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I ntroduction 2010; Balzanet al, 2014), tomato (Pattison & Catala,
2012), soybean (Wangt al, 2015) and Populus (Carraro
The differential distribution of phytohormone auxin et al, 2012). Extesive recent research has been carried
contributes to plantsd ¢gr outvon Arabaopsis refading the gpigeaatid regalatiah oft h e |
adaptation to everhanging environments (Casaneva the differentPIN genes (Mate®onmati et al, 2019).
S4ez & VoR,2019). Shoovriginated bulk flow of auxin  Analysis of the PIN transcripts in rice unveiled
was considered as a major contributor to changes in auxitifferential responses of theOsPINs to various
concentration. Recent reports, however, advocateghytohornones (Wanget al, 2009). Transcript analysis
substantial contributions via short distance auxin transpouf the OsPIN1bin rice revealed that the gene is highly
under abiotic stresses (Korvet al, 2018. IAA levels  downregulated under abiotic stresses, and the phenotypic
progressively rose in both leaves and roots of inoculatednalysis in theospinlbmutant revealed shorter seminal
saplings, and the timeourse expression patterns of roots than wild type (Suet al, 2018).The overexpressed
PodaAUX/IAA altered in tandem with 1AA levels (Yad  OsPIN3ttransgenic lines in rice showed drought tolerance
al., 2018).The polar auxin transport (PAT) is facilitated and OsPIN3tpromoter drivenGUS activity, enhanced in
via many known aur transporter families, however, the auxin and polyethylene glycol (PEG) treatment (Zhahg
polarly localized PINFORMED proteins finely al., 2012). ThePIN genes $IPIN1to SIPIN1Q identified
corresponds to the direction of auxin movement thatn tomato showed heterogeneous spatiotemporal
highlights PINs as key regulators of asymmetric expression with tissues and developmental stages
distribution of auxin in plants (Zhou & Luo., 2018). The specificity. The altered shoot architecture in RNbv&ised
role of thePINsin transport of auxin was first described co-silencedSIPIN3and SIPIN4 suggesting that the genes
through the phenotypes of the gormed1 pinl) mutants play a critical role in architecty tomato plants (Pattison
of Arabidopsis. Thepinl mutants produced PIN like & Catala, 2012). The expressionPIN genes in soybean
inflorescence due to defective PAT (Okada, 1991(Glycine max was differentially regulated by abiotic
Galweiler, 1998). Successive findings uncovered the PIMtresses and phytohormones, which triggered auxin
proteins as auxin efflux carriers (Zhou & Luo, 2018; redistribution to help soybean plants to acclimatize to the
Zwiewka et al, 2019). To date homologs of tHeIN  changingenvironment (Wangt al, 2015).
genes have been distinguished in several plant species, The promoter of a gene plays a crucial role as a major
including monocots and eudicots. The PIN transcript hasis-acting factor in the regulation, expression, and
been analyzed for genoméde and tissuspecific transcription. Some important eisgulating elements in
expression in rice (Wanet al, 2009), maize (Carraret t h e 5 6 Brasfica aapusNHX1 gene, which is salt
al., 2006; Forestaet al, 2012), Sorghum (Sheet al, stresresponsive, were reported by Gharelo &
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Bondehagh (2017). They are CAAT box, TATA box,-TC AtPIN1 (AT1G73590.1) gene of Arabidopsis in the
rich repeats and WUN motifs, which are involved intobacco genome database of Chihtp(//218.28.140.17/
pl antséo response t o a b i o toolstblastéblast.mhs?acton=rury. uTevdniytPENsrelateda | i n i |
drought, mechanical injuries, and TMKfection, etc. (Li genes were found and based on the bioinformatics
et al., 2015), characterized the promoter of violaxanthinanalysisNtPIN1a gene (Gene IDNtab0448440.1) was
de-epoxidase €sVDE gene of Cucumis sativud.. in selected for the study.
Arabidopsis, which protects photosynthetic apparatu Afterwards, all the protein sequences obtained were
from photedamage. TheCsVDE promoter activity was further examined by SMART (http://smart.embl
noted to be positively regulated by IAA andgatively by  heidelberg.de/) to verify the existence of domains. By
PEG and sodium chloride. Together with the lght searching the tobacco genome dataset with PF03547 of
responsive cielements (AEbox, Boxl, G-box, GAG  the PAm Hidden Markov Model (HMM) model, top hits
motif, GA-motif, GT-1 motifs, and Spl) drought for putative PIN proteins were retained by high score and
inducible MBS binding site, T@ich repeats (defense and lowE-v al ue (scor e®0 and E val ue:
stressresponsive), HSE (heat strestated), GARE and To validate the promoter region from
P-box in gibberellin responsivelements were reported Ntab_scaffold 2554 upstreaRtPINlagene, that whether
on the promoter o£sVDEgene (Liet al, 2015). the NtPINla promoter sequence was present in the

N. tabacumis an important cash crop and is widely tabacumgenome, sequencsep eci yc pri mers (
used as a good model plant (@ail, 2016). Recently 20 TAAATCGGTTAATCATCACGC-3 6 , reverse
NtPIN genes were identdd by genomevide analysis in  GGCTAGTTTCTTGAAATACCG3 6 ) wer e desi
N. tabacum Higher expression in shoots and stems anbased on the DNA sequences of two ancestral diploid
CRISPR/Cas%hased NtPIN4 mutation indicated that species (Fig. 1), The promoter (pit?INla) was then
NtPIN4 was involved in auxifimediated branching of amplified fromN. tabacumcv. HonghuaDadinYuan (HD),
tobacco plants (Xieet al, 2017). Higher expression of using ExTag DNA polymerase enzyme with promoter
PIN genes undedrought stress played a critical role in specific primers designed at different positions on the sense
lateral root formation of tobacco by mediating downwarcstrands. The PCR was performed af®@Sor 5 min,
transport of auxin from shoots to roots (Waag al, followed by 30 cycles 095°C for 30 sec, 5& for 30 sec,
2018). Among thePIN genes, AtPIN1 is the central 72°C for 2 min, and with a final cycle at @ for 10 min
mediator in developing plant tissues via polar auxirusing 100 ng genomic DNA of. tabacum The PCR
transport. This is why several factors that are assumed product was detected by 1% Agarose gel electrophoresis.
be involved in auxin distribution are often tested in theAfter purification by kit, the amplified fragment of the
regulation of AtPIN1 expression (Omelyanchukt al,  promoter was ligated in the pMDIBvector.
2016). Compared with other family members, lack of For the histochemical promot&US constructs,
AtPIN1 activity results in most sewe phenotypes about 3 kb upstream sequences of the seldeiiddyene,
suggesting a crucial role of this protein in auxin transporwere obtained from the China tobacco database. The
(Okada, 1991; Frimét al, 2003; Blilouet al, 2005). The product was transformed inEscherichia colD H5 U . The
current study aimed to validate and unveil the expressicposiive recombinant clones were verified by PCR and
patterns ofNtPINla in the N. tabacumunder abiotic sequencing. To construct the expression vector for

stressesthough analysis of it s Agrobacterium tumefaciensthe NtPINla promoter
segment in pMD19 vector, was ramplified with
Materials and Methods infusion primers containing restriction sites (Hindlll and

BamHlI). The amplified fragment was then stlbned in
Identification of NtPIN1a and isolation of its promoter ~ pBI121 (treated with the same restriction sites) vector,
in N. tabacum: The putative PIN proteins &. tabacum replacing theCaMV35Spromoter upstream of theUS
were identified by blasting the protein sequence of threporter, to get the pNtPIN1a::GUS constructs.

Ntab_scaffold_2554 . : . .
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Fig. 1.Genome annotation of tidtPIN1apromoter region.
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Fig. 2. Evolutionary analysis &tPIN1agenes; phylogenetic tree of the query protein AtPIN1, blast in tobacco database. The red bar
represents the NtPINs aligned sequences similar to that of AtPIN1.

Phylogeneticanalysis temperature and day length and night length set at 16/8 h
respectively. Two weeks later, identically vigorous
The 20 NtPINs protein sequences fridntabacum seedlings were transferred to eqearter strength
were taken to design the phylogenetic tree by MEGA 8.0Hoagland solution (HS) and after two days the transgenic
using the maximum likely hood method with 1000 tobacco seedlings were exposed to 9@ MaCl, 100 uM
bootstrap replications (Kumat al.,, 2018) (Fig. 2). potassium, 2.5% PEG000 (m/v) and 10 uM IAA in
1/4HS for simulating moderate salt, low potassium,
Plant materials and growth conditions Seeds ofN.  drought stress, and hormonal treatment respectively.
tabacum cv. HonghuaDa Jin Yuan, provided by the Samples were taken 24 and 48 h after treatments. The
Tobacco Research Institute, CAAS, were used as sour@®ntrol seedlings were also grown IMHS without any
material for promoters cloning and as study materials foabiotic stress factors.
tobacco experiment. Agrobacterium mediatieaf disc
method was used to generate proNtPINla:GUSsUS-Histochemical assay: To demonstrate organ
transgenic line, by transforming pBI1@toNtPINla: specific patterns of the NtPINla promoter in N.
GUS vector into tobacco (Horsadt al, 1985). The T2 tabacum histochemical GUS staining was performed for
generation seeds were screened on kanamycin addsededlings with Sromo-4-chloro-3-indoyl glucuronide
Murashige and Skoog (1/2MS) media plates. eeks (X-Gluc) asa substrate (Cervera, 2005). Samples were
later 10 independent transgenic lines were selected for trsained at 37T for 4 h and then was put into 100%
experiment, in which two homozygous lines {€land ethanol until chlorophyll content was removed. For
Z2-6) were selected as representative. Seeds of threhydration to make the tissues soft, samples were put
selected T2 lines were sown on vermiculite and kept in &nto water for 15 min and then photographed with a
growth chamber with temperags set at 25/P& air  microsope (LEICA S8APO).
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Reaktime quantitative PCR (RT-qPCR): To verify the and Plantpan2 (Chowt al, 2015). The predicted e¢is
organspecific pattern of the NtPINla gene, BPCR elements distributed on NtPIN1la promoter including core
analysis was performed. The primers used are; forwardromoter elements (TATAox), enhancer element
pri me-TTCABSAAGGTCGCAGGGAS 6 , r e (CAATsbgx), hormones responsive elements (ABRE and
pri me CACGAGCAACCATTGAGTAAAA-3 6.  THh®X), photoreactive elements (Aix, Box4, Gbox
expression of the tobacco actin NtL25 gene was asexh ~ GT1-motif, I-box, and TC¥motif), tissuespecific
internal positive control (Schmidgt al, 2010). Primers (AAGAA-motif and RY-element), defense and stress
used for the acti-rCAAAGTR E5Pansive elgpepts (ARE, s80otf, MYC, MYB,
ACATTCCACCG3 6 r e TETCETEGTCEGAT WUN-motif, and TCrich repeats). In addition, the
CAGGG3 6 Py 'i-speeif'rcity was examined by PCR conserved TF_motif seq_0254 at the position 2985 is
and agarose.gel analysis. The sixteen dayssedtllings predicted,  which de_scrib_e; trap scription. factor (TF)
were treated and the total RNA was extracted by hot pheng\ﬁi\zkél’arzgggltifr zfr?]fgg:]tgng o?gr?lléf/\ﬂt)r;g?s?ﬁr
method (Donget al, 2015) from the whole root and second ianal transduction bpathwav. in response to low
pair of leaves of three seedlings after 24 and 48 h. Fer R g P Y, P

) o ) ; otassium. The RAP2.11 was identified by activation
qPCR, using HiScript® IRT SuperMix (+gDNA Wiper)  a44ing of Arabidopsis lines containing a luciferase

(Vazyme), cDNA vas synthesized from 1 pg total RNA. 5rker powered by the promoter AtHAK5 that is
Using ChamQTM SYBR ® qPCR Master Mix (Vazyme), normally induced only by low potassium ifK et al,

the PCRs were performed on Light cycler 96 (Roche). Theg12). The motif, enriched in the upregulated genes under
amplification reactions were carried out at a total volume ofow potassium, was also contained in the NtPINla
20 pL, containing 10 pL 2xChamQ SYBR gPCR Masterpromoter. This can be hypothesized that the motif in
Mix, 7.2 pL ddHO, 0.8 pL reverse and forward primers NtPIN1a might also be responsible fof iésponsive TFs.
(10 pM), and 2 pL cDNA (10 times diluted after Similarly, in the promotersof auxinregulated
synthesis). PCR was executed as follows: 95°C for 1 milgenes the TF_motif_seq_0439 at the position 2605 bps
then 40 cycles of 95°C for 10 s and 60°C for 30 min. Thre (Fig. 3) was reported as auxin response elements

biological repeats were taken for quantificat (AuxRE), depending on a specific domain of the
proteins either activate or repress transcription of the
Results genes (Liet al., 2016).

o ) _ ) ) Also, the conserved motif TFmatrixID_0058 codon at
Bioinformatics analysis of NtPIN1la gene To identify position 1070 bps are responsible for the homeebox

NtPINla protein in N. tabacum the AWPIN1 jeycine zipper protein (HAT5/HR), which were
(AT1G73590.1) protein sequence was taken from thigentified previously responded to salt stress (Valelés
genome databasear@bidopsis.org and was blasted in al., 2012), revealed that Arabidopsis HIp | group
China tobacco database http://218.28.140.17/tools/ members: AtHB7 and AtHB12 participate in drought and

blast/blast.php?action=run). Twenty putative PIN protein:sa”nity stress responses through ABA sensing and
inN. tabacumwer e i dentiyed from transduction.

To validate the Pror n addition, MYC has been reported as a drought
Ntab_scaffold_®6®4NIep& hadegponse element (Roy, 2016) and datducible (Ryuet
whet he\t PI plé amot er sequencg »9) while ABRE is salt responsive and can bind to
the. tabasame, primers WNeraga_dependent transcription factors (Pakal, 2012).

tabagemome sequence (Fig. gheanalysis indicated that the transcription of NtPINla
obtained Vi a pol ymer ase

cl oning i-Thtol ogpnMDnIge avhesc@ eonr
l nc. , Beijing, China),

might be regulated by various external signals such as
‘Iight, hormone, and abiotic sses, which hinted that
Wa NtPIN1a might contribute in tobacco plants growth and

Evolutionary analysis of NtPINla In the studyPINs development (F'g_' 4 _(_Table D). )
were searched in the completely sequensedabacum In short, thg in silico Analygs dfitPIN1aPromoter
genomes using a hidden Markov model profile of theWas further confirmed by experiments.
PIN domain (Pfam database: accession no.3BE0). ) . ]
Among 20PINS, i dent iNytebdcungenonieh2e Expression analysis of NtPIN1la promoter in response
PINs (Ntab0448440.1 and Ntab0315010.1) were found®© abiotic stresses and auxin via GUS histochemical
similar to theAtPIN1, suggesting common ancestor of assay: To observe the NtPINla gene expression in
the genes (Fig. 2). different organs of the N. tabacum species under normal,
The phylogenetic analysis suggested that, the putativ@biotic stresses and externally applied auxin (IAA),
NtPIN1a protein wa likely to act as an auxin transporter promoter of the gene was cloned and histochemi
and based on the sequence similarity was selected féfetection of promotorNtPIN1a:GUS was carried out. The
further analysis. amplicon was cloned in the pMDIBvector successfully
and was validated by the enzyme digestion method and by
In silico analysisof NtPIN1a promoter: The 1980 bps sequencing. Then was salwned in the expression vector
NtPIN1la promoter cloned was analyzed forelisments (pBl121), replacing CaMV35Spstream promoter of the
using online databases PlantCARE (Lesebfl, 2002) reporter gene betglucuronidase (GUS).

éer
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Fig. 3. Conserved cislements in thé&tPINlapromoter. Motif positions are indicated relative to the start codon.f(iftver details
see Table 1).
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Fig. 5. TheNtPINlapromoter drives th&USexpression under the normal condition from germination to the seedling stage (n = 6
seedlings). (A) Z48 and (B) Z26 are two independent lines of tp&ltPIN1a::GUSconstruct. The stages include (a,i) micropylar
endosperm rupture (b,j) radicle elongation (c,k) and hypocotyl elongation during 3~3.5 days after sowing (DAS) (d,lpncotyled
emergence at 3.5~5 DAS (e,m), cotyledon expansion during 5~6 DA ¢tyledon maturation during 6~8 DAS (g,0), emergence of
the first two leaves at 10 DAS (h,p) and expansion of the first two leaves at 14 DAS. The wild type of tobacco wasneggtias a
control. Scale bar is 1 mm using ImageJ.

The NtPINla gene promoter efficiently mediated driver showed the importance of the gene in developing
GUS expression in the lines studied under normatissues via distribution of auxin.
conditions. The expression was different at variou: For the abiotic stresses and auxin treatment, samples
developmental stages. During germination, the expressicfor the GUS expression analysis were taken after 24 hours
of GUS is visibly higher while the expression was (h) (Fig. 6, T1) and 48 h (Fig. 6, T2) of the tmants.
observed at shoot apex and root. As the seedlings gre The abiotic stresses effectively induced the promoter
the visibility of the GUS expression was decreased whil activities in two lines oNtPINla The GUS signal was
interestingly enhanced at the seedling stage having thrinduced in saistressed seedlings at both time points,
and four leaves. However, the expression pattern we¢however, the signal was stronger in roots compared to
morevi si bl e in newly devel other tissues. As for seedlis under low potassiume s 6

vascular system, and root. To compare the lines
NtPIN13a in this study, Z&6 (Fig. 5B) had more visible
expression than 28 (Fig. 5A). The visibly higher
expression of GUS with the promoter dRPINla as

cregime, PEG and IAA, there was no visible difference
between control and treatments at a {inste point, and

the GUS expressed only in root tips, apical meristem, and
newly developing leaves. However, after 48 h of the
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treatment wih low potassium and IAA, the GUS accurately define the NtPINla expression pattern in different
expression was enhanced in seedlings, especially in lateralgans under abiotic stresses and exogenous application of
roots, stem, and developing leaves. While in PEG stressddA, RT-qPCR wa performed (Fig. 7). The NtPINla gene
seedlings, the promoter activity was elevated visibly inexpression was exceedingly higher in leaf under NacCl
the apical meristem and developing leaves coggpavith  treatment for 24 h compared with control. While the external
control. In addition, theGUS signal became weaker in application of auxin (IAA), low potassium stress’\Kand
saltinduced stress after 48 h of the treatment. Overall, th®EG had no significant effect on NtPIN1a g@&xpression in
stronger expression pattern NfPIN1g especially under leaves comparing that with control. Likewise, for 24 h
moderate salt and low potassium stress, showed itseated root samples, the expression of the gene was
importance in the dewaepment of tobacco plants. exceedingly higher in NaCl treatment, however, the
However, due to its large gene family, distinct organ expression was extremely decreased in PEG treated root
specific patterns and versatile mode of regulation undesample comparing with caot (Fig. 7A). In 48 h treated leaf
internal and external cues make it very challenging tesamples, the gene expression had no significant differences.
unveil the precise roles of a certaiWiPIN gene in the However, in 48 h treated root samples, the gene expression
tobaccoplants development. was highly induced by treatments compared to control (Fig.

7B). The NtPIN1a gene expression restttisesponded well
Expression pattern of NtPINla under abiotic stresses with the orgarspecific expression pattern analysis of the
and IAA treatment as validated by RT-gPCR: To  gene (Fig. 6).

T Control 50mM NacCl 100pM K 10puM IAA 2.5% PEG
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Fig. 6. TheNtPINlapromoter drives th&USexpression under various stress conditions. (T1) samples were taken after 24 h and (T2)
48 h of stress. Z8 and Z26 are the two lines of the promoter. The negative control was wild type tobacco. Scale bar is 0.5 cm.
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Fig. 7. Expression analysis of thePIN1lagene in leaves (green color bars) and roots (red color bars) Hiyrreauantitative PCR (RT
gPCR) analysis. (A) Expression analysis of the gene after 24 h and (B) 48 h treBiméasted sample was composed of the first pair of
leaves and root (n = 6 seedlings). Data were shown as means + SD (three biological repeats) using the [us0cah. test,

Discussion upstram NtPINla gene consisted of various <is
regulatory elements played a major role in the plant

Though there are many approaches to eodan response to abiotic stresses, such as auxin, salinity,
tolerance in plants to stresses. The transgenic method tdrought and K (Kim et al, 2012; Parket al, 2012;
recently acquired significant consideration as an efficierValdés et al, 2012). Thus we further presume that
way of boosting tolerance in plants to stresses (Bhathage TF_motif_seq_0254 (ATCTA) had corresponded to TF
Mathur et al, 2008). It was documented in previous RAP2.2 of family AP2; ERF, whereas RAP2.2 was
experiments that tranegic plants harboring promoter identified through the activation tagging of Arabidopsis
constructs displayed distinct expression of GUS undelines that contained a luciferase marker driven by the
various stressful conditions, unveiling its essentia AtHAKS promoter that is normally only induced by low
function in tolerance to abiotic stresses by enhancing ttpotassium (Kimet al, 2012). Likewise, the AuxR
gene expression (Niet al, 2018). To generate transgenic (TF_motif_seq_0439) with GTCCCAT codon, predicted
lines/cultivars via genetic engineering, the availability ofto be AuxRE (Auxin responsive element) of pea (P.s:) PS
a potential gene or transgene source as well as an efficiclAA4/5 gene. The relevant genes, IAALl to 1AA14 are
promoter is a prerequisite for achieving a desirable trait chomologs of P3AA4/5 and PSIAA6 from pea.
significant degree of activity in the host plant. Charaterizing the I1AA expression in seedlings of

The current study was started to clone NtPINla etiolated pea reveals specificity for auxin inducibility
promoter of tobacco and study their orggoecific  (Abel et al, 1995). In particular, ARF proteins interaction
expression pattern in tobacco under normal and stressiand structural studies have provided novel insights into
conditions. The upegulation of theNtPINladuring seed the molecular basis of auximegulaed transcription. The
germination and developing seedlings whd the findings provide the basis for predictnrgRF ge ne s 6
significance of the gene in tobacco growth anccontributions to other plant biology (ldt al, 2016). In
development. The promoter, the upstream sequences the current study, treatment with auxin might cause the
the gene, can control the transcription initiation and thiactivation of ARFs and their binding with AuxRE in the
RNA polymerase activation to bind precisely to thepromoter mght induce the pNtPIN1::GUS expression. In
template (Hernande®arcia & Finer, 204). Our results addition TF_motif_seq_0424 with sequence CCACGTGG
confirmed that abiotic stresses (low potassium, osmoti((Table 1) represents ABAependent watestress
and salt stress) and exogenous application of auxresponsive elements (ABRE) identified in maize (rab28).
enhanced the GUS expression, driven by NiPINla ABRE is a class of cislements, present in the promoters
promoter cloned, compared with control. The transgeniof many genes, which respond to ARlependent TFs,
tobacco harboringNtPIN1a promoter:GUS, are assumed and regulate the genes under salinity, drought,
to enhance the binding of abiotic streskated TFs and dehydration, and lowemperature stress (Guiltina al,
auxin response factors in response to an external stimult1990; Narusakaet al, 2003). Besides, studies have
which boostNtPIN1a promoter activity that induces the demonstrated that T€ch repeats and WWUxhotif are
expression 06USgene (Niuet al., 2018). present on the promoters of salt and drought stress

Our results e well supported by the bioinformatics responsive genes (Cheat al, 2005; Qinet al, 2012;
analysis on theNtPINla promoter sequence, revealing Valifard et al, 2015). Transgenic plants were tested for
stress response elements such as CAAT box, TATA bo stresstolerance and resulted in sustained growth under
ABRE, MYB, MYC, P-box, RY-element as described in polyethylene glycol (PEGjnediated dehydration
(Table 1). This indicated that the Ntab_scaffold_255:compared to wileype controls (Amarat al, 2013).
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In our study, the stronger expression pattern ofCarraro, N., C. Forestan, S. Canova, J. Traas and S. Varotto.
NtPIN1la especially under moderate drought, salt, low  2006. ZmPINla and ZmPIN1b encode two novel putative
potassium, and external application of auxin show its candidates for polar auxin transport and plant architectur
importance in the tobacco plant development under determination of maizeéRlant Physiol, 142(1): 254264.

L : arraro, N., T.E. Tisdal®rr, R.M. Clouse, A.S. Knéller and R.
abiotic stresses, suggesting that the promoter may b Spicer. 2012. Diversification and expression of the PIN,

employed in engineering other crops with enhanced AUX/LAX, and ABCB families of putative auxin

tolerance to stresses. transporters in populuront. Plant Sci, 3: 17.
CasanoveBaez, R.and U. VoR. 2019. Auxin metabolism
Conclusions controls developmental decisions in land plaifit@nds in

Plant Sciencg24(8) 741-754.

Computational analysis using PlantCARE and Cervera, M. 2005. Histochemical and fluorometric assays for
Plantpan2 databases, abiotic stresses resporsertisnts, uidA (GUS) gene detectioMethods Mol. Biol, 203214.
defense responsive, hormones responsaatisg elements, Cheréh;;&;'t;iz\;\:;rrzg'o}('; g'r‘éua”h‘f'[ dSéit\)/::e “M2§)§5'e(r:]|ef’r}'rrc‘)%]a”d
light-responsive, seespecific, and common core promoter Boea crassifoliaPlant Sci 138_ 493500 g
elements mvolved in the development of the phlarte Chow, C., H. Zheng, N. Wu, C. Chien, H. Huang, T. Lee, Y.
conflrmed in .theN. tabacumNtPIN1a promoter CI.oned. ChiangHsieh, P. Ha, T. Yang and W. Chang. 2015.
The differential mode of theNtPINla promoter inN. "PlantPAN 2.0: an update of plant promoter analysis navigator
tabacumunder abiotic stresses and externally applied auxin  for reconstructing transcriptional regulatory networks in plants.
revealed several specific functions and roles of the gene at Nucl. Acids Res44(Database issue), D154 160.
definite environmental anditions thereby regulating the Dong, L., Q. Wang, SMN. Manik, Y. Song, Shi, Y. Su, G.
auxin redistribution enabling the tobacco plants to adapt to :—l'(” and :" LIUN 2?(1:55-'51%0“3“?1 Sy'VESt“T'I?'C't“?U”” B
abiotic stresses in the eveinanging environment. Since 20 Ike protein  NSylt.b enhances - salt _tolerance in
PIN genes have been identifiedNh tabacumthese genes transgenic Arabidopsi®lant Cell Rep 34: 20532063.

. . Forestan, C., S. Farinati and S. Varotto. 2012. The maize pin
might be functionally redundant. Identifizn of the gene family of axin transporterd=ront. Plant Sci, 3: 16.

functions of a specific member gene of the PIN family carimi 3., A. Vieten, M. Sauer, D. Weijers, H. Schwarz and T.

be a very big challenge. Further-depth functional Hamann. 2003. Effluziependent auxin gradients establish the
characterization of th&ltPIN1agene by creating a single apicatbasal axis of Arabidopsiblature 426(6963): 1453.

or group of duplication gene mutations may significantlyGalweiler, L., C. Guan, AMuller, E. Wisman, K. Mendgen, A.
enhance our undesstding of their biological roles in Yephremov and K. Palme. 1998. Regulation of polar auxin
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