International Journal of Plant & Soil Science

33(8): 20-28, 2021; Article no.lJPSS.68021

LTI ISSN: 2320-7035

Identification of Gibberellins and Cytokinins in
Saladette Tomato Seeds

H. Ramirez!’, M. C. Castillo-Robles?, A. |. Melendres-Alvarez?,
U. A. Macias Castillo?, A. Zermefio-Gonzéalez?, D. Jasso-Canti?
and J. A. Villarreal-Quintanilla*

1Departamento de Horticultura, Universidad Auténoma Agraria Antonio Narro, Calz, Antonio Narro
1923, 25315, Saltillo, Coahuila, México.

2Departamento de Riego y Drenaje, Universidad Auténoma Agraria Antonio Narro, Calz, Antonio
Narro 1923, 25315, Saltillo, Coahuila, México.

3Departamento de Fitomejoramiento, Universidad Auténoma Agraria Antonio Narro, Calz, Antonio
Narro 1923, 25315, Saltillo, Coahuila, México.

4Departamento de Botanica, Universidad Auténoma Agraria Antonio Narro, Calz, Antonio Narro 1923,
25315, Saltillo, Coahuila, México.

Authors’ contributions

This research was carried out in collaboration among all authors. Authors HR, MCCR, AIMA and
UAMC designed the study, wrote the protocol, managed the experimental process, analyses of the
study, performed the laboratory analysis and wrote the manuscript. Authors AZG, DJC and JAVQ
managed the literature searches. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/1JPSS/2021/v33i830454

Editor(s):
(1) Sangita Sahni, Dholi, Dr. Rajendra Prasad Central Agricultural University, India.

Reviewers:

(1) Daniel Adu Boakye, University of Florida, USA.

(2) B N Hazarika, Central Agril. University,India.

Complete Peer review History: http://www.sdiarticle4.com/review-history/68021

Received 28 February 2021

Original Research Article Accepted 04 May 2021
Published 08 May 2021

ABSTRACT

Aims: Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops worldwide,
mainly as a result of its economic and nutritive contribution to human society. The presence of
endogenous gibberellins and cytokinins in seeds of several crops has been related to a good
germination; however, little is known in tomato. Therefore, the aim of this study was to analyze and
identify the presence of gibberellins and cytokinins in saladette tomato seeds.

Study Design: Laboratory analysis for gibberellins and cytokinins were conducted in solvent
solutions groups with three technical replicates using a complete randomized design and results

*Corresponding author: E-mail: hrr_homero@hotmail.com;
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when applicable were analyzed using the statistical program 'RStudio’ (version 10) and data
obtained subjected to a comparison of means with the Tukey (P<0.05) test.

Place and Duration of Study: The experiment was conducted at the Department of Horticulture in
Universidad Auténoma Agraria Antonio Narro, Saltillo, Mexico, during 2020-2021.

Methodology: Lots of 50 grams dry weight of saladette “SVTE8832” tomato seed samples were
freeze dried and prepared with several organic solvents for the extraction, purification and
identification of gibberellins and cytokinins using the techniques of gas chromatography mass
spectrometry (GC-MS) and gas chromatography mass spectrometry with selection ion monitoring

(GCMS-SIM) respectively.

Results: Gibberellins A1, A4, A7, Ao, A12, A1s, A17, A20, Aasa and Asz were found in tomato seed tissue.
The cytokinins zeatin and zeatin-ribozide were also detected in analyzed tomato samples.
Conclusion: The endogenous gibberellins A1, A4, A7, Ag, A1z, Ais, A1z, Az, A4s, Assz and the
cytokinins zeatin and zeatin-riboside are present in saladette “SVTE8832” tomato seeds.

Keywords: Tomato; seeds; gibberellins; cytokinins.

1. INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the
most important vegetable crops worldwide,
mainly as a result of its economic and nutritive
contribution to human society. It represents the
30% of total world’s cultivated horticulture land.
China is the main producer and consumer of
tomato, whereas USA is the principal importer of
this crop. Recent statistics indicates that Mexico
is the main exporter of tomato to USA and
Canada at 90% and 65% rate of their total
imports respectively [1]. A healthy tomato
seedling depends from a high quality seed on
germination  capacity where  endogenous
hormones play an important role in this process
[2]. Gibberellins and cytokinins have been related
to seed germination of various crops such as
peppers, lupins and apple [3]. Tomato and hot
pepper seed treatments with gibberellic acid and
6-benzyl amino purine in a range of 40-70 mg/L™*!
have proved to increase germination percentage
and seedling growth. The presence of
endogenous gibberellins such as GAs, GA7 and
GAo are reported in apple seeds and have been
related to an improvement in germination and
seedling development [4]; however, the presence
of gibberellins and cytokinins in tomato seeds is
less documented [4,5]. Therefore, the aim of this
study was to investigate the possible presence of
endogenous gibberellins and cytokinins in
saladette tomato seeds.

2. MATERIALS AND METHODS
2.1 Plant Material, Site and Design
The present investigation was conducted during

the period 2020-2021 at the plant physiology
laboratory, Horticulture Department, Universidad
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Auténoma Agraria Antonio Narro in Buenavista,
Saltillo, Coahuila, México.

2.2 Extraction, Purification and

Identification

2.2.1 Gibberellins

Saladette “SVTE8832” tomato seed samples (50
g dry weight) were water imbibed during 8 to 72
hours, frozen, freeze dried and grounded. The
extraction and purification procedure prior to GC-
MS for endogenous gibberellins analysis as
reported by Ramirez et al. [6] is illustrated in Fig.
1. Purified tomato seeds were dissolved in a few
drops of methanol and methylated with
diazomethane. A portion of the methylated
extract was dissolved in pyridine and treated with
trimethylchlorosilane and hexamethyldisilazane.
Aliquots were examined using a Pye 104 GLC
coupled through a silicone membrane separator
to an AEI MS30 dual beam mass spectrometer.
Silanized glass columns (213 x 0.2 cm) were
packed with 2% SE-33 on 80- 100 Gas Chrom Q.
The He-flow rate was 25 mL/min and the column
temperature was programmed from 180°C to
280°C at 2°/min. The MS was determined at
24eV at a source temperature of 210°C and a
separator temperature of 190°C with a scan
speed of 6.5 s per mass decade. The spectra
were recorded by a DEC Linc 8 computer.
Identification of gibberellins was conducted by
comparison of KRl and MS spectra of their
methyl ester trimethylsilyl ether derivatives with
those of authentic samples.

2.2.2 Cytokinins

The procedure for the extraction and purification
of cytokinins is presented in Fig. 2. Purified
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samples were prepared and identified as
previously described above using the modified
technology reported by Palni et al. [7,8] and by
Nandi et al. [9] The permethylated cytokinins
fractions were quantified using a gas
chromatograph-mass spectrometer (GC-MS, QP-
5000; Shimadzu Inc., Kyoto, Japan) for selecting
ion monitoring (SIM) analysis with a fused silica

capillary column (CBP1, 0.22 mm i.d. x 25 m;

Shimadzu Inc., Kyoto Japan) according to
Watanabe et al. [10]. Each sample was
replicated three times using a completely

randomized design with the statistical program
'RStudio’ (version 10) and data obtained
subjected to a comparison of means with the
Tukey (P<0.05) test when applicable.

Tomato seed sample

Extracted 4 timei with 80% methanal
AE17°C{10 mL/ig.d.w.)

Filtered

Re-extracted residue with
chlorafarm

Filter
Filtrates pooled

Reduced to H20 phase (pH
adjusted to 3.0 HCI)

Partition into ellthvl acetate (X4)

H20 phase discarded Ethyl acetaje phase

Phosphate buffer = 0.1 M phosphate buffer
pH 8.0 (X8)

PVP (5 g) stirred

2 hr filtered Ethyl aietate

pH adjuTed to 3.0 Discared

Ethyl ar:ritate (%5}
Dryness

Silicic acid column
chromatography
{15 x 2.5 cm)

Column eluted sequentially with 100 mL 10,
20 and 30 ethyl acetate in n-hexane
(Saturated with 0.5M formic acid)

'

GCMS

Fig. 1. Flow diagram outlining procedure used for the extraction and purification of seed
extracts for gibberellin analysis using GC-MS
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Seed Sample

Extracted x 4 (80% methanol)
= 18°C (10 mL/g.d.w.)

Filtered

Re-extracted residue with
Ethyl acetate (x3)

}

Filter and pooled

|

Dryness

Sample taken up in
50% ethanol

Passed through 2.5 x 13 cm
Colum Dowex 50 WXE

|

Column washed with
250 mL etanol + 150 mL water

Etanol/water discarded

At 6°C cytokinins eluted
With 50 mL 1N and 250 mL 3N
Ammonia solution

Ammonia fractions pooled
and dryness

Sample taken up in 20% methanol
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——————  Aliquots

HPLC column 0£D—2, 10 mm (i.d.) x
150 mm

Eluted with methanol (5-80%)
and acetic acid (5%)

.

Elutes capted as time retention
Zeatin and zeatin -R

Fractions derivatives
Permethylated

GCMS-SIM
(column 0.22 mm i.d. x 25 m)

Fig. 2. Flow diagram outlining procedure used for the extraction and purification of seed
extracts for cytokinins using HPLC and GCMS-SIM

3. RESULTS AND DISCUSSION
3.1 Endogenous Gibberellins

The analysis of mass spectrometry was focused
on the prominent fragment ions in the peak
corresponding with the retention time of
authentic GAs as it has been described in great
detail by Ramirez et al. [6]. Active and
inactive gibberellins were both identified in
seeds of saladette “SVTE 8832” tomato (Fig.
3).

The gibberellins extracted and eluted through a
silicic column with ethyl acetate in n-hexane and
identified by GCMS. The presence of biological
inactive gibberellins Ao, A1z and Ais were found
in the 10% ethyl acetate/n-hexane fraction. The
biological active A4 and A7 were found in the 20%
fraction; whilst, the inactive A2 and Assz in the
30% fraction; and the A1z and A4 in the 40%

fraction. A1 which is highly active was detected in
the 60% fraction (Fig. 4). Table 1 shows the
frequency of gibberellins during the water seed
imbibition time. The biological active gibberellins
A1, A4, and A7 were present at all times. The GAg
appeared on days 2 and 3, GA12 on day 1, GA1s
on day 2, GA17 on day 3, GAz0 on days 2 and 3,
GAu44 and GAsz on day 3.

The identification in this study of gibberellins A,
As, A7, Ao, A1z, Ais, A1z, Az0, Ass and Asz may
reflect the complicated role of these hormones in
seed germination. The retention time intensity
and ion number for each gibberellin show their
particular chemical nature (Fig. 3). The extraction
of each gibberellin through different percentage
of solvents as seen in Fig. 4, reflect the polarity
for particular hormone [7]. It is well established
that exogenous application of GA4 and GAz
promote seed germination in tomato and several
other crops [6,11]. GA1 has also been reported
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as seed germination promotor [7,12,13]. These
three hormones move through different plant
organs whereas the rest of GAs founded are
classified as biological inactive [14,15,16]. On the
basis of results obtained in the present work and
previous data [17], it is possible to speculate as
to which gibberellins are involved in the
germination process. The rate of hydroxylation
has been related to the movement of gibberellins
[7]. Feeding labeled gibberellins to intact fruit has
shown that some degree of hydroxylation is
necessary for movement. GAg is immobile [18],
but GAs[19,20] and GA4 (Figs. 3, 4) both move
from the fruit into spur tissue [6]. Therefore, it is
likely that gibberellins As and A1z are immobilized
due to their lack of hydroxylation. GA4 moved out
of fruits into the bourse-bud without being further
hydroxylated [6]. On the basis of these results it
seems that the more highly hydroxylated
gibberellins such as GAi, GA4 and GA7 [19,20]
may be involved in the process of tomato seed
germination; whereas the gibberellins Ag, Az,
Aus, A1z, Ao, Aaa and Ass which as a result of lack
of hydroxylation seem to be not so important for
germination as those with more hydroxyl group
(Fig. 4). Chen et al. [15], have proposed that
tomato seed gibberellin 2-oxidases may play a
direct role in germination and other physiological
processes. Therefore, the presence of a range of
gibberellins found in seed extracts opens further
possibilities for explaining the way in which they
exert their effect on the germination of tomato
seeds.

3.2 Endogenous Cytokinins

The present study resulted in the identification of
the endogenous cytokinins zeatin and zeatin-
riboside (Figs. 5, 6). The presence of these two
endogenous plant hormones (Fig. 7) was
consistently evident at all times during the
imbibition process (Table 2). The possible
involvement of endogenous cytokinins in the
process of seed germination is not well
documented. Aremu et al. [21], have well
documented the beneficial effects in yield and
fruit quality when exogenous cytokinins are
applied to several fruit crops. There is also
evidence that cytokinins may be a key driver for
seed vyield [22], or act as a fruit growth promotor
when deficiency of seed physiological function is
present [23]. Matsuo et al. [24] established the
role and regulation of cytokinins in tomato fruit
development. Therefore, these researchers claim
the importance of cytokinins in seed and fruit
development. The findings of Z and ZR in this
study are supported by the reports of Emery et
al. [25] who found cis-zeatin, trans-zeatin and
zeatin-riboside during seed development in white
lupin and by Rijavec and Dermastia [26] who
pointed out the importance of these cytokinins in
developing seeds. Although the results on this
study and the reports of other authors are useful
[27,28], more research is need on the presence
of cytokinins in tomato seeds and their possible
role during seed germination.

Table 1. Gibberellins in seed tissue of saladette “SVTE8832” tomato. Gibberellins were
identified by GC-MS

Water imbibition (days)

Gibberellins*

Ao A1 Ais A7 Azo Ass Asz

A1 Aq4 Az
Saladette tomato
“SVTE 8832”
1 . . .
2 L] L] L]
3 L] L] L]

*Mean of three replicates

Table 2. Cytokinins in seed tissue of Saladette “SVTE 8832” tomato.
Hormones were identified by GCMS-SIM

Water imbibition days Cytokinins*
Zeatin Zeatin-R
Saladette tomato
“SVTE 8832”
1 L] L]
2 . .
3 . .

*Mean of three replicates
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Fig. 3. Mass spectrum for GAs: Ai(a), As(b), Az(c), As(d), A1x(e), A1s(f),
A17(9), A20(h), Aaa(i) and Ass(j) in saladette “SVTE8832” tomato seeds
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Fig. 4. Gibberellins in saladette “SVTE8832” tomato seeds. Silicic acid column eluted with
ethyl acetate: n-hexane. Gibberellins were identified by GC-MS
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Fig. 5. Mass spectrum for zeatin (Z) in saladette “SVTE8832” tomato seeds
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Fig. 6. Mass spectrum for zeatin-riboside (ZR) in saladette “SVTE8832” tomato seeds

C

NH _/:<c

N
NZ

e

Zeatin (2)

Fig. 7. Zeatin (Z) and zeatin-riboside (ZR) in saladette tomato seeds. Cytokinins were
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4. CONCLUSIONS

The endogenous gibberellins A1, As, A7, Ag, Aaz,
Ais, A17, Az, Ass, Asz and the cytokinins zeatin
and zeatin-riboside are present in saladette
“SVTE8832” tomato seeds.
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