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Fig. S1. Process of obtaining measurements of glomeruli and tips from morphological images.
Image of 200µm section from an e19 kidney stained with FITC-labeled Dolichos biflorus
agglutinin (green) and TRITC labeled Peanut agglutinin (red) (A). Tips were counted from
the DBA stained image of tissue (B), while glomeruli were counted by the PNA staining (C).

1
A

2
B

3
C

Fig. S2. Three entropy profiles calculated from SOMs with different map resolution: 16 × 15,
26 × 25, and 36 × 35 tiles. The overall shapes of entropy profiles during development are
similar for all three resolutions but, for reasons discussed in the text, the 26 × 25 map was
deemed most suitable.
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Fig. S3. Legend for network shapes and relationships presented in Figures 4 and 5 (using IPA
from Ingenuity Systems, www.ingenuity.com, with permission).

Fig. S4. Schematics of generation of SOMs, entropy calculations, correlations, and network analysis.
(Step 1)
(a) Data preparation. Three samples were collected for each time point (day of development),
using GeneChip Rat Genome 230 2.0 Arrays (Affymetrix Inc., 2007). Data preparation includes
statistical preprocessing and data-format conversion: (a) checking for outliers and removal if
necessary; (b) for every time point, calculation of average value for each probe; (c) quantile
normalization for each probe across the time series with the formula NEi,j = Ei,j / Emax,j ; i ∈ {1,
…, 15}; j ∈ {1, …, 31099}, where NEi,j and Ei,j are a normalized and a measured expression for a
specified sample for each probe, correspondingly, and Emax,j is the maximum expression for
each probe.
In microarray experiments there are a number of “missing” expression values. In many cases,
these values are missed because of some technical problems or because they are assigned by
the intrinsic manufacturer’s program as absent (“A”) and are excluded. Clusterization methods,
including K-means clustering, SOMs, etc., may not always be robust in the context of missing
data. To solve this problem, a set of methods for data substitution has been developed. The
missed values are, for example, substituted by (1) zeros, (2) average values, and (3) values
defined by methods based on comparison with expression profiles of the other genes, e.g.,
weighted K-nearest neighbors (KNNimpute) [Troyanskaya et al. (2001)]. In this case, we could not
use the imputing methods based on “neighboring” gene profiles because we aimed to also study
the clustering with SOMs, and adding similar profiles for genes might add artifacts for the map
self-organization process. Therefore, we used only average substitutions and compared unfiltered
data to data filtered in this manner.
Thus, we use two strategies: (1) initial normalized set of unfiltered data was used for
generation of SOMs with the GEDI program. The resulting genes included in each metagene set
were filtered for “A” values and their expression values were evaluated; (2) initial normalized set of
genes was filtered for genes having all absent calls or genes having only a single present or
marginal call through the time series. These genes were excluded, and for the remaining genes

data values with absent calls were substituted with the average values of the data points having
present calls for each gene in the time series separately. Figures S5A and S5B show that the
SOM is a robust method and the results for defining stages of development are quite similar for
both data preparation strategies (unfiltered and filtered).
(b) SOM generation. For Experiments 1 and 2, we used the Gene Expression Dynamic Inspector
(GEDI). vector. In Experiment 1, GEDI generated 15 SOMs for each time point studied, as well as
a density map, and allowed for export a centroid-value list for each map. For Experiment 2, the
second-level clustering, map centroids were used to create metametagenes whose normalized
expressions were converted to input GEDI format and fed into GEDI. For the purpose of
classification of stages of organ development, we used the density map. The closest adjusted
sectors were colored similarly (except the week 1 after birth with week 4 after birth and adult
because further analysis showed that their hierarchical clustering and Tsallis entropies differ
significantly).

(Step 2)
Output of Experiment 1 was used for Tsallis entropy calculation. First, 15 histograms were
generated. Then each histogram was quantized for five color-intensity groups, and the quantity of
points in each group was counted and probability for each group was calculated. Five samplings
for histogram were used because further study performed indicated no significant difference in
entropy profiles between five and higher-value samplings. Then Tsallis entropy values were
calculated using the formula embedded in the flowchart figure. In the equation, p denotes the
probability distribution of the mosaic, and q is a real parameter that is related to non-extensivity.
When a parameter is “extensive” it depends on the size of the system, for example, mass. When a
parameter is “intensive,” i.e., “non-extensive,” it does not depend on the size of the system, for
example, density or temperature. The developing organ has both properties: It is growing,
changing its size, and simultaneously developing some structures with different topology.

Tsallis entropy was chosen because it has been proposed that this method may be well suited to
calculate non-extensive or mixed entropy. Parameter q is thought to quantify the degree of
departure from extensivity: if q = 0, the system is intensive, if q = 1, the system is extensive, and
its entropy is equivalent to Boltzmann–Gibbs or Shannon entropy, which are both extensive
entropies. The Tsallis entropy for each mosaic was calculated and the profile chart was created.

(Step 3)
Morphometric measurements for the developing kidney were obtained, including kidney section
area, kidney section perimeter, kidney section aspect ratio, kidney section major and minor axes,
kidney roundness, cortex area, medulla area, Feret whole kidney, cortex, and medulla areas,
numbers of tips and glomeruli, and tip and glomerular densities. Spearman rank correlation
coefficients between entropy and these measurements were calculated.
The morphometric parameters with the highest correlation were glomerular density, cortex
area, and medulla area.
Because increasing entropy could be an indicator of decrease of organization and organization
seems to increase during organ development, to obtain positive correlation, “reversed” entropy
was calculated, multiplying entropy values by (−1). This parameter correlated with morphologic
measurements. For convenience values were normalized between 0 and 1.
After highly correlated morphologic parameters were found, the Spearman rank correlation
coefficients between each gene in the microarray and the selected morphologic parameter were
calculated. Genes with top-correlated expression profiles were mapped back and were found in
the compact central area that is outlined for clarity. There is one tile in the center that is excluded
because no highly correlated gene fell within this tile.
The output of this calculation is the expanded list of genes shown in Table S1.

(Step 4)
Gene network analysis was done using IPA software (Ingenuity® Systems, www.ingenuity.com).
There were two steps of this analysis:
1. The network is generated from genes that are highly correlated with morphological parameters
(see Table S1). The IPA creates multiple networks with different scores. The network with the
highest score is presented in Figure 4B.
2. The input of network shown in Figures 5B and 5C is the same set of genes selected from the
outlined area of SOMs (see Figure 5A). The same set of genes but with expressions
corresponding each day of development (e13, e14, e15, e16, and e17) was imputed to the
IPA. For each day of development the IPA generated at least four networks. The networks for
days of development e13-e16 show similar configurations and are overlaid with the close
values of gene expressions (more than a half of the genes are down regulated). Because of
that the network of the day e16 was shown in Fig. 5B as a representative of this stage. The
network for e17 has slightly different configuration and is overlaid with up-regulated expression
values. Figures 5B and 5C represent the networks with the highest scores assigned by IPA.

Expression of several genes was confirmed by Real-Time PCR.
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Fig. S5. Robustness of SOM clustering. The microarray dataset was filtered the following way: Data
values were normalized through each time series and the genes having all absent calls or/and the
genes having a single present call and the rest absent calls through the time series were excluded. In
the remaining data, gene-expression values having absent calls were substituted for the average
values of the data points having present calls for each gene in time series separately.
(A) Clusterization results of kidney developmental stages. The clusterization method is similar to that
shown in Fig. 2A. Although the stages are differently situated in this second-level SOM, their number
and grouping remains the same. (B) Tsallis entropy profiles calculated from SOMs with 26 × 25
metagene grid, using two different strategies of data preparation: Red curve is calculated on the basis
of data from the entire normalized unfiltered microarray dataset. Blue curve is calculated on the basis
of the filtered microarray dataset described above. Spearman rank correlation between these two
entropy profiles is 0.92.

Table S1. List of genes with high correlation coefficients (>0.85) between expression profiles and glomerular
density values during kidney development.

Table S2. Validation of gene expression by real-time PCR.

