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Abstract 
 

One of difficulties in mangoes hybridization is polyembryonic seeds. This phenomenon reduces the chance 

of recovering true hybrid seedlings. The identification of the zygotic embryo is difficult and the possible 

approach is by using molecular marker. The objective of this study was to evaluate the utilization of two 

different marker systems (dominant markers and SSR) to characterize the occurrence of zygotic or nucellar 

embryo in polyembryony mango cultivars Garifta Merah, Lalijiwo, Manalagi, Madu, Saigon Kuning, and Saigon 

Merah. The type of embryo was evaluated by comparing the exhibiting amplification patterns, if different from 

the mother plant considered as zygotic and identified as nucellar if they exhibited the same banding pattern as 

the mother plant. From both of this marker systems out of the 16 SSR and 16 evaluated dominant primers, nine 

primers of each systems amplified the largest number of allele and sharply defined band. Dendogram analysis 

showed that the evaluated dominant markers could distinguish the zygotic and nucellar embryo clearly compare 

to evaluated SSR primers. The number of zygotic embryos derived from SSR was 64% and dominant markers 

were 47%. Based on zygotic and nucellar size, number and position, indicating no relationship between the type 

of embryo and embryo size, number and the position. 

 

 

Key words: Mangifera indica, polyembryony, SSR, RAPD, SCoT, SAP 

 
---------------------------- 

*Fatimah:  
Agricultural campus, Jl. Tentara Pelajar 3A Cimanggu Bogor. West Java. 16111, Indonesia  

Tel. +62-21-8754587, Fax. +62-21-87754588 
E-mail. fatimahsuw@gmail.com 

 

 
 

Introduction  
 

The genus Mangifera has about 70 

members which are located on Malay 

Peninsula, in Indonesian, Thailand and 

Philippines (Bomphard, 2009). Domestication 

in the Indian region increased monoembryonic 

varieties while domestication in the Indochina, 

Thailand and Myanmar region (Southeast) 

including Indonesia increased polyembrionic 

varieties (Bompard and Schnell, 1997). The 

wide diversity of Mangifera genus occurred in 

Sumatera and Kalimantan (Iyer & Schnell, 

2009). Diversity is the key point intended for 

breeding naturally or by man. It is required to 

have wide genetic pool to gain new 

combinations naturally or developing new 

varietes (Usman et al., 2001). However 

modern, well-organized breeding systems have 

not yet been developed for most tropical fruit 

species (Ogata et al., 2016). 
Mango plants are propagated mainly by 

seed and grafting. Commercial varieties in 

Indonesia are Arumanis, Manalagi, Golek, 

Lalijiwo that are mostly produced in East Java 

and Gedong, Indramayu which are produced in 

West Java. Rebin and Karsinah (2010) 

reported that Garifta Merah was one of four 

varieties released in 2009 for export 

commodity with attractive red peel fruit color 

and a bit sour fruit taste. Madu variety was 

released in 2007 and has been used as 

rootstock for elite mango cultivar such as 

Arumanis, Golek 31, Manalagi 69, and Durih 

(Lalijiwo) in East Java province. Karsinah et 

al. (2015) reported that Saigon Kuning and 

Saigon Merah as new hope for rootstock 

variety delivered high percentage of grafting 
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viability and have similar performance with 

Madu. 

Mango breeders are challenged by the 

polyembryony problem, the phenomenon of 

multiple seedlings (one zygotic seedling and 

several nucellar seedlings) emerging from a 

single seed. This characteristic reduces the 

possiblity of finding out the true hybrid 

seedlings (Schnell and Knight, 1992). In 

mango, the nucellar embryos are developed 

from the nucellar tissue that surrounding the 

embryo sac, and the seedlings descended from 

these embryos are genetically similar to the 

mother plant (Aron et al., 1998). Nurserymen 

have used vigorous seedling for grafting that 

they are nucellar, which generate 

morphologically uniform plants. However, the 

zygotic embryo is derived from fertilization by 

self-pollination or by cross-pollination and the 

zygotic embryo is the objective in breeding 

programs for the selection of superior 

genotypes and desirable trait (Rocha et al., 

2014).  

Mango has been the subject of many 

analysis using different molecular-marker 

types as RAPD (Souza et al., 2011), SSR 

(Tasliah et al., 2013), SCoT and ISSR (Luo et 

al., 2011), CAPS (Shudo et al., 2013), EST-

SSR (Dillon et al., 2014), SSR and SNP 

(Sherman et al., 2015). Because of the 

difficulty in selecting nucellar seedlings in 

seeds of polyembrionic mangos using 

morphological characteristics (Desai, 2004), 

the identification or differentiation of zygotic 

embryo among nucellar in polyembryonic 

seeds was examined by RAPD (Cordeiro et al., 

2006; Ochoa et al., 2012), and ISSR (Rocha et 

al., 2014). The objective of this work was to 

evaluate the utilization of two different marker 

systems, i.e. dominant markers (RAPD, SCoT 

and SAP) and SSR marker to characterize the 

occurrence of zygotic or nucellar embryo in 

polyembryony mango cultivars Garifta Merah, 

Lalijiwo, Manalagi, Madu, Saigon Kuning, 

and Saigon Merah. 

 

Materials and Methods 
 

Plant Materials. The experimental material 

used in the present study consisted of 6 

polyembryonic mango cultivars (Table 1). 

Young and healthy leaf samples (maternal) and 

fruits (embryo) were collected from the 

germplasm collections of Cukur Gondang field 

station of Indonesian Tropical Fruit Research 

Institute, Pasuruan, East Java. The endocarp 

and seed coat (testa with tegmen wrapping all 

embryos) were removed from each seed, and 

the number of embryos per seed was 

determined. The embryos were separated and 

numbered according to their position with 

respect to the funiculus (Figure 1). The embryo 

next to the point of insertion of seed funiculus 

in the seed coat was denominated ‘one’; the 

rest were arranged clockwise and then 

numbered. The funiculus was used as the 

reference, since in anatropous ovules, such as 

mango, it is next to the micropyle (Bachelier & 

Endress, 2009). 

 

Table 1. List of mango accession used in this 

study 
No. ID Accession Origin 

1. - Garifta Merah New Released 

Variety 

2. 53-54 Lali Jiwo-61 Kraksaan, 

Probolinggo 

3. 57-58 Madu-65 Pasuruan 

4. 61-62 Manalagi-69 Pasuruan 

5. - Saigon Merah New Released 

Variety 

6. - Saigon Kuning New Released 

Variety 

 

 
Figure 1. The seed and embryos performance 

of Saigon Kuning Variety. (A) The seed after 

the endocarp and seed coat were removed. (B) 

The embryos were separated and numbered 

according to their position with respect to the 

funiculus. 

 

DNA Extraction. Leaf samples and embryos 

were collected. Genomic DNA extraction was 

performed following the method described by 

Yu (1994). The leaves tissue and embryos 

were grinded with mortar and pestle in liquid 

Nitrogen until they reached powder condition. 

Ice-cold extraction buffer (6,94 g Glucose 1 

M, 2 g PVP, 10 ml Tris-HCl 1 M, 1 ml 0.5 M 

EDTA and 0.2 g Na disulphyt) was added and 

centrifuged at 3750 rpm for 20 minutes (4°C). 

The lysis buffer  (2 g CTAB,  2 g PVP, 10 ml 

Tris-HCl 1 M, 1 ml EDTA 0.5M, 28 ml NaCl 

5M) was added and vortexed to resuspend 

A        B    E1a         E2            E3     E4     E1b     E5    E6   E7   E8 
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pellet and incubated at 65°C water bath for 30 

minutes. Chloroform: isoamyl alcohol (24:1) 

was added and centrifuged at 3750 rpm for 20 

minutes (15°C). The upper phase was 

transferred into new tube and equal volume of 

cold isopropanol was added and centrifuged at 

2500 rpm for 10 minutes (RT). The 

supernatant was discarded and cold 76% 

ethanol/0.2 M Na Acetate was added and 

centrifuged tubes (3750 rpm, 10 min). The 

pellet was rinsed with cold 70% EtOH and 

dissolved in TE buffer. To evaluate the DNA 

quality, electrophoresis in 0.8% (w/v) agarose 

gel was performed and dyed with ethidium 

bromide and photographed under ultraviolet 

light using the gel documentation system 

(BioRad). DNA concentration and purity was 

determined with a spectrophotometer at 

260/280 nm absorbance readings. 

 

Molecular Analysis. The PCR amplification 

was generated using Biorad Thermal Cycler 

PCR machine by following PCR conditions: 

(1) for SSR analysis used 16 primers (Duval et 

al., 2005; Schnell et al., 2006) (Table 2) (i) an 

initial denaturation step of 5 min at 94 0C, (ii) 

30 cycles of 45 second at 94 0C, 45 second at 

55 0C, 1 min at 72 0C and (iii) a final extension 

step for 5 min at 720C. (2) for dominant 

markers analysis used 16 primers  (Cordeiro et 

al., 2006; Ochoa et al., 2012) (Table 3), 44 

cycles of 1 min at 94 0C, 1 min at 35 0C, 2 min 

at 72 0C. Amplified products was separated by 

electrophoresis in 8% polyacrylamide gel 

(Dual Triple-Wide Mini-Vertical System, 

C.B.S. Scientific, CA, USA) for SSR analysis 

and Agarose gel for RAPD, SCoT and SAP 

followed by and observed by ethidium 

bromide and photographed under ultraviolet 

light using the gel documentation system  

 

Table 2. List of SSR primers used in this study  
No Primer Forward Reverse 

1 AY942818  Ccacgaatatcaactgctgcc  tctgacactgctcttccacc  
2 AY942820  aggtcttttatcttcggccc   aaacgaaaaagcagccca  

3 AY942822  caacttggcaacatagac  atacaggaatccagcttc  

4 AY942829  gaacgagaaatcgggaac  gcagccattgaatacagag  
5 AY942831  tttaccaagctagggtca   cactcttaaactattcaacca  

6 AJ938175 gctctttccttgacctt   tcaaaatcgtgtcatttc  
7 AJ938179  tcggtcatttacacctct   ttattgagcttctttgtgtt  

8 AJ635168   ttctaaggagttctaaaatgc  ctcaagtccaacatacaatac  

9 AJ635170  Gacccaacaaatccaa actgtgcaaaccaaaag  
10 AJ635171  taaagataagattgggaagag   cgtaagaagagcaaaggt  

11 AJ635172  tagggatatagctggagg   acgcagtagaacctgtg  

12 AJ635175  tgcgtaaagctgttgacta   tcatctccctcagaaca  
13 AJ635180  Cctcaatctcactcaaca  accccacaatcaaactac  

14 AJ635182   gacttgcagtttcctttt   tcaagaaccccatttg  

15 AJ635183  ccattctccatccaaa  tgcatagcagaaagaaga  
16 AJ635187  atccccagtagctttgt   tgagagttggcagtgtt  

Data Analysis. The SSR analysis was based 

on the alleles sizes generated and implemented 

in PowerMarker V3.25 (Liu & Muse 2005) 

that calculated the allele frequency and 

polymorphism information content (PIC). The 

dominant markers analysis was scored as 

coded in binary form 1 or 0, respectively. The 

polymorphic information content (PIC) for 

dominant marker according to Powell et al. 

(1996): PIC = 2fi (1-fi). The UPGMA method 

(unweighted pair group method arithmetic 

average) was used to construct a dendrogram 

using NTSYSpc 2.11p software (Rohlf, 2005). 

Plants exhibiting amplification patterns 

different from the mother plant were 

considered zygotic. Amplified products were 

recognized as polymorphic based on the 

presence or absence, in the different samples, 

without considering differences of intensity. In 

this SSR analysis only for five cultivars 

(without Manalagi) that pursued for analysis. 
 

Table 3. List of dominant markers used in this 

study  
No. Primer Sequence 

1 OPE6 Aagacccctc 

2 OPF3 Cctgatcacc 

3 OPF7 Ccgatatccc 

4 OPG6 Gtgcctaacc 

5 OPG13 Ctctccgcca 

6 OPG19 Gtcagggcaa 

7 OPH4 Ggaagtcgcc 

8 SCoT61 caacaatggctaccaccg 

9 SAP 1 atg cgaacc g 

10 SAP 2 gac aca tcg g 

11 SAP 3 tgg gac ctc c 

12 SAP 4 gga gct acct 

13 SAP 5 tat agg ccc t 

14 SAP 6 cctact cca g 

15 SAP 7 tgg gaa tcc c 

16 SAP 8 gcc cct act a 

 

Results  
 

SSR Analysis. A total of 65 alleles, with an 

average of 4 alleles per locus were detected at 

the 16 SSR loci (Figure 2). The number of 

alleles per locus ranged from 2-9 with the 

allele size ranged from 50-450 bp. 

Polymorphism Information Content (PIC) 

values, a reflection of allele diversity and 

frequency among the varieties, averaging 0.48 

and ranging from a low of 0.07 (AJ938175) to 

a high of 0.84 (AJ635171) while AJ938175 

was present the highest frequency allele up to 

96% and AJ635171 showed the lowest 

frequency alleles 23% (Table 4). Out of the 16 

SSR primers evaluated, 9 primers amplified 
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the largest number of allele and sharply 

defined band (4 to 9 bands): AJ635170, 

AJ635183, AJ635172, AJ938179, AY942831, 

AJ635175, AJ635168, AJ635187, and 

AJ635171 (Table 4).  

 

 
Figure 2. DNA banding pattern of amplified 

PCR product of AY942829 primer in 8% 

acrylamide gel electrophoresis. Lane 1 (from 

left to right): Marker 100 bp, Garifta Merah 

(M, E1, E2,E3, E4, E5), Lalijiwo (E1, E2, E3, 

E4, E5), Saigon Kuning 

(M,E1a,E1b,E2,E3,E4,E5,E6,E7,E8), and 

Madu (M,E1,E2,E3,E4,E5,E6,E7,E8,E9). 

Table 4. Summary statistic of SSR primers. 

Primer 
Name 

Major 

allele 

frequency 

Allele 
number  

Band 
size (bp) 

PIC 

AJ938179 0.43 5 210-300 0.65 
AY942822 0.5 2 200-280 0.38 

AY942831 0.47 5 50-300 0.65 

AY942829 0.48 3 370-450 0.49 
AJ635171 0.23 9 50-280 0.84 

AJ635170 0.6 4 160-250 0.51 

AY942818 0.86 2 60-150 0.21 
AJ635183 0.7 4 50-230 0.42 

AJ635172 0.52 4 300-410 0.63 

AJ635182 0.35 3 50-170 0.59 

AJ938175 0.96 3 50-200 0.07 

AJ635180 0.69 3 100-270 0.36 
AJ635175 0.76 5 50-360 0.37 

AY942820 0.82 2 50-230 0.25 

AJ635168 0.59 5 50-200 0.56 
AJ635187 0.32 6 70-320 0.67 

Average 0.58 4 50-450 0.48 

 

The Dendogram of 16 SSR primers 

(r=0.90) described the materna and embryos of 

five polyembrionic mango cultivar revealed 

three groups (Figure 3). In this study, the SSR 

primers could not distinguish sharply between 

groups into zygotic or nucellar. However it 

might be considered as the first group consist 

of Materna (M) of Garifta Merah, Saigon 

Kuning, Madu, Saigon Merah and Lalijiwo 

and several embryos of those cultivars and the 

second group consist of Saigon Kuning and 

Madu embryos. 

 

Dominant Markers Analysis. A total of 126 

fragments, with an average of 7,9 fragments 

per locus were detected at the 16 loci (Figure 

4). The number of fragments per locus ranged 

from 1-15 with the fragment size ranged from 

100-2000 bp. The PIC values, averaging 0.44 

and ranging from a low of 0.25 (SAP2) to a 

high of 0.50 (OPG13 and SAP5) while 

SCoT61 and SAP1 were present the highest 

frequency fragments up to 65% and 64% 

respectively and SAP2 showed the lowest 

frequency fragments 15% (Table 5). Out of the 

16 evaluated dominant primers, 9 primers 

amplified the largest number of sharply 

defined bands (8 to 15 bands): OPE-6, OPF-3, 

OPF-7, OPG-6, OPG-13, OPG-19, OPH-4, 

SAP-3, and SAP-4 (Figure 4).  
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Figure 3. Dendogram of polyembryonic 

mango; zygotic and nucellar/maternal (M) 

obtained from five mango cultivars based on  

UPGMA clustering method of 16 SSR 

primers. 

 
Figure 4. DNA banding pattern of amplified 

PCR product of OPE6 primer in 2% agarose 

gel. Lane 1 (from left to right): Marker 100 bp, 

Garifta Merah (M, E1, E2,E3, E4, E5), 

Lalijiwo (E1, E2, E3, E4, E5), Saigon Kuning 

(M,E1a,E1b,E2,E3,E4,E5,E6,E7,E8), and 

Madu  (M,E1,E2,E3,E4,E5,E6,E7).  
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Table 5. Summary statistic of RAPD, SCoT 

and SAP primers. 
Primer 
Name 

The number 
of Fragment  

Fragment 
frequency 

Band size 
(bp) 

PIC 

OPE6 8 0,41 300-1800 0,48 

OPF3 9 0,33 200-1300 0,44 

OPF7 15 0,25 300-2000 0,38 
OPG6 11 0,34 250-2000 0,45 

OPG13 11 0,48 200-2000 0,50 

OPG19 15 0,34 70-2000 0,45 
OPH4 11 0,41 350-2000 0,48 

SCoT61 4 0,65 400-1600 0,45 

SAP 1 1 0,64 400 0,46 
SAP 2 5 0,15 600-2000 0,25 

SAP 3 10 0,39 200-2000 0,48 

SAP 4 8 0,26 300-2000 0,38 
SAP 5 3 0,51 400-600 0,50 

SAP 6 5 0,39 100-1800 0,47 

SAP 7 5 0,31 500-1500 0,43 
SAP 8 5 0,28 200-1200 0,41 

average 7,9 0,38 100-2000 0,44 

 

The materna and embryos of the six 

polyembrionic mango cultivar formed two 

major groups described in the dendogram 

based on 16 evaluated dominant primers 

(r=0.94) can be clearly observed (Figure 5). 

The first group (Materna group) consist of 

Materna (M) of Garifta Merah, Saigon Kuning, 

Madu, Manalagi, and Lalijiwo and several 

embryos of those cultivars within this group 

were identified as nucellar as they were 

grouped together with their materna. The 

second group (Zygotic group) consist of 

several embryos of the five cultivars which 

their materna located in the first group 

however the materna of Saigon Merah was 

grouped in the second group while its embryo 

in the first group considered as zygotic. 
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Figure 5. Dendogram of zygotic and nucellar 

embryos obtained from six mango cultivars 

using UPGMA clustering method of 16 

dominant primers.  

Identification of Embryo Type. The type of 

embryo (zygotic or nucellar) was evaluated by 

comparing the exhibiting of amplification 

patterns. Zygotic was identified as if different 

from the mother plant and nucellar as if they 

exhibited the same banding pattern as the 

mother plant. In SSR primers, the embryos of 

Garifta Merah (E1, E2, E3, E4, and E5), 

Saigon Kuning (E2, E3, E6 and E8), Saigon 

Merah (E3), Lalijiwo (E2, E3, E4 and E5), and 

Madu (E1, E2, E5, E6, E7, E8, E9) were 

identified as zygotic while in dominant primers 

the embryos of Garifta Merah (E2, E3 and E5), 

Saigon Kuning (E1a, E2 and E6), Saigon 

Merah (E1 and E2), Lalijiwo (E2, and E3), 

Madu (E1,E2,E4,E5,E6,E7,E8,E9) and 

Manalagi (E1, E3, E5 and E6) were identified 

as zygotic. The percentage of zygotic embryos 

from six evaluated polyembryonic Indonesian 

mangoes cultivars derived from SSR marker 

analysis revealed 64% zygotic while from the 

evaluated dominant markers was 47% (Table 

6). However no single SSR or dominant 

primers by itself could identify all the zygotic 

embryos. Therefore the set of those nine 

primers together could detect the 

zygotic/nucellar embryos of those cultivars.  

 

Table 6. Summary of zygotic embryo based on 

SSR and dominant markers (RAPD, 

SCoT and SAP)  analysis  

 

Mango 

Cultivar  

Embryo  

per 

seed 

SSR Analysis 

Materna/ 

Nucellar 

Zygotic  

Garifta 

Merah 

E1-E5 - E1,E2, E3,E4,E5 

Saigon 

Kuning 

E1-E8 E1a, E1b, 

E4,E5,E7 

E2,E3,E6,E8 

Saigon 

Merah 

E1-E5 E1, E2, 

E4, E5 

E3 

Lalijiwo E1-E5 E1 E2, E3, E4, E5 

Madu E1-E9 E3, E4 E1,E2, E5, 

E6,E7,E8,E9 

Mango 

Cultivar  

Embryo  

per 

seed 

Dominant markers Analysis 

Materna/ 

Nucellar 

Zygotic  

Garifta 

Merah 

E1-E5 E1, E4 E2, E3, E5 

Saigon 

Kuning 

E1-E8 E1b, E3, 

E4, 

E5,E7,E8 

E1a, E2, E6 

Saigon 

Merah 

E1-E5 E3,E4,E5 E1, E2 

Lalijiwo E1-E5 E1, E4,E5 E2, E3 

Madu E1-E9 E3 E1,E2,E4,E5,E6,

E7,E8,E9 

Manalagi E1-E6 E2,E4 E1,E3, E5,E6 
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Discussion 
 

The chance for breeding improvement in 

mango is challenging. The multiple seedlings 

phenomenon in breeding program can be 

resolved by using marker-assisted selection 

(MAS) as useful tools for genotype selection 

of economically important crops. Molecular 

markers can be used to identify true hybrids in 

polyembryonic species such as Indochinese 

type mango and some citrus species (Oliveira 

et al., 2002). Furthermore, MAS allows early 

selections of major genes controling traits and 

thus reduces the time and space needed for 

growing out seedlings (Chunwongse et al., 

2015). 

The efficiency of a marker system in 

discriminating genotype depends on 

polymorphism it can detect (Guo et al., 2014). 

In this study, both marker systems (dominant 

and SSR) were used for evaluating the zygotic 

or nucellar embryos. It was observed that both 

marker systems giving different outcomes in 

distinguishing between the zygotic and 

nucellar embryos (Figure 3 & Figure 4). The 

discrepancy between both marker systems 

might be due to the differences in the source of 

detected polymorphism. Each system targets 

different regions of the genome (Gorji et al., 

2011). In this study dominant markers 

consisted of RAPD, SCoT and SAP primers 

that use a single primer as the forward and 

reverse primers differ from SSR primers that 

use both forward and reverse primers (Collard 

et al., 2009).  

Furthermore, the PIC value can be 

determined based on the number and 

frequency of amplified fragments to measure 

the discriminatory power of a genetic marker 

system (Roldan et al., 2000). In this study, the 

average PIC value of the evaluated SSR 

primers (Table 4) was higher than the PIC of 

dominant markers (Table 5) however in fact it 

was lower than determined PIC value for SSR 

system (maximum PIC value for co-dominat 

marker is 1.0) therefore it could not 

differentiate sharply while in dominant marker 

system, its PIC value of the evaluated 

dominant markers was high. The PIC value 

still confirmed the good discriminatory 

capacity of the primers as a maximum PIC 

values of 0.5 for dominant markers (De Riek et 

al., 2001). As the result, the dominant markers 

systems could differentiate between zygotic 

and nucellar embryos clearly. Rocha et al. 

(2014) reported the use of ISSR marker 

(dominant marker) as tool for the identification 

of the genetic origin of seedlings from ‘Ubá’ 

mango tree seeds.  

Taken to be account that RAPD, SCoT and 

SAP primer are dominant marker therefore it 

could not identify the zygotic seedlings in 

homozygote or heterozygote condition that 

preferred for breeding program, while 

codominant marker could be used to confirm 

the parentage of F1 progenies during the 

breeding process. 

In this study, the percentage of zygotic 

embryos from six evaluated polyembryonic 

Indonesian mangoes cultivars was 47-64%. 

This result was in line with Schnell et al. 

(1994) reported that up to 66% of zygotic off 

types in different varieties of polyembryonic 

mango. The lowest number of zygotic embryos 

(higher number of nucellar/maternal embryos) 

was Saigon Kuning and Saigon Merah (~30%). 

In parallel with Karsinah et al. (2015) that 

reported Saigon Kuning and Saigon Merah as 

rootstock variety for delivered high percentage 

of grafting viability. Kishor and Usha (2013) 

explained that nucellar seedling preferred for 

grafting, because they maintain the same 

genetic background of the rootstock mother-

plant. 

In agreement with Ochoa et al. (2012), in 

this study, more than one zygotic embryos per 

seed were found, they were very similar 

genetically (Figure 3 & Figure 5). These 

results suggest the chance of fertilization by 

different microgametes, as reported by Filho et 

al. (1993) for citrus. Aleza et al. (2010) 

mentioned that apomictic processes are 

referred to as polyembryonic and 

nonapomictic processes as monoembryonic. 

Cordeiro et al. (2006) reported that 

regarding the position of the zygotic embryo, it 

is expected to be the first position, the embryo 

next to the point of insertion of seed funiculus 

in the seed coat. This position probably is the 

one in which favors the fecundation 

phenomenon in the embryo sac. However, in 

this study it was observed that the zygotic 

embryo can be found also in the second, third, 

fourth, fifth and sixth position.  

The embryo size is an important 

characteristic in polyembryony, since smaller 

ones are generally not viable, lacking 

sufficient food reserves, or because they 

dehydrate in mature seeds 

(Andrade‑Rodríguez et al., 2005). In the 
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present study, the larger size of embryo (E1, 

E2, E3 and E4) and the small embryo (E5, E6, 

E7, E8, E9) both could be identified as zygotic 

embryo. Villegas and Andrade (2008) reported 

that, in orange, the size of the embryos 

decreases as their position nears the micropyle 

tip of the seed. Andrade‑Rodríguez et al. 

(2004) reported in citrus, the larger the number 

of embryos per seed, the smaller the size of all 

embryos. This was not observed in the present 

study, in which only the size and position of 

embryo that was affected by the number of 

embryos per seed. 

Mango breeders are challanged with 

severe yield loss due to premature fruit drop 

and fruitlet abscission as natural process 

(Guzman-Estrada, 1996). Premature fruit drop 

can be caused by several factors, one of them 

is lack of pollination or embryonic 

degeneration (Lovatt, 1997). This study, is the 

preliminary study in mangoes breeding in 

Indonesia to assist breeders to confirm their 

premature fruit drop after they conducted 

embryo rescue treatment in tissue culture 

laboratory. The plantlet originated from the 

polyembryonic seed could be validated by 

molecular markers used in this study to 

differentiate the zygote and nucellar plantlet. 

It could be concluded from this study 

using two marker systems that out of the 16 

SSR and 16 evaluated dominant primers, nine 

primers of SSR: AJ635170, AJ635183, 

AJ635172, AJ938179, AY942831, AJ635175, 

AJ635168, AJ635187, and AJ635171 and nine 

primers of dominant marker: OPE-6, OPF-3, 

OPF-7, OPG-6, OPG-13, OPG-19, OPH-4, 

SAP-3, and SAP-4 amplified the largest 

number of allele and sharply defined band and 

based on dendogram analysis, the evaluated 

dominant markers could distinguish the 

zygotic and nucellar embryo clearly compare 

with evaluated SSR primers. The percentage of 

zygotic embryos from six evaluated 

polyembryonic Indonesian mangoes cultivars 

derived from SSR marker analysis revealed 

64% zygotic while in dominant markers was 

47%. Based on zygotic and nucellar size, 

number and position, indicating no relationship 

between the type of embryo and embryo size, 

number and the position.  

 

Acknowledgements 
 

This work was financially supported by 

DIPA BB-BIOGEN, Indonesian Agency for 

Agricultural Research and Development, 

Ministry of Agriculture, year 2015. Contract 

no. 1798.026.004.011.  

References  
Aleza, P., Juárez, J., Ollitrault, P., & Navarro, l. 

(2010). Polyembryony in non-apomictic citrus 

genotypes. Annals of Botany, 106, 533‑ 545.  

Andrade-Rodríguez, M., Villegas-Monter, A., 

Gutiérrez-Espinoza, A., Carrillo‑ Castañeda, G., 

& García-Velázquez, A. (2005). Polyembryony 

and RAPD markers for identification of zygotic 

and nucellar seedlings in Citrus. Agrociencia, 

39,371-383. 

Aron, Y., Czosnek, H., Gazit, S. & Degani, C. 

(1998). Polyembryony in mango (Mangifera 

indica L.) is controlled by a single dominant 

gene. HortScience, 33, 1241-1242. 

Bachelier, J.B., & Endress, P.K. (2009). 

Comparative floral morphology and anatomy of 

Anacardiaceae and Burseraceae (Spindales), 

with a special focus on gynoecium structure and 

evolution. Botanical. Journal of the Linnean 

Society, 159,.499‑ 571. 

Bompard, J.M., & Schnell R.J. (1997). Taxonomy 

and systematics. In Litz R. E.[ed.], The mango: 

Botany, production and uses, 21–47. CAB 

International,Wallingford, UK. 

Bompard, J. (2009). Taxonomy and systematics. in: 

litz re, editor. the mango: botany, production 

and uses. Wallingford: CAB International. 

Chunwongse, C., Phumichai, C., Tongyoo, P., 

Juejun, N., & Chunwongse, J. (2015). 

Development of di-nucleotide microsatellite 

markers and construction of genetic linkage map 

in mango (Mangifera indica L.). 

Songklanakarin Jornal Science and Technology, 

37(2), 119-127. 

Collard, B.C.Y., & Mackill, D.J. (2009). Start 

codon targeted (SCoT) polymorphism: a simple, 

novel DNA marker technique for generating 

gene-targeted markers in plants. Plant 

Molecular Biology Reporter, 27, 86-93. 

Cordeiro, M.C.R., Pinto, A.C.Q., Ramos, V.H.V., 

Faleiro, F.G., & Fraga, L.M.S. (2006). 

Identification of plantlet genetic origin in 

polyembryonic mango (Mangifera Indica, L.) 

cv. Rosinha seeds using RAPD markers.  

Revista Brasileira de Fruticultura, 28(3), 454-

457. 

De Riek, J., Calsyn, E., Everaert, I., Van 

Bockstaele, E., & de Loose, M. (2001). AFLP 

based alternatives for the assessment of 

distinctness, uniformity and stability of sugar 

beet varieties. Theoritical Applied Genetics, 

103, 1254-1265. 

Desai, B.B. (2004) Seeds handbook: biology, 

production, processing and storage. 2ªed. New 

York, CRC Press. 787p. 

75 



 

Dillon, N.L., Innes, D.J., Bally, I.S.E., Wright, 

C.L., Devitt, L.C., & Dietzgen, R.G. (2014). 

Expressed sequence tag-simple sequence repeat 

(EST-SSR) marker resources for diversity 

analysis of mango (Mangifera indica L.). 

Diversity, 6, 72-87. doi:10.3390/d6010072. 

Duval, M.F., Bunel, J., Sitbon, C., & Risterucci, 

A.M. (2005). Development of microsatellite 

markers for mango (Mangifera indica). 

Molecular Ecology Notes, 5(4), 824-826. 

Filho, M.H.P., Bordignon, R., Ballve, R.M.L. & 

Siqueira, W.J.. (1993). Genetic proof of the 

occurrence of mono and dizygotic hybrid twins 

in citrus rootstocks. Revista Brasileira de 

Genética, 16, 703‑ 711. 

Gorji, A.M., Poczai, P., Polgar, Z., & Taller, J. 

(2011). Efficiency of arbitrarily amplified 

dominant markers (SCOT, ISSR and RAPD) for 

diagnostic fingerprinting in tetraploid potato. 

American Journal of Potato Research, 88, 226-

237. 

Guo, Z.H., Fu, K.X., Zhang, X.Q., Bai, S.Q., Fan, 

Y., Peng, Y., Huang, L.K., Yan, H.Y., Liu, W., 

& Ma, X. (2014). Molecular Insights into the 

genetic diversity of Hemarthria compressa 

germplasm collections native to Southwest 

China. Molecules, 19, 21541-21559. 

doi:10.3390/molecules191221541. 

Guzman-Estrada, C., (1996). Fruit drop and yield of 

five mango cultivars in Southern Sinaloa. Acta 

Horticultura, 455, 459-464. 

Iyer, C.P.A., & Schnell, R.J. (2009). Breeding and 

Genetics. In: Litz RE (ed.) The Mango, 2nd 

Edition. Botany, Production and Uses. CABI, 

Oxfordshire, UK, pp. 67-96. 

Karsinah, Rebin, Endriyanto, & Sakur. (2015). 

Saigon Kuning varietas harapan untuk batang 

bawah mangga. Iptek Hortikultura. 11,38-43. 

Kishor, K.M., & Usha, R.M. (2013). Techniques to 

differentiate zygotic and nucellar seedlings in 

polyembryonic fruit crops. International 

Journal of Agriculture, Environment and 

Biotechnology, 6(3), 377-382. DOI: 

10.5958/j.2230-732X.6.3.006 

Lovatt, C.J., (1997). Pollination biology and fruit 

set in avocado. In Proceeding of Joint Meeting 

of the Australian Avocado Growers Federation, 

Inc. and NZ Avocado Growers Association, Inc. 

Conference  (pp. 98-105).  

Liu, K., & Muse S., (2005). Power Marker: an 

integrated analysis environment for genetic 

marker analysis. Bioinformatics, 21,2128-2129.  

Luo, C., Xin, H., Hu, C., Shi, O., Mei, G., James 

S.B., Cecile, T.T, & Raymond, J.S. (2011). 

Genetic diversity of mango cultivars estimated 

using SCoT and ISSR markers. Biochemical 

Systematics and Ecology, 39, 676-684. 

Ochoa, E.C.M., Rodriguez, M.A., Rodríguez, M.R., 

& Monter, A.V. (2012). Identification of zygotic 

and nucellar seedlings in polyembryonic mango 

cultivars. Pesquisa Agropecuária Brasileira, 

47(11),1629-1636. 

Oliveira, A.C., de Garcia, A.N., Cristofani, M., & 

Machado, M.A. (2002). Identification of citrus 

hybrids through the combination of leaf apex 

morphology and SSR markers. Euphytica. 128, 

397-403. 

Ogata, T., Shinsuke, Y., Moriyuki, S., Naoya, U., & 

Toshiya, Y. (2016). Current status of tropical 

fruit breeding and genetics for three tropical 

fruit species cultivated in Japan: pineapple, 

mango, and papaya. Breeding Science, 66, 69-

81.  doi:10.1270/jsbbs.66.69.  

Powell, W., Morgante, M., Andre, C., Hanafey, M., 

Vogel, J., Tingey, S. & Rafalski, A. (1996). The 

comparison of RFLP, RAPD, AFLP and SSR 

(microsatellite) markers for gemplasm analysis. 

Molecular Breeding, 2, 225-238. 

Rebin & Karsinah. (2010), Varietas unggul baru 

mangga merah dari kebun percobaan 

Cukurgondang, Iptek Hortikultura, 6, 24-29. 

Rocha, A., Salomão, T.M.F., de Siqueira, D.L., 

Cruz, C.D., & Salomão, L.C.C. (2014). 

Identification of ‘Ubá’ mango tree zygotic and 

nucellar seedlings using ISSR markers. Revista 

Ceres, 61(5), 597-604. 

http://dx.doi.org/10.1590/0034-

737X201461040001 

Roldán-Ruiz, I.; Dendauw, J.; Van Bockstaele, E.; 

Depicker, A.; de Loose, M. AFLP markers 

reveal high polymorphic rates in ryegrasses 

(Lolium spp.). Mol. Breed. 2000, 6, 125–134. 

Rohlf, F. J. (2005). NTSYS-pc: numerical taxonomy 

and multivariate analysis system, version 2.2. 

Exeter Software: Setauket, NY.38p. 

Schnell, R.J. & Knight, R.J. (1992). Frequency of 

zygotic seedlings from five polyembryonic 

mango rootstocks. HortScience, 27, 174-176. 

Schnell, R.J., Knight, R.J., Harkins, D.M., & Gary, 

Z. (1994). Eliminating zygotic seedlings in 

‘Turpentine’ mango rootstock populations by 

visual roguing. Hortscience, 29(4), 319–320.  

Schnell, R.J., Brown, J.S., Olano, C.T., Meerow, 

A.W., Cambpell, R.J. & Kuhu, D.N. (2006). 

Mango genetic diversity analysis and pedigree 

inferences for Florida cultivars using 

microsatellite markers. Journal of the American 

Society for Horticultural Science, 131(2), 214-

224. 

Sherman, A., Rubinstein, M., Eshed, R., Benita, M., 

Shalom, M., Schwager, M.S., Rozen, A., Saada, 

D., Cohen, Y., & Ophir, R. (2015). Mango 

(Mangifera indica L.) germplasm diversity 

based on single nucleotide polymorphisms 

derived from the transcriptome. BioMed Central 

Plant Biology, 15, 277-288. 

doi:10.1186/s12870-015-0663-6. 

Shudo, A., Tarora, K., Makishi, Y., Ichi, R., 

Takahashi, K., Matsumura, M., Shimabukuro, 

S., Matsuda, N., Nakasone, S., & Urasaki, N. 

76 



(2013) Development of CAPS markers and their 

application in breeding for mango, Mangifera 

indica L. Euphytica, 190: 345-355. 

Souza, I.G., Valente, S.E., Britto, F.B., de Souza, 

V.A., & Lima, P.S. (2011). RAPD analysis of 

the genetic diversity of mango (Mangifera 

indica) germplasm in Brazil. Genetics and 

Molecular Research, 10(4), 3080-3089. doi: 

10.4238/2011. 

Tasliah, Habib R., Tri Z.P.H, Siti Y., Rebin, 

Ma’sumah, & Tiur S.S. (2013). Analisis 

keragaman genetik 161 aksesi mangga 

Indonesia menggunakan marka mikrosatelit. 

AgroBiogen, 9(3), 125-134. 

Usman, M., Fatima, B., & Jaskani, M.J. (2001). 

Breeding in mango. International Journal of 

Agriculture and Biology, 3(4), 522-526. 

Villegas, M.A., & Andrade, R.M. (2008). 

Poliembrionía, ventajasy oportunidades para la 

propagación vegetativa. In: Cruz Castillo, J.G. 

Lima, P.A.T.(ed.). Enfoques Tecnológicos enla 

Fruticultura. México: universidad autónoma 

chapingo, 149‑ 167. 

Yu, Z. (1994). Isolation of cotton genomic DNA 

from leaf tissue. 

http://diyhpl.us/~bryan/irc/protocol-

online/protocol-cache/cottonyu.html. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

77 


