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Introduction: Psoriasis is a chronic autoimmune skin disorder with a complex genetic basis. However, the codon usage patterns and
nucleotide features of psoriasis-related genes remain unexplored, despite their potential to influence gene expression and disease
progression.

Methods: We analyzed 79 psoriasis-associated genes to investigate codon usage bias (CUB) and nucleotide composition. Metrics
included GC content, effective number of codons (ENC), and relative synonymous codon usage (RSCU). Evolutionary influences were
assessed using correspondence analysis, parity rule 2 (PR2) plots, and neutrality plots.

Results: Functional enrichment analysis identified pathway involvement. Comparative genomic analysis evaluated differences in
coding sequence and UTR lengths and GC content relative to the genome-wide background. Psoriasis-related genes showed high GC
content (mean = 53.3+9.3%) with a strong preference for GC-ending codons, especially at the third codon position (GC3 =
60.6+16.1%). RSCU analysis revealed frequent use of GCC (alanine), CTG (leucine), and GTG (valine). While the mean ENC
(46.2 £9.9) suggested moderate codon bias, several genes displayed strong bias (ENC < 30). Selection pressure accounted for 71% of
codon usage variation, with mutation pressure contributing 29%. Functional enrichment showed significant involvement in IL-17
(FDR = 3.4x107%), JAK-STAT (FDR = 3.4x10 %), and TNF (FDR = 8.0x10 ) signaling pathways. These genes also tended to have
shorter coding sequences and 5'UTRs and higher GC content compared to genome-wide averages.

Conclusion: In conclusion, this study reveals that psoriasis-related genes are under strong selective pressure, enriched in key
inflammatory pathways, and exhibit codon and nucleotide features that may optimize expression in inflamed tissues. These insights
have translational relevance for designing codon-optimized mRNAs, gene therapies, and diagnostic tools tailored to autoimmune
diseases like psoriasis.
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Introduction

Psoriasis is a chronic, nontransmissible, inflammatory, autoimmune disease affecting nearly 0.5—4.6% world’s popula-
tion, significantly impacting quality of life and imposing a substantial societal burden.'? It is characterized by immune
infiltration, hyperproliferation, and abnormal differentiation of keratinocytes.” Psoriasis manifests in various forms,
including guttate, plaque, inverse, palmoplantar, erythrodermic, and pustular psoriasis.* As a multifactorial disorder, it
is driven by genetic, environmental, and immune factors, with a strong genetic basis highlighted by familial recurrence
and higher concordance in monozygotic twins compared to dizygotic twins.” Genome-wide linkage studies have
identified multiple risk loci related to psoriasis (PSORS 1-15), with PSORS1 located in the major histocompatibility
complex region contributing 35-50% of genetic susceptibility.® Key genes, such as HLA-C*06:02, are associated with
a higher risk of psoriasis and linked to clinical characteristics.” Other genes, including IL23R and TNFRSF1B, are
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involved in critical pathways like 1L-23/Th17, NFkB (nuclear factor kappa B), and TNF-a signalling, which drive
inflammation and disease pathogenesis.”* Immune-related genes often exhibit distinctive codon-usage patterns across
diverse biological contexts, underscoring the relevance of examining CUB in psoriasis. Moreover, because codon
optimality can shape mRNA stability and translation efficiency, inflammatory skin microenvironments may modulate
the expression of psoriasis-associated genes through their codon composition.® Understanding the genetic and molecular
basis of psoriasis is important for advancing treatments and developing personalized management strategies.

Codon usage bias (CUB), the preferential use of specific synonymous codons, influences gene expression, protein
folding, and function.”'® Studying CUB in psoriasis-related genes may reveal novel regulatory mechanisms that impact
disease pathways and identify genes more amenable to therapeutic intervention, thereby advancing personalized
medicine approaches for psoriasis. The degeneracy of the genetic code allows multiple codons to encode the same
amino acid, yet their usage varies across genes and organisms.'' This phenomenon, influenced by mutation pressure,
natural selection, and translational efficiency, affects gene expression and protein production.'®'* In this study, we
investigate the nucleotide composition and CUB of 79 psoriasis-related candidate genes from PSORS 1-15 loci using
bioinformatic tools. We focus on translational efficiency, optimal codon usage, and gene expression patterns to uncover
key factors shaping CUB in these genes. This work provides foundational insights into the molecular mechanisms
underlying psoriasis and paves the way for future research into clinically relevant therapeutic strategies.

Methodology
Availability of Sequence Data

The coding sequences (CDS) of psoriasis-susceptible candidate genes having perfect start and stop codons were retrieved
from the National Centre for Biotechnology Information, USA (http://www.ncbi.nlm.nih.gov/). A comprehensive list of

these psoriasis susceptibility loci, candidate genes, and their GenBank accession numbers is provided in Table 1. In this
study, we selected only CDs of seventy-nine genes having perfect start and stop codons and devoid of any unknown bases
in the middle of the sequence.

Nucleotide Composition

The overall percentage nucleotide composition (A%, T%, C% and G%) and the composition at the 3™ position of codon
(A3%, C3%, G3%, and T3%) alongside GC content were assessed. Overall GC frequency at first (GC1%), second
(GC2gh%), and third (GC3%) positions was also evaluated using MEGA (Molecular Evolutionary Genetics Analysis,
Version 11) software (https:/www.megasoftware.net/)."*

Improved Effective Number of Codons (ENC)

The effective number of codons (ENC) is a measure used to quantify CUB within a gene or genome. It reflects the degree
to which synonymous codons are used unevenly. Researchers use ENC and related measures to study codon usage
patterns, evolutionary processes, and gene expression in various organisms.'>'® The ENC value ranges from 20
(indicating extreme bias, where only one codon is used per amino acid) to 61 (indicating no bias, where all synonymous
codons are used equally).'” A lower ENC value indicates greater bias towards specific codons, while a higher ENC value
suggests more even usage of synonymous codons. Previously, the ENC value was calculated through different mathe-
matical equations. However, the current study evaluated the ENC values via an easily accessible online web portal at
http://agnigarh.tezu.ernet.in/~ssankar/cub.php, as previously mentioned by Uddin et al."'

Relative Synonymous Codon Usage (RSCU)

Relative synonymous codon usage (RSCU) is another measure used to evaluate codon usage bias within a gene or
genome. It compares the observed frequency of each synonymous codon to the expected frequency if all synonymous
codons for a given amino acid were used equally.'” Researchers often use RSCU to identify preferred or optimal codons
within a gene or genome, which can provide insights into translation efficiency, evolutionary processes, and gene
expression regulation.'® Formerly, the sharp and li method'® was used to calculate RSCU values. However, the present
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Table | List of Psoriasis Susceptibility Loci and Candidate Genes and Their Complete
Coding Sequences Along with Accession Numbers Downloaded From NcbiGene Bank

Database

SI. No | PSORS Loci | Chromosome location | Candidate Genes | Accession No

| PSORSI 6p21.33 HLA-C M28160.1

2 PSORS2 17q25.3 CARDI4 AF322642.1

3 PSORS3 4q NFKBI AY223820.1

4 CFl KU159429.1

5 KIAAT109 BC108274.1

6 IL2 U25676.1

7 21 AF254069.1

8 BBSI2 BC055426.1

9 PSORS4 1q21 HFE2 DQ309445.1

10 FLG AH002947.2

I LCE3C BC130367.1

12 LCE3B BCI160117.1

13 LCE3A BC152957.1

14 LCE3E BCI31716.1

I5 LCE2C BCI60113.1

16 LCEIC BC146477.1

17 LCEIA BCI153155.1

18 SMcP BCO016744.2

19 VL AH002845.2

20 SPRR2C AF333953.1

21 SPRR2G AF333957.1

22 LELPI NM_001010857.3

23 PRRY NM_001195571.2

24 LOR CR536555.1

25 PGLYRP3 BC128114.1

26 PGLYRP4 BC142636.1

27 SI100A9 CR542207.1

28 PSORS5 3q21 SLCI2A8 BC063528.1

29 PSORS6 19p13 BSG D45131.1

30 SMARCA4 BC150298.1

31 OR7AI0 NM_001005190.2

32 PSORS7 Ip TNFRSF9 AY438976.1
(Continued)
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Table | (Continued).

SI. No | PSORS Loci | Chromosome location | Candidate Genes | Accession No
33 TNFRSFIB AY342040.1
34 KAZN NM_201628.3
35 IGSF21 NM_032880.5
36 PAX7 BCI121166.2
37 CAPZB BC109241.1
38 IFNLRI BC140872.1
39 RUNX3 BCO013362.2
40 AZIN2 NM_052998.4
41 CSMD2 AB212622.1
42 OMA| BCO12915.1
43 IL23R BC040720.2
44 LRRC7 BC128989.1
45 AKS AF062595.1
46 SPATAI BC127634.1
47 DDAH| BC033680.1
48 GBP6 BCI31713.1
49 KIAAT'107 KY067593.1
50 CEPTI AF068302.1
51 DENND2D BC004557.2
52 PTPN22 BC071670.1
53 PSORS8 l6q CYLD BC012342.1
54 NOD2 AF178930.1
55 FTO BC003583.1
56 CDH8 AB035305.1
57 SMPD3 NM_018667.4
58 CDH3 BCO014462.1
59 IL34 BC029804.1
60 MLKL BC028141.1
6l CMIP BC038113.1
62 CDHI3 BC030653.2
63 MBTPS| NM_003791.4
64 WEFDCI AF169631.1
65 KIAA05 13 BC030280.1
(Continued)

482

https:

Psoriasis: Targets and Therapy 2025:15




Jiang et al

Table | (Continued).

SI. No | PSORS Loci | Chromosome location | Candidate Genes | Accession No
66 PSORS9 4q31-q34 RNF150 NM_020724.2
67 DCHS2 BC140919.1
68 MSMO| NM_006745.5
69 SPATA4 BC039342.1
70 PSORSI | 5q31.1-q33.1 RAD50 U63139.1

71 ILI3 AF043334.1
72 IL4 FJ807883.1

73 STK32A BC021666.1
74 TNIPI MZ269489.1
75 PSORSI12 20q13 SPATA2 BC009481.2
76 RNF1 14 NM_018683.4
77 CYP24A1 BC109084.1
78 PSORSI3 6q21 TRAF3IP2 BC002823.2
79 PSORSI5 2q36.1 APIS3 AF393369.1

study employed MEGA software (version 11.0) (https://www.megasoftware.net/) to determine RSCU values, as pre-

viously suggested by.'"* RSCU values >1.0 and <1.0 signify high bias (higher frequency) and low bias (lower frequency),
respectively. While the RSCU value equal to 1.0 shows no bias (equal codon preference). Similarly, the values >1.6 and
<0.6 denote over- and under-presented codons, respectively.?’

Correspondence Analysis (COA)

Correspondence analysis (COA) is a multivariate statistical analysis, most commonly used to understand the major trends
in the codon usage pattern among genes.>'*? It allocates the codons in two axes, ie, axis1 and axis2. COA was performed
using RSCU values of all coding sequences used in the study. Herein, each coding sequence is characterized as a 59-
dimensional vector, where each dimension represents the RSCU value of a synonymous codon, excluding the non-
synonymous codons, ie, TGG (tryptophan), ATG (methionine), and three-stop codons.'’

Relative Abundance of Dinucleotide
The odd ratio value in terms of relative abundance of dinucleotide across the CDS of psoriasis-related genes was
evaluated using DAMBE software.”> The odd ratio value greater than 1.23 and less than 0.78 is considered as over-
represented and under-represented dinucleotide.*

Neutrality Plot Analysis

Neutrality plot analysis was used to detect the balance between mutation pressure and natural selection in influencing
CUB. It was drawn between GC content at the first and second codon position (GC12) on the y-axis and GC content at
the third codon position (GC3) on the x-axis. The regression coefficient closer to 0 with a narrow GC3 distribution
indicates the dominant role of natural selection, while the slope of the regression line closer to 1 with a wide GC3
distribution indicates a dominant role of mutation pressure in influencing the CUB, suggesting complete neutrality.*’
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GRAVY Statistics

GRAVY (Grand average of hydropathy) score is calculated as the sum of the products of the frequency of each amino
acid in a protein and its corresponding hydropathy index.?® A positive gravy value (> 0) signifies a hydrophobic protein,
whereas a negative score (< 0) reflects the hydrophilic nature of the protein.?’”

Statistical Analysis

Correlation analysis was used to identify the relationship between overall nucleotide composition and each base at the 3™

position of the codon. All the statistical analyses were performed using SPSS 21 software (https://www.ibm.com/support/

pages/spss-statistics-210-available-download).

Results
Nucleotide Composition in the Coding Sequence of Psoriasis-Related Susceptibility

Genes

The nucleotide composition of the coding sequences (CDS) of psoriasis susceptibility candidate genes was analyzed
(Table 2). Pyrimidine C showed the highest frequency (27.1£5.9%) compared to purine G (26.2+4.7%), purine A (25.4
+6.0%), and pyrimidine T (21.3+4.8%). At the third codon position, C3 had the highest percentage (31.9+12.4%),
followed by G3 (28.748.9%), T3 (20.948.6%), and A3 (18.5+£8.7%). The CDS exhibited higher GC content (53.3£9.3%)
than AT content (46.7+£9.3%), with GC3% (60.6+16.1%) surpassing AT3% (39.4+£16.1%). These findings suggest
a preference for GC-ending codons, potentially impacting gene expression and protein function in psoriasis, particularly

in genes involved in skin barrier function or immune regulation.?®

Codon Usage Bias of Candidate Genes Involved in Psoriasis Pathogenesis

The effective number of codons (ENC) was calculated to measure CUB, revealing an average ENC of 46.2 £ 9.9,
indicating low codon bias compared to the standard threshold of 35.1" However, genes such as LCE3C, LCE3B, LCE3A,
LCE3E, LCE1A, SPRR2C, and SPRR2G exhibited ENC values <30, suggesting high codon bias. These genes,
particularly the LCE family, are associated with psoriasis susceptibility due to their role in skin barrier function. Their
high codon bias suggests tightly regulated expression, which may be critical for their function in maintaining skin
integrity and in the pathogenesis of psoriasis.” Similarly, immune-related genes like IL23R, a key target for biologic
therapies, showed distinct codon usage patterns that may influence expression efficiency, potentially affecting treatment

outcomes.

Relationship Between ENC and Nucleotide Compositions

Regression analysis between ENC and nucleotide compositions showed positive coefficients for A, T, G, A3, and T3, and
negative coefficients for C, C3, G3, and GC3 (Figure 1). Correlation analysis (Table 3) indicated positive and negative
correlations among nucleotide compositions, suggesting that both mutation pressure and natural selection shape CUB.
These patterns may influence the expression of genes critical to psoriasis pathways, such as IL-23/Th17 or TNF-a
signaling, affecting disease severity or therapeutic response.

Table 2 Nucleotide Index (N) with Mean and Standard Deviation (SD)

(N) A T G C A3 | T3 G3 |[C3 | GC | GCI | GC2 | GC3

Mean | 254 | 21.3 | 262 | 27.1 | 185 | 20.9 | 28.7 | 31.9 | 53.3 | 548 | 446 | 60.6

¥SD | 60 | 48 | 47 |59 87 | 86 8.9 124 | 93 73 12.9 16.1
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Figure | A regression plot was drawn between ENC and the Nucleotide composition. The regression coefficient was positive between ENC and A, T, G, A3, T3, while
negative for C, G3, C3, and GC3.

Relationship Between Overall Nucleotide Composition and Nucleotide Composition
at the 3rd Codon Position
Correlation analysis between overall nucleotide composition (A%, T%, G%, C%, GC%) and third codon position
nucleotides (A3%, T3%, G3%, C3%, GC3%) revealed significant positive correlations for homogeneous pairs (eg,
T and T3, C and C3) and negative correlations for heterogeneous pairs (Table 4). These results indicate that mutation

pressure and natural selection influence CUB, potentially affecting the expression of genes like IL23R, which are targeted

by biologics in psoriasis treatment.

Relative Synonymous Codon Usage of Psoriasis Candidate Genes
Analysis of relative synonymous codon usage (RSCU) for 59 sense codons (excluding methionine, tryptophan, and stop
codons) identified 32 preferred codons (RSCU>1.0), with C- or G-ending codons (eg, GCC, CTG, GTG) dominating

Table 3 Correlation Analysis Between Nc and Compositional Attributes of
Candidate Genes. The Positive Correlation Between ENC and A%, T%, G%, A3%,
T3% and Negative Correlation Between ENC and C%, G3%, C3% GC3% Suggested
That Codon Usage Bias of Psoriasis Susceptible Candidate Genes are Influenced by
Both Mutation Pressure and Translational Selection

A%

T%

G%

C% A3%

T3%

G3%

C3%

GC3%

ENC

0.179

0.157

0.061

—0.358 | 0.124

0.398

—0.058

—0.072

—0.088

Note: Bold value indicate significant correlation at p<0.01.
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Table 4 Correlation Analysis Was Performed Between Composition of the Nucleotide and 3rd
Position of Codon. The Significant Correlation Inferred That Compositional Constraints Under
Mutation Pressure and Natural; Selection Shapes the Codon Usage of Selected Genes

A3% T3% G3% C3% GC3%
A% 0.874** 0.574%* —0.216 —0.854** —0.778%*
T% 0.580%* 0.880** —0.528* —0.637* —0.783%*
G% —0.748* —0.763** 0.492 0.699* 0.810%*
C% —0.763** —0.691* 0.256 0.828** 0.780%**
GC% —0.865%* —0.823** 0.419 0.874** 0.906**

Note: *¥P<0.01, *p<0.05.

over A- or T-ending codons (Table 5 and Figure 2). Overrepresented codons (RSCU>1.6) included GCC (alanine), CTG
(leucine), and GTG (valine), which may enhance gene expression efficiency in psoriasis genes. These codons are
prevalent in genes like LCE3B and IL23R, suggesting their tightly controlled expression may contribute to skin barrier

dysfunction or immune dysregulation in psoriasis.

Correspondence Analysis (COA) of Psoriasis Susceptibility Genes

Correspondence analysis using RSCU values showed that codon usage varies across psoriasis genes, with Axis 1
contributing 23.76% and Axis 2 contributing 12.55% to total variation (Figure 3). Codons clustered near the axes
indicate that nucleotide composition, influenced by mutation bias, correlates with CUB. This variation may affect the
expression of genes in key psoriasis pathways, such as NF-kB, potentially influencing disease mechanisms.

Relative Abundance of Dinucleotides
It was reported earlier that the frequency of dinucleotides can also influence codon usage bias.”” The frequencies of 16
abundant dinucleotide odd ratio values in each CDs of psoriasis gene were calculated (Supplementary File S1) and we

represented them in a heat map (Figure 4). Dinucleotide analysis revealed overrepresentation of ApG, CpA, CpT, and
TpG, and underrepresentation of CpG and TpA across the psoriasis gene CDS. These patterns may influence CUB and
gene expression, potentially impacting proteins critical to psoriasis pathogenesis, such as those in the epidermal

differentiation complex.

Parity Plot Analysis

Parity rule 2 (PR2) plot analysis was performed to explore the impact of mutation and natural selection on the codon
usage of the selected susceptibility genes of psoriasis. If the percentage of nucleotide A and T is equal to the percentage
of C and G at the 3rd codon position, it indicates that mutation pressure alone affects the CUB of genes.>* On the
contrary, natural selection may permit the inequality in the percentage of A and T bases to G and C.*! According to the
parity rule 2 plot, no biases for mutation and natural selection occur at the centre of the coordinate (0.5, 0.5).%> However,
the extent of deviation from the centre, that is, unequal distribution of nucleobases, might refer to the existence of biases
for mutation and selection force.*! In our present study, we plotted the values of GC bias along the x-axis and AT bias
along the y-axis (Figure 5), employing the parity rule 2 (PR2) bias plots. Here, we found that overall GC bias [G3/(G3 +
C3)] and AT bias [A3/(A3 +T3)] were equal to 0.5, which suggests that there is no bias between mutation and selection
pressure. However, disproportionate distribution towards the centre confirms the role of mutation pressure along with
natural selection in the codon usage of the candidate genes of psoriasis.
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Table 5 Relative Synonymous Codon Usage (RSCU) Values for the 79 Psoriasis-Susceptibility Genes. RSCU > | Indicates Preferential
Usage (Enrichment) of a Codon Within Its Synonymous Family, RSCU < | Indicates Under-Representation, and RSCU = | Denotes
No Bias. The Single Amino Acid Encoding Codons Methionine and Tryptophan, and Three Stop Codons Were Excluded. TABLE 5

AA Codon N RSCU AA Codon N RSCU
Ala A GCA 7 0.9 Leu L TTA 4 0.5
GCC** 12 1.7 TTG 6 0.7
GCG 3 0.5 CTA 3 0.4
GCT 7 0.9 CTC* 9 1.2
Arg R CGT 2 0.5 CTG** 20 25
CGC* 5 1.2 CTT 6 0.7
CGA 3 0.6 Lys K AAA I 0.8
CGG* 5 1.3 AAG* 16 1.2
AGA* 5 1.2 Phe F TTT 8 0.9
AGG* 6 1.4 TTC* 10 1.1
Asn N AAC* 10 I.1 Pro P CCA* 9 1.1
AAT* 9 1.0 CCcC* 10 1.3
Asp D GAT 10 0.9 CCG 4 0.5
GAC* 14 1.2 CCT* 9 1.1
Cys C TGC* 8 1.2 Ser S TCA 6 0.9
TGT 6 0.8 TCC* 10 1.4
GIn Q CAA 7 0.5 TCG 2 0.3
CAG* 19 1.5 TCT* 8 1.1
Glu E GAA 14 0.8 AGC* 10 1.5
GAG* 20 1.2 AGT 6 0.9
Gly G GGA* 8 1.0 Thr U ACA¥* 7 1.2
GGC* 14 1.6 ACC* 9 1.5
GGG* 9 1.0 ACG 3 0.5
GGT 5 0.5 ACT 6 0.9
His H CAT 5 0.8 Tyr Y TAC* 7 1.1
CAC* 8 1.2 TAT 5 0.9
lle | ATA 4 0.5 Val V GTA 3 0.4
ATC* 10 1.5 GTC* 7 1.0
ATT* 7 1.0 GTG** 13 1.8
GTT 5 0.7

Note: *(RSCU>1.0) and **¥(RSCU>1.6).
Abbreviations: AA, amino acid; N, total number of codons.
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Figure 4 Heat map analysis of the odds ratio value in terms of the relative abundance of 16 dinucleotides in each CD of the gene. The value greater than 1.23 indicates over-
represented while less than 0.78 as under-represented dinucleotide.
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Figure 5 Parity plot showing the presence of AT bias [A3/(A3 + T3)] and GC bias [G3/(G3+ C3)] for the coding sequences of candidate genes of psoriasis. The centre of the
plot, where the value of both coordinates is 0.5, indicates the place where there is no bias in mutation or selection rates.

Neutrality Plot Among Psoriasis-Related Genes

The influence of mutation and natural selection on the candidate genes’ codon usage bias was assessed using a neutrality
plot analysis (Figure 6). Nucleotide substitutions at the third codon position typically do not alter the encoded amino acid
and are thus attributed to mutational pressure, whereas changes that result in amino acid substitutions are generally
shaped by natural selection. To determine the impact of mutation pressure and natural selection in the codon usage
pattern of the selected candidate genes, a neutrality plot, GC12 (average of GC1 and GC2) versus GC3 analysis was
drawn. We observed a positive correlation between the values of GC12 and GC3. The slope of the linear regression was
0.290, representing that the mutation pressure attributed to 29% of the selection force in the coding sequences of
psoriasis genes, while natural selection accounted for the residual 71%. Thus, the neutrality analysis indicated that natural
selection dominated the forces in shaping the codon usage pattern of the psoriasis-relevant genes. The neutrality plot
indicates the result of the equilibrium coefficient of mutation pressure and natural selection. Herein, points of the plot
were diagonally dispersed, displaying a narrow range of GC3 distribution thus exhibiting that both mutation pressure and
natural selection might affect the CUB in candidate genes.*”

Relationship Between GRAVY Values and ENC, GC, GC3s Values

Regression analysis was applied between GRAVY, ENC, GC, and GC3 values to find the association between codon
usage bias and GRAVY in the codon usage patterns of the selected genes (Figure 7). Our analysis showed that GRAVY
was positively correlated with GC and GC3 values, while negatively correlated with ENC values. The regression

100
y = 0.2903x + 32.092
80 A R?=0.3747
[ ]
o 60 - *Re
o & & ]
O 40 oo oq °
[ J
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0 T T T T
0 20 40 60 80 100
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Figure 6 Neutrality plot analysis of GC3 against GCI2 for the CDs of psoriasis candidate genes. GCI2 refer to the average of GCI and GC2. The black line is the linear
regression of GCI2 versus GC3, with a regression coefficient of 0.290.
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Figure 7 Regression analysis between (A) GRAVY and N¢, (B) GRAVY and GC%, (C) GRAVY and GC3%. The black line indicates the regression line.

coefficient of the ENC on GRAVY was negative (—35.05), while the regression coefficient of GC% on GRAVY was
positive (40.76) likely, the regression coefficient of GC3s on GRAVY was also positive (60.42). These results indicated
that the general average hydropathicity is correlated with the codon usage variation in the candidate genes of psoriasis.

Functional and Genomic Profiling of Psoriasis-Related Genes
To gain deeper insight into the biological functions and regulatory architecture of psoriasis, we conducted functional
enrichment and comparative genomic analyses of the 79 psoriasis-related genes. Using pathway enrichment analysis
(Figure 8 and Table 6), we observed significant overrepresentation of these genes in several inflammation-associated
pathways that are central to psoriasis pathophysiology.

The most relevant significantly enriched pathway was the IL-17 signaling cascade (FDR = 3.4x10 >, fold enrichment
= 16.4), which plays a central role in mediating keratinocyte activation, neutrophil recruitment, and sustained inflam-
matory responses characteristic of psoriatic plaques. This finding underscores the well-established importance of the
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Figure 8 Pathway enrichment analysis of candidate genes. The figure shows significantly enriched pathways, including IL-17 signaling, JAK-STAT signaling, and TNF signaling,
with their respective FDR values and fold enrichment.

Th17 axis in psoriasis and lends further genetic support to the effectiveness of IL-17-targeted therapies. In parallel, we
observed strong enrichment in the JAK-STAT signaling pathway (FDR = 3.4x107>, fold enrichment = 11.3), a major
conduit for cytokine signaling involved in immune cell activation and proliferation. Genes in this pathway are known to
contribute to the amplification of immune responses in psoriasis. Furthermore, the TNF signaling pathway (FDR =
8.0x10°3, fold enrichment = 10.9) was significantly enriched, reflecting the critical role of TNF-a as a master regulator of
inflammatory cytokine networks in psoriatic skin.

To investigate whether these genes are also characterised by distinct genomic features that may influence their
expression or regulation, we performed a comparative analysis of coding sequence (CDS) length, transcript length, 5’
untranslated region (5’UTR) length, 3’UTR length, and GC content. Compared to the genome-wide distribution,
psoriasis-related genes exhibited a trend toward shorter coding regions and 5’UTRs, along with a higher GC content
(Figure 9). While these differences did not reach statistical significance, the patterns observed may reflect selective
pressures for efficient gene expression and mRNA stability in tissues affected by chronic inflammation. Notably, higher

Table 6 Other Details of Pathway Enrichment Analysis of the Candidate Genes

Enrichment FDR | Number of Genes Enriched | Fold Enrichment | Pathways (Click for Details)
2.0E-07 7 329 Inflammatory bowel disease

2.7E-02 2 30.5 Steroid biosynthesis

3.4E-04 5 16.6 Thl and Th2 cell differentiation
3.4E-04 5 16.4 IL-17 signaling pathway

5.2E-04 5 14.1 Th17 cell differentiation

3.4E-04 6 1.3 JAK-STAT signaling pathway

8.0E-03 4 10.9 TNF signaling pathway

2.8E-05 9 9.3 Cytokine-cytokine receptor interaction
4.1E-02 3 9.2 Viral protein interaction with cytokine and cytokine receptor
4.1E-02 3 8.8 NF-kappa B signaling pathway
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GC content has been associated with increased mRNA stability and enhanced translation, which may be particularly
advantageous in the context of rapidly responding immune-related genes. The shorter 5’UTRs could also reduce
regulatory complexity, enabling faster translation initiation under inflammatory stress. Together, these findings suggest
that psoriasis-associated genes are not only functionally enriched in key immune pathways but also exhibit a genomic
architecture that may support efficient, responsive expression in the disease context.

Discussion

Several theories, including neutral theory and selection-mutation-drift theory, explain codon usage bias (CUB), which
influences gene expression, protein folding, and function.’® Selection theory suggests that natural selection favours
certain codons because they are translated more efficiently or accurately.'” In highly expressed genes, selection for
optimal codons that match abundant tRNAs can improve translation speed and reduce errors.>* Similarly, different
codons may have different mutation rates, leading to a biased codon usage pattern.’> Several other factors, such as gene
length, gene expression, protein properties like aromaticity, hydrophobicity, and environmental stress, are also found to
affect the CUB.?*>® Herein, the present study was conducted to explore the compositional constraints and patterns of
codon usage in the impact of two major evolutionary forces, mutation and natural selection, in the psoriasis susceptible
genes.

Nucleotide composition and the third position of codon play an important role in influencing the CUB of the
genome.>” In our study, nucleobase pyrimidine C was found in higher frequency compared to purine G, while purine,
in contrast to pyrimidine T. Similarly, C3 percentage (31.9+12.4%) was also the highest relative to G3 (28.7+8.9%), T3
(20.9+8.6%), and A3 (18.5+8.7%). Moreover, an overall greater percentage of GC content (53.3+9.3%) was noted in
comparison to AT content (46.7+9.3%) in the gene CDS. Likewise, GC3% was also higher (60.6£16.1%), than that of
AT3% (39.4+16.1%). These findings align with the previous studies that have also reported the majority of C or G ending
codons (higher GC content than AT) and greater GC3 scores, indicating a high GC bias in oral cancer and human tumor
suppressor genes.'*** Studies also described that a higher GC3 percentage, G and C bases at the third position in the
codon, is a crucial indicator of codon usage bias that is linked with enhanced gene expression.*” Besides, GC content is
also supposed to influence the bendability, thermostability, and ability to convert the B form of DNA to the Z form. It is
also found to be involved in the active process of transcription because it can keep the coding region in an open
chromatin state.*' Presently, our study showed an average ENC value of 46.2 + 9.9, higher than the 35 (standard value),
indicating a low codon bias in the psoriasis gene. Similar findings were reported for genes associated with ovarian cancer,
rotavirus VP7, and human papillomavirus type 51.'"4%%

On the contrary, a few psoriasis candidate genes, ie, LCE3C, LCE3B, LCE3A, LCE3E, LCEIA, SPRR2C, and
SPRR2G exhibited a lower ENC value <30, suggesting high codon bias. Subsequently, a substantial correlation
(p<0.001) was noted between overall nucleotide composition and the third position of codon in all CDS, indicating
that the nucleotide composition bias affected by mutation pressure and translational selection majorly contributes to
outlining the codon usage patterns of psoriasis susceptibility genes.** Besides, a correlation between ENCs and base
composition was observed, indicating that compositional constraints affect CUB. Relative synonymous codon usage
value is used to determine over-represented (RSCU>1.6), under-represented (RSCU<0.6), more frequently used
(RSCU>1.0) and less frequently used (RSCU<1.0) codons in the coding sequence of the genes.*>**® Our findings
revealed thirty-two preferred codons (A-ending 4, T-ending 4, G-ending 8 and C-ending 16) used more frequently
(RSCU>1.0). Consistent with these results, similar findings were documented for the EPB41L3 gene across various
mammalian species, where 31 codons were reported to be frequently used, mainly with G/C ending.*’ Besides, Over-
represented codons (RSCU>1.6) were also found in the CDs of psoriasis genes, ie, GCC (alanine), CTG (leucine) and
GTG (valine). These over-represented and under-represented codons play an important role in increasing or decreasing
the gene expression levels, as previously described by Carlini et al.*® Correspondence analysis (COA) of RSCU values
was conducted to find major trends in codon usage variation among psoriasis genes. We observed that the codon usage
pattern of psoriasis genes was not uniform, and both natural selection and mutation may have affected the codon usage
bias. Herein, Axis 1 contributed to total codon usage variation by 23.76% and Axis 2 by 12.55%, suggesting Axis | as
the major effector of the CUB. Additionally, the codons were closer to axes, representing a concentrated distribution.
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Comparable findings were stated by Uddin,** where CoA showed 50.33% contribution to axis 1 and 9.50% of axis 2, and
codons were close to axes, hence indicating that mutation bias might influence the codon bias.

The overall relative abundance of dinucleotide odds ratio values indicated that four dinucleotides—ApG, CpA, CpT,
and TpG—were over-represented, while two dinucleotides, CpG and TpA, were under-represented across the coding
regions of psoriasis genes. Similarly, Khandia et al'* reported that four dinucleotides (ApG, GpA, CpT, and TpG) were
over-represented in genes related to human depression, while three dinucleotides (CpG, TpA, and GpT) were under-
represented.'® The over-represented dinucleotides found across different organisms may be attributed to the spontaneous
mutation of methylated cytosine (C) in the CpG dinucleotide, which results in thymine (T) and leads to the formation of
TpG dinucleotides on the existing strand, as well as CpA dinucleotides on the reverse strand during DNA replication.”

The Parity Rule 2 (PR2) plot was also plotted by taking the GC bias values along the x-axis and AT bias along the y-
axis. An equal (0.5) overall GC bias and AT bias value suggests no bias between mutation and selection pressure.
However, disproportionate distribution towards the centre confirms the role of mutation pressure along with natural
selection in the CUB of the psoriasis genes. These results are in line with those of Li et al’' who reported parallel Parity
rule 2 analysis outcomes in mitochondrial genes of Japanagallia species. Moving forward, earlier studies have divulged
that codon usage patterns of human genes are influenced by mutation pressure and that codon bias exhibits a strong
relation with the GC contents.>* Therefore, to further explore the relationship between codon bias and mutation pressure,
a neutrality plot was drawn between GC12 and GC3 values. The linear regression analysis resulted in a coefficient value
0f 0.290, representing that the mutation pressure accounted for 29% of the selection force and natural selection 71%. This
shows that natural selection dominates and affects the codon usage bias of the psoriasis genes. Also, the plot points were
diagonally dispersed, exhibiting a narrow range of GC3 distribution, showing that both mutation pressure and natural
selection may play a major role in shaping the patterns of codon usage, similar to a study by Chakraborty et al’® where
CUB analysis of chloroplast genes in Oryza species was conducted. The regression coefficient value of the neutrality plot
was observed to be < 0.5, and points on the plot were also diagonally dispersed, indicating a narrow GC3 distribution. In
the same way, neutrality plot results were observed by Uddin et al,*> while doing CUB analysis of ATP6 and ATPS
genes. Lastly, biochemical properties of the psoriasis susceptibility genes were also assessed through the Gravy score, as
they may also influence the CUB of genes.” Gravy particularly determines the hydrophobic (positive value) or
hydrophilic (negative value) nature of the protein.”* The current analysis showed that GRAVY was positively correlated
with GC and GC3s values, while negatively correlated with ENC values of psoriasis genes. The regression coefficient
value of ENC and GRAVY was —35.05, GC% and GRAVY were 40.76, while GC3s and GRAVY were 60.42. This
declares that gravy is closely related to the patterns of codon usage of genes, as formerly observed by Mazumder et al'”
in human oral cancer genes.

The pathway enrichment analysis provides critical insights into the functional roles of the candidate genes, revealing
their involvement in key psoriasis-related pathways such as IL-17 signaling, JAK-STAT signaling, and TNF signaling.
These pathways are central to the immunological mechanisms of psoriasis and are targeted by current biologic therapies,
such as IL-17 inhibitors and JAK inhibitors.>> The observed codon usage patterns, especially the preference for GC-
ending codons and low ENC values in genes like IL23R and LCE3C, may enhance the expression efficiency of these
pathway components, thereby influencing disease severity and therapeutic response. Furthermore, the comparison of
candidate genes with the whole genome demonstrates that these genes exhibit distinct codon usage characteristics,
including higher GC content and lower ENC values, and suggest that natural selection has shaped the codon usage of
psoriasis-related genes to optimize their function in the disease context, potentially enhancing mRNA stability and
translation efficiency in the skin environment where psoriasis manifests.® These findings validate the role of codon
usage in psoriasis and open avenues for exploring how genetic variations in codon usage might influence disease
susceptibility and progression. While a direct correlation analysis with clinical outcomes was beyond the scope of this
study, prior research using the GSE13355 dataset has shown that differentially expressed genes in psoriasis, including
those with high codon usage bias, are associated with clinical outcomes such as disease severity (eg, PASI scores) and
treatment response.”’ For instance, genes with lower ENC values may exhibit higher expression in lesional skin,
correlating with increased disease severity. These findings suggest that codon usage patterns could serve as potential
biomarkers for predicting clinical outcomes in psoriasis patients, warranting further investigation in larger cohorts.
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The primary limitation of this study is its focus on a curated panel of 79 psoriasis-susceptibility genes, which restricts
conclusions to the gene-set level and may not fully apply to individual loci. The computational analyses conducted do not
directly establish causal effects on mRNA stability or translation. Additionally, clinical phenotypes, such as PASI scores
or treatment responses, were not incorporated, leaving the potential connections between codon-usage patterns and
disease burden or therapeutic outcomes unexplored. These findings are primarily hypothesis-generating and require
validation through experimental systems and clinically annotated cohorts. While the gene-set analysis highlights codon-
usage patterns indicative of differential expression potential, experimental approaches, such as reporter assays and
ribosome profiling in inflammatory skin models, are necessary to confirm causal effects on mRNA stability and
translation. Furthermore, prospective studies integrating codon-bias metrics with clinical phenotypes, including PASI
severity and standardized treatment-response measures, will be critical to determine whether codon-usage bias is linked
to disease burden or therapeutic outcomes. In conclusion, our study demonstrates that psoriasis susceptibility genes
exhibit a low overall codon bias (ENC = 46.2 + 9.9), with a preference for GC-ending codons (eg, GCC, CTG, GTG),
which likely influence gene expression patterns. Specific genes, such as LCE3C and IL23R, show high codon bias,
suggesting tightly regulated expression that may contribute to skin barrier dysfunction or immune dysregulation in
psoriasis. Both mutation pressure and natural selection shape CUB, with natural selection playing a dominant role (71%).
These findings provide an initial understanding of codon usage in psoriasis-related genes, which could serve as a basis for
future research into how genetic variations at the codon level influence gene expression and disease phenotype. This
work lays the groundwork for future translational studies exploring CUB as a tool for advancing therapeutic strategies in

psoriasis.

Limitations

This analysis focuses on a curated set of 79 psoriasis-susceptibility genes, which is modest in size and may introduce
selection bias because inclusion is conditioned on prior locus and gene curation. Accordingly, all inferences are intended
at the gene-set level and should not be over-interpreted as evidence for optimization or selection acting on individual
genes. To mitigate bias and provide context, we benchmarked codon-usage measures for the psoriasis gene set against
genome-wide backgrounds. We quantified codon usage with the effective number of codons (ENC) and relative
synonymous codon usage (RSCU), summarized multivariate structure via correspondence analysis (COA) on RSCU
matrices, and examined GC3-based neutrality plots to consider the relative contributions of mutational pressure versus
putative selection. Given the panel size, effect estimates and distributional differences should be interpreted cautiously,
and conclusions are framed as patterns consistent with codon-usage shifts rather than definitive causal claims.

Data Sharing Statement

This study exclusively utilized publicly available data, and the sources and handling of these data are thoroughly
described in the Materials and Methods section. The coding sequences (CDS) of psoriasis-susceptible candidate genes
having perfect start and stop codons were retrieved from the National Centre for Biotechnology Information, USA (http://
www.ncbi.nlm.nih.gov/). A comprehensive list of these psoriasis susceptibility loci, candidate genes, and their GenBank

accession numbers is provided in Table 1. Additional information and details can be obtained from the two corresponding
author upon request.
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