Analysis of Genetic Diversity in Maize (Zea mays L.) Variety
by Using SSR Markers

ABSTRACT

The present study was carried out to analyze the genetic diversity of five maize varieties at
K. K. Wagh collage of agricultural Biotechnology, Nashik during May to October 2022,
Genomic DNA was isolated from maize varieties by using CTAB method. The PCR
amplification obtains with set of five SSR primers.Thedendrogram was constructed based
UPGMA method from the Jjaccard’'s similarity coefficient and the varieties subjected to
cluster analysis. Among the five SSR primer used only three found polymorphic with total 13
alleles. The PIC value 0.358 to 0.8680f Phi-085, ssr-08 and ssr-06:shows polymorphism
50%, 80% and 83.34% respectively. The cluster analysis indicates the varieties were divided
into 3 clades and one Simplicifolicus. Interpreting the results P._Madhu.is divers among the
all varieties. The cluster analysis indicates the P. Madhu variety shows the diversity and
useful for different programs.

| recommend adding one last sentence and considering writing it based on the very good
conclusions on page 9.
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Maize (Zea mays L.) is an annual crop of the grass family that includes crops such as wheat,
rye, barley, rice, sorghum and sugarcane. Corn (Zea mays L.) is her third mest important
grain in the world after wheat and rice and is known as the "Queen of Cereals'. Itiis of global
importance as food for humans, animal feed, and numerous other industrial:products such
as glucose, starch and oil. It is an important food crop and the primary source of dietary
energy and protein for most area in the world. Maize was domesticated in Mexico and from
there it was introduced to other parts of the world with different agraclimatic conditions. Corn
is mainly used as feed (60%), followed by food (24%), industrial. products (starch) (14%),
beverages and seeds (1% each). Corn is considered the third most important food crop in
tndiafindiaft2} [1]. first place is fieeyrice; second place is wheat:. Total corn production is
about 31.51 tons. It accounts for 9% of the national production.

Corn can be regarded as a basic raw material and raw material-for industrial products such
as proteins, alcoholic beverages, food sweeteners, pharmaceuticals, cosmetics, films, fibers,
rubber, packaging, paper, starch, and oils. It'is also used as.an important fodder for animals.
Corn can be grown all year round in almost all/states of India. Cultivation purposes may
differ from use as grain, fodder, vegetables, sweet corn,’baby corn and popcorn. The largest
corn production in India is from Karnataka 16.45%, Madhya Pradesh 11.37%, Maharashtra
| 10.91%. Tamil Nradu 8.63%, West Bengal 7.76%, RajsthanRajasthan 7.20%, Bihar 7.06%,
Andhra Pradesh 6.19%, Uttar Pradesh 5.72%, Telengana5.55% and other state 13.15%

contribute [2] ...[A5)

Maize is a large, pronounced C4 annual crop that varies in height from 4 meters and
produces large, narrow, opposite:leaves that alternate along the length of a stiff stem. Maize
(Zea mays L.) is a tall, deep-rooted, warm weather annual grass. A single long stalk will
develop from seed.-Long smooth leaves are attached at the stem nodes. Seed producing
| shoots originate from the base of the main stem-Cerastem. Corn can grow well in a variety of
soils, from loamy sand to clay loam. However, soils with high organic matter content, high
water holding capacity .and neutral pH are considered suitable for high productivity. As a
plant sensitive to:water stress, especially excessive soil moisture and salinity stress; poorly
drained lowlands and high salinity fields should be avoided. Therefore, it is necessary to
‘ choose a well-drained field for cultivating corn[3...4].

Genetic diversity analyze the SSR is PCR-based and co-dominant in genetic and polyallelic

marker systems. Several studies have extensively used molecular markers to assess the

genetic relatedness of maize varieties. Many mapped SSR markers are available in maize
‘ that can be used for molecular eharacterization-Microsatellitescharacterization.

Microsatellites are generally identified by (1) screening of small insert or microsatellite-

enriched genomic libraries by hybridization with oligonucleotide primers followed by
‘ sequencing, and/or (2) searching DNA sequence databases[4].

In this study, we performed DNA fingerprinting of maize varieties using SSR markers to
identify these cultivars and to authenticate the genetic purity of different seed lots for



developing specific varieties. We characterized a DNA fingerprinting database for further
use.

Objective: Determination of genetic diversity among five different maize cultivars (Zea mays
L.) by SSR markers.

2. Material and Methods

2.1 Plant material collected:

This Table is not referenced in the text. | recommend reviewing and referencing this first as
much as the rest of Tables and Figures
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Table Ne—1: List of Maize varieties

ELZ Maize varieties Characteristics

1 PhuleRajshri Suitable for Kharif& Rabi season and_high
starch content (72.25.%)

2 PhuleMadhu Medium maturity with sweetness (Brix %):
14.89%

3 PhuleMaharshi Suitable for" Kharif& "Rabi: season with
Medium maturity.

4 PhuleManjri Suitable for grain. as well as fodder
purpose.

5 Rasi-3499 Medium late maturity, Uniform cobs and
excellent tip filling

The plant material used in this study was collected from M. P.K.V., Rahuri.

2.2 DNA Isolation

The extraction of plant.DNA was carried out by CTAB (Cetyl-Tri Methyl Ammonium Bromide)
method as described. by Beyle—andDoyle and Doyle (1987) with minor modifications from
sample of leaves from'5 varieties. . Fresh leaf samples (1g) ground to fine powder in liquid
nitrogen, were. transferred to 2 ml centrifuge tubes containing 2 ml pre-warmed CTAB
extraction buffer (1M Tris-HCI, 0.5M EDTA, 2% CTAB, PVP 1%, 200ul B-mercaptoethanol,
pH 8.0).-Sample tubes were incubated in water bath at 65 °C for 1 hr with occasional swirling
followed by.centrifugation at 10,000 rpm for 10 min at 20 °C.

Aqueous phase was pipetted out ard—FEguatand Equal volume of chloroform: isoamyl
alcohol (24:1 v/v) was added to the tubes and mixed thoroughly again centrifugation at
10,000 rpm for 10 min at 20 °C. Aqueous phase was pipetted out and pre-chilled iso-
propanol 0.6 volume of the content in tube was added followed by gentle inversion until
fibrous mass was visible.

Tubes were shifted at 4°C for overnight. Tubes were then centrifuged at 5000 rpm for 10
minutes at 4 °C to obtain a precipitate. The supernatant was drained by gently inverting the
tubes. The tubes were left inverted with lids open on blotting paper to drain the residual iso-
propanol. After a while, the DNA pellet was washed twice with 70% ethanol, and kept
overnight at room temperature for drying the pellet. 30 ul of TE buffer (pH 8.0) was added to
dissolve the pellet. After 6-8 hrRNase (1 mg/ml) was added to the DNA of 2 pl/10 ul? of



crude DNA. Mixture was incubated in a water-bath for 40 min at 37°C with intermittent
mixing. DNA concentration is calculated by biospectrometer with the following formula:

dsDNA concentration = 50ug/ml X ODyg X dilution factor

2.2 Primers and PCR amplification

A set of five SSR primers used in the study (Table 22:) After the initial screening, five SSR
markers amplified in experiment.

Table Ne-—2: SSR primers selected for study

Annealing

Sr.no.2? SSR primers Nucleotide Sequences Temperature

(€
F-AGCAGGAGTACCCATGAAAGTCC
! umc-1061 R-TATCACAGCACGAAGCGATAGATG o8

F-AGGCCACTGAGCAGGTGAAG

2 umc-1063 R-GTGATGGTAGAGGAGTCCTTGGTG

57.3

F-AGCAGAACGGCAAGGGCTACT

R-TTTGGCACACCACGACGA 58.7

3 phi-085

4 ssr-06 F-GATATGTCGAGCTITCGCTGGAG 55
R-CGCACACTAAAGCATCCITAACCT

F-CAGCCACAGTGAGGCACATC

5 ssr-08 R-CAGAGACTCTCCATTATCCCTCCA

54.6

2.3 Polymerase Chain Reaction

Polymerase chain reaction (PCR).was performed in a thermal cycler (Eppendorf, Hamburg,
Germany) with thermal PCR reaction mix contained 50ng of DNA, 10X PCR Hi Buffer (100
mMTFrismM Tris-HCI, pH 9.1, 500 mM KCI,17.5 mM MgCl;, ), 10 mMdNTP solution set
(MolBio HIMEDIA), 5 pmol:each. of forward and reverse primer and 1.5 U/ pl of Taqg DNA
polymerase (MolBio HIMEDIA) in"a reaction volume of 20 pl. Protocol for the PCR cycles
initial denaturation;. denaturation, annealing, extension, final extension and hold by

repeatativerepetitive cycles of 35(TableNe-3).

Table No. 3:PCR program and conditions

Steps Reaction Temperature Time duration Cycle
| Initial denaturation 94 °C 4 min 1
Il Denaturation 94 °C 1 min
Annealing 55-59 °C 1:30 min 35
Extension 72 °C 2 min
11 Final extension 72 °C 7 min 1
Hold 4°C 0 1

2.4 SSR data analysis

Scoring of the SSR alleles was manually performed sequentially from smallest to largest
band with respect to band position relative to the ladder. Varieties showing two allelic bands
of equal intensity were considered heterozygous for the locus. Polymorphism information



content (PIC) values for each primer were estimated using the formula given by Goodman
and Bid[Bird [13]. H. PIC = 1-, where Pij is the frequency of her jth allele of the ith primer
and the sum is for the "n" pattern. Power Marker version 3.25 was also used to calculate
mean number of alleles, genetic diversity, and polymorphic information content (PIC)
values:[14].

Based on the electrophoretic banding patterns of the 5 SSR markers, we estimated pairwise
genetic distances between varieties and constructed a dendrogram using UPGMA
clustering. Multivariate using classical methods was based performed using the computer
software program in Paleontological Statistics Software Package for Education and Data
Analysis PAST 4.0.

The molecular analysis depicts an array of characters which were converted intosystem
{Sheath-and-Sekal-1973)[XX].?based on presence of amplification of:band for each allele.
The presence of clear and distinct band was scored as giving ‘1’ and ‘0’ to absence of band
corresponding among all 5 varieties. Similarity matrix was generated:using the SIMQUAL
function of PAST version 4.0. software.

The Jaccard’s similarity coefficients were used for cluster analysis and Phylogenetic tree or
Dendrogram was constructed using the Unweighted "Rair-Group:- method (UPGMA) by
function of PAST software. The numberof alleles refersito the number of scored bands. The
frequency of an allele was obtained by dividing the number of accessions where it was found
by the total number of accessions.

Finally, the data obtained from the SSR morphological characterization of maize varieties
was pooled together to generate a combined dendrogram to get the overall picture of
variation in the Maize varieties: [18].

3. Results and Discussion

In the present study, five maize varieties were screened with SSR markers-Amongmarkers.
Among the Fiveset of SSR marker 3 were polymorphic and 2 monomorphic. Primer Phi-085,
umc-1061 and umc-1063 shows the amplification of 100 bp to 200bp, ssr-06 and ssr-08
shows the amplification of 200bp“to 1000bp. The ssr-06 primer shows unigue bands with
amplicon size 200bp and 1000bp.in P. RajashriRajshri respectively.

The total 21 bands were obtained in between 100 to 1000bp, among them 15 polymorphic
and 6 monomorphic-(Eig. Plate-Ne-1).According to previous studies umc-1061 primer shows
the amplification ‘of 105 bp in size[25]. The selected ssr primer shows high level of
polymorphism: represent by their corresponding PIC value ranged from 0.358 (phi085) to
0.868 (ssr06) with an average PIC of 0.662 (Table No. 4).PIC value ranged from 0.421 and
0.88 was obtain with an average 0.58 is observed in some studies [25].

Tablene- 4:_Percentage (%) -%of polymorphism, heterozygosity and PIC value obtain using

SSR locus
Primer Polymorphic | Monomorphic % of Heterozvaosit PIC
name band band polymorphism Y9 Y| value
phi-085 1 1 50.00 0.47 0.36
ssr -06 10 2 83.34 0.88 0.87
umc-1061 0 1 00.00 0.00 0.00




ssr-08 4 1 80.00 0.79 0.76

umc-1063 0 1 00.00 0.00 0.00

Based on the dendogram tertiary data quoted from the gel picture of SSR marker with the
five primer, we can observe the following things, the whole dendogram can be divided into 3
clades that are clade | (with two), clade Il (with two), clade 1l (connecting with clade | and
clade #311) and one simplicifolicus.

Interpreting the results clade | denotes the similarity between Rasi-3499 and P. Manjri shows
similarity (0.75)—withir) within each other, clade Il shows higher similarity (0.818).between P.
Maharshi and P. Rajshri and clade Il include the clade | and clade Il show, similarity
clustering- (Table Ne-5). The more less similar in between P. Madhu anhd P. Rajshri shows
0.5-Simplieifelieus5. Simplicifolicus with variety PhuleMadhu having great variation among all
variety. PhuleMadhu show higher genetic diversity among all 5 varieties-(Fig. Ne-21).

Knowing the genetic diversity of maize is important for understanding. the genetic makeup
that helps breeders select the parents they need for their breeding programs. SSR markers
are reported to be powerful tools for detecting geneticdiversity in.maize populations [19].
These markers can be applied for phylogenetic characterization at the molecular level. It
also helps maize breeders efficiently assign lines to heterogeneous groups and provide
appropriate parent selection for the development of new.hybrid varieties [20].

Genetic diversity testing is important for selecting individual varieties from closely related
groups to initiate new breeding experiments. The PIC value average current study was
0433 Fhe0. 433.The P. madhu is more diverse than other varieties. Genotyping is one of
the most reliable methods for establishing such phylogenetic relationships between sets of
hybridsthybrids [21]. This parameter indicates the power of the SSR locus and its ability to
detect differences between varieties based on genetic relatedness [22]. Primers ssr-06 and
ssr-08 were found to be the most suitable for testing genetic diversity. Genetic distance
measures the degree of relatedness between individuals within a particular population [23-
24].

According to Beeianewski's—paper [XX]?., SSR markers that are important for quantitative
traits are likely to be associated with QTLs that determined those traits. The microsatellite

markers detected.in period study should help advance our understanding of genetic diversity
and other quantitative traits [1].The large extent genetic diversity is present in most of the
species due tetheto the environmental conditions.

Variety of molecular techniques using standard molecular markers is used to estimate this
genetic diversity. Among these molecular markers, SSR molecular marker technique is most
acceptable,.codominant in nature, reproducible, highly polymorphic [6], which have specific
primers, and is species specific [7]. Some studies suggested that these SSRs can be used
for the estimation of genetic diversity in the improvement of maize [8-10]. Due to these
properties SSR markers extensively used in various applications in crop improvement [11].
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FigurePlatene-1:PCR amplification of maize varieties using SSR markers

(L-100 bp ladder, 1-P.RajashriRajshri, 2-P.Madhu, 3-P.Maharshi, 4-P.Manjri, 5- Rasi-3499)




Table Ne-5: Similarity indice by Jjaccard’seeeficientcoefficient

P. Rajshri P.Maharshi | P.Madhu | P.Manjri | Rasi 3499
P. Rajshri 1
P.Maharshi 0.818 1
P.Madhu 0.5 0.5 1
P.Manijri 0.615 0.75 0.583 1
Rasi 3499 0.538 0.666 0.636 0.75 1

L N
Similarirs
g g g = = S 2 ES g
Rasi 3499
Clade I
P.Manjri
Clade TIXL
P.Maharshi
Clade I
P.Rajshri
R=
H >
=.
=]
P.Madhu

Figure -Ne-24: Dendrogram generated using UPGMA analysis showing relationship among
Maize varieties using SSR marker

| recommend improving the quality of this figure



4. Conclusions

| recommend adding one last sentence in the summary on page 1, and consider writing it
based on these conclusions.

This study determined the existence of molecular diversity and interrelationships in five
maize genotypes. Polymorphic information content (PIC) values clearly indicated that ssr06
and ssr08 were the best SSR markers for hybrid identification.

Hybrid P. Madhu was placed separately from other hybrids variety in the cluster analysis by
SSR markers. SSR markers can be used to accurately characterize lines-at the molecular
level, to guide maize breeders in efficiently assigning lines to heterogeneous groups, and in
selecting parents for developing new hybrids.

At the same time, unique allelic patterns of individual genotypes. can be distinguish by SSR
marker-Thismarker. This application is becoming an important in plant variety protection [26].
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