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ABSTRACT

The cytoplasmic-genetic male sterility (CMS) system is
considered to be the feasible approach to develop hybrids in
pigeonpeu. Identification of CMS lines, their maintainers and
putative restorers using molecular markers in the carly stage
of growth is important and ceonomical in the long duration
pigeonpea, Random amplified polymorphic DNa (RAPD}
markers were used to identify CMS lines derived from crosses
between wild (Cajenus scarabaceides and C. sericens) and
cultivated (C, cajan) pigeonpena. Of the 108 RAPD primers
sereened, 80 were found to be polymorphic. A set of RAPPD
primers were identified that could distinguish the CMS systems
of GT 288 A/B and 67 A/B. Moreover, specific primers
differentiating the CMS lines (GT 288A/67A ), maintainers (GT
288B/6713) and putative restorers (ICP 41 and DPPA 85-7) were
identified. The use of these primers in heterosis breeding is
discussed.
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Pigeonpen |Cujanies cajun (L. Millsp.] is & highly
nutritious and very important grain legume of the tropical and
sub-tropical regions of the world. The production und
productivity of this crop has remained static over the years
and the rescarch etforts lor enhancing the productivity
through pure line breeding have not been very successful
{Suxena ef al, 2003). Unlike other legumes, pigeonpea is an
often cross pollinated crop exhibiting 25-70% natural out
crossing across locations (Saxena er al. 1990). Therefore, in
order Lo break the yield plateau of this crop, serious efforts
were made for the development of hybrids in pigeonpeu by
taking advantage of the pollination behaviour and potentials
ol heterosis breeding aller discovery of genetic male sterility
(GMS) (Reddy er al. 1978). These efforts resulted in the
development of six genctic male sterility based hybrids in
Indiaviz.. ICPH 8, PPH 4 COPH 1, COPH 2, AKPH 4101 and
AKPH 2022, Bul the GMS system proved failure because of
labour intensiveness in seed production and seed purity
concerns. Concerted research elforts resulted in the
development of cytoplasmic genetic male sterility system
using cytoplasm of wild species like C. sericeus
(Arivanayagam et af. 1995; Saxenu er «f. 1996) and C.
scarabaevides (Tikka er al. 1997). In the development of CMS
based hybrids, male sterile (A), maintainer (B) and restorer (R)
lines are required. Unambiguous characterization of the

parental lines not only reduces the cost. labour, and time bul
also leads the hybrid development in the proper perspective.

DNA based markers are the best option to characterize
the parental lines involved in the development of hybrids as
they are numerous. independent ol envirenmental effects and
can detect the plants of interest al an early growth siage. The
review of literature shows very few reports on the utitizarton
of molecular markers in pigeonpea like assessment of genetic
diversity using RAPD (Rutnaparkhe er af. 1995: Parani ez all.
2000) and AFLP (Panguluri er af. 2006). mapping and tagging
of Fusariwm wilt resistance locus (Kotresh er «f. 2006) and
characterization of CMS lines (Souframanien er af. 2003).
Molecular markers have also been used for characterization
of CMS lines in crops like rice (Ichii er af. 2003, Tar'un B er oif.
20035). maize (Gabay-Laughnan er al. 2004), pearl millet
(Rujeshwari er al. 1994). sorghum (Pring and Tang 2004) and
sunflower ( Kusterer ¢7 ¢f. 2004). In the present study. RAPD
anilysis was used to study the genomic DNA variation among
two male sterile lines (GT 288A and 67A). their corresponding
maintainer lines (GT 288B and 67B) and putative restorer lines
(ICP 41 and DPPA 85-7).

MATERIALS AND METHODS

Plant inaterials: The plant material consisted of CMS
lines (GT 288A and 67A with S-rr genome derived (rom
C. scarabuacoides and C. sericeus, respectively), their
corresponding maintainers (GT 288B and 678 with F-rr
genome) and lertility restorer lines (ICP 41 and DPPA 85-7
with F-RR genome) (Table 1),

Table 1. Pigeonpea CNMIS lines, their maintainers and
restorers used in the present study
Genolype Origin Features
GT 288A Cajuntes Erect. compact. indeterminate
scarabaeoides and resistant to sterilily
mosaic
GT 288B GT288 Same as "A” line
67TA Cajanus sericens  Semi-spreading, determinate
and resistant to sterility
Mosac
678 GT 67 Same as A’ line
ICP 41 Selection rom Semi-spreading.
cultivated indcterminate, resistant to
germplasm line  sterility mosaic and wilt
DPPA 85-7  Selection from Same as ICP 41

cultivated
germplasm line
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DNA extraction: Isolation of DNA from the leaf tissues
of each line was done based as per the modified protocol
(Guillemant and Laurence 1992) without liquid nitrogen. Peoled
| g leaf samples of 3-4 weeks old seedlings were ground toa
fine paste with the extraction buffer {100 mM sodium acetate,
pH 4.8: 500 mM Nucl; 50 mM EDTA. pH 8.0: 50 mM Tris. pH
8.0: 2% PVP (MW 10000); 1.4% SDS], and translerred to
centrifuge tubes. The tubes were incubated at 65°C for 30
minutes, added 0.6 volume of 10 M ammonium acetate into
each of the tubes and kept for another 15 minutes at 65°C
followed by centrifugation at 10,000 rpm for 10 minuies. The
supernatants were treated with 0.6 volume of chilled iso-propyl
alcohol and incubated at -20"C for 60 minutcs. After
centrifugation, DNA pellets were washed twice with 70%
ethanol and dissolved in TE buffer (10 mM Tris, 1.0 mM EDTA,
pH 8.0). DNA solutions were extracted with phenol: chlorofonn:
iso-amyl alcohol (25:24:1), treated with RNAse (41lfmtof DNA
solution from stock of 10mg/mi) and incubated at 37"C for |
hr. The DNAs were then extracted twice with chloroform: jso-
amyl alcohol (24:1). The DNAs were re-precipitated using
chilled ethanol and the pellets were dissolved in TE buffer.
The extracted DNAs were quantified by agarose gel (0.8%)
electrophoresis using uncut lambda (&) DNA as standard
marker (300 ng/il). Dilution of the DNA solulions were done
using TE bulfTer to a concentration of approximately 12.5ng/1l
for use in polymerase chain reaction (PCR).

PCR and RAPD analysis: PCR amplification was carried
out in 0.2 ml thin-wall PCR tubes using a PTC thermal cycler
(MJ Research). Atotal of 108 random decamer primers (OPA,
OPAQ. OPAZ, OPBA, OPBB, OPH and OPP series from Operon
Technologies, Alameda, CA, USA) were initially screened. OF
them. 94 primers that produced unambiguous and repeatable
DNA profiles were selected for further study. PCR reactions
were performed in 2511 volume containing 25 ng of template
DNA. 0.6 U of Tag DNA polymerase (Bangalore Genei,
Bangalore. India), 0.3 1M of decamer primer. 13 X PCR ussay
buffer (50 mM KCl, 10 mM Tris-Cl, 1.5 mM MgCl,)and 25 mM
of euch dNTPs (dATP, dCTP. dGTP and dTTP from Fermentas
Life Sciences, USA) in final 25 il volume. Amplilication
conditions were maintained at 94°C for 3 min, and 43 cycles ag
94°C for | min (denaturation), 37"C for | min tannealing). 72"C
for 2 min (elongation) followed by final extension at 72°C for 7
min. The PCR products were separated by electrophoresis in
a [.5% agarose gel containing ethidium bromide (8 il from
Img/ml stock in 100 ml agarose solution) using 1X TBE (Tris
base, Boric acid, EDTA) buffer (pH 8.0) and visualized by
illumination under UV light. The sizes of amplification products
were delermined in comparison to O Gene Ruler ™ 100 bp
DNA Ladder Plus {Fermentas Life Sciences, USA).

RESULTS AND DISCUSSION

Out of 108 RAPD primers used in the present study to
discern banding pattern, differences between the genomic

DNAsof A, B and R lines. 94 were found to generate clear and
unambiguous banding patterns. Eighty primers were
polymorphic. A total of 512 bunds were amplified of which 36+
were found polymorphic, showing an average of +.55
polymorphic bands/primer. However, the average number of
amplified bands per primer was 5.45. The number of amplified
loci varied from one (OPBB 13 and OPH 09) to 4 (OPBA 03}
while the size of amplified bands was in the range of 250 bp
{OPAQ 07) to 3100 bp (OPA 0-). The primers OPAZ 0! and
OPBA 13 amplified twolocieach{OPAZOL .., and OPBAI3
oo 1000 EXCIUSTVELY in 288 A/B system while 5 loci amplified
by -+ primers (OPAZ 03 ., .. OPPO8 o3 OPP09 ,, and
OPH03 ) were 67 A/B system specific (Tablc 2). Trrespective
of the CMS systein, A and B {ines could be differentiated by +
primers amplifying 8 and 4 loci. respectiye.ly. Seven bands
amplified by 6 primers were restorer specific (Table 2). The

photographs showlng amplification of 'R and 'R ﬁD@me
bands using the primers OPA 10 and OPH 04 are depicted in
Fig. 1 (a,b).

Table 2,  RAPD markers differentiating GT 288 A/B and 67
A/B CMS systems and its individual components in
pigeonpea

Primer Mol.wt 67A 67B 288A 2888 ICP 41 DPPA 85-7

CMS system specific markers

OPAZ Ol 2100 - - + + - -

OPAZ Ol 1900 - - + + - -

OPBA 13 1000 - - + + -

OPBA 13 900 - - + + -

OPAZ 05 3050 + + - - - -

OPAZ 05 1031 + + - - - -

OPP 08 1500 + + - - - -

OPP (9 1500 +  + - - - =

OPH 03 1600 + + - - - -

CMS, maintainer and restorer line specific markers

OPBBO3 2000 + - + - - -

OPAQD7 1750 + - + - - -

OPAQO7 1200 + - + - - e

QPAQD7 90O+ - + - - g

OPAQO7 400 + - + - - -

OPAQO7 250 + - + - - e

OPP14 650 + - + - . -

OPPOS 1220 + - + - - -

OPPI0Q 600 -+ - + - .

OPHO4 800 - + - 4 . -

OPBBO6 800 -+ - + - -

OPBAI19 310 - - + - -

QPBA1Y 280 - - - - + +

OPAZO4 3000 - - - - + +

orPAZO4 2000 - - - - + +

OPAIl0 500 - - - - + +

OPAQ2 500 - - - - + +

OPHI19 1200 - - - - + +

OPAQO4 3000 - - - - + +
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Fig.1. Gel photographs showing (a) restorer lines specific RAPD ba

(OPH 04
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The development of hybrids in pigeonpea by exploiting
cytoplasmic-nuciear male-sterility (CMS) system is an
important approuach to increase the production which
otherwise has remained static for pust few decades.
Unambiguous characterization of the parental lines in the CMS
system alleviales concerns regarding the seed purity in hybrid
seed production, RAPD has been used unambiguously for
identification of purental lines und their hybrids in several
crops like menthe (Shasany e af. 2003), Bromuts species (Yasus
et al. 20021, omato (Rom er af. 1995). rice (tWang et wl. 1994,
poplar (Rajora and Rahaman 2003} including closely related
species of common bean und soybean (Martin ¢f al. 1996).

In case of pigeonpea. cfforts have been made
(Sivaramakrishnan ef ol. 1997) to distinguish male parents
from the CMS lines using RFLP markers. Souframanien ef af.
(2003) reported a sel of RAPD markers that could distinguish
cach component of the CMS system. The set of primers
identified in the present study to distinguish the CMS systems
derived from C. scarabaeoides (288 A/Byund C. sericens (67
A/B) adds to the information gencrated carlier by
Souframanien er af. 12003). Dilferences between CMS lines
and its maintainers are nutinly due o the presence of sterile
tS-rry and fertile cytoplasms (F-rr). Therefore. A and B lines
are assumed 1o be near isogenic lines except for the genomic
portion related to male sterility. Further, the primers
distinguishing the CMS lines from their maintainer lings may
be related to the cytloplusmic genome (mt DNA), while the
restorer line specific primers may be reflecting the differences
related (o the nuclear genome responsible for restoration in
the two restorers {(viz.. ICP 41 and DPPA 85-7) used m the
present study.

The primers identified in the present study could be
useful in detecling the genetic structure of the plants rapidly
and easily by PCR technique vier marker aided selection in
their early stages of growth (Akugi er af. 19953 which is

OPHul QOPH 2 OPH 03 OPH

b

nds (OPA 10 _ ) and (b) maintainer lines specific RAPD bands
). Legend for lanes: 1= G7A. 2= GT 288A. 3= 67B. 4= 288 B. 5= ICP 41 and 6= DPPA 85-7. M= 100bp DNA ladder

otherwise very tedious, time, lund and labour intensive
especially in the long duration crop like pigeonpea. In case of
rice, RAPD markers unique to the male sterile lines
i Souttamanien ¢f af. 2003 yand maintainers t Wang o7 ol 1995
have heen identified, while [ehii e el (20031 observed u 1600
bp fragment generated by the RAPD primer OPA12 in the
total nuclear and mitochondrind DNA of the CMS lines. To
understand the nuclear-cytoplasm combination in restorations
of fertility in sorghum. Jaiswal ez al. (1998) applicd RAPD
technigue and found that RAPD primers of the totul DNA
could distinguish the lines on the basis of their variable
restaration ability. Further, RAPD analysis was also used
successully to assess the diversity in the different alloplasmic
CMS lines of sorghum { Nateson et af. 2002), while Kumar ¢
al. 12004y identified two RAPD primers (OPP13 . and
OPW 19, ) associated with the fertility restorer gene (R of
pepper and Zhang et ef. (2004) found two RAPD murkers
(UBC 111,,,, and UBC 188, associated with the fertility
genes of D8 CMS lines in cotton. The primers identitied tn the
present investigation would be useful in the identification of
CMS lines. their maintainers and restores ut DNA level even
at carly stage of their growth which. in trn. would be an
alternative 1o grow out test of these lines, when they will be
used commercially. Further. this type of diagnosis will reduce
the cost and tedious nature of maintenance due to the
ouicrossing of CNS lines, their restorers and maintainers in
pigeonpea.
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