
       Screen Shot Chronicle for Initial Rhesus Macaque Data Analysis


To illustrate the utility of multi-dimensional visualization methods in unstructured data analysis – i.e., that where an objective such as increased yield or decreased switching speed is not explicitly known – Dr. Stephan Bour of the National Institute of Health kindly provided clinical data from HIV testing in primates.  This was a relatively small body of information, having fewer than 100 variables and observations of interest spanning only the period when two rhesus macaques, both infected with identical strains of HIV at almost the same juncture, remained in viable condition.  Interestingly, however, one of those macaques remains alive and relatively healthy to this writing while the other perished within seven months of infection.  Hence any clues on what events during the disease process allowed one individual to survive while the other eventually required euthanasia would be of potential scientific merit.  Before engaging in this, however, it is worth mentioning the basic transform from N-Dimensional orthogonal space into parallel coordinates portrayed in Figure 1, below.  This will used with all data discussed in
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Figure 1: Transform from N-Dimensional orthogonal space (left) to Parallel Coordinates (right).

the analysis to follow, and allows us to map a high dimensionality data space – i.e., one where there are many variables, all conventionally laid out on axes (only three of which are simultaneously visible) at right angles to each other and intersecting at a common origin – onto a two-dimensional surface.  The latter property allows us to visualize many more dimensions (in fact, there is no technical limit) at once, and hence many more variables (and their interactions) at once, than conventionally feasible.  Figure 2 illustrates this further, with a single observation – the black polygonal line – isolated from a dataset of over 400 observations, where each of the original observations had 16 dimensions (X1 through X16) capturing the interplay among 16 variables in a situation, as it turned out, of non-trivial complexity.
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Figure 2: A single, 16-dimensional observation, not visible by conventional means, portrayed in parallel coordinates.
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Turning now to the Life Sciences data provided by Dr. Bour, we begin by laying out all the information available on parallel coordinates and drawing queries to start isolating patterns of behavior in the data.  Since the most useful of these to understand would be why one macaque lived while the other was rapidly overcome by HIV, our initial query will be to isolate the individual which lived (Subject 1) in yellow and its less fortunate counterpart (Subject 2) with fuchsia colored lines on the parallel coordinate plot captured by Figures 3a through 3c.

Figure 3a: Parallel coordinate display for leftmost 11 variable axes in NIH primate HIV data. 

[image: image4.png]Curvaceous

isual Explore

\Curvaceous\NIH\Stephan Bour\Comt
Fie Graph Scale Edges Quey Varibles Scieen Help

ed WBY And WBJ Data

ith M

st Pass Open.csv [_[=]

5.38 0.312195 12892.4 8841.7 2605.5 571.2 0.5616 0.0182 0.5876 0.7655 0.206 0.015
3.464 ~0.0270732 346.045 882.595 "60.45 "28.56 ~0.02808 ~0.000805 ~0.001765 0.201755 0.01322 ~0.0071
| o
weight \_per_micro_| peCD3, Dt
pc_change_weight pcCD3_plus. CD4_plus_ pe
Polys_per_micro_| pcCD3, CD4_plus_
J000_PBMC__point_1_for_negative Lymphs_per_micro_| pcCD3_plus. CD8_
y_per___100000_CD4_cells__point_1_for_negative  Monos_per_micro_| pcCD3_plus. CD8_plus_
Total size: 44 Undisplayed edges: No __Impossible query: No Focus leve
Query A B B[ sla/x]
Creation Mode Summary a2 Sl BT | slo]x]
Pointer setting: select ~ Color Size Percent Visible Name
22 50% ¥ [Non_Resilient_ Macaque |
Combiner:  [ang 7] [ Show many = 2 5% v =





Figure 3b: Next 11 variable axes with all raw clinical data displayed from NIH primate study.
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  Figure 3c: Final 10 variables from original NIH study.


Looking at the plots of Figure 3 it is clear that although there is a stark difference in weight – the healthy macaque was always heavier – and a few noteworthy zones where one sees yellow but not fuchsia or fuchsia but not yellow, in general there is a great deal of mixing along the ranges of measurements for both subjects.  Classically, given that we know there is a distinct difference among the two data sources – one lived and the other died – this suggests that interaction among variables may be substantially more important than raw levels alone.  Hence, although patterns such as the yellow patches along central regions of “pcCD4_plus” and “pcCD3plus__CD4_plus” (among others) as well as domination in the upper reaches of Polys, Lymphs, Monos, and Eosin per micro liter by fuchsia are undoubtedly part of the puzzle, a few interaction plots are probably the next step.  A pair of these are captured in Figure 4, below, where an unusual (and potentially off-pattern) leg of the relationship between pcCD8_plus_and_pcCD20_plus has been decorated in blue and the time (weeks since infection) variable axis placed on the far left end of the screen.  This does tell a
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Figure 4: Scatter plot probes of variable interactions with time since infection (far left) kept in view and unusual branch of pcCD8_plus_and_pcCD20_plus relationship highlighted in blue.

tale, as the scatter plot relationships between points painted blue – which, conspicuously, start abruptly after a given juncture in time (wk) – and those remaining in fuchsia or yellow are clearly different.  Moreover, since the points colored blue in Figure 4 were all fuchsia (the non-survivor’s color) in Figure 3, this strongly suggests that an event in disease progression has been detected with a distinct temporal key.  Thus, before a given time both macaques react to the HIV infection similarly, but after that juncture clinically measurable behavior of the doomed subject, which will continue fighting the infection for some months, diverges substantially.  This leads to further scatter plot probing, where we can see both N-dimensional and Two-dimensional views simultaneously, with a query on time also incorporated to allow temporal pinpointing of whatever event disabled the fuchsia macaque’s reaction to infection in Figures 5 and 6.  Studying Figure 5, it becomes immediately evident that points decorated blue not only all belong to the fuchsia macaque but also correspond to a situation where certain reactions of the doomed subject’s system went essentially dead.  Figure 6 pursues this further, bringing in a time marker (in green) for the span immediately before certain immune system reactions of the fuchsia macaque became all but negligible.  Hence, if the event circled in red on Figure 6 can be interdicted – or its cause at least determined – one must hypothesize that further understanding of HIV progression within primates can be readily obtained by multi-dimensional visual analysis of existing data.
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Figure 5: Further scatter plot probes (2-D views) as a function of weeks since infection superimposed on the N-Dimensional view. 
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Figure 6: A smoking gun…probable damage event for the non-surviving subject in the spike evident on the upper right scatter plot for fuchsia points (overlaid by green and blue) but not yellow.







