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Abstract Auxin signaling events in plants play important
role in developmental regulation as well as gravitropic
responses and plays crucial role in the development of
root, lateral root and root hairs. The gene that is known to
be most important in the development of root, lateral root
and root hairs is commonly known as auxin efflux carrier
(PIN). Being commonly known as orphan plant, the
genome sequence of Eleusine coracana is not known yet,
and hence it was very difficult to conduct advanced
research in root development in this plant. As PIN gene
plays crucial role in root development, to have some
advanced study we proposed to clone the PIN genes from
E. coracana. We cloned two PIN genes in E. coracana
and named them as EcPINIa and EcPINIb. The coding
sequence (CDS) of EcPINIa was 1779 bp and EcPINIb
was 1788 bp long that encodes for 593 and 596 amino
acids, respectively. In-silico analysis shows the presence
of transmembrane domain in EcPINla and EcPINI1b
protein. Multiple sequence alignment of EcPINla and
EcPIN1b protein shows the presence of several conserved
motifs. Phylogenetic analysis of EcPINla and EcPIN1b
grouped with the PIN gene of monocot plant Oryza sativa.
This shows that EcPIN genes were monocot specific, and
closely match with the PIN genes of O. sativa. The

< Tapan Kumar Mohanta
nostoc.tapan @gmail.com

< Hanhong Bae
hanhongbae @ynu.ac.kr

Free Major of Natural Sciences, School of Basic Studies,
Yeungnam University, Gyeongsan, Gyeongsangbuk-do
38541, Republic of Korea

School of Biotechnology, Yeungnam University, Gyeongsan,
Gyeongsangbuk-do 38541, Republic of Korea

transcript analysis of EcPINIa gene in leaf tissue shows
gradual up-regulation from 7th to 28th days of develop-
mental time period while the transcript level was found to
be lower in root tissue. The transcript abundance of
EcPINIb was not detected. Gradual up-regulation of
EcPINla gene in developmental stages signifies its
important role in root development in E. coracana.
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Introduction

The sessile organism plant uses its roots to acquire water
and nutrient molecules from soil as well as monitor the
underground soil for a wide range of environmental
conditions (Chapman et al. 2012; Craine and Dybzinski
2013; Barberon and Geldner 2014; Kong and Ma 2014).
Moreover, the degree of root branching has lots of
impact in the efficiency of the nutrient acquisition, water
uptake and anchorage to the plant (Lopez-Bucio et al.
2003; Hermans et al. 2006). Therefore, it is very
important to understand the agronomic importance of
root development. The cellular and molecular basis of
root formation and its development has been studied
extensively in model plants Oryza sativa and Ara-
bidopsis thaliana (Coudert et al. 2010; Petricka et al.
2012; Mohanta et al. 2015; Singh et al. 2015). Lots of
progress has been made to identify the important genes
involved in root, lateral root and root hair formation in
these plants (Bafioc et al. 2000; Casimiro et al. 2003;
Péret et al. 2009). The model organism Arabidopsis
possesses primary root that continuously branches to
generate several lateral roots (Péret et al. 2009), whereas
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the monocot plant O. sativa, Zea mays and others pre-
dominantly contain adventitious roots (Lorbiecke 1999;
Rebouillat et al. 2009; Liu et al. 2009). Availability of
genomic data led to the identification of several genes
that are common to lateral, adventitious and crown root
development (Casimiro et al. 2003; Petricka et al. 2012).
Availability of genomic data of crop plant O. sativa led
to the development of several novel agronomic traits
with superior root development and nutrient acquisition
potential (Majumder et al. 1990; Wissuwa and Ae 2001;
de Dorlodot et al. 2007; Shrawat et al. 2008). These
agronomic traits are very useful for plants growing in
hilly areas as well as in drought and dry soil to with-
stand adverse conditions. In hilly area, the roots provide
proper anchorage to the plants while in drought and
water starved area, roots help to absorb the underground
soil moisture and help the plant to withstand the drought
condition. Availability of genome sequence data in
model plant like O. sativa led to decipher the potential
role of different agronomic important traits. However,
the genome sequence data of the orphan crop plant
Eleusine coracana is not available yet. Eleusine cora-
cana is an important monocot crop plant belonging to
family Poaceae and cultivated throughout the world and
used as a staple food crop in Africa and India as well.
The grains of this plant contain important nutritional
value as they are rich in vitamins (Shobana et al. 2013;
Chandra et al. 2016; Gull and Ahmad 2016). Besides
this, it is also very attractive source of dietary calcium
content (Chandra et al. 2016). Therefore, the grains of E.
coracana used to make dietary food and food product as
well (Ramulu and Udayasekhara Rao 1997; Mangala
et al. 1999; Mahadevamma and Tharanathan 2004).
However, the crop yield of E. coracana is largely
affected by soil texture, nutrient supplement and proper
irrigation. In majority of cases, this plant is cultivated in
dry and loamy conditions. Therefore, improvement of
the rooting system in E. coracana will be very valuable
to enhance the potential of crop yield.

The root development in plants is largely regulated by
the phytohormone auxin (Vanneste and Friml 2009;
Zazimalova et al. 2010; Mohanta and Mohanta 2013;
Mohanta et al. 2014; Gururani et al. 2015). Several
studies have demonstrated in model plants regarding
root, and root hair formation. The phytohormone auxin
is regulated by different auxin signaling genes including
Aux/IAA (Indole-3-acetic acid) (Lewis et al. 2011; Car-
raro et al. 2012), LAX (auxin influx carrier) (Bainbridge
et al. 2008; Swarup et al. 2008; Vandenbussche et al.
2010) and PIN (auxin efflux carrier) (Friml et al. 2003;
Forestan and Varotto 2012). Previous studies demon-
strated that auxin efflux carrier (PIN) protein conducts
directional auxin flow and regulate root development and
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plant morphogenesis (Péret et al. 2013; Drdova et al.
2013; Band et al. 2014; Singh et al. 2015). Therefore, it
was highly important to study the role of PIN genes in
E. coracana to understand their potential role in root
development. Hence, we cloned and characterized the
auxin efflux carrier (EcPIN) genes from E. coracana and
reported here.

Materials and methods
Plant material and growth conditions

To grow E. coracana, first of all the compost soil were
autoclaved and sterilized to remove any potential bacterial
and fungal growth. Later, the seeds were surface sterilized
by 1% (v/v) sodium hypochlorite for 5 min followed by
washing with 70% (v/v) ethanol for one minute. To remove
the residual ethanol, seeds were washed with sterilized
double distilled water. Later the seeds were germinated in
pot and allowed to grow in the greenhouse at 50-60% of
relative humidity. The light intensity for growth of E.
coracana was kept around 700 pmol m—> S™'. Later the
plants were harvested at different developmental stages of
7th, 14th, 21st, and 28th days, respectively (at the interval
of 1 week). The harvested plant samples (leaves and roots)
were immediately transferred to the liquid nitrogen for
further analysis. Three biological replicates of samples
were harvested each time for the study.

Extraction of total RNA and cDNA synthesis

Total RNA was extracted from the root and leaf samples
of E. coracana using Trizol method following manu-
facturer instructions. The isolated RNA was treated with
DNase to remove the presence of any residual and
contaminated DNA. The isolated RNA was used to
synthesize cDNA for further use. RevertAid first strand
synthesis kit was used to synthesize the first strand of
cDNA. The reaction mixture was prepared by taking
2 ng of RNA sample followed by gentle heating and
subsequent addition of oligo dT primers (500 ng/pl) and
MLV reverse transcriptase (Promega, Madison, WI,
USA). The resulted cDNA was diluted ten times with
nuclease free water and kept at —20 °C for further use.
A PCR reaction was run with actin gene to ensure that
synthesis of cDNA was accomplished. The PCR reaction
was checked in agarose gel electrophoresis. To confirm
whether the DNase treatment was successful, another
reaction was run with primers of actin gene in non-re-
verse transcribed total RNA. It was failed to amplify any
product thus suggesting that the RNA and cDNA did not
had any contaminated genomic DNA.
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Primer design and cloning

Eleusine coracana is a monocot plant and the genome
sequence of this orphan plant is not available yet. However,
the genome sequence of monocot plant O. sativa is avail-
able and highly matches with the genome of E. coracana.
Therefore, we used the OsPINIa and OsPINIb genes of O.
sativa as orthologous gene to design the primers to clone
the EcPIN genes in E. coracana. The forward and reverse
primers of EcPINIa were 5'-ATGATAACGGGGGC-3'
and 5-CCCCAGCAGGATGTAGTACACC-3', respec-
tively, and forward and reverse primers of EcPINIb were
5'-ATGATCACGGTGGT-3' and 5'-GAGCCCCAGCAG-
TATGTAGTAG-3', respectively. For qRT-PCR analysis,
full length sequences of EcPINIa and EcPIN1b were used
to design the primers using Primer3 software (http://
bioinfo.ut.ee/primer3-0.4.0/primer3/). The forward and
reverse primers of EcPINIa for gqRT-PCR analysis were 5'-
CATCGTCCTCGCGCTCCTCA-3' and 5'-CCCATGACG
AGCGTGTTGGG-3', respectively, while the forward and
reverse primers for EcPINIb were 5'-GATGGTGCTGGC
CATGCTCA-3' and 5-TGTTGGCGGCGGTGTCCGGG-
3/, respectively. About 20 pl of PCR reaction mixture was
prepared that contained 4 pl of high fidelity phusion buffer
(5%), 0.5 pl of 10 mM dNTPs, 1 pl of 10 uM forward and
reverse primer, 1 pl of cDNA template, 0.1 pl of phusion
polymerase, 2 ul of DMSO solution, and 10.4 pl of
nuclease free water. The thermal profile of the PCR reac-
tion was as follows; initial denaturation at 95 °C for 5 min
followed by 35 cycles of denaturation at 95 °C for 30 s,
primer annealing at 58 °C for 30 s, polymerization at
72 °C for 2 min and final extension at 72 °C for 5 min. The
resulted PCR products were separated by agarose gel
electrophoresis and cloned into pGEMT vector. The cloned
genes were subsequently sequenced to get their full length
sequence.

In silico analysis of EcPIN genes

The resulted sequences of E. coracana were subjected to
BLASTN search in O. sativa genome database and NCBI
database. The BLAST result has shown similarity with PIN
genes. The nucleotide sequences were translated to protein
sequence using online server of Expasy bioinformatics
portal  (http://web.expasy.org/translate/) and Emboss
Transeq of EMBL-EBI (https://www.ebi.ac.uk/Tools/st/
emboss_transeq/). The resulted protein sequences were
subjected to study the molecular masses and isoelectric
point using protein calculator v3.4 (http://protcalc.
sourceforge.net/). The presence of transmembrane
domains in EcPIN proteins were studied using TMHMM
server (http://www.cbs.dtu.dk/servicessTMHMMY/). The
presence of different motifs in EcPIN protein was analyzed

by MEME suit (http://meme-suite.org/) and motif scan
software (http://myhits.isb-sib.ch/cgi-bin/motif_scan).

Multiple sequence alignment

To find out the sequence similarity with other PIN proteins,
we conducted multiple sequence alignment of EcPIN pro-
teins using Multalin server (http://multalin.toulouse.inra.fr/
multalin/). Statistical parameters used to run the analysis
were sequence input method, auto; alignment matrix,
Blosum62-12-2; gap penalty, default; high consensus, 90%
and low consensus was 50%.

Phylogenetic analysis

To construct the phylogenetic tree, PIN protein sequences
of O. sativa and A. thaliana were downloaded from the rice
genome annotation database and The Arabidopsis Infor-
mation Resource portal, respectively. The EcPIN proteins
along with the AtPINs and OsPINs were subjected to
generate a clustal file using MUSCLE in EBI-EMBL
(http://www.ebi.ac.uk/Tools/msa/muscle/) database. The
resulted clustal file of PIN proteins was downloaded and
converted to MEGA file format using MEGAG6 software
(Tamura et al. 2013). The MEGA file of the PIN protein
was used to construct the phylogenetic tree. Following
parameters were used to construct the phylogenetic tree;
analysis, phylogeny reconstruction; statistical method,
maximum likelihood; test of phylogeny, bootstrap method;
number of bootstrap replicate, 1000, and gaps/missing data
treatment, partial deletion.

Expression analysis by qRT-PCR

Transcript level of cloned EcPIN genes was studied using
quantitative real-time PCR (qRT-PCR) using Mx3000P
real-time PCR system (Stratagene, Santa Clara, CA, USA).
The qRT-PCR was run using 25 pl reaction mixture that
contained 12.5 pl of SYBR green/ROX master mix (Fer-
mentas, USA), 1 pl of cDNA template, 1 pl of each for-
ward and reverse primer, and 8.5 pl of nuclease free water.
The actin gene of E. coracana was used as an internal
control to normalize the gene of interest. Each sample was
amplified in three biological replicates where each bio-
logical replicate contained three technical replicates as
well. The thermal profile for qRT-PCR analysis was as
follows: an initial step of denaturation at 95 °C for 10 min
followed by 40 cycles of denaturation at 95 °C for 30 s,
annealing at 60 °C for 30 s, and polymerization at 72 °C
for 30 s. The expression levels of EcPINIa and EcPINIb
were calculated using the 27**“T method (Schmittgen and
Livak 2008).
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EcPINla

atgataacgggggcggacttctaccacgtgatgacggcgatggtgecgetgtacgtggeg
M I T G A D F Y HV M T A MV P L Y V A
atgatcctggcgtacgggtcggtgaagtggtggegeatettcacgeccgaccagtgetee
M I L A Y G S V K W W R I F T P D Q C S
gggatcaaccgcttcgtggcgectcttcgecgtcecgetectcectecttcecacttcatectec
G I N R F V A L F AV P L L S F HF I S
accaacaacccctacaccatgaacctceegcttecatcgeccgecgacaccetgcagaagete
T NN P Y T M N L R F I A A DT L Q K L
atcgtcctcgecgctectcaccctgtggagecacctetcecgeecgeggetecctecgagtgg
I vL.L AL L TUL W S HUIL S RRG S L E W
accatcaccctcttctccctetccacgetgeccaacacgectegtcatggggatcecgetg
T I T L F S L S T L P N T L V M G I P L
ctgaaggggatgtacggggagttctceggtagectcatggtgcagategtggtgetccag
L K G MY G EF s G s L MV Q I V V L Q
tgcatcatctggtacacgctgatgctcttcatgttcgagtaccgecggcgeccaggatcecte
c 1 1 w Yy T L ML F M F E Y R G A R I L
atcatggagcagttcccggacaccgcgggegecatcgegtccategtegtggacgecgac
I M E Q F p DT AGATIA AS I V V DA D
gtcgtgtcgctcgacgggcggagggacatgatcgagacggaggccgaggtgaaggaggac
v v.s L D G R R D M I E D
ggcaagatacacgtcaccgtgcgccgctccaacgcgtcgcgctccgacgtctactcgcgg
G K I H v T VvV R R S N A S R S D V Y S R
cgctccatggggttctccagcaccacgeccgeggecgagcaacctcaccaacgeccgagatce
R s M G F s s T T PR P S NL TN A E I
tactcgctgcagtcgtcgecgcaacccgacgecgeggggcteccagecttcaaccacaccgac
Yy s L. 9 S S R NPT PR G S S F N H T D
ttctactccatggtcgggegecageteccaacttegecgeecggggacgegtteggggtgege
F Yy s M v .G R S s N F A A G DAVF G V R
accggcgcecacgccgeggecgtccaactacgaggaggacgcggecggcgeccaacaaggee
T G A T PR P S N Y EE DA AU AP N K A
ggcagcaagtacgggcagtacccggcgectcaacccggecatggcggcgeccgcccaagece
G s K Yy 6 Qg Yy P AL NP AMA AW AUPUP K P
aagaaggcggccaacggccaggccaagggcgaggacggcaaagacctecacatgttegte
K K A A NG QA AIKGEDGI KDULHMZF V
tggagctccagcgcgtegecegtgtcecgacgtettcggcaacggcgeccgagtacaacgac
W s s s A S p V S DV F G N GAUE Y N D
gccgecgecgtcaaggaggtcecegecatggecgtegectegecgegecaaageggacggegtyg
A A AV K EV RMA AV A S P R K AD G V
gagagggacgacttcagcttcgggaacagaggcgtcgccgagagggacgcggaggccgge
E R DD F S F GN R G V A E R D A E A G
gacgagaagagcgtggcggcggcggtgtegggtgagecatggcaagectggettgacgeeg
D E K S VA A AV S G E H G K P G L T P
gcgccgacggcgatgecgecgacgagegtgatgacgeggetcatectgatcatggtgtgg
A P TAMUPUPT S VMT RILTIILTIMMVTW
cgcaagctcatccgcaaccccaacacctactccagectcatcggectcatctggtegete
R K L I RN PN T Y s S L I G L I W S L
gtctgcttcecggtggaacttcgagatgecggegatcatectgaaatccatctecatecte
v C F RWNFEMUPA ATIIIULK S I S I L
tccgacgccggectecggcatggccatgttcagectecgggetgttcatggegetgecageeg
s bAGLGMAMY FSL GL F MATL Q P
cggatcatcgcgtgcgggaacaaggtggegacgttcgecatggeggtgeggttectgace
R I 1 A C G N KV AT F AMA AUV R F L T
ggcceggecgtecatggecgecgectecategeegteggectecegeggecacgectectecac
G P A V A A A S I AV G L R G T L L H
gtcgccatcgtgcaggcagegttgccacagggcattgtececttegtettecgecaaggag
v A I VvV Q A AL P Q G I V P F V F A K E
tacagcgtgcaccccgacattetcagecacggeggtcatetttggecatgetcategegetyg
Yy s v H p DI L s TAV I F GM L I A L
cccatcacgctggtgtactacatcctgectggggetgtga

p I T L V Y Y I L L G L

(b)

EcPINlb

atgattacggcggcggacttctaccacgtgatgacggcgatggtgccgttgtacgtggcg
M 1 T A A D F Y H V M T A P Y vV A
atgatactggcgtacgggtcggtgaagtggtggcgcatcttcacgccggaccagtgctcc
M I L A Y G S V KW WUR I F T P D Q C S8
gggatcaaccgcttcgtggegetcttecgecgtgecgetgetgtegtteccacttcatctee
G I NR F VAL F AV P L L S F HF I S
accaacaacccgtacacgatgaacctccggttcatcgeccgecgacacgectgecagaagetg
T NN P Y T M N L R F I A A D T L Q K L
atggtgctggccatgctcacggegtggageccacctecagecgeecgggggagectecgagtygg
M v L A ML T AW S HUL S R R G S L E W
accatcacgctcttctcecctctccacgectgeccaacacgctcgtcatggggatcectttyg
T I T L F s L S T L P N T L V M G I P L
ctcaagggtatgtacggggagttctccggcagectcatggtgcagategtegtgetgcag
L K 6 MY G EF S G S L MV Q I V V L Q
tgcatcatctggtacacgctcatgctcttcatgttcgagtaccgeggecgeceggatgete
c 1 1 wyYyTJLMULFMU FE YR G AIRMTIL
atcaccgagcagttcccggacaccgccgccaacatcgectccategtegtecgacceggac
I T E Q F p D T A A N I A S I V V D P D
gthtgtctctggacggcaggagggacgccatcgaqacgqatacgqatgtgaaggaggac
v v s L DGR R DA ATIETDT E D
ggcaggatacacgtcaccgtgcgccgctcccacacgtctcgctcggacatctattcccgc
G R I HV TV R R S H T S R S D I Y S R
cgctccatgggcttctccagcatcacgecgecggetgatcaacctcatcaacgecgagate
R s M 6 F s s I T P R L I N L I N A E I
tactcgctgcagtcgtcgecggaacccgacgeccgaggggttcaagettcaaccacaccgac
Yy s L. g S s RN P T P R G S S F N H T D
ttctactccatggtgggccgcagectceccaactteggegeggecgacgegtteggegteege
F vy s M v G R S S N F G A A DA VF G V R
accggcgecacgcecgegeccgtccaactacgaggacgacgegtecaageccaagtacecy
T G A T P R P S N Y E DDA S K P K Y P
ctcccggegtcgaatgcggcgeccatggecgggeccactaceccggecgecgaaceccggecgtyg
L P A S NAAUPMAGUHY P A PN P A V
tcgteggegeccaagggecgccaagaaggeggcecacgaacgggcaggccaagggcgaggac
s s A P K G A K KAATNG QA K G E D
ctccacatgttcgtctggagctccagegegtegecegtgtecgacgtettcggeggegge
L H M F V W S S s A S P V S D V F G G G
gcgccagactacaacgacgccgcggcagtcaagtcccceccgcaaaatggatggagegaag
A P DY N DA AW AA AV K S P R KM D G A K
gacagggaggactacgtggagcgggacgatttcagettcgggaacaggggegtcatggac
DR EDYV ERDU DU F S F GNR G V M D
agggacgcggaggcaggggacgagaaggcggceggcggceggegggegeecgaccecageaag
R DA EAGDEI KA AW AA AR AR AGA AD P S K
gccatggcggcgecgacggcgatgecgeegacgagegtgatgaceegectcatectgate
AMAA?PTAMU®P?PT S VM TIRL I L I
atggtgtggcgcaagctcatccgcaacccgaacacctactccagecctcatcggectecate
M VvV W R KL I RN P N T Y S s L I G L I
tggtccctegtctgettcaggtggaacttcgagatgeceggecategtectgaaatcecate
w s L v ¢C F R WNF EM P A I V L K S I
tcgatcctgtcggacgcggggctcecggcatggeccatgttcagtcteggtectgttcatggeg
s 1 L. s bDAGILGMAMT EFS L G L F M A
ctgcagccgcacatcatcgcgtgecgggaacaaggtggcgacgtacgccatggecggtgegg
L Q p H I I A CGNI KV AT Y AMA AV R
ttcectggecgggecggecgtgatggecggeggegtecttegeecgteggactecgtggeacy
¥F L A G P AV MAAASF AV G L R G T
ctcctgcacgtcgecattgtccaggcagetctgecccagggecattgtececttegtette
L L HV A I V QAAL P Q G I V P F V F
gccaaggagtacagcgtgcaccctagcattctcagcacagectgtecatctttggecatgete
A K E Y s v H P S I L 8 T A V I F G M L
atcgccttgectatcaccctegtctactacatettgettgggetgtaa
I A L p I T L VY Y I L L G L -

Fig. 1 a Cloned nucleotide sequence of EcPINIa. It contains 1779 nucleotides that encode for 592 amino acids. b Cloned nucleotide sequence
of EcPIN1b. It contains 1788 nucleotides that encodes for 595 amino acids

Results and discussion

The O. sativa PIN genes available in public genome
database were used to design the EcPIN family gene
specific primers in E. coracana. The PCR reaction carried

out

with specific primers to clone two EcPIN genes

resulted in amplification of two bands from E. coracana.
The sequencing results followed by BLAST analysis of
these PCR products showed similarity with PIN genes of
other organism in NCBI, TAIR and rice genome annotation
database. This confirms that the cloned genes belonged to

EcPIN genes.

The sequencing report revealed that

EcPINla was 1779 bp and PINIb was 1788 bp long, and

y
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was predicted to contain 592 and 595 amino acids,
respectively (GenBank accession number for PINIa and

PINIDb are KY305428 and KY305429,

respectively)

(Fig. 1). Pairwise nucleotide sequence alignment between
EcPIN1a and EcPIN1b genes show 84.5% similarity while
pairwise sequence alignment of amino acid shows 87.9%
similarity. The molecular mass of EcPINla and EcPIN1b
was found to be 64.368 and 64.809 kDa, respectively,
while the iso-electric point (pI) of EcPINla and EcPIN1b
was 8.96 and 8.93, respectively. The charge at pH 7 of
EcPINla and EcPIN1b was found to be 9.0 and 8.5,
respectively. Motif analysis using MEME suit v4.11.2
shows the presence of at least 14 motifs in EcPIN1a and 12
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AtPINI MITAADFYHV MTAMVPLYVA MILAYGSVKWWKIFTPDOCS GINRFVALFA VPLLSFHFIA ANNPYAMNLR FLAADSLOKV IVLSLLFLWC -LDWTITLFS LSTLENTLVM GIPLLKGMYG NFSGDLMVOI VVLQCITWYT LMLFLFEYRG AKLLISEQFP
OsPINla MITGADFYHV MTAMVPLYVA MILAYGSVKWWRIFTPDQCS GINRFVALFA VPLLSFHFIS TNNPYTMNLR FIAADTLQKL IVLALLTLWS -LEWTITLFS LSTLENTLVM GIPLLKGMYG EFSGSLMVOI VVLQCITWYT LMLFMFEYRG ARILITEQFP
0sPINl1d MITGADFYHV MTAMVPLYVA MILAYGSVKWWRIFTPDQCS GINRFVALFA VPLLSFHFIS TNNPYTMNLR FIAADTLQKL IVLALLTLWS -LEWTITLFS LSTLENTLVM GIPLLKGMYG EFSGSLMVOI VVLQCITWYT LMLFMFEYRG ARILITEQFP
EcPINla MITGADEYHV MTAMVPLYVA S GINRFVALFA VPLLSFHFIS TNNPYTMNLR FIAADTLQKL IVLALLTLWS -LEWTITLFS LSTLENTLVM GIPLLKGMYG EFSGSLMVOI VVLQCITWYT LMLFMFEYRG ARILIMEQFP
OsPINlb MITAADFYHV MTAMVPLYVA MILAYGSVKWWRIFTPDOCS GINRFVALFA VPLLSFHFIS TNNPYTMNLR FIAADTLQKL MVLAMLTAWS -LEWTITLFS LSTLPNTLVM GIPLLKGMYG EFSGSLI VVLQCIIWYT LMLEMFEYRG ARMLITEQFP
ECPIN1b MITAADFYHV MTAMVPLYVA MILAYGSVKWWRIFTPDOCS GINRFVALFA VPLLSFHFIS TNNPYTMNLR FIAADTLQKL MVLAMLTAWS -LEWTITLFS LSTLPNTLVM GIPLLKGMYG EFSGSLMVOI VVLQCITWYT LMLFMFEYRG ARMLITEQFP
ACPING MITWHDLYTV LTAVVPLYVA MILAYGSVOWWKIFSPDOCS GINREVAIFA VPLLSFHFIS TNNPYAMNFR FIAADTLQKI IMLVLLALWA -LEWMITIFS LSTLPNTLVM GIPLLIAMYG TYAGSLMVOV VVLQCITWYT LLLFLFEYRG AKLLIMEQFP
AtPIN2 MITWHDLYTV LTAVVPLYVA MILAYGSVQWWKIFSPDOCS GINRFVAIFA VPLLSFHFIS TNDPYAMNFR FIAADTLOKI IMLVLLALWA -LEWMITIFS LSTLENTLVM GIPLLIAMYG TYAGSLMVOV VVLQCITWYT LLLFLFEYRG AKLLIMEQFP
AtPIN3 MISWHDLYTV LTAVIPLYVA MILAYGSVRWWKIFSPDOCS GINRFVAIFA VPLLSFHFIS TNNPYAMNLR FIAADTLOKI IMLSLLVLWA -LEWSITIFS LSTLENTLVM GIPLLIAMYG EYSGSLMVQI VVLQCITWYT LLLFLI A
AtPIN7 MITWHDLYTV LTAVIPLYVA MILAYGSVRWWKIFSPDQCS GINRFVAIFA VPLLSFHFIS SNNPYAMNLR FIAADTLQKL IMLTLLITWA -LEWSITIFS LSTLPNTLVM GIPLLIAMYG EYSGSLMVOI VVLQCITWYT
ALPING MITGNEFYTV MCAMAPLYEA MEVAYGSVKWCKIFTPAOCS GINREVSVFA VEVLSFHFIS QUNPYKMDTM FILADILSKI EVEVLLSLWA -LDWLITLFS IATLPNTLVM GIPLLQAMYG DYTQTLMVOL VVLQCITWYT
0sPING VEAMAPLYTA AALGYGSVRWLKAFSNEQCA GINHFVALYA VEPVLIFDMVS TNNVYKMNGR LIAADTLOKA VLLLGLM: PLOWVITCFS VASLPNTIIM GVPLLNGMYG PVSKDLMKQI VVMQFCIWYN
AtPINS IEAMVPLYVA LILGYGSVKWWHIFTRDOCD AINRLVCYFT LPLETIEFTA HVDPFNMNYR FIAADVLSKV IIVIVLALWA -YCWSITSFS LCTLINSLVV GVPLAKAMYG QQAVDLVVQS SVFQAIVWLT LLLFVLEFRK A
0sPINSa VAATVPLYFA LFLGYGSVRWWRIFTREQCD ATNRLVAFFA LPFFTFEFTL HTDPFOVNYR AVAADVISKA VIVAVIGAWA -VSWSITSFS LSTLINSLVV GVPMARAMYG EWAQQLVVOL SVFQATVWLT LLLFVLEVRK AAT -
AtPINS MISWLDIYHV VSATVPLYVS MTLGFLSARGQLKLESPEOCA GTNKFVAKFS IPLLSFQIIS ENNPFKMSPK LILSDILQKF LVVVVLAMVL -LGWVITGLS ISVLPNTLIL GMPILSAIYG DEAASILEQI VVIQSLIUXT TLLELEELNA AR-
181 360
ACPINI -DTAGSIVSI HVDSDIMSLD GRQP-LETEA ETKEDGKLHV TVRRSNASRS DIYSRRSQGL SATPR--PSN LTNAEIYSLQ SSRNPTPRGS SFNHT-DFYS MMASGGGRNS NFGPGEAVFG SK--GPTPRP SNYEEDGGPA KPTAAGTAAG AGRFHYQSGG SGGGGGAHYP APNPGMF---
OsPINla -DTAGAIASI VVDADVVSLD GRRDMIETEA EVKEDGKIHV TVRRSNASRS DVYSRRSMGF SSTTPR-PSN LTNAEIYSLO SSRNPTPRGS SFNHT-DFYS MV- NFAAGDAFGY NKAG SK - QYP APNPAMA-
OsPINl1d -DTAGAIASI VVDADVVSLD GRRDMIETEA EVKEDGKIHV TVRRSNASRS DVYSRRSMGF SSTTPR-PSN LTNAEIYSLQ SSRNPTPRGS SFNHT-DFYS MV- NFAAGDAFGY
ECPINla -DTAGATASI VVDADVVSLD GRRDMIETEA EVKEDGKIHV T DVYSRRSMGE SSTTPR-PSN LTNAEIYSLO SSRNPTPRGS SFNHT-DFYS MV: NFAAGDAFGY
OsPIN1b -DTAANIASI VVDPDVVSLD GRRDAIETET EVKEDGRIHV T NFGAADAFGY SNYEDDASKP KYPLPASNAA
ECPIN1b -DTAANIASI VVDPDVVSLD GRRDAIETDT DVKEDGRIHV TVRRSHTSRS DIYSRRSMGF SSITPR: NFGAADAFGV SNYEDDASKP KYPLPASNAA
AtPINA F KVESDVVSLD GH-DFLETDA EIGNDGKLHV TVRKSNASRR SLI NFGPADLYSV NFEENNAVK YGFYNNTNSS VI YP APNPEFSTGT
ALPINZ KVESDVVSLD GH-DFLETDA EIGNDGKLHV TVRKSNASRR SLI ~TPRGS NFNHS-DFYS VMGFPGGRLS NFGPADLYSV OSSR NFEENNAVK YGFYNNTNSS VI SYP APNPEFSTGT
AtPIN3 KVESDVVSLD GH-DFLETDA EIGDDGKLHV TVRKSNASRR S —TPRGS NFNHS-DFYN MMGFPGGRLS NFGPADMYSV OSSRGPTPRP SNFEENCAMA SSPRFGYYPG GSYP APNPEFSSTT
AtPINT KVESDVVSLD GH-DFLETDA QIGDDGKLHV TVRKSNASRR SFYGGGGTNM TER RGS NFNHS-DFYS MMGFPGGRLS NFGPADMYSV QSSRGPTPRP SNFEESCAMA SSPRFGYYPG YP A
ATPING GQAAGSIAKI QVDDDVISLD GM-DPLRTET ETDVNGRIRL RIRRSVSSVP DSVMSSSLCL TPR----ASN LSNAEIFSVN TPNNRFFHGG GGSGTLOFYN --GSNEIMFC NGDLGGFGFT RPGLGASPRR LSGYASSD-- - ~-AYSL QPTPRAS---
OSPIN9 ASSEGS-AKI SPSSPVKARA DTNGNAV AADRPQEVAV NIEITEMAAS T:
AtPINS GFSSN NISDVQVDN- ---INIESGK RE----TVVV ----GEKS
0sPINSa GMYVD GAEARAAAG- ---KDVEAAG AARRAGTVVV ARAAGKPS
ACPING  —---- ALPSS GASLEHTGND QEEANIEDEP KEEEDEEEVA IVRTRSVG-—
361
ATPINL GGGGGTARKG NAPVVGGKRQ DGNGRDLHMF ---ADYSTAT NDHQKDVKIS VPQGNSNDNQ YVE-- FSFGNKDDDS KVLATDGGNN ISNKTTQAKV -
0sPINla —-PKKAA- ~NGQAK GEDGKDLHMF YN D KEVRM RGEGTTSASG T DAE. KPGLTPAPTA -
OsPINld --PKKAA: -NGOAK YN RM AVASPRKADG VABAVSGEHG KPGLTPAPTA ----MPPTSV MTRLILIMVW RKLIRNPNTY
EcPINla ~NGQAK PGLTPAPTA ----MPPTSV MTRLILIMVW RKLIRNPNTY
0sPIN1D ~NGQAK AARA--GADP SKAMA-APTA ----MPPTSV MTRLILIMVW RKLIRNPNTY
EcPIN1b -NGQAK KA ARAA--GADP SKAMA-APTA ----MPPTSV MTRLILIMVW RKLIRNENTY
AtPING TPKENQQOLQ DSKA GSNSTAELEA AGGDGGGNNG T--HMPPTSV MTRLILIMVW RKLIRNPN'
AtPIN2 TPKENQQQLQ EK----DSKA ARGGGDDIGG LDSGE: ERET GSNSTAELEA AGGDGGGNNG T--HMPPTSV MTRLILIMVW RKLIRNPNTY
ACPIN3 TSTANKSVNK NPKDVNTNQQ TTLPTGGKSN SHDAKELHMEF VWSSNGSPVS DRAGLNVFGG APDNDQGGRS DOG-AKEIRM LVPDQSHNGE TKAVAHPASG DFGGEQQOFSF AGKEEEAERP APNSTAALQS KTGLGGAEAS QRKNMPPASV MTRLILIMVW RKLIRNEN
AtPIN7 --TGNKTGSK APKENHHHV- GKSN SNDAKELHMF VWGSNGSPVS DRAGLOVDNG A--NEQVGKS DOGGAKEIRM LISDHTONGE NKA- KE! RCNSTAELNP KEAIETGETV PVKHMPPASV MTRLILIMVW RKLIRNEN
AtPING N ELDVNGNGTP ---GRIYRQS SPKMMWESGQ RHARKDINGS VPEKEISFRD ALK-- ARP QATAAGGGAS MEEGAAGKDT TPVAAIGKQE ----MPSAIV MMRLILTVVG RKLSRNPN'
0sPING RD ETT MKHVIWMAV- KKLLOIPNTY
AtPINS -FLEVMSLVW LKLATNENCY
OsPINSa WALVKVVA HKLARNPNTY
AtPING -TMKILLKAW RKLIINPNTY
— — — —
541 684
AtPIN1 SSLFGITWSL ISFKWNI SDAGLGMAMF SLGLFMALNP RITACGNRRA AFAAAMRFVV GPAVMLVASY AVGLRGVLLH AALPQ GIVPFVFAI AVIFGMLIAL PITLLYYILL GL
OSPINla SSLIGLIWSI VCFRWNFEM SDAGLGMAMF SLGLFMALQP RIT WVMARAST AVGLRGTLLH LPQ GIVPLRRAKE Y 3 PITLVYYILL GL
OsPIN1d SSLIGLIWSL M I AVGLRGTLLH VA LPQ GIVPFVFAKE YSVHPDILST PITLVYYILL GL

EcPINla SSLIGLIWSL

GPAVMAAASI AVGLRGTLLH

VHPDILST
VHPSILST

PITLVYYILL GL
PITLVYYILL GL
YSVHPSILST ITLVYYILL GL
VHPTILST GVIFGMLIAL PITLVYYILL GL
WVHPTILST GVIFGMLIAL PITLVYYILL GL
NVEPAILST PITLVYYILL GL
VHPAILST PITLVYYILL GL

OsPINlb SSLIGLIWSL VCFRWNFEMP PAVMARASE AVGLRGTLLH
ECPIN1D SSLIGLIWSL VCFRWNFEMP ATVLKSISIL PAVMARASE AVGLRGTLLH VA
AtPIN4 SSLIGLIWAL KILQQSISIL GPAIMAVAGI AIGLHGDLLR
AtPIN2 SSLIGLIWAL GPAIMAVAGI AIGLHGDLLR
ATPIN3 SSLIGLIWAL rAvv AVAAT AIGLRGDLLR
AtPINT SSLIGLIWAL KIIQQSISIL SDAGLGMAMF MAVAAM AIGLRGDLLR
AtPIN6 SSLLGLVWSL NIVDFSIKIT SDAGLGMAM

OSPIN9 ASFLGLIWSL IAFKCGFSMP KIVEDSLFTI RTTAVGLSME

ACPINS SCILGIAWAF ISNRWHLELP GILEGSILIM SKAGTGTAME

OsPINSa ASFVGITWAC LANRLHIALP SAFEGSVLIM SKSGTGMAM 0 TSFA ALGLVLKFAL GPAAMAIGST AVGLRGDVLR V
AtPINg 1L SDGGLGMAMF SLGLFMASQS SITACGTKMA IIT!

ATLIGIIWAT LHFRLGWNLP EMIDKSIH
—————————

LKFVL GPALMIASAY CIRLKSTLFK VAILQAALPQ GVVPFVFAKE YNLHPEIIST

LEPDLLST BVTILYYVLL GL
YKVHADIMGT BYTIVYYILL GL
LPQ SITSFIFAKE YGLHADVLST VLVAYYAAL EFTH
LPQ SITSFIFAKE YGLHADVLST AVIFG PLLVGFYIVL ELIR
VIFGMLIAL PTTLAYYFLL DL

Fig. 2 Multiple sequence alignment of EcPIN1a and EcPIN1b proteins with PIN proteins of model plant Arabidopsis thaliana and Oryza sativa.
Alignment shows the presence of several conserved motifs in PIN proteins. Conserved motifs are underlined in the figure
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Fig. 3 Analysis for the presence of membrane bound transmembrane domain in EcPIN1a and EcPIN1b protein. Prediction shows the presence
of membrane bound transmembrane helices in EcPIN1a and EcPIN1b. Prediction was conducted using online TMHMM server

motifs in ECPIN1b. Multiple sequence alignment with PIN
proteins of O. sativa and A. thaliana shows several con-
served motifs. Few of the conserved motifs of ECPIN1a and
EcPIN1b along with PIN proteins of O. sativa and A.
thaliana were F-x,-D/E-Q-C, I-I-W, F-x,-E, W-R-K-L-x,-
P-N-x-Y, G-x,-W-X109-L-P-x5-S and V-A-I-x-Q-L-L-A-P-
Xp-I-X5-F-V-F-A-x-E-Y-X5-H-x4-T-x-V-I-x-G (Fig. 2). The
transmembrane domain analysis revealed the presence of
membrane spanning transmembrane domains in EcPIN1a

and EcPIN1b (Fig. 3) protein. The EcPIN1a and EcPIN1b
proteins were found to contain nine transmembrane helices.
The crystal structure of PIN protein is not available yet.
Hence, to know the probable structure of PIN protein, we
undertake modeling approach to model EcPINla and
EcPINIb protein in SWISS model automatic modeling
mode (Figs. 4, 5). From several models obtained during the
modeling process, we selected the best one based on its
lowest QMEAN Z-score (Z-score: —10.15). Further motif
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(b)

Fig. 4 In silico modeling of EcPINla protein. a Molecular model of
EcPINl1a protein. b Ramachandran plot of EcPIN1a model. ¢ It shows
the model quality and QMEAN Z-score. The model quality along with

analysis shows the presence of one membrane transport and
amidation site, three Asn glycosylation sites, one CAMP
phospho site, five CK2 phospho sites, nine PKC phospho
sites, and 12 myristoylation sites in EcPINla protein.
Unlike EcPIN1a, EcPIN1b was also found to contain one
membrane transport and amidation site, one Asn glycosy-
lation site, one CAMP phospho site, four CK2 phospho
sites, ten PKC phospho sites, 12 myristoylation and alanine
rich sites (Table 1). The EcPIN1a protein contained three
Asn glycosylation sites, whereas EcPIN1b protein con-
tained only one Asn glycosylation site. Further, EcCPIN1a
protein contained five CK2 phospho sites while EcPIN1b
protein contained only four CK2 phospho sites. The
EcPINl1a protein contained only nine PKC phospho sites
while EcPIN1b contained ten. Alanine rich region was not
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distribution of amino acids in Ramachandran plot shows that the
resulted model was the best model of EcPIN1la protein. Molecular
modeling was conducted in SWISS-MODEL automatic mode

found in EcPIN1a while it was present in ECPIN1b protein.
The phylogenetic analysis of EcPIN proteins with PIN
proteins of A. thaliana and O. sativa shows closer rela-
tionship of EcPINla with OsPIN1d and OsPINla, while
EcPIN1b shows close relationship with OsPIN1b (Fig. 6).
The PIN proteins of E. coracana grouped with the PIN
protein of monocot plant O. sativa while the PIN proteins
of dicot plant A. thaliana grouped separately. This shows
that EcPIN proteins are monocot specific and belonged to
E. coracana.

Transcriptome analysis was performed to understand
their transcript abundance at different developmental
stages. The transcript level of EcPIN]a in leaf was found to
be down-regulated at 7- and 14-day time periods while they
were up-regulated at 21- and 28-day time periods (Fig. 7).
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Fig. 5 In silico modeling of EcPIN1b protein. a Molecular model of with distribution of amino acids in Ramachandran plot shows that the

EcPIN1b protein. b Ramachandran plot of ECPIN1b model. ¢ It shows resulted model was the best model of EcPIN1b protein. Molecular
the model quality and QMEAN Z-score. The model quality along modeling was conducted in SWISS-MODEL automatic mode
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Table 1 In-silico prediction of possible functional domains of EcPIN1a and EcPIN1b protein

EcPINla EcPIN1b

Position Domain Position Domain

9-587 Membrane transporter 9-590 Membrane transporter
185-188 Amidation 185-188 Amidation

211-214 Asn glycosylation 257-260 Asn glycosylation
234-237 Asn glycosylation

257-260 Asn glycosylation

94-97 CAMP phospho site 94-97 CAMP phospho site

3-6 CK2 phospho site

193-196 CK2 phospho site
213-216 CK2 phospho site
236-239 CK2 phospho site
288-291 CK2 phospho site
27-29 PKC phospho site
93-95 PKC phospho site
206-208 PKC phospho site
219-221 PKC phospho site
229-231 PKC phospho site
245-247 PKC phospho site
250-252 PKC phospho site
284-286 PKC phospho site
373-375 PKC phospho site
170-175 Myristoylation
253-258 Myristoylation
278-283 Myristoylation
301-306 Myristoylation
326-331 Myristoylation
355-360 Mpyristoylation
455-460 Myristoylation
484-489 Myristoylation
493-498 Myristoylation
506-511 Myristoylation
533-538 Myristoylation
575-580 Mpyristoylation

3-6 CK2 phospho site

193-196 CK2 phospho site
213-216 CK2 phospho site
288-291 CK2 phospho site
27-29 PKC phospho site
93-95 PKC phospho site
206-208 PKC phospho site
212-214 PKC phospho site
219-221 PKC phospho site
229-231 PKC phospho site
245-247 PKC phospho site
250-252 PKC phospho site
284-286 PKC phospho site
272-274 PKC phospho site
253-258 Myristoylation
272277 Myristoylation
278-283 Myristoylation
326-331 Myristoylation
334-339 Myristoylation
415-420 Myristoylation
458-463 Myristoylation
487-492 Myristoylation
496-501 Myristoylation
509-514 Myristoylation
536-541 Myristoylation
578-583 Myristoylation
403-427 Alanine rich

The EcPINIa was down-regulated 10.63-fold at 7 days
followed by 1.88-fold down-regulation while it was up-
regulated 1.95-fold at 21 days and 5.98-fold at 28-day time
period. The transcript abundance gradually increased with
increasing time period in leaf tissue. However, the tran-
script abundance of ECPINIa in root was found to be
down-regulated at all the four time points. At 7-day time
period it was found to be down-regulated 61.23-fold while
it was down-regulated 5.08-fold in the 14 days. Although it
was down-regulated in both the time periods, transcript
level was comparatively up-regulated at 14 days compared
to the 7-day time period. The EcPIN1b was down-regulated

igllase clloll dvao .
KACST 3.0:50lq rog sl @ Springer

at 21- and 28-day time periods as well. The transcript
abundance of EcPINI1b was detected very minutely in both
root and leaf tissue.

Development of plant organs and its morphogenesis
largely depends upon the dynamic relationship between the
regulation of gene expression and fine tuning of physico-
chemical processes. The phytohormone auxin plays a
major role in vegetative (Ljung et al. 2001; Reinhardt et al.
2003), reproductive (Sundberg and @stergaard 2009; Jain
and Khurana 2009) and root development (Mohanta and
Mohanta 2013; Singh et al. 2015) in plants. Auxin was
found to play important role in root hair formation (Lee and
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Fig. 6 Phylogenetic relationship of EcPIN1a and EcPIN1b with PIN
proteins of model plants A. thaliana and O. sativa. Phylogenetic result
shows close relationship of EcPIN1a with OsPIN1a and OsPIN1d and
EcPIN1b with OsPIN1b. This show the EcPIN proteins were closer to
monocot plant O. sativa. Phylogenetic tree was constructed using
MEGAG6 software with 1000 bootstrap replicates

Cho 2006; Band et al. 2014), root gravitropism (Luschnig
et al. 1998; Friml et al. 2002b), phyllotactic patterning
(Vernoux et al. 2000; Reinhardt et al. 2000; Furutani et al.
2004) and leaf vein formation (Rolland-Lagan and Pru-
sinkiewicz 2005; Wenzel et al. 2007; Scarpella et al. 2010).
It is synthesized in the localized aerial parts of the plant
and mediates uneven distribution throughout the plant and
maintains homeostasis with the help of auxin efflux carrier
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Fig. 7 Transcript analysis of EcPINIa gene. a The transcript profile
of EcPINla gene was found to be down-regulated at 7- and 14-day
(1st and 2nd week) time periods while it was up-regulated at 21- and
28-day (3rd and 4th week) time periods. The transcript level was
gradually up-regulated by increase in time period. b The transcript
profile of EcPINla in root tissue shows down-regulated in all four
time periods. At the 14-day time period, it was comparatively up-
regulated compared to 7-day time period. Transcript profile of
EcPINIb gene was not detected during this study. Metric bars
indicated the standard error (SE). Asterisk in the graph indicates
statistically significant differences: * p < 0.05. Statistical analysis
was done using unpaired ¢ test

(PIN) proteins that leads to proper growth and development
of plants (Mohanta et al. 2015; Singh et al. 2015). The
regulated and directional polar auxin transport within dif-
ferent plant tissues is unique to auxin and it has not been
found in any other signaling molecules. Therefore, cloning
of EcPINIa and EcPINIb gene was uncalled for and
reported in the manuscript. Previous studies reported that
PIN protein contains membrane spanning transmembrane
domain which help to flux the auxin molecules in direc-
tional manner (Friml and Palme 2002; Petrasek and Friml
2009). Our analysis using TMHMM software shows that
EcPINla and EcPIN1b proteins contain transmembrane
domains which closely match with the previous studies
(Chen et al. 1998; Friml et al. 2002a). Both EcPIN1a and
EcPIN1b contain ten transmembrane helices. Chen et al.
(1998) also reported the presence of same number of
transmembrane helices in A. thaliana (Chen et al. 1998).
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Arabidopsis thaliana AGRAVITROPIC 1 (AGRI) encodes
for auxin efflux carrier and mutation in AGRI conferred
increased root-growth sensitivity auxin and decreased
sensitivity to ethylene, thus causing retention of exoge-
nously added auxin in root tip cells (Chen et al. 1998).
Chen et al. (1998) used positional cloning method to know
whether AGRI encodes putative transmembrane domain
and its homologies shares with bacterial transporter pro-
tein. Upon expression in Saccharomyces cerevisiae, AGRI
promoted an increase in efflux of radiolabeled IAA from
the cells and confers increased resistant to toxic fluoro-IAA
(Chen et al. 1998). Li et al. (2012) cloned and characterized
auxin efflux carrier MiPINI in Mangifera indica associated
with adventitious root formation in cotyledon segment (Li
et al. 2012). Chawla and DeMason (2004) cloned PsPIN1
gene, a putative auxin efflux carrier from Pisum sativum
(Chawla and DeMason 2004). The PsPINI gene was found
to be ubiquitously expressed throughout the plant, more
specifically in growing tissues. The phylogenetic analysis
of EcPINla and EcPIN1b with PIN proteins of monocot
and dicot plant grouped them in monocot lineage, sug-
gesting their monocot specific origin in plant kingdom.

Conclusion

Cloning of auxin efflux carrier gene EcPINIa and EcPIN1b
were done in E. coracana and their expression analysis
revealed gradual up-regulation of PINIa genes from 7th to
28 days of developmental stages. Although EcPINIa was
down regulated at 7th and 14th days, they were up-regu-
lated at 21 and 28-day time periods. Auxin efflux carrier
genes play significant roles in plant growth and develop-
ment in model plant including A. thaliana and O. sativa.
Our study will help to understand the role of EcPINIa and
EcPINIb gene in root and vegetative development in E.
coracana plant.
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