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

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

   http://www.darsgah-e-ahlebait.com/journals/jbs/ Page 54 

 

Genome wide identification of auxin efflux carrier 

gene family in physcomitrella patens 
Tapan Kumar Mohanta1 and Nibedita Mohanta2 

1National Institute of Plant Genome Research, Aruna Asaf 
Ali Marg, New Delhi, 110067, India. 

2Dept. di Biologia Vegetale, Viale Mattioli, University of Turin, Italy 

Keywords: Auxin efflux carrier, mitogen activated protein kinase, indole-3-acetic acid, phylogeny and bryophyte. 

 
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 
important bryophyte still exists from that time is 
Physcomitrella patens. P. Patens is a 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 
plant species that are able to adopt this change, 
Physcomitrella patens is one of them and still existing since 
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 (Petraseka 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 orthologous PIN gene found from 
Physcomitrella patens were named accordingly. Arabidopsis 
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/). Phylogenetic 
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 
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 table1. 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 
nucleotide each of having 5 introns (figure 1). PpPIN6-2 have 
ORF 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 II 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 OsPIN5 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 
shows, PpPIN3-1 and PpPIN3-2 are having long 
transmembrane domain, where as PpPIN3, PpPIN6-1 are 
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 AtPIN8 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 PIN8 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 PIN8 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. 
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