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Abstract

NUP98 is a gene that normally regulates for part of the nuclear pore complex (NPC) and found on chromosome 11 in humans [1]. 
However, NUP98 is currently known for its potential role in Acute Myeloid Leukemia (AML). AML is cancer of the blood that 
is fast-growing and disproportionately affects pediatric patients. AML is a more aggressive cancer in general and its metastasis to 
other tissues and organ systems can be fatal in many cases due to its nature of being a blood-related cancer. Survival rates in AML 
patients also tend to be low in spite the age of medical advancement that is present today. Survival rates can be as low as thirty 
percent (Cleveland Clinic 24). The low survival rate, lack of understanding around the mechanisms of NUP98 that cause it to 
negatively impact AML, and the lack of effective treatments make the investigation between NUP98 and AML a necessity as AML 
rates increases.

The results of the different analysis showed a few different things. AML and NUP98 have some statistical significance when mortality 
rates are compared. However, demographic results showed no statistical significance in relation to NUP98 levels of expression. 
Insert aim 1 ideas. The evolutionary relationship between NUP98 in humans and mice showed that there is some conservation of the 
genes across species. This is helpful in terms of determining whether mice are useful in translational research from mice to humans.

The research performed showed the NUP98 levels do tend to be higher in patients with worse mortality outcomes. The statistical 
significance in this research was more difficult to interpret as many results were non-significant.

Research regarding NUP98 expression and its role in breast and pancreatic cancer is novel and should be further investigated as 
mortality was not present to compare against NUP98 expression. Finally, there does seem to be conservation of NUP98 between 
humans and the model species currently used to study AML. However, more work should be done on a larger scale to evaluate 
NUP98 conservation across several mammalian species.

Introduction

Nucleoporin 98 (NUP98) gene is a known “structural component 
of the nuclear pore complex (NPC)” that is found on chromosome 
eleven in humans [1]. NUP98 is part of a large multiprotein 
structure that runs along the nuclear membrane and is made up of 
around thirty proteins [1].

Currently, NUP98 is known for its association with Acute Myeloid 
Leukemia. It is known to be “fused to at least 28 different partner 
genes” in patients that have some sort of blood-related cancer 
[1]. The genome rearrangement believed to be related to this 

relationship are both translocations and inversions [1]. These 
translocations create fusion proteins [2]. Additionally, NUP98 is a 
“dynamic nucleoporin” that can move around and between different 
areas of the cytoplasm and nucleus [2]. Within AML specifically, 
this presents a series of problems. Its dynamic nature makes errors 
in transcription common that result in translocations and fusions. 
For example, HoxA9 (is a common homeodomain transcription 
factor that is involved in these fusions [2]. This transcription 
factor is usually responsible for binding DNA [2]. When studied 
in mouse models, it was seen that the NUP98/HoxA9 fusion was 
able to increase the malignancy of blood-related cancers that were 
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previously also induced by NUP98/HoxA9 [2].

This sets up another area of study. NUP98 in general is currently 
studied in mice as the model organism to compare to humans. Mice 
are commonly used in scientific and in clinical research as model 
organisms to compare to humans due to their relatively low cost, 
the fact that they do not take up majority of space, and several of 
mouse and human genetic areas overlap. There are ongoing studies 
suggesting that mice would also be good clinical representation 
of testing the mechanisms that could be behind NUP98’s effect 
on diseases like acute myeloid leukemia. However, there is a gap 
in the literature in the sense that the cancer research community 
has not dug into the evolutionary relationship between mice 
and humans specifically regarding NUP98 and comparing its 
conservation across the two species.

Finally, NUP98’s mechanisms and overall regulation affecting 
AML are still very unclear. However, a lot of research currently 
being done in regard to the gene points to indications that NUP98 
with other fusions, such as NUP98-NSD1 could “significantly 
impact the outcome of patients with AML” [3]. The same study that 
made this observation also concluded that another fusion, NUP98-
NSD1 and FLT3-ITD “could confer a poor prognostic effect” [3]. 
Overall, the survival rate with patients diagnosed with AML is 
around thirty percent (Cleveland Clinic 24). This is a lower survival 
rate considering that AML is a rarer cancer, and disproportionality 
affects pediatric patients. The gap in understanding if there is a 
measurable effect in expression levels impacting survival rates 
also needs to be further looked into.

Whether NUP98 mutations could be related to other malignant 
cancers is still unclear. Breast cancers are known to have the 
poorest outcomes and lack targeted therapies. NUP98’s oncogenic 
role in breast cancer has potential for further investigation with it 
being known of potential dysfunction in the regulatory processes 
of the nuclear pore complex [4]. As a novel biomarker, NUP98 is 
thought to be involved in oncogenic translocations and could alter 
other aspects of transport. Similarly, the gene regulatory proteins in 
the nucleoporins may contribute to malignant phenotypes beyond 
then just as markers. Not only is this relevant in the recent cancer 
research in breast cancer patients but also sought to have potential 
for investigation in pancreatic cancer patients. Pancreatic cancer, 
for example, is seeing increased diagnosis in patients in recent 
years. The American Cancer Society states that the SEER stages 
combined five-year relative survival rate for Pancreatic Cancer is 
about thirteen percent. With a slim survival rate and high relation to 
this gene and more in the nuclear pore complex, the investigation 
of solely the expression of NUP98 is pivotal in understanding 
more of cancer development. If NUP98 expression levels are high 
in breast and pancreatic cancer, it can suggest that pathogenically 
such gene mutation might impact various cancer types similar to 

its impact on the mechanistic development of AML.

The goal of this research project was to research NUP98 and 
assess if there is a difference in the levels of NUP98 expression 
and whether patients with higher NUP98 expression experienced 
different mortality outcomes. Aim 1 is centered around two fast 
acting malignant cancers, pancreatic and breast cancer, compared 
to AML. Aim 2 is that the expression levels across AML will be 
compared between patient pools that had lower NUP98 expression 
and those that had higher NUP98 expression to measure if 
differences in expression rates resulted in different mortality 
outcomes. Aim 3 serves to compare and understand if NUP98 is 
genetically conserved human and mice species through sequence 
analysis and qualitative analysis.

Methods

Aim 1:

Transcript expression data and case information for the gene 
NUP98 were obtained from publicly available RNA-seq case files 
on NCI GDC Data Portal. Patient samples were selected based on 
tissue origin, disease type, experimental strategy, primary site, and 
open access. Breast and pancreatic samples were selected at random 
with 20-30 samples per group to be compared to AML samples. 
TPM (transcripts per million) were quantified to explore expression 
levels across cancer types for 20-30 cases. A nonparametric two-
tailed Mann-Whitney U test was conducted to compare NUP98 
TPM expression between two independent patient pools. The 
null hypothesis that could be examined is that NUP98 expression 
distribution does not differ between cancer groups. This test was 
ideal because it does not require normally distributed data and is 
appropriate for comparing expression values to discern differences 
between two independent groups [5-10]. NUP98 values quantified 
as TPM were analyzed without log2 transformation because the 
test analysis did not require normality. TPM values were compared 
in a box plot of all the different cancers and their distribution. 
Microsoft Excel and a Mann-Whitney U Test Calculator from the 
Social Sciences Statistics website were used for the analysis and 
collection of data.

Aim 2:

Data for much of this project was obtained from the National 
Institutes of Health’s (NIH) National Cancer Institute (NCI). Both 
clinical and transcriptomic information were obtained for Acute 
Myeloid Leukemia (AML) and Pancreatic Cancer. The vital status, 
demographic variables such as race, gender, ethnicity, and age 
were collected along with the transcripts per million (TPM) for the 
NUP98 gene. Each patient was selected randomly from the entire 
database through a random number generator. Differences in gene 
expression between deceased and living patients were assessed 



Citation: Bearden H, Gelista R, Murugan V. (2026). The Effects of NUP98 Expression Levels Across Acute Myeloid Leu-
kemia. Ann Case Report. 11: 2628. DOI: 10.29011/2574-7754.102628

3 Volume 11; Issue 03

Ann Case Rep, an open access journal
ISSN: 2574-7754

by a Mann-Whitney U test within JASP’s statistical software and 
an unpaired t-test using BioRender. Then, associations between 
the demographic categories and mortality status were evaluated 
with chi square tests in JASP. The significance level was defined 
at a =9.95 and each test was two tailed (checked for a significant 
difference from the baseline).

All data used for the Acute Myeloid Leukemia patients was 
recorded in an Excel file and extracted progressively to test various 
conditions, NUP98, and demographic outcomes.

Bar chart visualizations were created in Microsoft Excel, including 
bar charts for the demographic distributions, and a boxplot was 
made for NUP98 expression in comparison to mortality status. 
The figures aided the support of statistical findings and used to 
illustrate these two findings.

BioRender and an unpaired t-test was the last form of statistical 
analysis run. Thirty patients were sorted based on their vital status 
for the NUP98 TPM to be compared. A one variable test was 
run using an unpaired t-test to test for significance between the 
expression levels and vital status.

Aim 3:

To measure the potential evolutionary relationship between 
humans and mice for NUP98 conservation, a few databases 
were visited to look for ortholgical relationships. The European 
Bioinformatics Institute’s (EMBL-EBI) Ensembl was first used to 
determine if humans (Homo sapiens) and mice (Mus musculus) 
are orthologues for NUP98, and if so, to what extent. After 
those results were determined, then the cDNA alignments were 
downloaded in a FASTA file. Then, EMBL-EBI was used to run 
a multiple sequence alignment (MSA) using Clustal Omega. The 
FASTA file from Ensembl was used and uploaded to receive an 
alignment output onto EMBL-EBI. The Clustal Omega allowed 
for the alignments to be viewed, as well as a small phylogenetic 
tree. Afterwards, BLAST was run using the same FASTA file from 
Ensembl. Finally, the National Institute of Health (NIH) portal for 
both mice and humans was accessed to compare the positions of 
NUP98.

From here, the analysis of how conserved NUP98 was done 
qualitatively. Figures from each collected from each to further 
analyze where NUP98 is expressed across both species.

Results

Aim 1:

To compare the gene NUP98 expression across cancer groups 
with TPM values, a nonparametric Mann Whitney U test sought 
to address whether expression distribution differs. The box plot 
(Figure 1c) displays overall TPM expression values: AML samples 

have higher expression than Breast and Pancreatic cancer. AML 
showed variable expression compared to the other groups’ range. 
Breast cancer displayed the lowest TPM expression values, IQR, 
and mean (Figure 1a). In a comparison between AML vs Pancreatic, 
the value of U is 50, z-score is -4.04399, provided p-value is < 
.00001, and sample size (N) is 20. In a comparison between AML 
vs Breast, the value of U is 32, z-score is -4.53089, provided 
p-value is < .00001, and sample size (N) is 20. In a comparison 
between Pancreatic vs Breast, the value of U is 188, z-score is 
3.8661, provided p-value is 0.0001, and sample size (N) is 30. 
Between AML vs. Pancreatic samples, a difference in expression 
was observed, evident in the small p-value (U = 50, Z = -4.04, p 
< 0.00001; n = 20 per group). The U value of 50 and a z-score of 
-4.04 indicates a strong separation in expression ranks between 
groups. In a comparison between AML vs. Breast samples, a 
difference was observed, evident in the sample p-value (U = 32, 
Z = -4.53, p < 0.00001; n = 20 per group). A low U value and 
large z-score indicate strong separation in expression distributions. 
With a p < 0.05 for both comparisons, the null hypothesis could 
be rejected based on the provided results of Mann-Whitney U Test 
Calculator from the Social Sciences Statistics website.

Aim 2:

Vital status and NUP98 transcripts per million (TPM) were 
analyzed on a box plot (Figure 1b). Among the deceased, the 
minimum was found to be 31.32. The first quartile range was 
31.32, and the third quartile was 197.5. The minimum was 31.32; 
the maximum was 271.80. The median was 111.99 and the mean 
was 137.19. The distribution was wide with a large interquartile 
range (Q3-Q1=102.16) which indicates the high variability in the 
NUP98 expression among the deceased patients. Also, the mean 
is higher than the median, which could suggest a right skewed 
distribution due to some patients with very high TPM values.

In the “alive” group, the minimum was 8.51, the Q1 was 73.91, the 
median was 103.19, the max was 147.29 and the mean was 93.28. 
In the “alive” group, there was a narrower IQR of 49.44 which 
indicates more consistency in expression levels. The mean is lower 
than the median, therefore, there is a small, left skew.

Overall, deceased patients had a higher mean and median TPM 
value for NUP98 expression than that of living patients. The 
deceased group has a greater variability and higher max values. 
These visual differences and the Mann-Whitney U test (U=78.0, 
p=0.161) confirm that the difference is not statistically significant.

A chi-squared test comparing the mortality status across individuals 
and their racial categories yielded a chi-squared value of 3400, 
df=5, p=0.639 (Figures 3, 4). There was no significant association 
found between race and status.
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The mortality differences among gender were assessed with a 
chi-squared test resulting in a value of 2.143, df=1, and p=0.143 
(Figures 7, 8). There were overall more deceased female patients. 
However, the results of the test were not statistically significant.
The ethnicity categories of Hispanic/Latino, not Hispanic/Latino, 
and unknown were analyzed and tested against mortality status. 
The chi square test produced a value of 2.360, df-2, p=0.307 
(Figures 5, 6). This indicated no significant relationship.
Finally, an unpaired t-test was run using BioRender measuring 
NUP98 expression levels in Transcripts per Million (TPM) against 
patient vital status (alive and dead) (Figures 9, 10-16). The results 
were statistically significant with a two-tailed p-value of 0.0394 
when compared to an alpha value of 0.05. The mean was 93.28 in 
alive patients, 137.32 in dead patients. The standard deviation in 
living patients was 73.91 and, in the deceased, it was 95.3.
Aim 3:
The Ensembl query showed that humans and mice have the same 
peptide length for NUP98: 1800 aa. The percentage of cDNA in 
humans was 89% and in mice it is 88%. The percent coverage 
between both species was 99%. The query clarified that NUP98 
is located on chromosome 11 in humans, but it is located on 
chromosome 7 in mice. (Figure 1d)
Ensembl also generated a larger phylogenetic tree visualizing the 
broad evolutionary relationship between several species and the 
presence of NUP98 across them. The main relationships were 
between several species of primates as well as different rodents 
that were mostly mice, but not under the species ‘musculus’. 
(Figure 2).
EMBL-EBI resulted in a FASTA file of nucleotides bases 
that resulted in a phylogenetic analysis across several species 

comparing coparallel alignments. Another figure mapped the 
protein coding regions across mice and humans that included the 
location of NUP98.
The clustal2 alignment from the nightingale showed several 
conserved nucleotide across both the mice and the humans. The 
colors that match up to each other indicate conservation across 
the two sequences. There were more alignments that matched than 
otherwise.

TPM vs Cancer Types (Box Plot) 
Pancreatic Breast AML

Mean 67.17 49.86 115.49
Median 69.31 51.73 104.94
IQR 24.81 22.46 39.61

Figure 1a: TPM vs. Pancreatic, Breast, and AML Cancers in 
relation to TPM expression. The data shows the results of the box 
plot for each cancer type.

Mann Whitney U test

AML vs. Pancreatic AML vs Breast Pancreatic 
vs Breast 

U value 50 32 188

Z-score -4.043 -4.531 3.866

N 20 20 30

Figure 1b: Relevant results of the Mann Whitney U test between 
AML vs. Pancreatic, AML vs. Breast, and Pancreatic vs Breast. 
The calculated U value, z score, and sample size (N) were recorded.
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Figure 1c: TPM vs. Pancreatic, Breast, and AML Cancers in relation to TPM expression using a box plot. The different cancer types are 
in the x-axis and the TPM are recorded in the y-axis.

Cancer Type   TPM 
Pancreatic   80.2403 
Pancreatic   68.6462 
Pancreatic   42.0711 
Pancreatic   50.3712 
Pancreatic   66.335 
Pancreatic   70.3689 
Pancreatic   78.6352 
Pancreatic   55.1771 
Pancreatic   75.9176 
Pancreatic   63.7774 
Pancreatic   52.6279 
Pancreatic   59.8289 
Pancreatic   76.3891 
Pancreatic   71.9183 
Pancreatic   80.7667 
Pancreatic   49.9959 
Pancreatic   90.9752 
Pancreatic   87.0339 
Pancreatic   52.2522 
Pancreatic   69.9749 
Pancreatic   71.3048 
Pancreatic   82.6838 

Pancreatic   56.79 
Pancreatic   82.7332 
Pancreatic   77.1069 
Pancreatic   99.4474 
Pancreatic   75.9367 
Pancreatic   61.1756 
Pancreatic   46.9935 
Pancreatic   60.7837 
Breast  60.2644 
Breast  62.6935 
Breast  50.4111 
Breast  74.2016 
Breast  44.3851 
Breast  50.5331 
Breast  39.4677 
Breast  57.7258 
Breast  39.8415 
Breast  79.5755 
Breast  52.9243 
Breast  38.7405 
Breast  64.6402 
Breast  31.415 
Breast  41.3741 
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Breast  54.0753 
Breast  53.1388 
Breast  62.6115 
Breast  14.3384 
Breast  24.815 
Breast  55.0757 
Breast  29.5488 
Breast  43.5215 
Breast  49.6429 
Breast  65.0503 
Breast  45.184 
Breast  54.9833 
Breast  33.4998 
Breast  92.3796 
Breast  66.1774 
AML  111.992
AML  116.785 
AML  97.1467 
AML  92.6368 

AML  31.3234 
AML  233.619
AML  142.395
AML  271.803
AML  100.221
AML  96.7045 
AML  84.5798 
AML  91.6492 
AML  49.9883 
AML  125.433
AML  109.663
AML  117.501
AML  73.9079 
AML  147.288
AML  86.881 
AML  128.431

Figure 1d: Transcripts per million (TPM) for Pancreatic, Breast, 
and AML Cancers. Collected as raw counts from NCI GDC Data 
Portal.

Figure 2: Box plot comparing vital status vs. NUP98 TPM Expression Levels. The plot on the left measures the deceased patients, and 
the plot on the right measures patients who are alive. The x-axis shows assigned vital status. The y-axis shows NUP98 expression in 
Transcripts per Million (TPM).
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Figure 3: The table shows an independent samples T-test that was run as a Mann-Whitney U test. The p-value was 0.161 and the alpha 
value was 0.05.

Figure 4: The table shows an independent sample Chi-Squared Tests and contingency table that was run comparing status to racial 
background of the patient.  The p-value was 0.619 and the Chi-Squared Value was 3.400.
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Figure 5: The graph compares the patient status based on racial backgrounds. See Figure 3.

Figure 6: The table shows an independent sample Chi-Squared Tests and contingency table that was run comparing status to ethnic 
background of the patient.  The p-value was 0.307 and the Chi-Squared Value was 2.360.
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Figure 7: The graph compares patient status to their ethnicity. See Figure 5.

Figure 8: The table shows an independent sample Chi-Squared Tests and contingency table that was run comparing status to gender 
background of the patient.  The p-value was 0.143 and the Chi-Squared Value was 2.143.
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Figure 9: The graph compares the patient status to their gender. See figure 7.

Figure 10: T-test results from BioRender, analyzing expression levels of NUP98 and patient status.
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Figure 11: Unpaired T test examining status and various descriptive categories.
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Figure 12: AML patient data chart for conditions analyzed.

Figure 13: From Ensembl comparing Homo sapiens and Mus Musculus for NUP98 orthologue compatibility as well as genomic 
location.



Citation: Bearden H, Gelista R, Murugan V. (2026). The Effects of NUP98 Expression Levels Across Acute Myeloid Leu-
kemia. Ann Case Report. 11: 2628. DOI: 10.29011/2574-7754.102628

13 Volume 11; Issue 03

Ann Case Rep, an open access journal
ISSN: 2574-7754

Figure 14: Phylogenetic analysis between Homo sapiens and Mus musculus along with expression of NUP98.
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Figure 15: Genome coding regions being compared at the location of NUP98 in humans, specifically the protein that is highlighted in 
green towards the bottom of the figure.
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Figure 16: The sequential analysis performed between Homo sapiens and Mus musculus using Clustal.

Discussion

Aim 1:

AML and two different cancers were compared to assess whether 
NUP98 expression differs between these groups based on TPM 
counts. AML showed higher NUP98 TPM expression compared to 
pancreatic and breast cancer groups. This can led us to potentially 
reject the null hypothesis that there is no difference comparing 
the outcomes of cancer groups with the gene expressed in high 
and lower levels. However, definitive findings on gene expression 
between cancers are not stated due to data limitations. These 
findings simply suggest that exploring further how NUP98 
expression patterns will differ across malignancies is relevant in 
cancer research. A higher NUP98 expression in AML, compared 
to the other cancer groups, is consistent with our understanding of 
the involvement of NUP98 in leukemogenesis. Higher transcript 
levels of AML, and similarly elevated levels in breast cancer 
reflect a prominent role NUP98 plays in malignancy and disease 
progression. In a comparison of pancreatic and breast cancer 
samples, variable NUP98 expression is evident in the box plot 
figure. This suggests that NUP98 may play a different mechanistic 
role in the body, compared to AML. This analysis provides a direct 
look into TPM-based comparison of NUP98 expression across 
cancer types, an approach that is absent in literature apart from 
AML and how solid tumor studies are not diversified.

However, this approach lacks a deep understanding of differential 
gene expression due to being limited to TPM raw counts and 
lack of the use of linear models. The tests conducted explore the 
NUP98 distribution across groups and do not represent significant 
differential expression and correlation of the NUP98 gene to 
pancreatic and breast cancer [5-10]. A small sample size also 
reflects the lack of suggesting any clinical outcomes or significant 
contributions to the effect of mutation in the NUP98 gene in other 
cancers.

Future research should compare differential gene expression 
analysis and statistical testing across various cancer types with 
NUP98. The nuclear pore complex requires various pathways of 
regulation and significant biomarkers, that if mutated, could affect 
the malignant phenotype of cancer. NUP96 is another gene, similar 
to NUP98, that could be analyzed to understand the pathogenic 
effects of mutations in AML, breast, and pancreatic cancer in 
regulatory pathways. Comparison between the differential gene 
expression of hematologic malignancies and solid tumors could 
also be explored to see how tissue source, organ-specific signaling 
pathways, and NUP gene transcription could be impacted.

Aim 2:

This study investigated whether NUP98 expression levels are 
correlated with mortality outcomes in patients with Acute Myeloid 
Leukemia (AML). In the study, the deceased group showed higher 
median and mean TPM values for the expression of the NUP98 
gene expression compared to the living group. The difference 
between the two groups was not statistically significant suggested 
by a Mann-Whitney test (results being U = 78.0, p = 0.161). The 
boxplot analysis revealed a wide distribution and variability in 
NUP98 expression among the deceased patients. Among the 
deceased patient group, there was a right-skewed pattern which 
suggests that some of the individuals may have elevated expression 
of the gene of interest. There was overlap in the interquartile ranges 
between groups, so this indicates that the NUP98 gene expression 
alone does not reliably distinguish mortality status.

Demographic variables were examined to evaluate cofounding 
effects that they might have regarding AML patient mortality. A 
chi-squared test was run for race (χ²=3.400, p=0.639), ethnicity 
(χ²=2.360, p = 0.307) and gender (χ² = 2.143, p = 0.143), and 
all failed to reach statistical significance and disprove the null 
hypothesis. In the data that was obtained randomly, more female 
patients were deceased than alive and there were some racial 
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patterns observed such as more white individuals living. There 
were also some ethnic trends observed within the curated graphs; 
however, these patterns were not distinguished enough and did not 
meet the threshold for significance, and the data could reflect the 
sampling variability rather than true associations.

The findings of the study suggest that gene NUP98 plays a 
significant role in leukemogenesis and the progression of acute 
myeloid leukemia. Its expression level along is not a significant 
biomarker to predict and project the outcome for patients with 
acute myeloid leukemia, but it could be a significant aspect of 
AML’s progressive abilities when working in tandem with other 
genes or mutations.

The limited sample size of 30 individuals with acute myeloid 
leukemia may have reduced the statistical power of this study. 
It limited the results of TPM expression levels of NUP98 to be 
distributed but not enough samples to establish a correlation 
between NUP98 expression levels and mortality results. Further, 
it limited the analysis of demographic impacts on patients with 
acute myeloid leukemia. The heterogeneity of AML impacts 
significantly to the complexity of outcome prediction.

Future research should use larger and more diverse cohorts and 
consider the gene mutation status, disease severity, treatment 
history, and mutations involved with NUP98. Additional 
comparative studies across species, like comparative study between 
humans and mice, that could further clarify its functional role 
and inform transitional models. Ultimately, NUP98 will remain 
a gene of interest in AML research and the prognostic ability of 
the gene will require further investigation within a broader clinical 
and molecular context to aid in the treatment of those with AML, 
especially with a NUP98 mutation.

Aim 3:

The Ensembl results show that humans (Homo sapiens) and mice 
that are typically used to conduct clinical research (Mus musculus) 
are orthologues. The Type 1:1 analysis conducted showed an 88% 
match for NUP98 alignment for humans and 89% alignment 
(cDNA) for mice.

The human NUP98 and mouse copy of NUP98 are distantly 
related on figure 2c’s phylogenetic tree. The distance between the 
two were unexpected though the overall relation was not. There 
was a 33-60% alignment between the two, showing there was a 
partial alignment between the two genes across these species. The 
exact alignment percentage was not given by this figure.

Figure 3c shows the different genes that exist on chromosome 11 
in humans. This did not show NUP98 for mice as the copy of the 
gene on their chromosome 7.

Figure 4c showed that the Clustal alignment between the sequences 
coding for NUP98 across mice and humans.

Overall, the analyses show that there is a high match between the 
cDNA of both species. This is beneficial because the mice that 
were analyzed are the most commonly used species of mice for 
clinical-based research. Being able to ascertain that these two 
species are conserved is beneficial because it confirms that the 
research being performed on these mice is more likely to translate 
over into clinical trials for patients who have been diagnosed 
with AML specifically. The conservation of the gene within both 
species suggests that mice would likely be a good model going 
forward in clinical research.

Some difficulties that arose during this portion of the analysis is 
that while both humans and mice share conservation of NUP98, 
they are located on different chromosomes. Additionally, the 
BLAST that was run was initially difficult to narrow down; in the 
end, it focused on proteins rather than nucleotide analysis due to 
the program’s algorithm.

In the future, the evolutionary conservation of NUP98 could be 
further investigated across other species in the future as well. The 
reason why this might be an area of interest is that if NUP98 is 
widely conserved across several species, then it might prove 
that it serves a vital regulatory role important to proteins and 
nuclear pore related regulation. If it could be proved that NUP98 
does serve this role, then more research might be done towards 
uncovering the mechanisms that result from dysregulation when 
NUP98 experiences fusion with other genes. Additionally, if 
NUP98 and its sequence are not widely preserved across species, 
then NUP98 might be able to be proved as an easily mutated gene 
that is susceptible to disregulation. If that is the case, the AML 
link that is associated with mutated NUP98 might be explained by 
its susceptibility to being mutated, but further research should be 
performed before being certain.
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