Recent advances in molecular marker assisted selection in apple
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Abstract: A inheritable marker is a gene or DNA sequence with a known position on a chromosome and associated with a particular gene or particularity. Molecular marker technology enables plant breeders to select individual plants based on their marker pattern (genotype) rather than their observable traits (phenotype). This process is called marker assisted breeding (MAB) or marker assisted selection (MAS). Apple breeding is carried out on a large scale in several scientific institutes throughout the world. More than 10,000 cultivars have been named and released. The first genetic map of apple was released in 1994 from the cross ‘Rome Beauty’ × ‘White Angel’ that combined the iso enzyme, RFLP (Restriction fragment length polymorphisms) and RAPD (Random amplified polymorphic DNA) markers distributed over 21 and 24 linkage groups (LG). Scab resistance genes in apples have received the most attention because scab is commercially significant. The most common is Vf from Malus floribunda, and practically all commercial apple scab resistant cultivars contain this gene. Genetic diversity assessment, QTL identification, gene cloning, varietal diagnosis, illness diagnosis, marker assisted selection (MAS), and linkage map. Genetic markers can assist apple breeders to improve their breeding outcomes in several ways, from assessing genetic diversity of the germplasm, to cultivar protection. The use of markers in apple breeding has several advantages, including increased efficiency by allowing early selection for adult qualities, simultaneous selection for several traits, including resistance gene pyramiding, and selection for traits that are too expensive for phenotypic screening. New apple cultivars continue to be released by programmes worldwide.
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INTRODUCTION 

         A genetic marker is a gene or DNA sequence that is connected with a certain gene or characteristic and has a known location on a chromosome. It can be defined as a variation that can occur as a result of a mutation or alteration in the genomic locus that can be noticed. A genetic marker can be either a short DNA sequence, such as one encircling a single base-pair alteration (single nucleotide polymorphism, SNP), or a long one, such as mini and micro satellites. Plant breeders can now pick individual plants based on their marker pattern (genotype) rather than their observable qualities (phenotype) because to advances in molecular marker technology.  This is referred to as marker-assisted breeding (MAB) or marker-assisted selection (MAS).  MAB has numerous advantages, including the ability to accelerate the progress of a plant breeding program, increase accuracy and efficiency, and reduce expenses. Marker-assisted selection (MAS) is a technique for selecting attractive individuals in a breeding program based on DNA molecular marker patterns rather than, or in addition to, trait values. When utilized appropriately, it is a tool that can assist plant breeders in selecting more efficiently for desired crop features.

        Apple is the most economically important species of the Malus Miller genus. It ranks first among deciduous fruit and third overall among all fruit species in terms of production, commerce, and consumption. Apple breeding is done on a huge scale in several scientific centers across the world. Over 10,000 cultivars have been identified and released. Every year, breeders around the world work hard to create new choices, although only a few hundred are widely available in commerce (Hampson and Kemp, 2003). Over the last two decades, approaches to apple breeding enhancement have shifted dramatically. 

1. GENETICS MAP OF APPLE

        The first apple genetic map was published in 1994 from the cross 'Rome Beauty' 'White Angel' (Hemmat et al., 1994), which incorporated isoenzyme, RFLP (Restriction fragment length polymorphisms), and RAPD (Random amplified polymorphic DNA) markers spread over 21 and 24 linkage groups (LG). Conner et al. (1997) created a second set of more saturated maps for 'Wijcik McIntosh' as well as advanced scab-resistant selections from the Cornell breeding program (NY 75441-67 and NY 75441-58). The number of linkage groups has been lowered to bring it closer to the apple haploid chromosomal number (n = 17).

Table. 1 Genetic maps of apple

	Cross
	Pop size
	Marker type
	Traits
	References

	
	
	Isoenzyme
	RFLP
	RAPD
	AFLP
	SSR
	Others
	
	

	Rome Beauty × White Angel’
	56
	34
	8
	367
	-
	-
	-
	Pl-w
	Hemmat et

al., 1994

	Wijcik McIntosh × NY 75441-67
	114
	6
	-
	138
	-
	-
	-
	Rf, Vf, Co, Ma
	Conner et

al., 1997

	Wijcik McIntosh × NY 75441-58
	172
	6
	-
	266
	-
	-
	-
	
	Conner et

al., 1997

	Prima × Fiesta
	152
	17
	124
	133
	9
	10
	SCAR - 1
	Vf, Sd1, Ma, S
	Maliepaard et al., 1998

	Fiesta× Discovery
	112
	-
	-
	217
	-
	118
	-
	
	Liebhard

et al., 2002

	Fiesta× Discovery
	267
	-
	-
	235
	475
	129
	SCARs -1
	
	Liebhard et al., 2003

	Fiesta× Discovery
	44 (subset of

112)
	-
	-
	-
	-
	-
	ARGHs -18
	ARGHs
	Baldi et al.,

2004

	Fiesta× Discovery
	44

(subset of 267)
	-
	-
	-
	-
	156
	-
	
	Silfverberg–

dilworth

et al., 2006

	Discovery× TNR10-8
	149
	13
	-
	-
	102
	62
	RGHs-22
	Vg, scab

QTL,

RGHs
	Calenge et

al., 2005

	Telamon× Braeburn
	257
	-
	-
	-
	463
	21
	-
	ForQTL
analysis

grow habit and fruit

quality
	Kenis and

Keulemans, 2005

	Fiesta × Totem
	85
	-
	-
	-
	-
	247
	SCARs-4; 8known function

genes
	Vf, Pl-2, Co, Rt, Gfc
	Fernánde z–fernández et al., 2008


2. MARKERS LINKED TO MONOGENIC TRAITS IN APPLE
Apple has the most monogenic features identified of any fruit species, with 76 genes expressing morphological traits, pest and disease resistance, and 69 genes encoding enzymes (Alston et al., 2000). Many of these features are governed by large genes, making it easier to identify genetic markers for resistance genes (e.g., apple scab, powdery mildew, and rose and woolly apple aphid). Resistance gene loci are frequently connected or reside in clusters, according to mapping. Scab resistance genes in apples have received the most attention because scab is commercially significant. So far, fifteen apple scab resistance genes have been found and twelve have been mapped. Bus et al., (2009) presented a new nomenclature for apple scab resistance genes, such as Rvi1, Rvi2, Rvi4, Rvi5, Rvi6, Rvi10, Rvi11, Rvi12, Rvi13, and Rvi15, which correspond to Vg, Vh2, Vh4, Vm, Vf, Va, Vbj, Vb, Vd, and Vr2 in the previous apple scab resistance gene nomenclature. The most common is Vf from Malus floribunda, and practically all commercial apple scab resistant cultivars contain this gene.
           Powdery mildew, caused by Podosphaera leucotricha, is another significant apple disease for which multiple sources of resistance are identified. So far, seven powdery mildew resistance genes have been found and four of them have been mapped. Pl-1 and Pl-2 genes from M. robusta and M. zumi, respectively, have been widely employed in apple breeding programs. Pl-w from 'White Angel' (Batlle and Alston, 1996), Pl-d from D12 clone (Visser and Verhaegh, 1980), and Pl-m from Mildew Immune Selection (Dayton, 1977) are also important genes.

The woolly apple aphid (Eriosoma lanigerum) is a common apple pest that stunts the growth of apple leaves, fruits, and shoots. Five woolly apple aphid resistance genes have been discovered (Er-1, Er-2, Er-3, Er-m, and Er-l; Bus et al., 2008; Gardiner et al., 2007).

Table. 2 Major genes for resistance in apple

	Gene/LG
	Progeny
	References

	Apple scab (Venturia inaequalis)

	Va/LG1
	Fortune x PRI 1841-11 and NY 489 x PRI 1841-11
	Hemmat et al., 2003

	Vb/LG12
	Golden Delicious x Hansen‘s Baccata 
	Erdin et al., 2006

	Vc
	
	

	Vbj/LG2
	A722-7 x Golden Delicious
	Gygax et al., 2004

	Vd/LG10
	Durello Di Forli x Fiesta
	Tartarini et al., 2004

	Vd3/LG1
	1980-015-25 x 1973-001-041
	Soriano et al., 2009

	Vf/LG1
	16 crosses
	Huaracha et al., 2004

	Vfh
	
	

	Vg/LG12
	Prima x Fiesta
	Durel et al., 1999

	Vh8/LG2
	Royal Gala x Malus sieversii W193B
	Bus et al., 2005a

	Vj
	
	

	Vm/LG17
	Golden Delicious x Murray
	Patocchi et al., 2005

	Vh2/LG2
	Golden Delicious x TSR34T15
	Bus et al., 2000

	Vr2/LG2
	GMAL 2473 x Idared
	Patocchi et al., 2004

	Vh4/LG2
	Empire x R12740-7A
	Hemmat et al., 2002

	Powdery mildew (Podosphaera leucotricha)

	Pl-1/LG12
	Idared x Robust 5; Idared x 78/18-4
	Dunemann et al., 2007

	Pl-2/LG11
	Fiesta x Totem
	Fernández–Fernández et al., 2008

	Pl-8
	
	

	Pld/LG12
	Fiesta x A871-14
	James et al., 2004

	Pl-m
	Fuji x MIS O.P. 93.051 G02-054
	Gardiner et al., 2003

	Pl-a
	M9 x Aotea
	Gardiner et al., 2004

	Pl-w/LG8
	Fiesta x (Gloster 69 x White Angel)
	James and Evans, 2004

	Aphids (Eriosoma lanigerum)

	Er-1/LG8
	Sciglo x Northern Spy
	Bus et al., 2008

	Er-2/LG17
	M9 x Robusta 5
	Bus et al., 2008

	Er-3/LG8
	M9 x Aotea 1
	Bus et al., 2008

	Er-m
	Fuji x MIS O.P. 93.051 G02- 054
	Gardiner et al., 2007

	Er-l
	Prima x Long field O.P.93.043 G07-062
	Gardiner et al., 2001


3. IMPORTANCE OF MOLECULAR MARKER IN APPLE

Assessment of genetic diversity, identification of QTLs, gene cloning, varietal diagnosis, diseases diagnosis, marker assisted selection (MAS) and linkage map (Bhat et al., 2010).

3.1 Assessment of genetic diversity
There are numerous documentation available on the use of DNA markers to assess genetic diversity among species of several horticultural crops, as well as to validate genetic relatedness among them. This offers a wide range of applications, particularly for difficult-to-breed woody perennials.

3.2 Identification of QTLs
Many key heritable traits are the result of many genes working together. Such traits are frequently referred to as polygenic or quantitative. Several plant species features, including agronomically important ones, are quantitatively inherited. Such characteristics include yield, maturity date, and drought tolerance. The genetic loci for such traits are known as quantitative trait loci (QTLs). The connection with a known marker locus segregating with Mendelian ratio is a crucial trait that allows for the discovery and characterisation of a QTL (Sylwia et al., 2009).

3.3 Varietal identification
DNA fingerprinting is used for varietal identification. Molecular markers, when used singly or in groups, can produce patterns that are unique to each genotype. Genetic finger printings are patterns that are created by PCR or hybridization using single copy, multicopy, or repeating sequences (Koller et al., 1993).

3.4 Disease diagnostics

Molecular markers have enabled the development of diagnostic procedures for identifying pathogens with extraordinary accuracy and speed, as well as the extraction of genes from varied sources such as microorganisms and plants. The markers are the Malus zumi apple powdery mildew resistance gene Pl2 and the Malus floribunda 821 apple scab resistance gene Vf. Under field conditions, the clone U211 was shown to be highly resistant to mildew and to have passed on this resistance to the majority of its progeny. Molecular investigation verified the existence of the Vf gene, which confers scab resistance. Because the molecular markers for the Pl2 gene are missing from the DNA of U211, the clone is most likely a new source of mildew resistance (Pitera and Bogdanowicz 1992).
3.5 Marker Assisted Selection (MAS)

This is one of the most important uses of molecular markers. Molecular markers have the potential to boost the significance and utility of indirect selection in plant breeding. MAS enable the breeder to make more informed decisions regarding future selections while evaluating fewer plants. Once marker information is accessible, breeding for disease resistant behavior has the extra benefit of being able to be done in the absence of a pathogen. Previously, markers were established for features governed by single genes, but now markers are generated for traits governed by several genes or polygenes (Patocchi et al., 2009).
3.6 Pedigree analysis and detection of hybrids

Isozyme analysis has been used successfully to confirm the parentage of apple and other fruit cultivars, as well as to determine the origin of some cultivars. Isozyme has also been utilized to distinguish between progeny produced by self pollination and those produced by cross pollination, as well as to detect hybrids (Patocchi et al., 2009).

4. CONCLUSION
The basic goal of plant conservation and utilization is precise genetic evaluation. At the DNA sequence level, many approaches have been developed and evaluated. These technologies offer a huge number of markers, bringing up new avenues for assessing diversity in plant genetic resources. Genetic markers can help apple breeders enhance their breeding outcomes in a variety of ways, from measuring germplasm genetic diversity to cultivar protection. The use of markers in apple breeding has several advantages, including increased efficiency by allowing early selection for adult qualities, simultaneous selection for several traits, including resistance gene pyramiding, and selection for traits that are too expensive for phenotypic screening. One of the key reasons why less than half of fruit and ornamental breeders used molecular markers in their programs was the cost of MAS. According to publicly available data, markers are increasingly being utilized for selection in apple breeding. New apple varieties are continually being released by programs all around the world. 
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