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MAKER: An easy-to-use annotation pipeline
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We have developed a portable and easily configurable genome annotation pipeline called MAKER. Its purpose is to
allow investigators to independently annotate eukaryotic genomes and create genome databases. MAKER identifies
repeats, aligns ESTs and proteins to a genome, produces ab initio gene predictions, and automatically synthesizes
these data into gene annotations having evidence-based quality indices. MAKER is also easily trainable: Outputs of
preliminary runs are used to automatically retrain its gene-prediction algorithm, producing higher-quality
gene-models on subsequent runs. MAKER’s inputs are minimal, and its outputs can be used to create a GMOD
database. Its outputs can also be viewed in the Apollo Genome browser; this feature of MAKER provides an easy
means to annotate, view, and edit individual contigs and BACs without the overhead of a database. As proof of
principle, we have used MAKER to annotate the genome of the planarian Schmidtea mediterranea and to create a new
genome database, SmedGD. We have also compared MAKER’s performance to other published annotation pipelines.
Our results demonstrate that MAKER provides a simple and effective means to convert a genome sequence into a
community-accessible genome database. MAKER should prove especially useful for emerging model organism
genome projects for which extensive bioinformatics resources may not be readily available.

[Supplemental material is available online at www.genome.org.]

Genome annotation, not genome sequencing, is becoming the
bottleneck in genomics today. New genomes are being se-
quenced at a far faster rate than they are being annotated. As of
2007, there are 126 completely sequenced, but unpublished ge-
nomes, and the backlog of unpublished and unannotated ge-
nomes continues to grow (Liolios et al. 2006). Eukaryotic ge-
nomes are particularly at risk as their large size and intron-
containing genes make them difficult substrates for annotation.
There are currently more than ∼800 Eukaryotic genome projects
under way (Liolios et al. 2006). Many of them belong to emerging
model organisms (http://grants.nih.gov/grants/guide/pa-files/
PA-04-135.html), and are represented by relatively small research
communities. Annotating these genomes and distributing the
results for the benefit of the larger biomedical community is
proving difficult for many of these communities, as they often
lack bioinformatics experience. One solution to this problem is
to outsource the annotation to one of the major annotation da-
tabases such as Ensembl (Stabenau et al. 2004) or VectorBase
(Lawson et al. 2007). This has proven a fruitful strategy for several
groups (c.f. VectorBase), but the numbers of sequenced genomes
far exceeds the capacity and the stated purview of these projects;
Ensembl, e.g., is restricted to vertebrate genomes and VectorBase
to insect vectors of human disease.

In an attempt to ameliorate this problem, many sequencing
centers, data repositories, and model organism databases make
their annotation software available to the public (http://www.

broad.mit.edu/tools/software.html; http://www.tigr.org/
software/genefinding.shtml) (Stabenau et al. 2004). However this
is not their primary mission, and they usually only make subsets
of their internal systems available—and these generally require
significant in-house bioinformatics support (Lawson et al. 2007).
Thus, despite the best efforts of the bioinformatics community,
large numbers of unannotated genomes continue to accumulate,
underscoring an urgent need for simpler, more portable annota-
tion pipelines.

Developing an easy-to-use annotation pipeline imposes sev-
eral design constraints. First, it must be easy to configure and run,
requiring minimal bioinformatics and computer resources. In
other words, external executables and software need to be mini-
mal, and installation must be routine, even for users with only
rudimentary UNIX skills. Second, an easy-to-use pipeline must
also provide both a compute and an annotation engine. In prac-
tical terms, it must be able to identify repeats, to align ESTs and
proteins to the genome, and to automatically synthesize these
data into feature-rich gene annotations, including alternative
splicing and UTRs, as well as attributes such as evidence trails,
and confidence measures. Third, every genome is different and
an easy-to-use annotation pipeline must be, therefore, easily con-
figurable and trainable. If not, the evidence gathered by the com-
pute pipeline will be of poor quality, and the annotation process
will be compromised.

Another essential feature of an easy-to-use annotation pipe-
line is that its output formats must be both comprehensive and
database ready. This task has been simplified by the Generic
Model Organism Database (GMOD) project (http://www.gmod.
org), which provides a generic genome database schema and ge-
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