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● Objective
○ To functionally annotate 258 Klebsiella genomes

● Tools
○ Ab-initio
○ Homology based

Introduction

Approach must be scalable!



Scalability

- Minimize number of searches/operations

- Reduce query size

- Reduce database size

- Our dataset is highly redundant

Clustering



Scalability by Clustering

Genes From Many Genomes

Clustered into Homologues 

Functional Annotation of 
Homologue Clusters Map Results Back to Genomes



Clustering

5 Reference Proteomes
~8Mb

After Clustering
~2.5Mb

(should not change too dramatically 
with additional genomes)



Clustering

Homology vs. ab-initio
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PROKKA
Command: prokka --force --outdir </path/to/output/dir> --kingdom Bacteria --genus Klebsiella 

--gram neg --prefix <prefix name> --rfam --rnammer <query.fasta>

Summary output:

organism: Klebsiella species strain 

contigs: 87

bases: 5,570,351

tmRNA: 1 (Aragorn also found 1 tmRNA)

CDS: 5,282

misc_RNA: 129

tRNA: 77

sig_peptide: 500

Time: ~ 16 mins.



PROKKA

   

 

PROKKA output in the .gff format (left) and .tsv (right).



SPECIFIC TOOLS



Specific Tools (Based on features to be annotated)

● Protein-coding regions 
○ Signaling peptides 
○ Transmembrane regions
○ Lipoproteins
○ Operons
○ Pathways

● Non-coding RNA 
○ rRNA, tRNA and sRNA
○ CRISPR 

● Others: 
○ Antibiotic resistance
○ Virulence factors
○ Prophage genes



Specific Tools (Based on features to be annotated)

● Protein-coding regions
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Signal Peptides Prediction - SignalP 4.1
● Command to run

○ ./signalp -t gram- [-f  short/long/all/summary] input_file.faa > output_file.out



Signal Peptide Prediction - SignalP 4.1
Sample Output File(Short/Summary)

● Sample Results

○ Input Reference 

Genome: 5075 sequences

○ #Predicted Signal 

Peptides: 489

○ Time taken for 

execution: ~4 minutes



Signal Peptide Prediction - Phobius

● Input Format: FASTA file

● Sample Results

○ Input Reference Genome: 

5075 sequences

○ #Predicted Signal Peptides: 

916

○ Time taken for execution: ~13 

minutes



Signal Peptide Prediction - SignalP 4.1 vs Phobius



LipoP 
Prediction of lipoproteins in Gram-negative bacteria.

Based on hidden Markov model

Command: perl LipoP -short <Input FASTA>

Example Results: 



LipoP 
Running time:  run command “time perl LipoP -short <Input FASTA>”

File Size:
5.6 MB (assembled) ; 5.5 MB (reference)
Contains 5,745,742 bases (assembled), 5,682,322 bases (reference)



LipoP

LipoP is also used for Transmembrane regions.

Input Reference Genome: 5541 sequences

Predicted Transmembrane : 867

Much faster than other tools, like Phobius(~15min)



DOOR2

Download operon tables for Klebsiella pneumoniae

Eutil fasta files based on GI numbers in the operon table

Makeblastdb and and blastp queries

Filter and Match hits back to the operon table



DOOR2
❖   Download operon tables

Total  6321 Operons, 31991 Genes



DOOR2

❖ Fetch fasta files based on GI numbers

wget -nv -O operon.table 
"https://eutils.ncbi.nlm.nih.gov/entrez/eutils/efetch.fcgi?db=nuccore&id=386032584&rettype=fa
sta&retmode=text"

❖ Makeblastdb

makeblastdb -in operon.table -dbtype prot

https://eutils.ncbi.nlm.nih.gov/entrez/eutils/efetch.fcgi?db=nuccore&id=386032579&rettype=fasta&retmode=text
https://eutils.ncbi.nlm.nih.gov/entrez/eutils/efetch.fcgi?db=nuccore&id=386032579&rettype=fasta&retmode=text


DOOR2
❖   Blastp, filter and match hits back to table

blastp -db operon.table -query SRR3982229.gff.fasta -num_threads 4 -evalue 1e-10 -outfmt "6 stitle qseqid sseqid 

qcovs pident evalue" > SRR3982229

(~7 minutes per sample)



InterProScan 5 & eggNOG-mapper commands
./interproscan.sh -goterms -iprlookup -pa -o [output.gff] -i [input_File.fasta] -f GFF3

● Can also output TSV, XML, HTML, & JSON 
● Specify GO & pathway with -goterms & -pa, respectively

python emapper.py -m diamond -i [input_file.fasta] --output [output_file]
● Tailored for large sequence counts
● Does not scale linearly (slower for small amount of sequences)
● Efficient BLAST alternative

 

python emapper.py -m hmm -i [input_file.fasta] --output [output_file] -d [database] --usemem
● Precomputed HMM models
● --usemem loads database into memory. 

○ Entire bact database is ~32GB. 
○ For our server, you will need to read entirely

 from disk or limit database by taxon 

https://doi.org/10.1093/molbev/msx148



eggNOG-mapper 

InterProScan 5

Example Outputs

Databases of Note: SMART, TIGRFAM, Pfam, SUPERFAMILY, PANTHER, CATH-Gene3D
Annotations can be redundant, increasing computation time

Databases of Note: COG, KEGG, GO, Pfam/SMART



Gene Ontology & Pathway Annotation



Specific Tools (Based on features to be annotated)

● Protein-coding regions 
○ Transmembrane regions
○ Enzymes
○ Signaling peptides
○ Operons
○ Lipoproteins

● Non-coding RNA 
○ rRNA, tRNA and sRNA
○ CRISPR 

● Others: 
○ Antibiotic resistance
○ Pathway
○ Prophage genes
○ Virulence factors



ncRNAs
● Tools used in prediction group will predict and annotate at the same time

○ tRNAscan, Aragorn, and Rfam



CRISPR
● Pilercr1.06

○ Current version:  1.06  (Jan 20, 2007)

○ Command Line: ./pilercr -in <input_file.fasta> -out <output_file> 

○ Running time: <2s/genom

○ Identify the characteristic signature of CRISPR repeats; repeats and spacers are within the expected 

ranges of length and sequence conservation (parameters of the algorithm and can be changed by 

the user)

● CRT

○ Current version:  1.1  (March 14, 2007)

○ Command Line: java -cp CRT1.2-CLI.jar crt [options] inputFile [outputFile]

○ Running time: <2s/genom

○ Screens for exact k-mer/k-nucleotide repeats in a genome, and concatenates the neighbouring 

repeats into candidate CRISPRs



CRISPR
Klebsiella pneumoniae

Genomes
CRT (Blast against 

to CRISPRdb)
Pilercr1.06 (Blast 

against to CRISPRdb)
NCBI 

Annotation 

CP007727.1 0/0 0/0 0

NC_011283.1 0/0 0/0 0

NC_016845.1 0/0 0/0 0

NZ_CP008827.1 0/0 0/0 0

NC_009648.1 0/1 0/0 0

NC_017540.1 0/0 0/1 0

NC_012731.1 2/2 2/2 2

NC_018522.1 2/2 2/2 2



Specific Tools (Based on features to be annotated)

● Protein-coding regions 
○ Transmembrane regions
○ Enzymes
○ Signaling peptides
○ Operons
○ Lipoproteins

● Non-coding RNA 
○ rRNA, tRNA and sRNA
○ CRISPR 

● Others: 
○ Antibiotic resistance
○ Virulence factors
○ Prophage genes



Resistance Gene Identifier (CARD)
Command:

rgi -t protein -i clustered.fa 

For 5 genomes: ~30 minutes

For clustered equivalent: ~10 minutes

(should not change much with additional genomes)

Result accuracy not yet evaluated



Virulence Factors
Fetch the fasta files from VFDB and VICTOR 

using “wget” command

Build a FINAL “Combined Database” using 

“makeblastdb”

BLAST the query sequence against the combined 

database using “blastn”

Time taken to generate results: ~19 secs. for 5 test 

files

Output in the form of table containing details:

query name, query start, query stop, percent 

identity, evalue, name of virulence factor

RESULTS
BLAST



Test Run with Reference Assembly

Test Run with Team 2 Genome Assembly Results



Phaster
● Run time: ~10mins/genome

● 3 Output files

● Disadvantages:

○ No options

○ Their server only takes one file at a time

● What I did:

○ Wrote script to check the status every 5 mins

○ Download and unzip the result when it’s 

completed 



Output File 1: Summary.txt
● Intact: >90

● Questionable: 70 - 90

● Incomplete: < 70



Output File 1: Summary.txt
● Region

● Completeness

● Specific Keyword

● Region Position

● Most Common Phage Name

● Preliminary Results

○ Klebsiella pneumoniae Reference Genome 

■ 8 Prophage Regions 

● 4 Regions are intact (Score 

>=100)

○ SRR3467249 - 1 out of 5 Regions is intact

○ SRR3982229 - 1 out of 6 Regions is intact

○ SRR3982230 - 1 out of 7 Regions is intact

○ SRR3982253 - 3 out of 6 Regions are intact

○ SRR3982316 - 1 out of 5 Regions is intact



Output File 2: Detail.txt



Output File 3: phage_regions.fna
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Questions?


