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ABSTRACT. Sorghum ranks fifth in worldwide economic importance
among cereal crops and is one of the most important summer annual
grasses of Pakistan. As it is a very diverse crop, sorghum genetic
fingerprinting requires an efficient marker system. We estimated genetic
divergence among 29 sorghum (Sorghum bicolor) genotypes, including
approved varieties and local and exotic lines collected from different
ecological regions of Pakistan, using random amplified polymorphic
DNA (RAPD) markers. A total of 125 RAPD loci, with an average of
66 loci per genotype, were used to calculate genetic divergence among
these genotypes, of which 119 were polymorphic, showing 95% overall
polymorphism. Genetic similarity ranged from 0.36 to 0.92, indicating
a relatively broad genetic base. RAPD analysis revealed maximum
similarity between the Indian IIl and K-A-113 sorghum genotypes
(both exotic lines), while the F-601 and F-606 were observed to be the
most diverse genotypes. Mean band frequency revealed by these RAPD
primers ranged from 0.17 to 0.56, with an average of 0.36. The data
presented here support the findings that RAPDs can be effectively used
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for studying genetic diversity in sorghum.
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Biofuels; Fodder

INTRODUCTION

Sorghum (Sorghum bicolor L. Moench) ranks fifth in worldwide economic impor-
tance among cereal crops with an annual production of 60 million tons. Besides being an
important food, feed and forage crop, sorghum also provides raw material for the production
of starch, fiber, dextrose syrup, biofuels, alcohol, and other products. More than half of the
world’s sorghum is grown in semi-arid tropics of India and Africa, where it is a staple food for
millions of poor people (Mehmood et al., 2008). Classical plant breeding has resulted in the
successful development of high yielding, highly adapted sorghum cultivars. However, it has
some inherent limitations due to natural sexual incompatibility barriers and the narrow genetic
variability in sorghum. Therefore, further enhancement of productivity, quality and resistance
to biotic and abiotic stresses needs urgent attention.

Plant biotechnology is a promising tool for changing agriculture, potentially providing
new solutions to age-old agricultural problems. However, not much has been invested in sorghum
in the past as in other cereals, and few laboratories in the world are involved in sorghum crop
improvement programs. Since, sorghum has long been considered the most recalcitrant crop for
biotechnological applications, owing to the release of phenolics, lack of regeneration in long term
in vitro cultures, and a high degree of genotype dependence (Visarada and Kishore, 2007).

In recent years though, growing interest in sorghum due to its small genome size and
potential as a biofuel crop has secured a promising place for this crop in global agricultural
improvement plans (Paterson et al., 2004). To date, various biotechniques, including tissue cul-
ture (Baskaran and Jayabalan, 2005), genetic transformation (Godwin and Seetharama, 2005),
molecular markers, genomics, proteomics and tilling, among others, have been successfully ex-
ploited in sorghum (Dillon et al., 2005). The sorghum genome has recently been sequenced, pro-
viding a greater understanding of genomics-assisted breeding in this crop (Paterson et al., 2009).

In Pakistan, sorghum is cultivated for grain and fodder purposes on an area of 250
thousand hectares (Anonymous, 2008), where it is preferred as feed. Shortages of forage crops
in Pakistan most often prevail twice a year (May-June and October-November). Being one of
the most important summer annual grasses of Pakistan, sorghum improvement for yield and
quality characters can greatly reduce the risk of inadequate forage production during summer.

Plant genetic resources play an important role in generating new high yielding crop
varieties with resistance to biotic and abiotic stresses (Murray et al., 2008). Morphological,
biochemical and molecular procedures have been exploited for evaluating these resources.
Until recently, either qualitative or quantitative morphological characters were exploited for
most of the crop characterization and evaluation. However, phenotypic variation is not truly
indicative of genetic variation due to environmental interaction in the resultant phenotype.
Biochemical markers on the other hand reflect more truly the genetic variability, as they are
the direct products of genes (Romero et al., 2009). Genetic fingerprinting is one of the DNA-
based techniques with various applications in crop biology including assessment of taxonomy
and phylogeny, diversity analysis, hybridity testing, gene mapping, molecular breeding, and
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somaclonal variation (Mehmood et al., 2008). Among agricultural crops, rice and maize are
the most intensively characterized for DNA markers (Romero et al., 2009).

So far, sorghum germplasm improvement strategies in Pakistan have been based only
on traditional breeding. Currently, the genetic base within Sorghum bicolor, a species with the
greatest share in commercial sorghum varieties, has narrowed over time because of the normal
breeding process. Under the present situations, superior genetic resources and technology are
required to improve yield and reduce the risk of loss from biotic and abiotic stresses in sorghum.

Sorghum is a very diverse crop and studying the genetic diversity of sorghum germ-
plasm collections from Pakistan attracts special interest. Besides being an important economic
crop, a large amount of genetic variation is present in cultivated and wild sorghum germplasm
of Pakistan. However, the genetic diversity of available sorghum germplasm of Pakistan has
not been fully investigated. Hence, the present research is a pioneering attempt at estimating
the biodiversity of 29 sorghum genotypes from all over Pakistan, using 32 random amplified
polymorphic DNA (RAPD) markers.

MATERIAL AND METHODS

Plant material

The plant material comprised 29 sorghum genotypes, including 3 varieties, 6 exotic
lines and 20 local lines, from the different ecological background of Pakistan; their salient
morphological traits are described in Table 1.

Table 1. Sorghum germplasm, its parentage and key traits used in the present study.

Series No. Name Parentage Key trait
1 Hegari Variety Tall, juicy, high yielder, multi-cut
2 Noor JS-2002 x F-507 Medium, moderate juicy, multi-cut
3 JS-2002 Variety Tall, sweet, small head
4 F-507 Sild marhar x Indian IIT Medium, less sweet, seed yield high
5 F-603 JS-88 x Sorokarthahu Tall, leafy, good seed yield, sweet
6 F-505 Pak-47 x China small Medium, leafy, light sweet, more fodder
7 F-215 JS-88 x Australian-6 Medium, sweet, leafy
8 FJ-9601 Hegari x Pak 47 Tall, sweet, good palatability
9 F-9809 Sorkarthahu x JS-263 Tall, leafy, less sweet, more fodder
10 F-502 Sugrorib x Australian-7 Short internode, sweet, leafy
11 F-9917 Sugrorib x JS-2002 Tall, sweet, large head size
12 F-2012 Australian Sudan grass x Tandi Multi-cut, leafy, good fodder yield
13 F-9606 JS-263 x BJ-1914 Less sweet, good fodder yield, lush green
14 F-2022 BJ-20 x JS-88 Medium, less sweet, large head size
15 F-214 JS-2002 x China small Medium, sweet, juicy, good yield
16 F-2020 Tandi x A82L-36 Medium, sweet, erect, good yield
17 F-2018 JS-2002 x Sorokarthahu Tall, lush green, sweeter, good yield
18 F-9706 Hegari x JS-263 Tall, less sweet, narrow leaves
19 F-9603 Australian-7 x JS-263 Medium, greenish midrib, good yield
20 F-604 JS-88 x BJ-20 Tall, compact head, less sweet
21 F-601 Succro x Sudan grass Multi-cut, medium, juicy, good yield
22 F-508 Indian III x Sildmarhar Medium, less sweet, small head
23 F-606 Sugrorib x China small Juicy, medium to tall, waxy, broad leaves
24 Indian II1 Exotic line Medium, loose head size, broad leaves
25 Australian-7 Exotic line Medium, leafy, short internodal distance
26 K-A-113 Exotic line Short, large head size, grain red color
27 Australian-6 Exotic line Bold grain size, short, sweet
28 China small Exotic line Medium to tall, erect, sweet
29 A82L-36 Exotic line Bold grain size, short, sweet
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DNA extraction

Fresh leaf samples were collected from 10-day-old seedlings, and genomic DNA was extracted
from one or more individual seedlings from each genotype following a modified CTAB method (Khan
etal., 2004). The extracted DNA was electrophoresed on a 0.8% agarose gel for quality assessment and
quantified spectrophotometerically (CECIL, CE 2021 2000 Series, Cambridge, UK) at 260 nm.

DNA amplification by RAPDs

The polymerase chain reaction (PCR) was run in a final volume of 25 pL containing
2.5 uL DNA template, 0.2 pL 7ag DNA polymerase (MBI, Fermentas, Vinius, Lithuania), 2.5
uL 10X buffer, 2.5 pL gelatin, 3.0 uL MgCl,, 4.0 pL dNTPs, 2.0 uL RAPD primer and 8.3
uL d,H,0. The amplifications were performed in a thermal cycler (AG No. 533300839, Ger-
many), following the program: 95°C for 5 min, 45 cycles (1 min at 95°C, at 34°C for 1 min, at
72°C for 2 min) and final elongation of 10 min at 72°C.

Four series of RAPD primers (A, C, J, and K) custom synthesized from Genelink,
were used for RAPD analysis, and 32 polymorphic primers were selected to amplify the ge-
nomic DNA of sorghum germplasm (Table 2).

Table 2. RAPD primers along with their sequence, used in the study.

Series No. Primer name Sequence
1 GLA-04 AATCGGGCTG
2 GLA-05 AGGGGTCTTG
3 GLA-06 GGTCCCTGAC
4 GLA-08 GTGACGTAGG
5 GLA-12 TCGGCGATAG
6 GLA-13 CAGCACCCAC
7 GLA-17 GACCGCTTGT
8 GLA-20 GTTGCGATCC
9 GLC-01 TTCGAGCCAG
10 GLC-03 GGGGGTCTTT
11 GLC-07 GTCCCGACGA
12 GLC-08 TGGACCGGTG
13 GLC-11 AAAGCTGCGG
14 GLC-12 TGTCATCCCC
15 GLC-13 AAGCCTCGTC
16 GLC-14 TGCGTGCTTG
17 GLC-16 CACACTCCAG
18 GLC-19 GTTGCCAGCC
19 GLC-20 ACTTCGCCAC
20 GLJ-09 TGAGCCTCAC
21 GLJ-11 ACTCCTGCGA
22 GLJ-12 GTCCCGTGGT
23 GLJ-13 CCACACTACC
24 GLJ-18 TGGTCGCAGA
25 GLJ-19 GGACACCACT
26 GLJ-20 AAGCGGCCTC
27 GLK-04 CCGCCCAAAC
28 GLK-07 AGCGAGCAAG
29 GLK-10 GTGCAACGTG
30 GLK-11 AATGCCCCAG
31 GLK-12 TGGCCCTCAC
32 GLK-20 GTGTCGCGAG

RAPD amplification products were analyzed by electrophoresis on 1.2% agarose gels,
run in 1X TBE, visualized under a UV transilluminator, and photographed using SyneGene
gel documentation system. The data generated from the detection of polymorphic fragments
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were analyzed using the Popgen32 software (version 1.44) (Yeh et al., 2000). All amplification
products of each RAPD marker were scored as “1”” or “0”’, where ‘1 indicated the presence
of a specific allele (band) and ““0” indicated its absence. Multivariate analysis was conducted
to generate a similarity matrix using the Popgen32 software, version 1.44 (Yeh et al., 2002)
based on Nei’s unweighted pair-group method with arithmetic average (UPGMA) to estimate
genetic distance and relatedness of sorghum germplasm.

RESULTS

Band scoring and cluster analysis

A total of 125 bands were amplified in the PCR of 29 genotypes, of which 119 were
polymorphic, showing 95% of overall polymorphism. The number of bands produced per
genotype ranged from 35 to 90 with an average of 66 bands per genotype. Sorghum line F-502
produced the maximum number of bands while F-2018 gave the minimum number of bands
(Figure 1). The low degree of similarity indicated high divergence between the genotypes.
The number of amplification products produced per primer varied between 4 and 12 with an
average of 7.1 bands per primer.

—— Total No.of bands
—s— Polyraorphic bhands

No. of bands

KA1 J-18 J09 J12 Co11 C-16 C-12 C-08 C-20 C-19 C.17 C.01 A9 A-1R A12 A-Z0

Sorghum genotypes

Figure 1. Comparison of sorghum genotypes based on the number of polymorphic bands per primer.

The maximum number of fragments was produced by the primer GLA-18 (12), while
the lowest number of fragments was observed with the primer GLC-16 (4). Mean band fre-
quency per primer ranged from 0.17 (GLA-19) to 0.56 (GLC-20), with an average of 0.36
bands (Table 3). Primer GLC-20 gave the maximum mean band frequency while primer GLA-
19 produced the minimum band frequency. The dendrogram drawn for the genetic distances is
shown in Figure 2. The maximum similarity was observed between the Indian III and Austra-
lian-7 genotypes (91%), while the most diverse genotypes were Hegari and A82L-36 (32.97%).
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Table 3. Mean band frequency of sorghum genotypes.

Primer name Total No. of bands Polymorphic bands Mean band frequency
GLA-20 5 4 0.32
GLA-12 7 6 0.19
GLA-18 11 10 0.29
GLA-19 7 6 0.56
GLJ-09 7 7 0.35
GLJ-18 5 5 0.44
GLK-11 8 7 0.31
GLC-01 7 7 0.51
GLC-17 9 9 0.32
GLC-19 6 5 0.39
GLC-20 8 8 0.17
GLC-8 9 8 0.33
GLC-12 8 8 0.56
GLC-16 4 4 0.17
GLC-11 6 6 0.33
GLA-20 5 4 0.56
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Figure 2. UPGMA dendogram with all tested primers showing the pairwise similarity values for 29 sorghum genotypes.
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Cluster analysis defined two main groups, which were further classified into 5 distinct
groups: group A consisted of 5 genotypes, namely Hegari, Noor, JS-2002, F-603, and F-507,
showing close similarity among them. In group A, JS-2002, F-507 and F-603 were clustered
together while the other two genotypes, Hegari and Noor, remained unclustered, showing a
distinct behavior compared to the rest of the group A genotypes. Six sorghum strains, name-
ly F-9809, F-502, F-9606, F-2022, F-9917, and F-2012, were grouped into group B. In this
group, F-9809, F-502, F-9606, and 2022 were clustered together, while F-9917 and F-2012
remained unclustered, showing a distinct behavior compared to the rest of the group members.
Group C comprised 3 sorghum genotypes, namely F-505, F-215 and FJ-9601. In this group, 2
genotypes (F-505 and F-215) were clustered together, leaving FJ-9601 unclustered. Group D
comprised 5 genotypes, namely F-214, F-2020, F-2018, F-9706, and F-9603, wherein F-214,
F-2020 and F-2018 were clustered together, while F-9706 and F-9603 showed a distinct be-
havior compared to other strains of group D, which remained unclustered. The largest group
in the dendrogram was group E, with 10 genotypes F-604, F-601, Indian III, K-A-113, Chi-
na small, Australian-6, Australian-7, A821-36, F-508, and F-606. Here, F-604, F-601 were
grouped together. All the exotic lines, namely Indian III, K-A-113, China small, Australian-6,
Australian-7, and A82L-36 were clustered together, while F-508 and F-606 remained unclus-
tered, showing distinct behavior compared to the rest of the genotypes in this group. F-601 and
F-604 also showed similarity with the exotic lines clustering in this group.

DISCUSSION

Plant genetic resources are vital for generating improved crop varieties with resistance
to biotic and abiotic stresses. Earlier studies have been mostly devoted to assessing patterns of
sorghum genetic variation based on morphology (Dj¢ et al., 1998) or pedigree (Jordan et al.,
1998). As sorghum germplasm is very diverse, the assessment of this diversity at the genotypic
level requires an efficient marker system. The development of molecular techniques has re-
sulted in alternative DNA-based procedures for detecting polymorphism. Various DNA-based
molecular markers have been utilized for analysis of genetic divergence and characterization of
sorghum germplasm including RAPDs (Ayana et al., 2000; Agrama and Tuinstra, 2003; Nkon-
gola and Nsapato, 2003; Rajkumar and Kuruvinashetti, 2007; Mehmood et al., 2008; Amrapali
et al., 2008), SSRs (Kamala et al., 2006; Dhillon et al., 2006; Perumal et al., 2007; Mohamed et
al., 2008), SNPs (Mohamed et al., 2008), AFLPs (Perumal et al., 2007), and ISSRs (Godwin et
al., 1997). However, little has been documented on the genetic relationships and diversity within
the Pakistani sorghum germplasm. To date, there has been only one account of the application of
molecular markers in Pakistani sorghum, specifically of 10 genotypes (Mehmood et al., 2008).
One limitation of this previous study was that the sorghum genotypes were fingerprinted only
from the Barani tract of Pakistan. Hence, a pioneering attempt was made in the present investiga-
tion to fingerprint a large sorghum germplasm from various ecological zones of Pakistan.

The polymorphism percentage observed in the present study was higher than that ob-
tained by Mehmood et al., 2008 (78.94%). While it was comparable with various reports of
sorghum genetic diversity estimates using RAPDS, including Tao et al. (1994), Agrama and
Tuinstra (2003) and Nkongola and Nsapato (2003) with 55, 58, and 52% polymorphism, re-
spectively. The present study indicates higher similarity among sorghum local lines and variet-
ies. Similarly, the exotic sorghum material also showed a lower divergence. However, the low
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degree of similarity (monomorphic bands) was observed between the local and exotic sorghum
genotypes, which can be exploited in the selection of crossing parents for sorghum variety de-
velopment program. The average number of amplification products produced per primer was
9.5, which is higher than that in earlier reports (Amrapali et al., 2008; Mohamed et al., 2008)
where mean values were 6.5 and 5.8, respectively. No association could be established between
the phenotypic traits and the RAPD markers (except for the two approved varieties Hegari and
Noor, clustered in one group, both having the multi-cut trait). Our results are in agreement with
an earlier report by Ayana et al. (2000) who observed no genetic relationship (allozyme plus
RAPD) with quantitative agro-morphological traits, which shows no correlation between mo-
lecular markers and morphological traits. Likewise, an insufficient relationship between RAPD
markers and agronomic descriptors was also reported by Dahlberg et al. (2002). This may be
due to the influence of different environmental conditions on the phenotypic traits, leading to
apparent differences even among identical genotypes (Shehzad et al., 2009).

CONCLUSION

In conclusion, our results demonstrate that RAPD analysis can be efficiently applied
to assess the genetic diversity and phylogenetic relationship of sorghum germplasm. How-
ever, there is still a need to carry out biodiversity assessments of these and other sorghums of
Pakistan, using SSRs, ISSRs, etc., to further confirm the present findings. The study revealed
a narrow genetic base for the local Pakistani sorghum lines, whereas, higher diversity was
estimated between local and exotic lines of sorghum. Hence, breeders can improve their ef-
ficiency by choosing the diverse parents for sorghum breeding, which may be helpful in broad-
ening the genetic base of the existing local sorghum germplasm of Pakistan.
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