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ABSTRACT

Nine commercial varieties of pineapples in Malaysia (Josapine, Maspine, MD2, Sarawak, Gandul, N36, Moris, Crystal
Honey and Yankee) were collected from various places in Peninsular Malaysia and analysed for cultivar identifications
using nine simple sequence repeat (SSR) markers. A total of 27 alleles have been observed which ranged from 2 to 5 with
an average of 3 alleles per locus. The polymorphic information content (PIC) value ranged from 0.3426 (Acom_82.8) to
0.6561 (Acom_67.2) with a mean of 0.4524 while the heterozygosity value ranged from 0.1097 (TsuAC021) to 0.8010
(TsuACO039) with a mean of 0.5481. The pairwise Nei’s genetic distances had also been calculated and the value ranged
from 0.0562 (Gandul and Josapine) to 0.6383 (MD2 and Yankee) with an average value of 0.3169. The above data
emphasised a moderate level of polymorphisms among the nine varieties. A dendrogram was constructed by using the
unweighted pair group method with arithmetic mean (UPGMA) which showed all the nine successfully differentiated
pineapple commercial varieties. A principal coordinate analysis (PCoA) was also had been generated which revealed an
agreement with the dendrogram output. Therefore, these nine SSR markers can be used to identify the nine selected
commercial varieties to ensure pure planting materials.
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INTRODUCTION mainly at Kluang, Pontian, Muar, Kota Tinggi and

Batu Pahat. Besides Johor, pineapple is also

Pineapple (Ananas comosus (L.) Merr.) is the third
most important tropical fruit produced in the world
after banana and citrus (Md. Farid et al., 2015). It is
mainly grown for its fruit, which is consumed fresh,
processed or in the form of juice. Several by-products
can also be extracted, especially fibre from the leave
and the bromelain; a proteolytic enzyme contained
in the fruit which is sometimes used in the food,
cosmetic industries and also used as therapeutic
treatment (Zatul et al., 2014; Rajendra et al., 2012).
The entire plant is sometimes used as forage or a
source of energy. In Malaysia, pineapple is a popular
non-seasonal fruit and widely cultivated in Johor,
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cultivated in Pahang, Kelantan, Perak, Sabah and
Sarawak (MPIB, 2018). The pineapple industry in
Malaysia is unique because 90% of pineapple is
planted on peat soil and the remainder is planted on
mineral soil.

Malaysia had been ranked as number five top
pineapple exporter worldwide in the year 2017 and
ranked nineteenth as the global pineapple producing
country in the year 2013 which estimated to had
produced a total of 315.997 metric tons to the global
pineapple production (Agrofood Statistics, 2013;
FAO, 2013; Suhana et al., 2019). However, Malaysia
had fallen to rank 21* for the global producer country
in the year 2017 with an estimated production of
340,722 metric tons (MPIB, 2018). Besides fresh
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consumption, pineapples are also used in cooking
(e.g. tart cookies and side dishes) and canned
industry. Malaysia is famous for its canned golden
yellow pineapple production. 95% of canned
pineapple production is for export and the remaining
5% is for the domestic market. On the other hand,
fresh pineapple contributes 30% to the export market
and the rest is for the domestic market. Singapore is
the traditional export market for fresh pineapples
followed by Saudi Arabia, the United Arab Emirates,
Brunei and Hong Kong (MPIB, 2021, web reference).
An increase in demand for both canned and fresh
pineapple contributes to many challenges for plant
breeders to increase the production of the fruit. There
are several pineapple cultivars (Josapine, Maspine,
MD2, Sarawak, Gandul, N36, Morris, Crystal Honey
and Yankee) available in Malaysia and each of them
has its market values.

Cultivar identification is one of the major
challenged aspects especially for vegetatively
propagated crops like pineapple. The exchange of
vegetative planting materials (crown, sucker and in
vitro culture) among countries leads to genetic
redundancy due to different naming conventions
which causes common synonyms and homonyms
among names of pineapple cultivar (Zhou et al.,
2015). Cultivar identification is also important for
cultivar right protection, which manifested under the
Plant New Variety Protection (PNVP) act in 2004 that
protects breeder’s rights for their new plant varieties.
PNVP act plays important role in recognizing farmer’s
hard work and effort, in developing, improving and
conserving plant genetic resources (PGR) using
various types of a method such as; cycles of
selections, hybridizations and trading materials
among other farmers, locally and globally. PGR is
considered the most essential biological resource
to ensure future food security, thus it has to be
managed and conserved systematically and
efficiently (Musa, 2017). Breeders usually have a
number of accessions in their collection and each
one of them need to be identified, characterized and
managed systematically so there would be no
duplication and mix among the accessions (Korir et
al., 2013). In addition, environmental and climatic
factors that could affect the plant phenotype also
confer difficulty for the identification.

Therefore, the technology of molecular markers
is used to assist the traditional method, which relies
mainly only on morphological characters, for more
precise and accurate identifications. A molecular
marker is more stable compared to morphological data
as it is obtained from the genome which is the
blueprint of living things. The fact that DNA can be
extracted at an early stage from any part of the plant
makes molecular markers widely exploited for various
purposes (Chambers ef al., 2012; Shoda et al., 2012;
Nybom et al., 2014). Several molecular identification

studies of pineapple have been reported locally and
internationally using internal transcribed spacer
region (ITSR) (Hidayat et al., 2012), chloroplast
marker (Hamdan et al., 2013), single nucleotide
polymorphism (SNP) (Zhou et al., 2015) and simple
sequence repeat (SSR) (Shoda et al., 2012). Simple
sequence repeat (SSR) markers are one of the most
preferable markers in genetic diversity studies due
to their co-dominant inheritance, multi-allelic, high
abundance and randomly distributed throughout the
genome and also amenable to high throughput
automation technologies, thus making it highly
polymorphic and have highly reproducibly rate
(Wen et al., 2010; Du et al., 2012; Sajib et al., 2012;
Garkava-Gustavsson ef al., 2013; Feng et al., 2014).

MATERIALS AND METHODS

Plant materials

Leaves of 30 individuals’ plants for nine
pineapple varieties (Josapine, Maspine, MD2,
Sarawak, Gandul, N36, Morris, Crystal Honey and
Yankee) were collected from multiple places in
Peninsular Malaysia (Johor, Negeri Sembilan,
Kedah, Pulau Pinang and Perak) including the
fields maintained by the Horticulture Research
Centre, MARDI Pontian, Johor; grown on peat
soil, under standard cultural practices (without
hormone for flower induction). The other fields were
recommended by the Malaysian Pineapple Industrial
Board (MPIB). Some were grown on peat soil and
some on mineral soil, and the hormone (2% urea and
50 mL ethrel in 18 litres of water) was used for flower
inductions.

Molecular markers

A total of 32 potential SSR markers, which have
relatively high heterozygosity and a high number of
alleles were selected for the screening (Kinsuat &
Kumar, 2007; Wohrmann & Weising, 2011; Shoda et
al., 2012). Eventually, after PCR optimization and
fragment analysis, only 9 polymorphic markers were
selected for data analysis. The other markers were
excluded due to non-specific binding (8 SSRs),
monomorphic (6 SSRs) and poor amplification during
PCR optimization in 2% pre-stained agarose gel
electrophoresis (5 SSRs) and also during fragment
analysis using DNA Analyser (ABI3730XL, Applied
Biosystems, USA) (4 SSRs). Detailed information for
these nine markers is shown in Table 1.

DNA extraction

Total genomic DNA was extracted using a
modified high-throughput plant DNA extraction
method (Xin & Chen, 2012). About 0.5 mg of fresh
pineapple leaf was added accordingly into the 96 well
block plate (Corning Incorporated, USA) where 3
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tungsten beads (3mm) were prior added into each of
the wells. After being incubated inside the freezer
(-80°C) overnight, the plate was quickly placed onto
the Tissue Lyser (Qiagen, Netherlands), and the
frozen leaves were ground with frequencies of 30 Hz
for one minute. Immediately, using a multichannel
pipette, 600 uL of DNA extraction buffer (100 mM
Tris (pH 8.0), 200 mM EDTA, 2% CTAB, 1.2 M NaCl
and 0.1% P-mercaptoethanol) was added into the
plate wells, mixed well and incubated in 60°C water
bath (Memmert, German) for 1 hour. After cooling
down (~5 min), 350 pL chloroform: isoamyl alcohol
(24:1) was added, mixed and centrifuged (Beckman
Coulter, USA) at 5500 r.p.m. for 15 min. Cold
isopropanol (equal volume) was used for DNA
precipitation followed by 70% ethanol washing
(200 pL). DNA pellet was air-dried and resuspended
in 50 pL TE (Tris-EDTA) buffer.

DNA quality assessment and normalization

The quality of the extracted DNA was observed
in 0.8% pre-stained (ethidium bromide) gel agarose
electrophoresis. The image was visualized under
ultraviolet light, Quantum ST4 3000 (Thermo
Scientific, USA). DNA concentration was then
measured using Thermo Labsystems Fluoroskan
Ascent™ (Thermo Scientific, USA) followed by DNA
normalization at 30 ng/uL using the automated
workstation, Janus (Perkin Elmer, USA).

PCR amplification and fragment analysis

The polymerase chain reaction (PCR) cocktail
(10x PCR buffer (Invitrogen™, USA), 50 mM MgCl,
(Invitrogen™, USA), 2 mM dNTPs (Invitrogen™,
USA), 10 uM of forward primer anchored with M 13
tail (TGT AAA ACG ACG GCC AGT) (Schuelke,
2000), 10 uM of unlabelled reverse primer and 5 pM
of M13 tail (fluorescently dyed with FAM, VIC, PET
or NED), 5U Tag Polymerase (Invitrogen™, USA))
and approximately 30 ng/pl of template DNA with
a total final volume of 10 pl were used to perform
polymerase chain reaction (PCR) using a thermal
cycler (Applied Biosystems, USA). The PCR thermal
condition was as follows: initial denaturation at
95°C for 5 min, followed by 30 cycles at the annealing
temperature of each primer pair (Table 1), 1 min
extension at 72°C and the final extension at 72°C for
10 min. Fragment analysis was conducted using
DNA Analyser (ABI3730XL, Applied Biosystems,
USA) with GeneScan™500 LIZ (Applied Biosystems,
USA) as a size standard, which can detect DNA
fragments ranged from 35 to 500 base pair (bp).

Data analysis

DNA fragments produced by DNA analyser was
scored using GeneMapper Software Version 4.0
(Applied Biosystems, USA). The genotypic data were
then converted into several different formats by using

CONVERT software (Glaubitz, 2004). The presence of
null alleles, scoring errors and large allele dropouts
were analysed by using Micro-Checker, version 2.2
(Van Oosterhout et al., 2004). Power Marker software
(version 3.5) was used to compute the number of
alleles (N,) per locus, the heterozygosity value as
well as the polymorphism information content (PIC)
of each SSR marker (Liu & Muse, 2005). UPGMA
dendrogram was also formulated via Power Marker
software (version 3.5) using calculated genetic
distance Nei’s and subsequently visualized using
MEGA version 7.0.18 (Kumar et al., 2016). Lastly, the
principal coordinate analysis (PCoA) was generated
by using GenAlEx 6.5 using the Nei Pairwise genetic
distance (Peakall & Smouse, 2012).

RESULTS AND DISCUSSIONS

There were neither scoring errors, large allele
dropouts nor null alleles had been found for all the
nine SSR markers after being analysed via Micro-
Checker 2.2. The details for each marker are shown
in Table 1. Overall, 27 alleles had been recognized
through the screening of these nine SSR markers.
The alleles ranged from 2 to 5 alleles with a mean
of 3 alleles per locus. Three of the markers
(TsuACO039, TsuACO021 and Acom_82.8) had
identified 2 alleles while four markers (TsuACO008,
TsuACO013, TsuAC030 and TsuACO041) had identified
3 alleles. On the other hand, SSR markers TsuACO010
and Acom 67.2 had identified 4 and 5 alleles
respectively.

The polymorphic information content (PIC)
number ranged from 0.3426 (Acom_82.8) to 0.6561
(Acom_67.2) with a mean of 0.4524 while the
heterozygosity value ranged from 0.1097 (TsuAC021)
to 0.8010 (TsuAC039) with a mean of 0.5481. The
higher value of PIC illustrates the higher strength of
the marker to assess the variations in a population
and it is highly relying on the number of alleles
together with its distribution frequencies (Liu and
Cordes, 2004). Meanwhile, the higher value of
heterozygosity illustrates the higher variations in
the particular locus. Thus, the mean value of PIC
could signify the degree of genetic variations in a
population, whereby in the case of this study, the
population revealed a moderate level of variations
where the average PIC value was between 0.2500 and
0.5000 (Sharma et al., 2016). A moderate level of
polymorphism was expected in commercial varieties
and also for vegetative planting materials. This is
due to repetitive used of the same elite varieties for
crop improvement and there was also no segregation
expected from vegetative planting materials. On the
other hand, a higher level of polymorphism was
expected from germplasm collections and seed
planting materials as more accessions from different
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Table 2. Pairwise Nei's genetic distances showing genetic relationships between the nine pineapple varieties
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OTU CH Gandul Josapine Maspine MD2 Moris N36 Sarawak Yankee
CH 0.0000 0.2802 0.2586 0.3019 0.4310 0.2081 0.4019 0.2584 0.4045
Gandul 0.2802 0.0000 0.0562 0.4630 0.4812 0.0712 0.1814 0.4495 0.4422
Josapine 0.2586 0.0562 0.0000 0.4500 0.5292 0.0804 0.1902 0.4405 0.3898
Maspine 0.3019 0.4630 0.4500 0.0000 0.2212 0.3964 0.5500 0.3424 0.4589
MD2 0.4310 0.4812 0.5292 0.2212 0.0000 0.4644 0.4457 0.3982 0.6383
Moris 0.2081 0.0712 0.0804 0.3964 0.4644 0.0000 0.1554 0.3761 0.4350
N36 0.4019 0.1814 0.1902 0.5500 0.4457 0.1554 0.0000 0.3471 0.4549
Sarawak 0.2584 0.4495 0.4405 0.3424 0.3982 0.3761 0.3471 0.0000 0.3822
Yankee 0.4045 0.4422 0.3898 0.4589 0.6383 0.4350 0.4549 0.3822 0.0000

origins were usually included in the germplasm
collection and there were also segregations
anticipated from seed planting materials.

In addition, the Pairwise genetic distances had
also been calculated and the value ranged from 0.0562
(Gandul and Josapine) to 0.6383 (MD2 and Yankee)
with an average value of 0.3169 (Table 2). The lower
value of the genetic distance represented the higher
relationship between each other. Thus, these data
indicated a close relationship between Gandul and
Josapine. It might be because both of them are from
the Spanish group. Gandul was the main cultivar
used for the canning industry in Malaysia for over a
century before it was then replaced by MD2, Moris
and N36 due to its sudden decrease in yield. Both
Gandul and Josapine have red spiny colour in their
leaves with attractive deep golden yellow flesh
colour. On the other hand, less relationship can be
observed involving MD2 and Yankee in comparison
to the other varieties. MD2 comes from the Cayenne
group and has a cylindrical fruit shape with very
minimal spines at the tip of the leaf while Yankee
comes from the Queen group and has a tapered fruit
shape with complete spines all along the leaf. These
highly distinguished characteristics might contribute
to their distant genetic relationship.

A dendrogram was constructed by using
the UPGMA showing all the nine successfully
differentiated pineapple varieties. These pineapple
varieties were group into two clusters based on the
leaf types. There are 3 identified leaf margins of
pineapple; 1) complete spine leaf type, 2) complete
spineless also known as piping leaf type and, 3) also
spiny-tip leaf type. The spiny-tip leaf signifies the
spines that are only present at the tip of the leaf. This
form usually occurs due to condition in the plant
which initiates the leaf growth during the beginning
of the leaf’s growth; after a while, the production of
spines stop therefore leaving spines only at the tips
of the leaf (Collins & Kerns, 1946). The first cluster
which includes N36, Josapine, Gandul, Moris,
Yankee, Crystal Honey and Sarawak can be identified
as a spiny leaf group. Moris, Yankee and Crystal

Honey have complete spines all along the leaf;
Josapine and N36 have marginal uneven spines also
all along the leaf while Sarawak and Gandul have
spiny-tip leaf type. The second cluster consists of
Maspine and MD2 where both are from the Cayenne
group. The similar morphological characteristics that
they shared are having smooth and shiny leaves,
cylindrical fruit shape, low citric acid (0.3-0.43%)
and high sugar content (15-17% Brix) (unpublished
data). Maspine is known to have a piping leaf type
(complete spineless) which is a trait preferred by
pineapple producers as well as consumers, as it is
easier to handle and to manage (Naoya ef al., 2015)
although MD?2 has very minimal spines at the tip of
the leaf.

Moreover, principal coordinate analysis (PCoA)
also had been generated using Nei’s Pairwise genetic
distance (Figure 1). The first three axes of
differentiation explained 82.78% of the total variation
(Table 3). Similar to the constructed UPGMA
dendrogram (Figure 2), all 9 pineapple varieties were
clearly separated from one another. The coordinates
of Moris, Josapine and Gandul were closer to
each other as they shared the highest relationship
compared to the others. Besides, the genetic
distances between Moris and Josapine (0.0924) and
also between Josapine and Gandul (0.0726) were
generally low indicating a close relationship among
cach other (Table 2). There were no other obvious
clusters can be observed as the other six varieties
were further separated from one another. However,
the observation shows that MD2 and Maspine are
the closest to each other compared to the others. The
same goes for Crystal Honey and Sarawak which
explains the clusters in the dendrogram (Figure 2).

Table 3. Percentage of variation explained by the first
three axes using nine SSR markers in PCoA

Axis 1 2 3
% 42.65 22.65 17.48
Cum % 42.65 65.30 82.78
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Maspine
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MD2

Yankee

N36

Maoris
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Josapine

Crystal Honey
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Fig. 1. UPGMA cluster dendrogram showing the relationships of nine pineapple varieties based on nine polymorphic
SSR markers. Two major clusters can be observed (Cluster 1 and Cluster 2).

Principal Coordinates (PCoA)

4 MDJ
+ N36
~ * Gan&ul ;
E 1ddsife 4—Mgspine
3 # Seriesl

# Crystal Horf®y Sarawak

* YnTkee

Coord. 1

Fig. 2. Principle coordinates Analysis (PCoA) shows that all the nine varieties were successfully
distinguished among each other by using nine SSR markers. Moris, Gandul and Josapine were clustered
together showing close relationships between them.
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CONCLUSIONS

Evidently, all the nine pineapple commercial
varieties (Josapine, Maspine, MD2, Sarawak, Gandul,
N36, Morris, Crystal Honey and Yankee) can be
differentiated between one another using these nine
polymorphic SSR markers even though the data
emphasised a moderate level of polymorphisms
among the nine varieties. Nonetheless, the moderate
level of polymorphism was expected in commercial
varieties and also for vegetative planting materials.
Thus these 9 SSR markers can be used to ensure pure
planting materials of the above varieties.
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