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Abstract

Carica papaya Linn. Belongs to the family caricaceae and TNAU Papaya CO.8 is a dioecious, red
fleshed variety with high yield and well suitable for tropical conditions and propagated through seeds.
The main constraint in production is, it is dioecious in nature i.e. produces male (staminate) and female
(pistillate) plants separately. Hence, grafting technology has been standardized to produce separate male
and female plants for easy propagation. Though the success rate of grafts was reported to be more than
80 per cent, at times during unfavorable climatic conditions the failure in graft union occurs. Hence, in
the present study GC-MS analysis was done to find out the secondary metabolites associated with the
successful grafts compared to the unsuccessful grafts. The GC-MS analysis revealed that trifluoroacetoxy
pentadecanal,  benzoyl-2-hydroxyadamantane  (Vildagliptin),  styrene, Nonanal,  dodecane,
cyclopentylpropionic acid, tetradecane, hexdecane, hexdecanoic acid, octadecanedioic acid,
pentatriacontene, tetradecynoic acid, vaccenic acid, squalene and isopropy! linoleate were the compounds
present in successful grafts. Among the 15 compounds, six compounds viz., tetradecane, dodecane,
styrene, hexadecane, hexadecanoic acid and nonanal were reported to possess plant growth promoting
activity, which might have contributed for the successful graft union. Also organic compounds like lipid
and lipid like compounds were higher in the successful grafts. Benzenoids indicated a negative impact on
the graft union. This compound was observed to be present in higher amount in the unsuccessful grafts as
compared to successful grafts that might have hindered graft union. A detailed study of the mode and
mechanism of action of these compounds will give a clear understanding of their involvement in graft
union.

Keywords: Papaya, GC-MS, grafted plants, metabolite profiling

Introduction

Carica papaya L. (Caricaceae) is a herbaceous perennial tree mainly cultivated for its
delicious fruits, across the tropical countries. Sexual propagation is the common method to
perpetuate the papaya. TNAU Papaya CO 8 is a red fleshed variety with high yield and well
suited for cultivation under tropical conditions which is released from TNAU, Coimbatore.
Since it is a dioecious variety, equal population of male and female plants will be produced,
which is the only constraint regarding the cultivation of this variety. Rouging have to be done
in order to maintain the optimum male and female population for economic yield which
consumes excess time and labour. Asexual propagation methods can be substituted over sexual
propagation to surmount these problems. Grafting is one of the promising technology in
dioecious papaya to produce male and female plants separately, overcoming the difficulty
through seed propagation. Grafts have several advantages over seedlings like precocity in
flowering, besides dwarf bearing and long life span. Among asexual propagation methods,
grafting technique is found to be more effective and successful for papaya. Hence, in dioecious
varieties through grafting technique, desirable sex form i.e pistillate or staminate plants can be
produced by collecting scions from the respective plants immediately after flowering. Allan et
al., (2010) @ reported that in papaya, higher percentage of success was obtained by side
grafting, whereas Senthil kumar et al. (2011) ! reported that cleft grafting was superior over
side grafting. In the present study, the highest survival percentage was recorded (93.33%) in
the month of September, 2010 with cleft grafting on 3 months old rootstock. which implies the
influence of seasonal variation on graft success percentage. Hence, the present study based on
the comparison of success and failure grafts in terms of metabolomics was proposed.
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Materials and Methods

Cleft grafting in TNAU Papaya CO 8 variety

The papaya variety, TNAU Papaya CO 8 plants were raised in
an insect proof net house in order to get the scions free of
PRSV inoculum and the rootstocks were raised in nursery
under shade net house condition. Cleft method of grafting was
adopted where (Senthil kumar et al., 2011; Akino et al., 2016)
(25 11 the scion was taken from 25-30 days old lateral shoot
with 8-10 cm length, and the leaves of the scion were
removed with a sterile and sharp knife and given a wedge-
shaped cut of three to four cm length. Three to four-month old
seedling was chosen as rootstock, and a straight cut was made
at a height of 10 centimeters and then the rootstock was cut
vertically giving a V-shape cut. The scion was carefully
inserted into the V-shaped cut of the rootstock and firmly tied
with a polythene strip and covered with polyethylene sleeves.
The grafts were then shifted to a mist chamber, where the
relative humidity was maintained at 80-90 percent, which was
a standardized conductive atmosphere for graft success.

Characterization of volatile and non-volatile compounds
in the scion, rootstock, successful grafts and unsuccessful
grafts

The grafts union of size 5-6 cm were taken from the nursery
then air dried at room temperature and pulverized for
characterization. The extraction of different metabolites in the
scion, rootstock, successful graft and unsuccessful grafts
(Fig.1) were determined adopting the procedure of
Selvamangai et al. (2012) 231, Fresh plant samples weighing
around 10 g from the graft union of about 5 cm length were
taken and dried under shade and pulverized. The powdered
plant samples were dissolved in 100 ml HPLC grade
methanol and shaken for 42 hours at 170 rpm in an orbital
shaker. The extracts were filtered using Whatman No.1 filter
paper (Selvamangai et al, 2012) 1 and they were
characterized through GC- MS Perkin Elmer clarus SQ8C
DB-5 MS capillary standard non polar column.

Results and Discussion

Volatile compounds of rootstocks, scion, successful and
unsuccessful grafts

The present study was carried out for the identification of
associated biomolecules or metabolites from rootstocks,
scion, successful graft and unsuccessful graft through GC-MS
analysis. The study revealed the presence of diversity of
biomolecules in different samples. There were 15 active
biomolecules identified in the rootstock (Fig.3; Table 1) viz.,
(2-mercaptoethyl) guanidine, tridcanal, methyl 4,6 decadienyl
ether, hexadecanoic acid, Furaldehyde phenylhydrazone, 1h-

indene, pentadecanal, hexadecene, butyl-4-
hydroxybenzaldehyde, dodecane, hexadecenal,
cyclopropanebutanoic  acid, oleic acid, myristynoyl

pantetheine and nizatidine. In scion, 15 biomolecules
compounds were viz., identified tetradecane, hexadecane,
hexadecanoic acid, octadecenoic acid, piperidinone, neronine,
dasycarpidan-1-methanol,  neophytadiene, oleic  acid,
dodecane, nonanal, decadienal, dimethoxy benzoquinone,
benzenedicarboxylic acid (Fig.4; Table 2). In the unsuccessful
grafts, 14 biomolecules were identified and they were
dodecane, dihydroxycoumarin-4-acetic acid, phthalic acid,
hexadecanoic acid, diisooctyl phthalate, bis (2-ethylhexyl)
phthalate, tetradeacne, octen, nonanal, oxirane, decadienal,
myristynoyl pantetheine, oleic acid, neophytadiene (Fig.5;
Table 3). On the other hand, 17 biomolecules were identified
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in successful grafts viz.,, trifluoroacetoxy pentadecane,
benzoyl-2-hydroxyadamantane (vildagliptin), styrene,
cyclopentylpropionic acid, octadecanedioic acid, dodeacne,
pentatriacontene, tetradecynoic acid, vaccenic acid, squalene,
isopropyl linoleate, hexadecanoic acid, benzenedicarboxylic
acid, nizatidine, tetradecane, nonanal and hexadecane (Fig.6;
Table 4)

Oleic acid was found to be common in rootstock, scion and
unsuccessful graft, whereas myristynoyl pantetheine was
common in root stock and unsuccessful grafts. Nizatidine was
found to be common in rootstock and unsuccessful graft
whereas neophytadiene compound was observed in both scion
and unsuccessful graft. The compounds like nonanal,
decadienal were found in all the samples except rootstock.
Dimethoxy benzoquinone and benzenedicarboxylic acid was
found in both scion and successful graft. This difference in
volatiles between the scion and rootstock may be due to the
different growing conditions and age, where the mother plant
from which the scion is taken is older than the rootstock. As
the mother plant from where the scion is taken is older
exposing it to different environmental conditions compared to
the rootstock.

Diiscootyl phthalate which is a autotoxic compound was
present at a concentration of 22.7% in the unsuccessful graft
that might be one of the reasons for graft incompatibility and
it is in accordance with the findings of Jia-Jun et al. (2017). It
was reported that diiscootyl phthalate is a major autotoxic
agent in tobacco root exudates that affect the seed
germination and seedling growth and cause tobacco
autotoxicity. Many autotoxins like diiscootyl phthalate has
been found to inhibit the seed germination, seedling growth,
nutrient uptake, cell division and cytoskeleton formation,
photosynthesis, reactive oxygen species generation and gene
expression in many plants (Jia-Jun et al., 2017).

The metabolites like tetradecane, hexdecane, dodecane,
hexadeconoic acid, styrene, and nonanal have been
discovered as growth promoting volatiles in plants by Jishma
et al. (2017) 2 and in the present study, all these compounds
were found in the successful grafts that would have been
responsible for the graft union. The concentration of these
compounds in the successful grafts, showed elevated peak
areas compared to unsuccessful grafts. In the successful
grafts, the concentration of tetradecane, dodecane,
hexadecanoic acid and nonanal were 1.693%, 0.859%,
6.825%, and 0.492% respectively and on the otherhand, it was
0.342%, 0.247%, 2.872%, and 0.256% respectively in
unsuccessful grafts. The hexadecane and styrene compounds
were absent in the unsuccessful graft. Hence the study reveals
that the growth promotion metabolites like tetradecane,
dodecane, hexadecanoic acid, nonanal, hexadcane and styrene
played a significant role in the graft union which should be
characterized based on its mode and mechanism of action.

Organic compound composition in rootstocks, scion,
unsuccessful graft and successful graft

The organic compound composition varied in different
samples of rootstock, scion, unsuccessful and successful
grafts. TNAU papaya CO.8 rootstock (Fig.2. a) contains 46
per cent of lipids and lipid-like chemicals, 13 per cent of
organoheterocyclic compounds and hydrocarbons, 7 per cent
of organic oxygen compounds, organic nitrogen compounds,
benzenoids, organic acids and derivatives. Scion (Fig.2. b)
comprised of 31 per cent lipids and lipid-like substances, 23
per cent organic oxygen compounds, 23 per cent
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hydrocarbons, 15 per cent of benzenoids and 8 per cent organ
heterocyclic compounds. The unsuccessful grafts recorded 14
per cent of organic oxygen compounds, 22 per cent of lipids
and lipid-like molecules, 22 per cent of benzenoids, 7 per cent
of organ heterocyclic compounds, phenylpropanoids,
polyketides, organic acids and derivatives were found in the
(Fig.2. ¢), whereas the successful grafts had 41 per cent lipids

http://www.thepharmajournal.com

and lipid-like compounds, 12 per cent of benzenoids, organic
acids and derivatives, 6 per cent of organic oxygen
compounds and 6 per cent of organ heterocyclic compounds
and 23 per cent of hydrocarbons (Fig.2. d). Hence, the present
study gives a deep insight on the role of lipid and lipid like
chemicals in the graft union and the benzenoid compounds
involvement in the incompatibility of scion and stock.

Unsuccessful graft

Successful graft

Fig 1: Cleft grafting and graft union in TNAU papaya CO 8 variety
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Fig 2a: Rootstock

Fig 2b: Scion
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Fig 2: Comparative profiling of metabolites in the scion, rootstock, successful and unsuccessful grafts
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Fig 3: Gas Chromatography Mass Spectrometry (GC-MS) profiling in the rootstocks
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Fig 4: Gas Chromatography Mass Spectrometry (GC-MS) profiling in the scion
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Fig 5: Gas Chromatography Mass Spectrometry (GC-MS) profiling in the unsuccessful graft
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Fig 6: Gas Chromatography Mass Spectrometry (GC-MS) profiling in the successful graft

Fig 7: Venn Diagram of GC-MS analysis
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Table 1: Metabolites identified from the active fraction of methanol extract of rootstocks of TNAU papaya CO 8 by GC-MS analysis

Peak | Retentiontime | Area % Compound Activity Reference
1. 4.189 0.487 (2- Mercaptoethyl) guanidine No activity reported -
2. 7.715 0.712 Dodeacne Plant growth promotion Jishma et al. 2017 12
3. 8.210 2.414 Tridecanal Anti-microbial Yucel et al. 2017
4. 9.576 0.521 Methyl 4,6-decadienyl ether No activity reported -
5. 11.117 0.483 Myristynoyl pantetheine Growth stimulant Nisha et al. 2020
6. 15.023 2.627 Furaldehyde phenylhydrazone No activity reported -
7. 15.433 1.152 1H-Indene Anti-fungal Akhter et al. 2019
8. 16.269 0.485 Nizatidine No activity reported -
9. 16.004 0.534 Pentadecanal Anti-microbial CHEBI (17302)
10. 17.269 0.676 Butyl-4-hydroxybenzaldehyde Antioxidant Zhao et al. 2020
11. 20.735 0.635 Hexadecenal No activity reported -
12. 21.406 1.058 Cyclopropane butanoic acid No activity reported -
13. 22.196 8.660 Hexadecanoic acid Plant growth promotion Jishma et al.,2017 12
14. 22.841 2.129 Oleic Acid Anti-bacterial Dilika et al. 2000
15. 23.011 1.11 Hexadecane Plant growth promotion Jishma et al. 2017 12

Table 2: Metabolites identified from the active fraction of methanol extract of scion of TNAU papaya CO 8 by GC-MS analysis

Peak|Retention time|Area % Compound Activity Reference
1. 6.365 0.673 Nonanal Plant growth promotion Jishma et al. 2017 12
2. 7.780 0.596 Dodecane Plant growth promotion Jishma et al. 2017 [*2
3. 9.476 2.031 Decadienal Potent botanical nematicidal agents Caboni et al. 2012
4. 10.717 1.365 Tetradecane Plant growth promotion Jishma et al. 2017 [*2
5. 13.913 1.985 | Dimethoxy benzoquinone Antibacterial Nishina et al.1993
6. 14.843 0.517 Hexadecane Plant growth promotion Jishma et al.2017 (12
7. 20.220 0.716 | Benzenedicarboxylic acid Antimicrobial Zayed et al. 2019.
8. 22.231 8.557 Hexadecanoic acid Plant growth promotion Jishma et al. 2017 [12
9. 21.301 0.824 Octadecenoic acid Anti-microbial activity Zhong-hui et al. 2010
10. 21.451 2.901 Piperidinone - -
11. 24.877 1.597 Oleic Acid Anti-bacterial Dilika et al. 2000
12. 25.037 1.871 Neophytadiene Antimicrobial, Mahalakashmi and Thangapandian (2018)
13. 25.593 0.705 Neronine - -
14. 22.551 0.470 | Dasycarpidan-1-methanol Anti-microbial Rubaye, et al. 2017

Table 3: Metabolites identified from the active fraction of methanol extract of unsuccessful graft of TNAU papaya CO 8 by GC-MS analysis

Peak|Retention timelArea % Compound Activity Reference
1. 3.048 0.211 Myristynoyl pantetheine - -
2. 5.369 0.220 Octen Antimicrobial Vankoten et al. 2016
3. 6.375 0.256 Nonanal Antifungal Miguel et al. 2002
4, 7.790 0.274 Dodeacane Plant growth promotion Jishma et al. 2017 [*2
5. 9.156 0.400 Decadienal Potent botanical nematicidal agents| Caboni et al. 2012
6. 10.726 0.342 Tetradecane Plant growth promotion Jishma et al. 2017 [*2
7. 12.812 0.295 |Dihydroxycoumarin-4-acetic acid| Antioxidant Sarsen et al. 2015
8. 19.820 0.296 Neophytadiene Antimicrobial Mahalakashmi and Thangapandian (2018)
9. 20.250 0.241 Phthalic acid Antiviral Uddin et al. 2013
10. 22.231 2.872 Hexadecanoic acid Plant growth promotion Jishma et al. 2017 12
11. 23.476 22.713 Diisooctyl phthalate Autotoxic to plants Jia-Jun et al. 2017
12. 23.592 45.203| Bis(2-ethylhexyl) phthalate Anti-microbial and anti-bacterial Habib and Karim (2009)
13. 24.537 0.270 Oxirane Anti-microbial Musa et al. 2014
14. 25.497 0.503 Oleic Acid Anti-bacterial Dilika et al. 2000

Table 4: Metabolites identified from the active fraction of methanol extract of successful grafts of TNAU papaya CO 8 by GCMS analysis

Peak | Retentiontime | Area % Compound Activity Reference

1. 3.078 0.798 Trifluoroacetoxy pentadecane Antimicrobial Hussein et al. 2015
2. 3.238 0.439 Benzoyl-2-hydroxyadamantane - -

3. 3.389 0.431 Styrene Plant growth promotion Jishma et al. 2017 12
4, 6.375 0.492 Nonanal Plant growth promotion Jishma et al. 2017 12
5. 7.790 0.859 Dodecane Plant growth promotion Jishma et al. 2017 12
6. 9.771 0.420 Cyclopentylpropionic acid Antioxidant Sebastian et al. 2020
7. 10.731 1.693 Tetradecane Plant growth promotion Jishma et al. 2017 12
8. 14.858 0.921 Hexadecane Plant growth promotion Jishma et al. 2017 12
9. 21.226 1.024 Nizatidine - -

10. 21.781 2.058 Octadecanedioic acid Antimicrobial and Insectifuge Pradeepa et al. 2019
11. 22.121 0.401 Benzenedicarboxylic acid Antimicrobial Zayed et al. 2019.
12. 22.236 6.825 Hexadecanoic acid Plant growth promotion Jishma et al. 2017 12
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13. 24.887 0.859 Pentatriacontene Antibacterial Kumar et al. 2018

14, 25.382 0.705 Tetradecynoic acid - -

15. 25.497 0.644 Vaccenic acid Anti-bacterial Semwal et al.2018

16. 28.578 11.021 Squalene Antiviral Sangeetha et al. (2020)

17. 29.814 0.959 Isopropy! linoleate Antimicrobial Nand et al. 2012
Conclusion method. World Scientific News 2016;37:76-87.

The present study was proposed to understand and

characterize the different metabolites

involved in the

successful graft union in the inter-varietal graft of TNAU
papaya CO.8. The study revealed that the composition of

VO

latile compounds and organic compounds like lipid and

lipid like substances enhanced or played a significant role in
the graft union of rootstock and scion or they promoted the
compatibility of the rootstock and scion. Hence, further
detailed study on the mode and mechanism of action of

Vo

latile and organic compounds will give a clear

understanding about its involvement of the compounds in the
graft union.
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