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Senescence Associated Gene 21 in Stevia rebaudiana
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Background: Stevia rebaudiana is a perennial semi-shrub plant which comes from the Asteraceae family, with an approximate height of around
30 cm. The leaves of Stevia are small, elliptic, and serrated, measuring 2 to 4 cm long. It has been used commercially as a natural sweetener in
Japan due to the steviol glycosides (SGs) content in the leaves. The stevioside content is 300 times sweeter than sucrose. It has non-nutritive
values, which is good for diabetes and obesity patients. The SGs content in Stevia can be improved by increasing light exposure (long day
condition). The Senescence Associated Gene 21 (SAG21) gene is one of the interesting genes to be identified and discovered in Stevia. Aims and
Objectives: The objectives of this research were to identify and characterise the SAG21 gene using in silico analysis. Materials and Methods:
These data analyses were obtained using ExPASy, blastP, InterPro, Pfam, TMHMM, ProtParam, and MEGA software. Results: Putative S4G21
MS007 showed high homology with the SAG21 gene in Helianthus annuus with a high percentage of identity, which was 80.90%. It also
confirmed that the putative SAG21 MS007 protein contained the domain LEA 3. It was usually found in land plants and accumulated heavily
in the last stage of seed formation. ProtParam analysis found that the putative SAG21 protein was a stable globular protein. TMHMM analysis
predicted that this protein is a hydrophilic protein and is located outside of transmembrane helices. Conclusion: The phylogenetic tree showed
that the putative S4G21 MS007 gene had a close relationship with the SAG21 protein of H. annuus, with a bootstrap value of more than 70%.
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et al. reported that obesity can lead to various serious diseases
such as diabetes, cancer, and heart disease, which are increasing
over the years and also have a rising death risk.’) SGs are
extracted from the leaves of Stevia rebaudiana, which have
the highest content of these compounds, followed by flowers,
stems, and seeds.!®! Stevia has been known as a short-day plant

INTRODUCTION

Sweetness is one of the taste sensations that allow humans to
savor foods. It is highly related to sugar as it gives a sweet taste
to the dishes. A lot of research has been done to find alternative
resources for sweeteners aside from sugarcane and honey.
Stevia has been one of the natural sweeteners that can replace
sugar in our food intake. In Japan, Stevia has been widely used
as a sweetener in food and beverages. Steviol glycosides (SGs)
are the compounds present in Stevia which give the food a
sweet taste.'! The main components of SGs are stevioside and
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rebaudioside A. These components are highly soluble in water
and have intensely sweet properties.”?! Researchers have found
that stevioside is 300 times sweeter than sucrose.

Furthermore, Anton et al. mentioned that Stevia contains zero
calories, which allows people with obesity to control their
calorie intake and at the same time taste the sweetness.[¥ Roth
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with 13 h of critical length, which induces the reproductive
organs and limits the leaf production.”” However, flowering
in Stevia has adverse effects on the SGs as it reduces the
concentration of the compounds.®

Ullah et al. stated that a long day period can delay the
flowering time and increase the glycoside yield. Hence,
identifying the flowering genes in Stevia is beneficial for
manipulation of the flowering process.”’ The Senescence
Associated Gene 21 (SAG21) gene is one of the interesting
genes to be identified and discovered in Stevia. This gene
was found abundant in roots and flowers of Arabidopsis
thaliana during light regulation, dehydration, and
oxidation, which functions to prevent premature ageing
such as flowering and senescence and to promote root
development.[' Salleh ef a/.(2012) also reported that this
gene was recognized at an early stage of leaf senescence
when the leaves started to change color from green to yellow
and when the plant was induced by darkness or absence of
sunlight. The expression of the gene is reduced once the
leaves reach total senescence.!'”)

Besides, gene expression occurs at the roots, stems, and
leaves.['' It was found abundant in roots and flowers during
light regulation as well as during dehydration and oxidation.!'”
The expression of this gene can be induced by oxidants like
hydrogen peroxide and menadione and can accumulate due
to the response towards dehydration and abscisic acid.'>!!]
Other than that, the expression of this gene can also be induced
by other stresses such as ozone, pathogen infection, and low
nitrogen.['>!3 Therefore, the flowering time in Stevia could be
manipulated by identifying and characterizing the functions
of the SAG21 gene. This involves comparison of this gene
with other species, which can contribute to the discovery
of the protein interaction in the flowering mechanism of
S. rebaudiana.

MareriAL AND METHODS

Translating nucleotide

The putative SAG21 sequence was identified based on
annotation from a previous study and saved in a FASTA file.
The sequence was translated into protein sequence using the
ExPASy Server (the Expert Protein Analysis System) World
Wide Web server (https://web.expasy.org/translate/) and the
longest open reading frame was used for the next steps of
analysis.['¥

Homology search

Basic local alignment search tool (BLAST) is a sequence
analysis tool which is available online at (https://blast.ncbi.
nlm.nih.gov/BLAST/). There are several programs in BLAST,
such as blastP, blastn, blastx, and tblastn. The protein sequence
was inserted into the query sequence entry in the blastP
suite which was specified in the protein sequence and the
database selected was reference proteins (refseq_protein).!*”
All the protein sequences acquired had a percent identity in
the range of 45%—-85%. The percent identity represents the

matches between query sequences with target sequences. All
the sequences were selected and saved in FASTA format.

Domain search using InterPro and Pfam

InterPro is an integrative database that classifies protein
sequences into families and can predict domain sites
(http://www.ebi.ac.uk/interpro/). InterPro is integrated with
Pfam databases. Pfam is available online at (http://pfam.
xfam.org/), which measures protein domains and families.!'®
It used multiple sequence alignment and a hidden Markov
model (HMM) to measure the matches of the query sequence
with the protein database. The SAG21 protein in FASTA format
was submitted to InterPro and Pfam tools, respectively.l'® The
results acquired from both tools were compared.

Physicochemical analysis using ProtParam and
transmembrane helix prediction using TMHMM

A tool called ProtParam (Protein Parameter) is a tool that
calculates the physicochemical properties of a protein. It is
available online at (https://web.expasy.org/protparam/). It
measures the molecular weight of a protein, theoretical pl,
amino acid composition, extinction coefficient (EC), instability
index (II), aliphatic index (AI), and the grand average of
hydropathicity (GRAVY).I'"! The protein sequence of the
SAG21 gene was submitted in FASTA format to the ProtParam
tool for physicochemical analysis. Next, TMHMM Server
version 2.0 is a server that predicts transmembrane helices of
proteins based on a HMM which is available at (http://www.
cbs.dtu.dk/servicess TMHMMY/). It has high accuracy and high
sensitivity in the prediction of transmembrane helices.!'s! The
SAG21 protein of Stevia was submitted to the TMHMM Server
for prediction of transmembrane protein topology.

Multiple sequence alignment

MUSCLE is a computer program used to create multiple
alignments of nucleotide and protein sequences, which is
available at (https://www.ebi.ac.uk/Tools/msa/muscle/).
The multiple sequence alignments can be used to create
phylogenetic trees and predict the close relationship of target
sequences with other species.['”) Sequence alignments were
performed on 21 protein sequences, including the putative
SAG21 sequence, using the MUSCLE program.

Phylogenetic analysis

The SAG21 protein sequence with 20 sequences of protein
was aligned using MUSCLE in MEGA software. After the
alignment, the data was saved in a*.meg format file for
the phylogenetic tree. The tree was constructed by selecting
the maximum likelihood method with 1000 numbers of
bootstrap replication. The bootstrap method was necessary
to ensure the reliability of the estimated taxa.?” The target
protein’s relationship to other species was clearly conveyed
and presented in a phylogenetic tree.

ResuLts anp Discussion

The objectives of this study were to identify and characterize
the SAG21 gene in Stevia by using some bioinformatics tools.
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The transcriptome database from prior work was used to further
analyze the gene (Cluster-31069.36919) in order to identify
and define it.''*

Homology search using basic local alignment search tool
The protein sequence obtained from the ExXPASy program was
then submitted to the blastP server to search for all possible
homology sequences of the putative SAG21 gene. Based on
the percentage of identity and E value (expected value), 20
protein sequences were chosen from the blastP results. Based
on the result, all the protein sequences contain E values in
the range of 9¢ to 8e-48, with a percentage identity of
around 45%-80%. Lobo (2008) reported that high percentage
identity and low E value act as parameters to measure the most
matched sequences between query and target sequences."!
Table 1 showed the E value and the percentage identity of each
species related to the putative SAG21 protein. It indicated that
these sequences had a homolog relationship with the putative
SAG21 protein. The putative SAG21 protein of Stevia had
high homology with the SAG21 gene in Helianthus annuus.
It had a high percentage identity (80.90%) and a low E
value (8e-48). Based on Figure 1, the result illustrated the
conserved region of the putative SAG21 sequence when
compared with 20 other sequences. The alignment scores of
the sequences were 80—200. The specific hit of the putative
SAG21 protein was LEA 3 and came from the LEA 3
superfamily.

Domain search by using InterPro and Pfam

The data from the putative SAG21 protein sequence was
used to obtain analysis at InterPro and the Pfam Server. It
showed that most of the regions in the gene were identified
as late embryogenesis abundant proteins. The LEA 3
subgroup (position 2-90 amino acids) was hydrophilic and
usually found in land plants.?"! It was highly accumulated
during natural desiccation of seed tissue during the final stage
of seed formation.? It is also expressed during water deficit

Table 1: Top hit from homology search using BlastP in
National Center for Biotechnology Information database

Description E-Value Percentage
identification

Protein SAG21, mitochondrial-like 8e-48 80.90

(Helianthus annuus)

Protein SAG21, mitochondrial-like 5e-45 78.26

(Lactuca sativa)

Protein SAG21, mitochondrial-like le-44 77.42

(Cynara cardunculus var. scolymus)

Protein SAG21, mitochondrial 5¢-29 53.26

(Camellia sinensis)

Protein SAG21, mitochondrial-like 1le-27 56.99

(Olea europaea var. sylvestris)

Protein SAG21, mitochondrial-like 2e-26 54.84

(Ipomoea triloba)

Protein SAG21, mitochondrial-like 2e-26 57.30

(Solanum pennellii)
SAG21: Senescence Associated Gene 21

periods in vegetative organs.*® According to Candat et al., the
subcellular localization of SAG21 protein in 4. thaliana was
predicted to be at the chloroplast and expressed in all parts of
the plant.*¥

Physicochemical analysis using ProtParam and
transmembrane helix prediction using TMHMM

The physicochemical analysis of the putative SAG21 protein
was carried out using ProtParam. It measured protein stability
and the nature of the protein. The putative SAG21 protein
contained 92 amino acids and had a theoretical isoelectric
point of 9.91. Enany mentioned that pI measured the pH of
particular molecules or surfaces that carried no net electrical
charge.™ This measurement was useful for understanding
the stability of protein charges. The EC refers to the quantity
of light absorbed by the protein at certain wavelengths. The
EC of SAG21 protein [Table 2] was 8480M! ™! at 280 nm
measured in water. Besides, the I indicated protein stability.
Gasteiger et al. stated an II of more than 40 was considered
not stable. The II of the SAG21 protein was 39.82, which is
classified as stable.['”]

GRAVY for a protein was calculated as the sum of hydropathy
values for all amino acids over a number of residues in
a sequence. The putative SAG21 protein had a GRAVY
value of —0.386, indicating that it was a globular protein
(hydrophilic). The negative values of GRAVY were predicted
as globular proteins (hydrophilic) while positive values were
membranous proteins (hydrophobic).?52¢! The Al was 73.15
which is defined as the relative volume occupied by side protein
chains (alanine, valine, and leucine).

Besides, transmembrane helix in the putative SAG21 protein
sequence of Stevia were predicted using TMHMM 2.0 which
showed the prediction of the most probable location and
orientation of transmembrane helices in the sequence. Krogh
et al. stated that hydrophilic regions of proteins are located
outside or inside of the membrane. The TMHMM 2.0 analyses
revealed that the entire putative SAG21 protein sequence was
labeled as “outside,” which is defined as a hydrophilic protein
with no membrane helices.!'! The putative SAG21 protein was
expected to be a hydrophilic and stable globular protein with
no membrane helices in general.

Table 2: The analysis result of physico-analysis
properties of putative Senescence Associated Gene 21
protein

Description Value
Number of amino acids 92
Molecular weight 10053.61
Theoretical pl 9.91

11 39.82
Al 73.15
GRAVY —0.386

pl: Isoelectric point, II: Instability index, Al: Aliphatic index, GRAVY:
Grad average of hydropathicity
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Phylogenetic tree construction

A total of 21 sequences, including a putative SAG21
protein, were submitted to the MUSCLE program for
the global alignment [Figure 1]. This analysis indicated
that Stevia had a high relationship with XP 022010509.1
protein SENESCENCEASSOCIATED GENE 21,
mitochondrial-like (H. annuus), where most of them have the
same conserved region and most of the conserved sequences
exist around the domain coding area.

CLUSTAL multiple sequence alignment by MUSCLE (3.8)
XP_022010509.1 LVSTFIVEQLSTVAARRGFA) --A
XP_024981196.1

Stewia

XP_823772288.1

XP_931100119.1

XP_002892126.1

XP_@13674967.1

XP_009144576.1

XP_096288964.1

XP_006196445.1

XP_030543288.1

XP_004240547.1 /

XP_0@9621603. 1 FIV

XP_p15088538.1 SDSVSAF L SRRGYAA- -ASQG
XP_822953738.1 DGF SSAL SRRGYAAATAS
XP_022854327.1

XP_@31261618.1

XP_011082454.1

XP_027098935.1

XP_022757954.1

XP_028124761.1

XP_822610509. 1 TPV P TGy YRPECOTR-
XP_024981196.1 TR SS TPV DRV TGy VRPEDG TG TORAD
Stevia TYS TYVRPECOTN-E TOPAELTG
XP_823772288.1 CYVRPESQTN-QVDRAET
XP_031160119.1 GYYRPESHAN- EVDAAELR
XP_062892126.1 WVPDPK TGYYRPETVSE - ETDPAELR
XP_013674967.1 NIPDPKTGYYRPETGSN- ETDPAELS
XP_009144576.1 NIPDPKTGYYRPETGSN-ETOPAELR
XP_006288964. 1 K TGYYRPETGSN-ETDAAELR
XP_006396445.1 GYYRPETGSN- ETOPAELR
XP_030543288.1 VRPENRAD- ETOVAELR
XP_004240547.1 GYVRPETHAK - ETDAAELR
XP_099681603. 1 GYYRPESHANKETDAAELR
XP_015688538.1 FYRPEGQAN-
XP_022953738.1 GYVRPENRAD-
XP_022854327.1 GYVRPENQAT-
XP_031261618.1 GYYRPENGAN-
XP_011082454.1 YRPETQAK-ETOAAEL RE>
XP_027€98935.1 YYRPETHAA - ETDAAELR
XP_022757954.1 YRPENCAN- ETOVAEL RAMLLKKN-- -~ - - -~
XP_828124763.1 GYYRPENKAN- ETOVAEL REMLLYXNKIRRH- - - -~

Figure 1: CLUSTAL multiple sequence alignment by MUSCLE (3.8).
The alignments of putative SAG21 sequence with 20 protein sequence.
An asterisk (*) indicated a single, fully conserved residue positions;
a colon (:) indicated conservation between strongly similar properties
groups which scored above 0.5 in Gonnet PAM 250 matrix; a period (.)
indicated conservation between weakly similar properties groups which
scored 0.5 and >0 in the Gonnet PAM 250 matrix

The phylogenetic tree [Figure 2] was divided into four groups.
As for Group 1, all of the plant species come from the family
Asteraceae. The species in Group 1 were S. rebaudiana,
H. annuus, Lactuca sativa, and Cynara cardunculus var.
scolymus. These species were predicted to have close relations
with Stevia compared to the other 17 species. The putative
SAG21 gene in S. rebaudiana was more relatable to the SAG21
gene in H. annuus compared to the other species, with 80% of
the bootstrap values. According to Hall (2013), the bootstrap
percentage must be estimated more than 70% to be considered a
reliable taxon.?” According to Dwivedi and Sharma, H. annuus
is an erect annual plant that grows to a height of 1-3 m.7

The root of H. annuus is tap rooted at an early age of this plant.
As the sunflower plant matured, the roots became fibrous with
lateral root spread. When comparing Stevia and sunflower,
both of these plants came from the same family, upright
stems and also tap rooted plants. L. sativa or also known as
lettuce is an annual glabrous herb and has a thin tap root with
spirally arranged leaves which formed a dense rosette.?®]
This species belongs to the leafy vegetable family. Moreover,
C. cardunculus var. scolymus is known as vegetables crops
because of its fleshy stem and leaf stalks.” Hence, L. sativa
and C. cardunculus var. scolymus was classified as a vegetables
crop and had low relationship with Stevia.

Besides, the plant organisms in Group 4 were belonged to
Brassicaceae family which were Arabidopsis lyrata subsp.
Lyrata, Eutrema salsugineum, Brassica rapa, Brassica
napus and Capsella rubella. All of these species had a
distant relationship with Stevia. 4. lyrata subsp. Lyrata and
E. salsugineum were closely related to A. thaliana.®® The
genome size of A. lyrata is 50% bigger than 4. thaliana.®"
E. salsugineum which can also be known as Arabidopsis
salsuginea had a small nuclear genome.?! Moreover, the
SAG21 gene of B. rapa was relatable to the SAG21 gene in
B. napus with 100% bootstrap value. The seeds of B. rapa
produced more oil content than B. napus.?**!

Meanwhile, plant species in Group 2 and Group 3 had different
classification of families except Solanum lycopersicum and

8 Stevia rebaudiana
JH_|_— XP 022010509.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like Helianthus annuus ]
L XP 023772288.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like Lactuca sativa e
—i‘g XP 024981196.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like Cynara cardunculus var. scolymus

XP 031100119.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like I[pomoea triloba
XP 028124763.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial Camellia sinensis
XP 031261618.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial Pistacia vera
XP 022953730.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial Cucurbita moschata Group 2

XP 022757954.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like Durio zibethinus
57 XP .1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like Rhodamnia argentea

XP 027098935.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like Coffea arabica
5 XP 0042405471 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial Solanum lycopersicum Sicd
% XP .1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like Solanum pennellii e
37 iformi

XP 009601603.1 protein SENESCENCE-ASSOCIATED GENE 21 mi ial-like Nicotiana

XP 011082454.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial Sesamum indicum
XP 022854327.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like Olea europaea var. sylvestris
XP 002892126.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial Arabidopsis lyrata subsp. lyrata
XP 006288964.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial Capsella rubella
XP 006396445.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial Eutrema salsugineum Group 4
XP 013674967.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial Brassica napus
100 '~ XP 009144576.1 protein SENESCENCE-ASSOCIATED GENE 21 mitochondrial-like Brassica rapa

010

Figure 2: The original phylogenetic tree of 21 protein sequences including putative SAG21 protein by maximum likelihood method using MEGA software
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Solanum pennellii. Both of these species come from the same
family, Solanaceae. S. lycopersicum is an edible vegetable
plant while S. pennellii is a wild tomato which can withstand
stress environments.*¥ Other than that, the examples of plant
species in Group 2 were Pistacia vera and Cucurbita moschata.
P, vera is known as pistachio belongs to Anacardiaceae family
which is a deciduous herbaceous plant with height up to 10 m
tall. C. moschata or its common name is pumpkin comes from
the Cucurbitaceae family with long crawling and climbing
stems.3 In short, Group 2 and Group 3 were not relatable to
Stevia as the family of these species were different.

Apart from that, the analysis of the phylogenetic tree showed
the relationship of orthologs and paralogs between 21 species.
Most of the species that had orthologous relationships came
from the same ancestor as Stevia. One of the orthologous
relationships can be seen in Group 1. H. annuus and Stevia
were two different species from the Asteraceae family and
had a high relationship between SAG21 proteins. It had the
same protein domain as the late embryogenesis abundant 3
protein. The SAG21 protein exists as a result of a speciation
event in the Stevia and H. annuus genomes. Fang et al.
stated that orthologs are homologous genes related by
a common ancestor with the same function in different
species.P It evolved from speciation events, while paralogs
are homologous genes that come from duplication events that
had different functions coded for the same protein.*” Paralogs
relationship can be found in Group 4 between similar genus
Brassica (B. rapa and B. napus). These species had a distant
relationship with the putative SAG21 protein in Stevia. It
was predicted that the SAG21 protein in Brassica sp. was
unrelated to Stevia. This protein probably existed as a result
of a duplication event.”!

CoNcLUSION

This project aims to identify and characterize putative
SAG21 gene from S. rebaudiana MS007 using bioinformatics
approaches. The results from these analyses showed that
the putative SAG21 gene from Stevia MS007 contains a
conserved region that was identified as a late embryogenesis
abundant protein, LEA 3 group. It prevents premature
ageing and promotes root development. From the previous
study, this gene was identified during the last stage of
seed formation and water deficit in vegetative organs.
The SAG21 protein was predicted to be a stable globular
protein and located outside of transmembrane helices.
Phylogenetic analysis was done to confirm the function of
our putative SAG21 gene from S. rebaudiana MS007 based
on evolutionary relationships. From this analysis, it showed
a very high relationship with SAG21 genes from H. annuus,
with 80% of the bootstrap values.
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