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Identification of RAPD markers linked to plant type gene in pigeonpea
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Pigeonpea is the second most important pulse crop of India accounting for almost 90% of the World’s pigeonpea area
and production. Altering the plant types could improve the economic yield and its adaptability as well. Molecular markers
can identify and tag plant type genes without much environmental interference. In the present investigation of identifying
and tagging RAPD markers linked with the plant type trait, the plant material consisted of parents, F1 and a F2 population
obtained by crossing genotypes TT44-4 with open-tall and TDI2004-1 with compact-dwarf plant types. RAPD analysis was
performed on 84 genotyped F2 plants following a bulked segregant analysis (BSA) approach. In the parental screening with
200 random decamer primers, only eight showed polymorphism, of which only two could be linked to the plant type gene.
Two markers (OPF04700 and OPA091375) were identified that were present in the open-tall plants, while absent in compactdwarf plants. Linkage analysis showed that the markers OPF04700 and OPA091375 were located 8.4±0.03 cM and 9.6±0.032
cM, respectively away from the plant type gene locus. The markers were validated in 15 genotypes with open-tall plant type.
The utilization of the marker and the dwarfing gene is discussed.
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Introduction
Pigeonpea [Cajanus cajan (L.) Millsp.] popularly
known as redgram (Arhar or Tur) is the second most
important pulse crop of India belonging to the
Cajaninae sub-tribe of the economically important
leguminous tribe Phaseoleae. Indian sub-continent
accounts for almost 90% of World’s pigeonpea area
and production. Pigeonpea accounted for about 15%
(3.53 Mha) of the area under pulses and 17%
(2.51 Mt) of the total pulse production of the country
during 2007 (http://faostat.fao.org). Among the rainy
season pulse crops, it ranks first both in area and
production. But the yields of traditional pigeonpea
cultivars are depressingly low for a crop that occupies
6-9 months in the field, averaging about 700 kg ha-1.
The major constraint to the productivity in legumes is
its inefficient physiological system to partition the
photosynthates to the reproductive compartment
rather than the vegetative parts leading to a reduced
harvest index1, along with obvious biotic and abiotic
deterrents. The traditional pigeonpea varieties
encompass tall open-canopied plant types making
them non-amenable to efficient crop management
—————
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practices. Ideotype breeding aims at reconstructing
the plant type from management as well as
productivity point of view. The reconstruction of the
plant type could be accomplished either by utilization
of the wild germplasm of pigeonpea having the
desired ideotype components or resorting to mutation
breeding which has the capability to restructure the
plant type2. A suitable plant type can also be
developed by exploiting the genetic variations for
plant height already available in the pigeonpea
germplasm3. At ICRISAT, the dwarf pigeonpea
genotypes have been classified into D0, D1, D3, D4,
D5 and D6 types, encompassing a range of plant
height (25-150 cm), with medium to late maturity.
A unique D0-type, compact-dwarf plant designated as
TDT2004-1 and characterized by a semi-determinate
growth habit, shorter internodes, and dense foliage of
small leaflets was isolated from the progeny of a cross
between C. cajan (cv. C-11) and C. cajanifolia, at
Bhabha Atomic Research Centre, Trombay (Fig. 1)
and its genetics4 studied. In pigeonpea, the compact
dwarf plant type permits much easier field operations,
makes it more synchronous and opens the avenues of
mechanization. The compact-dwarf ideotype also has
the potential to increase the sowing density5. Plant
type trait being subject to environmental interference
varies from location to location. Hence, a robust
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system is required to identify plants of suitable type
with least environmental noise, so that the
reconstruction of the plant type in pigeonpea would
be accomplished with ease. Molecular markers have
the potential to identify and tag such genes without
environmental interference. Tagging of plant type
gene with molecular marker and utilization of these
markers in marker assisted selection (MAS) would
further hasten the process of ideotype breeding and
also in introgressing the plant type gene into
agronomically superior genotype along with the biotic
and abitic stress resistance genes. With a view for
identifying and tagging molecular markers linked
with the plant type trait, the following experiment was
carried out.
Materials and Methods
Plant Material

The plant material required for RAPD analysis
consisted of parents F1 and a F2 population obtained by
crossing two pigeonpea genotypes, TT44-4 and TDT
2004-1, with contrasting plant types. The genotype,
TT44-4, is indeterminate in growth habit with tall
stature (132 cm) and open canopy, while TDT2004-1 is
semi-determinate in growth habit with short stature
(37 cm) and compact canopy. The parents and F1 plants
were grown under glass house conditions, while the F2
population consisting of 174 plants and segregating for
the plant type (Pt) gene was grown under netted
conditions in field so as to avoid cross-pollination. Due
to very poor setting under netted conditions, only 84 of
the F2 plants that had 20 or more seeds could be carried
forward to F3 in order to genotype the F2 plants as
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homozygous for open-tall plant type (PtPt),
heterozygous (Ptpt) and homozygous for compactdwarf plant type (ptpt). Two genotypic DNA bulks
were composed: an open-tall plant type bulk including
10 homozygous tall plants and a compact-dwarf plant
type bulk including 9 homozygous dwarf plants, for
bulked segregant analysis (BSA). Fifteen pigeonpea
genotypes (Fig. 3) including TT44-4 with open-tall
plant types and having diverse pedigree, that are being
maintained as pure lines at our Centre, were used for
the validation of markers.
DNA Extraction

DNA was extracted from young leaf samples
of 84 genotyped F2 individuals and parents, as per
the method previously described6 with minor
modifications. Briefly, approximately 1 g of the fresh
leaves from field grown plants were collected and
crushed in liquid nitrogen. The crushed powder was
added to a tube containing 10 mL extraction buffer
(100 mM Tris-HCI, 50 mM NaCl; pH 8.0), prewarmed to 65°C. One milliliter of 20% SDS and 5 µL
of β–mercaptoethanol were added to the slurry. The
tube was incubated at 65°C for 10 min. Five milliliter
of chilled 5 M potassium was added and incubated on
ice for 30 min. An equal volume of chloroform:
isoamylalchol (24:1 v/v) was added to the tube
and mixed well. The tube was then centrifuged at
10,000 rpm for 20 min at 4°C. The aqueous phase
containing the nucleic acids was transferred to a fresh
tube. An equal volume of isoproponal was added to
the tube to precipitate the nucleic acids. The tube was
centrifuged at 40°C for 10 min at 10,000 rpm. The pellet
was resuspended in 500 µL TE buffer and transferred to
a sterile 1.5 mL Eppendorf tube. RNase (10 mg/mL)
(5 µL) was added to the tube and incubated at 37°C for l
h. After RNase treatment, the supernatant containing the
DNA was extracted with equal volume of choloroform:
isoamylalchol (24:1) twice. The purified DNA was
precipitated by adding double the volume of ethanol and
0.1 volume of 3 M sodium acetate buffer (10 mM TrisHCl, 0.1 mM EDTA, pH 8.0). The DNA was quantified
using Hoefer DyNA Quant 200-Fluorometer with the
reagents (10X TNE buffer, calf thymus DNA as
standard and Hoechst dye).
PCR & RAPD Analysis

Fig. 1—Potted plant of D0 type dwarf pigeonpea TDT2004-1

RAPD analysis was performed using 200 different
decamer oligonucletide primers (Kits A, B, C, D, E,
F, G, K, L, M and N) obtained from Operon
Technologies Inc. (Alameda, CA, USA) on TT44-4
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and TDT2004-1 parental population. Each
polymorphic primer was tested at least twice to
determine whether both the polymorphism and the
banding patterns were reproducible. Only those
polymorphic primers that gave rise to strong and
reproducible polymorphic bands between the parents
were used in a BSA approach7. The pooled bulks
along with the parental DNA samples were used to
identify putative markers for the plant type gene.
Candidate markers identified by BSA were screened
in the F2 population to confirm their linkage to
the plant type trait. RAPD-PCR reactions were cycled
in a Eppendorf Master-cycler gradient (Eppendorf
Netheler-Hinz GMBH, Hamburg), employing 75 ng of
template DNA, 0.5 units of Taq DNA polymerase
(Bangalore Genei Ltd.), 0.4 mM of dNTPs, 5 pmoles of
RAPD primer in a IX PCR buffer (10 mM Tris
(pH 9.0), 50 mM KCl, 1.5 mM MgCl2 and 0.01%
gelatin) in a 25 µL reaction volume. The amplification
conditions were: an initial denaturation step (4 min at
94°C) followed by 45 cycles at 94°C for 1 min,
37°C for l min and 72°C for 2 min terminating with a
final extension at 72°C for 10 min. PCR amplification
products were size-separated by standard horizontal
electrophoresis in 1.5% agarose gels (Sigma, St.
Louis, USA) at 75V. The gels were stained with
0.1% ethidium bromide and photographed on a
digital gel documentation and image analysis system
(Syngene, UK).
Data Analysis

Chi-squared analysis was performed for testing
independent segregation between plant type gene
locus and the markers. Linkage analysis of RAPD
markers and plant type gene locus was done manually.
The recombinant fraction calculated by product method8
was converted into map distance and expressed as
centiMorgan (cM) using the Kosambi9 map function
(Kosambi cM=100 × ¼ ln [(1+2r)/(1-2r)], where r=
recombination fraction). The standard error for
recombination frequency was calculated using the
formula suggested by Adams and Joly10.
Results
Of the 200 RAPD primers initially screened on
the parental lines, TT 44-4 and TDT2004-4, only 8
(4.0%) primers showed reproducible polymorphism
between the parents. They gave 11 products
distinguishing the two parents. Most of them mapped
to a region unlinked to the plant type gene Pt. Of the
8 primers screened in the BSA approach, only two

(OPF04 and OPA09) generated polymorphic DNA
fragments OPF04700 and OPA091375 between the
open-tall and compact-dwarf plant type bulks. Both
the markers were present in the open-tall plant types
while absent in the compact-dwarfs (Figs 2a & b).
Linkage Analysis

The random primers, OPA09 and OPF04, were
used to amplify DNA from 84 F2 plants of known
genotype to confirm linkage with the type gene locus.
The segregation patterns for the RAPD amplicons,
OPF04700 and OPA091375 showed a good fit to 3:1
ratio (Table 1a), typical for a monogenic dominant
marker. Segregation of both, plant type gene locus
and OPF04700 maker in the F2 showed that OPF04700
was present in 58 open-tall plants, absent in 4 opentall plants, present in 3 compact-dwarf plants and
absent in 19 compact-dwarf plants. An almost similar
segregation pattern was observed with the OPA091375
marker expect that OPA091375 was present in 4
compact-dwarf plants and absent in 18 compactdwarf plants. Segregation pattern in both the cases
differed significantly from the expected 9:3:3:1 ratio
(Table 1b) for the independent assortment between
the plant type gene locus and the markers. Linkage
analysis showed that the marked OPF04700 and
OPA091375 were located 8.4±0.03 cM and 9.6±0.032
cM, respectively away from type gene locus.
Both the markers were validated on 15 open-tall
plant types that showed presence of both the
markers OPF04700 (Fig. 3) and OPA091375. Due to the
non availability of seeds of other compact-dwarf
pigeonpea genotypes, these markers could not be
validated in different genetic background with
compact-dwarf plant type.
Discussion
Although lodging is not a problem in pigeonpea, it
might increase in the near future with the breeding
orientation aimed towards improving the harvest
index. The strategy of improving the harvest index by
increasing seed yield and reducing biomass, may lead
to the development of new high yielding varieties
with weak stems susceptible to lodging. This problem
was particularly observed in one of the recently
released and notified high yielding variety, TT401, at
our centre. Hence, development of compact-dwarf
plant types in pigeonpea and their utilization in
breeding programmes could alleviate such problems
in the near future. But, the expression of plant type
genes like the compact-dwarf plant type TDT2004-1
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Fig. 2 a & b—RAPD amplification in F2 individuals showing the plant gene linked marker OPA091375. M: EcoRI and Hind III double digest
lambda marker, DP: dwarf parent (TDT2004-1), TP: Tall parent (TT44-4), D: dwarf F2, T: Tall F2, DB: Dwarf F2 bulk, TB: Talk F2 bulk.
Table 1a—Segregation of RAPD markers in F2 population of the
pigeonpea cross TT44-4 × TDT2004-1
Marker
Presence (+) or absence(-) of χ2 (3:1)
P
marker
+
OPF04700
61
23
0.254 0.7-0.5
OPA091375
62
22
0.635 0.9-0.8
Table 1b—Test of linkage between plant type gene and RAPD
markers in the F2 generation of pigeonpea cross
TT44-4 × TDT2004-1
Marker

Phenotype

Open tall Compact-dwarf
+
+
OPF04700
58
4
3
19
OPA091375
58
4
4
18
+: presence of marker, -:absence of marker

χ2 (9:3:3:1)

P

57.55
50.95

<0.001
<0.001

in pigeonpea may be influenced by environmental
conditions such as photoperiod, temperature, rainfall,
etc. Hence, a robust system such as molecular marker,
which are linked to such traits, could be of immense
help in circumventing the influence of environment in
breeding process.
Dwarf or semi-dwarf genes have largely been used
and studied in cereals like rice11, wheat12 and barley13.
The review of literature shows that pigeonpea exhibits
dwarfism ranging from 25 cm to 150 cm and
classified accordingly as D0, D1, D2, D3, D4, D5,
and D6 dwarfs3. But none of the dwarfing genetic

Fig. 3—Validation of RAPD marker OPF04700 linked with the plant
type gene in different pigeonpea genotypes. M: EcoRI and Hind III
double digest lambda marker. Lanes 1 to 16 represent the genotypes
TT6, TT44-4, TDT2004-1,TATA10, TT401, TT97-48, TT103,
ICPL87051, TT201, ICPL96061, ICPL99048, ICPL99050,
ICPL99055, ICPL 99046, TJT501 and Asha, respectively.

material has been properly exploited in pigeonpea
breeding. We have developed a D0 compact-dwarf
type, TDT2004-1, through interspecific hybridization,
the genetic analysis of which revealed the character to
be under the control of a signal recessive gene (pt)4.
The compact-dwarf plant type with its reduced plant
height of 37 cm, compact canopy and high harvest
index (40%) provides a valuable genetic stock for
restructuring the plant type in pigeonpea. The
development of molecular marker for this compactdwarf plant type would be the first step towards a
better understanding of the dwarfism in pigeonpea.
Even
though
pigeonpea
exhibits
acute
morphological variations, the molecular variations
occurring at the DNA level are very limited14. This
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could be perhaps the reason behind the very few
reports on molecular markers in pigeonpea. This is
also seen in the present study wherein the two parents,
which are very diverse in morphology and also in
their pedigree, exhibited only 4% variation at the
DNA level. Moreover, the lack of genomic sequences
in pigeonpea limits the use of molecular markers that
require sequence information like the SSRs. The
availability of expressed sequence tags (EST) and
gene sequence databases and improved bioinformatics
tools has resulted in the development of EST-SSTs or
Genic-SSRs. Such SSRs, though relatively
inexpensive to develop, tend to show more
interspecific rather than intergeneric transferability15,16
and are yet to be exploited in pigeonpea.
The review of literature on molecular tagging in
pigeonpea shows very few reports and that tool based
on RAPD markers only. RAPD has been used to tag
Fusarium wilt resistance17 and CMS lines18 in
pigeonpea. In the present study also, RAPD proved
very informative in identifying and tagging the
compact-dwarf plant type trait. The dwarf trait has
also been tagged using molecular markers in crops
like Brassica rapa19, Prumus20, wheat21, banana22 and
B. napus23. The major problem with RAPD is its
reproducibility. In the present investigation, the
reporducibility of the markar was tested twice using
two different cyclers (Eppendorf Master-cycler
gradient and PTC-100 Thermal Cycler, MJ Research).
To improve upon the reproducibility, the present set
of markers could be converted into SCAR. Moreover,
the identified markers which are unable to
differentiate the heterogotes may not be useful in
MAS per se, but could serve as the first step towards
the molecular understanding and cloning of the
compact-dwarf plant type gene. Further, identification
of markers that are present in the compact dwarfs and
absent in the open-talls could be used in conjunction
with the markers identified in the present
investigation to differentiate the heterozygotes. The
identified markers could also be used as DNA
fingerprint for the unabiguous identification of the
compact-dwarf plant type, TDT2004-1, that is
increasingly becoming a prerequisite for germplasm
registration. These markers could also aid in
hastening the process of introgression of a number of
genes into a compact-dwarf plant type background.
Work on identifying more markers around the plant
type locus is underway and would aid in isolating the
dwarf gene and characterizing the mechanism of

dwarfism at molecular level. It would also be
interesting to study whether the marker is linked to
the dwarfism gene in the related genera Vigna.
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