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Abstract

Phycomitrella patens is non vascular chlorophyll containing plant. The pseudo rooting system present in this plant is point of

interest in terms of auxin biology. In this research, focus was given to find out auxin efflux carrier (PIN) protein from P. patens.

Results shows, there is 5 different auxin efflux carrier gene in P. patens. Phylogenetic analysis shows, they belongs to different

clade, but present between Arabidopsis thaliana and Oryza sativa. Amino acid sequence alignment shows presence of conserved

T-P-R motif, which are potential target phosphorylation site of mitogen activated protein kinase 3 and mitogen activated protein

kinase 6. This explains protein phosphorylation sites of PIN genes are conserved.
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Introduction
The emergence of land plants from an aquatic ancestor that
initiated during the mid-Ordovician and lower Silurian (480—
430 million years ago) was one of the major evolutionary
events for the life occurred on planet earth and bryophytes
were dominated the earth on that time (Ishizaki et al., 2008).
Shifting from aquatic habitate to terrestrial habitate is most
important event occurred in the history of life. The most
from that
Patens is a

important exists time is

bryophyte  still
Physcomitrella  patens. P. non-vascular,
chlorophyll containing, widely spread dioecious liverwort
species. It has been extensively studied by developmental
biologists since the 19th century (Rensing et al., 2007). The
haploid gametophytic generation dominates over the diploid
sporophytic generation during its life cycle. This is very much
advantageous for functional genetic analyses. P. Patens can
propagate not only sexually, but also by asexual bud-like
structures called gemmae, allowing rapid proliferation of
isogenic biomass for molecular and biochemical experiments
(Cuming, 2011). Phylogenetics analysis strongly supports the
sister relationship of liverworts to all extant land plants (Duff
and Nickrent, 1999). These liverworts are a key group in
comparative genomics to address fundamental questions in
plant biology, such as the genetic basis of the key innovations
that allowed land plants to evolve from aquatic ancestors and
adapt to life on land, and the developmental genetic changes
responsible for alterations in body plan within land plants
(Reski et al., 1994). Thus M. polymorpha is being developed
as a model plant occupying a critical evolutionary position to
study specific molecular and cellular developmental processes
in detail.

Besides this, since the time of evolution, plants are always in
threats to different biotic and abiotic stress and hence they are
changing themselves and making them adaptable according to

changing environment (Mohanta et al., 2012, Mohanta
2012). The survival for fittest rule plays important role, and
only those plant species got survived which did able to adopt
themselves to the changing environment. Among different
adopt  this

Physcomitrella patens is one of them and still existing since

plant species that are able to change,
the Ordovician and Silurian age.

The potential phytohormone auxin plays important role in
regulation of plant growth, development and physiological
process in response to diverse environmental, biotic and
abiotic cues (Rahman, 2012; Pasternak et al., 2005). Most
important thing among them is vascular differentiation,
organogenesis, tropic growth, root and shoot architecture
(Petrasek and Friml., 2009). The major naturally occurring
auxin, indole-3-acetic acid (IAA), coordinates many plant
processes by modulating gene expression, which leads to
changes in cell division, elongation and differentiation (Ishida
et al., 2010). How auxin signal is perceived, distributed,
interpreted and maintains cellular homeostasis by plant has
been a central question in plant biology. As Physcomitrella
patens the first pseudo root bearing plant, this can answer a
lot of question about auxin perception, homeostasis and
regulation of gene expression. Rensing et al (2007) first
reported the draft genome of Physcomitrella patens.

Auxin plays important role in development of root system in
plants and its synthesis takes places in aerial parts of plants and
transported to root to play its role (Zhao, 2010). It is widely
reported that polar auxin efflux carrier component (PIN) are
crucial for cellular coordination and auxin homoestasis. The
first putative efflux carrier component to be characterized
was AtPIN1 and shown to be localized polarly in plasma
membranes and rapidly relocalize, thereby providing a
conceptual basis for explaining how changes in auxin efflux
affects tropic response and patterning (Galweiler et al., 1998;
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Paponov et al., 2005). PIN plays vital role in cell polarity,
patterning, embryogenesis, gravitropism and phototropism,
apical dominance, root architecture (Paponov et al., 2005;
Leyser, 2005; Blakeslee et al., Palme et al., 2006; Blilou et
al., 2005). Both metabolic changes and transport of auxin
have been demonstrated to play major role in plant
organogenesis and differentiation (Petrascka and Friml,
2009). There are eight PIN genes from the genome of
Arabidopsis and 12 from the genome of Oryza sativa
respectively. It has been suggested that all PIN genes in
Arabidopsis and in all higher plants diverged from a single
ancestral. In contrast to dicots, the wider PIN family of the
monocot has more divergent phylogenetic structure (Paponov
et al., 2005). Presence of PIN gene in Physcomitrella patens
can explain the evolution of auxin transport career
component and hence evolution of auxin signaling

mechanism.

Materials and Methods
Identification of PIN gene

For identification of PIN genes in Physcomitrella patens,
phytozome database (www.phytozome.net), the Institute for
Genome Research (TIGR) database and The Arabidopsis
Information Resource (TAIR) and rice genome database were
used. The amino acid sequences of 8 PIN proteins from
Arabidopsis were downloaded from The Arabidopsis
Information Resource (TAIR) and 12 PIN proteins from rice
were downloaded from rice genome database. These PIN
proteins were used to search their homologs in phytozome
database using BLASTP programme (Altschul et al., 1997).
Sequence analysis

The PIN gene identified from phytozome database were again
analyzed to know their orthology with regard to higher
plants. BLASTP Analysis were carried out with TIGR
database  and
Physcomitrella patens were named accordingly. Arabidopsis

orthologous PIN gene found from
PIN genes were used for nomenclature of Physcomitrella
patens PIN gene as Arabidopsis is considered as the model
plant. Multiple alignment of proteins from Arabidopsis, rice
and Physcomitrella patens were carried out to know their
homology using Multalign software
(http:/ /multalin.toulouse.inra.fr/multalib/).
tree was constructed using CLUSTALW programme
(http://www .ebi.ac.uk/Tools/msa/clustalw2/) (Larkin et
al., 2007). Domain annotation was carried out using
TMMOD (The Hidden Markov Model for Transmembrane

Protein Topology Prediction) to confirm presence of auxin

Phylogenetic

efflux carrier domain and whether they are belonged to
membrane transport family protein (Kahsay et al., 2005).

Results and Discussion
Study carried out to find PIN gene from Physcomitrella
patens shows presence of 5 PpPIN genes. Their nomenclature
and locus ID provided in the tablel. PpPIN3-1 and PpPIN3-2
has ORF length of 2142 nucleotide with 5 introns in their
genomic sequences (figure 1). PpPIN3 have ORF length of

2097 nucleotide where as PpPIN6-1 have ORF length of 1227 DARSGAH-E-AHLEBAIT

nucleotide each of having 5 introns (figure 1). PpPIN6-2 have
OREF length of 342 nucleotide having only 1 intron (figure 1).
Amino acid sequence alignment shows, they are more
conserved in N-terminal region, where as C-terminal region
is less conserved with regard to N-terminal region, middle
region shows dynamicity in amino acid sequence alignment
(figure 2). Middle variable region is very much conserved in
terms of T-P-R motif which are highlighted red in figure 2.
The T-P-R motif is very much conserved in Arabidopsis, rice
and Physcomitrella patens. This T-P-R motifs are potential
phosphorylation site of PIN protein (Sorenson et al., 2012).
Protein phosphorylation is very essential to carry out proper
functional role in cell. Protein phosphorylation is usually
carried out by kinases (mitogen activated protein kinase,
cyclin dependent protein kinase etc.) (Sinha et al., 2011).
The T-P-R motif are potential phosphorylation site of
MAPK4 and MAPK6. The presence of conserve T-P-R motif
explains evolution of protein phosphorylation is conserved.

Phylogenetic analysis shows PIN genes are clustered into five
separate groups (figure 3). PpPIN proteins are present
separately in group Il and group IV. PpPIN6-1 and PpPIN6-2
are very closer to AtPIN6. PpPIN3, PpPIN3-1 and PpPIN3-2
are closer to AtPIN8 of group I and OsPINS5 of group III.
Development of plant body strongly depends on intercellular
transport and distribution of phytohormone auxin (Barbez et
al., 2012). Domain annotation using TMMOD (The Hidden
Markov Model for Transmembrane Protein Topology
Prediction) shows presence of transmembrane domain and
auxin efflux carrier domain (figure 4) (Kahsay et al., 2005).
Auxin efflux carrier genes are characterized by presence of
auxin efflux carrier domain and presence of N and C-terminal
conserved region and central hydrophilic region (Wang et al.,
2009). PIN genes also grouped into different group by
presence of long or short transmembrane domain. This study
PpPIN3-1 and PpPIN3-2 are
transmembrane domain, where as PpPIN3, PpPIN6-1 are

shows, having  long
having short transmembrane domain (figure 4). In PpPIN6-2
transmembrane domain is absent which may be due to event
of deletion. Mravec et al. (2009) reported that Arabidopsis
thaliana PIN5 encodes functional auxin transport that is
required for auxin mediated plant development. PIN5 does
not have direct role in cell-to-cell transport but regulates
intracellular homeostasis and metabolism. Study carried out
by Lewis et al. (2011) shows PIN3 plays important role in
auxin transport. PIN3 mutant shows reduction in density and
number of lateral root formation where as PIN3 and PIN7
double mutant shows much stronger reduction in lateral root
formation. AtPIN8 plays role in development of male
gametophyte of Arabidopsis and has crucial role in pollen
development and its functionality (Ding et al., 2012). Ectopic
expression in sporophytic tissue shows role of AtPINS in
regulation of auxin homeostasis and metabolism. PIN8 co-
localizes with PIN5 and found in endoplasmic reticulum (ER)
where it acts as auxin transporter. Genetic analysis shows
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PIN5 and PINS8 regulates auxin homeostasis, sporophyte and
gametophyte development as well as growth of pollen tube.
Phylogenetic analysis of PpPIN shows, PpPIN3, PpPIN3-1,
PpPIN3-2 grouped in between AtPIN8 and OsPIN5 which
plays important role in auxin transport as well as
development of gametophyte, sporophyte and pollen tube. P.
patens has gametophytic generation and sporophytic
generation. So, presence of PpPIN3, PpPIN3-1, PpPIN3-2
gene in between PIN5 and PINS strongly suggest they play
important role auxin homeostasis, development of gamete,
spore and pollen tube. So it can be concluded that presence
of three PpPIN3 gene in P. patens plays significant role in
auxin homeostasis, maintenance of gametophytic as well as
sporophytic generation as well as  formation of root like
structure and hence its life cycle.

Conclusion
P. patens is a non vascular plant which shows presence of
auxin efflux carrier protein. Earlier it was thought that
bryophytes don’t have rooting system and hence there may
not be significant role of auxin in it growth, development and
life cycle. But, presence of auxin efflux carrier gene clearly
demonstrates, auxin homeostasis and distribution is important
in P. patens for its proper growth and development.
Evolution of auxin and its role evolved from the era of
bryophytes which dominates during the Paleozoic era of

evolutionary history.

Acknowledgment
I would like to thanks Dr. Alok Krishna Sinha, staff scientist,
National Institute of Plant Genome Research, Aruna Asaf Ali
Marg, New Delhi, India for providing laboratory facility to
carry out this work. These data were produced from Plant
genome database (http://www.plantgdb.org/) and the US
Joint

collaboration

Department of Energy Genome Institute

http://www jgi.doe.gov  in with  user
community. Authors are highly thankful to plant genome

database and Joint Genome Institute.

References
Altschul, S.F., Madden, T.L. et al (1997). Gapped BLAST
and PSI-BLAST: a new generation of protein
database search programs. Nucleic Acids Res.
25:3389-3402.
Barbez, E., Kubes, M. et al (2012). A novel putative auxin
family intracellular  auxin

485:119-122,

carrier regulates
homeostasis in  plants.
doi:10.1038/nature11001.

Blakeslee, ].J., (2004).

Relocalization of the PINT auxin efflux facilitator

Nature,
Bandyopadhyay, A., et al

plays a role in phototropic responses. Plant Physiol.

Ding, Z., Wang, B., et al (2012). ER-localized auxin

transporter PIn8 regulates auxin homeostasis and

male gametophyte development in Arabidopsis.

Nature Communications | 3:941 | Dol
10.1038/ncomms1941.

Duff, R.J., and Nickrent, D.L., (1999). Phylogenetic
relationships of land plants using mitochondrial
small-subunit rDNA sequences. Am. J. Bot. vol. 86
no. 3 372-386.

Ga'lweiler L., et al. (1998). Regulation of polar auxin
transport by AtPINT in Arabidopsis vascular tissue.
Science 282, 2226-2230.

Ishida, T., Adachi, S., et al (2010). Auxin modulates the
transition from the mitotic cycle to the endocycle in
Arabidopsis  Development, 137(1):63-71.  doi:
10.1242/dev.035840.

Ishizaki, K., Chiyoda, S., Yamato, K.T., and Kohchi, T.,
(2008). Agrobacterium-Mediated Transformation
of the Haploid Liverwort Marchantia polymorpha
L., an Emerging Model for Plant Biology. Plant
Cell Physiol. 49(7): 1084-1091,
doi:10.1093/pcp/pcn085.

Kahsay, R,, Liao, L., Gao, G., (2005). An improved hidden
markov model for transmembrane protein topology
prediction and its application to complete genomes.
Bioinformatics, 21:1853-1858.

Larkin, M.A., Blackshields, G., et al (2007). Clustal W and
ClustalX version2. Bioinformatics 23(21): 2947-
2948. doi:10.1093/bioinformatics/btm404.

Lewis, D.R., Negi, S., et al (2011). Ethylene inhibits lateral
root development, increases IAA transport and
expression of PIN3 and PIN7 auxin efflux carriers.
Development 138, 3485-3495,
doi:10.1242/dev.065102.

Leyser, O., (2005). The fall and rise of apical dominance.
Curr. Opin. Genet. Dev. 15, 468—471.

Mravec, J., Sku, P.A., Bailly, A.L., et al (2009). Subcellular
homeostasis of phytohormone auxin is mediated by
the ER-localized PIN5 transporter. Nature, Vol
459, doi:10.1038/nature08066.

Mohanta, T.K., (2012. Advances in Ginkgo biloba research:
genomics and metabolomics perspectives. Afr. J.
Biotechnol. Vol. 11(93): 15936-15944.

Mohanta, T.K., Occhipinti A, Zebelo SA et al (2012).
Ginkgo biloba responds to herbivory by activating
early signaling and direct defenses. PLoS One, 7(3):
€32822, doi: 101371/ journal.pone.0032822.

Mravec, J., Sku, P.A., Bailly, A.L. et al (2009). Subcellular

homeostasis of phytohormone auxin is mediated by

134, 28-31. the ER-localized PINS transporter. Nature, Vol
Blilou, I., Xu, J., etal (2005). The PIN auxin efflux facilitator 459, doi:10.1038/nature03066.

network  controls growth and patterning  in Palme, K., Dovzhenko, A., and Ditengou, F.A., (2006).

Arabidopsis roots. Nature 433, 39-44. Auxin  transport and gravitational research:
Cuming, A. (2011). "Molecular bryology: mosses in the perspectives. Protoplasma, 229, 175—-181.

genomic era". Field Bryology 103: 9-13.

Received Manuscript 03-05-2013 Accepted Manuscript- 18-06-2013
http://www .darsgah-e-ahlebait.com/journals/jbs/ Page 56

\(/

\

DARSGAH-E-AHLEBAIT



Research Paper
Journal of Biotechnological Sciences.]BS 1(2): 54-64 (2013)

Mohanta et al.,
ISSN 2308-0043

Paponov, I.A., Teale, W.D., et al (2005). The PIN auxin
efflux facilitators: evolutionary and functional

perspectives. Trends in Plant Science. Vol.
10(4):170-177.

Pasternak, T., Potters, G., et al (2005). Complementary
interactions between oxidative stress and auxins
control plant growth responses at plant, organ, and
cellular level. J. Exp. Bot. 56(418): 1991-2001.doi:
10.1093/jxb/eri196

Petrasek, J., and Friml, J., (2009). Auxin transport routes in
plant development. Development 136, 2675—-2688.

Rahman, A., (2013). Auxin: a regulator of cold stress
response. Physiologia Plantarum, Special Issue:
Abiotic Stress, Vol. 147(1): 28-35.

Rensing, S.A., Lang, D., Zimmer, A.D., et al (2007). The
Physcomitrella Evolutionary
Insights into the Conquest of Land by Plants, Vol.
319 no. 5859 pp. 64-69.

Reski, R., Faust, M., Wang, X.H., Weche, M., & Abel,
W.O., (1994). "Genome analysis of the moss

Physcomitrella patens (Hedw.) B.S.G.". Molecular

Genome Reveals

and General Genetics 244 (4): 352-359.
doi:10.1007/BF00286686.PMID 8078460.

Sinha, A.K., Jaggi, M., et al (2011) Mitogen activated protein
kinase signaling in plant under abiotic stress. Plant
signaling and behavior, 6(2): 196-203.

Sorenson, C., Lenman, M., Schopper, S., Vilg, J.V.,
Ljugdahl, T., Grotlis, M., Tamas, M.]., Peck, S.C.,
Andreaasson., (2012). Determination of primary
sequence specificity of Arabidopsis MAP kinase
MPK3 and MPK6 leads to identification of new
substrates. Biochemical journal, 446:271-278.

Wang, R.]., Hu, H., Wang, G.H., Li, Ji., Chen, ].Y., Wu,
P., (2009). Expression of PIN genes in rice (Oryza
sativa L. ): Tissue specificity and regulation by
hormones. Molecular Plant, 2(4): 823-831.

Zhao, Y., (2010). Auxin biosynthesis and its role in plant
development. Annu. Rev. Plant Biol. 61, 49—64

Received Manuscript 03-05-2013 Accepted Manuscript- 18-06-2013

http://www .darsgah-e-ahlebait.com/journals/jbs/

Page 57

\(/

\

DARSGAH-E-AHLEBAIT



Research Paper

Mohanta et al.,

Journal of Biotechnological Sciences.]BS 1(2): 54-64 (2013) ISSN 2308-0043
PpPIN3-1 [ T e gl g gl 4
PPPIN3-2 | " OO

0sPINLa
0sPINLD
ALPINL
ALPIN3
ALPINT
ALPING
0sPIN2
ALPINZ
PpPIH3-2
PpPIN3-1

DsPTH10D
ALPING
(sPIN10a
UsPINic
0sPINLd
(sPIN?
0sPINSa
ALPING
0sPINSD
0sPINSe
ALPING
0sPIN
PpPING~1
DsPING
PpPING=2

Consensus

PpPIN3

PpPING-

PpPING-

1 T | N oanlins IS sopbey D

2 F—— = —I g

Figurel. Genomic organization of PpPIN gene showing exonic and intronic region.

2 Kl a0 50 &0 I 80 30 100 110 120 130

HITGROF YHYTAMYPLYYANILAY-GSVKNARIFTPDOCSGINRFVALFAYPLLSFHETSTNNEY THNLRFTARDTLQKLIYLALL TLNSHLS8Rwmsmmasmmmamma GSLENTITL
HITRAOFYHYMTAMYPLYVALL RY G5 VKNHRIF TPDOCSGINRFVAL FAYPLLSFHE TSTRNPY THSLRFARDTLQKLHVLANL TANSHL S8R ewemsmamememeGSLENTITL
I TRADFYHYNTANYPLYYAILAY-GSVKMAKIF TPOUCSGINRF VAL FAV=LLSFHF IARNNP YAMLRFLARDSLOKYI YL SLLFLMCKL SRH=mmmmemmmmmmssGS DMTITL
HISKHOLYTYLTRYIPLYVANILAY-GSYRUAKTFSPOUCSGINRFYATFAVPLLSFHFISTNNPYANLRF TRRDTLQKTTMLSLLYLMAN TRS=mm memmmmmmeGS EMSTT]
KITRHOLYTVLTAYIPLYVANTL AY~GSYRUKKIFSPDCSGINRFYATFAVPLLSFHFISSKKPY AMHLRF TARDTLQKLIML TLLIIUANF TR wmmmmeme e GSLENSTTT
HITRHOLYTYLTRYYPLYYAHLLAY-GSVOHAKIFSPOUCSGINRFVAIFAYPLLSFHF ISTNDP Y AMNFRFYARDTLQKTINLYLLALMANL TKeneeemsmenansGSLEWHITT
HITGROTYDVLARTYPLYVAFLAY-GSYRUMGIF TPOUCSGINRFYAYFRVPLLSFHFTSTNOPY SN YRFLARDSLQKLYILARLAYMHHLLSRYRRNGG======ARASLOMTITL
HITCKOHYDVLARMYPLYVAKTLAY-GSVRUNGIFTPDOCSGINRFVAYFRYPLLSFHFISSHOPY AN YHFLARDSLQKYVILARLFLUOAF SRR+=mwmwmmwemen=GSLEWHTTL
HINGHOLYNYLSAMYPLYYAHHLAY -GS VKNHGIL T PGICGGINRFVSIFAYPLLSFOF TSGNNP Y AMNFRF IARDASKYF YLLCLGLNARYSKR=wm mmsmememunusiSLEHITL
HINGHOLYNYLSANYPLYY AL AY~GSYKMHGIL TPOUCGRINRFYSIFRVPLLSFOFTSGRNP Y AHMFKF TRRDRYSKYL YLLCLGLMARYRKRemm e mmmmmmm eS| ENHTTL
WITGHONYNVLSAN/PLYVAHL AY-ASYKMAGILTPOUCOGINRFYSIFAVPLLSFOFVSGANPYEMNFRFTARDAYSKYF YL SCLGLMYR SKRwm mmsmmmemmmsGSLENVITL
HESKHEL YMYLSRYYPLYVAAVAY -GS VRUNGYLTPEQCSGINRFVAYIRYPLLSFHFISSSOPYRMLRFVARDTLQKVLYLARLARNSRE PARF YPPasssses<BRPPLOCSITL
HLTGHEFY TYHCAMAPLYF AFYAY-GSYKHCKIF TPAUCSGINRFYSYFAVPYLSFHF ISONNPYKHO THF ILADTLSKIF #F YLLSLMRYF FKfemmmmemmmememeGGLOMLITL
HISGHOFYTYHARYYPLYVANFLAY-GSYRUMGIFTPOUCSGINRFVALFRVPLLSFHFISTHOPYAMLRFLARDTLOKLL YLAGLARKSRLPSRT GAPRLONSITL
METVOLYHVLTRYVPLYVANTLAY S VIOMRIFSPOUCSGINRF VAL FRVPLLSFHF ISTNNPF FMLRFLARDTLQILIVLALLALICRL SRwemwmememenemeGSLINLITL

HAETPYGLSHIIGHYOLGKILSAIAPLYFAL L GYCSSKRMHRIFTAEOSERT-~MYAHFRLPFF TFEF TLHLDPYNVRYSLIRADSTSKLIIVIVIGIGYGL IFRKEGL~=======CTAY IMCISG

HIGHGDYYKVYAATVPLYFALFLGY~GSYRUMRTFTRECOAVMRLVAF FALPFFTFEFTLHTDPE QYN YRAVARDYIS K== <RV TYRVIGAMARF ~we wwsnnsHSKGGLAVSHSITS
HINCGOYYKYIEAYPLYYALILGY=GSYKUMHIFTROCOATHRLVCY F TLPLFTIEF TAHVDPE NHN YRF TAROVLSK ===V LT YTVLALMAK Y =msm wmememn K =S YCHSTTS
HAPL YFALGL 6Y=65YRUHRF F TREQCAATNTHVYYFSHPFFTFOFYYRTOPF A YRVIARDRAYSK=~=ATRIRAMARKAR TRC==-G~CAARKAGAOSHSI TG

HAPL YFALGLGY-6SYRUMRLF TADUCOAVHRLYACFAYPFFAFDFAARIDF ALS YRVLAADAL SKLAYALALARCARAAS TRCCGSGE-GKRGGESGFSMCITE
HISHLOTYHVYSATVPLYVSHTLGF-L SARHLKLFSPENCRGINKFVAKFSIPLLSFOLTSERNPF KHSPKLILSOTLQKFL YVYVLANVLREME{Poen mesensTGERGGKLGHVITE
HITGSEYYQYYEANAPLYTARALGY=6SY RULKAFSREUCAGINHFYAL YRVPYLIFOMYSTHMYYKHMGRLIAADTLQKAVLLLGLHAKALKER SRARGAGAKAKARVSSPLOMYITC
HLTGGFYOVLCAYYPLYYRLFLGY=6SLKMHGYVTPEQSAGT SRFNAL IRMPPLIFE LTAF MY THYNRLIARYCL SHGT VL VGLL b= Yhimm mwwm o wrwee CTKL GHLDMVITL
HVSHKDTYLVLEATYPLYVAILAY<LSTKMMKLFTPEQCSGINKFYAKFSIPLLSFOVISTTDPYDMNIKLIYSOTLOKSLALLGFRARTSKACC Aews swsmanensseEKFDMLITE
TOGEHOKFHIGIGOER SHARTAY SHKDEEHVKN==GSRORNSF SYANGERTTRENG TEHGHE LAPS CNMKETATKVAKKHLRLPL TYATVHGTYY=mm e ammmaSL IRGRYSTPKSC
My doy.v,.2,0Plyvin, Ly, gsvrww, iftp, D, ginrfva, FavpLlsf, fis.n,Pyumn.r, 188t L Ke oo Lo dosWessnnsenennns senesaiedibiits

Received Manuscript 03-05-2013 Accepted Manuscript- 18-06-2013
http://www.darsgah-e-ahlebait.com/journals/jbs/ Page 58

\(

DARSGAH-E-ARLEBAIT



Research Paper
Journal of Biotechnological Sciences.]BS 1(2): 54-64 (2013)

Mohanta et al.,
ISSN 2308-0043

OsPTHIa
O:PINIb
fPINL
FePIN3
RPN
fePING
DsPINe
fEPIN
PpPIN3=2
PpPIN3=1
PoPIN3
0sPIRLOb
fiPING
(sPINLOa
OsPINLe
fsPIMd
DsPIN?
0sPTHGa
RePING
0sPINGD
OsPINGe
fPING
DsPINS
PpPING-1
DsPTNG
PpPING=2

e T T T e T T
|
FsLsnmLmmm&wmnmmmmwnmmwmmmmm-m—ummwmmmmw
FSLSTLPNTL VMGIPLLKGHYGEF ~==~SGSLHVTYYLOCTINYTLHLFNFE YRGARHLITEQFPOTRA-NIRSI PYOPDY~5L ~~~DGRROAIETE TEVKEDGRIHYTVRRSNRSRSDI YSRRSHGF
FSLSTLPHTL VHGIPLLKGHYGNF==~=SGOLHYATYPLOCLIMYTLMLFLFE YRGAKLLISEQFPOTRG~SI YSTHVOSDI-SL~~~DGROP-LETEREIKEDGKLHYTVRRSNASRSOIYSRRSGSL
FSLSTLPHTLVHGIPLL IAHYGE Y~==-~SGSLHVQI VLOCTIMYTLLLFLFEFRGARMLINE QFPETRA-STYSFRYESDY~Y5L —==DGH-OF LETOREIGHOGKLHYTVRKSHRSRRSF Chmmm=m
FSLSTLPTLYMGIPLL IRHYGEY~~+~SGSLHYQTYILACTIMYTLLLFLFEYRGAKTLINEQFPETGA-SI VSFKVESDY~YSL ~~~D6H-DFLETOAQIGOOGKLHYTYRKSHRASRRSF GG -56
FSLSTLPRTLYMGIPLLIAHYGT Yoms<RGSLIYGYYFLACTINYTLLLFLFEYRGAKLLIMEQFPETGR~STPSFKVESDY=FSL ~e~D6H-DFLETORE GNOGKLHYTYRKSHRASRRSL Honemen
FSLSTLPNTLVNGIPLLRAHYGOF~~=~SGSLHYQLVHLASYIMYTLMLFLFE YRGAKALISEQFPPOYGASIASFRYDSDY 5L ~~~HGR-ERLORORE YGROGRVHYVIRRSASAST TGGGGGARRS
FSLSTLPNTL VMGIPLLRAMYGOF ~==~SGNLHVOTVYYLOSTINYTLMLFLFEFRGAKLLISEQFPETAG-SITSFRYDSDY15L ~e~NGR-EPLATORETGHDGKLHYVYRRSSAASSISSFARSHG
FYLITIPNTLYNGTPLLARYGPGmee~PGOL ITORVYLACTIMYTLLLLNYE YRARKILINGQFPENRG~STYSFKYDSDY -HSL ~~~D6R~EPYL TEAEGHOGKLHPKYRRSYSSRSQGHHSAHHSH
FALITIPNTLVHGTPLLARYGAG~~=~PGOLTVORVYLACTIYTLLL VHYE YRARKILINQFPENRR-ST¥SFRYOSDY -HGL ~=~DGR-EPYLTERETGOOGKLHYKYRRSYSSRSQSHHSAHHSH
FHLTTIPRTLYTGTPLLARAYGSK~=~=PGALTVORVILOCTINYTLLLYHYE YRAARTLINHRE PENAR-SI YSFKVESDY~HSL ~=DGP-DP YL TEREFRHDGKLHYRYRRSVSSRSS THSANHST
FSVSTLPRTLYMGIPLLYSHYGPYoes~SGOLVATVYLOSIVHYTLLLFLFEFRAARVLIAAQFPOTAR-SIARYRVOPDY PSL ~enEG~~SOAERHAE vAPOGRLRNVYCRSSVSRR AR~ eee
FSTATLPTLYMGIPLL QR YGOY====TQTLHYOLYPLOCLINYTLLLFLFELRARRLLIRAEF PGOARGSTAKIQYODOY-L5L ~~~D6H-OPLRTE TETOYNGRIRLRIRRSYSSYPOSTHSSSL~=
FSLSTLPNTL VMGIPLLIRHYGPY-==~55SLHVQTVYLOCTIMYTLMLFLFEFRARRHLIAOQFPOTAR-STYSLHYOPDY~¥S5L —==EG-~GHAETEAE VARDGRLHYTYRRSSYSRRSLL ~mmmemme
FSLSTLPATLYMGIPLLKGHYAARRDYDSGSLIVATYYLACTINYTLMLFLFEYRGARLLMEQFPOTAR-SIYSFRYDSDY~PSL AGGGECAREL OREAE YGODGRHRYTYRKSTSSRSEARCSHGTQS

HEQFPOTRR-S¥SF RYOSDH~1SLAGGGGGAREL QAERE GOOGKYRY TYRKST SSRSERRCSHET S
FSLASLTRSL YYGYPHARAH G-~~~V VAL STF ORI VML SLIVYLEYR=~KRF Y50 RHOESNRHEEGS Y TOODT Y~ =~ SGT SEDMASLEEGYSOATHODLKGEER TYAGYNG=mn~
FSLSTLTNSLYYGYPHARAHYGEW-~«-AOOL ¥VOLSTFORTVMLTLLL FYLE VRKRATGHY YD
FSLCTLTRSLVYGYPLAKAHYGQQ-=~~fHvOLYVOSSYFOATYAL TLLLFYLEFRKf-~GFSSH
FSLARLNNTL VYGYPLL ORHYGRM===~f00L ¥V LYY SHYHFPLLLIAFELRKAMY VGGG
FSLATLNTL VYGPLLDAHYGKW===~AROLIVATS™VOTIVYFPLLLLAFEVRRATT
LSTSPLPNTLILGHPTL SATYGDE=~~~ARSILEQTVYLOSLINYTTLLFLFELNARR-ALPSS
FYASLPNTLINGYPLLNGHYGPY==~SK OLHKAL VAHIFCIMYNVIIFLYE YHARR ~=-S
FALSYHPNTIIVGIPYL SPL YS=Y==n=TESGIRRTFIGA Y-LHLF PTLFLYELKEVRK'GHPR
FS.S:UITLMlMWWM&LMNWWWWTSSW&N[VEMMMISIMWWWWWM
FILY

%1 300 kil 30 kil K

] |17 RNRT PRESSE RHTOF YSHY-= rmmmmm e GROSKF ARGAAFGYRT = ‘
smeanmans S5 TPRES RMATPRESSE RHTOF YSHY o wmmamwmen GRESHF GAADAF GYRT « wommm s wmen i TPR
e | RN PRASSE RHTOF YSHIMAS ~Gimem == GGRNSKF GPGE A Y GSK «mmmmmmmmms
mmneme- PP PRASKE RHSOF YKHHGF -Pwmem"GERLSKF GPADKYS PSS e

wmemmemee [N TPRPS SN RHSOF YSHHGF P === eGGRLSHF GPAOKYS S S wwmmm e m=RLP TP
s wamnanlf [PRPSHL TG SHF NHSOF Y5 YHGF <P i IRLSHF GPAOL Y5Y(S§mmmememmms e R TPRF
GYSRAYGASHRRTPRES RERT PRASSE RORDF YAMFSG=Gemmmmk R SOASPHAHGGAGE =mmmmmmme
GELN~==-SSIYTPRASHLTGYELYSVASSRERTPRESSE KATOF YAHFNA~S~=~~-KRPSPRHGYTHS YGGAGAGPGEDVYSLISSKE
PGmmmn KA TPRP SHLTGAELY SHHSS HOGEYF SHHAQRS===~=~PHRASKF DIS0Y YSLOS  memmome
PGmnmmma SR TPH P! S5F NQGEFHSHS (RGmemem=P HROSKF OTSDYYSLOS G wmmememnns

PG mmme SE R TPRHSHL SHAET Y SHHSSYNLITPRESSE DRGEDCSTHAHRO===~=~P HRKSHFDTSOI Y505 5 wmmem e
e |14 P TF TLADIPGHOPPNS==~+=-ALRASSF GAADLFSLHSS

emmemmenesER PR o FHEGRGSGTLAF Y G CHETHE CHED GGFEF TP oo -“
e L4 ¢ RNHTPRESKE KHAQE FANVGGEPPPP TPAAYRGSSF GRSEL YSLOSS mamem s
HememmSOSHOPRY SHLSGYET Y SLOSSRNHTPRESSF RHAEFFNTYEG +~emememme--HGKOGDEERGARGLE:

Hmeemee S SHEF RN PRASSE RHAEF FHIVG~=mmem s ~HGKHGOEE KGARGG = mmmme
I S ACTSHRSHLT e mmsen| PPALEGSVTHGRGL mmmmmmremme

IRFFLGPALHGHSSYATGHRGYLLKIATVORALPOGTVPF VERKEYNPRDILSTAIIVGHHYRYPVALAYYFAMIIPAIK

Received Manuscript 03-05-2013 Accepted Manuscript- 18-06-2013

http://www.darsgah-e-ahlebait.com/journals/jbs/ Page 59

\(

DARSGAH-E-ARLEBAIT



Research Paper Mohanta et al., \ /
Journal of Biotechnological Sciences.]BS 1(2): 54-64 (2013) ISSN 2308-0043 \

DARSGAH-E-ARLEBAIT

Mo il 420 410 4 450 a6l an i 3] ] il 520
| . . 4 : - . ) : : . ) . |
O:PINla GSKY LOYPAPH PRAA APPK-=PEEAR HGORKGEDGKOL HAF M SSRSPYSIVF G===<HG

(sPINLb  APHR LHFPAPH PAYS SHPKERKERAT AR GED =< HAF YMS SSASPYSOV G===<Gt
LFINE - GRGRFHYOSGRSGRUGAAHYP AR PLHF SPHTGGGEGT ARKGHAPYYGGKRADGHGROLHHF M5 SSASPYSOVFG==msfit
BLPIN G-l AGSTPAPN PEFSSTTT5TAES RPN TH0TTLP TGKSHHORKEL HHF M5 SHGSFYSORAGLNYF oG
FLFINT GG PUSYPAPH PEF G T GRS KENHEHY ~=====<G SH SN AKCEL HAF WG SHGSPYSORAGLIYONG
ALFING  SYPR ALSTPAPH PEFSTGT =G YSTKPHKIPKENQQILAEK====D5KASHORKEL HHF M3 SSASPYSOVF =G
(sFINZ - FRSGERADP FAPAPN FHHPAP-=-==-RKEEL GGSH3H 5 HKELHHF ¥H3SSASFYSERRLRARYNA
ALPINZ  SHOGEL YHHNG=~=-=YPSTPPPH PHF TGS SR SEVKKKE SGGGG3G========GEYGY CGINKENNAF WG SSASPYSERKAKNRNTR

PpPIN3=2  GGRHFHPRTGLGELPYHGNDR TGHGSLSTLGTPGHGPOGRT TYPGSATRISL Y TPGaTCAT-ATPLSSLNTOTYHPYYSPRASOTARKYKDTRTS~FKS0EDAKEL HFYHS ANASF YSERGLAYF GG
PPIN:=1  GHRMF TPRPGLGGIGYPGIDCTGHGTLSTLGAPGHGPOGRTTYPGSHTAINIL TLGGARYATAPS THYNTOLHPYYSPORSOLAKKYKDPYAS~PRADEDAKEL HHF M5 RASPYSEAGLHYF GG
PpPTHD  GGRLPMARSOLGGYGALSFEPAANG s msmomHGPOGRTTYPlimmee TTVYTwmmn N 5VAAVPASGYSTHEINPYF SPLYSOVAKKYNDPRASIPKT DEERKEL HF VSSRNPTSYSEGELHYFGGS

DsPIRL0b RRRASHTY AP THOLKO THATENS SEASARSEVTGLPYFRS
ALPTIE SL0P1PY RSMFMEL VM EAGTPVUMGmeneeP
(5P TRI0: FPKFPATTTG ALHORKEL HHF Y5 SSASPYSEYSELPYFSE
0sPIMLe KILHHF WWESSASPYSERARARAR-G
sPINLd KILHHF WSSSASPYSERARRRRARG
UsFINT ILHICOGIMIACRRFE YSKTGGARYPY
0sPINGe i
ALPIN i
(isPIKGh G
{isPTNGe
ALPING
DsFIN9 fis
PpPIRG-1 i
(sPTH
PPING2

Received Manuscript 03-05-2013 Accepted Manuscript- 18-06-2013
http://www .darsgah-e-ahlebait.com/journals/jbs/ Page 60



Research Paper
Journal of Biotechnological Sciences.]BS 1(2): 54-64 (2013)

Mohanta et al.,
ISSN 2308-0043

651 660 610 660 690 700 (] 120 70 bL ] 750 160 T 780
| + + ' + * * ’ + 4 + + + |
NTYSSLIGLIRSLVCFRM~=~=HE ENPAYILKSTSTLSDACLGHAMF SLGLFHwmmwwwm=RL UPRTTACGNKYV==RTFAHAYRFL TGP YHRRASIAYGLRGTLLEVATY( R wmmmwwm e
NTYSSLIGLINSLYCFRH~=~~HF ENPAIYLKSISTLSORCLGMAF SLLFHemmewmme L GPHIIACGNKY=~ATYAMAYRFLAGPA THARRSFAVGLRGTLLEVAIV0Reme smmsnmsmnnnene
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NTYSSLIGLTHALVRERH o= o= AHPKTL(QSTSTLSOACL GHANF SLGLFHemes wams L GPKL IACGNS T~=FTF AHRYRFFTGPAYHAYRAMATGLRGOLLRYATY(Ruws smmann s
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RPING ALPOGYVPF-=-~\F RREYNLHPE TT-STGYIFGHLIALPTTLAYYFLLOL
0sPINS ALPLAYTSF===~YREEYKYHRO IH-STGYILGIF ISLPYTI¥YYILLGL
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Figure 2.

Amino acid sequence alignment of Pliyscomitrelia patens PIN genes with Arabidopsis thallana and Oryza sativa PIN gene ,
shows close homology and presence of conserved motif T-P-R. T-P-R motif is potential target phosphorylation site of MAPK3
and MAPKS.
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Figure 3.

Phylogenatic analysis of Physcomitrella parens PIN penes with Arabidopsis thaliana and Oryza sanva PIN gene. F patess PIN3, PIN3-1
and PIMN3-2 genes clustered together between Arabidopsis and Oryza PIN genes.
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Figure 4. Transmembrane domain prediction of PpPIN gene using “The Hidden Markov Model
for Transmembrane Protein topology Prediction™ .
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