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Introduction 10
120 - B T = 20/30 Table.1. Z factors base_d cluster comparison using T for
Automated quantitative analysis of live cell assays with complex endpoints, such as the 138 1 = 25 two simulated populations
vesicle rec;_/cllng assay who_se gndpomts are re.vealed ovgr_tlme, could prowde.a powerful 50 - 20/30 | 20/30(L) | 20/30(L) | 25(L) | 20/30(H)
tool for basic research applications. However, it can be difficult to see subtle differences 40 Vs ve vs vs Ve
betweet?I as?ayr/]testtand ctc;]nttrol pop;)ulationds: 'I;Ee pc.>ptulations themselves may contain an 287 LT D 25 [20/30(H) | 25(H) 25(H) 25(L)
ensemoie Ol pnenotypes that are obscuread In the mixture. 15 18 21 24 27 30 33 36 39 42 V4
factor -53.24 | 0.6889 0.4709 | -5.0299 | 0.0892
We have previously developed robust image and data analysis'? methods that can Fig. 3. Histogram of individual object T for
automatically assay the exocytotic recycling of synaptic vesicles labeled with fluorescent two simulated populations
FM dyes in time-lapse microscopy images. In this study, we evaluated a novel discovery 5.0% | A
framework that could reveal the subtle spatial-temporal phenotypic differences, if any, Real Image Results 4.0% - I GFP
between assay populations. Our results show that the tool can provide an effective way to The 8 images consist of 4 pairs, each pair has an APP ' I App
uncover subpopulations containing distinctive characteristics in the image data. and a GFP image. The Z factors across different 3.0% 7
groups of populations are calculated for the 4 pairs 2.0% -
MethOdS combined, and each pair individually are listed in table
300,000 - 2. The Z factors show no distinctive difference across 1.0% -
groups for the combined populations, the 121305a-c
250,000 1 pair and the 121505¢-a pair. The Z factors show 0.0% =~ 1
possible characteristic differences for the 031506a-g 0 10 20 30 40 50 €0 70 80
200,000 pair and the 031906a-e pair. Fig. 4 shows the 7.0% 1
empirical t distribution for the combined pair data and 6.0% -
150,007 the 031506a-g pair. Fig. 4(A) shows that the APP and 5.0% -
100000 b GFP distributions are highly overlapped for the 4.0% -
C ' combined pair. Fig. 4(B) shows that there is a sub- 3.0% -
group of GFP objects with significantly lower t values. 20% -
530,000 - .. .
450,000 - T.he empirical data confirms the results from the 10% -
430000 | discovery framework. 0.0% — T
380,000 - 0 10 20 30 40 50 60 70 80
ZZZZZ | Table 2. Z factor results for the APP vs. GFP total Fig. 4. T distributions for (A) all GFP vs. APP
220000 | set and image pairs images, and (B) for the 031506a-g image pair
180,000 o e 1o e 20 25 30 a8 7 factor 4pa‘irs 12139521-0 1215(!50-3 ()315().6a-g []31‘)0.63-6 ] ngh T cluster
Fig. 1. Real and simulated data sets were used for this study —— combined | pair L) B B 1w B Mid T cluster
8 image sets from a synaptic vesicle recycling assay using fluorescent FM dye are used for this study. The time- f:;;—f" ’ e | 2eB | S5 10078 AP ?, 0.9 1 EEEE Low cluster
lapse images show the destaining of individual synapses of a small number of rat hippocampal neurons in App—hc;;l 0.2746 0.4034 0.2411 0.3104 0.2087 S I
microisland culture. In 4 images the neurons are over-expressing the Amyloid Precursor Protein and GFP reporter APP_low/ ' ' c
(APP), and in the other 4 images the neurons are expressing GFP alone (GFP). Each image set had 65 images GI'P_high 02456 0107 | 0% ooME | 046 © 087 s
acquired at a rate of 1 Hz. In Fig. 1, (A) shows a representative image where the axon terminals are clearly labeled E};;—L‘::l: 0.2801 0.1865 0.2696 0.2703 0.2006 =
with FM dye along a single process, and (B) shows the same image with synaptic boundary definitions from our APP high/ 03060 0.4410 02764 04332 02514 E 0.7 1 A
robust image analysis methods overlain. (C) and (D) show individual synapses on this same neuronal process that, GEP_low o ' oo - ' . time
as shown in (E), have very different destaining phenotypes; characterized here with the exponential dissociation 0.6+ e
(decay) model parameter 1. Additionally, two groups of simulated images with synthetic destaining phenotypes were 1.6 1116 21 26 31 36 41 46 51 56 o1
created. Each simulated time-lapse image has 40 frames. The first group contains 512 synthetic synapses that We examined the representative objects from the low t 1
destain according to the model with a 1 value equal to 25. The second group contains 512 synthetic synapses with cluster, middle t cluster, and high t cluster for both APP o
an equal mixture of T equal to 20 and 30. Gaussian noise of o = 8 is added to the simulated images prior to T and GFP images of the 031506a-g pair. The time plots of =09 -
measurement. (F), (G) shows a representative synthetic synapse before and after noise addition, and (H) shows object average Intensity are shown in Fig. 5 along with S
representative destaining individual object destaining curves prior to and after the addition of Gaussian noise. images of the objects themselves (insets). The images of S o8-
the representative objects are also shown. 5 (A) shows )
A B Ter Ten that the representative lower t object of 031506g (GFP) = 07 -
Control group Coroi on cusier | - - -» Contol hi;"h ciuster ] image has very steep intensity dropping at early time % '
Low Middle High ‘ .. TP > course and then exhibi?s rglativg flat intensity change over o -
Cluster |  Cluster | cluster N T S o e Lme. e sub-population s uniaue o compared o e * e 1 e a2 0 s s 1 s
| Testgroup A A represe.nta’gve lower 1 objec_:t of 03.1506a (APP) image as
T, T, T, T T shown in Fig.5 (B). We believe this sub-population Fig. 5. Representative time plots for individual
warrants further investigation for potential new discovery. objects from different clusters of the (A) GFP

Fig. 2. A Discovery Framework was Created to Reveal Latent Populations and (B) APP experimental conditions

Automatic detection and fitting enables measurements of a large number of objects. The large sample size could
reveal latent populations leading to new discoveries. We developed a discovery framework that automatically .
generates multiple sub-population clusters in each group of data. This allows the analysis of the cross cluster ConCIUS|On
relations using assay quality measurements to reveal latent phenotypes.

We applied our Discovery Framework to simulated data sets with mixed subpopulations, as well as a

Fig.2 (A) shows an example distribution of a measurement such as 1. The discovery framework uses an automatic real image study comparing neuron cells expressing APP-GFP and GFP alone. We have shown that
population division algorithm to divide the measurement distribution into sub-population clusters. The algorithm it could uncover latent sub-populations within experimental groups, and then provide an estimate of
divides the distribution into two, and repeats the process for each subsequent division. The algorithm automatically assay signal between the groups’ sub-populations. This enables valuable insight into the

determines the threshold that maximizes the value: (v, xm?)+ (v, xm?) , where N, and N, are the sample counts of experimental result which would otherwise be inconclusive. The framework could be a useful tool for
the low and high sides of the threshold, and m;, m}, are the second order moments on the left and right sides of exploring latent populations in a large body of image data. We expect that it is a particularly useful
the threshold. Fig.2 (A) shows the example distribution is divided into four subpopulations using three thresholds; tool for basic research and phenotype discovery applications. Combined with our robust image and
T4, Ty, and Ty, the initial, low and high thresholds. We combined two subpopulations to form middle cluster. data analysis methods for the synaptic vesicle recycling assay, we believe that it could be useful for

studying spatial temporal phenotypes using new approaches such as synaptoPHIluorin and
fluorescence quenchers. It provides a new tool for gaining insights into the mechanisms of
endo/exocytosis, such as classical full collapse fusion or nonclassical “kiss and run” fusion retrieval.
We will continue to characterize this tool for incorporation into our SVCell™ Microscopy Image
Recognition Software platform.

The current framework compares distributions from one test and one control group. It divides each group’s

measurement distribution into three clusters, and then uses the low and high cluster from each distribution to
compare across experimental groups as shown in Fig.2 (B). The comparison is made using the assay quality
metric, “Z factor”3-°; z =1-(3”‘i3a‘“ , Where ‘¢’ indicates control and ‘s’ test samples. It provides a simple measurement
of assay quality by characterizing the assay measurement dynamic range between test and control conditions, and

the data variation associated with the measurements. A higher score is better (1 max).
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