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CLONING AND BIOINFORMATICS ANALYSIS OF CADMIUM-RESISTANT GENE TASFT2 IN WHEAT
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Cadmium is a non-essential trace element which is highly toxic to plants. Because of its high mobility and toxicity, it has become
a hot topic to study the molecular mechanism of cadmium uptake and transport by plants and to cultivate new crop varieties resistant
to cadmium and low cadmium accumulation. Cd enters into the plant body, it will be absorbed by the root system and gradually
transported to the above-ground part. Plants reduce toxic effects by absorbing and transporting heavy metals in different chemical
forms and storing them in different organs and tissues. Under cadmium stress, plants produce a variety of physiological and biochem-
ical mechanisms that limit cadmium absorption and transfer to reduce cadmium damage. Cadmium stress induces the expression
level of metallothionine gene in gramineous crops (wheat and rice), which has a positive effect on improving plant resistance to cad-
mium and alleviating cadmium toxicity. It is not clear how the gene causes tolerance to heavy metals. Therefore, this experiment cloned
the gene and analyzed the biological information to find the mechanism of cadmium resistance.

The full length of TaSFT2 gene was cloned by RT-PCR. The sequence analysis showed that the ORF gene was 684bp,
encoding 228 amino acids, with a molecular weight of 58.542kD and an isoelectric point of 9.16. The results of evolutionary tree
analysis showed that wheat TaSFT2 was closely related to maize ZmGot1/Sft2 gene and rice OsGot1/Sft2 protein.

The basic information of TaSFT2 gene can be obtained by chromosome location analysis, intron/exon analysis, ORF analysis
and expression profile analysis, efc. By analyzing the basic properties of TaSFT2 protein, hydrophobicity analysis, transmembrane
region prediction, signal peptide prediction and similarity prediction, the properties of gene-encoded protein can be preliminarily deter-
mined and predicted. In particular, hydrophobicity analysis and transmembrane region prediction can be used to predict whether the

gene is membrane protein, which has important reference significance for determining the direction of experimental research.
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Introduction. Cadmium is a non-essential trace element
which is highly toxic to plants. Growing in cadmium polluted areas
will lead to excessive cadmium levels in agricultural products and
threaten the health of animals and humans. Therefore, it has be-
come a hot topic to study the molecular mechanism of cadmium
uptake and transport by plants and to cultivate new crop varieties
resistant to cadmium and low cadmium accumulation.

It was found that the toxic effect of heavy metal cadmium
is related to its transport from soil to the aboveground part of
plants. During the process of cadmium entering the xylem
through the root cortex, through the symplast and extracellular
pathways, most of it is deposited in the intercortical cells, and a
few of it is transferred to the above-ground parts after arriving at
the midcolumn. Studies have shown that when Cd enters into the
plant body, it will be absorbed by the root system and gradually
transported to the above-ground part. In paddy rice, the running
rule is the highest in the root, followed by the stem, leaf sheath
and leaves. In rice plant, the accumulation amount is the lowest,
while most of the cadmium accumulates in the root (Li et al.,
2017; Meixiu et al., 2006; Tanaka et al., 2003; 2003; Wojas et al.,
2008). Other authors analyzed that only 2 % of the cadmium in
soybeans moved to the stem, with the rest remaining in the roots
and only a small portion of the Cd transported to the seeds. In
heavy metal enriched plants, the content of Cd in stems and
leaves is much higher than that in roots (Zhang et al., 2008). This
indicates that cadmium accumulation is different in various crops.

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty

Therefore, the ability of cadmium transport from root to over
ground is one of the important mechanisms that determine the
tolerance of plants to cadmium. It was showed that in wheat cad-
mium was first transferred to phloem in ear and then transferred
to grain, indicating that phloem transport was the main transport
mode for cadmium to enter grain (Herren & Feller, 1997). At the
same time, K. Tanaka with colleagues also confirmed that 90 %
of cadmium in some grains was transported through phloem
(Tanaka et al., 2003). Therefore, the ability of cadmium transport
from xylem to phloem in spike is the main determinant of cad-
mium content in wheat grain, rather than cadmium content in xy-
lem.

In wheat, cadmium in the soil is absorbed and transported
to the xylem through the root system of plant, transported upward
through the xylem, transferred and accumulated to the above-
ground phloem, and finally enriched in wheat grains; it has under-
gone a series of physiological and biochemical changes (Jian et
al., 2020; Song et al., 2017). The process goes through three
steps: the first step is the absorption and activation of the root
system, the transport of xylem, and the transfer of phloem to
grains (Ma Huiet al., 2020; Ghori et al., 2019). Cadmium enters
the root vascular column mainly through extracellular and sym-
plast pathways, and metal ions from the soil migrate through ex-
tracellular spaces such as cell walls or intercellular spaces and
accumulate through the cortical and endocortical tissues. The
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symplast pathway is a transport type through which cadmium car-
rier proteins use the metabolic energy of plants to enter root cells,
transfer through the symplast (intercellular ligamentum), and ac-
cumulate in the vascular column, including the transport of Ca ion
channels, endocytosis, calmodulin, and cationic transporters with
low affinity (Choppala et al., 2014). Secondly, cadmium in the xy-
lem enters the duct through transporters, and in the root cyto-
plasm it can be transported to vacuole, mitochondria and other
regional chambers, or loaded from the parenchyma cells of the
root tissue into the xylem duct for transport. Then it is transported
to the above-ground by transpiration and root pressure over a
long distance. The third step is the transport from xylem to
phloem. Crops such as wheat is transported from xylem to
phloem through the stem node, and then cadmium will be trans-
ferred into grains through the phloem of cob (Abedi & Mojiri;
2020).

Plants reduce their toxic effects on plants by absorbing
and transporting heavy metals in different chemical forms and
storing them in different organs and tissues (Ghori et al., 2019).
Under cadmium stress, plants produce a variety of physiological
and biochemical mechanisms that limit cadmium absorption and
transfer to reduce cadmium damage, among which cadmium
transporters and their chelate related transporters play an im-
portant role in plant resistance to cadmium toxicity, and cell wall
fixation and plasma membrane selective permeability also play a
key role. Studies have shown that cadmium stress induces the
expression level of metallothionin gene in gramineous crops
(wheat and rice), which has a positive effect on improving plant
resistance to cadmium and alleviating cadmium toxicity (Chen et
al., 2019; Yali et al., 2017).

Various protein families involved in heavy metal transport
in plants have been isolated and identified, including the P-type
ATPase gene family, the ATP-binding Cassette transporter
(ABC) gene family, and the Natural Resistance-Associated mac-
rophage Protein family (NRAMP), Cation Diffusion Facilitator
(CDF), H+/Cation Exchanger (CAX) family, Zrt/ irt-like Protein
(ZIP) family, Oligopeptide Transporter (OPT) family for transport
of tetrapeptide and pentapeptide, etc. (Ali & Nas., 2018; Huang
etal., 2020).

In rice, overexpression of OSHMA3 and interference with
the silencing of OSNRAMP5 and OsNRAMP1 reduced the cad-
mium concentration in stalks and grains, and greatly reduced the
absorption and accumulation capacity of Cd?* in plant, indicating
its involvement in the absorption and transport of Cd?* (Liu et al.,
2019; Russell & Soulimane, 2012; Sasaki, et al., 2014).
Got1/SFT2-like protein, vesicle transport protein, the gene were
involved in metal exclusion and storage, to actively pump metal
ions across membranes located either in the plasma membrane
(contributing to extruding metals to the cell exterior) or vesicle and
vacuole membranes (creating metal storage that can be either
kept in the cell or displaced). Examples of these genes include
the cation diffusion facilitator transport proteins that are predicted
to aid in zinc ion homeostasis and an iron permease gene pre-
dicted to transport iron ions across membranes (Takahashi et al.,
2014). It was identified the gene scattered across the genome
putatively involved in heavy metal tolerance. (Chiang et al.,
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2006). The gene encode for transmembrane transporters in-
volved in metal exclusion and storage, immobilization, and ROS
detoxification. It is not clear how the gene causes tolerance to
heavy metals. Therefore, this experiment cloned the gene and
analyzed the biological information to find the mechanism of cad-
mium resistance.

Materials and methods. Material was wheat variety
Bainong 207, supplied by Henan Institute of Science and Tech-
nology. PMD-19T vector, Escherichia coli (E. coli.) and Agrobac-
terium GV3101 strains were purchased from TaKaRa biological
company.

Seeds of Bainong 207 (Triticum aestivum L.) were disin-
fected with 75 % (v/v) ethanol for 1 min and 2.5 % sodium hypo-
chlorite for 6 min, then germinated on moist filter papers. All
seeds were provided by Center for Genetic Improvement of
Wheat, College of Life Science and Technology, Henan Institute
of Science and Technology. On the 10-th day, uniform and
healthy seedlings were transplanted to 4 x 12-hole hydroponics
basin under natural light and temperature at 22+2°C
(day/night). The water was continuously aerated and renewed
every 3 days.

Wheat genomic DNA samples were prepared using
etiolated seedlings as described previously. To prepare total RNA
samples from wheat of Bainonng 207 organs or seedlings, Trizon
reagent (tiangen, Cat. No. 419) was used. To avoid genomic DNA
contamination, total RNA samples were treated with an RNase-
free DNase kit according to the manufacturer’s instructions
(Qiagen, http://www.giagen.com/).

Total RNA was extracted from Bainonng 207, and the full
length CDS of the homologous Got1/Sft2 (GenBank:
LOC109784566) were cloned using the primers of Got1/Sft2-F
and Got1/Sft2-R. cDNA was used to design specific primers
based on the conserved sequence of Got1/Sft2 gene of wheat in
GenBank. The amplification product was detected by 2.0 %
agarose gel electrophoresis.

Using the SingalP4.1 and TMHMM Server v.2.0 analysis
the transmembrane region. NCBI is used to sequence Got1/Sft2
gene and cloned from wheat Bainong 207
(https://blast.ncbi.nim.nih.gov/Blast.blastn&PAGE_PE=BlastSea
rch&LINK_LOC=blasthome). Using Expasy online website to
analyze the hydrophilic/hydrophobic amino acid sequence of the
gene  (http://web.expasy.org/cgi-bin/protscale/protscale.pl?1).
Using Mega 5.0 to construct the evolutionary tree.

Results. 3.1. Extraction of total RNA from wheat. The ex-
traction quality of total RNA is the premise that determines the
results of this experiment. The extraction of total RNA with high
purity and integrity is an important guarantee for RT-PCR. After
the extraction of RNA from wheat leaves, the total RNA quality
was detected by 0.8 % agar gel electrophoresis, as shown
(Fig 1.). The results showed that the extraction effect was satis-
fied and the integrity was good as well. The value of 0D260/280
was detected between 1.7 and 2.0 by ultraviolet spectrophotom-
eter, indicating that the RNA samples obtained in this experiment
had high purity, which was used for subsequent reverse transcrip-
tion experiments and amplified fragments to construct the vector.

BicHuk CymcbKOro HauioHanbLHOro arpapHoro yHiBepcutety
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Fig 1 RNA detection by electrophoresis

M: Standard 2000+Marker; 1-5:

3.2. FullHlength cloning of wheat TaSFT2 gene. The
results showed that the band with the same size as the target
fragment (about 750 bp) was amplified (Fig. 2). After the strip was
recovered, the plasmid was connected with pMD-19T and

RNA samples

transformed into the competent cells of E. coli. After the
successful verification by monocloning, the plasmid was
extracted and named as pMD-19T-TaSFT2 plasmid and then it
was sequenced.

M: Standard 2000+Marker; 1-4: Amplified band
Fig2. TaGotl/Sfi2 gene PCR amplification

The results showed that the sequence had a complete
open reading frame (ORF), with a length of 684bp and encoding
228 amino acids (Fig. 2). The sequence was named TaSFT2.

3.3 The sequence analysis and bioinformatics analysis of
wheat TaSFT2 gene. The physical and chemical properties of
TaSFT2 protein were analyzed by Protaparam, and the molecular
formula was Caoss Hase NesaOssoSte1, the relative molecular
weight was 58.542kD, and the theoretical isoelectric point pl was
9.169 (Fig. 3). Singal P 4.1 analysis showed that the sequence

FrotScale cutplr far user_segquence

Hphak. [ Kyte & Doolittla

Position

Fig3. Analysis of hvdrophilicity and hvdrophobicity of TaGotl/Sf2

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty

was a signal peptide that distinguished the transmembrane re-
gion. According to TMHMM Server v.2.0 online analysis, the
TaSFT2 protein has four distinct transmembrane regions (Fig. 4).
Using Expasy online website (http://web.expasy.org/cgi-
bin/protscale/protscale.pl?1), the hydrophilic/hydrophobic prop-
erty of the amino acid sequence of this gene was analyzed
(Fig. 5). The hydrophobic region encoded byTaSFT2 alternated
with the hydrophilic region. Therefore, the TaSFT2 protein was
predicted to be hydrophilic.

SignalP-4.1 prediction (euk netwarks): 1
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Fig4. The transmembrane region of TaGotl/Sft2
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In order to further study the evolutionary relationship of
TaSFT2 gene in different species, the evolutionary tree of
Got1/Sft2 gene in different organismswas constructed through
Clustal W comparison in MEGA5.0 and the Neighbor-joining

method. The evolutionary tree was used to analyze the evolution-
ary relationship between Got1/Sft2 gene in different species. As
shown in Fig. 6., wheat TaSFT2 has the closest relationship with
maize ZmGot1/Sft2 and rice OsGot1/Sft2 proteins.

XP 0024372641 Sorghum bicolor
47{

100 |- NP 001150517 2 Zea mays

L XP 004965916.1 Setana italica

—— VAI78066.1 Triticum turgidum subsp. durum

100

XP 006656231.1 Oryza brachyantha

100

XP 014752367.1 Brachypodium distachyon

I)(P 0201987551 Aegilops tauschii subsp. tauschii

0.20

100
l KAES8811045.1 SFT2-like Hordeum vulgare

Fig6. Phylogenetic tree analysis of TaGot1/Sft2 and Gotl/Sft2 protein of other species

Discussion. In this experiment, the sequence of wheat
TaSFT2 gene was successfully cloned by RT-PCR (Feeney, et
al., Huai et al., 2008) . The sequence analysis showed that the
OREF of the gene was 684bp in length, encoding 228 amino acids
in total, with the predicted molecular weight of 58.542kD and the
isoelectric point of 9.169. As Y. X. Zhu, & Y. Li (Zhu & Li, 2007)
predicted the isoelectric points can be used in the separation of
amino acids. In fact, in practical applications, compared with the
pKa value of amino acid residues at isoelectric points of amino
acids, the effect of pH on the dissociation of amino acid residues
can be directly reflected in the protein properties (Bartels &
Sunkar, 2005). When the pH is near the isoelectric point (pl) of
the protein, the surface charge intensity and hydration ability of
the protein are the lowest, and it is easier to precipitate. When pH
deviates from pl value appropriately, protein solubility is better.
SingalP4.1 analysis showed that the sequence was a non-secre-
tory protein with no signal peptide sites. According to the online
analysis of TMHMM Server V. 2.0, TaSFT2 protein has four dis-
tinct trans membrane regions (Figure 3, indicating that this gene
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is a membrane protein. Using Expasy online website
http://web.expasy.org/cgi-bin/protscale/protscale.pl?1)  Hydro-
philic / hydrophobic analysis of the amino acid sequence of the
gene (Fig. 3—4). Hydrophobic and hydrophilic water appear alter-
nately in TaSFT2 encoding. In the whole peptide chain, hydro-
philic amino acids are evenly distributed, with excess hydropho-
bic amino acids. Therefore, it is predicted that TaSFT2 protein is
hydrophilic, and the dissolution of protein in aqueous solution is
the result of the interaction between protein surface charge and
ions in aqueous solution, and water molecules. Too high or too
low ionic strength in solution will destroy the hydration layer on
the protein surface and promote protein polymerization and pre-
cipitation. Few proteins dissolve well in pure water. The dissolu-
tion of some proteins in solution requires specific helper mole-
cules (glycerol, urea, arginine, detergent, etc.) (Liu et al., 2014;
Patel et al., 2014). In order to further study the evolutionary rela-
tionship of SFT2 in different species, DNA sequences were used
for developmental analysis to infer and evaluate the evolutionary
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relationship of species at the molecular level, which was ex-
pressed in the form of a branching graph, namely the evolutionary
tree. The evolutionary tree has multiple branches, but it is usually
abinary tree. It's either a rooted or an unrooted tree. Rooted trees
reflect the chronological order of tree species, while rootless trees
only reflect the distance between taxa without reference to who
is the ancestor. In other words, the root nodes of root trees are
the nearest common ancestor of all taxa, which reflects the evo-
lutionary relationship between taxa, while the rootless trees only
reflect the taxa relationship (Whelan & Morrison, 2017). Through
comparison of Clustal W in MEGA5.0 and the neighbor-joining
method, SFT2 gene evolutionary trees of different organisms
were constructed to analyze the evolutionary relationship be-
tween SFT2 genes in different species. It was found that TaSFT2
of wheat was closely related to ZmSFT2 of maize and OsSFT2 of
rice.

Conclusion. The double helix structure of DNA contains
the code of life, and the arrangement and change of four nucleo-
tides contain a lot of genetic and evolutionary information. Since

the Human Genome Project, data on the sequence and structure
of nucleic acids (or proteins) has grown exponentially, and com-
puters are essential to the application of such complex data.
Therefore, the purpose of bioinformatics research is that people
can clarify and understand the biological significance of large
amounts of data through various tools such as mathematics and
computer science. The basic information of TaSFT2 gene can be
obtained by chromosome location analysis, intron/exon analysis,
ORF analysis and expression profile analysis, etc. By analyzing
the basic properties of TaSFT2 protein, hydrophobicity analysis,
transmembrane region prediction, signal peptide prediction and
similarity prediction, the properties of gene-encoded protein can
be preliminarily determined and predicted. In particular, hydro-
phobicity analysis and transmembrane region prediction can be
used to predict whether the gene is membrane protein, which has
important reference significance for determining the direction of
experimental research.
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By Jltonto, acnipanm, CymcbKull HauioHanbHUl agpapHull yHisepcumem, M. Cymu, YkpaiHa

Xamoea ManuHa OnekciigHa, kaHOuOam CinbCbk020cN0AapchbKux HayK, npoghecop, CymcbKuUl HauioHanbHUl aepapHull
yHigepcumem, M. Cymu, Ykpaina

KITOHYBAHHS1 TA BIOIHOOPMATUYHUIA AHATI3 KALIMIA-CTIAKOIO FEHY TASFT2 MWEHULI

Kadmiti He Hanexumb 00 OCHOBHUX €IeMEHMIg XUBMEHHS | € MOKCUYHUM Ons POCuH. Yepes (i020 8UCOKy MOBinbHICMb |
MOKCUYHICMb akmyasbHUM NUMaKHSIM CMaro 8UBYEHHST MOMIEKYIPHO20 MeXaHi3My NoeuHaHHs ma mpaHcnopmy Kadmii pocnu-
HaMu, @ MaKoX CMBOPEHHS HOBUX COPMIB CiflbCbk020CN00apchKux Kynbmyp, cmilikux Ao kadmito ma 30amHicmio 3o (1020 HU3bK020
HakonuyveHHs. Cd nompansisie 8 opaaHi3M POCUHU, NO21UHAEMbCS KOPEHEBOK CLUCMEMOK | NOCMYN080 NEPEHOCUMBLCS 8 Ha03eMHy
yacmuHy. PocnuHu 3ameHwytomb mokcuqHy diko kaOMito Ha eniacHul 02aHi3M, NO2IUHAKYU | MPaHCNOPMYI0YU 8aXKi MEMasuU 8 Pi3HUX
XiMiqHUX chopmax i 3bepiearoyu ix 8 pi3HUX opaaHax i mkaHuHax. [1id enusom kadmieso20 cmpecy POCIUHU 8UPOBNSOMb Pi3Hi
isionoeiyHi ma bioXiMiyHi MexaHi3mu, sKi obMexyoms abcopbuito | nepeHeceHHs kaoMito, Ansi 3HUXeHHs (loeo mokcuyHo 0ii. Kad-
Miggull cmpec BUKIUKAE pigeHb eKCNPECii 2eHa MemaniomioHiHa @ 31akosux Kynbmyp (NWeHUUs i puc), wo no3umugHo 8nueac Ha
nideuwerHs cmitikocmi pocuH 4o KadMmito | 3HUXEHHs MOKCUYHocmi Memany. HesicHo, sik caMe 2eH 0bymoerioe monepaHmHicms 4o
8axXKux memarnig. B ypomy ekcnepumeHmi 6yro KIIOH08aHO 2eH i npoaHanizogaHo bionoziyHy iHgbopmayis, Wodo Nowykie MexaHiamy
cmitikocmi pocriud 8o kadmitk. [TogHy doexuHy eeHa TaSFT2 krnoHysanu 3a donomoeoto OT-MIP. AHanis nocridogHocmi nokasas,
wo posmip eeHa ORF cmaHosumb 684 nap ocHos, 8iH k0dye 228 amiHokuciom, 3 MOneKynsipHoto Macoio 58,542 k[la i i3oenekmpuy-
Hoi moykor 9,16. Pe3ynbmamu aHanisy egomoyitiHoeo Oepesa nokasanu, wo TaSFT2 nweHuui 6ys micHo nog'a3aHull 3 eeHoM
ZmGot1/ Sft2 kykypydsu i 6inkom OsGot1/ Sft2 pucy.

OcHosHy iHhopmauito npo 2eH TaSFT2 moxHa ompumamu 3a oNOMO20K0 aHasi3y Micys po3mallly8aHHs XpOMOCOM, aHari3y
UHMPOHO8 / ek30Hig, aHanisy ORF ma aHanisy npogbinio ekcnpecii mowjo. LLinsxom aHanizy 0cHogHuUx eacmugocmeli binka TaSFT2,
aHarnisy 2idpoghobHOCMI, NPO2HO3y8aHHA mpaHcMeMbpaHHOI 0bracmi, cugHambHo020 nenmudy i npo2HO3y8aHHs NOGIGHOCMI. MOXHa
nonepedHbo gusHayumuti 0 nepedbayumu enacmugocmi kodosaHo20 2eHoM binky. 3okpema, aHani3 eidpogobHocmi U npoeHo3
mpaHcMembparHoi 0biacmi MoXHa 8uKopucmosysamu 0715 NPO2HO3Y8aHHS, WO Mae 8aX/IUBe 3HaYEHHS OIS 8U3HAYEHHS HanPSMKy
excnepuMermanbHUX 00CTIOKEHb.

Knroyoei cnoea: kadmill, nweHuus, monepaHmuicms, cmilikicme 00 kaOMiko, 2eH, CEKBEHYBaHHSI.
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