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What is a digital Image?

Many measurements of photon flux
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Bit depth and dynamic range

Nr. bits CIE

1 2 _ Binary Image
2 4

— Grayscale
4 16 D mages
8 256 - 1-byte
12 4096 N 2-bytes
16 65536 B




Bit-depth and resolution










Mapping values onto display:

Brightness/contrast
=Y =Y

Slope = contrast Brightness






Gamma adjustment




What are acceptable image
manipulations?

JCB has the best guidelines

Brightness and contrast adjustments ok, so long
as done over whole image and don’t obscure or
eliminate background

Nonlinear adjustments (like gamma) must be
disclosed

Controls should be treated the same as
e



Lookup Tables (LUTs)




Lookup Tables (LUTs)
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Lookup Tables (LUTSs)




olor Images N

25500
255 214 137 0 255

25500 249 255

0 93 255
255 134 93
0 0 214 137
93 255 0 249

139 93 231
0 0 185
185 255 0
0 0 0







File Formats

Data sets can be big:

1392x1040x2 = 2.8MB
3-channels, 15 image z-stack, 200 time points:  —————— COm pr‘eSSion

2.8 %3 *15 *200=25.2GB
Original data can be restored ;/mose original data!

Losless versus Lossy

i -

None (raw) Discards data not

Run-length encoding essential for visual
Dictionary approaches, etc.. dppe€arance




File Formats

Desired: There are many!
Widely used
No compression (or losless) OME-TIFF

Works with 16-bit

The swiss pocket knife for microscopy image data format:
Bioformats:

Often good:

Tiff: Container format, supports 16-bit and no
compression, stacks

Often useful:
ics/ids, JPEG2000, nd2, zvi, Ism: Less widely

used/proprietary

Sometimes useful:

JPEG (bad!), GIF, Png, BMP (although no or losless
compression, 8-bit only)



Software Tools

Acquisition
+ Analysis
NIS Elements
AxioVision
MetaMorph :
e Presentation Analysis
Slidebook ®Photoshop e patlab
many more... ®*Gimp °|DL
i ®* Imagel (free, many
plugins)

® Priism (Agard/Sedat labs)
http://msg.ucsf.edu/IVE/

®Ce ofiler.org






Why smooth?

If your image is sampled appropriately (at Nyquist) the point
spread function will be spread out over multiple pixels

Properly exploiting this redundancy requires deconvolution
But smoothing helps

Also reduces single pixel noise artifacts that can't be real
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Measured PSF Gaussian Filter




Why smooth?

Ise

Averages redundancy and suppresses no
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Other Filters
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Original Horizontal edge detection




Other Filters

Unsharp Masking
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Non-linear Filters

® Replace central pixel with min, max,
median

® Median filter is a good noise filter, at the
expense of resolution
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High-throughput Imaging

Example: Whole genome RNAI screen in Drosophila S2 cells
for genes involved in mitotic spindle assembly

What are the molecules and molecular interactions that
build the metaphase spindle?
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Image-Based Approach for Identifying Spindle
Defects Generated by RNAI

y-Tubulin Intensity

-

Overall Shape

Pole Number/
Position

Chromosome Alignment

14,400 Genes and
4,000,000 Spindles Analyzed in this Screen



High-throughput RNAI Screen
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1. Full Fly Genome
dsRNA Library:

LT

Drosophila Genomic DNA

Annotated Drosophila
Ganome

ATG...
—|
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pre-RNAi construct

— —

T7
—

TN

T7

Primer design to
single exon
{(Amplimer range 300-800 bp)

|

Primer synthesis

|

Amplimers Generated

|

T7 primers utilized e
for second amplification

RMNAI construct



High-throughput RNAI Screen

2. Treat S2 Cells with dsRNA
for 4 days

96-well, plastic dish x 146
(each well has dsRNA for one gene)

+ APC dsRNA to
induce metaphase arrest






High-throughput RNAI Screen

3. High-throughput Microscopy Images

30-70 sites
8-bit BMP!
~25GB/plate
4TB total







High-throughput RNAI Screen

4. Automatic detection of metaphase cells







Example

Control Monopolar spindle (Kinesin-5/Klp61F)
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Workflow

Automated microscope
valecrunch.ucsf.edu

Database
EyetorixUl \valebupz.ucsf.edu

Matlab Analysis Matlab Analysis

// Backup

valelab.ucsf.edu
8-bit conversion - storage
phplabware - PostgreSQL



Vale Lab Screen Data Base

(http://rnai.ucsf.edu)

= i & s

fivailab wcsfedu/phplabware igeneral phoTabhsname = mitos pind ke Smd = Sviewsd = 6581 portlinks = Sne poroutputes L&num_p_rs 4+ « 36&search) = Stitht = Esyme= Scge&plates | 29 &row= Scolumnplate=Smakprobe s Srepeatss &t v Gl o

PhpLabWare version 0.6

==l inks== = -=Natahases-- | ==Sustom-—- =
Add Record Naow Viewing Table: MitoSpindleScreen (to edit moda) View: | r.n._hr_q —;_ Edit views Import Data
Report: [—__Remarte——— = Sendto: * screen ¢ file Edit reports 95 Records found. Showing 1 through 95. | 96 Records per page
. “:;Lﬁé}_lc reset .ﬁuﬂig&gracsm
| [ | 129 r : [ [ CTE | 5} [ —Clear I~ gtub area | | Search | ||
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y ; Glear long spindles Lar?%fgé?dle : .
Spe25? -GG CGET242 7242 129 A T probe info Repeat 112.86 9.14% Yes Na iﬂ:ﬂgﬁs::nd le high circ2num Misalign - 123 E = 2 X
E.1=salign - Clear Clear
CGi43a4 14384 129 A 8 probe info 96.90 5.95% Mo Mo 12 = X
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1 10195 9.90% 22X
I 8976 B.88% o 2 X
E 7193 7.55% 52X
T e A7 .88 8.51% =X
— 74.88 9.70% D 2X
probe info 7607 11.86% =
Ravus 12003 = w ] probe info 7760 T46% = 2 X
ol SuandT 8509 129 & 2 probeinfo 81.07 7.40% 5 2 X
CG15888 15888 129 c 3 probe info B2.71 6.30% =5 £ ST
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Done valtlab.uest edu 1
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