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Abstract Anther culture was used to obtain dihaploid
(DH) coconut plants and their ploidy level was determined
by flow cytometric analysis. Simple sequence repeat (SSR)
marker analysis was conducted to identify the homozygous
diploid individuals. Ploidy analysis showed that 50% of the
tested plantlets were haploid and 50% were diploid.
Polymorphic fragments of the mother palm and their seg-
regation patterns in anther-derived plantlets were used to
determine the origin of the diploid plantlets. Using a
diagnostic SSR marker (CNZ43), all the diploid plantlets
tested were identified as being derived from microspores
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(i.e. were homozygous) and were thus candidates for use in
coconut breeding programs.
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Abbreviations

BAP 6-Benzylaminopurine

DAPI  4'-6-Diamidino-2-phenylindole
2,4-D 2, 4-Dichlorophenoxyacetic acid
GA;3 Gibberellic acid

SSR Simple sequence repeats

WBS  Weeks before splitting
Introduction

Coconut is one of the most widely-grown plantation crops
in the world covering an extent of 12 million hectares, 85%
of which are in Asia Pacific region (Batugal et al. 2005).
Among the numerous uses, coconut is cultivated mainly for
the production of oil and desiccated coconut.

All forms of coconut assessed to date are diploid (2n = 2x
= 32). Even though the male and the female flowers are
located close together on each inflorescence, the Tall
coconut (var. Typica) is, in general, allogamous (out-
breeding) as pollen is shed before the female flowers
become receptive. Consequently, each individual palm is
highly heterozygous (Perera et al. 1998, 2001). Production
of new coconut varieties by conventional breeding is mainly
done by crossing individuals, resulting in segregating
progeny. Hybrid breeding is not practical via this approach.

Creation of homozygous inbred lines is the first step in a
hybrid breeding program. Using homozygous lines, it is
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possible to produce pure F; hybrids. At least 60 years of
backcrossing and selfing would be required to get homo-
zygous coconut lines by breeding. Generation of dihaploid
(DH) plants would result in rapid production of homozy-
gous lines, shortening the process to 1 or 2 years. Recessive
alleles in the parents are easily uncovered in DH plants and
therefore desirable mutations can be easily detected. They
provide a wide spectrum of traits for selection in breeding
programs.

Induction of haploids, bypassing sexual reproduction, is
possible via anther/microspore culture (Peachan and Smykal
2001). For the first time, the production of coconut haploids
via anther culture was reported and the protocol was devel-
oped by optimising the major critical factors (Perera et al.
2008). In general, coconut is a difficult crop to apply in vitro
culture techniques, since it is a monocotyledonous tree crop.
Due to very poor response of coconut tissues to in vitro
conditions, it is classified as one of the most recalcitrant
species to regenerate in vitro (George and Sherrington 1984).
The performance of each palm is affected by its genotype and
there is a variation in the success of different explants such as
immature inflorescence, plumule, immature embryo and
ovary that have been used for clonal propagation of coconut
(Fernando et al. 2007). Plants were regenerated either by
directly producing embryos from a pollen grain or indirectly
via a callus phase (Perera et al. 2008). Since the anthers
consist of both haploid and diploid cells, a selective cell
division is impossible. Therefore, anther-derived structures
containing a mixture of ploidy levels could be resulted.

Characterization of DH plants based on the homogeneity
of agronomic traits has been done in the past (Kernan and
Ferrie 2005). However, this approach would delay their use
and increase the cost of labour and space since an addi-
tional generation of field evaluation is needed (Chen et al.
1998). Furthermore, evaluation of agronomic traits under
field conditions is subjected to environmental variation and
therefore unequivocal identification of DH lines using
morphological markers is difficult (Chen et al. 1998). For a
perennial tree crop like coconut, a minimum of 15 years for
field evaluation would be required for discrimination of the
homozygous lines using morphological markers. Alterna-
tively identification of microspore-derived plants at an
early stage of development using molecular markers would
provide a fast, efficient and cost-effective method com-
pared to field evaluation for the identification of DH lines
(Chen et al. 1998).

Random amplified polymorphic DNA (RAPD) analysis
has been used for this purpose in flax anther culture (Chen
et al. 1998). However, among the various DNA marker
methods, SSR has become one of the most informative
molecular marker systems in cultivar finger printing,
genetic diversity assessment, molecular mapping and
marker-assisted breeding due to their abundance, hyper-
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variability and random distribution in eukaryotic genomes
(Wang et al. 2005; Chen et al. 1998). SSR markers are co-
dominant, meaning both alleles of a heterozygous locus can
be identified (Chani et al. 2000). Thus, if sufficient poly-
morphic SSR loci in an anther donor can be found, their
use offers an efficient means of distinguishing homozygous
from heterozygous anther-derived diploids (Chani et al.
2000). SSR markers have been used for distinguishing
microspore-derived plants in potato (Chani et al. 2000).
The present study was undertaken to demonstrate the use of
SSR markers for identification of dihaploid coconut.

Materials and methods
Anther culture

Anthers consisting microspores at late uni-nucleate stage
were collected from a single palm and androgenesis induc-
tion was done as described by Perera et al. (2008). Anthers
were given a heat shock at 38°C for 6 days prior to inocu-
lation and cultured in modified Eeuwens Y5 (Karunaratne
et al. 1985; Eeuwens 1976) liquid medium supplemented
with 100 uM 2,4-dichlorophenoxyacetic acid (2,4-D), 0.1%
(w/v) activated charcoal (BDH acid washed, UK) and 9%
(w/v) sucrose as described earlier by Perera et al. (2008).

Ten anthers were cultured in ten Petri plates (100 x 10
mm), each containing 25 ml of culture medium. Cultures
were maintained in the dark for 9 months at 28°C. The calli
and embryos produced were sub-cultured into the somatic
embryo induction medium (modified Eeuwens Yj solid
medium with 66 pM 24-D) for 4 weeks followed by
somatic embryo maturation medium (modified Eeuwens Y3
solid medium without any hormones) for 4 weeks. The
embryogenic structures were then transferred and main-
tained in germination medium (modified Eeuwens Y3 solid
medium supplemented with 5 uM BAP, 0.1 pM 2,4-D and
0.35 uM GAj). After embryo germination, the cultures
were exposed to light (16 h photoperiod; PAR; 25 pmol
m~ 2 s~ "). Detailed anther culture protocol for coconut has
been published elsewhere (Perera et al. 2008).

Flow cytometyric analysis

Root or leaf samples from 20 regenerated plantlets were
used for ploidy analysis. Well developed calli and embryos
(five samples from each) obtained after 3 months of culture
initiation were also analysed. Extraction of nuclei and the
analysis were done according to the protocol described by
Pathirana and Eason (2006). Tissue samples (approx. 500
mg) were chopped in 2 ml of extraction buffer (2.1 g citric
acid per 100 ml deionised water, 0.5% Tween 20), to
release the intact nuclei. The suspension containing the
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nuclei was then filtered through a 30 pum nylon mesh to
eliminate cell debris. The cell nuclei were then stained with
4'-6-diamidino-2-phenylindole (DAPI, 0.02 mg ml™' in
saturated Na,HPO,-2H,0), an intercalating fluorochrome,
according to the manufacturer’s protocol. Nuclear DNA
content was determined using a Partec PA-II Flow
cytometer with UV excitation. Samples were analysed
using the leaves of embryo-cultured Sri Lanka Tall coconut
plants as the control and hexaploid Hieracium that has
almost twice the amount of DNA than coconut as the
known standard.

Simple sequence repeats (SSR) marker analysis

Diploid plantlets derived from anthers were tested by SSR
marker analysis for homozygosity. Leaf tissues were col-
lected from plantlets for DNA extraction. Furthermore, a
random sample of 22 calli or embryos derived from the
anthers of the same mother palm was also tested to check the
occurrence of any heterozygous diploid. The banding pat-
terns of the samples were compared with the donor palm.

DNA extraction

Genomic DNA was extracted using the CTAB method, as
previously described by Doyle and Doyle (1987) with some
modifications, described by Perera et al. (1998). Small
pieces of tissue (about 1 g) was ground in liquid nitrogen
and put into an eppendorf tube containing 1 ml of extrac-
tion buffer (2% CTAB, 2% PVP-40000, 1.4 M NaCl, 20
mM EDTA, 100 mM Tris—HCl, 2% Monothioglycerol; pH
8.0). The mixture was incubated at 65°C in a water bath for
minimum of 30 min. Proteins were extracted into 200 ml
chloroform:isoamyl solution (24:1) by centrifugation
(Jouan SA, France) at 13,000 rpm for 2 min and the
procedure was repeated twice. Pre-chilled (at —20°C)
isopropanol (0.6 volume) was added to the supernatant and
kept for 1 h to precipitate DNA. DNA was pelleted by
centrifugation at 13,000 rpm for 2 min. DNA concentration
was estimated by comparing with the fluorescent intensity
of a series of standard DNA solutions.

PCR analysis

The primers used in this study (Table 1) were purchased
from TIB MOLBIOL Syntheselabor GmbH, Eresburg-
strafie 22-23, D-12103 Berlin, Germany. Polymerase chain
reaction (PCR) was performed in 10 pl reaction mixture,
containing 1 pl of 10x PCR buffer (10 mM Tris—HCI, 50
mM KCl and 0.1% Trit0n®X—100; pH 9.0 at 25°C), 1 ul of
200 uM dNTPs, 1.5 pl MgCl, (25 mM), 0.2 ul (1 unit/pl)
of Taq polymerase (Promega; Catalog # M1865), 0.3 nl
sterilized distilled water, 1.5 pl of forward and reverse
primers and 3 pl genomic DNA (about 50 ng) as template.
The PCR was performed [in a DNA Thermal Cycler (BIO-
RAD; MyCycler™)] in 35 cycles with the following
conditions: denaturing at 94°C for 1 min, annealing step at
54°C for 2 min and extension/polymerization step at 72°C
for 1.5 min, followed by one cycle (5 min) at 72°C at the
end of amplification. Each PCR sample (10 pl) was elec-
trophoresed on 6% (w/v) polyacrylamide gel using 1x
TBE buffer (89 mM Tris—HCI; pH = 8.3, 89 mM boric
acid, 2 mM EDTA) at 55 W for 1.5 h. The gel was stained
with 0.15% (w/v) silver nitrate for 15 min followed by
dipping in a solution of 0.6% (w/v) NaOH and 0.5% (v/v)
formaldehyde.

Results and discussion

Both direct and callus-mediated embryogenesis could be
observed under the culture conditions described. Embryos or
calli were produced from the anthers after 3 months of
culturing. One hundred and twenty-five embryos or calli per
100 anthers were obtained and 27% of those were germi-
nated. Among the regenerated plantlets, 92% were derived
from embryos and the rest from calli. Embryos were dis-
tinguished from calli by their heart or round shape. Maturing
of the embryos was identified by a change in translucent to
opaque appearance (Fig. 1a). If the concentration of auxin is
high enough, a somatic embryo may instead give rise to new
somatic embryos that is called as secondary or repetitive
embryogenesis instead of proceeding to next stage of

Table 1 The code numbers and

. Code number
sequences of the primers tested

Forward primer (5'-3')

Reverse primer (5'-3")

CNZ04
CNZ06
CNZ10
CNZ12
CNZ29
CNZ40
CNZ43
CNZ44

TATATGGGATGCTTTAGTGGA
ATACTCATCATCATACGACGC
CCTATTGCACCTAAGCAATTA
TAGCTTCCTGAGATAAGATGC
TAAATGGGTAAGTGTTTGTGC
CTTGATTGCATTCTCAAATGG
TCTTCATTTGATGAGAATGCT

CATCAGTTCCACTCTCATTTC

CAAATCGACAGACATCCTAAA
CTCCCACAAAATCATGTTATT
AATGATTTTCGAAGAGAGGTC
GATCATGGAACGAAAACATTA
CTGTCCTATTTCCCTTTCATT
CTGAGACCAAATACCATGTGT
ACCGTATTCACCATTCTAACA
CAACAAAAGACATAGGTGGTC
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Fig. 1 Morphological aspects
of anther culture in coconut
(Cocos nucifera). a Anther-
derived embryos (Bar 1.2 mm).
Note four embryos at different
maturity stages. Mature embryo
(MEm) (in opaque color) and
immature embryo (/Em) with
translucent appearance.
Secondary embryo (SEm)
produced by the embryo derived
from the cultured anther is also
present. b A compact
embryogenic callus (Cec) and a
fast growing callus (Fgc) (Bar
2.9 mm). ¢ A mature embryo
(Bar 2 mm). Note the
germination point (Gp) formed
in the haustorium (Ha) and root
pole (Rp) at the base of the
embryo. d A callus-derived
somatic embryo (Bar 1.5 mm).
e Shoot development in the
germinating embryo (Bar 1.4
mm). Note that the shoot (S7) is
emerging through the
germination point of the
haustorium. f Anther derived
plantlet

development (Parrott et al. 1991). Occasionally, secondary
embryos were derived from primary embryos (Fig. la)
when they were maintained in the same androgenesis
induction medium without sub-culturing.

Calli were determined by translucent and frilly appear-
ance (Fig. 1b). Non-embryogenic fast growing callus
(Fig. 1b) was also observed under the same culture con-
ditions. All of the anther-derived structures had very low
affinity to the anther wall that easily fell off. In the medium
devoid any growth regulators, embryos were directly ger-
minated (Fig. 1c) while calli gave rise to an intermediate
phase of somatic embryos (Fig. 1d) before germination.
Sub-culturing the germinated embryos into the medium
containing 5 pM BAP and 0.35 pM GAj; the shoot was
emerged through the germination point of the haustorium
(Fig. 1e). Under the present culture conditions, a total of 20
plantlets (Fig. 1f) were obtained.

Flow cytometric analysis

The ploidy level of anther-derived calli/embryos and
regenerated plantlets was evaluated by flow cytometry
(Chatelet et al. 1999). The ploidy levels of all the anther-
derived structures were compared with hexaploid Hiera-
cium (Fig. 2a) and diploid coconut leaves (Fig. 2b).
Among the tested structures, haploids as well as diploids
were present. Embryos with both haploid (n = x = 16)
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(Fig. 2¢) and diploid (2n = 2x = 32) (Fig. 2d) DNA con-
tents were identified. Similarly, among callus (Fig. 2e, f)
and plantlets (Fig. 2g, h), there were both haploid and
diploid DNA contents. Haploid state indicates that the
origin of the calli/embryos and plantlets were from the
pollen grains of the anthers. This was further supported by
histological evidence where the origin of these structures
was shown to be from the inner part of the anther (Perera
et al. 2008). Among the 20 plantlets tested, 10 were haploid
and 10 were diploid.

The diploid state could have arisen due to formation of
DHs by spontaneous chromosome diplodisation (Ingram
et al. 2000; Lionneton et al. 2001), endomitosis, endore-
duplication, nuclear fusion or unreduced microspores
(Ishizaka 1998). Hu and Kasha (1997) reported that in
wheat, about 82.7% of microspore-derived plants were
spontaneously diploidised and 78.8% of them were com-
pletely fertile. Further, diploids can originate from somatic
tissues including anther wall, tepetum and filament. How-
ever, origin of the calli/embryos could be identified
morphologically based on their affinity to the anther. As
discussed above, the low affinity of the calli/embryos to the
anther wall indicated that they were derived from pollen
grains within the pollen sacs. In the present study, anther-
derived plants containing diploid DNA content were
identified. Diploid plants can be divided into three groups
depending on their origin: plants regenerated from normal
reduced gametes (microspores) followed by chromosome



Plant Cell Rep (2008) 27:1697-1703

1701
File: Hinraciom x gain 450 Dates 01.11-2008 Time: 1120228 Partickes: 8974 Acq. Time: 137 5 Concentratiorr 6770 | mi partes PAS File: 26107 + HE Date: 01.11-2006 Time: 13:18:54  Panticles: 3903 Acq.Time: 38 & partec PAS
100 200
160
120
2
: s
8 g
80
40
a e
bbb b - 0 - gy
] 200 400 600 800 1000 0 200 400 600 800 1000
P1 DAPI P1 DAPI
File: Coco controd + H_6x Date: 01-11-2006 Time: 113523 Porticles 9112 Acq.Time: 91 5 Pate PAS o 579224 M6 Daie: 01.11.2008 Time: 130431 Pariicles: 4006 Acq.Time:B9's partec PAS
200 100
160
£ £
8 8
b f
d ek das i
600 800 1000 600 800 1000
P1 DAPI P1 DAPI
Filex 1Emb + HE_Date: 01.11-2006 Time: 13:07:41 _Particles: 4178 Aca. Time: 395 parteo PAS File: 2613 + H6_Date: 041-11-2006 Time: 1217:44_Particles: 1668 Acq.-Time: 37 5 partec PAS
200 100
80
60
: ;
8 8
] 40
c g
0 200 400 600 800 1000 0 200 400 600 800 1000
P1 DAPI P1 DAPI
Filac ZEmb + HE Date: 01.11-2006 Time: 130854 Particles: 4182 Acg-Time: 495 partec PAS File: 335 + 16 Dotec 01-11-2006 Time: 11:5X10 Particles: 10000 Acq.-Time: 1055 partec FAS
100 300 ¢
80 240
g B0 -E 180
= =
8 8
40 120
20 60
d h
0 bt i i Lo dd k Ml 0 R G T LIN S SR o
600 800 1000 0 200 400 600 800 1000
P1 DAPI P1 DAPI

Fig. 2 Flow cytometry histograms of ploidy levels of anther-derived
structures: a Hieracium (internal reference) 2n = 2x = 64; b diploid

shoot; h diploid shoot
control of embryo cultured coconut leaves, 2n = 2x = 32; ¢ haploid

embryo; d diploid embryo; e haploid callus; f diploid callus; g haploid
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doubling during culture, plants regenerated from somatic
cells of anther and plants regenerated from unreduced
gametes (Chani et al. 2000). These three categories cannot
be differentiated by flow-cytometric analysis. Among the
diploid plants, those of the first group are equivalent to
monoploids with regard to homozygosity and can be used
directly in breeding whereas those in latter two groups, are
heterozygous and generally considered undesirable prod-
ucts of anther culture and would be routinely discarded
(Chani et al. 2000). Thus, it is important to determine the
origin of the diploid plants before using them for breeding
purposes.

SSR marker analysis

A set of coconut-specific microsatellite primer pairs has
been developed by Rivera et al. (1999) using genomic

| CNZ44 |CNZA3 | CNZA0 | CNZ29 | CNZ12 | CNZ10 | CNZ061 CNZ04l

Fig. 3 Primers tested for SSR marker analysis of anther derived
structures. Eight primers were used and four DNA samples from the
mother palm were amplified at 54°C annealing temperature with each
primer

DNA from the coconut variety Sri Lanka Tall and currently
being used for genome mapping in coconut. From that, a
total of eight SSR primers (CNZ04, CNZ06, CNZI10,
CNZ12, CNZ29, CNZ40, CNZ43, CNZ44) were used to
determine their feasibility as markers for the identification
of microspore-derived plants in coconut (Table 1). Segre-
gation pattern of the mother palm with the tested primers is
illustrated in the Fig. 3. Two SSR primers (CNZ06 and
CNZ12) were found to be non-reactive at the annealing
temperature of 54°C. It was not the optimum annealing
temperature for CNZ10 and CNZ29, since a number of
non-specific bands have been developed. With CNZ04,
CNZ43 and CNZ44, a clear banding pattern could be
observed. Among them, with CNZ04, the mother palm was
homozygous for the relevant loci whereas CNZ43 and
CNZ44 were found to generate distinguishable and poly-
morphic alleles. However, a single primer with the
segregating allele in the donor palm is sufficient for dis-
tinguishing the population since all the analysed structures
have been derived from the pollen of the same donor palm.
Thus, CNZ43 primer was selected for testing the segrega-
tion pattern of the anther-derived structures.

Sixteen anther-derived coconut plantlets, including 10
diploid plantlets (identified by flow-cytometry) were tested
(Fig. 4). A random sample of 22 anther-derived calli/
embryos was also analysed (Fig. 5) and each of them was
sampled from a cultures under similar conditions. All the
anther derived-embryos/calli and plantlets were identified
as being derived from microspores. None of the heterozy-
gous diploids were found in the samples tested and all of
them were either haploids or DHs.

Thus, it can be concluded that the protocol developed in
the present study is effective in direct induction of pollen

Fig. 4 Amplification of the primer CNZ43 with the DNA extracted from plantlets derived from the anthers. DNA from three samples has not
amplified properly (/, 2 and 6). Note the presence of either of the two bands in the samples, when compared to the mother palm (M)

MMM 22 20 18 16

1110 9 8 7 6543 2 1

MM M

et

§
{
tf

Fig. 5 Amplification of the primer CNZ43 with the DNA extracted from calli/fembryos derived from the anthers. Note the similar banding
pattern in these samples as well. Some of the tested samples were not amplified (however, they have amplyfied in other reactions)
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embryogenesis. However, out of six palms tested, only one
palm responded for androgenesis (data unpublished).
Number of reasons could be affected in this regard, how-
ever mainly it could be due to high palm to palm variation
(Perera et al. 2001) arisen by the heterozygous nature of the
coconut palm. The research on DH plant production is
continuing to get more palms responded for androgenesis.
However, plant regeneration from the responded palm is
continuously possible by culturing the anthers at each two
months interval (data unpublished). For a crop like coco-
nut, possibility of obtaining DHs from even a single palm is
highly advantaged for gearing up the existing plant
breeding program. Furthermore, the results showed the
feasibility of using SSR markers to identify DH plants at a
very early stage of development.

Acknowledgments We gratefully acknowledge Prof. R. Pathirana
and Dr. R. Bicknell, (Crop and Food Research, New Zealand) for
their assistance in flow-cytometry. We are also thankful to Dr. C.
Bandaranayake, C. Perera and Mrs Sandhya Fernando (Genetics and
Plant Breeding Division, Coconut Research Institute, Sri Lanka) for
the assistance in SSR marker analysis.

References

Batugal P, Donan JL, Sanaoussi A, Kullaya AK, Tupinamba E,
Castillo R, Been B (2005) Multilocation coconut hybrid trials in
three African and three LAC countries. In: Batugal P, Rao RV,
Oliver J (eds) Coconut genetic resources. IPGRI-APO, Serdang,
pp 326-333

Chani E, Veilleux RE, Boluarte Medina T (2000) Improved
androgenesis of inter-specific potato and efficiency of SSR
markers to identify homozygous regenerants. Plant Cell Tissue
Organ Cult 60:101-112

Chatelet P, Gindreau K, Herve Y (1999) Development and use of
microspore culture applied to vegetable Brassica oleracea
breeding. In: Clement C, Pacini E, Audran J-C (eds) Anther
and pollen. Springer, Heidelberg, pp 247-259

Chen Y, Hausner G, Kenaschuk E, Procunier D, Dribnenki P, Penner
G (1998) Identification of microspore-derived plants in anther
culture of flax (Linum usitatissimum L.) using molecular
markers. Plant Cell Rep 18:44-48

Doyle JJ, Doyle JL (1987) CTAB DNA extraction in plants.
Phytomed Bull 19:11-15

Eeuwens CJ (1976) Mineral requirements for growth and callus
initiation of tissue explants excised from mature coconut palm
(Cocos nucifera) cultured in vitro. Physiol Plant 36:23-28

Fernando SC, Vidhanaarachchi VRM, Weerakoon LK, Shantha ES
(2007) What makes clonal propagation of coconut difficult? In:

Book of abstracts, Asia Pacific conference on plant tissue culture
and agribiotechnology (APaCPA), Kuala Lumpur, Malaysia, pp
73, 17-21 June 2007

George EF, Sherrington PD (1984) Plant propagation by tissue
culture: handbook and directory of commercial laboratories.
Exegenetics Eversley Ltd., London, pp 387-389

Hu T, Kasha KJ (1997) Improvement of isolated microspore culture
of wheat (Triticum aestivum L.) through ovary co-culture. Plant
Cell Rep 16:520-525

Ingram HM, Power JB, Lowe KC, Davey MR (2000) Microspore-
derived embryo induction from cultured anthers of wheat. Plant
Cell, Tissue and Organ Cult 60:235-238

Ishizaka H (1998) Production of microspore derived plants by anther
culture of an interspecific F1 hybrid between Cyclamen persicum
x C. Purpurascens. Plant Cell Tissue Organ Cult 54:21-28

Karunaratne S, Kurukulaarachchi C, Gamage C (1985) A report on
the culture of embryos of dwarf coconut, Cocos nucifera L. var.
nana, in vitro. COCOS 3:1-8

Kernan Z, Ferrie AMR (2005) Microspore embryogenesis and the
development of a double haploidy protocol for cow cockle
(Saponaria vaccaria). Plant Cell Rep. doi:10.1007/s00299-
005-0064-7

Lionneton E, Beuret W, Delaitre C, Ochatt S (2001) Improved
microspore culture and doubled-haploid plant regeneration in the
brown condiment mustard (Brassica juncea). Plant Cell Rep
20:126-130

Parrott WA, Merkle SA, Williams EG (1991) Somatic embryogen-
esis: potential for use in propagation and gene transfer systems.
In: Murray DR (ed) Advanced methods in plant breeding and
biotechnology. CAB International, Wallingford, pp 158-200

Pathirana R, Eason JR (2006) Establishment and characterisation of a
rapid dividing diploid cell suspension culture of Arabidopsis
thaliana suitable for cell cycle synchronisation. Plant Cell Tissue
Organ Cult 85:125-136

Peachan PM, Smykal P (2001) Androgenesis: affecting the fate of the
male gametophyte. Physiol Plant 111:1-8

Perera L, Russell JR, Provan J, McNicol JW, Powell W (1998)
Evaluating genetic relationships between coconut (Cocos nucif-
era L.) accessions from Sri Lanka, by means of AFLP profiling.
Theor Appl Genet 96:545-550

Perera L, Russell JR, Provan J, Powell W (2001) Levels and
distribution of genetic diversity of coconut (Cocos nucifera L.,
var. Typica form typica) from Sri Lanka assessed by microsat-
ellite markers. Euphytica 122:381-389

Perera PIP, Hocher V, Verdeil JL, Bandupriya HDD, Yakandawala
DMD, Weerakoon LK (2008) Androgenic potential in coconut
(Cocos nucifera L.). Plant Cell Tissue Organ Cult 92:293-302

Rivera R, Edwards KJ, Barker JHA (1999) Isolation and character-
ization of polymorphic microsatellites in Cocos nucifera L.
Genome 42:1-8

Wang Z-Y, Ge Y, Mian R, Baker J (2005) Development of highly
tissue culture responsive lines of Lolium temulentum by anther
culture. Plant Sci 168:203-211

@ Springer


http://dx.doi.org/10.1007/s00299-005-0064-7
http://dx.doi.org/10.1007/s00299-005-0064-7

	Use of SSR markers to determine the anther-derived homozygous lines in coconut
	Abstract
	Introduction
	Materials and methods
	Anther culture
	Flow cytometyric analysis
	Simple sequence repeats (SSR) marker analysis
	DNA extraction
	PCR analysis


	Results and discussion
	Flow cytometric analysis
	SSR marker analysis
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


