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This paper attempts to review the major sorghum production constraints, the progress and 

perspective on sorghum anthracnose (Colletotrichum sublineolum) resistance breeding. The 

importance of anthracnose in sorghum production and breeding for resistance status and progress 

were also primly discovered. Sorghum is an ancient environment resilient crop and believed to be 

a future crop due to its important merits like tolerant to stresses, wide adaptability and low input 

requirement. Insects and disease are major biotic impediments to realizing the yield potential of the 

crop. Anthracnose disease caused by Colletotrichum sublineolum is the most important disease that 

severely affecting the crop in all sorghum producing regions of the world. Research results revealed 

that anthracnose resulted in 30-50% or greater yield losses. Several management strategies such as, 

cultural, chemical and using resistance varieties have been developed. Employing host-plant 

resistance is the most economical and environmentally friendly approach which can successfully 

control the disease. Breeding assisted with molecular markers plays a great role in resistance 

breeding programme as it makes easy to screen large number of genotypes at once. Recent 

advancement of molecular breeding and bio-informatics tools are playing a significant role in 

efficiencies and precisions of resistance breeding. QTLs or genomic area for resistance were 

identified using traditional molecular markers and recent research results revealed discoveries of 

specific gene and locus using high throughput markers like SNPs using GWAS approach. The 

discovery of genes/QTL associated with the resistance trait, using the high through put molecular 

markers like SNPs, facilitates the easiest way for gene pyramiding from different individual 

genotypes to a single variety, introgression into adapted elite cultivar through marker assisted and 

editing genes for elite landraces to develop durable resistance varieties. Transgenic approach is now 

a day becoming a powerful tool to utilize novel alien genes for crop improvement including 

anthracnose resistance breeding in sorghum. 
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Introduction 

World is in challenge to feed the sharply increasing 

human population which is expected to exceed 9 billion by 

2050 and will reach 11.2 billion in 2100 (FAO, 2009; 

UNDESA, 2017). There are predictions that suggests an 

increase in global land use efficiency with tripling of the 

international trade in 2050 to satisfy food demands of about 

9.8 billion world population using the existing cropping 

land area (Pastor et al., 2019). This need may mainly be 

achieved through increasing yields on existing crop land 

(Foulkes et al., 2011), particularly by growing the crops 

that can potentially adapted well and tolerant to biotic and 

a biotic stress that limits crop yields as it is very difficult to 

find stress free areas where crops may achieve their 

potential yields (Boyer, 1982). 

A large land mass coverage about 3 billion ha in Africa, 

of which 1.3 billion hectares are agricultural land, out of 

which only 252 million ha (19.36%) has been cultivated 

(FAO, 2011). Africa is the center of origin and source of 

many cereals and is the major producer of cereal crops 

including Sorghum, millet, teff, barley, African rice and so 

on (Vavilov, 1992). Under the current changing climatic 

scenarios, drought tolerant crops like sorghum [Sorghum 

bicolor (L.) Moench] received due importance and 

expected to have renewable benefits as a climate-resistant 

crop. 

http://creativecommons.org/licenses/by-nc/4.0/
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Sorghum (Sorghum bicolor L. Moench) is the world's 

fifth most important cereal, both in terms of production and 

area planted (Anonymous., 2006; Mace et al., 2013). It is 

exceptionally one of the best adapted crop to drought-prone 

areas (Ng’uni et al., 2011; Burrell et al., 2015) and a crop 

of major importance in semi-arid tropical regions of the 

world (Smith and Frederiksen, 2000). Reports indicated 

more than 105 countries are cultivating sorghum and 

among these, United States, India, Mexico, Nigeria, Sudan, 

Ethiopia, Australia, Brazil, China, and Burkina Faso are the 

top 10 sorghum producers (Sujay Rakshit et al., 2014). 

The drought resilience and relatively minimal 

production inputs requirement of sorghum in comparison 

of many cereals such as Corn, Wheat and others makes the 

crop very important (Lobell et al., 2008; Rooney et al., 

2008). It has been reported, sorghum naturally required 

only one-half to two-thirds the amount of rainfall as maize 

(Hancock, 2000). Although the crop is one of the largest 

economies in the world. The increasing frailer of other 

crops in the risk of current climate change and the crop's 

ability to survive makes it more preferred and plays an 

important role in sustainable food security, especially in 

rural Africa (Vincent et al., 2013). 

Sorghum (S. bicolor (L.) Moench) diploid 2n =2x =20 

with genome size of 730 Mb (Paterson et al., 2009), a 

member of the grass family Poaceae (Clayton and 

Renovoize, 1986; Paterson et al., 2009). The Sorghum 

genus is highly varied in geographic, morphological and 

genetic, and has approximately 25 known species that are 

classified into five taxonomic sections, namely Eusorghum 

(containing the domesticated species), Chaeto sorghum, 

Hetero sorghum, Para sorghum and Stipo sorghum 

(Garber, 1950; USDA-NASS, 2012). Sorghum bicolor is a 

highly diverse cereal composed of five botanical races 

(Bicolor, Durra, Caudatum, Guinea and Kafir) distinguish 

in different types of inflorescence (Harlan and Dewet, 

1972). Thus, the objective of this paper is to review 

mechanism of host plant resistance; efforts, progress and 

perspective of anthracnose resistance breeding in sorghum. 

Sorghum economic importance, production constraints, 

global production and spread, available genetic resources 

and improvement of sorghum were the main focuses. 

 

Global distribution and economic importance of sorghum  

 

Sorghum is an ancient crop (Mann et al., 1983), the 

origin and early domestication of sorghum took place in 

north-eastern Africa, north of the Equator and east of 10˚E 

latitude, about 5,000 years ago (Wendorf et al., 1992; 

Dahlberg and Wasylikowa, 1996). Following early 

domestication, sorghum spread throughout Africa and Asia 

by trading and migratory path. It has been selected and 

dispersed throughout a wide range of environments and 

utilization giving rise to a widely adapted genetic base that 

has been further exploited throughout the agricultural 

process to create the current crop known as cultivated 

sorghum (Esele, 1995; Doggett, 1988; Dahlberg et al., 

2011). Recent genetic studies reviled different 

domesticated races may have undergone multiple 

independent domestications actions (Lin et al., 2012). 

Sorghum cultivation is spread out across the globe and 

more than 100 countries grown sorghum globally, in Asia, 

Sub-Saharan Africa, in the United States and Mexico in 

North America, South American and European countries 

and also in Australia (Deb et al., 2004). More than half of 

the world is cultivating sorghum in semi-arid zones, where 

it is a staple food for millions of poor and hungry people 

(Mehmood et al., 2008). The origin and spread of the races 

of Sorghum bicolor across the world (Figure 1) illustrated 

below 

 

 
Figure 1. The origin and spread of the races of Sorghum 

bicolor around the globe 
(Source: OECD. 2016; Olsen K.M., 2012). 

 

Sorghum is an economically very important C4 grass 

grown for grain, forage, sugar/syrup, brewing, and 

lignocelluloses biomass production for bio-energy. (Ejeta 

and Grenier, 2005; Mullet et al., 2014; Ort et al., 2015; Luis 

and Jeffrey, 2019). In developing countries, beside the 

grain as food, sorghum by-products are also very important 

and used for feed, cooking fuel, construction materials, and 

as physical support for vining crops like yams (NRC, 2004; 

Reddy et al., 2005). Sorghum is particularly essential crop 

in Africa, second to maize, as staple grain for millions of 

people. Although it is mainly consumed as a grain, and also 

prepared into a wide variety of other food products such as 

porridges, breads, lactic and alcoholic beverages, and 

weaning meals (Mejia and Lewis, 1999; Batey, 2017; 

Adebo et al., 2018). 

 

Sorghum production overview 

 

Sorghum is globally cultivated in 41 million hectare 

with grain production of 64.20 million tons. Of this, about 

26 million tons is produced in Africa. The major 

production areas including the great plains of North 

America, Sub-Saharan Africa, Northeast China, and the 

Deccan plateau of central India (Vijayakumar et al., 2014). 

More than 90% of total global sorghum harvested areas are 

in Africa and Asia (Bhagavatula et al., 2013; Deb et al., 

2004); Africa accounting for 61% of the area and 41% of 

production followed by the Americas (38%) and Asia 

accounts for 22% of the area and 18% of production 

(Bhagavatula et al., 2013).  

 

Genetic diversity in sorghum 

 

A diverse genetic resource is pre-requisite for breeding 

of crop varieties and crop species having a narrow genetic 

diversity/bases are susceptible to emerging pathogens or 

other constraints leading to loss of productivity 

(Glaszmann et al., 2010; Dyer et al., 2014). Exploitation of 

genetic variation is the basis for any crop improvement 
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programme. Information about germplasm diversity and 

genetic relatedness among elite breeding material is a 

fundamental element in plant breeding (Wilfred, 2008; 

Sanwal et al., 2015). Information about the genetic 

variations present within and between various plant 

populations and their structure and level can play a 

beneficial role in the efficient utilization of plants genetic 

resources (Cole CT, 2003). Genetic variation results from 

changes in DNA sequence and is the basis for evolution. In 

the simplest case, variation in DNA sequence will result in 

variation in the amino acid sequence of the protein encoded 

by that gene (Wilfred Vermerris, 2008).  

Sorghum is a very genetically diverse crop both in 

cultivated and wild species (Iqbal et al., 2010). The greatest 

variation within the sorghum genus is found in Ethiopia-

Sudan (north-east Africa) where it is likely to have 

originated (OECD, 2016). Gezahegn et al. (2019) reported 

Ethiopian Sorghum Landrace Collection, and the 

surrounding east African regions have high genetic 

diversity and the germplasm harbor enormous genetic 

variations. Ethiopian sorghum accessions are known in 

possessing novel traits such as better agronomic 

performance, variable maturity groups, high lysine, good 

grain quality, resistance to disease and insect pests and stay 

green that could be utilized in improved cultivar 

development (Kebede, 1991). Erpelding (2010) and 

Cuevas et al. (2019) reported that Ethiopia is an important 

center of genetic diversity for sorghum, and have been 

widely used in grain sorghum breeding programs in the 

United States and the germplasm served as a source of 

genetic resource for host-plant resistance to anthracnose 

and several photoperiod-insensitive lines development. 

 

Sorghum genetic resources 

 

Plant Genetic resource is the genetic materials of plants 

that are resources of present and future generation (IPGRI, 

1983). Sorghum has an enormous ranges of genetic 

variability available in Africa where domestication first 

occurred and further diversity also occurred in Asia 

because of the early introduction of the crop (Rosenow and 

Dahlberg, 2000). Sorghum genetic resource is conserved in 

many countries around the world and approximately about 

168500 accessions of sorghum germplasm collections are 

available globally (Reddy et al., 2006). The major 

organization or/and country which maintain sorghum 

genetic resources are: International Crop Research Institute 

at Semi-Arid Tropics (ICRISAT) found in India; the 

national plant Germplasm system (NPGS) in USA; 

Ethiopia; Sudan; South Africa; India and China mainly 

because of having a large crop improvement programs 

(Rosenow and Dahlberg, 2000). 

Currently, ICRISAT is the main repository for world 

sorghum germplasm with a total of about 36,774 

accessions collected from 91 countries and this collection 

is estimated to present about 80% of the variability found 

in sorghum (Eberhart et al., 1997). Ethiopia has a wealth of 

genetic resources for sorghum and has contributed for the 

global germplasm pools and sources of genes for important 

traits like stay green and midge resistance (Esele, 1995; 

Doggett, 1988; Reddy et al., 2009). In spite of the ample 

genetic resources, the productivity of sorghum is affected 

by several biotic and abiotic constraints (Rao et al., 2004; 

Berenji and Dahlberg, 2004). 

 

Abiotic Stresses 

 

While demands of crop products are increasing 

following the world population increment, the productivity 

is threatened by various stress factors associated with 

global climate change (Zhao et al., 2017; Challinor et al., 

2014). There are several of abiotic constraints significantly 

affecting sorghum production and productivity.  

Drought is one of the most serious environmental 

stresses across the world, affecting plant growth and 

development and, consequently, the yields and 

productivity of crops (Miao et al., 2017). It is the primary 

crop production limiting factor aggravating food security 

problem worldwide among abiotic stresses followed by 

soil acidity (VonUexktill & Mutert, 1995). Different 

authors reported different level of grain reduction at 

different growth stages when drought occurred and it is 

vital to explore the different growth stages (Prasad et al., 

2008). 

Aluminum toxicity: remains the major food security 

problem worldwide next to drought stress among abiotic 

constraints on crop production (VonUexktill & Mutert, 

1995). More 20% of the arable lands in sub-Saharan 

Africa, East Asia and North America; 38% of the farmland 

in Southeast Asia and 31% of Latin America were affected 

in Al toxicity (Wood et al., 2000). Crop yields are 

significantly reduced by aluminum toxicity on highly 

acidic soils, which comprise up to 50% of the world’s 

arable land (Kochian, 1995, Wood et al., 2000). There are 

two major categories of aluminum toxicity effects in 

plants: morphological and physiological. Morphological 

effects refer to the visual symptoms and damage occurring 

in different root tissues; whereas, the physiological effects 

refer to changes in metabolism and function of plants and 

the resultant consequences (Bian et al., 2013).  

Salinity (saline and sodic) soils, has long been a major 

constraint on crop Szabolcs, 1994; Shannon, 1997; Rohila 

et al., 2002). Approximately more than 800 Million ha 

globally affected by salinity (FAO, 2000; Turkan and 

Demiral, 2009; Munns, 2005). It is one of the major abiotic 

stress that affect crop productivity, especially in arid and 

semi-arid tracts as well as coastal areas in tropical regions 

of the world (Hafsi et al., 2010). Salt accumulation is 

mainly related to a dry climate as this area appeared where 

the sorghum crop is cultivated and affects the productivity 

of the crop (Almodares et al., 2008). 

 

Biotic Stresses 

 

Any plants stress by Living organisms cause both pre 

and post-harvest losses and unlike abiotic, directly 

deprives their host nutrients leading to reduced plant vigor 

even death of the host plant at extreme case (Singla and 

Krattinger, 2016). In sorghum, the biotic stresses include 

damages caused by pathogens, insect pests, birds, rodents 

and parasitic weeds (Berenji and Dahlberg, 2004). 

Diseases and insects are major impediments to realizing the 

high yield potential of sorghum cultivars (Sharma et al., 

2012). Among diseases of sorghum, anthracnose caused by 

Colletotrichum sublineolum (P. Henn.in Kabat and 
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Bubak), is one of the most important disease limiting 

productivity in most sorghum growing regions worldwide 

(Hulluka and Esele, 1992; Mathur et al., 2002; Alemayehu 

et al., 2010; Burrell et al., 2015).  

 

Anthracnose  

 

Anthracnose disease caused by Colletotrichum species, 

which affects over 42 genera of plants in the family 

Poaceae and other members of plant families (Kelly and 

Allejo, 2004; Crouch and Beirn, 2009; Hussain and Abid, 

2011) . It is one of the most devastating disease affecting 

sorghum production and productivity in all parts of the 

world (Singh et al., 2006; Anonymous, 2006; Perumal et 

al., 2009; Li et al., 2013). The disease was first reported in 

Togo in 1902 (Stoop et al., 1982; Thakur and Mathur, 

2000), West Africa and spread to different African 

countries. Later observed in all sorghum growing areas of 

the world (Burrell et al., 2015; Costa et al., 2015; Patil et 

al., 2017). Anthracnose is among the disease of primary 

important in sorghum producing areas of the world 

(Doggett, 1988; Marley et al., 2005; Alemayehu et al., 

2010) and it has also been reported as one of the most 

important disease infecting sorghum in East African 

countries including Ethiopia and Kenya (Ngugi et al., 

2002; Alemayehu et al., 2010). It has been reported that the 

disease pressure is very high in West and Central Africa 

(Marley et al., 2001). 

 

Dissemination, infection, and survival mechanism of 

the pathogen 

 

Understanding the complex life style patterns of 

Colletotrichum spp. and the dynamic state of their 

interactions with their hosts has important implications for 

disease control and breeding programme (Newton et al., 

2010; Bourget et al., 2013). Transmission of C. 

sublineolum from plant to plant is through the transfer of 

falcate-shaped, asexual conidia, a process which is 

primarily dependent on water splash and blowing raindrops 

(Viswanathan and Samiyappan, 2001; Murphy et al., 

2008). Acervuli are formed from necrotic plant tissue and 

these structures produce numerous falcate-shaped conidia 

serves as a source of secondary inoculum in the disease 

cycle (Panaccione et al., 1989). Conidia and conidial 

germlings produce an extracellular matrix composed of 

mannose and heavily glycosylated glycoproteins that 

permit adhesion to on hydrophobic surfaces. Fastening of 

conidia to host leaves prevent the spores from being 

washed away by rain, allowing germ tube formation and 

increased disease development (Sugui et al., 1998; 

Wharton and Schilder, 2008). 

Colletotrichum sublineolum overwinters in the soil and 

decaying plant residues and seeds as mycelium, acervuli, 

melanizedhyphopodia, sclerotia and micro-sclerotia 

(Sukno et al., 2008; Crouch and Beirn, 2009). C. 

sublineolum is capable of surviving on crop debris for 18 

months (Casela & Frederiksen, 1993), and survives in 

sorghum seeds at room temperature for up to 2.5 years 

(Mishra, 1957). Diagrammatic illustration of 

Colletotrichum Sps Survival, life cycle and infections as 

follows (Fig: 2) 

 

 
Figure 2. Life cycle and overwinters of Colletotrichum  

(Source: Silva et al., 2017) 
 

Economic Importance of Anthracnose 

 

Anthracnose caused by Colletotrichum sublineolum 

Hann. Kabát et Bub, is the most devastating sorghum 

disease and is a major limiting factor in sorghum 

production (Marley et al., 2001; Valerio et al., 2005; 

Sharma et al., 2012). Anthracnose disease is considered to 

be a limiting factor globally in sorghum production and can 

infect all above ground (leaves, stalks, panicles and seeds) 

while exhibiting extreme variability in terms of 

pathogenicity to host cultivars (Tesso et al., 2011).  

Anthracnose weakens the plant, severely reducing 

grain yield and quality. Reports showed grain yield losses 

range from 30 to 67% ( Harris et al., 1964; Ali et al., 1987, 

Thomas et al., 1996, Thakur et al., 2007 ) also reported 

grain yield loss up to 30–50 % caused by the panicle phase 

of anthracnose. Susceptible cultivars have been reported to 

experience losses as high as 50% (Harris et al., 1964; 

Thomas et al., 1996, Chala et al., 2010). 

The disease is more prevalent and severe in warm and 

humid environments, where it causes substantial economic 

losses. The pathogen causes seedling blight, leaf blight 

stalk rot, head blight, and grain molding and, thus, limits 

both forage and grain production. Among these, foliar 

anthracnose is the most pronounced and devastating on 

forage and grain sorghum, especially on sweet sorghum 

cultivars (Thakur and Mathur, 2000; Chala et al., 2010) 

 

Mechanism of Host-plant Resistance 

 

In order to survive, plants developed a broad range of 

defense mechanisms against potential pathogens. These 

defense mechanisms are mainly based on avoidance, 

resistance or tolerance. Resistance mechanisms are by far 

the most important defense mechanisms employed by host 

plants, while avoidance and tolerance play a minor role 

(Parlevliet, 1989). Defense systems often depend on the 

combination of a specific set of dominant R genes in the 

plant and a corresponding set of dominant avirulence (Avr) 

genes in the pathogen (Flor, 1971; Keen, 1990). Expression 

of the Avr genes triggers plant defense responses governed 

by the product of the R gene (Bogdanove, 2002). This 

gene-for-gene resistance strategy underlies the molecular 

basis of defense systems in plants (Flor, 1955). This 

molecular basis is defined by a single plant R gene for a 

single pathogen Avr gene, for this reason the name gene-

for-gene resistance. 

In sorghum, a relationship between tan plant and 

resistance to foliar and panicle diseases was documented 

(Nicholson et al., 1987; Torres et al., 1992). Nicholson et 
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al. (1987) reported the accumulation of phytoalexins 

(flavonoids) in sorghum in response to pathogen infection. 

It has been suggested that the type and quantity of 

anthocyanins (flavonoids) produced in response to 

pathogen attack in sorghum may vary (Klein et al., 2001). 

There may be common biosynthetic pathway for the 

production of the type of flavonoids required for plant 

colour and for those involved in hypersensitivity. Host 

plant resistance is specific to certain isolates of a pathogen 

and less durable and complex than NHR (Gill et al., 2015). 

Plants produce different types of secondary metabolites 

with distinct forms and these metabolites confer resistance 

to pathogens as chemical barriers (Dixon, 2001).  

 

Management Options  

 

There are several controlling strategies have been 

recommended for sorghum anthracnose. Cultural practices 

including altering planting dates, removal of crop residues 

and alternate hosts (wild sorghum), weed management, 

planting disease free seeds and crop rotation can serve as 

important options in preventing sorghum from anthracnose 

infestation. Management of anthracnose using proper field 

sanitation as a cultural control measure remains highly 

sustainable (Marley, et al., 2004) Seed treatment (Akpa et 

al., 1992) and use of foliar sprays have also been found to 

be effective in controlling anthracnose but use of fungicide 

chemicals is generally not economical and sustainable. 

(Marley, 1996; 1997). Host-plant resistance is generally 

regarded as the most sustainable, environmental friendly, 

effective and ideal control strategy (Rosenow and 

Frederiksen, 1982).  

 

Sorghum Breeding for Anthracnose Resistance 

 

Breeding for anthracnose resistance appears simple and 

can be successfully managed using resistant varieties. On 

the other hand, due to the pathogen population is highly 

variable and the numerous physiological races which 

reduces the longevity of resistant sources. Therefore, 

identification of durable and new resistance requires the 

screening of sorghum genotypes against multiple races of 

the pathogen at multiple location (Marley et al., 2001; 

Mathur et al., 2002; Marley et al., 2005; Valério et al., 

2005; Acquaah, 2012; Li et al., 2013). An adequate 

knowledge of the genetic diversity in anthracnose-resistant 

germplasm is necessary to use the diversity effectively in 

sorghum breeding programs (Cuevas et al., 2018).  

In addition to identification, the resistance must be 

characterized for inheritance and reaction across multiple 

environments before they can be effectively used (Mehta 

et al., 2005). LeBeau & Coleman (1950) reported the fact 

that the leaf and stalk rot stages of anthracnose resistance 

is under independent genetic control. Costa et al. (2011) 

observed sorghum anthracnose resistance is controlled by 

vertical genes with two alleles to specific races of C. 

sublineolum.  

There were also variations in the dominance or recessive 

in types of gene action to resistance in the lineages used. The 

Anthracnose resistance in sorghum is controlled by 

recessive genes (LeBeau and Coleman, 1950; Boora et al., 

1998; Singh et al., 2006). In other studies, the inheritance of 

resistance was reported to be determined by a larger number 

of genes with an additive effect (Tenkouano and Miller, 

1993; Murty and Thomas, 1989). Erpelding and Prom, 

(2004) and Mehta et al. (2005) reported that resistance is 

controlled by a single locus with dominant or recessive gene 

action. Sources of dilatory resistance, inherited as a 

polygenic trait have also been identified (Casela et al., 1993). 

Mehta et al. (2005) and Cuevas et al (2014) reported that the 

resistance is controlled by a single dominant and mapped a 

dominant gene (Cg1) on chromosome 5 at different loci. 

Thus, this indicates that anthracnose resistance is governed 

by dominant single or few genes (monogenic) and can be by 

many minor contributing recessive genes with an additive 

effect.  

Researchers suggested that Ethiopian sorghum 

germplasm could be an important source of anthracnose 

resistance (Doggett, 1991; Erpelding, 2010). Ethiopia 

serves as the global reservoir for sources of favorable genes 

of various crops to which it is the Vavilovian center of 

origin and diversity including sorghum [Sorghum 

bicolor (L.) Moench]. Farmers grow mixed sorghum 

landraces of diverse forms in their fields for various local 

purposes. The Ethiopian sorghum germplasm has been 

highly contributing to the global agriculture (Singh and 

Axtell, 1973). Besides, some superior varieties of 

Ethiopian origin were released in India, Eritrea, Burkina 

Faso, Zambia, Burundi and Tanzania (Reddy et al., 2006) 

and genetic characterization for anthracnose resistance of 

the Ethiopian germplasm were investigated by various 

researchers using different molecular markers (Cuevas et 

al., 2019; Chala et al., 2011). 

 

Progress and Prospects of Anthracnose Resistance 

Breeding in Sorghum 

 

Sorghum research conducted over the last several years 

has generated interests in the stress-tolerant breeding 

programme (Rooney et al., 2007). But, most plant 

pathogens have the ability to undergo genetic 

recombination causing the emergence of pathogenic 

lineages and/or the formation of novel genetic diversity, 

which may lead to the genesis of new pathogens with 

increased pathogenicity resulting in breakdown of 

resistance crop varieties and pose a serious and continuing 

threat in crop production, makes the breeding activities 

more complex (Brasier, 2001; Wingfield et al., 2001; 

Giraud et al., 2010; Fisher et al., 2012). Plant pathogenic 

fungi show a variety of interactions with their host plants, 

changing their relationship at different stages of their life 

cycle depending on the physiological maturity and 

resistance of the host, the environment and associated 

virulence genes of the pathogen (Stergiopoulos and deWit, 

2009; Newton et al., 2010; Delaye et al., 2013). 

Employment of genetic resistance is generally regarded 

as the most effective disease control strategy to control 

anthracnose (Harris and Fisher, 1973; Rosenow and 

Frederiksen, 1982; Frederiksen, 1984; Rezende et al., 

2004). Different sources of anthracnose resistance have 

been identified in sorghum and mapped by several groups 

of researchers. In sorghum anthracnose disease, the 

occurrence of different pathotypes and levels of 

pathogenicity within the pathogen population makes very 

critical in the identification of additional sources of 

resistance (Prom et al., 2012). Sharma et al. (2012) 
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observed in sorghum tremendous genetic variation for 

reaction to anthracnose pathogen has been demonstrated in 

the mini-core collection. Upadhyaya et al. (2013) reported 

the evidence that anthracnose resistance is mostly 

influenced by genes rather than environmental conditions 

and resistance to anthracnose is mostly under monogenic 

control (Erpelding and Wang, 2007; Costa et al., 2011). 

In addition to resistance screening under field and green 

house level based on phenotypic reaction, identification of 

gene(s)/genomic area using different molecular makers 

under molecular laboratories was conducted by several 

researchers for different sorghum population and races. 

Mohan et al. (2010) identified four anthracnose resistance 

loci and three of those are on chromosome 6. Biruma et al. 

(2012) Identified seven candidate genes, evaluated using 

virus-induced gene silencing (VIGS), leading to the 

identification of two R-genes encoding proteins with NBS-

LRR domains, Cs1A and Cs2A, as the primary sources of 

anthracnose resistance. 

The report by Klein et al. (2001) from mapping a 

quantitative trait locus (QTL) for anthracnose resistance 

revealed three QTLs on chromosome 6 and one QTL on 

chromosome 4. The QTL on chromosome 6 overlapped 

with QTL for resistance against other diseases also 

observed during that study. Upadhyaya et al., (2013) 

conducted association study for anthracnose resistance 

used the sorghum mini-core collection. The study of 

association analysis using SNPs marker and identified 

eight loci linked to anthracnose resistance; four on 

chromosome 1, two on chromosome 6, one on 

chromosome 8, and one on chromosome 10. The loci on 

chromosome 6 colocalized with the resistance loci 

discovered by (Mohan et al., 2010). So, the approach 

integrates QTL analysis with variety development by 

simultaneously identifying QTLs and transferring 

favorable QTLs from unadapted source into cultivated 

varieties. 

Now a day advances in molecular plant breeding and 

genomics play a key role in grass-to-peroxide resistance 

breeding and various molecular marker assisted activities 

have been successfully conducted. SSRs and SNPs have 

become the most popular in identifying targeted traits and 

genetic variation in natural populations differing 

robustness and consistency of the results obtained with 

these two markers (Guichoux et al., 2011; Martin et al., 

2017). In high-throughput DNA sequencing, computer 

software and bioinformatics have made the use of SNPs 

more popular. (Heaton et al., 2002) and although in terms 

of genetic information a bi-allelic marker may be 

considered as a step backwards, SNPs have some 

promising advantages, including greater abundance 

(Heaton et al., 2005), simpler nomenclature and suitability 

to automated analysis and data interpretation (Lindblad-

Toh et al., 2000). Also, SNPs have been successfully used 

in the discovery of quantitative trait loci (QTL) and the 

association of genes with specific productive traits 

(Wollstein et al., 2007). 

Economically important traits in all crops were 

improved through different breeding approaches. But, 

utilization of a novel alien gene for crop improvement is 

the major restriction in conventional breeding. Transgenic 

approach is a powerful tool to utilize successfully. Now a 

day, transgenic sorghum lines have been generated for 

resistance to biotic and abiotic stresses such as anthracnose 

(Ayoo et al., 2011); resistance to stem borer (Visarada et 

al., 2014); resistance to drought tolerance (Guo et al., 

2005); Resistance to saline soil (Maheswari et al., 2010). 

Utilizing transgenic technology for improving yield and 

quality of sorghum transgenes are successfully used for 

disease and insect pest resistance and abiotic stress 

tolerance. Transgenic approach is a powerful method that 

utilizing in developing anthracnose resistance cultivars in 

sorghum. The anthracnose resistance sorghum transgenics 

with two antifungal genes, chitinase (harchit) and 

chitosanase (harcho) isolated from Trichoderma harzianum 

through the particle bombardment method in the KAT 412 

genotype (wild type) and reported that seedlings from a 

transgenic line, (KOSA-1), were found to be significantly 

more tolerant to anthracnose than the parent KAT 412 

(Kosambo-Ayoo et al., 2011). Compared to other cereals 

Sorghum considered to less responsive vitro culture 

manipulation due lack of continuous regeneration and 

phenolic compound production (Saikishore et al., 2005). 

Transgene expression efficiency is dependent on the 

promoter that regulating it, and also depends on the plant 

species that is being examined (Able et al., 2001). 

Currently, ubi1 is considered to be the most efficient 

promoter for transgene expression in sorghum and is used 

predominantly in sorghum studies (Raghuwanshi and 

Birch, 2010; (Liu and Godwin, 2012).  

 

Conclusion 

 

Sorghum is the most important cereal crop supporting 

the lives of millions of people around the globe. The crop 

has versatile and diverse genetic resource to be exploited 

further by breeders to develop resistance to any stresses. In 

spite of the diverse genetic resources, the average yield is 

still far below the potential. This is due to different biotic 

and abiotic factors. Anthracnose caused by C. sublineolum 

is the major devastating disease among biotic stresses. 

Anthracnose of sorghum causes economic losses to 

sorghum worldwide. Research has identified various 

sorghum germplasm with moderate to high resistance to 

the disease. The use of resistant varieties is the most 

efficient and economical strategy for controlling this 

pathogen. However, the pathogen exhibits a very larger 

variability that allows its rapid adaptation to the genetic 

resistance found in commercial varieties of sorghum. Thus, 

development and availability of new resistance varieties is 

very critical and needs breeders too much effort for 

development of durable resistant improved varieties. The 

recent advancements in molecular works help molecular 

marker assisted breeding can speed up the breeding 

progress, successfully discovery of genes/QTL associated 

with the resistance. So, using high through put molecular 

markers like SNPs facilitates the easiest way for gene 

pyramiding from different individual genotypes to a single 

variety to develop durable resistance varieties. 
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