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DNA fingerprinting is an effective genomic tool for hybrid/elite genotype identification. The objective of the research was to 
conduct DNA fingerprint characterisation of national maize hybrids and their parental lines using SSR markers. This research 
was conducted from April to July 2020. Moreover, 57 SSR markers were used for genotyping 10 maize genotypes of 4 national 
maize hybrids, three male and three female parents. SSR analysis in maize fingerprinting evaluates allele number, frequen-
cy, polymorphism, heterozygosity, PIC value, genetic similarity, distance, and relationships among samples. A dendrogram 
was constructed using the Unweighted Pair Group Method with Arithmetic Mean and Sequential Agglomerative Hierarchical 
Non-overlapping (SAHN) clustering. The results indicated that 230 SSR alleles were generated with molecular weights of 
75.60 – 553.00bp. The polymorphism information content values varied between 0.10 – 0.85 (average = 0.59). A coefficient sim-
ilarity of 42% classified the maize genotypes into 4 clusters, A, B, C, and D. JH 27 and two-parent lines (CY7 and MR14) made 
up Cluster A while B11209 was in Cluster B with 35% resemblance to Cluster A. Two pure lines and two hybrids comprised 
cluster C, C1, and C2 formed out of cluster C. The hybrid (JH 37) and its parental line (MAL03) had the most similarity (70%) 
in the C2 subcluster. A hybrid (NASA 29) and a single parental line (G1026-12) comprise cluster D.
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Maize production technology development in 
Indonesia has recently accelerated with the availa-
bility of market-ready varieties and improved infor-
mation access. As maize seeds are used frequently 
and the technique for seed production, seeds are 
easily contaminated and seeds genetic and physio-
logical quality may deteriorate with time, resulting 
in a decline in plant yield. Maintaining the genetic 
purity of hybrid seeds is crucial and requires special 
care since it significantly impacts crop productivity. 
Even on ideal farms, the genetic purity of seeds can 

deteriorate over time because of different variables 
that occur during the production cycle. Hybrid seed 
maintenance must be carefully monitored because it 
significantly impacts plant productivity. Germplasm 
is the primary source of genes; consequently, cha-
racterisation of accessions, population genetic in-
vestigations, and selection of core assemblages are 
necessary for efficient application in crop develop-
ment. DNA fingerprinting based on the reaction cha-
in polymerase and relying on various types of mo-
lecular markers has been widely adopted to replace 



54

Agriculture (Poľnohospodárstvo), 71, 2025 (2): 53 − 62

the traditional identification method. Additionally, 
this technique is not particular to a stage or network 
and is unaffected by the environment (Hammad et 
al. 2017; Patel et al. 2017; Jamil et al. 2020).

DNA fingerprinting enables the identification 
of hybrids at various stages of plant development 
and is considered an effective genomic tool for 
hybrid/elite genotype identification (Jehangir et al. 
2018). DNA fingerprinting technology provides 
an approach that is fast, accurate and applicable 
in any setting. This method is used to differentia-
te between several species of maize (Huang et al. 
2017). Crop variety DNA fingerprinting compares 
genetic material obtained from a sample with the 
most similar genetic profile in a reference databa-
se. The reference database should comprise relea-
sed improved varieties likely to be present in the 
surveyed area for precise identification of enhanced 
varieties (Kosmowski et al. 2021). Comparisons of 
samples with true-type controls and their parental 
lines were performed as part of the fingerprint pro-
cedure. Simple sequence repeat (SSR) markers have 
become the markers of choice for genetic purity 
assays, such as co-dominant, polymorphism level, 
multi-allelic, and their distribution across genomes 
(Kumar et al. 2016). DNA fingerprinting technology 
prevents the falsification of an organism’s identity. 
The evaluation of plant morphology is subjective 
and influenced by surrounding technical factors. 
Hence, combining with DNA fingerprinting enables 
a more accurate identification process. Numerous 
investigations have been dedicated to advancing and 
refining genotyping methodologies, with a specific 
emphasis on utilising molecular markers, including 
single-nucleotide polymorphisms (SNPs) and simp-
le sequence repeats (SSRs), for DNA fingerprinting 
in maize (Setimela et al. 2016).

Simple sequence repeat (SSR) markers have 
been extensively employed in maize research to 
assess genetic diversity, variation, and population 
structure. These markers are highly informative and 
have proven effective in various analyses, including 
genetic diversity studies, evolutionary research, 
and genetic mapping (Lopes et al. 2015; Aci et al. 
2018; Zebire 2020). SSR analysis gives an advan- 
tage in controlling the purity of maize hybrid vari-
eties and their inbred lines (Fernandez et al. 2023), 
which displays the genetic relationship between 

various inbred lines. SSR markers have the poten-
tial to effectively characterise lines at the molecular 
level, hence aiding maize breeders in the efficient 
allocation of lines to diverse groups and facilita-
ting the selection of parents for the development of 
new hybrids (Shete et al. 2023). It is possible that 
using SSR markers to identify a fixed pattern may 
assist in making better use of inbred lines, which 
will allow for the formation of genetically diverse 
source populations and the application of heterosis. 
The objective of this research was to conduct a DNA 
fingerprinting analysis on four well-known national 
maize hybrids in Indonesia: JH 27, JH 45, JH 37, 
and NASA 29, as well as the hybrids’ parental lines, 
by using SSR markers.

MATERIAL AND METHODS

Study Area
This research was conducted at the Indonesian 

Cereals Research Institute (ICERI) in Maros, Indo-
nesia, from April to July 2020. 

Plant Materials and DNA Extraction 
This study used 10 maize genotypes, including 

four national hybrid varieties, three female parents, 
and three male parent lines (Table 1).

The DNA of young maize leaves was extracted 
by following the protocol of CIMMYT, where the 
fully developed leaves were randomly picked from 
15 sheets per plant sample. The leaf was then sliced 
into small pieces, weighed at 0.4 g per sample, and 
the DNA was extracted. The DNA was extracted 
and PCR assembled following the Ramlah procedu-
re (Ramlah et al. 2020). The quality of the extracted 
DNA was determined by using horizontal electro-
phoresis with 0.9% agarose gel and a nano spectro-
photometer (Implen CmbH, Munich, Germany).

PCR Analysis
Following the step of Ramlah (Ramlah et al. 

2020), a PCR MaxyGene II, Applied Biosystems, 
850 Lincoln Centre Drive, Foster City, Califor-
nia, USA, was used to amplify DNA. Furthermo-
re, 30 amplification cycles were performed per the 
CIMMYT protocol, which included denaturation for 
2 minutes at 94°C, 30 seconds at the same tempera-
ture, 1 minute at 56°C, and 1 minute at 72°C. The 
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T  a  b  l  e   1

Characteristics of maize genotypes used in the study

Genotypes Pedigree Kernel color Kernel type

JH 27 National maize hybrid Yellow orange Semi flint

JH 45 National maize hybrid Yellow orange Flint-semi flint

JH 37 National maize hybrid Yellow Flint

NASA 29 National maize hybrid Yellow orange Semi-flint semi-dent

CY-7 Female parent of JH 27 Orange yellow Flint

MR-14 Male parent of JH 27 Yellow orange Flint

B11-209 Female parent of JH 45 Yellow Flint

CLYN-231 Male parent of JH 45 and JH 37 Orange Flint

MAL-03 Female parent of JH 37 and NASA 29 Orange Flint-semi flint

G1026-12 Mare parent of NASA 29 Yellow orange Semi dent

annealing temperature decreases by 1°C per two 
cycles until the annealing process is complete. The 
second stage was repeated 29 times and concluded 
with a cycle of elongation at 72°C and chilling at 
4°C, after which the reaction was terminated. Using 
the Dual Mini-Verticals Complete System MGV-
202-33 and 8% polyacrylamide gel, the PCR data 
were separated by vertical electrophoresis. 

Data Analysis
The data were analysed based on the DNA band 

pattern scoring results in the electrophoresis results, 
the data were analysed. The data is scored as binary 
data. If a band shows up, it's written as one (1); if 
it doesn’t, it's written as zero (0). The number 9 is 
used if bands are unclear or hard to score. Alleles 
are named based on where the DNA bands are con-
cerning the oX174/Hin f1 fragment. The selection 
of SSR markers was informed by prior studies, con-
sidering factors such as chromosomal distribution, 
minor allele frequency (MAF), polymorphic infor-
mation content (PIC), and repeat length (Abakemal 
et al. 2015). For dominant markers, the PIC value 
reflects the likelihood that a marker will be present 
or absent in two randomly chosen individuals within 
a population (Serrote et al. 2020). The level of poly-
morphism (PIC) for each SSR marker is calculated 
by the formula (Smith et al. 1997):

where: f1
2 is the frequency of the i-th allele. 

The data from the electrophoresis test is pro- 
cessed using NTSYS-2.1 PCs Rohlf (Rohlf 2015) 
and Power Marker software version 3.25. The gene-
tic similarity matrix was clustered using the UPG-
MA (Unweighted Pair Group Using Arithmetic 
Average) technique and the Jaccard coefficient (Is-
naini et al. 2020). The distance matrix and dendro-
gram were analysed using NTSYS-pc (Numerical 
Taxonomic System) version 2.1 to determine their 
relationships. Genetic similarity is the degree of si-
milarity between characters, such as the band frag-
ments shared by the identified genotypes. The con-
fidence bounds of the UPGMA-based dendrogram 
were checked by bootstrapping 2,500 times using 
the IRRI- 'Winboot' computer program to determi-
ne the repetition of grouping. As a DNA fingerprint 
or profile, the amplification patterns of SSR primer 
pairs that generated double bands for a given hybrid 
combining each of its parental lines were chosen.

RESULTS

SSR Marker Characteristics 
This study used SSR markers to evaluate four 

national maize hybrids and their male (P1) and fe-
male (P2) parents for polymorphism. Therefore, 57 
SSR primer pairs were evaluated for their amplifica-
tion patterns in four maize hybrids and six parental 
lines, and all of them produced amplified products. 
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No. Primary Bin no.

Poly-
morphic 

information 
content 
(PIC)

Num-
ber of 
alleles

Size range

1 umc1292 1.00 0.65 7 118.00–157.99

2 umc1685 1.01 0.53 3 116.20–137.80

3 bnlg1614 1.02 0.65 4 179.00–212.20

4 bnlg1627 1.02 0.67 3 100.00–114.40

5 phi109275 1.03 0.62 5 135.60–192.99

6 bnlg1564 1.07 0.78 6 82.00–151.00

7 phi109642 2.00 0.56 4 124.60–151.00

8 phi96100 2.00–2.01 0.71 5 264.50–553.00

9 bnlg1537 2.03 0.58 3 186.00–196.50

10 umc1185 2.03 0.74 6 109.00–151.00

11 phi083 2.04 0.52 3 126.20–151.00

12 phi374118 3.03 0.71 6 208.16–311.00

13 phi102228 3.04–3.05 0.63 3 120.75–142.75

14 phi053 3.05 0.48 2 167.30–191.80

15 umc1136 3.10 0.53 3 140.00–189.11

16 phi072 4.01 0.41 3 143.66–156.50

17 phi079 4.05 0.32 2 185.90–192.50

18 phi093 4.08 0.51 3 280.00–427.00

19 nc013 5.00 0.83 6 103.60–120.20

20 nc130 5.00 0.75 5 131.20–249.00

21 phi109188 5.03 0.4 4 78.80–100.00

22 phi331888 5.04 0.67 5 126.60–151.00

23 bnlg1346 5.07 0.57 3 145.50–183.60

24 umc1153 5.09 0.71 4 109.00–126.80

25 phi126 6.00 0.77 6 124.60–192.99

26 umc1143 6.00 0.66 3 75.60–87.99

27 bnlg1165 6.01 0.73 5 137.99–160.80

28 bnlg1139 6.01 0.71 5 206.10–249.00

29 nc012 6.05 0.38 2 82.00–85.60

30 phi081 6.05 0.32 2 151.00–171.99

No. Primary Bin no.

Poly-
morphic 

information 
content 
(PIC)

Num-
ber of 
alleles

Size range

31 bnlg1740 6.07 0.66 5 109.00–151.00

32 phi299852 6.08 0.64 3 113.50–126.80

33 umc2059 6.08 0.63 4 122.88–140.00

34 umc1545 7.00 0.48 2 82.00–89.99

35 phi057 7.01 0.72 4 140.00–175.50

36 phi112 7.01 0.19 3 148.80–183.60

37 umc1066 7.01 0.80 6 100.00–171.99

38 phi034 7.02 0.82 5 120.70–200.00

39 umc1339 7.02 0.54 3 126.80–185.99

40 umc1401 7.02 0.66 3 126.80–145.25

41 phi114 7.03 0.72 6 137.55–185.99

42 phi328175 7.04 0.68 5 122.40–155.08

43 phi082 7.05 0.65 3 107.20–126.80

44 bnlg1327 8.01 0.85 7 100.00–151.00

45 phi420701 8.01 0.57 4 249.00–369.00

46 phi115 8.03 0.32 2 293.28–427.00

47 umc1858 8.04 0.42 2 151.00–154.49

48 bnlg666 8.05 0.69 6 118.00–157.50

49 umc1161 8.06 0.73 6 132.66–204.90

50 phi233376 8.09 0.6 5 140.00–189.49

51 umc1279 9.00 0.42 7 91.00–131.75

52 phi028 9.01 0.5 4 76.60–100.00

53 phi065 9.03 0.56 3 126.80–145.50

54 phi042 9.04 0.81 2 177.90–232.60

55 phi050 10.03 0.10 2 157.90–178.90

56 bnlg1547 10.03 0.34 3 172.00–193.00

57 umc1345 10.03 0.70 4 145.50–219.60

Total – 33.84 230 –

Average – 0.59 4 75.60–553.00

T  a  b  l  e   2

Information ability of polymorphic simple sequence repeats (SSR) 
markers

Table 2 summarises the polymorphic informative 
ability parameters for the 57 SSR markers. In total, 
230 alleles were found between the four hybrids and 
their two parental lines, and this was accomplished 
by using 57 polymorphic SSR primer pairs. The 
SSR loci had an average of 4 alleles per polymor-
phic main pair, with a range from 2 to 7. Sizes va-
ried from 7.60 to 553.0 bp, and the number of alleles 

showed a wide range (0.10 to 0.85) with a mean of 
0.59. 

DNA Fingerprint for Maize Hybrids
As the fingerprint DNA profile of the specific 

hybrid, the amplification pattern of the SSR primer 
pair, resulting in two alleles for the hybrid contai-
ning each of the parental strains, was chosen. Figure 
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T  a  b  l  e   3

Allele-allele specific (fingerprint individual) detected 28 
simple sequence repeats (SSR) loci 

No. Locus Allele no. Base pair Genotype

1 umc1292 1.00 i3(127.77) G1026-12

2 bnlg1614 1.02 g2(185.99) Mr14

3 bnlg1627 1.02 j1(114.40) G1026-12

4 phi109275 1.03 g3(175.50) CLYN231

5 bnlg1564 1.07 h1(151.00) JH45

–  –  – j1(118.00) B11-209

6 phi109642 2.00 h1(151.00) JH27

7 phi96100 2.00 – 2.01 d1(427.00) JH45

8 umc1185 2.03 h1(151.00) JH27

– – – j2(109.00) JH27

9 phi374118 3.03 e3(280.00) JH27

10 phi072 4.01 h2(143.66) G1026-12

11 phi093 4.08 e1(311.00) JH27

12 phi331888 5.04 h1(151.00) JH45

13 umc1153 5.09 j1(114.99) Mr14

14 phi126 6.00 g1(192.99) NASA29

– –  –  g2(178.99) G1026-12

– – – g2(157.99) JH37

15 bnlg1165 6.01 i1(137.99) Mr14

16 bnlg1740 6.07 i2(126.80) G1026-12

17 umc2059 6.08 i3(132.66) B11-209

18 phi112 7.01 g1(183.60) JH27

– –  –  g2(159.10) Mr14

19 umc1066 7.01 i1(135.60) JH45

20 phi034 7.02 g1(200.00) JH27

21 phi114 7.03 g1(185.99) JH27

– – – h1(151.00) JH27

22 bnlg1327 8.01 i1(140.00) JH27

23 phi420701 8.01 e1(311.00) NASA29

24 bnlg666 8.05 g2(157.50) Mr14

25 umc1161 8.06 f1(204.90) JH45

– – – i19132.66) Mr14

26 phi233376 8.09 g1(189.49) JH27

– – – i1(140.00) NASA29

27 phi042 9.04 f1(232.60) JH27

28 phi050 10.03 g1(178.90) NASA29

1a and 1b depict the amplification of typical profiles 
using SSR markers umc1161 and phi 109275. Cha-
racteristics found in ten test genotypes yielded 36 
unique alleles at 28 SSR loci (Table 3). 

The DNA fingerprint sizes varied from 109 bp 
(umc1185) to 553.00 bp (phi96100). Twelve unique 
DNA regions using 12 SSR markers were identi-
fied, which could be used as an identification mark 
or DNA fingerprint for JH 27. Maize hybrid JH 45 
was identified with the help of 05 SSR markers, i.e., 
bnlg1564 (151.00), phi96100 (427.00), phi331888 
(151.00), umc1066 (135.60), umc1161 (204.90), 
whereas maize hybrid JH 37 was identified with 
the help of 01 SSR marker phi126 (157.99). Maize 
hybrid NASA 29 was identified with the help of 
04 SSR markers i.e., phi126 (192.99), phi420701 
(311.00), phi233376 (140.00), and phi050 (178.90). 
G1026-12, which is the male parent line of NASA 
29 (inbred line) was identified with the help of 05 
SSR markers, i.e., umc1292 (127.77), bnlg1627 
(114.40), phi072 (143.66), phi126 (178.99), and 
bnlg1740 (126.80). Similarly, male parent of JH 27 
(inbred line) MR-14 was identified with the help of 
06 SSR markers i.e., bnlg1614 (185.99), umc1153 
(114.99), bnlg1165 (137.99), phi112 (159.10), 
bnlg666 (157.50), and umc1161 (132.66) whereas 
male parent line of JH 45 and JH 37 (inbred line) 
CLYN-231 was identified with help of phi109275 
(175.50). B11-209 which is female parent line of JH 
45 (inbred line) was identified with the help of 02 
SSR markers i.e., bnlg1564 (118.00), and umc2059 
(132.66).

Phylogenetic Analysis
In the present study, the genetic potential for pu-

rity in maize used the Jaccard similarity coefficients 
as input data for a cluster analysis performed in the 
NTSYS pc 2.1 program; the resulting dendrogram 
is displayed in Figure 2. Bootstrap Each cluster's  
P value can be found at the node corresponding to 
that cluster. When comparing the reliability of dif-
ferent groups, P values indicate the degree to which 
such claims can be trusted. At a similarity coeffici-
ent of 42%, all of the maize hybrids and parental 
lines were divided into four distinct groups.

Figure 2 illustrates the genetic relationshi-
ps among ten maize genotypes, including four 
commercial hybrids and their respective parental 
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Figure 1. Example of two SSR marker amplification profiles assayed in four national maize hybrids (H) and their male (P1) and 
female (P2) parental lines; M: 100-249 bp DNA marker with SSR marker (a) umc1161 and (b) phi109275.

Figure 2. Dendrogram showing the relationship of four popular national maize hybrids along with parental lines based on UPG-
MA cluster analysis. The number at the nodes indicates the corresponding bootstrap. Note: A – D – four main clusters.

inbred lines, using UPGMA cluster analysis based 
on Jaccard similarity coefficients. The dendrogram 
delineates four main clusters (A – D), each reflec-
ting varying levels of genetic similarity. Cluster A 
comprises inbred lines JH27, CY7 and Mr14, which 
exhibit high genetic similarity, suggesting close ge-
netic relatedness that may limit heterotic potential 
if combined. Cluster B, consisting solely of hyb-

rid B11-209, is genetically distinct, indicating its 
unique allelic composition and potential value for 
maintaining diversity in breeding pools. Cluster C 
is subdivided into C1 (JH45 and CLYN231) and C2 
(JH37 and MAL03), both showing high internal si-
milarity, particularly C2 (98.3%), pointing to near- 
identical genetic makeup likely derived from the 
same pedigree. Cluster D includes hybrids NASA29 
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and G1026-12, which also display a strong genetic 
resemblance, possibly due to overlapping parentage 
(See Figure 2). Crop variety protection and hybrid 
performance prediction can benefit from genetic fin-
gerprinting. Therefore, with the help of SSR mark- 
ers, the genetic potential for purity in maize can be 
analysed by identifying its genetic diversity.

DISCUSSION

Genetic uniformity is crucial for producing  
high-quality hybrid maize seeds. Conventional field 
purity tests examine plant morphology, which is ti-
me-consuming, complex, and often affected by the 
environment. SSR is based on polymerase chain 
reactions, and polymorphisms can be easily found 
using agarose gel techniques (Giri Putra et al. 2020). 
They used SSR markers in this study to evaluate four 
national maize hybrids and their male (P1) and fe-
male (P2) parents for polymorphism. Therefore, 57 
primers out of the 100 SSR markers examined were 
polymorphic, whereas monomorphic samples or in-
cluded only one band were excluded from further 
study. SSR markers have proven effective and effi-
cient in evaluating genetic diversity in maize. Cer-
tainly, it is possible to utilise SSR markers to cha-
racterise lines at the molecular level properly. These 
markers can also assist maize breeders in efficiently 
assigning lines to heterotic groups and guiding them 
in selecting parents to generate new hybrids. At the 
same time, SSR markers offer a method for unequi-
vocally distinguishing individual genotypes based 
on the allelic pattern that is particular to them; this 
is an application that is becoming increasingly re-
levant in varietal protection (Kumari et al. 2018). 
Only polymorphic genotypes can be evaluated at a 
high level to obtain data with a high level of validity 
(Andayani et al. 2020).

Moreover, considering the number of alleles at a 
locus and the relative frequency of alleles in the ge-
notype studied, PIC values, which range from zero 
for monomorphic to one for highly discriminatory 
markers, indicate the informativeness and discrimi-
natory power of the SSR locus and its potential for 
detecting genetic diversity (Sathua et al. 2018). It 
was determined that the optimal marker for gauging 
genetic diversity in a population had a PIC value 

between 0.10 and 0.85, which indicates that genoty-
pes are highly polymorphic. A similar study in maize 
utilising 18 SSR markers reported polymorphic in-
formation content (PIC) values ranging from 0.00 
to 0.87, with an average value of 0.65, indicating a 
moderate to high level of genetic diversity among 
the genotypes analysed (Madhav et al. 2016). A 
correlation was identified between a few SSR mar-
kers and various characteristics, which points to the 
possibility of pleiotropy or the close connection of 
genes (Sa et al. 2018). SSR markers have the poten-
tial to effectively characterise lines at the molecular 
level, hence aiding maize breeders in the efficient 
allocation of lines to diverse groups and facilitating 
the selection of parents for the development of new 
hybrids (Shete et al. 2023). SSR markers were also 
utilised in this study, and their results showed that 
they were useful for distinguishing between the four 
hybrid maize varieties, meaning that they might be 
used as a standard for determining each variety's ge-
netic purity.

DNA fingerprint identification of hybrid maize 
with its parental line using SSR yielded similar fin-
dings, as reported by many researchers (Jhansi et 
al. 2015; Surender et al. 2015; Sharma et al. 2020). 
SSR markers exhibited higher polymorphism, 
which caused some parental lines with similar ge-
netic backgrounds from pedigree data to be grou-
ped into different clusters (Mahalingam et al. 2013). 
DNA fingerprints will be helpful in a variety of pro-
tection and registration processes. Following prior 
research, it has been reported that SSR markers i.e., 
umc087, umc1088, umc1389, umc2281, p-Phi022, 
p-Phi112, and p-Phi114, could be used for the iden-
tification of KH9374, KH 404, KH 2005, KH 9452, 
POLO, KH 789, and KH 717 hybrids, respectively 
(Jhansi et al. 2015; Sharma et al. 2020)

Utilising molecular markers is a crucial and 
supplementary approach to assessing genetic diver-
sity and interactions among different maize genoty-
pes. This method is precious when combined with 
the evaluation of phenotypic features (Mushtaq et al. 
2016). By employing molecular markers, breeding 
programs can efficiently identify suitable parents 
for their breeding initiatives (Nyaligwa et al. 2015). 
Several reported a strong correlation between the 
morphological qualities of the landraces and their 
pattern of clustering based on SSR molecular analy-
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sis, which was shown to be useful in identifying ac-
ceptable landraces as promising parents for a future 
breeding program (Gazal et al. 2016; Lakshman et 
al. 2019; Kamara et al. 2020). This was found to be 
the case because SSR molecular analysis clustered 
the landraces in a pattern that was found to be effec-
tive. This was consistent with a study that found that 
parental lines from separate clusters have a greater 
ability to combine for hybrid seed production (Shar-
ma et al. 2020).

Success in employing SSR markers to genoty-
pe four popular national maize hybrids and their 
parental lines in this work demonstrates their use 
for determining a plant's genetic makeup. The uti-
lisation of a collection of exceedingly informative 
molecular markers in the molecular characterisati-
on of hybrids and their respective parental lines is 
accompanied by a multitude of noteworthy benefits 
when compared to the utilisation of morphological 
and biochemical markers. This approach allows for 
the revelation of the genetic composition of various 
genotypes originating from diverse sources (Fer-
nandez et al. 2023). SSR markers are a valuable 
technique for studying the molecular variety among 
the maize genotypes since the environment does not 
influence them (Guevarra et al. 2022). This can help 
breeders select varied parental lines, which is useful 
for hybridisation programmes in heterosis breeding 
to improve maize production. The capacity to ca-
tegorise inbred organisms into a recognized hetero-
tic assemblage confers upon the maize breeders the 
opportunity to exercise informed assessments con-
cerning the admissible amalgamations of hybrids, 
thereby mitigating the condition of ignorance in the 
identification of suitable progenitors for crossbree-
ding and amplifying the efficacy of the breeding 
process (Elec et al. 2022). Therefore, it is necessa-
ry to demonstrate the effectiveness of such markers 
in various genetic backgrounds and their value in 
breeding programmes for creating new hybrid mai-
ze varieties (Bocianowski et al. 2021). Furthermore, 
DNA fingerprints may be used as a quick reference 
for verifying the genetic purity of different sample 
sizes. In addition, SSRs with a distinctive amplifi-
cation pattern can be utilised as diagnostic genetic 
markers for certain hybrids. The outcome may also 
be effectively evaluated in hybrids with unknown 
parental lines or additional SSR loci.

CONCLUSIONS

This study successfully delineated the genetic 
relationships among ten key maize genotypes using 
SSR markers, revealing a robust level of polymor-
phism and a clear population structure. The cluste-
ring analysis grouped the genotypes into four dis-
tinct heterotic groups, providing critical empirical 
validation for their genetic distinctness. Notably, the 
clustering of hybrids with their parental lines, such 
as JH 27 with CY 7 and MR 14, confirms the fide-
lity of the genetic data and the method's precision. 
The distinct separation of line B11-209 into its own 
cluster highlights its potential as a unique genetic 
resource for broadening the genetic base in breeding 
programs. These findings provide maize breeders 
with a genetically-informed framework for parent 
selection, enabling the strategic design of crosses to 
maximize heterosis and accelerate the development 
of superior hybrids. Furthermore, the SSR profiles 
established herein serve as a definitive reference for 
ensuring genetic purity in foundational seed stock 
production, thereby enhancing the efficiency and re-
liability of the entire maize breeding pipeline.

Use of AI tools declaration: The authors declare 
they have not used Artificial Intelligence (AI) tools 
in the creation of this article.

Conflict of interest: The authors declare no con-
flict of interest.

Acknowledgements: The authors gratefully ack-
nowledge AGRICULTURAL LITBANG, KEMEN-
TAN for supplying the seed material of hybrids and 
their parental lines The research was funded by the 
Ministry of Agriculture, Republic of Indonesia, 
under contract number 018.09.2.238080/2020.

REFERENCES

Abakemal, D., Shimelis, H., Derera, J., and Semagn, K. (2015). 
Genetic purity and patterns of relationships among tropi-
cal highland adapted quality protein and normal maize in-
bred lines using microsatellite markers. Euphytica, 204(1), 
49 – 61. DOI:10.1007/s10681-014-1332-9.

Aci, M. M., Lupini, A., Mauceri, A., Morsli, A., Khelifi, L., and 
Sunseri, F. (2018). Genetic variation and structure of maize 
populations from Saoura and Gourara oasis in Algerian Sa-
hara. BMC Genetics, 19, 1 – 10. doi:10.1186/s12863-018-
0655-2.



61

Agriculture (Poľnohospodárstvo), 71, 2025 (2): 53 − 62

Andayani, N. N., Isnaini, M., Aqil, M., Muis, A., Pabendon, M. 
B., and Azrai, M. (2020). Evaluation of genetic diversity of 
QPM, provit-A, and elite maize inbreds resistant to Dow-
ny mildew disease using simple sequence repeats. Jurnal 
Penelitian Pertanian Tanaman Pangan, 4(3), 161. doi: 
10.21082/jpptp.v4n3.2020.p161-170.

Bocianowski, J., Nowosad, K., Wróbel, B., and Szulc, P. (2021). 
Identification of associations between SSR markers and 
quantitative traits of maize (Zea mays L.). Agronomy, 11(1), 
1 – 9. doi:10.3390/agronomy11010182.

Elec, A. J., Austria, R., Lachica, J. A., and Ocampo, E. (2022). 
Assessment of molecular diversity and deterozygosity in 
corn (Zea Mays L .) inbred lines using simple sequence re-
peat (SSR) markers. Philippine Journal of Science, 151(5), 
1907 – 27. DOI:10.56899/151.05.30.

Fernandez, E. C. J., Nuñez, J. P. P., Gardoce, R. R., Manohar, 
A. N. C., Bajaro, R. M., and Lantican, D. V. (2023). Genetic 
purity and diversity assessment of parental corn inbred li-
nes using SSR markers for Philippine hybrid breeding. Sa-
brao Journal of Breeding and Genetics, 55(3), 598 – 608. 
doi:10.54910/sabrao2023.55.3.1.

Gazal, A., Dar, Z. A., Lone, A. A., Shikari, A. B., and Habib, M. 
(2016). Genetic diversity of maize (Zea mays L.) genotypes 
assessed by SSR markers under temperate conditions. Vege-
tos, 29(3), 60 – 66. doi:10.5958/2229-4473.2016.00068.9.

Giri Putra, L. A., Yonathan, C. J., Niedhatrata, N. I., Firdaus,  
M. H. R., and Yoewono, J. R. (2020). A review of the deve-
lopment of Polymerase Chain Reaction technique and its 
uses in scientific field. Stannum : Jurnal Sains Dan Terapan 
Kimia, 2(1), 14 – 30. doi:10.33019/jstk.v2i1.1619.

Guevarra, P. R., Paril, J. F., Gardoce, R. R., Salazar, A. M., and 
Canama-Salinas, A. O. (2022). Genetic diversity among the 
philippine traditional maize (Zea mays L.) populations ba-
sed on Ssr markers. Sabrao Journal of Breeding and Ge-
netics, 54(3), 469 – 82. doi:10.54910/sabrao2022.54.3.1.

Hammad, H. M., Farhad, W., Abbas, F. et al. (2017). Maize 
plant nitrogen uptake dynamics at limited irrigation water 
and nitrogen. Environmental Science and Pollution Rese-
arch, 24(3), 2549 – 57. doi:10.1007/s11356-016-8031-0.

Huang, C., Sun, H., Xu, D., Chen, Q., Liang, Y., Wang, X., Xu, 
G., Tian, J., Wang, C., Li, D., Wu, L., Yang, X., Jin, W., 
Doebley, J. F., and Tian, F. (2017). ZmCCT9 enhances ma-
ize adaptation to higher latitudes. Proceedings of the Nati-
onal Academy of Sciences of the United States of America, 
115(2), E334 – 41. DOI:10.1073/pnas.1718058115.

Isnaini, M., Sunarti, S., Andayani, N. N., and Pabendon, M. B. 
(2020). Genetic characterization of popcorn (Zea mays ever-
ta). IOP Conference Series: Earth and Environmental Sci-
ence, 484, 012013. doi:10.1088/1755-1315/484/1/012013.

Jamil, S., Shahzad, R., Yasmeen, E., Rahman, S. U., Younas, M., 
and Iqbal, M. Z. (2020). DNA fingerprinting of Pakistani 
maize mybrids and parental lines using simple sequence re-
peat markers. Pakistan Journal of Botany, 52(6), 2133 – 45. 
doi:10.30848/PJB2020-6(17).

Jehangir, S., Shinwari, Z. K. and Mahmood, T. (2018). Genetic 
characterization of selected genera of family Rhamnaceae 
based on Rps 11 Gene. Pakistan Journal of Botany, 50(5), 
1935 – 39.

Jhansi, G., Surender, M., Aparnna, S. S., and Sunitha, B. (2015). 
DNA finger printing of maize hybrids and development of 
molecular ID’s using SSR markers. Research Journal of 
Agricultural Sciences, 6(1), 43 – 47.

Kamara, M. M., Rehan, M., Ibrahim, K. M., Alsohim, A. S., El-
sharkawy, M. M., Kheir, A. M. S., Hafez, E. M., and El-Esa-
wi, M. A. (2020). Genetic diversity and combining ability 
of white maize inbred lines under different plant densities. 
Plants, 9(9), 1 – 23. doi:10.3390/plants9091140.

Kosmowski, F. , Ambel, A., Tsegay, A. H., Negawo, A. T., Car-
ling, J., and Kilian, A. (2021). A large-scale dataset of bar-
ley, maize and sorghum variety identification using DNA 
fingerprinting in Ethiopia. Data, 6(6), 4 – 10. doi:10.3390/
data6060058.

Kumar, R., Chattopadhyay, T., Ghatak, L., and Mandal, S. 
(2016). Diversity analysis of maize inbred lines on the basis 
of morphological and simple sequence repeat markers. Eco-
logy, Environment and Conservation, 22, 147 – 53.

Kumari, A., Sinha, S., Rashmi, K., and Mandal, S. S. (2018). 
Genetic diversity analysis in maize (Zea mays L .) using 
SSR markers. Journal of Pharmacognosy and Phytochemi-
stry, 1116 – 1120.

Lakshman, S. S., Chakrabarty, N. R. and Kole, P. C. (2019). 
Study on the combining ability and gene action in sun-
flower through line x tester matting design. Electronic 
Journal of Plant Breeding, 10(2), 816 – 26. doi:10.5958/
0975-928X.2019.00109.1.

Lopes, A. D., Scapim, C. A., da Silva Machato, M. F., Mango-
lin, C. A., Silva, T. A., Cantagali, L. B., Teixeira, F. F., and 
Mora, F. (2015). Genetic diversity assessed by microsatelli-
te markers in sweet corn cultivars. Scientia Agricola, 72(6), 
513 – 19. DOI:10.1590/0103-9016-2014-0307.

Madhav, P., Manigopa, C., Haider, Z. A., Anita, P., Rameshwar, 
P. S., and Kumar, S. (2016). Genetic diversity assay of mai-
ze (Zea mays L.) inbreds based on morphometric traits and 
SSR markers. African Journal of Agricultural Research, 
11(24), 2118 – 2128. DOI:10.5897/ajar2015.10404.

Mahalingam, A., Saraswathi, R. and Ramalingam, J. (2013). 
Simple sequence repeat (SSR) markers for assessing gene-
tic diversity among the parental lines of hybrid rice (Ory-
za sativa L.). African Journal of Biotechnology, 12(33), 
5105 – 16. DOI:10.5897/AJB12.557.

Mushtaq, M., Bhat, M. A., Bhat, J. A., Mukhtar, S., and Shah, 
A. A. (2016). Comparative analysis of genetic diversity of 
maize inbred lines from Kashmir valley using agro-mor-
phological and SSR markers. Sabrao Journal of Breeding 
and Genetics, 48(4), 518 – 27.

Nyaligwa, L., Hussein, S., Amelework, B., and Ghebrehiwot, 
H. (2015). Genetic diversity analysis of elite maize inbred 
lines of diverse sources using SSR markers. Maydica, 60(3).

Patel, K. A., Khanorkar, S. M., Damor, A. S., and Parmar, 
H. K. (2017). Microsatellite based molecular charac-
terization and genetic diversity analysis of maize (Zea 
mays L.) inbred lines. International Journal of Agricul-
ture, Environment and Biotechnology, 10(6), 773. doi: 
10.5958/2230-732x.2017.00095.x.

Ramlah, I. R. Aziz, Pabendon, M. B. and Daryono, B. S. (2020). 
Method of DNA extraction of local maize (Zea mays L.) 
Tana Toraja, South sulawesi, Indonesia using modificati-
on of buffer Ctab (Cethyl Trimethyl Ammonium Bromide) 
without liquid nitrogen. IOP Conf. Series: Earth and En-
vironmental Science, 575, 012163. DOI:10.1088/1755-
1315/575/1/012163.

Rohlf, F. James (2015). NTSYSpc Numerical Taxonomy and 
Multivariate Analysis System Version 2.2 Getting Started 
Guide. New York.

Sa, K.J., Hong, T. K. and Lee, J. K. (2018). Genetic diversity 
and association analyses of Canadian maize inbred lines 
with agronomic traits and simple sequence repeat markers. 
Plant Breeding and Biotechnology, 6(2), 159 – 69. doi: 
10.9787/PBB.2018.6.2.159.

Sathua, S. K., Shahi, J. P., Mahato, A., Gayatonde, V., and 
Kumar, P. (2018). Molecular diversity analysis of mai-
ze (Zea mays L .) inbreds using SSR markers. Electronic 
Journal of Plant Breeding, 9(3), 1122 – 29. doi:10.5958/
0975-928X.2018.00140.0.



Agriculture (Poľnohospodárstvo), 71, 2025 (2): 53 − 62

62

Serrote, C. M. L.,  Reiniger, L. R., Silva, K. B., Rabaiolli, S. M., 
and Stefanel, C. M. (2020). Determining the polymorphism 
information content of a molecular marker. Gene, 726, 
144175. doi:10.1016/j.gene.2019.144175.

Setimela, P. S., Warburton, M. L. and Erasmus, T. (2016). DNA 
fingerprinting of open-pollinated maize seed lots to establish 
genetic purity using simple sequence repeat markers. South 
African Journal of Plant and Soil, 33(2), 141 – 148. doi:1.
1080/02571862.2015.1104737.

Sharma, J. K., Singh, A. and Lata, S. (2020). DNA fingerprin-
ting of Pakistani maize hybrids and parental lines using sim-
ple sequence repeat markers. Pakistan Journal of Botany, 
52(6), 2133 – 45. doi:10.30848/PJB2020-6(17).

Shete, G. S., Nikam, S. D., Surbhaiyya, S. D., Jadhav, M. P., and 
Thakare, T. N. (2023). Analysis of genetic diversity in mai-
ze (Zea mays L.) variety using SSR markers. International 
Journal of Plant & Soil Science, 35(15), 205 – 12. doi: 
10.9734/ijpss/2023/v35i153098.

Smith, J. S. C., Chin, E. C. L., Shu, H., Smith, O. S., Wall, S. J., 
Senior, M. L., Mitchell, S. E., Kresovich, S., and Ziegle, J. 
(1997). An evaluation of the utility of SSR loci as molecu-
lar markers in maize (Zea mays L.): comparisons with data 
from RFLPS and pedigree. Theoretical and Applied Gene-
tics, 95(1 – 2), 163 – 73. doi:10.1007/s001220050544.

Surender, M., Suman, K., Laboratories, M., Reddy, S. S., and 
Sudarshan, M. (2015). DNA finger printing of DHM 121 
maize hybrid using SSR markers. Research Journal of Agri-
cultural Sciences, 6(1), 38 – 42.

Zebire, D. A. (2020). Applications of molecular markers in ge-
netic diversity studies of maize. Nigerian Journal of Bio-
technology, 37(1), 101 – 8. doi:10.4314/njb.v37i1.11.

Received: February 27, 2025
Accepted:  July 22, 2025


