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What is an Annotation?







>Smg5
MEVTFSSGGSSNASSECAIDGGTNRCRGL
EPNNGTCILSQEVKDLYRSLYTASKQLDD
AKRNVQSVGQLFQHEIEEKRSLLVQLCKQ
IIFKDYQSVGKKVREVMWRRGYYEFIAFV
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>Smg5
MEVTFSSGGSSNASSECAIDGGTNRCRGL
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Incorrect annotations poison every experiment 
that uses them!!

FAILURE



MAKER
an annotation pipeline and genome-database management 
tool for second-generation genome projects



User 
Requirements:

Can be run by a single individual with little bioinformatics 
experience

System 
Requirements:

Can run on laptop or desktop computers (running Linux or 
Mac OS X)

Program 
Output:

Output is compatible with popular annotation tools like 
Apollo, GBrowse, and JBrowse

Availability: Free open source application (for the academic community)
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*

*Quantitative Measures for the Management and Comparison of Annotated Genomes 
Karen Eilbeck , Barry Moore , Carson Holt  and Mark Yandell BMC Bioinformatics 2009
10:67doi:10.1186/1471-2105-10-67
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*Quantitative Measures for the Management and Comparison of Annotated Genomes 
Karen Eilbeck , Barry Moore , Carson Holt  and Mark Yandell BMC Bioinformatics 2009
10:67doi:10.1186/1471-2105-10-67



genome assembly

*Cantarel BL, Korf I, Robb SMC, Parra G, Ross E, Moore B, Holt C, Sanchez Alvarado 
A, Yandell M: MAKER: An easy-to-use annotation pipeline designed for emerging 
model organism genomes. Genome Res 2008, 18:188-196.







• Supports Message Passing 
Interface (MPI), a 
communication protocol 
for computer clusters 
which essentially allows 
multiple computers to act 
like a single powerful 
machine.
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Annotation of the Zea mays Genome





23 Gigabase pine genome 
annotated in 14 hours* on 

8,000 CPUs at TACC

*37 hours with queue time



Next Generation of 
Genomics
“Second-generation ” genome projects have different needs 
and characteristics than earlier works.



First-generation genomes:

• Classic experimental systems

• Large community

• Big $

• Much prior knowledge about genome





*nGASP - the nematode genome annotation assessment project  Avril Coghlan , Tristan J 
Fiedler , Sheldon J McKay ,Paul Flicek , Todd W Harris , Darin Blasiar , The nGASP Consortium  
and Lincoln D Stein BMC Bioinformatics 2008, 9:549doi:10.1186/1471-2105-9-549

With enough training data, ab initio gene predictors 
can match or even out-perform annotation pipelines*



Second-generation genomes:

• New experimental systems
– Genome will be the central resource for research

• Little prior knowledge about genome
– Usually no genetics

• Small communities

• Less $



68% Contain Pfam Domain 6% Contain Pfam Domain 52% Contain Pfam Domain

















• Quality control and data prioritization

• Update/revise legacy annotation sets

• Integrating new evidence into existing 
databases



Specificity
Model

Reference

Sensitivity

Reference

Model

= 1.00

= 0.50





*Quantitative Measures for the Management and Comparison of Annotated Genomes 
Karen Eilbeck , Barry Moore , Carson Holt  and Mark Yandell BMC Bioinformatics 2009
10:67doi:10.1186/1471-2105-10-67



*Quantitative Measures for the Management and Comparison of Annotated Genomes 
Karen Eilbeck , Barry Moore , Carson Holt  and Mark Yandell BMC Bioinformatics 2009
10:67doi:10.1186/1471-2105-10-67

AED = 1 -
(SN + SP)_______

2





TAIR Star Rating System
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Legacy Annotation Set 1 Legacy Annotation Set 2 Legacy Annotation Set n

new data

• Identify legacy annotation most consistent with new data
• Automatically revise it in light of new data
• If no existing annotation, create new one

current assembly
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¨ MAKER
¡ 2008. Based on earlier annotation pipelines developed by Mark Yandell

¨ MAKER 2 / MAKER-P
¡ 2011. Introduction of MPI parallelization, support for multiple gene predictors, 

GFF3 pass-through, and quality metrics like AED (Annotation Edit Distance) 
from the Sequence Ontology consortium.

¡ 2015. Support for tRNA and snoRNA annotation. Improved parallelization on 
large plant genomes.

¨ MAKER 3
¡ 2016. EVM (Evidence Modeler) support for improved annotation and user 

defined evidence probability weighting.



http://www.yandell-lab.org/





















MAKER Wiki

http://weatherby.genetics.utah.edu/MAKER/wiki

http://weatherby.genetics.utah.edu/MAKER/wiki
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