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Abstract: In this investigation, nine maize genotypes were used to check the genetic relationship using 20 
PCR based markers (SSR). These markers produced 55 polymorphic bands with an average of 2.75 bands 
per primer. Maximum genetic similarity (i.e., 0.733) was found based on Jaccard’s coefficient of similarity. 
A dendrogram was constructed using unweight pair group mean arithmetic (UPGMA) method which 
clustered into two main groups based on their genetic diversity which was further confirmed by the 
principal component analysis. These findings clearly depicted that SSR markers could help in successful 
detection of genetic relationship in maize and further assist in improvement of maize productivity. 
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1. INTRODUCTION 

Maize is third most important crop after rice and 
wheat all over the world, which is an angiosperm 
and monocot, C4 plant, cross pollinated and is 
cultivated annually. The genome of maize 
comprises of 10 chromosomes having approximate 
genetic length of 1500 cM. Due to its high 
nutritional value (about 50% of dietary proteins), it 
serves as a staple food for human consumption in 
many developing countries. In Africa and some of 
the Asian countries, 80 to 90% of the energy 
intake is accounted from maize consumption. Due 
to cross pollination it has a wide range of 
morphological and geographical adaptation. Based 
on latitude and climatic conditions, there are three 
categories of maize, i.e., temperate, tropical, and 
subtropical. Generally speaking, the classification 
of maize varieties are based on maturity, 
utilization, endosperm, kernel constitution and 
kernel properties (i.e., floury, waxy, dent, flint, 
sweet and popcorn) [1]. 

Genetic diversity could be assessed using 
morphological, agronomic, molecular and 
biochemical information of the organism [2-4]. 
Among this information, molecular level is more 

accurate as it provides more detailed information, 
very reliable, quick and no environmental impact 
[5-9]. Simple sequence repeats are comprised of 2-
4 bases length of DNA sequence motif which are 
repeated many times and widely used in maize 
genetics studies [10]. These SSR markers are 
uniformly distributed, abundant, codominant, 
easily produced by PCR and simple interpretation 
[10]. 

Mostly DNA markers are being used for the 
diversity analyses which are performed by 
polymerase chain reactions (PCR). The main DNA 
markers which are driven by PCR are Randomly 
Amplified Polymorphic DNA (RAPD), Single 
Nucleotide Polymorphism (SNP), Simple 
Sequence Repeats (SSR), Allele-Specific 
Amplification (ASA), and Cleavage Amplification 
Polymorphic Sequences (CAPS). Among these 
SSR and RAPD markers are easily used by PCR 
reactions. Simple Sequence Repeats are the short 
DNA sequences of about 2-6bp in length which 
are distributed through out the genome of the 
eukaryotes. Currently these SSR markers are 
mostly used for genetic diversity analysis in crops 
like maize, rice, wheat, barley, etc. [11, 12]. The 
application of this technique was first reported by 
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Akkaya et al. [13] in finger printing plant species. 
In this study we have reported genetic diversity 
analysis among nine different maize lines using 
twenty SSR markers distributed in whole genome 
of maize.  

 

2. MATERIALS AND METHODS 

2.1 Plant Material 

Nine varieties of maize were collected from 
Biotechnology laboratory of Shenyang Academy 
of Agricultural Sciences, Shenyang, China and 
used for genetic analysis. 

2.2 DNA Extraction and SSR Analysis 

Total genomic DNA and amplification was done 
as reported earlier [14].  

2.3 SSR-PCR Amplification 

SSR-PCR amplifications were performed as 
described in Li et al [15]. The SSR-PCR products 
was resolved on 8% PAGE and visualized by 
silver staining. 

2.4 Data Analysis 

Data obtained after SSR-PCR amplification were 
scored as (1) indicating the presence or (0) 
absence of clear bands. The genetic similarities 
(GS) among maize varieties were determined as 
described by Nei and Li [16]. A dendogram was 
constructed showing the genetic relationships 
between genotypes using unweighted pair group 
method with arithmetic mean (UPGMA) [17] 
principal component analysis was performed using 
NTSYS-pc version1.80 software [18]. 

 

3. RESULTS AND DISCUSSION 

Currently a wide range of genetic diversity is 
present in almost all species and this genetic 
variation might be due to the environmental 
conditions. This genetic diversity could be 
estimated by a variety of molecular techniques 
using standard molecular markers. Among these 
molecular markers, SSR molecular marker 
technique is most acceptable, codominant in 

nature, reproducible and highly polymorphic [19] 
which have specific primers and are species 
specific [20]. Some studies [21-23] suggested that 
these SSRs could be used for the determination of 
genetic diversity in the improvement of maize and 
could extensively be used in various applications 
in crop improvement [24].  

Table 2 showed the amplification profile of 
the nine different maize lines from twenty SSR 
markers. The PCR products were resolved on 8% 
PAGE followed by sliver staining (Fig. 1). Almost 
all the amplified products were ranged in size of 
about 100-200bp. These twenty primers produced 
a total of 95 bands with an average of 4.75 alleles 
per primer. Of these 95 alleles, 40 alleles were 
monomorphic with an average of 2.0 allele while 
55 alleles were polymorphic with an average of 
2.75 alleles, respectively. Polymorphism was 
ranged from 25 to 83.3% with an average of 
56.4%. Our findings were little lower than de 
Souza et al [25] who reported 89.4% 
polymorphism with RAPD markers while higher 
than Lanza et al [26] who reported 80.6% 
polymorphism using RAPD markers respectively. 
In another study, Sun et al [27] reported 100% 
polymorphism by microsetalites. The 
polymorphism level differs in corn genome with 
use of different molecular makers and spatial 
distribution [27].  

Table 3 presents the similarity matrix based on 
Jaccord’s coefficient. Maximum similarity 
coefficient (73.3%) was observed between variety 
SAAS-BL 3 and SAAS-BL 9 while the lowest 
similarity coefficient (26.3%) was noted between 
SAAS-BL 4 and SAAS-BL 7 respectively. So the 
similarity index based on Jaccord’s coefficient was 
ranged from 26.3 to 73.3 % with twenty SSR 
markers using nine different lines of maize. This 
similarity was slightly lower than from earlier 
report of de Souza et al [25] who reported 
similarity range of 53 to 84% as revealed by 
RAPD and 11 to 82% for SSR markers based on 
Dice coefficient. Microsatellites had better 
polymorphism, variability and high diversity 
exploration ability [28]. Bibi et al [29] reported 
that genetic diversity among maize varieties could 
be determined using SSR markers.  
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Table 1. Maize SSR primers used during amplification reactions. 

Sr. # Primer Sequence Bin Repeat 

1 Bnlg1189 CGTTACCCATTCCTGCTACG (F) 
CTTGCTCGTTTCCATTCCAT (R) 

4.07 AG(12) 

2 Umc1775 GAGGACAACGCTGCTATTCTCG (F) 
GGAACTCCGTCAAAATCCCATC (R) 

4.08 (CGC)5 

3 Bnlg1444 GCATGGATGGAGAAAGAGGA (F) 
AGACGACGAAGCTTTTGCAT 

4.08 AG(22) 

4 Bnlg2162 GTCTGCTGCTAGTGGTGGTG (F) 
CACCGGCATTCGATATCTTT 

4.08 AG(27) 

5 Umc2041 CTACACAAGCATAGAGGCCTGGAG (F) 
CAGTACGAGACGATGGAGGACAT 

4.08 (CAG)4 

6 Umc1086 CATGAAAGTTTTCCTGTGCAGATT (F) 
GGGCAACTTTAGAGGTCGATTTATT (R) 

4.08 (CT)12 

7 Umc2285 GAAGAAGAGGGAAAGGAAGGGAG (F) 
AAGTAGCTGGGCTTGGAGGG (R) 

4.08 (GCCGCC)4 

8 Umc2286 CTAGGCGCAGAAAGAAGTGTTGTT (R) 
CCGAAAGAACAACAAAGGAGAGAG (F) 

4.08 (ACCA)4 

9 Umc2139 ATAAGGAACATCCCCACCTGTTTT (F) 
GGTGTGCTGGGTTCTTGTGG 

4.09 (GCC)4 

10 Umc1328 TACAAGGAGGAGGCCGCTGT(F) 
ATCCAGTCTCCGGACTTCCAAC (R) 

4.09 (TGC)5 

11 Umc1573 GTCCCTCCTCCTGCACACAC (F) 
ACGACGTCGGTACTTGCTGG (R) 

4.09 (ATG)4 

12 Bnlg589 GGGTCGTTTAGGGAGGCACCTTTGGT(F) 
GCGACAGACAGACAGACAAGCGCATTGT(R) 

4.10 --- 

13 Umc1109 GCAACACAGGACCAAATCATCTCT (F) 
GTTCGGTCCGTAGAAGAACTCTCA (R) 

4.10 (ACG)4 

14 Umc2289 CAGCACCACCCAGTTAACCAC (F) 
GGCTCCGATTCACTTGATGC (R) 

4.10 (CTCT)4 

15 Umc1738 CCAGACATTCCCCAAACCCTA (F) 
CGTCGGTGTCGTACTGGTTG (R) 

4.10 (CGCT)5 

16 Umc2290 GAATCACAATGGATCCTACCAAGG (F) 
AACTGCAAGCAAAATCAACACAAG (R) 

4.11 (CTT)4 

17 Umc1308 GCAGATGGACACAAACAAATGAAG (F) 
GCTACTGATGCTGGCAATCTTACA (R) 

5.0 (TG)10 

18 Umc1097 CTCGTCAACGTCAACCCAAGTAAG (F) 
CTGTTAGATGTGCGACAACAGAGC (R) 

5.0 (CA)8 

19 Umc1325 ATATTGTACAGGAGCAGCTGGGAC (F) 
GGAGGTCATGCGTGTAAATAGGTC (R) 

5.0 (CT)6 

20 Umc1679 CACTGCTAAGCTGCTCCCTGTT (F) 
TGCTAACTAACCCTGACCCTCTCA (R) 

5.01 (AAG)5 
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Based on the amplification profile these maize 
genotypes were clustered through UPGMA 
method. The dendrogram (Fig. 2) showed two 
main groups. The group 1 contains three 
genotypes which were further divided into two 
subgroups while the group II contained six 
genotypes which were also further divided into 
three subgroups each having two genotypes in one 
subgroup. These groupings were further verified 
by principal component analysis (PCA) which was 
shown in three dimensional plots (Fig. 3). These 

three principal components had eigenvalues 
greater than unity extracted a cumulative of 97% 
of the variance in 9 varieties of maize. These three 
axes had eigen-values of 30.67, 24.46, and 
14.58%, respectively. So, PCA showed the three-
dimensional relationships that describe genetic 
variance in maize verities. 

 

4. CONCLUSIONS  

Results of this study revealed that SSR markers 
were very helpful in dissecting the genetic 

Table 2. Number of alleles detected and polymorphism produced by twenty SSR primers. 

Locus Observed No. of 
alleles 

Monomorphic 
Alleles 

Polymorphic Alleles Polymorphism (%) 

Bnlg1189 5 2 3 60 
Umc1775 6 3 3 50 
Bnlg1444 4 1 3 75 
Bnlg2162 4 2 2 50 
Umc2041 5 3 2 40 
Umc1086 4 3 1 25 
Umc2285 3 2 1 33.3 
Umc2286 4 2 2 50 
Umc2139 5 1 4 80 
Umc1328 5 2 3 60 
Umc1573 6 1 5 83.3 
Bnlg589 6 2 4 66.6 
Umc1109 5 4 1 20 
Umc2289 4 1 3 75 
Umc1738 4 2 2 50 
Umc2290 6 2 4 66.6 
Umc1308 6 1 5 83.3 
Umc1097 4 3 1 25 
Umc1325 5 2 3 60 
Umc1679 4 1 3 75 
Average 4.75 2.0 2.75 56.4 
Total 95 40 55  
 
Table 3. Similarity matrix computed with Jaccard coefficient. 

 1 2 3 4 5 6 7 8 9 
1 1 0.688 0.421 0.368 0.556 0.529 0.556 0.526 0.611 

2   1 0.412 0.278 0.389 0.438 0.562 0.444 0.529 

3     1 0.438 0.316 0.278 0.471 0.529 0.733 

4       1 0.600 0.467 0.263 0.389 0.471 

5         1 0.600 0.368 0.350 0.421 

6           1 0.500 0.316 0.316 

7             1 0.588 0.500 

8               1 0.556 

9                 1 
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Fig. 1. Silver stained PAGE of amplification profile of SAAS-BL 1 with 
twenty SSR markers. 

 
     Fig. 2. Dendrogram of nine maize genotypes constructed by the UPGMA method. 
 

 
                               Fig. 3. Principal component analyses of nine genotypes of maize. 
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diversity of maize varieties. This was effective 
approach to study genetic variation and would be 
very helpful in maize genetic improvement and 
breeding programs.  
 
5. ACKNOWLEDGMENTS  
Technical Staff of Biotechnology Research Lab of 
Shenyang Academy of Agricultural Science is 
acknowledged.  
 
6. REFERENCES 
1.  Xu, Y., D.J. Skinner, H. Wu, N. Palacios-Rojas, 

J.L. Araus, J. Yan, S. Gao, M.L. Warburton, & J.H. 
Crouch. Advances in maize genomics and their 
value for enhancing genetic Gains from breeding. 
International Journal of Plant Genomics 2009, 
Article ID 957602, 30 pp., 
doi:10.1155/2009/957602. 

2.  Mohammadi, S.A., & B.M. Prasanna. Analysis of 
genetic diversity in crop plants - salient statistical 
tools and considerations. Crop Science 43: 1235-
1248 (2003). 

3.  Sudré, C.P., E. Leonardecz, R. Rodrigues, & A.T. 
Amaral Júnior. Genetic resources of vegetable 
crops: a survey in the Brazilian germplasm 
collections pictured through papers published in 
the journals of the Brazilian Society for 
Horticultural Science. Horticulura Brasileira 25: 
496-503 (2007). 

4.  Gonçalves, L.S., R. Rodrigues, A.T. do Amaral 
Júnior, & M. Karasawa, Heirloom tomato gene 
bank: assessing genetic divergence based on 
morphological, agronomic and molecular data 
using a Ward-modified location model. Genetics 
and Molecular Research 8: 364-374 (2009). 

5.  Binneck, E., J.L. Nedel, & O.A. Dellagostin. 
RAPD analysis on cultivar identification: a useful 
methodology? [Análise de RAPD na identificação 
de cultivares: uma metodologia útil?]. Brazilian 
Journal of Seeds 24: 183-196 (2002). 

6.  Garcia, A.A.F., L.L. Benchimol, A.M.M. Barbosa, 
& I.O. Geraldi. Comparison of RAPD, RFLP, 
AFLP and SSR markers for diversity studies in 
tropical maize inbred lines. Genetics and 
Molecular Biology 27: 579-588 (2004). 

7.  Gonçalves, L.S.A., C.P. Sudré, C.S. Bento, & 
M.M. Moulin. Divergência genética em tomate 
estimada por marcadores RAPD em comparação 
com descritores multicategóricos. Horticulura 
Brasileira 26: 364-370 (2008). 

8.  Saker, M.M., S.S. Youssef, N.A. Abdallah, & H.S. 
Bashandy. Genetic analysis of some Egyptian rice 
genotypes using RAPD, SSR and AFLP. African 
Journal of Biotechnology 4: 882-890 (2005). 

9.  Souza, S.G.H., V. Carpentieri-Pípolo, C.F. Ruas, &  
V.P. Carvalho, Comparative analysis of genetic 
diversity among the maize inbred lines (Zea mays 
L.) obtained by RAPD and SSR markers. Brazilian 
Archives of Biology and Technology 51: 183-192 
(2008). 

10.  Al-Badeiry, N.A.H., A.H. Al-Saadi, & T.K. Merza. 
Analysis of genetic diversity in maize (Zeamays 
L.)varieties using simple sequence repeat (SSR) 
markers. Journal of Babylon University/Pure and 
Applied Science 22(6): 1768-1774 (2014). 

11.  Cao, W.G., P.S.G. Huel, & R.N. Chibbar. Genetic 
diversity within spelta and macha wheats based on 
RAPD analysis. Euphytica 104: 181-189 (1998). 

12. Sun, Q.Z., N.J. Gao, & T. Huang. Genetic 
relationships and diversity among Tibetan wheat, 
common wheat and European spelt wheat revealed 
by RAPD markers. Euphytica 99: 205-211 (1998). 

13. Akkaya, M.S., A.A. Bhagwat, & P.B. Cregan. 
Length polymorphism of simple sequence repeats 
DNA in Soybean. Genetics 132: 1131-1139 (1992). 

14. Irfan, M., T.T. Zhang, W. Yang, C. Zhang, Q. 
Miao, L. Zhang, F. Lin. Modification of CTAB 
protocol for maize genomic DNA extraction. 
Research Journal of Biotechnology 8(1):41-45 
(2013). 

15.  Li, C., M. Irfan, C. Zhang, F. Lin. Genetic diversity 
analysis of maize verities based on SSR markers. 
Research Journal of Biotechnology 9(6): 48-51 
(2014). 

16. Nei, M. & W.H. Li. Mathematical model for 
studying genetic variation in terms of restriction 
endonuclease. Proceedings of National Academy of 
Science USA 76: 5269-5273 (1979). 

17.  Sneath, P.H.A., & R.R. Sokal. Numerical 
Taxonomy: The Principles and Practice of 
Numerical Classification, San Francisco, p 573 
(1973).  

18. Rohlf, F. NTSYS-pc Numerical Taxonomy and 
Multivariate Analysis System. Version 2.01. Exeter 
Publishing Ltd., Setauket (2002). 

19. De Loose, M., & G. Gheysen. Identification 
Methods Based on Molecular Techniques. UPOV. 
International Union for the Protection of New 
Varieties of Plants: Working Group on 
Biochemical and Molecular Techniques and DNA-
Profiling in Particular, Wageningen, The 
Netherland. (1995). 

20.  Pestova, E., M.W. Ganal, & M.S. Rodder. Isolation 
and mapping of microsatellite markers specific for 
the D genome of bread wheat. Genome 43:689-697 
(2000). 

21. Liu, K., M.J. Goodman, S. Muse, J.S. Smith, E. 
Buckler, & J. Deabley. Genetic structure and 
diversity among inbred lines as inferred from DNA 
micro satellite. Genetics 165: 2117-2128 (2003). 

22. Xia, X.C., J.C. Reif, D.A. Hoisington, A.E.  
 

330	 Isrojaty Johanes Paransa et al



Melchinger, M. Frisch, & M.L. Warburton. 
Genetic diversity among CIMMYT maize inbred 
lines investigated with SSR markers. Crop Science 
44: 2230-2237 (2004). 

23.  Legesse, B.W., A.A. Myburg, K.V. Pixley, & A.M. 
Botha. Genetic diversity of African maize inbred 
lines revealed by SSR markers. Heredity 18: 415-
423 (2006). 

24. Stachel, M., T. Lelly, H. Grausgruber, & J. 
Vollman. Application of microstallites in wheat for 
studying genetic differentiation caused by selection 
for adaptation and use. Theoretical and Applied 
Genetics 100: 242-248 (2000). 

25.  de Souza, S.G.H., V. Carpentieri-Pípolo, C.F. 
Ruas, V.P. Carvalho, P.M. Ruas, A.C. Gerage.  
Comparative analysis of genetic diversity among 
the maize inbred lines (Zea mays L.) obtained by 
RAPD and SSR markers. Brazilian Archives 
Biology and Technology 51(1): 183-192 (2008). 

26. Lanza, L.L.B., C.L. Souza Jr, L.M.M. Ottoboni, 
M.L.C. Vieira, & A.P. de Souza. Genetic distance 

of inbred lines and prediction of maize single-cross 
performance using RAPD markers. Theoretical 
and Applied Genetics 94:1023-1030 (1997). 

27. Sun, G.L., M. William, J. Liu, K.J. Kasha, & K.P. 
Pauls. Microsatellite and RAPD polymosphisms in 
Ontario corn hybridos are related to the 
commercial sources and maturity ratings. 
Molecular Breeding 7: 13-24 (2001). 

28. Laborda, P.R., K.M. Oliveira, A.A.F. Garcia, 
M.E.A.G.Z. Paterniani, & A.P. Souza. Tropical 
maize germplasm: what can we say about its 
genetic diversity in the light of molecular markers? 
Theoretical and Applied Genetics 111: 1288- 1299 
(2005). 

29. Bibi, S., H. Ahmad, S. Ghafoor, K. Begum, S.G. 
Afridi, & I.A. Khan. Genetic Analysis of Some 
Commonly Grown Genotypes of Maize in Pakistan 
Using Maize Specific Simple Sequence Repeat 
(SSR) Primers. Current Research Journal of 
Biological Science 2(4): 259-261 (2010). 

 
 
  

	 Bottom Gill Net Modification for Fish Catch Development and Coral Damage Prevention	 331


