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Abstract 
Investigations of gene expression patterns of a gene or set of different genes in 

eukaryotic cells at particular stage or conditions require appropriate set of 

internal controls for accurate quantitative data analysis. These internal controls 

or reference genes are essential for ensuring the cell viability. Housekeeping 

gene/s (HKG) has been commonly used as reference genes for the normalization 

of gene expression data due to their presumed stable and constitutive expression 

in living organisms. The selection of appropriate internal control gene is a 

critical step for the gene expression studies by qRT-PCR due to variability in the 

stable expression of candidate HKGs in different organisms, different 

organs/tissues of same organism or most imporatantly due to different 

experimental conditions or environmental conditions for the same sample. 

 In this study, we challenged the consensual thinking that all HKGs are reliable 

controls for expression studies through detailed investigation of set of potential 

reference genes suitable for gene expression analysis of Ficus carica (dicot), 

Chenopodium album (dicot) and Mentha spicata (dicot) after treating with 

different experimental conditions of abiotic stresses. We identified and 

sequenced three isoforms of actin (actin, β-actin and actin α), two isoforms of 

tubulin gene (β-tubulin and β-tubulin-1), GAPDH, EFα1, ubiquitin and 18S 

rRNA genes from these three plants and checked their validity as good internal 

control genes. Gene specific primers of above mentioned genes were designed 

from the conserved regions of similar genes from other plants to amplify 

genomic DNA followed by sequencing. After confirmation of right products 

from each plant using several bioinformatics tools, all of these sequences were 

submitted to genebank. Initially the similarities of these newly isolated genes 

with other known homologues or orthologues were determined. Alignments and 

phylogenetic trees have shown high levels of conservation in the genes among 

diverse set of selected monocots and dicots, as expected. 
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 In order to validate the utility of these newly isolated genes as internal controls, 

we treated the above mentioned plants with various abiotic stresses including 

heat, metal, cold, drought, salt and growth hormones. The respective transcripts 

were amplified and sequenced for further confirmations. We could hardly 

observed significant difference in the expression of these genes by semi-

quantitative RT-PCR as expected. For quantitative validations, we used all of the 

above candidate internal controls to study the differences in their expression by 

relative quantitative real-time to validate the best gene or set of genes for the 

normalization of target genes in these plants. Different reference genes of C. 

album, F. carica and M. spicata showed somewhat variable expression under 

one or the other type of abiotic stress treatment suggesting; 1) Different 

experimental conditions can variably affect the stability of these internal control 

genes. 2) β-tub, EFα1, Ubq and Act-α were identified as the most stable genes 

under cold, drought, heat, metal and salt stress in C. album. In F. carica, 18S 

rRNA, β-tub and Act were three stable genes under cold, drought, salt and growth 

hormone stress. Similarly, GAPDH, β-tub, β-tub-1 and EFα1 were the stable 

internal control genes under drought, cold, heat and salt stress in M. spicata 

respectively. 

Furthermore, the gene stability index was generated for these selected HKGs 

which facilitated the selection of more than one internal control gene for further 

verifications of gene expression studies of these or any other related plant 

species. 
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Introduction 

Gene expression analysis is very important to gain insight knowledge of the 

functions of important genes of different living organisms. When the organism 

that is adaptive to the change responses to the environment, it always brings 

differences in gene expression levels. For the analysis of gene expression 

patterns certain tools are required that enables the sensitive, more precise, and 

reproducible quantification of specific mRNAs (Bustin et al., 2009). Now a days, 

many high throughput techniques can be used for the accurate quantification of 

gene expression levels (transcript abundance) of hundreds or thousands of genes 

(Lee et al., 2005). The commonly used techniques are cDNA- and 

oligonucleotide based microarrays that can measure transcripts at a genome-wide 

scale (Lee et al., 2005). However, these techniques are not useful all the times as 

they have limited sensitivity and accuracy especially for the transcripts that are 

in low abundance. For this reason, quantitative reverse transcription polymerase 

chain reaction (qRT-PCR) can be used as it quantifies even very weakly 

expressed genes accurately (Pfaffl et al., 2002). 

1.1 Real-time PCR 

There are several choices for gene expression technologies depending upon the 

specific objectives, but quantitative real-time PCR (qRT-PCR) is important in 

quantifying gene expression because it is sensitive, specific and have broad 

dynamic range when compared with other analytical techniques like Northern 

blotting, quantitative competitive polymerase chain reaction (PCR), and semi 

quantitative reverse transcription polymerase chain reaction (RT-PCR) (Freeman 

et al., 1999; Bustin, 2002; Gachon et al., 2004). qRT-PCR has become the most 

common technique for expression analysis of different genes for molecular 

diagnostics and microarray data validations (Giulietti et al., 2001; Chuaqui et al., 

2002; Czechowski et al., 2004; Jain et al., 2006; Jain and Khurana, 2009). 

Normalization of qRT-PCR data with one or more internal control genes, is 

extremely important for the accurate and reliable analysis of expression data 
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(Thellin et al., 1999; Guenin et al., 2009). qRT-PCR is now recognized as the 

most accurate, sensitive and exact method of quantifying mRNA transcripts 

(Bustin, 2000; Bustin, 2002). This method allows the detection of amplicons 

from the start of target amplification using different fluorogenic probes or 

intercalating dyes such as SYBR Green I and does not involves the conventional 

endpoint analysis. This method is more reliable and quicker than regular RT-

PCR due to no need of post-amplification procedures. PCR efficiency of qRT-

PCR can also be measured and permits the selection of more sensitive and 

appropriate assay with excellent reproducibility and broad dynamic range 

(Gibson et al., 1996). Normalization of qRT-PCR data is a key factor in gene 

quantification analysis (Bustin, 2000; Pfaffl et al., 2004). The reliability of qRT-

PCR experiment can be improved by including an invariant and stable 

endogenous control in the assay to normalize the expression of target genes to 

the expression of endogenous controls. By using such approach we can reduce 

the variations of expression in a sample and increase qRT-PCR efficiency by 

minimizing the related errors during quantifications. qRT-PCR is commonly 

used technique to measure the transcript abundance of target genes. These 

approaches are high throughput and are easy to get good results by the use of 

appropriate internal control genes to check the expression of several samples 

simultaneously. However, the evaluation strategy can be affected by 

experimental variations and correct quantification of target gene requires careful 

normalization. The experimental variability of the target gene is usually 

calibrated with some kind of housekeeping genes or internal control genes. For 

normalization, the expression of a target gene under given conditions is checked 

and housekeeping genes are used as common denominator in biological fractions 

(Thellin et al., 1999).  

Two common methods of gene quantifications can be used by using these 

reference genes; absolute quantification and relative quantification. The principle 

of absolute quantification requires a suitable standard whose concentration is 
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known to make dilutions in a serial, resulting in the formation of a standard 

curve. This standard curve gives a linear relationship between the initial amount 

of starting template and cycle threshold (Ct) values, that is useful in determining 

the concentration of unknown samples based on their (Ct) values (Bustin, 2000; 

Wong and Medrano, 2005). By using this method the number of template copies 

in a known amount of starting sample can be quantified. In relative 

quantification, target gene expression is compared with one or more reference 

genes within the same sample set. The expression of these reference genes 

should be ideally constant across the samples of survey or study (e.g. 

developmental series, tissue sets, and experimental regimes). Internal control 

genes such as β-actin, 18S rRNA, GAPDH and elongation factor-1 are 

commonly used as reference genes in qRT-PCR experiments (Bustin, 2000; 

Olsvik et al., 2005).  

1.2 Housekeeping genes as internal controls 

Housekeeping genes are constitutively expressed genes in the living cells with 

minimal variations in their expression in different tissues. HKGs are usually GC 

rich genes and are present in plants and animals. These genes have less number 

of small introns (Carels and Bernardi, 2000). These features give advantage to 

these genes to be transcribed constitutively. Housekeeping genes are mostly 

conserved with slow mutation rate and mutations in these genes are usually not 

tolerated. The consequences of mutations in housekeeping genes are observed in 

Arabidopsis thaliana, where the replacement of lysine amino acid at position 40 

by alanine or glutamine in tubulin-α produces a dwarf plant (Xiong et al., 2012). 

Housekeeping genes can be used as good internal controls due to stable 

expression in a variety of stresses and changing environmental factors.  

These genes are used as internal controls because they maintain their constant 

basal level of expression that is consistent, non-regulated and does not depend 

upon the cell cycle, and non-responsive to external treatments or developing 

stages. Therefore, it is necessary to know which housekeeping gene is suitable to 



Chapter 01  Introduction  

Identification and validation of different housekeeping genes for real  
time RT-PCR in plants 6 

 

serve as an internal RNA control under particular experimental conditions 

(DeRisi et al., 1997). The selection of right and ideal housekeeping gene for 

every experiment is very crucial in order to ensure the credibility of the results 

(Foss et al., 1998).  

1.3 Internal control genes in plants 

Housekeeping genes have been extensively studied in animals. She et al., 2009 

identified 1522 housekeeping genes by high density microarrays out of 18,149 

genes in 42 normal human tissues. In contrast, relatively few sets of plant 

reference genes have been described to the animals (Gutierrez et al., 2008). 

Expression of many plant housekeeping genes is studied under heat stress 

(Volkov et al., 2003; Aman et al., 2012; Haq et al., 2012), other 

environmental stresses (Haq et al., 2012) and developmental stages 

(Czechowski et al., 2005; Remans et al., 2008; Goncalves et al., 2005). 

Housekeeping genes like ATP-binding cassette (ABC) transporter, F-box protein 

family, metallo-protease and CDPK-related protein kinase have been confirmed 

in soybean (Glycine max) studied under 130 different conditions 

(Brechenmacher et al., 2008). Ubiquitin, beta tubulin and glyceraldehyde-3-

phosphate dehydrogenase showed stable expression under herbicide stress in 

plants (Petit et al., 2012). Most of the work on rice internal control gene 

validations is under the hormonal, drought and salt stress (Kim et al., 2003). 

Similarly, in case of potatoes, the reference genes have been explored under 

biotic and abiotic stresses (Nicot et al., 2005). Housekeeping genes are used to 

study the genes with changed expression under variable environmental 

conditions during different stages of the living organisms (Jin et al., 2004; Szabo 

et al., 2004). 

There are several housekeeping genes which can be used as internal controls for 

the quantitation of the target genes such as, Actins, 18S rRNA, beta tubulin, 

Ubiquitin, GAPDH, EF-1α, RPII and cyclophilins etc. (Choi et al., 1999; 

Finnegan et al., 1993; Foss et al., 1998; Goldsworthy et al., 1993; Lemay et al., 
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1996; Marten et al., 1994; Serels et al., 1998; Tang et al., 1996; Wu et al., 1999). 

But most of the information is available for the model plants or the economically 

important plants as explained below.  

1.3.1 Actins 

Multigene families are very helpful to study evolution of eukaryotic genes to 

find out their functions and regulations. It is highly conserved and most abundant 

protein in eukaryotes. These genes sometimes arise as a result of duplication of 

ancestral genes. Actin belongs to a multigene family in all animals, plants and 

protozoa but single gene exists in yeast. There are three main groups of isoforms 

of Actin gene are α, β, γ. Actin proteins are of great importance and have crucial 

role in cell motility and cytoskeleton maintenance (Hunter and Garrels, 1977). 

Actin is not only involved in cell motility and chemotoxis, it can also be involved 

in cellular functions like signaling, cellular shape, cell division, cellular volume 

regulation, movement and phagocytosis (De Loof et al., 1996; Sutherland and 

Witke, 1999).  

Actin was validated as an internal control in the gene expression studies of 

Anoectochilus roxburghii (Zhang et al., 2012), Cichorium intybus (Maroufi et 

al., 2010). β-actin was used as a validated internal control for the expression 

studies by real-time PCR in chimeras detection of transgenic tobacco and apricot 

(Faize et al., 2010). Actin was ranked the most stable in the study of reference 

genes characterization by quantitative real-time PCR analysis in various tissues 

of Salvia miltiorrhiza (Yang et al., 2010). ACTB was used as an internal control 

gene for the normalization of mRNA levels in qRT-PCR analysis of diverse 

cultivars and tissues of citrus (Jiawen et al., 2012).  

1.3.2 18S rRNA gene 

Proteins are functional molecules of the cell. A cell may require thousands of 

different proteins to perform several functions. Cells have to synthesize proteins 

in order to cope with different requirements of life. However, most proteins are 
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short life and need to be replaced or recycled. After synthesis, each protein has to 

perform specific role/s followed by ubiquitination for degradation and can be 

recycled depending upon the cell demands in the given set of environmental 

conditions. Ribosomes are protein factories in all organisms and are usually 

made up of about equal quantity of proteins and rRNAs. 18S rRNA is one of the 

constituent parts of the ribosome structure. It is found in 40S smaller subunit of 

ribosomes. 16S rRNA in smaller subunit of prokaryotic and mitochondrial 

ribosomes is homologous to 18S rRNA. Clinger segments of this 18S rRNA 

provide binding site to mRNA in smaller subunit of ribosomes during the 

translation process (Torczynski et al., 1983; Chan et al., 1984; Connaughton et 

al., 1984; Nelles et al., 1984; Noller, 1984; Raynal, 1984). 18S rRNA gene is a 

high copy number gene and can be used in evolutionary biology to study 

phylogenetic relationships of several plants (Hillis and Dixon, 1991; Banaras et 

al., 2012). The use of 18S rRNA gene has helped to rearrange many animals and 

plants taxons in their accurate groups, which were placed incorrectly in past like 

metazoan ancestry.  

18S rRNA gene is highly conserved in plants and except a few regions (Soltis 

and Soltis, 1997). 18S rRNA can also be used as an internal control gene to 

normalize mRNA levels in real-time PCR analysis of citrus plant (Jiawen et al., 

2012). Ribosomal RNA is not polyadenylated so can be distinguished from 

mRNA and are widely used for RT-PCR and relative qRT-PCR studies for 

normalizations. (Jain et al., 2006) assessed the gene expression of ten frequently 

used housekeeping genes in rice, including 18S rRNA in a diverse set of 

experimental conditions on twenty five different rice samples. 18S rRNA gene 

expression of 18S rRNA was suggested to be used for normalization of qRT-PCR 

results for gene expression studies in a variety of samples. Similarly, 18S rRNA 

together with other internal control genes was used for validations as internal 

control for gene expression studies in rice (Hedtke et al., 2002). 18S rRNA is 
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identified and validated as a stable internal control for gene expression study 

under heat stress in Agave americana (Aman et al., 2012). 

1.3.3 Beta Tubulins  

Tubulin is a globular protein which polymerizes to form microtubules. A tubulin 

molecule is a heterodimer of two major classes, α tubulin and β tubulin. Isoforms 

of β-tubulin are encoded by genes with highly conserved size and number of 

exons. Both isoforms α and β tubulins from plants animals, fungi and protists 

show more than 80% similarity in amino acid sequences (Dutcher 2001; 

Morejohn and Fosket, 1991). When phylogenetic analysis of the β-tubulin gene 

was done, it has also shown the conserved nature of the gene (Aman et al., 

2013). β-tubulin expression was studies in soybean (Glycine max) along with 

other commonly used reference genes (Libault et al., 2005). In the same species 

its expression was studied in different developmental stages, temperature ranges 

and photoperiods (Jian et al., 2008). Its constant expression was also observed 

under different developmental stages and abiotic stresses in tobacco plants 

(Schmidt and Delaney, 2010). Twenty different β-tubulin genes were identified 

and their expression showed association with cellulose microfibril deposition in 

secondary wall formation in Populus plant (Oakley et al., 2007). Its expression 

has also been studied in different developmental stages of trees (Lin and Lai, 

2010), five different tissues with two different developmental stages of Fraxinus 

species (Loren et al., 2012), pollens and developmental processes of O. sativa 

(Yoshikawa et al., 2003), leaf development in P.  jacquemontiana (Basa et al., 

2009) and Arabidopsis infested with F. oxysporum (Andersen et al., 2004). β-

tubulin is also validated as the most stable gene in sunflower leaf senescence 

(Paula et al., 2011). It is also used as a reference gene for normalization in the 

molecular characterization of C. album Cp-sHSPs and its expression in response 

to different abiotic stresses (Haq et al., 2013) and for the dual role for the Cp-

sHSPs of C. album including protection from heat and metal stress (Haq et al., 

2012). 
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1.3.4 Ubiquitin  
 

Many proteins like transcription regulators and cyclins are involved in cell cycle. 

Proteins never last forever and have to be degraded as soon as proteins perform 

their functions and are finally replaced by new proteins. It helps to degrade 

proteins as soon as they are tagged for degradations. Similarly, ubiquitin 

proteosome system is also required for chloroplast development in A. thaliana 

(Ling et al., 2012). Ubiquitin also controls photoperiodic flowering in plants, by 

degradation of some proteins and ensuring the stability of the others (Pineiro and 

Jarillo, 2013). Ubiquitin modifications are also important at various levels of 

plant defense responses (Zeng et al., 2006). Ubiquitin mediated degradation of 

ethylene receptor; ETR1 has been shown recently in A. thaliana (Chen et al., 

2010). 

Constant expression of ubiquitin gene is necessary for validations under given 

environmental conditions. Ubiquitin was also identified as the best internal 

control gene along with beta tubulins and GAPDH under herbicide stress in 

grasses (Petit et al., 2012), in the vegetative tissue samples of root, leaf and stem 

taken from young tissues and flowers and fruit at different developmental stages 

in peach (Tong et al., 2009) and in late maturing photoperiod sensitive cultivar 

of soybean (Jian et al., 2008; Ruibo et al., 2009). It has been shown as a good 

internal control gene to study biotic and abiotic stresses O. sativa (Jain et al., 

2006). Similarly, validity of Ubiquitin-10 as a reference was analyzed in sea 

grass (Zostera marina) under the heat stress (Ransbotyn and Reusch, 2006), in 

the qRT-PCR profiling of over 1400 A. thaliana transcription factors 

(Czechowski et al., 2005), in six different genotypes and tissues of root, stem, 

flower and fruit of citrus (Jiawen et al., 2012) and also in cucumber under abiotic 

stress and growth regulators (Migocka and Papierniak, 2011). Its stable 

expression is also reported in bamboo (Phyllostachys edulis) in a set of six tissue 

samples of root, stem, mature stem, leaf, flower, and leaf sheath and at two 

different developmental stages, i.e., before and after flowering (Fan et al., 2013). 
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Its expression is constant under different environmental conditions (Kawalleck et 

al., 1993). Because of its stable expression under different biotic and abiotic 

stresses in plants, it can be used as internal control gene after careful validations 

under given conditions. 

1.3.5 Glyceraldehyde-3-Phosphate Dehydrogenase 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene encodes a classical 

glycolytic enzyme of about 37 kDa. It catalyzes Glyceraldehyde-3-phosphate 

conversion to 1, 3-bisphosphiglycerate in the sixth step of glycolysis. Every cell 

harvests energy as its own demands. Glycolysis is the first phase of both aerobic 

and anaerobic respiration. In plants, it is an integral enzyme of Calvin cycle. 

GAPDH is a marker enzyme of chloroplasts (Cerff and Chambers, 1979). Being 

a vital enzyme of glucose metabolism, GAPDH is functionally required by every 

prokaryotic and eukaryotic cell. Apart from being important enzyme of energy 

metabolism, GAPDH also performs some other non-metabolic roles in the cell. It 

is found to be involved in activation of transcription, apoptosis initiation and 

transport of vesicles from endoplasmic reticulum to golgi apparatus. 

In gene expression data, GAPDH is very commonly used as an endogenous 

reference gene for relative quantification by real-time PCR. GAPDH was 

validated as an internal control gene with constant expression in chickpea (Cicer 

arietinum). It also showed constant expression in all developmental stages of 

Brassica juncea (Chandna et al., 2012). GAPDH gene has shown the most stable 

expression in all samples differentiated on the basis of varieties, tissues and 

developmental stages of L. chinensis plant (Zhang et al., 2011). It was also 

studied as reference gene in roots and leaf tissues of C. intybus (Maroufi et al., 

2010). Similarly, Qi et al., (2010) found GAPDH and ubiquitin as stable genes in 

Brassica rapa under drought and biotic stress of downy mildew infection.  
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1.3.6 Elongation Factor 1 Alpha 

Elongation factor alpha 1 (EFα1) is a vital enzyme for protein synthesis in the 

cell. It binds to aminoacyl tRNA complex of ribosome and is a GTP dependent 

event (Song et al., 1989). Eukaryotic elongation factor alpha has four subunits. 

Its most abundant subunit is eukaryotic elongation factor 1A (EFα1A) which is a 

globular protein and constitutes 3 to 10% of the total proteins in the cytoplasm 

(Merrick, 1992; Hershey et al., 1996). It is very important protein and is a part of 

proteins involved in translation process at ribosome levels. This gene has 

multiple copies on different chromosomes. At least one actively coding gene of 

transcription factor alpha is required for the cell viability (Cottrelle et al., 1985). 

In many cell types, it is the most abundant protein of translational machinery. 

High expression of EFα1 is studied in endosperm of Z.mays and wheat 

germplasm (Habben et al., 1995). The activity of EFα1 promoter of A. thaliana 

was also investigated in transgenic Arabidopsis plants quantitatively and 

histochemically in transgenic plants in comparisons to control plants (Curie et 

al., 1993). EFα1 gene was also studied as a reference gene in Brachypodium 

under various stressed conditions and hormonal regimes (Hong et al., 2010).  

1.3.7 RNA polymerase II genes  

RNA polymerases play central roles in gene regulation to direct 

multidimensional cellular processes of living organisms. RNA polymerase II is 

an enzyme of eukaryotic cells. It is a very complex protein of 12 subunits and 

mass of 550 kDa. Genes for this enzyme are scattered through the genome. Gene 

coding for the second largest subunit of this enzyme is highly conserved and 

showed more than 85% amino acid similarity among similar gene of fungi, 

plants and animals (James et al., 1991). UV-induced pyrimidine dimmers, block 

the progression of both DNA and RNA polymerases. RNA polymerase II 

expression analysis showed stable expression in all the cells under pyrimidine 

dimers repair stress (Fidantsef and Britt, 2011).  
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1.3.8 Cyclophilins 

Cyclophilins are found in archeobacteria, eubacteria and eukaryotes (Galat, 

1999) and play important role in folding of newly synthesized proteins. It is also 

involved in peptide bond isomerization at proline residues (Brandts et al., 1975). 

Cyclophilins are characterized from tomato (L. esculentum), maize (Z. mays), A. 

thaliana, rice (O. sativa) and many other plant species (Kumari et al., 2009; 

Romano et al., 2004). Cyclophilins are also present in DNA containing 

organelles, mitochondria and chloroplasts (Romano et al., 2004). 

Due to stable expression of cyclophilin under biotic and abiotic stresses, it is 

commonly used as reference gene for qRT-PCR analysis. Stable expression of 

cyclophilins was also observed in potato (Solanum tuberosum) infected with F. 

solani (Godoy et al., 2000) and tomato roots infected with virus and viroids 

(Mascia et al., 2010). Cyclophilins are also reported as the best reference gene 

along with elongation factor 4B in Eucalyptus under abiotic stress of 

acibenzolar-s-methyl (Boava et al., 2010). Validations of cyclophilin genes have 

also been studied as reference gene in bamboo (Phyllostachys edulis) (Fan et al., 

2013).  

1.4 Validation of the internal control genes 

It is important to validate the candidate genes selected for the gene expression 

studies because variations in the expression can introduce or mask the exact 

expression pattern of the target genes rendering the meaningless or misleading 

results (Bustin, 2002; Dheda et al., 2004; Huggett et al., 2005; Tricarico et al., 

2002). Compared to the animals, relatively few reports are available for the 

validations of reference genes in model plants with sequenced genome 

(Gutierrez et al., 2008). Validations of reference genes for qRT-PCR 

normalization has been done in tomato under abiotic stresses like nitrogen, cold 

and light (Lovdal and Lillo, 2009) and also for the quantitative gene expression 

analyses in roots, stems, leaves, flowers and fruits of B. chinense (Dong et al., 
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2011). Actin, tubulin and ubiquitin have shown highly variable expression 

among various plant species under different treatments (Kim et al., 2003; Wan et 

al., 2009; Czechowski et al., 2005; Nicot et al., 2005; Jian et al., 2008; Martin et 

al., 2008) but still researchers are widely using these genes as internal control 

genes for expression studies under abiotic stresses in sunflower (Paula et al., 

2011; Hewezi et al., 2006). Recently, there are several evidences of the 

evaluations and validations of candidate internal control genes in plants such as 

rice (Jain and Khurana, 2009; Kim et al., 2003; Narsai et al., 2010; Jain et al., 

2006), potato (Nicot et al., 2005), perennial ryegrass (Martin et al., 2008), A. 

thaliana (Czechowski et al., 2005), soybean (Jian et al., 2008; Brechenmacher et 

al., 2008), Darnel ryegrass (Dombrowski and Martin, 2009), Brachiaria 

brizantha (Silveira et al., 2009), poplar (Brunner et al., 2004), grape berries 

(Reid et al., 2006), tomato (Exposito-Rodriguez et al., 2008; Lovdal and Lillo, 

2009), Orobanche ramose (broomrape, a parasitic plant) (Gonzalez et al., 2008), 

wheat (Paolacci et al., 2009), coffee (Barsalobres et al., 2009), maize 

(Scholdberg et al., 2009), peach (Tong et al., 2009), chicory (Maroufi et al., 

2010), longan tree (Lin and Lai, 2010), garden Petunia (Mallona et al., 2010), 

faba bean (Díaz et al., 2010), tobacco (Schmidt and Delaney, 2010), Salvia 

miltiorrhiza (Yang et al., 2010), cotton (Artico et al., 2010), flax (Huis et al., 

2010), cucumber (Wan et al., 2009) and water lily (Luo et al., 2010). None of the 

internal control genes have ever been validated for wild or medicinal plants. 

These plants are major part of our flora and have several medicinal and 

sometimes economical values.  

1.5 Validation methods 

No single gene is adequate for the gene expression studies in organism under 

given conditions. There are several methods available for the selection of 

internal control genes for the normalization with two or more stable internal 

control genes of plants or animals by normalization to the geometric means of 

the selected internal control genes (Vandesompele et al., 2002) e.g., ∆Ct 
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approach (Silver et al., 2006), geNorm (Vandesompele et al., 2002), , Stability 

index (Brunner et al., 2004), NormFinder (Andersen et al., 2004) and 

BestKeeper (Pfaffl et al., 2004). These algorithms were developed in order to 

evaluate the suitability of reference gene(s) for the normalization for real-time 

PCR data of given biological sample under given conditions (Vandesompele et 

al., 2002; Pfaffl et al., 2004; Andersen et al., 2004).  

Studies have shown that a number reference genes can be used to identify the 

best suited internal control gene for the normalization of real-time PCR data 

under specific conditions, this evaluation has been done in various organisms 

including animals (Chen et al., 2008; Dong et al., 2011), microbes (Hacquard et 

al., 2012), Arabidopsis (Czechowski et al., 2005), tomato (Lovdal and Lillo, 

2009), Petunia hybrida (Mallona et al., 2010), rice (Jain et al., 2006), soybean 

(Jian et al., 2008), coffee (Cruz et al., 2009), citrus (Jiawen et al., 2012), 

B.chinense (Dong et al., 2011), wheat (Long et al., 2010) and S.miltiorrhiza 

(Yang et al., 2010). 

1.5.1 geNorm 

Single internal control gene that is highly stable in its expression can be 

considered as the most favorable for the normalization of gene expression data 

under given conditions but sometimes, the use of two or more genes as internal 

control for the accurate and reliable data analysis is preferable. geNorm is a 

method that determines the number of the best internal control genes required for 

the normalization of gene expression data in any set of samples (Vandesompele 

et al., 2002). The principle of this approach is to calculate the normalization 

factor (NF) of two genes that shows the highest expression stabilities and then it 

adds other internal control genes stepwise in descending order of their gene 

expression stability values. As a result, pairwise variations (V) of NFn and 

NFn+1 are calculated that measures the effect of additional internal control genes 

on NF. It gives a cut-off value below which there is no need of additional 

internal control gene. The optimal cutoff V value should be around 0.15 
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(Vandesompele et al., 2002). geNorm is considered one of the best methods to 

determine the most stable gene in plant research (Gutierrez et al., 2008; Jain et 

al., 2006). This software is used for the validations of housekeeping genes as 

internal control for gene expression studies in citrus (Jiawen et al., 2012), rice 

(Jain et al., 2006), chicory (Maroufi et al., 2010), Bupleurum chinense (Dong et 

al., 2011), herbicide stress response in grasses (Petit et al., 2012), the expression 

studies in the sexual and apomictic grass Brachiaria brizantha (Silveira et al., 

2009), various tissues of Anoectochilus roxburghii (Zhang et al., 2011), 

dinoflagellate Prorocentrum minimum (Guo and Jang, 2012). However it has a 

tendency to assign close rankings to several co-regulated genes, whose 

expression ratios show less pairwise variations than those of independently 

regulated genes (Vandesompele et al., 2002).  

1.5.2 NormFinder 

NormFinder program is a visual basic application of Microsoft Excel and is used 

frequently for the determination of the expression stabilities of reference genes 

that ranks all the reference candidate genes based on intra- and inter-group 

variations, it generates a stability value for each candidate reference gene 

(Andersen et al., 2004). The Normfinder software 

(http://www.mdl.dk/publicationsnormfinder.html), another example of a VBA 

applet and its principle is based on a variance estimation approach which ranks 

the genes according to their stability under a given set of any experimental 

conditions. As a result, the more stable the expression of a gene is, the lower is 

its expression stability value (Andersen et al., 2004). NormFinder has been 

reported to be used for the validations of internal control genes for gene 

expression studies in chicory (Maroufi et al., 2010), in response to herbicide 

stress in grasses (Petit et al., 2012), for the genome wide identification and 

evaluation of novel internal control genes for qRT-PCR based transcript 

normalization in wheat (Long et al., 2010). 
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1.6 Validations of plant internal control genes under abiotic stress 

Biotic and abiotic stresses are two main factors affecting the plant growth and 

production. Living organisms like fungi, bacteria and viruses can also create 

stress conditions for plants (Dangl and Jones, 2001) and ultimately can lead to 

the activation of several defense systems of the plants (Collinge and Boller, 

2001). Abiotic stress have negative effects on plant growth and any fluctuations 

in environmental conditions can lead several surveillance mechanisms (Kvaalen 

and Johnsen, 2008). The affect of cold shock proteins under abiotic stress was 

studied extensively in A. thaliana during growth and seed germination (Park et 

al., 2009). The studies on the molecular and physiological analysis of drought 

stress revealed several initial responses that lead to acclimations of Arabidopsis 

(Harb et al., 2010). Similarly, heat stress leads to chloroplast swelling and 

plastoglobule formation in Arabidopsis leaves (Zhang et al., 2010). The effect of 

cadmium, copper and flavonoids was also analyzed in Arabidopsis seedlings 

(Keilig and Jutta, 2009). Validations of a set of internal control genes for 

herbicide stress response in grasses have been reported (Petit et al., 2012). Stable 

internal control genes were identified and validated for heat induced gene 

expression studies in Agave americana (Aman et al., 2012). 

We selected Chenopodium album, Ficus carica and Mentha spicata for the 

validations of suitable internal control genes of these wild plants treated with 

different types of abiotic conditions. This will be the first report on the 

validations of internal control genes in these wild plants for their potential use 

for the normalizations of real-time PCR data. These plants are useful for 

validation studies as they are wild and no work has been done so far on the gene 

expression in these plants. This work will also help in understanding the 

molecular mechanisms of several key genes of different pathways of these plants 

and other related wild plants by using these internal controls for the 

normalizations. We used geNorm and NormFinder approaches for suggesting 

two or more suitable internal control genes for the selected stress conditions 
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including cold, drought, heat, metal, salt and growth hormone stresses. Our 

results will be useful for gene expression studies in other similar plants and will 

provide insight into the knowledge of gene expression of target genes to 

understand several metabolic and developmental processes.  



  Objectives 

Identification and validation of different housekeeping genes for real  
time RT-PCR in plants 19 

 

1.7 Objectives of the study 

The principal objective of this study is to identify stably expressed internal 

control genes and validations by real-time PCR under multiple environmental 

stresses in selected plants; C. album, F. carica and M. spicata. The expression of 

these internal control genes remained consistent under given experimental 

conditions in one plant or tissue(s). The knowledge of these internal control 

genes will help to study the key pathways behind the underlying mechanisms of 

these wild and medicinally important plants. Following are the stepwise 

objectives of this study. 

 To identify and characterize set of selected internal control genes of three wild 

plants (C. album, F. carica and M. spicata).  

 To study the effect of different environmental stresses (heat, metal, cold, 

drought, growth hormones and salt stress) on internal control gene stabilities of 

C. album, F. carica and M. spicata. 

 To validate the most suitable gene/genes for gene expression studies in the above 

three selected plants under different conditions. 

We presented all the experimental data and related interpretations of above 

mentioned objectives in form of different chapters of this thesis. First we 

identified and characterized a set of different internal control genes including 

ubiquitin (Ubq), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), actin 

alpha (Act α), actin (Act), elongation factor α-1 (EFα1), 18S ribosomal RNA 

(18SrRNA), β-actin (β-act), beta tubulin 1 (β-tub1) and beta-tubulin (β-tub) from 

three different economically or medicinally important plants, C. album, F. carica 

and M. spicata. And in the last part, we validated the above mentioned genes of 

C. album, F. carica and M. spicata treated with various abiotic stresses. 

Conclusively, we suggested set of good reference genes to study the gene 

expression patterns in these three wild plants in future to explore key players of 

different underlying pathways.  
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Material and Methods 

2.1 Plant materials and growth conditions 

We selected three different plants (Chenopodium album, Ficus carica and 

Mentha spicata) for the identification, sequencing, characterization and 

validations of nine internal control genes including three isoforms of actin 

(actin, β-actin and actin α), two isoforms of tubulin (β-tubulin and β-tubulin-1), 

GAPDH, EFα1, ubiquitin, and 18S ribosomal RNA gene under different abiotic 

stresses (heat, drought, cold, salt, growth hormone and metal stress).  

1) Chenopodium album 

 C. album is a dicot C3 weed, commonly known as Fat hen, spread all 

over the world, that can tolerate extreme environmental conditions like semi-

arid, light-saline and other severe abiotic conditions (Yao et al., 2010). The 

leaves and young shoots of C. album plants are used as a vegetable. Now a 

days, the leaves of this plant are frequently being used for biosynthesis of silver 

and gold nanoparticles (Dwivedi and Gopal, 2008). C. album is a wild, edible 

plant and becoming famous due to its importance in research. There is no 

report on the validation of any reference gene used for the normalizations of 

expression data of this plant. Germination of C. album seeds was done in 

plastic trays containing a mixture of calcined-clay and potting soil (1:1 V/V) in 

controlled environment growth chambers at either low (26 °C/20 °C day/night) 

growth temperature regimes with 350 mmol/m2 per second photosynthetic 

photon flux density (PPFD). 

2) Ficus carica 

 F. carica commonly referred as “Fig plant”, is a dicot and belongs to 

family Moraceae. It is indigenous to Middle East and mainly to Mediterranean 

basin (Sadder and Ateyyeh, 2006). The fig tree is famous for its fruit and is 

cultivated in temperate zone, it has also been investigated for its products like 
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proteolytic enzymes, organic compounds, and natural rubber (Kang et al., 2000). 

It has high agricultural and economical value but the physiological and 

biochemical traits of the fig tree has not been investigated very briefly (Kim et 

al., 2003). Its fruit is used as food and laxative for children’s cold symptoms. It 

can also be used as expectorant, emollient and analgesic. Fresh figs can be used 

for the treatments of boils and small tumors. Its white milky juice extracted from 

the stems and leaves, is used for the removal of warts (McGovern, 2002; Rubnov 

et al., 2001; Perez et al., 1999; Canal et al., 2000). It is a wild plant with high 

medicinal values, no internal control gene have been isolated and validated from 

this plant so far. We selected this plant for the validations of internal control 

genes for future gene expression studies under various abiotic stresses. Wild 

plant samples were collected from different locations of Islamabad. 

3) Mentha spicata 

     M. spicata (Spearmint) is herbaceous, rhizomatous and perennial 

plant belongs to family Lamiaceae. The leaves of this plant produce an 

essential oil used for flavor in candies, gums, ice creams and drinks. It is also 

used commercial preparations of hygienic products like toothpastes and mouth-

washes. It is used in many places as alternative treatments due to its antiemetic, 

antispasmodic, antiseptic, carminative, diuretic, restorative, stimulant, 

stomachic and tonic properties. We selected this wild plant due to its medicinal 

value for the validations of internal control genes. We used growth chambers to 

germinate the seeds of this plant in plastic trays at (26°C/20°C day/night) 

growth temperature regimes with 350 mmol/m2 per second photosynthetic 

photon flux density (PPFD).  

2.2 Treatments or stress conditions 

We treated the above mentioned plants with different types of abiotic stresses 

including heat, drought, cold, salt and metal stress for the identification, 

sequencing, characterization and validations of novel internal controls genes 

specific to these plants for gene expression studies. Almost 8-10 weeks old 
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plants were treated independently in three biological replicates with six types of 

abiotic stresses as described below.   

Heat stress was given to C.album plants by incubating the leaves of C. 

album at different temperatures (30 ºC, 35 ºC and 37 ºC) for 4 hours in 

sterilized incubation buffer (1% sucrose [W/V], 1 mM KPO4 pH-6 [V/V] and 

0.02% Tween-20) (Haq et al., 2013). While the leaves of control plants were 

incubated at 25 ºC for 4 hours in the same sterilization incubation buffer (Haq 

et al., 2013). Cadmium salt (CdCl2.2.5H2O) was used for heavy metal stress 

and C. album plants were incubated in different concentrations of cd solutions 

(10, 15 and 20 mM) for 3 hours with appropriate controls (Haq et al., 2013). 

Similarly, drought stress was given by placing whole plants on dried tissue 

papers for 1, 3 and 5 hours, while the control plants were kept on wet tissue 

papers for 5 hours. Cold stress was imposed on the C. album plants by 

incubating the potted plants at 4 ºC for 3, 6 and 9 hours. While the control 

plants were kept at 25 ˚C. Sodium chloride was used for salt stress by 

incubating C. album plants in 200, 400 and 600 mM NaCl solution, while 

control plants were incubated in distilled water (Haq et al., 2013). Leaf samples 

from all of above treatments and control plants were collected and stored at -80 

ºC for RNA isolation and expression studies. 

F. carica plants were independently treated with four different abiotic 

stresses including, cold, drought, growth hormone and salt stress. Drought 

stress was by placing 12 weeks old  plant on dried tissue paper for 1, 3 and 5 

hours, while the control plants were kept on wet tissue paper for the same 

duration. Cold treatment was given by placing the potted plants at 4 ºC for 3, 5 

and 7 hours. While the control plants were kept at 25 ˚C. Sodium chloride was 

used for salt stress by incubating the plants in 200, 400 and 600 mM NaCl 

solution with appropriate controls kept in distilled water only for 5 hours. 

Similarly, growth hormone stress was given by incubating the plants in 0.5µM 

solutions of three plant hormones (IAA, NAA and 2,4 D). While the control 
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plants were kept in distilled water for four hours and all the samples were stored 

at -80 ºC for further processing. 

Four different abiotic stresses including heat, cold, drought and salt stress 

were given to M. spicata.  For heat stress, the plants were incubated at different 

temperatures (30 ºC, 35 ºC and 37 ºC) for 4 hours in sterilized incubation buffer 

as described above, while the control leaves were incubated at 25 ºC for 4 hours 

(Shakeel et al., 2011). Drought stress was given by placing the whole plants on 

dried tissue papers for 1, 3 and 5 hours, while the control plants were kept on wet 

tissue papers for the same duration (Haq et al., 2012). For cold stress, the potted 

plants were kept at 4 ºC for 3, 6 and 9 hours. While the control plants were kept 

at 25 ˚C for 3-9 hrs. Different concentrations of sodium chloride (200, 400 and 

600 mM NaCl) were used for salt stress by incubation in NaCl solution for five 

hours. Control plants were incubated in distilled water only for 5 hours (Haq et 

al., 2013). Samples were collected from all treated and control plants and kept at 

-80 ˚C.   

2.3 Primer design and genomic DNA amplification 

Gene-specific primers were designed for Ubiquitin, Actin, Actin α, β-

tubulin, GAPDH, EFα1, β-actin, β-tubulin-I and 18S ribosomal RNA gene from 

conserved regions of these known housekeeping isoforms downloaded from 

NCBI database (http://www.ncbi.nlm.nih.gov/) (Aman et al., 2012; Banaras et 

al., 2012). The genomic DNA was extracted from C. album, F. carica and M. 

spicata to amplify by using gene specific primers of selected internal control 

genes (Table-1) at PCR conditions: denaturation at 95 °C for 5 min, followed 

by 94 °C for 45 s, 55 °C-62 °C for 45 s, 72 °C for 1 min, for a total of 35 

cycles. Finally, the extension of the amplified products was done at 72 °C for 5 

min followed by incubation at 15 °C for 15 min. The amplified products were 

analyzed on agarose gel electrophoresis for subsequent analysis and 

sequencing.  
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2.4 Sequencing and analysis of partial sequence of selected internal control 

genes 

All the amplified internal control genes of C. album, F. carica and M. 

spicata plants were sequenced and submitted to gene bank (accession numbers 

KC898957-KC898977) after the purification of PCR products by using rapid 

PCR Kit (Marligen, USA) as recommended by manufacture. All the PCR 

purified samples were incubated in water bath at 55°C for 5 min after addition 

of 8μl of resuspended silica powder. Samples were vortexed and centrifuged at 

13000g for 10 sec followed by three washings with 500μl ice cold sequencing-

wash buffer. The respective pellets were individually dissolved in 30μl of 

preheated TE at 65°C. The samples were incubated at room temperature for 

3min followed by a short spin at 13000g for 3 min and purified products were 

confirmed by running on 1.8% agarose gel. Sequencing PCR was done at 95°C 

for 1min, followed by 95°C for 30 seconds, 55°C-62°C for 30 seconds, 72°C 

for 4min, for 30 cycles with final elongation step at 72°C for 10 min. Finally 

the PCR products were purified and resuspended in 20μl Hi-Dye Formamide 

(HDF) for sequencing in ABI-310 sequencer by Sanger Dideoxy Chain 

termination method. BLASTn was used to find out the similarity of all the 

genes with other known sequences downloaded from gene bank as given in the 

results section. Similarly multiple sequence alignments were done by using the 

UPGMA option of ClustalW software followed by construction of phylogenetic 

trees.  

2.5 RNA isolation, cDNA synthesis and RT-PCR 

Total RNA was isolated from the leaf samples of all the selected plants 

with and without respective abiotic stresses in three biological and three 

experimental replicates using TRI Reagent (MRC, TR#118) according to the 

manufacturer’s instructions. RNA quantification was done by Nanodrop 

spectrophotometer (ND/-1000 ) at 230, 260 and 280 nm. A total of 5μg of RNA 

from each sample was treated with DNase I (RNase-free) (Fermentas Cat.# 
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EN0521) followed by first strand cDNA synthesis using Revert Aid first strand 

cDNA synthesis Kit (Fermentas Cat.# K1621). Respective transcript of each 

internal control gene was amplified in all the three selected plants using real-

time PCR. 

2.6 Real-time PCR 

Relative quantification of all the selected internal control genes was 

done by using Applied Bio-Systems 7500 Fast Real Time PCR system. Real-

time RT-PCR was carried out in a 96-well reaction plate using a reaction 

mixture prepared by adding 12.5μl of the Maxima SYBR Green qPCR Master 

Mix (2X), forward primer 0.3 μM, reverse primer 0.3 μM, template DNA 

(<500ng) and nuclease-free water to 25μl. Thermal cycling was performed 

using a two-step cycling procedure that was repeated three times for three 

individual biological replicates. Uracil DNA Glycosylase (UDG) pre-treatment 

at 50 ºC for 2 min, initial denaturation at 95 ºC for 10 mins followed by 

denaturation at 95 ºC for 15 s, annealing and extension at 55 ºC-60 ºC for 60 s 

for a total of 40 cycles. Non-treated samples were also used for each run as 

controls. Real-time PCR was done in three replicates with the same sample. 

Data analysis was done by using ABI SDS software according to 

manufacturer’s instructions. All the transcripts were amplified in triplicates 

using Ubiquitin, Actin, Actin α, β-tubulin, GAPDH, EFα1, β-actin, β-tubulin 1 

and 18S ribosomal RNA gene specific primers. Melting temperatures of all the 

primers used ranged from 55-60 ºC for the real-time PCR as discussed in the 

results Table-1. 

2.7 Statistical analysis for stability of reference gene  

The stability of candidate reference genes was evaluated independently 

by using geNorm and NormFinder algorithms. Real-time PCR efficiencies 

were determined by slope of a linear regression model (Pfaffl et al., 2004) for 

each of the putative internal control gene of selected plants treated with 
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different types of abiotic stresses as explained above. Ct values were 

determined for each sample by using ABI SDS software. To analyze the gene 

expression stabilities, we used geNorm v3.4 software (Vandesompele et al., 

2002). All the tested genes were ranked according to their stability and 

appropriate reference genes were selected in each case. Similarly, NormFinder 

was used to identify the optimal normalization of a gene among the set of 

candidate internal control genes. This software generates an descending 

ordered ranking list of candidate internal genes after normalization according to 

their stabilities based on their expression patterns in a given set of HKGs under 

given experimental conditions (Andersen et al., 2004). 
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Results 

3.1 Internal control gene identification and characterization from selected 

wild plants 

For the selection of the best reference/internal control gene for gene 

expression studies of C. album, F. carica and M. spicata, the respective plants 

were treated with different types of abiotic stresses (heat, cold, metal, drought 

and salt stress). We designed gene specific primers by aligning known 

orthologs or homologues of nine selected candidate reference genes including 

ubiquitin (Ubq), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), actin 

alpha (Act-α), actin (Act), beta actin (β-act), elongation Factor α-1 (EFα1), 

18S ribosomal RNA (18S rRNA), beta-tubulin (β-tub) and beta-tubulin-1 (β-

tub-1). The gene names, accession numbers, plant names, primer sequences 

with their melting temperatures, approximate product sizes and average PCR 

efficiencies are given in Table 3.1. These primer pairs were initially used to 

amplify the respective C. album, F. carica and M. spicata transcripts (control 

and treated samples) by RT-PCR and qRT-PCR after initial confirmation for 

the presence of single band and peak in Tm analysis. All the seven amplified 

products of transcripts of C. album specific Ubq, GAPDH, Act-α, Act, EFα1, 

18S rRNA and β-tub genes of approximate sizes of 450, 300, 220, 350, 100, 250 

and 250 bp in size were run on agarose gel as shown in (Figure 3.1a) followed 

by sequencing and genbank submissions after initial analysis. Nine candidate 

internal control genes including Ubq, GAPDH, Act-α, Act, EFα1, 18S rRNA, β-

tub, β-act and β-tub-1 gene of approximate size of 450, 300, 220, 350, 100, 

250, 250, 250 and 110 bp were identified from F. carica (Figure 3.1b). 

Similarly, eight gene fragments including Act, Ubq, 18S rRNA, β-tub, Act-α, 

EFα1, GAPDH, β-tub-1 of 350, 450, 250, 250, 250, 100, 300, 150 bp sizes 

respectively were identified from M. spicata (Figure 3.1c), the sequences were 

then analyzed by using bioinformatics tools followed by submission to the 
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genbank (Figure 3.2). We used different bioinformatics tools to analyze these 

sequences in C. album, F. carica and M. spicata as explained below. 

a. Confirmation of partial sequences of 18S rRNA gene 

  We first analyzed newly sequenced partial 18S rRNA gene of C. album, 

F. carica and M. spicata to find the similarities with other known sequences 

from databases by using BLAST. Our results have shown ~98% maximum 

identity (~E-value of 2e-73) with different plants like Agave americana, 

Ferrocactus glausescens, Arabidopsis thaliana, Coffee arabica, Pisum sativum, 

Eruca sativa  and Nicotiana tabacum. This confirmed that the sequenced 

products were of 18S rRNA gene of C. album, F. carica and M. spicata.  

To further analyze the sequences similarities of this C. album gene with a 

group of known plants, we downloaded several orthologs of 18S rRNA gene 

from different plants like F. carica, A. americana, F. glausescens, C. decidua, 

C. procera, C. tetragonaloba, E. sativa, M. royleana, P. juliflora, N. tabacum, 

C. frutescens, C. arabica, O. sativa, M. truncatula, A. thaliana, B. olaracea and 

H. orientalis. Multiple alignments have shown highly conserved nature of this 

18S rRNA gene of C. album and F. carica, while the partial sequence of 18S 

rRNA gene of M. spicata has shown some variations in the sequence indicating 

the existence of some changes during the process of evolution (Figure 3.3). 

Similarly, phylogenetic analysis has grouped together C. album with C. 

procera, F. glaucescens and P. juliflora, showing similarities of their partial 

sequences of 18S rRNA gene. F. carica was in a separate group along with C. 

decidua, C. tetragonaloba, C. arabica, P. hispidum and M. truncatula. M. 

spicata internal control genes have shown similarity with S. lycopersicum, I. 

hederacea, S. indicum, B. violifolia, M. basjoo, T. angustifolia, P. sativum and 

grouped together with these plants in one of the major sister clade of 

phylogenetic tree (Figure 3.4).  
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b. Confirmation of partial sequences of Actin, Actin-α and β-actin 

(Isoforms) genes 

We selected three isoforms of the actin gene (Act, Act-α and β-act) for 

validations of internal control genes for expression analysis of C. album, F. 

carica and M. spicata. All  these isoforms have shown ~91% maximum 

identity (~E value of 2e-45) with other known orthologs like Mimosa pudica, 

Prunus avium, Carica papaya, Litchi chinensis, Helianthus annus, Brassica 

napus, Glycine max and Nicotiana tabacum. Two isoforms of actin gene (Act 

and Act-α) were identified and sequenced in C. album, while we could not 

identify and sequenced β-act from this plant. All the three isoforms of actin 

gene (Act, Act-α and β-act) were identified and characterized in F. carica and 

we were able to sequence only two isoforms (Act and Act-α) from M. spicata. 

The alignment of all of these sequences with G. max, S. lycopersicum, G. 

hirsutum, L. chinensis, N. tabacum, H. annus, M. truncatula, P. trichocarpa, P. 

avium, M. pudica and B. napus showed high degree of conservation of actin 

gene (Act and Act-α). While Act-α isoform have shown less conservation 

indicating the evolutionary pressure on this part of gene in these plants (Figure 

3.5, 3.7 & 3.9). 

Phylogenetic analysis based on actin gene has placed C. album with the 

F. carica, M. spicata and G. max showing that the actin gene in all these plants 

is highly conserved and they share a common ancestor. M. spicata was grouped 

with A. thaliana, G. max, N. tabacum and C. album in the tree (Figure 3.6, 3.8 

& 3.10).  

c. Confirmation of partial sequences of β-tubulin and β-tubulin-1 

(isoforms) 

Two isoforms of β-tubulin gene (β-tubulin and β-tubulin-1) were identified 

from three selected plants except C.balbum; we could not amplify β-tubulin-1 

of C. album by using this set of primers. Newly identified genes have shown 

~87% maximum identity (~E-value 0.28) with other known orthologs of β-
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tubulin genes. For multiple alignments, we downloaded some known plant 

sequences of β-tubulin genes from genebank. The alignments have shown 

similarities with β-tubulin genes of Oryza sativa, E. grandis, Arabidopsis 

thaliana, Brassica napus, S. lycopersicum, Triticum aestivum, Zea mays. We 

observed few differences between the sequences of A. cepa and F. carica 

(Figure 3.11 & 3.13). In the phylogenetic analysis C. album was grouped with 

O. sativa and F. carica was placed in a separate group with A. cepa and M. 

spicata next to T. aestivum and Z. mays. This indicates the similarity of this 

newly sequenced M. spicata gene with these monocot plants (Figure 3.12 & 

3.14). 

d. Confirmation of partial sequences of GAPDH 

GAPDH gene was identified and sequenced from the three selected plants; C. 

album, F. carica and M. spicata. All of these gene sequences showed ~96% 

identity (~E-value 1.6) with several known GAPDH sequences including Oryza 

sativa, Lilium longiflorum, Cucurbita maxima, Zinnia elegans, Tragopogon 

dubius, Nicotiana tabacum, Aralia elata, Solanum tuberosum, Arabidopsis 

thaliana, Plantago major, Brassica juncea. We downloaded these sequences 

and aligned together with the newly isolated GAPDH fragments of C. album, F. 

carica and M. spicata.  Alignments showed the conserved nature of this part of 

GAPDH gene. The newly identified gene sequence of GAPDH showed 

similarity with T. dubius, N. tabacum, A. elata, S. tuberosum, A. thaliana, P. 

major, B. juncea, O. sativa, Z. elegans, L. longiflorum, C. maxima (Figure 

3.15). In phylogenetic analysis, C. album, F. carica and M. spicata were 

grouped together one after other indicating the evolutionary relation between 

the plants (Figure 3.16).  

e. Confirmation of partial sequences of Ubiquitin 

We identified and characterized Ubiquitin gene in C. album, F. carica and M. 

spicata too. Our results of BLAST showed ~89% maximum identity (E-value 
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of 2e-84) with several  orthologs of this gene like Pisum sativum, Helianthus 

annus, Arabidopsis thaliana, Brassica napus, Lotus japonicus, Capsicum 

annum, Populus trichocarpa, Oryza sativa, Triticum aestivum and 

Brachypodium distachyon. The alignment of these sequences all the above 

mentioned sequences showed conserved nature of this gene as expected. Few 

differences at various nucleotide positions are evidences of evolutionary 

pressure (Figure 3.17). Phylogenetic analysis showed the grouping of C. album 

next to P. sativum and F. carica was placed next to C. album showing the 

relatedness of the ubiquitin gene in both plants. C. album, F. carica and M. 

spicata were placed next to each other in the phylogenetic tree indicating the 

relationship between the ubiquitin partial genes of these plants (Figure 3.18). 

f.  Confirmation of partial sequences of Elongation factor α 1 (EFα1) 

The newly identified EFα1 gene sequences of C. album, F. carica and 

M. spicata showed ~77% similarity with only EFα1 gene sequence of Daucus 

carota. We could not find any other homologue or orthologues of this gene in 

the data base. Our results of alignments and phylogentic analysis have shown 

diverse nature of this gene with less common regions, though this data is too 

small for such type of analysis. This also shows that the EFα1 gene has not 

gain much importance from the plant scientists and it is still unidentified and 

uncharacterized in several plants (Figure 3.19 & 3.20). 
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3.2  Validation of C. album internal control genes by using real-time 

PCR 

 

C.album 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abiotic stresses 

Salt, cold, heat, metal (Cd) and drought 

(Total 25 biological controls and stressed samples 

in 3 replicates each) 

RNA extraction 

cDNA synthesis 

Realtime PCR 

Statistical analysis by using 

different bioinformatics tools 

1. Tm curve analysis 
2. Expression analysis 
3. geNorm, NormFinder 
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There are several rate limiting steps in the selection of the best 

reference gene or internal control genes for expression studies including RNA 

quality/quantity, primer designing and testing. Therefore, we first analyzed 

these parameters on the selected samples amplified with all the selected 

candidate internal control genes as described below.  

Quality of RNA is one of the important factors which can cause the variability 

in the results of real time PCR. We accessed the quality of isolated RNA 

initially by A260/A280 ratios and A260/A230 ratios checked by NanoDrop as 

the presence of contaminants can decrease these ratios. In our samples, the 

quality of RNA was good enough to proceed based on these ratios. We used 

RNase-free-DNase I treatment to remove the traces of genomic DNA from 

each sample of isolated RNA. The second important factor which can increase 

the variability in qRT-PCR results is the quantification of the initial amount of 

RNA used for each set of cDNA synthesis. Therefore, we used NanoDrop to 

find out the concentrations of RNA and equal amounts of all the replicates of 

treated verses non-treated samples were used for accuracy. Melting curve 

analysis of all the primers used for qRT-PCR showed the presence of single 

peak and there were no primer di-mers observed in any case (Figure 3.21). 

Threshold cycle (Cq) values for all the seven candidate internal control genes 

were ranged from 18 to 33 (Figure 3.22). Taken together, all the RNA 

extractions and the primers used for this study were ideally good for relative 

quantification by qRT-PCR of C. album, F. carica and M. spicata.  

3.3 Measurement of expression stability of C.album internal control genes 

We treated C. album plants with five different abiotic stresses (heat, cold, 

drought, metal and salt) and respective transcripts were amplified and analyzed 

by using seven different internal control genes (Ubq, GAPDH, Act-α, Act, 

EFα1, 18S rRNA and β-tub). qRT-PCR was used to evaluate the expression 

stabilities of above mentioned internal control genes of C. album. The 

amplification curves were generated to determine the cycle threshold (Ct). The 
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mean Ct value (the average of three biological replicates) in treated samples for 

each gene was used to measure the expression stabilities by geNorm and 

NormFinder algorithms as explained in methods (Figure 3.23).   

3.3.1 geNorm analysis 

The M and V values of all the reference genes were individually 

calculated for each sample in three replicates. C. album plants treated at 32 °C, 

35 °C and 37 °C for 4 hours, while the control samples were kept at 25 °C for 

same period of time to check the expression stability of different genes. The M 

values of Ubq and EFα1 were the least; indicative of a good pair of internal 

controls for heat stress treatment at above conditions. Similarly for cold stress, 

C. album plants were kept at 4 °C for 3, 6 and 9 hours with appropriate control 

samples kept at 25 °C. According to our data, the average expression stability 

value (M) for EFα1 and Act-α was the lowest, showing strong evidence that 

EFα1 can be used as good C. album internal control in case of cold stress 

(Figure 3.23). For metal stress, the C. album plants were treated with different 

concentrations of cadmium chloride (10, 15 and 20 mM) and EFα1 and β-tub 

were found to be a pair of most stable genes after the geNorm analysis. We also 

applied different concentrations of NaCl salt solution (200, 400 and 600 mM) 

for salt stress and we found the same trend like in case of heat stress (lowest 

values for the pair Ubq and EFα1). Similarly, drought stress was given to C. 

album plants for 1, 3 and 5 hours and EFα1 and β-tub were selected as the pair 

of most stable genes under drought stress. We also observed carefully the V 

values generated by geNorm v3.4 and there is no need of additional internal 

controls in any case of our treatment to C. album as the V value was less than 

0.15 in all treatments and time points (Figure 3.24). A lower cutoff value of 

0.15 has been proposed for pairwise variations (V) recently (Vandesompele et 

al., 2002). Any V value higher than this cutoff value indicates that additional 

internal controls under given treatments are required for normalizations. 

Conclusively, Ubq, β- tub, Act-α and EFα1 were selected as good internal 
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control genes for C. album under all the selected abiotic stresses by geNorm in 

this study. No additional internal control genes are required for normalization 

of target gene expression under above selected treatments of C. album.  

3.3.2 NormFinder analysis 

For further verifications of suitable internal control genes for the C. 

album plant under different abiotic stresses, we used another algorithm, 

NormFinder, which selects the optimal normalization gene from a set of given 

genes and rank according to their suitability. The lowest stability value 

indicates the most stably expressed gene under given condition in given 

sample. Based on this algorithm, we found almost the same ranking of internal 

control genes under each abiotic stress like in geNorm analysis as shown in 

Table 3.2. EFα1 ranked highest for heat, drought and metal stress while Act-α 

and Ubq were found to be the best internal control for salt and cold stress.  

Summarized form of this part of my research provided the valuable information 

regarding identification, sequencing and validation of seven novel housekeeping 

genes of C. album for their use as potential internal controls for normalization of 

qRT-PCR data of different abiotic stresses. This is the first report on the 

validations of the internal control genes for gene expression studies of any wild 

plant. Different reference genes of C. album showed variable expression under 

one or the other type of abiotic stress suggesting that experimental conditions 

can variably affect the stability of the internal control gene. Ubq, β-tub, Actin-α 

and EFα1 were selected as good internal control genes for C. album under all 

abiotic stresses with EFα1 expressing as the most stable gene under all plant 

samples. No additional internal control genes are required for normalization of 

gene expression studies under the above mentioned treatments of these plants. 

Taken together, our results also suggest that a single reference gene with stable 

expression under certain condition may not be suitable to normalize target gene 

expression under other conditions as a careful evaluation of each internal control 

gene is required for specific experimental conditions (Tong et al., 2009).  
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Table 3.1: Selected internal control genes used for gene expression studies of 

C. album, F. carica and M. spicata 
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Figure 3.1: Genomic DNA amplification of nine candidate internal control 

genes under different abiotic conditions in (a) C. album, (b) F. carica, (c) M. 

spicata. Gene specific primers of 18S rRNA, Actin, β-tub, Ubq, GAPDH, Actin-α, 

β-actin, EFα1 and β-tub-1 genes were used to amplify genomic DNA of C. 

album, F. carica and M. spicata. All the amplified genes are shown with size 

markers and lanes with no amplifications are non-template controls (NTC).  
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>C. album Actin partial gene sequence (Genebank Id KC898957) 

TACATTGTGCTCAGTGGTGGTTCACTATGTTCCCTGGTATCGCTGATCGTATCA

GCAAAGAGATTACTGCTCTTGCCCCTACTACCATCAAGATCAAGGTTGTTGCTC

CACCTCAGAGAAAGTACAGTGTGTGGATACGAGGATCTATCCTTGCATCACTTA

CCACATTCCAACAGGTACTGCCCCTTCTCCCTTTCCCCTTGTACCACAATTCCA

ATGCACTTTATGATTCTGTCGAGGAGAATTATTAGAGTTATTCAGGGTACTACA

TTACTATATATCCTCAATATTTTGCAGATGTGGATCTCCAAGGGTCAGTATGAC

AAGTCACGTCCAAACCCCCTCTTCCTTCTAT 

>C. album Ubiquitin partial gene sequence (Genebank Id KC898958) 

TTGCGGAACACTCGAAAGGGCGCTCTCCCTGCCGAATACAACATCCAGAAGGAG

TCTACCCTTCACTTGGTGCTCCGTCTTCGTGGTGGTATGCAGATTTTCGTTACG

ACTCTTACCGGGAAGACCATCACTTTGGAGGTTGAGAGCTCCGACACCATTGAC

AATGTTAAGACCAAGATTCAGGACAAGGAAGGTATCCCCCCAGACCAGCAGAGG

TTTCATTTTCGCTGGTACGCAGCTCGAGGATGGCCGTCTTTGGCTCACTACAAC

ATCCAGAAGGAGTCCACTCTCCATTTGGTGCTCCGTTTGCAGGGAAGGAATGCA

AATTCCCGGTCAAGACTTGACCGGTACAACATCGACCACCGAAGGTTCATTCCC

GCCAACTCCACATTATTTACTCTACCAAAACATTCAGATATTGTATATACTCAG

TATACCACCTATCTCCGCCC 

>C. album β-tubulin partial gene sequence (Genebank Id KC898959) 

CCCCCGGCCCCCTCCCTCCCGGGTGGGGTTTCGCCCCCCTTTACCTCTCGTGGG

ATCCCAGCAGTATGTCTCCCTCACTGTCCCAGAGCTAACTCAGCAAATGTGGGA

TGCCAAGAACATGATGTGCGCTGCTGATCCCCGACATGGAAGGTACCTCACTGC

CTCTGCCATGTTCCGTGGTAAGATGAGCACAAAGGAAGTTGACGAGCAG 
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>C. album Actin-α partial gene sequence (Genebank Id KC898960) 

CCGCTTACCAATACTACTGGGCCGCTTTTATGGGAACTGCAGACATACACAGAA

CAGTCCCGCAGACAACTTGTTCAAATCCCTGTTGAGGGAACTATTATGTTGCGG

CTCTTGCAAATCCCTTTCAAAACCTCTTATTGTATCGGATTTTCCAAAAACTTG

GTCTTTATTGCGTCAATTGCAATGGGACATGTTCCGCTATTTCAATACCCCTTC

A 

>C. album EFα1 partial gene sequence (Genebank Id KC898961) 

CGGTCACAATACCTATATATATTACCCTCCGCGGTTGTTACGGTACAAATTGTT

TCTACGGGGGGGGCTTGGGGGGCCCTTATTGGAGCGAAGTTAGAGCAATTGGT 

>C. album GAPDH partial gene sequence (Genebank Id KC898962) 

TCTTCCTCATCCTGCTTGTTGTACAAGTCCAACATCAAAATTATCATCACAATC

CTGTACATACATCAGCTGTTCAGTTTCATCAAATATACTATGTACAGATTCCTC

AACACACATTGTTCTCTTATTATATACTCTATAGGCTTTACTATTTCAGGCATA

TCCTACGAATACTGCCTCATCACTACGTTCATCAAATTTTCCCAAATTCCTTTT

ACCATTGTTATGAACAAAGAATTTACAACCAAAAGATCTAAAGTACGAAATGTT

AGGTTTTCTCCCTTTACT 

>C. album 18S rRNA partial gene sequence (Genebank Id HQ827790.1) 

TCCGCTAGACCTTAAAAGGTTCTCCCGCCTTTTAGGCCACGGAAGTTTGAGGC

AATAACAGGTCTGTGATGCCCTTAGATGTTCTGGGGCCGCACGCGCGCTAACA

CTGATGTATTCAACGAGTCTATAGCCTTGAACCGACAGGTCCGGGTAATCTTG

GGAAATTTTCATCGTGGATT 

>F. carica GAPDH partial gene sequence (Genebank Id KC898963) 

AAAGTACTCTTCTATTGCCAACAAATTTCATACCTTACTTCTGTTGTGCAACAA

TTGGCTTTACCGGATTATGTGCAGGCATGTGGACTGTGTCCTATCATTGGGCAT

GTGACTTATATGTGTCCCACTCTCCAAGATTACTCATTTTATCATGCCAATGCA

GTTGGCGGTTTCCCAACGTTCCGAGCAACCATCTTTATCACAGCTTGCTTCATA
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TCTTCCTTTGTTGGTCACAGCAGGTCAAGCAGAGTACATATGGAGTTTTGTTGG

TTACAGCAGGTC 

 

>F. carica Actin-α partial gene sequence (Genebank Id KC898964) 

ACCCTACAGGGGTTCCATTACTCCCCCATCAGCCAGGATCATTGGGAAAGGTTT

CATTACGTATCGTCGGTCGTCGGAATTCAAAAGACTATCCGAACAAGGAAGTGG

AAAAGGAAGAAACTCCAATACGGATCCTTGGGAGGCCCAAACCGATATTGGAAA

CGTCACCAAACGCATGTACGTCAATATCTTACACTACATTTGTCAATGGAA 

 

>F.carica Actin partial gene sequence (Genebank Id KC898965) 

AACGGCCTTGTATGGAACATCGTGCTCAGTGGTGGTTCGACCATGTTCCCTGGT

ATTGCTGACAGGATCAGCAAGGAGATCACAGCACTTGCTCCTTGCAGCATCAAG

ATTAAGGTTGTCGCTCCACCGGAGAGAAAGTACAGTGTTTGGATTGGAGGGTCC

ATTCTCGCTTCCGTCACTACCTTCCAACAGGTAAACGCCATTCCGCAATCACCA

AATTTGGTATACCCTCTTCACTTATTCGTTCAAATCTACTATGCTTGTTTTGTC

ATCATTCCATGGGGTTTTCGGCGGTTATCCTCCCCCCATATATCCTCAATATTT

TGCAGATGTGGATCTCCAAGGGTCAGTATGAC 

 

>F.carica β-actin partial gene sequence (Genebank Id KC898966) 

ACGCAATACAACGCCAAGATTTACCCGGAAGCGTGTGTACCTTCAACCCCTACG

GTCAGAAGGAATTCAATCTCTATGGACAGTCTCGGAAGTCATCAACCAGACATG

GGACAAGGGACAAACTGTATCTTCTACCACTATCATTCCATTCAATCTTTTCAC

CTTACCGCTTTACTCCCNTTTCAAATCCTTTCAATCCTCTATTTCACCTTCGGG

GGGGGGGCCTGGGGGGCTCT 

 

>F.carica β-tubulin-1 partial gene sequence (Genebank Id KC898967) 

TACCTCAACTGCCTACTCACCATGTTACACGAGGAAAGATTAGACAACAAAGGA

AGTTGGAACGAAGGCAAAGCCCGATTACAGCGCCCCGCCGCGGCCTCAGCCGAC

CCGGTCCACG 
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>F.carica Ubiquitin partial gene sequence (Genebank Id KC898967) 

GGTCAAGGATACCAGAACACTCCATCCCGCCCACGTTCATTGCAGGACTACGAC

ATGCGGCTGGGCTCCTTCGACGAGATGCTGCTTGGGGCTTATTTGACTACGAAA

TGCTTTACTGTTTCAATAGGAACCTCTACTATCGCAGTGGAGAATAGTACCGGA

TTACATCGCCCGTGGAGAAGTGCGACGTACGTCGTGCCGGACAACGCAATTCGA

ACCAAATCGGTCGAAAGGGGCTCAAGGAATCCCACGGGACAAGGGAGGGGCATC

CCTCCCGACCAGCAGAGGCTTATCTTCGCTGGCAAGCAGCTCGAGGATGGAAGG

ACTCTGGCGGACGATTCACGGAGCTACTTCACGTCGACTCCGTCCTCTATGTCC

TTATCCACTTACCTCTACCAAAACATTCAGATATTGTATATACTCAGTATACCA

CCTATCTCCGCCC 

>F.carica β-tubulin partial gene sequence (Genebank Id KC898959) 

ACAAGACAAGATTATACGATCACTACTCGAACTCGTACACCTCAGACTTCAACC

CAGACAAGATGTGGGATGCAGAAGAAACATCATGTGCGACTGCTCGACCCTCGT

GCATCGGTCCGTGTACCTCAACTGCCTACTCACCATGTTACACGAGGAAAGATT

AGACAACAAAGGAAGTTGGAACGAAGG 

>F.carica EFα1 partial gene sequence (Genebank Id KC898961) 

CCTCTTTCACAAAGCGCAATCGGCCTGTTTACTGCTGCGCATACTCTGATATCA

GTCCCGGGGCATTGCCTTCATTTCTCTTTTCATCGGTTTTGTCTACATCCTTTA

C 

>F.carica 18S rRNA partial gene sequence (Genebank Id JX444507) 

TCCCGTTCGCGGCCAGCTTTCTTAGAGGGACTATGGCCGCTTAGGCCAAGGAAG

TTTGAGGCAATAACAGGTCTGTGATGCCCTTAGATGTTCTGGGCCGCACGCGCG

CTACACTGATGTATTCAACGAGTCTATAGCCTTGGCCGACAGGCCCGGGTAATC

TTGGGAAATTT 

>M.spicata actin partial gene sequence (Genebank Id KC898969) 

AAGGATTTGTATGGAAACATCGTGCTTACTGGTGGATCGACTATGTTCCCTGGA

ATTGCAGATACGATCAGTTACGAAATACCGGCTCTTGCTCCGAGTACCATGTAC

ATTACGGTGGTCGCGCCGCCTGCAAGAAAGTACAGTGTCTGGATCGGAGGATCA

ATTCTTGCATCTCTCAGTACTTTCCAACAGGTACAGTACATACTTTCTTCTTAT
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CCTCTTTCTCTTCAAAATTGTCATCACTATTTCATCTTGGCTCTAGTCAAAGGG

GAAAGCTCACTGCAAAATACATGCCTTACATACCATTATGCTTGTGTTCTTGTG

CATGTTATATGCTATACGCAAAATGCGGCATGGTTGGATTTTTC 

>M.spicata ubiquitin partial gene sequence (Genebank Id KC898970) 

CCTGACCAGCAGAGGTTGATCTTCGCCGGGAAGCAGCTCGAGGACGGCCGGACC

CTTGCAGATTACAATATTCAGAAGGAGTCGACGCTGCATCTCGTTCTCCGCCTC

CGTGGGGGTATGCAGATTTTCGTCAAAACCCTAACGGGGAAGACGATTACTCTC

GAGGTCGAGAGCTCCGACACGATCGATAACGTCAAGGCGAAGATCCAGGATAAG

GAAGGAATTCCTCCTGACCAGCAGAGGCTGATCTTCGCCGGGAAGCAGCTCGAG

GACGGCCGGACCCTAGCCGATTACAATATCCAGAAGGAGTCGACGCTGCATCTC

GTTCTCCGCCTCCGTGGTGGTATGCAGATCTTCGTCAAAACCCTAACTGGGAAG

ACGATCACTCTGGAAGTCGAGAGCTCCGACACGATCGACAACGTGAAGGCGAAG

ATACAGGATAAGGAAGGA 

>M.spicata 18S rRNA partial gene sequence (Genebank Id JX444508) 

CTCGTTGATACATCAGTGTAGCGCGCGTGGCGGCCCAGAACATCTAAGGGGCAT

CACAGACCTGGTTATTGCCTCAAACTTCCGCGGCCTAAAAGGCCGTAGTCCCTC

TAAGAAGCTGGCCGCGGAGGGATACCTCCGCATAGCTAGTTAGCAGGCTGAGGT

CTCGTTGTTACTCAGGAA 

>M.spicata β-tubulin partial gene sequence (Genebank Id KC898971) 

CCCCCCCTTCTTCTGGTGGGGTTCGCCCCTCTCACCTCGCGCGGGTCCCAGCAG

TACCGCGCCCTGACGATCCCGGAGCTGACGCAGCAGATGTGGGACGCGAAGAAT

ATGATGTGCGCCGCCGACCCACGCCACGGCCGCTACCTGACCGCCTCCGCCATG

TTCCGCGGCAAGATGAGCACAAAGGAAGTTGACGAGCAG 
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>M.spicata Actin-α partial gene sequence (Genebank Id KC898973) 

CACCAAAATTCCTCCGGCGGGGAGACATACAAGTTTATAATTTCTTCGATCAGT

TTTATCGTTCGAGTTGAGAATCTTACTCAATTCTTTATTCAAATGTCAAGCGAA

GAAGGAGCAGAGGCGAAACCAGAATTATACGGGGGGTATTACGCCCCACCAAAT

CGGGGGGGTCGGGGGTTGAGCCGTTATTTCCTTACTCATCCTATCTGCAATT 

>M.spicata EFα1 partial gene sequence (Genebank Id KC898961) 

GCGGTCACAATAACTATATATATTATTTGTGTATCTCAGCTATATCGTAAACAA

GTGGTGCCCCATGAGTCTGTTGCGGTTCTTTTGTCTACATCCTTTACAAATCCC

C 

>M.spicata GAPDH partial gene sequence (Genebank Id KC898974) 

ACTCTTAAGGGAGAACCTAACATTTCTTACTTTAGATCTTTTGGTTGTAAATTC

TTTGTTCATAACAATGGTAAAAGGAATTTGGGAAAATTTGATGAACGTAGTGAT

GAGGCAGTATTCTTAGGATATGCCTCAAATAGTAAAGCCTATAGAGTATATAAT

AAGAGAACAATGTGTGTTGAGGAATCTGTACATATTATATTTGATGAAACTGAA

CAGCTGATGTATGTACAGGATTGTGATGATAATTTTGATGTTGGACTTGTACAA

CAAGCAAGAATCAAC 

>M.spicata β-tubulin-1 partial gene sequence (Genebank Id KC898972) 

CCCAGCACAGCCTTACCACTCTGCCCACTTACACCAACACTGGTCTCACATTC

TTTACGATTTTTTATTTTTGAAAAGGTTAGACCCCTTTTATTCAAAAAATCTT

TCTATATGATGTGCGCCGCC 

Figure 3.2: Sequencing of C. album, F. carica and M. spicata internal control 

genes (GAPDH, Actin-α, Actin, β-actin, β-tubulin-1, Ubiquitin, β-tubulin, EFα1, 

18S rRNA) of almost 300, 250,350, 250, 150, 450, 250, 100, 250bp length 

respectively.  
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80        90       100       110       120       130       140 
    ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica          TAGGCCAAGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
M.spicata         GCGGCCCAGAACATCTAAGGGGCATCACAGACCTGGTTATTGCCTCAAACTTCCGCGGCCTAAAAG-GCC 
Ch.album          TAGGCCACGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGGGCCGCACGCGCG 
A.americana       TAGGCCACGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
F.glaucescens     CAGGCCACGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
S.Lycopersicum    CAAAGCAAGCCCAAGCTCTGGATACATTAGCATGGGA----------GGATTTCGGTCCTATTGCGTTGG 
Ca.decidua        TAGGCCAAGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
Ct.procera        TAGGCCGCGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
Cy.tetragonoloba  TAGGCCACGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
E.sativa          TAGGCCAAGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
M.royleana        TAGGCCGAGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
P.Juliflora       CAGGCCAAGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
N.tabacum         TAGGCCGCGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
I.hederacea       ---TTTAGGACTCCGCC---GGCACCTTATGAGAAATCAAAGTCTTTGGGTTCCGGGGGGAGTATGGTCG 
Ci.frutescens     TAGGCCGCGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
S.indicum         CAAAGCAAGCCTACGCTCTGTATACATTAGCATGGGATAACATTATAGGATTTCGGTCCTATTACGTTGG 
B.violifolia      GCTTATAGGACATCGCC---GGCACCTTCTGAGAAATCAAAGTCTTTGGGTTCCGGGGGGAGTATGGTCG 
M.basjoo          GCTCTTAGGACTCCGCC---GGCACCTTATGAGAAATCAAAGTCTTTGGGTTCCGGGGGGAGTATGGTCG 
T.angustifolia    -TGGAC--GGACATCTAAGGG-CATCACAGACCTG-TTATTGCCTCAAACTTCCGTGGCCTAAACG-GCC 
Co.arabica        ---TGGACGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
O.sativa          TAGGCCACGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
M.truncatula      TAGGCCACGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
P.sativum         GCTTTTAGGACTCCGCT---GGCACCTTATGAGAAATCAAAGTCTTTGGGTTCCGGGGGGAGTATGGTCG 
A.thaliana        TAGGCCAAGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
B.oleracea        TAGGCCAAGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
P.hispidum        ------------------------------------------CCTTAGATGTTCTGGG-CCGCACGCGCG 
H.orientalis      TAGGCCACGGAAGTTTGAGGC-AATAACAGGTCTG-TGATGCCCTTAGATGTTCTGGG-CCGCACGCGCG 
C.sativa          GCTTTTAGGACTCCGCC---AGCACCTTATGAGAAATCAAAGTTTTTGGGTTCCGGGGGGAGTATGGTCG 

 
               150       160       170       180       190       200       210 

    ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica          CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTGGGAAAT 
M.spicata         GTA--GTCCCTCTAAGAAGCTGGCCGCGGAGGGATACCTCCGCATAGC----TAGTTAGCAGGCTGAGGT 
Ch.album          CTAACACTGATGTATTCAACGAGTC-TATAGCCTTGAACCGACAGGTC----CGGGTAATCTTGGGAAAT 
A.americana       CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTGGGAAAT 
F.glaucescens     CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTGGGAAAT 
S.Lycopersicum    C----GTTCGGTTTCGGATGTAATGATTAAAAGGGACAGTCGGT--------TACTTCATAGTCAGAGGT 
Ca.decidua        CTA-CACTGATGTATTCAACGAGTC-TAC-GCCTTGG-CCGACAGGCC----CGGGTAATCTTGGGAAAT 
Ct.procera        CTA-CACTGATGTATTCAATGAGTC-TTCACCCTTGG-CCGACAGGCA----AGGGTAATCTTGGGAAAT 
Cy.tetragonoloba  CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTGGGAAAT 
E.sativa          CTA-CACTGATGTATTCAACGAGTT-CACA-CCTTGG-CCGACAGGCC----CGGGTAATCTTGGGAAAT 
M.royleana        CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTGGGAAAT 
P.Juliflora       CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTGGGAAAT 
N.tabacum         CTA-CACTGATGTATTCAACGAGTT-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTTGAAA-T 
I.hederacea       CAA-GGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAG-----------TGGAGCCTGCGGC 
Ci.frutescens     CTA-CACTGATGTATTCAACGAGTT-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTTGAAA-T 
S.indicum         C----CTTCGGGATCGGA-GTAATGATTAACAGGGACAGTCGGGGGCATTCGTATTTCATAGTCAGAGGT 
B.violifolia      CAA-GGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAG-----------TGGAGCCTGCGGC 
M.basjoo          CAA-GGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAG-----------TGGAGCCTGCGGC 
T.angustifolia    ATA--GTCCCTCTAAGAAGCTAGCTGCGGAGGGATGCCTCCGCATAGC----TAGTTAGCAGGCTGAGGT 
Co.arabica        CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTT-TGAAAT 
O.sativa          CTA-CACTGATGTATTCAACGAGTA-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTGGGAAAT 
M.truncatula      CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTTG-AAAT 
P.sativum         CAA-GGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAG-----------TGGAGCCTGCGGC 
A.thaliana        CTA-CACTGATGTATTCAACGAGTT-CACACCTT--G-CCGACAGGCC----CGGGTAATCTT-TGAAAT 
B.oleracea        CTA-CACTGATGTATTCAACGAGTT-CACA-CCTTGG-CCGACAGGCC----CGGGTAATCTTTG-AAAT 
P.hispidum        CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTGTTAAAT 
H.orientalis      CTA-CACTGATGTATTCAACGAGTC-TATAGCCTTGG-CCGACAGGCC----CGGGTAATCTTTGAAAAT 
C.sativa          CAA-GGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAG-----------TGGAGCCTGCGGC 

 

Figure 3.3: Sequence alignments of newly identified partial sequence of 18S 

rRNA gene of C. album, F. carica and M. spicata done by BioEdit software. 
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Figure 3.4: Phylogenetic relationships of 18S rRNA gene of C. album, F. 

carica and M. spicata constructed by ClustalW multiple alignments with 

other known gene sequences downloaded from NCBI genebank. 



Chapter 03  Results 

 

Identification and validation of different housekeeping genes for real  
time RT-PCR in plants 63 

 

                        
   1270      1280      1290      1300      1310      1320      1330      
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         GTGCTCAGTGGTGGTTCGACCATGTTCCCTGGTATTGCTGACAGGATGAGCAAGGAGATCACAGCACTTG  
C.album          GTGCTCAGTGGTGGTTC-ACTATGTTCCCTGGTATCGCTGATCGTATGAGCAAAGAGATTACTGCTCTTG  
M.spicata        GCATCTATTTTGCAGTCAGCTTTCCCCTTTG--ACTAGAGCCAAGATGAA-ATAGTTATTACAATTTTGA  
G.max            GTTCTCAGTGGTGGTTCTACCATGTTCCCAGGTATTGCTGACAGAATGAGCAAGGAAATCTCAGCTTCGG  
S.lycopersicum   GTGCTCAGTGGTGGTTCAACCATGTTCCCTGGTATTGCTGACCGTATGAGCAAGGAAATCACCGCCTTGG  
G.hirsutum       GTGCTCAGTGGTGGTTCAACTATGTTCCCTGGTATTGCTGACCGAATGAGCAAGGAGATCACTGCCCTTG  
L.chinensis      GTGCTCAGTGGTGGTTCTACTATGTTCCCTGGTATTGCCGACCGTATGAGCAAGGAAATCACTGCCCTTG  
N.tabacum        GTGCTCAGTGGTGGCTCAACCATGTTCCCTGGTATTGCTGATCGTATGAGCAAGGAAATCACCGCTTTGG  
H.annuus         GTTCTCAGTGGTGGATCAACTATGTTCCCTGGTATAGCTGACAGGATGAGCAAGGAAATCACGGCTCTTG  
C.papaya         GTGCTCAGTGGTGGTTCCACTATGTTCCCTGGTATTGCAGACCGAATGAGCAAGGAGATCACTGCTCTTG  
M.truncatula     GTTCTTAGTGGTGGTTCAACTATGTTCCCTGGTATTGCTGACCGTATGAGCAAGGAGATCACTGCCCTGG  
Pr.trichocarpa   GTGCTCAGTGGTGGATCTACCATGTTTCCAGGAATAGCTGATAGAATGAGTAAGGAGATCACAGCTCTTG  
P.avium          GTGCTCAGTGGTGGGTCAACTATGTTCCCCGGTATTGCAGACAGGATGAGCAAGGAGATTACTGCTCTTG  
M.pudica         GTTCTCAGTGGTGGCTCTACCATGTTCCCGGGTATTGCTGACCGAATGAGCAAGGAAATCACTGCACTTG  
B.napus          GTCCTCAGTGGTGGTTCGACCATGTTCCCTGGAATTGCTGACCGTATGAGCAAAGAGATCACGGCGCTCG  

 
                      1340      1350      1360      1370      1380      1390      1400      
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         CTCCTAGCAGCATGAAGATTAAGGTTGTCGCTCCACCGGAGAGAAAGTACAGTGTTTGGATTGGAGGGTC  
C.album          CCCCTAATAGCATGAAGATCAAGGTTGTTGCTCCACCTGAGAGAAAGTACAGTGTGTGGATAGGAGGATC  
M.spicata        AGAGAAAGAGGAT-AAGAAGAAAGTATGTACTGTACCTGTTGGAAAGTACTGAG---AGATGCAAGAATT  
G.max            CCCCAAGCAGCATGAAGATTAAGGTGGTTGCTCCACCTGAGAGAAAGTACAGTGTCTGGATTGGTGGCTC  
S.lycopersicum   CTCCCAGCAGCATGAAGATTAAGGTTGTTGCTCCACCGGAGAGAAAGTACAGTGTCTGGATTGGAGGATC  
G.hirsutum       CTCCTAGCAGCATGAAGATTAAGGTAGTTGCACCACCAGAGAGAAAGTACAGTGTCTGGATTGGAGGATC  
L.chinensis      CCCCAAGCAGCATGAAGATCAAGGTTGTGGCTCCACCTGAGAGAAAATACAGTGTCTGGATTGGAGGATC  
N.tabacum        CTCCCAGCAGCATGAAGATTAAGGTTGTTGCTCCACCGGAGAGAAAGTACAGTGTCTGGATCGGAGGATC  
H.annuus         CCCCGAGCAGCATGAAGATCAAGGTGGTTGCTCCTCCAGAGAGAAAGTACAGTGTCTGGATCGGAGGATC  
C.papaya         CTCCAAGCAGCATGAAAATCAAGGTTGTTGCCCCCCCAGAGAGGAAATACAGTGTCTGGATTGGAGGATC  
M.truncatula     CTCCTAGCAGCATGAAGATTAAGGTTGTGGCTCCACCAGAGAGAAAGTACAGTGTCTGGATTGGAGGATC  
Pr.trichocarpa   CTCCAAGTAGCATGAAAATCAAGGTGGTTGCACCTCCTGAGAGAAAATACAGTGTCTGGATTGGAGGGTC  
P.avium          CTCCAAGCAGCATGAAGATTAAGGTTGTGGCTCCACCAGAGAGAAAGTACAGTGTCTGGATTGGAGGGTC  
M.pudica         CTCCAAGCAGCATGAAGATTAAGGTGGTGGCTCCACCAGAGAGAAAGTACAGTGTCTGGATTGGAGGGTC  
B.napus          CACCAAGCAGCATGAAGATCAAGGTGGTCGCACCGCCTGAGAGGAAGTACAGTGTTTGGATTGGAGGATC  

 
             1410      1420      1430      1440      1450      1460      1470      
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         CATTCTCGCTTCC---GTCACTACCTTCCAACAGGTAAACGCCATTCCGCAATAA-----CCAAATTAGG  
C.album          TATCCTTGCATCA---CTTAGCACATTCCAACAGGTACTGCCCCTTCTCCCTTTCCCCTTGTACCACAAT  
M.spicata        GATCCTCCGATCCAGACACTGTACTTTCTTTCAGGCGGCGCGACCACCTTAATCTTCATGCTACTCGGAG  
G.max            TATCTTGGCTTCT---CTCAGCACCTTCCAACAGGTAAACGTTTTGCTATGATTCT----AATTCATGGA  
S.lycopersicum   CATCCTTGCATCA---CTTAGCACCTTCCAGCAGGCAAGTCTTTGTTTCTTTAATC----TTCTCTTGCA  
G.hirsutum       TATCTTGGCATCA---CTCAGCACCTTCCAGCAGATGTGGATTTCCAAGGGCGA------GTATGATGAG  
L.chinensis      AATCCTCGCATCT---CTCAGCACCTTCCAACAGATGTGGATTTCAAAGGGTGA------GTACGATGAG  
N.tabacum        CATCCTCGCATCC---CTTAGCACATTCCAGCAGGCAAGCCTTC-TATCTTTA-TC----TTCTCTTGAA  
H.annuus         TATCCTTGCATCA---CTCAGCACCTTCCAACAGATGTGGATCTCCAAGGGTGA------ATATGACGAG  
C.papaya         TATCCTTGCATCC---CTCAGCACCTTCCAGCAGATGTGGATTTCCAAGGGTGA------GTATGATGAG  
M.truncatula     AATCCTTGCTTCT---CTCAGTACTTTCCAGCAGATGTGGATATCCAAGGGTGA------ATATGATGAG  
Pr.trichocarpa   TATACTGGCTTCT---CTCAGCACTTTCCAACAGATGTGGATATCAAAGGGAGA------GTATGATGAA  
P.avium          CATCCTTGCATCC---CTCAGTACCTTCCAGCAGATGTGGATTTCCAAGGGTGA------GTACGATGAG  
M.pudica         AATTCTTGCATCC---CTCAGCACCTTCCAGCAGATGTGGATATCCAAGGGTGA------ATATGATGAG  
B.napus          CATCTTGGCATCC---CTCAGCACTTTCCAACAGATGTGGATCTCGAAGGGAGA------GTACGATGAG  
 
 
 

 
 

           Continued……. 
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                     1480      1490      1500      1510      1520      1530      1540      
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         TATACCCTC-TTGACTGATTC--GTTCAAATCTAATATGCTTGTTTTGTAATGATTCCATGGGGTTTTCG  
C.album          TCCAATGCACTTTATGATTCTGTCGAGGAGAATTATTAGAGTTATTCAGGGTAGTACATTAATATATATC  
M.spicata        CAAGAGCCGTTATTTCCTTACTCATCCTATCTGCAATTCCAGGGAACATAGTCGATCCACCACTAAGCAC  
G.max            TTTAATCTC-TTTAAATTGAG--CAAATGTGTAAAGTAAGAATGTAAAGGTTTATCTGCCATCAAGTCAA  
S.lycopersicum   TATACTTTT-GCCATATTAAA--CTGC-ATTTTGTACTACGTTGTTGCTAACTTAAACTT---ATTCCAT  
G.hirsutum       TCCGGTCCA-TCCATTGTCCA--CAGG-AAGTGCTTCTAAGTTTTATA-AGTTCTTTGATGGTGAGTTAC  
L.chinensis      TCTGGTCCA-TCCATTGTCCA--CAGG-AAGTGCTTCTAAGTTCTATA-AGTGATATGATGGTGAGTTAT  
N.tabacum        TATATTTTT-TTGCCATTTCA--ATGA-ACTGCATTGAACTGTGGTACTAAACGTGACTTTTTGTTCTGT  
H.annuus         TCGGGCCCA-TCCATTGTCCA--CCGG-AAGTGCTTCTAA------------------------------  
C.papaya         TCTGGTCCA-TCCATTGTCCA--CAGG-AAGTGCTTCTAAATCCTACA-AGTGCTTTGATGTT-------  
M.truncatula     TCTGGTCCA-TCCATTGTCCA--CAGG-AAGTGCTTCTAAGTCCAAAATGATGCGATAATGGTAAGTTAT  
Pr.trichocarpa   TCAGGACCC-TCCATTGTTCA--TAGG-AAGTGCTTCTAG------------------------------  
P.avium          TCTGGTCCA-TCCATTGTCCA--CAGG-AAGAATCAC---------------------------------  
M.pudica         TCTGGTCCA-TCCATTGTCCA--CAGG-AAATGCTTTTAAGTTCTGAA-AATGCTTGAATGGCGAATTAA  
B.napus          TCGGGTCCA-TCCATCGTCCA--CAGG-AAATGCTTCTAAGTGTTTCTGCCTTCTGGTTCGTGGTGGTGA 

 

 

Figure 3.5: Sequence alignments of newly identified and sequenced partial Actin 

gene of C. album, F. carica and M. spicata done by the BioEdit software. 
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Figure 3.6: Phylogenetic tree of partial Actin gene of C. album, F. carica and M. 

spicata constructed by ClustalW multiple alignments with other known gene 

sequences downloaded from NCBI genebank. 
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                  1620      1630      1640      1650      1660      1670      1680 
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         ATCGTCGGTCGTCGGAATTCAAAAGACTATCCGAACAAGGAAGTGGAAAAGGAAGAAACTCCAAT-ACGG 
Me.spicata       --------------------------CCAC--CAA-AATTCC-TCCGGCGGGGAGACATAGAAGTTTAGA 
C.album          ACTATTATGTTGCGGCTCTTGCAAATCCCTT-TAAAAACCTCTTATTGTATCGGATTTTCCAAAAACTTG 
N.tabacum        AATGGAAGCTGCAGGCATCCACGAAACGAC--TTATAACTCGATCATGGAGTGCGACGTGGATATCAGAA 
A.thaliana       GATATTACCCTCAGATATTTAGCTGCCAAAGACTATAACAGCGTAAACACTAGGGTCAGTGGAACGTTGG 
G.max            AATGGAAGCCGCTGGCATTCATGAAACCAC--TTACAATTCAATCATGAAATGTGATGTCGATATTAGGA 
S.lycopersicum   TATGGAAGCTGCAGGTATCCACGAGACTAC--CTACAACTCTATTATGAAGTGTGATGTTGATATCAGGA 
G.hirsutum       GATGGAAGCTGCTGGAATCCATGAAACTAC--ATACAACTCTATCATGAAGTGTGATGTTGATATCAAGA 
L.chinensis      AATGGAAGCTGCTGGTATCCATGAGACTAC--CTACAACTCCATCATGAAGTGTGATGTGGATATCAGGA 
H.annuus         AATGGAAGCTGCTGGTATTCATGAGACCAC--TTACAACTCCATCATGAAGTGTGATGTCGATATCAGGA 
C.papaya         AATGGAAGCTGCTGGAATCCATGAGACTAC--CTACAACTTTATCATGAAGTGTGATGTTGATATCAGAA 
Med.truncatula   AATGGAAGCTGCTGGAATTCACGAGACCAC--CTACAACTCTATCATGAAGTGTGATGTGGATATCAGAA 
Pr.trichocarpa   GATGGAAGCACCTGGAATTCACGAAACCAC--TTATAGTTCAATCATGAAGTGTGATGTTGATATCAGGA 
P.avium          AATGGAAGCTGCTGGAATTCATGAGACTAC--CTACAACTCTATCATGAAGTGTGATGTGGATATTAGGA 
M.pudica         AATGGAAGCTGCTGGAATCCATGAAACCAC--TTACAATTCTATCATGAAGTGTGACGTGGATATCAGAA 
B.napus          GATGGAAGCTCCTGGAATCCATGAGACAAC--TTACAACTCCATCATGAAGTGTGATGTGGATATCAGGA 

 
              1690      1700      1710      1720      1730      1740      1750 
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         ATCCTTGGGAGGCCCAAACCGATATTGGAAACGTGACCAAACGCATGTACGTGAATAACTTACACTA-AA 
Me.spicata       ATTTCTTCGATAAGTTTTATCGTTCGAGTTGAGAATCTTACTCAATTCTTTA--ATCAAATGTCAAGCGA 
C.album          GTCTTTATTGCGTGAATTGCAATGGGACATGTTCCGCTATTTGAATACCCCTTGATT--CTATCTTGCCA 
N.tabacum        AGGATCTGTATG-GAAATATTGTACTCAGTGGCGGTTCGACTATGTTTCCTGGAATTGCTGATAGGATGA 
A.thaliana       AAGATATATTTACGTGTACTGATGATTTGTCAACAATGAAGCCAATACCACAATTTTTTATGACGGA-AA 
G.max            AGGACTTGTATG-GAAACATCGTTCTCAGTGGTGGTTCTACCATGTTCCCAGGTATTGCTGACAGAATGA 
S.lycopersicum   AGGACCTCTACG-GTAACATTGTGCTCAGTGGTGGTTCAACCATGTTCCCTGGTATTGCTGACCGTATGA 
G.hirsutum       AGGATCTCTATG-GTAACATTGTGCTCAGTGGTGGTTCAACTATGTTCCCTGGTATTGCTGACCGAATGA 
L.chinensis      AGGATCTCTATG-GTAACATTGTGCTCAGTGGTGGTTCTACTATGTTCCCTGGTATTGCCGACCGTATGA 
H.annuus         AGGACCTTTACG-GTAACATTGTTCTCAGTGGTGGATCAACTATGTTCCCTGGTATAGCTGACAGGATGA 
C.papaya         AGGATCTCTATG-GTAACATTGTGCTCAGTGGTGGTTCCACTATGTTCCCTGGTATTGCAGACCGAATGA 
Med.truncatula   AGGATCTGTACG-GCAACATTGTTCTTAGTGGTGGTTCAACTATGTTCCCTGGTATTGCTGACCGTATGA 
Pr.trichocarpa   AAGACTTGTATG-GTAACATAGTGCTCAGTGGTGGATCTACCATGTTTCCAGGAATAGCTGATAGAATGA 
P.avium          AAGACCTATATG-GAAACATTGTGCTCAGTGGTGGGTCAACTATGTTCCCCGGTATTGCAGACAGGATGA 
M.pudica         AGGATCTTTATG-GAAACATCGTTCTCAGTGGTGGCTCTACCATGTTCCCGGGTATTGCTGACCGAATGA 
B.napus          AGGATCTGTATG-GAAACATCGTCCTCAGTGGTGGTTCGACCATGTTCCCTGGAATTGCTGACCGTATGA 
 

 
 

                  1760      1770      1780      1790      1800      1810      1820 
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         TTTGTAAATGGAATGTTTTACTTCCAATTTCTTCTTATATGTTTACTAATGGTAATTATTAAA------- 
Me.spicata       AGAAGGAG--CAGAGGCGAAACCAGAATTAAAGGGGGGGTATAAG-----GCC--CCACCAAATCGGGGG 
C.album          ATTAAAAATTTACACATTTACTATAAACTTACACCTGCATCTAATCCGAGGAC--GGAGTCAA---AGAA 
N.tabacum        GTAAGGAAATTACTGCCTTAGCTCCAAGCAGTATGAAAATTAAGGTGGTAGCT--CCACCTGA--GAGGA 
A.thaliana       GTAATTTGATTAAAGAATTGTCTAAGATTCTCTTAGTGATTCTCG--AATGTT--TCATAAGT--AAGAG 
G.max            GCAAGGAAATCTCAGCTTCGGCCCCAAGCAGCATGAAGATTAAGGTGGTTGCT--CCACCTGA--GAGAA 
S.lycopersicum   GCAAGGAAATCACCGCCTTGGCTCCCAGCAGCATGAAGATTAAGGTTGTTGCT--CCACCGGA--GAGAA 
G.hirsutum       GCAAGGAGATCACTGCCCTTGCTCCTAGCAGCATGAAGATTAAGGTAGTTGCA--CCACCAGA--GAGAA 
L.chinensis      GCAAGGAAATCACTGCCCTTGCCCCAAGCAGCATGAAGATCAAGGTTGTGGCT--CCACCTGA--GAGAA 
H.annuus         GCAAGGAAATCACGGCTCTTGCCCCGAGCAGCATGAAGATCAAGGTGGTTGCT--CCTCCAGA--GAGAA 
C.papaya         GCAAGGAGATCACTGCTCTTGCTCCAAGCAGCATGAAAATCAAGGTTGTTGCC--CCCCCAGA--GAGGA 
Med.truncatula   GCAAGGAGATCACTGCCCTGGCTCCTAGCAGCATGAAGATTAAGGTTGTGGCT--CCACCAGA--GAGAA 
Pr.trichocarpa   GTAAGGAGATCACAGCTCTTGCTCCAAGTAGCATGAAAATCAAGGTGGTTGCA--CCTCCTGA--GAGAA 
P.avium          GCAAGGAGATTACTGCTCTTGCTCCAAGCAGCATGAAGATTAAGGTTGTGGCT--CCACCAGA--GAGAA 
M.pudica         GCAAGGAAATCACTGCACTTGCTCCAAGCAGCATGAAGATTAAGGTGGTGGCT--CCACCAGA--GAGAA 
B.napus          GCAAAGAGATCACGGCGCTCGCACCAAGCAGCATGAAGATCAAGGTGGTCGCA--CCGCCTGA--GAGGA 

 

 

Figure 3.7: Sequence alignment of newly identified partial Actin-α gene of C. 

album, F. carica and M. spicata done by BioEdit software. 
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Figure 3.8: Phylogenetic tree of newly identified partial Actin-α gene of C. album, 

F. carica and M. spicata constructed by ClustalW multiple alignments with other 

known gene sequences downloaded from NCBI genebank.  
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           850       860       870       880       890       900       910     

    ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

F.carica         ------------ACGCAATACAAC-GCCAAGATTGACCCGGAAGCGTGTGTAA--CTTCAACCCCTACGG  
S.lycopersicum   --CCACTGCTGAACGGGAAATTGT-CCGCGACATGAAGGAAAAGCTTGCCTA---TGTGGCTCTTGACTA  
G.hirsutum       --CCACTGCTGAACGGGAAATTGT-CCGTGACATGAAGGAGAAGCTTGCTTA---TGTTGCCTTGGACTA  
L.chinensis      --CCACTGCCGAACGGGAAATTGT-CCGTGACATGAAAGAGAAGCTTGCCTA---TGTCGCGCTAGACTA  
N.tabacum        --CCACTGCAGAACGGGAAATTGT-CCGTGACATGAAGGAGGAGCTTGCTTA---CGTGGCTCTTGACTA  
H.annuus         --CCACTGCCGAACGGGAAATTGT-CCGTGACATGAAGGAAAAGCTTGCATA---TGTCGCTCTTGACTA  
C.papaya         --CCACTGCTGAGCGGGAAATTGT-CCGTGACATGAAAGAGAAGCTTGCTTA---TGTTGCACTTGATTT  
M.truncatula     --CCTCAGCCGAGCGGGAAATTGT-CCGTGACATAAAGGAGAAGCTTGCATA---TGTTGCCTTGGATTA  
Pr.trichocarpa   --CAACTGCTGAACGGGAAATTGT-AAGAGACATTAAGGAGAAGCTTGCATA---TGTGGCTCTTGATTA  
P.avium          --CCACTGCTGAGCGGGAAATTGT-CCGTGATATGAAGGAGAAGCTCGCATA---TGTTGCCCTGGACTA  
M.pudica         --CCTCTGCTGAGCGGGAAATTGT-CCGTGACATGAAGGAGAAGCTTGCATA---CGTTGCTTTGGACTA  
B.napus          --CCACCGCCGAGCGGGAAATCGT-CCGTGACATTAAAGAGAAGCTTGCTTA---CGTGGCTCTCGACTA  
G.max            ---AGTTCATTAGCTTCAAGAAACTTGGGACCTCGAGGTTGAAGATTCTTGTTTTCGACGAGGCTGATCA  
Z.mays           GGTTACTAGACAGCGGCAGTCGGTTGCTGGAGATGGTGAAAAAGGGGGAGGATGTGGAGAAGGGTGACCC  
 
                        920       930       940       950       960       970       980       
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         TGAGAAGGAATTC----AATCTCTATGGACAGT----CTCGGAAGTCATCAACCAGACATGGG-ACAAGG  
S.lycopersicum   TGAGCAGGAGATTG--AAACTGCCAGGAGCAGCTC--CTCCATTGAAAAGAACTATGAATTAC-CTGATG  
G.hirsutum       TGAGCAGGAGCTGG--AGACTGCCAAGAGCAGCTC--TTCTGTTGAGAAGAACTATGAGTTGC-CTGATG  
L.chinensis      TGAGCAGGAACTTG--AGACTGCCAAGAGCAGCTC--CTCTGTGGAGAAGAACTATGAGTTAC-CTGATG  
N.tabacum        CGAGCAGGAGCTTG--ACACTGCCAAGAGCAGCTC--CTCCGTTGAGAAGAACTATGAACTGC-CAGATG  
H.annuus         CGAGCAAGAGCTCG--AAACCGCAAAAAGCAGCTC--GTCTGTCGAAAAGAACTATGAATTGC-CCGATG  
C.papaya         TGAGCAGGAGCTTG--AAACTGCCAAGGGCAGCTC--GTCAGTTGAGAAGAACTACGAGTTGC-CTGATG  
M.truncatula     TGAACAAGAACTTG--AGACTGCAAAGAGCAGTTC--TTCAATTGAGAAAAACTATGAACTTC-CTGATG  
Pr.trichocarpa   TGAGCAGGAGCTTG--AAACTGCTAAAAGTAGCTC--TTCAATTGAGAAGAGCTATGAGCTAC-CTGATG  
P.avium          TGAGCAAGAACTTG--AGACTGCTAAGAGCAGCTC--TTCGGTAGAGAAGAACTATGAGCTTC-CCGATG  
M.pudica         TGAGCAGGAACTTG--AGACTGCAAAGACTAGCTC--TTCAGTGGAGAAAAACTATGAGCTTC-CTGATG  
B.napus          CGAGCAAGAGCTGG--AGACGGCTAAGAGCAGTTC--TTCGGTGGAGAAGAACTACGAGCTAC-CTGACG  
G.max            AATGCTTGCGCAGG--AAGGATTTAGAGATGATTCTTTGAAGATAATGAAAGATATAGAAAAAGACAATA  
Z.mays           CGAGGAGAAGCTCGGTAAAGTTGGATTGCTGTTTGGATTCAGCAAGAGGTTCCTGGATATTGGTGCAATG  
 
                       990       1000      1010      1020      1030      1040      1050      
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         G--ACAAACTGTATCTTCTACCA-CTAACA--TTCCATT---CAA------TCTTTTAACC-----TGAC  
S.lycopersicum   G--ACAAGTTATTACCATTGGTG-CTGAGAGGTTCGGTTGCCCAGAGGTCCTCTTCCAGCCATCCATGAT  
G.hirsutum       G--GCAAGTCATTACTATTGGAG-CTGAGAGATTCCGTTGTCCAGAAGTCCTCTTCCAGCCATCTCTTAT  
L.chinensis      G--TCAGGTCATCACTATTGGAG-CTGAGAGATTCCGTTGCCCAGAAGTCCTCTTCCAGCCATCTCTCAT  
N.tabacum        G--ACAAGTTATTACCATTGGTG-CCGAGAGGTTCCGGTGCCCAGAAGTCCTCTTCCAGCCATCCATGAT  
H.annuus         G--ACAAGTTATCACAATCGGAG-CAGAGAGATTCCGTTGCCCTGAGGTTCTGTTCCAGCCATCTTTGAT  
C.papaya         G--ACAAGTCATAACCATTGGAG-CTGAAAGATTCCGTTGCCCAGAAGTTCTCTTCCAGCCATCACTCAT  
M.truncatula     G--ACAAGTTATCACAATTGGAG-CTGAGAGGTTCCGTTGCCCAGAAGTCCTTTTCCAACCATCAATGAT  
Pr.trichocarpa   G--CCAGGTTATCACCATCGGTG-CAGAGCGTTTCCGTTGCCCTGAGGTCCTATTTCAACCATCACTCAT  
P.avium          G--CCAAGTAATCACAATTGGAG-CTGAGAGATTCAGGTGCCCAGAAGTTCTCTTCCAACCATCACTCAT  
M.pudica         G--GCAGGTTATCACAATTGGAG-CTGAGAGATTCCGTTGCCCAGAAGTTTTGTTCCAGCCATCTATGAT  
B.napus          G--ACAAGTCATCACCATCGGAG-CTGAGAGATTCCGTTGCCCTGAAGTACTCTTCCAGCCGTCGCTCGT  
G.max            AAAAGTGTCAGGTTCTTCTGTTTTCTGCTACATTTAATGACACCGTCAAGAATTTCATTTCAAGGACAGT  
Z.mays           GC-AGAGACAGTGCAATCGAACC-GGAAGGTGGTCTTTGGGTTGAGGGATGCGTTTGTGAAGATCGAGAA 
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                      1060      1070      1080      1090      1100      1110      1120      
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         CGCTTTACTCCCNTTTCAAATCCTT-TAAATCCTCTATTTCACCTTCGGGG----GGGGGG---------  
S.lycopersicum   TGGTATGGAAGCTGCAGGTATCCAC-GAGACTACCTACAACTCTATTATGA----AGTGTGATGTTGATA  
G.hirsutum       TGGGATGGAAGCTGCTGGAATCCAT-GAAACTACATACAACTCTATCATGA----AGTGTGATGTTGATA  
L.chinensis      CGGAATGGAAGCTGCTGGTATCCAT-GAGACTACCTACAACTCCATCATGA----AGTGTGATGTGGATA  
N.tabacum        CGGAATGGAAGCTGCAGGTATCCAT-GAGACTACCTACAACTCCATTATGA----AGTGTGACGTTGATA  
H.annuus         TGGAATGGAAGCTGCTGGTATTCAT-GAGACCACTTACAACTCCATCATGA----AGTGTGATGTCGATA  
C.papaya         TGGAATGGAAGCTGCTGGAATCCAT-GAGACTACCTACAACTTTATCATGA----AGTGTGATGTTGATA  
M.truncatula     CGGAATGGAAGCTGCTGGAATTCAC-GAGACCACCTACAACTCTATCATGA----AGTGTGATGTGGATA  
Pr.trichocarpa   CGGGATGGAAGCACCTGGAATTCAC-GAAACCACTTATAGTTCAATCATGA----AGTGTGATGTTGATA  
P.avium          TGGAATGGAAGCTGCTGGAATTCAT-GAGACTACCTACAACTCTATCATGA----AGTGTGATGTGGATA  
M.pudica         CGGAATGGAAGCTGCTGGAATCCAT-GAAACCACTTACAATTCTATCATGA----AGTGTGACGTGGATA  
B.napus          GGGGATGGAAGCTCCTGGAATCCAT-GAGACAACTTACAACTCCATCATGA----AGTGTGATGTGGATA  
G.max            CAAGATGGATCATAATAAACTCTTTGTAAAGAAAGAAGAACTATCTTTAGAT---GCAGTGA-AGCAGTA  
Z.mays           GGGTTTGCAGTTATCTGG--TCTTG-AGATCCCTGCACCAAAGTTTGAGGCTACTGAGGTGCCAGTGCCG  

 

 

Figure 3.9: Sequence alignments of newly identified β-actin gene of F. carica done 

by BioEdit software. 
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Figure 3.10: Phylogenetic tree of β-actin of F.carica constructed by ClustalW 

multiple alignments with other known gene sequences downloaded from NCBI 

database. 

 

 

 

 

 



Chapter 03  Results 

 

Identification and validation of different housekeeping genes for real  
time RT-PCR in plants 71 

 

 

 

                   1480      1490      1500      1510      1520      1530      1540      
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         ACAAGACAAGATAATACGATGA-CTACTCGAACTCGTACACCTGAGACTTC---AACCCAGACA--AGAT  
M.spicata        GCCCCTCTC-ACCTCGCGCGGG-TCCCAGCAGTACCGCGCCCTGACGATCCCGGAGCTGACGCAGCAGAT  
C.album          GCCCCCCTTTACCTCTCGTGGGATCCCAGCAGTATGTCTCCCTCACTGTCCCAGAGCTAACTCAGCAAAT  
O.sativa         GCCCCGCTG-ACATCACGTGGC-TCCCAGCAGTACCGTGCCCTTACTGTTCCTGAGCTCACACAGCAGAT  
E.grandis        GCACCACTC-ACATCCAGGGGA-TCTCAGCAATATCGTGCGTTGACCGTTCCGGAATTGACCCAACAGAT  
B.napus          GCTCCATTG-ACATCGAGAGGA-TCACAGCAATACAGTGCCTTGAGTGTCCCTGAGCTGACCCAGCAGAT  
G.hirsutum       GCACCCTTG-ACATCCAGAGGA-TCACAGCAGTATAGGAACCTGACTGTTCCTGAACTGACTCAGCAGAT  
A.thaliana       GCACCATTG-ACATCGAGAGGA-TCACAGCAATACAGTGCCTTGAGTGTTCCTGAACTGACCCAGCAGAT  
Z.mays           GCGCCGCTC-ACCTCCAGGGGC-TCCCAGCAGTACCGCGCCCTGACGGTGCCGGAGCTTACCCAGCAGAT  
T.aestivum       GCGCCGCTG-ACCTCACGCGGC-TCCCAGATGTACCGCTCCCTCACGGTCCCGGAGCTGACCCAGCAGAT  
A.cepa           AGGCCGTTAAATAGCGGCCGTG-GCGGGGGTCGGCGGCACACATCATGTTCTTGGAGTCCCACATCTGCT  
S.lycopersicum   GCCCCACTA-ACCTCTCGTGGA-TCACAGCAATACATATCGCTAACAGTGCCAGAGCTTACTCAACAAAT  

 
                       1550      1560      1570      1580      1590      1600      1610      
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         GTGGGATGCAGAAGA--AACATGATGTGCGACTGCTC-GACCCTCGTG-CATCGGTCCGTGTACCTCAAC  
M.spicata        GTGGGACGCGAAG----AATATGATGTGCG-CCGCC--GACCCACGC--CACGG--CCGC-TACCT-GAC  
C.album          GTGGGATGCCAAG----AACATGATGTGCG-CTGCT--GATCCCCGA--CATGG--AAGG-TACCT-CAC  
O.sativa         GTGGGATGCCAAG----AACATGATGTGCG-CTGCT--GATCCTCGC--CATGG--CCGT-TACCT-CAC  
E.grandis        GTGGGATGCCAAG----AACATGATGTGCG-CGGCT--GACCCACGT--CATGG--CCGC-TACTT-GAC  
B.napus          GTGGGATGCAAAG----AACATGATGTGCG-CTGCT--GACCCTCGC--CACGG--ACGT-TACTT-AAC  
G.hirsutum       GTGGGATGCCAAA----AACATGATGTGTG-CTGCT--GACCCACGC--CATGG--GCGT-TACCT-AAC  
A.thaliana       GTGGGATGCAAAG----AACATGATGTGTG-CTGCT--GACCCTCGT--CATGG--ACGT-TACTT-GAC  
Z.mays           GTGGGACGCCAAG----AACATGATGTGCG-CCGCG--GACCCCCGC--CACGG--CCGG-TACCT-GAC  
T.aestivum       GTGGGACTCCAAG----AACATGATGTGCG-CCGCC--GACCCCCGG--CACGG--CCGG-TACCT-GAC  
A.cepa           GGGTGAGCTCAGGCACGGTCAGGGCGCGGTACTGTTGGGAGCCGCGGGAGGTGAGCGGGGAGAACCCCAC  
S.lycopersicum   GTGGGATGCCAAG----AACATGATGTGCG-CGGCA--GATCCCCGT--CATGG--ACGT-TACCT-GAC  
 
                       1620      1630      1640      1650      1660      1670      1680      
                 ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         TGCCTACTGACCATGTTACACGAGGAAAGATGAGACAACAAAGGAAGTTGGAACGAAGG-----------  
M.spicata        CGCCT-CCG-CCATGTTCC--GCGGCAAGATGAGC--ACAAAGGAAGTTGACGAGCAG------------  
C.album          TGCCT-CTG-CCATGTTCC--GTGGTAAGATGAGC--ACAAAGGAAGTTGACGAGCAG------------  
O.sativa         CGCCT-CTG-CCATGTTCC--GTGGAAAGATGAGC--ACCAAGGAGGTTGATGAGCAGATGATCAATGTC  
E.grandis        TGCCT-CTG-CCATGTTCC--GTGGAAAGATGAGC--ACCAAGGAAGTTGATGAGCAGATGATAAATGTT  
B.napus          TGCTT-CCG-CTGTGTTCC--GTGGGAAGCTGAGC--ACCAAGGAGGTCGACGAGCAGATGATGAACATC  
G.hirsutum       TGCTT-CTG-CAATGTTCC--GGGGTAAGATGAGC--ACTAAGGAGGTTGACGAACAAATGATTAATGTC  
A.thaliana       TGCAT-CCG-CTGTGTTCC--GTGGAAAGCTGAGC--ACCAAAGAGGTTGACGAGCAGATGATGAACATT  
Z.mays           GGCGT-CCG-CCATGTTCC--GCGGCAAGATGAGC--ACCAAGGAGGTGGACGAGCAGATGCTGAACGTG  
T.aestivum       GGCCT-CGG-CCATGTTCC--GCGGCAAGATGAGC--ACCAAGGAGGTGGACGAGCAGATGATCAACGTG  
A.cepa           CATGAAGAAGTGAAGACGCGGGAAGGGGATCAGATTTACAGCCAATTTACGAAGATCGGAGTTCAGTTGG  
S.lycopersicum   AGCTT-CTG-CCATGTTTA--GGGGTAAGATGAGC--ACAAAGGAGGTAGATGAACAGATGATCAATGTG  

 

Figure 3.11: Sequence alignments of newly identified β-tubulin gene of C. album, 

F. carica and M. spicata done by the BioEdit software.  
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Figure 3.12: Phylogenetic tree of C.album, F. carica and M. spicata partial β-

tubulin gene constructed by ClustalW multiple alignments with other known gene 

sequences downloaded from NCBI database. 
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  1550      1560      1570      1580      1590      1600      1610 
   ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         ---------------CA-AAGCCCGATTAAAG-CGCCCCGCCGCGGCCTCAGCCGACCCGGTCCACGACG 
M.spicata        ----------CCCAGCA-CAGCCTTACCA----CTCTGCCCACTTACACCAACACTGGTCTAACATTCTT 
O.sativa         ACATGATGTGCGCTGCT-GATCCTCGCCATGGCCGTTACCTCACCGCCTCTGCCATGTTCCGTGGAAAGA 
E.grandis        ACATGATGTGCGCGGCT-GACCCACGTCATGGCCGCTACTTGACTGCCTCTGCCATGTTCCGTGGAAAGA 
B.napus          ACATGATGTGCGCTGCT-GACCCTCGCCACGGACGTTACTTAACTGCTTCCGCTGTGTTCCGTGGGAAGC 
G.hirsutum       ACATGATGTGTGCTGCT-GACCCACGCCATGGGCGTTACCTAACTGCTTCTGCAATGTTCCGGGGTAAGA 
A.thaliana       ACATGATGTGTGCTGCT-GACCCTCGTCATGGACGTTACTTGACTGCATCCGCTGTGTTCCGTGGAAAGC 
Z.mays           ACATGATGTGCGCCGCG-GACCCCCGCCACGGCCGGTACCTGACGGCGTCCGCCATGTTCCGCGGCAAGA 
T.aestivum       ACATGATGTGCGCCGCC-GACCCCCGGCACGGCCGGTACCTGACGGCCTCGGCCATGTTCCGCGGCAAGA 
A.cepa           GTCCCACATCTGCTGGGTGAGCTCAGGCACGGTCAGGGCGCGGTACTGTTGGGAGCCGCGGGAGGTGAGC 
S.lycopersicum   ACATGATGTGCGCGGCA-GATCCCCGTCATGGACGTTACCTGACAGCTTCTGCCATGTTTAGGGGTAAGA 

 
  1620      1630      1640      1650      1660      1670      1680 

    ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica         CGGGCCACTATGCCCTTGGATGGGGGATGAGGAGGGTCTCTAGAGCGAGCCTCTTA-------------- 
M.spicata        TAAGATTTTTTATTTTTGA---AAAGGTTAGACCCCTTTTATTCAAAAAATCTTTCTA------------ 
O.sativa         TGAGCACCAAGGAGGTTGATGAGCAGATGATCAATGTCCAGAACAAGAACTCATCCTACTTCGTCGAG-- 
E.grandis        TGAGCACCAAGGAAGTTGATGAGCAGATGATAAATGTTCAGAACAAGAACTCGTCATACTTTGTTGAG-- 
B.napus          TGAGCACCAAGGAGGTCGACGAGCAGATGATGAACATCCAGAACAAGAACTCATCCTACTTTGTGGAA-- 
G.hirsutum       TGAGCACTAAGGAGGTTGACGAACAAATGATTAATGTCCAGAATAAGAATTCGTCATACTTTGTTGAG-- 
A.thaliana       TGAGCACCAAAGAGGTTGACGAGCAGATGATGAACATTCAGAACAAGAACTCATCCTACTTTGTGGAA-- 
Z.mays           TGAGCACCAAGGAGGTGGACGAGCAGATGCTGAACGTGCAGAACAAGAACTCCTCCTACTTCGTGGAG-- 
T.aestivum       TGAGCACCAAGGAGGTGGACGAGCAGATGATCAACGTGCAGAACAAGAACTCGTCCTACTTCGTGGAG-- 
A.cepa           GGGGAGAACCCCACCATGAAGAAGTGAAGACGCGGGAAGGGGATCAGATTTACAGCCAATTTACGAAGAT 
S.lycopersicum   TGAGCACAAAGGAGGTAGATGAACAGATGATCAATGTGCAGAACAAGAACTCGTCCTACTTTGTTGAA-- 

 

Figure 3.13: Sequence alignments of newly identified and sequenced partial β-

tubulin-1 gene of F. carica and M. spicata done by the BioEdit software. 
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Figure 3.14: Phylogenetic tree of F. carica and M. spicata partial β-tubulin-1 gene 

constructed by ClustalW multiple alignments with other known gene sequences 

downloaded from NCBI database. 
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                       990       1000      1010      1020      1030      1040      1050      
                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica        ATAGCTTACTTCTGTTGTGCAACAATTGGCTTTAGCGGATT----AGGTGAAGGCATGTGGACTGTGTCC  
M.spicata       ATTCTTTGTTCATAACAATGGTAAAAGGAATTTGGGAAAATTTGATGAACGTAGTGATGAGGCAGTATTC  
C.album         ACAGATT--CCTCAACACACATTGTTCTCTTATTATATACTCTATAGGCTTTACTATTTGAGGCATATCC  
N.tabacum       ----------------GAAGATGATGTGGTTTCCACAGACTTTGTTGGTGACAGCAGGTCAAGCATTTTC  
S.tuberosum     TATCTTGGGATACACTGAAGATGATGTGGTTTCCACAGACTTTGTTGGTGACAGCAGGTCAAGCATTTTC  
O.sativa        AATCATAGGATATGTTGAGGAAGACCTGGTTTCTACTGACTTTGTTGGTGACAGCAGGTCGAGCATCTTC  
A.thaliana      AATTTTGGGATACACTGAGGATGATGTTGTGTCTACCGACTTTGTTGGTGACAACAGGTCAAGCATTTTC  
P.major         CGTCTTGGGTTACACCGAAGATGATGTTGTGTCTACCGACTTTGTTGGCGACAGCAGGTCAAGCATTTTC  
B.juncea        ----------TACAACGAGGATGACGTCGTGTCAACAGACTTCGTTGGTGACAGCAGGTCAAGCATCTTC  
L.longiflorum   AATTCTTGGTTATATTGATGAGGATTTGGTGTCCACTGACTTTGTGGGTGACAGCAGGTCAAGCATTTTT  
C.maxima        CATTTTGGGTTACACTGAAGAAGATGTTGTATCCACAGATTTTGTTGGTGACAGCAGGTCGAGCATCTTT  
T.dubius        TATTTTGGGATTTATCGAAGAGGATGTTGTGTCCACAGACTTTGTTGGTGACAGCAGGTCAAGCATCTTC  
A.elata         AATCTTGGGTTACACTGAAGATGATGTAGTCTCCACTGACTTTGTGGGTGACAGCAGGTCAAGCATTTCC  
Z.elegans       -------------GTTGATGAAGATGTCGTATCCACAGACTTTGTCGGTGACAGCAGGTCAAGCATCTTC  
 
                       1060      1070      1080      1090      1100      1110      1120      
                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica        TATGATTGGGCATGTGACTGATATGTGTCCCA--CTCTCCAAGATGAGTCATTTGAGCATGCCAATGCA-  
M.spicata       TTAGGATATGCCTCAAATAGTAAAGCCTATAGA-GTATATAATAAGAGAACAATG--TGTGTTGAGGAAT  
C.album         TAAGAATACTG-CCTCATCACTACGTTCATCAAATTTTCCCAAATTCCTTTTACCATTGTTATGAACAAA  
N.tabacum       GATGCCAAGGC-TGGAATTGCCTTGAGCAAGAA-CTTTGTGAAACTTGTGTCGTG-GTATGACAATGAAT  
S.tuberosum     GATGCCAAGGC-TGGAATTGCTTTGAGCAAGAA-CTTTGTGAAACTTGTGTCATG-GTATGACAACGAAT  
O.sativa        GACGCCAAGGC-TGGAATTGCTCTTAACGATAA-CTTTGTCAAGCTTGTCGCCTG-GTACGACAACGAGT  
A.thaliana      GATGCCAAGGC-TGGGATTGCATTGAGCGACAA-GTTTGTGAAGTTGGTGTCATG-GTACGACAACGAAT  
P.major         GATGCCAAGGC-TGGAATTGCATTGAGCAAGAA-CTTTGTGAAGCTCGTCTCGTG-GTATGACAACGAAT  
B.juncea        GACGCAAAGGC-TGGAATTGCATTGAGTGACAA-CTTCGTGAAGCTGGTGTCGTG-GTATGACAACGAAT  
L.longiflorum   GGTGCCAAGGC-TGGGATTGCTTTGAATGATAA-CTTTGTGAAGCTGGTGGCATG-GTATGACAATGAAT  
C.maxima        GA--------------------------------------------------------------------  
T.dubius        GATGCTAAGGC-CGGGATTGCTTTGAACGATAA-CTTTGTGAAACTTGTGTCGTG-GTATGACAACGAAT  
A.elata         GATGCCAAGGC-AGGAATTGCTCTAAACGATAA-TTTTGTGAAGCTGGTTACCTG-GTACGACAACGAAT  
Z.elegans       GATGCCAAGGC-TGGAATTGCTTTGAATGACAA-CTTTTTGAAACTCGTCTCTTG-GTATGACAATGAAT  
 
                       1130      1140      1150      1160      1170      1180      1190      
                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica        --GTTGGCGGT---TTCCCAACGTTCCGAGCAACCATCTTGATCACAGCTTGCTTCATATCTTCCTTTGT  
M.spicata       CTGTACATATTATATTTGATGAAACTGAACAGCTGATGTATGTACAGGATTGTGATGATAATTTTGATGT  
C.album         GAATTTACAAC-----CAAAAGATCTAAAGTAAGAAATGTTAGGTTTTCTCCCTTTAAT-----------  
N.tabacum       GGGGTTACAGC---TCTCGTGTGATTGATTTGATCTGCCATATGGCTTCTGTTGCTTAAGGATTTGATGC  
S.tuberosum     GGGGTTACAGT---TCCCGTGTGATTGATTTGATCTGCCATATGGCCAAGGCTTGATTGATGCTGCTGGG  
O.sativa        GGGGTTACAGC---AACCGTGTCATCGACCTGATCCGCCACATGGCCAAGACCCAGTAGAATCCTTTTGC  
A.thaliana      GGGGTTACAGT---TCTCGTGTCGTTGACCTTATCGTTCACATGTCAAAGGCCTAAGCTTACACCGGCGA  
P.major         GGGGTTACAGC---TCAAGGGTTATTGATCTGATTGTCCACATGAATTCAGTTGCTTGAACTCTCTCTCC  
B.juncea        GGGGTTACAGT---ACCCGTGTGGTCGACTTGATCGTCCACATG--TCAAAGTGCTAAATCTGAGAAGGT  
L.longiflorum   GGGGCTACAGC---ACTCGTGTGGTTGATCTCCTCCGC--------------------------------  
C.maxima        ----------------------------------------------------------------------  
T.dubius        GGGGTTACAGT---TCACGTGTT-----------------------------------------------  
A.elata         GG--------------------------------------------------------------------  
Z.elegans       GGGGATACAGC---TCTCGTGTTATTGACTTGATCCGCCACATT--GCAT--------------------  

 

Figure 3.15: Sequence alignments of newly identified and sequenced, partial 

GAPDH genes of C. album, F. carica and M. spicata by using BioEdit software. 
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Figure 3.16: Phylogenetic relationships C. album, F. carica and M. spicata partial 

GAPDH genes constructed by ClustalW multiple alignments with other known 

gene sequences downloaded from genebank. 
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                       3300      3310      3320      3330      3340      3350      3360      
                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica        TCAAGGATACCAGAACACTCCATCCCGCCCACGTTCAT-TGCAGGACTACGA---CATGCGGCTGGGCT-  
M.spicata       TT-AGGGTTTTGACGAAGATCTGCATACCACCACGGAGGCGGAGAACGAGATGCAGCGTCGACTCCTTCT  
C.album         TTGAGAGCTCCGACACCATTGACAATGTTAAGACCAAGATTCAGGACAAGGAAGGTATCCCCCCAGACCA  
P.trichocarpa   TGGAGAGCTCCGACACCATTGATAATGTCAAGGCCAAAATCCAGGATAAGGAGGGCATCCCTCCAGACCA  
L.japonicus     TCGAAAGCTCTGACACTATTGACAACGTCAAGGCTAAGATCCAGGACAAGGAGGGAATTCCCCCGGATCA  
A.thaliana      TGGAGAGCTCTGACACCATCGACAACGTCAAGGCCAAGATCCAAGACAAAGAAGGTATTCCTCCGGACCA  
B.distachyon    TTGAGTCGTCAGACACCATTGACAATGTCAAGGCCAAGATCCAGGACAAGGAGGGCATCCCCCCGGACCA  
T.aestivum      TGGAGAGCTCCGACACCATCGACAACGTCAAGGCCAAGATCCAGGACAAGGAGGGCATTCCTCCGGACCA  
O.sativa        TGGAATCTTCTGACACCATCGACAACGTCAAGGCCAAGATCCAGGACAAGGAGGGCATTCCCCCGGACCA  
H.annuus        TTGAAAGTTCCGATACCATCGACAATGTTAAAGCCAAGATCCAAGACAAAGAGGGGATCCCACCAGACCA  
C.annuum        TTGAAAGCTCCGACACCATTGACAATGTCAAGGCCAAGATCCAGGACAAGGAAGGAATCCCCCCAGACCA  
P.sativum       TTGAGAGTTCCGACACCATTGACAATGTGAAGGCCAAGATTCAGGATAAAGAGGGTATCCCACCAGATCA  
B.napus         TTGAAAGCTCCGACACTATTGACAATGTCAAAGCCAAGATCCAAGACAAAGAGGGTATCCCACCGGACCA  

 
                       3370      3380      3390      3400      3410      3420      3430      
                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica        ------------CCTTCGACGAGATGCTGCTTGGGGCTTATTTGACTACGA----AATGCTTTACTGTTT  
M.spicata       GGATATTGTAATCGGCTAGGGTCCGGCCGTCCTCGAGCTGCTTCCCGGCGAAGATCAGCCTCTGCTGGTC  
C.album         GCAGAGGTTTGATTTTCGCTGGTAAGCAGCTCGAGGATGGCCGT-CTTTGG----CTGACTACAACATCC  
P.trichocarpa   ACAGAGGCT-CATCTTTGCTGGCAAGCAGCTCGAGGATGGACGTACTCTAG----CTGACTACAACATCC  
L.japonicus     GCAGAGGTT-GATCTTCGCCGGCAAGCAGCTCGAGGATGGTCGCACCTTGG----CCGACTACAACATCC  
A.thaliana      GCAGAGATT-GATCTTCGCCGGAAAACAACTTGAGGATGGCAGAACTTTGG----CCGACTACAACATTC  
B.distachyon    GCAGCGTTT-GATCTTTGCTGGCAAGCAGCTGGAGGATGGTCGCACCCTTG----CTGACTACAACATCC  
T.aestivum      GCAGCGTCT-CATCTTCGCTGGCAAGCAGCTTGAGGATGGCCGTACCCTCG----CTGACTACAACATCC  
O.sativa        GCAGCGTCT-CATCTTTGCCGGCAAGCAGCTTGAGGACGGCAGGACCCTTG----CTGACTACAACATCC  
H.annuus        ACAGAGGCT-GATCTTTGCTGGTAAGCAGCTTGAGGACGGTCGTACTTTGG----CAGATTACAACATCC  
C.annuum        GCAAAGATT-GATCTTCGCTGGAAAGCAGCTTGAGGACGGCCGCACCCTTG----CTGATTACAACATCC  
P.sativum       GCAGAGGCT-TATATTTGCTGGTAAACAGCTTGAAGATGGCCGAACTTTAG----CAGATTACAACATTC  
B.napus         GCAGAGGTT-GATCTTTGCTGGAAAGCAGCTCGAGGATGGTCGCACCTTGG----CAGATTACAACATCC  
 
                       3440      3450      3460      3470      3480      3490      3500      
                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica        CAATAGGAA-CCTCTACTATCGCAGTGGAGAATAGTACCGGATAACAT-----CGCCCGTGGAGAAGTGC  
M.spicata       AGGAGGAATTCCTTCCTTATCCTGGATCTTCGCCTTGACGTTATCGATCGTGTCGGAGCTCTCGACCTCG  
C.album         AGAAGGAGT-CCACTCTCCATTTGGTGCTCCGTTTGAAGGGAAGGAATGCAAATTCCCGGTCAAGACTTG  
P.trichocarpa   AGAAGGAAT-CCACCCTTCACTTGGTGCTCCGCCTTCGTGGT-GGTATGCAGATCTTTGTCAAGACTTTG  
L.japonicus     AGAAGGAGT-CTACCCTCCACCTTGTCCTCCGTCTCCGTGGT-GGTATGCAGATCTTCGTCAAGACCTTG  
A.thaliana      AGAAGGAGT-CCACACTCCACTTGGTCTTGCGTCTGCGTGGA-GGTATGCAGATCTTCGTGAAGACTCTC  
B.distachyon    AGAAGGAGT-CCACCCTTCACCTAGTGCTGCGTCTGCGTGGT-GGTATGCAGATCTTTGTCAAGACCCTC  
T.aestivum      AGAAGGAGT-CCACCCTTCACCTGGTGCTCCGCCTCCGTGGT-GGTATGCAGATCTTTGTGAAGACCCTC  
O.sativa        AGAAGGAGT-CAACGCTTCACCTTGTCCTCCGTCTCAGGGGA-GGCATGCAAATCTTCGTGAAGACTCTG  
H.annuus        AGAAAGAAT-CCACCCTTCATTTGGTGCTCCGCCTCAGAGGT-GGTATGCAGATTTTCGTCAAGACTCTG  
C.annuum        AGAAGGAGT-CCACCCTTCACTTGGTCCTTCGTCTTCGCGGT-GGGATGCAAATCTTCGTGAAAACTTTG  
P.sativum       AGAAAGAGT-CCACTCTCCACTTAGTGCTCCGTCTCCGTGGT-GGTATGCAGATATTTGTTAAGACCCTC  
B.napus         AGAAGGAGT-CTACGCTTCACTTGGTCTTGCGTCTACGTGGA-GGCATGCAAATCTTCGTCAAGACTTTG  
 
                       3510      3520      3530      3540      3550      3560      3570      
                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica        GACGT--ACGTCGTGCCGGACAACGC----AATTCGAACCAAATCGGTCGAAAGGGGCTGAAGGAATCCC  
M.spicata       AGAGTAATCGTCTTCCCCGTTAGGGTTTTGACGAAAATCTGCATACCCCCACGGAGGCGGAGAACGAGAT  
C.album         ACCGGTAGAACATCGACCACCGAAG-----GTTGATTCCCGCCAAC-TCCACATTA-TTTAGTCTAGCAA  
P.trichocarpa   ACTGGGAAGACCATCACCTTGGAGGT----GGAGAGCTCCGACACCATTGATAATG-TCAAGGCCAAAAT  
L.japonicus     ACTGGCAAGACCATCACCCTTGAGGT----TGAGAGCTCTGACACCATCGACAACG-TCAAGGCTAAGAT  
A.thaliana      ACCGGAAAGACTATCACTTTGGAGGT----AGAGAGCTCTGACACCATTGACAACG-TGAAGGCCAAGAT  
B.distachyon    ACCGGCAAGACCATCACCTTGGAGGT----TGAGAGCTCCGACACCATCGACAACG-TGAAGGCCAAGAT  
T.aestivum      ACCGGCAAGACCATCACCCTTGAGGT----TGAGAGCTCTGACACCATCGACAACG-TCAAGGCCAAGAT  
O.sativa        ACCGGCAAGACCATCACCCTCGAGGT----GGAGTCTTCTGATACCATCGACAATG-TCAAGGCCAAGAT  
H.annuus        ACCGGGAAGACCATCACGTTGGAAGT----CGAAAGCTCTGATACCATCGACAATG-TTAAGGCCAAGAT  
C.annuum        ACTGGCAAGACCATTACCCTTGAGGT----GGAAAGCTCCGACACAATCGACAACG-TTAAGGCCAAGAT  
P.sativum       ACCGGAAAGACCATCACTCTTGAGGT----AGAGAGCTCAGACACAATTGACAATG-TGAAGGCTAAGAT  
B.napus         ACAGGAAAGACGATCACGCTAGAGGT----GGAGAGTTCCGACACCATTGACAACG-TGAAAGCCAAAAT  
 
 

           Continued…. 
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                                    3580      3590      3600      3610      3620      3630      3640      
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

F.carica        ACGGGACAAGGGAGGGGCATCCCTCCCGACCAGCAGAGG-CTGATCTTCGCTGGCAAGCAGCTCGAGGAT 
M.spicata       GCAGCGTCGACTCCTTCTGAATATTGTAATCTGCAAGGGTCCGGCCGTCCTCGAGCTGCTTCCCGGCGAA 
C.album         AACATTCAGATA--TTGTATATAAC--GATTGACGGAG--CTAATTCACGTCGACTC-CGTCCTCTATGT 
P.trichocarpa   CCAGGATAAGGA--GGGCATCCCTCCAGACCAACAGAGG-CTCATCTTTGCTGGCAAGCAGCTCGAGGAT 
L.japonicus     CCAAGACAAGGA--GGGAATCCCCCCGGACCAGCAGAGG-TTGATCTTTGCCGGCAAGCAGCTCGAGGAT 
A.thaliana      CCAGGATAAGGA--AGGCATCCCTCCGGACCAGCAGAGG-TTGATCTTTGCCGGAAAGCAACTTGAGGAC 
B.distachyon    CCAGGACAAGGA--GGGCATTCCCCCGGACCAGCAGCGT-CTGATCTTCGCTGGCAAGCAGCTGGAGGAT 
T.aestivum      CCAGGACAAGGA--GGGCATTCCCCCGGACCAGCAGCGC-CTGATCTTTGCTGGCAAGCAGCTGGAGGAT 
O.sativa        CCAGGACAAGGA--GGGCATTCCCCCGGACCAGCAGCGC-CTCATCTTTGCTGGCAAGCAGCTGGAGGAT 
H.annuus        CCAGGACAAAGA--GGGGATCCCACCAGACCAACAGAGG-CTGATCTTTGCTGGTAAGCAGCTTGAGGAT 
C.annuum        TCAGGACAAAGA--GGGCATCCCACCAGATCAGCAAAGG-TTGATTTTTGCTGNNAAGCAGTTGGAAGAT 
P.sativum       ACAAGACAAAGA--GGGTATCCCACCAGATCAGCAGAGG-CTTATCTTTGCTGGAAAACAACTTGAAGAT 
B.napus         CCAGGACAAGGA--GGGTATTCCTCCCGACCAGCAGAGG-CTTATCTTCGCTGGGAAGCAATTGGAAGAT 

 
                  3650      3660      3670      3680      3690      3700      3710 

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica        GGAAGGACTCTGGCGGA----------------------------------------------------- 
M.spicata       GATCAACCTCT-GCTGGTCAGG------------------------------------------------ 
C.album         CCTTATCCACTTACTCAGTATACCACCTATC-----TCCGCCC--------------------------- 
P.trichocarpa   GGACGTACTCTAGCTGACTACAACATCCAGAAGGAATCCACCCTTCACTTGGTGCTCCGCCTTCGTGGTG 
L.japonicus     GGTCGCACCCTTGCTGACTACAACATCCAGAAGGAATCTACCCTTCACCTTGTCCTTCGTCTGAGGGGAG 
A.thaliana      GGCAGAACTTTGGCGGATTACAACATCCAGAAGGAGTCTACACTTCATTTGGTGTTGCGTCTGCGTGGAG 
B.distachyon    GGCCGCACCCTCGCTGACTACAACATCCAGAAGGAGTCCACCCTCCACCTTGTGCTCCGCCTTCGTGGTG 
T.aestivum      GGCCGTACCCTCGCCGACTACAACATCCAGAAGGAGTCCACCCTCCACCTTGTCCTGCGCCTGCGTGGTG 
O.sativa        GGCAGGACCCTTGCTGACTACAACATCCAGAAGGAGTCCACCCTCCACCTTGTGCTCCGCCTTCGTGGTG 
H.annuus        GGACGCACCCTTGCCGATTACAATATCCAGAAGGAATCCACCCTCCATTTGGTGCTTCGTCTTCGCGGTG 
C.annuum        GGACGGACACTGGCCGATTACAATATT------------------------------------------- 
P.sativum       GGCCGAACTCTGGCCGATTACAATATCCAGAAGGAATCCACCCTTCATCTTGTCCTACGTTTGAGGGGAG 
B.napus         GGCAGGACCTTGGCTGATTACAACATTCAGAAGGAGTCTACGCTTCACTTGGTCCTCAGGCTCCGTGGTG 

Figure 3.17: Sequence alignments of newly identified Ubiquitin gene of C. album, 

F. carica and M. spicata done by BioEdit software. 
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Figure 3.18: Phylogenetic tree of Ubiquitin gene of C. album, F. carica and M. 

spicata constructed by ClustalW multiple alignments with other known gene 

sequences downloaded from NCBI. 
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     500       510       520       530       540       550       560 
      ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica    --------------CCTCTTTGACAAAGCGCAATCGGCCTGTTTACTGCTG-CGCATAC-TCTGATATCA 
M.spicata   --------------CCCCATGAGTCTGTTGCGGTTCTTTTGTCTAAATCC--TTTACAAATCCCCTCTTG 
C.album     ---------CCCTCCGCGGTTGTTAGGGTAAAAATTGTTTCTAGGGGGGGGGCTTGGGGGGCCCTTATTG 
D. carota   TAAACAAGTGGCTGAAATAATACTCGACTAAAAAAAGTTTGCCTAAATCC--TTTATATATTACTCTTTC 

 
      570       580       590       600       610       620       630 

     ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
F.carica    GTCCCGGGGCATTGCCTTCATTTCTCTTTTCATCGG---------------------------------- 
M.spicata   TATCTGATTTAATTCAACTTCGTTTCTTATGTGCGTTT-------------------------------- 
C.album     GAGCGAAGTTAGAGCAA-TTGGTGCCCTTTAAAAAAG--------------------------------- 
D. carota   TATCTCATTTAATTCTA-TACATTTCTTTTTAACTACTCGACGCGTATTTCAATACTCTTATAAAATATA 

 
 

Figure 3.19: Sequence alignments of newly identified EFα1 gene of C. album, F. 
carica and M. spicata done by BioEdit software. 

 
 
 
 

 
 

 

Figure 3.20: Phylogenetic tree of EFα1 gene of C. album, F. carica and M. spicata 

constructed by ClustalW multiple alignments with other known gene sequences 

downloaded from NCBI genebank. 
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Figure 3.21: Dissociation curves of different putative internal control 

gene primers used for real time PCR in C. album, F. carica and M. 

spicata. The gene specific primers of Ubiquitin, Actin, β-actin and Actin 

α (isotypes), β-tubulin and β-tubulin-1 (isotypes), GAPDH, EFα1 and 

18S ribosomal RNA used to amplify the C. album, F. carica and M. 

spicata transcript by real-time PCR. 

 



Chapter 03  Results 

 
 

Identification and validation of different housekeeping genes for real  
time RT-PCR in plants 83 

 

 

Figure 3.22: Expression levels of seven candidate reference 

genes of C. album. The cycle threshold numbers (Ct values) 

are given as a mean of the three biological replicates. These 

values represent the points at which a particular gene shows 

the maximum expression. 
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Figure 3.23: Gene expression stabilities of the seven candidate genes of 

C. album as given by geNorm. Mean expression stabilities (M) follows 

the exclusion of the least stable gene stepwise across  all the stressed 

samples within an experiment, (a) cold stress, (b) drought stress, (c) 

heat stress, (d) metal stress and (e) salt stress. The least stable genes are 

on the left of the graph and the most stable pair of the genes are on the 

right as calculated by the geNorm. 

 

 



Chapter 03  Results 

 
 

Identification and validation of different housekeeping genes for real  
time RT-PCR in plants 87 

 

 

 

 

 

 

 

Figure 3.24: Determining the optimal number of reference genes of C. 

album. Pairwise variations were calculated by geNorm to determine the 

minimum number of reference genes for accurate normalization 

underdifferent abiotic stress samples (a) salt stress, (b) cold stress, (c) 

heat stress, (d) metal stress and (e) drought stress. Each bar represents 

the change in normalization accuracy when stepwise adding more 

endogenous reference genes according to ranking in figure 3.23. 
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Table 3.2: Candidate internal control gene ranking of C. album under 

different types of abiotic stresses according to NormFinder 
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3.4  Validations of F. carica internal controls by using real time PCR   

 

F.carica 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abiotic stresses 

Salt, cold, drought and growth hormone (NAA, 

2,4-D, ABA) 

(Total 25 biological controls and stressed samples 

with 3 replicates each) 

cDNA synthesis 

Realtime PCR 

Statistical analysis by using 

different bioinformatics tools 

1. Tm curve analysis 

2. Expression analysis 

3. geNorm, NormFinder 

RNA extraction 
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Measurements of gene expression stability of F. carica internal control 

genes 

qRT-PCR was used to evaluate the expression stability of nine selected 

internal control genes like Ubq, GAPDH, Act-α, Act, EFα1, 18S rRNA, β-

tub, β-act and β-tub-1 of F. carica treated with four different abiotic 

stresses (cold, drought, salt and growth hormone). The amplification 

curves were generated to determine the cycle threshold (Ct). The mean Ct 

values (average of three biological replicates) in a treatment sample for 

each gene was used to measure the expression stability by geNorm and 

NormFinder algorithms as explained in methods (Figure 3.25). 

3.4.1 geNorm analysis 

The M and V values of the nine internal control genes were 

individually calculated in three replicates by exposing the plant to the cold 

stress at 4 °C for 3, 5 and 7  hours, while control samples were kept at 25 

°C. The average expression stability value (M) for 18S rRNA and β-actin 

was the lowest, showing a strong evidence that β-actin and 18S rRNA can 

be used as a pair of good internal controls in case of cold stress. For 

hormonal stress, F. carica plants were treated with 0.5uM concentration of 

three different growth hormones (IAA, NAA, 2,4 D) solutions, while the 

control samples were kept in distilled water for four hours. 18S rRNA and 

β-tub-1 were found to be the most stable pair of genes under growth 

hormone stress. Three different concentrations of NaCl salt solutions (200, 

400 and 600 mM) were used to treat the samples under salt stress. The 

samples with salt stress showed the lowest value for β-tub and Act-α, 

hence ranked as the most stable pair of genes.  

Similarly, drought stress was given to the plant for 1, 3 and 5 hours and 

control plants were kept on the wet tissue paper. Actin and Actin-α were 

considered as the most stable pair under drought stress. No additional 
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internal controls are required in the case of drought stress in F. carica 

because the highest V value (0.01) of all the internal control genes tested 

was less than 0.15. V value under growth hormone stress is 0.008 with no 

need of additional internal controls under growth hormone stress. The V 

value (0.015) of the candidate internal controls shows that no additional 

controls are necessary in case of cold stress. The V value of all the internal 

control genes used for salt stress was also less than the cutoff value of 0.15 

and could support the data without any additional internal control genes. 

Conclusively, 18S rRNA, β-tub and Act were selected as good internal 

control genes for F. carica under all stressed conditions. The potential use 

of 18S rRNA was shown by studying the expression profiles of chloroplast 

specific small HSP gene of Agave (Aman et al., 2012). No additional 

internal control genes are required for normalization of gene expression 

under the given treatments, geNorm analysis results are shown in Figure 

3.26 & 3.27.  

3.4.2 NormFinder analysis 

For further confirmations of the suitable internal control genes for the 

F. carica plant under different types of abiotic stresses, we used another 

algorithm NormFinder, which selects the optimal normalization gene from  

a set of given genes and rank according to their suitability, but in this case 

the lowest stability value indicates the most stably expressed gene. We 

found almost the same ranking pattern of internal control genes under each 

abiotic stress generated by geNorm analysis with slight variations as 

shown in Table 3.3 in case of individual treatments. While, 18S rRNA gene 

was ranked as the most stable internal control gene for the growth 

hormones related, Act-α for drought stress related, β-tub-1 for cold stress 

related and β-tub for salt stress related experiments. 

In summary, we identified and validated nine novel housekeeping genes of 

F. carica to use as internal controls for normalization of qRT-PCR data of 



Chapter 03  Results 

 
 

Identification and validation of different housekeeping genes for real  
time RT-PCR in plants 92 

 

different abiotic stresses. So far there is no report on validations of internal 

controls for gene expression studies of this plant. Different reference genes 

of F. carica have shown variable expression under one or the other type of 

abiotic stress indicating that experimental conditions can variably affect 

the stability of the internal control gene. Conclusively, 18S rRNA, β-tub 

and Act were selected as good internal control genes for F. carica under all 

stressed samples. The potential use of 18S rRNA was shown by studying 

the expression profiles of chloroplast specific small HSP gene of A. 

americana (Aman et al., 2012). β-tub can be used as a stable internal 

control gene  because of its high conservation among various plants (Aman 

et al., 2013). No additional internal control genes are required for 

normalization of gene expression under the given treatments.  
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Figure 3.25: Expression levels of nine candidate internal control genes 

in F.carica. The values in the graph are given as cycle threshold 

numbers (Ct values) of mean of the three biological replicates. These 

values represent the points at which a particular gene shows the 

maximum expression. 
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Figure 3.26: Gene expression stabilities of the nine candidate genes of 

F.carica as predicted by geNorm. Mean expression stabilities (M) 

following stepwise exclusion of the least stable gene across  all the stressed 

samples within an experimental set (a) salt stress, (b) drought stress, (c) 

growth hormone stress and (d) cold stress. The least stable genes are on 

the left of the graph and the most stable pair of the genes are on the right 

as calculated by the geNorm.   
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Figure 3.27: Determination of the optimal number of reference genes of 

F. carica. Pairwise variations were calculated by geNorm to determine 

the minimum number of reference genes for accurate normalization 

underdifferent abiotic stress samples (a) salt stress, (b) drought stress, 

(c) growth hormone stress and  (d) cold stress. Each bar represents the 

change in normalization accuracy when stepwise adding more 

endogenous reference genes according to ranking in figure 3.26.  
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Table 3.3: Candidate internal control gene ranking of F.carica 

with different abiotic stresses according to NormFinder 
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3.5  Validations of M. spicata internal controls by using qRT-PCR   

 

M.spicata 

 

 

 

 

 

 

 

 

 

 

 

 

 

RNA extraction 

Abiotic stresses 

Cold, drought, heat and salt 

(Total 25 biological controls and stressed samples 

with 3 replicates each) 
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Statistical analysis by using 

different bioinformatics tools 

1. Tm curve analysis 

2. Expression analysis 

3. geNorm, NormFinder 
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Measurement of expression stabilities of M. spicata internal control 

genes 

M. spicata plants were treated with four different abiotic stresses 

(drought, cold, heat and salt) and eight different internal control genes 

(Act, Ubq, 18S rRNA, β-tub, Act-α, EFα1, GAPDH, β-tub-1) were used to 

amplify the transcripts. qRT-PCR was used to evaluate the expression 

stabilities of the above mentioned eight internal control genes of M. 

spicata. The amplification curves were generated to determine the cycle 

threshold (CT). The mean CT values (average of three biological replicates) 

in treated samples for each gene was used to measure the expression 

stabilities by using the geNorm and NormFinder algorithms (Figure 3.28).   

3.5.1 geNorm analysis 

M and V values of the eight reference genes were individually 

calculated by treating the M. spicata plants for 4 hours at 32 °C, 35 °C and 

37 °C for heat stress treatment, while control samples were kept at 25 °C 

to check the expression stability of different genes. The M value of 

GAPDH and β-tub-1 was the lowest indicating these two genes as a pair of 

good internal controls. Similarly for cold stress, the M. spicata plants were 

kept at 4 °C for 3-9 hours, while control samples were kept at 25 °C. The 

average expression stability value (M) for GAPDH and EFα1 was the 

lowest, showing a strong evidence that GAPDH can be used as good 

internal controls in case of cold stress. Furthermore different 

concentrations of NaCl salt solution (200, 400 and 600 mM) were used to 

treat the samples under salt stress; the most stable genes with the lowest 

values were GAPDH and β-tub. Similarly, drought stress was given by 

placing a whole plant on dried tissue paper for 1-5 hours, while the control 

plants were kept on wet tissue paper for the same duration; which showed 

the same trends of the lowest value for GAPDH and β-tub-1 as shown 

under heat stress as shown in Figure 3.29. No additional internal controls 
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are required in the case of heat stress in M. spicata because the highest V 

value (0.012) of all the internal control genes tested was less than 0.15. V 

value under drought stress is 0.012 with no need of additional internal 

controls under drought stress. The V value (0.015) of the candidate internal 

controls shows that no additional controls are necessary in case of cold 

stress. The V value (0.015) of all the internal control genes used for salt 

stress, was also less than the cutoff value of 0.15 and could support the 

data without any additional reference genes as shown in Figure 3.30. 

Conclusively, GAPDH, β-tub, β-tub1 and EFα1 were selected as good 

internal control genes for M. spicata under all abiotic stresses with 

GAPDH expressing as the most stable gene under almost all stressed plant 

samples. GAPDH have also shown a stable expression during stress in 

grasses (Jarosova and Kundu, 2010; Hong et al., 2010). No additional 

internal control genes are required for normalization of gene expression 

under the given treatments.  

3.5.2 NormFinder analysis 

For further confirmations of suitable internal control genes for the 

M. spicata plant under different types of abiotic streses, we used another 

algorithm NormFinder, which selects the optimal normalization gene from  

a set of given genes and rank according to their suitability, but in this case 

the lowest stability value indicates the most stably expressed gene. We 

found almost the same ranking patterns of internal control genes under 

each abiotic stress generated by geNorm analysis as shown in Table 3.4 in 

case of individual treatments. Β-tub-1 ranked highest for heat and drought 

while EFα1 was found to be the best internal control for salt and cold 

stress. GAPDH was the second stable internal control gene according to 

NormFinder. 

Conclusively, we identified and validated eight novel housekeeping genes 

of M. spicata to use as internal controls for normalization of qRT-PCR 
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data of different abiotic stresses. This is the first report on validations of 

internal controls for gene expression studies of this plant. Different 

reference genes of M. spicata showed somewhat variable expression under 

one or the other type of abiotic stress suggesting that experimental 

conditions can variably affect the stability of the internal control gene. 

GAPDH, β-tub, β-tub-1 and EFα1 were selected as good internal control 

genes for M. spicata under all abiotic stresses with GAPDH expressing as 

the most stable gene under almost all stressed plant samples. GAPDH have 

also shown a stable expression during stress in grasses (Jarosova and 

Kundu, 2010; Hong et al., 2010). No other internal control genes are 

required for normalization of gene expression under the given treatments.  
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Figure 3.28:.Expression levels of eight candidate internal control genes 

in M.spicata. The values in the graph are given as cycle threshold 

numbers (Ct values) of mean of the three biological replicates. These 

values represent the points at which a particular gene shows the 

maximum expression. 
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Figure 3.29: Gene expression stability index of the eight candidate genes 

of M. spicata as predicted by geNorm.  Mean expression stability (M) 

following stepwise exclusion of the least stable gene across  all the 

stressed samples within an experimental set (a) drought stress, (b) cold 

stress, (c) heat stress and (d) salt stress. The least stable genes are on the 

left of the graph and the most stable pair of the genes are on the right as 

calculated by the geNorm.   
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Figure 3.30: Determination of the optimal number of reference 

genes. Pairwise variations were calculated by geNorm to 

determine the minimum number of reference genes for accurate 

normalization under different abiotic stress samples (a) salt 

stress, (b) heat stress, (c) cold stress and (d) drought stress. Each 

bar represents the change in normalization accuracy when 

stepwise adding more endogenous reference genes according to 

ranking in figure 3.29. 
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Table 3.4: Candidate internal control gene ranking of M. spicata 

with different abiotic stresses according to NormFinder 
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Discussion 

Abiotic stresses are debilitating to plant growth and metabolism. 

The regulation and expression patterns of a number of genes can be 

affected by plant exposure to any single type of stress or combinations of 

stresses for even a short period of time. Gene expression studies can help 

us to explore many key components and their roles in different pathways 

of a plant or to find their cross-species variations. qRT-PCR is a robust and 

specific method for studying gene expression before and after the given 

stress conditions. This technique is very sensitive and can detect small 

amount of changes in the transcript abundance in a quantitative manner, 

provided the data is normalized with a suitable housekeeping gene. 

Accurate and reliable gene expression studies with qRT-PCR depend upon 

the selection of good internal control genes for normalizations 

(Czechowski et al., 2005; Jain et al., 2006). There are several reports on 

the comparisons of the stability of different internal control genes that can 

be used for gene expression studies under given conditions (Exposito-

Rodriguez et al., 2008; Cortleven et al., 2009; Artico et al., 2010).  

Two or more reference genes can also be used for the accuracy of 

qRT-PCR data. An ideal reference gene should not be affected by any 

experimental conditions (Butte et al., 2001). There are several reports 

which show that the expression of these reference genes or internal 

controls varies with the experimental conditions (Thellin et al., 1999; 

Suzuki et al., 2000; Lee et al., 2002; Czechowski et al., 2005). Therefore it 

is necessary to validate different reference genes carefully before their use 

in gene expression analysis as an internal control under specific 

experimental conditions in given organism or sample. This objective can 

be easily achieved for model plants or important crops due to availability 

of sequencing data, but there is limited genomic information available for 

the wild or some medicinal plants such as C.album, F.carica and 
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M.spicata. We identified, characterized and validated seven different 

housekeeping genes of C.album, nine of F.carica and eight in the case of 

M.spicata, to use as internal controls for the normalization of gene 

expression analysis under different abiotic (heat, cold, metal, drought, 

growth hormone and salt) stresses. We used gene specific primers of Ubq, 

GAPDH, Act-α, Act, EFα1, 18S rRNA, β-tub, β-act and β-tub-1 designed 

from other plant species to sequence C.album, F.carica and M.spicata 

specific internal control genes. Initial analysis of the partial sequences was 

done by BLAST which showed similarities with previously known 

homologs of different plants including Ubq (89%, E-value 2e-84), 

GAPDH (96%, E-value 1.6), Act-α, Act, β-act (91%, E-value 2e-45), EFα1 

(77%, E-value 2e-10), 18S rRNA (98%, E-value of 2e-73), β-tub, β-tub-

1(87%, E-value 0.28). Ubq gene sequences of C.album, F.carica and 

M.spicata showed similarity with P.sativum, H.annus, A.thaliana, 

B.napus, L.japonicus, C.annum, P.trichocarpa, O.sativa, T.aestivum and 

B.distachyon. While, partial sequences of GAPDH gene isolated from 

C.album, F.carica and M.spicata have shown high percentage of identity 

with O.sativa, L.longiflorum, C.maxima, Z.elegans, T.dubius, N.tabacum, 

A.elata, S.tuberosum, A.thaliana, P.major, B.juncea. Similarly, Act-α, Act 

and β-act (isoforms of actin gene) isolated from C.album, F.carica and 

M.spicata have shown similarity with G.max, S.lycopersicum, G.hirsutum, 

L.chinensis, N.tabacum, H.annus, M.truncatula, P.trichocarpa, P.avium, 

M.pudica and B.napus. And isoforms of β-tubulin gene (β-tub and β-tub-1) 

were similar to O.sativa, E.grandis, A.thaliana, B.napus, S.lycopersicum, 

T.aestivum, Z.mays, F.carica and A.cepa.  

18S rRNA partial genes isolated from C.album, F.carica and 

M.spicata have shown similarity with A.americana, F.glausescens, 

C.decidua, C.procera, C.tetragonaloba, E.sativa, M.royleana, P.juliflora, 

N.tabacum, C.frutescens, C.arabica, O.sativa, M.truncatula, A. thaliana, 

B.olaracea and H.orientalis (Aman et al., 2012). Partial gene sequences of 
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EFα1 isolated from above mentioned three plants were similar to D.carota 

only, as we could not find any other homologue or orthologue of this gene 

in the database. Overall, our all the data including multiple alignments and 

phylogenetic analysis have shown high degree of conservation of these 

internal control partial gene sequences among wide range of similar 

sequences of different plants including, O.sativa, E.grandis, A.thaliana, 

B.napus, S.lycopersicum, T.aestivum, Z.mays, F.carica but A.cepa have 

shown some differences in the alignment pattern indicating the changes. In 

case of EFα1 gene the results of alignments and phylogenetic analysis 

have shown that the gene is diverse in nature containing less common 

regions, though this data is too small for such type of analysis. This also 

indicates that the EFα1 gene has not gain much importance from the plant 

scientists and it is still unidentified and uncharacterized in several plants.   

 We used two well known statistical algorithms, geNorm 

(Vandesompele et al., 2002) and NormFinder (Andersen et al., 2004) for 

the validations of the above mentioned candidate reference genes isolated 

from C.album, F.carica and M.spicata. One or combinations of 

approaches can be used for the validation of two or more stable internal 

control genes of plants or animals (Vandesompele et al., 2002) e.g., 

Stability index (Brunner et al., 2004), geNorm (Vandesompele et al., 

2002), ∆Ct approach (Silver et al., 2006), NormFinder (Andersen et al., 

2004) and BestKeeper (Pfaffl et al., 2004). Most of these methods are Ct 

based, so the quality, quantity of RNA and initial input of cDNA was 

critical. Keeping this in mind, we tried to use more than one method to 

check the quality and quality of extracted RNA as discussed in results 

(Aman et al., 2012; Shakeel et al., 2011; Haq et al., 2013). Several studies 

have use similar methods for the extraction of total RNA from B.chinense 

tissues for qRT-PCR of citrus (Dong et al., 2011; Jiawen et al., 2012).   

 The gene expression stabilities of different candidate genes of 

C.album, F.carica and M.spicata were analyzed and compared for the 
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selection of best HKG in case of different abiotic stresses. According to 

our results of gene expression stabilities of C.album specific internal 

controls under abiotic stress by geNorm, EFα1 was ranked the most stable 

gene in heat, metal, salt, cold and drought stressed samples, whereas its 

pairing as combinations of genes varied for its potential use under these 

conditions. EFα1 gene was also validated as a stable reference control in 

Brachypodium which was either grown under various stressed conditions 

or treated with different growth hormones (Hong et al., 2010). Similarly, 

high expression of EFα1 is studied in endosperm of Z.mays and wheat 

germplasm (Habben et al., 1995). In our study, EFα1 and Act-α were 

considered as a good pair of internal control genes in cold stressed 

C.album plants. Similarly, β-tub was ranked as the most stable gene with 

combinations of EFα1 under drought stress followed by Act-α. 

Phylogenetic analysis of the β-tub gene has also shown the conserved 

nature of these genes (Aman et al., 2013). β-tub expression was also 

studied in soybean (G.max) along with other commonly used reference 

genes (Libault et al., 2005). In the same species, β-tub expression was 

studied under different developmental stages, temperature ranges and 

photoperiods (Jian et al., 2008). Its constant expression was also observed 

under different developmental stages and abiotic stresses in tobacco 

(N.tabacum) plants (Schmidt and Delaney, 2010). Twenty different β-tub 

genes were identified showing their expression associated with cellulose 

microfibril deposition in secondary wall formation in Populus plant 

(Oakley et al., 2007).  

 In case of heat stressed C.album, the validation of internal control 

genes suggested us the use of two genes (Ubq and EFα1) as a best pair for 

expression analysis. Our data showed, EFα1 paired with β-tub can be used 

as the most stable genes under heat stress. Ubq in combinations with EFα1 

can be used as stable genes for drought stress in C.album. Ubq was already 

identified as the best internal control gene for herbicide stress in grasses 
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(Petit et al., 2012), in vegetative tissues (root, leaf and stem), flowers and 

fruits in different developmental stages in peach (P.persica) (Tong et al., 

2009) and also in late maturing photoperiod sensitive cultivars of soybean 

(G.max) (Jian et al., 2008; Ruibo et al., 2009). It has also been shown as a 

good internal control gene to study biotic and abiotic stresses in O. sativa 

(Jain et al., 2006). Validity of Ubq-10 as a reference gene was carefully 

analyzed in seagrass (Z.marina) subjected to heat stress (Ransbotyn and 

Reusch, 2006) by qRT-PCR profiling for more than 1400 transcription 

factors of A. thaliana (Czechowski et al., 2005), six different genotypes 

and four different tissues including root, stem, flower and fruit of citrus 

(Jiawen et al., 2012) and cucumber (C.sativus) plants subjected to abiotic 

stresses and different growth regulators (Migocka and Papierniak, 2011). 

Similarly, its stable expression is also been reported in bamboo (P.edulis) 

in a set of six tissues (root, stem, mature stem, leaf, flower, and leaf 

sheath) and at two different developmental stages (before and after 

flowering) (Fan et al., 2013). Our data provide evidence that no additional 

internal control genes are required in the case of heat, cold, metal, drought 

and salt stresses in C.album, because the highest V value of all the internal 

control genes tested was less than 0.15. Similar studies on twenty short 

term cultured normal fibroblasts samples, from different individuals 

generated the cut-off value of 0.15 by geNorm and was considered as the 

value below the cut off for the inclusions of an additional internal control 

gene. This V value calculated by geNorm is the systematic variation also 

known as the pairwise variation, for repeated qRT-PCR experiments on the 

same gene reflects the enzymatic, inherent machine, and pipet variation 

(Vandesompele et al., 2002). Collectively, our study of C.album gene 

internal control gene validation by geNorm proved Ubq, β-tub, Act-α and 

EFα1 as good internal controls under heat, metal, cold, drought and salt 

stresses. Heat and metal stress was also applied to study differential 

regulation of novel Cp-sHsp family members in C.album by using β-tub 
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internal control (Haq et al., 2012) and role of Cp-sHSPs under salt, 

drought and cold stresses was evaluated (Haq et al., 2013). 

 To further verify the HKGs suitability for C.album under abiotic 

stress in this study, we used another statistical algorithm, NormFinder. 

This approach is based on the application of a mathematical model that 

describes the expression values measured by qRT-PCR, sample subgroups 

can be analyzed separately by this software, intra- and the intergroup 

expression variation both can be calculated, and finally the stability value 

of the candidate gene can be calculated. In order to develop a model-based 

approach several choices were made regarding the statistical methods used 

and all the other choices were made that gave the similar results. This 

helped us to select the best gene by the optimal normalization method from 

a set of genes followed by a gene ranking. The validity of this approach 

depends upon the number of samples and candidates that are to be 

analyzed, i.e., the more the number of samples and candidates, the better 

are the result estimations. The sample set should contain minimum 8 

samples/group, and the candidate number should be at least 3 for this 

software to work, but usually 5–10 are recommended. Further more, it 

requires the candidates to be chosen from a set of genes that does not show 

difference in expression levels between the groups. It means that the 

average expression level is approximately the same in the different groups. 

Thus, instead of assuming the individual candidate genes to show no 

systematic intergroup variation, the average of the candidate genes to show 

no systematic variation can be assumed (Andersen et al., 2004). In our 

study, NormFinder has identified the same ranking pattern for selection of 

top one or top two HKGs under given stress to C.album. EFα1 was ranked 

at the highest place for heat, drought and metal stress. Similarly, Act-α and 

Ubq for cold and salt stressed C.album plants. Our results were in 

accordance with the previous studies in Arabidopsis, where Ubq-10 was 

recommended as a good internal control gene (Czechowski et al., 2005). 
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The expression of Ubq5 and EFα1 genes was also observed as the most 

stable among all the studied tissues of rice (Oryza sativa) under growth 

hormone, salt and drought stress (Jain et al., 2006). Three or four genes 

can be selected as the most suitable reference genes for all the sample 

pools as stated by (Tong et al., 2009). EFα1 was also considered as the 

most stably expressed in potato plants grown under biotic and abiotic 

stress conditions (Nicot et al., 2005). Act2 and EF1β were used in the 

combinations for the characterization of reference genes in A.roxburghii 

(Zhang et al., 2011). 

 In this study, the expression of nine internal control genes was also 

evaluated under four different abiotic stresses (growth hormone, salt, 

drought and cold) in F.carica. When the gene expression stability under 

salt stress was analyzed β-tub and Act-α were considered as a stable pair of 

internal control genes in F.carica. While under drought stress Act and Act-

α were the most stable genes in F.carica. Stable expression of β-tub-1 and 

18S rRNA was observed under the effect of different concentrations of 

growth hormones in case of F.carica. For cold stress, 18S rRNA and β-act 

were considered as stable gene pair in the same plant. No additional 

internal controls were required in case of all selected treatments in 

F.carica. Conclusively, β-tub, β-tub-1, Act-α and 18S rRNA were selected 

as the good internal control genes for F.carica under cold, drought, salt 

and growth hormone stresses respectively. 

 While, 18S rRNA was ranked highest in stability index by using 

Normfinder under hormone stress, Act-α under drought stress, β-tub-1 

gene under cold stress and β-tub under salt stressed conditions of F.carica. 

Act2 in combination of other genes has already been evaluated as 

candidate reference gene for gene expression normalization in Brassica 

juncea vegetative stages (Chandna et al., 2012). Similarly, 18S rRNA has 

been identified and validated as a stable internal control for heat induced 

gene expression of A.americana (Aman  et al., 2012). It has also been 
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identified and comparatively analysis of wide range of medicinal plants 

(Banaras et al., 2012). β-tub was also identified in various plants and have 

shown the conserved nature and can be use as a good and stable internal 

control (Aman et al., 2013). In soybean, β-tub expression was studied in 

different developmental stages, temperature ranges and photoperiods (Jian 

et al., 2008). Its constant expression was also observed under different 

developmental stages and abiotic stresses in tobacco (N.tabacum) plants 

(Schmidt and Delaney, 2010). Twenty different β-tub genes were 

identified and their stable expression associated with cellulose microfibril 

deposition in secondary wall formation was showed in P.trichocarpa 

(Oakley et al., 2007). 

 We also provided evidences In this study for the characterization of 

different internal control genes followed by validations of their expression 

stabilities pattern for eight different housekeeping genes of M.spicata by 

using geNorm. M.spicata plants were treated with four types of abiotic 

stresses including drought, cold, heat and salt stress. β-tub-1 and GAPDH 

were evaluated as stable internal control genes under drought and heat 

stress in M.spicata. GAPDH and EFα1 were ranked as stable gene pair 

under cold stress and the gene pair (GAPDH and β-tub) was reffered as 

stable internal control genes under salt stress in M.spicata. We showed 

experimentally that no additional internal control genes are required for 

M.spicata in case of above mentioned stresses. This all data was 

counterchecked by NormFinder analysis, which showed that β-tub-1 is the 

most stable gene in case of heat and drought stress in this plant. The 

constant and stable expression of β-tub was also observed under different 

developmental stages and abiotic stresses in tobacco (N.tabacum) plants 

(Schmidt and Delaney, 2010). We proved that EFα1 can be selected as the 

best internal control gene for the analysis of cold and salt stressed 

M.spicata. EFα1 gene has already been extensively studied as a reference 

control in Brachypodium either grown under various stressed conditions or 
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treated with different growth hormones (Hong et al., 2010). Conclusively, 

our data showed that β-tub, β-tub1, EFα1 and GAPDH are good internal 

control genes for M.spicata under drought, cold, heat and salt stresses 

respectively.  

 Five different families are included in the tubulin superfamily and 

only present in kinetoplastid protozoa are the alpha-, beta-, gamma-, delta-, 

and epsilon-tubulins and a sixth family (zeta-tubulin) (Kumar, Singh et al. 

2012). The paralogs of the alpha/beta-tubulin superfamily genes have been 

applied in V.vinifera (Reid et al., 2006), A. thaliana (Gutierrez et al., 

2008), P.persica (Tong et al., 2009) and G.max (Reid et al., 2006). In 

addition GAPDH have shown the most stable expression for the 

identification of drought-response genes during sucrose accumulation and 

water deficit in different plant tissues of sugarcane (Iskandar et al., 2004). 

EFα1 and GAPDH also exhibited consistent expression in all the tissue 

samples of chickpea and it was considered ideal to include Ubq10 and 

EFα1 as reference genes to normalize gene expression data in these plant 

tissues (Garg et al., 2011). The paralogous genes of Act have also been 

reported in some studies for target gene normalization in plants (Jian et al., 

2008; Gutierrez et al., 2008; Caldana et al., 2007; Ruibo et al., 2009; Wan 

et al., 2009) and specially in O.sativa using eight paralogs of Act (Zhang et 

al., 2009). The assumption was the balanced expression of different 

amplified genes of the same family, but this is not true in all the cases. For 

example, Ubq5 was found to be one of the most favorable reference genes 

in a set of different tissue samples in rice, while the expression of Ubq10 

paralogue was unstable (Jain et al., 2006). Similarly, paralogues of Act 

gene family was used to study the gene expression in samples collected at 

different development stages of soybean, where Act2/7 was the most stably 

expressed gene while the expression of Act11 was variable (Jian et al., 

2008). To find out the expression stability in the panicles of O.sativa under 

drought stress, eight paralogous genes of Act were used and all of them 
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have shown variable expression stability (Zhang et al., 2009). Our results 

also support the use of two or three family members of same HKGs 

because their stability and expression might vary in a given experimental 

conditions, for example the expression patterns of Act, Act-α and β-act 

(isoforms of actin gene) and β-tub, β-tub-1 (isoforms of β-tubulin gene) 

were quite different in the C.album, F.carica and M.spicata plants used for 

this study. These results indicate that the paralogous sequences as control 

genes in qRT-PCR can show variable expression, even within the same 

organism. 
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Conclusions 

We identified and validated seven novel housekeeping genes of C.album, 

nine novel housekeeping genes of F.carica and eight genes of M.spicata to 

use as internal controls for normalization of qRT-PCR data of different 

abiotic stresses. This is the first report on validations of such internal control 

genes for gene expression studies from wild plants with medicinal values. 

Our data showed highly variable expression of all of these genes under one 

or the other type of abiotic stress in the selected plants. This suggests that 

experimental conditions variably affect the stability of these internal control 

genes in these plants. More importantly our data showed that in C.album β-

tub, EFα1, Ubq and Act-α were the most stable genes under cold, drought, 

heat, metal and salt stress as suggested by geNorm and NormFinder 

algorithms. In F.carica, 18S rRNA, β-tub and Act were the three selected 

stable genes under cold, drought, salt and growth hormone stress. Similarly, 

GAPDH, β-tub, β-tub-1 and EFα1, were selected as stable internal control 

genes for drought, cold, heat and salt stress in M.spicata respectively. These 

results suggested that a reference gene exhibiting stable expression under 

certain condition can also express stably to normalize the gene expression 

under another condition, which shows high specificity to the experimental 

conditions and requires careful evaluation of internal control gene for every 

experimental setup (Tong et al., 2009). The gene stability index of these 

HKGs can also facilitate the selection of more than one internal control for 

the verifications of gene expression studies of these or any other related 

plant species and will provide insight into the knowledge of gene expression 

of target genes to understand several metabolic and developmental 

processes.   
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Abstract 
 

18S ribosomal RNA (18S rRNA) has been used as housekeeping gene for normalization in gene expression studies of 
plants. Recently, the effect of experimental conditions and nature of samples have been shown on the stability of internal 
control gene. Agave americana is a monocot heat tolerant plant adapted to arid conditions with Crassulacean acid 
metabolism (CAM). Few reports have shown the gene expression studies of this or other CAM plants due to lack of suitable 
reference gene. Here, we partially sequenced 18S rRNA gene of agave and evaluated its potential use as reference gene 
under heat stress conditions.    

Gene specific primers were designed from highly conserved regions of known 18S rRNA genes and amplified by using 
genomic DNA and transcript of Agave followed by sequencing (submitted to gene bank with accession # HM991824). To 
validate the potential use of Agave 18S rRNA gene for real-time PCR data normalization, we evaluated the expression stabilities 
of this gene in different tissues and various heat stress conditions. The plants were treated with different temperatures viz., 35ºC, 
40ºC, 45ºC, 50ºC and 60ºC. The relative abundance of a heat regulated gene, Cp-sHSP (chloroplast small heat shock protein) 
was examined by real-time PCR. Varied levels of Cp-sHSP gene expression under different heat treatments showed the heat 
regulated expression. Maximum Cp-sHSP gene expression was observed in the leaves of Agave after heat stress for four hours 
at 45ºC. No significant difference in 18S rRNA expression was observed among control and heat treated samples. Conclusively, 
this 18S rRNA gene could be used as a stable internal control for normalization of real-time PCR data of A. americana. This 
work will help to explore many key players in the heat stress related pathways of CAM plants.  

 
Introduction 
 

Gene expression analysis is becoming an important 
step in analyzing the biological processes in any living 
organism. Study of the underneath mechanisms and gene 
expression of complex mechanisms and their networking 
can lead to the identification of genes necessary for that 
particular biological process (Teixeira et al., 2009; Zeller 
et al., 2009; Zuniga et al., 2009; Chou & Huang, 2010; Di 
Matteo et al., 2010; Miyazaki et al., 2010; Wang & Xu, 
2010; Wang et al., 2010). Reverse transcription real-time 
quantitative polymerase chain reaction (RTqPCR) is 
supposed to be an accurate and sensitive method of 
quantifying mRNA transcripts (Bustin et al., 2005; 
Duquenne et al., 2010; Regier & Frey, 2010; Vaudano et 
al., 2010). The detection of amplicon accumulation can be 
observed from beginnings in this method by use of 
fluorogenic probes or the dyes which can intercalate such 
as SYBR Green-I, rather.  QPCR is a highly sensitive and 
specific method with excellent reproducibility and less 
post amplification procedures (Bustin et al., 2005; 
Valasek & Repa, 2005; Francino et al., 2006; Imène et 
al., 2011). That’s why qPCR has become one of the 
favorite method for validation of  microarray data or a 
smaller set of genes, transgenic gene expression, 
molecular diagnostics and biotic or abiotic stress 
(Arikawa et al., 2008; Kant et al., 2008; Cortleven et al., 
2009; Chang et al., 2010; Di Matteo et al., 2010). It is 
extremely powerful technique to study the expression 
patterns of any gene in given conditions but a careful 
normalization of the data is required. Several 
experimental strategies have been proposed for 
normalization of transcript data of different organisms 
(Bonefeld et al., 2008; Olbrich et al., 2008; Axtner & 
Sommer, 2009; Artico et al., 2010; Borges et al., 2010; 
De Santis et al., 2010).  

Ideally a good reference gene used for normalization 
of real-time PCR data should express in a stable way in 

selected tissues and given experimental conditions. In 
short the selection of a stable reference gene is very 
important for accurate gene expression quantification and 
data analysis (Axtner & Sommer, 2009; Gubern et al., 
2009; Bagnall & Kotze, 2010; Boava et al., 2010; 
Chervoneva et al., 2010). Due to the importance of 
selection of a stable reference gene in normalization of 
expression data, different housekeeping genes have been 
identified and evaluated for stable expression in a given 
set of conditions in various organisms. In case of plants, 
many housekeeping genes such as ubiquitin, 18S rRNA, 
glyceraldehyde-3-phosphate dehydrogenase and actin, b-
tubulin were proved to be as good internal controls for 
expression studies because of their uniform expression in 
various samples and experimental conditions (Exposito-
Rodriguez et al., 2008; Barsalobres-Cavallari et al., 2009; 
Cortleven et al., 2009; Hu et al., 2009; Artico et al., 2010; 
Boava et al., 2010). It has been shown that most of the 
well-known and frequently used reference genes cannot 
be used as a good internal control for normalization in 
qPCR because the levels transcript vary considerably 
under given experimental conditions (Thorrez et al., 
2008; Teste et al., 2009). The choice of an appropriate 
internal control is very important for an accurate 
quantitative data analysis (Teste et al., 2009; Bentsink et 
al., 2010; Boava et al., 2010; De Santis et al., 2010).   

So far only few reports have shown the identification 
and validations of appropriate housekeeping gene in 
plants (Wan et al., 2010; Exposito-Rodriguez et al., 2008; 
Cortleven et al., 2009; Tong et al., 2009; Artico et al., 
2010; Jarosova & Kundu, 2010). Therefore quantitative 
transcript analysis of many important genes involved in 
novel pathways of non-model and wild plants are limited 
due to lack of suitable reference genes. Comparative 
sequence analysis is a powerful approach toward 
understanding the structure and translational mechanisms. 
Different internal control genes  of cross species plants 
have been employed in several studies (Artico et al., 
2010; Huis et al., 2010).  
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18S rRNA gene can be used as an internal control for 
relative quantification (Tong et al., 2009; Bagnall & 
Kotze, 2010; Jarosova & Kundu, 2010) due to highly 
conserved regions at the 3´ region and greater tendency to 
form hair pin loops. It is highly conserved throughout 
many plant species and several recent studies have led to 
the conclusion that the  ribosomal RNA was the best 
choice of internal control in a variety of cell systems 
(Goidin et al., 2001; Nicot et al., 2005). One of the 
reasons, why some researchers avoid using ribosomal 
RNA for normalization of real-time PCR data is its high 
abundance as compared to  target gene expression 
(Schmittgen & Zakrajsek, 2000), although this ratio varies 
based on the samples and treatments. There are reports of 
use of 18S and 25S rRNA as good internal control for 
highly expressed transcript quantifications (Kim et al., 
2003). 18S ribosomal RNA show less fluctuation under 
the conditions that affect the expression of mRNAs, due 
to high abundance i.e., more than 80% and different 
polymerases are involved for transcription of mRNAs and 
rRNAs (Goidin et al., 2001). Due to their constant basal 
level expression, no dependence on cell cycle, and non-
responsiveness to external treatments or developing 
stages, these genes can be used as internal controls.   

Production of a specific set of proteins, heat shock 
proteins (HSPs) has been reported in almost all organisms 
in response to elevated temperatures and many other types 
of stresses (Vierling, 1991). This is a universal stress 
response and the mechanism of plant protection under 
elevated temperatures or other types of stresses is well 
conserved. Heat shock proteins production is the key for 
plant survival under heat stress (Wang et al., 2004).  
HSPs range from 15 to 110 KD. Small heat shock 
proteins (sHSPs), range in size from approximately 15 to 
30kD, are more abundant and diverse in plants than other 
organisms (Vierling, 1991). Five classes of sHSPs in 
plants have been reported with different subcellular 
localizations. Chloroplast small heat shock proteins (CP-
sHSPs) are produced in the cytoplasm and then targeted 
to the chloroplast with the help of a transit peptide that 
can be cleaved off later on (Chen & and Vierling, 1991; 
Wang & Luthe, 2003) where they can localized to 
thylakoids or stroma  (Osteryoung & and Vierling, 1994; 
Heckathorn et al., 2002). 

In the present work, 18S rRNA gene was identified 
and sequenced from Agave americana (A. americana) as 
a house keeping gene, which can be used as an internal 
control to check the relative transcript expression under 
particular treatments of this plant. As this gene is highly 
conserved, we can also use it in cross-species plants like, 
A. americana, a heat tolerant CAM plant. Chloroplast 
specific small heat shock proteins have been chosen for 
study the difference in the gene expression in this plant 
due to its heat regulated differential expression in many 
plants under stress.  
 
Materials and Methods 
 
Plant material and treatments: Maguey or Agave 
americana is originally adapted to Mexico, although it is 
now cultivated in many parts of the world. This is very 
important plant with many uses like, produces fibers for 
clothing, ropes, bags and to make many tools. In past its 
thorns were used as an important tool for perforators in 

bloodletting rituals.  A mildly beverage (alcoholic) called 
pulque, can also be obtained by the fermentation of 
aguamiel, the sweet, milky juice extracted from the leaves 
of the plant. 

Experiments were performed using A. americana, 
collected from  surroundings of Islamabad and were 
grown at 30°C/20°C (day/night) in growth chamber. 
Approximately 100mg plant tissues was  used for heat 
stress in sterilized incubation buffer (1% sucrose, 1mM 
Potassium phosphate pH 6 and Tween-20) at particular 
temperature starting from 28°C to 55°C and samples were 
collected each at 0 (control), 1-4hrs respectively in three 
replicates. Similarly different tissues of agave plant 
including leaf tips, leaf base and roots were also treated 
with elevated temperatures at 45°C for four hours. All the 
samples were frozen immediately in liquid nitrogen and 
stored at -70°C until used. 
 
Genomic DNA extraction and PCR: Genomic DNA of 
A. americana was isolated by using a modified CTAB 
method (Zhang & Stewart., 2000). The samples were 
resuspended in 30µl 10mM Tris HCl. 5μl sample was 
loaded on 1% agarose gel and run at 80volts for 90mins to 
check the quality and quantity of DNA.  

Sequences of known 18S rRNA of different plant 
species were downloaded from NCBI 
(http://www.ncbi.nlm.nih.gov/) database and were aligned 
by using Bioedit program. The conserved regions were 
selected for primer design with Primer3 software. 
Similarly, Chloroplast small heat shock protein (Cp-
sHSP) gene (unpublished data) has been used for Cp-
sHSP primers.  
 
Sequencing of 18S rRNA: Amplified 18S rRNA gene of 
Agave was sequenced as follows and submitted to gene 
bank with accession number HM991824. PCR products 
were purified using the rapid PCR Kit (Marligen, USA) as 
recommended by manufacture, by adding 100μl 
conversion buffer and 900ul of binding solution (H1= 
Conc. Guanidine HCl, EDTA, Tris HCl and Isopropanol). 
The samples were incubated in water bath at 55°C for 
5min after adding 8μl of resuspended silica powder. 
Samples were vortexed and centrifuged at 13000g for 
10sec followed by three times washings with 500μl ice 
cold sequencing wash buffer. The pellet was dissolved in 
30μl of preheated TE at 65°C. The samples were 
incubated at room temperature for 3min followed by spin 
at 13000g for 3min. Purified products were confirmed by 
running on 1.8% agarose gel. Sequencing PCR was done 
at 95°C for 1min, followed by 95°C for 30 seconds, 54°C 
for 30 seconds, 72°C for 4min, a total of 30 cycles were 
repeated followed by a final elongation at 72°C for 
10min. Finally PCR products were purified and 
resuspended in 20μl Hi Dye Formamide (HDF) for 
sequencing in ABI-310 sequencer by Sanger Dideoxy 
Chain termination method.  
 
Sequence comparisons and phylogenetic tree: BLASTn 
was used to find out the similarity of agave specific 18S 
rRNA gene with other known 18S rRNA sequences 
downloaded from gene bank. Similarly multiple sequence 
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alignment was also done by using ClustalW software 
followed by construction of Phylogenetic tree for further 
comparisons. 
 
RNA extraction and Reverse transcriptase PCR: Total 
RNA was isolated by using TRI Reagent (MRC, TR# 
118) according to the manufacturer`s instructions from 
100mg tissue of control and heat stressed plant samples in 
three replicates. Samples were homogenized in TRI 
reagent and 200µl chloroform was added, vortexed 
vigorously for 30 sec, followed by spin at 11000g for 
15min at 4°C. Supernatant (0.5ml) was transferred into a 
fresh tube. Precipitation was done by Isopropanol at room 
temperature and precipitated at 5000g for 8min at 4°C. 
Pellet was washed twice with 75% ethanol with 
centrifugation at 4000g for 5min at 4°C. Pellet was air 
dried and dissolved in DEPC water. To check the quality 
and quantity of RNA, 7µl of each sample was used for 
1% agarose gel electrophoresis. RNA was quantified both 
by gel electrophoresis and Nanodrop spectrophotometer 
(ND/-1000 V3.7.1) at 230, 260 and 280nm. A total of 5µg 
of RNA of each sample was treated with DNase I RNase 
free (Fermentas Cat. # EN0521).  

Synthesis of cDNA was done by using Revert Aid 
first strand cDNA synthesis Kit (Fermentas Cat. # K1621) 
as described by manufacturer by using oligo dT primers. 
After cDNA synthesis, PCR was performed to confirm 
the quality and integrity of samples. A total of 5µg RNA 
was used to make cDNA. Then cDNA of control and 
treated samples were amplified with candidate internal 
control (gene) primers: (forward primer 5´-
TCCTGAGTAACGAACGAGACC-3`, reverse primer 5`-
CACGATGAAATTTCCCAAGAT-3`) and target gene 
(Cp-HSPs) specific primers (forward primer, 5`-
CAGGATGTTTGAGGATGCGATG-3` and reverse 
primer, 5`-ATGACCAGCACATTGTCCTCCA-3`) by 
using following conditions: denaturation at 95°C, then at 
94°C for 45sec, annealing at 54°C for 45sec, extension at 
72°C for 1min for 30 cycles followed by final extension at 
72°C for 10min. 10µl of each amplified transcript was 
checked on 1.2% agarose gel. 
 
Real-time PCR: Relative quantification of the target 
gene was done by using 18S rRNA as reference gene and 
Cp-sHSP as target gene in ABI 7500 real time PCR 
system (Applied Biosystems). Real-time PCR was carried 
out in a 96-well reaction plate using a reaction mixture 
12.5µl of the containing Maxima SYBR Green qPCR 
Master Mix (2X), forward primer 0.3µM, reverse primer 
0.3µM, template DNA (<50ng) and nuclease-free water to 
make up the final volume of 25µl. cDNA of control and 
treated samples were amplified with candidate internal 
control (gene) primers and target gene (Cp-HSPs) specific 
primers as described above. DNA or RNA contamination 
was ruled out by addition of negative controls. Two types 
of controls were used including non-DNA control and 
non-treated controls for each run.  Thermal cycling was 
performed by using a two-step cycling procedure in the 
three replicates. Uracil DNA Glycosylase (UDG) pre-
treatment at 50ºC for 2min and 1 cycle, initial 
denaturation at 95ºC for 10 min followed by denaturation 
at 95ºC for 15sec, annealing and extension at 54ºC for 
60sec for a total of 40 cycles.  

Relative quantification of transcript was done with 
ABI 7500 systems SDS software V1.4 (Applied 
BioSystems, USA). All analysis was based on Ct values 
of PCR products. Three biological replicates of each 
sample were used for real-time PCR. Average Ct values 
were obtained for each sample and data was normalized 
with this newly sequenced 18S rRNA of Agave as 
reference gene. Non treated (control) sample was used as 
a calibrator. Relative quantities were determined for each 
sample. Error bars indicate the standard deviations of 
individual replicates.  
 
Results and Discussion 
 
RNA quality/quantity assessment: Quality of RNA is 
one of the important factors which can cause the 
variability in the results of real time PCR. We accessed 
the quality of RNA initially by A260/A280 ratio and 
A260/A230 ratio checked by NanoDrop, because presence 
of contaminants can decrease these ratios. Quality of 
RNA isolated was found to be good and pure based on 
these ratios (1.8 and 1.9 respectfully) in each sample. To 
remove the traces of genomic DNA in isolated RNA, we 
used RNase-free-DNase I treatment as described in 
methods. The second important factor which can increase 
the variability of real-time PCR results is the initial 
amount of RNA used for cDNA synthesis. We used 
NanoDrop to find out the concentration of RNA and equal 
amounts were used for further accuracy. These results 
demonstrated that RNA used for this study was good 
enough for relative quantification by real-time PCR.   
 
Identification and characterization of 18S rRNA gene 
of agave: 3´ region of 18S rRNA gene is highly 
conserved in eukaryotes (Hagenbüchle et al., 1978; Azad  
& Deacon, 1980). Therefore, to identify and sequence of 
18S rRNA gene of A. americana, we designed primers 
from the conserved regions of known 18S rRNA 
sequences of different plant species, downloaded from 
NCBI database. Genomic DNA and cDNA was used to 
amplify approximately 190bp partial sequence of 18S 
rRNA gene of agave as shown in Fig. 1a. These products 
were sequenced individually and submitted to gene bank 
after confirmation by its homology with other known 18S 
RNA genes downloaded from gene bank. The highly 
conserved nature of the Agave 18S rRNA genes was 
confirmed by alignment with other known 18S rRNA 
sequences of Typha angustifolia, Dioscorea sylvatica, 
Burmannia congesta, Chimonanthus campanulatus, 
Hortonia floribunda, Doryphora sassafras, Restio 
tetraphyllus, Puya raimondii, Peumus boldus,  Laurelia 
novae-zelandiae, Juncus effuses, Gomortega keule, 
Galbulimima belgraveana, Daphnandra micrantha, 
Atherosperma moschatum, Glomero pitcairnia 
penduliflora, Calycanthus floridus, Acorus gramineus, 
Calamus caesius, Thalictrum simplex, Aconitum 
carmichaelii, Clematis gratopsis, Clematis gratopsis, 
Aquilegia vulgaris, Actaea cimicifuga, Berberis bealei, 
Fibraurea tinctoria, Coscinium fenestratum, Arcangelisia 
flava, Nelumbo nucifera, Gymnosiphon bekensis, 
Gladiolus buckerveldii, Triticum aestivum, Zea mays and 
Solanum tuberosum. The 18S rRNA sequence of agave 
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has 98-99% similarity with other known 18S rRNA genes 
of diverse plants as shown in Fig. 1b.  Similarly, 
phylogenetic tree was constructed to check the 
evolutionary relationship among 18S rRNA of A. 
americana and that of from other plants as shown in the 
Fig. 1c. Analysis of this tree has revealed the conserved 

nature of 18s RNA of CAM plants and interestingly it 
grouped together with another monocot, Zea mays which 
is C4 grass and has different metabolism. These 
similarities with other monocots have shown the evidence 
of some changes in the past during their evolution from a 
common ancestor.  

 

 
Fig. 1. A) RNA isolated from three individual replicates of control plant samples (C) and heat stressed samples (HS). B) Amplification 
of partial sequence of 18S rRNA and Cp-sHSP gene of A. americana. Gene specific primers of 18S rRNA were used to amplify 
genomic DNA and mRNA extracted from leaves of agave after heat stress (Lane 2 and 3 respectively), and Cp-sHSP primers to 
amplify, genomic DNA and mRNA extracted from leaves of agave after heat stress (Lane 4 and 5 respectively). PCR products were 
run on 1.5 % agarose gel along with 100bp DNA ladder. No amplification was seen in the non-template controls (Lanes 1). C) Melting 
curve analysis of all primers used for real-time PCR. D) Amplification plot of target and reference gene generated by SDS software of 
real-time PCR. 
 
Expression patterns of candidate reference gene and 
target gene by relative quantification: There are many 
reports on the stable and constant expression of different 
reference genes to use for gene expression studies (Wan et 
al., 2010; Exposito-Rodriguez et al., 2008; Cortleven et al., 
2009; Tong et al., 2009; Artico et al., 2010; Jarosova & 
Kundu, 2010). For an ideal reference gene, the expression 
should remain nearly constant under any experimental 
conditions (Butte et al., 2001). In order to check the effect 
of experimental conditions on the expression of agave 18S 
rRNA, we used agave specific Cp-sHSP gene as a target 
gene for relative quantification by real-time PCR under 
varied levels of heat treatments. We used agave specific 

Cp-sHSP primers to amplify one of the heat induced 
chloroplast small heat shock protein by using 18S rRNA 
gene a reference gene for relative quantification in real time 
PCR. All primers were first tested with standard RT-PCR 
and melting curve analysis by using real time PCR to 
optimize the conditions and to exclude the possibility of 
presence of primer di-mers. The single products of each 
gene were verified by gel electrophoresis (Fig. 1a). Melting 
curve analysis of the primers used has revealed the 
presence of unique melting peak (Tm) showing specific 
nature of primers with no mismatch or false priming to the 
selected genes. 
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Fig. 2. Sequence alignment and phylogenetic relationship of 18S r RNA gene of A. americana with other known genes downloaded 
from public database.  

 
Time course expression studies of target gene (Cp-

sHSP) and reference gene (18S rRNA) was done by giving 
heat stress to agave plant at 45°C for 1-4hrs. Control plants 
were kept at 28°C for the given period of time. Total RNA 
was isolated from all samples.  Maximum expression of 
Cp-sHSP was seen after heat treatment of 4hrs as compared 
to controls by using 18S rRNA as reference gene (Fig. 2a). 
While no significant difference in the expression of 18S 
rRNA gene was seen under heat stress.  

Similarly the effect of dose response was seen after 
heat stress of four hrs at 30°C, 35°C, 40°C, 42°C, 45°C, 
50°C and 55°C. Whereas all the control plants were kept 
at 28°C room temperature and expression levels of target 
and candidate reference gene was compared. The 
expression of agave chloroplast small heat shock protein 
was induced by increasing the heat stress, and maximum 
expression was seen at 45°C (Fig. 2b). This was followed 
by a decrease in transcript levels as temperature increases 
to 55°C, showing the degradation of transcript at higher 
temperatures. While the expression of 18S rRNA gene 
remained constant throughout the heat treatments as 
shown in Fig. 2. Almost no variability in absolute Ct 
values of 18S rRNA of each sample generated with SDS 
software were examined individually and plotted as 
shown in the Fig. 2. 

To check the expression levels of 18S rRNA in 
different tissues or parts of agave plant, we examined the 
relative expression of target gene and reference gene in 
Leaf tip, leaf base and roots of the agave plant with and 
without heat stress. Leaf samples accumulated maximum 
Cp-sHSP as compared to other tissues after heat stress at 
45°C for four hours, while no apparent effect of heat stress 
was seen on 18S rRNA gene expression Fig. 3. Similarly 
amplification plot of target and reference gene generated by 
SDS software of real-time PCR has shown less difference 
in the amplification verses cycles of PCR, which is 
indicative of variations in the initial levels of transcripts in 
the given samples (Fig. 3b). Melting curve analysis of 
primers used for real-time PCR was also done as given in 
the Fig. 3c; presence of single peak excludes the possibility 
of presence of primer di-mers. Agave 18S rRNA can be 
used as a good internal control for heat stress related 
studies of high expression genes like sHSPs, because in our 
hands it had stable expression and no effect of experimental 
conditions and tissue used was observed. These results are 
consistent with use of 18S and 25S rRNA as good internal 
control for quantification of genes with high expression 
levels in rice (Kim et al., 2003). 
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Fig. 3. Time, dose dependence and tissue specific response of target gene and candidate reference gene under heat stress. To study the 
time course (A), plant were grown 45 ºC for 1-4 hours, for dose response (B) the plants were treated at 28ºC, 30ºC, 35ºC, 40ºC, 42ºC, 
45ºC, 50ºC and 55ºC for 4 hours and to check the tissue specific response (C) different tissues (leaf tip, leaf base and roots) with and 
without heat stress (45ºC for 1-4 hours) were used. Total RNA was extracted from three biological replicates of each treatment and 
respective controls (without heat treatment). Message levels for Cp-sHSP (mRNA) were determined by real-time PCR by using gene 
specific primers of Cp-sHSP genes and 18S rRNA gene as a reference gene to normalize the data. 6µl of amplified product of 18S 
rRNA was run at 1.5% agarose gel for visualizations. Similarly graphical representation of absolute ct values of 18S rRNA gene of A. 
americana generated by SDS software is given which was used for normalization of target gene.  
 
Conclusion 
 

A lot of transcript information’s and data is available 
now days for the analysis of major model plant species to 
facilitate the identification of appropriate reference genes 
for gene expression normalization. However, very less is 
known for most of the other plant species, especially wild 
plants. In this study, we have identified a suitable 
reference gene for studying heat regulated gene 
expression in A. americana.  The potential use of 18S 
rRNA as reference gene has been shown by studying the 
expression profiles of chloroplast specific small HSP gene 
of Agave. As less is known about the CAM plants and 
CAM metabolism, other researchers can use this gene as 
an internal control for several gene expression studies of 
agave and related plants. 
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Abstract 

 
Dynamic nature of beta tubulin (β-tubulin) gene is unleashed by recent studies reporting that apart from being a reliable 

reference gene serving for normalization purposes in gene expression analysis, β-tubulin encodes for structural proteins 
playing important role in cell cytoskeleton, microtubules and regulation of cell networking. This study is focused on the 
identification, isolation and characterization of 6 novel β-tubulin genes isolated from diverse range of 6 medicinal plants 
including Ficus carica, Pisum sativum, Capsicum annum, Capparis decidua, Maytenus royleana and Eruca sativa. The 
genomic sequences of newly isolated β-tubulin genes were analyzed and confirmed by using different bioinformatics tools 
followed by submission to genebank. We used ClustalW for pairwise alignment of these novel sequences with other known 
18S rRNA sequences to find out their phylogenetic relationships. Our results have shown conserved nature of β-tubulin with 
some variable regions might be landmarks of some historical signals. Being housekeeping gene, β-tubulin can be used as 
good marker and internal control for several types of molecular analysis followed by validations of their consistent 
expression in the several plant species in future. This study will provide a platform for the molecular biologist interested in 
studying novel mechanisms of different medicinal plants. 

 
Introduction 
 

An essential pillar in maintaining dynamic 
microtubule network and wider aspects disclosed in 
recent researches are the factors making β-tubulin a gene 
of interest for future studies. Tight regulation of the 
dynamic behavior and function of the microtubule 
cytoskeleton is essential for axonal transport, organelle 
positioning, formation and assembly of cilia and flagella 
(Dutcher, 2001), cell motility, transport and maintenance 
of cell shape (Berrieman et al., 2004) as well as for the 
development and survival of neurons (Tischfield & 
Engle, 2012) due to their involvement in various cellular 
processes (Jaglin & Chelly, 2009; Jaglin et al., 2009). 
Alpha and β-tubulin heterodimers are the major 
components of the microtubules (Maccioni & Cambiazo, 
1995; Dutcher, 2001). 

β-tubulin is a GTP binding protein having 445 
amino acids residues in sequence (Luduen, 1998; Wood 
et al., 2001), encoded by four exons of β-tubulin gene 
(Diaz & Andreu, 1993). After their formation alpha and 
β-tubulin heterodimers polymerize in a head to tail array 
to form protofilaments, which assemble forming 
microtubules (Hesse et al., 1987) containing different α- 
and β-tubulin isotypes each encoded by distinct genes 
(Lopata & Cleveland, 1987). Microtubule targeting 
agents bind to the β-tubulin subunit of the α/β-tubulin 
heterodimers forming microtubules (Stengel et al., 
2010). Microtubules needs to polymerize and 
depolymerize for performing its functions properly 
during cell division (Jordan & Wilson, 1998). Further 
researches on β-tubulin revealed new aspects of this 
gene. Recently many studies have shown differences in 
the β-tubulin gene expression is linked with drug 

resistance in cancer patients (Correnti et al., 1995; 
Kavallaris et al., 1997; Hasegawa et al., 2003; Mozzetti 
et al., 2005; Seve et al., 2005; Urano et al., 2006; 
Tommasi et al., 2007). It has distinct multiple isotypes 
having dynamic properties (Banerjee et al., 1992; Panda 
et al., 1994) and all of these isotypes are conserved 
among different species (Berrieman et al., 2004). 
However small differences in the properties of β-tubulin 
isotypes can influence the structure or assembly of 
microtubules, e.g., βIII -depleted tubulin polymerizes and 
assembles into microtubules at a faster rate than the 
unfractionated tubulins (Banerjee et al., 1990; 
Ranganathan et al., 1998; McKean et al., 2001). Future 
studies that examine the role of each isotype in specific 
organism will greatly impact our overall understanding 
of microtubule function and behavior, and may provide 
avenues for future therapeutic intervention (Tischfield & 
Engle, 2012).  

Moreover β-tubulin is also reported as a significant 
housekeeping gene to be used as internal control for 
gene expression analysis, because several studies 
account it as a very reliable reference gene for data 
normalization (Brunner et al., 2004; Liu & Xu, 2006; 
deAlmeida et al., 2010; Fernandez et al., 2011). Those 
genes which encode the transcripts involved in basic 
cellular processes and cell survival, shows consistent 
expression in altering experimental conditions, so they 
are preferred for normalization of data (Czechowski et 
al., 2005). β-tubulin is an example of such gene as it 
encodes for proteins playing role in structure of 
cytoskeleton, thus it is recommendable for normalization 
purposes.  These wider angels of β-tubulin gene make us 
to carry out its identification and analysis in diverse 
group of medicinal plants. 
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This paper attempts to identify sequence and 
characterize novel isoforms of β-tubulin genes from six 
plants including Ficus carica, Pisum sativum, Capsicum 
annum, Capparis decidua, Maytenus royleana and Eruca 
sativa. These species are reported to be medicinally 
important (Duke, 1981; Konyalioglu et al., 2005; Lynn et 
al., 2006; Mahla et al., 2010; Rauf et al., 2012) this is a 
follow up of our earlier studies on 18s Ribosomal RNA of 
these species (Banaras et al., 2012).This wide range of β-
tubulin gene sequences from non-model plants for their 
potential use as an internal control gene for future studies 
related to above mentioned plants. 
 
Material and Methods 
 
Plant material: Six diverse plants i.e., F. carica, P. 
sativum, C. annuum, C. decidua, M. royleana and E. 
sativa were collected from different parts of Pakistan for 
identification and sequencing of different homologues of 
β-tubulin gene. Their brief description is as follows;  

F. carica commonly known as 'fig' belongs to family 
Moraceae and has many medicinal benefits. Its leaves and 
fruits are very famous as having laxative, stimulant, 
antitussive and emullient properties. They are also very 
effective against various throat diseases (Konyalιoglu et al., 
2005). Its latex also possesses potent pharmacological 
activities, the most important being the anticarcinogenic 
and antioxidant properties (Oliveira et al., 2010). Moreover 
its methanolic extracts can lower the serum level of alanine 
aminotransferase, aspartate aminotransferase, bilirubin and 
malondialdehyde equivalents as an index of lipid 
peroxidation (Mohan et al., 2007). 

P. sativum belongs to family Fabaceae and is 
commonly called as 'pea'. It is cool season vegetable crop 
commonly used for culinary purposes. Its seeds contain 
trypsin and chymotrypsin that can be used as ecbolic, 
contraceptive, fungistatic and spermicide (Duke, 1981). 

C. decidua belongs to family Capparaceae and is 
important drought resistant plant. It grows as dense, tufty 
and xerophytic shrub with significant medicinal value 
besides many socioeconomic and ecological benefits. It 
possesses many pharmacological properties like 
hypercholesterolemic, anti-inflammatory and analgesic, 
antidiabetic, antimicrobial, antiplaque, antihypertensive, 
antihelmintic & purgative activities (Mahla et al., 2010; 
Singh et al., 2011). Its intake also results in reduction in 
plasma triglycerides, total lipids and phospholipids 
concentration (Goyal & Grewal, 2003). 

M. royleana belongs to family Celastraceae and 
grows in foot-hill zones. It is drought tolerant plant and 
can grow in arid or semi-arid areas. Its bark and leaves are 
involved in medicinal uses mainly for the treatment of 
bone fractures (Rauf et al., 2012). 

E. sativa belongs to Brassicaceae rocket species that 
are commonly used as salads vegetable and spice 
throughout the world (Lamy et al., 2008). It possesses 
various therapeutic and medicinal properties like 
inhibition of tumorigenesis, anti-ulcer, hepatoprotective, 
stimulant, aphrodisiac, diuretic and in treatment of 

stomach diseases (Lynn et al., 2006; Alqasoumi et al., 
2008; Rafatullah et al., 2008) as well as owns dynamic 
anti bacterial activity (Gulfrazi et al., 2011). 

The fresh leaves of these plants were taken for the 
extraction of genomic DNA. 
 
Genomic DNA extraction: Genomic DNA was extracted 
by CTAB (Cetyl Trimethyl Ammonium Bromide) 
method. Leaves tissues were washed with distilled water 
and 70% ethanol.  One gram of washed leaves tissues 
from each plant was ground into fine powder in presence 
of liquid nitrogen in triplicates. The finely ground tissues 
were homogenized completely with 3ml of extraction 
buffer (E.B) in falcon tube and kept at room temperature. 
The composition of E.B was 100mM Tris HCl with pH 8, 
20mM EDTA, 1M NaCl, 2% PVP-40, 0.002% CTAB, 
0.02% phenanthrolein and 0.2% β-mercaptoethanol. The 
mixture was kept at 65°C in incubator for one hour with 
regular shaking and then was kept at the room 
temperature (25°C). Chloroform and isoamyl alcohol 
(1:24 ratio) was added in phenol (1:2 ratios) and 3 ml of 
this mixture was added in the falcon tube. All the samples 
were centrifuged at 12,000 rpm for 15mins to separate out 
the debris. The supernatant was taken after careful 
washing and poured into new falcon tubes. An equal 
volume of ice cold iso-propanol was added. The mixture 
was kept at -20°C overnight. Next day, the mixtures were 
centrifuged at 8000 rpm for 12mins and the pellets were 
washed twice with 15mM ammonium acetate in 80% 
ethanol first and then with 100% ethanol. The pellets were 
air dried and dissolved in 30µl 10mM Tris + EDTA (TE 
Buffer). Then at last, in order to check DNA quality, 5μl 
of each sample was loaded on 1% agarose gel and run at 
90volts for 70mins. The gel was then checked on gel doc 
system at proper resolution and image was saved. 

DNA quantification was done by NanoDrop-1000 
spectrophotometer (ND/-1000 V3.7.1, Thermoscientific). 
The instrument was calibrated to remove zero error with 
the help of T.E buffer in which DNA was dissolved and 
was taken as blank. 1μl from each aliquot was used in 
nanodrop for quantification and concentration was 
recorded in ng/μl units. Then different dilutions of stock 
genomic DNA was prepared in order to use required 
concentrations of DNA. 200ng/μl concentration of DNA 
was used for polymerase chain reaction (PCR). 
 
Polymerase chain reaction (PCR): Genomic DNA of all 
the six plants was amplified by using gene specific 
primers under following conditions. First denaturation 
was done at 95°C for 5 min, followed by 35 cycles 
denaturation for 45 sec at 94oC, annealing at 57°C for 1 
min followed by extension for 1 min at 72oC. Final 
extension was done for 10 min at 72oC. PCR products 
were checked on 1% agarose gel and UV trans-
illuminator was used to scan the gel. 
 
Sequencing of β-tubulin gene: Sequencing PCR 
products were purified by using Axygen prep kit 
(Tischfield et al., 2010) according to the manufacturer’s 
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instructions. Sequencing was performed by using 
Beckman CEQ 8800 sequencer. Sequencing PCR reaction 
mixture was made by adding RRv3.1 master mix as 
recommended by suppliers. Sequencing PCR was done by 
denaturation at 95°C for 1min followed by 30 cycles of 
denaturation at 95°C, annealing at 57°C (β-tubulin gene) 
for 30 seconds each and extension at 72°C for 4min 
followed by final extension at 72°C for 10min. 
 
Analysis of sequence: The β-Tubulin gene sequence 
from genomic DNA amplification obtained after 
complete analysis by Beckman CEQ-8800 sequencer 
was then analyzed in Bioedit software to remove N’s 
from the sequence and BLASTn software was used for 
alignment. This alignment information was then used for 
deducing phylogenetic information among these plants 
by constructing dandogram in clustalW multiple 
alignment application. 
 
Results and Discussion 
 

We selected 6 different plants (Ficus carica, 
Pisum sativum, Capsicum annum, Capparis decidua, 
Maytenus royleana, Eruca sativa) having significant 
medical importance in order to disclose β-tubulin 
gene identification, sequencing and evolutionary 
analysis. Good quality and quantity of DNA was 
extracted by CTAB method which was then quantified 
by Nano Drop. After DNA extraction, β-tubulin gene 
was amplified using forward and reverse primers 
which were designed from the conserved regions of 
known β-tubulin genes from NCBI database. The 
amplified product of ~250 bp of β-tubulin gene from 
respective plants is shown in the Fig. 1. We sequenced 
each product individually by Sanger dideoxy chain 
termination method in Beckman CEQ-8800 sequencer 
and β-tubulin partial gene sequences of F. carica, P. 
sativum, C.  annum, C. decidua, M. royleana, E. 
sativa were submitted to genebank (Genebank group-
grp 3974929). Initial analysis of these sequences by 
BLAST showed high degree of similarities with 
previously known homologues of β-tubulin genes of a 
number of other dicot plants, hence confirmed that the 
identified and sequenced gene is β-tubulin gene of 
selected medicinal plants. The dicot plants showing 
similarity in sequences, with isolated and sequenced 
β-tubulin gene were B.napus, A.thaliana, G.hirsutum, 
C.maxima, S.tuberosum, P.trichocarpa, R.Communis, 
L.albus, P.pyrifolia, P.salicina, A.pyhllitidis, 
E.grandis, D.carota, T.tetragonioides, M.truncatula. 
Sequences showing similarity were aligned with the 
new isolated sequences of respective medicinal 
plants, by using Bio Edit software as shown in Fig. 2. 
Alignment results indicate that β-tubulin gene 
sequence is highly conserved. These results are 
consistent with reports substantiating the conserved 
nature of β-tubulin gene (Burns & Surridge, 1990; 
Guenette et al., 1991; Lai et al., 1994).  

 
 
Fig. 1. Gel picture showing amplified products of β-tubulin gene 
in respective medicinal plants (F. carica, P. sativum, C. annum, 
C. decidua, M. royleana and E. sativa) obtained by polymerase 
chain reaction with 57OC annealing temperature and using gene 
specific primers. No bands were shown in negative control 
samples (NTC), 100 base pair marker (M) indicates amplified 
products of 250 base pairs approximately. 

 
Our data suggests that this partial fragment of 

~250bp of β-tubulin gene is highly conserved among the 
selected plant species in this study. Most of these 
sequences have less variability as compared to other 
sequences.  

Phylogenetic tree was constructed based on DNA 
alignment generated by ClustalW. Result of 
phylogenetic tree showed evolutionary relationships of 
isolated β-tubulin gene with β-tubulin gene sequences 
of other known dicot plants as shown in Fig. 3. It 
clearly indicates that β-tubulin gene in these dicot 
plants remained conserved during evolution and is 
placed with the other dicots in the tree with slight 
changes in the sequence. Analysis of these newly 
isolated partial β-tubulin gene patterns and evolution in 
angiosperms fully or partially supports the clades of 
phylogenetic analysis of several previous studies 
(Banaras et al., 2012).  

This work can be further extended to study of 
expression profiles of β-tubulin gene as done 
previously with other genes (Aman et al., 2012). β-
tubulin being a reliable reference gene (Brunner et al., 
2004; Liu & Xu, 2006; deAlmeida et al., 2010; 
Fernandez et al., 2011) can serve for normalization 
purposes so this work can be proceeded to its 
validation in repective plants Ficus carica, Pisum 
sativum, Capsicum annum, Capparis decidua, 
Maytenus royleana and Eruca sativa. 

To participate in exploring dynamic β-tubulin 
gene, we identified and characterized it in 6 different 
medicinal plants, we hope study of β-tubulin to flourish 
and further unleash its potentials in future. Newly 
revealed dynamic nature of β-tubulin proposes to 
examine the role of its each isotype, which will greatly 
impact our understanding of microtubule function and 
behavior, in relation to other structural proteins of the 
cell. For all of the future studies to explore different 
pathways and for gene analysis in the selected set of 
medicinal plants as internal control after appropriate 
validations for a given set of experimental conditions. 
This may provide avenues for future therapeutic 
intervention and growth of scientific knowledge of 
major/ minor mechanisms of plant life and physiology.  
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Fig. 3. Phylogenetic tree generated by using newly isolated sequences of β-tubulin gene of respective plants including, F. carica, P. sativum, C.annum,  
C. decidua,  M. royleana and E. sativa with already known sequences of β-tubulin gene downloaded from NCBI.  
 
Acknowledgments 
 

This research was supported by a QAU Research Grant 
for 2010 to SNS at Quaid-e-azam University, Pakistan.  
 
References 
 
Alqasoumi, S., T.A. Al-Howiriny, M. Al-Yahya and S. 

Rafatullah. 2008. Gastroprotective effects of radish 
"raphanus sativus" L. on experimental gastric ulcer models 
in Rats. Farmacia, 46: 204-214. 

Aman, S., N.U. Haq and S.N. Shakeel. 2012. Identification and 
validation of stable internal control for heat induced gene 
expression of Agave americana. Pak. J. Bot., 44(4): 1289-1296. 

Banaras, S., S. Aman, M. Zafar, M. Khan, S. Abbas, Z.K. 
Shinwari and S.N. Shakeel. 2012. Molecular Identification 
and Comparative Analysis of Novel 18S Ribosomal RNA 
Genomic Sequences of a wide range of medicinal plants. 
Pak. J. Bot., 44(6): 2021-2026. 

Banerjee, A., M.C. Roach, P. Trcka and R.F. Luduena. 1992. J. 
Biol. Chem., 267: 5625-5630. 

Banerjee, A., M.C. Roach, P. Trcka and R.F. Luduena. 1990. 
Increased microtubule assembly in bovine brain tubulin 
lacking type III isotype of f-tubulin. J. Biol. Chem., 265: 
1794-1799. 

Berrieman, H.K., M.J. Lind and L. Cawkwell. 2004. Do beta-
tubulin mutations have a role in resistance to 
chemotherapy? Lancet. Oncol., 5: 158-164. 

Brunner, A.M., I.A. Yakovlev and S.H. Strauss. 2004. Validating 
internal controls for quantitative plant gene expression 
studies. BMC Plant Biol., 4: 14. 

Burns, R.G. and C. Surridge. 1990. Analysis of β-tubulin 
sequences reveals highly conserved, coordinated amino 
acid substitutions: Evidence that these ‘hot spots’ are 
directly involved in the conformational change required for 
dynamic instability. 271(1): 1-8. 

Correnti, M., M.E. Cavazza, N. Guedez, O. Herrera and N.R. 
Suarez-Chacon. 1995. Expression of the multidrug-
resistance (MDR) gene in breast cancer. J. Chemother., 7: 
449-451. 

Czechowski, T., M. Stitt, T. Altman, M.K. Udvardi and W.R. 
Scheible. 2005. Genome-wide identification and testing of 
superior reference genes for transcript normalization in 
Arabidopsis. Plant Physiology and Biochemistry, 139: 5-17. 

deAlmeida, M.R., C.M. Ruedell, F.K. Ricachenevsky, R.A. 
Sperotto, G. Pasquali and A.G. Fett-Neto. 2010. Reference 
gene selection for quantitative reverse transcription-
polymerase chain reaction normalization during In vitro 
adventitious rooting in Eucalyptus globulus Labill. BMC 
Mol. Biol. , 11: 73. 

Diaz, J.F. and J.M. Andreu. 1993. Assembly of purified GDP-
tubulin into microtubules induced by taxol and taxotere: 
Reversibility, ligand and stoichiometry, and competition. 
Biochemistry, 32: 2747-2755. 

Duke, J.A. 1981. Hand book of legumes of world economic 
importance. Plenum Press, New York, 199-265. 

Dutcher, S.K. 2001. The tubulin fraternity: alpha to eta. Current 
Opinion in Cell Biology, 13: 49-54. 

Fernandez, P., J.A. DiRienzo, S. Moschen, G.A.A. Dosio, 
L.A.N. Aguirrezábal and H.E. Hopp. 2011. Comparison of 
predictive methods and biological validation for qPCR 
reference genes in sunflower leaf senescence transcript 
analysis. Plant Cell Rep., 30: 63-74. 

Goyal, R. and R.B. Grewal. 2003. The influence of teent 
(Capparis decidua) on human plasma triglycerides, total 
lipids and phospholipids. Nutr. Health, 17(1): 71-76. 

Guenette, S., R.K. Prichard, R.D. Klein and G. Matlashewski. 
1991. Characterization of a β-tubulin gene and β-tubulin 
gene products of Brugia pahangi. 44 (2): 153-164. 

Gulfrazi, M., A. Sadiq, H. Tariq, M. Imran, R. Qureshi and A. 
Zeenat. 2011. Phytochemical analysis and antibacterial 
activity of Eruca sativa seed. Pak. J. Bot., 43(2): 1351-1359. 



SITWAT AMAN ET AL., 512

Hasegawa, S., Y. Miyoshi, C. Egawa, M. Ishitobi, T. Taguchi, Y. 
Tamaki, M. Monden and S. Noguchi. 2003. Prediction of 
response to docetaxel by quantitative analysis of class I and 
III beta-tubulin isotype mRNA expression in human breast 
cancers. Clin. Cancer Res., 9: 2992-2997. 

Hesse, J., M. Thierauf and H. Ponstingl. 1987. Tubulin sequence 
region beta 155-174 is involved in binding exchangeable 
guanosine triphosphate. J. Biol. Chem., 262: 15472-15475. 

Jaglin, X.H. and J. Chelly. 2009. Tubulin-related cortical 
dysgeneses: microtubule dysfunction underlying neuronal 
migration defects. Trends Genet., 25: 555-566. 

Jaglin, X.H., K. Poirier and Y. Saillour. 2009. Mutations in the 
btubulin gene TUBB2B result in asymmetrical 
polymicrogyria. Nat Genet., 41: 746-752. 

Jordan, M.A. and L. Wilson. 1998. Curr. Opin. Cell. Biol., 10: 
123-130. 

Kavallaris, M., D.Y. Kuo, C.A. Burkhart, D.L. Regl, M.D. 
Norris, M. Haber and S.B. Horwitz. 1997. Taxol-resistant 
epithelial ovarian tumors are associated with altered 
expression of specific beta-tubulin isotypes. J. Clin. Invest., 
100: 1282-1293. 

Konyalioglu, S., H. Saglam and B. Kivcak. 2005. α-Tocopherol, 
Flavonoid, and Phenol Contents and Antioxidant Activity 
of Ficus carica. Leaves, 43(8): 683-686. 

Konyalιoglu, S., H. Saglam and B. Kivcak. 2005. α-Tocopherol, 
Flavonoid, and Phenol Contents and Antioxidant Activity 
of Ficus carica. Leaves, 43(8): 683-686. 

Lai, E.Y., S.P. Remillard and C. Fulton. 1994. A β-tubulin gene 
of Naegleria encodes a carboxy-terminal tyrosine: 
Aromatic amino acids are conserved at carboxy termini. 
235(1): 377-388. 

Lamy, E., J. Schröder, S. Paulus, P. Brenk, T. Stahl and V. 
Mersch-Sundermann. 2008. Antigenotoxic properties of 
Eruca sativa (rocket plant), erucin and erysolin in human 
hepatoma (HepG2) cells towards benzo(a)pyrene and their 
mode of action. Food Chem. Toxicol., 46(7): 2415-2421. 

Liu, N.K. and X.M. Xu. 2006. β-Tubulin Is a More Suitable 
Internal Control than β-Actin in Western Blot Analysis of 
Spinal Cord Tissues after Traumatic Injury Journal of 
Neurotrauma, 23(12): 1794-1801. 

Lopata, M.A. and D.W. Cleveland. 1987. In vivo microtubules 
are copolymers of available beta-tubulin isotypes: 
localization of each of six vertebrate beta-tubulin isotypes 
using polyclonal antibodies elicited by synthetic peptide 
antigens. J. Cell Biol., 105: 1707-1720. 

Luduen, R.F. 1998. Multiple forms of tubulin: Different gene 
products and covalent modifications. International Review 
of Cytology, 178: 207-275. 

Lynn, A., A. Collins, Z. Fuller, K. Hillman and B. Ratcliffe. 
2006. Review Cruciferous vegetables and colo-rectal 
cancer. Proc. Nutr. Soc., 65(1): 135-144. 

Maccioni, B.R. and V. Cambiazo. 1995. Role of microtubule-
associated proteins in the control of microtubule assembly. 
Physiol. Rev., 75: 835-864. 

Mahla, H.R., R.S. Mertia and N.K. Sinha. 2010. Morphological 
characterization of in-situ variability in kair (Capparis 
decidua) and its management for biodiversity conservation 
in Thar desert. J. Med. Aromat. Plants, 1: 45-46. 

McKean, P.G., S. Vaughan and K. Gull. 2001. The extended tubulin 
superfamily. Journal of Cell Science, 114: 2723-2733. 

Mohan, G.K., E. Pallavi, B.R. Kumar, M. Ramesh and S. 
Venkatesh. 2007. Hepatoprotective activity of Ficus carica 
Linn leaf extract against carbon tetrachloride-induced 
hepatotoxicity in rats. DARU Journal of Pharmaceutical 
Sciences, 15(3): 162-166. 

Mozzetti, S., C. Ferlini, P. Concolino, F. Filippetti, G. Raspaglio, 
S. Prislei, D. Gallo, E. Martinelli, F.O. Ranelletti, G. 
Ferrandina and G. Scambia. 2005. Class III beta-tubulin 

overexpression is a prominent mechanism of paclitaxel 
resistance in ovarian cancer patients. Clin. Cancer. Res., 11: 
298-305. 

Oliveira, A.P., L.R. Silva, P.B. Andrade, P. Valentão, B.M. Silva, 
R.F. Gonçalves, J.A. Pereira and P.G. dePinho. 2010. 
Further Insight into the Latex Metabolite Profile of Ficus 
carica. J. Agric. Food Chem., 58 (20): 10855-10863. 

Panda, D., H.P. Miller, A. Banerjee, R.F. Luduena and L. Wilson. 
1994. Proc. Natl. Acad. Sci. USA, 91: 11358-11362. 

Rafatullah, S., A. AlSheikh, S. Alqasoumi, M. Al-Yahya, K. El-
Tahir and A. Galal. 2008. Protective effect of fresh radish 
juice (Raphanus sativus L.) against carbon tetrachloride 
induced hepatotoxicity. Int. J. Pharmacol., 4: 1-5. 

Ranganathan, S., C.A. Benetatos, P.J. Colarusso, D.W. Dexter 
and G.R. Hudes. 1998. Altered mBtubulin isotype 
expression in paclitaxelresistant human prostate carcinoma 
cells. British Joumal of Cancer, 77(4): 562-566. 

Rauf, F., R. Qureshi and H. Shaheen. 2012. Folk medicinal uses 
of indigenous plant species of Barroha, Bhara Kahu and 
Maanga in Islamabad, Pakistan. Journal of Medicinal 
Plants Research, 6: 2061-2070. 

Seve, P., S. Isaac, O. Tredan, P.J. Souquet, Y. Pacheco, M. Perol, 
L. Lafanechere, A. Penet, E.L. Peiller and C. Dumontet. 
2005. Expression of class III (beta)- tubulin is predictive of 
patient outcome in patients with non-small cell lung cancer 
receiving vinorelbine-based chemotherapy. Clin. Cancer 
Res., 11: 5481-5486. 

Singh, P., G. Mishra, S. Sangeet, K.K. Srivastava, K. Jha and 
R.L. Khosa. 2011. Traditional uses, phytochemistry and 
pharmacological properties of Capparis decidua: An 
overview. Der. Pharm. Lett., 3: 71-82. 

Stengel, C., S. Newman, M. Leese, B. Potter, M. Reed and A. 
Purohit. 2010. Class III b-tubulin expression and in vitro 
resistance to microtubule targeting agents. British Journal 
of Cancer, 102: 316 - 324. 

Tischfield, M.A., H.N. Baris, C. Wu, G. Rudolph, V.M. L, W. He, 
W.M. Chan, C. Andrews, J.L. Demer, R.L. Robertson, D.A. 
Mackey, J.B. Ruddle, T.D. Bird, I. Gottlob, C. Pieh, E.I. 
Traboulsi, S.L. Pomeroy, D.G. Hunter, J.S. Soul, A. Newlin, 
L.J. Sabol, E.J. Doherty, C.E. deUzcategui, N. deUzcategui, 
M.L. Collins, E.C. Sener, B. Wabbels, H. Hellebrand, T. 
Meitinger, T. deBerardinis, A. Magli, C. Schiavi, M. Pastore-
Trossello, F. Koc, A.M. Wong, A.V. Levin, M.T. Geraghty, M. 
Descartes, M. Flaherty, R.V. Jamieson, H.U. Moller, I. 
Meuthen, D.F. Callen, J. Kerwin, S. Lindsay, A. Meindl, 
M.L.J. Gupta, D. Pellman and E.C. Engle. 2010. Human 
TUBB3 mutations perturb microtubule dynamics, kinesin 
interactions, and axon guidance. Cell, 140: 74-87. 

Tischfield, M.A. and E.C. Engle. 2012. Distinct α and β–tubulin 
isotypes are required for the positioning, differentiation, 
and survival of neurons: new support for the “multi-
tubulin” hypothesis. Biosci. Rep., 30(5): 319-330. 

Tommasi, S., A. Mangia, R. Lacalamita, A. Bellizzi, V. Fedele, 
A. Chiriatti, C. Thomssen, N. Kendzierski, A. Latorre, V. 
Lorusso, F. Schittulli, F. Zito, M. Kavallaris and A. 
Paradiso. 2007. Cytoskeleton and paclitaxel sensitivity in 
breast cancer: the role of beta-tubulins. Int. J. Cancer, 120: 
2078-2085. 

Urano, N., Y. Fujiwara, Y. Doki, S.J. Kim, Y. Miyoshi, S. 
Noguchi, H. Miyata, S. Takiguchi, T. Yasuda, M. Yano and 
M. Monden. 2006. Clinical significance of class III beta-
tubulin expression and its predictive value for resistance to 
docetaxel-based chemotherapy in gastric cancer. Int. J. 
Oncol., 28: 375-381. 

Wood, K.W., W.D. Cornwell and J.R. Jackson. 2001. Past and 
future of the mitotic spindle as an oncology target. Current 
Opinion in Pharmacology, 1: 370-377. 

 
(Received for publication 10 December 2011) 



Pak. J. Bot., 44(6): 2021-2026, 2012. 

MOLECULAR IDENTIFICATION AND COMPARATIVE ANALYSIS OF  
NOVEL 18S RIBOSOMAL RNA GENOMIC SEQUENCES OF  

A WIDE RANGE OF MEDICINAL PLANTS 
 

SADIA BANARAS1, SITWAT AMAN2, MARYAM ZAFAR2, MUDASSAR KHAN2, SAFDAR ABBAS2, 
ZABTA KHAN SHINWARI1 AND SAMINA N SHAKEEL2* 

 
1Department of Biotechnology, Faculty of Biological Sciences, Quaid-i-Azam University 45320, Islamabad, Pakistan 
2Department of Biochemistry, Faculty of Biological Sciences, Quaid-i-Azam University 45320, Islamabad, Pakistan 

*Corresponding author’s e-mail: snq28@yahoo.com 
 

Abstract 
 

Ribosomal RNAs (rRNAs) are universally distributed and known for their functional equivalence among all the known 
organisms. Analysis of small-subunit rRNAs (16-18S rRNAs) can permit the accurate statistical measurement of a broad 
range of phylogenetic relationships due to highly conserved sequences. Therefore, we identified and partially sequenced 
novel isoforms of 18S rRNA gene from 7 wild, medicinal plants (Ferocactus glaucescens, Capparis decidua, Calatropis 
procera, Maytenus royleana, Prosopis Juliflora, Ficus carica and Mentha spicata) and three cultivated plants (Cyamopsis 
tetragonoloba, Eruca sativa and Solanum lycopersicum). The genomic sequences of 18S rRNA from all of these diverse 
plants were analyzed and confirmed by using bioinformatics tools and submitted to genebank. We used ClustalW for 
pairwise alignment of these novel sequences with other known 18S rRNA sequences to find out their phylogenetic 
relationships. Our results have shown highly conserved nature of 18S rRNA with variable regions might be indications of 
some historical signals. Secondary structure constrains of rRNA can affect their phylogenetic interpretations rarely. These 
novel 18S rRNA sequences can also be used as internal controls for several types of molecular analysis after accurate 
validations of their consistent expression in the given plant species in future studies, as less is known about these 
housekeeping genes of wild plants.  

 
Introduction 
 

Recently several analyses together with molecular 
evidences have surprisingly improved our understanding of 
plant phylogenies (Shinwari & Shinwari, 2010). However, 
several evolutionary relationships within many major 
groups of land plants still remained unclear and can be 
further explored by phylogentic analysis of several 
interesting housekeeping genes (Shinwari et al., 2011). 
Housekeeping genes are integral part of cellular 
metabolism. We need to we find elsewhere for additional 
and novel characteristics to elaborate the existing picture of 
plant phylogeny. Ribosomal RNA (rRNA) has frequently 
been used for reconstruction of deep branches of plant 
evolutionary history. Small-subunits (16S, 18S) rRNA 
sequences were used in several attempts to infer the life 
history (Woese & George, 1977; Woese, 1987; Olsen & 
Woese, 1996; Woese, 1998). In past, the 18S rRNA 
sequence analysis was used to predict early eukaryotic 
diversifications (Bhattacharya & Medlin, 1995) and based 
on those predictions, the fungi were placed in a sister group 
to animals (Wainright et al., 1993). Similarly, 18S rRNA 
sequences have been successfully used in reconstruction of 
eukaryotic phylogeny into many groups of plants including 
algae, bryophytes, gymnosperms and angiosperms 
(Buchheim & Chapman, 1991; Chaw et al., 1993; Chaw et 
al., 1995; Hedderson et al., 1996; Chaw et al., 1997; Soltis 
et al., 1997; Chapman et al., 1998; Hedderson et al., 1998). 
Similarly several other studies showed morphological and 
physiological characterization of plants (Mumtaz et al., 
2011). Molecular polymorphism and phylogenetic 
relationships has also been extensively studied (Akbar et 
al., 2011). 

18S rRNA sequences have been used in several 
studies with main focus on the origin of land plants with 
their placement into distinct phylogenetic groups (Mishler 
et al., 1994; Hedderson et al., 1996; Hedderson et al., 

1998). All of these studies actually portray the unique 
patterns of land plant’s relationships in many clades and 
usually cannot provide an accurate general outline of few 
plant phylogenies due to limited samplings of taxons 
(Hedderson et al., 1996), which can leads to some 
disagreements on the relationships of major lineages. The 
larger sampling can improve the inferences of plant 
phylogenies based on 18S rRNA or related sequences. 
This seems a challenging job due to the limited number of 
known genome/gene sequences covering wide range of 
plants. Most of the available genomic information is 
unfortunately still limited to the model plants and few 
crops and not much is known about wild or some 
cultivated plants with more or less economic importance 
and medicinal values (Shinwari & Qaisar, 2011). The 
grouping of such sequences into functional groups based 
on their expression levels is very beneficial as it can 
provide a basic framework to direct further research for 
defining their particular roles in form of gene products in 
evolution. 

18S rRNA are housekeeping genes (HKGs) and are 
ubiquitously expressed in all tissues and cell types for the 
maintenance of the basic cellular functions in living cells. 
Furthermore, the expression of such genes is assumed to be 
comparatively constant or nearly constant during all the 
environmental or experimental conditions. Most commonly 
used plant housekeeping genes are β-actin (ACT), α-tubulin 
(TUA), ubiquitin (UBQ), glyceraldehde-3-phosphate 
dehydrogense (GAPDH), 18S or 6S ribosomal RNA and 
elongation factors (EF) etc., (Nicot et al., 2005; Hu et al., 
2009; Garg et al., 2010; Maroufi et al., 2010).  

Normalization of a target gene expression to the HKGs 
in several molecular expression analyses is required to 
minimize the variations in target gene quantifications 
irrespective of experimental conditions. But an accurate 
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selection of housekeeping genes with stable expression 
under given conditions is a prerequisite to achieve the 
above objective (Jain et al., 2006; Majerowicz et al., 
2011; Borges et al., 2012). Alternatively 2 or more 
housekeeping genes can also be used as internal controls 
for data normalization to minimize the experimental 
errors (Thellin et al., 1999; Vandesompele et al., 2002). 
Again, most of the internal control gene identifications 
and validation studies are still limited to model plants or 
crops. Recent studies have shown that different 
experimental conditions can affect the stable expression 
of some internal controls due to their involvement in 
multiple cell signalling/defense pathways (Vandesompele 
et al., 2002: Sitwat et al., 2012). It’s really important to 
identify the novel homologues or orthologues of known 
housekeeping genes of non-model plant species to study 
their metabolic pathways and related variations according 
to their habitats or experimental conditions.  

This paper attempts to identify, sequence and 
characterize novel homologues and orthologues of 18S 
rRNA genes from a diverse group of plants including seven 
wild, medicinal plants (Ferocactus glaucescens, Capparis 
decidua, Calatropis procera, Maytenus royleana, Prosopis 
juliflora, Ficus carica and Mentha spicata) and three 
cultivated plants (Cyamopsis tetragonoloba, Eruca sativa 
and Solanum lycopersicum) to describe their phylogenetic 
relationships based 18S rRNA sequences. As we need to 
explore wide range of housekeeping genes from non-model 
plants for their potential use as an internal control gene 
(reference gene). These novel, partial gene sequences of 
18S rRNA, isolated from above mentioned plants can also 
be used as internal controls for normalizations of several 
types of gene expression studies of these selected plants 
after accurate validations of their consistent expression in 
particular plant species under given experimental 
conditions in future.   
 
Materials and Methods 
 
Plant materials: Here, we used ten diverse plants for 
identifications and sequencing of different homologues of 
18S rRNA gene as given below with their economical and 
medicinal values.   

Cyamopsistetra gonaloba is commonly known as 
Guar or cluster beans, belongs to family leguminasae. It is 
a drought-tolerant crop, commonly grown in arid and 
semi-arid regions with annual rainfall of 200-600mm. 
Guar beans can be used as vegetables for human 
consumption, also grown for cattle feed and for green 
manure. It contains large endosperm comprises of 
significant amounts of galactomannan gum that forms a 
viscous gel in cold water. The gum obtained is the 
primary marketable product of the plant. Highly refined 
guar gum is used as a stabilizer for cheeses, stiffener in 
ice cream, and is a meat binder whereas the lower grade 
of guar gum is used in cloth and paper manufacturing 
industries (Undersander et al., 1991). 

Eruca sativa commonly called taramira belongs to the 
family Brassicaceae, and is used as spice and vegetable for 
human consumption. It is important for preparations of 
some traditional medicines and remedies (Flanders & 

Karim, 1985). It is also well known for the drought 
resistance and salt tolerance (Shannon & Grieve, 1999).  

Calotropis procera belongs to family Asclepidaceae 
and is important for its medicinal properties. Its different 
parts have been reported to exhibit antioxidant, analgesic, 
and anti-inflammatory properties. It has bactericidal and 
vermicidal effects and can be used to treat leprosy and 
elephantiasis (Sing et al., 2002). Its latex has been reported 
as a useful remedy for the coetaneous infections, leprosy, 
inflammation, eczema, and malarial and low grade fevers 
(Kumar & Basu, 1994). It is a drought-resistant and salt 
tolerant plant. 

Capparis decidua is a member of family Capparaceae. 
Fruits (green berries) can be used as vegetables and have 
anti-diabetic action. The bark has been reported for the 
treatments of cough, inflammations and asthma. Roots are 
useful to cure fever and buds are good to cure boils. Leaves 
can be used as appetizers, and are helpful in cardiac 
problems. Shoots are commonly used for antifertility tonic. 
Root bark act as anthelmintic and purgative and wood coal 
is effective for muscular injuries. It is highly tolerant to 
persistent drought conditions and is known for its 
adaptations to the arid conditions.  

Prosopas juliflora belongs to family Mimosaceae. It is 
a leguminous, perennial phreatophyte. It grows in very hot 
and dry areas with high temperatures like 48°C with annual 
precipitation of 150-750mm (Darke, 1993; Geilfus, 1994). 
Its pods are one of the earliest known foods of ancient man. 
Pods are fermented to make wine. Leaves can be used as 
forage. Wood is used for floors, furniture, and many items. 
Toasted seeds can be added to coffee. The gum is used as 
an emulsifying agent. Gum is used in confectionary. Roots 
also contain 6–7% of tannin, which discourage the 
Rhizobia. It is used as a folk remedy for colds, catarrh, 
diarrhea, dysentery, eyes, inflammations, itching, measles, 
stomachaches, sore throats, and wounds (Duke & Wain, 
1981). Aqueous and alcoholic extractions are remarkably 
antibacterial. 

Maytenus royleana belongs to family Celasteraceae. It 
is highly drought tolerant plant and can survive in 
arid/semi-arid regions. Bark or leaves in powdered form is 
used for herbal therapy for the treatment of bone fractures 
(Rauf et al., 2012). 

Ficus carica is dicot and belongs to family Moraceae. 
It is a monoecious and deciduous tree or a large shrub. 
Common Fig plant is used as a laxative, expectorant, 
emollient and analgesic. It is usually used in preparations of 
laxative syrups in combinations with Senna and 
carminatives. The fruit can be used treatments of colds. 
Fresh figs can be used for treatment of boils and very small 
tumors. Its white milky juice extracted from the stems and 
leaves is used for removal of warts. 

Mentha spicata (Spearmint) is a herbaceous, 
rhizomatous and perennial plant, belongs to family 
Lamiaceae. Its leaves produce an essential oil used for 
flavor in candies, gums, ice creams, drinks. It is also used 
commercially for preparations of hygiene products 
(toothpaste, mouth-washs, etc). It has been used in many 
continents as an alternative treatments due to its antiemetic, 
antispasmodic, antiseptic, carminative, diuretic, restorative, 
stimulant, stomachic and tonic. The medicinal herb tea 
made from the leaves is used in the treatment of fevers, 
bronchitis, chills, cramps, chronic gastritis, common cold, 



ANALYSIS OF NOVEL 18S RIBOSOMAL RNA GENOMIC SEQUENCES OF MEDICINAL PLANTS 2023

diuretic, morning sickness, nasal congestions, halitosis, 
nausea, painful menstruation, and many minor problems.  
 
Genomic DNA extraction: Genomic DNA was extracted 
from leaves of all the selected plants by CTAB (Cetyl 
Trimethyl Ammonium Bromide) method (Richards, 1997). 
Plant leaves (~0.3 g) were harvested, washed with 70% 
ethanol and homogenized in preheated (65°C) 2X CTAB 
buffer followed by incubation at 65°C for 45 minutes and 
centrifugation at 10,000 rpm for 10 minutes. The supernatant 
was then collected and transferred to new tubes. Equal 
volume of chloroform-isoamylalcohol (24:1) was added and 
mixed with the supernatant followed by centrifugation at 
10,000 rpm for 10 minutes. Equal volume of chilled 
isopropanol and 1 M sodium acetate was added to the 
supernatant. The mixture was kept at -20°C for 30 minutes 
for DNA precipitation. Finally centrifuged at 12,000 rpm for 
10 minutes and subsequent washings were done to remove 
impurities followed by air drying.  The pellet was 
resuspended in 40µl of Tris EDTA buffer containing 10 
µg/µl of RNase. The DNA samples were incubated at 37 °C 
for 30 minutes to remove RNA impurities and purified 
samples were stored at -20°C for further use. 

DNA samples were quantified by using NanoDrop-1000 
spectrophotometer (ND/-1000 V3.7.1, Thermoscientific) and 
the DNA samples were diluted to a final concentration of 
200ng/µl for further molecular analysis. Similarly the DNA 
samples were also analyzed by loading samples on 1% 
agarose gel stained with ethidium bromide for gel 
electrophoresis.  
 
Polymerase chain reaction (PCR): PCR was performed 
to amplify of 18s rRNA gene from all of the above 
selected plants by using gene specific primers (Haq et al., 
2010) and Promega’s master mix (Cat. # M7502) 
according to manufacturer’s instructions at following 
PCR conditions for amplification. First denaturation was 
done at 95oC for 5 min, followed by 35 cycles 
denaturation for 45 sec at 94oC, annealing at 55°C for 1 
min followed by extension for 1 min at 72oC. Final 
extension was done for 10 min at 72oC. PCR products 
were checked on 1% agarose gel.  
 
Sequencing of partial 18s rRNA gene: Sequencing PCR 
products were purified by using Axygen prep kit (Catalog 
No AP-PCR-250) according to the manufacturer’s 
instructions. Sequencing was performed by using 
Beckman CEQ 8800 sequencer. Sequencing PCR reaction 
mixture was made by adding RRv3.1 master mix as 
recommended by suppliers. Sequencing PCR was done by 
denaturing the template at 95°C for 1min, followed by 30 
cycles of denaturation at 95°C, annealing at 55°C 

(18srRNA) for 30 seconds each, and extension at 72°C for 
4min, followed by final extension at 72°C for 10min. 
 
Analysis of sequences: The sequences were initially 
analyzed by using BioEdit software. To confirm the 
identified partial 18S rRNA gene sequences, we first used 
BLAST with “somewhat similar sequences (blastn)” 
options to find out the similarities of these genes with 
other known plant genes. Then several other plant genes 
with high similarity were downloaded from NCBI with 
their accession numbers and were used for alignment by 
using BioEdit software followed by construction of 
heuristic parsimony phylogenetic trees for evolutionary 
analysis.  
 
Results and Discussion 
 

Ten novel partial sequences of 18S rRNA gene were 
isolated and characterized from a group of seven diverse 
wild plants (Ferocactus glaucescens, Capparis decidua, 
Calatropis procera, Maytenus royleana, Prosopis Juliflora, 
Ficus carica and Mentha spicata) and three cultivated plants 
(Cyamopsis tetragonoloba, Eruca sativa and Solanum 
lycopersicum). For identification and charctrizations of 18S 
rRNA genes we isolated the genomic DNA from the leaves 
of all of the above plants by using CTAB method (Richards, 
1997). Good quality genomic DNA is one of the prerequisite 
for PCR and other PCR based technologies. The quality and 
quantity of extracted DNA was further analyzed by 
NanoDrop (ND/-1000 V3.7.1) and agarose gel 
electrophoresis, which showed the presence of high 
molecular weight DNA with minimum degradations in each 
case. These genomic DNAs of all the selected plants were 
used as template for polymerase chain reaction (PCR) to 
amplify 18SrRNA gene individually by using gene specific 
primers. Approximately 200 to 290bp products were 
amplified from each selected plant species as shown in Fig. 1 
and absence of amplified product of 18SrRNA gene in case 
of non-template control was indicative of gene specific 
amplifications in PCR in each case as expected. We 
sequenced this entire product individually and the 18S rRNA 
partial gene sequences of F.glaucescens, S.lycopersicum, 
C.decidua, C.procera, C. tetragonoloba, E. sativa, 
M.royleana, P.juliflora, F.carica and M.spicata were 
submitted to genebank (Genebank accession numbers 
JX444499-JX444508 respectively) after initial analysis by 
BLAST, which showed high degree of similarities with 
previously known homologues of plant 18S rRNA genes 
downloaded from NCBI database. Our results confirmed that 
all the sequenced products are unique and novel sequences of 
18S rRNA gene isolated from non-model plant species.  

 

 
Fig. 1. Amplification of partial sequences of 18S rRNA gene from a diverse group of plants including Ferocactus glaucescens, 
Capparis decidua, Calatropis procera, Maytenus royleana, Prosopis Juliflora, Ficus carica, Mentha spicata, Cyamopsis 
tetragonoloba, Eruca sativa and Solanum lycopersicum. Gene specific primers of 18S rRNA were used to amplify genomic DNA 
extracted from all of the above selected plants (Lane 2 to 11 respectively). PCR products were run on 1% agarose gel along with 
100bp DNA ladder. No amplification was seen in the non-template controls (Lanes 1 and 12). 
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To find out the similarities and conserved patterns of 
newly isolated sequences of 18S rRNA genes from above 
mentioned plants, we aligned these novel partial 
sequences together with already known 18SrRNA genes 
of other plant species as shown in Fig. 2. Our data 
suggests that this particular segment of ~200-290 bp of 

18S rRNA is highly conserved among these selected plant 
species. Most of these sequences had less variable 
sequences as compared to few sequences with high degree 
of variability. Interestingly, we could not see any major 
differences or unique conserved regions characteristic of 
monocots or dicots.    

 

 
 

Fig. 2. Alignment of novel genomic DNA sequences of partial 18S rRNA gene isolated from Ferocactus glaucescens, Capparis 
decidua, Calatropis procera, Maytenus royleana, Prosopis Juliflora, Ficus carica, Mentha spicata, Cyamopsis tetragonoloba, Eruca 
sativa and Solanum lycopersicum with genomic DNA sequences of18S rRNA genes of previously known plant 18S rRNA genes.  
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To find out the similarities and conserved patterns 
among newly isolated partial sequences of 18S rRNA 
genes, we aligned these novel partial sequences together 
with already known 18SrRNA genes of other plant species 
as shown in Fig. 2. Our data suggests that this particular 
segment of ~200-290 bp of 18S rRNA is highly conserved 
among these selected plant species. Most of these 
sequences have less variability as compared to other 
sequences. Interestingly, we could not see any major 
differences or unique conserved regions characteristic of 
monocots or dicots.    

Similaly, phylogenetic trees were also constructed by 
using all of above 18SrRNA partial sequences as shown in 
Fig. 3. Our results showed high degree of conservation 
among this part of 18SrRNA gene of all selceted plants. 
Analyses of 18S rRNA patterns and evolution in 
angiosperms fully or partially supported the clades 
showing transitions and transversions in the previous 
studies. Our data showed that these selected plants fall 
into three major clades. One major clade comprises of 14 
plant species including E.sativa, B.oleracea, A.thaliana, 
O.sativa, C.decidua, H.orientalis etc. as shown in Fig. 3.  
 

 
Fig. 3. Phylogenetic relationships of partial 18S rRNA gene 
isolated from diverse group of plants including, Ferocactus 
glaucescens, Capparis decidua, Calatropis procera, Maytenus 
royleana, Prosopis Juliflora, Ficus carica, Mentha spicata, 
Cyamopsis tetragonoloba, Eruca sativa and Solanum 
lycopersicum, with already known sequences of 18S rRNA genes 
by using Paup. The evolutionary history was inferred using 
Neighbor-Joining method. The percentage of replicate trees in 
which the associated taxa were clustered together in the bootstrap 
test, are shown on the top of the branches. 
 

The second clade, grouped together four of the 
selected plant species (S. indicum, C. caesius, S. 
lycopersecum, T. angustifolia). Boot strap values are 
indicative of percentage of confidence on that particular 
branch. Third clade, a sister to the M. spicata consists of 
the remaining plants except C. procera, which is a 
separate branch in the tree. Unusual placement of any 
single species or clades may rarely occur by one or few 
divergent plant species that either contain errors in 
sequences or have no close relatives. These relationships 

inferred from these above analysis are not well supported 
as previously measured by bootstrap analysis. Although 
the general trend of the tree is pretty consistent with the 
known land plant phylogenies(Crane, 1985; Kenrick & 
Crane, 1997). Although more elaborated sampling is still 
required for such type of plant phylogenetic studies based 
on 18S rRNA sequences, as this analysis does not clearly 
resolve the basal relationships of these plants due to high 
degree of conservations among these sequences.  

Conclusively, our data suggests high levels of 
conservations among this particular region of these newly 
isolated partial sequences of 18S rRNA genes of this 
selected group of plants. This conserved region of 18S 
rRNA gene may be too invariant to display the sufficient 
phylogenetic signals to find relationships among these 
plants. Furthermore, limited number of variations in this 
conserved region may be constrained and the signal is 
masked by homoplasy due to multiple substitutions on 
these sites. Thus, analysis of partial 18S rRNA sequences 
alone for few taxons will likely yield trees that not well 
resolved and supported. However, these sequences, in 
combinations with other may improve the resolution and 
internal support (Soltis et al., 1998).  

We also proposed to test these novel 18S rRNA 
genes for their potential use in the target gene expression 
studies for the normalizations of expression data after 
appropriate validations in future. 
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