International Journal of Microbiology Research
ISSN:0975-5276 & E-ISSN:0975-9174, Volume 10, Issue 6, 2018, pp.-1252-1255.
Available online at https://www.bioinfopublication.org/jouarchive.php?opt=&jouid=BPJ0000234

Research Article

EXPRESSION PROFILING OF ZINC TRANSPORTER GENES IN TOMATO GROWN UNDER DIFFERENT

CONCENTRATIONS OF ZINC

BASAVARAJESHWARI R.M.!, YAMUNARANI R.2, RAMEGOWDA V.2, GEETHA K.N.> AND SHANKAR A.G.*2

1Division of Plant Physiology and Biochemistry, ICAR-Indian Institute of Horticultural Research, Hessaraghatta lake post, Bengaluru, 560089, Karnataka, India
2Department of Crop Physiology, University of Agricultural Sciences, GKVK, Bengaluru, 560065, Karnataka, India

3Department of Agronomy, University of Agricultural Sciences, GKVK, Bengaluru, 560065, Kamataka, India

*Corresponding Author; Email- ambara8@hotmail.com

Received: June 07, 2018; Revised: June 15, 2018; Accepted: June 16, 2018; Published: June 30, 2018

(" Abstract- Zinc is an important micronutrient required for various biological processes in plants and animals. To improve zinc uptake of plants it is essential to
understand the molecular and physiological mechanisms underlying zinc uptake process. Hence, in the present study expression analysis of zinc transporter genes and
zinc accumulation in tomato at three different zinc treatments was assessed. Expression profiles showed LeZIP1, LeZIP3, LeZIP5 and LeZIP6 as low zinc responsive
zinc transporter genes and LeZIP2 as a high zinc responsive gene. Quantitative real time expression analysis showed 1.5 and 1.8 fold decrease in transcript levels of
LeZIP2 in excess zinc and deficient zinc treatments, respectively. Estimation of zinc content in leaves and roots of these zinc treated plants showed significant increase
in zinc content of zinc deprived plants upon providing moderate zinc. Zinc content in leaves and roots increased with the increase in the external zinc application. Thus,
different zinc contents in plant parts could be attributed to differential expression of zinc transporter genes.
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Introduction

Zn plays a part in the basic roles of cellular functions in all living organisms
including plants and animals. Unfortunately, 50% of the agricultural soils around
the world are at risk of medium zinc deficiency, which might progress into a
widespread deficiency in the coming years. In India around 80 Mha of agricultural
land is zinc deficient [1]. Soil zinc deficiency in turn results in zinc deficient crops
that are grow on such soils. It is also reported that as much as 30% of the world's
population is at risk of zinc deficiency [2]. Thus, addressing the issue of the zinc
deficiency of soil-plant-human continuum is essential. Various interventions to
curb zinc deficiency such as supplementation, fortification efc., are not cost
effective [3] and sustainable. Thus, biofortification of crops is the most cost
effective [3] and preventative measure to fight human zinc deficiency. Many
laboratories are currently pursuing biofortification using breeding and genetic
modification approaches. Efforts in this area are being made, like screening for
zinc efficient genotypes [4-8] and subsequently employing them to breed for zinc
efficient genotype. While in genetic modification approach, cloning of the high
affinity zinc transporters [9] and overexpressing them into the crop plants [10- 12]
to improve crop zinc status is being attempted. In order to select, the candidate
genes for overexpression in the plant system, molecular and physiological
mechanisms underlying zinc uptake and translocation need to be studied in detail.
Several studies are available in different crops [13-16] but little is known about the
physiological mechanisms of differential zinc efficiency in tomato, hence this
experiment was conducted to know the zinc homeostasis process in tomato.

Material and Methods
Plant material and zinc treatment
Tomato seeds of Pusa Ruby were sown and seedlings were raised in small plastic

pots containing soilrite. These plants were irrigated with half strength MS media
thrice a week to provide all essential nutrients. Fourteen days after sowing, the
plants were subjected for different levels of zinc. Different sets of plants were
maintained at three different zinc status viz., without zinc, moderate zinc (15uM)
and excess zinc (100uM). These treatments were imposed using half strength
Hogland's solutions; without zinc, 15uM zinc and 100uM zinc, respectively. The
micronutrient stock of Hogland solutions was prepared by dissolving all the
micronutrients in recommended concentrations excluding zinc. For 15uM and
100uM zinc treatments, additional zinc (ZnSQ047H20) were added by calculating
the amount of ZnSO4 required for given volume of Hogland solutions prepared.
The plants were maintained with the respective treatments in two sets. One set
was harvested to see the treatment effect after treatment and second set was to
see the treatment effect after recovery. First set was harvested 15 days after
treatment imposition and again half strength Hogland solutions with all nutrients
was given for another 15 days. In the first and second set, the roots and shoots of
the respective treatments were collected to study the differential expression of zinc
transporter genes. The samples were also collected in each treatment for
estimation of zinc.

Zinc estimation in leaf and root samples grown under different zinc levels

Leaves and roots were ground with pestle and mortar to a fine powder. Five mL of
concentrated nitric acid (HNOs) was added to 0.25 g of powdered sample and
incubated in a digestion hood overnight. The next day, 5 mL of diacid mixture
(Nitric: Perchloricacid:: 10:4) was added and placed on a sand bath till all the
white fumes evaporated and a colourless liquid was left in the flask. It was
allowed to cool and volume was made up to 100 mL using glass distilled water
and further dilutions were made if the concentration of the samples was too high.
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These diluted samples were used for zinc estimation. Zinc was estimated in the
samples using polarized Zeeman Atomic Absorption Spectrophotometer (AAS-2-
6100). The zinc content was calculated using the below formula and zinc content
was expressed as mg/100g of sample.

Average ppm X volume made up

106 X weight of the sample

zinc content =

RNA extraction and RT-PCR analysis

RNA was isolated to know the differential expression of zinc transporters under
different zinc treatment, following the protocol of [17] with some modifications.
The concentration of the extract was quantified spectrophotometrically (UV-2450,
Shimadzu corporation, Japan) at 260 nm. The quality of the extraction was
ascertained by measuring the OD at 260/280 nm and confirmed by agarose gel
fractionation (with ethidium bromide staining) and visualized under UV light. The
RNA was reverse transcribed to ¢cDNA using reverse transcriptase (MMLV-RT,
MBI Fermentas, Germany) using standard protocol. The cDNA was used as a
template for PCR amplification. The sequence information of well-characterized
ZIP transporters in Arabidopsis was used as base information to perform BLAST
analysis in tomato genome. Five zinc transporters were selected for the study. The
five primers sequence used for PCR has been given in Table-1 along with the
locus ID. Amplification was performed under standardized conditions in Thermo
cycler. Electroporation of PCR amplified products were done on 1.0 % agarose gel
using TAE buffer of 1X concentration and was stained with ethidium bromide. The
agarose gel was visualized under UV-transilluminator.

Quantitative Real Time PCR analysis

First strand cDNA was synthesized from total RNA (200 ng) by oligo (dT) 15
priming using Molony Murine Leukaemia Virus reverse transcriptase enzyme (M-
MuLV-RT; MBI Fermentas). The cDNA pool was used as a template to perform
quantitative real ime PCR (Opticon2, MJ research, USA) and the log linear phase
was set at 30 cycles. Real-ime PCR was performed in the presence of the
fluorescent dye SYBR-green (DyNAmo SYBR-green qPCR Kit FINNZYMES,
Finland) following the manufacturer's protocol. The Ct value (the fractional cycle
number at which fluorescence passes a fixed threshold) was used to compare the
target RNA in the sample. The calculations were performed as described in
manufacturer's protocol. The abundance of gene was normalized to the level of
constitutively expressed gene, Actin.

Statistical analysis
The zinc content in roots and shoots were expressed as mean and standard error
(M£SE) and MSATAC software used to analyse data.

Results

Assessment of leaf and root zinc content in tomato under different zinc
levels

To study the effect of external zinc application on zinc content in tomato, zinc
concentrations were estimated in roots and leaves as a measure of uptake and
translocation under different levels of zinc. The pattern of zinc distribution varied
between the treatments [Fig-1]. In plants subjected to deficient zinc, the zinc
content increased significantly in both root and shoot upon moderate zinc
application. The plants that were treated with moderate and excess zinc had no
significant changes in their leaf and root zinc content with the application of
moderate zinc treatment. Irespective of the zinc treatments, the root zinc content
was higher than the leaf zinc content in all the plants. The zinc content was
greatest in excess zinc treated plants followed by moderate zinc treated plants
and deficient zinc treated ones. The deficient zinc treated plants subjected to
recovery has accumulated zinc, which was on par with the zinc content in the
moderate plants. With the increase in concentration of zinc application the leaf
and root zinc content also increased linearly.

Transcript levels of zinc transporter genes at different levels of zinc
treatment
Differential expression was observed for all the zinc transporter genes in tomato

plants subjected to different zinc concentrations. Expression of LeZIP1, LeZIP5
and LeZIP6 transcripts was not observed during early cycles of PCR but the
transcript levels increased gradually with the increase in PCR cycles and
expression was found to be higher under zinc deficient conditions. LeZIP3 showed
an early expression in moderate and deficient zinc treatments and at the end of 30
PCR cycles there was a weak expression of LeZIP3 in zinc excess conditions and
increased expression in moderate and deficient zinc conditions. But LeZIP2
showed entirely different expression profile. There was greater expression of
LeZIP2 under excess zinc conditions in 30 cycles of PCR, while there was no
significant level of expression observed at early cycles of PCR for LeZIP2 [Plate-
1]. After 15 days of treatment imposition, the plants were subjected to recovery by
providing moderate zinc. The genes LeZIP1, LeZIP5 and LeZIP6, which showed
increased expression under zinc deficient conditions, had decreased after these
plants were subjected to recovery. While LeZIP3 showed no such difference in
expression after recovery. In contrast, LeZIP2 transcripts increased after recovery
in zinc deprived plants compared to its expression, which was captured after zinc
treatment [Plate-1].
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Plate-1 Expression analysis of tomato zinc transporters under different levels of
zinc treatment by Semi-Quantitative RT PCR
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Fig-1 Zinc content in leaves and roots of tomato plants under different zinc
treatments

To validate the results of RT-PCR analysis, expression of LeZIP2 at different zinc
treatments was assessed by quantitative Real time PCR analysis. Amplification of
the right product was confirmed through melting curve analysis. Melting
temperature of amplicon was 81°C, which was equal to calculated Tm of the
product [Fig-2a].
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Relative change in gene expression over moderate zinc treatment was calculated
[Fig-2b]. Relative change in expression showed that there was 1.5 fold decrease
in transcript levels of excess zinc treatment over the moderate zinc treatment.
While there was 1.8 fold decrease in transcript levels of zinc deficient treatment
over the moderate zinc treatment [Fig-2c].
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Fig-2 Quantitative Real Time PCR analysis of LeZIP2 (a) Graph showing fold
decrease of LeZIP2 transcripts (b) Graph showing C(T) values of LeZIP2 (c)
Melting curve of LeZIP2

Discussion

The present study was conducted to understand the expression profile of zinc
transporter genes and zinc distribution in roots and shoots in tomato grown under
different levels of zinc. The tomato variety Pusa Ruby showed varied responses to
deficient, moderate and excess levels of zinc, which was evident by variations in
zinc contents in roots and shoots of respective treatments [Fig-1]. Our results
demonstrated that with the increase in concentration of applied zinc, the zinc
content in plant plants also increased. In moderate zinc treatment the zinc content
in shoots and roots increased to 57 % and 87 % respectively compared to
deficient zinc treatment, while the increase in zinc in excess zinc treated plants
was 42 % in shoot and 83% in root. However, the increased zinc content did not
compliment the growth of the tomato seedlings. The shoot and root length were
affected under deficient and excess zinc conditions, while it was significantly

higher in moderate zinc treatment [Table-2]. Malik, et al., 2011 [18], reported that
there was gradual increase of zinc concentration in amaranth and rice seedlings
with the increasing zinc levels. They also reported that shoot and root length
gradually decreased with increasing treatment of zinc and the length was lowest at
400 ppm zinc. Similarly, there are studies showing adverse effect of excess zinc
on plant growth [19, 20]. When tomato plants were subjected to recovery
treatment with moderate zinc application, zinc content did not vary much in
moderate and excess zinc treated plants but significant increase in zinc in root
and leaves of zinc-deprived plants was observed. This variation in zinc content in
different plant parts might be attributed to differential expression of zinc
transporters under different zinc treatments. Previous studies that support the data
have shown that increased mRNA abundance of a zinc transporter was
associated with increased uptake in the root cells of hyperaccumulator Thlaspi
caerulescens [21, 22). Several members of the ZIP family of zinc and iron
transporters in Escherichia coli [23], Saccharomyces cerevisiae [24], plants [13-
16], and humans [25] have been well studied. In plants, ZIP transporters have
been widely studied in dicots such as Pisum sativa, Arabidopsis, and
T. caerulescens. Conversely, there is partial information available on zinc
transporters in tomato. Hence, five zinc transporter genes of ZIP family were
identified using TAIR and NCBI GenBank and used to evaluate their expression
signature in tomato so that the variation in zinc content at different zinc levels
could be correlated. Our expression data in tomato showed that transcript levels of
LeZIP1, LeZIP5 and LeZIP6 were higher under zinc deficient conditions. LeZIP3
transcripts were detectable under moderate and deficient zinc conditions.
However, transcripts levels of LeZIP2 were higher in moderate zinc conditions
compared to znc deficient conditions. Quantitative Real Time PCR analysis
showed that there was 1.5 fold decrease in transcript levels of LeZIP2 under
excess zinc conditions over the moderate zinc treatment. Several members of ZIP
family transporters have been characterized and shown to be involved in zinc
uptake and transport mechanism in plants. Many expression studies have shown
that several members of ZIP transporters were induced under zinc deficiencies in
Arabidopsis [26]. OsZIP1, OsZIP3, OsZIP4, OsZIP5, and OsZIP8 are rice plasma
membrane zinc transporters and are induced by zinc deficiency [27, 28]
Transcript levels of ZIP1 of Arabidopsis were shown to be up-regulated in leaves
under zinc deficient condition. However, expression of ZIP1 was not detectable in
roots under sufficient or excess zinc conditions though it is localized to both the
roots and leaves in rice [29]. However, ZIP2 and ZIP7 in Arabidopsis showed
enhanced expression in leaves with the application of zinc [30]. Hence, in our
study LeZIP1, LeZIP3, LeZIP5 and LeZIP6 are high affinity Zinc transporters
induced under deficient zinc condition while LeZIP2 is a low affinity Zinc
transporter expressed under excess zinc conditions. Apart from the zinc
concentration as a factor, several other factors also influence the accumulation of
zinc in plants. Such as, the expression of most of the well-studied rice ZIP genes
(0sZIP1,0sZIP4,0sZIP5) was controlled by the availability of divalent cations viz.,
Zn2+, Fe2+,Cu2+,Mn2+. Few studies also confirmed that these transporter genes’
expression profiles were diverse between root and shoot tissues of rice [31].
Similarly, Chen, et al., 2008 [32] reported the differential expression pattern of ZIP
genes (0sZIP1, OsZIP3, and 0sZIP4) between zinc-efficient and zinc-inefficient
cultivars of rice. Hence, a multi-dimensional study to understand the zinc uptake
mechanism will give a better insight in zinc uptake and translocation mechanisms
in plants which can be exploited to improve zinc nutrition in both plants and
animals.

Conclusion

The study signifies the essentiality of zinc as a micronutrient at its optimum
concentration beyond which it has adverse effects on tomato growth. It also
provides information on differential expression of zinc transporters in tomato
regulating the accumulation of zinc under different zinc levels. The semi
quantitative RT- PCR data projected that LeZIP1, 3, 5 and 6 are high affinity zinc
transporters and LeZIP2 is a low affinity zinc transporter.

This information provides an insight into different types of zinc transporter genes
and use of high affinity zinc transporters in overexpression studies in tomato to
improve the zinc nutrient concentrations in tomato.
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Application of research: Putative high affinity zinc transporters have been
identified. This information can be used for functional validation of the identified
genes.

Research Category: Plant nutrition, Crop Physiology
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ZIP: Z1t Zinc transporter protein

Irt: Iron transporter protein-like protein

RT-PCR: Reverse transcriptase — Polymerase Chain Reaction
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