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Abstract 
 

Several chloroplast genes have been studied so far, among them is single copy large atpB gene, which encodes β-subunit of 

ATP synthase. ATP synthase is present in membranes of mitochondria, chloroplast and prokaryotes having primary function 

of ATP synthesis. With the aim to gain discernment into the functions and regulation, promoter of atpB gene (~1000bp) from 

five selected tomato varieties (Moneymaker, Nagina, Punjab chuara, Riogrande and Roma) was amplified, sequenced and 

analyzed. The sequence analysis was done using BLASTn, MEGA5 and PLACE/Web Signal Scan. Functional significance of 

each regulatory element was also studied by using already available data. The atpB gene promoter sequence data from the 

varieties has been submitted to GenBank. Succinctly it can be recognized that atpB gene promoter sequences from five tomato 

varieties have shown variation and genetic diversity and ensure a wide range of common and unique cis-regulatory elements 

having variance in their copy number and location. These elements are functionally known to be significant in gene regulation 

and metabolism. © 2013 Friends Science Publishers 
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Introduction 
 

Tomato (Solanum lycopersicum L., formerly called 

Lycopersicon esculentum Miller) is an economically and 

nutritionally important crop worldwide and is intensively 

studied model system for genetic studies in plants. Various 

resources are accessible now for its research, which can lead 

to uprising in evaluation of tomato biology (Barone et al., 

2008). Many studies have been done using different genes 

to examine its genetic diversity such as RAPD (Carelli et 

al., 2006), RFLP (Asamizu and Ezura, 2009), AFLP and 

SSR (Garcia-Martinez et al., 2006; Benor et al., 2008). 

Complete sequence analysis of tomato is being under 

process and many genes have been sequenced so far 

(Mueller et al., 2009). Chloroplast gene sequences have 

been widely utilized as genetic markers for plant and algal 

phylogenetic studies (Clegg, 1993). Among them rbcL, 

atpB, matK remained in the limelight for many years 

(Graham and Olmstead, 2000a, b). atpB gene of chloroplast 

has an ample sum of information with conserved 

evolutionary rate, therefore it is being used by scientists for 

comparative and phylogenetic studies (Savolainen et al., 

2000). At the same time, many databases specific for 

genomes and several bioinformatics tools have been 

developed (Jansen et al., 2005). In this context, several 

phylogenetic issues and problems can be solved using 

chloroplast genome sequences and genome scale datasets 

(Goremykin et al., 2005). 

In the current study, promoter region of chloroplast 

atpB gene from five different tomato varieties was used to 

establish genetic diversity among them and to identify, 

compare and analyze functional importance of its regulatory 

elements.  
 

Materials and Methods 
 

Plant Material and Genomic DNA Isolation 
 

Young fresh leaves of five different varieties of tomato 

(Solanum lycopersicum L.) namely Moneymaker, Nagina, 

Punjab chuara, Riogrande and Roma were collected from 

National Agriculture Research Centre, Pakistan and DNA 

extraction was done by CTAB method (Richards, 1997). 
 

Primer Designing and Amplification of atpB Promoter 

Region 
 

A pair of primers was designed by using atpB gene 

promoter from chloroplast DNA sequence of Nicotiana 

tabacum available at NCBI GenBank (www.ncbi.nih.gov) 

using Primer 3 (version 4.0) 

(http://primer3.sourseforage.net/). The pair of primers might 

let PCR amplification of ~1000bp. The sequence of primers 

is; atpBP Forward: 5′ 

CCAGAAGTAGTAGGATTGATTCTCA 3′ atpBP 

Reverse: 5′ TCTTCAGGTGGAACTCCAGGTT 3′ PCR 

reaction was performed in 25 µL reaction mixture, which 

mailto:tmahmood@qau.edu.pk
mailto:tmahmood.qau@gmail.com


 

Malik and Mahmood / Int. J. Agric. Biol., Vol. 15, No. 4, 2013 

 622 

contained 10 x PCR buffer, 25 mM MgCl2, 2 mMdNTPs, 25 

pM forward and reverse primer, nanopure water, 30-50 

ng/µL template DNA and eventually 1.5 U Taq polymerase 

(MBI Fermentas) using PCR MultiGene Thermal Cycler 

(Labnet). PCR conditions used for amplification were pre-

PCR denaturation at 94˚C for 5 min followed by 35 cycles 

of denaturation at 94˚C for 40 sec, annealing at 61˚C for 40 

sec, extension at 72˚C for 45 sec and final extension at 72˚C 

for 20 min was done. Amplification was confirmed by 

running it on 1.5 % agarose gel in 0.5 x TAE buffer. 

Confirmed PCR amplified products were purified using JET 

quick PCR Product Purification Spin Kit (Genomed) 

according to standard procedures. 
 

Sequencing of the Amplified Product 
 

Dye Terminator Cycle Sequencing (DTCS) Quick Start Kit 

by Beckman and Coulter CEQ (8800) was employed for 

sequencing as per manufacturer’s instructions. Sequences 

obtained were submitted to GenBank for getting accession 

numbers. 
 

Sequence Analysis 
 

The sequence analysis was completed by means of 

BLASTn (Altschul et al., 1990), MEGA5 (Tamura et al., 

2011) and PLACE/Web Signal Scan (Prestridge, 1991; 

Higo  et al., 1999). The varieties were compared by using 

the information concerning the presence of regulatory 

elements in each variety, their copy number and proposed 

functions of these regulatory elements. 
 

Results and Discussion 
 

Sequences from all studied tomato varieties were submitted 

to Genbank for getting accession numbers (Table 1). 
 

Phylogenetic Analysis 
 

The sequences revealed by sequencing were matched by 

using BLASTn (Altschul et al., 1990). Chloroplast atpB 

promoter sequence from Moneymaker showed 98 % 

identity with the chloroplast genome of S. lycopersicum 

(Accession No. AM087200.3), while Nagina showed 100% 

identity with Nicotiana forgetiana plastid rbcL gene intron 

(AM286780.1). Chloroplast atpB promoter sequences from 

Punjab chuara, Riogrande and Roma showed 100 %, 93% 

and 82% identity with the N. undulata chloroplast genome 

(JN563929.1), tobacco chloroplast atpase gene (b and e) and 

flanks (K00507.1) and N. sylvestris chloroplast DNA 

(AB237912.1), respectively. 

Based on sequenced data, phylogenetic relationship 

among five tomato varieties was also evaluated. A 

phylogenetic tree was deduced and genetic diversity was 

investigated by using Neighbor Joining distance data 

method (Saitou and Nei, 1987). The bootstrap consensus 

tree (Felsenstein, 1985) was inferred from 500 replicates 

and the percentage of replicate trees in which the associated 

taxa clustered together are shown next to the branches. 

Branches corresponding to partitions reproduced in less than 

50% bootstrap replicates were collapsed. The evolutionary 

distances were computed using the p-distance method (Nei 

and Kumar, 2000) and are in the units of the number of base 

differences per site. The phenogram revealed two clusters 

denoted by cluster 1 and cluster 2 (Fig. 1). Overall genetic 

distance and nucleotide substitution rate of 0.05 indicating 

close genetic relationship and similarity among them. 

Moneymaker and Riogrande being the members of cluster 1 

and Punjab chuara and Roma reside in cluster 2 indicating 

that they are genetically more closely related both having 

bootstrap value 100. However, Nagina was found to show 

genetic deviation and placed separately (Fig. 1). 

Pairwise distance that is estimate of evolutionary 

divergence between sequences was also assessed (Table 2). 

The analysis exhibited evolutionary divergence values 

ranging from 0.251-0.425 for atpB gene promoter with 

mean value of 0.369. As a whole, the values indicated that 

sequences are genetically similar with less divergence. 
 

Identification of Cis-acting Elements 
 

With the help of PLACE database using Web Signal Scan 

(Prestridge, 1991; Higo et al., 1999), the putative cis-

regulatory elements existing in the atpB gene promoter 

sequence of each tomato variety were traced. Maps of 

regulatory elements were constructed manually for both the 

positive and negative strands of atpB promoter 

independently for each tomato variety (Figs. 2-6). 
 

Comparative Analysis of Regulatory Elements among 

Studied Tomato Varieties Based on atpB Promoter 

Sequences 
 

Based on data obtained, common regulatory elements 

(found in atpB gene promoter from all the varieties)   

Table 1: Accession numbers of the sequences of 

chloroplast atpB gene promoter from five different tomato 

varieties 
 

Tomato Variety Accession No. 

Solanum lycopersicum var. moneymaker JQ657819 
Solanum lycopersicum var. nagina JQ657820 

Solanum lycopersicum var. Punjab chuara JQ657821 

Solanum lycopersicum var. riogrande JQ657822 
Solanum lycopersicum var. roma JQ657823 

 

Table 2: Sequence analysis commencing atpB gene 

promoter from selected tomato varieties on the basis of 

pairwise distance calculation 
 

Tomato Variety 1 2 3 4 5 

Moneymaker 1.000     

Nagina 0.351 1.000    

Punjab chuara 0.403 0.407 1.000   
Riogrande 0.251 0.410 0.425 1.000  

Roma 0.356 0.412 0.319 0.356 1.000 
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(Table 3) and unique regulatory elements (found in one 

variety, but absent in rest of the tomato varieties) (Table 4) 

were identified. Copy number and functions (already 

reported) of each element were also checked as well 

(Table 3-4). 

 

Common Regulatory Elements 

 

Thirty three common cis-regulatory elements among atpB 

gene promoters from selected tomato varieties having 

varying numbers of copies were identified from both the 

strands by PLACE database. These regulatory elements 

were found to play significant role in a variety of metabolic 

course of actions. The identified common elements includes 

regulatory elements involved in pollen maturation, light, 

CO2 and stress responsiveness, elements linked with 

transcription and mRNA poly adenylation, elements 

associated with phenylpropanoid biosynthesis, nitrogen 

fixation and non-symbiotic hemoglobin related elements, 

root and guard cell specific regulatory elements. Moreover, 

regulatory elements involved in plant pathogen defense 

signaling, assimilation of nitrogen, elements associated with 

seed development, flowering and circadian rhythms were 

also found. Varying number of these elements has been 

identified in the studied tomato atpB promoter region 

(Table 3). 

 
 

Fig. 1: Phenogram deduced commencing atpB gene promoter from the selected tomato varieties presenting genetic 

divergence among them along with evolutionary distance (0.05) and bootstrap values 
 

 
 

Fig. 2: Mapping of cis-regulatory elements identified in the positive (a) and negative (b) strands of chloroplast atpB gene 

promoter from Moneymaker 
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Fig. 3: Mapping of cis-regulatory elements identified in the positive (a) and negative (b) strands of chloroplast atpB gene 

promoter from Nagina 
 

 
 

Fig. 4: Mapping of cis-regulatory elements identified in the positive (a) and negative (b) strands of chloroplast atpB gene 

promoter from Punjab chuara 
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Unique cis-regulatory Elements 

 

The cis-regulatory elements identified by PLACE database 

have shown the presence of unique elements in the promoter 

region of chloroplast atpB gene of the studied tomato 

varieties (Table 4). However, the copy number of these 

unique elements varies and was found to be diverse. Among 

the five varieties, promoter of atpB gene from Nagina has 

shown largest number (15) of these unique elements. On the 

contrary, in promoter of atpB gene from Moneymaker and 

Riogrande least number (3 each) of the unique elements 

have been found. Six unique elements were identified in 

each atpB gene promoter sequences from Punjab chuara and 

Roma. On the whole thirty three unique elements were 

found in the present study. These might play similar 

functions as presented by earlier studies; however their role 

in vivo needs to be checked before making any final 

conclusion. 
 

Conclusion 
 

Genetic characterization of five selected tomato varieties 

has been done on the basis of chloroplast atpB promoter 

region. Phylogenetic analysis was done to find genetic 

Table 3: Comparative analysis of common regulatory elements identified in the sequence of atpB gene promoter from 

selected tomato varieties (S1: Moneymaker, S2: Nagina, S3: Punjab chuara, S4: Riogrande, S5: Roma) 

 
Signal Sequence Factor’s Name Copy Number Functions 

S1 S2 S3 S4 S5 

TATTCT -10PEHVPSBD 1 2 3 2 1 Involved in the expression of the plastid psbD which encodes chlorophyll-binding 

protein of photosystem II (Thum et al., 2001). 

NGATT ARR1AT 22 17 17 17 21 NGATT is an ARR1-binding element, a response regulator (Sakai et al., 2000). 
TGTCA BIHD1OS 1 2 4 1 2 TGTCA motif is the DNA sequence of the homeodomain transcriptional factors (Luo et 

al., 2005). 

CAAT CAATBOX1 20 10 15 21 18 Promoter consensus sequence was found in legA seed storage protein (Shirsat et al., 

1989). 

YACT CACTFTPPCA1 10 16 16 15 16 Regulatory element engaged in C4 photosynthesis (Gowik et al., 2004). 

RYCGAC CBFHV 2 2 1 1 1 Involved in regulation of cold responsive genes (Xue, 2002). 

CCAAT CCAATBOX1 5 2 3 5 3 Found in the promoter of heat shock protein genes and also regulate flowering of 

Arabidopsis (Wenkel et al., 2006). 
CAANNNNATC CIACADIANLELHC 6 2 3 6 4 Essential for circadian expression of tomato LHC 

Gene (Piechulla et al., 1998). 

AAAG DOFCOREZM 12 18 11 8 17 A core site required for binding of Dof proteins in maize (Yanagisawa, 2000). 

CANNTG EBOXBNNAPA 18 10 10 14 8 Consensus binding site of RRE important in flavonoid production along with other 

elements (Hartmann et al., 2005). 

GATA GATABOX 6 5 9 11 2 Implicated in light-dependent and nitrate-dependent control of transcription (Reyes et al., 

2004). 

GRWAWW GT1CONCENSUS 14 3 9 8 11 Consensus GT-1 binding site in many light-regulated genes (Zhou, 1999). 
GANTTNC EECCRCAH1 8 5 3 6 9 Involved in CO2-responsive transcriptional activation of Cah1 coding a periplasmic 

carbonic anhydrase in Chlamydomonas reinhardtii (Kucho et al., 2003). 

GTGA GTGANTG10 2 6 10 3 7 Promoter of the tobacco late pollen gene g10 (Rogers et al., 2001). 

GATAA IBOXCORE 4 2 3 4 1 Involved in light regulated transcription (Terzaghi and Cashmore, 1995). 

YTCANTYY INRNTPSADB 4 1 2 2 5 Light-responsive transcription of psaDb depends on these (Nakamura et al., 2002). 

AATAAAYAAA MARABOX1 1 1 1 2 2 A-box found in scaffold attachment region (SAR), or matrix attachment region (MAR) 

(Gasser et al., 1989). 
TTWTWTTWTT MARTBOX 11 2 3 3 6 A-box found in scaffold attachment region (SAR), or matrix attachment region (MAR) 

(Gasser et al., 1989). 

CANNTG MYCCONSENSUSAT 18 10 10 14 8 Regulates the transcription of CBF/DREB1 genes in the cold in Arabidopsis 

(Chinnusamy et al., 2004). 

CTCTT NODCON2GM 1 6 5 4 1 Controlling the root nodule-specific soybean leghemoglobinlbc3 gene (Stougaard et al., 

1990). 

CTCTT OSE2ROOTNODULE 2 5 3 2 2 Regulatory elements involved in nitrogen fixation (Vieweg et al., 2004). 

AATAAA POLASIG1 10 7 7 10 11 Poly A signal is found in legA gene of pea (Joshi, 1987). 
AATAAT POLASIG3 3 4 3 2 2 Consensus sequence for plant poly adenylation signal (Joshi, 1987). 

AGAAA POLLEN1LELAT52 8 5 5 5 7 Required for pollen specific expression (Filichkin et al. 2004). 

SCGAYNRNNNNN

NNNNNNNNNNHD 

PRECONSCRHSP70A 2 2 2 2 1 Involved in induction of HSP70A gene by both MgProto and light (Von Gromoff et al., 

2006). 

CAACA RAV1AAT 1 4 6 2 4 CAACA is a binding consensus sequence of Arabidopsis transcription factor, RAV1 

(Kagaya et al., 1999). 

CACCTG RAV1BAT 1 1 1 1 1 CACCTG is a binding sequence of Arabidopsis transcription factor, RAV1 (Kagaya et 

al., 1999). 
ATATT ROOTMOTIFTAPOX1 6 4 11 7 3 A root motif is found in both promoters of rolD of Agrobacterium rhizogenes (Elmayan 

and Tepfer., 1995). 

ATATTTAWW SEF1MOTIF 1 1 1 1 1 Involve in embryo development (Lessard et al., 1991). 

TGGGCY SITEIIATCYTC 3 2 2 2 1 Over represented in the promoters of nuclear genes involved in oxidative 

phosphorylation (Welchen and Gonzalez, 2006). 

TAAAG TAAAGSTKST1 2 3 2 2 5 Guard cell specific regulatory element (Plesch et al., 2001). 

TTATTT TATABOX5 10 7 5 9 6 Involved in assimilation of nitrogen (Edwards and Coruzzi, 1989). 
TGAC WRKY71OS 1 3 5 3 7 W-box promoter elements to which specific proteins bind e.g. the WRKY proteins (Xie 

et al., 2005). 
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diversity among these selected varieties. In a nutshell it 

can be deduced that the promoter region of chloroplast 
atpB gene, in the selected varieties of tomato 

(Solanum lycopersicum L.) have shown divergence and 

distinct variations in the cis-regulatory elements that 

proved (from already reported studies) to have vital 

impact on crop yield as they are involved in the 

regulation of thousands of genes including metabolic 

and signaling pathways to combat environmental 

stresses. However, simply the presence of such 

sequences cannot guarantee their role in respective 
gene regulation and this data can be checked in vivo 
for functional analysis before making final 
conclusion. 
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Table 4: Comparative analysis of unique regulatory elements identified in the sequence of atpB gene promoter from 

selected tomato varieties (S1: Moneymaker, S2: Nagina, S3: Punjab chuara, S4: Riogrande, S5: Roma) 

 
Signal Sequence Factor’s Name Copy Number Functions 

S1 S2 S3 S4 S5 

AAACAAA ANAERO1CONSENSUS 1 - - - - Involved in the fermentative pathway (Mohanty et al., 2005). 

TTTTTTCC PYRIMIDINEBOXHVEPB1 1 - - - - Responsible for the degradation of seed endosperm storage proteins (Cercos et 
al., 1999).   

AATAGAAAA SURE1STPAT21 1 - - - - Involved in metabolic regulation of potato storage gene (Grierson et al., 1994). 

AACAAAC AACACOREOSGLUB1 - 1 - - - Involved in controlling the endosperm-specific expression (Wu et al., 2000). 

ACGTSSSC ABREOSRAB21 - 1 - - - Involve in regulation of abscisic acid-induced transcription (Busk et al., 1997). 

TGTCTC ARFAT - 1 - - - Involved in auxin regulated expression (Goda et al., 2004). 

CAACTC CAREOSREP1 - 1 - - - Cis-acting elements essential and adequate for gibberellin-upregulated proteinase 

expression in rice seeds (Sutoh and Yamauchi, 2003). 

CATATG CATATGGMSAUR - 2 - - - Involved in auxin responsiveness (Xu et al., 1997). 
VCGCGB CGCGBOXAT - 2 - - - Involved in ethylene signaling, abscisic acid signaling, and light signal 

perception (Yang and Poovaiah, 2002). 

ACCGAC DRE2COREZMRAB17 - 1 - - - Stress response related cis-regulatory element (Dubouzet et al., 2003). 

RCCGAC DRECRTCOREAT - 1 - - - Core motif of DRE/CRT cis-acting element, identified in many genes in 

Arabidopsis (Suzuki et al., 2005). 

TAATMATTA HD2IP2ATATHB2 - 1 - - - Through morphological changes during shade avoidance responses (Ohgishi et 

al., 2001). 
ACCGACA LTREATLTI78 - 1 - - - Show different roles in the low temperature stress response (Nordin et al., 1993). 

CCGAC LTRECOREATCOR15 - 1 - - - Involve in cold induction of BN115 gene from winter Brassica napus LTRE 

(Jiang et al., 1996). 

YTGTCWC SEBFCONSSTPR10A - 1 - - - Defense-specific regulatory element (Boyle and Brisson, 2001). 

TTATCC SREATMSD - 1 - - - Control gene expression during origination of axillary bud development in 

Arabidopsis (Tatematsu et al., 2005). 

GTGGWWHG SV40COREENHAN - 1 - - - SV40 core enhancer affecting transcription (Weiher et al., 1983). 

TTAATGG    WUSATAG - 1 - - - Target sequence of WUS in the intron of AGAMOUS gene (Kamiya et al., 
2003). 

AGCGGG BS1EGCCR - - 1 - - Needed for vascular expression of the cinnamoyl CoA reductase gene and for 

protein-DNA complex development (Lacombe et al., 2000). 

GTGGGCCCG GCBP2ZMGAPC4 - - 1 - - Required for heterologous anaerobic gene expression (Geffers et al., 2000). 

GCCGCC GCCCORE - - 1 - - Found in many pathogen-responsive genes and has been shown to play role as 

ethylene-responsive element (Chakravarthy et al., 2003). 

KWGTGRWAAWRW GT1MOTIFPSRBCS - - 1 - - Required for light-dependent transcriptional activation of the rbcS-3A gene 

(Villain et al., 1996). 
CCGTCG HEXAMERATH4 - - 1 - - Motif of Arabidopsis thaliana histone H4 promoter (Chaubet et al., 1996). 

TATCCA TATCCAOSAMY - - 1 - - Mediate sugar and hormone regulation of alpha-amylase gene expression during 

cereal grain germination (Chen et al., 2006). 

GATAAG IBOX - - - 1 - Binding site of LeMYB1 that act as a transcriptional activator (Rose et al., 1999). 

TAACTG MYB2AT - - - 2 - Binding site for ATMYB2 that is involved in regulation of genes that are 

responsive to water stress (Urao et al., 1993). 

YAACKG MYB2CONSENSUSAT - - - 2 - MYB recognition site found in the promoters of the dehydration-responsive 
genes (Abe et al., 2003). 

TTGACC ELRECOREPCRP1 - - - - 1 Consensus sequence of elements W1 and W2 of parsley PR1-1 and PR1-2 

promoters, required for elicitor responsiveness (Rushton et al., 1996). 

GTTAGGTT MYB26PS - - - - 1 Cis-elements in the promoter regions of several phenylpropanoid biosynthetic 

genes (Uimari and Strommer, 1997). 

MACCWAMC MYBPLANT - - - - 1 Consensus sequence related to box P in promoters of phenylpropanoid 

biosynthetic genes (Tamagnone et al., 1998). 

CCTTTT PYRIMIDINEBOXOSRAMY1A - - - - 1 Involved in sugar repression, found in promoter of alpha-amylase gene (Morita 
et al., 1998). 

ATGGTATT S1FSORPL21 - - - - 1 May play a role in down regulating RPL21 promoter activity 

(Lagrange et al., 1993). 

CTGACY WBOXNTCHN48   - - - - 1 Involved in elicitor-responsive transcription of defense genes in tobacco 

(Yamamoto et al., 2004). 
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Fig. 5: Mapping of cis-regulatory elements identified in the positive (a) and negative (b) strands of chloroplast atpB gene 

promoter from Riogrande 
 

 
 

Fig. 6: Mapping of cis-regulatory elements identified in the positive (a) and negative (b) strands of chloroplast atpB gene 

promoter from Roma 
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