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   Figure 1. Document triage and annotation in a biomedical database!�Document triage decides whether 
a document is relevant for annotation. Triage is task specific. Annotation extracts different types of information in 
different tasks. The supported information plus the link to the original document are stored into a biomedical 
database. 
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   Figure 2. A sample document [13] viewed through the MGI database. �The top of the screen shot 
shows four different identifiers for this document, including PubMed ID 122351215 and J number J:79002. Next, title 
and abstract are shown. The Additional Information at the bottom shows that this document provides evidence for 
annotation of 4 genes and 8 sequences.  Details for one of these genes are shown in Figure 3. The screen shot was 
taken directly from the MGI’s web site (http://www.informatics.jax.org/) in December 2005. 



�
    Figure 3. Details for gene Tcf7, one of the four genes mentioned in Figure 2.��The screen shot shows 
some of the attributes of gene Tcf7, including synonyms, genetic map, sequence map, Gene Ontology (GO) 
classifications, references and other accession IDs. There are 9 GO annotations in total. Details are shown in Figure 
4. The screen shot was taken directly from the MGI’s web site (http://www.informatics.jax.org/) in December 2005. 
 
 

�
Figure 4. GO annotations for gene Tcf7.� � The screen shot taken directly from the MGI’s web site 

(http://www.informatics.jax.org/) shows that each GO annotation has a GO classification term, an evidence code, and 
reference IDs. Six of the nine GO annotations shown in this figure use the reference "J:79002".  This refers to the 
sample document shown in Figure 2. Evidence code “IDA” stands for “inferred from direct assay”, and “IEA” stands 
for “inferred from electronic annotation”. 
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   Figure 5. Typical images from ten defined classes based on sub-cellular localization of 3-D HeLa 
cell image collection (reproduced from [22] by permission of the author).� We can see the images from 
different sub-cellular locations are visually distinct. Fluorescence microscopy images convey important information 
about the location and behavior of proteins, as well as many details of protein-protein interactions. They are 
important tools for cellular research. �
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�
   Figure 6. Preprocessing of figures in a sample input document. The document (PubMed Identifier 
12235125 [13]) has nine pages and six figures. We extract all the figures from the document and save as image 
formats, such as JPEG, or GIF. One of the extracted figures is shown enlarged.  Figure segmentation is based on 
Connected Components (CCs) analysis. Subfigures are extracted from each figure. The CCs whose bounding box 
areas are too small are discarded since they are most likely characters used to label figures.  Subfigure classification 
uses a hierarchical classification scheme defined in Figure 8.  
�
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�
   Figure 7. A sample figure and corresponding captions reproduced from the article [13] shown in 
Figure 6.�The figure has mixed types of subfigures. There are challenges in extracting subfigures, and associating 
each subfigure with corresponding captions.  
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Figure 8. A hierarchical image classification scheme.� A sample image for each class is given. More 
samples for each class are provided in Appendix B. At the first level, images are classified into Graphical and 
Experimental images. Other types of images found in publications include photographs of people, pictures of mice, 
etc. In our current work, we manually pre-filter the extracted subfigures to remove such Other images. At the second 
level, Experimental images are classified into Fluorescence Microscopy, Gel Electrophoresis, and Other Microscopy 
images. Graphical images are classified into Line Charts, Bar Charts, and Diagrams. In our experiments, Graphical 
images are not classified further; we focus on classification of Experimental images into Gel, Fluorescence, and 
Other Microscopy images. 
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Table 1.�The distribution of positive and 
negative documents in the training and test 
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Table 2.  Classification results, using the evaluation metrics from [6].� �Results from the TREC 2004 
Triage runs are shown for an informal comparison. Due to the efforts involved in obtaining figure images, we only 
used a fraction of the test and training documents used in the TREC Triage task. Our testing used 34 positive and 
325 negative documents, whereas the TREC 2004 Triage testing used 420 positive and 5623 negative documents.  
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Figure A.1.�The result of searching an article citation from PubMed (http://www.ncbi.nlm.nih.gov/entrez/ 
query.fcgi). The sample article with PMID 12235125 is retrieved, in response to the user typing 12235125. PubMed 
provides a link to the full-text article.�
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   Figure A.2. Keywords and abstract information available in MEDLINE for a sample PubMed 
article. The article with PMID 12235125, is also shown in Figure A.1. The MeSH terms are in bold font in the 
second column.  
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Figure A.3. Samples of hierarchical structures of MeSH. The screen shot was taken from the National 

Library of Medicine's MeSH browser (http://www.nlm.nih.gov/mesh). 
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   Figure A.4. An example of the hierarchical structure of GO annotations with regard to molecular 
function. �Here, 762 genes in the MGI databases are annotated (once or several times) with GO code GO:0003700 
(transcription factor activity); each annotation has an evidence code with reference to a publication or other source of 
evidence.� � The screen shot was taken from the MGI’s Gene Ontology browser (http://www.informatics.jax.org 
/searches/GO.cgi?id=GO:0003700). 
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Figure B.1. Samples of Line Chart 

 



 
Figure B.2. Samples of Bar Chart 

 

 
Figure B.3. Samples of Diagram 

 



 
Figure B.4. Samples of Gel 

 

 
Figure B.5. Samples of Fluorescence Microscopy 

 



 
Figure B.6. Samples of Other Microscopy 

 


