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Abstract

The assemblies of our partial genomic sequence data of Sphingomonas chungbukensis DI77, with the total size
of 877,928 bp, was done by TIGR Assembler. The total size of our current obtained contigs was about 0.73 Mb.
A comparative genome analysis between our uncompleted genome and the other completed genomes was
performed by taking advantage of the availability of multiple complete genomes in COGs database (Clusters of
Orthologous Groups of proteins) to produce the genomic prediction of our S. chungbukensis DJ77. This
analysis based on homologues search among completed genomes provides good initial step to our better

assigning putative function to predicted coding sequences .

Introduction

While analysis of a single genome provides tremendous biological insights on any given organism,
comparative analysis of multiple genomes provides substantially more information on the physiology and
evolution of microbial species and expands our ability to better assign putative function to predicted coding
sequences. The comparative genome analysis was applied to our Sphingomonas chungbukensis D77 strain. §.
chungbukensis was classified in the genus Sphingomonas and was found to be able to degrade a remarkably
broad range of aromatic hydrocarbons including biphenyl, naphthalene, phenanthrene, phenol, salicylate,
toluene, benzoate, etc., and their end-products consisted of sphingolipid, mucous polysaccharide, and many
other unconfirmed biopolymers. These end-products were encoded by the species-specific genes and our plan
is to do the gene prediction and identify the species-specific genes feature by apply the comparative genome
analysis and genome annotation on our S. chungbukensis DJ77 strain. The shotgun library of our S.
chungbukensis DJ77 was constructed using partial restriction digests to fragment the genomic DNA with
EcoR1, BamH]1, Hindlll and Sau3Al. Our genome sequencing process is on-going and the size of our current
library was about 0.73 Mb. Contig assembly was performed by using TIGR Assembler and the preliminary
annotation of the uncompleted genome sequence was performed by applied our developed data mining tools
with the aid of NCBI ORF Finder and NCBI Cognitor. ‘

Materials and Methods

The genome annotation process was used to 1) build the contigs, 2) annotate features. This process was

complex and would continue to be refined.
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The input data for the contig assembly included our DNA sequence fragments. The sequence data were
first screened for contaminating sequences. Sequences are blasted against a collection of all sequences of our
S. chungbukensis DI77 clones for redundancy detecting. Any clone containing redundant sequence is entirely

removed from the input data set.

The annotation process identified sequence features on the contigs - such as known and predicted genes,
and gene models. This stage provides contig, and protein records with added feature annotation. All possible
open reading frames (ORFs) in the contigs were identified by the online version of NCBI ORF Finder using the

alternative genetic code 11 for bacterial.

All putative ORFs from our S. chungbukensis DI77 genome were searched against multiple complete

genomes from COGs database using the COGnitor program.

All the data mining steps above were carried out automatically by our rational database driven tools
written in PERL scripts using BioPerl packages. Socket protocol was used to connect to the remote internet

data sources and online programs.

Results and discussion

Genomic comparative analysis greatly enhances our abilities to predict and detect molecular function
using sequence information. Below is some of our primitive results in annotating our S. chungbukensis DJ77

genome.

Table 1. General features of S. chungbukensis DJ77 genome and Novosphingobium
Aromaticivorum F199

General info DJ77 F199
Number of DNA fragments 1422
Number of all contigs 1123 178
Number of overlapped contigs 216
Total contig size (bp) 734495 4,191,461
G+C content (%) 59.86 65.1
Open reading frames (ORFs)
Total number of putative ORFs 7562 3895
Maximum length of the ORF (bp) 2124
Minimum length of the ORF (bp) 100
Number of ORFs with the length > 1000 bp 49
Number of ORFs with the length range from | 645
500 bp to 1000 bp

From 1422 DJ77 DNA fragments (877928 bp) as the sequence input for contig assembly, 1123 contigs
were obtained which have the total size of 734495 bp, but there were only 216 contigs which were built from
the overlap of more than 1 DNA fragments. The percentage of guanine plus cytosine (GC content) in the total
contigs was 59.86%. There were 7562 possible open reading frames (ORFs) in 1123 contigs with the size
range between 100 to 2124 bp. There were not too much ORFs which have the length longer than 1000 bp
(only 49). Most of the ORFs' lengths were under 500 bp.
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Table 2. The result of COGs database similarity search with 7562 putative ORFs from the S.
chungbukensis DJ77

Number of No hits 4420
Number of No related COG (3 BeTs) 2626
Number of hits found 516
Number of COG Names (Group types) 250
Number of descriptive COG Names (Types of predicted function) 196

The COGs can be employed for annotation of newly-sequenced genomes using the COGnitor program.
This program assigns new proteins to COGs by comparing them to protein sequences from all genomes
included in the COG database and detecting genome-specific best hits (BeTs). When three or more BeTs fall
into the same COG, the query protein is considered a likely new COG member. All putative protein sequences
encoded by 7562 ORFs from our S. chungbukensis DJ77 genome were searched against multiple complete
genomes (49) from COGs database using the COGnitor program. The similarity search result showed that there
were 4420 protein sequences returned no hits and it meant that these protein were not predicted to belong to
any of the currently-defined COGs. Only 516 protein sequences were found to belong to the defined COGs.
These 516 proteins falled into 250 COGs and were annotated with 196 different predicted functions.

Table 3. Functional categories of S. chungbukensis DJ77 genome and Novosphingobium Aromaticivorum
F199 genome using COGs data

Information storage and processing DJ77 F199
Translation, ribosomal structure and biogenesis J 22 156
Transcription K |44 175
DNA replication, recombination and repair L |32 122

Cellular processes
Cell division and chromosome partitioning D |2 24
Posttranslational modification, protein turnover, chaperones O |13 105
Cell envelope biogenesis, outer membrane Mi24 100
Cell motility and secretion N |20 55
Inorganic ion transport and metabolism P |37 172
Signal transduction mechanisms T |25 111

Metabolism
Energy production and conversion C |58 213
Carbohydrate transport and metabolism G |27 119
Amino acid transport and metabolism E |47 167
Nucleotide transport and metabolism F |13 53
Coenzyme metabolism H |18 110

_Lipid metabolism I [41 122
Secondary metabolites biosynthesis, transport and catabolism | Q [ 43 0

Poorly characterized
General function prediction only R |36 97
Function unknown S |14 385
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Each COG consists of proteins that likely share a common function or domain, which in turn has a role in

a given cellular process (or processes).

Efficiency and accuracy of our genomic annotation will be improved in our next phase of the project.
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