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SIMPLIFIED APPROACH FOR EARLY
IDENTIFICATION OF SPONTANEOUS
OIL PALM HAPLOID (Elaeis guineensis)

ABSTRACT
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Haploid technology facilitates the production of completely homozygous plants that are desirable in crop
breeding. Having just one complete set of chromosomes in a haploid individual allows it to be doubled to
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produce a normal but pure 2n diploid plant. Here, we report a simple way to identify natural haploids of oil
palm (Elaeis guineensis Jacq.) from screening 6400 abnormal germinated seeds. Initially, the germinated
seeds were selected based on 12 unique ‘off-type’ morphological characteristics. The selected seeds were then
grown and the seedlings were subjected to a second selection for three distinctive characteristics. Ploidy

analysis with flow cytometry (FCM) and chromosome karyotyping confirmed the haploidy of one seedling
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with stunted height and size. Further analysis with the True-to-Type single nucleotide polymorphism (SNP)

panel demonstrated that the plant was homozygous at all the loci tested, confirming its haploid status. This

study has established a simple and systematic strategy that assists in accelerating early identification of oil
palm spontaneous haploid.
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the technology is also highly desirable for molecular
and gene mapping research (Chaikam et al., 2019).
The occurrence of spontaneous haploids that
are naturally derived without any manipulation is
frequently discovered in small frequency (Chase
et al., 1969; Dunwell et al., 2010). The first natural
haploid was a weed reported by Dorothy Bergner
(Blakeslee, 1922), then in tobacco, peach and wheat
(Forster et al., 2007; Kostoff, 1929; Yahata et al., 2005).
In oil palm, about 0.02% spontaneous haploids were
identified from 60 millions abnormal seedlings
(Dunwell et al., 2010).
Various techniques have been applied to detect
haploids. A conventional yet economical approach
is by screening their phenotypic features, which
reports indicate are stunted and having off-type
characteristics due to the chromosome aberration
(Yahata et al., 2005). Another approach, chromosome
counting, is also conventional and reliable. The
haploid has only a half set of chromosomes. In

A

Haploids are a valuable source in crop
improvement (Germana et al., 2011), widely used
by doubling up to produce homozygous diploids
rapidly. This increases selection efficiency in the F1
generation and overcomes inbreeding depression,
all in all, to shorten the breeding cycle in
conventional breeding (Dwivedi et al., 2015).
Doubled haploid breeding is becoming an important
tool in many programs, such as in brassicas (Xu et
al., 2007) and maize (Chaikam et al., 2019). Due to the
complete homozygosity of doubled haploid lines,
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according to their abnormal categories. This was
followed by the second morphological screening
on the three-month-old seedlings based on three
characteristics: stunted growth (small size of leaves
and height), grassy (narrow and erect grass-like
leaves) and, rolled (coiled leaves and twisted stem)
leaves (Figure 2). Any normal seedlings (typically
with 3-4 dark green leaves) were discarded. Ploidy
analysis of the abnormal seedlings was carried
out with a FACSCalibur™ flow cytometer (Becton
Dickinson, USA).
Ploidy Level Analysis
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For nuclei preparation, the sampling and
processing of leaf samples were performed as
described by Madon et al. (2005) with slight
modification. Three replicates of each different parts
of frond +1 (base, middle and top) were sampled.
Each piece (1.0 cm x 1.0 cm) of leaf was cut to fine
slices and incubated in 1.0 mL lysis buffer (LBO1)
containing 15 mM ethylenediaminetetraacetic
acid, disodium salt (Na2EDTA), 80 mM potassium
chloride (KCI), 20 mM sodium chloride (NaCl),
0.5 mM spermine, 15 mM β-mercaptoethanol, 0.15
Triton X-100 (pH 7.5), 50 mg propidium iodide (PI)
fluorescent stain and 50 μg RNaseA. The diploid
oil palm was used as the standard control. The
fluorescent intensity of the nuclei was measured
using an argon ion laser at 488 nm in a FACSCalibur™
flow cytometer (Becton Dickinson, USA). For each
sample, the 2C DNA histogram peak obtained from
the CellQuest software was compared with 2C DNA
content of the standard control.
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E. guineensis, chromosome counting was
established by Madon et al. (1995), who found 2n=32
chromosomes categorised into three groups – one
long, eight medium and seven short pairs, with
the chromosomes sizes ranging from 1.00-3.89 μm.
Other than these conventional approaches, flow
cytometry (FCM), a technique used to detect and
measure physical and chemical characteristics of
cells has become the method of choice to measure
the deoxyribonucleic acid (DNA) content and
ploidy level in plants (Dolezel et al., 2007). For
this reason, FCM is a reliable and fast method to
identify haploid plants and has been manipulated
as a high-throughput method to screen numerous
plant species with various ploidy levels (Nasution
et al., 2013; Ochatt, 2008).
The oil palm (Elaeis guineensis Jacq.) is a
productive and versatile oil crop with a diploid
genome. This perennial produces 36.5% of the
total world vegetable oils - 75.5 million tonnes in
2019, even higher than soybean, the previous major
producer (MPOB, 2019). The demand for palm oil
for both edible and non-edible uses is expected
to increase with the growing world population.
However, improving the crop is difficult due to its
long reproductive cycle (10-15 years per breeding
generation) and sheer size, requiring huge areas
from the breeding trials (Seng et al., 2016). Hence,
to overcome such hurdles, biotechnology means or
other related techniques that can boost advanced
breeding efficiency should be applied. Thus, in this
study, a reliable and straightforward approach is
proposed for the medium-scale screening for oil
palm haploids at the nursery stage to facilitate oil
palm breeding.
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MATERIALS AND METHODS
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Plant Materials

A total of 6400 abnormal germinated seeds from
advanced breeding materials and germplasm were
obtained from crosses of DxD, DxP, (OxP)xP and
TxT (D: dura; P: pisifera; O: oleifera T: tenera fruit form)
at MPOB Kluang Research Station, Johor, Malaysia.

A

Morphological Screening of Natural Haploids
Identification of naturally occurring haploid
was initiated with seed morphology screening. Two
phases of morphological screening on abnormal
germinated seeds/seedlings were performed in this
study. The first screening was performed according
to Wan Ibrahim et al. (2011) based on 12 ‘off-type’
morphological characteristics of germinated seeds.
The seed characteristics involved in this screening
are described in Figure 1. The classified abnormal
germinated oil palm seeds were then planted
395

Chromosome Counting
The root tips from the germinated seedlings
were collected for chromosome preparation.
The fresh tips were pre-treated with 2 mM
8-hydroxyquinoline for 5-6 hr and fixed in 3:1
absolute ethanol: glacial acetic acid based on Madon
(2000). The roots were then rinsed three times with
enzyme buffer (0.01 M citric acid-sodium citrate,
pH 4.6). The root cap was removed using a pair of
fine forceps under a dissecting microscope (Meiji
Stereo). About 1 cm terminal region from the tip
(which included the meristem) was incubated
in enzyme mix (2% cellulose and 20% pectinase)
at 37°C for 1-3 hr, placed on a glass slide with a
drop of 60% acetic acid, squashed and the debris
was removed leaving only a cell suspension. The
suspension was covered with a glass cover slip,
then tapped a few times and thumb pressure
applied to spread out the chromosomes. Next, the
cover slip was sealed using nail polish to avoid
the specimen from drying. The slide was viewed
under 40x magnification of microscope (Carl Zeiss
Axioplan, Germany).
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Figure 1. Morphologies of normal and abnormal oil palm germinated seeds. (a) normal oil palm germinated seeds, (b) stunted plumule, (c) stunted plumule
and radicle, (d) stunted radicle, (e) thin radicle, (f) plumule and radicle in 90º position, (g) branched radicle, (h) branched plumule, (i) ratio of plumule
and radicle exceed 1:1, (j) twin seedlings (V-shaped), (k) doubleton with stunted plumule/ radicle (seedling has two stunted radicles and plumules),
(l) abnormal colour plumule, brownish and (m) abnormal colour radicle.
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Figure 2. Morphologies of oil palm abnormal seedlings in second stage screening. (a) stunted, (b) grassy leaves, and (c) rolled leaves.
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DNA Extraction
Two grams of spear leaves from the haploid plant
was ground to a fine powder in liquid nitrogen using
mortar and pestle. Genomic DNA was extracted
using the modified cetyltrimethylammonium
bromide (CTAB) method (Doyle and Doyle, 1990;
Suzana et al., 2015). The quality of the DNA was
evaluated as described by Rahimah et al. (2006).
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Genotyping using SureSawit™ True-to-Type
Single Nucleotide Polymorphism (SNP) Panel
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Of the 6400 abnormal germinated seeds examined,
the preliminary screening identified 2495 (39%) with
12 ‘off-type’ morphological characteristics (Figure
1). The subsequent morphological screening of the
three-month-old seedlings derived from the 2495
seeds has classified a total of 1346 seedlings with
three prominent morphological traits; grassy leaf
(673), stunted in growth (520) and seedling with
rolled leaves (153). The remaining 1149 possessed
other phenotypic features and were discarded.
The 1346 abnormal seedlings identified based on
three characteristics (stunted, grassy, rolled leaves)
were further analysed for their ploidy level using
FCM. Of these, only one haploid with morphology
of stunted in both height and size (Figure 3a) was
found. The fluorescence intensity peak of sole
haploid was observed at channel 130-160 (Figure
3d). Chromosome counting confirmed the palm
has only 16 chromosomes in the palm (Figure 3e).
Further genotyping with True-to-Type SNP panel
showed 100% homozygous SNP for all its loci tested
compared to those of the 15 individual DxP palms.
The DxP palms exhibited SNP homozygosity of less
than 60% (Figure 4).
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DNA from the haploid and 15 individual
diploid dura x pisifera (DxP) palms were genotyped
using SureSawit™ True-to-Type SNP panel
following the method of Ooi et al. (2019).
RESULTS

means leading to haploidy, although few studies
demonstrated that this occurred in interspecific
hybrids (Liu et al., 2014; Wedzony et al., 2009).
Numerous studies have associated abnormal
germinated seeds, or ‘off types’, with haploid
formation (Garavello et al., 2019). The actual ‘offtype’ morphologies observed in germinated
seedlings that may be linked to haploid plants have
never been described clearly for oil palm. Therefore,
a systematic screening for haploids was carried
out on a massive pool of abnormal germinated
oil palm seeds based on unique morphological
characteristics. Such a simple approach, if successful,
would be a practical way to obtain haploid oil palm
on a medium scale. Moreover, the identification of
the exclusive characteristic of the haploid seedlings
with additional phenotypic screening may form an
ideal and robust approach in identifying haploid
individuals. Large numbers of spontaneous
haploids and doubled haploids in oil palm were only
reported by Dunwell et al. (2010). In our study, the
abnormalities such as stunted radicle and plumule
were observed during the germination stage prior to
the development of the seeds into three-month-old
seedlings with stunted height and size compared
to the normal palm. This growth habit is similar to
that of haploids in other plants (Aleza et al., 2009;
Maluszynska et al., 2003).
In addition to morphology screening, several
other methods, such as FCM, chromosome counting
and SureSawit™ True-to-Type SNP panel were
used to ascertain haploid status. FCM is fast and
convenient (Dolezel et al., 2007; Sliwinska, 2018). It
robustly determined the ploidy level of the putative
haploid in numerous plant research involving
induction of haploids and doubled haploids
(Garavello et al., 2019; Gu et al., 2013). From the FCM
result, the ploidy level was determined by comparing
the known ploidy (represented as histogram peak)
of a reference plant genome to the unknown species.
The 2C DNA histogram peak for a reference diploid
oil palm is between 260-320 (Madon et al., 2008).
In comparison to the oil palm diploid, a single 2C
DNA histogram peak at the 130-160 channel was
detected for the sole haploid palm found (Figure
3d). The classical chromosome counting was also
performed to confirm the chromosome number of
this haploid. Although cytological analysis is timeconsuming, it is, nevertheless, the most reliable
approach to confirm the haploidy of any species as
the chromosomes are easily counted in mitotic cells
obtained from the root tip (Madon et al., 1998; Zaki
et al., 2017). Chromosome counting showed that
the candidate haploid palm has 16 chromosomes,
half the number of chromosomes in the diploid
palm. Furthermore, results from SNP analysis also
confirmed the homozygosity of the haploid palm,
with only a single allele detected across all the 135
loci tested. With its bi-allelic nature, SNP markers are

DISCUSSION

The occurrence of spontaneous haploids is very
low. In most studies, haploids are produced by
chemical treatment or induced method (Melchinger
et al., 2019). It is still not clear how haploids are
spontaneously produced. Conceptually, there are
several ways, namely spontaneous polyembryony,
parthenogenesis and androgenesis (Horlow and
Raquin, 1998; Mishra and Gowswami, 2014).
Uniparental chromosome elimination as shown in
Arabidopsis thaliana (Ravi and Chan, 2010) is another
397
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Figure 3. Comparative features of diploid and haploid oil palm. (a) morphology of normal diploid (left) and stunted haploid (right) oil palm; (b)
fluorescent intensity histogram peak of diploid at 260-320 channel; (c) mitotic chromosome preparation showing 32 diploid chromosomes [stained with
4′,6-diamidino-2-phenylindole (DAPI)] (bar=10 µm) (d) fluorescent intensity histogram peak of haploid at channel 130-160 in FCM analysis; (e) mitotic
chromosome preparation showing 16 haploid chromosomes (bar=10 µm).
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Figure 4. Genotyping of haploid palm (H) and 15 DxP palms (1-15) using True-to-Type SNP panel.

easier to use than microsatellite markers as reported
by Mammadov et al. (2012).
This article provides a simple, systematic and
robust approach for identification of spontaneous
oil palm haploids. As an alternative approach to
Dunwell et al. (2010), this study established three
steps screening at smaller scale, comprising of
morphological screening of germinated seeds and
seedlings with the potential exclusive characteristics,

verification of ploidy level with FCM, and cytological
analysis to validate the haploid chromosome
number.
Moreover, the substitution of massive simple
sequence repeat (SSR) screening to True-to-Type
SNP panel in determining the homozygosity of
haploid candidate is another beneficial alternative
in simplifying the spontaneous haploid screening
process as a whole.
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CONCLUSION

Garavello, M; Cuenca, J; Dreissig, S; Fuchs, J; Houben,
A and Aleza, P (2019). Assessing ploidy level
analysis and single pollen genotyping of diploid and
euploid citrus genotypes by fluorescence-activated
cell sorting and whole-genome amplification. Front.
Plant Sci., 10: 1-12.

This study provides information on the
identification of natural haploids in oil palm.
Improvement in the approach is critical for haploid
production in oil palm. FCM, chromosome counting
and SNP analysis used here, can be applied as
haploid detection tools in oil palm. Early detection
of haploids at seed germination stage will benefit
oil palm breeders.

Germana, M A (2011). Gametic embryogenesis and
haploid technology as valuable support to plant
breeding. Plant Cell Rep., 30: 839-857.
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Gu, C; Liu, Q Z; Yang, Y N; Zhang, S J; Khan, M A;
Wu, J and Zhang, S L (2013). Inheritance of heterodiploid pollen S-haplotype in self-compatible
tetraploid Chinese cherry (Prunus pseudocerasus
Lindl). PLoS ONE, 8(4): e61219.
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