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Abstract imal mitochondrial and green plant chloroplast genomes.

DOGMA constructs a list of genes from the BLAST output,
Dual Organellar GenoMe Annotator (DOGMA) automates the and graphically displays the list of genes to the user for an-

annotation of extra-nuclear organellar (chloroplast and animal notation. The putative genes are laid out on a number line,
mitochondrial) genomes. Itis a web-based package that allows theand when the gene is selected, a detailed view of the gene’s
use of comparative BLAST searches to identify and annotate genesequence and BLAST hits is displayed. The user can then
in a genome. DOGMA presents a list of putative genes to the userchoose a start and stop codon for each protein coding gene,
in a graphical format for viewing and editing. Annotations are and a begin and end position for each transfer RNA (tRNA)
stored on our password-protected server. Complete annotationsand ribosomal RNA (rRNA) in the genome. Annotations
can be extracted for direct submission to GenBank. Furthermore, are stored on our password-protected server so they can be
intergenic regions of specified length can be extracted, as well asretrieved and edited. When complete, the annotation may
the nucleotide sequences and amino acid sequences of the genesbe retrieved in Sequin format for direct submission to Gen-
URL: http://phylocluster.biosci.utexas.edu/dogma/ Bank. Additionally, intergenic regions of specified length
Keywords: annotation, organelles, chloroplasts, mitochondria. ~ can be extracted, as well as the nucleotide and amino acid

sequences of the genes.
1 Introduction

. 2 Background

The comparison of complete organellar genome se-
quences is becoming increasingly important for reconstruct-  Organelles are membrane-bound structures in the cell
ing the evolutionary relationships of organisms [2, 3, 7, 8], that carry out various functions. Two organelles, chloro-
for studying population structure and history [11], includ- plasts and mitochondria, have circular, double-stranded
ing those of humans [6], for identifying forensic materi- chromosomes with an almost completely known set of
als [10], and for understanding the inheritance of certain hu- 9enes.
man diseases [12]. Identifying and annotating genes is cur-Animal mitochondrial genomes Animal mitochondrial
rently a time consuming and error fraught process and, withgenomes typically are about 15,000 basepairs (bp) in length
the input of high-throughput genome sequencing centers, isand contain 37 genes: 13 protein coding genes, 22 trans-
becoming the rate-limiting step in the production of com- fer RNAs (tRNAs) and 2 ribosomal RNAs (rRNAs) [1].
plete chloroplast and mitochondrial genome sequences. Fofsene content is mostly fixed, though the gene order can be
extra-nuclear organellar genomes, gene content and funchighly rearranged. Duplications or deletions of genes are
tion is largely known, and annotation involves locating and rare, most genes do not overlap (though there are some well-
identifying the set of known genes, and clearly, an auto- identified exceptions), and genes do not contain introns. At
mated and accurate method such as DOGMA is an invalu-the time of writing, there were 467 complete, annotated, an-
able tool. We also may be able to use this program as aimal mitochondrial genomes in GenBank.
model on which to base methods for automating annotationChloroplast genomes Chloroplast genomes, on the other
of other genomes. hand, are usually about 150,000 bp (but can be as long as

DOGMA is a web-based annotation package that takes220,000 bp) and contain 110-130 genes [9]. There are 4
as input a file containing the complete nucleotide sequenceribosomal RNA genes, about 30 transfer RNAs and about
of an animal mitochondrial or chloroplast genome in Fasta 80 protein coding genes. Introns are infrequent in chloro-
format. The genome is BLASTed against our custom plast genomes, occurring Micotianain 20 genes. Chloro-
databases constructed from all the genes from a set of anplast genomes contain 4 distinct regions. Two of the re-



gions (IRA and IRB) involve a large inverted repeat. The to annotate with DOGMA because they can be missed by
other two regions are the large and small single-copy re-BLAST.

gions. In general, gene content and order are highly con-Identifying tRNAS
served [9], although in some groups numerous structural
rearrangements have been identified [4]. Some genes ca
contain large introns or even contain tRNA gendthin the
intron. There are currently 26 complete plant chloroplast
genomes in GenBank and 18 of these are green plants.

In chloroplast genomes, the nu-
cleotide sequences for tRNAs are highly conserved. We
Rave found that sequence similarity is sufficient for detec-
tion of tRNAs in chloroplast genomes. Databases of nu-
cleotide sequences are used for searching with BLAST. The
tRNA databases are divided up based on anticodons and
3 Details several databases may exist for one amino acid if there is

more than one anticodon. In this way, the anticodon of the
Databases We created custom databases for selecti{rnA is annotated for the user.

chioroplagt and all gnimal mitochondrial genomes. Forthe  Transfer RNAs have almost no sequence similarity in an-
animal mitochondrial database, we downloaded the cOM-jma| mitochondrial genomes and therefore, sequence simi-
plete genomes for 243 organisms (the total number in Gen-j4yity is not a sufficient criterion to locate the genes, and
Bank at the time) and extracted the annotated genes to COMg| AST cannot be used. Animal mt tRNAs must be identi-
pile a database for each individual protein coding gene.fied based on conservation of basepairing in the secondary
Each database contains the amino acid sequence for a sp&yrycture. This is a difficult task, but we have found that
cific gene from each of the genomes in which it appears. methods based on hidden Markov models work best [13]
There are databases for each of the 13 protein coding genes;nq poGMA uses COVE [5] to identify sequences and then

plus one for each of the two rRNA genes. uses our own program to fold the putative tRNAs.
For chloroplast genomes, we created the database from o )
16 complete genomes of green plants. They inclade Identifying rRNAs Ribosomal RNAs can be detected

antum Arabidopsis Chlorella, Epifagus Lotus Marchan- thiough BLAST searches for sequence similarity for both
tia, Mesostigma Nephroselmis Nicotiana Oenothera mitochondrial and chloroplast genomes. For mt genomes,
Oryza Pinus Psilotum Spinacia Triticum, and Zea t_he BLAST parallmeters.(such as gap penaity or percentiden-
Database files were created for 98 chloroplast protein cod-lity) mustbe adjusted since there can be significant degrada-
ing genes (with two entries for the each of the trans-spliced 10N in the quality of the match in the middle of the rRNAs.
pieces of rps12). We did not include open reading frames4 \Web-based Display and Editing Tool

(ORFs) in the database, however, hypothetical chloroplast
reading frames (ycfs) were included. There are 4 rRNA nu-
cleotide sequence database files and 35 nucleotide sequen
database files for tRNA genes. Transfer RNA database file
were divided up based on anticodon. Compilation of the
chloroplast gene databases required correcting many error
in the Genbank entries.

The package contains a web-based display and editing
tool (Figure 1). The tool consists of three panels. The main

iddle) panel displays all the genes along a number line.

he genes are color coded by strand and gene type and la-

beled with the gene name. When a gene in the middle panel
s selected, details about that gene appear in the top panel.
DOGMA displays both strands of the genome’s nucleotide
Identifying protein coding genes Protein coding genes sequence, with the translation to amino acids lined up above
are identified in the input genome based upon conservatiorthe nucleotides and the BLAST hits lined up above that.
of sequence similarity with that gene in other genomes in The potential start and stop codons for the gene appear as
the database. The input nucleotide sequence is translatetinks. To choose a stop codon, the user simply clicks on
to amino acids and then BLASTed against the database fothe codon. The taxon names are displayed to the far right
each gene. Various BLAST parameters may be set by theand when clicked, the gene’s amino acid sequence from the
user based upon their data. Once DOGMA has identified database is shown in a separate window. When the gene
the putative protein coding genes, the user must select starhame is clicked, the original blast output is displayed in a
and stop codons for each gene as part of the annotation proseparate window. For annotation of rRNAs and chloroplast
cess. For each gene in the genome, the program displays ttRNAs, DOGMA functions similarly to the protein cod-
the user the nucleotide sequence for the gene from the ining genes, except that nucleotide sequences are displayed
put genome with the translation to amino acids, along with rather than amino acid sequences, and the user chooses the
the amino acid sequences from the BLAST hits. For genesstart and end of the gene. Animal mitochondrial tRNAs are
containing introns, DOGMA will identify exon boundaries notoriously difficult to annotate. DOGMA uses Eddy and
based upon the BLAST output. DOGMA compiles a list of Durbin’s COVE software to identify a list of putative tR-
possible exons for the user to put together in the annotation NAs. When a tRNA is clicked in the middle panel, a list of
This has proven to work quite well, however, genes with the possible tRNAs, with its secondary structure is shown
very small exons (less than 5 amino acids) may be difficult in the top panel. The user can choose the tRNA based on



the quality of the secondary structure folding and its COVE
score.

The bottom panel of DOGMA consists of a set of buttons
for performing different tasks. The user can add or delete
genes, extract intergenic sequences, extract amino acid or
nucleotide sequences for genes, or get a summary of the
genes or extract the Sequin format for direct submission of
an annotation to GenBank.

When a researcher first uses the software, they create a
user id and password which keeps their (perhaps unpub-
lished) data private from other users of the software. Users
may also save and retrieve existing annotations. This is es-
pecially important for annotating chloroplast genomes be-
cause there are so many genes.

5 Future Work

In the future, plant mitochondrial genomes will be added
to DOGMA, as well as private custom databases for in-

dividuals. Researchers only interested in a subset of the;;

database can identify the genomes they are interested in for
comparison. This will also allow people interested in phy-
logenetic reconstruction to identify evolutionary similarity

among genomes in anticipation of alignment of the whole [11]

genomes. It will also allow users to use their own unpub-
lished data for annotation.
Future work also includes adding a feature to identify the

gene order of a genome with respect to another reference[ls]

genome. This will allow the genome to be automatically
added to a phylogenetic reconstruction by gene order.
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Figure 1. The main DOGMA annotation window show-
ing the three panels.





