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Waxy corn (Zea mays L. var. ceratina) contains high anthocyanin in kernel and cob that can be used as 
a natural source of antioxidants for functional foods. However, it has low yield capacity for economic 
production. Therefore, selection and breeding of waxy corn for high yield is promising to increase its 
production capacity. This study aims to determine the genetic diversity between eight waxy corn and four 
grain corn inbred lines using SSR markers. For PCR optimization, six annealing temperatures (54 – 59 
℃) were tested, and the clearest bands were produced at 58 ℃. The best annealing temperature was 
then further used for primers screening and PCR amplification. Out of 39 SSR primers, only ten 
(bnlg2162, umc1153, umc2366, phi112, bnlg2181, umc1005, umc1196, phi011, umc2077 and bnlg381) 
produced the clearest and reproducible bands compared to others. The ten SSR primers yielded a total 
of 31 bands. The polymorphism information content ranged from 0.17 to 0.97 with an average value of 
0.64. Dendrogram and genetic distance analysis were performed using UPGMA algorithms. The inbred 
lines were grouped into two major clusters with a few sub-clusters emerging from the clusters. It was 
found that pairs of BELLA 1-5 and BELLA 1-7 (0.54839) followed by BELLA 1-1 and BELLA 1-5 
(0.48387), BELLA 1-1 and BELLA 1-8 (0.48387), BELLA 1-7 and BELLA 1-8 (0.48387) were distantly 
related to each other, and hence potentially used for hybrid breeding in future. Identifying genetically 
distant inbred lines using SSR markers is essential to maximize the yield with a high probability of 
heterosis that could assist the selection and breeding of new and improved waxy corn varieties. 
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INTRODUCTION 
Corn (Zea mays L.) was most likely introduced to 
Asia in its original wild-type form from Central 
America during the 16th century. Regular grain 
starch comprises two glucose polymers, amylose 
and amylopectin, forming semi-crystalline 
granules. Amylopectin makes up 60 to 90% of the 
granule weight. In conjunction, amylose is primarily 

composed of -1,4-linked glucose, forming long 
linear chains inside the starch granule (Stamp et al. 
2016).  Waxy corn (Zea mays var. ceratina) is a 
special-purpose corn with unique starch structure 
that offers broader possibilities for alteration 
(Klimek-Kopyra et al. 2012). One of the 
distinguishing features of waxy corn endosperm is 
its texture; it contains only branched-chain starches 
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and is made of 99% or more amylopectin. 
Meanwhile, regular corn has approximately 75% 
amylopectin and 25% starch amylose (Kim et al. 
2021).  
Genetic diversity is vital in improving many crops, 
including corn. Breeders tend to use restricted elite 
germplasm for breeding high-yield corn hybrids. 
However, waxy corn has very limited germplasm 
compared to sweet corn since only a few countries 
have an active waxy corn breeding program. 
Additionally, the diversity of corn is under threat 
due to increased urbanization and intense climatic 
phenomena such as drought and floods (Kumar et 
al. 2019). Therefore, breeding waxy corn for high 
yield and resistance to disease is required. In corn 
breeding, selecting inbred lines based on 
phenotype is not easy because the morphological 
characteristics are highly dependent on 
environmental conditions (Wang et al. 2011). In 
addition, the inbred lines are highly homozygous. 
Therefore, it is nearly impossible to distinguish the 
closely related inbred lines based on morphological 
data alone.  
This study offers an accurate identification of 
genetically inbred lines using simple sequence 
repeats (SSR) molecular markers. Simple 
sequence repeats (SSR), also known as 
Microsatellites, are widely used in plant genetics 
research. It is recognized as a valuable marker for 
use in plant molecular breeding. SSR is a highly 
descriptive, co-dominant, multi-allele genetic 
marker that are reproducible in the lab and 
transferable across closely related species (Sa et 
al. 2010). Selection of genetically distant inbred 
lines is helpful for crop improvement programs, as 
the phenomenon of heterosis or hybrid vigor is 
likely to be expressed when two genetically distant 
inbred lines are hybridized together. Consequently, 
the resulting hybrids are usually more vigorous, 
productive and resistant to disease compared to 
both parents. 
 
 
MATERIALS AND METHODS 
 
Plant Materials 
Samples of fresh and healthy leaves and kernels of 
different waxy corn and grain corn inbred lines 
were collected at Green World Genetics (GWG) 
farm, Setiu, Terengganu. A total of eight 
accessions of waxy corn inbred lines labeled as 
BELLA and four accessions of grain corn inbred 
lines labeled as GWT (control) were used in this 
study. The corn leaves were cut into smaller pieces 
by removing the margin and midrib. Then, the 

leaves were ground into powder using liquid 
nitrogen before DNA extraction. The corn kernels, 
on the other hand, were removed from the cob and 
ground into powder using sea sand before DNA 
extraction. 
 

 

Figure 1: The variation in kernels colour of 
waxy corn and grain corn inbred lines used in 
this study. (A) = BELLA 1-1, (B) = BELLA 1-5, 
(C) = BELLA 1-7, (D) = BELLA 1-8, (E) = BELLA 
1-9, (F) = BELLA 1-10, (G) = BELLA 1-11, (H) = 
BELLA 1-12, (I) = GWT 10-17b, (J) = GWT 10-
51b, (K) = GWT 46-1b, (L) =GWT 46-10b 

 
DNA Extraction And SSR-PCR amplification 
The genomic DNA from leaves and kernels was 
extracted using DNeasy Plant Mini Kit (Qiagen) 
according to the manufacturer's protocol and the 
CTAB-based method according to Mohd Fahmi et 
al. (2010). The extracted DNA was stored at -20 ℃ 
until use.  
Next, six annealing temperatures ranging from 54 

to 59 ℃ were tested before SSR primer screening. 
The best annealing temperature was used to 
screen 39 pairs of SSR primers (Table 1). The best 
primers were selected for further investigation of 
the genetic diversity of waxy corn inbred lines. The 
PCR reaction was carried out using a total volume 
of 25 µl containing 2.5 µl of 10X buffer, 0.5 µl of 
10µM dNTPs, 0.1 µl of Taq DNA polymerase, 0.5 
µl of 10 µM of each forward and reverse primer, 1 
µl of DNA template,1.5 µl of MgCl2 and 18.4 µl 
sterile distilled water. All PCR reagents were 
purchased from New England Bio labs Inc. (NEB 
Biolabs, Beverly, MA, USA). The PCR reaction was 
performed using 96-well Fast Thermal Cycler 
(Applied BiosystemTM VeritiTM) by following PCR 
profile: An initial denaturation at 94 °C for 5 minutes 
followed by 35 cycles of denaturation at 94 °C for 
45 seconds, primer annealing at 58 °C for 45 
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seconds, extension at 72 °C for 40 seconds, and a 
final extension at 72 °C for 8 minutes. This method 
was referred to Devi et al. (2017) with modification. 
Then, the PCR products were visualized on 1% 
(w/v) agarose gel stained with CSL Runsafe 
(Cleaver Scientific Ltd.). The agarose gel was run 
with 1X TBE buffer at 100 volts for 1 hour. The gel 
was then viewed under a UV transilluminator, 
model LAS 4000 Gel Imager, Fujifilm.  
 
Data analysis 
The SSR profiles were visually scored with the aid 
of the gel documentation system. Only clear and 
distinct SSR bands were scored. The binary 
matrices were created based on the SSR banding 
patterns, where "1" represents the presence of 
band and "0" represents the absence of band. 
Then, the percentage of polymorphisms of the 
bands for each primer was calculated using the 
following formula (Fatihah et al. 2020; Zahari et al. 
2020): 
 

% 𝑝𝑜𝑙𝑦𝑚𝑜𝑟𝑝ℎ𝑖𝑠𝑚𝑠

=
𝑁𝑜. 𝑜𝑓 𝑝𝑜𝑙𝑦𝑚𝑜𝑟𝑝ℎ𝑖𝑐 𝑏𝑎𝑛𝑑

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑜𝑓 𝑏𝑎𝑛𝑑
 𝑥 100 

 
The polymorphic information content (PIC) was 
also calculated using the following formula (Hung 
et al. 2012): 

𝑃𝐼𝐶 =  1 −  𝛴𝑃𝑖 
 𝑤ℎ𝑒𝑟𝑒 𝑃𝑖 𝑖𝑠 𝑡ℎ𝑒 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑖𝑡ℎ  

   𝑎𝑙𝑙𝑒𝑙𝑒  
 
A dendrogram was constructed from the band 
scoring data matrix arranged in NEXUS file by 
unweighted-pair group method with arithmetic 
mean (UPGMA) analysis. A genetic distance 
analysis was also performed and calculated based 
on the coefficients of Nei and Li (1979). The 
analyses were performed using the Phylogenetic 
Analysis Using Parsimony (PAUP*) version 4.0 
software (Swofford, 2001).

 
Table 1. Information of randomly Simple Sequence Repeats (SSR) primers used in this assay. 

 
No Primers Sequences (3’ – 5’) References 

1 bnlg1178 F: ACTACAGTTGAACGCCCCTG R: GCTCATGTGCAAATGCAAGT Sivaranjani et al. 
2014 2 bnlg1803 F: GTATGCGTCGCTAGTCGTGA R: TGTTGTCTATTGGCAACCGA 

3 umc1446 F: GCGCTGCTGCTTCTTAAATTATCT R: GATGAGACCACCTACAAGTTCGCT 

4 umc2077 F: AAACTCACTGAACATGATCCTGGC R: CTGGTTCGGATGCAAGTAGTCAG 

5 bnlg1325 F: CTAAATGCGCAGCAGTAGCA R: TGCTCTGCAACAACTTGAGG 

6 umc2165 F: AGAACACCAAATGGTGACGTTATGT R: CTAGCTCGTCTTCCCTGTGGTCT 

7 umc1831 F: TTTCGACTGCTAGTGTACTTGGGG R: CTCTACATCTTCAGCGTCTCCACA 

8 bnlg1185 F: CGGTCCAGGCAGGTTAATTA R: GACTCGAGGACACCGATTTC 

9 bnlg1064 F: CTGGTCCGAGATGATGGC R: TCCATTTCTGCATCTGCAAC Devi et al. 2017 

10 umc1413 F: CATACACCAAGAGTGCAGCAAGAG R: GGAGGTCTGGAATTCTCCTCTGTT 

11 umc2246 F: AGGCTCCAGCTCTAGGGGAGT R: GTGAACTGTGTAGCGTGGAGTTGT Sa et al. 2010. 

12 umc1012 F: TTCTTGCGGACCTCAAACTTGT R: CTCCATCACCACTCAGAATGTCA 

13 umc1550 F: CGGGGTAATTGGGTACATAACCTC R: GTGCCTCCAACGCCTAGTTTTT 

14 umc2188 F: CGCCAACATGATTAACTTGCTATC R: ATTTTCAGTCTGGGTACTTGAGCG 

15 umc1005 F: TTTGATCACAGACTTATCCCTGTT R: CTAATGACGAACCCCTAAAAGGT 

16 umc1845 F: TGGTTGAACTGTTAAATCTGTCCTGA R: TGGTAACCAGATTCCCACAGATG 

17 umc2366 F: ACATCGATCCAACCGTCATAAATC R: CCTTCTTCCCGTCATTCTTCTTCT 

18 umc1717 F: ACGACGAATTCACTAACACAACGA R: TTATCAGAGGAAGGGTTACGTTGG 

19 umc1153 F: CAGCATCTATAGCTTGCTTGCATT R: TGGGTTTTGTTTGTTTGTTTGTTG 

20 umc1159 F: TTCCCATGTTCATTTCAGGTTCTT R: TCATGGGTTTTGAGGCTGTATTTT 

21 phi011 F: TGTTGCTCGGTCACCATACC R: GCACACACACAGGACGACAGT Zheng et al. 2013 

22 bnlg381 F: TCCCTCTTGAGTGTTTATCACAAA R: GTTTCCATGGGCAGGTGTAT 

23 phi072 F: ACCGTGCATGATTAATTTCTCCAGCCTT R: GACAGCGCGCAAATGGATTGAACT 

24 phi126 F: TCCTGCTTATTGCTTTCGTCAT R: GAGCTTGCATATTTCTTGTGGACA 

25 phi080 F: CACCCGATGCAACTTGCGTAGA R: TCGTCACGTTCCACGACATCAC 



Saiful-Lazim et al.            SSR Markers for Genetic Diversity of Waxy Corn Inbred Lines 

 

    Bioscience Research, 2022 volume 19(SI-1): 403-413                                                             406 

 

26 umc1196 F: CGTGCTACTACTGCTACAAAGCGA R: AGTCGTTCGTGTCTTCCGAAACT 

27 bnlg439 F: TTGACATCGCCATCTTGGTGACCA R: TCTTAATGCGATCGTACGAAGTTGTGGAA 

28 umc1551 F: CACCGGAACACCTTCTTACAGTTT R: CGAAACCTTCTCGTGATGAGC 

29 umc2101 F: CCCGGCTAGAGCTATAAAGCAAGT R: CTAGCTAGTTTGGTGCGTGGTGAT 

30 bnlg197 F: GCGAGAAGAAAGCGAGCAGA R: CGCCAAGAAGAAACACATCACA 

31 bnlg2162 F: GTCTGCTGCTAGTGGTGGTG R: CACCGGCATTCGATATCTTT 

32 umc1705 F: ATGCGTCTTTCACAAAGCATTACA R: AGGTGCAGTTCATAGACTTCCTGG 

33 mmc0241 F: TATATCCGTGCATTTACGTTT R: CATCGCTTGTCTGTCGA 

34 phi112 F: TGCCCTGCAGGTTCACATTGAGT R: AGGAGTACGCTTGGATGCTCTTC 

35 phi328175 F: GGGAAGTGCTCCTTGCAG R: CGGTAGGTGAACGCGGTA 

36 bnlg2181 F: CCAATTCACCAATCATGCAA R: TTGGGGTGAAGCAATGTGTA 

37 bnlg244 F: GATGCTACTACTGGTCTAGTCCAGA R: CTCCTCCACTCATCAGCCTTGA 

38 umc1277 F: TTTGAGAACGGAAGCAAGTACTCC R: ACCAACCAACCACTCCCTTTTTAG 

39 umc1380 F: CTGCTGATGTCTGGAAGAACCCT R: AGCATCATGCCAGCAGGTTTT 

RESULTS AND DISCUSSION 
 
DNA Extraction 
A single banding pattern was observed for kernel 
extracts, but not for leaf extracts (Figure 2). DNA 
from kernels were successfully extracted using 
both Qiagen kit and CTAB-based method, while the 
extraction of DNA from leaves was unsuccessful. 
However, extraction of corn kernel using CTAB 
method showed more smearing compared to 
Qiagen kit method. Therefore, Qiagen kit method 
was used to extract the DNA of all samples.  
 

 
 

Figure 2: Single banding pattern obtained 
through DNA extraction. Lane M = 1 kb marker, 
Lane 1 - Lane 2 = Extraction using CTAB, Lane 
3 - Lane 4 = Extraction using Qiagen kit. 
 
The DNA extracted using the kit showed devoid of 
protein, RNA, or polysaccharide contamination 
resulting in less smearing on agarose gel. The 
extraction using the Qiagen kit was quick, easy, 
and dependable (Abdel-Latif and Osman, 2017). 
The unsuccessful DNA isolation from leaves might 
be due to its rigid cell wall, which is made up of 
cellulose. In addition, leaf      samples contain large 
quantities of polyphenols, tannins, and 

polysaccharides (Heikrujam et al. 2020) The other 
reason might be that the DNA had been degraded 
during storage or handling. 
 

Optimization of annealing temperature and 
screening of primers 
Optimization of annealing temperature for SSR-
PCR of waxy corn and grain corn inbred lines has 
been carried out using gradient PCR and six 
annealing temperatures ranging from 54 ℃ - 59 ℃ 
were tested. A single band was obtained at 

temperatures 54 ℃, 55 ℃, 58 ℃ and 59 ℃, but the 

most apparent band was observed at 58 ℃ (Figure 
3). In particular, the banding pattern produced 
matched the estimated size at 250 bp, as reported 
by Sivaranjani et al. (2014). Thus, the best 

annealing temperature of 58 ℃ was selected for 
further experiment.  
 

 
Figure 3: PCR product with different annealing 
temperatures using primer bnlg381. Lane M = 1 
kb marker for size comparison. 
 
Out of 39 random primers screened, only ten 
primers (bnlg2162, umc1153, umc2366, phi112, 
bnlg2181, umc1005, umc1196, phi011, umc2077 
and bnlg381) produced the clearest bands, 
therefore were selected for further SSR-PCR 
amplification of waxy corn and grain corn inbred 
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lines (Figure 4). This process was performed using 
a total reaction of 25 µl following PCR profile Devi 
et al. (2017). The primers were tested using the 
same DNA sample from kernel BELLA 1-5. 
There was no DNA band produced by several 
primers (Figure 4). Hence, those primers were not 
selected in the present study. Although almost all 
primers produced a DNA band in Figure 5, there 
was a slight variation in size. Hence, the ten 
primers were chosen due to significant variation in 

the DNA band size produced compared to other 
primers. The SSR products was low in molecular 
weight. Therefore, each fragment was estimated 
and compared with a 100 bp marker instead of a 1 
kb marker. In addition, the percentage of agarose 
gel was increased from 1% to 2% agarose gel to 
ensure a better fragment migration through the gel. 
This is because shorter DNA fragment migrates 
through the gel faster than the longer ones.

 

 

Figure 4: PCR screening of 39 SSR primers. A) Lane M = 100 bp, Lane 1-10: bnlg1178, bnlg1803, 
umc1413, umc2165, umc1831, umc1446, umc1064, umc2077, bnlg381, umc1325. B) Lane M = 100 
bp, Lane 1-10: phi080, umc1005, umc2188, phi072, phi126, umc2446, umc1550, umc1012, umc1196, 
phi011. C) Lane M = 100 bp, Lane 1-10: bnlg439, umc2101, bnlg2162, umc1277, bnlg197, umc1705, 
umc1153, umc1845, umc2366, umc1717. D) Lane M = 100 bp, Lane 1-9: mmc0241, phi328175, 
bnlg2181, umc1159, umc1551, phi112, bnlg244, umc1380, bnlg1185

SSR-PCR amplifications 
The DNA amplifications were carried out using a 
Applied BiosystemTM VeritiTM 96-well Fast Thermal 
Cycler. The PCR condition for this method was 
referred to Devi et al. (2017) with modification. The 

annealing temperature used was 58 ℃. The PCR 
condition started with an initial denaturation at 94 
°C for 5 minutes, followed by 35 cycles of 
denaturation at 94 °C for 45 seconds, annealing 
temperature was set at 58 °C for 45 seconds, an 
extension process at 72 °C for 40 seconds, and a 
final extension at 72 °C for 8 minutes. The PCR 
amplifications were performed using ten selected 
primers (bnlg2162, umc1153, umc2366, phi112, 
bnlg2181, umc1005, umc1196, phi011, umc2077 
and bnlg381) For primer umc2162, a total of four 
bands were produced, ranging in sizes from 100 bp 

to 700 bp. Only GWT 46-1b showed a distinct band 
at 700bp. For primer umc1153, all lines only 
produced one band at 100bp except for GWT 46-
1b and GWT 46-10b compromised absence of 
band. For primer umc2366, a total of four bands 
were produced, ranging in sizes from 190 bp to 300 
bp. For primer phi112, all lines only produced one 
band at 180 bp except for BELLA 1-7, BELLA 1-10 
and BELLA 1-12 compromised absence of band. 
For primer bnlg2181, a total of three bands were 
produced, ranging in sizes from 280 bp to 300 bp. 
For primer umc1005, a total of five bands were 
produced, ranging in sizes from 190 bp to 900 bp. 
Only waxy corn BELLA 1-5 showed a distinct band 
at 800 bp while BELLA 1-7, BELLA 1-11, BELLA 1-
12, and grain corn GWT 10-17b produced band at 
900 bp. For primer umc1196, four bands were 
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obtained. The molecular sizes of those bands can 
be observed at 190 bp and 280 bp. Only BELLA 1-
1 showed a distinct band at 280 bp. Primer phi011 
produced three polymorphic bands ranging from 
195 bp to 280 bp. All lines showed slightly variation 
between each other. There was no significant 
difference between the banding pattern of the waxy 
corn and grain corn at 300 bp and 200 bp, although 
there were variations observed between 
accessions. Primer umc2077 produced three 
bands at 90 bp and 200 bp. Only slight variation 
can be seen at 210 bp which was GWT 46-1b. 
However, no diagnostic banding pattern was 
produced to distinguish between waxy corn and 

grain corn. For primer bnlg381, three bands were 
produced, ranging in size from 200 bp to 500 bp. 
The banding pattern obtained at 200 bp, 210 bp, 
and 500 bp were all polymorphic since they 
showed variations in all corn accessions. This 
primer showed high polymorphism, which was 
informative to differentiate between waxy and grain 
corn accessions. However, no diagnostic band 
specific to a corn variety was identified. A previous 
study performed by Sivaranjani et al. (2014) and 
Zheng et al. (2013) found that this primer bnlg381 
was moderately informative to study corn inbred 
lines.

 
Figure 5:  PCR amplification using 10 SSR markers A) bnlg2162 B) umc1153 C) umc2366 D) phi112 
E) bnlg2181 F) umc1005 G) umc1196 H) phi011 I) umc2077 J) bnlg381 in waxy corn and grain corn 
inbred lines. Lane M: 100 bp DNA ladder, Lane 1-8:  BELLA 1-1, BELLA 1-5, BELLA 1-7, BELLA1-8, 
BELLA1-10, BELLA1-11, BELLA1-12, Lane 9-12: GWT 10-17b, GWT 10-51b, GWT 46-1b, GWT 46-10b
SSR polymorphism and genetic diversity  A total of 31 amplified bands were yielded in  
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twelve corn-accessions inbred lines using ten 

primers in SSR analysis. All the primers were found 
polymorphic, as shown in Table 2.

 
Table 2: Primers showing polymorphism across corn genotypes 

 
Primers Approximate product 

size amplified (bp) 
Total number of 

bands 
Total number of 

polymorphic 
bands 

Percentage of 
polymorphism (%) 

PIC 
value  

bnlg2162 100-700 4 4 100 0.97 

umc1153 100 1 1 100 0.17 

umc2366 190-300 4 4 100 0.97 

phi112 180 1 1 100 0.25 

bnlg2181 280-300 3 3 100 0.88 

umc1005 190-900 5 5 100 0.96 

umc1196 190-280 4 4 100 0.68 

phi011 195-280 3 3 100 0.80 

umc2077 90-200 3 3 100 0.38 

bnlg381 200-500 3 3 100 0.33 

     
This study revealed genetic variation among 
waxy corn and grain corn accessions using SSR 
markers. All selected primers were highly 
polymorphic with 100% polymorphisms. They 
showed high variation among the accessions. 
The PIC value ranged from 0.17 (umc1153) to 
0.97 (bnlg2162 and umc2366) with an average 
value of 0.64 (Table 2). A total of 6 SSR loci were 
found to have a PIC value ≥0.50, indicating the 
higher ability of these loci to discriminate between 
the inbred lines. Closely related lines have a 
lower PIC value, while genetically distinct lines 
have higher PIC values (Muthusamy et al. 2015; 
Zunjare et al. 2015). The PIC value of 0.31 and 
0.46 was also observed by Hao et al. (2015) and 
Hung et al. (2013) in waxy corn germplasm. 
These supported by Sa et al. (2015) (PIC = 0.62) 
and Zheng et al. (2013) (PIC = 0.70) where both 
reported high value of PIC in their studies on 
waxy corn. The data were analyzed using the 
Phylogenetic Analysis (PAUP*) version 4.0 
software for the genetic distance analysis. Table 
3 shows the genetic distances based on Nei and 
Li (1979) coefficients.  
 Next, a dendrogram was generated and 
clustered using UPGMA analysis and their 
reliability was assessed by genetic distance 
analysis. 

The dendrogram produced two major clusters, 
labeled as cluster I and cluster II (Figure 6). 
Cluster I consisted of two sub-clusters which 
were sub-cluster IA and sub-cluster IB. The sub-
cluster IA consisted of waxy corn (BELLA 1-1, 
BELLA 1-9, BELLA 1-7 BELLA 1-11 BELLA 1-12) 
and grain corn (GWT 10-51b and GWT 10-17b), 
while sub-cluster IB comprised of BELLA 1-5 and 
BELLA 1-10. Cluster II composed of waxy corn 
BELLA 1-5 and two grain corn (GWT 46-1b and 
GWT 46-10b).  
From Table 3, BELLA 1-5 (yellow kernel) and 
BELLA 1-7 (purple kernel) have the greatest 
distance between waxy corn accessions with 
0.54839. These are followed by BELLA 1-1 (white 
kernel) and BELLA 1-5 (yellow kernel), BELLA 1-
1 (white kernel) and BELLA 1-8 (purple kernel), 
BELLA 1-7 (purple kernel) and BELLA 1-8 (purple 
kernel) with 0.48387 genetic distance, 
respectively. Therefore, the genetic distance 
between the inbred lines was not influenced by 
their kernel colour. The reason might be that the 
metabolic biosynthesis pathway influences the 
endosperm kernel colour. For instance, metabolic 
biosynthesis pathway impacts on carotenoid and 
chlorophyll production may have affected 
endosperm and seedling colour (Owens et al. 
2019).
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Table 3:  Genetic distance matrix of waxy corn and grain corn inbred lines based on 31 polymorphic bands generated by 10 primers 

used based on Nei and Li (1979) coefficients. (1) = BELLA 1-1, (2) = BELLA 1-5, (3) = BELLA 1-7, (4) = BELLA 1-8, (5) = BELLA 1-9, (6) = 

BELLA 1-10, (7) = BELLA 1-11, (8) = BELLA 1-12, (9) = GWT 10-17b, (10) = GWT 10-51b, (11) = GWT 46-1b, (12) = GWT 46-10b. 

 

  1 2 3 4 5 6 7 8 9 10 11 12 

1 - 0.48387 0.32258 0.48387 0.19355 0.41935 0.38710 0.38710 0.41935 0.38710 0.48387 0.41935 

2  - 0.54839 0.38710 0.35484 0.45161 0.35484 0.48387 0.45161 0.29032 0.25806 0.25806 

3   - 0.48387 0.19355 0.41935 0.25806 0.32258 0.35484 0.38710 0.54839 0.41935 

4    - 0.35484 0.25806 0.29032 0.41935 0.32258 0.29032 0.45161 0.38710 

5     - 0.41935 0.19355 0.38710 0.35484 0.25806 0.35484 0.35484 

6      - 0.41935 0.41935 0.32258 0.35484 0.58065 0.38710 

7       - 0.25806 0.29032 0.19355 0.35484 0.41935 

8        - 0.22581 0.38710 0.48387 0.48387 

9         - 0.35484 0.45161 0.51613 

10          - 0.22581 0.29032 

11           - 0.25806 

12                       - 
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Figure 6: Dendrogram from UPGMA clustering using genetic distance derived from Nei and Li (1979) 
for waxy corn and grain corn inbred lines. 
 
The grouping findings were beneficial for 
identifying the inbred lines as a pair of parents to 
develop a hybrid. BELLA 1-1 and BELLA 1-5 
followed by BELLA 1-5 and BELLA 1-7, BELLA 1-
1 and BELLA 1-8, BELLA 1-7 and BELLA 1-8 that 
were distantly related to each other, hence 
suggested to have great potential in targeting 
heterosis. This is because parental pairs from 
different groups with the most significant genetic 
distance or resemblance might result in hybrids 
with significant heterosis (Yuwono et al. 2017).  
In this study, waxy corn and grain corn co-existed 
in each branch, indicating that some waxy corn was 
domesticated from grain corn. A study conducted 
by Luo et al. (2020) stated that the waxy corn and 
flint corn were intermixed in a particular branch, 
implying that several glutinous corn accessions 
may have evolved from non-glutinous corn 
domestication. In another study carried out by 
Dermail et al. (2018), they crossed waxy corn with 
sweet corn in a reciprocal cross. Superior hybrids 
were potentially developed from the sweet-waxy 
corn F1 hybrids that have been tested. Hence, 
there might be a potential hybrid between the 
closely related waxy corn inbred line BELLA 1-5 
and grain corn inbred line GWT 46-1b for improving 
the yield, or between BELLA 1-5 and BELLA 1-7 
for improving the yield as well as the quality of 
anthocyanin pigmentation in hybrid corn. 

CONCLUSION 
The genomic DNA was successfully extracted from 
kernels using the Qiagen kit and CTAB-based 
method. The single band produced by the Qiagen 
kit was clearer and less smear than that of CTAB. 
The best annealing temperature of 58 ℃ was 
selected and further used in SSR-PCR 
amplifications. For genetic diversity analysis, ten 
(bnlg2162, umc1153, umc2366, phi112, bnlg2181, 
umc1005, umc1196, phi011, umc2077 and 
bnlg381) out of 39 primers produced the clearest 
and reproducible bands. A total of 31 bands were 
produced by the ten SSR primers, in which the 
polymorphism information content (PIC) ranged 
from 0.17 to 0.97, and had an average of 0.64. 
Both primers bnlg2162 and umc2366 have the 
highest PIC value of 0.97. Based on the results 
obtained, waxy corn pairs of BELLA 1-5 and 
BELLA 1-7, followed by BELLA 1-1 and BELLA 1-
5, BELLA 1-1 and BELLA 1-8, and BELLA 1-7 and 
BELLA 1-8 were distantly related to each other and 
potentially used for hybrid breeding in future. 
However, no specific band was produced to 
differentiate between waxy and grain corn 
varieties. Hence, more SSR markers or other 
markers like RAPD, ISSR, and RFLP need to be 
tested in further studies. 
 
 



Saiful-Lazim et al.            SSR Markers for Genetic Diversity of Waxy Corn Inbred Lines 

 

    Bioscience Research, 2022 volume 19(SI-1): 403-413                                                             412 

 

CONFLICT OF INTEREST 
The authors declared that the present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 
This study was funded by 
FRGS/1/2019/WAB01/UNISZA/02/3 grant from the 
Ministry of Higher Education of Malaysia. 
 
AUTHOR CONTRIBUTIONS 
NFSL and SAB performed the experiments and 
data analysis, and wrote the manuscript. SNR 
provided the plant materials. MFAB and MDAR 
provided chemicals and contributed in critical 
discussion towards the completion of the 
manuscript. HNNF designed the experiments and 
reviewed the manuscript. All authors have read and 
approved the final version.  
 

Copyrights: © 2022@ author (s).  
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is 
permitted which does not comply with these terms. 

 
REFERENCES   
 Abdel-Latif A, Osman G. 2017). Comparison of 

three genomic DNA extraction methods to 
obtain high DNA quality from maize. Plant 
Methods, 13(1), 2–9.  

Dermail A, Suriharn B, Lertrat K., Chankaew S, 
Sanitchon J. 2018. Reciprocal cross effects 
on agronomic traits and heterosis in sweet 
and waxy corn. Sabrao Journal of Breeding 
and Genetics, 50(4), 444–460. 

Devi EL, Hossain F, Muthusamy V, Chhabra R, 
Zunjare RU, Baveja A, Jaiswal SK, Goswami 
R, Dosad S. 2017. Microsatellite marker-
based characterization of waxy maize inbreds 
for their utilization in hybrid breeding. 3 
Biotech, 7(5), 1–9.  

Hao D, Zhang Z, Chey Y, Chen G, Lu H, Mao Y, 
Shi M, Huang X, Zhou G, Xue L. 2015. 
identification of genetic differentiation 
between waxy and common maize by SNP 
genotyping. PLoS One 10:e0142585. 
doi:10.1371/journal.pone.0142585 

Heikrujam J, Kishor R, Mazumder PB. 2020. The 
chemistry behind plant DNA isolation 

protocols. In O. Boldura, C. Baltă, & N. S. 
Awwad (Eds.), Biochemical analysis tools - 
Methods for bio-molecules studies. (p. 1-12). 
London: IntechOpen.  

Hung NT, Huyen NT, Van Loc N & Chuong BM. 
2012. The application of SSR molecular 
indicator to assess the purity and genetic 
diversity of waxy corn inbred lines. Journal of 
the International Society for Southest Asian 
Agricultural Sciences, 18(2), 45-54. 

Fatihah HNN, Jamali NA, Alias N, Mahmod NH, 
Mahmud K, Ali AM. (2020). Genetic diversity 
and differentiation of Aquilaria malaccensis 
Lam. using RAPD markers. Bioscience 
Research, 17(SI-1), 117–125. 

Kim HR, Sa KJ, Nam-Gung M, Park KJ, Ryu SH, 
Mo CY, Lee JK. 2021. Genetic 
characterization and association mapping in 
near-isogenic lines of waxy maize using seed 
characteristics and SSR markers. Genes and 
Genomics, 43(1), 79–90. 

Klimek-Kopyra A, Szmigiel A, Zając T, Kidacka A. 
2012. Some aspects of cultivation and 
utilization of waxy maize (Zea mays L. ssp. 
ceratina). Acta Agrobotanica, 65(3), 3–12. 

Kumar B, Dar AZ, Choudhary M, Meenakshi, 
Kumar S, Singh BK, Chaturvedi G, Jat SL, 
Rakshit S. 2019. Germplasm conservation 
and utilization in maize. National Workshop 
on Scientific Maize Cultivation in North East 
India. 22-25 January 2020, Aizawl, India. 

Luo M, Shi Y, Yang Y, Zhao Y, Zhang Y, Shi Y, 
Kong M, Li C, Feng Z, Fan Y, Xu L, Xi S, Lu 
B, Zhao J. 2020. Sequence polymorphism of 
the waxy gene in waxy maize accessions and 
characterization of a new waxy allele. 
Scientific Reports, 10(1), 1–10. 
https://doi.org/10.1038/s41598-020-72764-3 

Mohd Fahmi AB, Nik Marzuki S, Che Radziah 
CMZ, Khairiah J, Roslina MY, Ismail BS. 
2010. Isolation of the metallothionein gene 
from white mustard, brassica rapa var 
parachinensis. Advances in Environmental 
Biology, 4(1), 68–73. 

Muthusamy V, Hossain F, Thirunavukkarasu N, 
Pandey N, Vishwakarma AK, Saa S, Gupta 
HS. 2015. Molecular characterization of 
exotic and indigenous maize inbreds for 
biofortication with kernel carotenoids. Food 
Biotechnol 29:276-295 

Nei M, Li WH. 1979. Mathematical model for 
studying genetic variation in terms of 
restriction endonucleases. Proceedings of 
the National Academy of Sciences, 76(10), 
5269-5273  

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Saiful-Lazim et al.            SSR Markers for Genetic Diversity of Waxy Corn Inbred Lines 

 

    Bioscience Research, 2022 volume 19(SI-1): 403-413                                                             413 

 

Owens BF, Mathew D, Diepenbrock CH, Tiede T, 
Wu D, Mateos-Hernandez M, Gore MA, 
Rocheford T. 2019. Genome-wide 
association study and pathway-level analysis 
of kernel color in maize. In G3 
Genes\Genome\Genetics, 9(6), pp. 1945–
1955.  

Sa KJ, Park JY, Park KJ, Lee JK. 2010. Analysis of 
genetic diversity and relationships among 
waxy maize inbred lines in Korea using SSR 
markers. Genes and Genomics, 32(4), 375–
384.  

Sa KJ, Park JY, Choi SH, Kim BW, Park KJ, Lee 
JK. 2015. Genetic diversity, population 
structure, and association mapping of 
agronomic traits in waxy and normal maize 
inbred lines. Genet Mol Res 14:7502-7518  

Sivaranjani R, Santha IM, Pandey N, Vishwakarma 
AK, Nepolean T, Hossain F. 2014. 
Microsatellite-based genetic diversity in 
selected exotic and indigenous maize (Zea 
mays L.) inbred lines differing in total kernel 
carotenoids. Indian Journal of Genetics and 
Plant Breeding, 74(1), 34–41. 

Stamp P, Jampatong S, Le-Huy H, Streb S, 
Jompuk C. 2016. Improving waxy maize, the 
Heritage of South East Asia. International 
Journal of Environmental and Rural 
Development, 7(1), 117–123. 

Swofford DL. 2001. Paup* Phylogenetic analysis 
using parsimony (and other method) 4.0 B5. 

Wang FG, Tian HL, Zhao JR, Yi HM, Wang L, Song 
W. 2011. Development and characterization 
of a core set of SSR markers for fingerprinting 
analysis of Chinese maize varieties. Maydica, 
56(1). 

Yuwono PD, Murt RH, Basunanda P. 2017. 
Heterosis and specific combining ability in 
sweet corn and its correlation with genetic 
similarity of inbred lines. Journal of 
Agricultural Science, 9(3), 245-252. 

Zahari SYM, Fatihah HNN, Zakaria SN, Alias N, 
Mahmod NH. 2020. Genetic diversity of 
threatened Aquilaria sp. in Malaysia using 
inter simple sequence repeat (ISSR) 
markers. Asian Journal of Plant Sciences, 19, 
14–20. 

Zheng H, Wang H, Yang H, Wu J, Shi B, Cai R, Xu 
Y, Wu A, Luo L. 2013. Genetic diversity and 
molecular evolution of chinese waxy maize 
germplasm. Plos One, 8(6), 19-22. 

Zunjare R, Hossain F, Muthusamy V, Vishwakarma 
AK, Pandey N, Kumar P, Sekhar JC, Jha SK, 
Nepolean T, Gupta HS. 2015. Analyses of 
genetic diversity among exotic- and 

indigenous- maize inbreds differing for 
responses to stored grain weevil (Sitophilus 
oryzae L.) infestation. Maydica 60:1-7 

 
 


