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Abstract:
The successful management of lymphoma increasingly hinges on a deep understanding of 

its genomic underpinnings, especially for early detection and targeted treatment strategies. 
The current study focused on the identification and functional categorization of single nu-
cleotide polymorphisms (SNPs) specifically in lymphoma patients. Utilizing whole-genome 
sequencing data sourced from the Sequence Read Archive, we employed a rigorous analytical 
pipeline involving sequence alignment against the Homo sapiens chromosome 4 reference 
genome, followed by indexing, and variant calling. Our investigation led to the discovery of 
1072 SNPs, a significant portion of which remain functionally uncharacterized. Among the 
categorized SNPs, variants were identified that have potential implications for gene regulation, 
splicing, and protein function. Statistical analyses revealed a significant association between 
these SNPs and the lymphoma cohort. Our findings offer nuanced insights into the complex 
genetic landscape of lymphoma and serve as a foundational platform for future research aimed 
at functional characterization and potential clinical applications. These identified SNPs could 
serve as potential biomarkers and contribute to the development of more effective diagnostic 
and therapeutic strategies for lymphoma.
Keywords: Single Nucleotide Polymorphisms (SNPs), Lymphoma, TET2

Introduction
Lymphoma
Lymphoma is a form of cancer that 

originates in the cells of the lymphatic sys-
tem. The disease is categorized into two 
main types: Hodgkin lymphoma (HL) and 

non-Hodgkin lymphoma (NHL). Of the 
two, NHL is one of the most prevalent can-
cers in the United States, accounting for 
approximately 4% of all new cancer cas-
es (“Key Statistics for Non-Hodgkin Lym-
phoma”, 2023). It is characterized by its 



UNVEILING THE COMPLEX SNP LANDSCAPE IN LYMPHOMA25

The European Journal of Biomedical 
and Life Sciences 2024, No 1–2

Section 2. Life sciences

heterogeneous nature, comprising various 
malignancies that arise from the clonal 
proliferation of B-cell, T-cell, and natural 
killer cell subsets of lymphocytes at differ-
ent stages of maturation. NHL represents 
around 4% of all malignancies and exhib-
its an overall survival rate of approximately 
72% once diagnosed (Jamil, 2023). Like-
wise, the projected incidence of HL in the 
year 2023 is expected to encompass approx-
imately 8,830 novel cases. Although consti-
tuting a relatively modest proportion of all 
newly diagnosed cancer cases, accounting 
for a mere 0.5%, HL bears a distinctive im-
print on mortality rates. Projections indi-
cate an estimated 900 deaths attributed to 
this condition every year, with 540 mortal-
ities among males and 360 among females 
(“Cancer Stat Facts”, 2023).

Stages of Lymphoma
Lymphoma is systematically categorized 

into discrete stages according to the extent of 
its dissemination within the body. These pro-
gressive stages serve as pivotal navigational 
tools for the processes of diagnosis, therapeu-
tic strategizing, and prognostic assessment. 
Stage I lymphoma, delineates a condition in 
which cancer is localized within a confined re-
gion, in situ (see Figure 1). This can manifest 
as either a solitary cancerous lymph node or 
as an occurrence within a specific lymphoid 
organ, such as the thymus, or even within a 
discrete segment of an extra lymphatic organ. 
The malignancy’s reach is strictly constrained 
at this juncture. Transitioning to Stage II 
lymphoma, the scope of disease involvement 
slightly broadens. At this stage, the two lymph 
nodes which are located on the same side of 
the diaphragm may be affected (“What Are 
the Different Stages of Lymphoma”, 2023).

Figure 1. Stages of Lymphoma. This diagram illustrates the four stages of 
Lymphoma, detailing the progression and spread of the disease. Stage I shows localized 
involvement of a single lymph node region, while Stage II involves two or more lymph 
node regions on the same side of the diaphragm. In Stage III, cancer spreads to lymph 
node regions on both sides of the diaphragm, and Stage IV indicates the disseminated 
involvement of one or more extra lymphatic organs or tissues (“NHL Staging”, n. d.)

Alternatively, the disease may traverse 
from one lymph node to an adjoining or-
gan. Though the propagation surpasses that 
of Stage I, it continues to be largely circum-

scribed within a single side of the diaphragm. 
Progressing to Stage III, an amplified dis-
semination pattern emerges. This disease of-
ten infiltrates multiple lymph nodes distrib-
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uted both above and below the diaphragm, 
with potential engagement of the spleen. The 
spanning of both sides of the diaphragm re-
flects an escalated systemic presence of the 
disease. Ultimately, Stage IV denotes the ut-
most progression of lymphoma, signaling ex-
tensive metastasis. The malignancy breaches 
the confines of the lymphatic system, infil-
trating distant organs scattered throughout 
the body. This may encompass two or more 
remote organs, such as the liver or lungs. 
The pervasive and systemic nature of the dis-
ease’s dispersion in Stage IV underscores its 
substantial impact, frequently necessitating 
comprehensive and multifaceted therapeutic 
interventions (“What Are the Different Stag-
es of Lymphoma”, 2023).

Treatments
Treatment for lymphoma may include 

radiation, chemotherapy, or a combination 
of both. It may also include immunothera-
py or other new treatments. The treatment 
that is best for patients will depend on many 
factors, such as the type of lymphoma the 
patients have. Hodgkin lymphoma is also 
called Hodgkin’s disease. It may be treated 
with chemotherapy, a combination of che-
motherapy and radiation, immunotherapy, 
stem cell transplantation, or other treat-
ments. Many treatment options are now 
available for non-Hodgkin lymphoma. These 
include traditional chemotherapy, targeted 
drugs, and novel therapies that are available 
only through clinical trials. Patients with ag-
gressive B cell non-Hodgkin lymphoma is 
often treated with R-CHOP chemotherapy, 
consisting of cyclophosphamide, doxorubi-
cin, vincristine, prednisone, and rituximab, 
with alternatives considered for potential 
heart damage. T-Cell NHL, such as T-lym-
phoblastic lymphoma/leukemia, involves 
intensive chemotherapy and may include 
intrathecal chemotherapy, maintenance 
therapy, or stem cell transplant, with close 
monitoring for complications such as tumor 
lysis syndrome (“R-CHOP”, 2022; “Treating 
Non-Hodgkin Lymphoma”, 2023). For indi-
viduals with HIV infections, who face an el-
evated risk of aggressive NHL, the prognosis 
has improved significantly, particularly with 
the use of highly active antiretroviral therapy 
(HAART). HAART enables better tolerance 

to chemotherapy and immunotherapy and 
has somewhat alleviated challenges related 
to low blood cell counts, allowing for the ad-
ministration of full doses of chemotherapy. 
Despite this progress, caution is exercised 
in chemotherapy for HIV-infected patients 
with lymphoma, and blood counts are close-
ly monitored. The interaction between HIV 
infection and lymphoma prognosis remains 
complex, with modern anti-HIV therapy con-
tributing to improved outcomes (“Treating 
Non-Hodgkin Lymphoma”, 2023).

Immunotherapy has emerged as a vital 
treatment modality for both B-cell and T-cell 
NHL. In B-cell lymphomas, monoclonal an-
tibodies targeting the CD20 antigen, such 
as rituximab (Rituxan), obinutuzumab (Ga-
zyva), ofatumumab (Arzerra), and ibritum-
omab tiuxetan (Zevalin), have been proven 
effective. Their administration, typically via 
intravenous infusion, requires careful mon-
itoring for side effects ranging from mild in-
fusion-related reactions to more severe man-
ifestations like skin conditions and blood 
cell count anomalies (Halim & Maher, 2020; 
“Treating Non-Hodgkin Lymphoma”, 2023). 
Assessment for prior hepatitis B infection 
and vigilance for post-treatment infections 
are also imperative. For T-cell lymphomas, 
innovative immunotherapeutic agents such 
as T-cell engaging bispecific antibodies (e. g., 
mosunetuzumab (Lunsumio), epcoritamab 
(Epkinly), glofitamab (Columvi)) have been 
developed. These antibodies simultaneously 
target the CD3 protein on T cells and specific 
antigens on lymphoma cells, enhancing the 
immune response against the cancer. Moni-
toring for potential complications, including 
cytokine release syndrome and neurological 
issues, is essential, and the treatment ap-
proach must be tailored to the specific lym-
phoma type and the patient’s overall health 
(“Treating Non-Hodgkin Lymphoma”, 2023).

Chemotherapy is a cornerstone in lym-
phoma treatment, employing various drug 
categories such as alkylating agents to dam-
age DNA, corticosteroids to reduce inflam-
mation, platinum drugs to inhibit DNA rep-
lication, purine analogs to disrupt DNA and 
RNA, anti-metabolites to impede cell growth, 
anthracyclines to intercalate DNA, and other 
drugs to interfere with cell division. Standard 
regimens may be supplemented with immu-
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notherapy drugs to target specific cancer cells, 
enhancing efficacy (“Treating Non-Hodgkin 
Lymphoma”, 2023). Targeted drug therapies 
have also been developed, aiming to inhibit 
specific cellular processes. Proteasome inhib-
itors block enzyme complexes within cells to 
control cell division, while histone deacetyl-
ase (HDAC) inhibitors modulate gene activi-
ty. BTK inhibitors can target specific proteins 
involved in B-cell lymphoma cell growth and 
survival. These targeted therapies, adminis-
tered through various routes such as intra-
venous infusion or oral capsules, present a 
sophisticated approach for treating specific 
NHL types, especially when standard treat-
ments are insufficient (“Treating Non-Hod-
gkin Lymphoma”, 2023).

Single Nucleotide Polymorphisms
Single Nucleotide Polymorphisms (SNPs) 

constitute a fundamental form of genetic 
variation among individuals, characterized 
by alterations at a singular nucleotide posi-
tion within the genomic DNA sequence. With 
a prevalence that exceeds 1% across the hu-
man genome, SNPs occur approximately once 
in every 1000 base pairs and significantly 
contribute to the genetic diversity observed 
among distinct human populations (“Single 
Nucleotide Polymorphisms”, n. d.; “What are 
single nucleotide polymorphisms”, 2022). 
SNPs may manifest as either transitions (pu-
rine to purine or pyrimidine to pyrimidine) or 
transversions (purine to pyrimidine or vice 
versa), and their effects can range from being 
silent (synonymous), leading to no change in 
amino acid sequence, to causing changes in 
amino acid composition. The biological rami-
fications of SNPs extend to various key genetic 
processes, such as modulation of promoter ac-
tivity, alteration of messenger RNA (mRNA) 
stability, and influence on subcellular local-
ization. As a result, SNPs have the potential to 
precipitate various pathological conditions by 
affecting gene expression or function, thereby 
underscoring their significance in both nor-
mal physiological variation and disease sus-
ceptibility (Degtyareva et al., 2021; “What are 
single nucleotide polymorphisms”, 2022).

Investigating the intricate link between 
SNPs and cancer, particularly in the context 
of lymphoma, reveals that SNPs within pro-
moter regions can prompt alterations in the 

number of methylation loci, consequently 
impacting gene expression and elevating the 
risk of cancer. Beyond methylation dynamics, 
promoter region SNPs exert their influence 
through promoter activity modulation, tran-
scription-factor binding, and histone modifi-
cations, inclusive of DNA methylation (Deng 
et al., 2017; Jiraskova et al., 2019). Notably, 
SNPs can also exert effects on exonal regions, 
where they possess the capacity to suppress 
gene transcription and translation, thereby 
perturbing cancer susceptibility. SNPs oc-
curring within genes associated with DNA 
mismatch repair, cell cycle regulation, me-
tabolism, and immunity further contribute to 
genetic susceptibility to cancer. Understand-
ing these multifaceted relationships between 
SNPs and cancer is pivotal for unraveling the 
intricacies of cancer etiology and pathogene-
sis (Deng et al., 2017; Jiraskova et al., 2019).

The utilization of SNPs as potential 
markers for early lymphoma diagnosis offers 
promising avenues in cancer diagnostics. By 
leveraging SNP markers and arrays, compre-
hensive genome screening at a global scale 
may enable the identification of chromosom-
al anomalies encompassing copy number 
variants, DNA amplifications, deletions, and 
loss of heterozygosity. In contrast to earlier 
technologies such as cytogenetics or gene 
candidate approaches, which demonstrat-
ed limited sensitivity, the utilization of SNP 
markers can present a robust alternative. 
Genetic aberrations, including copy number 
variations (CNVs) and translocations, have 
been established to exhibit distinct associa-
tions with specific human cancers, notably 
prevalent in hematological malignancies 
such as lymphomas (Shahrabi et al., 2020; 
Etebari et al., 2015). The potential to estab-
lish specific markers for such cases holds the 
key to identifying early manifestations of 
respective cancers. Notably, the expedience 
and cost-effectiveness of SNP microarrays 
facilitate rapid and comprehensive investi-
gations, thereby enabling the unveiling of 
genetic anomalies implicated in oncogenesis. 
Recent applications of SNP arrays encompass 
genome-wide screening, fostering enhanced 
correlations between genetic patterns and 
phenotypes, encompassing disease etiolo-
gy. This underscores the pivotal role of SNP 
arrays in unraveling the intricate landscape 
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of cancer genetics and their potential contri-
bution to early cancer diagnosis (Shahrabi et 
al., 2020; Etebari et al., 2015).

Genetics
The TET2 gene, situated at chromo-

some 4 position 4q24 with accession num-
ber NM_001127208.3 (NCBI, 2023), has 
emerged as a central topic of investigation in 
contemporary molecular biology. Responsible 
for encoding a protein with complex and elu-
sive functionality, this gene has piqued the sci-
entific community’s interest due to its poten-
tial involvement in transcription regulation, 
the initial phase of protein synthesis. Its role is 
particularly prominent in hematopoietic stem 
cell differentiation, a process that encompass-
es the formation of vital blood cell types, such 
as erythrocytes (red blood cells), leukocytes 
(white blood cells), and thrombocytes (plate-
lets) (“Tet2 Gene: Medlineplus Genetics.”, 
2014; Shastry, 2009). In addition to these func-
tions, the TET2 protein has been identified as 
possessing tumor-suppressive properties, act-

ing to inhibit abnormal cellular proliferation, 
thus aligning it with the characteristics of es-
tablished tumor suppressor proteins.

Within this context, Figure 2 serves to 
provide a comprehensive visual depiction of 
the proposed mechanism of action of TET2, 
offering a tangible and illustrative insight 
into its functional role within cellular pro-
cesses. This figure illustrates the impact of 
TET2 and RHOA mutations on the body, 
showing a complex interaction that leads to 
enhanced self-renewal and proliferation of 
hematopoietic stem/progenitor cells. This 
cooperative effect suppresses CD8+ T cell 
differentiation while favoring CD4+ T cells 
and T follicular helper (Tfh) cells, leading to 
aberrant activation and transformation of 
Tfh cells. ICOS plays a critical role through 
specific pathways, including the ICOS-PI3K-
mTOR signaling pathway and AKT activa-
tion, contributing to Tfh lineage differentia-
tion and the transformation characteristics 
of angioimmunoblastic T-cell lymphoma 
(AITL) (Phillip, 2022; Hu, et al., 2022).

Figure 2. TET2 and RHOA Mutation Impact on T Cell Development 
and AITL. TET2 loss and RHOA G17V mutations synergistically enhance HSPC 

self-renewal and proliferation. They also suppress CD8+ T cell differentiation, 
favoring CD4+ T cells and leading to Tfh cell expansion. ICOS plays a co-
stimulatory role via the ICOS-PI3K-mTOR and ICOS-PI3K-AKT-FOXO1 

pathways, essential for Tfh cell differentiation and AITL progression
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Gene’s Implication in Lymphoma
The Tet2 gene is characterized by a prev-

alent mutational occurrence across a diverse 
array of hematopoietic malignancies, includ-
ing both myeloid and lymphoid cancers, as 
well as various solid tumor types (“Tet2”, 
2017; Jiang, 2020). Within the realm of can-
cer cells and specific immune cell subsets 
such as T cells, B cells, and macrophages, 
Tet2 assumes an essential role in the epi-
genetic modification of DNA. This process 
is a vital aspect governing gene regulatory 
mechanisms and can influence the activity of 
genes within malignant cells and certain im-
mune cell populations. Notably, the epigene-
tic modifications known as 5hmC and 5mC. 
5mC is the methylation of the fifth position 
of the pyrimidine ring of cytosine. 5hmC 
is a product of 5mC demethylation by the 
Ten-Eleven Translocation family proteins. 
5hmC was found to regulate many cellular 
and developmental processes, including the 
pluripotency of embryonic stem cells, neuron 
development, and tumorigenesis in mam-
mals (Shi et al., 2017). 5hmC and 5mC are 
orchestrated by Tet2, and are consistently 
present under both physiological and patho-
logical circumstances (Jiang, 2020).

In the context of hematological neo-
plasms, the impairment or abrogation of Tet2 
function primarily leads to the abnormal pro-
duction of 5mC, thus disrupting the epigen-
etic landscape. This perturbation is strongly 
associated with the progression of solid tu-
mors, with frequent Tet2 mutations being a 
hallmark feature of hematopoietic malignan-
cies (Cong, 2021; Jiang 2020) Experimental 
evidence from murine models has revealed 
that disruption of Tet2, or concurrent dis-
ruption of both Tet2 and Tet3, precipitates 
the spread of myeloid or lymphoid cell pop-
ulations, culminating in the formation of ag-
gressive tumor (Jiang, 2020). These insights 
emphasize the critical role of Tet2 in shaping 
the pathogenesis of both hematopoietic and 
solid cancers, thereby illuminating potential 
avenues for therapeutic interventions.

Through a synthesis of current research, 
this paper aims to provide a targeted exam-
ination of the TET2 gene, focusing specifi-
cally on the association of SNPs that may be 
found not only on TET2 but the entirety of 
chromosome 4 and their potential connec-

tion to lymphoma. Given the complexity and 
crucial nature of this gene, the present study 
underscores the need for an extensive analy-
sis to decipher the underlying relationships 
between the TET2 gene’s variations and the 
onset or progression of lymphoma. This re-
search may pave the way for novel therapeu-
tic interventions and contribute valuable in-
sights into personalized medicine strategies.

Methods
In the current study, we undertook an 

analysis of sequence reads obtained from 
lymphoma patients and control subjects to 
identify genomic variants and meticulous-
ly examine their potential implications. The 
reference genome for Homo sapiens chromo-
some 4, accessed from Ensembl (Release 104) 
(Cunningham et al., 2021), was utilized as a 
benchmark for accurate alignment and in-
terpretation of genomic alterations detected 
in our study. Our analytical pipeline incorpo-
rated the selection of Sequence Read Archive 
(SRA) sequences based on library construc-
tion strategy and experimental design. SRA 
files were obtained using the fastq-dump util-
ity of the SRA Toolkit v2.10.7 (NCBI, 2021), 
with subsequent analyses performed via the 
command-line interface. An initial assess-
ment of sequence read quality was conduct-
ed using FastQC (v0.11.9) (Andrews, 2010), 
and sequence trimming was performed using 
Trimmomatic (v0.39) (Bolger et al., 2014), 
focusing on regions with compromised base 
quality (Phred score < 33). This process im-
proved the overall sequence data quality by 
removing low-quality bases.

Sequence alignment to the reference hu-
man genome and indexing of the reads were 
achieved using Bowtie2 (v2.4.2) (Langmead 
& Salzberg, 2012). The resultant Sequence 
Alignment/Map (SAM) file was converted to 
a Binary Alignment/Map (BAM) file using 
SAMtools (v1.11) (Li et al., 2009). Coverage 
depth at each genomic position was deter-
mined through the SAMtools ‘depth’ com-
mand, identifying regions likely to contain 
genetic variants. SNPs were identified using 
the binary variant call format (BCF) utili-
ties from the SAMtools suite. The generat-
ed BCF file underwent stringent filtering via 
BCFTools (v1.11), retaining only high-con-
fidence variants. These SNPs were further 
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validated by comparing them to a reference 
dataset of SNPs from a healthy population 
using the Pandas library in Python. This 
approach allowed us to focus on lympho-
ma-specific genomic alterations.

Statistical analyses assessed the asso-
ciation between identified variants in the 
lymphoma and control cohorts, employing 
Chi-square tests for categorical variables eval-
uation. Contingency tables, constructed from 
the CSV file, exhibited subject counts with or 
without specific variants across both cohorts. 
The Python SciPy library was used to calcu-
late the chi-square statistic and correspond-
ing p-value, revealing a significant association 
(p < 0.05) between the identified variants and 
the lymphoma cohort. We further linked SNP 
accession numbers to their genomic conse-
quences using a Python script we developed. 
SNP accession numbers were extracted from 
the SAMtools-generated BCF file, and the En-
sembl REST API provided pertinent informa-
tion regarding each SNP, including genomic 
location and allelic configuration. The parsed 
JSON responses facilitated data extraction, 
subsequently merged with genomic conse-
quences and stored in a CSV file for further 
analysis. Our Python script allowed efficient 

information extraction and reduced manual 
error risk. All scripts used in this study are 
publicly available on our GitHub repository 
(https://github.com/crisprmax/SNP-identi-
fier-Python), including comprehensive docu-
mentation and guidelines.

Results
In our endeavor to unravel the genet-

ic heterogeneity and discern the functional 
roles of SNPs within the genome of a lym-
phoma clinical cohort, Figure 3 (referenced 
below) stands as a critical juncture in our 
investigative journey. This figure offers an 
overview, capturing both the distribution and 
the functional categories of the SNPs identi-
fied in our study. We analyzed a total of 1,072 
SNPs, categorizing them based on their pre-
sumed functional roles. Intriguingly, a sig-
nificant proportion of these variants have 
yet to be functionally characterized, posing 
an exciting avenue for future research. To 
maintain the integrity of the graphical rep-
resentation, these uncharacterized variants 
were intentionally omitted, thereby enabling 
a more discernible visualization of the less 
abundant, but potentially functionally signif-
icant, variant categories.

Figure 3. Different Variant Effects on Lymphoma Clinical Cohort. 
This figure illustrates the distribution and functional categorization of 

SNPs found within a clinical cohort of lymphoma patients. A total of 1072 
SNPs were analyzed, with the majority remaining uncharacterized
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Within the dataset of characterized SNPs, 
multiple functional categories were rep-
resented, highlighting the diverse genetic 
landscape of the lymphoma clinical cohort 
(Table 1). Specifically, 156 SNPs were classi-
fied as non-coding transcript exon variants, 
indicating variations in regions that are tran-
scribed but do not encode proteins. A further 
147 SNPs were identified as intron variants, 
which could potentially influence splicing 
mechanisms. Additionally, 71 SNPs were 
categorized as intergenic variants, implicat-
ing regions between genes. The dataset also 
included 60 downstream and 40 upstream 
gene variants, suggesting a potential impact 
on the regulation of adjacent genes. Notably, 
8 SNPs were found in regulatory regions and 

an additional 4 in transcription factor bind-
ing sites, emphasizing their likely role in gene 
regulation. Four SNPs were located within 
the 3’ untranslated region (UTR), pointing 
to potential post-transcriptional regulatory 
effects. Lastly, the analysis unveiled a small 
number of functionally impactful SNPs: a sin-
gle splice donor variant with potential impli-
cations for splicing processes, one missense 
variant that could alter protein function, and 
a lone synonymous variant with minimal im-
pact on protein structure or function. These 
comprehensive insights underscore the di-
versity of SNPs present within the genome of 
the unknown organism, emphasizing poten-
tial functional repercussions that necessitate 
further exploration.

Table 1. Categorization and Descriptions of SNP Effects in 
Lymphoma Clinical Cohort. This table enumerates the various types 

of SNPs identified within a clinical cohort of lymphoma patients, alongside 
brief descriptions outlining their potential functional implications

SNP Effects Description
Non-coding Transcript Exon Variants Variations in regions that are transcribed but 

do not encode proteins.
Intron Variants Potential influence on splicing mechanisms.
Intergenic Variants Implicating regions between genes.
Downstream Gene Variants Potential impact on the regulation of adjacent 

genes.
Upstream Gene Variants Potential impact on the regulation of adjacent 

genes.
Regulatory Region Variants Likely role in gene regulation.
Transcription Factor Binding Site Variants Likely role in gene regulation.
3’ Untranslated Region (UTR) Variants Potential post-transcriptional regulatory effects.
Splice Donor Variant Potential implications for splicing processes.
Missense Variants Could alter protein function.
Synonymous Variant Minimal impact on protein structure or function.

To better elucidate the complexities of 
these data, we employed a Manhattan Plot 
(Figure 4). Our aim was to provide an over-
view of both the spatial arrangement and 
presumptive functional significance of SNPs 
in our clinical cohort. The x-axis of the plot 
arranges the SNPs according to their respec-
tive genomic coordinates on chromosome 
4, offering a seamless view of their genomic 
distribution. Conversely, the y-axis demar-
cates the precise base pair positions for each 
individual SNP within this chromosome, 

thus enriching our comprehension of their 
genomic context. Each data point on the 
plot represents a unique SNP, with its y-axis 
placement signifying its specific base pair lo-
cation on chromosome 4. To further enhance 
interpretability, we incorporated a color-cod-
ing scheme based on a scale that quantifies 
SNP Effect values. This chromatic stratifi-
cation serves to spotlight SNPs that warrant 
particular attention, especially those with po-
tential functional or regulatory roles.
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Figure 4. Manhattan Plot of SNP Significance in Lymphoma Patients. 
This plot provides an intricate overview of the spatial distribution and potential 

functional implications of SNPs specific to lymphoma patients. Each point populating 
the plot represents an individual SNP, with its vertical placement serving as a proxy 

for its base pair position on chromosome 4. When applicable, the coloration of 
each point is governed by a color scale that corresponds to its SNP Effect value

Our study provides an analytical frame-
work for the investigation of SNPs within 
a lymphoma clinical cohort. By using ad-
vanced visualization techniques, such as 
the Manhattan Plot, we have been able to 
delineate the spatial distribution and in-
fer potential functional roles of these ge-
netic variants. The color-coding system 
employed significantly aids in identifying 
SNPs with potential functional or regu-
latory implications, serving as a roadmap 
for targeted genomic studies in the future. 
Our findings not only enhance the current 
understanding of the genetic landscape in 
lymphoma but also pave the way for more 
in-depth explorations that could have clin-
ical relevance.

Discussion:
The TET2 gene has been intricately linked 

to epigenetic modifications, cellular differen-
tiation, and tumor suppression, signifying its 
critical role in hematopoiesis and cancer de-
velopment. While we did not discover SNPs 
directly within TET2, the genetic variants 
that were identified in this study still offer 
insights into the broader genetic landscape 
associated with lymphoma patients. These 
variants can potentially serve as markers for 
early diagnosis and contribute to the devel-
opment of personalized medicine strategies, 
which could have a significant impact on pa-
tient outcomes.

The prevalence of lymphoma, particular-
ly NHL, stands as a significant contributor 
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to cancer-related morbidity and mortality, 
underscoring the urgent need for continued 
research efforts aimed at improving diagnos-
tic tools, treatment modalities, and patient 
outcomes. The staging process of lymphoma, 
illustrated in Figure 1, further highlights the 
progressive nature of the disease and empha-
sizes the critical importance of early detection 
and intervention. Complementing this, the 
role of immunotherapy and targeted therapies 
in lymphoma treatment is elucidated. The po-
tential of monoclonal antibodies and innova-
tive immunotherapeutic agents is particularly 
noteworthy. These advancements in treatment 
strategies not only hold promise for enhancing 
patient responses but also for reducing ad-
verse effects, thereby reinforcing the necessity 
of further research and clinical trials.

The systematic investigation of SNPs in 
our study offers a nuanced understanding of 
the genetic heterogeneity underlying lympho-
ma. Figure 3 serves as a cornerstone, provid-
ing an exhaustive overview of the potential 
functional implications of these genetic vari-
ants. The notable prevalence of «unknown» 
variants amplifies the imperative for contin-
ued research to elucidate their specific roles 
and consequences in the pathogenesis of 
lymphoma. Complementing this, the method-
ological rigor of our study stands as a testa-
ment to the robustness of our SNP analysis. 
Leveraging advanced bioinformatics tools and 
publicly available datasets, we have employed 
meticulous alignment, sequence trimming, 
and variant calling processes. This ensures 
not only the accuracy of our findings but also 
the reliability of the SNPs identified, thereby 
laying a solid foundation for future research in 
this critical area of lymphoma genetics.

Conclusion:
Our study aimed to identify and catego-

rize SNPs in lymphoma patients. Utilizing a 
robust and comprehensive analytical pipe-
line that integrated multiple bioinformatics 
tools and statistical methods, we were able 
to identify several lymphoma-specific SNPs 
of particular interest. A notable finding is 
the identification of 1072 SNPs, the major-
ity of which remain uncharacterized. These 
«unknown» SNPs present an intriguing area 
for future research, particularly in under-
standing their functional roles and potential 
involvement in lymphoma. Our study also 
revealed a substantial number of categorized 
SNPs, including 156 non-coding transcript 
exon variants, 147 intron variants, and 71 in-
tergenic variants. These variants have poten-
tial implications for gene splicing, regulation, 
and even intergenic interactions.

Importantly, we also identified variants 
that are likely to have more immediate func-
tional implications. These include 60 down-
stream and 40 upstream gene variants that 
may influence the regulation of neighbor-
ing genes, 8 regulatory region variants, and 
4 transcription factor binding site variants 
that suggest potential regulatory roles. This 
investigation serves as an intricate tapestry 
of the SNP landscape in lymphoma, woven 
together through a rigorous analytical frame-
work. Our findings not only offer a nuanced 
insight into the intricate genetic landscape 
associated with lymphoma but also serve as a 
foundational platform for future research en-
deavors focused on the functional interpreta-
tion and potential therapeutic applications of 
these genetic variants in the clinical manage-
ment of the disease.
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