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Campylobacter jejuni
• Campylobacter species are the major 

cause of human bacterial gastroenteritis

• C. jejuni and C. coli together account 
for over 95% of Campylobacter 
infections in humans

• Certain strains are linked with the 
development of the neurological 
disorder Guillain-Barre syndrome 
(GBS)

• Gram negative bacteria

• Outer membrane is highly related to 
antibiotic resistance
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Overview
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• Perform a full functional annotation on the genes and proteins determined by 
the Gene Prediction group that is relevant to C. jejuni
• General approach:

• Deliverables:
• Merged .gff files for each genome
• FASTA file header annotations

Cluster sequences

Determine 
functional 

annotations using 
homology & ab 

initio based tools

Merge .gff files



Final Pipeline
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Homology vs. ab initio-Based Techniques

Homology
• Determine function 

via sequence similarity to 
already functionally 
annotated sequences

• This is limited by what 
we already know

ab-initio
• Determine function via predictive 

model without comparing to 
existing sequences

• This is based on laws of nature
• Difficult to verify without 

experiments
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CD-HIT: Clustering sequences
• Command:

• ./cd-hit -i <input_file> -o <output_file_name>

• Runtime: 26.29 + 5.36 = 31.65 seconds

• Basis for choosing this software:

• Widely used program for clustering both gene and protein sequences

• Fast runtime

• Able to process and handle large databases
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Clustering Results
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Percent 
Identity (%)

Number of 
clusters

Runtime

92 3,689 27.45

94 3,838 28.15

95 3,989 26.29

96 4,233 25.93

98 5,343 28.66

100 8,652 25.22

Percent 
Identity (%)

Number of 
clusters

Runtime

90 7,414 5.36

92 7,853 5.25

94 8,485 5.17

96 9,382 5.09

98 10,734 4.58

100 14,048 3.83

Nucleotide sequences Protein sequences



Clustering Results
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Nucleotide sequences Protein sequences



N/A: Plasmids
• Basis for picking no software

• PlasmidSeeker: 
• Originally our choice tool for plasmids

• No hits for individual fna files, one hit for the combined fna files (concatenated version of all fna files)

• PlasmidFinder:
• Originally our validation tool for plasmids

• No hits for the combined fna file
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Homology Categories

•Play an important role in the evolution of bacterial genomes and their pathogenicity
•Can change or knock out gene functions; alter gene expression

Prophage:

•A pathogen's ability to infect or damage a host
•Ex: toxins, surface coats that inhibit phagocytosis, surface receptors that bind to host cells

Virulence:

•Tools that annotate a spectrum of features related to the function

Fully Automated Functional Annotation Tools:

•When bacteria develop the ability to defeat the drugs designed to kill them
•Leads to higher medical costs, prolonged hospital stays, and increased mortality

Antibiotic Resistance:

•A functional unit of transcription and genetic regulation
•Identifying these may enhance our knowledge of gene regulation & function which is a key addition to genome annotation

Operons:
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eggNog-mapper: Fully Automated Functional Annotation
• Commands:

• ./emapper.py -i <cluster> --output <result> -d bact -m diamond

• Basis for choosing this software:

• PANNZER2 could not generate database (errors in script)

• 7% lower false positive rate and 15x faster than BLAST

• 5,090 representative genomes (4445 bacteria)

• Provides important annotations such as seed eggNOG ortholog, seed ortholog 
evalue/score, predicted taxonomic group, predicted protein name, GO terms, KEGG ko, 
KEGG Pathways, eggnog OG, COG Functional Category, free text descriptions
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eggNog-mapper Output
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eggNog-mapper Results
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VFDB: Virulence Factors
• Commands:

• makeblastdb -in VFDB_db -dbtype 'nucl' -out <db_name>
• blastn -db <db_name> -query <cluster> -out <result> -max_hsps 1 -
max_target_seqs 1 -outfmt 6 -perc_identity 100 -num_threads 5

• Runtime: < 5 minutes

• Basis for choosing this software:
• Very well known/reliant source for virulence factors

• “broadest and most comprehensive” and “had the highest quality with its curated dataset and virulence-
guided classification system”
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VFDB Results
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CARD:Antibiotic Resistance
• Commands:

• wget https://card.mcmaster.ca/latest/data
• tar -xvf data ./card.json
• rgi load --card_json <path to card.json> --local
• rgi main -i <path to cluster.faa> -o <output_file_name> -t protein –local
• rgi tab -i <path to output_file_name.json>

• Runtime: 1 minute

• Basis for choosing this software: Produced results while ResFinder did not produce any 
results.
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CARD: Output
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CARD: Heatmap
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• Heatmap generated using the command: rgi heatmap –i <CARD output file directory>
• CARD annotations from unclustered protein samples.
• Yellow represents a perfect hit, teal represents a strict hit, purple represents no hit.
• Perfect Algorithm: Detects perfect matches to the curated reference sequences and mutations in the CARD
• Strict Algorithm: Detects previously unknown variants of known AMR genes using detection models with CARD's 

curated similarity cut-offs to detect variant is likely a functional AMR gene.



CARD Results
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MicrobesOnline: Operons
• Downloaded all the operon tables for Campylobacter jejuni.

• Use GID to retrieve the protein reference sequences.

• Created a database using BLAST.

• Query the clustered sequences with the with the reference protein database.

• Commands:
• makeblastdb -in <fasta file > -dbtype prot -out <database>

• blastp -query cdhit/faa_rep_seq.faa -db tmp/db_operon -evalue 0.01 -max_target_seqs
1 -max_hsps 1 -outfmt 6 -out tmp/hits_0.01.txt -num_threads 5

• Runtime: 30 seconds
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MicrobesOnline: Output
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Operon Results
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Homology Results Overview
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Functional Annotation Software / 
Database

Min Max Median Mean

Fully Automated 
Functional Annotation

eggnog-mapper 669 1087 880 881.9

Virulence Factors VFDB 1 13 2 3.1

Antibiotic Resistance CARD 1 10 4 3.8

Operons MicrobesOnline 505 856 678 678.1



ab-initio Categories

• Bacteria have the ability to export effector proteins in membranes of eukaryotic host 
• Integral membrane protein that function as gates or docking sites that allow or prevent 

the entry or exit of materials across the cell membrane

Transmembrane Proteins :

• Guide secretory proteins to find their correct locations outside the cell membrane for 
signal transduction

Signal Peptides:

• Provides immunity to the bacteria against Bacteriophages
• Contributes to the Virulence and Pathogenicity of the bacteria

CRISPR:
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SignalP: Signal Peptide & Lipoproteins
• Command:

• signalp –fasta <input_sequence_file> -org gram- -format short –gff3

• Runtime: T ~ 5 min/file

• Basis for choosing this software:

• Fast runtime

• .gff output type- easier for merging

• Multiple versions of SignalP have been developed and compared to previous versions
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Signal Peptide & Lipoprotein Results
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TMHMM2: Transmembrane Proteins
• Command: 

• tmhmm <input multifasta file> > <output_file>

• Runtime: T ~ 2 min/file

• Basis for choosing this software:
• Better at differentiating cytoplasmic proteins from transmembrane proteins

• Alternate tool HMMTOP2 also reports cytoplasmic proteins as transmembrane proteins. Post processing needs to be done, in 
order to remove the cytoplasmic proteins based on their Topology
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• Sample Output:
• Predicted Helices: 12
• Topology: i12-34o319-338i345-367o372-394i415-437o452-474i508-530o829-851i856-878o883-905i931-953o963-985i



Transmembrane Protein Results
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PilerCR: CRISPR Arrays
• Command:

• pilercr –in <input multifasta file> -out <output file> -noinfo –quiet

• Runtime: T ~ 1.2 sec/file

• Basis for choosing this software:

• High sensitivity and specificity

• Fast runtime
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PilerCR: Sample output
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PilerCR Results
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ab initio Results Overview
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Functional 
Annotation

Software Min/Sample Max/Sample Median Mean

Transmembrane 
Protein

TMHMM 810 1,049 933.5 928.8

Signal Peptide SignalP 71 99 84 84.3

Lipoprotein SignalP 43 67 54 52.8

CRISPR PilerCR 0 2 1 0.8



Deliverables: Merged .gff
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.gff files were created from outputs of each tool, and merged into a single .gff file. Total 50 
final .gff files are produced for 50 samples.



Annotations of Interest
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Gram-negative bacteria and drug efflux:

• Drug efflux is a key mechanism of resistance in 
Gram-negative bacteria

• Efflux pumps allow the microorganisms to 
regulate their internal environment by removing 
toxic substances like antimicrobial agents

• These systems pump solutes out of the cell, 
indicating a role of transmembrane protein in the 
mechanism

• Thus transmembrane proteins involved in the efflux 
pumps also have antibiotic-resistance properties.



Annotations of Interest
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Gram-negative bacteria and drug efflux:

• We found annotations, where predicted 
Transmembrane Proteins were also identified 
to be involved in antibiotic resistance

• The mechanism of the resistance is reported 
as "antibiotic efflux pump", which validates 
the drug efflux theory

• The proteins are reported to be resistant 
towards broad-spectrum antibiotics of 
class fluoroquinolone

Reported Annotation

• Transmembrane Protein(TMHMM2), with 
12 predicted α-helices

• Antibiotic Resistance(CARD) 
to fluoroquinolone antibiotics 
with antibiotic efflux pump mechanism

Example from sample CGT2202.
Sequence: NODE_5_length_54021_cov_9.675326
Coordinates: 11462-14586
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Questions?

Thank you!
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