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1. Abstract 3.2 Campylobacter jejuni Gene Partition 3.4 Mean CAI, ENC and tAl across Core, Shell and

Campylobacter jejuni is a major foodborne bacterial pathogen whose genome « Pan-genome continues to increase as additional C. jejuni genomes are included. Cloud

exhibits substantial diversity between core and accessory gene sets. This study « Core genome decreases as more C. jejuni genomes are added, then the level WO.W): Moderate codon usage bias; preferred codons coexist with less-
aimed to characterize codon usage patterns in core and accessory genes and stabilizes. preferred synonymous codons, lowering the overall CAl.

evaluate the genomic and evolutionary factors influencing codon preference, ENC (=39): Moderate codon usage bias, indicating genome favors certain
iIncluding guanine-cytosine (GC) composition, mutational pressure, and natural 305/ complete genomes synonymous codons, but not to the extreme.

selection. Out of the 114,617 C. jejuni genomes available in the NCBI were nalyzed tAl (=0.36): Relatively low tRNA adaptation, suggesting codon usage is not strongly
database; genomes with 299.9% nucleotide identity were considered near- l matched to the available tRNA pool.

duplicates and removed to minimize redundancy. A total of 305 non- ENC mean | P-value for | CAl mean | P-value for | tAl mean | P-value for
redundant genomes were retained for subsequent pangenome and codon- 603 Tl e g e Partition | difference ENC difference CAl difference tAl
usage analyses. Genomes were annotated using Bakta. Comparative l core vs cloud| .5636 0.0000 0102 0.0000 | 9.8x107° | 0.6626

. . . shell vs
pangenome analysis was performed to classify genes into core, shell, and cloud 6201 0.0000 0013 0.0007 73%10-* |  0.0000

cloud categories. Codon usage was evaluated using relative synonymous v v shell vs core|  .0565 0.0004 0115 0.0000 8.3x10™* | 0.0000

codon usage (RSCU), effective number of codons (ENC), codon adaptation Core Clusters Shell Clusters Cloud Clusters
. . . . 1356 clusters (24.2% 713 clusters (12.7% 3534 clusters (63.1%
Index (CAI )1 tRNA ada ptatlon Ind ex (tAI )a d nd GC Conte nt RSCU anaIySIS 387478 t(;[tal c(ore gen?as 72931 toial sk(lell genis 20158 tot::l clo(ud gene?s

revealed marked preferences among synonymous codons, with AGA being Core threshold: present in 95% of Shell threshold: present in 15% Cloud threshold: present in 3.5 Relationship among CAIl, GC3 and ENC

genomes to < 95% of genome <15% of genome

highly preferred and CGG being infrequently used for arginine. A mean CAI of CAl distribution by pangenome partition o
0.67 and a mean ENC of approximately 39 indicated moderate codon usage i e "%
bias, whereas the relatively low mean tAl of 0.36 suggested weak adaptation to Core / pan genome rarefaction 7 o
the cellular tRNA pool. CAl was inversely associated with GC content, and — pan genome :
most genes clustered around an ENC of approximately 39 at relatively low GC3 -
values, supporting an association between nucleotide composition and codon
usage bias. Furthermore, neutrality plot analysis suggested a stronger
influence of natural selection on codon usage bias than mutational pressure.
Overall, these findings indicate the combined effects of nucleotide composition
and evolutionary effect, with natural selection being predominant force shapes

the codon preference of C. jejuni. oo (72951
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Figure 3: CAl increases as GC3 decreases, showing an inverse relationship
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a) To characterize codon usage bias (CUB) in Campylobacter jejuni Number of genomes

b) To identify the evolutionary and genomic factors that influence codon preference Figure 2:Core/ pan genome rarefaction o =" o "

Figure 4: Most genes cluster around ENC 35-45 and low GC3, suggesting a relationship
between nucleotide composition and codon usage bias

3. Methods 3.3 Codon Usage Bias with RSCU values
« 305 complete genomes analyzed c 3.6 Neutrality Plot cm omssrre
ore Genes

cloud (n=20158)

 Downloaded from NCBI database using FTP Server | Sopsnzan
» Genes containing 2100 codons included Top 5 favored Top 5 Avoided * A low regression slope 0.198

Codon Core Codons with RSCU Codons with RSCU indicates weak GC12-GC3

Amino Acid Genes Count RSCU Corre|ation, Suggesting that
Ala GCA 3018810 1.317336

- Ala GCC 866459 0.3781020 AGA (Arg):3.1488 CGG (Arg): 0.0201 natural selection has a stronger
| . I I
3.1 Pangenome Analysis Workflow Ala GCG 127317 0317384 [Tp (| oy) - 27591  CTG (Lew): 0.0537 influence than mutation pressure

Ala GCT 4553824 1.987179 on codon usage across all gene

g N N ( Y[ A Cys TGC 464317 0.583351  CCT (Pro) : 2.3414  TCG (Ser): 0.1414 categories
Genomic sequences Pangenome analysis to Cys TGT 1118647 1.413357 '

downloaded from NCBI k168 lore osloIs s el ve Ll o classify core, cloud, and Asp GAC 536573 0.157018 AGT (Se r) : 2.1366 TTC (Phe) 0.1444

Annotations QC passing candidates
Gen Bank Database shells ASp GAT 6297989 1.842982 _ _

J / g J
¢ ¢ ¢ ¢ Glu GAG 1671351] 0.360787
N N N . Phe TTC 563810__0.144151
Filter Operation to Compute contigs, Phe TTT 7258706 1.855849

Separate genome size, N50, GC, Retain QC passing Start post-pangenome Gly GGA 2771456] 1.491336

4. Discussion
Campylobacter Jejuni CDS and pseudogene Candidates codon Analysis Gly GGC 1125515 0.605646 Top 5 favored Codons Top 5 Avoided Codons T — A L L
genomes counts Gly GGG 772157 0415502 it RSO with RSCU The codon usage analysis indicates moderate codon usage bias in C. jejuni, as

- o - o ~ - Gly GGT 2764355 1.487515 reflected by the CAl (~0.67) and ENC (~39) values. Clustering of genes around ENC
.. . 35-45 and low GC3 supports an association between nucleotide composition and
0 Efe';e‘?‘ergc';'"gr’] dAgéGSZﬁ\évvish;g\?visstt ggggz AGA (Arg): 3.7315 CGG (Arg): 0.0513 codon usage patterns. The inverse relationship between CAl and GC3 suggests that
Results: oreference in both core and accessory TTA (Leu): 2.8929 CTG (Leu): 0.0748 AT-rich genes tenq to exhibit gre.ater codon adaptation, indicating that nucleotide
A Acid Coun‘f:“COZ'o 1 counts, RSCU genes CCT (Pro): 2.2435 TCG (Ser): 0.1481 compogltlon contributes to variation in c.odon-usage patterns. The low §C12—GC3
GC Content (GC12 and GC3), CAI, TAL ENC regression slope suggests a weak relationship between these compositional
SO ) 2 B8 U UG (e LU SsE measures, indicating that factors other than mutational pressure, including natural
AGT (Ser): 1.9477 CTC (Leu):0.1675 selection, may contribute substantially to codon usage variation across the analyzed

genes.
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Figure 1:Pangenome Analysis Workflow
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