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	ABSTRACT	
The	genetic	diversity	of	of	fourteen	pearl	millet	genotypes	was	investigated	using	50	SSR	markers.	Polymorphism	was	found	in	25	of	
the	50	markers	analyzed.	The	highest	PIC	value	among	these	25	polymorphic	SSR	markers	was	reported	in	SSR	marker	xpsmp	2251,	
which	was	0.6704.	The	PIC	varied	from	0.1239	(3035)	to	0.6704	(xpsmp	2251).	The	power	marker	UPGMA	cluster	analysis	grouped	
14	pearl	millet	parental	genotypes	into	two	major	clusters	with	a	67.5%	similarity	score.	The	�irst	cluster	has	ten	parental	genotypes:	
EMRL-14/123,	EMRL-14/237,	EMRL-14/243,	HMS	53	A4,	HMS	54	A5,	AC	04/13,	H77/833-2-202,	EMRL-14/111,	HMS	30Aegp,	
EMRL-14/105,	while	the	second	cluster	contains	four	parental	lines:	HMS	58	A1,	EMRL-14/103,	EMRL-14/127,	and	EMRL-15/109.
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Introduction
Pearl millet is an important grain crop for people living in arid 
and semi-dry areas of India and Africa. It is a monocot C4 species 
with a high photosynthetic ef�iciency. It is a member of the 
poaceae family and has the chromosome number (2n = 2x = 14). 
It is an important forage and food crop. In different regions of the 
world, pearl millet is known as cat millet, bush millet, bajra, and 
so on. Its grains have a better nutritional value because to their 
increased protein (9 to 15%), fat (5%), and mineral content (2 to 
7%) (Pal et	al., 1996). It is also strong in vitamins A and B, as well 
as thiamin and ribo�lavin, and delivers a lot of energy while 
being simple to digest.
It is mostly produced as a rainfed crop in dryland areas, however 
in places such as south India where irrigation facilities are 
available, it is planted in both seasons, such as kharif (July-
October) and summer (February-June). It is mostly grown in six 
states: Rajasthan, Maharashtra, Uttar Pradesh, Haryana, 
Gujarat, and Andhra Pradesh. After rice, wheat, and maize, it is 
India's fourth most frequently produced cereal crop, with an 
area of 7.52 million ha, an output of 10.28 million tonnes, and a 
productivity of 1374 kg/ha (Anonymous, 2020). It is grown in 
Haryana over an area of 0.49 million hectares, producing 1.02 
million tonnes with a productivity of 1436 kg/ha (Anonymous, 
2020).
Biotechnologists and plant breeders use crop diversity as a 
quick resource to develop new varieties and hybrids in less time 
and space by searching for desirable genes in a variety of crop 
species. Crop genetic relationships are an important component 
of crop improvement programs because they provide 
information on genetic diversity, compatibility and crop 
breeding applications. 

Genetic diversity research in Pennisetumgermplasm has 
opened up possibilities for using it to improve open-pollinated 
pearl millet varieties and hybrids.
Crop diversity is used by biotechnologists and plant breeders to 
generate novel varieties and hybrids in less time and space by 
looking for favorable genes in a variety of crop species. Plant 
breeders  pr imari ly  character ize  germplasm using 
morphological features and pedigree data, although these 
procedures are time-consuming. As a result, a molecular 
marker-based method for germplasm characterization is 
thought to be more trustworthy and time-saving. Researchers 
used a variety of molecular markers for genetic diversity 
studies, including RFLP, RAPD, ISSRs, AFLP, and microsattelite 
probes, but SSRs have been shown to be more reliable for 
genetic diversity studies due to their genome speci�icity, 
multiallelic, high polymorphism, and ease of detection (Bharti et	
al., 2018). These are quickly and effectively ampli�ied by PCR 
and are being found in a variety of crops, including soybean 
(Akkaya et	 al., 1992), chickpea (Bharadwaj et	 al., 2010), 
sorghum (Brown et	 al., 1996), and others. Pearl millet has a 
variety of microsatellites (Allouis et	 al., 2001; Budak et	 al., 
2003), and these molecular markers have been employed for 
diversi�ication studies in this crop.

Materials	and	Methods
Plant	 Materials:	 The experimental material included 14 
parental genotypes (4 line and 10 Testers): HMS 58A1, HMS 
54A5, HMS 53A4, HMS 30 Aegp, AC 04/13, H77/833-2-202, 
EMRL-14/243, EMRL-14/127, EMRL-15/109, EMRL-14/111, 
EMRL-14/237, EMRL-14/123, EMRL-14/103, EMRL-14/105.

Chemicals	and	reagents
All of the chemicals used in DNA extraction and PCR 
ampli�ication were supplied by Sigma-Chemicals Co USA and 
Life Technologies (India) Pvt Ltd India. All of the extra chemicals 
used in this investigation were of molecular/analytical grade 
and came from Promega, Thermo Fisher Scienti�ic, and 
Integrated DNA Technologies.
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Genomic	DNA	isolation
The CTAB (CetylTrimethyl Ammonium-Bromide) extraction 
technique of Saghai-Maroofet	 al. (1984) was used to extract 
genomic DNA from young leaves of 14 parental genotypes of 
pearl millet. Young leaves from 4-5 week-old seedlings of 14 
parents (4 lines and 10 tester) were obtained for DNA extraction 
and genotyping during the 2020 Kharif season.

Polymerase	Chain	Reaction	(PCR)	Ampli�ication
P C R  a m p l i � i c a t i o n  r e a c t i o n  w a s  c a r r i e d  o u t  i n 
BenchtopThemocycler. The optimization of PCR reaction was 
done by using varying concentrations of template DNA ( 50, 75, 
100 ng), dNTPs mix (100 µM, 150 µM, 200 µM, 250 µM, 300 µM), 
MgCl (2 mM, 2.5 mM), primers (0.3 µM, 0.4 µM, 0.6 µM, 0.8 µM) 2 

and Taq DNA Polymerase (1 unit, 2 unit, 3 unit) in a reaction 
volume of 20 µl. The optimized reaction mixture (20 µl) 
contained50 ng of DNA template, 250 µM of dNTPs mix, 2.5 mM 

of MgCl , 0.4 µM of primers, and 2 units of Taq DNA Polymerase. 2

A control was also included in each PCR reaction setup, in which 
sterilized distilled water was used in place of the template DNA, 
keeping the other reagents' concentration and conditions the 
same. A total of 50 SSR markers were used for PCR ampli�ication 
of the template DNA (Table	1).

The PCR reaction (20 µl) was set up in thin-walled 0.2 µl PCR 
tubes under the following reaction conditions:
i. 94°C for 3:00 minutes (initial denaturation) 
ii. 94 °C for 1:00 minute (denaturation)
iii. 49- 53.7°C for 1:50 minute (primer annealing)
iv. 72 °C for 2:00 minutes (primer extension)
v. 72°C for 10 minutes (�inal primer extension)
vi. Hold at 4ºC for in�inity
The ampli�ication reaction was set to repeat the steps (ii) to (iv) 
for 35 times and the product was kept at 4°C till further use.

Table	1:-	A	brief	description	of	SSR	primers	used	during	the	present	investigation
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Results	and	Discussion
Qualitative	and	quantitative	estimation	of	DNA	
Genomic DNA was isolated and its quality and quantity were determined using 0.8% agarose gel electrophoresis with -DNA as a 
control.On agarose gel electrophoresis, a single high molecular weight band demonstrated that genomic DNA was intact and free of 
mechanical and enzymatic degradation and it was then used for the PCR ampli�ication step.

PCR	Ampli�ication	using	SSR	markers
A total of 50 SSR markers were used for genetic diversity analysis in this investigation. Out of 50 markers 25 markers showed 
polymorphism (Fig	1-2) and the results of ampli�ication of these 25 markers are presented in the Table	2. Among these 25 
polymorphic SSR markers, the maximum PIC value was observed in SSR marker xpsmp 2251, which was 0.6704. The range of PIC 
values varied from 0.1239 (3035) to 0.6704 (xpsmp 2251) (Table	3).These results are comparable with some of the previous studies 
on pearl millet by Stich et	al.	(2010), Bashir et	al.	(2015), Hemender et	al.	(2018) and Kumar et	al.	(2020).

Table	2:-	Results	of	SSR	markers

Cluster	analysis	using	SSR	markers
The presence or absence of the band was used to assess the data supplied by 25 polymorphic markers. The presence of a band was 
assigned a value of 1 and the lack of a band was assigned a value of 0, which was then utilized to cluster the dendrogram with the help 
of power marker software (Fig	3).
The UPGMA cluster analysis led to the grouping of 14 pearl millet parental genotypes into two major clusters at 67.5 % similarity 
index. The major cluster consists of 10 parental genotypes viz., EMRL-14/123, EMRL-14/237, EMRL-14/243, HMS 53 A , HMS 54 A , 4 5

AC 04/13, H77/833-2-202, EMRL-14/111, HMS 30A , EMRL-14/105 and the second cluster consists of four parental lines viz., HMS egp

58 A , EMRL-14/103, EMRL-14/127, EMRL-15/109. The current molecular clustering results revealed that considerable genetic 1

diversity exists among the selected parents, which can be used in breeding programs. Similar results have been reported by 
Govindaraj et	al.	(2009), Nepoleon et	al.	(2012), Singh et	al.	(2013), Adeoti et	al.	(2017), Ambawat et	al.	(2020) and Bougma et	al.	
(2021). The diversity studied through molecular marker analysis is a time-saving and feasible technique for selecting the genotypes 
to be used in the breeding program.
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Table	3:-	List	25	SSR	primers	showingpolymorphism

Conclusion
The power marker UPGMA cluster analysis led to the grouping of 14 pearl millet parental genotypes into two major clusters at a 
67.5% similarity index. The major cluster consists of 10 parental genotypes viz., EMRL-14/123, EMRL-14/237, EMRL-14/243, HMS 
53 A , HMS 54 A , AC 04/13, H77/833-2-202, EMRL-14/111, HMS 30A , EMRL-14/105 and the second cluster consists of four 4 5 egp

parental lines viz., HMS 58 A , EMRL-14/103, EMRL-14/127, EMRL-15/109. The current molecular clustering results revealed that 1

considerable genetic diversity exists among the selected parents, which can be used in breeding programmes.

Fig	 1:-	 Polymorphism	 in	 Fourteen	 different	 genotypes	 of	
pearl	millet	by	using	SSR	primer	icmp	3081	

Fig	 2:-	 Polymorphism	 in	 Fourteen	 different	 genotypes	 of	
pearl	millet	by	using	SSR	primer	xpsmp	2074

Fig	 3:-	 UPGMA	 dendrogram	 showing	 relationship	 among	
fourteen	pearl	millet	genotypes	based	on	similarity	matrix	
data	using	25	SSR	markers
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