


The UC Santa Barbara Center for Bio-Image Informatics provided a summer outreach research
program for undergraduate students and high school students in Biology and Information Tech-
nology. The Center’s mission is to establish a searchable digital library for bio-molecular images
and to develop new information processing technologies for a better understanding of complex bi-
ological processes at the cellular and molecular level. Nine undergraduate students from CSU San
Bernardino, CSU Fresno, University of the Virgin Islands, and UC Santa Barbara participated in
the internship, as well as 2 students from local high schools.

The Summer Undergraduate Research fellows and high school interns interacted with faculty
and graduate student mentors involved in this project. The undergraduates also attended various
trainings designed to develop the specific skills necessary for success at the graduate level. The
participants were involved in cutting edge research in biology, statistics, engineering, and computer
science. Each student completed a research project under the supervision of one of the laboratories
associated with the program. A student was paired with a mentor (a graduate student or postdoc)
who was affiliated with his or her assigned laboratory. The students also interacted with other
students and faculty who were part the project. They attended a weekly workshop on commu-
nication skills, presentations covering both the project and general scientific topics, and weekly
project meetings. Additionally, the students received guidance and information regarding oppor-
tunities in science and how to pursue graduate education. The undergraduates learned to write
scientific abstracts and summaries of their work, designed and created posters for their project,
and produced and presented PowerPoint presentations. The final abstracts were incorporated into
the UCSB Summer Undergraduate Research Colloquium and their posters were displayed at this
campus-wide event. The high school students also produced a final presentation covering their
project. The Bio-Image project held a separate Summer Intern Symposium where the students
presented the work they accomplished to faculty and students.

We would like to extend our appreciation to Dr. Fiona Goodchild, Liu-Yen Kramer, Wendy
Ibsen, Maura Jess, and Trevor Hirst for their advice and support. We would also like to acknowl-
edge and thank the graduate mentors and faculty for providing the research opportunities for the
interns and their supervision. This summer program was supported by the National Science Foun-
dation Information Technology research (ITR) program and Grant No. 0331697. The College of
Engineering, the College of Letters and Science, and the Graduate Division provided additional
funding.
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High Resolution Imaging of Microtubules using DIC and AFM

Elliot Meer, Cell and Developmental Biology, University of California, Santa Barbara
Mentor: Austin Peck
Faculty advisor: Stuart Feinstein, Neuroscience Research Institute

Back in the early 1500’s compound microscopes were just coming into use. The first of such
microscopes had a magnification of about 3x-10x and all images were recorded by hand.” We have
come a long way since then nNow with light and fluorescence microscopy a single protein in a
sea of thousands can be labeled and tracked. Electron microscopes allow us to view objects at
over 1 million times their native size, and with resolution down to the nanometer scale. And
with all of these new advancements in microscopes we have also found new ways of recording the
images. Computers now allow one to simply click and save images of just about anything, including
microtubules.

Microtubules (MTs) play many important roles in the cell including cell structure and transport.
MTSs are composed of 10-15 protofiliaments, which form a hollow tube. These protofiliaments are
in turn made up of alpha and beta monomers of tubulin. Our biggest interest in MTs is how and
why their regulation goes awry. Such malfunctions have been implicated as the causes for many
neurodegenerative diseases. Mis-regulated MAPs are a defining characteristic of Alzheimer’s; “tau
tangles”. The way in which our group imaged these MTs was by Differential Interference Contrast
Microscopy (DIC) and by Atomic Force Microscopy (AFM).

DIC works by using an inverted light microscope, then taking the image that is generated and
computer enhancing it. The principle used to generate this enhanced image is the differences in
refractive indices inherent to the sample being imaged. As light passes through different parts of
the sample the phase of that light is changed. These phase changes can then be converted into
amplitude changes, which can be used to produce contrast.

AFM on the other hand works much light a record player. Topographic images are produced by
responding to minute forces produced between the tip and the sample. This force can be measured
by a laser beam bouncing off the back of a cantilever to which the tip is attached. For a comparison
of these methods, see the Table below:

DIC AFM
Pros | Allows for live MT tracking High Resolution
Can understand MT dynamics High Magnification
Diagnostic before using AFM Native sample environment
Live
Cons | MT can go in/out of focus No Tracking
Need multiple people to confirm results | Not simple to get good images

Several challenges using theses imaging methods are being overcome. Focusing on MTs and
keeping them in focus was almost impossible. This meant when trying to track the Mts, in order to
understand their dynamics, keeping the end of the MT in sight was virtually impossible. However
this does not mean it cannot be done it just means that more time is needed in perfecting our
technique for getting good images.
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The second interpolation implemented is the preferred method for pre-steady state (excess of
tubulin in a microtubule causing primarily growth) microtubules. Since the microtubules are in
this pre-steady state there are few attenuation, and rarely any shortening events, so a piecewise
linear fit can be implemented. This is performed by breaking the time series into two components,
each of which were two “lines” that represent the least squares evaluation of the data most fittingly.
From these two components the data is evaluated with other segments in its respective component
n-1 times and the average of these evaluations returns the best representation of the time series.
The two components are then merged and best fit data is returned to the transformations. Two
components are implemented in the case of attenuation occurring in the pre-steady state time
series. Also, this best fit method removed data errors that may have been assumed to be within
thresholds of the previous interpolation but do not fit the data series as a single unit.

To normalize the time series data frequency extraction is used. This includes Discrete Fourier
Transformation, Discrete Cosine Transformation and Lomb-Scargle Transformation, all three of
which are user selected. These transformations break the time series into components of frequencies
and return the occurrence of frequencies in a series of coefficients. Performing these transformations
aid in relating microtubules by features of growth and shortening and not by the length of time
elapsed in the time series sample. The Lomb-Scargle transformation shows the most consistent
results due to it’s inclusion of a time offset that compensates for uneven sampling, which this
database has a large amount of.

Clustering and tree structures are based on three algorithms-Kmeans, Neighbor Joining (INJ)
and Unweighted Pair Group Method with Arithmetic Mean (UPGMA). NJ and UPGMA use a
distance matrix to compute nearest nodes and group them until only two nodes remain, each
connected by a single branch, while Kmeans uses centroids for its groupings. Centroids for Kmeans
are chosen based upon the number of desired clusters and the microtubules chosen in clustering.
Choosing values for the centroids is accomplished by means of sorting each dimension for the
microtubule dataset and assigning an even interval between the microtubule dimensions related
to the desired amount of clusters. This method creates an imaginary microtubule made up of
dimensions from multiple microtubules, thus, eliminating randomness in assigning centroids and
the possibility of choosing an outlying centroid. After the microtubules are assigned to groups the
centroid dimensions are recomputed by taking the average distance to the centroid dimensions; this
is repeated until clusters maintain the same microtubule groupings over repeated iterations.

Logging is performed for all microtubules evaluated. This data contains all of the operations
performed on the raw microtubules. These logs provide the life history of all microtubules, which
include time intervals that are out of range as well as catastrophes and rescues out of a preset
threshold range for each microtubule. Matlab scripts are also generated that plot the time series
and its extracted coefficients. These Matlab scripts give the user a visual look into the microtubules’
behavior while it was being tracked and can also be used to compare a microtubule to other
microtubules. These logs give the user the ability to manually look up microtubules in the database
and view all operations and analysis performed on a microtubule of choice.

A Graphical User Interface (GUI) has been written that makes all of these features in a simple
and user friendly manner. The GUI consists of study listings that contain condition listings of the
database. These conditions are represented by a scrollable list. Three radio buttons represent which
type of transformation is to be performed and two clickable buttons perform all of the operation
of the program. The first button, “Compute”, collects all microtubules in the user-highlighted list,
performs the specific interpolation on the data depending on which transformation is selected, and
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reattached with increased oxygen (1d+6d02) and 3 day detachment followed by 28 day reattached
with increased oxygen (3d+28dr). To find the most discriminating Vivos between two conditions
(Cy and Cy), first the average of each Vivo for all the images with that condition must be determined.
For example, we would take all the normal condition images and sum up each of their coefficient
values for each Vivo and solve for the average of each Vivo. Next we would calculate the ratio of
the difference squared of each Vivo by the square of their Euclidean distance (Lg), the difference
between points. If m equals the total number of Vivos and C;V;(avg) equals the average of that Vivo
for all the images with a particular condition C; then (Lg) equals Y 1v; \/(C1V;(avg) — C2V;(avg))?.
Next to find the discriminating Vivos we calculate the ratio of (C1V;(avg) — C2V;(avg))?/(L2)2.
The larger this value the stronger the discriminating power is for that Vivo.

Figure 2 shows the most discriminate Vivos by number in order of their discriminating power.
The boxes represent the 9 different conditions. The edges represent the discriminating Vivos.
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Figure 2: Most discriminate VIVOS

Future direction for this project could be to use independent component analysis (ICA) instead
of PCA. Highlighting regions of interest could also be a very useful addition for biologist. This
would highlight a region of an image and bring it to the biologist attention so that they can decide
its usefulness. A graphical user interface (GUI) would also help to make it easier for people to use
the program. A searching algorithm that would allow the user to choose one to several Vivos and
would then display or list all the images that have a high coefficients for the Vivos selected would
also be very useful.

Two useful programs that I wrote in matlab that could be used independent of this are dbget-
table.m and dbputtable.m. Dbgettable.m is a matlab script that can retrieve values from a table
of any size on a psql database. It retrieves all the fields and they can only be of numerical values.
The values are put into a matrix that matlab can use and you can manipulate. Dbputtable does
the reverse, it first empties the table and then put some numerical values back into the table.

One of the main benefits of using the visual vocabulary method is that computers can now
identify meaningful differences of images. Visual vocabulary is not only limited to biological images
but can be applied to any set of images.
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Edge Detection and Feature Extraction of Retinal Images

Alexander David, Computer Science. University of the Virgin Islands
Mentor: Baris Sumengen, Electrical and Computer Engineering
Faculty advisor: B.S. Manjunath, Electrical and Computer Engineering

Analyzing retinal images plays an important role as scientists try to understand and treat retinal
detachment. This is a condition that occurs either because of physical injury or disease, where the
retina becomes detached from the inner wall of the eye. This condition almost always leads to vision
impairment or loss. During detachment the retina under goes a great change in its physical structure
that scientists have dubbed “remodeling”. It is these changes that scientists are trying to better
understand in order to develop new techniques for retinal reattachment and/or diagnosis. This
is where image processing techniques come in handy. Using various image processing techniques,
scientists have been able to study detached retinas in ways that were previously impossible. So
with this in mind, the purpose of our research this summer was to enhance some of the ways that
scientists can study these images. Our goals were to extract a set of features from these retinal
images that can be used for a similarity search and to test a state of the art edge detection algorithm
on our retinal images.

Feature extraction is the process of extracting numerical values from images that can later be
used for image analysis. To extract our features first we set a global threshold for all of our images
in an attempt to enhance the foreground of the image. This process sets all pixel values that are less
than the threshold to zero. Once this is done we separate the image into its connected components
in order to extract features from each connected component. We then computed areas for each
component and removed all components from the image that are less than 20

For the other part of our project we implemented a state of the art edge detection algorithm
on our retinal images. Edge detection is the process of finding the edges within an image in an
attempt to pull out significant objects in that image. Generally this is accomplished as follows:
values are assigned to the pixels in an image and the distances between them are computed using
distance functions like the Euclidean distance. The maxima among these distances are found and
recorded and then all other values besides the maxima are set to zero. The result is an image
consisting of thin lines that represent the edges that the program detected from the image. The
edge detection algorithm that we used this summer is called the Compass Edge Operator. How this
program works is that it overlays a circle (of a user defined radius) onto the image and computes
signatures for each half of the circle. There are different criterions for determining what values
to assign for the signatures but for the program we used, the basis was how much of a certain
pixel value or color was in the half circle. Once it has the signatures for each half, it computes the
distances between these values using the Earth Movers distance. Once this is done, the program
records the maxima, rotates the diameter and then does all of the previous calculations again. It
continues to rotate the diameter until it reaches it original orientation. It records all the maxima
for all the orientations and then it repositions the circle on the image and repeats the calculations.
It continues to move the circle over the image until the entire thing is processed, and once this
is done it returns and image that represents the edge strengths over every orientation. The pixel
brightness in this new image represents how strong the edge is at that point; the brighter the pixel,
the stronger the edge. Once we acquired this image we ran it through an algorithm that performs
non maxima suppression, and so from this program we got the true edges detected by the Compass





















