
Supplementary File 5:
Estimation of the probability of obtaining the

signaling pathways

1 The module pinpointed after the first iteration

of the Greedy search

In the article, we show that 8 out of 12 miRNAs target three TGF-beta/SMAD
signaling pathways:

𝑇𝐺𝐹𝑠𝑒𝑡 = {(𝑅−𝐻𝑆𝐴−170834), (𝑅−𝐻𝑆𝐴−2173793), (𝑅−𝐻𝑆𝐴−2173796)}

What is the probability that a pathway be connected with 1, 2, 3, . . . , 𝑛
miRNAs? Or in other words, what is the probability that a node heve degree
k, where 𝑘 ∈ {1, 2, .., 𝑛}? Each node has (n) tries to get edges. Each try is a
success with probability p. The binomial distribution gives us the probability
that a node has degree k:

𝐵𝑖𝑛(𝑛, 𝑘, 𝑝) =

(︂
𝑛

𝑘

)︂
* 𝑝𝑘 * (1 − 𝑝)(𝑛−𝑘)

where 𝑝 for the 𝑝𝑎𝑡ℎ𝑤𝑎𝑦𝑖 could be above estimate, as:

𝑝𝑖 =
(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑖𝑅𝑁𝐴𝑠 𝑡𝑎𝑟𝑔𝑒𝑡𝑒𝑑 𝑡ℎ𝑒 𝑝𝑎𝑡ℎ𝑤𝑎𝑦𝑖)

(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑖𝑅𝑁𝐴𝑠)

Straightforward, that for our purposes the sentence ”the 𝑛 miRNAs target
set of pathways” is equal to ”each of the miRNAs targets at least one pathway
from the set”. Thus, for the 𝑇𝐺𝐹𝑠𝑒𝑡 we could rewrite the 𝑝 calculation as:

𝑝𝑖 =
(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑖𝑅𝑁𝐴𝑠 𝑡𝑎𝑟𝑔𝑒𝑡𝑒𝑑 𝑎𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑝𝑎𝑡ℎ𝑤𝑎𝑦 𝑓𝑟𝑜𝑚 𝑇𝐺𝐹𝑠𝑒𝑡)

(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑖𝑅𝑁𝐴𝑠)
= 0.35
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Now, defining the 𝑝 − 𝑣𝑎𝑙𝑢𝑒 as the probability of getting 𝑘 or more
miRNAs targeting at least one pathway from 𝑇𝐺𝐹𝑠𝑒𝑡, we can calculate it
as:

𝑝− 𝑣𝑎𝑙𝑢𝑒 = 𝑃 (𝑐𝑎𝑟𝑑{𝑚𝑖𝑅𝑁𝐴𝑠𝑝𝑎𝑡ℎ𝑤𝑎𝑖𝑖} ≥ 8) ∼ 𝐵𝑖𝑛(12, 8, 0.35) = 0.0062

where:

𝑐𝑎𝑟𝑑 is the cardinality of a set

{𝑚𝑖𝑅𝑁𝐴𝑠𝑝𝑎𝑡ℎ𝑤𝑎𝑖𝑖} is set of miRNAs targeted any 𝑝𝑎𝑡ℎ𝑤𝑎𝑦𝑖 ∈ 𝑇𝐺𝐹𝑠𝑒𝑡

2 The module pinpointed after the second

iteration of the Greedy search

The second module consists of two pathway clusters: 𝑓𝑖𝑟𝑠𝑡 – pathways linked
to hsa-miR-1-3p and hsa-miR-497-5p 𝑠𝑒𝑐𝑜𝑛𝑑 – pathways linked to hsa-miR-
133a-3p and hsa-miR-199a-3p and two “𝑏𝑜𝑡𝑡𝑙𝑒𝑛𝑒𝑐𝑘” pathways linked via hsa-
miR-199a-3p to the first cluster and via hsa-miR-497-5p and hsa-miR-1-3p
to the second cluster.

We repeated the above reasoning for each of these clusters:

𝑝− 𝑣𝑎𝑙𝑢𝑒𝑓𝑖𝑟𝑠𝑡 = 𝑃 (𝑐𝑎𝑟𝑑{𝑚𝑖𝑅𝑁𝐴𝑠𝑝𝑎𝑡ℎ𝑤𝑎𝑖𝑖} ≥ 2) ∼ 𝐵𝑖𝑛(12, 2, 0.39) = 0.91

𝑝− 𝑣𝑎𝑙𝑢𝑒𝑠𝑒𝑐𝑜𝑛𝑑 = 𝑃 (𝑐𝑎𝑟𝑑{𝑚𝑖𝑅𝑁𝐴𝑠𝑝𝑎𝑡ℎ𝑤𝑎𝑖𝑖} ≥ 2) ∼ 𝐵𝑖𝑛(12, 2, 0.17) = 0.35

𝑝−𝑣𝑎𝑙𝑢𝑒𝑏𝑜𝑡𝑡𝑙𝑒𝑛𝑒𝑐𝑘 = 𝑃 (𝑐𝑎𝑟𝑑{𝑚𝑖𝑅𝑁𝐴𝑠𝑝𝑎𝑡ℎ𝑤𝑎𝑖𝑖} ≥ 3) ∼ 𝐵𝑖𝑛(12, 3, 0.23) = 0.11

And we calculated the p-value for the all module with Bonferroni correc-
tion for 3 tests as:

𝑝−𝑣𝑎𝑙𝑢𝑒𝑚𝑜𝑑𝑢𝑙𝑒 = (𝑝−𝑣𝑎𝑙𝑢𝑒𝑓𝑖𝑟𝑠𝑡 *𝑝−𝑣𝑎𝑙𝑢𝑒𝑠𝑒𝑐𝑜𝑛𝑑 *𝑝−𝑣𝑎𝑙𝑢𝑒𝑏𝑜𝑡𝑡𝑙𝑒𝑛𝑒𝑐𝑘)*3 = 0.11

3 Code available

https://github.com/GJOsmak/miRNET_HCM/Code/pathway_test.ipynb
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