
Extended cyclic subgraphs with collective driver nodes

There can be logic subgraphs from multiple nodes to multiple nodes, wherein fixing the
state of all the starting nodes fixes the states of all the ending nodes. An example of such
a subgraph is shown in Figure 1.

Figure 1: A basic example of an extended logic subgraph. There is a sufficient subgraph
from {A,B} to {G,F}, i.e., if nodes A and B are set to ON, then nodes G and F would
also stabilize to the ON state.

The algorithm detailed in Additional File 1 was adapted to search for extended subgraphs:
the recursive step where the nested_subgraph function is called is executed for all possible
sources. The entire function is re-run for every target node.
If such a subgraph is cyclic (i.e. the same set of nodes is both the beginning and end of the
subgraph), it determines a stable motif with more than one driver node. A good example
of an extended cyclic subgraph is the SMAD-ERK feedback loop in Figure 8 of the main
text. There is a sufficient subgraph from SMAD to 7; SNAI1 and ERK together stabilize
RKIP to OFF which fixes MEK to ON, hence there is a sufficient extended subgraph
from {ERK, SMAD} to MEK. Since nodes 6 and 7 together stabilize SMAD to ON and
MEK is the only regulator of ERK, the two nodes (SMAD and ERK) are sufficient for
themselves, hence forming a cyclic subgraph with collective driver nodes.
Theoretically, the set of all the cyclic subgraphs with any number of driver nodes is
equivalent to the set of stable motifs as defined in [1].
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