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Abstract

Sesame (Sesamum indicum L.) is an ancient oilseed crop valued for its edible oil and nutritional
properties. Genetic diversity among genotypes is vital for breeding and SSR markers are widely used
due to their abundance and efficiency in the sesame genome. Successful application of these markers
depends on extracting high-quality genomic DNA. This study aimed to standardize an efficient DNA
extraction protocol by evaluating two different methods and determining the optimal seedling stage for
sesame. Three sesame genotypes (YLM-146, YLM-66, and TPTS-55) were germinated and harvested
at three different intervals: seven, 10, and 12 days. Two extraction protocols were compared: a standard
CTAB 2.5x Method (Method-1) and a Modified CTAB Method (Method-2). Method-1 involved
overnight incubation and additional purification steps, requiring approximately two days to complete.
In contrast, Method-2 utilized a higher salt concentration (5 M NaCl) and immediate RNase treatment,
allowing for completion within a single day. The results demonstrated that while both methods
produced DNA of sufficient quality, Method-2 was significantly faster and more convenient for routine
laboratory use. Spectrophotometric analysis using a Nanodrop revealed that DNA yield and purity were
consistent across all seedling stages tested. Seven-day-old seedlings were identified as the most
efficient tissue source because they reduced the overall experimental timeframe without compromising
DNA integrity. DNA purity, as measured by Aazso/Azso ratios, remained close to the ideal value of 1.8,
indicating minimal contamination from polysaccharides or phenolic compounds. The high
concentrations obtained (ranging from 1014.87 ng/pL to 2241.59 ng/uL) and excellent purity levels
confirm that the modified CTAB protocol is highly suitable for downstream applications such as PCR
amplification and SSR marker analysis in sesame.
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Introduction

Sesame (Sesamum indicum L.) is premier oilseed crop valued globally for its high-quality
edible oil and nutritional properties (Wei et al., 2015) [*3l. Genetic diversity among genotypes
is essential for crop improvement and breeding programs (Laurentin and Karlovsky, 2006) U],
Molecular marker techniques such as Simple Sequence Repeat (SSR) markers are widely
used in genetic studies because they are highly polymorphic, co-dominant, reproducible and
evenly distributed across genomes (Gupta and Varshney, 2000; Kalia et al., 2011; Parida et
al., 2010; Dossa et al., 2017) [ & 9 1 SSR markers are highly informative and suitable for
genetic diversity analysis, genotype identification and molecular breeding applications
(Edwards et al., 1996; Zane et al., 2002) [ 1. Microsatellites consist of short tandem repeat
sequences that exhibit high variability due to differences in the number of repeat units
(Tautz, 1989) [, Their rapid evolution through replication slippage further contributes to
their polymorphic nature (Ellegren, 2004) . This variability makes SSR markers highly
efficient in detecting genetic differences among genotypes (Powell et al., 1996) [*4. SSR
markers developed in sesame provide a reliable and efficient system for genetic diversity
analysis and breeding applications (Parida et al., 2010) 1. Among the identified SSR types,
mono-nucleotide repeats were the most abundant, followed by di- and tri-nucleotide repeats,
showing the distribution pattern of microsatellites in the sesame genome (Wei et al., 2015)
(131 For validation of polymorphism, SSR markers distributed across sesame chromosomes
were successfully amplified using PCR (Dossa et al., 2017) [,
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The extraction of high-quality genomic DNA is the
prerequisite for molecular analysis (Doyle and Doyle, 1990)
2, Young leaf tissues are commonly used for DNA
extraction because they contain fewer secondary metabolites
that may interfere with DNA isolation (Porebski et al.,
1997) [19, The CTAB method is widely used for plant DNA
extraction because it efficiently removes polysaccharides
and phenolic compounds (Murray and Thompson, 1980;
Porebski et al., 1997) 8 1%, Further the quality and quantity
of DNA may vary depending on the type and age of plant
tissue used for extraction. Seedling tissues are generally
preferred for DNA extraction as they contain actively
dividing cells and fewer secondary metabolites compared to
mature tissues (Doyle and Doyle, 1990) 2, Therefore, in the
present study, seedlings of different ages (seven days, 10
days and 12 days) were used to evaluate their suitability for
DNA extraction using the modified CTAB method. The
extracted DNA was assessed for quality and quantity and
used for further molecular studies involving SSR markers.

Materials and Methods

Plant Material and Seed Germination

Sesame seeds of genotypes (YLM-146, YLM-66, TPTS-55)
were germinated in plastic portray trays. Each tray was
properly labeled for genotype identification. Seeds were
sown in single rows along the length of each tray with
approximately 8-10 seeds per cup. The trays were
maintained with regular watering to ensure uniform
germination and healthy seedling growth. Seedlings of
different ages, namely seven days, 10 days and 12 days,
were harvested to evaluate for genomic DNA extraction.

Reagents: Details of the reagents used in the study: CTAB,
sodium chloride, ethylenediamine tetra-acetic acid (EDTA),
polyvinylpyrrolidone (PVP), Tris-chloride, 2-p
mercaptoethanol, chloroform: isoamyl alcohol (24:1),
phenol: chloroform: isoamyl alcohol (25:24:1), Tris- EDTA,
ethanol, RNase, chloroform, sodium acetate and double
autoclaved water.

Extraction Buffers: Two different DNA extraction buffers
(DEBs) were used to standardize the protocol for gDNA
extraction from sesame seedlings.

1. CTAB 2.5x Buffer

1.5 M sodium chloride (NaCl), 1% PVP, 25mM EDTA, 100
Tris-Cl (pH-8.8), 0.2% B-mercaptoethanol, and 2.5%
CTAB.

2. Modified CTAB Buffer

5 M sodium chloride (NaCl), 1% PVP, O.5 M EDTA (pH-
8), 1M Tris-Cl (pH-8), 0.2% B-mercaptoethanol, and 2 %
CTAB.

Genomic DNA Extraction

Genomic DNA extraction using CTAB method followed
standard protocols with slight modifications (Doyle and
Doyle, 1990; Porebski et al., 1997) [2 101,

Method-1: CTAB 2.5x Method

e Preparation of CTAB 2.5x extraction buffer (1.5 M
NaCl + 100 mM Tris-Cl pH 8.8 + 25 mM EDTA +
2.5% CTAB + 1% PVP + 0.2% B-mercaptoethanol)

e  Preheat buffer at 65 °C (30 min)
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e Collect ~100 mg young sesame leaf tissue

e Grind tissue by adding 1 ml preheated CTAB buffer
and transfer the extract to 2 ml microcentrifuge tube

e Incubate at 65 °C for 1 hour (intermittent mixing)

e  Add equal volume chloroform: isoamyl alcohol (24:1)
and Centrifuge it at 10,000 for 15 min

e Then transfer aqueous phase to fresh tube and add 650
pl chilled isopropanol, then incubate at —20 °C
overnight

e  After that centrifuge (13,000 rpm, 20 min), then collect
DNA pellet

e  Wash pellet twice with 70% ethanol and air dry for 15-
20 min.

e Dissolve pellet in 200 pl TE buffer and keep overnight
at4°C

e Add RNase A (3 pl) and incubate at 37 °C for 30 min

e Add phenol: chloroform: isoamyl alcohol (25:24:1) and
Centrifuge it at 10,000 for 15 min

e Transfer aqueous phase and add chloroform and
Centrifuge 10,000 for 15 min

e Add 1/10 volume 3 M sodium acetate, after gently
mixing then add chilled 100 % ethanol and incubate at
—20 °C for 1 hour and then centrifuge (6000 rpm, 30
min).

e  Wash pellet with 70% ethanol and air dry for 15-20
min.

e Dissolve DNA in 100 pl TE buffer and store at 4 °C for
further molecular use.

Method-2: Modified CTAB Method

e Preheat the CTAB extraction buffer at 60°C for 3045
min and add PB-mercaptoethanol immediately before
use.

e Add 800 pL of pre-warmed CTAB extraction buffer to
the plant tissue and grind thoroughly using a mortar and
pestle.

e Transfer the homogenate to a sterile 2 mL
microcentrifuge tube and add 3 pL RNase to remove
RNA contamination.

e Incubate at 65°C for 60 min in a water bath with
occasional gentle swirling.

e Cool the tubes to room temperature.

e Add an equal volume (800 pL) of chloroform: isoamyl
alcohol (24:1), mix thoroughly, and centrifuge at
10,000 rpm for 15 min at room temperature.

e Transfer the clear aqueous phase to a fresh
microcentrifuge tube.

e Add an equal volume of chilled isopropanol and visible
DNA threads appears immediately for DNA is present
and incubate at —20°C for 60 min to precipitate DNA.

e Centrifuge at 12,000 rpm for 10 min and discard the
supernatant.

e Wash the DNA pellet with 500 pL of 70% ethanol and
centrifuge again at 12,000 rpm for 10 min.

e Discard the ethanol and air-dry the pellet for 15-20 min
until the ethanol odor disappears.

e Dissolve the DNA pellet in 50 pL of 1x TE buffer.

e  Store the DNA at —20°C for further molecular analysis.

Assessment of DNA Quality and Quantity

The quality and quantity of the extracted DNA were
assessed using a NanoDrop spectrophotometer, where an
A260/A280 ratio of ~1.8 indicates pure DNA (Thermo
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Scientific 2000). Before measurement, the Nanodrop
pedestal was cleaned with tissue paper. The instrument was
initialized using 1 pL of distilled water, followed by blank
measurement using 1 pL of Milli-Q water. Subsequently, 1
puL of DNA sample was placed on the pedestal to measure
DNA concentration and purity. DNA purity was evaluated
based on the A260/A280 ratio, where a value close to 1.8
indicates good quality DNA. Samples with adequate DNA
concentration (above 1000 ng/uL) were diluted to a working
concentration of 1:9 for PCR analysis.

Results
The study successfully standardized a protocol for
extracting high-quality genomic DNA from sesame

seedlings, evaluating the impact of seedling age and
extraction methodology on DNA yield and purity.

Efficiency of Extraction Methods

While both the CTAB 2.5x and the Modified CTAB
methods yielded good quality DNA, they differed
significantly in time efficiency. Method-1 required a two-
day procedure due to an essential overnight incubation at -
20°C. Conversely, Method-2 (Modified CTAB) was
completed within a single day, offering a more streamlined
approach  for  high-throughput  molecular  breeding
applications.

Optimization of Seedling Age

Comparative analysis of seedlings aged seven, 10, and 12
days indicated that DNA yield and purity were relatively
uniform across all stages. However, seven-day-old seedlings
were selected as the optimal stage for routine extraction.
Using younger tissue facilitates a faster experimental cycle
and is generally preferred in plants as they contain fewer
secondary metabolites that might otherwise inhibit PCR.

Quantitative and Qualitative Analysis

The Modified CTAB method produced high concentrations
of DNA across all six genotypes tested. As shown in the
table 1, the DNA quantity and quality were sufficient for
intensive molecular studies:

Table 1: DNA Quantity and Quality of different Sesame

Genotypes
Age of uantit ualit
SNO| Genotype See%llings Q(ng/|u|)y (;?60/28)(;)

1 YLM-146 10 1014.87 1.88
2 YLM-66 10 1662.23 2.01
3 TPTS-55 10 1355.77 1.92
4 YLM-146 I 2208.91 1.99
5 YLM-66 7 2241.59 2.02
6 TPTS-55 7 1935.95 2.01

The Agso/Azgo ratios for all samples ranged from 1.88 to
2.02, which aligns with the standard for pure DNA (~1.8).
These values indicate minimal contamination from proteins
or phenols, making the DNA highly suitable for downstream
PCR amplification. Notably, the seven-day-old seedlings of
genotypes YLM-66 and YLM-146 vyielded the highest
concentrations 224159 ng/uL and 2208.91 ng/uL,
respectively. Because these concentrations were well above
1000 ng/uL, they were diluted to a 1:9 ratio for subsequent
SSR marker analysis.
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