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ABSTRACT 

Gamma irradiation application is widely used by breeders for improving crops, and searching 

new traits which enhance both quality and quantity of crop. In present studies, bud woods of 

three white fleshed varieties i.e. Foster, Frost Fresh, Reed and three pink fleshed varieties of 

grapefruit i.e. Shamber, Red Mexican Foster and Red Blush were irradiated with gamma rays 

on different levels i.e. 0, 20Gy, 50Gy, 80Gy, 110Gy and 140Gy. These budwood were grafted 

on rough lemon in nursery. Morphological characterization i.e. Survival percentage, number 

of leaves, leaf length and width, shoot length and number of branches were carried out. These 

morphological parameters decreased with increased dose of gamma radiation. 80% decline in 

survival percentage was observed at 140Gy of gamma radiation. Similarly 86.31% in number 

of leaves, 72.88% in leaf length 82.58% in width, 86.65 % in shoot length and 72.63% number 

of branches were reduced. In second experiment, genetic characterization with the help of SSR 

markers was done to identify the mutation induced by the gamma radiation. Total 18 SSR 

markers were used but one primer did not show any polymorphism even in control as well as 

in treated budwoods. Variation among gamma irradiated bud woods and non-treated (control) 

budwoods were observed during PAGE due to higher resolving power of PCR amplificates. 

Polymorphic Information Content (PIC) was found in range of 77.85-39.78.  Allele frequency, 

allele length, genetic diversity, heterozygosity as a result of amplification of DNA were 

obtained. In third experiment, colchicine was applied by In Vivo and In Vitro methods. In Vivo 

colchicine application, ten young branches were treated with colchicine to induce polyploidy. 

Morphological analysis i.e. branch length, number of branches, number of leaves, leaf length 

and width were checked. In Vitro method, seeds were exposed to 4 hour in colchicine solution 

at different concentrations i.e. control, 0.05, 0.08, 0.1, 0.2, 0.3 and 0.5 mg L-1. Morphological 

and cytological analysis were carried out. Higher colchicine concentrations increased the leaf 

length, width and area but reduced number of leaves. Cytological analysis i.e. stomatal density, 

size, length and width, area and aperture were observed with Nikon microscope. At maximum 

concentration of colchicine, number of stomata were reduced but their length, width, area and 

aperture were higher as compared to control or lower concentrations of colchicine. 
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Chapter 1 

 

INTRODUCTION  
Agriculture is the backbone of Pakistan and contributes 23.4% share in GDP to the 

country. It also provides more than 45% employment to the people (Usman, 2016). Pakistan is 

blessed with an excellent land resource with fertile land and varied weather and wide range of 

agronomic as well as horticultural crops are grown. The country faces semi tropical, tropical 

and temperate climate available in different provinces. 

 Horticulture holds great importance due to the huge share of horticultural crops i.e. 

fruit, vegetables and floriculture. According the Pakistan Horticulture Development & Export 

Company, production of fruits and vegetables annually is approximately 12 million tons. 

Among all horticultural crops, Citrus has remarkable position whole of the world as well as in 

the Pakistan. 

Citrus belongs to family Rutaceae, is the major fruit crop all over the world. It is the 

second most important fruit crop in Pakistan in term of area and production. It is widely grown 

in all the Provinces of Pakistan but Punjab leads the others. Due to large area, good quality and 

plentiful water, favorable environment, good textured and fertile soil, Punjab has a share of 

more than 95% both in area and production of citrus. Citrus is grown in an area of 195052 ha 

and its production is 2267 thousand tons (GOP, 2016-17) 

Due to its great economic importance, production, improvement and cultivation of 

citrus is very important. Alongside the significant importance of preservation of native 

germplasm cannot be denying. Due the specific characteristics such as tolerance to cold, 

parasites, salts and drought, wild and native cultivars should be introduced for breeding 

program in citrus. Citrus as a whole is diploid in nature except very few which is triploid and 

tetraploid, but this polyploidy is very rare. Its chromosome number 2n=18.  

There are four main ancestors from where other groups arise i.e. pummelo, citron, 

mandarin and C. micranthawester which is a ‘Papeda’ wild citrus (Barkley, et al., 2003; Li, et 

al., 2010; Penjor, et al., 2013). All the other cultivated species have been derived from 

hybridizations which are closely related to the genera, some evolved by natural mutation or the 

crosses (Gmitter, et al., 1992; Nicolosi, et al., 2000; Ollitrault, et al., 2012; Uzun and 

Yesiloglu, 2012; García-Lor, et al., 2013). Tangors a hybrid of sweet orange and mandarin 
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similarly tangelo which is a hybrid of mandarin and grapefruit are of great commercial 

importance. 

Grapefruit was most probably originated by the cross of pummelo × sweet orange 

which might be a result of spontaneous hybridization at Barbados Island. In 1929, grapefruit 

was first reported as a commercial cultivar in Valencia (Herrero, 1929). 

Fig. 1.1: Schematic representation of the origin of the main citrus groups. Modified from 

Ollitrault, et al., (2012). 

Fig. 1.2: Origin and worldwide distribution of citrus. From Ollitrault and Navarro (2012). 
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 Wide germplasm of citrus are widely grown along with research point of view. Most 

commonly grown groups of citrus are mandarin (Kinnow, Feutrell,s early etc.), oranges 

(Mosambi, Blood Red etc.) and others (Grapefruit, Lemons, Limes etc.) tangerines, pummelos, 

tangelo, kumquats. Different groups of citrus have been grown in all over the Pakistan, but 

Kinnow has promising importance due to its quality and production along with the 

international market value. 

1.1 Varieties of Grapefruit: 

A large number of varieties of grapefruit are reported worldwide. Different varieties of 

grapefruit are widely grown in different geographical regions of the world.  These varieties 

may be divided into pigmented or non-pigmented basis. Pigmented varieties or colored 

varieties are Red Blush, Ruby red or Star Ruby. These colored varieties contain red pigment, 

lycopene which give the color. Whereas non pigmented or white varieties are March seedless 

and Duncan. The flesh of grapefruit is segmented and acidic in nature, varying in color 

depending on the cultivars, which include white, pink and red pulps of varying sweetness. 

Since late 19th century, fruit became popular before that it was considered and grown only for 

ornamental purposes.  

1.2 Problems of Citrus Industry: 

 Citrus industry is of great importance due to its economical point as well as nutritional 

and medicinal point of view. However, unfortunately, this industry in Pakistan is facing a lot 

of problems.  

 Grapefruit trees are facing another formidable foe: citrus greening, a bacterial disease 

with no cure that is devastating trees. 

 Insect and pest attacks, long juvenility, Bitter taste, quick or sudden decline and 

alternate bearing. 

 High temperature in summer, alkaline nature of soils, saline water, and low organic 

matter. 

 Poor market access and short season gluts cause the decline profit. Low amount of first 

rank fruit <30% and high postharvest losses 40% 
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 Nematodes, HLB, phytophthora gummosis and bacterial canker that are links with 

dieback, are not sufficiently controlled and understood. 

1.3 Improvement of Citrus through Breeding Techniques  

Better yield and better production of crop is always the aim of a breeder. Different 

techniques have been widely adopted all over the world. Conventional and modern practices 

played an important role for this purpose.  

1.3.1 Polyploidy, Methods and Importance: 

Polyploidy is a term used for more than two sets of chromosomes in plant which is an 

important factor in eukaryote evolution (Otto, 2007). It is believed that according to an 

estimated that there is 30 to 70% of angiosperm species have polyploids ancestry (Stebbins, 

1971; Masterson, 1994). Polyploids are generally categorized into the two groups i.e. auto and 

allopolyploids (Ramsey & Schemske, 1998). Spindle inhibitor may the carried out by different 

chemical for doubling of chromosome number. At anaphase, chromosomal migration for polar 

region is prevented by chemical mutagens. Colchicine is one of the most commonly used 

spindle inhibitors and has been used widely to induce polyploidy (Hancock, 1997), in woody 

species (Rose, et al. 2000; Vainola, 2000; Blakesley, 2002; Kadota and Niimi, 2002; Shao, et 

al., 2003). Seedlessness is a desirable characteristic for the fresh fruit market and can be 

induced in citrus by crossing tetraploid and diploid strains (Jaskani and Khan, 1993). 

Morphological and stomatal differences are practiced for the identification of hybrids in 

interploidal hybridization (Jaskani, et al., 1996). Leaves of tetraploids citrus have been 

observed to be broader and thicker with dark green color as compared to diploid genotypes and 

lesser tree height and spread in tetraploids (Barrett and Hutchison, 1978). The stomatal density 

and size are used as markers in differentiation of diploids and tetraploids. Stomata number per 

unit area was decreased by colchicine treatments; more over stomata length and width were 

found to be significantly increased with the increase of colchicine treatment to the highest 

tetraploid induction efficiency percentage (Elyazid and Ali, 2014).  Diploid citrus had 

numerous and densely arranged stomata while tetraploids had larger and widely spaced 

stomata (Barrett, 1974). Ploidy manipulation is a renowned source of germplasm development 

for citrus crop improvement.  In vitro culture offers the novel methods of creating polyploid 
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plants (Hannweg, 1999; Starranntino, 1999; Ollitrault, et al., 2000; Zhang, et al., 2007). 

Polyploids could be developed using strategies like in vivo and in vitro application of 

colchicine for doubling the chromosome number (Hannweg, 1999), interploid crossing 

followed by embryo rescue (Williams & Roose, 2000; Usman, et al., 2002; Jaskani, et al., 

2007). The availability of limited gene pool and polyploid germplasm for breeding and 

biotechnology programs suggests a need of intensive research work in this area. Both strategies 

were explored for polyploid development in elite citrus cultivars using colchicine application 

in vivo and endosperm culture in vitro. The generated polyploids will contribute towards 

enrichment of Citrus germplasm for future breeding and biotechnology applications (Usman, 

et al., 2008) 

1.3.2 Mutation Breeding and its Importance: 

Breeding is the main objective for altering the genomic behavior of horticultural crops. 

Different methods are being used now a days for altering the chromosomal structure and/or 

gene positioning i.e. mutation induction, crossing the native cultivars and application of 

different chemicals which helps to alter the sequence or the number of chromosome. Mutation 

induction is mainly caused by the application of gamma radiation. Gamma irradiation is such 

a valuable techniques for inducing the biological phenomenon for inhibiting the different 

morphological traits in plant industry (Charbaji, et al., 1999). Mutagens induces the different 

types of traits like the size of plant, variation in the blooming and fruit ripening time, sometimes 

the change in the color of fruit, self-incompatibility and resistivity to the pathogens (Predieri, 

2001). Even the mutation induction is very useful technique in breeding program, but it is yet 

not fully exploited in fruit breeding (Predieri and Gatti, 2003). For citrus breeders, the most 

common method being used to obtain seedless clones is gamma-irradiation mutagenesis of bud 

wood (Gidoni, et al., 2007 and Vardi, et al., 2008). In many citrus cultivars like orange, 

grapefruit, lemon and mandarin, gamma irradiation has been successfully applied to obtain 

new seedless varieties (Roose and William, 2007). Other methods to obtain seedless fruit 

include producing the triploid and then crossing with triploid, but this method also has certain 

limitations like too many thorns to the tree and long juvenility (Aleza, et al., 2007). The doses 

of gamma irradiation sometime may be drastic and result in the introduction of numerous 

chromosomal aberrations which are mostly recessive in nature while inducing the seedlessness. 

These chromosomal aberrations deeply impact the expression and functioning of the genes 



 
 

6 
 

which result in the decline of fruit quality (Gidoni, et al., 2007). Depending on the specie and 

varieties of Citrus, acute exposure range of radio sensitivity (LD 50) is mostly from 40-100 Gy 

(Sanada and Amano, 1998). Budwood as a scion source, pollens, seeds, callus and other in 

vitro material may be exposed to the different range of gamma irradiation. Star Ruby was 

released as a result of the exposure of Citrus paradisi cv. Hudson with thermal neutron (Chen, 

1991). Other completely new seedless varieties were also released as a result of the exposure 

of Israeli Villafranca and Citrus limon cv. Eureka with exposure to gamma radiation by 50 

and 60 Gy (Hearn, 1984). Higher dose of gamma rays induced more seedless fruits of 

grapefruit and Valencia. Similarly high sensitivity was also recorded in navel orange, mandarin 

and pummel at higher dose of gamma rays of 30 Gy to 75 Gy (Wu, 1986). 

1.3.3 Importance of Molecular techniques and Application of Markers in 

characterization of Polyploids and mutants. 

As the breeders use different breeding programs for producing high yielding varieties, 

similarly genetic diversity is assessed by different molecular techniques. Assessment of genetic 

diversity in plant proves to be simpler, reliable, small cost and reproducible method after the 

invention of techniques. A variety of DNA markers are now easily available for the 

classification of genus Citrus and its phylogenetic relationship with other related genera, and 

for molecular hybridization (Federici, et al., 1992; Yamamoto, et al., 1993; Federici, et al., 

1998) and similarly the widely use of Polymerase Chain Reaction (PCR) techniques (Nicolosi, 

et al., 2000; Gulsen, et al., 2007; Breto, et at., 2001). PCR based DNA markers i.e. restriction 

fragment length polymorphism (RFLP), random amplified polymorphic DNA (RAPD), simple 

sequence repeats (SSR), amplified fragment length polymorphism (AFLP), direct 

amplification of minisatellite DNA (DAMD), inter simple sequence repeat (ISSR) etc. 

(Weising, et al., 2005).  

Restriction fragment length polymorphism (RFLP) was the first techniques used in 

forensic and other field, played important role for mapping of human genome and 

identification of diseases (Emadi, et al., 2010). 

Amplified fragment length polymorphism (AFLP) has the widest application for 

analyzing the genetic variation, particularly for investigating the structure and differentiation 

among population of species (Hedrick, 1992). It rapidly generates highly replicable marker 
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from DNA, and emerged as new type of molecular marker having systematic, DNA 

fingerprinting and quantitative trait loci (QTL) mapping (Mueller and Wolfenbarger, 1999).  

The simplest and fast DNA molecular technique is RAPD which randomly amplify the 

fragment of DNA under low stringency conditions by short oligonucleotides (Williams, et al., 

1990). In the field of taxonomic studies of Citrus and differentiation of hybrids in breeding 

program, identification of mutation breeding, genetic diversity, phylogenetic analysis, marker 

assisted selection, genomic mapping, RAPD technique is widely used (Federici, et al., 1992; 

Bastianel, et al., 1998; Federici, et al., 1998; Cabrita, et al., 2001; Das, et al., 2004; Qian-hua, 

et al., 2011).  

SSR molecular markers have been used after its popularity due to its co-dominance, 

multi allelic nature, and high polymorphic response. It has become the most reliable molecular 

marker for studying the genome and genetic diversity (Goldstein, et al., 1999; Jannati, et al., 

2009). SSRs or microsatellites are comparatively short sequence elements which are composed 

of tandem repeat units having base pairs (bp) of 1 to 7 in lengths (Tautz, 1989).  

1.4 Objectives of the Present studies: 

 Following are the objectives of this study; 

 To develop the polyploids in Grapefruit through colchicine application. 

 Screening of morphologically distinguished plants among Polyploids and parents. 

 Screening of genetically distinguished different mutant cultivars of grapefruit from 

parent plants for future breeding and biotechnology programmed. 
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Chapter 2 

 

REVIEW OF LITERATURE 

2.1 Taxonomy of Citrus and grapefruit: 

 Citrus is very complicated and controversial genus as there is a high rate of sexual 

compatibility among the species of this genus and the related other genera like Poncirus, 

Fortunella etc. (Frost and Soost 1968; Malik et al., 2013; Nicolosi et al., 2000). Along sexual 

compatibility, there are certain other factors are also involve which make its taxonomy more 

complicated and ambiguous i.e. apomixes, somatic hybridization and somatic mutation, long 

history of different cultivations 

For classifying the genus citrus, from time to time, different classification systems were 

formulated. Among these systems, two systems i.e. Swingle and Reece (1967) and Tanaka 

(1977) were worldwide accepted. Swingle introduced only 16 species, whereas Tanaka put 162 

species in genus Citrus. But later on, Scora (1975) and Barret and Rhodes (1976) proposed that 

basically there are only three true species of Citrus which are citron (Citrus medica L.), 

pummelo (Citrus maxima (Burm)) and mandarin (Citrus reticulate (Blanco)) while the rest of 

all other species are hybrids of these three true species.   

Nair and Nayar (1997) surveyed mainly the methodology of Swingle and Reece and 

partially the classification of Tanaka including 18 taxa and 8 species under subgenus Citrus, 

three under Papeda and 7 indigenous citrus varieties under hybrid origin.  

2.2 Origin and distribution of Citrus: 

Most of the wild species of genus citrus are native to sub Himalayan tract of China and 

western Malaysia. Europe introduced their hybrids and gave modern Latin name. Alexander 

the Great brought citron to Europe, lemon introduced by Romans and Seville orange which 

was the cross of pummelo and mandarin. Similarly, Arabs introduced lime and pummelo. 

Sweet orange which was also the cross of pummelo and mandarin was brought by Portuguese 

in Europe. Grapefruit a hybrid of sweet orange and pummelo ascended in Caribbean. The 

lemon which is also a hybrid with unknown parent but characteristics analysis showed the 

relationship with C. jambhiri Lush. (rough lemon) (Mabberley, 1997). 
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2.3 Origin of Grapefruit and its Distribution: 

Grapefruit (C. paradisi Macf.) is a hybrid of pummelo (C.grandis L.) and sweet orange 

(C. sinensis L). No one exactly claim about the exact origin of grapefruit, but it appeared in 

Barbados near about 17th or 18th century (Sinclair, 1972; Kumamoto, et al., 1987 and Gmitter, 

1995). Initially it was known as "forbidden fruit" (Dowling et al., 1887) and also confused with 

shaddock or pummelo (C. maxima). Since grapefruit is poly embryonic like one of its parent 

i.e. pummelo, it seeds moved to several Caribbean islands including Cuba, Bahamas and 

Jamaica. It is then introduced to Florida in early 19th century as a seed by Count Odette 

Philippe. It is said to be that Duncan is the oldest variety of grapefruit which is white fleshed. 

Rouse, et al., (2001) thoroughly reviewed the origin of different varieties in United States. 

According to estimation all the citrus varieties or cultivars grown in Texas, above 70% are 

pigmented grapefruit (da Graca and Sauls, 2000). 59% per grapefruit propagations in Florida 

are pink and red varieties (Kesinger, 2002) whereas in Argentina, 94% grapefruit production 

is of pink and red varieties (Accari, 2000), in California 95% and in Turkey 70 % (Anon 2003). 

Pigmentation in grapefruit cultivars is due to lycopene and β-carotene (Matlack, 1935). 

Thompson pink, Ruby Red was pigmented because of the presence of β-carotene and lycopene 

pigments. This lycopene is not attached to the pigmented grapefruit. From Marsh (found in 

1860) and Walter (in 1887), the two white-fruited cultivars of Duncan grapefruit other 

pigmented varieties are derived. Foster was the first pigmented pink grapefruit derived from 

Walter budsport in 1907 (Shamel, 1920). After Foster, in 1913, another pink Marsh was found 

having pigmented flesh (Robinson, 1921), which was renamed in 1924 (Webber, 1948). 

Thompson Pink is still the commercial cultivars grown in California and Australia (Saunt, 

2000). 

2.4 Description of Grapefruit: 

Grapefruit is a vigorous and large tree which requires more space as compare to the 

other citrus trees. Tree mostly reaches 4.5 m to 6 m (15 ft to 20 ft). It sometimes reaches up to 

13.7 m (45 ft) with the passage of age. Tree has round top with spreading branches, and trunk 

may exceed to the diameter of 6 inches. Thorns of the tree are usually short and supple on the 

twigs. As Genus Citrus is evergreen and grapefruit have ovate leaves which are 3-6 inches long 

and 1.75-3.0 inches wide. Above surface of leaves is dark green and lower surface is light 
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green with rounded teeth on the margin and broad petiole. Oil glands are present. In flowering 

season, flowers appear on the leaf axils in clusters or single form which are white in color. 

Petals of flowers are four in numbers which are sometime up to 2 inches across. 4-6 inches 

round or slightly pear shaped fruits appear on the branch tips. A smooth surface, finely dotted 

peel fruits are formed in grapefruit. Some varieties of grapefruit are white and other are 

pigmented red or pink with solid or semi-hollow center. A large number of seeds, up to 90 

white pointed ending in few varieties. Seeds are 0.5 inches (1.25 cm) in length which are poly 

embryonic in nature as compared to other pummelo (Morton, 1987). It is hard tree which is 

tolerant to heat and cold.  It is grown on central and southern parts of Punjab and northern 

Sindh as the climate encourage the cultivation of grapefruit.  

2.5 Poly-Embryony; a great feature of genus Citrus: 

Leeuwenhoek (1719) discovered the phenomenon of polyembryony first time in two 

plantlets formation from the same seed of citrus (Batygina and Vinogradova, 2007). Later in 

citrus the formation of adventive embryos from nucellar cell which later called adventive 

polyembryony (Strasburger, 1878). In most of the angiosperms, seed has single embryo but in 

genus Citrus, there are some species/ cultivars which have more than one or two embryos in 

single seed. This characteristic of multiple embryos per seed which is called Poly-embryony 

make these cultivars different from the rest of other cultivars of genus Citrus. In 

Polyembryony, sac of zygotic embryos are covered/ surrounded by many nucellar and non-

zygotic embryos (Koltunow, 1993).  As the embryo sac expands after absorbing water, these 

nucellar embryos get access to the endosperm for developmental process. After initiation of 

seedling, these developed nucellar embryos has the same genotypes of the female parent 

(Koltunow, et al., 1996). Large numbers of embryos are present in most of the species of citrus 

which is called polyembryonic. Two or more embryos develop in a single seed (Fusurato, 

1957). The presence of these nucellar embryos in singles seed has a great interest for the 

taxonomists. Among three species i.e. C. maxima (pummel), C. medica (citron) and C. 

reticulate, only C. reticulate is poly-embryonic whereas the other both are strictly mono-

embryonic. 
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2.6 Nutritional value of Citrus and Grapefruit: 

Grapefruit is delicious and have refreshing nature, a rich source of phytonutrients like 

vitamin A, lycopene and beta carotene. For its unique nature of promoting health, it is well known 

as “Fruit from the paradise”. It protects the body against number of diseases and leads to the fitness 

and enthusiastic mode. Citrus has a lot of beneficial nutrients and phytochemical. It has variety 

of minerals, vitamin, fibers, carotenoids, limonoids and flavonoids which helps in maintaining 

the biological activities of human body (Codoñer and Valls, 2010). It lowers the risk of disease 

because it has antioxidant behavior which has positive impact with bones, cardiovascular and 

improving the immune system (Radhika, et al., 2008; Boeing, et al., 2012).  Grapefruit is taken 

as a breakfast to start the digestion process and aid in losing weight. It is a source and key of 

lowering the cholesterol level because it has number of soluble fibers, pectin which helps to 

reduce the level and treating the type II diabetes by breaking the liver fat and increasing the 

insulin sensitivity. It is a good source of vitamin C which strengthens the immune system of 

the body. The red and pink color of grapefruit is due to the presence of lycopene which is a 

strong and powerful antioxidant. Citrus contains large amount of vitamin C, folate and fibers. 

Vitamin C is water soluble, which helps in iron metabolism and a cofactor in various enzymatic 

activities and hormonal processes occurring in the body (Anonymous, 2006; Meister, 1994; 

Palacios, 2006). As ascorbic acid (Vitamin C) strengthen the immune system by stimulating 

the white blood cells (Wintergerst, et al., 2006), minimize the risk of preeclampsia during 

pregnancy (Chapper, et al., 1999) and lessen the effect of cold (Wintergerst, et al., 2006).  

Since citrus contains variety of carotenoids in its juice. Almost 50 different types of 

carotenoids are present in the diet of human being. These carotenoids promote the immunity 

(Britton, 1995; Frankel, 1980), promote bone formation and enhance health (Petro, et al., 1981; 

Gallicchio, et al., 2008). Similarly, folate works as a coenzyme in the body and convert 

deoxyuridylic acid to thymidylic acid. It is necessary for DNA production. During pregnancy 

large quantity of folate is required for producing DNA, so its deficiency leads to a severe 

complications to giving the birth and also increase the risk of atherosclerosis and heart diseases 

(Green, 2002).  

It is the major source of flavonoids and limonoids. Its membrane contains highest levels 

of bioactive compounds, its seeds and peels have high content of flavonoids. These flavonoids 
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have the anti-inflammatory action, also helps to reduce the cholesterol and triglyceride (Jeon, 

et al., 2007; Habauzit, et al., 2011).  Limonoids have the inhibitory action against the cancer 

of pancreas, stomach, colon and breast cancer. It also reduces the skin tumor (Chidambara, et 

al., 2011a; Chidambara, et al., 2011b) along with the antiviral and antibacterial properties 

(Battinelli, 2003; Astani, 2009).  

Table 2.1 below shows the nutritional value of grapefruit in relation with oranges and 

tangerine. 

Table 2.1  

 Orange Grapefruit Tangerine 

Energy (kcal) 47 42 53 

Carbohydrates (g) 11.75 10.66 13.34 

Protein (g) 0.94 0.77 0.81 

Total fat (g) 0.12 0.14 0.31 

Cholesterol (g) 0 0 0 

Dietary fiber (g) 2.40 1.60 1.80 

Folate, Total  30 13 16 

Niacin (mg) 0.282 0.204 0.376 

Pantothenic acid (mg) 0.25 0.262 0.216 

Pyridoxine (mg) 0.06 0.053 0.078 

Riboflavin (mg) 0.04 0.031 0.036 

Thiamin (mg) 0.087 0.043 0.058 

Vitamin C (mg) 53.20 31.20 26.70 

Vitamin A (IU) 225 1150 681 

Vitamin E (mg) 0.18 0.13 0.20 

Vitamin K (µg)  0 0 0 

Sodium (mg) 0 0 2 

Potassium (mg) 181 135 166 

Calcium (mg) 40 22 37 

Copper (µg) 45 32 42 

Iron (mg) 0.10 0.08 0.15 

Magnesium (mg) 10 9 12 

Manganese (mg) 0.025 0.022 0.039 

Zinc (mg) 0.07 0.07 0.07 

β-Carotene (µg) 71 686 155 

α-Carotene (µg) 11 3 101 

Cryptoxanthin (µg) 116 6 407 



 
 

13 
 

Xanthophyll 129 5 138 

Lycopene  0 1419 0 

Note: All values are listed as per 100g fruit. 

Source: USDA National Nutrient Database for Standard Reference, Release 24, 2011 

Table: Amino acid concentrations in Pigmented and non-pigmented varieties of 

grapefruit. 

Amino acid Grapefruit White Grapefruit Pink and Red 

Tryptophan 7 8 

Threonine 12 13 

Isoleucine 7 8 

Leucine 13 15 

Lysine 17 19 

Methionine 7 7 

Cysine 7 8 

Phenylalanine 41 13 

Tyrosine 7 8 

Valine 14 15 

Arginine 78 87 

Histidine 7 8 

Alanine 22 24 

Aspartic acid 123 138 

Glutamic acid 176 197 

Glycine 13 15 

Proline 56 63 

Serine 25 28 

Note: All values listed are mg/100 g fresh weight, edible portion.  

Source: USDA National Nutrient Database for Standard Reference, Release 24, 2011. 

 



 
 

14 
 

2.7 Polyploidy, impact and it importance in improving crop breeding: 

 Ploidy or ploidy level is a term used to refer the complete set of chromosome which is 

represented by the symbol “x”. For diploid set of chromosome, the individual is shown as “2x”. 

Similarly the increased set of chromosomes it is referred with triploid (3x) tetraploid (4x), 

pentaploid (5x) and so on. It is so important to identify the chromosomal number that at the 

time of meiosis, half of the gametic formation occurs into egg and sperm which are represented 

by “n”. For example birch tree which is tetraploid in nature, and it 2n is written as 2n=4x=56 

(Ranney, 2006). The process polyploidy is a prominent process and it has great link with 

historical evolutionary mechanism of plants. According to estimation about 47-70% of all 

flowering plant, they have an origin of polyploidy (Grant, 1981; Goldblatt, 1980; Ramsey and 

Schemske, 1998). Commercially grown fruits of polyploid are quite successful because they 

carry all the favorable characteristics like larger fruit size, high production of fruits, disease 

resistance characteristics seedless or very few number of seeds (Sanford, 1983; Predieri, 2001).  

2.8 Types of Chemical mutagen: 

Certain chemicals are being used as a mutagen for breeding purposes. In horticulture, 

genetic variation is carried out by spontaneous variation as well as somaclonal variation 

techniques. For this type of variation chemical mutagens like sodium azide (NaN3) and 

ethylmethanesulphonate (EMS) are commonly used (Sakhanokho, et al., 2012). Colchicine 

was also a very powerful alkaloid mutagen wide used in fruit crop for inducing doubling of 

chromosome. There is a huge list of fruit crops where colchicine was used such as grape 

(Derman, 1954), peach (Derman, 1965), strawberry (Sebastiampillai and Jones,1976; Evans, 

1982; James, et al., 1987), blueberry (Perry and Lyrene, 1984), banana (Hamil, et al.,1992; 

Van, et al., 1996), apple (Liu, et al., 2001), citrus (Herrera, et al., 2002; Usman, et al., 2008) 

and pear (Kadota and Niimi, 2002). Colchicine, trifluralin and oryzalin are the most commonly 

used antimitotic agents. Trifluralin proves more effective as it gave 27.5% more reliable 

response as compared to oryzalin and colchicine (Dhooghe, et al., 2009), whereas colchicine 

showed only 23.3 % polyploids.  

2.9 Impact of mutagens in breeding programs for inducing Polyploids: 

Maherali, et al. (2009) studied the comparison relationship between naturally occurring 

diploid and colchicine induced tetraploid of fireweed. Large stomata, increased in the diameter 
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of stem were observed in colchicine induced tetraploid of fireweed (Chamerion angustifolium). 

Along with morphological characteristic, a great and special capability of drought tolerance 

was observed in tetraploids as compared to the diploid fireweed.  

Ramsey (2011) checked the survival percentage among hexaploids and tetraploids of 

transplanted seedlings which were raised in greenhouse. Hexaploids seedlings showed five 

times more survival rate as compared to the tetraploids. Similarly 70% survival rate f seedling 

from the seeds which were collected from the seeds of neohexaploids as compared to the 

tetraploids. It shows that the polyploids have the adaptations to the new environment. 

Crop improvement techniques are wide adopted now a day. Liu, et al., (2007) improved 

the ornamental traits of Plantanus acerifolia by producing tetraploids. The colchicine was used 

in apical meristem of young seedlings. In this method, Liu et al., (2007) found that no mature 

tetraploids were survived due to deleterious chromosome of root growth. Colchicine also 

affected the growth of stems and leaf. Screening of tetraploids was carried out on the basis of 

stomatal size, numbers of stomatas per leaf. Tetraploid plants were found to be different from 

diploids as they were thicker, compact, and wider leaves. Flow cytometry confirmed the 12 

polyploids, 4 tetraploids and 3 diploid.  

In vitro regeneration and androgenesis of C. Arabica cv. Caturra with the colchicine 

was an effective and efficient method (Herrera, et al., 2002). Microspore culture on 

regeneration media boost up the regeneration process. Different exposure timings were 

performed but the excellent response was found at 48 hours colchicine pre-culturing at 100 

mgL-1. 

Usman, et al., (2008) brief introduced the behavior of colchicine on the cell division 

process. Colchicine hinders the chromosomes at anaphase to divide and produce polyploids. 

Usman, et al., (2008) used colchicine on the endosperms of Kinnow, mandarin and succari as 

explant source for regeneration on In vitro culture protocols. BA, NAA at the dose of 10mgL-

1 and 2mgL-1 were used as regeneration in the MS and MT mediums respectively. The 

highest rate of polyploids was found at 53.67% of colchicine. The morphological 

characterizes like leaf size, shoot length and bud sprout percentage was inversely 

proportional to the application of colchicine.  

Jaskani, et al., (2002) studied the comparison behavior and morphological 

characteristics of diploids and tetraploids of Kinnow (C. reticulata Blanco). In diploids trees 
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of citrus (Kinnow) length spreader and trunk girth was higher as compare to the tetraploids. 

Whereas weight of fruit, diameter, and rind thickness were more in tetraploids compared to the 

diploid i.e. 153.3 g, 18.4 cm, and 0.70 cm respectively. Similarly, broader and thick leaves 

were also noticed in tetraploids. Stomatal density was higher in diploids whereas the length 

and diameter of stomata was higher in tetraploids.  

Gu, et al. (2005) reported the efficient method for the production of the tetraploid plants 

by using colchicine in vitro. Colchicine is used as chromosome doubling mutagen and 

producing tetraploids. The number of stomata or stomatal density was reduced in tetraploids 

as compared to the diploids. Wider stomata were also found in tetraploids.  

Zeng, et al., (2006) treated the protoplast of kumquat and callus of C. sinensis with 

colchicine for chromosomal doubling purpose. Colchicine hindered the viability of protoplast 

and also delayed its division. It also inhibited the growth of callus which showed the toxicity 

to the cell. Different concentration levels of colchicine (0.01 % and 0.1%) were used for 

different time durations i.e.  8, 16 and 24 h. The response of cultured ex-plant was different at 

each level and time duration. Results of Flow cytometry detected the tetraploids in cell line 

and emryoids and the highest frequency was recorded to be 19.23%.  

Tetraploid production has a great influence in the horticultural crops. Desirable 

characteristics like increase in the size of leave for more photosynthesis rate, more number of 

leaves and better and large sized fruits are obtained by inducing the diploid into tetraploid. 

Tetraploid also leads to the provision of wider germplasm as a breeding tool in horticulture 

(Aranda, et al., 1997; Thao, et al., 2003; Zhang, et al., 2007). 

2.10 Impact of gamma irradiated for inducing mutation in breeding program: 

Kinnow is the major fruit of Pakistan but unfortunately it is exported on a very small 

scale due to large number of seeds in it (25±5). Mutation breeding used to get the desirable 

traits of less number of seed per fruit. Khalil, et al., (2011) irradiated the budwoods and grafted 

them on the jambhiri rootstock. The results showed that the mutants of 20 Gy dose of gamma 

radiation having only 5±3 seeds. This technique also helped to improve the quality of fruit as 

well as juice as compared to the parents. 

In the field of breeding program, gamma radiation is not only used for crop 

improvement but also used in healing and sterilization of food. Different researchers assess the 

effect of gamma radiation with different levels/doses of gamma radiation i.e. 0 to 50 Gy in 
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Citrus.  Ling, et al., (2008) analyzed the biochemical behavior of citrus in which total protein 

soluble and highest soluble protein were achieved at 50 Gy (highest level used for experiment) 

whereas the lowest results were obtained at lowest level of gamma irradiation level i.e. 10 Gy. 

Similarly, peroxide contents and chlorophyll a were found highest in mutant as compared to 

the control. 

Conventional breeding is very laborious, time consuming and expensive whereas the 

mutation breeding have heterozygosity, long juvenile period and polygenic plants. Sutarto, et 

al., (2009) exposed the budwoods of C. grandis L. Osbeck and C. reticulate L. Blanco with 20 

– 60 Gy dose of gamma irradiation. After three years of budding on Japanche citron, these 

irradiated plants were checked for number of seed per fruit, quality of fruit, color and taste. 

The fruits appeared on plants treat at 20 and 40 Gy showed the seedless fruit lines also having 

better fruit quality.  

Seedless citrus fruits production was always the main objective for researchers. 

Different techniques were used in past for achieving this goal. Goldenberg, et al., (2014) used 

eight different citrus cultivars and irradiated with gamma radiation. With the use of 

mutagenesis, 70-92% reduction in the number of seeds was reported but it delayed the rate of 

ripening of fruits. Biochemical and nutritional changes were also observed which were not 

constant in all the cultivars of citrus. Some shoed low juice, high soluble content, changes in 

total antioxidant activity high acidic and vitamin C contents in the juice of these treated 

cultivars. 

Bermejo, et al., (2011a) used gamma radiation to produce seedless citrus. Irradiation 

showed its impact on some surprising characteristics like very less number of seed per fruit 

and low pollen viability. Some closes also showed the improvement in the quality of fruit. 

2.11 Molecular Marker Assisted Study 

Genetic characterization is the most important and powerful tool to identify the genetic 

diversity of crops. Since genus Citrus is the wider group of Kingdom Plantae. Great genetic 

variations exists among the different cultivars of genus Citrus because of mutation, highly 

sexual compatibility and other related genera and apomixes behavior of the crop (Scora, 1988). 

Taxonomic and phylogenic characteristics were verified with the help of molecular marker. 
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Molecular marker may be based on molecular hybridization (Yamamoto, et al., 1993; Federici, 

et al., 1998) or PCR based ((Nicolosi, et al., 2000; Breto, et al., 2001; Gulsen & Roose, 2001). 

2.11.1 Type of Molecular Marker 

A variety of molecular markers are being used to analysis the genetic variation of citrus 

crop. But most of all these markers, RAPD and SSR are most commonly used. For example, 

Random Amplified Polymorphic DNA (RAPD) is used in verifying the genetic 

characterization for the diversity among Citrus crop (Coletta Filho, et al., 1998; Das, et al., 

2004) in breeding program of citrus hybrids (Bastianel, et al., 1998) and similarly for 

phylogenetic characterization analysis (Machado, et al., 1996; Nicolosi, et al., 2000). Simple 

Sequence Repeats (SSR) commonly said to be Microsatellite was mostly extensively used for 

genetic studies (Zane, et al., 2002). 

A variety of molecular markers has been used to study the genetic diversity i.e. 

Isozymes, RAPD and RFLP (Abkenar and Isshiki, 2003; Coletta, et al., 1998; Coletta, et al., 

2000; Das, et al., 2004) to show the relationship within the genus citrus (Fedrici, et al., 1998; 

Nicolosi, et al., 2000) for classifying the crop. SSRs (microsatellite markers) were of great 

importance for identification of varieties, phylogenetic characterization, analyzing the genetic 

diversity and germplasm collection, distribution of genomes, verification of clone or species 

other Mendelian characterization (Ahmad, et al., 2003; Corazza-Nunes, et al., 2002; Fang, et 

al., 1998; Jiang, et al., 2006; Krueger and Roose, 2003), also for establishing the genetic maps 

(Chen, et al., 2008; Cristofani, et al., 2003). 

Conventional method of characterization such as morphological and cytogenetics 

characterization has a lot of limitations and time consuming. To fulfill this deficiency, 

molecular approaches open the new era to solve the issues of Citrus taxonomy (Kumar, et al., 

2012). The mystifying status of citrus has been resolved by using different markers like 

iszymes (Herreto, et al., 1996) RAPD and PCR-RFLP (Abkenar, et al., 2004; Jena, et al., 

2009), SCAR (Nicolosi, et al., 2000), AFLP (Pang, et al., 2003), SSR (Barkley, et al., 2003), 

ISSR (Shahsavar, et al., 2007) and sequence data analysis of ITS region of nr DNA (Kyndt, et 

al., 2010; Pessina, et al., 2011) 
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2.11.2 Impact of Molecular Analysis for improving and identifying the Citrus crop. 

Abedinpour, et al., (2014) evaluated the phylogenetic and genetic diversity of 29 citrus 

cultivars with the help of IRAP-1 and IRAP-2 for maximum and minimum polymorphic band 

analysis. Five different primers were used to determine the genetic diversity. Cluster analysis 

clearly showed the five different groups. Lowest similarity index (0.34) was found in mandarin 

whereas highest similarity index values were found in Pummelo which clearly showed the 

distinction among these two groups of citrus. 

SSR molecular markers are widely use in finding the genetic diversity among the citrus 

cultivars. Al-Mouei and Choumane (2014) used twenty primers of SSR. Results showed the 

six monomorphic while 95 polymorphic bands. Lemon showed the highest diversity and 

mandarin showed the lowest genetic diversity. A range of 0.079-0.533 was found in the genetic 

diversity of grapefruit and mandarin. Two distant groups of citrus were obtained while in 

dendrogram construction. In one group, four accessions i.e. sweet orange, Kumquat, grapefruit 

and pummelo while in the second group only have lemon. This SSR analysis strictly proved 

that grapefruit and mandarin have close resemblance.  

SCARP and SSR markers are also commonly used to find out the phylogenetic 

relationship among the citrus germplasm on a wide scale.  Amar (2012) constructed 

phylogenetic tree by using neighbor joining (NJ) and maximum parsimony (MP). Variation 

was also found in SCARP analysis which proved to be more efficient in finding the 

evolutionary relationship of citrus than SSR. Aydin, et al., (2010) used ISSR markers to study 

the polymorphism in pummel, grapefruit and citrus.  By using 12 ISSR, hundreds of fragments 

were produced in which 62 were polymorphic in 5 pummelo (C. maxima (Burm)), 29 

grapefruits (C. paradisi Macf) and one citrus hassaku Hort, Ex Tanaka accessions. The mean 

PIC value, similarity index was observed by UPGAMA analysis. Among all these accessions 

grapefruit showed very low variation due to its origin of mutation.  

Baig, et al., (2009) used 250 RAPD markers to study the genetic diversity among citrus 

crop. Five hybrids, eighteen cultivars and thirteen species were used as an experimental 

sample. 231 out of 250 markers showed polymorphism. Highest similarity (82%) was observed 

in Blood red and Jaff whereas Mandarin and Jatti-Khatti showed the more divers relationship. 

This diverse relation strictly clarify that they have different origin. 



 
 

20 
 

Cevik and Moore, (2007) used AFLP molecular markers to build the linkage map of 

citrus. From a large population of complex intergenic crosses of [P. trifoliata L.  Raf. xC. 

paradisi Macf.] xC. grandis L. Osb.] x [ C. reticulata Blanco x P.trifoliata . Raf) x C. paradisi 

Macf.] xC. sinensis L. Osb.) x [  C. paradisi Macf x P. trifoliate L. Raf.], DNA was extracted 

from 30 plants. Phylogenetic linkage map was made by 63 RAPD markers. Nine linkage 

groups give the impression where maximum linkage length was 314.8 cm and the markers 

were 5.07 cm distant from each other. 

Chai, et al., (2013) used EST-SSR molecular marker to evaluate the genetic mapping 

and polymorphism in pummelo. 212 molecular markers were used to observe the genetic 

diversity. In PAGE analysis, 136 bands appeared which showed the 53% polymorphism into 

the population. These segregated markers were further divided into four major types i.e. partly 

informative (59 %), full informative (8%) male and female informative (15 % and 19% 

respectively). A highly phenotypic variation, taxonomy, mapping and fingerprinting and 

phylogenetic inference in citrus was efficiently determined by EST-SSR marker. 

Corazza-Nunes, et al., (2002) used SSR and RAPD markers to check the genetic 

variability of three pummelos and 38 grapefruit at the same time. 49% polymorphic bands in 

RAPD and 6 alleles per SSR loci were observed.  PIC value was changed from 0.093 to 0.450. 

Phonetic tree was constructed by UPGAMA analysis which helped to recognize the two main 

classes of grapefruit. 

SSR molecular markers reduces the cost and time duration of identifying the 

polymorphism and genetic diversity of different species. Cota, et al., (2012) used eleven SSR 

markers to identify the paternity and to analysis the genetic structure of natural population of 

the plant. It also helped to estimate the gene flow, interspecific comparison and species 

crossing preference by the loci. Debbabi, et al., (2014) collected thirty germplasm of citrus and 

used AFLP markers for analysis of these thirty varieties. PCR product was examined in 

automated capillary electrophoresis sequencer. 30 polymorphic molecular markers were 

recognized on the basis of absence (0) and presence (1) and transformed (0/1) combination 

with three AFLP primers.  PIC value was 0.16 to 0.22 whereas 0.81 was the average value of 

each primer. Similarity index clearly showed the similarity in the genetic make-up of these 

citrus cultivars.  
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Selection of desirable character is always the best demand of a breeder in breeding 

program. In citrus cultivation, rootstock has great impact on the growth of tree. El-Mouei, et 

al., (2011) used 17 operon primers and 10 microsatellites for the analysis of rootstocks of 31 

genotypes of citrus. The sour orange showed the highest value while Cleopatra showed the 

lowest value in relationship among rootstocks and diversity of genome. Dendrogram analysis 

showed the linkage between different rootstocks. Two main groups were established where 

forst group was P. trifoliata and its hybrids and the second consists of other remaining 

rootstocks.  

Traditional breeding methods are very time consuming, ineffective and irrelevant. Both 

tissue culture and genetics opened the new pathway of modern breeding program. Gmitter, 

(1994) identified the closely related locus of citrus and developed the somatic embryogenic 

method for the recovery of fruit chimeras. It has been noticed that the problems of hybrid, 

juvenility and nucellar embryony could be avoided by induced mutagenesis.  

Hvarleva, et al., used six RAPD markers and ten microsatellite to analyzed the 51 

accessions of citrus. Both these markers showed discrimination by showing very low 

polymorphism. RAPD and SSR markers discriminated commercial Lisbon and Lapithou 

which included three cultivars of lemon and their clones). The local cultivars of Koumantantas 

was recognized as sour orange with help of microsatellite 

Alleles are the fundamental factor for genetics changes which controls the physical, 

chemical and environment. These alleles are present on the different locus of the chromosomes. 

Khan, et al., (2012) studies the long and short term genetic variations in different species of 

plants. The rare and endangered species have very low rate of survival so that’s why it shows 

the low diversity of the genomes. In vitro and In situ methodologies are very suitable for the 

conservation of DNA of the plant species.  

Morillo, et al., (2009) efficiently evaluated the electrophoresis method for the 

identification of polymorphism. Two methods are commonly used to detect the polymorphism 

in citrus cultivars i.e. agarose gel electrophoresis method and polyacrylamide gel 

electrophoresis. In these methods, PAGE proved to be more efficient and accurate method for 

higher resolution of DNA bands. It showed the heterozygosity as well as similarity of 51 

accessions of citrus.    
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Novelli, et al., (2006) developed genomic library of citrus by using SSR markers and 

AAC/TTG, AG/TC, TCA/AGT and GT/CA sequence repeats. 171 pair of primers were used 

for 279 fragment sequence. There were 113 best-banding pattern selected. Ramzan and 

Ghafoor (2012) used five SSR markers (CCSM18, TTA15, CCSM147, TTA33 and TTA27) 

to characterize the hybrids of citrus. Out of these five markers only two markers (CCSM147 

and TTA15) were chosen for the identification of hybrid. These hybrids are used in different 

breeding improvement methods. 

Sharma, et al., (2015) used microsatellite marker for assessing the genetic diversity of 

grapefruit. Six varieties of grapefruits were collected with two replicates for the experimental 

purpose. 334 bands of polymorphism were obtained from 23 primers of SSR and ISSR. The 

average polymorphism per primers was of 23.85 bands with PIC value of 0.248.  The similarity 

index and variation was very low i.e. 0.97 and 0.95 which showed that there was very low 

variation in grapefruit.  

Warburton, et al., (2005) used AFLP markers to evaluate the morphological 

characteristics of 63 cultivars of mandarin. Qualitative and quantitative characters of flowers, 

leaves and fruits were carried out. 109 clear and prominent bands with 86% polymorphism 

were appeared in analysis.  

Yildiz, et al., (2013) used 11 SSR primers to produce the efficient method of 

hybridization by eliminating the nucellar individual   from the hybrid crosses of Robinson and 

Fremont as female and male parent i.e. Midknight Valencia,Rio Red, Valencia Late,oranges 

and Rhode Red Valencia. 

Yun-Jiang, et al. (2003) evaluated the chloroplast genome of plant by using molecular 

markers. The special marker was developed (chloroplast simple Sequence repeat) and analyzed 

the genome successfully in citrus hybrid. The twenty two primers of the marker that were 

isolated from different species of plant, then tested in citrus and only nine markers could 

amplified by PCR. The PCR product was analyzed in agarose gel electrophoresis. The 

polymorphism was screened only by five out of nine. The polymorphism was detected on 

PAGE polyacrylamide gel electrophoresis. The chloroplast of citrus somatic hybrid was 

revealed random inheritance that was reported on CAPS and RFLP. cpSSR is more efficient 

marker to detect the inheritance in higher plants as compare to CAPS or RFLP. 
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Zhu, et al. (2009) investigated triploid used as the maternal parent with the help of 

SSRs molecular marker. Triploid was used for production of seedless fruit. The open-

pollinated triploid seeds were formed by the cross of tetraploid HR (C. sinensis cv. Hamlin + 

C. jambhiri cv. Rough lemon) and citrus BHR (Citrus reticulata cv. Bendizao). The seeds were 

showed significant difference in leaf morphology. The genetic composition and variation were 

detected by SSRs and flow cytometry method. Triploid was derived from the nucellar 

apomixes and it was predominant in 42 progenies. 

2.12 Citrus Genome: 

With increased human population and rapid urbanization citrus production is globally 

effecting. This development leads to the production of citrus in comparatively in less desirable 

region which increased the challenges for sustainable production of the crop both in term of 

quantity and quality. The genetic sources of citrus must full these challenges to maintain good 

quality crop. Number of strategies are being adopted worldwide to overcome these losses and 

preservation of genetic resources. 

2.12.1 Linkage Mapping: 

Citrus and its genera are mostly diploid except few are triploids and some others are 

tetraploid. Mostly these are sexually compatible in nature (2n = 2x =18). These are having 

small and poor genome as in sweet orange which is 367 Mb, a three times less of Arabidopsis 

(Arumuganathan and Earle 1991). Complete Citrus genomic sequences are still the interest of 

breeders and geneticists.  Genetic and physical mapping empowered the schematic selection 

easy with neutral molecular markers which reduced the time consumption and inefficient 

approaches on phenotypic characterization. New marker system helped in evolution since last 

two decades by genetic linkage. Leaf isozymes was the first reported linkage mapping to citrus 

(a large  Citrus × Poncirus family) (Torres, et al., 1985) in which five markers were initially 

reported for inter-generic mapping.  

RFLP technology is most commonly incorporated now a days with isozymes and new 

maps was obtained resulting with 35 markers in 8 linkage groups which are covering 314 cM 

within citrus family (Liou, 1990), similarly mapping in inter-generic citrus with 52 and 35 

markers shows the 11 and 10 linkage groups with 533 cM and 351 cM which were derived 
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from two different individuals of F1 hybrids respectively (Durham, et al., 1992; Jarrell, et al., 

1992).  Population map was produced by RAPDs (Cai, et al., 1994) by increasing the number 

of markers from Durham’s map and linkage groups were decreased, Sankar and Moore, (2001) 

extended the coverage of markers  in the same map by the use of ISSRs. 

Incorporation of SSR loci helped for the improvement of Jarrel’s map (Kijas, et al., 

1997) which were advanced more by the development of ISSR marker to 156 markers with 16 

linkage groups across 701 cM (Roose, et al., 2000). de Simone, et al., (1998) and Ling, et al., 

(1999) used AFLP for citrus mapping.  

Chen, et al., (2007) summarized the citrus genome maps with specific single gen 

identifying gene along with QTL religion. For broad term application, different markers like 

RFLPs, CAPS, SSRs, SCARs and SNPs are more reliable as well more desirable. Deng, et al., 

(1997) used SCAR markers for the first time for CTV resistance genes from Poncirus trifoliate. 

SCARs markers were converted into to CAPS, as it could not amplified without some 

restriction products.  

In Citrus breeding, SNPs and Insertions/ deletion are widely adopted (Collard, et al., 

2008). Genetic variations are being improved by the phenotypic variation over a wide genomic 

traits and mapping (Santure, et al., 2018; Thorwarth, et al., 2018). Identification of up to date 

SNPs from NGS dataset is quite laborious and it needs wide range of computational resources 

(Wang, et al., 2018). 

 Number of loci were severely short at the beginning, when codominant makers i.e. 

SSR, CAPS. SCAR, RFLP and SNPs. There were very few markers which were targeting on 

specific chromosome on QTLs that allowed relative mapping among different genetic sources 

of Citrus (Garcia, et al., 1999).  

2.12.2 BAC and EST Libraries: 

Terol, et al., (2008) analyzed three BAC libraries from Clementine and observed 

46,000 BAC end sequences. Citrus clementine is natural a diploid plant and it has genome size 

which is estimated 367Mb with 2n = 18 chromosome number. These BAC libraries helped the 

genomic tools to improve the genetic information.  
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Yang, et al., (2001) described two BAC libraries from poncirus. It helped in 

constructing the map based gene cloning against citrus tristezia virus resistance to prevent the 

economic damages and losses. Similarly these efforts help to boost up the genetic resources 

for sweet orange (Talon and Gmitter, 2008). Sequencing of BAC cloning has caused a 

revolution in the field of breeding and gene sequence. Both BAC and EST libraries have 

developed very extensive resources for the accessions of citrus. Specific genes are represented 

by these EST based sequenced markers and perform estimated known type of functions.  

Omura, et al., (2000) stated 131 mapped CAPS markers which were developed from 

EST sequences. These markers were allocated into other 9 linkage groups for 685 cM coverage. 

A wide research on large scale for the usage of many types of SSR motifs has gain the public 

availability of software programs and designed the accurate primer to identify and maps for 

EST-SSRs in Citrus databases in the USA (Clase, et al., 2006; Chen, et al., 2006) and first 

reported map was published for sweet orange and Poncirus trifoliate (Chen, et al., 2007).  

Garcia, et al., (1999) mapped the genes in Citrus and Poncirus related to apomixes and 

used CAPS with other marker i.e. RFLPs, RAPDs and Isozymes for it.  Since these co-

dominant markers and SNOs were also used previously and found very limited loci.  

Collaboration of EST- SSR mapping efforts had smoothened the pathway of full length 

sequences of haploid citrus genome (Luro, et al., 2007). 
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Chapter 3 

MATERIALS AND METHODS 

The present study was carried out in the Plant Tissue Culture Cell, Institute of 

Horticultural Sciences and Center of Agriculture Biotechnology and Biochemistry, University 

of Agriculture, Faisalabad, Pakistan. 

Different cultivars of Grapefruit were selected from Experimental Fruit Garden Sq. No. 9, 

UAF. Selection of cultivars of grapefruit was made on the basis of flesh pigmentation. These 

varieties are categorized as follow; 

1. White Pigmented Cultivars:  

Foster, Frost Fresh and Reed are white fleshed varieties  

2. Pink Pigmented Cultivars: 

Shamber, Red Mexican Foster and Red Blush are pink fleshed varieties. 

Experimental Division of Research Work: 

Research work was divided into these four experiments. 

3.1 Effect of gamma irradiation on budwood growth and morphology. 

3.2 Assessment of genetic polymorphism in irradiated germplasm. 

3.3 Effect of colchicine on plant growth under in Vitro and In Vivo conditions. 

3.4 Cytological characterization of colchiploid germplasm. 

3.1 Effect of gamma irradiation on budwood growth and morphology: 

3.1.1 Selection of Budwood: 

Healthy, succulent budwood of following cultivars was selected from the Experimental Fruit 

Garden Sq. No. 9 UAF.  

 V1 Shamber 

 V2 Red Mexican Foster 

 V3 Red Blush 

 V4 Reed 
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 V5 Foster 

 V6 Frost Fresh 

3.1.2 Budwood Irradiation: 

Bundle of twelve bud sticks were packed in polythene bags and irradiated with gamma rays 

(Bermejo, et al., 2011b) from Nuclear Institute of Agriculture and Biology (NIAB), Faisalabad 

on the basis of following doses. 

 T0 Control 

 T1 20 Gy 

 T2 50 Gy 

 T3 80 Gy 

 T4 110 Gy 

 T5 140 Gy 

3.1.3 Grafting of Irradiated Budwood: 

The irradiated buds sticks were grafted on Rough lemon (Citrus jambhiri Lush.) in September-

October. Grafted buds were covered with polythene to protect the moisture contents of 

budwood. After six months, polythene covers were removed and sprouting percentage was 

calculated. 

3.1.4 Data Collection: 

3.1.4.1 Morphological Characterization: 

1. Survival Percentage 

2. Leaf morphology 

i. Number of leaves 

ii. Leaf length (cm) 

iii. Leaf width (cm) 

iv. Leaf area (cm2) 

3. Shoot length (cm) 

4. Number of branches 
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3.1.4.2 Statistical Analysis: 

Statistical analysis was based on twelve plants in total. Four plants were selected per replication 

and total three replicates for each dose level. Experiment was laid out to Randomized Complete 

Block Design (RCBD) and collected data was analyzed with statistical techniques and 

significance among treatment using DMR test (Steel, et al., 1997). 

3.2 Assessment of Genetic Polymorphism in Irradiated Germplasm 

Genetic characterization of irradiated germplasm was carried out in Transgenic 

Laboratory, Center of Agricultural Biochemistry and Biotechnology (CABB), University of 

Agriculture, Faisalabad, Pakistan. 

3.2.1 Plant material: 

Fresh samples of disease free and young leaves were taken from the fruit plant nursery. 

Leaves were washed with tap water thoroughly to remove the dirt particles.  

3.2.2 DNA isolation by CTAB method: 

DNA was isolated for genetic characterization in grapefruit mutants using Cetyle 

trimethyl ammonium bromide (CTAB) method for DNA isolation (Murray and Thompson, 

1980). One gram of washed and cleaned leaves were cut into smaller pieces for fine grinding. 

One ml CTAB buffer solution was added in the leaf samples and fine grinding was carried out 

with the help of pestle and mortar.  

3.2.3 Hot Water incubation and Removal of Protein Particles: 

Fine grinded portion of leaves in CTAB were poured into the Eppendorf tubes and put 

into water bath for 30 mints incubation at 65οC. Equal amount of Chloroform and Isoamyl 

Alcohol (24:1) was added in the Eppendorf tubes after incubation in hot water.  

Samples in the Eppendorf tubes were centrifuged at 13200 rpm for 10 minutes. 

Supernatant was collected from the Eppendorf and ¾ volume of propanol was added. 

Centrifugation was again carried out at 13200 rpm for 10 minutes. Supernatant was discarded 

and pallet was washed with 70% alcohol at 10000 rpm centrifugation for 10 minutes. 

Supernatant was discarded again and samples were allowed to dry completely for 45 minutes 

to remove the ethanol particles from the isolated DNA. 
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3.2.4 Ethanol Precipitation and Purification with RNAse: 

In this step, 100 ml d3H2O was added. 1/10th part of NaOAc (Sodium Acetate) was 

added. 200 ml absolute ethanol was added in to the samples and then once again centrifugation 

was carried out at 10000 rpm for 10 minutes. Supernatant was discarded and washing of pallet 

with 200 ml of 70% ethanol was carried out. Supernatant was discarded and samples were kept 

at room temperature for drying. After completely drying of samples, 100 ml of d3H2O was 

added. 

 The presence of RNA is considered as contaminant in DNA analysis. It should be 

eliminated before doing PCR. Following steps were carried out for DNA purification (El-

Ashram, et al., 2016). 

1. Hot bath was turned on and adjusted at 37 οC. 

2. 2µl of thawed RNAse was added in each Eppendorf containing DNA stock solution. 

3. Placed each Eppendorf in the wells of hot bath for 1 hour. 

4. Now after 1 hour, stock was ready for further analysis and making 20 µl dilutions. 

3.2.2 DNA Quantification: 

Quantification of DNA was carried out in the Department of Biotechnology and 

Biochemistry, Ayub Agricultural Research Institute (AARI), Faisalabad, Pakistan. The 

concentration of DNA was calculated by with Nano-drop technique by using 

spectrophotometry (NANODROP 2000 Spectrophotometer, Thermo Science). Stocks were 

stored and then dilutions of 15ng µL-1 were prepared for further studies. 

3.2.3 Simple Sequence Repeat (SSR) analysis: 

SSRs are the most consistently repeated sequence of DNA which is occurred in the 

genome of almost all eukaryotes. This molecular marker is highly allelic diversity due to high 

polymorphic behavior. 

10X stock of each SSR marker was prepared by adding 10 times ultra-pure distilled 

water e.g. if the pellet in the Eppendorf of marker is 50 n-moles than 500 µl of d3H2O was 

added to make the dilutions. 

A total of 18 SSR markers were used in PCR amplification. The basic protocol used 

for the PCR amplification was reported by William, (1990). 
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3.2.4 PCR Reagents and Procedure: 

All the optimized PCR reagents used in the SSR (PCR) analysis of grapefruit mutants were as 

follow; 

Table 3.1: Reagents used for PCR analysis 

Sr. No. Reagent Quantity (20 µl) (1-X) 

1. Ultra-Pure d3H2O 6.8 

2. Buffer Solution [(NH4)2SO4] 2 

3. Magnesium Chloride (MgCl2) 3 

4. DNTPs 4 

5. Forward and Reverse Primer 10X from 100X 2 

6. Taq DNA Polymerase 0.2 

7. DNA Template (20ng) from DNA Dilution 2 

8. Total Volume 20 µl 

 Sterilized and autoclaved PCR tubes were labeled. 2 µl of DNA template was added in 

each PCR tube. 31 X solutions was prepared by adding all above reagent except DNA template 

as it was separately added in the PCR tubes in the Master Eppendorf. Each reagent was 

properly thawed before adding in the Eppendorf. Stock was vortexed after adding Taq buffer. 

Then 18 µl of solution was added in each PCR tube. These PCR tubes were then placed in 

Eppendorf Mastercycler Gradient PCR apparatus for amplification. 

PCR profile was optimized with PCR gradient where annealing temperature was kept 

54±9. The Profile was: Lid temperature 110 οC, denaturation temperature 94 οC for 1 minute, 

and extension temperature was kept to be 70 οC for 1 minute and 15 seconds with 35 cycles. 

Annealing temperature was different for each primer.  

3.2.6 Agarose Gel Electrophoresis and Preparation Protocol: 

Gel electrophoresis is a technique widely used for the analysis of Protein and DNA.  In 

genetic characterization analysis agarose gel electrophoresis works on the following protocols. 

The protocol of agarose gel preparation is given below; 

1. For 0.8% gel preparation, 0.8 g agarose powder was measured and added in to a 500 

ml flask. Distilled water was added in the conical flask. 
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2. 6 ml of 10X TAE buffer was added in the flask and the final volume was raised to 160 

ml. 

3. Flask was kept in the microwave for few minutes until agarose would melt and became 

transparent or clear. Heating of agarose flask was carried out in several intervals to 

avoid the risk of solution boiling out of the flask. 

4. Solution was cooled down under low temperature 55-60 οC or under running tap water 

and was continuously stirrer to avoid solidification of agarose gel. 

5. When the flask was bearable hot, 6 µl Ethidium Bromide was added in the flask 

containing solution. It was gently shaken so that Ethidium Bromide completely mixed 

up with agarose solution. 

6. Ends of gel casting tray were properly sealed with stopper. 

7. Combs were placed in the gel casting tray. 

8. Gel solution was poured in the casting tray. 

9. Stoppers were removed from the casting tray. 

10. Placed the casting tray in electrophoresis chamber 

11. Combs were very carefully removed from the solidified gel. 

12. Enough quantity of 0.5 % TAE Buffer was added in the electrophoresis chamber so 

that gel would be properly dipped in the buffer. 

3.2.7 Loading and Running the Gel 

Following procedure was adopted for the loading and running the agarose gel; 

1. Almost 6 l of PCR product of DNA samples was loaded in well with the help of 

pipette. 

2. Before adding DNA sample in the wells, it was properly mixed with methylene blue 

dye to identify the running position of loaded samples. 

3. 1 kb ladder was also loaded to compare the band size of DNA. 

4. Wires were connected to the positive and negative terminals to the voltmeter of the 

power supply. 

5. Voltmeter was adjusted to 80 volt and run almost for 40 mints until the desired 

travelling of PCR product occurred. 

6. Position of the bands of DNA was recorded with the help of Gel Documentation 

Apparatus. 
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7. Gel was placed on the plate of gel documentation apparatus, than lid was closed. UV 

light of the apparatus was turn on. 

8. With Quantity One software of gel documentation apparatus, picture of gel was 

recorded for further examination. 

Table 3.2 Molecular Markers (SSR) and their Forward and Reverse Sequences 

Sr 

No. 

Primer Primer Sequence Forward Primer Sequence Reverse 

1. Org-20 GGATGAAAAATGCTCAAAATG TAGTACCCACAGGGAAGAGAGC 

2. Org-7 GGTGATGCTGCTACTGATGC CAATTGTGAATTTGTGATTCCG 

3. P 73 CCATTGCTTACGAAGTTG TTGACTTGCAGCAATCAG 

4. P 94 GATTGAATCTTCTGTAGCTC ATCATCATCTAGTGTCACTG 

5. P620 GACTGGATTAGAGTTCTCTG ATGGATGTGTTATCTCACTC 

6. P1223 ATCTGTGTAAGGACTGAA CCTCTATTAATGTGCCTG 

8. CCSM18 AACAGTTGATGAAGAGGAAG GTGATTGCTGGTGTCGTT 

9. CAC39 AGAAGCCATCTCTTCTGCTGC AATTCAGTCCCATTCCATTCC 

10. CCT01 TCAACACCTCGAACAGAAGG CCCACATGCTAGCACAAAGA 

11 TAA 1 GACAACATCAACAACAGCAAGAGC AAGAAGAAGAGCCCCCATTAGC 

12 TAA 15 GAAAGGGTTACTTGACCAGGC CTTCCCAGCTGCACAAGC 

13 TAA 27 GGATGAAAAATGCTCAAAATG TAGTACCCACAGGGAAGAGAGC 

14 TAA 33 GGTACTGATAGTACTGCGGCG GCTAATCGCTACGTCTTCGC 

15 TAA 41 AGGTCTACATTGGCATTGTC ACATGCAGTGCTATAATGAATG 

16 TAA 45 GCACCTTTTATACCTGACTCGG TTCAGCATTTGAGTTGGTTACG 

17 TAA 52 GATCTTGACTGAACTTAAAG ATGTATTGTGTTGATAACG 



 
 

33 
 

18 CAC 23 ATCACAATTACTAGCAGCGCC TTGCCATTGTAGCATGTTGG 

3.2.8 Polyacrylamide Gel Electrophoresis (PAGE): 

Polyacrylamide is cross-linked gel which is chemically formed by the polymerization 

of acrylamide with a cross-linking agent, usually N,N’-methylene bis acrylamide. The reaction 

is carried out among ammonium per sulfate which act as a initiator and TEMED which is used 

as a catalyst. Agarose gels have advantage over polyacrylamide as PAGE is technically 

difficult to prepare and to handle. Preparation and handling of agarose gel is quite easy and 

takes short period of time. However acrylamide have high rate of resolving power which helps 

to recover the large quantity of DNA from poly-acrylamide (Guilliatt 2002).  

Stock solution of PAGE (30%) was prepared by dissolving 29 g acrylamide and 2 g 

Bis-acrylamide in d3H2O and raised the volume up to 100mL. Working solution (160 mL) of 

PAGE was prepared by taking 112 mL TBE buffer (0.5X), 48.53 mL stock solution of PAGE, 

1.49 mL ammonium per-sulphate (APS 10%) and 1.06 mL TEMAD. Working solution of 

PAGE was loaded between UV glasses of mega gel electrophoresis (GPC-5000, C.B.S. 

Scientific) carefully sealed and griped to stop any type of leakage. Combs were fixed after 

successful pouring of PAGE stock solution and removed after complete solidification of gel. 

Glass was fixed in the PAGE electrophoresis and PCR product (3-4 µL) was loaded to record 

the presence or absence of DNA fragments on respective locus in gel documentation. 

3.2.10 Data analysis: 

The clear and visible SSR bands were scored using binary coded system as “1” for 

presence of band in date palm germplasm and “0” for absence of band in grapefruit 

germplasm in Excel software. The genetic similarity and cluster analysis of six grapefruit  

germplasm was done using Pop-gen software (version 1.32). To calculate genetic diversity 

among and within the population molecular variance analysis (AMOVA) was performed 

using GenALEx 6.501 software. 

3.3 Effect of colchicine on Plant Growth under In Vivo and In Vitro 

Conditions: 

Colchicine was applied on grapefruit cultivars by two methods. 

i. In vivo application. 
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ii. In vitro application. 

3.3. 1. In Vivo Application: 

Shoot tip method was used for the application of colchicine (Yetisir and Sari, 2003). 

Ten different branches per plant were selected for the application of colchicine in Experimental 

Fruit Garden, Sq. No. 9, UAF. Branches were covered with cotton and then colchicine was 

applied drop by drop. The purpose of using cotton was to maximum absorption of colchicine. 

Different levels i.e. 0.05%, 0.08%, 0.1%, 0.2%, 0.3% and 0.5% were used. Colchicine was 

applied for seven days consecutively on these plants.  

3.3.1.2 Data Collection: 

Data were collected on the following morphological parameter; 

1. Number of leaves 

2. Leaf length (cm) 

3. Leaf width (cm) 

4. Leaf area (cm2) 

5. Number of sprouting or young branches 

3.3.2. In vitro Method: 

Seeds were selected as explants source which were extracted from the matured fruit, 

collected from Experimental Fruit Garden Sq. No.9 UAF. Fruits were cut in to with the help 

of knife and then fruit were twisted in such way that seed would not be damaged. Seeds were 

separated from the pulp and categorized into three parts. 

1. Matured seeds 

2. Im-matured seeds 

3. Shrived seeds 

Only mature seeds were used for in vitro culture, while rest of the two categories were 

discarded. 

3.3.2.1  Media Preparation: 

Murashige and Skoog (1962) media was prepared as standard procedure in which 8% 

agar were used as a solidifying agent. pH of the media was adjusted at 5.8. Ten ml prepared 
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media was poured into the test tube which was tightly covered with polythene paper and rubber 

band to avoid contamination. These test tubes were then autoclaved at 121οC temperature for 

20 minutes. 

3.3.2.2  Seed Treatment and Sterilization: 

The extracted seeds were treated with different levels of colchicine i.e. 0.05%, 0.08%, 

0.1%, 0.2%, 0.3% and 0.5% for 4 hours. Few drops of DMSO4 were added to the solution of 

colchicine to enhance the absorption of colchicine in the seeds.  

Matured seeds were surface sterilized with 70% ethanol (C2H5OH) for 5 minutes with 

10% sodium hypochlorite (NaOCl) for 10 minutes. Two drops of Tween 20 (C58H114O26) were 

added as a surfactant. Then 2-3 washings were given with sterilized distilled water (dH2O) to 

rinse the impurities of sodium hypochlorite. Sterilization was carried out in Laminar Air Flow 

Chamber to avoid any foreign spore contamination. 

3.3.2.3  Culturing: 

Embryos were excised and cultured on MS medium. Cultured test tubes were kept in 

the growth room where 2500 lux of light was provided to the plants and temperature was 

adjusted at 25οC. 

3.3.2.4  Transplanting and Hardening: 

When embryos were germinated into complete plant, it was taken off from the test tube 

and shifted into the pots having modified soil medium for hardening purpose. The plants were 

covered with polythene bag for one week for plant hardening according to the outer 

atmosphere. After one week, polythene bags were removed from the plants for further analysis. 

3.3.2.5  Data Collection: 

 Data were collected for morphological parameters and stomatal frequency. 

3.3.2.6  Morphological Data: 

1. No. of germinated plants 

2. Number of leaves  

3. No of branches 

4. Shoot length (cm) 
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5. Root length (cm) 

3.4 Cytological Characterization of Cholchiploid Germplasm 

Stomatal studies/ microscopy were conducted for counting of stomata in the leaves. Following 

data were collected; 

i. Number of stomata 

ii. Length of stomata (µm) 

iii. Width of stomata (µm) 

iv. Area of stomata (µm2) 

v. Aperture of stomata (µm) 

3.4.1 Number of Stomata: 

 A very thin layer of leaf was carefully removed from the lower epidermis of leaf 

(Usman, et al., 2008) and spread on the slide. A drop of distilled water was put on the slide 

and then covered with the fine slide cover carefully to avoid the bubbles under the coverslip. 

Extra water was absorbed with the help of tissue paper. Slide was put on stage of the 

microscope (Boso, et al., 2016). Observations were made by using optical microscope. Number 

of the stomata were counted at high magnification (100x).  

3.4.2 Size of Stomata: 

 Size of stomata (length, width and area) was observed with the help of micrometer 

which was placed in one of the eye piece of the microscope.  

Slide was put on the stage of the microscope. First micro meter was adjusted length 

wise and then it was adjusted along width wise of the stomata. In this way, both length and 

width of the stomata were measured. 

3.4.3 Aperture of the Stomata: 

 Aperture of the stomata was measured once again with the help of micro meter. Ocular 

micro-meter was adjusted along the cross- section of the center of the stomata. 

3.4.4 Statistical Analysis: 

Experiment was based on three replicated. Total 12 leaves of each dose was analyzed for 

microscopy. Four leaves were test per replicate for each dose. Experiment was laid out to 



 
 

37 
 

Completely Randomized Design (CRD) and appropriate statistical techniques are used on 

collected data using Duncan Multiple Range (DMR) test (Steel, et al., 1997) 
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Chapter 4 

RESULTS  

4.1 Effect of Gamma Irradiation on Bud wood Growth and Morphology 

Bud woods of different cultivars of grapefruit were subjected to the different doses of gamma 

radiation in three replicate. Irradiated bud woods were morphological characterized after six 

months of grafting. 

4.1.1 Germination Percentage: 

 Highly significant mean differences were obtained among varieties, treatment of 

gamma irradiation levels and their interaction (Appendix 4.1) for germination percentage. 

Maximum germination percentage was observed at control which was gradually increased with 

increased dose of gamma irradiation. Both Shamber and Red Blush showed 100% germination 

at control followed by Frost Fresh ad Reed (91.67% each).  From control to LD140 of gamma 

irradiation almost 80% reduction in the germination was noticed. At 20 Gy Red Blush and 

Frost Fresh showed maximum germination (91.67% each) followed by Reed (83.33%). Foster 

(58.22%) showed least germination at this level.  Similarly at highest irradiated level of gamma 

rays application i.e. 140Gy only 18.06% mean germination was observed in all varieties as 

shown in Table 4.1.1.  

Among varieties, Red Blush (63.88%) showed the maximum mean germination followed by 

Shamber (62.50%) and Reed (62.49%). Foster showed the least germination i.e. 38.87%. It has 

been observed that pink fleshed varieties showed more germination than white fleshed varieties 

59.72>54.16. 

4.1.2 Number of Leaves: 

 Significant differences (P>0.05) were observed among varieties, dose of gamma 

radiation and their interaction (Appendix 4.2) for number of leaves. Higher number of leaves 

were found in cv. Foster (29.78) followed by Frost Fresh (27.33) while least number of leaves 

were found in cv. Reed (24.22) in untreated control. Increase in dose level of gamma radiation, 

decreased number of leaves gradually in each variety. From control to 140 Gy, upto 86% 

number of leaves were reduced. At 20 Gy, maximum number of leaves were found in Red 

Blush (19.76) followed by Red Mexican Foster (18.39) while Frost Fresh (14.67) had least 
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number of leaves. Number of leaves were significantly reduced with increase in level of 

gamma radiation. At highest level of gamma radiation, maximum leaves were found in 

Shamber (6.50) while Reed (0.58) showed the least number of leaves (Table 4.1.2) 

Among varieties, Red Blush had higher number of leaves followed by Red Mexican Foster 

(12.87) while Frost Fresh had lowest number of leaves i.e. 11.99. Pink fleshed varieties 

(13.05) had higher number of leaves compared with white fleshed varieties (Table 4.1.2) 

4.1.3 Leaf Length (cm): 

Highly significant (P>0.05) were obtained among varieties, irradiation application and their 

interaction (Appendix 4. 3) for leaf length. Maximum leaf length was observed at control level 

which gradually reduced in treated budwood plants. Highest leaf length was observed Red 

Blush (7.57 cm) at control. At 20Gy maximum leaf length was recorded in Foster (6.28 cm) 

followed by Red Blush (6.22 cm) and Frost Fresh (6.12 cm). Increased in the dose of gamma 

irradiation from 50Gy to 140Gy, leaf length was significantly decreased in all the varieties of 

grapefruit from 5.69 cm to 1.86 cm. 72.88% leaf length was reduced with increased dose of 

gamma radiation. Lowest leaf length was observed at140 Gy in Red Mexican Foster (1.32 

cm) while Shamber (3.02 cm) showed the highest leaf length (Table 4.1.3).  

Significant phenotypic variation was observed for leaf length among the varieties. Maximum 

leaf length was observed in Red Blush (5.14 cm) followed by Shamber (4.82cm) while Red 

Mexican Foster (4.18 cm) showed the lowest leaf length among varieties. Pink fleshed 

varieties (4.71 cm) of grapefruit have greater leaf length as compared to white fleshed (4.38 

cm).  

Gamma radiation has negative impact on the leaf length on different varieties of grapefruit. 

More the application strength of radiation, decrease in the leaf length of varieties. 

4.1.4 Leaf Width (cm): 

 Significant differences (P>0.05) were found among varieties, dose of gamma 

irradiation and their interaction for leaf width (Appendix 4.4).  Highest leaf width was found 

in Red Blush (5.62 cm) followed by Reed (4.97 cm) at control (non-treated). Leaf width was 

gradually reduced with the increased dose of gamma radiation from 20Gy to 140Gy. At 20Gy, 

maximum leaf width was recorded in Red Blush (4.39 cm) followed by Shamber and Foster 

(3.97 cm each) while Red Mexican Foster (3.17 cm) had lowest leaf width. Maximum leaf 
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width was reduced at highest dose of gamma radiation (0.78 cm). Foster had lowest leaf width 

at 140 Gy whereas Red Blush (1.16 cm) had highest leaf width (Table 4.1.4). 

Among varieties, maximum mean leaf width was found in Red Blush (3.32 cm) followed by 

Shamber (3.01 cm) while Red Mexican Foster (2.34 cm) had lowest leaf width. Pink varieties 

had greater leaf width compared to white fleshed varieties i.e. 2.98 cm and 2.52 cm 

respectively. 

4.1.5 Shoot length (cm): 

 Highly significant differences (P>0.05) were observed among varieties, application of 

gamma radiation and their interaction (Appendix 4.5) for shoot length. Highest shoot length 

was observed at control in all the varieties of grapefruit. Red Blush (31.25 cm) showed the 

maximum shoot length followed by Foster (30.39 cm) while lowest shoot length was found in 

Reed (23.27 cm) at Control (non-treated). At 20 Gy, shoot length was comparatively less than 

control. Maximum shoot length was observed in Shamber (19.79 cm) followed by Frost Fresh 

(18.96 cm) while Reed (15.22 cm) had lowest shoot length was observed at 20 Gy. With the 

increase level of gamma irradiation, shoot length shoot was gradually decreased. Lowest shoot 

length was observed at highest level of gamma radiation i.e. 3.71 cm. Shamber (5.68 cm) had 

maximum shoot length at 140 Gy while Reed (3.04 cm) showed lowest on this level. 

Among varieties, Shamber (13.52 cm) had maximum shoot length followed by Foster (13.65 

cm) while Reed showed the least shoot length (11.89 cm). Slightly significant variations were 

also observed among pink and white fleshed varieties. Pink fleshed varieties (13.12 cm) had 

higher shoot length than white fleshed varieties (13.02 cm). Reciprocal relation was found 

among the shoot length and strength of gamma rays.  

4.1.6 Number of Sprouting or Young Branches:  

 Significant variations (P>0.05) were recorded among varieties, dose of gamma 

radiation and their interaction for number of young branches (Appendix 4.6). Maximum 

branches were found in Foster (2.94) at Control (non-treated) followed by Red Mexican Foster 

(2.42) while Reed had lowest number of branches (1.19). Number of branches were gradually 

reduced with the increased level of gamma radiation. At 20Gy maximum branches were 

recorded in Foster (2.08) followed by Red Mexican Foster (1.86) whereas lowest number of 

branches were recorded in Reed (1.28). 72.64% number of branches were decreased from 
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control to highest level of gamma radiation. Minimum branches were observed at140 Gy in 

Frost Fresh (0.42) while Shamber (0.67) showed the maximum branches at this dose. 

Among Varieties, Foster (1.46) had maximum number of branches followed by Red Mexican 

Foster (1.33) while Frost Fresh had lowest number of branches. Pink and White fleshed 

varieties had almost same number of branches (Table 4.1.6). 

 

 

Graph 4.1 Summarized morphological comparison among white and pink fleshed varieties of 

grapefruit. 
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Graph 4.2. Comparison of number of leaves among different varieties of grapefruit at different 

doses of Gamma irradiation. 
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Graph 4.3. Impact of gamma irradiation on shoot length of different cultivars of grapefruit. 
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   (a)      (b) 

     

    (c)      (d) 

Fig. 4.1 (a) Grafting (b) Bud initiation (c) Sprouting of Frost Fresh at 50 Gy (d) Dead bud wood at 

140Gy. 
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Table 4.1.1: Effect of Gamma Irradiation on Survival Percentage in White and Pink Fleshed Grapefruit Plants. 

 

Gamma 

Irradiation 
Varieties Means 

(Gy) White Fleshed Pink Fleshed  

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 
83.33±8.33 91.67±8.33 91.67±8.33 100±0.0 83.33±8.33 100±0.0 91.67±2.77 A 

20 
58.22±8.33 91.67±8.33 83.33±8.33 75.00±14.43 75.00±14.43 91.67±8.33 79.15±4.72 B 

50 
33.33±22.04 66.67±8.33 75.00±14.43 75.00±14.43 75.00±14.43 83.33±16.67 68.05±6.63 C 

80 
25.00±14.43 58.33±16.67 58.33±22.04 66.67±16.67 41.67±22.04 66.67±22.04 52.78±6.10 D 

110 
16.67±8.33 33.33±22.04 41.66±22.04 41.67±8.33 25.00±14.67 33.33±8.33 31.94±3.63 E 

140 16.67±16.67 25.00±14.43 25±14.43 16.67±8.33 16.67±8.33 8.33±8.33 18.06± 2.33 F 

Means 38.87 ±9.94 D 61.11±10.52 B 62.49±9.57 B 62.50±10.69 B 52.78±10.69 C 63.88±13.42 A  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.1.2: Effect of Gamma Irradiation on Number of Leaves in White and Pink Grapefruit plants. 

 

Gamma 

Irradiation 
Varieties Means 

(Gy) White Fleshed Pink Fleshed  

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 29.78±0.22b 27.33±0.28no 24.22±0.31j 26.33±0.33c 24.44±0.39e 25.33±0.78d 26.24±1.70A 

20 17.44±0.85a 14.67±0.23mno 15.97±0.13l 16.94±0.17op 18.39±0.11h 19.67±0.29g 13.90±2.47B 

50 11.39±0.25lm 12.39±0.63f 14.22±0.26j 10.92±0.06mn 11.04±0.09rs 12.94±0.05k 12.23±1.17C 

80 10.31±0.37i 7.75±0.13t 8.00±0.20rs 8.36±0.10st 10.92±0.44g 10.17±0.11no 9.25±1.21D 

110 7.67±0.09rs 6.50±0.08st 3.58±0.07v 7.42±0.09jk 9.25±0.22pq 7.33±0.12st 6.95±0.71E 

140 2.25±0.03w 3.33±0.03v 0.58±0.01x 6.50±0.05qr 3.17±0.04v 5.75±0.13u 3.59±0.62F 

Means 12.40±1.50C 11.99±1.39D 12.87±1.60B 12.75±1.55B 12.87±1.60B 13.53±1.71A  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.1.3: Effect of Gamma Irradiation on Leaf Length (cm) in White and Pink Fleshed Grapefruit Plants. 

 

Gamma 

Irradiation 

(Gy) 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 7.21±0.08f 7.05±0.09d 7.06±0.11l 6.33±0.03gh 5.97±0.08g 7.57±0.14a 6.86±0.51A 

20 6.28±0.10b 6.12±0.15f 5.55±0.21d 5.18±0.12f 4.81±0.13jk 6.22±0.04f 5.69±0.34B 

50 4.85±0.05jk 5.86±0.15c 5.48±0.11g 5.13±0.08hi 4.75±0.07jk 5.97±0.08f 5.34±0.34C 

80 3.07±0.03n 3.75±0.05m 3.79±0.07m 4.64±0.11k 4.26±0.11l 4.87±0.06e 4.06±0.32D 

110 3.12±0.07n 2.79±0.03o 2.11±0.03p 4.60±0.05jk 4.01±0.18gh 4.17±0.09ij 3.46±0.29E 

140 1.39±0.03r 1.79±0.04q 1.62±0.01s 3.02±0.09no 1.32±0.03r 2.03±0.07pq 1.86±0.18F 

Means 4.32±0.34D 4.56±0.38C 4.27±0.34E 4.82±0.39B 4.18±0.31F 5.14±0.50A  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.1.4: Effect Gamma Irradiation on Leaf Width (cm) in White and Pink Fleshed varieties of Grapefruit. 

 

Gamma 

Irradiation 

(Gy) 

Varieties 

White Fleshed Pink Fleshed 
 

Mean 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 4.87±0.04ij 4.25±0.04d 4.97±0.07l 4.14±0.08d 3.46±0.05g 5.62±0.10a 4.55±0.22A 

20 3.97±0.07c 3.79±0.05f 3.24±0.08d 3.97±0.05e 3.17±0.04ij 4.39±0.02gh 3.75±0.13A 

50 3.18±0.06kl 3.04±0.10b 3.04±0.05i 3.28±0.04hi 2.43±0.04g 3.24±0.02i 3.04±0.17B 

80 1.87±0.02mn 1.94±0.03m 2.18±0.01l 2.97±0.04gh 2.22±0.04jk 3.02±0.01e 2.36±0.12C 

110 1.29±0.04o 0.90±0.02qr 1.95±0.03q 2.58±0.01mn 2.09±0.02i 2.48±0.03n 1.70±0.11D 

140 0.54±0.01t 0.82±0.01r 0.42±0.01u 1.09±0.02p 1.06±0.00s 1.16±0.01q 0.78±0.06E 

Mean 2.62±0.25D 2.46±0.29B 2.49±0.22E 3.01±0.18B 2.34±0.15C 3.32±0.28A  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.1.5: Effect Gamma Irradiation on Shoot Length (cm) in White and Pink Fleshed varieties of Grapefruit Plant 

 

Gamma 

Irradiation 

(Gy) 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 30.39±0.71c 27.67±0.39hi 23.27±0.21m 28.56±0.22e 25.68±0.20jk 31.25±0.41b 27.80±2.66A 

20 17.21±0.89a 18.96±0.16pq 15.22±0.39k 19.79±0.10no 16.54±0.38g 16.61±0.25g 17.39±3.18B 

50 12.94±0.09no 13.14±0.54d 13.19±0.36h 11.49±0.12mn 11.22±0.15op 14.85±0.24g 12.80±1.19C 

80 10.78±0.18jk 9.34±0.07st 9.36±0.09u 9.03±0.22rs 9.87±0.58f 10.29±0.09ij 9.98±1.04D 

110 7.16±0.10tu 7.93±0.23pq 7.27±0.05w 8.19±0.08k 8.29±0.11l 7.40±0.20qr 7.71±0.73E 

140 3.42±0.08xy 4.08±0.04wx 3.04±0.01z 5.68±0.13pqr 3.68±0.07y 3.33±0.17v 3.71±0.62F 

Means 13.65±3.87A 13.52±1.51D 11.89±1.26E 13.79±1.12C 12.38±1.23C 13.20±2.73B  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.1.6: Effect of Gamma Irradiation on Number of Branches in White and Pink Fleshed varieties of Grapefruit. 

 

Gamma 

Irradiation 

(Gy) 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 2.94±0.06a 1.56±0.02f 1.19±0.02ij 1.83±0.03d 2.42±0.03b 2.11±0.04c 2.01±0.14A 

20 2.08±0.05c 1.84±0.02g 1.28±0.01h 1.42±0.01g 1.86±0.05d 1.69±0.05e 1.62±0.07B 

50 1.14±0.02jkl 1.33±0.05d 1.06±0.03m 1.08±0.01lm 0.89±0.02no 1.86±0.03op 1.23±0.08C 

80 1.22±0.01hi 0.86±0.02op 0.89±0.01no 0.94±0.02n 0.75±0.02e 0.95±0.01klm 0.94±0.07C 

110 0.81±0.02pq 0.56±0.01s 0.36±0.01t 1.17±0.02ijk 0.72±0.02q 0.89±0.02no 0.75±0.06D 

140 0.57±0.00v 0.42±0.01t 0.52±0.00v 0.67±0.00r 0.52±0.00u 0.58±0.01s 0.55±0.05E 

Means 1.46±0.22A 1.09±0.13D 1.19±0.10E 1.18±0.09C 1.33±0.18B 1.21±0.13C  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 

among interaction means and capital letters are used for overall mean.
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4.2 Assessment of genetic polymorphism in irradiated germplasm 

4.2.1 Molecular Analysis of gamma irradiated mutants of Grapefruit varieties: 

Gamma irradiated bud woods of grapefruit cultivars were characterized by Simple Sequence 

Repeat (SSR) markers in Transgenic Lab, Centre of Agricultural Biochemistry and 

Biotechnology (CABB), University of Agriculture, Faisalabad. Total 18 primers were used for 

the characterization of mutants of grapefruit. SSRs are widely used in cereal research, and their 

use in marker assisted breeding has increased the speed and efficiency of germplasm 

improvement. These are also used for number of reasons i.e. co-dominant and PCR base, multi-

allelic behavior and the most important feature of uniformity throughout the genome of 

multicellular eukaryotic organisms (Hamada et al., 1982) 

4.2.1.1 DNA Extraction: 

Leaves of six cultivars of grapefruit (Table 3.1) were used for genomic DNA extraction using 

CTAB method (Doyle and Doyle, 1990; Sambrook and Russel, 2001) with slight 

modifications. The extracted DNA was run on 0.8% agarose gel electrophoresis to check the 

quality of genomic DNA. It was confirmed that all DNA samples were of good quality and no 

smear was found during gel electrophoresis. The DNA samples were further used for DNA 

quantification. 

4.2.1.2 PCR condition optimization: 

PCR optimization is most important step to get the best results of amplification 

fragments of DNA by considering each factor of the reaction mixture separately. 

Amplification profile and concentrations of PCR reaction mixtures were varied to get the best 

amplicons. For genomic DNA the three different concentrations were used like 10ng/µl, 

15ng/µl and 20ng/µl. It was found that 15ng/µl gave the best results and it was finally used as 

an optimized DNA concentration for SSR-PCR. Likewise 2.5mM dNTPs, 3mM MgCl2 and 

1U Taq DNA polymerase was found optimum for PCR in a total volume of 20 µl reaction 

mixture.  
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Fig. 4.2. Isolated DNA of treated and non-treated (Control) plants run on agarose gel 

electrophoresis. 
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Table: 4.2: List of plants (Treated and non-treated) of grapefruit 

Sr No. Plant Treatment Dose Abbreviation 

1 Shamber Control SH (C) 

2 Foster Control F (C) 

3 Frost Fresh Control FF (C) 

4 Reed Control R (C) 

5 Red Blush Control RB (C) 

6 Red Mexican Foster Control RMX (C) 

7 Shamber 20 Gy  SH (20 Gy) 

8 Shamber 50  SH (50 Gy) 

9 Shamber 80 SH (80 Gy) 

10 Shamber 110 SH (110 Gy) 

11 Shamber 140 SH (140 Gy) 

12 Frost Fresh 20 FF (20 Gy) 

13 Frost Fresh 50 FF (50 Gy) 

14 Frost Fresh 80  FF (80 Gy) 

15 Frost Fresh 110 FF (110 Gy) 

16 Frost Fresh 140 FF (140 Gy) 

17 Red Mexican Foster 50 RMX (50 Gy) 

18 Red Mexican Foster 80 RMX (80 Gy) 

19 Red Mexican Foster 110 RMX (110 Gy) 

20 Red Mexican Foster  140 RMX (140 Gy) 

21 Red Blush  20 RB (20 Gy) 

22 Red Blush  50 RB (50 Gy) 

23 Red Blush  80 RB (80 Gy) 

24 Red Blush  140 RB (140 Gy) 

25 Red Blush  110 RB (110 Gy) 

26 Reed  20 R. (20 Gy) 

27 Reed  50 R. (50 Gy) 

28 Reed  80 R. (80 Gy) 

29 Reed  110 R. (110 Gy) 

30 Reed  140 R. (140 Gy) 



 
 

54 
 

4.2.1.3 Identification of DNA polymorphism of treated and non-treated budwoods. 

DNA fragments of grapefruit were observed on the basis of amplification by SSR 

markers applied on isolated DNA. PCR was run on optimized conditions and amplificated were 

resolved on 0.8% agarose gel.  

 

Fig.4.3: Primer 1:  PCR amplificates were run on 0.8% agarose gel; Thermo scientific 1 kb 

ladder was also run along DNA fragments to check the size of band amplified. The bands of 

non-treated or control plants were mostly in the range of 150- 500 while most of treated  

fragments showed the band size up to 1000 bp as seen in the above figure. 
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Fig.4.4: PCR amplificates using ‘‘Primer 9’’ primer pair. Using this pair no differences were 

found between control plant and gamma irradiated plants. PCR amplificates were run on 0.8% 

agarose gel along 1kb ladder to check the size of band which were almost same i.e. 400 bp. 

Brighter band shows the addition of any allele due to mutation (effect of gamma radiation) 

while the dull band shows the deletion of bands due to mutation. 9, 10, 13, 17 and 22 mutants 

(Table 4.2) showed the bright and prominent band amplification as shown in above figure. The 

brightness variations may further be explored by running PAGE with the same amplificates. 
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Fig.4.5: PCR amplification using Primer 14 pair. No differences among the band size of control 

and gamma irradiated plants were found except 26th amplificate as shown in above figure. 

Bank size was checked with lll1 kb ladder of Thermo Scientific which run along the PCR 

amplificated. Control (non-treated) amplificates showed very less amplification while the 

mutants showed significant amplification. Most of the bands were 500-600 range while gamma 

treated plants i.e. 7th, 8th, 9th and 10th  (Table 4.2) also showed some extra bands which were 

very dim and in range of 750-1200. Irradiated plant 26th also showed some variation among 

other fragments which shows the possible mutation among the alleles of genotype. 
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Fig.4.6: Primer 17:  PCR samples of DNA fragments run on 0.8% agarose gel; highly variable 

band size were obtained from PCR product after running on gel electrophoresis as shown in 

the figure above.  

4.2.2 Poly Acrylamide Gel Electrophoresis (PAGE): 

As PCR amplificates run on 0.8% agarose gel electrophoresis  which showed very less 

differences due to less resolving power of agarose. Varied brightness on agarose indicated that 

unresolved fragments may have to resolve more. To cover all these issues, polyacrylamide gel 

electrophoresis was run. Polyacrylamide gel electrophoresis (PAGE) was also used to count 

the total number of alleles of amplification. Along with amplificated products, 50bp 

ladder/Marker of Thermo-Scientific was also loaded to evaluate the size of band and it was 

represented by M in the image of gel electrophoresis. 

4.2.3 SSR Primers Information on the basis of Polymorphism: 

Total of 18 SSR primers were used to study the genetic characterization of Control 

(non-treated) and gamma irradiated plants of grapefruit varieties. In these total 18 primers, one 

primer did not show any amplification both in control as well as treated grapefruit. Fragment 
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size and length of all alleles of primers were varied. There was very less difference ware 

observed on the agarose gel electrophoresis due to less resolving power of 0.8% agarose gel. 

But on PAGE each amplificate showed the clear band of amplification of varied size. Mostly 

the DNA fragment showed the allele size on PAGE in the range of 50-250 bp. Total allele 

numbers, allele frequency, genetic diversity among and between varieties, genetic diversity, 

heterozygosity and PIC value was evaluated. Table 4.2.2 clearly indicate the mean values of 

allele frequency, allele numbers, gene diversity, heterozygosity and polymorphic information 

content (PIC) was 0.5078, 5.00, 0.6200, 0.67.6 and 0.5683 respectively of each primer on the 

basis of amplification of all genotype of grapefruit varieties.  

Maximum allele frequency was observed in Primer 15 (0.6167) and minimum was in 

primer 17 (0.2500). Similarly maximum and minimum genetic diversity was observed in 

Primers 17 and 07 (0.8067 and 0.4189). Maximum and minimum Heterozygosity of DNA 

fragments were also observed in Primers 4 and 6 (1.00 and 0.233) respectively. PIC value was 

also calculated with the help of Power Marker. Maximum and minimum values of PIC were 

also noticed (0.7758 and 0.3978). 

4.2.3.1 Mean Allelic Frequency (AF): 

Allele frequency is the character of the primers. Maximum frequency was recorded in 

Primer 8 (75.00%) followed by Primer 6 (71.67%) and Primer 5 (65%). Similarly minimum 

allelic frequency was observed by primer 17 (25.00%). Mean allelic frequency of SSR primers 

was 50.78% (Table 4.2.2) 

4.2.3.2 Mean Percentage of Heterozygosity (HZ %): 

Among genotype of grapefruit cultivars different percentage of heterozygosity was 

calculated by Power Marker program. Maximum heterozygosity was calculated in primer 4 

(100%) followed by primer 1 and primer 17 (90% each). However the least heterozygosity was 

recorded in primer 6 and primer 15 (23.33% each). Mean heterozygosity of all primers were 

67.06% (Table 4.2.2) 

4.2.3.3 Analysis of Molecular Variance (AMOVA): 

 Analysis of molecular variance (AMOVA) showed the molecular percentage of 

Control plants of grapefruit varieties (non-treated) and gamma irradiated plants with the help 
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of GeneAlEx 6.5. Among population 16% variation while 84% variation was observed within 

population. In combined analysis 16% variation was observed among the six control varieties 

of grapefruit whereas among total 30 genotypes total 84% was recorded (Table 4.2.1). 

4.2.3.4 Similarity index of Genotype: 

 Similarity index of six genotypes of non-treated (control) and twenty four genotypes of 

gamma irradiated varieties of grapefruit was recorded with the help of PAST, (molecular 

statistical software, Hammer and Khoshbakht, 2005). Maximum and minimum similarity 

index was recorded in all genotypes. Maximum similarity was calculated i.e. 84.6% and the 

minimum similarity was 16.2%. Among varieties, Shamber (control) plant showed the 

maximum similarity with control Frost Fresh and minimum with gamma irradiated Reed 80 

Gy i.e. 72.2 % and 19.1% respectively. Similarly control variety Foster showed maximum 

similarity with genotype Frost Fresh which was also non-treated plant and minimum with 

gamma treated genotype Reed 140 Gy i.e. 82.5% and 16.2% respectively. Genotype Frost 

Fresh (non-treated or control) showed maximum and minimum similarity with gamma 

irradiated genotypes i.e. Red Blush 140 Gy (68.9%) and Reed 140 Gy (20.8%) respectively. 

Maximum and minimum genetic similarity was also recorded in Reed (control) with Red Blush 

110 Gy (69.4%) and Reed 140 Gy (25%) respectively. Genotype Red Blush (control) showed 

the maximum similarity relation with genotype Shamber 50 Gy (72.5%) while minimum with 

genotype Red Mexican Foster 110 Gy (23.9%) respectively. Relationship in the form of 

similarity index of genotype Red Mexican Foster (control) was maximum with Red Blush 140 

Gy (77.4%) and minimum with Reed 20 Gy (36.2%). Shamber 20 Gy showed the maximum 

and minimum similarity with Red Blush (control) and Reed 50 Gy (69.7% and 31%) 

respectively. Genotype Shamber 50 Gy showed the maximum similarity with non-treated 

genotype Red Blush (72.5%) while the minimum similarity index was recorded with gamma 

treated Red Mexican Foster 110 Gy (24.8%). Maximum and minimum similarity index was 

also calculated in genotype Shamber 80 Gy with Red Blush 140 Gy and Reed 140 Gy (81.2% 

and 23.9%) respectively.  
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Nei's genetic identity (above diagonal) and genetic distance (below diagonal) 

Fig. 4.7: Dendrogram Based on Nei's Genetic distance: Method = UPGMA Modified from NEIGHBOR procedure of PHYLIP Version 3.5. 
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Fig. 4.8: Primer 10 & 11: Polyacrylamide gel electrophoresis (PAGE); Different sized band 

were found in amplification with SSR markers. 50 bp ladder of Thermo Scientific also run 

along the product to analyze the variation caused by gamma irradiation. Most of the bands lies 

on 50- 200 range as shown in above figure. Maximum band of gamma treated amplificates 

have the size same to the non-treated but some plant from 24-30 in above figure (Table 4.2.2)  
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Fig. 4.9: Primer 16 and 18: Polyacrylamide gel electrophoresis (PAGE): PCR products run on 

PAGE for further analysis of diversity caused by gamma irradiation. A ladder of 50 bp was 

also run along the amplificated to analyze the size of band and check the variation level of 

mutation. Plant no. 9, 10, 15, 18, 20, 21 and 26 (Table 4.2.2)  
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Fig. 4.10: Primer 17: Polyacrylamide gel electrophoresis (PAGE); PCR products run for 

analyzing the variation among the DNA fragments amplified with SSR marker. Maximum 

variation can be seen in above figure. 50 bp ladder of Thermo Scientific showing the band size. 

Most of the band lies 50-250 range. Bright bands of DNA fragments showed the addition/ 

doubling of allele during mutation. DNA bands of Plant 9, 11-14, 16, 19, 24-28 are different 

from parents. Similarly Plant 7 could not amplified as shown in above figure.  

4.2.4 UPGMA Cluster of Grapefruit: 

 Relationship among parents and irradiated mutants of grapefruit was recorded with 

UPGMA cluster analysis with the help of a genetic statistical program i.e. Popgen32 (Yeh et 

al., 1999). 

 There were 30 grapefruits cultivars were undergoes UPGMA cluster analysis on the 

basis of primer bands. Out of these 30 cultivars, six were control cultivars or untreated 

cultivars. Remaining was treated with gamma radiation at different levels. It has been observed 

that mostly all control cultivars of grapefruit lied at a closed cluster formation. Controlled 

Foster and Frost Fresh (FF) found closely to each other which were further to Shamber 

(control). These three controls made further cluster formation with Red Mexican Foster 
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(RMF). Similarly Red Blush (RB110 Gy) and Red Blush (RB140 Gy) were found on the same 

tree formation. Next tree of Red Blush (RB 50 Gy and RB 80) was found in the same branched 

cluster as shown in figure below. This tree cluster was further linked at other length with the 

cluster of Shamber (110 Gy) and Red Blush (RB 20Gy). Close cluster of Red Mexican Foster 

were found among RMF 110 and RMF 140 Gy. Frost Fresh (FF 50 Gy) and FF 80 Gy has 

same cluster length Reed 20 Gy, RMF 80Gy were found in the same cluster tree which further 

formed tree with FF 20Gy and then Shamber 140 Gy. Reed 80 Gy and Reed 110 Gy have the 

same cluster pattern which further forms a group with Reed 140 Gy. RMF 50 Gy and FF 140 

Gy formed a cluster linkage and then further with Reed 50 Gy.  

 The cluster formation among control and treated cultivars of grapefruit has developed 

some closed groups which were group (A), group (B), group (C) and group (D). In group (A), 

mostly the control genotypes of grapefruit fall, in group (B) Red Blush (gamma irradiated) and 

Reed (control) fall. In group (C) mostly Red Blush with Shamber falls. In other group (D) 

genotype mostly Reed (gamma irradiated at different levels) fall with RMF and FF. Red Blush 

(control) also formed a cluster with Shamber 20Gy and Shamber 50 Gy respectively as shown 

in figure 4.11 below.  
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Fig. 4.11: Cluster of Dendrogram representing the relationship among the control (non-treated) 

as well as treated of grapefruit varieties. 
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Total Scorable Bands of 18 SSR primers: 

 

Graph 4.2: Total number of bands amplification through SSR primers of grapefruit 

varieties. 
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4.2.5  Analysis of Molecular Variance (AMOVA): 

Molecular variance analysis was performed using software GenALEx 6.501 among 

grapefruit cultivars (Table 4.2.1). The analysis revealed 16% molecular variance among the 

populations of parental grapefruits and irradiated mutants of grapefruit at different doses of 

gamma rays and molecular variance within grapefruit cultivar was 84% as shown in the graph 

below; 

Table 4.2.1: Analysis of Molecular Variance (AMOVA) 

 Degree of 

Freedom 

Sum of 

Square 

Mean of 

Square 

Estimated 

Variance 

Percentage 

Among Pops 1 27.208 27.208 1.837 16% 

Within Pops 28 267.958 9.570 9.570 84% 

Total  29 295.167  11.407 100% 

Percentage Molecular Variance: 

 

Graph 4.3: Percentage molecular variance. 

 

16%

84%

Percentage of Molecular Varience 
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Table 4.2.3 Detail Information of SSR Primers: 

 Primer Sequence F/R AF GD HZ AL Allel

e # 

PIC 

1 TAA27 

GGATGAAAAATGCTCAAAATG 

TAGTACCCACAGGGAAGAGAGC 0.5000 0.5983 0.90 70-200 5.00 0.5211 

2 TAA45 

GCACCTTTTATACCTGACTCGG 

TTCAGCATTTGAGTTGGTTACG 0.5167 0.5694 0.90 80-220 4.00 0.4809 

3 TAA15 

GAAAGGGTTACTTGACCAGGC 

CTTCCCAGCTGCACAAGC 0.4667 0.7150 0.80 130-280 7.00 0.6830 

4 TAA 01 

GACAACATCAACAACAGCAAGAGC 

AAGAAGAAGAGCCCCCATTAGC 0.4833 0.5461 1.00 120-150 3.00 0.4421 

5 CAC 23 

GGATGAAAAATGCTCAAAATG 

TAGTACCCACAGGGAAGAGAGC 0.6500 0.5328 0.53 60-190 4.00 0.4938 

6 TAA 33 

GGTACTGATAGTACTGCGGCG 

GCTAATCGCTACGTCTTCGC 0.7167 0.4572 0.23 70-150 4.00 0.4268 

8 TAA 52 

GATCTTGACTGAACTTAAAG 

ATGTATTGTGTTGATAACG  0.7500 0.4189 0.40 70-150 6.00 0.3978 

9 Org-20 

GGATGAAAAATGCTCAAAATG 

TAGTACCCACAGGGAAGAGAGC 0.5167 0.6728 0.47 70-200 5.00 0.6380 

10 Org-7  

GGTGATGCTGCTACTGATGC 

CAATTGTGAATTTGTGATTCCG 0.5167 0.6783 0.77 70-150 9.00 0.6478 

11 P 73 

CCATTGCTTACGAAGTTG 

TTGACTTGCAGCAATCAG 0.4667 0.6261 0.77 60-200 3.00 0.5499 

12 P 94 

GATTGAATCTTCTGTAGCTC 

ATCATCATCTAGTGTCACTG 0.5333 0.6039 0.83 140-240 4.00 0.5380 

13 P620 

GACTGGATTAGAGTTCTCTG 

ATGGATGTGTTATCTCACTC 0.5667 0.5628 0.80 60-200 4.00 0.4871 

14 P1223 

ATCTGTGTAAGGACTGAA 

CCTCTATTAATGTGCCTG 0.3000 0.7672 0.43 150-250 5.00 0.7292 

15 P1826 

GGACACTGTGACGGCTAA 

AGCTACCAAGACACCACC 0.6167 0.5617 0.23 150-220 4.00 0.5159 

16 CCSM18 

AACAGTTGATGAAGAGGAAG 

GTGATTGCTGGTGTCGTT 0.4333 0.7006 0.87 70-150 6.00 0.6545 

17 CAC39 

AGAAGCCATCTCTTCTGCTGC 

AATTCAGTCCCATTCCATTCC 0.2500 0.8067 0.90 120-230 7.00 0.7785 

18 CCT01 

TCAACACCTCGAACAGAAGG 

CCCACATGCTAGCACAAAGA 0.3500 0.7228 0.57 110-180 5.00 0.6764 

  Mean 
0.5078 0.6200 0.67  5.00 0.5683 
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4.3 Effect of colchicine on Plant Growth under In Vivo and In Vitro 

conditions 

In this study, colchicine was applied on young shoots of bearing trees (In Vivo) and seed 

cultured In Vitro. 

4.3.1 In vivo application 

4.3.2 In vitro application 

4.3.1 In Vivo colchicine application: 

 In this experiment, colchicine was applied at different concentrations on meristematic 

regions of succulent branches in mature trees in Experimental Fruit Garden, Square No. 9, 

Institute of Horticultural Sciences, University of Agriculture, Faisalabad. 

4.3.1.1 Axillary Sprouts on Colchicine treated Branches: 

Highly significant variations were observed for axillary sprouts of treated branches 

among varieties, concentration of colchicine and their interaction (Appendix 4.7). Number of 

branches or young sprouted branches were significantly reduced with increased application 

level of colchicine (4.3.1.5).  Highest number of branches were found at control in Red Blush 

(3.89) followed by Shamber (3.7) and Red Mexican Foster (3.39). Reed had the lower number 

of axillary branches (sprouts) (2.67) at control. At 0.05 mg L-1 Red Blush (3.67) had the 

maximum number of branches while Reed had the least (2.33). With increased concentration 

of colchicine, number of sprouts (branches) were gradually reduced. Lowest number of 

branches were found at 0.50 mg L-1 (highest colchicine level) in all varieties of grapefruit. At 

0.50 mg L-1 Frost Fresh (1.00) had the lowest number of branches followed by Foster and Reed 

(1.33) each. Shamber and Red Mexican had maximum branches at this level i.e. 1.67 each. 

Maximum axillary sprouts were observed at control (3.34) and lowest (1.42) at 0.50 mg L-1 

(Table 4.3.1.1). 

Among varieties, Red Blush had maximum number of branches i.e. 2.78 followed by 

Shamber (2.66) and Red Mexican Foster (2.66). Pink varieties had higher number of axillary 

branches as compared to white fleshed varieties of grapefruit i.e. 2.67 and 2.18 respectively 

(Table 4.3.1.1). 

Colchicine treatment put negative impact on the development of branches. As the dose was 

increased, the number of branches was decrease.  
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4.3.1.2 Branch Length (cm): 

Highly significant differences (P>0.05) were found among varieties, colchicine 

concentration and their interaction (Appendix 4.8). Branch length was significantly reduced 

with in increased level of colchicine. Maximum branch length was recorded at control in 

Shamber (16.67 cm) followed by Red Blush (16.33 cm) while Foster had lowest branch length 

at control i.e. 14.33 cm. At 0.05 mg L-1, Shamber, Red Mexican Foster and Reed had the 

highest branch length i.e. 13.67 cm whereas Foster (12.17 cm) showed the lowest branch 

length. Increased level of colchicine concentration, branch length significantly reduced. 

Lowest branch length was recorded at highest concentration of colchicine (0.50 mg L-1). At 

this level, maximum branch length was observed in Red Mexican Foster and Reed i.e. 8.93 

each followed by Frost Fresh 8.03 cm. Foster (7.30 cm) showed the lowest branch length at 

this level. Among mean of concentration levels, up to 50% reduction in the branch length was 

recorded i.e. 15.44 cm at control and 7.68 cm at 0.50 mg L-1 (Table 4.3.1.2). 

Among mean of varieties, both Red Mexican Foster and Reed maximum branch length 

was recorded i.e. 11.57 cm each while Foster showed the least i.e. 9.98 cm. Comparison among 

the pigmented and non-pigmented varieties, pink varieties had greater branch length than white 

flesh varieties i.e. 11.33 cm and 10.76 cm respectively. 

Inverse relation was found between treatment and branch length. Control level showed 

the maximum mean branch length whereas the highest level of colchicine had minimum branch 

length (Table 4.3.1.2) 

4.3.1.3  Number of Leaves: 

Highly significant differences were observed among varieties, colchicine 

concentrations and their interaction (Appendix 4.9). Increase in colchicine level from 0.05 mg 

L-1 to 0.50 mg L-1 significantly decreased in number of leaves was observed. Highest number 

of leaves were found in pink fleshed grapefruit varieties i.e. Shamber (13.78) followed by Red 

Mexican Foster (13.56) and Red Blush (12.67) in control. Foster had the lower number of 

leaves i.e. 11.55. Among treated plants, at 0.05 mg L-1 highest number of leaves were found in 

Red Mexican Foster (12.89) which were gradually decreased with increased concentration.  A 

significant decrease in leaf number was found at the highest concentration of colchicine i.e. 

0.50 mg L-1. Shamber (3.67) showed the highest number of leaves at this concentration 
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followed by Frost Fresh (3.55) and Reed (3.11). Number of leaves decreased from 11.09 to 

3.06 with increased concentration (Table 4.3.1.3). 

Among varieties, Shamber (8.79) showed maximum leaves followed by Red Mexican 

Foster (8.22) and Frost Fresh (8.19). Among white and pink fleshed varieties, pink varieties 

(8.11) had higher number of leaves than white fleshed (7.81) (Table 4.3.1.3) 

Application of colchicine has negative impact on the number of leaves. Higher doses hindered 

the development of leaves in each variety.  

4.3.1.4 Leaf Length (cm): 

 Highly significant differences (P>0.05) were found among varieties, colchicine 

treatments level and their interaction (Appendix 4.10) for leaf length. Highest leaf length was 

recorded at control in Frost Fresh (3.78 cm) and Foster (3.67 cm) among white fleshed 

grapefruit cultivars. Among pink fleshed, Red Blush (3.67 cm) had maximum leaf length 

followed by Red Mexican Foster (3.52 cm). Similarly, with increase in the concentration of 

colchicine, leaf length also increased. From 0.05 mg L-1 to 0.50 mg L-1, leaf length increased 

up to 60% i.e. 3.75 cm to 6.21 cm. At 0.05 mg L-1 maximum leaf length was recorded in Frost 

Fresh (3.99 cm) and Red Blush (3.91 cm). Least leaf length was observed in Shamber (3.43 

cm). At 0.50 mg L-1 maximum leaf length was recorded in Red Blush (6.42 cm) followed by 

Red Mexican Foster (6.34 cm) and Frost Fresh (6.19 cm) as shown in Table 4.3.1.4.   

Among varieties, Red Blush and Red Mexican Foster had highest mean leaf length i.e. 

4.98 cm and 4.88 cm respectively. However, Reed (4.48) had the least mean leaf length. 

Comparatively pink varieties of grapefruit showed higher mean leaf length than white fleshed 

varieties i.e. 4.80 cm and 4.58 cm respectively. 

Colchicine application has direct relation on the leaf length. Higher the application of 

colchicine, higher will be the leaf length of each variety as shown in Table 4.3.1.2.  

4.3.1.5 Leaf width: 

 Highly significant differences (P>0.05) were observed among six varieties of 

grapefruit, colchicine concentration levels and their interaction for leaf width (Appendix 4.11). 

Increased colchicine concentration from 0.08 mg L-1 to 0.50 mg L-1 significantly increased the 

leaf width up to 54.41% (Table 4.3.1.5). Lowest leaf width was recorded at control in all 

varieties which were gradually increased with increased colchicine level. At control Frost 
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Fresh (2.15 cm) showed the highest leaf length followed by Red Blush (1.91 cm) and Shamber 

(1.89 cm). Foster (1.67 cm) had the lower leaf width at control. At 0.05 mg L-1, maximum leaf 

width was recorded in Frost Fresh (2.36 cm) followed by Shamber (2.13 cm) and Red Blush 

(2.13 cm). Similarly, increased level of colchicine increased the leaf width. Maximum leaf 

widths were recorded at 0.50 mg L-1 in Red Blush (3.87 cm) followed by Shamber (3.63 cm) 

and Reed (3.31 cm). Red Mexican Foster and Foster had the lower leaf width at this 

concentration i.e. 3.17 cm and 3.13 cm respectively. 

Among varieties, Red Blush, Frost Fresh and Shamber showed the higher mean leaf 

lengths as compared to the other varieties i.e. 2.85 cm, 2.69 cm and 2.67 cm respectively. Pink 

fleshed varieties (2.66 cm) had higher mean leaf lengths as compared to white fleshed varieties 

of grapefruit (2.52 cm). 

Leaf width has a direct relationship with the treatment of colchicine. Maximum leaf 

width was recorded at highest dose of colchicine and lowest at control.  

4.3.1.6 Leaf Area (cm2): 

 Highly significant results (P>0.05) were obtained among varieties, colchicine 

concentration and their interaction (Appendix 4.12) for leaf area. Highest leaf area was 

recorded in varieties at maximum concentration level of colchicine (0.50 mg L-1). So colchicine 

application significantly increased the leaf area in all varieties of grapefruit. At control, 

maximum area were observed in Frost Fresh (8.13 cm2) and Red Blush (7.01 cm2). Red 

Mexican Foster had the lower leaf area (5.13 cm2) at control. At 0.05 mg L-1, again Frost Fresh 

(9.42 cm2) showed the highest leaf area whereas Red Mexican Foster (6.81 cm2) showed the 

lower leaf area. Leaf area significantly increased with increased concentration of colchicine. 

At highest level, maximum leaf area were recorded in Red Blush (24.03 cm2) followed by 

Shamber (21.93 cm2) and Reed (20.39 cm2).  Maximum leaf area of varieties was found in 

0.50 mg L-1
 i.e. 21.01 cm2 and lowest at control i.e. 6.43 cm2 (Table 4.3.1.4). 

Among varieties, maximum area was observed in Red Blush (13.99 cm2) followed by 

Frost Fresh (12.96 cm2) and Shamber (12.69 cm2). Pink varieties had maximum leaf area 

(13.07 cm2) than white fleshed varieties of grapefruit (11.92 cm2) as shown in Table 4.3.1.4. 

Area of leaf of varieties has direct relationship with the application of colchicine. 

Gradual increase in the area was checked with the increase in the colchicine application.  
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4.3.1.7 Morphological Comparison among White and Pink Fleshed varieties: 

 Morphological characteristics i.e. number of axillary branches, length of branch, leaves 

numbers, length, width and area of leaves were evaluated among white and pink fleshed 

varieties of grapefruit. Pink varieties (Shamber, Red Mexican Foster and Red Blush) had 

greater morphological characteristics over white fleshed varieties (Foster, Frost Fresh and 

Reed) as shown in Graph 4.3  

 

 

Graph 4.4: Summarized comparison of In Vivo morphological characteristics of White and 

Pink fleshed varieties of grapefruit. 
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Table 4.3.1.1: Effect of Colchicine application on Number of Axillary Sprouts in Mature Tree of Grapefruit Varieties. 

 

Conc. of 

Colchicine 

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 3.10±0.04f 3.33±0.01d 2.67±0.05f 3.67±0.03c 3.39±0.05e 3.89±0.09b 3.34±0.22A 

0.05 2.78±0.02f 3.33±0.07d 2.33±0.04h 3.33±0.08c 3.01±0.02j 3.67±0.09a 3.07±0.41B 

0.08 2.67±0.05h 2.78±0.02h 2.04±0.05h 2.93±0.02h 2.89±0.00f 3.33±0.03f 2.77±0.08D 

0.10 2.56±0.06f 2.67±0.05f 1.78±0.02i 2.67±0.01g 2.67±0.02f 2.89±0.04e 2.54±0.10C 

0.20 2.01±0.02i 1.98±0.03h 1.67±0.04h 2.33±0.03f 2.33±0.05h 2.33±0.02i 2.11±0.08E 

0.30 1.67±0.01j 1.33±0.04h 1.56±0.04i 1.99±0.05g 2.01±0.04d 1.78±0.02j 1.72±0.17E 

0.50 1.33±0.04i 1.00±0.01k 1.33±0.01j 1.67±0.02k 1.67±0.05i 1.56±0.01k 1.42±0.07F 

Means 2.30±0.12E 2.34±0.17D 1.91±0.09F 2.66±0.20B 2.56±0.15C 2.78±0.44A  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.3.1.2: Effect of Colchicine application on Branch Length (cm) in Mature Tree of Grapefruit Varieties. 

 

Conc. of 

Colchicine 

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 14.33±0.28ghi 14.97±0.36c 15.00±0.19c 16.67±0.35b 15.33±0.31l 16.33±0.36a 15.44±0.62A 

0.05 12.17±0.25l 12.97±0.11ef 13.67±0.28d 13.67±0.15d 13.67±0.29hij 12.67±0.32fgh 13.15±0.25B 

0.08 10.67±0.19uvw 12.27±0.33hi 12.93±0.19de 11.33±0.11kl 12.93±0.24fg 12.00±0.07z 11.79±0.85D 

0.10 3.23±0.14q-u 9.53±0.31jkl 11.33±0.35kl 10.53±0.23d 11.33±0.23no 11.67±0.19ij 10.43±0.46C 

0.20 8.5±0.05wxy 8.97±0.21nop 9.65±0.21m 9.90±0.19ijk 9.65±0.15pqr 9.16±0.17s-v 9.11±0.39E 

0.30 7.65±0.10p-s 8.30±0.06q-t 9.16±0.19r-v 8.83±0.01opq 9.16±0.18n 8.83±0.20tuv 8.47±0.14F 

0.50 7.30±0.10xy 8.03±0.16r-v 8.93±0.15y 7.57±0.07vwx 8.93±0.12no 7.60±0.12y 7.68±0.23G 

Means 9.98±0.43F 10.72±0.61C 11.57±0.69B 11.23±0.67A 11.57±0.35D 11.18±1.01E  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.3.1.3: Effect of Colchicine application on Number of New Leaves in Mature trees of Grapefruit varieties. 

 

Colchicine 

(mgL-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 11.55±0.23g 12.22±0.23a 11.78±0.22jk 13.78±0.25e 13.56±0.36c 12.67±0.41f 12.59±0.99A 

0.05 10.33±0.15k 10.55±0.33b 10.77±0.10g 11.78±0.09f 12.89±0.11e 10.22±0.07k 11.09±0.69B 

0.08 9.55±0.10hi 9.78±0.39d 9.39±0.08i 10.67±0.09f 9.89±0.17j 9.67±0.06m 9.82±0.59C 

0.10 8.44±0.09l 9.11±0.13e 8.33±0.11o 9.33±0.08k 8.45±0.04n 7.78±0.19m 8.57±0.68D 

0.20 6.78±0.05rs 7.44±0.18gh 6.44±0.02uv 7.44±0.13m 6.44±0.11pqr 6.67±0.12pqr 6.87±0.72E 

0.30 3.89±0.05w 4.67±0.22l 3.89±0.05s 4.89±0.10op 4.22±0.08qrs 4.67±0.15n 4.37±0.52F 

0.50 2.45±0.04uv 3.55±0.05pq 3.11±0.05t 3.67±0.02rs 2.67±0.03vw 2.89±0.09tu 3.06±0.21G 

Means 7.57±0.85E 8.19±1.21A 7.67±0.81F 8.79±0.82B 8.22±1.12C 7.33±0.66D  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.3.1.4: Effect of Colchicine Application on Leaf Length (cm) in Mature Trees of Grapefruit varieties 

 

Conc. of 

Colchicine 

mgL-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 3.67±0.03q 3.78±0.02mno 3.38±0.04pq 3.33±0.02l 3.52±0.04p 3.67±0.06no 3.55±0.08G 

0.05 3.75±0.03o 3.99±0.05l 3.64±0.02pq 3.43±0.04mno 3.78±0.03o 3.91±0.05no 3.75±0.07F 

0.08 3.89±0.02m 4.07±0.06mn 3.99±0.03k 3.78±0.07l 4.16±0.02k 4.01±0.03l 3.98±0.07E 

0.10 4.34±0.07j 4.67±0.06j 4.14±0.01k 4.80±0.11h 4.78±0.06j 4.83±0.06h 4.59±0.10D 

0.20 4.90±0.07h 4.89±0.04h 4.57±0.11i 5.14±0.10g 5.68±0.03c 4.89±0.07h 5.17±0.09C 

0.30 4.18±0.08j 5.37±0.08ef 5.53±0.04cde 5.28±0.10fg 5.89±0.07def 6.16±0.12cd 5.56±0.12B 

0.50 6.12±0.13b 6.19±0.18ab 6.16±0.05ab 6.04±0.09b 6.34±0.06a 6.42±0.08def 6.21±0.08A 

Means 4.55±0.28D 4.71±0.27B 4.48±0.30C 4.54±0.25A 4.88±0.31A 4.98±0.25B  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.3.1.5: Effect of Colchicine application on Leaf Width (cm) in Mature trees of Grapefruit Varieties. 

 

Conc. of 

Colchicine 

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 1.67±0.02x 2.15±0.02lm 1.76±0.03tu 1.89±0.02tu 1.69±0.03uv 1.91±0.05fgh 1.85±0.09F 

0.05 1.99±0.02rs 2.36±0.05ij 1.92±0.04qr 2.13±0.00lmn 1.80±0.04st 2.13±0.04vw 2.05±0.06E 

0.08 2.13±0.01w 2.41±0.04j 2.17±0.03l 2.33±0.02w 2.16±0.06lm 2.56±0.02tu 2.29±0.08EF 

0.10 2.54±0.01n-q 2.67±0.03cd 2.31±0.02jk 2.67±0.04m-p 2.49±0.02pqr 2.78±0.05j 2.57±0.08D 

0.20 2.78±0.04kl 2.92±0.01de 2.68±0.05f 2.93±0.03gh 2.99±0.03hi 3.01±0.04l-o 2.88±0.07C 

0.30 2.78±0.04o-r 3.05±0.06c 2.88±0.04e 3.16±0.05fgh 3.00±0.08cd 3.66±0.03e 3.08±0.09B 

0.50 3.13±0.05kl 3.29±0.03a 3.31±0.04a 3.63±0.05fg 3.17±0.08b 3.87±0.05f 3.40±0.10A 

Means 2.43±0.07F 2.69±0.09A 2.43±0.11B 2.67±0.09E 2.47±0.12C 2.85±0.10D  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 



 
 

79 
 

  

Table 4.3.1.6: Effect of Colchicine Application on Leaf area (cm²) in Mature Trees of Grapefruit Varieties. 
 

Conc. of 

Colchicine 

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 6.13±0.08t 8.13±0.06n 5.89±0.06s 6.29±0.09o 5.13±0.08rs 7.01±0.20lm 6.43±0.35G 

0.05 7.46±0.09op 9.42±0.16jk 6.89±0.07opq 7.31±0.17n 6.81±0.09o-r 8.33±0.12qrs 7.72±0.31F 

0.08 8.28±0.12p-s 9.81±0.12m 8.62±0.15kl 8.81±0.12op 8.94±0.08kl 9.18±0.10n 8.94±0.29E 

0.10 11.02±0.17ij 12.47±0.27e 9.56±0.06hi 12.82±0.22h 11.90±0.14hi 13.43±0.31fg 11.87±0.31D 

0.20 13.62±0.21g 14.27±0.22c 12.20±0.32e 15.03±0.15de 16.95±0.43c 16.96±0.23f 14.84±0.31C 

0.30 14.40±0.26g 16.29±0.24b 15.87±0.17b 16.68±0.37c 17.67±0.29b 18.97±0.11b 16.65±0.50B 

0.50 19.57±0.28cd 20.30±0.52a 20.39±0.22a 21.93±0.33b 20.28±0.56a 24.03±0.26b 21.01±0.66A 

Means 11.44±0.80E 12.96±1.09A 11.36±1.23B 12.69±0.90D 12.53±1.24B 13.99±0.96C  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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4.3.2 Effect of Colchicine application on In Vitro seedling growth 

4.3.2.1 Seed Germination (%): 

Highly significant differences (P>0.05) were observed among varieties, colchicine 

concentration levels and their interaction for germination percentage of embryos (Appendix 

4.13). Maximum germination percentage was observed in control. Increase in colchicine 

concentration from 0.05 mg L-1 to 0.5 mg L-1 germination was significantly reduced. At control, 

maximum germination was observed in Foster and Frost Fresh i.e. 100% each followed by 

Shamber and Red Blush i.e. 91.67 % each. At 0.05 mg L-1 22 % reduction in germination was 

recorded as compared with control. Maximum germination was observed in Foster (91.67%) 

and Shamber (83.33%). Similarly at the highest level germination (70%) decreased due to the 

negative impact of colchicine. Maximum germination was 41.67% in cultivar Frost Fresh and 

25% in other varieties of grapefruit. Maximum mean germination was 91.72% at control which 

significantly decreased at 0.50 mg L-1 i.e. 27.78% (Table 4.3.2.1). 

Among varieties, maximum mean germination was recorded in Shamber (65.47%) 

followed by Foster (58.33%) and Frost Fresh (57.14%). Pink fleshed cultivars of grapefruit 

showed maximum germination (57.14%) as compared to white fleshed cultivars (55.97%) as 

shown in Table 4.3.2.1. 

Colchicine has a negative impact on seed germination rate. The concentration levels 

0.5 mg L-1 critically affected the rate of germination in each variety of grapefruit.  

4.3.2.2 Number of Leaves: 

Highly significant differences (P>0.05) were recorded among the different 

concentration levels of colchicine, varieties and their interaction for development of leaves 

(Appendix 4.14). Higher concentration of colchicine reduced the number of leaves 

significantly. Maximum number of leaves observed at control (11.13) which were significantly 

different from highest colchicine concentration (2.68). At control, maximum number of leaves 

were recorded in Shamber (11.89) followed by Foster (11.33) and Frost Fresh (11.12). At 0.05 

mg L-1, comparatively minute difference of 12.48% was observed in number of leaves. 

Maximum number of leaves was observed in Shamber (10.22) followed by Red Blush (10.01) 

and Red Mexican Foster (9.97). White fleshed varieties showed less number of leaves. As the 

concentration of colchicine increased, significant decreased in number of leaves observed. At 
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0.50 mg L-1 Foster (3.45) showed the maximum leaves followed by Red Blush (3.22) and Red 

Mexican Foster (3.11) while Reed lower number of leaves on this level.  

Among varieties, Shamber and Red Blush showed the highest mean number of leaves 

i.e. 7.19 each followed by Red Mexican Foster (7.19) and Foster (6.94).  Pink varieties had 

higher number of leaves than white fleshed varieties (7.17>6.74). 

Number of leaves was gradually reduced in all the varieties of grapefruit with increase 

in the concentration. Lowest numbers of leaves development were found at 0.5 mg L-1. 

4.3.2.3 Shoot Length (cm): 

Highly significant variations (P>0.05) were observed among varieties, colchicine 

concentration and their interaction for shoot length (Appendix 4.15). Maximum shoot length 

was observed in control which was gradually decreased with increase in concentration of 

colchicine (Table 4.3.2.3). 47% shoot length was decreased from control to 0.50 mgL-1 

Maximum shoot length was observed at control in pink fleshed varieties i.e. Shamber>Red 

Blush>Red Mexican Foster (5.23 cm, 5.17 cm and 5.16 cm respectively). Reed (4.55 cm) 

showed the least shoot length at control.  From 0.05 mgL-1 to 0.08 mg L-1 colchicine 7.4% 

shoot length decrease whereas from 0.08 mg L-1to 0.10 mgL-1 concentration 9.6 % shoot length 

was decreased which shows the effect of dose level. Maximum shoot length was recorded in 

Red Blush (4.01 cm) followed by Red Mexican Foster (3.96 cm) at 0.10 mgL-1 while Reed 

(3.67 cm) showed the lowest shoot length at this level.  At highest level of colchicine, 0.50 

mgL-1 maximum shoot length was found in Red Blush (2.87 cm) and Frost Fresh (2.75 cm) 

while lowest shoot length in Reed (2.33 cm). 

Among varieties, maximum mean shoot length was recorded in Red Blush (4.07 cm) 

followed by Shamber (3.96 cm) and Foster (3.81 cm) while lowest shoot length was observed 

in Reed (3.57 cm). Pink fleshed had higher shoot length than white fleshed varieties i.e. 3.93 

cm and 3.71 cm. 

Shoot length and colchicine concentration level has reciprocal relation. Higher the dose 

level, lower will be the shoot length. Maximum shoot length was noticed control and lowest in 

0.5 mg L-1.  
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4.3.2.4 Root Length (cm): 

Highly significant differences (P>0.05) were observed among varieties, colchicine 

concentration and their interaction for root length development (Appendix4.16). Negative 

relationship was found among concentration level and root length. Higher the level lower was 

the length of root. Maximum mean root length was recorded at control (13.85 cm) while the 

lower mean root length was at 0.50 mg L-1 i.e. 4.86 cm. From control to 0.50 mg L-1 upto 65% 

root length was decreased. At control, Red Blush (14.74 cm) followed by Red Mexican Foster 

(14.46 cm) and Shamber (13.88 cm) root length was observed. White fleshed varieties showed 

least root length among varieties. At 0.05 mgL-1, maximum root length was recorded in Red 

Blush (11.97 cm) and Red Mexican Foster (11.75 cm) while Frost Fresh (10.69 cm) had lower 

root length. Similarly, higher concentration level of colchicine reduced the root length. At 0.50 

mg L-1 maximum root length was decreased. Highest root length was observed in cv. Shamber 

(5.69 cm) followed by Red Mexican Foster (4.97 cm). Frost Fresh (4.23 c) showed the least 

root length on 0.50 mg L-1 (Table 4.3.2.4). 

Among varieties, maximum mean root length was found in Red Mexican Foster (9.18 

cm) followed by Red Blush (9.03 cm) and Shamber (8.99 cm). Frost Fresh (7.83 cm) showed 

the least root length among varieties. Comparatively maximum root length was observed in 

pink varieties of grapefruit i.e. 9.07 cm than white fleshed varieties (8.09 cm). 

Inverse relation was found among root length (cm) and treatment levels. Higher the 

level of colchicine application lower was the root lengths and vice versa. 
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Fig. 4.12: In Vitro germination of colchicine treated seeds (a) Shamber at 0.3 mgL-1 (b) 

Foster at Control (c) Red Blush at 0.50 mgL-1. 

 

 
Fig. 4.13. Transplation of In Vitro germinated seeds (a) Hardening of Red Medican F. (0.08 

mgL-1) (b) and (c) Aclimitization  
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   Table 4.3.2.1: Effect of Colchicine on Germination (%) In Vitro: 

 

Conc. of 

Colchicine 

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 100.00±0.03a 100.00±0.07a 83.67±0.03b 91.66±0.05b 83.33±0.07c 91.67±0.12b 91.72±0.06A 

0.05 91.67±0.07b 58.33±0.03f 66.67±0.03e 83.33±0.06c 66.67±0.07e 58.33±0.04f 71.00±0.12B 

0.08 75.00±0.04d 66.67±0.02e 58.33±0.06f 83.33±0.07c 50.00±0.01g 66.67±0.04e 66.67±0.11C 

0.10 41.67±0.02h 58.33±0.05f 50.00±0.03g 50.00±0.01g 66.67±0.04e 58.33±0.08f 54.17±0.08D 

0.20 41.67±0.04h 41.67±0.03h 50.00±0.02g 75.00±0.05d 41.67±0.02h 50.00±0.03g 50.00±0.11E 

0.30 33.33±0.01i 33.33±0.02i 33.33±0.02i 50.00±0.04g 33.33±0.04i 25.00±0.03j 34.72±0.07F 

0.50 25.00±0.02j 41.67±0.02h 25.00±0.01j 25.00±0.02j 25.00±0.02j 25.00±0.02j 27.78±0.06G 

Means 58.33±0.25B 57.14±0.18C 52.43±0.18D 65.47±0.20A 52.38±0.17E 53.57±0.20D  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Table 4.3.2.2: Effect of In Vitro Colchicine on Number of Leaves 

 

Colchicine 

Conc. 

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 11.33±0.07b 11.12±0.17b 10.89±0.11de 11.89±0.23a 10.66±0.24e 10.89±0.10c 11.13±0.20A 

0.05 9.22±0.11f 9.67±0.12e 9.33±0.09i 10.22±0.29cd 9.97±0.07cd 10.01±0.22de 9.74±0.22B 

0.08 7.67±0.05jk 8.55±0.22g 7.44±0.12i 8.89±0.13fg 8.67±0.15fg 9.16±0.06h 8.39±0.20C 

0.10 6.44±0.13mn 6.33±0.16kl 6.31±0.06p 7.55±0.15i 6.89±0.18j 7.53±0.05lm 6.84±0.19D 

0.20 5.88±0.10kl 5.45±0.15op 5.33±0.03op 6.22±0.14lm 6.56±0.19jkl 5.44±0.03q 5.82±0.19E 

0.30 4.57±0.16no 4.78±0.03t 3.67±0.08r 3.33±0.07rs 4.11±0.03q 4.11±0.10q 4.09±0.21F 

0.50 3.45±0.10rs 2.11±0.13q 1.99±0.03u 2.22±0.05u 3.11±0.06u 3.22±0.02s 2.68±0.19G 

Means 6.94±0.54B 6.86±0.63B 6.42±0.55D 7.19±0.73A 7.14±0.62B 7.19±0.60C  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
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Table 4.3.2.3:  Effect of In Vitro Colchicine on Shoot Length (cm) 

 

Colchicine 

Conc. 

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 4.89±0.07hij 4.66±0.10ghi 4.55±0.12cd 5.23±0.05bc 5.16±0.04efg 5.17±0.11e 4.94±0.08B 

0.05 4.65±0.06fgh 4.33±0.05a 4.33±0.09b 4.89±0.04ef 4.47±0.13b 4.95±0.10j 4.60±0.13A 

0.08 4.33±0.13efg 4.14±0.06j 4.01±0.07a 4.50±0.07ij 4.21±0.08d 4.39±0.05d 4.26±0.13B 

0.10 3.85±0.04k 3.84±0.04no 3.67±0.05ef 3.78±0.08k 3.96±0.08k 4.01±0.06j 3.85±0.15C 

0.20 3.33±0.05l 3.53±0.04qr 3.16±0.03k 3.57±0.04l 3.08±0.03mn 3.67±0.05l 3.39±0.11D 

0.30 3.02±0.05pq 3.10±0.02m 2.97±0.04k 3.13±0.06m 2.97±0.07m 3.48±0.02l 3.11±0.09E 

0.50 2.63±0.08mn 2.75±0.06op 2.33±0.07r 2.64±0.02pq 2.47±0.03qr 2.87±0.07no 2.62±0.06F 

Means 3.81±0.18D 3.76±0.26E 3.57±0.25A 3.96±0.21C 3.76±0.25C 4.07±0.18B  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Table 4.3.2.4:  Effect of Colchicine on Root Length (cm) In Vitro: 

 

Conc. of 

Colchicine 

mg L-1  

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 13.85±0.07a 13.53±0.24b 12.37±0.22cd 13.88±0.12e 14.46±0.34a 14.74±0.22c 13.85±0.33A 

0.05 11.01±0.10e 10.69±0.27e 11.12±0.19d 11.33±0.17g 11.75±0.24e 11.97±0.22e 11.31±0.21B 

0.08 9.16±0.14kl 8.56±0.24ijk 9.15±0.22f 9.43±0.12jk 9.98±0.12ghi 9.78±0.14hij 9.34±0.16C 

0.10 7.15±0.01n 7.68±0.03op 8.67±0.24gh 8.57±0.05ijk 9.03±0.07k 8.89±0.19mn 8.33±0.21D 

0.20 5.87±0.13q 5.34±0.07rs 6.78±0.14lm 7.28±0.14n 8.17±0.13kl 7.44±0.09p 6.81±0.25E 

0.30 5.01±0.16qrs 4.77±0.09uv 5.20±0.04q 6.78±0.05no 5.97±0.01stu 5.267±0.10st 5.57±0.18F 

0.50 4.69±0.11v 4.23±0.11w 4.89±0.05tuv 5.69±0.13qr 4.97±0.13vw 4.71±0.08v 4.86±0.11G 

Means 8.11±0.75C 7.83±0.71E 8.35±0.60A 8.99±0.35CD 9.18±0.69B 9.03±0.61D  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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4.4 Cytological characterization of Colchiploid Germplasm 

4.4.1. Number of Stomata: 

Highly mean significant differences were observed among varieties, colchicine treatment 

levels and their interaction for number of stomata (Appendix 4.17). Significant genotypic 

diversity was observed for stomatal frequency in grapefruit varieties (Table 4.4.1). Higher 

number of stomata were noticed in cv. Red Mexican Foster (14.45) followed by Shamber 

(14.33), Red Blush (13.67) and Frost Fresh (13.67) while the lower number was found in Reed 

(12.33) at control. Increase in concentration of colchicine from 0.05 % to 0.50 %, significantly 

reduced stomatal frequency in all the six varieties. Over all stomatal frequency was reduced 

from 13.65 (control) to 4.31 (0.50 mg L-1). At 0.50 mg L-1, least number of stomata were 

found in cv. Red Blush (3.97) while the highest frequency were found in Reed (4.97). Similarly 

among varieties, highest number of stomata were found in Frost Fresh (9.02) followed by Red 

Mexican Foster (8.96) and Red Blush (8.84). Among pigmented and non-pigmented varieties, 

pink varieties (8.79) have greater number of stomata than white fleshed varieties (8.71) of 

grapefruit. 

4.4.2 Length of Stomata (µm): 

 Highly significant mean differences were observed among the different concentration 

levels of colchicine, varieties and their interaction for stomatal length (Appendix 4.18). Higher 

level of colchicine enhanced the length of stomata.  Maximum stomata length was recorded in 

Shamber (1.96 µm) followed by Red Blush (1.89 µm), Red Mexican Foster (1.77 µm) while 

lower length was found in Foster (1.54 µm) at control level. Increase in colchicine 

concentration from 0.05 mg L-1 to 0.50 mg L-1, stomatal length was also significantly increased 

in all six varieties of grapefruit (Table 4.4.2). Overall increase of length of stomata was 

observed from 1.73 (control) to 3.18 (0.50 mg L-1).  At highest colchicine concentration i.e.0.50 

mg L-1 maximum length of stomata was found in Red Blush (3.51 µm) followed by Red 

Mexican Foster (3.45 µm) while Foster had lower stomatal length (3.04 µm).  

Among the varieties, maximum length of stomata was recorded in Red Blush (2.70 µm) 

whereas Foster (2.13 µm) had lowest mean length of stomata. Comparatively pink fleshed 

varieties (2.59 µm) had greater length of stomata than white fleshed varieties (2.35 µm) (Table 

4.4.2). 
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Increased concentration of colchicine significantly increased the length of stomata in 

all varieties.  

4.4.3 Width of Stomata (µm): 

 Highly significant differences (P>0.05) were observed among varieties of grapefruit, 

colchicine concentration and their interaction for width of stomata (Appendix 4.19). Colchicine 

significantly increased the width of stomata with the increased concentration. Lower width was 

recorded at control level while maximum at the highest level of colchicine (Table 4.4.3). At 

control, maximum width of stomata was observed under microscope in cv. Red Blush (1.66 

µm) followed by Red Mexican Foster (1.58 µm) and Frost Fresh (1.41 µm) while in cv. Shamber 

(1.32 µm) least width was observed. With increased concentration level from 0.05 mg L-1 to 0.50 mg 

L-1 of colchicine, an increase in width of stomata was recorded i.e. 1.52 µm to 2.97 µm respectively. 

At 0.50 mgL-1, maximum width of stomata were observed in Red Blush (3.34 µm) followed by Red 

Mexican Foster (3.20 µm) while Reed (2.78 µm) had lowest.  

Similarly among varieties, maximum stomata width was recorded in Red Blush (2.43 µm) and 

Red Mexican Foster (2.43 µm) while Foster showed the least width of stomata i.e. 1.84 µm. Pink 

fleshed varieties (2.29 µm) showed greater width of stomata than white fleshed varieties (2.05 µm) 

graph.  

4.4.4 Area of Stomata (µm2): 

 Highly significant differences (P>0.05) were found among varieties, colchicine 

concentration and their interaction for the area of stomata (Appendix 4.20). Higher the 

concentration of colchicine, higher would be the area of stomata found in genotypes of 

grapefruit. At control, maximum leaf area was found in Red Blush (3.14 µm2) followed by Red 

Mexican Foster (2.78 µm2) and Shamber (2.58 µm2). Least area of stomata was found in Foster 

(2.15 µm2) at control. From 0.05 mg L-1 to 0.50 mg L-1, area of stomata was increased 

significantly up to 74% i.e. 2.87 µm2 to 9.54 µm2. Similarly, at 0.50 mg L-1 in Red Blush and 

Red Mexican Foster maximum area of stomata was recorded i.e. 11.71 µm2 and 11.04 µm2 

respectively while Foster showed the least area of stomata i.e. 8.09 µm2 (Table 4.4.4). 

Among varieties, Red Blush (6.92 µm2) followed by Red Mexican Foster (6.49 µm2) 

showed overall maximum mean area of stomata while least in Reed (5.24 µm2). Pink varieties 

(6.27 µm2) have greater stomatal area as compared to white fleshed varieties (5.10 µm2) of 

grapefruit (Table 4.4.4). 
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4.4.5 Aperture of Stomata (µm): 

 Highly significant mean differences were obtained among genotypes of grapefruit, 

colchicine concentration and their interaction for the aperture of stomata (Appendix 4.21). 

Increased concentration of colchicine enhanced the aperture up to 50% from control to 0.50 

mg L-1. At control maximum aperture of stomata was found in Shamber (0.26 µm) followed 

by Reed (0.23 µm). Foster and Red Mexican Foster showed the least aperture of stomata i.e. 

0.20 µm each at control. From 0.05 mg L-1 to 0.5 mg L-1, significant increased aperture was 

recorded in each variety. At 0.05 mg L-1, in cv. Shamber (0.32 µm) higher stomatal aperture 

was found while Frost Fresh (0.25 µm) showed the least. Similarly, at 0.50 mg L-1 Maximum 

aperture of stomata was recorded in cv. Shamber (0.48 µm) while Red Blush (1.42 µm) showed 

the least.  

Among varieties, cv. Shamber (0.38 µm) showed the highest mean aperture of stomata 

while cv. Frost Fresh (0.31 µm) showed the least. Again pink varieties have greater aperture 

(0.35 µm) than white fleshed varieties (0.32 µm) of grapefruit.   

Effect of In Vitro colchicine application on stomatal density among White and Pink 

fleshed varieties of grapefruit 

 

 

 
Graph 4.5. Summarized comparison of Cytological analysis among Pink and White fleshed 

varieties of grapefruit 
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   (a)      (b) 

  

(c)      (d)  

Fig. 4.14. Stomatal frequency in Grapefruit colchiploids at 100X resolution power of Nikon 

microscope (a) Foster; diploid (control) (b) Red Mexican Foster at 0.05 mg L-1 (c) Red Blush 

(polyploid) at 0.50 mg L-1 (d) Shamber (polyploidy) at 0.50 mg L-1 
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Table 4.4.1: Effect of In Vitro Colchicine on Number of Stomata 

 

Conc. of 

Colchicine 

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 13.44±0.31b 13.67±0.32b 12.33±0.11a 14.33±0.19b 14.45±0.12d 13.67±0.37e 13.65±0.39A 

0.05 12.16±0.34e 12.22±0.21c 11.07±0.30b 12.33±0.31ef 12.67±0.10d 12.33±0.17f 12.13±0.40B 

0.08 10.11±0.07gh 11.44±0.27ef 9.77±0.09d 9.11±0.20k 9.97±0.15i 10.33±0.08g 10.12±0.38C 

0.10 7.89±0.22k 8.16±0.06k 8.33±0.12ij 8.23±0.12lm 8.33±0.05jk 7.97±0.34h 8.15±0.22D 

0.20 6.57±0.14mno 7.78±0.11k 7.01±0.16l 6.67±0.18r 6.99±0.15pq 7.67±0.20lm 7.12±0.19E 

0.30 5.67±0.14qr 5.33±0.19lmn 6.11±0.07opq 5.33±0.10qr 6.33±0.12nop 5.97±0.17k 5.79±0.18F 

0.50 4.33±0.07r 4.55±0.10s 4.97±0.06s 4.01±0.06s 4.02±0.08r 3.97±0.18r 4.31±0.11G 

Means 8.59±0.76C 9.02±0.82B 8.51±0.97A 8.57±0.80E 8.96±0.65D 8.84±0.48C  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.4.2: Effect of In Vitro Colchicine on Length of Stomata (µm) 

 

Conc. of 

Colchicine  

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 1.54±0.02tu 1.58±0.03tu 1.66±0.03t 1.96±0.04qrs 1.77±0.03tu 1.89±0.03u 1.73±0.04G 

0.05 1.62±0.02t 1.85±0.04s 1.85±0.04s 1.95±0.05rs 2.01±0.06qr 2.02±0.04qr 1.89±0.03F 

0.08 1.77±0.05tu 2.33±0.03jk 2.19±0.05op 2.23±0.02nop 2.39±0.06lm 2.37±0.02mn 2.21±0.08E 

0.10 2.10±0.05pq 2.87±0.06efg 2.45±0.02lm 2.40±0.03lm 2.68±0.03j 2.77±0.04hij 2.55±0.07D 

0.20 2.30±0.01mno 3.01±0.06ghi 2.56±0.07ghi 2.76±0.08ij 2.97±0.09b-e 3.11±0.04cde 2.78±0.07C 

0.30 2.51±0.05kl 3.17±0.08bcd 2.78±0.04b-e 2.88±0.05ghi 3.20±0.04bc 3.25±0.07b 2.96±0.07B 

0.50 3.04±0.09def 3.21±0.05cde 2.97±0.08a 2.97±0.05fgh 3.45±0.03a 3.51±0.10a 3.18±0.06A 

Means 2.13±0.12D 2.57±0.13A 2.35±0.14B 2.44±0.09C 2.64±0.14A 2.70±0.15A  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.4.3: Effect of In Vitro Colchicine on Width of Stomata (µm) 

 

Conc. of 

Colchicine  

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 1.39±0.02qr 1.41±0.04qr 1.40±0.03qr 1.32±0.01r 1.58±0.01op 1.66±0.04no 1.46±0.03G 

0.05 1.45±0.02mn 1.47±0.01pq 1.49±0.02pq 1.43±0.03qr 1.63±0.03no 1.68±0.03no 1.52±0.03F 

0.08 1.52±0.07jk 1.88±0.04m 1.97±0.03kl 1.71±0.03n 2.21±0.04l 2.16±0.03kl 1.91±0.06E 

0.10 1.78±0.03gh 2.29±0.04kl 2.33±0.06hi 2.22±0.03l 2.32±0.07kl 2.36±0.03k 2.22±0.04D 

0.20 1.97±0.03efg 2.51±0.02ij 2.45±0.05fgh 2.55±0.03hi 2.67±0.06efg 2.81±0.08ef 2.49±0.03C 

0.30 2.16±0.04e 2.65±0.10d 2.56±0.05bc 2.72±0.07efg 2.78±0.03efg 3.01±0.09ab 2.65±0.06B 

0.50 2.67±0.06bc 2.97±0.06c 2.78±0.04a 2.89±0.09d 3.20±0.05bc 3.34±0.03a 2.97±0.04A 

Total 1.84±0.13B 2.17±0.14D 2.14±0.16B 2.12±0.14E 2.34±0.12C 2.43±0.14A  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.4.4: Effect of In Vitro Colchicine on Area of Stomata (µm²) 

 

Conc. of 

Colchicine 

mg L-1 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

 Foster Frost Fresh Reed Shamber 
Red Mexican 

Foster 
Red Blush  

Control 2.15±0.04t 2.21±0.04st 2.32±0.04rst 2.58±0.05pqr 2.78±0.03q-t 3.14±0.08p-s 2.53±0.04G 

0.05 2.35±0.05no 2.72±0.03opq 2.74±0.07opq 2.78±0.07op 3.27±0.03mn 3.39±0.06m 2.87±0.07F 

0.08 2.69±0.06l 4.38±0.06k 4.29±0.04jk 3.82±0.07l 5.28±0.04k 5.12±0.07i 4.26±0.14E 

0.10 3.74±0.04i 6.57±0.19g 5.71±0.04h 5.34±0.10ij 6.21±0.14h 6.53±0.11h 5.68±0.14D 

0.20 4.53±0.07h 7.55±0.08g 6.27±0.06f 7.02±0.16g 7.93±0.15e 8.74±0.24e 7.01±0.20C 

0.30 5.42±0.18g 8.46±0.07d 7.12±0.18c 7.84±0.05f 8.89±0.23e 9.78±0.07b 7.92±0.30B 

0.50 8.09±0.19cd 9.53±0.16cd 8.25±0.11a 8.58±0.24e 11.04±0.21b 11.71±0.24a 9.54±0.28A 

Means 4.14±0.54D 5.92±0.62C 5.24±0.71B 5.42±0.51D 6.49±0.65B 6.92±0.73A  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison among 

interaction means and capital letters are used for overall mean. 
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Table 4.4.5: Effect of In Vitro on Aperture of Stomata (µm) 

 

Conc. of 

Colchicine 

Varieties 

White Fleshed Pink Fleshed 
 

Means 

mg L-1 Foster Frost Fresh Reed  Shamber 
Red Mexican 

Foster 
Red Blush  

Control 0.20±0.004w 0.21±0.003vw 0.23±0.008tu 0.26±0.006rs 0.20±0.006vw 0.22±0.007uv 0.22±0.005G 

0.05 0.25±0.004st 0.24±0.008stu 0.26±0.005rs 0.32±0.005mno 0.26±0.008rs 0.25±0.003st 0.26±0.006F 

0.08 0.31±0.008no 0.27±0.008qr 0.28±0.003pq 0.36±0.008hij 0.31±0.008no 0.30±0.009op 0.31±0.007E 

0.10 0.34±0.001jkl 0.33±0.003lmn 0.32±0.010l-o 0.37±0.005fgh 0.35±0.011ghi 0.32±0.005l-o 0.34±0.006D 

0.20 0.35±0.005ijk 0.34±0.004klm 0.34±0.004klm 0.42±0.009cde 0.36±0.007h-k 0.37±0.007f 0.36±0.008C 

0.30 0.38±0.010fg 0.36±0.011ghi 0.41±0.009e 0.44±0.011bcd 0.36±0.008f-i 0.38±0.007fgh 0.39±0.007B 

0.50 0.44±0.009bc 0.44±0.010bcd 0.44±0.012bcd 0.48±0.015a 0.44±0.011b 0.42±0.005de 0.44±0.006A 

Means 0.33±0.017B 0.31±0.016C 0.33±0.016B 0.38±0.016A 0.33±0.017B 0.333±0.015B  

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Chapter 5 

DISCUSSION 

Gamma irradiation is the powerful tool used in mutation breeding. Desai and Srinath (2014) 

observed the behavior of gamma irradiation on the rate of germination and some other 

physiological aspects of pigeon pea plants. They found that the germination percentage was 

reduced in irradiated plants as compared to the control or unexposed plant to the gamma 

radiation. Bud woods of pummelo, mandarin and Navel Orange irradiated by Gamma-rays at 

doses of 30 – 75Gy showed high sensitivity at higher dose, while Valencia and grapefruit 

produced more seedless fruits from those at the higher doses (Wu, et al., 1986). Germination 

percentage, survival rate and height of plants were significantly reduced with increased doses 

of gamma radiation (Songsri, et al., 2011). Marcu, et al., (2013) also found the similar results 

in maize seedling. Higher doses treated seedling could not survived more than ten days. 

Similarly the shoot length, root length was greatly reduced in irradiated plants with the increase 

in the level of gamma irradiation to pigeon pea as compared to the control. Similar results were 

found by Majeed, et al., (2010). He observed that the gamma radiation of 60Co greatly reduced 

the germination percentage, survival rate, root and shoot length as the irradiation increase in 

Lepidium sativum L. Minisi, et al., (2013) applied the different doses of gamma radiation to 

Moluccella laevis L. to check the morphological variations of plant. He observed that higher 

doses of gamma radiation significantly reduced the height of plant, less number of branches 

and vegetative growth. Yaqoob and Ahmad, (2003) also observed that the number of leaves 

and number of branches were significantly reduced in irradiated plants of bean. Exposure of 

seeds to higher doses of gamma irradiation has inhibitory effect on germination (Radhadevi 

and Nayar, 1996; Kumari and Singh, 1996). Low dose of γ-irradiation had a stimulatory effect 

on primary branches including number of pods per plant, number of flowers per plant, but on 

the other hand higher dose of γ-irradiation have inhibitory impact on all these (Charumathi, et 

al., 1992; Khan, et al., 2000; Jan, et al., 2010). Growth inhibited by the higher doses of gamma 

irradiation is linked with arrest of cell cycle in G2/M phase which may be due to the damage 

of entire genome (Preuss and Britt, 2003). Root length sufficiently reduced by higher dose of 

gamma radiation (Chaudhuri, 2002).  
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Colchicine is powerful mutagen and it has adverse effect on plant growth and germination. 

Mostly it is used to produce tetraploid or for inducing polyploidy in plants. It has been reported 

that it shows the inhibitory effect on the rate of germination as the dose become higher the 

lower the seed germination of plant (Dhakhanamoorthy, et al., 2010; Pande and Khetmalas, 

2012). Similar results were also observed in the seeds of Phlox drummondi plant, when the 

concentration of colchicine was increased, the percentage of germination rate was declined 

(Tiwari and Mishra, 2012).  Raphaphine, (2002) also reported that the duration of colchicine 

treatment to the seeds soaking also have inhibiting effect. Highest colchicine concentration and 

duration showed the least germination of seed. Shao, et al., (2003) also observed the same 

results. When colchicine used to treat in vitro and In vivo as a breeding tool to enhance the 

characteristics of ornamental plants, there was significant increment in the leaf thickness, plant 

size, length to width ratio and flower ratios was recorded.  In Vitro Colchicine application is 

used in many Citrus spp. And ornamental plants, is used to induce chromosomal doubling (Wu 

and Mooney, 2002), Acacia dealbata and Acacia mangium (Blakesley, et al., 2002). The 

number of branches also greatly influenced by the concentration of colchicine dose, as the dose 

was increased from 0.025% to 0.05% there was significant reduction in the number of branches 

was found in petunia plant (Qaoud and Munqez, 2014). Plant survival significantly decreased 

with increased of colchicine concentration (Hosseini, et al., 2018). Phenotypical analysis was 

checked by Hosseini, et al., (2018) and found significant difference between the treated plants 

(tetraploids) by colchicine as well as controls (diploids). He observed that stem diameter, area 

of leaves, chlorophyll content, and diameter of roots was greatly increased by the application 

of colchicine. Number of branches, length of branches was decreased in treated explants than 

control.  Lengths and width of leaves in treated plants was greatly increased as compared to 

the control. Liu, et al., (2007) also observed the negative impact of antimitotic agent and found 

that the percentage germination frequency and average length of seedlings was greatly 

decreased with the increased in the treatment level of colchicine to the seeds along with the 

germination time (days) were also increased in them. Colchicine treated plant also reduced the 

bud sprouting percentage as well as shoot length in different cultivars of citrus as compared to 

the untreated cultivars (Usman, et al., 2008). 
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Anti-mitotic agents have great influence on the stomatal density (number of stomata) size of 

stomata, area and aperture of stomata. Tiwari and Mishra, (2012) also observed in Phlox 

drummondi that there was reduced number of stomata were found in colchicine treated explants 

while the size of stomata was greater than the control explants. Chromosome number, length 

and diameter of stomata and chloroplast number in stomata of guard cells increased with 

increased ploidy level, whereas the numbers of stomata decreased from 390 to 177 mm2 

intetraploid plants (Hosseini, et al., 2018) According to Yasuda, et al., (2008) the size of 

stomata and the diameter of guard cell are directly influenced by the application of colchicine 

which genetically enhanced the diameter of stomata as compared to the control cell. In another 

report by Niu, et al., (2016), with the increase in ploidy level, there is larger size in the stomata 

and pollen grains but along with this the stomatal density was reduced. A study on Japanese 

persimmon (Diospyrus kaki L.) shown that the plant cell’s stomata have enlatge size of guard 

cell but the density was decrease due to the more area covered by the stomata (Tamura, et al., 

1996). A similar report by Roy, et al., (2001) showed that the diameter of stomata was kept as 

a standard parameter to identify the auto-tetraploid by the application of colchicine in Humulus 

lupulus plant. Gu, et al., (2005) and Talebi, et al., (2017) and several other studies proved that 

the application of anti-mitotic substances like colchicine, there was significant increase in the 

ploidy level, diameter and length of stomata, and chloroplast contents/number in the guard cell 

of stomata. Jaskani, et al., (2002) also found in citrus that the number of stomata are less in 

tetraploid as compared to diploid plants of citrus whereas the length and width was found to 

greater in treated with colchicine. Liu, et al., (2007) observed the seedlings of Platanus 

acerifolia with increased stomatal size and width and lower stomata density. Usman, et al., 

(2008) also noticed the same type of influence on the different cultivars of citrus where the 

width and length of stomata was greatly increase however the number of stomata per unit area 

was decreased. Similarly higher numbers of chloroplasts were found in the guard cells of these 

treated cultivars of citrus. 

Perez, et al., (2020) induced the different part of plant sources with gamma radiation to check 

the sensitivity of these plant parts. Seed, budwood and nodal segments were exposed with 

gamma radiation and it was found that seeds are more resistant to irradiation as compared to 

other parts. LD50 for seeds for all varieties of citrus was 127 Gy but it was 50 Gy for budwoods 

and 25 Gy for nodal respectively. Khan, et al., (2019) exposed associated microorganism of 
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perennial plants with different doses of gamma irradiation to control these microorganism. 

Pathogens and microorganisms were control up to certain extent. UV radiation helps to 

enhance the cold tolerance characteristics in plants. Tang, et al., (2020) used UV radiation for 

the alteration of cold stress genes i.e. CBF3 and RD29A which significantly act as activator 

for inducing stress tolerance in Arabidopsis thaliana seedlings.  Application of ionized 

radiation also used for the treatment of oxidative cancerous cells. Ramabulana, et al., (2017) 

used abiotic stressors to increase the level of metabolites in plant cells. Maximum amount of 

glucomoringin were accumulated by these photo-oxidative stress. Muley, et al., (2019) applied 

gamma irradiation to prepared oligo-chitosan which is stress tolerance in potato plant. This 

oligo-chitosan induced the defence mechanism for drought stress tolerance. Pradhan, et al., 

(2020) used gamma irradiation to activate biosynthesis of certain bio-active components in 

algal cell to improve the microalgae varieties. Thomas, et al., (2017) also reported that low 

doses of UV radiation has great effect in different varieties of cowpea, maize, cucumber and 

wheat  species to bring a strong ability to tolerate biotic and abiotic stresses along with 

increasing crop yield as well quality. Lu, et al., (19880) also reported that postharvest storage 

was also enhanced in onion upto four weeks when onion was irradiated with gamma dose. 

Sprouting was also controlled after the application of gamma radiation. Total sugar contents 

were also not effected by UV rays. Gamma radiation is also used for quality insurances and 

avoids postharvest losses. Cia, et al., (2007) used an alternative method for the control of 

pathogens and other fungicides which ultimately effect the postharvest preservation of papaya. 

Fruits were exposed to Co60 at different doses of gamma irradiation. This application of gamma 

irradiation helps to reduce the postharvest losses which were instigated by anthracnose. 
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Chapter 6 

SUMMARY 

Citrus is the major fruit crop, widely grown all over the world. It is grown in tropical 

and subtropical region of the world Pakistan ranks 10th all over the world by producing citrus 

and it is the 2nd major fruit crop after grapes. In Pakistan, this crop is grown in all the provinces 

but Punjab has highest share of production of 95%.  

Crop improvement is the major focus of breeders and different techniques are always 

introduced for breeding program. Citrus industry has been facing number of problem now a 

day. Citrus quick decline, attacks of different diseases, citrus canker similarly bacterial and 

viral diseases are prevailing all over the world.  

Grapefruit is the important crop of genus Citrus. It has number of nutritional as well as 

health beneficial compounds which make it important all over the globe. Instead of these all, 

large number of seeds per fruit, too bitter taste, put the consumers in trouble for consumption. 

In first experiment, gamma radiations were applied on the newly cut budwoods of six cultivars 

of grapefruit i.e. Shamber, Foster, Frost Fresh, Reed Red Mexican Foster and Red Blush. 

Different morphological characteristics were studied to find out the impact of gamma radiation 

on the grapefruit cultivars. Exposure to the gamma radiation showed great impact on the 

morphological as well as molecular characteristics. It has been found that gamma irradiation 

put inverse relationship on germination percentage on all the cultivars of grapefruit. As the 

dose of gamma irradiation increased, lethal effects prevails on budwoods. Maximum budwood 

initial percentage was recorded at control and 20 Gy of irradiation. Similarly at 50 Gy and 80 

Gy a considerable budwood initiation/ sprouting was recorded while at 140 Gy poor level of 

bud sprouting was checked. Irradiation also affects the number of leaves. Highest mean number 

of leaves were recorded at control (26.24) and 20 Gy (13.48) and lowest at 140 Gy irradiation 

i.e. 3.59. Similarly, among cultivars of grapefruit Red Blush showed the highest mean number 

of leaves i.e. 13.53 and lowest in Frost Fresh (11.99). Leaf length and leaf width are the good 

characters for analyzing the impact of mutation. Maximum leave length was recorded at 20 Gy 

(6.69 cm) after control (6.86 cm) and lowest at 1.86 cm at 140 Gy. Similarly Red Blush had 

maximum mean leaf length (5.14 cm) and lowest in Reed (4.27 cm). Highest degree of leaf 

width was recorded at control followed by 20 Gy and least at 140 Gy i.e. 
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4.55>3.75>3.04>2.36>1.70>0.78 cm. Red Blush had highest leaf width among cultivars i.e. 

3.32 cm and least in Red Mexican Foster (2.34 cm). Shoot length was recorded from sprouted 

budwoods. Gamma irradiation also showed inverse relationship on the shoot length. As the 

strength/ level of exposure of radiation increased, lower shoot length was recorded in all the 

cultivars of grapefruit. At control, maximum shoot length was recorded i.e. 27.80 cm which 

was gradually reduced with the increase level of radiation. At 20 Gy of irradiation among other 

exposure of dose levels, maximum shoot length was recorded while at 140 Gy least mean 

length of shoot was observed i.e. 27.80>17.39>12.80>9.98>7.71>3.71 cm. Among varieties, 

Shamber showed the maximum mean length of shoot followed by Foster and Frost Fresh i.e. 

13.79>13.65>13.52 respectively whereas Reed showed least mean length of shoot i.e. 8.45 cm. 

Number of branches was also recorded in each cultivar of sprouted budwood. Different 

varieties behave differently. Maximum branches were recorded at control level followed by 20 

Gy and 50 Gy which was gradually declined as the exposure of budwood with gamma radiation 

became higher i.e. 2.01>1.62>1.23>0.94. At 140 Gy minimum mean number of branches was 

recorded i.e. 0.55. Similarly Foster has higher number of mean branches (1.46) followed by 

Red Mexican Foster (1.33) and Red Blush (1.21). 

Second major experiment was the genetic characterization of irradiated budwoods of 

grapefruit cultivars. 18 SSR molecular markers were used for characterization purpose. Out of 

18 markers, 17 SSR markers showed efficient results. Highest number of amplified bands was 

recorded in Primer 10. PIC value showed the highly regenerated polymorphism in all the six 

cultivars of grapefruit. Maximum Allele frequency was recorded in primer 15 i.e. 0.6167 and 

minimum in primer 17 (0.2500). Similarly maximum heterozygosity was recorded in primer 4 

i.e. 1.00 whereas the minimum was in primer 6 i.e. 0.233. PCR amplificates were run on 0.8% 

agarose gel initially with 1 kb ladder of Thermo-Scientific to analyze the band size. Analysis 

of amplificates was further carried out on PAGE. Power marker helped to calculate the 

maximum and minimum PIC value i.e. 0.7758 and 0.3978 respectively. Primer 8 and primer 6 

showed the maximum percentage of mean allelic frequency i.e. 75% and 71.67% respectively. 

Primer 17 showed the least allelic frequency i.e. 25%.  Mean allelic frequency of all SSR 

markers was recorded to be 50.78%. Similarly in all SSR markers the mean heterozygosity 

was 67.06%. AMOVA table showed the variation among and within population. 84% variation 

was observed within population while 16% was recorded among population. Similarity index 
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helped to identify the behavior of six cultivars of grapefruit. Dendrogram also showed the 

similarity relationship of parent and mutants of grapefruit cultivars. Three groups were 

established on the basis of similarity behavior which contains many subgroups and further 

subgroups. Irradiated cv. Reed 110 Gy and Reed 140 showed unique and separated similarity 

to each other. Similarly irradiated Shamber 140 Gy also showed unique behavior in cluster of 

dendrogram.    

Third experiment was inducing the polyploidy to six varieties of grapefruit by applying 

the colchicine. In vitro and In vivo techniques were used for the application of colchicine. 

Different concentrations of colchicine showed different type of impact on the six varieties of 

grapefruit (Shamber, Foster, Frost Fresh, Reed, Red Mexican Foster and Red Blush) 

Morphological and stomatal analysis were carried out. In morphological characterization of In 

vivo colchicine application, number of factors was studied. . In Vivo application of mutagen 

also confirmed of inverse relationship of colchicine on the morphological effect of grapefruit 

cultivars. It has been observed that the concentration strength/level of colchicine has adverse 

effect on number of leaves. Maximum number of leaves was recorded at control followed by 

0.05 mg L-1 and 0.08 mg L-1and so on the increase dose of applied colchicine (0.50 mg L-1), 

number of leaves were significantly reduced i.e. 12.59>11.09>9.82>8.59>6.87>4.37>3.06.  

Colchicine also hinders the growth of twig of trees. Among cultivars of grapefruit, Shamber 

showed the maximum number of leaves followed by Red Mexican Foster and Frost Fresh i.e. 

8.79>8.22>8.19 respectively. Leaf length was also affected by In Vivo colchicine application. 

As the colchicine concentration was higher, leaf length and width was significantly increased. 

Least leaf length was observed at control (3.55) while maximum at 0.50 mg L-1. Similarly at 

control least and maximum leaf width at 0.50 mg L-1 was observed i.e. 1.85 cm and 3.40 cm 

respectively. Colchicine concentration level has direct relationship with the length and width 

of leaves. It increased the surface area of leaves which is the great feature of polyploids i.e. 

broader and wider leaves.  Among varieties of grapefruit, Red Blush showed the significantly 

maximum mean leaf length (4.98 cm) followed by Red Mexican Foster (4.88 cm) whereas 

Reed showed the least mean leaf length (4.48 cm). Similarly maximum leaf width was recorded 

in Red Blush (2.85 cm) and least in Foster and Reed (2.43 cm each). Leave area has direct 

relation with the concentration level of colchicine. Higher the dose, higher will be the leaf area 

was recorded in six cultivars of grapefruit. Higher leaf area (21.01 cm2) was recorded at 0.5 
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mg L-1 whereas the least leaf area (6.43 cm2) was observed at 0.0 mg L-1 (control). Red Blush 

has the maximum mean leaf area (13.99 cm2). Colchicine also put some negative impacts on 

some morphological characters like number of branches, and branch length etc. It retarded the 

growth and development of number of branches when In Vivo colchicine was applied on the 

six varieties of grapefruit. The inverse curved was obtained among the colchicine level and 

number of branches as well as branch lengths.  Least number of branches was recorded at 

highest application level of colchicine i.e. 0.5 mg L-1 (1.42) and maximum number of branches 

was counted at control (3.34). Similarly at control highest mean lengths of branches were 

recorded i.e. 15.44 cm and least at the maximum level of colchicine i.e. 0.5 mg L-1. Among six 

cultivars, Reed and Red Mexican Foster showed the highest mean length of branches i.e. 11.57 

cm each whereas Foster showed the least (9.98 cm).  

In Vitro colchicine application, maximum embryo germination was observed at control 

(91.72%) which was gradually reduced with increased concentration of colchicine 

91.72>71.00>66.67>54.17>50>34.72>27.78. Highest germination percentage was recorded in 

Shamber (65.47%) followed by Foster (58.33%) and Frost Fresh (57.14%). Number of leaves 

was also affected by the colchicine concentration. Highest number of leaves was observed at 

control which was decreased by increased application of colchicine treatment i.e. 

11.13>9.74>8.39>6.84>5.82>4.09>2.68. Shoot and root lengths (cm) were also recorded in 

grapefruit cultivars. Colchicine retarded the shoot and root lengths on MS medium. Maximum 

length was found at control whereas the least growth in 0.5 mg L-1 of colchicine. Red blush 

and Shamber showed the maximum mean degree of shoot length (4.07 cm and 3.96 cm 

respectively) and Reed showed the least (3.57 cm). Similarly, Red Mexican Foster showed the 

maximum root lengths (9.18 cm) followed by Red Blush and Shamber i.e. 9.18>9.03>8.99 and 

8.64 cm. 

Fourth experiment was the cytological studies of six In Vitro colchicine induced 

grapefruit cultivars. Microscopy like number of stomata, length of stomata, width of stomata, 

area of stomata and the aperture of stomata were analyzed by microscope in Plant Tissue and 

Organ Culture Lab, IHS, UAF. Colchicine has negative relationship with the number of 

stomata. Higher the dose of colchicine, lower the number of stomata on the lower epidermis 

of leaf. Maximum number of stomata was recorded at control i.e. 13.65 while it was 

consecutively decreased with in increased level of colchicine from 0.05 mgL-1 to 0.5 mg L-1 
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i.e. 12.13>10.12>8.15>7.12>5.79>4.31. In cv. Frost Fresh, highest mean number of stomata 

was checked and Reed showed the least i.e. 9.02 and 8.51. Colchicine increased the length and 

width of stomata as the dose increased. Highest length of stomata was recorded at 0.5 mg L-1 

which showed the induction of polyploidy to the crop. Among varieties, Red Blush showed 

the maximum mean length of stomata (2.70 µm) and lowest in Foster (2.13µm). Similarly the 

maximum stomata width was recorded at highest level of colchicine i.e. 0.5 mg L-1 (2.97 µm) 

and lowest at control (1.46 µm). Red Blush showed the maximum stomata length (2.43 µm) 

among varieties. Area of stomata was found to be greater in those explants where the highest 

level of colchicine was applied. As the dose of colchicine was increased the area of stomata 

was also gradually increased in each level. At control, least area of stomata was observed while 

at 0.5 mg L-1 maximum stomatal area was recorded i.e. 2.53 µm2 and 9.54 µm2 respectively. 

Similarly, Red Blush showed the highest significant level of the area of stomata (6.92 µm2) 

among the six cultivars of grapefruit whereas Foster showed the least area if stomata (4.14 

µm2). Aperture of stomata is directly related to the application of colchicine. More the dose 

applied, more will be the aperture of stomata. So it has been found maximum stomatal aperture 

i.e. 0.44 µm at 0.5 mg L-1 of colchicine application and minimum at control (0.22). Among 

varieties, Shamber has the highest degree of stomatal aperture i.e. 0.38 µm and least in Frost 

Fresh (0.31 µm). These all parameters show the impact of colchicine for inducing polyploidy 

in six cultivars of grapefruit. Colchicine has greatly altered the morphological and microscopic 

characteristics when its impact was correlated the results of control.  

Conclusion: 

Gamma radiation application is a big and easy tool for inducing genetic variation 

(mutation). Morphological characteristics are significantly changed with increased dose. To 

find out the desired character, molecular analysis i.e. SSR markers helped to analyze the allelic 

frequency, allele number, heterozygosity and similarity among the treated and non-treated 

cultivars. Similarly, application of colchicine for inducing polyploids also causes the 

morphological and cytological differenced among treated and non-treated plants and seed. In 

both cases, application of higher doses, hinder the plant growth and show the negative impact 

on the crop. Application of higher dose of colchicine broader the leaf area and verification with 

the help of stomatal analysis clearly showed that it induced the ploidy level of crop. 



 

106 
 

Treatment application of colchicine and gamma radiation, both has remarkable impact on the 

crops. When the dose was increased up to certain level, it caused morphological changes which 

were verified genetically and cytologically. When colchicine  

Future Prospect: 

Grapefruit is a member of genus Citrus. It is of great importance due to its nutritional 

value especially vitamin A and C. It is being recommended under certain disease i.e. 

cardiovascular disease, diabetes, cancer treatment, develop immunity, improve digestion 

mechanism and also improve skin repairing tissues etc.  

Present study will help to explore the new direction of research for citrus germplasm. 

It will provide the concept of understanding of mode of action of colchicine and impact of 

gamma irradiation of plant morphology as well as physiology. As in this study different SSR 

markers are being used for characterization. Amplification of these markers will guide the 

researcher for understanding the behavior of markers on plants. It also helps to enhance marker 

assisted selection. Similarly application of gamma radiation is widely adopted in the field of 

mutation breeding. This study will also help to breeders to find out the lethal level of 

irradiation.  
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APPENDIX 

 

ANOVA 4.1: Analysis of variance table for Leaves (number). 

Source of variation Degrees of freedom Sum of squares Mean squares F-value 

Replication 

Variety 

Treatment 

Variety*Treatment 

Error 

Total 

2 

5 

5 

25 

70 

107 

0.15 

888.67 

3877.97 

2983.18 

18.39 

7768.36 

0.07 

177.73 

775.59 

119.33 

0.26 

 

676.57** 

2952.39** 

454.23** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
 

ANOVA 4. 2: Analysis of variance table for Leaf length (cm). 

Source of variation Degrees of freedom Sum of squares Mean squares F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2 

  5 

  5 

 25 

 70 

107 

    0.023 

   52.566 

  332.000 

  162.456 

    1.868 

  548.912 

  0.012 

 10.513 

 66.400 

  6.498 

  0.027 

 

  393.95** 

 2488.15** 

  243.50** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

ANOVA 4.3: Analysis of variance table for Leave width (cm). 

Source of variation Degrees of freedom Sum of squares Mean 

squares 

F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2 

  5 

  5 

 25 

 70 

107 

   0.0622 

   5.7902 

  68.4768 

  31.5950 

   0.3786 

 106.3027 

  0.0311 

  1.1580 

 13.6954 

  1.2638 

  0.0054 

 

  214.14** 

 2532.47** 

  233.70** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

ANOVA 4.4: Analysis of variance table for Shoot length (cm). 

Source of variation Degrees of freedom Sum of squares Mean 

squares 

F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2 

  5 

  5 

 25 

 70 

107 

     2.26 

  1456.00 

  4033.75 

  4829.91 

    17.45 

 10339.38 

   1.13 

 291.20 

 806.75 

 193.20 

   0.25 

 

1168.16** 

 3236.30** 

  775.01** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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ANOVA 4.5: Analysis of variance table for Branches (number). 

Source of variation Degrees of freedom Sum of squares Mean squares F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2 

  5 

  5 

 25 

 70 

107 

   0.0044 

   3.5481 

  30.8343 

   9.0989 

   0.1284 

  43.6141 

0.0022 

 0.7096 

 6.1669 

 0.3640 

 0.0018 

 

  386.85** 

 3361.87** 

  198.41** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

ANOVA 4.6: Analysis of variance table for No. of leaves. 

Source of variation Degrees of freedom Sum of squares Mean 

squares 

F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2  

  5  

  6  

 30  

 82  

125 

     0.149 

   666.975 

  1902.806 

   277.505 

     6.830 

  2854.265 

   0.075 

 133.395 

 317.134 

   9.250 

   0.083 

 

1601.60** 

 3807.66** 

  111.06** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

ANOVA 4.7: Analysis of variance table for Leaf area (cm²). 

Source of variation Degrees of freedom Sum of squares Mean squares F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2  

  5  

  6  

 30  

 82  

125 

    0.007 

  180.464 

 2592.036 

  166.744 

   13.486 

 2952.737 

    0.004 

   36.093 

  432.006 

    5.558 

    0.164 

 

  219.46** 

 2626.79** 

   33.80** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

ANOVA 4.8:`Analysis of variance table for No. of branches. 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2  

  5  

  6  

 30  

 82  

125 

   0.0012 

  17.6561 

  62.6630 

  66.9569 

   0.4273 

 147.7045 

  0.0006 

  3.5312 

 10.4438 

  2.2319 

  0.0052 

 

  677.66** 

 2004.23** 

  428.31** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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ANOVA 4.9 Analysis of variance table for Branch length (cm). 

Source of variation Degrees of 

freedom 

Sum of squares Mean 

squares 

F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2  

  5  

  6  

 30  

 82  

125 

    0.530  

  141.250  

  746.097  

  338.727  

   11.372  

 1237.976 

   0.265 

  28.250 

 124.349 

  11.291 

   0.139 

 

203.70** 

 896.62** 

  81.41** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

 

ANOVA 4.10:Analysis of variance table for Germination % of seed. 

Source of variation Degrees of freedom Sum of squares Mean 

squares 

F-value 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  5 

  6 

 30 

 84 

125 

   3.9690  

  86.1557  

  13.3633  

   0.4993  

 103.9872 

  0.7938 

 14.3593 

  0.4454 

  0.0059 

  133.55** 

 2415.82** 

   74.94** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

 

ANOVA 4.11:Analysis of variance table for No. of leaves. 

Source of variation Degrees of freedom Sum of squares Mean 

squares 

F-value 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  5 

  6 

 30 

 84 

125 

   22.172  

  886.675  

   60.305  

    4.354  

  973.506 

   4.434 

 147.779 

   2.010 

   0.052 

   85.55** 

 2851.04** 

   38.78** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

 

ANOVA 4.12:Analysis of variance table for Shoot length (cm). 

Source of variation Degrees of freedom Sum of squares Mean 

squares 

F-value 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  5 

  6 

 30 

 84 

125 

   8.0821  

 108.1788  

  17.0503  

   1.1506  

 134.4617 

  1.6164  

 18.0298  

  0.5683  

  0.0137 

  118.01** 

 1316.31** 

   41.49** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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ANOVA 4.13:Analysis of variance table for Root length (cm). 

Source of variation Degrees of freedom Sum of squares Mean 

squares 

F-value 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  5 

  6 

 30 

 84 

125 

    20.083 

   927.429 

    75.218 

     6.113 

  1028.843 

   4.017 

 154.572 

   2.507 

   0.073 

   55.20** 

 2124.11** 

   34.45** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

ANOVA 4.14:Analysis of variance table for No. of leaves. 

Source of variation Degrees of freedom Sum of squares Mean 

squares 

F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2  

  5  

  6  

 30  

 82  

125 

     0.149 

   666.975 

  1902.806 

   277.505 

     6.830 

  2854.265 

   0.075 

 133.395 

 317.134 

   9.250 

   0.083 

 

1601.60** 

 3807.66** 

  111.06** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 
 

ANOVA 4.15: Analysis of variance table for No. of branches. 

Source of variation Degrees of freedom Sum of 

squares 

Mean 

squares 

F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2  

  5  

  6  

 30  

 82  

125 

   0.0012 

  17.6561 

  62.6630 

  66.9569 

   0.4273 

 147.7045 

  0.0006 

  3.5312 

 10.4438 

  2.2319 

  0.0052 

 

  677.66** 

 2004.23** 

  428.31** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

ANOVA 4.16: Analysis of variance table for Branch length (cm). 

Source of variation Degrees of freedom Sum of squares Mean squares F-value 

Replication 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  2  

  5  

  6  

 30  

 82  

125 

    0.530  

  141.250  

  746.097  

  338.727  

   11.372  

 1237.976 

   0.265 

  28.250 

 124.349 

  11.291 

   0.139 

 

203.70** 

 896.62** 

  81.41** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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ANOVA 4.17: Analysis of variance table for No. of stomata. 

Source of variation Degrees of freedom Sum of squares Mean squares F-value 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  5 

  6 

 30 

 84 

125 

   48.888 

 1333.742 

  123.073 

    8.713 

 1514.417 

   9.778 

 222.290 

   4.102 

   0.104 

   

94.26** 

 

2143.07*

* 

   

39.55** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

ANOVA 4.18: Analysis of variance table for Length of stomata (µm). 

Source of variation Degrees of freedom Sum of squares Mean squares F-value 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  5 

  6 

 30 

 84 

125 

4.1738 

38.2681 

 3.1496 

 0.6670 

46.2586 

0.8348 

 6.3780 

 0.1050 

 0.0079 

105.13** 

 803.27** 

  13.22** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

 

ANOVA 4.19: Analysis of variance table for Width of stomata (µm). 

Source of variation Degrees of freedom Sum of squares Mean squares F-value 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  5 

  6 

 30 

 84 

125 

1.8011 

46.9443 

 1.4937 

 0.5752 

50.8144 

0.3602 

 7.8241 

 0.0498 

 0.0068 

   52.60** 

 

1142.55*

* 

    7.27** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 

 

ANOVA 4.20: Analysis of variance table for Area of stomata (µm²). 

Source of variation Degrees of freedom Sum of 

squares 

Mean squares F-value 

Variety            

Treatment          

Variety*Treatment  

Error              

Total              

  5 

  6 

 30 

 84 

125 

   41.156 

  975.343 

   31.945 

    3.720 

 1052.164 

   8.231 

 162.557 

   1.065 

   0.044 

  185.86** 

 3670.47** 

   24.04** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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ANOVA 4.21: Analysis of variance table for Aperture of stomata (µm). 

Source of 

variation 

Degrees of freedom Sum of 

squares 

Mean squares F-value 

Variety            

Treatment          

Variety*Treat

ment  

Error              

Total              

  5 

  6 

 30 

 84 

125 

0.056244 

 0.617460 

 0.018736 

 0.014643 

 0.707083 

0.011249 

 0.102910 

 0.000625 

 0.000174 

  64.53** 

 590.33** 

   3.58** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
 

 


