausa [l Alcohols

[] Aldehydes

[] Lactones

[l Ketones

[l Miscellaneous

Fig 2b. Pie diagrams showing relative abundance of different clarmlasses in seven sesquiterpene

dominant cultivars.

PCA also showed polarization among the Indian wal§ (Fig 3b). South-
Indian cultivars were scattered in a linear fashiBrcept Langra, all North Indian
cultivars were placed near one pole of this arraregg. Makaram, the cultivar of
unknown Indian origin was also placed among thesgNndian cultivars. All north-
Indian cultivars but Kesar, made positive contridmg to the first PC. Thirteen of
total 16 South-Indian cultivars negatively conttdxlito this PC.

Four cultivar pairs were created in both the maltiate analyses. These were
Alphonso- Kesar, Chittur Badami- Rajapuri, Dudh gellulgoba and Maya- Osteen.
In both these analyses, the constituents of eaclthese pairs made equivalent
contributions to the respective axes. Notably, pka&phonso- Kesar, other three

pairs are constituted by the members of same régpemrographical background.

62



Table 3. Principle aroma components of different cultivars withrthedative abundance (%).

No. Cultivar Principle compound(s)  Percent abundane
1  Chittur Badami  p-Myrcene 48
2  Dudh peda B-Myrcene 75
3  Mulgoba B-Myrcene 66
4  Rajapuri B-Myrcene 50
5 Totapuri B-Myrcene 51

(2)-Ocimene 29
6 Langra 0-3-Carene 82
7 Lili 0-3-Carene 58

(2)-Ocimene 23
8 Maya 0-3-Carene 67
9 Osteen 0-3-Carene 70
10 Dasheri Limonene 84
11 Alphonso ©)-Ocimene 88
12 Kesar ©)-Ocimene 81
13 Ratna ©)-Ocimene 45
14 Sindhu ©)-Ocimene 38
15 Badami E)-Ocimene 81
16 Villai Kolumban 4-Carene 68
17 Goamankur B-Selinene 43
18 Makaram B-Selinene 46

(E)-Ocimene 37

Group of seven cultivars, each having more proportof sesquiterpene
hydrocarbons than monoterpene hydrocarbons in e (Fig 2b) could also be
distinguished in the PCA. From this group, Goamanktiakaram and Musharad
contributed to fourth PC with negative values thatre notably high than the
contributions by any other cultivar. In the simiktuation, Gopta of Navasari, Pairi,
Sabja and SB Chausa contributed to the fifth P@ wigh positive loading. In the

PCO, except Pairi, all these cultivars showed p@siontributions to the second axis.
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Fig 3a. Scatter plot of principle coordinate analysis (PCO)fguered using Euclidean distance

measure over the quantitative GC data, for 27 mango cultivar
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Fig 3b. Scatter plot of standardized principle components analySi8)Phased on the quantitative GC

data, for 27 mango cultivars.

In the PCO based on transposed data, more than v&Sation was
represented by first three axes; however, these thxes were strongly influenced by

the compounds that had high quantity in one or noévars. These compounds
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were 9-3-carene, 4)-ocimene, [E)-ocimene, B-myrcene, limonene andp-
caryophyllene. Cultivar specific or less common poomds, even if they were at
lower quantities, contributed to the first axisiwibw values as compared to the first
mentioned category of compounds. Rest of the comg®udid not contribute
significantly to any of the axes. On the other handhe PCA of transposed data, it
took nine PCs to cover 70% variation. Here, cuitigpecific or less common
compounds such as furaneallo-ocimene, Z)-2, 6-dimethyl-3, 5, 7-octatriene-2-ol
and all lactones made prominent contribution tofits¢ PC. The second and third PC
covered the variation by high concentration vodetil Rest of the compounds,
irrespective of being less common and/ or scamyirtbuted evenly to the remaining

axes.

Discussion

Researchers have pointed that there can hardly kgpiaal chemical
formulation to be known as mango flavor (Wilsoragt1990; Pino and Mesa, 2006).
Indeed, the information on this has revealed tloatlmnations in over 300 different
volatiles pertaining to various chemical classearatterize the aroma of various
mango cultivars (Pino and Mesa, 2006). Thus, mdlagor is a complex commaodity,
where the constituents vary qualitatively as welaantitatively by cultivar.
Gross quantitative variations

The variations in the aroma profiles of differerdmgo cultivars start with the
concentration of volatiles per unit fresh weighttloé fruit. In Australian mangos this
concentration varied from 1.4 to 10.9p‘ﬂ; @artley, 1988). Pino et al (2005) reported
quantitative variation in Cuban mangos in the ramjel8 and 123pug § In

Columbian mangos this amount was between 17 and @8uin the present set of
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cultivars, the both noted for the lowest and thghlst concentration of volatiles were
Indian (Fig 1). Among non-Indian cultivars, we fauKeitt having the lowest and
Osteen having the highest concentration; howewvett) were intermediates in the
broad range displayed by Indian cultivars. It isokn that the aroma of Indian
mangos is perceived as strong medicinal or turpergiroma (Lizada, 1993); such
perception is probably true in case of only few owercialized cultivars, as the extent
of quantitative variation found in current set nélian cultivars is the broadest among
all the reported estimates. It should also be ndobted such estimates are often a
function of the subtleties of different extractiorethods.
Dominance of various volatile classes in differergultivars

Variations among the cultivars are better knownthgir principle aroma
components. For example, Alphonso mango aromads/krio constitute about 90%
of terpene hydrocarbons, especially)-¢cimene (ldstein and Schreirer, 1985);
however, Alphonso is also known for qualitative tinution from a series of
lactones, the odorants characteristic for thisiat(Idstein and Schreirer, 1985;
Wilson et al, 1990). Aromas of Australian mangonkiegton Pride and Sri Lankan
mangos Parrot and Willard were abundant witterpinolene (MacLeod and Pieris,
1984; Lalel et al, 2003). African cultivar SmithdaRloridian cultivars, Keitt, Kent
and Tommy Atkins were known to have high concermnabof 5-3-carene (MacLeod
and Snyder, 1985; Olle et al, 1997; Lalel et aQ2@Pino et al, 2005). Large number
of Colombian and Cuban mangos also showed domjmr&sience 06-3-careneo-
pinene,a-phellandrene and terpinolene (Pino et al, 2005ja@a et al, 2007). Our
analysis ensured such a trend among mango cultiassthe principle aroma

components were detected in 18 cultivars. Distimctibetween the principle
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compounds of Indian and non-Indian cultivars poitawards the selection criteria
that the cultivars might have faced during theimeéstication.

Overall, monoterpene hydrocarbons have been reptwtbe the principle and
abundant odorants in numerous mango cultivars. Blerd, volatiles from this class
of compounds produce green, herbaceous, lemongeramusty and sweet character
(Table 1) and many times are the sole represeatat’mango aroma.

Present study adds to the scenario of monoterpemendnce in mango (Fig
2a) to suggest that, the diversity of mango culivean be used as a monoterpene
bank that would be useful for flavor and fragrameg@ustry. Though in fruit, these
compounds are known as aroma constituents, by thiead spatial occurrence in
plants, they are better acknowledged as defensmichls against insect herbivores
(Chapter 1). Under such circumstances, their diyersan also be exploited for
understanding their biogenesis for the possibleliegigpn in plant-herbivore
interactions.

To the best of our knowledge, this work is thetfite report sesquiterpene
dominant mango cultivars (Fig 2b). All seven subhred Indian origin wherein, four
were South-Indian (Goamankur, Musharad, Pairi aafgje§, two North-Indian (Gopta
of Navasari and SB Chausa) and one of unknown tndiagin (Makaram). In other
20 cultivars, though sesquiterpenes were relatives abundant, their absolute
concentrations and diversity were high. These camgs have important role in
mango aroma as they add woody, spicy, oily and vwednaracters (Table 1). Because
they are the second big group of aroma volatilemango, based on their relative
dominance observed in the present set of cultivaes,propose to classify mango

cultivars as per the two chemotypes that are meati@bove.
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Though terpene hydrocarbons dominated mango arothas, derivatives
(oxygenated) were qualitatively as well as quatitidy less common among mango
cultivars. Previous studies also revealed this ifacase of Alphonso, Baladi (Engel
and Tressl, 1983), Jaffna, Willard, Parrot (Macleow Pieris, 1984), Kensington
Pride (Lalel et al, 2003) and several Colombianijgo et al, 2007) cultivars. Thus,
these compounds remain the minor flavorants in mang

As compared to mono- and sesquiterpene hydrocarlmther odorants are
known to occur at lower quantities in different mgarcultivars. Aldehyde is the class
that follows terpenes in concentration. These aoelyced by lipid peroxidation and
similar to mono- and sesquiterpenes, aldehydes etsdribute to the chemical
defense of the plants. In Sri Lankan Jaffna, aldebByconstituted for ~4% of the
aroma blend and in Venezuelan mango (McLeod andohis, 1982) they constituted
for ~17%. In the present set of cultivars we haseorted similar range. Pino et al,
(2005) discovered aldehydes as common componen®ub&n mangos and stated
that they impart fresh, grassy and fatty-green ¢oldine mangos.

Instantly after production, aldehydes are oftenivd¢ized to alcohols and
esters (Schreirer, 1984; Matsui, 2006). Both thesethe important classes of aroma
volatiles in mango. Owing to the extraction methee, did not detect any aldehyde-
derived esters in the current experiment; howeggersl alcohols were found in the
present array of cultivars. Most of the reportsgasy that alcohols contribute with
quite lower number and quantities to the mango argmesent study supports such
observation.

Lactones constitute another important class ofoflants. These compounds
are known from apricot, peach, nectarine and cdcorhey are responsible for the

peach like, sweet and fruity character of the bldndact, these are the compounds
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that impart the characteristic fruity smell in sommango cultivars like Alphonso.
Wilson et al (1990) stated that lactones can beoted at their extremely low
concentrations; therefore even on being quantéhtiminor contributors, their impact
on the overall flavor character is high. ldsteird aBchreirer (1985) detected 14
lactones from Alphonso mango which is the highashiber of these compounds
known from any single fruit (Wilson et al, 1990)n® et al (2005) and Quijano et al
(2007) have also reported few lactones from Cubah@olombian cultivars. In the
present study, we could detect lactones in 18 otW@ivars; thus, it appeared that
they were uncommon among mango cultivars and cordbdably help in classifying
the large diversity of mangos based on their preseand absence. Furthermore,
presence and stability of lactones has been ewalust canned mango products
(Hunter et al, 1974); thus, their utility has bgeaved for the mango flavor industry.
Ordination and cultivar relationships

PCA scatter plot showed better resolved structurethie scatter plot as
compared to the one showed by PCO. This might loause, the results by linear
measures of distance such as Euclidean, tend avdrshadowed by the outliers or
extremes. Though quantitative dominants are théspetisable characters, in such
cases they mask the otherwise reasonable effenthef characters and polarize the
plot. In the alternative way, such data can besfamed to a binary form to
emphasize only the presence and absence of chastaties; however, this flattening
of data will be as drastic as the polarization lgclElean methods. PCA provides a
solution where one can use correlation matrix adtef a distance matrix; this brings
‘normalization or standardization’ effect in thetalaWe utilized this attribute to
process the current data which was quantitativewais immoderately variable to be

handled by linearity based algorithms. Indeed, fibédured in PCA (Fig 3b), where it
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brought a notable structure in the scatter by wsglthe Indian and non-Indian
cultivar groups. In all, this group formation coddd attributed to the attempt of data
mining by refinement in the procedure of ordination

Geography based grouping among the mango cultiiass already been
proved using the DNA marker data (Chapter 2; Sdhateall, 1995; Lopez-Valenzuela
et al, 1997; Pandit et al, 2007a). Current analysarts the functional attribute to
this finding and suggests that such grouping mighta result of long selection
process. It can be inferred that the selectiormaitfor the aroma of non-Indian and
Indian cultivars had been different over the ye&scondly, as the germplasm
transfer among these pools was probably not efficeend experienced inbreeding.
High flavorant diversity that was shared by thetigalts from both the pools,
assortment of odorants at the quantitative levetsextensive data mining efforts that
were required consequently to ascertain such gngupidicate that the separation
events have recent history and might be still wvdgr

Karihaloo et al (2003) and Ravishankar et al (20@ported the isolation
within Indian cultivars as North- Indian and Southdian using the RAPD markers;
however, ISSR markers did not reveal such grouf@igapter 2; Pandit et al, 2007).
Though, not as prominent as that between Indianrenmdindian cultivars, present
analysis portrays such grouping and suggestslibaddlection criteria for the volatile
blend of mangos might also be different in these parts of India.

Emergence of conserved but small operational taxananits (OTUs) from
this analysis is similar to that reported by Paetial (2007), using ISSR markers; this
supports the postulate of recent domestication ahgo. Incongruence about the
member cultivars of OTUs in these two analyses dse need for further analysis in

this direction. However, it also points that thdtigar selection was mostly based on
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chance and, the genetic and functional attributeewot considered simultaneously
during this selection.

Analyses on transposed datasets revealed that ringpigg among the
cultivars is a function of the qualitative as wasl quantitative differences between the
characters. Compounds that influenced quantitgtinedre 56-3-carene, £)-ocimene,
(E)-ocimene, B-myrcene, limonene and-caryophyllene, whereas those had a
gualitative contribution were furaneohllo-ocimene, Z)-2, 6-dimethyl-3, 5, 7-
octatriene-2-ol and all lactones. Most of theseehbeen principle compounds in
variety of fruits including mango. Thus, this arsm$yalso highlights the substantial
contribution of these compounds to the mango arasavell as to its selection
process. The compounds not having significant daution must be studied for their
role and their detection limits.

In summary, mango cultivars differ in the total centration of volatiles that
they produce, in the qualitative and quantitatisenposition of these volatiles and the
principle volatile components. Mono- and/ or set&pene hydrocarbons are the
major constituents of Indian as well as non-Indiatiivars and these cultivars can be
classified in mono- or sesquiterpene dominatingigso On the quantitative basés,
3-carene, £)-ocimene, E)-ocimene,-myrcene, limonene anf-caryophyllene are
the major aroma compounds in mango, whereas fukaa#o-ocimene, Z)-2, 6-
dimethyl-3, 5, 7-octatriene-2-ol and all lactoness/ér qualitative importance. Indian
and non-Indian cultivars differ in their volatilegfiles and indicate that they might
have faced different selection criteria (for th@ioma) in the different geographical

regions.
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CHAPTER 4

Profiling of Major Flavorants through the

Development and Ripening of Alphonso

Fruit

Work described in this chapter has been communicated

to Food Chemistry.




Introduction

Alphonso is the most popular and most exported mghangifera indical.
(Anacardiaceae)] cultivar of India (Tharanathamle?006; Vasanthaiah et al, 2006).
This fruit is blessed with attractive color, ampdejeet, low fiber containing pulp and
long shelf life. Ripe Alphonso fruits are populadged in the processed and canned
foods. Similarly, the raw fruits of Alphonso ares@lused in the food products like
pickles, tarts, curries and salads. However, theketasuccess of this cultivar can be
principally attributed to its flavor. Cut as wel ancut fruit of this cultivar emits an
alluring blend of volatiles. Therefore, it is tHavior of choice for the mango lovers all
over the world.

Many studies have tried to reveal composition gderiAlphonso aroma
(Bandyopadhyay and Gholap, 1973a, b; Engel andsIrd®9©83; Idestein and
Schreier, 1985; Gholap et al, 1986; Wilson et 89Q); whereas, a couple of attempts
have been made to know the composition of raw mafi@pndyopadhyay and
Gholap, 1973a; Gholap and Bandyopadhyay, 1977;dhel al, 1986). On the basis
of these studies as well as by the general orgpticlperception it is understood that,
aroma of ripe Alphonso retains the odor characteraw fruit with the dominant
addition of sweet and fruity flavor. However, theaet nature of this aroma
composition change during development and ripeninget to be systematically
studied. Such information would be helpful for margyowers as the temporal and
spatial occurrence profiles of volatiles may intkctihe right time points of harvesting
maturity and ripeness (Almora et al, 2004).

This type of information will also help in solvirige other problems related to
this cultivar. These problems mainly include, ocenoce of spongy tissue, a

physiological disorder, which is a result of pretest climatic perturbations and
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cultivation locality dependent variation in fruituaglity, especially, flavor (Om
Prakash, 2004; Ravindra and Shivashankar, 2004n#aaiah et al, 2006). Due to the
later, such a near-ideal flavor is not uniform otrex widespread cultivation localities
in India so, its cultivation is concentrated in Kok(or Konkan), the 700 km long,
narrow coastal belt of western India. Even withims tbelt, northern, central and
southern Alphonso mangos taste and smell diffe®@ath a variation caused by the
differences in the pre-harvest environments, isroomy observed in several fruits
including mangos (Romani et al, 1983; Wright andri$a1985; Hofman et al, 1997;
Paull and Chen, 2000). To negotiate with such 8dnaa comprehensive experiment
must be designed, wherein the difference in theakzaricroclimates and respective
fruit qualities must be assessed concurrently. Sarctapproach would uncover the
secrets underlying these complex phenomena and thlsobiological interactions
with environment. However, in case of Alphonso, isierence information regarding
the biochemistry of development and ripening, whikha prerequisite for such an
experiment, is barely available. Therefore, curremark aims at discovering the
baseline chemistry of Alphonso development andniqg For this work, from
numerous available features, we have selected awinthis fruit as a parameter
because, it can be precisely characterized and mbsits constituents are
characterized for their biosynthesis, therefore amfprmation regarding these
constituents will glean the metabolomics of thetfru

For the present work we have chosen Alphonso maggmyn at Deogad
(South Kokan, Maharashtra, India) as, it is knowrbé the best flavored and most
demanded mango (Wikipedia, 2008). In future, wendtto extend this study for
central as well as north Kokan grown Alphonso manigoorder to negotiate with the

microclimate related problems. In this analysisngl with those from the developing
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and ripening fruits, volatiles from leaf and flow#ssues of cultivar Alphonso were
also analyzed in order to understand plant’s dyoarf volatile production. Fruits of
cultivar Sabja, which are described as mild andeagant smelling, were used for
comparison with Alphonso fruits. Sabja is a loadiance-selected seedling that is
rarely cultivated and is not commercialized.

In addition to the metabolomics view, to broadea skope and understanding
of this work, we have also described the aromaatians in terms of aroma character
of different compounds and their chemical clas3é® contribution of each odorant
to the blend is usually measured using the ratidsofuantity to its odor detection
threshold (Chen et al, 2007); in this regard, thpact of different aroma components

in the flavors of selected tissues is also disalisse

Materials and methods
Plant material

All the tissues of cultivar Alphonso used in thegant analysis were collected
from the orchards at Deogad (Maharashtra, India) tanse of cultivar Sabja were
collected from the orchards at Vengurle (Maharashimdia). Alphonso fruit takes
about 90 days to mature after the fruit-set anthér15 to 20 days to ripe at 28°C.
Inflorescences were tagged in the respective otsher ensure the pollination date
and the fruits of 5, 15, 30, 60 and 90 days aftdiiration (DAP) and of 2, 5, 10, 15
and 20 days after harvesting (DAH) (five intervalsch from the developing and
ripening mangos) were collected and used for tlesent analysis. Along with the
fruit tissues, leaf and flower tissues were alsiuided in the analysis making total 12
samples from cultivar Alphonso. As, Sabja fruitems within two days after

harvesting, only two stages, mature unripe andwipee selected for the analysis.
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Volatiles extraction

Extraction procedure for all 14 tissues was theesdfig tissue was ground to
fine powder in liquid nitrogen and extracted forrlht 28°C with 40ml
dichloromethane. While mixing the crushed tissuthtosolventg-terpinene (100ug),
tolualdehyde (60ug) and methyl phenyl acetate (bOmwgre added as internal
standards. The supernatant was washed with anhgdsodium sulphate and
concentrated to 1ml using vacuum-rotary evaporaitier overnight incubation at -
20°C the extracts were centrifuged at 10,000 rpAP@tfor 15 min to pellet out high
molecular weight lipids.

Gas chromatography- Flame ionization detector (GC-B) and Gas
chromatography- Mass spectrometry (GC-MS) analyses

Analyses were carried out using Clarus 500 (Perklmer, USA) gas
chromatograph equipped with Rtx-5MS (Restek, USApiliary column (30m x
0.32mm i.d. x 0.25um film thickness); column tengteres were programmed from
40°C for 5 min, raised to 220°C at 10°C/min andl hebthermal for 5 min. Injector
and detector temperatures were 200 and 250°C, atasgg. Helium was used as a
carrier gas at a flow rate 1 ml/min.

Mass spectra were obtained using Clarus 500 (Pdgkiner, USA) gas
chromatograph- mass spectrometer at 70 eV witrea 8me of 0.2 sec for m/z 30-
300 under the GC conditions same as those appli&CHFID analysis. The retention
indices for all the peaks were determined usingrees ofn-paraffins (G- C,) (Table
1). Compound identification was carried out by compguasquired mass spectra with
those of authentic external standards and thosedsia NIST/ NBS mass spectral
library. In addition, to confirm the identificatipthe retention indices of the predicted

compounds were compared with those of authentiereat standards and also with
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those reported earlier in NIST/ EPA/ NIH mass sgdibrary (USA) (data version
NIST 05, software version, 2.0d).

Quantification was carried out by internal standangethod, where
concentrations of different volatiles were normadizavith those of respective internal
standards.

Statistical analysis

All the statistical analyses were carried out usBygtat statistical software
(version 11, Richmond, CA, USA). Changes in quartdit each volatile through the
selected tissue set, were assessed by ANOVA irerdiit combinations of tissues
consisting: 1) all 14 tissues 2) ripening Alphorisgts (90DAP to 20DAH) and 3)
raw and ripe Sabija fruits; such batch wise proogssias necessary for characterizing
the variations within the entire set as well aimittach of these subsets, independent
of the others. Cumulative concentration was catedldor each chemical class, for
each tissue and ANOVA was also performed to comakri4 tissues on the basis of
guantitative changes in these chemical classest Isggnificant differences (Fisher’s
protected LSD) were calculated at lepef0.05, following a significant F-test. Any
compounds detected below the quantitation limitsewet considered in the present

statistical analysis; however their quantities waaoted as trace (T) in table 1.

Results

Fifty-six different volatile components were iddigil and profiled from the
above mentioned set of 14 tissues (Fig 1) (TableAlphonso leaf contained 32,
flowers 29 and fruit (inclusive of all developingdaripening stages) contained 45
volatile flavorants; Sabja fruits (raw as well ) showed presence of 32 volatile

compounds. Thirty-two volatiles produced each, dsf | ripe (15DAH) and over-ripe
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(20DAH) stages of Alphonso fruit, was the maximuumier produced by any single
tissue. This analysis also revealed that, 45 comg®were produced only by the fruit
(developing and/or ripening Alphonso or Sabja); kelas, two compounds each were
specifically synthesized by flower and leaf of Adpiso. When Alphonso and Sabja
were compared for the presence of these compoundmy of their considered

tissues, 44% (25) of the compounds found commohoth these cultivars; of the

remaining 56% (31) compounds 43% (24) exclusivellpbged to Alphonso, whereas

13% (7) specifically occurred in Sabja.

Fig 1. Development and ripening of Alphonso mango. 5DAP to 90AiRe period of development
where, DA days after pollination and 90DAFharvesting maturity. 2DAH to 20DAH is the ripening

period, where DAHE days after harvesting, 15DAtHexact ripe stage and 20DAtbverripe fruit.

Among the sampled Alphonso fruit tissues, the hsgheoncentration of
volatiles was detected in 5DAP (15665} gnd the lowest in 2DAH (62ug"y (Fig
2a); ripe fruits (15DAH) (966ug ) had more than ten folds higher content of
volatile odorants than the raw fruits (90DAP) (94gil). Volatile concentration in
flowers (1850ug g) was more than that in leaf (842pug)gRaw Sabja fruits showed
more content of aroma compounds (2121 than raw Alphonso fruits. Ripe Sabja
retained only 60% (130ug™y concentration of volatiles from its raw form; ghi

concentration was also about seven fold lower thanin ripe Alphonso.
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Aldehydes

Aldehydes detected in this analysis wer&)-Z-hexenal, nonanal and
hexadecanal. These three compounds showed entiifflsrent trends of their
guantitative presence during the maturation aneniigg of mango (Table 1)E)-2-
hexenal, the C6 green leaf volatile (GLV), was fourigh in early developmental
stages (highest in 15DAP fruits); it could not keedted in the late maturation and
early ripening stages. However, it reappearederrithe and over-ripe mango in small
amounts. E)-2-hexenal was also present in leaf and flowersrmll quantities.
Although, nonanal was present in all sampled tissitewas more in the ripening
fruits as compared to the developing ones. Alphoiteeers showed the highest
abundance of this compound. Hexadecanal was netteeltin the leaves, flowers and
in developing fruits; however, it appeared in higtheamount in the mature fruit and
gradually decreased while ripening. In Sabja,lat¢ aldehydes decreased during the
process of ripening. The highest cumulative amafnaldehyde was noted in raw
Sabja fruit (13.7ug 9, followed by that in 15DAP (8.0ugyand (7.4ug ) 90DAP
Alphonso fruits, respectively (Fig 3).
Alcohols

All the alcohols detected from the present arraytisdues belonged to the
class of C6 GLVs. 1-Hexanol an#){2-hexen-1-ol both, were exclusively produced
by the flowers. 2-hexanol was found in all the gmadl tissues; in flowers, its amount
was considerably high followed by that in 5DAP, XD and 30DAP fruits. The
lowest amount of 2-hexanol was noted in ripe Algwiruits (15DAH). Like other
alcohols, maximum quantity oZ)-3-hexen-1-ol was marked in flowers; in Alphonso

fruits it was detected only in 5 and 15DAP stadgesaw and ripe Sabja fruitsZ)-3-
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hexen-1-ol concentration did not vary. Overall,witws showed high presence of

alcohols as compared to the other tissues (Fig 3).
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Fig 2a. Total volatiles (mg @) in different mango tissueb; percent contribution of monoterpens and
c. percent contribution of sesquiterpens to different marggueis. The variety of flavorants identified
in the current analysis could be broadly classifiedleshals, aldehydes, monoterpene hydrocarbons,
sesquiterpene hydrocarbons, oxygenated monoterpenes, oxygsestgiterpenes, lactones, ketones,
non-terpene hydrocarbons and miscellaneous (Table 1). Among 36esempounds, monoterpene
hydrocarbons were numerically dominant (14), followmsdeight lactones and seven sesquiterpene

hydrocarbons.
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Table 1. Volatile compounds and their quantities (i) 14 different mango tissues (leaf, flower, developing @pehing fruits of cultivar Alphonso as well as mature
and ripe fruits of cultivar Sabja). For each row, the \alisiowed by the same alphabet do not differ signifigafitm each other, where the significance of comparison
(p< 0.05) among all the 14 tissues is represented by sphbiats; that among the post-harvest stages of Alphonspresented by the capital letters; and between maw a
ripe Sabja is denoted by Greek letters.

Compound Klac Klep Leaf Flower 5DAP  15DAP 30DAP 60DAP 90DAP 2DAH  5DAH 10DAH 15DAH 20DAH SRw  SRp
Aldehydes
1. (E)-2-Hexenal 861 854 091 159 0 8.03 254 1.3¢ o o o 0*  0.4%° 0.29°% 1.44% 0.9
2. Nonanal 1104 1101 2%5 397 118 T 056° 022 012" 066°® 069° 1.84° T 047 077 0.08™
3. Hexadecanal 1820 1819 20 0 v 0 v ¢ 727 403 164" 1.00" o089 022 115F 3.5
Alcohols
4. 2-Hexanol 808 800 028 0.7 059 066" 057 037 0.335C  04PC 034% 027" 0.2 029" 03P 0.36"
5. (2)-3-Hexen-1-ol 865 857 09 33% 14r 2.65 0 0 0 0 o o 0 0*  0.60® 0.96"
6. (E)-2-Hexen-1-ol 874 861 v o6 (0 (08 (0 (0 (0a 0? (0a 0? (0a (08 o™ o™
7. 1-Hexanol 876 871 3 317 (0 (08 (0 (0 (0a 0? (0a (08 (0a (08 o™ o™
Monoterpene hydrocarbons
9. Tricyclene 924 926 0.64 19 024 0.30 0 0 o o o o o o o™ o™
10. o-Thujene 931 931 1.3 237 o054 0.63 0 0.13 0 0 0 o 0 0 o™ o™
11. o-Pinene 937 939 47.83 9158 2123 18.9% 2.3¢ 23% 014 03%® 120° 1.7¥F 2098F 079 o056* 0.08
12. Camphene 952 954 590 10.0f 2.04 2.34 0.27 0.3% o 0 027 029 0.37° o o™ o™
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Compound Klaic

60DAP  90DAP 5DAH 10DAH

SRw

Sabinene 977
B-Pinene 980

B-Myrcene 994

§-3-Carene 1013
p-Cymene 1029
Limonene 1034
©)-Ocimene 1043
E)-Ocimene 1054
B-Terpinene 1064
4-Carene 1092
allo-Ocimene 1135

Sesquiterpene hydrocarbons

B-Caryophyllene 1434
a-Guaiene 1450
Humelene 1469
Germacrene D 1498
Germacrene B 1512
8-Guaiene 1521

22.86 37.49

956 27.18

659.8 1446

31%6 53.59¢

17%0 82.63

118.6°

2.0
1.16%
0.66"
0.48¢
2.39°

Oax
1.14%

26.30°

2.40%

13.24*

5.0
3.33°

5.46%
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Compound Klae Klep Leaf Flower 5DAP  15DAP 30DAP 60DAP 90DAP 2DAH  5DAH 10DAH 15DAH 20DAH SRw  SRp
30. 5-Cadanine 1536 1523 a0 03 03 03 03 03 03 (03 03 0 03 0 336" 4.06°
Oxygenated monoterpenes
31. cisB-Terpineol 1073 0.66 (08 (0 (08 (0 (0 (0 (08 (0 0? (0 (08 o™ o™
32.  @-p-Terpineol 1102 0.85 (0 (i (0 o o (0a (08 (0a (08 (0a (08 o™ (0
33. Linalool 1103 1107 v 809 357 359 053 018 0 0 0 0 0 0 o™ o*
34. Borneol 1175 1169 138 3.18 0.6 1.2% vg 05 o 0.16® oA o o o o™ o*
35. Elemol 1552 1550 a0 (0 (0 (0 (0 (0 (0a (0a o (0 o (0a 0  0.3¢"
Oxygenated Sesquiterpenes
36. Caryophyllene oxide 1629 1606 a0 139 168  1.45¢ 0 0 o o 0™ 0.23%8 o o 038 059
37.  t-Muurolol 1659 1641 V] (0g 0 (0g 0 0 o o o o 0* 044 159
38. a-Cadinol 1673 1653 0 (0g 0 (0g 0 0 o o o o o 0 o05™ 121
Lactones
39. y-Butyrolactone 921 915 3 g o 0 o o o o 018® 019® 077 1.30° 0® 017
40. o-Methylbutyrolactone 959 973 o) (0a 0 (0a 0 0 o™ o o o 014® 057 o™ o™
41. v- Hexalactone 1064 1056 ap o 0 o 0 0 o™ 0  036% 2428 1130 0.61C o™ o™
42. 3-Hexalactone 1101 1163 a0 g 0 g o 0 o o 0 1.68° 1.00° 048" o™ o*
43. y-Octalactone 1268 1261 a0 g o g o o o 0 0154 1.08° 153° 0.56° o o™




Compound Klae Klep Leaf Flower 5DAP  15DAP 30DAP 60DAP 90DAP 2DAH  5DAH 10DAH 15DAH 20DAH SRw  SRp
44, 3-Octalactone 1296 1268 a0 0 03 0 03 03 o 0  012° 0.35° 124 0.44° o* o*
45. y-Decalactone 1485 1467 3o (0g 0 0 0 0 o™ o 0™ 0.04% 0098 017 o™ o™
46. §-Decalactone 1520 1494 20 o8 o g o o o4 o (O o 0.14° o o o™
Ketones
47.  Mesifuran 1067 1065 30 (v Vs (v Vs Vs o o o 229®% 107F° 28.27° o™ o™
48. Furaneol 1082 1060 a0 0 v 0 v v o o  0.35% 456% 478  6.15° o*  0.07
Non-terpene hydrocarbons
49. Toluene 760 773 146 057 141 097 150 076" 0.65* 058 110 0.9r® 1.09®¢ o055 077 1.16°
50. Tridecane 1300 1300 127 0 0.1 0 0 037 046° 036° 014° o o o 053 0.0
51. Tetradecane 1396 1400 212 1.1 032 220 03P 09 09r° 083° 04® 016" 029 040° 0.34° T
52. Hexadecane 1600 1600 £16 O Vs (0 ¢ 090 076%° 038% 0595 o o 0* 0.44% o™
53. Heptadecane 1700 1700 f17 @ o 0 o 0 0.27° 0 059° (gd 0 017" 0 0
54. Octadecane 1800 1800 ¢'96 0.87 0 195 076 085 054° 065® 085° 020" 020" 027 04P% 017™
Miscellaneous
55. 4-Ethoxy ethylbenzoate 1543 ¢65 0.61° 028° 217 033 036° 039" 062 098° 0.14° 017" 013" 0™ o™
56. Unidentified compound 1600 ap 0 0 o 0 0 o™ o o 0 576 470" o o™
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Monoterpene hydrocarbons

Monoterpene hydrocarbons quantitatively dominatedvolatile blend of all
Alphonso tissues; except that in 90DAP (79%), 2D&3%) and 20DAH (81%)
fruits, in all other tissues, these compounds c@edrmore than 90% of the aroma
(Fig 2b). In raw Sabja, this class occupied 59%en@hs in ripe one it occupied 24%
of the total volatile blend (Table 1). Of the 14 materpene hydrocarbons detected in
this analysis,a-pinene, B-myrcene, limonene(Z)-ocimene, E)-ocimene andp-
cymene were present in all the sampled tissuekjdimg Sabja; wherea$-pinene
and allo-ocimene were present in all Alphonso tissues lhgeat in Sabja. No
monoterpene hydrocarbon was found specific to SdhjaAlphonso,(2)- and (E)-
ocimene quantitatively dominated the monoterpengrdoarbon presence followed
by B-myrcene. In Sabjgi-myrcene was the most abundant monoterpene hydmacar
Exceptd-3-carene, which was detected in all the ripentages of Alphonso, rest of
the monoterpene hydrocarbons showed high abundantte developing fruits as
compared to that in the ripening fruits; this wisodrue for Sabja fruits. In Alphonso
fruit, most of these volatiles were present in theighest amounts in the early
developmental period (5 to 15DAP); they decreasedlunlly till the maturation
period and again increased in the mid-ripening eh@sable 1); this profile was
mainly observed for-pinene, B-pinene, B-myrcene, limonene,Zj-ocimene, E)-
ocimene,allo-ocimene ang-cymene. All these compounds were found in at 18ast
fold higher concentrations in young fruits (5 arEDAP) as compared to any other
Alphonso fruit tissues. When compared among theniipy stages (90DAP to
20DAH), these compounds peaked in the ripe stagBPAH) (Table 1). Among all
the sampled tissuegsterpinene o-thujene,a-pinene,-pinene, campheng@-cymene

and limonene peaked in flowers, whereas sabinemmarehe and-3-carene were
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completely absent. 4-carene was detected onlyain #DAP, 60DAP, 2DAH and raw
Sabja fruit tissues wherein, leaf showed about fivids more amount than the other
two tissues. Seven monoterpene hydrocarbons weeetdd in Sabja; excefk)-
ocimene all others were found more in the raw drthitan in the ripe ones. In general,
5 and 15DAP fruits contained more than 5 fold higimcentration of monoterpene
hydrocarbons than that in any other tissue; it alas on the upper side in mature and
ripe Alphonso fruits to that in mature and ripe j@akespectively (Fig 3).
Oxygenated monoterpenes

Monoterpene alcohols (oxygenated monoterpeniss)-terpineol and(Z)-p-
terpineol were detected only in the leaf tissuenalool and borneol were most
abundant in Alphonso flowers as compared to otissués. In fruit, these three
increased from 5 to 15DAP and then again decregsadually till maturation.
Similar to C6 GLV alcohols, the cumulative abundainé monoterpene alcohols was
the highest in flowers; they were absent almostllithe ripening stages of Alphonso
and also in the raw as well as ripe Sabja fruiig &.
Sesquiterpene hydrocarbons

In the current set of tissues, sesquiterpene hwdbons constituted the next
guantitatively dominant class to that of monotegdiydrocarbons (Fig 2c). Of the
seven sesquiterpene hydrocarbons detected, orde tiwere present in Alphonso
tissues; these werg-caryophyllene,a-humulene and germacrene-D. The first two
were detected in all the tissues with the highesbunt in 15DAP fruit, whereas
germacrene-D was detected only in flower, 5DAP, ABCand 20DAH stages. These
three compounds were high during the early deveéopnb to 30DAP) of Alphonso
fruit and gradually decreased in the later stagésen compared among the ripening

stages (90DAP to 20DAH), these compounds peakethéanripe stage (15DAH)
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(Table 1). This trend also remained the same injaSabowever, other two
sesquiterpene hydrocarbormscadanine and unidentified SQTP were specific t® th
cultivar. Rest two sesquiterpene hydrocarb@nands-guaiene were also specific to
Sabja; they were observed to decrease during rigefliable 1). Collectively, the
trends of mono- and sesquiterpene hydrocarbonsaaggsimilar (Fig 3).
Oxygenated sesquiterpenes

In the group of oxygenated sesquiterpenes, caryigpieyoxide was detected
in flowers, young fruits (5 and 15DAP), and laterliODAH fruit. It was more in raw
fruits than the ripe ones. It was also detectedmand ripe Sabja fruits; however, its
quantity did not vary significantly among these tatages. Rest of the oxygenated
sesquiterpenes elemok-muurolol and a-cadinol belonged to the class of
sesquiterpene alcohols. These three occurred éxelysn Sabja fruits and were
observed to increase during the process of ripening
Lactones

Seven of the total eight lactones detected indhalysis, were found only in
the ripening Alphonso fruits (Table 1). In the metf ripe fruit (15DAH), all eight
lactones were presentoctalactone was present in the highest amountapared to
the other seven. Butyrlactonemethylbutyrlactone ang-decalactone concentrations
were the highest in over-ripe (20DAH) fruit, whesed-hexalactone andy-
hexalactone peaked in 10DAH fruit. All other lactsrwere present in their highest
concentration at 15DAH stage making it a tissuetaiaing the highest cumulative
amount of these flavorants (Fig 3). Butyrolactoraswhe only one found in Sabja.
Non-terpene hydrocarbons

Non-terpene hydrocarbons were present in low am@mto about 2ug

(Table 1). Toluene was detected in all the samfitesdies. Its concentration was high
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Compound Sabja Sabja
class Leaf Flower  5DAP 15DAP 30DAP 60DAP 90DAP 2DAH 5DAH 10DAH 15DAH 20DAH Raw Ripe
748 4.78
7.96) (199

Aldehydes

Alcohols

Monoterpene
hydrocarbons

Sesquiterpene
hydrocarbons

2.9° 4.2¢
Oxygenated ).34 (0.03)
monoterpenes

7
Oxygenated 0.01)

sesquiterpenes
Lactones

Ketones

5.1 2.6¢ 3.8¢ 3.64¢ 2.88 3,74¢€
Non-terpene | 0.01 (0.06) (0.15) (0.31) GSl) (469 (0.99)

hydrocarbons |

Fig 3. Quantitative variation within different classes of compoutmisugh leaf, flower, development and ripening of Alphonst Sabja fruit. Foreach row, low to hic
variation represented by green to red color change, throuighvy¢he absolute cumulative quantities (1Y) gesponsible for this color change are given in eaphare (th
upper value). For each row, the values followed by the sdptabet do not differ significantly with each othehene the significance of comparisgr (0.05) between all tl
14 tissues is represented by small alphabets, that bethepostharvest stages of Alphonso is represented by theat#gttiers and between raw and ripe Sabja is denot
Greek letters. Value in the parentheses denotes the relateenpage of each represented chemical class withgothen or within the aroma of that particular tissue.
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in 5 and 30DAP fruits and decreased gradually dunmaturation; during ripening,
toluene concentration again increased till 15DA&tstand fell down in the over-ripe
fruit. In Sabja, toluene increased while ripeni@gld chainn-alkanes, tridecane and
heptadecane showed similar profiles. In leaf, thlesse compounds were found in the
maximum amount and increase in their concentratves also noted near the fruit
maturation. In the ripe Alphonso fruit these alkaneere present either at very low
concentrations or were absent. Even chaimlkanes, tetradecane and octadecane
showed common pattern. In Alphonso fruit, theirb@gt amounts were detected in
15DAP fruits which decreased gradually till ripegirTetradecane concentration in
leaf was equivalent to that in 15DAP fruit. Hexaalee also showed the highest
concentration in leaf; however, its pattern in ffrissues matched more with that of
the odd chainn-alkanes. In Sabja, heptadecane was absent and alkaenes
decreased with ripening, similar to Alphongn.toto, ripening related decline was
observed for these compounds in both, Alphonsoedlsas Sabja (Fig 3).
Ketones and miscellaneous compounds

Furaneol and mesifuran were detected as the rigesssociated ketones in
this analysis (Fig 3). Furaneol was also found ipe rSabja fruit; however its
concentration was about ten folds less than thasored in ripe Alphonso fruit.
Mesifuran was not found in Sabja. 4-ethoxy ethylbenzoate Wwasd only in
Alphonso tissues, where its highest concentratias wnarked in 15DAP fruits

followed by that in 5DAH fruits with a ripening assated fall.

Discussion
Fruit flavor is a dynamic commodity; its chemisiften depends upon the

harvesting maturity and exact ripening stage. As tlevelopment and ripening
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periods differ in different fruits and even in difént cultivars, the parameters used in
the determination of these stages are usually Bpéegia particular fruit or even, to a
cultivar. For the unmistakable determination ofsthestages, analysis of different
attributes of the fruit has been suggested answariechniques have been proposed
(Lakshminarayana et al, 1970; Tandon and Kalra3,l@&da et al, 2000; Almora et
al, 2004; Saranwong et al, 2004). Here, we haveahcuch characterization of the
dynamics of aroma chemistry in Alphonso mango aber period of 110 days of
development and ripening (90+ 20). This study lesealed numerous aspects of
mango aroma and has also enabled us to proposmisandicators for maturity and
ripening. Occurrence and contribution of differedbrants in the blend of developing
and ripening mango fruits is discussed (Fig 3).
Aldehydes

Aldehydes form an important part of volatile blewnd different mango
cultivars (Idstein and Schreir, 1985; Pino et &0%2, Pino and Mesa, 2006). In the
present analysis we found three compounds of thisipg The C6 GLV, K)-2-
hexenal contributed most, to the volatile blendgoéen and young fruit, nonanal
contributed more to the leaf and floral volatilasdahexadecanal increased in the
volatile mixture of mature fruits. Aldehydes cobtrie to the aroma either directly, or
on derivatization in the vibrant cellular environmeThus, their profiles depend upon
the nature of surrounding that is never consistettte developing and ripening fruit
and the extent of their interaction with such sunding. Secondly, apart from their
contribution to aroma, their role in fruit's metdism needs to be studied.
Alcohols

Alcohol members of the C6 GLV family are the ingtaxample of the

aldehyde derivatization. Results of this analysigygest that such process is
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prominent in flowers as two of the four GLV alcokolere found only in flowers,
whereas remaining two also were found in their @ggtamounts in this tissue. GLV
alcohols appear to contribute more to the floradratian to the fruit aroma; in other
words, in mango, they might have more relevant imlgollinator attraction than that
in the dispersal agent attraction.
Terpene hydrocarbons and their derivatives

Monoterpene hydrocarbons are known to be quanidgti dominant
flavorants (~90%) in ripe Alphonso mango (ldstemad &chreirer, 1985). Our analysis
has further revealed that these compounds remaibetdhe dominant odorants
throughout the development and ripening of Alphomsngo. We also observed the
ripening associated decrease in the occurrenceaufrity monoterpenes; however, in
spite of such relative decrease, most of them messbihe major volatile components
at the ripening stage (Table 1). Reduced conceémtraf monoterpene hydrocarbons
in the ripening fruits could be directly attributemlthe characteristic degeneration of
plastids during the fruit ripening process, as mergenes are exclusively synthesized
in these organelles (Aharoni et al, 2004). Howewerstrawberry, the specificities
were relaxed; the cytosolic enzyme opted to produoaoterpenes and the plastidic
localization of enzymes changed as a function péring (Medlicott et al, 1986;
Parikh et al, 1990; Aharoni et al, 2004); it resdlin the retention of monoterpene,
linalool in the ripe fruit. Alternatively, Dudarevat al (2005) showed that in
snapdragon petals, plastidic pathway also suppgttsolic product formation. Thus
flowers and fruits seem to have their own ways medns to produce these volatiles.

More such mechanisms might exist in mango considethe diversity of
monoterpenes. Furthermore, ripening related appearafd-3-carene in Alphonso

and such rise ofZ)-ocimene in Sabja, complicate the view of plastejradation.
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Surely, the theory of dual specificity of enzymes also the phenomenon of mutated
targeting of handful of enzymes fall short to expléhe mango flavor dynamics.
Mango is a tropical, climacteric fruit that prodsceyriad of aroma compounds
therefore, several such mechanisms are likely tankelved in its metabolomics.
Thus, monoterpene biosynthesis remains to be conaplé a phenomenon of interest
in the ripe mango. Overall, monoterpene hydrocadroma could be described as the
characteristic of leaf, SDAP and 15DAP fruits, axgdthe chief component of mature
as well as ripe fruits; secondly, in Alphonso,systhesis was found to be a subject of
spatial and temporal regulation.

In Alphonso, similar to that of monoterpene hydrboms, profiles off-
caryophyllene ando-humulene showed dominance in the developing fast
compared to the ripe fruit, whereas germacrene-&wel its own temporal and
spatial occurrence profile. Present analysis sugdbat qualitatively, sesquiterpenes
are the minor flavorants and synthesis of soméne$e¢ compounds is synchronized
with that of major monoterpene hydrocarbons in Alpdo. This might be possible
with the help of dual specificity enzymes (Aharaeti al, 2004) and/or pathways
(Dudareva et al, 2005). However, with the fact tlsasquiterpenes are synthesized in
cytosol and the monoterpenes in plastids, the nisaleslominance of monoterpenes
over sesquiterpenes in the ripe Alphonso fruitnsrderesting phenomenon to study.
However, in Sabja, prominence of sesquiterpene dogdbons and their alcohols
supports the view that cultivars differ at qualitatas well as quantitative levels of
flavorants and provide interesting systems to sthdynewer mechanisms.

Oxygenated monoterpenes did not show any collecyvefile. Their
occurrence was conspicuously spatial which sugdbets differential role in various

parts of mango plant. Most of these compounds & to the leaf aroma. Borneol
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and linalool are probably meant for pollinator attion; however, they also
contribute to the volatile blend of the young fsuiThus, to study the oxygenation
mechanism in mango, Alphonso flowers can be usetha&xperimental tissue, as it is
less tricky to handle than the fruits.
Lactones

Lactones are known to be the most deserved arommpamnds of several
fruits (Wilson et al, 1990). These compounds impiaet sweetness to the fruit aroma.
This sweetness is known to be the characteristithefflavor of many ripe fruits
(Wilson et al, 1990). Several lactones have beésctid from the ripe Alphonso fruit
by Hunter et al (1974), Engel and Tressl (1983) &udein and Schreirer (1985).
They are known for their low odor detection thrdddoy virtue of which, they make
substantial impact in the odor (Wilson et al, 199D)ir analysis has revealed that the
occurrence of lactones in mango is associated ng#ning; it is in congruence with
the organoleptic perception of ripening specificesmess. Biosynthesis of these
components must be studied to reveal the secrétsityf flavor.
Non-terpene hydrocarbons

Non-terpene hydrocarbons, especialglkanes are known for their high odor
detection thresholds (Bicudo et al, 2002). Thugheit high concentration, these
compounds do not contribute significantly to theomodaharacter of any blend;
therefore, though detected, their occurrence isusatlly discussed with respect to
aroma blend. Odd chaimalkanes are known to be the intermediates of fattig
decarboxylation pathway that is involved in thedarction of structural components
like cuticular waxes (Kunst and Samuels, 2003).h\Wiference to this pathway,
though these alkanes are detected as volatileg, &fee short-lived and are barely

released as aroma components. Similarly, even afailkanes are better known as
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seed storage products (Lamarque et al, 1998) thanomna ingredients. In the present
analysis, the highest concentrationsy@flkanes from both these classes and low ones
in the mature and ripe fruits support their rolesasictural components and suggest
their significance as ‘little’ to the aroma.
Other volatile constituents

Furaneol is the major aroma compound in severdatsfwilson et al, 1990;
Bood and Zabetakis, 2002). It imparts sweet, herbas, strawberry flavor at its
lower concentration, pineapple-like at the mediunmaentration and caramel- and
burnt sugar-like at high concentration (Wilson et1®90). We found that Alphonso
aroma is marked by its high concentration. Mesiiusamethyl ether of furaneol. Its
odor detection threshold has been found about tblégs than that of furaneol; thus
when furaneol is converted to mesifuran, its ctntion to odor character is reduced
(Wilson et al, 1990). In Alphonso, furaneol wasei¢¢d as a ripening associated
volatile and it was also found to be continuousinwerted to its methyl ether as its
concentration always remained lower to that of faesh. However, in ripe Sabja,
only furaneol was detected in low concentratiomthaat in ripe Alphonso, whereas
mesifuran was absent. This probably indicates tlmacentration dependent
conversion of furaneol to mesifuran.
Aroma character of different tissues

This analysis also enabled to ascertain the changeoma character during
the development and ripening of Alphonso mango @igvionoterpenes collectively
impart strong turpentine, green, citrus odor witlldnsweet character, whereas
sesquiterpenes impart strong woody, earthy and dilgracter; these descriptions
along with the green fruity notes from C6 GLV aloth efficiently represent the

young (5 and 15DAP) mango. Except thahaflkanes, rest of this character weakens
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in the mature fruit that possesses mildest aromallahe developing and ripening

time. Aroma of 2DAH fruit is very similar except small rise in woody, earthy

character added by the sesquiterpenes. This arcastiadlly changes in the ripe fruit

(15DAH), where green, citrus, minty, woody, eartinyd oily aroma of the terpene
hydrocarbons is raised and is prominently addedveet fruity, peach, coconut

character by lactones. This blend also has a stpameggppple character and caramel
notes that are imparted by furaneol and mesifutarerripe fruit has weakened ripe
fruit aroma with dominating burnt sugar charactent both the furanones.

Aroma of Alphonso leaf can be described as gregpentine, citrus, mint and
synthetic on the basis of its major volatile caunsits, C6 GLVs, monoterpene
hydrocarbons andi-alkanes. Flowers have enhanced mono- and segupnter
hydrocarbon character with added fruitiness of CbVGand terpene alcohols;
synthetic, fuel like characters are almost missinghe flowers. It is interesting to
note that in Alphonso, terpene and alcohol domuhiteal odor is used to attract the
pollinators whereas the strong, sweet, fruity oofolactones with the background of
mild terpene scent is used to attract the see@diapagents.

Raw Sabja fruit has dominant turpentine, greemugijtmint character from
monoterpenes, woody, earthy, pungent and oily sfrmih sesquiterpenes and mild
green character from the C6 GLVs. Aroma charactBam sesquiterpene
hydrocarbons and their alcohols are enhanced ingkeSabja fruit and are added by
sweet notes from butyrolactone, the only lactoneated in this fruit. Monoterpene
aroma is weakened in the ripe Sabja fruit.

Sabja in comparison
As previously demonstrated by Bartley (1988) in stalian mangos,

organoleptic perception that Sabja is insignificand unpleasant flavored mango,
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was used as the basis for its comparison with Algboin the present experiment.
Indeed, we found that Sabja flavor was qualitayiveet well quantitatively weak in
comparison with that of Alphonso. Except butyrotend, rest of the lactones were not
detected in this cultivar; thus along with the weeds in the terpene flavor, it also
lacks the sweetness of lactones. These resultesugjgat Sabja is an appropriate
comparison in such experiment.
Important time points in mango development and rip@ing

This analysis of volatiles also revealed certastdabout mango development
and ripening. Though this is a continuous and gabdtocess, due to the sudden rise
or decline in the concentrations of certain voéastilwe realized that certain time zones
in this process are particularly distinctive. 5DAgPobviously one of such special
stages, as at this time cellular activities areilypusansforming the newly fertilized
ovary to a fleshy, seed protecting fruit. Levebotivity at this stage was indicated by
the highest volatile concentration; particularljghhconcentrations of several mono-
and sesquiterpene hydrocarbons, caryophyllene oziggported this view; low
concentrations or absence of aldehydes, alkanes cagdenated monoterpenes
indicated that the volatile synthesis must be s$elecand programmed. Similarly,
15DAP stage was marked by second-highest conciemtrait total volatiles, the burst
of C6 GLVs, oxygenated monoterpenes, 4-ethoxy b#ngoateand the structural
components, the even chairalkanes. This stage alone or along with 5DAP can b
termed as a ‘jump start’ stage in fruit developmastthese chemicals gradually
decreased during the further development. As métiyeovolatiles described here are
better known as defense chemicals of the plansthuirthese volatiles might also

serve as a protection to the young fruit from itsend birds.
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Conventionally, Alphonso mangos at Deogad are Iséedeat 90DAP. Results
of our analysis supported this maturity for harwest We found that levels of C6
GLVs (except, [E)-2-hexenal), monoterpenes, their alcohols and usespenes
lowered drastically at this stage, whereas oddnchailkanes peaked up; especially,
shoot up of hexadecanal emerged as an indicatonabfirity. We considered this
harvesting day as a ‘virtual zdtoday and the %' day after harvesting as a ‘real
zerd™ day. Thispriori hypothesis was held true by some of the resutigalTolatile
concentration was the lowest at this stage; segoradtveral monoterpenes that
gradually decreased till the harvesting maturitytHer lowered or zeroed down at
2DAH stage; however, past this stage, their amoagésn started increasing. On the
other hand,p-terpinene, 4-carene anét3-carene appearede novo Similarly,
borneol, a-humulene and3-caryophyllene showed sudden increase at this .stage
Synthesis of ripening related compounds also stateer this time point. This can be
looked upon as a completion of the perception ofdsting and also as a metabolic
rearrangement required at a preparatory stagepieming.

With regard to the commercial value, perfect intara of ripeness is most
important. Lactones were the major components ithditated ripening with their
peaked presence; specifically;decalactone was detected only in 15DAH fruit.
Furaneol and mesifuran were also found to be assatwith ripening; however, they
kept increasing even in the overripe mango. Alohg process of ripening, the
gradual increase in several monoterpendsjmulene an@-caryophyllene peaked at
15DAH and later decreased in the overripe (20DAH)ngo. Ripening was also
marked by the fall in the quantities mfalkanes. Most of these observations were also

true in case of maturity and ripeness of Sabja.fiithis fruit has different chemistry
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and also different ripening time than Alphonsosliggests that the abovementioned
indicators might also be useful for the broader banango cultivars.

All these indications are important when multiplétivation locality study is
undertaken. In Alphonso, period of development aises according to cultivation
localities and is usually determined using morpplal markers. These markers are
often prone to environment caused variation. Urglesh circumstances, as being
multifactorial, the indicators obtained in the et analysis will be definitely
advantageous over the morphological markers; a¢gitiey can also be used in
combination with the former ones. Estimate of thesg volatile concentration can be
an extremely useful and economic suggestion fordétection of precise harvesting
maturity. Secondly, this analysis has revealeddmeamics of volatile blend through
the development and ripening; in addition, it hasnfed the stages of significant
metabolism in terms of the assemblage of volatilendh Based on this the
comprehensive analysis for locality dependence beagarried out with the reduced
number of time points; this will reduce the labadahe cost of experimentation in
the bigger experiment. These findings can also liedp further biochemical and
molecular studies on the temporal and spatial satestallocation for the flavor
biogenesis. Mango growers may use these findingdhdovesting and ripening of
mangos, for protecting them at their sensitive tgweental stages (stages near
maturity that have low volatile concentration) frgmsts and pathogens as well as for
the prediction of fruit quality in case of irregulalimatic conditions, especially

during the abovementioned time periods.
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CHAPTER 5

Isolation of Various Flavor and Non

Flavor Genes from Alphonso Mango and

Profiling their Expression through the

Development and Ripening of Fruit

Work described in this chapter has been communicated to
BMC Molecular Biology.
Part of this work has been published in Journal of Plant
Biology (Pandit et al, 2007).




Introduction

Fruit development and ripening are biochemicallyadl as physiologically
programmed processes. During the development, d&cig as a sink and grows by
accumulating the in-flown material, while ripenirmg characterized by textural and
rheological changes. Cell expansion and softenigg cbll-wall solubilization,
dismantling of the photosynthetic apparatus, degjiad of starch and chlorophyll
and respiratory and/or ethylene climacteric are esavh the major events of the
ripening process (Rose et al, 1997; White, 2002).

These maturation and ripening events have beeregroBing a handful of
genes, picked either from differential expressitudi®s or from expressed sequence
tags (ESTs) in several fruits like tomato (Albaa&t2005), strawberry (Aharoni and
O’Connell, 2002), melons (Nagasawa et al, 2005¢gple (Moyle et al, 2005), and
banana (Gupta et al, 2006; Mbe guie’-A-Mbe guie’akt 2007). From this, we
understand that, most of the physiological processeolved in development and
ripening of the fruit are specific to this propagwarrying organ. However, the fruit
transcriptome shows quite a few gene reservatimssead, fruits express the usual
plant transcriptome with its own reorganizationgha expression cascades (Aharoni
and O’Connell, 2002; Bartley and Ishida, 2002). éptdhose on ethylene metabolism
and response, these observations are true for blithacteric and non-climacteric
fruits. Roles of several genes involved in thesEesses have been justified whereas
for many it still remains unexplained. In the trogdifruit like mango, such studies are
in infancy; however, extensive commercial succekgshes fruit has pushed the
demand for information from such research.

We found cultivar Alphonso as the most appropraate for such an initiation,

as it is the most popular and most exported mandgvar of India because of its
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delightful flavor, attractive color, ample, swekdw fiber containing pulp and long
shelf life (Tharanathan et al, 2006; Vasanthaiahl,e2006). In spite of possessing so
many virtues, this cultivar is troublesome for fans because of its erratic and shy
bearing, cultivation locality dependent variationthe fruit quality, susceptibility to
fungal pathogens and insect pests, and physiologisarders like spongy tissue (Om
Prakash, 2004; Ravindra and Shivashankar, 2004;rafbthan et al, 2006;
Vasanthaiah et al, 2006). Biochemical and molecstiadies are, therefore, required
to understand the basis of these demerits.

As a first step towards such characterization, weehstudied the spatial (in
leaf, flower and fruit) and temporal (during thevelpment and ripening of fruit)
expression of 19 different geness-a-vis these genes were studied in raw and ripe
fruits of cultivar Sabja that have exceptionallyldnaroma. Genes analyzed in this
experiment, mainly include those related to terp@me aldehyde biosynthesis, along
with certain other multifunctional genes that hedpmaintain the homeostasis during
the rapid cellular activities in the fruit. The peiple of relative transcript quantitation
(Dallman and Porter, 1994) has been applied hestumdate the expression profile
of these genes. Most of the genes studied in thik Wwave been reported for the first
time from mango. Often, in case of multifunctionahd multi-isoform genes,
sequence based phylogenetic analyses help to degertheir type, substrate
specificity and product information (Li et al, 2Q0Aharoni and O’Connell, 2002;
Bartley and Ishida, 2002; Bowles et al, 2005). &daxon like mango, such sequence
based information is also helpful for charactegziits high cultivar diversity.
Therefore, in the present work we have also comdughylogenetic analyses for

these genes.
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Materials and methods
Plant material

Alphonso fruit takes about 90 days to mature dfterfruit-set and further 15
to 20 days to ripe at 28. Therefore, fruits of 5, 15, 30, 60 and 90 daftera
pollination (DAP) and of 2, 5, 10, 15 and 20 daywraharvesting (DAH) were
collected from the orchards of the Regional Frugis€arch Station (RFRS) of Dr.
Balasaheb Savant Kokan Krishi Vidyapeeth [(DBSKK{Dr. Balasaheb Savant
Kokan Agricultural University)], at Deogad (Mahanas, India). According to
conventional indices for Deogad grown Alphonso tfrlb and 15DAR early
development; 30 and 60DAP mid development; 90DAP/OODAH harvesting
maturity; 2DAH= harvesting- ripening intermediate; 5DAkarly ripening; 10DAE
mid ripening; 15DAH: ripe and 20DAH overripe. Along with these fruit tissues,
leaf and flower tissues were also collected. Is #nalysis, very low and unpleasant-
flavored fruits of cultivar Sabja were used as oalst As Sabja fruit ripens within
two days after harvesting, only two stages, matwrgpe and ripe fruit were collected
from the orchards at Vengurle (Maharashtra, Indii)the tissues were preserved at -
80°C till use.
Isolation of RNA

Frozen tissue was crushed to a fine powder usingamand pestle in liquid
nitrogen. This powder was then homogenized to wlwith preheated (65°C)
extraction buffer (10 mL extraction buffet' @f tissue); 20uL of 2-mercaptoethanol
per mL of buffer (~0.2%) was added just before 0$& homogenate was incubated
at 65°C for 20 min, with intermittent and thorougbrtexing. After the slurry cooled
to room temperature (RT), an equal volume of chitora: iso-amyl alcohol (24:2)

was added followed by vigorous shaking with intetemt venting of the tube to form
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an emulsion. Samples were centrifuged at 1000 10 min at RT. The aqueous
phase was collected, to which, prechilled 10 M Li®as added to a final
concentration of 3 M. The RNA was allowed to préaie at -26C for 30 min. The
pellet was recovered by centrifugation at 12p804°C for 10 min. The RNA pellet
was dissolved in 10 mL diethyl pyrocarbonate (DER@&ated water, then extracted
once with water-saturated phenol (pH 5.2 to 5.8)loved by extraction with
chloroform: iso-amyl alcohol (24:2). To the ague@hsise, 3 M Na acetate (pH 5.4)
was added, to a final concentration of 0.3 M, feka by a range of 0.6 to an equal
volume of prechilled isopropanol. RNA was allowedprecipitate at -ACT for 20
min. RNA was recovered by centrifugation at 129@® 4°C for 10 min. The pellet
was suspended in 1mL of 70% EtOH and again cegeduat 12009 at RT for 10
min. The vacuum-dried pellet was dissolved in aprapriate volume of DEPC-
treated water (100uL g starting material). RNA was quantified
spectrophotometrically at 260 nm, and the puritg watermined by ratios of 260/230
nm and 260/280 nm. RNA quality was assessed bytrefgwresing on 1% non-
denaturing EtBr-stained agarose gel, using a 1kBda(Promega, USA) as the size
marker.

All reagents were treated with DEPC and were aatad (15 psi, 12C for
20 min). The exception was Tris-Cl, which was pregan DEPC-treated water and
autoclaved. The entire procedure was conductedr RNase-free conditions (Pandit
et al, 2007b).
Synthesis of cDNA

For all the tissues, first strand cDNA was synthediover 1ug of total RNA

using, Clontech’s (Japan) Reverse Transcriptiotegys
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Sequence confirmation and annotation

For sequence confirmation, cDNA template was pmgbary mixing the
cDNA from above mentioned 12 Alphonso tissues iruaégamounts. cDNA
fragments of interest were amplified using différgmimer pairs (Table 1) and
Advantage Tag DNA polymerase (Clontech, Japan). Amplifiedginents were
cloned in pGEM-T Easy vector system (Promega, U3)least five clones per
primer pair were sequenced using Megabase 1000 BB4uencer (Amersham
biosciences, UK) and were compared to confirm theimogeneity and presence of
uninterrupted translation frame in them. For anmoma these DNA as well as their
respective amino acid sequences obtaineth sjlico translation were matched with
the sequences available in the National Centr8ifatechnology Information (NCBI)
database using the basic local alignment seardH{BaA\ST) algorithm (Artschul et
al, 1990).
Relative quantification PCR

For all the relative quantification PCR, cDNA eredito be synthesized from
uniform amount of RNA from all samples was usedtasplate. Two and four
microliters from RT reaction were amplified sepahatin 20ul reaction with 1X
green GoTaq™ buffer (Promega, USA), 2.0 mM Mg@l5 mM dNTPs, 0.5 mM of
each gene specific primer and GoTag™ DNA polyme(Bsemega, USA). The PCR
cycle program consisted 30 or 35 cycles of dentituraat 94C, annealing followed
by extension at 7Z (each step of 45 s). PCR products were run thr@dg agarose
gel containing 0.5pg ethidium bromide along with 1pgindlll digested Lambda
DNA (AMHindlll) (Genei, India). Concentrations of all the PQRoducts (ng),
including that of internal standard were determibgdolotting their band intensities

on the standard curve made by those MHindlll (the bands of known

104



concentrations). Imaging, intensity measurement esuabrding was done using
ImageMaster VDS video documentation system (AmensBasciences, UK).

For all the primer pairs, except annealing tempreeatind number of cycles,
rest of the PCR program was the same. Initiallypliication with each primer pair
was attempted in 30 cycles’ PCR; few primer paii failed to produce detectable
concentration of amplicon were subjected to 35&3dPCR. Details of annealing and
cycle number are given in table 1. Elongation fadio (EF1) gene was used as an
internal control to monitor the uniformity of exgeon across the tissues for both, 30
as well as 35 cycle PCRs.

Statistical analysis

Statistical analyses were conducted using Sys#distital software (version
11, Richmond, CA, USA). Significance of the datasvemalyzed by ANOVA and
Fisher's LSD. Multiple regression analysis was iearout to examine the synchrony
between the relative quantitation PCR profiles ofatile producing genes and their
putative products detected by gas chromatographadysis (Chapter 4) from the
selected tissues of Alphonso and Sabja mangos {leakr, SDAP, 15DAP, 90DAP,
2DAH, 15DAH, 20DAH, Raw Sabja and ripe Sabja).

Phylogenetic analysis

Sequence based phylogenetic analyses were cautddron silico translated
sequences of all mango genes using Clustal W #hgoroption from the DNASTAR
package. Mango sequences were typically compardd twose fromArabidopsis
thaliana Fragaria spp., Glycine max, Nicotiana tabacyn®ryza sativaand Vitis
vinifera These reference species were chosen for the abhoaaf their sequences in
the gene banks or their fruit related informatiemtent. In case of few genes, where

the sequence information was not available fromsahearticular plant species,
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information from other species or plants from theispective families was used. In
case of certain genes that are well characterizeloacteria, but are poorly known

from plants, bacterial sequences were also usgteianalysis.

Results
Sequence confirmation and annotation

Sequences of all the cDNA fragments that were diagliby the different
primer pairs (Table 1) could be translatedsilico, for uninterrupted amino acid
stretches (Annexure 1). Sequences of these fragmese deposited to NCBI, and
their accession numbers along with the resultshef BLAST search are shown in
Table 1. Amplicons annotated as mitochondrial srtha#it shock protein (SHSP) and
metallothionein turned out to be the complete opaling frames of their respective
genes. Ribosomal methyl transferase (MeTr), Gergmylophosphate synthase
(GPPS) and sesquiterpene synthase (SqTPS) fragmeprtssented the 3’ ends of
their respective transcripts.
Sequence based phylogeny
Phylogenetic affinities of various mango genes

Phylogenetic analysis (Fig la-s) helped in typtfma of various genes.
Mango MTPS sequence showed high similarity to lieran synthases from@itrus
spp. and (-p-terpineol synthase fronditis vinifera (Fig 1c). SQTPS gene was also
placed in the cluster d€itrus spp. andVitis viniferagenes that were responsible for
the production of valencene and germacrene D, ctsply (Fig 1f). GT cDNA
isolated from mango resembled UDP-Glucose:cinnangaieosyltransferase from

Fragaria x ananassaand limonoid UDP glucosyltransferase fraditrus unshiu
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Table 1. Details of primers, annotation, and BLAST analysis Z0rdifferent cDNA fragments that were profiled for expi@sshrough 14 mango tissues (leaf, flower,

developing and ripening fruits of cultivar Alphonso and matuaérge fruits of cultivar Sabja).

Accession no. Primer sequence (5'- 3') (Forward and Annealing Cycleno. cDNA Annotation Functional Significance Nucleotide Significance Aminoacid % match
Reverse, respectively) (°C) fragment class E score % similarity E score (identities and
size (bp) (Nucleotide) (amino acid) positives, respectively)
EU513264 CTCATCGAGGAGGATGCTCTTGGG 70 30 125 Isopentenyl Terpene le-31 88 2e-15 95
TTGTAGAGAATCCGACCGAGTGGG diphosphate isomerase biosynthesis 100
(IP12)
EU513265 TCTTGTTACGGGTGAAACCATG 58 35 554 Geranyl diphosphat ~ Terpene 3e-161 83 2e-57 83
TTATTTGGTTCTTGTGATGACTC synthase biosynthesis 91
EU513266 GGTGTGTTGAAAAAGTTCAAGGACACGAC 70 35 224 Monoterpene cyclase Terpene 1e-08 78 4e-08 50
TGGAAGATTCATTGCGTGCTTCACTTGC biosynthesis 81
EU513267 TCGAGATGATTCACACCATGTC 58 35 661 Geranylgeranyl Terpene le-122 75 8e-79 88
TATGGAATATAATTCAGCCAGAG pyrophosphate biosynthesis 93
synthase
EU513268 AGTATTCATTGCCACTTCATTGCCAG 68 30 331 Farnesyldiphosphate ~ Terpene 1e-94 88 le-44 80
AACACAGGCTGGATCTGCTTTCCC synthase biosynthesis 94
EU513269 GGCAAATCAAGGAAAATTATATCGTCTTG 67 35 580 Sesquiterpene cyclase  Terpene  2e-43 69 le-25 40
TCAGAGCTGTACGGAGTCTCTGAGCAATG biosynthesis 59
EU513270 ATGAGATCCGAAAGAGAAACCCAGATCC 70 30 540 Isochorismatase Benzenoid 6e-69 71 2e-71 71
TTTCACAGTCAACCAAGTAAGCAAACCC hydrolase family metabolism 84
protein
EU513271 AATGGAGTCCGCAAGAGAAAGTTTTGG 70 30 373 UDP-glucosy! multifunction ~ 7e-79 78 3e-57 83
ACCTCATCTACAAACTCTTGAATGTTCC transferase 89
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Accession no. Primer sequence (5'- 3') (Forward and Annealing Cycleno. cDNA Annotation Functional Significance Nucleotide Significance Aminoacid % match

Reverse, respectively) (°C) fragment class E score % similarity E score (identities and
size (bp) (Nucleotide) (amino acid) positives, respectively)
EU513272 GACTATCCATATGCTGTGGATGG 56 35 278 Lipoxygenase- 1 Aldehyde  1e-79 74 7e-47 85
GGGTATTGGCCAAAGTTAACTGC biosynthesis 95
EU513273 GTGCTCGTTGGGCATTTCATGCC 57 35 575 Fatty acid Aldehyde 5e-89 73 7e-79 72
CCCCCAAAGGCGTTGAAGCC hydroperoxide lyase biosynthesis 84
EU513274 GCTGCTTTCTATGAGGGTTATTATGC 64 30 273 Cytosolic Stress 2e-91 87 1e-37 92
AACATCTCCCACAGCATAAACATCAGG monodehydroascorbate response 96
reductase
EU513275 ATGGCTTCCACTCCTTCAGCTCGCGAGG 715 30 783 14-3-3 protein Stress 0.0 81 le-114 92
CTGCTGTTCACTGTCAGGCTTGGTGGC response 95
EU513276 ATGTCTTCTGGTTGTAACTGTG 57 30 225 metallothionein 1a Stress 7e-19 71 3e-08 64
TCACTTGCCACATTTGCAGGGG response 76
EU513277 TTCCGTGATACTCTCAGATATGTGTCC 62 35 346 FtsJ-like Stress 3e-26 86 9e-36 71
ATCTTGACAAATTAAATAAATCTCTCTGG methyltransferase response 80

family protein
EU513278 GACCTCAGCCTCTCGCTTCTTCAACACC 70.7 30 525 Mitochondrion- Stress le-64 71 2e-46 64
TCAATTTTTACCTGGAACACGTCACTCC localized small heat response 76

shock protein

236

EU513279 ATGTCCCAAAACTGTGACTGTGCTCCC 67 35 722 Chitinase CHI1 Stress 1e-136 79 1e-84 79
AATTTCTGGCAATAATCAGTGTAATAACC response 85

EU513280 GTTGTGAAGGCGAAGCGGCAGGTGG 68 30 168 Cysteine proteinase  Stress 4e-26 77 5e-12 70
CTAAGCAGAAGCAGCATCAAGAACC inhibitor response 85
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Accession no. Primer sequence (5'- 3') (Forward and Annealing Cycleno. cDNA Annotation Functional Significance Nucleotide Significance Aminoacid % match
Reverse, respectively) (°C) fragment class E score % similarity E score (identities and
size (bp) (Nucleotide) (amino acid) positives, respectively)
EU513281 AGATGTTGCAACCAAAGAAGCCGCCAGAG 683 30 445 AP2/EREBP Ethylene le-13 82 8e-22 50
TAAGAGGTGATCACGATCAATATTCTGC transcription factor response 63
ERF-2
EU513282 ATGTAGCAGCCATTGAGGCTCTGGTTCG 70 30 620 E3 ubiquitin ligase  Protein 4e-97 73 4e-75 76
GTTCACTATGTCAACTTTCGCCTCTTGG PUB. turnover 89
Armadillo/ U-
box domain-
containing
protein
EU513283 AATACGACTCACTATAGGGCAAGCAG 70 30and35 132 Elongation factor 1-  Protein 1e-50 94 le-18 100
ATACGACTCACTATAGGGCTCCTTCTC alpha synthesis 100
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Gene of sHSP opted the cluster of 22/23 kd sHSRs1®). Chitinase from
mango matched with the type Il acidic chitinaseg (fp). Present analysis revealed
the similarity of mango ERF to ethylene responsofareported by Aharoni and
O’Connell (2002).

In the currently used set of reference sequencagrity of the mango gene
sequences (10) showed high relative similarityheirt respective homologs in the
grapevine; six genes were found similar to theimblings fromNicotiana spp. and
five to the respective homologs froftrabidopsis thaliangFig la- s). It was found
that mango GPPS (Fig 1b) and CysPI (Fig 1p) seqegewnere highly divergent from
all the used respective model plant sequences.

Flavor biosynthesis
Terpene flavor

Isopentenyl diphosphate isomerase (IPPI) gene ss@dequite uniformly and
abundantly (30 cycles PCR) through the sampledidisange (Fig 2a). Among the
Alphonso tissues, the highest transcript abundamas noted in flowers. IPPI
transcript levels were similar in the mid developitad ripe and overripe fruits;
however, fruits in mid-ripening stages showed diewain expression. Overall, the
fruits of mid-ripening stage had higher transclgels than the other stages. Similar
observation was recorded in Sabja, where criticgdression rise was noted on
ripening.

In 2DAH fruits, GPPS expression was not detectédshbwed increased
transcript accumulation in mid-development and npéning phases making a
contour line similar to that of IPPI expressiong(2b). No significant change was

observed in GPPS expression, while ripening of &ahijt.
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AAQ84167 Pueraria montana
EU513264 Mangifera india
BAB40973 Nicotiana tabacum 1

CA022963 Vitis vinifera*
NP_186927 Arabido,
AAF29979 Arabidopsis thaliana
NP_197148 Arabidopsis thaliana
AAF29980 Arabidopsis thaliana

is thaliana 2

' Q38929 Arabidopsis thaliana

BAD45534 Oryza sativa*
BAD45931 Oryza sativa*

AARO8I151 Vitis vinifera

ABBS88703 Lycopersicon esculentum

CAC16849 Arabidopsis thaliana

NP_001031483 Arabidopsis thaliana

CAC16851 Citrus sinensis

EU513265 Mangifera india

Q8LS5K3 Citrus Limon
BAD27257 Citrus unshiu

EU513266 Mangifera indica
AAS79352 Vitis vinifera
AAV36465 Medicago truncatula
AAT86042 Lotus corniculatus
AAS46038 Nicotiana tabacum
AAO85534 Arabidopsis thaliana

ABA93676 Oryza sativa

BBA16693 Nicotiana tabacum 1
BAB16694 Nicotiana tabacum 2
EU513267 Mangifera india
CAO22904 Vitis vinifera*
CAN78430 Vitis vinifera*
AAMG65107 Arabidopsis thaliana

NP_188073 Arabidopsis thaliana 3
AAD38295 Oryza sativa*
AAQS54505 Malus x domestica
AANBG6061 Citrus unshiu

NP_199588 Arabidopsis thaliana 1
CAAS53433 Arabidopsis thaliana
NP_193452 Arabidopsis thaliana 2
AAMO08927 Malus x domestica
BAC53873 Phaseolus lunatus

ABB29855 Nicotiana langsdorffi x N. sanderae

EUS513268 ifera indica

e.

AAXT76910 Vitis vinifera
AAKG68152 x Citrofortunella mitis
BAA36347 Oryza sativa

1 AAMO00426 Citrus X paradisi

* AAQO4608 Citrus sinensis

AAS66357 Vitis vinifera

EU513269 A ifera india

ABB 01625 Medi truncatula
AAK95517 Nicotiana tabacum

CAA04773 Fragaria vesca

AAX59990 Arabidopsis thaliana

NP_197713 Arabidopsis thaliana

NP_197714 Arabidopsis thaliana

EUS513270 A india
CA044425 Vitis vinifera*
CAE05643 Oryza sativa*
ABF70070 Musa accuminata

ZP_00925599 Escherichia coli

EUS513271 Mangifera india
AANBS5566 fragaria x ananassa
ABL63751 Citrus cv. Shiranuhi*
CAO47875 Vitis vinifera*

ABI94023 li truncatula
AAX16493 Malus x domestica
ABQ02258 Vitis labrusca 3
BAB88935 Nicotiana tabacum
AABS58497 Arabidopsis thaliana
BAD34401 Oryza sativa 1
EAZ45384 Oryza sativa 2
AAF61647 Nicotiana tabacum

ABN08986 M truncatula 1

P38417 Glycine max 4

— AAC49159 Glycine max
P09186 Glyfine max3

EU513272 Mangifera indica
NP_175900 Arabidopsis thaliana 1
CAAS58859 Nicotiana tabacum
CAC19365 Arabidopsis thaliana
BABO01777 Arabidopsis thaliana
CAE17327 Fragaria x ananassa
AAOI12866 Vits vinifera
BAD02945 Or sativa 9
ABS72447 Ory: tiva 1
ABD47523 Oryza sativa**
ABV03556 Oryza sativa 3

P08170 Glycine max 1

P09439 Glycine max 2

ABS32275 Glycine max 9
CAG38328 Arabidopsis thaliana 13
NP_176923 Arabidop: i

NP_566875 Arabidop.

NP_564021 Arabidopsis thaliana 3

- AA072740 Citrus sinensis

- BAC55161 Citrus jambhiri

EU513273 A ifera indica

[

CAC91565 Nicotiana attenuata
AAZ39884 Nicotiana tabacum
CAB54849 Medicago sativa
AAY30368 Medicago trancatula
NP_193279 Arabidopsis thaliana 1
AAC69871 Arabidopsis thaliana
AAQ16680 Oryza sativa
CAG17875 Prunus persica
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AAO85482 Nicotiana Langsdorffii x N. sanderae

Q84UVS Nicotiana Langsdorffii x N. sanderae

" BAA77282 Oryza sativa

ABQ41114 Vitis vinifera

== AAU11490 Pisum sativum

EU513274 A ifera indica
5 —————————NP_190856 Arabidopsis thaliana (cp)

[ AARS7869 Medicago trancatula IV
t CAAG61282 Vigna unguiculata IV
| NP_191010 Arabidopsis thaliana IV
L BAF44533 Nicotiana tabacum IV
—— AAMO95447 Vitis vinifera IV
™ —— CAO46249 Vitis vinifera*
[— AAMI12890 Malus x domestica 11
] EU513279 Mangifera indica I*
BAC76691 Oryza sativa
e BAA19793 Oryza sativa 11

e AAC35981 Citrus
AAG 25709 Malus x domestica 11l

sinensis 1

P92947 i is thaliana

ﬂ: AAX95656 Oryza sativa
BAA03711 Oryza sativa

NP_001051051 Oryza sativa*

[ AAB09580 Glycine max
—_ AAV50005 Malus x domestica
AAA32799 Arabidopsis thaliana
CAO061681 Vitis vinifera

EUS13275 Mangifera indica

AAG31653 Arabidopsis thaliana*
[ NP_850750 Arabidopsis thaliana*
AAF23126 Lycopersic

CAH60163 Fragaria x ananassa
AAO19652 Malus x domestica
AAL86314 drabidopsis thaliana B*
NP_181620 Arabidopsis thaliana
AAB24011 Oryza sativa

ﬁ 1EQK Oryza sativa 1

L ABQ 32296 Oryza sativa

BAD10939 Nicotiana tabacum

EU513280 ifera indica

AAK63949 Arabidopsis thaliana

AAA82209 Arabidopsis thaliana

INP_172239 Arabidopsis thaliana 2A
1 Arabldogmﬂ fasta-1 Arabidopsis thaliana 2
- N
BR255

240 Ambxdopsu thaliana 1C

wvrifolia
NP 566509 Arcbidop W{h liana 3
—~ rabi OPA'ISI aliana
_: 024059 Malus x domestica 3*

ati
BAD87425 Ol vza sanm
BADS52368 Oryza rufipogon
CACI12823 Nicotiana tabacum 2*

AAA97907 Glycine max

T CAA05084 Arabidopsis thaliana*

== NP_188299 Arabidopsis thaliana ERF

CACI12822 Nicotiana tabacum AP2

024058 Malus x domestica 2*
L ACC23697 Malus domestica*
AAB8276 Prunus armeniaca*
—— CAOQ15646 Vitis vinifera*
_1 Arabidopsis|.fasta-1 Arahtdup\x\ thaliana 1
ml e | NP_187550 Arabidopsis thaliana 2A
~ — NP_195858 Arabidops tlmlllma 2B

EU513281 3 ifera indica

CAO44828 Vitis vinifera

BADI8377 Glycine max
AABO05223 Nicotiana glunnom

BADI18376 Glycine max 1
~—————————— ABA00452 Nicotiana tabacum*

BAF43419 Malus x domestica

NP_001032085 Arabidopsis thaliana 1B

r.

— CAO69180 Vitis vinifera*

—— EUS513277 Mangifera indica

NP_196887 Arabidopsis thaliana
EAY92382 Oryza sativa 1*
NP_001051734 Oryza sativa 2*

= AAOI18459 Oryza sativa 3*

NP_289753 Escherichia coli

ABF94329 Oryza sativa AP2

CAO042257 Vitis vinifera*
EUS13282 Mangifera indica
NP_177258 Arabidopsis the

NP_173716 Arabidop:
EAY87410 Oryza sative

NP_191045 Arahulr)p\zx thaliana
. AAB63513 Prunus armeniaca
. AAM08932 Malus x domestica*
CAO21126 Vitis vinifera*

NP_174228 bic is thaliana PUB17
NP_199049 Arabidopsis thaliana

. ABN08499 Medicago truncatula

. AAO61490 Nicotiana tabacum
NP_179895 Arabidopsis thaliana PUB17

ABF96802 Oryza sativa Catenin

[ AAM63747 Arabidopsis thaliana 22kd
{ NP_199957 Arabidopsis thaliana 23.5kd
CAAG67022 Arabidopsis thaliana
——— Q39818 Glycine max 22kd
AADO03604 Triticum aestivum 23.5kd

EUS513278 Mangifera indica
AAF34133 Malus x domestica

CAN70834 Vitis vinifera*
— CAA47745 Triticum aestivum 26.6kd
[ L AACOG31S Triticum aestivum 26kd
BAA78385 Oryza sativa 26kd

BAA29065 Nicotiana tabacum 26kd

CANB2908 Vitis vinifera
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Fig 1 Sequence based phylogenetic analysis of 19 gerefqPl;b.= GPPSc= MTPS;d.= GGPPS;
e= FPPSf.= SqTPSg= IsoCH;h.= GT;i.= LOX; j.= HPL; k.= MDHAR; |.= 14-3-3;m.= MT; n=
MeTr; o= sHSP;p.= Chitinaseg.= CysPI;r.= ERF;s= UbgPL;t.= EFla (internal standard; 30 cycle
PCR)] revealing the affinities of mango sequences.u&etps followed by * are the putative
annotations, as reported in the NCBI gene bankk.(lop= chloroplastic form; irp. roman numbers

following the botanical names denote the type of chitinase)

Expression of monoterpene synthase (MTPS) in Algboleaf, flower and
raw fruit tissues was high; sharp decline in exgices was marked at fruit maturity
from where the expression remained consistentlytibvihe overripe stage (Fig 2c).
Raw as well as ripe Sabja fruits showed very lowralance of MTPS transcripts.

In Alphonso as well as Sabja, geranyl, geranyl plosphate synthase
(GGPPS) levels were maintained throughout the fifét except, in 2 and 5DAH
fruits, where they observed to be lowered (Fig 2d).

Farnesyl pyrophosphate synthase (FPPS) gene shewal expression in
leaves and flowers (Fig 2e). Among all the tisstigs,highest expression of this gene
was noted in 5DAP fruits. In Alphonso, except ilDP, FPPS expression could not
be detected in any other ripening stages. In Saiganing associated rise was
observed in the expression of this gene.

The highest transcript level of SQTPS gene was ewhnk flowers, whereas it
was not detectable in leaves (Fig 2f). Among that fiissues of Alphonso, 60 and
90DAP fruits showed the highest expression, whe2&ssH fruit showed the lowest.
In Sabja fruits, expression of this gene increasgigid ripening.

Isochorismate hydrolase (IsoCH) expression peakedlowers (Fig 2g).

During the maturarion period its expression shosteddy rise till the late maturation
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phase (60DAP); however, it displayed sharp downifalithe ripening period (in
Alphonso as well as Sabja).

Glucosyltransferase (GT) expressed in high amoimi®ango tissues thus,
could be amplified with 30 cycles of PCR (Fig 2Im)fruit, the expression featured by
sharp increase in early development as well aipering. In Sabja, marginal ripening
related expression rise was recorded; howeveretheds in both, raw and ripe fruits
were lower than those in ripe Alphonso.

Green leafy aroma

To asses how the green smell of fruits is influehbg the genes involved in
lipoxynase (LOX) pathway, expression of LOX and topkroxide lyase (HPL) was
assessed (Fig 2i). Lox expression was about fddrHigher in ripe fruits than that in
leaves, flowers and developing and mature fruitsSabja, LOX expression was not
detected.

Following LOX, expression of HPL gene was also mead in mango (Fig
2j). It was moderately uniform through the devel@minand ripening of fruit except
in 5DAP and 2DAH stages. Comparable activity waseobed in flowers as well as
Sabja fruits. Alphonso leaves showed very low esgimn of HPL.

Genes related to the dynamic environment of fruit

Mono-dehydrogenase ascorbate reductase (MDHAR) mRél&ls were
found sufficiently high to be detected within 3@®s of PCR (Fig 2k). In most of the
Alphonso as well as Sabja tissues, transcript seweére significantly uniform.

Exceptional shoot up was observed at the fruit nitgtu
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Fig 2 Expression profiles of 20 geneas IPPI; b= GPPS;c= MTPS; d.= GGPPS;e= FPPS;f.=
SqTPS;g= IsoCH; h.= GT; i.= LOX; j.= HPL; k.= MDHAR; |.= 14-3-3;m.= MT; n.= MeTr; 0=
sHSP;p.= Chitinasejg.= CysPI;r.= ERF;s= UbgPL;t.= EFla (internal standard)] through 14 tissues
(leaf, flower, developing and ripening fruits of cultiveiphonso and mature and ripe fruits of cultivar
Sabja), wherein the peak expression levels of consecuwgixeaping and ripening stages are connected
by the trend line. In the profile of the internal standainé, dotted trend line covers all 14 tissues for
effectively depicting the uniformity in expression. Angoih concentrations expressed in ng/ 20ul
reaction, on Y axis. Bars with the same alphabets arsigwiticantly different from each other p&
0.05; in none of the tissues, expression level of the intstaabdard was significantly different from

that in the others.

14-3-3 cDNA isolated from Alphonso fruit showed Iigxpression in the
early developmental stages (Fig 2I); similar expi@s difference was also noted in
the raw and ripe Sabja fruits. Alphonso flowersvebo the highest expression of this
gene.

High (30 cycle PCR) and constitutive expressionnadtallothionein (MT)
gene was observed throughout the selected tisswge réFig 2m). In flowers and
10DAH fruits the expression was the highest. Theression was more than 1.5 fold
higher in ripe fruits (15DAH) than that in the mawnripe fruits (90DAP); similar
rise was also noted during Sabija fruit ripening.

In Alphonso, expression of ribosomal methyl trare$e (MeTr) was found
quite consistent through the selected tissue ramgept the ripening associated sharp
rise in ripe fruit (Fig 2n). Ripening associategrssion burst of this gene was also
observed in Sabja.

A gene for mitochondrial small heat shock protskISP) or low molecular

weight heat shock protein (LMW HSP) showed unifaerpression in most of the
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tissues (Fig 20). Only in leaf, mature as well &srdpe Alphonso fruit and in raw
Sabja fruit this expression was observed to bedais

Type Il acidic chitinase (Fig 2q) expressed in 1§86 cycle PCR) but
ripening-upregulated manner in Alphonso fruit. Galerthe expression was higher
during the ripening phase; however, flowers and BD#uits also showed high
expression. The perfect ripe fruit showed the rsglegpression.

Cysteine protease inhibitor (CysPIl) gene expresgdd moderate levels (30
cycle PCR) in all the sampled tissues of mango @pig Similar to that of chitinase,
in flowers and young fruits (5SDAP) CysPI expressiwwas higher than any other
tissue. Significant elevations in the transcriptels were also observed in mid-
developmental and mid-ripening stages of Alphonsat.f Ripening associated
expression rise was noted in Sabja fruit.

Genes related to ripening

A plant specific transcription activation factorsasiated with ethylene and
abscisic acid response (ERF) was isolated from @tpb fruit. This ethylene
response factor (ERF) gene showed high (30 cycR)RDd constitutive expression
over the fruit life (Fig 2r). In Alphonso as wel &abja it showed expression rise in
ripening phase. Its expression in flowers was regpral to that in the developing
fruits. In leaf, the expression was about two felk than that in flowers.

Ubiquitin—protein ligase (E3) (UbgPL) gene showeslyvlow expression
throughout the selected tissue range; howeverhigh expression was noted in
flowers and in the ripe fruits of Alphonso as wadl Sabja (Fig 2s).

Internal standard
By 30 as well as 35 cycle PCR, elongation factorgéne expression was

found to be uniform in all the 14 tissues (Fig 2t).
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Regression between molecular and chemical activite

Table 2 presents the details of regression amaly®egression between the
gene expression profile of monoterpene synthasecartdin monoterpenes yielded
highly positive values. Analysis between sesquéeep synthase and the three
sesquiterpeneso{humulene, p-caryophyllene and germacrene D) yielded low,
positive values; among these three, germacrene ddluped the highest value.
However, sesquiterpenes yielded high positive \&lueen analyzed with the profiles
of IPPI and FPPS. LOX and HPL genes did not yield significant regression values

when analyzed with the variety of aldehyde products

Table 2. Different genes from terpene biosynthesis pathway regples#th various terpene volatiles
that were detected by gas chromatography, from thetsedl¢issues (leaf, flower, SDAP, 15DAP,

90DAP, 2DAH, 15DAH, 20DAH, raw Sabja and ripe Sabja).

Regression ()  Probability (p)  Standard error (+SE)
MTPS- MTP
p-cymene 0.69 0.002 0.33
B-thujene 0.69 0.003 3.03
Allo-ocimene 0.57 0.01 3.33
Borneol 0.55 0.01 0.73
(E)-ocimene 0.52 0.02 125.14
Linalool 0.5 0.02 2.06
Limonene 0.49 0.02 3.03
(2)-ocimene 0.47 0.02 3877.1
IPPI- SqTP
Germacrene D 0.74 0.001 2.22
FPPS- SqTP
a-humulene 0.59 0.01 15.5
B-caryophyllene  0.58 0.01 29.79
SqTPS- SqTP
Germacrene D 0.33 0.1 3.53
MTPS-SqTP
B-caryophyllene 0.43 0.03 1.04
a-humulene 0.43 0.03 0.548

119



Discussion
Fruits are mainly known by their aroma, taste aradorc Flavor, the

combination of aroma, taste and texture (Chapterslthe important criterion to
decide the market value of any fruit when differeatieties or cultivars are available
for comparison. In mango, flavor is known to be dwated qualitatively as well as
guantitatively by monoterpenes and sesquiterpe@bapter 3; ldstein and Schreirer,
1985; Pino et al, 2005; Pino et al, 2006). In salvdndian mangos, odorant
concentrations have been estimated to be highféo that the significant part of the
transcriptional machinery is involved in the aromynthesis process (Chapter 3;
Lizada, 1993). However, preharvest-environment ddest variations in various
gualities of mangos have also been reported (Hofetah, 1997), which indicate that
the genes, other than those related to flavor, tplty a regulatory role. Under such
circumstances, the transcriptome analysis of maogmderstand the transcriptional
dynamics through its development and ripening wdiddan ideal approach. Present
work covers several flavor related genes along Wathh genes that might affect the

physiology of developing and ripening fruits.

Flavor biosynthesis
Terpenes

In Alphonso, more than 90% of total aroma compoundsesh fruit pulp are
mono- and sesquiterpene hydrocarbons (Chapte®Bngel and Tressl, 1983; Idstein
and Schreier, 1985). In addition, the color comfigricompounds like anthocynins and
isoflavonoids are also the products of same tergermosynthesis pathways
(Bohlmann et al, 1998). Therefore, study of thishpey is the most appropriate

initiation for the transcriptomic studies in Alphsm
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Isopentenyl pyrophosphate isomerase (IPPI) mar&sk#dy point of terpene
biosynthesis pathway. Cytosolic as well as plastidoprenoid biosynthesis has IPP
as a common and exchangeable precursor. The tyeepeine product (C5, C10, C15
etc.) is usually decided by the localization ofsiadPP units. Monoterpenes (C10),
sesquiterpenes (C15), diterpenes (C20), triterpé@88) and polyterpenes (Cn) are
the customary products of the isoprenoid metaboliBnese types cover the volatiles
meant for ecological interactions, photosynthetienponent phytol, pigments like
carotene, nutritional elements like vitamin A, D, &d other terpene derivatives. To
ensure the production of such a diverse array ohpounds to their respective
required scales, plants must keep their IPP resefiled. In the organs like fruit
where these chemicals are found in the highest atapthe IPP metabolism would be
a very interesting subject of investigation. Expres profile of IPPI gene in
developing and ripening mango supported this hygsh of reservoir. Highest
transcript abundance was noted in flowers whereritgjof IPP pool is supposed to
be reserved for the production of fragrance comgsuhligh regression values with
sesquiterpene hydrocarbons assign this IPPI amadatic form.

After the formation of IPP, geranyl pyrophosphatéePP) formation is
catalyzed by GPPS in the terpene biosynthesis pgth@PP is the substrate for
monoterpene synthases that produce major classfefnsk and/ or flavor volatiles as
well as a precursor for the synthesis of other dorigrpene chains. Indeed, the profile
of GPPS gene expression (Fig 2b) suggests thaait important factor to the fruit, as
except that in the developmental and ripening ttiams, for rest of the fruit life it is
maintained at the elevated levels.

Cyclization or derivatization of GPP units is cggd by MTPS in plastids.

We observed the ripening associated fall in theesgion of MTPS that could well be
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correlated with the quantitative gas chromatograhofiles of major monoterpene
odorants reported earlier in chapter 4. This fakxpression of MTPS while ripening
of fruits can be primarily attributed to the degaidn of plastids during this phase.
Indeed, as monoterpenes are synthesized mainliglanoplasts, they are entitled to
diminish from the blend of ripe fruit. However, seal fruits have evolved their own
molecular means to retain these compounds as itggor flavorants. In cultivated
strawberry, Aharoni et al (2004) explained this mdreenon, wherein during the
process of ripening, cytosolic sesquiterpene swethaadopt GPP as an additional
substrate to produce monoterpenes in the cytosblaraghi et al (2004) also
demonstrated the role of mutations in the signpatiges that modifies the subcellular
localization of the sesquiterpene synthase havindual specificity; this creates
diversity of locations for terpene biosynthesis d@hds, can be a major factor in
retaining monoterpenes in ripe fruits. Secondlyhas been demonstrated that the
chromoplasts synthesize and retain monoterpendseirthloroplast lacking tissues,
especially by non-mevalonate pathway (Mettal etl@B8; Fellermeier et al, 2001;
Adam et al, 2002; Gao et al, 2002). This is vercimtelevant in the ripening fruits,
where chromoplasts take over upon the degradafi@hloroplasts (Medlicott et al,
1986; Parikh et al, 1990). Concept of cellular camipentalization has been further
obscured, as the contribution of plastidic pathwayhe formation of sesquiterpene,
nerolidol was discovered and was strongly suppoligdthe cross talk that was
detected between the cytosolic and plastidic pagewWBudareva et al, 2005). With
the given, high diversity of monoterpenes in Alpsorand other cultivars of mango
(Chapter 3), several such mechanisms are likelexist and mango will be an
interesting system to study the biosynthesis ofséheompounds. As, several

monoterpene hydrocarbons have been detected fromeloggng and ripening
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Alphonso fruit (Chapter 4), the product specifidity the presently cloned gene also
needs to be studied in detail.

Apart from the use as a substrate for the formatibomonoterpenes, GPP is
also used in the synthesis of geranyl geranyl gywephate (GGPP). GGPPS
catalyses the condensation of two GPP units to f8&#PP. This is a vital compound
as a precursor of ubiquinone, the component otreledransport chain (Trumpower,
1981). GGPP is also important in forming essergigments like chlorophylls and
carotenoids, geranyl geranylated proteins (Rho,, Rab etc.) that are translation
regulators and hormones like gibberellins (Browd &vldstein, 1993). We found in
Alphonso as well as Sabja mangos that GGPPS lavelsnaintained throughout the
fruit life; however, external stimuli such as hastieg were found to lower this
expression.

In the cytosolic compartment, two molecules of Eel one of dimethylallyl
diphosphate (DMAPP) are condensed by FPPS to peotarnesyl pyrophosphate
(FPP). FPP is also utilized in the synthesis ofodteand ubiquinone. Expression
profile of FPPS gene in Alphonso tissues indic#ites FPP is made available for the
further processes on the temporal basis; furthsimmalgtion is probably regulated
from this point in the pathway. This view is alagoported by the high and positive
regression values between the expression pattetinisofene and the GC profile of
sesquiterpene hydrocarbons (Table 2). The dowmsteaivities must be low near
the harvesting period where this gene showed steaiine in the expression.

FPP is further used as a substrate for sesquiterpesynthesis by SqTPS. In
Alphonso fruit, ripening associated fall was obsenn the expression of this gene.
Lowest activity recorded in 2DAH fruit suggestedatttSqTPS gene responds to

external stimuli like harvesting. Based on the G@fies and the expression profile
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of SqQTPS, it is predicted that few more SqQTPS formsst be present in Alphonso.
The gene profiled here might have prominent roléAiphonso flowers and Sabja
fruits. We had predicted that (chapter 4) with telp of enzymes that support
cytosolic monoterpene synthesis (Aharoni et al,42@0d the plastidic pathways that
help sesquiterpenes produce (Dudareva et al, 26@§ht be active in mango as the
biogenesis of chief mono- and sesqui-terpenes foered to be synchronized during
the development and ripening. Here, this view wahér supported by the regression
between the MTPS profile and the quantitative asnage of major sesquiterpengs,
caryophyllene and-humulene (Table 2).

This analysis of terpene biosynthesis genes stggkat in addition to the
volatile terpenes, in ripe fruit IPP and GPP arested in different products. IPP and
GPP allocation for biosynthesis of major non védaisoprenoid constituents such as
pigments and vitamin A must be studied in ordeslitain a clear picture. Mono- and
sesquiterpene products of the assessed genesotatmore to the raw mango flavor
than the ripe one; this is in congruence with teeults obtained from the gas
chromatographic data of volatile emissions (Chapter With the phylogenetic
analysis, both, MTPS and SqTPS genes of mango mdicated to be involved in the
formation of cyclic products. However, consideritige terpene abundance in the
mango flavor, more terpene synthase genes otheitliesassessed ones, are expected
to be active during mango ripening.

Sequence based phylogeny revealed that mango G&RSw@s significantly
different from the other plants’ GPPS genes (Fi@ 1BPI (Fig 1a), FPPS (Fig 1e)
and GGPPS (Fig 1d) genes from mango were similéndiv respective homologs in

Nicotianaspp. Terminal genes in the terpene synthesis @gttTPS (Fig 1c) and
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SqgTPS (Fig 1f) allied with the cluster @itrus spp. andVitis vinifera genes,
respectively.

Terpene derivatives like ubiquinone, carotenoidd elmorophylls have been
discussed above; moreover, terpenes contribute fevdrer to the fruit metabolism
by undergoing glucosylations and hydroxylations gmduce taste and flavor
compounds. Glucosylation of terpenes is catalyzgdghicosyl transferase (GT)
enzymes (Schwab, 2003). Along with terpenes, tieegsymes are known to accept
wide range of substrates. Glucosylation affectsawmofeptic properties of the
compounds, enhances their solubility, stabilizes tblatiles, assigns substances for
further easterification and also helps differenmpounds to maintain homeostasis
(Bowles et al, 2005; Poppenberger et al, 2005). tMbghe functions of GTs are
relevant and important for the fruit. GT cDNA ist@d from mango resembled UDP-
Glucose:cinnamate glucosyltransferase fin@garia x ananassand limonoid UDP
glucosyltransferase fronCitrus unshiusuggesting its role in flavor metabolism.
Unique, biphasic expression profile of this geneAiphonso fruit indicated the
possibility of multiple substrate use by this eneyas discussed by Schwab (2003).
Secondly, it suggested a strong role in volatitgeeially monoterpene glucosylation
in the raw and ripe fruit.

An enzyme not directly related to terpene pathviyyever, has a peripheral
role to it in synthesizing ubiquinone is isochor&mhydrolase (IsoCH). This enzyme
is also known to be involved in the metabolism afious cofactors, vitamins and
other secondary (volatile) metabolites such as éxamids (D’Auria and Gershenzon,
2005).1ts expression showed steady rise from théy efevelopment till the late
maturation phase (60DAP). Unlike GGPPS, which isoaéssociated with the

ubiquinone metabolism, IsoCH expression displayeats downfall in the ripening
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period (in Alphonso as well as Sabja). Results eatggl its probable role in the
synthesis of components that are essential fot fewelopment rather than for the
secondary metabolism. Moreover, ISoCH expressioftoiners that was the highest
among all the tissues needs to be studied witremtgp floral benzenoid production.
Green aroma volatiles

Lipoxygenase (LOX) pathway is known to be involvedthe production of
C6 aldehydes and alcohols that impart green smehé fruits. The C6 volatiles are
also involved in the defense against insect herbs/dbiotic stress) and jasmonate
response. LOX oxidizes lipids and produces fatiy &gdroperoxides that are in turn
converted to aldehyde volatiles by hydroperoxidasey (HPL) (Feussner and
Wasternack, 2002). Aldehydes are further derivdtizealcohols and esters that also
are the important components of mango aroma. Rigemduced expression of
mango LOX gene indicated the important role of L@athway products and their
derivatives in the aroma of ripe fruit. In Sabja, the PCR amplification profile
suggests, this particular LOX allele was eithereabsr was not expressed.

Unlike LOX, expression of HPL gene was moderateinstant through the
development and ripening of fruits (Fig 2j). It che concluded that in mango, HPL
might be present in multiallelic or familial formes described by Matsui (2006).
Secondly, some green leaf volatiles must be emittedevelopment or ripening
independent manner by mango.

Genes related to the dynamic environment of fruit
MDHAR

Along with flavor and taste, nutritional qualitie$ fruit decide its market

success. Antioxidant levels have always been anofitapt measure of fruit's

nutritional quality (Huang et al, 2007). MDHAR is @amportant antioxidant enzyme
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possessed by the fruits. It is involved in the oficg of antioxidative ascorbate
radicles to cope up with the frequent oxidative rigpuluring the development and
ripening of fruit (Jimenez et al, 2002). High MDHA#Ranscript levels indicate the
high antioxidant levels in mango fruit and consetdlyeensure the high quality of
nutrition. Expression shoot up observed at thet fmaturity was a very important
finding for molecular and biochemical characteiimatof Alphonso fruit, as the
appropriate harvesting maturity directly affects ttuality of ripe fruit.
Multifunctional genes

By and large, the fruit research has focused th@orement of organoleptic
values of the fruit and mechanism of ethylene- amliclimacteric. Recent studies
that generated comprehensive EST collections, adsigdificant amount of
information about the rest of fruit physiology.these as well as in other exploratory
exercises, the members of plant’s stress respoassenal were frequently observed
to be employed for the fruit metabolism (Aharonda'Connell, 2002; Moyle et al,
2005). Though in fruit, ‘stress’ is probably noethppropriate term the role of such
genes seems to be pivotal. Most probable raticat#diz for this fact can be sought
through the multifunctionality and familial natucd such genes (Schwab, 2003).
Unlikeness in the physiology of fruit and otherrglargans, as well as the share of
plant life that is assigned for fruiting in most die plants also explain this
involvement of multifunctional, stress responsieaes; It is probably the economy of
transcriptome size that the plants try to adoptraahtain through such genes.

14-3-3 domain proteins provide the best example3-B4family proteins are
known to be involved in protein-protein interacsoand signaling pathways where
they perform multitude of functions as activataepressors, chaperons and adaptors

(Chung et al, 1999). With these myriad functiolgse proteins are obviously the
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handiest tools for stress management. Indeedaimphls well as in animals they are
the prime isolates of the stressed tissues (Robkeréd, 2002). These proteins have
also been isolated from various fruits like toméitemaire-Chamley et al, 2000),
strawberry (Aharoni and O’Connell, 2002) and apf@®ulao and Oliveira, 2007).
Though their role in fruit is unclear, their diféattial expression has been noted
during the development and ripening of the fruiayghner et al, 1994; Laughner et
al, 1995; Lemaire-Chamley et al, 2000). The fornl4{3-3 isolated from Alphonso
fruit appears to be involved more in floral acie®, fruit set and early development
when the cellular activities are accelerated (H)g I2 suggests a specialized role of
this gene in mango as it was detected within 3desyof PCR in all the sampled
tissues.

Similar to 14-3-3, MTs form another group of comip®€risis managers.
Elementary function of MTs is metal homeostasis)atbeless, they act in almost all
abiotic stress conditions (Mir et al, 2004) and @s® found involved in the response
to biotic stress (Potenza et al, 2001). Such aquoeed expression enforces their
categorization as stress response genes. Howhese genes are also associated with
the ethylene response and fruit ripening (Clenderarel May, 1997; Liu et al, 2002;
Mir et al, 2004). Transcript abundance of this geras the highest among all the
genes profiled in the current set of mango tisgg&s2m). Such a high expression of
MT has always been associated with fruit life ip@stive of the climacteric [banana
(Clendennen and May, 1997; Liu et al, 2002), kiuitfr(Zhu et al, 2000)] or non
climacteric [grape (Davies and Robinson, 2000) @omée (Moyle et al, 2005),
strawberry (Nam et al, 1999)] nature of the fruihese it was considered to be
involved in the homeostasis of metallic cofactoesjuired by the variety of enzymes.

In pineapple, its expression was correlated wite kigh oxidative environment
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(Moyle et al, 2005). This can also be a putatie for MTs in several other fruits
including mango as these ripening fruits often p@lhigh amount of active oxygen
species (Huang et al 2007). Secondly, the expregsiofiles in Alphonso as well as
Sabja indicated important role of this gene in nmangening.

Another stress related candidate isolated fromhéfiso fruit was the
ribosomal methyl transferase (MeTr) (Table 1). Témzyme is known to methylate
the ribosomal 50s subunit upon heat shock as alsigrhalt the protein synthesis; it
uses S-adenosyl methionine (SAM) as a cofactonat been characterized mainly
from bacteria; however, it is reported to be covseérfrom bacteria to humans{@
et al, 2000). Recently, EST database construchans reported similar sequences in
plants like, Arabidopsis, Rice and grapevine; nbeletss, it is yet to be characterized
in plants. Its low expression (35 cycle PCR) in tnofsthe tissues suggested that it
might not be a regulator of choice for protein &gsis under normal cellular
conditions. However, upregulation in ripe Alphoresad Sabja fruits pointed its role
in the thermal elevation at ripening, as an outcarhéhe climacteric. Thus, MeTr
appeared to be a part of climacteric; based oretresults, we propose its utility as a
marker of ripeness.

A gene for mitochondrial small heat shock protskISP) or low molecular
weight heat shock protein (LMW HSP) was also isddain the present experiment
(Table 1). This mango sHSP belonged to the groug2623 kD sHSPs as suggested
by the phylogenetic analysis (Fig 10). Upon heatckh this type of HSPs (17- 30
KD) are known to protect respiratory polypeptidesnf degradation by chaperonic
action (Waters, 2005). Fruits develop hypertherndiaring development and
especially, ripening; therefore, proteins of sutdss are the handiest tools to cope

with the situation. Interestingly, MeTr class of PESmarked ripening phase with the
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rise in expression whereas sHSP expression peakethdine maturity (90DAP). It
indicates that in fruit, the hyperthermia is negt#d on the temporal basis and with
the help of different chaperonic tools. Being ap#rane, its constitutive and high
expression also shows high mitochondrial-proteomativity in mango tissues,
especially leaf and mature fruit.
Biotic stress managers

Along with abiotic stress managers, biotic stredated genes such as type Il
acidic chitinase (Fig 2q) expressed in low (35 eyPICR) but ripening-upregulated
manner in Alphonso fruit (Table 1). These chitirsasee pathogenesis- related (PR)
proteins that are induced upon abiotic (includenaibal elicitation) as well as biotic
(mainly fungal) stress. They catalyze the hydraysf polymeric chitin from the
fungal cell wall and help plants defending agathem (Payne et al, 1990; Flach et al,
1992; Khan and Shih, 2004). For fruit, this actinay not be relevant and therefore,
their presence can be explained either as a parechutious defense arsenal or as an
unknown stress manager; such an occurrence of &Rims, including chitinase has
been previously discussed in bell pepper, cherd/grape (Fils-Lycaon et al, 1996;
Meyer et al, 1996; Robinson et al, 1997). Ripe goanare abundant of sugary
substances that can attract fungal pathogens;pitmdably deal with this posed threat
by upregulation of chitinase transcription duringening. Abundance of chitinase
transcripts in flowers can also be explained in simailar way, in relation to the
sugary nectar. Secondly, the annotation of thiegen‘acidic’ chitinase was relevant
to the acidic environment of the fruit, which suggel that among the several types,
this type of chitinase was retained in the frugsam adaptation. This enhances the

possibility of broad-spectrum and pivotal role lustgene in the fruit.
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In mango, we also profiled the gene for cysteirmgase inhibitor (CysPl) or
cystatin. These too, are the common isolates deréifit fruits but without any
clarified role (Ryan et al, 1998; Shatters Jr. [e2804; Rassam and Laing, 2004);
nonetheless, overall in plants, these moleculégeitegulate endogenous proteinase
activity or protect from foreign proteinases of lpajens and insects (Bode and
Huber, 1992). In fruit, the prior role was thoughtbe prominent (Ryan et al, 1998;
Rassam and Laing, 2004). CysPI expressed with ratelézvels (30 cycle PCR) in
all the sampled tissues of mango (Fig 2p); heserate as endogenous protector
seems applicable, as the transcript abundanceteteva the busy periods such as
early fruit formation, early ripening as well as tine short lived flower, notably,
without any posed external biotic threat. Furthemmathis gene’s phylogenetic
unigueness suggested that it might play novel gedialized role in the developent
and ripening of mango. Unlike Alphonso, expressitse was observed during
ripening in Sabja fruit where, the role of cystatimeeds to be characterized.

Ethylene response

In addition to the flavor and stress related geaeDNA fragment annotated
as plant specific transcription activation fac@ssociated with ethylene and abscisic
acid response (ERF) was also isolated (Table 12Hign both, Alphonso as well as
Sabja fruit tissues, high expression of ERF suggkgshat it is one of the key
transcription factors and is involved in multitudeactivities including the ethylene
mediated climacteric. Aharoni and O’Connell (20@®)lated this transcription factor
from strawberry and suggested its involvement ite lachene development, the

ethylene responsive phase.
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Protein turnover

Proteins involved in almost all cellular activitiase a subject of regulation by
ubiquitin pathway (Hochstrasser, 1996). Ubiquitioatsystem includes three main
steps, ubiquitin activation by ubiquitin-activatingnzyme (E1), binding of this
complex to ubiquitin-conjugating enzyme (E2), amdigling of this complex to the
target protein by ubiquitin—protein ligase (E3) (ifh). For most of the proteins,
such assembly results in proteolytic degradationetminate their role in the cell
process. Thus in a broader sense, expressionfriggiquitin pathway genes usually
indicates the termination of physiological procesdaterestingly, mango ripeness
was also marked by the expression rise of UbgP@ #5) suggesting its connection
with the climacteric. In flowers, the high ubiquiition activity could be attributed to
their ephemeral existence. Further, in mango, nmekisive role of ubiquitination
and protein turnover could be depict, as thesegzs®s were also indicated to be
involved in the physiological disorder of Alphonsbnango, the spongy tissue
(Ravindra and Shivashankar, 2004; Vasanthaiah 20856) .

Overall, this analysis revealed the temporal aradiapregulation of flavor and
stress related genes during the development aeding of Alphonso mango. Zeroing
down of the expression of many genes at 2DAH stalyecated oupriori hypothesis
about the ‘zero day’ stage that 90DAP fruit uporrvhating may carry the
continuation ofin planta processes and therefore, can be regarded as Wirera
day, whereas within two days, almost complete mgltf in planta processes may
take place to consider 2DAH as a ‘real’ zero dagst This finding was congruent
with the GC analysis (Chapter 4) and thus, is irtgodrfor the planning of further
biochemical and molecular studies in Alphonso frepression peaks of SHSP and

MDHAR genes and the characteristic expression drbghloroplastic GPPS and
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MTPS genes at 90DAP, ascertained this stage agfecpphysiological maturity for
harvesting. Similarly, 15DAH could be marked as exf@ct ripe stage by the
expression peaks of FPPS, LOX, MeTr, ChitinaseldoglPL genes.

Sesquiterpene dominance in Sabja that was revdatlethe GC analysis
(Chapter 4) was confirmed in this molecular analysbecondly, low relative
expression of monoterpene synthase gene ensurethéhaesquiterpene dominance
was relative (as shown by the GC analysis) and dwes to the lack of major
flavorants, monoterpenes (Chapter 3). Absence of Kipression supported the
observation of qualitative weakness in the flaviosabja (Chapter 3, 4); nevertheless,

such a conclusion must be supported by the analysidditional flavor genes.
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Mango, ‘the King of Fruits’ is a delicious and wlg cultivated fruit for a fresh
market use. It is the second most important trdioé after banana and is one of the
oldest cultivated tropical fruits, originated in dmBurmese region. Present
dissertation discusses various aspects of mangb amphasis on the cultivar
Alphonso. These aspects include the genetic diyeeshong the mango cultivars
(Indian as well as non Indian), volatile flavoraintersity among them, aroma profile
of developing and ripening Alphonso mango and ésegexpression dynamics.
Genetic diversity analysis

India has a large diversity of mango cultivars wah estimated number
exceeding one thousand. In India, where such a digérsity of mango cultivars
originated and exists, ambiguities in cultivar itiécation and nomenclature are also
common especially in case of the cultivars thatil@kiprominent similarities in their
morphological features. It is essential to autluené the identities of such cultivars as
well as analyze the diversity among the existingvars. DNA based markers can be
the best tools to resolve such ambiguities. In ghesent work polymerase chain
reaction (PCR) based inter simple sequence ref$8R]) marker system was used to
probe the relationships among 70 mango cultivaas iticluded North Indian, South
Indian and also non Indian cultivars along with autgroup Nothopegia
colebrookianaBlume.

Out of 100 ISSR primers, 40 showed amplificationlinh genotypes that were
used for the initial screening. Of these 40, 33mprs generated reproducible
polymorphic DNA amplification patterns in all thd genotypes. These 33 primers
yielded a total of 420 scorable bands on ampliticeind their sizes ranged between
200 bp to 2000 bp. Twelve different cultivar specliands were obtained from the

amplification profiles with eight ISSR primers. Segtion of non-Indian cultivars
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from the Indian cultivars was revealed in the dusanalysis, however, no such
separation was revealed between the north Indighthe south Indian cultivars.
Indian cultivars formed small subgroups and no pnemt lineages could be
sketched. This could be because of the cultivagagting in the recent past and higher
rate of new cultivar generation in India. Cultivailsose were suspected to be
synonymous, opted different subgroups rejectingctaems of ambiguous synonymy.
Lastly, ISSR emerged as an informative marker syste genetic diversity analysis
of mango.
Qualitative and quantitative analysis of flavorantdiversity in mango

Morphological and molecular diversity analyses hatgificantly in cultivar
identification; however, use of biochemical featyréhe actual desired traits, will
definitely supplement this task and confer a fuor@l dimension. The volatile
component of flavor presents a good experimentsiesy for such endeavor as it
includes array of chemicals from various classeh sas alcohol, aldehydes, ester,
ketone and terpene. In the present study, 27 maualjivars that include Indian as
well as non-Indian ones were analyzed based ogakechromatographic profiles of
their ripe fruit extracts. Based on qualitative wasll as quantitative presence of
compounds among these cultivars, the diversitythadelationship were assessed.

More than hundred compounds could be detected therselected pool of
mango cultivars. Volatiles from classes such ashalt; aldehydes, ester, ketone and
terpene were found to be mixed in the flavor oftladl analyzed cultivars. Mono- and
sesqui-terpenes dominated the gas chromatograpbiitep of all cultivars. Eighty
five different volatile constituents were detectedm the blends of 27 cultivars.
Aroma of cultivar Alphonso contained the highesiiwer of volatiles (36), whereas

Musharad and Pairi fruits contained the lowest nemngh7). On the quantitative basis,
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8-3-carene, £)-ocimene, [E)-ocimene, f-myrcene, limonene an@-caryophyllene
were the major aroma compounds in mango, whereasdul,allo-ocimene, (2)-2,
6-dimethyl-3, 5, 7-octatriene-2-ol and all lactomesl qualitative importance. Aroma
composition of 20 cultivars showed dominance of aterpene hydrocarbons,
whereas remaining seven cultivars showed dominahsesquiterpene hydrocarbons
in their blend. Multivariate analysis revealed thatian and non Indian cultivars form
separate groups whereas the line of distinctiowden the North- and South-Indian
cultivars is obscure. In this analysis quantitatieeninance as well as the uniqueness
of flavorants contributed to the cultivar grouping.
Aroma profiling through the development and ripening of Alphonso fruit

Alphonso is the most popular and most exportedveulof India. It is also the
flavor of choice for the mango lovers all over terld. In addition, Alphonso is
blessed with attractive color, ample, sweet, loweficontaining pulp and long shelf
life. In spite of possessing so many virtues, thitivar is troublesome for farmers
because of its erratic and shy bearing, and ctibrdocality dependent variation in
the fruit quality. It is known that the environmetitat reigns during the fruit
development enforces such alteration in the qualityipe fruit. To understand the
complexities of this problem, the chemistry of deping fruit should be studied in
relation to the influencing environment. Currentriwadeals with the biological
dimension of this problem, wherein we have attechfte baseline the nature of
biochemical changes that occur during the developraed ripening of Alphonso
mango.

Among the sampled Alphonso fruit tissues, the hsgheoncentration of

volatiles was detected in 5DAP (15665piQ) @nd the lowest in 2DAH (62ugd’y

ripe fruits (15DAH) (966ug Q) had more than ten folds higher content of vaatil
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odorants than the raw fruits (90DAP) (94ud).g Monoterpene hydrocarbons
guantitatively dominated the volatile blend of alphonso tissues; except that in
90DAP (79%), 2DAH (53%) and 20DAH (81%) fruits, all other tissues, these
compounds comprised more than 90% of the aroma.

This analysis revealed that the monoterpenes requantitatively dominant
components throughout the fruit life. Based on\thkatile profiles, fruit setting and
early development were predicted to be vibrant agithe stages near maturity were
thought to be calm. Ripeness was found to be atlain the 18 day after harvesting
where the levels of most of the flavorants werevaled. It was characterized by the
strong presence of lactones, furaneol and mesifiaraddition to the terpenes. Floral
blend was found to be dominated by the C6 GLV anohaterpene alcohols
suggesting the spatially differential role of aromalatiles. Overall, the results
suggested that the flavor of the Alphonso is a doation of freshening sap scent and
the ripening induced fruity odor.

Gene expression dynamics in developing and ripeninglphonso mango

Along with the qualitative and quantitative pro§ileof various Alphonso
flavorants, expression profiles of various flavadanon flavor genes were analyzed
in the same set of developing and ripening frigsues using relative quantitation
PCR.

This analysis supported the findings of the Gamiatographic analysis.
Expression peaks of sHSP and MDHAR genes and taeacteristic expression drop
of chloroplastic GPPS and MTPS genes at 90DAP rtadced this stage as a perfect
physiological maturity for harvesting. Similarly5RAH was marked as a perfect ripe
stage by the expression peaks of FPPS, LOX, Mefitifase and UbgPL genes.

Overall, the expression profiles suggested thaathena related genes might be under
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the same control that the stress related genes Waee fruit might be a mimic of
stressful system, rather than really being stres3ée stress related genes were
probably used to manage the vibrant activitieshis busy tissue by its own way.
Lastly, this analysis also indicated that the argmathways might be regulated far

upstream from the actual product formation steps.

Future prospects
Present work on mango aroma has given primary nmdéition about genetic as
well as aroma diversity among different cultivagyalitative and quantitative
variation of volatiles during mango development aipeéning and the expression of
various genes during these processes. Howeveasitbhilt a platform to carry out
more in depth studies and has provided followirrgations for future studies.
* Genetic diversity studies with larger sample sek\waith other markers to have
a complete understanding of the genetic structtireamgo germ pool.
» Aroma composition studies for bigger set of culttvand correlation of this
information with that from the genetic diversitydies.
» Detailed analysis of Alphonso flavor with differemblatile extraction and
detection methods.
» Sorting of odor active compounds to facilitate eliéint formulations of mango
flavor.
* |dentification of newly detected compounds and gaagg&ng their contribution
to aroma.
» Characterization of glycosidically bound aroma coonmds.
» Profiling of new genes and different isoforms o firesent set to have further

depth in the knowledge about active metabolic patfsw
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» Characterization of currently analyzed genes toewstdnd the kinetics and

regulation of volatile biosynthesis.
* A broader study, involving multiple Alphonso-growinlocalities, to

understand the environmental regulation of flavogbnesis.
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Annexure |. Sequences of 20 different cDNA fragments, their gebank

accession numbers (NCBI) and their respective aminacid sequences.

>EU513264Mangifera indica putative isopentenyl diphosphate isomerase (IPPI)
MRNA, partial cds.
CTCATCGAGGAGGATGCTCTTGGGGTGAGAAACGCTGCACAAAGAAAGCT
TTTGGATGAGCTGGGCATTGTTGCTGAAGATGTGCCGGTTGATCAGTTCAC
CCCACTCGGTCGGATTCTCTACAA

Protein:

LIEEDALGVRNAAQRKLLDELGIVAEDVPVDQFTPLGRILY

>EU513265 Mangifera indica putative geranyl diphosphate synthase (GPPS)
MRNA, partial cds.
TCTTGTTACGGGTGAAACCATGCAAAAGACTACTTCATCTGATCACGGTGT
CGCATGGAATATTATATGCAAAAAACATACTACAAGACTGCTTCATTGAT
ATCAAACAGCTGCAAGGCAATTGCTCTTCTTGCTGGGCAATCAGCAGAAG
TTGCAATGTTGGCTTTCGAGTTGGAAAAAATCTGGGACTGGCCTACCAATT
AATAGATGACGTTCTTGATTTCACGGGCACATCAGCTTCACTTGGAAAGG
GATCTTTATCGGACATACGGCATGGAATTGTAACGGCTCCTATACTGTTTG
CAATGGAAGAATTCCCCCAGTTGCGTGCAGTTATTAATCAGGGCTTTGAA
AATCCTTCAAACGTCGATGTTGCCCTTGAATACCTTGGCAAGAGTCGGGG
AATACAAAGGACGAGAGAGCTAGCGATGAACCATGCCAACCTTGCTGCA
GCTGCCATCGATGCTCTACCCGAAACTCACAATGAAGAAGTAAGAAAGTC
AAGACGGGCACTTTTAGATCTAACTCAAAGAGTCATCACAAGAACCAAAT
AA

Protein:
LLRVKPCKRLLHLITVSHGILYAKNILQDCFIDIKQLQGNCSSCWAISRSONVG
FRVGKNLGLAYQLIDDVLDFTGTSASLGKGSLSDIRHGIVTAPILFAMEERPQL
RAVINQGFENPSNVDVALEYLGKSRGIQRTRELAMNHANLAAAAIDALPETH
NEEVRKSRRALLDLTQRVITRTK.
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>EU513266 Mangifera indica putative monoterpene synthase (MTPS) mRNA,
partial cds.
GGTGTGTTGAAAAAGTTCAAGGACACGACGGGCAGTTTCAAAGAGTGTCT
TCGCGACGATATCAGGCTATGCTGGCCCTTTATGAAGCTTCATATCATGGG
TTTGATGGAGAAAATGTCATGGAGGAGGCTTGGCAGTTTACATCTAAATA
TCTGAAAGAGGTTGACACAAAGGATATAGACCAGAATATGGCATTGCAAG
TGAAGCACGCAATGAATCTTCCA

Protein:
CVEKVQGHDGQFQRVSSRRYQAMLALYEASYHGFDGENVMEEAWQFTSKY
LKEVDTKDIDQNMALQVKHAMNLP

>EU513267 Mangifera indica putative geranyl geranyl diphosphate synthase
(GGPPS) mRNA, partial cds.
TCGAGATGATTCACACCATGTCCTTAATTCATGATGATTTACCTTGTATGG
ATAATGATGACCTTCGTCGTGGCAAACCCACAAACCACAAAGTTTTCGGA
GAAGATGTCGCAGTTTTAGCCGGAGATGCACTGCTTGCTTTTGCATTTGAA
CACATGGCTGTTTCTACTGTTGGCATTCCGCCTTCGAGGGTGGTCAAAGCA
GTTGGAGAATTAGCGAAATCGATTGGCATTGAGGGTCTTGTTGCCGGCCA
AGTTGTGGATATAAACTCTGAAGGTTTAAAAGAAGTGGGTTTAGATCATC
TTGAATTTATTCATCAGCATAAGACAGCTGCATTACTGGAAGGATCAGTG
GTTCTTGGAGCAATATTGGGTGGTGGAAGTGATGATGAAGTTGAAAAGCT
GAGAACTTTTGCTCGGTGTATTGGGTTGTTGTTTCAGGTGGTTGATGATAT
TCTTGATGTGACCAAATCATCTCGGGAATTGGAAAGACTGCTGGTAAGGA
TTTGGTGGCTGATAAAGTCACTTATCCTAAGTTGCTGGGGATTGAAAAATC
AAGGGAATTACCTGACAATTGCATTAAAGATGCTCAACAACAATTGTCTG
GATTTGATCAGGAGAAAGCCGCTCCTTCGATTGCTCTGGCTGAATTATATT
CCATA

Protein:
EMIHTMSLIHDDLPCMDNDDLRRGKPTNHKVFGEDVAVLAGDALLAFAFEH
MAVSTVGIPPSRVVKAVGELAKSIGIEGLVAGQVVDINSEGLKEVGLDHLEFI
HQHKTAALLEGSVVLGAILGGGSDDEVEKLRTFARCIGLLFQVVDDILDVT KS
SRELERLLVRIWWLIKSLILSCWGLKNQGNYLTIALKMLNNNCLDLIRRKP LL
RLLWLNYIP
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>EU513268 Mangifera indica putative farnesyl diphosphate synthase (FPPS)
MRNA, partial cds.
AGTATTCATTGCCACTTCATTGCCAGATAGTTCAGTACAAACTGCTTATTA
CTCTTTCTACCTTCCGGTTGCTTGTGCTTTACTTATGGCAGGCAAAAATCT
GATGATCACATTGATGTCAAGAACATTCTTATTGAAATGGGAATCTATTTT
CAAGTACAGGATGATTATCTAGATTGTTTTGGCACTCCTGAAGTGATTGGT
AAGATTGGAACTGATATTGAAGATTTTAAGTGCTCTTGGTTGGTTGTGAAA
GCAATGGAACGTTGTAACGAAGAACAGAAGCAATTGTTAATTGAGAATTA
TGGGAAAGCAGATCCAGCCTGTGTT

Protein:
VFIATSLPDSSVQTAYYSFYLPVACALLMAGKNLDDHIDVKNILIEMGIYF QV
QDDYLDCFGTPEVIGKIGTDIEDFKCSWLVVKAMERCNEEQKQLLIENYGKA
DPACV

>EU513269 Mangifera indica putative sesquiterpene synthase (STPS) mRNA,
partial cds.
GGCAAATCAAGGAAAATTATATCGTCTTGATTTTGCAAAAGAGGCGATGG
AGGATATAGTTAGAAATTATCACACTGAAGCCAAATGGTGTCATGAAAAT
TATTTTCCAACATCGGATGAGTACATGAGTGTAGCATTGGTTACCAGTGCG
TACCAATTGCTACCCACAACATCTTTGGTAGAAATGGGAGATGTGCAACC
AAAGAAGCCTTTGAATGGCTATTCAGCTACCCTAAGGTTTTTGAAGGCTGC
CACAAATAATTGCAGACTCATGGATGACATAGTGGACACAAGCATGAGCA
AAGAGAGGACATGTGCCTCAGCAATTGAATGTCACATGAAGGAACATGGT
GTTCAGGAAAAGAGACGATTAAAGTGTTTCTTGAGCAAATTGCAAATGCA
TGGAAAGATATTAATGAAGCTTTCCTTAAACCAACTGCTGCTCCAGTGCCT
CTGCTTGATCGTATTCTTAATTTTTCACGTGTATAGACCTTCTTACAAAGAC
GATGACTGCTACACCAATTCTTATTTGACCAAAGACCATGTTGCTTCATTG
CTCAGATACTCCGTACAGATCTGA

Protein:
ANQGKLYRLDFAKEAMEDIVRNYHTEAKWCHENYFPTSDEYMSVALVTSAY
QLLPTTSLVEMGDVQPKKPLNGYSATLRFLKAATNNCRLMDDIVDTSMSKER
TCASAIECHMKEHGVQEKRRLKCFLSKLQMHGKILMKLSLNQLLLQCLCLIV
FLIFHVYRPSYKDDDCYTNSYLTKDHVASLLRYSVQI.
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>EU513270Mangifera indica putative Isochorismatase hydrolase mRNA, partial
cds.
ATGAGATCCGAAAGAGAAACCCAGATCCTAAGACTTGTGTTTTATTAGTG
ATCGACATGCAAAACTATTTCTCCGCCATGGCCAAACCCATTCTCGACAAC
CTTCTCACCACCATCCGCCTCTGCCGACGCGCCTCCATCCCCGTCTTCIAC
CCCGCCACTGTCACAAGTCCCCCGCCGACTACGCCATGCTTGGCGAGTGG
TGGAATAACGACCTTGTTTACGACGGCACCGTGGAGGCCGAGCTCATGCC
CCAGATTAAAGAGGTGGCGAGCGCTGATGAAGTGATCGAGAAGAATACTT
ACAGCGCGTTTGTTAGCACGCGCTTGCAGGAGCGGTTGGTGGAGATGGAT
GTGAAGGAGGTGATAGTGAGTGGAGTTATGACTACTTTGTGTTGTGAAAC
GACGGCGCGTGAGGCGTTTGTGAGAGGGTTTAGGGTGTTTTTTTCGACGG
ATGCGACAGCCACGTCAGATATTGAACTACATGAGGCTACCTTGAAGAAC
TTGGCATATGGGTTTGCTTACTTGGTTGACTGTGAAA

Protein:
EIRKRNPDPKTCVLLVIDMOQNYFSAMAKPILDNLLTTIRLCRRASIPVFFTRHC
HKSPADYAMLGEWWNNDLVYDGTVEAELMPQIKEVASADEVIEKNTYSAFV
STRLQERLVEMDVKEVIVSGVMTTLCCETTAREAFVRGFRVFFSTDATAT®I
ELHEATLKNLAYGFAYLVDCE

>EU513271Mangifera indica putative glucosyl transferase mRNA, partial cds.
AATGGAGTCCGCAAGAGAAAGTTTTGGTTCACCCGAGTGTCGCTTGCTTTG
TAACACACTGCGGATGGAACTCGACAATGGAGTCGTTAACTTCCGGCATG
CCGGTTGTGGCTTTCCCGCAGTGGGGCGATCAAGTCACTGATGCTGTGTAC
TTAGTGGAAGTATTCAAGACCGGGATCCGAATGTGCCGTGGAGAGGCCGA
AAACAGGATAATCCCTCGTGAGGAGATTGAGAAATGCCTGCTGGAGGCGA
TATCGGGGCCTAAGGCGGCGGAGATGAAGCAAAACGCATTGAAGTGGAA
GAAGGTAGCGGAGGAAGCGGTGGCAGAAGGTGGCTTCTCCGACAGGAAC
ATTCAAGAGTTTGTAGATGAGGT

Protein:
WSPQEKVLVHPSVACFVTHCGWNSTMESLTSGMPVVAFPQWGDQVTDAVY
LVEVFKTGIRMCRGEAENRIIPREEIEKCLLEAISGPKAAEMKQNALKWKKVA
EEAVAEGGFSDRNIQEFVDE
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>EU513272Mangifera indica putative lipoxygenase (LOX) mRNA, partial cds.
GACTATCCATATGCTGTGGATGGGCTTGAAATCTGGTTTGCAATAAAAAA
CTGGGTCAAAGACTATTGCTACTTCTACTACAAAAGCGATGAAATGATGC
AAAAGGATAGTGAACTGCAATCCTGGTGGAAGGAACTACGCGAGGAGGG
TCATGGTGACAAGAAAGATGAGCCCTGGTGGCCTAAAATGCAAAATCGTG
AAGAGCTGATAGAGGCATGCACCATAATCATATGGATAGCTTCCGCTCTC
CATGCTGCAGTTAACTTTGGCCAATACCC

Protein:
DYPYAVDGLEIWFAIKNWVKDYCYFYYKSDEMMQKDSELQSWWKELREEG
HGDKKDEPWWPKMQNREELIEACTHIWIASALHAAVNFGQY

>EU513273 Mangifera indica putative hydroperoxide lyase (HPL) mRNA,
partial cds.
GTGCTCGTTGGGCATTTCATGCCTAGTGTCAAATTTACTGGAAATTTAAGA
ACTTGCGCTTATCTTGATACTTCTGAGCCACAACACGCTAAGATCAAGAAC
CTCGTCCTTGACATTCTGAAACGCAGTTCAACAGTGTGGCTTACAGCGCTC
AAGTCGAACCTCGACACATTGTTTGACACCATTGAAACGAATATCTCCGA
GAAGGGTTCTGCAAGCTTTTTATTCCCTTTACAAAAATGCTTGTTCAACTT
CCTCACAACGGCCATCGTTGGAGCTGATCCCACAACCGACCCTAACATCG
CCGACTCCGGCTATGCCATGCTGGACCGCTGGCTCGCCCTACAGATCCTCC
CCACCGTCAAAATTGGAATCTTACAGCCTCTTGAAGAGATTTTTCTTCACT
CTTTTGCTTACCCCTTTGCCCTCGTAAGTGGAGGCTACAATAAGCTTTATA
ACTTCGTTGAAAAACAAGGCAACGAGGTGGTGCAACGAGGTGTCACCGA
GTTTGGACTCACTAAAGAAGAAGCTACCCATAATTTGTTGTTCACGCTAGG
CTTCAACGCCTTTGGGGG

Protein:
VLVGHFMPSVKFTGNLRTCAYLDTSEPQHAKIKNLVLDILKRSSTVWLTAL K
SNLDTLFDTIETNISEKGSASFLFPLQKCLFNFLTTAIVGADPTTDPNIAGGYA
MLDRWLALQILPTVKIGILQPLEEIFLHSFAYPFALVSGGYNKLYNFVEKQGN
EVVOQRGVTEFGLTKEEATHNLLFTLGFNAFG
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>EU513274Mangifera indica putative monodehydrogenase ascorbate reductase
(MDHAR) mRNA, partial cds.
GCTGCTTTCTATGAGGGTTATTATGCTAATAAGGGAGTAAAAATTATCAA
GGGAACTGTTGCAGTTGGATTTACAGCTGATGCTAATGGAGAGGTGAAAG
AAGTTAAACTAAAGGATGGCAGGGTTCTGGAAGCTGACATTGTTGTTGTT
GGTGTTGGAGGTAGACCTCTCATATCATTAGTTAAGGGGCAACTTGAAGA
GGAGAAAGGTGGAATTAAGACTGATGCATTCTTCAAGACAAGTGTTCCTG
ATGTTTATGCTGTGGGAGATGTT

Protein:
AAFYEGYYANKGVKIIKGTVAVGFTADANGEVKEVKLKDGRVLEADIVVVG
VGGRPLISLVKGQLEEEKGGIKTDAFFKTSVPDVYAVGDV

>EU513275Mangifera indica putative 14-3-3 domain protein (14-3-3) mRNA,
partial cds.
ATGGCTTCCACTCCTTCAGCTCGCGAGGAGAACGTCTACATGGCCAAGCTT
GCTGAGCAAGCTGAGCGTTACGAGGAGATGGTTGAGTTCATGGAAAAGGT
TTCAGCTTCCTCTGAGAATTCTGAAGAGCTCAACGTAGAAGAACGTAACC
TCCTCTCCGTTGCCTACAAGAATGTTATCGGGGCGCGTAGAGCCTCATGGC
GTATAATATCCTCCATTGAACAGAAAGAGGAGAGCCGTGGAAACGAAGG
CCACGTCTCTACGATCCGAGATTACCGTTCAAAGATCGAGACCGAGCTGT
CCTCGATCTGTGACGGGATCTTGAAGCTGCCCGACTCTCGGCTCATTCCCT
CGGCTTCATCTGGTGACTCCAAAGTTTTTTATTTGAAGATGAAAGGAGATT
ACCATAGGTACTTGGCCGAGTTCAAGACCGGAGCCGAGCGAAAAGAAGC
TGCTGAGAGTACTCTCACTGCCTACAAATCGGCTCAGGATATTGCAAACG
CAGAACTGGCTCCCACTCATCCAATTCGTCTAGGACTGGCTCTCAACTTCT
CTGTGTTCTACTATGAGATTCTGAATTCTCCTGATCGCGCTTGCAATCTTG
CAAGCAGGCTTTTGACGAGGCAATTGCCGAGTTAGATACCCTTGGTGAAG
AGTCATATAAGGACAGCACTCTGATCATGCAGCTACTCCGTGATAATCTC
ACTCTCTGGACATCCGACATACCGGATGATGGAGCTGATGAAATTAAAGA
AGCCACCAAGCCTGACAGTGAACAGCAG

Protein:
MASTPSAREENVYMAKLAEQAERYEEMVEFMEKVSASSENSEELNVEERNL
LSVAYKNVIGARRASWRIISSIEQKEESRGNEGHVSTIRDYRSKIETELSEDGI
LKLPDSRLIPSASSGDSKVFYLKMKGDYHRYLAEFKTGAERKEAAESTLTAY
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KSAQDIANAELAPTHPIRLGLALNFSVFYYEILNSPDRACNLAKQAFDEAIAEL
DTLGEESYKDSTLIMQLLRDNLTLWTSDIPDDGADEIKEATKPDSEQQ

EU513276Mangiferaindica putative metallothionein mMRNA, complete cds.
ATGTCTTCTGGTTGTAACTGTGGCTCCAACTGCTCCTGCGGCAGCGACTGC
AAATGTGGCAAGTACTCTGATCCGGCTTTCACGGAGGTGGCAACCACCGA
GACACTCATCGTCGGGGTTGCTCCGGTGAAGATGCACCTTGAGGGATCTG
AGATGAACTATGGGACAGAGAACTGCGGCTGTGGAGACAACTGCTCCTGC
AACCCCTGCAAATGTGGCAAGTGA

Protein:
MSSGCNCGSNCSCGSDCKCGKYSDPAFTEVATTETLIVGVAPVKMHLEGS3E
NYGTENCGCGDNCSCNPCKCGK.

>EU513277 Mangifera indica putative ribosomal methyl transferase mRNA,
partial cds.
TTCCGTGATACTCTCAGATATGTGTCCTTCAGTTTCTGGAATTACAACTAA
AGATGCAGCTTTATCTGCTGAGTTAGGGATGCGAGCTCTTGATTTGGCTGT
TGGTTGTGCTGCCTCACCTCATCCAGTTGGTGATCAAGGGGAGAGACATCT
GAATGATTCAAATTCTGATCCAGATGAAAATGGTGTTTTGAAACCAGGTG
GTCACCTTGTCATTAAGCTTCTAGAGAGTGAGGATGTGAAAGAATTTAGC
CAAATTTGCAAACCACTCTTCAGAAAGGCATCATGGTTGCGGCCTAAAGC
TACAAGATCATCATCCAGAGAGATTTATTTAATTTGTCAAGAT

Protein:
SVILSDMCPSVSGITTKDAALSAELGMRALDLAVGCAASPHPVGDQGERHN
DSNSDPDENGVLKPGGHLVIKLLESEDVKEFSQICKPLFRKASWLRPKATRBS
SREIYLICQD

>EU513278Mangifera indica putative mitochondrial small heat shock protein
(sHSP) mRNA, patrtial cds.
GACCTCAGCCTCTCGCTTCTTCAACACCAACGCCGTTCGTCACCGGGACGA
TGAGTCCGACGCCCGCGACCTCGACGTTGACCGTCGATCTGTTCCTCACCG
CCGCGATTTCTTCTCAGATGTGTTTGATCCGTTCTCTCCAACAAGGAGCTT
GAGCCAGGTTCTGAACCTGATGGACCAAATGACTGAGAATCCGTTCTTTG
CTGGGACACGTGGCGGCCTACGCCGAGGCTGGGATGCAATAGAAGACGA
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AAACGCTCTGAAACTCCGAATCGACATGCCAGGGCTGGGAAAGGAAGAT
GTGAACGTGTCAGTGGAACAGAGCACACTGGTGATCAAAGGTGAAGGAG
CGAAAGAAGCTGATGATGAAGAAAGCATTCGAAGGTACACTAGCAGAAT
CGATCTGCCTGAGAAGATGTACAAGACCGATGGGATCAAGGCGGAGATG
AAGAACGGTGTGTTGAAGGTGGTGGTGCCCAAGGTAAAGGAAGAGGAGA
GGAGTGACGTGTTCCAGGTAAAAATTGA

Protein:
TSASRFFNTNAVRHRDDESDARDLDVDRRSVPHRRDFFSDVFDPFSPTRSD
VLNLMDQMTENPFFAGTRGGLRRGWDAIEDENALKLRIDMPGLGKEDVNVS
VEQSTLVIKGEGAKEADDEESIRRYTSRIDLPEKMYKTDGIKAEMKNGVLKV
VVPKVKEEERSDVFQVKI

>EU513279Mangifera indica putative type Il acidic chitinase mRNA, partial cds.
ATGTCCCAAAACTGTGACTGTGCTCCCAACTTGTGTTGCAGTCAGTTTGGT
TACTGTGGCACCGGCGAAGCCTACTGTGGATTGGGGTGTAAGGGGGGTCC
TTGCACCTCGACGCCATCGACACCGTCACCTACACCAACCGGTGGTGGTTC
AGTTGCCAGTATTGTTACGGCTGATTTCTTTGATGGGATAAAGAATCAAGC
TGCTGCAAGCTGTGCTGGAAAGAGCTTCTACACAAGAGATGGATTTCTTA
ATGCAGCCAATTCGTTTCCTCAGTTTGGATCAGGCTCTGCCGACGAATCCA
AGCGTGAGATTGCTGCATTTTTTGCCCACGTTACTCATGAAACTGGACATT
TATGCTACACCGAAGAGATTGACAAGTCAAATGCCTACTGTGACCAATCA
AACACACAGTACCCATGTGTCCCCGGAAAGAAGTATTACGGGCGCGGACC
GATGCAGCTCACCTGGAACTACAACTACGGTGCCTGTGGAACAGCCGTCG
GGTTCGATGGACTCAACGCTCCCGAAACAGTGTCTAATGACCCTGCTGTCT
CCTTTAAGGCTGCCTTGTGGTTCTGGATGACCAATGTTCACTCAGTCATGA
ACCAAGGCTTTGGGGCTACCATTCAGAAAATTAATGGCGCTCTTGAATGC
GGTGGAAAGCAACCTGATAAAGTTAATGCTCGTATTGGTTATTACACTGA
TTATTGCCAGAAATT

Protein:
MSQNCDCAPNLCCSQFGYCGTGEAYCGLGCKGGPCTSTPSTPSPTPTGEBGS
ASIVTADFFDGIKNQAAASCAGKSFYTRDGFLNAANSFPQFGSGSADESKR
AAFFAHVTHETGHLCYTEEIDKSNAYCDQSNTQYPCVPGKKYYGRGPMQLT
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WNYNYGACGTAVGFDGLNAPETVSNDPAVSFKAALWFWMTNVHSVMNQG
FGATIQKINGALECGGKQPDKVNARIGYYTDYCQK

>EU513280Mangifera indica putative cystatin mRNA, partial cds.
GTTGTGAAGGCGAAGCGGCAGGTGGTTTCTGGAACTGTGTATTATCTAAC
TCTGGAGGCGAAAGAGGGGGATCAGAAGAAGCTTTATGAAGCCAAAGTG
TGGGAGAAGCCTTGGTTGCACGTCAAGGAGTTGCAGGAGTTTAAGGTTCT
TGATGCTGCTTCTGCTTAG

Protein:
VVKAKRQVVSGTVYYLTLEAKEGDQKKLYEAKVWEKPWLHVKELQEFKVL
DAASA.

>EU513281Mangifera indica putative ethylene response factor mRNA, partial
cds.
AGATGTTGCAACCAAAGAAGCCGCCAGAGCCTACGACGAAGCCGCCAAG
CGCATACGTGGAGATAAAGCCAAGCTCAACTTTGCTGAACCACCAGCACC
TCCGCCTACTCCACCACCTCCGCCTACTCCACCACCTCAAGACGAACCTCC
GTCTAAAAAGCGCTGCTGCATATCCCCACCCGAGTTGACTCAGCCGAGTTT
ACCATCACCCTACGCGGATTTCGGGTTTGAAAACGAGTTTTATCATCAACC
CAATGAAGTTGGGCGGAATAACAACGAGCTGGAGCTGAAAGAGCAAATC
TCCAGCTTGGAGGCGTTCCTGGGGCTGGATCCAACGACTCAGCAGCTGAA
CGGAAACGGCGACTGTTACTCGGCTGATTTATGGATGCTGGATGACGTGG
TGGCGCCTGTTTATCAGCAGAATATTGATCGTGATCACCTCTTA

Protein:
DVATKEAARAYDEAAKRIRGDKAKLNFAEPPAPPPTPPPPPTPPPQDEPREK
RCCISPPELTQPSLPSPYADFGFENEFYHQPNEVGRNNNELELKEQISHHE.G
LDPTTQQLNGNGDCYSADLWMLDDVVAPVYQQNIDRDHLL

>EU513282Mangifera indica putative ubiquitin protein ligase mRNA, partial
cds.
ATGTAGCAGCCATTGAGGCTCTGGTTCGCAAGCTCTCAAGCCGGTCAGTT
GAGAAGCAAAGAGCTGCTGTGGCTGAAATAAGATCACTATCCAAAAGAA
GTACAGATAACAGGATACTAATTGCAGAAGCAGGGGCGATTCCAATTCTT
GTCAACCTTTTAACAACAGATGACACTGTGACACAAGAACATGCTGTGAC
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TTCAATTCTTAATCTGTCGATATACGAAGACAACAAAGGACTCATTATGCT
TGCTGGTGCCATTCCTTCCATAGTTCAAATCCTGAGAGCTGGAAGCATGGA
AGCAAGAGAGAATGCAGCAGCAACCCTTTTTAGCCTATCACATCTGGATG
AGAACAAGATAATAATTGGTGCATCAGGGGCGATACCAGCTCTGGTAGAT
TTGCTCCAAAATGGGAGTTCAAGAGGAAAGAAAGATGCTGCAACTGCATT
GTTCAATCTTTGCGTTTATCCAGGCAACAAGGGAAGGGCTGTAAGGGCCG
GAATTATATCTGCTTTGTTGACAATGCTTACAGATTCGAGAAATTGTATGG
TTGATGGGGCTCTGACTATACTCTCAGTGCTTGCAAGTAACCAAGAGGCG
AAAGTTGACATAGTGAAC

Protein:
VAAIEALVRKLSSRSVEKQRAAVAEIRSLSKRSTDNRILIAEAGAIPILVNLLTT
DDTVTQEHAVTSILNLSIYEDNKGLIMLAGAIPSIVQILRAGSMEARENAA ATL
FSLSHLDENKIIIGASGAIPALVDLLOQNGSSRGKKDAATALFNLCVYPGNKGR
AVRAGIISALLTMLTDSRNCMVDGALTILSVLASNQEAKVDIVN

>EU513283Mangifera indica putative elongation factor & mRNA, partial cds.
CATGAACCACCCTGGCCAGATTGGTAACGGATATGCCCCAGTGCTCGACT
GCCACACTTCCCACATTGCTGTCAAGTTTGCTGAGATCTTGACCAAGATTG
ACAGACGATCTGGCAAGGAGCTTGAGAAGGA

Protein:

MNHPGQIGNGYAPVLDCHTSHIAVKFAEILTKIDRRSGKELEK
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