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			Abstract | Pakistan is an agricultural country and its population continues to grow rapidly at an alarming pace. The agricultural sector is playing a vital role in strengthening the economy of the country. Apart from traditional cereals cultivation, climatic conditions of Pakistan are feasible and appropriate for the cultivation of temperate, tropical and subtropical fruits. Thus, diverse environmental conditions allow the farmers to cultivate a variety of fruits which ultimately uplifting the burden from traditionally cultivated crops. In recent years, the cultivation and yield of different fruit trees are declining in the country. The key contributors to the decline in fruit crop yield include abiotic stresses, biotic stresses, certain pathogens and nematodes, market devaluation and access, urbanization, poor gardening, poverty climate change, small landholdings, exogenous factors and managerial decisions, etc. So, to counter these fruit yield declining factors the use of advanced molecular markers is a handy option for the improvement of the fruit germplasm in Pakistan. Additionally, they also have diverse applications in the area of genetic diversity, varietal identification studies, hybrid detection, disease diagnostics and sex differentiation by administering the powerful diagnostic polymorphism detection tools at specific loci and the genome level. This review focuses on exploring the application, recent advancements and future implications of DNA-based molecular markers with the context of their role in the genetic improvement of fruit germplasm that is widely grown in Pakistan like citrus, apples, mangoes, guavas, bananas, date palms and peaches, etc. Furthermore, by offering a piece of scientific information and addressing developments, notably in DNA-based molecular markers, this review paper may serve as a road map for obtaining high-yielding fruit varieties in Pakistan.
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			Introduction

			During the past few decades, various environmental factors are responsible for causing drastic changes in the climate of the world. These factors include irregular patterns of rainfall, floods, pests, insects and notably the virulence of novel diseases caused by multiple strains of microbes like bacteria, viruses and other pathogens. Furthermore, these factors are depicted as the direct indicators of climate changes experienced around the globe which ultimately results in the decline of yield and quality of crops. By considering climate changes and their effect on agricultural productivity at a global level it is likely to have a great impact on the overall production of crops, food availability, livestock production and many other nutritional and economic factors. It is estimated that in 2050, the population of the world will reach around 9.1 billion (Godfray et al., 2010). Furthermore, the rapidly increasing population of the world along with the combination of unpredictable climatic changes are a global threat to food security precisely for the world’s economic sector (Lesk et al., 2016). Keeping in view the food requirement of the world in the scenario of the rapidly growing population and current decline rate of agricultural yield due to climatic change is the key concern for the researchers. Fruits are important as a source of nutrients and minerals and are also used as a staple food in some countries of the world. The productivity of fruit cultivars is at a high risk of decline due to unreliable climatic conditions worldwide. With the increasing population of the world, fruits requirement is also increased proportionally. To counter this alarming situation, improvement should be made in the traits directly related to the sustainable yield of crops. Pakistan is an agricultural country with a high population growth rate. Moreover, its economy is vastly dependent on the traditional agriculture and production of major cereal crops and cash crops like rice, wheat, maize, cotton, sugarcane which is not enough to meet the population demands (Rehman et al., 2018a). Furthermore, Agriculture constitutes the largest sector of the economy and contributes 24% percent of Gross Domestic Product (GDP, 2020). As cultivation of cereal crops has a positive and important association with the overall GDP of Pakistan. The cultivation of several fruit varieties in Pakistan covers an area of 849,531 hectares providing about 722,328,3 tonnes of fruit production (FAOSTAT, 2018). The ecological conditions of Pakistan favor the cultivation and production of the popular commercial fruits of the world such as Apple, Citrus, Mango, Guava, Banana, Apricot, Date palms and Melons (Figure 1). These fruit cultivars are very famous and demanding due to their unique taste and nutritional values. Fruits are cultivated in all the provinces of Pakistan so, during the year 2019 the fruits cultivated, areas of cultivation and production are given in (Table 1) whereas, percentage of fruit production and area harvested in Pakistan and four provinces are indicated in Figure 2, 3 and 4 respectively. Thus, the pomology sector could play an important role in galvanizing the economy of Pakistan. 

			Important fruit cultivars of Pakistan 

			Kinnow (Citrus reticulata Blanco): Kinnow is one of the economically significant fruit cultivars of Pakistan. In Pakistan citrus fruit or Kinnow (Citrus reticulata) is widely cultivated in tropical and subtropical areas. As compared to other citrus fruits farming of this cultivar is excessively adopted because of its high nutritional value, greater output and unique flavor. Currently, the yield of ‘Kinnow’ in Pakistan is far less than the other citrus-producing countries of the world. Shedding of unripened fruit from the trees is probably the major reason behind this decline drop in productivity (Ashraf et al., 2013). In recent years the yield and quality of citrus fruit are highly affected by the due to changing climatic patterns of the region and tend to show high susceptibility response towards adverse climatic conditions as well. Likewise, the cultivation of ‘kinnow’ in areas affiliated with certain abiotic factors like temperature changes, precipitation and fog would be a great risk for production (Nawaz et al., 2019). Furthermore, among the leading biotic factors, several microbes like bacteria, nematodes and viruses are drastically affecting the production of citrus by causing diseases like citrus canker, citrus withers tip and citrus greening (Anjum and Javaid, 2005). Citrus canker is caused by the bacterium (Xanthomonas citri subsp. citri), which affects the leaves, twigs and fruit of citrus plants causing the leaves to drop and unripe fruit to fall to the ground. The virulence of this disease occurs in large areas of the world’s citrus-growing countries including Pakistan. Nearly 100% of the fruit that dropped were affected by canker (Graham et al., 2006). Citrus wither tip is caused by the fungus (Colletotrichum gloeosporioides) is the most prevalent disease in Sargodha and is the most significant fungal disease contributing towards citrus decline in this area. According to the study conducted by (Raza et al., 2019) the highest disease virulence 

			[image: ]

			Figure 1: The production of major fruit cultivars in Pakistan.
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			Figure 2: Production of fruit and area harvested (Percentage) in Pakistan 2019.
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			Figure 3: Fruit Area harvested (Percentage) in four provinces of Pakistan 2019.

			was recorded higher in Kotmomin 42.22%, Sargodha 36.11%, Sahiwal 34.44%, Silanwali 36.11%, Bhalwal 32.22% and lowest in Shahpur 26.11% respectively. Citrus Greening (Candidatus Liberibacter asiaticus) is one of the most serious citrus plant diseases that prevail in the world. It is also known as Huanglongbing (HLB) or yellow dragon disease. Citrus greening disease destroyed about 60 million citrus trees in Africa and Asia (Shokrollah et al., 2011). The Asiatic form is prevalent in Pakistan, which is a threat to the citrus industry of Pakistan.
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			Figure 4: Fruit production (Percentage) in four provinces of Pakistan 2019.

			Note: Figures source: Fruit, Vegetables and Condiments Statistics of Pakistan 2019. (FAOSTAT, 2019).

			Table 1: Production of various fruit cultivars of Pakistan (FAOSTAT, 2019).

			
				
					
					
					
					
					
					
				
				
					
							
							Common names

						
							
							Scientific names

						
							
							Varieties

						
							
							Major producing areas

						
							
							Total area harvested (ha)

						
							
							Total yield (hg/ha)

						
					

					
							
							Oranges

						
							
							Citrus spp

						
							
							Sweet orange, Bitter orange, Lime, Mandarin

						
							
							Mainly Punjab, Faisalabad, Jhung, Sargodha,(KPK) Hazara, Mardan, Sindh Nawabshah, Sakhar

						
							
							136435

						
							
							118386

						
					

					
							
							Mango

						
							
							Mangifera indica

						
							
							Langra, Zafran, Dusehri, Desi, Kala, Chunsa and Sindhri

						
							
							Sindh and Punjab (Muzaffargarh, Multan, Rahinyar khan, Bahawalpur)

						
							
							214800

							Combined data

						
							
							105690

							Combined data

						
					

					
							
							Banana

						
							
							Musa paradisiaca

						
							
							Cavendish dwarf (Barsai)

						
							
							Sindh province

						
							
							29735

						
							
							45623

						
					

					
							
							Apple

						
							
							Malus spp

						
							
							Red delicious, Gaja, Mashadi, Amri, Kala kullu

						
							
							Kashmir, Rawalpindi District, Punjab, Balochistan

						
							
							73995

						
							
							67503

						
					

					
							
							Watermelons

						
							
							Citrullus lanatus

						
							
							Sygar baby, Sweet beauty, Golden midget

						
							
							Punjab province, Bahawalpur, Khanewal, D.G Khan, Shaikupura, Multan, Vehari and Bahawalnagar.

						
							
							37714

						
							
							149887

						
					

					
							
							Guava

						
							
							Eugenia spp

						
							
							Thadharami, Ryali, Sindhi, Seedless, Ramzani, Allahabadi, Indian, Benazir.

						
							
							Sindh (Larkana, Mirpurkhas, Hyderabad, Khairpur, NausheroFeroz, Matyari, TandoAllahyar, Punjab (Lahore, Shangla Hills, Qasoor, Gujranwala, Sharaqpur), KPK ( Kohat, Haripur, Bannu)

						
							
							214800

							Combined data

						
							
							105690

							Combined data

						
					

					
							
							Apricot

						
							
							Prunus armeniaca

						
							
							MarGhulam, Shakanda, Shakarfo, Halman, Habi,  khakas, narie, Sakardu local, NiliPawand, Shaipawand, Charmagzi, Astor-1

						
							
							KPK, Balochistan, upper Punjab and mainly in Northern Areas (Gilgit-Baltistan, Skardu)

						
							
							19372

						
							
							54069

						
					

					
							
							Peach

						
							
							Prunus spp

						
							
							Golden, Coronet,

							Texas- 455

						
							
							KPK ( Peshawar and swat)

						
							
							16185

						
							
							59148

						
					

					
							
							Pear

						
							
							Pyrus communis

						
							
							Shugri, Psycho, Batung, Puno-Batung

						
							
							Gilgit-Baltistan (Bagrote, Haramosh valleys), Hunza-Nagar

						
							
							1698

						
							
							88799

						
					

					
							
							Grapes

						
							
							Vitis spp

						
							
							King Rubbi,  Attock Collection, Babar house, Abbasin-2000, Fazil Shah, Cardinal Italia

						
							
							Balochistan, KPK (Peshawar)

						
							
							16311

						
							
							41661

						
					

					
							
							Dates

						
							
							Phoenix spp

						
							
							Begum Junngi, Aseel, Dhakki

						
							
							Balochistan (Panjgur) and Sindh ( mainly Khairpur, Sukkur), Punjab (Muzaffargarh, Multan, Bahawalpur, Jhung), KPK (Dera Ismail khan)

						
							
							104836

						
							
							46079

						
					

					
							
							Almonds

						
							
							Prunus spp

						
							
							Jordonala, Non Parral, Ktha, Kaghzi, Mission, Utra

						
							
							Balochistan, KPK

						
							
							9602

						
							
							20823

						
					

				
			

			Note: Combined data: mangoes mangosteen and guavas, KPK: Khyber Pakhtunkhwa, D.G Khan: Dera Ghazi khan.

			Apple (Malus domestica L.): Apple is another extensively grown fruit cultivar of Pakistan. It belongs to the family Rosaceae. A large number of apple varieties including Red delicious, Golden delicious, Gaja, Mashadi, Amri, Kala Kullu and Kashmiri are widely cultivated in different provinces of Pakistan (Hussain et al., 2020). Balochistan has a large share of apple production varieties like Red delicious, Gaja, Amri and Golden delicious are widely grown in Kalat, Loralai, Mastung and Quetta. Likewise, in KPK the famous village named as Gwalerai in swat producing the varieties called Aamri, Shana and Sheesha and in other areas of KPK the varieties like Harri, Fransisi (French), King Star, Kashmiri, Basooti, Sota, Kala Kola, Real Gala, Samret, Gala Mass, Mondi Gala, Gajra, Red Chips, Malochi and Watani are widely grown while mixed varieties are grown in Gilgit baltistan and Azad Kashmir. According to (FAOSTAT, 2019) the total area harvested of apples covers an area of 73995 ha and yield about 67503 hg/ha whereas, the production is estimated at 499490 tonnes. Besides, it contains polyphenols and antioxidants which lowers the risk of cardiovascular diseases. The antioxidant benefits of apple can help lower the risk of asthma by controlling the release of free radicals from inflamed cells in the airways and oxygen-rich blood (Rehman et al., 2018b). Besides this, a significant decline in its productivity is examined due to various factors like insect attacks and the selection of pollinizers (Klein et al., 2015). 

			Mango (Mangifera indica L.): Mango cultivars are produced on a larger scale after citrus in tropical areas of Pakistan mainly in Sindh and Punjab provinces. There are more than two hundred varieties of mango cultivars that have been cultivated and among these varieties, chunsa and sindhri are most popular and cultivated because of their high economic value. Moreover, mango is the national fruit of Pakistan, due to its mouth-watering taste, it is called the “king of fruits ‘’ in Pakistan. Presently, the cultivation of mango varieties and their outcome is not enough to fulfill the requirement of mango consumers due to a lack of proper management techniques (leads to poor production and decline in the export), improper protective measures (fails to control the malformation results in decline in yield) and other climatic factors like (floods, the virulence of diseases and wilting of the mango orchards (Usman et al., 2003). Like other fruits, due to various abiotic and biotic factors such as diseases caused by some new strains of microbes like mango malformation, powdery mildew and anthracnose. The causal organism of mango malformation is Fusarium mangiferae (Ploetz, 2002). A survey was conducted by (Malik et al., 2018) about the virulence of mango malformation disease in five districts of Southern Punjab. The results of the study confirmed the severity of 41.44% in Layyah, Multan was recorded the second with 35.22%, 30.11% in Lodhran followed by Muzzaffar-garh and Khanevwal with 27.11% and 23.33% respectively. Moreover, the causal organism of mango powdery mildew disease is Oidium mangiferae Berthet. Powdery mildew of mango was recorded in Indo-Pak-Sub-Continent before 1874 (Johnson, 1994). Additionally, it is a serious disease of mangoes in Pakistan and other mango-growing regions of the world with important economical constraints. Anthracnose is another significant and serious disease of mango in Pakistan and alternatively called blossom blight as well. Their causal organism is (Colletotrichum gloeosporioides). A survey was conducted by (Naqvi et al., 2014) and results confirmed the maximum disease incidence in Band Bosan (43.66 %) whereas minimum severity was recorded in Nawab Pur (34.66 %) respectively. On the other hand, several insects and pests destroy the mango orchids but the most destructive are including fruit fly, mango hopper, stem borer, mango nut weevil and mealybugs are responsible for the significant decline in its productivity. Furthermore, the lack of proper fertilizers and manure for the improvement of soil texture and improper technologies of harvesting and packaging also affect their quality badly. For mango orchards, the recommended dose comprised of 70% Nitrogen, 100% phosphorous and 50% Potash provided immediately after fruit harvest while the remaining amount of N dose is applied at flowering and K dose after the fruit setting stage. The germplasm of mango cultivars is vulnerable to extinction so selection and cloning techniques (molecular / homology) must be adopted with regular breeding programs to obtain improved varieties of mango fruit and to better understand the molecular basis of flowering regulation in mango (Usman et al., 2003; Wei et al., 2016). 

			Guava (Psidium guajava): Guava is also known as the apple of the tropics and one of the most commonly produced fruit. This cultivar is nutritionally important for having many desirable nutrients like vitamin A, B, C, calcium and phosphorus. Vitamin C content in Guava is far greater than oranges and papaya. Guava is also very beneficial for strengthening the immune system and reducing cholesterol levels to prevent heart diseases (Khushk et al., 2009). Cultivation of guava in Pakistan is adversely affected by the virulence of pests, insects, inadequate cultivation methods, immature fruit harvesting and poor management practices. By adopting improved management practices and modern technologies yield of this fruit crop can be elevated up to 30-40 % (Khushk et al., 2009).

			Banana (Musa spp): Banana is an important nutritional fruit crop that belongs to the family Musaceae. Two species M. acuminata and M. balbisiana, are considered the progenitors of modern edible bananas (Wang et al., 2019). Bananas are usually cultivated in areas with great variations in temperature and average seasonal rainfall specifically in tropical and subtropical regions. More than 120 countries of the world including America, Asia, Africa, and Australia with humid tropics and subtropics support the cultivation of bananas. The total yield of bananas in Pakistan is 44.972,00 hg/ha over the area of 30.031,00 ha (FAOSTAT, 2018). The main contributor of the production in Pakistan is the Sindh (90%) and Punjab (10%) province respectively. Many factors such as human activities, growing of specific fruit cultivars of consumers choice along with many biotic and abiotic stresses are gradually causing a depletion in Musa germplasm (Sipen et al., 2011). Likewise, banana is facing a decline in its yields because of bacterial, fungal and nematode infections. According to (Rao et al., 2002) a survey was conducted in the five banana production areas of Southern Sindh. It was found that banana bunchy top virus (BBTV) showed high virulence in Tandojam (90%), and minimum virulence was recorded in Tando-Mohammad Khan (50%) respectively. Musacearum disease is the greatest threat to banana production in African regions (Tripathi et al., 2009). Panama disease caused by a fungus (Fusarium oxysporum) also named as Fusarium wilt disease is also affecting the yield of many banana varieties and is a global threat for the banana production (Ganga and Chezhiyan, 2002). It is reported that the total post-harvest of bananas amounted to Pakistan has been 154,825 tons from 34, 830 hectares per year (Ahmada et al., 2021).

			Date palm (Phoenix dactylifera L.): Date palm is cultivated in every province of the country approximately covering an area of about 90,000 ha (Abul-Soad et al., 2015). Major complications are associated with date palm cultivation in Pakistan are Red palm weevil (RPW) is a pest that has affected the palm orchards in many districts of Sindh province. Other common pests include stem borers, date palm lesser moths and termites are the prime source of causing the decline in date palm yield almost around the country. Furthermore, the scarcity of water and pest dusk bugs are important threats to the productivity of date palms in Balochistan province. Moreover, rodents are also causing damage to the date palms trees by destroying their offshoots. Furthermore, irregular raining patterns in Punjab and KPK are another damaging factor for date palms in these regions (Abul-Soad et al., 2015). 

			Major constraints towards the cultivation of the fruit in Pakistan

			In recent years, the agricultural sector of Pakistan has come across various hurdles and challenges which are adversely affected by irregular environmental fluctuations mainly due to climatic change. As a consequence, a fruit crop has undergone a Shortening of Growing Season Length (GSL), along with this, experienced heat stress at critical reproductive stages and elevated water requirements of fruit crops ultimately leads to disrupt food availability and affect the food quality. As the agriculture fruit sector is highly sensitive to it and fruits like grapes /wine grapes, cranberries, peaches, bananas, avocados, plums, apricot, sweet cherries, mangoes, etc are being highly affected (Ullah et al., 2018). Pakistan is among the highly affected countries and has been ranked 12th in terms of climatic changes from the year 1993 to 2012 (Abid et al., 2015). In addition to this, soil salinity, drought, elevated amount of salt deposition, insects, pests, pathogens and the virulence of novel pandemic COVID-19 are the major contributors to the decline of yield and quality of fruit crops. The novel pandemic has generated a serious economic loss due to uncertain lockdowns, scarcity of labor occurred and long-distance distribution have been interrupted. As a result, elevation in the prices occurred and damages the storability of perishable fruits like berries, bananas, avocados, etc. (Bulgari et al., 2021). In developing countries like Pakistan where the cultivation of fruit cultivars and other crops is declining due to the scarcity of proper knowledge and poor management practices of fruits. In addition to this, farmers are not fully equipped and aware of novel techniques and methodologies of sustainable farming systems. Pakistan is at higher risk of facing food insecurity and possibly a major decline in agricultural productivity due to the low adaptation level of modern technology (Ahmad and Farooq, 2010).

			Agricultural productivity is greatly affected by biotic and abiotic stress factors (Krasensky and Jonak, 2012). Abiotic stresses are the prime reason for the decline in productivity of fruit crops around the world (Waqas et al., 2019). On the contrary, biotic stresses contain a large number of microbes like bacteria and viruses that have a more drastic effect on the biochemistry of fruit crops. Nevertheless, they also affect other physiological parameters as well like phenology, ontogeny, etc (Ochoa-Velasco et al., 2017). 

			On the contrary, to counter the challenges, Pakistan’s environmental conditions are suitable for the cultivation of many tropical, subtropical and temperate fruits including citrus, apple, mango, banana, guava, dates, peach, melons, etc. These fruits are rich sources of vitamins and minerals accompanied by their unique taste and aroma, their demand is continuously increasing with regards to population growth and consumption demands. Improvement in the cultivation of fruit crops would be a better option in this respect. As compared to other developed countries of the world, the yield and productivity of fruit crops are very low in Pakistan like scarcity of water, high prices of fertilizers, lack of technological innovations and shortage of fruit storage facilities. It is important to examine the reasons behind this low productivity of fruits (Aujla et al., 2007). For strengthening the economy of Pakistan cultivation of high-quality food crops especially fruits can play a remarkable role to boost the country’s economy, by increasing the exports of fruits (Akhtar et al., 2013). Development of high-yielding and improved quality fruits with uniform size, shape, resistance against pathogens, fewer and soft seeds are, suitable for processing and longer shelf life is the need of the hour. Although conventional breeding methods are being applied for making improvements in fruit cultivars but have helped to a limited extent so they are unable to keep pace with the increased population demand. To meet the demand of consumers it is rite high time to exploit the biotechnological innovations, such as molecular marker techniques for the identification of genes with commercial importance and genetic diversity studies.

			In the future, there is an ultimate need of increasing agricultural productivity at the national and international level to fulfill the requirement of the growing population (Wiebe et al., 2019). To meet the demands of continuously increasing population expansion of fruit crop production is a great challenge for of the present world (Corte et al., 2019). The ultimate and collective measures should be taken by training the farmers and fruit breeders to prevent and minimize the post-harvest losses (Akhtar et al., 2013). In the present scenario, the need of the hour is to bring some major changes in our traditional agriculture system and tackle the challenges that would confront Pakistan and other developing countries in the future. Along with this, the cultivation of improved fruit cultivars or resistant fruit cultivars having resistance genes can also play a vital role in ensuring food security especially in developing countries (Tadele, 2019). To counter the major constraints and challenges towards the cultivation of the fruit in Pakistan, molecular markers have a full potential to address those obstacles particulary for fruit crop improvement program.

			Molecular markers at a glance

			A molecular marker is a sequence of DNA, which is located on the chromosome with a known position or it can also be defined as a gene whose phenotypic expression is easily distinguished and further used to detect an individual as a probe to mark a chromosome, nucleus, or locus (Semagn et al., 2006). DNA Markers are mainly used to detect the differences among and within the individual organisms or species at the genetic level (Collard and Mackill, 2008). This detection is possible due to the phenomenon called polymorphism found in DNA or protein which may arise due to the alteration of nucleotides or mutation in the genome (Semagn et al., 2006) and this phenomenon is highly beneficial to study and investigate the research in the field of plant breeding, taxonomy, ecology, phylogeny and genetics. Moreover, the molecular marker is a powerful tool to assess the genetic diversity, detection of mutant genes, marker-assisted crop breeding, cultivars identification, epidemiology and population studies in the field of agriculture biotechnology (Idrees and Irshad, 2014). A genetic or molecular marker is a segment or part of DNA that exists in correlation with a certain position in the genome and is helpful for the identification of specific DNA sequences within an unknown DNA pool. These are often linked with some of the important heritable traits controlled by polygenes (Collard et al., 2005). Molecular markers are of great help in the identification of fruit cultivars, genetic variation, and diagnosis of sex at early stages in dioecious fruits for and improving fruit qualities and tolerance to biotic and abiotic stresses. Mysteries about many genes and phylogenetic histories of sequenced fruit crops have been unveiled through genome sequencing techniques. Molecular markers have diverse applications in the area of genetic diversity, varietal identification studies, hybrid detection, disease diagnostics and marker-assisted selection (MAS) (Collard and Mackill, 2008).

			Types of molecular markers 

			Classical markers and DNA markers are two broad categories of molecular markers whereas classical markers are categorized as morphological, cytological and biochemical markers.

			Classical markers: Classical markers can be observed visually and their inheritance can be judged through the naked eye and hence known as morphological markers. Heritable traits which are measurable apparently through simple vision include the color of fruits, the height of trees, shape and color of flowers and seeds are referred to as classical markers. Morphological markers used in breeding practices of plants may cause certain changes in the phenotypes which are not required in the breeding programs and also hide the expression of small linked genes and thus making the identification of required combinations very uncertain for analysis (Bhat et al., 2010).

			Cytological markers: Cytological markers are mainly associated with alterations in number, shape, position and banding patterns of chromosomes and thus provides information about heterochromatin and euchromatin distributional differences e.g G and Q band are produced by giemsa stain and quinacrine hydrochloride respectively, and R bands are the opposite of G bands. Such type of information about chromosomes is useful to differentiate the mutated chromosomes and also helps in physical mapping etc (Jiang, 2013).

			Biochemical markers: For more accurate identification of cultivars, biochemical markers would be a much better option because they are very stable and accurate for analyzing many characteristics of cultivars like germplasm/geographical origins and phylogenetic relations. The genetic impurity of plant cultivars can also be obtained by the application of biochemical markers (Sammour, 2014). Isozymes, allozymes and phytochemicals are commonly used examples of biochemical markers (Kumar et al., 2018). Biochemical markers are protein-based markers and the key limitation of the biochemical marker is the exhibition of a low level of polymorphism, limited in number and influenced by the environment (Badaya et al., 2016).

			Functional and non-functional markers: Functional markers abbreviated as (FMs, are also called as perfect markers) that can be used as an alternative to random DNA markers. FMs are made up of polymorphic sites found in genes that generate phenotypic trait variation (Andersen and Lübberstedt, 2003). Unlike random DNA markers, FMs are directly connected to the allele having a trait of interest (Varshney et al., 2005). As a result, FMs are outperforming random DNA markers, particularly in marker-assisted breeding (MAB). There are certain methods through which FM are identified like Association mapping and studies, QTL mapping, map-based cloning, comparing isogenic lines, RNA interference (RNAi) and by transformation technique (Lau et al., 2015).

			DNA markers: Unique DNA sequences located on a certain position on the chromosome having the ability to be transmitted into the new generations are termed DNA markers. These markers depend on the information stored in DNA, unlike other markers which are dependent on protein products e.g morphological and biochemical markers (Mondini et al., 2009). Advanced study of nucleic acids in an organism used for the development whereas, DNA markers are used in agricultural breeding practices like the selection of desired traits and, genetic mapping (Wünsch and Hormaza, 2002).

			Genes are the basic heredity component of an organism’s genetic makeup and are made up of the DNA thus, controlling all the features and traits. The information about the selection of desired traits can be obtained from the genes responsible for these traits and this knowledge plays a significant role in the formation of DNA markers. DNA markers can be used as tags to identify the genes of particular traits in breeding practices. The development of DNA-based markers has revolutionized the breeding techniques for the selection-resistant varieties of fruits and other crop cultivars and made the selection of traits easy and quite fast (Dar et al., 2019).

			An ideal and efficient DNA molecular marker must be genome-specific, highly polymorphic which can identify the difference in allelic pattern with ease, cost-effective, reproducible and easily detectable (Bhat et al., 2010). DNA markers include RAPDs (randomly amplified polymorphic DNA) used for gene tagging, AFLPs (amplified fragment length polymorphism) used for gene tagging, RFLPs (restriction fragment length polymorphism) used for physical mapping, SNPs (single nucleotide polymorphism) used for identification and construction of genetic maps, SSRs (simple sequence repeats) used for genetic diversity and ISSRs (inter-simple sequence repeats) used for gene tagging and identification and DarT (diversity array technology markers) used for assessing the genetic diversity.

			Sequence and restriction based genomic markers: Sequencing is a technique used for the identification of nucleotide bases along with a DNA strand (França et al., 2002) and sequence-based markers are molecular markers that are based on the identification of a specific sequence of DNA in a pool of unknown DNA. High-throughput sequence-based techniques have been adopted in recent years particularly in fruit breeding. Simple sequence repeats (SSRs; also known as microsatellites) and single nucleotide polymorphisms (SNPs) are two types of sequence-based markers that currently dominate applications in modern genetic research (Gupta et al., 2014). Furthermore, sequence-based genomic markers are essential for fruit breeding, mapping, varietal identification and identification of SNPs for any region of the genome (Sahu et al., 2012). As far as restriction site associated DNA (RAD) markers are concerned a kind of genetic marker that is used to perform association mapping, QTL mapping, population genetics, ecological genetics, and evolutionary genetics. Polymorphisms that are detected and genotyped by isolating and examining RAD tags are known as RAD markers (Miller et al., 2007).

			Advanced DNA markers: Latest DNA markers techniques include anchored microsatellite primed PCR (AMP-PCR), fluorescence-based PCR-SSCP (F-SSCP), anchored simple sequence repeats (ASSR), arbitrarily primed polymerase chain reaction (AP-PCR), cleaved amplified polymorphic sequence (CAPS), DNA amplification fingerprinting (DAF), expressed sequence tags (EST), inverse PCR (I-PCR), inverse sequence tag repeated (ISTR), microsatellite primed PCR (MP-PCR), multiplexed allele-specific diagnostic assay (MASDA), random amplified microsatellite primed PCR (RAMP), random amplified PCR ( RAM), sequence characterized amplified regions (SCAR), sequence-specific amplification polymorphism (S-SAP), sequence-tagged microsatellite site (STMS), sequence-tagged sites (STS), simple sequence length polymorphism (SSLP), single-strand conformation polymorphism (SSCP), single primer amplification reactions (SPAR), start codon targeted polymorphism (SCoT), target region amplification polymorphism (TRAP) and a novel micro RNA (miRNA) based molecular markers. These advanced DNA markers are used in fruits for genotyping, map-based cloning, accessing genetic diversity and gene flow, molecular identification studies but along with this they need high purified DNA, required a high developmental cost and are difficult to detect QTL.

			Role of molecular markers for the improvement of fruit cultivars

			In recent decades, rapid advancement in DNA technology for the improvement of fruit cultivation practices is observed. To increase the efficiency of cultivars and to understand the versatility in their genetics several factors like gene flow, developmental stages, the pattern of evolution, mating types and population density are playing a crucial role. In fruit crop breeding the role of molecular markers is vital and can never be denied (Jiang, 2013). The use of genetic markers for the complete genetic description of fruit crop varieties has changed the concept of traditional breeding practices by providing a huge amount of information about the genome sequences of fruit crops and the role of many genes in their physiology (Nadeem et al., 2018). 

			Characterization of fruit cultivars by using molecular markers

			Citrus (Citrus spp): For accurate identification of various species of a citrus large number of molecular techniques like restriction fragment length polymorphisms (RFLPs), randomly amplified polymorphic DNA (RAPDs), amplified fragment length polymorphisms (AFLPs), and microsatellites, etc are being applied. Simple sequence repeats (SSRs) are considered as an important source of molecular markers for fruit crops because of the polymorphic nature, specificity in locus and for being present in the whole genome of plants randomly (Lamine and Mliki, 2015). A research study was carried out by (Jiang et al., 2006) to investigate the gene-derived SSR markers in six citrus cultivars. The results confirm the existence of polymorphism among six citrus cultivars and this polymorphism confirms the exploitation of the citrus EST database. Inter-simple sequence repeats (ISSRs) are used for the study of evolutionary relationships among various species of citrus. Likewise (Shahsavar et al., 2007) conducted a study on 33 citrus genotypes in Iran to investigate the phylogenetic relationship. For this study, ISSR markers were used. The results clarified the relationships among the unknown genotypes of citrus with known varieties in the Fars Province of Iran, by this, they further conclude that the ISSR marker is a powerful tool to differentiate the closely related individuals. Similarly, RAPDs are being applied for the assessment of genetic similarities and detection of polymorphism in many citrus cultivars. RAPDs are also useful for the genetic mapping of citrus cultivars. Moreover, many significant traits in citrus including resistance against pathogens like nematodes, Citrus Tristeza virus also linked with RAPDs (Ahmed et al., 2017). Hybrid selection in Polyembryonic varieties of citrus fruit can also be done efficiently through the analysis of inter-simple sequence repeats (ISSRs). Some economically important cultivars of citrus fruit such as “Bakraee” were assessed to find out the phylogenetic associations among them with the help of simple-sequence repeats (SSRs) and PCR-based RFLP markers (Golein et al., 2011). Likewise, a study was carried out by (Naz et al., 2014) to investigate the genetic relationship among 17 citrus cultivars of Pakistan. They used RAPD markers for the study. The genetic similarity value was observed and results indicated the high genetic difference among the cultivars which means they did not belong to a similar origin. 

			Apple (Malus spp): The use of molecular markers empowers the breeder to improve the apple breeding practices through the selection of desired traits, genetic diversity analysis of germplasm, and by the construction of genetic maps. Genetic markers like RFLPs, RAPDs, SCARS, SSRs and isozymes are being utilized for linkage analysis in Malus spp (Liu et al., 2016). In apple fruit, many genes coding for monogenic traits have been identified 76 genes coding for the traits like disease resistance and other morphological characters and 69 enzyme coding genes have been described so far (Marić et al., 2010). Primarily molecular markers are used in malus spp for pyramiding of Scab resistant genes through marker-assisted selection (MAS) in progenies and also for the germplasm to find out the cause of resistance. Identification of fifteen genes of scab resistance and mapping of twelve have been done with the help of genetic markers in apple cultivars. Similarly, seven powdery mildew resistant genes are also identified and mapping of four is being done in apple fruits. The powdery mildew resistance genes are Pl-w from White Angel, Pl-d from D12 and Pl-m from MIS (James et al., 2004). Whereas, the resistance genes Pl-m and Pl-2 have been mapped on LG11; Pl-d has been mapped on LG12 and Pl-w has been mapped on LG8 (James et al., 2004). An increase in the use of molecular marker techniques is being observed for making advancements in apple genetics like never before (Marić et al., 2010). 

			Mango (Mangifera indica spp): For the molecular characterization of cultivars in Pakistani mango analysis of genetic diversity is vital. PCR-based molecular markers including RAPDs, AFLPs, SSR and ISSR are being utilized to reveal the genetic diversities and thus help in the selection of traits. Among these markers, simple sequence repeats (SSRs) are most efficient and gaining attention due to their unique properties like reproducible nature, high variability, codominance, abundance and relatively high distribution throughout the genome (Nazish et al., 2017). Studies of genetic diversities in 254 cultivars of mango Mangifera indica L. and some other species from different geographical regions have been made with the help of 11 SSR genetic markers which shows that the average number of alleles (8.45) is relatively high in South Asian regions like Indonesia, and in Malaysia, but is very low in varieties from Philippines (2.55) (Dillon et al., 2013). ScoT start codon-targeted polymorphism is a recent and novel molecular technique reported by (Collard and Mackill, 2009) which involves the use of an 18- mer single primer in a polymerase chain reaction and requires a temperature of 50 ᴼC for annealing. The designing of primers depends upon the conserved regions present around the initiation codon ATG. Start codon-targeted polymorphism (SCoT) is successfully applied in mango for analysis of genetic diversities and identification of varieties. Based on (SCoT) data analysis three mango indigenious cultivars, Chappaniyo,Sopari and Jamrukhiyo found to be distinct from other 12 indigenous cultivars, and like wise cultivars includes Jamadar and Kesar were also found distinct from Alphonso, Dasheri, and Neelum (Gajera et al., 2014).

			Guava (Psidium spp): Identification of guava cultivars in a more precise way has been done with the help of various genetic markers. Amplified fragment length polymorphisms (AFLPs) are also being utilized for the analysis of 88 varieties of guava collected in 10 states of Brazil. In this study he identified two major groups one group contains guava accessions and the other contains Brazilian guava. The results revealed the high genetic variability ranging from 28 to 98 % among them (Corrêa et al., 2011). Simple sequence repeats have been applied on 13 cultivars of guava (Psidium guajava) for the characterization of genome and genetic diversities. The results successfully depicted the genetic relation between the accessions and seven alleles were also identified. This study could be useful for the parental selection of guava fruit (Viji et al., 2010). Studies of genotypic diversities in P. guajava L. from regions of different altitude has been done with the help of microsatellite genetic markers (Singh, 2014).

			Banana (Musa spp): A large number of techniques like DNA fingerprinting which involves the use of genetic markers like RFLPs, RAPDs, ISSRs, and AFLPs have been applied by molecular biologists to identify banana cultivars. Among these molecular tools, AFLPs are mostly preferred because they allow high-resolution genotyping by producing a large number of replicable markers in a very short time (Opara et al., 2010). The role of molecular marker techniques has been neglected in bananas as faor as the improvement of genetic traits are concerned, so there is a wide scope of improving the cultivar through the marker-assisted selection of traits and introgression of resistance to stress factors.

			Date Palm (Phoenix spp): Traditionally, the characterization of germplasm in date palms is based on morphological characters but with the advent of molecular genetic techniques DNA based genetic markers are being widely applied for the genomic characterization of cultivars. Most of the studies demonstrate the use of AFLPs, RAPDs and SSRs for analysis of genetic diversities and genetic relationships in date palm varieties (Zhao et al., 2012). RAPDs and ISSR marker have been utilized for characterization of genotypes in date palm cultivars of the Kutch region in India and the results depict that use of randomly amplified polymorphic DNAs (RAPDs) for detection of polymorphic traits is much more efficient than inter simple sequence repeats (ISSRs) i.e 39.77% and 23.07% respectively (Al-Qurainy et al., 2015).

			Peach (Prunus spp): Molecular marker techniques such as AFLPs, SSRs, AFLPs and RAMP have been regarded as a valuable tool for the characterization and assessment of genetic diversities in peach (Prunus persica L.) cultivars. Randomly amplified polymorphic DNAs (RAPDs) are tremendously applied for the identification of polymorphism in peach varieties for being more efficient and quick as compared to other genetic markers in this regard (Hidayatullah et al., 2017). Genome-wide association studies (GWAS) is another significant technique used for the selection of domestication traits like the weight of fruit, soluble acid and sugar contents in the peach cultivar. GWAS is widely adopted for the identification of loci of various phenotypic traits in many species (Cao et al., 2019). Although great progress has been made in diversity studies in peaches still there are certain limitations due to which a large amount of germplasm remained untouched for genetic diversity analysis in peach cultivars of china which is considered as the origin of peaches.

			RFLP techniques play an important role in the genetic linkage mapping of fruit crops. Genetic mapping of peach is a successful example of the RFLP technique used in fruit cultivars (Williams et al., 1990). QTL analysis of traits like flowering and fruiting in sour cherry is another application of RFLPs in fruit crops (Wang et al., 2000). Successful applications of RAPDs in fruit cultivars involve the identification of peach cultivars, comparison of genetic diversity in peach and understanding of genetic relationships in almonds cultivars (Aranzana et al., 2002). AFLP markers were used for the genetic analysis of olive cultivars, 121 polymorphic AFLPs were generated through the combination of five primers for this analysis. A comparison of 43 cultivars of olive involving 9 spp of olea and 30 wild cultivars was done to determine the genetic relation in oleagenus. Therefore, results depicted the confirmation of the genetic relation and molecular characterization among olive and wild olive cultivars with the aid of AFLPs (Besnard et al., 2018). The 4 types of pears varieties in japan were also analyzed for studying the genetic similarities through AFLPs. They used seven primer combinations, and results revealed molecular polymorphisms of (87%), representing 418 total polymorphic bands. They successfully accessed the genetic relatedness among pear cultivars (Monte-Corvo et al., 2000). The types of markers that have been used for the assessment of genetic diversity, characterization, genome mapping, and other significant parameters in various fruit cultivars are presented as follows in (Table 2).

			Significant applications of molecular markers

			Genetic diversity assessment: Genetic diversity analysis of a large number of plant species including fruits is one of the most significant applications of genetic molecular markers. The development of different molecular markers makes the study and assessment of variations in the genetic makeup of germplasm of species, phylogeny of plants, comparative and population genetics of species is convenient through the use of sequencing techniques like genome sequencing, DArT markers and SNP markers (Baloch et al., 2016). Detailed genetic information about the germplasm of many plant species which is important for the selection of desired traits can be obtained through the use of molecular markers (Wünsch and Hormaza, 2002). The assessment of genetic diversity includes identification of QTLs, disease diagnostic, varietal identification, Pedigree analysis and detection of hybrids were performed in various fruits crops with 

			Table 2: The effective use of different molecular markers in fruit cultivars.

			
				
					
					
					
					
				
				
					
							
							Name of fruit

						
							
							Marker type

						
							
							Work done

						
							
							References

						
					

					
							
							CITRUS (Citrus spp)

						
							
							RFLPs, AFLPs, RAPDs, SSRs,

							ISSRs, SNPs and DArTs

						
							
							assessment of genetic similarities and detection of polymorphism, Hybrid Identification, genome mapping, phylogenetic studies.

						
							
							(Ahmed et al., 2017)

						
					

					
							
							APPLE (Malus spp)

						
							
							RFLP, RAPD, AFLPs, SSRs, SNPs, SCARs, ISSRs and  DarTs.

						
							
							pyramiding of resistant genes, Estimation of genetic variability, QTLs identification, genome mapping, detection of resistance genes.

						
							
							(Costa et al., 2005; Bus et al., 2008)

						
					

					
							
							MANGO (Mangifera Indica L.)

						
							
							RFLP, RAPDs, ISSR and SSR

						
							
							Hybrids and cultivars identification.

						
							
							(Nazish et al., 2017)

						
					

					
							
							GUAVA (Eugenia spp)

						
							
							RAPDs, AFLPs and SSRs

						
							
							Identification of guava cultivars, evaluation of genetic diversities among genetic variants.

						
							
							(Pessanha et al., 2011)

						
					

					
							
							BANANA (Musa spp)

						
							
							RFLPs, RAPDs, ISSRs, AFLPs

						
							
							Identification of banana cultivars, high resolution genotyping, estimation of genetic variability, genetic breeding, disease resistance, increased productivity.

						
							
							(Amorim et al., 2009)

						
					

					
							
							DATE PALM

							(Phoenix dactyliferous)

						
							
							ISSR, RAPDs, AFLPs, RAPDs and SSRs

						
							
							Studies of genetic variations among species.

						
							
							(Zhao et al., 2012).

						
					

					
							
							PEACH (Prunus spp)

						
							
							AFLPs, SSRs, AFLPs and RAMP

						
							
							Characterization and assessment of genetic diversities Identification of disease-causing agents.

						
							
							(Cao et al., 2019).

						
					

					
							
							GRAPES (Vitis viifera)

						
							
							AFLPs, SSR, ISSR, SNPs, RAPDs, SCC8

						
							
							Sex expression studies, identifying seedless parents, determine the association between downy mildew resistance and QTLs.

						
							
							(Li et al., 2015; Divilov et al., 2018)

						
					

				
			

			the aid of molecular markers like apple (Malus domestica L.) AFLP and RAPDs, guava (Psidium guajava) AFLP, citrus (Citrus reticulata) RFLP, banana (Musa paradisiaca) RAPDs, avocado (Persea americana) minisatellite DNA, mango (Mangifera indica L) ISSR and RAPDs, grapes (Vitis vinifera) RFLP and SSRs, pistachio (Pistaciavera L.) minisatellite markers, and pears (Pyrus spp) SSRs and AFLP have been done (Bhat et al., 2010).

			DNA fingerprinting for identification of varieties

			DNA fingerprinting is an important technique that utilizes the use of molecular markers like restriction fragment length polymorphism (RFLPs), randomly amplified polymorphic DNA (RAPD) and some other markers based on PCR to identify the crop varieties and to find out the versatility in their germplasm (Ahmad et al., 2009; Hidayatullah et al., 2017). Genetic markers can produce specific patterns for every genotype of the organisms either through polymerase chain reaction (PCR) or hybridization techniques. These patterns are simply known as genetic or DNA fingerprinting. High yielding varieties can be identified and differentiated by utilizing the simplest types of molecular markers like randomly amplified polymorphic DNA (RAPD), inter simple sequence repeats (ISSRs) to highly elaborated types such as (VNTRs) variable number of tandem repeats (VNTRs), amplified fragment length polymorphism (AFLPs) and RAPDs (Arti et al., 2018). Randomly amplified polymorphic DNA (RAPDs) have been used for the varietal identification of mango (Díaz-Matallana et al., 2009) and SSR markers are utilized for the identification of grape varieties (This et al., 2004). Varietal identification of apple cultivars is also being done through the use of RAPDs (Liebhard et al., 2002).

			Disease diagnostic

			The development of techniques for the diagnosis of disease-causing microbes and pathogens with the help of molecular markers plays an important role in producing disease-resistant fruit cultivars. Diagnosis of downy mildew in grapevine (Vitis vinifera) has been done by using molecular markers like SSRs, SSCP and SCAR (Moreira et al., 2011). Genes for sharka disease in apricot (Pdre x 54P455) and plum root nematode resistant genes are also diagnosed with the aid of AFLPs (Gosal et al., 2010).

			Genetic mapping

			One of the primary aims of the Human Genome Project (HGP) was to provide new, better, and less expensive techniques for identifying novel genes and understanding their function. Genetic mapping is a type of genetic analysis and often refer as linkage mapping. Genetic mapping is a method of determining which chromosome contains which gene and where that gene is located on that chromosome. They may also be used to predict which gene will most likely recombine depending on the distance between two genes. Genetic mapping is an important and most widely used technique in molecular genetic studies nowadays, which involves the significant role of molecular markers. Genetic markers which are adjacent to the desired genes located on one chromosome are said to be linked. Segregation of genes occurs at the meiosis stage which will result in chromosomal recombinations. These chromosomal recombinations are the principal basis for their genetic map construction. Genetic maps are of great help for the selection of markers to be used in breeding techniques. An ideal linkage map must consist of a suitable number of evenly distributed markers showing variability in populations to identify the desired gene or QTLs with accuracy (Ravi et al., 2011). Among the fruit cultivars, the construction of a genetic map of watermelon involves two types of genetic markers RAPD and species-specific sequence-characterized amplified regions (SCARs) markers. This genetic map helps to locate the genes which are responsible for developing resistant properties against fusarium wilt disease and QTLs formation for fruit quality improvement (Zhang et al., 2004). Likewise, (Blas et al., 2012) developed the F2 mapping population from two Papaya fruit varieties to locate the QTLs that influence and trigger the significant characters related to papaya’s shape, length, diameter and weight. Furthermore, (Sánchez-Sevilla et al., 2014) carried and analyzed the genetic mapping and genome-wide transcriptome analysis to detect the variation in γ-decalactone in strawberry fruit.

			QTL mapping

			Most of the heritable traits of agricultural importance are under the control of various genes which are located on the same or different chromosomes. These genetic traits are polygenic or quantitative because of the influence of more than one gene. The position of these quantitative traits on chromosomes is termed as quantitative trait loci (QTL) and the technique which is applied to identify the genes responsible for these traits with the help of molecular markers is known as QTL mapping. There are two categories of these traits, one is quantitative traits that show constant variations while the other is qualitative traits having disruptive variations. Genetic markers play a vital role in the study of quantitative trait loci (Angaji, 2009). For the construction of a QTL map, two distant parents having variability in genes responsible for desired traits must be selected and detailed genetic information is obtained with the help of polymorphic markers. After that genetic mapping is done to locate the genetic markers which are linked to the desired trait (Collard et al., 2005). Approximately 100-200 molecular markers are being applied for the genetic mapping purpose and among them, restriction fragment length polymorphisms (RFLPs), amplified fragment length polymorphism (AFLPs), DarT, Inter-simple sequence repeats (ISSR), simple sequence repeats (SSR), ESTs and single nucleotide polymorphisms (SNP) are most popularly used. Variation in size of the genome in species influences the number of molecular markers because species having a large size genome must have the requirement of a greater number of genetic markers. Presently, next-generation sequencing (NGS) has made use of thousands of genetic markers for linkage mapping techniques with great resolution (Dhingani et al., 2015). Analysis of genetic linkage is a crucial step for the detection of genes that are responsible for traits in QTL mapping, which depends upon the recombination of genetic material at the meiosis stage (Collard and Mackill, 2008). Different types of molecular markers associated with the polygenic traits of fruit cultivars have been identified for example SCAR and SSR markers are known to be associated with fire blight resistant trait in apple cultivars (Bonarska-Kujawa et al., 2011), AFLP and RAPD are linked with citrus leprosis virus resistance in citrus fruit (Bastianel et al., 2009) and RFLP shows association with sugar content in banana fruit cultivar (Ming et al., 2001). There is some software used in fruits to increase the accuracy of QTL mappings like FlexQTL, PediHaplotyper and MapChart software (Rawandoozi et al., 2020). The data sets of the various fruits can be found in the following Genome database (https://www.rosaceae.org/publicationdatasets) and (www.rosaceae.org) (Calle and Wünsch, 2020). 

			Marker-assisted selection (MAS)

			Marker-assisted selection (MAS) is a technology that involves the use of DNA markers have revolutionized fruit crop breeding efforts dramatically all over the world (Jiang, 2013) by eliminating the crops having undesirable gene combinations and selecting the agriculturally significant traits. Marker-assisted selection is an important aspect of genetic markers which allows the selection and development of many cultivars by considering only a few varieties. Some significant steps of marker-assisted selection can be seen in Figure 5. The sSelection of varieties through traditional breeding methods is a very time-consuming process because breeders have to introduce the desired trait into the cultivars by making crosses and then analyzing the results in the next generation. As the screening of genes has not been done in traditional methods, undesired traits can also travel into the next progeny along with the desired ones. By applying marker-assisted selection techniques in breeding practices breeders can locate the desired genes with the help of genetic markers by tagging the desired genes with specific molecular markers and thus can make the selection of the traits easy (Testolin, 2002). In addition to this, MAS allows the fruit breeder to make an early selection by examining the fewer plants. Currently, marker-assisted techniques have been used for many breeding practices including identification of cultivars, selection of hybrids, analysis of diversities among varieties which were previously based on traditional selection techniques like the assessment of morphology and other visual characters. Additionally, the more significant and widely adopted feature of marker-assisted selection is marker-assisted backcrossing (MABC) in which desired traits or QTLs from relatively inferior varieties are transferred into a better-quality cultivar which is considered as recurrent parent, for the improvement of the desired character (Jiang, 2013). In contrast to traditional methods, MABC involves the use of genetic markers which are linked with the desired genes or QTLs rather than a visual selection of phenotypes. The process of selecting genes for various traits at a time and combining them in a single genotype by utilizing DNA markers is known as marker-assisted gene pyramiding which has been used in crops for increasing resistance against several diseases. Molecular DNA markers are of great support in gene pyramiding because only a single sample of DNA is required to check the markers for many particular genes of interest hence limiting the need for phenotypic analysis and other conventional breeding practices (Collard and Mackill, 2009). SMAS has also been applied in many fruit cultivars for the selection of desired traits such as in apple for scab resistance, in papaya for fruit skin color, in citrus for Citrus Tristeza Virus and plum for root-knot nematodes (Bhat et al., 2010).

			Future prospects: The last three and half decades have witnessed a continuous improvement and the developments in molecular marker technology from RFLP to SNPs and the diversity of array-technology-based markers (Figure 6). Advancements in sequencing technologies have led to the development of NGS platforms that are low cost with high throughput which has revolutionized quantitative genetics. The current study focuses on the applications of molecular marker techniques which are used for genetic diversity assessment in fruit crops. Molecular markers can reveal a piece of useful information regarding DNA polymorphism and can describe the genetic makeup of plants in depth. In the case of fruit breeding programs, more time is required as compared to other crops because of their long juvenile period, high heterozygosity level and incompatibilities among different cultivars.
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			Figure 5: Some significant steps of marker-assisted selection (MAS).
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			Figure 6: Advancements trends in molecular markers.

			Additionally, advanced molecular genetics utilizes both conventional breeding and molecular tools such as Microarrays and Next-generation sequencing (NGS) to develop cost-effective sequencing along with obtaining the accurate analysis with high precision of data (M Perez-de-Castro et al., 2012). Furthermore, genomic selection (GS) offers the opportunity to accelerate the selection time. Therefore, it is believed that alternating progeny field testing with selection based only on markers should boost the total genetic gains per unit of time. The constant development in molecular marker technologies has panned out the evolution of ultra-high-throughput genotyping platforms.

			The recently emerged NGS-based molecular marker system may substitute the array-based high-throughput marker systems in the coming future, especially when costs are decreasing and high throughput is increasing for the NGS technologies. The NGS marker system for various fruits is available on the website in the NCBI database (http://www.ncbi.nlm.nih.gov/) and a previously published review article (Tartarini, 2003). These future marker systems may prove handy for enhancing the deployment of modern genetics and various fruit breeding approaches such as genome-wide association studies (GWAS) and genome-wide significant (GWS) loci that are still in their early stage of development particularly in plant systems. Moreover, plant genetics and breeding programs have been revived by CRISPR-Cas9 technology in recent decades and the focus of research is now to edit the genome of all plants having economic importance. So, in the coming years, we can expect continuous innovations in molecular marker techniques to make it more effective and precise to explore various traits of interest in plant cultivars.

			Despite the availability of all these effective and advanced techniques the goals set in this area of research have not been fully achieved yet and still there is a need of discovering highly appropriate and more effective molecular marker approaches. Genetic improvement of fruit cultivars and success of DNA marker technologies would depend on the interaction of breeders, fruit growers and biotechnologists, availability of skilled individuals and significant financial investment in this area of research. Conclusively, high-density molecular marker maps of fruit cultivars can be constructed with the help of Marker Assisted Selection (MAS) by applying various molecular markers such as ISSRs, SNPs, SSRs, RFLPs, DarT, SSCPs, and RAMPs which results from sequencing techniques. Despite all the improvements made in the traditional breeding methods for better yield of crops, modern biotechnological techniques can increase the success rate to a large extent. The use of genetic molecular markers in fruit breeding is a relatively new and highly adopted aspect of molecular breeding. On the contrary, the agriculture industry is the backbone of Pakistan. However, the industry is not contributing to the economy to the extent that it might be expected. Whereas, all of the country’s primary crops including fruits have low production. The use of biotechnology in the horticulture sector particularly in fruits of Pakistan has the potential to improve the overall agricultural output. The use of biotechnology by Pakistani farmers would not only increase fruit production but would also aid in solving the country’s food security issues. Biotechnology offers a huge potential to improve the quality of all the cultivated Pakistani fruits to match the market standards and meet the exports criteria by improving color, aroma and postharvest behavior. 

			Ultimately, the various efficient and improved breeding efforts could be handy to ensure food security in the world. Nevertheless, the awaited years are likely to see continued novelties in molecular markers technology to make it more accurate, formative and cost-effective to examine the fundamental biology of various significant traits of interest in fruit species.

			Acknowledgments

			We wish to acknowledge the support of Prof Dr. Yildiz Aka Kacar the Director of Biotechnology Center, Cukurova University, Adana, Turkey for her supervision, guidance and motivation.

			Novelty Statement

			This review study brings novelty by cumulating the applications, advancements and future implications of molecular markers in the context of their role in the genetic improvement of the germplasm of various important fruit cultivars cultivated in Pakistan. For this reason, this review article has given a road map by providing a piece of scientific knowledge and approach for fruit researchers, growers and students to improve the quality and obtain the high-yielding fruit varieties in Pakistan.

			Author’s Contribution

			Ghassan Zahid and Sara iftikhar: Conceived the idea, designed the framework and wrote the manuscript.

			Muhammad Umer Farooq: Assist in writing the manuscript. 

			Shakeel Ahmed Soomro: Part of paper writeup. 

			Conflict of Interest

			The authors have declared no conflict of interest.

			References

			Abid, M., J. Scheffran, U.A. Schneider and M. Ashfaq. 2015. Farmers’ perceptions of and adaptation strategies to climate change and their determinants: the case of Punjab province, Pakistan. Earth. Sys. Dyn., 6(1): 225-43. https://doi.org/10.5194/esd-6-225-2015 

			Abul-Soad, A.A., S.M. Mahdi and G.S. Markhand. 2015. Date palm status and perspective in Pakistan. Date palm genetic resources and utilization: Springer; p. 153-205. https://doi.org/10.1007/978-94-017-9707-8_5

			Ahmad, M. and U. Farooq. 2010. The state of food security in Pakistan: Future challenges and coping strategies. Pak. Dev. Rev., 903-23. https://doi.org/10.30541/v49i4IIpp.903-923

			Ahmad, D., A. Kikuchi, S. Jatoi, M. Mimura, and K. Watanabe. 2009. Genetic variation of chloroplast DNA in Zingiberaceae taxa from Myanmar assessed by PCR–restriction fragment length polymorphism analysis. Annal. Appl. Biol., 155: 91-101. https://doi.org/10.1111/j.1744-7348.2009.00322.x

			Ahmada, K., M.A.N.A. Khanc and A. Sarward. 2021. Quality Deterioration of Postharvest Fruits and Vegetables in Developing Country Pakistan: A Mini Overview. Asian. J. Agric. Food. Sci., 9(2): https://doi.org/10.24203/ajafs.v9i2.6615

			Ahmed, S., H. Rattanpal, P. Kumari and J. Singh. 2017. Study of genetic variability in citrus fruit crop by molecular markers-A review. Int. J. Pure. App. Biosci., 5(1): 111-28. https://doi.org/10.18782/2320-7051.2480

			Akhtar, W., N. Akmal, H. Shah, M.A. Niazi and A. Tahir. 2013. Export competitiveness of Pakistani horticultural products. Pak. J. Agric. Res., 26(2): 

			Al-Qurainy, F., S. Khan, M. Nadeem and M. Tarroum. 2015. SCoT marker for the assessment of genetic diversity in Saudi Arabian date palm cultivars. Pak. J. Bot., 47(2): 637-43.

			Andersen, J.R. and T. Lübberstedt. 2003. Functional markers in plants. Trends Plant Sci., 8(11): 554-60. https://doi.org/10.1016/j.tplants.2003.09.010

			Angaji, S. 2009. QTL Mapping: A few key points. Int. J. Appl. Res. Nat. Prod., 2(2): 1-3.

			Anjum, T. and A. Javaid. 2005. Major diseases of citrus in Pakistan: A review. Int. J. Biol. Biotechnol., 2(4): 793-796.

			Aranzana, M., J. Garcia-Mas, J. Carbo and P. Arús. 2002. Development and variability analysis of microsatellite markers in peach. Plant. Breed.,, 121(1): 87-92. https://doi.org/10.1046/j.1439-0523.2002.00656.x

			Arti, D., K. Sharma and S. Khar. 2018. Molecular markers: Role in plant sciences. Int. J. CS., 6(6): 1328-36. 

			Ashraf, M.Y., M. Ashraf, M. Akhtar, K. Mahmood and M. Saleem. 2013. Improvement in yield, quality and reduction in fruit drop in Kinnow (Citrus reticulata Blanco) by exogenous application of plant growth regulators, potassium and zinc. Pak. J. Bot., 45(S1): 433-40. 

			Aujla, K.M., M. Abbas, K. Mahmood and S. Saadullah. 2007. Marketing system of fruits, margins and export potential in Pakistan. Pak. J. Life. Soc. Sci., 5(1-2): 34-9. 

			Badaya, V.K., R. Badaya, M. Dhoot and R. Dhoot. 2016. Molecular Markers: A Potential Boon for Nutritional Fortification of Plants. Adv. Life. Sci., 5(22): 10216-27. 

			Baloch, F.S., A. Alsaleh, E.E. Andeden, R. Hatipoğlu, M. Nachit and H. Özkan. 2016. High levels of segregation distortion in the molecular linkage map of bread wheat representing the West Asia and North Africa region. Turkish. J. Agric. For., 40(3): 352-64. https://doi.org/10.3906/tar-1508-27

			Bastianel, M., M. Cristofani-Yaly, A.C. de Oliveira, J. Freitas-Astúa, A.A.F. Garcia, M.D.V. de Resende, V. Rodrigues and M.A. Machado. 2009. Quantitative trait loci analysis of citrus leprosis resistance in an interspecific backcross family of (Citrus reticulata Blanco× C. sinensis L. Osbeck)× C. sinensis L. Osb. Euphytica, 169(1): 101-11. https://doi.org/10.1007/s10681-009-9950-3

			Besnard, G., J.-F. Terral and A. Cornille. 2018. On the origins and domestication of the olive: a review and perspectives. Ann. Bot., 121(3): 385-403. https://doi.org/10.1093/aob/mcx145 

			Bhat, Z.A., W.S. Dhillon, R. Rashid, J.A. Bhat, W.A. Dar and M.Y. Ganaie. 2010. The role of molecular markers in improvement of fruit crops. Not. Sci. Biol., 2(2): 22-30. https://doi.org/10.15835/nsb224222

			Blas, A.L., Q. Yu, O.J. Veatch, R.E. Paull, P.H. Moore and R. Ming. 2012. Genetic mapping of quantitative trait loci controlling fruit size and shape in papaya. Mol. Breed., 29(2): 457-66. https://doi.org/10.1007/s11032-011-9562-1

			Bonarska-Kujawa, D., S. Cyboran, J. Oszmiański and H. Kleszczyńska. 2011. Extracts from apple leaves and fruits as effective antioxidants. J. Med. Plants. Res., 5(11): 2339-47. 

			Bulgari, R., A. Petrini, G. Cocetta, C. Nicoletto, A. Ertani, P. Sambo, A. Ferrante and S. Nicola. 2021. The Impact of COVID-19 on Horticulture: Critical Issues and Opportunities Derived from an Unexpected Occurrence. Horticul., 7(6): 124. https://doi.org/10.3390/horticulturae7060124

			Calle, A. and A. Wünsch. 2020. Multiple-population QTL mapping of maturity and fruit-quality traits reveals LG4 region as a breeding target in sweet cherry (Prunus avium L.). Horticul. Res., 7(1): 1-13. https://doi.org/10.1038/s41438-020-00349-2

			Cao, K., Y. Li, C.H. Deng, S.E. Gardiner, G. Zhu, W. Fang, C. Chen, X. Wang and L. Wang. 2019. Comparative population genomics identified genomic regions and candidate genes associated with fruit domestication traits in peach. Plant. Biotechnol. J., 17(10): 1954-70. https://doi.org/10.1111/pbi.13112

			Collard, B.C., M. Jahufer, J. Brouwer and E. Pang. 2005. An introduction to markers, quantitative trait loci (QTL) mapping and marker-assisted selection for crop improvement: the basic concepts. Euphytica., 142(1): 169-96. https://doi.org/10.1007/s10681-005-1681-5

			Collard, B.C. and D.J. Mackill. 2008. Marker-assisted selection: an approach for precision plant breeding in the twenty-first century. Philo. Trans. Royal. Soc. Biol. Sci., 363(1491): 557-72. https://doi.org/10.1098/rstb.2007.2170 

			Collard, B.C. and D.J. Mackill. 2009. Start codon targeted (SCoT) polymorphism: a simple, novel DNA marker technique for generating gene-targeted markers in plants. Plant. Mol. Biol. Rep., 27(1): 86-93. https://doi.org/10.1007/s11105-008-0060-5

			Corrêa, L.C., C.A.F. Santos, G.P.P. Lima, M.A. Rodrigues and T.P.P. Costa. 2011. Genetic similarity among accessions of guava and Brazilian guava araçazeiros based on AFLP markers. Revista. Brasil. Fruticul., 33(3): 859-67. https://doi.org/10.1590/S0100-29452011000300021

			Corte, E.-D., L. M Mahmoud, T. S Moraes, Z. Mou, J. W Grosser and M. Dutt. 2019. Development of improved fruit, vegetable, and ornamental crops using the CRISPR/Cas9 genome editing technique. Plants, 8(12): 601. https://doi.org/10.3390/plants8120601

			Dar, A.A., R. Mahajan and S. Sharma. 2019. Molecular markers for the characterization and conservation of plant genetic resources. Indian. J. Agric. Sci., 89(1755-63. 

			Dhingani, R.M., V.V. Umrania, R.S. Tomar, M.V. Parakhia and B. Golakiya. 2015. Introduction to QTL mapping in plants. Ann. Plant. Sci., 4(04): 1072-9. 

			Díaz-Matallana, M., I. Schuler-García, M. Ruiz-García and E. Hodson de Jaramillo. 2009. Analysis of diversity among six populations of Colombian mango (Mangifera indica L. cvar. Hilacha) using RAPDs markers. Elec. J. Biotechnol., 12(3): 1-2. https://doi.org/10.2225/vol12-issue3-fulltext-10

			Dillon, N.L., I.S. Bally, C.L. Wright, L. Hucks, D.J. Innes and R.G. Dietzgen. 2013. Genetic diversity of the Australian national mango genebank. Sci. Horticul., 150:213-26. https://doi.org/10.1016/j.scienta.2012.11.003

			FAOSTAT. 2018. Food and agriculture organization of the united nations. http://www.fao.org/faostat/en/#data

			FAOSTAT. 2019. Food and agriculture organization of the united nations. http://www.fao.org/faostat/en/#data

			França, L.T., E. Carrilho and T.B. Kist. 2002. A review of DNA sequencing techniques. Quart. Rev. Biophy., 35(2): 169-200. https://doi.org/10.1017/S0033583502003797

			Gajera, H., R. Bambharolia, R.K. Domadiya, S. Patel and B. Golakiya. 2014. Molecular characterization and genetic variability studies associated with fruit quality of indigenous mango (Mangifera indica L.) cultivars. Plant. Syst. Evo., 300(5): 1011-20. https://doi.org/10.1007/s00606-013-0939-y

			Ganga, M. and N. Chezhiyan. 2002. Influence of the antimitotic agents colchicine and oryzalin on in vitro regeneration and chromosome doubling of diploid bananas (Musa spp.). J. Horticul. Sci. Biotechnol., 77(5): 572-5. https://doi.org/10.1080/14620316.2002.11511540 

			GDP. 2020. Pakistan Bureau of Statistics. Government of Pakistan. http://www.pbs.gov.pk/content/agriculture-statistics

			Godfray, H.C.J., J.R. Beddington, I.R. Crute, L. Haddad, D. Lawrence, J.F. Muir, J. Pretty, S. Robinson, S.M. Thomas and C. Toulmin. 2010. Food security: the challenge of feeding 9 billion people. Sci., 327(5967): 812-8. https://doi.org/10.1126/science.1185383

			Golein, B., R. Fifaei and M. Ghasemi. 2011. Identification of zygotic and nucellar seedlings in citrus interspecific crosses by inter simple sequence repeats (ISSR) markers. Afr. J. Biotechnol., 10(82): 18965-70.

			Gosal, S.S., S.H. Wani and M.S. Kang. 2010. Biotechnology and crop improvement. J. Crop. Imp., 24(2): 153-217. https://doi.org/10.1080/15427520903584555

			Graham, J.H., T.R. Gottwald and R.P. Leite. 2006. Prospects for control of citrus canker with novel chemical compounds. Proceed. Florida State Horticult. Soc., 119(1): 82-88.

			Gupta, P.K., P.L. Kulwal and V. Jaiswal. 2014. Association mapping in crop plants: opportunities and challenges. Adv. Genet., 85(109-47. https://doi.org/10.1016/B978-0-12-800271-1.00002-0

			Hidayatullah, M., D. Dahiya, S. Sherawat and K. Shashi. 2017. Genetic diversity analysis in peach (Prunus persica L.) cultivars using RAPD markers. Indian. J. Ecol., 44(Special Issue 4): 250-4. 

			Hussain, S., M.R. Asi, M. Iqbal, M. Akhtar, M. Imran and A. Ariño. 2020. Surveillance of Patulin in Apple, Grapes, Juices and Value-Added Products for Sale in Pakistan. Foods, 9(12): 1744. https://doi.org/10.3390/foods9121744

			Idrees, M. and M. Irshad. 2014. Molecular markers in plants for analysis of genetic diversity: a review. Eu. Acad. Res., 2(1): 1513-40. 

			James, C., J. Clarke and K. Evans. 2004. Identification of molecular markers linked to the mildew resistance gene Pl-d in apple. Theoret. App. Genet., 110(1): 175-81. https://doi.org/10.1007/s00122-004-1836-0

			Jiang, D., G.-Y. Zhong and H. Qi-Bing. 2006. Analysis of microsatellites in citrus unigenes. Acta. Genet. Sinica., 33(4): 345-53. https://doi.org/10.1016/S0379-4172(06)60060-7 

			Jiang, G.-L. 2013. Molecular markers and marker-assisted breeding in plants. Plant. breed. lab. field. 45-83. https://doi.org/10.5772/52583

			Johnson, G.I. 1994. Powdery Mildew. In: Ploetz, R.C., Ed., Compendium of Tropical Fruit Diseases, American. Phytopathol. Soc, St. Paul., 38-9. 

			Khushk, A.M., A. Memon and M.I. Lashari. 2009. Factors affecting guava production in Pakistan. J. Agric. Res., 47(2): 

			Klein, A.M., S. Hendrix, Y. Clough, A. Scofield and C. Kremen. 2015. Interacting effects of pollination, water and nutrients on fruit tree performance. Plant. Biol., 17(1): 201-8. https://doi.org/10.1111/plb.12180

			Krasensky, J. and C. Jonak. 2012. Drought, salt, and temperature stress-induced metabolic rearrangements and regulatory networks. J. Exp. Bot., 63(4): 1593-608. https://doi.org/10.1093/jxb/err460

			Kumar, M., V. Chaudhary, U. Sirohi, M.K. Singh, S. Malik and R. Naresh. 2018. Biochemical and molecular markers for characterization of chrysanthemum germplasm: A review. J. Pharmaco. Phytochem., 7(5): 2641-52. 

			Lamine, M. and A. Mliki. 2015. Elucidating genetic diversity among sour orange rootstocks: a comparative study of the efficiency of RAPD and SSR markers. App. Biochem. Biotechnol., 175(6): 2996-3013. https://doi.org/10.1007/s12010-015-1477-6

			Lau, W.C., M.Y. Rafii, M.R. Ismail, A. Puteh, M.A. Latif and A. Ramli. 2015. Review of functional markers for improving cooking, eating, and the nutritional qualities of rice. Front. Plant. Sci., 6:832. https://doi.org/10.3389/fpls.2015.00832

			Lesk, C., P. Rowhani and N. Ramankutty. 2016. Influence of extreme weather disasters on global crop production. Nature, 529(7584): 84-7. https://doi.org/10.1038/nature16467

			Liebhard, R., L. Gianfranceschi, B. Koller, C. Ryder, R. Tarchini, E. Van de Weg and C. Gessler. 2002. Development and characterisation of 140 new microsatellites in apple (Malus x domestica Borkh.). Mol. Breed., 10(4): 217-41. https://doi.org/10.1023/A:1020525906332

			Liu, Z., D. Bao, D. Liu, Y. Zhang, M.A. Ashraf and X. Chen. 2016. Construction of a genetic linkage map and QTL analysis of fruit-related traits in an F1 Red Fuji x Hongrou apple hybrid. Open. Life. Sci., 11(1): 487-97. https://doi.org/10.1515/biol-2016-0063

			M Perez-de-Castro, A., S. Vilanova, J. Cañizares, L. Pascual, J. M Blanca, M. J Diez, J. Prohens and B. Picó. 2012. Application of genomic tools in plant breeding. Curr. Genom., 13(3): 179-95. https://doi.org/10.2174/138920212800543084 

			Malik, M.T., S.A. Naqvi, M.A. Bakhsh and T. Tariq. 2018. Field Case Investigations Of Mango Malformation Disease in Five Districts of Southern Punjab and its Biological Mediated Management Under Controlled Conditions. Pak. J. Phytopathol., 30(2): 191-7. https://doi.org/10.33866/phytopathol.030.02.0462

			Marić, S., M. Lukić, R. Cerović, M. Mitrović and R. Bošković. 2010. Application of molecular markers in apple breeding. Genetika, 42(2): 359-75. https://doi.org/10.2298/GENSR1002359M

			Miller, M.R., J.P. Dunham, A. Amores, W.A. Cresko and E.A. Johnson. 2007. Rapid and cost-effective polymorphism identification and genotyping using restriction site associated DNA (RAD) markers. Genom. Res., 17(2): 240-8. https://doi.org/10.1101/gr.5681207

			Ming, R., S.-C. Liu, P.H. Moore, J.E. Irvine and A.H. Paterson. 2001. QTL analysis in a complex autopolyploid: genetic control of sugar content in sugarcane. Genom. Res., 11(12): 2075-84. https://doi.org/10.1101/gr.198801

			Mondini, L., A. Noorani and M.A. Pagnotta. 2009. Assessing plant genetic diversity by molecular tools. Div., 1(1): 19-35. https://doi.org/10.3390/d1010019

			Monte-Corvo, L., L. Cabrita, C. Oliveira and J. Leitão. 2000. Assessment of genetic relationships among Pyrus species and cultivars using AFLP and RAPD markers. Genet. Res. Crop. Evo., 47(3): 257-65. https://doi.org/10.1023/A:1008794809807

			Moreira, F.M., A. Madini, R. Marino, L. Zulini, M. Stefanini, R. Velasco, P. Kozma and M.S. Grando. 2011. Genetic linkage maps of two interspecific grape crosses (Vitis spp.) used to localize quantitative trait loci for downy mildew resistance. Tree. Genet. Genom., 7(1): 153-67. https://doi.org/10.1007/s11295-010-0322-x 

			Nadeem, M.A., M.A. Nawaz, M.Q. Shahid, Y. Doğan, G. Comertpay, M. Yıldız, R. Hatipoğlu, F. Ahmad, A. Alsaleh and N. Labhane. 2018. DNA molecular markers in plant breeding: current status and recent advancements in genomic selection and genome editing. Biotechnol. Biotechnol. Equip., 32(2): 261-85. https://doi.org/10.1080/13102818.2017.1400401

			Naqvi, S.A., R. Perveen, S.A. Manzoor and Z. Abbas. 2014. Occurrence of mango anthracnose on inflorescence in Multan (Punjab) and it’s in vitro control through various fungicides. Int. J. Biol. Sci., 14(184-91. https://doi.org/10.12692/ijb/4.7.184-191

			Nawaz, R., N. Abbasi, I. Hafiz, A. Khalid, T. Ahmad and M. Aftab. 2019. Impact of climate change on kinnow fruit industry of Pakistan. Agrotechnol., 8(186): 2. https://doi.org/10.35248/2168-9881.19.8.186

			Naz, S., K. Shahzadi, S. Rashid, F. Saleem, A. Zafarullah and S. Ahmad. 2014. Molecular characterization and phylogenetic relationship of different citrus varieties of Pakistan. J. Ani. Plant. Sci., 24(315-20. 

			Nazish, T., G. Shabbir, A. Ali, S. Sami-ul-Allah, M. Naeem, M. Javed, S. Batool, A. Arshad, S. Hussain and K. Aslam. 2017. Molecular diversity of Pakistani mango (Mangifera indica L.) varieties based on microsatellite markers. Genet. Mol. Res., 16(2): https://doi.org/10.4238/gmr16029560

			Ochoa-Velasco, C.E., R. Avila-Sosa, A.R. Navarro-Cruz, A. López-Malo and E. Palou. 2017. Biotic and abiotic factors to increase bioactive compounds in fruits and vegetables. Food Bioconversion: Elsevier, pp. 317-49. https://doi.org/10.1016/B978-0-12-811413-1.00009-7

			Opara, U.L., D. Jacobson and N.A. Al-Saady. 2010. Analysis of genetic diversity in banana cultivars (Musa cvs.) from the South of Oman using AFLP markers and classification by phylogenetic, hierarchical clustering and principal component analyses. J. Zhejiang. Uni. Sci., 11(5): 332-41. https://doi.org/10.1631/jzus.B0900310

			Ploetz, R. 2002. editor The major diseases of mango: strategies and potential for sustainable management. VII International Mango Symposium, 645.

			Rao, S.A., M.A. Qureshi, A.L. Khanzada, M.A. Khanzada, M.A. Rajput and K.I. Rajput. 2002. Occurrence and incidence of banana bunchy top disease in southern part of Sindh [Pakistan]. Pak. J. Plant. Pathol., 1(2-4): 74-75.

			Ravi, K., V. Vadez, S. Isobe, R. Mir, Y. Guo, S. Nigam, M. Gowda, T. Radhakrishnan, D. Bertioli and S. Knapp. 2011. Identification of several small main-effect QTLs and a large number of epistatic QTLs for drought tolerance related traits in groundnut (Arachis hypogaea L.). Theoret. App. Genet., 122(6): 1119-32. https://doi.org/10.1007/s00122-010-1517-0

			Rawandoozi, Z.J., T.P. Hartmann, S. Carpenedo, K. Gasic, C. da Silva Linge, L. Cai, E. Van de Weg and D.H. Byrne. 2020. Identification and characterization of QTLs for fruit quality traits in peach through a multi-family approach. BMC. Genom., 21(1): 1-18. https://doi.org/10.1186/s12864-020-06927-x

			Raza, M., S. Ahmad, Z. Iqbal, M.U. Ghazanfar, M. Asim, W. Raza and M.Z.A. Ikram-ul-Haq. 2019. Prevalence of citrus wither tip (Colletotrichum gloeosporioides) in Sargodha and its management. Prevalence, 4(3): 88-94. 

			Rehman, A., Z. Deyuan, I. Hussain, M.S. Iqbal, Y. Yang and L. Jingdong. 2018a. Prediction of major agricultural fruits production in pakistan by using an econometric analysis and machine learning technique. Int. J. Fruit. Sci., 18(4): 445-61. https://doi.org/10.1080/15538362.2018.1485536

			Rehman, K.U., F.U. Haq, J. Amin, A. Shah, U. Khan, G. Nabi, W. Muhammad, M. Musa, F. Ghani and M. Riaz. 2018b. Grapes Characterization of Different Varieties in the Central Zone of Peshawar Kpk. Int. J. Environ. Sci. Nat. Res., 9(1): 26-9. 

			Sahu, S., B. Behera, T.K. Maiti and S. Mohapatra. 2012. Simple one-step synthesis of highly luminescent carbon dots from orange juice: application as excellent bio-imaging agents. Chemical. Commun., 48(70): 8835-7. https://doi.org/10.1039/c2cc33796g

			Sammour, R.H. 2014. Cultivars identification based on biochemical markers. Res. Rev. BioSci., 8(9): 347-58. 

			Sánchez-Sevilla, J.F., E. Cruz-Rus, V. Valpuesta, M.A. Botella and I. Amaya. 2014. Deciphering gamma-decalactone biosynthesis in strawberry fruit using a combination of genetic mapping, RNA-Seq and eQTL analyses. BMC. Genom., 15(1): 1-15. https://doi.org/10.1186/1471-2164-15-218

			Semagn, K., Å. Bjørnstad and M. Ndjiondjop. 2006. An overview of molecular marker methods for plants. Afr. J. Biotechnol., 5(25): 

			Shahsavar, A., K. Izadpanah, E. Tafazoli and B.S. Tabatabaei. 2007. Characterization of citrus germplasm including unknown variants by inter-simple sequence repeat (ISSR) markers. Scient. Horticul., 112(3): 310-4. https://doi.org/10.1016/j.scienta.2006.12.039

			Shokrollah, H., T.L. Abdullah, K. Sijam and S.N.A. Abdullah. 2011. Potential use of selected citrus rootstocks and interstocks against HLB disease in Malaysia. Crop. Prot., 30(5): 521-5. https://doi.org/10.1016/j.cropro.2010.09.005

			Singh, G. 2014. Molecular characterization in fruit crops-a review. Int. J. Agr. Sci. Vet. Med., 2(3): 81-101. 

			Sipen, P., J.K. Chubo, P.J. King, O.K. Huat and M.R. Davey. 2011. Genetic improvement of banana using conventional and in vitro technologies. J. Crop. Imp., 25(6): 697-727. https://doi.org/10.1080/15427528.2011.603406

			Tadele, Z. 2019. Orphan crops: their importance and the urgency of improvement. Planta., 250(3): 677-94. https://doi.org/10.1007/s00425-019-03210-6

			Tartarini, S. 2003. Marker-assisted selection in pome fruit breeding. Marker assisted selection: a fast track to increase genetic gain in plant and animal breeding. MAS. Plants., 1(1): 23-28.

			Testolin, R. 2002. editor Marker-assisted selection in stone fruits. XXVI International Horticultural Congress: Genetics and Breeding of Tree Fruits and Nuts., 622. https://doi.org/10.17660/ActaHortic.2003.622.14

			This, P., A. Jung, P. Boccacci, J. Borrego, R. Botta, L. Costantini, M. Crespan, G. Dangl, C. Eisenheld and F. Ferreira-Monteiro. 2004. Development of a standard set of microsatellite reference alleles for identification of grape cultivars. Theoret. App. Genet., 109(7): 1448-58. https://doi.org/10.1007/s00122-004-1760-3

			Tripathi, L., M. Mwangi, S. Abele, V. Aritua, W.K. Tushemereirwe and R. Bandyopadhyay. 2009. Xanthomonas wilt: a threat to banana production in East and Central Africa. Plant. Dis., 93(5): 440-51. https://doi.org/10.1094/PDIS-93-5-0440

			Ullah, A., D. Khan, S. Zheng and U. Ali. 2018. Factors influencing the adoption of improved cultivars: a case of peach farmers in Pakistan. Ciência. Rural, 48(11): https://doi.org/10.1590/0103-8478cr20180342

			Usman, M., B. Fatima, M.M. Khan and M.I. Chaudhry. 2003. Mango in Pakistan: A chronological review. Pak. J. Agric. Sci., 40(151-4. 

			Varshney, R.K., A. Graner and M.E. Sorrells. 2005. Genic microsatellite markers in plants: features and applications. Trends. Biotechnol., 23(1): 48-55. https://doi.org/10.1016/j.tibtech.2004.11.005

			Viji, G., D. Harris, A. Yadav and F. Zee. 2010. Use of microsatellite markers to characterize genetic diversity of selected accessions of guava (Psidium guajava) in the United States. Acta. Horticul., 859: 169-76. https://doi.org/10.17660/ActaHortic.2010.859.20

			Wang, D., R. Karle and A. Iezzoni. 2000. QTL analysis of flower and fruit traits in sour cherry. Theoret. App. Genet., 100(3-4): 535-44. https://doi.org/10.1007/s001220050070

			Wang, Z., H. Miao, J. Liu, B. Xu, X. Yao, C. Xu and Z. Jin. 2019. Musa balbisiana genome reveals subgenome evolution and functional divergence. Nat. Plants., 5: 810–821. https://doi.org/10.1038/s41477-019-0452-6

			Waqas, M.A., C. Kaya, A. Riaz, M. Farooq, I. Nawaz, A. Wilkes and Y. Li. 2019. Potential mechanisms of abiotic stress tolerance in crop plants induced by thiourea. Frontiers. Plant. Sci., 10:1336. https://doi.org/10.3389/fpls.2019.01336

			Wei, J., D. Liu, G. Liu, J. Tang and Y. Chen. 2016. Molecular cloning, characterization, and expression of MiSOC1: a homolog of the flowering gene SUPPRESSOR OF OVEREXPRESSION OF CONSTANS1 from mango (Mangifera indica L). Frontiers. Plant. Sci., 7:1758. https://doi.org/10.3389/fpls.2016.01758

			Wiebe, K.S., M. Harsdorff, G. Montt, M.S. Simas and R. Wood. 2019. Global circular economy scenario in a multiregional input–output framework. Environ. Sci. Technol., 53(11): 6362-73. https://doi.org/10.1021/acs.est.9b01208 

			Williams, J.G., A.R. Kubelik, K.J. Livak, J.A. Rafalski and S.V. Tingey. 1990. DNA polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucleic. Acid. Res., 18(22): 6531-5. https://doi.org/10.1093/nar/18.22.6531

			Wünsch, A. and J. Hormaza. 2002. Cultivar identification and genetic fingerprinting of temperate fruit tree species using DNA markers. Euphytica., 125(1): 59-67. https://doi.org/10.1023/A:1015723805293

			Zhang, R., Y. Xu, K. Yi, H. Zhang, L. Liu, G. Gong and A. Levi. 2004. A genetic linkage map for watermelon derived from recombinant inbred lines. J. Am. Soc. Hort. Sci., 129(2): 237-43. https://doi.org/10.21273/JASHS.129.2.0237

			Zhao, Y., R. Williams, C. Prakash and G. He. 2012. Identification and characterization of gene-based SSR markers in date palm (Phoenix dactylifera L.). BMC. Plant. Biol., 12(1): 1-8. https://doi.org/10.1186/1471-2229-12-237

		

	OEBPS/image/Image159088671.png
60%

50%

“LJ il i

m Balochistan

W pujab
®sindh
®kpk

s1810
suop
Aqmp
Jenbor
109
nugem
espeyg
Aoy
ueure(
puowy
wmnig
Ieag
g
Jooudy
sareq
eaenD
aeuetfowo
addy
eueueg
osuep
snor

40%
30%
20%
10%

0%





OEBPS/image/Image15908866.png
40%
35%
30%

25%

20%
B Production
15%
m Area Harvested
10%
- I i
0% 'L ' | P - o

P L S E S S
2 & Q¥ & &
& @0 ¢ T T @\@a\\ (}‘ R





OEBPS/image/2.png
T WY Tt BT T et et ey R TR EPETY VWY MPEYY TPTWT Y e wt‘fﬁ prn 1.l'lﬂ. -:l"" l‘llﬂ‘ -:ln- ln‘t't '.'"'

e Lot l LIRS
LRl ot l L8 a s
e Faial AR
e { e W
el akhfiankiea e Khybar ibie] -
) sy o i - Melons
won], [ 0.12 ok 0.775 | wov 7 EE3.56
P I ~ 0.84 mom] - Balochis [13.83 el 18.0966
i) . T 28565 ~e] EN7.919 | wn [ 18.9026
i =] - 47.019 et I 51.482 ] N 10.841
o S i
SFEFY WTET FETY IFTYT ITTRT APERVE IPRET BT wl;"l; e 'l“'!: Lan in ) J‘l'I'I'l rrle'I L a.al lrI:I‘I TR ANTET SRR TPERT AP ITERT R TR
rors ek
i v
e, nkhwa :rr:: .
z:: . Banana il Apple
o & 0.248 10.015 | o - 0
o IR . 6.236 1073 | wws S .77
o] Wl 6.776 12.586 EE - 14.47
pride Bl o.518 -13.391 e . 44.44
o et Od&l‘ttl ﬂl‘d lrlditl Ir*liIL ]"PIIT‘ lﬂ-ﬂ:l'li T UI;V'!: ll.l'l'l'l 'I'l;l'll .:l"i'l'l Il'l'l'|I rll'ﬂ'l L 2 ik} lll":l'l
Production of - oy
i i i wded " by .
Major Fru:t Cultivars o < o Apeicot
'’ (%) i 0809 | ro] o
_— T 3.683 | Toed [ 0.0058
=reaiz 16.708| =] o 2.8225
e w4
0 210 420 B840 1,260 o 2259 | e . 3.887
- - e iles e arvvn






OEBPS/image/Image15908870.png
Genotype by-sequencing (GBS).
GWAS,CRISPR-Cas9

- ™G
— -

DarTs.
NGS based markers,

s
=
——

seq and RRLS
PCR Technology. ay based markers,

. it

. RAPDS,RFLPS,SSRs.





OEBPS/image/Image15908867.png
50%
45%
a0%

30%
25%
20%
15%
10%

5%

0%

= Punjab
m sindh
- KPK

m Balochistan





OEBPS/image/Image15908869.png
QT vaiidation
and
Marker vaiidation

Population
Development

Marker Assisted
Selection






OEBPS/image/1.png
OPEN aAccsss Sarhad Journal of Agriculture

®

Check for
updates

Review Article

Advances in DNA based Molecular Markers for the Improvement of

Fruit Cultivars in Pakistan-A Review
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*Department of Field Crops, Faculty of Agriculture, Institute of Natural and Applied Sciences, Qukurova University,
Adana, Turkey; ° Department of Farm Structures, Sindh Agriculture University, Tandojam, Pakistan.

Abstract | Pakistan is an agricultural country and its population continues to grow rapidly at an alarming
pace. The agricultural sector is playing a vital role in strengthening the economy of the country. Apart from
traditional cereals cultivation, climatic conditions of Pakistan are feasible and appropriate for the cultivation
of temperate, tropical and subtropical fruits. Thus, diverse environmental conditions allow the farmers to cul-
tivate a variety of fruits which ultimately uplifting the burden from traditionally cultivated crops. In recent
years, the cultivation and yield of difterent fruit trees are declining in the country. The key contributors to the
decline in fruit crop yield include abiotic stresses, biotic stresses, certain pathogens and nematodes, market
devaluation and access, urbanization, poor gardening, poverty climate change, small landholdings, exogenous
factors and managerial decisions, etc. So, to counter these fruit yield declining factors the use of advanced
molecular markers is a handy option for the improvement of the fruit germplasm in Pakistan. Additionally,
they also have diverse applications in the area of genetic diversity, varietal identification studies, hybrid de-
tection, disease diagnostics and sex difterentiation by administering the powerful diagnostic polymorphism
detection tools at specific loci and the genome level. This review focuses on exploring the application, recent
advancements and future implications of DNA-based molecular markers with the context of their role in the
genetic improvement of fruit germplasm that is widely grown in Pakistan like citrus, apples, mangoes, guavas,
bananas, date palms and peaches, etc. Furthermore, by oftering a piece of scientific information and address-
ing developments, notably in DNA-based molecular markers, this review paper may serve as a road map for
obtaining high-yielding fruit varieties in Pakistan.
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