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Abstract 
Most of the sorghum area under high yielding cultivars in India is planted with hybrids which provide a wide 
range of diversity for maturity and several morphological and grain quality traits. In view of the recently passed 
act “Protection of Plant Varieties and Farmers Act, 2001 it has become important to characterize the cultivars/ 
hybrids. However, not all types of markers are suitable and or feasible for identification and characterization of 
the hybrids. Random amplified polymorphic DNA (RAPD) is one of the promising techniques for characterizing 
the cultivars/ hybrids because of its simplicity and rapidity. The present work aims at studying the suitability of 
RAPD markers for characterization of sorghum hybrids and their parents. Out of 15 decamer primers used for 
RAPD analysis, six primers yielded good and scorable amplified products for four sorghum hybrids namely 
CHS-14, CSH-9, CSH-19R and CSH-15R and their respective parental lines. According to presence and absence 
of bands the RAPD markers were classified into seven types of markers. The bands common in parents and 
hybrid included in marker type I, III and IV are good markers to confirm the hybrid of its respective parents. The 
bands from parents not found in hybrid and included in marker type II, V and VI are good markers to identify 
self and off type plants from hybrid. The non-parental bands expressed uniquely in hybrid and included in 
marker type VII has direct implication in identification of specific hybrid and can be useful in protecting the 
rights of plant breeders. 
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INTRODUCTION INTRODUCTION 
Sorghum (Sorghum bicolor L. Moench) is fifth 
in worldwide economic importance among the 
cereal crops. It is a staple food crop of millions 
of the poor in semi-arid tropics of Africa and 
Asia (Zidenga 2004). In India it is third most 
important cereal after wheat and rice 
(Anonymous 2008). Most of the area under high 
yielding cultivars in India is planted with about 
70 hybrids. These hybrids provide a wide range 
of diversity for maturity and several 
morphological and grain quality traits offering 
farmers much wider options than was possible 
before. Seed market is becoming global and to 
compete favorably in this new global seed world 
unambiguous characterization of 

cultivars/hybrids is an urgent requirement. 
However, not all types of markers are suitable 
and or feasible for identification and 
characterization of the hybrids. Morphological 
markers are less useful mainly due to lack of 
availability of an adequate number of ideal 
morphological markers in several cultivars. The 
mapping of these markers is tedious and time 
taking. McDonald (1995) emphasized that seed 
observations and field-testing are often 
inaccurate because environmental stress 
conditions during seed or seedling/ plant 
development can mask the expression of specific 
morphological or physiological traits. Besides 
that, the time required to grow and evaluate a 
large number of seed lots may be a major 
limitation to many seed testing laboratories. The 
continued release of new cultivars, particularly 
of F1 hybrids, by public and private sectors in the 
last 20 years pressed for the development of 
faster and more reliable new technologies for 
genetic purity determination and characterization. 
Among these is the electrophoresis of seed or 
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seedling proteins/isoenzymes. However, the 
limitation of protein and isozyme markers is that 
a relatively less polymorphism may exist 
between two parents; this limits the total number 
of markers that can be actually scored in a given 
cross. This has shifted the focus to DNA-based 
molecular markers. 
 
Molecular markers successfully developed 
during the last two decades have largely 
overcome the problems that are associated with 
phenotype-based markers. One of such 
techniques is the use of random amplified 
polymorphic DNA (RAPD) (Welsh & 
McClelland 1990 and Williams et al., 1990). The 
advantages of RAPD is its simplicity, rapidity, 
requirement for only a small quantity of DNA, 
and the ability to generate numerous 
polymorphisms (Cheng et al., 1997). Therefore, 
it has been a powerful and useful technique for 
genetic analysis (Chapco et al., 1992; Kiss et al., 
1993; Landry et al., 1993; Williams et al., 1990). 
The PCR based RAPD's profiling have quickly 
gained the widespread acceptance and 
application because it has provided a tool for 
genetic analysis in biological systems (Welsh 
and McClelland, 1990; Williams et al., 1990 and 
1993). RAPD is the best assay when the 
nucleotide sequence is not known. Many papers 
have been published, in the last 10 years that 
gives good support to the use of RAPD for 
genetic purity determination in seed testing 
(Hashizume et al. 1993; McDonald et al., 1995; 
Zhang et al., 1997). According to McDonald 
(1995), the use of RAPD in genetic purity testing 
has the important advantages compared to other 
systems. The information obtained through 
germplasm characterisation using RAPD is 
extensively used for the identification of 
germplasm, screening of duplicates, assessing 
genetic diversity and monitoring the genetic 
stability of conserved germplasm. 
 
Earlier studies have been mostly devoted to 
assess patterns of sorghum genetic variation 
based on morphology (Appa Rao et al., 1996 and 
Dje et al., 1998) or pedigree (Jordan et al., 1998). 
RAPD markers have been applied to a wide 
range of crops to assess genetic diversity, to 
fingerprint clone, to evaluate genetic relationship 
between accession or cultivar and to detect 
accession collection (Waugh and Powell, 1992; 
Williams et al., 1990 and Rafalski and Tingey, 
1993). The RAPD markers have the potential to 
identify a large number of polymorphism with 
good coverage of the entire genome (Melchinger, 

1993). Recently RAPD markers have been 
widely used by various workers for identification 
of hybrids and testing genetic purity of hybrid in 
various crops. They have been used in 
Chrysanthemum (Chung et al., 2000), Barley 
(Hoffman et al. 2003), Chilli (Mongkolporn and 
Dokmaihom, 2004), Cotton (Mehetre et al., 2004, 
Dongre and Parkhi, 2005) in Black pepper 
(George et al., 2005) etc. 

 

The four sorghum hybrids selected in the present 
investigation, namely CSH-9,       CSH-14, CSH-
15R, CSH-19R and their parental lines are now 
in seed production chain in India. The ability to 
distinguish and identify the hybrids is a 
fundamental operation in seed trade. 
Identification and characterisation is an 
important aspect and has got tremendous 
attention as an asset in maintenance of 
Intellectual Property Protection (Smith et al., 
2000).The RAPD technique holds good promise 
for identification of varieties, hybrids and their 
parents in view of recently passed act “Protection 
of Plant Varieties and Farmers Act, 2001”. In 
this context, the present investigation is likely to 
be helpful for identification and distinguishing 
hybrids from their parents and to study the 
possibility of applying an alternative or 
supportive method to determine the sorghum 
hybrids and their parents. 

MATERIALS AND METHODS 
The experimental material of present 
investigation comprised of four sorghum hybrids 
namely CSH-9 (MS 296 A × CS 3541), CSH-14 
(AKMS 14 A × AKR 150), CSH-15R (MS 104 
A × RS 585) and CSH-19R (MS 104 A × AKR 
354), which are now in seed production chain. 
The present investigation was carried out at 
Biotechnology Centre, Department of 
Agricultural Botany, Dr. Panjabrao Deshmukh 
Krishi Vidyapeeth, Akola. DNA was extracted 
by a cetyltrimethyl ammonium bromide (CTAB) 
protocol as per Sharma et al. (2000) with little 
modifications. Fifteen RAPD primers of 
OPERON A kit (Operon, USA) were used for 
the present investigation. The list of the primers 
with their sequences is given in Table 1. PCR 
reactions were performed using a 20 μl reaction 
mixture containing 10X Taq DNA polymerase 
buffer with MgCl2, 25 mM MgCI2, 10 mM 
dNTPs, 30 ng primer, one unit of Taq DNA 
polymerase, 25 to 30 ng template DNA and 
sterile distilled water. For DNA amplification, 
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the DNA thermal cycler (GeneAmp® PCR 
System 2700 of Applied Biosystems) was 
programmed as follows: incubation at 94°C for 4 
min; 40 cycles at 94°C for 1 min. (denaturation), 
35°C for 1 min. (annealing) and 72°C for 2 min. 
(elongation), followed by one final extension 
cycle of 10 min at 72°C. After completion of the 
cycles the samples were kept at 40C till 
electrophoresis. The PCR amplified products 
were separated by electrophoresis on 1.5 % (w/v) 
agarose gels with 1X TBE buffer containing 0.5 
μg/ml of ethidium bromide (EtBr) and visualized 
under the UV transilluminator in gel 
documentation system. (Bio Rad, USA). In order 
to check the reproducibility of the RAPD 
markers, some of the RAPD primers were tested 
2-3 times. In all the cases, the primers showed 
the reproducible results. 
 
Table 1: List of RAPD primers used in the present study 

Sr. 
No. 

Primer 
Code Primer sequence 5’ to 3’ 

1 OPA-01 CAGGCCCTTC 
2 OPA-02 TGCCGAGCTG 
3 OPA-03 AGTCAGCCAC 
4 OPA-04 AATCGGGCTG 
5 OPA-05 AGGGGTCTTG 
6 OPA-06 GGTCCCTGAC 
7 OPA-09 GGGTAACGCC 
8 OPA-13 CAGCACCCAC 
9 OPA-14 TCTGTGCTGG 

10 OPA-15 TTCCGAACCC 
11 OPA-16 AGCCAGCGAA 
12 OPA-17 GACCGCTTGT 
13 OPA-18 AGGTCACCGT 
14 OPA-19 CAAACGTCGG 
15 OPA-20 CTTGCGATCC 

 
Since RAPD are dominant markers the gels were 
scored for the presence and absence of bands for 
each genotype. Ambiguous bands that could not 
be easily distinguished were not scored. Size of 
amplified product was compared with λ DNA / 
Pst I marker # 24 (MBI Fermentas). The 
similarity of samples was calculated as similarity 
= 2 NAB / NA + NB, where NAB is the number of 
bands shared by individuals A and B and NA and 
NB are the total number of bands in individual A 
and B respectively (Chapco et al., 1992; Wilde et 
al., 1992). The RAPD profiles obtained in the 
present study were classified into seven types of 
markers according to presence or absence of 
band as per Mehetre et al. (2004) and Chung et 
al., (2000). For testing the applicability of RAPD 

profile for identification of the four sorghum 
hybrids and their parents the RAPD profile of 
hybrids is compared with its respective parents. 
The monomorphic and polymorphic bands were 
recorded. The monomorphic bands are those 
which are present in both the parents and may or 
may not express in the hybrid. Polymorphic 
bands are those that are present in either of the 
parent and also express in the hybrid or they are 
expressed either only in male/female or in the 
hybrid. 
 
Based on the source of polymorphism in RAPD 
assay, the seven types of markers were grouped 
into three different categories as given in Table 2 
[Supplementary data].  

RESULTS AND DISCUSSION 
Out of fifteen primers of OPA series screened, 
six primers showed distinct and good banding 
pattern. The six primers amplified a total of 115 
fragments. The number of amplified fragments 
per primer varied from 11 to 28 with a mean of 
19.16. Four hybrids Viz. CSH-14, CSH-9, CSH-
19R and CSH-15R and their parental genotypes 
amplified a total of 95, 95, 90 and 76 fragments, 
respectively (Table 3 [Supplementary data]). In the 
present study, five primers produced fragments 
ranging from 330 bp to 2599 bp in size, while 
the primer OPA 02 produced fragment of higher 
molecular weight up to 5883 bp size. The range 
of size of fragments obtained using RAPD 
markers was comparable to 225 to 2600 bp size 
as reported by Agrama and Tuinstra (2003) in 22 
sorghum accessions amplified with 32 Operon 
primers. 
 
The level of polymorphism for each primer 
differed and is summarized in Table 3. The 
percentage of polymorphism over six primers 
used in the present study varied from 37.89% to 
54.44%. This level of polymorphism observed in 
sorghum was comparable to the reports of 
several RAPD studies by various workers. Tao et 
al. (1994), Agrama and Tuinstra (2003) and 
Nkongola and Nsapato (2003) reported 55%, 
58% and 52% polymorphism, respectively. The 
average/mean number of polymorphic bands per 
primer varied between 6.00 (CSH-9) to 8.16 
(CSH-19R) bands (Table 3). The average 
number of polymorphic bands amplified for each 
primer tested in this study is higher as compared 
to that reported in sorghum accessions by Tao et 
al., 1994 (0.117 bands), Menkir et al., 1997 (4.2 
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Figure 1: RAPD profile of sorghum hybrids and their parents 

bands) and Agrama and Tuinstra, 2003 (3.9 
bands). The results however are comparable to 
that reported by Ayana et al., 2000a (7.35 bands) 
and Ayana et al., 2000b (9.00 bands). 
Thimmaraju et al., (2000) obtained 12.84 
average number of RAPD bands in sorghum per 
primer which are higher than that obtained in the 
present study. 
 
Based on the presence or absence of bands in 
parents and the hybrids, the same were grouped 
in seven categories (Fig. 1). The first category 
included bands common in hybrid and both of its 
parents (Type I marker) and bands common in 
hybrid and its female parent (Type III marker) or 
its male parent (Type IV marker). The bands of 
marker type I, III and IV are good markers to 
confirm that the hybrid is of its respective 
parents. In addition, bands of type IV markers 
are especially important marker to identify the 
true hybrid. The second category included bands 
found in either or both parents but not shared 
with hybrid. These were bands of type II markers 
which were monomorphic for parents but absent 
in hybrids. Bands of type V marker expressed 
only in female and bands of type VI marker 
expressed only in male. The marker types II, V, 
VI are good markers to identify the self and off 

types from the hybrid seed lots. Thus presence of 
these markers indicates that the genotype may be 
a male, female or other variety but not the hybrid. 
The third category includes non-parental bands 
which are expressed only in hybrids; such hybrid 
specific bands are useful for identification of 
specific hybrid. The results obtained in the 
present investigation are presented separately for 
each hybrid.  

Hybrid CSH-14 and its parents 
When hybrid CSH-14 was compared with its 
parents, four to fifteen number of bands were 
found common with parents (Category I). The 
primers OPA 02, OPA 04 and OPA 13 produced 
highest number of bands of Category I (Table 4 
[Supplementary data]) and are good primers to 
confirm that the hybrid is of its respective 
parents. 
 
Only two to eight number of bands were of 
Category II (Table 4). The primer OPA 02 
producing eight bands and the primer OPA 01 
producing five bands are good primers to 
identify the off types from hybrid seed lot. One 
to three number of non-parental bands of 
Category III was found in the hybrid CSH-14. 
Thus, primer OPA 02 producing highest non- 
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parental bands is a good primer to identify the 
specific hybrid (Table 4).  

Hybrid CSH-9 and its parents 
In hybrid combination CSH-9 and its parents, the 
hybrid revealed five (OPA 19) to sixteen (OPA 
13) numbers of bands common with parents. The 
primers OPA 13 and OPA 04 each producing 16 
and 15 bands common with parents, respectively 
were good primers to ascertain that the hybrid 
CSH-9 is from its respective parents (Table 4). 
 
The number of bands for Category II ranged 
from two (OPA 4) to eleven (OPA 2). The 
primers OPA 02 (11 bands) OPA 13 (6 bands) 
were good primers to identify the off types from 
hybrid seed lots of CSH-9. Out of six primers, 
only two primers exhibiting the non-parental 
bands of type VII marker (Category III) were 
observed. Primer OPA 19 amplified only one 
non-parental band whereas three non-parental 
bands were obtained when amplified with primer 
OPA 02. Thus primer OPA 19 and OPA 02 were 
only two primers found promising for 
identification of hybrid CSH-9 (Table 4).  

Hybrid CSH-19R and its parents 
In hybrid CSH-19 R and its parental combination, 
three to eighteen numbers of bands were of 
Category I. The primer OPA 02 (amplified 18 
bands) and primer OPA 13 (amplified 16 bands) 
were good primers to confirm that the hybrid 
CSH-19R is from its parents (Table 4). 
 
Two (OPA 04) to thirteen (OPA 13) number of 
bands were of Category II. The primers OPA 04 
with 13 bands and primers OPA 02 and OPA 13 
producing four bands each were good primers for 
identifying the off types from the hybrid seed lot 
of CSH-19R. In hybrid CSH-19R four primers 
viz. OPA 01, OPA 02, OPA 04 and OPA 19 
amplified one non-parental band each.  

Hybrid CSH-15R and its parents 
In hybrid CSH-15R and its parental combination, 
five (OPA 01) to sixteen (OPA 13) number of 
bands were of Category I. The primers OPA 13 
and OPA 04 were good primers to know the 
hybrid CSH-15R is from its respective parents 
(Table 4). 
 
One to six numbers of bands from parents were 
of Category II. The primer OPA 01 (six bands) 
followed by primer OPA 02 (four bands) were 

good primers to identify the off types from 
hybrid seed lot CSH-15R. Out of six primers 
only one primer showed non-parental band i.e. of 
Category III. Primer OPA 13 amplified one non-
parental band which could help for specific 
hybrid identification (Table 4). 
 
The RAPD profile of hybrid CSH-14 revealed 
average of 65.46% shared markers of Category I. 
The hybrid CSH-9, CSH-19 R and CSH-15R 
revealed average of 70.90%, 61.62% and 76.18% 
markers shared with the parents, respectively 
(Table 4). Similar type of studies were carried 
out in three chrysanthemum hybrids by Huang et 
al., 2000 which revealed 34.4% to 48.9% of 
shared markers with parents. Similarly, Mehetre 
et al., 2004 reported 55.3% of shared markers 
with parents in an interspecific cotton hybrid. 
The percentages of shared markers observed in 
sorghum hybrids in the present study were 
comparatively higher than those reported in 
chrysanthemum and cotton. The source of 
polymorphism in RAPD assay for these markers 
category which indicates shared markers in 
hybrid and its parents may be due to base change 
within the priming site sequence, deletion of 
priming site, insertion that render priming site 
too distant to support amplification, and deletion 
or insertions that change the size of a DNA 
fragment without preventing its amplification 
(Williams et al., 1990). 
 
In the present study average of 24.02%, 24.31%, 
33.15% and 22.98% markers from parents 
including type II, V and VI markers were not 
found in hybrid CSH-14, CSH-9, CSH-19R and 
CSH-15R, respectively. The percentage of 
markers not shared in the hybrid ranged between 
38.00 to 52.6% for chrysanthemum as reported 
by Huang et al., 2000 and 39.1% for cotton as 
reported by Mehetre et al., 2004. The 
percentages of markers not shared in hybrid were 
comparatively low as that reported in cotton and 
chrysanthemum. The polymorphism of RAPD 
markers for these markers category were 
observed as different sized DNA fragments 
obtained from amplifications. Therefore the 
differences in markers from parents to hybrid 
may be the result of DNA recombination, 
mutation or random segregation of chromosome 
during meiosis process during hybridization 
(Darnell et al. 1990, Huchett and Botha, 1995). 
 
Besides these marker types, average of 10.53%, 
4.79%, 5.22% and 0.83% RAPD markers of type 
VII (non-parental bands) were detected in hybrid 
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CSH-14, CSH-9, CSH-19R and CSH-15R, 
respectively. These non-parental bands expressed 
uniquely in hybrid may be generated due to 
recombination or mutation during meiosis 
process during hybridization (Darnell et al., 1990, 
Huchett and Botha, 1995), or may be created by 
hetoroduplex formation (Hunt and Page 1992, 
Ayliffe et al., 1994, Novy and Vorsa, 1996). The 
present observations of presence of unique bands 
in hybrids of sorghum are in agreement with that 
of earlier reports on cotton and chrysanthemum. 
The frequency of non-parental bands obtained in 
chrysanthemum was 11.6 to 13.1% (Chung et al., 
2000), which is comparatively higher than the 
non-parental bands obtained in the present study. 
But it is comparable to 5.6% non-parental bands 
obtained in cotton (Mehetre et. al., 2004). 
 
Thus the present RAPD profile of four sorghum 
hybrids and their respective parents showed that 
the RAPD marker technique has good potential 
application in identification of sorghum hybrids. 
The potential primers depicting distinct and good 
polymorphic markers identified in the present 
investigation are likely to be promising for 
identification, registration and protection of 
sorghum cultivars.  
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