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Abstract
Genetic variance and association between 11 maize inbred
lines were assessed using Sequence Related Amplified
Polymorphism (SRAP) markers. Out of 13 SRAP marker
combinations used, 11 were observed to be polymorphic
obtaining a PIC value of 0.632. The assessment of Jaccard’s
similarity coefficients varies between 0.69 to 0.97 among
tested genotypes. Genotypes 3 and 4 (Pop 45–
C8-72-2-1-1-2 and Pob 31 23-1-1-1-1- 2-1/2# 2-2 to 6) were
found to be most divergent with a similarity coefficient of
0.69. SRAP data were used to construct a dendrogram that
divided the tested genotypes into two groups each having
three clusters where the first subgroup (Aa) contains a
single genotype G3 in cluster II shared similarity with cluster
I with a similarity coefficient of 0.90. Between genotype
G10 (Tarun 6-5-3-1-2-1-1-1) and G11 (V 116-1) of cluster III
of subgroup (Ab), the maximum similarity was found with a
similarity coefficient of 0.97. This work proved that the
SRAP markers system is highly efficient for the identification
of potential donors for the maize breeding program. Due to
the use of lesser markers, a lesser number of parents with
diverse origins were identified therefore more coverage of
markers will be required in the future.

Keywords: Genetic variance; Maize; SRAP marker;
Hybridization; Jaccard’s similarity index.

Introduction
Maize (Zea mays) belongs to the tribe, Tripsaceae (Maydeae)

of the family Gramineae. It is one of the most important
resourceful crops that are adapted to a wide range of

agroclimatic conditions. As compared to the other crops maize is
more adapted to variable environmental conditions. Being a
tropical crop it requires a warm moist climate and can be grown
up to an elevation more than 3000 m above sea level and
require annual rainfall in the range of 250 mm to 5000 mm per
year [1,2]. Due to its wider adaptability, high genetic yield
potential with total world production of 1215.62 m MT among
cereals, and increased industrial application demand it is known
as the queen of cereals [3]. In the year 2020-2021 India
produced 30 MT of maize (agricoop.nic.in). Utilization of DNA
markers to identify variation or diversity in breeding lines is not
only important for the improvement and speeding up the maize
breeding program but also helps in the long-term conservation
of this germplasm in gene banks. Several types of molecular
markers have been reported to be utilized for the identification
of valuable genes, and for the identification of variation at the
genetic level among different genotypes of Zea mays. Sequence-
Related Amplified Polymorphism (SRAP) is a new Polymerase
Chain Reaction (PCR) -based molecular marker first effectively
utilized in Brassica spp. by Li et al. [4]. It targets the open
reading frame resulting in the formation of moderate numbers
of co-dominant markers. It has a high rate of polymorphism and
provides more information therefore utilized for diversity
analysis both at the genetic and species level [5-8]. As compared
to RAPD and AFLP markers SRAP is easily reproducible with high
throughput. It has been effectively utilized in different crops like
pea, lentil, and alfalfa [9-12]. In order to achieve success in the
maize breeding program and for the development of heterotic
maize hybrids, it is very important to explore genetic diversity
and establish relationships among Z. mays germplasm. Present
work proposes to find out the most potent genotypes for the
development of heterotic hybrids by assessing their genetic
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diversity in Zea mays L., genotypes using sequence amplified
polymorphic marker.

Materials and Methods

Plant materials
The genotype consisting of 11 inbred lines were collected

from Vivekananda Parvatiya Krishi Anusandhan Sansthan

(VPKAS), Almora, all india coordinated maize improvement
programme, and some of the inbreds were taken from the
university itself (Table 1). The inbred lines grew during the Kharif
season at Norman E Borlaug crop research centre, at GB Pant
university of agri and tech, Uttarakhand, India.

S.No. Genotype Pedigree

1 G1 TarunU 83-1-3-2-3-2-1

2 G2 Pob 445U -74-2-2-BBB

3 G3 Pop 45- C8 -72-2-1-1-2U

4 G4 Pob 31 U 23-1-1-1-1-2-1/2 # U 2-2 to6 U

5 G5 YHP BU 45-1-2-3-1-6-2-4 U 4

6 G6 POB 31U 18-2-1-1-1-1-3-1 to 6 # 1-1 to 5

7 G7 POB 445U-58-6-3-BBB

8 G8 POB 446U-74-2-2-BBB C8

9 G9 DBR N 21

10 G10 TarunU 6-5-3-1-2-1-1-1

11 G11 V 116-1

Table1: List of maize genotypes.

Extraction of genomic DNA
Leaves of 11 maize genotypes were used for the extraction of

genomic DNA using Cetyltrimethylammonium bromide method
[13]. Grounded tissue was suspended in 800 µl extraction buffer
in a centrifuge tube. the centrifuge tube containing the
grounded tissue was placed at 60°C in a water bath for 30 min,
then, the sample was allowed to cool at room temperature, and
then 600 µl of 24:1 ratio of chloroform and isoamyl alcohol was
added to ensure emulsification the tubes were vortex for 10 min
followed by 10 min centrifugation at 5000 rpm. Again
chloroform isoamyl alcohol was added to extract the aqueous
phase which was transferred to fresh tubes in which chilled
isopropanol in the ratio of 3:4 by volume was added which form
the precipitation of DNA CTAB complex, which was then placed
at -20°C for overnight. Later, it was centrifuged at 5000 rpm at
4°C for 10 min. Finally, it was washed with chilled 70% ethanol,
then again pellet was agitated and centrifuged at 5000 rpm at
4°C for 10 min and suspended in 400 µl of 1 X TE buffer after
drying and stored at -20°C.

PCR amplification by SRAP marker
13 SRAP primers were used for the amplification of genomic

DNA from 11 maize inbred lines using PCR thermocycler in two
phases of PCR cycles. The reaction mixture to run the PCR was
prepared by adding Taq polymerase enzyme as mentioned
below: Water 62 μL, buffer 20 μL, dNTPs 02 μL, primer (forward)
05 μL, primer (reverse) 05 μL, enzyme 01 μL, template 01 μL,
MgCl2 04 μL.

SRAP primers were used in different combinations with
different reaction conditions. The reaction conditions used for
primers MSM1, MSM2, MSM3, and MSM4 are shown in Figure
1(a), reaction conditions used for primers MSM5, MSM6, MSM7,
MSM8 and MSM9 are shown in Figure 1(b), and reaction
conditions used for primers MSM10, MSM11, MSM12 and
MSM13 are shown in Figure 1(c). The annealing temperature in
Phase 2 is different to amplify the product of interest.
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Figure 1: PCR reaction conditions for different SRAP markers.

Amplified DNA bands were resolved using 8% acrylamide with
42% urea as denaturing gel. The gel was supplied with 400V
constant voltage for 20 min to pre-run the gel. The obtained
amplified product was then added to a DNA sequencing stop
solution and electrophoresis was performed for 5 h in 1X-TBE
buffer at a constant voltage of 100 V and pH 8.0 after that
amplified bands were visualized under UV trans-illuminator.

Primer selection
As per the primer combination suggested by Li et al., 3

forward primers were used with numbering (ME1, ME2 and
ME4) and 6 reverse primers (EM1-EM6) forming 13 primer pair
combination which is shown in Table 2 [3].

Analysis of molecular data
For analysis of data only polymorphic fragments that were

clearly scored were used. Independent scoring of the amplified

fragments was done and 0-1 matrix was formed in a spreadsheet
where 1 represents fragment presence and 0 represents
fragment absence. NTSYS-PC (version2.11W) was used for the
analysis of binary data [14]. Jaccard’s similarity coefficients were
obtained using the SIMQUAL program where genetic diversity
was calculated using this formula:

Jaccard’s coefficient=NAB/(NAB+NA+NB)

Where NAB represents bands number shared by samples, NA
represents sample A amplified fragments and NB denotes
sample B amplified fragments. Using these indices similarity
matrices were calculated. Unweighted Pair Group Method with
Arithmetic Average (UPGMA) dendrogram were constructed to
represent genetic diversity among the tested genotypes using
similarity matrices. Using POWERMAKER software from
Polymorphic Information Centre (PIC) values for each primer
combination were calculated [15]. The number of the band of
each SRAP locus indicates allele number. The chance that two
randomly chosen alleles from a population of 11 maize inbred
lines are different represents its gene Diversity (D) which was
calculated using the below-given formula:

D=1-∑Pi2

Where Pi=Frequency of ith allele.

Results and Discussion
Using 3 forward and 6 reverse primers a total of 13 primer

pair combinations were evaluated for their ability to prime PCR
amplification of 11 inbred lines of maize. The properties of each
13 primers used to amplify 11 genotypes are presented in Table
2. A total of 99 differently sizes fragments were generated
using13 primer pairs, out of which only 11 primer pairs showed
polymorphism [16]. The number of SRAP fragment generated
vary among different primer pair ranging from 3 in MSM10,
MSM11, and MSM 13 primers to12 in MSM6 primers
represented in Table 3 with an average number of 7alleles per
primer. 100% polymorphic fragments were produced by MSM5,
MSM7, MSM11, and MSM13 primers. Therefore, the ability of a
locus to discriminate among the lines is important for the
establishment of PIC values. Its value ranges from 0.0000
(primer MSM 12) to 0.8633 (primer MSM 1and primer MSM 7)
(Tables 2 and 3).

S/N Primer Primer code Ends Primer
sequence
5’-3’

Mer % GC °C

1 ME1+ EM1 MSM 1 Forward
reverse

TGAGTCCAA
ACCGGATA

17 53 52

GACTGCGTA
CGAATTAAT

18 44
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Forward
reverse

TGAGTCCAA
ACCGGATA

17 53

2 ME1 +EM2 MSM 2 GACTGCGTA
CGAATTTGC

18 56 52

Forward
reverse

TGAGTCCAA
ACCGGATA

17 53

3 ME1 +EM3 MSM 3 GACTGCGTA
CGAATTGAC

18 47 52

Forward
reverse

TGAGTCCAA
ACCGGATA

17 53

4 ME1+ EM6 MSM 4 GACTGCGTA
CGAATTGCA

18 47 52

Forward
reverse

TGAGTCCAA
ACCGGATA

17 53

5 ME1+ EM4 MSM 5 GACTGCGTA
CGAATTTGA

18 47 50.9

Forward
reverse

TGAGTCCAA
ACCGGATA

17 53

6 ME1+ EM5 MSM 6 GACTGCGTA
CGAATTAAC

18 53 50.9

Forward
reverse

TGAGTCCAA
ACCGGAGC

17 53

7 ME2+ EM2 MSM 7 GACTGCGTA
CGAATTTGC

18 56 50.9

Forward
reverse

TGAGTCCAA
ACCGGAGC

17 53

8 ME2+ EM3 MSM 8 GACTGCGTA
CGAATTGAC

18 47 50.9

Forward
reverse

TGAGTCCAA
ACCGGAGC

17 53

9 ME2+ EM6 MSM 9 GACTGCGTA
CGAATTGCA

18 47 50.9

Forward
reverse

TGAGTCCAA
ACCGGAGC

17 53

10 ME2+ EM4 MSM 10 GACTGCGTA
CGAATTTGA

18 47 48.8

Forward
reverse

TGAGTCCAA
ACCGGAGC

17 53

11 ME2+ EM5 MSM 11 GACTGCGTA
CGAATTAAC

18 53 48.8
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Forward
reverse

TGAGTCCAA
ACCGGACC

17 44

12 ME4+ EM4 MSM 12 GACTGCGTA
CGAATTTGA

18 47 48.8

Forward
reverse

TGAGTCCAA
ACCGGACC

17 44 48.8˚

13 ME4+ EM5 MSM 13 GACTGCGTA
CGAATTAAC

18 53

Table 2: SRAP primers used for molecular diversity analysis in maize.

Primer No. of
amplified
alleles

Frequency of
major alleles

Polymorphic
bands

Monomorphic
bands

(%) Gene
diversity

PIC

Polymorphis
m

Value

MSM1 9 0.1818 8 1 88.9 0.876 0.8633

MSM2 9 0.4545 7 2 77.8 0.7438 0.7213

MSM3 7 0.2727 5 2 71.5 0.7934 0.7631

MSM4 9 0.2727 8 1 88.9 0.8264 0.8043

MSM5 11 0.2727 11 0 100 0.843 0.8254

MSM6 12 0.3636 11 1 91.7 0.7769 0.7469

MSM7 9 0.1818 9 0 100 0.876 0.8633

MSM8 10 0.2727 9 1 90 0.8099 0.7852

MSM9 10 0.3636 8 2 80 0.7769 0.7469

MSM10 3 1 0 3 0 0 0

MSM11 3 0.7273 3 0 100 0.4298 0.3855

MSM12 4 1 0 3 0 0 0

MSM13 3 0.4545 4 0 100 0.7438 0.7213

Mean 7.7 0.4476 6.4 1.3 76.1 0.6535 0.6328

Table 3: Primers used for SRAP marker and the number of polymorphic fragments revealed by each primer combination.
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the highest PIC value of (0.8633), while SRAP amplified 
fragments of primers MSM7, MSM11, MSM13 were showed 
in Figure 2 (Figure 2) [17].

Therefore, based on the polymorphic nature of SRAP marker it 
could be utilized as an efficient tool for the identification of 
diverse genotypes. The lowest PIC value of (0.0000) was found to 
be observed for MSM 12 and MSM 1 and MSM 7 primer showed



Figure 2: PCR amplification product of 11 genotypes of maize
inbred with (a) Primer MSM7, (b) MSM 11 and (c) MSM 13. The
details of the genotype G1 to G11 is given in Table 1.

SRAP marker data was used to establish Jaccard’s similarity
coefficients with a similarity coefficient in a range of 0.69 to 0.97
shown in (Table 4) with highest value (0.97) genetic similarity
was recorded between genotype 9 (DBRN 21) and genotype 10
(Tarun 6-5-3-1-2-1-1-1), followed by genotype 1 and 2 (Tarun
83-1-3-2 and Pob 445-74-2-2-BBB) with a similarity
coefficientof0.92. The genotypes1 (Tarun 83-1-3-2), genotype
6(POB-31 18-2-1-1-1-1-3-1 to 6# 1-1 to 5) and genotype 7 (POB
445-58-6-3-BBB) were associated with each other with a
similarity coefficient of 0.87. The similarity coefficient between
pair of genotype 1,2,3,5,6 and 7 (Tarun 83- 1-3-2,
Pob445-74-2-2-BBB, Pop45-C8-72-2-1-1-2,YHP-B
45-1-2-3-1-6-2-44, POB-31 18-2-1-1-1-1-3-1 to 6 # 1-1to 5 and
POB 445-58-6-3-BBBwere 0.80. The genotypes-1,3, 5(Tarun
83-1-3-2, Pop 45-C8-72-2-1-1-2 and YHP-B 45-1-2-3-1-6-2-4 4)
exhibited similarity coefficient of 0.79. The lowest value for
genetic similarity (0.69) was found between genotype 3and
4(Pop45-C8-72-2-1-1-2 andPob31 23-11-1-1-2-1/2 # 2-2 to 6).

Genocy-
pe

G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11

G1 1

G2 0.92 1

G3 0.87 0.92 1

G4 0.80 0.80 0.85 1

G5 0.79 0.78 0.79 0.83 1

G6 0.77 0.77 0.76 0.74 0.84 1

G7 0.74 0.72 0.69 0.69 0.82 0.87 1

G8 0.79 0.76 0.74 0.73 0.80 0.88 0.87 1

G9 0.82 0.81 0.80 0.78 0.79 0.80 0.82 0.84 1

G11 0.83 0.83 0.80 0.76 0.78 0.82 0.80 0.85 0.97 1

G12 0.81 0.84 0.80 0.75 0.79 0.81 0.82 0.83 0.94 0.97 1

Table 4: The Jaccard’s similarity coefficients were estimated between pairs of inbred lines on the basis of SRAP markers.

of genetic diversity among different genotypes. Jaccard’s 
similarity coefficients based on the generated data by SRAP
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marker were used to develop UPGMA mean dendrogram (Figure
3). The UPGMA ordered the population of 11 inbred lines into
one main group (Group A) which is divided into 2 subgroups (sub
Aa) and a subgroup (sub-Ab). Subgroup Aa is further subdivided
into 3 clusters (I, II, and III). cluster I comprised 2 genotypes G1
and G2 which have a similarity coefficient value of 0.92. A
similarity coefficient of 0.90 was shared between cluster I and
cluster II consisting of genotype G3. Similarly, cluster III is
comprised of 2 genotypes G4 and G5, and the similarity
coefficient between them is 0.83. Further subgroup (sub-Ab) is
divided into 3 clusters (I, I, and III). Cluster I is comprised of 2
genotypes G6 and G8 with a similarity coefficient value of 0.89
and cluster II comprises of single genotype G7 which is sharing a
similarity coefficient value of 0.88 with cluster I, and lastly,
cluster III comprises of 3 genotypes G9, G10 and G11. Genotypes
G10 and G11 have a similarity coefficient value of 0.97. Clusters
II and III show a similarity coefficient of 0.83.

Figure 3: UPGMA dendrogram of 11 genotypes of maize-
based on SRAP markers data.

Conclusion
The presence of high genetic variability with a broad genetic

base was found to be observed with 1a 00% polymorphic rate in
our collection as shown by (MSM5, MSM7, MSM11, and
MSM13) primers. This marker was found to be the most
effective and efficient tool for testing the genetic polymorphism
and relationship among the tested maize genotypes with the
production of a large number of polymorphic bands with an
average of 7.62 alleles per primer detected. This information will
be useful in the future for designing breeding strategies by
making use of such large allelic variations that can be used to
develop desirable gene combinations in the maize improvement
program.
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