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ABSTRACT

bp were successfully generated by one reaction in PCR.

Background: Most molecular biology research findings require markers such as DNA ladders to detect and quantify
nucleic acid fragments length by electrophoresis in routine task.

Methods: In this study, we report a method to prepare a 100 pair base DNA ladder based on PCR technique. The
bacterial plasmid pMAL-C2X was used as the template DNA in PCR. PCR products were extracted by phenol/
chloroform, precipitated with ethanol and mixed proportionally.

Results: Finally, a set of 7 primers (5 revers and 2 forward) successfully designed. The amplified PCR fragments were
quantified by nanodrop and the bands size were estimated by gel electrophoresis along with a co-migrating

commercial 100 bp ladder in 1.5% agarose gel. The results indicated that the clear and sharp bands of 100 bp-1000

Conclusion: Our homemade product is a competitive product with a commercial market and can be prepared with a
simple and inexpensive method and low probability of non-specific band.
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INTRODUCTION

DNA ladders and markers are common reagent in molecular
biology and are frequently used to determine Molecular Weight
(MW) or Base Pair (BP).

DNA ladder contains at least 2 or more DNA fragments of
known size. Generally, samples containing DNA and DNA
ladder are placed in an agarose gel in the neighboring lanes. The
DNA is separated by electrophoresis through the gel, and then
the gel is stained using a fluorescent dye. In fact, by comparing
the bands of the sample and standard DNA Marker, the ladder
can be used to estimate the unknown fragments length in
routine laboratory work. DNA markers, as a prerequisite for
molecular testing, are usually purchased from companies that
make molecular biology materials, and there are few articles that
describe how these markers are made.

However, these markers may be prepared by methods such as
PCR or enzymatic digestion of bacteriophage DNA genomic or
bacterial plasmids [1-3]. DNA markers were generally obtained
by enzymatic digestion of E. coli plasmids or bacteriophage
genomic DNA.

The arrangement of the obtained fragments depends on the type
of enzyme used, the type of DNA, and the enzyme cleavage
conditions. This process requires the replication of the virus or
plasmid in the host and in the next step, its purification from
the host and its cutting with a suitable enzyme, which is time
consuming and costly and requires special facilities and
equipment [4].

Unlike DNA markers, DNA ladders have multiple bands that
increase in size at regular intervals, and the bands have the same
resolution after staining.
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Ladders are generally generated by multiplex PCR or single PCR
and then the PCR products are purified and mixed together in
equal concentrations [5-7]. Another way to produce DNA
ladders is by enzymatic digestion of specially engineered
plasmids that have one or more enzymatic cleavage sites at
regular intervals [8]. In DNA ladder production using PCR,
DNA pattern can be used from a variety of sources including
genomic DNA of human, bacteria and viruses such as
bactrophages or bacterial plasmids. But it is very important that
the DNA used is easily and cheaply obtained in order to reduce
the final cost of the DNA ladder and also to access it quickly
and easily. Here, we describe a method to produce 100 bp DNA
ladder, which include the benefits mentioned above. Based on
our protocol, any laboratory can make its own 100 bp DNA
ladder instead of purchasing from commercial sources.
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MATERIALS AND METHODS

Design of primers

To amplify optimal lengths of DNA fragment, a set of 20
oligonucleotide including 2 forward and 5 reverse primers were
designed using primer 3 software. Thermodynamic details of
primer dimers were considered by the primer 3 software. The
corresponding expected amplified products have been showed

in Table 1.

Table 1: Length of expected fragments based on primer pair used in this study.

PCR product length (bp) Primer pairs
100 Fl and R1
200 F1 and R2
300 F1 and R3
400 F1 and R4
500 Fl and R5
600 F2 and R1
700 F2 and R2
800 F2 and R3
900 F2 and R4
1000 F2 and R5

Plasmid and bacterial Strain

DH5 a cells and plasmid pMAL-C2X:
Addgene-75286 were used as the host cell and cloning vector
(the source of DNA), respectively. E. coli DH5 o harbouring the
recombined vectors was cultured at 37°C on Luria Bertani (LB)
agar plates supplemented with ampicillin (100 pg/ml; Sigma,
USA) and incubated in a 37°C incubator for 16 hours and then
plasmids were purified with a commercial Qiagen kit (QIAprep
Spin Miniprep Kit-QIAGEN) according to the manufacturer
instructions.

Escherichia  coli

PCR reaction

PCR amplification was done in a total volume of 50 pl. Each
PCR reaction consisted of 2.5 units of Tag DNA polymerase
enzyme, 1 pl of ANTPs mixture (10 mM), 50 pl of each forward
and reverse primer, 5 ul of the 10 x PCR buffer, 1 pl of the
purified pMAL-C2X plasmid, 1.5 pl of the MgCl; (50 mm) and
40 pl of nuclease free water PCR was performed under the
following conditions: Initial denaturation at 94°C for 5 min

followed by 35 cycles of at 94°C for 30 sec, annealing at 58°C for
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30 sec, extension at 72°C for 30 sec, and final extension at 72°C
for 7 min.

Analysis of PCR products

3 ul of PCR products were mixed with 0.5 pl of loading buffer
and loaded into the 1% agarose gel. A bp 100 commercial
marker was used to ensure the correct length of the amplified
fragment. After loading the wells, the current of 100 volts is
fixed in the electrophoresis tank. After the end of the
electrophoresis, the gel was placed in the trans illuminator to
observe the separated bands, and the DNA band was observed
by irradiating UV light on the gel and the length of the
fragment was checked (Figure 1).



Badreh F, et al.

igure 1: Agarose gel electrophoresis for verification of
PCR products ranging from 100 bp to 1000 bp. L: 100 bp
DNA ladder, lane 1-10: 100 bp-1000 bp amplified fragments

nder the PCR condition without nonspecific fragments.

Ethanol precipitation of PCR products

At this stage, the PCR products were mixed with phenol-
chloroform-isoamyl alcohol solution (1:24:25 ratio) and vortexed
for 30 seconds. After 10 minutes of centrifugation (13000 rpm),
top aqueous solution containing DNA was taken and one tenth
of the volume of 3 M sodium acetate solution, pH 5.2 and 2
volumes of absolute ethanol were added to it and kept overnight
in the temperature was set at-20. Then a centrifugation step was
performed at 4°C for 15 minutes at 13000 g, the mixture of
alcohol and acetate was separated and the remaining precipitate
was washed with 1 cc of 70% alcohol. Finally, the remaining
sediment was dissolved using TE buffer in proportion to one
tenth of the volume of the original PCR product.

Determination of PCR products concentration

The concentrate PCR products were diluted one to ten with TE
buffer and 1 pl of it was determined using a nanodrop device at
wavelength of 260 nm.

The purified PCR products were mixed together at certain
concentrations. The final recombinant was compared with a
commercial ladder (Sinaclon Co. Tehran, Iran). Then the
laboratory ladder was frozen at -20°C.

RESULTS

In the present study, a set of 7 primers (5 revers and 2
Forward) successfully  were designed to  generate
fragments ranging from 100 bp to 1000 bp from the
PMAL-C2X vector and subsequently amplicons
DNA ladder. In this report, appropriate primers were
designed by the primer 3 software. In order to detect the
successful amplification, it is important to try to avoid
formation of bothering
primers, hairpin structures, mismatching and mispriming
events. Primers were produced with length of 20 bp.

used as a

structures: Dimerization of the

Totally 10 fragments were amplified with their specific primer
pairs in separated tubes that occurred under one PCR program.
The amplified PCR fragments were quantified by nanodrop and
the bands size were estimated by gel electrophoresis along with a
co-migrating commercial 100 bp ladder in 1.5% agarose
gel. The prepared DNA ladder bands were sharp and
bright band pattern and could be seen under ultraviolet light.
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Finally, the PCR products were mixed together to make the
DNA ladder via calculation of the precise concentration for
every band (Figure 2).

1500 bp

1000 bp

Figure 2: A) Generation of homemade 100 bp DNA marker. All
of the PCR products were combined, concentrated, and
subjected to electrophoresis; B) Commercial 100 bp DNA
marker (Sinaclon CO. Tehran, Iran).

DISCUSSION
The 100 bp DNA ladders have been widely used to research and

molecular laboratory. In order to limit the overall external costs,
the development of homemade DNA ladder would prove to be
extremely helpful. In the present study, we presented an efficient
approach for the 100 bp DNA ladder production. Our method
is cost effective method and simple to implement, when
compared to several previously studies [9]. In the our previous
finding, has been described the construction of synthetic
plasmids containing restriction sites for the generation of 100
bp DNA ladder although, all fragments in vector were cloned
sequentially and there was no need to purify and determine the
concentration of each separate band, but cloning into vectors
for transformation was a time consuming process, it needed to
perform enzymatic cutting, and it also was impossible
optimization of concentration of each band depending on
required [10]. disadvantages
mentioned above, our new protocol PCR based method has

In order to overcome the
been applied in fact the use of PCR is one of the relatively
common methods for preparing this DNA ladder.

Although the PCR approach is simple and cost effective, the
designing of the primers specific to distinct regions of the
plasmid to generate 100 bp ladders is nonetheless difficult and
requires several primer pairs. Actually, the need for a couple
numbers of primers that are consumed during the production
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process and must be prepared again is disadvantage of this
method.

For instance, in the study, ten primer pairs was added to a
reaction system to amplify ten different fragments recently
Thongnan, et al., employed PCR method for the amplification
of gene fragments for production of 100 base pair DNA ladder
bp using 1 universal forward primer and 11 reverse primers [11].

To resolve the limitation, to facilitate the design of primers and
to optimize the experimental conditions, as well as the
possibility of simultaneously performing PCR for different parts
of the desired bp 100 marker, in this project, 2 forward primers
and 5 reverse primers were used to produce 10 separate bands.
Normally, a forward primer and a reverse primer are used to
create each piece of DNA, on this basis, 10 forward primers and
10 reverse primers are needed to create 10 separate pieces, but
our DNA ladder only uses 2 forward primer and 5 reverse
primers have been produced, as a result, a minimum set of 7
primers designed for this study.

As expected, most of the ladder fragments were amplified easily
and after optimizing the temperature of the primers was
amplified in the same temperature conditions of the PCR test.
Also, it is possible to change the amount of each of the bands as
desired. As a result, the resolution of each of the bands can be
changed to a suitable amount.

Clearly, It is a particularly useful approach for time and cost
saving. In fact, the final price of the obtained product is also
much lower compared to the commercial products (about one

third).

CONCLUSION

Taken together, this study clearly introduces a rapid method and
simple way to reduce costs in production of DNA ladder which
is applicable for laboratory experiences. Moreover, most of the
essential components for synthesizing DNA ladder were made in
our own lab. Therefore, produced DNA ladder in this study is
entitled as “home-made DNA ladder”.
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