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ABSTRACT

Pigeonpea (Cajanus cajan (L.) Mil lsp.) is one of the major pulse

crops of the tropics, and is important in small-scale farming in
main ly  developing,  semi-ar id regions.  Random ampl i f ied
polymorphic DNA (RAPD) was employed to assess the genetic

diversity within and between 27 accessions of pigeonpea

available at ICRISAT. The 25 random decamer primers used,
generated between 4 and 14 amplif ication products, which had
a size range from 0.29 kb to 2.0 kb. All the accessions analysed
showed low levels of polymorphism. This result indicates that
RAPD markers are not appropriate to assess the genetic

variation within and between accessions of pigeonpea.

INTRODUCTION

Cajanus cajan is one of the most important pulse crops of the
tropics. lts world production is about 2 mill ion tons annually,
with India contributing more than 90% (Mueller ef a/., 1990).
Seed production among legumes ranks fifth in area and fourth
in production after beans, peas and chickpeas, but it is used in
more diverse ways than other crops (van der Maesen, 1990).

Research on pigeonpea staded in India, where there is a high
diversity of cultivars, which are a result of selection by farmers
over the centuries. Breeders selected from local segregating
populations to produce large-seeded pigeonpeas for direct
consumpt ion,  but  were not  very successfu l .  S ince then,
attempts to improve pigeonpea have been inadequate and it is
expected that large genetic gains wil l be achieved, if adequate
attention is given (Byth ef a/., 1981). For the improvement of
pigeonpea, germplasm is the basic material, and the key to
success l ies in the crops genetic diversity (|CR|SAT, 1982b).
The measurement of genetic diversity is useful in assisting
breeders in the procedure of selecting improved varieties.
Selecting for the optimal expression of a desired characteristic
is an enormous task but can be facilitated by the use of markers.

S ince  the  ' t  980 ' s ,  mo lecu la r  marke rs  have  been  used
extensively. One advantage of using these markers is that in

analysing variation within the genetic material itself, one is
avoiding diff iculties with differential gene expression due to
developmental state or environmental influences (Newbury et
al., 1997). More recently, random amplif ied polymorphic DNA
(RAPD) generated by the polymerase chain reaction (PCR)
has been used ef fect ive ly  to understand the extent  and
distribution of the genetic variation available within germplasm,

and to identify markers for breeding. Examples of this include
Musa (Howell et a\.,1994), Brassica oleracea (Kresovich ef
al., 1992), Sorghum (Pammi et al., 1994), Vicia sativa subsp.
satlva (Saidi, 1997) and Oryza glumaepatula (Buso ef a/., 1998).
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The RAPD technology introduced by Will iams ef a/. (1990) is a
variation of the standard PCR, in which single oligonucleotides
of arbitrary sequence are used for the random amplif ication of
random DNA segments from single individuals.

Currently only a few studies have been performed on Caianus
cajan at a molecular level. Therefore, a range of pigeonpea

access ions  was  used  i n  t h i s  s tudy  to  demons t ra te  t he
applicability of RAPD analysis for assessing the genetic diversity
between and within accessions of Cajanus cafan germplasm.

Genetic polymorphisms revealed within the material should be
able to be used for the identif ication of markers that could be
use fu l  f o r  f u tu re  gene t i c  mapp ing  and  improvemen t
programmes.

MATERIALS AND METHODS

Plant material

Twenty-seven accessions of Cajanus ca7'an, listed in Table 1,
were provided by the International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT) (lndia) for the study. These
accessions were from various geographic regions, including
India, Trinidad, Tobago, Sri Lanka, Puedo Rico, Russia, Kenya
and Australia. Seeds were sown in jiffy pots containing sterilised
moist compost. The pots were then placed in a greenhouse

that was maintained at270C. Three weeks after sowing, three
plants of each accession were sampled to provide material for
DNA extraction.

DNA ISOLATION

DNA was extracted from 20 mg (fresh weight) of leaf tissue
from the edges of young leaves following the protocol of Gawel
and Jarret (1991) with minor modifications. Leaf material was
placed in a 1.5 ml  microfuge tube and ground up in l iqu id
nitrogen using a polypropylene pellet pestle mixer driven by a
hand-held cordless motor (Kontes, U.S.A.). The homogenate
was mixed with 700 prl of extraction buffer (6.0559 Tris, 40.919
NaCl, 3.7229 EDTA(Na),, 209 CTAB, 429.31 m| H,O, 10 yt| 0.2
% p-mercaptoethanol) that had been kept at 650C for an hour
before 600 pl of chloroform:isoamyl alcohol (24:1) was added.
After mixing by inversion for f ive minutes at room temperature,
the mixture was centrifuged for f ive minutes at 13000 rpm. The
aqueous layer was recovered, mixed with an equal volume of
ice-cold isopropanol and then further mixed by inversion quickly

and left for f ive minutes in a fridge. The nucleic acid precipitate
was reco.,ered by centrifugation at 13000 rpm, washed with
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ICRISAT Accession Number Random Number

NSSL 73128.01
ICPL BBOO9
rcPL 88034-3
rcPL 90004-1
lcPL 86012
ICP 28
rcP 6914
tcP 6973
tcP 6997
tcP 26
tcP 6932
tcP  9150
tcP 7035
tcP 10898
lcP 7263
lcP 7104
lcP 7118
tcP 7143
tcP 8006
tcP 6443
lcP 8077
f  cP  7213
lcP 7631
lcP 4023
lcP 6971
lcP 7001
l cP  9122

1

2
3

4

6
7
B
I
1 0
1 1
1 2
1 3
4 ^

1 5
t o

1 7
1 B
1 9
20
2 1
22
23
26
27
28
29

Table 1. List of Calanus cajan germplasm used in the study

300u1 of 70 % ethanol and re-centrifuged for f ive minutes at
' l  3000 rpm. The resul t ing pel le t  was dr ied in  a vacuum-

desiccatorforten minutes, and re-suspended in 100p1 of steri le
disti l led water to produce the DNA stock solution. The tubes
were then put into a fridge (370) for one hour. The concentration
of DNA was estimated by running the samples on 0.8% agarose
gels in  TBE buf fer  (Sambrook ef  a/ . ,  1989),  s ta in ing wi th
ethidium bromide, and visual assessment of band intensities
compared with lambda DNA standards.

Polymerase chain reaction

A set of 23 decanucleotides (OPC-20, OPN-1 1 , OPM-14, OPG-
14 ,  OpG-18 ,  OPO-17 ,  OPK-19 ,  OPB-17 ,  OPO-15 ,  OPM-07 ,
opN-02, OPAX-04, OPY-O1, OPAA-O1, OPX-04, OPN-12,
opAT-Ol, 0PAT-03, OPAT-06, OPAT-O8, OPX-O'�l, OPX-15,
OPX-16) purchased from Operon Technologies (Alameda,

California) were employed for PCR amplif ication following the
method used for rice (Virk ef a/., 1995). Amplif ication reactions
were carried out in 25 pLl volumes containing approximately 20
ng of template DNA, 200 pM each of dATP, dCTP, dGTP, dTTP,
0.4 pM concentration of a single decanucleotide, 2.5 mM MgCl,
1.0 U Taq polymerase (Bioline) and 1 x ammonium incubation
buffer (from manufacturer). Each reaction mixture was mixed
gently prior to adding two drops of l ight mineral oil.

DNA amplif ication reactions were performed in a Hybaid-
Omnigene thermocycler. The cycling regime was as follows:
one cycle of two min at 950C; two cycles of 30 sec at 950C, one
min at 370C and two min at720C: two cycles of 30 sec at 950C,
one min at 350C and two min at720C;41 cycles of 30 sec at

940C, one min at 350C and two min at72oC. The last cycle was
followed by a final incubation for five min at 72o . Amplification
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products were analysed by gel electrophoresis in 1.0% agarose
gels in  1 x  TBE buf fer  (Sambrook ef  a/ . ,  1989),  and DNA
fragments were stained with ethidium bromide. Gels were
photographed under UV light using the Digital lmaging System
(Alpha Innotech Corporation).

Data analysis

For the analyses only primers giving scorable patterns for all
genotypes were considered. DNA fragments detected after
electrophoretic separation were visually scored. Specific
amplification products were scored as present or absent.

RESULTS

Optimization of RAPD protocol

The  sens i t i v i t y  o f  RAPDs  to  changes  i n  expe r imen ta l
parameters is well known (Munthali et a|.,1992), and therefore
several experiments were carried out to establish a protocol

resulting in reproducible results and to confirm the necessity of
us ing exact ly  the same protocol  to  get  a h igh level  of
reproducibil i ty. To optimize the PCR amplif ication conditions
for pigeonpea, experiments were performed with varying
concentrations of DNA template, Iaq polymerase and primer.

Among the parameters examined, DNA template concentration
was found to be very important for successful amplification. At
lower DNA template concentrations only a few bands were
produced, whereas higher concentrations (20n9) increased the
number of bands resolved. The MgCl, and dNTPs were used
as optimized for the RAPD Oryza prolocol at the University of
Bi rmingham (Virk  ef  a/ . ,  1995).

Amplif ied DNA fragments from the pigeonpea accessions were
observed directly. Products of the PCR amplif ication were
compared to each other for the identification of genetic diversity
within and between accessions. Depending on the primer/

accession combination and the amplif ication conditions used,
the size of amplif ied DNA fragments ranged from 0.29 kb to
2.0 kb. The number of amplif ication products resolved varied
between four and 14. Typically, two to five major fragments
and a number of bands of lesser intensity were amplif ied in
any given sample.

The level of reproducibil i tywas high. Different DNAextractions
of the same plant gave the same results, and the agarose gels

and eth id ium bromide methodologies used in the study
produced reproducible banding patterns.

Variation within and between accessions

Random amplif ied polymorphic DNA analysis was performed

us ing  DNA samp les  f r om th ree  i nd i v i dua l  p l an ts  o f  27
access ions  o f  p i geonpea  (Tab le  1 )  and  emp loy ing  25
decanucleotides of arbitrary sequence. All amplif ications were
found to be reproducible when repeated on different occasions.

The use of all primers resulted in amplif ied DNA fragments,
but  pr imers OPN-11,  OPM-14,  OPG-14,  OPG-18 and OPK-19
resulted in a large number of weakly stained bands, and primer
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OPO-15 gave banding patterns showing poor reproducibil i ty
when used at the routine concentration of 0.4pM. For the
primers resulting in faint bands, reproducible and easy scorable
amplification products were obtained by an increase in primer
concentration from 0.4 to 0.8pM. However, primer OPO-17
showed  poo r  rep roduc ib i l i t y ,  even  when  the  p r imer
concentration was increased.

Among the whole material studied, low levels of polymorphism
were found with the 25 orimers used. No differences were
found within any of the 27 accessions of pigeonpea (Figures 1
and2). Amplification products using DNAextracted from three
individual plants from each accession yielded no polymorphic
bands. Similarly, low levels of polymorphism were detected
between the accessions. Only one out of the 25 primers used,
yielded two reproducible polymorphic bands. Amplif ication
products generated with OPH-12 are detected between 0.5 kb
and 1.6 kb. Since the genotypes were monomorphic for nearly
all bands, data derived from this study could not be used for
subsequent analysis.

5090

1 636

1 0 1 8

Figure 1. Lanes iepresenting aiinplification products of genomic DNA

extracted from three individuals of seven accessions of pigeonpea using
primer OPAX-O4. Left to right: genotypes with random number 1-B

ffable 1).

DD

12,216
4072
3054
2036
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Figure 2. Amplification products using DNA extracted from three indi-
vidual plants of six accessions of pigeonpea using primer OPH-12.
Lane 1 and 20,1 Kb ladder. Lanes 2-4, NSSL 73128.01. Lanes 5-7,
ICPL 88009. Lanes B-10, ICPL 88034-3. Lanes 11-13, ICPL 86012.
Lanes 14-16, ICP 28. Lanes 17-19,lCP 6973.

DISCUSSION

Applicability of RAPDs for diversity studies in pigeonpea

A primary goal of the study was to demonstrate the applicability
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of RAPD markers for assessing the genetic diversity within and
between accessions of pigeonpea. The results demonstrate
that RAPD markers are not extremely useful to identify DNA
polymorphisms in pigeonpea. This is because the diversity
within this species is relatively low, which means that not enough
polymorphic bands can be detected for subsequent data
analysis. Only a single primer out of the 25 decanucleotide
primers used was able to discriminate between accessions
included in the present study.

In terms of cost, speed of data generation and simplicity, RAPD
is superior to other techniques. RAPDs only involve PCR and
agarose gels, and polymorphisms are usually visualized without
the need of labelled radioisotopes. However, one problem
encountered with the technique forthe study of genetic diversity
in pigeonpea is the dominant expression of the majority of the
markers, where segments of DNA of the same length are either
amplif ied or not from individual plants. Since the pigeonpea
accessions were genetically quite similar, the inadequacy of
RAPD markers to distinguish homozygotes from heterozygotes
reduces the efficiency of the technique.

Further, reproducibil i ty of the marker is dependent upon the
annealing of the primers. Primers with a high GC composition
anneal at a higher temperature than do those with a high AT
composition. Therefore, it becomes more difficult to obtain
repeatable results using standard PCR conditions with an
increasing number of primers screened. In addition, subtle
differences in dNTP concentration, Mg2. concentration, cycling
reg ime ,  and  o the r  cond i t i ons  s i gn i f i can t l y  a f f ec t  t he
reproducibility of some RAPD analyses and the identities among
some laboratories.

Recommendations for future studies

To discriminate within and between accessions of pigeonpea,
a follow-up project using a different genetic marker is needed.
The scope, expertise and materials exist to do this. Studies
carried out'at ICRISAT already showed that RFLPs and AFLPs
provide good estimates of the fraction of restriction fragments
which distinguish the parents of segregating populations of
chickpea and pigeonpea (van Rheenen et al., 1996). However,
it became clear that both markers worked better for chickpea
than for pigeonpea. The reason for this is not clear. Although
the pigeonpea F2 population did not, in general, show the
segregation patterns expected from the parental screens, the
individual F, plants showed essentially the same banding
pattern (van Rheenen ef a/., 1996).

It will be of great benefit to use sequence-tagged microsatellites
(STMS) for assessing the genetic diversity of pigeonpea
available at ICRISAT. Microsatellites are repetitive sequences
consisting of di-, tr i- or tetranucleotide repeats arranged in
tandem arrays (Tauz, 1989). lt has been estimated that,
although present in much lower numbers in plant genomes
when compared with animals, there are between around 5 x
103 and 3 x 105 microsatell i tes per plant genome (Condit and
Hubbe l ,  1991 ) .

Advantages of microsatell i tes l ie in their highly polymorphic,
co-dominant nature (Morgante and Olivieri, 1993). Often a large

bp
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number of alleles can be identif ied at a single locus and levels
of heterozygosity can be detected. This makes microsatell i tes
very useful in producing genetic maps. lt is also possible to
multiplex PCR reactions, using two or more sets of primers
that  wi l l  ampl i fy  at  the same anneal ing temperature,  or  to
multiplex sample loading on gels. This wil l improve the speed
with which data can be collected.

However,  unless the invest igator  is  ext remely for tunate,
sequence information for DNA flanking the repeat itself is
required. This information is very seldom available for the
species of study, and therefore microsatellites must be retrieved
first, or must be cross-transferred from other genera. The
University of Birmingham has started investigations to transfer
the use of microsatell i te locus-specific primers from soybean
to pigeonpea, but proper results have not yet been obtained.

To study genetic diversity maximally in future, informative
crosses must be used to apply genetic markers successfully.
The choice of  crosses for  mapping populat ions is  cr i t ica l ,
especially given the low frequency of polymorphism observed
(van Rheenen, '1996). Further, more l ines of pigeonpea and
more primers should be used for diversity analysis. After
sufficient markers have been collected, correlations in the
segregation of markers and genes must be studied to establish
markers for particular traits of agronomic importance.

However, many qualitative traits have low heritabil ity, and
therefore the high performance of a certain individual is no
guarantee that it has desirable alleles at the relevant QTL. lt
wil l be diff icult to score many phenotypes on an individual, such
as disease resistance or sex-limited traits, which reveal their
effects late in l i fe or development, if many QTL are segregating
and the traits are recessive. Only major genes with a high
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CONCLUSION

The study demonstrates that RAPD markers are not appropriate
to identify DNA polymorphisms in pigeonpea. This is because
the diversity within this species is low, which means that not
enough polymorphic bands could be detected for subseouent
data analysis. The problems encountered help to i l lustrate that
a marker with a different genetic quality should be used in a
follow-up project. Marker l ike sequence-tagged microsatell i tes
offers significant opportunities to assess genetic variation in
pigeonpea, because they are of a highly polymorphic, co-
dominant nature.

ACKNOWLEDGEMENTS

The author would l ike to thank Dr. J. Newbury and Dr. B. V.
Ford-Lloyd at the University of Birmingham for introducing her
to the concept of molecular markers. The study was supported
bv the Nordic Gene Bank.

KRESOVICH,  S . ,  WILLIAMS,  J .G.K. ,  MC FERSON,  J .R. ,  ROUTMAN,
E.J., SCHAAL, B.A. 1992. Characterization of genetic identi t ies
and relationships of Brasslca oleracea L. via a random amplified
polymorphic DNA assay. Theor. Appl. Genet. 85: 1 90-196.

MARTIN,  C. ,  JULIANO,  A. ,  NEWBURY H.J . ,  LU,  B-R. ,  JACKSON,
IV.T., FORD-LLOYD, B.V. 1997. The use of RApD markers to
facilitate the identification of Oryza species within a germplasm
collect ion. Gen. Res. Crop Evol. 44: 175-183.

MAXTED, N., FORD-LLOYD, B.V and HAWKES, J.G. 1997. ptant

Genetic Conservation -The in slfu approach. Chapman & Hall,
London.

MENGESHA, M.H. 1984. International germplasm col lect ion, and
exchange at ICRISAT. Crop Science of America.

MORGANTE, M., and OLlVlERl, A.M. 1993. pCR-amptif ied

microsatel l i tes as markers in plant genetics. Plant Journal
3: 175-182.

MUELLER, R.A.E., PARTHASARATHY RAO, P. and SUBBARAO, K.V
1990. In: Nene, ef a/.  The pigeonpea. CAB and ICRISAT, pp.
457-479.

AGRICOLA 2OO1 1 3



NEWBURY H.J. and FORD-LLOYD, B.V. 1997. Estimation of genetic

diversity. In: MAXTED, N., FORD-LLOYD, 8.V., and HAWKES,

J.G. 1997. Plant Genetic Conservation - The tn slfu approach.

Chapman & Hall .  London.

PAMMI, S., SCHERTZ, K., XU, G., HART, G., MULLET, J.E, 1994.

Random Amplified Polymorphic DNA Markers in Sorghum. Theor.

Appl. Genet. 89: B0-BB.

PURSEGLOVE, J.W. 1966. Tropical Crops - Dicotyledons. Longman,

London.

SAlDl, N. 1997. Assessmentof GeneticVariat ion Between andAmong

Accessions of a Moroccan Wild Collection of Vlcla saflva sub sp.

satlva Using RAPD (Random Amplif ied Polymorphic DNA).

SAMBROOK, J.,  FRITSCH, F. and MANIATIS, T. 1989. Molecular

cloning: a laboratory manual. Cold Spring Harbor Laboratory

Press, Cold Spring Harbor.

TAUZ, D. 1989. Hypervariabi l i ty of simple sequences as a general

source for polymorphic DNAmarkers. Nucleic Acids Research

12: 6463-647 1 .

VAN DER MAESEN, L.J.G. 1980. India is the native home of the

pigeonpea lCajanus cajan (L.) Mil lsp. l .  Researoh in Assam

Agricultural University (1): 43-47.

VAN DER MAESEN, L.J.G. 1989. In: Smartt,  J. and Simmonds, N.W.

Evolut ion of Crop Plants. Longman, pp.251-254.

VAN DER MAESEN,  L .J .G.  1990.  InYL.  Neneeta / .  (eds) .  The
pigeonpea. CAB and ICRISAT, Wallingford.

VAN RHEENEN, H.A., MOSS, PJ., KAPOOR, R.K., SEETHARAMEI,

N. 1996. Development and exploitat ion of novel genetic markers

in the improvement of chickpea and pigeonpea. ln: DFID

(Departmentfor International Development). 1998. International

Agricultural Research (CGIAR): The Competetive Research

Faci l i ty 1990 - 1997. Department of International Development.

VERNON ROYES, W. 1976. Pigeon pea. In: N.W. Simmonds (ed.),

Evolut ion of Crop Plants, pp. 43 - 54. Landon.

VIRK, PS., NEWBURY H.J., JACKSON, M.T., FORD-LLOYD, B.V

1995b. The identi f icat ion of duol icate accessions within a r ice

germplam col lect ion using RAPD analysis. Theor. Appl. Genet.

90:1 049-1 055.

WILLIAMS, J.G.K., KUBELIK, A.R., LIVAK, K.J.,  RAFALSKI, J.A. and

TINGEY S.V. 1990. DNA polymorphisms ampli f ied by arbitrary
primers are useful as genetic markers. Nucleic Acids Research

1 B(22): 6531 -6535.

Y A M A M O T O ,  T . ,  N I S H I K A W A ,  A .  a n d  O E D A ,  K .  1 9 9 4 .  D N A

Pofymorphisms in Oryza sativa and Lactca sativa L. amplified by

arbitrary primed PCR. Euphytica 78: 143-148.

1 4 AGRICOLA2OOl


