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ABSTRACT 

Drought stress is a major limiting factor in crop production. Genetic improvement is possible 
in cotton and other crops against drought stress by using new tools of breeding. Thirty upland 
cotton (Gossypium hirsutum L.) cultivars/genotypes were screened for the traits related to 
drought tolerance (relative water content, excised leaf water loss, cell membrane stability and 
biomass reduction). Two drought tolerant (B-557 and MNH-554) and two drought 
susceptible (FH-1000 and N-313/12) cultivars were identified and crossed to develop F1, F2 

and backcross generations. Genetic analysis was conducted for relative water content, 
excised leaf water loss, cell membrane stability, developmental/yield and fibre quality traits 
(plant height, number of monopdial branches, number of sympodial branches, bolls/plant, 
boll weight, ginning out-turn, fibre length, fibre strength and fibre fineness). Additive, 
dominance as well as genetic interaction was found in the inheritance of the traits under 
drought stress condition. Medium to high narrow sense heritability was observed for the 
traits. The analysis of parental and F2 population of the cross B-557 × FH-1000 studied under 
osmotic stress in hydroponic culture showed that the traits, relative water content, excised 
leaf water loss and cell membrane stability had correlation with biomass production. Positive 
correlation of relative water content with cell membrane stability reveals that the genes 
which help plant maintain relative water content are also indirectly involved for cell 
membrane stability. Correlation analysis of F2 population under field drought revealed 
positive correlation of relative water content and cell membrane stability with plant 
developmental/yield and fibre quality related traits. The correlation results from hydroponic 
culture and field studies showed that relative water content, excised leaf water loss and cell 
membrane stability may be used as indicator of drought tolerance in cotton. A survey of 524 
SSR and EST-SSR primers revealed a lot of DNA polymorphism between drought resistant 
(B-557) and drought susceptible (FH-1000) cultivar. The polymorphism was used to 
construct genetic linkage map using F2 population. In linkage analysis, 22 primers were 
mapped on chromosomes. Two QTLs for relative water content were identified on 
chromosome 23 and 12. One QTL for excised leaf water loss was found on chromosome 23. 
These QTLs may be used in molecular breeding programs to develop drought tolerant cotton 
varieties. 
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CHAPTER 1      INTRODUCTION 

The word “cotton” is derived from the Arabic word “Quotn” (Brown and Ware, 1958). In the 

Indian subcontinent, cotton is named “Kapas”, derived from Sunsikrat word “Karpasa” 

(Khadi et al., 2009). Cotton is categorized as one of the most ancient cultivated crops. The 

earliest reference to cotton cultivation is found in Rig-Vida, the holy book in India written in 

1500 BC (Khadi et al., 2009). In the East,Gossypium fibre dating from 6000 BC has been 

discovered from Mehargarh, Pakistan (Moulherat et al., 2002). In the West, traces of cotton 

fibre dating from 5800 BC have been discovered from the caves of Techuacan Valley in 

Mexico (Smith and MacNaish, 1964). The oldest civilization known to cultivate cotton was 

Indus valley civilization in 3500 BC(Hutchinson et al., 1947). It is believed that cotton 

(Gossypium hirsutum L.) was cultivated in the first century AD by Pueblo Indians what is 

now southwestern USA (Fryxell, 1979).  

The cotton plant belongs to the genus Gossypium, family Malvaceae, Order Malvales and 

tribe Gossypieae (Smith, 1995). Fifty species have been identified within this dicotyledonous 

genus, with basic chromosome number x = 13 (Poehlman and Sleper, 1995). Among these 

species, forty five are diploid (2n = 2x = 26 chromosomes) and five are allotetraploid (2n = 

4x = 52 chromosomes). On the basis of chromosomal and morphological similarities, diploid 

species have been categorized into eight cytogenetic groups (A, B, C, D, E, F, G and K) and 

tetraploid species belong to the group AD (Edwards and Mirza, 1979; Endrizzi, 1985; 

Stewart, 1995).  

Among 50 species of Gossypium, only four are cultivated as a source of fibre. Two are 

diploid (G. arboreum, G. herbaceum)and two of these are tetraploid (G. hirsutum, G. 

barbadense). The species G. herbaceum is cultivated in dry areas of Asia and Africa 

(Jenkins, 2003) and G. arboreum is cultivated mainly in India. The species G. barbadense, 

named because of its inhabitation in Barbados (South America) is famous for its long 

staple.It constitutes 9% of the total cotton production. It is known as Egyptian or Sea Island 

cotton and Pima cotton in USA.The species G. hirsutum constitutes over 90% of the total 

cotton production. The species was named hirsutum because of its hairiness (hirsuteness). In 
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the United States, its cultivation was started on higher lands and hence it has been 

calledUpland cotton. 

The centers of origin of G. hirsutum are North America, Central America and Mexico 

(Jenkins, 2003). Most probably, pre-Columbian people in the Yucatan Peninsula were the 

first to domesticate G. hirsutum (Brubaker and Wendle, 1994). From there, forms of G. 

hirsutum were dispersed to America (Iqbal et al., 2001). Now G. hirsutum is grown in more 

than 50 countries (Smith, 1999). In Pakistan, 99% of cotton grown is G. hirsutum.  

The major purpose of cotton cultivation is fibre production. Seed cotton harvested from the 

crop is ginned to isolate lint from its seed. The separated lint is a spinnable raw material for 

the production of yarn, which is knitted or woven into fabrics. The textile industry depends 

upon cotton fabrics for production of clothes, towels and other household things. The 

composition of cotton seed is 45% meal, 28% hull, 17% crude oil and 10% short fibres after 

removing lint from the seed called linters (Smith, 1995). Cotton meal contains high protein 

content (upto 41%) and is utilized in animal feed.The linters are used in mattresses, mops, 

upholstery,and are a major source of cellulose. The seed is crushed to produce oil. Cotton 

seed oil is used in variety of ways such as edible vegetable oil, plastics and soaps.  

The economy of Pakistan relies heavily on cotton production. In 2011-12 growing season, 

cotton (Gossypium hirsutum L.) was cultivated on an area of 2.83 million hectare and the 

production of cotton was estimated as 13.59 million bales with an average yield of 815 

kg/hec. It contributed 1.6% to GDP and 7.8% to value added in agriculture in 2011-12 

(Economic Survey of Pakistan, 2011-12).  

There are certain limitations to higher production of cotton. Biotic factors such as insect 

pests, as well as abiotic factors like drought stress and high temperature stress significantly 

reduce crop production. Drought stress affects the physiology of plants (Hsiao, 1973) by 

cellular and molecular mechanisms (Chaves et al., 2003). Drought stress has been defined in 

different ways. In meteorological term, drought stress is a shortage of precipitation that can 

deplete soil water and cause injury to plants. In agricultural term, when water in the root zone 

of plants is reduced to such an extent that plant reaches near to permanent wilting point is 

referred to drought stress. Drought is a very complex phenomenon, involving many 
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environmental factors which interact with each other and define the severity and duration of 

drought.  

Water contents in plants are decreased as soil moisture level decreases (Jensen et al., 1989; 

Erickson et al., 1991; Machado and Paulsen, 2001).Tissue water plays an important role in 

biochemical processes of plants. Normal functioning of plants is highly disturbed under 

drought stress (Burke and Mahony, 2001). Under drought stress conditions, due to lower 

stomatal conductance, CO2 uptake is reduced (Tezara et al., 1999). The decrease in inter-

cellular CO2 concentration leads to impaired photosynthesis. Under severe water shortage, 

photosystem activity is affected. Electron sinks become smaller and low photosynthetic rate 

combines with photorespiration tocause over-energization of energy transduction. The excess 

energy or electrons produce reactive oxygen species that cause damage to ATP synthase and 

as a result ATP content decreases as the drought is increased (Lawlor and Tezara, 2009). 

Parry et al. (2002) described a possible mechanism by which Rubisco is down regulated in 

plants during drought stress. Low level of ATP reduces RuBP production in Calvin cycle and 

production of sucrose synthesis is affected by lack of substrate (Lawlor and Tezara, 2009). 

Impaired photosynthesis hinders plants fromnormal growth. 

Plants respond to drought stress by some physiological, biochemical and anatomical changes. 

These changes depend upon the severity and duration of drought stress as well as the stage of 

plant development. In general, plants adopt mechanisms to survive under drought stress. 

These are drought escape, drought avoidance, drought resistance and drought tolerance. The 

mechanism in plants which enables them to complete their life cycle during favorable 

moisture conditions before the onset of meteorological drought is called drought escape. 

When the rate of water loss through transpiration exceeds than absorption it cause 

dehydration. Plant can avoid dehydration (drought avoidance) by some physiological and 

morphological mechanisms to maintain balance between loss and uptake of water. These 

mechanisms are stomatal closure, leaf rolling, changes in leaf angle, shedding of older 

leaves, cuticle thickness and small canopy leaf area by reducing growth. However when 

drought prolongs, avoidance becomes difficult for plants. Plant can also resist drought stress 

by root enhancement and osmotic adjustment. The ability of plants to withstand low tissue 

water contents is called drought tolerance.  
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In cotton, drought stress affects cellular growth (Wardla, 1968;Turner et al., 1986) hence 

retards leaf and stem elongation (Jordan, 1970), number of floral buds (McMichael and 

Hesketh, 1982; Ball et al., 1994; Gerik et al., 1996) and boll development (Turner et al., 

1986; Radin et al., 1992; Plaut et al., 1992). Leaf water content directly affects cell 

expansion (Schonfeld et al., 1988), affecting the growth rate of root and stem (Hearn, 1994) 

and reducingthe yield of cotton (Hale and Orcutt, 1987; Ball et al., 1994; Pace et al., 1999; 

Pettigrew, 2004).Boll development in cotton starts after pollination, during the growth 

stagethat is considered to be the most sensitive to drought stress (Constable and Hearn, 

1981). Yield is directly correlated with the number of bolls (Grimes et al., 1969). Under 

drought stress, lint yield is decreased due to a lower number of bolls (Stockton et al., 1961; 

Grimeset al., 1969; Gerik et al., 1996). Fibre quality in cotton is also affected by drought 

stress. The turgor pressure in the fibre cell is badly affected under drought stress conditions 

which ultimately reduces the growth of fibre (Dhindsaet al., 1975). Molecular studies also 

reveal that drought has profound effects on fibre elongation (Padmalathaet al., 2012). 

In the past, many plant scientists have conducted research to understand how drought limits 

crop yield and how to maximize crop yield under drought stress. One strategy for sustainable 

crop production under drought stress condition is to adopt management practices to increase 

irrigation efficiency. For cotton, this could involve sowing on ridges. Another strategy is to 

develop cultivars with improved genetic potential for yield under drought stress. The genetic 

ability to withstand drought stress would minimize yield losses. However, the genetic 

complexity in traits controlling drought tolerance in crop plants makes it a challenging to 

breed drought tolerant cultivars.  

Plants have developed many mechanisms to avoid or tolerate drought during the course of 

evolution. Among these the maintenance of water content in leaves during drought period is 

considered as the most important adaptation (Chandler and Bartels, 1999; Bartels, 

2005;Xoconostel and Ortega, 2010). The traits, relative water content (Sinclair and Ludlow, 

1985; Carter and Patterson, 1985; Tahara et al., 1990; Kumar and Singh, 1998),cell 

membrane stability (Chen et al., 1982; Premachandraet al., 1992; Ashraf et al., 1992; Ismail 

and Hall, 1999; Tripathy et al., 2000; Kakani et al., 2005; Rahman et al., 2006),deeper roots 

(Cook and El-Zik, 1992; Pace et al., 1999),low transpiration, low stomatal size and frequency 
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(Parida et al., 2008),stomatal conductance and photosynthesis (Nepomuceno et al., 1998) and 

canopy temperature (Lacape et al., 1998) have been related to drought tolerance in crop 

plants. 

Understanding plant responses under drought stress is a primary step in breeding programme 

for drought tolerance (Pace et al., 1999). Cotton genotypes show genetic variation for 

physiological and morphological traits against drought stress (Karademr et al., 2011; Iqbal et 

al., 2011; Baraiya, et al., 2011; Soomro et al., 2011; Lori et al., 2012; Patil et al., 2012). 

Simulated drought stress in hydroponic conditions using poly ethylene glycol (PEG) has been 

used to apply uniform stress conditions to populations (Meneses et al., 2011;Brito et al., 

2011; Ren et al., 2011). Generation means analysis is used to study genetic basis of variation 

by analyzing segregating populations. The analysis detects additive, dominance as well as 

additive × additive, additive × dominance and dominance × dominance interactions. 

DNA marker studies have laid foundation to reveal the molecular basis for the traits related 

to drought tolerance. A variety of genetic markers have been used extensively in crop plants. 

Among these, SSR markers have shown high potential to detect polymorphism (Khandagale 

et al., 2007;Lin et al., 2010; Dongre et al., 2011) and have been used extensively for cotton 

genome mapping and marker assisted selection (Liu et al., 2000; Ulloa et al., 2000; Chee et 

al., 2004; Han et al., 2006; Frelichowski et al., 2006; He et al., 2007). SSR databases for 

almost all the major crops including cotton (Guo et al., 2006; Han et al., 2006) have been 

developed.  

In molecular breeding for crops, modern tools of genetics are integrated with traditional 

breeding methods using marker assisted selection of plants. This requires detection of genetic 

polymorphism that can be used in marker assisted selection. The method requires scoring of 

phenotypic traits and genotyping with DNA markers (Lande and Thompson, 1990). 

Phenotypic and genotypic data is used to map QTLs (Kearsey and Farquhar, 1998). Usually 

the techniques used for mapping QTLs in crop plants are, simple interval mapping (Lander 

and Botstein, 1989), composite interval mapping (Zeng, 1993, 1994), marker regression 

(Kearsey and Hyne, 1994; Wu and Li 1994), simplified composite interval mapping (Tinker 

and Mather, 1995), Bayesian methods (Sillanpa and Arjas, 1998), single-marker locus 

analysis (Liu, 1998), and multiple interval mapping (Kao et al., 1999; Zeng et al.,1999). A 
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number of researchers have mapped QTLs for various traits in different plant 

species(DaJunet al., 2010;Zhang et al., 2011; Virginia et al., 2012).  

The objectives of the present research project were: 

1. Screening of upland cotton genotypes/cultivars for drought tolerance 

2. Genetics of the traits related to drought tolerance in upland cotton and their 

correlation with agronomic traits 

3. Finding QTLs for the traits related to drought tolerance 

4. Development of genetic linkage map 
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CHAPTER 2     REVIEW OF LITERATURE 

A plant is said to be under drought stress when soil water supply is not adequate to meet the 

transpirational demands (Krieg, 2000). Among all types of abiotic stresses, drought stress is 

the most serious threat to the production of field crops (Boyer, 1982; Araus et al., 2002; Zhu, 

2002; Kirigwi et al., 2004; Sinclair, 2005; Basal and Unay, 2006; Almeselmani et al., 2011). 

The productivity in crop plants is badly affected by drought stress worldwide (Zhu, 2002; 

Kirigwi et al., 2004; Ghannoum, 2009; Loka and Oosterhuis, 2009). Water level in plants is 

decreased with the decrease in soil moisture level (Jensen et al., 1989; Erickson et al., 1991; 

Machado and Paulsen, 2001). Reduced water content and reduce leaf turgidity result in 

increased stomatal resistance which lowers photosynthesis (Kramer and Boyer, 1995), 

affecting growth of plant (Ortiz-Lo´pez et al., 1991; Cornic et al., 1992; Tezara et al., 1999; 

Cornic and Fresneau, 2002). Drought stress affects yield especially when it occurs in critical 

stages of crop development (Wu and Wilhite, 2004). 

2.1: Impact on Cotton 

Cotton is relatively more sensitive against drought as compared to other crops (Ray et al., 

1974). Reduced water level in cellular tissues of cotton reduces the rate of photosynthesis 

(Ephrathet al., 1990) due to increased production of reactive oxygenous species (Genty and 

Silva, 1987). Parida et al. (2007) assessed 45-day-old cotton plants after a seven-day drought 

stress cycle. The amount of chlorophyll, carotenoids, proteins and starch contents was 

significantly reduced. Drought stress not only affects photosynthesis by stomatal resistance in 

cotton but also causes non stomatal limitations to photosynthesis under moderate or severe 

water stress. Ennahli and Earl(2005) estimated thylakoid electron transport and observed 

reduction in the net CO2 assimilation rate within the chloroplast. 

Drought stress decreases relative water content, cell membrane stability, chlorophyll a, 

chlorophyll b and dry matter accumulation in cotton (Gadallah, 1995).Analysis of cotton 

cultivars under different levels of drought stress has revealed that leaf water content and 

actual quantum yield of photosystem-II decreased as the water stress increased (Chun-yanet 

al., 2007). Drought stress affects cellular growth (Wardla, 1968; Turner et al., 1986) and 

hence retards leaf and stem elongation (Jordan et al., 1970) and reduces the number of floral 
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buds (McMichael and Hesketh, 1982; Ball et al., 1994; Gerik et al., 1996). Leaf water 

content directly affects cell expansion (Schonfeld et al., 1988).When cell expansion is 

reduced, the growth rate of roots and stemsis retarded (Hearn, 1994) and this ultimately 

reduces yield in cotton (Hale and Orcutt, 1987; Pace et al., 1999; Ball et al., 1994; Pettigrew, 

2004; Babar et al., 2009). 

Plant development, both vegetative and reproductive, becomes retarded under severe 

drought. Drought stress reduces plant height, leaf area and number of nodes as well as 

shedding of bolls. However, root extension rate may be similar in drought stressed and in 

controlled plants (Pace et al., 1999). Boll development is the most critical stage in cotton 

which is affected by drought stress (Constable and Hearn, 1981; Turner et al., 1986; Radin et 

al., 1992; Plaut et al., 1992). Drought stress to cotton plant during critical periods 

significantly affects number of bolls per plant (Krieg, 2000). Cotton yield has direct 

dependency on number of bolls per plant (Grimes et al., 1969; Krieg, 2000; Alishaha and 

Ahmadikhah, 2009). Under drought conditions, lint yield decreased with the decrease in 

number of bolls in cotton (Stocton et al., 1961; Grimes et al., 1969; Gerik et al., 1996).  

Metabolic activities depend on the availability of optimum level of water in plant tissues. 

Molecular analysis revealed that the level of enzymes is changed in cotton plants under 

drought stress (Dongxiao et al., 2010). Wilson et al. (1987) observed the effects of water 

stress on leaf glycerolipid composition in upland cotton. Water deficit caused decline in un-

saturation of phospholipids and glycolipids. Studies revealed that N+ and K+ uptake was 

hampered under drought stress conditions in cotton (McWilliams, 2003). Fibre quality in 

cotton is also affected by drought stress. Growth of fibre in cotton is dependent on turgor 

pressure in the fibre and is badly affected in drought stress conditions (Dhindsaet al., 1975).  

Water shortage and heat stress are considered to work in parallel to impose stress on plants 

(Ciulca et al., 2009). Cotton seed germination requires an optimum temperature of 12oC, 

whereas seedling development requires an optimum temperature from 28oC to 30oC. Root 

development requires an optimum temperature of day/night with the range of 30/22oC-

35/27oC. High temperature with the range of 32-40oC disturbs root development (Reddy et 

al., 1997). High temperature affects leaf growth (Reddy et al.,1992), canopy growth 

(Heitholt, 1994), square and flower drop (Reddy et al., 1992), pollen viability and 
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fertilization (Oosterhuis, 1999), boll setting (Zeiher et al., 1995), plant development 

(Rawson, 1992; Ziska et al., 1997), fibre development (Bradow et al., 2001) and yield 

(Brown et al., 2003). 

2.2: Genetic Potential for Drought Tolerance in Plants 

Understanding the plant’s response to drought stress is a primary step for a breeding 

programme to develop drought tolerant varieties (Pace et al., 1999). Many factors are 

involved in intensity and type of response depending on the intensity of drought stress 

(Chun-yan, 2007). Drought tolerance in cotton is a genetically controlled quantitative trait 

(Cushman and Bohnert, 2000). Cotton genotypes show variable responses against drought 

stress. Liu et al. (1998) evaluated 6000 cotton lines for drought tolerance. Data collected for 

morphological and physiological traits concluded that the drought tolerance in cotton had 

genetic basis. Six drought tolerant lines were identified.Karademr et al. (2011) reported 

variability among cotton genotypes by comparing mean performance of F1 and F2 with 

parents under drought stress conditions. Yield and fiber quality characteristics were evaluated 

in the field under normal and drought stress conditions. Differences were significant for lint 

percentage, fiber fineness, fiber strength and spinning consistency index. Esmail and Abdel-

Sattar (2001) found high genotypic variation in Egyption cotton against drought stress. 

Soomro et al. (2008) assessed genetic variability in 10 combinations derived from genetically 

diverse genotypes of Gossypium hirsutum L. On the basis of combined variance analysis in 

cotton, conducted at two levels of drought, significant differences were found among 

varieties for yield, boll weight, number of bolls, number and length of sympodial as well as 

monopodial branches. Baig et al.(2009) observed considerable amount of genetic variation 

among cotton genotypes in stress as well as in non-stressed conditions. 

Cotton genotypes exhibited genotypic differences for indices of drought tolerance when 

examined under both normal and drought conditions. Iqbal et al.(2011) screened 80 lines of 

G. hirsutum for root and shoot characteristics at seedling stage. They identified four tolerant 

and four susceptible lines. Similarly Baraiya et al.(2011) reported that relative water content, 

cholorophyll content, stomatal conductance, specific leaf area and yield characteristics were 

significantly variable in 20 cotton lines/cultivars.  
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Kumari and Subbaramamma (2006) calculated genetic variability, heritability and genetic 

advance for drought tolerance, yield and fibre quality in 20 cotton genotypes. There was 

significant genotypic variation for these traits in cotton lines. Kumari et al. (2004) conducted 

afield experiment to screen 20 cotton genotypes for drought tolerance under rainfed 

conditions and observed considerable varietal variation for the traits related to drought 

tolerance. Lori(2012) conducted analysis of improved accessions of upland cotton and 

observedconsiderable amount of genetic variation in the collected germplasm. 

Guo et al. (2008) evaluated 76 cotton lines for drought tolerance and selected two resistant 

and two susceptible lines. The material was selected to find genetic basis of drought 

resistance in cotton. Similarly, Patil et al. (2012) reported considerable genotypic variation 

for drought tolerance among 20 cotton genotypes. Soomro et al. (2011) evaluated 31 cotton 

genotypes under two irrigation regimes i.e. control and stress. Data for crop growth, yield 

and physiological traits showed considerable varietal variation among the genotypes. 

Rahman et al. (2008) evaluated 32 cotton lines for tolerance against drought stress. A 

significant reduction in yield (upto 43%) was recorded in two years of evaluation. Cellular 

membrane stability, osmotic adjustment and yield measurements exhibited genetic 

variability.  

The effect of drought stress on yield and fiber quality of 12 cotton genotypes was assessed by 

Karademir et al.(2011). Results revealed significant genetic differences among genotypes for 

the traits related to seed cotton yield, ginning out-turn and fiber quality. Voloudakis et 

al.(2002) evaluated morphological and physiological parameters like,relative water content, 

water potential, plant height, total leaf area, shoot and root weight, total plant fresh and dry 

weights and stomatal resistance in Greek and Australian cotton cultivars. The experiment 

was conducted under three levels of drought stress. A considerable amount of variation was 

observed. Mahmood et al. (2006) examined eight cotton cultivars for drought tolerance, 

using various growth and productivity traits. The cultivars were subjected for two to four 

water deficit cycles and exhibited distinct responses. Gitte et al. (2007) evaluated an F2 

population of cotton and observed considerable amount of genetic variation for the traits such 

as monopodial branches and sympodial branches, seed cotton yield, bolls/plant and boll 

weight.  
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2.3: Screening Plants against Drought Tolerance 

Plant breeders have been breeding crops for drought tolerance. Breeding processesinclude 

screening of germplasm, field evaluation, physiological evaluation and use of molecular 

markers (Dappah and Kunado, 2001; Wang et al., 2003). The first step towards breeding for 

drought tolerance is the identification of the trait which confers drought tolerance. Studies 

have been conducted to identify easily measurable traits which may be used as screening 

criteria under drought stress environment in upland cotton and in other crops. Researchers 

working on drought tolerance in cotton have studied leaf water content, rate of excised leaf 

water loss, photosynthetic rate, water use efficiency, stomatal conductance, canopy 

temperature and carbon isotope discrimination characteristics as major criteria in selection 

for drought tolerance (Basal and Unay, 2006).  

Among the traits thatconfer drought stress tolerance, the ability to retain water in leaves 

during drought is considered the most useful (Chandler and Bartels, 1999; Bartels, 2005; 

Xoconostel and Ortega, 2010). Relative water content is the measurement of water retention 

capacity in a given environment and has been found as key to measure drought tolerance in 

crop plants (Sinclair and Ludlow, 1985, Carter and Patterson, 1985; Tahara, 1990; Kumar 

and Singh, 1998) so is used as screening tool for plants at seedling stage (Lugojan and 

Ciulca, 2011).  

In crop plants a wide range of genetic variation is reported for relative water content. The 

trait is used extensively for screening germplasm against drought tolerance. Parida et 

al.(2007) measured relative water content of two cotton cultivars in controlled drought stress 

condition. Plants were kept in stress for seven days after 45 days of germination. Significant 

genetic differences were found for relative water content, photosynthetic pigments, protein 

and osmotic components. Basal and Ünay (2006) recommended relative water content, 

excised leaf water loss and water use efficiency to select cotton for drought tolerance. A 

comparison for drought tolerance in upland cotton, tree cotton and Levant cotton was 

conducted. Data revealed high significant differences for relative water content and leaf 

proline accumulation in all genotypes of the species (Singh et al., 1996). 
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It is reported that relative water content has positive correlation with drought stress tolerance 

and yield in crop plants (Colom and Vazzana, 2003; Almeselmani et al., 2006; Ciulcaet al., 

2009; Almeselmani et al., 2011). Excised leaf water loss is also considered as important trait 

for drought tolerance in crop plants (Kirkham et al., 1980; Jarad and Konzak, 1983; Clarke 

and Townley-Smith, 1986; Winter et al., 1988).  

By measuring amount of electrolyte leakage, Sullivan (1972) developed a technique to 

determine cell membrane thermostability. Electrolyte leakage depends upon permeability of 

cell membrane (Senaratana and Kersi, 1983). Electrolyte leakage was measured after leaf 

disks were bathed in distilled water, before and after exposure to stress. The technique was 

amended later on by Blum and Ebercon (1981). In this method electrical conductivity was 

recorded from tissue disks before (EC1) and after (EC2) exposure to stress. The ratio of two 

readings represents the ratio of electrolyte leakage in stress to the total electrolytes in the cell. 

Low level of electrolyte leakage depicts high cell membrane stability. Under stressed 

conditions, cell membrane stability is affected as the first target of stress (Levitt, 1972) and 

generally drought tolerant genotypes tend to maintain integrity of cell membrane under water 

stress (Bajjii et al., 2001). 

Cell membrane stability has been reported as important technique to assess tolerance.Cell 

membrane stability had been exploited as an important parameter in screening for drought 

tolerance in cotton (Rahman et al., 2004; Kakani et al., 2005; Rahman et al., 2006: Azhar et 

al, 2008) as well as in many other crops such as rice (Tripathy et al., 2000), bean, soybean, 

potato and tomato (Chen et al., 1982), wheat (Ashraf et al., 1992; Dhanda and Munjal, 2006), 

cowpea (Ismail and Hall, 1999) and sorghum (Premachandraet al., 1992).Physiological traits 

like photosynthetic rate, stomatal conductance and transpiration rate are also reported 

strongly associated with drought tolerance in cotton (Ullah et al., 2008).  

Morphological traits in plants also play an important role to sustain growth and survival of 

plant under drought stress condition. To examine drought tolerance of cotton genotypes at the 

seedling growth stage, Galeshi et al. (2005) conducted a greenhouse experiment. A total of 

40 genotypes of cotton were evaluated in three levels of drought forpercentage emergence, 

emergence rate, leaf number, leaf area, root dry weight, shoot dry weight and root/shoot 

ratio. All of these traits, except root/shoot ratio, decreased with increasing drought stress. 
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Longenberger et al. (2006) exposed cotton lines to cyclic drought stress after 15 days of 

germination. Percent survival was counted after each cycle. Results revealed considerable 

difference among lines after first drought cycle but cycles 2 and 3 did not contribute to the 

separation of genotypes.  

Screening for drought tolerance in controlled drought conditions is preferred.Cyclic drought 

stresshas been found as an effective screening procedure for the selection of tolerant 

accessions from germplasm. They evaluated 90 lines of cotton (G. hirsutum) to identify 

tolerant accessions among a wide range of genotypes. A cyclic water stress, 4-day drought 

cycle, to 15 days old seedlings was maintained. Plant survival was evaluated after each cycle. 

After three cycles, data were evaluated and significant differences were found among lines. 

Root extension under drought stress is considered animportant trait. Root length and root 

density play significant rolein extracting high amount of available water from soil to meet the 

evaporation demands of the plant (Krieg, 2000). Taylor and Klepper (1974) observed that 

water uptake by cotton plant was not only dependent on difference in water potential but also 

depends on the rooting density.  

Cotton has a taproot system. The root extends and grows continually until fruiting period 

starts. The taproot normally grows deep into the soil up to 2m (Taylor and Klepper, 1974).  

When the soil dries, the roots may extend to reach water present in lower soil layers and 

continue moisture uptake (Klepper et al., 1973; Malik et al., 1979). Carmi and Shalhevet 

(1983) observed growth of shoot and root in cotton and concluded that roots were less 

affected by water stress as biomass production in root was comparatively better than in shoot. 

In cotton, it has been observed that plants with deeper root and increased lateral roots are 

tolerant to drought stress (Cook and El-Zik, 1992) and produce comparatively better yield 

under drought stress condition.Root growth in cotton is genetically controlled trait (Eissa et 

al., 1983; Dilbeck et al., 1984; McMichael et al., 1987). Keino et al. (1995) observed that the 

genetic differences in cotton roots could be observed in water stressed conditions as large 

differences in root growth expressed only in water stressed conditions. There was significant 

genetic difference for root weight in cotton accessions, evaluated under water stressed 

conditions (McMichael, 1990). Similarly Quisenberry et al. (1981) found varietal 
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differencesin taproots as well as in lateral roots of cotton. Kasperbauer and Busscher (1991) 

found genotypic differences in cotton root penetration. Natalya et al.(2000) found significant 

genotypic differences for root length in 27 cotton genotypes and suggested that, root traits 

could be improved through breeding efforts in cotton. Basal et al.(2010) suggested that the 

root characteristics would be of practical value to cotton breeders to select robust rooted 

cotton genotypes from available germplasm.Field and glasshouse studies suggest that 

seedling vigor, rapid root-system establishment and lower root-to-shoot ratios may improve 

drought tolerance in cotton (Cook and El-Zik, 1992). 

2.4: Screening Plants under PEG Imposed Drought Stress 

The analysis of quantitative traits under field conditions is complex due to environmental 

interference. Selection of plans for tolerance against stress is very difficult because of 

genotype× environment interactions (Schuster, 2011). Providing homogenous treatment to all 

genotypes is a prerequisite to evaluate genotypes for drought tolerance.  Even in pot 

experiment, maintaining the desired water potential to the roots is very difficult 

(Nepomucenoet al., 1998). So screening of plants in hydroponic conditions under osmotic 

stress has been proved very useful (Kato et al., 2008)  

The driving force for movement of water is water potential i.e. movement from a region of 

high free energy to a region of low free energy. In cotton, water potential ranges from a 

normal water status -1.3 MPa whereas, water status -0.2 MPa is the indicator of drought 

stress (Krieg, 2000). Polyethylene glycol (PEG) of high molecular weight is used to impose 

osmotic stress to plants grown in nutrient medium. High molecular weight of PEG makes it 

un-absorbable for the roots of plants.It is a long chain chemical with inert polymer 

structure.It imposes stress by lowering the water potential of the growth medium.  

Cotton may be grown in hydroponic solution with PEG induced stress to assess drought 

tolerance. Nepomuceno et al.(1998) recommended the use of PEG6000 to develop stress in 

the rooting medium of cotton. Stress maintained by PEG in the rooting medium has beenused 

to classify genotypes into tolerant and non tolerant groups (Echer et al., 2010). Zhang et 

al.(2007) exposed cotton to drought stress using PEG, at different stages of growth such as at 

germination, bud stage, cotyledon stage andfirst leaf stage exhibited varied level of drought 
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tolerance. The study suggested that osmotic adjustment can be used for evaluation of drought 

tolerance. Two tolerant lines (Siokra L-23, T-1521) and two susceptible lines (CS-50, 

Stoneville 506) were grown for evaluation under PEG6000 imposed stress (i.e. -0.3 MPa). In 

one susceptible line relative water content decreased significantly,while in the other 

susceptible line photosynthesis decreased significantly (Nepomucenoet al., 1998).  

Crops other than cotton have also been grown in hydroponics to study drought tolerance. 

Xiong et al. (2010) exposed populations of rice to drought stress, induced by PEG, for 

assessment and QTL mapping of the traits related to drought tolerance. The hydroponic 

technique is especially useful to study root characteristics which are very difficult to measure 

in field/pot grown plants. A mapping population of maize was assessed in water stress, 

induced by PEG8000. QTLs were identified at seedling stage. Some QTLs for seedling traits 

were specific to water stress such as for root dry weight, shoot dry weight and ratio of leaf 

area to root length (Rutaet al., 2010). Tuberosaet al. (2002) mapped QTLs for root 

characteristics of maize in hydroponics. The controlled experiment with artificial drought 

stress imposed by PEG could be used as criterion for predicting plant performance in field 

conditions under drought stress conditions. 

2.5: Genetic Analysis of Traits under Drought Stress 

The genetic analysis of the traits required for improvement in a crop species is useful to 

formulate a breeding programme.Generation means analysis estimates genetic variation by 

analyzing segregating and non-segregating populations in an experiment. The analysis 

requires data on parental, F1, F2and backcross populations. 

2.5.1: Physiological Traits 

Inheritance of relative water content and excised leaf water loss has been studied in many 

crops. In cotton, Ahmad et al. (2009) observed dominantandepistatic interactions for relative 

water content and excised leaf water loss. Two wheat parents (Sakha8 and Pishtaz) 

contrasting for drought tolerance, along with F1, F2, BC1, and BC2 populations were 

evaluated by Golparvar(2012). Results indicated the involvement of additive, dominance, 

additive × additive and additive × dominance type of gene action in the inheritance of 

relative water content. Genetics of excised leaf water loss and relative water content in wheat 
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was determined by Kumar and Sharma (2007) through generation mean analysis. Parents 

along with F1, F2 and back cross generations were grown in normal as well as stressed 

conditions. Results revealed additive gene effects for relative water content, whereas additive 

and dominance component of genetic variance was important in the inheritance of excised 

leaf water loss. Epistasis was also detected for both the traits. Ming-gauet al.(2004) crossed 

rice varieties, contrasting for drought tolerance, to develop populations to study the 

inheritance of relative water content under normal and drought conditions. Results revealed 

that relative water content was governed mainly by additive type of gene action along with 

dominance effects.  

In cotton, eight cultivars along with 15 F1 crosses were assessed by Hafeez-ur-Rahman 

(2006)to determine genetics of cell membrane stability. Heterotic and combining ability 

effects suggested quantitative inheritance with low heritability for cell membrane stability. 

Both additive and non-additive type of gene action governed the trait. In wheat, additive and 

non-additive type of gene action was reported for cell membrane stability (Xu et al., 1998). 

Farooq et al. (2011) observed additive type of gene action for cell membrane stability in 

wheat. Dhanda and Munjal, (2006) reported both additive and dominant type of gene action 

for cell membrane stability in wheat. Chohan et al.(2012) reported that the additive genetic 

component was predominant along with dominance effects in inheritance of cell membrane 

stability in maize. Hussain et al.(2009) observed over-dominance type of gene action for cell 

membrane stability in maize.  

2.5.2: Morphological, Yield and Quality Traits 

Genetics of plant height, boll number, boll weight, seed weight, seed cotton yield, lint 

percentage, staple length, fibre strength and fibre fineness in cotton has been extensively 

studied.Gene action for these traits has been reported to involve additive, dominance and 

interactions (Shakoor et al., 2010). Singh and Chahal (2003) also observed additive, 

dominance along with epistasis components of variation for all yield traits, except plant 

height, boll weight and harvest index which were controlled mainly by additive type of gene 

action. Iqbal et al.(2011) selected four tolerant and four susceptible lines after screening of 

80 genotypes of G. hirsutum L. Lines were examined at seedling stage under water stressed 

and non-stressed conditions grown in controlled environment. The selected lines were 
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crossed in all possible combinations to develop populations. The populations were examined 

under stressed and non-stressed conditions. Root and shoot lengths were measured after 45 

days of germination. Both additive and non-additive genetic variation involved in inheritance 

of root length in cotton. In rice, Eissa et al. (1983) observed additive, dominance and additive 

× additive type of gene action in the inheritance of root length and root weight. While 

additive and dominance type of gene action for root characteristics was also reported in rice 

by Armenta-sotoet al.(1983) and Ekanayake et al.(1985).  

Manzoor et al.(2008) conducted generation means analysis for leaf area, petiole length and 

seed cotton yield was performed by using six generations of a cross between cotton (G. 

hirsutum) varieties. Complex inheritance was recorded for leaf area, petiole length and seed 

cotton yield.Paramjit et al. (2011) conducted generation means for yield and fibre quality in 

cotton. Results showed both additive and non-additive type of gene action was present for all 

the quantitative traits except for seed cotton yield, bolls/plant and ginning out-turn, that were 

controlled by additive type of gene action.  

Sarwar et al.(2012) crossed two tolerant(NIAB-78, CIM-482) with two susceptible (CIM-

446, FH-1000) lines/cultivars of cotton to raise six populations (P1, P2, F1, F2, BC1P1 and 

BC1P2). The populations were evaluated under drought and normal conditions to assess the 

inheritance pattern of the traits. Generation means analysis was conducted for the traits 

bolls/plant, boll weight, seed cotton yield and lint percentage. Results revealed additive, 

dominance along with epistatic genetic effects for the inheritance of the traits.  

Muddurajuet al.(2011) studied six populations (P1, P2, F1, F2, BC1P1 and BC1P2) of Egyptian 

cotton. Generation means analysis revealed that non-additive type of gene action was pre-

dominant in the inheritance of bolls/plant, boll weight, sympodial branches and ginning out-

turn. Thangaraj et al.(2002) studied genetics of fibre length, fibre uniformity, fibre strength 

and fibre fineness using generation means analysis. Results indicated that additive, 

dominance, and interactions were present in the inheritance of the fibre traits. 

Hussain et al.(2010)conducted 5×5 diallel analysis to study genetics of fibre length, fibre 

strength, fibre fineness and fibre uniformity. Results revealed that dominance effects were 

greater than the additive for the traits.Kancherla et al.(2011)used intra (G. hirsutum × G. 
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hirsutum) and inter specific (G. hirsutum × G. babadense) crosses, to study the inheritance of 

agronomic and fibre traits. Generation means analysis revealed that dominance and epistatic 

were mainly involved the inheritance of fibre length, fibre fineness, fibre uniformity and seed 

cotton yield.  

2.6: Correlation Studies  

Knowledge of genetic correlation, in the traits to be manipulated, is required to asses the 

expected response when the selection is applied to the trait of interest in a breeding 

programme. Relative water content is reported to have significant positive correlation with 

drought stress tolerance and yield in crop plants (Colom and Vazzana, 2003; Almeselmani et 

al., 2006; Ciulcaet al., 2009; Almeselmani et al., 2011). Negative correlationhas been found 

between relative water content and excised leaf water loss (Dhanda and Sethi, 1998). 

Karademir et al.(2011) estimated correlation between seed cotton yield, fibre length and 

other fiber related traits in advanced cotton lines. Results revealed negative correlations of 

lint yield withginning out-turn, fibre length. There was positive correlation between fibre 

length and fibre strength.Salahuddin et al. (2010)analyzed correlation and regression, using 

F2 population of cotton, for quantitative characters. Positive correlation of bolls/plant and 

sympodial branches was observed with seed cotton yield. Ashokkumar and Ravikesavan 

(2010) conducted correlation studies in upland cotton (Gossypium hirsutum L.). The analysis 

revealed that seed cotton yield had positive correlation with the number of days to 50% 

flowering, bolls/plant, bolls weight, sympodial branches, number of seed per boll, ginning 

out-turn, seed index, lint index, and micronaire whereas seed oil negatively correlated with 

seed cotton yield and number of days to first flowering. Seed oil also had positive correlation 

with sympodial branches, number of seeds per boll, bolls weight and ginning out-

turn.Hussain et al. (2010) reported that in cotton, fibre strength and fibre length correlated 

positively while fibre fineness had negative correlation with fibre length and fibre strength. 

Akbar et al. (1994) observed that seed cotton yield was strongly associated with bolls/plant, 

plant height and seed per boll. 
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2.7: DNA Marker Studies for Drought Tolerance 

The genetic complexity in traits related to drought tolerance in crop plants, demands 

thatalong with conventional approach, modern tools like DNA markers for these traits should 

be exploited by marker assisted selection (Nguyen, 2000). It is well established that the 

traditional procedure for tailoring lines may be accelerated by using DNA markers. So DNA 

markers, closely linked to important trait should be identified for marker assisted selection 

(YongShenget al.,2009). Identification of genomic regions which confer drought tolerance 

would be a key to breed tolerant varieties. 

DNA marker studies have laid foundation to reveal the molecular basis for the traits related 

to drought tolerance. A variety of genetic markers like Restriction Fragment Length 

Polymorphism (RFLP), Random Amplified Polymorphic DNA (RAPD), Amplified 

Fragment Length Polymorphism (AFLP), Simple Sequence Repeats (SSR) and Inter Simple 

Sequence Repeats (ISSR) has been extensivelyused in crop plants (Preetha and Raveendren, 

2008). A class of genetic markers (SSR) proved to be highly polymorphic in crop plant (Lin 

et al., 2010). Khandagale et al. (2007) reported that in cotton, the SSR markers were more 

reproducible and polymorphic than RAPD markers. 

To date SSR databases for almost all the major crops such as cotton (Guo et al., 2006; Han et 

al., 2006), barley (Thiel et al., 2003) and wheat (Gupta et al., 2003; Gao et al., 2004) have 

been developed. Simple sequence repeats are extensively used in cotton genome mapping 

and marker assisted selection (Ulloa et al., 2000; Liu et al., 2000; Chee et al., 2004; Han et 

al., 2006; Frelichowski et al., 2006; He et al., 2007). To date, over 9000 SSRs are available 

in Cotton Marker Database (CMD). Data generated by DNA markers is used to map QTLs 

(Kearsey and Farquhar, 1998). The most commonly used methods for QTL analysisare 

described as following. 

2.7.1: Single Marker Analysis (SMA) 

The method was first used by Sax (1923) for linkage between seed color and weight of 

beans. In this method the association of trait value at each marker is examined separately and 

then association test is performed autonomous to the information from all other markers. This 

can be analyzed by common statistical software like SAS (SAS Institute Inc. USA).  
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2.7.2: Interval Mapping (IM) 

This method was introduced by Lander and Botstein (1989) to unravel the estimates of 

location and genetic effect of a QTL. The method based on joint frequencies of a pair of 

adjacent markers and a putative QTL flanked by the two markers which makes it possible to 

produce independent estimates of location and effect of a QTL.  

2.7.3: Composite Interval Mapping (CIM) 

The most common method in QTL mapping is composite interval mapping (CIM). It works 

in a combination of IM and multiple linear regression. It reduces the effect of QTLs located 

outside the interval which contain putative QTL.  

2.8: QTLs Mapping 

A number of QTL mapping studies have been reported for drought related traits in different 

plant species including cotton.In rice, QTLs associated with osmotic adjustment and other 

traits related to drought tolerance were mapped by Lilley et al.(1996). A lowland adapted 

cultivar was crossed with an upland cultivar to develop mapping population. The analysis 

identified one major locus for the trait osmotic adjustment. Five QTLs were identified to be 

linked with dehydration tolerance and were close to chromosomal regions associated with 

root morphology.To identify QTLs for drought tolerance Sanguineti et al. (1999) evaluated a 

mapping population of maize under drought conditions for two years. QTL analysis was 

conducted for the traits related to drought tolerance. A total of 17 QTLs were identified 

controlling leaf ABA and the same regions harbored one or more QTLs for the traits 

including relative water content, stomatal conductance, leaf temperature, drought sensitivity 

index anthesis to silking duration and yield. In rice, Hemamalini et al. (2000) reported 15 

QTLs for root characteristics. QTLs for root thickness were detected on chromosome 2.  

Tripathy et al. (2000) developed a mapping population of rice to identify the genomic 

regions responsible for cell membrane stability. In a greenhouse experiment drought stress 

was induced by withholding water and cell membrane stability was measured. The two 

parents represented significant difference in cell membrane stability. QTL analysis identified 

9 QTLs for cell membrane stability which were mapped on chromosomes 1, 3, 7, 8, 9, 11 and 

12. 
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In riceCourtois et al.(2000) conducted QTLs analysis for relative water content, leaf rolling, 

leaf drying and relative growth rate under water stress conditions. A mapping population 

raised from cross IR64 × Azucena was used for QTLs analysis. A total of 11 QTLs for 

relative water content, 11 for leaf rolling and 10 for each leaf drying and relative growth rate 

were detected. The analysis revealed that some of the QTLs were common in all the traits 

related to drought tolerance.Teulat et al. (2001) mapped QTLs for relative water content and 

leaf osmotic potential in barley. A total of 22 QTLs were identified controlling traits related 

to water status and osmotic adjustment.   

Stay green is important indicator for drought tolerance in crop plants. In sorghum four major 

stay green QTLs were identified by using recombinant inbred lines and near-isogenic lines. 

The identified several genomic regions were associated with resistance to pre-flowering and 

post-flowering drought stress (Sanchez et al., 2002).Gao et al. (2005) developed F2 maize 

mapping population for QTL mapping using SSR markers. The QTLs analysis identified one 

QTL for the primary root number, 4 QTLs for root dry weight and one QTL for yield under 

drought stress.Xiao et al.(2005) used SSR markers to construct a genetic linkage map and 

QTLs analysis for grain yield and yield components under water stressed and well watered 

conditions. In rice Manickavelu et al. (2006) conducted QTL analysis for number of days to 

70% relative water content, biomass yield, grain yield, leaf rolling, leaf drying and harvest 

index and a total of 38 regions linked with drought tolerance and yield were identified. 

Sabouri and In wheat, time of flag leaf senescence is an important parameter for yield 

determination under stress conditions. A segregating population from a cross between 

drought sensitive and tolerant wheat line was used by Milad et al.(2011).They identified  

markerslinked to the flag leaf senescence gene in wheat. 

Using SSR primers in segregating population, markers linked to the days to heading, days to 

anthesis and days to maturity in wheat were identified by Golabadi et al. (2011). A major 

QTL linked with grain yield for pearl millet in drought stress environments has been 

identified (Yadav et al., 2011). Rahman et al.(2011)studied mapping population of maize for 

the traits related to drought tolerance. Genetic linkage map was constructed.Among 22 

identified QTLs, 9 QTLs were linked to drought tolerance, 1 QTL for relative water content, 

1 QTL for sugar concentration, 1 QTL for root density, 1 QTL for root dry weight, 1 QTL for 
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total biomass, 1 QTL for leaf ABA content, 3 QTLs for grain yield and 4 QTLs for osmotic 

potential. 

Virginia et al. (2012) identified QTLs for relative water content, leaf dry weight, leaf fresh 

weight and leaf turgid weight in soybean. Two mapping populations were developed, one 

from cross Essex × Forrest and second from cross 438489-B × Hamilton.  QTLs analysis 

detected 8 QTLs on 6 linkage groups in first population whereas in second populations 10 

QTLs were detected on 5 linkage groups.Kebriyaee et al. (2012) conducted a genetic analysis 

of QTLs, using an F2 population of rice, related to drought tolerance.  QTLs were mapped for 

the traits including plant height, flag leaf length and width, 1000-grain weight, number of 

panicles per plant, peduncle length, panicle exertion, grain yield, basal panicle length and 

awn length. In soybean,Brensha et al.(2012)identified3 QTL for maximum root length, 1 

QTL for lateral root number, 1 QTL for basal root thickness, 2 QTL for root fresh weight, 2 

QTL for root dry weight, 4 QTL for shoot fresh weight, 3 QTL for shoot dry weight and 3 

QTL for ratio between shoot fresh and dry weight. 

2.8.1: QTLs Mapping in Cotton 

Paterson et al. (2003) assessed the genetic control of important traits in cotton mapping 

population grown in well watered as well as in water stressed conditions. The effect of both 

the environments on the traits like fiber length, length uniformity, elongation, strength, 

fineness and color was determined. In water stressed condition 17 QTLs were detected while 

only 2 were specific to the well watered condition. 

Saranga et al. (2004) detected 46 QTLs for the traits, boll weight, boll number, harvest index, 

seed cotton yield and dry matter as well as 33 QTLs for the physiological traits like osmotic 

adjustment, carbon isotope ratio, canopy temperature and chlorophyll a and bin cotton. Two 

cotton cultivars, contrasting for lint percentage, were used to develop mapping population. 

By using SSR and RAPD markers, Lin et al. (2005) mapped 2 QTLs controlling lint 

percentage, one QTL controlling lint index and 3 QTLs controlling 100 seed weight.QTLs 

for the traits related to cotton leaf morphological traits like lobe length, lobe width, lobe 

angle along with cholorophyll contents were investigated by XianLiang et al.(2005). 

Lin(2005) constructed genetic linkage map for fibre traits using 238 SRAPs, 368 SSRs and 
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600 RAPDs primers. A total of 13 QTLs were found linked to fibre traits.Among these 2 

QTLs for fibre strength, 4 QTLs for fibre length and 7 QTLs were for micronaire value. 

XinLianet al. (2005) identified stable QTLs for fibre traits using SSR markers. Eleven QTLs 

for fibre length, 10 QTLs for fibre strength, 9 QTLs for micronaire and 9 QTLs were for 

fibre elongation. 

Peitonget al. (2006) conducted QTL mapping for yield and its components in mapping 

populations derived from a cross between contrasting parents. A total of 65 SSR markers, 

polymorphic between the parents, were selected out of 2523 pairs of SSR primers. The 

experiment reported one QTL for fruit nodes/plant, one QTL for boll size, two QTLs for seed 

index, one QTL for lint index and one QTL for 100 seed weight were identified.ShuLi et al. 

(2006)conducted QTL mapping for earliness in cotton using F2 segregating population. A 

total of 73 polymorphic markers, out of 518 SSR primer pairs, were used to construct a 

genetic map with the length of about 1174.0 cM, which covered 23.48% of the whole cotton 

genome. A total of 12 QTLs were identified related to earliness. A total of 31 QTLs were 

mapped, 2 for leaf chlorophyll content, 10 for lobe length, 6 for lobe angle and 13 for lobe 

width. Qin and Tian-Zhen, (2008) studied segregating population using 286 SSR primers to 

construct map in cotton. The results revealed 3 QTLs for chlorophyll content and mapped on 

the chromosome D6, D8, A10 and 3. 

Cotton earliness, fibre quality and yield traits were studied in a mapping population by 

XianLiang et al. (2008). A field trial was conducted with mapping population derived from 

cotton lines Acala1517 × Dezhou 04. A linkage map was constructed with the help of 51 

SSR markers. The polymorphic markers were assigned to 15 linkage groups. A total of 15 

QTLs were detected.Three QTLs for the trait earliness, seven QTLs for the trait fibre quality 

and five QTLs for the traits related to yield. 

Two F2 populations raised from cross between day-neutral and photoperiod-sensitive lines of 

upland cotton were used by Guo et al.(2009) to detect the QTLs for node of first flowering 

branch. Two QTLs were found (qNFB-c21-1) and (qNFB-c25-1) for this quantitative trait. 

Babar et al. (2009) analyzed QTLs for drought resistance and yield traits in cotton.Three 

QTLs for seed cotton on three chromosomes and three QTLs for osmotic potential were 

mapped on three different chromosomes.  
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Song and Zhang (2010) mapped QTLs for leaf chlorophyll production at three developmental 

stages of cotton, early square, full bloom and early boll opening stage. Results indicated 24 

QTLs for chlorophyll-a, chlorophyll-b and total chlorophyll contents at all three 

developmental stages. QTL for chlorophyll-a was detected on A12 chromosome and also 

expressed at all developmental stages. Similarly 2 QTLs on A06 chromosome, 1 for 

chlorophyll-b and 1 for total chlorophyll content were expressed at early square and early 

boll opening.LiFang et al.(2010) studied six agronomic traits including first fruit node, node 

number, bolls weight, bolls/plant, lint percentage and leaf area in cotton to construct genetic 

map using SSR markers. The QTLs analysis revealed 3 QTLs, one for each lint percentage, 

node number and leaf area. 

QTLs for yield related traits in upland cotton were worked out by using recombinant inbreed 

lines. Three stable QTLs for boll size, bolls/plant and lint percentage were mapped on 

chromosome D8 (Hong et al., 2010).DaJun et al. (2010) conducted QTL analysis for seed, 

yield and fiber quality traits. A total of 34 QTLs were detected, nine QTLs for seed weight, 

five QTLs for fuzz weight and three QTLs for fuzz percentage. All the 34 QTLs were 

mapped on chromosome 15. Chen et al. (2010) constructed a genetic linkage map for yield 

component and identified QTLs in cotton. Three stable QTLs for boll size, 2 QTLs for lint 

percentage and 1 QTLs for number of bolls/ plant were identified. All the QTLs were 

mapped on chromosome D8. 

In cotton, a mapping population containing F2 plants was developed by Saeed et al.(2011) 

form cross between drought tolerant (FH-901) and non-tolerant (RH-510) parents. Population 

was assessed in well watered and in water stressed conditions. Data were recorded for 

osmotic potential, osmotic adjustment, number of nodes per plant, seed cotton yield, plant 

height, bolls/plant and boll weight. A total of 6500 SSR primer pairs were used to assess 

polymorphism between the parents and 64 SSR primers were selected for further analysis. 

Genetic linkage analysis resulted in 12 linkage groups. QTL analysis identified 2 QTLs for 

osmotic potential, 1 QTLs for osmotic adjustment, 1 QTLs for each of seed cotton yield, 

bolls/plant, boll weight and plant height.  

Zhang et al.(2011) used an F2population in cotton to identify QTLs for fibre related traits. A 

total of 6565 primer pairs were tested and 155 SSR polymorphic primer pairs were used to 
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construct genetic linkage. Eleven QTLs for fiber quality traits were identified, including four 

for fiber length, two for uniformity and five for fiber strength.  

Availability of fresh water to crops is declining day by day so there is need to exploit genetic 

mechanism of drought tolerance in crops including cotton. Drought tolerant cultivars may be 

tailored if the information about the inheritance of the traits related to drought tolerance is 

generated. Breeding for drought tolerance has been slow mainly because of poor knowledge 

of inheritance of drought tolerance (Tuberosa and Salvi, 2004). Although a lot of research 

has been conducted for yield and quality traits in cotton however exploitation of 

physiological traits related to drought tolerance has not been intensively undertaken. 

Exploiting physiological traits and QTLs mapping using DNA markers for drought tolerant 

traits would enhance progress for developing drought tolerant cotton cultivars. 
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CHAPTER 3    MATERIALS AND METHODS 

3.1: Selection of Cotton Genotypes 

Thirty genotypes/cultavivars (20 drought tolerant and 10 susceptible) of upland cotton 

(Gossypium hirsutum L.) were selected from the germplasm available at the Agricultural 

Research Institutes of Pakistan(Cotton Research Institute Faisalabad, Cotton Research 

Station Multan, Cotton Research Station Bahawalpur, Nuclear Institute for Agriculture and 

Biology Faisalabad, Cotton Research Station Vehari and Central Cotton Research Institute 

Multan) to identify the most tolerant and susceptible parents for crossing.Preliminary 

information about these genotypes/cultivars is given in Table 3.1. 

3.2: Experiment-I (Screening of genotypes/cultivars against drought stress) 

The experiment was conducted under glasshouse conditionsduring the winter 2008-09.The 

temperature was maintained at 35/21°C (day/night). In the glasshouse thegenotypes/cultivars 

were sown in 360 earthen pots, each filled with 9 kg of a mixture ofsand and organic rich 

field soil (1:1). The genotypes were assigned in completely randomized designwith three 

replications. There were four pots for each genotype/cultivar in a replication. On germination 

three seedlings wereretained in each pot. The seedlings were raised under optimum moisture 

conditions for 30 days. After 30days of germination, half of the pots was supplied with 

optimum irrigation while in the other half irrigation was withheldto develop water 

stress.When sign of wilting appeared (about 5 days after irrigation)the stressed plants were 

irrigated. After three consecutive drought cycles, fully expanded leaf samples near shoot tip 

were collected from each plant to determine relative water content, excised leaf water loss 

and cell membrane stability.  

3.2.1: Relative Water Content (RWC) 

A leaf sample was taken from each plant during early morning. Fresh weight of the leaf was 

recorded immediately after the excision. The samples were kept dipped in water over-night 

and turgid weight was measured. Then the samples were dried at high temperature (70oC) 

and dry weight was recorded. The RWC of the leaf sample was calculated by using the 

following formula as by Clark and Townley-Smith (1986). 

RWC = [(Fresh weight-Dry weight) / (Turgid weight-Dry weight)] × 100 
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Table 3.1: Germplasm Screened to Select Parents 

 

 

 

 

Sr. 
No. 

Genotype/ 
Cultivar 

Drought Response Reference  

1 FH-900 Tolerant cultivar Mahmood et al., 2006 
2 MNH-93 Tolerant cultivar Mahmood et al., 2006 
3 CIM-707 Tolerant cultivar Ullah et al., 2006 
4 FH-930 Tolerant genotype Ullah et al., 2006 
5 FH-1200 Tolerant genotype Ullah et al., 2006 
6 FH-634 Tolerant cultivar Ullah et al., 2006 
7 FH-2000 Tolerant genotype Ullah et al., 2006 
8 B-557 Tolerant cultivar Iqbal et al., 2010 
9 MNH-642 Tolerant genotype Ullah et al., 2006 
10 MNH-554 Tolerant cultivar Mahmood et al., 2006; Ullah et al., 2006 
11 BH-124 Tolerant genotype Iqbal et al., 2010 
12 BH-118 Tolerant cultivar Mahmood et al., 2006 
13 BH-160 Tolerant cultivar Ullah et al., 2006 
14 NIAB-78 Tolerant cultivar Ullah et al., 2006; Ahmad et al., 2009 
15 CIM-1100 Tolerant cultivar Ullah et al., 2006 
16 MNH-147 Tolerant genotype Khan et al., 2008 
17 N-Karishma Tolerant cultivar Mahmood et al., 2006 
18 CP-15/2 Tolerant genotype Ahmad et al., 2009 
19 CIM-473 Tolerant cultivar Ullah et al., 2006 
20 RH-510 Tolerant genotype Ullah et al., 2006 
21 MNH-129 Susceptible cultivar Iqbal et al., 2010 
22 N-313/12 Susceptible cultivar Ullah et al., 2006 
23 S-12 Susceptible cultivar Ahmad et al., 2009 
24 N-801/2 Susceptible genotype Iqbal et al., 2010 
25 VH-142 Susceptible genotype Ullah et al., 2006 
26 CIM-443 Susceptible cultivar Ullah et al., 2006 
27 CIM-446 Susceptible cultivar Iqbal et al., 2010 
28 CIM-240 Susceptible cultivar Ahmad et al., 2009 
29 Acala-1517-C Susceptible genotype Ahmad et al., 2009 
30 FH-1000 Susceptible cultivar Ullah et al., 2006; Iqbal et al., 2010 
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3.2.2: Excised Leaf Water Loss (ELWL) 

A leaf sample was taken from each plant. The samples were covered with polythene bags 

soon after excision and fresh weight was recorded using electronic balance. The leaf samples 

were left on laboratory bench atroom temperature. After twenty four hours the weight of the 

wilted leaf samples was recorded. Then the leaf samples were oven dried at 70°C for 

recording dry weight.Excised leaf water loss was calculated using the following formula as 

by Clarke and McCaig (1982).    

        ELWL = [(Fresh weight-Wilted weight)/Dry weight] 

3.2.3: Cell Membrane Stability (CMS) 

A leaf sample was taken from each plant. The samples were rinsed with deionized water to 

remove surface contamination. Leaf discs of 1.0 cm2 were sliced from samples and were 

submerged in 10 ml deionized water in 20 ml screw-cap vials which were kept at room 

temperature in dark for 24 hours. Conductance of the solution was measured with a 

conductivity meter (Jenway modal 4070). The vials were then autoclaved for 15 minutes and 

conductance of the sample solutions was measured again to estimate electrolyte 

concentration. All measurements were recorded at 25 °C by keeping vials submerged in a 

water bath. The CMS of the leaf discswas calculated as reciprocal of relative cell injury 

(Blum and Ebercon, 1981) using the following formula: 

CMS%= [{1-(T1/T2)]/ [1-(C1/C2)}] x100 

Where, T1= Stress sample conductance before autoclaving. 

T2= Stress sample conductance after autoclaving. 

C1= Control sample conductance before autoclaving. 

C2= Control sample conductance after autoclaving 

3.2.4: Biomass Reduction (BR) 

Total fresh weight was recorded from each individual plant grown under well watered and 

water stress condition. The samples were oven dried to measure total dry weight. Biomass 

reduction was calculated by the following formula: 

BR = [Total dry weight (N) – Total dry weight (D)/Total fresh weight (N)] × 100  
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3.3: Selection of Parents for Crossing: 

Two highly drought tolerant (B-557 and MNH-557) and two highlydrought susceptible (FH-

1000 and N-313/12) genotypes/cultivarswere selected for use as parentson the basis of the 

data for relative water content (RWC), excised leaf water loss (ELWL), cell membrane 

stability (CMS) and biomass reduction (BR). 

Contrasting genotypes/cultivars for drought response 

S .No  Genotypes  Drought Response  

1 B-557  Tolerant (high RWC and CMS, low ELWL and BR) 

2 FH 1000 Susceptible (low RWC and CMS, high ELWL and BR) 

3 MNH 554  Tolerant (high RWC and CMS, low ELWL and BR) 

4 N-313/12 Susceptible (low RWC and CMS, high ELWL and BR) 

 

3.4: Crossing work 

During the winter 2009-10, the selected genotypes/cultivars were grown in glasshouse to 

make crosses. During the normal cropping season of 2010, F1 generations and their parents 

were grown in the field for developing back crosses and F2 generations. 

Table 3.2:List of crosses and backcrosses made in the study 

Cross No. Parents Cross combination

1 

B-557 × FH 1000 
 

F1, F2 

( B-557 × FH 1000) × B-557 
 

BC1 

(FH 1000 × B-557) × FH 1000 
 

BC2 

2 

MNH 554 × N-313/12 
 

F1, F2 

(MNH 554 × N-313/12) × MNH 554 
 

BC1 

(MNH 554 × N-313/12) × N-313 
 

BC2 
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3.5: Experiment-II (Hydroponic Trial) 

In April 2011, the parental andF2 populations of the cross FH-1000 × B-557 were evaluated 

under drought in hydroponic condition. Seeds were sown in polythene bags 12ʺ× 4ʺ filled 

with sand to develop seedlings. Hoagland solution (Epstein, 1972) was filled in the plastic 

tank of 2×2 m with 10ʺ in depth.  Ten days old seedlings were placed on styrofoam sheetsand 

were suspended on Hoagland solution in the tank. There were ten seedlings of each parent 

and 100for the F2population. Continuous aeration was maintained to the root medium by 

installing a network of air-pipes connected to an electric motor. Fresh Hoagland nutrient 

solution was replaced every week. After two weeks, when seedlings proved to be stable in 

hydroponic culture, plants were exposed to stress by dissolving 15% PEG8000 in the nutrient 

solution. After one month of stress application, data were recorded forRWC, ELWL and 

CMS as in experiment-I. The plants were gently pulled out from thestyrofoamsheets. Root 

and shoot length as well as their fresh and dry weight were recorded. 

3.6: Experiment-III (Field Trial) 

On 15 May2011, two crosses B-557 × FH-1000 and MNH-554 × N-313/12 were studied 

under field condition in the experimental area of the Department of Plant Breeding and 

Genetics. Each cross was studied in a separate trial. The parental, F1, F2, BC1 and BC2 

populations from each cross were evaluated using randomized complete block design with 

three replications. Each replication was comprised of two rows for each of the parent/ F1/ 

backcross and six rows for each F2 generation. Ten plants in each row of 3 m in length were 

planted with plant to plant distance of 30 cm and row to row distance of 75 cm. A single 

irrigation was applied 40 days after planting. On rainfall water was drained out from 

experimental plot because of its higher elevation compared to other experimental area. Data 

regarding physiological parameters relative water content, excised leaf water loss and cell 

membrane stability were recorded during the month of October when plants showed signs of 

water stress by the same methodsas usedin experiment-I. Data were recorded from 30 plants 

of each parent/ F1/ backcross and 150 plants of each F2 population. At crop maturity, data for 

the agronomic traits plant height, number of monopodial branches, number of sympodial 

branches, bolls/plant, boll weight, fibre length, fibre fineness, fibre strength and ginning out-

turn were recorded.In 2011, the rainfall recorded at the experimental fields (by the 
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Department of Crop Physiology) in May, June, July, August, October and November was 

18.60, 78.30,118.10, 92.60, 155.10, 0.40 and 0.00mm respectively. The detailed data is 

inAnnexure-V. 

3.6.1: Plant Height 

Height of all the selected plants was measured from ground level to the top of the main stem. 

Then average plant height was calculated. 

3.6.2: Number of Monopodial Branches per Plant 

The monopodial branches are the vegetative types of branches in cotton. At maturity, the 

monopodial branches per plant were counted for all the selected plants. 

3.6.3: Number of Sympodial Branches per Plant 

The sympodial branches are the fruit branches i.e. bearing the bolls. At maturity, the 

sympodial branches on each plant were counted for all selected plants.  

3.6.4: Number of Bolls per Plant  

All the bolls which were picked during all pickings from each individual plant were recorded 

and summed up as bolls per plant. 

3.6.5: Boll Weight  

Average boll weight was calculated by dividing the total weight of seed cotton obtained from 

a plant by its total number of bolls. 

3.6.6: Lint Percentage/Ginning Out-Turn (GOT) 

Lint percentage orginning out-turn (GOT) is the weight of lint that can be obtained from a 

given weight of seed cotton and is expressed as percentage. Samples of seed cotton obtained 

from individual plants were weighed and ginned separately with a single roller electrical gin 

in the laboratory. Lint was weighed and GOT was calculated as percentage of lint in seed 

cotton. 
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3.6.7: Fibre Traits 

Total seed cotton was collected from the selected plants for fibre analysis. Ginning was done 

on individual plant basis by using a single roller electrical gin available in the Department of 

Plant Breeding and Genetics. Before fibre testing, the ginned samples were re-conditioned by 

placing samples in blow room (65% humidity and 18-20°C temperature) using humidifier. 

High Volume Instrument (HVI-900-SA; Zellweger Ltd., Switzerland), available in the 

Department of Fibre Technology, was used to analyze fibre length, fibre strength and fibre 

fineness.  

3.7: Statistical Analysis 

Analysis of variance among the generations was conducted as in Steel et al. (1997) 

3.7.1: Generation Means Analysis 

The data collected for the traits showing significant differences, was used to conduct 

generation means analysis following the method described by Mather and Jinks (1982). A 

computer programmeprovided by Dr. Tanwir Ahmad Malik, Professor, Department of Plant 

Breeding and Genetics, was used to conduct the analysis. Means and variances of each 

population (parental, backcross, F1 and F2) used in the analysis were calculated from 

individual plants pooled over replications. 

A weighted least square analysis was performed on the generation means commencing with 

the simplest model using parameter m only and tested for goodness of fit. If the chi-squared 

value of one parameter model [m] was significant then further models of increasing 

complexity [md, mdh, etc.] were tried and tested for goodness of fit. The best model was 

chosen as the one whichhad significant estimates of all parameters along with non-significant 

chi-squared value. The higher value parent was always taken as P1 in the model fitting for 

each trait. Theoretical genetic components of generation means used in the analysis are 

shown in the Table 3.3. 

3.7.2: Analysis of Components of Genetic Variance 

A weighted least squares analysis of variance based on the method as described in Mather 

and Jinks (1982) using a computer programme provided by Dr. Tanwir Ahmad Malik,  
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Table 3.3: Coefficients of the mean (m), additive (d), dominance (h), additive  additive 
(i), additive  dominance (j) and dominance  dominance (l) parameters for the 
weighted least squares analysis of generation means (Mather and Jinks, 1982). 

 
Generations Components of genetic effects 

 m [d] [h] [i] [j] [l] 

P1 1 1.0 0.0 1.00 0.00 0.00 

P2 1 -1.0 0.0 1.00 0.00 0.00 

F1 1 0.0 1.0 0.00 0.00 1.00 

F2 1 0.0 0.5 0.00 0.00 0.25 

BC1 1 0.5 0.5 0.25 0.25 0.25 

BC2 1 -0.5 0.5 0.25 -0.25 0.25 

 
 
Table 3.4: Coefficients of the D, H, F and E effects for the weighted least squares 
analysis of generation variances (Mather and Jinks, 1982). 

 

Generation Components of variation 

 D H F E 

P1 0.00 0.00 0.00 1 

P2 0.00 0.00 0.00 1 

F1 0.00 0.00 0.00 1 

F2 0.50 0.25 0.00 1 

BC1 0.25 0.25 -0.5 1 

BC2 0.25 0.25 0.50 1 

 

Professor, Department of Plant Breeding and Geneticswas performed on the data of the 

experiment containing six generations (Parents, F1, F2, BC1 and BC2). Theoretical 

coefficients of additive (D), dominance (H), cross product of dominant and additive effects 

(F) and environmental variation (E) used in the analysis are shown in Table 3.4. Model 

fitting was started using the E parameter only. When the chi-squared value was significant;D, 

H and F parameters were successively included until a satisfactory fit was obtained. The best 
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fit model was chosen as the one with all significant parameters and non-significant chi-

squared value. 

3.7.3: Heritability Estimates 

Heritability in narrow sense (h2
ns) was calculated using the components of variance from the 

best fit model of weighted least squares analysis by the formula: 

h2
ns 

(1) = 0.5D / (0.5D + E) (When a simple DE model was adequate without a significant 

dominance component) 

(2) = 0.5D / (0.5D + 0.25H + E) (When a DHE model had to be fitted) 

Heritability in the F∞ generation was also calculated by using the formula: 

h2
∞ = D / (D + E)  

3.7.4: Correlations 

The phenotypic and genotypic correlation coefficients between pairs of plant traits were 

calculated using the individual plants data of the F2 populations. 

3.7.4.1: Phenotypic Correlations 

The phenotypic correlations (rp)between two traits x and y were calculated by using the 

following formula.  

 rp =   PCOV(x,y)/ (PVx . PVy)1/2 

Where, 

 PCOV(x,y) is the mean phenotypic covariance of x and y traits.  

 PVx and PVy are the phenotypic variance of the same traits respectively. 

3.7.4.2: Genotypic Correlations 

The genotypic correlations(rg) between two traits x and y were computed by using the 

following formula.  
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 rg=GCOV(x,y)/ (GVx . GVy)1/2 

Where, 

 GCOV(x,y) = COV(x,y) F2 – COV(x,y)E  

 COV(x,y)E = (1/4)[COV(x,y)P1 + COV(x,y)P2 + 2COV(x,y)F1]  

GCOV(x,y), COV(x,y)E, COV(x,y)P1, COV(x,y)P2, COV(x,y)F1 and COV(x,y)F2 are 

covariances of x and y associated with genetic effects, non-genetic effects, P1, P2, F1 and F2 

generations respectively and GV(x) and GV(y) are genetic variances of x and y traits 

respectively. 

3.8: DNA Marker Study 

An F2 population of the cross B-557 × FH-1000 from experiment-II was used for genetic 

linkage map and QTLs mapping of the traits related to drought tolerance. One hundred F2 

plants and the parents were used for the molecular work.  

3.8.1: DNA Extraction 

The leaves of the F2 and parent plants were used for DNA extraction. Leaves were detached, 

packed in plastic bags and immediately transferred to a freezer at -80oC. A standard CTAB 

method (Doyle and Doyle, 1990) was used for DNA extraction.  Two leaves of each plant 

were groundwith preheated 2 × CTAB extraction buffer (65oC). The paste was transferred to 

50 ml polypropylene tube and incubated in water bath at 65oC for 45 minutes. Then equal 

volume ofchloroform:isoamyl alcohol (24:1)was mixed by gentle inverting the tube. The 

emulsion was centrifuged for 10 min at 5000 rpm. The supernatant was transferred to a new 

tube and remaining material was discarded.  Chilled propanol of 0.6 volumes was added to 

the new tube and centrifuged for 10 minutes at 5000 rpm. After centrifuge the supernatant 

was discarded.The pellet was washed with 70% alcohol. The pellet was dried before 

dissolving in double distilled water for RNase treatment. To digest RNA, 5 μl RNase (10 

mg/ml) was added tothe dissolved pellet. The DNA samples werechecked for quality by 

gelelectrophoresis.The DNA samples giving smear in the gel were rejected and only good 

quality DNA was selected for PCR studies. 
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3.8.2: Parental Survey with SSR primers 

The parents, FH-1000 and B-557 were screened with 524 pairs of SSR primers to identify 

polymorphic primers. The primers used in the study are given in Table 3.5 (Their detail is 

given in Annexure-VI). The primers were of different series and selected in a way to cover 

the whole genome. 

Table 3.5: List of primers used from different series 

Prefix Type Source No. of Primers used 
NAU EST-SSR Nanjing Agriculture University, China 236 
DPL Genomic Delta and Pine Land Company , MS, 

USA  
126 

JESPR Genomic Department of Biology, Texas A&M 
University, College Station, Texas, USA 

97 

CIR Genomic CIRAD, Centre International en echerche 
Agronomique pour le Développement, 
Montpellier Cedex 5, France. 

43 

BNL Genomic Brookhaven National Laboratory Upton, 
NY,USA 

5 

CTM EST-SSR International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT), 
Patancheru, Andhra Pradesh, India. 

14 

MUCS Genomic USDA-ARS, WCIS, Research Unit, 
USA 

4 

 

 

3.8.3: Polymerase Chain Reaction 

 

Table 3.6: List of chemicals/reagents used in PCR and the temperature regimes 

Chemicals Concentration Volume (1X) 

DD H2O  5.75  

PCR Buffer 10 X 1.0 μl 

dNTP’s 2.5 mM 1.0 μl 
Taq Polymerase 5 units/μl 1.0 μl 

Primer 60 ng 0.25 μl 

DNA Template  15 ng 1 μl 
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Table 3.7: PCR Steps 

Step  Temperature Time  No. of Cycles 

Denaturation 94oC 30 seconds 

33 cycles Annealing 65oC 30 seconds 

Extension 72oC 1 minute 

Hold 4oC   

 

3.8.5: Silver Nitrate Staining 

After electrophoresis the gels were separated from the plates and treated for 12 min in 

fixation solution (10% v/v ethanol and 0.5% v/v acetic acid) with gentle shaking. Then the 

gel wasincubated for 12-15 min in 0.2% w/v silver nitrate solution for staining. After 

staining, the gel was washed twice with de-ionized distilled water for two minutes and 

0.0002% w/v sodium thiosulfate for about two minutes.Then it was transferred to developer 

solution (1.5% sodium hydroxide and 0.4% formaldehyde).The gelwas packed in transparent 

plastic sheet. DNA bands were scored carefully and saved by making photographs. 

3.8.6: Screening of F2 with Polymorphic Primers 

One hundred F2 plant DNA samples were screened with 44 polymorphic SSR primers. The 

segregation ratio 3:1 (dominant marker) or 1:2:1 (co-dominant marker) was assessed with 

chi-square test for goodness of fit. The size of bands developed from almost all primers was 

same as was reported in cotton marker database. 

3.8.7: Linkage Analysis: 

Linkage software Joinmap3.0 (Van-Ooijen and Voorrips, 2001) was used for the analysis. 

The Kosambi mapfunction (Kosambi, 1944) was used to convert recombination frequency to 

genetic map distance in centiMorgan (cM). Band scoring was conducted by following the 

instruction given in manual of the software. 

1 = Genotypes of parent A (B-557) 
2 = Genotypes of parent B (FH-1000) 
3 = Heterozygote 
Other situations were coded by: 
4 = Not A; i. e. 3 or 2 (for dominant markers) 
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5 = Not B; i. e. 3 or 1 (for dominant markers) 
‘-’ = Missing data for the individual at a locus 

3.8.8: QTLs Mapping 

Marker and QTL association analysis for the traits related to drought tolerance was carried 

out by using software QTL cartographer2.5 (test statistics composite interval mapping CIM). 

Data for input files (linkage map, molecular marker and phenotypic data) were prepared 

according to the instructions given in the manual (Basten et al., 2001; Van-Ooijen and 

Voorrips, 2001). The proportion of observed phenotypic variance attributable to a particular 

QTL was estimated by the coefficient of determination (R2) from the corresponding model 

(Basten et al., 2001) for analysis. Permutation-1000 test (P < 0.05) was performed to 

determine threshold LOD value to declare a QTL. 
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CHAPTER 4     RESULTS AND DISCUSSION 

4.1: Experiment-I (Screening of germplasm) 

The mean of 30 cotton genotypes/cultivars for the traits, relative water content (RWC), 

excised leaf water loss (ELWL), cell membrane stability (CMS) and biomass reduction (BR) 

is given in Table 4.1. Analysis of variance revealed highly significant variation for the traits 

in 30 genotypes/cultivars (Annexure-I). Under drought stress the cultivars B-557 and MNH-

554 had high RWC, CMS while low ELWL and BR so were the most tolerant whereas FH-

1000 and N-313/12 had low RWC, CMS but high ELWL, BR and hence were the most 

droughtsusceptible. 

4.2: Experiment-II (Hydroponic Trial) 

The F2 population of the cross B-557 × FH-1000 along with the parents were grown in 

hydroponic culture (Fig. 4.1).Significant differences were observed among the parental and 

F2generation (P < 0.01) for the traits,relative water content, excised leaf water loss, cell 

membrane stability, root length, root weight and dry biomass (Annexure-III). The F2 

population for the traits showed normal distribution (Fig.4.2-4.4). The correlation matrix of 

the traits is given inTable 4.2. Excised leaf water loss had negative correlation with cell 

membrane stability. Relative water content correlated positively with cell membrane 

stability, dry biomass and root length. Cell membrane stability had positive correlation with 

dry biomass and root weight. Dry biomass had positive correlation with root weight. 

In the present study, positive correlation of relative water content with dry biomass and root 

length depicts that the plant with higher relative water content would be drought tolerant and 

would sustain growth under drought stress. Relative water content is measurement of plant 

water status in a given environment. The ability of plant to maintain optimum level of water 

in leaves during drought period is the most important trait (Chandler and Bartels, 1999; 

Bartels, 2005; Xoconostel and Ortega, 2010). Higher relative water content may be indicator 

of drought stress tolerance in crop plants (Colom and Vazzana, 2003; Almeselmani et al., 

2011). So itmaybe used by plant breedersas selection criterion to select drought tolerant 

plants. 
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Table 4.1: Mean of 30 cotton lines at seedling stage for relative water content (RWC, 
%), excised leaf water loss (ELWL, g/g), cell membrane stability (CMS, %) and 
biomass reduction (BR, %) under drought conditions. 

 
Sr. No. Genotype/Cultivar RWC ELWL CMS BR 
1 B-557 (T) 69.83 1.71 75.54 32.83 
2 FH-1000 (S) 54.91 3.24 64.91 69.08 
3 MNH-554 (T) 68.34 1.48 69.10 35.90 
4 N-313/12 (S) 56.18 2.81 61.00 73.01 
5 FH-634 63.54 1.22 67.34 47.86 
6 FH-900 65.12 1.71 69.19 43.17 
7 FH-1200 65.31 1.08 74.09 57.52 
8 MNH-93 64.53 2.07 72.16 35.37 
9 CIM-707 62.41 0.92 69.41 36.36 
10 FH-930 63.21 1.89 71.29 49.53 
11 MNH-129 55.65 1.83 70.07 47.59 
12 BH-124 58.32 1.55 66.87 50.07 
13 FH-2000 69.91 3.23 65.55 60.31 
14 CIM-1100 57.31 2.81 61.43 38.26 
15 RH-510 60.21 1.94 60.57 43.29 
16 CIM-443 55.21 1.75 66.62 39.92 
17 CIM-446 56.54 1.93 64.34 58.54 
18 CIM-240 56.43 2.79 72.15 59.13 
19 MNH-147 56.31 2.85 70.16 52.82 
20 MNH-642 67.31 2.55 69.55 52.14 
21 BH-118 69.43 2.70 63.50 50.01 
22 BH-160 68.32 3.06 64.07 53.04 
23 NIAB-78 64.32 2.53 75.76 66.39 
24 NIAB-111/2 59.21 3.08 71.91 41.38 
25 NIAB-801/2 58.43 3.22 67.64 41.30 
26 Karishma 68.65 3.02 76.42 58.20 
27 CP-15/2 57.21 2.36 71.31 36.23 
28 VH-142 56.42 2.71 69.54 54.35 
29 ACALA-1517-C 57.54 1.93 60.95 44.94 
30 S-12 55.43 2.03 58.32 46.04 
Genotype/cultivar Effects ** ** ** ** 
*, P < (0.05); **, P < (0.01) 
Tolerant (T), Susceptible (S) 
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Fig. 4.1: Evaluation of the parents and the F2 population of the cross B-557 × FH-1000 
in hydroponic culture. 
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Fig. 4.2: Frequency distribution for relative water content and excised leaf water loss in 
F2 population of cross B-557 × FH-1000 evaluated in hydroponic culture. 
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Fig. 4.3: Frequency distribution for cell membrane stability and root length in F2 
population of cross B-557 × FH-1000 evaluated in hydroponic culture. 
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Fig. 4.4: Frequency distribution for root weight and dry biomass in F2 population of 
cross B-557 × FH-1000 evaluated in hydroponic culture. 

 

 

 

Table 4.2: Phenotypic correlation among the traits excised leaf water loss (ELWL), 
relative water contents (RWC), cell membrane stability (CMS, %), root length (RL), 
root weight (RW) and dry biomass (DB) in F2 population of the cross B-557 × FH-1000 
in hydroponic culture. 

* = P < 0.05, ** = P < 0.01 
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 ELWL RWC CMS DB RL 
RWC -0.22     

CMS -0.26**      0.59**        
DB -0.19   0.49**    0.53**     

RL -0.09   0.21**    0.13   0.14  

RW -0.02     0.19    0.25*      0.31**    0.09 



 

 

44

Positive correlation of RWC and CMS in this study depicts that the plant with higher water 

content are able to maintain cellular membrane integrity. Under stressed conditions, cell 

membrane stability is affected but drought tolerant genotypes tend to maintain integrity of 

cell membrane under drought stress (Bajjii et al., 2001).In the present study, cell membrane 

stability had positive correlation with dry biomass and root weight. Cell membrane 

stabilityunder drought condition may indicate drought tolerance in crop plant (Saadalla et al., 

1990; Reynolds et al., 2001;Almeselmani et al., 2011)so it may be exploited as selection 

criterion of drought tolerance (Kakani et al., 2005;Rahman et al., 2006, Azhar et al., 2008). 

In the present study, excised leaf water loss had negative correlation with cell membrane 

stability. The difference in excised leaf water loss in plant genotypes are due to difference in 

leaf cuticle thickness (Ahmad et al., 2009). The association of cell membrane stability and 

excised leaf water loss may be due to the linkage or pleotropic effects of genes responsible 

for cuticle thickness and cell membrane stability. The trait excised leaf water loss is also 

considered as drought toleranttrait in crop plants (Kirkham et al., 1980; Jarad and Konzak, 

1983; Clarke and Townley-Smith, 1986; Winter et al., 1988). It may be suggested from the 

result of present study and the earlier reports that the exploitation of physiological traits in 

plants is an efficient way for improvement of drought tolerance (Nepomuceno et al., 1998; 

Evans and Fischer, 1999). 

4.3: Experiment-III (Field Trial) 

Significant differences were observed among the generations for the traits, relative water 

content, excised leaf water loss, cell membrane stability, plant height, number of monopdial 

branches, number of sympodial branches, bolls/plant, boll weight, fibre length, fibre fineness, 

fibre strength and ginning out-turn in both the cross B-557 × FH-1000 and MNH-554 × N-

313/12 (Annexure-IV-A, IV-B). Frequency distributions of the traitsforthe crosses are given 

in the Fig. 4.5-4.15. The similar correlations observed in both crosses are given in the Fig. 

4.16. Generation means and population effects for the traits are given in the Table 4.3. 

Results of generation means analysis are given in Table 4.4.Results for generation variance 

analysis are given in Table 4.5. Correlation matrix (phenotypic and genotypic) for the traits is 

given in Table 4.6.  
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Generation Means Analysis 

4.3.1: Relative water content (RWC) 

Results of generation means analysis for RWC depicts that a four-parameter [m, d, h, j] for 

the cross B-557 × FH-1000 was a good fit. For the cross MNH-554 × N-313/12, a five-

parameter modal [m, d, h, j, l] was adequate. Heritability estimates (narrow sense) were 

moderate to high for the trait.Correlation analysis revealed that RWC had strong positive 

correlation with CMS, number of monopodial branches,sympodial branches andbolls/plant 

whereas, negative with ELWL and fibre fineness in both the crosses (Fig. 4.12). The trait 

hadpositive correlation with fibre lengthin one cross.  

In quantitative traits, gene action is determined as additive, dominance and epistatic effects 

(additive × additive, additive × dominance and dominance × dominance). Additive effect is 

normally the average effect of genes from both parents, dominance is the interaction of 

allelic genes and epistasis is the interaction of non-allelic genes affecting a particular trait. 

Additive, dominance and epistatic type of gene action was observed in the inheritance of 

RWC in the present study. The inheritance of RWC seems complex because of the 

involvementof additive and non additive interactions. So to breed cotton genotypes which 

may maintainhigher RWC underdrought, selection of plants may be performed in advanced 

segregating generations. Ahmad et al. (2009) evaluated three crosses of cotton under drought 

and reported dominance along withadditive × additive interaction in the inheritance of RWC. 

In wheat as well, generation means analysis for RWC under drought stress condition revealed 

that the trait was controlled by additive, dominance and epistatic type of gene action 

(Schonfeld et al., 1988; Golparvar and Karimi, 2011). Simple inheritance i.e. additive type of 

gene action for RWC under drought has also been reported in wheat (Malik and Wright, 

1995; Dhanda and Sethi, 1998; Maleky et al., 2009) and rice (Ming-gau et al., 2004). 

The correlationof RWC with CMS in both the crosses in the present study indicates linkage 

or pleotropic effects of the genes responsible to maintain leaf RWC and CMS. Significant 

association of these two traits under drought stress has been reported earlier in crop plants 

(Colom and Vazzana, 2003; Almeselmani et al., 2006; Almeselmani et al., 2012). 
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Fig. 4.5: Frequency distribution for relative water content in F2 populations of the 
crosses B-557 × FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 

 

 

F
re

q
u

en
cy

 

F
re

q
u

en
cy

 

 Excised leaf water loss (g/g)   Excised leaf water loss (g/g) 

Fig. 4.6: Frequency distribution for excised leaf water loss in F2 populations of the 
crosses B-557 × FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 
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Fig. 4.7: Frequency distribution for cell membrane stability in F2 populations of the 
crosses B-557 × FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 
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Fig. 4.8: Frequency distribution for plant heightin F2 populations of the crosses B-557 × 
FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 
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Fig. 4.9: Frequency distribution for sympodial branches in F2 populations of the crosses 
B-557 × FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 
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Fig. 4.10: Frequency distribution for bolls/plant in F2 populations of the crosses B-557 × 
FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 
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Fig. 4.11: Frequency distribution for boll weight in F2 populations of the crosses B-557 
× FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 
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Fig. 4.12: Frequency distribution for ginning out-turn in F2 populations of the crosses 
B-557 × FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 
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Fig. 4.13: Frequency distribution for fibre length in F2 populations of the crosses B-557 
× FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 
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Fig. 4.14: Frequency distribution for fibre strngth in F2 populations of the crosses B-557 
× FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 
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Fig. 4.15: Frequency distribution for fibre fineness in F2 populations of the crosses B-
557 × FH-1000 (left) and MNH-554 × N-313/12 (right) of cotton in field. 

 

 

 

Fig. 4.16: The similar correlations positive (+) or negative (-), in both the crosses B-557 
× FH-1000 and MNH-554 × N-313/12 for the traits, relative water content (RWC), 
excised leaf water loss (ELWL), cell membrane stability (CMS), monopodial branches 
(MB), sympodial branches (SB), boll/plant (B/P), boll weight (BW), fibre length (FL), 
fibre strength (FS), fibrefineness (FF) and ginning out-turn. 
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Table 4.3: Generation means for relative water contents (RWC, %), excised leaf water 
loss (ELWL, g/g), cell membrane stability (CMS%), plant height (PH, cm), Monopodial 
branches (MB), Sympodial branches (SB), Boll/plant (BP), Boll weight (BW, g), 
Ginning out turn (GOT, %), Fibre length (FL, mm), Fibre strength (FS, g/tex) and 
Fibre fines (FF, mic.) in the crosses B-557 × FH-1000 (1)and MNH-557 × N-313/12 (2) 
under drought conditions in the field. 

*, P < (0.05); **, P < (0.01) 

 

 

 

 

 

Traits Cross # Generations Pop. 
Effects P1 P2 F1 F2 BC1 BC2 

RWC 
1 
2 

68.84 
67.64 

53.26 
58.48 

70.91 
68.73 

62.41 
61.07 

64.31 
65.77 

59.77 
63.36 

** 
**

ELWL 
1 
2 

1.35 
1.31 

2.90 
2.73 

1.54 
2.31 

1.84 
1.83 

1.34 
1.66 

1.90 
1.89 

** 
** 

CMS 
1 
2 

72.42 
77.54 

53.93 
55.54 

78.31 
71.54 

74.43 
68.85 

68.83 
70.56 

69.45 
66.54 

** 
** 

PH 1 
2 

95.32 
98.51 

92.53 
99.70 

101.7 
96.03 

91.05 
94.62 

103.16 
96.70 

101.45 
100.86 

** 
* 

MB 1 
2 

3.10 
3.03 

3.40 
3.00 

3.10 
2.33 

3.17 
2.61 

3.10 
2.80 

2.90 
2.97 

** 
** 

SB 1 
2 

12.81 
13.60 

14.40 
13.93 

15.02 
17.10 

16.65 
15.08 

11.07 
11.67 

11.00 
11.30 

** 
** 

BP 1 
2 

7.75 
19.5 

11.70 
10.0 

11.93 
12.36 

14.70 
12.41 

10.56 
13.73 

12.40 
11.76 

* 
** 

BW 1 
2 

3.32 
3.20 

3.15 
2.84 

3.14 
3.10 

3.23 
2.95 

3.04 
2.90 

2.72 
2.53 

** 
** 

GOT 1 
2 

36.14 
34.63 

37.21 
34.65 

36.85 
35.07 

36.66 
35.08 

36.57 
34.07 

37.59 
33.30 

* 
** 

FL 1 
2 

25.81 
26.28 

27.07 
27.30 

27.51 
25.49 

27.47 
24.84 

27.40 
26.94 

26.11 
27.08 

** 
** 

FS 1 
2 

24.18 
26.45 

25.09 
24.11 

23.39 
24.47 

23.34 
23.08 

23.27 
25.98 

23.75 
24.78 

** 
** 

FF 1 
2 

4.27 
4.61 

3.72 
4.14 

4.19 
4.18 

4.09 
4.40 

3.88 
4.51 

3.99 
4.57 

* 
** 
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Table 4.4: Estimates of the best fit model for generation means parameters (±, standard 
error) by weighted least squares analysis in respect of relative water contents (RWC, 
%), excised leaf water loss (ELWL, g/g), cell membrane stability (CMS%), plant height 
(PH, cm), Monopodial branches (MB), Sympodial branches (SB), Boll/plant (BP), Boll 
weight (BW, g), Ginning out turn (GOT, %), Fibre length (FL, mm), Fibre strength 
(FS, g/tex) andFibre fineness (FF, mic.) in the crosses B-557 × FH-1000 (1)and MNH-
557 × N-313/12 (2) under drought conditions in the field. 
 

Traits Cross 
# 

Genetic Effects X2(df)
[m] [d] [h] [i] [j] [l] 

RWC 
1 
2 

52.04±1.03 
24.98±5.26 

12.20±1.03 
9.17±0.79 

16.79±4.22 
78.55±13.88 

- 
- 

21.58±3.83 
26.06±5.19 

- 
52.82±9.12 

1.41(2)
0.69(1)

ELWL 
1 
2 

1.32±0.03 
2.18±0.08 

0.57±0.04 
1.04±0.08 

0.51±0.08 
1.66±0.35 

- 
- 

2.25±0.29 
2.56±0.41 

- 
1.82±0.34 

0.48(2)
0.19(1)

CMS 
1 
2 

54.11±0.97 
62.32±0.97 

15.52±0.44 
5.52±0.44 

3.45±1.23 
3.45±1.23 

3.30±1.10 
3.30±1.10 

- 
- 

- 
- 

1.63(2)
1.76(2)

PH 1 
2 

62.47±5.46 
63.61±7.27 

3.41±0.89 
7.15±1.14 

53.58±4.88 
61.56±19.05 

26.01±5.37 
27.88±7.16 

- 
- 

33.05±9.84 
39.17±12.21 

0.04(1)
1.48(1)

MB 1 
2 

3.34±0.10 
2.68±0.04 

0.24±0.09 
0.55±0.04 

1.37±0.41 
0.26±0.09 

- 
- 

- 
- 

1.62±0.41 
- 

0.73(2)
3.15(3)

SB 1 
2 

13.65±0.28 
18.59±1.47 

0.66±0.26 
0.87±0.23 

10.91±1.26 
13.14±3.88 

- 
- 

- 
- 

10.26±1.44 
- 

1.74(2)
4.01(3)

B/P 1 
2 

11.65±0.15 
12.39±0.17 

1.93±0.25 
2.21±0.30 

- 
- 

7.72±1.38 
- 

- 
- 

- 
- 

0.69(3)
0.85(4)

BW 1 
2 

3.18±0.02 
2.68±0.04 

0.07±0.06 
0.36±0.14 

- 
- 

0.40±0.25 
0.20±0.06 

- 
- 

- 
- 

5.91(3)
3.91(3)

GOT 1 
2 

36.76±0.13 
40.84±1.09 

0.003±0.26 
- 

- 
17.27±2.73 

- 
6.20±1.07 

- 
- 

- 
11.50±1.77 

2.57(4)
4.18(2)

FL 1 
2 

27.41±0.07 
26.95±0.10 

0.36±0.14 
0.36±0.17 

- 
- 

- 
- 

- 
- 

- 
- 

1.46(4)
5.25(4)

FS 1 
2 

18.59±1.47 
14.11±1.53 

0.87±0.23 
- 

13.14±3.88 
25.47±3.95 

6.51±1.44 
10.26±1.51 

- 
- 

7.34±2.59 
15.13±2.53 

0.52(1)
4.17(2)

FF 1 
2 

3.12±1.02 
3.18±2.04 

- 
5.34±1.11 

4.54±1.65 
21.01±4.01 

0.92±0.33 
- 

- 
8.14±5.01 

- 
- 

0.78(3)
1.21(2)

 

 

 

 

 



 

 

54

Table 4.5: Variance components D (additive), H (Dominance), F (Additive × 
Dominance) and E (environmental) following weighted analysis of components of 
variance, and heritability (ns, narrow sense and F∞ generation) relative water contents 
(RWC, %), excised leaf water loss (ELWL, g/g), cell membrane stability (CMS%), 
plant height (PH, cm), Monopodial branches (MB), Sympodial branches (SB), 
Boll/plant (BP), Boll weight (BW, g), Ginning out turn (GOT, %), Fibre length (FL, 
mm), Fibre strength (FS, g/tex) and Fibre fines (FF, mic.) in the crosses B-557 × FH-
1000 (1)and MNH-557 × N-313/12 (2) under drought conditions in the field. 

 
Traits Cross 

# 
 Variance Components x2 (df) Heritability

D H F E  ns F∞ 

RWC 
1 
2 

382.84± 68.88 
118.78±28.59 

- 
- 

- 
- 

64.98±9.68 
49.89±7.24 

0.66(4) 
0.02 (4) 

0.58
0.68

0.94 
0.89 

ELWL 
1 
2 

3.16±0.54 
1.17±0.21 

- 
- 

- 
- 

0.17±0.02 
0.81±1.04 

0.30(4) 
0.98(4) 

0.83
0.74

0.77 
0.79 

CMS 
1 
2 

71.98±11.80 
43.30±7.29 

- 
- 

- 
- 

7.09±1.05 
9.55±1.40 

2.46(4) 
0.22(4) 

0.76
0.73

0.80 
0.77 

PH 1 
2 

74.74±26.36 
414.13±41.90 

- 
- 

- 
- 

54.02±7.75 
5.74±0.85 

0.03(4) 
0.10(4) 

0.74
0.69

0.85 
0.81 

MB 1 
2 

9.28±2.70 
12.52±3.23 

- 
- 

- 
- 

5.17±0.74 
5.84±0.84 

2.27(4) 
0.82(4) 

0.74
0.73

0.85 
0.84 

SB 1 
2 

2.52±0.38 
0.56±0.08 

- 
2.32±0.43 

- 
- 

0.11±0.01 
0.09±0.01 

0.11(4) 
0.83(3) 

0.70
0.66

0.82 
0.80 

B/P 1 
2 

1.20 ±0.64 
2.34 ±1.27 

- 
- 

- 
- 

1.46±0.20 
2.88±0.41 

0.72(4) 
1.45(4) 

0.72
0.66

0.83 
0.79 

BW 1 
2 

6.24±2.32 
13.40±2.35 

- 
- 

- 
- 

4.83±0.69 
3.24±0.47 

3.87(4) 
5.02(4) 

0.70
0.70

0.82 
0.82 

GOT 1 
2 

2.58±1.87 
16.74±3.30 

- 
19.92±4.59 

- 
- 

4.45±0.63 
2.92±0.43 

1.56(4) 
4.97(3) 

0.67
0.65

0.80 
0.78 

FL 1 
2 

0.13±0.08 
0.50 ±0.10 

- 
- 

- 
- 

0.11±0.01 
0.17±0.02 

0.83(4) 
0.71(4) 

0.67
0.69

0.80 
0.81 

FS 1 
2 

3.30±2.73 
6.76±2.06 

- 
- 

- 
- 

6.58±0.92 
4.03±0.58 

2.22(4) 
1.75(4) 

0.55
0.71

0.41 
0.82 

FF 1 
2 

0.13±0.08 
0.30±0.04 

- 
- 

- 
- 

0.19±0.02 
0.05±0.08 

2.38(4) 
4.30(4) 

0.41
0.77

0.41 
0.87 
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Table 4.6: Phenotypic (Lower diagonal) and genetic correlation (Upper diagonal) 
matrix for relative water contents (RWC), excised leaf water loss (ELWL), cell 
membrane stability (CMS), plant height (PH, cm), monopodial (MB), sympodial 
branches (SB), boll/plant (B/P), boll weight (BW), ginning out turn (GOT), fibre length 
(FL), fibre strength (FS) and fibre fineness (FF) in the crosses B-557 × FH-1000 (1) and 
MNH 554 × N-313/12 (2) of cotton under drought stress environment. 

Trait Cross 
No. 

RWC  ELWL  CMS  PH  MB  SB  B/P  BW  GOT FL  FS  FF  

RWC  1 
2 

 0.29  
-0.35 

-0.34  
-0.25  

-0.13  
 0.29  

-0.28  
-0.54  

0.23  
0.33  

 0.29  
 0.33  

 0.20  
 0.34  

0.21 
0.11 

0.36  
0.17  

-0.43  
-0.50  

-0.24  
 0.28  

ELWL  1 
2 

-0.21**  
-0.27**  

 0.28  
-0.31 

0.14  
-0.22 

-0.27  
 0.26  

-0.34  
-0.14  

0.16  
0.29  

-0.36  
-0.18  

0.10 
0.09 

 0.37  
 0.10  

-0.13  
 0.10  

 0.38  
 0.26  

CMS 1 
2 

0.27**  
0.14**  

-0.18**  
-0.20**  

  0.10  
 0.12  

 0.18  
-0.37  

-0.23  
-0.12  

 0.33  
-0.26  

 0.22  
-0.19  

-0.17 
-0.15 

-0.28  
 0.30  

-0.12  
-0.39  

-0.22  
-0.20  

PH 1 
2 

-0.07  
-0.09 

-0.06  
 0.18 

-0.06  
-0.04  

 -0.18  
 0.34  

-0.19  
 0.13  

-0.47  
-0.22  

-0.23  
 0.29  

0.26 
0.10 

 0.07  
-0.03  

-0.13  
 0.14  

0.21  
-0.09 

MB  1 
2 

0.19**  
0.29**  

-0.10  
-0.48** 

-0.06  
0.32** 

0.10*  
-0.07  

 0.39  
0.36  

-0.47  
 0.21  

-0.24  
-0.32  

0.09 
0.21 

-0.18  
 0.69  

 -0.17  
 0.22  

 0.19  
 -0.34  

SB 1 
2 

0.18**  
0.12*  

 0.06  
 0.01  

0.04  
0.06  

0.10  
0.04  

 0.05**  
 0.029  

  0.32  
-0.11 

 0.42  
 0.33  

0.22 
0.29 

0.27  
 0.35 

-0.50  
-0.15  

 0.27  
 0.18  

B/P  1 
2 

0.19**  
0.17*  

-0.073  
-0.23** 

0.18* 
0.19*  

 -0.06  
-0.12*  

-0.04  
0.19 

0.09*  
0.02  

 -0.47  
-0.57  

0.19 
0.13 

 0.18  
-0.13  

 0.16  
-0.10  

 0.55  
 0.24  

BW  1 
2 

 0.06  
 0.07  

-0.07  
-0.09  

0.05*  
0.23* 

-0.06  
-0.13  

-0.19**  
-0.27**  

0.08  
0.05  

-0.19**  
-0.27**  

 0.34 
0.37 

 0.24  
-0.15  

 0.27  
 0.18  

 0.22  
-0.29  

GOT  1 
2 

-0.12  
-0.03  

-0.07  
-0.03  

-0.01  
-0.05*  

 0.13  
-0.07  

 0.03  
 0.13  

 0.09*  
 0.04  

 0.02  
0.06  

 0.19**  
 0.26**  

 0.31 
0.16 

 0.11  
 0.16  

 0.17 
-0.03  

FL  1 
2 

0.18**  
0.13  

-0.17**  
 0.07  

0.18*  
0.09  

-0.07  
0.21**  

-0.01  
0.14  

 0.07  
-0.04  

 0.03  
-0.07  

-0.03  
-0.03 

0.07  
 0.06 

 -0.28  
-0.23  

 0.19  
-0.11  

FS  1 
2 

0.16 
0.14  

 0.02  
-0.09  

-0.12  
 0.09  

0.20**  
0.061  

0.10  
 0.17 

 0.09  
-0.01  

-0.09  
 0.05  

-0.25  
-0.04 

0.18 
0.12 

 -0.03 
-0.08  

 -0.35  
-0.14 

FF  1 
2 

-0.19**  
-0.21** 

0.07  
0.18** 

-0.05*  
-0.32** 

-0.20**  
 0.13  

-0.09  
-0.16   

-0.14  
-0.03  

0.12*  
0.11  

0.17  
0.21 

0.28 
0.11 

0.07  
0.06  

-0.31**  
-0.01  

 

* = P < 0.05, ** = P < 0.01 
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This correlation could be very useful in selecting the genotypes for drought tolerance. 

Correlation between RWC and ELWL also depictsthe linkage of genes responsible for 

maintaining higher RWC with the genes for low ELWL in cotton.Negative correlation 

between RWC and ELWL was also observed in wheat (Dhanda and Sethi, 1998). The trait 

RWC had positive association with number of monopodial branches, sympodial branches, 

bolls/plant, fibre length and fibre fineness, which depicts the importance of maintaining 

higher water content for growth as well as for quality of cotton fibre. So selection of cotton 

plants for higher RWC would result in improveddrought tolerance andhigh yield as well as 

fibre quality in cotton. Positive correlation between RWC and grain yield has also been 

observed in wheat (Tahara, 1990). 

4.3.2: Excised leaf water loss (ELWL) 

For the trait ELWL, a four-parameter modal [m, d, h, j] in the cross B-557 × FH-1000, 

whereas afive-parameter modal [m, d, h, j, l] was good fit in the cross MNH-554 × N-313/12. 

Narrow sense heritability estimates werehigh for the traitin both the crosses. Correlation 

analysis showed that ELWL had negative correlation with CMS in both crosses (Fig. 4.12). 

The trait had negativecorrelation with number of bolls, number of monopodial branches and 

fibre length whereas positivecorrelation with fibre fineness was found in one cross. 

Additive gene action along with interactionwas found governing the trait in this study. 

Similar results in cotton were observed by Ahmad et al.(2009). In wheat, additive and 

dominance along with additive × additive genetic effects were reported for ELWL under 

rain-fed and irrigated conditions (Kumar and Sharma, 2007). However,Dhanda and Sethi 

(1998) observed additive type of gene action for ELWL in wheat. Additive along with 

additive × dominance interaction for cotton prevailed in the inheritance of ELWL in the 

present study. The interactionsare unfixable in early segregation generation hence selection 

for ELWL should be delayed until lateral generations.  

The results of correlations indicated that ELWL associated negatively with CMS, which 

depicts that the genes responsible for development of leaf with lower water loss 

hadassociation with genes for maintaininghigh cell membranestability under drought stress. 
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Positive association of ELWL with fibre fineness depicted that higher water loss would result 

in poor fibre fineness. Negative correlation of ELWLwith number of bollsreveals that 

selection for low ELWL in cotton would positively affect the yield. Whereas Malik et al. 

(2006) observed absence of correlation between ELWL and agronomic traits of cotton.   

4.3.3: Cell membrane stability (CMS) 

A four-parameter modal [m, d, h, i] was adequate for the trait CMS for both crosses. Narrow 

sense heritability estimates for CMS werehigh in both crosses. Cell membrane stability had 

positive correlation with bolls/plant, boll weightand fibre fineness in both crosses. Cell 

membrane stability had positive correlation with monopodial branches, fibre length and 

negative correlation with ginning out-turn in one cross.  

The present study shows that CMS was a complex quantitative trait. Additiveand non-

additive type of gene action for CMS alsounder heat stress wasobserved by Hafeez-ur-

Rahman, 2006. In maize, under drought stress conditions, additive along with dominance 

effects were observed in the inheritance of CMS (Chohan et al., 2012). In wheat, under high 

temperature stress, Farooq (2011) observed that additive type of gene action was more 

important for CMS. High heritability estimates of CMS in the present study shows that the 

trait is heritable,whereas,Hafeez-ur-Rahman (2006) reported low heritability for the trait in 

cotton.However, high heritability estimate for CMS was reported in maize by Ottaviano et 

al., 1990. 

The analysis of correlations shows that CMS was associated with higher number of 

monopodial branches, long fibre and highernumber of bolls/plant and boll weightso 

genotypes with good CMS under drought stress may yield better in drought prone 

environment. Cell membrane stability has been reported to be positively associated with 

yield in cotton (Bibi et al., 2003; Rahman et al., 2004) and in wheat (Saadalla et al., 1990; 

Reynolds et al., 2001; Dhanda and Munjal, 2006).  

 

4.3.4: Plant Height (PH) 
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For the trait plant height, a five parameter-modal [m, d, h, i, l] provided good fit in both 

crosses. Heritability estimates (narrow sense) for plant height was highin both the crosses. 

Correlation analysis revealed that the trait plant height had positive association with 

monopodial branches, fibre length, fibre strength,fibre fineness and negative association with 

bolls/plant in one cross. 

Additive, dominance and epistasis types of gene action with high narrow sense heritability 

for the trait were observed in the present study. The result depicts that selection for plant 

height would be fruitful in latersegregation generations. Shakoor et al. (2010) also observed 

additive, dominance and interaction forplant height in cotton under drought. Contrasting to 

theresults, Ahmad et al.(2009) observed only additive component mainly governing the plant 

height in cotton under drought. 

The correlation of plant height with number of monopodial branches depicts thattaller plant 

would contain higher number of monopodial branches. Positive correlation of plant height 

and number of monopodial branches is alsoreported in cotton (Hussain et al.,2000; Soomro 

et al. 2008). Positive association of plant height with fibre length, fibre strength and fibre 

fineness reveals that taller plant would produce high quality fibre.  

4.3.5: Monopodial branches (MB) 

For the trait number of monopodial branches, four-parameter modal [m, d, h, l] in the cross 

B-557 × FH-1000 and three-parameter modal [m, d, h] in the cross MNH-554 × N-313/12 

was adequate. Heritability estimates (narrow sense) for number of monopodial branches 

werehigh in both the crosses. Correlation analysis revealed thatnumber of monopodial 

branches had negative correlation with boll weight in both crosses andpositive correlation 

with sympodial branches in one cross. 

Monopodial branches are erect like the main stem and provide a raised area for reproductive 

and vegetative parts of plant. These branches bear fruiting branches (i.e. sympodial branches) 

called the indirect fruiting branches. High narrow sense heritability estimates depicts that 

additive was the major genetic component in the total genetic variation. Additive and non 

additive type of gene action has been reported for the trait under drought in cotton (Ahmad et 
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al., 2009; Shakoor et al., 2010).Correlations results revealed that higher number of 

monopodial branches would result in higher number of sympodial branches. This correlation 

may be expected because monopodial branches bear sympodial branches.The negative 

correlation of monopodial branches with boll weight depicts that plant with higher number of 

monopodial branches would produce smaller bolls.  

4.3.6: Sympodial Branches (SB) 

For the trait number of sympodial branches in B-557 × FH-1000, a four parameter-model [m, 

d, h, l] was good fit whereas in MNH-554 × N-313/12, three parameter-modal [m, d, h] was 

adequate for the trait. Narrow sense heritability estimates were moderate to high for the 

trait.Correlation analysis indicated positive association between number of sympodial 

branches with number of bolls and ginning out-turn in one cross. 

Sympodial branches are direct fruiting branches. The trait is very important for yield in 

cotton because number of bolls depends on number of sympodia on the plant. Additive and 

non additive type of gene action has beenreported for number of sympodial branches in 

cotton under drought (Ahmad et al., 2009; Shakoor et al., 2010). The results of present study 

and of earlier studies suggest that selection for higher number of sympodial branches 

wouldbe effective in later segregating generations.The positive correlation of sympodial 

branches with bolls/plant was expected because sympodial branches are fruit bearing 

branches. 

4.3.7: Bolls per plant (B/P) 

For the trait number of bolls per plant, three parameter-modal [m, d, j] in B-557 × FH-1000 

and two-parameter modal [m, d] was good fit in MNH-554 × N-313/12. Narrow sense 

heritability estimateswere high for the trait in both the crosses. Correlation revealed that 

number of bolls/plant had strong negative correlation with boll weight in both the crosses and 

positive correlation with fibre fineness in one cross. 

Boll development is the most sensitive to drought stress (Constable and Hearn, 1981; Turner 

et al., 1986; Radin et al., 1992; Plaut et al., 1992). Plants which may bear higher number of 
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bolls under drought conditions would help increase in yield of cotton. In the present study, 

additive type of gene action along with high narrow sense heritability suggests that selection 

for number of bolls/plant in early segregating generation may be fruitful. However, additive, 

dominance and epistasis for the traitwas observedin earlier studies under drought conditions 

(Abd-El-Haleem et al., 2010; Shakoor et al., 2010; Mahalingam et al., 2011; Sarwar et al., 

2012). The negative correlation between number of bolls/plant and boll weight and positive 

with fibre fineness depicts that the plant with higher number of bolls in cotton would produce 

smaller bolls with low quality fibre, so selection for higher number of bolls may result in 

smaller boll weight. 

4.3.8: Boll weight (BW) 

The genetic analysis of the trait boll weight revealed that three-parameter modal [m, d, i] 

provided a good fit in both crosses. Narrow sense heritability estimates for the trait were low 

to high.The trait had strong positive correlation with ginning out-turn in boththe crosses. 

The higher boll weight positively affect yield of cotton (Mohan, 2011). Therefore, breeding 

for higher boll weight under drought condition would be useful for developing drought 

tolerant cotton varieties. Additive and non additive gene action was reported in cotton under 

drought in earlier studies (Ahmad et al., 2009; Shakoor et al., 2010; Sarwar et al., 

2012).Narrow sense heritability estimates shows potential for breeding cotton with higher 

boll weight. Higher boll weight correlated with high ginning-out turn depicts that the 

selection for larger bolls would yield high lint percentage.  

4.3.9: Ginning Out Turn % (GOT) 

In the cross B-557 × FH-1000, two-parameter modal [m, d] whereas, in MNH-554 × N-

313/12, four-parameter modal [m, h, I, l] was good fit for ginning out-turn. Narrow sense 

heritability estimates for the trait was high in both the crosses.High ginning out-turn is one of 

the most desirable traits in cotton for higher production. In the present study, additive 

component in one cross and non-additive in the other was probably because of different 

genetic background of parents in the crosses. Presence of additive and non  additive 

components in the inheritance of ginning out-turn has been reported under drought in earlier 

studies (Ahmad et al., 2009; Shakoor et al., 2010; Sarwar et al., 2012) 
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4.3.10: Fibre Length(FL) 

For the trait fibre length, two-parameter modal [m, d] was adequate in both the crosses. 

Heritability estimates (narrow sense) for the traitwere high.Fibre length is an important trait 

in cotton. In the present study only additive type of gene action was observed in the 

inheritance of fibre length. Contradictory to these findings, epistasis was observed for 

inheritance of the trait under drought in earlier studies (Ahmad et al., 2009; Shakoor et al., 

2010). In the present study, simple inheritance with higher narrow sense heritability for fibre 

length depicts that breeding for increased fibre lengthmay be possible.  

4.3.11: Fibre strength (FS) 

Five-parameter [m, d, h, I, l] in B-557 × FH-1000 and four-parameter [m, h, I, l] was good fit 

in the cross MNH-554 × N-313/12.  Narrow sense heritability estimate for fibre strength 

werelow to high. Correlation analysis revealed that fibre strength had strong negative 

correlation fibre fineness in one cross.High fibre strength is required in spinning process. In 

the present study additive, dominance and epistatic components were involved in the 

inheritance of fibre strength. Similar findings have been reported under drought in earlier 

studies (Ahmad et al., 2009; Shakoor et al., 2010).Heritability estimates also supports these 

results.Fibre strength and fibrefineness had negative correlation. Negative correlation 

between fibre strength and fibrefineness (Tyagi, 1987; Hussain et al., 2010)and positive 

association (Badr and Aziz,2000; Herring et al.,2004;  Desalegnet al.,2009) has been 

reported in cotton. 

4.3.12: Fibre Fineness (FF) 

Three-parameter [m, h, I] was good fit in B-557 × FH-1000 and four-parameter modal [m, d, 

h, j] in MNH-554 × N-313/12 was good fit. High narrow sense heritability estimates were 

observed for fibre fineness in both the crosses. Fibre fineness is an important quality trait in 

cotton. In the present study, epistasis had been detected in the inheritance of fibre fineness. 

Epistasis has been reported in the inheritance of fibre fineness under drought (Ahmad et al., 

2009; Shakoor et al., 2010).High narrow sense heritability observed for the trait depicts that 

the breeding could be easier for the trait.  
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4.4: Generation variance analysis 

The genetic expression of traits may be portioned into additive, dominance and interaction by 

generation variance analysis. The variance of non-segregating and segregating populations is 

used for the analysis. In the present study, simple model with D and E parameters explained 

the variance for the traitsexceptfor sympodial branches and ginning out-turn in one cross, 

where a model with D, H and E was fit. Similar findings were reported earlier in cotton (May 

and Green 1994; Nistor and Nistor, 1999;Mukhtar et al., 2000; Bertini et al., 2001; Ahmad et 

al., 2009; Shakoor et al., 2010). In generation means analysis, genetic interactions were also 

observed for the traits however in the variance analysis the interactions were not revealed. 

The difference is because of the techniques. Generation variance analysis only gives 

cumulative interaction while the generation means analysis indicates all the components 

(additive × additive, additive × dominance and dominance × dominance) of interaction.So 

generation means analysis is comparatively more robust.  

It is difficult to control environmental factors in field experiments. Although the 

experimental plots were selected on elevated area so that the rain water drains away 

immediately, however, seepage of rain water would have produced effects. The experiment 

would have been more precise if experimental plants could have been covered with water 

shelters to avoid rain water. Furthermore, soil water potential of soil could not be measured 

because of unavailability of measuring tools. In the presence of this data the results could be 

discussed in relation to the soil water potential taken at different stages of plant growth. 

4.5: DNA Markers Study 

4.5.1: Parental Polymorphism 

A total of 524 SSR and EST-SSR primers were used to screen the parents (B-557 and FH-

1000) for polymorphism (Fig. 4.17). Primers of the series NAU, DPL, JESPR, CIR, BNL, 

CTM and MUCS were used to observe polymorphism between two parents. Of these SSR 
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series NAU was the most polymorphic (11.01%). A total of 44 unambiguously polymorphic 

SSR primers were selected for screening of the F2 population. The list of polymorphic 

primers is given in the Table 4.7. SSR analysis in the present study revealed 8.39% 

polymorphic primers between the two parents. Lower level of genetic variation in intra-

specific cross of tetraploid cotton has been reported in literature.  Frelichowski et al. (2006) 

found 11.3%, Zhang et al., (2003) 12.3%, Wang et al.(2006) 3.1%, Rungis et al. (2005) 4.5% 

and Shen et al. (2005) observed 5.6% intera-specific polymorphism. Similarly low 

polymorphism (7.4%) between two Gossypium hirsutum lines TM-1 and T586 was observed 

by Guo et al. (2006). 

As compared to many other crops, cotton has a low genetic variation (Chee et al., 2004; 

Lubbers et al., 2004), therefore lower level of polymorphism is observed (Song et al. 2005; 

Han et al. 2006; Guo et al. 2009). It has been reported that the upland cotton grown in the 

world is from four varietal types namely Acala, Stoneville, Coker and Deltapine. Out of four, 

Coker, Deltapine and Stonville have a common ancestor in the Bohemian variety which dates 

back to 1860 (Niles, 1980).  The narrow genetic base of tetraploid cotton is one of the major 

factors affecting yield and quality of the crop (Paterson andSmith, 1999; Esbroeck and 

Bowman, 1998).The problem can be overcome by inputting modern tools of exploiting 

genetic diversity of cotton to reveal the molecular basis of the traits of agronomic 

importance. A class of genetic markers (SSR) is proved to be highlypolymorphic, 

(Khandagale et al., 2007; Lin et al., 2010; Dongre et al., 2011) and is successfully used in 

cotton genome mapping and marker assisted selection (Ulloa et al., 2000; Han et al., 2006; 

Frelichowski et al., 2006; He et al., 2007).  

4.5.2: Screening of F2 with Polymorphic Primers 

One hundred F2 plants were screened with 44 polymorphic SSR primers (Fig. 4.18-4.19). 

The segregation ratio 3:1 (dominant marker) or 1:2:1 (co-dominant marker) was assessed 

with chi-square test for goodness of fit. The size of bands developed from almost all primers 

was same as was reported in cotton marker database. 
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Fig. 4.17: Parental screening(B-557 inlane 1 and FH-1000 in lane 2)with SSR primers  
ofdifferent series (NAU, DPL, JESPR) 
 

Table 4.7: List of Polymorphic Primers 

Sr. No  Primer  Sr. No  Primer  Sr. No  Primer  
1 NAU862  16 NAU2967  31 DPL0209  
2 NAU1014  17 NAU3203  32 DPL0218  
3 NAU1045  18 NAU3279  33 DPL0223  
4 NAU1048  19 NAU3427  34 DPL264  
5 NAU1151  20 NAU4014 35 DPL494  
6 NAU1190  21 NAU4014  36 DPL511  
7 NAU1231  22 NAU4105  37 DPL519  
8 NAU2715  23 NAU5046  38 DPL675  
9 NAU2741  24 NAU5269  39 JESPR05 
10 NAU2758  25 NAU6106  40 JESPR17 
11 NAU2836  26 NAU6109  41 JESPR62  
12 NAU2838  27 DPL0035  42 JESPR101  
13 NAU2868  28 DPL0039  43 JESPR135  

14 NAU2869  29 DPL0085  44 JESPR153  
15 NAU2954  30 DPL0045    
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.4.5.3: Linkage Analysis: 

A total of 44 unambiguous polymorphic (easy to score allele) SSR primers were used to 

construct a linkage map. Linkage analysis resulted in mapping of 22 primers (LOD 3) in 8 

linkage groups, covering a total of 264 cM, which is 5.64% of the allotetraploid cotton 

genome.The linkage groups (LG) were arranged in ascending order of length (LG1-LG8) and 

chromosomes were assigned by using information from cotton marker database.  Linkage 

groups LG1, LG2, LG3, LG4, LG5, LG6 and LG7 were assigned to chromosome 25, 23, 12, 

11, 3, 6 and 13 respectively (Table 4.8),based on data available for assigning SSRs to 

chromosomes by linkage analysis (Lacape et al., 2003; Nguyen et al., 2004). One group LG8 

could not be assigned to any chromosome due to unavailability of primer data.The number of 

markers linked in each group ranged from two to four with an average length of 19.14 cM. 

Maximum number of markers in a group was four with alength of 34 cM, whereas lowest 

number of primers in a linkage group was 2 with the length of 30 cM. This may happen when 

small number of markers are being used in the analysis for the whole cotton genome.The 

density of markers in linkage groups varied, ranging from 7 cM (LG1) to 32 cM (LG8).  

The linked markers were used for QTLs mapping for drought tolerance traits in cotton. In 

earlier studies majority of linkage maps have been constructed by using the population 

developed from inter-specific crosses which have little importance in breeding programmes. 

However some scientists have constructed linkage map by using intra-specific population 

(Shen et al., 2005; Guo et al., 2006; Shen et al., 2007; Li et al., 2007;XianLiang et al., 2008; 

ZhongXu  et al., 2009;Wu et al., 2009; LiFang et al., 2010; Saeed et al.,2011). Rich linkage 

maps would pave way for the genetic improvement for yield and quality as well as stress 

tolerance. 
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Fig. 4.18:  Screening of F2 population with SSR primer DPL-619 

 

 

 

 

Fig. 4.19:  Screening of F2 population with SSR primer NAU-2954 

 

. 
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Table 4.8: Linkage Analysis of Primers with the Chromosomes. 

Linkage Group Primers Chromosome  

1  DPL519 
DPL323 
NAU2838 

25 

2  NAU2954 
JESPR101 

23 

3  NAU2715 
NAU2868 

12 

4  DPL0209 
DPL0675 
JESPR135 
DPL270 

11 

5  DPL733 
NAU862 
JESPR231 

3 

6  NAU2967 
NAU5269 
NAU3427 

6 

7  NAU3203 
CIR096 
JESPR153 

13 

8  NAU6105 
NAU6109 

- 

 

4.5.4: QTLs Analysis 

Different techniques are used to map QTLs in crop plants (Kearsey and Farquhar, 1998) 

which include simple interval mapping (Lander and Botstein, 1989), composite interval 

mapping (Zeng 1993, 1994), marker regression (Kearsey and Hyne, 1994; Wu and Li 1994), 

simplified CIM (Tinker and Mather, 1995), Bayesian methods (Sillanpa and Arjas, 

1998),single-marker locus analysis (Liu, 1998), and multiple interval mapping (Kao et al., 

1999;Zeng et al.,1999). In thisstudy composite interval mapping (CIM) has been used tomap 

QTLs for the traits related to drought tolerance. Two QTLs (qtlRWC-1 and qtlRWC-2) were 

detected for relative water content. The nearest marker of qtlRWC-1 was NAU2954 assigned 

to chromosome 23.For qtlRWC-2, the nearest marker was NAU2715, assignedto 

chromosome 12. Thephenotypic variance (R2) for qtlRWC-1 and qtlRWC-2 was 13% and 

68% respectively. The positive value of additive effect for both QTLs represents that the 
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alleles for increased relative water content were contributed by tolerant parent (B-557).One 

QTL (qtlELWL) was detected for the trait excised leaf water loss under drought 

stress.Nearest marker for this QTL was NAU2954, assigned to chromosomes 23. The 

phenotypicvariance (R2) for this trait was 63%.  Negative value of additive effect represents 

that the alleles for lower excised leaf water loss were contributed by susceptible parent (FH-

1000).Genomic regions associated with physiological traits related to drought tolerance have 

been reported in some crops including cotton in earlier reports (Tripathy et al., 2000;Saranga 

et al., 2004;YanYing et al. 2008;Ciuca and Elena, 2009; Rahman et al., 2011; Saeed et al., 

2011). For relative water content and excised leaf water loss QTLs have been mapped in rice 

(Courtoiset al., 2000) barley(Teulat et al., 2001) and soybean (Virginia et al., 

2012).However, QTLs for relative water content and excised leaf water loss have been 

identified in cotton for the first time in this study.Decreasing water availability for 

agricultural crops demands development of cultivars which may give better yield in drought 

prone environments (Messmer and Stamp, 2010). The improvement in drought tolerance can 

be enhanced by exploiting certain physiological traits related to drought tolerance. The 

exploitation of the physiological traits like, RWC, ELWL, CMS etc which are easy to record 

and lower in cost to evaluate by modern tools of plant breeding like QTLs mapping would 

help development of drought tolerant cotton cultivars. Identification of DNA markers tightly 

linked to a trait of interest would allow researchers to exercise marker assisted selection 

(MAS).  

In hydroponic experiment, plant could not be raised to the boll formation stage due to 

limitation of resources. If plants could have been grown upto maturity,the data for boll traits, 

number of bolls per plant, boll weight, lint percentage etc. and fibre traits such as fibre 

length, fibre strength and fibre fineness under osmotic stress could have been recorded. So 

correlations and a comprehensive genetic linkage map for these traits would have been 

constructed. 
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Table 4.9: QTLs information  

Trait 
Name 

QTL/QTLs Nearest 
Marker 

Additive 
Effect 

LOD R2 Chromosome Position 
(cM) 

Size 
(bp)

RWC 
 

1 
1 

NAU2954
NAU2715

4.87 
6.44 

2.74 
10.91

0.13
0.68

23 
12 

115.3 
56.6 

150 
190 

ELWL 1 NAU2954 -0.23 11.99 0.63 23 115.3 150 

 

 

Fig. 4.20: QTLs Identification.   

 

 

Fig.4.21: QTLs above LOD 2.4 
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CHAPTER 5        SUMMARY 

Drought stress is an important abiotic stress which limits crop yield. Genetic improvement in 

drought tolerance of crop plants including cotton would result in sustainable yield in drought 

prone areas. The objectives of thisstudywere, screening of upland cotton genotypes/cultivars 

for drought tolerance, genetic study of the traits related to drought tolerance and their 

correlation with agronomic traits as well as to identify QTLs for the traits related to drought 

tolerance and to develop genetic linkage map. 

A total of 30 cotton genotypes/cultivars were selected for study on the basis of their response 

againstdrought stress reported in the literature. The genotypes/cultivars were screened for 

relative water content, excised leaf water loss, cell membrane stability and biomass reduction 

under drought stress in pots. The genotypes/cultivars showed significance difference for the 

traits. Two each of the most tolerant (B-557 and MNH-554) and susceptible (FH-1000 and 

N-313/12) genotypes/cultivars were selected to develop F1, F2 and backcross populations. 

The parental and F2 population developed from the cross B-557 × FH-1000 was grown under 

osmotic stress in hydroponic culture. Drought stress was imposed by dissolving 15% 

PEG8000 in the culture. Data regarding the traits, relative water content, excised leaf water 

loss, cell membrane stability, root length, root weight and dry biomass were recorded from 

100 F2 plants. The correlation analysis revealed that relative water content, excised leaf water 

loss and cell membrane stability had correlation with biomass production.Positive correlation 

of relative water content with cell membrane stability reveals that the genes which help plant 

maintain relative water content are also indirectly involved for cell membrane stability.  

The parental F1, F2 and backcross populations of the crosses B-557 × FH-1000 and MNH-

554 × N-313/12 were evaluated in field under drought stress conditions. Drought stress was 

developed by withholding irrigation. Data for the traits, relative water content, excised leaf 

water loss and cell membrane stability as well as for agronomic traits (plant height, number 

of monopodial branches, number of sympodial branches, number of bolls/plant, boll weight, 

ginning out-turn, fiber length, fiber strength andfiber fineness) were recorded. 

The F2 population showed normal distribution for all the traits. Additive, dominance as well 

as genetic interaction was found in the inheritance of the traits under drought stress 
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condition. The results suggests that while breeding cotton for drought tolerance, selection of 

promising plants in early segregation populations (F2 and F3) would not be appropriate. In 

advanced segregating generation when the genetic interactions are fixed, the selected plants 

would be able to reproduce for the desirable phenotype. Narrow sense heritability estimates 

of the traits show that the traits are highly heritable so considerable progress may be made in 

breeding for drought tolerance. The correlation analysis from hydroponic culture and field 

experiment reveals that relative water content, excised leaf water loss and cell membrane 

stability are associated with drought tolerance in cotton.  

A total of 524 SSR and EST-SSR primers were surveyed for polymorphism between the 

drought resistant (B-557) and drought susceptible (FH-1000) cultivar. The analysis revealed 

8.39% polymorphism between the two contrasting parents.The polymorphic primers 

(44)were used to score F2population for construction of genetic linkage map. In linkage 

analysis 22 primers were mapped on eight linkage groups/chromosomes (LOD 3), covering a 

total of 264 cMgenetic distance which is 5.64% of the whole cotton genome. The QTLs 

analysis identified three QTLs (LOD < 2.4). Two QTLs for relative water content on 

chromosome 23 and 12 andone QTL for excised leaf water loss was identified on 

chromosome 23. These QTLs may be used in molecular breeding programs to develop 

drought tolerant cotton varieties. 
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Conclusion 

 The additive, dominance and epistatic type of gene action for the plant 

developmental/yield and drought resistant traits revealed that the selection of plants 

may be carried out at later segregation population in cotton 

 Narrow sense heritability estimates of the traits show that the traits are highly 

heritable so considerable progress may be made in breeding for drought tolerance 

 Positive correlation of relative water content with cell membrane stability reveals that 

the genes which help maintain relative water content in plant are also indirectly 

involved in cell membrane stability 

 Positive correlation of relative water content and cell membrane stability with plant 

developmental/yield and fibre quality related traits revealed that traits may be used as 

screening criterion to develop drought resistant cotton cultivar. 

 Low polymorphism exists within G. hirsutum species compared to other species 

 Two QTLs for relative water content and one QTL for excised leaf water loss 

identifiedmay be used to breed drought tolerant cotton cultivars through marker 

assisted selection. 

 

Future Research 

 Further QTLs for relative water content, excised leaf water loss and cell 

membrane stability would be detected and cloning of the genes controlling the 

traits would be carried out. 

 QTLs for other drought related traits such as photosynthetic rate, stomatal 

conductance and osmotic adjustment would be identified 

 The mechanism of cell membrane stability under drought stress would be 

studied at molecular level. 
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Annexure -I 

Analysis of variance among genotypes/cultivars for drought tolerance 

Relative water content      

Source DF SS MS F 
Replications 2 6.62 3.31 0.83 
Genotypes 29 5672.67 195.61 49.30** 
Error 58 230.11 3.97  
Total 89 5909.41   
 
Excised leaf water loss 

Source DF SS MS F 
Replications 2 0.0650 0.0325 1.18 
Genotypes 29 36.7617 1.2676 46.02** 
Error 58 1.5976 0.0275  
Total 89 38.4244   
 
Cell membrane stability 

Source DF SS MS F 
Replications 2 20.06 10.03 4.74 
Genotypes 29 2983.53 102.88 48.58** 
Error 58 122.84 2.12  
Total 89 3126.43   
 
Biomass reduction      

Source DF SS MS F 
Replications 2 4.913 2.456 4.38 
Genotypes 29 9533.264 328.733 585.55** 
Error 58 32.562 0.561  
Total 89 9570.739   
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Annexure-II 

Composition of Hoagland's Solution  

Compound 
Mol. 
wt. 

Conc. of 
stock 
sol. 

Conc. of 
stock sol.

Volume 
of stock 

sol. 
Element 

Final 
concentration

 g/mol mM g/L ml  ppm 
Macronutrient     N 224 

KNO3 101.10 1000 101.10 6 K 235 
(CaNO3)2. 

4H2O 
236.16 1000 236.16 4 Ca 160 

NH4H2PO4 115.08 1000 115.08 2 P 62 
MgSO4.7H2O 246.48 1000 246.48 1 S 32 

     Mg 24 
Micronutrient       

KCl 74.55 25 1.864 

1 

Cl 1.77 
H3BO3 61.83 12.5 0.773 B 0.27 

MnSO4.H2O 169.01 1.0 0.169 Mn 0.11 
ZnSO4.7H20 287.54 1.0 0.288 Zn 0.13 
CuSO4.5H2O 249.68 0.25 0.062 Cu 0.03 

H2MoO4 161.97 0.25 0.040 Mo 0.05 
Fe-EDTA 468.20 64 30 0.3-1 Fe 1-3 
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Annexure-III 

Analysis of variance for different traits among the parental/ F2population of the cross 
B-557 × FH-1000 under hydroponic condition. 

Relative water content      

Source DF SS MS F 
Populations 2 457.33 228.66 38.4** 
Error 6 3.57 0.59  
Total 8 460.90   
 

Excised leaf water loss    

Source DF SS MS F 
Populations 2 0.86 0.43 37.8** 
Error 6 0.06 0.01  
Total 8 0.92   
 

Cell membrane stability      

Source DF SS MS F 
Populations 2 227.24 113.62 13.6** 
Error 6 5.02 0.83  
Total 8 232.27   
 

Dry biomass 

Source DF SS MS F 
Populations 2 72.98 36.49 6.70** 
Error 6 0.32 0.05  
Total 8 73.31   
 

Root weight 

 Source DF SS MS F 
Populations 2 27.42 13.71 1.18** 
Error 6 0.69 0.11  
Total 8 28.12   
* = P < 0.05, ** = P < 0.01 
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Root length 

 Source DF SS MS F 
Populations 2 85.99 42.99 10.7** 
Error 6 2.40 0.40  
Total 8 88.39   
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Annexure-IV-A 

Analysis of variance among the parental, F1, F2 and backcross generations for the cross 

B-557 × FH-1000 in field. 

Relative water content      

Source DF SS MS F 
Populations 5 1039.67 207.93 31.16** 
Replication 2 25.96 12.98 1.95ns 
Error 10 66.72 6.67  
Total 17 1132.35   
 

Excised leaf water loss    

Source DF SS MS F 
Populations 5 3.0641 0.6128 10.35** 
Replication 2 0.1148 0.0574 0.97ns 
Error 10 0.5922 0.0592  
Total 17 3.7710   
 

Cell membrane stability      

Source DF SS MS F 
Populations 5 192.46 38.49 20.87** 
Replication 2 0.42 0.21 0.11 ns 
Error 10 18.44 1.84  
Total 17 211.33   
 

Plant height       

Source DF SS MS F 
Populations 5 283.85 56.77 5.92** 
Replication 2 5.81 2.90 0.30ns 
Error 10 95.87 9.59  
Total 17 385.52   
 
* = P < 0.05, ** = P < 0.01 
* = Significantly  
** = Highly significantly 
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Monopodial branches       

 Source DF SS MS F 
Populations 5 1.254 0.251 5.30* 
Replication 2 0.017 0.009 0.19 ns 
Error 10 0.473 0.047  
Total 17 1.74   
 

Sympodial branches       

 Source DF SS MS F 
Populations 5 31.88 6.38 3.73* 
Replication 2 0.25 0.13 0.07 ns 
Error 10 17.09 1.71  
Total 17 49.22   
 

Bolls per plant       

Source DF SS MS F 
Populations 5 27.503 5.501 9.10** 
Replication 2 0.011 0.005 0.01ns 
Error 10 6.044 0.604  
Total 17 33.557   
 

Boll weight       

Source DF SS MS F 
Populations 5 0.337 0.067 12.76** 
Replication 2 0.010 0.005 0.95 ns 
Error 10 0.052 0.005  
Total 17 0.400   
 

Ginning out-turn 

 Source DF SS MS F 
Populations 5 3.278 0.655 8.13** 
Replication 2 0.263 0.131 1.63 ns 
Error 10 0.80 0.080  
Total 17 4.348   
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Fibre length       

 Source DF SS MS F 
Populations 5 1.386 0.277 41.99** 
Replication 2 0.023 0.011 1.75 ns 
Error 10 0.066 0.006  
Total 17 1.475   
 

Fibre strength     

 Source DF SS MS F 
Populations 5 13.41 2.68 3.77* 
Replication 2 4.64 2.32 3.27 ns 
Error 10 7.11 0.71  
Total 17 25.17   
 

Fibre fineness       

Source DF SS MS F 
Populations 5 1.312 0.262 5.53* 
Replication 2 0.19 0.097 2.06 ns 
Error 10 0.474 0.047  
Total 17 1.98   
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Annexure-IV-B 

Analysis of variance among the parental, F1, F2 and backcross for the cross MNH-554 × 

N-313/12 in field. 

Relative water content      

 Source DF SS MS F 
Populations 5 815.5 163.1 9.30** 
Replication 2 10.9 5.5 0.31 ns 
Error 10 175.5 17.5  
Total 17 1001.9   
 

Excised leaf water loss    

 Source DF SS MS F 
Populations 5 7.533 1.507 10.09** 
Replication 2 0.123 0.061 0.41 ns 
Error 10 1.494 0.149  
Total 17 9.149   
 

Cell membrane stability      

 Source DF SS MS F 
Populations 5 245.19 49.04 33.84** 
Replication 2 7.04 3.52   2.43 ns 
Error 10 14.49 1.45  
Total 17 266.72   
 

Plant height       

 Source DF SS MS F 
Populations 5 803.66 160.73 16.37** 
Replication 2 6.28 3.14 0.32 ns 
Error 10 98.16 9.82  
Total 17 908.10   
 

* = P < 0.05, ** = P < 0.01 
* = Significantly  
** = Highly significantly 
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Monopodial branches 

 Source DF SS MS F 
Populations 5 2.437 0.487 22.85** 
Replication 2 0.0789 0.0395 1.85 ns 
Error 10 0.2133 0.0213  
Total 17 2.7296   
 

Sympodial branches       

 Source DF SS MS F 
Populations 5 23.692 4.738 7.53** 
Replication 2 3.260 1.630 2.59 ns 
Error 10 6.290 0.629  
Total 17 33.242   
 

Bolls per plant       

 Source DF SS MS F 
Populations 5 36.978 7.396 11.82** 
Replication 2 1.307 0.654 1.04 ns 
Error 10 6.259 0.626  
Total 17 44.544   
 

Boll weight       

 Source DF SS MS F 
Populations 5 0.794 0.158 17.84** 
Replication 2 0.0033 0.0016 0.19 ns 
Error 10 0.0890 0.0089  
Total 17 0.886   
 

Ginning out-turn      

 Source DF SS MS F 
Populations 5 6.971 1.394 4.84* 
Replication 2 0.600 0.300 1.04 ns 
Error 10 2.881 0.288  
Total 17 10.453   
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Fibre length       

 Source DF SS MS F 
Populations 5 4.067 0.813 5.99** 
Replication 2 0.009 0.004 0.03 ns 
Error 10 1.357 0.136  
Total 17 5.433   
 

Fibre strength     

 Source DF SS MS F 
Populations 5 13.00 2.600 3.71* 
Replication 2 1.874 0.937 1.34 ns 
Error 10 7.009 0.701  
Total 17 21.885   
 

Fibre fineness 

 Source DF SS MS F 
Populations 5 1.775 0.355 15.55** 
Replication 2 0.296 0.148 6.49 ns 
Error 10 0.228 0.0228  
Total 17 2.299   
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Annexure-V 
 
Meteorological data recorded at University of Agriculture Faisalabad,during the cotton 
crop season 2011. 

Parameter Month 
April May  June July Augus

t 
Septembe
r 

Octobe
r 

Novembe
r 

Mean 
Max.Temp. (oC) 

32.0
0 

40.6 38.6 34.70 34.10 32.90 32.20 27.63 

Mean Min. 
Temp. (oC) 

17.2
0 

24.9
0 

26.0
0 

26.00 25.50 23.60 17.19 13.31 

Mean 
RelativeHumidit
y (%) 

47.0
0 

43.0
0 

55.0
0 

70.3 74.40 75.80 61.00 61.20 

Rain fall (mm) 20.9
0 

18.6
0 

78.3
0 

118.1
0 

92.60 155.10 0.40 0.00 

 

 

Source: Department of Crop Physiology, University of Agriculture Faisalabad, Pakistan. 
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Annexure-VI 

List of Simple Sequence Repeat (SSR) Primers used in the study 

Sr. 
No. Primer Forward Sequence  Reverse Sequence 

1 NAU862 AAGAACCACCACCTCCACT TGGTTATCCAACACCGTCTA 
2 NAU873 AGCAGTCCCCTTTAAGATCA GCAATTGACTCACCGTTGT 
3 NAU889 ACATCGTCTGCGAGATAGAA AAAAACTGGCACTTCACTCA 
4 NAU915 CCCGTTACAAACAAACCATA GCGTGAGAGAAAGAACCCTA 
5 NAU1045 CTCTCTTCCCCTCCTCTTTC GGGACACGAACTTTAGCAA 
6 NAU967 CACCAACCCATTTTTGCTAT GACATGCGTGTGATATTGGT 
7 NAU980 AAAGAGGGTATCGGGAAAAT GGTGCCATAAAAATTACAGTGG 
8 NAU998 CTCTCTCTCACACACGCACT CTGGCCAAGTGACACAATTA 
9 NAU1014 GCCTCCACTTGTTTTCTACC GGCACCCATATCAGAAGAAG 

10 NAU1023 CTGGGATGATTGTGTTTTCA CGAGAGGAATTTGTTGTCTG 
11 NAU1025 GAAGGACCGTTTTGTCTAA TTCAGAATAGGTGGGCCTAA 
12 NAU1028 CCGCCTAAGACTAATTGGAA CAAATTGTAAGTGGCTGAGA 
13 NAU948 CCAAGTTTCGTGTTTATTGC CATTCTGTCCGAAGCATAAG 
14 NAU943 ATCTGTTCAATTTCTCGTCA CAGTTGTTGGTTGATCTGGA 
15 NAU1034 GGAAATCAAAGCAGATCACC ATCATGGAAAACTTGGGAGA 
16 NAU1048 GGCCATATTATTGCAGAACC ACAGCCTTGAGTTGAGCTTT 
17 NAU1063 CACACTCACCCCTTTTTCTT AGCAGGTTTACGGTTGTTGT 
18 NAU1066 GGCATACTTGCTTCCGTATT CCGAGCTAAATCCATACCAC 
19 NAU1068 CCGTAGCTTCGTACCCACT CTGGCTAAGAAGGAGCAGAC 
20 NAU1069 CAAAGTTCCCATTTTTCCAG GGAAACCAATTCCGATAATG 
21 NAU1070 CCCTCCATAACCAAAAGTTG ACCAACAATGGTGACCTCTT 
22 NAU1151 TGGTTGCTTTGTATTGCTTG CGTACTTGCGAAAGAGAACA 
23 NAU751 AATGCCACGGAGTACAATTT TGCAAGAGTGGAAGTTGAAA 
24 NAU1162 CTGAGTGAGCCATGAAGTTG TTCGGCTTCTGCTTTTACTT 
25 NAU1190 CCATGTCCGTATCCATGTTA TAAGGCAAGATAGGGTCAGG 
26 NAU1207 AAGCAAGAGTGAGGATGAGG TGCAAACAAAACATCCCTTC 
27 NAU1215 GAGTGAGACTGGAGCTGGTT CAAATCATTGTTTGCAGCAG 
28 NAU2040 TGTTGGACCAGTGAATACCA  AGGGCTTGAAATTACACCAG 
29 NAU2220 CTACAAAAGAAGCCCAGGAA GTAGCAAAAAGGTTGGGAGA 
30 NAU1231 TTGAGACCAAAAACATGTGG GCTCATTTTGATCTGAACTCTG 
31 NAU1232 GTGGAATGTGGTGATGAGAA CAATCCCACCCCATATCTA 
32 NAU1237 GTGGAGGTTACATGGAAAGG ATACCAAGTCCTGCCGATTA 
33 NAU2274 TCCTCGGATTATCAAAACCT TGAAGAGGACATTGATGACG 
34 NAU1278 ATCATGGAACCTGGTTGTTC ATGAATTGCGGAGTCTAAGG 
35 NAU1350 GGGAAAGTCTCCTTCCTTTC GAAGTTATGCCGGTGAAGTT 
36 NAU1301 AAACCCCGATTAGACATCAA CAAGTGTGCTCTCTGCAATG 
37 NAU1362 TCTGATTTGCTGATTGGAAA CTTATTCGGACTTGGTTGCT 
38 NAU2252 CCCCCTCCCTTGTATTTTT TACCTGGGTATCCAACCATC 
39 NAU2002 GCCCTTTTTGGTAGATGAAC ATCACTTCAGCTGGGGTTT 
40 NAU2016 AGCATTTCTCCAAGACTCCA CAGAGAAAAGGGACAGAGGA 
41 NAU1366 CATGAAGCTTTTCCCACTTT CAGCTTATCCACCCCTAATG 
42 NAU2272 AAAGGAAGCAGGAGAGACAA CTTCTTCATTCATGGCCTTC 
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43 NAU2575 CGTGTTTACTAGTCGCGAAA GTTGAAACAAGGAAGGCTGT 
44 NAU2651 GAAGCGAACCATCTTCCTAA CCAAACCGTGAACTGATACA 
45 NAU2758 AACATGCAAACCAGACTGTG AGGGTACCATATGGCGTAGA 
46 NAU2838 GACTGCCTAAACTGTTGCTG TGAACACACCATCTCCTCAG 
47 NAU2881 CAGCACCACCAGTAACAAGA TCTTCTTCCAAAACCCAAAG 
48 NAU2914 GAACACCATGATGAAGACCA TCCTCTGTCTCATCCCTTTC 
49 NAU2933 ACTTTGCAAGAGCATTGTGA CATTGTTTGTGTAGGGACCA 
50 NAU2963 AACCACTAGCAGAAGGTTGC CCGGAATCTTGAATGACATA 
51 NAU3009 CCTCCACTTTCAGATGTCCT GCCAGCTCAGGATCTATGTT 
52 NAU2967 CCTTTTATTCACCCCCTTCT GCCAATTCAGCTGTTCTCTT 
53 NAU3093 GTCTTGAACCGGAACTTGAT TCCTGTTGAACACCAAAGTG 
54 NAU3120 CAGTATATTGGGCTGCTTCC TTTCGTGCTCAGAATCAGAA 
55 NAU3158 TTAGCCGGAACTTAGGAACA CACAAAGCAAAAATGGATGA 
56 NAU4086 CATTGTGTTCCCATCTCCTA CCCTCTTTTGCTTCAACAAT 
57 NAU3201 CGGGCCTAACTCCACTAATA GATAGGCAAAAGGCAGTGTC 
58 NAU3206 CCCTTTTCTTGTTGCTTGAT TCTCTTCTGCTCCTTTCACC 
59 NAU3207 TTTTGCCCTTGTTATGGAAT GAACACCCACCTCGTATTTC 
60 NAU3234 GTGATCGGAGAGAGGGTAAA TCAAACAACACTAACCACGTC 
61 NAU3239 GCCAATTTCTCACAGCTCTT TTTCTCAGCGTCTTCATTCA 
62 NAU3240 CGAAATGAGACAACCATTCA TTCACTCACGAAGAGGGTTT 
63 NAU3306 ACAACCCAAGAGGACAAAGA ATAACCACAGCGACCACTTT 
64 NAU3368 ATCACCATGGAAATCAATCC ACCAATGGTGCTAAGCTTGT 
65 NAU3367 GCCCCTCGAGAATATTTACA ATGGCACAGGAAGATGAACT 
66 NAU3374 AACCCCAAGCTCAAAGTTTA TTGCTGTGTGTCCAGAAATC 
67 NAU3427 CCACCACTCACAGAATCTCA TTCCAGATCCCCACTACTTC 
68 NAU3472 GGGGAGATACAGAGAGAGCA TCTGCAATTACAAGCAGTCC 
69 NAU3489 GTCATCATAATGGGGGTGAT TTTCAAAGGCTCTCAAGTCC 
70 NAU3399 TCTGCTGTTTACGAAGGTCA TTTGGAGTTCATCAGCAAGA 
71 NAU3534 CACTTCATCAAAACATGGCTA CCTTTTCCCCCTTAAATCAT 
72 NAU3558 CAAGGCCTGACTTTCCTTTA ATGGCTGTTGAATCTTTGGT 
73 NAU3590 ATAGAGCTGGGAAGGGAATC CGAGAAAAACAGAGAAAGAGT 
74 NAU3598 GCTTAAGATCGAATAATCAC TGATTGTGCTTTATCGGGTA 
75 NAU3626 ATCTGCTTCTGCTGTTGGTT TTCTAGGGTCCCTTCAAACA 
76 NAU3633 CCACCATTTTTCTCGACTTC ATAAAGGGGCATGGCTTAAC 
77 NAU3657 CCAAATCTAGAGGCAAAAGC TTCGATTTATAAGGCGGTGT 
78 NAU3731 CCCAACACAGCATTGAATAA CCAGAGTGCAAGAACAACAG 
79 NAU3735 AATACCCGGTTTCAGTTTCA CTCAGCTCACATTCACCAAG 
80 NAU3754 TTTCTTTGATGGGTGATCCT CTTCATTCACCTGTGAGCAG 
81 NAU3769 TCAGGGAGCTCTGATTTCAT GAGAGGGTGGTCAACATAGG 
82 NAU3773 AGTCTCGCACTTGGTCTCTC CCAAAACAGAAGAGCCAGAT 
83 NAU3777 GCTCACACAGATGGAGTTTG CCATGGGTATGGATTTCTTC 
84 NAU3778 GAGAAGCAGCCACTCATGTA CCCCACCCTATGATGAATAA 
85 NAU3812 TCCAAACAGCTTTCTTCCTC AACAAAACAACCCCAATTTC 
86 NAU3813 TTCTGGAAGACACATTGGTG CAATCAGTCGGAAACATGAA 
87 NAU3820 CTTCTCAAAGCCATGAAGGT AGGATCCAGATTTCTGGTGA 
88 NAU3380 CACCATGAGCCACTAATTCA GAGAGACAGTGAGCAAACGA 
89 NAU3897 CTCCAATTGGGTCATCATTC GTACTCTTCAATCGGCCTTT 
90 NAU3913 GTGTAACAGTGCGGTATGGA AAGGCAGAGATGGAGTAGGA 
91 NAU3920 GGGGCAATTTAGGAGTTGTA CGTCAGTTTTACACCCCATT 
92 NAU3942 GCTTTGCATTTTGATCCTTT CTGCATCTCCATGACTTCTG 
93 NAU4014 CACTCCCAAAATCATCATCA AAAGTTTTCCAGTGGCTGAA 
94 NAU4039 AGCCGTCTGATCATCTTCAT TCTTGGACTCGGAGCTAATC 
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95 NAU4047 ATTGGAGCTGTTTGGCTAAG AATGGCTCCTCAATGGTAAA 
96 NAU4065 ACCCTTTCCTCTTTTCGTTT GTCTTCTCGGTTTCAGCCTA 
97 NAU4090 TTCTTCCCTAAACCATGAGC CTGAACGAAGACCAAGACCT 
98 NAU4105 CGAGGAATCAGATCTTTCGT ATTTTGTGCACATCGACAAC 
99 NAU4871 CTGCTTCTAATGGCCGTAAT AAGCCTGGAAAAAGAACCTT 

100 NAU4912 CCTTCTCTCAATCGCTCTTT TGTTATTGAAGCGGTTGTGT 
101 NAU4922 CTTGCCTCAAGAATGGACTT CAGAAGCTGCAAATCTTCAA 
102 NAU5005 AAGGTAGGAAGCAATGCAAC AAAACATGTAGGAACGAGCA 
103 NAU5024 CTAAGAACCCAACTCGGAGA CCCAGATGGAGTACTTTGCT 
104 NAU5027 GACTCCTCCAGCAACAGC AGGGTGGAATCCTTAAAACC 
105 NAU5046 CTTCCCTCCTCTGTCTCTCA GAGAGAGGGGAAAGTTAGGG 
106 NAU5061 TTCCATGTGTACCAGTTCCA CACCCTTTTGAGCTTCATTT 
107 NAU5109 GACAAAAGCAAAACCAAAGC CTGATAAGCCATCCGAAGTT 
108 NAU5129 AAATTTCCCTGCAGTTCAAG CATCGCCATGTATTGTTGTT 
109 NAU5134 AGTGAGTTCGGGAGAGACAG CCAAAGGGCAAGTTATGATT 
110 NAU5172 TCCCTCTCTAACCCTTTCCT GCAGACGTGTAACGTTATGG 
111 NAU5173 GGAGCAAAAAGTTCAAACCA AAAAACCAGGTCCACACACT 
112 NAU5180 CATCGCAGAGCGGCCTA TTAACGACAATTCCATCGTG 
113 NAU5212 GCAAAAAGAGACAACCTTCC TAAAGAACCGCCTCTACACC 
114 NAU5269 TTCCTCTTCCTCCTCTTCCT GCTGGGAAATAACAACCATC 
115 NAU5270 GGAAGCACTCGAACCTTTTA GGGAAATAACAACCATCTGC 
116 NAU5275 AACCCATCATCACCAACACT TACTTCCTAGGCCTCCCTCT 
117 NAU5294 CTTTCTTGCTCCTTCCCATA GAGAAAGGGTGAGTTTGGTG 
118 NAU5299 CCCCAATAACATGTTCTCAA CTCTGGGTCTACGAACGATT 
119 NAU5302 TGATGGAGACAATGATCCTG AGCTCTGCATGCTTCTTTTT 
120 NAU5306 GCTAGCTCATCCTCGTGTTT TCATGCTGTCAATCAAAACC 
121 NAU5316 CCGGACTCTCTCTCGTTTTA AAACGGATCAACAGAAGGAG 
122 NAU5325 ATCAGCTATCCCAAGCTCAG AAGGATCCTCTTTGCACTTG 
123 NAU5362 TTCCGCCACGAAACTTAC GAAAGTGCCTGAGAAAAGGA 
124 NAU5384 AGCTGTAAATTGGCGTAAGG GGTTTCTTTCAGCTCCTTCA 
125 NAU5383 AATAATCGAACTCATTCTCACC TCTTCAGTGAGTTCCAACGA 
126 NAU5387 TTGGTCTTGCTCTCTTCCTC TCGTGTGAATGAAGCCTAAA 
127 NAU5402 AGCTTCAGTCTCAGGTTGCT TGCAAAACTTCAAGCAGGTA 
128 NAU5425 TCAAATGGTGATCAACGAAC GAACCTTTCTCCAACTCGAA 
129 NAU5433 CTTAGGATGGCCGAATAAAA CAAGTGCTCCACCACAAAT 
130 NAU5438 CTAGCGGTTTTGGTTCAACT CCAAACTCAGAATCCAATCC 
131 NAU3888 TGTTCCCAGTGATGAACTTG TTCACTGCATGACCACCTAC 
132 NAU5505 ATTCTGCATGTTGGTTGAAA TGGTGGACTTGTATAGATTACACT 
133 NAU5405 GGATAAAGTCATGGCTACGC AAGGTCTTCCATGTCCGTAA 
134 NAU4045 CCTCTTCTTCACCCTCTTCA ATGTGCAGGTTCTTCACTCA 
135 NAU2665 GCAAGGGTTTCCAGATCTTA CAGTGCCTTCACTCTCCTCT 
136 NAU2679 TGGCTGAACTTTGCAATTTA AAGCAAGGGAGGTAATCCTT 
137 NAU2686 CGGTTACCATTTCCATTTTC GGTTATGGTTCTGGTTCAGG 
138 NAU3074 CAAAATACTCCAAAACGCAGT ATGGAAGTGTCGTAGGTGGT 
139 NAU2715 CGAAAGATGGTTCCATTAGG GGGGGTTCAGGAGATTTTAG 
140 NAU2731 GTCCATGTCCAAGTCCAAGT TTCTAGTGATGCCAATGCAC 
141 NAU2741 AGTCCACGTCCACAGACTTT GGCACCTTGGAATACATCTC 
142 NAU2773 CCCTTTCAATCACAAAAACC CAAGGGCAGTCAATTTATCA 
143 NAU2829 CGATTTTCCAATAACCCAAA ATAAATCCCAGGAGCTCACA 
144 NAU2836 ATTGGAAGGGTATTGAGCTG TCCTTTCCCACTTCTGTTCT 
145 NAU2838 GACTGCCTAAACTGTTGCTG TGAACACACCATCTCCTCAG 
146 NAU2829 CGATTTTCCAATAACCCAAA ATAAATCCCAGGAGCTCACA 
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147 NAU2887 CACCATGAGCCACTAATTCA ACACATTTTTCCCTTTTTGG 
148 NAU2954 AAGGAAATGCTGCCAACTAC AGACTTGCTCTGGTCTGCTT 
149 NAU2994 GGCGATTTGGTAAGGAGTAA CTGAAATTACAACAAAGACG 
150 NAU3010 CGAACACACCATTTCAAAGA AAAATCAATTCCGATCCAAC 
151 NAU3016 TATGGTCGAGATGAAAAGCA GCTTGCCATGTTCATACAGA 
152 NAU3070 AGCATAGGGCACTCGTTAAG CCAAATTCGGATAAACATGG 
153 NAU3071 TACCACAAGCTGGAAAATCA TCAGAAACGCCTTGTTGATA 
154 NAU3072 TGCTCCTCCTGAAGTACACA TTTAGACCCCAAACTTCAGG 
155 NAU3096 CCTGGGTTCTCATCGTATTC GAAGACAGACTGTTGCGTTG 
156 NAU3138 AACCAACGTGGCTTTAACAT CAAGCAATTGTTTCTCATCCT 
157 NAU3159 CTGAATGGATTTTTACAGCA TGAGTTAGATCCCCAGATGAA 
158 NAU3180 AGCAATGAAACCATAAACTG GTGCTCCGGTAAATTTCATT 
159 NAU3189 AAAATCAAACGCCTGAAAAC AAGCTTCGTTTTGAAGAAGG 
160 NAU3194 GACCCATTTTCATGTCCTTC AAAACAACAACAAGGGTGGT 
161 NAU3203 GGCAAGTTGAGGTCAAAGTC CTTCACGAGTGTTCCATCTG 
162 NAU3225 CAGGAGCCAAGAAGGAATTA TTGAGTTGCATCCTTTCTGA 
163 NAU3279 ACCTCCCACCTTTCTGACTA GGTTTTTGTGGCTGTAAAGG 
164 NAU3293 AATCGAAATCCGCAGAAAT AACCCTTAAATCTCGTAAACAG 
165 NAU3309 ACATCGTCTGCGAGATAGAA TGTGGTTGAATATTGCCTTG 
166 NAU3324 AAAATACCCCCTTTCACCTC CAACATTGAAAAGCCATGAA 
167 NAU3341 TTTGATACCACCCATCACAG CAGCCATGGATATGTTTCAG 
168 NAU3377 TGCAAGGAATCAAGTTCACA CTGATTGTACTTTGCGGGTA 
169 NAU3405 AATAGCAAAGCCTTCAGTGC GAAGTGCAAAAACCGTACCT 
170 NAU3427 CCACCACTCACAGAATCTCA TTCCAGATCCCCACTACTTC 
171 NAU3422 TTGAAGTACACCCAACCTTTT TAAATGCATCAACTGGGATG 
172 NAU3433 GCACTGTGTTCAAGCTTCTG AGCTTGTCTCCTTTTGGCTA 
173 NAU3437 TTTCCCCCTAAATTGAATGA CTGATCAAGATGACGACGAC 
174 NAU3439 CTGCCAAAAATAACCCAAAG TTCAGAAAAGGAATGGAAGG 
175 NAU3482 GTGGGTGCAACAAAAATGTA TTCTTCAAGCTCCCATGAAT 
176 NAU3485 GTTCAAAGTCGGGTTATTGG AGTGCAACGGCTTAGGATAC 
177 NAU3498 TGATTCTCTTTGGGTTCCAT TCGAGAAGCACCCTTATCTC 
178 NAU3761 CAAGGAGGAACCAGTAGGAA TGCTTTGACCAGGACTACAA 
179 NAU3574 TTCCATGCAGAAGACGTAGA TGTTTTCAGTTCATGGATGC 
180 NAU3585 CCACTAAAAGGCAAAGCACT AAATGTCCACTCCAAGCTGT 
181 NAU3601 AATGATGCTACCACGCTCTT ACAATCCCAAATCTGTTGCT 
182 NAU3605 ACGTGGTGAGCCCCCATAG GCATCCCATTCAGGTAAAAC 
183 NAU3601 AATGATGCTACCACGCTCTT ACAATCCCAAATCTGTTGCT 
184 NAU3585 CCACTAAAAGGCAAAGCACT AAATGTCCACTCCAAGCTGT 
185 NAU3574 TTCCATGCAGAAGACGTAGA TGTTTTCAGTTCATGGATGC 
186 NAU3761 CAAGGAGGAACCAGTAGGAA TGCTTTGACCAGGACTACAA 
187 NAU3439 CTGCCAAAAATAACCCAAAG TTCAGAAAAGGAATGGAAGG 
188 NAU3498 TGATTCTCTTTGGGTTCCAT TCGAGAAGCACCCTTATCTC 
189 NAU3485 GTTCAAAGTCGGGTTATTGG AGTGCAACGGCTTAGGATAC 
190 NAU3482 GTGGGTGCAACAAAAATGTA TTCTTCAAGCTCCCATGAAT 
191 NAU3437 TTTCCCCCTAAATTGAATGA CTGATCAAGATGACGACGAC 
192 NAU3433 GCACTGTGTTCAAGCTTCTG AGCTTGTCTCCTTTTGGCTA 
193 NAU3422 TTGAAGTACACCCAACCTTTT TAAATGCATCAACTGGGATG 
194 NAU3427 CCACCACTCACAGAATCTCA TTCCAGATCCCCACTACTTC 
195 NAU3405 AATAGCAAAGCCTTCAGTGC GAAGTGCAAAAACCGTACCT 
196 NAU3377 TGCAAGGAATCAAGTTCACA CTGATTGTACTTTGCGGGTA 
197 NAU3341 TTTGATACCACCCATCACAG CAGCCATGGATATGTTTCAG 
198 NAU3324 AAAATACCCCCTTTCACCTC CAACATTGAAAAGCCATGAA 
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199 NAU3309 ACATCGTCTGCGAGATAGAA TGTGGTTGAATATTGCCTTG 
200 NAU3293 AATCGAAATCCGCAGAAAT AACCCTTAAATCTCGTAAACAG 
201 NAU3279 ACCTCCCACCTTTCTGACTA GGTTTTTGTGGCTGTAAAGG 
202 NAU3225 CAGGAGCCAAGAAGGAATTA TTGAGTTGCATCCTTTCTGA 
203 NAU3203 GGCAAGTTGAGGTCAAAGTC CTTCACGAGTGTTCCATCTG 
204 NAU3194 GACCCATTTTCATGTCCTTC AAAACAACAACAAGGGTGGT 
205 NAU3180 AGCAATGAAACCATAAACTG GTGCTCCGGTAAATTTCATT 
206 NAU3189 AAAATCAAACGCCTGAAAAC AAGCTTCGTTTTGAAGAAGG 
207 NAU3159 CTGAATGGATTTTTACAGCA TGAGTTAGATCCCCAGATGAA 
208 NAU3138 AACCAACGTGGCTTTAACAT CAAGCAATTGTTTCTCATCCT 
209 NAU3096 CCTGGGTTCTCATCGTATTC GAAGACAGACTGTTGCGTTG 
210 NAU3070 AGCATAGGGCACTCGTTAAG CCAAATTCGGATAAACATGG 
211 NAU3072 TGCTCCTCCTGAAGTACACA TTTAGACCCCAAACTTCAGG 
212 NAU3071 TACCACAAGCTGGAAAATCA TCAGAAACGCCTTGTTGATA 
213 NAU3010 CGAACACACCATTTCAAAGA AAAATCAATTCCGATCCAAC 
214 NAU3016 TATGGTCGAGATGAAAAGCA GCTTGCCATGTTCATACAGA 
215 NAU2994 GGCGATTTGGTAAGGAGTAA CTGAAATTACAACAAAGACG 
216 NAU2954 AAGGAAATGCTGCCAACTAC AGACTTGCTCTGGTCTGCTT 
217 NAU2887 CACCATGAGCCACTAATTCA ACACATTTTTCCCTTTTTGG 
218 NAU2869 GCAAACCAACACCAATACAC TCTCCCTTTCAGCATTTAGG 
219 NAU2868 GCAAAGTTGAATGATGTTCCT GAATCCTTGCAATTCAATCC 
220 NAU2836 ATTGGAAGGGTATTGAGCTG TCCTTTCCCACTTCTGTTCT 
221 NAU2829 CGATTTTCCAATAACCCAAA ATAAATCCCAGGAGCTCACA 
222 NAU2773 CCCTTTCAATCACAAAAACC CAAGGGCAGTCAATTTATCA 
223 NAU2741 AGTCCACGTCCACAGACTTT GGCACCTTGGAATACATCTC 
224 NAU2731 GTCCATGTCCAAGTCCAAGT TTCTAGTGATGCCAATGCAC 
225 NAU2715 CGAAAGATGGTTCCATTAGG GGGGGTTCAGGAGATTTTAG 
226 NAU3074 CAAAATACTCCAAAACGCAGT ATGGAAGTGTCGTAGGTGGT 
227 NAU2686 CGGTTACCATTTCCATTTTC GGTTATGGTTCTGGTTCAGG 
228 NAU2679 TGGCTGAACTTTGCAATTTA AAGCAAGGGAGGTAATCCTT 
229 NAU2675 CTGCTGTTGTTTTTGGTTTG ATATAAGAGTTGAGTTGGAG 
230 DPL0270 GGTTGGACCCTAATTTAGTTGATG AAGTTTAACCTTAGCATCACTGGC 
231 DPL0279 CCCATCTATAACATGGAAGCAAAC GTTTGAGGACGTGTGAGAAATCAT 
232 DPL0283 AGAAACAGATATGACACCTGCTGA CCTTCTGTTCTTTCTCTGCCTTTA 
233 DPL0317 GCTGCATATACTTGCATTCACTTC GCAAGAGATTGAACAATTGGGT 
234 DPL0318 TAGCAAGGACCTTTGGTAGATCAG TACATGTGCGTTATGGAATCAGAC 
235 DPL0323 AAGGACTTTGTCCAGTGTCAGAA TATTCCCAGCCATAAGATACCAAG 
236 DPL0264 GGGCAGTGAAAGACTACCCTTTAG TGATAGAGGCGATGAAACTGTATG 
237 DPL0270 GGTTGGACCCTAATTTAGTTGATG AAGTTTAACCTTAGCATCACTGGC 
238 DPL0279 CCCATCTATAACATGGAAGCAAAC GTTTGAGGACGTGTGAGAAATCAT 
239 DPL0283 AGAAACAGATATGACACCTGCTGA CCTTCTGTTCTTTCTCTGCCTTTA 
240 DPL0317 GCTGCATATACTTGCATTCACTTC GCAAGAGATTGAACAATTGGGT 
241 DPL0318 TAGCAAGGACCTTTGGTAGATCAG TACATGTGCGTTATGGAATCAGAC 
242 DPL0325 AGTCAGAAGCAATGGAAAGAGAAC CCCTAATAGCAGCAACAGAATAAGA 
243 DPL0328 GGAACCAAAGGGATGAAGGT CTCTTTCATTCTACCCAAAGCATC 
244 DPL0338 GAGAGAAATCTAATTGGGTCATGC CCCTCAACCAACAGAACAGTAAA 
245 DPL0342 AAAGGACAACCTCGACAGATACAT TGGTGGAAGATGACTATGACGATA 
246 DPL0353 GACCTTGATTGATCAGTGCTACC ATTAATTTGTGGAGCAACCACC 
247 DPL0354 TAGTGGTGGTTAAGAAGAAGGTGG CCGCTTCAGTCTTTGCTTTAACTA 
248 DPL0368 ATGAACCACCTTTACATGAACCAG ACAGCCTGTAGTGGTGAAGTTGT 
249 DPL0370 TAAGTTGCTGATCATCATGGTAGG CTGCTATCGCTATGATTGAAACAC 
250 DPL0395 GTAACATCTTTCAATCTTGCTCCC TACCTGTGTTAGACCCTGAGATGA 
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251 DPL0417 ATAAGCACTTGTCCTTTGAGGGAT AAGACCGACACCGATTTAAGG 
252 DPL0431 CTATCACCCTTCTCTAGTTGCGTT ATCGGGCTCACAAACATCA 
253 DPL0442 TTACGGTGGCTAATGTAATATCCC ATTCTTGAGAGTTCACCAGGAAAG 
254 DPL0448 CTGTTTCTTAGTCTGCTTATTGTCCTC TTCGTCATAATGTACCTGACAAGG 
255 DPL0461 CCCAACCTCTGATCACCTCTATAC CTTTCCCACTCGTAACAAGGTAAA 
256 DPL0472 ATAGATGTTTCCGAGTTTGTGGAC TCAACGCATCGCGTTAGTAAA 
257 DPL0486 CTTGATGCCTCTACTTATGCAACA AATGGTGATAAGACCAGAAGGTGT 
258 DPL0489 ACTCCTCCTTGCTCATGTTGAATA CATGGATGACTCTTCTGCTTCATA 
259 DPL0490 AGTATCGTCACTTGTCAAAGTCCA CTCATGCATGCTTATCACACATC 
260 DPL0494 GGTTGTCAGACCTGAAAGACAAAT CTCTCAATTGGATACGCAGTCTTT 
261 DPL0495 CGTGTTCTCTTGTAATGAACTTGC ATCCATCTTATTGGTGCATACCAG 
262 DPL0501 CAGCATCTTAGTTGTTGCTTCACT CTTGAGTGCTTGAGCAACCTTT 
263 DPL0507 TTATTTGAGACTGGTACCCTGGTT CGACCCTCTAGGTATTAGGGCTAT 
264 DPL0511 TACATGCAGTGCTACAGAAGAACA CTTGTATGCCATCATTAACCCTTC 
265 DPL0519 ACGACCTGAATATGAATAGCCG GTAATTGCTCCGTAAGTTTGTTGC 
266 DPL0520 GATTCTCCCAGCAATTAAAGACC AGACGAAAGTGAGATTCTCTGAGG 
267 DPL0528 ATGCCTCTAAACAGGCAAATCA TAAACCTTCAGCTGGTTCTCCTC 
268 DPL0529 ACTCTCAGGATCTGAGTACAACCC GTTAAAGGATCCTAGTGCTCATGG 
269 DPL0532 CATACATCCATGCATACATACATCC TGAGGTATAGGTAGGTCTCTGGTGA 
270 DPL0534 TGAGACACATATGGAAAGAACACC CACCGAAACTGCAATGAGAGT 
271 DPL0541 GAAATGCTTGTGGGAACTGAAT GCTTCCTCCCTTACAATCAAATCT 
272 DPL0573 ATCCTCTTCTTCGTCAGATGTCTC CGATCCTTGAGTTATATGCAAGTG 
273 DPL0580 TAGGTAAGTTTGGTGGGTGATGAT TCTCATCTCATCTAATGCCAACG 
274 DPL0585 AACACAAATCCTGTCATGGAGTAAC GTTGATAAGATTGTTCTTCGGAGC 
275 DPL0588 CAACTTCCATATTAGGAGACCGAA CTAGTGTTTAGGGCAGTGATGATG 
276 DPL0594 TTCATGGAAGTGCTGGTATTCA TACGCTATTCTTTCAACCAACACC 
277 DPL0009 CACTGATAAAGCTCAGGATTTCTACTC GTGACCAAGATTGGAAGAAGAGTT 
278 DPL0012 AATCTCTCACTCTCTTCGTCTCCA CTTCTCCTTGCATCATTGTTGTAG 
279 DPL0026 CAGAAATCCCTAAATCCAAGAACC ATGCTACTTCTTCAGCTTCTGCTT 
280 DPL0033 AGTTTCTTGAACTGGGAGGTGAT CCAATGGCATAGTCATCATACATC 
281 DPL0035 CATGGTTGTACCGGTTAGTATGTG CAGCAATGAGACCATTGTATACCC 
282 DPL0039 CCGTCATATCAGTGTCATACAGGT AGTCGCTACAACTTCTTCCCTTC 
283 DPL0051 CACCACAGGTTAGAGAAAGGAAAG CAAGTTCTGTTTCCACCCTATTTG 
284 DPL0055 CATGGCTACCTATCCACTCAACTT GAAGTTTGAGTTTAGGCCTTAGGGT 
285 DPL0067 CTGGTGTCATTGCCAAGAGATA ACTCCATTAATTAGGACCTTTGCC 
286 DPL0068 GTTCAACAGGTCTGTACCAGTTCC GCAAATGATCTCTGCCCTGTAA 
287 DPL0069 GCCAGTAAACTTTATGCTTGGAGA CTACTTACAGGCACTCTCCACCTC 
288 DPL0045 GCCCATGGAACCATATAGTAGTGT CTGGTATAACATCTGTCCTTGCTG 
289 DPL0073 TTTCCATGTATGTATGTGAGAGGTG GCTCCCACATAATTGAGCTTAGGT 
290 DPL0079 GTAAAGATGAGACTGTGAGGGCTT TCATTCCAAGAAGCAGAAGACTAAC 
291 DPL0085 AGCTTAAAGGCTTATACACCACGA TATTCGTTCACGAGTACGGAGAG 
292 DPL0080 GAACCAGAGGGATGATAATGACAC GTCCAATCCAATATCAGTCCTTTC 
293 DPL0101 ACTTCAAGGAACAAGCCGAGTA ACATTCCGGTATGACAATCCTTAG 
294 DPL0113 AAGTTAGTAGCAGCAAATTCTGGC GCTTCAAATTTCTGACGAACCTC 
295 DPL0119 GTGGTTTACAACTAGGAAGGGTTG TTTGCCATCTAACCTCCCATT 
296 DPL0135 GCCTCTGAACATGTAGAAATGAATG AGCATGCGAACTACAGAATAGTGA 
297 DPL0136 TGCTCGTATCATAAGAACCCTAGC AGATTCAATGGAGTTGCCTTAGAG 
298 DPL0139 AGGGATTTGCTGGCAGTAGTT CACCAAGTCAATTGAGTGATACTAGC 
299 DPL0140 TATAGTTAGAAGCCAATGCCAAGG GAGAACCACCTTTCTTCAGCATC 
300 DPL0146 ATATGTTGGAAGTTGGAACTGCTG AGAATTTGCCAAAGGTACAGAGAG 
301 DPL0169 TACTTCGACCAATCCACAGTACAA GAGTAGAATCGACTTCCATCAGGT 
302 DPL0177 CAATTATTCAGAAGCCACCTAACC GAGAGAAAGATGCACCACATTCTT 
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303 DPL0181 AAACCCTAACGTAATTAGCTTCTCG CCCAGTGAAAGGTCTTAAGAAAGAA 
304 DPL0191 ACTGTTAACGGAATTCCAAAGACC AAAGCATCCTCAGTAGGAGAAGG 
305 DPL0193 TTAGGTCTGCTACCTTTGAAGCAT CATCACCATCCTTCTTCTTCACTT 
306 DPL0196 CACATTTGGTGGGTATTGAGAAG ACCATACACGTGCTAATGTCAAAG 
307 DPL0199 CGAAATTGATTTCATGCCG ACAACATACAGCTCCCACATGAT 
308 DPL0202 GGTTTCGTAGAAAGAGACCCAAC TACACTGTCTTAAATGCACCCTTG 
309 DPL0204 AGTTGAGGCAGTGGTGTACAGTTA TTGGAGAGGGAGAGAGACTATGAC 
310 DPL0209 GAAGGAACCTCGTGATTATTTGAG GACCGGTAGACAGAGATGAGAAAT 
311 DPL0212 TGATAATGCTGATGTCATAGACGC AGAACTGGATGAAGAAACTGATGAC 
312 DPL0215 GAATCTACATCAAAGGGTGCTTGT CCACTTCTCAAGAAACGATAATGG 
313 DPL0218 ACCTTTGAACCGTCGATCTCTA ACTTTACCCTCCTCTTCATCCTTC 
314 DPL0220 GTTGGCCTAAGCCTATAATGATGA AACAAGGTTCATAACTTCTGGTGG 
315 DPL0223 AGTCTCAAGAGGTGGTCATTATGC GCATACCTAGAGGAATTAGCAGCA 
316 DPL0229 GAGTGGTTTAGTTGTAAAGACCCATGT TATTACTTGCACAGCCTCTTAGGG 
317 DPL0234 CACACATCAAGGAGATGGATTTCT ACTTCCAACCAGAACCGTATGTAT 
318 DPL0241 CACTTGGAATTGGGATGTTCTT AGACATTCCTCCTCCCAAAGTAGT 
319 DPL0242 CTTCAGAATTTGGTTCCTGTCTCT AATATAAGGATGTAGCTGATGCCG 
320 DPL0247 AATTAACCAACAAAGGGACCGT AATAGGAAAGCGCGGTTGTT 
321 DPL0249 ACAGAGCTATGGGAAATCATGGTA TGTACTGCAAATTGCTGCTAAGAC 
322 DPL0264 GGGCAGTGAAAGACTACCCTTTAG TGATAGAGGCGATGAAACTGTATG 
323 DPL0615 GTGTCCATAATTTGAACTCTTCCC ACCACCTCCTCTCCTTTAAACATT 
324 DPL0618 ACTGCAGTTGTGTGTTCTAGTGGT GCAATAACTCGTGCTATCTCAGG 
325 DPL0637 TAACTTGCCACGTTGGACATAAG GTTAACTGAAGAAGAAGGCGAAGA 
326 DPL0646 GGATTCTTGGATCATAAAGGTCAG GAAAGAAGAAAGTCCACCATGAAC 
327 DPL0652 CTTTCCTCATATGCATTTCTCTCC GCATTGGTTTAAGAACCACAGTCT 
328 DPL0665 GCAGAAACCCACCTAATTTAAGAAG GTAGAGGTTGGAGCACTTGTCATT 
329 DPL0674 CTCACTTACTCTGGGCCTCTTCTA TGCTATGAGCAATCTAGCACAAGT 
330 DPL0675 CACTCTCGCAACTAAAGACTCAGA TGCTACTACAAACACCAAAGCAAG 
331 DPL0679 AGAGACTCAAGAAGTTTGAAACCG TAGTACACTCAGTTTGGATGTGCC 
332 DPL0699 ATTAACCGCGAATATCCCAAC CTGTGTCTATATCCATGGCTTTCAT 
333 DPL0715 AAATCCAACGGCTCTTATACTGTG GAGGAGTAACCTTACAGCGCATAC 
334 DPL0717 CTCCATGATTTCTGAAACACAGGT TTGTACTAACATACCTCCGGGTCT 
335 DPL0722 ATGTTCTAGACACGGTTATGTGGC CCATTTAGATGCCATTCACACA 
336 DPL0733 GGCTACTATGGTGTTCGTTTCAAT GTATCGCCTTGATGCAGAAACTAC 
337 DPL0743 GCTTAGGGTTATCTCAAGTTGGAA GTCGAAACGATGATGATGAAGA 
338 DPL0755 CCAATGCTTCTCGATAGTACATCAT GCAAACTTTAACAAGAACTGGTCC 
339 DPL0770 TGGGATTATCAAGCACTATTGTCAG TTACTGACTCTGATCTTGCCGTTA 
340 DPL0777 TTCCAGTTCCTCACTGAAACTCTC TCTCCATATTCTATTTCACGCCTC 
341 DPL0799 GGTGCACTTCTAACTTATGTGCTG GAGGCATCTATTCTTGAAGGCTAA 
342 DPL0810 ACTTCAACTCCATTTCTGGTGTCT ACTGGTATGGCAATAATAACCACC 
343 DPL0847 ATTGCCCTCATGCCACTG TGCTTCGGTTTCTGAAAGGT 
344 DPL0854 GAATACGGGTGAGGGTTGTT GGTGAGACTACTCCTCTCAGTTT 
345 DPL0856 AAATGGTCTTGGAAATGGCA CATCAAATGACTCACGGTCG 
346 DPL0866 AGAGTCAACTTCGACGCCAA CTTGCTCACTTCGATATGCT 
347 DPL0884 TGATTATCGAAGGCTGACCC TTTCCAACACCGACAGAAA 
348 DPL0885 CCCACAACTCAAAGAATATCAG GCCTTCATCTAGGGTTATCCTTC 
349 DPL0887 TCAACACTGTGGGATGAAGC GTGTGCCGGTCCTTGTATCT 
350 DPL0890 ACAGCATTAGCAGGCACCTT TATGAACGATGTGCTAGCCG 
351 DPL0871 CGGGAAATGGGATAAGGATT TCCTGAAACTTCCCTTCATT 
352 MUCS018 TTTCTTGGTTCCCTTCTTCTCC CTTCTTGACGTTCTCGTTGAGC 
353 MUCS019 CTCTTCCAAGAGATTGTGTCCC GATGACAATCAAAGCCAAAACC 
354 MUCS039 TGGTTCTTGACTACGTTGAAGG TAAAATACAAGCCATGGGAAGG 
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355 MUCS040 AAGTTCATTGATAAAGGAGCGG ACCATAACGTTAATTCCCATGC 
356 JESPR1 CCCTCTTCCTCTCACCCACC GCTTGTGGTTTCTAGACACACC 
357 JESPR3 CCGCATTTAAGAACCCTAAC GGATTGGACAACCATTCTTC 
358 JESPR4 GACATGTGGCATAAATGACG GGCAGAGACACTTTTAACTAGAG 
359 JESPR5 GTCTCCTTCCCCTTCCTCTTCTTC CAACAACCCATGACGACGAC 
360 JESPR6 ACTAAACCCTAAACACAATATCTCC CATTATAAGGTCCCCAATGTC 
361 JESPR7 GCTGACGGAAGTGACAGGACCCT GTCTCCTTCCCCTTCCTCTTCTTC 
362 JESPR8 GGCATCTTACGGTGGAAATGAC GGTTAGGTTTGGGGTGTTACATAC 
363 JESPR9 AGTTGACGAAGAGGCAAAAGGGTC GGCTTCTCTTGCTTAGATCTGGAC 
364 JESPR10 GAGGCAATGTCGGATGTGGGC GCAAGTAGGTGGTGGCCGGAG 
365 JESPR11 CTGGACTAACCTAAACTTGACAC CCTATGTACATATGCTCTTC 
366 JESPR12 CCTAGACATCTGATTTAGCCAC GAAGAAGAAGAATCCGACAG 
367 JESPR13 GCTCTCAAATTGGCCTGTGT GGTGGAGGCATTCCTGCTAAC 
368 JESPR14 GGGAGGGGGTGAATAAACGGTG GGTCAGGTAAACTTGCCATAGTGGG 
369 JESPR15 CTTCTCTTGCTTAGATCTGGAC GCGAGTACTAGTAATGACTGTC 
370 JESPR16 GATGTGAGTATTTGGCACTTTGAC GCTATCTATATCCGACTCAGCCCG 
371 JESPR17 CATGTCGTAGTGGTAACTGC GCCTTGTTACTTAACTAATAGTCC 
372 JESPR18 CGGCTTCTCTTGCTTAGATCTGG CCTCTAGATTGCCCTCCTTGTGC 
373 JESPR19 GAATTCTAATGTTTATAAAAAAATA CTATATAAAGTATCAGAGAAATTC 
374 JESPR20 GGCTTCTCTTGCTTAGATCTGG CGGTACATGGCTCGAGAGAG 
375 JESPR21 GAGGGGGTGAATAAACGGTGAGG CGGCTTCTCTTGCTTAGATCTGGAC 
376 JESPR22 GGCTAATGGTGGTTGTGGATGC CCCATGAAGATTTTTCCAGGGGAG 
377 JESPR23 GACTATGGCTTAAGGTTCAG CCCATTAATGTTAATGGCAAC 
378 JESPR24 CGGCTTCTCTTGCTTAGATCTGGAC GCTGACGGAAGTGACAGGACC 
379 JESPR25 GCCCTATCCACGTTGCTGTCG CCCTCTCGGTCAAAATCAACAC 
380 JESPR26 GGTGACATCAGTGTTGTTC GTCGTTCACAGCAGCCCTATCCACG 
381 JESPR27 AGATCTGGACTAACATATATTCCG GGAACTTACCTGGAATTTAGTG 
382 JESPR28 CAACATCAACCTCGTGAACCAAT GTGAGGCCCCTTCTATTATTAGAC 
383 JESPR29 CACCGTTTCCAAGTAAGATT GGTTAATCTTAGTTGAGGTC 
384 JESPR30 CAAGCTAAGCCACTTGTATTACC GAAGAGAATAAGAATAGCCC 
385 JESPR31 CCAGTTAACTTGCCACGGTG CCCCACCAATATAGTTGTTTCAAAT 
386 JESPR37 GATCTGGACTAACTGTAGGGTC GTCAGCGTAATTGATTGCTTC 
387 JESPR38 GAATCTTACAGTGGAGCAAGG GGG AAA GGC TAA TGT GGT TG 
388 JESPR39 GGTTCAGTTTCCTTTCAGCTCT TTGGGAGGAAGGAAGGAAGGAAG 
389 JESPR40 CTTCTCTTGCTTAGATCTGGACT GTGTGCTTATTATATGTGAATGTAG 
390 JESPR41 GACCATTGGGAATTGCTGATACG GGGTAATCGACATAGGTAACGGG 
391 JESPR42 CGTTGCCGTCTTCGACTCCTT GTGGGTGGCTAATATGTAGTAGTCG 
392 JESPR43 CGGCTTACAACAACAACAAC GCTTCTCTTGCTTAGATCTGGAC 
393 JESPR44 CTCTTGCTTAGATCTGGACTAAC CCTGTACCAGTAGTAATAGTAGC 
394 JESPR47 GGG GTG AGG GAT TGG ACA ACA CCC CCT AAC TGG CCA GGT AG 
395 JESPR49 GCT GGA GAA GGA AAA GGT GG CCTTGCTCTCACTGTACCTCTG 
396 JESPR51 CTTGGTACCGGGGATTCAGTGTGCC CATAACATCTAGGTCAGGTTTGGGG 
397 JESPR53 GCCAATGGGACTATATACCGGTG CCATGTCCCACGCCAGATTG 
398 JESPR54 CTCACCTGAATCGCCCCATCTATC GCTTAATTTGGCTGGGTCTCCAC 
399 JESPR55 GTTCGAGGAGGATTGAGGTAGAGGA CCCCTTCTCTTGCTTAGATCTGGAC 
400 JESPR157 CAAGTTCCCACCATCTTTAC CTTCTTTGACTGAAATTGCTC 
401 JESPR57 CGCCCTTCTCTTGCTTAGATCTGG CTCAAGAGCAAAAGGAACTTAACTCG 
402 JESPR58 CCGCCCTTCTCTTGCTTAGATCTGG GGAGCCAATTGAGAAGTGAATCCAA 
403 JESPR59 CGCCCTTCTCTTGCTTAGATCTGGA TAGTAGAAGGATTCGGCTATGGGGG 
404 JESPR60 CGCCCTTCTCTTGCTTAGATCTGG TAGATCTGGACTACCTACGAGACCC 
405 JESPR61 CGCCCTTCTCTTGCTTAGATCTGGA CACATCCTCCTCCCTACTCCCTCC 
406 JESPR62 GAATTGAGTGGAAAAGGGGGG CCTTCTCTTGCTTAGATCTGG 
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407 JESPR63 CATCTTGGGTATTTTTTGAGTG GACTACCAAATGCACCATCTC 
408 JESPR64 CGCCCTTCTCTTGCTTAGATCTGGA GCAATTGAGGGGTGGGGTTGTCTG 
409 JESPR65 CCACCCAATTTAAGAAGAAATTG GGTTAGTTGTATTAGGGTCGTTG 
410 JESPR66 CTGGACTAACTATTTGGTATCCCTC GATCTGGACTACCGCTAATCAC 
411 JESPR67 GTAAAGAGCAACCTACACCTACCT CCAAGATAGTTCATACTTCCCTC 
412 JESPR69 CGCCCTTCTCTTGCTTAGATCTGG AAACTTTGCCGTTGATGGAGACCC 
413 JESPR70 CTGGACTAAAAGGAAGATGAGAG GAATACAGGTTCAAAGTTGATA 
414 JESPR71 CGCCCTTCTCTTGCTTAGATCTGG GCACCCTGCTCCAATCCTCTTTC 
415 JESPR72 CGCCCTTCTCTTGCTTAGATCTGG GGGCAAGCTGACGATGAGGAATG 
416 JESPR73 CCACCGAAATCGATAGAGAGCAAT CACTGTCCGACTAGGCCAATAC 
417 JESPR74 CCCTTCTCTTGCTTAGATCTGGAC GCATTATGCTTGCTAGTTCCCTGC 
418 JESPR75 CTTCTCACGTTACCATTGATTCTTC GGCTGTTCACGGACTAGCTGTA 
419 JESPR76 ACCCTTCTCTTGCTTAGATCTGGAC CAGTTGCTTCCAATGCAGCTACAG 
420 JESPR77 TCTCTTGCTTAGATCTGGACT CTTATCCTTACTTTGTGGCG 
421 JESPR78 GAAGTGCTCATAGTCCATCATAG GTCTGGCAGGACATAGAGAAG 
422 JESPR79 GGGACAAATGTAATCTTGCATCCAG CGCAGTGTCTGAATCGCCTTC 
423 JESPR80 CTCTTGCTTAGATCTGGACT ATGACTATGATTTAGCAGCG 
424 JESPR81 GTGGAATGGTTGATAAGCATGTTG GGATATAACACCAGGCACAAATAC 
425 JESPR82 GCAAAACATGGAATTTAAGTC CTAGATATTAGTTCCCGAATCAC 
426 JESPR101 CCAAGTCAAGGTGAGTTATATG GCTCTTTGTTACTGAAATGGG 
427 JESPR102 CTTGTGAAGTCCTTTAGGGC GTTATCCATCATGGTCAAATGC 
428 JESPR107 GACAATCCAGGCAGTCAGAG CATACTAATTAGCCATTCTCACCC 
429 JESPR110 GGCGAAGAGCTACCTGTGAATGGC CCAATGGGGACTCTACATGTGGC 
430 JESPR45 GAAACTCGATCCCTCAAGATATG ATGAAATGAAAGAAAAGAAGGGAGG 
431 JESPR120 GTAACCGAATACCCCTCAACTTAAG ACAGCCGCTTTGTCGAAGAT 
432 JESPR135 CAAAACCATCATCACTCTCAAG CGAGAGCCCACTAACAGAAAAG 
433 JESPR151 CTGGACTAAAAACCTTAACTGG CTCGATTCTAACTCAATCACG 
434 JESPR152 GATGCACCAGATCCTTTTATTAG GGTACATCGGAATCACAGTG 
435 JESPR153 GATTACCTTCATAGGCCACTG GAAAACATGAGCATCCTGTG 
436 JESPR154 GTTCCCTCAGTTGCTCAGAAG GGAGGAGTTGGCAGAAAATAGC 
437 JESPR175 CCCCTATTGGCTGCTGAAAG GTTTCTTTTTTTTTTCCCCTGTA 
438 JESPR205 CCCAACTCTTTCCAAACTTGAG GTACATATAGATGCCCTCGTG 
439 JESPR219 GCATAGTTATGAATGACTCTCTCT GGGGAGTTGAAAAGAAGTATC 
440 JESPR220 CGAGGAAGAAATGAGGTTGG CTAAGAACCAACATGTGAGACC 
441 JESPR221 CTTAGGTGCTTCAGGCATGATTC CCCAACCCCTTCCTTC 
442 JESPR222 GGGCCAACATCTTGC GGGGGACATTAATGATTGG 
443 JESPR223 TGGTCCAAAGCTCAAAG CGTTACGGATTATTGGACATG 
444 JESPR227 CGAGAAGATGAGATTGGAGGAG GGTTTTCCATTCTCTTTCATTTTC 
445 JESPR229 CCATTCTCTTTCATTTTCTCC GTTGAAACGAGAAGATGAG 
446 JESPR230 GGGACTAAAGAAGTAATTATGCC GAAACCCTTGGCCATGAG 
447 JESPR231 GCTGGTGGGATTCTCTG CTATGAACTGCTGGCTATGG 
448 JESPR232 CAGACCACGCTATTTTTGCC CGTTGTATTATTTCCAGTGCTCG 
449 JESPR234 GCATAGTTATGAATGACTCTC CTAACTCGAATCCGTCAC 
450 JESPR236 GACTGACATGCAGCTTCCAG GGGGCTAAACTTGAAAAATGAC 
451 JESPR237 GGCATCTCCATGTAGAAATAG TGTCAGTCCCCCATCACC 
452 JESPR235 GAGCAAGGATGAGGAACGAG CAAATTACTCAAGTGTCCCATCTC 
453 CIR003 AAACCAACAGGAATATGAG GGGGAAGATAACACGA 
454 CM3 GGGCTAAACTTGAAAAATGACCA GTCTTAAAGACTGACATGCAGC 
455 CM8 ATTGAGAGGCATTTTGGTC  AGATGACTAAAAATTGTGCC  
456 CM10 GCATGTTCTACAATGGTAAGCATA GAATTCTGCTTCTCTTGCTTAGAT  
457 CM12 GCGTTGATTCTTATTTTTCCC GTTAGTTAACCCAACAACTTGAG 
458 CM13 TGAAAGTTGAAACGAGAAGATG CCAAAGGTTTTTGTTGTTGC 
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459 CM27 GAATTGTGTAAAAGACACTTC  TTCTTGGAGAATGCTCT 
460 CM45 GATGCCAGTAAGTTCAGGAATG GCCAACTTATATTCGGTTCCT 
461 CM50 GCCGAAAAGGTGATCTAATTTG   GATGATATCACACCCTTCAAC 
462 CM51 GCAGCTTCCAGTTTTGCTCTCT GGGCTAAACTTGAAAAATGAACCAT 
463 CM56 CAATCATAGACCGCCACATC  ACATTGCTAGATATTATAAAAGAAG 
464 CM60 GAAGATCCATCTGCAGACCCAG       CCAACAAAACCATAAACATGAACTC 
465 CM61 CGAGAAGATGAGATTGGAGGAG GGTTTTCCATTCTCTTTCATTTTC 
466 CIR009 GTGGGTATGGAGTTGTTT CCGTTAGGTGTCTTTCTC 
467 CIR013 TCATTGCCATTTGACC TCCACCTTCCACACC 
468 CIR015 AACGGGTTTGTATTGTT AAAGCTAAAGGGTCAAA 
469 CIR017 CATTTCGGGTTCATTC GATTTCATCCATTCCAAC 
470 CIR019 CAATGCCTACTGTCCATA ATGGTCTAACAAAGAGTGG 
471 CIR027 CGTTAGAATACCAAGCTG AGGAGGATTTGTTAAAGG 
472 CIR028 CACGAATCTCCAATC ATAGATGCCTTCTCTTT 
473 CIR030 CAATATCTCACTTGGACCT TGCTACACATCATAGTTGG 
474 CIR032 CAAGTTTCCTTGTAAGTTC GATCTGCTTCTTTAGCTC 
475 CIR034 TTGAACCAAGAATGGAA TGTCACGCCATATACACT 
476 CIR036 GTGAGACTTGAACCCAA GACTCACAACCTGATTCTAC 
477 CIR039 GGAGCAGAAACAACCA TTCCCATCTTCACTTCTC 
478 CIR040 CCCACCAAGAGCATT TTCTTATATTTGCTACCCAC 
479 CIR042 GGGTAGTTCTCAGCTTT CTATTTCTCTATACCCAAGA 
480 CIR047 ATTCTACCAAACCTCTACC CCCGTGTGAGTGAAA 
481 CIR048 AATCTTCTCAAACCTCCTT TGCTCTGTTTCCCATC 
482 CIR051 AGAGATTAGTTGCTGGAGA TCACAGACGAAGGCA 
483 CIR055 AACCATTGTCGAGTAAGTAA CCGAGTAGGTCATTGTCT 
484 CIR061 TTAGTCCTCTACATACCGAA TCATAATAAAGGCGTGG 
485 CIR062 TTTAGAGGAGAAGTTTAGG CAGTCTCTTGTAGTTTCATT 
486 CIR068 TAGCCATCCAAATCATC TGTACCTTGGTTAATTCCT 
487 CIR069 GTCACTGCTATACACTTTCC TATTGGGCTTTGATTTG 
488 CIR070 AACCACCAACCATTCA TGGGACTCGGTCATC 
489 CIR077 TGCCTTGGGATGACT AATGGATGTTTCGGG 
490 CIR078 TGCATGATGAAGTTAGA ACATAAATCCCAAGAAC 
491 CIR081 AAAGAACCCATGAGAAGA GCTGTCTATGTTGGTGG 
492 CIR082 GCAGAAGTTGAAGCAGA GCAAAGAGGCAAATAAA 
493 CIR084 GAAATTGGTGATACAAGTG TGTCTGTTTATCTCCTTTG 
494 CIR085 ATTCCGATGTCTCCCT TTTAGCCTGATAAGTTCGT 
495 CIR089 CTCCATTCCTCGTTTG AGATTTCGTTTCCCATT 
496 CIR089 CTCCATTCCTCGTTTG AGATTTCGTTTCCCATT 
497 CIR096 ACCCATCACCGTATCTT GATCTCATATTTGGCTCTG 
498 CIR097 ACTGGATGATGAAGCC GACTTTCCCTTTACCTCA 
499 CIR099 ATGATTCAAGTCGCGT TTCAAGGCTGAGTCAAA 
500 CIR100 GAGAGGCGATGCTAAA GGGATACAAATGGAGAAA 
501 CIR101 AAACAGAACCAAATCCC CCCTTGCCATGTTTAT 
502 CIR102 TAACAACTGGATGAGATGA CATAACTGCAAAGGAGAA 
503 CIR105 GTCTCTTGTCTTTCTTTCTTAC AACCAAACTGAACCCA 
504 CIR316 TTACAGGCACTACCACC CCTTTCTGGCGACTT 
505 CIR107 AATCACTATCCTCCTCCC TGGATTGCTTCTTCTTCT 
506 CIR084 GAAATTGGTGATACAAGTG TGTCTGTTTATCTCCTTTG 
507 CIR094 ATACCTCCTTTGGCATC ATTCAGCAACTTCACACA 
508 BNL4001 ATTGCCAATTATGTGTGCGA AATGAATGTTAAAACAATGTGCG 
509 BNL4003 CCTTAAAGAGAGGATATACACAAACG AAGGGCGGAGAAAGTAGGAG 
510 BNL3590 TCTTCCCTCTCTTTCTCTTTCG ACACGGAAGACCAACCAAGT 
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511 BNL4067 CCCCAATCATGATCAGGTTC GAGAAAGAGTGGCAATGGCT 
512 BNL4094 ATGCTGCGGAGTCGATATCT AAATTGATTTCATGCCGGAG 
 

 

 


