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Abstract

During exposure to stress, betaine content was reported to increase inZeaizaayd..), but the exact
mechanism of this increase is not clearly understood. In the current study, we attempted to identify a novel
betaine transporter gene and investigated the expression patterns under salt and drought stresses. The betaine
transporter gen&mBetProt was cloned by RACE technique from Maize, which covered 1538 bp with a 1299
bp open reading frame encoding 432 amino acids, protein molecular weight was 46.986 kDa and theoretical
isoelectric point of 8.90.ThBet/ProThomologous genes were olokad from various plant species. The highest
similarity was observed witproline transporter ofrabidopsis thaliana (AtProT3)Under salt stress, betaine
gene expression was not induced significanblyt induced significantly under mannitol stress. Halgth
sequence data for cDNA of the betaine transporter gene was submitted to the GenBank with accession number:
KX013323.1. This study is designed to providedapth understanding of the rolesA&fiBetProtin regulation
of betaine transporter under atic stress.

Key words: Maize, Betaine transporter gene, Expression analysis, Gene cloning.

Introduction proline as well as betaine, and their activity is induced
by saline stress (Hoquet al., 2008). Homologous
Maize Zea maysL.) is a world widely cultivated transporters have been identified in two betaine-non
crop, playing a vital role to support the increasing worldaccumulator plants, tomato amdabidopsis,which are
population. The production process of maize is highlycapable to transport both betaine and proline (Gra#ath
significantly influenced by environmental stress factorsal., 2005; Schwackeet al., 1999). In addition, the
(Li et al., 2017). In China, approximately 60% of the betaine transportersin model plants have been
maize are cultivated in arid areas, which is subjected toharacterized in some betaine raxcumulators, such as
20-30% vyield loss due to drought or salinity. (Goey LeProTZx3 in tomato (Schwacket al., 1999), OsProT1
al., 2014; Zhanget al, 2011; Liuet al, 2018). Abiotic in rice (lgarashiet al., 2000), and AtProTI 3 in
stresses are considered as the vital limitations for maizArabidopsis(Rentschet al.,1996). Moreover, they were
growth and productivityAdversity stress can influence characterized also in betaine accumulating plants such as
physiological, metabolic, molecular processeslso AmBet/ProTi2 in A.marina (Waditee et al., 2002),
disturb a series of cellular and metabolic processes, thuByvBet/ProTlin sugarbeet (Yamadat al., 2009), and
affecting the plant growth and survival (Zélicoettal., HvProT1 and HvProT2 in barley (Uedaet al., 2001;
2016). Multitude of abiotic stress factors can beFujiwara et al.,, 2010). HvProT1l from barley was
mitigated by using salt and drought tolerant genotypeseported to be involved in the transport of proline only,
that contribute to resilience (Vaughahal.,2017). One but not betaine (Uedat al., 2001). However, previous
of the defense mechanisms against salt and drougktudy has suggested th&et/ProTs from dicots are
stress is induction of osmoregulation mediated bycapable of transporting proline as well as betaine
betaine and proline (Singét al., 2008). It &ts as an (Bregoff & Delwiche 1955). In monocots, it is not yet
osmoregulator to stabilize the intracellular ionreported if Bet/ProTs can transport both osmotica
homeostasis and maintains the membranes integritpetaine and proline. Therefore, the purpose of this study
against the negative effect of salt, cold, heat or freezingvas to provide an evidence as a basis for investigation
(Sakamoto & Murata, 2002). on the function ofbetaine transporter gene obiatic
Although mechanism of betaine synthesis is notstress. Betaine transporter gene was isolated and cloned
fully undersbod, it is believed to be crucial factor in from maize Zea maysL.). Further, expression of
deterring plant tolerance to abiotic stress. Some earlidvetaine transporter gene was evaluated under salt and
published reports have indicated the transporters foosmotic stress.
betaine in different plants. For example the betaine
transporter genes have been isolated frAmcennia  Materials and Methods
marina (mangrovg, which is considered as betaine
accumulator (Waditeet al.,2002). Betaine transporters Plant growth and stress treatment: Sterilized maize
are believed tobe actively involval in transport of seeds were allowed to germinate fodays at 25°C. The
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seedlings were subjected toncentiationg of dNaGl and mannitbl rstregssntteatnsertd. u t i
and placed in a growth chamber at 25°C maiethat 16 RNA was isolated from the roots and leaves after each

h daily photoperisbéahd 6070t% t2e8tBenteTAEOptimer® used for PTR were as follows:

humidity. The ddy dark period was set for 8 h at 22°C zmBetProtgene wi th a pair of spec
and 6070% humidity. The salt treatment, 0, 150, 200 andTcAGGATTTGGTTGGGTTCT and reverse, CTGCGA

300 mM NacCl in Hoagl andOoBaTreddcAts) Actin §eRd (& RolisBkBepinY gehe)
initiated when the seedlings were at thtesf stage. {y5ard. AACTGCCCAGCAATGTATG and reverse,
However, mannitol treatment was applied USINGCATCAGGTTGT CGGTAAGGT. The formula @=Ct

Ho a g | autridnd solution containing 0, 200, 400, 500 f lculating th |ati ion level of
and 600 mM mannitol. After 6 h of above treatments,was used for calculating the relative expression level o
{/he target gene.

leaves and roots collected from plants were immediatel
frozen at 1T80AC for furt h%{atist?cgi%aq)fsig ment s.

Cloning of ZmBetProt cDNA: The total RNA was

. . e The Data of three replicates in each parameter were
extracted fromthe leaves according to acid guanidinium

) presented asmean+SP@® 0. 05) . Statistic
phenol chloroform method (ChomczyngkiSacchj 1987). of the treatments was evaluated by Analysis of variance

For determining the quality of RNA in the leaf samples,test (ANOVA) performed by mean separation by

ethidium bromide (EB) stained agarose gel eIectrophoresE uncanos multdsingby 8PS BWMge t es
was performed, and concentrations of RNA was '

determined  spectrophotometrically.  Extracted = RNARqq its
samples were stored -&®0°C prior to RACE and RPCR
analysis. For isolatingmBetProtDNA, first strand cDNA Cloning and analysis of the full-length cDNA of

was synthesized followingzpgedRr: RN HikiEhGH YLbea Squerkd %f 0 c ol
using a cDNA synthesis SuperMix (TRANS.eiBng,  zmBetProtwas attained by splicing the sequences of
China). cDNA fragments of thBetProthomologousgene 5 s RACE and 36RACE. The pri mer

were isolated by degenerate primers forward, GGGGesigned based on the conserved regidBeitProtgenes.
TACCATGGACGCCGCCGCCACG and reverse, TCA 560 RACE and 36 RACE amp l'i ficat.

GGATTTGGTT GGGGTTCT. ) transporter gene were showin (Fig. 1). Sequence
5'RACE gene fragments @mBetProtwere obtained analyss indicated that the fulength cDNA of
using Invitrogen RACE Kit following the prescribed 7y,BetProtwas1538 bp in length and contained 1299 bp
guidelines of the manufacturer and they were furtheprp encoding a polypeptide of 432 amino acids with a

completely sequenced to verify the sequences. In the firgly |- 1ated molecular weight of 46.986 kDEhe cDNA
round of PCR, AGCCTAGAGGGACCAT was used as thegequence oZmBetProtirom Zea mays Lwas submitted
forward  primer. Two nested rens® primers, {5 the GenBank with accession number: KX013323.1.
ACGTATGCGC TGTTGACC and GGTTGTGAGGACG

AAGCC. 3-RACE-forward primer, ATCAGGCTACCT 1 M

CCTCAACAGTGT CACA and 3RACE-reverse,
TCTGGGTAAAGCGGTTGCAAATCT. PCR product
was cloned into pMD18 vector (TaKaRa) for sequencing.

Bioinformatics analysis: The molecular weight and
isoelectric pointof ZmBetProtwere analyzed by using
BioXM 2.6 software. The protein secondary structure anc
tertiary structure were predicted by using GOR IV
(https://npseprabi.ibcp.fricgibin/npsa_automat.pl?page=
npsa_gord.html and SWISSMODEL (https://www
swissmodel. expasy. org/), respectively. The
transmembrane domains were predicted with the
TMHMM Server 2.0 (http://www.cbs. dtu.dk/services/
TMHMM -2.0/). The homology of the fulength cDNA
sequence of thBetProtcDNA gene was compared with
the GenBank database using BLAST (https://blast.nchbi
nim.nih.gov/Blast.cgi). The DNAMAN software was
employed to detemine the amino acid sequence. The
phylogenetic tree was generated by using softwan
MEGA 5.1 (http://mega.software.informer.com/5.1b/). (a) (b)
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Based on amino acid sequencesults, protein A phylogenetic tree was constructed to evaluate the
physicochemical properties, conservative  motif,phylogenetic relationship of theZmBetProt from
transmembrane domain, helical structure and potentiaifferent species. As shown in (Fig. 3b), sequence
physiological function were predicted by the alignment suggested that the sequenc2roBetProts a
corresponding multiple bioinformatics approaches.full-length version. ZmBetProt showed the highest
Amino acid sequence analysis showed that the similarity to proline transporter oirabidopsis thaliana
sequence there exétan obvious transmembrane and a(AtProT3) and the lowest similarity withproline
hydrophobic region (Fig. 2a). The number of alphatransporter forBeta vulgaris (BvBet/ProTand Oryza
helixes and beta sheets in the secondary structure wesativa(OsProT).
predicted to be 23 and 10, respectively. The spatial
structure thatzmBetProtprotein conained (Fig. 2b). ZmBetProt expression in the roots and leaves after
Regions of all sequences predicted to be located insid@mannitol and saline stress: Under mannitol stress, the
or outside the membrane are shown in blue and pinkexpression ofZmBetProt significantly improved in
respectively. The structural prediction of membraneroots at the mannitol levels up to 400 mM, while it did
domains showed that the protein was characterized byl@t change at the two higher mannitol levels, 500 and
transmembrane domains igF 2c). The conserved 600 mM (Fig. 4a) While, the expression dimBetProt
histidine residue, which may be responsible for betainevas upregulated at 500 and 600 mM treatments in
binding in transport processes. leaves, which revealed th@mBetProtexpression had

a tissuespecificity. These results indicated that betaine
Alignment analysis of zmBetProt with other betaine  transporter gene expression could be induced in roots
transporter genes: The amino acid sequences of and leavesBased on these results, it could be deduced
zmBetProtwas compared with that of other different that ZmBetProtexpression were induced dramatically
species in the GenBank using online protein BLASTat high concentration of mannitol 400 and 500 mM in
(Fig. 3a). Results revealed th&etProt amino acid root and leaf, respectively. It could lm®ncluded that
sequences were highly conserved in all species andmBetProt expression may be involved in the
contained a highly conserved motif. The deduced amin@acquisition of plant tolerance to a varying intensity of
acid sguences ofZmBetProtas well asBetProtfrom  drought stress. However, no significant difference of
other species, includingtriplex hortensis (AhBet/ProT), betaine transporter gene expression were observed in
Beta vulgaris (BvBet/ProT), Arabidopsis thaliana leaf or root of maize under vang concentrations of
(AtProT13), Lycopersicon esculentum(LeProT:3), NaCl (Fig. 4b).These results revealed that the
Elaeis guineensis (EgProT), Oryza satif@®sProT), expression of betaine transporter gene was not induced

Hordeum vulgargHvProT) were presented in (Fig. 3a). under salt stress.
il
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GYS5GS IGGTCGLLLALL HNLLLARLIEVGGE YRD HIMeFEINMGLI|{ LI{eY TIRRE] FITLAeCE TRGLE SODG .

GYS5GR IPAVLGLIZATL HSLVARLEEYGE YRD EIVePERAMSLT{ R I{eY TIRRE] EITLAESES AYHEETOOP .
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GYITAVSILLSEL MSLTERAVST TLANHMYYRAR .NNELNTLORLCHY LNVVFESLMSVARL TAAT.RTAL.DSKNEEV L.
GY¥LVMTIFLSEL MSLIEAISTI ILFNAMYITAE .FOFLNSLORSHEY LN INVEGCVSWARFVARLENTVVOT QT Xis v L.
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Fig. 3. Sequence alignments and phylogenetic relationships

of ZmBetProt other betaine transporter gene. (a) the
AtProT2 alignment between amino acid sequence of the prediction
T ORF of target gene and other
# ZuBetProt acid sequences. (b) the alignmeof deduced amino acid
Y sequences of MaizeZmBetProf Zea mayfANG58469.1);
l—_.\hgﬂpmy AhBet/ProT, Atriplex hortensis(AAF76897.1); AtProT1,
HyProT Arabidopsis thaliana(CAA65052.1); AtProT2, Arabidopsis
thaliana (CAA65053.1); AtProT3, Arabidopsis thaliana
AlPreTl (NP_181198.1); LeProT1, Lycopersicon esculentum
{lef’mﬂ (AAD25160.1); LeProT2, Lycopersicon esculentum
EgProT (NP_001233990.1); LeProT3, Lycopersicon esculentum
BvBetProT (NP_001233990.1); BvBet/ProT, Beta vulgaris
(BAH95859.1); EgProT, Elaeis guineensis
l—OsProT
(XP_010905371.1);  HvProT, Hordeum vulga

(b)

( BAK03150.1);0sProT,Oryza sativa(XP_015616483.1).
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Fig. 4. Analysis of relative expression ftmBetProtin roots and leavesnder (a) mannitattress and (b) salt stress. The
data are expressed as the means of three replicates and error bars represent the standard deviation.

Discussion constructed from the leaf samples. It vedi€onsiderable
value to appraise the role of betaine trantgrorin

Salt and drought stress are the vital restrictions tmsmotic (mannitol) stress tolerance. Undoubtedly, more
obtain high maize yield and qlitg. Although maize is research is needed to fully elucidate the mechanism of
generally considered as sensitive crop to both droughtetaine transport in maize. Therefore, it coldd of
and salt stress (Sugt al., 2015), it strives to resist to a great value to incorporate betaine transporter gene as
certain degree of a stress using various metaboligvell as the genes involved ibetaine synthesis to
processes. Plants including maize subjected to watémprove the resistance of plants against environmental
stress esswially require some adaptive mechanisms forcues. Under salt stress, the support was achieved by
keeping their cells and tissues functional under wateproline mediated by salt inducibleHvProTl The
deficit conditions (Setter & Flannigan, 2001). One suchexpression patterns ofHvProT2 is unique, since
adaptive mechanism to prevent cellular desiccation is texpression of otheProT genes, such asHvProT]
abundantly accumulate low molecular weighitganic  AtProT2 BvBet/ProTl, AmBet/ProT3 is clearly
osmolytes such as proline and glycine betaine, whiclinduced by salt stress (Wadite¢ al., 2002; Rentsclet
can effectively play an effective role in balancing al., 1996; Uedeet al.,2001). Accumulation of betaine in
cellular osmolarity (Takabe, 2012). Betaine is a majomlants is considered as one of the potential strategies of
osmoprotectant in plants, animals, bacteria and algaeounteracting the injurious effects of saline
(Rhodes & Hanson, 1993). In planthe main site of environments (Fujiwaraet al., 2010). Although it is
betaine synthesis is the chloroplast where in cholinevidely known that barley (a salt tolerant plant) is
undergoes a twgtep oxidation forming betaine, which capable of accumulating large amount of betaine in
in turn is subjected to a lordjstance transport with the response to saline conditions (Sithtisatral.,2009), the
plant exposed to stressful environments (Lamairlal.,  mechanismof betaine transport is not fully elucidated.
1996; Rathinasbapathiet al.1997). However, no much However, our findings clearly demonstrated that a maize
information exists in literature on the betaine transportpetaine transporter gene was not induced by salt stress
because so far betaine transporter genes are not wéklig. 4b), while it was induced by mannitol stress. These
characterized in plants. In this study, one betaingesults were similar to a previous studhiere Chaunet
transporter gene was isolated from maize seedhfigs  al., (2010a & 2010b) found that proline transporter gene
salt stress and mannitol stress @ity and 2). The levels expression in oil palm increased -tggulation abiotic
of ZmBetProt expression were upegulated at high stresses such as salt and drought. The different
concentration (500 and 600) mM in leaves, whereas, thexpression of betaine transporter gene under saline stress
ZmBetProtexpression was upegulated at concentration and drought stress ight be due to the active
of 400 mM in roots undemannitol stress (Fig. 4a). It involvement of toxic ions, i.e., Naand Cl in the signal
would have been interesting to clarify tiZenBetProt transduction pathway under saline stress, which might
expression can be induced at mannitol stress. From thHeave hindered the expression of the gene. This argument
results presented here, it is amply clear thaBetProt can be supported by Resdlal., (2009) who studied the
may play a critical role in plants under drought stressexpression of various genes in sunflower with different
condtions to maintain the osmotic pressure and could béevels of tolerance to drought and salt stresses,
potentially involved in growth and development. discovered that some of the genes significantly
ZmBetProtgene was isolated from the cDNA libraries responded to both stresses while others were regulated
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differently under different stresses, which wasrised  Hogue, M.A., M.N. Banu, Y. Nakamura, Y. Shimoishi and Y.
to the nature of a stress or plant tissue. Our study Murata. 2008. Proline and glycinebetaine enhance
confirms the link between the expressionZohBetProt antioxidant defense anq methylglyoxal dgtomﬁcaﬂon
gene and tolerance to abiotic stress (salt and drought), Systems and reduce Nal@duced damage in cultured

. . . tobacco cells]. Plant. Physiol.165(8): 813324.
which suggests thaimBetProigene might play a crucial Igarashi, Y., Y. Yoshiba, T. Takeshita, S. Nomura, J. Otomo, K.

role in inducing tolerance tdrought and salt stresses in Yamaguchi Shinozaki and K. Shinozaki. 2000. Molecular
mai ze and perhaps other cr Qdhifig-and Eh¥r&tkridalioh of a cONAGrkdling Hroiitki N g s

provide evidence thaIZmBetProtgene transporter was trarsporter in ricePlant. Cell. Physio|.41(6): 756756.

involved in abiotic stress resistance of maize. Lamark, T., T.P. Rokenes, J. Mc Dougall and A.R. Strom. 1996.
The complex bet promoters of Escherichia coli: regulation

Conclusion by oxygen (ArcA), choline (Betl), and osmotic streds.

Bacteriol, 178(6): 165-1662.
Li, P., W. Cao, H. Fang, Su, S.Yin, Y. Zhang,D. Lin, J.
In the pres?nt St'“;dy' a kaHéngth CDNA * of Wang, Y. Chen,C. Xu andZ. Yang 2017. Transcriptomic
ZmBetProt was cloned from maize Zea maysL.). Profiling of the Maize FZea maysL.) Leaf Response to

Different tissues revealedak r ent i al e X Pr e sppibti®IessBsat@h¥ Sedifhg Stagent. Plant. Sci 8:
of ZmBetProtgenes in response to abiotic stresses (salt 290291.

and drought), which suggested tEanBetProtmight play  Liu, Y.Y., X.S. Guo, M.S. Ma and X.F. Yu. 2018. Maize
an important role in betaine transport in maize fgan seedlings response to drought stress anevatering:
exposed to stress. The present study indicated that the aPscisicacid, a key regulator of physisiochemical

expression ofZmBetProtgene as a functional betaine gfgi;fgggas exchange parametétak. J. Bot, 50(6):

transporter hekpdto reduce the harmful effects of abiotic Rrathinasabapathi, B., M. Burnet, B.L. Russell, D.A. Gage, P.O.
stresses on maize seedlings. This novel finding will help  Liao and G.J. Nye. 1997. Choline monooxygenase,
to better understand tharfctional diversity oZmBetProt anunusuai ron sul fur enzyme <cataly
gene transporter under abiotic stress and exploring genes dlycine betaine synthesis in plants: prosthetic group

f interest for genetic improvement of betaine in maize. characterization and ¢ DNA cloninBroc. Natl. Acad. Sci.
ofinterest for ge P U.S.A, 94(7): 34543454,

Rentsch, D., B. Hirner, E. Schmelzer and W.B. Frommer. 1996.
Salt stess induced proline transporters and salt stress
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