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Abstract

The occurrence and development of colorectal cancer (CRC) is strongly associated
with mutations, deletions, or microsatellite instability (MSI) of specific genes. Ac-
curate and efficient detection of these molecular gene markers allows for rapid risk
assessment and treatment options for diseased individuals. Polymerase chain reac-
tion (PCR) and DNA gel electrophoresis, as mature, basic and relatively economi-
cal core technologies of molecular biology, play an important role in gene variation
analysis. According to this, PCR and gel electrophoresis technology may become
the main means of detecting colorectal cancer in the future. So, the purpose of this
study was to systematically explore the combined application strategy of PCR tech-
nology and DNA gel electrophoresis in the detection of key gene (SETD2) variants

in colorectal cancer through three mouse models (SETD2-flox mouse,
SETD2/Villin-creER mouse, wild type mouse). In summary, the combined appli-
cation of PCR and DNA gel electrophoresis provides a simple, low-cost, cost-ef-
fective intuitive and reliable method for molecular analysis of colorectal cancer. By
efficiently identifying key gene variants and directly guiding clinical drug deci-
sions, it has important practical value for promoting the popularity of precision di-
agnosis and further treatment of colorectal cancer, improving patient prognosis and
future scientific research.
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1. Introduction

Colorectal cancer (CRC) which development involves the accumulation of specific genetic mutations in key genes is
the third most commonly diagnosed malignancy in men and women in the United States and the European Union [1].
Although morbidity and mortality are declining in highly developed Western countries, reflecting the success of
screening programs and advances in treatment options, the global burden of CRC is still on the rise as the Human
Development Index improves [2]. Despite a better understanding of CRC biology and many improvements in treat-
ment in recent decades, in vivo animal models remain indispensable when developing new treatment options. Since
the development of carcinogen-induced CRC rodent models more than 80 years ago, a large number of animal models
have been established to study colon cancer biology. Genetically engineered mouse models (GEMMs) can reflect the
pathogenesis of both sporadic and hereditary CRCs, depending on the specific molecular pathway being activated or
inhibited. Although the vast majority of CRC GEMMs lack aggressiveness, metastasis, and tumour heterogeneity,
they have proven to be very useful in investigating the tumour microenvironment as well as systemic immune
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responses, thereby supporting the development of new therapeutic pathways [3]. Among all the mouse models,
SETD?2 is one of the important genes related to the treatment of CRC. One research indicates that in SMAD4-deficient
cells, SETD2 inhibits RAS/ERK sig by promoting DUSP7 transcription, thereby inhibiting the RAS/ERK signaling
pathway. It provides a potential therapeutic target for the treatment of advanced CRC [4]. Before starting genetically
engineered mouse model (SETD2/ Villin) research, genetic identification is a basic preparation which is significant.
In this case, it’s a meaningful, effective, and economical way to do genetic testing based on PCR and DNA gel
electrophoresis these two established molecular techniques.

Polymerase Chain Reaction (PCR) is a molecular biology technique used to amplify specific DNA fragments,
which can be viewed as specialized DNA replication outside of a living organism. The basic principle of PCR tech-
nology is similar to the natural process of DNA replication, and it consists of three basic reaction steps: denaturation,
annealing, and extension. The first step is denaturation. In this step, template DNA needs to be heated to about 93°C
to dissociate the template DNA double strand or the double strand DNA formed by PCR amplification. In this case,
DNA will be single strand so that it can bind to the primers in preparation for the next round of reaction. The second
step is annealing. In this step, the template DNA will be denatured by heating to a single strand. Then the temperature
will be lowered to about 55°C, promoting the primer to bind pairwise to the complementary sequence of the template
DNA single strand. The final step is extension. In this step, DNA template-primer conjugate at 72 °C, under the action
of DNA polymerase (such as TagDNA polymerase), dNTP as the reaction material, the target sequence as a template,
in accordance with the principle of base complementary pairing and semi-conservative replication, to synthesis a new
semi-conservative replicated strand complementary to the template DNA strand. Repeated cycles of denaturation-
annealing-extension result in more "semi-conserved replica strands", which in turn can be used as templates for the
next cycle [5]. In this way, one gene fragment can be amplified million times. After getting enough same gene frag-
ments, these gene fragments can be used in gel electrophoresis that is one of many routine laboratory methods in
molecular biology. PCR products should be directly subjected to agarose gel electrophoresis to separate DNA frag-
ments by size. To validate PCR results, confirmation of successful amplification, determination of product specificity
and purity, estimate of fragment size, and preliminary semi-quantitative analysis should all be done [6].

In conclusion, this project is aiming to validate and utilize the combined PCR and DNA gel electrophoresis tech-
nique for the specific detection of one colorectal cancer-associated genetic (STED2) within the context of a well-
defined mouse model. Its significance lies in validating an accessible approach to characterizing the model's genetics
and providing a concrete genetic characterization of the CRC mouse model being used.

2. Materials and Methods
2.1 Preparation

Initially, selecting twelve mice (four of them are SETD-flox mice, four of them are SETD2/Villin-CreER mouse,
other forth are wild type mice) to cut their tails for excision, approximately 2-3 mm long, and placing them in different
eppendorf tubes. Then, adding 80 pl of lysate A which main ingredient is NaOH to each of the twelve eppendorf
tubes to use alkali splitting cells to release DNA from the nucleus to solution. Next, placing them in a heater to a 96°
environment for one hour to ensure all the cell are split. Then, adding 80 pul of lysate B which main ingredient is HCI
to each of the twelve eppendorf tubes to neutralize the alkalinity of the solution. Finally, configuring four 15 pl
systems including 6 pl solution (combined with Taq enzyme, dNTP, and buffer), 0.5%2 ul primer, 7.5 pl water, and
0.5 pl DNA solution. Therefore, the preparation for PCR is finished.

2.2 PCR

Polymerase chain reaction which also called PCR is a technology to replicate a relatively small number of DNA
templates into a large number in vitro by using the principle of base complementary pairing and semi-conservative
replication. The power of PCR lies in exponential amplification: each completed cycle theoretically doubles the num-
ber of copies of the target DNA sequence. After 'n' cycles, the target sequence can be amplified up to 2*n-fold. Key
principles enabling this include the thermostability of Taq polymerase, which survives the repeated high denaturation
temperatures without permanent denaturation, allowing the reaction to proceed without adding a fresh enzyme;
the specificity provided by the primers, which dictate the region amplified; and the precise thermal control of the
cycler governing the efficiency of denaturation, annealing, and extension. Factors such as primer design and quality,
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template purity, and cycling parameters significantly influence the reaction's specificity, efficiency, and yield. It can
roughly be divided into three basic reaction steps, including denaturation, annealing, and extension.

(1) Denaturation: Denaturation is the first step. It is performed at 94-95°C for 20-30 seconds. This high temperature
disrupts the hydrogen bonds holding the double-stranded DNA template together, separating it into two single strands
which serve as templates for replication.

(2) Annealing: Annealing is the second step. In this step, the temperature is lowered to 45-65°C (optimized based
on the calculated melting temperature (Tm) of the primers) for 20-40 seconds. During this phase, the primers specif-
ically bind (anneal) to their complementary sequences on the single-stranded DNA templates flanking the target
region. Precise temperature control is critical here: too high a temperature prevents stable primer binding, while too
low promotes non-specific binding and amplification of incorrect products.

(3) Extension: The third step is extension, carried out at 72°C (the optimal temperature for Taq polymerase activity)
for a duration proportional to the length of the amplicon (typically 1 minute per kilobase). In this step, the thermo-
stable Taq DNA polymerase synthesizes a new DNA strand complementary to each template strand. It starts at the 3'
end of each annealed primer and adds dNTPs in the 5' to 3' direction, extending the primer sequence along the tem-
plate. After the final amplification cycle, a final extension step at 72°C for 5-10 minutes is often included to ensure
any partially synthesized DNA strands are completed to full length.

These three steps form a cycle which typically needs to be repeated about 25-40 times. After the cycles, initial
DNA templates’ number will grow exponentially. In this case, the number of DNA can be large enough, which is
necessary for the next experiment- gel electrophoresis.

2.3 Gel Electrophoresis

Gel electrophoresis is a fundamental technique used to separate DNA fragments based on size, essential for deter-
mining the genotypes of the mouse tail samples (Flox, Cre, and Wild Type). The process begins with preparing the
agarose gel. A gel casting tray is sealed at its edges using tape or a gasket within a casting frame to prevent liquid
agarose from leaking. A well-forming comb is then positioned near one end of the tray, ensuring the teeth are sus-
pended slightly above the base.Next, the agarose solution is prepared. To achieve a 2% concentration suitable for
resolving the expected fragment sizes (e.g., 100-500 bp), precisely 1.5 grams of molecular biology-grade agarose
powder is weighed. This agarose is thoroughly dispersed into 100 ml of 1x TAE (Tris-Acetate-EDTA) electrophoresis
buffer in a heat-resistant flask. The mixture is heated in a microwave oven using short bursts (e.g., 30-60 seconds),
swirling gently between bursts, until the solution becomes completely clear and devoid of any undissolved granules
or cloudiness. This ensures a homogeneous gel matrix. Caution is required to avoid superheating and boiling over.
After microwaving, the flask is carefully removed (it will be very hot) and allowed to cool undisturbed to approxi-
mately 60°C. This cooling step is critical; pouring agarose that is too hot can warp the casting tray or damage the
comb. Once at 60°C, the fluorescent nucleic acid dye GelRed is added at the manufacturer's recommended concen-
tration (e.g., 3-5 pl per 100 ml gel). GelRed is a safer alternative to ethidium bromide but still provides sensitive
DNA visualization under UV light. The dye is mixed thoroughly but gently into the agarose solution to ensure even
distribution, minimizing bubble formation. The homogeneous solution is then poured steadily into the prepared cast-
ing tray, covering the entire surface and surrounding the comb teeth. The gel is left undisturbed on a level surface for
solidification.

3. Results

By polymerase chain reaction (PCR) and the product size analysis was performed by agarose gel electrophoresis. In
the experiment, a DNA molecular weight standard (Marker) with six clear bands was used. The genotype identifica-
tion experiment was based on a mouse tail tissue sample, which was amplified, with uniform bands spaced and a
difference of about 100 bps in each segment, providing a reliable reference for accurately determining the amplified
fragment size of the sample. The key experimental results are clearly presented: the figurel shows mouse samples
genotype carrying flox sequences, the main bands of PCR amplification products on the gel are concentrated in the
range of 100-150 bp. The actual position of the band is highly consistent with the theoretical expected 130bp target
fragment. In contrast, the amplification product bands of wild-type control mouse samples migrated significantly to
the faster region, mainly below 100 bp, which was exactly in line with the expected value of 75 bp. This significant
difference in band position clearly verifies the core molecular feature of the flox mouse model, that is, the length of
the PCR amplified fragment is significantly larger than that of wild-type mice due to the successful insertion of a 34
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bp loxP locus sequence at a specific genomic site. In addition, the experiment was conducted independently on the
tail samples of mice expressing Cre recombinase. Figure2 shows another gel electrophoresis, which also used six
evenly spaced DNA markers of 100 bp as references, the amplification products containing cre samples exhibited a
single bright main band, and their migration positions were mainly in the 400-450 bp range. The position of the band
is not much different from the 400 bp Cre-specific amplification fragment expected by the previous primer design.
In conclusion, the band size fractions (flox~130bp, WT~75bp, cre~400bp) observed in the experiment were in line
with expectations. The gradient distribution of DNA marker bands is uniform and the spacing is accurate, which
ensures reliability.

Figure 1. Flox and wild type Gel Electrophoresis.

Figure 2. Cre type Gel Electrophoresis.
4. Conclusion

In conclusion, our study is mainly about the combined application of PCR and DNA gel electrophoresis technology
in testing three types of mouse genes (SETD2/Villin-CreER, SETD-flox, and wild type), whose loss may aggravate
CRC progression by SETD2 deletion through the RAS/ERK signaling pathway [4]. Through this application, we can
ensure the gene types and mouse types are matched to do the basic preparation for the further study in researching
the more specific relationship of SETD2 gene and the principle of pathogenesis of CRC. Methodologically, in the
first step, tail-derived genomic DNA from four SETD2-flox mice, four SETD2/Villin-CreER mice and four wild-
type controls was isolated via alkaline lysis, amplified using optimized PCR protocols (denaturation at 94°C, anneal-
ing at primer-specific Tm, extension at 72°C). Then, in the second step, we analyzed via 2% agarose gel electropho-
resis with GelRed staining. Data collection focused on fragment size differentiation: PCR products from Flox mice
consistently exhibited bands at 100-150 bp (peaking at 130 bp), Cre mice consistently exhibited bands at 400-450
bp (near 400 bp), while wild-type samples showed bands below 100 bp (near 75 bp). These results confirmed DNA
insertion in Flox and Cre genotypes, aligning precisely with theoretical predictions. The study conclusively demon-
strated that the combined application of PCR and gel electrophoresis is a stable, specific, and operationally feasible
strategy for genetic testing for CRC, enabling rapid, low-cost validation of genetic models critical for preclinical
research.
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This research underscores the practical significance of PCR-gel electrophoresis as an economical, reliable tool for
CRC genetic screening, particularly in resource-limited environments. By efficiently distinguishing SETD2/Villin-
CreER2 genotypes, the method directly supports the development of targeted therapies for CRC such as inhibiting
the RAS/ERK pathway in SETD2-deficient CRC and inhibiting Wnt signal in SETD2-deficient CRC [7].

However, there are also some limitations: (1) Semi-quantitative band intensity analysis lacks the precision of digital
PCR or sequencing; (2) Only finish genetic testing, but lacking further study on the function of SETD2 gene and how
to treat CRC through this gene; (3) Mouse models have some differences with human CRC in some aspects such as
tumor heterogeneity and metastasis. Future trends in CRC molecular diagnostics will likely integrate this accessible
combo with emerging technologies—such as CRISPR-based enrichment for rare mutations or capillary electropho-
resis for enhanced MSI sensitivity—to create tiered, cost-efficient workflows.

Future research directions include: (1) Clinical Translation: Validating this combo for detecting SETD gene effects
in human biopsies; (2) Automation: Developing more precise and automatic devices such as point-of-care screening
to enhance the stability and efficiency of PCR and electrophoresis technology; (3) Multi-analyte Expansion: Com-
bining with multiplex PCR to simultaneously assess panels of biomarkers of CRC or other types of cancer such as
the three genes’ (SETD2, TP53, BRAF) combined relationship with KRAS Wild-type Tumors in Patients with Pan-
creatic Adenocarcinoma[8]. Although a lot of new technology advances quickly, refining such foundational tech-
niques are still significant for researching CRC and other types of cancer globally.
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