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Identification of zygotic and nucellar seedlings of Harumanis mango by morphological approach is 
impossible or hard to be performed. Therefore, this research were to identify zygotic or nucellar 
seedlings from Harumanis mango polyembryonic seeds through simple sequence repeat (SSR)  
molecular markers in relation with germination sequence and vigour of seedlings for source of true-to-
type cutting material. The results showed that there were 3 seedlings per seed on average. The result 
from the molecular analysis of 136 seedlings (45 seeds) showed four zygotic seedlings in seeds 1, 15, 
29 and 43 representing 8.9% of seeds evaluated. Most of the zygotic seedlings were found towards the 
end of germination sequence except for seed number 15 and the rest were considered as nucellar 
seedlings. Based on the fitted logistic regression, the predicted sequence to obtain 90% nucellar 
seedlings is 5.47. This means that, the germination sequence of less than 6 has 90% chance of getting 
nucellar seedlings compared to zygotic seedlings. Morphological characters such as number of leaves, 
stem diameter and leaf area could also be used as references with germination sequence. The results 
showed that there were significant (p<0.01) relationships between germination sequence and all the 
growth variables. All growth variables were negatively correlated with germination sequence. This 
suggested that in order to have 90% chances of getting nucellar seedling (germination sequence below 
6), the seedling needs to exhibit several morphology characters; big stem girth, tall plant, high leaf 
number and large leaf area. Therefore, choosing vigour seedling will increase chances of getting 
nucellar seedlings, which can be used as cutting source for true-to-type planting material or for 
breeding purposes. 
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INTRODUCTION  
 

Harumanis mango (Mangifera indica) is a mango variety 
that is economically important  and  classified  as  one  of 

the sought-after mango variety in Malaysia (Farook et al., 
2013). The demand for Harumanis  mango  is  increasing  



   
 

 
 
 
 
yearly due to the exquisite taste and aroma of the fruit 
(Khalid et al., 2017). However, the plant is only cultivated 
in the Northern region of Peninsular Malaysia such as in 
Perlis and Kedah since the weather is suitable for the 
growth of the Harumanis mango (Muhamad Hafiz et al., 
2019; Rosidah et al., 2010). As recorded in 2019, there 
was about 6,373 ha of mango cultivation in Malaysia with 
15,766 metric tons production (Department of Agriculture, 
2019). This valuable crop is generally propagated by the 
means of grafting rather than via seedlings to ensure 
true-to-type planting material (Ahmad Hafiz et al., et al., 
2020). This method of propagation however is laborious, 
costly, requires skilled worker, time-consuming and 
dependable on availability of seeds for rootstock; which 
explain the deficit in supply of Harumanis mango planting 
materials in Malaysia. An alternative method of mass 
production of true-to- type mango planting material is via 
cutting, which is reported to be more cost effective, 
efficient and uniform planting materials (Deependra et al., 
2018). This method however is hindered in mango due to 
the polyembryonic attributes of the mango seed.  

Harumanis mango is one of the several mango fruit 
trees that possess polyembryonic genotype (Mohd Asrul 
et al., 2018). Generally, cultivars originating from 
Southeast Asia, as well as tropical Latin America are 
polyembryonic, while those originating from Florida and 
India are largely monoembryonic (Vasanthaiah et al., 
2007). Polyembryony is defined by the development of 
more than one seedling in a single seed, and one may be 
zygotic and the rest are nucellar (Simon et al., 2010; 
Ravishankar et al., 2004), in some reports all could be 
nucellar (Degani et al., 1993). This trait is genetically 
controlled, and in mangos, it is linked to a single 
dominant gene (Aron et al., 1998). The number of 
seedlings per seed varies with the cultivar and 
environmental conditions (Aline et al., 2014). The nucellar 
embryos in mango trees are developed in the nucellar 
tissue that covers the embryo sac, and the seedlings 
derived from these embryos are genetically identical to 
the parent plant (Aron et al., 1998). In contrast, the 
zygotic embryo is derived from fertilization by self- 
pollination or by cross-pollination. It is the objective in 
breeding programs for the selection of superior genotypes 
and variability achievement (Aline et al., 2014).  

The identification of nucellar seedlings by morphological 
criteria is impossible or hard to be performed (Desai, 
2004). Different morphological and biochemical markers 
had been used to distinguish nucellar from zygotic 
seedlings, but none was as efficient as molecular marker 
(Elisa Del et al., 2012). Thus, the use of molecular or 
isoenzymatic   markers   is    necessary   to   observe  the  
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differences. Since it was difficult  to  select nucellar 
seedlings  in  seeds  of  polyembryonic  mangos  using 
morphological characteristics, several researchers had 
reported on the usage of  genetic  markers to  identify 
zygotic  and  nucellar  embryos. Some of the genetic 
markers used were Amplified Fragment Length 
Polymorphism (AFLP) (Eiadthong et al., 2000), Random 
Amplified Polymorphic DNA (RAPD) (Ravishankar et al., 
2000; Elisa Del et al., 2012) and Inter Simple Sequence 
Repeat (ISSR) polymorphism (Aline et al., 2014).  
However, seedling industries find difficulties in identifying 
these markers and continuously choosing plants 
according to their morphological characteristics. To make 
identification of nucellar seedlings an easy task in 
selecting of cutting source, germination sequence and 
vigour of Harumanis seedlings were investigated in this 
study, to determine whether these characteristics exhibit 
relationship to their genetic origin. The objectives of this 
work were to identify the genetic origin, zygotic or 
nucellar of seedlings from Harumanis mango 
polyembryonic seeds by using SSR molecular markers 
and thereafter relating it to the seedling germination 
sequence and vigour. 
 

 
MATERIALS AND METHODS 
 

Plant and growth conditions 
 

Seeds for the experiment were collected from Harumanis mango 
fruits obtained from Malaysian Agriculture Research and 
Development Institute (MARDI) Station, Sintok, Kedah on May 
2019. Forty-five mature fruits of Harumanis mango were chosen. 
The flesh and seed coat were removed and washed with clean 
water and soaked in 0.2% Benomyl before the seeds were sown in 
the sandy seedbed. The seedbed was shaded with black netting 
(70%) and watered daily.  
 
 

Germination sequence and seedling vigour determination 
 

Seedlings that germinated from each seed were colour-tagged 
according to their germination sequence until 30 days of 
germination period. At 30 days after germination, plant height, stem 
diameter, number of leaves and leaf area of each seedling were 
determined. Measurement of plant height was taken from the soil 
surface to the highest shoot tip using a measuring tape. Stem 
diameter was measured at the lowest part of stem using Electronic 
Digital Caliper (Model SCM DIGV-6) while the leaf number was 
manually counted based on fully expanded leaves. Leaves areas 
were measured using an automatic leaf area meter (MODEL LI-
300, LI-COR) and recorded as a total leaf-area per plant (Figure 1). 
 
 

DNA extraction 
 

Genomic  DNA  was extracted  following  the  method  described by  
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Figure 1. Seedlings of Harumanis mango at 30 days after germination in sandy seedbed.   

 
 
 
Mace et al. (2003) with some modifications in term of incubation 
time. Leaf samples of each seedling at 30 days after germination 
was ground using the Tissue Lyser (Qiagen, Netherlands) before 
incubated with extraction buffer (2% CTAB, pH 8, 100 mMTris-HCl, 
20 mM EDTA, 1.4 M NaCl, 0.05% β-mercaptoethanol) at 65°C for 1 
h. Then, an equal volume of cold isopropanol was used to 
precipitate the DNA before being washed with 70% ethanol. The 
DNA pellet was air-dried before being eluted in 50 μl of TE-RNase 
buffer. The DNA concentration and integrity was measured using 
Epoch Biotek (Thermo Scientific, USA), and a 0.8% agarose gel, 
respectively.   

 
 
SSR genotyping 

 
The SSR markers were selected from Ravishankar et al., (2011) for 
the assessment of nucellar and zygotic seedlings presented in 
Table 1. The genotyping process followed the protocol as 
suggested by Schuelke (2000) by concatenating each of the 
forward primer with M13 sequence. The PCR was conducted in 
final volume of 10 µl reaction mixtures containing 10 × Invitrogen 
PCR Buffer, 2.5 mM MgCl2, 1 μl genomic DNA (20 ng/μl), 2 μM 
dNTPs (0.2 μM/μl), 10 μM of each primer pair (0.5 μM/μl), 5 μM of 
fluorescent dye (FAM/NED/PET/VIC) (0.5 μM/μl) and 1 Unit of Taq 
polymerase (Invitrogen, California). The amplification of the target 
region was performed using the Applied Biosystem Gene Amp 
(Thermo Fischer Scientific, California). The PCR profile was set 
with an initial denaturation for 2 min at 95°C followed by 35 cycles 
of denaturation at 94°C for 30 s, annealing at 45 to 60°C for 30 s 
and extension at 70°C for 45 s before being terminated with a final 
extension for 5 min at 70°C. Then, the PCR products were resolved 
using an ABI3730xl DNA Analyzer (Thermo Fischer Scientific, 
California) with Gene Scan TM 500 LIZ (Applied Biosystems, 
California) used as the DNA ladder. 

Scoring and data analyses 
 
The output files (fsa. file) from ABI3730 DNA Analyzer were 
analyzed using Gene Mapper 5.0 (Applied Biosystems). The allele 
peaks were identified and scored as suggested by Arif et al., 
(2010). The seedlings alleles were compared with the parental 
alleles. POWERMARKER (Liu and Muse, 2005) was used to 
calculate the genetic distance. Number of seedlings germinated in 
for each seed was analyzed using descriptive analysis while the 
responses (zygotic or nucellar) was analyzed using logistic 
regression. The logistic regression model was used to estimate the 
sequence of germination for a certain odd ratio of nucellar: zygotic 
seedlings. Pearson correlation coefficient (r) was determined 
between the sequence of germination and all the vegetative 
parameters at p ≤ 0.05%. 

 
 

RESULTS AND DISCUSSION 
 

Polyembryony in Harumanis mango 
 

The results in this study revealed that there were 3.07 
seedlings per Harumanis mango seed on average; 
ranging from 1 to 7 seedlings. Most of the seeds, 51.1% 
had 2 or 3 seedlings per seed while only 4.4% had 7 
seedlings (Figure 2). The results in this study are in 
accordance with Zakaria et al. (2002) that reported 2 to 6 
seedlings per seed in M. indica (cultivar Sala and 
Tangkai Panjang) while 1 to 2 seedlings per seed in 
Mangifera foetida and Mangifera caesia. The difference 
between the numbers of seedlings in species of 
Mangifera  has  been  reported  by  Cordeiro et al. (2005)  
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Table 1. List of SSR markers used in this study based on Ravishankar et al.,(2011). 
 

SSR ID Forward Reverse Motif Size (bp) 

MiIIHR01 GGATGCACAACAACAAGCAC TCAGCAAGCAATCCCTTCTT (GAA) 4 CAG(CAA) 2 (TA) 2 237-261 

MiIIHR02 CCCCAACATTTCATAAACACA CCTCCTTACATGCCTCCTTG (CA) 2 A(CA) 7 AG(CA) 5 165-221 

MiIIHR03 GTCGATGCCTGGAATGAAGT AAGCATCGAACAGCTCCAAT (CTT) 6 (CA) 2 227-235 

MiIIHR06 CGCCGAGCCTATAACCTCTA ATCATGCCCTAAACGACGAC (CA) 7 CG(CA) 5 93-122 

MiIIHR07 GCCACTCAGCTAAATAGCCTCT TGCAGTCGGTAAAGTGATGG (GA) 11 159-185 

MiIIHR09 GTTGTGACCGAGGCCTTAAA CTTTGACATCGCTGATCTGG (CT) 3 TTGC(CT) 2 GT(CT) 4 TC(GT) 2 (CT) 2 273-291 

MiIIHR10 CGATTCAAGACGGAAAGGAA TTCAAGCACAGACGACCAAC (GTT) 6 161-184 

MiIIHR11 CAGTGAAACCACCAGGTCAA TGGCCAGCTGATACCTTCTT (CT) 2 TT(CTT) 5 203-213 

MiIIHR12 GCCCCATCAATACGATTGTC ATTTCCCACCATTGTCGTTG (GA) 11 154-188 

 
 
 
and is due to the genetic differences between the 
species. 
 
 
Molecular analysis 
 
The analysis of 136 seedlings which were derived 
from 45 seeds using microsatellite markers 
showed a total of four zygotic seedlings and they 
were identified in seeds 1, 15, 29 and 43 
representing 8.9% of seeds evaluated (Table 2). 
Most of the zygotic seedlings were found towards 
the end of germination sequence except for seed 
number 15. This was in agreement with the study 
conducted by Aline et al. (2014) on Uba cultivars. 
However, details and depth study are required to 
understand the sequence order and the 
occurrence of the zygotic seedling in Harumanis 
seed. Meanwhile, the remaining seedlings were 
considered as nucellar seedlings as the SSR 
based DNA profile match with the parent DNA 
profile of Harumanis mango. In the present study, 
seedlings that showed polymorphism at least by 
one primer were also considered as zygotic  since 

this study was using codominant marker system. 
However, in this study, zygotic seedling from seed 
15 showed the least polymorphic across all nine. 
As we were using codominant marker, we can 
directly and perfectly identified the heterozygote 
seedling which happened due to the pollination 
with the external pollen source.  Hence, the 
seedlings with the presence of heterozygote allele 
form even at one marker were considered as 
zygotic seedling. Figure 3 describes the allelic 
segregation of nucellar and zygotic seedling on 
locus. The number of polymorphic marker was 
different between the zygotic seedlings which 
might be caused by receiving a different pollen 
donor. There is the successful study on 
identification of pollen donor in European Plum 
using microsatellite markers (Meland et al., 2020).  
Unlike previous studies which were using 
dominant marker system such as RAPD and 
ISSR, the researcher was required to set at least 
three polymorphic primers in order to consider the 
seedling is zygotic (Aline et al., 2014). Since the 
dominant marker system such RAPD and ISSR is 
unable to differentiate  between  homozygote  and 

heterozygote of allele which lead to numerous 
number of marker is needed in order to identify 
the occurrence of zygotic and nucellar seedlings 
(Miah et al., 2013). The present study also 
showed there was no occurrence of double 
zygotic seedling in a single seed (Policaulismo).  
 
 
Relationship of genetic material in accordance 
with germination sequence and vigour 
 
In computing the probability of getting nucellar 
seedling for source of true-to-type cutting material 
based on germination sequence, the logistic 
regression model fitted from the data of 
germination sequence and genetic material 
(nucellar or zygotic) is:  
 
Y = 5.29 - 0.57x 
 
where Y is the outcome of nucellar or zygotic 
(nucellar (1) or zygotic (0)) and X is the 
germination sequence. Based on the parameter 
estimate  in  Table  3,  the  estimated  odd  ratio of  
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Figure 2. Number of seeds with different number of seedlings 
germinated 

 
 
 

Table 2. Seedlings evaluated from 45 seeds of Harumanis mango. 
 

Seed Germination sequence  Seed Germination sequence  Seed Germination sequence 

1 1, 2, 3, 4, 5, 6, 7  16 1  31 1, 2, 3, 4, 5 

2 1, 2, 3, 4, 5  17 1, 2, 3  32 1, 2, 3, 4 

3 1  18 1, 2  33 1, 2, 3, 4, 5 

4 1, 2, 3  19 1  34 1, 2, 3 

5 1, 2, 3  20 1, 2  35 1 

6 1  21 1, 2  36 1, 2 

7 1, 2, 3, 4  22 1, 2  37 1, 2 

8 1, 2, 3, 4, 5  23 1, 2, 3  38 1, 2, 3 

9 1, 2, 3  24 1, 2, 3  39 1, 2 

10 1, 2, 3  25 1  40 1, 2, 3, 4 

11 1, 2, 3  26 1, 2  41 1, 2 

12 1, 2  27 1  42 1, 2, 3, 4, 5, 6, 7 

13 1, 2, 3  28 1, 2, 3, 4  43 1, 2, 3, 4, 5 

14 1, 2, 3, 4, 5, 6  29 1, 2, 3, 4  44 1, 2 

15 1, 2, 3, 4  30 1, 2  45 1, 2, 3, 4, 5, 6 
 

*Numbers underlined on the germination sequence column are zygotic seedlings; not underlined are nucellar 

 
 
 
getting a nucellar seedling is . This 

means that as the germination sequence increases by 
one unit, the odds of getting nucellar seedlings reduces 
by 57%.  

Based on the fitted logistic regression, the predicted 
sequence to obtain 90% nucellar seedlings is 5.47. This 
means that, the germination sequence of less than6 has 
90% chances of getting nucellar seedlings compared to 
zygotic seedlings. Figure 4 shows the logistic regression 
plot for the germination sequence vs. predicted 
probability of getting a nucellar seedling.  

Using germination sequence as a reference in getting 
nucellar seedlings for source of cutting materials serve 
some challenges as the nurserymen have to closely 
monitor germination and tag the seedlings. Alternatively, 
morphological characteristics such as leaf number, stem 
diameter and leaf area could also be used as reference 
with germination sequence. The results showed that 
there were significant (p<0.01) relationships between 
germination sequence and all the growth variables 
(Figure 5). All growth variables were negatively correlated 
with germination sequence, with the strongest relationship  
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Figure 3. Allelic size of nucellar and zygotic seedlings with their respective parent (Harumanis) 
on locus MiIIHR06. Zygotic seedling received an extra allele (125 bp) from external pollen 
source. S1G1 (seed 1, germination sequence 1), S1G6 (Seed 1, germination sequence 6). 

 
 
 

 
 

Figure 4. Predicted probability plot of getting nucellar seedlings (Pr (X=1)) 

 
 
 
(r= -0.39; p ≤ 0.01) was recorded between germination 
sequence and stem diameter. This was followed by plant 
height (r= -0.38; p ≤ 0.01), leaf number (r = -0.29; p ≤ 
0.01) and lastly leaf area (r = -0.27; p  ≤ 0.01)  (Figure  3). 

However, leaf number showed positive correlation with 
plant height (r = 0.49; p ≤ 0.01), stem diameter (r = 0.43; 
p ≤ 0.01) and leaf area (r = 0.43; p ≤ 0.01). These results 
showed that there  was  an  increase  in  leaf number with 



   
 

98         Afr. J. Biotechnol. 
 
 
 

 
 

Figure 5. Matrix plot of germination sequence with vegetative variables. 

 

 
the increase of plant height, stem diameter and leaf 
area. The same result was obtained by Shaban (2010) 
who found that leaf number was correlated positively 
with leaf area and plant height and leaf area for Zebda 
mango seedlings from Egypt. In term of plant height, 
there was a strong positive correlation with stem 
diameter (r = 0.76; p ≤ 0.01) and leaf area (r = 0.64; p ≤ 
0.01). The stem diameter also had strong positive 
correlation with leaf area (r = 0.65; p ≤ 0.01). Zakaria et 
al. (2002) found that the seedlings from different variety 
of Mangifera species seeds differ in terms of vigour, 
plant size or height depending on whether they are 
nucellar or zygotic in origin. Zakaria et al. (2002) and 
Muralidhara et al. (2015) suggested that the removal of 
seed coat might had given a superior response in all 
initiation of plant height, stem diameter, number of 
leaves per plant and leaf area. At the same time, the 
different response growth of seedlings produced after 
germination and emergence that may be caused by 
competition between seedlings for nutrient uptake, light 
and space.  

This suggested that in order to have 90% chances of 
getting nucellar seedling (germination sequence below 
6), the seedling needs to exhibit several morphological 
characteristics; big stem girth, tall plant, high leaf 
number and large leaf area. These are morphological 
characteristics of vigor seedlings. Generally, the most 
vigorous seedling from each seed are used by the 
nurserymen for the production of rootstock however the 
nucellar seedling is not always the most vigorous, which 
results in uneven orchards (Simon et al., 2010).  In ‘Uba’ 
mangos, 60% of the seedlings tested were discovered 
as zygotic, and not correlated with the vigorous 
character tested (Aline et al., 2014). In addition, 90% of 
the  most  vigorous  seedlings  from  seeds  of  ‘Rosinha’ 

mangos collected in 2002 and 2003 were of zygotic 
origin, while seedlings from seeds harvested in 2004 
were mostly identified as nucellar, indicating no 
relationship between the type of embryo and seedling 
size (Cordeiro et al., 2005). 
 
 
Conclusions 
 
Harumanis is a polyembryonic mango with average 3 
seedlings per seed. Based on SSR molecular markers, 
zygotic seedlings were found towards the end of 
germination sequence with 8.9% of total seeds 
evaluated. DNA marker system was proven to be the 
ideal approach in identifying zygotic and nucellar 
seedlings as the identification is not influenced by 
environmental factor and agronomic practices. Choosing 
vigour seedling will increase the chances of getting 
nucellar seedlings, which can be used as cutting source 
for true-to-type planting material or for breeding 
purposes. 
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