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Abstract 

Abstract 

Proper functioning of an organism requires continuous express ion of some genes ca ll ed 

as housekeep ing genes. The ce ll viability is thought to be governed by th ese genes. They 

are also used as reference genes for quantification of target gene transcript under 

particular exper imental cond itions. We have isolated and characterized a housekeep in g 

gene in Capsicum annuum. The genomic DNA was extracted to amplify and sequence f3-

tubulin genes. Sequences of the said gene in different plants were down loaded from 

NCB f website and ali gned. Primers were desi gned for the most conserved regions using 

primer3 software. f3-tubulin genes was amplified using these primers des igned for 

conserved regions . Approx imately 230bp product was sequenced and ana lyzed using 

bioinformatics tools. f3-tubulin gene sequence was used for BLASTn too l to find out other 

plant 's genes based on similarity. We got f3-tubulin gene sequences of monocot and dicot 

plants with 90% homology. 

f3-tubulin gene seq uences of al l plants were aligned using BioEdit software which showed 

hi gh similarity. Phylogenetic tree was constructed using clustalW multiple ali gnment to 

check the evolutionary relationship among different plants based on f3-tubulin genes . 

Plants from diverse groups were divided in two main groups of monocots and dicots. 

This newly isolated gene can be used as an internal control for gene express ion studies in 

Capsicum annuum. 

Identijaction and Partial Sequencing of Internal Control Gene o.lCaps;cum annuul11 
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Chapter 01 introduc/ ion 

Introduction 

Reference gene should have constant express ion under di ffe rent experimental conditions 

(Wong and Medrano , 2005; Wan et aI. , 2010). There is not any gene that can be 

expressed stably under different experimental conditions (Wong and Medrano, 2005; 

Gutierrez et aI. , 2008 ). 

Deve lopment is not determined by genome in most organi sms. During body 

development, se lf- organization takes place due to ce ll to ce ll signaling and even within 

di fferent tissues on greater sca le. This affects the positioning and separation of the ce ll s. 

There are certain problems which must be solved to arrange self-organizing processes in 

a single and consistent process to create an organism that functions like normal creature. 

Such as, how the se lfish essentials can be excluded (Smith and Szathmary, 1997)7 How 

the developmental blast is decreased (Waddington, 1957; Novoplansky, 2002)7 

Moreover, environment not only affects the growth but the development is also affected. 

Data collected from the environment can be used to empower the deve lopment 

(Novoplansky et al. , 1990; Oborny, 1994; DeW itt et aI. , 1998; Alpert and Simms, 2002; 

Givni sh, 2002) 

1.1 Internal reference gene 

Idea l reference gene which is also ca ll ed as internal control should have constant 

expression under different experimental conditions (Thellin el al. , 1999; Schmittgen and 

Zakrajsek, 2000). . Normall y identified internal control genes for example, fJ- actin , 

glyceraldehy de 3-phosphate dehydrogenase (GAPDH) and 18S rRNA has enabled us to 

quanti fy transcript level of the gene. These genes may be used as in te rnal control s with 

full care, as they are expressed inconsistentl y under different conditions (Dheda et aI. , 

2005; Nicot et aI. , 2005). The reason for this variable expression is that these genes have 

role in metabolism control as well as in other ce llular reactions (S ingh and Green, \993 ; 

lshitani et aI. , 1996). Reference genes for expression studies may be defin ed by di ffe rent 

experiments on plants (Gutierrez et al., 2008 ) 

Identifaction and Partial Sequencing 0/ Internal Conh'ol Gene o/Capsicum annuum 
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Chapter 01 

1.2 Some Important Housekeeping Genes 

1.2.1 Actin 

introduc( ion 

Acti ns are the most ab undant proteins in eukaryotic cell s. There are three main groups of 

isoforms i.e. a , ~ , y. These proteins play key roles in cell motility and cytoskeleton 

maintenance (Hunter, 1977). fJ -actin and y-actin are found in all cells, whereas a-actin is 

normall y restricted to smooth muscle cells. fJ-actin is expressed constitutively and 

involved in basic housekeeping functions required for cell maintenance. Because of this, 

they are co mmonly used as endogenous control s to normalize gene expression. The use 

of these internal control genes in molecular biology is dependent on the ass umption that 

their expression level remains constant within the cell and even under different treatment 

cond itions (8 iederman et a!., 2004). 

1.2.218S rRNA gene 

Ribosomes are very ancient structures that are involved in the synthes is of proteins and 

are commonl y present in all types of ce lls. As far as the evo lutionary distances regarding 

18S rRNA among eukaryotes are concerned, comparisons can be made on two levels 

based on the primary nucleotide sequences and the secondary structures of the rRNA 

(Torczynski et af., 1983 ; Chan et a!. , 1984; Connaughton el al. , 1984; Nelles et af. , 1984; 

Noller, 1984; Raynal , 1984). 

Differences between the primary sequences can be seen among prokaryotic, eukaryotic, 

archaebacterial and organelle genes but the secondary structures have shown a marked 

preservation throu ghout evolution. The structu rally conserved regions are separated by 

variable regions in which both sequence and structure have diverged among these major 

divisions . Several of these regions are restricted to on ly one group . Divergence rates 

between rRNA mo lecules are calculated separately for the "conserved" and "variable" 

regions (Raynal el af. , 1984). 

[den ftraction and Partial Sequencing 0/ Internal Control Gene a/Capsicum annuum 
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Chapter 01 introduct;on 

1.2.3 Glyccraldchyde-3-phosphate dehydrogenase (GAPDH) 

GlyceraLdehyde-3-phosphate dehydrogenase (GAPDH) is a multifunctional cnzyme It is 

a wel l studied protein for its ro le in ce llular energy product ion as a glyco lyti c cnzyme. 

However, current ev idences reveal that this enzyme is actua ll y a multi functiona l protein 

displaying a number of diverse cellular functions which are unrelated to glyco lysis 

(Cortez et af. , 20 I 0). 

Several reports have documented that the catalyt ic cyste ine res idue of GAP DH is 

suscepti ble to oxidative modifications by nitrating agents, and these modifications result 

in the loss of enzymati c act ivity. Molecular mass of GAPDH is 160 kDa due to this it is 

the subject of numerous investigations. Crysta l structures of GAPDHs from lobster, 

human, BaciLlus slearothermophifus, Trypanosoma brucei, Thermatoga maritima, 

Thermus aqualicus and Escherichia coli have been determ ined. Due to relat ive ly high 

sequence identity among GAP DHs, the crystal structures of GAP DHs are also very 

similar. However, the orthorhombic structure of L. mexicana GAPDH (LmGAPDH) 

revealed certa in unusual features (Kim el af. , 1993). 

1.2.4 Ubiquitin 

Ubiquitin (UBI), a small protein consi sting of 76 amino acids, plays a key role in protein 

degradation processes, DNA repair, signal transduction, transcriptional regulat ion and 

receptor control by endocytos is (Christensen et at. , 1992) . It is one of the most hi ghl y 

conserved proteins with 72 of the 76 amino acids invariant among fungi , plants, and 

animals (Ca lli s and Vierstra, 1989). UBI-encoding genes are divided into two classes i.e . 

monomer ic and polymeric (Binet et af., 1991 ). Monomeric ubiquitin genes consist of228 

nucleotides (76 codons) with an add itional C-term inal sequence that encodes ribosoma l 

proteins e ither 52 or 76- 81 am ino ac ids in length (Garbarino and Belknap, 1994). 

Because of its constant expression thi s gene can be used as internal control. 

1.2.5 Cyclophilins 

Cyciophilins, or peplidy L-prolyl cis-trans isomerases, are enzymes belongi ng to the super 

family of immullophilins. Their biological significance is manifested by the cata lysis of 

protein fo lding via peptide bond rotation on the amino side of proline residues (fischer e[ 

Identijaction and Partial Sequencing 0/ Internal Control Gene a/Capsicum annuum 
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Chapter 0] introduc/ ion 

af., 1989). They play role as a chaperone for prote in traffick ing and nucleo lyti c 

degradat ion of the genome (Montague et af. , 1997). Most of the studies treat CYF 

isoforms as a single fun ctional unit, however there is ev idence that the express ion of CYF 

iso forms is independent from each other (Bi lli ch et al., 1997). Cyclophilin is commonly 

used as an internal control gene in plants express ion experiments e.g. soya bean (Bo Jian I 

and Han*2, 2008) . These observations have profound implications regarding 

cyclophilin's use as an invariant contro l and hi ghlight the fact that it is essential to treat 

cyclophilin isoforms as separate entities, rather than one functional unit. To minimize the 

ri sk of misleading data acquisition , it is suggested that CYF probes are des igned not to 

cross-react with different isoforms. 

1.2.6 Elongation Factor-l Alpha 

The elongation Jactor- l alpha or EF-l alp ha is a ubiquitous protein that binds 

aminoacy l-transfer RN A to ribosomes during protein synthesis. It has been 

predetermined to be a good internal control (Dostal e/ al., 1994). However, being an 

integral part of the translation apparatus, its express ion can be modul ated in areas of hi gh 

protein turnover such as rapid ly growing tissue, plant meristems and gametophytes . 

1.2.7 Hypoxanthine phosphoribosyltransferase (HPRT) 

Hypoxanthine phosphoribosyltransJerase (HPRT) is involved in nucleotide metabolism 

and expressed at relat ively low levels. Therefore, this gene is not suitab le when usi ng 

methodologies with low sensitivity. However, it has been shown to be invariably 

expressed when using both northern protocols and PCR based approaches as we ll as in 

studies of alveo lar macrophages and sp leen cells (Foss et al., 1998). 

1.2.8 P -Tubulin 

Tubulin is one of the member globular proteins fam ilies. The a-tubu fin and p-tubulin are 

the most abundant member of thi s family . Each of these has a molecular we ight of about 

55 kilo Dalton. (X- and P-/ubufin are arranged in dimeri c form to construct a microtubul e. 

They are somewhat acidic having 5.2 to 5.8 isoelectric point (Williams et af., 1999). 

Microtubu les are formed when the dimers of (X- and p-tubulin come in association with 

GTP and aggregate on the +ve ends of microtubules (Howard and Hyman, 2003). 

Idenfijacfian and Partial Sequencing 0/ Infernal Control Gene a/Capsicum annuum 
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Chapter 01 introduction 

1.2.8.1 Tubulin Isotypes and Stochiometry 

It is considered that plants regulate their dynam icity of microtubu les by the various 

tubulin isoforms (Gu ll et al. , \986). The left handed heli ca l symmetry and the di sturbed 

bilateral symmetry helps to di stinguish the mutant forms . This changed symmetry is 

attained due to the negative mutation in the TUA6 or TUA4. As a result seri ne replaced 

with phenylalanine at position 183. More importantly a single rep lacement of amino acid 

in tubulin sequence can lead to a cons iderable structural damage (Thitamadee ef af., 

2002). 

The ce ll wall depos ition is reliant upon the microtubule which in turn influences the 

sequence of am ino ac ids in tubulin. Lefty mutants of microtubules show greater 

sensitivity to the anti-microtubular drugs like pronamide, dinitroaniline and taxo!. Thus, 

the changes in universal morphology of a plant, cell -wall deposition, drug sensitivity and 

corti cal microtubule arrangement can be caused by a single modifi cat ion in tubulin 

amino ac id sequence (Thitamadee et al. , 2002). 

1.2.8.2 Multiple Tubulin isoforms in higher plants 

In accordance with the occurrence of manifold tubu lin genes In hi gher plants, many 

tubu lin isoforms have been observed in numerous plants, including Phaseolus vulgaris 

root tips (Hussey and Gull , 1985), carrot cell suspensions (Dawson and Lloyd, 1985 ; 

Cyr et af. , 1987), carrot plant tissues (Hussey et al. , 1988), different organs and ti ssues of 

maize (Joyce et al., 1992), Arabidopsis (Kopczak et af. , 1992; Snustad et af. , 1992), rye 

root tips (Kerr and Carter, 1990b) and sp inach leaf ce ll s (Bartolo, 1990) . Certai n 

tubulin isofo rms are differentially present through various stages of development (I-Tussey 

et a f., 1988; Joyce et al., 1992). The both a- and P-tubulin isoforms are changed in root 

tips of rye when seedlings are grown at low temperature for co ld accl imation (Kerr and 

Carter, 1990). It was also establi shed that P-tubulin isoforms are changed in sp inach leaf 

ce ll s in repl y to low temperature (Bartolo, 1990). 

Identifaction and Partial Sequencing 0/ Infernal Control Gene o/Capsicum annuum 
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Chapter 01 introduction 

Even if posttrans lat ional modificat ions such as acety lat ion, tyros ination , glutamylation of 

a-tllbu lins while phosphorylation and glutamylation of P-tubulins cause tllblilin 

divers ity in animals (Joshi and Cleveland , 1990). None of these mod ificatio ns has been 

confirmed in plant tubulins. 

1.2.8.3 Structure of Tubuli" 

Co llection of plant mi crotubules is di ffe rent in fungi and animals because the formation 

of new microtubules does not take place from organi zing centers li ke centrosomes (Shaw 

et at., 2003) . Microtubules might be centralized from iso lated sites all along presented 

microtubules from complexes containing y-tubulin (Wasteneys, 2002). 

It is believed that these complexes are formed from minus ends of microtubules. 

Microtubule nucleation and cortical microtubule arrangements occur side by side and are 

dependent on inter-microtubule connections and few other protein activities, fo r example 

microtubule organization 1 (Wasteneys, 2002). 

The ~ and a-tubulin dimers are the primary structural components of microtubules. The 

a- and ~-tubulin are arranged head to head in heterodimer form creating po larity. The 

orientation of heterodimers is that a-tubulin pointing towards negative end that 

polymerizes slowly and ~-tubul in point towards the positive end. The animal cell s have 

an organelle call ed centrosome that is present to assemble the microtubules. Centrosome 

is an organelle present in cell at pericentriolar matrix (PCM). 

For the duration of interphase, the negative (slow-growing) ends of microtubules remain 

fixed in the PCM and positive (fast-growing) ends orient towards the cytop lasm. y­

tubulin forms a ring like arrangement in PCM. The diameter of y-tubulin complex is 

nearly same to the microtubule diameter (Zheng et al. , 1995; Moritz and Agard , 200 I). 

Add itionally mitotic checkpoints are also contro lled by the virtue of y-tubulin 

(Prigozhina et at., 2004). 

Extreme C-termini of tubulin create the versatility in their structure. The C-termi nus of 

beta-tubulin and alpha protrudes out from the surface of heterodimers. MT -associated 

proteins contact the tubulin by the c-terminus (Littauer et at. , 1986) and posttranslational 

modifications are also occurred here (MacRae, 1997). 

Identi(action and Partial Sequencing of Internal Control Gene of Capsicum annuum 
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Chapter OJ introducl ion 

1.2.8.4 Reasons to choose beta tubulin for gene expression 

In order to determine the role of intron with respect to evolution and gene express ion, 

there are significant reasons to choose plant tubulin genes: 

1. Tubulin gene may be used as a marker for physlogenetic relationship among different 

plants. u- and ~-tubulin gene has wide taxonomy and extensive ly identifi ed in early 

deviating eukaryotic clad (Edgcomb et aI. , 200 I; Moriya el aI. , 200 I; Hampl el al., 

2005). Significant relations have been established on evolutionary level by tubulin 

introns productively in protozoa, fungi, flagellates , urochordates, endophytes and 

tu ber genus (Hampl , et al. , 2005; Wong and Medrano, 2005). Production of various 

tubulin proteins is done by alternative sp licing. 

2. lntrons of Tubulin did not spread randomly in eukaryotic genome but they are in the 

form of well defined up to 16 clusters. Eukaryotes have changed cluster 

combinations. But exceptions are there like Oikopleura and Caenorhabditi s plants 

have short introns. 

3. Beta-tubulin intron 111 hi gher plants is positioned at conserved sequence located 

within their corresponding genes. 

4. In the tubulin gene, intron position is located near the 5-terminus, I.e. , the gene 

expression is mainly contro lled by thi s region. 

5. Animal counterparts are less numerous than plant tubulin genes. 

6. In some areas of plant biology, tubulin is considered responsible for gene express ion. 

7. Non-coding parts are related to major changes and cod ing regions are obviously stuck 

to severe functional requirements. That ' s why cod ing regions evo lution is somewhat 

different than intron sequences. 

1.3 Optimal choice of reference gene 

Selection of the gene depends upon the range and type of the experiment (Thellin , et al., 

1999). Thus, the selection of most suitable reference gene is the key to overcome the 

inconsistency of samples for expression analysis like qRT-PCR (Dheda et al. , 2005) 

Iden/traction and Partial Sequencing 0/ Internal Control Gene a/Capsicum annuum 
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Chapter 01 introduction 

A s ignifi cant tip to identify appropr iate reference genes IS the se lecti on of the first 

division of genes used in the validation method. 

Recently, increas ing amount of avai lable articles reproduce the s ignificance of intern al 

reference genes and the requirement for authentication them for specific trial. Human and 

animal samples are dealt for these studies. Sti ll , hardl y few plants are concerned to this 

studies like tomato (Coker and Davies, 2003 ; Expos ito-Rodriguez e/ al. , 2008) , 

Arabidopsis (Czechowski et af. , 2005 ; Remans et aZ., 2008) , coffee (Barsalobres­

Cava llari et az' , 2009), rice (Kim et al. , 2003; Ding et al., 2004), potato (Nicot et al., 

2005), barley (Burton et al. , 2004) , grape (Reid et al., 2006), poplar (Brunner et al. , 

2004), soybean (Jian et al. , 2008) and wheat (Pao lacci et al. , 2009). S imilar ly, 

information are missing to choose the internal control genes for RT-qPCR analysis in 

peach plant. 

1.4 Properties of reference genes 

Housekeeping genes shou ld have constant express ion regardl ess of the ce ll 111 any 

organi sm. Such type of genes should have the fo llowing characters: 

It should be expressed in a ll the cell s of an organism 

Such type of genes shou ld have stab le copy number in all cells of an organism 

Housekeep ing genes should express with intermediate copy number for morc 

accurateness (or a like copy number to gene of attent ion) 

1.5 Reference genes as internal control 

Constant expression of a reference gene is must for normalization of real -time PCR 

otherwise it leads to fa lse results. Different genes such as (GAPDH) , fJ-TUBULIN (TUB) , 

ACTIN (AC]) , UBIQ UITIN (UBQ) and 18S rRNA have been used as internal control 

genes due to their consistent expression . But some studies have confirmed that these 

genes show somewhat variab le expression under the set of specific experimental 

cond itions (Thellin et af., 1999; Suzuki et af., 2000; Lee et al. , 2002; Czechowski ,Stitt et 

at., 2005) . 
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1.6 Normalization of gene expression by internal control genes 

Norma li zation of th e genes with interna l controls li ke /lCT or g lycera ldehyde-3-phosphate 

dehydrogenase (GAP DH), is necessary for transcript quanti fication of the target gene (B usti n, 

2002). T hough as per ru le the express ion of housekeeping genes is kept stable. But sometimes it 's 

express ion can certa inl y d iffer w ith diffe rent deve lopmental stages whi ch lcads to theatrical 

misapprehension of the expression outline of an intended gene (Lee et al. , 2002; Steele e/ ai. , 

2002). It is thus vital to recognize the housekeeping genes having expression regardless to the Ii fe 

stages which is necessary for data normalization in express ion studi es of transcript. 

Statist ica l methods have been developed to study gene express ion data (Vandesompele e/ ai. , 

2002 ; Vandesompele e/ aI. , 2009). Usually gene express ion profi les are norma li zed by s ingle 

gene but different experimants may contain number of reference genes. Moreover, the accuracy 

of RT -qPCR norma l ization and the reference genes number are assoc iated w ith one another. 

1.7 Purpose of normalization 

Proper normali zation is necessary to obtain the accurate express ion results whi ch is 

independent from the technique selected. Specially when small differences in express ion 

levels are to be calculated or when tissues of hi stologica l origin are under investigation 

(Huggett J et aI. , 2006). Inconsistency among the samples may be deve loped by di ffe rent 

steps of the experimental methods. e.g. Amount of the sample at start, recovery and 

integrity of RNA, cDNA synthes is efficacy and transcript leve l differences. 

Among the normali zation methods proposed (Thellin et al. , 1999; Suzuki ,Hi ggins et al. , 

2000; Pfaffl , 2004; Argyropoulos et af. , 2006 ; Gilsbach et aL., 2006; Libus and 

Storch ova, 2006) the most common ly app lied technique is the se lect ion of internal 

controls (Nolan et al. , 2006 ; VanGuilder et aI. , 2008) as they are thought to parti cipate in 

above mentioned variations. By the se lection of suitable control , the highl y relied 

express ion profiles can be obtained (H uggett et al., 2006) . Otherwise the gene is 

considered impractica l fo r experimental use (Dheda et al., 200S) 
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1.8 Amplification by internal control genes 

Transcript level of the gene is measured with the help of real time PCR. It also works 

where messenger RNA amounts are limited. But the choice of a standardi zed prucedure is 

necessa ry to get accurate express ion profiles (Freeman et at. , 1999; Bustin , 2002) . The 

correction of non-spec ifi c results is key functio n of normali zation. 

Many complex ce llular processes are approached by the study of gene express ion that has 

increased our understanding about how life works in a cell. To date, the best technique to 

study the express ion profiles at transcript leve l is the real -time RT-PCR. The key benefits 

of this method are greater sensitivity, specificity and w ider ran ge of quantification 

(Gachon et al. , 2004; Wong and Medrano, 2005 ; No lan et al. , 2006 ; VanGui lder , et al. , 

2008) . Microarray results are also confirmed by Real-time RT-PCR (Ch uaqui et al. , 

2002; Canales et al. , 2006). 

1.9 Work on Capsicum annum in past 

In the past some years, many efforts have been done in order to sequ ence the genome of 

variety of organism, including Arabidopsis and rice (Goff et al., 2002; Y 1I et al., 2002). 

A lthough, entire genomic sequence of different plants ex isted , but "expressed sequence 

tags" (ESTs) and analysis of cDNA sequence remained invaluable in research of 

genomic, especiall y, for research w ith large genome size p lant species. However, recent 

development in data analys is tool and DNA sequenc ing have made possible si ngle pass 

cDNA sequencing to become considerable method which can be app li ed in genomics 

based research . In many plant species, ESTs has become method of choice for subsequent 

analysis of genes by temporal or special expression patterns. As an outcome, over a 

Million of ESTs have been reported from 30 plant varieti es 

(http://www.ncbi.nlm.nih.gov/dbEST/) . 

Up till now hot pepper is und er litt le consideration and NCBI conta ins the data base of 

less than 500 nucleotide seq uence (http: //www. ncb i.nlm.nih.gov/Taxonomy). A good 

source of vitamin is hot pepper and has med ic inal significance for arthritis, reducer of 

pain and long term inflammation (Bosland and Votava, 2000) . 
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1.10 Research Objectives 

There are two main advantages to have internal contro l genes that they are; 

I. he lpful in targeting a specific gene 

2. he lpful in determining the expression of target gene. 

introduction 

For these reasons intel11al control genes are required to be identified and sequenced in different 

plant species under d iffe rent sets of experimental conditions. 

In thi s s tudy we choose Cannuum to , 

• Ident ify {J-fubulin gene in genome of Cannuum 

• Sequenc ing of {J-tubulin in genome of Cannuum 

• Analys is of {J-fubulin gene in genome of Cannuum by Ll slng bioinfonnatics 

tools . 

Idenf((action and Partial Sequencing of Infernal Control Gene of Capsicum annuum 
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Chapter 02 Materials and Methods 

MATERIALS AND METHODS 

2.1 Plant material 

Capsicum annuum, domestic specie, belongs to the Caps icum genus of plant. Thi s genus 

is nat ive to Northern So uth Ameri ca and Southern North Ameri ca. Evolution of its three 

species C. annuum, C. frutescens and C. chinense is considered from one common 

ancestor, located in the northwest Brazil - Colombia area. C. annuum is among the most 

common and wide ly cu ltivated of the five domestic capiscums. 

The name of its species annuum means "annual" (from the Lat in an nus "year"), the plant 

is not considered as an annual plant but when there is no winter frosts it can stay alive up 

to a number of seasons and may grow as perennial shrub. Its flowers are of off-white 

(sometimes purpl ish) co lor but the stem is heav ily branched and up to 60 centimeters (24 

in) ta ll with green co lored berry like fruit that becomes yellow or red upon ripening. 

2.2 Classification 

The class ification of Capsicum is given below. 

Kingdom Plantae 

(U nran ked) Eud i cots 

(Unranked) Asterids 

Order So lanales 

Family Solanaceae 

Genus Capsicum 

Species C. annuum 

2.3 Genomic DNA Extraction and Quantification 

Genomic DNA extraction of C. annuum was done by method of CTAB (Zhang et aI. , 

2000). One gram of leaf tissue was taken and firstl y washed with 70% ethanol and was 

homogenized in 3mls of extraction buffer (100mM T.HCI pH 8, 20mM EDTA, 1M NaCI, 
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2% PYP-40, 0.002% CTAS, 0.02% phenanthrolein , 0.2% ~-mercaptoethano l ). Thi s 

mi xture was then incubated for 1 hr at 70°C. 3mls of chloroform and isoamylalcoho l 

( I :24 rat io) was prepared and used with phenol in a rat io of 1:2 to purify the DNA . The 

sampl es were then centrifuged at 12,000 rpm for 15mins, the supernatant was taken after 

couple of washings in a separate fa lcon tube and an equal vo lume of ice co ld isopropanol 

was added into the fa lcon tube. The mixture was kept at -20°C for overn ight. Next day 

the frozen samp les were thawed and solution was centrifuged at 6000 rpm for 12mins. 

The pellet was washed twice with 15mM ammonium acetate in 80% ethanol followed by 

100% ethanol washings twice. The s'amples were then air dried and finall y resuspended in 

30111 10mM Tris I-lCi . 5~d of the sample was loaded on 1% agarose gel and run at 80volts 

for 90m ins. 

After the extraction of genomic DNA and confirmation of its presence, its quantification 

was done and an instrument call ed as nanodrop was used for thi s purpose. The appa ratu s 

was ca librated to remove zero error with the help of T.E buffer in which DNA was 

dissolved and was taken as blank. 1)..1.1 from each aliquot was used in nanodrop for 

quantification and concentration was recorded in ng/)..l.l units. Then different dilutions of 

stock genomic DNA was prepared in order to use required concentrations of DNA. 

200ng/)..I.1 concentration of DNA was used for polymerase chain reaction (PCR). 

2.4 Primer design 

Some of the known sequences of fJ-tubulin from different se lected plants were 

downloaded from NCSI database (http://www.ncbi .nlm .nih .gov/) and were ali gned 

together by using Sioedit program. 

As it is known that fJ-tubulin gene sequence is high ly conserved in plants, the primers 

were designed from the highl y conserved regions of the ali gned sequences of fJ-tubulin. 

Fol lowing primers were used to amplify fJ-tubulin gene from genomi c DNA of' C 

annuum (forward primer 5' -CGTAAGCTTGCTGTGAA TCTCA TC-3 ', reverse primer 

5'CTGCTCGTCAACTTCCTTTGT-3') at annealing temperature 57°C. 

Idenlijaction and Partial Sequencing 0/ Internal Control Gene o/Capsicum annuum 
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2.5 Polymerase Chain Reaction 

PCR amplification of C. annuum DNA was done by using forward and reverse primers 

given above. Genom ic DNA was first denatured at 95°C, followed by 94°C for 45sec, 

57°C for 45sec, n oc for Imin, for a total of 35 cycles. Finall y extension was done at 

noc for 5min followed by incubation at 15°C for 15min. 1.2% agarose gel was prepared 

with 2fll of ethidium bromide. 8fll PCR products were loaded on the ge l and run at 80 

volts for 90mins. UV transilluminator was used to take picture of gel. 

2.6 Sequencing of p-tubulin 

The PCR product was then purified and sequenced by the methods described as under; 

2.6.1 PCR product purification 

PCR products were purified using the rapid PCR Kit (Marligen, USA) as recommended 

by the manufacturer by adding 200fli of binding solution (HI) (Concentrated Guanidine 

HCI , EDTA, Tris HCI and Isopropanol) in to the 45fll of PCR product. The mixture 

obtained was transferred into the spin cartridge (co lumn) containing si li ca based 

membrane where doub le stranded amplified DNA was se lectively adsorbed with the 

column and was kept for 10min to allow so lution to bind completely. Its adsorption and 

binding is dependent of buffer composition and temperature. Then 500fl l of washing 

buffer (NaCI, EDTA, Tris HCI)) were used to remove Taq DNA polymerase, DNTPs and 

unused primers by centrifugation. The DNA kept bound with the si lica column that was 

then eluted with the help of 15-20fll elution buffer (I OmM Tris HCI (pH 8.0), 0.1 mM 

EDTA) in which DNA bound to silica got dissolved that was free of many impuriti es at 

65°C. This purified product was then checked at 2% horizontal ge l electrophores is for 

successful purification. 

2.6.2 Sequencing PCR 

Sequencing PCR reaction mixture was made by combining RRv3.1 (master mix of 

enzyme, dNTPs and MgCI2) (I ~d) , 5X sequencing buffer (\ ~d) , fJ-lubu lin r (forward 

primer) (1 fll) , template (I ~L1), water (6, .. t1). Sequencing PCR was done at 95°C for Imin, 
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followed by 95°C for 30 seconds, 57°C for 30 seconds, noc for 4min, a total of 30 

cyc les were repeated fol lowed by a final elongation at n oc for 10min . 

Fina lly sequencing PCR product was purified by transferring the reaction mi xture 111 

1.5ml tube with 25~t1 of water + 65~t1 100% ethanol (-20°C), vortexed and incubated at 

room temperature for 20min. The samples were centrifuged at 13000 rpm for 15min. 

Supernatant was immediately discarded and 1 5 0~t1 of 70% ice cold ethano l was added 

followed by centrifugation at 13000rpm for 15min. Supernatant was removed and 

sample was vacuum dried at 45°C. Pellet was resuspended in 20)..l1 Hi Dye Formamide 

(HDF) for sequencing. Sequencing was done in Beckman CEQ 8800 sequencer by 

Sanger Dideoxy Chain term ination method. 

2.6.3 Trimming and Editing of sequences in Bioedit software 

The sequences obtained of C. annuuln after sequencing by Beckman CEQ-8800 

sequencer were first ana lyzed in the Bioedit program and then both sequences were first 

trimmed to remove N 's from the sequence for further analysis. 

2.6.4 Data analysis 

The newly isentified sequence of f3-tubulin gene of C. annuum was then ana lyzed by the 

help of some bioinformatic tools . The details are as under; 

2.6.4.1 BLAST 

To find out the sim ilarity of f3-tubulin gene of C. annuum with other known plant 13-
tubulin sequences, we used bioinformatics tool, BLAST after adding the newly 

sequenced f3-tubulin fragment of C. annuum in the F ASTA format as an input, under 

"somewhat sim il ar sequences (b lastn) option". Number of plant f3-tubulin sequences with 

their accession numbers and identity were downloaded frol11 BLAST output and 

compared with the newly sequenced fragments . 

2.6.4.2 Alignment of p-tubulin based on DNA sequences 

Newly sequenced f3-tubulin gene sequences and the other known downloaded sequences 

of different plants including Medicago trunca/ula, Lotus japonicus, Glycine max, 

Identifaction and Partial Sequencing 0/ Internal Control Gene o/Capsicum annuum 
16 





Chapter 03 Results 

Results 

We selected Capsicum annuum for identification and sequencing of fJ-tubulin gene to use 

as internal controls for transcript analysis. A mature C. annuum plant is shown in Figure 

3.1. 

Fig 3.1: A mature Capsicum annuum plant 

PCR and other PCR based technologies require the good quality genomic DNA. Genomic 

DNA of C. annuum was isolated by modified CTAB method (Zhang Z, 2000) as 

described in method section. Figure 3.2 shows the intact and good quality genomic DNA 

isolated from C. annuum in four replicates. There was no degradation in any of these 

replicates. This genomic DNA of Capsicum annuum was used as a template for 

Polymerase Chain Reaction (PCR) to amplify a conserved region of fJ-tubulin gene by 

using a set of primers as explained in material and methods. 

Identifaction and Partial Sequencing of Internal Control Gene of Capsicum annuum 
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The amp lifi cation of fJ-tubul in gene of C. annuum was done by uSlllg gene spec ific 

forward and reverse primers of fJ-tubulin. The PCR conditions were optimized to get the 

expected size band . A product of ~230bp was amp lified at 57°C (annealing temperature), 

whil e no amplifi cation was seen in negative control as shown in the Fi gure 3.3. 

Identifaction and Partial Sequencing 0/ Internal Control Gene a/Capsicum Clnnuum 
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1 2 3 4 5 6 

Figure 3.2: Agarose gel electrophoresis of isolated genomic DNA of C. annuum. 

Tota l genomic DNA was isolated from the leaf samples of C. annuul11 from four 

independent replicates. 8ul of DNA was loaded on eth idium bromide stained gel. 

Lane 1 & 6 = lKb Ladder (Fermentas) 

Lane 2,3,4 & 5 = Genom ic DNA of C. annuum 
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2 3 

.. 23 0bp 

Figure 3.3: peR Amplification of fJ-tubulin gene of c.annuum. 2% Agarose sta ined 

with ethidium bromide showing the PCR amplified product of fJ-tubulin gene of C. 

annuum 

Lane I = IOObp ladder (Fermentas) 

Lane2 = Non-template control amplification with fJ-tubulin gene primers . 

Lane 3 = Caps icum DNA amplification with fJ-tubulin gene primers. 
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3.1 Sequencing of p-tubulin gene 

To confirm the sequence of PCR product we sequenced the above prod uct after product 

purification. Fi gure 3.4 shows the large scale amplification of about 200 to 2S 0bp product 

whi ch was then purified with rapid PCR Kit (Marligen, USA) . Purified products were 

confi rmed by running on 2% agarose ge l at 80 volts for Ihr. Initiall y the purified product 

amplification showed non specific bands, when the sample was proceeded for sequencing 

in the Beckman CEQ-8800 sequencer, the results showed large number ofN 's indicating 

failure of sequencing. So we could not use these results to identify the PCR product. 

The PCR was repeated by increasing the annealing temperature up to src to reduce the 

non-specific amplification . Once the bands of exact size were observed the we again 

dec ided to to sequence thi s amplified product. For sequencing we need to amplify the 

same product on large scale, so the same PCR was repeated under same conditions with 

SOul of volume as shown in Figure 3.4 . This time we a single and specific band of 

approximate size of 200 to 2S0bp was observed as shown in Figure 3.S , indicating that 

the sample was good enough for sequencing. 

Sequencing was done in Beckman CEQ-8800 sequencer by Sanger Dideoxy Chai n 

termination method in our central faci li ty . We were able to sequence only 18S bps with 

lots of N ' s. The resulting sequence was then trimmed to rempove N's by using Bioedit 

Software as shown in Figure 3.6 shows the sequence after editing. 

The sequenced fra gment was furth er analyzed by using different bioinformatics tools. 

BLAST is a bioinformatics tool , we used the sequence in the F ASTA format as an input 

with "somewhat similar sequences (blastn)" option, Table 3.1 shows a list of plants 

showing the similarity with our newly sequenced fJ-tubulin fragment of C. annuuln 

including Medicago truncatula, Lotus japonicus, Glycine max, Gossypium hirsutum, 

Prunus salicina, Neosinocalamus ajjinis, Eleusine indica, Oryza sativa, Populus 

trichocarpa and Eucalyptus grandis etc. with maximum homology of 90% according to 

Table 3. I. 
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1 2 

23 0bp 

Figure 3.4: Large scale peR amplification of genomic DNA of C.annuum for 

sequencing. PCR amplification of genomic DNA of C. annuum for sequencing, 5 0~tl 

sample was run at 57°C annealing temperature with fJ-tubulin gene spec ifi c primers and 

was run on 1 % agarose gel resulting in the PCR product of approximately 230bp. 

Lane 1 = 100bp DNA ladder (Fermentas) 

Lane 2 = peR product of C. annuum (50~Ll). 
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1 2 

23 0 bp 

200 bp 

100 bp 

Figure 3.5: Purified peR Product of C. annuum for sequencing. peR products 

of C annuum with f3-tubulin gene specific primers were amplified and purified with 

rapid peR Kit (Marligen, USA) followed by e lectrophoresis on 2% agarose ge l 

Lane 1 = 100bp ladder (Frementas) 
Lane 2 = Purified peR product of C annuum 
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>Capsicum annum 

GCATCCCAGCAGTATGGTGCTAATGACTGTACCTGAATTGACTCAGCAGAT 

GTGGGATTCCAAGAACATGATGTCTGCTGCTGATCCACGCCCATGGCCGTT 

ATGTGACTGCATCAGCAATGTTCCCGGTGGTAAGATGTAGCGACAAAGGAAG 

TTGACGAGCAGAGTCACATAAGA 

Figure 3.6: Newly identtfied sequence of p-tubulin of Capsicum annuum. 
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Table 3.1 BLAST results of newly sequenced p-tubulin gene of C. annuum showing 

similarity with other p-tubulin genes of different plants. 

Accession I I~
ax Total Query Q-l;:Jax 

Description 

I :========:~==========~ score score coverage value ident 

~EJ06 ~Q~ Medicago truncatula Tubulin 
XM_003594548.1 beta chain (MTR_2g031310) 

mRNA, complete sequence U ~LJU 
I:===== = ==: 

~::~~~~1~n~~~: c~~~~o~~~t~ EJ94 EJ94 EJ2% 12e-4611~1 
sequence U AB5l0590.l 

XM_003S46228.1 ;~i;uii~~~gg~:;9 ~;;, ElElEllle-3slEJ 

A Y345607.l 

:=========: 

FJ157349.1 

:=========: 

EU246956.1 

IF=========: 

AF059288.1 

IF=========: 

Gossypium hirsutum beta- El54 ElS4 6---112e-3411~--l 
tubulin 5 mRNA, complete cds ~ U 
Prunus salicina var. cordata ElElEJQbl 
~~~a-tubulin mRNA, complete 150 150 92% UU 
Neosinocalamus affinis clone 1 El50 El50 EJ2% 12e-33 IEJ3% 
beta-tubulin mRNA, partial cds 

Eleusine indica beta-tubulin 2 El50 ~EJ2% 12e-33 IEJ3% 
(TUB2) mRNA, complete cds LJ 

XM 002299505.1 Populus trichocarpa tubulin , 
- beta chain (TUB3), mRNA 

ElEJEJEJEJ 

I L D= 3=0 7=1 6=.=1 ==~~~=~=y~=a=:=~=~l=:=~e=~=:~=t~=~=i~=~=:=, r=o=u=p==[J39 EJ39 EJ2% Il e-29 1[~-l 
'r complete cds LJ 

ElEJEJI~EJ EFS34222.1 
Eucalyptus grandis beta­
tubulin (TUB4) mRNA, 
complete cds 
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Some of the above sequences were downloaded that showed homology up to 90% with 

our newl y sequenced partial fJ-tubulin gene and were ali gned with the newly iso lated 

sequences of C. annuum by using Bio Edit software as shown in Figure 3.7 . 

Phylogenetic tree was constructed by using ClustalW multiple alignment that showed the 

evo lutionary relationship of our newly sequenced fJ-tubulin gene with the fJ-tubulin 

sequences of other known plants. Figure 3.8 shows Phylogenetic tree that was 

constructed by using the sequences of C. annuum , Medicago truncatula, Lotusjaponicus, 

Glycine max, Gossypium hirsutum, Prunus salicin a, Ne osinocalamus ajjinis, Eleusine 

indica, Oryza sativa, Populus Irichocarpa and Eucalyptus grandis etc. The tree shows 

that fJ-tubulin of Capsicum annuum is higly conserved espec ially in thi s rei gion among 

diverse group of plants. 
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Capsicum Annuum 
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Figure 3.7: Alignment of newly identified partial sequence of p-tubulin gene from C. annuum with already known 
sequences of p-tubulin 
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lvJedicago 

Capsicum. 
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Results 

Figure 3.8: Phylogenetic tree based on p-tubulin sequence of plants including newly 

isolated C. annum with other p-tubulin genes from diverse group of plants 

downloaded from NCB!. 

ldentifaction and Partial Sequencing o/Internai Control Gene a/Capsicum annuum 
30 



1IJiJltUJlJlion 



Chapter 04 Discussion 

Discussion 

Those genes that have a constant express ion profi le regard less of tissue types and 

experimenta l conditi ons are ca ll ed housekeep ing genes. Due to their uni q ue and constant 

express ion amo ng a ll the tissue samp les they are w idely used as internal contro ls for 

normali zation of qPCR data. There are different types of housekeep ing genes that can be 

used as internal control but here we only focused on fJ-tubulin gene of C. annuul11. 

Capsicum annuul11 of genus Capsicum was se lected for identification and seq uenci ng of 

fJ- tub ulin gene. Genomi c DNA from C. annuum was extracted by using CT AS method 

(Zhan g Z, 2000). our data showed extraction of good quality genomic DNA of C. 

annuum as no DNA degradation was seen after optimization fo r thi s plant with hi gh 

pheno li c contents. 

As fJ-tubulin gene sequence of Capsicum annuum was not known so fJ-tubulin gene 

seq uences of some selected plants were down loaded from NCB! gene bank database and 

a li gned together to see the s imilariti es among the sequences of fJ-tubulin gene. T hen we 

designed a set of (forward and reverse) gene specific primers for the f3-tubulin gene of 

Capsicum annuum from the hi ghly conserved region. Genomic DNA was used for PCR 

amp lifi cat ion with these primers to produce a product of approximately 230bp as no band 

was seen in the non-temp late control. 

We sequenced the PCR product by using Beckman CEQ-8 800 seq uencer. Conformation 

of sequence was done using bio-informatics too ls. Our newly identified seq uences of fJ­

tubulin gene were BLAST with the already known sequences of fJ-tubulin genes of 

various plants including monocots and dicots to identify the sequence homology and 

evo lutionary re lationship of our newly identified fJ-tubulin gene. T he maximum 

homology was almost 90%.Some sequences were se lected and downloaded to align w ith 

our newly seq uenced fJ-tubulin gene by using Bio Edit software. 

Dandogram was also constructed to check the evo lutionary re lat ionshi p among the fJ­

tubulin of C. annuuln with other known fJ-tubulin seq uences which showed the similar ity 

among the sequences indicati ng the conserved nature of gene . Tn addition the newly 
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sequence of j3-tubulin of C. annuum had simi larity with other plants, showing that some 

changes have occurred during the evolution from a common ancestor. Usua ll y 

housekeeping gene remains conserved during evolutionary history which allows stab le 

expression under particular treatments. So we can use these housekeeping gene as 

internal control and a reference gene (Huggett, 2006) for transcript analysis. 
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