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			Abstract

			A major part of the human diet consists of cereals and legumes all over the world. The major dietary requirement of the developing world includes seed storage proteins of grains. However, seeds are incomplete in nutrition because of their low protein content. Synthesis of seed storage proteins is partly regulated by Cis-Regulatory Elements (CREs) and transcription factors besides post transcriptional and post-translational level. We performed an in-silico analysis to find out significant occurrences of various cis-elements/motifs in promoters of Seed Storage Proteins (SSPs) from 26 monocots and 28 dicot plant groups. In this paper, an in-silico analysis was performed on 1kb region of promoters of 26 monocots and 28 dicots plant of Seed Storage Proteins (SSPs) genes to find out the occurrences of different cis elements/ motifs. Further, a statistical method was used to test the significant occurrence of motifs among a large group of the CREs/motifs. The analysis reveals differential yet significant occurrence of 7 motifs in promoters of SSPs of monocots and 14 motifs in dicots plants among 225 motifs obtained through analysis using student’s t-test. The study will be helpful in designing promoters or chimeric promoter by modifying the architecture of promoters with respect to significant CREs to enhanced deposition of protein in seeds and to manipulate the seed storage oil contents. 
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			Introduction

			A major part of the human diet consists of cereals and legumes worldwide. 70% of human diet comprises of legumes and cereals. Recently, increasing seed storage proteins of any plants (rice, wheat, maize, barley) in order to improve its nutritional value has successively become one of the important goals for quality breeding [1]. Protein contents and composition are crucial to grain quality and nutritional value of these crops. Plants accumulate storage substances such as lipids, starch and proteins in certain phases of development. Seed Storage Proteins (SSPs) are proteins that accumulate significantly in the developing seed, whose main function is to act as a source of nitrogen, carbon, and sulfur skeletons for the developing embryo [2]. However, the nutritional quality is not very high and intensive research is going on to form modified seed storage proteins so as to increase its nutritional value as food for human and animal feed [3]. Seed Storage Proteins are formed during seed development and maturation phase and 

are of two types, mid-embryogenesis and Late Embryogenesis Abundant (LEA) proteins [4]. The various types of seed storage proteins in dicots include water soluble albumins and saline soluble globulins whereas alcohol soluble prolamins are included in monocots such as gliadin, avenin, zein and glutenin [5]. 

			The regulation of transcription of genes encoding seed storage proteins temporally and spatially is mediated by the Cis-Regulatory Elements (CREs) residing in the promoters and corresponding sequence specific Transcription Factors (TFs). These CRES are characterized by a consensus sequence known as motifs which is a conserved or frequently occurring sequence of defined length, usually 3-25 Base Pairs (BP) of promoters [6]. Motifs can be found in non-coding part of DNA especially in promoters or enhancers upstream of a gene. Seed storage proteins within their proximal and distal part of promoters contain such multiple short conserved sequences also known as Cis-Regulatory Elements (CREs). Usually they lie upstream to the Transcription Start Site (TSS) of gene. Each motif occurring within promoter is typically associated with certain biological functions as they contain unique composition of nucleotide sequence known as Transcription Factor Binding Sites (TFBS) where Transcription Factors (TFs) binds and regulate the expression of genes encoding seed storage proteins. A wide range of CREs is required for seed specific transcription of seed storage proteins and their various subunits eventually regulate the seed storage protein synthesis.

			Hence, the present analysis endeavours to find out motifs which have differential occurrence in two different group of plants: monocots and dicots. For this in-silico approaches have been employed to analyze 26 seed storage gene protein promoters from monocots and 28 from dicots were selected. In, promoter region (1000-bp) of each gene, motifs were identified using the PLACE database which is a collection of CREs (motifs) present in plant cis-acting regulatory DNA elements, taken up from previously published reports [7].

			Materials and Methods

			Retrieval of promoter regions and analysis of cis-regulatory elements

			We manually selected types and subcategories of seed storage proteins in monocots and in dicots from the NCBI (National Centre for Biotechnology Information) database. A total of 26 seed storage proteins from monocots and 28 from dicots belong to different class of SSPs were selected for the study. Categories of seed proteins chosen for monocots were glutelin, zein, avenin, globulin, vicilin, hordein etc. whereas for dicots; legumin, LEA, albumin, globulin, glycilin have been selected.

			Considering the fact that motifs conferring seed-specific expression lie in the proximal part of the promoter, often within 500 bp upstream of the transcriptional start site, we have selected promoter sequence of 1000 bp upstream from Transcription Start Site (TSS) using TAIR (The Arabidopsis Information Resource) database [8]. Promoter sequences of monocots and dicots seed storage proteins were scanned to find out the occurrences of CREs, their position on plus (+) and minus (-) strand on DNA using PLACE tool. 

			Statistical method to test significant occurrences of motifs 

			To test the statistically significance of particular motifs a Student’s t-test was performed [9]. We know that the difference between the sample mean will not always be zero, even if the samples belong to the same population. It is statistically very rare for the difference in two samples means to lie on the margins of the distribution. Therefore, if the difference does lie on the margins, it is statistically significant to conclude that the samples were extracted from two different populations. An independent-samples t-test was conducted to compare frequency of occurrence of a particular motif in monocots and dicots.

			Mean position of motifs

			From the combined motif results mean position of all the motifs separately for monocots and dicots and for positive (+) and negative (-) strand was calculated. The code written for the same takes the unique list of motifs and creates a HashMap of the unique motif name with its details including count and list of positions of motifs in positive and negative strands. Every time the motif is encountered in the list of all motifs, it is looked up in the Hashmap in constant time. New position is added to the list and count is incremented. Once we have scanned the whole data, we calculated the average position by dividing the sum of all the positions by count (frequency of that motif).

			Results 

			Analysis of cis-regulatory motifs in promoters of SSPs from monocots and dicots 

			In promoter sequences up to 1 kb upstream of the TSS of each seed storage genes of monocots and dicots were scanned using PLACE database for the recognition of CREs (motifs) as described in materials and method section. The study revealed cumulatively 225 CREs in both the monocots and dicots having various functions in plants. Individually, in 26 SSPs promoters of monocot group we got a total of 211 motifs whereas, 218 CREs have been recognized in 28 SSPs promoters from dicots plants. While there are 21 motifs unique to monocot group and 25 motifs unique to dicot group among 225 motifs.

			Table 1: Differential occurrence of motifs in monocots.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Motif

						
							
							Sequence

						
							
							Occurrence in  Monocots

						
							
							Occurrence in Dicots

						
							
							p-value

						
							
							Difference in position in +strand

						
							
							Difference in position in-strand

						
					

					
							
							MYB2CONSENSUSAT

						
							
							YAACKG

						
							
							40

						
							
							22

						
							
							0.03

						
							
							177.78

						
							
							144.82

						
					

					
							
							-300ELEMENT

						
							
							TGHAAARK

						
							
							42

						
							
							18

						
							
							0.005

						
							
							107.44

						
							
							262.22

						
					

					
							
							SORLIP1AT

						
							
							GCCAC

						
							
							44

						
							
							18

						
							
							0.004

						
							
							103.43

						
							
							224.62

						
					

					
							
							ANAERO2CONSENSUS

						
							
							AGCAGC

						
							
							26

						
							
							4

						
							
							0.007

						
							
							233.93

						
							
							115.45

						
					

					
							
							RAV1BAT

						
							
							CACCTG

						
							
							13

						
							
							3

						
							
							0.02

						
							
							706.67

						
							
							0

						
					

					
							
							INTRONLOWER

						
							
							TGCAGG

						
							
							15

						
							
							3

						
							
							0.022

						
							
							184.44

						
							
							61.83

						
					

					
							
							EMHVCHORD

						
							
							TGTAAAGT

						
							
							4

						
							
							0

						
							
							0.043

						
							
							0

						
							
							0

						
					

				
			

			*no value indicated absence of the motif in the entire + or - strand (either in monocot or dicot)

			Mean position of motifs

			For all motifs their positions on + and - strand were determined then the average position of that particular motif on both the strands was calculated and the difference between the mean positions were calculated. By analyzing the data, we got 14 motifs in dicots whose mean positions are significantly different from the monocots (Figure1). Similarly, for monocots,7 motifs have been found out which show significant difference than dicots (Figure 2). Table 1 is showing an overview of differences in the mean positions of motifs in both monocots and dicots (last two columns). If a particular motif found either in monocot or dicot their difference could not be calculated which was indicated as 0 (Table 1).
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			Table 2: Differential occurrence of motifs in dicots.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Motif

						
							
							Sequence

						
							
							Occurrence in Monocots

						
							
							Occurrence in Dicots

						
							
							p-value

						
							
							Difference in position on +strand

						
							
							Difference in position on -strand

						
					

					
							
							POLASIG3

						
							
							AATAAT

						
							
							42

						
							
							94

						
							
							0.021

						
							
							159.94

						
							
							47

						
					

					
							
							GT1CONSENSUS

						
							
							GRWAAW

						
							
							173

						
							
							272

						
							
							0.001

						
							
							14.73

						
							
							32.19

						
					

					
							
							NODCON2GM

						
							
							CTCTT

						
							
							66

						
							
							105

						
							
							0.025

						
							
							153.83

						
							
							75.18

						
					

					
							
							ROOTMOTIFTAPOX1

						
							
							ATATT

						
							
							135

						
							
							225

						
							
							0.02

						
							
							56.77

						
							
							30.12

						
					

					
							
							POLASIG1

						
							
							AATAAA

						
							
							48

						
							
							106

						
							
							0.016

						
							
							43.45

						
							
							80.31

						
					

					
							
							SREATMSD

						
							
							TTATCC

						
							
							8

						
							
							22

						
							
							0.012

						
							
							131.56

						
							
							183

						
					

					
							
							IBOXCORE

						
							
							GATAA

						
							
							58

						
							
							101

						
							
							0.022

						
							
							37.65

						
							
							1.82

						
					

					
							
							POLLEN1LELAT52

						
							
							AGAAA

						
							
							111

						
							
							171

						
							
							0.01

						
							
							1.45

						
							
							9.01

						
					

					
							
							TATABOX5

						
							
							TTATTT

						
							
							64

						
							
							134

						
							
							0.017

						
							
							1.94

						
							
							142.52

						
					

					
							
							GT1GMSCAM4

						
							
							GAAAAA

						
							
							42

						
							
							70

						
							
							0.016

						
							
							28.23

						
							
							29.93

						
					

					
							
							ERELEE4

						
							
							AWTTCAAA

						
							
							4

						
							
							24

						
							
							0

						
							
							59.42

						
							
							606.67

						
					

					
							
							POLASIG2

						
							
							AATTAAA

						
							
							12

						
							
							46

						
							
							0.003

						
							
							7.94

						
							
							143.63

						
					

					
							
							MARTBOX

						
							
							TTWTWTTWTT

						
							
							12

						
							
							90

						
							
							0.001

						
							
							91.68

						
							
							44.79

						
					

					
							
							ACGTATERD1

						
							
							ACGT

						
							
							70

						
							
							130

						
							
							0.009

						
							
							50.71

						
							
							50.71

						
					

				
			

			Statistical significance of occurrences of motifs

			Positions of all the 225 different motifs obtained in promoters of SSPs considered in monocots and dicots were also determined on + and - strands. Among them motifs with higher levels of significance are chosen, i.e, the likelihood that the random sample chosen were not the representative of the population is less than 5% (p value <0.05). We set the level of α=0.05 so those motifs with p-value less than 0.05 were shortlisted. There are 7 motifs that are predominant in monocots as compared to dicots (Table-1). The scenario is different for dicots where there are 14 motifs showing high abundance in dicots as compared to monocots (Table-2). In total, we found out 204 motifs common to both the groups, making them the usual plant motifs. We measured how significantly different the number of occurrences of cis regulatory motifs is there in promoters of SSPs. We found that the difference was significant for motifs occurrences in dicots and monocots. This shows that 7 motifs occur significantly within the 26 promoters of SSPs genes in monocots while in dicots, 14 motifs were found to be significant in 28 promoters of SSPs genes (Figure 3). In general motifs are not exclusively present in monocots or dicots but there (as highlighted above) are motifs whose frequencies in monocots and dicots have a significant difference.
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			Discussion

			In our study we have done cis-regulatory motifs analysis on 26 and 28 seed storage proteins of two different groups of plants: monocots and dicots respectively. Through our analysis we found out a diverse range of CREs in the promoters of SSPs, many of these upstream promoter elements are responsible for basal transcription and precision of initiation of transcription of SSPs. The fundamental problem is that many of the known regulatory regions (enhancer and promoters) do not contain very much significant motifs so this analysis definitely gave an idea about the motifs which are significant or not in promoter regions of genes. Here, we have applied statistical method to check significant occurrences of motifs in monocots and dicots plants thus the results suggest statistical preference of some of the motifs in monocots while the others are preferred in dicots only among a large group of motifs. These statistically significant motifs are generally over-representation in promoter region of SSPs.

			However, studies on promoter analysis of seed storage proteins from mustard, legumes and grasses shows abundance of various motifs viz. RY-like and ACGT-like, E2Fb-like, GCN4-like motif, prolamin-box-like, Skn-1-like [10] while some negative elements like AACA were also present [6, 11]. Also, through our previous in-silico analysis on promoters of 38 SSPs we found out certain motifs like E-box and RY belongs to monocots only while GCN4 and AACA are restricted to the dicots merely. In this study we reported the statistically enriched motif in the promoters of SSPs in two different groups of plants, monocots and dicots. However, the number of common motifs present between two groups of plants reveals the similarity between these groups, because it is expected that the closer two species are to one another, they would share more common motifs which occur abundantly [12].

			Analysis of cis motifs enriched in the promoter regions of SSPs genes would be helpful in better understanding of temporal and spatial regulation of their gene expression. Knowledge on cis-elements individually or their combinatorial effect will allow us to effectively change the expression pattern of a gene in required way. This study would be helpful in developing transgenic plants with improved nutritional quality. Numerous approaches have been used by plant biotechnologist continuously from conventional to molecular breeding towards enhancement of nutritive content of cereals like rice, wheat, maize [13]. Uses of genetic engineering techniques like characterization studies of promoters of seed storage proteins as well as the establishment of new technologies for genetic engineering and plant transformations could be useful for improvement of grain quality in different cereals.

			The study would be beneficial in better understanding of the mechanism of regulation of seed storage proteins at transcriptional level and will widen up the scope in transgenic technology where transgenic crops could be produced by manipulating the enhancers region mainly promoters [14] of seed storage proteins in order to achieve desired level of human nutrition. The observations could be used to target protein in seeds using unique motifs as well as in designing seed specific promoters (chimeric promoters) by manipulating the genetic architecture of promoters in terms of their CREs. 
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Figure 3: Venn diagram showing motifs in promoters of seed storage proteins in monocots and dicots plants






