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       ABSTRACT 

In this study, the bioinformatics characterization of ZINC METALLOPROTEASE; FTSH6   and its 

orthologous in different plants is carried out in order to clarify the molecular mechanism for heat-stress 

tolerance.  

Twenty orthologous are chosen to develop a gene regulatory network around FTSH6   for a detailed analysis 

with phytozome. Evolutionary studies were carried out using a single procedure, upstream 1000 bp 

promoter sequence to the initial gene codon and the coding sequence of orthologous. 1000 FTSH6 

promoters and their orthologous genes sequences have been analyzed using the EARS search tool for non-

coding areas for analysis of relative genomes. Significant peaks of FTSH6   selected from Arabidopsis 

thaliana. The MEME tool was utilized and motif sequences in the developers were maintained with their 

exact location in order to identify possible cis regulation elements in the sequences corresponding to those 

peaks preserved in the FTSH6 promoters’ sequences. A sequence N….T/CCCAA/CG/ATGTA/GTGG…N 

of the new supposed core element cis-regulatory is found. The result of protein-protein interactions for the 

Arabidopsis thaliana network is the functional partners AT1G56180, EGY3, LHCB3 and PTAC5. The 

protein-protein interactions of Arabidopsis thaliana with selected orthologous gene Cucumis sativus is 

LHCB3 which is the functional partner in each other. From these results, the ZINC METALLOPROTEASE 

enzyme has been concluded to be a complex promoter of various plant species and to develop new 

regulatory elements that control its expression of thermal stress and other types of biotic and abiotic stress 

which affect the nutritional status of plant development. These studies jointly give a better understanding 

of Arabidopsis thaliana and FTSH6's gene-expression mechanisms. This research will help to alter the 

expression of the gene to improve thermal stress-tolerance against over-accumulation in plants.  

Keywords: Arabidopsis thaliana, selenium, orthologous, conserved regulatory sequence, promoter, 

FtSH6, thermomemory 

INTRODUCTION 

Peptide bonding enzymes are proteases that are 

removed from other proteins. In many biological 

reactions they are complex, from infinite proteolysis 

in which nutritional or stock protein breaks into 

amino acids or proteins with impairments, through 

inappropriate proteolysis that separates a specific 

peptide bond from different regulatory mechanics 
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(Fellers, 2004). As part of the flow protease 

representation that controls converters, receptors, 

kinases and transcriptional factors, inadequate 

proteology may initiate or disable all types of 

enzymes (Auf dem Keller et al., 2007). Proteolysis 

is infinite for flora, the current plant proteolysis 

information is inadequate and imperfect. In addition 

to the standard of action of broad-specific proteases, 

the specific characteristics of exact proteases should 

be well-educated for many leftovers, especially 

those that should be important during the shooting 

period (Wagner et al., 2012). In flora, it is also 

known that by proteolysis procedures, rising 

cellular path species are accurate. The MERPOS 

database (http://merops.sanger.ac.uk, Rawlings et 

al., 2004) lists 686 proteases and 184 presumed 

silent counterparts for the Arabidopsis thaliana 

plant organism. The pathway of ubiquitin / 

proteasome also has 1,300 inheritable aspects 

(Vierstra, 2003). In the majority of subcellular areas 

proteases play a control role in protecting proteome 

homosexuality. In the Arabidopsis thaliana, Clp, 

FTSH, DegP (in chloroplasts) and Lon protease (in 

chloroplasts and mitochondria), four major protease 

families were identified as critical elements of 

chloroplast and mitochondrial protein control 

systems. A relatively bright categorized family of 

proteases is the FTSH family (Filamentation 

temperature sensitive). The FTSH proteases contain 

a transmembrane sphere N-terminal, and a protease 

zone of the M41 peptidease family with a zinc-

binding motive. The AAA hydrophilic section 

(ATPase related to several cellular activities) is 

traced which carries a zinc-binding motif and is 

therefore considered in the zinc metalloprotease 

family (Wagner et al., 2012). Metal-proteases (Ito 

and Akiyama 2005), which can produce eukaryotes 

and prokaryotes (excluding Archaea) in organelles 

of endosymbiosis (chloroplast and mitochondria), 

have an impact on sheat-related FTSH proteases, 

ATP. The archaea appear to consume the safe role 

of FTSH in a membrane-fixed lon protease (Ruepp 

et al., 2000). 

FTSH proteases consist of a N terminal 

transmembrane slice with a C terminal area 

covering the AAA ATPase area (Suno et al., 2006). 

As the AAA dominance is concerned, the FtH 

proteases are credited to the AAA family of proteins 

(ATPase related to cellular unpredictability). The 

highly preserved AAA proteins are classified as 

approximately 200 to 250 residues that cover the 

Walker A and B motifs needed to hydrolyze and 

bind nucleotides. It is therefore called "the second 

area of homology" which can contain preserved 

arginine residues important for the oligomeration of 

nucleotide and hydrolysis in general. As mentioned, 

various FTSH subunits can be adjusted between 

open and locking positions in crystallographic 

education. ATP hydrolysis is the reason for an 

ambitious shift in AAA. The corresponding signs 

for the move in the internal proteolysis of a well 

preserved hydrophobic range (Bieniossek et al., 

2009). This region fixes and mixes the substratum 

in a chamber of proteolysis (Hinnerwisch et al., 

2005). 12 FTSH-coding genes are included in the 

genome of Arabidopsis thaliana (Garcia et al., 

2006). More than some FTSH genes form 

homologous sets pointing towards fresh gene 

replication. Based in their arrangement uniqueity. 

FTSH proteases were nearly exposed to each other, 

and were able to balance in complexes, such as the 

FTSH 2/8 pair or the FTSH 1/5 pair, situated in the 

chloroplast plant thylakoid membrane (Zhang et al., 

2010). Arabidopsis thaliana includes five 

counterparts among the 12 FTSH proteases which 

do not include the zinc binding subject and are 

therefore probably inactive (Wagner et al., 2011). 

The proteins are  called FTSHi. The chloroplasts are 

targeted entirely by eight out of twelve FTSH 

(FTSH 1, 2, 5–9, and 12) and the five inactive 

FTSHi (Ferro et al., 2010); in mitochondria there are 

three FTSH proteases (FTSH 3, 4 and 10) (Janska et 

al., 2010). FTSH11 is targeted twice for either 

organs (Urantowka et al., 2005). In two sets 

(mFTSH and I-FTSH) the mitochondrial FTSH 

proteases are separated. The FTSH3 and FTSH10 
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mFTSH proteases are placed on the inner surface of 

mitochondria; the mitochondrial matrix appear in 

the proteolysis domain (Kwasniak et al., 2011). 

Under controlled conditions, individual knockouts 

of either FTSH3 or FTSH10. Growth in the field 

could be seen in the reduced production of seed and 

in FTSH10 salmon leaves (Wagner et al., 2011). 

FTSH10 has just been shown to be associated with 

prohibitins such as m-FTSH yeast proteases 

(Piechota et al., 2010). In the inner mitochondrial 

membrane, the I-FTSH protease FTSH4 is located 

on the active side of the membrane but faces the 

interconnecting space (Gibala et al., 2009). Knock-

out of FTSH4 causes leaf morphology to change 

during short-day photoperiod at the late stage of 

rosette growth (Kicia et al., 2010). The closest 

homolog to the FTSH4 is in Arabidopsis thaliana 

FTSH11, and therefore it is also considered an I-

FTSH. Kwasniak et al., (2011) reviewed the 

mitochondrial FTSH proteases. The chloroplast 

envelope is the membrane compartment host to 

most FTSH proteins and has 4 active and 5 inactive 

FTSH homologues (Ferro et al., 2010). A function 

was only tested for FTSH11 of these proteases 

(Chen et al., 2006). Continuous light-sensitive 

plants are FTSH11 knockout mutants, in 

comparison to the wild type of continuous light-

tolerant plant. This is part of the earlier heat 

intolerance proposed (Chen et al., 2006). 

There are a limited number of FTSH12, FTSH9 an

d FTSH7. There are therefore likely the same 

features in FTSH9 and FTSH7 resulting from curre

nt gene replication (García et al., 2006), and 

form a complex protease. Mutants that remove a si

ngle mutual protease are not affected by a phenoty

pe. Arabidopsis thaliana does not consume 

FTSH12, but FTSH12 and FTSH11 may use 

overlying features because of its position. 

Consequently, the terms vary (Garcia et al., 2006). 

FTSH12 and FTSH11 appear unlikely to be 

complex, but unlike analyses, they will improve 

FTSH12, so individual proteases have one or more 

joint substrates. FTSH12 and FTSH11 are 

considered complex. To prevent a detailed breach of 

this mutant, FTSH12 is inappropriately toxic to the 

embryo. Five inactive FTSHi are more likely that 

they have no protease action, but they can be a 

proteolytic FTSH complex fragment. It has been 

demonstrated on behalf of FTSH2 that not all 

complex subunits of proteolysis must stay active in 

order to continue their function (Zhang et al., 2010). 

There are comparable figures on the appearance of 

certain FTSHi and FTSH12 and similarly on 

embryos, so that one or more FTSHi can form an 

FTSH12 proteolysis complex. FTSH proteases from 

the hetero-ligomeric hexametry complex (Zaltsman 

et al., 2005) are the main proteases studied by FTSH 

in Arabidopsis thaliana. Together, FTSH1 and 

FTSH5, FTSH2 and FTSH8 are two protease types 

in the complex (Garcia et al., 2006). One type of 

company is approximately 90 percent individual 

and can replace each other in a complex way in part. 

Type A and Type B members are nearly 50 percent 

individual. Deletions of each type (FTSH5 and 

FTSH2) cause several phennotypes (Sakamoto et 

al., 2003). In the lower specified subunits FTSH1 

and FTSH8 no single mutant phénotype exists. The 

FTSH  thylacoid system has a most common 

function of degrading the D1 (Katos et al., 2009) 

reaction center of Photosystem II, but other 

substrates, e.g. for FTSH1, 2, 5 and 8 have also been 

described. Horrible pea and b6 cytochrome 

RieskeFeS conditions in Chlamydomonas (Malnoe 

et al., 2011). In the Kontakt Review (Wagner et al., 

2011), further comprehensive explaining of FTSH 

proteases from chloroplast can be provided.  FTSH6 

is also grouped in FTSH thylakoid protease because 

of its high sequence similarity. This protease, 

however, is not known for a certain location or an 

accredited function. No significant T-DNA knock-

out mutant phenotype exists (Wagner et al., 2011). 

Sequence analyzes indicated that other plant species 

are also affected by FtH6 (Gracia et al., 2006). The 

evolutionary preservation of FTSH6 shows that 

gene duplication is not only absurd, it has been a 

dissimilar task. Four FTSH (selected as FTSHi) are 
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for accumulated chloroplasts. FTSH6 in high 

Current research was aimed at identification and 

screening of orthologoues of the FTSH6 gene   

among plant species using Arabidopsis thaliana 

plant using in silico approach, unravelling FTSH6’s 

gene-regulatory network and predict its molecular 

and biological functions, Predicting the presence of 

motifs and cis-regulatory elements responsible for 

the activity of the gene expression promoter during 

the response to thermo-tolerance and evaluation of 

natural variation in response to thermo-tolerance of 

different local and / or global ecotypes of plant 

species containing FTSH6 gene orthologoues.  

2. MATERIALS AND METHODS 

2.1. Characterization of FtSH6 in bioinformatics  

2.1.1. In silico expression analysis of FtSH6     

The FtSH6 gene has been evaluated at the 

developmental and structural level by using the 

affymetrix array data database of the eFp browser to 

recover expression values (Schmid and 

Mikolajczyk, 2005). Data from Arabidopsis 

thaliana and other plant species from microarrays 

have, for this purpose, been obtained (Hruz et al., 

2008).    

2.1.2. Screening of orthologous FtSH6     gene and 

recovery of sequences of promoters 

The FtSH6     genomic sequence was downloaded 

with multiple searches of phytozome as query 

sequences using the TAIR 9.0 Arabidopsis genome 

(Rhee and Flanders, 2000) (Goodstein et al., 2013). 

Known gene sequence of Arabidopsis used to 

confirm BLAST NCBI (Geer, 2009). The closest 

members of FtSH orthologous genes of different 

species chosen to extract from the initiation codon 

(ATG) transcription the alleged promoter region of 

1000 bp. In genes and 1 kb of the promoter regions 

for various plant species from NCBI, a phylogenetic 

relationship was analyzed between the orthologous 

genes of FtSH. A multi-sequence alignment tool for 

phylogenetic design. The phylogram was viewed by 

TreeDyn (Edgar 2004). 

2.1.3. Search in the promoters for preserved non-

coding regions 

Analysis by 1000 bp orthologous genetic sequences 

of the relative genome of the EARS tool (Picot et 

al., 2010). EARS software reviews all small-

sequence arrangements (windows) and aligns all 

windows pairs all over the world. The preserved 

arrangements are detected here. A window size of 

40bp and a P-value reduction of 0.0001 have been 

used for this analysis. The EARS result file of the 

Arabidopsis gene promoter and its sequence of 

orthologous promoters is also individually 

examined by the software and by where significant 

peaks are detected (Picot et al., 2010).  

2.1.4. Determination of the network of Gene co-

expression 

The online resource and STRING (Simpson et al., 

2012) have been accessed in order to discover useful 

linkages between Locus proteins and their 

orthologous genes (http://string-db.org). The 

system provided unrivaled and broad coverage as 

well as easy access to predicted and experimental 

network data, the interactive viewfinder, STRING 

can approve models, update previews and cluster 

networks with extensive information on the data and 

an intensely updated combination of third event 

features (Simpson et al., 2012).     

2.1.5. Analysis of over-representative cis-

elements  

Identification of potential cis-regulatory elements in 

sequences matching the preserved peaks of FtSH 

promoters derived from the FtSH6 orthologous 

candidates collected. In representative analyzes of 

possible cis-elements using MEME two main 

approaches to this task are employed (Bailey et al., 

2009). The preserved non-coding motives derived 

in the MEME range are characterized by an analysis 

of biological functions using BLAST proteins and 

fields investigated by Inter proscan (Bailey et al., 

2009). 

3: Results and Discussion 

3.1.1 Selection of the reference gene and its 

Orthologues on the basis of Expression Pattern 

Homolgy by eFP Browser 
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The selected orthologues Arabidopsis thaliana 

FTSH6     with their reference genes Arabidopsis 

thaliana FTSH6     were assessed on the basis of 

tissue based differential Expression analysis at 

different developmentttttal stages at 100 threshold 

By Plant Biology “eFP Browser”. The reference 

gene FTSH6     shows high expression at mature 

pollen, cotyledons, sepals, petals, stamen and carpel 

indicated red coloured parts in (Figure 3.1). 

3.1.2 SCREENING OF FTSH6     

ORTHOLOGOUS GENES AND SEQUENCES 

OF PROMOTERS 

Data obtained from NCBI Blast search and 

Phytozome showing AA Identity, CDS length (bp) 

and AA length. The reference gene Arabidopsis 

thaliana FTSH6   have 100% AA Identity at 2131bp 

CDS length and 709 AA lengths (the highest amino 

acid length among the orthologous of Arabidopsis 

thaliana) and selected orthologues Cucumis sativus 

(Cucsa.158300.1) have 73.6% AA Identity at 1954 

bp CDS length and 652 (the lowest amino acid 

length among the orthologous of the Arabidopsis 

thaliana taken as model plant) AA length. 

Simultaneously the other orthologous such as 

Boechera stricta (Bostr.2902s0260.1) have 89.1% 

AA Identity at 2055bp CDS length and 684 AA 

length, Capsella grandiflora (Cagra.1036s0030.1) 

have 85.90% AA Identity at 2061 CDS length and 

686 AA length Capsella rubella 

(Carubv10004704m) have 83.8% AA Identity at 

2058 with 685 AA length, Eutrema salsugineum 

(Thhalv10016003m) have 88.2% AA Identity at 

2064bp and 687 AA length, Brassica rapa 

(Brara.J01968.1) have 84.8% AA Identity at 

2058bp and 685 AA length, Glycine max 

(Glyma.18G259700.1) have 79.5% AA Identity at 

2037bp with 678 AA length, Eucalyptus grandis 

(Eucgr.J01348.1) have 81.6%  AA Identity at 

2052bp and 683 AA length, Citrus clementina 

(Ciclev10028305m) have 78.30% AA Identity at 

2031bp and 676 AA length, Citrus sinensis 

(orange1.1g005815m) have 77.70% AA Identity at 

2031bp with 676AA length, Fragaria vesca 

(mrna04456.1) have 78.40% AA Identity at 2037bp 

and 678 AA length, Prunus persica 

(Prupe.3G266900) have 77.00% AA Identity at 

2046bp 681 AA length, Populus trichocarpa 

(Potri.017G084000.1) have 77.90% AA Identity at 

2034bp and 677 AA length, Medicago truncatula 

(Medtr7g010800.1) have 76.70% have  AA Identity 

at 2016bp and 671 AA length, Aquilegia coerulea 

(Aqcoe3G077900.1) have 75.50% AA Identity at 

2040bp with 679 AA length, Ananas comosus 

(Aco002884.1) have 77.30% AA Identity at 2037bp 

with 678 AA length, Panicum virgatum 

(Pavir.J13145.1) have 73.30% AA Identity at 

2067bp with 688 AA length, Kalanchoe laxiflora 

(Kalax.0004s0036.1) have 70.70% AA Identity at 

2031bp with 676 AA length, Zea Mays 

(GRMZM2G048836.01) have 73.90% AA Identity 

at 2010bp with 691 AA length (the second highest 

amino acid length among the orthologous of the 

Arabidopsis thaliana),  Gossypium raimondii 

(Gorai.012G053900) have 74.20% AA Identity at 

2028bp with 675 AA length as shown in the (Table 

3.1).  

3.1.3 Verification of Orthologous genes on the 

basis of Evolutionary and phylogenetic Trends   

onstruction of evolutionary trees based on 

sequences of amino acid The phylogenetic trees 

have been built using TreeDyn tools 

(http://www.phylogeny.fr), which explained the 

orthological genetic verification on the basis of an 

advance and phylogenetic trend, which shows that 

branch length of the Arabidopsis thaliana FtSH6   is 

0.92, with comparison of the selected orthologous 

Cucumis sativus (Cucsa.158300.1)  has 0.86 branch 

length as illustrated by Figure 3.2.  

3.3 SEARCH IN PROMOTERS FOR 

PRESERVED NON-CODING REGIONS 

A comparative genome-analysis using the 1 kB 

promotional sequences of the reference genes and 

its orthologous genes showed that the reference 

gene promotors of Arabidopsis thaliana and their 

orthologous promoter sequences have significant 

http://www.phylogeny.fr/
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peaks in preserved regulatory sequences.  The 

dotted red line shows the meaning threshold of P= 

0.0001.  The consensus sequences of the reference 

gene FTSH6     are found between positions of -72bp 

to -168bp, which shows that Arabidopsis thaliana 

(FTSH6) has evolved with all selected orthologists 

in non-coding DNA at-168bp upstream in the 

promoter region, Arabidopsis thaliana FTSH6   is 

phylogenically linked to all orthologous genes, as 

shown in Figure 3.3. sequence resembling FTSH2 

and FTSH8. FTSH6 has been identified in vitro 36 

in light-harvesting PSII degradation for Lhcb1 and 

Lhcb3, although further studies in highlight 

acclimation or any other biological procedure still 

have not shown the in vivo function of FTSH6 

(Wagner et al., 2012). 

FTSH6 is particularly manifested at a very low plant 

level in Arabidopsis thaliana and in many other 

species in the kingdom, such as in dicot plants 

rapeseed (Brassica napus), tomatoes (Solanum 

lycopersicum), monocot wheat (Triticum aestivum) 

and sorghum (Sorghum bicolor) (Xue et al., 2015, 

respectively), at a very low plant rate and in plants 

at standard development temperatures. Thus, in 

plants that suggest this metalloprotease is important 

in response to thermal stress, the heat inducibility of 

the FTSH6 expression seems evolutionary. FTSH6 

is a major player in the long-term thermotolerance 

(Sedaghatmehr et al., 2017) recently reported. 

Current research was aimed at identification and 

screening of orthologoues of the FTSH6 gene   

among plant species using Arabidopsis thaliana 

plant using in silico approach, unravelling FTSH6’s 

gene-regulatory network and predict its molecular 

and biological functions, Predicting the presence of 

motifs and cis-regulatory elements responsible for 

the activity of the gene expression promoter during 

the response to thermo-tolerance and evaluation of 

natural variation in response to thermo-tolerance of 

different local and / or global ecotypes of plant 

species containing FTSH6 gene orthologoues.  

2. MATERIALS AND METHODS 

2.1. Characterization of FtSH6 in bioinformatics  

2.1.1. In silico expression analysis of FtSH6     

The FtSH6 gene has been evaluated at the 

developmental and structural level by using the 

affymetrix array data database of the eFp browser to 

recover expression values (Schmid and 

Mikolajczyk, 2005). Data from Arabidopsis 

thaliana and other plant species from microarrays 

have, for this purpose, been obtained (Hruz et al., 

2008).    

2.1.2. Screening of orthologous FtSH6     gene and 

recovery of sequences of promoters 

The FtSH6     genomic sequence was downloaded 

with multiple searches of phytozome as query 

sequences using the TAIR 9.0 Arabidopsis genome 

(Rhee and Flanders, 2000) (Goodstein et al., 2013). 

Known gene sequence of Arabidopsis used to 

confirm BLAST NCBI (Geer, 2009). The closest 

members of FtSH orthologous genes of different 

species chosen to extract from the initiation codon 

(ATG) transcription the alleged promoter region of 

1000 bp. In genes and 1 kb of the promoter regions 

for various plant species from NCBI, a phylogenetic 

relationship was analyzed between the orthologous 

genes of FtSH. A multi-sequence alignment tool for 

phylogenetic design. The phylogram was viewed by 

TreeDyn (Edgar 2004). 

2.1.3. Search in the promoters for preserved non-

coding regions 

Analysis by 1000 bp orthologous genetic sequences 

of the relative genome of the EARS tool (Picot et 

al., 2010). EARS software reviews all small-

sequence arrangements (windows) and aligns all 

windows pairs all over the world. The preserved 

arrangements are detected here. A window size of 

40bp and a P-value reduction of 0.0001 have been 

used for this analysis. The EARS result file of the 

Arabidopsis gene promoter and its sequence of 

orthologous promoters is also individually 

examined by the software and by where significant 

peaks are detected (Picot et al., 2010).  

2.1.4. Determination of the network of Gene co-

expression 
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The online resource and STRING (Simpson et al., 

2012) have been accessed in order to discover useful 

linkages between Locus proteins and their 

orthologous genes (http://string-db.org). The 

system provided unrivaled and broad coverage as 

well as easy access to predicted and experimental 

network data, the interactive viewfinder, STRING 

can approve models, update previews and cluster 

networks with extensive information on the data and 

an intensely updated combination of third event 

features (Simpson et al., 2012).     

2.1.5. Analysis of over-representative cis-

elements  

Identification of potential cis-regulatory elements in 

sequences matching the preserved peaks of FtSH 

promoters derived from the FtSH6 orthologous 

candidates collected. In representative analyzes of 

possible cis-elements using MEME two main 

approaches to this task are employed (Bailey et al., 

2009). The preserved non-coding motives derived 

in the MEME range are characterized by an analysis 

of biological functions using BLAST proteins and 

fields investigated by Inter proscan (Bailey et al., 

2009). 

3: Results and Discussion 

3.1.1 Selection of the reference gene and its 

Orthologues on the basis of Expression Pattern 

Homolgy by eFP Browser The selected 

orthologues Arabidopsis thaliana FTSH6     with 

their reference genes Arabidopsis thaliana FTSH6     

were assessed on the basis of tissue based 

differential Expression analysis at different 

developmentttttal stages at 100 threshold By Plant 

Biology “eFP Browser”. The reference gene FTSH6     

shows high expression at mature pollen, cotyledons, 

sepals, petals, stamen and carpel indicated red 

coloured parts in (Figure 3.1). 

3.1.2 SCREENING OF FTSH6     

ORTHOLOGOUS GENES AND SEQUENCES 

OF PROMOTERS 

Data obtained from NCBI Blast search and 

Phytozome showing AA Identity, CDS length (bp) 

and AA length. The reference gene Arabidopsis 

thaliana FTSH6   have 100% AA Identity at 2131bp 

CDS length and 709 AA lengths (the highest amino 

acid length among the orthologous of Arabidopsis 

thaliana) and selected orthologues Cucumis sativus 

(Cucsa.158300.1) have 73.6% AA Identity at 1954 

bp CDS length and 652 (the lowest amino acid 

length among the orthologous of the Arabidopsis 

thaliana taken as model plant) AA length. 

Simultaneously the other orthologous such as 

Boechera stricta (Bostr.2902s0260.1) have 89.1% 

AA Identity at 2055bp CDS length and 684 AA 

length, Capsella grandiflora (Cagra.1036s0030.1) 

have 85.90% AA Identity at 2061 CDS length and 

686 AA length Capsella rubella 

(Carubv10004704m) have 83.8% AA Identity at 

2058 with 685 AA length, Eutrema salsugineum 

(Thhalv10016003m) have 88.2% AA Identity at 

2064bp and 687 AA length, Brassica rapa 

(Brara.J01968.1) have 84.8% AA Identity at 

2058bp and 685 AA length, Glycine max 

(Glyma.18G259700.1) have 79.5% AA Identity at 

2037bp with 678 AA length, Eucalyptus grandis 

(Eucgr.J01348.1) have 81.6%  AA Identity at 

2052bp and 683 AA length, Citrus clementina 

(Ciclev10028305m) have 78.30% AA Identity at 

2031bp and 676 AA length, Citrus sinensis 

(orange1.1g005815m) have 77.70% AA Identity at 

2031bp with 676AA length, Fragaria vesca 

(mrna04456.1) have 78.40% AA Identity at 2037bp 

and 678 AA length, Prunus persica 

(Prupe.3G266900) have 77.00% AA Identity at 

2046bp 681 AA length, Populus trichocarpa 

(Potri.017G084000.1) have 77.90% AA Identity at 

2034bp and 677 AA length, Medicago truncatula 

(Medtr7g010800.1) have 76.70% have  AA Identity 

at 2016bp and 671 AA length, Aquilegia coerulea 

(Aqcoe3G077900.1) have 75.50% AA Identity at 

2040bp with 679 AA length, Ananas comosus 

(Aco002884.1) have 77.30% AA Identity at 2037bp 

with 678 AA length, Panicum virgatum 

(Pavir.J13145.1) have 73.30% AA Identity at 

2067bp with 688 AA length, Kalanchoe laxiflora 

(Kalax.0004s0036.1) have 70.70% AA Identity at 
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2031bp with 676 AA length, Zea Mays 

(GRMZM2G048836.01) have 73.90% AA Identity 

at 2010bp with 691 AA length (the second highest 

amino acid length among the orthologous of the 

Arabidopsis thaliana),  Gossypium raimondii 

(Gorai.012G053900) have 74.20% AA Identity at 

2028bp with 675 AA length as shown in the (Table 

3.1).  

3.1.3 Verification of Orthologous genes on the 

basis of Evolutionary and phylogenetic Trends   

onstruction of evolutionary trees based on 

sequences of amino acid The phylogenetic trees 

have been built using TreeDyn tools 

(http://www.phylogeny.fr), which explained the 

orthological genetic verification on the basis of an 

advance and phylogenetic trend, which shows that 

branch length of the Arabidopsis thaliana FtSH6   is 

0.92, with comparison of the selected orthologous 

Cucumis sativus (Cucsa.158300.1)  has 0.86 branch 

length as illustrated by Figure 3.2.  

3.3 SEARCH IN PROMOTERS FOR 

PRESERVED NON-CODING REGIONS 

A comparative genome-analysis using the 1 kB 

promotional sequences of the reference genes and 

its orthologous genes showed that the reference 

gene promotors of Arabidopsis thaliana and their 

orthologous promoter sequences have significant 

peaks in preserved regulatory sequences.  

 

The dotted red line shows the meaning threshold of 

P= 0.0001.  

The consensus sequences of the reference gene 

FTSH6     are found between positions of -72bp to -

168bp, which shows that Arabidopsis thaliana 

(FTSH6) has evolved with all selected orthologists 

in non-coding DNA at-168bp upstream in the 

promoter region, Arabidopsis thaliana FTSH6   is 

phylogenically linked to all orthologous genes, as 

shown in Figure 3.3. 

 

 

 

Table 3.1 Representing FTSH6   orthologous genes with GeneInfo Identifiers from different plant species Data 

obtained from NCBI Blast search and Phytozome 

No. Organism Locus MRSF Similarity 
AA 

length 
CDS 

 Arabidopsis thaliana (AT5G15250) BRA 100% 709 2130 

1 Boechera stricta Bostr.2902s0260.1  BRA 89.10% 684 2055 

2 Capsella grandiflora Cagra.1036s0030.1  BRA 85.90% 686 2061 

3 Capsella rubella Carubv10000375m  BRA 83.80% 685 2058 

4 Eutrema salsugineum Thhalv10016003m  BRA 88.20% 687 2064 

5 Brassica rapa Brara.J01968.1  BRA 84.80% 685 2058 

6 Glycine max Glyma.18G259700.1  ROS 79.50% 678 2037 

7 Eucalyptus grandis Eucgr.J01348.1 ROS 81.60% 683 2052 

8 Citrus clementine Ciclev10011227m  SBM 78.30% 676 2031 

9 Citrus sinensis orange1.1g005815m SBM 77.70% 676 2031 

10 Fragaria vesca mrna04456.1 ROS 78.40% 678 2037 

11 Prunus persica Prupe.3G266900 ROS 77.00% 681 2046 

12 Populus trichocarpa Potri.017G084000.1  MAL 77.90% 677 2034 

13 Medicago truncatula  Medtr7g010800.1 ROS 76.70% 671 2016 

14 Aquilegia coerulea Aqcoe3G077900.1 EUD 75.50% 679 2040 

15 Ananas comosus Aco002884.1 BRO 77.30% 678 2037 

16  Cucumis sativus Cucsa.158300.1 ROS 73.60% 652 1954 

17 Panicum virgatum Pavir.J13145.1 ANG 73.30% 688 2067 

18  Kalanchoe laxiflora Kalax.0004s0036.1 PEN 70.70% 676 2031 

19 Zea Mays GRMZM2G048836.01 ANG 73.90% 691 2010 

 

 

http://www.phylogeny.fr/
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Multispecies plot vs Arabidopsis thaliana 40 bp 

window 

 

 
 

Figure 3.3 Multi-species plot Result of the 

evolutionarily preserved EAR FTSH6   sequence 

identification tool and orthologous genes, The red 

dotted line specifies the result threshold P= 

0.0001. Peaks above the last threshold show also 

that the window has a highly preserved match for 

other species. It highlights the consensus 

sequence only with highest peak crossing the 

threshold. 

 

A sequence of -561bp to -583bp positions has 

been maintained in the selected orthologoue gene 

Cucumis sativus (cucsa.158300.1), which means 

Cucumis sativus (cucsa.158300.1) has 

evolutionarily maintained areas in the promoter 

region within non- coding DNA at -583bp, and it 

is clear that Cucumis sativus (cucsa.158300.1) 

evolutionary has been developed 

phylogenetically from Arabidopsis thaliana 

FtSH6  , and is present in the promoter region as 

shown in Figure 3.4 

Cucumis sativus vs Arabidopsis thaliana 40 bp 

window  

 

Figure 3.2 Bootstrap Consensus Phylogeny of the FTSH6   amino acid sequence and its 

genes in an orthologous. The next adjacent distance tree is given along the branches 

based on the bootstrap support. 
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Figure 3.4 Result of the EAR tool of the 

Promoter FTSH6     and its orthologous Cucumis 

sativus (Cucsa.158300.1) for the identification of 

the evolutionary conservation regions. The red 

dotted line indicates the P= 0.0001 threshold. 

Peaks above this threshold reflect the 

preservation in the window of other species.  

Zea mays vs Arabidopsis thaliana 40 bp 

window 

 
 

Figure 3.5 Result of the EAR tool of the Promoter 

FTSH6     and its orthologous Zea mays 

(GRMZM2G082249) for the identification of the 

evolutionary conservation regions. The red dotted 

line indicates the P= 0.0001 threshold. Peaks 

above this threshold reflect the preservation in the 

window of other species.  

A sequence of -561bp to -583bp positions has been 

maintained in the selected orthologoue gene Zea 

mays (GRMZM2G082249), which means Zea 

mays (GRMZM2G082249) has evolutionarily 

maintained areas in the promoter region within 

non- coding DNA at-570bp, and it is clear that Zea 

mays (GRMZM2G082249) evolutionary has been 

developed phylogenetically from Arabidopsis 

thaliana FtSH6  , and is present in the promoter 

region. The marked red line shows the P=0.0001 

threshold. The peaks above this threshold reflect 

the preservation of the window in other species. As 

shown in Figure 3.5, (a consensus) is shown with 

a highest peak crossing the threshold. A sequence 

of -275bp and -298bp positions has been 

maintained in the selected orthologoue gene 

Aquilegia coerulea (Aqcoe3G077900.1), which 

means Aquilegia coerulea (Aqcoe3G077900.1) 

has evolutionarily maintained areas in the 

promoter region within non- coding DNA at -

298bp, and it is clear that Aquilegia coerulea 

(Aqcoe3G077900.1) evolutionary has been 

developed phylogenetically from Arabidopsis 

thaliana FtSH6  , and is present in the promoter 

region. The marked red line shows the P=0.0001 

threshold. The peaks above this threshold reflect 

the preservation of the window in other species. As 

shown in Figure 3.6, (a consensus) is shown with 

a highest peak crossing the threshold. A sequence 

of -220bp and -250bp positions has been 

maintained in the selected orthologoue gene 

Ananas comosus (Aco002884.1), which means 

Ananas comosus (Aco002884.1) has 

evolutionarily maintained areas in the promoter 

region within non- coding DNA at -250bp, and it 

is clear that Ananas comosus (Aco002884.1) 

evolutionary has been developed phylogenetically 

from Arabidopsis thaliana FtSH6  , and is present 

in the promoter region. The marked red line shows 

the P=0.0001 threshold. The peaks above this 

threshold reflect the preservation of the window in 

other species. As shown in Figure 3.7, (a 

consensus) is shown with a highest peak crossing 

the threshold. 
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Aquilegia coerulea vs Arabidopsis thaliana 40 bp 

window  

 

Figure 3.6 Result of the EAR tool of the 

Promoter FTSH6     and its orthologous Aquilegia 

Coerulea (Aqcoe 3G077900.1) for the 

identification of the evolutionary conservation 

regions. The red dotted line indicates the P= 

0.0001 threshold. Peaks above this threshold 

reflect the preservation in the window of other 

species.  

 

Ananas comosus vs Arabidopsis thaliana 40 bp 

window 

  
Figure 3.7 Result of the EAR tool of the 

Promoter FTSH6     and its orthologous Ananas 

comosus (Aco002884.1) for the identification of 

the evolutionary conservation regions. The red 

dotted line indicates the P= 0.0001 threshold. 

Peaks above this threshold reflect the 

preservation in the window of other species.  

 

Prunus Persica vs Arabidopsis thaliana 40 bp 

window 

 
Figure 3.8 Result of the EAR tool of the Promoter 

FTSH6     and its orthologous Prunus Persica 

(Aco002884.1) for the identification of the 

evolutionary conservation regions. The red dotted 

line indicates the P= 0.0001 threshold. Peaks 

above this threshold reflect the preservation in the 

window of other species. It emphasizes the 

consensus with highest peak crossing the 

threshold. 

 

A sequence of -145bp to-170bp positions has been 

maintained in the selected orthologoue gene 

Prunus Persica (Prupe.3G266900), which means 

Prunus Persica (Prupe.3G266900) has 

evolutionarily maintained areas in the promoter 

region within non- coding DNA at -170bp, and it 

is clear that Prunus Persica (Prupe.3G266900) 

evolutionary has been developed phylogenetically 

from Arabidopsis thaliana FtSH6  , and is present 

in the promoter region. The marked red line shows 

the P=0.0001 threshold. The peaks above this 

threshold reflect the preservation of the window in 

other species. As shown in Figure 3.8, (a 

consensus) is shown with a highest peak crossing 

the threshold. 

 

A sequence of -552bp to -590bp positions has been 

maintained in the selected orthologoue gene 
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Populus trichocarpa (Potri.001G303700.1), 

which means Populus trichocarpa 

(Potri.001G303700.1) has evolutionarily 

maintained areas in the promoter region within 

non- coding DNA at -590bp, and it is clear that 

Populus trichocarpa (Potri.001G303700.1) 

evolutionary has been developed phylogenetically 

from Arabidopsis thaliana FtSH6  , and is present 

in the promoter region. The marked red line shows 

the P=0.0001 threshold. The peaks above this 

threshold reflect the preservation of the window in 

other species. As shown in Figure 3.9, (a 

consensus) is shown with a curly high peak. 

 

Populus trichocarpa vs Arabidopsis thaliana 40 

bp window 

 
 

Figure 3.9 Result of the EAR tool of the 

Promoter FTSH6     and its orthologous populus 

trichocarpa (Potri.001G303700.1) for the 

identification of the evolutionary conservation 

regions. The red dotted line indicates the P= 

0.0001 threshold. Peaks above this threshold 

reflect the preservation in the window of other 

species. It emphasizes the consensus with highest 

peak crossing the threshold. 

 

A sequence of -275bp and -320bp positions has 

been maintained in the selected orthologoue gene 

Medicago truncatula (Medtr7g010800.), which 

means Medicago truncatula (Medtr7g010800.) 

has evolutionarily maintained areas in the 

promoter region within non- coding DNA at -

320bp, and it is clear that Medicago truncatula 

(Medtr7g010800.) evolutionary has been 

developed phylogenetically from Arabidopsis 

thaliana FtSH6  , and is present in the promoter 

region. The marked red line shows the P=0.0001 

threshold. The peaks above this threshold reflect 

the preservation of the window in other species. As 

shown in Figure 3.10, (a consensus) is shown with 

a curly high peak 

 

Medicago truncatula vs Arabidopsis thaliana 40 

bp window  

 
 

Figure 3.10 Result of the EAR tool of the 

Promoter FTSH6     and its orthologous Medicago 

truncatula (Medtr7g010800.1) for the 

identification of the evolutionary conservation 

regions. The red dotted line indicates the P= 

0.0001 threshold. Peaks above this threshold 

reflect the preservation in the window of other 

species.  

 

The orthologous Citrus clementina 

(Ciclev10028305 m) shows a conserved sequence 

between -280bp and-310bp, which shows that  

Citrus clementina (Ciclev10028305 m) has 

evolved from Arabidopsis thaliana FtSH6   is 

closely linked to Arabidopsis because its 
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promoters have a high sequence identity. The 

marked red line shows the P=0.0001 threshold. 

The peaks above this threshold reflect the 

preservation of the window in other species. as 

shown in the Figure 3.11 (a consensus) is shown 

with a curly high peak. 

Citrus clementina vs Arabidopsis thaliana 40 

bp window 

 
 

Figure 3.11 Result of EAR FTSH6     and its 

orthologous gene Citrus clementina 

(Ciclev10028305m) for the determination of 

evolutionally preserved areas of the promoter. 

The red dotted line displays P= 0.0001 in 

threshold. Peaks over this threshold show that the 

window has a strongly preserved match in other 

species.  

 

The orthologous Citrus sinensis 

(orange1.1g046605m) shows a conserved 

sequence between -276bp to -311bp, which 

shows that Citrus sinensis (orange1.1g046605m) 

has evolved from Arabidopsis thaliana FtSH6   is 

closely linked to Arabidopsis because its 

promoters have a high sequence identity as shown 

in the (Figure 3.12).  

Citrus sinensis vs Arabidopsis thaliana 40 bp 

window 

 
 

Figure 3.12 Result of EAR FTSH6     and its 

orthologous gene Citrus sinensis 

(Orange1.1g046605m) for the determination of 

evolutionally preserved areas of the promoter. 

The red dotted line displays P= 0.0001 in 

threshold. Peaks over this threshold show that the 

window has a strongly preserved match in other 

species.  

 

The orthologous Fragaria vesca (mrna00126.1-

v1.0-hybrid) shows a conserved sequence 

between -598bp and-642bp, which shows that 

Fragaria vesca (mrna00126.1-v1.0-hybrid) has 

evolved from Arabidopsis thaliana FtSH6   is 

closely linked to Arabidopsis because its 

promoters have a high sequence identity shown in 

the (Figure 3.13). 

Fragaria vesca vs Arabidopsis thaliana 40 bp 

window 

 
 

Figure 3.13 Result of EAR FTSH6     and its 

orthologous gene Fragaria vesca (Mrna00126.1-
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V1.0-Hybrid) for the determination of 

evolutionally preserved areas of the promoter. 

The red dotted line displays P= 0.0001 in 

threshold. Peaks over this threshold show that the 

window has a strongly preserved match in other 

species. Consensus is highlighted with curly High 

peak 

 

The orthologous Gossypium raimondii 

(Gorai.013G046100.2) has maintained a 

sequence between -220bp and -248bp, which 

means that Gossypium raimondii 

(Gorai.013G046100.2) has evolutionarily 

conserved regions within non-coding DNA at -

248bp in the promoter region  ̧which shows that 

Gossypium raimondii (Gorai.013G046100.2) has 

evolved from Arabidopsis thaliana FtSH6   is 

closely linked to Arabidopsis because its 

promoters have a high sequence identity as shown 

in (Figure 3.14). 

The orthologuoue Glycine max 

(Glyma.18G259700.1) have conserved 

sequence(s) between -137bp to -160bp which 

results that Glycine max (Glyma.18G259700.1) 

have evolutionarily conserved regions within 

non-coding DNA at -172bp in the promoter 

region an evident that, Glycine max 

(Glyma.18G259700.1) has been phylogenetically 

evolved from Arabidopsis thaliana FtSH6   being 

taken as model plant and conserved motif is 

indicated by a red color bracket but the only 

orthologous which is weakly evolutionary linked 

with Arabidopsis thaliana FtSH6   as shown in 

(Figure 3.15). 

 

Gossypium raimondii vs Arabidopsis thaliana 

40 bp window 

 

Figure 3.14 Result of EAR Tool for the 

Identification of Evolutionarily Conserved  

Regions within the Promoter of FTSH6     and its 

Orthologous Gossypium raimondii 

(Gorai.013G046100.2.) The red line shows the 

meaning threshold of P= 0.0001. Peaks above this 

threshold indicate that in other species the 

window has a highly conserved match. 

Consensus sequence is highlighted with High 

peak  

 

Glycine max vs Arabidopsis thaliana 40 bp 

window  

 
 

Figure 3.15 Result of EAR Tool For The 

Identification of Evolutionarily Conserved 

Regions Within The Promoter of FTSH6 and its 

Orthologuous Glycine max 

(Glyma.18G259700.1) The red dotted line shows 

the threshold of P = 0.001. Peaks above this 
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threshold indicate that in other species the 

window has a highly conserved match.  

 

 

Table 3.2. Position of Conserved Motifs within 

Promoters of FtSH6   Meme Tool.  

Gene Source Motif Location 

FtSH6 FtSH6   -661 to -688 

Cucumis sativus 

(Cucsa.158300.1) 

-723 to -750 

 

3.4 OVER-REPRESENTATIVE ANALYSIS 

FOR PUTATIVE CIS-ELEMENTS 

Possible cis-regulatory elements have been 

identified in the sequences corresponding to the 

preserved peaks in the FTSH6 promoter sequences 

derived from the collected candidates of FTSH6. 

for biological functions and Inter proscan studies 

which provide for matches based on the highest 

level of homology (Zhu et al., 1999). We found the 

peaks above the threshold for P-0.0001, which 

shows that the other species window matches very 

well. The motive sequence for "MEME follows 

"promoter in this region has confirmed that there 

are consensus sequences between −200 and −1000 

positions. The cumulative preservative profile of 

reference gene FTSH6 as demonstrated in Figure 

3.16, showing Cumulative profiles of the reference 

gene FTSH6, Distant Species Promoters and 

Orthologous Promoters. A) 1 kb upstream of the 

FTSH6 gene was aligned with the EARs tool to 

identify the evolutionary regulatory regions that 

have been preserved. B) Display of the positional 

profile and sequence of consensus 1 with the 

promoter logo FTSH6 from different plant species. 

C) Display of the positional profile and sequence 

of consensus 2 with the promoter logo from 

various plant species. D) Display the binding 

sequence at the core.  

3.5 EXPLORING PROTEIN-PROTEIN 

INTERACTION NETWORK. The co-

expression network identifies FTSH6     and its 

orthologous genes are shown in (Table 3.3). The 

result of STRING for the Arabidopsis thaliana 

network of protein-protein interactions is that, as 

shown in Figure 3.17, the functional partners 

AT1G56180, EGY3, LHCB3, DEG4 and PTAC5 

are encircled by red colour, as shown in Figure 

3.17 and 3.18 Co-expressed proteins are 

AT1G56180, which have the highest rate of co-

expression with the reference gene, including 

ATP-dependent zinc metalloprotease; unknown 

protein; unknown protein; unknown biological 

process; located in chloroplast; expressed in 23 

plant structures; expressed in 15 growth stages. 

The EGY3 Ethylene-dependent gravitropism-

deficient and yellow green like 3; S2P-like 

putative metalloprotease, also contain 

transmembrane helices near their C-termini and 

many of them, five of seven, contain a preserved 

zinc-binding motif HEXXH. EGY1’s homologue. 

The co-expressed protein partner is LHCB3, 

which may be involved in chlorophyll a-b binding 

protein 3 chloroplast, the light harvesting complex 

(LHC) functions as a light receptor, captures 

photosystems with which it is closely associated 

and provides excitement energy. Modulates the 

rate of state transitions of Photosystem II (PSII) 

and influences the macrostructure of PSII. 

Involved in the transfer of energy from PSII 

excitation and separation of charges in thylakoids 

during photosynthesis. The protein partner PTAC5 

was finally found, which is protein disulfide 

isomerase PTAC5, chloroplastic; exhibits zinc-

dependent disulfide isomerase. Required for the 

development of seedlings and chloroplast under 

heat stress, probably by maintaining a 

transcription dependent on plastid-encoded RNA 

polymerase (PEP), as shown in Table 3.3 and 3.4
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(A) 

 

 

(B) 

 

(C ) 

 

 

(D) N..T/CCCAA/CG/ATGTA/GTGG..N 

 

Figure 3.16 Cumulative profiles of the reference gene FTSH6 promoters and 

Orthologous Promoters. 
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Figure 3.18 Co-expression relations between Cucumis sativus and Arabidopsis thaliana FtSH6. 

 

 

 

 
Figure 3.17 Co-Expression Network Identification of the Reference Gene FTSH6, the co-expressed proteins 

encircled with red color, 
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Name 

Co-expressed 

gene/protein 

Function 

FTSH6   EGY3 Ethylene-dependent gravitropism-deficient and yellow-green-like 3; putative metalloprotease S2P-

like, also contain transmembrane helices near their C-termini and many of them, five out of seven, 

contain a preserved zinc-binding motif HEXXH. EGY1's homologue. 

FTSH6   LHCB3 

 

 

Chlorophyll a-b binding protein 3, chloroplastic; the light harvesting complex (LHC) functions as a 

light receptor, capturing and supplying energy to photosystems closely associated with it. Modulates 

the rate of state transitions of Photosystem II (PSII) and influences the macrostructure of PSII. 

Involved in energy transfer of PSII excitation and separation of charges during photosynthesis in 

thylakoids 

FTSH6   PTAC5 Protein isomerase disulfide pTAC5, chloroplastic; zinc-dependent isomerase activity. Required for 

the development of seedlings and chloroplast under heat stress, probably by maintaining a plastic-

encoded transcription of RNA polymerase (PEP) 

FTSH6   AT1G56180 Unknown protein; involved in unknown biological process; located in chloroplast; expressed in 23 

plant structures; expressed during 15 stages of growth; 

 

       Table 3.4 Tissue- based differential expression analysis Screening of FTSH6. 

Gene Function 

prohibition Prohibition 2 like isoforms 

XP-004156868.1 Uncharacterized LOC1012203155 

XP-0041550117.1 Uncharacterized protein, prohibition-1, mitochondrial like 

isoform1 

XP-004149296.1 Chlorophyll a-b binding protein 13, chlropplastic-like 

XP-004149269.1 Chlorophyll a-b binding protein. Chlroplastic light harvesting 

complex function as a light receptor 

XP-004171553.1 Elongation factor Tu, chloroplastic-like 

XP-0041711122.1 Uncharacterized protein: Translation initiation if 2 chloroplastic 

like 
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