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Ultimate Goal of the field 
  Machine understanding of biological 

journal articles (text and image) 
  Criteria for success:  Turing test - have 

machine be able to answer questions 
about an article as well as a human 
scientist  



Intermediate Goal 
  Extract information from combination of 

text and any kind of image in biological 
journal article 

  Criteria for success:  Achieve high 
precision and recall for extracted 
assertions (compared to expert 
scientist) 



Immediate Goal (SLIF) 
  Extract information about subcellular 

location from captions and figures 
containing fluorescence microscope 
images in biological journal articles 

  Criteria for success:  Achieve high 
precision and recall for extracted 
assertions (compared to expert 
scientist) 



State of art: Bio Journal 
Information Extraction 
  A number of systems to index literature 

via extracted terms 
  A few systems to index image content in 

literature 
  A few systems for document 

classification 
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Overview: Image processing tasks 
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Figure 1. (A) Single confocal optical section of BY-2 cells expressing U2B 0-GFP,  
double labeled with GFP (left panel) and autoantibody against p80 coilin (right panel). 
Three nuclei are shown, and the bright GFP spots colocalize with bright foci of anti-
coilin labeling. There is some labeling of the cytoplasm by anti-p80 coilin. (B) Single 
confocal optical section of BY-2 cells expressing U2B 0 -GFP, double labeled with GFP 
(left panel) and 4G3 antibody (right panel). Three nuclei are  shown. Most coiled bodies 
are in the nucleoplasm, but occasionally are seen in the nucleolus (arrows). All coiled 
bodies that contain U2B 0 also express the U2B 0-GFP fusion. Bars, 5 m m. Movement 
of Coiled Bodies Vol. 10, July 1999 2299  

Overview: Text processing 
tasks 
•  Find entity names in text, and panel 
labels in text and the image. 

•  Match panels labels in text to panel 
labels on the image. 

•  Associate entity names to textual 
panel labels using scoping rules. 
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Linking to SLIF from another 
website 
  Queries against the database can be made 

from outside the website using http://
slif.cbi.cmu.edu/PMC/search.jsp?arguments 

  The arguments are: 
  protein=<protein name> 
  level=figure OR level=panel  
  type=FMI (NOTE that BOTH level and type must 

be present if either is present) 
  pixel_size_lo=<lower bound> 
  pixel_size_hi=<upper bound> (NOTE that both 

upper and lower bounds must be specified) 
  location=<subcellular location>  



SOAP interface - query DTD 
<!ELEMENT slif_query 
 (protein_name, 
  fmi_level, 
  pixel_res_lower_bound, 
  pixel_res_upper_bound, 
  subcellular_location)> 
<!ELEMENT protein_name (#PCDATA)> 
<!ELEMENT fmi_level EMPTY> 
<!ATTLIST fmi_level figure_or_panel (figure|panel) 

#REQUIRED> 
<!ELEMENT pixel_res_lower_bound (#PCDATA)> 
<!ELEMENT pixel_res_upper_bound (#PCDATA)> 
<!ELEMENT subcellular_location (#PCDATA)> 



SLIF web client 



SLIF web client options 
  -gui  launches GUI search utility 
  -p   protein name 
  -il   image level (figure or panel) 
  -go  GO location 
  -hr  highest image resolution 
  -lr   lowest image resolution 
  -id   article id 
  -w   words in caption 



java -jar SLIFPMCSearch.jar -lr 0.2 –
hr 2.0 -il panel 

<?xml version="1.0"?> 
<!DOCTYPE slif_query_results SYSTEM "http://slif.cbi.cmu.edu/

slif_result.dtd"> 
<slif_query_response> 
<query> 
<fmi_level>panel</fmi_level> 
<scale>0.2,2.0,</scale> 
</query> 
<result_summary> 
<num_records>8202</num_records> 
</result_summary> 
<query_results> 

<slif_result> 
<caption> 
… 



java -jar SLIFPMCSearch.jar -lr 0.2 –
hr 2.0 -il panel 

<slif_result> 
<caption>notch and delta gene expression in zebrafish …</

caption> 
<figure_url>p005-paper/paper4439-figure/figure0001-

image_box.jpg</figure_url> 
<panel_url>p005-paper/paper4439-figure/figure0001-panel/

panel_6_green-image.jpg</panel_url> 
<protein_name>n1b</protein_name> 
<cell_name>N/A</cell_name> 
<subcellular_location>Endosome</subcellular_location> 
<pixel_resolution>1.6</pixel_resolution> 
</slif_result> 



java -jar SLIFPMCSearch.jar –p 
cadherin –il panel 

<?xml version="1.0"?> 
<!DOCTYPE slif_query_results SYSTEM "http://slif.cbi.cmu.edu/

slif_result.dtd"> 
<slif_query_response> 
<query> 
<protein>cadherin,</protein> 
<fmi_level>panel</fmi_level> 
</query> 
<result_summary> 
<num_records>8</num_records> 
</result_summary> 
<query_results> 

<slif_result> 



Summary 
  Complex pipeline for parsing figure and

 caption pairs 
  Web pages to provide interactive

 access to results of analysis 
  Web service for programmatic access 
  Work continues… 



Acknowlegments 

William Cohen Eric Xing 

Past:  
        Meel Velliste, Greg Porreca, Zhenzhen Kou, Juchang Hua 
Current: 
        Amr Ahmed, Andrew Arnold, Luis Coelho, Saboor Sheikh 

Commonwealth of Pennsylvania 
Tobacco Settlement Funds 

NIH R01 GM078622 


