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1. INTRODUCTION

Research is to see what everybody else has seen,

And to think what nobody else has thought.

· Albert Szent

Wheat is the second most important cereal crop and plays an important role in food and nutritional security in India. Wheat is classified within the genus Triticum which is part the Poaceae family. The genus Triticum is further subdivided into a number of species which are classified according to the number of chromosome pairs they contain; diploid (2n=2x=14) (7 pairs e.g. einkorn wheat), tetraploid (2n=4x=28) (14 pairs e.g. durum wheat) and hexaploid (2n=6x=42) (21 pairs e.g. “common” bread wheat) (Dendy and Dobraszczyk, 2001).
As a C3 plant wheat is capable of thriving in cool environments. Optimal growth of wheat occurs at an average temperature of 25°C, with minimums at times as low as 3°C to 4°C and maximums of 30°C to 32°C. Cultivation of wheat in climatic regions where annual rainfall averages from 250 mm up to 1 750 mm have been reported (Curtis et al., 2002).

There are numerous wheat diseases, caused by various pathogens. Of these, rust diseases have, for years, been a major concern and problem for breeders, farmers and commercial seed companies (Marsalis and Goldberg, 2006). Some of the wheat diseases are common bunt, karnal bunt, loose smut, fusarium head blight, black chaff, powdery mildew, glume blotch and rust.  

Rust diseases  continually  pose a  threat  to  global  wheat  production  (Khan  et  al., 2005). Wheat rusts have been reported as devastating, having the ability to destroy entire susceptible wheat crops, in a matter of weeks, resulting in large economical losses (Haung and Roder, 2004). Among leaf, stem and stripe rust, stem rust is feared in most wheat growing regions due to its ability to turn a good healthy crop into nothing but black broken stems before harvest (Singh et al., 2002; 2006). Historically stem rust has caused severe losses to wheat production globally (Singh et al., 2006).

The ability of pathogens to mutate rapidly and multiply, and the use of air-borne dispersal mechanisms for long distance travel, poses a continual global threat (Singh et al., 2005).  A change in pathogen virulence results in previously developed resistant cultivars becoming ineffective and susceptible (Kolmer, 2005). Generally breeders try to develop resistant cultivars in their breeding programmes ahead of the potential of new pathogen races to ensure durable resistance (Singh et al., 2005). The spread of new rust races across continents has complicated the development of new resistant cultivars with durable rust resistance (Kolmer, 2005).

Rust epidemics have been common throughout history and have frequently caused sever yield losses. During the first half of the twentieth century, rust resistance was short-lived. Within a few years after the release of new resistant cultivar, virulent races of rust pathogen arise (Line and Chen, 1995).

Over the years, resistance genes have been incorporated throughout breeding programmes and depending on the gene remained effective for a number of years. Experience has shown that some resistant cultivars containing single resistance genes were not effective for long periods; thus the need arose to pyramid genes against particular rusts into a single cultivar (Schnurbusch et al., 2004).

To prevent wheat from the attack by rust pathogens, Rye has served as a valuable donor. The chromosome 1RS of rye is transferred to wheat in the form of 1AL.1RS, 1BL.1RS or 1DL.1RS wheat-rye chromosomal translocation because it carries the rust resistance genes. The 1B/1R chromosome translocation is being widely used in wheat breeding programs around the world (Dhaliwal et al., 1987).


With this basic information, the present study is done with the following objective,

1. To extract DNA from wheat-rye translocation lines.

2. Screening the stem rust resistance gene (Sr26) in wheat-rye translocation lines using SSR primers.

3. To perform synteny studies to check for the presence of markers other than Sr26 confined to the wheat chromosome. 

2. REVIEW OF LITERATURE


India is the second largest producer of wheat in the world. It accounts for approximately 12% of world's wheat production and is the second largest wheat consumer after China (FAO 2004). The rusts of wheat are important fungal pathogens that affect the productivity, which in turn lead to loss in India's economy. To eradicate rust disease, resistance gene from rye has been introgressed into wheat. Resistance genes for stem rust, leaf rust and stripe rust has been identified. The present study is focused on stem rust resistance gene, Sr26. The biology of the rust disease, its resistance gene and different wheat improvement strategies is discussed under the following headings:


2.1. RUST DISEASE

2.1.1. RUST FUNGI

2.1.2. HOST RANGE
2.2. STEM RUST

2. 2.1. DISEASE SYMPTOMS

2.2.2. STEM RUST RESISTANCE 

2.2.3. RESISTANCE GENES IDENTIFIED IN WHEAT

2.3. WHEAT IMPROVEMENT STRATEGIES

2.4. WHEAT- RYE TRANSLOCATION
2.5. SSR MARKERS IN THE CHARACTERIZATION OF RUST                 RESISTANCE IN WHEAT 

2.5.1. APPLICATION OF SSR MARKERS IN WHEAT  
2.5.2. SSR MAP OF WHEAT 
2.6. SYNTENY STUDIES

2.1. RUST DISEASE

Wheat is attacked by 3 rust diseases namely, 

· Stem rust

· Leaf rust and 

· Stripe rust 

Stem rust is caused by Puccinia graminis f. sp. tritici, leaf rust by Puccinia triticina, and stripe rust by Puccinia striiformis f. sp. tritici. A substantial effort on the identification and characterization of rust resistance genes occurred in the second half of the last century (Bariana et al., 2007).

2.1.1. RUST FUNGI


The rust fungi are obligately biotrophic pathogens; they grow and reproduce only on living host plants (Agrios, 1998). Stem rust is heteroecious: five types of spores are borne on two alternate hosts, the asexual stage on the cereal host and the sexual stage on barberry (Berberis species) (Staples, 2003). 
Taxonomy
Phylum:   Basidiomycota
Class    :    Urediniomycetes
Order   :    Uredinales
Family:    Pucciniaceae
Genus   :    Puccinia

Species:   graminis

Puccinia graminis contains 17 genera and approximately 4121 species, of which the majority is in the genus Puccinia (Kirk et al., 2001). Various subdivisions of Puccinia graminis into subspecies, varieties and formae speciales have been proposed based on spore size and host range (Leonard and Szabo, 2005). 
2.1.2. HOST RANGE

Wheat stem rust, Puccinia graminis f. sp. tritici infects 74 species in 34 genera in  artificial inoculations of seedlings, but only 28 of those species belonging to eight genera were known to be natural hosts of the fungus. Other formae speciales of Puccinia graminis have narrower host ranges than Puccinia graminis f. sp. tritici  (Leonard and Szabo, 2005).

2.2. STEM RUST


Stem rust has been a serious disease of wheat, barley, oat and rye, as well as various important grasses including timothy, tall fescue and perennial ryegrass (Bushnell and Bosacker, 1982). Stem rust was first independently documented and reported by Italian scientists, Fontana and Tozzetti in 1767.

2.2.1. DISEASE SYMPTOMS
 Infections in cereals or grasses occur mainly on stems and leaf sheaths, but occasionally they may be found on leaf blades and glumes as well. The development of stem rust in wheat is favored by warm temperature (18-30°C) with high relative humidity (Leonard 2001a). The first macroscopic symptom is usually a small chlorotic fleck, which appears a few days after infection. About 8–10 days after infection, a pustule several millimeters long and a few millimeters wide is formed by rupture of the host epidermis from pressure of a mass of brick-red urediniospores produced in the infection. These uredinia pustule are generally linear or diamond shaped and may enlarge up to 10mm long. The powdery masses of urediniospores appear similar to rust spots on a weathered iron surface. With age, the infection ceases production of brick-red urediniospores and produces a layer of black teliospores in their place, causing the stems of heavily infected plants to appear blackened late in the season (Leonard and Szabo, 2005).

The disease-causing wheat rust fungi are spread in the form of urediniospores, which can be wind blown for thousands of kilometers from initial infection sites. Epidemics of wheat rusts can occur on a continental scale because of the widespread dispersal of urediniospores (Roelfs, 1989). Severe infection of stem interrupts nutrient flow resulting in shriveled grain. In addition, stems weakened by rust infection are prone to lodging and futher loss of grain (Roelfs et al., 1992).
2.2.2. STEM RUST RESISTANCE


Resistance to wheat stem rust has traditionally relied upon single ‘gene-for-gene’ type resistance (Singh et al., 2006). Gene-for-gene type resistance is based upon a single resistance gene (R) product in the host recognizing a corresponding effector molecule produced by the pathogen (Jones and Dangl, 2006). R gene products each recognise a specific pathogen effector molecule. R proteins fall into several classes including kinases, receptor kinases and nucleotide-binding site-leucine-rich repeat proteins (NB-LRR), the latter being the largest class of known R proteins (Ayliffe and Lagudah, 2004). Upon R protein recognition of the corresponding pathogen effector a defense response, with features common to the basal defense response, is activated thereby suppressing pathogen growth (Jones and Dangl, 2006; Shen et al., 2007). But the main drawback is that, R genes have short agronomic life spans because of the emergence of new pathogen strains not recognizable by these genes. However, there are several stem rust R genes that are exceptions to this rule. The barley Rpg1 stem rust resistance has remained durable for over 50 years in North America (Steffenson, 1992).

Another class of wheat stem rust resistance genes that are distinct from R genes are known as adult plant resistance genes (APR) or slow rusting resistance genes (Caldwell, 1968). As the name suggests, APR genes usually provide resistance in mature plants and not in seedlings. APR has two major advantages compared with R genes. Firstly, resistance is broad spectrum, Secondly, APR is often durable. The most successful wheat stem rust APR gene, Sr2, has provided partial resistance to all stem rust races since its deployment in the 1920s (McFadden 1930; McIntosh et al., 1995).
The isolation of stem rust resistance genes, R and APR may enable multiple genes to be simultaneously introduced into wheat at a single locus by either co-transformation or targeted integration methods. Another possibility for generating resistance is by the alteration of the host targets of pathogen effectors (Nomura et al., 2006 and Fu et al., 2007) thereby preventing the pathogen from suppressing basal defense.

2.2.3. RESISTANCE GENES IDENTIFIED IN WHEAT


Stem rust resistance genes so far used for wheat improvement are Sr2, Sr8b, Sr9e, Sr13, Sr22, Sr24, Sr25, Sr26, Sr27, Sr29, Sr32, Sr33, Sr35, Sr36, Sr37, Sr39, Sr40 and Sr44, SrR, SrAt, SrAn, SrFn (Bariana et al., 2007).

Table 1: Origins of stem rust resistance genes to pathogen P. graminis f. sp. tritici (Roelfs 1988; Dyck 1992; Singh et al., 2006) 

	Origin of Sr gene  
	Sr genes 

	T. aestivum  
	Sr5, Sr6, Sr7a, Sr8a, Sr8b, Sr9a, Sr9b, Sr9f, Sr10, Sr15, Sr16, Sr18, Sr19, Sr20, Sr23, Sr28, Sr29, Sr30, Sr41, Sr42, SrWld-1, SrTmp

	T. turgidum  
	Sr2, Sr9d, Sr9e, Sr9g, Sr13, Sr14, Sr17  

	T. monococcum  
	Sr21, Sr22, Sr35  

	A. elongatum  
	Sr24, Sr25, Sr26, Sr43 

	S. cereale  
	Sr27, Sr31, Sr1A/1R  

	T. speltoides  
	Sr32, Sr39

	T. tauschii  
	Sr33, Sr45

	T. comosum 
	Sr34 

	T. timopheevi  
	Sr36, Sr37

	T. ventricosum  
	Sr38 

	T. araraticum  
	Sr40


 Lr13, Lr19, Lr23, Lr21, Lr22A, Lr32, Lr35, Lr42, Lr47, Lr48, Lr49, Lr50, Lr51, Lr52, Lr53 , Lr54, Lr55, Lr56, Lr57, Lr58 are the leaf rust resistance genes used for improvement of wheat (Bariana et al., 2007).
Stripe rust resistance genes namely Yr15, Yr27, Yr33, Yr1, Yr3, Yr4, Yr32, Yr34, Yr37, Yr38, Yr39, Yr40 has been identified (Bariana et al., 2007).

2.3. WHEAT IMPROVEMENT STRATEGIES


Many wheat cultivars throughout the world have the stem rust resistance gene Sr31, which is introgressed into wheat on a translocated chromosomal fragment from rye. This gene has provided highly effective resistance for many years. Stem rust races with virulence against Sr31 are not detected despite the extensive cultivation of wheat with this gene (Kolmer, 2005). The gene is used extensively in India, China, Europe and South America, and remained durable (Ayliffe  et al., 2008). But in 1999, high levels of stem rust infections were found in Uganda on wheat genotypes Ug99 that had the rye translocation chromosomal arm, Sr31 (Pretorius et al., 2000). Number of stem rust resistance genes namely Sr13, Sr22, Sr25, Sr26, Sr27, Sr29, Sr32, Sr33, Sr35, Sr40 and Sr44 are effective against Ug99 (Jin and Singh, 2006).


As an alternative, Sr31 which is allelic to SrR has been used. This transfer is also allows the simultaneous transfer of Sec-1 locus which is involved in quality defects of wheat. Singh et al., (1990) reported that SrR and Sec-1 are separated by a genetic distance of 5.4±1.7cM. Anugrahwati et al., 2008 successfully break the linkage between the stem rust resistance gene SrR and Secalin thereby restoring the quality defects.

The wheat stem rust resistance genes Sr24 and Sr26 (derived from Agropyron elongatum) SrR and Sr31 (derived from rye - Secale cereale) are available in wheat as segments of alien chromosome translocated to wheat chromosomes. Each of these genes provides resistance to all races of wheat stem rust currently found in Australia (Mago et al., 2005).

The stem rust resistance gene Sr26 is introduced by translocation of the long arm of a group 6 Agropyron elongatum chromosome to wheat chromosome 6A (Knott 1961, 1968). No virulence toward the Sr26 segment has been reported world-wide. The first Australian variety released carrying Sr26 is Eagle (Martin, 1971). Although several varieties have been produced with Sr26, the use of the gene has been limited due to the reported yield penalty associated with the Agropyron elongatum chromosome arm (The et al., 1988).  

Wheat-rye translocation lines are now available that carry SrR and Sr31 on a reduced rye segment that may not effect dough quality (Rogowsky et al., 1991; Lukasewki, 2000, 2003; Dundas et al., 2004). Sources of Sr26 with reduced Agropyron chromatin are also available (Dundas and Shepherd 1994, 1996), and these may lack the previously reported yield penalty associated with this gene (Mago et al., 2005).

One important source of stem rust resistance has been the cultivar Thatcher (Kolmer et al., 1991). Thatcher wheat is one of the first wheat cultivars specifically breed for stem rust resistance (Hayes et al., 1936). The presence of the gene Lr34 permitted the expression of additional stem rust resistance in Thatcher-derived lines both at the seedling and adult plant stages. Gene Lr34 may counter the effect of a stem rust resistance suppressor gene that is present on chromosome 7D in many common hexaploid wheat cultivars (Kerber and Aung, 1999).

Out of 23 stem rust resistance genes investigated from 1996-2000, Sr24, Sr25, Sr26, Sr31, Sr32, Sr33, Sr36 were found to be effective against Hungarian stem rust races (Manninger, 2002).

Two 1BL.1RS wheat lines, one with and one without Sr31, Lr26 and Yr9 are used as parents. Studies on F2 population confirmed that the two rye segments recombined and confirmed the co-segregation of Sr31, Lr26 and Yr9 (Mago et al., 2001).

2.4. WHEAT- RYE TRANSLOCATION

Modern bread wheat contains 21 chromosome pairs arranged in three groups (A, B, and D genomes) of seven chromosomes (i.e., 1A, 2A…7A; 1B, 2B…7B; 1D, 2D…7D). Cereal rye contains only one group (R genome) of seven chromosomes (i.e., 1R, 2R…7R). 
The chromosome 1RS of rye is transferred to wheat in the form of 1AL.1RS, 1BL.1RS or 1DL.1RS wheat-rye chromosomal translocation because it carries the rust resistance genes. The 1B/1R chromosome translocation is being widely used in wheat breeding programs around the world. In the USA, nearly 25% of wheat population carries 1AL.1RS or 1BL.1RS translocation (Graybosch 2001, 2006). 

 In 1B/1R chromosome translocation, the short arm of 1B has been replaced by the short arm of 1R (Dhaliwal et al., 1987). The short arm of the 1R chromosome segment carries genes for resistance to four major wheat diseases: 

· Powdery mildew

· Stripe rust 

· Leaf rust 

· Stem rust (Mettin et al., 1973; Zeller 1973). 

In the short arm of 1R, the rust resistance genes are located 5.4±1.7cM from the Sec1 locus, which in turn was located 26.1±4.3cM from the centromere (Singh et al., 1990). The rye 1RS arm translocated into wheat replaces one of the three short arms of the group-1 chromosomes of wheat. These arms carry several loci encoding the gluten fraction of the storage proteins (Payne, 1987). The 1RS arm carries locus Sec-I, encoding rye storage protein secalin. The secalin greatly influences the bread making quality in a negative manner. Removal of Sec-I locus by deletion (Millet and Feldman, 1993) or any other means does not restore bread quality.

In contrast to its beneficial agronomic effects the 1B/1R chromosome translocation appears to have serious detrimental effects on bread making quality (Zeller et al., 1982; Graybosch et al., 1993). 

 Genetic transformation of wheat using glutenin to restore bread quality - The glutenins are large polymeric structures due to the presence of intermolecular disulfide bonds. These glutenins are divided into low molecular weight glutenin subunit (LMW-GS) and high molecular weight glutenin subunit (HMW-GS) group (Vasil and Anderson, 1997). The HMW-GS (65,000-90,000 KDa) are further divided into high molecular range (Mr), X-type and low molecular range (Mr), Y-type subunits based on their electrophoretic mobility and isoelectric point. Tightly linked pairs of one X-type and one Y-type gene are present at each locus on the 1A, 1B and 1D chromosomes of hexaploid wheat (Payne, 1987).



A gene encoding hybrid HMW-GS (Dy10:Dx5), under the control of its endosperm specific promoter has been introduced into the Bobwhite cultivar of wheat (Blechl and Anderson, 1996). The HMW-GS accumulates in the endosperm and helps in improving the bread making quality, which obviously can be used in case of 1B/1R chromosome translocation.

2.5. SSR MARKERS IN THE CHARACTERIZATION OF RUST RESISTANCE IN WHEAT
The range of molecular markers used for characterization of wheat disease resistant diversity includes restriction fragment length polymorphism (RFLP), randomly amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), sequence tagged sites (STS), simple sequence repeats (SSR)/microsatellites, expressed sequence tags (ESTs) and RGAs (resistance gene analogues) (Kaur et al., 2008).

Microsatellites or SSRs are a unique class of repetitive DNA sequences that are highly polymorphic and abundant throughout the genomes of eukaryotes (Powell et al., 1996; Varshney et al., 2000; Hayden and Sharp, 2001; Rakoczy-Trojanowska and Bolibok, 2004).Hayden et al., (2001) reported that SSRs revealed a higher incidence of polymorphisms than other forms of genetic markers, which makes SSRs ideal for a self-pollinating crop such as wheat. SSR markers have become the DNA marker of choice for application in wheat research (Varshney et al., 2000). Since SSR markers are multi-allelic and mostly co-dominant in nature, it makes them ideal for use in evolutionary studies, genetic relationship studies, DNA fingerprinting, genetic mapping and MAS. Most SSRs are locus specific and often chromosome specific (Powell et al., 1996; Roder et al., 1998; Hayden and Sharp, 2001; Hayden et al., 2001; Gupta et al., 2002) making SSRs ideal anchoring markers to specific chromosomes (Roder et al., 1998).

2.5.1. APPLICATION OF SSR MARKERS IN WHEAT  
Due  to  the  hexaploid  nature  and  relatively  large  genome  size  of  wheat, 

development of SSR markers is time-consuming and expensive. The fact that the majority  of  SSR  markers  are  co-dominant  and  detect  high  levels  of  polymorphism, is an important advantage for crops with a large genome such as wheat (Roder et al., 1998; Somers et al., 2004; Sourdille et al., 2004). 

The development of genetic maps of many crop species such as wheat has increased progressively since the 1980s (Somers et al., 2004). Genetic maps of wheat were initially constructed using RFLP markers. Since the discovery of PCR by Mullis, PCR-based markers have become the markers of choice for genetic map construction (Somers et al., 2004; Sourdille et al., 2004). PCR markers that have been used for mapping include RAPDs, AFLPs and SSRs. The potential use of markers identified from mapping studies in plant breeding was one of the primary reasons to switch to PCR-based markers such as SSRs. 
2.5.2. SSR MAP OF WHEAT 
Triticum aestivum is an allohexaploid (2n = 6x = 42) with the three genomes A, B, and D and has a large genome of 16x109 base pairs (Bennet and Smith, 1976). The first SSR map in wheat was constructed by Roder et al., (1998) using 279 SSRs. Out of the 279 microsatellites, 93 mapped to the A genome, 115 to the B genome, and 71 to the D genome. Low numbers of microsatellite markers were found in chromosomes 1A, 4A, 6A, 1D, 4D, 6D, and 7D.

In some cases, independently isolated microsatellites appeared to be duplicates that co-segregated and consisted of almost identical sequences. This happened for Xgwm213 and Xgwm335 on chromosome 5B and for Xgwm269 and Xgwm565 on chromosome 5D. The highest number of loci was detected by Xgwm666 with five sites, all mapping to the A genome. Xgwm165 was identified, which mapped the chromosomal arms 4AS, 4BL, and 4DL.   

 Roder et al., (1998) have not observed significant clustering of microsatellites, with the exception of several centromeric regions on chromosomes 2A, 3A, 3B, 4B, 5B, and 6B. Only 37 of 230 primer sets produced more than one mappable locus. The majority of 193 microsatellite markers constitute genome-specific markers. Thus, the wheat microsatellites are mainly genome-specific and the microsatellite primer sets usually amplify only a single locus from one of the three genomes.

Table 2: Examples of molecular markers used for characterization and genetic mapping of different disease resistance genes in wheat
	Disease
	Resistance gene/genomic region
	Marker used for identification
and/or mapping
	Reference

	Leaf rust, yellow rust and stem rust
	Lr34/Yr18
	SSR, STS
	Bossolini et al., (2006)

	
	Lr9, Lr19 and Lr24
	STS
	Lagudah et al., (2006)

	
	Lr46
	AFLP
	Tyryshkin et al., (2006)

	
	Lr47
	RFLP
	William et al., (2003)

	
	Yr15
	SSR
	Helguera et al., (2000)

	
	Yr5
	RGA
	Chagué et al., (1999)

	
	Sr30
	AFLP,RFLP
	Yan et al., (2003)

	
	Sr36


	SSR
	Bariana et al., (2001)

	
	Sr24
	SSR
	Mago et al., 2005

	
	Sr26
	SSR
	Mago et al., 2005


2.6. SYNTENY STUDIES

Synteny will allow the use of smaller grass genomes as a vehicle for the map based cloning of genes in larger grass genomes. This technique has been utilized toward the isolation of a barley disease resistance gene by chromosome walking in rice (Kilian et al. 1995).
Comparative genetic mapping experiments with rice, wheat and maize indicated that genome co-linearity is observed even in species belonging to different subfamilies of the Poaceae (Ahn et al., 1993).
Ahn and Tanksley (1993) compared linkage maps of the rice and maize by the use of common DNA markers, and showed the potentiality of synteny maps among cereal genomes. Out of 75 rice genomic clones that had been earlier mapped on rice chromosomes, 61 clones had the homology with wheat genomes. The results of the wheat-rice co-linearity analysis showed good co-linearity between wheat homoeologous group 2 and rice chromosomes 4 and 7 (Sorrells et al., 2003).
Although Oryza separated from maize and sorghum about 50 million years ago and from wheat and barley about 40 million years ago, their common evolutionary history can be traced by the collinear order of genetic markers across their chromosomes. This is particularly true for the short arm of chromosome 3 of rice, which shows large stretches of genetic marker co-linearity with maize chromosomes 1 and 9, sorghum linkage group L, and barley and wheat chromosomes 4L.
Recently, Sorrells et al. (2003) constructed a wheat–japonica chromosome 3 syntenic map. The synteny map shows collinearity between japonica chromosome 3S and wheat 4BL/4DL, or with wheat 5AL and 4AS. In addition, japonica 3L is conserved with wheat 5BL/5DL and 4DS or with wheat 4AL and 5AL. The wheat B and D genomes are more similar to each other than to the A genome.
	


3. MATERIALS & METHODS

          In the Present study on" Analysis of  Sr26 in wheat-rye translocation lines using SSR primer", the leaf samples were analyzed for the expression of Stem rust resistance gene (Sr26) using SSR primer among the  different introgression lines. The experimental procedures followed are discussed under the following headings.

3.1. MATERIALS USED

3.2. EXPERIMENTAL PROCEDURE

3.2.1. DNA ISOLATION
3.2.2. QUALITY ASSESSMENT

3.2.3. PCR ANALYSIS
      3.3. SYNTENY STUDIES

3.1. MATERIALS USED

           One month old leaf samples of wheat were collected from Indian Agricultural Research Institute (IARI), ICAR, Regional station, The Nilgiris, Wellington and stored at -80ºC.
Table 3: Materials used in the study
	SAMPLE NUMBER
	DESCRIPTION

	S1
	HW 2094 (Lok -1,Lr24, Sr24, Sr26)



	S2
	Darfkite (Lr24, Sr24, Sr26)



	S3
	HW 2026 with NI 5439 (Lr24, Sr24, Sr26)



	S4
	HW 2021 with Kalyansona (Lr24, Sr24, Sr26)



	P2
	HS 240 with Lr28, Sr26



	P3
	HS 2402 with Lr28 , Sr26



	P4
	HUW 234 with Lr37, Sr26



	P5
	HD 2285 with Lr19, Sr26



	P7
	HD 2285 with Lr37, Sr26



	BC2 (90-94, 96-109)
	P4 * S4



	BC3 (143-150, 152-154, 156-161, 167)
	P5 * S2



	BC2 (169-179, 182-187)
	P5 * S4




S – SOURCES

P - PARENTS

BC – BACK CROSS POPULATIONS
3.2. EXPERIMENTAL PROCEDURE

3.2.1. DNA ISOLATION
The reagents required for the isolation of DNA are discussed in the appendix- I.
	


 Freshly harvested leaf sample (1g) was ground in liquid nitrogen using a mortar and pestle along with 0.1g of PVP. The pulverized leaves were quickly transferred to 3 ml of freshly prepared prewarmed (65°C) extraction buffer and shaken vigorously by inversion to form slurry. The tubes were incubated at 65°C in water bath for 60-90 min with intermittent shaking and swirling for every 30min. An equal volume of Chloroform:Isoamylalcohol (24:1) was added and mixed properly by inversion for 30 min and centrifuged at 12,000 rpm for 15min at RT (room temperature) to separate the phases. The supernatant was carefully decanted and transferred to a new tube and was precipitated with equal volumes of cold Isopropanol, and gently mixed to produce fibrous DNA and incubated at –20°C for a minimum of 30 min. The samples were centrifuged at 12000 rpm for 15min. The pellet was washed with 70% ethanol; air dried and resuspended in 3 ml of TE buffer and 5μl of RNase was added and incubated overnight at 37°C.
 The dissolved DNA was extracted with equal volumes of phenol: chloroform:lsoamylalcohol (25:24:1, v/v/v) at 8000 rpm for 15 min. The aqueous layer was transferred to a fresh 15ml tube and reextracted with equal volume of chloroform and Isoamylalcohol (24:1) by centrifuging at 12,000 rpm for 15min.  The supernatant was transferred to a fresh tube and equal volumes of absolute alcohol and 1/10 volume of sodium acetate were added and incubated at -20oC for 30min followed by centrifugation at 12,000 rpm for 15 min. The pellet was air dried and resuspended in TE buffer. All the centrifugation steps were carried out at room temperature to avoid precipitation with CTAB, DNA degradation and to obtain good quality DNA.

3.2.2. QUALITY ASSESSMENT

DNA quantification and assessment of purity

The DNA yield was determined using a UV-VIS spectrophotometer at 260nm.The concentration and of DNA was determined by analyzing the DNA samples on 0.8% agarose gel. The known concentration of lambda DNA (10, 20 and 30ng) was loaded along with the sample and visual quantification was done based on the comparative intensities of the bands under UV fluorescence.  Quantification by visual comparison of the intensities of known DNA concentration is a standard method of DNA quantification superior to UV absorption method, as the purity of DNA can be assessed visually. Quantification of DNA was done by visualization. 

3.2.3. PCR ANALYSIS

DNA of each accession was amplified to check the presence of Sr26#43 using SSR primer,

F-5' AATCGTCCACATTGGCTTCT 

R-5' CGCAACAAAATCATGCACTA (Mago et al., 2005)

Table 4: PCR reaction conditions
	S.No
	Steps involved
	   Temp. (°C)
	Time

(minutes)
	Cycles

(No.)

	Step 1


	Initial denaturation

	94
	3.00
	1

	Step 2
	Denaturation


	94
	0.30
	30

	Step 3


	Annealing
	56
	0.30
	30

	Step 4


	Extension
	72
	0.40
	30

	Step 5


	Final

Extension

	20
	1.00
	30

	Step 6
	Storage
	4
	∞
	1


Table 5: PCR reaction mixture

	

DNA
	3 µl

	Taq Buffer
	1.5 µl

	Primer
	1.5 µl

	dNTPs
	0.5 µl

	Taq DNA polymerase
	0.2 µl

	Distilled Water
	8.3 µl

	Total
	15 µl


The amplified DNA bands were visualized using 3% agarose gel (Appendix II).

3.3. SYNTENY STUDIES


The EST map of 6A chromosome of wheat has analysed by surfing the website http://wheat.pw.usda.gov and synteny has been studied with rice chromosome. From the comparative EST data, putative disease resistance gene was analyzed using BLASTN against EST database and BLAST2LB was also performed.
4. RESULTS AND DISCUSSION

The present study entitled "Analysis of Sr26 in wheat-rye translocation lines using SSR primer" was aimed to screen the presence of stem rust resistance gene Sr26. The source of this gene is Agropyron elongatum which has been translocated into wheat 6A chromosome by means of translocation. The results of the study are presented and discussed under the following headings: 


4.1. DNA ISOLATION


4.2. DNA QUANTIFICATION


4.3. PCR ANALYSIS


4.4. SYNTENY STUDIES



4.4.1. BLAST RESULTS

4.1. DNA ISOLATION


DNA was isolated from 500mg of leaf samples using C-TAB extraction buffer and PVP. The DNA yield was found to vary for each sample.
4.2. DNA QUANTIFICATION


The isolated DNA was quantified using two different methods,

1. Visualization method

2. Spectrophotometry

4.2.1. VISUALIZATION METHOD


Visualization method was done by using different concentrations of lambda DNA ranging from 10-30ng. DNA concentration varies from 0.3-3ng, which is shown in the table 6 and gel documentation photos are shown in the figure 1.
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4.2.2. SPECTROPHOTOMETRY


DNA samples were quantified at 260nm using Spectrophotometer. The amount of DNA present is calculated from the optical density by considering the fact that "if A260 =1, it corresponds to 50µg of DNA". The wider range of DNA content shown in the table 6 may be due to the presence of contaminants including RNA, protein and salts.
Table 6: Amount of DNA quantified using lambda DNA and Spectrophotometry

	Sample
	Amount of DNA (ng/µl)

	
	Quantification using lambda DNA
	Quantification at 260 nm using Spectrophotometer

	S1
	1.5
	225

	S2
	1.5
	150

	S3
	0.5
	2.5

	S4
	0.5
	350

	P2
	0.7
	175

	P3
	0.5
	300

	P4
	3
	400

	P5
	0.3
	75

	P7
	1
	57.5

	90
	3
	1025

	91
	3
	1225

	92
	0.3
	500

	93
	3
	2325

	94
	3
	950

	96
	3
	550

	97
	3
	775

	98
	1
	350

	99
	3
	150

	100
	1
	950

	101
	1
	1250

	102
	3
	250

	103
	2
	475

	104
	2
	125

	105
	2
	500

	106
	0.4
	675

	107
	2
	75

	108
	2.5
	500

	109
	0.2
	320

	143
	0.1
	225

	144
	0.1
	250

	145
	0.1
	225

	146
	0.3
	150

	147
	0.3
	425

	148
	0.3
	750

	149
	0.5
	650

	150
	0.3
	725

	152
	3
	250

	153
	3
	3250

	154
	3
	1500

	156
	3
	1000

	157
	1
	275

	158
	3
	250

	159
	1
	235

	160
	2
	3000

	161
	1.2
	2750

	166
	3
	2825

	167
	2
	3350

	169
	1
	2775

	170
	0.5
	2650

	171
	2
	2650

	172
	2
	2600

	173
	1
	2625

	174
	0.3
	2575

	175
	0.5
	2925

	176
	1.5
	3050

	177
	1
	3450

	178
	0.8
	2675

	179
	3
	2925

	182
	3
	2700

	183
	3
	2900

	184
	3
	2850

	185
	2
	2550

	186
	2
	2900

	187
	1
	2700


4.3. PCR ANALYSIS
The sources, parents and different introgression lines were screened for the presence of Sr26 using SSR primer (Sr26#43). None of the sample showed amplified DNA bands when the PCR product was viewed in 3% agarose gel. Eventhough the genotypic traits of the sources and parents are resistant to rust, which implies the positive introgression of source and parent possessing the Sr26 loci, amplification was not observed for this specific SSR marker (Fig. 2).  So, relative rust resistance marker Sr2 and Sr36 were also used to check for their presence.  But no amplification was observed either. This may be due to the non-mendelian inheritance of the Sr26 gene. Further, the SSR markers were derived from ten polymorphic AFLPs using 96 primer combinations, but only one set of primers for Sr26#43 shows amplification. Thus, Sr26#43 has been widely used. Hence, synteny studies have been performed by comparing the genome of wheat and rice to screen for the presence of putative markers.

[image: image11.png].
&t




[image: image12.png]


[image: image13.png]


[image: image14.png]


[image: image15.png]



4.4. SYNTENY STUDIES IN RICE AND WHEAT

 In accordance to Mago et al., 2005, Sr26 from Agropyron elongatum is transferred to 6A region of wheat chromosome. Thus, the putative region which is 115cM to the distal end of wheat chromosome 6A is the target region for studying synteny with rice chromosome. Using GRAMENE database, putative disease resistance gene is identified which can also be used as marker for wheat chromosome.

From the results obtained, the putative disease resistance protein was identified to be RPM1. Results obtained in synteny studies with rice for wheat 6A distal region is shown in the table 7.

Table 7: Synteny study of 6A chromosome in wheat with rice
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	BLAST X Candidate
	BLASTX     E-value
	BLASTN Candidate
	BLASTN E-value
	EST

Accession
	EST Name
	Locus

	subtilisin-like serine protease, putative;

protein id: At3g14067.1 [Arabidopsis thaliana]
	6e-58
	Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBa0084A10, complete sequence
	4e-06
	BE405516
	WHE1212_C03_F06ZS
	CNL001BE405516-10

	hypothetical protein [Trichodesmium erythraeum IMS101]
	7
	Oryza sativa chromosome 10 BAC OSJNBa0051D19 genomic sequence, complete sequence
	1.5
	BG606901
	WHE2454_G06_N12ZS
	CNL177BG606901-4

	putative glutathione S-transferase [Oryza sativa (japonica cultivar-group)]
	1e-34
	Oryza sativa chromosome 10 BAC OSJNBa0034L04 genomic sequence, complete sequence
	1e-18
	BE591173
	WHE1655-1658_O11_O11ZS
	CNL264BE591173-2

	glycosyl hydrolase family 17; protein id: At5g18220.1 [Arabidopsis thaliana]
	3e-53
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 8, BAC clone:OJ1006_H01, complete sequence
	2e-23
	BF484507
	WHE2324_D08_H16ZS
	CSU173BF484507-2

	xyloglucan fucosyltransferase, putative; protein id: At1g14070.1 [Arabidopsis thaliana]
	4e-46
	Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBa0064H22, complete sequence
	1e-06
	BG263703
	WHE2348_A05_B10ZS
	CSU175BG263703-3

	OJ1081_B12.9 [Oryza sativa (japonica cultivar-group)]
	6e-18
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 8, BAC clone:OJ1081_B12
	2e-07
	BG606663
	WHE2451_D09_G17ZS
	CSU291BG606663-2

	subtilisin-like serine protease, putative; protein id: At3g14067.1 [Arabidopsis thaliana]
	6e-58
	Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBa0084A10, complete sequence
	4e-06
	BE405516
	WHE1212_C03_F06ZS
	KSU002BE405516-5

	subtilisin-like serine protease, putative; protein id: At3g14067.1 [Arabidopsis thaliana]
	6e-58
	Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBa0084A10, complete sequence
	4e-06
	BE405516
	WHE1212_C03_F06ZS
	KSU002BE405516-7

	O-diphenol-O-methyl transferase, putative; protein id: At3g53140.1, supported by cDNA: 40826. [Arabidopsis thaliana]
	9e-48
	Oryza sativa (japonica cultivar-group) chromosome 3 clone OSJNBb0050D18, complete sequence
	5e-48
	BE406840
	WHE0432_h02_p04zS
	KSU035BE406840-3

	Putative nodulin-like protein [Oryza sativa]
	4e-35
	Oryza sativa chromosome 10 clone OSJNBa0051J07, complete sequence
	6e-07
	BE442605
	WHE1105_A11_A21ZS
	KSU038BE442605-4

	Putative nodulin-like protein [Oryza sativa]
	4e-35
	Oryza sativa chromosome 10 clone OSJNBa0051J07, complete sequence
	6e-07
	BE442605
	WHE1105_A11_A21ZS
	KSU038BE442605-8

	putative cytochrome P450 [Oryza sativa (japonica cultivar-group)]
	8e-54
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 8, BAC clone:OJ1349_D05
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9e-26
	BE443643
	WHE1121_H07_O13ZS
	KSU038BE443643-2

	putative cytochrome P450 [Oryza sativa (japonica cultivar-group)]
	8e-54
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 8, BAC clone:OJ1349_D05
	9e-26
	BE443643
	WHE1121_H07_O13ZS
	KSU038BE443643-3

	glycolate oxidase subunit D-like; D-lactate dehydrogenase-like; protein id: At5g06580.1, supported by cDNA: gi_15010679 [Arabidopsis thaliana]
	4e-23
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 7, PAC clone:P0428D12
	2e-20
	BE443711
	WHE1121_B08_C15ZS
	KSU038BE443711-2

	allene oxide cyclase [Oryza sativa (japonica cultivar-group)]
	9e-90
	Oryza sativa mRNA for allene oxide cyclase (aoc gene)
	0
	BE637963
	WHE1755-1758_F24_F24ZS
	KSU041BE637963-1

	putative peroxidase isozyme 38K precursor [Oryza sativa (japonica cultivar-group)]
	9e-62
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 1, PAC clone:P0416G11
	1e-45
	BF202810
	WHE1784_H05_O10ZS
	KSU041BF202810-3

	hypothetical protein [Oryza sativa (japonica cultivar-group)]
	5e-09
	Oryza sativa chromosome 3 BAC OSJNBb0027B08 genomic sequence, complete sequence
	1e-18
	BE489573
	WHE1060_B12_C24ZS
	KSU061BE489573-4

	hypothetical protein [Oryza sativa]
	1e-26
	Oryza sativa chromosome 10 BAC OSJNBa0042H09 genomic sequence, complete sequence
	1e-17
	BE606787
	WHE0906_H01_O02ZS
	NDS084BE606787-2

	putative cellulose synthase catalytic subunit [Gossypium hirsutum]
	2.9
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 7, BAC clone:B1123E10
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2e-06
	BE499203
	WHE0970_A12_B24ZS
	NDS188BE499203-4

	putative cellulose synthase catalytic subunit [Gossypium hirsutum]
	2.9
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 7, BAC clone:B1123E10
	2e-06
	BE499203
	WHE0970_A12_B24ZS
	NDS188BE499203-7

	P0434A03.36 [Oryza sativa (japonica cultivar-group)]
	4e-58
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 7, PAC clone:P0434A03
	7e-45
	BE443156
	WHE1113_A06_A11ZS
	NDS249BE443156-2

	Putative PAP-specific phosphatase [Oryza sativa]
	3e-54
	Genomic Sequence for Oryza sativa, Nipponbare strain, clone OSJNBa0049O12, from chromosome 2, complete sequence
	6e-41
	BE591777
	WHE1663-1666_I24_I24ZS
	TTU132BE591777-2

	Putative epsin [Oryza sativa]
	1e-19
	Genomic Sequence for Oryza sativa, Nipponbare strain, clone OSJNBa0049O12, from chromosome 2, complete sequence
	9e-13
	BF429057
	WHE1704_F06_L12ZS
	UCD265BF429057-2

	Putative epsin [Oryza sativa]
	1e-19
	Genomic Sequence for Oryza sativa, Nipponbare strain, clone OSJNBa0049O12, from chromosome 2, complete sequence
	9e-13
	BF429057
	WHE1704_F06_L12ZS
	UCD265BF429057-3

	pseudouridine synthase [Pseudomonas aeruginosa PA01]
	0.14
	Oryza sativa chromosome 10 BAC OSJNBa0093B11 genomic sequence, complete sequence
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4e-05
	BE446546
	WHE1456_B01_C02ZS
	UCW095BE446546-10

	pseudouridine synthase [Pseudomonas aeruginosa PA01]
	0.14
	Oryza sativa chromosome 10 BAC OSJNBa0093B11 genomic sequence, complete sequence
	4e-05
	BE446546
	WHE1456_B01_C02ZS
	UCW095BE446546-9

	putative reverse transcriptase [Oryza sativa (japonica cultivar-group)]
	1e-07
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 8, PAC clone:P0690C12, complete sequence
	0.017
	BE405205
	WHE1211_C03_F05ZS
	UMN117BE405205-1

	Nuclear receptor coactivator 3 (NCoA-3) (Amplified in breast cancer-1 protein homolog) (AIB-1)
	0.2
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 1, BAC clone:OSJNBa0089K24
	0.052
	BE591377
	WHE1655-1658_F21_F21ZS
	UMN154BE591377-1

	Nuclear receptor coactivator 3 (NCoA-3) (Amplified in breast cancer-1 protein homolog) (AIB-1)
	0.2
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 1, BAC clone:OSJNBa0089K24
	0.052
	BE591377
	WHE1655-1658_F21_F21ZS
	UMN154BE591377-3

	beta-1,2-N-acetylglucosaminyltransferase II [Arabidopsis thaliana]
	1e-91
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 7, BAC clone:OSJNBa0036M16
	3e-10
	BF473689
	WHE0931_B12_D23ZS
	UMN192BF473689-1

	putative receptor-type protein kinase LRK1 [Oryza sativa (japonica cultivar-group)]
	2e-77
	Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBa0081C01, complete sequence
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3e-34
	BM137547
	WHE0483-0486_E19_E19ZS
	UMN207BM137547-2

	putative receptor-type protein kinase LRK1 [Oryza sativa (japonica cultivar-group)]
	2e-77
	Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBa0081C01, complete sequence
	3e-34
	BM137547
	WHE0483-0486_E19_E19ZS
	UMN207BM137547-3

	Putative gamma-adaptin 1 [Oryza sativa]
	7e-49
	Genomic Sequence for Oryza sativa, Nipponbare strain, clone OSJNBa0049O12, from chromosome 2, complete sequence
	3e-35
	BF200773
	WHE0821-0824_F01_F01ZS
	UMN237BF200773-3

	
P0460H02.14 [Oryza sativa (japonica cultivar-group)]
	2e-71
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 1, PAC clone:P0460H02
	4e-21
	BF145272
	WHE1834_f02_k04zS
	UMN274BF145272-4

	Putative MLA6 protein [Oryza sativa]
	2e-30
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 8, PAC clone:P0690C12, complete sequence
	1e-06
	BE500158
	WHE0978_A05_B10ZS
	UNL002BE500158-1

	Putative disease resistance protein [Oryza sativa (japonica cultivar-group)]
	2e-24
	Oryza sativa (japonica cultivar-group) chromosome 10 clone OSJNBb0004A06, complete sequence
	9e-07
	BE638124
	WHE0995-0998_F19_F19ZS
	UNL002BE638124-3

	Putative disease resistance protein RPM1 [Oryza sativa]
	6e-55
	Hordeum vulgare NBS-LRR type resistance protein (b7) gene, partial cds
	2e-79
	BF199788
	WHE0595-0598_I01_I01ZE
	UNL002BF199788-4

	putative GDSL-motif lipase/acylhydrolase; protein id: At3g04290.1, supported by cDNA: 1323. [Arabidopsis thaliana]
	1e-28
	Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBa0043L24, complete sequence
	2e-28
	BF475120
	WHE2111_A11_B21ZS
	UNL053BF475120-2

	conserved hypothetical protein [Pseudomonas aeruginosa PA01]
	1.1
	Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBa0088A01, complete sequence
	2e-10
	BE606682
	WHE0901_B10_C19ZS
	UNL073BE606682-5

	conserved hypothetical protein [Pseudomonas aeruginosa PA01]
	1.1
	Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBa0088A01, complete sequence
	2e-10
	BE606682
	WHE0901_B10_C19ZS
	UNL073BE606682-6

	thioredoxin-like protein CDSP32, chloroplast - potato
	2e-25
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 7, PAC clone:P0640E12
	2e-47
	BE490082
	WHE0365_F10_L19ZS
	UNL100BE490082-4

	Putative ABC transporter [Oryza sativa]
	5e-47
	Genomic Sequence for Oryza sativa, Nipponbare strain, clone OSJNBa0049O12, from chromosome 2, complete sequence
	1e-26
	BF483267
	WHE1787_G12_M23ZS
	UNL136BF483267-2

	Putative ABC transporter [Oryza sativa]
	5e-47
	Genomic Sequence for Oryza sativa, Nipponbare strain, clone OSJNBa0049O12, from chromosome 2, complete sequence
	1e-26
	BF483267
	WHE1787_G12_M23ZS
	UNL136BF483267-4

	Putative starch synthase [Oryza sativa]
	2e-08
	Genomic Sequence for Oryza sativa, Nipponbare strain, clone OSJNBa0049O12, from chromosome 2, complete sequence
	0.074
	BF482380
	WHE1796_A05_A10ZS
	UNL138BF482380-5

	P0512C01.30 [Oryza sativa (japonica cultivar-group)]
	6e-51
	Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 1, PAC clone:P0512C01
	2e-05
	BF291502
	WHE2223_E04_J07ZS
	UNL165BF291502-1



4.4.1. BLAST RESULT


The similarity study has been done for the  putative candidate gene RPM1 of Oryza sativa (EST Accession ID: BF199788) using BLAST tool. The sequence retrived against EST database was cDNA clone of Triticum monococcum exhibiting 98% identity and the E value is 1e-70.
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5. SUMMARY AND CONCLUSION

Agronomically important traits of rye have been transferred to wheat by means of translocation. As alien chromosome, 1R of rye helps wheat from different types of fungal pathogens and the disease caused by them such as stem rust, leaf rust, stripe rust and powdery mildew. But the simultaneous transfer of rye storage protein, Secalin into glutenin loci of wheat affects the bread making quality. Genetic transformation of high molecular weight glutenin subunits helped wheat from the negative effects of secalin.

Among the stem rust resistance genes transferred to wheat Sr2 was widely used. But the sudden emergence of virulent pathotypes was detected in Uganda during the year 1999. Thus, as an alternative Sr26 has been introgressed into wheat from the 6th chromosome of Agropyron elongatum. The wheat cultivar with Sr26 shows yield penalty but it has been rectified by reducing the length of the Agropyron elongatum chromosome arm transferred. 

In the present study, various introgression lines were screened for the presence of Sr26 using specific primer Sr26#43. Eventhough none of the samples collected shows positive result, screening has been performed for relative markers Sr2 and Sr36. But it ended in vain. Thus, synteny study was performed with rice, which also belongs to cereal family. Eventhough they have significant evolutionary distance, synteny maps shows the presence of high degree of sequence homology between them. So, putative disease resistance gene has been identified using the GRAMENE database and for distal region of 6A chromosome because the gene Sr26 is translocated in that region. RPM I protein gene of Oryza sativa was identified to be the candidate gene.

The present study can be further carried out to screen for the presence of unique marker apart from Sr26 pertaining to the Agroyron chromosome that has been transferred to wheat. Synteny study can be expanded and the genome of whole cereal family can be analyzed by means of comparative genomics for the identification of enormous putative markers.
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APPENDIX I
REAGENTS REQUIRED FOR DNA ISOLATION

· Extraction buffer /CTAB buffer 

            2% CTAB (w/v)
           0.5M Tris HCl  pH 8

           0.5M EDTA disodium salt
                 5M NaCl
PVP (0.1g/g of leaf)   

· TE Buffer (pH 8.0)
10mM Tris Hcl 
1mM EDTA (disodium salt)
· RNase:

10mg/ml was prepared, kept in water bath for 15 min and then stored at -20°C.

· Chloroform: Isoamyl alcohol   (24:1) 
· Phenol: Chloroform :Isoamylalcohol (25:24:1)
· 3M Sodium acetate (pH 5.2)
APPENDIX II

AGAROSE GEL ELECTROPHORESIS (Maniatis et al., 1982)

PRINCIPLE

Agarose forms a gel by hydrogen bonding and the gel pore size depends on the agarose concentration.  The DNA molecules are separated by electrophoresis on the basis of their size, shape and magnitude of net charge on the molecules.  The dye ethidium bromide intercalates between the bases of RNA and DNA and fluorescence orange when irradiated with UV light.  Low concentration agarose gels with large pore permit fractionation of high molecular weight molecules and vice versa.

10X Tris – borate buffer (pH 8.2)

 0.9M Tris-HCl                    

 0.025M EDTA.Na2            

 0.9 M Boric acid                 

 6X Gel loading dye


 0.25% Bromophenol Blue


 0.25% Xylene Cyanol



 40% Sucrose


 Distilled water – 100 ml

Agarose

             0.8 % w/v in TBE 1X

Ethidium Bromide (0.1mg/ml)

PROCEDURE

· Agarose gel is prepared by dissolving 3.0g agarose in 100ml of 1X TAE buffer and kept in oven until it get dissolved completely. 

· The molten agarose was cooled to around 50°C, and Ethidium Bromide was added to a final concentration of 0.5g/ml and mixed well.
· The gel was poured to the cleaned and sealed gel template arranged with the suitable comb. The teeth of the comb should not touch the bottom of the plate leaving atleast 1mm between comb and the gel plate. It is important that there are no air bubbles in the gel, as these will affect the migration of DNA fragments during electrophoresis. 

· After gelation for 30 to 45 minutes, the comb and sealing plates were removed. Care should be taken not to damage the wells when the comb is removed. 

· The template carrying the gel was mounted in an appropriate electrophoresis tank and the tank was filled with 1X TBE buffer, just to immerse the gel.

· The DNA samples were loaded into the wells (DNA sample should be made ready by mixing the sample with required volume of sample buffer). Molecular weight should also be loaded. 

· The electrophoresis apparatus was connected to a power pack and electrophoresis was performed at 50V, using 1X TBE as running buffer. 

· Electrophoresis is stopped by turning off the power supply, when the dye has migrated a distance judged sufficient for separation of DNA fragments. It was then visualized under UV trans-illuminator.
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Fig. 2. PCR ANALYSIS USING SSR PRIMER
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