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Abstract

In the present study, concentrations of sodium nitroprusside (SNP) and sali-
cylic acid (SA) were used to improve the vase life of tuberose cut flowers of
varieties viz. Prajwal and Hyderabad Single. Three gene homologs of Ara-
bidopsis thaliana, namely gigantea (GI) (GJVA01042594.1), UDP-glycosyl
transferase superfamily protein (UGT) (GGEA01012182.1) and galactose oxi-
dase/kelch repeat superfamily protein (ZTL) (GGEA01001846.1), have been
identified using in silico tools, that have the role in regulating vase life in
tuberose flowers. These 3 gene homologs were also characterized using in
silico tools. Thereafter, expression profiling of these genes along with the 2
housekeeping genes, viz., actin and ATP synthase E-subunit (ATP SE), has
been performed in selected tuberose varieties under different concentra-
tion regimes of SNP and SA. Vase life-related genes Gl and UGT expressed at
optimum concentrations of SNP and SA in both varieties, whereas ZTL
showed no expression. In our knowledge, this is the first report that may be
harnessed by future researchers to enhance the vase life, including the
quality of tuberose-cut flowers. The expression of these genes assumed to
be activated in the presence of SNP and SA indicates their utility in the flori-
culture industry to enhance the vase life of cut flowers.

Keywords

gene expression; in-silico analysis; Polianthes tuberosa ; salicylic acid; sodi-
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Introduction

Tuberose (Agave amica L.), originally known as "Polianthes tuberosa" L., is a
prominent decorative and fragrant plant of this genus that is native to Mexi-
co. P. tuberosa is a semi-hardy, highly valued commercial perennial bulbous
plant from the Agavaceae family that grows in tropical and subtropical re-
gions (1). It is popular in both local and international markets because of its
long tepals, funnel form and rich aroma. Tuberose is cultivated to produce
aromatic scents for cosmetic and perfume products. This genus has 15 spe-
cies, but only one, P. tuberosa, is commercially cultivated; the remaining
species are wild (2). The attractive and strong scent of tuberose flowers is
the reason for their widespread cultivation (3, 4). Cut tuberose flowers have
been shown to have a short vase life in tap water, which is just a few days.
When it comes to vase life, tuberose has 2 main problems: ethylene sensitiv-
ity and vascular tissue blockage (5). Due to their short vase life, shipping is
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challenging. We must address this problem proactively for
customer happiness, which is very important (6). The key
factor influencing the lifetime and quality of cut flowers is
water balance, which is primarily determined by transpira-
tion and water intake (7).

Floral preservatives are a mixture of substances
added to the water of cut flowers to extend their posthar-
vest life and the quality of cut flowers was greatly impact-
ed by the various floral preservatives. Many chemicals
have been used to reduce these effects, but issues about
community health and pollution have prompted research-
ers to find innovative ways to treat cut flowers (8). SAis an
endogenous phenolic growth regulator that plays a crucial
role in regulating various physiological functions in plants.
As one of the plant growth regulators, it helps to modulate
processes essential for plant development and stress re-
sponses. SA could be classified as a phytohormone. SA
inhibits ACC-oxidase enzyme activity and prolongs the
vase life of cut flowers by lowering the amount of reactive
oxygen species (ROS) and ethylene (9). Moreover, another
chemical known as SNP acts as a medication, producing
nitric oxide by interacting with sulfhydryl groups on eryth-
rocytes (as well as albumin and other proteins). The effects
of sucrose, SA and SNP on the vase life of gladiolus and
tuberose have been reported by several workers (10-12).
There has been a lot of interest in the use of SNP, a NO
donor, to extend the vase life of cut flowers. It improves
the postharvest life of cut flowers of multiple ornamentals,
especially gladiolus and roses (13, 14). Currently, the pub-
lic database lacks ready-to-use transcript sequencing data
for identifying genes related to tuberose-cut flower vase
life. The tuberose transcriptome has 21 flowering genes in
total (15). To find similar blooming genes in tuberose
plants, the BLASTN method of 306 genes in the A. thaliana
(http://www.phytosystems.ulg.ac.be/florid/) database was
used. In the present study, two different tuberose varie-
ties, namely, Prajwal and Hyderabad Single, have been
used for their expression profiling to see the effect of con-
centration and combinations of SNP and SA to enhance
the vase life of tuberose cut flowers. Three gene homologs
from Arabidopsis responsible for vase life were also evalu-
ated in the present study using in silico tools.

Materials and Methods
Materials

The bulb of tuberose was collected from the research farm
of the Department of Floriculture and Landscaping, Col-
lege of Horticulture at Sardar Vallabhbhai Patel University
of Agriculture and Technology, Modipuram, Meerut, Uttar
Pradesh, India. Before 8:30 AM, cut spikes were collected in
the morning and kept in a container containing distilled
water, followed by being kept in the laboratory. The exper-
iment was carried out in a completely randomized design
(CRD) and replicated 3 times. Three of the best results with
PGR solutions were selected for the gene expression study,
including T, 08 mg/L (SNP), T> 80 mg/L (SA) and T3 10 mg/L
(SNP) + 80 mg/L (SA) with control (distilled water) of both
varieties, Prajwal and Hyderabad Single. Three homolo-
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gous genes from Arabidopsis played an important role in
flowering regulation (16-18) and gene expression is also
examined in postharvest management of cut flowers in
tuberose.

In-silico analysis of vase life-related genes

The A. thaliana genes, Gigantea (Gl) protein (Acc. No.
NM_102124.3), UDP-glycosyltransferase super-family pro-
tein (UGT) (Acc. No. NM_128569.4) and Galactose oxidase/
kelch (ZTL) (Acc. No. NM_125119.4) protein sequence, were
retrieved from the reference genome sequence of Ara-
bidopsis (Assembly GCF_000001735.4), together with 2
housekeeping genes Actin (AB111527) and ATP SE (XM
008800441). These vase life-related gene sequences were
further used to find out homologous genes in the tuberose
cut flower genome by using the tBlastn (https://
blast.ncbi.nlm.nih.gov/) NCBI database-related tools
(https://www.ncbi.nlm.nih.gov/). The physicochemical
parameters, viz., isoelectric point, molecular weight, insta-
bility index, aliphatic index, GRAVY, etc., have been calcu-
lated using the Prot-Param tool (https://web.expasy.org/
cgi-bin/protparam/protparam). The genes were BLAST
with the reference genome of Arabidopsis and the further
10 top sequences were aligned through ClustalW (19). The
evolutionary analysis was conducted by the Neighbor-
Joining (NJ) method using MEGA 11 (20) with 1000 boot-
straps. The tertiary structure of Gigantea protein (Gl) and
UDP-glycosyltransferase superfamily protein (UGT) pro-
teins was predicted using the SWISS model (21) and visual-
ization using Rasmol (22).

RNA isolation and expression study of vase-related genes

Isolation of total RNA was done from freshly collected tis-
sues of tuberose-cut flower petals using Trizol (23) with
minor modifications and the samples were treated with
the DNAse enzyme to remove the contaminated DNA. Iso-
lated RNA was observed in a standard agarose gel to ex-
amine the presence of ribosomal RNA (rRNA) bands. The
cDNA was synthesized using oligo dT and reverse tran-
scriptase (HiMedia). The three genes, along with house-
keeping genes, were synthesized using PRIMER3 software
(15, 24, 25) and statistically verified using OligoCalc (26).
The list of primers displayed in Table 1.

The PCR reactions were performed using a thermal
cycler (HiMedia™) for semi-quantitative expression

Table 1. Gene specific primers used for cDNA amplification

sl.

T
No. m°C

Gene Name Primer Sequence (5'->3')

F CAGCTGATAGACTCGCAGGG
1. NM_102124.3 62
R GCAGCAATCAGTTTGTGCCA

F ACCAAACCAATTTCGCCACG
2. NM_128569.4 60
R GACGAAGGTGACGTGAAGGT

F GCGAGCTATCTCACGTAACCA
3. NM_125119.4 64
R GTCGCTCTCCCCTAAAGCTC

F GACTCAAATTATGTTCGAGACATTCAAC
4, Actin 63
R TCGCATTTCATGATGGAGTTGTAG

F GATGTCTCGAAGCAGATCCAG
5. ATPSE 62
R CTTCTTCCGAAAGACGACATCTA
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analysis. The master mix was immediately thawed, tapped
and lightly spun in a microcentrifuge. The composition of
the PCR reaction was 1 pL cDNA template, 2.5 pL 10x buff-
er, 0.5 uyL dNTP, 0.5 pL forward primers, 0.5 pL reverse pri-
mers, 0.3 yL Taq polymerase and the rest of molecular
grade water used in 25 pL reactions. The amplification
conditions of specific primer were initial denaturation at

94 °C for 2 min, followed by 35 cycles of denaturation at
94 °C for 1 min, annealing at 50-55 °C for 45 sec, extension

at 72 °C for 50 sec and final extension for 5 min. Actin and
ATP SE were taken as housekeeping genes to observe the
cDNA normalization. For the confirmation of the PCR am-
plicon, 1.5% agarose gel electrophoresis was used to ob-
serve the bands and further interpret the results.

Results

In silico identification and characterization of vase-life-
related genes in tuberose

To screen out vase-life-related genes and proteins from
the sequenced genomes of tuberose from the NCBI
(National Center for Biotechnology Information) and TSA
(Transcriptome Shotgun Assembly) databases, the Gigan-
tea protein (GI) (Acc. No. NM_102124.3), UDP-Glycosyl-
transferase superfamily protein (UGT) (Acc. No. NM_128569.4)
and Galactose oxidase/kelch (ZTL) (Acc. No. NM_125119.4)
protein sequences were selected as a query sequence.
based on maximum query coverage with a high percent-
age of identity (>40%) and a low e-value total, 6 homologs
of Gigantea protein (Gl), 5 homologs of UDP-Glycosyl-
transferase superfamily protein (UGT) and 8 homologs of
Galactose oxidase/kelch (ZTL) were identified in tuberose-
cut flowers. Further, these transcripts were subjected to
full-length protein prediction by the ExPASy translate tool,
followed by domain identification using InterProscan. The
domain analysis reveals that all of the Gigantea protein
(Gl) members of tuberose belong to the Gigantea protein
family with accession number (IPR026211), whereas Tu-
berose UDP-Glycosyltransferase protein (UGT) members
belong to the Glycosyltransferase protein superfamily with
accession number (IPR002213) and members of Galactose
oxidase/kelch (ZTL) belong to the Galactose oxidase su-
perfamily with accession number IPR015915. All of the
members of the vase-life-related protein of tuberose are
represented in Table 1, with several physical properties
that were analyzed through the Protparam tool.

Evolutionary analysis of a vase life-related gene in tuber-
ose

Based on the nucleotide sequence of each vase life-
associated gene of tuberose and Arabidopsis, an evolution-
ary tree was constructed as shown in Fig. 1A-C. The evolu-
tionary tree of gigantea genes shown in Fig. 1A consists
primarily of 2 major clades, | and II. Clade | contain 5 of the
members of the Gl gene family of tuberose, whereas Clade
Il consists of Gl genes of Arabidopsis (NM 102124.3) and
tuberose (GJVA01042594.1), representing the highest simi-
larity of Agave amica gigantea genes (GJVA01042594.1) with
Arabidopsis gigantea gene (NM 102124.3). Similarly, an

GGEA01092429.1 Polianthes tuberosa gigantea protein
98 [ GIVAOI009621.1 Agave amica gigantea protein
GIVA01007451.1 Agave amica gigantea protein
GGEA01020725.1 Polianthes tuberosa gigantea protein
100 |
GIVA01007450.1 Agave amica gigantea protein

GIVA01042594.1 Agave amica gigantea protein

@ NM 102124.3 Arabidopsis thaliona gigantea protein

5.00 4.00 3.00 2.00 1.00 0.00

Fig. 1A. Phylogenetic tree of (Gl), genes of tuberose and Arabidopsis con-
structed by MEGALL, clade | represented by green colour and clade Il repre-
sented by cyan colour.

GGEA01003176.1 Poliy L} Gl

98 GJIVBO1000396.1 Agave amica Glycosyltransferase

GIVA01009564.1 Agave amica Glycosyltransferase

GGEA01069614.1 Poliy Glycos) )

GIVA01029450.1 Agave amica Glycosyltransferase

GGEA01012182.1 Poliy Glycos) f

81

@ NM 1285694 i 2 iana Glycosy sf

Fig. 1B. Phylogenetic tree of (Glycosyltransferase), genes of tuberose and
Arabidopsis constructed by MEGA11, clade | represented by orange colour,
whereas clade Il represented by blue colour.

GGEA01091927.1 Polianthes fuberosa Galactose oxidase |

GU¥A01007827.1 Agave amica Galactose oxidase

GGEANTOTS245.7 Polimntles (islerose Colastose oxidnse

GIVAOI003976.1 Agave amica Galactose oxidase

GIVAVIOI 23851 Agave amica Galactose oxidase

GIVA401016962.1 Agave amica Galacrose oxidase

W WA 725779 4 Arahidepsiz fhaliane Galactose exidase

GGEA01001846.1 Poliauthes fuberosa Galactose oxidase
00 |
GIVA0L003977. 4 Agave amica Galactose oxidase

300250200 150100050000

Fig. 1C. Phylogenetic tree of (Galactose oxidase), genes of tuberose and
Arabidopsis constructed by MEGA11, clade | represented by blue colour,
whereas clade Il represented by purple colour.

evolutionary tree of glycosyltransferase genes shown in
Fig. 1B, mainly consists of 2 major clades | and II, which are
further divided into subclades (IA, IB and IIA, 1IB). The sub-
clade IIB consists of glycosyltransferase genes of Arabidop-
sis (NM128569.4) and P. tuberosa (GGEA01012182.1), re-
vealing their close proximity to each other. Moreover,
Fig. 1C illustrates the evolutionary relationship among
tuberose and Arabidopsis galactose oxidase genes. The
evolutionary tree is mainly divided into 2 clades, | and I,
which are further divided into subclades IA, IB and IIA, IIB.
Clade | and its subclades majorly contain 6 members of
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the tuberose galactose oxidase genes, whereas Clade I,
which is further divided into subclades IIA and IIB, in
which, subclade 1A contains the Arabidopsis galactose
oxidase gene (NM125119.4), whereas members of the tu-
berose galactose oxidase gene (GGEA01001846.1 and
GJVA01003977.1) belong to subclade IIB, showing some
divergence in both genes but sharing a common ancestor
in Table 2.

in Fig. 2. It was observed from the present study that the
genes taken into consideration played an important role in
enhancing the vase life of tuberose cut flowers shown in
Table 3. The quality of total RNA isolated from the treated
tuberose flower petals.

RNA isolation
The quality and quantity of RNA have been confirmed

Table 2. Physico-chemical analysis of Gigantea protein (Gl), Glycosyltransferase protein and Glactose oxidase protein of Tuberose subfamily

Gigantea protein (Gl) of Tuberose

Total num-
Amino Richness Total number of ber of posi
. . Molecular . . negatively . p GRA- Instabil- (stable/ Aliphat-
Accession no. acid . Pl in amino . tively e ..
. weight (KDa) . charged resi- A4 ity index unstable) icindex
residue acid charged
dues (Asp + Glu) .
residues

GGEA01020725.1 1170 127.8 6.31 Leu (L) 119 108 - 46.17 unstable 94.79

GGEA01092429.1 792 85.7 7.01 Leu (L) 7 76 0.015 42.84 unstable 98.23

GJVA01009621.1 648 70.9 8.42 Ser (S) 65 71 - 43.07 unstable 94.12

GJVA01007450.1 537 58.1 8.24 Leu (L) 52 56 - 34.36 stable 98.53

GJVA01007451.1 537 58.5 7.53 Ser (S) 53 54 - 36.29 stable 96.13

GJVA01042594.1 225 24.2 5.57 Ala (A) 22 15 0.255 106.04 unstable 43.06
Glycosyltransferase protein of Tuberose

GJVA01029450.1 436 47.8 5.32 Leu (L) 50 38 0.026 41.99 Unstable 91.63

GGEA01012182.1 321 35.4 5.94 Gly (G) 37 31 -0.12 42.71 Unstable 85.58

GGEA01003176.1 498 55.5 5.82 Leu (L) 63 54 - 51.71 Unstable 85.1

GJVA01009564.1 94 9.8 8.5 Ser (S) 5 7 - 38.06 Unstable 44.68

GJVB01000396.1 132 14.8 5.45 Glu (E) 21 17 - 35.52 Unstable 86.36
Glactose oxidase protein of Tuberose
GGEA01018243.1 622 68.1 5.72 Gly (G) 70 59 - 48.71 Unstable 82.38
GGEA01091927.1 622 68 5.72 Gly (G) 70 59 - 49.02 Unstable 83.79
GJVA01007827.1 488 53.5 7.15 Leu (L) 48 48 - 4491 Unstable 87.25
GGEA01001846.1 632 70.4 5.16 Leu (L) 85 60 - 49.3 Unstable 84.32
GJVA01003977.1 292 31.6 5.34 Leu (L) 31 22 - 51.78 Unstable 88.42
GJVA01003976.1 142 15.2 5.45 Leu (L) 15 11 - 43.56 Unstable 93.38
GJVA01016962.1 180 19.5 6.08 Gly (G) 17 15 - 46.19 Unstable 86.61
GJVA01014383.1 181 19.4 8.54 Gly (G) 15 17 - 44.09 Unstable 87.24

Expression analysis of tuberose cut flower vase life-
associated genes

For gene expression study of vase life-related genes, 2 vari-
eties viz., Prajwal and Hyderabad Single, were selected on
the last day of vase life observation and results are shown

through gel electrophoresis; 2 separate bands of 28s and
18s appeared in Fig. 3, indicating the high quality of the
isolated mRNA.

Gene expression analysis

To examine the effect of SNP and SA alone or in different

https://plantsciencetoday.online
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(A) Prajwal (B) Hyderabad Single

Fig. 3. Agarose gel electrophoresis of isolated total RNA on 2% agarose gel,
showing two clear bands. (T1 08 mg/L (SNP), T2 80 mg/L (SA), T3 10 mg/L
(SNP) + 80 mg/L (SA) and control (distilled water) in both varieties Prajwal
(Lanel-4) and Hyderabad Single (Lane 5-8).

expression was not recorded in all 3 treatments and
control in both varieties viz., Prajwal and Hyderabad
Single shown in Fig. 4.

C T, W Ts

Elyderalbad
Simzle

121bp)
Gigantea gene (GI)
C 4 Y o G c T, T, T,
r FPrajwa=al Hyderabad
] -‘ Simgle
/" i . | i
- B e S 5 121bp)
o .. f' ‘. ( A (' . -
Fig. 2. Samples were collected from both varieties at the last day of vase life Glycosyltransferase gene (UGT)
cut flowers of tuberose [(T: 08 mg/L (SNP), T. 80 mg/L (SA), Ts 10 mg/L (SNP) +
80 mg/L (SA) and control (distilled water) in both varieties (A) Prajwal and (B)
Hyderabad Single.
Hyderabad
. . . . Single
concentration combinations on selected gene expression, s0150

transcriptional levels of selected genes in petals under the
treatment were determined using PCR in Table 3.

Actin and ATPSE
. : Fig. 4. Expression analysis of Gigantea gene (Gl), Glycosyltransferase gene
The actin gene is expressed at a moderate level and <o T 100 kb Ladder, T, 08 mg/L (SNP), T, 80 mg/L (5A), T 10 mg/

recorded in all the treatments and control in both varieties L (SNP) + 80 mg/L (SA) and control (distilled water) in both varieties viz.,
viz., Prajwal and Hyderabad Single. In ATP SE, the  Prajwaland Hyderabad Single.

A ciim

Table 3. Structural assessment and validation of vase life-related genes of Tuberose

. Residues Residues .
Residues . . . Residues
Accession Template in most in addi- in gener- in disal-
P IDENTITY Q MEAN D GMQE tional ously ERRAT 2D structure
number PDB ID favoured lowed
. allowed allowed .
regions . . regions
regions regions

Tuberose 13helices, 22
Gigantea helix-helix
protein Twa4 89.33% fg  0.76+0.06 0.74 90.30% 8.10% 0.50% 1.10% 87.3 interacts, 20
(GJVA0104259 beta turn,6
4.1) gamma turn

2 sheets, 4 beta

alpha beta

units, 1 beta
Tuberose hairpin, 1 psi

loop, 2 beta
Glycosyltrans- bulges. 9
ferase protein Twok 31.43% 0.65+0.05 0.62 89.50% 9.60% 0.40% 0.40% 89.6 8€s,

strands, 13
(GGEA0101218 R
2.1) helices, 13

’ helix-helix

interacts, 23
beta turns, 3
gamma turns
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Gigantea protein (Gl)

The maximum expression was recorded in treatment Ts;
and the minimum expression was reported in control
(distilled water) in both varieties viz., Prajwal and
Hyderabad Single. The gene was more expressed in
treated spikes than in control spikes.

UDP-Glycosyltransferase superfamily protein (UGT)

In the Prajwal, gene expression was recorded in very low
equal quantity in all 3 treatments i.e, Ti, T> and Ts;but
better than the control. The expression was reported in
equal quantity in control and T, but, T.and Tsrecorded a
moderate level of gene expression in Hyderabad Single,
shown in Fig. 4.

Galactose oxidase/kelch repeat superfamily protein (ZTL)

In this gene, no expression was reported among the 3
treatments and control in both varieties viz., Prajwal and
Hyderabad Single shown in Fig. 4.

In-silico structure of expressed vase life-related protein
of tuberose

To determine the structure of the vase-life-related genes
of Tuberose, namely the Gigantea protein of P. tuberose L.
(GJVA01042594.1) (GI) and the Glycosyltransferase protein
of P. tuberose L. (GGEA01012182.1), which were highly ex-
pressed in gPCR analysis, SWISS-MODEL was used, which
resulted in the best template match based on percent
identity, GMQE and QMEAND. The PDB IDs 7wa4 and
TwOk.1 were used for determining the structure of the gigan-
tea protein of P. tuberosa L. (GJVA01042594.1) and the glyco-
syltransferase protein of P. tuberosa L. (GGEA01012182.1) re-
spectively shown in Fig. 5. The assessment of the dihedral
angle of the build models (GJVA01042594.1) and
(GGEA01012182.1) was measured using Ramachandran
Plot analysis in PROCHECK through Saves v6.0. The analy-
sis of PROCHECK results for each Gigantea protein of
P. tuberose L. (GJVA01042594.1) and Glycosyltransferase
protein of P. tuberose L. (GGEA01012182.1) showed that
more than 90% of residues of each protein were present in
the most preferred region and very few residues were fall-
ing in the disallowed region of the Ramachandran plot,
denoting the acceptability of the model as shown in
Table 1. The gigantea protein (GJVA01042594.1) and glyco-
syl transferase protein (GGEA01012182.1) of P. tuberose L.
models were also analyzed for their ERRAT score, which
provides the accuracy of non-bonded contact. All of the
models had ERRAT scores greater than the acceptable val-
ue of 50%. Table 1 summarizes the detailed analysis of
homology modeling using SWISS MODEL, structural as-
sessment and validation using the SAVES server and 2-D
structural analysis by using the PDBSum server, which re-
vealed that Gigantea protein (GJVA01042594.1) of tuber-
ose contains 13 helices, 22 helix-helix interacts, 20 beta
turns, 6 gamma turns and Glycosyltransferase protein
(GGEA01012182.1) of tuberose contains 2 sheets, 4 beta
alpha beta units, 1 beta hairpin, 1 psi loop, 2 beta bulges, 9
strands, 13 helices, 13 helix-helix interacts, 23 beta turns
and 3 gamma turns shown in Fig. 5. The number of helices
between these 2 helices was the same, but there was a
major difference in beta sheets and strands. Gigantea pro-
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teins lack beta sheets and strands in their structure, whereas
Glycosyltransferase proteins contain 2 beta sheets.

Fig. 5. In-silico structure of vase life-related genes of Tuberose, a. Gigantea
protein of Polyanthus tuberose L. (GJVA01042594.1) (GI) showing a stack of
alpha helices (Red colour) and b. Glycosyltransferase protein of Polyanthus
tuberose L. (GGEA01012182.1) consists alpha helices (Red colour) and beta

sheets (cyan colour).

Discussion

SA and SNP were employed as helpful vase-life enhancing
solution because they were readily available, affordable,
safe to use and biodegradable compounds without a per-
sistent nature. These compounds were also strongly ad-
vised for extending the postharvest longevity of cut spe-
cies of flowers that are vulnerable to vascular blockage
due to various bacterial strains and the ethylene hormone
(11). The most well-known member of this category is SA, a
simple phenolic molecule that is produced naturally by
plants. According to a study, SA is a crucial component of
plant development, growth and defence mechanisms (27).
The most prevalent NO-releasing substance, SNP, has
been shown to increase the longevity of cut flowers after
harvest (10, 28). Nitric oxide (NO), an unstable and envi-
ronmentally beneficial gas radical, is used to prolong the
postharvest longevity of a variety of horticulture crops (10,
29). NO is engaged in a variety of plant activities, including
germination, growth and development, photosynthesis,
pigment synthesis, defence systems and many others, in
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addition to regulating the ageing of harvested crops (13).
According to (30), ethylene and NO have an antagonistic
response. NO reduces ethylene production and activity,
which slows early ageing in higher plants (31).

In a variety of flower species, ethylene controls
plant growth and development in many ways, such as pet-
al senescence, abscission and flower opening (32-34). Ex-
pression of ethylene-responsive genes is controlled by a
series of biochemical cascade and triggered by ethylene
receptors (35-37). This leads to synthesis of ethylene and
eventually, flower senescence (38). ACC synthase (ACS)
enzyme converts S-adenosyl methionine to 1-
aminocyclopropane-1-carboxylic acid (ACC) and then ACC
converts to ethylene by ACC oxidase (ACO) enzyme which
is a rate-limiting step in the ethylene biosynthesis path-
way. In-silico analysis was performed on the 3 genes listed
above. A phylogenetic tree was constructed using MEGA-X
offline software in accordance with (20) and the 3D protein
structure model of each protein was predicted (21). The Gl
protein played an important role in maintenance of circa-
dian clock and this protein also helped in photoperiod-
dependent flowering (39, 40). This process helped to accu-
mulate Gl protein during daytime and then it degraded at
night through proteasome-dependent pathway (39). Ex-
pression of Gl transcript is controlled by the circadian
clock (40, 41). Day times flowering is controlled by Gl pro-
teins, which comprise 2 main components of the photo-
period-dependent flowering pathway. Of them, one is CO
(Constans), a nuclear zinc finger protein (42, 43) and the
second is FT (Flowering Locus T), a floral integrator encod-
ing a RAF-kinase-inhibitor-like protein (44). Our result
showed that the gene gigantea (GI) (NM_102124.3) gave
maximum expression in treatment Tz and the minimum
expression was reported in control (treated distilled water)
in both varieties, viz., Prajwal and Hyderabad Single. The
expression of UGT87A2 gene indicates that the GT UGT87A2
is a new factor that regulates flowering time. It has been
observed in a study that FLC is a strong flowering re-
pressor. Both pathway i.e., autonomous and vernalization
pathways help to repress FLC expression which helps to
induce flowering (45). FT and SOCI genes encode for flow-
ering activators and are positioned downstream of FLC
which is responsible for flowering signal transduction (16).
The UDP-Glycosyl transferase superfamily protein (UGT)
(NM_128569.4) gene expression recorded low expression
in all 3 treatments, i.e., T;, T, and Ts, but the expression
was better in these treatments in comparison to control in
varieties. Prajwal, and the expression was reported in
equal quantity in control and Ti, but T, and Ts recorded a
moderate level of gene expression in Hyderabad Single
shown in Fig. 4. Unlike its function in CDF2 degradation,
ZTL acts as a negative regulator in photoperiodic flower-
ing. A ztl mutant flowers early in the short day (SD) condi-
tions and ZTL overexpression causes a delayed flowering
concomitantly with the drastic decrease in FT expression
in LD conditions (46). Galactose oxidase/kelch repeat su-
perfamily protein (ZTL) (NM_125119.4) in this gene, no ex-
pression was reported among the 3 treatments used in the
study with control in both the varieties, viz., Prajwal and

Hyderabad Single. Actin was expressed constantly at the
moderate level recorded in all 3 treatments and control in
both varieties, viz., Prajwal and Hyderabad Single. Actin,
which has a main role in cytoskeletal functioning, was ob-
served inappropriate when simulated with statistical
methods shown in Fig. 4. The many members of the actin
gene family are influenced by different external factors
(47).

In our investigation, we observed that ATP SE did
not show expression in all the treatments used, including
the control used in the present study in the varieties, viz.,
Prajwal and Hyderabad Single. ATP, SE and PPI have been
reported as housekeeping genes in plants. Currently, ATP
SE has been found to be the most stable housekeeping
gene (48). The result of the present finding suggests that
these 3 selected homolog genes of Arabidopsis, gigantea
(Gl) (GJVA01042594.1) and UDP-Glycosyl transferase su-
perfamily protein (UGT) (GGEA01012182.1) showed expres-
sion levels at optimum concentrations of chemicals, SNP
and SA, in both varieties, viz., Prajwal and Hyderabad Sin-
gle. But Arabidopsis homologs Galactose oxidase/kelch
repeat superfamily protein (ZTL) (GGEA01001846.1 and
GJVA01003977.1) do not show any expression at all treat-
ments. The Galactose oxidase/kelch repeats superfamily
protein (ZTL) (GGEA01001846.1 and GJVA01003977.1) also
appears in different subclades of Arabidopsis during in-
silico analysis. This is the first report where 2 genes, viz.,
gigantea (GI) (GJVA01042594.1) and UDP-Glycosyl transfer-
ase superfamily protein (UGT) (GGEA01012182.1), showed
expression in tuberose. The present study may be useful to
tuberose growers, the flower industry and exporters to
earn more by increasing vase life and enhancing the quali-
ty of tuberose-cut flowers. The use of SA, which showed its
role in enhancing vase life, may be used at a large level in
the floriculture industry. The present work may also give
future researchers insight into the role of new vase-related
genes in response to SNP alone or in combination with SA,
which may have a major role in enhancing the vase life of
tuberose-cut flowers.

Conclusion

In tuberose (P. tuberosa L.), 6 genes are from Gigantea, 5
genes are from UDP-Glycosyl Transferase and 8 genes are
from Galactose Oxidase/Kelch Repeat (ZTL) superfamily
proteins. RT-PCR analysis showed the maximum expres-
sion of gigantea (GI) (GJVA01042594.1), UDP-Glycosyl
Transferase (UGT) (GGEA01012182.1) and galactose oxi-
dase/kelch repeat (ZTL) (GGEA01001846.1). Galactose oxi-
dase/kelch repeat protein (ZTL) has the highest number of
amino acid residues and the largest molecular weight
among the vase-life genes in tuberose. This is followed by
UDP-Glycosyl Transferase Protein (UGT) and gigantea pro-
tein (Gl). Further, only gigantea are hydrophilic, whereas
UDP-glycosyl transferase (UGT) and galactose oxidase/
kelch repeat protein (ZTL) are hydrophilic. In plants, the
conserved and elongated alpha helices in a 2-layered
structure interact with the LOV domains, which regulate
circadian rhythms and flowering. Tuberose growers, the
flower industry and exporters benefit from the expression
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of these genes because it increases vase life and flower
quality, which the floriculture industry can use to extend
tuberose vase life by eliminating a number of chemicals
that are harmful to community health and environment.

Acknowledgements

The authors of this manuscript are thankful to the Director
of Research SVPUAT Meerut for providing facilities to con-
duct this research successfully. We are also thankful to the
anonymous reviewers for their careful reading of our man-
uscript and their many insightful comments and sugges-
tions.

Authors’ contributions

MKY and MK developed the idea and designed the experi-
ment. RK and AKS collected the literature sources and con-
ducted the laboratory experiments. The CC and US did in
silico works that also included data analysis. MKY and RK
wrote the manuscript. V and MK helped to edit the manu-
script. All authors approved this article before submission.

Compliance with ethical standards

Conflict of interest: The authors declare that they have no
conflict of interest.

Ethical issues: None

Reference

1.  Kumar M, Chaudhary V, Kumar M, Sirohi U, Yadav MK. Applica-
tion of conventional and mutation approaches in genetic im-
provement of tuberose (Polianthes tuberosa L.): A review on
recent development and future perspectives. Int J Agric Environ
Biotechnol. 2021;14(3):277-97. http://dx.doi.org/10.30954/0974-
1712.03.2021.1

2. Mandal M, Maitra S, Mahata D. Production technology of tuber-
ose (Polianthes tuberosa L.) cultivation. J Pharmacogn Phyto-
chem. 2018;7:2360-64.

3. AbbasF, Zhou, Y, O’Neill RD, Alam I, Ke Y, Wang HC. Aroma com-
ponents in horticultural crops: chemical diversity and usage of
metabolic engineering for industrial applications. Plants.
2023;12(9):1748. https://doi.org/10.3390/plants12091748

4. Feng M, Zhang M, Adhikari B, Chang L. Novel strategies for en-
hancing quality stability of edible flower during processing us-
ing efficient physical fields: A review. Food Chem. 2024;139077.
https://doi.org/10.1016/j.foodchem.2024.139077

5.  Edrisi B, Payame D. Effect of nitrogen and plant spacing on nu-
trients uptake, yield and growth of tuberose (Polianthes tuber-
ose L.). J Ornam Hortic Plants. 2009;2(1):45-54.

6. Vehniwal SS, Abbey L. Cut flower vase life - influential factors,
metabolism and organic formulation. Hortic Int J. 2019;3(6):275
-81. https://doi.org/10.15406/hij.2019.03.00142

7. Da Silva J. The cut flower: postharvest considerations.
Online J Biol Sci. 2003;3:406-42. https://doi.org/10.3923/
jb5.2003.406.442

8. Kumar R, Yadav MK, Shankar BA, Sharma S, Rani R. Effect of
different chemicals to enhance vase life of tuberose (Polianthes
tuberosa L.) cut flowers. Int J Agric Stat Sci. 2022;18(1):995-
1002. https://connectjournals.com/03899.2022.18.995

9. Zamani S, Kazemi M, Aran M. Postharvest life of cut rose flowers

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

as affected by salicylic acid and glutamin. World Appl Sci J.
2011;12(9):1621-24.

Naing AH, Lee K, Arun M, Lim KB, Kim CK. Characterization of the
role of sodium nitroprusside (SNP) involved in long vase life of
different carnation cultivars. BMC Plant Biol. 2017;17:149-59.
https://doi.org/10.1186/s12870-017-1097-0

Kumar R, Yadav MK, Kumar M, Vaishali, Kumar P, Gangwar LK, et
al. Effect of different concentrations of Sodium Nitroprusside
(SNP) and Salicylic Acid (SA) on vase life of tuberose (Polianthes
tuberosa L.) cv Prajwal. Environ Ecol. 2023;41(1):45-52.

Sharma AK, Yadav MK, Kumar M, Sengar RS, Gangwar LK, Kumar
R. Improvement in vase life of gladiolus cut flowers using differ-
ent holding solutions of sodium nitroprusside and of salicylic
acid. J Adv Biol Biotechnol. 2024;27(1):211-24. https://
doi.org/10.9734/jabb/2024/v27i1693

Seyf M, Khalighi A, Mostofi Y, Naderi R. Effect of sodium nitro-
prusside on vase life and postharvest quality of a cut rose culti-
var (Rosa hybrida ‘Utopia’). J Agric Sci. 2012;4:12-19. https://
doi.org/10.5539/jas.v4n12p174

Dwivedi SK, Arora A, Singha VP, Sairama R, Bhattacharya RC.
Effect of sodium nitroprusside on the differential activity of
antioxidants and expression of SAGs in relation to vase life of
gladiolus cut flowers. Sci Hortic. 2016;210:158-66. https://
doi.org/10.1016/j.scienta.2016.07.024

Madhavan J, Jayaswal P, Singh KBM, Rao U. Identification of
putative flowering genes and transcription factors from flower
de novo transcriptome dataset of tuberose (Polianthes tuberosa
L). Data Brief. 2018;20:2027-35. https://doi.org/10.1016/
j.dib.2018.09.051

Wang B, Jin SH, Hu HQ, Sun YG. UGT87A2, an Arabidopsis glyco-
syltransferase, regulates flowering time via flowering locus C.
New Phytol. 2012;194:666-75. https://doi.org/10.1111/j.1469-
8137.2012.04107.x

Park HJ, Kim WY, Yun DJ. A role for GIGANTEA: keeping the bal-
ance between flowering and salinity stress tolerance. Plant
Signal Behav. 2013;8:820-26. https://doi.org/10.4161/psb.24820

Song YH, Estrada DA, Johnson RS, Kim SK, Lee SY, MacCoss MJ,
et al. Distinct roles of FKF1, GIGANTEA and ZEITLUPE proteins in
the regulation of CONSTANS stability in Arabidopsis photoperi-
odic flowering. Proc Natl Acad Sci USA. 2014;111(49):17672-77.
https://doi.org/10.1073/pnas.1415375111

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA,
McWilliam H, et al. Clustal W and Clustal X version 2.0. Bioinfor-
matics. 2007;23(21):2947-48. https://doi.org/10.1093/
bioinformatics/btm404

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGAG6:
molecular evolutionary genetics analysis version 6.0. Mol Biol
Evol. 2013;30(2):2725-29.  https://doi.org/10.1093/molbev/
mst197

Waterhouse A, Bertoni M, Bienert S, Studer G, Tauriello G,
Gumienny R, et al. SWISS-MODEL: homology modelling of pro-
tein structures and complexes. Nucleic Acids Res. 2018;46
(1):296-303. https://doi.org/10.1093/nar/gky427

Sayle RA, Milner-White EJ. RASMOL: biomolecular graphics for
all.  Trends Biochem Sci. 1995;20(9):374-76. https://
doi.org/10.1016/S0968-0004(00)89080-5

Logemann J, Schell J, Willmitzer L. Improved method for the
isolation of RNA from plant tissues. Anal Biochem. 1987;163
(1):16-20. https://doi.org/10.1016/0003-2697(87)90086-8

Jayanthi M, Gantasala NP, Papolu PK, Banakar P, Kumari C, Rao
U. Identification and evaluation of internal control genes for
gene expression studies by real-time quantitative PCR normali-
zation in different tissues of Tuberose (Polianthes tuberosa). Sci
Hortic. 2015;194:63-70. https://doi.org/10.1016/
j.scienta.2015.07.042

https://plantsciencetoday.online


https://plantsciencetoday.online
http://dx.doi.org/10.30954/0974-1712.03.2021.1
http://dx.doi.org/10.30954/0974-1712.03.2021.1
https://doi.org/10.3390/plants12091748
https://doi.org/10.1016/j.foodchem.2024.139077
https://doi.org/10.15406/hij.2019.03.00142
https://doi.org/10.3923/jbs.2003.406.442
https://doi.org/10.3923/jbs.2003.406.442
https://connectjournals.com/03899.2022.18.995
https://doi.org/10.1186/s12870-017-1097-0
https://doi.org/10.9734/jabb/2024/v27i1693
https://doi.org/10.9734/jabb/2024/v27i1693
https://doi.org/10.5539/jas.v4n12p174
https://doi.org/10.5539/jas.v4n12p174
https://doi.org/10.1016/j.scienta.2016.07.024
https://doi.org/10.1016/j.scienta.2016.07.024
https://doi.org/10.1016/j.dib.2018.09.051
https://doi.org/10.1016/j.dib.2018.09.051
https://doi.org/10.1111/j.1469-8137.2012.04107.x
https://doi.org/10.1111/j.1469-8137.2012.04107.x
https://doi.org/10.4161/psb.24820
https://doi.org/10.1073/pnas.1415375111
https://doi.org/10.1093/bioinformatics/btm404
https://doi.org/10.1093/bioinformatics/btm404
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/nar/gky427
https://doi.org/10.1016/S0968-0004(00)89080-5
https://doi.org/10.1016/S0968-0004(00)89080-5
https://doi.org/10.1016/0003-2697(87)90086-8
https://doi.org/10.1016/j.scienta.2015.07.042
https://doi.org/10.1016/j.scienta.2015.07.042

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Untergasser A, Cutcutache I, Koressaar T, Ye J, Faircloth BC,
Remm M, et al. Primer3—new capabilities and interfaces. Nucle-
ic Acids Res. 2012;40(15):e115-e115. https://doi.org/10.1093/
nar/gks596

Kibbe WA. OligoCalc: an online oligonucleotide properties cal-
culator. Nucleic Acids Res. 2007;35(suppl_2):43-46. https://
doi.org/10.1093/nar/gkm234

Piri M, Jabbarzadeh Z. The effect of foliar application of salicylic
acid, spermidine and sodium nitroprusside on some growth and
flowering characteristics, photosynthetic pigments and vase life
of Lisianthus ‘Mariachi Blue’. J Hortic Sci. 2023;36(4):917-36.
https://doi.org/10.22067/jhs.2022.74334.1118

Shabanian S, Nasr EM, Karamian R, Phan TL. Physiological and
biochemical modifications by postharvest treatment with sodi-
um nitroprusside extend vase life of cut flowers of two gerbera
cultivars. Postharvest Biol Technol. 2018;137:1-8. https://
doi.org/10.1016/j.postharvbio.2017.11.009

Ashouri VM, Nalousi AM. Effect of nitric oxide on postharvest
quality and vase life of cut carnation flower. J Ornam Plants.
2013;3(3):183-90.

Rio DLA, Corpas FJ, Barroso JB. Nitric oxide and nitric oxide
synthase activity in plants. Phytochem. 2004;65:783-92. https://
doi.org/10.1016/j.phytochem.2004.02.001

Sankhla N, Kay MWA, Davis TD. Effect of nitric oxide generating
compounds on flower senescence in cut racemes of pink flow-
ered Lupinus havardii Wats. In: Proceedings of Plant Growth
Regulation. Society of America-Annual Meeting; 2005. 32:126-
32.

Bleecker AB. Ethylene: A gaseous signal molecule in plants.
Annu Rev Cell Dev Biol. 2000;16:41-85. https://doi.org/10.1146/
annurev.cellbio.16.1.1

Van DWG, Woltering EJ. Physiology and molecular biology of

petal senescence. J Exp Bot. 2008;59:453-80. https://
doi.org/10.1093/jxb/erm356

Wang L, Zhang F, Qiao H. Chromatin regulation in the response
of ethylene: nuclear events in ethylene signaling. Small Meth-
ods. 2020;4:190-208. https://doi.org/10.1002/smtd.201900288

Zhang F, Wang L, Qi B, Zhao B, Ko EE, Riggan ND, Qiao H. EIN2
mediates direct regulation of histone acetylation in the eth-

ylene response. Proc Natl Acad Sci. 2017;114(38):10274-79.
https://doi.org/10.1073/pnas.1707937114

Zhang F, Wang L, Ko EE, Shao K, Qiao H. Histone deacetylases
SRT1 and SRT2 interact with ENAP1 to mediate ethylene in-
duced transcriptional repression. Plant Cell. 2018;30:153-66.
https://doi.org/10.1105/tpc.17.00671

Wang L, Zhang Z, Zhang F, Shao Z, Zhao B. EIN2- directed his-
tone acetylation requires EIN3-mediated positive feedback

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

regulation in response to ethylene. Plant Cell. 2021;33:322-37.
https://doi.org/10.1093/plcell/koaa0d29

Verlinden S, Boatright J, Woodson WR. Changes in ethylene
responsiveness of senescence-related genes during carnation

flower development. Physiol Plant. 2002;116:503-11. https://
doi.org/10.1034/j.1399-3054.2002.1160409.x

David KM, Armbruster U, Tama N, Putterill J. Arabidopsis GIGAN-
TEA protein is post-transcriptionally regulated by light and
dark. FEBS Lett. 2006;580:1193-97. https://doi.org/10.1016/
j.febslet.2006.01.016

Mizoguchi T, Wright L, Fujiwara S, Cremer F, Lee K, Onouchi H.
Distinct roles of GIGANTEA in promoting flowering and regulat-
ing circadian rhythms in Arabidopsis. Plant Cell. 2005;17:2255-
70. https://doi.org/10.1105/tpc.105.033464

Park DH, Somers DE, Kim YS, Choy YH, Lim HK, Soh MS. Control
of circadian rhythms and photoperiodic flowering by the Ara-
bidopsis GIGANTEA gene. Sci. 1999;285:1579-82. https://
doi.org/10.1126/science.285.5433.1579

Robson F, Costa MMR, Hepworth SR, Vizir |, Pifieiro M, Reeves
PH. Functional importance of conserved domains in the flower-
ing-time gene CONSTANS demonstrated by analysis of mutant
alleles and transgenic plants. Plant J. 2001;28:619-31. https://
doi.org/10.1046/j.1365-313x.2001.01163.x

Valverde F, Mouradov A, Soppe W, Ravenscroft D, Samach A,
Coupland G. Photoreceptor regulation of CONSTANS protein in
photoperiodic flowering. Sci. 2004;303:1003-106. https://
doi.org/10.1126/science.1091761

Sudrez-Lopez P, Wheatley K, Robson F, Onouchi H, Valverde F,
Coupland G. Constans mediates between the circadian clock
and the control of flowering in Arabidopsis. Nature.
2001;410:1116-20. https://doi.org/10.1038/35074138

Baurle I, Dean C. The timing of developmental transitions in
plants.  Cell.  2006;125:655-64.  https://doi.org/10.1016/
j.cell.2006.05.005

Somers DE, Kim WY, Geng R. The F-box protein ZEITLUPE con-
fers dosage dependent control on the circadian clock, photo-
morphogenesis and flowering time. Plant Cell. 2004;16(3):769-
82. https://doi.org/10.1105/tpc.016808

Gadkar VJ, Filion M. Validation of endogenous reference genes
in Buglossoides arvensis for normalizing RT-qPCR-based gene
expression data. Springer Plus. 2015;4:178. https://
doi.org/10.1186/s40064-015-0952-4

Yang C, Pan H, Liu Y, ZhouX. Stably expressed housekeeping
genes across developmental stages in the two-spotted spider
mite, Tetranychus urticae. PloS One. 2015;10:e0120833. https://
doi.org/10.1371/journal.pone.0120833

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1093/nar/gks596
https://doi.org/10.1093/nar/gks596
https://doi.org/10.1093/nar/gkm234
https://doi.org/10.1093/nar/gkm234
https://doi.org/10.22067/jhs.2022.74334.1118
https://doi.org/10.1016/j.postharvbio.2017.11.009
https://doi.org/10.1016/j.postharvbio.2017.11.009
https://doi.org/10.1016/j.phytochem.2004.02.001
https://doi.org/10.1016/j.phytochem.2004.02.001
https://doi.org/10.1146/annurev.cellbio.16.1.1
https://doi.org/10.1146/annurev.cellbio.16.1.1
https://doi.org/10.1093/jxb/erm356
https://doi.org/10.1093/jxb/erm356
https://doi.org/10.1002/smtd.201900288
https://doi.org/10.1073/pnas.1707937114
https://doi.org/10.1105/tpc.17.00671
https://doi.org/10.1093/plcell/koaa029
https://doi.org/10.1034/j.1399-3054.2002.1160409.x
https://doi.org/10.1034/j.1399-3054.2002.1160409.x
https://doi.org/10.1016/j.febslet.2006.01.016
https://doi.org/10.1016/j.febslet.2006.01.016
https://doi.org/10.1105/tpc.105.033464
https://doi.org/10.1126/science.285.5433.1579
https://doi.org/10.1126/science.285.5433.1579
https://doi.org/10.1046/j.1365-313x.2001.01163.x
https://doi.org/10.1046/j.1365-313x.2001.01163.x
https://doi.org/10.1126/science.1091761
https://doi.org/10.1126/science.1091761
https://doi.org/10.1038/35074138
https://doi.org/10.1016/j.cell.2006.05.005
https://doi.org/10.1016/j.cell.2006.05.005
https://doi.org/10.1105/tpc.016808
https://doi.org/10.1186/s40064-015-0952-4
https://doi.org/10.1186/s40064-015-0952-4
https://doi.org/10.1371/journal.pone.0120833
https://doi.org/10.1371/journal.pone.0120833

