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Evaluating Classifiers

 Divide ~100 images for each class into training set and
test set

 Use the training set to determine rules for the classes
 Use the test set to evaluate performance
 Repeat with different division into training and test
 Evaluate different sets of features chosen as most

discriminative by feature selection methods
 Evaluate different classifiers (NN, SVM, MOE)

2D HeLa Classification
Results

Overall accuracy = 92%

Output of the ClassifierTrue
Clas
s

95100100021Tub
281102120010TfR
001000000000Act
01099000000Nuc
33009200030Mit
010001880100Lam
010200821400Gpp
02000079100Gia
10002000970ER
00000000199DNA

TubTfRActNucMitLamGppGiaERDNA

Human Classification Results

Overall accuracy = 83% (92% for major patterns)

Output of the ClassifierTrue
Clas
s

93030000030Tub
083000300130TfR
001000000000Act
000100000000Nuc
30009600030Mit
020000730600Lam
030000335400Gpp
000033365600Gia
00006300900ER
000000000100DNA

TubTfRActNucMitLamGppGiaERDNA

Computer vs. Human on 2D
HeLa dataset
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3D Morphological Features
(SLF-9)
 28 features, 14 from protein objects

and 14 from their relationship to
corresponding DNA images
 Based on number of objects, object size,

object distance to COF
 Corresponding DNA image required
 A subset of 9 features selected by SDA

forms SLF10

SLF-14
 14 SLF-9 features that do not require DNA

images
 2 Edge features

 Ratio of above threshold pixel along an edge
 Ratio of fluorescence along an edge

 26 3D Haralick texture features
 GLCM built on 13 directions
 One set (13) of mean features and the other set

(13) of range features
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Pixel Resolution and Gray Levels

 Texture features are potentially
influenced by the number of gray levels
and pixel resolution of the image

 Optimization for each image dataset
required

SLF-17
 A feature subset with 7 features

selected from SLF-14 at 256 gray
levels and 0.4 micron pixel resolution
 1 morphological feature
 1 edge feature
 5 texture features

3D HeLa Classification
Results

Overall accuracy = 98%

Output of the ClassifierTrue
Clas
s

98000000020Tub
29600020000TfR
001000000000Act
000100000000Nuc
00209600200Mit
20000954000Lam
00000496000Gpp
000000010000Gia
000000001000ER
00000000298DNA

TubTfRActNucMitLamGppGiaERDNA

Next generation goals
 Have demonstrated

 discrimination of patterns that cannot be
distinguished by visual examination

 discrimination is better with 3D images than
2D images

 New goal is to assign proteins to high-
resolution location categories that are
learned rather than predefined

 New goal: use these methods to classify
images in web sources (e.g., journal
articles)

Clustering by Image Similarity
 SLF features can be used to measure

similarity of protein patterns
 This allows us for the first time to

create a systematic, objective,
framework for describing subcellular
locations

 Ideal for database references
 One way is by creating a Subcellular

Location Tree

Clustering by Image Similarity
 Analyze 3D 3T3 dataset (90 clones obtained

by CD-tagging)
 Use resampling to estimate high confidence

tree structure
 Draw as best-fit pseudo-additive tree
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Flow Chart

Subcellular Location Tree

http://murphylab.web.cmu.edu/services/PSLID/tree.html

Subcellular Location Tree Subcellular Location Tree

Subcellular Location Tree Subcellular Location Tree
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Fundamental issue
 How do we know whether a

particular Subcellular Location Tree
is the correct one?

 Things to vary that change tree
 Clustering method
 Distance function

 Evaluation - objective function

Significance
 Can subdivide clusters by

observing response to drugs,
oncogenes, etc.

 These represent protein location
states

 Base knowledge required for
modeling (systems biology)

 Can be used to identify potential
protein interactions

C. Image Content-based
Retrieval and Interpretation of
Micrographs from On-line
Journal Articles
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al, 2001]

[Murphy et al, 2001; 
 current work]

[Cohen et al, 2003]

[Cohen & Sarawigi, 
2004; Ravikumar &
Cohen, 2004; Cohen et al 
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[Kou et al, 2003]

Overview of SLIF
Control and communication

[Cohen, 2003]

[Kou et al, 2003]
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Overview: Image processing in SLIF
(1)

Segment
into

“panels”

Detect & remove
annotations

Classify
panels

FMI+

FMI+

FMI+

FMI+

Overview: Image processing in SLIF
(2)

Find scalebar and
scale measurement

Figure 1. (A) Single confocal 0-GFP
fusion. ………Bars, 5 m m.Movement
of Coiled Bodies Vol. 10, July 1999…

Rescale image of each cell,
adjust contrast, and compute
subcellular localization
features as if it were an
ordinary microscope image.

Of course, you still don’t know
what it’s an image of…
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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
in SLIF
• 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.

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....

......
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• panel(P14)
• imageType(P14,FMI)
• slfFeatures(P14,SLF14)
• containsProtein(P14,anti-p80-coilin)
• containsCellType(P14,BY2-cells)
• ....

image analysis

Assertions:
FMI+

SLIF DB
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Overview of SLIF
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[Cohen, 2003]
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SLIF DB

External
DBs (GO,)

Panel-Splitting
1) Compute avg
horizontal & vertical
intensity
2) Split at high
contrast narrow
bands
3) Recurse if
necessary

New methods
improve on 74%
precision, 60% recall
of 2001 article

[Murphy et al, BIBE 2001]
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SLIF DB

External
DBs (GO,)

Panel-level processing in SLIF
 Classification: is this a

FMI, or something else?
 97% precision, 92% recall

using gray-level histogram
and K-NN

 Annotation removal:
discard artificial markup
 83% precision, 82% recall

 Scale-finding: find scale
bar and stated size in µm
 76% precision, 50% recall,

improvements being
explored

 Segmentation: where are
the cell boundaries?
 hard! now finessed

[Murphy et al, Proc. BIBE 2001]
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Panel-level processing in SLIF

 Segmentation: where are
the cell boundaries?
 Murphy et al, 2001: explicit

segmentation is difficult
 New approach: encode

localization with features
computed on a field
containing several
different cells

 Are these features equally
predictive?

34.6CenterOf Fluor:

......

3.1objectSizeRatio:

-43.0EulerNumber:

125.0NumObjects:

ValueFeature

[current work, Murphy & Juchang Hua ]

34.6CenterOf Fluor:

......

3.1objectSizeRatio:

-43.0EulerNumber:

125.0NumObjects:

ValueFeature

Cell-level vs field-level features
Cell-level features

[current work, Murphy & Juchang Hua ]

Cell-level vs field-level features
Field-level features—show comparable performance

721000800082Tubulin

468204180004TfR

00980200000Actin

00096000004Mucleolin

20009600002Mitochondria

016002820000LAMP2

000000564400Gpp130

000004266802Giantin

000000001000ER

000000000100DNA

Tubul.TfRActinNucl.Mito.LAMP2GppGiant.ERDNA

[Huang &, Murphy (2004)]
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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

Text Processing in SLIF
• 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.

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

Identify all image pointers:
Substrings that refer to parts
of the image
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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

 Classify image pointers
as citation-style or
bullet-style.

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

Style determines scope:
 - The scope of a bullet-style
image pointer is all words
between it and the next “bullet”

scope of (A)

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

Style determines scope:
 - The scope of a bullet-style
image pointer is all words
between it and the next “bullet”
 - The scope of a citation-style
image pointer is some set of
words nearby it (heuristically
determined by separating words and
punctuation)
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