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Abstract: Cenchrus is an important component of major grass cover of world. Similar to the other major tropical grasses most of the

species in genus Cenchrus are also apomictic in nature hence correct and precise identification of accessions and species are problematic

and dubious. In the present study 187 decamer oligonucleotide primers were tested for PCR-based DNA amplification of six prominent

species of genus Cenchrus. Of these, 32 potential repetitive and polymorphic primers were tested for identification of species-specific

markers for C. ciliaris, C. setigerus, C. pennisetiformis, C. prieurri, C. biflorus and C. myosuroides. These primers yielded 51 unique RAPD

markers either specific to a species (37) or shared by two or more species (14). Maximum markers were shared between C. ciliaris and C.

setigerus confirming their more closeness to each other. Primers like OPF09, OPF11, OPR15, OPAJ11, OPQ10 and OPAK20 generated

strong intense bands can be used on priority in identifying the species from their natural habitat for the development of species-specific core

germplasm. Due to apomictic nature this is the prime method of developing cultivars, as morphological characters are largely unable to

distinguish them. The level of variation observed clearly suggest RAPD as an appropriate marker for genetic studies and in identifying the

lines with species-specific markers for Cenchrus germplasm management activity and also maintaining identity and purity for proprietary

reasons.
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Introduction

The grass genus Cenchrus is distributed throughout the

tropics but the species reported in the present investigation are

primarily from Australia, Africa and Indian sub-continent. Of the 22

species recognized by Clayton and Renvoize (1982) only three

have been used as sown pastures (C. cilirais, C. setigerus and C.

pennisetiformis) with the first being the most important in India.  The

other three species included in present study are C. prieurri, C.

biflorus and C. myosuroides, where the first two are largely used in

limited pockets under high moisture and C. myosuroides is

maintained as a genetic material to be used to harness the drought

tolerance characters. Though most of these species are apomictic

in nature, some levels of sexuality have been observed. Apart from

the classification of 322 accessions of C. ciliaris and C. setigerus

using 11 agronomic attributes in six groups largely on the basis of

rhizome development, plant maturity and yield (Pengelly et al.,

1992), we have recently genetically characterized eight prominent

species of Cenchrus using random amplified polymorphic DNA

(RAPD) and sequence-tagged-sites (STS) markers (Chandra and

Dubey,  2007, 2008). The identification and grouping of accessions

of different species become much more difficult when they are collected

from their natural habitats in absence of clear morphological attributes.

Similar situations have been also reported in case of Dichanthium

where complex and intermediates of it with Borthriochloa are found

(Chandra et al., 2006). Though C. myosuroides is perennial in

nature the different biochemical parameters associated with drought

tolerance indicated its behaviors close to annual species like C.

prieurri, C. biflorus  and  C. echinatus.

Identification of cultivars, species and genotypes have been

attempted using different sets of markers (Geoffriau et al., 1992;

Cipriani et al., 1996; Khandka et al., 1996; Chandra et al., 2006).

However, variations caused by environmental factors and

occurrence of narrow genetic base as well as low resolution power

of isozymes limited the use of morphological and isozyme markers

in identification of genotypes (Lallemand et al., 1994). Methods

based on DNA analysis like RAPD have been used to identify the

asparagus, Dichanthium annulatum as well as diagnostic potential

of a cultivar marker was demonstrated on individual plants (Khandka

et al., 1996; Chandra et al., 2006). Additionally, RAPD technique

has several advantages over isozyme and AFLP methods. It is

simple, cost efficient and does not require radioactive compounds.

Also the number of genetic loci detected with RAPD markers are

usually much higher than detected with morphological and

biochemical (isozyme) markers (Kongkiatngam et al., 1995). RAPD

markers have reported wide applications due to the easiness in

performing the assay and also being less time consuming and less

expensive (Khanuja et al., 1998). RAPDs may arise from either

single base changes in the primer annealing sites or insertions and

deletion in the region between the priming sites (Williams et al.,

1990; Caetano-Anolles et al., 1991; Gillet, 1991). However, some

doubts have also been raised regarding the suitability of RAPD for

diversity analysis. It is debated most that co-migrating RAPD bands

may not be allelic or composed of similar sequences (Bowditch et

al., 1993). On the other hand, studies in some species of Glycine,
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Allium and Vigna demonstrated the homology of co-migrating RAPD

bands (Williams et al., 1993; Wilkie et al., 1993; Kaga et al., 1996).

In the present paper we report the diagnostic species-specific

markers for six Cenchrus species namely C. prieurri and C. biflorus

(both annual), and C. ciliaris, C. setigerus, C. pennisetiformis and

C. myosuroides (all perennial) as revealed by the RAPD technique.

Materials and Methods

Plant materials: Six species of Cenchrus viz., C. ciliaris IG-69-

3108, C. setigerus EC-397331, C. pennisetiformis  EC-397528,

C. prieurri  EC-397325, C.  biflorus  EC-397348 and C.

myosuroides EC-397345 were selected on the basis of their

prominence in Indian grasslands. Seeds were first used to raise the

seedlings and after one month of growth they were transplanted in

three replications in bigger plots in experimental fields of the Indian

Grassland and Fodder Research Institute, Jhansi (25o27’N,

78035’E).  Fresh and young leaves collected from three plants of

each species were used to isolate the genomic DNA. In case of

DNA required from five individual plants of a species separately

random five plants were identified and DNA was isolated separately

and used to carry out the PCR. This was done, first to visualize any

differences among these five plants and secondly to confirm the

observed markers present in all five plants of a species.

Isolation of genomic DNA: Genomic DNA was isolated following

the methodology of Iqbal et al. (1997) with suitable modifications

(Chandra et al., 2004). For each species, DNA was extracted from

2g of fresh and young green leaves of three plants.  The presence

and quality of genomic DNA was confirmed by electrophoresis on a

0.7 % (w/v) agarose gel (Bio-Rad, USA). The concentration was

adjusted to 5 ng/ml for PCR analysis.

Polymerase chain reaction and RAPD markers: Each PCR

amplification was performed in a final volume of 20 µl of reaction

mixture containing 67 mM Tris-HCl (pH 8.0), 16.6 mM (NH
4
)
2
SO

4
,

0.45 % (v/v)  Triton X-100, 4 mg BSA, 3.5 mM MgCl
2
, 150 mM of

each of dATP, dCTP, dGTP and dTTP, 7.5 pmol (15 ng) primer

(Operon Technologies, Inc. USA), 25 ng genomic DNA template

and 0.5 unit Taq polymerase (Bangalore Genei, India), and finally

it was overlaid by 5-10 µl light mineral oil. Amplifications were

performed on a DNA thermal cycler PTC-200 (MJ Research, USA)

with the cycling program consisting of 94oC for 1 min, 37oC for 1 min

and 72oC for 2 min for 40 cycles followed by 41st cycle at 37oC for

1 min and finally at 72oC for 10 min extension. The amplified products

were kept at 4oC until loaded on to the gel. Amplification products

were separated by electrophoresis on 1.6%  agarose gel in 0.5X

TBE buffer (pH 8.0) to which ethidium bromide (0.5 mg ml-1) was

added for visualization with UV light. Along with the unknown samples

100 base pair DNA ladder was also loaded to know the size of the

amplified products. Gels were photographed using SLR and

Polaroid cameras.

Data analysis: Polymerase chain reactions were repeated at least

twice to establish reproducibility of results under strict control of the

reaction conditions. The fragment size ranged from 0.2 to 1.5 kb.

Higher molecular weight bands (>2.0 kb), which could not be

reproduced consistently were excluded from the study. Each RAPD

fragment was considered as a distinct allele, and thus fragments of

equal size in two species were considered products of mono-morphic

alleles. A locus was considered as polymorphic if the band was

present in some species and absent in others and monomorphic if

the band was present in all species. Presence of RAPD band was

assigned as 1 and absence as 0. Each amplified band was identified

by its associated primer and its size in base pairs. For example,

OPAB15-200 refers to the 200 bp band amplified by primer OPAB15.

Results and Discussion

Of  the 187 RAPD primers used for amplification of genomic

DNA of six species of Cenchrus, 23 (12.3 %) did not show any

reaction, 2 produced faint bands or smears, 7 generated non-

scorable bands and one primer gave single monomorphic band

(Dubey and Chandra, 2004). Rest of the 154 primers (82.4 %)

generated one or more unambiguously scorable DNA fragments.

Depending on the RAPD primer and species combination and the

amplification condition used, the number of amplified DNA bands

varied between 2 produced by OPE03, OPF06, OPF07 and OPQ01

primers and 18 produced by OPU01 primer. Of the total fragments

scored (data not given), 93 %  showed polymorphism between at

least one pair wise comparison among six species of Cenchrus and

the remaining 7 % were monomorphic. These monomorphic bands

can be potentially informative when the taxonomic analysis is

extended to the larger numbers of Cenchrus species. The results

demonstrated that RAPD technology is quite useful to identify DNA

polymorphisms among the cultivars and accessions of agronomically

important Cenchrus species.

Among the 187 primers used in the present study 32 have

generated 51 unique RAPD markers (Table 1). Of these, 37 were

specific to six different species whereas 14 markers were shared

by two or more species. Among six species, C. prieurri a strict

annual having short life span thin stemmed was identified by four

specific markers. Additionally it was also identified by OPF11-550

marker shared by C. biflorus and C. myosuroides another annual

and bridging species respectively (Fig. 1). Maximum primers yielded

markers specific to C. ciliaris which is a dominating species in natural

grasslands as well as used in sown pasture. The other species,

which has shown reasonable number of markers was C. setigerus,

also constitute major part of grasslands. Rest of the four species

yielded few markers as they are less dominated in grassland and

also scarcely used in form of sown pasture. Presumably the number

of markers identified with random primers suggests that species

being domesticated or used in agricultural practices yielded more

number of species-specific markers than those not in regular

agricultural practices. Of the 32 primers, OPAB10 and OPX01 yielded

three species-specific markers of different sizes for C. prieurri and

C. ciliaris respectively. Cenchrus myosuroides which have been

identified as bridging species (annual and perennial) generated

three specific (OPAK20-820, OPAK20-320, OPR15-400) and one

shared (OPW03-250) markers with annual C. biflorus. In contrast
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Species-specific RAPD markers in genus Cenchrus

Table - 1:  Cenchrus species-specific RAPD markers

Markers C. ciliaris C. setigerus C. pennisetiformis C. prieurri C. biflorus C. myosuroides

OPAB15-200 + 0 0 0 0 0

OPAB15-270 ++ 0 0 0 0 0

OPAB11-400 0 0 0 ++ 0 0

OPAB10-800 0 0 0 ++ 0 0

OPAB10-720 0 0 0 ++ 0 0

OPAB10-550 0 0 0 + 0 0

OPAB05-3000 0 + 0 0 0 0

OPAB01-520 0 0 0 0 ++ 0

OPN05-450 ++ 0 0 0 0 0

OPU01-250 ++ 0 0 0 0 0

OPF09-190 +++ 0 0 0 0 0

OPF10-350 + 0 0 0 0 0

OPAJ11-740 ++ 0 0 0 0 0

OPF01-3000 ++ 0 0 0 0 0

OPB01-400 + 0 0 0 0 0

OPQ05-2200 0 ++ 0 0 0 0

OPQ05-450 0 + 0 0 0 0

OPQ10-420 + 0 0 0 0 0

OPW03-1200 ++ 0 0 0 0 0

OPW03-1500 0 0 0 0 ++ 0

OPW03-900 0 0 0 0 ++ 0

OPAL11-950 0 0 ++ 0 0 0

OPX01-450 + 0 0 0 0 0

OPX01-190 + 0 0 0 0 0

OPX01-230 + 0 0 0 0 0

OPAG13-240 + 0 0 0 0 0

OPU20-200 + 0 0 0 0 0

OPH05-980 ++ 0 0 0 0 0

OPH15-1500 0 + 0 0 0 0

OPH15-150 0 + 0 0 0 0

OPP01-420 + 0 0 0 0 0

OPP01-950 + 0 0 0 0 0

OPAK18-480 0 + 0 0 0 0

OPAK20-820 0 0 0 0 0 ++

OPAK20-320 0 0 0 0 0 ++

OPR15-400 0 0 0 0 0 +++

OPE07-2000 0 ++ 0 0 0 0

* ‘+’  indicates a light band, ‘++’ and ‘+++’ indicates intense and highly intense bands, ‘0’ indicates absence of bands

Table - 2:  RAPD markers shared by more than one species of Cenchrus

Markers C. ciliaris C. setigerus C. pennisetiformis C. prieurri C. biflorus C. myosuroides

OPAB10-600 0 ++ ++ 0 0 0

OPAJ11-920 +++ +++ 0 0 0 0

OPQ10-1200 +++ +++ 0 0 0 0

OPW03-250 0 0 0 0 ++ +

OPH03-510 0 ++ 0 0 ++ 0

OPH15-500 + + 0 0 0 0

OPF16-580 + + 0 0 0 0

OPW05-270 ++ ++ 0 0 0 0

OPAK18-900 0 ++ ++ 0 0 0

OPB20-430 ++ ++ 0 0 0 0

OPAK14-390 ++ ++ ++ 0 ++ 0

OPAK18-2500 + + + 0 + +

OPAK20-620 ++ ++ ++ ++ 0 ++

OPF11-550 0 0 0 +++ +++ +++

* ‘+’ indicates a light band, ‘++’ and ‘+++’ indicates intense and highly intense bands, ‘0’ indicates absence of bands.
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to our earlier report in Dichanthium, six species of Cenchrus yielded

fewer markers that have been shared by more than two species

(Chandra et al., 2006). However, C. setigerus being perennial

have shared six markers with perennial C. ciliaris and one different

marker with annual C. biflorus indicated more sharing of markers

between perennial species (Table 2). Primers OPAK18 and OPAK20

produced bands in all species except C. prieurri and C. biflorus

respectively. Along with shared markers such markers further

strengthen the identification of a particular species (Table 2).

The diagnostic potential of species-specific marker was tested

on individual plants (Fig. 2). The species-specific markers for C.

prieurri, OPAB10-800, OPAB10-720 and OPAB10-550, observed

only in C. prieurri and absent in rest of the five species (Fig. 2a,

lanes 6-10) are invariably present in all five individual plants from

the C. prieurri. Similarly C. mysosuroides was identified by OPR15-

400 marker (Fig. 2b, lanes 6-10). A species was also identified by

absence of a band in it and presence in rest of the species (Fig. 2c,

lane 5). Similar examinations carried out on the markers of other

species confirmed their diagnostic potential. Since Cenchrus is largely

apomictic in nature and the variation present in the materials of

diverse origin will help in identifying the lines having more probability

of sexuality. This is possible when more and more numbers of

species and accessions are explored with large number of primers.

The high level of polymorphism as reported here presumably

supported the presence of some level of sexuality, which directed

us to use more primers to identify such lines. The identification of

cultivar specific RAPD markers have been reported in asparagus

where authors further argued for identification of RAPD markers for

male and female by screening more primers (Khandka et al., 1996).

Cipriani et al. (1996) reported identification of both species-specific

and genotype-specific bands which appears to be useful for

taxonomic differentiation in Actinidia at two levels: distinguishing

among species and distinguishing among genotypes within species.

The variety specific markers using 10-mer arbitrary primers have

been successfully used in distinguishing the rice varieties of distinctly

different origins and with distinctly different characteristics (Ko et al.,

1994).

(a) M 1 2 3 4 5 6 7 8 9 10

(a) M 1 2 3 4 5 6 7 8 9 10

(a) 1 2 3 4 5 6 7 8 9 10 M

Fig. 2: Identification of Cenchrus species.  (a) C. prieurri by the three

RAPD markers OPAB10-800, 720 and 550 (indicated by arrows). Lane 1-
C. ciliaris, Lane 2- C. setigerus, Lane 3- C. pennisetiformis, Lane 4- C.

biflorus, Lane 5- C. myosuroides and Lanes 6-10- C. prieurri. (b) C.

myosuroides by RAPD marker OPR15-400 (indicated by arrow). Lane 1-

C. ciliaris, Lane 2- C. setigerus, Lane 3- C. pennisetiformis, Lane 4- C.
prieurri, Lane 5- C. biflorus and Lanes 6-10- C. myosuroides. (c)  C.

biflorus by absence of a band in it by marker OPAK20-620 and present in

rest five species. Samples loaded in same order as in panel  b. Lane M-

100 bp DNA molecular weight ladder. Lanes 1-5 show amplification products
of DNA of 3 plants of the respective species, lanes 6-10 show RAPD

amplification products of individual Cenchrus plants

(a) 1 2 3 4 5 6 (b)1 2 3 4 5 6 7 8 9 M

Fig. 1: RAPD patterns depicting sharing of bands (arrow) by more than one

species with primer OPF11 (a)- Lane 1- C. ciliaris, Lane 2- C. setigerus,

Lane 3- C. pennisetiformis, Lane 4- C. prieurri, Lane 5- C.  biflorus and Lane

6- C. myosuroides.  (b) with primer OPAJ11, Lane 1- C. setigerus, Lane 2-

C. ciliaris, Lane 3- C. prieurri, Lane 4- C. biflorus, Lane 5- C. mysosuroides,

Lanes 6-9- C. ciliaris and Lane M-100 bp DNA molecular weight ladder

In conclusion, the high level of polymorphism as revealed

by RAPD can be used as a better marker option for genotyping the

Cenchrus germplasm. However, the dominant nature of the RAPD

markers requires that more individuals and loci be sampled,

Amaresh Chandra and  Archana  Dubey406



Journal of Environmental Biology  � July, 2010 �

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

compared to co-dominant markers such as RFLP and isozymes

(Lynch and Milligan, 1994). The identified species-specific markers

can be used reliably for the identification of cultivars, and very

useful in taxonomically related issues.
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