Validation of automated subcellular tracking tool for kinetic image analysis
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Introduction
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Tab 4. Parameters used for
PolyParticleTracker in Matlab

The matching scoring model is different with the tracking states
Idle: TScore, = Flash(V;0,0,R.)
Directional: TScure, = Fldsh(\7'V V. R

av’ ' ‘direction )

composed of massive images. However, these tools are generally difficult to
adopt in broad lab settings and are often application specific and limiting. We
have reported in last meeting about development of a robust and flexible tracking
method called “soft tracking” that can be taught to handle challenging tracking
applications.

Tab 3. Parameters used for Metamorph
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Diffusion: TScore, = Flash(V; O 0, Rd|ffu5|on)

Default:TScore,, —max Flash(\/ V,,, defau,t) Flash(V /:0,0,R Olefault)

The objective of this study is to Here we validate the automated subcellular The results in (sensitivity, error) show our soft tracking tool had superior

tracking performance of our soft tracking tool'? by comparing with multiple performance overall (0.7184+0.033, 0.052+0.003), followed by Imaris
conventional benchmark software including Image J (PTA Plugin), Matlab, Imaris (0.475+0.037, 0.154+0.006), and Imaged PTA (0.398+0.037, 0.171+0.006).
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Fig 4. The matching score model Flash(a,b,c,d) is a flash light like distribution
which is a function of velocity

Fig 7. Bar charts showing (A) tracking sensitivity and (B) tracking errors for

Fig 6. Benchmark movies (A) rotating golf ball and (B) its soft tracking track overlay; SVCell (soft tracking) and the benchmark software

(C) Birds and (D) its soft tracking track overlay; (E) Fishes and (F) its soft tracking
track overlay; (G) COS7 cell with soft tracking track overlay (different tracking states Sensitivity Comparison

colored differently); (H) MT tips with soft tracking track overlay; (I) A synthetic movie 12 - L
with soft tracking track overlay. 1] |
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Fig 1. Teachable subcellular tracking architecture consists of a preprocessing step, a soft

tracking step and a kinetic characterization step. It is implemented in svcell™. Input elllpse_. Th_e maj_or S IMIES BRES O /s Stu dy Truth o0 ot

movie(s) are pre-processed to generate confidence movies. The high confidence regions the ellipse Is estlmate_d for _each track; ' o4 03 - '

are then detected. The morphology, kinetic and object states are considered to produce (A) Example track trajectories and (B) Study truth tracks were created manually and independently verified. 02 { o | RN A=Y _/./'/\.&,

track candidates and to match objects into track segments. The soft tracking and kinetic their track zone of influence e 1 s e e e ha e Quiq'::?
characterization can be taught by a tracking teaching step to generate tracking recipe that measures. Track zone of influence Benchmark Software E T EEE \?s»@&iﬁ*"’i&bi&‘bj&é’;@% Ty G
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refines tracks(C) Remove short
trajectories (D)Append new object to
near by trajectory that terminated at
previous frame (E) Detect Association
and Disassociation states

can be applied to multiple input movies for kinetic high content screening.
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Benchmark software includes
Imaris 7.1,
Imaged plug-in Particle Track and Analysis (PTA),
PolyParticleTracker (Matlab)

~ o — Metamorph

Test Metrics
E Test metrics include average tracking sensitivity and track error rate.

PolyParticleTracker

Fig 8. Individual movie performance plots for (A) tracking sensitivity and (B)
tracking errors for SVCell (soft tracking) and the benchmark software

Conclusion

The results indicate that our soft tracking tool could support subcellular
tracking for comprehensive quantification of biological events.
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3 Average track error: No. of tracks having > 10% incorrect tracking time

Disassociation points over the entire time divided by the total number of tracks

Average matching tracking sensitivity: For each truth trajectories, no. of
objects in the detected tracks having > 80% overlay with the truth
trajectories divided by all objects in the truth trajectories

Benchmark Software Parameters

Study Materials and Methods
Study Data Set

Fig 2. Pre-processing generates a high confidence map using teachable soft
matching3# (A) an image frame from the study movie. (B) the confidence map of the
frame.

State Based Soft Tracking Study data includes three sets of benchmark movies The parameters for each benchmark software are adjusted to optimize their 3. Alworth SV, Oh S, Cheng Y, Lee JSJ. 2007/. Learnable analysis
A. 6 public movies used for benchmark of some §pecialized particle tracking image Name symtic 1 [ theic2 [ synheic3 | Bal/is | ndosome [ T o atevame | s | rosae | | et [ module for subcellular, time lapse microscopy assays. Poster
Fig 3. State based soft tracking method software®. The complete sequences, along with the tracking results, can (Algorith presented at the 2007 Society for Neuroscience conference in San
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matched next, reducing the chance that B. 4 movies of COS7 cell expressing GFP in endosome with systematically [Tracking] Note that Ball. Bird and Fish
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a moving object is confused with a reduced temporal sampling rates; oten b were tracked using SVCell
stationary object. C. A movie containing microtubule (MT) tips transition through “growth”, “pause” b s 10 10 il - ~| confidence image AC k n OWI ed g ments
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Diffusion motion” objects are and shrlr_1k phases. _It IS challenging to track as the MT-tips lose contrast This research was supported in part by grant no. 5R44GMO077774-04 from
processed last or even disappear during pause phase. Tab 1. Parameters to reproduce Imaris results. Note: Imaris could not run
the NIGMS

original Bird and Fish files. We had to create the confidence image in which the
Background is dark and the object of interest is bright




