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Introduction

* Microarray Is a hybridization based
technology used to measure the relative
abundance of mMBNA from two samples

(cancer and normal tissue, bacteries under normal and stressing
conditions)

» Hybridization = matching of pairs of
nucleic acid
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What is it for?

» Used to compare gene expression
under different conditions.

e “Gene expression 1s the entire process that
takes the information contained 1in genes on
DNA and turns that information into
Proteins.” (edtech.clas.pdx.edu)
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How does it work?

Fix in a glass slide samples of cDNA.

Extract mRBNA from the two kinds of
cells you want to analyze.

Label copies of the mRNA from each
sample with different fluorescent dyes.

Pour the two soups onto the glass slide
and leave i1t there for some hours.






How does it work?

* |f the mRNA finds a matching cDNA,
they will hybridize. The more mRNA in a

sample, the more the respective color
will lit.

* The scanner measures the light emitted
by the fluorchrome when excited by a
light at an appropriate wavelength.
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A microarray slide

» |s a small glass slide with about 1”x3”

* The resolution of a typical microarray
image Is about 10um (1000 pixels/cm).

» Each pixel of one channel has 16 bits =
2 bytes (ranges from 0 to 65535)

2 bytes x 2 channels x 2000 x 4000 =
32MB




A microarray slide

* The red channel represents the cy5
(wavelength = 635nm)

* The green channel represents the cy3
(wavelength = 532nm)



Problem definition

» Create a table with the estimated gene
expression of each gene spoted in the
slide automatically and reliably.



Aplication

« We can use the expression data to compare the
behavior of many genes and classify them using
clustering techniques, for example.
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Available solutions

Scanalyze: usually doesn’t find misaligned spots.
SpotFinder(TIGR): subarrays must be placed manually.

Arrayvision: very good on locating misaligned spots; many
options.

UCSF Spot: does everything automatically if the image is
perfect.

Quantarray, F-scan, Dapple, Genepix, Imagene etc.

All of them require user interaction to some level.



Our aim...

* |s to reduce the user interaction, doing the
job automatically and measuring correctly
the relative mRNA concentrations.

» This will make the process cheaper and
faster.

» User interaction makes the segmentation
subjective. Eliminating that, the results may
be more reproducible.



Solution strategy

Manual steps
 Tilt correction (optional)
« Microarray geometry parameter setting

Automatic steps

« Subarray gridding using image profiles
« Spots gridding using image profiles

» Spots detection

« (Gene expression generation



Our software
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Parameter
setting

* |n this window the
user sets
parameters for a
whole family of
arrays

« He can save In a file
for reusing them
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Microarray image segmentation process
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Microarray image segmentation process




A vertical image profile...

IS the sum of the spots values of each image line

Figure Mo. 1: fhomefddantasfscript/imatiabfspots/Zuid/
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The subarray gridding...

Is done by filtering the horizontal and vertical profiles

Figure Ho. 1: /homefddantasfscriptimatiabrspots/Zuid/
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And finally. ..

taking the local minima of the filtered profile

Figure Ho. 1: /homefddantasfscriptimatiabrspots/Zuid/
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the same Is done with...

the horizontal profile. Here the result

Figure Ho. 1: /homefddantasfscript/imatiabfspots/Zuid/
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Spots gridding...

IS done separately for each subarray
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The profile filtering is simpler...

having just one step, and also uses local minima

Figure No. 2: Block 18
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The spots detection step...

IS basically the application of the Watershed operator

= Figure No. 2: Block 18
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To avoid oversegmentation...




The filtered image also gives...

markers that will be used in Watershed

|
=|

|
L]l

File Edit View Insert Tools Window Help

o Equalize histogram |
Color minimd 1]
o e
Color masimum 12417
= — e
W Show Grid |
- spot segmentation contour |
| Spot segmentation interior |
| Segment |




We give as input to the Watershed...

the markers, grid and the filtered image gradient




Here the resulting...

grid in white and spots cortours in light blue
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Segmentation example




Raw data to the gene expression
estimation step

* The raw data of a spot consists on:

— the pixels values of both channels inside its
rectangular region of interest

— which pixels belong to foreground or
backround

* Foreground is the region with spotted
cDNA

« Background is the region without it.



Raw data to the gene expression
estimation step
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Gene expression estimation

» |s to find a value that represents the
relative quantity of mRNA in the two
samples.



Some techniques to estimate
gene expression

 Linear regression or least-squares fit of
the values of pixels in the two channels.
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Some techniques to estimate

gene expression

(ch1i-ch1b) / (ch2i-ch2b) where chXi is the estimated
foreground intensity and chXb is the estimated
backround intensity of channel X.
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Some techniques to estimate
gene expression

 To estimate chXi and chXb we can do:

— mean or median of all pixels in the foreground and
background.

— mean or median of some percentiles in the
foreground and background (fixed region method)

— mean or median of higher percentiles of all the pixels
In the rectangle to estimate chXi and of lower
percentiles to estimate the chXb. Foreground and
background information is ignored (histogram
method)



Some techniques to estimate
gene expression

* In both, fixed region and histogram method, we
look at parts of graphics like this, with the
ordered values of the pixels of both channels.




Some techniques to estimate
gene expression

» This graphic shows the quotient green/red,
obtained by dividing the curves of the last
graphic.
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Validation

* We made controlled experiments to test
the expression estimation techniques.

* The objective of the experiment was to
test how expression was affected by:
— position in the slide
— dilution of cDNA
— length of mMRNA fragments
— being marked with cy3 or cy5



Validation

« We spotted microarrays with 32 blocks, each
block with

6 genes x 5 dilutions x 2 repetitions  +
4 landmarks = 64 spots
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like this and, onto Irf 1 5 1 2 1 10
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Validation

« Here each point is the value of a spot obtained by the fixed region
method. Spots from different dilutions are grouped. The black ones
are from the three bigger mRNA fragments, and the red, from the

three smaller.
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Validation

« And here is the best result, obtained with the histogram method.
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Validation

* Applying the least-squares fit to the data of each
spot, we obtain results like this for the six genes.

Tk gene stddev mean
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Validation

Applying the histogram method to the data of
each spot, we obtain results like this for the six
_ genes.
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Normalization

* The expected expression of the gene IRF
was 1.0 but the expression found was 1.6

« This is due to the physical properties of
the dyes.



Normalization

« When we have a single slide, we must eliminate
the constant k assuming, when appropriate, that

— we can normalize all the spots using the expression
of a housekeeping gene



Normalization

« When we have a single slide, we must eliminate
the constant k assuming, when appropriate, that

— we can normalize all the spots using the expression
of a housekeeping gene

chli—chlb
x=k! )
(ch21—ch2b)



Normalization by swap

» Consists on eliminating the influence of
the dyes properties by using two slides,
and swapping the dye used to label the
MRNA sample.

« Use it if you find the single slide
normalization hypotheses too strong.



Normalization by swap

» Better results can be achieved by doing swap
experiments.

3 (chlis—ch1ba) _ (ch2in—ch2bs) 1

(ch2i.—ch2bs)  (chlis—chlbs) K



Normalization by swap

» Better results can be achieved by doing swap
experiments.

g (chlia —chlba) | (ch21s8 —ch2bs)
(ch21a —ch2ba) (chlis—chlbs)



Normalization by swap

« Using the data obtained by least-sgares fit from

the two slides, the deviations decreases in all

genes.
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Normalization by swap

Using the data obtained by the histogram
method from the two slides, the deviations

_ decreases in all genes too.
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Normalization by swap

* Assuming that the best estimators are the
ones with smaller standard deviation, we
analyzed the resulting standard deviation
of some different ways of choosing the
pixels.



Normalization by swap

« Standard deviations using different values of percentiles
for the foreground and bachground. Histogram method.

Higher foreground

Lower foreground

Higher background

Lower background



Normalization by swap

« Standard deviations using different values of percentiles
for the foreground and bachground. Histogram method.

G44: dilution=2 G45: dilution=10
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Conclusion

« We created an automatic method for segmenting
microarray images and estimating gene
expression.

« The process was validated by controlled
biochemical experiments.

« Some future steps:
— Automatic tilt correction
— Automatic identification of bad spots

— Statistically test if the controlled experiments
represent properly real experiments.

— Automatic choice of the best estimation method
— Assign error bars to expression



