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Cp A hierarchical elastic network model for unsupervised EM density map segmentation
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We propose an unsupervised hierarchical elastic network model (RENM) based on a Markov diffusion process [1] to segment
electron density maps into meaningful sub-regions, thereby highlighting different levels of structural and functional organization
found in Cryo-EM density maps [2,3].
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1 Consider each cross-section of the NV x N x N density map as an |mage with NV x N pixels and a total of npize; = N3 pixels.
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Let Z; be the location of pixel i in Cartesian coordinates, and v; be its intensity value. m
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. Give each spring an affinity (spring constant) to denote the Aquaporin Epsilon-15 Phage Epsilon-15 Phage
Connect each pixel to . . . likelihood of two pixels belonging to the same region [4,5]: 3A (2fofc.mrc) 7.3A (EMD:5003) 9.5A (EMD:1176)
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where /3 is proportional to the median of the distribution ‘Ut Q Uj|.
Form symmetric Npizel X Npizel affinity matrix

A = (ai;), degree matrix D, Markov transition
matrix M (see next step), and the stationary D(i ,L)
distribution 77 of the Markov chain:  7(i) =

Hierarchically segment with hENM [6, 7, 8] :
Lett=0, Ag=A, no = Npizels Dy =D, and 7y =
While ny > 1:

A Zj D(j,3) Do) = Z;‘;’ Aiq(i ) i=3 degree mm-cpn mm-cpn Ribosome
_ —1(4,7) = 0 oy matrix 6.4A (EMD:15030)
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3 ach row/column has M. = A, D} Markov transition « Nll
| |at most 26 t—1 = A—14 4 matrix
non-zero entries. o/ %

JWtdfl =M1 X My diffusion

Choose K, a subset of ny columns of
M, based on 7y
solve for next
stationary distribution
A = diag(7;) KT diag(K7;) "' diag(7) next
affinity matrix

1 = Kimy

- ne = number of nodes in A GroEL-GroES GroEL-GroES GroEL-GroES
S t=t+1 4A (EMD:5001) 7.7A (EMD:1180) 23.5A (EMD:1046)
123.. Npizel End.
6 Perform soft clustering at each level of hierarchy by computing W} (’i, ]), which K, (i, ]')T?t (j)

gives the probability that pixel 7 belongs to segment j atlevel t of the hierarchy : W} (i, j) == o
‘ k1 Ko (i, k)7 (k)
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